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Dergi Hakkinda

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

Eski adiyla “Afyon Kocatepe Universitesi Fen Bilimleri Dergisi”, 1999 yilinda yilda 2 say1 olarak
Tiirkce ve Ingilizce makalelerle yaymn hayatina baglamistir. Ocak 2013 ten itibaren isim degistirerek
“Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi” olarak yayin hayatina devam
etmistir. Makale degerlendirme siirecinin seffaflagtirilmasi ve optimizasyonu i¢in Subat 2013 itibariyla
cevrimici makale degerlendirme ve takip sistemi uygulamaya alinmistir. Ocak 2015 itibaren yazarlarin
bagvuru islemlerinin kolaylastirilmasi, degerlendirme siirecindeki calismalarin olabildigince seffaf takip
edebilmesi, yazar ve editoryal ekip arasindaki iletisimin daha etkin kullanilabilmesi, yayinlanma
stirecindeki diizenleme iglemlerinin kolaylastirilmasi, okuyucularin yayimlanan makalelere daha kolay
ulasma imkanlar1 gibi avantajlar saglayan elektronik dergi (e-ISSN: 2149-3367) olarak
yaymlanmaktadir. 2015 yilindan itibaren yaymlanan sayilarla birlikte TRDizin’de (TUBITAK-
ULAKBIM) indekslenerek miihendislik ve temel bilimler konularinda makaleler yayinlamaya devam
etmektedir. Ocak 2020 yilindan itibaren AKU FEMUBID yilda 6 say1 (Subat, Nisan, Haziran, Agustos,
Ekim ve Aralik) olarak Tiirkge ve Ingilizce makaleleri Dergi Park araciligiyla online olarak kabul
etmektedir.

Makale gondermek isteyen yazarlarimiz, dergi internet sayfamizdan
(https://dergipark.org.tr/tr/pub/akufemubid) kayit yaptirarak, 6zgiin bilimsel arastirma makalelerini
cevrimici olarak gonderebilir ve siireci takip edebilirler. Dergimize yaymlanmak iizere bagvurusu
yapilan makaleler Dergi Park arayiizii ile en az iki hakem (gift tarafli kor hakemlik sistemi) tarafindan
degerlendirilmektedir. Yazilar1 degerlendiren hakemlerin adlar1 yazarlara bildirilmez. Hakemler de
yazarlarin adlarin1 goremez.

Derginin Amaci

Ulusal ve uluslararasi temel bilimler ve miihendislik ile ilgili gesitli disiplinler iizerine caligan
akademisyenler, arastirmacilar ve dgrencilerin Tiirkge ve Ingilizce yayin yapabilmesini saglamak,
ayrica bu alanda nitelikli akademik yayinlarin toplumsal ve bilimsel gelisime katki saglamasi i¢in bir
ortam sunmak amacini giitmektedir.

Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi, 6zgiin bilimsel arastirmalar ile
uygulama c¢aligmalaria yer veren bir dergidir. Dergide, fen ve miihendislik bilimlerinde yapilmis
deneysel ve teorik ilerlemeleri igeren bilimsel ve 6zgiin aragtirma makalesi tiirtindeki ¢aligmalara yer
verilir. Ayrica, lisansiistii tezlerden hazirlanan yayinlar veya bu tezlerin bir alt ¢alismasi olarak
hazirlanan 06zgiin ve daha Once hicbir yerde yayimlanmamis olan aragtirma makaleleri kabul
edilmektedir.

Dergideki Yaymn Cesitliligi

Ozellikle arastirma makaleleri, orijinal modelleme ve matematiksel calismalar, disiplinleraras
miihendislik uygulamalarmi igeren ¢aligmalar ve son teknoloji arastirmalar1 dergimize kabul
edilmektedir. Teknik notlar, derlemeler, editore mektuplar ve kisa bildirimler kabul edilmemektedir.
Liitfen gonderiminizi yaparken segenekler listesinden uygun makale tiiriinii sectiginizden emin olunuz.
Ozel sayilara bagvuru yapan yazarlarin, zel say1 makale tiiriinii bu listeden sectiklerinden emin olmalari
gerekmektedir.
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Oz

Bu galisma Cumalikizik ve ¢evresinde (Bursa) bulunan bitkilerin
etnobotanik 6zelliklerinin belirlenmesine yoneliktir. Arastirma
alaninda 2020-2021 yillari arasinda arazi ¢alismalari yapilmis
olup yerlesimdeki yore halki ile gorigmeler yapilarak bitkilerin
kullanimlari kayit altina alinmistir. Gorlisme yapilan 51 kisiden
34’G kadin 17’si erkek olup kadinlarin yas ortalamasi 55,2 ve
erkeklerin ise 62,1 olarak hesaplanmistir. Calisma sonucunda 59
familyaya ait 140 bitki incelenmis ve yoresel kullanimlari tespit
edilmigstir. Bu yoresel kullanimlarin 113 tanesi tibbi, 17 tanesi
gida, 20 tanesi sls, 5’i mobilya, 2’si boya, 2’si hayvan yemi olarak
kullanimdir. Sadece yaprak kismi kullanilan 35, toprak Gsti kismi
kullanilan 33, gicek, meyve veya tohum olarak kullanilan 31, tim
kismi kullanilan 15, yaprak veya toprak alti kismi kullanilan 13
takson bulunmaktadir. Arastirma sonuglarina gére en gok takson
iceren 5 familya sirasiyla Lamiaceae, Asteraceae, Fabaceae,
Ranunculaceae ve Rosaceae’dir. Belirlenen tirler igerisinde
Malva sylvestris tirtinin en genis kullanim alanina sahip (sus,
tibbi ve gida) oldugu tespit edilmistir. Ayrica ¢alismada bitkilerin
yo6resel isimleri de verilmistir.

Anahtar Kelimeler: Bursa; Cumalikizik; Etnobotanik, Anadolu

© Afyon Kocatepe Universitesi

Abstract

This study aims to determine the ethnobotanical characteristics
of plants found in Cumalikizik and its surroundings (Bursa). Field
studies were carried out in the research area between the years
2020-2021, and the use of plants was recorded by interviewing
the local people in the settlement. Of the 51 interviewees, 34
were women and 17 were men, and the average age of women
was 55.2 and that of men was 62.1. As a result of the study, 140
plants belonging to 59 families were examined and their local
uses were determined. 113 of these are used as medicinal, 17 as
food, 20 as ornamental, 5 as furniture, 2 as paint, 2 as animal
feed. There are 35 taxa using only the leaf part, 33 using the
aerial part, 31 using the flower, fruit, or seed, 15 using the whole
part, and 13 using the leaf or underground part. According to
the results research, the 5 families containing the most taxa are
Lamiaceae, Asteraceae, Fabaceae, Ranunculaceae, and
Rosaceae, respectively. It has been determined that Malva
sylvestris has the widest usage area (ornamental, medicinal and
food) among the determined species. In addition, the local
names of the plants are given in the study.

Keywords: Bursa; Cumalikizik; Ethnobotany, Anatolia

1. Giris

Tirklerin  Anadolu’yu yurt edinmelerinde 6nemli
merkezlerden birisi de Bursa ilidir. Bursa'da Cumalikizik
eski bir yerlesim yeri olup 1300 yilinda bir vakif kéyu
Uludag

yamaglarinda bulunan Cumalikizik’in zengin tarihi dokusu

olarak  kurulmustur. Bursa’nin dogusunda
cok iyi korunmustur. Bu bolgedeki pek ¢ok yerlesim yeri
tarihi olaylardan isim almistir. Oguz boylarindan olan
Kiziklar Ertugrul Gazi'den yerlesmek igin yer isterler.
Ancak Karakegili asireti bu istege karsi ¢ikar. Bunun
Gzerine Ertugrul Gazi diismanlk dogmamasi i¢in Kiziklara
Uludag'in kuzey eteklerinde yer gésterir. iki oguz boyu
arasinda slirekli dostluk olmasi icinde Kizik boyunun 7
oglunu Karakegili boyundan 7 kiz ile evlendirir. Bunlardan
Cumali Bey glinumizdeki Cumalikizik’ta (Sekil 1), Fethi
Bey Fethiyekizik’ta, Hamdi Bey Hamamlikizik’ta, Dal Bey
Dallikizik’ta, Bayindir Bey de Bayindirkizik’ta yurt kurarlar

(Guleg, 2011). Osmanl mimarisinin en gtizel 6rneklerinin

bulundugu Cumalikizik tarihi, dogasi, kiiltirel degerleri ile
kaltir

Tirkiye’'nin ve diinyanin 6nemli miraslarini

barindirir.

i

Cumalikizik'ta geleneksel hayat gecmisten ginimize

=

Sekil 1. Cumalikizik evléri (int. Kyn. 1)

korunmustur. Bunda yére insaninin 6zellikle de kadinlarin
etkisi blyuktlr. Kadinlar, kendi yaptiklari el islemeleri,
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yoresel gidalar ile sosyo-ekonomik kiiltirin 6nemli ve
vazgecilmez bir parcasidirlar (Guleg, 2011).

Burada yorede yetisen dogal bitkilerin 6nemi blyktir.
Cumalikizik tibbi, besin ve diger amagli (sUs, yakacak,
boya, kozmetik vb.) olarak kullanilabilecek bitkiler
acgisindan zengin bir floraya sahiptir. Zengin dogal bitki
Ortlst etnobotanik kaltirin olusmasinin en 6nemli
sebebidir. Etnobotanik, bir yorede yasayan halkin yakin
cevresinde bulunan bitkilerden cesitli gereksinimlerini
karsilamak Uzere yararlanma bilgisi ve o bitkiler izerine
etkileri olarak 6zetlenebilir (Yildirimli, 2004; Bouasla ve
Bouasla, 2017; Ajjoun vd., 2022).

Cumalikizik kent merkezine yakin olmakla birlikte kirsal
karakterini korumayi basarmistir. Yorede yasayan halk
dogal bitkilerle yakindan ilgilenmektedir. Halk dogal
bitkilerin bir boliminden gida, baharat, boyar madde
olarak veya hastaliklarin tedavisinde yararlanmaktadir. Bu
Cumalikizik  ve etnobotanik

¢alismada gevresinin

kiltirinin ortaya cikarilmasi amaglanmistir.

0 1 2Km -

Sekil 2. Cal|§n:1a alaninin coérafi konumu (int. Iar; )

70

60

50

40

M Kadin
30

M Erkek

20

10

o -

Kigi sayisi

Yas ortalamasi
Sekil 3. Arastirmaya katilan kadin ve erkeklerin (kisi sayilari ve
yas ortalamalari) dagilimlari

2. Materyal ve Metot
2.1 ¢calisma alani

Bursa kent merkezine yaklasik 12 km uzaklkta olan
Cumalikizik yerleskesi, Uludag’in kuzey yamaglarinda
konumlanmistir (Sekil 2). Cumalikizik Bursa ilinin Yildirim
ilcesine bagl bir koy olup, 40°10°35.8" kuzey enlemleri ile
29°10°20.6" dogu boylamlari arasinda yer almaktadir.

Dogal kaynaklarini, kiltirel mirasini koruyarak tarihsel
dokusunu, yasantisini kaybetmeden gilinlimiize kadar
gelebilmis ulusal ve uluslararasi diizeyde 6neme sahip bir
vakif kéyudur (Perker ve Akincitiirk, 2011).

Yore halki Tirkiye'nin diger bazi bolgelerinde oldugu gibi
yabani bitkilerin bir boéliminden gida, baharat, boyar
madde veya hastaliklarin tedavisinde yararlanmaktadir
(Baytop, 1984; Sagiroglu vd., 2012; Sagiroglu vd., 2013,
Sagiroglu vd., 2017; Sagiroglu, 2020; Sagiroglu vd., 2023).

2.2 Calisma yontemi

Arastirma alaninda 2020-2021 yillarinda arazi ¢alismalari
yapilarak etnobotanik veriler toplanmistir. Arastirma alani
ve yerlesimdeki yore halki ile goriismeler yapilmistir. Konu
hakkinda bilgi ve deneyime sahip, cevre tarafindan
taninan kaynak kisiler secilmistir. Etnobotanik veriler
toplanirken bitkilerin yerel adlari, kullanilan kisimlari ve
kullanim amaglar arastinlmistir. Arastirma alani ve
yerlesimdeki yoére halkindan 51 kisi ile gorlismeler
yapilmistir. Sekil 3’de gériisme yapilan kisilerin cinsiyetleri
dagihmlari ve vyaslar verilmistir. Yerel olarak bilinen
tirlerin géreli 6nemini gdsteren kantitatif bir yontem olan
kullanim degeri de formile gore hesaplanmistir:
(UV=U/N), UV: bir tlrin arastirma yapilan alandaki
kullanim degerini, U: tur bagina alinti sayisini ve N: bilgi

alinan kisi sayisini ifade eder (Mikemre vd., 2015).

Bolgeden etnobotanik 6zellige sahip olan bitki 6rnekleri
toplanmis ve bu ornekler Flora of Turkey ve Aegean
Islands kullanilarak belirlenmistir (Davis 1965-1985; Davis
vd, 1988; Guner vd, 2000).

Toplanan érnekler, Sakarya Universitesi Herbaryumu’nda
(SAKU) kullanilan  bitki
kisimlari gruplandirilirken kok, sogan ve rizom kisimlari

saklanmaktadir. Calismada
toprak alti, ¢cicek, meyve, tohum ise toprak Usti kisimlari
olarak degerlendirilmistir.

3. Bulgular

Tirkiye'de sifali bitkilerin geleneksel kullanimi insan
yasaminda 6nemli bir rol oynamaktadir. Yére halkinin
bitkileri 6zellikle gida, ilag, sus, alet ve diger amaglarla
kullandigi gorilmektedir. Yaptigimiz ¢calisma sonucunda
alanda 59 familyaya ait 140 taksonun etnobotanik
ozellikleri tespit edilmis ve Cizelge 1’de verilmistir.

Gorisme yapilan 51 kisiden 34’G kadin 17’si erkektir.
Kadinlarin yas ortalamasi 55,2 ve erkeklerin 62,1 olarak
hesaplanmistir. Calisma sonucunda elde edilen verilere
gore en ¢ok kullanilan familyalarin basinda Lamiaceae (13
takson), Asteraceae (12 takson) ve Fabaceae (8 takson)
gelmektedir.
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Cizelge 1. Arastirma alanindaki bitkiler ve kullanimlari

Tiir ve Familya adi Yoresel adi Etnobotanik Kullanilan kismi Kullanim sekli uv
kullanim alani
Acorus calamus L. Sazlik otu Tibbi Yaprak ve Govde  Bogaz ve bas agrilarinda 0,15
(Acoraceae) kaynatilarak igilir, diz agrilarinda
SAKU 002619 ezilerek sardlir (haricen).
Sambucus ebulus L. Lor otu Tibbi Yaprak ve Diz agrilari igin ezilerek straltr 0,23
(Adoxaceae) cicekleri (haricen). Mide agrilari kaynatilarak
SAKU 002621 icilir.
Sambucus nigra L. Lor otu Tibbi Toprak Ustl Demlenerek balgam soktiricl 0,33
(Adoxaceae) kisimlari olarak kullanilir.
SAKU 002622
Viburnum tinus L. Kartopu Tibbi Meyve Oksiiriik kesici olarak tursusunun 0,17
(Adoxaceae) suyu kullanilir.
SAKU 002623
Rhus coriaria L. Sumak Tibbi Meyve Meyveleri ezilerek glines 0,46
(Anacardiaceae) SAKU yaniklarinda saralar.
002620
Amaranthus Horoz Tibbi Yaprak Oksiiriik ve soguk alginhiginda 0,45
retroflexus L. kuyrugu demlenerek igilir, egzamada
(Amaranthaceae) SAKU ezilerek surdlur.
002678
Chenopodium album Beyaz Pazi, Tibbi Yaprak Haslanan yapraklar idrar séktiriici 0,33
subsp. album Pazi olarak kullanilir
(Amaranthaceae) SAKU
002679
Chenopodium foliosum Yayla Gizim Tibbi Meyve Deri yaralanmalarinda yara 0,25
(Moench) Asch. Uzerine haricen uygulanir.
(Amaranthaceae) SAKU
002680
Allium paniculatum Salkim Tibbi Sogan istah artirici olarak ve yiiksek 0,37
subsp. Paniculatum tansiyonda kullanihr.
(Amaryllidaceae) SAKU
002624
Galanthus gracilis L. Narin Sus, tibbi Tim bitki sts Toprak Gstl kisimlari yenir ve 0,35
(Amaryllidaceae) SAKU kardelen amagcli, Kok, sindirime iyi gelir. Kok kisimlari
002625 yapraklar tibbi ezilerek ¢ibanlari olgunlastirmak
amaglh icin lapa seklinde hazirlanir ve
kullantlir.
Apium graveolens L. Kereviz Gida, tibbi Kok ve yapraklar Kok ve yapraklari 6ksirik igin, 0,72
(Apiaceae) kaynatilan suyu icilir. Gaz giderici,
SAKU 002567 idrar sokturicd, afrodizyak ve gida
olarak kullanilir.

Eryngium creticum Mavi diken, Tibbi Cicek Govdesi kaynatilarak mide 0,49
Lam. Kirpi dikeni agrisinda icilir, ditiretik. Cicekli
(Apiaceae) kisimlari 6ksurik icin kaynatilarak
SAKU 002568 iilir.
Heracleum humile Kaya 0glik otu Tibbi Taze yaprak Yapraklar kaynatilarak suyu 0,31
Sibth. & Sm.(Apiaceae) menstrual agrilarda kullanihir.
SAKU 002569
Oenanthe Deli Tibbi Kok ve yapraklar ~ Taze yapraklari kavrulur yenir. 0,16
pimpinelloides L. maydanoz
(Apiaceae) SAKU Kaz ayag|
002570 maydanozu
Torilis arvensis subsp. Diken Tibbi Tam bitki Mide agrilarini gidermek igin 0,35
arvensis (Huds.) Link maydanozu kaynatilarak igilir.
(Apiaceae) SAKU
002571
Nerium oleander L. Zakkum Tibbi Yaprak Yapraklari zehirli, yapraklari 0,76

(Apocynaceae) SAKU
002626

ezilerek derideki kasintilara iyi
gelir.
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Cizelge 1 (devami). Arastirma alanindaki bitkiler ve kullanimlari

Vinca minér L.
(Apocynaceae) SAKU
002627

Hedera helix L.
(Araliaceae) SAKU
002681

Asparagus tenuifolius
Lam.(Asparagaceae)
SAKU 002628

Polygonatum orientale
Desf.(Asparagaceae)
SAKU 002629

Scilla bifolia L.
(Asparagaceae) SAKU
002630

Asplenium onopteris L.
(Aspleniaceae) SAKU
002682

Anthemis arvensis L.
(Asteraceae) SAKU
002599

Anthemis cotula L.
(Asteraceae) SAKU
002600

Ctas tinctoria ( L.)
J.Gay

(Asteraceae) SAKU
002601

Bellis perennis L.
(Asteraceae) SAKU
002602

Bidens tripartita L.
(Asteraceae) SAKU
002603

Cichorium intybus L.
(Asteraceae) SAKU
002604

Conyza canadensis (L.)
Cronquist (Asteraceae)
SAKU 002605

Cota tinctoria L.
(Asteraceae) SAKU
002606

Cezayir
meneksesi

Duvar
sarmasigi

Kuskonmaz

Miuhristley-
man

Dag simblu

Egrelti, Uzun
egrelti

Tarla, kopek,
papatyasl

Hozan gicegi

Boyaci
papatyasi

Kuzu gozi,
Cayir
papatyasl
Pitrak,
Su keneviri

Glnegik,
Yabani
hindibag,
Radika

Arsiz otu

Sari papatya,
Okiiz
papatyasi

Sis, tibbi Yaprak
Sis, Tibbi Tum bitki, Toprak
Gstd kisimlar
Tibbi Geng surgiinler
Tibbi Kok ve yapraklar
Sus Tam bitki
Tibbi Kok ve yapraklar
Sus Tam bitki
Tibbi Cicek
Sus, tibbi Tim bitki,Cicek
Tibbi Cicek
Tibbi Toprak Usti
kisimlar
Tibbi, gida Kok ve toprak
ustu
Tibbi Yaprak
Tibbi Cicek

Toprak Ustl kisimlari kesilir
(yapraklari) toplanir gélgede
kurutulur. 1,2 tath kasigi kurumus
bitki karisimin Ustiine bir bardak
kaynar su dokalir, 10-15 dk
demlenir. Bu inflizyondan giinde 3
kere igilir. Tansiyonu dusurdr.
Kurumus bitki bir tutam alinip az
bir su ile ezilir, yaralarin lzerine
konur yarayi iyilestirir.

Soguk alginhginda kaynatilarak
icilir. Romatizmalarda siirGlir.

Afrodizyak olarak kullanihr.
Romatizmal agrilara surilir. Bas
agrisinda, mide agrilarinda
haslanarak tiketilir.

Afrodizyak olarak taze yenir.

Sus bitkisi olarak kullanilir.

Yapraklar ezilerek sertlesmis deriyi
nemlendirmede harici olarak
kullanilir.

Sus bitkisi olarak kullanilir.

Mide agrilari ve soguk alginligi igin
kaynatilir igilir.

Sus ve kaynar suda 15-20 dk
bekletilir ve 6kslirlk kesici olarak
icilir.

Cay olarak icilir. idrar séktiiriic,
oksirik tedavisinde kullanilir.

Soguk alginhgi, bas agrisi icin
kaynatilarak igilir.

Bitkinin kokleri sonbaharda sokalir
ve kurutulur. Bu parcalardan 2-3
tanesi alinir, suya konur sonra kisik
ateste 20 dk daha bekletilerek
hazirlanan dekoksiyondan giinde
iki kere birer bardak icilir. Bedeni
giglendirir. istah agar, idrar
soktlirtir, mushil etkisi vardir.
Ayrica bitkinin toprak Usti yesil
kisimlari ezilerek hazirlanan lapasi
derideki yaralarin Ustline strdlr.
Ezilerek lapa haline gelen yapraklar
burun kanamalarinda kullanilir.

Soguk alginhgi, mide agrilarinda
demlenerek kullanilir.

0,21

0,29

0,37

0,45

0,19

0,54

0,6

0,60

0,72

0,50

0,41

0,58

0,39

0,58
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Cizelge 1 (devami). Arastirma alanindaki bitkiler ve kullanimlari

Eupatorium Koyun otu, Tibbi Yaprak 2 ¢orba kasig1 kurumus bitki 0,50
cannabinum L.6 kuzu pitragi, yapraklari 3-4 bardak suya katilir,
adil kizil haslanir 2 saat bekletilir. Glinde 3-4
(Asteraceae) SAKU yaprak kere yemeklerden once bir cay
002607 bardag igilir. idrar séktiiriicii olarak
kullanilir ve mide ve bagirsak
agrilar ve siskinlikleri giderir.
Haricen egzamalara sirdlir.
Papatya ile karistirilarak ses
kisikligi, bogaz agrilari ve bademcik
iltihaplarinda kullanilir.
Sonchus asper subsp. Sutlak Tibbi Yaprak Bocek isirmalarinda ezilerek 0,23
asper (L.) Hill yaranin (izerine stralir.
(Asteraceae) SAKU
002608
Taraxacum Karahindiba Tibbi Yaprak ve Bobrek rahatsizliklarinda 0,21
microcephaloides cicekleri kaynatilarak suyu igilir.
Soest (Asteraceae)
SAKU 002609
Xanthium strumarium Pitrak Tibbi Yapraklari Romatizma hastaliklarinda haricen 0,54
L. ezilerek kullanilir.
(Asteraceae) SAKU
002610
Alnus glutinosa (L.) Kizil agag Boya Kabuk Govde ve dallarinin kabuklari tuzlu 0,68
Gaertn.(Betulaceae) suda kaynatilarak boya maddesi
SAKU 002631 elde edilir. Carik derisi ve iplik
boyasinda kullanilir.
Carpinus betulus L. Kipeli mese Sus Tum bitki Park ve bahgelerde sis bitkisi 0,41
(Betulaceae) SAKU olarak kullanihr.
002632
Corylus avellana L. Findik Gida, ahsap Meyve, odun Meyvesi gida olarak, odunu hasir, 1
(Betulaceae) SAKU isleri sandalye ve sepet yapiminda
002633 kullanilir.
Capsella bursa-pastoris ~ Coban gantasi Tibbi Toprak Usti ishalde cayu igilir. 0,68
(L.) Medik. kisimlar
(Brassicaceae) SAKU
002611
Cardamine bulbifera Soganli tere Tibbi Yaprak, kok Demlenerek idrar soktirici olarak 0,41
(L.) Crantz kullantlir.
(Brassicaceae) SAKU
002612
Thlaspi arvense L. Ekin lahanasi Tibbi Yapraklar Usiitme ve akciger 0,15
(Brassicaceae) SAKU enfeksiyonlarinda, balgam
002613 soktlruci olarak kaynatilarak igilir.
Cannabis sativa L. Kenevir Tibbi Yapraklar Soguk alginhginda kaynatilarak 0,52
(Cannabaceae)SAKU icilir, derideki yaralanmalarda
002614 ezilerek surilur
Celtis australis subsp. Citlembe Tibbi Yapraklar ishalde kaynatilarak igilir. 0,11
australis
(Cannabaceae) SAKU
002615
Knautia byzantina Yaban esek Tibbi Kok ve yapraklart  40-50 gr kuru bitki 1 litre suda 0,11
Fritseh kulagi haslanir, 10 dk demlenir. Giin

(Caprifoliaceae) SAKU
002634

icinde 3-4 kere gay bardagi ile igilir.
GOgsu yumusatir, 6ksirik ve
bronsiti keser, ishale iyi gelir.
Kurutulup toz haline getirilen koka
1-2 cay kasigi sivi yag ile lapa haline
getirilir. Romatizmali bolgelere
suraldr.
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Cizelge 1 (devami). Arastirma alanindaki bitkiler ve kullanimlari

Valeriana alliariifolia Zurna otu Tibbi Kok ve yapraklari  Kokleri kaynatilarak igilir ates 0,19

Adams disUriicd, yatistirici olarak,

(Caprifoliaceae) SAKU yapraklari ezilerek deri

002635 yaralanmalarinda kullanilir.

Cerastium Patlak Tibbi Yapraklar Bas agrilarinda kaynatilarak suyu 0,15

brachypetalum Pers. icilir.

(Caryophyllaceae)

SAKU 002516

Silene compacta Fisch. Sik gigekli Sus Tim bitki Sus bitkisi olarak kullanilir. 0,35

ex Hornem. nakil

(Caryophyllaceae)SAKU

2617

Stellaria media (L.) Vill. ~ Biriimce otu, Tibbi Yapraklar Ezilerek kirllmis kemiklerin hizh 0,19

(Caryophyllaceae) Serge otu iyilesmesi igin sralar.

SAKU 002618

Colchicum bivonae Okiiz oglan Tibbi Cicekleri ve Haslandiktan sonra gigek ve 0,45

Guss. sogani soganlari yenir idrar séktirir ve

(Colchicaceae) SAKU kabizligi giderir. Zehirli bir bitkidir.

002636

Cornus alba L. Su kizilcig Gida Meyve Regel ve marmelat yapiminda 0,47

(Cornaceae) SAKU kullanilir.

002684

Sedum cepaea L. Buzlu Tibbi Yaprak Basur memeleri igin ezilerek 0,15

(Crassulaceae) SAKU damkorugu sardlir.

002683

Ecballium elaterium Esek hiyari Tibbi Meyve Meyvesinin suyu sinizitte 1-2 0,70

(L.) A.Rich. Aci diilek damla kullantlir.

(Cucurbitaceae) SAKU

002685

Juniperus oxycedrus L. Katran ardici Ahsap mobilya,  Tim bitki,Yaprak, = Odunu mobilya, tibbi 0,84

(Cupressaceae) SAKU tibbi uygulamalardayaprak ve diger

002637 kisimlarindan elde edilen yag cilt
hastaliklarinda kullanilir.

Cyperus longus L. Cayir hasiri Gida Koka Kokl dogranarak yemeklere katilir. 0,41

(Cyperaceae) SAKU

002638

Dioscorea communis Kara Asma, Tibbi Geng sirgunleri Karin agrilarinda, ezilerek kemik 0,27

(L.) Caddick & Wilkin Cali sarmasigl, kiriklarinin hizli iyilesmesi igin

(Dioscoreaceae) SAKU Sarmasik sardlur.

002688

Diospyros lotus L. Kara hurma Tibbi Meyve Oksiiriik ve soguk alginhigina iyi 0,52

(Ebenaceae) SAKU gelir.

002686

Elaeagnus angustifolia Yabani igde, Tibbi Meyve Ulser tedavisinde kaynatilir igilir. 0,50

L. igde

(Elaeagnaceae) SAKU

002687

Arbutus unedo L. Dag cilegi Gida Meyve Regel, marmelat gibi Urlinlere 0,66

(Ericaceae)SAKU katilir, renk vermede kullanilir.

002639

Erica arborea L. Suiplrge calisi Tibbi, stipirge Cicek, yaprakve  Cicek ve yapraklari idrar 0,60

(Ericaceae) SAKU dallari sokturucudur. Kabizlikta kullanilir.

002640 Dallaristpiirge olarak kullanilir.

Erica manipuliflora Piren galisi, Sus Tim bitki Bahge siislemelerinde kullanilir. 0,50

Salisb. supirge

(Ericaceae) SAKU cicegi

002641

Rhododendron Mor orman Sus ,Tibbi, Tum bitki, Lapa olarak romatizma agrilarinda 0,74

ponticum L.(Ericaceae) gula, Zelenik Cicek kullantlir.

SAKU 002642 Ciceklerinin bali balgam soktirir

mide agrilarini giderir. Cigekleri
ezilerek hamur haline getirilir
romatizmali yerlere strilir.
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Cizelge 1 (devami). Arastirma alanindaki bitkiler ve kullanimlari

Euphorbia falcata Sutlegen Tibbi Salgisi (sutl) Egzamalar, sigillerin lizerine 0,23
subsp. falcata sardlir.
(Euphorbiaceae) SAKU
002689
Galega officinalis L. Kegi galisi Tibbi Yaprak ve Oksiiriik, astimda kaynatilarak igilir, 0,17
(Fabaceae) SAKU cicekleri sindirimi dizenler.
002590
Hippocrepis emerus Renkli burgak, Tibbi Yaprak ve Kalbi glglendirici ve idrar 0,09
subsp. emerus Yalanci cicekleri soktarucuddr.
(Fabaceae) SAKU burcak
002591
Lathyrus laxiflorus Mor fastlye Sus Tum bitki Sus bitkisi olarak kullanilir. 0,31
subsp.
laxiflorus (Desf.)
.Kuntze (Fabaceae)
SAKU 002592
Lotus corniculatus var. Bayagi yonca Tibbi Cicek ve Hasglanan gicek ve yapraklar sedatif 0,35
corniculatus L. yapraklari (yatistirici), abdominal agrilarda,
(Fabaceae) SAKU mide agrilarinda yenilerek
002593 kullantlir.
Medicago truncatula Figi yoncasi Tibbi, Yapraklar Haglanarak yenilen yapraklar, 0,19
Gaertn. kadinlarda cinsel glicu arttirir.
(Fabaceae) SAKU Hayvanlarda dogumu hizlandirir.
002594
Melilotus officinalis (L.) Ogul otu Tibbi Yaprak Bagirsak sikayetleri ve 0,25
Desr. dizensizlikleri ve kabizlikta,
(Fabaceae) SAKU yatistirici ve sakinlestirici
002595
Robinia pseudoacacia Akasya Tibbi Yaprak ve Yapraklari kaynatilir ve mushil 0,39
L. Cicekleri olarak igilir.
(Fabaceae) SAKU
002596
Trifolium pratense L. Kirmizi yonca Tibbi Yapraklar Saclardaki kepeklerin temizlenmesi 0,50
(Fabaceae) SAKU icin kaynatilan su ile saglar yikanir,
002597 yapraklar yara iyilestirici olarak

ezilerek kullanilir, suyu igilirse

kuvvet verici, uyarici etkisi vardir.
Quercus frainetto Ten. Macar mesesi Tibbi, Yakacak Cicek, yaprak Cicekleri idrar soktirtci olarak, 0,62
(Fagaceae) SAKU odunlari yakacak olarak kullanilir
002598
Centaurium erythraea Kizil kantaron, Sus Tim bitki Bahge suslemelerinde 0,17
Rafn.(Gentianaceae) Sitma otu
SAKU 002691
Geranium molle L. Turna gagasl Tibbi Toprakusti Mide agrilari ve Ulser tedavisinde 0,31
(Geraniaceae) SAKU ksimlari, yaprak
002690
Hypericum calycinum Binbirdelik Tibbi Yaprak ve gicek Bag agrisi ve gogls agrilarinda, 0,72
L. otu, Sari stresi azaltir, sakinlestirir,
(Hypericaceae) SAKU kantaron, uykusuzluga iyi gelir.
002643 Mayasil otu
Hypericum perforatum Koyunkiran Tibbi Yaprak Yagi yaralara iyi gelir. Yanik 0,58

L.
(Hypericaceae) SAKU
002644

tedavisinde kullanilir. Kas ve eklem
agrilarina ve romatizmal agrilara
iyi gelir. Mide Ulseri ve gastrite iyi
gelir. Depresyona iyi gelir. Yagi
basurda kullanilir. Yagi glines
lekelerini giderir. Yagi viicuda
masaj olarak kullanilir. Bebeklerde
pisiklerde kullanilir.
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Cizelge 1 (devami). Arastirma alanindaki bitkiler ve kullanimlari

Crocus gargaricus Cigdem Gida Kok, yumru, Cigdem asl, cigdem siitliisi, ¢igdem 0,23
subsp. herbertii yaprak pilavi gibi yemeklere katilir. Una
B.Mathew bulayip kizartmasi yapilr.
(Iridaceae) SAKU
002647
Iris pseudocorus L. Sari stisen Tibbi Taze rizomlari Rizomlari demlenerek gargara 0,52
(Iridaceae) SAKU olarak dis agrilarinda kullanilir.
002648
Juglans regia L. Ceviz Gida, ahsap Meyve, odun Meyveleri kurutulup yiyecek olarak 1
(Juglandaceae) SAKU kullanilir, ayrica agacin
002645 govdesinden elde edilen kereste ile
cesitli ahsap Uriin yapiminda
kullanilir.
Juncus effusus L. Camis otu, Su Tibbi Yaprak Yaprak kismi kaynatilir ve ates 0,21
(Juncaceae) SAKU suplrgesi disuruci olarak igilir.
002646
Ajuga reptans L. Mayasil otu Tibbi Tim bitki Bitki kaynatilir mushil olarak igilir 0,31
(Lamiaceae) SAKU bagirsaklari gevsetir. Mide
002576 ilserinde kullanilir.
Melissa officinalis L. Melisa Tibbi Yaprak ve gigekler  Bag agrisi, hazimsizlikta gayi igir, 0,54
(Lamiaceae) SAKU mide bulantini giderir
002577
Mentha aquatica L. Dere nanesi Tibbi Yaprak ve gicekler  Cayi uyaricidir 0,60
(Lamiaceae) SAKU
002578
Mentha longifolia (L.) Tuyld nane Tibbi Yaprak ve gicekler Bogaz agrilarinda, lisitmede 0,52
L. kullantlir.
(Lamiaceae) SAKU
002579
Mentha pulegium L. Kir nanesi Tibbi Yaprak ve gigekler  Yara iyilestirici ezilerek lapa haline 0,43
(Lamiaceae) SAKU getirilir. Soguk alginligi ve nezlede
002580 kaynatilarak igilir.
Mentha suaveolens Bahge nanesi Tibbi Yaprak Soguk alginligi, sintizit, 6ksurik, 0,58
Ehrh. solunum yolu iltihaplanmalari,
(Lamiaceae) SAKU hazimsizlikta, mide ve
002581 bagirsaklardaki gazi gidermede,
romatizmali agrilarda, derideki
kizarikliklarda haricen siirllerek
kullanilir.
Origanum vulgare L. Gevey otu Tibbi Toprak st Kaynatilarak igilir menstrual 0,52
(Lamiaceae) SAKU kisimlari agrilarda kullanihir.
002582
Prunella vulgaris L. Yara otu Tibbi Tim bitki Haglanarak bogaz agrilarinda ve 0,52
(Lamiaceae) SAKU cesitli enfeksiyonel hastaliklarda
002583 kullanilir. Tansiyonu disuarir.
Salvia tomentosa Mill. Rus ¢ay! Tibbi Tam bitki Sakinlestirici ¢ay olarak igilir. 0,74
(Lamiaceae) SAKU
002584
Scutellaria orientalis L. Simsek otu Tibbi Yaprak Kaynatilarak ishal ve iltihaplarda 0,45
(Lamiaceae) SAKU kullanilir.
002585
Teucrium chamaedrys Derman otu Tibbi Tam bitki Cayl mide agrilari ve , hazimsizlikta 0,41
L. kullanilir
(Lamiaceae) SAKU
002586
Teucrium polium L. Acl yavsan, Tibbi Yaprak, kok idrar artirici, terletici, kuvvet verici 0,17
(Lamiaceae) SAKU Bodur ciltteki yaralarda kullanilir.
002587 mahmut otu,
Davar otu,
iperyavsag,
Thymus praecox Opiz Erkek kekik Tibbi, gida Tam bitki Mide agrilarinda, baharat 0,25

(Lamiaceae) SAKU
002588
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Cizelge 1 (devami). Arastirma alanindaki bitkiler ve kullanimlari

Vitex agnus-castus L. Gayit Tibbi Olgun meyveler Menstrual diizenleyici olarak 0,11
(Lamiaceae) SAKU meyveleri yenir.
002589
Laurus nobilis L. Defne Gida Yaprak Baharat olarak, yapraklari elbiseleri 0,78
(Lauraceae) SAKU korumada glive kovucu olarak
002701
Lythrum salicaria L. ishal otu Tibbi Cicekli kisim Ciceklerikaynatilarak igildiginde 0,21
(Lythraceae) SAKU ishali durdurur.
002692
Alcea rosea L. Hitmiye, Hire Sus Tum bitki Bahge siislemelerinde 0,15
(Malvaceae) SAKU Deve gllu
002649
Althaea officinalis L. Deve gilu Tibbi Yaprak ve Haslanarak igilir. idrar sdktiiriicii ve 0,09
(Malvaceae) SAKU gicekleri bobrek agrilarinda
002650
Malva moschata L. Kabalek Tibbi Yaprak ve gicekler  Kaynatilarak mide agrisi, tlser ve 0,35
(Malvaceae) SAKU idrar yolu sancilarinda
002651
Malva sylvestris L. Kus ekmegi, Sis Tibbi, Gida Tim Demlenerek igilir, soguk 0,25
(Malvaceae) SAKU Bulylk bitki,Yapraklarive alginliginda, agiz yaralarinda,
002652 ebeglimeci cicekler Oksurlkte kullanilir. Taze

yapraklarindan lapa yapilr ve

haricen ciltteki ¢iban ve yaralarda

kullantlir.
Fraxinus excelsior L. Ciceksiz Tibbi Yaprak, cicekler Yapraklari idrar soktiirticl olarak 0,64
(Oleaceae) SAKU disbudak kaynatilarak igilir, Mshil olarak
002693 kullanilir. Ezilerek lapa haline

getirilir ve romatizmali agrilarinda

kullantlir.
Jasminum fruticans L. Yasmin Tibbi Meyveler Cildi temizleyici iyilestirici olarak 0,60
(Oleaceae) SAKU ezilerek cilde stralur
002694
Phillyrea latifolia L. Akgakesme Boya Cicek, tohum Tohumlar bir gece suda 0,52
(Oleaceae) SAKU bekletildikten sonra kaynatilir ve
002695 bekletilerek yinlerin

boyanmasinda.
Oxalis cornuculata L. Sari eksi Tibbi Yaprak ishalde, mide agrilari yapraklari 0,21
(Oxalidaceae)SAKU yonca, tifil haslanarak veya taze olarak
002700 kullantlir.
Phytolacca americana Glvercin Tibbi Meyve Meyveler ezilerek haricen agril 0,56
L. zimi, bolgelere sirilir.
(Phytolaccaceae) SAKU sekerci boya
002699 otu
Picea orientalis (L.) Senaber Sus Tim bitki Bahce suslemelerinde kullanilir. 0,23
Peterm. (Pinaceae)
SAKU 002653
Pinus nigra subsp. Karagam Tibbi Kozalak idrar yolu agrilari, iilserde 0,45
pallasiana(Lamb.) kaynatilan suyu igilir.
Holmboe
(Pinaceae) SAKU
002654
Abies nordmanniana Gognar, Tibbi Regine Romatizma, Ulser. Reginesi 0,393
subsp. Gmknar, ¢ibanlara strulir, yapraklar
bornmuelleriana Andiz gami kaynatilarak igilir, soguk alginligina
(Mattf.) Coode & iyi gelir.
Cullen
(Pinaceae) SAKU
002655
Plantago logupus L. Sinirli yaprak, Tibbi Yaprak Kaynatilarak igildiginde kansere iyi 0,24

(Plantaginaceae)SAKU
002658

Ates yapragi

geldigine inaniliyor.
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Cizelge 1 (devami). Arastirma alanindaki bitkiler ve kullanimlari

Plantago major L. Ciban desen Tibbi Yaprak ishalde kaynatilarak igilir, 0,17
subsp. romatizmada, ¢iban soktiriici
major(Plantaginaceae) olarak yapraklari ezilerek haricen
SAKU 002657 kullantlir.
Platanus orientalis L. Biladan, Sis Tum bitki Park, bahge stislemelerinde 0,52
(Platanaceae) SAKU Caymig,
002656 Kavlagan
Briza maxima L. Zembil otu, Sus Tum bitki Sus ve kus yemi olarak kullanilir. 0,29
(Poaceae) SAKU 002572 Kus yuregi,
Cingil
Dactylis glomerata L. Domuz ayrigl Yem Toprak Ustl Hayvan yemi olarak kullanilir. 0,68
(Poaceae) SAKU 002573 kisimlari
Hordeum bulbosum L. Boncuk arpa Tibbi Tohum, kabuk idrari soktiiriir, bogaz ve bas 0,47
(Poaceae) SAKU 002574 agrilarinda, uykusuzluga iyi gelir.
Mide agrilarina iyi gelir. Romatizma
ve adale agrilarinda kullanihr.
ishale iyi gelir. Sirke ile kaynatilirsa
uyuz ve egzama gibi derideki
kasintilarda kullanilir.
Panicum virgatum L. Dalli dari Yem Toprak Ustl Hayvan yemi olarak kullanilir 0,31
(Poaceae) SAKU 002575 kisimlari
Rumex acetosella L. Ebem eksisi, Gida, tibbi Toprak Ustl Yemeklere katilir. Kaynatilan ve 0,25
(Polygonaceae) SAKU Eksimik, tursu kisimlari sogutulan suyu bagirsak sancilari
002696 otu icin igilir.
Rumex olympicus Boiss. Efelik, Kuzu Gida, tibbi Yaprak, kok Sebze olarak yapraklari yenir. 0,17
(Polygonaceae) SAKU kulagi Yapraklar taze iken bir tutam
002697 yaprak 1 litre suya konur, 15-20 dk
kaynatilir, elde edilen sivi glinde 2-
3 kez icilir, bagirsaklari temizler,
istah agicidir, viicudu
guglendiricidir. Yapraklari deri
hastaliklarina yara ve egzamalara
iyi gelir. Kokl mushil etkisi gosterir,
yaralanmalara vs. gibanlari
olgunlastirir. Bir litre suya 8-10
adet bitki koki konur, hafif ateste
15-20 dk kaynatilir elde edilen sivi
2-3 kez igilir.
Primula acaulis subsp. Cayir guha Sus, tibbi TUm bitki, Yaprak  Sus ve tibbi olarak sinirleri 0,43
acaulis cicegi ve kok yatistirici, bas donmesi ve
(Primulaceae) SAKU migrende kullanilir. Kok
002698 kaynatilarak igilirse balgam
soktlrdctdir. Gogsu yumusatir.
Usiitme, dksiiriik, bronsite karsi
kullanilir. Kekik ile birlikte
kullanilirsa daha etkili olur.
Clematis viticella L. Sarimsik, Tibbi Yaprak Derideki yaralar igin ezilerek 0,52
(Ranunculaceae) SAKU Asma saralir.
002659
Delphinium peregrinum Tel hezaren Tibbi Tim bitki Bitki kaynatilarak igilir. Dis agrisi, 0,56
L. ilsere iyi gelir.
(Ranunculaceae) SAKU
002660
Helleborus orientalis Bohga otu, Sus, tibbi Tim bitki sus Kesme gicekgilikte kullanilir. 0,60
Lam. Danakran, amagli, Kok ve Kokleri buyukbag hayvanlarin
(Ranunculaceae) SAKU Dana yaprak tibbi bronsit ve gogis agrilarinda
002661 bagirtan, kara amaglh kullanilir. Ulser tedavisinde
¢Opleme kaynatilarak igilir.
Ranunculus dissectus Sari gelin Tibbi Taze yapraklari Ezilerek elde edilen lapa 0,47

M.Bieb.(Ranunculaceae)
SAKU 002664

romatizmal agrilarin Gizerine konur.
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Cizelge 1 (devami). Arastirma alanindaki bitkiler ve kullanimlari

Ranunculus ficaria L. Basur otu Tibbi Toprak Ustl Kaynatilarak basur tedavisinde 0,39
(Ranunculaceae) SAKU Sigil otu kisimlari kullanilir. Yaralari temizlemekte
002663 kullanilir
Thalictrum lucidum L. Sari bas, Sari Tibbi Yaprak ve Karin agrilarinda, egzama, 0,33
(Ranunculaceae) SAKU sedef otu cicekleri romatizmada kullanilir.
002662
Rhamnus thymifolia Yabani erik Tibbi Meyve Derideki yaralanmalarda ezilip 0,52
Bornm. macun olarak kullanilir. Bagirsaklari
(Rhamnaceae) SAKU temizleyici mushil etkili olarak
002702 kullanilir.
Mespilus germanica L. Musmul, Tibbi, Gida Meyve Meyveyi yenir.Bagirsaklarda 0,86
(Rosaceae) SAKU Musmula dizenleyici olarak. Mide agrilarina
002667 iyi gelir.
Malus sylvestris L. Mill. Yabani elma Gida Meyve ve yaprak  Gida olarak yenir sindirimi 0,84
(Rosaceae) SAKU diizenler, cildi glizellestirir.
002666
Potentilla argentea L. iplik otu, ishal Tibbi Yapraklar Gay olarak ishalde kullantlir. 0,41
(Rosaceae) SAKU otu
002665
Rosa canina L. Yaban giil(, Gida, tibbi Meyve Marmelat yapiminda kullanilir. 0,70
(Rosaceae) SAKU Gulburnu Soguk alginligina iyi gelir.
002669
Rubus canescens DC. Bogirtlen, Tibbi Meyve Mide agrilari, sindirim sistemi 0,54
(Rosaceae) SAKU Karamuk rahatsizhiklarinda kullanilir.
002668
Rubus sanctus Schreb. Karamuk Gida Meyve Regel yapilarak tiketilir. 0,72
(Rosaceae) SAKU
002670
Salix alba L. Ak sogit, Koy Gida, Sus Kabuk Sogit kabugu cayi igilir. 0,49
(Salicaceae) SAKU sogudu
002703
Viscum album L. Govele, Cam Tibbi Taze yapraklar Viicuttaki kirginliklarda yapraklari 0,39
(Santalaceae) SAKU govelegi, Fitr kaynatilarak suyu igilir.
002705
Acer hyrcanum Fisch. Taraklik agaci Sus Tam bitki Bahge suslemeleri kullanilir. 0,19
& C.A.Mey.
(Sapindaceae) SAKU
002706
Verbascum orientale Sigir kuyrugu Tibbi Yapraklar Kaynatilarak igilerek astim ve 0,47
subsp. orientale (L.) oksuruk tedavisinde kullanilir.
(Scrophulariaceae)
SAKU 002704
Datura stramonium L. Esek otu, Cin Tibbi Taze meyve Astim, mide agrilari, romatizmada 0,41
(Solanaecae) SAKU otu kullantlir.
002677
Solanum decipiens L. Tilki Gzim Tibbi Yaprak, meyve Kaynatilarak oksiirlk, kulak agrilari, 0,45
(Solanaecae) SAKU mide agrilari, romatizmada
002675 kullantlir.
Solanum nigrum L. it Gzmd, Tilki Tibbi Meyve Yatistirici, agri kesicidir. Taze 0,35
(Solanaecae) SAKU Gzimi ezilmis yapraklari yaralarin ve
002676 hemoroit tedavisinde kullanilir.
Ulmus glabra Huds. Karaagag Tibbi Kabuklari Ezilerek kemik kiriklarinin tzerine 0,33
(Ulmaceae) SAKU konur hizli iyilesmesi icin kullanihr.
002672
Ulmus minor Mill. Ova karagaci Sus Tim bitki Sus bitkisi olarak peyzajda 0,19
(Ulmaceae) SAKU kullantlir.
002673
Urtica dioica L. Isirgl, Tibbi Yaprak Soguk alginliklarinda, viicuttaki ddemin 0,80
(Urticaceae) SAKU Igdalik, atilmasinda, idrar yolu iltihaplarinda,
002674 Cizgan, kabizliklarda, tlser ve mide

. kramplarinda, tohumlari kullanilir.

Daladiken

Viola parvula Tineo Sari menekse Tibbi Toprak Ustl Kaynatilir ve bronsit, soguk alginhg 0,31

(Violaceae)SAKU
002671

kisimlari

ve Oksurikte kullanilir.
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4. Tartisma ve Sonug

Cumalikizik ve gevresinde yapilan ¢alismada dogal yayilis
140 bitkinin
saptanmistir. Bu bolgede bitkilerden ilag, sis, yakacak,

gosteren halk tarafindan kullanildigi

mobilya yapimi, gida ve hayvan yemi olarak

yararlaniimaktadir. Etnobotanik kullanimlarin takson
sayisi Uzerindeki dagilimlar Sekil 4’te sematize edilmistir.
Sadece tibbi olarak kullanilan 98 tiir, sadece sus bitkisi
olarak 13 tir, sadece gida olarak kullanilan 7 tir
bulunmaktadir. Incelenen bitkilerin kullanim alanlari
karsilastirildiginda ilk sirada tibbi (113 adet) kullanimlar
icerisinden 20 bitki
graveolens, Amaranthus retroflexus,
Bellis

cannabinum, Knautia byzantina,

gelmektedir. Bunlarin (Apium
Viburnum tinus,
Eryngium  creticum, perennis,  Eupatorium
Galega officinalis,
Mentha suaveolens, Malva sylvestris, Primula acaulis
subsp. acaulis, Verbascum orientale subsp. orientale,
Solanum decipiens, Viola parvula, Hedera helix, Bidens
tripartita, Cannabis sativa, Mentha pulegium, Rosa
Urtica dioica) ve Oksurik

canina, soguk alginhg

tedavisinde kullanilmaktadir.

Mide agrilari icin 20 farkh bitkinin, ©ksirik icin 16,
romatizma igin 15, Glser igin 10, idrar soktiirlict olarak 10
bitkinin farkli sekillerde kullanildigi gérilmektedir (Cizelge
1). Tibbi amagh
maddelere bagh olarak farkli hastaliklarin tedavisinde

kullanilan bitkiler icerdikleri etken

kullanilmaktadirlar. Ornegin; Apium graveolens bébrek
agrilarinda, Asplenium onopteris, Thlaspi arvense akciger
enfeksiyonlarinda, Valeriana alliariifolia  epilepside,
Phytolacca americana orta kulak iltihabi tedavisinde
kullanilmaktadir. idrar soktiiriicii olarak Bellis perennis,

Chenopodium album subsp. album, Apium graveolens,

Eryngium creticum, Hippocrepis emerus subsp. emerus,
10 bitkinin  kullanimi

Fraxinus excelsior gibi kayda

alinmistir.

Diger kullanimlar:
Boya: 2 tiir
Gida+Odun: 2 tiir
T1bbi+Odun: 3 tiir
Yem: 2 tiir

Sekil 4. Etnobotanik kullanimlarin dagilimi

UV kullanim degeri esas alinarak yapilan hesaba goére en
yliksek kullanima Corylus avellana ve Juglans regia
bitkilerinin sahip oldugu gorildi. Bu oranlarin yiksek
olmasinda bu bitkilerin yaygin bir sekilde gida (kuruyemis)

kullanimin etkisinin oldugu goriilmektedir. Diger ylksek
kullanima sahip turler: Mespilus germanica (0,86),
Juniperus oxycedrus (0,84), Malus sylvestris (0,84), Urtica
dioica (0,80), Apium graveolens (0,72) olarak belirlendi.
Bir turtin kullanim degerinin bilinmesi ilgili bitkinin
kullanim guvenilirligini ve farmakolojik 6zelliklerini

belirlemede faydali olabilmektedir (Cakilcioglu ve
Tirkoglu, 2010). Calismamizda kullanim orani yiiksek olan
Mespilus germanica iran’in kuzeyinde idrar séktiriic,
bobrek ve mesane tasi diistiriicti, kanama 0Onleyici, ishal
onleyici olarak sik kullanildigi Balkanlarda ise tursu olarak
kullanildigi gériilmektedir (Nejad vd., 2013; SGukan vd.,
2015). Apium graveolens yiksek tansiyon (Damayanti ve
Suhirman, 2021), cilt hastaliklari, dis problemleri ve soguk
alginlig, kalp hastaliklari, astim, ishal, ates gibi
rahatsizliklarin tedavisinde kullanilmaktadir (Behera vd.,
2021). Kosova’da yapilan bir arastirmada Malus sylvestris
seker hastaliginin tedavisinde ve fermantasyon yoluyla
alkol tretiminde kullanildigi rapor edilmistir (Mustafa ve
Hajdari, 2014). Calismamizda tibbi kullanimi verilen bazi
bitkilerin yakin alanlarda yapilan etnobotanik ¢alismalar
(Bursa Yenisehir (Aktan 2011), Balikesir Edremit (Polat ve
Satil 2012), Bursa Biyilkorhan ve Orhaneli (Albayrak ve

Taskin 2018)) ile karsilastiriimasi Cizelge 2’de verilmistir.

Cizelge 2 incelendiginde yaptigimiz calismadan elde
edilen veriler ile yakin bolgelerde yapilan ¢alisma

sonuglari benzerlik gdstermektedir. incelenen dért
¢alismada da Echallium elaterium’un sinlzit tedavisinde,
perforatum’un

Hypericum ateslenme  ile ilgili

rahatsizliklarda kullanildig gorulmustir. Bursa
bolgesindeki 3 calismada da Malva sylvestris’in 6ksuriik
tedavisinde, benzer sekilde Rosa canina’nin soguk alginhgi

ve grip tedavisinde kullanildigi tespit edilmistir.

Urtica dioica (Isirgan) ve Capsella bursa-pastoris (Coban
cantasi) farkll bolgelerde ortak olarak yetisen ve farkl
hastaliklarin tedavilerinde kullanilan tirlerdendir. Akan
vd. (2008) c¢alismasinda Urtica dioica karaciger
hastaliklarinda kullanilirken, Aydin ve Yesil (2018)'in
galismasinda romatizmal agrilarin tedavisinde, bizim
calismamizda ise (Cumalikizik) soguk alginliklarinda,
vicuttaki 6demin atilmasinda, idrar yolu iltihaplari gibi
pek cok hastaligin tedavisinde kullanilmaktadir. Capsella
bursa-pastoris bitkisi, Akan vd.’nin (2008) Sanliurfa’da
yaptigl calismada gida olarak kullanildigi bildirilmis, bizim
¢alismamizda (Cumalkizik) ise ishalin tedavi edilmesi
amaciyla kullanilmaktadir. Yapilan arastirmada incelenen
tibbi

kullanilmaktadirlar.

turler sadece amach olmayip gida olarak

Cornus alba recel ve marmelat
yapiminda, Crocus gargaricus subsp. herbertii yemek
olarak, Rumex olympicus sebze olarak tiiketilenlere 6rnek

olarak verilebilir.
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Cizelge 2. Bursa ve gevresinde yapilan etnobotanik galismalarda kaydedilen bazi tibbi bitkilerin karsilastiriimasi

Tiir Aktan (2011) Polat ve Satil (2012) Albayrak ve Taskin  Cumalikizik
(2018)
Datura stramonium L. Astim
- Astim Prostat Mide agrisi
Romatizma
Ecballium elaterium - Sinlizit
Ates duglrme . - .
o Romatizma Sinlizit Sinlizit
Sinuzit .
Hemoroid
Hypericum Yatistirici Kezrm ag.r|.5| Yara onarimi
perforatum L. Agri kesici Yatistirici N
Yara onarimi R Seker hastaliginda
Yara onarimi Ates dusuruci

Ates disirme

Ates diisiirme

Ates dusurici

Juglans regia L.

Sinuzit

Bas ve dis agrisinda Antifungal Dis agrisi Seker hastaliginda
Seker hastaliginda
Juniperus oxycedrus ) Vara onarmi Hayvanlarda yara Yara onarimi
onarimi
Malva sylvestris L. Oksuriik Bronsit Sindirim, cildi
Romatizma Karin agrisi Oksuiriik iyilestirir
Bagirsak iltihabi Bas agrisi Oksuriik
Melissa officinalis L. Karin agrisi,
. Soguk alginhg Akciger kalp  Bag agrisi
Sedatif Agri hastaliklari Hazimsizhk
Sedatif
Mentha longlfo/la L Karin agnsi Mens'Eurel agrilar ve So%uk aluglnhgl
subsp. thyphoides arin agrisi Bogaz agrisi
j I L. K g guk alginlig, gri guk alginhig
Origanum vulgare arin agrisi S?gu a'g!n 181, grip, S(?'gu 'a ginlig Menstiirel agri
Damar agici Agri kesici Diliretik
Rosa canina L. . Grip . . Grip
Sedatif N . Soguk alginhg N N
Soguk alginhg Kann agrs| Soguk alginhgi
Oksiiriik &
Rumex acetosella - - Kan sulandirici Bagirsak agrisi
Salvia tomentosa Akciger ve karaciger Grip Analjezik . L
hastaliklari Soguk alginhg Soguk alginhgi Sakinlestirici
Urtica dioica L. Grip, Kanser
Kanser . . o
- . . Karin agrisi Mide agrilari
Soguk alginhg ishal

Dactylis glomerata ve Panicum virgatum bitkilerinin
hayvan yemi olarak kullanildigl tespit edilmistir ve
literatlrdeki ¢alismalar bunu desteklemektedir (Glrsoy
ve Macit, 2017). Bunlarla birlikte farkh kullanimlara
Corylus avellana odunu hasir, sandalye ve sepet
yapiminda, Quercus frainetto yakacak olarak, Juniperus
oxycedrus ve Juglans regia odunu mobilya yapimina 6rnek
verilebilir (Sekil 5).

Kabuk:2
Meyve+Odun:2
Yaprak+Odun:1
Regine:2

Cicek+Tohum+Meyve
31

Sekil 5. Kullanilan bitki pargalarinin dagilimlar

Calisma alaninda incelenen 140 bitkinin etnobotanik
kullanimda en ¢ok yaprak kismi kullanilmistir. Yaprak,
govde, cigek, meyve, siirglin (toprak Ustl) gibi kisimlarin
kullanildigr 33 tiir bulunmaktadir. Toprak alti kisimlarin
kullanimi diger kisimlara gore daha azdir. Bunun sebebi
kullanilan bitkilerin icerisinde geofitlerin sayisinin az
olmasi olabilir. Yapilan bu c¢alisma ile biyolojik
zenginligimizin ve bolgenin etnobotanik yapisinin
taninmasina yardimci olabilmek igin bitkilerin kullanimina
yonelik konuyla ilgili olarak yapilacak calismalara katki
saglayacagimiz disiincesindeyiz.

Etik Standartlar Bildirgesi
Yazarlar tim etik standartlara uyduklarini beyan ederler.

Yazarhk Katki Beyani

Yazar 1: Kaynaklar, Arastirma, Deney, Yazma -
Gorsellestirme, Yazma — orijinal taslak

Yazar 2: Arastirma, Deneyleme, Bigimsel analiz, Dogrulama, Metodoloji,
Gorsellestirme

orijinal taslak

Cikar Catismasi Beyani
Yazarlarin bu makalenin igerigiyle ilgili olarak beyan edecekleri higbir
¢ikar catismasi yoktur.
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Oz

Bu calismadaki amacimiz, Tekirdag ilinde yetisen Bituminaria
bituminosa (L.) C.H.Stirt bitkisinin kimyasal bilesenlerini GC-MS
yontemi ile arastirmak ve ham ekstrelerinde antibakteriyel
aktivitesini belirlemektir. B. bituminosa bitkisinden Soxhlet
metodu ile elde edilen hekzan, diklorometan ve metanol
ekstresinin kimyasal bilesenleri, GC-MS yontemi kullanilarak
arastirilmigtir. B. bituminosa'nin kimyasal bilesenleri (izerine
yaptigimiz arastirma sonucunda hekzan ekstresinde otuz dort
adet, diklorometan ekstresinde otuz sekiz adet ve metanol
ekstresinde otuz bes adet bilesik tespit edilmistir. Calismada
denenen hem Gram-pozitif hem de Gram-negatif bakteriler
Uzerinde en ylksek antibakteriyel etki B. bituminosa'nin hekzan
ekstresinde elde edilmistir.

Anahtar Kelimeler: Bituminaria; B. bituminosa; Kimyasal Bilesen; GC-
MS Analizi; Antibakteriyel Aktivite.

© Afyon Kocatepe Universitesi

Abstract

The aim of this study was to investigate the chemical
constituents of Bituminaria bituminosa (L.) C.H.Stirt growing in
Tekirdag province by GC-MS method and to determine the
antibacterial activity of crude extracts. The chemical
constituents of hexane, dichloromethane and methanol extracts
obtained from B. bituminosa plant by Soxhlet method were
investigated using GC-MS method. As a result of our research on
the chemical components of B. bituminosa, thirty-four
compounds were detected in hexane extract, thirty-eight
compounds in dichloromethane extract and thirty-five
compounds in methanol extract. The highest antibacterial effect
on both Gram-positive and Gram-negative bacteria tested in the
study was obtained in the hexane extract of B. bituminosa.

Keywords: Bituminaria; B. bituminosa; Chemical Components; GC-MS
Analysis; Antibacterial Activity.

1. Giris

GunlUmiizde antibiyotik direnci blylk o6l¢lide yasami
tehdit edebilen ve bircok 6lime sebebiyet veren bir
problem olarak karsimiza ¢cikmaktadir (Laxminarayan vd.
2013). Birlesik Devletler Hastalik Kontrol Merkezinin
yaptigl arastirmaya gore yaklasik 2 milyon kisi antibiyotik
direncli bakterilerin neden oldugu hastaliklara yakalanip
23 bin kisi de yasamini yitirmektedir. Avrupa’da her yil
bakterilerin  neden  oldugu

antibiyotik  direngli

hastaliklardan 25 bin kisi yasamini kaybetmektedir
2018).

calismalarda, Turkiye’de de antibiyotik direncinin ¢ok

(Machowska ve Stalsby Lundborg, Yapilan
yuksek oranda oldugu gézlenmektedir. Calisma sonuglari,
llkemizde de antibiyotik direngli bakterilerin tehlikeli
oldugunu gostermektedir (Yunusoglu vd. 2020). Bu
hatta
antibiyotik direngli bakterilere karsi bitiin diinyada var

nedenle, hastaliklara o6limlere neden olan

olan antibiyotiklere alternatif olarak kullanilabilecek hem

dogal hem sentetik maddeler Gzerindeki arastirmalar hiz
kesmeden devam etmektedir ve ilaglara alternatif olarak
bitkilerin kullanilmasi her gegen giin artmaktadir (Abascal
ve Yarnell 2002).

Hayatin temelinde yer alan bitkiler, glinlimiize kadar hem
yasam sirdlrebilmek amaciyla besin hem de hastaliklar
onlemek amaciylailag olarak kullanilmaktadir (Erdogan ve
Everest 2013; Yesilbag 2007; Sahin 2013). Sentetik etken
maddelerin uzun sireli kullaniminda yan etkileri ve
etkisizligi konusundaki endiseler, dogal alternatiflerin ve
tamamlayici tedavilerin kullanimina olan ilginin artmasina
neden olmaktadir (Oguztlrk vd. 2021). Gegmis yillardan
beri saglik sisteminin 6nemli bir pargasi olan sifal bitkiler
her zaman 0On planda olmustur. Yaslanmayi, kanseri,
kronik ve viral hastaliklari 6nlemek, yasam Kkalitesini
artirmak amaciyla bitki etken maddeleri lizerine pek ¢ok
(Rao vd. 2018).
olmalari ve dogal olarak elde edilmeleri nedeniyle, bitki

arastirma yapilmaktadir Ekonomik
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etken maddelerinin gliniimizde kullaniminin en az %25
oldugu bilinmektedir (Andrade vd. 2014; Karasu ve
Oztiirk, 2014; Berber vd. 2013).

Bitkilerin kok, govde, cicek ve meyvelerinde, flavonoidler,

alkaloidler, ugucu vyaglar, terpenoidler, taninler,
berberinler, kininler ve emetinler gibi aktif kimyasal
bilesenler sentezlenmektedir. (Yesilbag 2007; Dorman ve
Deans 2000; Berber vd. 2013; Andrade vd. 2014; Karasu
ve Oztiirk 2014). Bitkilerde sentezlenen aktif bilesenler
halk arasinda, ozellikle gida, kozmetik ve ilag olarak
kullanilmaktadir (Alma ve Ertas 2007; Satil vd. 2003). Aktif
kimyasal bilesen iceren bitkiler halk arasinda yaygin
kullanilmasinin yani sira yeni sentetik kimyasal bilesiklerin
elde edilmesinde 6nemli rol oynamaktadir (Houghton vd.

2000).

Bituminaria bituminosa (L.) C.H.Stirt bitkisi Akdeniz
havzasinda yaygin olarak bulunan ve iklim kosullarina
adapte olmus cok yillik bir baklagil taridir (Munoz ve
Correal 1998; Gutman vd. 2000). Diinyada Tirkiye, Gliney
Avrupa, Kinnm, Bati Suriye, Kafkasya, Kuzey Afrika ve
Portekiz’de yayilim gdstermekte olup, iilkemizde istanbul,
Tekirdag, Canakkale, izmir, Mugla, Antalya, Adana, Hatay,
Yozgat, Sinop, Samsun ve Trabzon gibi illerimizde
yetismektedir (Davis 1965). B. bituminosa tiiriniin yiksek
besin degerlerine sahip olmasi ve biyokitlesinin yiiksek
olmas! sebebiyle kiglk bas hayvanlarin beslenmesinde

kullanilmaktadir (Ventura vd. 2000).

Bu calismada, Tekirdag ilinde yetisen B. bituminosa
bitkisinin Soxhlet ekstraksiyon metodu kullanarak elde
edilen U¢ ham ekstresinin (hekzan, diklorometan ve
metanol) GC-MS metodu ile kimyasal bilesenlerinin
aydinlatilmasi ve tim ekstrelerde antibakteriyel aktivite
tayini amaglanmistir.

2. Materyal ve Metot
2.1. Bitki ve Ekstraksiyon

Tekirdag ilinde yetisen B. bituminosa (35,120 g) bitkisi
Haziran 2023’te toplanmistir (Lokasyon: 40°59'10.2" N
27°32'39.0" E). Tekirdag Namik Kemal Universitesi’nde
Prof. Dr. E. Cabi tarafindan bitkinin teshisi yapilmis ve
herbaryum numarasi (NAKU-7345) verilmistir. Bitkinin
toprak ustl kisimlari (gigek, yaprak ve govde) toplandiktan
sonra golgede kurutulmus ve kiiclik parcalara
bolinmustir. Soxhlet ekstraksiyon metodu kullanarak,
polarite sirasina goére hekzan (Merck-1043742500) (0,424
g), diklorometan (Merck-1070202500) (0,203 g) ve
metanol (Merck-1070184000) (8,616 g) ile ekstrakte
edilmistir. Her bir ¢oOzlcl icin 4 saat olacak sekilde
ekstraksiyon siresi gerceklestirilmistir. Daha sonra
¢Ozlcller evaporatdrde buharlastiriimis ve toplamda g

ham ekstre elde edilmistir (Orak vd. 2019). Elde edilen
ekstrelerin, ekstraksiyon verimleri hekzan igin %1,20,
diklorometan igin %0,57 ve metanol i¢gin %24,53 olarak
hesaplanmistir. Hekzan, diklorometan ve metanol
ekstrelerinin kimyasal bilegenlerini belirlemek i¢in GC-MS
yontemi kullanilmistir. Bunum yani sira, Ug¢ ekstrenin
antibakteriyel aktivite testleri de yapilmistir.

2.2. GC-MS Analizi

Hekzan ve diklorometan ekstrelerinin GC-MS analizi igin
Shimadzu QP2010-Ultra Model cihazinda, HP5MS (30m x
250 um x 0.25 mm) kolon kullanilarak gergeklestirilmistir.
1 ul enjeksiyon yapilarak, 1,51 ml/dakika akis hizinda
tasiyict gaz olarak helyum gazi kullaniimistir. Kolon
sicakligi 50°C, enjeksiyon sicakligi 250°C ve toplam akig
19,6 ml/min’dir. Analiz programi, 50°C'de 5 dakika
bekletildikten sonra dakikada 10°C artisla 220°C
cikarilarak gergeklestirilmistir (Kasuni Keshala vd. 2021).

Metanol ekstresi icin GC-MS analizi i¢cin Shimadzu
QP2010-Ultra Model cihazinda, HP5MS (30m x 250 um x
0.25 mm) kolon kullanilarak gerceklestirilmistir. 1 pl
enjeksiyon yapilarak, 0,7 ml/dakika akis hizinda tasiyici
gaz olarak helyum gazi kullaniimistir. Kolon sicakligi 60°C,
enjeksiyon sicakligi 250°C ve toplam akis 10,7 ml/min’dir.
Analiz programi, 60°C'de 8 dakika bekletildikten sonra
dakikada 2°C artisla 280°C cikarilip 15 dakikada bu
sicaklikta bekletilip gergeklestirilmistir (Lemouchi vd.
2017).

Wiley 7, NIST107, NIST27 ve NIST147 kituphaneleri
kullanilarak kimyasal bilesenlerin analizi
gergeklestirilmigtir.

2.3. Antibakteriyel Aktivite

Elde edilen ekstreler agar kuyu difizyon yontemi
kullanilarak 2 Gram negatif (Escherichia coli ATCC 25922
ve Pseudomonas aeruginosa ATCC 278523) ve 2 Gram

pozitif ~ (Staphylococcus aureus ATCC 25923 ve
Enterococcus faecalis ATCC 29212) bakteri tzerinde test
edilmistir  (Balouiri vd. 2016). Bakteriler Tirkiye
Cumbhuriyeti Halk Saglhgi Genel Miudurligli, Ankara,

Tirkiye'den temin edilmistir. ilk olarak kanl agarda
(BioMerieux, Fransa) buyutilen bakteriler steril salin
0,5 McFarland

olacak sekilde ayarlanmis ve Mueller Hinton agar

¢Ozeltisi icerisinde konsantrasyonlari

plaklarina (HiMedia, Hindistan) aseptik kosullar altinda

yayllmistir. Agar Uzerinde 8,5 mm ¢apinda agar

kuyucuklari olusturulmus ve kuyucuklara susuz DMSO
(%99,9, Sigma Aldrich, Almanya) iginde ¢6ziilmis her
ekstrakttan 100 pl eklenmistir. DMSO ayni zamanda
negatif kontrol olarak kullanilirken, Gentamisin silfat
Aldrich, pozitif kontrol olarak

(Sigma Almanya)
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kullanilmistir. Plakalar gece boyunca 37°C'de inkiibe
edildikten sonra her bir kuyucuk etrafindaki zonlarin g¢api
Olgulmistur. Deney iki kez tekrarlanmistir. Ekstraktlarin
etkileri Minitiab 13 yazilminda tek yonli ANOVA
kullanilarak karsilastiriimistir.

3. Bulgular / Results and Discussions

GC-MS analizi sonuglarina gore bilesikler, alikonma
zamanlarina (RT) ve konsantrasyonlarina (% pik alani)
gore belirlenmistir. B. bituminosa bitkisinin hekzan
ekstresinde 34 bilesik tanimlanmistir (Cizelge 1). B.
bituminosa bitkisinin hekzan ekstresinde Tetradekan
(%10,02), (2)-9,17-Oktadekadienal (%6,93), 3-Dodekanon
(%5,54) ve Bromosiklohekzan (%4,79) bilesikleri yuksek
konsantrasyonda bulunmustur. Bu bilesikler fonksiyonel
gruplarina gore degerlendirildiginde; hekzan
ekstresindeki ana bilesenleri alkanlar (%37,54), ketonlar
(%11,78), aldehitler (%11,22) ve alkenler (%8,04) oldugu
gorilmistir (Cizelge 1).

Cizelge 1. B. bituminosa bitkisinin hekzan ekstresinde bulunan
kimyasal bilegenler.

Miktar Kapal

No RT Bilegikler (%) Formiil
1 4,981 m-Ksilen 1,54 CgH1o
2 6,027 Nonan 4,24 CsHao

1-etil-4-
3 6,155 metilsiklohekzan 176 CoMis
4 6,265 4-metil-2-heptanon 2,69 CgH160
5 6,357 2-metil-2-pentantiol 4,59 CgH14S
6 6,830 3-Dodekanon 5,54 C12H240
7 7,206 3-etil-2-metil 163 CuoHan
heptan
8 7,733 3-metil pirolidin 1,96 CsH1iN
9 7781 2,3,4-trimetil 287 CaoHas
heptan

10 7,851 2-metil nonan 2,95 CioH22
11 7,977 Bromosiklohekzan 4,79 CgH11Br
12 8,017 3-metil nonan 3,87 CioH22

1,2-dimetil-3-(1-

13 8,325 metiletil)- 1,08 CioH20

siklopentan
2,2,4,6,6-

14 8,470 pentametil heptan 1,89 CraHas
15 8,738 n-Tetradekan 10,02 C14H30
16 9,249 4-metil dekan 3,11 Ci11H4
17 9,388 2-etil hekzanol 3,07 CgH150
18 10,003 5-metil dekan 1,42 Ci11H4
19 10,144 2-metil dekan 1,62 Ci11H24
20 10,274 3-metil dekan 1,45 Ci1H24
21 12,529 1-Dodesen 1,02 CiaHys
22 15,641 1-Tetradesen 3,27 Ci14H2s
23 15,753 Hekzadekan 1,39 CigH34
24 16,176 Trans-karyofilen 2,25 CisHog

1,2,43,5,6,8a-
hekzahidro-4,7-

25 16,930 dimetil-1-(1- 1,33 CisHag

metiletil)-naftalen

26 18,313 Seten 3,75 Ci6H32
27 18,393 Trans-a-bisobelen 291 CusHaaO

epoksit

Cizelge 1 (devami). B. bituminosa bitkisinin hekzan
ekstresinde bulunan kimyasal bilesenler.
- Miktar Kapal
No RT Bilegikler (%) Formiil
4-(1,1,3,3-
28 19,767 tetrametilbutil)- 1,11 C14H2,0
fenol
29 19,866 p-Nonilfenol 1,23 Ci1sH240
(2)-9,17-
30 20,078 Oktadekadienal 6,93 CisHz20
6(2),9(2)-
31 20,260 Pentadekadien-1-ol 3,88 CisHas0
32 20,694 E-14-Hekzadesenal 4,29 C16H300
6,10-
33 21,282 Dimetilundekan-2- 3,55 Ci3H260
on
34 21,659 1-Hekzadekanol 0,99 Ci16H340
. Miktar
Fonksiyonel Grup (%)
Aromatik Bilegik 2,87
Alkol 7,94
Sikloalkan 1,76
Keton 11,78
Tiyol 4,59
Azot Igeren
Heterosiklik Bilesik 1,96
Alkil Halojenar 4,79
Alkan 37,54
Alken 8,04
Terpen 5,16
Fenolik Bilesik 2,34
Aldehit 11,22
Toplam 99,99

B. bituminosa bitkisinin diklorometan ekstresinde
tanimlanan 38 bilesik Cizelge 2’de gosterilmistir. B.
bituminosa bitkisinin  dikloromeran ekstresinde 1-
Hekzadekanol (%11,92), trans-Karyofilen (%10,74),
Psoralen (%6,57) ve (-)-Karyofilen oksit (%6,42) bilesikleri
yliksek konsantrasyonda tanimlanmistir. Tanimlanan

bilesikler fonksiyonel gruplarina

gore

degerlendirildiginde; diklorometan ekstresindeki ana
bilesenleri terpenler (%59,37), alkoller (%16,74),
benzopiranlar (%9,42) ve aromatik bilesiklerdir (%6,37)

(Cizelge 2).

Cizelge 2. B. bituminosa bitkisinin diklorometan ekstresinde

bulunan kimyasal bilegenler.

I Miktar Kapal
No RT Bilegikler (%) Formiil
1 15,112 a-Kubeben 1,33 CisHaa
2 15,457 a-Ylangen 0,49 CisHaa
3 15,670 B-Borbonen 1,26 CisHaa
4 15,720 a-Amorfen 0,63 CisHaa
5 16,175 Trans-Karyofilen 10,74 CisHaa
6 16,298 Germakren-D 1,82 CisHoa
7 16,505 Valensen 0,36 CisHaa

7,11-dimetil-3-
8 16,563 melt,'sg‘o(_E) 1,63 CisHaq
Dodekatrien

9 16,651 a-Humulen 2,58 CisHaa
10 16,755  Aloaromadendren 2,27 CisHaa
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Cizelge 2 (devam). B. bituminosa bitkisinin diklorometan
ekstresinde bulunan kimyasal bilegsenler

- Miktar Kapah
No RT Bilesikler (%) Formil
1,2,4a,5,6,8a-
hekzahidro-4,7-
11 16,929 dimetil-1-(1- 6,37 CisHaa
metiletil)-naftalen
12 17,101 B-Selinen 0,73 C15H24
13 17,183 a-Kopaen 2,96 CisHag
14 17,241 a-Murolen 1,19 CisHaa
15 17,310 B-Bisabolen 1,30 CisHaa
16 17,464 Subenol 5,12 CisH260
17 17,541 6-Kadinen 3,21 CisHaa
18 17,668 Sedren 1,70 CisHaa
19 17,987 Nerolidol 4,59 C15H260
20 18,297 (-)-Spatulenol 0,40 Ci5H240
21 18,384 (-)-Karyofilenoksit 6,42 Ci5H240
22 18512 Salv'al'ﬁ?)'e”'l' 037  CisHuO
23 18,657 Sedrol 0,63 CisH260
24 18905 ransaBisabolen o, 00 0
epoksit
25 19,043 (+)- 1,66 CasHaa
! Aromadendren !
26 19180  IHeptadek ik, 0 HaO
siklohekzanol
27 19,236 a-Sadinol 2,67 CisH260
28 19,572 Ledenoksit-(I1) 0,80 CisH240
29 19634  Aromadendren 437  CisHyO
epoksit
30 20,231 Limonendioksit 0,32 C10H1602
31 20310  |cwadekanoik 043  CuH0;
Asit
32 20588  CisoBisabolen 030  CisHuO
epoksit
33 20,687 Angesin 2,85 C11H6O3
34 21,222 Sitronelil asetat 0,36 C12H2,0,
35 21,284 Psoralen 6,57 C11HgO3
(2,2)-9,12-
36 21,372 oktadekadien-1-ol 4,34 CisH30
(2,2)-9,12-
37 21,438  oktadekadienoil 3,82 Cls'g”lC'
klortr
38 21,662 1-Hekzadekanol 11,92 Ci16H340
. Miktar
Fonksiyonel Grup (%)
Terpen 59,37
Aromatik Bilesik 6,37
Siklik Olefin 3,84
Karboksilik Asit 0,43
Benzopiran 9,42
Alkol 16,74
Acil Halojenlr 3,82
Toplam 99,99

B. bituminosa bitkisinin metanol ekstresinde 35 bilesik
tanimlanmistir (Cizelge 3). B. bituminosa bitkisinin
metanol ekstresinde 1-Tetradekanol (%41,38),
Tetratetrakontan (%10,38), Oktadekanoik asit biitil esteri
(%5,54) ve 4-[4-(2-metilpropil) fenil]-N-(3,4-
metilendioksi)-tiazol-2-amin (%5,47) bilesikleri yuksek
konsantrasyonda bulunmustur. Bu bilesikler fonksiyonel
gruplarina gore degerlendirildiginde; metanol

ekstresindeki ana bilesenleri alkoller (%48,97), alkanlar
(%14,90), yag asidi esterleri (%6,56) ve esterler (%6,55)
olusturmustur (Cizelge 3).

Cizelge 3. B. bituminosa bitkisinin metanol ekstresinde bulunan
kimyasal bilesenler.

I Miktar Kapal
No RT Bilesikler (%) Formil
1 55,587 E-1>- 0,73 C17H3,0
Heptadesenal
2 61,862 Psoralen 2,00 C11H6O3
(2,2)-9,12-
3 63,716 Oktadekadien-1- 3,88 CigH340
ol
4 64,596 Angesin 4,50 C11HeO3
5 68,753 n-Eikosan 1,02 CaoHa2
6 72,384 ”'Hekzzg‘:kano'k 076  CigH3:0:
7 74,344 Oktadekanoik asit 0,71 Ci8H360-2
8 76,570 1-Dokosanol 1,46 C2oHg60
9 83,554 n-Nonadekan 1,04 CigHa0
10 87,273 Eikosanoik asit 0,63 C20H4002
11 88,978 1-Trikosanol 0,95 Ca3H4s0
12 94,264 Henekosan 0,80 Ca1Haa
13 97,264 Dokosanoik asit 0,23 C22H440,
n-
14 98,534 Hentriakontanol 0,40 CaiHeaO
15 102,681 1-Eikosanol 0,90 Cy0H420
16 104,231 Metil lignoserat 0,51 Ca5Hs5002
17 104613  Dr(2etihekal) 1,65  CaHssOq
izoftalat
18 104,870 (Z)-9-Okt?desen 0,71 CigH3sN
amit (6]
19 105,781 Cis—ll—Eikosen 0,60 CaoH3gN
amit (0]
20 106,533 Butil sterat 5,47 C22H4402
21 107,878 Skualen 0,27 C3oHso
4-[4-(2-
metilpropil) fenil]-
22 109,441 N-(3,4- 547  CooHoN:
. L 0,5
metilendioksi)-
thizol-2-amin
2-Bromoakrilik
23 110,092  asit 2,6-di-t-bitil- ag0  CistasBr
. . . (0]]
4-metil fenil esteri
24 110,910 1-Tetradekanol 41,38 Ci14H300
25 114,255 Nonakosan 1,66 Ca9Hgo
26 115,563 Oktadekanal 0,50 CigH360
27 116,108 Laurik asit2- 058  CiH30:
metilbitil esteri
n-
28 117,704 Tetratetrakontan 10,38 CasHoo
29 122886  Cisikloro-s- 095  CigHasCl
oktadesen
30 125,045 B-Sitosterol 0,50 Ca9Hs500
31 125,398 y-Sitosterol 2,42 C9Hs00
32 125,695 Gorgosterol 0,54 C30Hs500
(5a,16B)-D-
33 126,500 Norandrostan-16- 0,48 Cy0H3202
ol asetat
34 127,636  Lupeol 0,36 C30Hs500
35 129,595 izolongifolen 0,64 CisHaa
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Cizelge 3. (devami) B. bituminosa bitkisinin metanol
ekstresinde bulunan kimyasal bilesenler
. Miktar
Fonksiyonel Grup (%)
Aldehit 1,23
Benzopiran 6,50
Alkol 48,97
Alkan 14,90
Yag Asidi 2,33
Yag Asidi Esteri 6,56
Ester 6,55
Amit 1,31
Terpen 1,27
Azot, Kukurt ve
Oksijen Igeren
Heterosiklik el
Bilesik
Alken 0,95
Steroid 3,94
Toplam 99,98

Literatire bakildiginda; Libnan’da yetisen B. bituminosa
bitkisinin sinonimi olan P. bituminosa bitkisinde yapilan
GC-MS analizinde, metanol ekstresinde hekzadekanoik
asit metil esteri (%34,62), hekzan ekstresinde
izokaryofilen (%15,29) bilesikleri gbzlenmistir (Al Ayoubi
vd. 2018). Yaptigimiz ¢alisma ile kiyasladigimizda metanol
ekstresinde  1-Tetradekanol (%41.38) ve hekzan
ekstresinde Tetradekan (%10.02) ana bilesik bulmamiz iki
bitkinin ~ farkhh  ortamda  yetismis  olmasindan
kaynaklandigini distindiirmistiir. Usai vd. (2021)'nin
yaptiklari galismada ispanya’nin ii¢ farkl bélgelerinden
topladiklari B. bituminosa var. bituminosa bitkisinin GC-
MS metoduyla ugucu bilesiklerin analizinde, Llano del
Beal bolgesinden toplanan bitkide ana bilesik karyofilen
(%34,47), Calnegre bolgesinden topladiklari bitkide ana
bilesik cis,cis-9,12-oktadekadien-1-ol (%15,76) ve San
Cristobal de la laguna bolgesinden topladiklari bitkide ana
bilesik (cis,cis)-9,12-oktadekadien-1-ol (%11,06) seklinde
bulunmustur. Bunun yani sira yine ayni ¢alismada,
Kanarya Adalar’nin iki bolgesinden toplanan B.
bituminosa var. albomarginata bitkisinin  GC-MS
metoduyla ugucu bilesiklerin analizinde, Caleta de Famara
bolgesinde toplanan bitkide ana bilesik (cis,cis)-9,12-
oktadekadien-1-ol (%14,96) ve Arecife bodlgesinde
toplanan bitkide ana bilesik lauril alkol (%13,83)
bulunmustur. Usai vd. (2021) yaptigi calismaya benzer
sekilde, c¢alismamizda da, bitkinin diklorometan
ekstresinde karyofilen ve (Z,2)-9,12-oktadekadien-1-ol
temel bilesik olarak tespit edilmistir.

Antibakteriyel aktivite calismalarinda, karbon zincirinin
uzunlugu ile aktivitenin arttig (Kabelitz vd. 2003; Lansfort
vd. 1960; Mates 1974); tetradekan, hekzadekan,
nonadekan, henekosan ve eikosan gibi uzun zincirli
karbon bilesiklerinin, antibakteriyel aktiviye sahip oldugu
literatirde (Begum vd. 2016) bildirilmistir. Naeim vd.
(2020)'nin yaptig bir galismada, C. pumilio bitkisinde

alkanlarin ana bilesen oldugu kloroform ekstresinin
antibakteriyel aktivite yiksek bulunmustur. Calismamizda
da alkanlarin ana bilesen oldugu hekzan ekstresinde
antibakteriyel aktivite yliksek bulunmustur.

Bu g¢alismada iki Gram pozitif ve iki Gram negatif bakteri
kullanilmigtir. Bitki ekstrelerinin bu bakteriler Gzerindeki
etkisi, agar plak Uzerinde olusturduklari zon caplar
Olculerek degerlendirilmistir (Sekil 1). Zon caplari Cizelge
4’te verilmistir.

Cizelge 4. Bitki ekstrelerinin farkli bakteriler Uzerindeki
antibakteriyel etkileri (Zon ¢aplari, mm)
Metanol Dikloro Hekzan Gentami
metan sin ”
E. coli 8,75+ 0,354 9,25+ 32,4+ 16
1,061 0,283
P. 8,50 £ 0,00 18,20+ 17,65+ 22
aeruginos 0,141 0,354
a
S. aureus 8,50 £ 0,00 17,05 17,0 20
0,354 +0,707
E. faecalis 8,50 + 0,00 18,5+ 13,75 19
0,424 11,061
P-degeri 0,479 0,000 0,000

Zon gaplari ortalama + standart sapma seklinde verilmistir.
* EUCAST, 2020

Bu calismada denenen bakteriler, patojen suslari olan,
ozellikle ginimizde hastane kaynakh enfeksiyonlar
acisindan ve bir ya da daha fazla antibiyotige direng
kazanmis suslarinin varligindan dolayi 6nemli olan
bakterilerden secilmistir. Bu bakteriler insanlarda normal
flora Gyeleri olmakla beraber, immiin yetmezligi olan
hastalar basta olmak Uzere firsatgi patojen 6zellik
gostermekte ve hastalarda ciddi anlamda tehlikeli
enfeksiyonlara sebep olabilmektedirler (Gulbandilar
2009; Jang vd. 2017).

Calismanin sonuglari hekzan ekstresinin denenen tim
bakteriler lizerinde antibakteriyel etkisi olmakla beraber
ozellikle E. coli Gizerinde ¢ok yiiksek antibakteriyel etkisi
olugunu ortaya koymustur (p<0,05). Bunun aksine,
metanol ekstresinin bu ¢alismada kullanilan bakterilerin
higbiri Uzerinde antibakteriyel etkisi gozlenmemistir
(p>0,05) (Sekil 1). Diklorometan ekstresinin etkisine
bakildiginda ise, hekzanin aksine E. coli Gzerindeki etki
diger bakteriler lizerindeki etkiden ¢cok daha duslktir
(Cizelge 4). Antibiyotik maddelerin bakteriler izerindeki
etkisi farkli mekanizmalar Uzerinden gerceklesmektedir.
Bazi bakteriler hiicre membrani ve hiicre duvari sentezi
Uzerinde etkili olurken, bazi antibakteriyel maddeler
bakteri hicresindeki protein sentezini inhibe ederek
bakterinin Gremesini engellemektedir. Bazi maddeler ise
hiicrede folik asit metabolizmasini engellerken bazilari ise
niikleik asitlerin sentezini durdurabilirler. Ornegin,
Gentamisin antibiyotigi bakterilerde ribozomun 30S alt
birimine baglanarak bakteride protein sentezine
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midahale ederek bakteri bliylimesini engeller (Fitzgerald
ve Newquist 2013; Yan vd. 2021). Bu c¢alismada da farkli
¢Ozucller kullanilarak elde edilen ekstrelerin, bakterilerde
farkli mekanizmalara mudahale ettigi dusindlebilir.
Bununla birlikte tlire 6zgu yapisal ve genetik farkliliklar da
bakterilerin fakli maddelere farkli tepki vermelerine
sebep olmaktadir.

Sekil 1. Bitki ekstraktlarinin farkli bakteriler Uzerindeki

antibakteriyel etkisi.

B. bituminosa antibakteriyel etkileri olan bioaktif
molekiiller iceren bir bitkidir. Farkli solventler kullanilarak
bu bitkiden elde edilen ekstraktlarin biyolojik aktiviteleri
Uzerine bir¢ok g¢alisma yapilmistir. Biyoaktif bilesiklerin
ekstraksiyonunda solvent segimi kritik bir Sneme sahiptir
(Ngo vd. 2017). Etanol, metanol ya da etil asetat gibi polar
¢Ozucller  hidrofilik  bilesiklerin  ekstraksiyonunda
secilirken, daha lipofilik olanlar icin diklorometan tercih
edilir. Bazi durumlarda, hekzan klorofillerin
ekstraksiyonunda kullanilabilmektedir (Cos vd. 2006;
Sasidharan vd. 2011). Yapilan bir c¢alisma, fakh B.
butiminosa genotiplerinin farkli gelisme evrelerinde
yapraklardan elde edilen etanol ekstrelerinin o6zellikle
Gram pozitif bakteriler olmak (izere farkli bakteriler
Uzerinde antibakteriyel etkisi oldugunu gostermistir.
Ciceklenme doneminde elde edilen ekstrelerin da daha
yuksek antibakteriyel etkisi oldugu bildirilmistir (Darcan
vd. 2021). Ayrica, yapilan c¢alismanin sonuglari, farkli
genotiplerde ve farkli blylime evrelerinde farkli sekonder
metabolit Gretimi ile antibakteriyel etkinin degisebilecegi
de vurgulamaktadir.

Azzouzi vd. (2014)'nin yaptiklari ¢ahsmada B.
bituminosa’nin toprak Ustd kisimlarindan elde edilen etil
asetat, n-bitanol ve diklorometan ekstrelerinin
antibakteriyel etkisini arastirmislar ve bu c¢ozlciler
arasinda en yliksek antibakteriyel etkiyi diklorometan
kullanarak elde ettikleri ekstrelerde gozlemlemislerdir.
Bizim c¢alismamizda da diklorometan ile elde edilen
ekstrelerin  denenen  tim  bakteriler  Gzerinde
antibakteriyel etkisi oldugu aciktir (Cizelge 4).

Yakin zamanda yapilan baska bir calisma Plumbago
zeylenica bitkisinde 6zellikle E. coli ve S. aureus lzerinde

yuksek antibakteriyel etkisi oldugunu henekosan
bilesiginin varhigi ile agiklamislardir (Vanitha vd. 2020). Bu
baglamda, caligmamizda da hekzan ekstresinin diger
ekstrelere gore daha yilksek antibakteriyel aktivite
gosterme sebebi olarak, uzun zincirli bir hidrokarbon olan,
tetradekan bilesiginden kaynaklanacagini
dislindurmistiir. Bu hipotezimiz, literatir ile de uyum
saglamistir (Begum vd. 2016).

4. Sonuglar ve Tartisma

Calismada, B. bituminosa bitkisinin Soxhlet ekstraksiyon
metodu kullanarak elde edilen hekzan, diklorometan ve
metanol ekstrelerinin GC-MS ile kimyasal bilesenleri tayin
edilmistir. Ham ekstrelerinin

Ayrica, antibakteriyel

aktivite testleri gergeklestirilmistir.

B. bituminosa bitkisinin ham ekstrelerinin kimyasal
bilesenleri Cizelge 1, Cizelge 2 ve Cizelge 3’te rapor
edilmistir. Hekzan ekstresinde bulunan fonksiyonel
gruplar, aromatik bilesik, alkol, sikloalkan, keton, tiyol,
azot iceren heterosiklik bilesik, alkil halojendr, alkan,
alken, terpen, fenolik bilesik, aldehit olmak Uzere, otuz
dort bilesik gozlenmistir. Diklorometan ekstresinin
fonksiyonel gruplari, terpen, aromatik bilesik, siklik olefin,
karboksilik asit, benzopiran, alkol, agil halojeniir olup,
otuz sekiz bilesik tayin edilmistir. Metanol ekstresinde
bulunan fonksiyonel gruplar, aldehit, benzopiran, alkol,
alkan, yag asidi, yag asidi esteri, ester, amit, terpen, azot,
kiikirt ve oksijen iceren heterosiklik bilesik, alken, steroid
olmak Uzere otuz bes bilesik belirlenmistir. B. bituminosa
bitkisinin GC-MS analizinde ana bilesik olarak, hekzan
Tetradekan  (%10,02), diklorometan
1-Hekzadekanol (%11,92) ve metanol
ekstresinde de 1-Tetradekanol (%41,38) bulunmustur.
Calismamiz, B. bituminosa bitkisiyle yapilan literattirdeki
diger calismalarla kiyaslandiginda, Usai vd. (2021) yaptigi
calisma ile benzer temel bilesikler (karyofilen ve (Z,2)-
9,12-oktadekadien-1-ol) tespit edilmistir. Bunun yani sira,
Al Ayoubi vd. (2018) B. bituminosa bitkisiyle yapmis
oldugu GC-MS c¢alismasinda buldugu bilesiklerin bizim
yaptigimizda buldugumuz bilesiklerle 6rtismemesi; iki
ayni bitki tdrGnin farkh toprak, iklim ve cografi
kosullardan oldugunu diistindirmustdr.

ekstresinde
ekstresinde

Antibakteriyel aktivite testleri, 2 Gram negatif ve 2 Gram
pozitif bakteri kullanarak zon c¢aplar Olgllerek
gerceklestirilmistir (Cizelge 4, Sekil 1). Test sonuglarina
bakildiginda, B. bituminosa'nin hekzan ekstresinde diger
iki ekstreye (diklorometan ve metanol) gore daha iyi
sonug gozlenmistir.

Bitkilerden elde edilen ham ekstreler ile bu ekstrelerden
izole edilen bioaktif molekiller ve bu molekillerin sahip
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olduklari biyolojik aktivite galismalari glinimiizde 6nem

kazanmistir. Bunun Uzerine ¢alismamizdaki sonuglar
degerlendirildiginde, B. bituminosa bitkisinin ham
ekstrelerinde antibakteriyel MIC testi ve bioaktif

molekullerin izolasyonu igin gelecekte yapilacak olan bir
¢alisma igin 151k tutacaktir.

Etik Standartlar Bildirgesi
Yazarlar tim etik standartlara uyduklarini beyan ederler.

Yazarlik Katki Beyani

Yazar 1: Kaynaklar, Arastirma, Deney, Yazma - orijinal
Gorsellestirme, Yazma — orijinal taslak

Yazar 2: Kaynaklar, Arastirma, Deneyleme, Bigimsel analiz, Dogrulama,
Metodoloji, Gorsellestirme, Yazma — orijinal taslak,

taslak

Cikar Catismasi Beyani
Yazarlarin bu makalenin igerigiyle ilgili olarak beyan edecekleri higbir
¢ikar gatigmasi yoktur.

Verilerin Kullanilabilirligi
Bu c¢alisgma sirasinda olusturulan veya analiz edilen tim veriler,
yayinlanan bu makaleye dahil edilmistir.

Tesekkiir

Bitki teshisi icin, Tekirdag Namik Kemal Universitesi
Biyoloji Bolimi’nde Prof. Dr. Evren Cabi'ye tesekkir
ederim. GC-MS analizinin yapilmasindaki yardimlari igin
Tekirdag Namik Kemal Universitesi Kimya B&limii’'nde
Prof. Dr. Temine Sabudak’a tesekkir ederim.

5. Kaynaklar / References

Abascal, K. and Yarnell, E., 2002. Herbs and Drug
Resistance: Potential of Botanical in Drug Resistant
Microbes. Alternative & Complementary Therapies, 1,
237-241.
https://doi.org/10.1089/107628002320351370

Al Ayoubi, S., Raafat, K., El-Lakany, A. and Aboul-Ela, M.,
2018. Phytochemical investigation of Psoralea
bituminosa L. and its anti-diabetic potentials.
Pharmacognosy Journal, 10(5), 841-853.
https://doi.org/10.5530/p;j.2018.5.143

Alma, M. and Ertas, M., 2007. Essential oil content,
Turkish Clove. Bio Resources, 2(2), 265-269.

Andrade, B.F.M.T., Barbosa, L.N., Probst I.S. and Junior,
A.F., 2014. Antimicrobial activity of essential oils.
Journal of Essential Oil Research, 26, 34-40.
https://doi.org/10.1080/10412905.2014.926087

Azzouzi, S., Zaabat, N., Medjroubi, K., Akkal, S., Benlabed,
K., Smati, F. and Dijoux-Franca, M.G., 2014.
Phytochemical and biological activities of Bituminaria
bituminosa L. (Fabaceae). Asian Pacific Journal of
Tropical Medicine, 7(1), 481-484.
https://doi.org/10.1016/51995-7645(14)60278-9

Begum, I.F., Mohankumar, R., Jeevan, M. and Ramani, K.,
2016. GC-MS analysis of bio-active molecules derived
from Paracoccus pantotrophus FMR19 and the
antimicrobial activity against bacterial pathogens and
MDROs. Indian Journal of Microbiology, 56, 426-432.
https://doi.org/10.1007/s12088-016-0609-1

Balouiri, M., Sadiki, M. and Ibnsouda, S.K., 2016. Methods
for in vitro evaluating antimicrobial activity: A review.
Journal of Pharmaceutical Analysis, 6(2), 71-79.
https://doi.org/10.1016/j.jpha.2015.11.005

Berber, i., Avsar, C., Cine, N., Bozkurt, N. and Elmas, E.,
2013. Sinop’da vyetisen bazi bitkilerin metanolik
ekstraklarinin antibakteriyel ve antifungal
aktivitelerinin  belirlenmesi. Karaelmas Fen ve
Miihendislik Dergisi, 3, 10-16.
https://doi.org/10.7212/zkufbd.v3i1.87

Cos, P., Vlietinck, A.J., Berghe, D.V. and Maes, L. 2006.
Anti-infective potential of natural products: how to
develop a stronger in vitro “proof-of-concept”. Journal
of Ethnopharmacology, 106(3), 290-302.
https://doi.org/10.1016/j.jep.2006.04.003

Darcan, C., Kaygusuz, O., Leblebici, S., Giilimser, E. and
Acar, Z., 2021. Antimicrobial activity of leaf extracts of
Bituminaria sp. genotypes at different growth stages.
Indian Journal of Experimental Biology, 59, 302-309.
https://doi.org/10.56042/ijeb.v59i05.50484

Davis, P.H., 1965. Flora of Turkey and the East Aegean
Islands. Edinburgh University Press, Edinburgh, 567.

Dorman, H.J.D. and Deans, S.G., 2000. Antimicrobial
agents from plants: antibacterial activity of plant
volatile oils. Journal of Applied Microbiology, 88, 308-
316.
https://doi.org/10.1046/j.1365-2672.2000.00969.x

Erdogan, A.E. and Everest, A., 2013. Antimikrobiyal ajan
olarak bitki bilesenleri.
Dergisi, 6, 27-32.

Tiirk Bilimsel Derlemeler

Fitzgerald, K.T. and Newquist, K.L., 2013. Poisonings in the
Captive Reptile. In Small Animal Toxicology, W.B.
Saunders, 229-249.
https://doi.org/10.1016/B978-1-4557-0717-1.00020-
X

Gulbandilar, A., 2009. Investigation of Staphylococcus
aureus carriage and antibiotic sensitivity in nose
mucous membrane in Kutahya Province. DPU Fen
Bilimleri Dergisi, 18, 1-6.

779


https://doi.org/10.1089/107628002320351370
https://doi.org/10.5530/pj.2018.5.143
https://doi.org/10.1080/10412905.2014.926087
https://doi.org/10.1016/S1995-7645(14)60278-9
https://doi.org/10.1007/s12088-016-0609-1
https://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.7212/zkufbd.v3i1.87
https://doi.org/10.1016/j.jep.2006.04.003
https://doi.org/10.56042/ijeb.v59i05.50484
https://doi.org/10.1046/j.1365-2672.2000.00969.x
https://doi.org/10.1016/B978-1-4557-0717-1.00020-X
https://doi.org/10.1016/B978-1-4557-0717-1.00020-X

Tekirdag ilinde Yetisen Asfalt Otu (Bituminaria bituminosa (L.) C.H.Stirt) Bitkisinin Kimyasal Bilesenleri ve..., CALISKAN ve GURHAN.

Gutman, M., Perevolotsky, A. and Sternberg, M., 2000.
Grazing effects on a perennial legume, Bituminaria
bituminosa (L.) Stirton, in a Mediterranean rangeland.
Cahiers Options Mediterraneennes, 45, 299-303.

Houghton, R.A., Skole, D.L., Nobre, C.A., Hackler, J.L.,
Lawrence, K.T. and Chomentowski, W.H., 2000.
Annual fluxes of carbon from deforestation and
regrowth in the Brazilian Amazon. Nature, 403, 301-
304.
https://doi.org/10.1038/35002062

Jang, J., Hur, H.G., Sadowsky, M.J., Byappanahalli, M.N.,
Yan, T. and Ishii, S., 2017. Environmental Escherichia
coli: ecology and public health implications-a review.
Journal of Applied Microbiology, 123(3), 570-581.
https://doi.org/10.1111/jam.13468

Kabelitz, N., Santos, P.M., Heipieper, H.J., 2003. Effect of
aliphatic alcohols on growth and degree of saturation
of membrane lipids in Acinetobacter calcoaceticus.
FEMS Microbiology Letters, 220, 223-227.
https://doi.org/10.1016/S0378-1097(03)00103-4

Karasu, K. and Oztirk, E., 2014. Tibbi ve aromatik
bitkilerin kanatlilarda antioksidan ve antimikrobiyal
etkileri, Tiirk Tarim ve Doga Bilimleri Dergisi, 2, 1766-
1772.

Kasuni Keshala, K., Bandara, A.M.P.W., Padumadasa, C.
and Peiris, L.D.C.,, 2021. Bioactivities and GC-MS
profiling  of Madhumeha Choorna
polyherbal hot infusion. South African Journal of
Botany, 140, 194-203.
https://doi.org/10.1016/j.sajb.2021.04.015

Malewana

Lansford, E.M., Jr., Hill, I.D., Shive, W., 1960. Reversal by
ribonucleosides of bacterial growth inhibition caused
by alcohol. Journal of Biological Chemistry, 235, 3551-
3555.
https://doi.org/10.1016/50021-9258(18)64506-5

Laxminarayan, R., Duse, A., Wattal, C., Zaidi, A.K.M.,
Wertheim, H.F.L.,, Sumpradit, N., Vlieghe, E., Hara,
G.L., Gould, I.M., Goossens, H., Greko, C., So, A.D.,
Bigdeli, M., Tomson, G., Woodhouse, W., Ombaka, E.,
Peralta, A.Q., Qamar, F.N., Mir, F., Kariuki, S., Bhutta,
Z.A., Coates, A., Bergstrom, R., Wright, G.D., Brown,
E.D, Cars, O., 2013. Antibiotic resistance-the need for
global solutions. The Lancet Infectious Diseases,
13(12), 1057-1098.
https://doi.org/10.1016/51473-3099(13)70318-9

Lemouchi, R., Selles, C., El Amine Dib, M., Benmansour,
N., Allal, A., Tabti, B. and Ouali, K., 2017. Chemical
composition and antioxidant avtivity of essential oil
and hydrosol extract obtained by hydrodistillation
(HY) and liquid-liquid extraction (LLE) of Psoralea
bituminosa. Journal of Herbs, Spices and Medicinal
Plants, 23(4), 299-307.
https://doi.org/10.1080/10496475.2017.1329765

Machowska, A. and Stalsby Lundborg, 2018. Drivers of
Irrational Use of Antibiotics in Europe. International
Journal of Environmental Research and Public Health,
16(1), 1-14.
https://doi.org/10.3390/ijerph16010027

Mates, A., 1974. The effect of alcohols on growth and
lipase formation by Staphylococcus aureus. Journal of
Applied Bacteriology, 37, 1-6.
https://doi.org/10.1111/j.1365-2672.1974.tb00409.x

Munoz, A. and Correal, E., 1998. Bituminaria bituminosa,

leguminosa de la Cuenca
mediterranea: |. Situacion taxonomica, autoecologica
y distribucidn. Actos de la XXXVIII Reunidn Cientifica de

la S.E.E.P. Soria, 87-91.

interes forajero en

Naeim, H., El-Hawiet, A., Abdel Rahman R.A,, Hussein, A,,
El Demellawy, M.A. and Embaby, A.M, 2020.
Antibacterial activity of Centaurea pumilio L. root and
aerial part extracts against some multidrug resistant
bacteria. BMC Complementary Medicine and
Therapies, 20, 1-13.
https://doi.org/10.1186/s12906-020-2876-y

Ngo, T.V., Scarlett, C.J., Bowyer, M.C., Ngo, P.D. and
Vuong, Q.V., 2017. Impact of different extraction
solvents on bioactive compounds and antioxidant
capacity from the root of Salacia chinensis L. Journal
of Food Quality, 2017, 1-8.
https://doi.org/10.1155/2017/9305047

Oguztirk, G.E., Turna, T., Yiksek, T. and Ugur Kaval, U.,
2021. Bazi Bitki Ekstraktlarinin Antiviral Etkileri
Uzerine Bir Derleme. Bayburt Universitesi Fen Bilimleri
Dergisi, 4(2), 156-163.

Orak, H.H., Sevik Bahrisefit I. and Sabudak, T., 2019.
Antioxidant Activity of Extracts of Soursop (Annona
muricata L.) Leaves, Fruit Pulps, Peels, and Seeds.
Polish Journal of Food and Nutrition Sciences, 69(4),
359-366.
https://doi.org/10.31883/pjfns/112654

Rao, S.V., Tulasi, D.P., Pavithra, K., Rameen, T.S. and
Balasubramanian, S., 2018. In silico studies on dengue

780


https://doi.org/10.1038/35002062
https://doi.org/10.1111/jam.13468
https://doi.org/10.1016/S0378-1097(03)00103-4
https://doi.org/10.1016/j.sajb.2021.04.015
https://doi.org/10.1016/S0021-9258(18)64506-5
https://doi.org/10.1016/S1473-3099(13)70318-9
https://doi.org/10.1080/10496475.2017.1329765
https://doi.org/10.3390/ijerph16010027
https://doi.org/10.1111/j.1365-2672.1974.tb00409.x
https://doi.org/10.1186/s12906-020-2876-y
https://doi.org/10.1155/2017/9305047
https://doi.org/10.31883/pjfns/112654

Tekirdag ilinde Yetisen Asfalt Otu (Bituminaria bituminosa (L.) C.H.Stirt) Bitkisinin Kimyasal Bilesenleri ve..., CALISKAN ve GURHAN.

and MERS coronavirus proteins with selected
Coriandrum sativum L. herb constituents. World
Journal of Pharmaceutical Sciences, 7(12), 970-989.
https://doi.org/10.20959/wjpps201812-12821

Sasidharan, S., Chen, Y., Saravanan, D., Sundram, K.M. and
Latha LY., 2011. Extraction, Isolation and
Characterization of Bioactive Compounds from Plants’
Extracts. African Journal of  Traditional,
Complementary and Alternative Medicines, 8(1), 1-10.
https://doi.org/10.4314/ajtcam.v8i1.60483

Satil, F., Azcan, N. and Baser, K.H.C., 2003. Fatty acid
composition of Pistachio nuts in Turkey. Chemistry of
Natural Compounds, 39, 322-324.
https://doi.org/10.1023/B:CONC.0000003408.63300.
b5

Sahin, B., 2013. Farkh ekim zamanlarinda yetistirilen bazi
tibbi  bitkilerin verim ve kalite 06zelliklerinin
belirlenmesi. Yiksek Lisans Tezi, Fen Bilimleri
Enstitiis, Selcuk Universitesi, Konya. 143.

Usai, M., Marchetti, M., Melis, R.A.M. and Porqueddu, C.,
2021. Volatolomics of Sarinian and Spanish
Bituminaria: Characterization of different accessions
using chemometrics. Molecules, 26, 1-28.
https://doi.org/10.3390/molecules26175247

Vanitha, V., Vijayakumar, S., Nilavukkarasi, M., Punitha,
V.N., Vidhya, E. and Praseerha, P.K.,, 2020.
Heneicosane-A novel microbicidal bioactive alkane
identified from Plumbago zeylanica L. Industrial Crops
and Products, 154, 112748.
https://doi.org/10.1016/j.indcrop.2020.112748

Ventura, M.R., Mendez, P., Flores, M.P., Rodriguez, R. and
Castanon, J.I.R., 2000. Energy and protein content of
tedera. CIHEAM Options Mediterraneennes, 45, 219-
221.

Yan, Y., Li, X., Zhang, C., Lv, L., Gao, B. and Li, M., 2021.
Research Progress on Antibacterial Activities and
Mechanisms of Natural Alkaloids: A Review.
Antibiotics, 10(3), 1-30.
https://doi.org/10.3390/antibiotics10030318

Yesilbag, D., 2007. Fitobiyotikler. Journal of Research in
Veterinary Medicine, 26, 33-39.

Yunusoglu, O., Berkéz, M. and Yardim, Y., 2020. Coklu
antibiyotik direnci gosteren bakterilere karsi
gelistirilen yeni antibiyotikler; dalbavansin, telavansin
ve oritavansin. Van Saglik Bilimleri Dergisi, 13(2), 45-
54,

781


https://doi.org/10.20959/wjpps201812-12821
https://doi.org/10.4314/ajtcam.v8i1.60483
https://doi.org/10.1023/B:CONC.0000003408.63300.b5
https://doi.org/10.1023/B:CONC.0000003408.63300.b5
https://doi.org/10.3390/molecules26175247
https://doi.org/10.1016/j.indcrop.2020.112748
https://doi.org/10.3390/antibiotics10030318

Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi

Afyon Kocatepe University - Journal of Science and Engineering
https://dergipark.org.tr/tr/pub/akufemubid

AKU FEMUBID 24 (2024) 041101 (782-788)

Numerical Analysis of Highly Sensitive D-Shaped

PCF SPR Temperature Sensor

Aragstirma Makalesi / Research Article

DOI: https://doi.org/10.35414/akufemubid.1407387
AKU J. Sci. Eng. 24 (2024) 041101 (782-788)

*Makale Bilgisi / Article Info
Alindi/Received: 20.11.2023
Kabul/Accepted: 13.06.2024
Yayimlandi/Published: 20.08.2024

Yiiksek hassasiyetli D Sekilli PCF SPR Sicaklik Sensoriiniin

Sayisal Analizi

ilhan ERDOGAN " "', Yusuf DOGAN

Sivas University of Science and Technology, Faculty of Engineering and Natural Sciences, Electrical and Electronics Engineering, Sivas, Tiirkiye

Abstract

This numerical study presents an investigation of an optical fiber
D-shaped PCF SPR sensor for temperature sensing, via the finite
element method-based COMSOL Multiphysics simulation
software. In the proposed PCF configuration, the sensor consists
of two different-sized air holes and a gold layer. Between 10°C
and 60°C, pure ethanol and an ethanol-chloroform mixture are
selected to be used as analytes and their temperature
sensitivities are compared. The effect of sensor parameters on
sensor sensitivity is studied, and the optimum value is set for
each parameter. The maximum sensitivity is calculated as 2008
pm/°C for the pure ethanol, while it has reached 7750 pm/°C for
the ethanol-chloroform mixture, showing that chloroform
improves the performance. The sensor proposed in this study
has a higher temperature sensitivity compared to other studies
and therefore has significant potential for applications requiring
precise measurement.

Keywords: Surface plasmon resonance (SPR); Finite element method
(FEM); Fiber optic sensors; Photonic crystal fiber (PCF); Temperature
sensor.
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Oz

Bu sayisal ¢alisma, sonlu elemanlar yontemi tabanli COMSOL
Multiphysics simulasyon yazilimiyla sicaklik algilama igin optik
fiber D-sekilli PCF SPR sensoriniin bir incelemesini sunmaktadir.
Onerilen PCF konfigiirasyonunda sensér, iki farkl boyutta hava
bosluklari ve bir altin katmandan olugsmaktadir. 10°C ile 60°C
arasinda, analit olarak kullaniimak Uzere saf etanol ve etanol-
kloroform  karisimi  secgilmis  ve  sicaklik  duyarliliklari
karsilastirilmistir. Sensor parametrelerinin sensor hassasiyeti
lizerindeki etkisi incelenmis ve her parametre igin optimum
deger belirlenmistir. Maksimum hassasiyet saf etanol i¢in 2008
pm/°C olarak hesaplanirken, etanol-kloroform karisimi igin 7750
pm/°C degerine ulagsmistir, bu da kloroformun performansi
artirdigini géstermektedir. Bu galismada onerilen sensor, diger
calismalara kiyasen daha yiiksek sicaklik hassasiyetine sahip
oldugundan hassas 6lgiim gerektiren uygulamalar icin dnemli bir
potansiyele sahiptir.

Anahtar Kelimeler: Yiizey plazmon rezonans (SPR); Sonlu elemanlar
yéntemi (FEM); Fiber optik sensorler; Fotonik kristal fiber (PCF); Sicaklik
sensori.

1. Introduction
(SPR) is an
phenomenon that is associated with the massive release

Surface plasmon resonance optical
of electrons called plasmons that take place at the
boundary between a dielectric material and a metal
(Erdogan & Dogan, 2023). SPR is commonly preferred
sensing applications such as chemical (Moznuzzaman et
al., 2020), physical (Chaudhary et al., 2022), and
biochemical (Chaudhary et al., 2022; Liu & Peng, 2020)
due to its advantages of the ability to be extremely
sensitive to the little alterations in the refractive index (RI)
of the surrounding environment. SPR-based sensors have
been widely employed for many different purposes such
as Rl sensing (Dogan & Erdogan, 2023; Dogan et al., 2023),
food quality detection (Yadav et al., 2020; Zhou et al.,
2019), pressure (Zhao et al., 2019), temperature
measurement (Chao et al., 2023; Zhao et al., 2019),

biochemical (Kumar et al.,, 2022), and gas detection

(Kumar et al., 2022; Liu et al., 2021). Optical fiber SPR

sensors provide some advantages, such as easy
integration and fabrication, remote sensing capabilities,
compact size, and cost-effective production compared
with prism-based ones (Wang et al., 2022). SPR sensors
are vital for sensing applications and there are studies on
different structures such as V-shaped (Abdelghaffar et al.,
2023), D-shaped (Dogan et al., 2023; Erdogan & Dogan,
2023; Gangwar & Singh, 2017), tapered fiber (D. Wang et
al., 2021), and U-bend (Xie et al., 2021). In the SPR
sensors, metals such as silver, gold, nickel, and copper
have been used as highly sensitive plasmonic layers
thanks to their have many charge carriers. Moreover, in
general, because of resistance to oxidation and chemical
stability, silver and gold have been preferred as plasmonic
layers (Pandey et al., 2023). Plastic optical fiber, photonic
crystal fiber (PCF), multi-mode fiber, and single-mode

fiber are different fiber optics types and these are used in
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different SPR
conventional optical fibers and other types of sensors,

sensor applications. Compared to
PCF sensors offer some important advantages, such as
enhanced light-guiding properties, design flexibility, high
sensitivity, large evanescent field, and compact size
(Abdelghaffar et al., 2023; Ramola et al., 2021). PCF air
holes can be produced through the stack-and-draw
method (Amouzad Mahdiraji et al., 2014). D-shaped fibers
have significant advantages, like being easy to
manufacture via side polishing technique (Chen et al.,
2016) and achieving significant evanescent field effects
(An et al., 2017). By chemical vapor deposition (CVD) or
sputtering technology, the gold layer can be deposited on
the surface of a D-shaped PCF (Abbas & Mahdi, 2023;
Zhou et al., 2014). In PCF, the air holes confine the light to
a specific area and provide an effective coupling between
surface plasmon polaritons (SPP) and core modes. In this
study, the main motivation is to integrate the advantages

of the PCF structure and D-shaped fiber.

In this work, a D-shaped SPR PCF temperature sensor with
a gold layer is investigated by finite element method
(FEM) based COMSOL Multiphysics. To examine the
performance of the proposed sensor, the electric field
intensity distribution, and the confinement loss have
been studied with the effect of the diameter of the air
holes, gold thickness, and polishing depth on sensitivity.
The proposed D-shaped SPR-PCF sensor shows finely
temperature sensitivity and linearity.

2. Design and Theoretical Background

In this study, a D-shaped PCF SPR sensor has been
designed for temperature sensing. The sensitivity of the
sensor depends on four parameters: d1-factor (d1/A), d2-
factor (d2/d1), h-factor(h/d1), and Au_th. Hole-to-hole
spacing (A) is fixed at 4 um. The diameters of large and
small air holes are mentioned as d1 and d2, respectively.
PCF sensor consists of air holes. It used air holes in this D-
shaped PCF SPR sensor structure to achieve greater light
confinement in the core region. Figure 1 illustrates a 2D
cross-sectional of the designed SPR sensor using D-
shaped PCF. Sensitivity performance can be further
improved by optimizing sensor parameters as described
in Section 3.

FEM-based COMSOL Multiphysics software is employed

for the numerical examination to investigate the
characteristics of the propagation of light. In FEM
numerical analysis, physics-controlled mesh elements are
employed to discretize the entire geometry and

boundaries of the PCF structure.
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Figure 1. Proposed D-shaped SPR-PCF 2D view

The software's mode analysis is utilized to investigate and
figure out the effective mode index for the pertinent
modes. SPP waves emerge when the phase-matching
condition is satisfied upon the interaction of polarized
light with a metal-dielectric layer. Eq. 1 illustrates this
matching condition (Nayak & Jha, 2017):

o ~ ()"

Em + € (1)

Where k, ¢, w, Em, and Es are phase, the light’s speed,
angular frequency, metal's dielectric constant, and the
dielectric medium's constant, respectively. The Sellmeier
equation is employed, as expressed in Eq. 2, to calculate
the Rl of silica. (Haque et al., 2018):

a; A2 a,A?
A2 —b,?2 A% —b,”
a3\ 1/2
A2 — b32>

n,(A) = <1 +

In the equation, ai, az, as, bi, bz, and bz are Sellmeier
parameters which 0.6961663, 0.4079426, 0.8974794,
0.0684043 um, 0.1162414um, 9.896161um, respectively.
Au the layer’s dispersion relation is established using the
Drude model, and the associated equation is presented in
Eqg. 3 (Sharma & Gupta, 2007).

em (}\) zemr+ i Erni )
—1- (7)‘2% ) )
A2 + 10

Here, the values of Ap and Ac for gold (Sharma & Gupta,
2007) are 0.16826 pm and 8.9342 um, respectively. For
the mixture of ethanol/ chloroform, Eq. 4 illustrates the
correlation between temperature and Rl (Xu et al., 2008;
Zhang et al., 2021).
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nr =x% [nethanolvr=zooc

dnethanol
——— (T —-20
T—ar ¢ )]

+(100 — x)% [nchloroform'['=zo°c

dnchloroform ]
——— (T -20

x stands for the

(4)

rate of the
ethanol/chloroform. In the SPR sensors, confinement loss

In this equation,

is mostly used to interpret the characteristics of sensors.
A lot of the energy in the core domain of the fiber to the
metal surface is connected, and the core region's energy
decreases. This optical phenomenon can be calculated
using the Eq. 5 (Yang et al., 2011).

40mtIm(negr)

In (10) A

21
~ 8.686 TIm(neff)lo4 [db/cm]

Loss = 104

(5)

In this equation, A shows the wavelength (um), and
Im(neff) denotes the mode index’s imaginary part
dependent on core-guided modes. Additionally, a crucial
parameter under consideration is the change in
(Ares) with
temperature variations (AT). The primary emphasis of

this investigation is on sensitivity (S) defined by Eq. 6:

resonance  wavelength associated

A)\res

S= AT

(6)

3. Results and Discussions

In this numerical study, a fiber optic D-shaped PCF SPR

sensor structure is created for temperature sensing and

numerically examined in the FEM. In the proposed sensor,

there are four parameters as dl-factor, d2-factor, h-

factor, and Au_th that are swept in the range of 0.5-0.8,

0.35-0.50, 0.6-0.9, and 45-65 nm, respectively. These
2550 ,

(a)
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2450 - .
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[ N
a 3
o o
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2200 : T
0,5 0,6 0,7
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itivi

Sens|

ity (pm/°C)

values are determined considering the physical
limitations of the PCF sensor structure and the range
where surface plasmon appear. Figure 2 shows the
relation between the change in wavelength and
confinement loss with the real effective Rl of core and SPP
modes and the e-field distribution of these modes for the
mixture of ethanol and chloroform at 60 °C. For this
sensor to provide maximum sensitivity, it is essential to
the The indices
corresponding to 30°C and 60°C analytes are calculated

from Eq. 4.

optimize parameters. refractive
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Figure 2. Confinement loss and the real effective refractive
indices of the SPP and Core modes in a mixture of ethanol and
chloroform at 60 °C vs. wavelength, and electric field
distribution for both modes

In the optimization process, one input is swept while
others are kept constant, which is reiterated for each
parameter. As shown in Figure 3a, the d1-factor is swept
between 0.5 and 0.8 with 0.1 increments, and the sensor
sensitivity is observed to get higher as the d1-factor
increases. The maximum sensitivity has reached 2546.33
pm/°C at 0.8 d1-factor. Figure 3b depicts the d2-factor,
which is swept between 0.35 and 0.50 with 0.05
increments, and the sensitivity gets slightly lower with the
increasing d2-factor. The maximum sensitivity is 2546.33
pm/°C when the d2-factor is 0.35.

2550 ; .

N

v

F

w1
1

2540 4

2535 4

2530 4

2525 4

2520 :
0,35

0,50
d2-factor

Figure 3. Sensitivity for d1 factor and d2 factor in the different ranges.
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The h-factor is varied between 0.6 and 0.9 with 0.1
increments, and the sensitivity tends to go up as the h-
factor increases and reaches the highest point at h-factor
0.9 with a value of 2962.66 pm/°C, as seen in Figure 4. As
can be comprehended from the figure, the distance
between the metal layer and the fiber core has a dramatic
effect on the sensitivity.

3000 T T

2900

2800 -

2700 4

Sensitivity (pm/°C)

2600

2500 - -
0,6 0,7 0,8 0,9

h-factor

Figure 4. Sensitivity for h-factor in the different ranges.

After optimizing the d1-factor, d2-factor, and h-factor,
the Au_th parameter is swept from 45 nm to 65 nm. Table
1 shows that the peak sensitivity of 3000.34 pm/°C is
reached at 55 nm Au_th. It is observed that the metallic
layer thickness influences the coupling between the core
and surface plasmonic modes. As a result, the optimum
values of dil-factor, d2-factor, h-factor, and Au_th
parameters in the sensor structure are 0.8, 0.35, 0.9, and
55 nm, respectively.

Table 1. Sensitivity corresponding to Au_th of 45, 55, and 65 nm

Au_th  h-factor  d2-factor di-factor Sensitivity
(nm) (pm/°C)
45 0.9 0.35 0.8 2962.66
55 0.9 0.35 0.8 3000.34

65 0.9 0.35 0.8 2922.5

The confinement loss has been calculated for the mixture
of ethanol and chloroform at various degrees, as seen in
Figure 5. It is understood that both the confinement loss
and the
temperature increases. Likewise, the confinement loss for

resonant wavelength decrease as the
pure ethanol at various degrees has been calculated, as
seen in Figure 6. It is seen that the confinement loss and
the resonant wavelength again decrease with increasing
temperature. However, the change in the resonance
wavelength is much smaller for given temperature
changes when compared to the ethanol chloroform
mixture analyte, leading to lower sensitivity.
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£
S
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Figure 5. Confinement loss vs resonance wavelength for a
mixture of ethanol and chloroform at various degrees
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Figure 6. Confinement loss vs resonance wavelength for pure
ethanol at various degrees

Figure 7 depicts the correlation between temperature
and resonance wavelength for pure ethanol and a mixture
of ethanol/chloroform between 10°C and 60°C. For both
analytes, the resonance wavelength decreases with
increasing temperature between points 1-6. For the
mixture of ethanol and chloroform, temperature sensor
sensitivity at S1-2, S2-3, S3-4, Sas, and Ss.6 are 7750 pm/°C,
5000 pm/°C, 3850m/°C, 3350 pm/°C, 2580 pm/°C,
respectively. For S2.3, AT is 10 °C and AAres is 50 nm, which
yields a sensitivity of 5000 pm/°C. The maximum
temperature sensitivity has been attained as 7750 pm/°C
between 10 and 20 °C. In addition, for pure ethanol,
temperature sensitivity at Si-2, S»2:3, S3.4, Sas, and Ss.6 are
2008 pm/°C, 1747 pm/°C, 1500 pm/°C, 1445 pm/°C, 1290
pm/°C, respectively. The maximum temperature
sensitivity is obtained as 2008 pm/°C between 10 and 20
°C. Adding chloroform to the ethanol solution significantly
increases the sensitivity by shifting the resonance
wavelength from the region to the near-infrared region.
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Table 2: Maximum sensitivity comparison

Sensor Type

Analyte

Temperature [°C]

Max. Sensitivity [pm/°C]

Refs.

Trapezoidal- Shaped SPR
PCF SPR

PCF SPR

CTF-SPR

Hexagonal PCF

D-shaped PCF-SPR

D-shaped PCF-SPR

-PCF Ethanol & Chloroform
Magnetic fluids
PDMS
Ethanol
Sea water

PDMS

Ethanol & Chloroform

Pure ethanol

10-60 5200 (Chao et al., 2023)
20-80 1410 (Gu et al., 2022)
5-45 3757 (Gao et al., 2023)
20-50 3200 (Q. Wang et al., 2021)
30-60 5000 (Abdullah et al., 2020)
25-55 229 (Mo et al., 2021)
10-60 ;ggg Proposed

T T T T
&= Mixture of Ethanol and Chloroform |

===
S,.,= 7750 pm/°C Ethanol

E 950 ]
£ 950 3
< S, 4= 5000 pm/°C
S 900 - .
c 3
o Sy.4= 3850 pm/°C
g 850 - .
o S,5= 3350 pm/°C
=
o 800+
O B
s 1 S;,=2008 pm/°C S ¢= 2580 pm/°C
c 750 > =
° 2 S, .=1747 pm/°C
3 3 S, ,=1500 pm/°C
o 700+ 4 Sys= 14-%5 pm/°C__|
6
Ss56=1290 pm/°C
650 : : ; et

10 20 30 40 50 60
Temperature (°C)
Figure 7. The correlation between sensitivity and resonance

wavelength for the two analytes in the temperature range of 10
°C to 60 °C.

Table 2 demonstrates the maximum

comparison with other works in the literature. The

sensitivity

proposed D-shaped PCF-SPR sensor using optical fiber has

attained superior  sensitivity in  temperature

measurement.

4. Conclusions

In this work, an optical fiber D-shaped PCF SPR sensor is
proposed as a temperature sensor and numerically
examined via the FEM-based COMSOL Multiphysics
software. The sensor performance has been analyzed for

ethanol and an ethanol-chloroform mixture in the
temperature range of 10 °C to 60 °C. Four sensor
parameters are optimized to reach the highest

temperature sensitivity, and the best combination has
been found as 0.8, 0.35, 0.9, and 55 nm representing d1-
factor, d2-factor, h-factor, and Au_th, respectively. The
trend in confinement loss and resonance wavelength
have been investigated in reference to temperature. The
maximum sensor sensitivity has been acquired as 7750

pm/°C in the range of 10 °C-20 °C for the mixture of
ethanol and chloroform, while it is 2008 pm/°C for the
pure ethanol at the same temperatures. The proposed
sensor offers significantly higher sensitivity compared to
previous works, which makes it promising for future
works.
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Abstract

The radiation shielding qualities of the B,03-TeO,-ZnO-PbF,_
M,0/MF (M= Li, Na, and K) glass samples doped with Er,03 were
The Phy-X/PSD software was
simulated to evaluate the attenuation factors of glass systems
at various energy regions. The results show that the addition of
LiF instead of Li,O, Na,O, K,0, NaF, or KF to the base glass system
(B203-Te0,-Zn0O-PbF,-Er,03) leads to an increase in the density
of the glass and an increase in the linear attenuation coefficient.
Also, it is seen that for the E4 sample (B,0s-TeO,-ZnO-PbF,-
Er,0s-LiF), a decrease in half value layers and tenth value layers
in high energy region 10-15 MeV.

investigated in this research.

Anahtar Kelimeler: Glass; Phy-X/PSD; Gamma Radiation; Shielding
Parameters.

Afyon Kocatepe Universitesi

Oz

Bu ¢alismada, Er,03 katkili B,03-Te0,-ZnO-PbF,_M,0/MF (M=Li,
Na ve K) cam 6rneklerinin radyasyondan korunma kabiliyetleri
arastirildi.  Cam sistemlerinin gesitli enerji bolgelerindeki
radyasyon-zayiflatma faktorlerini degerlendirmek igin Phy-
X/PSD yazilimi kullanildi. Sonuglar, temel cam sisteminde (B,0s-
Te0,-Zn0-PbF;,-Er,03), Li»0O, Na,0, K,O, NaF veya KF yerine LiF
eklenmesinin ana cam yogunlugunda bir artisa ve lineer
zayiflatma katsayisi degerlerinde bir artisa yol actigini
gostermektedir.  Ayrica E4 numunesi (B;03-TeO,-ZnO-PbF;-
Er,0s3-LiF) igin yuksek enerji bolgesinde yani 10-15 MeV
enerjilerde yari deger katmani kalinligi ve ondabir katman
kalinhgi degerlerinde azalma oldugu gérilmektedir.

Keywords: Cam; Phy-X/PSD; Gama Zirhlama

Parametreleri.

Radyasyonu;

1. Introduction

The radiation technology properly serves diverse fields
such as industry, nuclear facilities, and hospitals (for
diagnostic and radiotherapy). At this stage, it is very
critical to protect the population from the hazardous
effects of radiation. For this reason, studies on protection
parameters and protection materials in radiation
applications are important. The studies on radiation
attenuation properties of various compounds, alloys,
glasses, polymers, and other materials are a primary goal
to determine the potential of the shielding materials.
Lead is one of the most known absorber materials used
for radiation shields owing to its high density and high
atomic number (Mokhtari et al. 2021). Lead is a highly
toxic and heavy material. Because of this, the lead can
give rise to major long-term destruction as a result of not
being taken care of carefully. For this reason, research is
these days focused on finding effective substitutes.

Concretes are widely used for gamma-ray and neutron

shielding thanks to their high durability, easily modifiable,
structural properties, and very low cost, merely concretes
have disadvantages such as non-transparency, high
sensitivity to moisture, and immobility. The other
material, alloys is also used as shielding materials that
form a mixture of elements and metals (Al-Hadeethi and

Sayyed 2020a).

In recent years, various studies have been performed to
adjust the shielding efficiency of glass compounds against
to ionizing radiation. Glasses are another alternative to
standard protective materials thanks to their optical,
chemical, physical, and thermal properties, and can be
easily produced. Glass-based materials are an important
type of radiation shield in medical and nuclear fields and
many other applications. Adding several kinds of oxide
substances can improve the performance of the glass
structures against radiation.

Nowadays, glasses

encapsulating metal oxides such as bismuth or zinc are in
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prospect as shielding material. Glasses have desirable
shielding features such as optical transparency, chemical,
structural capabilities, absorption
stability,

simplicity, an easily modifiable structure, low melting

mechanical, and
characteristics, thermal manufacturing
point, and addition to different materials. Different types
of additives can be added to the glasses at different ratios
depending on the purpose of the improvement. For
example, the addition of barium, bismuth, or tungsten to
borate glasses, raises radiation protection capabilities.
For instance, doping zinc oxide to the borate glass
enhances thermal stability (Yilmaz et al. 2023). On the
other part, phosphate-based glasses are a critical material
because of their typical features such as low melting
temperatures, and thermal expansion coefficients (Agar
et al. 2019, Metwalli et al. 2004).

Tellurite-based glasses have good physical properties,
such as low phonon energy and low melting temperature,
as compared to other glass (Effendy et al. 2021). The
rigidity and optical characteristics of glass structure
should be unaffected by irradiation (Abou Hussein et al.
2021). The chemical properties of additive oxide are also
important parameters for the glass formation and
structure. Boron trioxide has good thermal shock
(Abou 2021).

Additionally, Li2O can be added to glass samples to

resistance metals Hussein et al.
increase mechanical stability (Lakshminarayana et al.
2017). To obtain higher shielding capacity by increasing
the total density glass modifiers add the heavy metals
oxides (HMOs) such as Bi2Os and PbO to the glass

structure (Almugqrin et al. 2021).

Heavy metal oxides (HMOs) are often added to glass

compositions to improve the radiation shielding
properties of glass structures. HMOs are high-density
metal oxides. The HMOs can greatly increase the density
of the glass matrix, and that is usually associated with
better shielding performance. By force of its high density
and high attenuation capabilities, Bi>Os is frequently used
as a HMO. Due to radiation shielding properties, Bi20s is
also often used as a substitute for lead. Depending on the
compound of the glass matrix, Bi20O3 can act as a glass
modifier or a glass former. ZnO is also an important
compound used to lower melting points (replacing PbO)

when forming oxide glass.

Doping heavy elements such as tantalum, barium, lead,
bismuth, or tungsten to borate glasses, increases the glass
samples' radiation protection capabilities. Besides, adding
aluminum oxide or calcium oxide can improve chemical

abilities (Sayyed 2023, Susoy 2020, Tekin et al. 2019,
Yilmaz et al. 2023, Zaid et al. 2012). Adding heavy metal
oxides to the glass system increases the effective atomic
number value. On the other part, heavy metal fluoride-
based glasses (HMF)
luminescence thanks to low phonon energy and non-

have a strong upconversion

radiative loss infrared transmission (El-Denglawey et al.
2021). Development of modern technology and the
health sector, radiation applications are becoming more
prominent day by day, and radiation protection studies
are gaining importance. The effective atomic number (Zeff)
is one of the most critical parameters during the radiation
interaction with different types material. Besides Zesf,
mean free path (MFP), half value layer (HVL), linear
(LAC),

are the other

coefficient attenuation
(MAC), etc.

parameters for the shielding process. In addition to

attenuation mass

coefficient important
experimental studies, some calculation programs are
used to carry out preliminary studies of applications at all
times or high doses (Geant4, Fluka, Monte Carlo, etc...). It
is also used in different codes such as SRIM, ESTAR,
PAGEX, WinXCOM, ZEXTRa, and Phy-X/PSD to calculate
radiation attenuation parameters. Sakar et al. (2020)
developed a new software that can compute many
attenuation parameters named Phy-X/PSD. This software
can estimate parameters such as linear attenuation
coefficient (LAC), mass attenuation coefficient (MAC),
effective conductivity (Cerf), electron density (Neff), half-
value layer (HVL), tenth value layer (TVL), mean free path
(MFP), effective atomic number (Zef), energy absorption,
buildup factors (EABF) and, exposure buildup factors
(EBF) and also the fast neutron removal cross-section
(FNRCS) (Ozpolat et al, 2020, URL 1).

The Phy-X/PSD software can run data in the continuous
energy region (1keV-100GeV). The compounds of the
selected materials can be identified in Phy-X/PSD
software in wt% or mol%. The densities of the materials
are entered into the program as input. This Phy-X/PSD
software is stored at https://phy-x.net/ (URL1). Singh et
al. (2014) utilized the radiation shielding abilities of
silicate and borate glass structures including HMOs for
(2021)
estimated the gamma ray attenuation and radiation
shielding parameters of the Li.0-K20-B203-PbO glass
system. The effect of PbF: (lead-fluoride-based) based
glasses was studied by El-Denglawey et al. (2021). Katubi

neutron and gamma rays. Almugrin et al.

et al. (2022) investigated to shielding capabilities of the
B203-Li20-Na20-ZnO glass system. Karpuz mentioned the
changes observed with the addition of different amounts
of B203 in her study. The results showed that as the
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weight fraction of boron oxide added to glass structures
increased, the shielding ability also increased (Karpuz
2023). Akkurt and Malidarre (2022) calculated the
structural, physical, and mechanical capabilities of marble
with  Phy-X/PSD
performances of the CaF,-BaO-P,0s glass structure were
evaluated using Phy-X/PSD (Hadeethi and Sayyed 2020).
Alan et al. (2023) studied on effects of gadolinium and

concrete codes. The shielding

cerium elements on the tellurite glasses system.
Radiation shielding parameters of CoCrFeNiTiAlx alloys
were calculated by Arpaci and Aygun (2022) with Phy-
X/PSD and EpiXS codes. Sengil measured the linear
attenuation coefficients of two different polymer
biomaterials both with the help of the GAMOS program
and experimentally and compared the results with the
XCOM database values (Sengiil 2023). Yilmaz et al. (2020)
examined the structures of erbium oxide and cerium
oxide-doped borosilicate glasses. As a result, they
reported that Er203 doped samples in borosilicate glass
structures gave better results than CeO2 doped samples
(Yilmaz et al. 2020). The radiation shielding parameters of
silicate-based bioactive glass powders containing
erbium(lll) and terbium(lll) were examined by Deliormanli

et al. (2021).

The importance of Er.0s contribution in glass structures
containing Si/Cd/Li/Gd was investigated by Al-Buriahi et
al. (2021). Lakshminarayana et al. (2023) examined the
optical, structural, and thermal characteristics of B20s-
Te02-Zn0O-PbF2_M20/MF (M is equal to the Na, K, and Li)
glass samples doped with Er. The radiation shielding
abilities of Ni-based alloys were examined by Aygun and
Aygun (2023). Khattari and Al-Buriahi (2022) were studied
on barium zinc aluminoborosilicate. ALMisned et al.
(2023)
substitution in bismuth-boro-zinc glasses. Rammah et al

studied boron oxide and bismuth oxide
examined the ZnO doping on TeO:-Li20-ZnO glass
structures using MCNP5 simulations. They emphasized
that the addition of ZnO

properties and that

improved the shielding
samples containing high
concentration ZnO decreased the ten value layer and
mean free path parameters as gamma shielding
attenuation
2020). The

mechanical features and shielding abilities of TeO2-PbF>

parameters and increased the linear

coefficient parameter (Rammah et al.

glasses were calculated by Rammah et al. (2021). Oruncak
discussed the shielding properties of glass structures
formed by doping selenium, tellurium, and silver in
different proportions. It was reported that adding Ag
increased glasses shielding ability (Oruncak 2023).
Malidarre et al have discussed the shielding abilities of

fast neutrons by doping hydroxyapatite and Fe20s (iron
oxide) composites. They found that as the Fe;0s ratio
increased, fast neutron removal cross section values also
increased. Because adding Fe20s3 increased the density
(Malidarre et al. 2021).

In this study, six (E1-E6) different glass samples were
studied as synthesized in the cited research
(Lakshminarayana et al, 2023). The densities of E1, E2, E3,
E4, E5, and E6 glass samples were 3.513 g/cm3, 3.560
g/cm3, 3.576 g/cm?3, 3.643 g/cm?, 3.598 g/cm?* and 3.559
g/cm? (Lakshminarayana et al, 2023).

2. Materyal ve Metot / Materials and Methods
2.1 2.1 The Phy-X/PSD online software

The Phy-X/PSD online software was used for the
calculation of the attenuation parameters of six different
glass samples in this study. Firstly, the composition of the
material to be used in the estimating must be defined.
The material compositions can be entered into the
program such as weight or mole fraction. The user must
ensure that the sum of the molar or weight fractions
equals 100 or 1, and, where appropriate, the user must
normalize them before inputting them into the software.
There is no limit to adding compounds or elements in the
software. Two energy ranges are pre-defined in the
software as 15keV-15MeV and 1keV-100GeV (URL 1). This
software is stored at https://phy-x.net/ (URL 1) and the
user must access this web page for the use of this
calculation code.

2.2 Theoretical background

When the material is positioned in the way of gamma-ray
or X-ray, the beam's intensity attenuates according to
Beer Lambert’s law in the exponential format as in
Equation 1 (Khattari and Al-Buriahi 2022).

=e ™ (1)

lois the initial intensity of photons before the attenuation,
| is the intensity after the attenuation, tis the thickness of
the sample, and the linear attenuation coefficient is
shown with pu symbol.

The mass attenuation coefficient (MAC) describes the
interaction possibility between gamma photons and a
particular medium, and is estimated by the formula as in
Equation 2 (Khattari and Al-Buriahi 2022);
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1 I
MAC = py =2 = 21n (&) 2

Mo =2 = ZIn (- (2)
In other words, the photon mass attenuation coefficient
is calculated as follows Equation 3;

(Jackson and Hawkes 1981);

H_ H (3)
I - \NI L
P Z Pi
where p/pi is the mass attenuation coefficient of the it"

element present in the medium or material and wi weight
fraction.

The thickness of any given material that reduces 50% of
the incident energy has been attenuated is defined as the
half value layer (HVL). The ten value layer (TVL) parameter
is the required thickness which reduces the radiation
intensity by one-tenth. The formulas of HVL and TVL are
given respectively, in Equations 4 and 5 (Ozpolat et al.
2020);

v 1) _ 0.693 (4)
H H

Tyl In@o) _ 2.302 5)
H 2

The average distance between two interactions on a
photon's way through the material is known as the mean
free path (MFP). The MFP may be determined using the
following formula (Ozpolat et al. 2020);

mep =1 (6)
Y7

Zett is the effective atomic number of the material
(Ozpolat et al, 2020);

Zo = (7)

In this formula, oa is the total atomic cross-sections (in
unit cm/g), and ce is the total electronic cross-sections

(cm/g).

Nefr explains the electron density-number of electrons per
unit mass and is defined as in Equation 8 (Ozpolat et al,
2020);

ZuN
Neff =$Zni (8)

Here, M = Z; Ainiis the molecular weight of the compound,
and Na is the Avogadro constant.

The technical details about the shielding-attenuation
parameters investigated in this research can be obtained
from different research (Ekinci et al. 2021, Elazaka et al.
2021, Issa 2016, Sing et al. 2015).

2.3 Investigated glass samples

In this study, six different samples were used density
changed from 3.513 g/cm® to 3.643 g/cm?® for the
calculation of radiation parameters via Phy-X/PSD code
(Lakshminarayana et al, 2023). These samples contain
different amounts of elements B (boron), K (potassium),
Li (lithium), Te (tellurium), Zn (zinc), Pb (lead), Na
(sodium), O (oxygen), F (fluorine) and Er (erbium). The
densities and elemental mass fraction (wt. %) of glass
samples are indicated in Table 1. The nominal chemical
composition of the evaluated glass matrixes are shared in
Table 2.

3. Results and Discussions

Evaluating the shielding capabilities of the B203-TeO»-
ZnO-PbF2-Er20s glass matrix by utilizing the Phy-X/PSD
program was aimed in this paper. The gamma attenuation
parameters of the selected glass group were simulated at
(0.015 MeV- 15 MeV).
Radiation properties of B203-Te02-ZnO-PbF2-Er,0s3 glass
matrix including Li2O (E1), Naz20 (E2), K20 (E3), LiF (E4),
NaF (E5), and KF (E6) separately were evaluated. Photons

different photon energies

gain energy according to the interaction between the
incoming photons and the atomic orbit.  In this case,
either the photon is completely absorbed or it transfers
some of its energy and continues on its way (Tekin et al.
2022). The results show that replacing Li.O, Na20, K0,
NaF, or KF with LiF causes an increase in the densities of
the main glass matrix. On the other hand, it is observed
that an increase in the linear attenuation coefficient
values. Additionally, the mass attenuation parameter
values for B20s3-TeO2-ZnO-PbFz-Er.03 glasses increase
with LiF content. The half-value layers and tenth-value
layers had a decreased trend. The fluctuation in the
linear attenuation coefficient (LAC) values of the selected
six different glass samples is given as a function of photon

energy in Figure 1.
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Table 1. Elemental mass fraction (wt.%) and densities of samples (Lakshminarayana et al. 2023)

Sample B Pb Te Zn Er Li Na K ) F Density
Codes (8/cm3)
E1l 13.2187 21.4700 13.2220 6.7746 3.4662 1.4384 0 0 36.4727  3.9372 3.513
E2 12.7932 20.7789 12.7963 6.5565  3.3546 0 0.4610 0 35.2987  3.8105 3.560
E3 12.3929 20.1286 12.3958 6.3514  3.2497 0 0 7.5963 34.1940 3.6912 3.576
E4 13.2729 21.5581 13.2761 6.8024 3.4804 0.7222 0 0 34.9577  5.9300 3.643
ES5 13.0550 21.2040 13.0581 6.6907 3.4233 0 2.3527 0 34.3835 5.8326 3.598
E6 12.8432 20.8601 12.8463 6.5822 3.3678 0 0 3.9362 33.8259 5.7381 3.559
Table 2. Nominal chemical composition of the synthesized glasses (mol%) (Lakshminarayana et al. 2023)
Sample B,03 PbF, TeO, Zn0 Er,03 Li,O Na,0 K20 LiF NaF KF
Codes
E1l 59.0 10 10 10 1.0 10 0 0 0 0 0
E2 59.0 10 10 10 1.0 0 10 0 0 0 0
E3 59.0 10 10 10 1.0 0 0 10 0 0 0
E4 59.0 10 10 10 1.0 0 0 0 10 0 0
ES 59.0 10 10 10 1.0 0 0 0 0 10 0
E6 59.0 10 10 10 1.0 0 0 0 0 0 10
The Zefs values of glass samples are given in Figure 2. The
2~ 1.6x10% .. . . .
S findings show that the Zesf softly increased with the LiF and
O 1.4x10%
2 NaF. The Zeff depends on the constituent elements of the
= 1.2x10%
& sample and the energy. The photon numbers transmitted
O 1.0x10* A
§ soo through a material depend upon the energy of the
.0x10°% -
g s ous individual photons and atomic number, the density, and
O 6.0x10°
5 roas the thickness of the material. For this reason, Zes is a
c .OX T
§ . critical quantity in shielding studies. The highest effective
.0X i
S atomic number values were obtained at low energies
£ 0+
- > o0t among the samples' 0.015 MeV and 0.1 MeV energies.
-2.0x T T 1
0.01 0.1 1 10

The E4 and E5 samples have higher values at ~0.1 MeV

Energy (MeV) than others. The behavior of Zett with the energy can be

Figure 1. Variations of linear attenuation coefficients with

ascribed with the Compton scattering (explains the
respect to photon energy for E1-E6 glasses.

constancy in Zeft), the photoelectric effect (related to the
quick decreasing in Zesf), and pair production (Al-Hadeethi
and Sayyed 2020b).

When
interaction events occur. When gamma rays or x-rays are

radiation is penetrated into matter, various

directed into a material, a number of the photons interact

with the particles of the matter/medium and after that ~ The mass attenuation coefficient values of glass

photon energies can be scattered or absorbed. This
scattering or absorption phenomenon is defined as
attenuation. Therefore, attenuation parameters are
affected by different types of interactions. Based on
Figure 1, the trend in the linear attenuation coefficient
The

attenuation coefficient decreased smoothly at high

curves is suited to Beer—Lambert law. linear

energies, but at lower energies, the LAC decreased
greatly.

structures are demonstrated in Figure 3. For the mass
attenuation coefficient, the maximum value was acquired
in the E4 sample containing lithium fluoride (LiF) at 0.015
MeV. The value layer parameters (HVL and TVL) are
significant penetrating quantity parameters. They are
used to define the thickness of the absorber that is
required to block half or 90% of the initial intensity.
Fluctuations of half value layer quantity for all E1-E6
sample glasses are shown in Figure 4.
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with respect to photon energy for selected E1-E6 glasses

0.07
0.06
0.05

0.04

0.03

0.062 -

0.02

Half Value Layer (cm)

Half Value Layer

0.061 -

0.01

0.060 -

0.00 o 11 12 13 14 15 16
Energy (MeV)

-0.01 T T T T T T T T T
-2 0 2 4 6 8 10 12 14 16

Energy (MeV)

Figure 4. Variations of HVL (cm) with photon energy for E1-E6
sample glasses

m;

The HVL and TVL quantities depend actually on the energy
of the photon and the density of the material. The HVL is
described as the thickness of an absorber or a shield that
is required to block the intensity of the gamma rays by a
factor of one-half. In Figure 4, HVL values vary between

0.000 and 0.065 cm. According to the data of this study,
sample E4 has the lowest half-value layer but the highest
density and linear attenuation coefficients. As seen in
Figure 4, in the high energy region, that is, at 15 MeV,
sample E1 has the highest HVL value, while sample E4 has
the lowest HVL value. As the amount of penetration of a
photon stream into the matter increases, more HVL
thickness is required or such material should be chosen so
that the same effect can be achieved at smaller HVL
values.

The tenth value layer for the B203-TeO2-ZnO-PbF2- Er203
is also presented, and the effect of different compositions
such as L0, Nax0, KxO, LiF, KF,
investigated. The relation between the tenth layer value

and NaF were

and the energy for the samples is presented in Figure 5.
The tenth value layer gradually increased as the energy
changed from 0.015 to 15 MeV. The TVL takes the order
of E1> E2> E6> E3> E5> E4> at all energies. The TVL curves
showed that adding LiF to the main glass structure in the
synthesized glass form can reduce the needed thickness
amount for the block to photons.
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Figure 5. Variations of TVL (cm) with photon energy for E1-E6
sample glasses

The mean free path (MFP) for the selected glasses was
performed by the Phy-X/PSD codes and the outputs were
plotted as a function of the energy. Fluctuations of mean
free path values for E1-E6 glasses are given in Figure 6.

The average distance traveled by a photon between
collisions is known mean free path. MFP is abied by the
density of the material. Mostly, when the density of
samples increases, the mean free path gradually
decreases. Additionally, with increasing material density,
the attenuation properties become better. The mean free
path values varied within the range of 0-0.087 cm for the

E4 sample. As a result, the addition of suitable heavy
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metal oxides with appropriate ratios to the chosen glass
directly impacts the density of the glass.
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Figure 6. Variations of mean free path values as a function of
photon energy for E1-E6 sample glasses

The effective electron density (Nesr) graph is given in
Figure 7. Glass sample encoded with E1 reaches maximum
effective electron density in the high energy region.
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Figure 7. Variations of effective electron density as a function of
photon energy for E1-E6 sample glasses

4. Conclusions

In this comprehensive investigation into the radiation
attenuation properties of B203-Te02-ZnO-PbF2-Er,03 glass
systems doped with various alkali metal oxides and
fluorides (Li2O, Na20, K;O, LiF, NaF, KF), several critical
insights have been observed. The study distinctly
showcases how the integration of different alkali
elements in the glass matrix impacts its radiation
shielding capabilities. A notable increase in the linear
attenuation coefficient and a corresponding decrease in
half-value and tenth-value layers, particularly when LiF
was substituted for Li2O, Na20, and K20. This suggests that
the presence of LiF significantly enhances the glass's
density and its ability to attenuate radiation. This finding
is particularly relevant for the development of high-
materials for radiation

density glass shielding

applications. The slight increase in the effective atomic
number (Zet) and effective electron density (Nesr) with the
addition of Li2O/LiF combination is another key finding.
The synergy between Li2O and the heavy metal PbF: in
this glass matrix presents a promising avenue for creating
effective radiation shielding materials. These glasses offer
a balance between density, transparency, and shielding
effectiveness, making them suitable for various
applications where both visibility and radiation protection
are required, such as in medical imaging or nuclear
facilities. Looking forward, this research opens up several
avenues for further exploration. Future studies could
delve into the long-term stability and durability of these
glass systems under radiation exposure, which is critical
for their practical application. Additionally, investigating
the thermal properties and chemical resistance of these
glasses can provide a more comprehensive understanding
of their suitability in different environmental conditions.
Exploring the potential of other dopants or combinations
thereof could also lead to the discovery of glass

compositions with even superior shielding properties.

Moreover, the scalability and economic viability of
manufacturing these glass types on a larger scale is an
area that warrants further investigation, especially
considering their potential application in industrial and
medical settings. In conclusion, the study has not only
expanded the understanding of the radiation shielding
capabilities of B203-TeO2-ZnO-PbFz-Er.03 glass systems
but also highlighted the significant role of alkali metal
oxides and fluorides in enhancing these properties. The
promising results obtained with LiF, in particular, suggest
a potential pathway for developing more effective and

efficient radiation shielding materials in the future.
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Abstract

In this study, a novel imidazole and quinoline-based azo
compound (MITPDQ) was synthesized, starting from aniline
derivative which was used as an intermediate to synthesize
nilotinib, which was used in leukemia treatment, characterized,
and its structure was elucidated with spectroscopic techniques
such as NMR, FTIR, UV, FTIR, and MS. Theoretical calculations
using DFT (B3LYP) method and 6-311G (d,p) basis set were done
to obtain optimized geometry and spectral data of MITPDQ.
Experimental results were compared with theoretical ones and
it was observed that they were compatible with each other.
Using the optimized geometry of MITPDQ, the molecular
docking studies were also conducted with cancer-related
proteins. From docking results, the highest docking score was
found to be -11.0 kcal/mol between MITPDQ and 2XIR protein.
Also, the ADMET properties of MITPDQ were calculated. From
ADMET and docking studies, it was concluded that the MITPDQ
has the potential to be a drug candidate after further
investigations were done related with this field.

Keywords Imidazole; Quinoline; Quantum Chemical Calculations;
Molecular Docking; ADMET

Afyon Kocatepe Universitesi

Oz

Bu calismada I6semi tedavisinde kullanilan nilotinibin
sentezinde ara madde olarak kullanilan anilin tirevinden yola
cikilarak yeni bir imidazol ve kinolin bazl azo bilesigi (MITPDQ)
sentezlendi ve sentezlenen maddenin yapisi NMR, FTIR, UV, FTIR
ve MS gibi tekniklerle karakterize edildi. MITPDQ'nun optimize
edilmis geometrisini ve spektral verilerini elde etmek icin DFT
(B3LYP) yontemi ve 6-311G (d,p) temel seti kullanilarak teorik
hesaplamalar yapildi. Deneysel sonuglar teorik sonuglarla
karsilagtirildi  ve birbirleriyle uyumlu olduklari géruldu.
MITPDQ'nun optimize edilmis geometrisi kullanilarak, kanserle
iliskili proteinlerle de molekiler yerlestirme calismalari
gerceklestirildi.  Yerlestirme  sonuglarindan en  yiksek
yerlestirme puaninin MITPDQ ile 2XIR proteini arasinda -11,0
kcal/mol oldugu bulundu. Ayrica MITPDQ'nun ADMET &zellikleri
de hesaplandi. ADMET ve Molekiler vyerlestirme
¢alismalarindan bu alanla ilgili ileri arastirmalar yapilarak
MITPDQ'nun ilag adayl olma potansiyeline sahip oldugu
sonucuna varild.

Anahtar Kelimeler imidazol, Kinolin, Kuantum Kimyasal Hesaplamalar,
Molekiiler Yerlestirme, ADMET

1. Introduction

Cancer is a worldwide health concern that causes a large
It is defined by
unchecked cell growth (Rashid et al., 2019). According to
the World Health Organization's (WHO) 2020 cancer
report, there would be 10 million fatalities and 19.3

amount of death worldwide and

million new cases of cancer worldwide. By 2040, there
might be an increase to 28.4 million new cases (Sung et
al., 2021). Lung cancer, prostate cancer, colorectal cancer,
breast cancer, brain tumors, and leukemia are the most
prevalent cancer kinds (Siegel et al., 2023). Radiation
therapy, chemotherapy, stem cell transplantation, and
targeted medicines are currently available for the
treatment of cancer (Debela et al., 2021). However, a lot
of patients have relapsed or developed resistance to

therapy as a result of these medicines, which frequently
have serious adverse effects (Hallek, 2019). There is an
immediate requirement for new anticancer therapies that
address drug resistance, maximize efficacy, and reduce
side effects. Therefore, it is essential to develop novel
anticancer medications with improved efficacy and
reduced toxicities
2019).Heterocyclic
pharmacophoric component of authorized medications.

(Carugo and Draetta,

rings are a common active
In contrast to carbon atoms, heterocyclic molecules have
at least one heteroatom, such as nitrogen (N), oxygen (O),
or sulfur (S). These compounds play a significant role in
organic chemistry. In the field of pharmaceuticals, the
large range of heterocyclic ring structures, which make up

more than 85% of FDA-approved medicine molecules
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(Heravi and Zadsirjan, 2020) provides a distinct advantage
as small lead compounds in drug design. Nitrogen
containing heterocycles are present in almost 60% of the
FDA-approved small medications used to treat cancer
(Kumar et al., 2023). Nitrogen-containing heterocycles,
such as pyrimidine, pyridine, imidazole, benzimidazole,
triazole, indole, and quinoline are used to treat a variety
of cancers in addition to covering the cellular targets and
biochemical mechanisms of action (Kumar et al., 2023). In
heterocyclic chemistry, imidazoles have had a special
place, and in recent years, due to their adaptable qualities
in chemistry and pharmacology, their derivatives have
drawn a lot of attention. Imidazole is a heterocyclic ring
composed of nitrogen that has biological and medicinal
significance. Imidazole compounds have a wide range of
biological activity, including antimicrobial, antitubercular,
anticancer, antifungal, and anti-HIV properties (Verma et
al., 2013). Quinoline, a planner hetero-aromatic molecule
with 10m electrons flowing throughout its structure, has
the chemical formula CoH7N. Quinoline, a six-membered
benzene ring fused with pyridine, is a bicyclic heterocyclic
system that is considered a crucial component in the field
of medicinal chemistry (Marella et al., 2013). In literature
itself makes clear that the various quinoline derivatives
have demonstrated outstanding outcomes and possess
good biological qualities, including antitubercular, anti-
inflammatory, analgesic, cardiotonic, anticancer,
antibacterial, antifungal, anthelmintic, and antiprotozoal
effects (Yadav and Shah, 2021). The quinoline motif is a
key component in the creation of anticancer drugs and is
consistently lead in the pharmaceutical industry (Ahadi

and Emami, 2020; Akkachairin et al., 2020).

The process of discovering and developing new drugs is
difficult and
resources in terms of financial, labor, and time (Singh et

long-consuming, requiring substantial
al., 2023). Unfortunately, a lot of promising compounds
fail to produce the expected effects or are found to
present unacceptable health hazards to humans, which
leads to a high attrition rate in the drug development
process. By using ADMET (absorption, distribution,
metabolism, elimination, and toxicity) testing, promising
pharmacological substances and synthesized new drug
candidates are characterized, allowing for the
identification of both those with potential and those with
significant  disqualifying characteristics. The most
promising method for drug design and discovery is to use
computational approaches for molecular docking and
scoring. Compared to traditional approaches,
computational drug design and discovery is more
affordable, 1-[3-Amino-5-

(trifluoromethyl)phenyl]-4-methylimidazole is the

efficient, and productive.

precursor to the drug nilotinib, which is given treatment
for cancer. Furthermore, this aniline and the compounds
derived from it make it a viable substance for further
pharmaceutical research and development (Choi et al.,
2010; Faudone et al., 2022; Hnatiuk et al., 2022; Jung et
al., 2019; Kalinichenko et al., 2019, 2021, 2023; Karabacak
Atay et al., 2023; Lu et al., 2015; Pandrala et al., 2022; Zhu
et al,, 2019). In the light of the information given above,
the new azo compound 5-((3-(4-methyl-1H-imidazole-1-
yl)-5-(trifluoromethyl)phenyl)diazenyl)
(MITPDQ)
heterocyclic rings was synthesized and characterized by

quinoline-8-ol

containing this aniline and quinoline

spectroscopic techniques. The quantum chemical
calculations were conducted. ADMET properties and
Molecular Docking simulations of synthesized compound

were investigated by computational techniques.

2. Materials and Methods
2.1. General Information

The Merck and Aldrich Chemical Company provided the
further
purification. Aluminum sheets pre-coated with silica gel
SIL G/UV254 from MN GmbH & Co. were used to monitor
reactions. The spots were made visible in UV light (254

compounds, which were used without

nm). Melting point measurements were determined in an
open glass capillary tube using the Stuart SMP 30 melting
point instrument. The *H-NMR was recorded using a 700
MHz Bruker NMR spectrometer. Chemical shifts are
reported in terms of parts per million (ppm) of remaining
protons in the solvent (DMSO: é 2.50). The singlet, triplet,
quartet, and multiplet NMR peak multiplicities were as
follows: s for singlet, d for doublet, t for triplet, and m for
multiplet. PG T80+ double-beam spectrophotometer was
used to record UV-Vis spectra. A Shimadzu IR Prestige-21
FTIR Spectrometer was used to record the compound's
FTIR spectrum in transmission mode at room
temperature. The prepared sample was put into an IR cell
with a KBr window after being compressed into a self-
supporting pellet. The Waters Radian Asap Direct Mass
Detector was used for mass analyses. Full scan acquisition
mode, ASAP+/ASAP ionization mode, mass range 100-
1200 m/z, cone voltage 10 V, gas (N2), isothermal heater
temperature of 600 °C, corona current 3 YA, and capillary

dip sampling technique were the analysis methods used.

2.2. Synthesis of MITPDQ compound

According to the procedure described in the literature
2023). 1-[3-Amino-5-
(trifluoromethyl)phenyl]-4-methylimidazole (1, 6.21
mmol; 1.5 g; 1.0 equiv.) was used as the starting material
for the synthesis of MITPDQ. In the first step, sodium

(Glney et al.,
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nitrite solution (10.87 mmol; 0.75 g; 1.75 equiv.) in 10 mL
water and 37% concentrated hydrochloric acid (21.74
mmol; 2.14 g; 1.81 mL; 3.5 equiv.) were used for
diazotization of aniline derivative in water that was
between -5 and 0 °C. The second step involved the use of
coupling reagents (2, 6.21 mmol; 0.9 g; 1.0 equiv), ethanol
(20 mL), and sodium acetate (62.1 mmol; 5.09 g; 10.0
equiv). Color: orange solid. Yield: 89% Mp: 243-245 °C.
FTIR (KBR pellet): ¥imax (cm™2) = 3377 (O-H stretching), 2926
(C-H stretching), 1622 (C=C stretching), 1565 (N=N

stretching), 1330 (C=Nstretching), 1156 (C-F stretching).
'H NMR (700 MHz, DMSO): § = 11.19 (s, 1H), 9.43 (d, J =
8.2 Hz, 1H), 9.01 (dd, J = 4.0, 1.5 Hz, 1H), 8.50 (d, J = 1.3
Hz, 1H), 8.46 (s, 1H), 8.16 (s, 2H), 8.10 (d, J = 8.6 Hz, 1H),
7.83-7.79 (m, 2H), 7.27 (d, /= 8.5 Hz, 1H), 2.20 (d, /= 0.9
Hz, 3H). MS = m/z: [M+H]* Calcd for C20H15F3NsO, 398.12;
Found: 398.27. Synthesis pathway, reaction parameters,
and obtained yield of MITPDQ were depicted in Scheme
1, and The MS spectrum was illustrated in Figure 1.

CFs CF,4
=
‘N NaNO, / HCI / H,0 7
+ ~N N
/\ /\ -
N7 N NH NaCH;CO0, EtoH, N7 N N
>7l OH -5-0°C, 1h )7’ OH
1 2 Yield: 89% MITPDQ
Scheme 1. Synthesis pathway of MITPDQ
POSITIVE
20240117 5318 (44.300) Cm (5303:5334) Scan ASAP+
100, 27 B.86eT|
# .32
o7
50.08 ﬂ
[ 456.38 LT
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Figure 1. Mass spectrum of MITPDQ

2.3. Computational calculations

Theoretical calculations related with quantum chemistry
were done by using The Gaussian 09 package (Frish et al.,
2016). Chemcraft and Avagadro softwares were used to
obtain all visualizations related to quantum chemical
computations (Zhurko and Zhurko; Hanwell et al., 2012).
The DFT/B3LYP/6-311G(d,p) method was utilized to
obtain optimized geometries of MITPDQ (Becke, 1988;
Lee et al., 1988). Using the B3LYP functional and the 6-
311G(d,p) basis set, the compound's ground state
molecular structure was optimized by the application of
the DFT approach. For the B3LYP/6-311G(d,p) basis set,
the calculated vibrational wavenumbers were scaled as
0.9682 for frequencies over 1700 cm™ and 1.0119 for

frequencies below 1700 c¢cm™ to avoid systematic
inaccuracies (Merrick et al.,, 2007). The TD-DFT
(Bauernschmitt and Ahlrichs, 1996; Casida et al., 1998)
approach was used to evaluate UV-Vis characteristics,
whereas the GIAO approach was used to determine
chemical shielding for H-NMR (Ditchfield, 1972; Wolinski
et al.,, 1990).

2.4. In silico studies
2.4.1. Molecular Docking Studies

The MITPDQ was subjected to molecular docking
investigations using the AutodockVina 1.1.2 software
(Trott and Olson, 2009). The BIOVIA Discovery Studio

Visualizer (BIOAVIA, 2021) and UCSF Chimera softwares
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(Pettersen et al., 2004) were used for all imaging

processes. For the molecular studies,
phosphoinositide 3-kinase (PI3K), Focal Adhesion Kinase
(FAK), Vascular Endothelial Growth Factor Receptor 2
Kinase Domain (VEGFR2), and Epidermal Growth Factor

Receptor Tyrosine Kinase Domain (EGFR) proteins were

docking

chosen. The selected proteins and related PDB IDs were
given in Table 1. The protein crystal structures were
sourced from Protein Data Bank (Berman, 2000). The

Table 1. 3D Binding site coordinates of cancer-related proteins

UCSF Chimera program was used to eliminate water and
all non-standard residues. Proteins were homologized
using the Modeler program before molecular docking
studies. A grid box (50 x 50 x 50 A3) encircled the active
site residues of every protein. The DeepSite module was
used for the calculation of three-dimensional binding
sites coordinates of the proteins (Jiménez et al., 2017) and
the calculated coordinates were depicted in Table 1.

Proteins and PDB IDs

Coordinates and Values

Protein PDB ID X Y z
EGFR 1imM17 24.8 2.1 51.0
VEGFR2 2XIR 21.0 26.2 38.8
PI3K 1E8X 20.2 64.8 21.8
FAK 1MP8 38.1 -3.6 23.8
2.4.2. ADMET Properties expected values for each constituent. The MITPDQ’s

The ADMETIab 2.0 online service has been used to
predict ADMET parameters, including physicochemical,
pharmacokinetic, absorption, distribution, metabolism,
excretion, and toxicity aspects of the drugs (Xiong et al.,
2021). Thus, we used ADMETIlab 2.0 web server to
estimate the ADMET properties of MITPDQ.

3. Results and Discussions

3.1. Experimental and Computational details
3.1.1. Molecular Structures

To determine the optimal geometry of MITPDQ, a DFT
technique using the B3LYP function and 6-311G(d,p)
basis set in the gas phase was employed. 2D Optimized
geometry of MITPDQ, complete with atom numbering,
is shown in Figure 2. Figures 3, 4 presented the
compound's FTIR spectra from an experimental and
theoretical perspective, and Table 2 displayed FTIR
frequencies comparisons between the observed and

3.1.2. FTIR Spectra

90 —-
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40 —

a0

FTIR spectra revealed the following bands: phenolic -
OH at 3377 cm, an aromatic C-H at 2926 cm’?, an
aromatic alkene C=C at 1622 cm™, N=N at 1565 cm™, C-
N related with amine group at 1330 cm™, and C-F at
1156 cm™. The theoretical calculations indicated the
bands; the phenolic -OH at 3590 cm?, the aromatic C-H
at 2933 cm, the aromatic alkene C=C at 1623 cm?,
N=N at 1546 cm™, the aromatic amine C-N at 1332 cm"
! and the C-Fat 1187 cm™.
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Figure 2. 2D optimized geometry of MITPDQ with atom label
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Figure 3. Experimental FTIR spectrum of MITPDQ

801



Imidazole and Quinoline-Based Promising Agent for Cancer Treatment; Synthesis, Characterization, and ..., YESIL vd.

"]

Transmittance (%)
60 80
T

40

20
T

T

I

'“

3000

1
2000

1
1000

Wavenumber (cm™)

Figure 4. Theoretical FTIR Spectrum of MITPDQ

Table 2. Theoretical and experimental vibrational frequencies of MITPDQ

Vibration Theoretical Experimental
O-H stretching 3590 3377
C-H stretching 2933 2926
C=C stretching 1623 1622
N=N bending 1546 1565
C-N stretching 1332 1330
C-F stretching 1187 1156

The linear regression of MITPDQ between the theoretical
and experimental frequencies was displayed in Figure 5
and using the DFT/B3LYP method on a molecule, y =
0.9343x+94.638 (R? = 0.9961) was found to be the
equality.

4000

y=0,9343x + 94,638
R==0,0061 '@

3500

3000

. )
2500

2000

Experimental frequencies

1500 0

1000

1000 1500 2000 2500 3000 3500

4000
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Figure 5. Linearity of experimental and theoretical vibrational
frequencies for MITPD
3.1.3. NMR Spectra
The 'H-NMR of MITPDQ related both
experimentally and calculated were shown in Figures 6

spectra

and 7 respectively. *H-NMR chemical shift values for
MITPDQ were displayed collectively in Table 3 to facilitate
comparisons between computed and experimental. The
chemical shift value of hydroxy proton (H40) of MITPDQ
was lower than the experimental one. The experimental
proton chemical shift belong to hydroxyl group of the
MITPDQ was observed at 11.19 ppm due to the
electronegativity of the nearby oxygen atom (Karabacak
Atay et al., 2023) while the theoretical one was 9.04 ppm.
The protons related with CHs group (H30, H31, H32) were
found at 2.20 ppm in the experimentally, but they were

found at 2.32-2.19 ppm in theoretically. Aromatic protons
(H33, H34, H35, H36, H37, H38, H39, H41, H42, H43) were
found to be in the range of 7.27-9.43 ppm experimentally,
whereas this range was calculated by the DFT method to
be between 7.30-9.66 ppm. The results showed that the
experimental values were compatible with theoretical
ones.

Table 3. Experimental and Theoretical TH-NMR chemical shift
values of MITPDQ

Label Theoretical (ppm) Experimental (ppm)
H43 9.66 9.43
H41 9.11 9.01
H40 9.04 11.19
H38 8.59 8.50
H37 8.44 8.46
H36 8.42
H42 7.93 8.16
H35 7.78 8.10
H33 7.76
H39 742 7.83-7.79
H34 7.30 7.27
H31 2.32
H32 2.30 2.20
H30 2.19

3.1.4. UV-Vis spectrum and frontier molecular orbitals

The MITPDQ's UV-vis spectra, which showed three
maxima at 270, 412, and 541 nm, was taken in DMSO
between 200 and 700 nm. Theoretical
transitions were computed using TD-DFT approach and
B3LYP/6-311G(d,p) basis set. The theoretical transitions
were 293, 296, 317, 327, 332, 409, 423, and 492 nm,
respectively. The first electronic transition which was

electronic

802



Imidazole and Quinoline-Based Promising Agent for Cancer Treatment; Synthesis, Characterization, and ..., YESIL vd.

observed experimentally at 270 nm, was related with
ni—>m*, while the second one at 412 nm, and third one at
541 nm were related with n—>mt* respectively. It is thought
that m->m* transition was related with aromatic ring while
n—>1* one was related with azo group. The UV-Vis spectra

of the MITPDQ in its theoretical and experimental forms
were shown in Figures 8, 9. The frontier molecular orbital
parameters, such as oscillator strengths (f), excitation
energies (eV), and electronic transitions of the MITPDQ
were listed in Table 4.
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Figure 6. Experimental *H-NMR spectrum of MITPDQ
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Figure 7. Theoretical H-NMR spectrum of MITPDQ calculated by GIAO method

Table 4. Experimental and Theoretical Maximum Wavelengths of MITPDQ

TD-DFT Experimental Maximum
Transitions Maximum Wavelengths E (eV) f
Wavelengths (nm)
(nm)
n->mn* 293 4.2302 0.0294
(Aromatic 296 4.1856 0.0001 270
ring) 317 3.9077 0.0216
327 3.7889 0.0033
n->m* 332 3.7348 0.0191 412
(-N=N-) 409 3.0283 0.1653
423 2.9282 0.7511
n->m* 492 2.5204 0.0022 541
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Figure 8. Experimental UV spectrum of MITPDQ
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Figure 9. Theoretical UV spectrum of MITPDQ

HOMO and LUMO orbitals are the terms used to
describe the border orbitals in compounds. LUMO
controls electrophilic reactions in molecules, whereas
HOMO controls nucleophilic reactions. HOMO-LUMO
orbitals and energies of these orbitals of MITPDQ were
computed at the B3LYP/6-311G(d,p) level. Figure 10
provided details on surfaces, the energy difference
between HOMO and LUMO, and orbital energies of the
MITPDQ. The molecule's HOMO was typically found on
the benzene skeletons and imidazole rings, whereas
the LUMO was grouped on the benzene skeletons. The
HOMO energy of MITPDQ was determined as -6.1357
eV while the LUMO energy was determined as -2.9214
eV. It was discovered that there is 3.2143 eV energy gap
between the HOMO and LUMO orbitals. Using the
compound's HOMO-LUMO energy values, a number of
global reactivity descriptors are listed in Table 5. The
MITPDQ's global reactivity parameters were also
Table 5: Global Reactivity Parameters of MITPDQ

determined using the following equations: ionization
potential /| = -Enomo, electron affinity A = - Eiuwmo,
electronegativity y= (/ + A)/2, chemical hardness n = (/ -
A)/2, chemical softness S =1/2n.

Erono=-2.9214 ¢V

AE=32143 eV

Enoyo= -6.1357 ¢V

Figure 10. HOMO and LUMO energies of the MITPDQ

Parameter MITPDQ
EHOMO (eV) -6.1357
Ewumo (eV) -2.9214
AE (eV) 3.2143

1 (eV) 6.1357

A (eV) 2.9214
x (eV) 4.5286

n (ev) 1.6072

S (ev?) 0.3111
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3.2. Insilico studies
3.2.1. Molecular docking simulations

The AutodockVina 1.1.2 program was used to
conducted molecular docking studies of the MITPDQ.
Proteins associated with cancer with PDB IDs of 1M17,
2XIR, 1E8X, and 1MP8 were the subjects of molecular
docking investigations. 50 x 50 x 50 A3 grid box
encircling the active region of the protein and specific
protein coordinates (given in Table 1) were used to
dock the MITPDQ. The docking scores, which varied
from -8.4 kcal/mol to -11.0 kcal/mol, were shown in
Table 6. The best docking poses related with the highest
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docking score of protein-MITPDQ complexes were
illustrated in Figure 11, while The 2D visualizations of
protein-MITPDQ complexes related with the highest
docking score were depicted in Figure 12.

Table 6. Molecular docking results of cancer-related proteins
with MITPDQ

PDB ID Docking Score AG : kcal/mol
1mM17 -9.2

2XIR -11.0

1E8X -9.3

1MP8 -8.4

LEU 422
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529 3394250

266
311
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Figure 11. 2D visualization of complexes formed between proteins and MITPDQ

Molecular docking experiments of MITPDQ were
conducted independently with 1M17, 2XIR, 1E8X, and
1MP8 proteins. The results showed that the docking
scores were -9.2, -11.0, -9.3, and -8.4 kcal/mol,
respectively. Analyzing the 1E8X-MITPDQ complex, it was
found that interactions between 1E8X and MITPDQ
occurred through hydrogen bonds, hydrogen-carbon
bonds, halogen, m-anion, t-cation, m-stacked, alkyl, and mt-
alkyl pairs. There were two hydrogen bonds between the
1E8X protein and the MITPDQ. These bonds have a length
of 2.96 A between LEU516 aminoacid of protein and
phenolic -OH and 2.46 A between GLN154 aminoacid and

fluorine atom of the -CFs group. When the interactions of
1M17 and MITPDQ were examined, It was found that
1M17-MITPDQ complex has one hydrogen bond, halogen,
m-anion, m-sulfur, m-stacked, alkyl, and m-alkyl pairs. The
hydrogen bond was between fluorine atom of -CFs group
and MET98 with the 2.66 A bond length. When the
interactions between 1MP8 and MITPDQ were examined,
there was one hydrogen bond. As well as hydrogen bond,
there were carbon-hydrogen bond, halogen, nt-cation, -
anion, m-1t stacked, n-ni-t-shaped, alkyl, and mt-alkyl bonds.
The hydrogen bond was between hydrogene of phenolic
O-H group and THR162 with the 2.51 A bond length. Upon
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examination of the 2XIR complex, it was discovered that
interactions took place between 2XIR and MITPDQ via
hydrogen bonds, hydrogen-carbon bonds, halogen, m-
anion, m-cation, n-o, n-sulfur, m-n-t-shaped, alkyl, and -

alkyl pairs. Between the MITPDQ ligand and the 2XIR
protein, there was one hydrogen bond with a length of
2.90 A that connected the protein's HIS161 amino acid to
the fluorine atom of the CFs group.

2XIR- MITPDQ
Figure 12. 3D visualization of complexes formed between proteins and MITPDQ

3.2.2. ADMET predictions
An important step in the development of any
pharmaceutical compound is the identification of ADMET

properties. Most candidate chemicals are rejected
because of factors such as their inappropriate
pharmacokinetics, drug-likeness, etc. The

pharmacodynamics and pharmacokinetics of effective
and safe medications are precisely balanced to provide
high potency, affinity, and selectivity against the
molecular target, as well as sufficient ADMET properties
(Ferreira and Andricopulo, 2019). Table 7 displays
MITPDQ’s physicochemical, medicinal chemistry, and
ADMET physical

characteristics, such as its molecular weight and TPSA

characteristics. The compound's

(Topological Polar Surface Area) were investigated. The
body's ability to utilize a certain chemical is measured by
the TPSA value. The chemical should have a TPSA value of
less than 140 A? (Clark, 2000). Following analysis, the
compound's TPSA values were discovered to be less than
140 A2. Drug absorption may be impacted by four main
parameters, according to Lipinski. These variables include
Lipophilicity (Log P), Hydrogen Bond Acceptors (HBA),
Hydrogen Bond Donors (HBD), and Molecular Weight
(MW) 2004). analyzing MITPDQ’s
molecular weight value, it was found to be less than 500,

(Lipinski, Upon
indicating that it was accepted by Lipinski's rule.

Before entering the bloodstream, an oral medication
must pass through intestinal cell membranes by active
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transport processes, carrier-mediated absorption, or
passive diffusion. During the initial stages of drug
discovery, the Caco-2 cells that were obtained from
human colorectal cancer are frequently utilized to test
novel compounds for absorption rate (Bueno, 2015).
When the synthesized compound's Caco-2 permeability
value was examined, it was found to be more than -5.15.
The development of novel pharmacological compounds is
significantly hampered by human intestinal absorption
(HIA).For the rapid estimation of this property, in silico
models that predict the percentage of HIA based on
computed molecular descriptors are essential (Hou et al.,
2007). Upon analyzing MITPDQ of HIA value (0.004), it
was found to possess excellent oral bioavailability. The
ability of laboratories to test compounds for mutagenicity
was significantly improved by Bruce Ames' bacterial
strains and mutagenicity test procedures, which were
published in 1973 (Ames et al., 1973). An extended

Table 7. Calculated ADMET parameters of MITPDQ

analysis from the Ames laboratory that followed this
publication demonstrated that the test's mutagenicity
was a high predictor of carcinogenicity (McCann et al.,
1975). AMES toxicity test of MITPDQ revealed an AMES
value of 0.34. Assessing the acute toxicity of potential
drugs in mammals, such as rats or mice, is a crucial step in
ensuring their safety. When the synthesized compound's
Oral Acute toxicity value was examined, it was found to
be 0.644. Because of its harmful impact on human health,
one of the most

carcinogenicity s concerning

toxicological endpoints of chemical substances.
Chemicals may cause cancer because of their ability to
damage the genome or disrupt cellular metabolism. Many
approved drugs were pulled off the market after it was
found that they could cause cancer in humans or animals
(Onakpoya et al., 2016). The MITPDQ was found to be

non-toxic upon examination of its carcinogenicity values

Parameters MITPDQ Recommended Values
i i Molecular Formula Cy0H14F3NsO -
Physicochemical )
Molecular Weight (g/mol) 397.12 0-500
Property o
TPSA (A2) 75.66 0-140
Lipinski's Rule Accepted Accepted
Medicinal Chemistry > 6: diffi
SAscore 2.918 2 6: difficult
<6: easy
Caco-2 Permeability -5.011 >-5.15
MDCK Permeability 2.1x10°% >20x 10
Absorption 0-0.3: excellent
HIA 0.004 0.3-0.7: medium
0.7-1.0: poor
PPB 97.7% <90%
Distribution 0-0.3: excellent
BBB Penetration 0.012 0.3-0.7: medium
0.7-1.0: poor
CYP1A2 inhibitor 0.974
CYP1A2 substrate 0.758
CYP2C19 inhibitor 0.892
CYP2C19 substrate 0.071 Category 0: Non-substrate / Non-
. CYP2C9 inhibitor 0.805 inhibitor;
Metabolism
CYP2C9 substrate 0.429
CYP2D6 inhibitor 0.778 Category 1: substrate/inhibitor
CYP2D6 substrate 0.443
CYP3AA4 inhibitor 0.786
CYP3A4 substrate 0.334
High: >15 mL/min/kg; moderate: 5-15
CL 4.105 mL/min/kg;
Excretion low: <5 mL/min/kg
0-0.3: excellent
T2 0.242 0.3-0.7: medium
0.7-1.0: poor
hERG Blockers 0.584
Toxici AMES Toxicity 0.34 0-0.3: excellent
t -0.7: i
oxicity Rat Oral Acute Toxicity 0.644 0.3-0.7: medium
. . 0.7-1.0: poor
Carcinogenicity 0.109
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4. Conclusions

Within the scope of study novel imidazole and quinoline-
based new azo compound was synthesized and its
structure was elucidated with spectroscopic techniques.
The quantum chemical calculations were also
investigated and it was concluded that theoretical values
were compatible with experimental ones. After optimized
geometry of MITPDQ was obtained, By using this
geometry data, the molecular docking studies were
accomplished with cancer related proteins. The docking
results were between -8.4 and -11.0 kcal/mol. The highest
docking score between 2XIR and MITPDQ. The ADMET
parameters were also calculated and the results were
examined in terms of to be used as a drug. It was
concluded that from ADMET and molecular docking
studies, The MITPDQ would to be a drug candidate for
cancer treatment after further investigations have been

done.

Declaration of Ethical Standards
The authors declare that they comply with all ethical standards.

Credit Authorship Contribution Statement

Author 1: Conceptualization, Investigation, Methodology/Study design,
Visualization, Writing — original draft.

Author 2: Conceptualization, Investigation, Methodology/Study design,
Visualization, Writing — original draft.

Author 3: Conceptualization, Methodology/Study design, Visualization,
Writing — original draft, Writing — review and editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data Availability Statement
All data generated or analyzed during this study are included in this
published article.

5. References

Ahadi, H., & Emami, S., 2020. Modification of 7-
piperazinylquinolone antibacterials to promising
anticancer lead compounds: Synthesis and in vitro
studies. European Journal of Medicinal Chemistry,
187, 111970.
https://doi.org/10.1016/j.ejmech.2019.111970

Akkachairin, B., Rodphon, W., Reamtong, O., Mungthin,
M., Tummatorn, J., Thongsornkleeb, C., &
Ruchirawat, S., 2020. Synthesis of neocryptolepines
and carbocycle-fused quinolines and evaluation of
their anticancer and antiplasmodial activities.
Bioorganic Chemistry, 98, 103732.
https://doi.org/10.1016/j.bioorg.2020.103732

Ames, B. N., Lee, F. D.,, & Durston, W. E., 1973. An
improved bacterial test system for the detection
and classification of mutagens and carcinogens.

Proceedings of the National Academy of Sciences of
the United States of America, 70(3), 782—786.
https://doi.org/10.1073/pnas.70.3.782

Bauernschmitt, R., & Ahlrichs, R., 1996. Treatment of
electronic excitations within the adiabatic
approximation of time dependent density
functional theory. Chemical Physics Letters, 256(4—
5), 454-464.
https://doi.org/10.1016/0009-2614(96)00440-X

Becke, A. D., 1988. Density-functional exchange-energy
approximation with correct asymptotic behavior.
Physical Review A, 38(6), 3098-3100.
https://doi.org/10.1103/PhysRevA.38.3098

Berman, H. M., 2000. The Protein Data Bank. Nucleic Acids
Research, 28(1), 235-242.
https://doi.org/10.1093/nar/28.1.235

BIOVIA, 2021 Discovery Studio Visualizer, version
21.1.0.20298. Dassault Systemes, San Diego, CA.

Bueno, J., 2015. Antimicrobial Models in Nanotechnology.
In Nanotechnology in Diagnosis, Treatment and
Prophylaxis of Infectious Diseases 19—-38. Elsevier.
https://doi.org/10.1016/B978-0-12-801317-
5.00002-5

Carugo, A., & Draetta, G. F., 2019. Academic Discovery of
Anticancer Drugs: Historic and Future Perspectives.
Annual Review of Cancer Biology, 3(1), 385—408.
https://doi.org/10.1146/annurev-cancerbio-
030518-055645

Casida, M. E., Jamorski, C., Casida, K. C., & Salahub, D. R,
1998. Molecular excitation energies to high-lying
bound states from time-dependent density-
functional response theory:  Characterization and
correction of the timedependent local density
approximation ionization threshold. The Journal of
Chemical Physics, 108(11), 4439—-4449.
https://doi.org/10.1063/1.475855

Choi, H. G., Ren, P., Adrian, F., Sun, F., Lee, H. S., Wang, X.,
Ding, Q., Zhang, G., Xie, Y., Zhang, J., Liu, Y.,
Tuntland, T., Warmuth, M., Manley, P. W., Mestan,
J.,, Gray, N. S., & Sim, T., 2010. A Type-Ill Kinase
Inhibitor Capable of Inhibiting the T315I
“Gatekeeper” Mutant of Bcr-Abl. Journal of
Medicinal Chemistry, 53(15), 5439-5448.
https://doi.org/10.1021/jm901808w

Debela, D. T., Muzazu, S. G., Heraro, K. D., Ndalama, M. T,

Mesele, B. W., Haile, D. C., Kitui, S. K., &
Manyazewal, T., 2021. New approaches and
procedures for cancer treatment: Current
perspectives. SAGE Open Medicine, 9,

205031212110343.
https://doi.org/10.1177/20503121211034366

Ditchfield, R., 1972. Molecular Orbital Theory of Magnetic
Shielding and Magnetic Susceptibility. The Journal
of Chemical Physics, 56(11), 5688-5691.

808


https://doi.org/10.1016/j.ejmech.2019.111970
https://doi.org/10.1016/j.bioorg.2020.103732
https://doi.org/10.1073/pnas.70.3.782
https://doi.org/10.1016/0009-2614(96)00440-X
https://doi.org/10.1103/PhysRevA.38.3098
https://doi.org/10.1093/nar/28.1.235
https://doi.org/10.1016/B978-0-12-801317-5.00002-5
https://doi.org/10.1016/B978-0-12-801317-5.00002-5
https://doi.org/10.1146/annurev-cancerbio-030518-055645
https://doi.org/10.1146/annurev-cancerbio-030518-055645
https://doi.org/10.1063/1.475855
https://doi.org/10.1021/jm901808w
https://doi.org/10.1177/20503121211034366

Imidazole and Quinoline-Based Promising Agent for Cancer Treatment; Synthesis, Characterization, and ..., YESIL vd.

https://doi.org/10.1063/1.1677088

Faudone, G., Zhubi, R., Celik, F., Knapp, S., Chaikuad, A.,
Heering, J., & Merk, D., 2022. Design of a Potent TLX
Agonist by Rational Fragment Fusion. Journal of
Medicinal Chemistry, 65(3), 2288-2296.
https://doi.org/10.1021/acs.jmedchem.1c01757

Ferreira, L. L. G., & Andricopulo, A. D., 2019. ADMET
modeling approaches in drug discovery. Drug
Discovery Today, 24(5), 1157-1165.
https://doi.org/10.1016/j.drudis.2019.03.015

Frisch, M. J., G. W., Trucks, H. B., Schlegel, G. E., Scuseria,
M. A., Robb, J. R., Cheeseman, G., Scalmani, V.,
Barone, G. A., Petersson, H., Nakatsuji, X., Li, M.,
Caricato, A., Marenich, J., Bloino, B. G., Janesko, R,,
Gomperts, B., Mennucci, H. P., Hratchian, J. V,,
Ortiz, A. F 1., D. J. F. 2016. Gaussian 09, Revision
E.01. Gaussian, Inc.

Giiney, Y., Dilek, O., Sezgin, B., & Tilki, T., 2023. Exploring
the Potential of Azo Compounds in Leukemia
Treatment: Synthesis and Characterization of New
Derivatives with Dimedone and Meldrum’s Acid End
Groups. ChemistrySelect, 8(35), €20230264.
https://doi.org/10.1002/slct.202302642

Hallek, M., 2019. Chronic lymphocytic leukemia: 2020
update on diagnosis, risk stratification and
treatment. American Journal of Hematology,
94(11), 1266-1287.
https://doi.org/10.1002/ajh.25595

Hanwell, M. D., Curtis, D. E., Lonie, D. C., Vandermeersch,
T., Zurek, E., & Hutchison, G. R., 2012. Avogadro: an
advanced semantic chemical editor, visualization,
and analysis platform. Journal of Cheminformatics,
4(1), 17.
https://doi.org/10.1186/1758-2946-4-17

Heravi, M. M., & Zadsirjan, V., 2020. Prescribed drugs
containing nitrogen heterocycles: an overview. RSC
Advances, 10(72), 44247-44311.
https://doi.org/10.1039/DORA09198G

Hnatiuk, A. P., Bruyneel, A. A. N., Tailor, D., Pandrala, M.,
Dheeraj, A., Li, W., Serrano, R., Feyen, D. A. M., Vu,
M. M., Amatya, P., Gupta, S., Nakauchi, Y.,
Morgado, ., Wiebking, V., Liao, R., Porteus, M. H.,
Majeti, R., Malhotra, S. V., & Mercola, M., 2022.
Reengineering Ponatinib to Minimize
Cardiovascular Toxicity. Cancer Research, 82(15),
2777-2791.
https://doi.org/10.1158/0008-5472.CAN-21-3652

Hou, T., Wang, J., & Li, Y., 2007. ADME Evaluation in Drug
Discovery. 8. The Prediction of Human Intestinal
Absorption by a Support Vector Machine. Journal of
Chemical Information and Modeling, 47(6), 2408—
2415.
https://doi.org/10.1021/ci7002076

Jiménez, J., Doerr, S., Martinez-Rosell, G., Rose, A. S., & De
Fabritiis, G., 2017. DeepSite: protein-binding site
predictor using 3D-convolutional neural networks.
Bioinformatics, 33(19), 3036—3042.
https://doi.org/10.1093/bioinformatics/btx350

Jung, H., Kim, J., Im, D., Moon, H., & Hah, J.-M., 2019.
Design, synthesis, and in vitro evaluation of N-(3-(3-
alkyl-1H-pyrazol-5-yl)  phenyl)-aryl amide for
selective RAF inhibition. Bioorganic & Medicinal
Chemistry Letters, 29(4), 534-538.
https://doi.org/10.1016/j.bmcl.2019.01.003

Kalinichenko, E., Faryna, A., Bozhok, T., Golyakovich, A., &
Panibrat, A., 2023. Novel Phthalic-Based Anticancer
Tyrosine Kinase Inhibitors: Design, Synthesis and
Biological Activity. Current Issues in Molecular
Biology, 45(3), 1820-1842.
https://doi.org/10.3390/cimb45030117

Kalinichenko, E., Faryna, A., Bozhok, T., & Panibrat, A,,
2021. Synthesis, In Vitro and In Silico Anticancer
Activity of New 4-Methylbenzamide Derivatives
Containing 2,6-Substituted Purines as Potential
Protein Kinases Inhibitors. International Journal of
Molecular Sciences, 22(23), 12738.
https://doi.org/10.3390/ijms222312738

Kalinichenko, E., Faryna, A., Kondrateva, V., Vlasova, A,
Shevchenko, V., Melnik, A., Avdoshko, O., & Belko,
A., 2019. Synthesis, Biological Activities and Docking
Studies of Novel 4-(Arylaminomethyl)benzamide
Derivatives as Potential Tyrosine Kinase Inhibitors.
Molecules, 24(19), 3543.
https://doi.org/10.3390/molecules24193543

Karabacak Atay, C., Dilek, 0., Tilki, T., & Dede, B., 2023. A
novel imidazole-based azo molecule: synthesis,
characterization, quantum chemical calculations,
molecular docking, molecular dynamics simulations
and ADMET properties. Journal of Molecular
Modeling, 29(8), 226.
https://doi.org/10.1007/s00894-023-05625-1

Kumar, A., Singh, A. K., Singh, H., Vijayan, V., Kumar, D.,
Naik, J., Thareja, S., Yadav, J. P., Pathak, P., Grishina,
M., Verma, A., Khalilullah, H., Jaremko, M., Emwas,
A.-H., & Kumar, P., 2023. Nitrogen Containing
Heterocycles as Anticancer Agents: A Medicinal
Chemistry Perspective. Pharmaceuticals, 16(2),
299.
https://doi.org/10.3390/ph16020299

Lee, C., Yang, W., & Parr, R. G., 1988. Development of the
Colle-Salvetti correlation-energy formula into a
functional of the electron density. Physical Review
B, 37(2), 785-789.
https://doi.org/10.1103/PhysRevB.37.785

Lipinski, C. A., 2004. Lead- and drug-like compounds: the
rule-of-five revolution. Drug Discovery Today:
Technologies, 1(4), 337-341.
https://doi.org/10.1016/j.ddtec.2004.11.007

809


https://doi.org/10.1063/1.1677088
https://doi.org/10.1021/acs.jmedchem.1c01757
https://doi.org/10.1016/j.drudis.2019.03.015
https://doi.org/10.1002/slct.202302642
https://doi.org/10.1002/ajh.25595
https://doi.org/10.1186/1758-2946-4-17
https://doi.org/10.1039/D0RA09198G
https://doi.org/10.1158/0008-5472.CAN-21-3652
https://doi.org/10.1021/ci7002076
https://doi.org/10.1093/bioinformatics/btx350
https://doi.org/10.1016/j.bmcl.2019.01.003
https://doi.org/10.3390/cimb45030117
https://doi.org/10.3390/ijms222312738
https://doi.org/10.3390/molecules24193543
https://doi.org/10.1007/s00894-023-05625-1
https://doi.org/10.3390/ph16020299
https://doi.org/10.1103/PhysRevB.37.785
https://doi.org/10.1016/j.ddtec.2004.11.007

Imidazole and Quinoline-Based Promising Agent for Cancer Treatment; Synthesis, Characterization, and ..., YESIL vd.

Lu, X., Zhang, Z., Ren, X., Pan, X., Wang, D., Zhuang, X.,
Luo, J.,, Yu, R., & Ding, K., 2015. Hybrid pyrimidine
alkynyls inhibit the clinically resistance related Bcr-
AbIT315I mutant. Bioorganic & Medicinal Chemistry
Letters, 25(17), 3458-3463.
https://doi.org/10.1016/j.bmcl.2015.07.006

Marella, A., Tanwar, O. P., Saha, R., Ali, M. R, Srivastava,
S., Akhter, M., Shaquiquzzaman, M., & Alam, M. M.,
2013. Quinoline: A versatile heterocyclic. Saudi
Pharmaceutical Journal, 21(1), 1-12.
https://doi.org/10.1016/j.jsps.2012.03.002

McCann, J., Choi, E., Yamasaki, E., & Ames, B. N., 1975.
Detection of carcinogens as mutagens in the
Salmonella/microsome  test: assay of 300
chemicals. Proceedings of the National Academy of
Sciences, 72(12), 5135-5139.
https://doi.org/10.1073/pnas.72.12.5135

Merrick, J. P., Moran, D., & Radom, L., 2007. An Evaluation
of Harmonic Vibrational Frequency Scale Factors.
The Journal of Physical Chemistry A, 111(45),
11683-11700.
https://doi.org/10.1021/jp073974n

Onakpoya, I. J., Heneghan, C. J., & Aronson, J. K., 2016.
Post-marketing withdrawal of 462 medicinal
products because of adverse drug reactions: a
systematic review of the world literature. BMC
Medicine, 14(1), 10.
https://doi.org/10.1186/s12916-016-0553-2

Pandrala, M., Bruyneel, A. A. N., Hnatiuk, A. P., Mercola,
M., & Malhotra, S. V., 2022. Designing Novel BCR-
ABL Inhibitors for Chronic Myeloid Leukemia with
Improved Cardiac Safety. Journal of Medicinal
Chemistry, 65(16), 10898-10919.
https://doi.org/10.1021/acs.jmedchem.1c01853

Pettersen, E. F., Goddard, T. D., Huang, C. C., Couch, G. S.,
Greenblatt, D. M., Meng, E. C., & Ferrin, T. E., 2004.
UCSF Chimera - A Vvisualization system for
exploratory research and analysis. Journal of
Computational Chemistry, 25(13), 1605—-1612.
https://doi.org/10.1002/jcc.20084

Rashid, H. ur, Xu, Y., Muhammad, Y., Wang, L., & Jiang, J.,
2019. Research advances on anticancer activities of
matrine and its derivatives: An updated overview.
European Journal of Medicinal Chemistry, 161, 205—
238.
https://doi.org/10.1016/j.ejmech.2018.10.037

Siegel, R. L., Miller, K. D., Wagle, N. S., & Jemal, A., 2023.
Cancer statistics, 2023. CA: A Cancer Journal for
Clinicians, 73(1), 17-48.
https://doi.org/10.3322/caac.21763

Singh, N., Vayer, P., Tanwar, S., Poyet, J.-L., Tsaioun, K., &
Villoutreix, B. 0., 2023. Drug discovery and
development: introduction to the general public
and patient groups. Frontiers in Drug Discovery, 3,
12014109.

https://doi.org/10.3389/fddsv.2023.1201419

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M.,
Soerjomataram, I., Jemal, A., & Bray, F., 2021.
Global Cancer Statistics 2020: GLOBOCAN Estimates
of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. CA: A Cancer Journal for
Clinicians, 71(3), 209-249.
https://doi.org/10.3322/caac.21660

Trott, O., & Olson, A. J., 2009. AutoDock Vina: Improving
the speed and accuracy of docking with a new
scoring function, efficient optimization, and
multithreading.  Journal of  Computational
Chemistry, 31(2), 455-461.
https://doi.org/10.1002/jcc.21334

Verma, A., Joshi, S., & Singh, D., 2013. Imidazole: Having
Versatile Biological Activities. Journal of Chemistry,
2013, 1-12.
https://doi.org/10.1155/2013/329412

Wolinski, K., Hinton, J. F., & Pulay, P., 1990. Efficient
implementation of the gauge-independent atomic
orbital method for NMR chemical shift calculations.
Journal of the American Chemical Society, 112(23),
8251-8260.
https://doi.org/10.1021/ja00179a005

Xiong, G., Wu, Z.,Yi, J., Fu, L., Yang, Z., Hsieh, C., Yin, M.,
Zeng, X., Wu, C,, Lu, A, Chen, X., Hou, T., & Cao, D.,
2021. ADMETIab 2.0: an integrated online platform
for accurate and comprehensive predictions of
ADMET properties. Nucleic Acids Research, 49(W1),
W5-W14.
https://doi.org/10.1093/nar/gkab255

Yadav, P., & Shah, K., 2021. Quinolines, a perpetual,
multipurpose scaffold in medicinal chemistry.
Bioorganic Chemistry, 109, 104639.
https://doi.org/10.1016/j.bioorg.2021.104639

Zhu, D., Huang, H., Pinkas, D. M., Luo, J., Ganguly, D., Fox,
A. E., Arner, E., Xiang, Q., Tu, Z.-C., Bullock, A. N.,
Brekken, R. A., Ding, K., & Lu, X., 2019. 2-Amino-2,3-
dihydro-1H-indene-5-carboxamide-Based Discoidin
Domain Receptor 1 (DDR1) Inhibitors: Design,
Synthesis, and in Vivo Antipancreatic Cancer
Efficacy. Journal of Medicinal Chemistry, 62(16),
7431-7444.
https://doi.org/10.1021/acs.jmedchem.9b00365

Zhurko, G. A. and Zhurko, D. A. ChemCraft, Tool for
treatment of the chemical data, version 1.8;
www.chemcraftprog.com

810


https://doi.org/10.1016/j.bmcl.2015.07.006
https://doi.org/10.1016/j.jsps.2012.03.002
https://doi.org/10.1073/pnas.72.12.5135
https://doi.org/10.1021/jp073974n
https://doi.org/10.1186/s12916-016-0553-2
https://doi.org/10.1021/acs.jmedchem.1c01853
https://doi.org/10.1002/jcc.20084
https://doi.org/10.1016/j.ejmech.2018.10.037
https://doi.org/10.3322/caac.21763
https://doi.org/10.3389/fddsv.2023.1201419
https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/jcc.21334
https://doi.org/10.1155/2013/329412
https://doi.org/10.1021/ja00179a005
https://doi.org/10.1093/nar/gkab255
https://doi.org/10.1016/j.bioorg.2021.104639
https://doi.org/10.1021/acs.jmedchem.9b00365
http://www.chemcraftprog.com/

Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi

Afyon Kocatepe University - Journal of Science and Engineering
https://dergipark.org.tr/tr/pub/akufemubid

AKU FEMUBID 24 (2024) 041301 (811-818)

Dynamic Dependence between Oil and Stock
Markets: International Evidences with Stochastic

Copula Approach

Aragstirma Makalesi / Research Article

DOI: https://doi.org/10.35414/akufemubid.1383940
AKU J. Sci. Eng. 24 (2024) 041301 (811-818)

*Makale Bilgisi / Article Info
Alindi/Received: 31.10.2023
Kabul/Accepted: 27.06.2024
Yayimlandi/Published: 20.08.2024

Petrol ile Borsalar arasindaki Dinamik Bagimlilik: Stokastik

Kopula Yaklasimi ile Uluslararasi Bulgular

Emre YILDIRIM*""*', Mehmet Ali CENGiz?

 Ankara Haci Bayram Veli Universitesi, Siirekli Egitim Uygulama ve Arastirma Merkezi, Ankara, Tiirkiye
2 0ndokuz Mayis Universitesi, Fen Fakiiltesi, [statistik Béliimii, Samsun, Tiirkiye

Abstract

Modeling the dependency structure between variables has
recently received increasing attention in many disciplines,
especially in finance and economics. In this study, the
dependence between oil prices and stock markets is
investigated through the stochastic copula approach, which is a
subset of time-varying copulas. This model enables to capture
whole dependency between variables dynamically. Unlike time-
varying copulas, it regards the latent process and observations
in modeling dependency and thus evaluates the dependency
structure in a more comprehensive framework. Empirical
findings suggest that dependency between oil and stock
markets evolve over time. There is a symmetric dependence
between oil and the UK stock market, but the relationship
between oil and the US stock exchange is measured by upper
tail dependence. This indicates that oil and the US stock market
are more likely to move together during periods of market
uptrend.

Keywords: Dependency; Stochastic Copula; Dynamic Modeling; Oil Price;
International Stock Market.

© Afyon Kocatepe Universitesi

Oz

Degiskenler arasindaki bagimlilik yapisinin modellenmesi son
doénemde Oncelikle finans ve ekonomi olmak uzere birgok
disiplinde giderek artan bir ilgi kazanmistir. Bu ¢alismada, petrol
fiyatlari ile hisse senedi piyasalari arasindaki bagimlilik, zamanla
degisen kopulalarin bir sinifi olan stokastik kopula yaklasimiyla
arastirlmaktadir.  Bu model degiskenler arasindaki tim
bagimlilig dinamik olarak yakalamayi saglar. Zamanla degisen
kopulalardan farkli olarak bagimliligi modellemede gézlemlerin
yani sira gizli sireci de dikkate alir ve boylece bagimlilik yapisini
daha kapsamli bir ¢ercevede degerlendirir. Deneysel bulgular,
petrol ve hisse senedi piyasalari arasindaki bagimliligin zamanla
gelistigini gostermektedir. Petrol ile Birlesik Krallik borsasi
arasinda simetrik bir bagimlilik vardir ancak petrol ile ABD
borsasi arasindaki iligki Gst kuyruk bagimhhigi ile 6lcilmektedir.
Bu, petrol ve ABD borsasinin yiikselis trendi donemlerinde
birlikte hareket etme egiliminin daha vyiiksek oldugunu
gostermektedir.

Anahtar Kelimeler: Bagimhlik; Stokastik Kapula; Dinamik Modelleme;
Petrol Fiyati; Uluslararasi Borsalar

1. Introduction

There are various dependency structures between
variables, and the discovery of these dependencies
constitutes one of the main research topics of many
fields. Classical approaches used in dependency modeling
either require the assumption of normality for the
marginals of the relevant variables or are inadequate in
modeling various dependency structures such as tail
dependency. One of the methods proposed to deal with
such issues is copula. According to the theorem of Sklar
(1959) who first introduced the existence of copulas,
there is a copula function that joins the multivariate
distribution function to their univariate marginals. This
theorem suggests that there is a copula that can handle
various dependency structure between variables with
different marginals. Cherubini et al. (2004) states the

fundamental theories of copulas and discusses their
different applications in various markets.

McNeil, et al. (2005) presents a comprehensive theory of
copulas and reveals effective solutions that copulas offer
to some problems in financial risk management. Nelsen
(2006) outlines the basic theory of copulas, copula
construction methods, and implications of dependency
measurements, and also provides many examples in
various fields. Caillault and Guegan (2005) present a non-
parametric method of obtaining lower and upper tail
dependencies based on the Bootstap approach. It uses
the copula approach to model dependencies in the Asian
that there is
dependence between Thailand and Malaysian markets,

market. It concludes symmetrical
and asymmetrical dependence between Thailand and

Indonesia and Malaysia and Indonesian markets. Hu

*Sorumlu Yazar/Corresponding Author: Emre YILDIRIM

e-posta/e-mail: emre-yildirim@hbv.edu.tr


https://dergipark.org.tr/tr/pub/akufemubid
https://orcid.org/0000-0002-2816-7473
https://orcid.org/0000-0002-1271-2588

Dynamic Dependence between Oil and Stock Markets: International Evidences with Stochastic Copula Approach, Yildirim ve Cengiz.

(2006) investigates the dependency structure among
international financial markets with mixed copulas. This
proposed approach offers significant flexibility since it can
model different dependency structures. Rodriguez (2007)
models the dependencies in Asian and Latin American
markets using the Markov-Swithing model. It is concluded
that the dependence between the relevant markets is
asymmetric. These studies are conducted assuming that
dependency is constant over time. However, Patton
(2006) introduced the time-varying copulas to the
literature. In this model, it is assumed that the
dependency between variables changes over time. The
dependency structure between different financial
markets was investigated via time-varying copulas Hu
(2010); Haffar and Le Fur (2022); Garcia-Jorcano and
Benito (2020); Li and Zeng (2018); Naeem et al. (2021);
Rehman et al. (2020), Yang and Hamori (2014). The time-
varying copulas, also called the conditional copulas, are
estimated by considering only observations. However, in
stochastic copula approach, estimations are performed
by considering both observations and the latent process,
thus

dependence structure. Therefore, the stochastic copula

utilizing more information in modeling the
model evaluates the relationship between variables in a
In addition, this

approach is recommended as a more suitable model for

more comprehensive framework.

the dynamics of financial markets, as it assumes that
dependence varies over time, like time-varying copulas.

In this study, the dependency structure between oil prices
and stock exchange is handled by way of the stochastic
copula approach. Autocorrelation and heteroscedasticity
problems in each series are overcome by ARMA-GARCH
(Autoregressive  Moving Average - Generalized
Autoregressive Conditional Heteroscedasticity) method
and then the dependency structures are investigated with
the stochastic copula. It is found that the dependence
between oil prices and the UK stock market evolve over
time and is symmetrical. It is concluded that the
dependence between oil prices and the USA stock market
also changes over time, but this relationship is measured

by upper tail dependence.

Table 1. Kendall Tau and tail dependency coefficients of copulas

The rest of the paper is organized as follows: the
methodology is introduced in Section 2. Data description
and empirical findings are presented in Section 3. The
results are discussed in Section 4.

2. Methodology

The background of dependency modeling and marginal
modeling is given in this section.

2.1 Dependence modeling

There is a need for powerful tools that can overcome
many dependency structures, and one of these methods
is copula. Since they do not require strict assumptions in
dependency modeling, copulas are widely used in many
disciplines, especially in finance and econometrics.
Moreover, handling asymmetric as well as symmetric
dependencies has led to an increased interest in copulas.
Let F be the n-dimensional joint distribution function and
Fi, ..., E, be the marginal distribution functions. There is
an n-dimensional copula C for all x in R™ and is defined as
follows:

F(xq, ., %) = C(Fl(xl), ...,Fn(xn)) (1)

n-dimensional joint probability density function can be
factorized into the product of marginal densities and a
copula density:

OF (%1, o) Xp)
fOouwrn) = 0X1, ) Xp
n
_0C(uy, ..., Uuy) 1—[ J0F;(x;)
= x
Uq, e, Uy | 0x;
i=1
f(xlt ...,xn) = C(ul! !un)x H?:lfi(xi) (2)

Here c represents the copula density function. Eq. (2)
indicates that the joint probability density function can be
separated as the product of the marginal densities and a
copula that captures whole dependencies between
related variables. Additionally, the marginals can be
chosen independently of each other, and similarly the
copula can be determined independently of the
marginals. This provides flexibility in modeling the
dependency between variables. Kendall Tau and tail
dependency for some copula families are presented in
Table 1.

Copula Kendall Tau Lower Tail Upper Tail

2
Normal/Gaussian T = —arcsin (0) / /

T

6
Clayton = A, =271/0 Ay =0
y T ) L U
1

Gumbel T=1-7 ,=0 Ay =2—2Y/8

Notes: Rotated copulas called survival copulas are 180° rotation versions of copulas. They are associated with the Gumbel and Clayton families.
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For more information on the copulas, Nelsen (2006) and
Joe (2014) can be reviewed. The stochastic copula model
proposed by Hafner and Manner (2012) is described as
follows. Let (uy, u,,) for t =1,...,T be bivariate time
series and their distribution function is defined by the
copula model with dynamic 8 parameter given below.

(ul,t:uz,t)~c(u1' u,16,) (3)

Where 6, € © € R and Itis based on the assumption that
it the parameter 8, is driven by an unobserved process.
0, =¥(A)
parameter of the copula remains in its domain. Here,

transform is applied to ensure that
Y:R — 6 and transformation ¥ depends on the chosen
copula. For information on transformations, the appendix
can be viewed. A; is the latent process and follows the
first order of the Gaussian autoregressive process:

/1t=0(+ﬁlt_1+K€t |ﬁ|<1, k>0 (4)

Here &, is a Gaussian innovation process. The estimations
of parameter are carried out by an independent
stochastic process. The model is nonlinear and can be

written in its state space representation.
(ult’u2t)|/1t~c(u1,uz|lp(/1c)) (5)

The state equation is given in Eq. (5) and the transition
equation is defined as in Eq. (6):

}\t =a+ B)\t_l + K& (6)

The parameters in Eq. (6) are estimated by the ML-EIS
method, which is a combination of efficient importance
sampling (EIS), one of the Monte Carlo simulation
methods, and maximum likelihood. For comprehensive
information on the parameter estimation process of the
stochastic copula model, Hafner and Manner (2012) can
be scrutinized.

2.2 Marginal modeling

There is evidence of autocorrelation and
heteroscedasticity in financial time series Bollerslev
(1986). ARMA — GARCH models are used to overcome

such problems and these models are defined as follows:

Ve = U+ T oy + X Vi@ +a (7)
ar = 0t€¢
0f = w+ Xit, Spofy + X Gai, (8)

Where ¢ and y are the parameters AR and MA,
respectively, and p is the constant. The parameters w, §
and { in the GARCH model represent constant, GARCH
and ARCH parameters, respectively. The standardized

residuals obtained from ARMA-GARCH models are
transformed into uniform variables with PIT (Probability
Integral Transform), thus providing the required inputs
for copulas in dependency modeling.

3. Empirical Findings

The data consists of daily closing prices of oil and stock
markets. The labels are ‘UK’ for the FTSE 100 from United
Kingdom, ‘USA’ for the S&P 500 from the United States of
America and ‘oil’ for the Brent crude oil. The dataset
ranges from January 4, 2016 to December 30, 2022 and
includes 1726 daily observations. All data is extracted
from Yahoo Finance. The study is carried out with
MATLAB and R software languages. The prices of oil and
stock exchange are exhibited in Fig.1.

Significant trend patterns appear over the whole sample
period for each series, implying that the price series are
not stationary. For this reason, return series calculated as
Eq. (9) are used instead of the original series. These series

satisfy the stationarity condition and offer some
important statistical properties.
1; = In(py) — In(pe-1) (9)

Here, p, is the price of the asset at time ¢t.
The descriptive statistics of oil and stock market returns

are presented in Table 2

The returns of the interested stock markets and oil are
positive, and the mean return of oil with the highest risk
is comparatively higher. The unconditional standard
deviations of the returns are larger than their means,
indicating that the returns are highly volatile. Although
the mean return of the US stock market is three times
higher than the mean return of the UK stock market,
there is a very little difference between the returns of the
two stock markets in terms of median returns. It is
observed that all return series are left-skewed and excess
kurtosis. This implies that the return series are far from
normal distribution. The unconditional correlation
coefficients are evaluated as 0.29659 for UK and oil and
0.27111 for US and oil. It is possible to refer a positive
significant relationship between the relevant variable
pairs. The null hypothesis of normal distribution for all
return series is rejected by the JB test. ADF test confirms
that the series are stationary. The Ljung Box Q test
suggests that there is serial correlation in return series at
lag 12 excluding oil and also there is serial correlation in
the squares of all series at lag 12. The ARCH effect in

return series is confirmed by the Lagrange Multiplier test.
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Figure 1. The price series of oil and the stock markets.

Table 2. Descriptive statistics and statistical tests of daily returns

UK USA OIL
Panel A: Descriptive Statistics
Mean 0.00011 0.00037 0.00048
Std. Dev. 0.01065 0.01231 0.02702
Median 0.00061 0.00070 0.00233
Min -0.11512 -0.12765 -0.27976
Max 0.08666 0.08968 0.19077
Skewness -0.89912 -0.83170 -1.17837
Kurtosis 14.25351 15.75640 17.09193
Corr. 0.29659 0.27111
Panel B: Statistical Tests
J-B 14876.0%** 18093.0%** 21454.0%**
ADF -41.8%** =49 3*** -39.8***
Q(12) 47.523%** 247.71%** 16.993
Q%(12) 892.85%** 2304.7%** 448.24%**
ARCH(12) 423.77*** 673.45%** 250.63***

Notes: This table exhibits summary statistics for UK and USA stock market returns. The sample period is from January 1, 2016 to December 31,
2022. Correlation refers to the relationship between oil and stock exchange returns. *** indicates the rejection of the null hypotheses of normality,
nonstationary, no autocorrelation and homoscedasticty at % 1 significance level.
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Figure 2. The return series of oil and the stock markets.

These results reveal that the ARMA-GARCH approach? is
needed in modeling the marginals of return series. The
standardized residuals obtained from the ARMA-GARCH
model are independent and identically distributed. By
applying probability integral transformation to the
standardized residuals obtained from ARMA-GARCH
models, the uniform inputs required for the copula are
produced. The original series of oil and stock markets are
exhibited in Fig. 1. It is clear that there are trend patterns
in the series, implying that the series are not stationary.
Although the upward trend in the UK stock exchange and
oil prices ended in the first half of 2018, it has been
observed that the upward trend in oil and the USA stock
market, which started in 2016, continues until 2022. After
the declaration of Covid-19 as an epidemic disease by the
World Health Organization, sharp fall occurred in both
stock markets and oil prices. The US stock market
compensated for these declines more quickly. Common
levels between oil and stock markets are presented in Fig.
Al in the Appendix. The return series of the related
variables are shown in Fig. 2. These series appear to be
stationary around the mean. However, high volatility
emerged in the return series during the period of negative
events affecting financial systems. It is evident that there
is volatility clustering in the series. It can be said that
volatility has increased in the oil and stock exchange after
the Covid-19 pandemic period. Due to the structure of the

1 The results of ARMA-GARCH models are available upon
request

stochastic copula approach, the dependency structure
between variables is considered in pairs. In this study, the
dependency between oil and stock exchange are analysed
separately. According to the log likelihood, AIC and BIC
criterions, the best fitted copula model is selected. In the
stochastic copula model, the B parameter indicates
persistency in the dependency, while the k parameter
refers whether the dependency is dynamic or not
(Marimoutou and Soury, 2015). The best fitted stochastic
copula results for each pair of variables are presented in
Table 3. Gumbel, Clayton, Normal, Rotated Clayton and
Rotated Gumbel copulas are investigated and the
dependence between the UK stock market and oil is best
modeled with the normal copula. The [ parameter
indicates high persistency in the dependence between
the UK stock market and oil. Since the k parameter is not
equal to zero, there is a dynamic dependence between
the UK stock exchange and oil and the dependency is
symmetrical and time-varying. The Gumbel copula for the
dependency between oil and US stock market is the best
fitted model. Since the value of the 8 parameteris 0.9234,
there is high persistency in the dependency between the
relevant markets. The k parameter being non-zero hints
that the dependence between the US stock market and
oil evolves over time. Moreover, the relationship
between the US stock market and oil is measured by
upper tail dependency because Gumbel copula can only
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model upper tail dependence. This means that the US
stock market and oil prices tend to move together more
during periods of market uptrend than during periods of
market downtrend. Since the USA is one of the world's
largest oil exporting countries, the rise in oil prices
contributes to the USA's financial markets, and this is

supported by the results of the stochastic copula. The
results of all stochastic copula models estimated for oil
and stock exchange are reported in Table Al and Table A2
in the Appendix. The dependence paths between oil and
stock markets are exhibited in Fig. 3.

0.8 T

UK/ OIL

I L L 1 L L

USA/ OIL

2019 2020 2021 2022

1.1
2023 2016

L L I L L
2017 2018 2019 2020 2021 2022 2023

Figure 3. Dependence path of oil and the stock markets.

Table 3. Parameter estimations of the best fitted stochastic copula.

a

B

K

S.E. S.E. S.E. Log L AIC BIC
OIL— UK 0.0720 0.8563  0.2030 128.0075 -254.015 -248.562
(Normal) (0.0266)  (0.0500)  (0.0474)
OIL - USA -0.0766 09234  0.2249 102.4549 -202.910 -197.457
(Gumbel) (0.0520)  (0.0498)  (0.0999)

Notes: This table exhibits estimations of the parameter for stochastic copula models. The parameters represent constant term, persistence level

and dynamic dependency, respectively.

It is apparent that the dependency between oil and stock
exchange changes dramatically over time. While the
unconditional correlation coefficient between oil and the
UK stock exchange is 0.29659 (<0.05), the average of the
conditional correlation coefficient, described as the
average of the parameter estimations of the normal
copula with only the p; correlation coefficient parameter,
is 0.4211. Additionally, it is found out that there is an
asymmetric dependence structure between oil and the
US stock market through the stochastic copula approach.
While well-known relationship coefficients can evaluate
unconditional relationships between variables, the
stochastic copula approach can model time-varying
symmetric and asymmetric dependencies such as tail
dependencies between variables. Thus, it provides more
information on the dependence structure between the
relevant variables and gives more realistic results by
considering this dependency structure in a time-
dependent manner.

4. Conclusion Remarks

The dependency modeling between variables has become
popular recently, particularly in finance and economics. In

this study, dependency patterns between oil and stock
markets are handled through the stochastic copula
approach. The data set consists of FTSE 100 and S&P 500
from international stock markets and Brent crude oil spot
prices from oil markets. To ensure the stationarity, log-
return series are used instead of price series. Dependency
modeling consists of two stages: First, modeling the
marginals and then modeling the dependency between
the variables.

The marginal distributions of the oil and stock markets are
estimated with the ARMA-GARCH approach. The resulting
standardized residuals are transformed into uniform
inputs. The best fitted stochastic copula models are
estimated based on these inputs. Then, the stochastic
copula approach is considered to model the dependency
structure between oil and stock markets. This approach
enables to handle the dependency structure between
variables dynamically. The stochastic copula models differ
from the time-varying copulas because they consider the
unobservable process as well as observations in modeling
the dependency. Thus, this approach models the
dependency in a broad way by utilizing more information
on the variables. Since the stochastic copula approach
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does not need any assumptions on the marginals of the
variables, it can model the dependence between the
related variables flexibly. Empirical findings find out that
the dependence between oil and stock exchange changes
over time. Additionally, there is symmetrical dependence
between oil and the UK stock market since the
dependence between the two markets is best modeled by
the normal copula. Gumbel copula is the best fitted model
for the dependency structure between oil and the US
stock market, and the relationship between the relevant
markets is evaluated by upper tail dependency. This
indicates that oil prices and the US stock market are more
likely to move together during market uptrends.
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Table Al. Parameter estimations for stochastic copula: UK and OIL

Figure A1. Common levels between oil and the stock markets.

Copula y g 8 LoglL AlC BIC
S.E. S.E. S.E.

Gumbel -0.0925 0.9023 0.3297 127.6229 -253.246 -247.793
(0.0352) (0.0346) (0.0763)

Clayton -0.0593 0.9256 0.3084 92.3139 -182.628 -177.175
(0.0261) (0.0346) (0.0677)

Normal 0.0720 0.8563 0.2030 128.0075 -254.015 -248.562
(0.0266) (0.0500) (0.0474)

Rotated Gumbel -0.1092 0.9118 0.3457 107.8554 -213.711 -208.258
(0.0390) (0.0325) (0.0676)

Rotated Clayton -0.0479 0.8837 0.3944 110.6160 -219.232 -213.779
(0.0164) (0.0345) (0.0595)

Table A2. Parameter estimates for stochastic copula: USA and OIL

Copula y d “ LoglL AIC BIC

S.E. S.E. S.E.

Gumbel -0.0766 0.9234 0.2249 102.4549 -202.910 -197.457
(0.0520) (0.0313) (0.0999)

Clayton -0.0521 0.9450 0.2327 66.2312 -130.462 -125.009
(0.0310) (0.0313) (0.0849)

Normal 0.0469 0.8981 0.1409 100.0040 -198.008 -192.555
(0.0223) (0.0470) (0.0436)

Rotated Gumbel -0.0805 0.9420 0.2505 74.0597 -146.119 -140.666
(0.0480) (0.0332) (0.0861)

Rotated Clayton -0.0616 0.8525 0.3413 89.6505 -177.301 -171.848
(0.0361) (0.0726) (0.1159)
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Elde Edilmesi
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Oz

Bu c¢alismada, akiskanlar mekanigi, hidrodinamik ve fiber optik
alanlarinda birgok fiziksel olayr tamimlamak igin sik¢a
kullanilmasi nedeni ile zaman-kesirli modifiye Camassa-Holm
(mCH) ve zaman-kesirli modifiye Degasperis-Procesi (mDP)
denklemlerinin  yeni tam ¢6ziimlerinin elde edilmesi
amaclanmistir. Bu kesirli denklemler, Atangana konformal tiirevi
gdz oOnlne alinarak nonlineer adi diferansiyel denklemlere
dondstlralmustir. Kesirli evolisyon denklemlerinin istenen tam
¢O6zimlerini elde etmek icin bu nonlineer adi diferansiyel
denklemlere (m+1/G’)-genisleme metodu uygulanmistir.
Hesaplamalar Mathematica yazilim sistemi ile
gerceklestirilmistir. Ayrica bu c¢alismada sunulan ¢dzimler
literatlirde zaman-kesirli CH ve DP denklemleri igin elde edilen
¢ozlimler ile kiyaslanmis ve ¢6ziimlerin davraniglari grafiksel
olarak sunulmustur.

Anahtar Kelimeler: Camassa-Holm ve Degasperis-Procesi Denklemleri;
(m+1/G’)-Genisleme Metodu; Atangana Konformal Tiirevi.

Afyon Kocatepe Universitesi

Abstract

In this study it is aimed to expose the new exact wave solutions
of time-fractional modified Camassa-Holm (mCH) and time-
fractional modified Degasperis-Procesi (mDP) equations due to
being extensively used to delineate many physical phenomena
in fluid mechanics, hydrodynamics and optical fibers. The
aforementioned fractional equations are transformed into
nonlinear ordinary differential equations (NLODE) considering
the Atangana’s conformable derivative (ACD). Then the
(m+1/G’)-expansion method is applied for these NLODEs to
obtain the desired exact solutions of the fractional evolution
equations. The evaluations are fulfilled through the software
system Mathematica. Also the reported solutions in this
manuscript are compared with the ones in the literature for the
time-fractional CH and DP equations and the behaviors of the
solutions are presented graphically.

Keywords: Camassa-Holm and Degasperis-Procesi Equations; (m+1/G’)-
Expansion Method; Atangana’s Conformable Derivative.

1. Introduction

In recent years, many researchers are motivated by the
applications of nonlinear partial differential equations
(NLPDEs) with fractional derivatives (FD). In this context,
a time delay fractional COVID-19 SEIR epidemic model is
solved via Caputo FD (Kumar and Erturk 2023), the FDs
based on the Mittag-Leffler kernels in the Liouville-
Caputo concept has been regarded to investigate the
conveyance of infectious diseases in a prey-predator
system (Ghanbari 2023), a fractional order model for the
transmission of Chlamydia is considered to explore the
dynamics of the disease (Vellappandi et al. 2023), a time-
fractional HIV/AIDS model is analyzed in the sense of
Atangana-Baleanu Caputo derivative (Farman et al. 2023),
a fractional order stochastic model based on the Lotka-
(Ali and Khan 2023),
fractional Maclaurin series is employed to solve various

Voltera system is presented

fractional differential equations that arise in physics and
engineering (Alguran 2023), an iterative method by
combining the generalized power series and artificial
neural networks is proposed to solve certain fractal-
(Shloof 2023), a
model

fractional differential equations

fractional order mathematical governing
meningitis is presented and the dynamics of the disease
is studied (Peter et al. 2022), a new defined Liouville—
Caputo fractional conformable derivative is considered
through modeling some real world problems (Ozarslan et

al. 2019).

The fractional Sturm-Liouville problems which have

important applications in science, engineering and
mathematics have analyzed by Ercan (2020; 2022) and
Bas et al. (2021). The conformable Dirac system with
separated boundary conditions are studied by Ercan and

Bas (2021). These researches underline the efficiency of
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fractional calculus in modeling real world problems. The
FD is one of the main notions in this area. Therefore
several definitions for FDs such as Riemann-Liouville,
Caputo and Griinwald-Letnikov derivatives are reported
which are generalizations of classical derivative. On the
other hand these FDs have some disadvantages in
applications. For instance, Riemann-Liouville derivative of
a constant does not result with zero or the Caputo
derivative needs much requirement of regularity for
differentiability (Atangana 2017).

Alternative FD definitions are presented to eliminate
these drawbacks which have compatible properties with
the traditional derivative. Within this framework, Khalil et
al. (2014) have introduced a new conformable FD.
Atangana (2015) has also defined a new local derivative
by motivating the study of Khalil et al. (2014) and named
it beta derivative or ACD.

In this paper, a physically significant equation called
modified §-equation in Eq. (1) is considered (Jawarneh
2023, Zhang et al. 2023, Fang et al. 2022, Ganji 2008,
Wazwaz 2007):

%v(x,t) _ i(azv(x,t)) 2 v(x,t)
ot at \ 9x2 +(6+Dvilxt) ox
v (x,t) 82v(x,t) Bv(xt) _
—6— = —vixt)—5==0. (1)

In Eq. (1) setting § = 2 and § = 3 gives the fractional
mCH and the mDP equations, respectively as follows,

a%v(xt) i(azv(x,t)) 2 v(x,t)
ot at \ 9x2 +3v7(x, 1) ax
v(x,t) a%v(x,t) Bv(xt) _
_ZTW_V(X’QW_ 0, (2)
a%uxt) i(azu(x,t)) 2 ou(x,t)
atx at \ 9x2 +4u(x, 1) ax
du(x,t) 9%u(x,t) Bu(xt)
—377—11(3(,1:)?— 0. (3)

In Eq. (3) u(x,t) notation is used instead of v(x,t) to
present the solutions of these equations distinguishably.
Eqg. (2) and Eq. (3) are able to characterize the nonlinear
features of dispersive waves. Hence, this family of
equations has been an issue for various studies. Veeresha
and Prakasha (2020) have applied the g-homotopy
analysis transform method; Zhang et al. (2023) used the
Aboodh Adomian
perturbation transform methods; a method mixing the

decomposition and homotopy
Elzaki transform, homotopy perturbation method and
Adomian decomposition method has been applied by
Alesemi (2023); Singh and Gupta (2022) have employed
g-homotopy analysis generalized transform method and
homotopy perturbation generalized transform method;
Alquran et al. (2021) have exhibited new solutions of
these equations via Kudryashov-expansion method and
the sech-csch function method. Khatun and Akbar (2024)

have applied the (G'/G,1/G)-expansion method for
beta time-fractional mCH and mDP equations.

In this study an analytical method is proposed which is not
applied before for Egs. (2)-(3). This paper aims to obtain
the new exact wave solutions of Egs. (2)-(3) with ACD via
(m + 1/G")-expansion method. For this purpose the
structure of the present research is as follows: In Section
2 the definition of ACD together with some properties and
the steps of the proposed method are given. In Section 3
the (m + 1/G")-expansion method is applied to the time-
fractional mCH and mDP equations. In Section 4 the
graphical results are presented and the obtained
solutions are compared with the ones in the literature.

Finally in Section 5 the conclusion is given.

2. Materials and Methods

2.1. Basic definitions

In this subsection the basis about ACD is given that will be

used in the background of the research.

Definition 1: Let y: [0, ) — R be a function. Then, the
[B-derivative of s is defined as (Atangana 2015)

-8
w(t+h(t+%)1 >—¢(t)
h 7

4Ly = lim (4)

where 0 < f < 1 and I'(.) is the gamma function.
Atangana (2015) has introduced the properties of this
derivative as follows,

14Df (ap(£) + bo(£)) = afDf (Y(©))

+b4DF (o (£)),Va,b € R,
2. ‘SDtﬁ(c) =0,Vc ER,
3.4Df (@) = 24D (W (1)

+p(6) 4D (@(1),
anB (POY _ 2®80f (w®)-p®)4pf @)
4. 4D (qb (t)) = e () £ 0,
1 1_6 ! !
5. 40 (@) = (t+735) @' OV (@),

where Y, @ are § differentiable functions. The proofs of
these items can be found in (Atangana 2015).

2.2 (m + 1/G')-expansion method

Assume a time fractional NLPDE as in Eq. (5),
F(u, ux,Dfu, Usxs ) =0,0<p <1, (5)

where F is a polynomial of u. Eq. (5) is converted into a
NLODE as in Eq. (7) with the transformation below,

w 1 B
u(x,t)=U(n),n=x—E(t+Tﬁ)) , (6)
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then one gets,
GW,uu",..)=0, (7)

where ' = ;_77' The proposed method suggests a solution

for Eq.(7) as in the form,

UG = Ty (m+3), 8

where a;, (i = 0, £1, +2, ... &+ M), m are constants. M will
be determined by regarding homogeneous balance
between the nonlinear term and the highest order
derivative. The function G(n) in Eqg. (8) satisfies the
differential equation below,

G"+A+muG' +pu=0. (9)

The general solution of Eq. (9) can be found easily as in
the form,
A1

= — K _ 41 —(A+2mp)n
G A2mp A+2mpu € + 4z (10)

where A;, A, are constants. Then the term 1/G’ in Eq. (8)
will be determined from Eq. (10).

The suggested solution in Eq. (8) is put into Eq. (7) by

considering the term 1/G'and the coefficients of the term
i

(m + 5) are set to zero to obtain an algebraic equation

system for the parameters a;(i=
0,+1,%+2,..,M),A,m,u,A; and w. Evaluating these
parameters via Mathematica software, the exact wave
solutions of Eq. (5) are revealed.

3. Applications of the (m + 1/G")-Expansion Method

In this section the (m + 1/G')-expansion method is
applied to Eq. (2) and Eq. (3) to obtain the exact wave
solutions.

3.1. Solutions of the time-fractional mCH equation

Employing the traveling wave transform in Eq. (6), the

mCH equation in Eq. (2) becomes,
—wV' + V" + 3V = 2V'V" —VV" =0, (11)

where v(x,t) =V (n). Integrating Eq. (11) with zero
integration constant Eq. (12) is obtained as follows,

—wV 4+ V" +V3 -V — i(v')2 =0. (12)

Balancing the terms VV'' and V3 in Eq. (12) gives M = 2
which will be used in Eq. (8) to construct the solution of
Eqg. (12) as follows,

V) = T s (m+ ) (13)

Putting Eq. (13) into Eq. (12) and equating the coefficients

1\ . .
of the terms (m + F) to zero gives the equations below,

| =

-6
(m+2)  :—8m222a2, — 16m*aua?, — 8m*ua?; +

-5
(m + 5) :14mA%a?, + 14m?ua?, —
10m?A%a_,a_; — 20m3Aua_,a_; — 10m*ua_sa_; +
3a52a_1 = 0,

-4
(m + %) c6m?wi?a_, + 12m3wiua_, +
em*wula_, — 6A%a?, + 12mAua?, + 12m?u?a?, +
17mA%a_,a_; + 17m?*Aua_,a_, — gmzlzazl -

5
5m3Aua?, — Em"/ﬁazl +3a_,a?; — 6m?A%a_,a, —

12m3Aua_,a, — 6m*u2a_,a, + 3a2,a, = 0,

(m + 5) ’ :—10mwa?a_, — 10m?wAiua_, —
10Aua?, + 2m?wA?a_; + 4m3wiua_; +
2mtwula_; — 72 %a_a_; + 14mlpa_,a_; +
14m2uta_,a_, + 4maA%a?, + 4m?Aua?, + a3, +
10mA%a_,a, + 10m?Apa_,a, — 2m?A%a_ja, —
am3Aua_iay — 2m*uPa_ja, + 6a_,a_ay —
A4m?A%a_ja, — 8m3Aua_ya; — dm*ula_,a, +
3a%,a, =0,

-2
(m + ?) i—wa_, + 4wA?a_, — 8SmwAiua_, —
8m?wula_, — 4u?a?, — 3mwA?a_; — 3m?*wiua_; —
11Aua_,a_4 — z/lzagl + 3mAua?, + 3m?u?a?, —
422a_a, + 8mApa_,ay + 8m?uta_,a, +
3mAta_,aq + 3m?Aua_ja, + 3a%,a, + 3a_,a3 +
7mAta_ya, + 7m?Aua_,a; — m?A%a_ja; —
2m3lua_ja; — m*ula_ja; + 6a_,a_ja; —
4m?A%a_,a, — 8m3Aua_,a, — 4m*ula_,a, +
3a32a2 = 0,

-1

(m + &) s6wiAua_, —wa_; + wAta_; —
2mwipa_; — 2m2wula_, — 4pla_ya_, — 2Apa?, —
6Aua_,a, — A%a_jag + 2mApa_ ay + 2m?uta_jay +
3a_ja3 —32%a_,a; + 6miua_,a, + 6m?uta_,a, +
2mA%a_ja;, + 2m?Aua_ja, + 3a2,a; + 6a_,aya, +
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8mA%a_,a, + 8m2Aua_,a, — 2m?A%a_ja, —
am3Aua_ia, — 2m*uta_ja, + 6a_,a_ja, =0,

(m + 5)0 2wpla_, + wiua_; — %,uzazl —way —
2uta_,ay — Aua_iay + a3 — mwita, — m*wiua, —
S5Apua_,a, — A*a_ja; + 2mApa_ja, + 2m?ula_ja, +
mA?aga, + m?Auaga, + 6a_jaya; — %mzlzaf -
m3ua? — %m“/.tzaf + 3a_,a? + 2m?*wita, +
am3wiua, + 2m*wula, — 42%a_ya, + 8miua_,a, +
8m?uta_,a, + 5mAa_,a, + 5m?Aua_,a, +

3a%,a, — 2m?A%aga, — 4m3Auaya, — 2m*ulaqa, +
6a_,aya, =0,

(m + $)1 t—wa; + wiA?a, — 2mwiua, —

2m?wula, — 2uta_,a, — 2Aua_ja; — A*aga; +
2mApaya, + 2m?uaga, + 3a3a, + 2mA%a? +
2m?Aua? + 3a_,a? — 6mwia, — 6m2wiua, —
8Aua_,a, — 32%a_,a, + 6miua_ja, + 6m?uca_ja, +
6mA?aga, + 6m?Auaya, + 6a_ja,a, — 4m*A%a,a, —
8m3Aua,a, — 4m*u*a,a, + 6a_,a,a, = 0,

(m + $)2 :3wApa; — pta_ja; — 3Auaga; — glzaf +
3mApa? + 3m?u?a? + 3aya? — wa, + 4wita, —
8mwlua, — 8m2wuta, — 4u*a_,a, — 7Apua_ja, —
42%aq4a, + 8mAuaya, + 8m?ulaya, + 3aia, +
11mA%a,a, + 11m?Aua,a, + 6a_,a,a, — 4m?A%a3 —
8m3Auaé — 4m*u*a + 3a_,a3 = 0,

3
(m + é) 2wpla, — 2utaga, — 4Apa? + ad +
10wAua, — 4u?a_ja, — 10Auaya, — 74%a,a, +
14mAua,a, + 14m?p?a,a, + 6aga,a, + 10mA%a? +
10m?Aua3 + 3a_,a% =0,

4
(m + é) :—(5/2)u?a? + 6wu’a, — 6ptaya, —
17Aua,a, + 3a?a, — 6A%a3 + 12mAua? +
12m2u?a + 3aya3 = 0,

5
(m + é) :—10p*a,a, — 14Apaj3 + 3a,a5 = 0,

(m +$)6 :—8u2a3 +a3 =0.

Solving this system of equations gives the cases and the
corresponding solutions of Eq. (2) which are presented as
in the following where 7 is stated as in Eq. (6).

Case-1:

a_, =2m?(—1+ A% a_; = —4m(—1+ A,

ag = 2(_1 +/12),a1 = 0,a2 = 0,
H= —E,(D = 2.

The corresponding solution of Eq. (2) is

2(—141)? -1+A)A
v1=—2+,12+(m2m(i”)2— LD (1)

—A1e’1+% —A1e’1+%

!
a_, = Ola—l = OiaO = 2(_1 +Az)uu = _12;mla1 =
2
_4/1(1+A)‘a2 _ 2(1+2,1) 0= 2
m m

The corresponding solution of Eq. (2) is

1
A1+ m————
< —Ale"+%>

m

v, = 2(—1+22) -

+

-Atlell+— =

2
2(1+A)2<m—;1+l>
— . (15)

Case-3:

a_, =2m?*(—i+ D% a_, = —4mA(=i+A),a, =1+
2 _ _
Zl,al—o,az—o,ﬂ— Zm,a)—l.

The corresponding solution of Eq. (2) is

2/ 2
vy =1+ 242 4 2CED”
L
m —iA1ei7l+i2+T£>
4mA(=i+A
e (16)
—iA1ei77+%
Case-4:
a_,=0,a_,=0,a,=1+21%qa, = —@,az =
Z(Hj)z, = —ﬂ,w =1
m 2m
The corresponding solution of Eq. (2) is
4A(i+l)<m—+)
vy = 14227 - )
m
) 2
. L
2(l+ﬂ)2<m—w>
— . (17)
Case-5:
a_, =2m?(i+ A% a_; = —4mA(i+ A),a, =1+
—i+1
22%2,a, =0,a, =0,u = — —w=1
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The corresponding solution of Eq. (2) is

207 2
vs = 1+ 212 + — D

2
m+%>
. _in, —itA
iAle”M+—-=

4mA(i+2)
—mien (18)
—it4

m

i —1
iAle~ U+ >

m+

Case-6:

a_,=0,a_,=0,ay=1+21%q, = L)

2(—i+2)? —i+2
M= w= 1.

m2

The corresponding solution of Eq. (2) is

i
A+ )| Mt————
( iAle~ U+ 2:3)

v =1+21% — +

m

2
v
iAle=ing A

2(—i+A)2<m+
m - (19)

mZ
Case-7:

a_, =2m*(1+ )% a_; = —4mA(1 + 1),a, = 2(—1 +
12),611 = O,az = O,H = _ﬂ w=2.

2m
The corresponding solution of Eq. (2) is

4mA(1+1)
1

2
m——————
Ale—N4Z1+A m+ 1
2m Are—T4LtA
2m

2m?(1+1)?

v, = — +

2(—1+ 22). (20)
Case-8:

a_,=0,a_,=0,ay=2(-1421%),a, =
_ _ 2 _
_4( 1+)2 _ 2(—142) - _ 1+A’w -2

m 12 m?2 2m

’

The corresponding solution of Eq. (2) is

2

2(m+%1+1) (-1+1)2

Ale M+—

m2

Vg =

1
4<m+7_m)(—1+1)l
Ale M+ >m

m

+2(—1+ 1%). (21)

3.2. Solutions of the time-fractional mDP equation

In this subsection the second equation of the modified §-
equation in Eq. (3) is converted into the following NLODE
by using the transform in Eq. (6),

—wU'+ oU" +4U%U' —30'U" —UU" =0, (22)

where u(x,t) = U(n). Integrating Eq. (22) by setting the
integration constant zero gives,

—wU + U" + §U3 —UU" - (U =0. (23)

The terms UU"" and U? are considered for the balancing
principle to reach M = 2. Then the solution of Eq. (23) will
be,

UG = T pai(m+3)" (24)

The algebraic equation system is obtained when Eq. (24)
is substituted into Eq. (23) as follows,

-6
(m + ?) :—10m?2%2a?%, — 20m3Aua?, —

3
10m*ua?, + 4a3‘2 =0,

-5
(m + %) :18mA%a?, + 18m?Aua?, —
12m2?A%a_,a_; — 24m3Aua_,a_, — 12m*pa_ja_; +
4a%,a_, =0,

-4

(m + ?) c6m?wi?a_, + 12m3wiua_, +
6em*wula_, — 81%a?, + 16miua?, + 16m?u?a?, +
21mA%a_,a_; + 21m?Aua_,a_, — 3m?A%a?, —
6m3Aua?, — 3m*u?a?, + 4a_,a%, — 6m?*1%a_,a, —
12m3Aua_,a, — 6m*u?a_,a, + 4a%,a, = 0,

-3
(m + %) :—10mwa?a_, — 10m?*wiua_, —
14Aua?, + 2m?wA?a_; + 4m3wiua_; +
2miwpa_, —92%a_,a_, + 18miAua_ya_; +

3
18m?u?a_ya_; + 5mA?a?; + 5m?Aua?, + MT* +
10mA%a_,a, + 10m?Apa_,a, — 2m?A%a_ja, —
A4m3Aua_jay — 2m*uta_ja, + 8a_a_jay —
2m?A%a_,a, — 4m3Apa_,a, — 2m*ua_y,a, +
4a%,a, =0,

(m + &) ’ i—wa_, + 4wA?a_, — 8mwlua_, —
8m?wula_, — 6u?a?, — 3mwiA?a_, — 3m?*wiua_; —
15Aua_ya_, — 2A4%a?, + 4miua?, + 4m?u?a?, —
42%a_,a, + 8mApa_,ay + 8m?uta_,a, +
3mA%a_ja, + 3m?Aua_ja, + 4a%,a, + 4a_,al +
3mA%a_ya, + 3m?Aua_,a; + 8a_,a_,a, + 4a?,a, =
0,

-1
(m + %) c6wiAua_, —wa_; + wAta_; —
2mwApa_, — 2m?wpa_, — 6p*a_,a_; — 3Aua?, —
6Aua_,aq — A*a_jay + 2miua_ja, + 2m?ua_ja, +
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4a_jat — %a_,a, + 2mApa_ya; + 2m?pla_,a, +
4a31a1 + 8(1_2610(11 + 8a_2a_1a2 = 0,

(m + 5)0 2wpla_y, + wlna_, — p?a?, —wag —
2uta_jay — Aua_,ay + (4a3)/3 — mwira, —
m2wlua, — Apa_,a, + mA%aga, + m?Auaga; +
8a_jaga; — m?A%a? — 2m3Aua? — m*uta? +
4a_,a? + 2m?wi?a, + 4m3wlua, + 2m*wya, +
mAa_ja, + m*Aua_qa, + 4a*,a, — 2m?A*aqa, —
am3Auaya, — 2m*ucaqa, + 8a_,aya, = 0,

(m + %)1 i—wa, + wAla; — 2mwlua; —

2m?wula, — 2%aya, + 2mipaga; + 2m?uaga, +
4ata, + 3mA%a? + 3m*Aua? + 4a_,a? — 6mwi’a, —
6m?wlua, — A%a_,a, + 2miAua_,a, + 2m?uta_ja, +
6mA?aga, + 6m?Auaya, + 8a_ja.a, — 6m?A%a,a, —
12m3Aua,a, — 6m*u?a,a, + 8a_,aa, = 0,

2
(m + 5) :3wlua, — 3Auaga; — 2A%a? + 4miua? +
am?u?a? + 4aya? — wa, + 4wi?a, — 8mwiua, —
8m?wu?a, — 3Aua_,a, — 41%aya, + 8miuaya, +
8m?utaya, + 4a3a, + 15mA%a a, + 15m?Aua,a, +
8a_ja,a, — 6m2A%a? — 12m3Aua? — 6m*u?az +

4a_,a% =0,

3
(m + 5) 2wuta, — 2utaga, — 5Aua? + (4a3)/3 +
10wAua, — 2u%a_,a, — 10 uaya, — 91%a,a, +
18mAua,a, + 18m?u?a,a, + 8aga,a, + 14mA%a? +
14m?Aua3 + 4a_,a% =0,

4
(m + é) :—=3u%a? + 6wpa, — 6ulaya, —

21Aua,a, + 4aa, — 82%a% + 16mluas +
16m2u2a? + 4aya3 = 0,

5
(m + é) :—12u%a,a, — 18Auas + 4a,a2 = 0,

6
(m+2) :—104%a3 + (4a3)/3 = 0.

The parameters m, iU, w,a_,,a_4,a4,a1,05, A4 are

evaluated by solving this system with the assist of
Mathematica. The following results including different
cases and the corresponding solutions are obtained

where 7 = x —%(t +%ﬁ))ﬁ.

Case-1:

a_, = :—zmzyl, a,= —%m/l( —125 — 5iv/15 +
10/1),a0 =2 (39— iWVI5+ 604?),a, = 0,0, = O, =
— 22 =2 (11 +3iV15),

2m '

where o; = -1+ %(—\/ —125 — 5iv15 4+ 101) and
y1 = =25 — iV15 + 42 (v/-125 - 51V15 + 52).

The corresponding solution of Eq. (3) is

u; = (39 — iV15 + 6042) +

3m?y,

2
91
32(m—7
g1+i >
+2——Ale77‘71 o1
30mA(oy+A1)
801 ’ (25)

—A1eM%1g4

A
NIE!

2m
where g, = A+ — (—V—125 — 5iV15 — 104).

Case-2:

a_,=0a_,=0a = %(39 — V15 + 604%),a;, =
15(-01—-4) 372

_ _ —o1-4 _1 .
Jap = =0 0 =~ (11 + 3iV15),

a4m

where y, = —25 — (V15 — 4(¥ =125 — 5iV15 — 52) .
The corresponding solution of Eq. (3) is
up = (39 — V5 + 604 +

g1
-30(o1+ DA m—————
+6217;1/1—A12"51 o1

8m

2m

2
g1
3yl m————
( RN 01>
32m? ’

(26)
Case-3:

3 15 1
a_p, = 3—2m2y1, a_, = Tm(_o-l - Miay = 3_2(39 -

22 h=ta1+
2m 8

iV15 4 604%),a; = 0,a, = 0, u =
3iV15).

The corresponding solution of Eq. (3) is

us = —(39 — iV15 + 6042) +

3m2y, 30m(A+o;)A )
z =0 " (27)
- 8m+7}h_d2
32| mb—2—— S T
A1eM92g,+ 2m2

Case-4:

a_,=0,a_,=0a = 3%(39 — V15 +604%),a; =
S g, = =2 =111 4 30VT5).

P2 T 3o,

am
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The corresponding solution of Eq. (3) is

U, = %(39 — (V15 + 6012) —

g2
30A(A—0p)(m+ —)
A1e %24, +12_:12

+

8m

2

3N ]

s\m+———=F - (28)

32m Ale M%2g,+=—%
2m

Case-5:

3 15 1
a_, = §m2y3, ay =—m(oz — MDA ao = 5(39 +
; 2 _ — — =1 _
iV15 4 604%),a; = 0,a, = O, u = L w=_(11
3iV15),

where 03 = 1—10(\/ —125 + 5iV15 — 10&) + 4,0, =

1

—(— —125 + 5iV/15) — 101) +Aandy; = =25+

04—

10

iv15 — 4( 5i(25i + V15) — 5,1) A.

The corresponding solution of Eq. (3) is

us = —(39 + iV15 + 6042) +

3m?y. 15m(o3—A)A
—i @t (29)
32(m+ 1= ) 4(m+ =)
A12‘7la4a4+2—m4' Alé,’_77‘7‘1-<:'4+Z—m4
Case-6:

a_,=0,a_; = 0,a0 = (39 + V15 + 6042),a; =

15A(A—04) 3y [ 1 .
— a, = w==-(11-3iv15
am 27 32m2’ 20m’ 8 ( )

where y, = —25 + iv15 + 4A< ’5i(25i + \/1_5) +
51).

The corresponding solution of Eq. (3) is

us = 3= (39 + VT5 + 6042) —

30A(A—0y) (m+ Ja
A1e—71‘74a4+}‘2 94

m_ 4
8m
2
3y oy
2\ Mt o s (30)
32m Ale~M04g,+22%4
2m

Case-7:
3 15 1
a_, = ;mz'y[}, a_, = :ml(o’;l_ - /1), aO = ;(39 +
. -1 1
iVT5 +604%),a, = 0,0, = O,p = 25,00 = - (11 -

3iV15).

The corresponding solution of Eq. (3) is

u; = —(39 + iV15 + 6042) +

3m2y,
> —
o3
22l mt——————
ag3—4 —
( ——m tAle 77‘7303)
30mA(A—04)
8(734 . (31)
8m+ ) o
——m tAle 303
Case-8:

a_,=0a_,=0a = %(39 +iV15 +604%),a;, =
15(0‘3—1)/1’az _ 3y3 o= 0’3—1‘(1) _ %(11 _3 /—15)

am ~ 32m2’ 2m

The corresponding solution of Eq. (3) is

ug = (39 + iVT5 + 6042) +

30(a3—)A(m+ I3
(@5 =DAGm —6231:11+A13_"J30'3
8m
2
33 03
32m?2 (m + —”3—_’1+A1e—’7”303) ' (52)
2m
Case-9:
a_, = 1—85m2(—1 +D)%a_, = —%Sm(—l + DA, a0 =
5 2 - - — W 5
8( 1+/’{)1a1_01a2_0uu_ Zme_Z-

The corresponding solution of Eq. (3) is

15m?(-1+1)%

2
1
8l m-———
( —A1e’7+1+’1>

2m

Ug =18—5(—1 +2%) +

5m(—1+1)A
4;_’”(714”. (33)
—Alen+%
Case-10:
15 2
a_, = O!a—l = OiaO = ;(_1 +/1 ),al =
_15(1+2) _15(1+0)% 0 144 w=?2
4am 727 gmz om’ 2
The corresponding solution of Eq. (3) is
152(1+2) (M————)
15 —-Atel+5 =
u10=?(_1+/’12)_ Y Zm +
15(14+4)2 (m—————)2
(1+)*(m —A1e’1+%) )

8m?2
Case-11:

@, ="m?(1+ D% e, = —2mA(1+2),a, =

18—5(_1‘}‘2.2),(11 = O!aZ = Onu = _ﬂ;w =§

2m

The corresponding solution of Eq. (3) is
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_ 15mA(1+1) 15m?(1+21)?
1 = = o E ) : ES—
A1e‘71+_21;l}‘ A1e‘n+_21n+1)“
15(=1+42)
— (35)
Case-12:
15 2
a_, = Ola—l = O,ao = ?(_1 +A )!al =
_15(=14+2)4 _ 15(-1+4)2 _-1#4 S
am 2T gz BT 2m '
The corresponding solution of Eq. (3) is
1 2 2
15 —14+A2
B (m+ e—n+-2;f) (-1+2) )
Uiz = 8m?2
1
15(mt———— (- 1+)A
Ale™ N
* tam + 51+ 2. (36)
a4m 8

4. Results and Discussions

The new traveling wave solutions of time-fractional mCH
and mDP equations are offered above and the results are
supported with 3D and 2D plots. The graphical delineation
of the solutions in Eq. (14), Eq. (16), Eq. (20), Eqg. (28), Eq.
(33) and Eq. (34) is presented in Figs. 1-8 for some values

of the parameters.

Figure 1. 3D and 2D graphs of Eq. (14) form=1,A=2, =
0.5,A1 = 15 (t = 1 for 2D plot).

Figure 2. 3D graphs of real and imaginary parts of Eq. (16) for
m=11=3,8=05A1=4.

Imv3(x,t)

NN

-10

Figure 3. 2D graphs of real and imaginary parts of Eq. (16) for
m=1,1=3,=05A1=4,t=1.

Figure 4. 3D and 2D graphs of Eg. (20) for m = 0.2,4 =
2.5,A1 =10, = 0.5 (¢ = 1 for 2D plot).

Reuy(x.t)

~—_

Figure 5. 3D graphs of real and imaginary parts of Eq. (28) for
A=08m=1A1=0.6,=0.5.

Reuy(x,t) ImlfA (x,t)

il

=

Figure 6. 2D graphs of real and imaginary parts of Eq. (28) for
1=08m=1A1=06,8=05,t=1.

| "

Figure 7.3D and 2D graphs of Eq. (33) form = 1,4 = 0.01,A1 =
5, = 0.5 (t = 1 for 2D plot).
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’Tumr(x.t)
g %5 uo(x,t)

=
10 "

Figure 8. 3D and 2D graphs of Eq. (34) for m=4.7,A =
0.3,A1 =0.5,8 =0.5(t = 1 for 2D plot).

It is observed that the solutions reported in this study in
Egs. (14-36) have different structures when compared
with the solutions obtained in Wazwaz (2006), Wazwaz
(2007), Khatun and Akbar (2024). The dependability and
the effectiveness of the (m + 1/G")-expansion method
are highlighted together with these figures.

5. Conclusion

In conclusion, the new exact wave solutions of the beta
time-fractional mCH and mDP equations are evaluated by
using the (m + 1/G')-expansion method together with
Mathematica software. This method has served as a
powerful and an adaptable method to handle in analyzing
the nonlinear wave propagation. The exact solutions
reported in the present paper have yielded important
perceptions for the dynamics of the nonlinear wave
propagation. The results may be used to forecast many
phenomena such as fluid mechanics, hydrodynamics and
optical fibers. For further studies, this method can be
used for many other NLPDEs to prove the new exact wave
solutions.
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Abstract

Transportation refers to a process based on the movement of
people or vehicles from one place to another. Sea routes and
roads have existed for centuries. They generally play a very
important role in people's daily life, trade and industrial
activities. Highway, a mode of transportation, is the first
preferred mode of transportation worldwide. However, various
signs and rules have been set by the authorities to prevent chaos
on the highways. Traffic signs are the most important of these
rules. In this study, transfer learning models (VGG16, VGG19,
Xception and EfficientNet) are used to classify traffic signs using
a state-of-art traffic signs dataset (German Traffic Sign Detection
Benchmark-GTSDB). Accuracy was used as the classification
evaluation criterion. The CNN model designed for the study gave
the best result with an accuracy rate of 98% and a model
competing with the literature was proposed.

Keywords: Trafik isareti gériintileri; gérinti isleme; siniflandirma;
transfer 6grenme

Afyon Kocatepe Universitesi

Oz

Ulasim, insanlarin veya araglarin bir yerden bagka bir yere
hareketine dayanan bir sireci ifade eder. Deniz yollari ve
karayollari ylzyillardir var olmustur. Genellikle insanlarin ginliik
yasaminda, ticaretinde ve endstriyel faaliyetlerinde ¢ok 6nemli
bir rol oynarlar. Bir ulasim sekli olan karayolu, diinya genelinde
ilk tercih edilen ulasim seklidir. Ancak karayollarinda yasanan
kaosu onlemek igin yetkililer tarafindan cesitli isaretler ve
kurallar belirlenmistir. Trafik isaretleri bu kurallarin en
onemlisidir. Bu galismada, transfer 6grenme modelleri (VGG16,
VGG19, Xception ve EfficientNet) son teknoloji bir trafik
isaretleri veri kiimesi (German Traffic Sign Detection
Benchmark-GTSDB) kullanilarak trafik isaretlerini siniflandirmak
icin kullanilmigtir. Siniflandirma degerlendirme kriteri olarak
dogruluk kullanilmigtir. Calisma igin tasarlanan CNN modeli %98
dogruluk orani ile en iyi sonucu vermis ve literatlrle yarisan bir
model 6nerilmistir.

Anahtar Kelimeler: Traffic sign images; image processing; classification;
transfer learning

1. Introduction

Transportation is a fundamental necessity that enables
people to move from one place to another and is an
instinctual  phenomenon  for  humanity.  Basic
transportation routes like sea and road have been in
existence for centuries. Factors such as wars between
countries, the development of trade, and air
transportation have led to the evolution of various
platforms in the field of transportation. Especially, road
transportation is a preferred mode of transportation for
many countries, including Turkey. Various signs and rules
have been developed to ensure order in road traffic, and
these traffic signs are a significant part of this order.
Computer technologies have made groundbreaking
advancements in data storage and processing fields.
These developments have contributed significantly to the
progress of artificial

intelligence  technologies,

particularly. Significant innovations have been made in

various artificial intelligence fields such as image
processing. Deep learning methods have accelerated
enabled the

development of products that add value in various fields

image processing processes and
such as transportation (Mete et al., 2022), healthcare
(Orhan & Yavsan, 2023),

Osmanpasaoglu, 2023; Yavsan & Ucar, 2015).

and more (Barstugan &

In this study, VGG16, VGG19, Xception, and EfficientNet
transfer learning methods were employed for the
classification of traffic signs related to road transportation
in Turkey. Performance metrics such as accuracy,
precision, recall, and F1 score of the methods used were
examined. According to the evaluated performance
criteria, the model with the best results achieved an
accuracy rate of 98% with the Xception model. The
flowchart of the study is presented in Figure 1.
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Figure 1. Architecture of the study.

The second section in the remainder of the study covers
the literature review; the third section encompasses the
data sources and models used in the study; the fourth
section includes performance evaluation metrics and the
performance results of the models. The evaluation of the
results and comparisons with examples from the
literature are presented in the fifth.

2. Literature Review

Traffic
transportation. With these signs, road transportation

signs are of great importance in road
continues within the framework of the rules without
interruption. In order to prevent human error with the
developing artificial intelligence techniques, many
researchers have developed systems to recognize these
traffic signs with image processing techniques and
specially to warn tired drivers. Many published works by
researchers show that this topic is frequently studied. For
the study, the author has reviewed some important
papers in this area to properly select the proposed model
and performance metrics and to understand the practical

significance of the related work.

In their study, Yildiz and Dizdaroglu proposed a new
method based on image processing for traffic sign
detection (Yildiz & Dizdaroglu, 2019). In the feature
extraction phase, they improved the performance of their
proposed method by considering both color information
and geometric shapes of traffic signs. They used RGB color
space in their study. Maldonado et al. classified traffic
signs according to their color and shape using a Linear
Support Vector Machine (SVM) (Maldonado-Bascon et al.,
2007). They then used SVMs with Gaussian kernels to
recognize the content of the signs. Ruta et al. developed
an image representation method called Color Distance

Transform. All these methods work on the principle of
difference maximization. They also emphasized that the
Color Distance Transform method is better than the
Principal Component Analysis (PCA) and the AdaBoost
method and used the K-Nearest Neighbor model as the
classification model (Ruta et al., 2010). Before the
classification process, Chen et al. divided the traffic signs
into 6 different categories according to their colors and
shapes. They used Simple Vector Filter for color
segmentation and Hough transform and curve fitting for
shape analysis. The classification of the signs was
performed by classifying the features obtained with
Pseudo-Zernike moments with SVM (Chen et al., 2011). In
their method, Fleyeh et al. tried to find the most effective
parts of the traffic sign images in the classification process
using the PCA model and expressed the importance of
these parts by calculating weights from the most effective
of the the
classification process using Euclidean distance (Fleyeh &

eigenvectors signs. They performed
Davami, 2011). Ciresan et al. achieved 99.46% success in
their proposed model using the German Traffic Sign
Detection Benchmark (GTSDB) dataset (Ciresan et al.,
2012). Sermanet et al. used Folded Neural Networks, a
biology-inspired multilevel structure that automatically
learns the hierarchy of invariant features on the GTSDB
dataset. They achieved 99.17% success by applying this
method on gray level images (Sermanet & LeCun, 2011).
Cetinkaya and Acarman obtained 91% precision, 94.76%
recall, 92.74% recall and 92.74% F-score results in
classification results after segmentation with deep
learning (Cetinkaya & Acarman, 2020). Yuan et al.
obtained 89.65% precision, 87.84% recall, 88.84% recall
and 88.73% F score results in their study on GTSDB
dataset (Yuan et al.,, 2015). Ellahyani et al. obtained

90.13% precision, 91.07% recall and 90.60% F-score
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results in their study on GTSDB dataset (Ellahyani et al.,
2016). Torres, et al. obtained 94% precision, 91% recall
and 93% F-score results in their study on GTSDB dataset
with Fast R-CNN (Torres et al., 2019). T. Palandiz et al.
studied a CNN (Convolutional Neural Networks) model
trained with three different deep learning methods,
namely ResNet50, MobileNetV2 and NASNetMobile. With
the ResNet50 method, they obtained an accuracy of
78.75% on the test data. They obtained 48.12% accuracy
for MobileNetV2 and 41.56% accuracy for NASNetMobile
(Palandiz et al., 2021).

Kuguk et al. performed 15 different classifications using
14,780 images from the videos obtained to create the
Traffic dataset with R-CNN. They used 1000 images for
each classification. To create the training dataset, they
used a road camera placed on the windshield of a
personal vehicle and video camera data from traffic lights
and traffic signs on the roads of Selguklu and Meram
districts of Konya province. They trained an artificial
neural network model using the data set obtained from
the personal vehicle and achieved 90% accuracy in this
experimental study. After the traffic sign and lamp
recognition system, they developed a lane recognition
and curve detection system for an autonomous vehicle
platform. With this system, the steering angle of the
vehicle was calculated, and the steering of the vehicle was
controlled autonomously with a PID controller (Kiguk et
al., 2021).

Ortatas and Cetin created an individual data set at Gazi
University. They resized the dimensions of the positive
images that make up the dataset to vary approximately
95x95 and 110x110. They
experiments with machine learning models with different

between conducted
numbers of data sets belonging to a signboard. They
obtained accuracy values between 69.23%-90% in the
classification study on a total of 10 different classes such
as Traffic Lamp, Stop Sign, Parking Sign, No Left Turn Sign,
Stop Sign, No Entry Sign, Forward and Right Obligatory
Direction Sign, No Parking Sign, Road Closed to Traffic
Sign, Forward and Left Obligatory Direction Sign (Ortatas
& Cetin, 2023). Hasgelik performed a classification study
on a dataset with 12.629 images. Of the images in the
dataset, 11.366 images were used for training and 1263
images were used for testing. Recognition rate of 17 signs
was realized between 56%-85% (Hascelik, 2021). In their
study on the GTSRB dataset, designed a CNN model using
the deep learning library TensorFlow for real-time
recognition of 6 different traffic signals. The classification
success of the model they designed is 99.94% (Shustanov
& Yakimov, 2017). Thanh achieved 96% success on more

than 500 test data in the model he designed with MLP
after PCA (Thanh, 2014). Bueno et al. classified 9 different
traffic signs in a Spanish traffic sign dataset. In
combination with a two-layer perceptron network, they
achieved 98.72% accuracy on a dataset of 78 images for
testing (Vicen-Bueno et al., 2007). Hannan et al. obtained
a success rate of 84.4% on a test data set of 300 images

with two layers (Hannan, et.al., 2014).

3. Material and Methods

This section of the study includes the dataset, the
designed CNN model and the transfer learning models.

3.1. Data Source

The dataset used in the study was introduced at the IEEE
International Joint Conference on Neural Networks in
2013 (Houben et al., 2013) . The dataset consists of 900
images (600 for training and 300 for testing). Researchers
have categorized signs of similar visuals into three
categories:

e  Prohibitory signs (red, circular)

e danger signs (red, triangular)

e Mandatory signs (blue, circular)

3.2. Data Prepration

The publicly shared dataset is prepared and annotated
according to Object Detection algorithms. The images are
annotated with an XML file containing folder, file name,
path, source, size, partitioned, object tags. In addition,
object tags containing the desired attributes such as
name (class), bndbox (xmin, ymin, xmax, ymax) are also
included.

3.3. EfficientNet

Convolutional Neural Networks (CNN) are a special kind
of neural network for processing data and use a grid-like
structure (Tan & Le, 2019). Convolutional is a special kind
of linear operation. In simpler terms, CNNs are neural
networks that use convolution instead of general matrix
multiplication in at least one layer (Kabakus & Erdogmus,
2022). The CNN model designed for the study consists of
3 convolution layers and 1 fully connected layer. The first
convolution layer consists of 8 different 3x3, 16 different
3x3 filters, Dropout and MaxPooling layers. The second
convolution layer consists of 32 different 3x3 filters,
Dropout and MaxPooling layers. The third convolution
layer consists of two 64 different 3x3 convolution layers
and a MaxPooling layer. The fully connected layer consists
of Flatten, Dense and Dropout layers. Dropout value is set
to 0.2.
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3.4. VGG16 and VGG19 Models

VGG16 is one of the most widely used architectures in
computer vision and can extract the necessary features
from images for classification. The input image size of this
model is 224x224xChannel Number as proposed. VGG16
consists of 16 layers, hence the "16" in the name (Khaliki
& Basarslan, 2024) These layers consist of successive
dense convolutional and pooling layers. It performs image
processing using small 3x3 filters. The dense layers are
located at the end of the model. VGG19 has a similar deep
learning architecture to VGG16. The difference between
the two models is that VGG19 has more layers than
VGG16. The higher number of deep layers allows to
extract more complex features in large datasets and
achieve higher accuracy.

3.5. Xception Model

which
Inception"”, is based on the Inception model and was
designed by Frangois Cholet (Chollet, 2016) . Composed
of 71
convolutions that make the convolution process more

The Xception model, stands for "Extreme

layers, the Xception model uses separable
efficient and computationally more efficient. These
transformations perform the convolution process in two
stages, first the intra-channel (depthwise) transformation
and then the inter-channel (pointwise) transformation.
Xception can be used especially effectively in visual tasks
such as image classification, object detection and image
segmentation. Figure 3 shows the revisions made to the
proposed models for the study. The hyperparameters
used to train the models are presented in Table 1.

4. Experimental Results

In this section, the performance evaluation metrics of the
models used in this study and the performance results of
the models are presented.

4.1. Performance Metrics

The confusion matrix in Figure 2 shows the predicted
values and the actual values because of the classification

Table 1. Hyperparameters used to train the models.

performance of the models. The mathematical calculation
formulas for the Accuracy (A), Precision (P), Recall (R) and
F-score (F) metrics obtained using CM are given in Eq. (1),
Eq. (2), Eqg. (3), and Eq. (4) respectively.

ACTUAL
Positive Nepgative

)

3 TP FP
o E (True Positive) (Fals= Positive)
E -8
)
g
o FN TN

(False Megative) || (True Nagative)
Figure 2. Confusion matrix.

TP *TN

(1)

T TP+TN+FP+FN

po _TP 2)
TP + FP
TP
T TP+FN (3)
F=2x2:% (4)
P+R

5. Experimental Results

In this section, the experimental results obtained from
the data set used in the study are given.

As seen in Table 2, the classification performance results
of the transfer learning models used in the study are
presented. The Xception model achieved the best result.

The training-test accuracy and loss graphs of VGG16,
VGG19, EfficientNet, and Xception are given in Figure 3
through Figure 6. Accuracy and Loss graphs of VGG16,
VGG19, Xception and EfficientNet models
performance results are analyzed in this study are given

whose

in Figure 4, Figure 5, Figure 6 and Figure 7 respectively.

Hyperparameters for Training

Models Epoch Batch Size Optimizer Learning Rate  Dropout Loss Function

VGG16 10 16 Adam 0.001 0.2 Categorical Cross Entropy
VGG19 10 16 Adam 0.001 0.2 Categorical Cross Entropy
Xceptipn 10 16 Adam 0.001 0.2 Categorical Cross Entropy
EfficientNet 10 16 Adam 0.001 0.2 Categorical Cross Entropy
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The results of the models created with VGG16, VGG19,
Xception and EfficientNet are given in Table 2. The
training and test accuracy loss graph matrix of VGG16,
VGG19, Xception and EfficieintNet models are given in
Figure 4 to Figure 7. As seen in Figure 4, the model is
robust. The VGG19 model shown in Figure 5 is an outlier
at Epoch 7 in the validation set compared to VGG16
shown in Figure 4.

VGG16e

16 Convolutional Layers

The Last Three Layers

Revised VGG16 Model

Figure 6 shows that the Xception method had a more
robust training process than the other two transfer
learning methods. Figure 7 shows that the EfficientNet
model has a good training process compared to VGG16
and VGG19, but one step behind the Xception transfer
learning method. The confusion matrix of the Xception
model, which gives the best result in the study, is given in
Figure 8. The explanations of the label numbers in the
confusion matrix shown in Figure 8 are given in Table 3.

VGG18e

16 Convolutional Layers

The Last Four Layers

1 x 1 x 1000 Fully Connected Layer [

1 x 1 x 128 Fully Connected Layer

1 x 1 x 1000 Softmax Acfivation
Classification
1 x 1 x 1000 Output

1000 Classes

VGG19
19 Convolutional Layers

The Last Three Layers

Revised VGG19 Model

1x 1 x 128 RelU Activation
1 x Dropout Layer (0.2)
Classification

1 x 1 x 43 Oufput

43 Classes

VGG19

19 Convolutional Layers

The Last Four Layers

1x 1 x 1000 Fully Connected Layer I

1 x 1 x 128 Fully Connected Layer

1 x 1 x 1000 Sofftmax Acfivation
Classification
1 x 1 x 1000 Output

1000 Classes

EfficientNet

53 Convolutional Layers

The Last Three Layers
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Figure 3. Revised Transfer Learning Models.

Table 2. Results of the models used in the study.

Metrics
Methods Accuracy Precision Recall F-Score
VGG16 91 88 88 88
VGG19 92 89 89 89
Xception 98 98 98 98
EfficientNet 96 95 95 94
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Table 3. Descriptions of the label numbers in the confusion matrix of the Xception model.

Label Definition Label Definition
1 Speed Limit 20 22 Forced Right Turn
2 Speed Limit 30 23 Winding Road
3 Speed Limit 40 24 Kasis
4 Speed Limit 50 25 Slippery Road
5 Speed Limit 60 26 Contraction on the Right
6 Speed Limit 70 27 Work on the Road
7 Speed Limit 80 28 Traffic Sign Warning
8 80 End of Speed Limit 29 Spring Crossing
9 Speed Limit 90 30 School Crossing
10 Speed Limit 100 31 Bicycle Path
11 Speed Limit 120 32 Icy Floor
12 No Overtaking 33 Level Crossing
13 Truck Cannot Overtake 34 Wild Animal
14 Secondary Road Junction 35 End of All Bans
15 Highway 36 Forced Right Turn
16 Give way 37 Forced Left Turn
17 Stop 38 Straight Ahead
18 Truck 39 Go to the Right
19 Dead End 40 Crossroads
20 Danger 41 Go Left
21 The Tame Animal Can Come Out 42 The End of the Overtaking Ban
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
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Figure 8. Confusion matrix of Xception model.
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Table 4. Previosly study traffic sign similar Datasets.

References Models A (%)
Ciresan et al., (2012) DCNN 99
Sermanet & LeCun, (2011) CNN 99
Cetinkaya & Acarman., Segmentation with 9
(2020) deep learning
Yuan et al., (2015) Graph based 88
. HSI based 90
Ellahyani et al., (2016) .
segmentation
Torres et al., (2019) Faster R-CNN 91
Palandiz et al., (2021) ResNet50 78
Kicik et al., (2021) R-CNN 90
Ortatas & Cetin, (2023) CNN 90
R-CNN,
Hasgelik, (2021) Fast-R-CNN Faster- 85
R-CNN
Shustanov & Yakimov., CNN 99
(2017)
Yakimov, (2017)
Thanh, (2014) MLP 96
Vicen-Bueno, (2007) MLP 98
Hannan, et.al., (2014) 2 MLP 84
VGG16 91
VGG19 92
The Present .
Xception 98
EfficientNet 96

6. Results and Discussion

Competitive results have been achieved compared to
similar studies in the literature. The results are presented
in Table-3 by comparing them with related work in the
literature. Working with image processing techniques for
traffic signs holds paramount significance in the realm of
transportation and, primarily, for human safety. In line
with this objective, this study aims to enhance road
transportation safety by employing artificial intelligence
techniques to detect traffic signs. The results obtained
from the transfer learning models used in this study have
demonstrated competitive performance when compared
to the outcomes of existing studies in the literature, as
shown in Table II. As a conclusive outcome of this study,
it is strongly recommended that CNN-based transfer
learning models be prioritized for detection tasks
pertaining to all types of transportation signs, with a
particular emphasis on road traffic signs. Specifically, the
Xception model, employed in this study, has exhibited a
higher accuracy rate compared to the VGG16, VGG19, and
EfficientNet models. The application of image processing
techniques to traffic signs holds critical importance for
transportation safety and, ultimately, human life. This
study has contributed to the ongoing research efforts in
this domain. In the future, more comprehensive studies
encompassing different modes of transportation, such as

air travel, are envisioned. The transfer learning methods
used in this study are planned to be used in combination
with esnemble methods in the future
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Cig inek Siitiinde Bazi Minerallerin ve Agir Metallerin

Belirlenmesi

Neslihan YILDIZ KUCUK™"=', Ramazan GOKCEK

Mus Alparslan University, Vocational School of Social Sciences, Department of Hotel, Restaurant and Catering Service, Mus, Tiirkiye

0z
Sut, saglikli ve besleyici bir gidadir. Tim yas gruplarinda

tiketilebilmesi  ve  kolay  ulagilabilir ~ olmasi  sitiin
beslenmemizdeki Onemini artirmaktadir. Teknolojik
gelismelerin  artmasiyla birlikte c¢evre kirliligi de artis

gostermektedir. Bu kirlilik sonucunda agir metaller ve metal
karisimli bilesikler, besin zinciri yoluyla hayvanlara ve insanlara
gegcmektedir. Bu durum ise canl saghgini olumsuz bir sekilde
etkilemektedir. Ayrica bazi mineral maddelerin asiri miktarda
vicuda alimi da toksik olabilmektedir. Agir metallerin gidalara
bulasmasi gesitli yollarla ortaya ¢ikmaktadir. Sit ve peynir gibi
asidik nitelikli gidalarin  Uretiminde kullanilan  kaplarin
bilesimindeki metallerin ¢6ziinerek Uriine gegcme riski diger
gidalara gore daha kolay meydana gelmektedir. Bu amagla
arastirmamizda, Mug ilinin farkli bélgelerinden toplanan 10 adet
¢ig inek sutlu oOrneginde, kalsiyum, magnezyum, sodyum,
potasyum, ginko, demir, bakir, mangan minerallerinin ve kursun,
kadmiyum agir metallerinin miktari Atomik Absorbsiyon
Spektrometresi cihazi ile belirlenmistir. Numunelerin kursun,
kadmiyum, demir, bakir ve mangan igerikleri sirasiyla 0.40+0.01-
0.1940.01, 0.38+0.00-0.20+0.00, 1.96+0.01-0.24+0.01,
0.50%0.00-0.11+0.00 ve 0.20%0.00-0.12+0.00 mg/L olarak
belirlenmistir. En ylksek kalsiyum (433.45+0.00 mg/L) ve
potasyum (1146.25+0.02 mg/L) seviyeleri S10 numunesinde
tespit edilmistir. En disik magnezyum (197.81+0.00 mg/L) ve
sodyum (661.17+0.01 mg/L) seviyeleri S3 numunesinde
bulunmustur. Orneklerin ginko icerikleri 8.25+0.00-14.51+0.00
mg/L arasinda degismektedir. Elde edilen sonuglar, sltte
mineral madde miktarini ve agir metal bulagmasini etkileyen
faktorler gz onlinde bulundurularak degerlendirilmistir.

Anahtar Kelimeler: Cig inek siitii; Agir metal; Mineral igerik; AAS

Afyon Kocatepe Universitesi

Abstract

Milk is a healthy and nutritious food. Its ability to be consumed
by all age groups and its easy accessibility increase the
importance of milk in our diet. As technological developments
increase, so does environmental pollution. As a result of this
pollution, metals and metal mixtures reach animals and humans
through the food chain. This situation negatively affects the
health of living organisms. In addition, excessive intake of some
mineral substances can also be toxic. The contamination of
heavy metals in food occurs through various pathways. The risk
of metals in the composition of the containers used in the
production of acidic foods such as milk and cheese dissolving
and passing into the product is more likely to occur than in other
foods. For this purpose, in our research, 10 samples of raw cattle
milk collected from different regions of Mus province were
analyzed for the amounts of calcium, magnesium, sodium,
potassium, zinc, iron, copper, manganese, and heavy metals
lead and cadmium using Atomic Absorption Spectrometry
device. The samples' lead, cadmium, iron, copper, and
manganese contents were determined as 0.40+0.01-0.19+0.01,
0.38+0.00-0.20+0.00, 1.96+0.01-0.2440.01, 0.50+0.00-
0.11+0.00 and 0.20%0.00-0.12+0.00 mg/L, respectively. The
highest levels of calcium (433.45+0.00 mg/L) and potassium
(1146.2520.02 mg/L) were detected in sample S10. The lowest
levels of magnesium (197.81+0.00 mg/L) and sodium
(661.1740.01 mg/L) were found in sample S3. The zinc contents
of the samples varied between 8.25+0.00-14.51+0.00 mg/L. The
results obtained were evaluated considering the factors
affecting the amount of mineral substances and heavy metal
contamination in the milk.

Keywords: Raw’s cow milk; Heavy metal; Mineral content; AAS

1. Introduction

Milk is preferred by consumers due to its high biological
value, numerous health benefits, easy accessibility, and
affordability. It is considered a complete food due to its
composition of proteins, essential fatty acids, lactose, and
mineral contents (Meshref et al. 2014, Licata et al. 2004,
Enb et al. 2009). Milk is a source of macroelements such
as Ca (calcium) and P (phosphorus). Additionally, milk may
contain microelements and heavy metals. Microelements
such as copper (Cu), iron (Fe), selenium (Se), and zinc (Zn),

which are important for growth, are referred to as trace
elements. While a certain amount of these elements is
necessary for the body, high levels can have adverse
effects on human health (Varol and Stinbil 2020, Qin et
al. 2009, Kazi et al. 2009). Metals generally serve as
cofactors for many enzymes and play a crucial role in
various physiological functions of humans and animals.
The deficiency of these essential elements, vital for living
in the entire

organisms, can lead to disruptions

physiological system (Khan et al. 2014).
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Heavy metals, which are not naturally present in the
structure of food, contaminate food from water, soil, and
air, as well as from metallic tools and equipment used
during production, and packaging materials used during
storage and distribution (Tlirkozl et al. 2014). However,
environmental pollution caused by human activities,
industrial pollution, and agricultural practices increases
the probability of heavy metals being present in food.
Lead (Pb), cadmium (Cd), nickel (Ni), cobalt (Co), and
arsenic (As) are among the heavy metals that
contaminate food (istanbulluoglu et al. 2013, Enb et al.
2009, Algan et al. 2012). Heavy metal toxicity varies
according to factors such as age, gender, intake level,
exposure route and duration, metal oxidation state,
solubility, intake frequency, absorption amount, and
excretion mechanisms/efficiency (Khan et al. 2014).

The contamination of milk and dairy products with heavy
metals can occur due to the tanks, machinery, and
equipment used during milking, transportation,
production, and storage of dairy products. Additionally,
heavy metals from different sources can contaminate the
animals that produce milk through the feed they
consume, the water they drink, and the air they breathe
(Safaei 2020, Ozturan and Atasever 2018,

istanbulluoglu et al. 2013). Furthermore, metals such as

et al

Cu, Zn, Fe, As, Cd, and Sn (tin) can also contaminate milk
and dairy products through the processing water used in
the production process (Ozturan and Atasever 2018).
Therefore, determining the concentration of heavy
metals in milk and dairy products is not only an indicator
of the product's safety but also provides information
about the level of pollution in the environment where the
animals that provide the milk live and feed (Kilig and
Bozkaya 2017).

Several heavy metal contaminations, including Pb, Cd, Zn,
Co, Cu, Fe, Ni, As, Se, aluminum (Al), chromium (Cr), and
manganese (Mn), have been identified in milk and dairy
products in various research studies (Al Sidawi et al. 2021,
Sarsembayeva et al. 2020, Safonov 2020, Licata et al.
2004, Jorhem et al. 1991, Coni et al. 1996, Chirinos-
Peinado and Castro-Bedrifiana 2020, Campillo et al.
1998). Chary et al. (2000) found Zn, Cr, Cu, Ni, Co, and Pb
content in soil, plant, and milk samples, demonstrating
that contamination in soil and plants also affects milk and
other plant products.  Chirinos-Peinado and Castro-
Bedrifiana 2020, Campillo et al. 1998). Chary et al. (2000)
found Zn, Cr, Cu, Ni, Co, and Pb content in soil, plant, and
milk samples, demonstrating that contamination in soil
and plants also affects milk and other plant products. The
conducted in the

studies have generally been

environments where the researchers are located,

providing information about the contaminations in those
regions (Temurci et al. 2006, Simsek et al. 2000, inci et al.
2017, Bigucu et al. 2016, Ayar et al. 2007).

Heavy metals, when ingested through food, can lead to
health their
concentrations and the tissues in which they are stored.

various problems depending on
These health issues include various types of cancer,
cardiovascular diseases, organ failures, and various
irregularities in the body (Saei-Dehkordi and Fallah 2011,
Ozlii et al. 2012, Jarup 2003, Boudebbouz et al. 2021). The
toxic effects of heavy metals are particularly observed in
the brain and kidneys. The accumulation rate of heavy
metals in the body is influenced by the individual's age,
nutritional status, and the chemical structure of the metal
(Hu 2002). High levels of Cd intake can lead to liver and
kidney failure; Pb can cause mental and physical
developmental delays in children, kidney failure and high
blood pressure in adults; Hg can lead to inflammatory
rheumatism, irregularities in the kidneys, nerves, and
circulatory system; As can cause circulatory disorders and
cardiovascular diseases. High levels of Zn in the body can
lead to skin irritations, vomiting, and stomach cramps;
and high concentrations of Ni can cause kidney and lung
cancer (Tlrkozd and Sanlier 2012, Azimi et al. 2017).

In terms of food safety, it is crucial to regularly analyze
milk and dairy products for heavy metals. Therefore, our
study was conducted to provide information on the
mineral content and the presence of heavy metals in raw
milk from the specified region, which is important for
human health. Additionally, the mineral and heavy metal
content of raw milk was evaluated taking into
consideration the animal's diet, the materials used in
milking, the equipment used in milk storage, and the

industrial and traffic density of the location.

2. Materials and Methods
2.1 Study area and sampling

In this study, 10 samples of raw cow's milk obtained from
different regions of Mus province in Tiirkiye were used
(Figure 1). The location of the raw milk samples and their
sample codes are given in Table 1. The milk collected from
different regions was placed in 100 mL sample containers
and stored at -20°C until the day of analysis.

2.2 Preparation of samples and AAS analysis

The samples were prepared by modifying the method
used by Kilic and Bozkaya (2017). 27 mL of raw milk
sample was mixed with 23 mL of 20% TCA (trichloroacetic
acid) solution and left at room temperature for 10
minutes. The mixture was then transferred to 50 mL
centrifuge tubes and centrifuged at 4°C-4100 rpm. After
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centrifugation, the serum part (40 mL) was transferred to
a round-bottom flask and 4 mL of concentrated nitric acid
(HNOs) was added. The mixture was heated at 200°C until
the volume was reduced by half. The approximately 20 mL
sample was then cooled to room temperature on a
heating plate. Subsequently, 2 mL of concentrated HNO3z
was added and the sample was evaporated at 200°C for
15 minutes.

Table 1. Sample code and regions

After cooling to room temperature, 4 mL of 30%
Hydrogen Peroxide (H202) and 2 mL of concentrated
sulfuric acid (H2SOs) were added. The solution was
evaporated at 200°C for 15 minutes until it turned brown.
The samples were then cooled to room temperature, and
2 mL of concentrated perchloric acid (HClIO4) was added.
After the sample became clear and the volume was
reduced to 10 mL, it was cooled to room temperature.
Distilled water was added to dilute the samples to 20 mL,
and they were centrifuged at 4100 rpm for 15 minutes.

Sample Regi
code eglons The serum parts were then transferred to centrifuge
s1 Mus/ Center/ Guzeltepe Neighborhood tubes and prepared for analysis. The analyses conducted
S2 Mus/ Center/ Giizeltepe Neighborhood on the Atomic Absorption Spectrometer (AAS) device
S3 Mus/ Center/ Giizeltepe Neighborhood (Agilent 240FS AA) involved the calibration curves of Pb,
sS4 Mus/ Center/ Giizeltepe Neighborhood Cd, Fe, Cu, Mn, Ca, Mg, Na, K, and Zn elements using 1000
S5 Mus/ Center/ Ozdilek Village mg/L ICP multi-element standard solution IV stock
S6 Mus/ Center/ Ozdilek Village solution. The wavelengths of the elements are 217.0,
s7 Mus/ Center/ Ozdilek Village 228.8,248.3,324.8,279.5,422.7, 285.2, 589.0, 766.5, and
S8 Mus/ Center/ Ozdilek Village 213.9 nm, respectively. After the calibration curves were
s9 Mus/ Center/ Agaclik Village drawn, the amount of each element (mg/L) in the samples
S10 Mus/ Center/ Sungu Town was determined.
Nadaslik or et
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Kook Bozbulut & Boyuncuk Abulbaha
i Alican o
Eralani  E9 '99 [ D955 | KirkGy Yazla
9 Q(akem
Glve
Durugoze
Yorecik Kizilagac 9 9
adimli { D955 |
cucimi Harman Q:el’ > " Gukurbag
Toprakkale Baglay
9 Cogiirlu Tabanl Yir
Agachk Suadu
Karlidere Mus | D300 |
Donatim
Saghk
(D300 | DUZkIS'a
Figure 1. Map of the study area
Table 2. Amounts of heavy metals and minerals in raw cow milk (MeanS.D.) (mg/L)
w
< Elements
Q
£
v Pb cd Fe Cu Mn Ca Mg Na K Zn
S1 038001  0.20£0.00 0.97:0.02  0.11:x0.00  0.12#0.00  118.10:0.00  230.360.00  1119.54+0.07  228.80:0.01 9.85+0.01
§2 037001  0.30£0.00 1.96:0.01  0.19:0.00  0.18#0.00  217.07:0.02  294.19:0.00  1312.16+0.05  466.43+0.01 10.69+0.00
§3  021#0.01  0.26£0.00  0.34:0.02  0.23#0.00 0.14+0.00  21547+0.00  197.81#0.00  661.17+0.01 463.09+0.01 10.03£0.00
S4 027001  0.30£0.00 0.24+0.01  050£0.00 0.17+0.00  328.80:0.01  262.02¢0.01  770.40+0.01 604.17+0.02 8.25+0.00
S5  0.40£0.01  0.31#0.00  0.52:0.00  0.14:0.00  0.19+0.00  234.29:0.00  211.09:0.01  1494.51#0.02  347.57:0.01 14.51£0.00
S6  0.40£0.01  0.2840.00  0.72:0.07  0.11:0.00  0.17#0.00  231.47:0.00  252.40:0.01  2498.99+0.01  446.88:0.02 9.84+0.00
S§7  0.29:0.01  0.28£0.00  0.56:0.01  0.15:0.00  0.16£0.00  199.59:0.00  256.24%0.00  1247.56+0.02  379.51:0.04 13.55:0.00
S8  0.19:0.01  0.28#0.00  0.92:0.00  0.13:0.00  0.15£0.00  219.73:0.00  254.88:0.00  1241.71#0.02  635.57+0.05 10.08+0.00
S§9 021000 0.31#0.00  0.95:0.01  0.14#0.00  0.17+0.00  367.73¥0.00  249.17#0.00  709.23+0.04 637.44+0.05 12.05£0.00
S10 044001  0.38:0.00  0.60:0.01  0.14#0.00  0.20:0.00  433.45:0.00  254.91#0.00  1526.55:0.04  1146.25:0.02  14.18+0.00
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3. Results and Discussion

The amounts of Pb, Cd, Fe, Cu, Mn, Ca, Mg, Na, K, and Zn
detected in cow's milk obtained from different regions of
Mus are shown in Table 2. The contamination of the
environment with metals such as lead is a well-known
problem worldwide.

The increase in lead concentration in the air, soil, plants,
and water generally occurs as a result of the lead in
gasoline being emitted into the atmosphere by motor
vehicle exhaust gases. Industrial facilities, waste
incineration, and coal combustion are other sources that
contribute to the increase of lead in the atmosphere.
Therefore, it is likely that the levels of lead are high in

regions with intense industrialization.

Lead is a highly toxic element for the nervous, blood,
stomach, urine, and genital systems (Enb et al. 2009). It
has been found that the amount of lead in the samples
(Table 2) exceeds the limit specified for raw milk in the
Turkish Food Codex Contaminants Regulation (0.02
mg/kg) (URL-1). Since there is no residue limit specified
for other elements in the regulation, a comparison could
not be made. The presence of lead levels exceeding the
limit in the milk obtained from different settlements is
thought to be due to the animals being fed in areas close
to traffic. Animals in areas close to traffic may be exposed
to lead through both respiration and food. Indeed, in a
similar study conducted by Simsek et al. (2000), 75 raw
milk samples were examined for heavy metals. The
researchers reported that the lead levels detected in the
industrial and traffic areas exceeded the value specified in
the Turkish Food Codex Raw Milk Regulation, while they
were lower in rural areas. In a similar study conducted by
Cakir and Yarsan (2021), the average Pb levels in milk
samples collected from different regions of Turkey were
found to be 0.008+0.009 mg/L. It was reported that the
concentrations of Pb in 10 samples exceeded the value
specified in the Turkish Food Codex Contaminants
Regulation.

Cadmium is one of the most toxic metals. Additionally,
cadmium is a substance that can easily evaporate at the
operating temperatures of common industrial processes.
A large part of the cadmium in the atmosphere is released
as a result of burning iron scrap and metallurgical
processes. Therefore, the spread of industrial waste into
the environment poses a great risk. Cd leads to health
problems such as high blood pressure, prostate cancer,
mutations, and fetal (embryonic) death (Enb et al. 2009).
In addition, Cd can cross the placental barrier and can
cause neurotoxic problems (Boudebbouz et al. 2021). The

concentration of Cd in milk samples varied between

0.20+0.00-0.38+0.00 mg/L (Table 2). The detected
amounts of Cd were found to be higher than those
determined in studies by Qin et al. (2009) and Enb et al.
(2009)  (1.13-4.19 ug/kg, 0.070-0.112 mg/kg,
respectively), while they were similar to the values
detected by Bigucu et al. (2016) in the months of
November and December. The tolerable Cd intake has
been determined by the Expert Committee on Food
Additives (JECFA) as 0.007 mg/kg/week (Serencam vd.
2018). It was determined that the obtained results
exceeded the tolerable Cd limit.

Iron is an important mineral found in the structure of
hemoglobin, which carries oxygen to the tissues, and
myoglobin, which stores oxygen in the muscles. Milk is
quite poor in Fe content (0.2 mg/kg) (Tarak¢i and
Klgukoner 2005). Excess iron taken into the body can
cause tissue damage and organ failure and increase the
risk of cancer (Eid et al. 2017). When the Fe contents of
the samples were examined, it was determined that the
Fe amount of sample S2 (1.96+0.01 mg/L) was higher than
the other samples (Table 2). It has been reported that the
amount of Fe in milk varies depending on the species of
the animal and the lactation period, and that there is no
change due to nutrition sources (Gaucheron

2000). In a similar study conducted by Sucak et al. (2020),
the average Fe content of raw milk obtained from the
Mus region was determined to be 0.83+0.09 mg/L. The
intake of Fe mineral above the recommended amount can
cause a toxic condition (Boudebbouz et al. 2021). Indeed,
it was determined that the Fe content in the samples was
not higher than the daily Fe intake recommended (10-18
mg/day) (llgaz et al. 2020). However, the reason for the
higher amount of Fe mineral in the samples than naturally
found in milk could be the transfer of Fe from the
containers used for storage of milk after milking. Cu is
essential for normal human growth. However, its
excessive intake can lead to negative effects on human
health, in particular Wilson's disease, which manifests as
ceruloplasmin deficiency. Mn taken in high doses
seriously affects human health. It leads to deterioration
of neuromuscular and neurological control as well as
emotional and mental problems (Sidawi et al. 2021).
When the concentrations of Cu and Mn in the samples
were examined, higher levels of Cu were found in samples
S2, S3, and S4 compared to the other samples, while the
highest level of Mn was detected in sample S10 (Table 2).
In a study conducted by Cakir and Yarsan (2021), the
levels of certain elements in milk samples collected from
different regions of Turkey were examined. It was found
that the amount of Fe was lower in our study's data, while

the amount of Cu showed similarity. It was suggested that

842



Minerals and Heavy Metals in Milk, YILDIZ KUCUK and GOKCEK

cadmium was generally not detected in the samples. In
another study by inci et al. (2017), the levels of some
heavy metals in cow's milk produced in the Aydin
province were examined. It was observed that the Fe
content in the milk was higher than the values
determined in our study, while the Mn content was found
to be at lower levels. The daily tolerable intake of Cu
determined by JECFA is 0.5 mg/kg (Serencam et al. 2018).
The trace elements known as Cu and Mn in milk are found
to be 190-300 pg/L and 5-87 ug/L, respectively (Metin
2010). Indeed, it was determined that the amount of Cu
in sample S4 was higher than the naturally occurring
copper in milk, while normal levels of Cu were found in
the other samples. The Mn content was found to be
higher than the naturally occurring manganese in milk in
all samples.

The contamination of milk with iron, copper, and
manganese can occur due to factors such as the
equipment and containers used for milk transportation
feed,
pollutants, and milk processing stages. The levels of heavy

and storage, water sources, environmental
metals vary depending on the geographical region, animal
species, feed type, and processing methods. The high
content of heavy metals in animal feed increases the
likelihood of their presence in milk (Ozturan and Atasever
2018). Considering the levels of heavy metals detected in
milk in our study, it is thought that the contamination of
raw milk with heavy metals increases due to the
equipment and containers used for milk transportation

and storage, feed, and environmental factors.

The chemical and sensory properties of raw cow's milk
vary according to regional conditions, and therefore the
mineral content also varies. The mineral content varies
according to the breed and type of milk-producing animal,
lactation period, animal nutrition, health status, and
season (Metin 2010). The trace elements found in milk
generally originate from plant sources in the region where
the dairy animals are raised. Milk contains 0.75% mineral
matter (Ozturan and Atasever 2018).

The technological features in the formation of milk and its
importance in terms of nutrition are closely associated
with calcium, a crucial mineral. Calcium plays a significant
role, particularly in the developmental process of

children. Approximately 75% of the daily calcium
requirement is obtained from milk and dairy products
(Metin, 2010). Within the scope of our study, the calcium
content of the analyzed milks varied between
118.10+0.00-433.45+0.00 mg/L, as indicated in Table 2.
The lower calcium levels are presumed to be attributed to

the spring season when the milks were sourced. A similar

study identified fluctuations in the calcium content of
cow's milk from different regions of Canakkale, with a
decrease observed during the spring months (Bigucu et al.
2016). In another study, the mineral content of 106
samples of cow's milk from the Thrace region was
determined, with an average 43Ca value of 168 mg/L and
a 44Ca value of 278 mg/L (Oztiirk 2022). Various research
on mineral content in cow's milk has indicated calcium
levels ranging from 900 to 1200 mg/L (Sucak et al. 2020,
Ozturan and Atasever 2018, Efe 2008).

Magnesium is a mineral that supports bone and heart
health and regulates nervous system and muscle
functions (Fiorentini et al. 2021). Magnesium was
detected in the milk samples in the range of 197.81+0.00-
294.19+0.00 mg/L (Table 2). Generally, the magnesium
content of the samples shows similarity to each other.
Sodium is an essential mineral used in nutrition. It is
important for maintaining appropriate blood volume and
blood pressure. Excessive sodium intake is associated
with chronic kidney disease, cardiovascular diseases,
hypertension, and stroke (Patel and Joseph 2020). The
sodium content of the samples ranged from a minimum
of 661.17+20.01 mg/L to a maximum of 2498.99+0.01
mg/L. It was observed that the S6 sample had a higher
sodium content compared to the other samples (Table 2).
A diet rich in potassium has been found to have many
health benefits. These benefits include a lower risk of
cardiovascular disease, stroke, and blood pressure (Clegg
et al. 2020). The lowest potassium amount in the samples
was found in the S1 sample (228.80+0.01 mg/L), and the
highest potassium amount (1146.25+0.02 mg/L) was
detected in the S10 sample (Table 2).

Zinc is one of the most important minerals involved in
numerous biological functions. Due to its ability to bind
enzymes and transcription factors, it is considered a
versatile trace element. It is used in protein and collagen
synthesis (Chasapis et al. 2020). When examining the zinc
content of the milk samples, a variation in the range of
8.2510.00-14.51+0.00 mg/L was determined. Bigucu et al.
(2016) reported potassium, sodium, and magnesium
levels in cow's milk in the ranges of 19.86+0.387-
884.6+8.011 mg/L, 92.95+1.856-532.5+4.970 mg/L, and
12.44+0.371-248.7+1.998 mg/L, respectively. In another
study, the average magnesium, potassium, and sodium
levels in 100 examined milk samples were observed to be
82.2 mg/L, 1210 mg/L, and 249 mg/L, respectively (Oztiirk
2022). The magnesium content in milk analyzed in
Diyarbakir was determined to be an average of
135.9+48.9 mg/kg, indicating that the milk in Diyarbakir
province and its districts is rich in magnesium (Efe 2008).
In a study by Meshref et al. (2014), the zinc content of
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analyzed milks ranged from 2.73 to 18.316 mg/L. The
similarity in the mineral content of the examined milks
can be explained by the similarity in the plant presence in
the feeding areas of the animals. Additionally, the
quantity of minerals in the samples highlights the
influence of seasonal variations. The high sodium content
in the samples can be attributed to the generally sodium-
enriched nature of animal feeds and the increase in
sodium in the bodies of animals fed with these feeds,
leading to its transfer into milk.

4. Conclusion

The findings obtained indicate contamination with heavy
metals in milk samples, with the lead content exceeding
the limit specified for raw milk in the Turkish Food Codex
Contaminants Regulation. Since the regulation does not
specify limits for other heavy metals, comparisons could
not be made. Evaluation of trace elements in milk was
conducted based on their natural occurrence rates in
milk. In light of the literature, it is believed that heavy
metals and trace elements may contaminate milk through
various pathways. The mineral content of the samples
generally showed similarities. This is attributed to the
similarity in the soil and plant conditions where the dairy
animals are fed and the simultaneous collection of milk
within the same time frame. It was determined that
nutrition and seasonal factors are crucial in the variation
of mineral content. The presence of heavy metals in milk
poses a serious threat to health. High consumption of
these substances can lead to kidney diseases, cancer,
neurological disorders, and other health problems.

Therefore, regulations or standards regarding the
presence of heavy metals in milk need to be more

comprehensive.

In conclusion, considering the detected levels of heavy
metals in raw milk in our study and those reported in the
literature, it is evident that necessary precautions should
in this
measures to reduce heavy metal pollution in agricultural

be taken regard. Moreover, implementing
practices and industrial processes can enhance the safety
and quality of milk and dairy products. Additionally, by
paying attention to the nutrition of animals, the mineral
content of raw milk can be enriched, making it more

beneficial from a nutritional standpoint.
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ilkokul Ogrencilerin Mekansal Algilama Becerilerinin

Degerlendirilmesi: Kuzey Makedonya Ornegi

Edmond JONUZi " "*, Hiiseyin Zahit SELVi

Necmettin Erbakan University, Engineering Faculty, Department of Geomatics Engineering, 42090, Konya, Tiirkiye

Oz

Bu c¢alismada, 3 ila 5. sinif arasindaki ilkokul 6grencilerinin
mekansal algilama becerisi Kuzey Makedonya Cumhuriyeti
ornek uygulamasiyla kapsamli bir sekilde degerlendirilmistir.
Degerlendirme, 6grenci yas grubu dikkate alinarak hazirlanan 6n
test ve son testler kullanilarak yapilmistir. Sorular Harita ve Atlas
kavramlari (A Kategorisi), Yonler, cografi bolgeler ve komsu
alanlar (B Kategorisi) ve Kuzey Makedonya'da Turizm ve
Ekonomi (C Kategorisi) olmak Uzere 3 kategoriye ayrilmistir.
Cinsiyet ve sinif diizeyine dayal potansiyel farkhliklar goéz
onlinde bulundurularak 6grencilerin cografya ve harita okuma,
alanindaki durumlarini tespit etmek ve bu alanlardaki
becerilerini gelistirmek icin neler yapilabilecegini ortaya koymak
amaglanmistir. Bu amagla 339 katilimciyla testler yapilmis ve
ilging sonuglar ortaya konmustur. Calismada, kategoriler ve
sorular arasinda degisen basari oranlarini gosteren hem gugli
hem de zayif yonler vurgulanmistir. Ek olarak, cografi bilgide
cinsiyete 0zgl ve sinif dizeyine bagh farkhlklar ortaya
¢ikarilmistir. Bu bulgular, mevcut cografya ve mekansal egitim
yaklagimlarinin geng 6grenciler igin etkililigi hakkinda degerli
¢ikarimlar sunmakta olup, o6zellikle ilkokulun alt siniflarinda
haritalarin ve atlaslarin entegrasyonu ve kullanimi yoluyla
mekansal farkindahgl ve cografi okuryazarhigi artirmak igin
galisma yapilmasinin gerekliligini vurgulamaktadir.

Anahtar Kelimeler: ilkokul Egitimi; Mekdnsal Farkindalik; Codrafi
Okuryazarlik; Haritalar; Atlaslar; Cografi Algida Cinsiyet Farkhliklar.

© Afyon Kocatepe Universitesi

Abstract

This research conducted a thorough evaluation of the
geographical knowledge of primary school pupils in grades 3 to
5, focusing on the Republic of North Macedonia. The assessment
involved a carefully crafted pre-atlas and post-atlas test,
categorizing questions into Map and Atlas concepts (Category
A), Directions, geographical regions, and neighboring areas
(Category B), and Tourism and Economy in North Macedonia
(Category C). The objective was to gauge pupils' proficiency in
various aspects of geography and map reading, while
considering potential variations based on gender and grade
level. The results, based on the accurate responses of 339
participants, revealed interesting patterns in knowledge
distribution. The study highlighted both strengths and
weaknesses, indicating varying success rates across categories
and questions. Additionally, it unveiled gender-specific and
grade-dependent differences in geographical knowledge. These
findings offer valuable insights into the efficacy of current
geography and spatial education approaches for young learners,
emphasizing the necessity for targeted interventions to enhance
spatial awareness and geographical literacy in primary
education, especially primarily through the incorporation and
utilization of maps and atlases within the lower grades of
primary schools.

Keywords: Primary Education; Spatial Awareness; Geographical
Literacy; Maps; Atlases; Gender Differences in Geographical Perception.

1. Introduction
Maps, as primary embodiments of cartographic

representation, are ubiquitously available, enjoying
widespread popularity and appeal across diverse fields
and disciplines, and are utilized within the educational
system to support various pedagogical endeavors
(Bugdayci and Selvi 2017, Bugdayci and Selvi 2021,
Robertson and Gerber 2000, Bandrova and Deleva 1998).
The widespread use of maps as a method for visualizing
spatial information is attributed to their ability to
effectively represent the spatial distribution of selected
information, providing a novel perspective (van Dijk et al.
1994). The growing prevalence of maps and the evolution

of cartography as a scientific discipline underscore the

heightened necessity to cultivate pupils' and students'
in both the
utilization and creation of maps (Havelkova and Hanus

map skills, encompassing proficiency
2019). Proficiency in map usage not only enhances the
interpretation of spatial information about the globe and
one's local environment but also contributes significantly
to geographical competence, meeting diverse needs in
and the
geospatial technology industry (Harte and Dunbar 1994,
Catling 2005, Gokge 2015, Hanus and Havelkova 2019,
DiBiase et al. 2010, Schulze et al. 2011, Solem et al. 2008,
Solem 2016). The
cognitive mapping, involving geography, cartography,

business, government, non-profit sectors,

interdisciplinary fascination with

psychology, planning, and architecture, underscores its
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fundamental importance as it pertains to spatial

knowledge acquisition and organization, shaping
individuals' experiences, attitudes, and behaviors in their
environment (MacEachren 1992). Theoretical analysis
indicates that consistent use of maps in geography
lessons enhances pupils' success in understanding
(Gokge 2015).

knowledge, derived from thinking and reasoning about

cartographic concepts Geographic
the world's natural and human phenomena, serves a dual

purpose: establishing spatial locations and aiding
decision-making and problem-solving through spatial
memory (Golledge 2002). Spatial thinking involves
utilizing spatial concepts, maps, and graphs, alongside
reasoning processes, to organize and solve problems,
demonstrating a combination of knowledge, skills, and
habits

development of map-reading methods is essential for

of mind. The deliberate and systematic

acquiring cartographic competence and fostering
cognitive activity in pupils (Nazarenko et al. 2021).
Cartography serves as a potent and influential medium
for effective communication (Bandrova and Deleva 1999).
Cartographic visualization, integral to user orientation, is
intricately linked to the state of source databases,
decision-supporting models, and user behavior and needs
within the

2011). Teaching about and with maps encompasses

information transfer process (Koencny
imparting skills for map reading, interpretation, and
production, as well as utilizing maps to facilitate learning
key social studies concepts, encouraging spatial thinking,
and applying this knowledge in reasoning and problem-
solving contexts both in the classroom and the real world
(Gattis 2003). The primary responsibility of a teacher
initiating an environmental exploration program for
young children is to personally engage in exploring the
environment (Mitchell 1991). Despite skepticism among
parents and teachers regarding young children's map
comprehension, research indicates that even elementary
school pupils are proficient in effectively using maps and
remotely sensed images to navigate and trace routes to
familiar destinations (National Research Council 2006).

The primary objective of this study is to comprehensively
evaluate the general knowledge of primary school pupils,
specifically those in the 3rd to 5th-grades, concerning the
Republic of North Macedonia. The study sought to fill a
critical gap in the existing literature by employing a pre-
atlas and post-atlas test as a robust assessment tool. By
categorizing the questions into Map and Atlas concepts,
directions, geographical regions, neighboring areas, and
Tourism and Economy in North Macedonia, as well as
based on related social sciences, the research aims to
discern the nuanced aspects of the pupils' geographical

knowledge and spatial knowledge and general knowledge
related to North Macedonia as well. Furthermore, the
study aims to investigate potential variations in
knowledge levels based on gender and grade level. This
investigation was prompted by the importance of early
shaping a

understanding of one's surroundings and fostering spatial

geography education in foundational
awareness. The findings of this study contribute to the
broader discourse on the efficacy of geography education
strategies and social sciences strategies for young
learners and provide valuable insights for teachers and
curriculum developers seeking to enhance geographical
literacy in primary education, including the integration of
maps and atlases in the most prominent form. This study
constitutes a distinct component of the primary author's
diploma project. Within the diploma study, the examined
pupils, who interacted with the prepared maps and the
atlas titled "Atlas of the Republic of North Macedonia for
Primary School Pupils," were categorized into two groups.
The first group comprises pupils who underwent testing
without being exposed to the maps and atlas
presentation, meaning they did not encounter the
mentioned product, commonly referred to as the control
group. Conversely, the second group includes pupils who
underwent testing after participating in the maps and
atlas presentation, involving exposure to the atlas and
engaging in various exercises and practices, commonly
referred to as the experimental group. The post-atlas test
represented within this article was administered to the
control group, comprising pupils who did not partake in
the atlas presentation and associated practices.

2. Materials and Methods
2.1. Participants

The study included a sample of 339 primary school pupils,
aged 7 to 10 years, from the 3rd to the 5th-grade. The
participants were stratified into three cohorts based on
their grade level, as follows: 71 pupils from the 3rd-grade,
131 pupils from the 4th-grade, and 137 pupils from the
5th-grade. The sample consisted of 160 female and 179
male pupils.

2.2. Study Design

This study employed a cross-sectional design to assess the
general knowledge of primary school pupils from the 3rd
to the 5th-grade regarding the Republic of North
Macedonia, utilizing a pre-atlas and a post-atlas test. The
tests comprised 15 questions, categorized into Map and
Atlas concepts (Category A), Directions, geographical
regions, and neighboring areas (Category B), and Tourism
and Economy in North Macedonia (Category C).
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2.3. Data Collection and Statistical Analysis

Closed-ended questions with multiple-choice responses
were used in the tests. Accuracy percentages were
calculated, and results were organized into tables and
charts. Descriptive statistics, including mean accuracy
percentages and standard deviations, were computed,
and stratified by grade level and also gender of the pupils.
The T-test was systematically employed as an integral
component of the present investigation.

3. Results and Discussions
3.1. Pre-atlas test questions

A comprehensive pre-atlas test on general knowledge
related to the Atlas was conducted with the primary
school pupils, involving the participation of 71 primary
school pupils from the 3rd-grade, specifically comprising
pupils aged 7 and 8 years, were categorized and stratified
into two cohorts: the female group, consisting of 35
participants,

and the male group, comprising 36

participants.

Table 1. Pre-atlas test questions for the 3rd-grade pupils of primary school, and the success percentages.

Questions Success percentages
1.  Which of these states does the Republic of North Macedonia not share a border with? 40.85 %
2. What s the number of regions in the Republic of North Macedonia? 40.85 %
3. In which region of North Macedonia does the city of Bitola belong? 12.68 %
4.  What is the number of cities in the Republic of North Macedonia? 21.13%
5. What is the capital city of the Republic of North Macedonia? 52.11%
6. What is the number of municipalities in the Republic of North Macedonia? 16.90 %
7. How many natural lakes does North Macedonia have? 26.76 %
8. What is the largest natural lake in North Macedonia? 74.65 %
9. What s the largest river in North Macedonia? 38.03%
10. What is the highest mountain in North Macedonia? 11.27 %
11. What is the symbol of the city of Skopje? 54.93 %
12. Which state does North Macedonia share a border with in the east? 21.13 %
13. What is the largest plain in the Republic of North Macedonia? 14.09 %
14. The relief of the Republic of North Macedonia is predominantly characterized by? 22.54 %
15. What is the resident population count in the Republic of North Macedonia? 21.13%

It is of utmost importance to highlight that the
percentages presented in the subsequent table are
derived from the accurate positive responses provided by
the pupils. With the completion of the pre-atlas test for
primary school pupils, the ensuing Table 1 illustrates the
outcomes obtained from this assessment

According to Table 1, it can be deduced that question
number 8 exhibits the highest average of correct answers,
amounting to 74.65%. Conversely, question number 10
demonstrates the lowest average of correct answers, also
standing at 11.27%, which can also be seen in Figure 1.
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Figure 1. Pre-atlas test questions for the 3rd-grade pupils, and
the success percentages are represented with a chart.

The pre-test comprising 15 questions was administered to
assess the existing proficiency of the pupils of the 3rd-
grade.

The test questions were formulated and

categorized as follows:

A. Map and Atlas concepts (Category A)
B. Directions, geographical

neighboring areas (Category B)

regions, and

C. Tourism and Economy in North Macedonia
(Category C).

The pre-atlas test also consisted of 15 questions, aligned
with categories A, B, and C. The outcomes corresponding
to these categories for the 3rd-grade pupils are detailed
in Table 2. Based on the data presented in Table 2, it can
be inferred that questions within Category C exhibit the
highest mean accuracy, registering at 54.93%. Following
this, questions categorized under Category B also
demonstrate an accuracy rate of 30.23%. Conversely,
Category A questions yield the lowest mean accuracy,
maintaining a rate of 21.13%, which can also be seen in
Figure 2.
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Table 2. Pre-atlas test questions for the 3rd-grade pupils of primary school, and the success percentages according to categories.

Category Questions

Success percentages

A What is the resident population count in the Republic of North Macedonia?
B Which of these states does the Republic of North Macedonia not share a border with?

21.13%
30.23 %

What is the number of regions in the Republic of North Macedonia?

In which region of North Macedonia does the city of Bitola belong?

What is the number of cities in the Republic of North Macedonia?

What is the capital city of the Republic of North Macedonia?

What is the number of municipalities in the Republic of North Macedonia?
How many natural lakes does North Macedonia have?

What is the largest natural lake in North Macedonia?

What is the largest river in North Macedonia?

What is the highest mountain in North Macedonia?

Which state does North Macedonia share a border with in the east?
What is the largest plain in the Republic of North Macedonia?
The relief of the Republic of North Macedonia is predominantly characterized by?

C What is the symbol of the city of Skopje?

54.93 %

Table 3. Pre-atlas test questions for the 4-grade pupils of primary school, and the success percentages.

Questions Success percentages
1.  Which of these states does the Republic of North Macedonia not share a border with? 64.86 %
2. Whatis the number of regions in the Republic of North Macedonia? 45.04 %
3. Inwhich region of North Macedonia does the city of Bitola belong? 2137 %
4.  What is the number of cities in the Republic of North Macedonia? 19.85 %
5. What is the capital city of the Republic of North Macedonia? 77.10%
6. What is the number of municipalities in the Republic of North Macedonia? 12.21%
7. How many natural lakes does North Macedonia have? 36.64 %
8. What is the largest natural lake in North Macedonia? 79.39%
9. What s the largest river in North Macedonia? 43.51 %
10. What is the highest mountain in North Macedonia? 2137 %
11. What is the symbol of the city of Skopje? 57.25%
12. Which state does North Macedonia share a border with in the east? 25.19%
13. What is the largest plain in the Republic of North Macedonia? 16.03 %
14. The relief of the Republic of North Macedonia is predominantly characterized by? 44.27 %
15. What is the resident population count in the Republic of North Macedonia? 17.58 %
Based on the results provided in the initial tables related highlight that the percentages presented in the

to the pre-atlas test, the female pupil's group of the 3rd-
class achieved an accuracy rate of 31.05%, whereas the
male pupil's group of the 3rd achieved an accuracy rate of
31.30%.

Pre-atlas test questions for the 3rd grade pupils of primary school,

who did not participate in the Atlas presentation, and the success
percentages according to categories.

54.93

I21.13
l30.23

Category A Category B Category C

Figure 2. Pre-atlas test questions for the 3rd-grade pupils
according to categories, and the success percentages are
represented with a chart.

The pre-atlas test assessing general knowledge pertinent
to the Atlas involved the participation of 131 primary
school pupils, from the 4th-grade, specifically aged 8 and
9 years, categorized and stratified into two cohorts: the
female group, consisting of 61 participants, and the male
group, comprising 70 participants. It is essential to

subsequent table are determined by the accurate positive
responses provided by the pupils. With the culmination of
the pre-atlas test for primary school pupils, the ensuing
Table 3 displays the acquired from this
assessment. According to Table 3, it can be deduced that
question number 8 exhibits the highest average of correct

results

answers, amounting to 79.39%. Conversely, question
number 6 demonstrates the lowest average of correct
answers, also standing at 12.21%, which can also be seen

in Figure 3.
Pre-atlas test questions for the 4rth grade pupils of primary school
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Figure 3. Pre-atlas test questions for the 4th-grade pupils and
the success percentages are represented with a chart.
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Table 4. Pre-atlas test questions for the 4th-grade pupils of primary school, and the success percentages according to categories.

Category

Questions

Success percentages

A What is the resident population count in the Republic of North Macedonia?
B Which of these states does the Republic of North Macedonia not share a border with?

17.56 %
38.99 %

What is the number of regions in the Republic of North Macedonia?

In which region of North Macedonia does the city of Bitola belong?

What is the number of cities in the Republic of North Macedonia?

What is the capital city of the Republic of North Macedonia?

What is the number of municipalities in the Republic of North Macedonia?
How many natural lakes does North Macedonia have?

What is the largest natural lake in North Macedonia?

What is the largest river in North Macedonia?

What is the highest mountain in North Macedonia?

Which state does North Macedonia share a border with in the east?
What is the largest plain in the Republic of North Macedonia?
The relief of the Republic of North Macedonia is predominantly characterized by?

C What is the symbol of the city of Skopje?

57.25%

The pre-test comprising 15 questions was administered to
assess the existing proficiency of the pupils of the 4th-

grade. The test questions were formulated and

categorized as follows:
A. Map and Atlas concepts (Category A)
B. Directions, geographical regions, and
neighboring areas (Category B)
C. Tourism and Economy in North Macedonia
(Category C).
The pre-atlas test also consisted of 15 questions, aligned
with categories A, B, and C. The outcomes corresponding
to these categories for the 4th-grade pupils are detailed
in Table 4.

Pre-atlas test questions for the 4rth grade pupils of primary school,
who did not participate in the Atlas presentation, and the success
percentages according to categories.

57.25

Category A Category B Category C
Figure 4. Pre-atlas test questions for the 4th-grade pupils
according to categories, and the success percentages are

represented with a chart.

Based on the data presented in Table 4, it can be inferred
that questions within Category C exhibit the highest mean
accuracy, registering at 57.25%. Following this, questions
categorized under Category B also demonstrate an
accuracy rate of 38.99%.
questions yield the lowest mean accuracy, maintaining a

Conversely. Category A

rate of 17.56%, which can also be seen in Figure 4. Based
on the results provided in the initial tables related to the
pre-atlas test, the female pupil's group of the 4th-class
achieved an accuracy rate of 40.00%, whereas the male
pupil's group of the 4th-class achieved an accuracy rate of
37.71%.

A collective of 137 primary school pupils from the 5th-
grade, specifically aged between 9 and 10 years, were
categorized and stratified into two cohorts: the female
group, consisting of 64 participants, and the male group,
comprising 73 participants. It is imperative to underscore
that the percentages presented in the subsequent table
are contingent upon the accurate positive responses
provided by the pupils. With the conclusion of the pre-
atlas test for primary school pupils, the ensuing Table 5
presents the results obtained from this evaluation.

Table 5. Pre-atlas test questions for the 5th-grade pupils of primary school, and the success percentages.

Questions Success percentages
1.  Which of these states does the Republic of North Macedonia not share a border with? 7153 %
2. What is the number of regions in the Republic of North Macedonia? 2117 %
3. Inwhich region of North Macedonia does the city of Bitola belong? 20.44 %
4.  What is the number of cities in the Republic of North Macedonia? 40.15 %
5. What is the capital city of the Republic of North Macedonia? 73.72 %
6. What is the number of municipalities in the Republic of North Macedonia? 18.25%
7. How many natural lakes does North Macedonia have? 35.04 %
8. What is the largest natural lake in North Macedonia? 66.42 %
9. What is the largest river in North Macedonia? 66.42 %
10. What is the highest mountain in North Macedonia? 52.56 %
11. What is the symbol of the city of Skopje? 65.69 %
12. Which state does North Macedonia share a border with in the east? 24.82 %
13. What is the largest plain in the Republic of North Macedonia? 20.44 %
14. The relief of the Republic of North Macedonia is predominantly characterized by? 40.88 %
15. What is the resident population count in the Republic of North Macedonia? 17.52 %
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According to the provided Table 5, it can be deduced that
question number 5 exhibits the highest average of correct
answers, amounting to 73.72%. Conversely, question
number 6 demonstrates the lowest average of correct
answers, also standing at 17.52%, which can also be seen
in Figure 5.
The pre-test comprising 15 questions was administered to
assess the existing proficiency of the pupils of the 5th-
grade. The test questions were formulated and
categorized as follows:
A. Map and Atlas concepts (Category A)
B. Directions, geographical regions,
neighboring areas (Category B)
C. Tourism and Economy in North Macedonia
(Category C).

and

The pre-atlas test also consisted of 15 questions, aligned
with categories A, B, and C. The outcomes corresponding
to these categories for the 5th-grade pupils are detailed
in Table 6

Pre-atlas test questions for the 5th grade pupils of primary school
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Figure 5. Pre-atlas test questions for the 5th-grade pupils, and
the success percentages are represented with a chart.

Table 6. Pre-atlas test questions for the 5th-grade pupils of primary school, and the success percentages.

Category Questions

Success percentages

A What is the resident population count in the Republic of North Macedonia?
B Which of these states does the Republic of North Macedonia not share a border with?

17.52 %
42.45%

What is the number of regions in the Republic of North Macedonia?

In which region of North Macedonia does the city of Bitola belong?

What is the number of cities in the Republic of North Macedonia?

What is the capital city of the Republic of North Macedonia?

What is the number of municipalities in the Republic of North Macedonia?
How many natural lakes does North Macedonia have?

What is the largest natural lake in North Macedonia?

What is the largest river in North Macedonia?

What is the highest mountain in North Macedonia?

Which state does North Macedonia share a border with in the east?
What is the largest plain in the Republic of North Macedonia?
The relief of the Republic of North Macedonia is predominantly characterized by?

C What is the symbol of the city of Skopje?

65.69 %

Based on the data presented in Table 6, it can be inferred
that questions within Category C exhibit the highest mean
accuracy, registering at 65.69%. Following this, questions
categorized under Category B also demonstrate an
rate of 42.45%.
questions yield the lowest mean accuracy, maintaining a

accuracy Conversely, Category A

rate of 17.52%, which can also be seen in Figure 6.

Based on pupils’ results provided in the initial tables
related to the pre-atlas test, the female pupil's group of
the 5th-class achieved an accuracy rate of 44.58%,
whereas the male pupil's group of the 5th- class achieved
an accuracy rate of 40.37%.

In this study, a comprehensive sample of 339 primary
school pupils, spanning from the 3rd to the 5th-grade,
encompassing ages ranging from 7 to 10 years, actively
took part in a pre-atlas test designed to evaluate their
general knowledge about the Atlas. It is important to
highlight that the percentages presented in the
subsequent table are derived from the accurate positive
responses provided by the pupils. With the conclusion of

the pre-atlas test for primary school pupils, the ensuing
Table 7 illustrates the outcomes obtained from this
evaluation.

Pre-atlas test questions for the 5th grade pupils of primary school,
who did not participate in the Atlas presentation, and the success
percentages according to categories.
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Figure 6. Pre-atlas test questions for the 5th-grade pupils
according to categories, and the success percentages are
represented with a chart.

According to Table 7, it can be deduced that question
number 8 exhibits the highest average of correct answers,
amounting to 73.49%. Conversely, question number 6
demonstrates the lowest average of correct answers, also
standing at 15.79%, which can also be seen in Figure 7.
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Table 7. Pre-atlas test questions for all pupils of the primary school pupils (from 3rd-grade to 5th-grade), and the success percentages.

Questions

Success percentages

1.  Which of these states does the Republic of North Macedonia not share a border with? 59.09 %
2. Whatis the number of regions in the Republic of North Macedonia? 35.68 %
3. Inwhich region of North Macedonia does the city of Bitola belong? 18.16 %
4.  What is the number of cities in the Republic of North Macedonia? 27.04 %
5. What is the capital city of the Republic of North Macedonia? 67.65 %
6. What is the number of municipalities in the Republic of North Macedonia? 15.79 %
7. How many natural lakes does North Macedonia have? 32.81%
8. What is the largest natural lake in North Macedonia? 73.49 %
9. What s the largest river in North Macedonia? 49.32 %
10. What is the highest mountain in North Macedonia? 28.40 %
11. What is the symbol of the city of Skopje? 59.29 %
12. Which state does North Macedonia share a border with in the east? 23.71%
13. What is the largest plain in the Republic of North Macedonia? 16.85 %
14. The relief of the Republic of North Macedonia is predominantly characterized by? 35.90 %
15. What is the resident population count in the Republic of North Macedonia? 18.73 %
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Figure 7. Pre-atlas test questions for all classes together (3rd to
5th-grade pupils), and the success percentages are represented
with a chart.

A pre-test comprising 15 questions was administered to
assess the existing proficiency of the pupils from the 3rd-

grade to the 5th-grade. The test questions were
formulated and categorized as follows:

A. Map and Atlas concepts (Category A)

B. Directions, geographical regions, and neighboring
areas (Category B)

C. Tourism and Economy in
(Category C).

North Macedonia

The pre-atlas test also consisted of 15 questions, aligned
with categories A, B, and C. The outcomes corresponding
to these categories from the 3rd-grade to the 5th-grade
pupils are detailed in Table 8.

Table 8. Pre-atlas test questions for all pupils of the primary school pupils (from 3rd-grade to 5th-grade), and the success percentages.

Category Questions

Success percentages

A What is the resident population count in the Republic of North Macedonia?
B Which of these states does the Republic of North Macedonia not share a border with?

18.74 %
37.22%

What is the number of regions in the Republic of North Macedonia?

In which region of North Macedonia does the city of Bitola belong?

What is the number of cities in the Republic of North Macedonia?

What is the capital city of the Republic of North Macedonia?

What is the number of municipalities in the Republic of North Macedonia?
How many natural lakes does North Macedonia have?

What is the largest natural lake in North Macedonia?

What is the largest river in North Macedonia?
What is the highest mountain in North Macedonia?

Which state does North Macedonia share a border with in the east?
What is the largest plain in the Republic of North Macedonia?
The relief of the Republic of North Macedonia is predominantly characterized by?

C What is the symbol of the city of Skopje?

49.39 %

Pre-atlas test questions for the all classes together of primary school,
who did not participate in the Atlas presentation, and the success
percentages according to categories.

49.39

I18.74

Category A Category B Category C
Figure 8. Pre-atlas test questions for all classes together (3rd to
5th-grade pupils), according to categories, and the success

percentages are represented with a chart.

Based on the data presented in Table 8, it can be inferred
that questions within Category C exhibit the highest mean
accuracy, registering at 49.39%. Following this, questions
categorized under Category B also demonstrate an
accuracy rate of 37.22% Conversely, Category A questions
yield the lowest mean accuracy, maintaining a rate of
18.74%, which can also be seen in Figure 8.

Based on the results provided in the initial tables related
to the pre-atlas test, the female pupil's group represented
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from the 3rd-class to the 5th-class achieved an accuracy
rate of 38.54%, whereas the male pupil's group of the 5th-
class achieved an accuracy rate of 38.28%.

This study involved the participation of 339 pupils
enrolled in primary schools across various grade levels,
including the 3rd to the 5th-grade, with an age range of 7
to 10 years. Specifically, the sample comprised 71 pupils

Category B also demonstrate an accuracy rate of 37.22%.
Conversely, Category A questions yield the lowest mean
accuracy, maintaining a rate of 18.74%, which can also be
seen in Figure 10.

Table 10. Pre-atlas test questions for all pupils, part of the
primary school (from 3rd-grade to 5th-grade), and the success
percentages according to categories.

in the third grade, 131 pupils in the fourth grade, and 137 Questions Category Success
- ) . percentages
pupils in the fifth grade, of which 160 of them are female The results of the third classes A 2113 %
and 179 of them are male. Following the completion of B 30.23 %
the pre-atlas test tailored for primary school pupils, and c 54.93 %
the subsequent Table 9 and Figure 9 displays the results
. g . 8 piay The results of the fourth classes A 17.56 %
obtained from this assessment. B 38.99 %
Table 9. Pre-atlas test questions for all pupils, part of the C 57.25%
primary school (from 3rd-grade to 5th-grade), and the success
The results of the fifth classes A 17.52%
percentages.
B 42.45 %
. Success
Questions C 65.69 %
percentages
H 0,
The results of the third classes 31.27% The results of all classes A 18.74 %
The results of the fourth classes 38.78 % h o
The results of the fifth classes 4234 % together / Average B 37.22 %
’ C 49.39 %
The results of all classes together / Average 37.46 %

Pre-atlas test questions for the all classes of primary school
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Fourth Classes Classes

The Results of the Third
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Figure 9. Pre-atlas test questions for all classes together (3rd to
5th-grade pupils), and the success percentages are represented
with a chart — the average.

The pre-test comprising 15 questions was administered to
assess the existing proficiency of the pupils from the 3rd-
grade to the 5th-grade. The test questions were
formulated and categorized as follows:

A. Map and Atlas concepts (Category A)

B. Directions, geographical regions, and
neighboring areas (Category B)
C. Tourism and Economy in North Macedonia

(Category C).

The pre-atlas test also consisted of 15 questions, aligned
with categories A, B, and C. The outcomes corresponding
to these categories from the 3rd- grade to the 5th-grade
pupils are detailed in Table 10:

Based on the data presented in Table 10, it can be inferred
that questions within Category C exhibit the highest mean
accuracy according to all classes together, registering at
49.39%. Following this, questions categorized under

Pre-atlas test questions for the all classes together of primary school, who did
not participate in the Atlas presentation, and the success percentages according
to categories - The Average.
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Figure 10. Pre-atlas test questions for all classes together (3rd to
5th-grade pupils), according to categories, and the success
percentages are represented with a chart.

Derived from the outcomes of both the female group and
male group, the overall results related to pre-atlas test
are visually presented in the form of a figure or chart, as
follows in Figure 11 and Figure 12.

Pre-atlas test questions from 3rd to 5th grade pupils
of primary school - All classes together - Female

8888
I31,05

3rd CLASS - Pre-
Atlas
4rth CLASS -
Pre-Atlas
5th CLASS - Pre-
Atlas

Figure 11. Pre-atlas test questions for all classes together (3rd to
5th-grade pupils) — female group, and the success percentages
are represented with a chart.

854



Assessment Spatial Perception Skills of Primary School Pupils: A Case Study at North Macedonia, JONUZI vd.

3.1. Post-atlas test questions

A total of 71 primary school pupils in the 3rd-grade, who
did not participate in the Atlas presentation, as part of the
control group of pupils, specifically aged 7 and 8 years,
were categorized and stratified into two cohorts: the
female group, consisting of 35 participants, and the male
group, comprising 36 participants, actively participated in
the post-atlas test, which aimed to evaluate their general
knowledge about the Atlas. It is crucial to highlight that
the percentages presented in the subsequent table are
derived from the pupils' accurate positive answers.
Following the completion of the post-atlas test for
primary school pupils, the results obtained from this
identical test are now presented in Table 11 below:

Pre-atlas test questions from 3rd to 5th grade pupils
of primary school - All classes together - Male Group

100.00
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30.00
20.00
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l 31.30

3rd CLASS - Pre-
Atlas

Sth CLASS - Pre-
Atlas

4rth CLASS - Pre-
Atlas

Figure 12. Pre-atlas test questions for all classes together (3rd to
5th-grade pupils) — male group, and the success percentages are
represented with a chart.

Table 11. Post-atlas test questions, for the 3rd-grade pupils of primary school, who did not participate in the Atlas presentation as

part of the control group of pupils, and the success percentages.

. Success
Questions
percentages

1. In which region does the skiing center "Mavrova" belong? 28.17 %
2. How many countries borders the Republic of North Macedonia? 23.94 %
3. Inwhich region of North Macedonia does the city of Debar belong? 423 %
4. The Museum of the Alphabet of the Albanian Language is located in the city of? 22.54 %
5. Inwhich region is the highest mountain of the Republic of North Macedonia, Mount Korabi? 23.94 %
6.  What is the largest ethnic group in the Republic of North Macedonia? 36.62 %
7.  Which is the most populated region in the Republic of North Macedonia? 50.70 %
8. Based on the maps and the atlas, the state border of the Republic of North Macedonia is represented by? 42.25%
9. Trofta fish is characteristic of the city of? 39.44 %
10. In which city of North Macedonia is the Monument of Ilinden - Makedonium? 8.45%
11. Sharr's dog is characteristic for the region of? 16.90 %
12. The old/ancient city of Stobi is located in the region of? 28.17 %
13. Which of these elements is considered a historical element in the city of Tetova? 46.48 %
14. In which city of the Republic of North Macedonia is rice grown? 14.09 %
15. Matka Canyon and Mustafa Pasha Mosque are part of the city of? 15.49 %

According to Table 11, it can be deduced that question
number 7 exhibits the highest average of correct answers,
amounting to 50.70%. Conversely, question number 3
demonstrates the lowest average of correct answers, also
standing at 4.23%, which can also be seen in Figure 13.

Post-atlas test questions for the 3rd grade pupils of primary school
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Figure 13. Post-atlas test questions for the 3rd-grade pupils, and
the success percentages are represented with a chart.

The post-test comprising 15 questions was administered
to assess the existing proficiency of the pupils of the 3rd-

grade. The test questions were formulated and

categorized as follows:

A. Map and Atlas concepts (Category A)

B. Directions, geographical regions, and
neighboring areas (Category B)
C. Tourism and Economy in North Macedonia

(Category C).

The post-atlas test also consisted of 15 questions, aligned
with categories A, B, and C. The outcomes corresponding
to these categories of the 3rd-grade pupils are detailed in
Table 12:

Based on the data presented in Table 12, it can be inferred
that questions within Category A exhibit the highest mean
accuracy, registering at 43.19%. Following this, questions
categorized under Category C also demonstrate an
accuracy rate of 24.15% Conversely, Category B questions
yield the lowest mean accuracy, maintaining a rate of
20.56%, which can also be seen in Figure 14.
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Table 12. Post-atlas test questions, for the 3rd-grade pupils of primary school, who did not participate in the Atlas presentation as

part of the control group of pupils, and the success percentages.

Category Questions

Success percentages

A What is the largest ethnic group in the Republic of North Macedonia?

43.19%

Which is the most populated region in the Republic of North Macedonia?
Based on the maps and the atlas, the state border of the Republic of North Macedonia is

represented by?

B In which region does the skiing center "Mavrova" belong?

20.56 %

How many countries borders the Republic of North Macedonia?

In which region of North Macedonia does the city of Debar belong?

The Museum of the Alphabet of the Albanian Language is located in the city of?

In which region is the highest mountain of the Republic of North Macedonia, Mount Korabi?

C Trofta fish is characteristic of the city of?

24.15%

In which city of North Macedonia is the Monument of Ilinden - Makedonium?

Sharr's dog is characteristic for the region of?

The old/ancient city of Stobi is located in the region of?

Which of these elements is considered a historical element in the city of Tetova?
In which city of the Republic of North Macedonia is rice grown?

Matka Canyon and Mustafa Pasha Mosque are part of the city of?

Post-atlas test questions for the 3rd grade pupils of primary school,
who did not participate in the Atlas presentation ,and the success
percentages according to categories.

I24.15

Category A Category B Category C

Figure 14. Post-atlas test questions for the 3rd-grade pupils

according to categories as part of the control group of pupils,
and the success percentages are represented with a chart.

Based on the results provided in the initial tables related
to the post-atlas test, the female pupil's group of the 3rd-
class achieved an accuracy rate of 25.52%, whereas the
male pupil's group of the 3rd achieved an accuracy rate of
27.78%. A total of 131 primary school pupils in the 4th-
grade, who did not participate in the Atlas presentation,
as part of the control group of pupils, specifically aged 8

and 9 years, categorized and stratified into two cohorts:
the female group, consisting of 61 participants, and the
male group, comprising 70 participants, actively
participated in the post-atlas test, which aimed to assess
their general knowledge about the Atlas. It is essential to
emphasize that the percentages presented in the
subsequent table are derived from the pupils' accurate
positive answers. Subsequent to the completion of the
post-atlas test for primary school pupils, the results
obtained from this identical test are now presented in
Table 13.

According to Table 13, it can be deduced that question
number 7 exhibits the highest average of correct answers,
amounting to 61.07% Conversely, question number 3
demonstrates the lowest average of correct answers, also
standing at 8.40%, which can also be seen in Figure 15.

Table 13. Post-atlas test questions, for the 4th-grade pupils of primary school, who did not participate in the Atlas presentation as

part of the control group of pupils, and the success percentages.

. Success
Questions
percentages

1. In which region does the skiing center "Mavrova" belong? 32.82%
2. How many countries borders the Republic of North Macedonia? 35.88 %
3. In which region of North Macedonia does the city of Debar belong? 8.40 %
4. The Museum of the Alphabet of the Albanian Language is located in the city of? 49.62 %
5. In which region is the highest mountain of the Republic of North Macedonia, Mount Korabi? 19.85 %
6. What is the largest ethnic group in the Republic of North Macedonia? 44.28 %
7.  Which is the most populated region in the Republic of North Macedonia? 61.07 %
8. Based on the maps and the atlas, the state border of the Republic of North Macedonia is represented by? 38.08 %
9. Trofta fish is characteristic of the city of? 43.51 %
10. In which city of North Macedonia is the Monument of llinden - Makedonium? 2137 %
11. Sharr's dog is characteristic for the region of? 16.03 %
12. The old/ancient city of Stobi is located in the region of? 28.24 %
13. Which of these elements is considered a historical element in the city of Tetova? 59.54 %
14. In which city of the Republic of North Macedonia is rice grown? 25.19%
15. Matka Canyon and Mustafa Pasha Mosque are part of the city of? 23.66 %
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Post-atlas test questions for the 4rth grade pupils of primary school

61.07

Question No. 8 - 38.08
Question No. 9 -43.51
Question No. 10 .21.37
Question No. 11 . 16.03

ueston i, 12 [ 526

Question No. 13

59.54

>n No. 5 . 19.85
Question No. 6 - 4428

14 -25.19
No. 15 -23.66

Question No. 1 -32.82
Question No. 2 -3588

Question No. 3 I8.40

Question No. 4 -49.62

Question No. 7

3 3
Figure 15. Post-atlas test questions for the 4th-grade pupils, and
the success percentages are represented with a chart.

The post-test comprising 15 questions was administered
to assess the existing proficiency of the pupils of the 4th-

grade. The test questions were formulated and

categorized as follows:

A. Map and Atlas concepts (Category A)

B. Directions, geographical regions, and
neighboring areas (Category B)

C. Tourism and Economy in North Macedonia
(Category C).

The post-atlas test also consisted of 15 questions, aligned
with categories A, B, and C. The outcomes corresponding
to these categories of the 4th-grade pupils are detailed in
Table 14.

Table 14. Post-atlas test questions, for the 4th-grade pupils of primary school, who did not participate in the Atlas presentation as

part of the control group of pupils, and the success percentages.

Category Questions Success
percentages
A What is the largest ethnic group in the Republic of North Macedonia? 47.84 %
Which is the most populated region in the Republic of North Macedonia?
Based on the maps and the atlas, the state border of the Republic of North Macedonia is
represented by?
B In which region does the skiing center "Mavrova" belong? 29.31%
How many countries borders the Republic of North Macedonia?
In which region of North Macedonia does the city of Debar belong?
The Museum of the Alphabet of the Albanian Language is located in the city of?
In which region is the highest mountain of the Republic of North Macedonia, Mount Korabi?
C Trofta fish is characteristic of the city of? 31.08 %

In which city of North Macedonia is the Monument of Illinden - Makedonium?

Sharr's dog is characteristic for the region of?

The old/ancient city of Stobi is located in the region of?

Which of these elements is considered a historical element in the city of Tetova?
In which city of the Republic of North Macedonia is rice grown?

Matka Canyon and Mustafa Pasha Mosque are part of the city of?

Based on the data presented in Table 14, it can be inferred
that questions within Category A exhibit the highest mean
accuracy, registering at 47.84%. Following this, questions
categorized under Category C also demonstrate an
rate of 31.08%.
questions yield the lowest mean accuracy, maintaining a
rate of 29.31%, which can also be seen in Figure 16.

accuracy Conversely, Category B

Post-atlas test questions for the 4rth grade pupils of primary school,
who did not participate in the Atlas presentation, and the success
percentages according to categories.

<
«
5 ®
@ S
3 —
43 ™
Category A Category B Category C

Figure 16. Post-atlas test questions for the 4th-grade pupils
according to categories, and the success percentages are
represented with a chart.

Based on the results provided in the initial tables related
to the post-atlas test, the female pupil's group of the 4th-
class achieved an accuracy rate of 32.79%, whereas the

male pupil's group of the 4th achieved an accuracy rate of
34.76%.

A comprehensive total of 137 primary school pupils, who
did not participate in the Atlas presentation, as part of the
control group of pupils, specifically belonging to the 5th-
grade and aged between 9 and 10 years, were categorized
and stratified into two cohorts: the female group,
consisting of 64 participants, and the male group,
comprising 73 participants, actively engaged in the post-
atlas test, which aimed to evaluate their general
knowledge concerning the Atlas. It is imperative to
highlight that the percentages displayed in the
subsequent table are derived solely from the pupils'
correct positive responses. Following the successful
completion of the post-atlas test for primary school
pupils, the obtained results from this identical assessment
are now meticulously presented in Table 15.

According to Table 15, it can be deduced that question
number 13 exhibits the highest average of correct
answers, amounting to 76.64%. Conversely, question
number 3 and 12 demonstrates the lowest average of
correct answers, also standing at 19.71%, which can also
be seen in Figure 17.
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Table 15. Post-atlas test questions for the 5th-grade pupils of primary school, who did not participate in the Atlas presentation as

part of the control group of pupils, and the success percentages.

Questions

Success percentages

NV WN R

represented by?
9. Trofta fish is characteristic of the city of?

10. In which city of North Macedonia is the Monument of llinden - Makedonium?

11. Sharr's dog is characteristic for the region of?
12. The old/ancient city of Stobi is located in the region of?

13. Which of these elements is considered a historical element in the city of Tetova?
14. In which city of the Republic of North Macedonia is rice grown?
15. Matka Canyon and Mustafa Pasha Mosque are part of the city of?

In which region does the skiing center "Mavrova" belong?

How many countries borders the Republic of North Macedonia?

In which region of North Macedonia does the city of Debar belong?

The Museum of the Alphabet of the Albanian Language is located in the city of?

In which region is the highest mountain of the Republic of North Macedonia, Mount Korabi?
What is the largest ethnic group in the Republic of North Macedonia?

Which is the most populated region in the Republic of North Macedonia?

Based on the maps and the atlas, the state border of the Republic of North Macedonia is

31.39%
59.85 %
19.71 %
67.88 %
21.17 %
59.12 %
69.34 %
51.10 %

53.28 %
29.93 %
3212 %
19.71 %
76.64 %
51.10 %
30.66 %
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Figure 17. Post-atlas test questions for the 5th-grade pupils, and

the success percentages are represented with a chart.

Q

The post-test comprising 15 questions was administered
to assess the existing proficiency of the pupils of the 5th-
grade. The test questions were formulated and
categorized as follows:

A. Map and Atlas concepts (Category A)

B. Directions, geographical regions, and neighboring
areas (Category B)

C. Tourism and Economy in
(Category C).

North Macedonia

The post-atlas test also consisted of 15 questions, aligned
with categories A, B, and C. The outcomes corresponding
to these categories of the 5th-grade pupils are detailed in
Table 16. Based on the data presented in Table 16, it can
be inferred that questions within Category A exhibit the
highest mean accuracy, registering at 59.85%. Following
this,
demonstrate an accuracy rate of 41.92%. Conversely,

questions categorized under Category C also

Category B questions yield the lowest mean accuracy,
maintaining a rate of 40.00%, which can also be seen in
Figure 18.

Table 16. Post-atlas test questions for the 5th-grade pupils of primary school, who did not participate in the Atlas presentation as
part of the control group of pupils, and the success percentages according to categories.

Category

Questions

Success percentages

A What is the largest ethnic group in the Republic of North Macedonia?

59.85 %

Which is the most populated region in the Republic of North Macedonia?
Based on the maps and the atlas, the state border of the Republic of North Macedonia is

represented by?

B In which region does the skiing center "Mavrova" belong?

40.00 %

How many countries borders the Republic of North Macedonia?

In which region of North Macedonia does the city of Debar belong?

The Museum of the Alphabet of the Albanian Language is located in the city of?

In which region is the highest mountain of the Republic of North Macedonia, Mount Korabi?

C Trofta fish is characteristic of the city of?

41.92 %

In which city of North Macedonia is the Monument of llinden - Makedonium?

Sharr's dog is characteristic for the region of?

The old/ancient city of Stobi is located in the region of?
Which of these elements is considered a historical element in the city of Tetova?

In which city of the Republic of North Macedonia is rice grown?
Matka Canyon and Mustafa Pasha Mosque are part of the city of?
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Post-atlas test questions for the 5th grade pupils of primary school,
who did not participate in the Atlas presentation, and the success
percentages according to categories.

59.85

40.00
41.92

Category A Category B Category C

Figure 18. Post-atlas test questions for the 5th-grade pupils
according to categories, and the success percentages are
represented with a chart.

Based on the results provided in the initial tables related
to the post-atlas test, the female pupil's group of the 5th-
class achieved an accuracy rate of 40.37%, whereas the
male pupil's group of the 5th achieved an accuracy rate of
44.02%.

A comprehensive cohort of 339 primary school pupils,
who did not participate in the Atlas presentation, as part
of the control group of pupils, spanning across grades 3 to
5, categorized and stratified into two cohorts: the female
group, consisting of 160 participants, and the male group,
comprising 179 participants. encompassing pupils aged
between 6 and 10 years, actively partook in the post-atlas
test, which was designed to assess their general
knowledge about the Atlas. It is crucial to emphasize that
the percentages provided in the subsequent table are
contingent upon the pupils' accurate positive responses.
As the post-atlas test for primary school pupils has been
successfully concluded, the ensuing Table 17 showcases
the outcomes obtained from the identical assessment.

Table 17. Post-atlas test questions for all pupils of primary school (from 3rd-grade to 5th-grade), who did not participate in the Atlas
presentation as part of the control group of pupils, and the success percentages.

Questions

Success percentages

In which region does the skiing center "Mavrova" belong?

0O NOUEWNE

by?
9. Trofta fish is characteristic of the city of?

10. In which city of North Macedonia is the Monument of Ilinden - Makedonium?

11. Sharr's dog is characteristic for the region of?
12. The old/ancient city of Stobi is located in the region of?

13. Which of these elements is considered a historical element in the city of Tetova?
14. In which city of the Republic of North Macedonia is rice grown?
15. Matka Canyon and Mustafa Pasha Mosque are part of the city of?

How many countries borders the Republic of North Macedonia?

In which region of North Macedonia does the city of Debar belong?

The Museum of the Alphabet of the Albanian Language is located in the city of?

In which region is the highest mountain of the Republic of North Macedonia, Mount Korabi?

What is the largest ethnic group in the Republic of North Macedonia?

Which is the most populated region in the Republic of North Macedonia?

Based on the maps and the atlas, the state border of the Republic of North Macedonia is represented

30.79 %
39.89 %
10.78 %
46.68 %
21.65%
46.67 %
60.37 %
43.84 %

45.41 %
19.92 %
21.68%
25.37%
60.89 %
30.12 %
23.27 %

According to Table 17, it can be deduced that question
number 13 exhibits the highest average of correct
answers, amounting to 60.89%. Conversely, question
number 3 demonstrates the lowest average of correct
answers, also standing at 10.78%, which can also be seen
in Figure 19.

Post-atlas test questions from 3rd to 5th grade pupils of primary
school - All classes together

Question No. 1 - 30.79
Question No. 2 - 39.89

Question No. 3 I10.78

Question No. 4 -46.68
Question No. 5 . 21.65
Question No. 6 -46.67
Question No. 7 - 60.37
Question No. 8 - 43.84
Question No. 9 - 45.41

Question No. 10 . 19.92
Question No. 11 . 21.68
Question No. 12 . 25.37

Question No. 13 - 60.89

Question No. 14 - 30.12
Question No. 15 . 23.27

Figure 19. Post-atlas test questions for all classes together (3rd
to 5th-grade pupils), and the success percentages are
represented with a chart.

The post-test comprising 15 questions was administered
to assess the existing proficiency of the pupils from the

3rd-grade to the 5th-grade. The test questions were
formulated and categorized as follows:

A. Map and Atlas concepts (Category A)

B. Directions, geographical regions, and
neighboring areas (Category B)

C. Tourism and Economy in North Macedonia
(Category C).

The post-atlas test also consisted of 15 questions, aligned
with categories A, B, and C. The outcomes corresponding
to these categories from the 3rd- grade to the 5th-grade
pupils are detailed in Table 18:

Based on the data presented in Table 18, it can be inferred
that questions within Category A exhibit the highest mean
accuracy, registering at 50.29%. Following this, questions
categorized under Category C also demonstrate an
rate of 32.38%.
questions yield the lowest mean accuracy, maintaining a

accuracy Conversely, Category B

rate of 29.96%, which can also be seen in Figure 20.
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Table 18. Post-atlas test questions for all pupils of primary school (from 3rd-grade to 5th-grade), who did not
presentation as part of the control group of pupils, and the success percentages according to categories.

participate in the Atlas

Category Questions

Success percentages

A What is the largest ethnic group in the Republic of North Macedonia?
Which is the most populated region in the Republic of North Macedonia?
Based on the maps and the atlas, the state border of the Republic of North Macedonia is
represented by?
B In which region does the skiing center "Mavrova" belong?
How many countries borders the Republic of North Macedonia?

50.29 %

29.96 %

In which region of North Macedonia does the city of Debar belong?

The Museum of the Alphabet of the Albanian Language is located in the city of?
In which region is the highest mountain of the Republic of North Macedonia, Mount Korabi?

C Trofta fish is characteristic of the city of?

32.38%

In which city of North Macedonia is the Monument of Ilinden - Makedonium?

Sharr's dog is characteristic for the region of?

The old/ancient city of Stobi is located in the region of?
Which of these elements is considered a historical element in the city of Tetova?

In which city of the Republic of North Macedonia is rice grown?

Matka Canyon and Mustafa Pasha Mosque are part of the city of?

Post-atlas test questions for the all classes together of primary
school, who did not participate in the Atlas presentation, and the
success percentages according to categories.

50.29

29.96
32.38

10.00

Category C

0.00 -

Category A Category B
Figure 20. Post-atlas test questions for all classes together (3rd
to 5th-grade pupils), according to categories, and the success

percentages are represented with a chart.

Post-atlas test questions for the all classes of primary school

60.00

44.87

50.00

The Results of the
Fourth Classes

The Results of all
Classes Together / The
Average

The Results of the Fifth
Classes

The Results of the Third
Classes

Figure 21. Post-atlas test questions for all classes together (3rd
to 5th-grade pupils), and the success percentages are
represented with a chart —the average.

Based on the results provided in the initial tables related
to the post-atlas test, the female pupils group
represented from the 3rd-class to the 5th- class achieved
an accuracy rate of 32.89%, whereas the male pupils
group of the 5th-class achieved an accuracy rate of
35.52%. A comprehensive cohort of 339 pupils from
primary schools, who did not participate in the Atlas
presentation, as part of the control group of pupils,
ranging from the 3rd to the 5th-grade and aged between

6 and 10 years, categorized and stratified into two

cohorts: the female group, consisting of 160 participants,
and the male group, comprising 179 participants, actively
participated in the post-atlas test. Among them, 71 pupils
in the third grade, 131 pupils in the fourth grade, and 137
pupils in the fifth grade. With the completion of the post-
pupils, the
subsequent Table 19 exhibits the results obtained from

atlas test tailored for primary school

the aforementioned assessment, as follows:

Table 19. Post-atlas test questions for all pupils of primary
school (from 3rd-grade to 5th-grade), who did not participate in
the Atlas presentation as part of the control group of pupils, and
the success percentages.

) Success
Questions
percentages
The results of the third classes 26.76 %
The results of the fourth classes 33.84%
The results of the fifth classes 44.87 %
The results of all classes together / Average 35.16 %

The post-test comprising 15 questions was administered
to assess the existing proficiency of the pupils from the
3rd-grade to the 5th-grade. The test questions were
formulated and categorized as follows:

A. Map and Atlas concepts (Category A)

B. Directions, geographical regions, and
neighboring areas (Category B)
C. Tourism and Economy in North Macedonia

(Category C).

The post-atlas test also consisted of 15 questions, aligned
with categories A, B, and C. The outcomes corresponding
to these categories from the 3rd- grade to the 5th-grade
pupils are detailed in Table 20:
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Table 20. Post-atlas test questions for all pupils of primary
school (from 3rd-grade to 5th-grade), who did not participate in
the Atlas presentation as part of the control group of pupils, and
the success percentages according to categories.

Questions Category Success
percentages

The results of the third classes A 43.19%
B 20.56 %

C 24.15%

The results of the fourth classes A 47.84 %
B 29.31%

C 31.08 %

The results of the fifth classes A 59.85 %
B 40.00 %

C 41.92 %

The results of all classes together / A 50.29 %
Average B 29.96 %
C 32.38%

Based on the data presented in Table 20, it can be inferred
that questions within Category A exhibit the highest mean
accuracy for all classes together, registering at 50.29%.
Following this, questions categorized under Category C
also demonstrate an accuracy rate of 32.38%. Conversely,
Category B questions yield the lowest mean accuracy,
maintaining a rate of 29.96%, which can also be seen in
Figure 22.

Post-atlas test questions for the all classes together of primary school, who did
not participate in the Atlas presentation, and the success percentages according
to categories - The Average.
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Figure 22. Post-atlas test questions for all classes together (3rd
to 5th-grade pupils), according to categories, and the success
percentages are represented with a chart.

Post-atlas test questions from 3rd to 5th grade pupils
of primary school - All classes together - Female
Group

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

. 32.79
. 40.37
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Post-Atlas
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Figure 23. Post-atlas test questions for all classes together (3rd
to 5th-grade pupils) — female group, and the success
percentages are represented with a chart.

Derived from the outcomes of both the female group and
male group, the overall results related to post-atlas test
are visually presented in the form of a figure or chart, as
follows in Figure 23 and Figure 24.

Post-atlas test questions from 3rd to 5th grade pupils
of primary school - All classes together - Male Group
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Figure 24. Post-atlas test questions for all classes together (3r
to 5th-grade pupils) — male group, and the success percentages
are represented with a chart.

In this study, we employed t-tests, calculated using
Microsoft Excel, to rigorously examine the significance of
observed differences between distinct groups within our
sample, the experimental group of pupils and the control
group of pupils. The application of t-tests was pivotal in
evaluating the effectiveness of the experimental
intervention. This statistical approach, facilitated by Excel,
enhances the reliability and validity of our findings,
providing a robust basis for the conclusions drawn in this
academic investigation. The tables and descriptive texts

related to the tables are presented as follows:

Table 21. Findings regarding Pre-Atlas and Post-Atlas test results
questions for the 3rd-grade pupils of primary school.

- —_ =
°2 $%8 BS5_ & g
g g w 3s®a 2 2
Groups 2 2 £Eao% 2 el & ©
£ g— = qh, - © a ~ > :
24 gz3 vo .
Pre Atlas 71 31.28 18.44 2.15 0.40
Post 71 26.76 13.95
Atlas

In accordance with the tabular data of Table 21,
discernible dissimilarity was not observed between the
experimental and control cohorts concerning mean pre-
test and post-test scores, as indicated by a p-value of 0.40,
which exceeds the conventional threshold of statistical
significance (p > 0.05).

Table 22. Findings regarding Pre-Atlas and Post-Atlas test results
questions for the 4th-grade pupils of primary school.

E’ Zz '% x S TS5 o o
g s fJEgy 2 2
Groups 2 2 Eds TEQ T ®
Es w5+« sS8z3— 2 o
28 23 bo .
Pre Atlas 131 38.78 22.46 2.15 0.53
Post 131 33.84 15.59
Atlas

In accordance with the tabular data of Table 22,
discernible dissimilarity was not observed between the
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experimental and control cohorts concerning mean pre-
test and post-test scores, as indicated by a p-value of 0.53,
which exceeds the conventional threshold of statistical
significance (p > 0.05).

Table 23. Findings regarding Pre-Atlas and Post-Atlas test results
questions for the 5th-grade pupils of primary school.

Y= Q==
o= -;><° - €
5 89S 53-8 8
Gowps 22 E£E®% TEZ § T
5 2oy S~ 2 a
24 23 vao
PreAtlas 137 4234 21.74 215 0.77
Post 137 44.87 19.48
Atlas

In accordance with the tabular data of Table 23,
discernible dissimilarity was not observed between the
experimental and control cohorts concerning mean pre-
test and post-test scores, as indicated by a p-value of 0.77,
which exceeds the conventional threshold of statistical
significance (p > 0.05).

Table 24. Findings regarding Pre-Atlas and Post-Atlas test results
questions of categories, for the 3rd-grade pupils of primary
school.

= £XS8 =o¢

5 89S 522 8 8
Groups -g%_ _gg*s Ega E s

-‘: 9 ¥ ol = Lo d

2& 23 %4 *
Pre Atlas 71 33.43 17.49 430 0.73
Post 71 29.30 12.16
Atlas

In accordance with the tabular data of Table 24,
discernible dissimilarity was not observed between the
experimental and control cohorts concerning mean pre-
test and post-test scores, as indicated by a p-value of 0.73,
which exceeds the conventional threshold of statistical
significance (p > 0.05).

Table 25. Findings regarding Pre-Atlas and Post-Atlas test results
questions of categories, for the 4th-grade pupils of primary
school.

Sz £28 TS5 o e
5 < g = 6 5 — 3 3
Groups 2 2 E¥s TEQ F c
ES £5 . s =2 > >
2éd %z3 “a %
Pre Atlas 131 37.93 19.87 430 0.92
Post 131 36.08 10.22
Atlas

In accordance with the tabular data of Table 25,
discernible dissimilarity was not observed between the
experimental and control cohorts concerning mean pre-
test and post-test scores, as indicated by a p-value 0of 0.92,

which exceeds the conventional threshold of statistical
significance (p > 0.05).

Table 26. Findings regarding Pre-Atlas and Post-Atlas test results
questions of categories, for the 5th-grade pupils of primary
school.

Y B

° = ] - <

s€ ©33 52 ¢ 3
Groups -g‘—g_ E&P“é Ege E s

x o o] e

3 & Iz é 5 a3 - e
Pre Atlas 137 41.89 24.09 430 0.81
Post 137 47.26 10.95
Atlas

In accordance with the tabular data of Table 26,
discernible dissimilarity was not observed between the
experimental and control cohorts concerning mean pre-
test and post-test scores, as indicated by a p-value 0f 0.81,
which exceeds the conventional threshold of statistical
significance (p > 0.05).

Table 27. Findings regarding Pre-Atlas and Post-Atlas test results
questions, for all classes together of the primary school.

5z £X8 s
5> .S 525 & 8
Groups a 2 E¥s TE&EQ 3 [
ES =gy Sz~ 2 &
2a Zz3 &a
Pre Atlas 339 37.46 19.49 2.15 0.74
Post 339 35.16 15.21
Atlas

In accordance with the tabular data of Table 27,
discernible dissimilarity was not observed between the
experimental and control cohorts concerning mean pre-
test and post-test scores, as indicated by a p-value 0of 0.74,
which exceeds the conventional threshold of statistical
significance (p > 0.05).

Table 28. Findings regarding Pre-Atlas and Post-Atlas test results
questions of categories, for all classes together of the primary
school.

“E z '§ X8 TS5 o o
o - S S5~ 3 3
Groups o 2 EFs TEQ T s
E2 =E3e= S3— 2 iy
2 a < 3: § b =) *
Pre Atlas 339 35.12 15.43 430 0.89
Post 339 37.54 11.11
Atlas

In accordance with the tabular data of Table 28,
discernible dissimilarity was not observed between the
experimental and control cohorts concerning mean pre-
test and post-test scores, as indicated by a p-value of 0.89,
which exceeds the conventional threshold of statistical
significance (p > 0.05).
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Table 29. Findings regarding Pre-Atlas and Post-Atlas test results
questions for averages of all classes together of the primary
school.

5z £X8 ©ws o @
8§, e»s Sz 2 32
Groups 'E H < g 3 < %!‘_ T [
Pre Atlas 339 37.46 5.65 430 0.44
Post 339 35.16 9.12
Atlas

In accordance with the tabular data of Table 29,
discernible dissimilarity was not observed between the
experimental and control cohorts concerning mean pre-
test and post-test scores, as indicated by a p-value of 0.44,
which exceeds the conventional threshold of statistical
significance (p > 0.05).

Table 30. Findings regarding Pre-Atlas and Post-Atlas test results
questions for averages of categories of all classes together of the
primary school.

Tz £X8 w5 o w
8, egwo. 8Stgm 2 2
Groups -g 5 £ g 2 < %9— S [
2é £33 #8 - °
Pre Atlas 339 35.12 15.43 430 0.89
Post 339 37.54 11.11
Atlas

In accordance with the tabular data of Table 30,
discernible dissimilarity was not observed between the
experimental and control cohorts concerning mean pre-
test and post-test scores, as indicated by a p-value of 0.89,
which exceeds the conventional threshold of statistical
significance (p > 0.05).

4. Conclusions

In this comprehensive study, both pre-atlas and post-atlas
tests were conducted to assess the general knowledge of
primary school pupils in the 3rd to 5th-grades regarding
the Republic of North Macedonia. The participants,
categorized by grade and gender, underwent evaluations
encompassing map and atlas concepts, directions,
geographical regions, neighboring areas, tourism, and

economy in North Macedonia.

The results of the pre-atlas unveiled varying proficiency
levels across different grades and categories. Notably, the
largest natural lake question (Question 8) exhibited the
highest average correct answers, while the question
regarding the number of municipalities (Question 6)
showed the lowest average.

The results of the post-atlas unveiled varying proficiency
levels across different grades and categories too. Notably,
the historical elements of the city of Tetovo question
(Question 13) exhibited the highest average correct
answers, while the question regarding the region where
the city of Debar (Dibra) belongs (Question 3) showed the
lowest average.

When analyzed by grade, in the pre-atlas test 5th-grade
pupils achieved the highest mean accuracy, excelling in
Category C questions. In contrast, 3rd-grade pupils had
the lowest mean accuracy, especially in Category A.
Conversely, in the post-atlas test 5th-grade pupils
achieved the highest mean accuracy, excelling in Category
A questions. In contrast, 3rd-grade pupils had the lowest
mean accuracy, especially in Category B.

Regarding gender differences, female pupils generally
outperformed males across all grades, albeit with
marginal disparities,

indicating a relatively uniform

knowledge level among both genders.

In the comprehensive analysis of Pre-Atlas and Post-Atlas
test results across various grade levels within the primary
school setting, the application of t-tests using Microsoft
Excel revealed no discernible dissimilarities between the
experimental and control groups. Employing a rigorous
statistical approach, the calculated p-values consistently
exceeded the conventional threshold of statistical
significance (p > 0.05). For instance, in examining the 3rd,
4th, and 5th-grade pupils, as well as the collective data for
all classes, the p-values ranged from 0.40 to 0.92,
indicating a lack of statistically significant differences in
mean pre-test and post-test scores. These results
underscore the robustness and reliability of the findings,
affirming the effectiveness of the experimental
intervention. The absence of statistically significant
variations enhances the validity of our conclusions,
reinforcing the notion that the Atlas presentation did not
yield notable impacts on the academic performance of
the participating pupils. Considering the calculated p-
value surpasses the significance threshold of 0.05, as
determined by the t-test analysis, it can be inferred that
the observed outcomes regarding the knowledge levels in
both the pre-atlas test and post-atlas test, demonstrate
equivalence in the context of the conducted testing.
Consequently, according to the results, no statistically
significant distinctions are evident between the two

groups of tests.

While the study highlighted notable proficiency within
normal sequences in map and atlas concepts, there is
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room for improvement and development, particularly in
geographical regions, directions, and neighboring areas.

In summary, this study provides valuable insights into the
geographic knowledge and map reading of primary school
pupils in North Macedonia. The results emphasize the
need for targeted educational interventions, especially in
atlas enhance a

map and comprehension, to

comprehensive  understanding of the country's
geographical features. The utilization of maps, whether
integrated into textbooks or presented in standalone
formats, should be given increased emphasis in the early
stages of primary education. Moreover, the incorporation
of atlases is particularly essential within this educational
phase, contributing significantly to the advancement and
enhancement of pupils' capabilities and proficiency,
particularly in the cultivation of their geographical skills.
The findings contribute to the discourse on geography
education, stressing the importance of tailored
approaches to address proficiency variations among
different grade levels and genders. Future research
should explore effective teaching strategies and
interventions to further enhance geographic literacy
among primary school pupils, aiming to contribute to a
well-informed

and geographically literate younger

generation.
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Oz

Calismada, temiz enerji Uretiminde surdirilebilirlige katki
saglamak igin glinimiiz rlizgar ve glines enerji teknolojisinin
kullanildigi, hibrit yiizer yenilenebilir enerji santrali tasarimi
yapilmistir. Tirkiye’nin kiyr bolgelerini temsil eden 3 koordinat
noktasina ait Global Wind Atlas ve Global Solar Atlas
yazihmindan elde edilen degerlere goére toplam enerji
potansiyeli hesaplanmistir. Kiigiik 6 tip (10x10 m2), orta 2 tip
(20x20 m2) ve (30x30 m?), buylk 1 tip (60x60 m2) alana sahip
toplam 9 tip moddl gelistirilmistir. Ancak kiicik moddl tipleri
arasindan agik deniz kosullarinda altigen platform yapinin en
uygun davranis sergileyecek olmasi ve Uzerinde yakin toplam
kurulu giic degerleri hesaplanmasindan dolayi, kiglik modiil tip
5 icin enerji hesaplari yapilmistir. Sonugta, kiigiik moddl tip 5,
orta modul tip 1, orta modiil tip 2 ve buyiik moddil tip 1’in 10’ar
adet kullanimiyla bolgelere ait santral toplam eneriji potansiyeli
ve karsiladigl konut sayisi hesaplanmistir. En yiiksek santral
toplam enerji potansiyeline Ege bolgesinin sahip oldugu
sonucuna ulagilarak, kiigtik moddl tip 5 ile (1830 MWh/yil) ~500
konutun, orta modil tip 1 ile (4370 MWh/yil) ~1195 konutun,
orta moddil tip 2 ile (41930 MWh/yil) ~11485 konutun, buyik
moddl tip 1 ile (183960 MWh/yil) ~50400 konutun ihtiyacinin
karsilanabilecegi ortaya konulmustur. Ayni zamanda eneriji
santralinin agik deniz ortamindan olumsuz etkilenmemesi igin
modil biiylkliiklerine uygun éneri niteliginde dalgakiran yapilari
tasarlanmistir.

Anahtar Kelimeler: Yenilenebilir enerji; Yiizer hibrit yenilenebilir enerji;
Ginidmiiz yenilenebilir enerji teknolojileri; Yiizer hibrit yenilenebilir enerji
santrali; Bélgelere ait toplam enerji potansiyeli.

© Afyon Kocatepe Universitesi

Abstract

In this study, a hybrid floating renewable energy power plant
was designed using today's wind and solar energy technology to
contribute to sustainability in clean energy production. The total
energy potential was calculated according to the values
obtained from Global Wind Atlas and Global Solar Atlas software
for 3 coordinate points representing the coastal regions of
Turkey. A total of 9 types of modules were developed: 6 small
(10x10 m?), 2 medium (20x20 m2) and (30x30 m2), 1 large (60x60
m2). However, since the hexagonal platform structure will
exhibit the most appropriate behaviour in offshore conditions
among the small module types and the total installed power
values close to it are calculated, energy calculations have been
made for small module type 5. As a result, the total energy
potential of the power plant and the number of houses covered
by the regions were calculated by using 10 units each of small
module type 5, medium module type 1, medium module type 2
and large module type 1. It is concluded that the Aegean region
has the highest total power plant energy potential, and it is
revealed that the needs of 500 houses (1830 MWh/year) can be
met with small module type 5, 1195 houses (4370 MWh/year)
with medium module type 1, 11485 houses (41930 MWh/year)
with medium module type 2, and 50400 houses (183960
MWh/year) with large module type 1. At the same time, in order
to prevent the power plant from being adversely affected by the
open sea environment, breakwater structures were designed in
accordance with the module sizes.

Keywords: Renewable energy, Floating hybrid renewable energy;
Today's renewable energy technologies; Floating hybrid renewable
energy plant; Total energy potential of the region.

1. Giris

Enerji, insanlarin  glinlik  hayattaki

karsilayabilme noktasinda énemli bir yere sahiptir. Stirekli

ihtiyacglarini

artan nufus ile birlikte insanlarin barinma talebinin
karsilanmasi, tarimsal faktorler ve sanayi kullanimlari gibi
yasamimizin her noktasinda giderek blylyen bir ihtiyag
haline gelmektedir (Das vd. 2019, Solomin vd. 2021).

GuUnilmizde daha yogun olarak kémiir, petrol, dogalgaz
gibi fosil kokenli enerji kaynaklari kullanilmaktadir. Kémr
ve petrol gibi yenilenemeyen kaynaklarin tiikenme
tehdidi ise yenilenebilir enerji kaynaklarina olan gegisi
hizlandirmaktadir (Solomin vd. 2021). Ayni zamanda fosil
enerji kaynaklarinin tiketimi cevresel tahribatin ciddi
sekilde artmasina, kiresel krizler

olgcekte olusan
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sonucunda enerji fiyatlarinin yikselmesine de neden
2020).
Ulkelerinin  ¢ogu fosil

olmaktadir (Penna Bundan dolayi, diinya

kaynak tliketimindeki etkileri
azaltmak icin yeni politikalar gelistirmektedir (Uyan

2017).

Ozellikle fosil kaynak kullanimina bagh olarak kiiresel
Isinmanin oniine gegmek icin devletler 1997 yilinda Kyoto
protokoliini ve 2015 vyilinda kiresel sicaklik artigini

2°C'nin altinda tutmayl taahhiit eden Paris iklim
Antlagmasi’ni imzalamiglardir (Karakaya 2016,
Tortumluoglu ve Dogan 2021). Fosil enerji kaynak

kullaniminin azalmasina yénelik imzalanan antlagsmalar
geregince son 20 yil icerisinde vyenilenebilir enerji
kaynaklarina olan talep artmaktadir (Lee vd. 2012, Penna
2020). Nitekim, Diinya Enerji Konseyi’'nin (WEC) 2050
ytlina iliskin senaryolarina bakildiginda nifus artisiyla
birlikte yenilenebilir enerji talebine olan artisin da en
yuksek blylime oranina sahip olacagl gorilmektedir
(Rajpar et al. 2021, int.Kay.26). Diinyadaki yenilenebilir
enerji kaynaklari kurulu giicliniin bu dogrultuda 2011-
2020 yillari arasinda iki kattan fazla arttig1 bilinmektedir
(IRENA 2021).

Tirkiye acisindan bakildiginda ise fosil kokenli enerji
kaynaklarinin yetersizligi disa bagimhhg arttirmaktadir.
Ancak,
potansiyeli bakimindan ulkemiz oldukga iyi bir yere

alternatif ve vyenilenebilir enerji kaynaklar
sahiptir (Ucgiil ve Elibliylik 2016a). Tiirkiye’nin bu noktada
hidroelektrik, riizgar, glines, jeotermal, biyokitle, dalga
ve akinti gibi kara kurulumu (onshore) ve acgik deniz
kurulumu (offshore) bakimindan vyenilenebilir enerji
kaynaklarini ekonomiye kazandirmasi gerekmektedir.
Ozelliklede agik deniz yenilenebilir enerji kaynaklarini
degerlendirerek, bu kaynaklarin hibrit kombinasyonu ile
tepe degerlerinin siirekli mimkin olmadigl kosullarda
dahi verimlilik artisi saglanabilecektir (Qu vd. 2021).
Boylece sirdurulebilir enerji temini icin yenilenebilir
enerji kaynaklari potansiyelini daha etkin kullanmak,
kendi kendine yeterli hale gelmek ve disa bagimlig

azaltmak miimkin hale gelecektir (Das vd. 2019).

Yiizer yenilenebilir enerji calismalari ve hibrit ener;ji

sistemleri dinyada ve Tirkiye’de hizla gelisme

gostermeye devam etmektedir (Cizelge 1).

Bu dogrultuda firmalarin (riinlerine ve akademik
bakildiginda;

hareketine gére dénen ayni zamanda ¢ift yonli PV sistemi

calismalara HydroSun firmasi, glines
ile yaz ve kis aylarinda da enerji Uretebilen Water Lily
ylzer fotovoltaik sistemi kurmustur (int.Kay.14). Temiz
Yaratici Teknolojiler firmasi HydroSolar yilizer glines

enerjisi sistemini Giretmistir (int.Kay.21).

Cizelge 1. Yiizer yenilenebilir enerji sistemi 6rnekleri

Enerji Tipi Uygulamalar
. HydroSun, Temiz Yaratici

Gunes I,
Teknolojiler

Ruzgar EnerOcean

Dalea Ocean Power Technologies; Blue

g Deal; Wave Star

Dip Akintisi Simec Atlantis Energy; Verdant
Power;

Gulines + Rlzgar OceanH2

Floating Power Plant;
Spar-Torus; W2Power

Glines + Dalga FDN
Gunes + Rlzgar +
Dalga

Dalga + Riizgar InSPIRE;

Sinn Power; Energy Island Design

EnerOceon, W2Power projesinde ylzer riizgar enerjisi
Uretiminin yani sira dalga enerjisi ve su Urlnleri
yetistiriciliginin de yapilabildigi bir sistem gelistirmistir
(Hanssen vd. 2015, int.Kay.4). Ocean Power Technologies
firmasi, Power Buoy dalga enerjisi donlstiriiclsi ile 8.4
kW enerji Gretebilmektedir (int.Kay.15). Blue Deal, agik
deniz dalga enerji samandira sistemini dalga ciftlikleri
(int.Kay.1). WaveStar

firmasi, ¢cok noktali emici sistem olan dalga enerjisi

uygulamasi i¢in tasarlamistir

dénistiriciisi insa etmistir (int.Kay.25). Simec Atlantis

Energy firmasi, SeaGen 'S' gelgit ve dip akintisi tlrbini
sayesinde 2 MW’a kadar kurulu kapasite saglamaktadir
(Jackson ve Persoons 2012). Verdant Power, 5 m rotor
¢apina sahip Ug¢ kanatli yatay eksenli bir tlrbin ile gelgit ve
dip akintisi enerjisi retmektedir (int.Kay.23). ispanyol
yenilenebilir enerji Ureticisi Acciona Hexicon tarafindan
ylizer ruzgar ve glines enerjisi birlikte tasarlanarak
“OceanH2”

olusturulmustur

dinyanin ilk yesil santrali
(int.Kay.18). Plant

tarafindan gelistirilen Poseidon P37, hibrit riizgar ve dalga

hidrojen
Floating Power

enerjisi Uretim teknolojisi dinyanin ilk yizer temel
yapisidir (int.Kay.6, int.Kay.24). TechnipFMC ve Bombora
ortakhgl ile gelistirilen InSPIRE projesi dalga + rlzgar
enerjisi Uretebilen yiizer platform sistemidir (int.Kay.9).
Ding vd. (2015)’in ¢alismasinda Spar-Torus riizgar ve dalga
enerjisi kombinasyonu ile nokta sogurucu, salinimh ve
dikey plakalar olmak Uzere dalga donustirliclisiine Ug
sekilde oneri gelistirilmistir. Pelagic Power tarafindan
W2Power rlizgar tirbini ve dalga enerjisi donistiirme
sistemi hafif ve tek bir ylizer platform lizerinde Uretilmistir
(int.Kay.16). FDN firmasi tarafindan deniz dalgalarinda
periyodik olarak asagl ve yukari hareket eden dalga
enerjisi dontstlrlclsi tasarlanmistir. Ayrica bu sistem ile
glines enerjisini birlikte Uretecek proje planlamaktadir
(int.Kay.5). Sinn Power tarafindan hibrit dalga, giines ve
rizgar enerjisi ylzer bir platform (zerinde modiler
(int.Kay.17).
Michaelis ve Alex Michaelis (2008) tarafindan, Energy

sistemler olarak tasarlamistir Dominic
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Island Design projesi ile glines, rizgar, dip akintisi ve
okyanus termal enerjisi birlikte kullanilarak her biri 250
MW iretebilen toplam 8 altigen modil ile 2000 MW giig
tiretimi hedeflenmistir (int.Kay.12).

Dinyada gelisme gosteren bu yizer yenilenebilir eneriji
sistemlerine bakildiginda hibrit kombinasyonlarin artisi
ortadadir. Tirkiye’de ise hibrit teknolojilerden ziyade
yuzer GES (Bulut vd. 2018, Dal 2021, G6kmener vd. 2023)
¢alismalarinin 6zellikle hidrolik santraller tGzerinde kurulu
orneklerine rastlanirken, yuzer RES galismalarinin Ar-Ge
(int.Kay.20). Bu
nedenle enerji tepe degerlerinin miimkin olmadig iklim

asamasinda oldugu goérilmektedir
kosullarinda dahi enerjinin sirdardlebilirligi agisindan
hibrit yenilenebilir enerji sistemlerinin Turkiye’de de

ilerleme gostermesi 6nemli bir husustur.

Bu ¢alismada ise hibrit ylzer vyenilenebilir enerji
sistemlerinin gelismesine katkida bulunmak icin ginimiz
riizgar ve gunes enerji teknolojisinin kullanildigi, kigiik
(10x10 m?), orta (20x20 m?; 30x30 m?) ve biiyiik (60x60
m?) dlgiilerde enerji moddilleri tasarlanmistir. Bu ener;ji
modaillerinin boyutlarina, enerji verimliligi degisken kiyi
ve acik denizlerde farkh ortam kosullari ile uyumlu
olabilecek ayni zamanda sonraki ¢alismalarda da ihtiyag
duyulabilecek yizer temel vyapilari gbéz o6niinde
bulundurularak karar verilmistir. ilaveten, Tirkiye kiyi
bolgelerini temsil eden 3 koordinat noktasi igin bu enerji
moddllerinin riizgar ve glines enerji hesaplari yapiimistir.
Koordinat noktalari belirlenirken de rizgar hizi
haritasinda yilksek potansiyele sahip vyerler dikkate
alinmigtir. noktada belirtilen

Calisma bu asagida

onerilerden dolayi diger calismalardan ayrilmaktadir.

- Kuglk, orta ve buyik olarak farkli boyutlarda enerji
moddllerinin gelistirilmesi,

- Bu modiillerin boyutlarina uygun, riizgar ve glines
yenilenebilir enerji teknolojisi firma UGrlnlerinin
kiyaslanarak tercih edilmesi,

- Tarkiye kiyr alanlarini temsil eden 3 koordinat

10’ar adet

kullanilmasiyla bu bolgelere ait ayri ayri toplam

noktasinda, enerji modiillerinin
enerji potansiyellerinin hesaplanmasi,

- Elde edilen gilic potansiyellerine gore enerji
ihtiyacinin karsilandigl ortalama konut sayisinin
bulunmasi,

- Bu potansiyeller degerlendirildiginde Turkiye igin
Ege bolgesinin hibrit riizgar ve gilines eneriji
Uretiminde daha ylksek potansiyele sahip oldugu
sonucuna ulagiimasi,

- Ayrica, hibrit ylzer yenilenebilir enerji santralinin
dalgali deniz ortamindan etkilenmemesi icin her
moddl

blyukligine uygun oOneri niteliginde

dalgakiran yapilarinin tasarlanmasi bakimindan,
diger calismalardan ayrilmakta ve literatire katki
saglamaktadir.

2. Materyal ve Metot

2.1. Tiirkiye riizgar ve giines enerji potansiyeline gére
calisma alanlarinin belirlenmesi

Yenilenebilir enerji kaynaklarini glines enerjisi, riizgar
enerjisi, su kokenli (hidro enerji, dalga enerijisi, gelgit
enerjisi, okyanus enerjisi, akinti enerjisi), jeotermal enerji,
biyokitle enerjisi  ve hidrojen enerjisi  olarak
siniflandirmak miimkindiir (Uggiil ve Elibliyiik 2016b).
Tarkiye’nin 2019 yilinda sahip oldugu 91.3 GW’lik toplam
bakildiginda,

kaynaklarindan riizgar enerji santrallerinin % 8.3, glines

kurulu glic agina yenilenebilir enerji
enerji santrallerinin ise % 6.6 oranina sahip oldugu
(int.Kay.10).

yenilenebilir enerji kaynakh tGretim glicli artis gésterse de

gorulmektedir Glnlimuzde Turkiye'nin
bu oranlar fosil kaynak tiketiminin yaninda yetersiz
kalmaktadir. Bu nedenle yarimada olan Tiirkiye’de karada
(Onshore) kurulu enerji giic agina acik denizlerinde
(Offshore) dahil edilmesi gerekmektedir. Clnki agik deniz
yenilenebilir enerji kaynaklari karbon nétr durumundan
blaylik bir

dolayr yakin gelecek igin potansiyel

olusturmaktadir (Qu vd. 2021).

Rizgar enerjisi gogunlukla yil boyunca riizgar hizinin bol
gozlemlendigi, yiksek rizgar yogunlugunun bulundugu
karasal alanlarda ve agik denizlerde, yatay eksenli riizgar
turbinleri ile elde edilmektedir (Rajpar vd. 2021). Agik
deniz riizgar ciftlikleri, kiresel rlzgar enerjisi Gretiminin
ana kaynagidir ve kapasite faktériiniin % 50’sine kadar
katkida bulunmaktadir. Agik deniz riizgar enerijisi toplam
kiresel elektrik Gretimine (mevcut kiresel kapasite 23
GW) % 0.3’luk bir kamiilatif katkiyi sabit yada yuzer riizgar
tdrbinler ile saglamaktadir (Cottura vd. 2021).

Tarkiye’de agik deniz riizgar enerji potansiyeli bakimindan
kiyinin 200 km aciginda sabit 12 GW ve ylzer 57 GW
potansiyele sahiptir. Degisen su derinliklerine gore riizgar
teknik potansiyelini gosteren ek hesaplamalar (ESMAP
2019) ve 10 m yikseklikte Tirkiye ortalama rizgar hizi
haritasi (int.Kay.8) Cizelge 2’de verilmektedir.

Bu haritaya gére Ege Denizi'nin kuzeybatisi acgik deniz
rizgar potansiyeli bakimindan en vyiksektir. Bolgede
rizgar hizi 9 m/s’ye kadar ¢cikmakta ve 6 GW sabit ve 19
GW  vyizer, acik deniz riizgar potansiyeline
rastlanmaktadir. Marmara denizi ve Karadeniz'de ise 7-8
m/s’lik razgar hizi potansiyeline ulasiimaktadir (ESMAP

2019).
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Cizelge 2. Turkiye kiyilari ortalama riizgar potansiyeli (ESMAP
2019) ve ortalama riizgar hizi haritasi (int.Kay.8)

Cizelge 3. Tirkiye kiyi bolgelerini temsilen eden koordinat
noktalari yer gosterimi

TURKIYE

Riizgar Hizi

Su Derinligi (m)

(m/sn)
SABIT <50 7-8 6.6
<50 8 5.6

Toplam 12

YUZER <250 7-8 21.3
<250 8 20.6

<500 7-8 5.4

<500 8 5.6

<1000 7-8 7.4

<1000 8 2.7

Toplam 57

Tirkiye’de glines radyasyonu isinim degerleri ve
glinegslenme siresi uzun oldugu icin gilines enerjisi
potansiyeli de yiksektir. Tirkiye kiyi bolgelerinin toplam
glines enerjisi sirasiyla; Akdeniz 1.390, Ege 1.304,
Marmara 1.168 ve Karadeniz 1.120 kWh/m2-yil’dir (Ozgiir
2018). Guinlik glineslenme siresi ise; Akdeniz Bolgesi
ortalama 7.5 ile 8.5 saat, Ege Bolgesi ortalama 6.5 ile 8.5
saat, Marmara Bolgesi ortalama 6 ile 7 saat, Karadeniz

Bélgesi ortalama 4.5 ile 6 saat arasindadir (int.Kay.13).

Tirkiye kiy1 bolgelerinde ve glines enerji
potansiyeli hesaplanirken Global Wind Atlas ve Global

rizgar

Solar Atlas yazihmi kullanilmis ve Akdeniz, Ege ve
Karadeniz kiyi alanlarini temsil eden 3 koordinat noktasi
belirlenmistir. Bu koordinat noktalari Cizelge 2’'de verilen
Turkiye kiyilari ortalama riizgar hizi haritasi dikkate
alinarak en vyiiksek potansiyel
konuma gore tespit edilmistir (Cizelge 3).

degerlerini gosteren

Global Wind Atlas enerji verileri dikkate alinarak 3
koordinat noktasina ait giic yogunlugu Cizelge 4’de
gosterilmistir (int.Kay.8).

Gunes enerjisi potansiyelini hesaplamak i¢in Global Solar
Atlas yazilmi kullanilmig ve yizer biyik 6lgekli PV sistemi
dikkate
alinmigtir. 1000 kWp kurulu glic potansiyeline gore 3

tipi secilerek varsayillan 102'lik egim agisi

koordinat noktasina ait yillik ortalama uretilen fotovoltaik
giic cikisi degerleri Cizelge 5’te verilmistir (int.Kay.7).

Koordinat Noktalarinin Konumu
43
42,00 K 34,50 D

2 ,
39.00K 25.50D. . -

lil!:;(rtillgar‘: Kiyr Bolgeleri Enlem Boylam
1 Akdeniz 36.00 K 33.00D
2 Ege 39.00 K 25.50D
3 Karadeniz 42.00 K 34.50 D

Cizelge 4. Koordinat noktalarina ait riizgar ortalama glig
yogunlugu (int.Kay.8)

Riizgar Ortalama Gii¢ Yogunlugu W/m2  m/sn
1 Akdeniz 381 5.69

10 m Yikseklikte 2 Ege 529 7.57
3 Karadeniz 329 5.66

Cizelge 5. Koordinat noktalarina ait fotovoltaik gic¢ ¢ikis
degerleri (int.Kay.7)

Toplam Fotovoltaik Giig Cikigi GWh
PV panellerinin egimi: 1 Akdeniz 1.515
Varsayilan (102) 2 Ege 1.394
Kurulu gii¢: 1000 kWp 3 Karadeniz 1.175

2.2 Yenilenebilir enerji sistemi teknolojileri
2.2.1. Riizgar enerjisi

Paul la Cour tarafindan 1891 yilinda ilk tirbinin insa
edilmesiyle, enerjisinden elektrik Uretilmeye
baslanmis ve son 20 vyil
Uretiminde 6nemli bir artis gortilmastir. Ruzgar tirbinleri
donme eksenlerine gore yatay eksenli, dikey eksenli ve
egik eksenli olmak Gzere li¢ gruba ayrilmaktadir (Elibaylk

ve Uggiil 2014).

rlzgar

icerisinde rlizgar enerjisi

1) Yatay eksenli rtizgar turbini (YERT): Kanat yonu riizgar
yonine dik, dénme eksenine paralel, yerden genellikle
20-30 m yiksekte ve tek kanatl, iki kanatli, tic kanatli ve
cok kanatli gesitleri bulunan tiirbinlerdir (int.Kay.2).

2) Dikey eksenli riizgar tiirbini (DERT): Riizgari her yonden
alabilen, donls ekseni riizgarin yoniine dik olmasindan
dolayi yatay eksenli tiirbine kiyasla daha iyi ancak verim
olarak daha dislik 6zellikte tirbinlerdir (Keles Cetin vd.
2019). Darrieus ve Savonius olarak iki tipi bulunmaktadir.
Ayrica H Tipi Darrieus, Helix Tip Darrieus ve Hibrit
Darrieus-Savonius rizgar tirbinleri de gelistirilmistir.
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3) Egik eksenliriizgar tirbinleri: Donme eksenleri diiseyde
rlizgar yoniinde bir a¢i yapan ve kanatlari ile dénme
eksenleri arasinda belirli bir ag¢i bulunan tlrbinlerdir
(Elibiiyiik ve Uggiil 2014). D6nme eksenlerine gore riizgar
tirbin gesitleri Sekil 1’de gosterilmistir.

a - ) i
| I | v
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Sekil 1. Darrieus ve Savonius riizgar tiirbini (a); Darrieus Helix,
Darrieus H Tipi ve Hibrit Darrieus Savonius riizgar turbini (b); Tek
kanat, iki kanat ve (¢ kanath riizgar tiirbini (c) (Yazara ait gizim*)

Calismada, rlzgar enerjisinin  yenilenebilir  enerji
Uretiminde o6nemli bir girdi olmasi nedeniyle karada
kurulu olan yatay eksenli ve diisey eksenli riizgar tiirbini
Ureten firmalarin Grlnleri incelenmistir. Cizelge 6’da bu
Urinler Nominal Gug bakimindan dusik, orta ve yiiksek
olarak siniflandirilmistir. Firma Grdnleri ise marka ismi
vermemek icin RT kodu ile belirtilmistir. Bu gizelgelerdeki
rlzgar turbin tiplerinden rotor agirhg1 disik ve nominal
giic bakimindan yiksek modelleri

boyutlarina uygun olacak sekilde tercih edilmistir.

firma modul

Cizelge 6. Nominal gli¢ bakimindan duslk, orta ve yiiksek dikey eksenli ve nominal gli¢c bakimindan yiiksek dikey ve yatay eksenli

rlzgar tlrbini firma Grinleri

Nominal Gii¢ Bakimindan Diisiik-Dikey Eksenli Riizgar Tiirbini Cesitleri

PR p
Darrieus H Tipi Savonius Darrlel{s Darrn.eus
Savonius Helix
i drini % 0% e oS DS S B S S
rmearnt B Ei B ki B E: E: kD E:
Rotor agirligi 350 kg - 250-800 kg 28 kg kanat 155 kg 36 kg 380 kg 680kg 274 kg
Rotor ¢api 14m 26m 25m 2m 22m 65 cm 2.8m 4m 1.8m
Kanat uzunlugu 9m 2.0m 3m 2.8 m 15m 15m 4m 4m 32m
Nominal Giig 1kw 1kw 3.6 kW 1kw 1.5 kw 500 W 1.5 kw 3 kw 1.5 kw
Devreye girme
Riizgar hizi 3.5m/sn - 1.5 m/sn 1.5 m/sn 3m/sn 15m/sn  3m/sn 3 m/sn 4 m/sn

Nominal Gii¢ Bakimindan Orta-Dikey Eksenli Riizgar Tiirbini Cesitleri

Darrieus H Tipi

Savonius Tipi

Darrieus + Savonius Darrieus Helix

o3 <% -] o
Firma iriinii Ngk) Nk} o] Nk}
x £ x £ &£ x £
Rotor agirhigi 658 kg 800 kg 310 kg 756 kg
Rotor ¢api 9.7 6.20m 3.5 3.2m
Kanat uzunlugu 2.1 5.7m 3.6m 52m
Nominal Gii¢ 5 kW 4.5 kW 5 kW 5 kW
Devreye girme
Riizgar hizi 4.47 m/sn 1.5 m/sn 1.8 m/sn 3.5m/s

Nominal Gii¢ Bakimindan Yiiksek-Dikey Eksenli Riizgar Tiirbini Cesitleri

Darrieus H Tipi Darrieus + Savonius
<5 n ¥ © 8 ~ g 508 8
Firma iiriinii g k) Nl oE ) ]
e £ « £ « £ @£ EE Bz
Rotor agirligi 2950 kg 90 kg 660 kg 9000 kg 460 kg 660 kg
Rotor ¢api 112 m 25m 6m 3m 4m 6m
Kanat uzunlugu 9m 3m 6.5m 10m 4m 6.5m
Nominal Gii¢ 10 kW 10 kW 20 kW 9-20 kW 10 kW 20 kW
Devreye girme
2. - 2 - 2 2
Riizgar hizi 5m/s m/sn m/sn m/sn
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Cizelge 6 (devami). Nominal gii¢ bakimindan dustik, orta ve yiiksek dikey eksenli ve nominal giic bakimindan yiksek dikey ve yatay

eksenli rizgar tiirbini firma Grinleri

Nominal Gii¢ Bakimindan Yiiksek-Dikey ve Yatay Eksenli Riizgar Tiirbini Cesitleri

Darrieus H Tipi
o3 -3
. ve ee e N > N >
Firma iiriinii & = 2
e £ @ £
Taradigi Alan - -
Kanat Capi 5m 10 m
Kule Yiiksekligi 6m 12m
Nominal Gii¢ 50 kw 60 kW
Devreye girme
Riizgar hizi 4 m/sn 1.5 m/sn

Darrieus Helix 3 Kanatli
NS L) L)
NE ] 83
£ Ez £z
- 176,71 m? 314,16 m2

12m 15m 20m
14 m 20m 35m

50 kW 50 kW 100 kw

1.3 m/sn 2 m/sn 2 m/sn

Dipnot: (*) isaretli firma Griinleri tercih edilmistir. RT kodu ile verilen riizgar enerjisi firma iriinlerine ait internet kaynaklari (int.Kay.27-41)

2.2.2. Giines enerjisi

Glines enerjisi en bol ve sonsuz enerji kaynaklarindan
biridir ayni zamanda ekonomik kalkinmada toplumun
surekli taleplerini karsilayabilecek temiz yenilenebilir
enerji kaynagi olarak goérilmektedir (Husain vd. 2018,
Perera 2020). Gunimuzde ise karada kurulu glines enerji
santralleri sayesinde yenilenebilir enerji temin edilirken
blylk isgal
ylzey akisi

arazilerin edilmesiyle ormansizlasma,

erozyon, ve iklim degisikligi meydana
gelebilmektedir. Bu nedenle kiyilar ve agik denizlerde
ylzer glnes enerji santrali uygulamalari avantajli hale
gelmektedir. Glines enerjisi Gretmek igin yari iletken

malzemeler olan fotovoltaik hicreler kullaniilmakta ve

Cizelge 7. 60 ve 72 Hucreli glines paneli gesitleri

glines 15181 elektrige donustirilmektedir (Husain 2018).
Yizer glines panellerinde ise fotovoltaik hticrelerin belirli
bir standardi olmamakla birlikte en yaygin kullanilanlari
60 veya 72 hiicreli cergeveli cam, cam mono veya
polikristal silikon malzemelerdir (Dinya Bankasi Grubu
vd. 2019). Bundan dolayr Tirkiye’de ve yurtdisinda
kullanilan 60 ve 72 hiicreli glines panelleri Cizelge 7'de
verilmistir. Firma Grinlerinde marka ismi kullanmamak
icin PV kodu ile belirtilmistir. Yiizer yapinin su {izerinde
kabiliyeti bulunduruldugunda,
cizelgelerdeki glines paneli tiplerinden agirhg disik,
nominal glic bakimindan yiiksek ve monokristal PV-9
firma Urunl ¢calismada tercih edilmistir.

tasima gbéz oOnlinde

60 ve 72 Hiicreli Giines Panelleri

Sa Ss 83 ol b o b e Ba B a
2% a2% @o2i 823 wfi efI n~nEi wifi HEE
Firma iiriinii | > S & >t >té > L8 > 58 > 358 > 358 > 358 4 3¢&
& SE &Sk & SE & 3SE & sk & st & 5k & 5k & SE
= = = < =3 =3 2 2 =3
Adirhk 18 kg 23 kg 18 kg 22 kg 21.1kg 22 kg 23 kg - 22.5kg
Hiicreler 60 72 60 72 60 72 72 60 72
1640 x 1956 x 648 x 1959 x 1670 x 1990 x 1960 x 808 x 1985 x
Panel Boyut 992x 992 x 995 x 995 x 1000 x 1000 x 985 x 1320 x 1003 x
35 mm 40 mm 35mm 40mm 5mm 35mm 40 mm 35mm 40 mm
Nominal gii¢ 260 Wp 310 Wp 270 Wp 320 Wp 315 Wp 295 Wp 320 Wp 220 Wp 380 Wp

Dipnot: (*) isaretli firma Griini tercih edilmistir. PV kodu ile verilen giines enerjisi firma riinlerine ait internet kaynaklari (int.Kay.42-48)

2.3. Metot
2.3.1. Yiizer enerji modiilleri yapisal 6zellikleri

Tim vyuzer enerji modilleri tasiyici sistem ve enerji
teknolojilerine ait gorseller Rhinoceros7 3D ve Lumion
12.0.2 programinda gizilmistir.

Modillerin yizer temel formu gelistirilirken ana sekiller
arasindan en uygun olanin tespit edilebilmesi icin
dncelikle 10x10 m? alana sahip kare, yuvarlak ve altigen
formda ylizer temeller elde edilmistir. Daha sonra ylzer
temellerin Uzerine kanat ¢api mesafe araliklarina gore

riizgar tlrbinleri yerlestirilmis ve arada kalan bosluklara

glines panelleri eklenerek modiillerin toplam kurulu gii¢
hesaplari yapilmistir. Toplam kurulu giic bakimindan kare,
yuvarlak ve altigen ylizer temellerin birbirine yakin oldugu
sonucuna ulasildigr icin (Cizelge 8) 10x10 m2, 20x20 m?,
30x30 m? ve 60x60 m? sahip
modiillerde altigen form tercih edilmistir. Ayrica, kare
formun acgik deniz kosullarinda koselerine gelen yikler

alan buydklagline

altinda sekilsel butinlGgiini koruyamayacagl, yuvarlak
formun tasiyici sistem kurulum zorlugunun géz 6niinde
bulundurulmasi ve altigen formun Cesur Durmaz (2023)'in
calismasinda en uygun ylzer temel yapi olarak sonug
vermesinden dolayi altigen temel en ideal form olarak
belirlenmistir.
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Deniz kosullari igin uygun tekniklerle Gretilen beton
genellikle deniz yapilari ve ylzer yapilarda kullanilan
oncelikli malzemelerdendir. Bunun disinda aliiminyum,
celik ve Polistiren EPS Képuk dolgulu dubalar ve panton
(int.Kay.11) yapilar da kullaniimaktadir. Calismada, kiigiik
modiillerin ylizer temel yapilari daha kiglik alana sahip
oldugu ve bu bakimdan az enerji sistemi
yerlestirilebileceginden dolayi dusiik kaldirma kabiliyeti
gerektirmekte ve panton yapilar tasiyici zemin olarak
tercih edilmektedir. Panton tasiyict yapilar birbirine
aliminyum ve celik profiller kullanilarak baglanmistir.
Kuglik Modil Tip 4’te ise rlzgar tlrbinini dengelemesi
adina ayni hizada genisletilmis polistiren sert kopik

dolgulu beton tasiyici kolonlar kullaniimistir (Sekil 2).

W,

LB
£

Sekil 2. Kiigiik moddl tagiyici sistem detayi
Mazarakos vd. (2020)’'un g¢alismasinda toplam kule
yuksekligi 105 m olan riizgar tlrbini igin ylzer temel ana
kolonlar 1/3 oraninda kuciltilerek 38 m boyunda
tasarlanmistir. Ayni zamanda yizer platformda ana
kolona cevre kolonlar capraz elemanlarla baglanmistir
(Mazarakos vd. 2020). Bundan dolayr Orta Modiil Tip 1
icin bir adet merkezde (80 cm ¢apinda, 4 m boyunda) ve
alti adet altigenin kosegenlerinde (50 cm gapinda, 4 m
boyunda) genisletilmis polistiren sert kopik dolgulu
beton kolonlar kullanilarak modiliin suda Uzerinde
dengesi saglanmistir. Kolon boyu merkez riizgar tirbin
yiksekligi dikkate alinarak ve vyaklasik 1/3 oraninda
kiicultilerek belirlenmistir.

Orta Modiil Tip 1 de alti ¢cevre kolon birbiri ile Gstten ve
alttan altigen olusturacak sekilde ve ana kolon ile merkeze
dogru baglanmistir. Alti ¢apraz kosebent ile de gevre
kolonlarin Gst kismi ve ana kolonun alti kismi arasinda
Mazarakos vd. (2020) calismasinda oldugu gibi baglantilar
eklenmistir. Bu baglanti elemanlarinin hepsi 20 cm
¢apinda aliminyum profillerden olusmaktadir. Akslar
boyunca devam eden 50 cm kalinliginda olan beton zemin
Gzeri, lamine ahsap ile kaplanarak orta kisimda olusan
bosluklara giines panelleri yerlestirilmistir (Sekil 3).
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Sekil 3. Orta Moduil Tip 1 tasiyici sistem ve PV detayi

Orta Modil Tip 2 de altigen formun dort kosesinde
kullanilan riizgar tirbinlerinden dolayr bu tirbinleri
dengeleyecek dért cevre kolon (3 m cap ve 10 m boya
sahip) ve bir merkez kolon (3 m ¢ap ve 10 m boya sahip)
tasarlanmistir. Genisletilmis polistiren sert képuk dolgulu
bu beton kolonlar, 50 cm kalinliginda aliminyum
profillerden olusan baglanti elemanlari ile Ustten-alttan
kare seklinde ve ana kolon ile merkeze dogru
baglanmistir. Dort capraz kosebentler ile ¢cevre kolonlarin
Ust kismi ve ana kolonun alti kismi arasina baglant
elemanlarn eklenmistir. Beton zemin kalinligi ise 1 m
olarak tasarlanmis,

zemin ylzeyi lamine ahsap ile

kaplanarak bosluk kisimlara glines panelleri

yerlestirilmistir (Sekil 4).

Sekil 4. Orta Modul Tip 2 tasiyici sistem ve PV detayi
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Biylk Modiil Tip 1 de ise merkez kolon yiksekligi en uzun
riizgar tlrbini dikkate alinarak 5 m cap ve 36 m boyda,
cevre kolonlar 3 m ¢ap ve 18 m boyda tasarlanmistir.
Genigletilmis polistiren sert kopik dolgulu bu beton
kolonlar, 1 m aliiminyum profillerden olusan baglanti
elemanlari ile Gstten ve alttan altigen seklinde, ana kolon
ile merkeze dogru baglanmistir. Blyluk Modil igin
kolonlarin oturacagl 100 cm kalinligindaki zeminin sadece
beton olmasi durumunda yapi stabilitesinin etkilenecegi
gdz oninde bulundurularak, Hexicon'un Yilzer Riizgar
Platformu tasariminda oldugu gibi (Yoneda 2022), beton
zemin altinda 3 m ¢cap ve 1 m vyuksekliginde 3 sira
aliminyum cerceve elemanlar kullanilmistir. Cerceve
elemanlar arasinda merkeze dogru 50 cm ve 1.6 m
bosluklar birakilmistir. Beton zemin Gzeri lamine ahsap ile
kaplanmistir. Zemin, akslar boyunca devam ettirilerek
aradaki bosluklara giines isinlarinin gelis agisina goére
gunes panelleri yerlestirilmis ve arka bosluklarda balik
mekansal

ciftligi gibi alternatif amach

birakilmistir (Sekil 5).

bosluklar

Sekil 5. Bliyik Modl Tip 1 taslyici sistem detayi

Tim modiller ve dalgakiran yapilari Superflex Duba
Demirleme Sistemleri’'nde oldugu gibi (int.Kay.19) celik
halatlar ile deniz tabaninda bulunan beton bloga

baglanarak sabitlenmistir.

2.3.2. Yiizer dalgakiran yapisal 6zellikleri

Dalgakiranlar genellikle liman ve marinalarda bulunan
teknelerin zarar gérmemesi icin tasarlanmis yapilardir.
GUnlmizde deniz derinliginin fazla oldugu alanlarda
alttan temelli dalgakiranlarin insasinda yasanan zorluklar,

tesisat maliyetinin yiiksek olmasi nedeniyle genellikle
yiizer dalgakiranlar kullanilmaktadir (Catipovi¢ vd. 2019).
Yuzer dalgakiranlarin Kutu tipi, Duba tipi, Raft/Mat tipi,
Tethere tip olarak dort ana g¢esidi bulunmaktadir. Kutu tipi
dalgakiran ici bos betonarme veya ici polyester gibi hafif
malzemelerden olusmakta, baglantilari esnek, tercihen
dalgakiranin ekseninde o6n gerilmeli veya sonradan
gerilmeli olarak kullanilabilmekte ve uzunlugu sinirh
kalabilmektedir 2015). Bu
calismada tum dalgakiran yapilari kutu tipi formda

(Karakullukgu nedenle

disundlmistar.

Tam dalgakiranlarin boyutlari kiigiik, orta ve bliyiik modiil
genisligi dikkate alinarak tasarlanmistir. Kiigik Moddl Tip
5; 3 m genislik, 12.5 m uzunluk, 2 m eninde, Orta Modill
Tip 1; 5 m genislik, 26 m uzunluk, 2 m eninde, Orta Modiil
Tip 2; 10 m geniglik, 45 m uzunluk, 3 m eninde, Bilyuk
Modul Tip 1; 5 m genislik, 88 m uzunluk, 6 m eninde
tasarlanmistir. Ayni zamanda Kigiik Modil Tip 5 sabit
ayakl ve diger modiiller ylzer 6zelliktedir.

2.3.3. Yiizer enerji modiillerinde kullanilan riizgar ve
giines enerji teknolojileri

En verimli enerji modillerinin olusturulmasi icin kiguk
boyutlardaki ylzer temel yapilar izerinde, farkh rizgar
turbinleri kullanilarak tasarimlar gelistirilmistir. Kigik
modillerde rlzgar tirbin tiplerine karar verilirken
nominal glic bakimindan distk enerji Giretiminde dikey
eksenli riizgar tiirbinlerinin yatay eksenli tiirbinlere goére
daha

bulundurulmustur (Cizelge 6). Bu nedenle Kigiik Modiil

verimli olmasi durumu gdéz  oOniinde
Tip 1 icin Darrieus Helix tipi / RT-9 firma urind
kullanilmigtir. Diger modiillerde ise; Kiigiik Modiil Tip 2 de
Darrieus H/ RT-4 firma UrlinU + Darrieus Helix / RT-9 firma
Urund; Kaguk Moddl Tip 3 de Darrieus + Savonius / RT-7
firma GriinG; Kacik Modul Tip 4 de Darrieus + Savonius /
RT-8 firma UrlnG; Kiaguk Modil Tip 5 de Darrieus +
Savonius / RT-7 + Darrieus Helix / RT-9 firma drunleri
kullanilmistir. Savonius tipi ¢ok dusiik watt da enerji

sagladigi igin tercih edilmemistir.

Ayrica firma Urilnleri arasindan Darrieus H Tipi model
secilirken de rotor agirligi hafif olan dikkate alinmistir.

Orta modiillerde rlizgar enerjisinden optimum verim elde
edilebilmesi icin farkh gliclerdeki triinler tercih edilmistir.
Orta Modiil Tip 1 de orta ve yiiksek dikey eksenli nominal
guc birlikte kullanilarak, Darrieus + Savonius / RT-12 ve
Darrieus + Savonius / RT-18 tirtnleri tercih edilmistir. Orta
Modyiil Tip 2 de orta ve yiksek dikey eksenli nominal giig
bakimindan; Darrieus + Savonius / RT-12, Darrieus +
Savonius / RT-18 ve Darrieus + Savonius / RT-19 firma
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Uranleri ile yuksek yatay eksenli 3 Kanatli / RT-23 firma
Grana tercih edilmistir (Cizelge 6).

Bliylilk Modil Tip 1 de nominal gli¢ bakimindan orta ve
yiksek dikey eksenli; Darrieus + Savonius / RT-12,
Darrieus + Savonius / RT-18 ve Darrieus + Savonius / RT-
19 firma Grinleri ile yuksek yatay eksenli olan 3 Kanath /
RT-23 ve 3 Kanath / RT-24 firma Urlnleri kullanilmistir
(Cizelge 6).

Kiguk, orta ve blyik tim modiller de PV-9 fotovoltaik
panel sistemi kullaniimistir (Cizelge 7). Genis bir alani
kaplayacak olan PV dnitesi kurulumundan kaynakli

yetersiz  glines 1si&inin  su alti  ekosistemlerini

etkilenmemesi icin tim modiillerde fotovoltaik sistemler
ana tastyici platforma baglanmistir.

3. Bulgular

3.1. Yiizer hibrit yenilenebilir enerji modiilleri konsept
tasarimlari

Nominal gug¢ bakimindan dusuk-dikey eksenli riizgar
tirbininin ve PV-9 gilines panelinin kullaniimasiyla,
Toplam Kurulu Gii¢ hesaplarinin yapildigi 10x10 m? alana
sahip kare, yuvarlak ve altigen formdaki kigik enerji
modilleri Cizelge 8’de gdsterilmistir. Bu enerji moddlleri
Uzerine rlzgar tarbinleri yerlestirilirken en az kanat
sipurme alani kadar mesafe birakilmig ve riizgar tiirbinine
olan mesafe ile ulasim akslari dikkate alinarak PV Uniteleri
yerlestirilmistir.

Cizelge 8. 10x10 m? alana sahip kiglik moddllerin toplam kurulu glg hesaplar

Giines Enerji Modiilii Kiigiik Modiil Tip 1 Kiigiik Modiil Tip 2
Modiil Glnes Riizgar Gines Riizgar Glnes
Tipi PV Da"'(eD”HS)He"X PV Darrieus H DH PV
Guctu 380 Wp 1.5 kW 380 Wp 1 kw 1.5 kW 380 Wp
Adeti 45 32 4 4 32
Toplam 17.1 kW ~24 kW ~22 kW
Kurulu Giig
[
)
Kiigiik Modiil Tip 3 Kiigiik Modiil Tip 4 Kiigiik Modiil Tip 5
Modiil Rlzgar Glines Rlzgar Glnes Rlzgar Glines
- Darrieus
Tipi Savonius (DS) PV DS PV DS DH PV
Glicli 1.5 kw 380 Wp 3 kw 380 Wp 1.5 kw 1.5 kw 380 Wp
Adeti 8 32 32 2 4 37
Toplam ~24 KW ~24 KW ~23 kW
Kurulu Gli¢

Kiglk enerji modillerinde kullanilan riizgar turbini

ozelliklerine bakildiginda Darrieus Savonius rizgar
turbinleri ile elde edilen toplam kurulu gii¢c degerlerinin

daha fazla oldugu goérilmektedir.

Ancak genel sonug birbiri ile yakindir. Bu nedenle Orta ve
Bliyik Moddller igin Darrieus Savonius rizgar tirbinleri

kullanilmistir. Orta 20x20 m? ve 30x30 m? alana sahip
modyiller Cizelge 9’da verilmistir. ,

Orta ve Blylk modiller icin kullanilan riizgar tirbini
yukseklikleri belirlenirken riizgarin her tirbine etkisi
dikkate alinmis ve distan merkeze dogru direk boyu
yukseklik artisina dikkat edilmistir.
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Tirbin direk yikseklikleri 5 m (5 kW), 8 m (5 kW), 11 m (10
kW), 14 m (20 kW), 20 m (50 kW) ve 35 m (100 kW) olarak

Cizelge 9. 20x20 m? ve 30x30 m? alana sahip orta modullerin kurulu toplam gii¢ hesaplari

belirlenmistir. Biyik (60x60 m?) alana sahip modiil
Cizelge 10’da gosterilmistir.

Orta Modiil Tip 1 Orta Modiil Tip 2
Modiil Rlzgar Glnes Rlzgar Glines
Tipi DS DS PV 3 Kanath DS DS DS PV
Glcl 10 kW 5 kw 380 Wp 50 kW 20 kW 10 kW 5 kw 380 Wp
Adeti 1 14 116 4 1 4 20 192
Toplam"Kuru/u ~124 kW ~882 kW
Glg¢

Cizelge 10. 60x60 m?2 alana sahip bliyik modul kurulu toplam gi¢ hesaplari

Biiyiik Modiil Tip 1
Modiil Rizgar Glnes
Tipi 3 Kanatli 3 Kanatl DS DS DS PV
Glcu 100 kW 50 kW 20 kW 10 kW 5 kw 380 Wp
Adeti 7 6 24 28 402
Top "’Zu’;”r ulu ~1692.76 kW yani 1.69 MW

3.2. Modiillerin toplam kurulu gii¢c degerlerine bagh
olarak kiyi bélgelerine ait potansiyel hesaplari

Belirlenen 3 koordinat noktasinda bolgelere ait yillik
toplam enerji potansiyelini hesaplamak icin asagidaki
yontem Kiicik Modiil Tip 5, Orta Modiil Tip 1, Orta Moddl
Tip 2 ve Bliyik Modil Tip 1 igin uygulanmistir. Global
Wind Atlas yazilimi riizgar ortalama giic yogunlugu
degerleri dikkate alinarak rtizgar anlik glicii denklem (1)’e,
rizgar enerjisi yillik toplami ise denklem (2)'ye gore
hesaplanmistir:

Riizgar Anlik Guci:

Pcuc= Gli¢ Yogunlugu x Siiplirme Alani (2)
(Bu denklemde stiptirme alani Cizelge 6, Cizelge 7, Cizelge
8 ve Cizelge 9’dan alinmistir.)

Modiilde Uretilen Rizgar Enerjisi Yillik Toplami:
PRUzgar= PGUg (kW) x 8760 (h/yl') (2)

Global Solar Atlas yazilimi fotovoltaik giic cikis degerleri
dikkate alinarak glines enerjisi denklem (3)’de gosterildigi
gibi hesaplanmustir:

Modiilde Uretilen Giines Enerjisi = (Modil Kurulu Giicii
(kW) x [Yillik Ortalama Uretilen Giig (kWh/yil) / Referans
Kurulu Glg (1000 kwW)] (3)

Bu formdl kullanilarak Kigiuk Modiil Tip 5 icin 1 numarali
koordinat bolgesine ait rlizgar ve giines enerjisi bolgelere
ait yilhk toplam enerji potansiyeli hesaplama yontemi
asagida verilmistir:

*Darrieus Savonius riizgar tiirbin tipi 6.155 m? siipiirme
alanina sahiptir ve enerji modilinde 2 adet kullanildig
icin 12.31 m? alani kaplamaktadir. 12.31 m?lik alanda,
saatte 0.381 kWh/m? gii¢c yogunlugu (Cizelge 4) icin riizgar
anlik giicti 4.69011 kWh olarak hesaplanmistir.
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Bir yilda ise (8760 saatte) bu deger 41085 kWh/yil olarak
bulunmustur.

*Darrieus Helix tipi riizgar tiirbin 5.76 m? siipiirme alanina
sahiptir ve enerji moddliinde 4 adet kullanildigi igin 23.04
m? alani kaplamaktadir. 23.04 m?lik alanda, saatte 0.381
kWh/m? giic yogunlugu (Cizelge 4) icin riizgar anlk giicii
8.77824 kWh’tir. Bir yilda ise bu deger 76897 kWh/yil
olarak hesaplanmistir. Verilen tiim koordinat bolgelerinde
Darrieus Savonius ve Darrieus Helix tipi riizgar tiirbini igin
rlizgar hesaplamasinda bu yéntem izlenmistir.

*GUnes enerijisi; 1000 kWp kurulu gii¢ kapasitesi 1515000
kWh/yil (Cizelge 5) enerji
modilinde kullanilan 14 kW toplam kurulu glic degeri

degerini verdigine gore
21210 kWh olarak hesaplanmigtir. Rizgar ve gilines
enerjisi yillik toplam enerji potansiyeli toplami 139192
kWh/yil'dir.

Verilen tim koordinat bolgelerinde bu hesaplama
yontemi uygulanmistir. Bu hesaplamalardan elde edilen
sonuglar Cizelge 11, Cizelge 12, Cizelge 13, Cizelge 14’de
verilmigtir.

Cizelge 11. Kiigik Moddl Tip 5 igin bolgelere ait yillik toplam gli¢ potansiyeli

Riizgar Giineg
Riizgar Tiirbini Siipiirme Alani Kurulu Toplam Gii¢ Degerleri Bélgelere Ait
(RTSA) (kTGD) Toplam Enerji
Kiiciik Modiil Tip 5 6.15 x 2 576 x 4 e
12.31 m? 23.04 m? 14 kW Potansiyeli
ST — - — e — - (kWh/yil)
Modilde Uretilen Riizgar Enerjisi Modiilde Uretilen Giines
(MURE) (kWh/yil) Enerjisi (MUGE) (kWh/yil)
1 41085 76897 21210 139192
Kiyi Bélgeleri 2 57045 106768 19516 183329
3 35599 66402 16450 118451
Cizelge 12. Orta Modul Tip 1 igin bdlgelere ait yillik toplam gli¢c potansiyeli
Riizgar Giinesg
RTSA KTGD Bdlgelere Ait
A 12.56x 1 490x 14 Toplam Enerji
Orta Modil Tip 1 12.56 m? 68.60 m? 44 kw Potansiyeli
MURE MUGE (kWh/yil)
(kWh/yil) (kWh/yil)
1 41919 228956 66660 337535
Kiy1 Bélgeleri 2 58203 317895 61336 437434
3 36198 197707 47000 280905
Cizelge 13. Orta Modul Tip 2 igin bdlgelere ait yillik toplam gli¢c potansiyeli
Riizgar Giinesg
RTSA KTGD Bdélgelere Ait
A 176.71x 4 28.27x1 12.56 x4 490 x 20 Toplam Enerji
Orta Modiil Tip 2 706.84 m? 28.27 m? 50.24 m? 98 m? 72kw Potansiyeli
MURE MUGE (kWh/yil)
(kWh/yil) (kWh/yil)
1 2359120 94352 167679 327080 109080 3057311
Kiy1 Bélgeleri 2 3275524 131004 232814 454135 100368 4193845
3 2037141 81475 144793 282439 846000 3391848
Cizelge 14. Bliylik Modul Tip 1 igin bolgelere ait yillik toplam gli¢ potansiyeli
Riizgar Giines
RTSA KTGD Bdlgelere Ait
T A 314.16x7 176.71x 6 28.27 x 8 12.56 x 24 490 x 28 Toplam Enerji
BilyikModilTip1 5199 19m2  1060.26m?  226.16m?  301.4am?  1372m>  2MW potansiveli
. MUGE (kWh/yil
MURE (kWh/yil) (kWh/yi)
1 7339694 3538681 754822 1006074 457913 230280 13327464
Kiy1 Bélgeleri 2 10190810 4913287 1048034 1396885 635790 211888 18396694
3 6337951 3055711 651802 868762 395415 178600 11488241

3.4. Dalgakiran yapi tasarimlari

Oneri olarak verilen dalgakiran yapi tasarimi igin Kiigiik
Modil Tip 5 ve Orta Modiil Tip 1 icin FDN Firmasi dalga
enerjisi donlstiriclsi, Orta Moddl Tip 2 ve Blyik Modil

Tip 1 de Tocardo Firmasi T-1 Gelgit Tirbinleri dip akintisi
turbini ve razgar tarbini kullanilmistir (Cizelge 15).
Belirlenen 3 koordinat noktasi icin dalga ve dip akintisi
yillik enerji potansiyeli degerleri verilmediginden, toplam
yillik glic degeri hesaplamaya dahil edilmemistir.
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Cizelge 15. Oneri dalgakiran yapi tasarimlari

Dalgakiran-Kiigiik Modiil Tip 5

W ]

P EEEEEEE NN

Dalgakiran-Orta Modiil Tip 1

s T R STV PP E

o

odiil Dalga Enerjisi Modlil Dalga Enerjisi
Tipi FDN Firmasi dalga enerijisi dontstlricusi Tipi FDN Firmasi dalga enerjisi donistiricis
Dalgakiran-Orta Modiil Tip 2 Dalgakiran-Biiyiik Modiil Tip 1
P
4
ais "" 4 :
BERRA )
\ s | ; -
R ERRE o
o A 'S
Modiil Dip Akintisi Turbini Rizgar Modiil Dip Akintisi Tarbini Rizgar
Tipi Tocardo T-1 Gelgit 3 Kanath Tipi Tocardo T-2 Gelgit 3 Kanath

Turbinleri

Tlrbinleri

3.5. Yiizer hibrit yenilenebilir enerji santrali toplam gii¢
potansiyeli ve karsiladigi konut sayisi hesaplari

Her koordinat bolgesinde Kiiglik Modiil Tip 5, Orta Modyil
Tip 1, Orta Modl Tip 2 ve Biiylik Modiil Tip 1’in 10’ar adet
kullanilmasiyla olusturulan santrallerin, boélgelere ait
toplam glic potansiyel hesaplari ve karsiladigi yaklasik
konut sayisi Cizelge 16’da verilmistir. Bir evin glinliik
elektrik ihtiyact 10 kWh (int.Kay.22) ise yillik ihtiyaci 3650
kWh (3.65MWh)’dir. Toplam konut sayisi asagida verilen

denklem (4)’e gore hesaplanmistir:

Toplam Konut Sayisi = Santral Toplam Gli¢ Potansiyeli
(MWh/yil) / 3.65(MWh/yil) (4)

4. Tartisma ve Sonug

Yenilenebilir enerji kaynaklarinin kullanimi karbon nétr
salinimin yani sira temiz ve surdirilebilir enerji teminiigin
onemli bir avantaj saglamaktadir. Tlrkiye’de ve diinyada
kurulu giic ag1 bakimindan yenilenebilir enerji santrali
kurulumlari karada on plana c¢ikmaktadir. Ancak acik
denizler ve uygun su yiizeyleri de 6nemli bir potansiyele
2023). Ozellikle

glines eneriji
potansiyelinden yararlaniimasiyla da g¢evresel

sahiptir (Cesur Durmaz ve Ucggil

Tirkiye’'nin  aclk deniz rizgar ve

kirliligi
azaltmak ve enerji Gretimine katki saglamak mimkin hale

gelecektir. Bu nedenle Tirkiye kiyillarinin  yizer

yenilenebilir  enerji  santrali  kurulumu agisindan

degerlendirildigi bu c¢alismada, 3 koordinat noktasi

belirlenerek santral toplam enerji potansiyeli ve

karsilayacagi konut sayisi hesaplanmistir.

877



Tiirkiye Kiyi Bélgelerinde Yenilenebilir Enerji Santrali Uygulamalari Igin: Hibrit Yiizer Modiiler Tasarim Onerileri, DURMAZ ve UCGUL.

Cizelge 16. Kiiglik, orta ve bliyiik enerji modiilleri ile enerji santrali tasarimi

KUCcUK MoDUL TiP 5

ORTA MODUL TiP 1

Bdélgelere Ait »

Toplam

Bdlgelere Ait Santral Toplam Toplam Santral
Toplam Enerji Enerji Konut Toplam Enerji Toplam Enerji Konut
L Adet - L Adet -
Potansiyeli Potansiyeli Sayisi Potansiyeli Potansiyeli Sayisi
(MWh/yil) (MWh/yil) (Giinliik) (MWh/yil) (MWh/yil) (Giinliik)
1 139 1390 ~380 1 337 3370 ~920
2 183 10 1830 ~500 2 437 10 4370 ~1195
3 118 1180 ~320 3 280 2800 ~765

ORTA MODUL TiP 2

BUYUK MODUL TiP 1

Santral Toplam

\

Bi)’gelere Ait

Bélgelere Ait Toplam Santral Toplam
Toplam Enerji Enerji Konut Toplam Enerji Toplam Enerji Konut
L Adet g . Adet L
Potansiyeli Potansiyeli Sayisi Potansiyeli Potansiyeli Sayisi
(MWh/yil) (MWh/yil) (Giinliik) (MWh/yil) (MWh/yil) (Giinliik)
1 3057 30570 ~8375 1 13327 133270 ~36510
2 4193 10 41930 ~11485 2 18396 10 183960 ~50400
3 3391 33910 ~9290 3 11488 114880 ~31470
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Bu noktada oncelikle galismada, farkli enerji modiil
boyutlarina oneriler getirebilmek ve enerji verimliliginin
bélgelerdeki farkini gdzlemleyebilmek adina 10x10 m?,
20x20 m? ve 30x30 m?, 60x60 m? alana sahip toplam 9 tip
enerji modiili gelistirilmistir. 10x10 m? alana sahip kiigiik
modiller arasindan altigen yilizer temel forma sahip Tip
5’in deniz kosullarinda en uygun olacagi
diisiiniildiigiinden 20x20 m?, 30x30 m? ve 60x60 m? alana
sahip enerji modiilleri altigen formda tasarlanmistir.
Enerji modillerinden farkl iklim kosullarinda optimum
verim saglanabilmesi icin de firmalarin rizgar ve glines

enerji sistemleri hibrit olarak kullaniimigtir.

Calismanin devaminda Kigik Modil Tip 5, Orta Modil Tip
1, Orta Modl Tip 2 ve Buyik Modil Tip 1’in belirlenen 3
koordinat noktasina ait enerji

potansiyel hesaplari

yapilmistir.

K¢tk Moddl Tip 5 icin elde edilen sonuglar:

Nominal glic bakimindan disik enerji tGretiminde dikey
eksenli rizgar tirbinlerinin daha verimli olmasindan
dolayi (Keles Cetin vd. 2019) Darrieus + Savonius ve
Darrieus Helix rizgar tirbin tipleri kullanilmistir.
Fotovoltaik panel sistemi olarak PV-9 firma trini tercih
edilmistir. 10x10 m? alana sahip kiiciik modilin 3
koordinat bolgesinde 10 adet kullaniimasiyla olusturulan
santral tasariminda Ege bdlgesinin en yiksek (1830
MWh/yil), Akdeniz bdlgesinin ikinci (1390 MWh/yil) ve
Karadeniz’in en dusiik (1180 MWh/yil) potansiyele sahip

oldugu sonucuna ulasiimistir.

Orta Modiil Tip 1 icin elde edilen sonuglar:

20x20 m? alana sahip Orta Modiil Tip 1 de Darrieus +
Savonius riizgar tirbin tipleri ve PV-9 gilines paneli sistemi
kullanilmigtir. Enerji santrali tasariminda Ege bdlgesinin
en yuksek (4370 MWh/yil), Akdeniz bdlgesinin ikinci (3370
MWh/yil) ve Karadeniz’'in en disik (2800 MWh/yil)
potansiyele sahip oldugu sonucuna ulasiimistir.

Orta Modiil Tip 2 igin elde edilen sonuglar:

30x30 m? alana sahip Orta Modiil Tip 2 de orta ve yiiksek
nominal gl¢ birlikte kullanilarak Darrieus + Savonius
tlrbin tipleri ile 3 Kanath tirbin tercih edilmistir. Ayni
zamanda PV-9 giines paneli kullanilmistir. Enerji santrali
tasariminda Ege bolgesinin en yiksek (41930 MWh/yil),
Karadeniz bolgesinin ikinci (33910 MWh/yil) ve Akdeniz’in
en disik (30570 MWh/yil) potansiyele sahip oldugu
sonucuna ulasiimistir.

Bliyliik Modiil Tip 1 icin elde edilen sonuglar:

60x60 m? alana sahip Biiyik Modiil Tip 1 de Darrieus +
Savonius ve 3 Kanatl riizgar tirbin tipleri kullanilarak PV-
9 glines paneli tercih edilmistir. Enerji santrali tasariminda
Ege bolgesinin en yiksek (183960 MWh/yil), Akdeniz

bolgesinin ikinci (133270 MWh/yil) ve Karadeniz’'in en
disik (114880 MWh/yil) potansiyele sahip oldugu
sonucuna ulasilmistir.

Ayni zamanda c¢alismada, enerji moddullerinin deniz
kosullarindan olumsuz etkilenmemesi ve yiiksek dalga
boyundan korunabilmesi igin dalga veya dip akintisinin da
dahil

tasarlanmistir. Ancak dalgakiran yapilarindan Uretilecek

edilerek enerji Gretebilen dalgakiran yapilar
enerji hesaplara dahil edilmemistir. Calismada tasiyici ya
da diger elemanlarin kendilerine gelen yiikler altinda
davranislari arastirma konusu disindadir. Bundan dolaysi,
yuzer yapilar olarak kurulan yenilenebilir enerji sistem
elemanlarinin davraniglarina deginilmemis sadece ylzer
yap! elemani malzemelerinden kisaca bahsedilmistir. ilave
olarak, calismada kullanilan degisken riizgar tirbini direk
yiksekligi kullanimi da géz 6niinde bulunduruldugunda,
glines panelleri Uzerinde sabah ve aksam saatlerinde
olusacak golgeleme etkisi ihmal edilmistir.

Sonug olarak ortam kosullarina gore kiyida ve agik denizde
planlanabilecek yiizer yenilenebilir enerji sistemleri ile
verimli ve sirdirilebilir enerji Gretimine katki saglamak
mimkiindiir (Cesur Durmaz ve Uggiil 2023). Bu sayede
Enerji ve Tabii Kaynaklar Bakanligl 2019-2023 Stratejik
Plani'nda gecen Amag 1 “Turkiye’nin sirdirilebilir enerji
arz glvenligini olusturulmasi” ve Hedef 1.1'in “Yerli ve
yenilenebilir enerji kaynaklarina dayali elektrik kurulu
glcinin toplam kurulu giice oraninin % 59’dan % 65
seviyesine yikseltilmesinin” de saglanmasi mimkin hale
gelecektir (int.Kay.3). Cevresel etkiler de gdz 6niinde
bulunduruldugunda arazi kaybinin ve ormansizlasmanin
oniline gecilmesi (Bulut 2018, Diinya Bankasi Grubu vd.
2019), toprak kirliliginin ve erozyonun engellenmesi, kus
gbc yolu ve ortamda bulunan faunanin etkilenmemesi,
ekolojik tahribatin azaltilmasi (Ferrer Gisbert vd. 2013),
fotovoltaik sistemler igin gerekli olan ortam sicakhgi
daha
verimliliginin artmasi (Ferrer Gisbert vd. 2013, Bulut vd.

nispeten disuk oldugu icin enerji Gretim

2018) gibi avantajlar da elde edilebilecektir. Calismanin
bu noktada, ada kentleri veya yenilenebilir enerji kara
kurulumlari agisindan uygun kosullara sahip olmayan kiyi
yerlesimleri icin katki saglayacagl ortadadir. Ayrica
hidroelektrik santrali baraj golleri gibi kurulum imkani
kolay, genis ve durgun su vylzeylerinde de gelisme

gosterecegi disinilmektedir.
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Oz

Geoteknik deprem mihendisliginde en blylk sorunlardan biri
dinamik yukler etkisinde zemin davranisinin ortaya konmasi
gerekliligidir. Glinimulzde zeminlerin dinamik davranisini;
ozellikle kayma moduilii ve sonim oranini tahmin etmek igin gok
sayida analitik modeller dnerilmistir. Bu modeller belirli zemin
tird ve gerilme araliklarini temsil etmek igin kullanilir. Mevcut
modeller evrensel degildir; bu da bir zemin tiirQ igin gelistirilen
bir modelin tiim zemin tirleri igin kullanilamayacagi anlamina
gelir. Bu calismada killi zeminlerde, normallestirilmis kayma
modili azalim ve malzeme séniimleme egrilerini tahmin etmek
icin Roblee ve Chiou (2004) ve Zhang vd. (2005) modelleri
kullanilmistir. Calisma kapsaminda ayni zemin tlrine ve sismik
ozelliklere sahip 2 sondaj i¢in bir boyutlu dogrusal olmayan
analizler yapilarak spektral parametreler elde edilmistir. Elde
edilen bu spektral parametreler grafikler halinde sunularak;
kullanilan bu analitik modellerin karsilastirilmasi yapilmistir.

Anahtar Kelimeler: Dogrusal olmayan zemin davranisi, dinamik kayma
modiilii; séniimleme orani, killi zemin

Afyon Kocatepe Universitesi

Abstract

One of the major problems in geotechnical earthquake
engineering is the necessity to determine the soil behavior
under dynamic loads. Nowadays, many analytical models have
been proposed to predict the dynamic behavior of soils,
especially the shear modulus and damping ratio. These models
are used to represent specific soil types and stress ranges.
Existing models are not universal, which means that a model
developed for one soil type cannot be used for all soil types. In
this study, Roblee and Chiou (2004) and Zhang et al. (2005)
models were used to estimate the normalized shear modulus
reduction and material damping curves for clayey soils. Within
the scope of the study, one-dimensional nonlinear analyses
were performed for 2 boreholes with the same soil type and
seismic properties and spectral parameters were obtained.
These spectral parameters are presented in graphs and a
comparison of these analytical models are made.

Keywords: Nonlinear soil behaviour, Dynamic shear modulus; Damping
ratio, Clayey soil.

1. Giris

Depremin odak noktasindan yayilan sismik dalgalar farkli
zemin tabakalarindan gecerek ylzeye ulasirlar. Zemin
tabakalarinin  farklilagmasi sismik dalgalarin hareket
ozelliklerini glicli bir sekilde etkiler. Genel olarak her
zemin tabakasi farkli periyotlardaki sismik dalgalara
benzer davranis gostermezler. Bu farkli davranis yerel
zemin etkileri ile aciklanabilmektedir. Geg¢mis ve
glinimizde meydana gelen depremlerin ¢ogunda yerel
zemin etkilerinin farklilasmasinin hasar dagilimi Gizerinde

blyk etkisi oldugu gézlemlenmistir (Kramer, 1996).

Gezegenimizde yasanan en yikici dogal afetlerin birinci
sirasinda depremler yer almaktadir. Deprem sirasinda
olusabilecek hasari 6nlemek amaciyla; sismik yikler
etkisinde zemin davranisinin belirlenerek glivenli yapilarin
Ulkemizde
dayanikli yapi tasarimiigin kullanilan Tiirkiye Bina Deprem
2018 (TBDY 2018)'de deprem egilimli

tasarimi  gergeklestirilmelidir. depreme

Yonetmeligi

sahalarda yerel zemin Ozelliklerinin belirlenerek sahaya

ozel zemin davranig analizlerinin yapilmasi

onerilmektedir.

Tirkiye, bulundugu konum nedeniyle Alp Himalaya
deprem kusagl (lizerinde yer almaktadir. Bu nedenle
kadar 6 Subat

depremleri gibi bircok buyik depremler yasamistir. 6

glinumuze 2023 Kahramanmaras
Subat 2023’de Tirkiye'nin gliney dogusunda blyuklGga
7’nin (izerinde olan iki biiyik deprem meydana gelmistir.
Bu depremler sirasinda 10000 binden fazla bina yikilarak
50000’den fazla kisi hayatini kaybetmistir. Bu bdlgeyi
inceleyen arastirmacilar deprem hasarlarinin nedenlerini;
TBDY (2018) yonetmeliginden 6nce yapilan binalar, yapi
kalitesinin kotl olmasi, yerel zemin etkileri, sivilasma gibi
zemin problemlerinin  géz ardi edilmesi olarak
siralamaktadirlar (Glicek vd., 2023). Yerel saha kosullari,
etkisinde

sismik yukler zemin davranisinin ortaya

¢tkmasinda etkili rol oynar. Zemin tabakalarinin

geometrisi, farkhilasan zemin profilinin deprem etkisinde
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gosterecegi davranis Ozelliklerinin degerlendirilmesi afet
zararlarinin azaltilmasi agisindan ¢ok 6nemlidir (Civelekler
vd. 2021).

Zemin davranis analizlerinden olan esdeger dogrusal
yonteme gore tabakalarin yatay ve sonsuz yonde oldugu
ve her bir zemin tabakasinin sabit kayma modili (G)-
sonidm orani (D)’a sahip oldugu kabul edilmektedir. Ancak
her zemin katmani igin sabit bir kayma modili ve
sonimlemenin sismik hareketin tim sidresi boyunca
gerceklesmeyecegi durumlar vardir. Ornegin, anakaya
tabanindaki yiksek sismik yogunluklar ve/veya zemin
katmanlarindaki yiiksek gerilme seviyelerinin oldugu
durumlardir. Bu nedenle, tim zemin katmanlari igin
dongisel yikleme sirasinda farkli kayma modili ve
sonim oranlarini dikkate almak i¢in zaman taniml
dogrusal olmayan deprem sahasi tepkisi
gerceklestirilmelidir (Hashash vd. 2010) (Civelekler, vd.
2024).
degistirmesine bagli olarak, degisken iki ozelligi olan

Tekrarh  ylkler etkisinde zeminin  sekil
kayma modili ve sénimleme orani zemin davranis
analizinin ana girdileridir. Cesitli arastirmacilar; zeminin
kayma modili ve séniimleme orani lizerine zemin tiirline
bagh olarak modeller 6nermistir. Her ne kadar bu
modeller zemin tlriine gore kullaniciya kolaylik saglamis
olsa da, ayni zemin tiir( icin birgok farkli modellerin varlig

sonuglarin dogrulugu konusunda soru isaretlerine neden

olmaktadir.

Deprem sirasinda meydana gelen tekrarli ylkler
nedeniyle zeminin davranisinin dogrusal olmadigi kabul
edilir. Dogrusal olmayan zemin davranisi sirasinda
histeretik  gerilme-sekil degistirme etkisi dikkate

alinmakta (s6niimleme-kayma modull) ve bu davranisin
esdeger dogrusal davranisa gore potansiyel olarak daha
gercekei oldugu kabul edilmektedir (Bolisetti vd., 2014).
Bu nedenle; bu ¢alismanin amaci killi zemin tirleri igin
onerilen; dogrusal olmayan analizlerde de siklikla tercih
edilen iki farkli modelin benzer ve farkl o6zelliklerini
tartismak ve 2 sondaj Uzerinde bu modelleri kullanarak
elde edilen sonuglarin karsilastirilmasini  yapmaktir.
Calismada Roblee ve Chiou (2004) ile Zhang vd. (2005)
modelleri kullaniimistir.

2. Materyal ve Metot
2. 1. Roblee ve Chiou (2004) Modeli

Roble ve Chiou (2004) calismalarinda dinamik 6zelliklerin
belirlenmesi icin "Geolndex modeli" adi verilen yeni ve
basit bir model onermektedirler. Bu model, oncelikle
zemin tabakalarinin st 10 metresine karsilik gelen
gerilmeleri sinirlandirmak i¢cin ¢ok sayida laboratuvar
(1991)
calismasinda killerin ozelliklerine iliskin verileri 6nemli

sonucuna dayanmaktadir. Vucetic ve Dobry

Olctide genisleterek farkl plastisite indeksi (P1) araliklari
icin derinlikten bagimsiz alti tasarim egrisinden olusan bir
model gelistirmistir. Vucetic Dobry (1991)’ nin ¢alismasi
yine nispeten diisik gerilmeler igin yapilan testlere
dayanmaktadir. Seed ve digerleri (1986), daha ¢ok kumlu
zeminlerin dinamik 6zelliklerinin belirlenmesi igin bir
model sunmaktadirlar.

Stokoe (1993)
sahasindan genis bir derinlik araliginda elde edilen dogal

¢alismasinda ¢ vyer hareketi kayit
ornekler (izerinde yapilan kapsamli test programinin
birlesimine dayanarak "EPRI egrileri" olarak bilinen bir dizi
derinlige bagl egri gelistirmistir. EPRI egrileri zemin tirleri
arasinda ayrim yapmaz, ancak daha derin ¢okeltilerin
daha dogrusal davranig sergilemesiyle ilgili 6nemli derinlik
bagimliigini 6ne siirmektedir. Roblee ve Chiou (2004)
efektif

gerilmesinin silrekli bir fonksiyonu olarak ele almistir ve

modelinde, derinlik bagimhhgini sinirlama
zemin tirleri degisimlerini plastisite indeksi (Pl) ve asiri
konsolidasyon oraninin (OCR) sirekli bir fonksiyonu

olarak belirlemistir.

Roblee ve Chiou (2004)'nun gelistirdikleri Geolndex
Model’'inde g farkli tir zemin sinifi yer almakta ve model
basitligi ile zemin tirleri arasindaki farkliliklari gz 6niine
SHAKE91'de
varsayllan modele benzer olarak bu modelde de kum ve
kilin ~ farkh  davraniglari  tanimlanmaktadir.  Ayrica;
Geolndex Model’inde Vucetic ve Dobry (1991) tarafindan
tanimlanan plastisite ile dinamik ozelliklerdeki egilimleri

alarak uygun bir denge kurmaktadir.

de tanimaktadir.

Cizelge 1. Geolndex modeli Zemin Sinifi Tanimi (Roblee ve Chiou,

2004)
Geolndex Geolndex Zemin Gegen Plastisite
Kisaltma Tanimlamasi #200 Indeksi
Oncelikle kaba
1-PCA tanelijt.ilm <=30% Timi
plastisite
degerleri
ince taneli- diisiik
2-FML plastisite >30% <=15%c
ince taneli- daha
3-FMHI >30% >15%d

yuksek plastisite

Cizelge 1’de U¢ Geolndex zemin sinifi tanimlanmaktadir.
Sinif "1-PCA" igin, %30 veya daha az ince taneli icerige ve
herhangi bir miktarda plastisiteye sahip iri taneli zeminler
tanimlanir. Zeminlerin %30'dan fazla ince tane igeriginin
olmas! durumunda ise davranisi yoneten ince taneli bir
matrise sahip oldugu kabul edilir. Bunlar sirasiyla diisiik
(<=%15) ve yiiksek (>%15) plastisite indeksi temelinde "2-
FML" ve 3 FMH" olmak lizere iki gruba ayrilir. Geolndex
modeli, daha ¢ok dislik ila orta plastisiteye sahip kumlar,
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siltler ve killer gibi nispeten yaygin zeminlerde kullaniimak
Uzere tasarlanmistir.

Roblee ve Chiou (2004), Geolndex modelinin gelistirilmesi
icin 28 sahadan elde edilen 154 dogal zemin numunesini
kullanarak laboratuvar testleri yapmislardir. Her bir test
sonucu, gerinimin bir fonksiyonu olarak laboratuvarda
Olgilen modil, normallestiriimis modil ve s6niimleme

orani degerlerinden olugmaktadir.  Calismalarinda,
Darendelli (2001) ve Stokoe vd. (2002) tarafindan
Ozetlenen denklemler kullanilarak her bir

normallestirilmis modil ve sénimleme orani egrisi seti
icin egri uyumlari olusturdular. Her bir normallestirilmis
modul (G/Gm ) ile kayma gerilmesi (y) egrisini asagidaki
gibi iki parametreli bir modelle 6nermektedirler (Esitlik 1).
S _ 1 1
Gm 1+(Y/Yren)? ( )
iki normallestirilmis modiil egrisi uydurma parametresi
sunlardir:

Esitlik 1'de yrer gerinim ekseni (zerindeki hiperbolik
egrinin konumunu tanimlayan referans gerinim ve a
hiperbolik egrinin egriligini degistiren sekil parametresini
ifade etmektedir.

Her bir sontim oranina (D) karsi kayma gerilmesi (y) egrisi
de asagidaki gibi 2 parametreli bir modele uydurulmustur
(Esitlik 2).

am \**
D (Y) = Dmin + B * DMasing(Y) * ( ) (2)

Gmin

Esitlik 2’de yer alan DMasing, Masing varsayimlari

kullanilarak hesaplanan soniimleme oranidir.

iki séniimleme orani egrisi uydurma parametresi
sunlardir: Dmin = diislik gerinimde minimum soniimleme
orani B = Masing sonimlemesini (Dwmasing) deneysel

verilere gore 6lgeklendirmek igin ayar sabiti.

Dwmasing, G/Gm omurga egrisinin ve sekil parametresinin (a)
bir fonksiyonu olan bir histerezis dongusinin dagilan
enerjisinin  depolanan oranidir.
takiben,

¢6zUminde hesaplanabilir, daha sonra asagidaki gibi bir

gerinim  enerjisine

Darendeli'yi Dmasing a=1 igin kapali form

polinom ifadesi kullanilarak a'nin diger degerleri igin
yaklastirilabilir: (Esitlik 3)

+
100 Y—vr ln(y Yr

DMasing,a:l.o(V)[%] = o 4 72 I )] -2 (3)

Y+yr

ve a'nin diger degerleri igin polinom yaklasimi ise:

Duasing = C1Duasing,a=1.0 + CZDMasing,a=1.02 +
C3Dyasing.a=10" (4)
Burada;

C; = 0.2523 + 1.8618a — 1,1143a?

C, = —0.0095 — 0.0710a + 0,0805a2

C; = 0.0003 + 0.0002a — 0,0005a>

Roblee ve Chiou (2004),

gerceklestirdigi regresyonlar sonucunda derinlik ve zemin

galismalari kapsaminda

tirtne bagli olarak referans gerinim, alfa, Dmin ve beta igin
sabit bir deger iceren nihai katsayillar 6nermislerdir
(Cizelge 2).

Cizelge 2. Geolndex modeli igin 6nerilen katsayilar (Roblee ve Chiou, 2004)

Geolndex 1-PCA Zemin Tiirii 2-FML Zemin Tiirii 3-FMH Zemin Tiirii

Modeli

Derinlik [m]  Ref. Alfa  Dmin Beta Ref. Alfa Dmin Beta Ref. Alfa Dmin Beta

Gerinim Gerinim Gerinim

0-10 m 0.032 0.85 1.30 0.62 0.057 0.90 1.30 0.62 0.085 0.98 1.30 0.62

10-20 m 0.044 0.85 1.15 0.62 0.065 090 1.15 0.62 0.097 0.98 1.15 0.62

20-40 m 0.061 0.85 1.02 0.62 0.074 0.90 1.02 0.62 0.111 0.98 1.02 0.62

40-80 m 0.085 0.85 0.90 0.62 0.085 0.90 0.90 0.62 0.126 0.98 0.90 0.62

80-160 m 0.130 0.85 0.80 0.62 0.130 0.90 0.80 0.62 0.130 0.98 0.80 0.62

>160 m 0.200 0.85 0.70 0.62 0.200 090 0.70 0.62 0.200 098 0.70 0.62
Sekil 1, Geolndex modelinin genel davranisini Daha buyik referans gerinimine dogru hareket etmenin
gostermektedir. Soldaki grafikler yilzeye yakin zemin yani sira, normallestirilmis modil egrilerinin sekilleri,
turleri arasindaki farkhhklar gostermektedir. 1-PCA elastik esik gerinimini gegtikten sonra en fazla egriligi veya

egrileri, 2-FML ve 3-FMH zeminler igin elde edilen egriler
artan dogrusallikla birlikte en dogrusal olmayan egrilerdir.

modilde en hizli azalim oranini gésteren 3-FMH egrisi ile
biraz degismektedir. Sekil farki bu modele 6zguddr.
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Sekil 1. Farkli zemin turleri ve derinlik araliklari igin Geolndex model davranisinin gésterimi(Roblee ve Chiou, 2004)

Normallestirilmis modul egrilerinin egriligindeki farklilik,
soniimleme egrilerinin daha ylksek gerilme seviyelerinde
kesismesiyle aciklanabilir.

2.2. Zhang vd. (2005) Modeli

Zhang vd. (2005) calismalarinda Kuvaterner, Tersiyer ve

daha vyash zeminler ile kalinti, saprolit zeminlerin

normallestirilmis kayma modiilii ve malzeme séniimleme
oranini tahmin etmek igin 6ngoricli denklemler
sunmustur. Denklemler, modifiye edilmis bir hiperbolik
modele ve Giiney Carolina,

Kuzey Carolina ve

Alabama'dan elde edilen 122 numune i¢in mevcut
Rezonans Kolon ve Burulma Kesme testi sonuglarinin
istatistiksel analizine dayanmaktadir. Stokoe ve ark.
(1999)'nin  6nerdigi model gibi, modifiye hiperbolik

modeller kullanilarak test verileriyle daha iyi sonuglar elde

etmislerdir.
G 1
Gmax  1+(y/yr) )

Burada y verilen herhangi bir kayma gerilmesi, yr referans
kayma gerilmesi (kayma modiliine gére) ve a egrilik
katsayisidir.

iy
Yr=Yr1(P_) (6)
a
¥,-1=100 kPa'lik ortalama efektif sinirlama gerilmesinde
referans gerinim; Pa=100 kPa'lik referans gerilme ve
k=gerilme Ussl dizeltmesi.

GCalismalarinda Zhang vd. (2005);
analizleri gergeklestirerek, test edilen numuneler igin k

coklu regresyon
degerleri belirlemistir. Hesaplanan k degerleri jeolojik
yasa gore ayrilarak Sekil 2'de gosterilmistir. Sekilde ayrica
lic yas grubu icin en iyi uyum egrileri de gizilmistir. Cizilen
veriler, her Ug¢ grup icinde PI arttikca k'nin azaldigini
gostermektedir ( k=gerilme diizeltmesi).

Esitlik 5 ve 6 kullanilarak hesaplanan G/Gmax degerleri
Sekil 3'de olgililen degerlerle karsilastirilmistir. Cizilen veri
cizgisi
olarak dagilmakta oldugu ve hesaplanan c¢oklu belirleme

noktalari "6lcllen=hesaplanan etrafinda esit
katsayisi R? degerleri ti¢ grup igin 0,792 ile 0,930 arasinda

degistigi belirlenmistir (Sekil 3).

0.8
4 Quaternary soil
P . © Tertiary and older soil
..;;‘ Residua]/saprolite soil 2 ReSiduavsapmmc e
o 06 004567
E k = 0,420
E r =0.486 Tertiary and older soil
ig 0 o 0.316e~0,0I10PI
= r?=0232
:g Quaternary soil :
g N, b 0.31660.0142!’[
£ P=033 °
L
&}
0 — I I
5 = 0 90 120 150

Plastisite Indisi, PI, %

Sekil 2. Plastisite indisi ve k arasindaki iliski
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o

A Quatemary zemin R =0.792 00 © 0D 2
O Tertiary ve daha yasli zemin R?=0.841 _ oft

B i

>
=)

5 +Ka||nt|/Sapr9Iit zemin
R =0.930
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g o
I S W foya” o
‘*+ 7 A0+
o
%

e
=N

<
>

Hesaplanan G/Gmax

*éﬁ .
g . .
J?o o Tahmin denklelml

% A G/Gppax =

o
[
T

1+ (17, )

0.0 i i i .
0.0 0.2 0.4 0.6 0.8 1.0

Olgiilen G/G pax

Sekil 3. Olgiilen
karsilastiriimasi

ve hesaplanan G/G ma degerlerinin

Bu ¢alisma icin benimsenen genel soniimleme denklemi
soyledir;

G
D= f (Gmax) + Dmin (7)
Burada f(GG normallestirilmis kayma modiliiniin
max

fonksiyonu; D,,;,,: laboratuvarda 6lgllen séniimleme

Zhang vd. (2005) Sekil 4'de onerdikleri gibi, Pl ile g, =
100k pA iken Dmin kiigiik gerinim soniimlemesi arasinda
olasi bir dogrusal iliski gozlenmektedir.

3
A Quaternary zemin

g O Tertiary ve daha yasli zemin
H A
Q27
=
g . "
i
2y
= /
S1 / ) } i
T o D mint = 0.008PI +0.82
‘é §

0 . i i

0 30 60 90 120 150

Plastisite indisi, P1 (%)

Sekil 4. Plastisite indisi ile Pl ile g, = 100k pA iken Dmin
arasindaki iligki

Sekil 4'de gosterildigi gibi, Pl ile g,, = 100k pA Dmin
(ktictik gerinim sonlimlemesi) arasinda olasi bir dogrusal
iliski gozlenmektedir. Zhang vd. (2005), mevcut Dmin
verilerinin sinirli olmasi nedeniyle, bunlari tek bir grup
olarak degerlendirilmistir. Bu nedenle buradaki dogrusal
iliskiyi su sekilde ifade etmektedirler (Esitlik 8).

Diins = a(PI) +b (8)

Burada a ve b = uyum parametreleri sirasiyla yaklasik
0.008 ve 0.82'ye esittir.

Esitlik 6'ya benzer sekilde, Dmin 1'i 0, = 100k pA diginda
Dmin'e donustirmek igin Stokoe ve ark. (1995)" ten
degistirilerek 6nerilen asagidaki esitlik kullanilir (Esitlik 9).
r—k/2

Dmin = Dminl (01;_1:) (9)
Burada kullanilan k; Esitlik 6’da kullanilan ile ayni Gstur.
Zhang vd. (2005) calismalarinda derlenen tim test
verilerinden Dminus Dmin degerlerine kar§|l|k gE|en G/Gmax
degerlerinin karsilastirma grafigini olusturmuslardir (Sekil
5).

20

TS: D -D min = 10.6(G/G max )’ - 31.6G/G max +21.0
RC: D -D min = 9.4(G/G max )’ - 26.5(G/G max ) + 17.1

D minus Dmin (%)

0 : -
0.0 0.2 0.4 0.6 0.8 1.0
Normallestiriimis Kayma Modali , G/G max

Sekil 5. G/Gmax ile Dminus Dmin arasindaki iliski

G/Gmax Ve Dminus Dmin test degerleri arasindaki en iyi uyum
egrisini su sekilde ifade etmektedirler:

D —Dpin = f(G/Gmax) = 10-6(G/Gmax)2 -
31.6(G/Gpay) +21.0 (10)

Esitlik 10" da Ishibashi ve Zhang (1993) tarafindan 6nerilen
ve Dminus D min yerine sadece D’ye dayanan, Pl (ssli ile
Olceklendirilen denklemden farklidir. Burada PI esitlige
dahil Clnkl  Zhang wvd. (2005) bu
calismalarinda Sekil 5’de cizdikleri grafigin Pl ¢ok az
bagimlilik gosterdigini 6ne sirmdislerdir. Esitlik 7-10 arasi
bu ¢alismada

edilmemistir.

onerilen D (s6numleme) iliskilerini

olusturmaktadir.

3. Bulgular

3.1. Calisma Kapsaminda Yapilan Bir Boyutlu Dogrusal
Olmayan Zemin Davranis Analizlerinde Roblee ve Chiou
(2004) ve Zhang vd. (2005) Modellerinin Karsilastirilmasi

Bu calisma kapsaminda killi zeminlerden olusan ve kayma
dalga hizlari ayni olan 2 sondaj verisi kullanilarak analizler
vapilmistir. Calismada yapilan analizlerde 11 farkh
kuvvetli yer hareketi verileri Pasifik Deprem Muhendisligi
Arastirma Merkezi PEER veri tabanindan (Pasific Ground
Motion Database) alinmistir. Bu kuvvetli yer hareketi
verilerinin se¢imi i¢in; Mw>6.0 bliyuklige sahip, dogrultu
atimli fay Gzerinde meydana gelmis, zemin 6zellikleri ve
sismik risk durumu (Fay uzakligi: 0-40 km, Vs30: 360-760)
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bolge dzelliklerine yakin oldugu disinilen 11 kuvvetli yer
hareketi tercih edilmistir. Calisma kapsaminda tercih
edilen 11 kuvvetli yer hareketi verileri Cizelge (3)'de
sunulmaktadir.

gore

Olgeklendirilmis

sunulmaktadir.

olgeklendirilerek

yer

analizler

hareketi verileri  Sekil

tamamlanmistir.

6’'da

Cizelge 3. Calismada kullanilan kuvvetli yer hareketi verileri

Bu .gaI|§ma ka.psamlnda yapilan dogrusal olmayan (PEER, 2006)
analizler Deepsoil 7.0 yazilmi kullanarak tamamlanmistir. Deprem Vil istasyon Biiyikliik
Bu yazihlm zaman alanli ¢éziimlemeleri ile dogrusal
olmayan analizleri yapabilmektedir (Hashash vd., 2016). Erzincan 1992 Erzincan 6.69
Calismada kullanilan killi zeminler i¢in 6nerilen Roblee ve Kocaeli 1999 Yarimca 7.2
Chiou (2004) ve Zhang vd. (2005) modelleri yazilimda yer Diizce 1999 Duzce 7.14
almaktadir. Coyote Lake 1979 SIB 5.7
Calismada killi zemin tabakalarindan olusan 2 sondaj Imperial Valley 1940 El Centro 6.9
Gzerinde 11 farkli kuvvetli yer hareketi verisi etkisinde Imperial Valley 1979 Calipatria 6.5
olusacak dogrusal olmayan davranisin karsilastirmasini Loma Prieta 1989 Gilroy 3 6.9
yapmak amaciyla 2 farkli model (izerinde dogrusal Loma Prieta 1989 Gilroy 4 6.9
olmayan analizler yapilmistir. (;aI|§mada. kullanilan 11 Parkfield 1966 Benioff 6.1
farkli kuvvetli yer hareketi verisi AFAD Interaktif Web Denali 2002 TAPS 7.9
Uygulamasinda bdlge icin tanimlanan  deprem Darfield 2010 DSLC 7.0
karakteristiklerine gore PGA =0.3g ve DD-2 durumuna
03 dewga b b le s le ey Y I P PR FUETY FUTTE FERTE P P R R P B DU P ST ST
- Erzincan[ _ Kocaeli | _ Diizce |
2 SR SCENE
Q 0 - F @ 0 - - © 0 - L
£ r ] L E
2] 5 3]
03 T 0.3 T AT T 03 =TT
0 5 10 15 20 25 0 5 10 20 25 30 35 0 5 10 15 20 25 30
Zaman (s) Zaman (s) Zaman (s)
03 el ia i 03 sl N P A R P PR AT saaliie,
- ey Imperial1 | ~ Imperial 2 |
cll Coyote C B p B ] p
9 o- L o o L 0 o i
E | r E L E |
2 L .2 2
03 T 0.3 T 0.3 T
0 5 10 15 20 25 30 0 10 20 40 50 60 70 0 10 20 30 40 50 60
Zaman (s) Zaman (s) Zaman (s)
03 iiigls R (A 03 § 5 g R 03 |
@ Loma Prieta 1 - @ Loma Prieta 2 @ Parkfield
Qo st @ o ] SR [ -
E | - £ | E |
2 [ .2 2 [
03 4T T T 03 4T T T T 0.3 T
0 10 20 30 40 0 10 20 30 40 0 5 10 15 20 25 30 35
| Zaman (s) | Zaman (s) . Zaman (s)
O PR T i v 08 PR N L T LR
§ Denali - @ Darfield
0, [ 0 , R
£ -
2 ] 2 ] I
03 4T 0.3 T
0 20 40 60 80 100 0 20 40 60 80 100 120 140
Zaman (s) Zaman (s)

Sekil 6. Analizlerde kullanilan PGA:0.3 g olarak 6lgeklendirilmis kuvvetli yer hareketi kayitlari
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Sekil 7. Calismada kullanilan iki sondajin zemin ve sismik ozellikleri
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Sekil 8. SK1 ve SK2 sondajina ait dogrusal olmayan analizler sonucu olusan ivme-zaman grafikleri

Calismada dogrusal olmayan analizlerin yapildigi, daha
cok killi tabakalardan olusan sondajlarin zemin 6zellikleri
sekil 7’de sunulmaktadir. Birbirine yakin olan, zemin ve
sismik Ozellikleri benzer

olan iki sondaj

kapsaminda kullaniimak tzere tercih edilmistir.

calisma

3.1.1. Bir Boyutlu Dogrusal Olmayan Zemin Davranis
Analizleri Sonuglari

Bir boyutlu dogrusal olmayan analizler icin 2 sondajda killi
zemin tabakalari igin ayri ayri Roblee ve Chiou (2004) ve
Zhang vd. (2005) modelleri tercih edilerek analizler
yapilmistir. Kumlu zemin tabakalari icin Seed ve Idriss
(1970) egrileri kullaniimistir. Analizlerden bir boyutlu

zemin davranigina ait zemin ylizeyinde olusacak ivme
degerleri elde edilmistir. Her iki sondaj icinde anakaya ile
kiyaslandiginda oldukga biylk ivme degerlerinin olustugu
gozikmektedir. Calismada 6rnek olarak Imperial Valley 2
kuvvetli yer hareketine gore elde edilen ivme zaman
grafikleri Sekil 8de sunulmaktadir. Grafikler dikkatli
incelendiginde SK2 sondajinda 6zellikle Zhang vd. (2005)
modeli secilerek yapilan analizlerde pik ivmelerin daha
bliylk oldugu gorilmektedir.

Zemin davranis analizlerinde ikinci parametre olan zemin

tepki spektrumlarinin ortaya konmasi igin;
kapsaminda dogrusal olmayan analizler sonucunda elde

edilen verilerden her iki sondaja ait spektral ivme (Sa)-

calisma
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periyot (sn) grafikleri olusturulmustur (Sekil 9). Bu
grafiklerde SK1 sondajinda Roblee ve Chiou (2004)
modeline gore maksimum spektral ivmenin 0.4 saniyede
2.1 (g) oldugu belirlenmistir. Ancak SK1 sondajinda Zhang
vd. (2005) modeli kullanilarak elde edilen maksimum

spektral ivme ise 0.4 saniyede 2.4 (g) oldugu
goriilmektedir. SK2 sondajinda elde edilen maksimum
spektral parametreler; Roblee ve Chiou (2004) modeline
gore; 0.4 saniyede 2.4 (g); Zhang vd. (2005) modeline gére

ise 0.4 saniyede 2.6 (g) oldugu goriilmektedir.

a4 TPyl
E SK1 Roblee ve —— SK1 Zhang vd. — Anakaya E
: 3 Chiou (2004) -
2 L
5 2 -
= C
< E
a 1 -
(7] ——2 -
a4 PR ETTT RN e | e o
CHEE — SK2 Roblee ve SK2 Zhang vd. 0.1 1 10
g 3 Chiou (2004) (2005) C T(s)
2 ] C
527 )\ 2
- B o 5
£, ] \ :
o1 3 /. B
-3 B ¥ AT C
o =" . I .
N E
0 bt r
0.1 1 10 0.1 1 10
T(s) T (s)

Sekil 9. SK1 ve SK2 sondajina ait dogrusal olmayan analizler sonucu olusan spektral ivme(g)-periyot (sn) grafikleri

—— SK1 Zhang vd. (2005)

SK2 Zhang vd. (2005)

T

4 Ll lllllll - Illllll 1 LA LiilL
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e ] (2004)
o 37
> ]
] ]
g ]
g *
I
1 —
<
ol vl 4
] SK2 Roblee ve Chiou
. (2004)
£ 3
° B
> b o
g 3 EATY
X 2- \ A "\ R
E 3 AN
- ] A, i\ W
E 1 i
< 3 O
o L ll"l'l ! R |"'||I

e
o
a

0.1 1
T (s)

T IIIIW

0.01 0.1 1 10
T(s)

Sekil 10. SK1 ve SK2 sondajina ait dogrusal olmayan analizler sonucu olusan amplifikasyon-periyot (sn) grafikleri

Deprem mihendisligi c¢alismalarinda sismik yukler
etkisinde tabakali yumusak zeminlerin genliklerinde ve
hakim titresim periyotlarinda zemin oOzelliklerin
farklilasmasi nedeniyle buylitmelerin olustugu ve ¢ok kisa
mesafelerde dahi farkli yapisal hasarlara neden oldugu
bilinmektedir. Bu calisma kapsaminda yapilan dogrusal
olmayan analizler sonucunda her iki sondaja ait biyitme
oranlarinin ortaya kondugu amplifikasyon- periyot (s)

grafikleri olusturulmustur (Sekil 10).

Burada maksimum bilyltmeler; SK1 sondajinda Roblee ve
Chiou (2004) modeline gore 2.4; Zhang vd. (2005)

modeline gore ise 2.5 olarak elde edilmistir. SK2
sondajinda ise maksimum biiylitmelerin; Roblee ve Chiou
(2004) modeline gore 2.8; Zhang vd. (2005) modeline gére
yaklasik 3.0 oldugu goriilmektedir. Her iki sondajin daha
cok killi tabakalardan olusmasi benzerlik olarak goriilse de
farkh buyiutme ve spektral ivme degerleri elde edilmistir.

4. Sonuglar ve Tartisma

Bu calisma kapsaminda kumlu zeminler icin Seed ve Idriss
(1970) ile killi zemin tabakalari icin Roblee ve Chiou ile
Zhang vd. (2005) modelleri kullanilarak dogrusal olmayan
zemin davranis analizleri yapiimistir. Analizler sonucunda
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elde edilen parametreler ivme-zaman, spektral ivme (g)-
periyot (s) ve amplifikayon- periyot (s) olarak grafikler
halinde sunulmustur. Bu grafikler incelendiginde daha ¢ok
CH-MH gibi plastisitesi yiksek zemin tabakalarindan
olusan ve yas seviyesi 6.4 m de olan SK1 sondajinda daha
kiguk spektral ivme ve amplifikasyonlarin olustugunu
soyleyebiliriz. Roblee ve Chiou (2004) ile Zhang vd. (2005)
modelini karsilastirdigimizda ise ayni sondaj igin spektral
ivme ve ampfikasyonlarda farkliliklar gorilmektedir.
Zhang vd. (2005) modelinden Roblee ve Chiou modeline
gore daha bliylk spektral ivme ve ampfikasyonlar elde
edilmistir. Yeraltisuyu seviyesi 5.0 m de olan ve dusilk
plastisiteli zemin tabakalarini da iceren SK2 sondajinda
SK1 sondajina gore Zhang vd. (2005) modelinden daha
blylk spektral ivme ve amplifikasyon degerleri elde
edilmistir. Ayni sondaj icin her iki model kullanilarak elde
edilen spektral parametreler karsilastirildiginda, Zhang
vd. (2005) modelinde spektral parametreler arasindaki
fark daha fazladir.
plastisite indisini gruplandirarak uyum iligkileri sunmasi ve

Bunun nedeninin, jeolojik yasi-

gerilme araliginin daha genis olmasi ile agiklanabilir.
Ayrica Zhang vd. (2005), calismalarinda karsilastirma
analizleri yaparak, gelistirdikleri 6ngorici denklemlerin
diinyanin benzer zemin kosullarina sahip diger alanlarina
uygulanabilir oldugunu 6ne siirmektedirler.

Etik Standartlar Bildirgesi
Yazarlar tim etik standartlara uyduklarini beyan ederler.

Cikar Catismasi Beyani
Yazarlarin bu makalenin igerigiyle ilgili olarak beyan edecekleri higbir
¢ikar gatismasi yoktur.

Verilerin Kullanilabilirligi
Bu calisma sirasinda olusturulan veya analiz edilen tim veriler,
yayinlanan bu makaleye dahil edilmistir.
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Oz

Beyaz-Portland ¢imentosu (B-PC) ile uretilen kendiliginden
yerlesen harglarin (KYH) islenebilirlik, mekanik, porozite ve
istatistiksel 6zellikleri Gzerinde farkl tane boyutuna (mikro: M-
ST ve nano: N-ST) sahip silika tozu (ST) ikamesinin etkilerinin
arastinldigi bu calismada, 0,50 ve 0,70 su/g¢imento oraninda
kontrol KYH ve B-PC yerine %2-4-7 oranlarinda M-ST ve N-ST
ikame edilerek KYH’ler hazirlanmistir. Taze karisimlar, yayilma
cap! (YG) ve V-hunisi (V-H) akis siiresi testlerine tabi tutularak
EFNARC’'a (2005) gore karisimlarin islenebilirlik ozellikleri
degerlendirilmistir. Sertlesmis KYH’ler Uzerinde 28-56 giinlik
kiir stresi sonunda basing dayanimi (BD) ve egilme dayanimi
(ED) testleri uygulanirken, donma-¢6ziilme (D-C) ve porozite (P)
testleri 28 glin sonunda gergeklestirilmistir. Ayrica, bulgular
arasindaki (BD-ED, P-BD ve P-ED) iliski modelleri istatistiksel (t-
ve F-testi) olarak incelenmistir. Taze karisimlarin test sonuglari,
ST miktari artisinin KYH’lerin islenebilirliklerini (YC'de azalma ve
V-H suresinde artma) kismen azalttigini géstermesiyle birlikte
tim karigimlar EFNARC’In (2005) belirledigi sinir degerleri
saglamistir. Sertlesmis KYH’lerin bulgulari, B-PC’ye yapilan ST
ikamesinin, karisim 6zelliklerinden bagimsiz KYH’lerin dayanim
performanslarini (BD/ED= %42,8/22,4’e kadar) iyilestirdigini, D-
G kaynakli mukavemet kayiplarini BD/ED igin sirasiyla %3,7/5,3’e
kadar sinirlandirdigini ve poroziteyi %16,3-17,1’den 14,3-15,5’e
azalttigini ortaya koymustur. KYH’lerin dayanim/porozite
performansi konusunda %7 ST (6zellikle N-ST) ikamesinin
oldukea yiiksek katkisinin oldugu gdzlemlenmistir. istatistiksel
analiz sonuglari, bulgular arasindaki iliski modellerinin dogrusal
oldugunu (r= 0,845), ve t- ve F-testleri sonucunda r-degerleri ve
esitliklerin anlamli oldugunu gostermistir.

Anahtar Kelimeler: Mikro-/Nano-silika tozu; Beyaz-Portland ¢imentosu;
Basing/edilme dayanimi; Donma-¢éziilme; Porozite; istatistiksel analiz.
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Abstract

In this study investigating the effects of silica powder (ST)
replacement with different particle sizes (micro: M-ST and nano:
N-ST) on the workability, mechanical, porosity and statistical
properties of self-compacting mortars (SCMs) manufactured by
exploiting white-Portland cement (W-PC), the SCMs were
produced by utilizing only W-PC and replacing W-PC with 2-4-
7wt.% M-ST/N-ST at 0.50 and 0.70 water/cement ratios. The
workability of fresh mixtures was evaluated according to
EFNARC (2005) by subjecting them to mini-slump flow (M-SF)
and V-funnel (V-F) tests. The compressive-(CS) and flexural-
strength (FS) tests were performed on the hardened-SCMs after
28-56 days, while, freeze-thaw (F-T) and porosity (P) tests were
applied after 28 days. The relationship (CS-FS, P-CS and P-FS)
models between the findings were also examined with statistical
analyses (t- and F-test). The fresh-mixtures test results showed
that increasing the ST proportion slightly decreased the SCMs’
workability (decrease in M-SF and increase in V-F time), but all
mixtures met the limit-values set by EFNARC (2005). The
hardened-SCMs' findings revealed that ST replacement to W-PC
improved the strength performances (CS/FS= up to 42.8/22.4%),
limited the F-T-induced strength-losses up to 3.7/5.3% for CS/FS,
and decreased the porosity from 16.3-17.1% to 14.3-15.5%,
regardless of mixture traits. The replacement of 7wt.% ST
(especially N-ST) were observed to possess a considerably high
contribution on the SCMs’ strength/porosity performance. The
statistical analysis results demonstrated that the relationship
models between the findings were linear (r> 0.845) and the r-
values and equations were significant as a result of t- and F-
tests.

Keywords: Micro-/nano-silica powder; White-Portland cement;
Compressive/flexural strength; Freeze-thaw; Porosity; Statistical
analysis.

1. Giris

Kendiliginden yerlesen harg (KYH), geleneksel betonun
cesitli performans ozelliklerinin (islenebilirlik, dayanim,
durabilite, vb.) gelistirilebilmesi icin ilk olarak 1980°li
yillarin sonunda Japonya'da Okamura tarafindan uretilen
(KYB)
ozelliklerinin incelenebilmesi amaciyla kullaniimaktadir
(Agikgeng vd. 2013, Quercia vd. 2014, Benli ve Karatas

kendiliginden vyerlesen betonun performans

2019). KYB ile benzer taze (akiskanlik, islenebilirlik vb.) ve
sertlesmis (mukavemet, durabilite vb.) 6zellikler gosteren
ve onun tasarimi agisindan oldukga biyik énem arz eden
performans o6zellikleri KYH’ler kullanilarak kolaylikla
degerlendirilebilmektedir. Bunda karisim bilesenleri (iri
agrega harig) ve test degiskenleri ayni ve/veya benzer
olan KYH'nin kontroliiniin KYB'ye gore daha kolay olmasi

oldukga etkilidir (Sahmaran vd. 2006, Mohseni vd. 2015,
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Benli ve Karatas, 2019, Etli vd. 2024).

Taze ve sertlesmis performanslar acgisindan 6nemli
nitelikler barindiran KYB ve/veya KYH’ler icerisinde
kimyasal katki ve dikkate deger miktarlarda baglayici
malzeme kullaniimasindan kaynakli olarak en o6nemli
sorun Uretim maliyetidir (Agikgeng vd. 2013, Sahmaran
vd. 2006, Al-Oran vd. 2022).
endustrisinde Uretilen klinker miktari basina neredeyse

Ayrica, ¢imento

ayni miktarda karbondioksit gazi (CO2) emisyonunun agiga
ciktigt (0,9 kadar CO02/1,0 ton
disinildiginde bu malzemelerin Uretiminde kullanilan

tona gimento)
¢imentodan kaynakli CO: gazi emisyonlarinin artmasi
kiiresel sera etkisi boyutlarinin blylmesine vyol
agmaktadir (Gupta vd. 2021). KYB ve/veya KYH’lerin
yeterli islenebilirlik performansinin  saglanabilmesi
acisindan kimyasal katki kullanimi olmazsa olmaz bir
durum olmasina karsin, beton/harg tretim maliyeti ve
CO2 gazi emisyonu gibi problemleri ortadan kaldirabilmek
veya etkisini azaltabilmek amaciyla KYH karisimlarinda
baglayici (Portland gimentosu: PC) igin kismi ikame olarak
puzolanik ve/veya inert Ozellikteki dogal (metakaolin,
kaolin, bazalt tozu, zeolit, volkanik kiil, kiregtasi tozu,
pomza, vb.) veya atik Griinlerin (AU) (ugucu kiil, silika tozu,
yiksek firin curufu, yer fistigi kabugu kala vb.) kullanimi
Uzerine sayisiz deneysel c¢alisma gerceklestirilmistir
(Felekoglu vd. 2006, Guneyisi vd. 2009, Mohseni vd. 2015,
Karatas vd. 2017, Benli ve Karatas 2019, Karatas vd. 2020,
Faheem vd. 2021, Altunci ve Ocal 2022, Tirk vd. 2022,

Garg vd. 2023).

KYH’lerin sertlesmis performanslarini artirmak icin yaygin
bir sekilde kullanilan puzolanik-AU'lerden birisi, mikro ve
nano boyutlarda 6gltidlmus silika tozudur. Bugiine kadar
mikro ve/veya nano dlgekte silika tozunun (ST) KYH'lerin
farkli
odaklanan c¢alismalardan bazilari incelendiginde, Seifan

performans ozellikleri  Gzerindeki etkilerine
vd.’nin (2020) ugucu kil esasli jeopolimer harcin (UKEJH)
taze ve sertlesmis ozellikleri Gizerinde gcimento yerine %5-
15 oranlarinda mikro (M-ST) ve nano (N-ST) boyutlu silika
tozu ikamesinin etkilerini arastirdiklari ¢alismalarinda,
¢imentoya yapilan %5 oranindaki M-ST ve N-ST ikamesi ile
tiim kir slrelerinde en yiksek mekanik performanslarin
elde edildigini gbzlemlemislerdir. Li vd. (2017a) M-ST ve
N-ST'nin harcin mekanik ve mikroyapisi Gzerindeki birlesik
etkisini degerlendirmis ve harcin mekanik ve mikroyapisal
ozelliklerinin ¢ok kiicik olgekli (%1-2) N-ST kullanilarak
onemli 6lctde gelistirildigi sonucuna varmistir. Cesitli lif
tipi ve dozajlari (gelik: %0,25-0,75 ve bazalt: %0,3-0,9)
kullanilarak Uretilen harglarin mukavemet ve porozite
degisimlerini incelemek igin PC'ye kismi ikame (%10 ve
%20) olarak ST'nin etkisine odaklanan diger bir arastirma

calismasinda (Koksal vd. 2021), yazarlar, tim lif turleri ve

iceriklerinde ST iceren harglarin ST icermeyenlere
(kontrol) kiyasla dayanim ve porozite testleri sonuglarinda
%44,4 ve %45,7'ye kadar

bildirmislerdir. Farkh kiirlenme yaslarinda (3, 7 ve 28 giin)

iyilesme  olguldigiinG
M-ST ve N-ST’nin tekli ve ikili kullaniminin harcin mekanik
ozellikleri Gzerindeki etkilerini arastiran Garg vd. (2021)
¢cimento yerine %15 M-ST ve %1,0 N-ST ikamesinin
harglarin basing dayanimi (BD) degerlerini sirasiyla %19,1
ve %28'e kadar artirdigini, M-ST ve N-ST’nin ikili
ikamesinin (%10 M-ST+1,0 N-ST) ise kiirlenme yaslarindan
bagimsiz olarak harglarin BD degerlerinde %53'e kadar bir
artis sagladigini belirtmistir. Benzer sonuglar, harglarin
mekanik (mukavemet, durabilite) 6zelliklerini iyilestirmek
icin %1,0 N-ST kullaniminin neredeyse %10 M-ST kadar
katkida bulundugunu, ancak bunlarin birlikte kullaniminin
tek basina kullanimindan daha faydali oldugunu agiklayan
arastirmacilarin ¢alismasi (Li vd. (2017b) tarafindan da
ortaya konmustur. Baska bir arastirmada, Uygunoglu vd.
(2018) PC yerine %10-30 oraninda ST ikamesi kullanarak
hazirladigi KYH numunelerini 5 yil kire tabi tuttuktan
sonra farkh frekanslarda elektriksel 6zdireng testine tabi
tutmustur. Arastirmacilar, KYH karisimlari igerisinde ST
iceriginin artmasiyla KYH numunelerinin 6zdirenglerinin
azaldigini tespit etmislerdir. Yukarida bazi c¢alismalara
atifta bulunuldugu (zere, bugiine kadar farkh tane
boyutuna sahip ST'nin PC’ye ikame olarak kullaniimasiyla

Uretilen KYH’lerin c¢esitli miihendislik 6zelliklerinin
incelenmesine odaklanan sayisiz ¢alisma
gerceklestirilmistir. Fakat ileri teknoloji kullanilarak

yuksek saflikta ve ince taneli olarak Uretilen ve estetik ve
dekoratif 6zelliklere sahip olan beyaz-Portland ¢cimentosu
(B-PC) kullanilarak KYH’lere ait gergeklestirilen galismalar
g0z ardi edilmistir.

Bu aragtirma ¢alismasi, KYH karisimlarinda kullanilan B-PC
yerine iki farkl tane boyut dagilimina sahip ST'nin (mikro:
M-ST ve nano: N-ST) farkl oranlarinda ikame edilmesinin
dayanim, durabilite ve porozite 6zelliklerine etkilerinin
kapsamda, KYH
numuneleri iki farkli su/cimento oraninda (0,50 ve 0,70),
550 kg/m® baglayici dozajlarinda B-PC yerine %2-4-7
M-ST ve N-ST ikame edilerek
28 ginluk kar
sonrasinda 27 giin boyunca donma-¢6zilme (D-C) testine

incelenmesine odaklanmistir.  Bu

oraninda ayri ayr

Uretilmistir.  KYH numuneleri islemi
tabi tutulmustur. Tim KYH numuneleri Gzerinde 28 ve 56
gunlik kar sirelerini takiben basing- (BD) ve egilme-
dayanimi (ED) testleri uygulanmistir. Ayrica, bulgularin
(BD, ED ve P) birbirleri ile olan iliski dizeyleri ve bunlarin
F-testleri

gecerliligi/guvenilirligi  t- ve uygulanarak

istatistiksel olarak degerlendirilmistir.
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Cizelge 1. KYH bilesenlerinin fiziksel/kimyasal 6zellikleri

Fiziksel Ozellikler
KYH Bilesenleri Tane boyutu (um) Ozgiil agirhk Yiizey alani

Do D3 Dso Dgo (g/cm3) (m?/g)
B-PC 2,3 9,5 20,3 40,1 3,06 0,45
M-ST 0,4 4,3 11,0 28,7 2,18 23,36
N-ST - - - - 2,12 150,0
Kum 91,0 372,0 986,0 2350,0 2,63 -
. . Kimyasal Ozellikler (%)

KYH Bilesenleri SiO, Al,03 Fe,03 Cao Diger Kizdirma Kaybi
B-PC 21,06 3,96 0,35 65,28 7,14 3,44
M-ST 94,30 0,72 0,93 0,46 2,80 1,72
N-ST 99,80 - - - - 0,2
Kum 0,89 0,25 0,05 55,18 0,61 43,05

2. Materyal ve Metot/Materials and Methods
2.1. KYH Bilesenleri

KYH numunelerinin hazirlanmasi esnasinda baglayici
malzeme olarak CIMSA ¢imento fabrikasi tarafindan
Uretilen beyaz-Portland g¢imentosu (B-PC) kullanilirken, B-
PC’ye ikame olarak kullanilan mikro-silika tozu (M-ST) ve
nano-silika tozu (N-ST) sirasiyla Dost Kimyasal (istanbul)
ve Cin’den getirtilmistir. Diger KYH bilesenlerinden olan
kum Tunceli’de yer alan bir tasocagindan, su azaltici (Sika
ViscoCrete-SF 18) ise SIKA yapi kimyasallar’ndan temin
edilmistir. B-PC, M-ST, N-ST ve kumun tane boyutu
dagihmi (TBD), 6zgil agirlik (OA) ve yiizey alani (YA) gibi
fiziksel karakterizasyon testleri sirasiyla Malvern
Mastersizer model tane boyut Olcer, piknometre ve

Atom-CM-BL 101 model ylizey alani Olger cihazlar

Cizelge 2. KYH karisim recgeteleri

kullanilarak gergeklestirilmis ve sonuglar Cizelge 1'de
sunulmustur.

KYH bilesenlerinin OA ve YA sonuglarinin sirasiyla 2,12-
3,06 g/cm? ve 0,45-150,0 m?/g arasinda degistigi tespit
edilmistir. Ayrica, malzemelerin tane boyutu dagilimlari
incelendiginde, B-PC ve M-ST tanelerinin %80’inin (Dso)
sirasiyla 40,1 ve 28,7 pum’lik elek agikhigindan gectigi
anlasiimaktadir. Kum igin ise Dgo tane boyutu 2350 pum
olarak olgulmistir (Cizelge 1). ICP-AES cihazi vasitasiyla
gerceklestirilen kimyasal analiz sonuglar Cizelge 1’den
incelendiginde, kum haricindeki KYH bilesenlerinin SiO2
minerali bakimindan olduk¢a zengin (M-ST ve N-ST’nin
neredeyse tamami) oldugu saptanmistir. Ayrica, B-PC ve
kumun yiksek miktarda CaO igerigine sahip oldugu
belirlenmistir.

KYH Bilegenleri (kg/m?3)

KYH Kodu s/¢ orani
B-PC M-ST N-ST Kum Su Su azaltia
Kontrol 550 0 0 1410
2M-ST 539 11 0 1410
4M-ST 528 22 0 1406
7M-ST 511,5 38,5 0 1400 275 7 0.50
2N-ST 539 0 11 1408
4N-ST 528 0 22 1405
7N-ST 511,5 0 38,5 1399
Kontrol 550 0 0 1108
2M-ST 539 11 0 1105
4M-ST 528 22 0 1102
7M-ST 511,5 38,5 0 1097 385 12 0.70
2N-ST 539 0 11 1105
4N-ST 528 0 22 1102
7N-ST 511,5 0 38,5 1096

2.2 KYH Numunelerinin Uretimi

EFNARC (2005) ve ASTM (C305-20 (2020) standartlari
cercevesinde standart KYH bilesenlerinden (B-PC, kum, su
azaltici ve sebeke suyu) olusan kontrol KYH karisimlari iki
farkli su/cimento (s/¢) oraninda (0,50 ve 0,70) 550 kg/m?3
B-PC kullanilarak Gretilmistir. M-ST ve N-ST ikameli KYH

karisimlarinin hazirlanmasi sirasinda ise ayni baglayici
%2-4-7
oranlarinda M-ST ve N-ST ikame edilmistir. Karisim

iceriginde B-PC vyerine ayri ayri agirlikca
recetelerinin detayli bir sekilde paylasildigi Cizelge 2’den
anlasilacagi tizere KYH karisimlari ikame malzeme tipi ve
ikame oranina bagl olarak "Kontrol, 2M-ST, 4M-ST, 7M-

ST, 2N-ST, 4N-ST ve 7N-ST" olarak kodlanmistir. Hobart
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mikseri kullanilarak titizlikle karistirilan kendiliginden
yerlesen harg karisimlari, farkh testlerin (D-C, BD ve ED)
uygulanmasi icin Ustl acik kiibik (5x5x5 cm) ve prizmatik
(4x4x16 cm) kaliplara yerlestirilmistir (Sekil 1a). Kaliplarda
24 saat bekletilen KYH'ler daha sonra kaliptan gikarilmis
ve dnceden belirlenmis test sirelerine kadar (28 ve 56
giin) 20+2°C sicakliktaki kirece doymus kiir havuzunda kir
islemine tabi tutulmustur (Sekil 1b).

2.3. Yayilma ve V-hunisi Testleri

KYH karisimlari, Hobart mikserinde titizlikle karistirilarak

hazirlandiktan sonra, islenebilirlik  6zelliklerinin
belirlenmesi igcin, EFNARC’In (2005) 6nerdigi yayillma gapl
(YC) ve V-hunisi (V-H) akis testlerine tabi tutulmustur. YC
testi, diz bir ylzey Uzerine yerlestirilmis kesik koni (Ust
cap/alt cap/ytkseklik= 70/100/60 mm) igerisine her bir
taze KYH karisiminin doldurulmasini ve koninin sabit bir
hizla dikey yukari kaldirilmasi sonucu karisimin yayilma
¢apinin dlgllmesini icermektedir. V-H testi ise, i¢ ylzeyi
tamamen islatilmis  huni igerisine taze karisimin
sikistirilmadan huninin st seviyesine kadar doldurulmasi
ve ardindan huninin alt kapaginin agilmasi suretiyle
karisimin tamamen bosalmasina kadar gecen sirenin
Olgtlmesini kapsamaktadir. YC ve V-H testlerine ait
sonuglar EFNARC (2005) tarafindan belirlenen sinir

degerler cercevesinde degerlendirilmistir.
2.4. Donma-¢6ziilme Testi

KYH numunelerinin (Kontrol, %2, %4 ve %7 M-ST/N-ST)

donma-¢6ziilme etkisine karsi davranisini  agikhga
kavusturmak icin D-C testine tabi tutulan 28 glnlik
numunelerin D-C testi uygulanmayan 56 giinliik KYH'lerin
BD ve ED sonuglariile kiyaslanmasi amaciyla 28 giinltk kiir
suresini tamamlayan numuneler (Sekil 1c) 27 gin (54
dongii) boyunca ASTM C666M (2015) uygun olarak D-C
testine tabi tutulmustur. Her bir karisim ve test tipi (BD ve
ED)

kubik/prizmatik numune kullanilmistir. D-C kabininin -

icin 3 adet olmak Uzere toplam 30 adet
20°C'de biten donma dongisli 8 saat/déngl strerken,
¢Ozlilme donglsi 4 saat sonra +4°C'ye ulasarak

tamamlanmistir. D-C testleri tamamlanan numuneler

Uzerinde 56. glinde BD ve ED testleri gergeklestirilmistir.

2.5. Basing/Egilme Dayanimi Testleri

ilgili standartlara (ASTM C109-16 2016, ASTM (C348-21
2021) uygun olarak 28 ve 56 gline kadar kiirlenen
KYH’lerin basing (BD) ve egilme dayanimi (ED) testlerinin
gerceklestirilmesi icin bilgisayar kontrolli hidrolik
beton/harg presi kullaniimistir (Sekil 1d). Kibik KYH’lerin
BD testinde 2000 kN ylkleme kapasitesi ve 1,0 kN/s sabit
basing hizina sahip pres kullanilirken, prizmatik KYH
numuneleri Uzerinde gergeklestirilen ED testlerinde
yukleme kapasitesi ve sabit basing hizi sirasiyla 100 kN ve
0,5 kN/s olarak uygulanmistir. Tim testlerde 3 adet
bu 3

belirlendigi

numunenin kullanildigi  ve nihai sonuglarin

numunenin ortalamasi alinarak

unutulmamalidir.
2.6. Porozite Testleri

Bu boélimde, B-PC yerine kismen ikame olarak kullanilan
M-ST ve N-ST'nin KYH’lerin porozitesi Uzerindeki etkisi,
sertlestirilmis KYH numunelerine porozite (P) testleri
uygulanarak ortaya konmustur. 28 ginluk kir sdresini
KYH
numunesi, her bir karisim tipinde 3 adet olacak sekilde
ASTM C642-13 (2022) tarafindan 6nerilen kosullara uygun
olarak porozite testine tabi tutulmustur. Test kapsaminda

tamamlayan toplam 15 adet kip seklindeki

her karisim tipi icin 3 adet numunenin doygun kuru yiizey
agirhigr (Woky), tamamen suya doygun haldeki agirhigi
(Wrsp) ve etivde kurutulduktan sonraki agirhgi (Wek)
farkli
tirlerine sahip her bir KYH'nin porozite sonucu Esitlik
(1)'den
ortalamalari alinmistir. Esitlik (1)’de sunulan terimler

Olgllerek kaydedilmistir. Daha sonra, karigim

yararlanilarak  hesaplanmis ve sonuglarin
denklemin hemen altinda ayrintih olarak agiklanmistir.
Porozite testleri icin hazirlanan KYH numuneleri, diger
testlerde (BD, ED ve D-C) kullanilan numunelerle ayni
karisim ozellikleriyle (retilmis ve numuneler Uzerinde
herhangi bir tahribatli test yapilmamistir. Ayrica, P-testleri
oncesinde ve sirasinda, ilgili standartta (ASTM C642-13
2022) belirtilen analiz uygulama kosullari eksiksiz olarak

yerine getirilmistir.

P (%)= (Woky-Wek) + (Wbky-Wrsp)

(1)

™

$etkil 1. KYH’lerin kaliplara yerlestirilmesi (a), kir islem

i (b); testler dncesi numuneler (c) ve BD/ED testleri (&‘)
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Esitlikte verilen Wek, Wrsp ve Woky sirasiyla numunenin
sabit bir sicaklkta etlivde kurutulduktan sonraki agirhigini,
tamamen suya doygun haldeki agirhgini ve suya
doyurulduktan sonra ylzeylerinin kurutulmus haldeki

agirhigini ifade etmektedir.
2.7. Istatistiksel Analiz

Bu calismada, edinilen bulgularin (BD, ED ve P) birbirleri
arasindaki iliskiyi degerlendirmek icin ED-BD, P-BD ve P-
ED grafikleri hazirlanmistir. Hazirlanan grafiklerde; farkli
(deneysel
bulgular arasindaki en uygun iliski ortaya konmustur.
Ardindan,
grafiklerden elde edilmis deneysel esitliklerin korelasyon

egilim yaklagimlar esitlikler)  kullanilarak

Microsoft Excel programi kullanilarak bu
katsayilari (r) hesaplanmistir. Ayrica, iki degisken (ED-BD,
P-BD ve P-ED) arasindaki iliski dizeyinin glvenilirligini
(6nemli/uyumlu olup olmadigini) arastirmak igin %95
gliven araliginda (a<0,05) regresyon analizleri (t-test:
koreldasyon katsayilarinin (r) guvenilirligi icin ve F-test:
deneysel esitliklerin gtvenilirligi icin) gerceklestirilmistir.
Tim verilere ait her iki test igin ayri ayri hipotezler
kurulmustur (Ho= Korelasyon anlamsizdir, Hi= Korelasyon
anlamlidir). Bu hipotezlerin birine karar verebilmek igin
program tarafindan hesaplanan t- ve F- degerleri (thesap Ve
Fhesap) ile kritik t- ve F- degerlerinin (twblo Ve Ftablo)
karsilastiriimasi gerekmektedir (Tlyslz ve Yaylali-Abanuz
2012).

3. Bulgular ve Tartisma/Results and Discussions
3.1. Yayilma ¢api ve V-hunisi sonuglari

KYH numunelerinin taze ozelliklerini incelemek igin
gerceklestirilen yayllma capi (YG) ve V-hunisi (V-H) akis
siresi 6lgimlerinin sonuglari Sekil 2’de gosterilmistir. KYH
karisimlarinin (Kontrol, 2M-ST, 4M-ST, 7M-ST, 2N-ST, 4N-
ST ve 7N-ST) YC degerleri 0,50 ve 0,70 s/¢ oranlari igin
siraslyla 257-260, 255-259, 254-258, 252-256, 249-258,
245-254 ve 241-250 mm olarak dlgilmustir. s/¢ oraninin
artisiyla birlikte KYH karisimlarinin YC degerlerinin arttigi
Sekil 2’den acik¢a goriulmektedir. Bu artisin sebebi olarak
karisimlarda kullanilan su (0,50 ve 0,70 igin sirasiyla 275
ve 385 kg/m?3) ve su azaltici kimyasal (0,50 ve 0,70 igin
sirastyla 7 ve 12 kg/m3) miktarlarinin arttirilmasi
gosterilebilir (Cizelge 2). Har¢ karisimlarinda B-PC’ye
ikame olarak kullanilan farkh tane boyutuna sahip silika
tozu (M-ST ve N-ST) miktarinin artist KYH karisimlarinin
akiskanliklarinin azalmasina (YC degerlerinde azalma) yol
M-ST ve N-ST ikameli

meydana gelen daha disik yayilma capi (akiskanlkta

acmistir. KYH karisimlarinda
azalma) degerleri; iki farkli tane boyutuna sahip ST’nin B-
PC’ye kiyasla daha ince tanelere ve daha yiksek yizey
alanina (23,36 ve 150,00m?/g > 0,45m?/g) sahip olmasi ile
iliskilendirilebilir.

Boylece karisim icin daha yiksek

miktarda suya ihtiya¢ duyuldugu bildirilmistir (Glneyisi
vd. 2015). Bu calismada elde edilen YC degerleri ile
uyumlu sonuglarin elde edildigi baska bir ¢calismada, Benli
ve Karatas (2019) KYH karisimlarinda PC’ye ikame olarak
%6-10-14 oranlarinda silis dumani eklemis ve bu ikame
oranlarina sahip karisimlarin YC degerlerinin kontrol

karisimlarina  kiyasla azaldigini  tespit etmislerdir.
Kendiliginden yerlesen polimerik harglarin reolojik
performanslari  Gzerinde farkh mineral katkilarin

etkilerinin incelendigi bir ¢alismada, yazarlar polimer
baglayici malzeme olarak kullanilan epoksi reginesi yerine
%60’a kadar agirlikga silis dumani (SD) ikame etmisler ve
YC testlerini yapmislardir. Sonuglar, %40 SD ikamesine
kadar
karisimlarin

YC degerlerinin azaldigini, yani SD ikameli

akiskanlhklarinin  azaldigini  gostermistir
(Uygunoglu vd. 2017). Daha o&nce yapilan calismalar
1Isiginda, Ozellikle N-ST’nin karisim icerisinde filler etkisi
guglu etkisi

matrisini  iyilestirdigini  ve

gostererek karisimda daha sikistirma

sagladigini,  ¢imento

islenebilirlikten etkilenen bazi 6nemli parametreler
(segregasyon, kanama, vb.) Gzerinde olumlu bir katki
sundugunu bildirmislerdir (Senff vd. 2010, Hani vd. 2018,
Garg vd. 2021). Dahasi, tim KYH karisimlarinin yayilma
capi degerlerinin EFNARC (2005) tarafindan belirlenen alt
ve (st sinirlar (240-260 mm) icerisinde oldugu tespit

edilmistir.

KYH karisimlarinin V-H sonuglari degerlendirildiginde
(Sekil 2), karisimlarin s/¢ oraninin artmasi tum KYH
karisimlarinin V-Hunisinden daha kisa siirede bosalmasina
yol agcmistir. Ayrica, ST tane boyutu ve s/¢ oranindan
bagimsiz olarak karisim igerisine ikame edilen ST’nin
miktarinin artmasi, YC degerlerinin azalmasi ile uyumlu
olarak V-H degerlerini (viskoziteyi) arttirmistir. Sonuglara
bakildiginda, kontrol karisimlarinin V-H degerlerinin 0,50
ve 0,70 s/¢ oranlarinda 9,9 s ve 8,3 s iken, M-ST iceren
karisimlarinin ayni s/¢ oranlarinda sirasiyla 10,1-10,7 s ve
8,6-9,3 s sonunda V-hunisinden tamamen bosaldig
N-ST
hunisinden tamamen bosalma sireleri ise 0,50 ve 0,70 s/¢

belirlenmistir. iceren KYH karisimlarinin V-
oranlari igin sirasiyla 10,7-11 s ve 10,2-10,8 s arasinda
degismistir (Sekil 2). Farkh tane boyutlu silika tozu (M-ST
ve N-ST) kullanimiyla, karisimlarin viskozitesinin artisiyla
sonuglanan V-H degerlerinin artisi ikame olarak kullanilan
paketleme (sikistirma)  o6zelliklerine
atfedilebilir (Bernal vd. 2018). Bu ¢alismada uretilen KYH

karisimlarinin V-H degerleri, ST dozajinin artmasiyla V-H

malzemelerin

degerlerinin arttigini bildiren ge¢mis calismalarla uyum
gostermistir (Gluneyisi vd. 2016, Naniz vd. 2018). Dahasi,
tim KYH karnisimlarinin  EFNARC (2005)
tanimlanan V-Hunisi akis suresi alt-ust limitlerini (7-11 s)

tarafindan

karsiladig goriilmektedir.
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Sekil 2. ST tane boyutu (mikro: M ve nano: N) ve dozajinin (%2-4-7) KYH’lerin YC ve V-H sonuglarina etkisi

3.2. Basing dayanimi sonuglari

Sekil 3, B-PC'ye kismi ikame olarak farkh tane boyutlari
(M-ST ve N-ST) ve dozajlarda (%2-4-7) kullanilan ST’nin
0,50 ve 0,70 s/¢ oranlarinda Uretilen KYH numunelerinin
28-56 glnluk kir sliresi boyunca BD degisimine olan
etkilerini gostermektedir. Daha 0Once gerceklestirilen
sayisiz ¢alismada ulasilan sonuglarla uyumlu olarak (Gakir
ve Ak6z 2008, Benli vd. 2017, Li vd. 2017a, Garg vd. 2021,
Turk vd. 2022), ST tane boyutu, dozaji ve s/¢ oranindan
bagimsiz olarak kiir slresinin 28 gilinden 56 giline
ilerlemesi ile KYH’lerin basing dayanimlari artmigtir. Kir
siresi artisinin ¢imentolu malzemelerin mukavemetini
artirmasi; ilerleyen kiir siiresiyle birlikte cimento fazindaki
hidratasyon siireci boyunca kati tirtinlerin (CH, Ca(OH)>, C-
S-H, vb.) miktarinin artmasi ile agiklanabilir. Boylece,
¢imento hamuru-agrega taneleri arasindaki gdzeneklerin
dolmasi ve daha dusiik poroziteye sahip daha yogun bir
mikroyapinin olusmasi saglanabilir (Yilmaz vd. 2014). Ote
yandan, ¢imentolu malzemelerin (yani KYB, KYH, ¢imento
hamuru, macun dolgu) mekanik 6zelliklerinin (BD, ED, vb.)
s/¢c orani tarafindan yonetildigi gercegine dayanarak
(Ercikdi vd. 2014, Yilmaz ve Ercikdi 2016, Li vd. 2017a),
28-56
gilinlerde tim KYH'lerin BD davranislari i¢in olumsuz bir

KYH kangimlarinin s/¢ oranlarindaki artisin,

etkiye neden oldugu ifade edilebilir.

Basing dayanimi sonuglari incelendiginde, B-PC yerine %7
N-ST ikame edilerek 0,50 s/¢ oraninda uretilen KYH
numunesi (7N-ST), 28 ve 56 giin sonunda 66,75 ve 69,93
MPa ile en yilksek basing dayanimlarini Uretirken, en
disik BD degerleri (35,25 ve 41,22 MPa); ayni kir
surelerinde 0,70 s/¢ oraninda hazirlanan Kontrol KYH
numunelerinde Ol¢llmistir (Sekil 3a ve b). Daha yiksek
s/c oranina sahip KYH numunelerinde gbézlemlenen daha
disik BD degerleri, KYH karisimlarinda daha yiksek
miktarda karisim suyu kullanilmasina (Cizelge 2) bagh
olarak daha az ve/veya daha zayif cimentolama baglarina
atfedilebilir (Galaa vd. 2011, Yilmaz vd. 2014). Bu

daha
gerceklestirilen galismalarda, karigimlarda kullanilan ve

sonuglarla  olduk¢a  tutarli  olarak once
s/¢ oranini belirleyen karisim suyu miktarinin ¢imento
hidratasyonunu ve dolayisiyla gimentolu malzemelerin
dayanimini etkiledigi rapor edilmistir. Dahasi, daha ylksek
s/¢ orani sonucunda ¢imento esasl malzemelerde (beton,
harg, dolgu, vb.) daha zayif sikistirma (paketleme) etkisi,
daha diisuk kati icerigi ve daha gdzenekli bir yapi olustugu
ve dolayisiyla dayanim gelisiminde diisiis meydana geldigi

bildirilmistir (Yilmaz vd. 2014, Sun vd. 2022).

Silika tozunun (M-ST ve N-ST) KYH’lerin basing dayanimi
Gzerindeki etkileri degerlendirildiginde, KYH’lerin BD
degerleri tum kirlenme sireleri ve s/¢ oranlarinda
karisimlardaki ST (M-ST ve N-ST) dozajlarinin artmasiyla
artmistir.  Kontrol KYH numunelerinin  tim karisim
ozelliklerinden bagimsiz olarak 35,25-52,84 MPa BD
Urettigi belirlenirken, %2-4-7 oranlarinda ST igeren
KYH’lerin BD degerleri 36,04-59,58 MPa (M-ST) ve 39,12-
69,93 MPa (N-ST) arasinda degismistir. Yani, M-ST ve N-ST
iceren KYH numuneleri kontrol numunelerine kiyasla
sirasiyla %23,03 ve %42,84’e kadar daha yiksek BD
Uretmiglerdir (Sekil 3). ST'nin KYH’lerde B-PC’ye kismen
ikame edilmesinin BD gelisimi Gzerindeki pozitif etkisi,
ST'nin
baglayicinin hidratasyonunu hizlandirmasi ve hidratasyon

puzolanik  karakterinden  kaynakh  olarak
stirecinde olusan Ca(OH): ile ST blinyesindeki aktif silisleri
birlestirerek ilave baglayici fazlar (kalsiyum silika hidrat: C-
S-H) Uretilmesini saglamasina atfedilebilir (Schwarz vd.
2008, Benli vd. 2017, Omran vd. 2017, Oz 2017, Hani vd.
2018, Benli 2019, Benli ve Karatas 2019, Turk vd. 2022).
Ayrica, literatirde gozenek doldurma (filler) etkisi olarak
kaba

bosluklarinin daha ince ST taneleri ile doldurulmasi,

bilinen har¢ partikilleri arasindaki gbzenek
KYH’lerin ara ylzey gecis bolgesinin daha yogun ve
kompakt bir mikroyapiya sahip olmasini saglamis ve
boylece KYH'lerin BD gelisimine katkida bulunmustur

(Cizelge 1) (Benli vd. 2017, Du ve Tan 2017, Oz 2017, Benli
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ve Karatas 2019, Etli vd. 2024). Bu bulgular, farkli beton
turlerinin (KYB, KYH, vb.) cesitli kir yaslarindaki (1, 3, 7,
28, 90 ve 91 giin) BD'lerinin ¢imento yerine ST (M-ST
ve/veya N-ST) ikame veya ilave edilerek iyilestirildigi
onceki bircok arastirmaci (Bernal vd. 2018, Hani vd. 2018,
Kara ve Durmus 2019, Nasr vd. 2019, Garg vd. 2021)
tarafindan ortaya konan sonuglarla tutarli gériinmektedir.
ST’nin tane boyutunun etkisi incelendiginde, Sekil 3'te
gosterildigi Gizere, nano boyutlu ST'nin (N-ST) B-PC'ye
kismi ikame (agirhk¢a %2-4-7) olarak kullaniimasinin
KYH'lerin BD'lerini mikro boyutlu ST'ye (M-ST) kiyasla
belirgin bir sekilde iyilestirdigi gozlemlenmistir. Séyle ki,
7N-ST numuneleri s/¢ oranindan bagimsiz olarak 28 ve 56.

80
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Cimentoya farkli oranlarda (%5-20 M-ST ve %0,5-1,25 N-
ST) M-ST ve N-ST
numunelerinin 3, 7 ve 28 gilinlik mekanik 6zelliklerinin
incelendigi bir baska calismada (Garg vd. 2021), N-ST
ikameli harglarin 28 gline kadar kontrole numunelerine

ikame edilerek dretilen harg

kiyasla 1,15-1,24 kat daha ylksek dayanim Urettigi, buna
karsin harg¢ karisimlarinda ¢ok daha fazla miktarda M-ST
kullanilmasina ragmen elde edilen dayanim artisinin 1,03-
1,18 kat ile sinirh kaldigi bildirilmistir.

Hem ge¢mis arastirmalarda hem de bu ¢alismada ortaya
N-ST’nin  KYH’lerin basing
dayanimi gelisimine daha fazla etki etmesi; M-ST'ye

konan sonuglar Isiginda,
kiyasla N-ST’nin ¢ok daha ince tane boyutuna sahip olmasi
(Cizelge 1) sayesinde puzolanik reaksiyon gosterme
konusunda M-ST’den ¢ok daha stiin olmasi ve boylece
hem baglayicinin hidratasyonunu hizlandirmasina hem de
ilave hidratasyon triinleri (CH, C-S-H jeli, vb.) Gretilmesine
katki saglamasina atfedilebilir (Du vd. 2014, Li vd. 2014,
Nili ve Ehsani 2015, Omran vd. 2017, Oz 2017, Hani vd.
2018, Kara ve Durmus 2019). Ayrica, tane boyutu M-
ST’den cok daha kiiciik olan (yiizey alani= 150,00 m?/g >
23,36 m?/g) N-ST’nin BD artisi konusundaki daha yiiksek
katkisi; N-ST'nin bosluk (gozenek) doldurma kabiliyeti
sonucunda KYH’nin ara yiizey i¢ bdlgesi mikroyapisi,
paketleme yogunlugu ve homojenligindeki iyilesmeye

giinlerde Kontrol numunelerine gore sirasiyla %43 ve %32
daha yuksek BD (iretirken, 7M-ST'deki BD artislarinin ayni
kiirlenme yaslarinda sirasiyla %23 ve %13'te kaldigi tespit
edilmistir (Sekil 3a ve b). Bu calismada tespit edilen
bulgular, Nili ve Ehsani'nin (2015) galismasinda ortaya
konan sonuglarla olduk¢a uyumludur. Arastirmacilar
dayanim oOzelliklerini arastirmak amaciyla Urettikleri
beton ve ¢imento hamuru igerisinde baglayici yerine
agirhkga mikro (%5 ve 7,5) ve nano (%1,5-3-5-7,5) boyutlu
ST kullanmislar ve ¢gimentonun nano boyutlu ST (agirlik¢a
%3-5) ile ikame edilmesinin, mikro boyutlu ST kullanimina
kiyasla tim numunelerin basing dayanimlarinda kayda
deger bir artisa neden oldugunu rapor etmislerdir.
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Sekil 3. ST tane boyutu ve dozajinin (%2-4-7) 0,50 (a) ve 0,70 (b) s/¢ oraninda Uretilen KYH’lerin BD sonuglarina etkisi

baglanabilir (Glneyisi vd. 2016, Du ve Tan 2017, Li vd.
2017a, 0z 2017, Garg vd. 2021).

3.3. Egilme dayanimi sonuglari

ST’ nin farkh tane boyutlari (M-ST ve N-ST) ve dozajlarda
(%2-4-7) B-PC yerine ikame edilmesiyle 0,50 ve 0,70 s/¢
oranlarinda Gretilen KYH numunelerinin 28-56 glnlik kir
slresi boyunca egilme dayanimi sonuglari Sekil 4’te
sunulmugtur. Tim karisim 6zelliklerinden bagimsiz olarak
bitin KYH numunelerinin egilme dayanimlari kiir siresi
artisiyla artmistir. Tim KYH numunelerinin 28 ve 56
gunlik yastaki egilme dayanimi degerleri 0,50 ve 0,70 s/¢
oranlari igin sirasiyla 5,50-6,58 ve 5,87-6,85 MPa ve 4,38-
5,36 ve 5,03-5,82 MPa araliginda olup, en dislik deger
0,70 s/¢ oranindaki 28 gunlik Kontrol numunelerinde
(4,38 MPa), en yiiksek ED degeri ise 0,50 s/¢ oraninda
Uretilen 56 giinlik 7N-ST (6,85 MPa) numunelerinde
ortaya cikmistir. Basing dayaniminda meydana gelen
degisimlerle uyumlu olarak KYH karisimlari icerisindeki ST
(M-ST ve N-ST) ikame dozajinin artmasi tiim kir sureleri
ve s/¢
arttirmigtir.

numunelerin  ED  degerlerini
KYH 0,50 s/¢
oranindaki 28 ve 56 gilinlik ED degerleri sirasiyla 5,50 ve
5,87 MPa iken, B-PC %2, %4 ve %7 oranlarinda M-ST ile
degistirildiginde, ED sirasiyla 5,72, 5,90 ve 6,25 MPa (28
giin) ve 6,20, 6,38 ve 6,53 MPa (56 gilin) olarak

oranlarinda

Kontrol numunelerinin
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kaydedilmistir. Ayni oranlarda N-ST ikameleri igcin ED
degerleri ise 28 giinde 6,02, 6,31 ve 6,58 MPa olarak
Olguliirken, 56 glinlik kir slresi sonunda 6,30, 6,57 ve
6,85 MPa degerlerine ulagmistir. 0,70 s/¢ orant ile Giretilen
numunelerin ED degerleri ise 0,50 s/¢ oranindaki
numunelere nazaran daha diisik olmakla birlikte, Kontrol
numuneleri 28 ve 56 giinde sirasiyla 4,38 ve 5,03 MPa
seviyesinde ED Uretmistir. Ayni s/¢ oraninda %2, %4 ve %7
oranlarinda M-ST ikameli numunelerin 28 ve 56 glinde
Olgulen ED degerleri sirasiyla 4,60-5,05 MPa ve 5,25-5,63
MPa araliginda seyretmistir. Ayni ikame oranlarinda N-ST
kullanildiginda ise egilme dayanimlari 4,76-5,36 MPa (28
giin) ve 5,35-5,82 MPa araliginda (56 giin) gerceklesmistir
(Sekil 4). Sekil 4a ve b'den gorilebilecegi lizere, tane
boyutundan bagimsiz olarak ST ikame oraninin %7’ye
kadar arttirilmasi ile tim s/¢ oranlarinda hazirlanan KYH
numunelerinin ED degerleri Kontrol KYH numunelerine
kiyasla %4,0-22,4 araliginda daha yiiksek olarak tespit

(a)

& Kontrol
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B 4M-5T
B 7M-ST
M 2N-ST
B 4N-ST
0 7N-ST

Egilme dayanimi{MPa)
S R= MNW R U

Kir stiresi (giin)

edilmistir. Ayrica, KYH karisimlari igerisinde B-PC’ye ikame
edilen ST'nin orani %4 ve %7 oldugunda ED geligimi
Gzerindeki olumlu katkisi daha belirgin hale gelmistir. ST
bazli KYH'deki egilme dayanimi gelisiminin daha Ustiin
olmasi, ¢imento hamurunun hidratasyonu sirasinda
(Ca(OH)2= C-H) ile ST

puzolanik reaksiyonu

uretilen kalsiyum hidroksit
reaktif
sonucunda kimyasal bag yaparak ilave amorf baglayici
fazlarin C-S-H)
baglanabilir. Ayrica, B-PC’'ye kiyasla daha ince tane
boyutuna yani daha ylksek yiizey alanina sahip olan ST

icerisindeki silikanin

(kalsiyum silika hidrat: Uretilmesine

partikdllerinin daha iri boyutlu ¢cimento ve agrega (kum)
taneleri arasindaki bosluklari doldurarak daha yogun ve
daha az gozenekli bir mikroyapi olusturmasi da ED
gelisiminin muhtemel nedenleri arasinda gosterilebilir
(Omran vd. 2017, 0z 2017, Benli 2019, Benli ve Karatas
2019, Amin vd. 2022, Turk vd. 2022, Fattouh vd. 2023,
Sarag vd. 2023).

_ 8 (b)
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Sekil 4. ST tane boyutu ve dozajinin 0,50 (a) ve 0,70 (b) s/¢ oraninda uretilen KYH’lerin ED sonuglarina etkisi

Silika tozu tane boyutunun KYH’lerin egilme dayanimi
performansi Uzerindeki etkisi degerlendirilecek olursa,
kir slresi, s/¢ orani ve ikame dozajindan bagimsiz olarak
N-ST igeren KYH numunelerinin M-ST’li numunelerden
daha yiiksek ED {rettigi belirlenmistir. Ornek vermek
gerekirse; 0,50 s/¢ oraninda Uretilen %2-7 M-ST ikameli
numuneler 28 ve 56 glinliik kir siireleri sonunda sirasiyla
5,72-6,25 MPa ve 6,20-6,53 MPa egilme dayanimi
Uretirken, ayni ikame dozajlarina sahip N-ST iceren KYH
numunelerinin ayni kir siirelerindeki dayanimlarinin
6,02-6,58 MPa ve 6,30-6,85 MPa araliginda oldugu
gozlemlenmistir. 0,50 s/¢ oraninda hazirlanan mikro (M-
ST) ve nano (N-ST) boyutlu ST iceren numunelerin Kontrol
numunelerine kiyasla ED sonuglari karsilastinildiginda, kir
sliresinden bagimsiz olarak sirasiyla 1,04-1,14 kat ve 1,07-
1,20 kat daha yiksek egilme dayanimi degerlerinin elde
edildigi gorulmistir (Sekil 4a). Ote yandan 0,70 s/c
oraninda imal edilen KYH numunelerinde daha disiik ED
degerlerinin ortaya ¢ikmasiyla birlikte Kontrole kiyasla N-

ST ikameli numunelerinin ED’leri M-ST’lilerden daha

yuksektir (Sekil 4b). N-ST’nin KYH’lerde daha yiiksek ED
Uretilmesini saglamasi, N-ST’'nin M-ST’ye nazaran daha
ylksek puzolanik etkiye sahip olmasi ve N-ST iceren KYH
karisimlarinin daha disik yayilma ¢api ve daha yiiksek V-
hunisi akma siiresi (Sekil 2) sonuglariyla uyumlu olarak
daha kabiliyeti
iliskilendirilebilir (Kara ve Durmus 2019, Nandhini ve

yiiksek doldurma gostermesi ile
Ponmalar 2021). Ayrica, bu olumlu gelismenin sebepleri
arasinda N-ST iceren harglarin daha homojen baglayici
yapisina, daha az gbzenege ve ¢imento pastasi-ince
agrega (kum) ara yiizey bolgesinde daha fazla yapismaya
sahip olmasi gosterilebilir (Kara ve Durmus 2019,
Nandhini ve Ponmalar 2021). Mevcut calismayla benzer
sekilde, ge¢mis arastirmalarda betonlarda ¢imentonun N-
ST ile degistiriimesinin 7-28-90 giinlerde M-ST’ye gore
daha vyiksek ED degerleri elde edilmesini sagladigl
bildirilmistir (Bhagat ve Gahir 2018, Nandhini ve Ponmalar
2021). Bhagat ve Gahir (2018) baglayici yerine %7-9
oranlarinda mikro silika ikame ederek hazirladiklari KYB

numunelerinin 7 ve 28 giin sonunda sirasiyla 2,59-2,83
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MPa ve 4,30-4,59 MPa egilme dayanimi Urettiklerini, buna
KYB
numunelerinin ayni kir sireleri sonunda 2,84-3,36 MPa
ve 4,13-5,06 MPa ED degerleri sagladigini bildirmiglerdir.
Bir diger onemli bulgu; KHY karisimlari icerisindeki ST (M-

karsin, %1-3 oranlarinda nano silika ikameli

ST ve N-ST) ikame dozajindaki artisin, numunelerin egilme
dayanimini basing dayanimina kiyasla daha diisiik oranda
iyilestirmis olmasidir. Séyle ki, KYH igerisinde B-PC yerine
%2-7 oraninda ST ikamesi karisim ozellikleri ve kir
suresinden bagimsiz olarak numunelerin BD degerlerini
%42,8'e varan oranlarda arttirirken, ED degerlerindeki
iyilesme %22,4 civarinda kalmistir (Sekil 3 ve 4).

3.4. Donma-¢6ziilme Sonuglari

Cimentolu malzemelerin (beton, harg, dolgu, vb.) hizmet
omriinii etkileyen 6nemli bir faktér olan D-C etkisi,
malzeme biinyesindeki suyun D-C olaylari sirasinda
donmasi sonucu genisleyen hacmi sebebiyle malzemede

_%0 (a)
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g 40 g = monsT
© 30 B g §
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54D
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catlama ve kabuklanmaya yol agabilir. Bundan dolayi, bu
malzemelerin donmaya karsi direng kabiliyetlerinin
anlasilmasinda malzemelerin D-C testleri sonrasi mekanik
performanslari oldukg¢a 6nemli bir parametredir (Wang
vd. 2020, Jiao vd. 2021, Etli vd. 2024). Bu baglamda, Sekil
5, 28 gunluk kir sliresinin hemen ardindan 27 gin (54
dongi) boyunca D-C testine tabi tutulan kubik ve
prizmatik KYH numunelerinin (Kontrol, M-ST ve N-ST
ikameli) 56 glinlik BD ve ED sonuglarini géstermektedir.
Tim KYH numunelerinin 54 dongulik D-C testi sonrasi
mekanik (BD ve ED) performanslarinin azaldigi tespit
edilmistir. 56 ginlik normal numunelerin mekanik
performanslari ile karsilastirildiginda, 54 dongilik D-C
testine maruz birakilan farkli s/¢ oranlarina sahip KYH
numunelerinin (Kontrol, M-ST ve N-ST ikameli) sirasiyla
28,91-45,04 MPa, 33,87-56,30 MPa ve 35,95-67,34

arasinda degisen BD’leri Urettigi belirlenmistir (Sekil 5a ve

_%0 (b)
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£ 60 §4AM-ST
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Sekil 5. ST tane boyutu ve dozajinin 0,50 (a) ve 0,70 (b) s/¢ oraninda liretilen KYH’lerin D-C testleri sonrasi BD ve ED sonuglarina etkisi

Ayninumunelerin ED degerlerinin sirasiyla 3,46-5,03 MPa,
4,01-6,04 MPa ve 4,30-6,49 MPa arasinda degistigi
gozlemlenmistir (Sekil 5¢ ve d). Bu sonuglar i1siginda, D-C
testi uygulanan tim KYH'lerin BD ve ED'lerinin D-C testi
uygulanmayan KYH'lere kiyasla 56 giin sonunda azaldigi
gorilmiustir. Tium KYH'lerin BD ve ED'lerinde D-C testinin
neden oldugu disusiin, s/¢ oraninin artmasiyla arttig
gdzlenmistir (Sekil 5). Ote yandan, KYH karisimlarinda B-
PC yerine ST (M-ST ve N-ST) kullanilmasi, BD ve ED
degerlerinde D-C testi kaynakh meydana gelen kayiplari
azaltmistir. 54 dongulik D-C testi sonunda Kontrol KYH

numunelerinin BD degerlerinde %14,8 (0,50 s/¢) ve %29,9
(0,70 s/¢) oranlarinda kayip yasanirken, ayni s/¢ oranlari
icin ED degerlerinde hesaplanan dislis orani %19,3 ve
%31,2 olarak gergeklesmistir. Kontrol KYH’lerin mekanik
performanslarinda yasanan nispeten yiksek kayiplarin
aksine, karisimlarda B-PC yerine %2-4-7 oranlarinda M-ST
ve N-ST ikamesi ile birlikte s/¢ oranindan bagimsiz olarak
BD degerlerinde sirasiyla %21,8-5,51 ve %20,7-3,7
oranlarina karsilik gelen daha diisiik kayiplar meydana
gelmistir. Benzer bulgularin edinildigi ED kayiplar
incelendiginde, M-ST’li numunelerde %14,0-7,5 (0,50) ve
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%23,6-11,2 (0,70) oranlarinda disUs belirlenirken, N-ST'li
KYH’lerde nispeten daha disiik (0,50: %11,1-5,26 ve 0,70:
%19,6-8,1) kayiplar gozlenmistir (Sekil 5a-d). Bu olumlu
etki, puzolanik 6zelliklere ve daha kiiglik boyutlu tanelere
sahip ST'nin; Ca(OH): ile reaksiyona girerek ilave C-S-H
Uretebilmesi ve gozenek doldurma (filler) etkisi nedeniyle
gozenek sayisini azaltmasi veya goézenek boyutlarini
kiicUltmesi ile acgiklanmaktadir (Gesoglu vd. 2016,
Guineyisi vd. 2016, Li vd. 2017a, Omran vd. 2017, 0z 2017,
Hani vd. 2018, Garg vd. 2021, Fattouh vd. 2023, Sarag vd.
2023). Boylece, D-C dongiileri sirasinda, suyun potansiyel
donmasi nedeniyle harca zarar verebilecek suyun harca
nifuz etmesi onlenebilir veya kisitlanabilir (Zhang ve Li
2013, Almohammad-Albakkar ve Behfarnia 2021). Bu
calismayla uyumlu olarak, ¢imentonun ST le
degistirilmesinin ~ harcin  D-C  testi sonrasi BD
performanslari lzerindeki etkisini arastiran Mardani-
Aghabaglou vd. (2014), 300 dongu D-C testinden sonra
kontrole (%26) kiyasla ST iceren hargta daha distik BD
kaybi (%7,0) olustugunu bildirmistir. Dahasi, KYH
karisimlarinda B-PC yerine kullanilan N-ST ikamesinin D-C
kaynaklh mekanik performans sorunlarina karsi en faydali
etkiyi sagladigl gercegiyle Ozellikle 7N-ST'nin KYH'lerde
meydana gelen BD (%3,7-7,0) ve ED kayiplarini (%5,3-8,1)
biuyuk olglide sinirladigi agiktir.

3.5. Porozite Sonuglari

KYH karisimlarinda B-PC yerine %2, %4 ve %7 oraninda
ikame edilen M-ST ve N-ST'nin iki farkli s/¢ oraninda (0,50
ve 0,70) hazirlanan 28 giinlik KYH numunelerinin P
degisimleri Gzerindeki etkisi Sekil 6'da sunulmustur. 28
gunlik KYH'lerin 0,50 ve 0,70 s/¢ oranlarinda sirasiyla
%14,3-16,3 ve %15,5-17,1 araliginda P-degerleri Urettigi
belirlenmistir. KYH karisimlarinda ikame olarak kullanilan
silika tozu (M-ST ve N-ST) miktarindaki artisin KYH'lerin P-
Sekil 6'dan

ile karsilastirildiginda,

degerlerinde azalma sagladig acikca

anlagiimaktadir. Kontrol tane
boyutundan bagimsiz olarak ST ikamesinin KYH’lerin P-
degerlerini 0,50 ve 0,70 s/¢ oranlari igin sirasiyla
%16,3'ten %15,8-14,3'e ve %17,1’den %16,8-15,5'e
diistrdigl ve bunlarin %3,1-12,3 ve %1,8-9,4'lik dusls
oranlarina  karsihk geldigi gorllmistir. Porozite
degerlerindeki bu distsler %7 oraninda M-ST ve N-ST
ikameli KYH numunelerinde nispeten daha belirgin olarak
(Sekil 6). ST KYH’lerin

porozitelerinde meydana gelen iyilesme, B-PC’'ye nazaran

gerceklesmistir ikameli
daha ince boyutlu (daha yiksek ylizey alani) (Cizelge 1) ST
tanelerinin ¢imento pastasi-ince agrega arasindaki
bosluklari doldurmasi (filler etkisi) ve puzolanik o6zelligi
ST’nin
hidratasyon Urinleri olusumuna katki saglamasi ve

bulunan hidratasyon hizini  arttirmasi/ilave

boylece daha yogun (disik bosluklu) ve kompakt bir
mikroyapi ortaya gikmasi ile baglantilandirilabilir (Du vd.

2014, Glneyisi vd. 2016, Benli vd. 2017, Li vd. 2017a, Hani
vd. 2018, Garg vd. 2021).
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N ]
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Sekil 6. ST tane boyutu ve dozajinin KYH’lerin P sonuglarina etkisi

ST tane boyutunun KYH’lerin porozite gelisimine olan
etkisi ele alindiginda, Sekil 6'dan agik¢a fark edilecegi
Gzere, genel olarak N-ST ikamesi M-ST'ye kiyasla KYH
numunelerinin porozite degerlerinin azalmasina daha
fazla katki saglamistir. Porozitedeki iyilesme 6zellikle daha
(0,50) %7'ye
arttirlmasi ile daha belirgin hale gelmistir. Séyle ki, 0,50

distuk s/¢ oraninda ikame oraninin
s/¢ oraninda hazirlanan KYH karigimlarinda %7 N-ST
ikamesi kullanildiginda kontrole gére porozitede saglanan
azalma %12,3 iken, M-ST ikame edildiginde porozitede
%8,6 azalma saglanmistir (Sekil 6). N-ST'nin ¢ok daha
ylksek ylizey alani nedeniyle daha yiksek puzolanik
ozelligi ve gozenek doldurma kabiliyeti, 7N-ST'de neden
oldukga dusik gozeneklilige sahip daha yogun bir
mikroyapi ve dolayisiyla diger KYH'lerden nispeten daha
yuksek mekanik performans goézlendigini agiklamaktadir
(Du vd. 2014, Nili ve Ehsani 2015, Gesoglu vd. 2016,
Giineyisi vd. 2016, Li vd. 2017a, Omran vd. 2017, 0z 2017,
Hani vd. 2018, Kara ve Durmus 2019, Garg vd. 2021,
Fattouh vd. 2023, Sarag vd. 2023).

3.6. istatistiksel analiz sonuglari

KYH numuneleri Uzerinde gergeklestirilen testlerden

edinilen  bulgularin  birbirleri  arasindaki iliskiyi
degerlendirmek icin hazirlanan ED-BD, P-BD ve P-ED
grafikleri Sekil 7'de verilmistir. Ayrica, ED-BD, P-BD ve P-
(Sekil  7a-c)
koreldasyon katsayilari (r) ve esitlikleri Cizelge 3'te
Ozetlenmistir. Bulgular (ED-BD, P-BD ve P-ED) arasindaki

iliskiyi dogrusal (lineer) iliski metodunun oldukga iyi bir

ED iliskilerinin incelendigi grafiklerin

sekilde yansittigi grafikler incelendiginde, s/¢ oranindan
bagimsiz olarak ED-BD arasinda pozitif yonli oldukga
guclu bir koreldsyon (r=0,935; 0,50 s/¢ ve r=0,975; 0,70
s/¢) oldugu belirlenmistir (Sekil 7a). Bir baska deyisle, KYH
numunelerinin  tim karisim  6zelliklerinde ve kir
slrelerinde basing dayanimi arttikga egilme dayanimlari

artmistir. Bu calismada elde edilen istatistiksel bulgularla
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uyumlu olarak, wultra yiksek performansh beton
numunelerinin BD-ED arasindaki iliskiyi arastiran Amin vd.
(2022) iki dayanim parametresi arasinda oldukc¢a giglii
(R%=0,966) dogrusal bir korelasyon oldugunu bildirmistir.
Baska bir calismada, ayri ayri ham ve genlestirilmis
vermikiilit iceren KYH numunelerinin BD ve ED sonuglari
arasinda sirasiyla 0,82 ve 0,78 koreldsyon katsayilarina
sahip glglu iliskiler tespit edilmistir (Benli vd. 2020). Buna
karsin, P'nin BD (Sekil 7b) ve ED (Sekil 7c) ile olan iligkisinin
oldukga yiiksek korelasyon katsayilarina sahip negatif
yonli oldugu ortaya ¢ikmistir. Bu durum, numunelerin
porozite degerlerinin azalmasiyla paralele olarak BD ve ED
degerlerinin arttigini géstermektedir. P-BD iliskisine ait
korelasyon katsayilari (r) sirasiyla -0,908 (s/¢= 0,50) ve -
0,845 (s/¢= 0,70) olarak belirlenirken, P-ED arasindaki r-
degerleri 0,50 ve 0,70 s/¢ oranlari igin sirasiyla-0,909 ve
0,910 olarak hesaplanmistir (Cizelge 3). P-BD ve P-ED
arasindaki iliskilere ait koreldsyon katsayilarinin eksi (-)
¢ikmasinin sadece veriler arasindaki iliskilerin yonini

(negatif) ifade ettigi bilinmelidir.

Sekil KYH
numuneleri (izerinde uygulanan BD, ED ve P-testleri
sonucunda ED-BD, P-BD ve P-ED iliski modellerine ait
korelasyon katsayilarinin (r) oldukg¢a vyiiksek g¢ikmasi

7a-c ve Cizelge 3’te sunuldugu uzere,

bulgular arasindaki iliski dlzeyinin  glvenilirligini

(6nemli/uyumlu  olup  olmadigimi) tam  olarak
yansitmayabilir. Bundan dolayi, ED-BD, P-BD ve P-ED
verileri arasindaki iliskilere ait r-degerlerinin ve
esitliklerin/denklemlerin (y= axx b) anlamli (6nemli) olup
olmadigini tespit etmek icin Microsoft Excel programi
(t- F-testi)

uygulanmistir. Analiz sonuglari Cizelge 3’te agiklanmistir.

kullanilarak  regresyon analizleri ve

%95 glven araliginda (a<0,05) hipotezler kurularak (Ho=
Hi=
gerceklestirilen t-testleri sonrasi bulunan thesap degerleri

Korelasyon anlamsizdir, Korelasyon anlamlidir)
incelendiginde s/¢ oranindan bagimsiz 13 serbestlik
derecesine sahip BD-ED degerleri arasindaki iliskinin thesap
Bu
degerler trabio (£1,77) degerinden biyik oldugu igin Hi

degerleri 9,104 ve 15,098 olarak bulunmustur.

hipotezi (korelasyon anlamhdir) kabul edilir.

Cizelge 3. t- ve F-testi sonuglari
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Sekil 7. Bulgulara (ED-BD; a, P-BD; b ve P-ED; c) ait iliski modelleri

Esitlik No Korelasyon Katsayisi (r) Serbestlik Derecesi (Sq) tHesap trablo Fresap Frablo
BD-ED (0,50) 0,935 9,104 82,888
13 +1,77 2,58
BD-ED (0,70) 0,975 15,098 227,961
P-BD (0,50) (-)0,845 (-)4,849 23,514
P-BD (0,70) (-)0,908 (-)3,528 12,445
6 — T 41,94 4,28
P-ED (0,50) (-)0,909 (-)4,863 23,652
P-ED (0,70) (-)0,910 (-)4,916 24,166
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Porozitenin mekanik performanslarla olan iliskilerine (P-
BD ve P-ED) ait t-testlerinin sonuglarina bakildiginda ise,
hesaplanan t-degerleri Sq¢ ve gliven araligina (%95) bagli
olarak tablodan belirlenen degerden (Sq¢= 6 igin trablo=
+1,94) daha biyik oldugu icin tim karisim 6zelliklerinde
elde edilen P-BD ve P-ED bulgulari arasindaki iligkilerin
korelasyonlari anlamli/uyumlu ¢gikmistir. Ayrica, bazi thesap
(-) ¢ikmasi iligkinin negatif yonli
(Cizelge 3). Sekil 7a-c’de
gosterilen esitliklerin anlamli olup olmadigini belirlemek
Esitlik
anlamsizdir, Hi= Esitlik anlamhdir) kurulmustur. Ardindan
yapilan F-testi sonuglari degerlendirildiginde, BD-ED
bulgularina ait Fuesap degerleri 82,888 ve 227,961 olarak
belirlenirken, P-BD ve P-ED bulgularina ait esitliklerin 12-

degerlerinin eksi
oldugunun gostergesidir

icin %95 gliven araliginda hipotezler (Ho=

445-24,166 arasinda degisen Fhesap degerlerine sahip
(Cizelge 3).
grafiklerine ait esitliklerin Fresap Ve Frabio degerleri Cizelge

oldugu ortaya konmustur Tim iligki
3’'ten karsilastirildiginda, daha blylk Fhesap degerleri
(Fhesap>Ftablo) elde edildigi icin esitliklerin givenilir/anlamli

oldugu ortaya ¢ikmistir.

4. Sonuglar

Bu deneysel ¢alismada, B-PC’ye kismi ikame olarak M-ST
ve N-ST'nin agirlikca %2-4-7 oranlarinda kullaniminin 0,50
ve 0,70 s/¢ oranlarina sahip KYH'lerin islenebilirlik (YC ve
V-H), mekanik (BD ve ED), durabilite (D-C) ve porozite (P)
ozellikleri tzerindeki etkileri incelenmistir. Ayrica, elde
edilen bulgularin birbiri ile olan iliskileri (ED-BD, P-BD ve
P-ED) istatistiksel olarak analiz edilmistir. Bu deneysel
calismadan elde edilen bulgulara dayanarak, bazi dikkate
deger sonuglar asagida sunulmustur.

© Tam karisim o6zelliklerinde M-ST ve N-ST’nin KYH
karisimlari icerisinde %2-7 oranlarinda ikame edilmesi
karisimlarinin islenebilirlik performanslarini nispeten
azalttigi sonuglariyla birlikte tiim KYH karisimlarinin YC
ve V-H degerlerinin EFNARC (2005)
belirlenen alt-ust sinir degerler igerisinde kaldig tespit

tarafindan

edilmistir.

© M-ST ikameli numuneler, tim s/¢ oranlari, ST ikame
dozajlari ve kiir siirelerinde, kontrol numunelerine
kiyasla sirasiyla %2,2-23,0 ve %4,0-15,3 arasinda
degisen oranlarda daha yiksek basing ve egilme
dayanimi dretirken, ayni kosullardaki N-ST ikameli
KYH’lerin BD ve ED performanslarinda sirasiyla %42,8
ve %22,4’e kadar artis kaydedilmistir. Ayrica, N-ST’nin
M-ST ve B-PC’ye nazaran ¢ok daha fazla ince boyutlu
tane icermesi ve boylece daha yiksek ylizey alanina
sahip olmasindan dolay! oldukga yiksek puzolanik
karakter ve gdzenek doldurma kabiliyeti sergilemesi

mekanik 6zelliklerdeki (BD ve ED) gelisim konusunda
N-ST’li
Gstlinlik saglamistir.

© Kontrol KYH’lerin basing ve egilme dayanimlarinda 54
dongulik D-C testi kaynakh olarak sirasiyla %29,9 ve

numunelere (6zellikle 7N-ST) belirgin bir

%31,2 oranlarinda dayanim kaybi meydana gelirken,
KYH karisimlarinda B-PC yerine ikame edilen ST
oraninin (%2’den %7’ye) arttirlmasi D-C testinin
sebep oldugu dayanim kayiplarini ST tane boyutu ve
s/¢ oranindan bagimsiz olarak %3,7 (BD) ve %5,3’e
(ED) kadar sinirlandirmistir. Donma-¢6zilme kaynakli
basing ve egilme dayanimindaki kayiplara karsi
reaksiyon gosterme konusunda 7N-ST’nin diger KYH
karisimlarindan  belirgin  bir  bicimde ayristig
gozlemlenmistir.
© 28 gunluk KYH numuneleri Gizerinde gergeklestirilen
karisim igerisinde ST

porozite testi bulgulari,

ikamesinin  numunelerin  P-degerlerini  kontrol
numunelerine gore azalttigi (0,5 ve 0,7 s/g igin sirasiyla
%14,3-15,8<%16,3 ve  %15,5-16,8<%17,1), P-
degerlerinde tespit edilen disis miktarlarinda ise M-

ST’ye nazaran puzolanik 6zelligi ve bogluk doldurma

kabiliyetinin  belirgin  bicimde yiksek olmasi
neticesinde N-ST ikameli numunelerin  M-ST’li
numunelere kiyasla daha vyiksek performans

sergiledigi belirlenmistir.
© ED-BD, P-BD ve P-ED verileri
istatistiksel

arasindaki iliski

modellerinin analiz  sonuglan s/¢
oranindan bagimsiz olarak bulgular arasinda oldukga
yuksek korelasyon (r) katsayilarina sahip dogrusal bir
iliski oldugunu ortaya koymustur. Ayrica, iliski
modellerine ait korelasyon katsayilari ve esitliklerin
anlamli/givenilir/uyumlu olup olmadiklarinin tespiti
icin gerceklestirilen t- ve F-testleri sonucunda KYH’lere
ait tim r-degerleri ve esitliklerin glvenilir iliski

diizeylerine sahip oldugu anlasiimistir.

Etik Standartlar Bildirgesi/ Declaration of Ethical Standards
Yazarlar tim etik standartlara uyduklarini beyan ederler.

Yazarlk Katki Beyani/Credit Authorship Contribution Statement

Yazar 1: Arastirma, Deneysel tasarim, Yazma—orijinal taslak, Analiz ve
yorumlama, Inceleme ve diizenleme, Gorsellestirme,
Kaynaklar.

Cikar Catismasi Beyani/Declaration of Competing Interest
Yazarlarin bu makalenin igerigiyle ilgili olarak beyan edecekleri higbir
¢ikar catismasi yoktur.

Verilerin Kullanilabilirligi/Data Availability
Bu c¢alisma sirasinda olusturulan veya analiz edilen tim veriler,
yayinlanan bu makaleye dahil edilmistir.

905



Silika tozunun kendiliginden yerlesen harglarin performansina etkisi, YILMAZ.

5. Kaynaklar/References

Acikgeng, M., Karatas, M. ve Ulucan, Z.C., 2013. Elazig

yoresine ait atik tugla ve kire¢ tasi tozunun
kendiliginden yerlesen harcin muhendislik
ozelliklerine etkisi. Pamukkale Universitesi

Miihendislik Bilimleri Dergisi, 19(6), 249-255.
https://doi.org/10.5505/pajes.2013.24633

Almohammad-Albakkar, M. and Behfarnia, K., 2021.
Effects of the combined usage of micro and nano-silica
on the drying shrinkage and compressive strength of
the self-compacting concrete. Journal of Sustainable
Cement-Based Materials, 10(2), 92-110.
https://doi.org/10.1080/21650373.2020.1755382

Al-Oran, A.A.A., Safiee, N.A. and Nasir, N.A.M., 2022.
Fresh and hardened properties of self-compacting
concrete using metakaolin and GGBS as cement
replacement. Journal of Environmental and Civil
Engineering, 26, 379-392.
https://doi.org/10.1080/19648189.2019.1663268

Altunci, Y.T. ve Ocal. C., 2022. Yer fistigi kabugu kilinin
SIFCON’un bazi miihendislik 6zelliklerine etkisi.
Miihendislik Bilimleri ve Tasarim Dergisi, 10(3), 869-
877.
https://doi.org/10.21923/jesd.888538

Amin, M., Zeyad, A.M., Tayeh, B.A. and Agwa, 1.S., 2022.
Effect of ferrosilicon and silica fume on mechanical,
durability, and microstructure characteristics of ultra
high-performance concrete. Construction and Building
Materials, 320, 126233.
https://doi.org/10.1016/j.conbuildmat.2021.126233

ASTM C109-16, 2016. Standard test method for
compressive strength of hydraulic cement mortars.
American Society for Testing and Materials (ASTM),
Book of ASTM Standards, West Conshohocken, PA.

ASTM (C305-20, 2020. Standard practice for mechanical
mixing of hydraulic cement pastes and mortars of
plastic consistency. American Society for Testing and
Materials (ASTM), Book of ASTM Standards, West
Conshohocken, PA.

ASTM C348-21, 2021. Standard test method for flexural
strength of hydraulic-cement mortars. American
Society for Testing and Materials (ASTM), Book of
ASTM Standards, West Conshohocken, PA.

ASTM C642-13, 2022. Standard test method for density,
absorption, and voids in hardened concrete. American
Society for Testing and Materials (ASTM), Book of
ASTM Standards, West Conshohocken, PA.

ASTM C666M, 2015. Standard test method for resistance
of concrete to rapid freezing and thawing. American
Society for Testing and Materials (ASTM), Book of
ASTM Standards, West Conshohocken, PA.

Benli, A., Karatas, M. and Bakir, Y., 2017. An experimental
study of different curing regimes on the mechanical

properties and sorptivity of self-compacting mortars
with fly ash and silica fume. Construction and Building
Materials, 144, 552-562.
https://doi.org/10.1016/j.conbuildmat.2017.03.228

Benli, A., 2019. Mechanical and durability properties of
self-compacting mortars containing binary and
ternary mixes of fly ash and silica fume. Structural
Concrete, 20(3), 1096-1108.
https://doi.org/10.1002/suco0.201800302

Benli, A. ve Karatag, M., 2019. Ugucu kiil ve silis dumani
ikameli Ugli karigimlardan Uretilen kendiliginden
yerlesen harglarin durabilite ve dayanim o6zellikleri.
Dicle Universitesi Miihendislik Fakiiltesi Miihendislik
Dergisi, 10(1), 335-345.
https://doi.org/10.24012/dumf.474074

Benli, A., Karatas, M. and Toprak, H.A., 2020. Mechanical
characteristics of self-compacting mortars with raw
and expanded vermiculite as partial cement
replacement at elevated temperatures. Construction
and Building Materials, 239, 117895.
https://doi.org/10.1016/j.conbuildmat.2019.117895

Bernal, J., Reyes, E., Massana, J., Ledn, N. and Sanchez, E.,
2018. Fresh and mechanical behavior of a self-
compacting concrete with additions of nano-silica,
silica fume and ternary mixtures. Construction and
Building Materials, 160, 196-210.
https://doi.org/10.1016/j.conbuildmat.2017.11.048

Bhagat, N.K. and Gahir, J.S., 2018. Effect of micro-silica
and nano-silica on mechanical properties of concrete.
International Journal of Civil Engineering and
Technology, 9, 1-7.

Cakir, 0. And Akéz, F., 2008. Effect of curing conditions on
the mortars with and without GGBFS. Construction
and Building Materials, 22(3), 308-314.
https://doi.org/10.1016/j.conbuildmat.2006.08.013

Du, H., Du, S. and Liu, X., 2014. Durability performances of
concrete with nano-silica. Construction and Building
Materials, 73, 705-712.
https://doi.org/10.1016/j.conbuildmat.2014.10.014

Du, H.and Tan, K.H., 2017. Properties of high volume glass
powder concrete. Cement and Concrete Composites,
75, 22-29.
https://doi.org/10.1016/j.cemconcomp.2016.10.010

EFNARC, 2005. Specification and guidelines for self-
compacting concrete. The European Federation of
Specialist Construction Chemicals and Concrete
Systems (EFNARC).

Etli, S., Yilmaz, T. and Hansu, O., 2024. Effect of White-
Portland cement containing micro and nano silica on
the mechanical and freeze-thaw properties of self
compacting mortars. Engineering Science and
Technology, an International Journal, 50, 101614.
https://doi.org/10.1016/j.jestch.2023.101614

906


https://doi.org/10.5505/pajes.2013.24633
https://doi.org/10.1080/21650373.2020.1755382
https://doi.org/10.1080/19648189.2019.1663268
https://doi.org/10.21923/jesd.888538
https://doi.org/10.1016/j.conbuildmat.2021.126233
https://doi.org/10.1016/j.conbuildmat.2017.03.228
https://doi.org/10.1002/suco.201800302
https://doi.org/10.24012/dumf.474074
https://doi.org/10.1016/j.conbuildmat.2019.117895
https://doi.org/10.1016/j.conbuildmat.2017.11.048
https://doi.org/10.1016/j.conbuildmat.2006.08.013
https://doi.org/10.1016/j.conbuildmat.2014.10.014
https://doi.org/10.1016/j.cemconcomp.2016.10.010
https://doi.org/10.1016/j.jestch.2023.101614

Silika tozunun kendiliginden yerlesen harglarin performansina etkisi, YILMAZ.

Faheem, A., Rizwan, S.A., Bier, T.A., 2021. Properties of
self-compacting mortars using blends of limestone
powder, fly ash, and zeolite powder. Construction and
Building Materials, 286, 122788.
https://doi.org/10.1016/j.conbuildmat.2021.122788

Fattouh, M.S., Tayeh, B.A., Agwa, |.S. and Elsayed, E.K.,
2023. Improvement in the flexural behaviour of road
pavement slab concrete containing steel fibre and
silica fume. Case Studies in Construction Materials, 18,
e01720.
https://doi.org/10.1016/j.cscm.2022.e01720

Felekoglu, B., Tosun, K., Baradan, B., Altun, A. and
Uyulgan, B., 2006. The effect of fly ash and limestone
fillers on the viscosity and compressive strength of
self-compacting repair mortars. Cement and Concrete
Research, 36(9), 1719-1726.
https://doi.org/10.1016/j.cemconres.2006.04.002

Galaa, A.M., Thompson, B.D., Grabinsky, M.W. and

Bawden, W.F.,, 2011. Characterizing stiffness
development in hydrating mine backfill using
ultrasonic wave measurements. Canadian

Geotechnical Journal, 48(8), 1174-1187.
https://doi.org/10.1139/t11-026

Garg, R., Garg, R., Bansal, M. and Aggarwal, Y., 2021.
Experimental study on strength and microstructure of
mortar in presence of micro and nano-silica. Materials
Today: Proceedings, 43, 769-777.
https://doi.org/10.1016/j.matpr.2020.06.167

Garg, R., Garg, R., Eddy, N.O., Khan, M.A., Khan, A.H.,
Alomayri, T. and Berwal, P., 2023. Mechanical strength
and durability analysis of mortars prepared with fly
ash and nano-metakaolin. Case Studies in Construction
Materials, 18, e01796.
https://doi.org/10.1016/j.cscm.2022.e01796

Gesoglu, M., Glineyisi, E., Asaad, D.S. and Muhyaddin,
G.F.,, 2016. Properties of low binder ultra-high
performance cementitious composites: Comparison
of nanosilica and microsilica. Construction and
Building Materials, 102, 706-713.
https://doi.org/10.1016/j.conbuildmat.2015.11.020

Gupta, N., Siddique, R. and Belarbi, R., 2021. Sustainable
and greener self-compacting concrete incorporating
industrial by-products: a review. Journal of Cleaner
Production, 284, 124803.
https://doi.org/10.1016/j.jclepro.2020.124803

Giineyisi, E., Gesoglu, M. and Ozbay, E., 2009. Effects of
marble powder and slag on the properties of self
compacting mortars. Materials and Structures, 42(6),
813-826.
https://doi.org/10.1617/s11527-008-9426-2

Giineyisi, E., Gesoglu, M., Al-Goody, A. and ipek, S., 2015.
Fresh and rheological behavior of nano-silica and fly
ash blended self-compacting concrete. Construction
and Building Materials, 95, 29-44.

https://doi.org/10.1016/j.conbuildmat.2015.07.142

Giineyisi, E., Gesoglu, M., Azez, O.A. and Oz, H.0., 2016.
Effect of nano silica on the workability of self-
compacting concretes having untreated and surface
treated lightweight aggregates. Construction and
Building Materials, 115, 371-380.
https://doi.org/10.1016/j.conbuildmat.2016.04.055

Hani, N., Nawawy, O., Ragab, K.S. and Kohail, M., 2018.
The effect of different water/binder ratio and nano-
silica dosage on the fresh and hardened properties of
self-compacting concrete. Construction and Building
Materials, 165, 504-513.
https://doi.org/10.1016/j.conbuildmat.2018.01.045

Jiao, Z,, Li, X. and Yu, Q., 2021. Effect of curing conditions
on freeze-thaw resistance of geopolymer mortars
containing various calcium resources. Construction
and Building Materials, 313, 125507.
https://doi.org/10.1016/j.conbuildmat.2021.125507

Kara, i.B. and Durmus, O.F., 2019. Effect of nano silica on
cement mortars containing micro silica. Concrete
Research Letters, 10(2), 42-49.
https://doi.org/10.20528/cjcrl.2019.02.003

Karatas, M., Benli, A. and Ergin, A., 2017. Influence of
ground pumice powder on the mechanical properties
and durability of self-compacting mortars.
Construction and Building Materials, 150, 467-479.
https://doi.org/10.1016/j.conbuildmat.2017.05.220

Karatas, M., Benli, A. and Arslan, F., 2020. The effects of
kaolin and calcined kaolin on the durability and
mechanical properties of self-compacting mortars
subjected to high temperatures. Construction and
Building Materials, 265, 120300.
https://doi.org/10.1016/j.conbuildmat.2020.120300

Koksal, F., Yildirnm, M.S., Benli, A. and Gencel, O., 2021.
Hybrid effect of micro-steel and basalt fibers on
physico-mechanical properties and durability of
mortars with silica fume. Case Studies in Construction
Materials, 15, e00649.
https://doi.org/10.1016/j.cscm.2021.e00649

Li, H., Xiao, H.G., Yuan, J. and Ou, J., 2004. Microstructure
of cement mortar with nano-particles. Composites
Part B: Engineering, 35(2), 185-189.
https://doi.org/10.1016/51359-8368(03)00052-0

Li, L.G., Huang, Z.H., Zhu, J., Kwan, A.K.H. and Chen, H.Y.,
2017a. Synergistic effects of micro-silica and nano-
silica on strength and microstructure of mortar.
Construction and Building Materials, 140, 229-238.
https://doi.org/10.1016/j.conbuildmat.2017.02.115

Li, L.G., Zhu, J., Huang, Z.H., Kwan, A.K.H. and Li, LJ.,
2017b. Combined effects of micro-silica and nano-
silica on durability of mortar. Construction and
Building Materials, 157, 337-347.
https://doi.org/10.1016/j.conbuildmat.2017.09.105

907


https://doi.org/10.1016/j.conbuildmat.2021.122788
https://doi.org/10.1016/j.cscm.2022.e01720
https://doi.org/10.1016/j.cemconres.2006.04.002
https://doi.org/10.1139/t11-026
https://doi.org/10.1016/j.matpr.2020.06.167
https://doi.org/10.1016/j.cscm.2022.e01796
https://doi.org/10.1016/j.conbuildmat.2015.11.020
https://doi.org/10.1016/j.jclepro.2020.124803
https://doi.org/10.1617/s11527-008-9426-2
https://doi.org/10.1016/j.conbuildmat.2015.07.142
https://doi.org/10.1016/j.conbuildmat.2016.04.055
https://doi.org/10.1016/j.conbuildmat.2018.01.045
https://doi.org/10.1016/j.conbuildmat.2021.125507
https://doi.org/10.20528/cjcrl.2019.02.003
https://doi.org/10.1016/j.conbuildmat.2017.05.220
https://doi.org/10.1016/j.conbuildmat.2020.120300
https://doi.org/10.1016/j.cscm.2021.e00649
https://doi.org/10.1016/S1359-8368(03)00052-0
https://doi.org/10.1016/j.conbuildmat.2017.02.115
https://doi.org/10.1016/j.conbuildmat.2017.09.105

Silika tozunun kendiliginden yerlesen harglarin performansina etkisi, YILMAZ.

Mohseni, E., Miyandehi, B.M., Yang, J. and Yazdi, M.A,,
2015. Single and combined effects of nano-SiO2, nano-
Al203 and nano-TiO2 on the mechanical, rheological
and durability properties of self-compacting mortar
containing fly ash. Construction and Building
Materials, 84, 331-340.
https://doi.org/10.1016/j.conbuildmat.2015.03.006

Nandhini, K. and Ponmalar, V., 2021. Effect of blending
micro and nano silica on the mechanical and durability
properties of self-compacting concrete. Silicon, 13(3),
687-695.
https://doi.org/10.1007/s12633-020-00475-5

Naniz, O.A. and Mazloom, M., 2018. Effects of colloidal
nano-silica on fresh and hardened properties of self-
compacting lightweight concrete. Journal of Building
Engineering, 20, 400-410.
https://doi.org/10.1016/j.jobe.2018.08.014

Nasr, D., Behforouz, B., Borujeni, P.R., Borujeni, S.A. and
Zehtab, B., 2019. Effect of nano-silica on mechanical
properties and durability of self-compacting mortar
containing natural zeolite: Experimental
investigations and artificial neural network modeling.
Construction and Building Materials, 229, 116888.
https://doi.org/10.1016/j.conbuildmat.2019.116888

Nili, M. and Ehsani, A., 2015. Investigating the effect of
the cement paste and transition zone on strength
development of concrete containing nanosilica and
silica fume. Materials & Design, 75, 174-183.
https://doi.org/10.1016/j.matdes.2015.03.024

Omran, A.F., Etienne, D., Harbec, D. and Tagnit-Hamou,
A., 2017. Long-term performance of glass-powder
concrete in large-scale field applications. Construction
and Building Materials, 135, 43-58.
https://doi.org/10.1016/j.conbuildmat.2016.12.218

0z, H.0., 2017. Atik cam tozu ve yiiksek firin ciirufunun
iceren kendiliginden yerlesen harglarin taze, mekanik
ve durabilite 6zellikleri. Kahramanmaras Siitgii imam
Universitesi Miihendislik Bilimleri Dergisi, 20(4), 9-22.
https://doi.org/10.17780/ksujes.356752

Quercia, G., Spiesz, P., Hiisken, G. and Brouwers, H.J.H.,
2014. SCC modification by use of amorphous nano-
silica. Cement and Concrete Composites, 45, 69-81.
https://doi.org/10.1016/j.cemconcomp.2013.09.001

Sarag, S., Karatas, M. and Benli, A., 2023. The effect of
dunite powder and silica fume on the viscosity,
physico-mechanical  properties and  sulphate
resistance of self-compacting mortars. Construction
and Building Materials, 375, 130970.
https://doi.org/10.1016/j.conbuildmat.2023.130970

Schwarz, N., Cam, H. and Neithalath, N., 2008. Influence
of a fine glass powder on the durability characteristics
of concrete and its comparison to fly ash. Cement and
Concrete composites, 30(6), 486-496.
https://doi.org/10.1016/j.cemconcomp.2008.02.001

Seifan, M., Mendoza, S. and Berenjian, A., 2020.
Mechanical properties and durability performance of
fly ash based mortar containing nano-and micro-silica
additives. Construction and Building Materials, 252,
119121.
https://doi.org/10.1016/j.conbuildmat.2020.119121

Senff, L., Hotza, D., Repette, W.L., Ferreira, V.M. and
Labrincha, J.A., 2010. Effect of nanosilica and
microsilica on  microstructure and hardened
properties of cement pastes and mortars. Advances in
Applied Ceramics, 109(2), 104-110.
https://doi.org/10.1179/174367509X1250262126165
9

Sun, M., Bennett, T. and Visintin, P., 2022. Plastic and
early-age shrinkage of ultra-high performance
concrete (UHPC): Experimental study of the effect of
water to binder ratios, silica fume dosages under
controlled curing conditions. Case Studies in
Construction Materials, 16, e00948.
https://doi.org/10.1016/j.cscm.2022.e00948

Sahmaran, M., Christianto, H.A. and Yaman, i.0., 2006.
The effect of chemical admixtures and mineral
additives on the properties of self-compacting
mortars. Cement and concrete composites, 28(5), 432-
440.
https://doi.org/10.1016/j.cemconcomp.2005.12.003

Tirk, E., Karatas, M. and Dener, M., 2022. Rheological,
mechanical and durability properties of self-
compacting mortars containing basalt powder and
silica fume. Construction and Building Materials, 356,
129229.
https://doi.org/10.1016/j.conbuildmat.2022.129229

Tuyslz, N. ve Yaylali-Abanuz, G., 2012. Jeoistatistik;
Kavramlar ve Bilgisayarli Uygulamalar, KTU Matbaasi,
382s.

Uygunoglu, T., Topgu, i.B., Simsek, B. ve Cinar, E., 2018.
Kendiliginden yerlesen harglarin elektriksel 6zdirenci
Uzerine mineral katkilarin etkisi. Sileyman Demirel
Universitesi Fen Bilimleri Enstitiisii Dergisi, 22(2), 986-
992.
https://doi.org/10.19113/sdufbed.46877

Uygunoglu, T., Giines, i., Ersoy, B. ve Evcin, A., 2017.
Kendiliginden yerlesen polimerik harglarda mineral
katkinin reolojik &zeliklere etkisi. Gazi Universitesi
Miihendislik Mimarhk Fakiiltesi Dergisi, 32(4), 1365-
1378.
https://doi.org/10.17341/gazimmfd.369858

Wang, W., Wang, S., Yao, D., Wang, X,, Yu, X. and Zhang,
Y., 2020. Fabrication of all-dimensional
superhydrophobic mortar with enhanced waterproof
ability and freeze-thaw resistance. Construction and
Building Materials, 238, 117626.
https://doi.org/10.1016/j.conbuildmat.2019.117626

908


https://doi.org/10.1016/j.conbuildmat.2015.03.006
https://doi.org/10.1007/s12633-020-00475-5
https://doi.org/10.1016/j.jobe.2018.08.014
https://doi.org/10.1016/j.conbuildmat.2019.116888
https://doi.org/10.1016/j.matdes.2015.03.024
https://doi.org/10.1016/j.conbuildmat.2016.12.218
https://doi.org/10.17780/ksujes.356752
https://doi.org/10.1016/j.cemconcomp.2013.09.001
https://doi.org/10.1016/j.conbuildmat.2023.130970
https://doi.org/10.1016/j.cemconcomp.2008.02.001
https://doi.org/10.1016/j.conbuildmat.2020.119121
https://doi.org/10.1179/174367509X12502621261659
https://doi.org/10.1179/174367509X12502621261659
https://doi.org/10.1016/j.cscm.2022.e00948
https://doi.org/10.1016/j.cemconcomp.2005.12.003
https://doi.org/10.1016/j.conbuildmat.2022.129229
https://doi.org/10.19113/sdufbed.46877
https://doi.org/10.17341/gazimmfd.369858
https://doi.org/10.1016/j.conbuildmat.2019.117626

Silika tozunun kendiliginden yerlesen harglarin performansina etkisi, YILMAZ.

Zhang, P. and Li, Q.F.,, 2013. Effect of silica fume on
durability of concrete composites containing fly ash.
Science and Engineering of Composite Materials,
20(1), 57-65.
https://doi.org/10.1515/secm-2012-0081

909


https://doi.org/10.1515/secm-2012-0081

Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi

Afyon Kocatepe University - Journal of ScienceandEngineering
https://dergipark.org.tr/tr/pub/akufemubid

AKU FEMUBID 24 (2024) 045604 (910-920)

Turkiye’de Sik Kullanilan Farkh Bitiimlii Baglayicilarin
Yaslanmaya Bagh Reolojik ve Morfolojik Ozelliklerinin

incelenmesi

Aragstirma Makalesi / Research Article

DOI: https://doi.org/10.35414/akufemubid.1464564
AKU J. Sci. Eng. 24 (2024) 045604 (910-920)

*Makale Bilgisi / Articlelnfo
Alindi/Received: 03.04.2024
Kabul/Accepted: 13.06.2024
Yayimlandi/Published: 20.08.2024

Investigation of the Rheological and Morphological Properties
of Different Bituminous Binders Commonly Used in Tiirkiye

Due to Aging

Abdulgazi GEDIK *

Malatya Turgut Ozal Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Insaat Miihendisligi Bélimi, Malatya, Tiirkiye

Oz

BitimlG baglayicilarin zamanla yaslanmasina bagli olarak asfalt
karisimlar elastikiyetini kaybederek daha gevrek bir yapiya
donlsebilmektedir. Dolayisiyla esnek kaplamali yollarda
birtakim bozulmalar, deformasyonlar ve gatlamalar meydana
gelmektedir ki bu durum asfalt yollarin planlanan hizmet
omriinl 6nemli 6lgtide kisaltmaktadir. Bu nedenle yaslanmanin
bitiimun viskoelastik davranisini nasil etkiledigini anlamak ve
yaslanmayi engelleyecek ve/veya geciktirecek dnlemler ve gesitli
ajanlar gelistirmek karayolu mihendisliginde buylik 6nem arz
etmektedir. Bu galisma kapsaminda yaslanmanin Tiirkiye'de
bitimll karnigimlarda sikca kullanilan dort farkli penetrasyon
dereceli baglayicinin (B50/70, B70/100, B100/150 ve B160/220)
reolojik ve mikro yapisi Uzerindeki etkileri arastiriimigtir.
Laboratuvar ortaminda kisa ve uzun vadede yaglandirilan bitim
numuneleri yeni nesil performans deneyleri (donel
viskozimetre, dinamik kesme reometresi ve Kkiris egilme
reometresi) ile test edilmistir ve mikro yapilan yiksek
¢OzUnurluklt elektron mikroskobu altinda incelenmistir. Sonug
olarak yaslanmaya ragmen B50/70 baglayicisinin tekerlek izi
deformasyonuna karsi direncini; B160/220 baglayicisinin ise
dislk sicakliklarda meydana gelebilecek termal ¢atlaklara karsi
dayanimini muhafaza edebilecegi gorilmustir.

Anahtar Kelimeler Bitimli baglayici; Yaslanma; Reoloji; Morfoloji.

Afyon Kocatepe Universitesi

Abstract

As bituminous binders age over time, asphalt mixtures may lose
their elasticity and become more brittle. Therefore, some
deteriorations, deformations and cracks occur on flexible paved
roads, which significantly shorten the planned service life of the
asphalt roads. Therefore, understanding how aging affects the
viscoelastic behavior of bitumen and developing measures and
various agents to prevent and/or delay aging is of great
importance in highway engineering. Within the scope of this
study, the effects of aging on the rheological and microstructure
of four different penetration degree binders (B50/70, B70/100,
B100/150 and B160/220), which are frequently used in
bituminous mixtures in Tirkiye, were investigated. Bitumen
samples aged in the laboratory environment in the short and
long term were tested with new generation performance
experiments (rotational viscometer, dynamic shear rheometer
and beam bending rheometer) and their microstructures were
examined under a high-resolution electron microscope.
According to test results, it has been observed that despite
aging, B50/70 can maintain its resistance against rutting
deformation and B160/220 keeps it resistance to low
temperature cracks.

Keywords Bituminous binder; Aging; Rheology; Morphology.

1. Giris

Asfalt betonundaki agregalari bir arada tutmak igin
kullanilan bitimli baglayicilar; vizkoelastik davranislari
nedeniyle esnek yol kaplamalarinin performansi ve
hizmet 6mri Gzerinde belirleyici bir role sahiptir (Zhang
vd. 2011, Hosseinnezhad vd. 2019, Karahancer vd. 2020).
Asfalt karisimlarda su gegirmez bir bariyer niteligindeki
baglayici; yolun servis siliresi boyunca trafik yiklerine
ilaveten soguk ve sicak havalar, don, glnes isinlari,
yagmur ve kar yagislari ve riizgar gibi cesitli cevresel
faktorlere de sirekli maruz kalmaktadir (Gémez vd. 2013,

Tang vd. 2018, Feng vd. 2013). Bu etkenler bitimla
baglayicilarin farkh olgeklerde yaslanmasina ve dolayisiyla
birtakim
catlamalara, deformasyonlara ve ondilasyonlara neden
olmaktadir (Mirwald vd. 2022, Lépez-Montero vd. 2018).

asfalt yolun Ustyapisinda bozulmalara,

Oldukga karisik bir mekanizmasi olan yaslanma; asfalt yol
kaplamasinin maruz kaldigi cevresel faktorlerin tipi, sliresi
ve siddetine bagh oldugu kadar bitiimin cinsi, kimyasal
yapisl, molekiler bilesenlerinin cinsi, agirligi ve polaritesi
gibi baglayici ile ilgili bircok parametreye de baghdir

(Fernandez-Gémez vd. 2014, Androji¢ 2016). Onun
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Uzerinde farkli mekanizma bitim yaslanmasina neden
olmakla birlikte bunlar arasinda en 6nemlileri oksidasyon,
buharlasma ve vyapisal sertlesme olarak belirtilmistir
(Omar vd. 2021, Airey 2003, Polo-Mendoza vd. 2022).
irreversibl bir mekanizma olan oksidasyon; havadaki
oksijen ile baglayicinin bilesenleri arasindaki kimyasal
reaksiyon nedeniyle olusmaktadir. Oksidasyona maruz
kalan bitimun karbon-karbon zincirleri kirilarak oksijenle
birlesmektedir ki bu durum baglayicinin  kimyasal
bilesenlerini ve doymus, aromatik, regine ve asfalten
bilesenlerinin fraksiyonunu degistirmektedir (Das vd.
2014). Daha spesifik olarak; oksitlenmeyle birlikte regine
ve aromatiklerin  6nemli  bir kismi  asfaltene
doniismektedir. Molekuler yapisi itibariyle daha hafif olan
recine ve aromatiklerin oraninin azalmasi ve daha fazla
molekiler agirigi olan asfalten oraninin artmasi
baglayicinin gevreklesmesine ve vizkozitesinin artmasina
kohezyonunun ise azalmasina neden olmaktadir (Wang
vd. 2012). Oksidasyon kaynakli yaslanma hizi; sicaklk,
zaman, asfalttaki agregalarin tzerindeki bitim filminin
kalinligi ve kullanilan bitimiin yapisina ve bilesenlerinin

fraksiyonuna baghdir (Shui 1998).

Her ne kadar oksidasyona nazaran daha diislik seviyelerde
gerceklesse de evaporasyon; yani baglayicinin ugucu
nitelikteki
yaslanmasini 6nemli 6l¢lide etkileyen ve geri donisiimii

bilesenlerinin buharlagmasi bitimin
olmayan bir baska mekanizmadir (Zupanick ve Baselice
1997). Goreceli olarak daha hafif molekiler yapidaki
doymus ve aromatik bitim bilesenleri; 6zellikle yiiksek
sicakhktaki asfalt Uretimi, Uretilen asfaltin isyerinde
serilmesi ve sikistirlmasi esnasinda buharlagmaktadir
(Bocci vd. 2020). Yapilan bir ¢calisma asfalt plentindeki
Uretim sicakhginin sadece 10°C arttirilmasinin ugucu
kadar

gostermistir (Hunter vd. 2015). Kisa periyotta gerceklesen

madde kaybini iki katina arttirabilecegini

evaporasyon nedeniyle yaslanan asfalt baglayicisi daha
sert, daha viskoz ve daha gevrek hale gelmektedir.

Yapisal sertlesme, asfaltenlerdeki lineer alkanlarin
varhigindan dolayr bitim molekillerinin  yeniden
yapilanmasi ve maltenlerde balmumu bilesiklerinin

olusmasiyla iliskilidir (Tauste vd. 2018). Sterik sertlesme
olarak da bilinen yapisal sertlesme ortam sicakhiginda
gerceklesir ancak fiziksel sertlesmeye nazaran (¢ kati
daha fazla sirede olusur (Frolov vd. 2016). Yapisal
sertlesmenin ilk fazi asfalt baglayicisinin camsi gegis
sicakliginin (-35/-15°C) altindaki sicakliklarda 1-2 gln
icinde meydana gelirken, ikinci fazi ortam sicakhiginda
hatta haftalar
Yaslanmada o6nemli bir

ginler, boyunca gergeklesmektedir.
etkiye sahip olan vyapisal

sertlesme; baglayicinin isitilmasi veya mekanik olarak

islenmesi ile kayboldugundan reverzibl bir mekanizmadir
(Gémez vd. 2013). Tiksotropi, sineresis ve separasyon gibi
ikincil mekanizmalar asfalt baglayicisinin kisa ve uzun
periyotta yaslanmasina neden olan diger mekanizmalar
olarak bilinmektedir.

Bu calisma kapsaminda; Turkiye’nin farkli bolgelerindeki
karayolu lstyapilarindaki bitimli sicak karisimlarda (BSK)
ve sathi kaplamalarda en sik kullanilan dért farkl bitim
sinifinin yaslanmaya bagh reololojik davraniglarinin ve
morfolojik 06zelliklerinin nasil degistigi incelenmistir.
Penetrasyon derecelerine goére siniflandirilan B50/70,
B70/100, B100/150 ve B160/220 baglayicilarin orijinal
haline, kisa periyotta yaslandiriimis haline (dénen ince
film etlv deneyi ile) ve uzun periyotta yaslandiriimis
haline (basingli yaslandirma kabi deneyi ile) cesitli
SUPERPAVE performans deneyleri (donel viskozimetre,
dinamik kesme reometresi ve kiris egilme reometresi)
uygulanmistir ve sonuglar kiyaslanmistir. Ayrica her bir
bitim sinifinin orijinal, kisa periyotta yaslanmis ve uzun
periyotta yaslanmis numunelerine ait mikro vyapilari
taramali elektron mikroskobu altinda incelenmistir ve
elde edilen olarak

mikrografikler  karsilastirmali

degerlendirilmistir.

2. Malzeme ve Deneyler

Bu ¢alismada Tiirkiye’deki farkli iki TUPRAS rafinerisinden
(izmit ve Batman) temin edilen B50/70, B70/100,
B100/150 ve B160/220 olmak tzere 4 farkli penetrasyon
dereceli bitim kullanilmistir. Herhangi bir modifiye ajan
icermeyen saf ve yaslanmamis bu baglayicilara ait teknik
ozellikler asagida Cizelge 1’'de verilmistir.

Cizelge 1. Kullanilan bitimlerin 6zellikleri.

Baglayir  Rafineri Pen. Yum. Noktasi  Yogunluk
(d-mm) (°C) (ton/m3)
B50/70 izmit 53.00 51.46 1.02
B70/100 izmit 75.30 47.85 1.01
B100/150 izmit 116.40 45.59 1.01
B160/220 Batman 186.40 42.22 1.02
Bitimli baglayicilardaki yaslanma; kisa periyottaki

yaslanma ve uzun periyottaki yaslanma olmak (izere iki
temel fazda olusmaktadir. Bir baska deyisle; bitim
rafinelerde petrolden damitilarak elde edildigi ilk glinden
itibaren kullanildigi yerdeki servis dmriniin son anina
kadar gesitli hizlarda yaslanmaktadir. Asfalt karisimlarda
kullanilacak baglayici icin kisa periyottaki yaslanma;
bitiimiin depolanmasi, tasinabilmesi ve islenebilmesi icin
isitilmasi, bitimlG sicak karisim Uretimi icin ylksek
sicaklikta agrega ile birlikte kullanilmasi, plentte Uretilen
asfalt malzemenin kullanilacagl yere kadar tasinmasi ve
esnasinda olusmaktadir. Uzun

serilip  sikistiriimasi
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periyottaki yaslanma ise; servise acilmis bir yolun asfalt
kaplamasindaki bitimin gerek tasit yiklerine gerekse
cesitli cevresel faktorlere maruz kalmasiyla olusmaktadir.

Gegmisten giinimuze dek birgok bilim insaninin ve gesitli
kurumlarin lzerinde cgalistigl, modellemeye calistigi ve
deneysel olarak simile etmek istedigi bitim yaslanmasi
ile ilgili cok farkli laboratuvar testleri bulunmaktadir. ince
film etlv deneyi (TFOT), dénen ince film etiv deneyi
(RTFOT), nitrojen doénen ince film etliv deneyi (NRTFOT),
modifiye rotavapor yaslandirma deneyi (MRAT), Alman
donel sise testi (GRFT) ve modifiye Alman doénel sise testi
(MGRFT) kisa periyottaki bitiim yaslanmasini laboratuvar
ortaminda simile etmek igin kullanilan testlerdir. Uzun
periyottaki bitim yaslanmasi ise laboratuvarda; basingli
(PAV),
yaslandirma deneyi (H-PAT), basingh oksidasyon kabi
(POV) ve donel silindir yaslandirma deneyi (RCAT) ile
yapilmaktadir. Bitimlu baglayiciyi koloit kivamdan jelimsi

yaslandirma kabi deneyi yiksek basingli

kivama getirerek koloidal stabilite indeksini azaltan
ultraviyole (UV) yaslandirma testi ise bir baska uzun
donem yaslandirma testidir (He vd. 2019, Peng vd. 2015,
Eberhardsteiner vd. 2015). Bu arastirma kapsamindaki
taze bitumlerin kisa periyottaki yaslanmasi RTFOT ile
Bu test, TS EN 12607-1 standartlar
geregince, 35’er gram baglayici iceren 8 tane deney
sisesinin 15+0.2 devir/dak hizla déndurilerek 85 dakika
sure boyunca 163°C sicaklkta isitilmasiyla uygulanmigstir
(TS EN 12607-1 2015). Uzun periyottaki yaslanma ise
RTFOT kalintilarina PAV uygulanmasi ile saglanmistir. Bu

saglanmistir.

test, TS EN 14769 standartlari geregince, 50’ser gram 10
tane 3.2 mm film kalinligindaki RTFOT kalintilarina 100°C
sicaklikta 20 saat 2.1 MPa basing uygulanarak yapilmistir
(TSEN 14769 2012).

Bitiimll baglayicilarin islenebilirligi, pompalanabilirligi ve

akiskanhgini  6lgen donel viskozimetre deneyi bu
c¢alismadaki numunelerin orijinal ve kisa periyottaki
yaslandiriimis kalintilarina (KPYK) 105, 135 ve 165°C
olmak Uzere (g farkh sicakhkta uygulanmistir. Viskozite
ASTM D 4402

viskozimetre milinin 20 devir/dak sabit hizla dondigu

okumalari; standartlari geregince
esnada yapilmistir ve elde edilen sonuglar karsilastirilarak
yaslanmaya bagl akiskanliktaki degisiklikler incelenmistir
(ASTM D 4402 2015). Orijinal numunelerin, KPYK’larin ve
kisa+uzun periyottaki yaslandirilmis kalintilarin (KUPYK)
dinamik reolojik o6zelliklerini tayin etmek icin dinamik
kesme reometresi (DSR) deneyi ASTM D 7175 standartlari
dogrultusunda uygulanmistir (ASTM D 7175 2015). Bu
calismadaki deneyler; Ulkemizin  bir¢ok karayolu
kesimindeki standart seyir hizi olan 90 km/sa’lik tasit
altindaki

hizina karsilik gelen trafik yikleri kesme

hareketini simile etmek amaciyla 1.59 HZ’lik (10 rad/sn)
frekansta ve 25, 30, 40 ve 50°C olmak Uzere dort farkh
sicaklikta gerilme kontrolli bir reometrede tatbik
edilmistir. DSR testinde 1.0 mm agikliga ve 25 mm ¢apa
sahip paralel aparatlar kullanilmistir. Asfalt kaplamalarin
disuk sicakhklardaki davranisini belirleyen en onemli
parametre bitumlG baglayicinin performansidir. Dusik
sicaklikta neredeyse tamamen elastik bir davranis
sergileyen bitimin termal gatlaklara kargi dayanimini,
rijitligini ve sinmesini belirlemede kullanilan kiris egilme
reometresi (BBR) sikca uygulanan deneyler arasindadir.
Bu calismadaki KUPYK numunelerine BBR deneyi ASTM D
6648 standartlari dogrultusunda uygulanmistir (ASTM D
6648 2016). Her bir bitiim grubunun 3 farkli fazdaki
(orijinal, KPYK ve KUPYK) ylzey goriinimlerine ait yiiksek
¢Ozunurlakla mikrografiklerini elde etmek icin taramali
elektron mikroskobu (SEM, JEOL JSM-6510) kullaniimistir.
1000x buyutme ile alinacak resimlerdeki olasi artefaktlari
minimuma indirmek icin yalitkan nitelikteki bitim
numuneleri ylizey taramasi 6ncesinde altin-paladyum ile

kaplanmistir.

3. Bulgular

RTFOT esnasinda oksitlenme ve evaporasyon birlikte

goruldiginden vyaslandiriimis  numunelerde orijinal

hallerine goére kitle kayiplari ve/veya kazanimlar
gorilebilmektedir. Bu galismada kullanilan tim baglayici
siniflarinda kitle kayiplari gérilmustir. Yaslanmaya bagl
oransal olarak en buyik kitle kaybi %2.776 ile B160/220
grubunda; en az kitle kaybi ise %0.086 ile B50/70
grubunda gorilmustir. Penetrasyon derecesiyle dogru
yumusama noktasi ile ters iliskiyi dogrulayan bu
sonuglardan da anlasilacag lzere goreceli olarak daha
yumusak ve daha az kivamli baglayicilarda yaslanma ile
daha ¢ok evaporasyon dolayisiyla daha ¢ok kiitle kaybi

olmaktadir.

Her bir baglayici grubunun orijinal ve KPYK’larina ait
viskozite degisimleri Sekil 1’de verilmektedir. Grafiklerden
de goriilecegi lizere bitim sinifindan bagimsiz olarak
135°C sicakliktan sonra yaslanma Oncesi ve sonrasindaki
akiskanhk egrileri birbirlerine yaklasarak stperpoze
olmaktadir. Ancak 135°C’ye kadar yaslanma ile birlikte
viskozite degerlerinde 6nemli farkhiliklar gorilmektedir.
Bu durum B160/220 grup baglayicisi icin Sekil 1(d)’de de
gorilecegi lizere daha belirgindir. Viskozite egrileri
arasinda biyuk bir fark goérilen B160/220 baglayicisi
yaslanma ile birlikte daha viskoz hale gelmektedir ki bu
durum akiskanligi ve dolayisiyla

islenebilirligi  buylk

oranda azaltmaktadir.
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Sekil 1. Viskozite Okumalar: (a) B50/70, (b) B70/100, (c)
B100/150, (d) B160/200. O: Orijinal (Yaslanmamis) numune,
KPYK: Kisa periyotta yaslandiriimis kalinti numunesi.

Sonug itibariyle bu ¢alismada kullanilan baglayicilar
arasinda viskozite agisindan vyaslanmaya en duyarli
bitimiin B160/220 oldugu anlasiimaktadir.

Asfalt baglayicilarin viskoelastik davranisini  6lgmeye

yarayan Dinamik Kesme Reometresi (DSR) degisen

sicakliklar ve degisen sinlsoidal ylklemeler altinda
1990’
yillarin baslarinda Stratejik Karayolu Arastirma Programi

bitimin performansini ortaya koymaktadir.

(SHRP) tarafindan gelistirilen DSR; bitlimli baglayicilarin
hem kati halindeki halindeki
davranislarini belirlemek icin tim diinyada oldugu gibi

hem de sivi reolojik
Ulkemizde de sik¢a uygulanan yeni nesil bir deneydir. Bu
test genel olarak 10 ile 90°C arasindaki sicakliklarda ve 0.1
ile 10 Hz arasinda degisen frekanslarda uygulanmakta
olup bitimli baglayicinin kompleks modiilini (G*) ve faz
acisini (8) 6lgmektedir.

Bu calismada kullanilan her bir bitim sinifinin orijinal
haldeyken (yaslanmamig) G* ve & degerlerinin artan test
sicakliklariyla nasil degistigini gosteren grafik Sekil 2(a)’da
verilmigtir. Beklendigi Uzere artan sicaklikla her bir
baglayicinin G* degeri azalirken & degeri ise artmistir.
Kullanilan baglayicilar igerisinde kompleks modiildeki en
buyuk azalis B50/70 sinifi bitimde goériilmesine ragmen
yuksek sicaklikta en yliksek G* ve en disik 6 degerin yine
ayni sinif bitim grubunda olmasi sicak iklimli yerlerde
B50/70 baglayicisinin daha sert ve daha cok viskoz
performans sergileyecegini ayni zamanda daha az dktil
olacagini gbstermektedir. Bu viskoelastik davranig B50/70
grubu bitimin kimyasal yapisiyla yani biinyesinde daha
¢ok polar yapilari ve molekiiler agirligi daha fazla olan
fraksiyonel yapilari icermesiyle ilgilidir.

Hava sicakliklarinin yiksek oldugu bdlgelerde asfalt
kaplamali yollarin o6zellikle sag seritlerinde tekrarlanan
agir tonajli trafik ylklerine bagh olarak oluklanma
gorilebilmektedir. Tekerlek izi deformasyonu olarak da
bilinen oluklanma yolun beklenen hizmet 6mrini 6nemli
oranda azaltmaktadir. Yagislar sonrasinda yol ylizeyindeki
suyun tahliyesine engel olan oluklanmalar siirlis konforu
ve glvenligini de etkilemektedir. Bu tiir deformasyonlari
engellemek/minimize etmek icin SHRP, tekerlek izi
parametresinin (G*/sind) orijinal ve KPYK bitimleri i¢in 10
rad/s frekansta uygulanan DSR testinde sirayla 1.0 ve 2.2
kPa’dan biiylk olmasini istemektedir.

Sekil 2(b) ve 2(c)’deki grafiklerden de anlasilacag tizere
yaslanmadan bagimsiz olarak her bir test sicakliginda en
yuksek tekerlek izi parametresinin (G*/sin8) B50/70
grubunda oldugu dolayisiyla oluklanmaya karsi en biiytk
direnci B50/70 bitimli baglayici ile yapilacak asfalt
kaplamalarin gosterecegi anlasilmaktadir. Bu parametre
yaslanma Oncesinde goreceli olarak en disik B160/220
baglayicit grubunda iken kisa periyotta yaslanma
sonrasinda beklenenin aksine ayni baglayicinin daha iyi bir
performans sergileyecegi 6ngorilmektedir.

913



Tiirkiye’de Sik Kullanilan Farkl Bitiimlii Baglayicilarin Yaslanmasi, GEDIK.

27000 El)
a) - = = i
rﬁ -
— r-
© L
& -7 —_
= 18000 - /; ¢z =~ 0-B50/70 - 60 g
g ¥ —e—0-B70/100 g
= ~=—0-B100/150 =
" —
3 0-B160/220 &
S 9000 - r30 8
£ w
]
X
0 T T T T T = 0
20 30 40 50
Sicaklik (°C)
75000
(b) —A— 0-B50/70
—e—0-B70/100
8- 0-B100/150
T 50000 1 0-8160/220
=
)
i=
g
% 25000 -
0]
0 .
20 30 40 50
Sicakhk (°C)
50000
(c)
—A— KPYK-B50/70
—o— KPYK-B70/100
—m— KPYK-B100/150
3 KPYK-B160/220
a.
=
@ 25000
<
@
S~
*
[t
0 .
20 30 40 50
Sicaklik (°C)
75000
(d) —a— KUPYK-B50/70
—— KUPYK-B70/100
—— KUPYK-B100/150
- 50000 - KUPYK-B160/220
s
)
c
@
(o 25000 |
N\(‘:
0 T
20 30 40 50

Sicakhk (°C)

Sekil 2. (a): Orijinal durumda kompleks modiil ve faz agisi, (b):
Orijinal durumda tekerlek izi parametresi, (c): Yaslanma sonrasi
tekerlek izi parametresi (d): Yaslanma sonrasi yorulma
parametresi.

Bu durumun olarak B160/220

baglayicisindaki ¢ok sayidaki daha az polar yapidaki

yaslanmaya bagh

daha
donlismesiyle ile ilgili oldugu distnilmektedir.

fraksiyonlarin polar yapidaki fraksiyonlara
Timsah sirtini andiran yorulma ¢atlaklari; servise agilmig
asfalt kaplamal yollarda sikga karsilasilan bir bozulma
turidur. Timsah sirti catlaklarina sebep olan her ne kadar
cesitli faktorler (iklim sartlari, zeminin tasima gici, yol
kaplamasinin kalinhigi, trafik yukleri, asfalt karigimin
serme ve sikistirma teknikleri vs.) olsa da asfalt
karisimdaki kullanima bagh olarak yaslanmig bitlimiin
performansi ¢ok ©nemlidir. Beklenen servis slresi
boyunca asfalt kaplamali yollarda bu tiir ¢atlaklarin dniine
gecebilmek icin SHRP; 10 rad/sn frekansta uygulanan DSR
testinde KUPYK bitimuniin yorulma parametresinin
(G*sin8) 5000 kPa’dan az olmasini istemektedir. Bu
calismada kullanilan farkli baglayicilarin degisen test
sicaklarina gore yorulma parametrelerinin nasil degistigi
Sekil 2(d)’de verilmistir. Bu grafik incelendiginde G*sind
degerinin B160/220 grubu bitimde yiksek oldugu
gorulmektedir. Bir baska deyisle baglayicisi B160/220 olan
bitiimle hazirlanmis asfalt kaplamali yollarda kullanima ve
yorulmaya bagh olarak olugsmasi muhtemel timsah sirti
catlaklarin nispeten daha az olacagl 6ngorilmektedir.
Daha az kivamli dolayisiyla daha az sert yapidaki B160/220
baglayicisindaki bu durum yorulmaya karsi vizkoelastik
performansinin daha yliksek olmasini saglamaktadir.

DSR testi sonucu elde edilen komplex modilin (G*);
elastik (depolama) modilu (G') ve viskoz (kayip) moduli
(G") olmak uzere iki komponenti bulunmaktadir.
Viskoelastik bir yapiya sahip bitimli baglayicilarin
ozellikle ylksek sicakliklar altinda deformasyona ve sekil
degistirmeye karsi dayanikli olmasi yani daha elastik bir
performans sergilemesi istenmektedir. Ancak disuk
sicakliklarda bitim daha kirlgan hale geldiginden ve
herhangi bir catlama olmaksizin enerjiyi dagitabilmesi icin
baglayicinin ylksek viskoz davranisa ve daha dusik
elastikiyete sahip olmasi beklenmektedir. Bu ¢alismada
kullanilan bitlimlere ait yaslanma 6ncesi ve sonrasindaki
(kisa ve kisa+uzun) elastik ve viskoz modiiller Sekil 3’'te
verilmistir. Sekildeki grafiklerden de gorilecegi Uzere
yaslanmadan ve bitim cinsinden bagimsiz olmak Uzere
artan sicaklikla her bir baglayicinin gerek elastik gerekse
viskoz modiili azalmaktadir. Kompleks modiile ait elastik
bilesenin her test sicakliginda her bir baglayicinin orijinal
halinde daha disik oldugu gozlemlenirken elastikiyetin
yaslanmayla birlikte arttigi gériilmektedir. ilk G¢ bitim
grubunda (B50/70, B70/100 ve B100/150) en yuksek
degerli G'

egrilerinin  kisa+uzun vadede vyaslanma

sonrasinda olustugu gorilmustir.
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Sekil 3. Elastik ve Viskoz Modiiller. (a) ve (b): B50/70 bitimd, (c) ve (d): B70/100 bitiimi, (e) ve (f): B100/150 bitumd, (g) ve (h):

B160/220 bitimu.
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Ancak bu durum B160/220 grubu bitim icin farklilik
gostermektedir ve elastik davranisin kisa vadede daha
belirgin oldugu gorilmektedir.

Baglayicilarin viskoz modiillerinin ise yaslanma 6ncesi ve
sonrasinda diizgiin degismedigi gorulmektedir. B70/100
baglayicisinin  orijinal ve kisa vadede yaslanma
sonrasindaki viskoz modiilleri her sicaklikta birbirini takip
ederken kisa+uzun yaslanma sonrasinda bu degerlerde
belirgin bir artis olmustur (Sekil 3(d)).

Trafik yakleri altindaki yollarda sicakhk distiiglinde asfalt
kaplama bizilir ve birtakim gerilmeler olusur. Eger bu
kontraksiyonlar ¢ok kisa slirede meydana gelirse asfalt
karigimdaki  gerilmeler  termal catlaklara neden
olabilmektedir. Enine yonde meydana gelen bu tiir termal
catlaklar daha ¢ok uzun siire hizmet veren yollarda yani
bitimlG baglayicisi uzun periyotta yaslanmis asfalt
kaplamalarda goriilmektedir. Tirkiye’nin farkh cografik
bolgelerinde asfalt yollarin maruz kaldigi en disik kis
sicakliklari gok farkli olabilmekle birlikte Glkemiz kogullari
icin 0, -6, -12 ve -18°C sicakhklari BBR testinin en ok
uygulandigi sicaklklardir. -12 ve -18°C sicakliklari daha ¢ok
modifiye bitimler icin tercih edilen sicakliklar olup bu
¢alismadaki saf bitimlerin KUPYK’larina BBR deneyi -6°C
uygulanmistir. 240 saniye boyunca sabit ylkleme
altindaki numunelerin sinme sertlikleri (S) ve siinme

oranlari (m) Sekil 4(a)’da verilmistir.

Deneyin yapildigi sicaklikta 60. saniye sonunda siinme
sertliginin 300 MPa’dan daha disik, siinme oraninin ise
0.300'dan daha biyik olmasi Sekil
4(a)’'dan da gorilecegi Gizere bu ¢alismada kullanilan her

istenmektedir.

bir baglayici grubu -6°C'de egilme-sinme sertligi
acisindan istenen her iki kriteri de yerine getirmektedir.
Ancak yaslanmayla birlikte dislk sicakliklarda meydana
gelebilecek termal catlaklara karsi en iyi performansi
B160/220 grubu gosterecegi

anlasilmaktadir. Bu noktada en temel etken baglayicinin

bitimli  baglayicinin

kimyasal yapisidir. Daha digsik molekiler agirhkl,
fraksiyonel olarak daha az asfalten ve parafin iceren ancak
daha fazla non-polar ve doymus hidrokarbon iceren
bitimlG baglayicillarin  distk sicakliklarda meydana
gelebilecek termal cgatlaklara karsi daha direncli oldugu

bilinmektedir.

Sadece S ve m degerlerini kullanarak bitimli

baglayicilarin dusik sicaklik performansini
degerlendirmenin kisitli sonuglar verebilecegi
belirtilmistir. Bu nedenle S ve m degerlerinin

oranlanmasiyla elde edilen S/m indeksinin asfalt
¢imentosunun dusik sicakhktaki reolojik 6zelliklerini daha
kapsamli bir sekilde yansitabilecegi belirtilmistir. Bu

indeks ne kadar kiglik olursa bitimin dusik sicakhk

performansi o kadar yiksek olacaktir (Wei vd. 2020). Bu
calismada kullanilan her bir bitim sinifina ait S/m indeksi
Sekil 4(b)’de verilmistir. Kaskad seklindeki grafikten de
gorilecegi Uzere S/m indeksi bitim penetrasyon
dereceleriyle ters orantili olarak degismektedir. En yiiksek
deger B50/70 grubu baglayicida en dusik deger ise
B160/220 grubu baglayicida gorilmektedir.
sertligi ve sinme orani degerleriyle uyumlu olan bu indeks
soguk bolgelerde B160/220 grubu

hazirlanacak asfalt karisimlarin iyi bir

Stinme
iklimli bitiimle
performans
sergileyecegini ve disuk sicaklik ¢atlaklarina karsi direngli
olacagini gdstermektedir.

700 0.700
—e-B50/70 - B70/100

—A— B100/150

600 - B160/220] ¢ 6o

500 - r 0.500

400 + r 0.400

Siinme orani
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200 - r 0.200

100 - r 0.100

0 T T T T 0.000
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Yiikleme Siiresi (sn)

400

(b)
300
£ 500 |
wv
N I I
o 4

B50/70

B70/100 B100/150 B160/220

Baglayici Cinsi
Sekil 4. BBR deneyi sonuglari. (a): Sinme sertligi (S) ve sinme
orani (m) degisimi, (b): S/m indeksi.
SEM mikroskobu altinda bitliim numunelerinin morfolojik
yapisini 1000 kat blylterek gosteren resimler Sekil 5’'te
verilmistir. Taze haldeki her bir bitiim grubunun Gzerinde
farkl

Ancak penetrasyon derecesi

olgeklerde katlantilarin oldugu gorilmektedir.
arttikca ylzeydeki bu
kivrimlarin da boyutunun arttigi gériilmektedir. B50/70
baglayicisinin yizeyindeki kivrimlarin ¢api yaklasik 1um
iken bu deger daha yumusak kivamdaki B160/220
kadar  cikabilmektedir.  Bu
konvolisyonlar kisa periyottaki yaslanma sonrasinda
B50/70 ve B70/100 grubunda daha belirgin hale gelirken
B50/70
bitimiinde neredeyse tamamen kaybolmustur (Sekil 5(a)

bitimiinde  10um’a

kisa+uzun periyottaki yaslanma sonrasinda
(ku)); B70/100 baglayicisinda ise belirginligini oldukca

kaybetmistir (Sekil 5(b) (ku)).
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(a)

(b) -

(c)

(d)

Sekil 5. Mikrografikler. (a): B50/70, (b): B70/100, (c): B100/150, (d): B160/200. o: orijinal (yaslanmamis) numune, k: kisa periyotta
yaslandiriimis kalinti numunesi, ku: kisa+uzun periyotta yaslandiriimis kalinti numunesi.

B100/150 bitumundeki katlantilar RTFOT sonrasinda
ederken PAV sonrasinda bu
katlantilar ylzeyde protriizyona donismustir (Sekil 5(c)
(ku)).

Tazeyken daha koyu renkteki baglayicilarin yaslanma

sekillerini  muhafaza

sonrasi opaklasmasi oksitlenmenin bir gostergesidir.
Benzer sekilde yeni servise acgillmis yol kaplamalarinin
icindeki bitiimiin henliz tam yaslanmamis olmasi
nedeniyle asfalt tabakalar daha koyu renkteyken zamanla
oksitlenmeye dolayisiyla yaslanmaya bagli olarak daha

acik renge biarinmektedir.

4. Sonuglar ve Tartisma

Petrol tlrevi bitimli baglayicilar; Gretildigi ilk andan
kullanildiklari yerdeki hizmet émriinin son anina kadar
farkh hizlarda yaslanmaktadir. Bitim yaslanmasinda
baglayicinin fiziksel ve kimyasal yapisi gibi intrensek
faktorlerin yani sira giines isinlari, iklim kosullari ve
cevresel faktorler gibi cok 6nemli ekstrensek faktorler de
rol almaktadir. Bu calismada Tirkiye’de sicak asfalt
kaplamali ve sathi kaplamali yollarda sik¢a kullanilan 4
farkli penetrasyon dereceli bitimli baglayicinin (B50/70,
B70/100, B100/150 ve B160/220) yaslanmaya bagl olarak
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reolojik ve morfolojik yapilarinin  nasil

incelenmistir. Elde edilen bulgulara goére;

degistigi

¢ Yaslanma ile birlikte en az kiitle kaybi B50/70 grubu
bitimde; en ¢ok kitle kaybi ise B160/220’de gbrilmustur.
Zaten diger baglayicilara nazaran asfalten orani yiksek
olan B50/70 numunesinde kitle kaybinin sinirli olacagi
beklenen sonuglar arasindadir. Yaslanma Oncesi ve
sonrasinda akiskanliktaki ve islenebilirlik derecesindeki en
buytk degisim B160/220 baglayicisinda goéraldigiinden
viskozite agisindan yaslanmaya en duyarli bitim
B160/220’dir.

e Yaslanma sonrasinda yuksek sicakliklarda sergiledigi
vizkoelastik davranis nedeniyle (yiiksek kompleks modiil,
dastk faz agisi) elastik yapisini en ¢ok muhafaza eden
baglayici grubunun B50/70 oldugu anlasilmistir. Bu
nedenle tekerlek izi bozulmalarinin en olasi goriilecegi
sicak iklimli yerlerde ve agir tasit trafigi altinda servis
verecek yollardaki asfalt kaplamali yollarda baglayici
olarak B50/70 grubu bitiimun kullanilmasi buytik 6nem arz
etmektedir. Ancak oluklanmaya karsi ylksek direngli
baglayicilarin  diisik sicakhk c¢atlaklarina ve yorulma
catlaklarina karsi daha hassas olabilecegi
unutulmamalidir.

¢ Daha az sert yapisi nedeniyle yorulma gatlaklarina karsi
en iyi performansi B160/220 grubu bitimun sergileyecegi
gorialmektedir. Ayrica yaslanmayla birlikte dustk
sicakliklarda sergiledigi performans nedeniyle (goreceli
disiik stinme sertligi ve goreceli yuksek siinme orani)
soguk bélgelerde B160/220 grubu bitimle
hazirlanacak asfalt kaplamali yollarda dusuk sicaklk
catlaklarinin olusma olasiligi da daha dusiuk olacaktir.
Ancak kiresel 1sinma diinya ylizeyindeki ortalama
sicakhgin her gecen yil artmasina bu nedenle soguk iklimli
bolgelerde bile yaz aylarinda ekstrem sicakliklarin
gorlilmesine yol acabilmektedir. Dolayisiyla (ilkemizde
sicak asfalt Gretiminde kullanilacak baglayicilarin modifiye
edilmesi blyik 6nem arz etmektedir.

iklimli

e Bucalismada 4 farkli bitimun yaslanma sonrasi tekerlek
izi performansi ile yorulma ve disik sicakliktaki ¢catlama
dayanimi gibi reolojik davranislari irdelenmekle birlikte
Ulkemiz kosullarinda (iklim ve trafik yukleri) BSK
Uretiminde en ¢ok B50/70 ve B70/100 penetrasyonlu
baglayicilar kullaniimaktadir. Ulkemizdeki sathi kaplamali
yollarda ise Karayollari Genel MidirlGgi tarafindan
hazirlanan "Tiirkiye Karayollari Sathi Kaplamal Yollar igin
Bitim Sinifi Se¢im Haritasi" (izerinden gorilecegi lizere
agirlikli olarak B70/100, B100/150 ve B160/220 grubu
baglayicilar  kullanilmaktadir. Dolayisiyla  yaslanmayla
birlikte farkli tirdeki bitimll baglayicilarin gesitli bozulma
ve deformasyonlara karsi davraniglari kullanildiklari yol
kaplamasinin cinsine (asfalt veya sathi) gore farklilik
gosterecektir.

e Yaslanmayla birlikte
penetrasyon derecesi
gorilmektedir.

baglayicinin  opakhginin
ile orantii bir sekilde arttigi

Sonug olarak tilkemizde asfalt kaplamali ve sathi kaplamali
yollar tasarlandiginda yolun vyapilacagl yerin cografik
kosullari, iklim kosullari ve bilhassa guinesli giin sayisi
dikkate alinarak kullanilmasi gereken bitim sinifini
gosteren haritalar belirlenmelidir. Sonraki ¢alismalarda
her bir bitim sinifina spesifik yaglanma engelleyici/azaltici
ajanlar arastirlmali ve daha uzun servis 6murli asfalt
yollar belirlenen 6zgiin yaslanma karsiti ajanlar ile birlikte
tasarlanmalidir.
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Oz

Perovskit glines hiicrelerinin (PGH) performansini arttirmak igin
optimize edilmis elektron transfer tabakalari (ETT) kritik bir rol
oynamaktadir. ETT'nin optoelektronik 6zellikleri, bant enerjisi ve
tuzak yogunlugu, PGH'nin performansini belirleyici bir sekilde
etkilemektedir. Ancak, genellikle PGH'lerinde kullanilan
titanyum dioksit (TiO;) ETT'nin dusik elektron hareketliligi
iyilestiriilmesi gereken bir sorundur. Bu c¢alismada, farkli
konsantrasyonlarda (x: 0, 5, 10, 15 mg/ml) lityum
bis(triflorometanstlfonil)imid  (Li-TFSI)  tuzu  dondurerek-
kaplama teknigi ile TiO, tabanli ETT'ye katkilanmustir. TiO,:Li-
TFSI katkisinin morfolojik, yapisal ve optik 6zellikler Gzerindeki
etkileri arastinimistir. FTO/c-TiO2/mp-TiO,:Li-
TFSI/CsFAMAPbI,Br/spiro-OMeTAD/Ag hicre mimarisi
kullanilarak elde edilen Li-TFSI katkili PGH'nin fotovoltaik ve
optoelektronik ozellikleri katkisiz hicreler ile karsilastiriimigtir.
Li-TFSI katkisi, hiicrelerdeki elektron transferini 6nemli dlglide
iyilestirmistir. Saf PGH'de %18,16'lik bir gli¢ donlsim verimliligi
(GDV) elde edilirken, 10 mg/ml Li-TFSI katkili PGH'de %19,98'lik
en yliksek GDV degeri elde edilmistir. Bu ¢alisma, Li-TFSI
katkisiyla TiO, ETT'nin optoelektronik Ozelliklerinin optimize
edildigi ve ylksek verimli PGH'lerin gelistirilmesi igin umut
vadeden bir ¢alisma olarak degerlendirilmektedir.

Anahtar Kelimeler: Perovskit giines hiicreleri; Elektron transfer tabakasi;
TiOz; Katkilama; Li-TFSI,

Afyon Kocatepe Universitesi

Abstract

Optimized electron transfer layer (ETL) play a crucial role in
achieving higher performance in perovskite solar cells (PSCs).
The optoelectronic properties of ETL, such as band energy and
trap density, significantly influence the performance of PSCs.
However, the low electron mobility of commonly used titanium
dioxide (TiO;) ETL in PSCs remains a challenge that needs
improvement. In this study, lithium
bis(trifluoromethanesulfonyl)imide (Li-TFSI) salt is added to
TiO,-based ETL at different concentrations (x: 0, 5, 10, 15 mg/ml)
by spin-coating technique. Photovoltaic and optoelectronic
properties of Li-TFSI-modified PSCs were compared with bare
PSCs using the FTO/c-TiO2/mp-TiO,:Li-
TFSI/CsFAMAPbI,Br/spiro-OMeTAD/Ag cell architecture. The
TiO,:Li-TFSI modification shows a significant enhancement in
the morphological, structural, and optical properties of the
PSCs. The Li-TFSI contribution significantly improved the
electron transfer. While bare PSC achieves a power conversion
efficiency (PCE) of 18,16%, the 10 mg/ml Li-TFSI-modified PSCs
reached the highest PCE of 19,98%. This study signifies a
promising  step  towards  the development  and
commercialization of highly efficient PSCs by optimizing the
optoelectronic properties of TiO, ETL through Li-TFSI salt
modification.

Keywords: Perovskite solar cells; Electron transfer layer; TiO2; Doping; Li-
TFSI.

1. Giris

Organik-inorganik halojeniir perovskit malzeme tabanli
perovskit glines hicreleri (PGH'ler), on yil gibi kisa bir
sirede ulastigl %26,1 glic donlisim verimliligi (GDV) ile
olaganistu bir gelisim sergileyerek umut verici fotovoltaik
teknolojilerden biri haline gelmistir (Min vd. 2021, Ozkaya
vd. 2023, Chen vd. 2023). Bu deger, tek kristalli silikon
(mc-Si) gines hicrelerinin elde ettigi verim degerine
yaklassa da teorik olarak 6ngérilen Shockley-Queisser
limitinden hala uzaktir (Wu vd. 2022, Akman vd. 2021).
Hicrelerin GDV degerindeki ilerleme, kisa devre akim
yogunlugunun (Jsc) bu teorik degere yaklasmasi nedeniyle

agirhkh olarak acik devre voltaji (Voc) ve dolum faktori
(FF) parametreleri tarafindan belirlenmektedir (Zhao vd.
2018, Ye vd. 2019, lJiang vd. 2019). Yiik tasima ve
ekstraksiyon siireclerinde istenmeyen yiik kayiplarina
bagli olarak perovskit/elektron transfer tabakasi (ETT)
araylziinde gerceklesen yik

tasiyicilarin - yeniden

birlesmesi  (rekombinasyon) olayi Voc ve FF
parametrelerini disliren olaylardan bir tanesidir. Bu
baglamda; mevcut sorunun ¢6zimi konusunda yogun ve
ilerici calismalar rapor edilmektedir (Caprioglio vd. 2021,
Zhang vd. 2021, Krishna vd. 2021, Chen vd. 2020). PGH'ler

genellikle ETT, bosluk transfer tabakasi (HTL), aktif
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sogurucu perovskit tabakasi ve metal kontaklar olmak
lzere cesitli tabakalarin eklem olusumundan meydana
gelir (Ma vd. 2023). ETT ve perovskit tabakalar arasindaki
araylizey durumlari, hiicre performansi ve kararlihgi
Gzerinde belirleyici bir etkiye sahiptir (Kavan vd. 2014,
ilyassoy vd. 2015). Bu nedenle, ETT'nin optimize edilmesi,
araylizey durumlarinin iyilestiriimesi ve perovskit
sogurucu tabakanin enerji seviyeleriyle uyumlu yeni ETT
malzemeleri gelistirilmesi, PGH performansini artirmak
icin dnemlidir (Kruszynska vd. 2022, Chavan vd. 2023, Gil
vd. 2023). ETT hiicre mimarisinde foton iletimi, yik
¢ikarma, elektron taginmasi ve bosluklarin engellenmesi
gibi onemliislevleri yerine getirir. Bu nedenle yiksek optik
gecirgenlik, uygun enerji seviyesi hizalamasi ve yuksek
elektron hareketliligi ETT malzemeleri icin en onemli
parametrelerdir (Nagaraj vd. 2021, Valadi vd. 2021).
Ayrica, hicre mimarisinde ETT olarak kullanilan
malzemelerin yuksek kararlilik sunmasi ve disiik maliyetli
olmasi da beklenir (Akin vd. 2020). PGH'lerde bugiine
kadar titanyum dioksit (TiO2), kalay dioksit (Sn02), ginko
oksit (ZnO) gibi
metilester (PCBM) gibi organik ETT malzemeleri yogun bir
sekilde kullanilmistir (Ebi¢ 2023). TiO2, Gstun oOzellikleri

nedeniyle optoelektronik uygulamalarda en vyaygin

inorganik ve fenil-C61-bltrik asit

kullanilan inorganik ETT malzemelerinden biridir (Ebig vd.
2022). Anataz formundaki TiO2, genis bir bant araligina
(~3,2 eV), uygun iletkenlik bant (CB) enerjisine, iyi termal
ve kimyasal kararlihga sahip bir n-tipi yari iletken olarak
bilinir (Iraj vd. 2016). Bu o6zelliklerinden dolayi gilines
hiicreleri basta olmak Uzere bircok optoelektronik
uygulamada kullanilir. Ancak, TiO2 ETT'nin elektron
mobilitesinin diisiik olmasi (0,1 - 1 cm?/V! s?), lretim
sicakhginin yiiksek olmasi (~450 °C) ve uzun vadede
hicrelerin  kararhhgini  zayiflatan yiiksek fotokatalitik
aktivite gibi belirgin dezavantajlara sahip olmasi, yiiksek
performansli ve uzun doénem kararli PGH'lerin elde
edilmesini engellemektedir (Sadegh vd. 2016). TiOz2'nin
ultraviyole (UV) isin ile aktive olan fotokatalitik 6zelligi ve
distk elektron hareketliligi gibi dezavantajlarindan
kurtulmak amaciyla bugtine kadar katkilama muhendisligi
temelinde bircok katki maddesi (Ca*?, Mg*?, Cr*3, Zn*2,
Cu*?, Y*3) kullanilarak optoelektronik ve morfolojik

ozellikleri gelistirilmistir (Teimouri vd. 2020).

Son vyillarda ise hidrofilik 6zellige sahip Li-TFSI organik
ETT'nin
iyilestirerek PGH

tuzunun ETT malzemesine katkilanmasinin,
optoelektronik ozelliklerini
performansinda etkili olmasi sebebiyle yaygin olarak
kullanildigi dikkati ¢cekmektedir (Patel vd. 2023, Liu vd.
2017, Giordano vd. 2016). Liu ve arkadaslari Li-TFSI katkili
TiO2 ETT'nin,
elektron tuzak yogunlugunu énemli 6l¢lide azaltabildigini

optik o©zellikleri olumsuz etkilemeden

gostermistir. Perovskit filmdeki elektronlarin Li-TFSI
katkili TiO2 ETT ile katkisiz TiO2'ye gore daha verimli bir
sekilde ekstrakte edilebildigini tespit etmistir (Liu vd.
2017). Li-TSFI katkili  TiO>
elektrotlarin elektronik tuzak durumlarini azaltarak, daha

Giordano ve arkadaslar

hizli elektron tasinmasini saglamis ve hucrenin GDV
degerini ihmal edilebilir bir histerezis ile %17'den %19'a
ustiin  elektronik  6zellikler

cikararak sergiledigini

gostermistir (Giordano vd. 2016).

Bu ¢alismada ise, Li-TFSI tuzunun PGH mimarisi tizerindeki
etkisini incelemek amaciyla gézenekli TiO2 (mp-TiO2) ETT
malzemesine farkli oranlarda (5, 10, 15 mg/ml) katkilama
islemi yapilarak hiicre Uretimleri gergeklestirilmistir. Li-
TFSI  katkil
fotovoltaik parametrelerinin yani sira Uretilen filmlerin

mp-TiO2 kullanilarak Uretilen PGH’lerin

morfolojik, optik ve yapisal 6zellikleri katki oraninin bir
fonksiyonu olarak arastiriimistir.

b)

DL AL YO ¢

< i e 2
Crai a N
UTRSIKatkil mp Ti02 £

Sekil 1. a) Hicre mimarisi ve b) Li-TFSI  katkilama surecinin
sematik gorintileri. c) Bu c¢alhisma kapsaminda (retilen
hiicrelere ait bir gériintd.

2. Materyal ve Metot

Bu ¢alismada Uretilen hiicre mimarisi ve Li-TFSI katkilama
slrecinin sematik goriinimi ile Uretilen hicrelere ait
Sekil 1'de
gerceklestirilen deneysel

goriinti sunulmustur. Bu c¢alismada
sirecler asagida maddeler

halinde detayli olarak sunulmustur.

2.1 LiTFSI Katkili c-TiO2 ve mp-TiO: ETT Filmlerin
Hazirlanmasi

Hicre Gretiminde kullanilan flor katkili kalay oksit (FTO)
alttaslar deterjanla temizlenmesinin ardindan sirasiyla
deiyonize su, izopropanol (IPA) ve etanol ile 15’ser dakika
boyunca ultrasonik banyo icerisinde temizlenmistir.
Kurutulan alttaslar kaplanmadan 6nce 15 dakika boyunca
ultraviyole- ozon (UV-03) islemine tabi tutulmustur.
Kompakt TiO2 (c-TiO2) ETT filmleri elde etmek amaciyla
susuz etanol icinde hazirlanan titanyum diizopropoksit
bis(asetilasetonat) dnci ¢ozeltisi, 450 °C'de sprey proliz
yontemiyle FTO alttaslar (izerine kaplanmistir. Plskirtme
islemi sonrasinda FTO alttaglar 450 °C'de 30 dakika
tavlanarak oda sicakligina sogumaya birakilmistir. Elde
edilen c-TiO: filmler Gizerine mp-TiO2 ETT filmler etanol
icinde seyreltilmis TiO2 pasta kullanilarak 20 sn ve 4000
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dev/dk hizinda dondirerek kaplama teknigi ile
kaplanmistir. Elde edilen mp-TiO2 ETT tabakasi 100 °C'de
10 dakika kurutulduktan sonra 450 °C'de 30 dakika
tavlanmistir. ETT filmlere Li-TFSI katkilanma iglemi igin Li-
TFSI baslangic malzemesi asetonitril igcinde farkli
konsantrasyonlarda ¢06zdirilerek hazirlanmistir.  Bu
cozeltiler 1,8 x 2,6 cm? boyutlarindaki FTO/c-TiO2/mp-
TiO2 filmler Gzerine 3000 dev/dk dénme hizinda
dondiirerek kaplama teknigi ile kaplanmustir. Li-TFSI katkili
filmler 450 °C'de 30 dakika siireyle ikinci bir tavlama
islemine maruz birakilmistir. 150 °C'ye kadar sogutulan
filmler perovskit ¢oOzeltisinin kaplanmasi icin azot
atmosferli kapali bir ortam (glovebox) icerisine transfer

edilmistir.

2.2 Perovskit Tabakasinin Hazirlanmasi

Csl, MABr, PbBr;, FAl ve Pbl
stokiyometrik oranlarda hazirlanarak, 4:1 hacim oranina
sahip 1 ml N,Ndimetilformamid (DMF) ve dimetilstlfoksit
(DMSO) gozucileri iginde ¢ozdurtlmustir. Elde edilen saf
ve Li-TFSI katkili TiO2 ETT filmler izerine CsFAMAPDbI2Br
kompozisyonundaki Ugli katyon perovskit ¢ozeltisi tek

perovskit oncileri

adimda dondirerek kaplama islemiyle 1000 dev/dk
donme hizinda 10 saniye ve 4000 dev/dk dénme hizinda
30 saniye olacak sekilde kaplanmistir. Donme isleminin
bitimine son 10 saniye kala 150 pl anti-solvent
(klorobenzen) damlatilarak kristallenme siireci kontrol
edilmistir. Kaplama islemi tamamlanan filmler 100 °C'de
45 dakika boyunca tavlama islemi gergeklestirilerek siyah

fazl perovskit filmler elde edilmistir.

2.3 HTL ve Ag Tabakalarinin Hazirlanmasi

Oda sicakhgina sogutulan perovskit filmler Gzerine
buyutilecek HTL film igin Spiro-OMeTAD (2,2',7,7'-
tetrakis  (N,N-di-p-metoksifenil-amin)9,9'-spirobiuoren)
baslangic malzemesi 1 mL klorobenzen igerisinde Li-TFSI
(1 mL asetonitril icinde 520 mg Li-TFSI stok ¢ozeltisi) ve 4-
tert-Butilpiridin (TBP) katki maddelerinin katkilanmasiyla
hazirlanmistir. Elde edilen Spiro-OMeTAD c¢ozeltisi 20
saniye sirede ve 4000 dev/dk hiz ile déndirerek kaplama
teknigiyle perovskit tabakasinin {izerine kaplanmistir. En
son (st kontak malzemesi olarak gimuis (Ag) karsit
elektrot malzemesi yiliksek vakum altinda termal
buharlastirma yoluyla Spiro-OMeTAD HTL (izerine ~100
nm kalinlikta kaplanarak PGH Uretimi tamamlanmustir.

2.4 Karakterizasyon Calismalari

UV-vis-NIR spektrometresi (LAMBDA 1050, Perkin Elmer)
ile saf ve Li-TFSI katkili TiO2 ETT ve filmlerin ve
CsFAMAPbDI2Br perovskit filmlerin optik gecirgenlik ve
sogurum spektrumlari kaydedilmistir. X-isint  kirinimi
(XRD) (Bruker D8 ADVANCE) sistemi ile perovskit filmlerin

kristal &zellikleri incelenmistir. ince filmlerin yiizeyleri
alan emisyonlu taramal elektron mikroskobu (FE-SEM)
(S5500, Hitachi) ile analiz edilmistir. Damla sekli analizori
(DSA100, KRUSS) kullanilarak temas agisi 6lglimii ile ETT
filmlerin ylzey hidrofilikligi degerlendirilmistir. Hlcrelere
ait akim yogunlugu-voltaj (J-V) karakteristikleri ABET
Sun3000 giines simiilatéri ile 100 mW/cm? aydinlatma
siddeti altinda Keithley 2400 sourcemeter kullanilarak
Olctlmustar.

3. Bulgular

Uretilen saf ve Li-TFSI:TiO2 ETT filmlerin  yiizey
morfolojileri SEM analizi ile incelenmistir (Sekil 2 (a-d)).
Farkli buyutmelerde alinan SEM goéruntilerinden ETT
filmlerin gézenekli yapida olmasi nedeniyle belirgin bir
farkhihk  gorilmemektedir. Ayrica, filmlerin ylzey
gorintisinde akim kacagina sebep olabilecek igne
deliklerinin ve/veya aglomerasyonlarin bulunmadigi da
gorilmektedir. ETT filmlerin 1slanabilirlik davranislari
Gzerine bulydtilecek perovskit filmlerin  blylime
kinetikleri agisindan énemli bir rol oynamaktadir. Ortam
kosullarinda gergeklestirilen temas agisi dlgtimleri Sekil 2
(e-h)’de sunulmustur. Saf ve Li-TFSI:TiO> katkii ETT
filmlerin temas agisi goruntuleri incelendiginde saf TiO2
ETT filmin 4,26° acl ile en yliksek degeri verdigi goruliirken
Li-TFSI:TiO2 katkilh ETT filmlerde bu deger 2°-3° arasinda
degismektedir. Bu durum Li-TFSI:TiO2 katkili ETT filmlerin
ylzeyinin kismen daha iyi hidrofilik davranisa sahip
oldugunu gostermekte olup, perovskit tabakanin ETT
yuzeyinde daha iyi bir i1slanabilirlik sergileme potansiyeli
oldugu anlamina gelmektedir. Bir diger ifade ile Ggli
katyon CsFAMAPDI2Br perovskit filmlerin Li-TFSI: TiO2 ETT
ylizeylerine homojen olarak buyutillebilmesi icin oldukga
elverisli oldugu tespit edilmistir.

Yiksek faz safligi ve kristalligin yani sira daha distk tane
siniri yogunlugu hicre performansini ve kararliligini
onemli 6lcide artirmaktadir (Akman vd. 2021, Sadegh vd.
2023). Li-TFSI katkisinin kristal yapiya etkisini tespit etmek
amaciyla saf ve Li-TFSI:TiO2 ETT filmler Gzerine kaplanan
CsFAMAPDI2Br perovskit filmlere ait kristal 6zellikler XRD
analiziile belirlenmistir. Sekil 3 (a)’da gorilecegi tizere 26:
11,8°de saf TiO, ETT /perovskit filmde baskin olarak
gorilen ve istenmeyen sari faz olarak bilinen delta (6)
fazina ait pikin artan Li-TFSI katkisi ile azalarak 10 mg/ml
degerinden sonra kayboldugu goriilmektedir. Bu durum 6
fazinin yok olmasiyla hem hiicre performansinin
iyilesecegi hem de daha kararli yapilarin elde edilecegini
isaret etmektedir. 26: 12,8° degerinde ise perovskit filmin
kimyasal kompozisyonundan kaynaklanan Pbl; fazina ait
pik goriilmektedir. Artan Li-TFSI katkisi ile baskin hale
gelen bu pikin hiicre verimine olumlu katki sundugu

literatlirden bilinmektedir (Ma vd. 2022).
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Sekil 2. a) Saf, b) 5 mg/ml, c) 10 mg/ml, d) 15 mg/ml
konsantrasyona sahip Li-TFSI katkil TiO, ETT filmlerin farkh
buyltmelerdeki ylizey SEM gorintaleri. e) Saf, f) 5 mg/ml, g) 10
mg/ml, h) 15 mg/ml konsantrasyona sahip Li-TFSI katkili TiO, ETT
filmlerin temas agisi gortintileri.

( a) (110) ' #FTO Saf
- * Pbl; | ——5mg/ml Li-TFSI
ndé-Faz | —— 10 mg/ml Li-TFSI
—— 15 mg/ml Li-TFSI

T

(220)

Siddet (k.b.)

Sogurum (k.b.)

|
|

10 20 30 40 50
2teta (derece)

Tam filmlerin CsFAMAPDI2Br perovskit fazi ile eslesen
literatlr ile uyumlu olarak 26: 14,6°, 20,3°, 24,8°, 28,7°,
32,1°, 35,2°, 40,9° ve 43,4° degerlerinde sirasiyla (110),
(112), (202), (220), (222), (312), (224) ve (314)
yonelimlerinde kirinim pikleri verdigi gérilmektedir (Bu
vd. 2017, Liv vd. 2018, Tien vd. 2023). Ayrica, kirinim
desenlerinde 28: 26,8°, 34,2° ve 37,9%de goriilen piklerin
ise FTO alttas kaynakli oldugu bilinmektedir (Cid vd. 2013,
Xia vd. 2016). Li-TFSI:TiO2 filmler saf TiO: filmler ile
karsilastinldiginda daha iyi bir kristal kaliteye isaret eden
daha siddetli kirinim pikleri sundugu gorilmektedir.

Saf ve Li-TFSLTiO2 ETT filmlerin Gzerine kaplanan
CsFAMAPDI.Br perovskit filmlerin optik 6zelliklerini
incelemek amaciyla 400-800 nm dalga boyu araliginda
sogurum spektrumlart alinmis ve Sekil 3 (b)'de
sunulmustur. Tim perovskit filmlerin yaklasik 770 nm
dalga boyunda ilgili perovskit kompozisyonu ile uyumlu
olacak sekilde karakteristik sogurum kenari verdigi
gorilmektedir. Li-TFSI:TiO2 ETT filmler Gizerine buyutilen
perovskit filmlerin saf TiO> ETT Uzerine biyitilen
perovskit filme kiyasla uzun dalga boyu degerlerinde
(>500 nm) kismen daha yiiksek bir sogurum siddeti
sundugu tespit edilmistir. Bu durum Li-TFSI katkisinin
perovskit filmin blytme kinetigini degistirmesi ve daha iyi
bir kristalografik kalite sunmasi ile iliskilendirilebilir. Bu
sonug, Li-TFSI:TiO2 ETT filmler Gzerine biyutilen
perovskit filmlerin hiicre mimarisinde 6nemli bir avantaj
sunabilecegini gostermektedir, clinki glines
spektrumunun en etkin oldugu bolgede daha yiksek bir
sogurum saglamaktadir. Diger taraftan, <500 nm dalga
boyu altinda Li-TFSL:TiO2 ETT filmler lzerine biyitllen
perovskit filmlerin saf film ile kiyaslandiginda daha diisik
sogurum siddeti sergiledigi gorilmektedir.

(b) ,

1k
— Saf

—— 5 mg/ml Li-TFSI
0 |~ 10 mg/ml Li-TFSI
15 mg/ml Li-TFSI

400 500 600 700 800

Dalgaboyu (nm)

Sekil 3. Saf ve Li-TFSI:TiO, ETT filmler Uzerine buyutilen CsFAMAPbI,Br perovskit filmlerin a) XRD desenleri ve b) sogurum

spektrumlari.
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Her ne kadar 400-500 nm araligi goriinir bolgede kalsa da
<400 nm altindaki yuksek enerjili UV bdlge perovskit
filmlerin bozunumunu tetiklemesi sebebiyle perovskit
mimarisinde sogurumun tercih edilmedigi boélge olarak
bilinmektedir (Han vd. 2020, Zhao vd. 2024). Bu sebeple
hedef filmlerin kontrol filmlere kiyasla daha iyi bir UV 151k
kararliligi sunma potansiyeli oldugu da soylenebilir. Sonug
olarak uzun dalga boyu degerlerinde sogurumun artmasi
onemli bir kazanim olsa da dusik dalga boyu degerlerinde
bir miktar diistis gorllmektedir. Bu durum, hiicreye ait
fotovoltaik parametrelerde (6zellikle Jsc) 6nemli bir
degisim beklenmedigi seklinde yorumlanabilir.

CsFAMAPbI,Br perovskit sogurucu tabakanin saf TiO2 ve
Li-TFSI:TiO2 ETT filmlerin ylzeyindeki bliylime kinetigini
ilgili filmlere ait farkh blylitme

SEM Sekil  4'te
sunulmustur. Yizey SEM gorintilerinden gorilecegi
Uzere CsFAMAPDI2Br sogurucu tabakasi saf ve Li-TFSI:TiO2
tabakalari tizerine homojen bir sekilde kaplanmistir. Sekil

anlamak amaciyla

oranlarinda alinan goruntileri

4 (a)’da verilen saf perovskit filme ait SEM goriintisiinin
akim kagaklarina sebep olacak sekilde derin tane sinirlari
icerdigi gorilurken; Li-TFSI:TiO2 ETT Uzerine buyitllen
perovskit filmlerin daha siki bir morfolojide buyudigi
soylenebilir. Ayrica Li-TFSL:TiO2 ETT Uzerine buyitllen
perovskit filmlerin tane boyutunun kontrol filmine kiyasla
kismen daha biylk oldugu gorilmektedir. Filmlere ait
tim analiz sonuglan birlikte degerlendirildiginde
CsFAMAPbI2Br  perovskit filmlerin  Li-TFSI:TiO2 ETT
ylzeyinde daha iyi optik, morfolojik ve yapisal 6zellikler
sunacak sekilde bir
variimaktadir.

blylime sergiledigi sonucuna

FTO/c-TiO2/mp-TiO2/CsFAMAPbI2Br/Spiro-OMeTAD/Ag
hiicre mimarisinde Uretilen PGH’lerin fotovoltaik
ozellikleri 100 mW/cm2 istkaltinda test edilmistir. Li-
TFSI:TiO2 katkisinin  hiicre performansi
etkisini incelemek amaciyla saf ve Li-TFSI:TiO2 katkili ETT

Gzerindeki

hiicrelerin fotovoltaik
Sekil 5(a)’da
sunulan J-V karakteristiklerinden elde edilen saf ve Li-
TFSI:TiO2  katkih
degerleri Cizelge 1'de Ozetlenmistir. Saf TiO; ETT ile

filmler (zerine hazirlanan

performansi Sekil 5’te sunulmustur.

hiicrelerin fotovoltaik performans

Uretilen hicreden 23,98 mA.cm” Jsc degeri ile %18,16
GDV elde edilirken, en yluksek verim degerine (%19,98)

24,13 mA.cm > Jsc degeri ile 10 mg/ml konsantrasyona
sahip Li-TFSI:TiO2 tabanh hiicre ile ulasiimistir. Hiicre
performansinin artan Li-TFSI katkisi ile belirgin bir
Li-TFSI  katkisi ile
hiicrelerin agik Voc ve FF parametrelerinde de belirgin

sekilde arttigr goralmektedir.
bir artis gozlenmistir. Saf hiicrede Voc degeri 1,03 V

iken Li-TFSI:TiO2 katkilh hicrelerde bu deger 1,07 V

degerine ulasmistir. Benzer sekilde, saf TiO2 ETT tabanl
hicre %73,75 FF degeri sunarken 10 mg/ml Li-TFSI:TiO2
ETT tabanh hicre icin bu deger %78,69 olarak elde
edilmigtir. Li-TFSI:TiO2 katkili PGH’nin performansindaki
bu artis Li* ve TFSI ETT/perovskit
araylzeyinde ve perovskit filmler Gzerinde etkili bir

iyonlarinin

sekilde kusurlari pasiflestirerek ylik transferini

iyilestirmesine atfedilebilir.

ez & °m 5 . O
Sekil 4. a) Saf, b) 5 mg/ml, ¢) 10 mg/ml ve d) 15 mg/ml
konsantrasyona sahip Li-TFSI katkil ETT filmler (zerine
biyutilen perovskit filmlerin farkli biiyitmelerdeki yizey SEM

gorintuleri.

Cizelge 1. Saf ve farkli konsantrasyonlarda Li-TFSI katkil TiO, ETT
tabanli hiicrelere ait fotovoltaik parametreler.

ETT Jsc(mA.cm?) Voc (V) FF (%) GDV (%)
23,98+ 1,03+ 73,75+ 18,2+
Saf TiO,
0,05 0,01 0,68 0,3
5 mg/ml 23,88t 1,05+ 77,84+ 19,6+
Li -TFS! 0,07 0,01 1,14 0,3
10 mg/ml 24,13+ 1,05+ 78,69+ 20,0+
Li-TFS| 0,08 0,01 0,98 0,2
15 mg/ml 24,00+ 1,07+ 76,86+ 19,8+
Li-TFS| 0,14 0,01 1,40 0,1
Son olarak elde edilen fotovoltaik performans

degerlerinin tekrarlanabilirligini géstermek amaciyla her

oran icin en az 4 hicre {Uretilerek fotovoltaik

parametreleri analiz edilmistir.
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Cizelge 2. Farkli katki maddeleri kullanilarak hazirlanan TiO; ETT tabanli hiicrelere ait fotovoltaik performans parametreleri (2019-

2023 yillari arasinda rapor edilen ¢alismalar).

Katki Jsc (mA.cm??) Voc (V) FF (%) GDV (%) Ref.
B 23,71 1,10 78,6 20,5 Shivd., 2019
Li-TFSI 24,13 1,05 78,7 20,0 Bu ¢alismada
Ta 22,45 1,13 77,0 19,6 Chenvd., 2022
Ce 22,26 1,11 78,1 19,3 Jinvd., 2022
Ga 21,88 1,14 77,0 19,2 Mali vd., 2019
W 24,24 1,12 69,2 18,9 Wang vd., 2021
Re 23,15 0,93 50,0 18,6 Afzalivd., 2020
Ag 21,70 1,00 75,4 16,5 Chen vd., 2019
Sn 20,80 1,07 74,0 16,4 Suvd., 2020
Co 24,08 1,03 65,0 15,8 Nguyen vd., 2020
Al 24,06 0,97 67,0 15,3 Moshfeghi vd., 2022
Zr 23,66 0,92 56,8 12,4 Qureshivd., 2021
Er 18,22 0,96 66,0 11,5 Venkatachalam vd., 2019
Nd 7,51 1,60 83,5 10,1 Gao vd., 2023
Ca 19,28 0,83 61,2 9,8 Arshad vd., 2022
Mg 16,02 0,98 59,0 9,4 Ghazanfarpour vd., 2023
Nb 16,98 0,78 54,0 7,2 Bidaki vd., 2022
S 13,90 1,00 43,2 6,0 Abd Mutalib vd., 2022
24 T T T
Ngo20 |
3]
E 16
2 —=— Saf 1
2 20 e 5mgmiLiTFSI
3 —=— 10 mg/ml Li-TFSI 4
’g | |—=— 15 mg/ml Li-TFSI
E i
g o
n 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Voltaj (V)
21 245
204
R B0 wm | ¢ ,
w19 24.0
g g el =
. P
18
17 r . - - 235 ‘ ‘ . .
0 5 10 15 0 5 10 15
Li-TFSI (mg/ml) Li-TFSI (mg/ml)
1,10 80
—]
s 1,06 ’ i . E
o —— £ 754
(] w
> 1,04 w
1,02 ' é
1,00 T T T T 70 T T T T
0 5 10 15 [ 5 10 15
Li-TFSI (mg/ml) Li-TFSI (mg/ml)

Sekil 5. Saf ve Li-TFSI:TiO, ETT tabanl hiicrelere ait a) J-V karakteristikleri. Her oran icin elde edilen parametrelerinin
tekrarlanabilirligini gosteren histogram verileri: b) GDV, c) Jsc, d) Voc, €) FF degerleri.
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Sekil 5 (b-e)’'de verilen histogram verilerinden tim

hiicrelerin iyi bir tekrarlanabilirlik sundugu ve

parametrelerdeki degisimin en iyi performans sunan
hicreler ile ayni trendi sergiledigi gorilmektedir. Bu
durum vyiksek glvenilirlik ve tekrarlanabilirlik sunan
perovskit hiicrelerin buyik 6lgekli Gretimi ve ticarilegme
potansiyeli agisindan Gimit vericidir.

Cizelge 2’de farkli katki maddeleri katkilanarak hazirlanan
TiO2 ETT tabanh hicrelere ait fotovoltaik performans
parametreleri sunulmustur. Li-TFSI:TiO2 ETT ile %19,98'lik
bir GDV degeri elde edilen bu c¢alismanin literatiirde
yapilan c¢alismalar ile kiyaslandiginda oldukga iyi bir
performans sergiledigi degerlendirilmektedir.

4. Sonuglar ve Tartisma

Bu calismada, Li-TFSI katkisinin mp-TiO2 ETT filmlerin
optik, yapisal ve morfolojik 6zelliklerinin yani sira Uretilen
hicrelerin  fotovoltaik performansi (izerindeki etkisi
incelemistir. Li-TFSI katkih TiO2 ETT filmlerde tasiyicilarin
rekombinasyonunun azaldig ve yiik transferinin iyilestigi
elde edilen fotovoltaik sonuglardan gézlemlenmistir. Saf
TiO2 ETT ile Uretilen CsSFAMAPDI2Br hiicre mimarisinde
%18,16'lik bir GDV elde edilirken, 10 mg/ml Li-TFSI katkih
hicrede %19,98'lik bir GDV degerine ulasiimistir. Bu
¢alismanin, katkilama mihendisligi ile optimize edilen
ETT'lerin daha vyiksek performans sunan PGH'lerin

gelistiriimesine  yonelik ilerici  ¢alismalari  tegsvik

edebilecegi 6ngorilmektedir.

Etik Standartlar Bildirgesi
Bu ¢alismanin hazirlanma siirecinde bilimsel ve etik ilkelere uyuldugu ve
yararlanilan tiim ¢alismalarin kaynakgada belirtildigi beyan olunur.

Yazarlik Katki Beyani

Yazar 1: Kaynaklar, Arastirma, Deney tasarimi, Deney, Fikir Sahibi Yazma
— orijinal taslak Gorsellestirme, Yazma — orijinal taslak

Yazar 2: Kaynaklar, Arastirma, Deney tasarimi, Deney, Fikir Sahibi Yazma
— orijinal taslak Gorsellestirme, Yazma — orijinal taslak

Yazar 3: Kaynaklar, Arastirma, Deney tasarimi, Deney, Fikir Sahibi Yazma
— orijinal taslak Gorsellestirme, Yazma — orijinal taslak

Yazar 4: Kaynaklar, Arastirma, Deney tasarimi, Deney, Fikir Sahibi Yazma
— orijinal taslak Gorsellestirme, Yazma — orijinal taslak

Cikar Catismasi Beyani
Yazarlarin bu makalenin igerigiyle ilgili olarak beyan edecekleri higbir
¢ikar gatismasi yoktur.

Verilerin Kullanilabilirligi
Bu c¢alisma sirasinda olusturulan veya analiz edilen tim veriler,
yayinlanan bu makaleye dahil edilmistir.
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Oz

Bu galismada %100 kenevir ipliklerinden elde edilmis dokuma
kumaslara daldirmali kaplama (dip-coating) yontemi ile ¢inko
oksit (ZnO) nanopargaciklar emdirilmistir. Ham ve modifiyeli
kenevir dokuma kumaslarin yapisal, morfolojik, fiziksel, mekanik
ve termal oOzellikleri karsilastirlmistir.  Yapilan Fourier
donlstimla kizilotesi spektroskopisi (FTIR) ve enerji dagihmli X-
isinlari spektroskopisi (EDS) analizleri sonucunda modifiyeli
kenevir dokuma kumaslarinda ZnO metal oksit varligi tespit
edilmistir. ZnO nanopargacik emdirilmis kumaslarin tarama
elektron mikroskobu (SEM) ile morfolojik 6zellikleri incelenmis
ve kumas yapisi Gzerinde yer yer bosluklu olsa da homojen
kaplama elde edildigi gozlemlenmistir. Termogravimetrik analiz
(TGA) sonuglari ZnO nanopargacik ihtiva eden kumaslarin
sicaklkla kitle degisimlerinin ham kumasa gore daha yuksek
oldugunu gostermistir. Kopma mukavemeti analizi ile ZnO
nanopargacik iceren kumasin mukavemet ve kopma uzama
degerlerinde belirgin bir degisim olmadigi tespit edilmistir. ZnO
nanopargacik emdirilen kumaglarin temas agisinin (56.950) ham
kumas temas agisindan (62.830) daha kiigik oldugu, bunun
sonucu olarak kumasg hidrofilik 6zelliginin arttigi tespit edilmistir.
Bu calismada elde edilen sonuglar, ZnO nanopargaciklarin
daldirmali kaplama ile kumasa emdirilmesi yaklasiminin yiksek
performansh kenevir tekstil Griinlerinin gelistirilmesi icin umut
verici oldugunu gostermistir.

Anahtar Kelimeler: Kenevir, Cinko oksit, ZnO, SEM, Mukavemet, Temas
agis.

© Afyon Kocatepe Universitesi

Abstract

In this study, woven fabrics made from 100% hemp yarns were
impregnated with zinc oxide (ZnO) nanoparticles using the dip-
coating method. Structural, morphological, physical, mechanical
and thermal properties of raw and modified hemp woven fabrics
were compared. As a result of Fourier transform infrared
spectroscopy (FTIR) and energy dispersive X-ray spectroscopy
(EDS) analyses, the presence of ZnO metal oxide in modified
hemp woven fabrics was detected. The morphological
properties of ZnO nanoparticle impregnated fabrics were
examined with scanning electron microscopy (SEM) and it was
observed that a homogeneous coating was obtained, although
there were gaps on the fabric structure. Thermogravimetric
analysis (TGA) results showed that the mass changes of fabrics
containing ZnO nanoparticles with temperature were higher
than the raw fabric. With the breaking strength analysis, it was
determined that there was no significant change in the strength
and breaking elongation values of the fabric containing ZnO
nanoparticles. It was determined that the contact angle of ZnO
nanoparticle impregnated fabrics (56.950) was smaller than the
raw fabric contact angle (62.830), and as a result, the fabric
hydrophilicity increased. The results obtained in this study
showed that the approach of impregnating ZnO nanoparticles
into fabric by dip coating is promising for the development of
high-performance hemp textile products.

Keywords: Hemp, Zinc oxide, ZnO, SEM, Strength, Contact angle.

1. Giris
Petrol fiyatlarinin artisi, endistriyel atik sorunlari ve
insanlardaki ¢evre hassasiyeti, arastirmacilari ve
sektorleri stirdirebilir kaynaklar ile yenilenebilirlik Gzerine
ciddi arastirmalar ortaya koymaya itmektedir (Dai and Fan
2010). Gergeklestirilen galismalarla birlikte yenilenebilir
ve slrdurulebilir nitelikte olmasi ile beraber sahip oldugu
Ustlin performans 6zellikleri nedeniyle kenevir; medikal
ve endistriyel uygulamalariyla her gecen giin 6nemli bir
malzeme konumuna gelmistir. Kenevir, cannabinaceae
familyasina ait olup odunsu ve bir yillik bir bitki ttradar.
Anavatani bolgesi olmakla beraber

Asya degisik

nedenlerle tiim diinyaya yayillmis bulunmaktadir.

Ginumizde iki 6nemli alt tiri bulunmaktadir. Bunlar;
Cannabis sativa ve Cannabis indica’dir. Cannabis sativa, lif
verimi bakimindan Ustiin olmasindan dolayi endustriyel
uygulamalar igin daha g¢ok kullanilmaktadir. Diger bir tir
olan Cannabis indica ise daha ¢ok narkotik hammaddesi
olarak kullanilabilmesi nedeniyle tim diinyada ekimi
yasaklanmis bir tlrdir. Kenevir, insanlik tarihindeki ekimi
yapilan ilk kdltar bitkisi tdrlerinden biridir (Sekil 1).
Pamuki  teknolojisinin ilerlemesi, kenevir  karsiti
yaptirimlar ve yapay liflerin pazara ¢ikmasi sonucunda
20.yy’dan itibaren kenevir 6nemini kaybetmistir. Son
yillarda isel pandeminin etkisil ve c¢evresel sorunlar

nedeniyle lkenevir lifi eski onemini tekrar kazanmaya
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baslamis ve bu dogrultuda dogal ve sentetik liflerle

kompozit karisimlar elde edilerek Ustlin ozellikli,

sirdardlebilir Grianlerinin Gretimi ivme kazanmistir (Acar
ve Donmez 2016).

Sekil 1. Kenevir sakindaki tekstil Gretimine uygun primer lifleri

Gilnlimizde dogal, biyo-bozunur ve sirdirilebilir
malzemelerin 6nemli hale gelmesiyle, kenevir elyafi da,
hidrokarbon kaynakli yapay elyaflarla kiyaslandiginda,
yuksek cevreci ozellikleri ve dogal proses potansiyeli ile
fark yaratmaktadir. Ekolojik ve surdurdlebilirlik algisinin
blyuk 6nem kazanmasi ile diinyada ve lilkemizde kenevir
elyafi islenmesinde kayda deger artis gorilmektedir.
bitkisi
ketenden farkli olarak giibre ve tarim ilacina ihtiyag

Kenevir yetistirilmesi esnasinda, pamuk ve
duymadigindan, surdirilebilir ve c¢evre dostu olarak
Uretilebilmektedir. Geldigimiz nokta itibariyle Glkemizde
Yozgat, Samsun, Amasya, Sinop, Antalya, Bartin, Corum,
Kastamonu, izmir, Kayseri, Malatya, Ordu, Rize, Burdur,
Karabuk, Tokat, Usak, Sanliurfa, Kitahya ve Zonguldak
olmak Gzere 20 ilde izne ve denetime bagl olarak
endustriyel kenevir yetistiriciligi yapilabilmektedir. Birgok
arastirma ve projeler dahilinde kenevir esasli Uretilen
tekstil Grlnlerinin tasarlanmasi, katma deger yaratan
Urlinler elde edilmesi ve prosesin stirdirilebilmesi ile ilgili

calismalar devam etmektedir (Sahinbaskan 2019).

Bir malzemenin kimyasal ve fiziksel 6zellikleri kiitleden
nanometre 6lcegine dogru degismektedir. Bu nedenle, bir
nanoparcacik, yuksek ylzey alani/hacim orani nedeniyle
daha fazla reaktivite ve diger bazi benzersiz 6zellikler
gosterebilmektedir (Selvam et al. 2010, Simoncic et al.
2010.. Nanoteknoloji uygulamalari, muazzam ekonomik
potansiyelinin bir sonucu olarak hemen hemen her
sektore yaygin olarak kullanilmaktadir (Salem et al. 2020).
Tekstil sektori de nanopartikillerin sayisiz faydasini
uygulayan bu sektorlerden biridir. Ayrica tiketicilerin
uzun omdurli ve slrdirulebilir pratik giysilere olan talebi,
nano materyallerin tekstilde kullanilmasina kapi agmistir
(Yetisen et al. 2016). Farkh nanopartikillerin spesifik
faydalari, tekstil alaninda, fonksiyonel tekstiller Gretmek
icin kullaniimaktadir.

Farkh nanopartikullerle kaplanmis ¢ok fonksiyonlu tekstil
malzemelerinin gelistirilmesine yonelik gesitli calismalar
yuratilmektedir. Glimis (Ag), ¢cinko oksit (ZnO), titanyum

dioksit (TiO2) ve silikon dioksit (Si02) gibi nanopartikiller,
arastirmacilar tarafindan fonksiyonel 6zellik kazandirmak
ve modern pazarlarin talebini karsilamak igin
kullanilmistir (Dastjerdi and Montazer 2010, Tania et al.
2019, Pan 2001).

nanopartikillerin potansiyelinden

and Wang Ornegin  giimis
yararlanilarak
antibakteriyel aktivitesi ylksek bir kumas Uretilmistir
(Tania et al. 2021, Zahran et al. 2014, Tania et al. 2019).
Zn0; genis ylzey alani, yiksek verim, kimyasal kararlilik ve
yuzey fonksiyonel gruplari gibi benzersiz fiziksel ve
kimyasal ozellikler icerir (Kataria et al. 2017). ZnO, genis
bant araligina, yuksek elektron hareketliligine ve iyi optik
ve elektriksel ozelliklere sahip bir yari iletkendir. Cevre
dostu olmasi, biyouyumlulugu ve disuk fiyati nedeniyle
tekstil

malzemelerinin modifiye edilmesi igin de uygun bir metal

(opto)elektronik  uygulamalara ek olarak
oksit yariiletken malzemedir (Salari et al. 2019). Bununla
birlikte, ZnO nanopartikillerinin; glinesten koruyucular,
UV emiciler, yansima Onleyici kaplamalar, fotokataliz,
katalizor, giines pilleri, sensorler, ekranlar, piezoelektrik
cihazlar, elektro-akustik, i1sik yayan diyot, fotodiyotlar ve
UV 15181 gibi diger dikkate deger potansiyel uygulamalar
nedeniyle oldukga ilgi cekici uygulamalarda
kullaniimaktadir (Dastjerdi and Montazer 2010, Arnold et
al. 2003, Baltakesmez et al. 2011). ZnO'nun bireysel
Ozellikler kazandiran etki mekanizmalarinin yani sira
ZnO'nun tekstil elyaflar (zerindeki performansini ve
verimliligini etkileyen c¢esitli parametreler de dikkat
cekicidir (Sekil 2). Ancak literatiirde, ZnO tabanh nano
yapih
yonelik calismalar sinirlidir.

malzemelerin tekstilde kullanim potansiyeline

Sekil 2. ZnO'nun tekstil malzemeleri Uzerindeki fonksiyonel
ozelliklerinin sematik gosterimi.

Tekstil endustrisinde, kumaslara c¢ok islevli 6zellikler
kazandirmak igcin ZnO nanopartikilleri uygulanmistir.
Ayrica ZnO nanopartikilleri biyolojik olarak uyumlu,
toksik olmayan ve c¢evre dostu olup, onlar tekstil
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uygulamalari igin umut verici bir malzeme haline
getirmektedir (Mohammadipour-Nodoushan et al. 2023).
Zn0 nanoyapilarini tekstil malzemelerine uygulamak igin;
hidrotermal yol, ultrasonik isinlama teknigi, katman
katman biriktirme, emdirme kurutma ve sol-jel islemi
uygulanabilmektedir (Majumdar et al. 2018, Pintaric et al.
2020, Li et al. 2011, Ugur vd.2010). Yapilan literatir
arastirmalarinda nano boyutta cinko oksit kaplama
yapilmis %100 kenevir

ozelliklerinin

dokuma kumas yapilarin

incelenmesine  yoénelik herhangi bir
¢alismaya rastlanilmamistir. Bu c¢alismada, %2,5 ZnO
nanopargacik sulu ¢ozeltisi hazirlanmigtir. Bu karisim
¢alismalarinda ¢oziici igin saf su kullanilmistir. Hazirlanan
¢ozeltilerin pH, sicaklik ve yogunluk degerleri 6lglilmis ve
daldirmali  kaplama yontemi ile kenevir kumasa
emdirilmistir. ZnO emdirilmis kenevir dokuma kumasin
yapisal karakterizasyonu icin FTIR, morfolojik analiz igin
SEM-EDX, termal karakterizasyonu icin TGA, mekanik
ozellikleri icin mukavemet, su emicilik 6zelligi icin temas

acisi 8lciimleri gergeklestirilmistir.

/ " Kenevir kuma;

*  Safsu

¢ Cinko oksit partikiil

'

2. Materyal ve Metot
2.1 Malzemeler

Bu galismada %100 kenevir dokuma kumas Filofibra
sirketinden temin edilmistir. Atki ve ¢6zgi iplik numarasi
ayni olup Nm36’dir. Cozgu ve atki sikliklari sirasi ile 58 ve
56 tel/cm olup kumas gramaji 127 GSM’dir ve bezayagi
dokuma orglsiine sahiptir. Etanol (>%98) Sigma
Aldrich'ten satin alinmistir. Sulu ¢ozeltide yesil sentez
yontemiyle elde edilmis yaklasik 38 nm boyutunda ZnO
nanoparcacik tozu kullaniimistir).

2.2 Metot

ilk olarak, etanol yikama (6n islem) ve ZnO nanopargacik
sulu ¢ozeltisi emdirme (yas islem) islemleri igin %100
kenevir dokuma kumasi 20x20 cm boyutlarinda kesildi.
Ardindan Sekil 3’de verildigi gibi kenevir kumasi olasi
safsizliklardan arindirmak icin %5’lik etanol ¢ozeltisi
icerisinde 50°C'de 30 dakika 6n isleme alindi. On islem
sonrasi kenevir kumas 50°C'de 24 saat etlivde kurutmaya
birakilarak yas isleme hazir hale getirildi.

On islem cozelti hazrihk ~ On islem Cézelti hazirhk Yas islem Kurutma
Oda sic. s0C oda sic oda sic. 200
4 saat 30 dakika 2 saat' 30 dakika 24 saat

Sekil 3. Kenevir kumasa ZnO nanopargacik sulu ¢ozelti emdirme islemine ait adimlar

Sekil 4’de goziktigi gibi ZnO nanopargacikh sulu ¢ozelti
%2,5 konsantrasyona sahip olacak sekilde hazirlandi.
Cozelti ilk 6nce 50 °C'de 30 dakika bir manyetik karistiricili
isiticida karistirildi, ardindan oda sicakliginda 24 saat
karistirildi. Hazirlanan ¢ozeltiye ait parametreler Cizelge 1
verilmistir. Hazirlanan ZnO nanopargacik sulu ¢ozeltisinin
kenevir

kumasa emdirilmesinde daldirmali kaplama

yontemi kullanildi.

Cizelge 1. Nano partikiil ¢cinko oksit ¢6zelti parametreleri

Cinko oksit Cozelti Sicakhk Yogunluk
orani (%) pH (°C) (gr/cm3)
2,5 10,56 29,7 1,14

Sireg¢ sonrasi elde edilen modifiyeli ve ham kenevir
kumaslara ait fotograf goriintlleri Sekil 5'de verilmistir.
Daldirmali kaplama yontemi ile yapilan yas islem
calismasinda 6n islem gormiis ve kurutulmus kenevir
kumas oda sicakliginda 30 dakika boyunca emdirme islemi
gormustiir. Daha sonra ise ylizey suyu kuru bez yardimiile

uzaklastirildiktan sonra etiivde 50 °C 24 saat kurutmaya

birakilmistir. Yas islem oncesi ve sonrasi olarak kenevir
kumaslara ait gorseller Sekil 5’de paylasiimistir.

Sekil 4. ZnO nanopargacik sulu ¢ozeltisi

Sekil 5. (a) Islem gérmemis kenevir kumas, (b) ZnO nanopargacik
sulu ¢ozeltisi emdirilmis kenevir kumas

933



Daldirmali kaplama yéntemi ile ZnO Nanopargaciklarin Kenevir Dokuma Kumaslara Emdirilmesi ve Karakterizasyonu, GUL.

ZnO nanopargacik sulu ¢ozeltisi emdirilmis kenevir

dokuma kumasin morfolojik ve ylizey yapisinin
incelenmesi icin oncelikle Cressington 108auto altin
kaplama cihazinda kumag 6rneklerine altin film kaplama
yapildi ve ylizey ZEISS marka EVO/LS10 model SEM cihazi

ile goruntulendi.

Mukavemet testleri EN ISO 2062 standardina gore 50
mm/dk ¢cene hizinda ve ¢eneler arasi 12 cm olacak sekilde
0,05 MPa 06n gerilim ile gergeklestirildi. Her numune igin
U¢ mukavemet testi yapildi. Modifiye edilen kenevir
ozelliklerinin  belirlenmesi

kumasin yapisal amaciyla

Yozgat Bozok Universitesi Kimya Bolumu
laboratuvarlarindaki Perkin Elmer Spectrum-400 FTIR
cihazi ile ASTM-E168 standardina gore 4000-450 cm-1
dalga boyu araliginda FTIR analizleri yapildi. Kimyasal
kinetik ve bozunma sistematiginin belirlenmesi igin KSU
Fen Fakiltesi-Analitik Kimya Laboratuvarinda bulunan Sl
marka TG/DTA 6300 model TGA cihazi ile azot gazi (N2)
varliginda 10 °C /dakika isitma hizinda ve 30-600 °C
araliginda TGA analizleri yapildi. Termal analiz yontemi
ASTM-D3417 standardina gore gerceklestirildi. islem
oncesi ve sonrasi kumaslarin su emicilik 6zelliklerine ZnO
icin  KSU-USKim
laboratuvarinda KSV Attansion marka Theta model temas

nanoparcaciklarin  etkisini gérmek
acisi 6lgim cihazi kullanildi ve her numune igin 6lgiim 10

kez tekrarlandi.

3. Bulgular ve Tartisma
3.1. SEM analizi

Kenevir dokuma kumasa ZnO nanoparcacik sulu ¢ozelti
emdirilmesinden sonra kumas/iplik ytizeyinin morfolojik
SEM goruntileriyle incelenmistir. Sekil 6(a-d)'de verilen
SEM goriintileri kumas icin x200 (a ve c), iplik icin x3000
(b ve d) blyitme ile alinmistir. Ham kumasa ait SEM
goruntileri (kumas Sekil 6(a) ve iplik Sekil 6(b)) dikkate
alindiginda ZnO nanopargacik sulu ¢ozeltisi emdirilmis
kenevir kumas ipliklerinde (Sekil 6(c) ve iplik Sekil 6(d))
¢Ozelti kalintilari acik bir sekilde gdziikmektedir. Boylece,
Zn0 nanopargaciklarinin kenevir kumas ipliklerinin icinde
ve ylzeyinde varligindan s6z edilebilir. Bunun kaniti
olarak, her iki kumas 6rnegine EDS analizi uygulanmis ve
spektrumlar Sekil 7'de elementel kitle yuzdeleri ise
Cizelge 2’de verilmistir. EDS analizinden elde edilen
elementel kiitle kompozisyonu verilerinde kenevir kumas
nanopartikillerinin  kiitle
EDS analiz
sonuglari karbon (C) elementinin yizdesinin azaldigini ve

ylzeyine emdirilen g¢inko

yuzdesini %3,3 oraninda bulunmustur.
oksijen (O) elementinin ylzdesinin ise arttigI gostermistir.
ZnO nanopargacik sulu ¢ozeltisi emdirilmis kenevir

dokuma kumasta ¢inko (Zn) varhigi da tespit edilmistir.

Sekil 6. Ham kenevir kumas (a) ve iplik (b), ZnO nanopargacik
sulu ¢ozeltisi emdirilmis kenevir kumas (c) ve iplik (d)

M spectrum 13
Wt% o

684 04

226 03

33 03

30 02

01

Sekil 7. ZnO nanopargacik sulu ¢ozeltisi emdirilmis kenevir
kumas EDS spektrumu.

Cizelge 2. Ham ve ZnO nanopargacik emdirilmis kenevir kumas
elementel kiitle ylzdeleri

Numune Elementler (Wt % )
C 0 Zn
Ham Kumas 69,4 22,1 -
ZnO emdirilmis kumas 68,4 22,6 3,3
3.2. FTIR analizi

Kenevir dokuma kumaslarin ham ve ZnO nanopargik sulu
¢Ozelti emdirilme sonrasi mevcut fonksiyonel gruplar FTIR
analizi ile incelenmistir.
kumaslarin 3800-600 cm™ dalga boylari arasindaki FTIR
spektrumlari

Sekil 8de kenevir dokuma
verilmistir ve dis vylzeyindeki -OH

fonksiyonel grubunun modifikasyon derecesini

belirlenmistir.  Kenevir  liflerinden  elde edilen
spektrumlarda diger lignoseliilozik liflere benzer sekilde
selliloz ve lignin kombinasyonlarinda belirli piklerin izleri
gorilmektedir. Ornegin 3330 ve 3290 cm™'deki genis
pikler seltlozun hidroksil grubuna (—OH), 2900 ve 1420
cm'deki kisa pikler ise metilen gruplarina (—CH.) aittir
(Arik ve Karaman 2020). Bu bolgedeki karakteristik
piklerin siddeti, kenevir liflerinin ylzeyi Uzerine ZnO
nanoparcaciklarinin kaplanmasiyla azaldigi
gorilmektedir. Bu azalma, kenevir lifi ylzeyinin O-H
grubunun ZnO nanopargaciklari ile reaksiyonuna
atfedilebilir (Arik ve Karaman 2020). 1720 cm™'deki kisa

pik, asetil ester ve karbonil aldehit gruplarindan olusan
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karbonil grubuna (C=0) aittir. 1160 ve 1110 cm™ deki orta

pikler —-C-0-C asimetrik baglanmasindan
kaynaklanmaktadir. 1058 cm™'deki baskin pik ise
hemiseliloz ve lignindeki —C-O— gerilmesinden

kaynaklanmaktadir (Arik ve Karaman 2020). Bunula
birlikte ZnO nanopargacik sulu ¢ozeltisi emdirilen
modifiye kenevir dokuma kumasa ait spektrumda 470 cm”
'e yakin ZnO absorpsiyon band piki agikca gdzilkkmektedir
(Kathirvelu and Dhurai 2009). Sonug¢ olarak FTIR
spektrumu SEM ve EDS analizleri ile uyumlu olup ZnO

varhginin O-H gruplari ile iliskili olabilecegini gdstermistir.

Gegirgenlik (% T)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Sekil 8. Ham ve ZnO kaplanmis kenevir kumaslarin FTIR
spektrumlari

Kenevir liflerinin ylizeyinde bulunan OH gruplan ile
kaplama yapilacak ¢ozeltideki Zn katyonlari arasindaki
glicli kombinasyon kuvveti nedeniyle ¢inko kumas
Uzerine kolaylikla kaplanmasi kuvvetle muhtemeldir (Sekil

9).

" |
> 0
o o
o
HO © o
HO-
HO. 0. o 0 O
OH %
oH | Q n
n |

Kenevir ZnO kaplanmis kenevir kumas

Sekil 9. ZnO kaplh kenevir kumasin olasi reaksiyon yolu.
3.3. TGA analizi

Ham ve ZnO nanopargacik sulu ¢ozeltisi emdirilmis
kenevir dokuma kumas numunelerine ait azot ortaminda

gerceklestirilen TGA analizine ait Agirlik-Sicaklik egrisi
Sekil 10'da verilmistir. Elde edilen grafikler sicakliga bagh
olarak agirlik kayiplarini géstermektedir.

100 4

Agilik (%)
v
S

™ a

T T T T T T T T T
0 100 200 300 400 500 600
Sreaklik (°C)

Sekil 10. Ham (a) ve ZnO kaplanmis kenevir kumas (b)
numunelerinin TGA termogrami.

Paylasilan grafikte goziiktligl her iki kenevir dokuma
kumas numunelerinde yaklasik 75 °C'de baslayan ve
devam eden sicakliklarda %3+0,5 oraninda kitle kaybi
meydana gelmistir. Bu kitle kaybi, dogal liflerin hidrofilik
karakteristigine atfedilen dogal liflerde mevcut olan
nemin buharlagmasindan atfedilebilir. 325-400 °C
arasindaki agirlik kaybi bolgeleri ise seliiloz, 250-350 °C
arasindaki agirhk kaybi bolgeleri ise hemisellloz
ayrismasina atfedilmektedir (Hajiha et al. 2014). Spesifik
olarak agirhk kaybi, hemiselilozlarin termal
ayrismasindan ve selliloz molekdillerinin glikozit baginin
kopmasindan kaynaklanmaktadir. Ustelik bu kayip,
ligninin termal bozunmasindan kaynaklanan a ve B aril-
alkil-eter baglantilarinin  kopmasiyla iligkilendirilebilir.
Ligninin ise 200-720 °C'de kademeli olarak gergeklestigi
bilinmektedir (Hajiha et al. 2014).

600°C civarinda ham kenevir dokuma kumas %9,92, ZnO
nanopargacik sulu ¢ézeltisi emdirilmis kumasin ise %12,7
kalinti biraktigi tespit edilmistir. Ayrica, TGA egrilerinden
elde edilen agirlikga %10, %50, %90 kayiplarina ait sicaklik
degerleri (°C) cinsinden Cizelge 3'de verilmistir.

Cizelge 3. Ham ve ZnO kaplanmis kenevir kumaslari igin termogravimetrik sonuglar

Numune Bozunma Bozunma Agirlikca %10  Agirlikga %50  Agirlikga %90 600 °C kiitle
Bagl. Sic. Bitis Sic. Kayip Kayip Kayip kayip orani
(°C) (°C) (°C) (°9) (°Q) (%)
Ham Kenevir Kumas 207 467 257 310 543 90,08
Zn0 nanopargauk sulu gdzeltisi 216 482 283 322 551 87,30

emdirilmis kenevir kumas

Cizelge 3 incelendiginde, ZnO nanoparcacik sulu ¢ozeltisi
emdirilmis kenevir dokuma kumasin bozunma sicakliginin
yaklasik %10 oraninda artmistir. Elde edilen TGA sonuglari

literatlirde yapilan seliloz esash tekstil malzemeleri
Gzerine galismalarla uyumludur (Barani 2014). Dolayisiyla,
ZnO nanopargaciklarin varliginda termal kararliligin arttigi

935



Daldirmali kaplama yéntemi ile ZnO Nanopargaciklarin Kenevir Dokuma Kumaslara Emdirilmesi ve Karakterizasyonu, GUL.

ve 600 °C’ye kadar isinmalarda daha az kayip meydana
geldigi sonucuna varilmistir (Barani 2014, Thi and Lee
2017).

3.4 Mukavemet analizi

Ham ve ZnO nanopargacik sulu ¢ozeltisi emdirilmis
kenevir dokuma kumas numuneleri igin ¢ekme
mukavemeti ve uzama Ozellikleri incelenmistir. Yapilan
testlere ait Kuvvet-Uzama egrileri Sekil 11’de verilmistir.
Egrilerden elde edilen Kuvvet-Uzama ve Elastisite modiil
degerleri Cizelge 4’de paylasilimistir.

ZnO nanopargacik sulu ¢ozeltisi emdirilmis kenevir
dokuma kumas numunesinin kopma kuvveti atki yoniinde
yaklasik %7, ¢ozgli yonunde ise %5 artmistir. Kopma
uzama degerleri ise atki yoniinde %4, ¢6zgl yoniinde ise
%1 oraninda arttig saptanmistir. Sonug olarak, modifiyeli
kenevir dokuma kumaslar igin hem ¢ekme kuvveti hem de
kopma uzama degerleri, ham kumasa gore artmistir. ZnO
nanoparcaciklarinin  seliilozik esash lifler arasinda
kiimelenebildigini ve bir dolgu maddesi olarak hareket
edebildigini, boylece gerilme mukavemetini arttirdig
rapor edilmistir (Aladpoosh and Montazer 2015).
Dolayisiyla, elde edilen sonuglar kenevir dokuma kumas
yuzeyinde mevcut ZnO nanopargaciklarin kiimelenme
seklinde ince film yapisi olusturmasina atfedilebilir. Diger
taraftan, mukavemet analizi ZnO nanopargaciklarin

kenevir dokuma kumas yapisinda bir hasara neden
olmadigini da gostermektedir (Shaheen et al. 2016,
Becheri et al. 2008).

3.5 Temas agisi analizi

Temas agcisi analizi, her bir numune igin ayri ayr 4 plL'lik
bir su damlasi ile 3 kez tekrarlanarak yapilmigtir. Temas
agisi olarak aritmetik ortalama agi degeri kullanmistir.
Ham ve ZnO nanopargacik sulu ¢ozeltisi emdirilmis
kenevir dokuma kumas numunelerin su temas agisi
Olcimine ait damlacik gorseli ve histogram grafigi Sekil
12'de verilmistir. Sekil 12'de de gozuktigi gibi, ZnO
nanoparcacik sulu ¢ozeltisi emdirilmis kenevir dokuma
kumasin temas acisi yaklasik %9 daha kiguktir, suyla
disiik temas agisi yluksek hidrofiliklik 6zellik ile iliskilidir
Pintari¢ et al.). Kumaslarda hidrofiliklik 6zelligin yiizey
enerjisi ve vyuzey purizliligine bagh oldugu iyi
bilinmektedir (Qu et al. 2010, Bico et al. 2002). Dolayisiyla,
kenevir dokuma kumas ylizeyine kaplanan nanopargacik
ZnO katmani kenevir kumasin ylizey alani ve
plrazlaliganidn artmasina neden olmustur. Bu da su
damlaciklari ile polar etkilesimi arttirmis ve dolayisiyla
temas agisinin daslirmistir. Elde edilen bu sonug ZnO
nanopargacik sulu ¢ozeltisi emdirme ile kenevir dokuma
kumasin hidrofilik 6zelliginin kontrol edilebilecegini
gostermektedir.

Cizelge 4. Ham ve ZnO kaplanmis kenevir kumaslarin gekme mukavemet degerleri

Numune Kuvvet (N) Kop. Uz.(%) Elas. Mod (N/mm?2)
Atki Cozgu Atki Cozgu
Ham Kenevir Kumas 312,03 306,14 21,74 20,57 24,61
Zn0 nanopargacik sulu ¢ozeltisi emdirilmis 332,45 321,81 21,82 20,87 24,16
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Sekil 11. Ham kenevir kumas ve ZnO kaplanmis kenevir kumas numunelerine ait atki/¢6zgii kuvvet uzama grafikleri
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Sekil 12. Ham ve ZnO kaplanmis numunelerin temas acisi grafigi

4. Sonuglar ve Tartisma

Bu galismada kenevir dokuma kumasa ZnO nanopargacik
sulu ¢ozeltisi daldirmali kaplama yontemi ile emdirilerek
basarili bir sekilde kaplama yapilmistir. Elde edilen
sonuglar asagida maddeler halinde 6zetlenmistir.

e SEM, EDS ve FTIR analizleri ile kenevir dokuma
ipliklerinde Zn0
kiimelenme seklinde varhigini ispatlamistir.

kumas nanopargaciklarin

e ZnO nanopargacik varliginda kenevir kumaslarin
¢ekme mukavemeti ve kopma uzama degerleri
artmigtir.

e 7n0O
kumasin termal olarak daha kararl oldugu ve daha

nanoparcacik varliginda kenevir dokuma
az i1sil kayba ugradigi belirlenmistir.

e 7ZnO nanoparcacitk varliginda kenevir dokuma
kumasin temas acl degeri ham kumasa gore daha
kiguktir ve hidrofilik yapi kazandigl saptanmistir.

e 7ZnO nanopargacik sulu ¢ozeltisi daldirmali kaplama
yontemi ile emdirilerek kumasta fiziksel ve kimyasal

deformasyon olmadan ZnO kaplama yapimistir.

Ozetle, bu calismada siirdiiriilebilir, cevreci, yesil ve ¢ok
fonksiyonel tekstil yapilarina yonelik kenevirden elde
edilmis kumaslar tzerine yeni nesil yesil sentez yontemi
ile elde edilmis ZnO nanopargik ZnO kaplama ile kumasin
modifiye edilebilirligi ispatlanmistir. Elde edilen sonuglar,
ZnO'nun  yiiksek performansl tekstil Urinlerinin
gelistiriimesi icin en umut verici malzemelerden biri
oldugunu ve bu nedenle gelecekte yogun bir sekilde
arastirilacagini dogrulamaktadir.

Etik Standartlar Bildirgesi
Yazar tim etik standartlara uyduklarini beyan eder.

Yazarlik Katki Beyani
Yazar 1: Kaynaklar, Arastirma, Fikir Sahibi, Deney, Yazma — orijinal taslak
Gorsellestirme, Yazma — orijinal taslak

Cikar Catismasi Beyani
Yazarin bu makalenin igerigiyle ilgili olarak beyan edecekleri higbir gikar
¢atigsmasi yoktur.

Verilerin Kullanilabilirligi
Bu calisma sirasinda olusturulan veya analiz edilen tim veriler,
yayinlanan bu makaleye dahil edilmistir.

Tesekkiir

Hayata gecirilen bu c¢alismada, 1919B012200897 proje
koduna sahip TUBITAK 2209/A projesi ile desteklenmis
Yozgat Bozok Universitesi biinyesinde vyiiritiictligini
Fatma Nur KACAN, danismanhgl ise Dog. Dr. Nesrin
KORKMAZ'In yaptigi “Cevre Dostu Yeni Biyolojik Ajan;
Cinko Oksit Nanopartikil” baghkh proje giktisi olan ZnO
nanopartikiller kullanilmistir. Bu kapsamda her iki
arastirmaciya katkilarindan dolayi tesekkir ederim.
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Abstract

Air atmosphere sintering was successfully applied for SizNg4
ceramics at 1550°C by using a double crucible setup. Low weight
loss values showed that this setup eliminated the risk of
oxidation. Both sintering time and type of starting SisN4 powder
affected the final properties of samples. Sintered densities
reached 3.04 and 2.86 g/cm3 at 3 h for Ube and SicoNide
sources, respectively. Around 10 wt. % of B-SisN4 is existing in
SicoNide powder according to XRD analysis. FTIR study also
proved the presence of this phase. This directly retards
densification owing to the lower reactivity of B-phase compare
to a.. The major phase formed was 3-SisN4 with a minor amount
of a-SizN4 and Si;N,O. Large B-grains were also observed by SEM
images from both samples sintered at 3 h. Hardness, fracture
toughness, and dielectric constant values were 12.5 GPa, 5.8
MPa.mY/2 and 7.84, respectively. These results showed that air
sintering may be a suitable alternative for the low-cost
production of SisN4 ceramics.
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Oz

SisNg4 seramikleri, ¢ift pota diizenegi kullanilarak 1550°C’de hava
atmosferi altinda basarili bir sekilde sinterlenmistir. Dusik
agirlik  kayiplari, duizenegin oksidasyon riskini ortadan
kaldirdigini gostermistir. Sinterleme siresi ve SisN4 baslangig toz
tirt numunelerin nihai 6zelliklerini dogrudan etkilemistir. Ube
ve SicoNide tozu igin sinterlenmis yogunluklar 3 saat sonunda
sirasiyla 3.04 ve 2.86 g/cm3 olarak elde edilmistir. XRD analizi
SicoNide tozunun agirlikga % 10 civarinda [B-SisNs icerdigini
gostermistir.  FTIR  ¢alismasi  da bu fazin  varhgini
desteklemektedir. § fazinin o'ya kiyasla daha dusiik reaktiviteye
sahip olmasi nedeniyle yogunlasma gecikmistir. Ana faz 3-SizNg,
a-SizsNg ve SiN,O ise ikincil fazlar olarak olusmustur. Ug saat
sinterlenen numunelere yapilan SEM analizinde buylk 3 taneleri
gbzlemlenmistir. Sertlik, kirilma toklugu ve dielektrik sabiti
degerleri sirasiyla 12.5 GPa, , 5.8 MPa.m%/2 and 7.84 olarak
Olgulmustlir. Bu sonuglar diisiik maliyetli SisNs Uretimi igin
havada sinterlemenin uygun bir alternatif olabilecegini
gostermistir.

Anahtar Kelimeler: SisNi, Havada sinterleme;
Sinterleme siiresi; Yogunlasma.

Baslangi¢ tozu;

1. Introduction

Several difficulties have been encountered during the
sintering of dense SisNs ceramics; the necessity for a
protective atmosphere, the demand of high temperature-
pressure values, and the risk of decomposition into Si (I,g)
and N: (g) at elevated temperatures. Therefore, sintering
is performed in specific furnaces that operate at high
temperature-pressure and provide N2 or other protective
atmospheres. This limits the widespread production and
application of SisN4 ceramics. One solution to overcome
this problem is performing air sintering. However, the
presence of Oz in the air is very detrimental at high
temperatures for SisN4 ceramics (Luo et al. 2021, Wada
2001, Wada et al. 2004, Zhao et al. 2019). If the partial
pressure of oxygen is high, passive oxidation takes place.
In the case of lowering the pressure, the oxidation process
is changed to an active one. This change from passive to
active occurs around 102 Pa (Wangmooklang et al. 2007).

In passive oxidation, a protective layer has been formed
with nm thickness whose composed of SiO2 or Si2N>O.
Volatile suboxide has been produced during active
2017).
delamination of the surface layer could be examined.

oxidation (Long et al. Mass reduction and

Some researchers investigate the feasibility of sintering
SisN4 ceramics under air conditions at moderate
temperatures. Wada et al. (2001) proposed using a basic
double crucible setup to completely isolate SizN4 from air.
Al203 had been preferred as the crucible material owing
to its inert, antioxidant nature and resistance against high
temperatures. During double crucible sintering, SisN4 can
react with Oz from two sources; O, from the Al>Os crucible
and O: from the gap between the crucible and lid.
Therefore, crucibles must be filled with powder bed to
avoid reaction with O2. A tight-fitting lid also could be
used to ensure the isolation of SisN4 from Oz presence.
Stability is another problem that must be overcome
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during the sintering. Dense SisNs is generally sintered
higher than 1650°C and atmospheric pressure. According
to the stability diagram of Si3N4, the sinterability region
diminishes as temperature increases and it tends to
decompose. This can be suppressed by increasing N2
pressure (Wada 2001). Since air sintering is done under
atmospheric conditions, lower sintering temperatures
must be selected. This may limit the consolidation of
ceramic and therefore a high amount of sintering agents
up to 15 wt. % has been used in air sintering studies. The
other critical parameter is the type of sintering agent. To
decrease the densification temperature, agents providing
lower eutectics must be chosen. By using alkali and
alkaline-earth oxides, a low melting point and a liquid
phase with low viscosity can be achieved which are
advantageous for densification. However, the risk of
instability and evaporation of these agents must be taken
into account (Matovic 2003). Matovic (2003) concluded
that the sintering temperature can be decreased to
1500°C from 1900°C by using various amounts of Al20s
and Y20s. Osabhi et al. (1991) showed that the Al.0s-SiO.-
SisN4 system has a eutectic point at 1470°C. The eutectic
temperature of the binary Y203-SiO2 system is 1660°C, the
addition of SisNs lowers the temperature to 1550°C
(Plucknett et al, 2008). Therefore, Al,03 and Y203 are the
most common sintering agents preferred in air sintering
studies.

Besides initial powder and sintering agents, parameters
like size and type of packing powder, using open or closed
crucible, and sintering temperature/duration have been
studied in air sintering studies (Wada 2001, Wada et al.
2001, Wada et al. 2004, Plucknet and Lin 2005).

This study aims to sinter SisNs ceramics in an air
atmosphere at a moderate temperature. Two different
SisN4 powders have been used to investigate the effect of
starting powder type on the final properties. The density
and mechanical and dielectric properties of produced
samples are very promising for low-cost and widespread
fabrication of high-quality SisN4 ceramics.

2. Materials and Methods

Two types of SisNa powders were used to observe the
effect of SisN4 source on the final properties. Ube E-10
(Ube Industries, specific surface area 9-13 m?/g, < 2.0 wt.
% 0O, > 95 wt. % a-SisN4) and Siconide P95H (Vesta Si
Ceramics, specific surface area 10-12 m?/g, < 1.5 wt. % O3,
>91 wt. % o-SisNs) were selected. Fourier transform
infrared spectroscopy (FTIR) analysis (Perkin Elmer,
Spectrum 100) of both powders was done to identify
functional groups. 90 wt. % of SisN4 source was mixed

with 8 wt. % of Al.Os (Honeywell, Fluka) and 2 wt. % of
Y203 (Grade C, H.C. Starck) with a ball mill at 180 rpm for
24 h in isopropyl alcohol. Compositions are given in Table
1. The rotary evaporation process was used to obtain
finely dispersed powders. Samples were compacted by
using a uniaxial dry pressing (MSE Technology) under 100
MPa pressure. Samples were completely isolated by using
a double crucible setup (Figure 1.) during sintering. They
are put into an inner crucible filled with SisNs4 powder
whose content is identical to the samples. Since the
presence of oxygen is critical for passive oxidation, Al.03
powder was used as the second powder bed. Sintering
was done in an air atmosphere furnace with MoSi2
heating element (MSE Technology) at 1550°C for 1 and 3
h.

Table 1. Compositions used in this study

Composition  SisNs SisNa  AlO3 Y203
powder (wt. (wt. (wt.
type %) %) %)

V) Ube E-10 90 8 2
S SicoNide 90 8 2
P95H
AL, lid

Al Oj; crucible

Si;N, powder bed = Al,O; powder bed
(same composition

with samples)

Si;N, specimen

Figure 1. Schematic description of double crucible setup

Archimedes’ displacement method was used for density
measurement (Elsen and Ramesh, 2016). X-ray diffraction
(XRD) (Rigaku MiniFlex—600, Japan) analysis was done for
both powders and all samples. The weight ratio of 3-SizNa4
was calculated by Equation 1. (Pigeon and Varma, 1992).
Intensities of (101) and (210) planes from B-SizsN4, and
(102) and (210) planes from a-SisN4 were used as seen in
Eq. 1.

) S(101)+/(210)
B=SiaNa - o s A1)+ ati02) 7 a@10) (1)

A scanning electron microscope (SEM) (Zeiss Supra 40 VP,
Germany) was used to observe the microstructural
development of samples. The dielectric constant was
measured using an inductance—capacitance—resistance
meter (Agilent 4294A) at 5 MHz. The hardness and
fracture toughness were measured by the indentation
method (Shimadzu HMV-G, Japan) with a 10 N load for
ten seconds from the polished surface of the samples.
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Figure 2. XRD patterns of initial SisN4 powders

3. Results and Discussion

XRD patterns of initial SisN4 powders can be seen in Figure
2. The major phase of both powders was identified as o-
SisN4 while the presence of B-SisNs was detected in
SicoNide powder. The amount of  phase was found as
10.73 % according to Eq. 1. Negligible amount of f is
present in Ube powder.

The IR spectra of the initial SisN4 powders are given in
Figure 3. For both powders, frequency variations are
small, frequency and intensity of IR bands are nearly the
same. The main differences are; a) intensity of broad band
between 750-850 cm™, b) formation of new peak at 576

cm™ for SicoNide and c) peak intensity around 480 cm™.

Amorphous SisN4 has an intense broad band centered at
840 cm™, for Ube powder, this band is greater (Trout et
al. 1989).

Mazdiyasni and Cooke (1973) produced SisN4 powder by
thermal decomposition of Si(NH)2 between 1000-1500°C
and examined the powder by IR spectroscopy. They
concluded that as the decomposition temperature was
increased, IR peaks shifted to lower frequencies, and
additional peaks at near 570 and 440 cm-! were found as
a result of B-SisN4 formation. Skoop et al. (1990) proved
the presence of B phase for the lines at 400 and 575 cm™.
Therefore, the band observed at 576 cm™ in SicoNide
proved the presence of [-phase. Also, this result is
consistent with the XRD pattern of SicoNide where 3
phase appeared. Si-N symmetric stretching mode at 480
cm™ is higher for SicoNide. Signals around 458, 510, 599,
675 and 685 cm™ belong to vibrations in a-SisNa. The IR
peaks between 800-1050 belong to antisymmetrical Si-N
stretching greater (Trout et al. 1989).

Table 2. shows properties related to densification. Weight
loss values measured were less than 1% that are

consistent with previous studies (Wada 2001, Wada et al.
2001, Plucknett 2009). Values proved the prevention of
oxidation where high weight gains are observed in both
passive and active forms. Higher shrinkage values were
achieved with high bulk density and low apparent

pOfOSlty.
=g g
Si-N Amorphous = 2z zZ e Zq
- B.5 e o
antisymmetrical Si;N, 3 g @ d ‘.;.. ug
: @
stretching 3 £
S
—_ £
g :
@
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]
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£ [SicoNide
E 903.00 = 810.99
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=
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Figure 3. IR spectra of initial SisN4 powders

Wada et al. (2004) showed a lag between furnace and
crucible temperatures at the early stage of sintering and
concluded that the crucible reached the furnace
temperature after 3 h. Therefore, denser samples were
produced from U3 and S3. The apparent porosity reached
to 0.37% for sample U3. Although S samples have higher
green density, the final bulk densities of these samples
were lower for both temperatures. The main reason was

the amount of 3 phase present in SicoNide powder.

Densification of SisN4 occurs by a liquid-phase sintering
into three stages; rearrangement, solution—precipitation
and microstructure coarsening Sintering agents react with
the oxygen layer that exists on the surface of each SisNa
particle and form a liquid phase, which is responsible for
the rearrangement process. SisN4 particles dissolve in this
liquid, and as it reaches the supersaturation, 3 phase
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precipitates which is responsible for densification.
Compare to a-SisN4, B phase has fewer defects, less
stability which
dissolution, hence densification was delayed for S
samples (Xie et al. 2019 Peng 2004, Bjorklund et al. 1997).
U3 has the lowest apparent porosity among all samples,
but its bulk density is still smaller than that of the

theoretical density of SisNa (3.19 g/cm3).

oxygen content and higher retard

Table 2. Density characteristics of samples

XRD patterns of samples are given in Figure 4. For U1, the
major phase was a-SisN4, Si2N20, and [B-SisNs were
detected as the other phases. As the sintering time
increased to 3 h, $-SisNa had the highest intensity with a
small amount of Si2N20 and a-SisNas. Since crucible and
furnace temperatures became equal at 3 h, a larger
volume of liquid phase was present that enhanced the
development of [B-SisN4. Also, the higher content of
sintering additives affected a to B transformation.

Sample Green density Weight Loss Linear Shrinkage Bulk Density Apparent Porosity
(g/cm3) (%) (%) (8/cm3) (%)
Ube-1550-1 (U1) 1.46 0.56 (+0.05) 22.09 (+0.61) 2.97 (£0.01) 2.40 (+0.16)
Ube-1550-3 (U3) 0.94 (+0.04) 22.58 (+0.08) 3.04 (+0.03) 0.37 (£0.22)
Siconide-1550-1 (S1) 1.50 0.37 (£0.14) 19.39 (+£0.36) 2.78 (£0.03) 3.57 (£0.95)
Siconide-1550-3 (S3) 0.81 (+0.23) 20.48 (£0.14) 2.86 (+0.02) 1.44 (£0.14)

—_—
=
=
C—
=
7 (% _S1
=
<
=
=
=
u3s

£ 52 62

2@ (degree)
Figure 4. XRD patterns of SisN4 samples (a: a-SisNa, B:B-SisNs and A:Si;N,O

A higher percentage of sintering aids in SisN4 ceramics is
favorable for polymorphic transformation since a-SisNa
dissolves more readily in the liquid phase and transforms
to B-SisN4 through the dissolution—precipitation reaction.
(Kim et al. 2022) Si2N20 was the major phase with a
considerable amount of a and -SisN4 for S1. S3 has the
same behavior as U3, the major phase formed was [3-SizNa
with Si2N20 and a-SisN4. Lower bulk density values for U3
and S3 samples can be explained by the presence of
SizN20. Since the density of this phase is 2.82-2.85 g/cm?3,
it reduced the bulk densities even with low apparent
porosity values (Sekercioglu and Willis 1979, Wada et al.
2001).

The calculated B wt. % is given in Table 3. Due to the
presence of B phase in SicoNide powder, samples S have
higher [ ratios. Around a 5-fold increase in 3 content was
obtained for sample U3 as the sintering temperature was

raised to 3 h. The rise was just 3.5-fold for sample S3. The
sluggish reactivity of B-SisNs also resulted in a lower

increase in P ratios as well as lower densities.

Table 3. Calculated B-SisN4 ratios (wt. %)

Sample B-SisNa ratio (wt. %)
U1l 16.78
u3 86.28
S1 25.46
S3 90.04

SEM-SE images of samples are given in Figure 5 (a-d). A
higher amount of residual porosity was apparent both in
U1 and S1 compared to U3 and S3. Grain morphology is
quite different in S1 compared to U1, microstructure
consisting of fine, equiaxed grains in U1l (Figure 5a),
coarse, sharp-edged, anisotropic grains (indicated by
yellow arrows) are present which can be attributed to
Si2N20 in S1 (Figure 5b).
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Figure 5. SEM-SE images of (a) U1, (b) S1, (c) U3 and (d) S3

The same morphology was concluded for Si2N20 in
previous studies (Wada et al. 2004, Plucknett and Lin). At
higher sintering times, the amount of liquid phase rose
and enhanced consolidation. An obvious reduction in
porosity was observed from both samples sintered at 3 h.
Coarser and highly anisotropic 3 grains (indicated by the
red arrow) are present in U3 with negligible residual
porosity. Same grain morphology was obtained by
Plucknett and Lin (2006) at 1600°C, Plucknett (2009) at
1700°C, Wada et al. (2004) and Wangmooklang et al.
(2007) at 1700°C whose temperatures are relatively
higher compared to this study. The sintering time was
selected as 2 h for all studies and lower sintering time may
result in insufficient densification.

The dielectric and mechanical properties of samples are
given in Table 4. Dielectric constant values were between
6.84 to 7.84 which are compatible with density values.
The highest constant was obtained for U3 whose density
was also the highest. There is a large variation in dielectric
constant values of SisN4 according to the previous studies
depending on the secondary phases, porosity and
measurement frequency. Barta et al. (1985) measured
the dielectric constant of dense SisNs as 8.5 at MHz range,
Dai et al. (2021) found the value as 11 at 12.4 GHz. The
same frequency was used by Lee and Baek (2016) and
depending on the porosity content, constant reduced
from 7.66 (porosity was 3.7%) to 4.76 (porosity was
24.5%) Porosity also affected the hardness of samples.
Higher hardness values reached for U3 and S3 samples

were 12.5 and 12.8, respectively. Wangmooklang et al.
(2007) measured the hardness as 12.07 and 13.4 GPa
from the samples sintered at 1700°C in air and Ny,
respectively. A significant effect of microstructure on
fracture toughness was observed between U1 and U3. As
the amount of B-SisN4 increased, values improved from
4.4 and to 5.8 MPa.m™2, Since the polished surfaces of
sample S are not suitable, toughness values were not
measured. The same authors obtained the fracture
toughness values 5.5 and 6 MPa.m™? for air and N
atmospheres (Wangmooklang et al. 2007). The result is
very promising since nearly the same hardness value was
achieved nearly 150°C lower for this study.

Table 4. Dielectric constant and mechanical properties of
samples

Sample Dielectric Hardness Fracture
Constant @ (GPa) Toughness
5 MHz (MPa.m*/2)
u-1 7.48 11.3 (£0.9) 4.4 (+0.3)
uU-3 7.84 12.5(+£0.1) 5.8 (£0.2)
s-1 6.84 11.6 (£0.6) Not
measured
s-3 7.39 12.8 (+0.7) Not
measured

When the obtained mechanical properties are compared
with the studies where high temperature and controlled
atmosphere were used, significant differences were
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observed. The hardness values of SisNa4 sintered at 1750°C
for 1 h under 6 MPa N2 pressure measured as 16.75 and
16.50 GPa when 5 wt. % Yb203-2wt.% Al.03 and 5 wt. %
Ce02-2wt.% Al203 were used, respectively. The fracture
toughness was 8.9 and 9.5 MPa.m*? for the same
samples (Yang et al, 2019). Du et al. produced SizN4 from
powders mixtures where the weight ratio of SisN4: MgO:
RE203 is 90:2:8 with a sintering process at 1800°C and
under a Nz pressure of 3 MPa for 8 h. The highest
hardness value was almost 13 GPa from Nd20s doped
sample, the highest fracture toughness was achieved as
7.75 MPa.m™Y/2 where Gd;Os was used as rare earth
additives (Du et al. 2024).

Although the mechanical properties of air-sintered SisNa
are relatively lower compared to high temperature and N2
pressure sintered counterparts, these SisN4 ceramics can
be a good candidate for applications where moderate
mechanical resistance is expected. Considering the
dielectric constant, air-sintered SisN4 can be a substrate
material in electronic circuits and diveces. The other
promising application can be bioceramics. Moderate
mechanical properties may minimize stress shielding by
difference of mechanical

reducing the properties

between bone and SisNzimplant.
4. Conclusions

Air sintering provides an economically feasible and
straightforward process for the production of Si3N4
ceramics. Substantially lower porosity and higher density
were achieved under atmospheric pressure and
moderate sintering temperature (1550°C) by using a
double crucible setup. Sintering time and type of SisN4
powder influenced the final properties. As time increased
to 3 h, densification improved via transformation from a
to B-SisNs phase. The lowest apparent porosity value
reached was 0.37%.

toughness values were very close to samples that are

Also, hardness and fracture

sintered at higher temperatures and N2 atmosphere. The

presence of [p-phase in SicoNide powder retards

densification and lowers the density values of the
samples.
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Oz

Benzotiyazol ve ilgili benzil halojendirler kullanilarak iki yeni
benzotiyazolyum tuzu N-(4-metoksibenzil)benzotiyazolyum
klorir (1a) ve N-(4-tert-butilbenzil)benzotiyazolyum bromir
(1b) hazirlandi. Selenoire N,S-heterosiklik bazli tiirevler (2a ve
2b), tuzlarin KOBut bazi varliginda selenyum ile reaksiyonu
sonucu elde edildi. Sentezlenen bilesiklerin karakterizasyonu
icin TH NMR, 3C NMR, FT-IR ve elementel analiz kullanildi.
Ayrica, selenyum katilma Grinlerinin molekdl agirhklar LC-
MS/MS analizi ile dogrulandi.

Anahtar Kelimeler:
Selenyum; Selenoiire

Benzotiyazolyum;  N,S-Heterosiklik ~ Karben;

Abstract

Two novel benzothiazolium salts, N-(4-methoxybenzyl)-
benzothiazolium chloride (1a) and N-(4-tert-butylbenzyl)-
benzothiazolium bromide (1b), were prepared by using
benzothiazole and related benzyl halides. Selenourea N,S-
heterocyclic-based derivatives (2a and 2b) were obtained by the
reaction of the salts with selenium in the presence of KOBut
base. H NMR, 13C NMR, FT-IR and elemental analysis were used
for characterization of the synthesized compounds. Also,
molecular weights of the selenium adducts were validated by
LC-MS/MS analysis.

Keywords: Benzothiazolium; N,S-Heterocyclic Carbene; Selenium;
Selenourea

1. Introduction

Strongly o-basic N-heterocyclic carbenes (NHCs) and
their stable organometallic compounds are of great
importance in organometallic chemistry. NHCs have
numerous especially

applications, in homogeneous

catalysis. While studies of NHCs mainly concern N,N-
heterocyclic carbenes (Zhao et al. 2021, Huang et al.
2021, Demir Ath 2021), studies of N,S-heterocyclic
carbenes (NSHCs) are less common. In an earlier study on
NSHCs, vitamin Bl was used as a catalyst for the
condensation reactions of benzoin (Breslow 1958). The
first NSHC, a thiazol-2-ylidene compound, was isolated in
1997 (Arduengo et al. 1997). The use of electron-rich
olefins can be mentioned as the first applied method
when listing the synthesis methods of NSHC complexes.
The first nucleophilic compounds were synthesized by
this method (Cardin et al. 1973).
transmetallation of lithiated thiazoles (Fraser et al. 1974).

Another one is

Nowadays, direct or indirect metallation methods have
been used to prepare many transition metal complexes
(Huynh et al. 2006, Han et al. 2009, Yen et al. 2009,
Purohit et al. 2016). NSHC ligands have become an
alternative in catalysis due to the presence of more

electropositive and softer sulphur compared to nitrogen.
For this reason, the use of metal complexes as effective
catalysts has been the subject of much research. The
reactions catalysed by NSHC complexes are as follows:
Multicomponent Click reaction catalyzed by copper(l)
complexes (Purohit et al. 2014), Ullmann coupling
catalyzed by nickel(ll) complexes (Ding et al. 2009),
hydroalkoxylation of allenes catalyzed by gold(l)
complexes (Dince et al. 2017), transfer hydrogenation of
carbonyls catalyzed by ruthenium(ll) complexes (Ding
and Hor 2010, Oruc et al. 2016, Karakas et al. 2022), Heck
and Suzuki coupling catalyzed by palladium(ll) complexes
(Calo et al. 2000, Yen et al. 2006, Yen et al. 2007, Yen at
al. 2008). In addition, gold(l) NSHC compounds derived
from peptides with excellent cytotoxicity have been

prepared (Gutiérrez et al. 2014).

Selenium is one of the most important trace elements in
human biology and health. The main source of supply is
food. Selenium, which is toxic in high amounts, is
essential for the body. It is essential for the cellular
metabolism of seleno-proteins such as thioredoxin
which are

reductase, glutathione peroxidase, etc.,

involved in maintaining antioxidant functions (Sun et al.
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2017, Spengler et al. 2019, Papp et al. 2007). Selenium
adducts are potent anti-carcinogens (Banerjee and
Koketsu 2017, Rafique et al. 2015, Liang et al. 2016,
Cierpiat et al. 2016).

In this work, two new benzothiazolium salts and their
selenium adducts were synthesized and characterized.

2.Experimental

2.1. General Remarks

Benzothiazole was used as freshly distilled. THF was
distilled over sodium/benzophenone. Other solvents and
chemicals were purchased commercially and used
without any pre-treatment. Elemental analysis was
carried out on a CHNS-932 (LECO) elemental analyser. A
BRUKER ULTRASHIELD PLUS BIOSPIN GmbH Nuclear
Magnetic Resonance Spectrometer, Agilent LC-MS/MS
device and Perkin Elmer Spectrophotometer were used
for NMR, LC-MS/MS and FT-IR measurements. The
measurements of the melting point (mp) were carried out
with an Electrothermal 9100 instrument.

2.2. Synthesis of N-(4-methoxybenzyl)benzothiazolium
chloride (1a)

The mixture of benzothiazole (0.48 g, 3.58 mmol) and 4-
methoxybenzyl chloride (0.5 mL, 3.58 mmol) was stirred
at 80 °C for 24h. The solidified mixture was dissolved in a
small amount of methanol and the solids were
precipitated with the addition of Et20. After filtration,
the product was abundantly washed with Et20. Yield:
1.03 g, 98%. mp: 134-135 °C. FT-IR (KBr) ven: 1423 cm™,
'H NMR (400 MHz, dmso-de): 6 = 3.68 (s, 3H, OCH3), 6.09
(s, 2H, NCH2), 6.92 (d, J = 8.8 Hz, 2H, Ar-H), 7.52 (d, /= 8.8
Hz, 2H, Ar-H), 7.80 (dt, J = 27.5, 7.1 Hz, 2H, Ar-H), 8.37 (d,
J =8.4 Hz, 1H, Ar-H), 8.53 (d, J = 8.0 Hz, 1H, Ar-H), 10.99
(s, 1H, NCHS) ppm. 3C NMR (100 MHz, dmso-de): & =
55.19, 55.64 (NCH,, OCHs), 114.85, 117.96, 125.06,
125.94, 128.82, 129.94, 130.36, 132.35, 140.41, 160.13
(Ar-C), 165.45 (NCS) ppm. Anal. Calcd. for CisH1aNSOCI
(%): C, 65,33; H, 5.13; N, 5.08; S, 11.61. Found: C, 65.21;
H, 5.10; N, 5.01; S, 11.53.

2.3. Synthesis of N-(4-tert-butylbenzyl)benzothiazolium
bromide (1b)

Benzothiazole (0.32 g, 2.39 mmol) ve 4-tert-butylbenzyl
bromide (0.46 mL, 2.39 mmol) in DMF (2 mL) were stirred
at 80 °C for 24h. After cooling to room temperature, Et20
was added to the orange solution for precipitation.
Filtration and washing with Et20 processes were
performed. Yield: 0.75 g, 87%. mp: 192-193 °C. FT-IR (KBr)
ven: 1430 em™. *H NMR (400 MHz, dmso-ds): & = 1.21 (s,

9H, But), 6.09 (s, 2H, NCH.), 7.38 — 7.48 (m, 4H, Ar-H), 7.78
—7.90 (m, 2H, Ar-H), 8.35 (d, J = 9.1 Hz, 1H, Ar-H), 8.53 (d,
J = 8.0 Hz, 1H, Ar-H), 10.79 (s, 1H, NCHS) ppm. 13C NMR
(100 MHz, dmso-ds): & = 31.40, 34.84 (But), 55.30 (NCHa),
117.90, 125.93, 126.35, 128.67, 128.93, 130.10, 130.35,
132.34, 140.50, 152.83 (Ar-C), 165.91 (NCS) ppm. Anal.
Calcd. for CisH20NSBr (%): C, 59.67; H, 5.58; N, 3.87; S,
8.83. Found: C, 58.89; H, 5.83; N, 3.75; S, 8.84.

2.4. General procedure for the synthesis of NSHC-based
selenoureas

The mixture of benzothiazolium salt (1 mmol), KOBu* (2
mmol) and Se (2.5 mmol) was stirred in dry THF (10 mL)
for 24h at room temperature under argon atmosphere.
The post-reaction processes were carried out in air. THF
was removed. CH2Cl; (20 mL) was added and the
suspension was filtrated through celite. After removing of
CHxCl;, the
chromatography on silica gel.

residue was purified by column

2.4.1. N-(4-methoxybenzyl)benzothiazole-2-selenone
(2a)

For the column chromatography, CH2Cl. was used as
eluent. Then, the obtained product was recrystallized
CH2Cl2 / n-hexane (1/4) at room temperature. Yield: 40%.
mp: 157-158 °C. FT-IR (KBr) ven: 1366 cm™, ve=se: 963 cm
1. 14 NMR (400 MHz, dmso-de): 6 = 3.71 (s, 3H, OCHs),
5.81 (s, 2H, NCH), 6.88 — 6.93 (m, 2H, Ar-H), 7.33 — 7.38
(m, 2H, Ar-H), 7.39 — 7.47 (m, 2H, Ar-H), 7.57 (dd, J = 7.5,
1.1 Hz, 1H, Ar-H), 7.86 (dd, J = 7.7, 1.2 Hz, 1H, Ar-H) ppm.
13C NMR (100 MHz, dmso-ds): & = 50.21, 55.09 (NCH>,
OCHs), 114.15, 114.35, 121.94, 125.38, 126.39, 127.43,
128.72, 129.55, 142.01, 158.87 (Ar-C), 184.80 (C=Se)
ppm. Anal. Calcd. for C1sH13NOSSe (%): C, 53.86; H, 3.93;
N, 4.19; S, 9.57. Found: C, 53.99; H, 3.78; N, 4.16; S, 9.57.
LC-MS/MS (CH2Cl2): [M + H + Na]* at m/z 358.30, [4-
methoxybenzyl]* at 121.24.

2.4.2. N-(4-tert-butylbenzyl)benzothiazole-2-selenone
(2b)

For the column chromatography, CH2Cl2 /n-hexane (4/1)
mixture was used as eluent. Yield: 36%. mp: 203-204 °C.
FT-IR (KBr) ven: 1368 cm™, vesse: 950 cm™. *H NMR (400
MHz, dmso-ds): § = 1.23 (s, 9H, Bu'), 5.84 (s, 2H, NCH>),
7.28 (d, J = 8.5 Hz, 2H, Ar-H), 7.34 — 7.38 (m, 2H, Ar-H),
7.39 = 7.47 (m, 2H, Ar-H), 7.55 (d, J = 7.0 Hz, 1H, Ar-H),
7.88 (dd, J = 7.4, 1.7 Hz, 1H, Ar-H) ppm. 3C NMR (100
MHz, dmso-ds): 6 = 31.02, 34.23 (Bu'), 50.39 (NCH2),
114.34, 121.97, 125.40, 125.51, 126.88, 127.52, 129.53,
131.47, 142.10, 150.24 (Ar-C), 184.96 (C=Se) ppm. Anal.
Calcd. for CisH1sNSSe (%): C, 59.99; H, 5.32; N, 3.89; S,
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8.88. Found: C, 59.70; H, 5.09; N, 3.88; S, 8.80. LC-MS/MS
(CH2Cl2): [M + H + Na]* at m/z 384.30, [4-tert-
butylbenzyl]* at 147.30.

3. Results and Discussion

The synthetic routes are presented in Scheme 1 and
Scheme 2. Benzothiazolium salts 1la and 1b were
prepared according to the literature (Oruc et al. 2016,
Karakas et al. 2022, Ding et al. 2009, Gutierrez et al. 2014,
Yen et al. 2007). The reaction of benzothiazole with 4-
tert-butylbenzyl bromide in DMF gave 1b in 87% yield.
When the same reaction was repeated with 4-
methoxybenzyl chloride, the product 1a was obtained in
very low yield. Therefore, this reaction was carried out in
solvent-free condition rather than in DMF and it was
observed that the product was formed in very high yield.
The salts formed in high yields are air stable. They are
soluble in methanol, water, dimethylformamide and
insoluble diethyl ether and n-hexane.

3 5
80°C, 24 h
N N\ x6

1a, 1b

Ta: R= CH,CeH {OMe}-4 X=Cl
1b: R = CH,CH,Bu'4 X = Br

Scheme 1. Synthesis of 1a and 1b

The selenium adducts of the salts (2a and 2b) were
obtained by the reactions with excess selenium. KOBu*
was used as base for deprotonation in these reactions.
After column chromatography, pure products were
obtained, albeit with slightly lower yields. They are
soluble in most of the organic solvents.

Since the experimental elemental analysis results of all
the compounds synthesized are in agreement with the
theoretical ones, this is an indication that the target
compounds have been obtained.

KOBu®, Se
THF, RT, 24 h

laorib

23, 2b

2a: R = CH,CgH,(OMe)-4
2b: R = CH,C,H,Bu4

Scheme 2. Synthesis of 2a and 2b

NMR spectra are shown in Figures 1 to 4. Analysis of the
IH NMR spectra of 1a and 1b reveals that the acidic C2
proton is present at 10.99 and 10.79 ppm, respectively.
These downfield singlet signals are characteristic of such
NSHC precursors (Karakas et al. 2022). In the *H NMR
spectrum of 1a, the signals at 3.68 and 6.09 ppm were
observed for the methoxy group and for the methylene
protons bonded to the nitrogen atom. In the case of
compound 1b, the signals associated with the tert-butyl
group and the NCHz protons are located at 1.21 ppm and
5.84 ppm, respectively. The downfield signals seen in the
IH NMR spectra of the salts are absent in the 'H NMR
spectra of the selenoureas (Kamal et al. 2019). This is an
indication that the salts are undergoing deprotonation
and the formation of a carbene-selenium bond. In the 13C
NMR spectra of the salts and of the selenourea
compounds, the carbon atoms number 2 resonate at
about 166 ppm and at about 185 ppm, respectively. The
formation of selenium compounds is indicated by this
difference in values. These 3C NMR chemical shift values
are consistent with the literature (Demir Atl 2020, Oruc
at al. 2016, Casar et al. 2002, Yaqoob et al. 2020).

IR peaks concerning the stretching vibrations of -CN
groups for the salts are present at 1423 and 1430 cm™.
These frequency values decrease to 1366 and 1368 cm™
for the selenoureas. Considering the literature data, the
peaks at 963 cm™ and 950 cm™ in the spectra of 2a and
2b are thought to be the stretching vibration frequencies
related to the C=Se bond (Devillanova et al. 1980). The
proposed structures for the selenourea compounds 2a
and 2b were also supported by LC-MS/MS spectra
(Figures 5 and 6). In both spectra, signals were observed
that were related to the [M+H+Na]* and to the R group
attached to the benzothiazole ring.

4, Conclusions

In this
chloride (1a) and N-(4-tert-butylbenzyl)benzothiazolium

study, N-(4-methoxybenzyl)benzothiazolium
bromide (1b) salts were prepared. These compounds
were used for the synthesis of the selenium adducts, N-
(4-methoxybenzyl)benzothiazole-2-selenone (2a) and N-
4-tert-butylbenzyl)benzothiazole-2-selenone (2b). The
structures of the prepared compounds were
corroborated by NMR spectroscopy and elemental
analysis. Also, formation of the selenium adducts were
supported by LC-MS/MS analysis. Synthesis of new
complexes derived from these adducts and their catalytic

and biological studies proceed.
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Oz

Cahsma alani Emirdag’in (Afyonkarahisar) 13km GD’sunda
bulunmaktadir. Calisma alaninin temelindeki Triyas yasl
Tozlutepe formasyonunun dolomitik kirecgtaslari kendine has
dokusal ve fizikomekanik 6zellikleri nedeniyle mermer
sektoriiniin ilgisini ¢ekmistir. Calismada Triyas yagl dolomitik
kiregtaslarinin ocak dretimini etkileyen blok verimliliginin
belirlenmesi amaglanmigtir. Bunun igin 3 profil boyunca hat
etada, 4
sureksizliklerin yonelimi, araliklari, devamhliklari ve acikliklari
Olgulmustir. Elde edilen veriler yardimiyla AutoCAD programi

lokasyonda da pencere etidi yOntemiyle

kullanilarak stireksizliklerin 3 boyutlu (3B) modellemesi yapilmis,
blok hacimleri ve blok verimliligi hesaplanmistir. Yapilan gul
diyagramlari analizlerinde hakim siireksizlik yonelimleri hat 1
icin yonleri 80°-90° ve 260°-270°, hat 2 igin 70°-80° ve 250°-260°
ve hat 3 igin ise 100°-110° ve 290°-300° olarak tespit edilmistir.
K70°0-80°D dogrultusundaki ¢atlaklar tansiyon catlaklari, buna
dik konumda yer alan ve dogrultulari K20°B ve K50°B olan
catlaklar ise makaslama catlagi olarak tanimlanmistir. Pencere
etidlu ¢alisgmasi sonucunda 1,2,3 ve 4 numarali pencere
etitlerinin blok verimliliklerinin sirasiyla %32.64, %37, %36.71
ve % 32.96 olarak tespit edilmistir.

Anahtar Kelimeler: Afyonkarahisar; Kiregtasi; Blok Hacmi;Modelleme.

Afyon Kocatepe Universitesi

Abstract

The study area is located at 13km SE of Emirdag
(Afyonkarahisar). Dolomitic limestones of the Triassic aged
Tozlutepe formation at the base of the study area have attracted
the attention of the marble industry due to their unique textural
and physico-mechanical properties. The aim of the study was to
determine the block productivity of Triassic dolomitic
limestones that affects quarry production. For this purpose, the
orientation, of the

discontinuities were measured using the line survey method

spacing, persistency and openings
along 3 profiles and the window survey method in 4 locations.
With the help of the data obtained, 3D modeling of the
discontinuities was made using the AutoCAD program, and block
volumes and block efficiency were calculated. In the rose
diagram analysis, the dominant discontinuity orientations were
determined as 80°-90° and 260°-270° for line 1, 70°-80° and
250°-260° for line 2, and 100°-110° and 290°-300° for line 3.
Cracks in the direction of N700-800 E are defined as tension
cracks, and cracks located perpendicular to it and with
directions of N20°W and K50° W are defined as shear cracks. As
a result of the window study, the block efficiencies of window
studies numbered 1, 2, 3 and 4 were determined to be 32.64%,
37%, 36.71% and 32.96%, respectively.

Keywords: Afyonkarahisar; Limestone; Block Volume; Modeling.

1. Giris

Mermer ocak isletmeciliginde liretim dncesi mermer ocak
isletmeciligini etkileyen jeolojik parametrelerin (yayilim,
kahinhk, streksizlik, renk ve doku vb.) belirlenmesi oldukca
onemlidir. Yayihm ve kalinlik mermerlerin rezervi;
streksizlik dagilimi blok verimliligi, renk ve doku ise
etkilemektedir. Ocak
doku gibi

ozelliklerini yansitacak ve plaka haline gelmesine olanak

mermerlerin  piyasa degerini

isletmeciliginde mermerlerin renk ve

saglayacak bloklar halinde Uretilmesi beklenmektedir.

Mermer ocaklarinda blok verimliligi, blok olarak satilan
mermer hacminin Uretim amacgh kazilan hacme orani
2022).
Mermer ocaklarinin isletilebilmesi icin blok verimliliginin

olarak tanimlanmaktadir (Sengiin ve Bilgin,
ylksek olmasi gerekmektedir. Jeolojik yapilari nedeniyle
Glkemizde mermer olarak isletilen kayaglarda Uretim
sirasinda blok zaiyati yiksek olmaktadir. Ulkemizdeki
mermer ocaklarinda blok verimlilikleri bej mermerlerde %
1-2, metamorfik kokenli mermerlerde % 2-10 arasinda
degisebilmektedir (Kiiglik ve Onargan 2018).
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Bir kaya kutlesinden cikarilabilecek bloklarin boyutlari,
kiitle icinde bulunan siireksizlik dizlemleri tarafindan
kontrol edilmektedir. Bu nedenle, streksizlik dagiliminin
analiz edilmesi blok boyutunun belirlenmesinde 6nemli
tutmaktadir.
baslamadan &nce bloklarin ekonomik boyutlu olup

bir yer Mermer ocaklarinda Uretime
olmadigini belirlemek igin bir kaya kitlesinden elde edilen

verilere bakilmasi gerekmektedir. Sireksizlik araligi

verilerinin analizleri, yalnizca ortalama blok hacmini
tahmin etmemize izin vermez, ayni zamanda bloklarin bir
kaya kitlesinden ekonomik olarak ¢ikarilip
cikarilamayacagini da belirlemektedir. Ulkemizde 6ncii
calismalar yapilmadan agilan birgok mermer ocaginin terk
edildigi bilinmektedir. Bu da ocak agilmadan yapilan saha
¢alismalarinin ~ 6nemini net bir bigimde ortaya
¢ikartmaktadir. Sonug olarak, bir ocak sahasinda tahmin
edilen ortalama blok hacmi degerleri kiglik ise bu
alanda ekonomik

durumda bu yatinm  yapmak

olmayacaktir. Kaya kitlesi streksizligi bosluk verileri
kullanilarak ortalama blok hacmi tahmin etmek igin
literatiirde 2 boyutlu ve 3 boyutlu pek ¢ok calisma yer
almaktadir (Priest ve Hudson 1976, Hudson 1993, Wang
1992, Wittke 1990, Barton ve Zoback 1992, Priest 1993,
Lu ve Latham 1999, Doyuran et al. 1993, Mutlutilrk 2007,
Siegesmund et al. 2011, Yarahmadi et al. 2017,

Siegesmund et al. 2022, Bogdanowitsch et al. 2022).

Mermer blok tas ocakgiligl ve kaya kitlesi siniflandirmasi
icin Turkiye'de gesitli kaya kitlelerinde yapilan stireksizlik
araligl 6l¢iimu kullanilarak benzer istatistiksel ¢alismalar
yer almaktadir. (Ayday 1989, Ulusay 1991, Gokgeoglu
1997, Yavuz vd. 2005, Ulusay ve S6nmez 2007, Mutluttirk
2007, Nefeslioglu vd. 2006, Kaya vd. 2011, Elgi ve Tirk
2013).

Literatlr incelemelerinde konu ile ilgili olarak bazi
arastirmacilar stireksizlik 6l¢iimlerini esas alarak bilgisayar
programi yardimiyla verileri analiz etmis ve acilacak
ocagin blok verimini matematiksel olarak belirlemeye
calhismislardir. Bazi arastirmacilar ise bu calismalara ek
olarak 3 boyutlu programlar yardimiyla gercege yakin
modellemeler yapmislardir (Mutlutlirk 2007; El¢i ve Turk
2013; Yarahmadi et al. 2018; Siegesmund et al. 2011;

Siegesmund 2022).

Calisma alanini igine alan Emirdag ile Bayat ilgeleri
arasinda son yillarda agilmis birgok mermer ocak isletmesi
bulunmaktadir. Ayrica Emirdag ve c¢evresinde halen
Uretimi yapilan ¢ok sayida traverten ocak islemesi yer
almaktadir. Bu bakimdan

calisma alani ve yakin

cevresinde mermer, kiregtasi ve traverten gibi fakh tiirde

Uretimi yapilan, ekonomik olarak isletilebilen kayag

cesitligi mevcuttur.

Bu calisma Asagikurudere Koyl (Emirdag) civarinda yer
alan dolomitik kiregtaslarinin ocak Uretimini etkileyen
blok verimliliginin belirlenmesi amaciyla yapilmistir (Sekil
1). Bunun igin kiregtasl ocaginda ayna ylizeylerinden ve
mostralar Uzerinde gobzlenen sireksizliklerin yoénelimi,
aralhiklari, devamliliklari ve agikliklari gibi temel olan
veriler hat etidi ve pencere etlidld yontemleriyle
toplanmistir. Calisma sonunda elde edilen tiim sireksizlik
verileri Dips programi yardimiyla yorumlanmis ve buna ek
olarak sahanin 3 boyutlu modelleme ¢alismasi AutoCAD
programinda vyapilmis olup buna bagh olarak blok
verimliligi hesaplanmistir.
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Sekil 1. Calisma alani yer bulduru haritasi.

2. Galigma Alani Jeolojisi

Emirdag’in 13km GD’sunda yer alan ¢alisma alani Emirdag

ve Bayat ilce sinirlan icindeki Ydregil, Glineysaray,
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Kurudere ve Derbent koyleri arasinda bulunmaktadir
(Sekil 1).

Calisma alaninin  temelinde Triyas dolomitik

yasl
kirectaslari ile temsil edilen Tozlutepe Formasyonu yer
almaktadir. Cortlu kristalize kiregtaslarindan olusan
yash

Formasyonunu lzerine gelmektedir. Tuf, tifit, marn, killi

Kretase Kogakkale Formasyonu Tozlutepe
kirectasi ve aglomeradan olusan Miyosen yasl Gebeceler
Formasyonu ise Kogakkale Formasyonunun (zerine

uyumsuzluk ile yerlesmistir.

Miyosen vyash Seydiler tiuf ve aglomerasi Gebeceler
formasyonuyla yanal ve diisey yonde gecisli olarak
bulunur. Andezit, trakit ve bazaltik bilesimli lavlardan
olusan Miyosen yasl Karakaya bazalti Seydiler tif ve
aglomerasi lizerinde bulunmaktadirlar. inceleme alaninin
en geng birimleri ise Kuvaterner yasli yamag¢ molozu ve
altvyon birimlerinden olusmaktadir (Sekil 2).
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Sekil 2. Calisma alaninin genel jeoloji haritasi (Ocal vd. 2011’den
revize edilmistir).

3. Yontem

Yaklasik 60 km2’lik bir alani kapsayan calisma sahasinda
oncelikle bolgenin 1:25000 olgekli
glincellenmistir. Jeolojik harita ile beraber ¢alisma alani

jeolojik haritasi

icerisinde bulunan ve aktif olarak isletilen kiregtasi ocagi
ve cevresinden laboratuvar analizleri
(Sekil 3). Kiregtasi ocaginin kuzeyindeki

mostralar lzerinde lokasyonda her biri yaklasik 250 m

icin Ornekler
alinmigtir

uzunlugunda olmak Uzere toplam 3 adet hat etiidi
calismasi yapiimistir.

Bu c¢alismada Bayat-Emirdag bdlgesinde yer alan

kirectaslarinin blok verimliliklerini hat etlidli, pencere

etlidl ve bilgisayarda modelleme programlari yardimiyla
belirlenmesi hedeflenmistir. Bu kapsamda galismalar;
saha, laboratuvar c¢alismalari ile bilgisayar modelleme
calismalari olmak lizere U¢ asamada yurutilmdastir. Arazi
calismalari kapsaminda kiregtasi ocagi ve gevresinde K8D
dogrultulu ve 284 m uzunlugunda, K30D dogrultulu ve 265
m uzunlugunda ve son olarak K10B dogrultulu ve 210 m
uzunlugunda 3 profil
yapilmistir. Bu ¢alismalara ek olarak hat etiidii noktalari
arasinda kalan alanlarin her birinde 100 m?Zlik alani

boyunca hat etudid ¢alismasi

kapsayan toplam 4 adet pencere etlidii ¢alismasi
yapilmistir (Sekil 4).

Sekil 3. a) Ocakta ya
ocagin genel gérinim.

Pencere etidi calismasi icin birbirine 5 m’lik iplerle bagh
olan 10 mx10 m (100 m?) boyutlarinda kare seklindeki bir
alan olusturulmustur. Dort esit parcaya boliinen 100
m?lik alan igerisinde siireksizlik dogrultulari, uzunluklari
milimetrik kagit kullanilarak 1/50 6lgekte cizilmistir (Sekil
5).

Bilgisayar modelleme c¢alismalarinda ilk olarak 6lclilen
slreksizlik verileri Dips programina aktariimistir. Dips
programina aktarilan verilerin hakim stireksizlik yonleri ile
egim acllar tespit edilmistir. Hakim siireksizlik yonleri
tespit edilen verilerin modellemesini yapabilmek amaciyla
AutaCAD programina aktariimistir.

957



Asagikurudere (Emirdad, Afyonkarahisar) Bélgesinde Yer Alan Dolomitik Kirectaslarinda Blok Verimliliginin Hesaplanmasi, KUZU vd.

HAT28

;-iATﬂ B8 YY

Sekil 4. Hat etlidi ve pencere etlidl galismalarinin Google Earth
GoOrinimu (A: Hatlarin baslangic noktasi, B: Hatlarin bitis
noktasi, P1: 1. Pencere etlidli, P2: 2. Pencere ettdu, P3: 3.
Pencere etidi, P4: 4. Pencere etudu).

Sekil 5. Arazide yapilan hat etlidii ve pencere etlidii ¢alismalari.
a) Hat etlidii genel gériinim{. b) Hat etlidi 6lglim yapilmasi. c)
Pencere etlidi genel gorinimi.

AutoCAD programina aktarilan veriler yardimiyla ¢alisma
alaninda yer alan sireksizliklerin ve egim agcilarinin 3
boyutlu modellemesi g¢ikartilmistir. 3 boyutlu model
yardimiyla arazide vyer alan siireksizliklerin mermer
bloklarini hangi yonde kestigi, stireksizliklerin mermer
bloklarinin hacmini ne sekilde etkiledigi belirlenmistir.
Kullanilan yontem yardimi ile mermer bloklarin blok
hacimleri belirlenmistir. Blok hacimleri belirlenen bloklar
yardimiyla ¢alisma alaninda yer alan kiregtaslarinin blok
verimliligi yizdesel olarak hesaplanmistir.

4. Bulgular

4.1 Blok
Parametrelerinin Belirlenmesi

Verimliligini Etkileyen Siireksizlik

Arazi calismalari kapsaminda hat etlidl ve pencere etlidi
calismalari sirasinda jeolog pusulasi kullaniimistir. Jeolog

pusulasi
slreksizliklerin dogrultu, egim yond ve egim acilari
Olgiilen bu
streksizliklerin yonelimleri

yardimiyla mermer ocaginda yer alan

Olgllmusgtdr. parametreler vasitasiyla
hakkinda fikir edinilmeye
¢alisilmistir. Arazide 6l¢limi yapilan tabaka, g¢atlak, kirik
gibi stireksizliklerin her biri “gul diyagramlari’”’ kullanilarak
degerlendirilmektedir. Gil diyagramlari yardimiyla tespit
edilen ana sireksizlik yonelimleri ile egim miktarlari ve
egim yonleri arazide bulunan kiregtaslari igin bize kirik-
catlak sistemlerini belirlemede yardimci olmakta ve blok
hacimlerinin hesaplanabilmesi hakkinda fikir vermektedir

(Sekil 6).

PlotMode  Rosette
PlotData  Appacent Strike
Face Normal Trend = 0.0
Face Normal Plunge ~ 90.0
BinSize 10"
Outer Circle 15 planes per arc

Planes Plotted 93

Minimum Angle To Plot = 45.0°

Maximum Angle To Plot  90.0°

Plot Mode | Rosetle
PlotData = Apparent Strike
Face Normal Trend | 00
Face Normal Plunge | 90.0
Bnsze | 10°
€ Ouurcm-mumespevm
Planes Plotted | 134
Minimum Angle To Plot | 45.0°
Maximum Angle To Plot | 90.0°

o

PlotMode ~ Rosette
PlotData  Apparent Strike
Face Normal Trend 00
Face Normal Punge  90.0
Bnsze | 10
OuterCirce | 15 planes per arc
Planes Plotted = 87
Minimum Angle To Plot  45.0°
Maximum Angle ToPlot  90.0°

s

HAT-3

Sekil 6. Calisma alaninda yer alan kiregtaslarindaki sireksizlik
dizlemlerine ait glil diyagramlari

Hat 1 icin tespit edilen egim yonleri 80°-90° ve 260°-270°,
hat 2 icin tespit edilen egim yonleri 700-800 ve 2500-260°,
hat 3 i¢in ise 100°-110° ve 290°-300° olarak belirlenmistir.
K70°-80°D dogrultusunda yer alan catlaklar tansiyon
catlaklari olarak adlandirilmis, buna neredeyse dik
konumda yer alan yaklasik K20°B ve K50°B dogrultulu

catlaklar ise makaslama gatlagi olarak tanimlanmustir.

Sureksizliklerin devamliliklari incelendiginde hat 1 ve hat
2’nin orta derecede (Tablo 1) devamliliga sahip oldugu hat
3’'Un ise c¢ok yliksek devamliliga sahip oldugu tespit
edilmistir (Sekil 7). Sdreksizlik acikliklarini gosteren
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histogramlar incelendiginde ise hat 1'in agik, hat 2’nin
kismen siki, hat 3’Un ise genel olarak siki oldugu
gozlemlenmistir (Tablo 2). Tim hat etidi calismalan
birlikte degerlendirildiginde orneklerin bosluklu yapilar
sinifina girdigi belirlenmistir (Sekil 8) (Tablo 1) (ISRM
1981).

Hatlarin Sureksizliklerinin
Devamhiligi

Sekil 7. Hat etltlerine ait sureksizlik devamhhklarini gosterir
histogram.

Hatlarin Stireksizlik Agikliklari

HAT-1 HAT-2 HAT-3

ACIKLIK (cm) m<0,1 m0,25-05 mO0,5-25

Sekil 8. Hat etitlerine ait slreksizlik agikliklarini gosterir
histogram.

Tablo 1. Sireksizlik devamliliginin tanimlama 6lguta (ISRM,

1981).
Tanimlama Sireksizlik izinin uzunlugu
(m)
Cok diisiik devamlihk <1
Dusuk derecede devamlilik 1-3
Orta derecede devamlilik 3-10
Yiiksek devamlilik 10-20
Cok yiiksek devamhilk >20
Tablo 2. Sureksizlik agikhginin tanimlama 6lgutleri (ISRM, 1981).
Agikhk Tanimlama
<0,1 mm Cok siki
0,1-0,25 mm Siki
0,25-0,5 mm Kismen siki
0,5-2,5 mm Acik
2,5-10 mm Orta derecede
>10 mm Genis
1-10 cm Cok genis
10-100 cm Asiri genis
>100 cm Bosluklu

4.2 Bilgisayar Modelleme Calismalari

Bilgisayar modelleme g¢alismalari kapsaminda arazide
olgimi yapilan sireksizliklerin - AutoCAD programina
aktarilmasi saglanmigtir. AutoCAD programina aktarilan
slreksizlik dizlemlerinin birbirlerini kestikleri bolgeler
belirlenmis ve bu bolgelerden diizgin sekilli bloklar
cikartilmistir. Cikartilan bloklarin hacimleri hesaplanarak
boélgenin blok verimliliginin 3 boyutlu olarak hesaplanmasi
amaclanmistir.

Mermer ocaginda yer alan bloklarin hacmini etkileyen ve
en o6nemli parametrelerden biri olan sureksizliklerin
acikhgr ve devamligl hat ve pencere etidi galismalari
yapilarak yerinde tespit edilmistir (Sekil 9).

sekil 9. a) inceleme alaninda yapilan hat etiidii genel gérinimd.
b) inceleme alaninda yapilan pencere etiidii genel gériinimi.

Pencere etidid c¢alismalari  kapsaminda bilgisayar

ortamina  tasinan  sdreksizliklerin  dogrultu  ve
yonelimlerinin yeraltinda (z ekseninde) devam ettigi
varsayllarak AutoCAD program vasitasiyla AutoCAD
programina aktarilan élgimler neticesinde her bir kenari
10 m olan Ug¢ boyutlu sekil elde edilmistir. 10x10x10 m’lik
kiip olusturulmustur. Olusturulan kiipten herhangi bir

kenari 1 m’den az ve bir kenari 3 m ve diger kenari 2 m'yi
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gecmeyecek sekilde slireksizliklerin kestigi blok parcalara
ayrilmistir. Duzglin pargalara ayrilan bloklarda 6 m3
(3x2x1 m) ile 12 m3 (3x2x2 m) arasinda kalan duzgiin
edilerek

prizmatik pargalar blok verimliligine dahil

hesaplanmistir. (Sekil 10).

Sekil 10. AutoCAD programi kullanilarak 3 boyutlu gizilen
pencere etlidl genel gérinimd.

1 numarali pencere etudine ait veri gorintisu
incelendiginde 5 m3 ile 12 m3 arasinda kalan toplam 31
adet blok tespit edilmis bunun yaninda 1 m3 ile 6 m3
arasinda irili ufakh 33 adet blok tespit edilmistir. 2
numarall pencere etlidiine ait gorinti incelendiginde 5
m3ile 12 m3 arasinda toplam 35, 1 m3ile 5 m? arasinda ise
41 adet blok belirlenmistir (Sekil 11).3 numaral pencere
etlidiine ait sonuglar incelendiginde 5 m3-12 m3 arasinda
36, 1 m3-5 m? arasinda 41 adet blok tespit edilmistir. 4
numarall pencere etidiine ait sonuglar incelendiginde 5
m3-12 m? arasinda 29, 1 m3-5 m? arasinda 43 adet blok

tespit edilmistir (Sekil 12).

Yapilan sayalama islemleri sonucunda diizgiin alinabilen
blok hacimleri toplaminin (1-12 m3 arasinda olan) 1000 m?
(10x10x10 m)’e
hesaplanmistir. 1 numarali pencere etidiinde %32,64, 2

bolinmesiyle  blok  verimliligi
numarali pencere etiidiinde %37, 3 numarali pencere
etudinde %36,71 ve 4 numarali pencere etiidiinde ise
%32,96 olarak hesaplanmistir. Ortalama blok verimliligi
ise %34,90 olarak tespit edilmistir (Sekil 13; Tablo 3).

BLOK 1
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Sekil 11. Pencere etidi ¢izimlerinin AutoCAD programi
yardimiyla analiz edilmesi (Blok 1 ve Blok 2).
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Sekil 12. Pencere etlidi ¢izimlerinin AutoCAD programi
kullanilarak analiz edilmesi (Blok 3 ve Blok 4).
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Sekil 13. Pencere etiitlerinin 2 boyutlu olarak AutoCAD programi
kullanilarak degerlendirilmesi. a) Pencere etiidii genel gizimi. b)
Pencere etiidi sonrasi bloklarin gikartilip sayalanmasi.

Tablo 3. Pencere etiidii calismalari sonucunda ortaya ¢ikan blok
hacmi toplami ve blok verimliligi.

Pencere Etiidii No Toplam Blok Hacmi | Blok Verimliligi (%)
(m?)

1 326,4 32,64

2 370,5 37

3 367,1 36,71

4 329,6 32,96

6. Sonuglar ve Tartisma

S Triyas yash dolomitik kiregtaslarinin ocak Gretimini
etkileyen blok verimliliginin belirlenmesi amaclandigl
calisma kapsaminda dogrultulari K8D, K30D ve K10B
olacak sekilde ve uzunluklari sirasiyla 284 m, 265 mve 210
m olan {i¢ adet hat etliidi ¢alismalari kapsaminda topla
366 adet sureksizlik olglilmistir. Buna ek olarak hat
ettdlerinin ara noktalarinda kalan ikiser adet olmak tizere
toplam 4 adet 10 mx10 m (100 m?) olan pencere etiidi
¢ahsmalari yaratilmustar.

Hat-1 icin hakim egim yonleri 80°-90° ve 260°-270°, hat-2
icin 70°-80° ve 250°-260°, hat-3 icin ise 100°-110° ve 290°-
300° olarak belirlenmistir. Bunun yaninda K70D-K80D
dogrultusunda yer alan catlaklar tansiyon ¢atlaklari, buna
dik olan K20B ve K50B arasinda yer alan catlaklar ise
makaslama c¢atlagi olarak tespit edilmistir. Hat etltlerinin
sureksizlik agikliklarinin agik ile siki arasinda degistigi

AutoCAD
sonucunda

gbzlemlenmistir. Pencere etdtlerinin

programinda degerlendirilmesi
slreksizliklerin derinlere dogru devam ettigi varsayilarak
U¢ boyutlu modelleme yapilmistir. Yapilan modellemede
10 mx10 mx10 m (1000 m3) hacminde blok biitiin olarak
bloklar

slreksizliklerin arasindan sayalanmistir. Yapilan pencere

degerlendirilmis ve buradan duizgiin sekilli

etlidi ¢alismalari ile blok verimlilikleri sirasiyla %32,64,
%37,3, %36,71 ve %32,96 olarak belirlenmistir. Ortalama
blok verimliligi ise %34,90 olarak tespit edilmistir.

Mutlutiirk (2007), yapmis oldugu calismada mermer ocagi
a¢llmadan o6nce mostra Ulzerinde yapilan sireksizlik
Olciimlerini bilgisayar program yardimiyla analiz etmis ve
acilacak olan ocaklarda blok verimini matematiksel olarak
tespit etmistir. Daha sonra agilan mermer ocaginda ocak

Ancak kullanilan ydntemin en buyik eksikligi 6lgllen
slreksizliklerin gercekte hangi derinlige kadar gittiginin

bilinmemesidir. Cinku kullanilan ydntemde 6&lgiilen

slreksizliklerin derinlere kadar devam ettigi kabul
edilmistir. Yine de kullanilan ydntemle birlikte ocak
acilmadan  olusabilecek maddi kayiplarin  Oniline

gecilecektir. Buginki kosullarda ¢ogu mermer ocagi

yeterli saha gozlemi vyapilamamasi nedeniyle terk

edilmistir.

Ocak vyetkilileri ile yapilan soézlii gérismede ocak blok
mermer (retim degerlerinin yaklasik %15 dolayinda
oldugunu belirtmislerdir. Bizim yaptigimiz c¢alisma
sonucunda elde ettigimiz sonuglara gére ortalama %34
oldugu hesaplanmistir. Elde ettigimiz sonuclar gercek
Uretim degerlerine yakin oldugu goérilmis olup bu
¢alismanin diger mermer ocaklarinda da yapilmasinin
ocak dretiminde katki
Gelecekteki

streksizliklerinin derinliklerinin gergcege uygun tespit

saglayacagl dusinilmektedir.

yapilmasi planlanan calismalarda

edilmesi halinde hata payinin ¢ok ciddi oranda dilisecegi
ongorilmektedir.

Etik Standartlar Bildirgesi

Yazarlar tiim etik standartlara uyduklarini beyan ederler.

Bu calisma Dog.Dr Metin BAGCI danismanliginda Bekir KUZU tarafindan
18/02/2022 tarihinde tamamlanan “Kurudere kéyli (Emirdag
/Afyonkarahisar) cevresinde yer alan kiregtaglarinin jeolojisi ve mermer
olarak degerlendirilmesinin arastiriimasi” baslikli ve 718572 tez no’lu
yuksek lisans tezinden tiretilmistir.”
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Oz

Cimentolu macun dolgu (CMD), ince boyutlu maden tesis atigi,
cimento ve suyun basarili bir miihendislik karisimidir. Ozellikle
bakir, kursun, ¢inko gibi metalik cevherlerin islenmesi
durumunda olugan atiklar silftrld mineraller igerebilmektedir.
Sulfur icerigi yiiksek atiklar oksijen ve nemin oldugu ortamlarda
oksidasyona ugrayarak asit maden drenaji (AMD) olusumuna
sebep olabilmektedir. Genel olarak AMD, su ortaminin pH
degerini diislirmekte ve agir metal salinimina neden olmaktadir.
Bu nedenle, AMD potansiyeli ¢cevresel agidan dikkate alinmasi
gereken oOnemli bir parametredir. Salfirli mineral igeren
malzemelerin AMD potansiyelini belirlemek igin ilk etapta
kullanilan testlerden birisi statik testlerdir. Statik testler
sonucunda atiklarin nétralizasyon kapasitesinin asit olusturma
potansiyelinden yiiksek olmasi durumunda, bu tir atiklar AMD
acisindan zararsiz olarak siniflandiriimaktadir. Bu ¢alismada,
sulfarlt atik ve ayni atiktan hazirlanmis CMD numunelerinde
AMD potansiyeli statik modifiye asit-baz hesabi (ABH) testi ile
incelenmistir. Bulgular, CMD numunelerinin atik numunesine
kiyasla %15 daha yiksek net notralizasyon potansiyeline (NNP)
sahip oldugunu gostermistir. Calismada ayrica silfirli mineral
iceren atik ve/veya CMD’de AMD’nin belirlenmesinde yaygin
olarak kullanilan statik testlerin dnemi hakkinda bilgi verilmistir.
Bu ¢alisma kiir almig GMD numunesi lzerinde yapilan deneysel
bir statik test calismasi olmasi bakimindan 6nem arz etmektedir.

Anahtar Kelimeler: Asit maden drenaji, Stlfurli atik, Cimentolu macun
dolgu, Statik test.

© Afyon Kocatepe Universitesi

Abstract

Cemented paste backfill (CPB) is a successfully prepared
engineering material from fine mine processing tailings, cement
and water. Tailings may contain sulfidic minerals when metallic
ores such as Zn, Cu, Pb etc. are subjected to mineral processing.
Tailings with high sulfur content can go through oxidation in the
presence of oxygen and moisture and, cause the formation of
acid mine drainage (AMD). In general, AMD lowers the pH of
environmental waters and, causes heavy metal releases.
Therefore, AMD potential is an important parameter to consider
from an environmental perspective. One of the tests initially
used to determine AMD potential is static testing. As a result of
static tests, if the neutralization capacity of waste is higher than
its acid-generating potential, this type of tailings is classified as
non-hazardous in terms of AMD. In this study, AMD potentials
of sulfidic tailings and CPB samples prepared from such tailings
were investigated by static modified acid base account (ABA)
test. As a result of the study, CPB samples were found to have
15% higher net neutralization potential compared to the tailings
sample. In addition, fundamental information about the
importance of static tests, which are commonly used in
determining the AMD originating from tailings and/or CPB was
given. This study is a significant experimental static test study on
cured solid CPB specimen.

Keywords: Acid mine drainage, Sulfidic tailings, Cemented paste backfill,
Static test.

1. Giris
Gelisen teknoloji ve kiresel ekonomideki talep
neticesinde enerji ve hammadde ihtiyaci giderek

artmaktadir. Artan talebi karsilayabilmek i¢cin madencilik
faaliyetlerinin siirdirilebilir bir sekilde yonetilebilmesi
kritik Onem tasimaktadir. Sirdirilebilir madencilik
operasyonlarinda atik yonetimi kilit bir konu olarak
karsimiza c¢ikmaktadir. Dolayisiyla, artan hammadde
ihtiyaci, iyi yonetilmesi gereken biiylk bir atik sorununu
Ozellikle

hammaddelere olan talebin karsilanabilmesi icin Gretilen

da beraberinde getirmektedir. metalik

bakir, kursun, ginko gibi cevherler siilfiirlii bilesikler iceren
atiklar meydana getirmektedir (Ergiler, 2012). Atik
blinyesindeki siilflirlii mineraller ortamda bulunan oksijen
ve su ile tepkimeye girerek oksidasyona ugramaktadir.
Boylece, ortamin asidik 6zellik kazanmasina ve bunun bir
sonucu olarak ortamda hareketsiz ve hapsolmus halde
bulunan Kkirletici/zararli metallerin ¢ozilerek cevreye,
dogal yasam alanlarina yayilmasina ve olumsuz etkilerin
olusumuna neden olabilmektedir. Bu olay kisaca Asit
Maden Drenaji (AMD) seklinde 0Ozetlenebilir (Akcil vd.
2006, Lei vd. 2010, int.Kay.-1, Tomiyama vd. 2019, Xu vd.
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2020). Bu gibi olumsuzluklarin  6nlenmesi

amaclyla cesitli atik yonetimi ve AMD rehabilitasyon

cevresel

yontemleri kullanilmaktadir (Grey 1997, Kuyucak 2002,
Cetiner vd. 2006, Moodley vd. 2018, Park vd. 2019,
2019, 2019).
Glinimuzde vyaygin olarak kullanilan atik y&netimi

Skousen  vd. Rodriguez-Galan vd.
yontemleri arasinda, ¢cimentolu macun dolgu teknolojisi,
madencilik faaliyetleri bakimindan teknik ve ekonomik
avantajlarinin yaninda 6zellikle gevresel agidan sagladigi
faydalar bakimindan 6n plana g¢ikmaktadir (Yilmaz ve
Ergikdi 2021, Yilmaz vd. 2021). Metalik madenlerin cevher
zenginlestirme tesislerinde islenmesi sonucu olusan
silfarli  atiklar genellikle -150 mikron malzemeden
olusmaktadir (Karadeniz 2008). Atik boyutu inceldikge
serbest ylizey ve serbestlesen mineral orani arttigindan
sulfurli mineralin oksijen ve su ile olan tepkime siddeti
(oksidasyon potansiyeli) yiikselmektedir. Ozellikle pirit
minerali (FeS2) 25 mikron alti boyutlarda oldugunda ¢ok
daha hizh tepkime gostermektedir. Dolayisiyla ince
boyutlu atiklar AMD potansiyeli bakimindan nispeten
daha yuksek risk teskil etmektedir (Stromberg ve Banwart
1999, Ergiler ve Ergller 2015). Bu noktada CMD
teknolojisinin yardimiyla ince boyutlu atiklar cesitli
baglayicilar ve su ile karistirilarak sertlestiriimekte ve
yeralti maden lretim bosluklarinda depolanabilmektedir.
CMD uygulamasi ile dolgu biinyesinde hapsedilen sulfiirlu
mineralin  oksijen ve suyla etkilesimi minimuma
indirilmektedir. Dolayisiyla AMD potansiyeli buyik 6l¢lide

engellenebilmektedir (Kog vd. 2023).

Sulfarlt atiklarin AMD potansiyelinin belirlenebilmesi igin

statik ve kinetik testler kullanilmaktadir. Bu testler
neticesinde atigin ne sekilde yonetilecegi
(bertaraf/depolanma) kararlastirilmaktadir. Atigin

cevresel agidan tehlikeli atik sinifinda mi yoksa tehlikesiz
atik sinifinda mi yer aldiginin hizli ve dogru bir sekilde
Clnka, atik
bertarafi/yénetimi, olusabilecek cevresel/ekolojik riskler

tespit edilmesi gerekmektedir.
ve yliksek rehabilitasyon maliyetleri sebebiyle madencilik
operasyonlari bakimindan kritik bir 6neme sahiptir. Atigin
cevresel degerlendirmesinde ilk adim, yapisinda bulunan
bilesiklerin kimyasal ve mineralojik analizlerle tespit
edilmesidir. Burada 6ncelikle atigin blinyesinde bulunan
kikurt (sulfur) icerigi belirlenir. 15.07.2015 tarihli 29417
saylli Maden Atiklari Yonetmeligi uyarinca (Maden atiklari
EK-4/B-2.Madde ve Maden Atiklari

Yonetmeligi'nin uygulanmasina iliskin agiklamalar, C

yonetmeligi

bendi) blinyesinde %0.1’den az kikirt iceren atiklar asit
Uretmeyen atiklar olarak siniflandiriimaktadir. %1 ve daha
fazla miktarda kikirt iceren atiklar ise tehlikeli atik olarak
siniflandiriimaktadir. %0.1-%1 arasinda kikirt igeren
atiklarin siniflandiriimasina yonelik statik ve kinetik testler

yapilmaktadir (T.C. Resmi Gazete, 2015; Aka 2018;
int.Kay-2).

Statik testlerle atigin asit Uretme ve asit nétralizasyon
hizli,
belirlenebilmektedir.

potansiyeli pratik ve ekonomik bir sekilde
Bu gibi

kikirt iceren atiklarin siniflandiriimasinda yaygin olarak

avantajlarindan dolayi

kullanilmaktadirlar. Guniimlzde kullanilan gesitli statik
test yontemleri bulunmaktadir. Asit baz hesabi (ABH), net
asit Uretim deneyi, alkali Gretim potansiyeli/kikirt orani
deneyi, British Columbia Research testi bu yontemlerin
baslicalaridir.  Kullanilan yontemler vyillar igerisinde
arastirmacilar tarafindan gelistirilmis ve/veya kullanim
alanlarina gore degistirilmistir. Statik testler ile malzeme
icindeki stlfirld minerallerin asit liretme potansiyelleri ve
yine ayni malzeme binyesindeki notralizan minerallerin
asit notrlestirme kapasiteleri arasindaki denge arastirilir.
Bu sayede malzemenin asit Uretip Uretmeyecegi tahlil
edilir. Elde edilen sonuglar, salfarli mineral igeren
malzemelere yonelik ileri analizlerin gerekliligini gosterir.
CMD binyesinde de silfirli minerallerin  ylzeyleri
hidratasyon Urilnleri ile kaplandigindan AMD riskini
azaltma potansiyeli veya CMD biinyesindeki atigin asit
siniflandiriimasi
degildir. CMD

malzemelerinin metal ve silfat salinimlarinin da ayrica

Uretip Uretmemesi c¢evresel agidan

bakimindan tek basina yeterli
kinetik testler ile analiz edilmesi gerekmektedir. Bu
sayede atiga uygun cevresel atik yonetimi segenekleri

belirlenmektedir (Kog vd. 2023, Aka 2018).

Acik literatire bakildiginda statik test calismalari
genellikle macun dolguda kullanilan silfurli atik malzeme
ve/veya diger macun dolgu bilesenleri (kiregtasi, ucucu
kal, mermer vb.) Gzerinde gergeklestirilmistir (Bouzahzah
vd. 2014, Plante vd. 2012, Barnes vd. 2015; Bascetin ve
Tuylu, 2018; Bascetin vd. 2018; Bascetin vd. 2022; Yilmaz
vd. 2020; Yilmaz ve Ergikdi, 2022; Yilmaz ve Ergikdi,
2022b). Ancak, dogrudan kati ¢cimentolu macun dolgu
numuneleri izerinde yapilan statik test calismasi sayisi
oldukga azdir (Chapman 2003; DeVos ve Verburg 2006;
Cihangir vd. 2023).

Bu c¢alismada silfirli mineral bakimindan zengin
flotasyon tesis atiklari ve bu atiklardan %7 baglayici
(Portland Cimento, PC-42,5R) ile hazirlanan kir almis
CMD numuneleri Gzerinde statik degistirilmis (modifiye)
ABH testi

potansiyelleri arastirilmistir.

yapilmistir. Boylece, malzemelerin AMD

2. Statik Testlerin Genel Prensipleri

Statik testler esas olarak, siilfiir iceren malzemenin
kimyasal icerigine dayali bazi hesaplamalara ve bir dizi asit
baz tepkimesine maruz birakilarak gosterdigi davranisin
tahliline dayanmaktadir. Kimyasal tepkimelerin daha hizh

965



Statik Testlerin Cimentolu Macun Dolguda Asit Maden Drenaji (AMD) Ozelliklerinin Belirlenmesinde Kullanimi, KOC vd.

ve etkili sonug verebilmesi bakimindan genellikle statik
testlerde kullanilacak sulfurlu/kikirtlt malzeme ince
boyuta indirgenir. Ancak bu durum malzemenin 6zgiin
yapisini  degistirebileceginden  malzemenin  saha
kosullarindaki davranisini yeterli 6lglide yansitmayabilir.
Ozetle, statik testler malzemenin kimyasal icerigi ile
ilgilenirken malzemenin fiziksel yapisini ve ortam
kosullarini géz ardi etmektedir (Dold 2017). Bu sebeple
cevresel agidan degerlendirme yapilirken her malzeme ve
ortama Ozgin tahlillerin

yapiimasi gerekmektedir.

ilaveten, sulfiirli  bilesiklerin  gosterdigi  cesitlilik
(mineraloji) sebebiyle her kimyasal prosedir her tirli
bilesik icin ayni oranda dogru netice verememektedir. Bu
nedenle malzemenin yapisina uygun test yontemi
belirlenmeli ve kullanilmalidir (Barnes vd. 2012, Chapman
vd. 2003). Ayrica, bazi statik test prosedirleri (fisirdama
testi, karbonat orani gibi) gbzleme/tecriibeye ve birtakim
kabullere (malzemedeki tim karbonath yapilarin
kabul edilmekle birlikte,

gercekte siderit ya da manganez gibi karbonath yapilar

notralizasyon saglayacagi
bunu saglamamaktir) dayali yorum gerektirmektedir. Bu
gibi eksikliklerinden dolayi, analiz edilecek malzemeye
uygun en dogru sonuglar elde edebilmek adina
arastirmacilar farkh protokoller gelistirerek statik testler

Uzerinde cesitli degisiklikler yapmaktadir.

Ornegin asit baz hesabi (ABH) (Sobek vd. 1978) jeolojik
malzemelerin asit (iretme potansiyelinin belirlenmesinde
kullanilan en yaygin tekniklerden biridir. Ancak bu teknik,

arastirmacilar tarafindan tahlil edilen malzemeye gore
zaman icerisinde degistirilmistir. Degistirilmis (modifiye)
asit baz hesabi, 6zellikle demire bagh kikirt (Fe2S vb.)
iceren atiklar igin  glnumiizde vyaygin olarak
kullanilmaktadir. Degistirilmis ABH testi (Lawrence 1990)
islem basamaklari su sekildedir:

1-) Asit (iretme potansiyelinin (AP) tespiti: Oncelikle atigin
demire bagh kukirt igerigi (%S2-) tespit edilir. Elde edilen
deger 31.25 katsayisi ile carpilarak atigin asit Gretme
potansiyeli (AP) hesaplanir. Bu kisim igin dikkat edilmesi
gereken oOnemli noktalar bulunmaktadir. Bunlardan
birincisi, atigin blinyesindeki kiikirdin esas kaynaginin
belirlenmesidir (demire bagh kukiart, organik kikrt,
stlfat kukdrdd). Standart ABH (Sobek vd. 1978), alkali
Uretim potansiyeli/kikirt orani tayini ve British Columbia
Research testlerinde oldugu haliyle, bu dagihm
belirlenmeden toplam kikirt icerigine dayah yapilan
hesaplamalar, olmasi gerekenden daha yiksek miktarda
asit Gretme potansiyeli sonucu verebilmektedir. Diger bir
onemli husus ise; oksijence fakir ortamlar igin piriti
oksitleyen Fe3+ iyonlari ayni piritten meydana gelmis ise
31.25 katsayisi 15.625
daha sonuglar

verebilmektedir (Karadeniz 2008). Bu durum oksitleyici

AP hesaplanirken yerine

katsayisinin kullanimi dogru
kaynaga gore farklilik goésterebilmekle birlikte, kimi
durumlarda katsay! olarak 62.5 (Dold 2017) veya 125

(Morin 2001) de segcilebilmektedir.

Cizelge 1. Fisirdama testi ile asit hacmi ve normalitesinin belirlenmesi (Sobek vd. 1978, Kog vd. 2023).

. 3 ) Asit Derigimi
Fisirdama orani  Go6zlem Asit Hacmi (ml) I
(Normalite)
Yok Tepkime yok 20 0.1
Dustk Hafif ve yavas tepkime (kiiciik baloncuklanma) 40 0.1
Orta Belirgin tepkime (orta baloncuklanma) 40 0.5
Yiksek Kuvvetli ve hizli tepkime (bliyik baloncuklanma ve sigramalar) 80 0.5

2-) Notralizasyon potansiyelinin (NP) tespiti: Fisirdama
testinde, 0.5 veya 1.0 g toz haline getirilmis numune (-
0.25mm) Uizerine %25 HCI ¢ozeltisi damlatilir ve karbonat
orani (fisirdama derecesi) gozlemlenir. Buna goére bir
sonraki adimda eklenecek HCI miktari (ml) ve normalitesi
(N) belirlenir (Cizelge 1, Sekil 2). Daha sonra, 2.0 g
numune, oda sicakhginda 24 saat boyunca HCl ile
calkalanir. Bu islem sonucunda ¢o6zeltinin pH degerinin
1.5-2.0 araliginda olmasi beklenir. Aksi durumda ¢ozelti
normalitesi ve/veya miktari tekrar gozden gegirilmeli ve
islem tekrarlanmalidir. Bu reaksiyon sirasinda tiketilen
asit miktarini belirlemek igin ¢ozelti NaOH ile pH 8.3'e titre
edilir. Boylelikle atik tarafindan notralize edilen asit
miktari hesaplanarak atigin noétralizasyon potansiyeli
bulunur.

Burada, kullanilan titrasyon pH degeri ve

numune ¢ozliindiirme sekli yontemler arasinda farklilik
gosterebilmektedir. Standart ABH testinde titrasyon pH
degeri 7 olarak belirlenmistir ve bu testte atik-asit
¢Ozeltisi oda sicakliginda 24 saat calkalanmak yerine
¢Ozeltideki tepkime (baloncuk ¢ikarma) duruncaya kadar
isitiilmaktadir. Fisirdama testinin kantitatif bir sekilde
yapilabilmesi adina arastirmacilar tarafindan cesitli
¢alismalar yapilmistir (Morin 2001, Bouzahzah vd. 2015).
(British  Columbia

Uretim  potansiyeli/Kikart

Ayrica bazi test yontemlerinde
Alkali orani)
fisirdama testi yerine karbonat orani hesabi (BS EN 15875,
2011) veya mineralojik hesaplama yontemleri
kullanilabilmektedir (Karadeniz 2008, Kog vd. 2023, Morin

2001, Lawrence vd. 1989).

Research,
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3-) AMD potansiyelinin tespiti: Hesaplamalar sonucunda
genellikle NP-AP (NNP: net nétralizasyon potansiyeli)
degeri -20 kgCaCO3/ton’dan dusuk ise veya NP/AP (NNO:
net noétralizasyon orani) degeri 1’den kiigik ise asit Uretir,
1 ile 3 arasinda ise belirsiz, 3'ten biyik ise asit Gretmez
(Sekil
arastirmacilar tarafindan kullanilan farkh siniflandirma

seklinde siniflandirihr 1). Bunun vyaninda
kriterleri de mevcuttur (Morin 2001). Kiiklrt iceren atigin
statik test sonucunda AMD potansiyeli tasimadiginin
tespiti halinde dinamik suzintl testleri (BS EN 15863,
2015) ile metal salinim davranisi incelenir. Metal salinim
degerleri kabul edilen sinir degerlerin altinda olan
kiktrtla atiklar gevresel acgidan tehlikesiz atik olarak
siniflandirilir (Karadeniz 2008; Lawrence vd. 1989, U.S.

EPA 2009).

%8 Belirlenmesi =001 87
(ASTM E1915. EPA 600, Statik Test
FI14582)
1<NP/AP<3
<001 8 NP/AP=3 1’7;”;,‘_,_\7[;-_}73 Kinetik Test
‘—I—- Asityok | 1 Asidik !
Asit liretmez Tehlikeli Atik

Sekil 1. Kikartli atiklarin  AMD potansiyeli bakimindan

siniflandiriimasi (Aka 2018, Kog vd. 2023)

3. Deneysel Calismalar

Bu calismada sulftirli atik ve ayni atiktan Gretilen CMD
malzemesi kullaniimistir. Yer altinda uygulanacak olan
CMD tasarimlarinin 28 giin kiir sonunda en az 1 MPa
dayanimi  saglamasi hedeflenmektedir (Hassani ve
Archibald 1998; Li vd. 2002; Fall vd. 2005; Ercikdi vd. 2013;
Shespari 2015). Yazarlarin 6nceki galismalarindan elde
ettikleri deneysel tecriibelere bagl olarak 6n deneysel
¢alismalardan da elde edilen 1MPa dayanimi saglayacak
bir karisim olmasi adina CMD tasariminda bu ¢alisma igin
%7 oraninda baglayict  kullanilmistir.  Tasarimin
su/cimento orani ~4.3 olacak sekilde 7.5 in¢ slamp
akiskanhkta hazirlanmistir. ¢MD numuneleri Gzerinde
yapilan tek eksenli sikisma dayanimi testleri genellikle
boy/cap orani 2 olan silindirik numuneler Uzerinde
(Ercikdi vd. 2014).

macun dolgu karisimi boy/cap orani ~2 olan plastik

gerceklestiriimektedir Hazirlanan
silindirik kaplara dokiilerek kir odasinda %85+1 nem ve
24+20C sicaklikta 28 giin kirlendirilmistir. Calismada 3
adedi dayanim, 1 adedi statik test (Degistirilmis ABH), 2
adeti de kimyasal, mineralojik ve fiziksel analizlerde
kullanilmak {izere toplamda 6 adet silindirik CMD

numunesi hazirlanmistir.  Kiir sonunda kaliplardan
cikartilan CMD numuneleri (izerinde 50 kN yiik altinda ve
ASTM C 39 standardinda tarif edildigi sekilde tek eksenli
stkisma dayanimi testleri gergeklestirilmistir. Numuneler
ortalama 1 MPa tek eksenli basing dayanimi degeri
0zdes CMD

numuneleri rendelenerek 55 santigrat derece sicaklikta

Uretmistir. Dayanim testi sonrasinda
24saat boyunca kurutulmus akabinde ogutllerek statik
yaplya (-0.25mm)
calismalar KTU Maden

Bolimi Macun Dolgu Laboratuvarinda

testler ve analizler igin taneli
indirgenmistir.
Muhendisligi

gerceklestirilmistir. Mineralojik analizler hizmet alimi

Deneysel

yoluyla Tarkiye Cimento Mitehassisleri Birligi'nde (TCMB)
yaptiriimigtir.

3.1. Malzeme karakterizasyonu

Calismada atik malzeme olarak, bir bakir tretim tesisine
ait flotasyon atiklari kullanilmigtir. Atik malzemenin d80
tane boyutu ~70.8 mikron olarak Malvern Mastersizer
cihazi ile belirlenmistir. Piritik kiikiirt oranlari LECO cihazi
ile belirlenmistir. Attk ve CMD malzemelerinin piritik
kikirt degerleri sirasiyla %28.77 ve %24.61'dir. CMD
numunelerinin hazirlanmasinda CEM-I 42.5R ¢imento tipi
baglayici ve musluk suyu kullanilmigtir. Atik ve CMD
malzemelerine ait baslica/baskin mineraller sirasiyla
Cizelge 2’de verilmistir.

Cizelge 2. Mineralojik analiz sonuglari
Atik CMD

Pirit (FeSy) Pirit (FeS,)

Kuvars (SiO3) Kuvars (SiO;)
Kaolinit [Al,Si,05(0H)4] Kaolinit [Al,Si;Os(OH)4]
Barit [BaSO4] Barit [BaSO4]
Dolomit [MgCa(COs)] Markasit (FeS,)
Markasit (FeS,) Dolomit [MgCa(COs)]
Kalkopirit [CuFeS;] Kalsit [Ca(COs)]
Kalsit [Ca(CO3)] Alit [Cay(Si04)]

Larnit(Belit) [Ca,(SiO4)]

3.2. Statik test (degistirilmis ABH)

Bu calismada, statik test yontemi olarak degistirilmis
(modifiye) ABH testi kullanilmistir. Testler, %28.77 sulfur
icerigine sahip atik ve atik+%7 cimento oraninda CMD
numunesi  Uzerinde  gergeklestirilmistir.  Yontemin
“statik

prensipleri” bashgi altinda verilmis olup; i) asit Gretme

detaylari 6nceki boélimde testlerin  genel

potansiyelinin  (AP) hesaplanmasi, ii) notralizasyon
potansiyelinin (NP) hesaplanmasi, iii) AMD potansiyelinin

hesaplanmasi asamalarindan olusmaktadir.
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4. Bulgular ve Tartisma

4.1. Degistirilmis (modifiye) ABH test sonuglarinin
degerlendirilmesi

Degistirilmis (modifiye) ABH testi ile AMD potansiyelinin
belirlenmesi icin yapilan ¢alismalardan elde dilen bulgular
asagidaki
alinmigtir:

islem basamaklarinda detayli olarak ele

1-) Asit Uretme potansiyelinin (AP) hesaplanmasi:
Malzemelerin her birinin piritik kikart icerikleri 31.25
katsayisiyla garpilarak malzemelerin AP  degerleri
hesaplanmistir. Bu degerler atik ve CMD igin sirasiyla
899.06 ve 769.06 kgCaCO3/ton’dur. Ancak, malzemeler
yer altinda (oksijence fakir ortamda) depolanacak ise bir
yaklasim olarak bu calismada oldugu gibi katsayr 15.625
alinabilir. Bu durumda APof degerleri atik ve CMD igin
sirastyla 449.53 ve 384.53 kgCaCO3/ton olmaktadir. Her
iki durumda da (yerlisti veya yeralti depolama) atik
numune CMD numunesine gore ~%17 daha ylksek asit

Uretme potansiyeline sahiptir.

CMD

Sekil 2. CMD ve atik numunelerinin fisirdama tepkileri (CMD:
dustk tepkime, Atik: tepkime yok)

2-) Notralizasyon potansiyelinin (NP) hesaplanmasi: Atik
ve CMD malzemeleri lzerinde yapilan fisirdama testi
sonucunda atikk numunesinde

fisirdama  tepkisi

gozlenmezken, CMD numunesinde disuk fisirdama
tepkimesi gozlenmistir (Sekil 2). Tepkime siddetine gore
malzemeler icin gereken asit ¢ozeltileri Cizelge 1’e gore
belirlenmis ve malzemeler uygun asit cozeltileri ile
muamele edilmistir. Malzeme-asit siispansiyonu pH 8.3’e
titre edilerek NP degerleri hesaplanmistir. Bu degerler
Atik ve CMD icin sirasiyla 21.31 ve 22.99 kgCaCO3/ton
olarak belirlenmistir. CMD numunesinin atiga gore daha
potansiyeline sahip oldugu

yuksek notralizasyon

goriilmektedir.

3-) AMD potansiyelinin hesaplanmasi: Malzemelerin asit
Gretme ve notralizasyon potansiyelleri arasindaki iliskiye
bakarak net nétralizasyon potansiyeli (NNP) ve net
noétralizasyon orani (NNO) belirlenmistir (Cizelge 3).

atlk ve CMD
numunelerinin nispi ylksek kiikirt (yuksek AP) ve disuk

Statik test sonuglari incelendiginde,
notralizan (dislik NP) icerikleri nedeniyle asit maden
drenaji (AMD) olusturma potansiyeline sahip olduklari
gorilmustar (Cizelge 3).

Statik testler esasen taneli ya da asiltih (kati-sivi
suispansiyon) yapidaki maden atiklarinin (-6mm) cevresel
acidan siniflandiriimasi  icin  gelistirilen  testlerdir.
Dolayisiyla, statik testlerin CMD numuneleri Uzerine
kullaniminin ne olgiide dogru sonuglar verebilecegi
tartismaya acik bir konudur. Bu sebeple arastirmacilar
genellikle CMD yerine, CMD numunesini olusturan atik
malzeme (izerinde statik testler gergeklestirmekte ve
yorumlamaktadir. Ancak CMD malzemesi gerek fiziksel
gerekse kimyasal 6zellik bakimindan kendisini olusturan
atik malzemesinden oldukga farkh karakteristik 6zellikler
acidan

degerlendiriimesine yonelik kendine o6zgl tahlillere ve

gostermektedir. Dolayisiyla, cevresel

yontemlere gereksinim duymaktadir. Bu noktada

arastirmacilar  alternatif testlere yonelebilmektedir
(kinetik testler, dinamik sliziintu testleri vb.). Yine de
statik testler, sagladiklari kolayliklar bakimindan (kisa
siirede tamamlanmalari, pratik olmalari, disiik maliyetli
olmalari gibi) CMD malzemelerinin AMD potansiyellerinin
belirlenmesi noktasinda goz ardi edilmemelidir. Uygun
statik test yontemleri kullanildiginda, CMD hakkinda
gercekei sonuglar elde edilebilmektedir. Chapman vd.
(2003), %40 piritik kiikiirt icerigine sahip pirit konsantresi
ile bu malzemeden %5 baglayici (Portland ¢imento)
CMD

(modifiye) asit baz

oraninda hazirladiklar numuneleri lizerinde

degistirilmis hesabl  testi
gerceklestirmistir. Sonugta, CMD numunelerinin pirit
~%14.7 daha

notralizasyon potansiyeli (NNP) degeri verdigini tespit

konsantresine  kiyasla yuksek net
etmislerdir. Arastirmacilar ayrica statik test ile bulduklari
yapmis kinetik  test

sonuglarindan elde ettikleri NP sonuglari ile uyumlu

NP  sonucunun, olduklari

oldugunu belirtmislerdir (Chapman vd. 2003). Cihangir vd.
(2023),
zenginlestirme tesis atiklari ile bu malzemeden %7 silfata

%28.8 piritik kikdrt icerigine sahip cevher

dayanikli  baglayict  (CEM-I  42.5R-SR5) oraninda
hazirladiklart CMD numuneleri lzerinde degistirilmis
(modifiye) asit baz hesabi testi gerceklestirmistir.

Arastirmacilar, CMD numunelerinin tesis atigina kiyasla
~%8.5 daha yiksek net notralizasyon potansiyeli (NNP)
degeri verdigini tespit etmislerdir (Cihangir vd. 2023).
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Cizelge 3. Statik test sonuglari

AP” AP" NP* NNP* NNPo¢" NNO NNOof Sonug
Atik 899.06 449.53 21.31 -877.75 -428.22 ~0.02 ~0.04 AMD +
CMD 769.06 384.53 22.99 -746.07 -361.54 ~0.03 ~0.06 AMD +
Limit Degerler™ Asit Uretir Belirsiz Asit Uretmez
NNP* <-20 -20<NNP<20 >+20
NNO <1 1<NNO<3 >3

*: kgCaCOs/ton (NP degerleri gbzlemciye/laboranta bagl olarak degiskenlik gosterebilir).**: Limit degerler (Kog vd. 2023, Benzaazoua vd. 2004)’den alinmistir.

Bu calismada ise onceki ¢alismalar ile uyumlu olarak,
statik test sonuglarina gore %28.77 piritik kiiklrt icerigine
sahip atik kullanilarak %7 baglayici (Portland ¢imento)
oraninda hazirlanan kir almis CMD malzemesinin sulfurli
atik malzemesine kiyasla yaklasik %15 daha yiiksek net
notralizasyon potansiyeline (%15 NNP, %15.5 NNPof)
sahip oldugu goriilmistir. Bu durumun temel sebepleri;
i) atigin yaninda baglayici ve su kullanimiile atikta bulunan
kakart miktarinin seyreltilmesi, ii) baglayici tipine bagl
olarak gelisen hidratasyon tepkimeleri sonucu olusan
Urdnlerin (C-S-H jelleri, Ca(OH)2 vb.) ve 6zellikle gimento
tipi  baglayicilarda bulunan Ca igerikli yapilarin
notralizasyona katki saglamasi seklinde yorumlanabilir.
Bu iki
gosterdikleri

parametre, malzemelerin
farkhlik ile iliskilidir.

fiziksel (yapisal)
kaynaklanan ve notralizasyon siirecine etki eden birtakim

kimyasal acgidan
Bunun yaninda
malzemelerin ozelliklerinden
parametreler de mevcuttur (bosluk orani, gecirimlilik,
tepkime hizi, oksidasyon direnci vb.). Ancak statik testler
CMD

bozuldugundan

yapilirken numunesinin  yapisal  butinligi

(rendeleme, ogutme), bu fiziksel
parametreler statik testlerle tayin edilememektedir (Sekil
3a). Bu sebeple olmasi gerektiginden daha dusik

notralizasyon degerleri elde edilebilmektedir.

CMD malzemeleri (izerinde yapilan statik testlerde dikkat
edilmesi gereken 6nemli bir nokta da kullanilan deneysel
yontem veya metodolojinin  numunenin  dogal
kosullardaki muhtemel davranigini iyi bir sekilde yansitip
yansitamadiginin  kontrolliniin/testinin  saglanmasidir.
Kullanilan statik test yonteminde, 6zdes numunelerin
dogal kosullar altindaki davranislari incelenerek teyit
edilmeli, gerek duyulmasi durumunda test yéntemi veya
metodolojisi degistirilmelidir. Hidratasyon tepkimelerinin
devam etmesi sonucunda, CMD numunelerinde zamanla
birtakim fiziksel ve kimyasal degisiklikler meydana
gelmektedir. Bu sebeple, CMD numuneleri {zerinde
yapilan analizler numune kiir stresine bagh olarak farkli
Statik

etkilenebilmektedir.

testler de bu
CMD
numuneleri lzerinde yapilan statik testlerin hangi kir

sonuglar  verebilmektedir.

degiskenlikten Dolayisiyla
sliresine ait numuneler (izerinde yapildigi belirtilmeli ve
halinde farkli
numuneler ile tekrarlanmalidir. Bu sirecte analiz igin

gerekmesi kir siresine sahip 0Ozdes

(statik test, kimyasal analiz, fiziksel analiz vb.) CMD
numunesinden alinan temsili 6rneklerin miimkin oldukga
bitiini yansitmasi gerekmektedir. Ozellikle ilerleyen kiir
slrelerinde distan ice oksidasyonun da etkisiyle (Sekil 3b)
CMD numuneleri homojen yapisindan uzaklasmakta ve bu
da analiz igin temsili 6rnek alma islemini daha 6nemli hale
getirmektedir. CMD numuneleri lzerinde yapilan statik
testlerin gtvenilirligini arttirmak adina 6rnegin temsili
olmasi saglanmalidir. Ayni zamanda, 6zdes numuneler
Gzerinde yapilan kinetik testler ile sonuglarin uyumu
incelenmeli ve nihai sonuglar degerlendirilmelidir.

CMD numunesi goérinisu

4.2. Cevresel acidan degerlendirme

Madencilik faaliyetleri sonucu olugan sdlfurli atiklarin
AMD potansiyelinin belirlenmesi ve uygun atik yonetimi
teknikleri ile bertaraf edilmesi, c¢evre dostu ve
slirdurulebilir madencilik agisindan kritik Gneme sahiptir.
AMD potansiyeli tasiyan ince boyutlu kukdrtli atiklarin
CMD teknolojisiyle AMD potansiyeli dusdrilebilir ve
uygun statik testler ile bu degisim olgllerek atiklarin
cevresel acidan daha glivenli bir sekilde depolanmasi
statik

testlerin CMD lzerinde dogru ve etkin kullanimina yonelik

saglanabilir. Sagladigi kolaylklar bakimindan
detayli calismalar, 6zellikle kikirtli ¢evresel agidan riskli
ince boyutlu atiklarin basarili bir sekilde yonetilmesine ve
¢6zimine olumlu katkilar

cevresel problemlerinin

saglayacaktir.

5. Sonuglar ve Oneriler

CMD numuneleri lzerinde yapilan statik test calismalari,
malzemenin yapisal biatlnligu, degisken igerigi ve farkh
fiziko-mekanik davranislari gibi nedenlerden o6tiri atik
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numunelerde uygulanan prosedirlere nazaran farklilik
almis CMD
malzemesinin sulfurli atiga kiyasla yaklasik %15 daha

gosterebilmektedir. Bu c¢alismada kir
yiksek net nétralizasyon potansiyeli (NNP) degeri verdigi

gorialmustir. Bu durumun temel sebepleri; i) atik
binyesindeki kiikiirt miktarinin baglayici ile seyreltilmesi,
ii) baglayiciya bagh olusan hidratasyon Grlnlerinin (C-S-H
jelleri, Ca(OH)2 vb.) ve ozellikle gimento biinyesinde
bulunan Ca notralizasyona katki

icerikli yapilarin

saglamasi seklinde yorumlanabilir.

CMD numunelerinde kiir siiresince kimyasal reaksiyonlar
sureklilik arz ettiginden, malzemenin mineralojik igerigi ve
dizayn parametreleri dikkate alinarak ve statik test
yontemleri denenerek en uygun statik test yontemi tayin
Kantitatif statik test
prosedirlerinde gozlem becerisi ve tecribesi test

edilmelidir. analizler iceren

sonuglarini  dogrudan etkileyebilmektedir. Bu gibi

olumsuzluklardan kaginmak adina alternatif yontemler
(kimyasal ve mineralojik analizler ile karbon orani,
karbonat orani hesabi vb.) tercih edilebilir. Ancak esas
netice her iki yéntemin de kiyaslanmasi ile belirlenmelidir.

Uygun statik test yonteminin belirlenmesi, CMD

tasarimlarinin gevresel etkilerinin tahminine yonelik

bliyuk onem arz etmektedir. Ayrica atikk ve CMD

numunelerinin uzun dénemde jeokimyasal

davraniglarinin  belirlenmesini gerektiren durumlarda

(metal , pH, sllfat salinimlari gibi) ilave kinetik testlerin
(kinetik nem hicresi, kinetik kolon, ¢alkantili sise testi
gibi) yapilmasi 6nerilmektedir.
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Oz

Bu jeolojik uzaktan algilama g¢alismasinda, Landsat 8 OLI
algilayicidan  alinan  uydu gorintileri  kullanilarak  Elazig
cevresindeki Ge¢ Kretase yasl volkano-sedimanter kayaglarin
bolgedeki litolojik ayrimina yonelik goriintl isleme ¢alismalari
yapilmistir. Calisma alani kapsaminda elde edilen gorintiler
Elazig K42, K43, L42, L43 ve Malatya K41, L40, L41 paftalarina
disen, MTA (Ankara, Tirkiye)’nin 1/500 000 ve 1/100 000 &lgekli
jeoloji haritalari ile karsilastinimistir. Calisma alanindaki paftalar
dijital ortama aktarilarak sayisallastiriimistir. Landsat 8 OLI uydu
gorintilerine  atmosferik ve radyometrik dlzeltmeler
yapildiktan sonra NDWI, NDVI islemleri uygulanarak bitki értisu
ve su maskelemesi yapilmistir. Landsat 8 OLI uydu gorintileriyle
siraslyla RGB kombinasyonlari, Temel Bilesenler Analizi (PCA) ve
Minimum GuUraltd Fraksiyonu (MNF) metotlari uygulanmistir.
Sayisal jeoloji haritasinda vurgulanan volkano-sedimanter
kayaclar uydu goriintlsi lizerine referans edilerek en iyi ayrimi
elde etmek igin farkli bant kombinasyonlari denenmistir. RGB
analizleri kapsaminda MNF2-PCA5-PCA6, MNF4-PCA5-Bant4,
MNF1-MNF2-MNF3 bant gorintileri ¢ahsilarak, volkano-
sedimanter birimler diger litolojilerinden ayirt edilmistir. Sonug
itibariyle bolgedeki volkano-sedimanter birimlerin farkli kokene
sahip diger litolojilerden ayriminin en iyi gozlemlendigi metodun
RGB bant kombinasyonu PCA3-MNF4-NIR oldugu anlasiimistir.

Anahtar Kelimeler: Geg Kretase; Volkano-sedimanter kayag; Landsat 8
OLI; Litolojik Ayrim; Hibrit Bant Kombinasyonu

© Afyon Kocatepe Universitesi

Abstract

In the study, satellite images were used for discrimination Late
Cretaceous volcanosedimentary rocks around Elazig by remote
sensing methods. The lithological discrimination was applied on
Landssat 8 OLI satellite images. The images obtained within the
scope of the study area were compared with the geological
maps of Elazig K42, K43, L42, L43 and Malatya K41, L40, L41 of
MTA (General Directorate of Mineral Research And Exploration,
Ankara-Turkey). The geological maps with raster format have
been transferred to the digital environment and digitized.
NDWI, NDVI procedures, vegetation, and water masking were
performed on Landsat 8 OLI satellite images after radiometric
calibration and atmospheric corrections. RGB combinations,
Principal Component Analysis (PCA) and Minimun Noise
Fraction (MNF) methods were applied on Landsat 8 OLI satellite
imagery, respectively. Various hybrid band combinations have
been tried to obtain the best seperation by referencing the
satellite data. In the scope of RGB analysis, the volcanic units
were distinguished from other lithologies by images of MNF2-
PCA5-PCA6, MNF4-PCA5-Band4, MNF1-MNF2-MNF3. As a
result, it was understood that the RGB band combination PCA3-
MNF4-NIR is the best discrimination method for the
volcanosedimentary units from other lithologies with different
origins in the study region.

Keywords: Late Creatceous; Volcanosedimentary rock; Landsat 8 OLI;
Lithologic discrimination; Hybrid band combination.

1. Giris

Uzaktan algilama, elektromanyetik sprektrumun morotesi
isinlar ile mikrodalga 1sinlari arasindaki boéliminden
yararlanilarak bir cisim veya dogal bir olayin, fiziksel ve
kimyasal Ozellikleri hakkinda, arada herhangi bir fiziksel
baglanti olmaksizin gesitli algilayici sistemler tarafindan
toplanan verilerin elde edilme metodudur (Duny 1993).
Uzaktan algilama yontemleri sayesinde litolojik birimleri,
sinirlari ve bu jeolojik birimlerin bilesimini etkileyen kaya
turlerini ve tektonik olaylari tanimlamak mimkindiir.
Sahada tespiti mimkiin alanlarin disinda genis ¢apta bir

volkano-sedimanter havzanin bulunmasi ve c¢ok farkli
litolojik karaktere sahip kaya birimlerinin karmasik
halinde ylzeyleme vermesi dolayisiyla s6z konusu
volkanojenik fasiyesin digerlerinden ayrimi bu calismayi

onemli hale getirmektedir.

Uzaktan algilama sistemleri ile elde edilecek verilerin ayni

zamanda saha c¢alismasi ile desteklenmis olmasi
gerekmektedir. Ancak, Dogu Toroslarda yer alan Elazig ili
ve gevresi (Sekil 1) topografik olarak gesitli ylikseltilere ve
egime sahip bir arazi yapisina sahiptir. Bu nedenle pratikte

ulasilan ve ulasilamayan alanlar birlikte degerlendirme
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ihtiyaci dogmakta ve alternatif arastirma metotlari
gelistiriimektedir. Bu amagla, sahaya dair mevcut veriler
yeniden elde edilecek uzaktan algilama verilerle birlikte

sentezlenerek degerlendirilmistir.

inceleme  sahasindaki  baslica uzaktan algilama
calismalarindan (Arda 2006, Aydal vd. 2007) Elazig ili
Baskil ilgesi sinirlarindaki Granitoid turt kayaglara bagh
cevherlesmeler sonucu olugan alterasyonlarin tespiti igin,
Landsat 7 TM ve Aster uydularina ait gorintiler
kullanilarak RGB kombinasyonlari yapilmis, bdlgedeki
alterasyonlar, cizgisellikler kontrol edilip
siniflandirilmistir. Litolojik anlamdaki benzerligiyle (Kargi
2004) Denizli ve gevre illeri igerisine alan M23c1 paftasina
ait sayisal goruntiler Gzerinde Landsat TM gorintuleri
kullanilarak litolojik ayrim ¢alismasi yapmistir. Arastirmaci
bu gorintiilerden en iyi litolojik ayrimin RGB 741 ve 754
kompozit gorintileri oldugunu ve benzer birimlerin
ise 6 TM bandinin temel

ayrimini bilesen analizi

gorintuleriyle daha belirgin oldugunu belirtmistir.

Uzaktan algilama; jeolojide dogada yilizeylenmis durumda
bulunan kayag¢ ve topraklarin bilesimsel 6zelliklerinden
yararlanarak ayirt edilmesinin yaninda degisik boyut ve
Olcekteki tektonik 6zellikleri de ortaya cikarabilir (Kavak
1995, 1998). Akgin vd. (2021), Dogu Anadolu Fay
ASTER uydu
gorintiulerine uygulanan bant kombinasyonu,

Zonu’'nun orta kisminda acik erisimli
kenar
germesi, dekorelasyon germesi ve temel bilesen analizi
gibi zenginlestirme teknikleri yardimiyla morfotektonik
yapilari ortaya c¢ikarmistir. K6kim (2019), Dogu Anadolu
Fay Sistemi’nin (DAFS) Palu (Elazig)-Pitlrge (Malatya)
arasindaki bélumuniin gizgiselliklerini Landsat (4-5) TM
uydu gorintileri Gzerinden otomatik yontemle ¢ikarimini
yapmistir.

Bu calisma ile Elazig ili cevresinde oldukca genis bir alanda
ylzeyleme veren Geg Kretase yash volkano-sedimanter
kayaglarin (Sekil 2, 3) uydu goérintileri yardimiyla gesitli
RGB kombinasyonlari

da kullanilarak diger litoloji

birimlerinden ayirt edilmesi amaglanmistir.
2. Materyal ve Metot

MTA tarafindan olusturulmus 1/500 000 ve 1/100 000

Olgekli bolgesel jeoloji haritalari, ¢alisma alani igin
referans alinmistir (Sekil 1,2). Calisma alanini kapsayan
uydu goruntileri, MTA c¢alisma gruplarinca hazirlanan
Elazig K42, K43, L42, L43 ile Malatya K41, L40, L41 pafta
1/100.000 olgekli jeolojik haritalara karsi

gelmektedir. Bu haritalarda farkli sembollerle gosterilen

numaral

volkanosedimanter (bazalt, bazaltik tuf, aglomera vs)
birimlerin ayristirilmasi amacglanmistir (Sekil 2, 3). Bu
birimler diger litolojilerden ayirt edilene kadar gesitli RGB

kombinasyonlari ve goriintl isleme ve zenginlestirme
metodlari kullanilmistir (Sekil 4-10). Farkli koordinat
sisteminde yer alan haritalarin timid UTM WGS84 37
Zonuna gore
yapilmistir.

dondgstlrulip  jeoreferans  kayitlari

3. Bulgular

Landsat 8 OLI Uydu Goriintlsu segilirken bolgenin mevsim
kosullar dikkate alinmig, ¢alisma alaninin bulundugu
bolgede karasal iklim hakim oldugundan su, yagis ve bitki
Ortusiiniin en az oldugu sonbahar mevsiminin baslangici
olan Ekim ayinin farkli yillara ait gorintilerini iceren bes
adet uydu gorintisi USGS (United States Geological
Survey) resmi web sitesi altinda yer alan modiilden
indirilmistir (URL 1). Sekil 4’te goriilecegi Uzere segilen
uydu goriuntileri birlestirilerek, inceleme alani Gzerine
oturtulmustur.

3.1. NDWI (Normalize Fark Su indeksi)

Su birikintileri, barajlar, goller, akarsu ve dere yataklarinin
yogunlugunu, vyerlerini saptamak amaciyla kullanilan
NDWI (Normalized Difference Water indeks) Landsat 8
OLI uydu goriintllerinde goriintlisi elde edilmesi igin
USGS (Amerika Jeolojik Arastirma Merkezi) tarafindan
(URL.1) (Bant 5 — Bant 6) / (Bant 5 + Bant 6) formuliin
kullanilmasi istenilmistir. Raster hesaplama aracindan bu
formdl islenerek Sekil 5'te gosterilen NDWI gorintisi
elde edilmistir.

3.2. NDVI (Normalize Fark Bitki indeksi)

Bitki ortisinin yogunlugunu saptamak amaciyla
kullanilan NDVI (Normalized Difference Vegetation index)
Landsat 8 OLI uydu géruntilerinde asagidaki forml ile
hesaplanir (URL-1): (Bant 5 — Bant 4) / (Bant 5 + Bant 4).
Raster hesaplama aracindan formil yazilarak elde edilen
NDVI gériintiisii ile inceleme bélgesindeki bitki 6rtiisii
ayirt edilmis ve bu ortliye denk gelen piksellerin DN
numarasina sifir atanmis ve sonugta sogurma ve emisyon
yapma ozelligi kaybettirilmistir. Bitki piksellerini gosteren
NDVI goruntisu (Sekil 6) ve treshold grafigi Sekil 7'de

gosterilmistir.

3.3. Temel Bilesenler Analizi (PCA)

Farkli goriintilerin benzerlik ve farklihklarindan tek bir
gorintl ortaya gikaran Temel Bilesen Analizi teknigi ile
Landsat 8 OLI'nin ilk 7 bandina uygulanarak cesitli

goruntuler Gretilmistir (Sekil 8). Landsat 8 RGB 753 bant
kombinasyonuna dair goriinti Sekil 8'de verimistir.

3.4. Minimum Giirilti Fraksiyonu (MNF)

RGB bant
kombinasyon ve oranlari Landsat 8 OLI uydu goruntileri

Bu yoOntemle iteratliirde uygulanmis bazi
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Uzerinde denenerek anlamli bazi goérintiler ortaya
cikarilmistir. Uydu gorintileri Gzerine etki edebilecek
glralti faktérind sifira indirgeme amaciyla Landsat 8 OLI
uydu VNIR- SWIR bantlarina

uygulandiginda ilk 3 banttan MNF 1 glriltinin en az,

gorintisinin

MNF 3 ise giriltiiniin en fazla oldugu bantlar oldugu
tespit edilmistir.

Landsat 8 OLI uydusu RGB bant siralamasi PCA 3—-MNF 4—
NIR olan goriintlideki koyu yesil alanlar volkanik kayaclari
temsil etmektedir (Sekil 9). Ayni ¢calisma bolgesine ait RGB
PCA 3 — MNF 4 — NIR uydu goriintusuyle elde edilmis 3
boyutlu goriinti (Sekil 10) yorumlanmaya calisiimistir.
Olusturulan RGB goriinti ile volkano-sedimanter birimler
ile gercek DEM gorintileri birlestirilerek uyumluluklan
incelenmistir (Sekil 11).
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Sekil 1. Calisma alanina ait yer bulduru haritasi ve pafta indeksi (URL.1).
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Sekil 2. incelenen sahanin bélgesel jeoloji haritasi (MTA, 2002).
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Sekil 3. 1:500 000 6lgeginde gosterilen volkanosedimanter birimler (MTA, 2002).
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Sekil 4. Calisma alani ve kullanilan goériintdiler.
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Sekil 5. NDWI goriintiisl; parlak pikseller su kitlelerini temsil etmektedir.
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Sekil 6. Calisma alaninda maskelenecek su kitlesi. Kirmizi renkle gésterilmistir.
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Sekil 7. NDVI goruntusiinde bitki piksellerinin dijital numaralarina karsilik gelen treshold grafigi.
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Sekil 8. Calisma alaninin, Landsat 8 RGB 753 bant kombinasyonu.
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Sekil 9. RGB Siralamasi PCA 3 — MINF 4 — NIR bant kombinasyonu goriintis.
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Sekil 10. Landsat 8 OLI uydusu PCA 3 — MNF 4 — NIR gorilintlisiinde volkano-sedimanter birim gegislerini gosterir harita.
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Volkano-
Sedimanterler
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Sekil 11. Ust Kretase yasl volkanik ¢dkel kaya biriminin MTA 1:500000) RGB True Colour ve DEM haritasi ile birlikte hibrit haritasi.
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Sekil 12. Volkanik birimleri ayirt etmede kullanilan RGB bant kombinasyonlarina ait spektral profil grafigi

3.5. Calisma Alanindaki Volkano-sedimanter Birimlerin
Siniflandiriimasi

Uzaktan algilama sistemleriyle siniflandirma islemleri
Sekil 12’de gorllecegi lizere benzer spektral ozellikler
sergileyen cisimlerin yorumlanarak gruplanmasi ilkesine
dayanmaktadir. RGB kombinasyonu PCA3 MNF4 NIR
siralamasindan olusan uydu goérintiisi Gzerinde yapilan

kontrolli siniflandirmada benzer veri gruplari 5 ayri
kiimede toplanmistir.

Sekil 13’ te goriilecegi lizere volkanik birimlerin kirmizi
piksellerde kiimelendigi gozlemlenmistir. Yapilan goriintl
zenginlestirme calismasiyla, MTA’nin 1/500000 &lgeginde
belirtilen volkano-sedimanter birimler ile karsilastirmasi
yapilmistir (Sekil 14).

981



Elazig Cevresindeki Geg Kretase Yasli Volkanosedimanter Kayaglarin Landsat 8 OLI Uydu Gériintiileriyle Tespit Edilmesi, Tekbas vd.

& tn
g 8 8 3
4,325,000 Q Q Q Q 4,325,000
q S Q S
O T ; \
% 8 3
4,300,000 ‘ ~ v 4,300,000
4,275,000 4,275,000
4,250,000 4,250,000
'
K Py
; i
4,225,000 4,225,000
|| Km

/,

g 8
g §

000°0SS
000°SLS

Sekil 13. 5 sinifli yonlendirilmis kontrolli siniflandirma sonucu elde edilen gorinti (kirmizi renk pikseller volkanosedimanter

birimlerdir).
4. Sonuglar ve Tartisma

Bu ¢alismada Amerikan Jeolojik Arastirma Kurumu (USGS)
ve Ulusal Havacilik Uzay Dairesi (NASA) tarafindan
11.02.2013 tarihinde uzaya firlatilan Landsat 8 OLI uydu
gorlintileri Gzerinde galigmalar yiritilmustir. Landsat
serisi uydularin devami ve en sonuncusu olan Landsat 8
OLI uydusu, genis ve jeolojik bakimdan anlamli spektral
araliklar sunmasiyla uzaktan algilama c¢alismalarinda
tercih sebebi olmustur (Zabci 2021). Calisma alanini igine
alan uydu goérintilerinin temini USGS tarafindan ulagima
actk durumda bulunan Earth Explorer internet sitesinden
(URL-1).

kapsayan goriintiler

gerceklestirilmistir Bu baglamda uygulama

alanini Landsat 8 OLI uydu

goruntileri indirildikten sonra bilgisayar destekli goriinti
olan ENVI 5.2.
konusu ham

isleme ve analiz etme programi

programinda islenmistir. Sz uydu
goruntilerine radyometrik ve atmosferik dizeltmeler

yapilmistir.

Yapilan calismanin saha degerlendirmesi kismini MTA
(2002, 2011) tarafindan olusturulmus 1/100 000 &lcekli
Eldzig K42, K43, L42, L43 ile Malatya K41, L40, L41
numarali jeolojik haritalar ve bolge ile alakali daha 6nceki
yapilmis tespitler
olusturmaktadir. Uydu gorintaleri disindaki raster/grid

jeolojik  degerlendirmeler ve

veriler Mapinfo yazimi ile sayisallastiriimis, ArcGIS ve
Leapfrog Geo yazilimi ile de gorsellestirilmistir.
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Sekil 14. MTA haritasinda belirtilmis volkananosedimanter birimler ile yaptigimiz ¢alismadan elde edilen gorintilerin

karsilastirilmasini gosterir harita.

Zabci (2021), Landsat 8 OLI ve Sentinel 2AMSI uydularina
ait uzay gorintulerinin Palu ve Hazar Golu (Elazig)
arasinda kalan bolgenin jeolojik karsilastirmasi amaciyla
bant kombinasyonu, bant oranlamasi, Minimum GurultQ
Fraksiyonu (MNF) ve Temel Bilesen Analizi (PCA)
islemleri sonucunda, veri setinden bagimsiz olarak bant
kombinasyonu ve MNF analizlerinin daha iyi sonug
verdigini ve acik erisimli veri kaynaklarindan ise Sentinel
2A MSI uydusunun hem bant zenginligi hem de goéreceli
yuksek ¢ozlindrlgh ile on plana ciktigini  belirtir.
Hozatlioglu vd. (2024), Dogu Toroslar'in bati kesiminde
(Goksun, Afsin ve Ekindzlu bolgeleri) ylizeylenen jeolojik
birimlerin ve icinde barindirdigi minerallerin dagilimlarini
ASTER’in cesitli sensor gorlntilerine uygulanan gorinti

isleme analizleri (MNF) sayesinde litolojik mekansal
dagihmlari ortaya koymuslardir.

Bu c¢alisma Landsat 8 OLI uydu goriintilerinin Envi 5.2
programi kullanilarak islenip sayisal jeoloji haritalar
temelinde irdelenmesine dayanir. Bu kapsamda inceleme
bolgesine ait Uretilen sayisal jeoloji haritasindaki volkano-
sedimanter kaya¢ birimlerinin farkli litolojilerden
ayriminin en belirgin oldugu bant kompozitleri tretilene
kadar gesitli hibrit gériintli kombinasyonlari denenmistir.
Elde edilen yeni goérintiler yorumlandiginda, volkano-
sedimanter kayaglar diger volkanik kokenli kayag grubuyla
ayni renk piksellerde toplanmis, diger litolojilerden ise
spektral karakteri ve farkh piksel rengi ozellikleriyle
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ayirtlanmistir.  Buna gére Landsat 8 OLI uydu
gorintileriyle volkano-sedimanter birimlerin litolojik
ayrimina dair Cizelge 1’deki bant kombinasyonlari
olusturulmus ve bunlarin MTA jeolojik haritalar ile
karsilastirildiginda, gorsel agidan anlamli bir nitelige sahip

olduklari saptanmistir.

Cizelge 1. Landsat 8 OLI uydusu ile volkano-sedimanter
kayaglarin litolojik ayriminin yapildigi bantlar ve ozellikleri
(MNF1+MNF2+MNF3) bant oranlama [12])’den alinmigtir
Kirmizi Yesil Mavi Volkanik Birimlerin Renk
(R) (G) (B) Dagilimi

MNF1 MNF2 | MNF3 mor pikseller
MNF2 PCA5 | PCA6 yesil ve turkuaz pikseller
MNF4 PCA5 | BANT4 | yesil ve turkuaz pikseller
PCA5 MNF4 | NIR yesil pikseller

Literatirde her ne kadar Landsat 8 OLI uydu goérintileri
ile yapilmis olan RGB bant kombinasyonlari genellikle
mineral ve alterasyon tespit amaclasa da, bu ¢alismayla
denenen ve volkano-sedimanter birimlerin ayrimi igin
yapilmis RGB kombinasyon ¢alismasinin anlamli sonuglar
verdigi goralmustar.

Benzer sekilde bu ¢alisma bolgesinde volkano-sedimanter
kayaglari ayirt etmede en iyi metodun MNF2-PCA5-PCA6
hibrit bant imaj gériintlsiinde oldugu ortaya ¢ikarilmigtir.
Ote yandan, bu calismada arazi dogrulamasi yapiimamig
olup, MTA’nin haritasi temel dayanak ve hedef bdlge
olarak kabul edilmistir.

Tesekkiir

Bu calismanin gerceklesmesi icin destek veren Firat
Universitesi Bilimsel Arastirma Projeleri Yonetim Birimi’'ne
FUBAP-MF.20.08 nolu Yiiksek Lisans tez proje destegi icin
tesekkir ederiz.

Cikar Catismasi Beyani
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Abstract

Recently, the use of nanofluids has gained importance in studies
aimed at increasing reactor efficiency while also addressing
safety concerns in nuclear technology. Various studies have
investigated the effects of adding nanoparticles of different
types and proportions to the coolant water on the thermal and
neutronic characteristics of power reactors using conventional
UO, fuels. Given the abundance of thorium compared to
uranium, research on thorium-based fuels has become
increasingly significant. In this study, the criticality and isotope
changes in a VVER-1000 reactor loaded with 5% ThO, and 95%
UO; by mass as fuel, and 0.1% by volume of Al;O3, CuO, and TiO,
nanoparticles as the coolant, were investigated. Neutronic
analysis was performed using the MCNP5 and MONTEBURNS2.0
codes. The analysis results indicated that the operational
lifespan of the reactor with only water coolant and thorium-
based fuel was shortened due to the presence of nanoparticles.
Furthermore, it was observed that while there was no significant
change in the amount of fissile 23°U and fertile 238U isotopes, the
consumption of fertile 232Th isotope in the reactor increased
with the insertion of nanoparticles into the coolant.

Keywords: VVER-1000; Criticality, Isotope; Nanoparticle; Thorium-
based fuel

Afyon Kocatepe Universitesi

Oz

Son zamanlarda niikleer teknolojide giivenlik faktérlerine dikkat
edilerek reaktor verimliliginin artirllmasina yonelik ¢alismalarda
nanoakiskanlarin kullanimi 6nem kazanmistir. Geleneksel UO,
yakitlarini kullanan giic reaktorlerinde, sogutma suyuna farkl tir
ve oranlarda nanopartiklller eklenerek termal ve nétronik
karakteristikler (izerine etkilerinin incelendigi ¢alismalar
bulunmaktadir. Toryum kaynaklarinin uranyum kaynaklarindan
cok daha fazla oldugu goz 6niine alindiginda toryum bazh
yakitlara yonelik ¢alismalar giderek énem kazanmaktadir. Bu
¢alismada, yakit olarak kiitlece %5 ThO, ve %95 UO, ve sogutucu
olarak hacimce %0,1 Al,0;, CuO ve TiO2 nanopartikllleri
yuklenen VVER-1000 reaktorindeki kritiklik ve izotop
degisiklikleri arastirilmigtir. Analizlerde MCNP5  ve
MONTEBURNS2.0 nétronik analiz kodlari kullaniimistir. Analiz
sonucu, nanopartikillerin etkisiyle sadece su sogutucu ve
toryum bazh yakitin bulundugu reaktériin ¢alisma siresinin
kisaldigini géstermistir. Ayrica 235U ve 238U izotop miktarinda
onemli bir degisiklik olmadigi ancak nanopartikiillerin
sogutucuya eklenmesiyle reaktorde tuketilen 232Th izotop
miktarinin arttig gézlemlenmistir.

Anahtar Kelimeler: VVER-1000; Kritiklik; izotop; Nanoparcacik; Toryum
tabanli yakit

1. Introduction

The known reserves of uranium, the main fuel component
of nuclear power plants, are limited and expensive
(Dungan et al. 2017), making the search for alternatives
to uranium increasingly important. The fertile element
thorium cannot be used alone as fuel in nuclear power
reactors (Unak 2020). Thorium-based fuels require fissile
elements such as 3°U and 2°Pu isotopes to sustain
nuclear chain reactions. However, recent attention has
been focused on thorium for reasons such as its
abundance, the potential to reduce enrichment needs in
the fuel cycle, and the high conversion rate of fertile 232Th

to fissile 23U in the thermal neutron spectrum (Lau et al.
2014, Mustafa et al. 2019). Thorium and its potential
applications in nuclear technology were undervalued
until recently, primarily due to the geographical
distribution of thorium reserves. Thorium-based fuels
offer promising compositions and could be utilized as
thorium-based mixed oxide in many reactor cores
without significant changes in reactor design (Mustafa et
al. 2019, IAEA 2005).

Since the years when nuclear technology started to be
used in the world, developed countries such as the USA,
Germany, Canada, France, Japan and England have
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conducted nuclear fuel research programs based on
thorium (Humphrey and Khandaker 2018). Researchers
studying the present and future of the thorium fuel cycle
are evaluating the developments related to thorium and
examining the pros and cons of utilizing thorium-based
nuclear fuels in commercial reactors. Dwiddar et al. in
their study (Dwiddar et al. 2015), they mentioned the
superiority of thorium in terms of safety measures and
that thorium is an alternative as a fuel, they concluded
that thorium is more useful because it produces less
minor actinide compared to uranium fuel. They studied
the effect of thorium as a part of nuclear fuel on the
neutronic parameters of the VVER-1200 first core. Two
different models, namely mixed thorium uranium fuel
and seed blanket fuel, were compared. According to the
amount of thorium placed, the position of the thorium
assemblies in the reactor core, the effective
multiplication factor has been found. It has been found
that the best location is the location where thorium is
placed around the core. They concluded that the use of
uranium-thorium fuels would be advantageous,
especially for a country with a high thorium reserve. Jan
Frybort emphasized in his study that thorium fuel could
be an alternative to uranium fuel in nuclear power plants.
He stated that in U-Th fuel, the presence of small actinides
in nuclear waste will be negligible. Thorium fuel
consumption in VVER-1000 reactor with the help of MCNP
code based on Monte Carlo methods is investigated. Dose
values of calculated actinide compositions and gamma
radiation were compared with uranium fuel and
radiological damages were compared for two fuels (Fryort
2014). Substantial quantities of plutonium are produced
within the nuclear waste of Light Water Reactors (LWRs)
and CANDU reactors. Reactor-grade plutonium, in the
configuration of a mixed ThO2/PuO: fuel, can serve as
supplementary fissile material within a CANDU fuel
assembly, guaranteeing sustained reactor criticality. In
their studies, researchers are investigating the
possibilities of utilizing the rich thorium reserves in the
world in CANDU reactors. In their study for two different
fuel types, they examined the change in criticality. The
reactor criticality will be sufficient provided that the fuel
rods can be manufactured to withstand such high levels
of burnup until most of the thorium fuel is burned. They
conclude that fuel generation costs and nuclear waste
mass for final disposal per unit energy can be greatly
reduced (Sahin et al. 2006). In the final report of the
Coordinated Research Project (CRP) on "The Potential of
Thorium-Based Fuel Cycles to Limit Plutonium and Reduce
Long-Term Waste Toxicity" initiated by IAEA in 1995,
different fuel cycle options where plutonium can be
recycled with thorium for incineration were investigated,
and the potential of the thorium matrix was investigated
by computer simulations. A comparison among various
cycles has been conducted based on specific predefined

criteria, such as the yearly decline in plutonium reserves.
Research has delved into the radiotoxicity buildup and
transformative capacity of thorium-based systems across
current, cutting-edge, and pioneering nuclear power
reactor designs (IAEA 2003). In many recent studies, the
use of nanoparticles has gained importance and its effect
has begun to be investigated in almost every field of
science. In nuclear technology, water is commonly
preferred as moderator and coolant in studies which
thorium-based fuels are used as fuel however it is aimed
to increase the thermal conductivity of the coolant by
adding nanoparticles into the coolant and thus maximize
the energy drawn from the system. In many studies, it
has been tried to observe the effects of adding
nanoparticle into the coolant in reactors fueled with UO>
fuel (Ghazanfari et al. 2016, Hadad et al. 2010, Zarifi et al.
2013). However, in a reactor containing thorium fuel, the
nanoparticle effect added to the coolant has not been
studied yet.

This investigation focuses on conducting a neutronic
analysis of the VVER-1000 reactor employing thorium-
based fuel and utilizing nanofluid as a coolant. The
primary objective is to assess the advantages and
disadvantages associated with employing thorium in
conjunction with nanofluid within this reactor system.
Neutronic calculations were conducted by the help of
MCNP5 code (Briesmeister 2000). As a result of neutronic
calculations, effective multiplication factor and change of
isotopes were obtained for thorium at varying rates and
three nanofluidic coolant.

2. Materials and Methods

The born of Water-Water Energetic Reactor (WWER) or
VVER (Voda-Vodyanoi
reactors originally designed and produced by Soviet
Union dates back to the 1970s. VVER-440 V179 and VVER-
440 V230 power reactors generating 440 MW electrical

Energetichesky Reaktor) type

power are classified as the 1st generation reactors and
have a distinctive design. All models of VVER-1000 power
reactors except for Model V392, V428 and V412 are
named as the 2nd generation of VVER and produces 1000
MWe power. Due to the fact that VVER-1000 Model V392,
V428 and V412 have augmented control, safety and
containment systems, these models are considered as 3rd
generation. The latest model of VVER power reactor
offering additional passive safety systems is named as
VVER-1200 delivering 1200 MWe electrical output and
categorized as generation 3+ reactor. Among the
developed models of VVER reactor, VVER-1000 is the
most preferred power reactors and today 31 units of it
are operating around the world (Rosatom 2015). An
image of a VVER reactor is shown in Figure 1 (Kanik et al.
2022).
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Figure 1. The design of the VVER-1000 containment

To briefly refer to the design parameters, VVER-1000
reactors contain 163 fuel assemblies in the core and 312
fuel rods per fuel assembly (Saadati et al. 2018,
Nourollahi et al. 2018). The most important features that
distinguish VVER-1000 reactors from the most widely
used pressurized water reactors in the world are the
hexagonal core structure and horizontal steam
generators (Janos 2011). Other design features for the

VVER-1000 reactor are shown in Table 1 (Acir et al. 2021).

Table 1. General characteristics of VVER-1000
Fuel assembly

Lattice type Hexagonal

Number of fuel assembly in the core 163

Pitch between the assemblies (mm) 23.6
Number of fuel rod in the fuel 312
assembly

Fuel rod
Fuel pellet outside diameter (mm) 7.57
Cladding inside diameter (mm) 7.73
Cladding outside diameter (mm) 9.1

Fuel pellet material LEU + ThO,

Cladding material %98.97 Zr, %1 Nb,

%0.03 Hf
Fuel rod pitch (mm) 12.75
Guide tube
Number of guide tubes per F. A 18
Inside diameter / Outside diameter 10.9/12.6

(mm)

Horizontal cross section MCNP model of VVER-1000
assembly is shown Figure 2 (Uzun et al. 2022). Figure 2
represents the horizontal cross section model obtained
with MCNP, and according to the figure, the yellow shown
is the fuel zone, while the pink (excluding guide tube) one
represents the coolant.

Using the geometric features of VVER-1000 nuclear
reactor presented in Table 1, the reactor fuel assembly
was modeled with MCNP5 neutronic code and neutronic
calculations were performed with the help of MCNP5 and
Monteburns2.0 codes. The fuel pellet materials are fueled
with homogeneously distributed fuel which is composed
of 95% UO:2 (with 3.7% enrichment) and 5% ThO2 by
weight. As a base case, primary coolant is water. Then,
three different nanoparticles with 0.1% volume fraction
are added to the working fluid. The nanoparticles
considered in this study were Al;03, TiO2 and CuO.

Figure 2. Horizontal cross section MCNP model of VVER-1000
assembly

central tube

guide tube

3. Results and Discussions

3.1 Assessments of Criticality (keff)

In order to sustain fission reactions, which are the main
components of energy production in nuclear power
reactors, it is essential to produce at least one or more
neutron that will continue the fission. Therefore, the
effective multiplication factor, or criticality value (ke),
which effectively defines all possible events during the
interactions of a neutron, is very important. As long as the
effective multiplication factor is in critical state, and
power is generated in a controlled manner with the help
of control rods, water-soluble and neutron-absorbing
boron in power reactors. In Figure 3, the variations of
criticality values at full power according to operating time
for water and three different nanofluids as working fluid
are compared. As can be seen in Figure 3, the operating
time of the reactor with water as working fluid is
determined to be approximately 930 days. However, it is
determined that the addition of nanoparticles, regardless
of what kind of nanoparticles is, to water reduces the
criticality and operating life time of the reactor.

With addition of Al.0s, TiO2 and CuO nanoparticles to
water, the operating time of the reactor which can remain
critical and generate power is reduced to 870, 690 and
660 days, respectively. It was observed that the reduction
in kers values is higher for the fluid containing CuO and TiO»
nanoparticles. The main reason for this is related to the
higher absorption cross section of Cu and Ti nanoparticles
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when compared to the others.The fraction of hydrogen
which has the highest scattering cross section in nanofluid
decreases with the addition of nanoparticles into water.
Thus, the total
containing nanoparticles decreases but absorption cross

scattering cross section of water
section of nanofluid increases. As a result, the effective
multiplication factor decrease, gradually (Kianpour and

Ansarifar 2019).

©—Al203

00— CuO TiO2 ¥— water

0 200 400 600 800 1000 1200
Time (days)

Figure 3. Criticality variations with nanoparticle coolant

3.2. Isotope Changes

The number of fission reactions or the operating time of
the reactor highly depends on the amount of fissile and
fertile isotopes present in the reactor fuel rods. Within
the scope of this study, by using the predetermined
homogeneously distributed fuel which is composed of
95% UO2+ 5% ThO2 by mass and coolant containing 0.1%
of Al20s3, CuO and TiO2 nanoparticles combination, it is
aimed to determine how the amount of isotopes in the
fuel assembly according to reactor operating time
changes. Since 222Th is the fertile material and it cannot
be used as a nuclear fuel by itself. However, 23?Th isotope
can be used as an alternative material instead of fertile
238 isotope.

During the operation of reactor, the fertile 232Th isotope
capture a thermal neutron to transform into the 23U
fissile isotope, and then within 22.1 minutes 233Th decay
to 23Pa (Protactinium-233) isotope before 233Pa decay
into 233U after 27 days. The main conversion reaction of
fertile 232Th is shown in Eq.1 (Gosen and Tulsidas 2016).

E_33pa

232Th (fertile) (MY 233Th B 233)(fissile) (1)

In Figure 4, the variation of 232Th isotope is presented for
four different coolants. As can be seen in figure, it is
observed that with the addition of nanoparticles to water
the amount of 232Th isotope spent in the reactor increases
over time when compared to the case that water is used

as a coolant only (Galahom 2020). It is estimated that the
main reason for this case is the fact that with the addition
of nanoparticles into the water, the density of nanofluidic
coolant get higher and more fast neutrons are able to
moderate when compared to water.

When considered operating time of reactor, it can be
deduced that consumption rate of 232Th isotope in reactor
cooled with water, water containing Al.Os, TiO2 and CuO
is approximately 1.23, 1.32, 1.37 and 1.36 g/d,
respectively.

O water OJAI203 TiO2 CuO
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Figure 4. Variation of the 232Th isotope

Figure 5 shows the formation of 233Pa isotope. The 233Pa
isotope, which was initially absent in the reactor core, is
produced upon capture of 222Th isotope and exists in small
amounts at the end of time of the reactor for water and
nanofluidic coolant vary, during the operating time of the
operating cycle of the reactor. Although operating reactor
with

water and water containing nanoparticles Al20s, TiO2 and
CuO as coolant, respectively 55.35, 58.80, 56.70 and
55.30 g of 233Pa was formed in the reactor.

Figure 6 represents the generation of fissile isotope 233U
according to operating time of the reactor. Accordingly,
233y does not exist in the reactor core at the beginning.
However, as a result of 233Pa decaying to 23U in the
reactor, approximately 563 g of 233U was formed in the
reactor for the case that only water is used as coolant
during the 960 days of operating time. Similarly, for Al2Os,
TiO2 and CuO nanofluidic coolants, approximately 596,
541 and 524 g of 223U is produced, respectively. It is
observed that with the effect of Al2Os nanoparticles
added to the coolant, 223U generation increased a little
bit. On the other hand, with the insertion of TiO2 and CuO
nanoparticles whose absorption cross section are much
higher than AlOs3 into the water, operating time of
reactor decreases significantly. Consequently, the
amount of 23U formed in the reactor reduces when
compared to the case water is used as coolant.
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Figure 8. Variation of the 238U isotope

The change of fissile isotope 235U, which is the main fuel
material of the reactor, during the 1200 day operating
period is shown in Figure 7. As can be seen in Figure 7, the
amount of 235U isotope producing energy by fission
decrease over time and no significant change has been
observed with the utilization of nanofluidic coolant. In
Figure 8, the change of 238U, the main fertile material in
the reactor, is presented. As can be seen from the figure,
all investigated cases have shown similar tendencies in
the consumption of 238U and it is no noticeable change
in the amount of 238U during the operating time of the
reactor for all cases.

In nuclear reactors, the 238U isotope can turn into 239Pu
by capturing neutrons as a result of burnup. This process
plays an important role in the fuel cycle of nuclear
reactors, and 239Pu is considered a fission material
usable in nuclear energy production. The change of 239U
isotope is shown in Figure 9.
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Figure 9. Variation of the 23°Pu isotope

4, Conclusions

In this study, criticality and burnup calculations have been
performed for a reactor fueled with 5% ThO2 and 95% UO:
by mass as fuel and 0.1% by volume Al203, CuO and TiO2
nanoparticles as the coolant. For each case, the effective
multiplication factor value and the changes of the
isotopes in the fuel composition according to the
operating time were calculated and the results obtained
were compared between each other in order to reveal
their potential benefits or drawbacks.

. Since it reduces the criticality value less than
other nanoparticles, the use of Al203 nanoparticle in the
coolant gave more appropriate results.

. The criticality value decreased to approximately
0.97 for Al203 at the end of 930 days, this value is
approximately 1 for water.
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o It is observed that consumption of thorium
isotope could be increased although the operating time of
the reactor decreases due to the effect of nanoparticles
adding into coolant.

. According to the results, it was concluded that
ThO. added fuel and coolant containing nanoparticles
decreases operating time of reactor, however it can be
beneficial to use this fuel-coolant combination in terms of
neutronic point of view.
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Oz

Bu calismada indiksiyonlu isitma ve endistriyel yapistirici
kullanilarak hazirlanan termoplastik malzemeli baglantilarin
dayanimlari deneysel olarak belirlenmistir. Baglantilarda
kullanilan Polilaktik Asit (PLA) levhalar 3B yazici kullanilarak
Uretilmis ve yapistirma ve indiksiyonlu isitma yontemleri ile
birlestirilmistir. indiksiyonlu 1sitma prosesinde, bindirme
bolgesine farkli geometrilerde (tel ve levha) iletken malzeme
yerlestirilmistir. Yapistirici ile birlestirme yonteminde bindirme
yluzeylerinde siyanoakrilat endistriyel yapistirict kullaniimistir.
Her iki yontem ile hazirlanan baglantilarin dayanimlarini
belirlemek icin cekme testleri uygulanmistir. indiiksiyonlu 1sitma
prosesinde iletken malzeme olarak levha, 3 tel ve 5 tel
kullaniimasi durumunda baglanti hasar yikleri sirasiyla, 1003 N,
1393 N ve 2057 N olarak olgulmistir. Yapistirmali baglantida
hasar yuki 2378 N’a ulagsmistir. Deneysel sonuglar, indlksiyonlu
Isitma yonteminde bindirme bélgesinin tamaminda levha yerine
farklh sayillarda tel kullaniminin daha uygun oldugunu
gostermistir. Ayrica, indiksiyonlu isitmada 5 tel ile ulasilan
baglanti dayanim degerinin, yapistirici kullanilarak hazirlanan
baglanti dayanim degerine yakin olmasi, bu yontemin
yapistirmali  baglantilara 6nemli bir alternatif olabilecegini
gostermistir.

Anahtar Kelimeler: Basit bindirmeli baglanti; Badlanti dayanimi;
indiiksiyonlu isitma; Eklemeli imalat.

Afyon Kocatepe Universitesi

Abstract

In this study, the strengths of thermoplastic joints prepared
using induction heating and industrial adhesive were
experimentally determined. The Polylactic acid (PLA) sheets
used in the joints were produced with a 3D printer and joined
using adhesive and induction heating. In the induction heating
process, the susceptor with different geometries (wire and
sheet) was placed in the overlap region. In the adhesive bonding
method, cyanoacrylate industrial adhesive was used on the
overlap surfaces. Tensile tests were performed to determine the
strength of the joints prepared by both methods. In the case of
using a sheet, 3 wires and 5 wires as susceptor in the induction
heating process, the joint failure loads were obtained as 1003 N,
1393 N and 2057 N, respectively. In the case of adhesive joint,
the failure load reached 2378 N. The experimental results
showed that it is more appropriate to use different numbers of
wires instead of plates in the entire overlap zone in the
induction heating method. In addition, the fact that the joint
strength value achieved with 5 wires in induction heating is close
to the joint strength value prepared using adhesive showed that
this method could be an important alternative to adhesively
bonded joints.

Keywords: Single lap joint; Joint strength; Induction heating; Additive
manufacturing.

1. Giris
Geleneksel birlestirme yontemleri (perginleme, kaynak,
civata ve vyapistirma) endistriyel Olcekte, polimer

kompozitler, metal ve plastik ana malzeme gruplarinda
baglantilarin olusturulmasi amaciyla gilinlimiizde tercih
edilmektedir. Avantaj ve dezavantajlari gz onilinde
bulundurularak secimi yapilan geleneksel birlestirme
yontemleri temel degiskenleri belli olan kendine 6zgi
hesap yontemleri bulunan glvenilir yontemler olarak
farkh alanlarda kullanilmaya ve arastirilmaya devam
edilmektedir. Bu birlestirme yontemlerinden yapistirma,

farkl kimyasal kompozisyonlara sahip yapistiricilarin ana

malzeme gruplarina uygulanabilir olmasi ve diger

birlestirme yoéntemleri ile kullanilabilmesi nedeniyle

uygulamalarda 8nemli avantajlar saglamaktadir. Ozellikle,

yapistirici  kimyasinin  degistirilmesi ile farkh ortam

kosullarina  dayanikh  Grin  cesitliligindeki  artis,

yapistirmali baglantilara olan ilgiyi ve arastirmalari glincel
tutmaktadir.
percinleme yontemlerinde delme islemine bagli ortaya

Yapistirici ile birlestirmede civata ve
¢tkan gerilme yogunluklu bdlgeler meydana gelmez.

Ayrica, delme islemi sonrasi fiber yapisinin bozulmasi,
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baglantinin agirhginin artmasi, kapsamli iscilik ve zaman
gereksinimleri gibi dezavantajlar ortadan kaldirilir. Ancak,
yapistirmanin gergeklesecegi baglanti ylizeylerinde 6n
hazirhk (temizleme ve plrizlendirme) yapilmasinin
gerekliligi, farkli sabitleme kaliplarina ihtiya¢ olmasi ve
kullanilan yapistiricilarin - uzun kiirleme sireleri bu

yontemin zorluklari olarak siralanabilir (Ahmed vd., 2006;

Rudnev vd., 2002). Bununla birlikte, yapistiricilarin
kiirlenme siresini  kisaltabilecek hibrit yontemler
Uzerinde ¢alismalar artmakta ve vyapistiricilarin

indiiksiyonlu 1sitma ile hibrit kullanimi arastiriimaktadir.
indiiksiyonlu 1sitma ile polimer esasli malzemelerin
birlestirilmesi, verimlilik, hiz ve bolgesel enerji girisi
agisindan cesitli avantajlar sunmaktadir. indiiksiyonla
Isitma, polimer matrisini veya yapistirici igerisine gémulu
ferromanyetik pargaciklarin hizli bir sekilde isinmasini
saglayarak diger ilgili alt katmanlar Gzerindeki etkiyi en
aza indiren temas gerektirmeyen yodntemdir (Liu vd.,
2017). Bu yontemde bindirme hattina yakin bolgeyi yerel
olarak ve hizli isitmak miamkindir (Baker vd., 1984;
Mahdi vd., 2003; Schubbe ve Mall, 1999; Tsamasphyros
vd., 2007; Yarlagadda vd., 2002)., Takviyeli yapistiricilari
isitarak ve 1siy1 yapistirict katmana aktararak macun
formundaki yapistiricilari kiirlemek amaciyla indiiksiyonla
Isitmanin avantajlarindan faydalaniimaktadir (Cebrian
vd., 2014).

Polimer malzemelerin birlestirilmesi igin indiksiyonlu
Isitmanin baglantida tekil kullanimi veya yapistirici ile
hibrit kullanilmasi, yapistiricinin tekil olarak kullanildig
durumlar veya isitma prensibine dayal diger birlestirme
yontemleri ile karsilastinldiginda ©nemli avantajlar
sunmaktadir. Direng, kizil6tesi veya konveksiyon gibi diger
yaygin yontemler, 1stlyl malzemenin ylizeyine uygulamakta
ve istenen sicakliga ulasmak icin uzun slre
gerektirmektedir ve bu slrecte ylzeyler asiri isinmaktadir
2014).

birlestirilecek bolgede fiziksel temasa ihtiyag yoktur.

(Jackowski  vd., indiiksiyonlu Isitmada

Bolgesel isitma pargada isidan etkilenen bolgelerin
azalmasina yardimci olur. Isitmanin hizli gerceklesmesi,
imalat sliresini ve enerji sarfiyatini distrir. Ancak,
baglanti dayanimini etkileyebilecek degisken sayisinin
(frekans, gig, basing, isitma siiresi, bobin geometrisi,
malzeme Ozellikleri vb.) fazla olmasi nedeniyle, deneysel
yaklasima dayali ampirik c¢alismalara ihtiya¢ fazladir.
Bununla birlikte, degiskenlerin etkilerinin belirlenmesi
durumunda prosesin uygulama tekrari kolaydir. Ek olarak,
islem sonrasi temizleme islemi diger geleneksel
yontemlere goére nispeten daha kolaydir. Disiik zaman
araliklarinda lokal 1sitma avantaji saglayan bu yontemin
arastirilmasi ve

baglantilarda  kullanilabilirliginin

degiskenlerin dayanima olan etkilerinin tespit edilmesine

odaklanan deneysel ¢alismalar, bu yontemin glivenirligini
ve kullanim alanlarinin yayginlasmasina énemli kakilar
saglamaktadir.

(Jackowski vd., 2014), indiiksiyon birlestirme teknigi ile
silfit
baglantilarda frekans, malzeme oryantasyonu ve bobin

hazirlanan karbon fiber takviyeli polifenilen
tasariminin etkisini incelemislerdir. Bindirmeli baglanti
araylizeyinde 300 °C'yi asmayan sicakliga optimum
sekilde ulagmayi hedeflemislerdir. Yogunlastiricilh iki
tarafli dikey dongi tarzi bobinin, ylksek elektrik verimliligi
ile baglantinin termal homojenligine hizli sekilde ulagsmak

icin en iyi performansa sahip oldugunu belirtmislerdir.

(Al-Obaidi vd., 2021), bazalt elyaf takviyeli polimer
kompozitleri birlestirmek icin indiksiyonlu isitma, somun,
civata ve iki pargali i¢i bos perginleme kullanmislardir.
indiiksiyonlu baglantilarda iki parcali ici bos percinlemeli
baglantiya gore daha yilksek baglanti dayanimi elde
indiksiyonlu 1sitma slirecinde

etmislerdir.  Ayrica,

baglantida  kompozit liflerin  hasar  gérmedigini

belirtmislerdir.

(Rudolf vd., 2000), katmanlarda akim gegerken karbon
fiberlerdeki joule kayiplarina dayanan indiksiyon isitma
mekanizmasini incelemislerdir. is parcasinin diizlemindeki
Isidan etkilenen alanin bobinin gorlntlsiini yansittig
Bobin
etkilemedigini ve kompozit katmani istenen sicakliga

bulmuglardir. oryantasyonunun isitma hizini
ulagsmak igin gegen sirenin artan frekansla dort kat

azaldigini belirtmislerdir.

(Severijns vd., 2017), ¢alismalarinda cam fiber destekli
kullandiklari
parcaciklari ile karistirilmis macun tipi epoksi yapistiriciy

levhalarin birlestiriimesinde demir
indliksiyonlu isitma ile kiirlemislerdir. Deneysel ¢alisma

sonuglari indiksiyon ile kiirlenen yapistiricinin firin
ortaminda kirlenen yapistiriciya gore baglanti dayanimini

%6 oraninda arttirdigini belirtmislerdir.

(Ciardiello, 2021), basit bindirme geometrisine sahip
cekme testi ile hasara ugratilmis polipropilen levha ve
demir oksit parcaciklariyla modifiye edilmis yapistirici ile
hazirlanan baglantilarin tekrar birlestirilerek onarilmasi
durumunda degisimi

dayanim degerlerindeki

arastirmiglardir.  Hasarli  numunelerin  birlestirilerek

onarilmasinda yapisinda demir oksit pargaciklari bulunan
yapistiricinin  indliksiyonlu 1sitma ile tekrar eritilmesi
erime noktasina ulastiginda,

saglanmistir.  Yapistirici

baglantilarin (izerine vyerlestirilen agirlik ile basing
uygulanarak onarim islemi tamamlanmistir. Elde edilen
sonuglar indiiksiyonlu isitma ile baglantilarin onariminin
Tekrar

miimkin oldugunu gostermistir. birlestirilen
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baglanti dayanimlarinin ilk kez uretildigi durumdaki
baglanti dayanim degerlerine %85'lik bir oranda yaklastigi

belirlenmistir.

(Vattathurvalappil ve Haqg, 2019), calismalarinda cam
fiber
glclendirilmis

levhalari  ferromanyetik  nanopartikiller ile
Akrilonitril (ABS)

termoplastik yapistirici ile birlestirmiglerdir. Baglantilarin

Butadien  Stiren
hazirlanmasinda geleneksel isil islem firini ile indiiksiyonlu
isitma sistemleri kullanilmistir. On 1sitma islemi uygulanan
levhalar ile indiiksiyonla birlestirme isleminin, isil islem
firninda hazirlanan baglantilara gére %15 daha yiiksek pik
yuk degerlerine ulastiklarini belirtmislerdir. Termoplastik
yapistiricilarin

sundugu faydalardan tam anlamiyla

yararlanmak  icin, indiksiyonla Isitma islemi

parametrelerinin optimize edilmesi gerektigini

belirtmislerdir.

(Saborowski vd., 2021), EN AW-6082 alliminyum alagimini
termal sprey ile kaplayarak cam elyaf takviyeli poliamid 6
polipropilenden  olugsan  bindirmeli

veya baglanti

numuneleri Gretmislerdir. Baglantilari isitma siresi
acisindan incelemislerdir. Sonuglar, kaplama sayesinde
birlestirme islemi icin 6nemli 6l¢lide zaman tasarrufu ve
Isitma

glcli  yapisma elde edildigini gostermistir.

deneyleri, kaplama kalinliginin 1sitma hizi (zerinde
belirgin bir etkisinin oldugunu ortaya koymustur. Kalin
kaplamanin, ince kaplamaya kiyasla elektromanyetik
enerjinin daha fazla emilmesini sagladigi icin daha yiksek
isitma hizlarina yol actigini ve ayrica, bobin mesafesinin
arttirilmasinin isitma hizini blyik 6lglide diistirdGgini

belirtmislerdir.

Sekil 1. ONX indiiksiyon makinasi.

Yapilan ¢alismalar, indiiksiyonla isitmanin hizli ve bélgesel

enerji girisini saglamasi, ferromanyetik partikillerin

verimli sekilde isitilmasi ve polimer-metal hibrit yapilarin
birlestirilebilmesi gibi avantajlarindan dolayi geleneksel

birlestirme yontemlerine 6nemli bir alternatif veya

yardimci  yontem olabilecegini godstermektedir. Bu
calismada, indiksiyon isitma yontemi kullanilarak 3B
yazici ile hazirlanmig PLA levhalar, iletken tel ve levha
kullanilarak birlestirilmistir. Calismayi literatiirdeki benzer
calismalardan ayiran en 6nemli 6zelligi pargacik ve metal
ag formunda iletken tercih edilmemesi ve iletkenlerin
yapistirici ile beraber kullanilmamasidir. PLA levhalarin
birlestiriimesinde basit bindirmeli baglanti geometrisi
tercih edilmistir. Bu yontemle hazirlanan baglanti
dayanim degerleri yapistirmali baglanti dayanim degerleri

ile karsilastirilmistir.
2. Materyal ve Metot

2.1. indiiksiyon Makinesi Hazirlik Asamasi

indiiksiyonlu birlestirme yénteminde ONX indiiksiyon
Makinalari (Turkiye) tarafindan dretilen, 30 kHz frekans ve
50 kW giic Uretebilen indiiksiyon makinasi kullaniimistir.
Sekil  1’de yaptigi
gosterilmektedir.

firmanin Uretimini cihaz

Firmanin metallerin 1sil isleminde kullanilmak amaciyla
Uretimini yaptig1 indiksiyon makinasina deneysel ¢alisma
parametrelerinin kontroliinii saglayacak sekilde Volt(V),
Amper(l) ve Frekans(F) degerlerini 6lgmek igin akim
trafolari, multimetre ve dijital termostat eklenmistir (Sekil
2).

Multimetre

Isitma Agma-Kapama Tusu

o3
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.‘_
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- My
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o o

G 2

Glig Ayar Tusu

|~~~ Dijital Termostat
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Sekil 2. ONX indiksiyon makinasina yapilan eklentiler.

Takilan multimetrenin akim degerlerine ulasilabilmesi igin
calismada kullanilan akim trafolari sistemin ana girisine
baglanilarak R-S-T fazlarina ayri bir sekilde baglanmistir. R
fazi sifir fazh, S fazi 120°geri fazli ve T fazi 120°ileri fazli
olmasi anlamina gelmektedir. Cihaza baglanan akim
K1-L1
multimetrede bulunan baglanti noktasina baglanmistir.

trafolarinin  baglanti  uglari olacak sekilde
indiiksiyonla i1sitma islemi sirasinda numune zerindeki
sicakhigl kontrol edebilmek ve isitma islemini istenilen
sicaklik degerlerine ulastiktan sonra durdurma islemini
yapabilecek roéle ve SSR Cikisli Dijital Termostat (DT-48EM)

kullaniimistir.

indiiksiyon i1sitma sistemi bobin, sogutma sistemi ve giig
kaynagindan olusmaktadir. Bobin tasarimi verimli bir
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indlksiyonlu 1sitmanin gerceklesebilmesi icin gerekli en
onemli faktorlerden biridir. Sekil 3’te farkh uygulamalar
icin induksiyonlu 1sitma sisteminde kullanilan bobin
geometrileri gosterilmistir.

Sekil 3. Bobin geometrileri a) Yassi tabanli bobin, b) Cok sariml
helezon bobin, c) Konik bobin, d) Tek sarimh bobin, e) is
parcasina adapte edilmis dizensiz geometrili bobin, f) Cift
sarimli helezon bobin (Bayerl vd., 2014).

Sekil helezon bobin

indiksiyonla i1sitma uygulamalarinda en ¢ok tercih edilen

3.b’de gosterilen ¢ok sarimh

bobin tasarimidir (Rapoport ve Pleshivtseva, 2006). Bobin

malzemesi olarak isitmanin  maksimum verimlilikte
yapilabilmesi igin bakir siklkla tercih edilmektedir. Bu
calismada indiksiyonlu isitma ile yapilacak birlestirme
islemlerinde baglanti bindirme alanini igine alacak sekilde

sekiz sarimli helezon bakir bobin hazirlanmistir (Sekil 4).

_l

Sekil 4. Helezon sarmal bakir bobin.

Sekil 4’te gosterilen helezon bobin igin, 2,5 metre
uzunlugunda, 0,8mm cidar kalinliginda ve 6,42 mm
capinda bakir boru kullanilmistir. Bakir boru, 5 cm ¢capinda
sarilarak 6,5 cm uzunlugunda olacak sekilde helezon
bobin hazirlanmistir. Dislik baglanti hazirlama sireleri
gdz Oniline alinarak indiksiyon makinasina bagh bakir
bobinin sogutulmasi, su yerine kompresorden elde edilen
hava ile gergeklestirilmistir.

2.2. PLA Levhalarin Uretilmesi

Baglantilarda kullanilan PLA levhalarin hazirlanmasinda

geri dondsturilebilir  6zelligi olan FlashForge (Cin)

firmasina ait 1.75 mm c¢apa sahip PLA filament tercih

edilmistir. Kullanilan PLA filamentinin erime sicakligi 190—
220°C arahgindadir (Oz ve Oztiirk, 2023a). Levhalarin
yazdiriimasinda Sekil 5’te gosterilen kartezyen tipi CCH
X30 3B vyazci
yazdirilacak

kullanilmistir. 3B yazdirma
bilgisayar  destekli
modelinin hazirlanmasi, hazirlanan model kullanilarak

sureci,
parcanin tasarim
stereolitografi (STL) dosyasinin olusturulmasi, tercih
edilen dilimleme programi ile yazdirma parametrelerini
iceren “G” kodlarinin tanimlanarak yaziciya aktarilmasi
asamalariniicermektedir (Oz vd., 2023; Siirmen ve Giiven,

2024; Yavuz ve Yildirim, 2023).

Sekil 5. CCH X30 3B Yazici.

Baglantilarda kullanilacak levhalar, bilgisayar destekli
tasarim programinda (Solidworks) 3B olarak ¢izilmis ve 3B
tasarim dosyasi dilimleme programinda agilarak,
olusturulan G-kod dosyalari 3B yaziciya aktariimistir. Bu
¢alismada dilimleme programi olarak CURA tercih edilmis
ve PLA icin dilimleme programi tarafindan 6nerilen ve
secilen yazdirma parametreleri Cizelge 1'de gosterilmistir.
Literatiirde en yaygin kullanilan ve dilimleme programlari
tarafindan o6nerilen yazdirma agilar 45°/-45° (capraz) ve
0°/90° (kafes) olarak siralanabilir (Gopi Mohan vd., 2021).
Parcgalarin yazdirmasinda, dilimleme programi tarafindan
onerilen ve yaygin olarak tercih edilen 45°/-45° (capraz)

yazdirma agisi kullaniimigtir (Sekil 6).

- 45 yonii 45 yonu

Sekil 6. Levhanin yazdirma yonda.
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Bununla birlikte, katman kalinligi, optimum deger olarak
belirtilen 0.2 mm segilmistir (Demir ve Yiiksel, 2022).
Ayrica, indlksiyon ve yapistirmal baglantilarda kullanilan
PLA levhalara, yazdirma isleminden sonra, herhangi bir
yuzey hazirlama islemi uygulanmamigtir.

Gizelge 1. Yazdirma Parametreleri (Oz ve Oztiirk, 2023b).

Parametre Deger
Yazdirma hizi (mm/s) 60
Katman kalinhigi (mm) 0.2
Yazdirma sicakhgi (°C) 200

Tabla sicakligi (°C) 60
Nozul gapi (mm) 0.4
Yazdirma deseni Cizgiler
Doluluk orani (%) 100

2.3. Baglantilarin Hazirlanmasi

Yazdirilan levhalarin birlestirilmesinde ASTM D3163-01
standardi kullanilmistir. Sekil 7, baglanti geometrisi ve
dort farkh baglanti konfigiirasyonunu géstermektedir.

~ 254

iletken levha S »

—3Tel

—5Tel

Sekil 7. Baglanti geometrisi (Olgiiler mm cinsinden).

Bindirme bolgesinde yapistirici, iletken levha, 3 ve 5
iletken tel ayri ayri kullanilmistir. iletken tel igin 1,20 mm
¢apa sahip siyah tavli tel (SAE 1006 celigi) kullaniimistir.
iletken levha olarak 1 mm kalinliginda DKP sac malzeme
(5235 c¢eligi) tercih edilmistir. Bununla birlikte, baglantida
polimerin ergime sicakligina ¢ikartilmasi amaciyla metalik
ag, grafitik karbon fiberler veya ferromanyetik
malzemeler farkli geometrilerde kullanilabilmektedir

(Sekil 8) (Zimmerer vd., 2019).

nano pargacik pelet levha pargacik

. Cen B2 >
gg ) - g Q

fiber halka kafes kumas

Sekil 8. iletken malzeme geometrileri (Zimmerer vd., 2019).

Cizelge 2’'de uretilen baglantilarin kisaltmalarina yer
verilmistir. Cizelge 2’de 3T, 5T ve L kisaltmalari sirasiyla, 3
tel, 5 tel ve levha kullanilarak indiksiyonlu i1sitma ile
hazirlanan baglantilar ifade etmektedir. indiiksiyonlu
Isitmanin hangi frekans degerinde yapildigini belirtmek
amaciyla kisaltmalarin  sonuna frekans degerleri
eklenmistir. isimlendirmede Y yapistirmali baglantiyi ifade
Ornek olarak, 5T-30, 30 kHz frekans

degerinde, 5 tel ile indiksiyon yontemi kullanilarak

etmektedir.

birlestiriimis baglantiyi ifade etmektedir. Cizelge 2’'de
belirtilen her parametre igin 3 adet baglanti numunesi
Uretilmistir.

Cizelge 2. Yapistirma ve indiksiyon ile hazirlanan baglantilarin
kisaltmalari.

" Frekans
Kisaltma Yontem Malzeme
(kHz)
Siyanoakrilat
Y Yapistirma -
yapistirici
L-30 Levha
3T-30 3 Tel 30
5T-30 S 5 Tel
Indiiksiyon
L-10 Levha
3T-10 3 Tel 10
5T-10 5 Tel
indiiksiyon ile birlestirme ydnteminde elde edilen

numunelerin baglanti dayanim degerlerini ve hasar
tiplerini karsilastirmak igcin VODABOND 104 siyanoakrilat

tipi yapistirici ile hazirlanan baglantilarin  Gretimi

yapilmistir. Tel ile dretilen baglantilarda bindirme
bolgesinde bulunan 3 ve 5 tel konfiglirasyonu icin kalip
hazirlanmistir. mesafe

Kahp vyardimiyla teller arasi

bindirme genisligi boyunca esit olacak sekilde baglantilar

Uretilmistir. Sekil 9’da tellerin bindirme bdlgesine
konumlandirilmalari gosterilmektedir. indiiksiyon
kaynaginda temel prensip, yiuksek  frekansli

elektromanyetik alan (EMA) olusturmak tizere tasarlanan
bobini
isitilmasidir. Elektriksel olarak iletken veya manyetik

bir indiksiyon kullanilarak is  pargasinin
olarak duyarl bir malzeme EMA ile cevrelendiginde
EMA’ya esit frekansta girdap akimi “eddy current” uretilir.
Olusan bu akim is pargasinin sicakligini Joule etkisi ile
artirir (Banik, 2018). Polimerik yapiya sahip malzemeler
manyetiklesme 06zelligine sahip olmadiklarindan dolayi
baglantilarinin yapilabilmesi icin elektromanyetik enerjiyi
sogurarak onu isI enerjisine dénustirebilen malzemeler
ile kullanilmasi gerekir. Manyetiklesme yeteneklerine
gore tiim malzemeler paramanyetik, diyamanyetik ve
ferromanyetik olarak siniflandirilabilir. Paramanyetik ve
diyamanyetik malzemelerden farkh olarak, ferromanyetik
malzemeler yiiksek bagil manyetik gecirgenlik degerine
sahiptirler. Oda sicakligi kosullarinda o&zellikle demir,
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kobalt ve nikel elementleri ferromanyetik 0zellik
2006).

Ferromanyetik bir malzemenin manyetiklesme 6zelligini

sergilerler ~ (Rapoport ve  Pleshivtseva,
kaybettigi sicaklik ise “Curie sicakligl” veya “Curie” noktasi
olarak tanimlanir. Curie sicakhgi nikel igin 353 ile 360 °C
arasinda degisirken, demir icin 770 °C’dir (EI-Mashad ve
Pan, 2017). Baglantilarin hazirlanmasinda PLA levha
(210°C)
manyetiklesme 6zelligini degistirebilecek curie sicaklik
degerinin (770 °C) oldukga altindadir.

ergime sicaklig demir esasl iletkenlerin

(b)

Sekil 9. Bindirme bolgesi tel yerlesimi a) 3 tel ve b) 5 tel.

indiiksiyon ile birlestirme islemi icin hazirlanan
numuneler helezon sarmal icine yerlestirilerek Cizelge
2’de belirtilen frekans degerlerinde isitma islemine tabi
tutulmustur.  Sekil 10, indlksiyon ile isitma islemi

sirasinda olugturulan baglant numunesini
gostermektedir. Belirlenen frekans degerlerinde sicaklik
artisini takip etmek amaciyla levha ve tellerin gériinen ug

kisimlarina termokupl (K tipi) baglanmstir.

Sekil 10. indiiksiyon ile baglantilarin iretimi.

Yiksek frekans degerlerine ulasan akimin indiksiyon
bobin sargilari Gzerinde olusturdugu yakinlik ve deri
etkileri induksiyonlu 1sitma sistemlerinde karsilasilan ve
dikkat edilmesi gereken temel problemler arasinda
(Altintas, 2016). Yakinlik etkisi bobin
icerisindeki is parcasi ekseni ile sarmalin ekseninin

siralanabilir

Uzerinde olmadig durumlarda ortaya ¢ikmaktadir (Sekil
11) (Rudnev vd., 2002). Bu durumda, parca ekseninin Ust
ve alt bolgelerinde sicakhk farklar
Yakinhk

olumsuzluklar g6z oniinde bulundurularak tim baglanti

meydana
gelebilmektedir. etkisinin  olusturabilecegi
numuneleri helezonun tam ortasina gelecek sekilde
konumlandiriimistir. iletken kesiti icindeki akimin diizgiin
dagilmamasi olarak acgiklanan bir diger etkide deri

etkisidir. Deri etkisinde akim yogunlugu ylzeylerden kesit

merkezine dogru artis gosterir (Rapoport ve Pleshivtseva,
2006). Bu durumda, 1si homojen olmayacak sekilde parga
yuzeyinde yogunlasir ve kesit merkezine dogru gittikge
azalir (Mariani ve Malucelli, 2023). Bu ¢alismada polimer
ile iletken arasinda yiizey temasi gergekleseceginden ve
ylzeylerde birlesmenin istenmesinden dolayi, deri
etkisinin deneysel sonuglara etkisinin sinirli oranda olmasi

beklenmektedir.

Girdap akimi  Tek sarimli bobin Gug yogunlugu

\
\ Bobin simetri ekseni

Sekil 11. Yakinlik etkisi (Rudnev vd., 2002).

indiiksiyon  bobininin  helezon geometriye sahip
olmasindan dolayi bindirme bdlgesinde kontrollii basing
uygulanmasi saglanamamistir. Bindirme bdlgesinde PLA
levhalarin sikistirilarak sabitlenmesi amaciyla isiya
dayanikli serit bant kullanilmistir. indiiksiyonlu isitma
islemi sirasinda birlestirme hatti gérinmediginden metal
iletkenlerin ug¢ kisimlarindan sicaklik élcimi yapilmstir.
Termokupl araciligi ile olglilen sicaklik degeri 210 °C'lik
PLA ergime sicakligina ulastigi anda cihaz Uzerindeki
termostat tarafindan glc kesilmis, numuneler bobin
icerisinden cikarilmis ve oda sicakliginda sogumaya
birakilmistir. Disuk ve vyiksek frekans degerlerinde
iletkenlerin belirlenen ergime sicakligina ulagsmasinda
gecen sire sirasiyla, 15 dakika ve 5 saniye olarak

Olgllmustar.

Sekil 12'de belirtilen

kullanilarak yapistirma ve indiksiyon yontemiyle Uretilen

Cizelge 2'de parametreler

baglantilar  gosterilmektedir. Her parametre igin
birlestirme islemi yapildiktan sonra levhalarin en ug
25.4x25.4 mm boyutlarinda

yapistiriimis  ve metal

noktalarina hizalama

levhalari kiska¢ yardimiyla

sabitlenmistir.

L-10

[

I: . 3T-10 l

5110
__‘ I. e

Sekil 12. Hazirlanan baglantilar.
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2.4. Cekme Testi

Hazirlanan baglantilarin dayanim degerlerinin
belirlenmesi icin numunelere, SHIMADZU marka 50 kN
yuk hiicresine sahip ¢ekme test cihazinda oda sicakliginda
ve 1 mm/dak hizda numuneler hasara ugrayana kadar
cekme yuki uygulanmustir (Sekil 13). Yik-yer degistirme

verileri baglantilar hasara ugrayana kadar kaydedilmistir.

Sekil 13. Cekme test cihaz.

3. Bulgular

Bu bdlimde 3B yazdirma teknolojisi ile Uretilen PLA
levhalarin yapistirici ve indiksiyon isitma ile hazirlanan
baglantilarinin  hasar ve dayanim  degerlerinin
karsilastiriimasina yer verilmistir. Cekme testi sonrasi elde

edilen maksimum kuvvet  degerleri baglanti
dayanimindaki degisimi belirtmek amaciyla kullaniimistir.
Sekil 14 indliksiyon ve vyapistirici ile hazirlanan

baglantilarin ¢cekme testi sonrasi hasar mekanizmalarini
gostermektedir.  Baglanti  hasar  mekanizmalarinin
incelenmesi hasarin sebebi ile ilgili 6nemli detaylarin
belirlenmesi agisindan énemlidir.

Sekil 14 incelendiginde, yapistirmali baglantida PLA levha
hasari olustugu goérilmektedir. Yapistirmal baglantida
yapistirici hasari meydana gelmeden levha hasarinin
olusmasi ulasilan hasar yiki degerinde yapistiricinin yik
iletim kabiliyetini devam ettirdigini ve yapistiricinin
dayanim limitlerine ulasilmadigini géstermektedir. Levha
ve 3 tel kullanilarak indiksiyonlu isitma ile hazirlanan

baglantilar incelendiginde, iletkenler ile PLA levha
araylzeyinde distk bag kuvvetlerinden dolayi
tutunmanin tam olarak gergeklesmedigi belirlenmistir. Bu
durum yiik iletiminde 6nemli oranda kayiplara sebep
olmaktadir. 5 tel kullanilarak indiksiyonlu isitma ile
hazirlanan baglantilarda hasar, PLA levhada, bindirme
bolgesinde meydana gelmistir. Hasar yizeyleri
incelendiginde, dusik frekans degerine bagli olarak isitma
hizinda meydana gelen digtsin levhalarin bindirme
bolgelerinde istenmeyen isil deformasyonlara neden
oldugu gorilmustar. Sekil 15'te tel ve levha kullanilarak
hazirlanan  baglanti  hasarlarinin  detay resimleri
gosterilmektedir. indiiksiyon prosesi siirecince uygulanan
basincin ve iletkenler kullanilarak ulasilan sicakhk
degerlerinin PLA levhanin bindirme bolgesinde meydana
getirdigi deformasyon davranisi  belirgin  sekilde
birbirinden ayrilmaktadir. Bindirme bolgesinde tel
kullanilarak hazirlanan baglantilarda, literatiirdekine
benzer sekilde, alt ve Ust PLA levha igerisinde teller radyal
yonde oyuklar meydana getirerek mekanik birlesme
saglanmistir (Ma vd., 2020). Levha kullaniminda ise basing
ve sicakhk etkisi ile dayanimi olumsuz yonde etkileyen
polimer sikismasi meydana gelmistir (Choudhury ve
Debnath, 2019). Polimer sikismasi, polimer akisinin levha
ylzeyinde gerceklesemedigini, dolayisiyla levhanin
ergimis polimer tarafindan islatilamadigini
gostermektedir.

a)

M Sicakliga bagh dalgal form
PLA levha deformasyonu

Sekil 15. Baglanti hasar detay resimleri: a) Polimer sikismasi, b)
sicakliga bagli dalgali deformasyon ve c) Tel-polimer etkilegimi

indiiksiyonlu 1sitma ile hazirlanan baglantilarda olusan
hasar tipleri iletken geometrisinin, uygulanan basincin ve
frekans degerlerine baglh olarak degisen isitma siiresinin
hasar davranisini belirleyen ana unsurlar oldugunu
gostermistir. Levha kullanilan baglantilarda, literatirde
dusiik kaynak hiziyla iliskilendirilen asiri lokal 1sinma etkisi
belirgin sekilde gozlemlenmistir (Katsiropoulos vd., 2022).
Literatlirde, uygulanan basincin baglanti yeri arasinda
yeterli yakin temasi saglayacak ve polimerin sikismasina
engel olacak diizeyde olmasi 6nerilmektedir (Choudhury
ve Debnath, 2019). Ayrica, ylksek sicakhk nedeniyle

999



PLA Levhalarin Baglanti Dayanimlarinin indiiksiyonla Isitma ve Yapistirici ile Karsilastirilmasi, ACAROGLU vd.

polimerin bozulmasini ve uzun kaynak siiresinde
polimerin akisini engelleyen sikismasinin en aza
indirilmesi i¢in kaynak siiresinin optimize edilmesi

gerekliligi vurgulanmaktadir (Choudhury ve Debnath,
2019). Uygun olmayan kaynak siresi ve isitmanin,
polimerin birlesme ylzeylerini yeterince islatmamasina
ve baglanti dayanimda kayiplara neden oldugu
aciklanmaktadir  (Choudhury ve Debnath, 2019).
Dolayisiyla, frekans degerine bagh isitma hizinin ve
baglantiya uygulanan basincin uyumlu olmasi 6nem
kazanmaktadir.

Cizelge 3. Yapistirici kullanilan ve indiiksiyon ile 10 kHz frekans
degerinde isitilan baglantilarin hasar yikleri.

Yontem Baglanti Hasar Yiikii (N)
Yapistirma Y 2378
L-10 585
indiiksiyon 3T-10 1270
5T-10 1643

Sekil 16’da yapistirici kullanilan ve indiksiyon ile 10 kHz
frekans degerinde sitilan baglantilarin  kuvvet-yer
degistirme egrileri gosterilmistir.

Sekil 16’da gosterilen gekme egrilerine gore en yiiksek ve
en distk hasar yik degerleri sirasiyla, yapistirmali
baglanti ve iletken levha kullanilan baglantilarda elde
edilmistir. Tel sayisindaki artis hasar ydkina ve yer
degistirmeyi artirmistir.  Cizelge 3’te yapistirmali
baglantilarin ve indiksiyon yontemi kullanilarak 10 kHz
frekans degerinde isitilan baglantilarin hasar yukleri
gosterilmektedir.

2500 -
2000 A
£ 1500 s .
E " I
£ 1000 A SN T
8 OO - = -3T-10
’’ ' i k
2009 “ vy - = 5T-10
«f : 1 l
o k= £ . .l P .
0 1 2 3 4

Yer Degistirme (mm)

Sekil 16. Yapistirici kullanilan ve indiiksiyon ile 10 kHz frekans
degerinde isitilan baglantilarin Kuvvet-Yer degistirme egrileri.

indiiksiyon ile hazirlanan baglantilarda hasar yiikleri
yapistirici ile hazirlanan baglanti hasar yiikiinden disik
cikmustir. En dislik hasar yiki L-10 baglantida 585 N ve
en yiksek hasar yiki yapistirmal baglantida 2378 N
olarak elde edilmistir. Baglantida yapistirici yerine iletken
levha kullanilmasi durumunda, dayaniminda %75,40
oraninda belirgin bir diisiis meydana gelirken, bu disis
orani iletken 5 tel kullanilmasi durumunda %30,91 olarak
hesaplanmistir. Tel sayisinin 3’ten 5’e ¢ikarilmasi

durumunda hasar ylkiindeki artis % 29,37 oraninda elde
edilmistir.

Sekil 17’de Yapistirici kullanilan ve indiiksiyon ile 30 kHz

frekans degerinde isitilan baglantilarin  kuvvet-yer
degistirme egrileri gosterilmistir.
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Sekil 17. Yapistirici kullanilan ve indiiksiyon ile 30 kHz frekans
degerinde isitilan baglantilarin Kuvvet-Yer degistirme egrileri.

Sekil 17 incelendiginde, Sekil 16’da gosterilen hasar yiiku
degisimlerine benzer sekilde, yapistirici ile Uretilen
baglantida en yiksek ve iletken levha ile Uretilen
baglantida en dislik dayanim degeri elde edilmistir. Artan
tel sayisinin baglanti dayanimini arttirdigi gorilmastar.
Tel sayisindaki artisa bagl olarak 5T-30 baglanti hasar
yikl degeri, yapistirmal baglanti hasar yiki degerine
yaklagsmistir. Ayrica, tel sayisindaki artisin yer degistirmeyi

de arttirdigit  gorilmistir.  Baglantilarin  hasar
davranislarindaki ~ farklhihklar ~ kullanilan  birlegtirme
yontemlerinden kaynaklanmaktadir. Yapistirmali

baglantida bindirme yiizeyinin tamami yik iletimine katki
saglarken, indiksiyon yonteminde tel sayisindaki artis
veya azalma yuk iletimini arttirmakta veya azaltmaktadir.
Bununla birlikte, baglanti rijitligi acisindan karsilastirma
yapildiginda bindirme boélgesinde tel kullaniimasi
yapistiriciya gore 6nemli avantajlar saglamaktadir. Benzer
calismalar, yuksek rijitli sahip tellerin bindirme
uzunlugu boyunca, yik dogrultusunda kullanilmasinin
bindirme uzunlugu boyunca soyulma ve kayma gerilmesi
pik gerilme degerlerini azalttigini gdstermistir. Ozellikle,
eksantrik yiiklemeye bagli olarak erken hasar olusumunu
neden olan soyulma gerilmelerindeki azalma egilme
momentindeki dislse isaret etmektedir. Bindirme
bolgesinde tel kullanimi baglanti rijitligini arttirmasina
ragmen, indiiksiyon kaynagl sirasinda tel gevresinde
olusan 1s1  etkisindeki kaynak bolgesi parc¢ada
deformasyonlara ve kesit daralmasina neden olarak
hasarin meydana geldigi bindirme bdlgesi u¢ kisimlarini
yik iletimi agisindan zayif bolgeler haline getirmektedir.
Bu bolgelerde gerilme yogunlugu yilksek boyutlara
ulastigl anda hasar meydana gelmektedir. Genel olarak
degerlendirildiginde, indlksiyonlu baglantida iki farkl
etkiye (i1s1 girdisi ve rijitlik artisi) bagh olarak hasar
mekanizmasinin degerlendirilmesi gerektiginden,
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yapistirmali baglantiya gére hasar davranisinda ve buna
bagli olarak kuvvet-yer degistirme egrilerinde farkliliklarin
olmasi beklenen bir durumdur (Jafari vd., 2020; Kaji vd.,
2017; Ma vd., 2020; Rezvaninasab vd., 2019). Cizelge 4’te
yapistirici kullanilan ve indiiksiyon ile 30 kHz frekans
degerinde isitilan baglantilarin hasar yikleri verilmistir.

Cizelge 4. Yapistirici kullanilan ve indiksiyon ile 30 kHz frekans
degerinde isitilan baglantilarin hasar yikleri.

Yontem Baglanti Hasar Yiikii (N)
Yapistirma Y 2378
L-30 1003
indiiksiyon 3T-30 1393
5T-30 2057

Baglanti hasar vyukleri karsilastirildiginda, yapistirmah
baglantiya gore diger baglantilar daha disik hasar
yuklerine ulasmistir. Baglantida yapistirici yerine iletken
levha kullanilmasi durumunda, dayaniminda %57,82
oraninda bir dists meydana gelirken, bu dislis orani
iletken 5 tel kullanilmasi durumunda %13,50 olarak
hesaplanmistir. Tel sayisinin  3’'ten 5’e arttirilmasi
durumunda hasar ylkiindeki artis %47,67 oraninda elde
edilmistir.

indiiksiyon yéntemi ile hazirlanan baglanti dayanimlari
kendi arasinda karsilastinldiginda 30 kHz frekans
degerinde, duslik 1sinma siresinde, baglanti dayanimi
acisindan daha iyi sonuglar elde edildigi belirlenmistir.
Yapistirmali baglanti dayanimina en yakin deger iletken
sayisini 5 oldugu 5T-30 baglantida elde edilmistir.

Butlin baglanti hasar yikleri karsilastirildiginda en yiksek
dayanim degeri yapistirmali baglantida ve en dislk
baglanti dayanimi L-10 baglantida meydana gelmistir.
iletken levha kullaniminda basing-frekans uyumunun
yetersiz olmasi dayanimindaki belirgin disisin temel
sebebi olarak agiklanabilir. Bununla birlikte, calisma
kapsaminda termal analiz yapilmamasina ragmen
indiksiyonlu i1sitmada dayanimin yapistirmali baglantiya
gore disik olmasinin sebeplerinden biri de metal ve
polimer matris termal genlesme farkliligina bagl termal
gerilmelerin varligi ile agiklanabilir (Tay vd., 1999). Son
olarak, tel ve levhanin temin edildigi sekli ile 6n ylizey
hazirlama islemleri uygulanmadan bindirme bdlgesinde
kullanilmasi da dayanimdaki diislisiin sebepleri arasinda
siralanabilir.

4. Sonuglar ve Tartisma

Bu calismada, termoplastik malzemelerin indiksiyon
yontemi ile birlestirme islemi incelenmistir. Termoplastik
malzeme olarak PLA malzeme kullaniimis ve 3B yazici ile
levhalar yazdirilmistir. indiiksiyon yéntemi ile birlestirme
islemi yapilmasi icin iletken levha ve iletken tel
kullanilmistir.  indiiksiyon isitma sisteminde iletken
geometrisinin ve frekansin baglanti dayanimina ve hasar

ylizeyine etkisine bakilmistir. indiksiyon ydntemi ile
hazirlanan baglantilarin dayanimi yapistirmali baglantilar
ile karsilastirilmistir. Deneysel sonuglar yapistirmali
baglantida PLA levha hasari olustugunu gostermistir.
iletken olarak levha ve 3 telin kullanildigi indiiksiyonla
iIsitma ile birlestirilen baglantilar incelendiginde,
iletkenlerin sadece alt levhada kaldigi ve st levhaya
tutunmadigl gorilmektedir. iletken tel sayisinin S’e
cikarilmasi durumunda baglantilarda hasar, bindirme
bolgesinde meydana gelmistir. Yapistirmali baglantiya
gore tum baglanti konfiglrasyonlarinin hasar vyikleri
dastk ¢ikmigtir.

Yapilan deneysel ¢alismalar, uygun parametre ve iletken
geometrilerinin ~ secgilmesi  durumunda, indiiksiyon
yonteminin termoplastik malzemelerin birlestirilmesinde
dnemli bir alternatif olabilecegini gdstermistir. iletken
malzeme olarak levha yerine tel kullaniminin yapistirmali
baglanti dayanimina yakin baglanti degerleri sagladig
belirlenmistir. Bununla birlikte, tel sayisinin arttiriimasi
dayanimi olumlu yonde degistirmistir. Deneysel sonuglar
genel olarak degerlendirildiginde, tel sayisinin daha fazla
arttirlmasi ve indiksiyon parametrelerinin tel sayisina
bagh olarak degistirilmesi ile dayanimda artisin devam
edebilecegi ongoriilmektedir. Ayrica, iletken malzemeler
ve PLA levhalar baglantida proses siresini kisaltmak
amaciyla ylizey hazirlama islemleri uygulamadan
kullanilmig ve bu sartlar altinda dayanim degerlerinin
belirlenmesi hedeflenmistir. Farkli metal ylizey hazirlama
islemleri  (kumlama, zimparalama, daglama vb.)
uygulanmasi sonucunda ergimis PLA ve iletken arasinda
artan ylizey hacmi ve purizltlagin etkisiyle mekanik
kilittenmenin artmasi ile dayanim degerlerinde artisi
saglanabilecegi 6ngorilebilir. Genel olarak, yontemin
yayginlasmasi ile tamamen geri donlsturilebilir
komponentlerden olusan polimer baglantilarin elde
edilmesi mimkuindir. Yontemin yayginlagsmasi igin
benzer galismalarin artmasi ve farkl iletken malzemeler,
plastik gruplari ve isitma parametrelerinin deneysel
olarak uygulanarak sonuglarin tartisilmasi  6nem
kazanmaktadir.

Etik Standartlar Bildirgesi

Bu calisma Dr. Ogretim Uyesi Ozkan OZ danismanliginda Mustafa
Acaroglu tarafindan 2023 yilinda tamamlanan “indiiksiyon yéntemiyle
Uretilen termoplastik malzemeli baglantinin mekanik 6zelliklerinin
incelenmesi” baslikli ve 838401 tez no’lu yuksek lisans tezinden
tiretilmistir.

Yazarlar tim etik standartlara uyduklarini beyan ederler.

Yazarlik Katki Beyani

Yazar 1: Arastirma, Deney tasarimi, Yazma-orijinal taslak, Kaynak,
Gorsellestirme

Yazar 2: Fikir Sahibi, Arastirma, Dogrulama, Metodoloji, Gorsellestirme,
Yazma — orijinal taslak
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Abstract

Wastewater treatment plants (WWTPs) are considered one of
the most important point sources for releasing antibiotics into
the natural environment. In this study, the occurrence, fate, and
removal of three antibiotics, ciprofloxacin  (CIP),
sulfamethoxazole (SMX), and azithromycin (AZl), belong to
fluoroquinolone, sulfonamide, and macrolide groups,
respectively were investigated seasonally in a large-scale urban
WWTP. While the occurrence concentrations of the investigated
antibiotics in raw wastewater were found between about 0.26
and 0.73 pg/L in the summer season, it was determined in the
range of approximately 0.41 and 4.6 ug/L in the winter season.
Although the removal efficiencies obtained for antibiotics in the
pre-treatment stage of the studied advanced biological WWTP
were not very high, the most treated compound in the pre-
treatment stage was determined as CIP (up to 23.8%). Total
removal efficiencies of the investigated antibiotics in the WWTP
varied mainly based on the biological treatment stage of the
WWTP. Therefore, the removal efficiencies of the antibiotics
obtained in biological treatment also changed considerably
depending on the season. Among all the investigated antibiotic
compounds, it was determined that AZI was the compound that
was least affected by the seasons in terms of the total removal
efficiency obtained in WWTP. According to the annual average
total removal efficiencies, it was determined that SMX (25.7%),
CIP (71.3%), and AZI (89.2%) were treated poorly, moderately,
and highly in WWTP, respectively. However, advanced biological
WWTP was determined to be insufficient for the complete
removal of total antibiotics.

Keywords: Antibiotics; Pharmaceuticals; Removal; Seasonal distribution;
Wastewater; Wastewater treatment plant.

Afyon Kocatepe Universitesi

Oz

Atiksu aritma tesisleri (AAT'ler), antibiyotiklerin dogal ortama
gecisi icin en 6nemli noktasal kaynaklardan biri olarak kabul
edilmektedir. Bu ¢alismada, sirasiyla florokinolon, siilfonamid ve
makrolid gruplarina ait t¢ antibiyotik bilesik siprofloksasin (CIP),
stlfametoksazol (SMX) ve azitromisinin (AZl) buylk olgekli
kentsel bir AAT'deki olusumu, akibeti ve uzaklastiriimasi
mevsimsel olarak arastiriimistir. incelenen antibiyotiklerin ham
atiksulardaki olusum konsantrasyonlari yaz mevsiminde yaklasik
0,26 ile 0,73 pg/L arasinda bulunurken kis mevsiminde ise
yaklasik 0,41 ile 4,6 pg/L araliginda belirlenmistir. Caligilan ileri
biyolojik AAT'nin 6n aritma kademesinde antibiyotikler icin elde
edilen giderim verimleri ¢ok yiksek olmamak ile birlikte on
aritma kademesinde en fazla aritilan bilesik CIP (%23,8'e kadar)
olarak belirlenmistir. AAT'de arastirilan antibiyotiklerin toplam
giderim verimleri esas olarak AAT'nin biyolojik aritma
kademesine bagh olarak degisiklik gostermistir. Ayni zamanda
biyolojik aritmada antibiyotikler igin elde edilen giderim
verimleri de mevsimlere bagli olarak énemli 6lglide degismistir.
incelenen tiim antibiyotik bilesikler arasinda AAT'de elde edilen
toplam giderim verimi agisindan mevsimlerden en az etkilenen
bilesigin AZI oldugu belirlenmistir. Yillik ortalama toplam giderim
verimlerine gore AAT'de; SMX (%25,7), CIP (%71,3) ve AZI'nin
(%89,2) sirasiyla dusuk, orta ve yuksek oranda aritildig
belirlenmistir. Bununla birlikte, ileri biyolojik AAT'nin toplam
antibiyotiklerin tamamen giderilmesi icin yetersiz oldugu
belirlenmistir.

Anahtar Kelimeler: Antibiyotikler; Farmasétikler; Giderim; Mevsimsel
dadilim; Atiksu; Atiksu aritma tesisi.

1. Introduction

Especially during the last century, the global consumption
of drugs has increased dramatically, mainly because of
the striking increase in the human population and the
development of societies (Dolu and Nas 2023a, Dolu and
Nas 2023b). Antibiotics, natural, synthetic, or semi-
synthetic origin, are one of the most extensively
consumed sub-groups of pharmaceuticals, especially for
preventing and treating many infectious diseases in

people and animals. Approximately 250 antibiotic

compounds are used in human and veterinary medicine
(Kimmerer 2009). Besides that, antibiotics are commonly
used in many areas, including livestock farming,
agriculture, food preservation, aquaculture, horticulture,
etc. (Gao et al. 2012a, Meek et al. 2015, Tran et al. 2016).
It is estimated that the total amount of antibiotic
consumption in the world is between 100,000-200,000
tons (Kumar and Pal 2018, Song et al. 2019). After the
antibiotics are used in various fields, they are eventually

introduced into the natural environment through medical
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wastes, animal wastes, landfill leachate, pharmaceutical

industries, hospital wastewater, and effluent of
wastewater treatment plants (WWTPs) (Kimmerer 2009,
Luo et al. 2014). As a result of the intensive use of
antibiotics and their ability to pass into the environment
via many different routes cause antibiotics to be detected
simultaneously in various environmental media, such as
raw/treated wastewater, surface waters, groundwater,
irrigation water, and even drinking water (Anjali and
Shanthakumar 2019, Nas et al. 2021a, Wu et al. 2016).
Moreover, the detection of antibiotics frequently in
natural environments promotes the emergence and
(ARGs) and

antibiotic-resistant bacteria (ARB), one of the crucial

evolution of antibiotic-resistant genes

global concerns of our time (Inyinbor et al. 2018, Li et al.
2019, Wang et al. 2020). In recent years, serious concerns
about ARGs and ARB in the aquatic environment have
been increasing due to the increasing occurrence of
antibiotic-resistant pathogens, even superbugs, that pose
potential risks to the ecological environment and human
health (Berendonk et al. 2015, Li et al. 2022). Apart from
this, it has been reported in many studies that the
proportion of ARB and/or ARGs in animals like fish,
chickens, pigs, and cattle has increased considerably (Van
Boeckel et al. 2019, Jia et al. 2020, Ajayi et al. 2024). In
addition to all these, a recently performed study has
estimated that human deaths associated with ARB and
ARGs are about 700,000 per year and that by 2050,
approximately 10 million people may die from this cause
each year (Lorenzo et al. 2018). Therefore, it can be said
that antibiotic resistance is becoming a very fast-growing
and crucial threat to environmental and public health.

Since a small fraction of the consumed antibiotics is
metabolized or absorbed by the human body, a high
percentage (up to 90%) of the used antibiotics are
excreted from the body via urine and feces in an
unchanged form (Cha and Carlson 2019, Kimmerer
2009). Thus, antibiotics that pass into the sewerage
systems ultimately reach the WWTPs. Although WWTPs
are the last barrier against the release of antibiotics into
the natural environment, they cannot eliminate these
pollutants effectively. Because the majority of the existing
WWTPs were not designed to eliminate pharmaceuticals
(Nas et al. 2021b, Nas et al. 2017). Thus, antibiotic
residues are continuously being released into the aquatic
environments through effluent discharges of WWTPs. For
this reason, WWTPs are one of the most crucial point
sources for passing antibiotic residues into aquatic
environments. Many studies conducted in WWTPs have
from

reported widely varying removal efficiencies,

substantial negative to high positive removals, for various

antibiotics (Tran et al. 2016, Sabri et al. 2020, Wang et al.
2024). These differences are mainly related to the (i)
physicochemical properties of the targeted antibiotic
compounds and (i) types of the studied WWTPs
(activated sludge treatment processes or nature-based
solutions such as wastewater stabilization ponds (WSPs)
or constructed wetlands (CWs)) (Zhang et al. 2011,
Khasawneh et al. 2021, Nas et al. 2021a). In a study
of different
compounds in 12 different WWTPs located in the same

investigating the removal antibiotic
city in China, total removal efficiencies ranging from -
189.9% to 100% were reported (Zhang et al. 2017). In
another study conducted in China, antibiotic removals
ranging from 11.8% to 100% and -62.5% to 100% were
reported in a WWTP with an activated sludge system and
WWTP operated as ditch,

respectively (Zhou et al. 2013).

another an oxidation

It has been reported that the most crucial factor that
directly affects the removal of pharmaceuticals, including
antibiotics, in WWTPs is the biological treatment stages
applied in these plants (Verlicchi et al. 2012, Tran et al.
2016, Nas et al. 2021b). Especially some operating
parameters of the studied WWTPs, like solid retention
time (SRT), retention time (HRT),
conditions, recirculation ratio, temperature, pH, and the

hydraulic redox
fraction of heterotrophic and autotrophic biomass
present in the activated sludge systems, affect the total
removal efficiencies of the targeted antibiotics (Guerra et
al. 2014, Gruchlik et al. 2018, Oberoi et al., 2019). For
example, it has been stated that for various biological
treatment processes, increasing the wastewater
temperature up to a certain limit can increase microbial
activities for the degradation of pharmaceuticals (Luo et
al. 2014, Tran et al. 2018). Some studies have reported
that changing wastewater temperatures depending on
the seasons changes the microbial biomass composition
in wastewater and accordingly affects the biodegradation
and adsorption of antibiotics, which are the main removal
mechanisms of antibiotics in WWTPs (Zheng et al. 2019,
Zhang et al. 2023). In addition, it has been reported that
the pH values of wastewater are another parameter that
can cause negative removal efficiencies in WWTPs for
some compounds. It has been reported that changes in
pH values in wastewater change the overall dissociation
and chemical nature of antibiotics in wastewater, and this
affects the removal of these compounds in plants (Kumar
et al. 2022). A study has reported that many antibiotic
compounds, including AZI, can be eliminated more
effectively from wastewater under slightly acidic
environments (Urase et al. 2005). Apart from these, some

studies are showing that SRT and HRT, two other critical
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operating parameters, should be longer than 15 days and
4-6 hours, respectively, for the effective removal of many
antibiotics in WWTPs (Zhang et al. 2016, Guo et al. 2017).
Similarly, Neyestani et al. (2017) reported that longer SRT
provides enhanced microbial diversity, which results in
the enrichment of slow-growing microbes capable of
degrading the antibiotics. In another study, it has been
reported that HRT should be longer than 4-6 hours for the
contact time required for the efficient degradation of
many sulfonamide group antibiotics, including SMX (Yang
et al. 2011). One of the fluoroquinolone antibiotics,
ciprofloxacin (CIP), is widely prescribed in both human
and veterinary medicine across the globe due to its broad-
spectrum activity against bacteria (Hom-Diaz et al. 2017).
The main sources of CIP entering raw wastewater are
hospitals, homes, and industries (Yi et al. 2017). CIP could
prevent enzymatic activities in the DNA replication
process of Gram-positive and Gram-negative bacteria,
which can result in cell death (Pan et al. 2018).
Sulfamethoxazole (SMX), which belongs to the
sulfonamide group and is one of the most prescribed
antibiotics, is widely used in various bacterial infections,
especially urinary tract infections, bronchitis, and
prostatitis (Shahmahdi et al. 2020). SMX is mainly present
in raw wastewater produced by animal farms,
pharmaceutical factories, and hospitals. It eventually
ends up in surface waters via discharges from WWTPs due
to its relatively persistent nature (Cui, et al. 2021).
Azithromycin (AZI) in the group of macrolides, the third
most widely consumed group of antibiotics, has antiviral
and immunomodulatory effects (Klein et al. 2018). AZl is
widely used for treating respiratory diseases and sexually
transmitted infections due to its high capability to act
against a wide range of bacteria (Mirzaie et al. 2022).

Table 1. Some physicochemical properties of the studied antibiotics.

Since CIP, SMX, and AZI antibiotics are used extensively in
different areas and various diseases, these three
compounds have been detected frequently in the raw
wastewater of WWTPs located in different countries
(Rizzo et al. 2013, Tran et al. 2016, Nas et al. 2021a).

In this study, the occurrence, fate, and removal of the
three most widely prescribed antibiotics were
investigated seasonally (winter and summer) in a large-
scale urban WWTP. With this in view, CIP, SMX, and AZI
antibiotics in the group of fluoroquinolones,
sulfonamides, and macrolides, respectively, were
monitored. In addition, to determine the possible
removal mechanisms of the targeted antibiotics in the
WWTP, the pre-treatment, biological treatment, and total
treatment performances of the investigated advanced
biological WWTP on selected antibiotics were also
determined.

2. Materials and Methods
2.1 Chemicals and reagents

The standards of the investigated antibiotics, CIP, SMX,
and AZI, were provided by Toronto Research Chemicals
Inc. (North York, Canada). Some physicochemical
properties of the studied antibiotics are given in Table 1.
Internal standards, CIP-ds, SMX-d4, and AZI-ds, used in this
study were obtained from Dr. Ehrenstorfer GmbH
(Augsburg, Germany). The purity of all standards was
>98%. HPLC grade solvent, methanol and acetonitrile, and
all other chemicals utilized in this work were acquired
from  Sigma-Aldrich  (Sigma-Aldrich  Corporation,
Germany). Besides, all used reagent water was provided
by the Milli-Q unit (Millipore, USA) water purification
system.

Molecul
Antibiotics CAS Molecular vt;eeic:tar Solubility K Log Log
(Chemical formula) number structure g (mg/L) pta Kow Kq
(8/mol)
N/
Ciprofloxacin i [
R 4 .
(CIp)a.b.c.d 85721-33-1 J\:U/j/ e 331.3 (32);12) 2162’ 0.28 2.70
(Ci7HhigFN303) Y '
Sulfamethoxazole N
0y 40 | -
(SMX)a b.ef 723-46-6 \“NJ“} 253.3 6100 185, 0.89 1.04
(C10H11N303S) N (37°C) >.70
Azithromycin
(AzZl)d.8h 83905-01-5 | 748.9 2'703 8.7, 4.02 2.20
(C3gH72N2012) (25°C) 9.45

Marks and abbreviations: pKa: Acid dissociation constant, Kow: Octanol-water partitioning coefficient, Ka: Solid-water distribution coefficient.
3(Li and Zhang 2010), ®(Olicon-Hernandez et al. 2017), ¢(Wu et al. 2009), ¢(Okuda et al. 2009), ¢(Yu et al. 2011), f(Martin et al. 2012), &(McFarland et al.

1997), "(Vermillion Maier and Tjeerdema 2018).
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2.2 Wastewater treatment plant and sampling

This study was conducted in an urban advanced biological
WWTP found in Konya City, Turkiye. Studied large-scale
Konya WWTP, which serves about 1.3 million people
consists of three main treatment stages: (i) a primary
physicochemical treatment, (ii) a secondary biological
treatment, comprising nitrification and denitrification
treatment zones, and finally (iii) an elimination step by
disinfection through ultraviolet (UV) radiation. Konya
advanced biological WWTP is being operated as 4-stage
Bardenpho process (consisting of pre-anoxic, aerobic,
post-anoxic, and post-aerobic treatment zones,
respectively) with partial nitrogen removal and treats
about 200,000 m3 of wastewater daily. While Konya
WWTP mainly receives domestic wastewater, it also
receives industrial and hospital wastewater. Since there
are many different sectors, especially automotive, metal,
and machinery manufacturing industries in Konya City,
about 15,000 m3/day of industrial wastewater comes to
Konya WWTP via a combined sewerage system. In
addition,
generated in hospitals per day also comes to Konya
WWTP.

approximately 6000 m3 of wastewater

The schematic flow diagram and determined sampling
points of the studied Konya WWTP are given in Figure 1.
Sampling campaigns were conducted in the winter
(February) and summer (August) seasons of the 2021
year. There are two main aims for choosing February and
August, which have a six-month time difference between
them, in this study. The first goal is to detect the reflection

PRIMARY
CLARIFIER

BIOLOGICAL
TREATMENT

of different antibiotic usage patterns of people in the
winter and summer seasons on raw wastewater. The
second goal is to determine the possible changes in the
treatment performance of the studied WWTP on selected
antibiotics in the two seasons when the wastewater
temperature difference will be highest. Wastewater
samples were collected once from each of the three
sampling points on non-rainy days in the second week of
February and August. Wastewater samples were
(2-h) the
determined sampling points. Wastewater samples (0.5 L)

collected as composite samples from
taken every 30 min during a 2-h period were collected in
amber glass bottles (2 L) to give a 2-h composite. This
sampling technique provides the advantage of a more
representation composite, especially during rapidly
fluctuating conditions. In addition, hydraulic retention
times of the wastewater treatment units of the studied
WWTP were considered while sampling. All wastewater
samples were kept in the ice bath until they were brought
to the laboratory from the WWTP and stored in a
refrigerator at 4 °C until analysis. Finally, all antibiotic
analyses were carried out within 2-3 days following the
day the wastewater samples were collected. In 2021,
when the sampling campaigns were carried out, the
average values of SRT and HRT, two important operating
parameters of Konya WWTP, were 10 days and 17 hours,
respectively. In addition, the average values of mixed
liguor suspended solids (MLSS) and dissolved oxygen
(DO), two other operational conditions of the biological
treatment process of Konya WWTP, were 3,600 and 1.2

mg/L, respectively.

SECONDARY RECEIVING
CLARIFIER ENVIRONMENT
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ =
-
> - - @ S L -‘
-

SLUDGE ANAEROBIC SLUDGE
THICKENER DIGESTION DEWATERING

Figure 1. Schematic flow diagram and wastewater sampling points of Konya WWTP.

2.3 Instrumental analysis

A single extraction method was applied to the collected
wastewater samples. Firstly, wastewater samples were
filtered by syringe filters (0.45 um). After filtration, solid
phase extraction (SPE) method was applied to samples.
During this process, SPE cartridges, Oasis HLB (3 mL/60
mg), were conditioned at 20 mL of methanol and 6 mL of
deionized water. Followed by the conditioning process, 1

L wastewater sample was passed through the SPE
cartridges.

After drying under a vacuum process (10 mL/min), the
antibiotics in the cartridges were eluted with 10 mL of
methanol. The eluted extracts were then concentrated
using a gentle nitrogen stream. Afterward, selected
internal standards were added. Finally, extracts were
analyzed using the Triple Quadrupole LC-MS/MS system
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(Agilent, CA, USA) according to the slightly modified
method of EPA 1694. Besides, collected wastewater
samples were analyzed by LC-MS/MS in two replicates.
Analysis conditions of the studied antibiotics in the LC-
MS/MS and achieved recoveries for antibiotics are shown
in Table 2.

2.4 Calculation of removal efficiency

In this study, removal efficiencies of the three
investigated antibiotics at different treatment stages of
Konya WWTP were investigated seasonally. In this
context, the removal performances of pre-treatment,
biological treatment, and total treatment stages of Konya
WWTP for antibiotic compounds were calculated
separately. The formulas used to calculate the removal

efficiencies of antibiotics in different treatment stages of
the Konya WWTP are given in equations (1-3) below.

Removal of pre-treatment;
(%) = Craw ww ~ Cpe x 100 Eq. (1)

Craw ww

Removal of biological treatment;

(%) = <=5y 100 Eq. (2)
Cpe

Total removal;

(0%) = “rawew =S 100 Eq. (3)

"C", "ww", "pc", and "sc" used in the formulas denote
concentration, wastewater, primary clarifier, and
secondary clarifier, respectively.

Table 2. Analysis conditions of LC-MS/MS and obtained recoveries for studied antibiotics.

Antibiotics Retention time (min) Precursor ion (m/z) Product ions (m/z) Recovery (%)
cip 18.65 332 314, 231 88-99
SMX 19.03 254 156, 92 94 -103

AZI 20.06 749 591, 158 85-101

Table 3. Comparison of influent concentrations (ng/L) of investigated antibiotics in WWTPs, located in some countries in different

geographical regions.

Antibiotics Country Occurrence concentration References
Tirkiye 725.3 (S)—4,577.2 (W) This study
Turkiye 218.6-2,733.5 (Nas et al. 2021a)
China 1,684 — 3,585 (Mostafa et al. 2023)
clP Iran 552.6 —796.2 (Mirzaei et al. 2018)
Spain 1,270 -149,700 (Bijlsma et al. 2021)
Peru 2,910 -4,700 (Nieto-Judrez et al. 2021)
Tirkiye 258.9 (S) —409.4 (W) This study
Turkiye <50-179.7 (Nas et al. 2021a)
Korea 49 - 410 (Sim et al. 2011)
SMX
Italy 30.7-155.8 (Spataro et al. 2019)
USA 1,860 — 2,146 (Phonsiri et al. 2019)
Colombia 123 -558 (Botero-Coy et al. 2018)
Turkiye 391.7 (S) - 788.9 (W) This study
China 1.5-1,687.2 (Ben et al. 2018)
Japan 199-371 (Yasojima et al. 2006)
Azl Latvia 70-150 (Pugajeva et al. 2017)
Canada 61-2,500 (Guerra et al. 2014)
Egypt <54 — 660 (Younes et al. 2019)

*S: Summer, W: Winter.
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3. Results and Discussions
3.1 Occurrence of antibiotics in Konya WWTP

In Table 3, seasonal occurrence concentrations of the
antibiotic compounds investigated in Konya WWTP are
given together with some other studies in the literature.
As given in Table 3, the compound detected in the highest
concentrations in raw wastewater of Konya WWTP in
both winter and summer seasons was determined as CIP
among the investigated antibiotics. In addition, although
there was not much difference between the two seasons,
AZ|l was also detected in higher concentrations than SMX

cip

100 (

in raw wastewater. Annual average concentrations of CIP,
AZl, and SMX in raw wastewater were determined to be
about 2.6, 0.6, and 0.3 pg/L, respectively. In this context,
it can be said that CIP is the most consumed antibiotic
compound in Konya City among the investigated
antibiotics. The variability of antibiotic concentrations
detected in the raw wastewater of WWTPs of different
countries shown in Table 3 can be associated with drug
consumption behavior and amount in each country, daily
population density,
weather conditions, and type of sewer system used

(Khasawneh and Palaniandy 2021, Tran et al. 2016).

water consumption per capita,

AZl

f
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Figure 2. Removal efficiencies of studied antibiotics, CIP, SMX, and AZI, in different treatment stages of Konya advanced biological

WWTP

Another critical finding obtained within the scope of the
study is that the raw wastewater concentrations detected
in winter for all three investigated antibiotic compounds
are higher than in summer.

This situation can be attributed to the fact that people get

sick more frequently in the winter season and,
accordingly, consume more drugs than in other seasons
(Dolu and Nas 2023a, Nas et al. 2021b). This was observed
much more prominently, especially for CIP, among the
investigated antibiotics. The CIP concentration detected
in raw wastewater in winter is approximately 6.3 times
that determined in summer, while this ratio is about 2.0
and 1.6 for AZI and SMX, respectively. This may be related
to the fact that CIP is prescribed much more often than
SMX and AZl, especially for the treatment of respiratory

tract infections seen in humans in the winter season.

3.2 Fate and removal of antibiotics in Konya WWTP

Figure 2 shows the removal efficiencies of the
investigated antibiotics, CIP, SMX, and AZI, in different
treatment stages of the Konya WWTP. As shown in Figure
2, CIP and AZI were treated in the pre-treatment of the
Konya WWTP to some extent, while SMX was not. The
annual average removal efficiencies achieved for CIP, AZI,
and SMX in the pre-treatment stage of the plant were
determined as 20.0%, 10.5%, and -6.4%, respectively.
Obtained removal efficiencies are consistent with the log
Ka values given for the antibiotic compounds in Table 1,
showing that the sorption onto primary sludge is a valid
removal mechanism for the investigated antibiotics (Dolu
and Nas 2023b). Determined negative removal efficiency
in the pre-treatment for SMX, which has the lowest
potential for sorption onto sludge, can be associated with
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the tendency of the possible metabolites and/or
conjugates of SMX present in wastewater to return to the
main compound (Blair et al. 2015, Gébel et al. 2007).

As shown in Figure 2, the antibiotic compounds were
mainly eliminated in the biological treatment stage of the
plant. The annual average removal efficiencies for CIP,
SMX, and AZl in the biological treatment of Konya WWTP
32.4%, and >87.8%,
respectively. The relatively high removals achieved in the

were determined as >62.5%,
biological treatment stage of the plant for the

investigated antibiotics reveal that the removal
mechanisms that are mainly effective in the elimination
of these are biodegradation and/or
biotransformation (Nas et al. 2021a, Verlicchi and
Zambello 2015). On the other hand, it was determined

that the removal efficiencies achieved in the biological

compounds

treatment stage of Konya WWTP were affected by the

seasons for all three investigated antibiotics. This
situation is much more evident for both CIP and SMX than
for AZIL. In the biological treatment of the plant, the
removal efficiency achieved for CIP in the summer season
increased significantly compared to the winter season,
while the opposite situation was observed for SMX. Apart
from the specific physicochemical properties of the
investigated compounds, it can be explained by the fact
that the compounds can behave quite differently in the
biological treatment stages of WWTPs based on the
wastewater temperature changing depending on the
seasons (Golovko et al. 2014, Nas et al. 2021b, Sun et al.
2014). Besides, it is a remarkable finding that unlike the
other investigated two antibiotics, CIP and SMX, AZI was
highly removed in the biological treatment stage of the
plant regardless of the seasons. This can be explained by
the rapid biodegradation and/or transformation of AZI
during the biological treatments of the WWTPs (Golovko
et al. 2021, Verlicchi and Zambello 2015). In addition,
Senta et al. (2019) reported that many metabolites of AZI
were detected in wastewater along with AZI and that the
removal efficiencies of AZl obtained in WWTPs largely
reactions

depend on the biological transformation

between AZIl and the existing metabolites.

Different total removal efficiencies were achieved during
the two seasons in Konya WWTP for the investigated
antibiotics, mainly based on the removals obtained in the
plant's biological treatment. While the total removals for
CIP, SMX, and AZI in Konya WWTP were 44.0%, 61.6%,
and 81.0% for the winter season, respectively, it was
determined as >98.6%, -10.1%, and >97.4% in the
summer season. While the total removal efficiencies of
CIP and AZl achieved in the studied WWTP were
determined to be higher in the summer season, the

opposite situation was experienced for SMX. As well as

the seasonal variations seen for the occurrence
concentrations of antibiotics in WWTPs, total removals
obtained for antibiotic compounds in WWTPs are also
closely related to many seasonal environmental factors
(solar irradiance, rainfall, temperature, microbial
biodegradation, etc.) (Beltran de Heredia et al. 2023,
Golovko et al. 2014). For example, in addition to providing
the energy source for photosynthesis, especially in WSPs,
light also provides a major pathway for the degradation
of micropollutants, including antibiotics, through direct or
indirect UV photodegradation (Gruchlik et al. 2018). It has
been reported that the photodegradation rate of
pharmaceuticals varies depending on the intensity of
solar radiation according to the seasons, and higher
removals may occur for photodegradable compounds in
summer due to higher solar radiation compared to winter

(Matamoros et al., 2015).

Some studies have reported that environmental antibiotic
concentrations decrease during the summer due to
photodegradation and/or microbial biodegradation
promoted by stronger solar radiation intensities and
higher temperatures (Osinska et al. 2020, Jiang et al.
2021). It has been stated that heavy rainfall, another
factor affecting the removal of antibiotics in WWTPs,
deteriorates the removal of antibiotics in plants,
especially in the winter (Vieno et al. 2007). In addition, it
has been reported that rainfall reduces antibiotic
concentrations via dilution in WWTPs, which causes
suppression of microbial activities and negatively affects
the removal of antibiotics together with ARB and ARGs in

plants (Yang et al. 2022, Gao et al. 2022).

Based on the average of the two seasons, CIP (>71.3%)
and AZI (>89.2%) were removed from moderate to high
levels in the Konya advanced biological WWTP, while SMX
(25.7%) was poorly removed. In another study conducted
in the same WWTP
determination of total removal higher than 94% for CIP

in the summer season, the

was compatible with our study results. In the same study,
the reported total removal efficiency of -133.4% for SMX
is consistent with our study result in terms of determining
negative removal for SMX in the summer season but
differs in terms of the achieved total negative removal
(Nas et al. 2021a). Supporting our results, in a study
conducted in China, positive removal efficiencies (4.6%
and 26.3%) were determined for SMX in the winter
in two different WWTPs
configuration to the Konya WWTP, while negative

season with a similar
removal efficiencies (-19.7% and -40.4%) were reported

in the summer season (Zhang et al. 2015).
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Many studies have reported that negative removal
efficiencies were obtained for some antibiotic
compounds in the biological wastewater treatment
process (Gobel et al. 2007, Blair et al. 2015, Kumar et al.
2022). For example, Gobel et al. (2007) reported that
negative removal efficiencies were achieved for many
antibiotics, including SMX (-107 + 8%). Similarly, Blair et
al. (2015) have determined negative removal efficiencies
for some antibiotics, including SMX (-35.8%), during
biological wastewater treatment. The authors explained
that the negative removal efficiencies for antibiotic
compounds were the result of the transformation of the
conjugated forms into the parent compounds during
biological treatment by microorganisms. N-acetyl-SMX,
one of the most important metabolites of SMX, generally
accounts for more than 50% of an administered dose in
human excretion and can be found in influents of WWTPs
at concentrations 2.5-3.5 times higher than the parent
compound SMX (Zhang et al. 2015). It has been reported
that in some studies, negative removal efficiencies were
obtained for the parent compound SMX during secondary
treatment, while removal efficiencies of up to 96% were
determined for N-acetyl-SMX. The negative removal
efficiencies obtained for SMX in these studies were mainly
explained by the deconjugation of N-acetyl-SMX to SMX
during wastewater treatment and the resulting increase
in SMX concentration (Joss et al. 2006, Gobel et al. 2007,

Brown et al. 2018, Zhang et al. 2023).

In an urban WWTP in Sweden with a wastewater
treatment capacity of 20,000 m3, which is being operated
as the activated sludge process, the overall removal
efficiency for CIP has been reported as 90% (Zorita et al.
2009). Total removal efficiencies of approximately 67.0%
and 85.3% were reported for CIP and SMX in a one-week
study every day in the spring season at a WWTP located
in Saudi Arabia (Mostafa et al. 2023). While the total
removal efficiency obtained for CIP in the mentioned
study is in excellent agreement with our study results, the
high removal efficiency achieved for SMX in the same
study is not compatible with our study results. These
differences can be attributed to the configuration and
operating conditions of the studied WWTPs and the
seasons in which the studies were conducted. In general,
studies in the literature report a total removal efficiency
of 50% and above in WWTPs for CIP (Mohapatra et al.
2016, Verlicchi et al. 2012), while a much wider range of
total removals, including from negative removals to high
positive elimination rates, have been determined for SMX
(Phonsiri et al. 2019, Khasawneh and Palaniandy 2021).

Total removal efficiencies of 65% and 71% were reported
for AZl in two advanced biological WWTPs in the USA (Gao

et al. 2012) and Iran (Mirzaei et al. 2018), where 51,000
and 24,000 m3/day of wastewater were treated,
respectively. The total removal efficiencies obtained for
AZl in both studies are more compatible with our removal
efficiency obtained in the winter season for AZI than in
the summer season. On the other hand, some studies
have reported poor removals of AZIl in the WWTPs. For
example, the mean total removal efficiencies of AZI at two
different WWTPs in India were determined as 22% and
31% (Arun et al. 2022). In another study, as a result of the
sampling campaigns carried out every day for a week at
two different WWTPs in Colombia, the total mean
removals of AZl in both plants remained below 40%
(Botero-Coy et al. 2018). As a result, although diverse
removals have been determined for AZI in various types
of WWTPs, it was determined that the average removal
efficiency obtained for AZl in our study was higher than in
the literature.

4. Conclusions

In this research, the occurrence, fate, and removal of the
three typical antibiotics, CIP, SMX, and AZIl, were
investigated in a large-scale urban WWTP in a
metropolitan city in the winter and summer seasons. For
all three investigated antibiotics, the occurrence
concentrations detected in raw wastewater in winter
were higher than in summer. It was determined that the
pre-treatment stage of the studied advanced biological
WWTP was not very effective (<20%) in eliminating the
antibiotic compounds. Liquid phase concentrations of the
antibiotics mainly changed in the biological treatment
stage along the wastewater line of the WWTP. While CIP
and AZI behaved quite differently depending on the
seasons in the plant's biological treatment, AZI exhibited
similar behavior. The different behaviors observed for
antibiotics in the biological treatment stage can be
interpreted as the change in microbial activity as a result
of the changing wastewater temperature during seasons.
Depending on both specific physicochemical properties of
the investigated antibiotics and different seasons,
divergent seasonal total removal efficiencies were
achieved in Konya advanced biological WWTP. CIP (44%)
and SMX (61.6%) were moderately treated in the WWTP
in the winter season. However, in the summer season, CIP
(>98.6%) was almost completely removed in the plant,
while SMX (-10.1%) was not removed at all. The other
antibiotic compound investigated, AZI, was eliminated at
high removal efficiencies (81.0% and >97.4%) in WWTP in
both seasons and was determined as the antibiotic
compound that was least affected by the seasons. As a
result, it has been observed that the removal
performance of advanced biological WWTP for antibiotics
varies significantly based on the seasons and is
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insufficient for preventing the spread of antibiotics to the
receiving environments.
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Oz

Alzheimer Hastaligi (AD), su anda tedavisi olmayan, hafizayi ve
distince slrecini bozan, zayiflatici bir hastaliktir. Mevcut
¢alismada, GEO veritabaninda entegre bir ara¢ olan GEO2R, AD
ile iliskili DNA metilasyonunu ve gen ekspresyonu veri
kiimelerini analiz etmek igin kullanildi. Diferansiyel olarak
metillenmis ve eksprese edilmis AD genlerinden (DEMEG'ler)
olusan PPl agi olusturmak i¢in BioGRID Veri Tabanindan elde
edilen veriler kullanildi. PPI agini topolojik olarak goriintilemek
ve analiz etmek igin Cytoscape kullanildi. Hastalik iliskilerini ve
sinyal vyolaklarini ortaya g¢ikarmak amaciyla zenginlestirme
analizi yapmak igin DAVID biyoinformatik programindan
yararlanildi. Ayrica, Connectivity Map 2 (Cmap 2) kullanilarak
galismanin  DEMEG!'leri icin farmakolojik hedefler olarak
kullanilabilecek potansiyel terapoétik ajanlar olarak kiglik
molekiiller ortaya konuldu. Sonug olarak, SMURF1 ve UBE2D2
gibi AD igin yeni biyobelirte¢ adaylari olarak daha fazla
arastirilabilecek 502 ortak DEMEG ve ¢esitli merkezi proteinler
belirlendi. Alzheimer ile MAPK sinyal yolaginin yani sira
bagimlilik ve DEHB ve epilepsi gibi beyin hastaliklari arasindaki
baglanti da belirlendi. Ayrica flukloksasilin, butamben,
asetoheksamid gibi tedavi edici olarak kullanilabilecek aday
kiicik molekiiller de o6nerilmistir. Bu calisma, AD hastaligi
mekanizmasi  hakkindaki  bilgimizi ilerletmek igcin DNA
metilasyonu ve gen ekspresyonu verilerini birlestirmistir.

Anahtar Kelimeler: Alzheimer Hastaligi; Gen ifadesi; DNA Metilasyonu;
Biyobelirteg; Kiigtik Molekiller

© Afyon Kocatepe Universitesi

Abstract

Alzheimer's Disease (AD) is a debilitating disease impairing
memory and thought process with currently no cure. In the
current study, GEO2R, an integrated tool in the GEO database,
was used to analyze DNA methylation and gene expression
datasets associated with AD. Data from the BioGRID Database
were used to create a PPl network of differentially methylation
and expressed AD genes (DEMEGs). Cytoscape was used to
image and analyze the PPl network topologically. The DAVID
bioinformatics program was utilized to do enrichment analysis
in order to uncover disease associations and signaling pathways.
Furthermore, small molecules were predicted using
Connectivity Map 2 (Cmap 2) as potential therapeutic agents
that might be exploited as pharmacological targets for the
study's DEMEGs. As a result, 502 mutual DEMEGs and several
hubs that may be researched further as new biomarker
candidates for AD such as SMURF1 and UBE2D2 were identified.
The link between AD and the MAPK signaling pathway, as well
as addiction and brain diseases such as ADHD and epilepsy has
been established. Additionally, candidate small molecules that
can be used as therapeutics such as flucloxacillin, butamben,
and acetohexamide were proposed. This study integrated DNA
methylation and gene expression data to further our knowledge
of the AD disease mechanism.

Keywords: Alzheimer's Disease; Gene Expression; DNA Methylation;
Biomarker; Small Molecules

1. Introduction

The process of transforming genes consisting of DNA
sequences into proteins that affect the phenotype is
called gene expression (Signor and Nuzhdin 2018). DNA
methylation is required to regulate tissue-specific gene
expression and genomic repression. DNA methylation at
various genomic regions may utilize various impacts on
gene activities considering underlying genetic sequence
(Han et al. 2007). The details of the complex relationship
between DNA methylation and gene expression are not
fully resolved but are of great importance for disease
development. DNA methylation plays a variety of roles in

tissue-specific gene expression, including regulating the
usage of alternative splicing sites during transcriptional
splicing and selecting alternative promoters to increase or
decrease gene expression. To fully understand disease
mechanisms, it is necessary to understand the
relationship between DNA methylation and gene
expression (Ehrlich 2019, Sevimoglu 2023).

Alzheimer's disease is a type of dementia, which is a
progressing neurodegenerative disease that generates
brain cell destruction. The symptoms of AD include a
decline in thought, memory and behavioral activities that
develop progressively (Ulep et al. 2018). Various gene
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expression and DNA methylation studies have been
carried out to understand the genetic mechanism of AD.
For instance, a study regarding the AD disease epigenetic
mechanisms has observed that the APOE gene plays an
important role in methylation (Nourian et al. 2021). There
are brain region-dependent differences in
hypermethylation and hypomethylation in late-onset AD
patients (Hanger and Wray 2010). Differences in DNA
methylation and gene expression are related to disease
processes such as neurodegeneration (Semick et al.
2019).

In this study DNA methylation and gene expression
datasets of AD were analyzed and integrated to illuminate
the mechanism associated with the disease. Construction
of protein interaction networks and identification of hub
proteins as well as enrichment analysis were achieved. In
addition, small molecules that might be candidates in
treatment of the disease were determined.

2. Material and Method

2.1. DNA Methylation and Gene Expression Data
Acquisition

Raw data of high-throughput DNA methylation
(GSE66351) and gene expression (GSE15222) datasets for
AD were obtained from Gene Expression Omnibus (GEO)
(Haertle et al 2019). Samples of these datasets are from
frontal cortex tissue.

2.2. DNA Methylation and Transcriptome Data Analysis

DNA methylation and gene expression data analysis were
performed with GEO2R tool embedded in GEO database.
GEOZ2R is an online tool that compares groups of samples
in a GEO Series to discover genes that differ in expression
across experimental settings. This tool makes use of
various R packages from the Bioconductor project.
Bioconductor is an open-source software project built on
the R programming language that offers tools for
Statistical
analysis of each dataset was performed individually. In

analyzing high-throughput genetic data.

the analysis of DNA methylation dataset, FDR was
checked with Benjamini-Hochberg method (Zhang et al.
2019). Cut-off values for statistical significance were p-
value <0.05 and | t |> 2. The genes obtained as a result of
this analysis are named differentially methylated genes
(DMGs). RMA normalization (Irizarry et al. 2003) and
linear models’ method for microarray data (LIMMA)
(Wettenhall and Smyth 2004) was used to identify
differentially expressed genes (DEGs). The DEGs with p
value less than 0.05 and with fold change less than 0.5
were considered down-regulated and those with a fold
change greater than 2 were considered up-regulated.
Annotation conversions were performed using the

HumanMethylation450 manifest file v1.2, bioDBnet
(https://biodbnet-abcc.ncifcrf.gov/db/db2db.php), and
gProfiler (Url-1). Mutual genes of the analyzed datasets
are named differentially methylated and expressed genes
(DEMEGS) of the study.

2.3. Protein-Protein Interaction (PPl) and Hub Protein
Determination Related to the Diseases Under Study

The PPl network of the DEMEGs was constructed using
protein interaction data from the BioGRID Database
(Oughtred et al. 2018). Imaging and topological analysis
of the network was performed using Cytoscape (Shannon
et al. 2003). Hub proteins were identified by the dual
metric approach utilizing the Cytohubba plug-in using the
degree and betweenness centrality criteria (Chin et al.
2004). In a network, a node's degree is the number of links
it has with other nodes. Betweenness centrality quantifies
the degree to which the node is on the shortest path
connecting additional sets of individuals in the network.

2.4. Enrichment Analysis for the Diseases Examined

Signaling pathways related to AD DEMEGs, and disease
associations were carried out using DAVID bioinformatics
tool, and results with p value <0.05 were accepted as
significant (Huang et al. 2019). DAVID conducts analyses
using a variety of databases. In this study, the KEGG
(Kyoto Encyclopedia of Genes and Genomes) database
was selected for signaling pathways (Url-2), and Genetic
Association Database (GAD) (Becker et al. 2004) was
selected for disease associations.

2.5. Candidate Molecule Determination

Connectivity Map 2 (Cmap 2) was used to predict small
molecules as candidate therapeutic agents that may serve
as drug targets for the DEMEGs of the study (Lamb et al.
2006). This tool uses a Kolmogorov-Smirnov test statistic
to rank molecular agents according to their similarity to
the up/down-regulated DEMEGs provided. p value <0.05
was chosen for statistical significance, and top 20
molecules with negative mean values and negative
enrichment values were selected.

3. Result
3.1. DNA Methylation and Transcriptome Data Analysis

In the present study GSE15222 and GSE66351 high-
throughput DNA methylation and gene expression
datasets were analyzed. Analysis revealed a total of 768
DEGs for GSE15222 dataset (580 up-regulated and 188
down-regulated) and 14230 DMGs for GSE66351 dataset.
502 mutual DEMEGs were uncovered (Figure 1). 367 of
the mutual DEMEGs were upregulated and 135 were
downregulated.
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Figure 1. A) The mutual DEMEGs of AD B) volcano plot of DEGs
in GSE15222 dataset and C) volcano plot of DMGs in GSE66351
dataset

3.2. PPI Network and Hub Proteins Related to the
Disease Under Study

PPl network of the DEMEGs were constructed. There
were 154 nodes and 165 edges of the network. Hub
proteins were identified for the constructed DEMEG PPI
network employing a dual metric approach with degree
and betweenness centrality criteria (Figure 2). UBE2I,
SRPK2, SMURF1 UBE2D2, RAD18 and CDC42 stood out as
hubs of the network for both metrics.

3.3. Enrichment Analysis

Signaling pathways and associated diseases were
explored through enrichment analysis of the mutual
DEMERG list. Signaling pathways were detected employing
KEGG database and accepting p<0.05 (Table 1). There are
12 signaling pathways associated with the data.
Prominent signaling pathways such as MAPK signaling
pathway and PI3K-AKt emerged as a result of the analysis.

Addictions such as nicotine and morphine also came into

view. The disease associations (GAD-Genetic Association
Database) of the mutual DEMEGs were obtained using
DAVID Bioinformatics tool with a p<0.05 cut-off value
(Table 2).

B
Hub Degree Hub  Betweenness
UBE2I 15 UBE21 4720.33
SRPK2 14 SRPK2 4156.13
SMURF1 10 RAD18 3476.33
UBE2D2 9 ALDOA 3252.17
FYN 7 UBE2D2 2366.07
RAD18 7 SMURF1 2145.67
MAP1LC3A 6 PIAS4 2115.07
PSMA1 6 RMNDSA  2106.17
CDC42 6 ITGB1 2104
FGFR1 6 CDC42 2002.67

Figure 2. A) The constructed Protein-Protein Interaction
Network for AD DEMEGs, B) hubs according to degree and
betweenness metrics.

Table 1. Signaling pathway associations of the mutual DEMEGs

Signaling Pathway P-Value
Neuroactive ligand-receptor interaction 2.02E-06
Nicotine addiction 0.0055
MAPK signaling pathway 0.0060
PI3K-Akt signaling pathway 0.0075
GABAergic synapse 0.0139
Morphine addiction 0.0156
Axon guidance 0.0158
Rap1l signaling pathway 0.0179
Arrhythmogenic right ventricular cardiomyopathy 0.0335
Taste transduction 0.0370
Butanoate metabolism 0.0413
ECM-receptor interaction 0.0427

There are 42 disease associations. Brain diseases such as
ADHD, bipolar disorder, schizophrenia, autism, and
epilepsy stood out. In line with signaling pathway
associations, addictions such as alcoholism, heroin and
marijuana abuse and tobacco use came into prominence
in our enrichment analysis.
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Table 2. Top 20 Disease Associations of the mutual DEMEGs

Disease P-Value
several psychiatric disorders 2.80E-08
alcoholism 1.33E-06
Tobacco Use Disorder 2.85E-06
Cell Adhesion Molecules 1.51E-05
alcohol consumption 1.86E-05
ADHD 3.32E-05
cirrhosis, alcoholic; alcoholism 4.05E-05
schizophrenia 5.93E-05
Cleft Lip|Cleft Palate 1.49E-04
Autism 1.98E-04
Bulimia 2.22E-04
Bipolar Disorder 9.97E-04
heroin abuse 0.0011
personality disorder 0.0014
epilepsy 0.0014
Marijuana Abuse | Psychoses, Substance-Induced 0.0016
alcohol dependence 0.0019
Body Weight 0.0066
Alzheimer's disease 0.0075
Adiponectin 0.0086

Table 3. Candidate Therapeutic Agents for AD

Candidate Agent Average Value P-Value
Methotrexate -0.421 0.0125
Acetohexamide -0.399 0.0133
Proscillaridin -0.550 0.0147
Ricinine -0.195 0.0157
Telenzepine -0.390 0.0161
Isoniazid -0.305 0.0163
Rifampicin -0.501 0.0168
Flutamide -0.325 0.0174
Butamben -0.412 0.0186
Flucloxacillin -0.355 0.0239
Strophanthidin -0.386 0.0245
Lomustine -0.314 0.0269
Dacarbazine -0.257 0.0329
Timolol -0.284 0.0485

3.4. Candidate Small Molecule Determination

Using Cmap, small molecules were unearthed that could
be researched further as candidate therapeutic agents
with p<0.05 and a negative mean value. 14 candidate
agents and their p-values are shown in Table 3.

4. Discussions and Conclusions

The course of Alzheimer's disease and its genetic
underpinnings remain unclear. The illumination of AD
disease mechanism may help identify therapeutics that
might be a cure for the disease. With this aim, DNA
methylation and gene expression datasets of AD were
analyzed. A protein interaction network of the mutual
DEMEGs was constructed and hub proteins were
identified. Signaling pathways and diseases associated
with AD DEMEGs were put forward and several small
molecules that may be regarded as candidate
therapeutics have been identified. Several DEMEGs stood

out as hubs (UBE2I, SRPK2, SMURF1 UBE2D2, RAD18 and

CDC42) of the DEMEG network. For instance, an
upregulated DEMEG, UBE2I
enzyme E2 1), encodes a member of the E2 ubiquitin-

(ubiquitin  conjugating
conjugating enzyme family. In a study done by Ahn and
colleagues, UBE2I (also known as Ubc9) polymorphism is
associated with late onset AD (Ahn et al. 2009). Another
DEMEG, SRPK2
Protein-Specific Kinase 2), is a cell cycle regulated kinase

upregulated (Serine/Arginine-Rich
that phosphorylates Serine/arginine domain-containing
proteins and mediates pre-mRNA splicing with unclear
function in neurons. Hong and coworkers propose that
SRPK2 may play a role in Alzheimer's disease etiology
(Hong et al. 2012). CDC42 (Cell Division Cycle 42), another
hub, modulates signaling pathways that affect several
biological processes, including cell morphology,
migration, endocytosis, and cell cycle progression (Zhang
and Niu 2022). In a recent study CDC42, which is a
downregulated hub, is linked with the progression of AD
(Zhu et al. 2023). The upregulated hub SMURF1 (SMAD
Specific E3 Ubiquitin Protein Ligase 1), encodes a
ubiquitin ligase that is specific for SMAD proteins, and this
hub has a critical function in the control of cell motility,
signaling, and cell polarity, as well as being an essential
factor in mitophagy (Shao et al. 2017). Recent studies
suggest that mitophagy, which is a mechanism for
replacing damaged mitochondria and protecting cells
from abnormal cell death signaling might be a player in
AD disease progression (Sharma et al. 2022). UBE2D2 is
an upregulated hub which is a E2 ubiquitin-conjugating
enzyme (Critchley et al. 2022). RAD18 (RAD18 E3 ubiquitin
protein ligase) is also an upregulated DEMEG which
promotes glioma growth and lowers glioma cells'
sensitivity to radiation. Parenti and coworkers identified
RAD18 as a marker in AD disease progression (Parenti et

al. 2007).

SMURF1 and UBE2D2 may be examined further for their

roles in AD disease progression and biomarker
capabilities. Enrichment analysis associated with the
mutual DEMEGs identified various signaling pathways.
These associated pathways give us a glimpse of the
disease mechanism. For instance, an association of MAPK
signaling pathway was identified. In neurons, MAPK
activation are important for long term potentiation
(Tsutsui and Hays 2018). Mitogen-activated protein
kinases (MAPKs) regulate a variety of cellular activities
such as proliferation, differentiation, apoptosis, survival,
inflammation, and innate immunity. Oxidative stress
which is a crucial risk factor in the pathogenesis of AD is
induced by AP resulting in the activation of p38 MAPK as
well as subsequent hyperphosphorylation of tau (Kim and

Choi 2015). The PI3K/Akt signaling pathway regulates cell
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survival, proliferation, growth, differentiation, motility,

intracellular trafficking, and dendritic and axonal
extension. It plays a distinct role in the preservation of
synaptic plasticity and has a significant impact on memory
processes. The involvement of the PI3K/Akt signaling axis
in the advancement or repression of AD disease is very
context-dependent. In general, PI3K/Akt activation in
neurons and neural stem cells is beneficial, whereas
activation in microglia cells may be detrimental (Razani et
al. 2021). Also we have to mention the pathways that are
related to morphine and nicotine addiction. While there
are not many studies linking AD and opioid use research
suggest patients with a history for opioid use should be
targeted for early dementia detection (Oh and Song
2024). Even though a higher prevalence of Alzheimer's
disease among individuals who smoke has been revealed
(Wallin et al. 2017), there is also research suggesting
nicotine itself (not the cigarette) may be helpful in
protecting neuronal stem cells when exposed to cytotoxic
or inflammatory agents (Brooks and Henderson 2021).

In the current study, the disease associations can be
divided into two distinct groups: brain diseases (ADHD,
bipolar disorder, schizophrenia, autism and epilepsy) and
addictions (alcoholism, tobacco use, marijuana abuse and
heroin abuse). Although no common gene has previously
been identified between ADHD (Attention-
Deficit/Hyperactivity Disorder) and AD, it is thought that
SORC2 and SORC3 genes may play a role in amyloid
precursor protein. Increasing degree of consanguinity is
linked to both ADHD and AD (Zhang et al. 2022). Diniz and
coworkers suggest that having a history of bipolar
disorder, which is another brain disease linked to this
study, dramatically raised the likelihood of being
diagnosed with AD (Diniz et al. 2021). Recent research
suggests epilepsy is linked to late onset AD (Kamondi et
al. 2024). It is safe to state that those with the
aforementioned brain conditions are more prone to
develop AD. So, early detection and intervention may be
beneficial in slowing disease progression. Addictions were
the second group of diseases linked to Alzheimer's
disease DEMEGS. Excessive alcohol use causes microglial
activation, neuroinflammation and neuronal cell death
(Venkataraman et al. 2017). Previous studies have shown
a link between alcoholism and AD (Hoffman et al. 2019).
Small molecules are defined as compounds that can
modulate biochemical processes to diagnose, treat or
prevent diseases. Some target therapeutics
identified
thienobenzodiazepine that acts as a

were

such as telenzepine, which is a
selective
antimuscarinic. Telenzepine may contribute to improved
memory performance in mild AD patients (Savelkoul et al.

2012). While testosterone has a protective effect on AD,

flutamide, another candidate agent, inhibits this positive
effect (Yan et al. 2019). In addition to its anti-infectious
properties, displayed

rifampicin, also in our list,

neuroprotective  effects in various models of
neurodegeneration as well. Pilot studies show that
rifampicin treatment may be beneficial for AD patients
(Yulug et al. 2018). Agents that affect more than one AD-
related target may have a potential to increase efficacy
and/or improve safety in AD treatment. For this, various
isoniazid-derived acylhydrazones have been shown to
have positive effects as potential acetylcholinesterase
and myeloperoxidase inhibitors with antioxidant activity
(Santos et al. 2020). The potential of methotrexate to
protect against dementia has been demonstrated, but its
mechanism has not yet been elucidated. In this study
Proscillaridine, flucloxacillin, butamben, acetohexamide,
strophanthidine, lomustine, dacarbazine, ricinine and
timolol have been determined as candidate molecules
which were not previously associated with AD, which
indicates that these molecules can be researched further
as candidate therapeutics for this disease.

In this in silico study, analysis of DNA Methylation and
gene expression datasets of AD was achieved. The results
indicated various hub proteins with biomarker potential.
SMURF1 and UBE2D2 in particular might be investigated
further for their roles in Alzheimer's disease development
and biomarker capabilities. The relationship between
psychiatric disorders and AD as well as various addictions
and AD also attracted our attention. Another outcome of
the study is that the MAPK signaling pathway was
dysregulated in AD patients. There is a need for future
experimental studies on the relationship of AD and MAPK
signaling pathways. Enrichment analysis has also revealed
two separate categories of disorders linked to AD
DEMEGs: brain diseases and addictions. Individuals with a
previous diagnosis of the brain diseases mentioned in the
study are more likely to develop AD in the future. In the
light of the results obtained; proscillaridin, flucloxacillin,
butamben, acetohexamide, strophanthidine, lomustine,
dacarbazine, ricinine and timolol may be further
researched as candidate molecules for the treatment of

AD.
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