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Oz

Giintimiizde insanlar hayatlarinin biiytik bir kismini kapali ortamlarda gegirmektedir. Bunun i¢in kullanicilarinin sagligini
da dogrudan etkilemesi bakimindan, binalarin pandemiye karst dayanimli olmasi gerekir. Ayni zamanda binalarda
bulagma ve bulasma hizinin azaltilmasi yoniinde gerekli 6nlemlerin de alinmasi da sarttir. Yine egitim binalar1 da
hastaliklarin bulagma olasiliklarinin ve yayilma hizlarinin yiiksek oldugu binalardir. Bu nedenle biitiinciil bakis agsiyla
egitim binalarinda SARS-CoV-2 viriisiiniin igeri girme olasiliginin ve yayilim ile 6grencilere bulas riskinin azaltilmasi
i¢in yeterli tedbirlerin alinmasi gerekir. Bu calismada; Erzurum Teknik Universitesi kampiisiindeki uluslararas1 LEED
(Leadership in Energy and Environmental Design) yesil bina sertifikasina sahip Miihendislik ve Mimarlik Fakiiltesi
binasinin SARS-CoV-2 viriis risk ydnetimi ve i¢ ortam hava kalitesi parametrelerinin degerlendirilmesi yapilmistir.
COVID-19 (SARS-CoV-2) viriisiiniin bulagma ve bulagsma hizinin azaltilmas: yoniinde HVAC (Isitma, havalandirma ve
iklimlendirme) ile ilgili faktorlere bagli olarak alinmasi gereken Onlemlerin 6nemi vurgulanmistir. Caligmada amfi
dersliklerde yapilan 6l¢iimlerde; CO; konsantrasyonlari ortalama 645.68 ile 897.25 ppm araliginda, i¢ ortam sicakliklari
18 ile 24 °C araliginda, hava hizlar1 0.161 m/s ile 0.194 m/s araliginda ve bagil nemin de %45.35rH ile %58,96 rH
araliginda oldugu tespit edilmistir. Bu degerlerin uluslararasi standartlara uygun oldugu belirlenmistir. Analiz sonuglari;
COVID-19 siirecinde yesil binalarda egitim ve 6gretim faaliyetlerinin daha giivenli yiiriitiilebilecegini gdstermektedir.
Yine LEED sertifika kriterlerinin pandemilere karsi giivence oldugu da belirlenmistir. Sonuglar; egitim binalarinda
gelecekte olusabilecek pandemiye karst i¢c hava kalitesi bakimindan giivenlik 6nlemlerinin belirlenmesine de rehber
olabilir.

Anahtar kelimeler: COVID-19, i¢ ortam hava kalitesi, LEED, Saglikl1 binalar

Abstract

Today, people spend most of their lives indoors. For this, the buildings must be resistant to pandemics in terms of directly
affecting the health of their users. However, it is essential to take the necessary measures to reduce the rate of
contamination and contamination in buildings. Likewise, educational buildings are buildings where the transmission
probability and spread rate of diseases are high. Therefore, from a holistic point of view, adequate measures should be
taken to reduce the possibility of the entry of the SARS-CoV-2 virus in educational buildings and the risk of its spread
and transmission to students. In this study; The SARS-CoV-2 virus risk management and indoor air quality parameters
of the Faculty of Engineering and Architecture building, which has the international LEED (Leadership in Energy and
Environmental Design) green building certificate, on the campus of Erzurum Technical University were evaluated. The
importance of the measures to be taken depending on the factors related to HVAC (Heating, ventilation and air
conditioning) in order to reduce the transmission and transmission rate of the COVID-19 (SARS-CoV-2) virus was
emphasized. In the measurements made in lecture halls; It was determined that CO, concentrations were between 645.68
and 897.25 ppm on average, indoor temperatures were between 18 and 24 °C, air velocities were between 0.161 m/s and
0.194 m/s, and relative humidity was between 45.35%rH and 58.96% rH.It has been determined that these values are in
accordance with international standards. The results of the analysis show that education and training activities can be
carried out more safely in green buildings during the COVID-19 process. It has also been determined that LEED
certification criteria are assurances against pandemics.Results; It can also guide the determination of security measures
in terms of indoor air quality against future pandemics in educational buildings.

Keywords: COVID-19, Indoor air quality, LEED, Healthy buildings
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1. Giris
1. Introduction

Pandemiler insanlik i¢in gelecek zamanda da biiyiik bir tehlike olarak olumsuz etkileri ile artarak yasanmaya
devam edilecektir. Diinyamiz 2019 yilinda Cin'in Hubei bolgesinin baskenti olan Vuhan kdkenli koronaviriis
ailesinin yeni bir tiirii olan SARS-CoV-2 (COVID-19) salgini ile tamgmistir (Nie vd., 2020; Gou vd., 2020).
COVID-19 Diinya Saglik Orgiitii tarafindan 11 Mart 2020'de pandemi olarak ilan edilmistir (Chowdhury vd.,
2021; World Health Organization, 2020). Kiiresel COVID-19 salgininin, ekonomi, insanlar ve yasam tarzi
iizerindeki etkisi yillarca hissedilecektir (Tiirk Toraks Dernegi, 2020). Bu nedenle; mevcut binalarin ve yeni
yapilacak binalarin salgin hastaliklarin yayilmasina kars1 dayanimli saglikli binalar olarak dizayn edilmesi ¢ok
onemlidir. Saglikl1 binalarla; pandemi ve enfeksiyon viriislerinin bina i¢ine girme olasili§inin azaltilmasi, bina
icinde yayilim ile bina kullanicilarina bulasma riskinin ortadan kaldirmasi hedeflenmektedir (Rehva, 2020).
Daha net bir ifade ile binalarin pandeminin olumsuz etkilerine karsi korunmasi amaglanmaktadir. COVID-19
viriisiine etkin kontrol yontemi gelistirebilmek igin bulas dinamiklerinin anlagilmasi gerekir (Tiirk Toraks
Dernegi, 2020). COVID-19 salginmin bulag hizinin azaltilmasinda; pandemi miicadelesinde etkili oldugu
bilinen bir dizi enfeksiyon dnleme ve kontrol iglemlerinin tiim yagsam alanlarinda, belirlenmesi ve saglanmasi
onemlidir (YOK, 2020). Viriis enfeksiyonundan korunmada en énemli tedbirlerden; sosyal mesafe, hijyen
kurallar1 ve uzman onerilerine uymak her bireyin oncelikli sorumlulugudur (Tiirk Toraks Dernegi, 2020).
COVID-19 viriisliniin yayilmasimi 6nlemek i¢in sadece sosyal mesafe, hijyen ve kisisel korunma tedbirleri
(maske, siperlik gibi) dncelikli dikkat edilecek hususlar olarak kabul ediliyor olsa da gelecek yillarda bu
onlemlerin yeterli olmayacagi yasanilan tecriibelerle belirlenmistir (Cleanroom, 2020). COVID-19
hastaligindan kendimizi ve baskalarini korumak i¢in alinacak dnlemlerin tespitinde oncelikle viriisiin nasil
yayildiginin belirlenmesi dnemlidir (Rehva, 2020). Bu konuda yapilan bir ¢alismada Vozzola ; tiniversite
binalarinda COVID-19 viriisiine kars1 alinmas1 gerekli dnlemeleri degerlendirmis ve iyilestirilmesi ile ilgili
Oneriler sunmustur (Vozzola, 2020). Yine yapilan baska bir ¢alismada; 6zellikle kalabalik ve havalandirmanin
yetersiz oldugu i¢ ortamlarda viriislerin hava yoluyla bulasma riskinin daha giiglii oldugu kanitlarla
sunulmaktadir (Coleman vd., 2018; Nishiura vd., 2020). Arastirmacilar ¢alismalarinda; COVID-19 pandemi
doneminde siniflarda mekanik havalandirma sisteminin olmamasini havanin yeterince yenilenemeyecegi
olarak kabul etmektedirler. Bu kritik durumda hi¢ havalandirilmayan veya yeterince havalandirilmayan
siniflarda enfekte asemptomatik bir kisinin viriis igeren bir aerosolil sadece nefes alip vererek bile sinif i¢ine
yaymasinin miimkiin oldugu belirlenmistir (Di Gilio vd., 2021).

Egitim binalarinda giinde birka¢ saat ders yapilmasi bile SARS-CoV-2 bulagma olasiligini artirmaktadir.
Bunundan dolay1 okullarda pandeminin &nlenmesi i¢in daha etkili temiz hava degisimini benimseyen
havalandirma stratejileri gelistirilmelidir. Aslinda kapali ortamlarda o6zellikle de kalabalik bir sinifta
gelistirilmis havalandirma sistemi ile SARS-CoV-2 viriisiiniin yayilmasi 6nlenebilir. Bunun i¢in son bilimsel
literatiirde hava yoluyla bulasan viriislerin yayilimmin azaltilmasinin i¢ ortamlarda yeterli havalandirma ile
saglanabilecegi ongoriilmektedir (Morawska vd., 2021;Villanueva vd., 2021). Beggs (2020) tarafindan yapilan
caligmada simiilasyon sonugclari; kapali ortamda, enfekte olmus bir insanin konusmasi ile ayni havay1 soluyan
diger insanlara enfeksiyonun bulagmasina yetecek kadar viriis i¢eren aerosoller oldugunu gostermistir. SARS-
CoV-2 gibi bulasici solunum yolu hastaliklarinin yayilma riskinin en belirgin gostergesi CO2 konsantrasyon
yogunlugudur. Bunun i¢in CO; seviyelerinin izlenmesi gereklidir. Kapali ortamlarda insan sayisina bagl
olarak artan CO; seviyesi enfeksiyonun yayilma ihtimalini de yiikseltmektedir (Peng vd., 2021). Arastirmacilar
bu caligmada; yiiksek Ogretim kurumlarinda anti-Coronavirus (COVID-19) tedbirlerini analiz ederek
Onlemlerin iyilestirmesi i¢in bir metodoloji 6nermektedirler (Wehbe & Shahrour, 2021). COVID-19
yayilimimin azaltilmasinda havalandirmanin ¢ok 6nemli oldugu kabulii ile baz1 arastirmacilar i¢ ortam hava
kalitesini degerlendirmek i¢in Bina Bilgi Modellemesi (BIM)’i kullanmiglardir (Gan vd., 2019; Sporr vd.,
2019; Wehbe & Shahrour, 2019).

Yesil binalar genel olarak; enerji ve su kullaniminin azaltilmasini, ingaat siirecinde ¢evreye olan olumsuz
etkileri minimuma indirgemeyi hedeflemektedir. Ayn1 zamanda yesil binalar insanlarin sagligim diisiinerek
hijyenik i¢ ortamlarin olusturulmasini da amaglamaktadirlar. Arastirmacilar ¢alismalarinda; yesil bina
kriterlerinden olan i¢ mahal hava kalitesinin hijyenik ortam tasarimina etkilerini incelenmislerdir. Sonuglar
yesil binalarin i¢ ortam kalitesi bakimindan geleneksel binalara gore daha iyi oldugunu ve insan sagligini
korumaya yo6nelik oldugunu géstermistir (Allen vd., 2015). LEED kriterlerinde devam eden iyilestirmelerle
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bina kullanicilarina yiiksek kaliteli i¢ mahal ortamlarmin olusturulmas: da amaglanmaktadir (U.S. Green
Building Council , 2013). Kanada da bir {iniversite kampiisiinde LEED sertifikal1 iki bina ile bir geleneksel
binada bulunan 319 kisiyle i¢ ortam hava kalitesi parametreleri ile ilgili memnuniyet anket yapilmigstir. Anket
sonucu; LEED sertifikali binalarin geleneksel binalara kiyasla havalandirma ve hava kalitesi bakimmdan ¢ok
daha iyi oldugunu ayrica daha az oksiiriik / aksirma yasandigini géstermistir. Yani LEED sertifikali binalarda
insanlarin daha saglikli ve yiiksek performansh oldugu belirlenmistir (Hedge vd., 2014). 2020 yazinda
Amerikan Yesil Binalar Konseyi (USGBC), binalarda saglikli alanalar olusturulmasi i¢in doért LEED kriteri
daha yayinladi. Bu krediler; is yerinde pandemi tedbirlerinin alinmasi, ortak ya da kamu kullanimina agik
alanlarin temizlenmesi ve dezenfekte edilmesi, salgin siiresinde i¢ mahal hava kalitesi yonetilmesi, sihhi tesisat
sistemlerinin kontrolii olarak 6zetlenebilir (U.S. Green Building Council, 2020). Yine bu ¢alismada; birgok
stirdiiriilebilirlik derecelendirme sistemlerinin (WELL, Fitwel ve LEED) kapali alanlarda insanlarin
sagliklarmi korumak ve pandemiyi onlemek icin gelistirdikleri stratejilerin degerlendirilmesi yapilmaktadir.
Sonuglar bu stratejilerin pandemi gereksinimlerini karsilayacak sekilde yeniden gézden gegcirilmesi gerektigini
vurgulamaktadir (Marotta vd., 2021). Sertifikali binalarin pandemilere karsi, mekanik havalandirma sistemleri
ve bina iginde viriis tutmasini engelleyici malzemelerle (boyalar, zemin kaplamalar1) kapli olmasindan dolay1
kiiresel salgina kars1t daha dayanimli oldugu kabul edilmektedir. Ayrica LEED sertifikali binalarin tasarim
prensipleriyle geleneksel tasarlanmig binalara gére kullanicilarina daha saglikli ortamlar sagladigi inanci da
giderek artirmaktadir.

1.1. COVID-19 yayilim yollar
1.1. COVID-19 spread ways

Kesin olarak virlisiin ve enfeksiyonun ozellikleri ortaya konamamis olsa da giinlimiizde bulasmanin
cogunlukla temas ve hava/damlacik yoluyla oldugu bildirilmektedir. Genel anlamada bulas riskini azaltmak
icin; yakin temastan kaginmak yani fiziksel mesafe, havadan bulagsmay1 azaltmak i¢in de havalandirma, ylizey
temasini 6nlemek i¢in ise el hijyeni ¢cok 6nemlidir. Pandemilerin bulagma yollari, hizlar1 ve senaryolar1 binadan
binaya farklilik gostermektedir. COVID-19 temelde ii¢ yolla bulasir (Rehva, 2020):

(1) Insanlarin 1-2 m yakin temas bolgesinden hapsirma, dksiirme, sarki sdyleme, bagirma, konusma ve nefes
alma sirasinda yayilan damlaciklar yoluyla havadan bulagma (Peng vd., 2020; World Health Organization,
2020).

(2) uzun menzilli havadan (aerosol bazli) bulagsma (Bennett vd., 2002).

(3) el-el, el-yiizey vb. temaslarla yiizey (fomit) temasinda bulunma ile bulagma.

Bir COVID-19 partikiiliiniin boyutu yaklasik 0.08-0.16 mikrondur (80-160 nm) (Monto, 1974). Spesifik
temizlik yapilmadikg¢a yiizeylerde saatlerce veya birkag giin boyunca aktif yasayabilirler (Doremalen vd.,
2013). ¢ mahal kosullarinda 3 saate kadar ve yine i¢ mahal yiizeylerinde 2-3 giin aktif kalabilirler (Doremalen
vd., 2020). Havada viriisler ¢iplak degildir ve solunum sivisi damlaciklarinin i¢inde bulunurlar. Genelde
havada kalan kiigiilk damlaciklardir. Virilisler; havalandirma sistemlerinin doniis kanallar1 ve hava
resirkiilasyonu olan sistemlerde ise besleme kanallar1 vasitasiyla uzun mesafelere ulagabilir. Bu nedenle,
Ozellikle binalarin havalandirma ve iklimlendirme sistemleri tasarim ve isletme bakimindan bina i¢inde salgin
hastaliklarmin yayilimimi 6nleyecek sekilde olmak zorundadir. COVID-19 viriisiiniin havadan iletim yollar
Sekil 1’de gosterilmektedir.

1.5m 1.5
—)
J— Mesafe
™ pm !
_____ [, z : «—>
i i
[l | |
! i
! 5 [viksek | !
Yitksek bityik damlacik | Digitk bilyk damlacik = [havadan : < -~
maruziveti | maruziyet 7 |marez kalmih, - Diigik havadan maruz kalma
-
Enfeksivon kavnajina olan mesafe (m) Enfeksivon kaynaginag olan mesafe (m)
Yakin temas: damlaciklardan ve damlacik Uzun menzil: yeterli havalandirma ile damlacik
cekirdeklerinden (aerosoller) bilesik maruz kalma ¢ekirdeklerinden (aerasoller) maruz kalma kontrol
edilebilir.

Sekil 1. COVID-19 viriisiiniin havadan iletim yollar1 (Liu vd., 2017)
Figure 1. Airborne transmission routes of the COVID-19 virus

502



Celik 2023 Cilt:13 » Say::3 » Sayfa: 500-516

Insanlar giin iginde zamanlarmin biiyiik kismini kapali alanlarda gegirdigi igin bu alanlarin pandemiye karsi
dayanimli olmasi zorunludur. Yani kapali alanlarda viriislerin bulasma ve bulas hizinin azaltilmasi i¢in gerekli
onlemlerin alimmasi1 gerekmektedir. Bu caligmada kapali alan olarak ele alinacak egitim binalar1 da
hastaliklari bulagma olasiliklarinin ve yayilma hizlarinin yiiksek oldugu binalardir. Hayatimizda siirekli var
olacak salgin hastaliklardan korunmanin sadece hastanelerdeki saglik dnlemleriyle miimkiin olamayacagi da
bilinmektedir. Bu nedenle binalarin COVID-19 gibi salginlara kars1 direngli olmasi i¢in bina projelerinin
geleneksek yaklasimlara gore degil de hem pandemiye dayanimli hem de gevreye zarar etkisi az olan yapilar
treten bireylerin saglikli yasam kalitelerini amaglayan; uluslararasi standartlara uygun hazirlanmasi
gerekmektedir.

Bu caligmada; egitim kurumlar i¢in yesil bina kriterleri ile 6grencilere ¢evreye duyarli ve saglikli bir egitim
ortami olusturmay1 hedefleyen sertifikaya sahip olmanin ayn1 zamanda bir binayr pandemi ve salgin
hastaliklara kars1 koruma da avantajli hale getirebildiginin analizi yapilmistir.

2. Materyal ve metot
2. Material and method

Erzurum Teknik Universitesi kampiisiindeki LEED sertifikali Miihendislik ve Mimarlik Fakiiltesi binasinin
SARS-CoV-2 ve benzeri virlislere dayanimimin belirlenmesi i¢in i¢ ortam hava kalitesi parametrelerinin
oOl¢iilmesi yapilmistir. Siniflarda koronaviriis gibi patojenlerin yayilmasinda etkili olan CO, konsantrasyonu,
sicaklik, nem ve mekanik havalandirma hizina ait Sl¢timler ders saatleri baz alinarak yapilmistir. Bu degerlerin
Olciimiinde smif i¢lerindeki i¢ hava kalitesi cihazlari ile ¢oklu 6l¢iim cihazi kullanilmigtir.

2.1. Referans bina ve o6zellikleri
2.1.Reference building and features

Erzurum Teknik Universitesi kampiisii sehir merkezinden 3 km uzaktadir. Erzurum Teknik Universitesi
Miihendislik ve Mimarlik Fakiiltesi binas1 39°92 N, 41°24'E cografi koordinatlarinda 25 245 m? kapal alana
sahiptir. Fakiilte binasinin genel gorinimii de Sekil 2’de verilmektedir. Bina toplam 5 bloktan
olusmaktadir.lile 2’nci bloklar bodrum kat +zemin kat +2 normal kattan, 3 ve 4’lincii bloklar 2 bodrum kat +
zemin kat + 2 normal kattan, 1’inci blok ise bodrum zemin kat+1 adet normal kattan olusmaktadir. 1, 2 ve
3’lincli bloklarda 6gretim fliyelerin odalari, 4’iincii blokta derslikler, 5’inci blokta da dekanlik ofisleri
bulunmaktadir (Sekil 3).

Sekil 2.Erzurum Teknik Universitesi Miihendislik ve Mimarlik Fakiiltesi genel goriiniimii
Figure 2.General view of Erzurum Technical University Faculty of Engineering and Architecture

Erzurum Teknik Universitesi genelde yazlarin kisa ve serin, kislar ise uzun soguk ve karli gectigi bir sehirde
bulunmasindan dolay1 soguk iklim bolgesindedir. Erzurum’da meteoroloji istasyonunda yaklasik 80 yil1 bulan
gbzlem sonuglarina gore, en soguk ay ortalamasi -8.6 °C, en sicak ay ortalamasi 19.6 °C, en diisiik sicaklik -
35 °C ve en yiiksek sicaklik ise 35 °C olarak tespit edilmistir. Kar yagan giin sayis1 50 ve karin zeminde durma
siiresi ise 114 giin civarindadir (Bakirci vd., 2000).
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Sekil 3.Erzurum Teknik Universitesi Miihendislik ve Mimarlik Fakiiltesi vaziyet plan
Figure 3. Erzurum Technical University Faculty of Engineering and Architecture site plan

1998 yilindan itibaren uygulanmaya baslanan LEED sertifika sistemi, Amerikan Yesil Binalar Konseyi
(USGBC) tarafindan gelistirilmis ¢evre dostu bina sertifikasyon sistemidir. Erzurum Teknik Universitesi
Miihendislik ve Mimarlik Fakiiltesi; diinyada ve Tiirkiye’de en ¢ok tercih edilen insan, doga ve ¢evreye duyarh
yapilar tasarlamay1 dncelik kabul eden LEED SILVER seviyesinde sertifika almaya hak kazanmistir. Bu
kapsamda; referans bina uluslararasi LEED yesil bina sertifikasim almak igin; siirdiiriilebilir arazi, su
kullaniminda etkinlik, enerji, atmosfer, malzeme, kaynaklar, i¢ hava kalitesi, inovasyon ve tasarim gibi
kriterleri saglayacak sekilde yapilmistir. Yine LEED Yesil Bina Sertifikasyon Sistemi ilgili kredi bagliklari
Pandemi ve Enfeksiyon Dayanimli Bina Tasarimina dogrudan etki eden konulari da kapsadigindan bina
COVID-19 risklerine karst dayanimli olarak kabul edilebilir. Binanin sahip oldugu uluslararast LEED yesil
bina sertifikas1 Sekil 4’te verilmektedir.

ERZURUM TEKNIK UNIVERSITESI
MUHENDISLIK VE MIMARLIK FAKULTESI

Erzurum, Turkey

Sekil 4. Miihendislik ve Mimarlik Fakiiltesi LEED sertifikas1
Figure 4. LEED certificate from the Faculty of Engineering and Architecture

2.1.1. Dersliklerin Ozellikleri
2.1.1. Features of Classrooms

Calismada 6lgiimlerin yapildigi derslikler yaklasik 95 m? ve 84 kisilik olarak tasarlanmustir (Sekil 5). Siniflarda
120 cm x 220 cm oSlgiilerinde iki kapt ve 120 cm x 210 cm Slgiilerinde iki adette pencere bulunmaktadir. Sinif
duvarlart LEED sart1 olarak i¢ hava kalitesini yiikseltebilmek amaciyla diisiik kimyasal ugucu organik
bilesikler (VOC) igeren boya ile boyanmuistir. Yine sinif désemeleri tamamen geri doniistiiriilebilir ve bakteri
olusumunu engelleyen hijyenik bir kaplama olan linolyom ile kaplanmstir.
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Sekil 5. Dersliklerin kat planlar
Figure 5. Floor plans of classrooms

2.2. Referans binanin 1sitma, havalandirma ve iklimlendirme sistemleri
2.2. Heating, ventilation and air conditioning systems of the reference building

Binalarda COVID-19 viriisiiniin hava yolu ile bulagma riski mekanik sistemlerde alinan tedbirlerle biiyiik
Olciide azaltilabilir. Binalarin 1sitma, sogutma ve havalandirma sistemleri viriis ve bakterilerin en belirgin
dolasim yoludur. Pandemi siirecine kadar bu sistemler genelde enerji verimliligini artiracak sekilde
tasarlanirken bundan sonraki tasarimlarda mutlaka pandemi senaryolarinin da goéz 6niine alinmasi gerektigi
ortaya ¢cikmigtir. Sekil 6’da COVID-19 viriisiine karst alinmasi gerekli onlemler arasinda miihendislik
kontrolleri olarak havalandirma sistemlerinde alinacak onlemlerin diger idari kontroller ve kisisel koruyucu
ekipman uygulamalarindan daha etkili oldugu goriilmektedir.

Eleme
Parojeni Fiziksel Olarak Uzaklaguirmak

Miihendislik Kontrolleri

insanlari ve Patojenleri Ayirmalk

idari Kontroller
Insanlara Ne Yapacaklarini Bilgilendirmek

Kisisel Koruma Ekipmanlar:
Maske, Onliik, Eldiven vb. Kullanmak

Sekil 6. ABD hastalik kontrol merkezlerinden uyarlanan enfeksiyon kontrol piramidi
(U.S.CDC, 2015)
Figure 6. Infection control pyramid adapted from the U.S. centers for disease control

LEED yesil bina sertifikasina sahip binalar da bu sistemler hem enerji hem de saglikli i¢ ortamlar saglayacak
sekilde tasarlanmaktadir. Boylece COVID-19 bulagsma riskleri de en aza indirilmektedir. Havalandirma
sistemlerinin COVID-19 viriisiiniin bulas riskinin azaltmas1 i¢in %100 dig hava ile ¢alismasi gerekmektedir.
Yine havalandirma sistemlerinde monte edildikleri yiizeye paralel radyal veya yonsel iifleme yapan difiizorler
ile bakteri ve viriisiiniin bulag riskinin azaltmasi saglanmaktadir.

Erzurum Teknik Universitesi kampiisiindeki Miihendislik ve Mimarlik Fakiiltesi binas1 havalandirma sistemi
LEED kriterine uygun olarak resirkiilasyonu olmayacak sekilde imal edilmistir. %100 taze havali sistem hem
smiflarda hem de personel odalarinda mevcuttur. Miihendislik fakiiltesi havalandirma-iklimlendirme sistemine
ait akis semasi Sekil 7°de verilmektedir.

Ayrica i¢ mahallerde LEED kriterlerinin saglanmasi ve gerekli i¢ konforun olusturulmasi adina havalandirma
ve iklimlendirme sistemlerinde kullanilan filtreler ASHRAE (American Society of Heating Refrigerating and
Air Conditioning Engineers) standart 52.2-2007 uyarmca MERV 14 (Filtrelerin verimlilik derecesi)
kategorisinde segilmistir (ASHRAE, 2007). LEED Sertifikali binalarda MERV 13 siifindan asagida bir filtre
kullanilmasi kabul edilmemektedir. Boylece bu filtreler ile bakteri ve viriislerin yayiliminin azaltilmasi viriis
tutucu ince gozenekler sayesinde saglanmaktadir. Yine WC aspiratorleri de negatif basing olusturacak sekilde
tasarlanmustir.
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Sekil 7. %100 taze havali iklimlendirme santrali akis semast
Figure 7. 100% fresh air air handling unit flow chart

2.3. Referans binada i¢ mahallerde CO- konsantrasyonu odlciimii
2.3. CO; concentration measurement indoors in the reference building

Kapali ortamlarda CO> miktari i¢ hava kalitesinin bir gostergesi olarak kabul edilmektedir.CO; yogunlugunun
ana sebebi insanlar ve dis kirleticilerdir. i¢ ortamda CO yogunlugunun az olmasi sadece konfor igin degil,
saglik ve verimlilik i¢in de gereklidir. Bu sebeple kapali ortamlarda i¢ hava kalitesinin belirlenmesinde CO»
degerlerinin kontrol edilmesi gerekmektedir. Bu o6l¢iimler i¢c ortamlara konulan CO sensorleri ile
yapilmaktadir. Kapali alanlarda CO; yogunluguna bagl olarak eger limitler agilmissa kabul edilebilir i¢ hava
kalitesi olusturmak i¢in CO; sensorleri havalandirma sistemleri vasitasiyla, gerekli temiz havayi i¢ ortama
yonlendirmektedirler. Referans degerin altindaki degerler mahaldeki i¢ havanin hem konfor hem de saglik
acisindan kabul edilebilir oldugunu gosterir. Yine i¢ mahallerde CO- seviyesi referans degerinin altinda ise
havalandirma kisilabilir ve enerji tasarrufu da yapilabilir. CO; seviyesi ile havalandirma arasindaki iliski ise
Sekil 8’de gosterilmistir.
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lg ortam CO, miktan (ppm)
Havalandirma Miktan (cfm/kisi). 1cfim

Tipik dis ortam seviyesi

Sekil 8. CO; seviyesi ile havalandirma arasindaki iligki (Bas, 2004)
Figure 8. Relationship between carbon dioxide level and ventilation
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Miihendislik ve Mimarlik Fakiiltesi binasinda siniflarda ve diger biitiin mahallerde en az enerji harcanarak 1s1l
konfor ve i¢ hava kalitesi (CO. konsantrasyonuna gore ¢alisan) havalandirma sistemleri ile saglanmakta ve
akis semasi Sekil 9°da verilmektedir.
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Sekil 9. CO; kontrollii %100 havali iklimlendirme sistemi
Figure 9. CO; controlled 100% air conditioning system

Bundan dolay1 biitiin mahallerde Sekil 10°da verilen CO; sensorleri mevcuttur ve hassasiyeti =1ppm’dir.
Sistem; CO; yogunlugu 900 ppm seviyesine geldiginde VAV (Degisken Hava Debili) kutusunun tam agik
konuma, 600 ppm seviyesine geldiginde ise minimum a¢ik konuma gelmesi i¢in CO» sensorii tarafindan komut
gonderecek sekilde tasarlanmistir. Sekil 10°da i¢ hava kalite 6l¢iim cihazi verilmektedir.

Sekil 10. i¢ hava kalitesi cihaz1 (CO,, bagil nem, sicaklik)
Figure 10. Indoor air quality device (CO-, relative humidity, temperature)

Dersliklerde sensorler tarafindan yapilan 6lgiimlerde i¢ mahal hava kalite parametreleri fazla belirlendiginde
havalandirma sisteminin stratejisine bagli olarak siirekli daha diisiik degerlerde tutulmasi nispi enfeksiyon
riskini de azaltmaktadir. Ayrica bu dlgiimler COVID-19 ve diger solunum yolu hastaliklarinin bulagma riskinin
kontrol altinda tutuldugunu da gostermektedir. Bunun sonucunda elde edilen i¢ mahaller kullanicilarin ruh ve
beden sagligina da hayati derecede katki bulunmaktadirlar.

2.4. i¢ mahal havalandirma sistemlerinde taze hava hiz1 6l¢iimii
2.4. Fresh air velocity measurement in indoor ventilation systems

Hava hizlarinin ortam sicakligina da bagl olarak 0,20 ile 0,30 m/s araliginda olmasi hem rahatsiz edici hava
akimina hem de bakteri ile viriisiin yayilim hizinin artmasina da sebep olmaktadir. Miihendislik ve Mimarlik
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Fakiiltesinde mahallerdeki hava hiz 6lglimleri Testo 435 el tipi cihazi ile gergeklestirilmistir ve hassasiyeti
+1ppm’dir (Sekil 11).

Sekil 11. Coklu 6l¢iim cihazi (CO2, CO, hava hizi, sicaklik, nem, mutlak basing,
151k siddeti, U-degeri)

Figure 11. Multimeter (CO,, CO, air velocity, temperature, humidity, absolute
pressure, luminous intensity, U-value)

Kapali ortamlarda hava hareketi hem insanlar1 rahatsiz etmesi hem de COVID-19 viriisiiniin havalandirma
sistemi ile bulas riski bakimmdan énemlidir. Bunun i¢in kapali ortamlarda havalandirma sistemlerinde difiizor
kullanilmasi 6nerilmektedir. Tavan tipi difiizorler monte edildikleri ylizeye paralel radyal veya yonsel iifleme
yapmaktadir. Yani bir noktadan yonlendirilmis bir hava akisi s6z konusu degildir. Sekil 12’de tavan tipi
difiizorler tarafindan yayilan havanin akis formu verilmektedir.

Yasanilan Bolge

ANEYAR

Oda hava hizi:

—_——

Sekil 12.Tavan tipi difiizoriin hava akis formu (ASHRAE, 2010)
Figure 12. Air flow form of ceiling diffuser

Miihendislik ve Mimarlik Fakiiltesinde de tavan tipi difiizorler kullanilarak hem insanlarin hava akimindan
rahatsiz olmamasi hem de bakteri ve viriisiiniin bulas riskini azaltmasi amaglanmistir. Sekil 13’te Mithendislik
ve Mimarlik Fakiiltesi sinif ile ofislerinde kullanin tavan tipi difiiz6ler gosterilmistir.
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Sekil 13.Miihendislik ve Mimarlik Fakiiltesi sinif ve ofislerinde kullanin tavan tipi
difiizorler

Figure 13. Ceiling diffusers for use in engineering and architecture faculty
classrooms and offices

2.5. ic mahallerde sicakhk ve bagil nemin dlciilmesi
2.5. Measuring temperature and relative humidity indoors

Iklimlendirme sistemleri ile kapali ortamlarin bagil nemi ve sicakligi kontrol altina alarak standartta
belirlenen i¢ ortam degerleri elde edilebilir. Kapali ortamlarda bazi viriislerin yayilmasinin hava sicakliklari
ve nem oranlan ile sinirlandirilabilecegi Ongoriilmektedir. SARS-CoV-2 viriislerinin  yayiliminin
onlenebilecegi diisiiniilerek sinif i¢inde bulunan hava kalitesi cihazi ve ¢oklu 6l¢iim cihazi ile nem ve sicaklik
degerleri de ol¢iilmiistiir (Sekil 10).

2.6. Referans degerleri
2.6. Reference values

Birgok iilkede i¢ hava kalitesini belirlemede kullanilan standartlar mevcuttur. Bina i¢ mahallerinde temiz ve
saglikli hava elde etmek icin ASHRAE 62.1-2010 Standartlarina ait kriterler kullanilabilir. ASHRAE
Standartlarina gore i¢ hava kalitesi ile ilgili kullanilan sinir degerler Tablo 1° de verilmistir. ASHRAE 62-1989
Standardinda CO, 'nin konsantrasyonu normal bir ¢alisma giinii i¢in 1000 ppm olarak verilmektedir
(ASHRAE,1989). Eger CO; konsantrasyonu bu degerden diisiikse i¢ mahallin hava kalitesi kabul edilebilir
diizeylerdedir.

Amfi tarzi dersliklerde 6grenci bagina verilmesi gereken hava debisi ASHRAE 62.1-2007 standardinda 3.8 L/s
(13.7 m® /h) olarak verilmistir. ASHRAE 62.1-2013 standardinin taze hava gereksiniminin hesaplanmasinda
i¢ ortam insan say1s1 bilinmedigi takdirde hesaplarda insan yogunlugu (6grenci sayisi / 100 m?) degerleri de
kullanilmaktadir (Tablo 1).

Tablo 1. ASHRAE standartlarina gére bazi i¢ mahal degerleri ve gereksinimleri
Table 1. Some interior values and requirements according to ASHRAE standards

CO; konsantrasyonu 1000 ppm
Mahal sicakligi (1sitmada) 20-22 °C
Mabhal sicakligi (sogutmada) 24-26 °C
I¢ yiizey sicaklig 17-19 °C
Doéseme sicakligi 18-20 °C
Tavan sicaklig1 18-20 °C
Hava hiz1 <0.2m/s
Bagil hava nem orani %40-60
Diiseyde sicaklik farki <3°C
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Tablo 1. ASHRAE standartlarina gére bazi i¢ mahal degerleri ve gereksinimleri (Devam)
Table 1. Some interior values and requirements according to ASHRAE standards (Continue)

Derslik (Lecture classroom) Ogrenci basina hava debisi L/s.6grenci (m? /h.6grenci) 3.8 (13.7)
Derslik (Lecture classroom) Alan basina ek hava debisi 1/s.m? (m* /hm?) 0.3 (1.08)
Derslik (Lecture classroom) Ogrenci basina dngériilen alan m ? /grenci 1.54
3. Bulgular
3. Results

Bu ¢alismada; Tiirkiye’de tiniversitelerde yiiz yiize egitimin basladigi 2021-2022 egitim 6gretim yili igeresinde
referans binanin pandemiye karsi dayanakligi analiz edilmistir. Calisma kapsaminda; Erzurum Teknik
Universitesi kampiisiindeki LEED sertifikali Miihendislik ve Mimarlik Fakiiltesi binasinda amfi dersliklerde
Ekim 2021-Aralik 2021 tarihleri arasinda ders saatleri baz alinarak Ol¢timler yapilmistir. Mithendislik ve
Mimarlik Fakiiltesi binasinda bir sinifta her giin yaklasik 50 dk siireli yedi ders yapilmaktadir. Cogunlukla da
her ders arasinda 10 dk ara verilmektedir. Calismada elde edilen 6l¢iimlerin ortalamasi kullanilmistir. Amfi
dersliklerdeki Ol¢timlerde CO;konsantrasyonu, hava hizi, sicaklik ve bagil nem ile ilgili veriler elde
edilmistir. Ol¢iim alinan siiflarin dolulugu yaklasik 6 ile 24 kisi arasinda degismektedir. Dis ortam havasi
icin CO2 konsantrasyonu 460 ile 580 ppm arasinda degismektedir. Ders aralarinda pencerelerin agilmasi
durumu goz iinline alindigindan sinifta kalan 6grenci sayisinin i¢ hava kalitesine etkisi ihmal edilmistir.

3.1. CO; konsantrasyonunun belirlenmesi
3.1. Determination of CO; concentration

Swniflarda yapilan Olgtimlerde CO; konsantrasyonlarinin ASHRAE standartlarma uygun oldugu tespit
edilmistir. Sekil 14°te ders saatlerinde ve ders aralarinda CO> konsantrasyonunun degisimi gosterilmektedir.
Smiflarda ders saatlerinde CO; konsantrasyonu maksimum degerlerinin ortalamas1 897.25 ppm
gegmemektedir. Degerler 900 ppm yaklastiginda CO; sensorleri komut gondererek VAV kutusu tam agik
konuma gelmektedir. Ayn1 sekilde CO» konsantrasyonunun en kiiciik ortalama degeri 645.68 ppm olarak
Olgiilmiis ve bu durumda VAV kutusu minimum agik konumda olacak sekilde tasarlanmistir. Siniflarda ders
olmadiginda CO; konsantrasyonu 455.65 ppm ile 572.69 ppm arasinda 6l¢iilmiistiir. Her ders arasinda CO;
konsantrasyonu orani da diigmektedir.

1000
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/ 89725
800 865.32 & 85057

794.65
700 648.68 -

& ¥ 683.69 27021
2 600
S
= 572.69
£ 500 s 54873 =
g 2 506.98
é 400 45565 480.68 480.64
=
o' 300
o
200
100
0
1 2 3 4 5 6 7
Ders
Altreferans e st referans Ders arast CO 2 Konsantrasyonu (ppm) s==t=== CO 2 Konsantrasyon (ppm)

Sekil 14.Ders saatlerinde ve aralarda CO; konsantrasyonu
Figure 14. CO; concentration during class hours and breaks
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Siniflarda ders saatlerinde ortalama 6grenci sayisinin CO- konsantrasyonuna etkisi Sekil 15°te verilmektedir.
Simiflarda CO; kaynagi 6grenci oldugundan 6grenci sayisinin artigina gére CO, konsantrasyonu da artmaktadir.
Smif iginde 6grenci sayisi 25 kisi oldugunda CO; konsantrasyonu maksimum olmaktadir.
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Sekil 15.0grenci sayisinin CO, konsantrasyonuna etkisi
Figure 15. The effect of the number of students on the CO, concentration

3.2. Hava hizinin 6l¢iilmesi
3.2. Measuring airspeed

Erzurum Teknik Universitesi Miihendislik ve Mimarlik Fakiiltesi havalandirma proje hesaplamalarinda
ASHRAE 62.1-2007 standardina gore dersliklerde 6grenci bagina hava debisi 3.8 L/s olarak alinmigtir. LEED
kriterlerinde i¢ mahallerin havalandirmasi i¢in dersliklere verilen taze hava oranlar standardinin %30 daha
fazlasi olarak kabul edilmekte boylece bina kullanicilarinin daha saglikli ve konforlu bir ortama sahip olmalari
saglanmaktadir. Tablo 2’de verilen proje hesaplarinda standarta gore dersliklerde normal hava debisi 1563.5
m%h belirlenmis iken LEED’e gore artis yapilarak 2032.6 m?*h olarak hesaplanmis ve dersliklerde
havalandirma cihazlar1 3000 m*/h hava debisini saglayacak sekilde imal edilmistir. Daha fazla havalandirma
ile i¢ mahal kirleticileri seyreltilerek salginin yayilmasina da yardimei olunmaktadir. Mithendislik ve Mimarlik
fakiiltesinde bir siif i¢in gerekli taze hava miktar1 Tablo 2’de verilmektedir.

Tablo 2. Dersliklerde havalandirma debi hesabi
Table 2. Calculation of ventilation flow in classrooms

ASHRAE 62.1 2007 Standartina gore havalandirma LEED'e

hesabi gore
. [v)
Havalandirma Alan Insan H:a va - Toplam Alan Toplam  Toplam 630
Mahal > dagitim Kisi basna . . " basina .. ilaveli
sinifi (Ashrae) (m?)  sayisi AT .. Kisiye gore alana gore hava
verimlilii  hava debisi . ava . - hava
. .. hava debisi .. hava debisi debisi L
(L/s 6grenci) (Ls) debisi (Ls) (m3h) debisi
(L/s m?) (m3/h)
Educational
Derslik ~ ecililies: g4 18 g4 0.8 38 319.2 0.3 30 15635  2032.6
Lecture
classroom

Dersliklerde yapilan dlgtimlerde, hava hizlarinin ASHRAE 62.1-2010 Standartlarina gore i¢ mahaller i¢in
belirlenen 0,20 m/s den daha diisiik oldugu ortalama maksimum ve minimum degerleri 0.161 m/s ile 0.194
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m/s araliginda degistigi goriilmektedir. Sekil 16°da goriildiigii iizere CO; konsantrasyonun maksimum oldugu
derste hava hizi da en yiiksek degerde olmakta boylece i¢ hava kirleticilerinin seyreltilmesi saglanmaktadir.

0.194
1.000,00 0.186 0.182 0,2
0.174
900,00 0,18
168 897.25
800,00 0.161 86532 016 $50.57 0.16
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100,00 0,02
0,00 0
1 2 3 4 5 6 7
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CO 2 Konsantrasyon (ppm) s A |t referans Ust referans =@ hava hizi(m/s)

Sekil 16.Havalandirma hiz1 ve CO; konsantrasyonu
Figure 16. Ventilation rate and CO; concentration

3.3. Sicaklik ve bagil nemin olciilmesi
3.3. Measuring temperature and relative humidity

Sekil 17°de goriildigii tizere dersliklerde ortalama i¢ ortam sicakhig 18 °C ile 24 °C araliginda degismektedir.
Nem orani da minimum %45,35 rH ve maksimum %58,96 rH ortalama degerler olarak dl¢iilmiistiir. Olgiim
sonuclarinin standartlarda verilen aralikta oldugu belirlenmistir.
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Sekil 17. Bagil nem ve i¢ hava sicakligi
Figure 17. Relative humidity and indoor air temperature

Dersliklerde, 6grenci sayisina bagli olarak CO; konsantrasyonu yiikselmekte ve bagil nem de bu CO;
yogunlugunun maksimum oldugu derslerde en yiliksek degerlerini almaktadir. Sekil 18’de CO:
konsantrasyonu, bagil nem ve 6grenci sayinin etkilesimi gosterilmektedir.
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Sekil 18.CO; konsantrasyonu, bagil nem ve 6grenci sayist
Figure 18. CO concentration, relative humidity and number of pupils

4 Tartisma ve sonuclar
4, Discussion and conclusions

Kiiresel pandemi olarak tanimlanan COVID-19 tipi salginlarin 6niimiizdeki yillarda da hayatimizi tehdit
edecegi bellidir. Bu calismada, binalarda COVID-19 yayilimmnin engellemesi i¢in bina tasarimlarinin
uluslararasi standartlara uygun biitiinciil bir bakis acist ile salgin hastaliklara yol acan bakteri ve viriislere
dayanimli ilkelere gore tasarlanarak insa edilmesi gerekliligi ortaya ¢ikmistir. Egitim binalarinda derslerin
kapal1 ortamlarda ¢ok sayida 6grenci ile yapilmasi nedeniyle SARS-CoV-2 bulagmasini kontrol altina almak
zordur. Kapali ortamlarda i¢ hava kalitesi pandeminin bulas riskinin kontroliinde 6nemli bir faktordiir. Bu
nedenle dersliklerin SARS-CoV-2 bakimindan giivenli olmasi igin i¢ hava kalite parametrelerinin siirekli
izlenmesi gerekir. Elde edilen sonuglar 6zetlenecek olursa;

-Ders zamaninda yapilan 6l¢timlerde CO> konsantrasyonu ortalama 645.68 ppm ile 897.25 ppm araliginda
Olciilmiistiir. Ogrenci sayisina bagli olarak CO; konsantrasyonunda artig gézlenmistir.

-Ders aralarinda 6grenci sayist ve pencere agilmasi durumuna bagl olarak CO; emisyonu azalmaktadir.
Boylelikle yeni derse giriste teneffiiste kalan Ogrenci sayisina da bagl olarak derslikte yeni bir CO;
konsantrasyonu olusmaktadir. Ol¢iim sonuclarinda siniflarda ders saatinde ve aralarda yeterli temiz hava
oldugu belirlenmistir.

-Hava hizlarinin ortalama maksimum ve minimum degerleri 0.161 m/s ile 0.194 m/s araliginda degistigi
belirlenmistir. Hava hizimin CO; konsantrasyonunu dogrudan etkiledigi goriilmektedir. Ayrica binanin
iklimlendirme ve havalandirma sistemlerinde kullanilan filtreler MERV 14 (Filtrelerin verimlilik derecesi)
kategorisinde oldugundan i¢ hava kirleticileri en az seviyede ve hava hizinin da standartin altinda oldugu
belirlenmigtir.

-Dersliklerde ortalama; i¢ ortam sicakligi 18°C-24°C araliginda, bagil nemi ise %45.35 rH ile %58.96 rH
araliginda ol¢iilmiistiir. Sicakli degerinin yiiksek oldugu derste nem orani da maksimum degerdedir. Yine bagil
nemin yliksek oldugu ders saatlerinde CO; konsantrasyon yogunlugunun da maksimum oldugu belirlenmistir.

Koronaviriisiin bulasinda etkili parametrelerle ilgili dersliklerde yapilan 6l¢iimlerin standartlarin tavsiye ettigi
degerlerden daha diisiik oldugu tespit edilmistir. Bu veriler LEED sertifikali binalarda ders ortamlarinin
pandemiye kars1 daha giivenli oldugunu gostermektedir. Ayrica pandemi sirasinda kis mevsimin uzun siirdiigii
ve ders zamaninda pencerelerinin siirekli agik tutulamadigi goz oniine alindiginda yeterli havalandirma ile
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SARS-CoV-2 viriis enfeksiyonunun yayilmasinin azaltilabilecegi de kanitlanmistir. Bu ¢aligma verilerinden
yesil binalarin pandemiye kars1 bir yiiz maskesi gibi oldugu ifade edilebilir.

Gelecek g¢aligmalarda; kiiresel COVID-19 viriisiiniin mutasyona ugramasindan dolay1 bulas hiz1 ve yollar
degistigi icin LEED sertifikali binalarda HVAC sistemlerinde UV lambali sistemlerin kullanilmasinin
degerlendirmesi yapilabilir. Uluslararas1 normlarda saglikli bina sertifikasinin kullanicilarin saglik agisindan
giivenli olduklar1 duygusu ile ilgili anket calismalar1 da yapilabilir.
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Oz

Eklemeli imalat yontemi bilgisayar ortaminda tasarimi gergeklestirilen bir parcanin, herhangi bir kaliba ihtiyag
duyulmadan dogrudan iiretilmesini saglayan yenilik¢i bir {iretim ydntemidir. Islemin pratikligi sayesinde; tasarim
Ozgiirligi, trtini kisisellestirme imkani, diisiik atik miktari, karmagik sekilli yapilarin hizli bir sekilde olusturulmasi ve
seri iiretimden Once iiriiniin hizl1 prototiplenmesini saglayan gelecekte ismini ve etkisini daha ¢ok hissedecegimiz iiretim
yontemlerinin basinda gelmektedir. Calisma kapsaminda; eklemeli imalat yontemleri, kullanilan malzemeler ve
giiniimiizde trend olan uygulamalar1 kapsamli olarak incelenmistir. Eklemeli imalat yontemlerinin; havacilik,
biyomedikal, otomotiv ve yap1 sektorlerindeki yenilik¢i uygulamalari tartisilmistir. Eklemeli imalat alaninda kullanilan
metal, polimer, seramik ve kompozit malzemeler ile ilgili mevcut gelismelerde ¢alismada sunulmustur. Bununla birlikte
makalede katmanli imalat yontemin gelistirilmesinin ve yayginlastirilmasinin oniindeki engellere de deginilmistir.
Yapilan ¢alismada, eklemeli imalat alaninda yapilan gelistirmeler, yontemin avantajlari ve oniindeki engeller ele alinmis
ve gelecekteki uygulama alanlari ile ilgili genel bir bakis agis1 ortaya konulmustur.

Anahtar kelimeler: Eklemeli imalat, Hizli prototipleme, Katmanli imalat, 3D yazict

Abstract

The additive manufacturing method is an innovative production method that enables a part designed in a computer
environment to be produced directly without the need for any mold. Thanks to the practicality of the process; freedom of
design, possibility of customizing the product, low waste amount, rapid creation of complex shaped structures and rapid
prototyping of the product before mass production are among the production methods whose name and influence we will
feel more in the future. In this paper emphasizes additive manufacturing methods, materials used and trending
applications. Additive manufacturing methods; Innovative applications in aerospace, biomedical, automotive and
construction sectors are discussed. Current developments related to metal, polymer, ceramic and composite materials
used in additive manufacturing are presented in the study. In addition, the obstacles to the development and dissemination
of the additive manufacturing method are also mentioned in the article. In paper, the improvements made in the field of
additive manufacturing, the advantages of the method and the obstacles in front of it were discussed and an overview of
the future application areas was presented.
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1. Giris
1. Introduction

Katmanli imalat ya da diger adiyla eklemeli imalat teknolojisi, CAD programlar1 yardimiyla olusturulan
modellerin katman katman yazdirilarak nesnelerin iiretilmesi olarak tamimlanmaktadir (Vafadar vd., 2021). Ik
olarak 1980 yilinda “3B System” sirketi “Stereolitografi” (Stereolithography-SLA) yontemini gelistirerek
ticarilestirmistir. Buradaki ama¢ daha ¢ok hizli prototipleme isleminin gerceklestirilmesi idi. Bu yontemin
ardindan 1990 yilinin ilk yarisinda “Helysis” sirketi lamine nesne imalati yontemini gelistirmis ve bunu takiben
birgok katmanli imalat yontemi ortaya ¢ikmaya devam etmistir. Katmanli imalat yontemleri, geleneksel {iretim
metotlart ile iiretilmesi zor ya da iiretilemeyecek iiriinlerin tek asamali olarak hizli bir sekilde iiretilmesine
olanak kilmaktadir. Bu da tasarimcilara ve miihendislere fazlasiyla 6zgiirlik imkani saglamaktadir. Bu
teknoloji parca sayisindan bagimsiz olarak montaj siiresini azaltmig, maliyeti diiglirmiis ve malzeme sarfiyatin
minimuma indirgemis veya tamamen ortadan kaldirilmistir (Ozkan, 2019). Ayrica yontem miisteri talebini
acik sekilde karsilayabilecek tiriinler iiretilebilir, depolama ihtiyaglarini ortadan kaldirabilir ve 6zellikle kritik
pargalar i¢in teslim siiresini en aza indirgeyebilmektedir (Wohlers vd., 2014).

Katmanli (eklemeli) imalat herhangi bir kalip, kesici takim ya da hat kurulumu olmadan dogrudan tasarimdan
triine gecisini saglayan yenilik¢i bir liretim yontemidir. Bu durum da ara iglemlere ihtiya¢ duyulmadan
istenilen parganin tek seferde {iretilmesini miimkiin kilmaktadir. Uretimin kolaylig1, istenilen par¢anin tek
seferde elde edilmesi, katmanli imalat makinelerin kontroliiniin diger iiretim araglarina gore daha kolay olmasi,
bir¢ok sektorde katmanli iiretim yontemlerinin kullanilmasini cazip kilmaktadir. Giiniimiizde birgok sektorde
katmanl (eklemeli) imalat ile tiretim yontemleri uygulanmaktadir.

2. Katmanh imalat teknolojileri
2. Additive manufacturing technology

Bircok iilkenin endiistri sirketleri c¢esitli katmanli imalat cihazlarim1 ve yontemlerini tanitmistir. Katmanli
imalat yontemleri siniflandirilirken farkli parametreler géz oniinde tutulmustur. Buna bagli olarak {iretim
sirasinda gergeklesen kimyasal ve fiziksel olaylara gore; kimyasal, termofiziksel, s1v1 jet, kati jet ve ultrasonik
stire¢ yontemleri olarak siniflandirilmaktadir (Guo vd., 2013). Giiniimiizde ise katmanli imalat yontemleri
baslangi¢ malzemesine gore; sivi, filament, toz ve kati levha olarak ayrilmaktadir (Kruth vd., 1998). Cogu
zaman bu siniflandirma sadece sivi, kat1 ve toz seklinde yapilmaktadir (Siirmen vd., 2019). Katmanl imalat
yontemlerinin smiflandirilmasi ve kullanilan teknolojileri Tablo 1°de gosterilmistir.

Tablo 1. Katmanli imalat teknolojileri
Table 1. Additive manufacturing technology

Baslangic malzemesi Kategori Yoéntem Uretim teknolojisi Malzeme Gii¢ kaynagi
Eriyik Malzeme ekstriizyonu FDM Termoplastik Termal enerji
Fotopolimerizasyon SLA Fotopolimer, w
s Polimerize DLP Seramik Projeksiyon
Malzeme piiskiirtme PJ Fotopolimer, uv
Wax
Kagit,
. . Plastik film,
Kat1 Yapisik objeler Sac laminasyon LOM Metalik sac, Lazer 151m1
Seramik bant
SLS PA, Polimer  Yiiksek-giiglii lazer 1511
Yiiksek-giiglii lazer 15111
Eritme Toz yatakl eritme DMSL Metal tozu, s
SLM Seramik tozu Y uksek-giiclii lazer 151m
Toz EBM Elektron 1511
- Seramik tozu, "
Yapistirma Yapistirici piiskiirtme BJ Termal enerji

Metal tozu,
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2.1. Eriyik biriktirme (y1Zma) ile modelleme
2.1. Fused deposition modelling-FDM

Piyasada bir¢ok ¢esidinin bulunmasi, maliyetinin diisiik olmasi, kolay kullanimi, sicak erime ve yapisma
ozelliklerinin iyi olmasindan dolay1 en yaygin olarak kullanilan 3B baski teknolojisidir. Bu yontemde baski
malzemesi olarak ¢ogunlukla polilaktik asit (PLA), akrilonitril biitadiyen stiren (ABS), Polikarbonat (PC) ve
karbon fiber katkili polimer filamentler tercih edilmektedir (Zhang vd., 2020). Bu yontemin ¢aligma prensibi,
makaraya sarilmig filamentin ucu ekstriizyonda bulunan yuvaya takilmakta ve filamentin nozulun ¢ikig
noktasia dogru hareket ettirilmesi esasina dayanir. Nozul ¢ikis noktasinda filament camsi gegis sicakligina
ulagana kadar 1sitilmaktadir. Yeterli sicakliga ulastiginda ise filament basim tablasi {izerine daha 6nceden G
kodlar1 belirlenmis sekli elde edebilmek igin katman katman dokiilmektedir.

Geleneksel polimer isleme teknikleri ile FDM yontemi kiyaslandiginda yontemin oldukga yiiksek potansiyele
sahip oldugu goriilmektedir (Nabipour vd., 2020). FDM yontemi kisithi malzeme kullanima sahip olan bir
prosestir (Perez vd., 2014). Bu kisithi kullanimi ortadan kaldirmak igin ikinci bir nozul kullanilarak farkli
malzemeleri sisteme beslemek miimkiin olabilmektedir. Ayrica ¢ift nozul sayesinde farkli renklerde
filamentler secilerek renkli parca iiretimleri de gerceklestirilebilmektedir (Baca vd., 2020). Ozellikle ¢ift nozul
kullanilan FDM teknolojisinde karmagik pargalarin iiretimi daha kolay olmaktadir. Karmagik pargalar
olusturulurken destek parcalara ihtiya¢ duyulmaktadir. Bu destek parcalar1 suda veya solvent igerisinde
¢oziilebilen malzemelerden imal edilmis filamentlerden basilmaktadir. Ikinci nozulun en 6nemli islemlerinden
birisi de bu destek pargalarini yazdirmaktir (Stirmen vd., 2019).

Eriyik biriktirme yontemi ile tretilen pargalar iistiin mekanik, kimyasal ve termal Ozelliklere sahip
olmaktadirlar. Bu yontemin 6nemli avantajlar1 kullanim kolayligi, uygun maliyeti ve ¢evre dostu olmasidir.
Baski hizimin diisiik olmasi, metal malzemeler i¢in pek uygun olmamasi ve yiizey ¢oziiniirliiglintin diisiik
olmasi da yontemin dezavantajlari olarak ortaya ¢ikmaktadir (Dudek, 2013). Sekil 1’de FDM teknolojisinin
sematik sekline yer verilmistir.

Swvilastirict (X ve Y yonlerinde /\
hareket edebilir) \

Ekstriizyon nozulii \
\ Parca
Destekler
Zemin \
Ievhasl\ - _ T T
i

'Y

X

insa platformu (Z yéniinde
yukari agagi hareket edebilir) Destek malzeme
makarasi f
Model malzeme
makarasi

Sekil 1. FDM yénteminin sematik gosterimi (Ozer, 2020)
Figure 1. Schematic representation of the FDM method (Ozer, 2020)

2.2. Stereolitografi
2.2. Stereolithography-SLA

Ticarilestirilmis ilk katmanli imalat yontemi olan SLA bu alandaki en yaygin yontemlerdendir. Oda
sicakliginda sivi formada bulunun fotopolimer reginenin (1s18a duyarli) kontrollii bir 1s1k kaynag ile
katilagtirilmasi prensibine dayanmaktadir (Jin vd., 2018). Katilastirma islemi klasik katmanli imalat mantigina
uygun olarak katman katman birikerek yapilmaktadir. Baski tabakasi tizerine ddkiilen fotopolimer regine lazer
1s1n1 aracilign ile katilagtirllmaktadir. Her bir tabaka lazer isinlari ile katilagtirildiktan sonra yenisi insa
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edilmekte ve son katmanin da eklenmesi ile nihai riin olusturulmaktadir (Melchels vd., 2010). SLA
yonteminde kullanilan fotopolimer recinenin olduk¢a esnek bir yapiya sahip olmasi yontemin Snemli
avantajlarinin baginda gelmektedir. Regine sayesinde yapisma daha kolay gerceklesmektedir. Ayrica regine,
icerisine farkli metal veya seramik tozlarinin eklenmesine izin vererek kompozit bir yapinin olusmasini saglar.
Bu avantajlarinin yani sira atik malzeme olusturmadan karmasik sekilli pargalarin iiretimine imkan verir. UV
dayanimlarinin diisiik olmasindan dolay1 giines 1sinlarina maruz kaldigi zaman mekanik 6zelliklerinde diisiis
ve gorsel anlamda degisim goriilebilmesi ise yontemin dezavantajlart olarak bilinmektedir (Cuchet vd., 2017).
Sekil 2°de SLA yonteminin sematik sekli gosterilmektedir.

X-Y duzlemine
yansitict (ayna)

UV Lazer Kayna@:
S S B S

Regine Tank: ’

UV ile kurlesen regine
(&

Katilagmig katmanlar

e Hareketli Platform Platform kontroléri

Sekil 2. SLA yonteminin sematik gdsterimi (Stirmen vd., 2019)
Figure 2. Schematic representation of the SLA method (Siirmen et al., 2019)

2.3. Dijital 151k isleme
2.3. Digital light processing-DLP

DLP ve SLA yontemleri ayn1 gruba ait katmanli imalat yontemi olsa da iki yontem arasinda bazi farkliliklar
bulunmaktadir. Bu iki baski teknolojisinin ¢alisma prensipleri temelde birbirine ¢ok benzese de pratikte
kullanilan 151k kaynaklar1 farklidir. SLA yonteminde gii¢c kaynagi olarak lazer 1gin1 kullanilmakta iken DLP
yonteminde projektor kullanilmaktadir (Santoliquido vd., 2019). DLP yonteminde projektor genel olarak
recine havuzunun altinda konumlanmaktadir. Recine bu yontemde tek bir seferde kiirlestirilmektedir. Bu
durum daha hizli baski hizi saglamaktadir. SLA yonteminde ise kiirlestirme islemi lazer 1gininin gegtigi
bolgelerde gerceklesmekte ve buna baglh olarak lazer 1s1m istenilen geometrik sekil dogrultusunda hareket
etmektedir. DLP yontemi ile kaliteli iiriinlerin basilmasi projektoriin basim hacmi ve ¢oziiniirliigii ile dogrudan
iligkilidir. DLP yonteminde bazi durumlarda projektoriin konumu degistirilebilmekte ve bu degisiklige bagh
olarak; asagidan yukar1 ve yukaridan asagi seklinde tanimlanabilmektedir. Projektor basilacak olan nesneye
asagidan 151k gonderiyorsa asagidan yukari, yukaridan 1s1k gonderiyorsa da yukarndan asagi olarak
tanimlanmaktadir. Sekil 3’te DLP ydnteminin ¢alisma prensibi gosterilmistir.

Zemin
t .
Fotopolimer
Lens
e
Isik Kaynag:

Sekil 3. DLP y6nteminin ¢alisma prensibi (Santoliquido vd., 2019)
Figure 3. Working principle of DLP method (Santoliquido et al., 2019)
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2.4. Coklu piiskiirtme
2.4. Polyjet-PJ

PJ yontemi, akrilik bazli fotopolimerlerin baski tabakasina piiskiirtiilmesi esasina dayanmaktadir. Baski
tabakasina yerlestirilmis olan UV kaynaklar1 yardimiyla da piiskiirtiilen fotopolimer recine kiirlesmektedir. Bu
islem tipk1 diger katmanli imalatlarda oldugu gibi en son sekil olusana kadar katman katman devam etmektedir
(Wong vd., 2012). PJ yontemi ile ayn1 anda birden fazla tiriinii hizli bir sekilde basilabilmektedir. Bu sayede
basilan iiriinlerin farkli bolgelerinde farkli mekanik o6zellikleri elde etmek miimkiin olur. Ayn1 zamanda
karmasik sekilli pargalarin iiretimi i¢in de oldukca ideal bir yontem oldugu literatiirde yer almaktadir. Sekil
4’te Polyjet yonteminin sematik sekli gosterilmistir.

PlUskirtme kafas:

UVigik

Inga platformu

Z ekseni

Destek malzemesi

Sekil 4. Polyjet yonteminin gsematik sekli (Udroiu vd., 2017)
Figure 4. Schematic figure of the polyjet method (Udroiu et al., 2017)

2.5. Lamine nesne imalati
2.5. Laminated object manufacturing-LOM

LOM teknolojisi parga iiretmek i¢in hem ekleme hem de ¢ikarma islemlerinin birlikte yapildigi bir yontemdir.
Temel mantik diger katmanli imalat yontemlerinde oldugu gibi iirliniin katman katman olusturulmasi
prensibine dayanmaktadir. LOM yonteminde malzemeler levha bi¢iminde kullanilmaktadir. ilk asamada
katmanlar birbirine termal bir yapistirict kullanarak 1s1 ve basing yardimi ile yapistirilmaktadir. Daha sonra
malzeme karbondioksit lazer yardimi ile 6nceden CAD programinda belirlenen geometrik sekle gore
kesilmekte ve son tiriin elde edilene kadar islem tekrarlanmaktadir (Fraizer vd., 2014). Bu yontemde metaller,
kompozitler ve kagit malzemeler kullanilabilmektedir (Krznar vd., 2014). LOM yo6nteminin diisiik maliyetli
olmasi, siire¢ boyunca deformasyon ve faz degisiminin ortaya ¢ikmamasi, biiyiik pargalarin kolaylikla
islenmesi ve destek pargalara ihtiyag duyulmamasi bu teknolojinin avantajlaridir. Kompleks parcalarin
iretiminin zorlugu, atik malzeme olusumu ve malzemenin mekanik &zelliklerinin yone bagli olmasi ise
yontemin dezavantajlarini olusturmaktadir (Udroiu vd., 2014). Sekil 5’te LOM yo6nteminin ¢alisma prensibine
yer verilmistir.

Ayna
~ \ ’_) Lazer lgin
—. / x-y de hareket eden
Lazer / 6‘/ optik kafa

Gegerli katman

Istilmig e Parga katman
silindir dighatt
Onceki
T katman

Levha —a
malzeme T

o

- ~— Atk sarma
Platform rulosu

— -

Malzeme

besleme
rulosu

Vo Gostek
manizemes:

Sekil 5. LOM yénteminin ¢alisma prensibi (Ozkan, 2019)
Figure 5. Working principle of LOM method (Ozkan, 2019)
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2.6. Secmeli lazer sinterleme
2.6. Selective laser sintering-SLS

SLS teknolojisi toz malzemelerin kullanildig1r ve giiglii lazer 1s1m1 kullamimi gerektirdiginden pahali bir
katmanli imalat yontemidir. Bu islem sirasinda tozlar tamamen eritilmemektedir. Yiiksek giiglii karbondioksit
lazer 1s1m kullanilarak tozlar sinterlenir ve birbirleriyle birlesmeleri saglanir. ilk katmanin meydana gelmesinin
ardindan toz odasinda bulunan tozlar, olusturulmus olan katman iizerine dokiiliir ve tekrar lazer 1sim
kullanilarak sinterleme islemi gergeklestirilir. Bu islem diger katmanli imalat yontemlerinde oldugu gibi nihai
tirtin elde edilene kadar devam etmektedir (Udroiu vd., 2014). SLS yonteminde bir¢ok farkli polimer, metal,
seramik malzeme tiirleri ve kombinasyonlar1 kullanilabilmektedir. Sekil 6’da SLS yonteminin ¢caligma prensibi
gosterilmistir.

Tarama
sistemi
Toz
besleme Nesnenin
sistemi uretilmis kism

Toz besleme ‘ Urteim
pistonu pistonu.

Sekil 6. SLS yonteminin ¢alisma prensibi (Singh vd., 2016)
Figure 6. Working principle of SLS method (Singh et al., 2016)

2.7. Direkt metal lazer sinterleme
2.7. Direct metal laser sintering-DMSL

DMSL yontemi miihendislik uygulamalari ve endiistride kullanimi giderek yaygilasan énemli bir katmanl
imalat metodudur. Bu yontem sayesinde gelistirilme agsamasindaki prototipler hizli sekilde iiretilebilmekte ve
ayni zamanda geleneksel yontem ile iiretilemeyen hasarli formlar yeniden insa edilebilmektedir (Badiru vd.,
2014). Ayrica bu yontem ile 3B data verilerinden yararlanilarak iglevsel metal pargalar tretilebilmektedir.
Uretilen metal parcalarin mekanik &zellikleri dokiim ile iiretilmis parcalar ile kiyaslanabilecek nitelikte
olmaktadir (Duplékova vd., 2018). DMLS teknolojisi, cok ince metalik toz katmanlarinin bir lazer 151in yardimi
ile eritilmesi temeline dayanmaktadir. Oncelikle iiriiniin 3B CAD modeli katmanlar seklinde kesilir ve
ardindan is parcgasi1 katmanin iizerine istiflenir. Lazer 151m1 da istenilen geometri dogrultusunda metal tozlarini
ergitir ve islem tamamlanmis olur. Dikkat edilmesi gereken en 6nemli unsur {iriiniin basim siiresi boyunca
taban platformuna bir destek yapisi ile dogru pozisyonda sabitlenmesidir. Bu yontemde bir katmanin minimum
kalinlig1 20 mikron olmalidir (Duplékova vd., 2018). DMSL yonteminin miithendislik uygulamalarinda 6ne
cikmasinin sebepleri; iiretilen parcalarda yiiksek mukavemet ve tokluk degerleri, iiretim siiresinin kisa ve
maliyetinin diistik olmasi, diisiik malzeme tiiketimi ve par¢anin direkt olarak miisterinden gelen 3B CAD
verilerinden iiretilebilmesidir. Ilk yatirim maliyetinin yiiksek olmas, yiiksek enerji kaynagmin kullanilmast,
par¢a boyutunun kullanilan ekipmana gore belirlenmesi ve iiretim sonrasinda bitirme islemlerine ihtiyag
duyulmasi ise yontemin olumsuz ydnleri olarak siralanabilir. Sekil 7’de DMLS ydnteminin sematik sekline
yer verilmistir.
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Sekil 7. DMLS yonteminin sematik sekli (Duplakova vd., 2018)
Figure 7. Schematic of the DMLS method (Dupldkova et al., 2018)

2.8. Secmeli lazer ergitme
2.8. Selective laser melting-SLM

SLM yontemi, SLS yonteminden tiiretilmig bir prosestir. Tek farki, SLS yonteminde pargayi olusturmak icin
sinterlenen tozlar bu yontemde tamamen eritilmektedir. Bu sekilde olduk¢a iyi mekanik 6zellikler elde
edilmektedir. SLM teknolojisinin ¢ok biiyiik enerjilere ihtiya¢ duymasindan 6tiirii kontrol edilmesi oldukga
zordur. Bu da par¢ada deformasyona neden olabilmektedir. SLM yontemi ile DMLS ydntemi birbirlerine
olduk¢a benzemektedir. Cogu kaynakta bu iki teknolojinin es anlamda kullanildig1 da goriilmektedir. Bu
teknolojiler Avrupa’da yaygin olarak SLM, ABD’de ise DLMS olarak bilinmektedir (Patterson vd, 2017).
Fakat aralarinda 6nemli bir fark bulunmaktadir. SLM sistemleri 6zellikle polimer kapli tozlarla kullanilmakta
iken DMLS sistemleri ise kaplamasiz metal tozlarinin kullanilmasina olanak saglayan bir tekniktir (Mover vd,
2015). Genel olarak yontemde titanyum, paslanmaz celik, kobalt ve krom tozlar1 kullanilmaktadir.
Titanyumun yaygin kullanimindan dolay1 medikal ve havacilik sektorlerinde tercih edilen bir katmanli imalat
yontemidir (Guo vd., 2013). Sekil 8’de SLM ydnteminin ¢aligma prensibi gosterilmistir.

Matematik Model

Proses
Katmani /
. 3 . Ergimis Malzeme
;Igltgjlen Iss,cak Bolge ~ Yari Ergimis Malzeme
= I~ Kati Malzeme

x

Sekil 8. SLM ydnteminin ¢aligma prensibi (Liu vd., 2017)
Figure 8. Working principle of SLM method (Liu et al., 2017)

2.9. Elektron 1sinl ergitme
2.9. Electron beam melting-EBM

EBM yontemi DMLS yontemine teknik olarak oldukca benzemektedir. Tek farki, bu yontemde gii¢ kaynagi
olarak lazer 1sinlan yerine elektronlarin kullanilmasidir. Kullanilan tozlar vakum ortaminda elektronlar
vasitasiyla ergitilmektedir (Chua vd., 2014). Bu yontemde elektron tabancalari, 1sin tabancasi, plazma
elektronu gibi ¢esitli ekipmanlara ihtiya¢ duyulabilmektedir. EBM teknolojisinde daha ¢ok metal tozlar ve
filamentler kullanilmakla birlikte en yaygin kullanilan malzeme titanyumdur. Yontemin en ¢ok karsilasilan
sorunu ise yliksek 1sidan kaynaklanmaktadir. EBM teknolojisinde elde edilmek istenen geometrik sekle gore
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tozlar birbirine yapistirilir ve katman olusturulur. ilk katmanin elde edilmesinin ardindan tozlarin bulundugu
platform kademe kademe asag1 dogru hareket ettirilir ve yeni tozlar eklenerek bir sonraki katman meydana
getirilir. Bu islem parca olusturulana kadar devam ettirilir (Negi vd., 2019). Sekil 9’da EBM yonteminin rnek
bir sekli gosterilmistir.

Filaman —— ]

lzgara Kupas! e————————1"
Anot

Odaklama Alani
Sapma Alani
Elektron Demeti
Toz Konteyniri
Vakum Cemberi

Althk —f——

Sekil 9. EBM yonteminin sematik sekli (Santoliquido vd., 2019)
Figure 9. Schematic of the EBM method (Santoliquido et al., 2019)

2.10. Baglayic1 (Yapistiricr) piiskiirtme
2.10. Binder jetting-BJ

Baglayic1 piiskiirtme teknolojisi ilk olarak 1990 yilinda MIT tarafindan gelistirilmis ticari bir 3B baski
yontemidir. Kum, cam, polimer ve metal tiirii malzemeler iglenebilmektedir. BJ yontemi ile iiriin elde edilmek
istendiginde takip edilmesi gereken adimlar; baski, kiirleme, toz temizleme, sinterleme, siizme, tavlama ve
bitirme olarak siralanmaktadir. Bu adimlar BJ yontemini diger katmanli imalat yontemlerinden ayirmaktadir
(Ziaee vd., 2019). Bu teknolojide katmanlar arasi birlestirmenin saglanabilmesi i¢in tozun tizerine yapistirict
puskiirtiillmektedir. Boylece ilk katman meydana getirilmis olmaktadir. Bir katman bittikten sonra step motoru
yardimu ile elektrikli kizil6tesi 1siticin altina dogru hareket ettirilir ve fazla yapistiric1 uzaklastirilir. Daha sonra
yazici tabani asag1 dogru hareket ettirilir ve yeni toz tabakasi esit bir sekilde katman {izerine yayilir. Bu islem
iiriin elde edilinceye kadar tekrarlanarak devam ettirilir (Ziaee vd., 2019). Sekil 10’da BJ yonteminin sematik
gosterimi bulunmaktadir.

Basilacak Par¢a

Toz yayma arac |

Toz kaynagu -,

Yapi alam

Sekil 10. BJ yonteminin sematik gosterimi (Ziaee vd., 2019)
Figure 10. Schematic representation of the BJ method (Ziaee et al., 2019)

3. Katmanh imalat teknolojilerinde kullanilan malzemeler
3. Materials used in additive manufacturing technologies

Katmanli imalat teknolojilerinin gelismesindeki en Onemli katkilardan birisi de kullanilan malzeme
yelpazesinin artmasidir. Giiniimiiz imalat yontemlerinde farkli malzemeler kullanilabilmekte ve bu durum
tiretilebilecek iirtin ¢esitliligini olumlu yonde etkilemektedir (Mazzanti vd., 2019). Geleneksel talasli imalat
yontemlerinde parga yiizeyinden malzeme kaldirilarak sekillendirme islemi gergeklestirilirken, katmanl
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imalat yontemlerinde ise bu durumun tam tersi olarak imalat islemi malzemenin katman katman artirilmasi
seklinde gerceklesmektedir (Diksu, 2021). Toz veya tel bigimindeki malzemeler, istenen pargayi olusturmak
icin bir 1s1 kaynagi yardimu ile sinterlenmekte veya camsi gegis sicakligina kadar 1sitilarak eritilmektedir. Erime
ile es zamanl1 olarak 6nceden olusturulmus model bilgisayar ortamindan aktarilarak nozul sayesinde katman
katman ortaya ¢ikmaktadir (Brandl vd., 2011). Gelisen katmanli imalat teknolojisi sayesinde bir¢ok farkli
malzeme bu yontemlere entegre edilebilmektedir. Ancak en yaygin olarak kullanilan katmanli imalat
teknolojisi malzemeleri; polimerler, metal ve alasimlari, biyomalzemeler, kompozitler, seramikler, yap1
malzemeleri ve akilli malzemeler sekilde siralanabilmektedir (Bhatia vd., 2021).

3.1. Polimerler
3.1. Polymer

Polimer malzemeler kolay sekillendirilebilme, hafiflik, diisiik maliyet, iyi mekanik 6zellikler ve ayni1 zamanda
farkli katmanli imalat yontemlerine kolay entegre olabilmelerinden dolay1 3B baski teknolojisinde en yaygin
ve temel olarak kullanilan malzemelerdir (Ngo vd., 2018). Katmanli imalat yontemlerinde yaygin olarak
kullanilan polimer ¢esitleri PLA (poliaktik asit), ABS (akrilonitril biitadien stiren), PC (polikarbonat), PET
(polietilen tereftalat), ASA (akrilonitril stiren akrilat), PA (naylon), HIPS (yiiksek darbe dayanimli polistiren),
TPC (termoplastik polyester elastomer) ve PEEK (polieter eter keton)’dir (Wojtyta vd., 2017). ABS polimeri
kolay kullanilabilir olmasi, iyi mekanik 6zellikleri ve uygun maliyetli olmasindan dolay1 oldukga popiiler bir
malzemedir (Swetham vd., 2017). ABS polimeri amorf yapiya sahip olmalar1 ve tam bir erime noktalari
olmadiklar1 igin camsi gecis sicakligi olan 105°C’nin altinda bir degerde kullanilmaktadir. Mekanik
ozelliklerinin en iyi oldugu sicaklik araligi ise -20°C ila 80°C’dir (Margi vd., 2022). PLA da tipk1 ABS gibi
3B baski teknolojisinde en ¢ok kullanilan polimer malzemelerdendir. PLA, seker kamisi, nisasta gibi dogal
malzemelerden iiretildigi i¢in ayni1 zamanda biyobozunur malzeme olarak da bilinmektedir. PLA’nin kimyasal
yapisina bakildiginda, di-ester ve laktik asit olmak tizere iki farkli monomerden meydana gelmektedir.

PLA yapisal olarak incelendiginde ise yari kristal ve amorf yapilara sahip oldugu goriilmektedir. Buna baglh
olarak 55°C cams1 geg¢is sicakligina ve 180°C ergime sicakligina sahiptir. PLA geleneksel polimer malzemeler
ile kiyaslandiginda iyi mekanik ozelliklere sahip oldugu bilinmektedir (Swetham vd., 2017). Polimer
malzemelerin yaygin olarak kullanildigi katmanli imalat yontemleri Fused Deposition Modelling (FDM),
Stereolithography (SLA) ve Laminated Object Manufacturing (LOM) olarak siralanmaktadir (Margi vd.,
2022).

3.2. Metaller ve alasimlari
3.2. Metals and alloys

Metal ve alagimlari, polimer malzeme grubundan sonra katmanli imalat teknolojilerinde yaygin olarak
kullanilan diger malzeme grubunu olusturmaktadir. Katmanli imalatta kullanilan metal ve alagimlan 6zellikle
prototip iretim, arastirma ve kiigiik Olgekli iiretimlerde tercih edilmektedir. Bu kapsamda metal ve
alagimlarinin kullanilmasi sayesinde kompleks geometriye sahip iiriinler kolay bir sekilde basilabilmektedir
(Duda vd., 2022). Titanyum, aliiminyum, ¢elik, nikel, bakir, altin ve bronz gibi bir¢ok metal ve alagimlart
katmanli imalat yontemlerinde kullanilmaktadirlar. Celikler birgok iiretim yonteminde oldugu gibi katmanh
imalatta da yaygin olarak kullanilmaktadir. Ozellikle dstenitik paslanmaz gelik ve takim celikleri bu alanda
kendilerine &nemli bir yer edinmistir (Ozsolak, 2022). Cogu metal malzemeye kolay erisim
saglanabilmektedir. Fakat polimerlere gore diisiik baski hizina sahip olup maliyetleri yiiksektir. 3B baski metal
yazicilar lazer ya da elektron 1511 gibi metali eritebilecek bir kaynaga ihtiya¢ duymaktadirlar. Bu yontemlerde
toz veya tel seklinde malzemeler kullanilmaktadir. Eriyen metal katman katman biriktirilerek iirlin elde
edilmektedir (Duda vd., 2022).

3.3. Kompozitler
3.3. Composites

Kompozit, en az iki ya da daha fazla, aym1 veya farkli gruptaki malzemelerin, makro seviyede bir araya
gelmesiyle birlikte olusan yeni ve daha istiin 6zellikteki malzeme demektir. Bu malzemeler uzay,
biyomedikal, elektronik, spor malzemeleri, otomotiv gibi ¢ok genis alanlarda kullanilmaktadirlar (Bhatia vd.,
2021). Kompozit malzemeler kendisini olusturan malzemelerle kiyaslandigi zaman daha iyi mekanik, fiziksel
ve kimyasal 6zellikler gostermektedir. 3B yazicilar sayesinde basilabilen kompozitlerin diisitk maliyeti, kolay
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sekillenebilmesi ve 6zellestirilebilmesinden dolay1 katmanli imalatta kullanilabilirligi artmaktadir (Singh vd.,
2020). Katmanl imalat yontemlerinde polimer matrisli kompozitler, metal matrisli kompozitler ve seramik
matrisli kompozitler kullanilabilmektedir (Bourell vd., 2017).

Polimer matrisli kompozitler (PMK), igerisine takviye fazi olarak partikiiller, fiberler, metallerin ve
seramiklerin katilmasi ile elde edilen kompozit ¢esididir. PMK’ler katmanli imalat yontemlerinde filament
seklinde kullanilmaktadirlar. Kompozit filamentlerin en 6nemli 6zellikleri; boyutsal stabilite, sert, 1siya
dayanikli ve yiiksek yiizey kalitesidir (Bourell vd., 2017). Metal matrisli kompozitler (MMK), katmanli imalat
yontemi ile iiretilirken partikiil seklinde veya lif seklinde bulunmaktadirlar. Ozellikle partikiil (toz) seklinde
olan MMK f{iretiminde sinterleme sicakligina ulasabilmek i¢in lazer ya da elektron 1sin kaynagina ihtiyag
duyulmaktadir (Bourell vd., 2017). Seramik matrisli kompozitler, 6zellikle biyomalzemelerin iiretiminde
onemli bir yer kaplamaktadir. Polimer icerisine seramiklerin katilmas1 ya da seramik partikiillerinin karistirict
yardimiyla homojenlestirilmesi sonucu elde edilmektedirler. Katmanli imalat teknolojisi ile iiretilen kompozit
malzemelerin olusturulmasi igin yaygin olarak Fused Deposition Modelling (FDM), Stereolithography (SLA),
Direct Ink Writing (DIW), Laminated Object Manufacturing (LOM), Liquid Deposition Modelling (LDM),
Selective Laser Sintering (SLS) ve Composite-Based Additive Manufacturing (CBAM) yontemleri
kullanilmaktadir (Bhatia vd., 2021).

3.4. Seramikler
3.4. Ceramics

Seramik malzemeler sert, kirilgan, 1s1 ve korozyona kars1 yiiksek dirence sahip olan malzeme tiirii olarak
tamimlanmaktadir (Smith, 1986). Katmanli imalat teknolojisinde seramikler, bulamag bazli, gamur bazli ve toz
bazli olarak kullanilmaktadir. Bulamag bazli seramikler sivi ya da yari-sivi yapi1 igerirken toz bazli seramikler
ise partikiil yap1 icermektedirler. Katmanli imalat teknolojisi ile iiretilen seramikler uzay, saglik ve otomotiv
sektoriinde yaygin olarak kullanilmaktadir (Bhatia vd., 2021). Seramik malzemeler 3B baski1 teknolojisinde
Ink Jet, Powder Bed Fusion ve Stereolithography ii¢ ana yontemi ile 6n plana ¢ikmaktadir (Singh vd., 2020).
Bu yontemler disinda Selective Laser Sintering (SLS), Selective Laser Melting (SLM), Laminated Object
Manufacturing (LOM) ve Fused Deposition Modelling (FDM) teknikleri ile de iiretilebilmektedir (Bhatia vd.,
2021).

3.5. Biyomalzemeler
3.5. Biomaterials

Saglik sektoriindeki iiriinlerin ihtiyaglarini karsilayabilmek katmanli imalat yontemleri bu alanda da kritik bir
Ooneme sahiptir. Yapilan arastirmalar, son yillarda bu alandaki 3B baski teknolojisinin kullaniminin artigim
gostermektedir. Bu artisin en O6nemli nedenleri; baski hassasiyeti, baski hizi, karmasik parcalarin
tiretilebilmesi, diigik maliyet ve malzeme israfinin azalmasi olarak belirtilmektedir (Bhatia vd., 2021).
Katmanli imalatin gelismesi, tip alanina da olumlu bir sekilde yansimaktadir. Bu sayede medikal ekipmanlar,
yapay organ liretim ¢aligsmalari ve implant malzemelerinde biiytik ilerlemeler meydana gelmistir ve ilerlemeye
de devam etmektedir. Ozellikle organ bagisinda dondr bagisct sayisinin az olmasi ve diger medikal sorunlar
da goz 6niine alindiginda yapay organ liretimleri bu asamada olduk¢a 6nem arz etmektedir (Yan vd., 2018).
3B baski teknolojisinde metal, polimer ve seramik malzemeler kullanilmaktadir. Metal malzemeler, ortopedik
ve dis implantlarn gibi kalict {iriinleri hazirlamak igin tercih edilmektedir. Bu alanda kullanilan metal
malzemeler paslanmaz ¢elikler, titanyum ve kobalt-krom alagimlaridir. Katmanli imalat ile tiretilen implantlar,
geleneksel yontemlerle tiretilmis implantlar ile karsilastirildiginda daha kiiciik taneli oldugu ve buna bagh
olarak da daha iyi mekanik 6zelliklere sahip oldugu bilinmektedir. Dogal ve sentetik polimer malzemeler
oncelikli olarak tibb1 modellerin hazirlanmasinda kullanilmaktadir. En sik kullanilanlar polimer malzemeler
PLA, ABS, PC, PA, PVA ve PCL’dir. Mitkemmel uyumluluga sahip olan bu polimerler ayn1 zamanda hiicre
yapigmasini da desteklemektedirler. Ancak kolay deforme olmalar1 ve zayif mekanik 6zellige sahip olma gibi
dezavantajlar1 da mevcuttur. Seramik malzemelerden HA (hidroksil apattit) ve TCP (tri kalsiyum fosfat),
yiikksek biyo uyumluluklar1 ve stabil fizikokimyasalliklart nedeniyle katmanli imalatta yaygin olarak
kullanilmaktadirlar. Bununla birlikte kolay sekillendirilebilir ve renklendirilebilir olmalar1 nedeni ile de 3B
baski teknolojilerinde tercih edilmektedirler (Yan vd., 2018). Biyomalzemelerde yaygin olarak kullanilan
katmanli imalat yontemleri; Stereolithography (SLA), Fused Deposition Modelling (FDM), Selective Laser
Sintering (SLS), Binder Jetting (BJ), Polyjet (PJ), lazer destekli veya desteksiz 3B biyo yazicilar olarak
siralanabilmektedir (Bhatia vd., 2021).
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3.6. Yap1 malzemeleri
3.6. Construction materials

Yap1 sektoriinlin onemli malzemelerinden biri olan betonun katmanli imalat yontemlerine entegre edilmesi ile
ingaat alaninda da 3B baski teknolojisi kullanilmaya baslanmistir. Bu sayede, geleneksel yontemlerle
kiyaslandiginda daha hizli prototip iiretimi, daha az insan giicli ve malzeme sarfiyati saglanmaktadir (Bhatia
vd., 2021). Beton karigimin igerigi, 3B baskinin siirecince ve yapinin performansinda onemli bir rol
oynamaktadir. Yap1 malzemelerinin iiretiminde kullanilan katmanli imalat teknolojisi tipik bir eriyik yigma
yontemine benzemektedir. Kullanilan beton veya ¢imento iist liste insa edilirken, alt katmanlar da tist
katmanlar1 tagimaktadir. Boylece istenen yap1 meydana gelmektedir (Shakor vd., 2019). Beton malzemenin
Ozelliklerini artirmak igin yapisina kum, ¢imento, mikrofiber ve silika gibi birgok takviye edici eklenmektedir.
Boylece katmanli imalat teknolojisiyle kompleks yapilar daha kolay elde edilebilmektedir. Yapi
malzemelerinde kullanilan katmanli imalat yontemleri Binder Jetting (BJ) ve Fused Deposition Modelling
(FDM)’dir (Bos vd., 2016).

3.7. Akillh Malzemeler
3.7. Intelligent materials

Akilli malzemeler renk, sekil ve boyut gibi 6zelliklerini, belli bir siire boyunca disaridan aldiklar1 sicaklik, 1s1
ve gerilime bagli olarak degistirebilen malzemeler olarak bilinmektedir. Bu tiir malzemeler yeteneklerine gore
sekil hafizali, kendi kendini temizleyebilen, kendi kendine ¢alisabilen iirlinler olarak da tanimlanabilmektedir
(Falahati vd., 2020). Akilli malzemeler 3B baski teknolojisinde basilarak genellikle biyomedikal
uygulamalarinda, titresim kontrollerinde, robotik ¢alismalarinda, kardiyovaskiiler stentlerde ve kontrollii ilag
tastyict sistemlerinde kullanilmaktadirlar (Falahati vd., 2020). Akilli malzemelerin katmanli imalat
teknolojileri ile tiretimi yapilirken polimerler, nikel-titanyum alasimlar1 ve kompozit gibi farkli malzemeler
tercih edilebilmektedir (Meier vd., 2011). Giiniimiizde, akill malzemeleri 3B baski teknolojisi ile tiretebilmek
icin bir¢ok farkli yontem kullanilmaktadir. Bu yontemler Digital Light Processing (DLP), Selective Laser
Melting (SLM), Digital Projection Printing (DPP), Selective Laser Sintering (SLS), Fused Deposition
Modelling (FDM), Inkjet Printing, Stereolithography (SLA) ve Electron Beam Melting (EBM) olarak
siralanabilir (Gardan, 2019).

4. Katmanh imalat teknolojilerinin uygulama alanlari
4. Application areas of additive manufacturing technologies

Katmanli imalat teknolojisinde polimer, metal ve seramik malzemeler basta olmak iizere bircok malzeme
grubu kullanilabilir. Bu malzemeler arasinda en yaygin olarak polimer ve metal malzeme gruplar1 basi
cekmektedir. Katmanli imalat yontemlerinde kullanilan malzemelerin sayisinin artmasiyla birlikte yontemlerin
endiistrideki kullanim alanlar1 genislemeye devam etmektedir. Bu teknoloji ozellikle tip, disgilik,
konstriiksiyon, uzay ve havacilik alaninda kendisine 6nemli bir yer edinmistir (VVafadar vd., 2021). 3B yazici
fiyatlarinin diismesiyle birlikte, seri imalattan 6nce prototip olusturmada, belli pargalarin onarilmasinda ve
kiigiik capli iretimlerde neredeyse her sektdrde evlerin, okullarin ve atolyelerin ¢ogunda kendine yer
edinmistir.

4.1. Havacilik sektoriinde katmanh imalat uygulamalari
4.1. Additive manufacturing practices in the aviation industry

Havacilik uygulamalar i¢cin katmanli imalat teknolojileri genellikle; dogrudan dijital baski (DDB), hizli
kaliplama, hizli prototip olusturma ve onarim igin kullanilmaktadir. DDB, ugakta kullanilacak mukavemeti
yiiksek parcalarin liretimini ifade etmektedir. Bu tiir pargalar; nozullar, yanma odalar1 gibi 6nemli olanlar ile
kirisler, armatiirler ve diger aksesuarlar gibi daha az 6nemli olan pargalardir. Giiniimiizde katmanli imalatin
havacilik sektoriinde birgok uygulamasi bulunmaktadir. Bu ¢alismalara 6rnek olarak Sekil 11°de TWI (The
Welding Institute) sirketinin bes eksenli LMD (Lazer Metal Biriktirme) sistemi ile IN718 helikopter motoru
yanma odast iiretimi gosterilmektedir.
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Sekil 11. TWI sirketine ait IN718 helikopter motoru yanma odasi iireten LMD yazicisi
(Najmon vd., 2019)

Figure 11. LMD printer producing IN718 helicopter engine combustion chamber from TWI
company (Najmon et al., 2019)

Bagka bir firma anten tutucu aparatlarimin agirligini azaltmak i¢in katmanli imalat uygulamalarindan olan SLS
yontemini kullanmustir. Uretilen anten tutucunun malzemesi olarak aliiminyum alasimi segilmis ve bdylece
agirhik yiksek miktarda disiiriilmistir (Najmon vd., 2019). Boeing'in 787 Dreamliner ugaginda maliyetleri
oldukga azaltacak, titanyum parca basiminda katmanli imalat yontemleri kullanilmaktadir. Bagka bir firma,
DMLS yontemini kullanarak 248 parcali kompleks yapiy1 tek seferde basmistir (Najmon vd., 2019). Yine
havacilik sektdriinden bir firma ses alt1 ve ses iistii aralikta ucaklarin siddetli gerilimlerine dayanacak sekilde
tasarlanmis kompakt, tek pargali bir akig 6l¢iim cihazi liretmek igin DMLS yontemini kullanmigtir.

Titanyum alasimindan olusan tiirbin kanatlar1 ve yapisal ugak gdvdesi bilesenlerinin {iretimi i¢in katmanli
imalat yontemlerinden olan FDM yontemi kullanilmaktadir. Ugaklarin mekanik ve yapisal bilesenleri
genellikle metalden yapilirken, diger baglantilar ve i¢ aksesuarlar hem agirliktan hem de maliyetten tasarruf
etmek i¢in genellikle metal disi malzemelerden yapilmaktadir. Boeing 777 ugagindaki polimer malzemeden
yapilan koltuk isaretleri FDM yontemi ile tiretmistir. Havacilik sektoriinde 6nemi gittikge artan insansiz arag
sistemlerinin mithendislik par¢alarim tiretmek i¢in SLS teknolojisi yaygin olarak kullanmaktadir. Ayrica SLS
yontemi ile yapilan bagka bir uygulama da IHA'nin kontrol panelinin muhafazasinin iiretiminde kullanilmasidir
(Najmon vd., 2019). Havacilik uygulamalarinda katmanli imalat yéntemlerinin kullanildig1 diger bir alan
kaliplamadir. Bu yontemle yapilan kalip ile Airbus A320 modelinin kapt menteselerinin {iretimi
gerceklestirilmistir (Liu vd., 2017). Bu uygulama Sekil 12°de gosterilmektedir.

Sekil 12. Airbus A320 kap1 mentesesi (Najmon vd., 2019)
Figure 12. Airbus A320 door hinge (Najmon et al., 2019)

Havacilik sektoriinde katmanli imalatin diger bir uygulamasi da hizli prototiplemedir. Genel olarak, SLA veya
FDM gibi polimer bazli eklemeli imalat uygulamalari, prototip testi igin yeterli mukavemette ve iiretilecek
modelin tasarimima uygun test araglarinin iretilmesinde kullanilmaktadir. Bdylece polimerin hizh
prototiplenmesi ile fiziksel 6zellikleri ve hesaplamali akigskanlar dinamigi modellerini dogrulamak i¢in iiretimi
ve maliyeti fazla olan metallerin testlerde kullanilmasi azaltilarak hem maliyet hem de isgilik konusunda
tasarruf saglanmaktadir (Najmon vd., 2019). PolyJet yontemi, IHA uygulamalar1 i¢in hizli bir sekilde prototip
olusturmak ve ¢esitli kanat tasarimlarini test etmek icin siklikla kullanilmaktadir. NASA, katmanli imalat
yontemlerini kullanarak yeni ugak modellerinin prototipleri yapmaktadir (Najmon vd., 2019). Sekil 13’te
gosterildigi gibi Airbus, yapisiin %901 plastik PA tozundan iiretilen kiiciik boyutlu insansiz hava aracinin
iretimini katmanli imalat yontemiyle 8 haftada tamamlamigtir. Katmanli imalat yontemleri ile pahali
pargalarin, hurdaya ayrilip degistirilmesi yerine onarilmasi saglanarak maliyet tasarrufu gergeklestirilmektedir
(Walachowicz vd., 2017). Bu yontemler ile yapilan onarimlarin geleneksel yontemlere gore daha estetik
oldugu goriilmiistiir.
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Sekil 13. Airbus’n iirettigi diinyanin ilk katmanli imalat ugagi (Najmon vd., 2019)
Figure 13. The world's first additive manufacturing aircraft produced by Airbus (Najmon et
al., 2019)

4.2. Medikal sektoriinde katmanh imalat uygulamalar:
4.2. Additive manufacturing applications in the medical industry

Katmanli imalat yontemleri medikal sektoriinde; hastalik modelleme, tibbi ekipman iiretimi, discilik, deri
miihendisligi ve techizat iiretimi uygulamalarinda da genis bir uygulama alanina sahiptir. Ydntem hassas dental
uygulamalarinda; dis kopriileri, implantlar ve kuronlar tiretmek i¢in siklikla kullanilmaktadir. Bunun yani sira
¢ene implantlari, kalga, diz ve omuz protezleri uygulamalari yaygin olarak kullamlmaktadir (Ozer vd., 2020).
Gilinlimiizde bire bir yapay organ iiretilemese de ameliyat 6ncesinde doktorlar ¢ektikleri MR’lar yardimi ile
ameliyat edilecek bdlgenin 3 boyutlu topografik haritasini olusturulmaktadir. Bu harita 3B yazicilar yardimi
ile somut objeler haline getirilerek baskis1 alinmaktadir. Bozuk dis anatomisi i¢in kullanilan dis hizalayicilar,
dis hekimliginde 3B baskinin en ¢ok kullanildigi alanlardir. Boylelikle dental alaninda 3B baski daha az
maliyetle kontrollil bir tedavi imkan1 sunmaktadir. Herhangi bir kaliba ihtiya¢ duyulmadig: i¢in iiretim hiz1
daha yiiksek olmaktadir. Katmanli imalatin dis anatomisindeki uygulanabilirligine bir 6rnek Sekil 14’te
gosterilmistir.

Sekil 14. Katmanli imalat yontemiyle iiretilmis dis-cene iskeleti (Ozer vd., 2020)
Figure 14. Tooth-jaw skeleton produced by the additive manufacturing method
(Ozer et al., 2020)

Medikal implant sektdriinde katmanli tiretimin 2025 yilina kadar 0,27 milyar dolara ulasmas1 beklenmektedir.
3 boyutlu baski ile olusturulan iirlinler; tasarim, iiretim ve maliyet acisindan geleneksel implant
yontemlerinden daha iyi performans gostermektedir. Silikon kalp kapakeiklari, karbon yapay retina, dis
protezi, implantlar, 6zellestirilmis mikro gézenekli kemikler, PEEK kopriiclik kemigi implanti, kulak ve ¢ene
gibi pek cok alanda uygulanmaktadir. Medikal uygulamalarda biyo-uyumlulugu agisindan en ¢ok kullanilan
malzeme titanyumdur (Celebi vd., 2017). Sekil 15’te biyo-uyumlu par¢a érnegi verilmistir.

SLA yontemi ortodonti uygulamalariyla beraber kalp damar hastaliklarinin tedavisinde, doku, beyin cerrahisi,
omurga cerrahisi uygulamalarinda siklikla tercih edilmektedir. Sekil 16’da SLA yontemi ile iiretilmis olan
ortodonti uygulamasi gosterilmistir.
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Sekil 15. Katmanli imalat ile {iretilen biyo-uyumlu parca (Celebi vd., 2017)
Figure 15. Biocompatible part produced by additive manufacturing (Celebi et al., 2017)

S

“ oy
.

Sekil 16. SLA yontemi ile iiretilmis cerrahi kilavuz 6rnegi (Celik vd., 2017)
Figure 16. Example of a surgical guide produced by the SLA method (Celik et al., 2017)

DLP yontemi gézenekli, oyuk yapilarin basilmasinda SLA yontemi ile karsilastirildiginda, ¢cok daha karmagsik
sekilli parcalarda kullanilabilir oldugu bilinmektedir. DLP projektor lensleri, kiiciik ve karmasik parcalarin
daha detayl1 ve yiiksek kalitede basilabilmesi igin degistirilebilmektedir. SLM yontemi, polimerlerin iglenmesi
disinda; Ni, Al ve Ti gibi implant uygulamalarinda biyo-uyumlulugu yiiksek malzemelerin sekillendirmesinde
siklikla kullanilmaktadir (Celik vd., 2017). FDM yontemi, daha ¢ok polimer malzeme uygulamalarinda
kullanilan ve herhangi bir kaliba ihtiya¢ duymayan katmanli imalat yontemlerindendir. Sekil 17°de Princeton
ve Johns Hopkins Universiteleri tarafindan katmanli imalat yéntemi ile iiretilen yapay kulak CAD modeline
yer verilmistir.

Sekil 17. Katmanli imalat ile iiretilen yapay kulak CAD modeli (Celebi vd., 2017)
Figure 17. Artificial ear CAD model produced by additive manufacturing (Celebi et al., 2017)

Katmanli imalat yontemi tani test kiti, ventilatorler (solunuma yardimci tibbi cihaz), maske ve yiiz siperlikleri
basta olmak lizere geneli polimer malzeme igerikli tibbi kigisel ekipmanlarin {iretiminde kullanilmaktadir.
Ayrica tiim diinyada etkili olan ve etkisi giiniimiizde de devam eden COVID- 19 salginindan korunmak igin
katmanli imalat yontemleri ile iiretilen maske ve kisisel ekipmanlar kullanilmaya devam etmektedir. Bu
ekipmanlardan bazilar1 Sekil 18’de gdsterilmistir.
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Sekil 18. Katmanli imalat yontemiyle tiretilmis yiiz siperlikleri (\Vafadar vd., 2021)
Figure 18. Face shields produced by the additive manufacturing method (Vafadar et al., 2021)

4.3. Yap1 sektoriinde katmanlh imalat uygulamalari
4.3. Additive manufacturing practices in the building industry

Yapr sektorindeki katmanli imalat Gretimleri, Dr. Behrokh Khoshnevis’in Nasa c¢alismalar1 kapsaminda,
Gliney Kaliforniya Universitesi’'nde yaptig1 arastirmalar sonucunda baslamistir (Caliskan vd., 2020).

Giiniimiizde yap1 alaninda bu yontemin gelistirilmesi icin ¢alismalar devam etmektedir. Ornek bir uygulamaya
Sekil 19’da yer verilmistir.

Sekil 19. Kontur iiretimi sistemi, ving uygulamasi (Celik vd., 2017)
Figure 19. Contour generation system, crane application (Celik et al., 2017)

Yapr sektoriinde katmanli imalat yonteminin uygulanabilirligi i¢in kullanilan malzeme ve olusturulan kontur
onem arz etmektedir. Glinlimiizde farkli konturda yapilar iiretmek igin birgok bilim insan1 ve girketler ar-ge
stireci yiiriitmektedir. Yapilan yogun ¢alismalar sonucunda birgok farkli ii¢ boyutlu yazdirilabilir malzemeler,

kompozit karisimlar, farkl teknolojik makineler ve nozul modelleri gelistirilmistir (Caliskan vd., 2020). Ornek
bir uygulamasi Sekil 20’de gosterilmektedir.

Sekil 20. italya’da kerpi¢ malzeme kullanilarak katmanli imalat ile iiretilen koy evi (Caliskan
vd., 2020)

Figure 20. Village house produced with additive manufacturing using mud brick material in
Italy (Caliskan et al., 2020)
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Yapr sistemlerinde 6zellikle metal parcalarin tiretiminde SLS ve DMLS yontemleri siklikla kullanilmaktadir.
Bu yontemler ile yapilan ¢aligmalar daha ¢ok aliiminyum ve polimer malzemeler {izerinden ilerlemektedir.
Sekil 21’de DMLS yontemi ile {iretilmis olan parcaya yer verilmistir.

Sekil 21. DMLS yontemi ile liretilmis cephe bileseni (Celik vd., 2017)
Figure 21. Facade component produced by DMLS method (Celik et al., 2017)

Yap1 sektoriindeki FDM teknolojisi daha ¢ok dekoratif ve yapinin korunmasi amaciyla polimer panellerin
iiretilmesinde kullanilmaktadir. Bu teknoloji yapilan baz1 caligmalarda, karmasik i¢ geometriye sahip
panellerin ve profil ¢aligmalarinin, 1s1 yalitimi saglamasi, 1s1 kopriisii problemine ¢oziim {iretmesi amaciyla
kullanilmistir (Caliskan vd., 2020). Ornek bir uygulama Sekil 22°de verilmistir.

Sekil 22. FDM teknolojisi ile iiretilmis cephe bileseni (Caliskan vd., 2020)
Figure 22. Facade component designed with FDM technology (Caliskan et al., 2020)

Y ap1 sektoriinde kullanim alani bulan diger bir katmanli imalat uygulamasi da LENS ve EBM uygulamalaridir.
Bu yontemlerle daha ¢ok metal yapilarin olusturulmasi saglanmaktadir. Ayrica “Tel Ark Katmanl Imalat1”
olarak bilinen WAAM yonteminde metal tel eritilerek iiretim gergeklestirilmektedir (Celik vd., 2017). Bu
yontem ile liretilen metal bir koprii Sekil 23°te gosterilmektedir.

Sekil 23. WAAM katmanli imalat sisteminde iiretilen metal koprii (Celik vd., 2017)
Figure 23. Metal bridge fabricated on the WAAM additive manufacturing system (Celik et
al., 2017)
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4.4. Otomotiv sektoriinde katmanh imalat uygulamalari
4.4. Additive Manufacturing Applications in the Automotive Industry

Katmanli imalat teknolojileri karmasik ve hafif yapilari olusturma iistiinliikleri nedeni ile otomotiv sektdriinde
tercih edilmektedir. Bu teknoloji, otomotiv sektoriinde 6zellikle yapisal kompozit bilesenler, motor vanalari
ve turbosarj tiirbinlerinin iiretilmesinde kullanilmaktadir (Ozer vd., 2020). Sekil 24’te katmanli imalatin
otomotiv sektoriindeki uygulama alanlar1 gosterilmistir. 2011 yilinda Kor firmasi, Ecologic Urbee otomobil
modelini tanitmistir. Bu otomobilin en ilgi ¢ekici yan1 gbvdeyi olusturan tiim pargalarin katmanli iiretim
teknolojilerinden EBM ydntemiyle imal edilmis olmasidir. Otomobilin fazla agirlik olusturan ve maliyeti
arttiran karmagik pargalar1 bu yontem ile performansi yiiksek ve maliyeti diislik bir sekilde {iretilmistir.

Uretim islemi

Uygulama: Prototipleme, 6zel isleme. hassas Egzoz/Emisyon

Yol Tutus dokiim Uygulama: Havalandirma izgaralan
EU Teknolojisi: EBM. inkjet, SLS, SLE EU Teknolojisi: SLE

Lgulumn: Rocopalat; valfice Malzeme: Polimerler sicak is takar Malzeme: Aliiminyum alagimlart

EU Teknolojisi: SLS. EBM alzeme: Polimerler, mum, sicak i takim VU S

i
Malzeme: Aliminyum alagimlar: geligi

i¢/Dis Trim -
Uygulama: Tamponlar, riizgar / .
kesiciler SO

EU Teknolojisi: SLS -r‘*M 2 i/
Malzeme: Polimer y ;',. b A Q..,_/’r ¥ - g GELECEK
{ &3 O o ; i¢ kisimlar ve Oturma
Pl a Lw'ulama Camurluklar. koltuk kasalar
i EU Teknolojisi: SLS. SLA
O Malzeme: Polimerler

Tekerlekler, Jantlar ve Siispansiyon
Uygulama: Jant kapaklari, siispansiyon yaylari
EU Teknolojisi: SLS. SLE. inkjet

Malzeme: Polimerler, aliiminyum alagmmlart
Salincak, Govde, Kapilar

Uygulama: Gévde panelleri Hlelrant Exsmlap
EU Teknolojisi: SLE

Malzeme: Aliiminyum alasunlart  QEM Bilesenler

Uygulama: Sensérler. tek pargalt kontrol panelleri
EU Teknolojisi: SLS

Malzeme: Polimerler

Uygulama: Govde Bilegenleri

EU Teknolojisi: SLE. EIE
Malzeme: Aliiminyum ve ¢elik alagimlart

Sekil 24. Otomotiv sanayisinde katmanli {iretim uygulamalar1 (Ozer, 2020) )
Figure 24. Additive manufacturing applications in the automotive industry (Ozer, 2020)

5. Tartisma ve sonuglar
5. Discussion and conclusions

Uretim hatlarinin degistigi ve bilginin dijital olarak aktarildi§1i ¢agimizda endiistrinin dérdiincii devrimi
(Endiistri 4.0) ile katmanli imalatin genis capta yayilacagi tahmin edilmektedir. Geleneksel imalat yontemleri
ile iiretilmesi zor, detayli ve karmasik geometrilere sahip parcalarin iiretilmesini saglayan, iiretim hattina ve
kaliba ihtiya¢ duymayan, islem siiresini kisaltarak zamandan ve malzemeden tasarruf saglayan katmanli imalat
teknolojilerinin kullanimi otomotiv, havacilik, egitim, saglik, gida ve eglence gibi bir¢ok farkli alanda giderek
yayginlagmaktadir.

Katmanli imalat yontemleri 6zellikle prototip dogrulamasi, 6zel parga imalat1 ve ara islem gerektiren pargalarin
tek seferde basilmasinda yaygin bir sekilde kullanilmaktadir. Ancak, tezgahlarin maliyetleri ve kiiclik
boyutlari, hammadde olarak kullanilan metal tozlarinin “gaz atomizasyonu” benzeri tekniklerle ve haliyle yiik-
sek maliyette temini, bu yontemlerin otomotiv, beyaz esya gibi ¢ok agir rekabetin oldugu sektorlerde yaygin
olarak kullanilmasina engel olusturmaktadir. Havacilik malzemeleri nispeten pahali oldugu i¢in katmanh
imalat uygulamalar siklikla bu sektorde kendine yer bulmaktadir. Teknolojinin gelismesi ve imalat alaninda
geleneksel yontemlerin beklentilere karsilik verememesi katmanli imalat yontemlerini akademik alanda ve
sirketlerin ar-ge birimleri tarafindan arastirilan popiiler konulardan birisi haline getirmistir. Bu yenilik¢i ve
devrimci imalat yontemlerinin 6niindeki en bilyiik engellerden birisi malzemelerin olusturdugu sinirlamadir.
Siirsiz  tasarimin {irline donistiiriilebildigi bu yodntemlerde sadece belirli malzemelerle {iretim
gerceklestirilmektedir. Kullanilan malzemelerdeki sinirlamalar ve yontemlerin hala pahali olmasi bu
teknolojinin genis kitlelerce ve seri iiretimde kullanilmasini sinirlandirmaktadir.

Malzeme bilimindeki gelismeler, teknolojik ¢alismalardaki ilerlemeler ve sektorlerdeki talepler géz Oniine
alindiginda katmanli imalat yontemlerinin; medikalden, insaat sektoriine; makineden, elektronik sektdriine ve
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dolayisiyla uzay-havacilik, otomotiv, bilisim, gida, onarim ve daha bir¢ok alanda geleneksel imalatin yerini
alacak yenilik¢i ve devrimci bir yontem olarak gelecege emin adimlarla ilerlemektedir. Katmanli imalat
yontemleri simdiden geleneksel ve yiiksek teknoloji sektorlerini etkilemekte ve endiistriyel doniisiimiin bir
pargasi oldugunu goz oniine sermektedir.
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Abstract

In this research, environment-friendly composite membranes based on alginate (ALG) and bioglass nanoparticles (BGs)
were prepared by the solvent casting technique and utilized as adsorbents for the elimination of methylene blue (MB)
from water. Zeta potential of the particles was determined to be -24.9 mV by laser dynamic light scattering (DLS), and
their sizes were found to be 773 and 777 nm by transmission electron microscopy (TEM) and DLS analysis, respectively.
Atomic force microscope (AFM) analysis revealed that increasing the BGs content from 1 to 5% w/v caused the root
mean square roughness of membranes to increase from 159.38 to 182.03 nm. The adsorption process was successfully
modeled and optimized using a hybrid response surface methodology integrated central composite design (RSM-CCD).
A statistical analysis was utilized to examine and optimize the effects of three important independent variables
(concentration of BGs (1-5% w/v), pH of the solution (3-9), and initial dye level (15-45 mg L)) on MB adsorption
performance. The findings indicated that the quadratic model was suitable for prediction of MB's removal. Optimized
experimental parameters were found to be a pH of 9, a contact time of 120 min, an initial MB concentration of 45 mg L-
!, and a BGs concentration of 1% (w/v). Freundlich isotherm and pseudo-second-order kinetic models were found to be
the best-fitting models in isotherm and kinetic studies, respectively. Dubinin-Radushkevich (D-R) isotherm model
predicted a chemical mechanism for MB adsorption onto the composite alginate membranes.

Keywords: Alginate, Bioactive glass, Methylene blue, Optimization, Response surface method

Oz

Bu ¢alismada, solvent ¢oziicii dokiim yontemi ile aljinat (ALG) ve biyocam nanopartikiil (BGs) bazli ¢evre dostu kompozit
membranlar hazirlanmis ve metilen mavisinin (MB) sudan uzaklastirilmast igin adsorban olarak kullanimustir.
Partikiillerin zeta potansiyeli, lazer dinamik 151k sagilimi (DLS) ile -24,9 mV olarak belirlenmis ve boyutlar, transmisyon
elektron mikroskobu (TEM) ve DLS analizi ile swrasiyla 773 ve 777 nm olarak bulunmustur. Atomik kuvvet mikroskobu
(AFM) analizi, BGs igeriginin %l1'den %5'e ¢tkarilmasiin, membranlarin karekok ortalama piiriizliiliigiiniin 159,38
nm'den 182,03 nm'ye ¢tkmasina neden oldugunu ortaya koymustur. Adsorpsiyon siireci, hibrit cevap yiizey metodolojisi
ile biitiinlesmis merkezi bilesik tasarim (RSM-CCD) kullanilarak basaril bir sekilde modellenmis ve optimize edilmistir.
Us onemli bagimsiz degiskenin (BGs konsantrasyonu (%1-5 a/h), soliisyonun pH't (3- 9), ve baslangi¢ boya
konsantrasyonu (15-45 mg LY)) MB adsorpsiyon kapasitesi iizerindeki etkilerini degerlendirmek ve optimize etmek igin
istatistiksel analiz gerceklestirilmistir. Sonuglar, ikinci dereceden modelin MB'nin uzaklastirilmasinin tahmini igin uygun
oldugunu ortaya koymustur. Optimize edilmis deneysel parametreler, pH=9, 120 dk temas siiresi, 45 mg L baslangi¢
MB konsantrasyonu ve %l (a/h) BGs konsantrasyonu olarak tespit edilmistir. Freundlich izotermi ve yalanct ikinCi
dereceden kinetik modellerinin sirasiyla izoterm ve kinetik ¢alismalarda en uygun modeller oldugu bulunmustur.
Dubinin-Radushkevich (D-R) izoterm modeli, kompozit aljinat membranlara MB adsorpsiyonu igin kimyasal bir
mekanizma 6ngormiistiir.
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1. Introduction

Hazardous dye concentrations in waste water are increasing as a result of industrial activity, which has been
considered a significant environmental issue worldwide (Oladipo et al., 2014; Tkaczyk et al., 2020). Many
treatment approaches, such as chemical coagulation, various forms of oxidation processes, and biological
processes, are being investigated for elimination of toxic dyes like methylene blue (MB) (Nidheesh et al., 2018;
Katheresan et al., 2018; Baloch et al., 2018). Adsorption is regarded as promising treatment approach among
these because of its affordability, simplicity, eco-friendliness, and high efficacy (Dlamini et al., 2020).
Elimination of dyes from aqueous solutions has been accomplished over the last few decades using a variety
of natural and synthetic adsorbents (Zhou et al., 2019; Mensah et al., 2022; Suba & Rathika, 2016). However,
due to technological or economic limitations, the majority of these adsorbents were not applied on a widespread
scale. Thus, there is a significant need for the creation of new, inexpensive adsorbents that are also effective,
such as those made of natural materials (Allouss et al., 2019).

A silica-based material, such as bioglass (BGs), has a wide range of uses as catalytic support, adsorbents, and
catalysts owing to its superior surface qualities when compared to zeolites and clays. Because of the surfaces'
negative charges, BGs can be considered good MB adsorbents (Li et al., 2016). However, the use of BGs in
powder form restricts their recovery and reusability (Godiya et al., 2019). Designing composite adsorbents by
incorporating BGs into biopolymers could be considered one of the most efficient approaches to address this
problem.

Due to their affordability, biocompatibility, and environmental friendliness, natural polysaccharide-based
adsorbents like sodium alginate (ALG) have recently attracted a lot of attention for their ability to eliminate
water contaminants. (Godiya et al., 2019; Sabbagh et al., 2021; Wang et al., 2019). Furthermore, existence of
hydroxyl and carboxylic groups on ALG makes it a promising adsorbent for electrostatic interactions with
cationic dyes (Djelad et al., 2019). ALG has been demonstrated to form promising composite adsorbents with
organic and inorganic components, and both composites were shown to be efficient at MB adsorption (Alver
et al., 2020; Boukoussa et al., 2021; Boukhalfa et al., 2019). Numerous operating factors interact nonlinearly
during the adsorption process. Owing to the high number of experimental runs and time commitment, the
comman and traditional strategy for adsorption optimization seems to be no longer practical in this situation
(Allouss et al., 2019; Karimifard & Moghaddam, 2018). The adsorption process is optimized by researchers
utilizing statistical experimental design methods like response surface methodology (RSM) to overcome these
limits. RSM is known as an effective mathematical and statistical method for carrying out experiments and
building models by simultaneously changing a number of operating factors. RSM’s main objective is to
establish ideal working conditions quickly and with the fewest possible experiments (Ma et al., 2019). Among
the several response surfaces designs, the central composite design (CCD) is one of the most effective and
fruitful designs because it can evaluate variables of the quadratic model, produce serial designs, and notice a
model-related lack of fit (Sabbagh et al., 2021). As far as I'm aware, no research has been done on removal of
MB from aqueous solutions utilizing ALG-BGs membranes with precision RSM-CCD-based optimization.

In this study, BGs were prepared using the Stober method, and then alginate membranes including varying
concentrations of BGs (1, 3, and 5% w/v) were produced using the solvent casting approach, which was then
crosslinked with calcium chloride. The developed membranes were used as adsorbents to take MB out of
water.

Variables affecting MB removal efficiency, such as initial MB level, BGs level, and solution pH, were
optimized using RSM-CCD. Furthermore, the obtained data were analyzed using isotherms (Langmuir,
Freundlich, and Dubinin-Radushkevich) and kinetics (pseudo-first-order and pseudo-second-order) models to
better examine adsorption behavior and mechanism. It should be noted that characterization of obtained
samples is not the primary aim of this study.
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2. Material and method
2.1. Materials

Ethanol (98%), calcium nitrate tetrahydrate (99%), sodium alginate, and tetraethyl orthosilicate (TEOS, 98%)
were purchased from Sigma-Aldrich, Germany. Ammonium hydroxide (28%), HCI, CaCl,, and NaOH were
received from Tekkim, Turkey. MB was provided from Pancreac, Spain.

2.2. Synthesis of bioglass

The BGs were synthesized according to my previous work (Tiire, 2019). Briefly, a solution including 10 ml of
ethanol, 4.5 ml of ammonium hydroxide, and 15 ml of deionized water was incorporated into another solution
having 25 ml of ethanol and 3 ml of TEOS. After 30 minutes of stirring, 1.59 g of calcium nitrate tetrahydrate
were added. The suspension was mixed for 90 minutes and centrifuged at 5000 rpm for 10 minutes. Resulting
slurry was then rinsed with a water-and-ethanol solution (2:10 v/v). Then, leftovers were dried overnight at 60
°C and calcined for 2 hours at 700 °C.

2.3. Preparation of bioglass-containing alginate membranes

ALG powder was dissolved in deionized water utilizing magnetic stirrer at 25°C to obtain an ALG mixture
(2% w/v). To make BGs-filled alginate membranes, a suitable number of BGs (1, 3, and 5% w/v) was added
to solution, which was then homogenized at 2000 rpm for 20 minutes (WVR VDI 25, Germany). Then, the
obtained solution was sonicated using a digital ultrasonic bath (WF-UD®6, 50 kHz, Turkey) for 30 minutes at
40 °C. After that, mixture was put into petri dishes and dried for 48 hours at 40 °C. Following the drying stage,
the films were removed from the petri plates and were cut into 25-mm-diameter discs. Then, the prepared films
were soaked in 100 mL of a 2% (w/v) CaCl; solution for 10 minutes to allow cross-linking. Finally, films were
treated several times with deionized water to eliminate any remaining CaCl, and dried for 24 hours at 40 °C.
Samples are coded based on the amount of bioglass they contain; for example, ALG-1 is a membrane that
includes 1% (w/v) BGs.

2.4. Transmission electron microscopy (TEM)

BGs were dissolved in deionized water using magnetic stirrer for 10 minutes at a concentration of roughly 0.1
g/L for TEM examination. Thereafter, a transmission electron microscope was used to quickly collect
micrographs after pipetting a single drop of solution onto a carbon-coated grid without any additional steps.
(Hitachi HighTech HT7700, Japan).

2.5. Analysis of the zeta potential, particle size, and the polydispersity index of BGs

A laser-based dynamic light scattering device (Malvern Instruments, UK) was utilized to measure the zeta
potential, polydispersity index (PDI), and particle size of BGs at room temperature. Measurements were carried
out after suspending the powdered BGs in water at pH 6.4.

2.6. Atomic force microscopy (AFM)

Tapping mode was used to perform AFM measurements (Picoforce SPM, US). Standard silicon cantilevers
with spring constants of 40 N m™ were utilized. Maximum scan rate used for the measurements was 1 Hz.
Three AFM height pictures taken at three separate locations on the membranes were used to calculate the root
mean square roughness (Rq).

2.7. Process variables and RSM

BGs concentration, pH of the MB solution, and initial MB level were chosen as three independent variables to
examine their effects. These factors were selected in accordance with publications in the literature on dye
adsorption and the results of preliminary laboratory tests. Contact time, agitation speed, and temperature were
set at 120 minutes, 150 rpm, and 25+2 °C, respectively. Design-Expert statistical software package 8.0 was
utilized to create all of the trials, producing 20 runs for the face central CCD mode (Table 1).
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Table 1. CCD experimentation factors and levels

Factors Levels
(A) pH Low Central High
(B) BGs concentration (w/v)

(C) Initial dye concentration (mg/L) 1) 0 ¢+
Runs A B Cc
1 3 1 15
2 3 5 15
3 3 3 30
4 3 1 45
5 3 5 45
6 6 3 15
7 6 1 30
8 6 3 30
9 6 3 30
10 6 3 30
11 6 3 30
12 6 3 30
13 6 3 30
14 6 5 30
15 6 3 45
16 9 1 15
17 9 5 15
18 9 3 30
19 9 1 45
20 9 5 45

2.8. Adsorption experiments

Adsorption studies were carried out in beakers including 25 mL of a known concentration of MB solution (15-
45 mg/L) and an adequate weight of ALG-BGs membranes. The beakers were shaken in an orbital shaker
(WiseCube, WIS-20R, Germany) at a constant speed of 150 rpm for 120 minutes. Adsorption experiments
were performed at 25 +2 °C and at pH (3- 9). Based on the RSM-CCD approach, operating parameters
including BGs concentration, initial MB level, and pH were researched and adjusted for maximal MB
elimination. Following the reaction period, the membranes were simply removed, and amount of the dye
adsorption was evaluated utilizing a UV-vis spectrophotometer (Shimadzu-UVmini-1240) at 664 nm. The
following formula was used to get the adsorption capacity:

_ (Co=Ce) xV
- m

Qe 1)
where Ce (mg/L) and Co (mg/L) are equilibrium and initial dye levels, respectively; m (g) is weight of dry

adsorbent, and V (L) is volume of dye solution.
3. Results and discussion
3.1. Characterization of adsorbents

The particles were spherical in form and had an average diameter of 773 nm, according to TEM analysis
(Figure 1). The size of the obtained particles was estimated by DLS analysis to be 777 nm, which is in line
with the result of TEM analysis. The particles displayed a narrow particle size distribution with a PDI of about
0.3, which is typical of highly monodispersed systems, according to DLS analysis (Mostafa et al., 2021). DLS
analysis also showed that the particles' zeta potential was found to be -24.9 mV, indicating that the BGs were
negatively charged and thus sufficiently stable in water to be used in the development of composite membranes
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(Zheng et al., 2017; Zheng et al., 2018). In the previous study, it was detected that zeta potential value and the
size of the particles obtained by same method were higher. The reason for this can be clarified by the fact that
the addition of copper causes an increase in the diameter and zeta potential value of the particles (Tiire, 2019).

0.78 pm

0.77 pm

0.78 ym

Figure 1. TEM image of obtained BGs particles

The AFM 3D-surface images of the ALG-1, ALG-3, and ALG-5 samples are demonstrated in Figure 2

ATG-1 ALG-3

Figure 2. AFM-3D surface ALG membranes containing 1-5 % w/v BGs

AFM was used to assess the roughness of alginate membranes and the effect of BGs addition. The Rq values
of ALG-1, ALG-3 and ALG-5 membranes were calculated as 159.38, 168.17 and 182.03, respectively. More
uniform BGs dispersion and homogenous morphological structures produced by intermolecular interactions
between various phase constituents are two factors that contribute to lower surface roughness (Abdullah et al.,
2019). Dziadek et al. (2015) also reported surface roughness increased when bioactive glass particles were
incorporated into Poly(e-caprolactone) films. The properties of bioglass-containing alginate membranes, such
as swelling, mechanical properties, and interactions between ALG and BGs, can be obtained from my
previously published work (Tiire, 2019).
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3.2. RSM modeling using CCD

The typical "one factor at a time" optimization used in adsorption procedures to achieve maximal dye removal
is time-consuming and labor-intensive. RSM has recently been shown to be a successful strategy for reducing
experimentation costs and time. In this section of the experiment, RSM and CCD were used to determine the
ideal circumstances for removing MB from ALG-BGs membranes (Al-Sakkari et al., 2020). The following
second-order polynomial equation represents the most prevalent empirical model in RSM that explains how
design parameters relate to response (Allouss et al., 2019).

Y = Bo+ X Bixi + Xy Xhoir By xixy + Xieq Bux? )
where, fo represents constant coefficient, coefficients for linear, interaction, and quadratic terms are i, f;; and
Sii li, respectively, k indicates number of independent factors, xi and x; are input variables, and Y is predicted
response used as dependent variable.

The mathematical equation that explains how the current adsorption process responds to three selected
variables given by the software is as follows:

Q, = 15.08 + 0.134 — 1.25B + 4.74C + 0.02AB + 0.54AC — 0.46BC — 0.304% + 0.35B%2 — 1.01C? (3)

Table 2. ANOVA analysis of MB removal

Source Sumofsquares df  F-value pvalue

Model 249.39 9 120.63  <0.0001 significant
A 0.1701 1 0.7406  0.4096

B 15.66 1 68.19 <0.0001

C 224.38 1 976.76  <0.0001

AB 0.0042 1 0.0182  0.8952

AC 2.31 1 10.06 0.01

BC 1.71 1 7.43 0.0213

A? 0.2418 1 1.05 0.3291

B? 0.3415 1 1.49 0.2507

c? 2.79 1 12.12 0.0059

Residual 2.30 10

Lack-of-fit 0.9887 5 0.7556  0.6170  not significant
Pure error 131 5

Cor total 251.69 19

R? 0.9909

R2Adj 0.9827

The information in Table 2 shows the R? value (0.9909) and adjusted R? value (0.9827 values) are highly
correlated and, as a result, are in good settlement for quadratic model. This implies a link between process
variables and response, which is very well explained by quadratic model. The R? value of 0.9909 shows that
proposed mathematical model can explain 99.09% of the total variation in MB adsorption data and that it
cannot explain just 0.91% of the total variation. According to the ANOVA findings (Table 2), model’s F-level
of 120.63 and p-level of 0.0001 indicate it is statistically important. Furthermore, p-values were used to assess
the relevance of each of linear terms (A, B, and C), interaction terms (AB, AC, and BC), and quadratic terms
(A%, B2, and C?) on the response. The literature states that a p-value of less than 0.05 for each factor in an
ANOVA table indicates that related factor is significant at a 95% confidence level. Since the p-values for the
BGs concentration (B), initial dye concentration (C), AC, BC, and C? are all less than 5%, these terms were
all chosen as highly important model terms. Terms B (BGs concentration) and C (initial dye level) in the tested
range are important parameters favorably affecting the MB adsorption on ALG-BGs, based on data in Table
2. Term B has negative coefficient values, indicating that these factors have a negative impact on response
(i.e., adsorption capacity declines). According to the results of the ANOVA, lack of fit is not important in
comparison to error, so that model adequately explains the data (Marzban et al., 2021).
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In Figure 3, 3D-response surface plots for the MB adsorption capacity illustrate graphical representations of
the regression equation. From these graphical representations, it is obvious that capacity of MB adsorbed gets
increased with a rise in the initial MB level, which enhances interaction between MB and ALG-BGs
membranes. pH of solution had little impact on adsorption process, and increasing the pH was beneficial.
Marzban et al. (2021) reported a similar observation in alginate beads containing kaolin. However, the
adsorption capability of the membranes reduced as the BGs concentration increased. Optimized experimental
parameters providing the highest measured MB removal (99.56%) are: agitation speed of 150 rpm, T = 2542
»C, initial dye concentration of 45 mg™, time of 120 min, pH of 9, 0.05 g, and BGs concentration of 1% (w/v).

a)

Qe
\f

B: BGs concentration %

C: Initial dye concentration21,00 200 B: BGs concentration

15,00 1,00

Figure 3. Effects of (a) BGs concentration-pH, (b) initial dye level-pH, and (c) initial dye

concentration-BGs level on yield of MB elimination by ALG-1 membranes are shown in 3D surface
plots

3.3. Verification of models

To validate the model, comparison graphs and diagnostic plots have been studied. The residuals' placement
close to the straight line, as seen in Figure 4, supports the model's fitting. Figure 5(a) shows the probability of
the outcomes plotted against the residuals. There is no stray point in the line. The residuals and predicted
responses are displayed in Figure 5 (b). The red line's upper limit contains all of the data. Thus, it can be said
that the model is appropriate. Figure 5(c) depicts a comparison of the actual and projected values. The linear
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line becomes the center of all points. Given these findings, it is reasonable to infer that the suggested
mathematical model was suitable and efficient for the evaluation of MB adsorption by ALG-BGs membranes.
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Figure 4. Diagnostic plots of residuals against factors
3.4. Isotherms studies

Adsorption tests using an ALG-1 membrane were carried out with starting MB levels ranging from 5 to 45 mg
L™ in order to learn more about how the initial MB level impacts the effectiveness of the adsorption process.
The pH and contact time in this experiment were kept constant at 9 and 120 min, respectively. To accurately
describe the relationship between MB and ALG-1 adsorbents at equilibrium, various models, including the
Langmuir, Freundlich, and Dubinin-Radushkevich (D-R) isotherms, were utilized to explain results. These
models provide some understanding of how the accessible adsorption sites are distributed throughout the
surface of adsorbent and aid in understanding mechanism of adsorption.
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Figure 5. Diagnostic plots of normal probability against residuals (a), residuals against predicted
responses (b), and predicted results against actual results (c)

Linear forms of Langmuir, Freundlich, and Dubinin-Radushkevich isotherms are defined by equations (4), (5),
and (6), respectively (Allouss et al., 2019).

1 1 1

de dm bqmCe ( )
log q. = log Kr + (%) log C, (5)
In(q,) = In(q,,) — Be? = RT(In (1 + Cie) (6)

where g represents the equilibrium adsorption capacity (mg g*), C. indicates dye level at equilibrium (mg L
1, b shows Langmuir constant (L mg™), gm demonstrates maximum capacity for adsorption (mg g?), Kr
represents Freundlich constant, n is heterogeneity factor and 5 shows a constant linked to free energy (mol? kJ
%), R and T indicates the gas constant (8.314 J/ mol/K), absolute temperature (K), respectively. Linear fitting
of Langmuir and Freundlich models to equilibrium data is shown in Figures 6 (a) and (b), respectively.
Experimental constants for Langmuir and Freundlich are demonstrated in Table 3. We can reasonably infer
from the high correlation coefficient (R?) that Freundlich model offered a more accurate description of the
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isotherm data when ALG-1 was used as an adsorbent. This demonstrates that MB is adsorbed onto the ALG-
BGs membrane using a multilayer process on a heterogeneous surface (Marzban et al., 2021). Freundlich
isotherm was utilized to reveal adsorption of MB onto hydrogel beads made of carboxymethyl cellulose,
alginate, and graphene oxide, according to Allouss et al. (2019). In addition, results showed that Kr was 2.06
for linear approaches of the Freundlich adsorption isotherm that is in range of 1-20, which would be considered
promising for adsorption. Similar to this, if the value of n is greater than 1, adsorption intensity indicated by n
reveals the suitability of the model for adsorption purposes (Batool et al., 2018).

Experimental adsorption data have been fitted employing Dubinin-Radushkevich isotherm model to
investigate whether adsorption is a chemical or physical process (Figure 6 (c)). Table 3 contains the D-R
isotherm constants for this model's adsorption free energy and the maximum adsorption determined by eq (7)
for each. The following equation was employed to calculate mean free energy of adsorption (Ea) using value
of D-R isotherm constant (p):

Ea =— @)

On the basis of the literature, chemisorption is the rate-limiting step when free energy (Ea) value is higher than
16 kJ mol*, while physisorption is appropriate when the value is less than 8 kJ mol™ (Tan et al., 2018; Allouss
etal., 2019). Since the value of E, in this study was higher than 8 kJ mol™ (Table 3), it is possible that chemical
binding is the cause of the MB adsorption on the ALG-1 membrane. This leads to the conclusion that chemical
processes rather than physical processes underlie the majority of MB binding to the ALG-BGs.
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Figure 6. Linear fitting plots of the (a) Langmuir, (b) Freundlich, and (c) Dubinin—
Radushkevich isotherms.
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Table 3. Parameters of the isotherm for MB adsorption on the membranes of ALG-1

Models Parameters Values
gm (Mg g*) 3.92

Langmuir b (L mg™?) 0.16
R? 0.9361
Kr 2.06

Freundlich n 2.01
R? 0.9867
am (Mg g™) 17.53

B (mol?K2?  2x10°
Ea (KJ mol™) 500
R? 0.9399

Dubinin-Radushkevich

3.5. Adsorption Kkinetics

The kinetics of adsorption were evaluated using an ALG-1 sample with an initial MB level of 45 mg *, pH of
9.0, and a contact time of 5 to 120 min. To understand adsorption kinetics of MB onto ALG-1 membrane,
pseudo-1%-order and pseudo-2"-order models were used to fit experimental results (Ma et al., 2019). Eq (8)
represents equation of a pseudo-1*-order kinetic model.

In(q, — q¢) = Inq, — k4t (8)

where de and g indicate amounts of dye adsorbed on adsorbent (mg g?) at equilibrium and at time t,
respectively, and ki is equilibrium rate constant of pseudo-1st-order model (min™), Table 4 shows levels of
rate constant ki, predicted ge , and R%

Linear equation for the pseudo-2* order kinetic model is depicted in equation below:

= ©)

ar  k20¢%  de

where g and q; indicates adsorption capacities (mg g*) at equilibrium and time (t), respectively, and k; is
pseudo-2"-order model's equilibrium rate constant (g mg™ min™). Table 4 lists values of rate constant ko,
predicted g, and R2.

Adsorption kinetics parameters for pseudo-1%-order and pseudo-2"*-order models, respectively, were estimated
using linear plots in Figures 7 (a) and (b), and findings are listed in Table 4. The information in Table 4
indicates that pseudo-second-order kinetic model's R? for a level of 45 mg L™ is significantly higher than
pseudo-first-order kinetic model's R% The fact that theoretical g. values agree with the experimental data
reveals that this adsorption process is governed by pseudo-second-order kinetics. The pseudo-second-order
model, in which amount of accessible active sites in the ALG-BGs adsorbent greatly influences MB adsorption
efficiency, is therefore a better fit for experimental kinetic data for MB adsorption (Allouss et al., 2019; Alver
et al., 2020).

Table 4. Parameters for kinetic model of MB adsorption on the ALG-1 membrane

Models Parmeters Values
Pseudo-first order Kinetic e, exp (Mg g ™) 2.86

ki (min™) 0.00027

Qe, calc (mg gl) 15-5

R? 0.8913
Pseudo-second order Kinetic es exp (Mg ) 155

k2 (g mgtmin™) 0.03116

Ge, cate (MY g) 15.7

R? 0.9997
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Figure 7. Kinetics of adsorption of MB dye on ALG-1 membrane: (a) Pseudo-first order-kinetic; (b)
Pseudo second-order kinetic models

3.6. Proposed adsorption mechanism

The nature of an adsorbate, the characteristics of an adsorbent, and any potential interactions between an
adsorbate and an adsorbent all affect how a pollutant is absorbed onto that material. A model of the MB
adsorption mechanism was presented (Figure 8). The electrostatic forces and hydrogen bonds formed by the
free Si-O- present in BGs, as well as some alginate OH groups that did not interfere with the crosslinking
process, could be used to deduce the MB dye removal mechanism. As shown, the mechanism is connected to
two different interactions. The electrostatic attraction force was attributed to the first interaction, which results
from the difference in charges between the molecules of MB and surface material of the BG. Hydrogen
bonding between dye's amine groups and the hydroxyl groups in adsorbent membranes was said to be
responsible for the second one (Boukoussa et al., 2021; Mokhtar et al., 2020).

. v l,, ,—“’
MB OH O hydrogen electrostatic
bonding attraction

Figure 8. Proposed adsorption mechanism of MB on ALG-BGs membrane
4. Conclusions

In this work, BGs particles obtained by the modified Stéber method were incorporated into an alginate
biopolymer to prepare composite membranes for the removal of MB dye. DLS analysis and TEM results
showed that BGs particles exhibited good water dispersibility and were homogeneous in size and form.
According to an AFM analysis, the roughness of the membranes increased with BGs concentration. An
efficient and trustworthy strategy for maximizing adsorption parameters for MB removal was offered by the
RSM-CCD model. Significant regression coefficients were achieved (R*value 99.09% and adjusted R*-value
98.27%), which demonstrated that adsorption process is controlled by a polynomial quadratic model. At pH =
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9, initial MB level of 45 mg L, and BGs concentration of 1% w/v, the optimal values were found, at which
point maximum removal rate was attained. The Freundlich model provided a good description of experimental
data on adsorption. (R?= 0.9867). Kinetics studies indicated that the MB adsorption process on ALG-1
membrane was dominated by a pseudo-second-order mechanism (R?= 0.9997). Based on value of E, obtained
from D-R model, the dominant mechanism of MB adsorption was chemical adsorption. Due to their
biocompatibility and biosafety, the produced ALG-BGs membranes could therefore be used as candidates for
the removal of dye pollutants.
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Oz

Beyaz hindiba yapraklarindan fenolik bilesiklerin ultrasonik destekli ekstraksiyonu i¢in deneysel kogullari optimize etmek
amactyla bes seviyeli bes faktorlii yanit yiizey yontemi kullanilmigtir. Yanit verileri olarak toplam fenolik madde ve
antioksidan kapasite secilerek bes bagimsiz degisken; siire (dk), HCI derisimi (mol/L), sicaklik (°C), sivi/katt orani (mL/g)
ve metanol derisimi (%) kullanilarak 48 deney gerceklestirilmistir. Optimizasyon sonucunda en yiiksek toplam fenolik
madde icin optimum kosullar, sicaklik 73 °C, siire 69 dk, metanol derisimi %84, HCI derigimi 0.57 mol/L ve sivi/kati
orani 33.97 mL/g olarak belirlenmistir. En yiiksek antioksidan kapasite i¢in optimum kosullar sicaklik 73 °C, siire 69 dk,
metanol derisimi %85, HCI derisimi 0.47 mol/L ve sivi/kat1 oran1 33.99 mL/g olarak belirlenmistir. Belirlenen optimum
kosullarda gergeklestirilen ekstraksiyon sonucunda elde edilen beyaz hindiba ekstraktinin toplam fenolik madde igerigi
33.5+0.5 mg GAE/g kuru bitki ve antioksidan kapasite 7.2+0.1 mg TE/g kuru bitki olarak bulunmustur.

Anahtar kelimeler: Antioksidan kapasite, Cichorium intybus L, Fenolik madde, Kemometrik optimizasyon, Yanit yiizey
yontemi

Abstract

In order to optimize the experimental conditions for the ultrasonic assisted extraction of phenolic compounds from chicory
leaves, a five level five factor central composite design response surface methodology was used. Total phenolic content
and antioxidant capacity were selected as the response and 48 experiments were performed using five independent
variables, time (min), HCI concentration (mol/L), temperature (°C), liquid/solid ratio (mL/g) and methanol concentration
(%). As a result of optimization, optimum conditions, for maximum total phenolic content were determined as temperature
73 °C, time 69 min, methanol 84%, HCI concentration 0.57 mol/L and liquid/solid ratio 33.97 mL/g. The optimum
conditions, for maximum antioxidant capacity were temperature 73 °C, time 69 min, methanol 85%, HCI concentration
0.47 mol/L and liquid/solid ratio 33.99 mL/g. The total phenolic content of white chicory extract obtained as a result of
extraction under optimum conditions was determined as 33.5+0.5 mg GAE/g dried plant and antioxidant capacity as
7.2+0.1 mg TE/g dried plant.

Keywords: Antioxidant capacity, Cichorium intybus L., Phenolic substance, Chemometric optimization, Response surface
methodology
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1. Giris
1. Introduction

Ulkemizde beyaz hindiba olarak bilinen Asteraceae (papatyagiller) familyasina ait Cichorium intybus L.,
Hindistan, Kuzey ve Giiney Avrupa ve Tiirkiye'de yaygin olarak bulunmaktadir. Bu tiiriin kokeni Avrupa-
Akdeniz olarak kabul edilmektedir. Hindiba, kdkleri i¢in yetistirildiginde sicak ve nemli bir iklim gerektirir;
fakat tohum igin yetistirildiginde, kuru iliman iklime sahip boélgelerde (orta Asya, kuzey Afrika, dogu ABD,
Avustralya) daha iyi yetistirilmektedir. (Bais & Ravishankar, 2001; Wang & Cui, 2011; Al-Snafi, 2016).
Yaygin dagilimi nedeniyle bitkinin pek ¢ok kismi diinya ¢capinda geleneksel ilaglarda kullanilmistir. Tiirk halk
hekimliginde de kokleri ve yapraklari gesitli amaglar igin kullanilmistir (Sezik vd., 1991).

Beyaz hindiba (C. intybus L.), yaklasik 80-90 cm yiikseklige, 20-100 cm uzunlugunda genis yapraklara,
genellikle parlak mavi, nadiren beyaz veya pembe ¢iceklere ve yaklasik 75 cm uzunluga, etli kazik koklere
sahip, oldukca odunsu ve cok yillik bir bitkidir. Temmuz'dan Eyliil’e kadar ¢icek acmaktadir. Ogle vakti
cicekler kapanir ve sabah saatlerinde tekrar agilir. Bu bitkinin pek ¢ok bolgesi oldugu gibi kok kismi da sifali
olarak kullanilir ve iniilin, seker gibi bilesenlerden olusmaktadir. Kok kismi ucucu yag ve glikozitler
icermektedir. Basta C vitamini olmak {izere vitamin bakimindan da oldukga zengin bir bitkidir (Kaya vd.,
2004; Khaghani, 2012; Dalar & Konczak 2014; Tungtiirk vd., 2018).

Beyaz hindiba’nin tedavi amagh kullanimi insanlik tarihiyle baglamistir. Uzun kullanim gelenegine ragmen,
bitki Avrupa Farmakopesi'nde veya bir Avrupa Birligi Uye Devletinin herhangi bir resmi farmakopesinde
tanimlanmamustir. (Cadalen vd., 2010; Al-Snafi, 2016). Beyaz hindiba bitkisinde tespit edilen ¢esitli besinsel
acidan 6nemli bilesikler, zengin ve ¢ok yonlii besin bilesimini gostermistir. Karbonhidratlar, fenolik bilesikler,
flavonoidler, yag ve amino asitler, laktonlar, vitaminler, mineraller, antosiyaninler, iniilin, alkaloidler,
kumarinler, seskiterpenler, doymamis steroller, klorofil pigmentleri, saponinler, sinnamik ve kinik asit
tirevleri gibi bir dizi 6nemli bilesik icermektedir ve bu iceriklerinden dolay1 biiyiik bir kullanim alani
zenginligine sahiptir (Molan vd., 2003; Muthusamy vd., 2008).

Tibbi amaglar i¢in en yaygin kullanim sekli bitkinin taze ve kurutulmus formudur (Janda vd., 2021). Yapraklar
iyl bir potasyum, kalsiyum ve fosfor kaynagi iken, A ve C vitaminleri acisindan da oldukc¢a zengindir
(Mulabagal vd., 2009; Koner vd., 2011). Hindiba ekstraktlar1 enerji igecegi iiretimi i¢in kullanilirken, hindiba
koklerinden etanol ve fruktoz surubu iiretiminde faydalanilmaktadir (Bais & Ravishankar, 2001). Bitkinin
kavrulmus kokleri kahve yerine kullanilmistir. Koklerden firinda yakilarak elde edilen kiil, tereyag ile
karistirilarak yara iyilesmesi igin ve cilt bozukluklari tedavisinde de merhem olarak kullanilmistir (Sezik vd.,
1991). Halk hekimliginde bu bitki ishal tedavisinde, karaciger rahatsizliklarinin tedavisinde, akciger hastaligi
ve Oksiiriik tedavisinde, ates ve kusma tedavisinde, tip 2 diyabet tedavisinde kullanmilmistir (Bais &
Ravishankar, 2001; Ahmed vd., 2003; Muthusamy vd., 2008; Street vd., 2013). Ayrica fenolik asitlere atfedilen
ditiretik etkisi de vardir. Unani ve Ayurvedik tip sistemlerinde beyaz hindiba tohumlar etkili bir sekilde
kullanilmastir (Rahimullah vd., 2018). Ek olarak, hindiba hepatoprotektif, antinflamatuar, antioksidan, sedatif,
immiinolojik, kardiyovaskiiler, hipolipidemik, antidiyabetik, antikanser, gastro-koruyucu, antimikrobiyal gibi
bir¢ok biyolojik aktivite de gosterir (Bahmani vd., 2015; Al-Snafi, 2016). Hindibadan izole edilen laktosin ve
laktokosiprin gibi seskiterpenlerin, antibakteriyel ve antimalaryal aktiviteleri bulunmaktadir. Antifungal ve
bdcek oldiiriicii etkilerinin de oldugu pek ¢ok kaynakta ifade edilmektedir (Nandagopal & Kumari, 2007).

Fenolik bilesikler pek ¢ok meyve, sebze ve bitkisel tirlinler de dogal olarak bulunan ve bu iriinlerin renk, tat,
koku gibi ¢esitli spesifik 6zelliklerini olusturan fitokimyasallardir. Dogal antioksidan kaynaklarini genel olarak
bitki fenolik maddeleri olugturmaktadir. Ayn1 zamanda fenolik bilesikler, bitkilerin savunma mekanizmasinda
rol oynayarak viriisler ve parazitler gibi ¢esitli zararlilara kars1 etki gosterirler (Atoui vd., 2005; Huang vd.,
2005; Skerget vd., 2005; Mathew & Abraham, 2006; Bohn, 2014). Son yillarda, fenolik bilesikler igin
ekstraksiyon siiresini kisaltmak, verimi artirmak ve daha az ¢dziicii kullanmak amaciyla yeni ve yesil
ekstraksiyon tekniklerinin gelistirilmesine ilgi artmistir (Chemat vd., 2019; Chen vd., 2018). Bu amagla
ultrasonik destekli ekstraksiyon, mikrodalga destekli ekstraksiyon, siiperkritik akiskan ekstraksiyonu ve
hizlandirilmis ¢oziicii ekstraksiyonu gibi teknikler kullanilmaktadir. Bu ekstraksiyon tekniklerinin de bazi
dezavantajlar1 bulunmaktadir. Mikrodalga destekli ekstraksiyonun, yiliksek maliyetli olmasi ve ¢oziiciilerin
mikrodalga absorplama yeteneklerine gore secilmesi; siiperkritik akigkan ekstraksiyonunun, yiiksek maliyetli
ve matriks yapisina bagl olmasi; hizlandirilmig ¢oziicii ekstraksiyonunda da maliyetin yiiksek olmasi ve
ekstraksiyonun matrise bagimli olmasi1 gibi dezavantajlar1 vardir (Biiyliktuncel, 2012). Bunlarin yaninda
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ultrasonik destekli ekstraksiyon, maliyetinin diisiik olmasi, az zaman almasi ve yiiksek ekstraksiyon verimi
gibi 6zelliklerinden dolay1 bu ¢alismada tercih edilmistir. Ultrasonik destekli ekstraksiyonda 6rnege 20 kHz
ustiindeki frekanslarla akustik titresimler uygulanir. Bu titresimler sivinin iginden gegtiginde kavitasyon
(bosluk olusumu) meydana gelir. Ultrasonik enerjinin neden oldugu kavitasyon olarak bilinen bu etki sivi
ortamda ¢ok sayida ufak kabarciklar {iretir ve katilarin mekanik olarak sarsilmasina neden olarak partikiillerin
kopmasini, hiicre duvarlarinin par¢alanmasini ve hiicre zarinda gergeklesen kiitle transferini saglar (Pan vd.,
2011).

Son yillarda, daha az reaktif kullanimi ve daha az laboratuvar ¢alismasi ile yliriitiilmesi gereken ¢alismalarda
deney sayisinda azalma ve parametreler arasi iligkinin de g6z 6niinde bulundurulmasi gibi avantajlar1 sebebiyle
analitik yontemlerin optimizasyonu i¢in kemometrik yontemler siklikla kullanilmaktadir (Ferreira vd., 2007).
Kemometrik deneysel dizaynin amaci, deney sayisini diisiirmek, maliyeti azaltmak ve zamandan tasarruf
saglamaktir. Deney sayist ve calisilan faktorlerin seviyeleri, kemometrik dizayna gore olusturulan matrise
baghdir (Ferreira vd., 2018). Merkezi kompozit dizayn (CCD), bes seviye iceren iki veya daha fazla
parametrenin optimizasyonu i¢in kullanilan bir yanit yiizey yontemidir. (Bezzera, 2008; Ferreira vd., 2018).
CCD yontemi, istatistiksel analiz yoluyla, sonuglara dayanarak farkli faktorler arasindaki etkilesimi analiz
edebilir. Béylece yapilan islemde rol oynayan faktorler daha kapsamli bir sekilde degerlendirebilir (Youcai &
Tao, 2021).

Bu ¢alismada, beyaz hindiba yapraklarindan antioksidan bilesiklerin ultrasonik destekli ekstraksiyonu igin;
siire (dk), HCI (mol/L), sicaklik (°C), stvi/kat1 (mL/g) ve metanolden (%) olusan bes parametre incelenmistir.
Bu parametrelerin etkisini incelemek igin 5 seviye-5 faktorlii bir merkezi kompozit dizayn olusturularak 48
deney gerceklestirilmistir. Design Expert 7.0.0 programi yardimiyla hesaplamalar yapilarak optimum kosullar
belirlenmistir.

2. Materyal ve metot
2. Material and method

2.1. Materyal
2.1. Material

Ticari olarak satilan beyaz hindiba (C. intybus L.) bitkisinin kurutulmus yapraklari satin alinmistir. Kurutulmus
yapraklar ekstraksiyon oncesi +4 °C’de muhafaza edilmistir. ABTS (2,2’-azino-bis(3-etilbenztiazolin-6-
siilfonik asit), bakir (IT) siilfat pentahidrat, Folin-Ciocalteu reaktifi, sodyum hidroksit, sodyum karbonat,
sodyum-potasyum tartarat tetrahidrat Sigma-Aldrich (St. Louis, MO. ABD)’ten, etanol, hidroklorik asit,
metanol, potasyum persiilfat Merck (Darmstadt, Almanya)’ten satin alinmistir. Tiim deneysel islemlerde
analitik saflikta kimyasallar ve ultra saf su kullanilmistir.

2.2. Ultrasonik destekli ekstraksiyon
2.2. Ultrasonic assisted extraction

Beyaz hindibanin kurutulmus yapraklar1 25 mL’lik cam viallere alinarak iizerine toplam hacim 20 mL olacak
sekilde su, metanol ve hidroklorik asit ilave edilmistir. Ultrasonik destekli ekstraksiyon sicaklik kontrollii
ultrasonik banyo kullanilarak gerceklestirilmistir. Daha sonra ekstrakt stizgeg¢ kagidi ile siiziilerek analize hazir
hale getirilmistir. Siiziilen ekstraktlar analizi yapilana dek +4 °C’de muhafaza edilmistir.

2.3. Deneysel dizayn
2.3. Experimental Design

Merkezi kompozit dizaynda gergeklestirilecek deney sayisi, N = 2% +2k+1 formiilii ile belirlenir. Burada k
parametre sayisidir (Ait-Amir vd., 2015). Merkezi kompozit dizayn yanit ylizey yontemi deney tasarlamaya,
modeller olusturmaya, degiskenlerin veya faktorlerin etkisini degerlendirmeye ve istenen yanitlara yol agan
optimum kosullar1 aramaya yardimc1 olur. Yanit yiizey yonteminin amagclari, beklenen yaniti tahmin etmek
icin yaklasik bir fonksiyon olusturmak ve yanit fonksiyonunun optimizasyonuna yol acan en iyi degisken
degerlerinin belirlenmesidir (Pattanaik vd., 2018).
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Beyaz hindiba ile gergeklestirilen ultrasonik destekli ekstraksiyonda sicaklik, ekstraksiyon siiresi, metanol
yiizdesi, HCI derigsimi ve sivi/kati oranindan olusan bes parametre incelenmistir. Bu parametrelerin etkisini
incelemek i¢in 5 seviye-5 faktorlii bir merkezi kompozit dizayn olusturularak 48 deney gergeklestirilmistir.

Tablo 1. Merkezi kompozit dizaynda kullanilan ger¢ek ve kodlanmis degerler
Table 1. Actual and coded values used in the central composite design

Seviyeler

Faktorler

-2.378 -1 0 +1 +2.378
X1 Sicaklik (°C) 26 40 50 60 74
Xo Siire (dk) 12 40 60 80 108
x3 Metanol (%) 14.3 35.0 50.0 65.0 85.7
x4 HCI (mol/L) 0.41 0.75 1.00 1.25 1.59
Xs Sivi/kati (mL/g) 8.65 16.00 21.33 26.67 34.02

Bu calismada, 3 boyutlu yanit yiizey grafikleri ve ANOVA sonugclar1 degerlendirilerek en yiiksek toplam
fenolik madde ve antioksidan kapasiteyi elde etmek i¢in optimum ekstraksiyon kosullar1 belirlenmistir.

2.4. Toplam fenolik madde tayini
2.4. Total phenolic compound assay

Toplam fenolik madde tayini Folin-Ciocalteu yontemi kullanilarak yapilmistir (Aybastier vd., 2013). Lowry
A ¢ozeltisi %0.4 NaOH ve %2 NayCOs igerecek sekilde saf su ile hazirlanmistir. Lowry B ¢ozeltisi %1
NaKCsH4O0s ve %0.5 CuSOs igerecek sekilde saf su ile hazirlanmigtir. 50:1 (h/h) oraninda Lowry A ve Lowry
B karistirilarak Lowry C ¢ozeltisi hazirlanmistir. Analiz tiiplerine konulan 0.1 mL beyaz hindiba ekstraktinin
iizerine 1.9 mL saf su, 2.5 mL Lowry C ¢ozeltisi ve 1/3 oraninda seyreltilmis 0.25 mL Folin-Ciocalteu ¢ozeltisi
eklenerek tiipler vorteks karistirict yardimiyla karistirtlmigtir. 30 dk karanlikta bekletilen tiiplerin 750 nm’de
UV-Vis spektrofotometresi yardimiyla absorbanslar1 6l¢iilmistiir. Kalibrasyon grafigi i¢in standart gallik asit
cozeltisi kullanilmistir. Elde edilen dogru denklemi kullanilarak beyaz hindiba 6rneklerindeki toplam fenolik
madde igerigi mg gallik asit esdegeri (GAE)/g kuru bitki olarak hesaplanmgtir.

2.5. Antioksidan kapasite tayini
2.5. Antioxidant capacity assay

Antioksidan kapasite tayini ABTS yontemi kullanilarak yapilmistir (Aybastier vd., 2013). ABTS stok ¢ozeltisi
7.0 mmol/L ABTS reaktifi ve 24.5 mmol/L K,S;0s igerecek sekilde saf su ile hazirlanmustir. Bir giin karanlikta
bekletildikten sonra saf su ile 10 kat seyreltilerek kullanilmistir. Her 6rnek i¢in 200 pL 6rnek alinip iizerine
3800 pL etanol ve 1 mL ABTS eklenerek 6 dk sonunda 734 nm de absorbansi UV-Vis spektrofotometresi
yardimiyla okunmustur. Olgiimler sonucunda 6rneklerin ve standartlarin % inhibisyon degerleri
hesaplanmistir. Kalibrasyon grafigi igin standart troloks ¢6zeltisi kullanilmistir. Elde edilen dogru denklemi
kullanilarak beyaz hindiba 6rneklerindeki antioksidan kapasite mg troloks esdegeri (TE)/g kuru bitki olarak
hesaplanmistir.

3. Bulgular ve tartisma
3. Results and discussion

3.1. Ultrasonik destekli ekstraksiyon parametrelerinin optimizasyonu
3.1. Optimization of ultrasonic assisted extraction parameters

Ekstraksiyon parametreleri, merkezi kompozit dizayn yanit yiizey yontemi kullanilarak optimize edilmistir.
Bu ¢aligmada 5 tekrar iceren 48 farkli deney gergeklestirilmistir. Tablo 2°de yapilan tiim deney kosullari ve
mg GAE/g kuru bitki, mg TE/g kuru bitki degerleri verilmistir.
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Tablo 2. Merkezi kompozit dizayn tablosu ve yanit degerleri
Table 2. The table of central composite design and response values

mg

Sicaklhik Zaman Metanol HCI Sivi/kati GAE/g mEJE/g
(°C) (dk) (%) (mol/L) (mL/g) kl_JI’L_I bitki
bitki

1 40.0 80 35.0 0.75 16.00 13.41 2.62
2 60.0 80 65.0 1.25 26.67 26.15 5.00
3 50.0 60 50.0 1.00 21.33 20.50 3.74
4 40.0 40 35.0 0.75 16.00 15.66 2.78
5 60.0 80 35.0 1.25 16.00 19.26 3.18
6 50.0 60 50.0 1.00 21.33 24.37 3.71
7 50.0 60 14.3 1.00 21.33 15.82 3.16
8 60.0 80 35.0 0.75 26.67 24.01 4.76
9 50.0 60 50.0 1.00 34.02 24.67 5.27
10 50.0 60 50.0 1.00 21.33 24.80 4.02
11 50.0 12 50.0 1.00 21.33 20.59 3.60
12 60.0 40 65.0 1.25 26.67 28.26 4.88
13 26.2 60 50.0 1.00 21.33 20.72 3.65
14 50.0 60 50.0 1.00 21.33 22.48 3.81
15 40.0 80 65.0 1.25 26.67 20.41 5.33
16 40.0 80 65.0 0.75 26.67 23.04 5.05
17 40.0 40 65.0 0.75 16.00 17.74 3.07
18 40.0 40 65.0 0.75 26.67 21.71 4.95
19 60.0 80 65.0 1.25 16.00 22.53 2.41
20 73.8 60 50.0 1.00 21.33 32.39 4.68
21 60.0 80 65.0 0.75 16.00 21.23 3.46
22 50.0 60 85.7 1.00 21.33 24.87 4.17
23 60.0 40 65.0 0.75 26.67 30.30 4.68
24 60.0 80 65.0 0.75 26.67 26.73 5.03
25 40.0 40 65.0 1.25 26.67 21.83 4.21
26 50.0 60 50.0 1.00 21.33 21.44 3.70
27 40.0 80 35.0 0.75 26.67 19.55 3.89
28 50.0 60 50.0 0.41 21.33 21.97 4.32
29 60.0 40 35.0 0.75 26.67 20.53 4.85
30 40.0 40 35.0 1.25 26.67 17.94 3.36
31 60.0 40 35.0 1.25 26.67 22.92 4.35
32 40.0 40 35.0 0.75 26.67 15.69 3.89
33 40.0 80 65.0 0.75 16.00 21.36 3.27
34 60.0 40 35.0 0.75 16.00 19.50 3.37
35 60.0 80 35.0 1.25 26.67 21.91 4.42
36 40.0 40 35.0 1.25 16.00 18.17 3.00
37 40.0 80 35.0 1.25 26.67 15.12 4.59
38 50.0 60 50.0 1.00 8.65 15.54 1.88
39 60.0 80 35.0 0.75 16.00 19.91 3.19
40 40.0 40 65.0 1.25 16.00 20.69 3.03
41 40.0 80 35.0 1.25 16.00 15.17 2.67
42 40.0 80 65.0 1.25 16.00 18.53 2.69
43 60.0 40 35.0 1.25 16.00 18.80 3.24
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Tablo 2. Devamu
Table 2. Continuing

Sicaklhik Zaman Metanol HCI Sivi/kati GXE / mg TE/g

(°C) (dk) (%) (mol/L) (mL/g) Kuru bi?ki kuru bitki
44 50.0 60 50.0 1.00 21.33 25.40 4.07
45 60.0 40 65.0 0.75 16.00 20.61 3.36
46 50.0 60 50.0 1.59 21.33 24.54 351
47 50.0 108 50.0 1.00 21.33 18.97 3.98
48 60.0 40 65.0 1.25 16.00 24.39 3.26

En yiiksek toplam fenolik madde igerigi (32.39 mg GAE/g kuru bitki) 73.8 °C, 60 dk, %50 metanol, 1 mol/L
HCI, 21.33 sivi/kat1 oraniyla 20. deney olmustur. En diigiik toplam fenolik madde igerigi (13.41 mg GAE/g
kuru bitki) 40 °C, 80 dk, %35 metanol, 0.75 mol/L HCI, 16.00 sivi/kat1 oraniyla 1. deney olmustur. En yiiksek
antioksidan kapasite degeri (5.33 mg TE/g kuru bitki) 40 °C, 80 dk, %65 metanol, 0.75 mol/L HCI, 26.67
sivi/katt oraniyla 15. deney olmustur. En diisiik antioksidan kapasite degeri (1.88 mg TE/g kuru bitki) 50 °C,
60 dk, %50 metanol, 1.0 mol/L HCI, 8.65 sivi/kat1 oraniyla 38. deney olmustur. Her faktoriin etkileri ve
etkilesimleri bir Design Expert programi 7.0.0 kullanilarak hesaplanmistir. Verilerin gesitli modellerle
hesaplanmasi ve ardindan varyans analizi (ANOVA) ile toplam fenolik madde igeriginin ve antioksidan
kapasitenin en uygun sekilde ikinci dereceden polinom modeliyle tanimlandig1 belirlenmistir. %95 giiven
diizeyinde F degerleri modelin anlamli oldugunu gdstermistir.

3.2. Toplam fenolik madde iceriginin yanit yiizey analizi
3.2. Response surface analysis of total phenolic content

Beyaz hindibanin kurutulmus yapraklarinda antioksidan bilesiklerin ultrasonik destekli ekstraksiyonunda HCI
derisimi, metanol yiizdesi, sicaklik, siire ve sivi/kat1 oran1 ekstraksiyon parametrelerinin etkileri aragtirtlmisgtir.
Her bir katsaymin 6nemi, F degerleri ve p degerleri ile belirlenmistir. Toplam fenolik igeriginin yanit yiizey
analizi, toplam fenolik madde ile ekstraksiyon parametreleri arasindaki iliskiyi ortaya koymustur. F degeri ne
kadar biiyiik ve p degeri ne kadar kiiciikse, karsilik gelen katsay1 o kadar anlamlidir. Bu ¢aligmada, x1, X2, X3,
Xs, XoXa, X2%, X3 Ve Xs* onemli parametrelerdir. X, Xa, X1X2, X1X3, X1X4, X1X5, X2X3, X2X5, X3X4, X3Xs, X4Xs5, X1° V&
Xs> parametrelerinin p degerleri 0.05’ten biiyiik oldugu icin toplam fenolik madde igerigi icin ultrasonik
destekli ekstraksiyon iizerinde daha az etkiye sahiptir. Onemli parametreler ile olusturulan model denklemi
Tablo 3’te verilmistir. Ekstraksiyon parametreleri ile toplam fenolik madde arasindaki iligki, yanit ylizey
grafikleri ile arastirilmistir. Sekil 1’de HCl derisimi ile stirenin ve Sekil 2°de sivi/kati orani ile sicakligin toplam
fenolik madde iizerindeki etkilesimini gostermektedir.

Sekil 1°de ekstraksiyon siiresi kisa tutuldugunda ve HCI derisimi arttirildiginda toplam fenolik madde
iceriginde artma, HCI’in diislik derisimde tutuldugu ve ekstraksiyon siiresi kisa tutuldugu durumda toplam
fenolik madde igeriginde azalma gozlemlenmistir. Sekil 2°de sivi/kati oraninin ve sicakligin artisi ile toplam
fenolik madde igerigi artmistir. En yiiksek toplam fenolik madde igerigi, daha yiiksek bir ekstraksiyon
sicakliginda gozlemlenmistir. Yiiksek sicakliklarda, birgok fenolik bilesigin ¢oziiniirliigii arttigindan, fenolik
bilesiklerin daha yiiksek miktarda ekstrakte edilmesine neden olmustur.

Tablo 3. Toplam fenolik icerigi i¢in 6nemli parametrelerle olusturulan model denklemi
Table 3. Model equation with significant parameters for total phenolic content

Toplam
fenolik  y=22.92 + 2.28x; — 0.24x, + 2.07x3 + 1.64x5 — 0.67x,X, — 0.75x3 — 0.65x3 — 0.70x3
madde
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Sekil 1. HCI derigimi ile siirenin toplam fenolik madde {izerine etkisinin yanit ylizey grafigi
Figure 1. Response surface plot of the effect of HCI concentration and time on total phenolic content
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Sekil 2. Stvi/kat orani ile sicakligin toplam fenolik madde iizerine etkisinin yanit yiizey grafigi
Figure 2. Response surface plot of the effect of liquid/solid ratio and temperature on total phenolic content
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3.3. Antioksidan kapasitenin yanit yiizey analizi
3.3. Response surface analysis of antioxidant capacity

Antioksidan kapasite ile HCI derisimi, metanol yiizdesi, sicaklik, siire ve sivi/kati orani arasindaki iligki
incelenmigtir. Her bir katsayinin 6nemi, F degerleri ve p degerleri ile belirlenmistir. Yanit yiizey analizi
antioksidan kapasite ile ekstraksiyon parametreleri arasindaki iligkiyi ortaya koymustur. F degeri ne kadar
biiyiik ve p degeri ne kadar kiiciikse, karsilik gelen katsay1 o kadar anlamlidir. Bu ¢alismada, x1, X3, X4, X5, X1X3,
X1Xs, X3Xs Onemli parametrelerdir. X, X1Xo, X1Xa, X2X3, X2X4, X2X5, X3X4 ise p degeri 0.05’ten biiyiik oldugu i¢in
antioksidan kapasite {izerinde daha az etkiye sahiptir. Onemli parametrelerin model denklemi Tablo 4’te
verilmistir. Ekstraksiyon parametreleri ile antioksidan kapasite arasindaki iligki, yanit yiizey grafikleri ile
aragtinlmigtir. Sekil 3°te sivi/kati oranmi ile siirenin ve Sekil 4’te sivi/kati orani ile metanol yiizdesinin
antioksidan kapasite tizerindeki etkilesimini gostermektedir.

Sekil 3’e gore antioksidan kapasitenin, sivi/kati orani ve siire arttik¢a arttigi gozlemlenmistir. Sekil 4’te en
yiiksek antioksidan kapasite, daha yiiksek bir sivi/kati oranminda ve yiliksek metanol yiizdesinde
gozlemlenmistir. Metanol, antioksidan bilesiklerin ¢cogunu sudan daha iyi ¢6zdiiglinden, calismamizdaki
ekstraksiyonlarda metanol derisiminin artmasiyla antioksidan kapasitede artig gdozlenmistir.

w
o))

245

(mg TE/g bitki)

Antioksidan kapasite

34.02

Sekil 3. Stvi/kati orani ile siirenin antioksidan kapasite iizerine etkisinin yanit yiizey grafigi
Figure 3. Response surface plot of the effect of liquid/solid ratio and time on antioxidant capacity

Tablo 4. Antioksidan kapasite igin 6nemli parametrelerle olusturulan model denklemi
Table 4. Model equation with significant parameters for antioxidant capacity

Antioksidan

kapasite y=3.84+0.17x4 + 0.18x3 — 0.10x, + 0. 76x5 — 0.13x, X3 + 0.011x,X5 + 0. 14x3X5
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Antioksidan kapasite
(mg TE/g bitki)

Sekil 4. Stvi/kat1 orani ile metanol yiizdesinin antioksidan kapasite lizerine etkisinin yanit yiizey grafigi
Figure 4. Response surface plot of the effect of liquid/solid ratio and methanol percentage on antioxidant
capacity

3.4. Ultrasonik destekli ekstraksiyon parametrelerinin optimizasyonunun dogrulanmasi
3.4. Verification of the optimization of ultrasonic assisted extraction parameters

Beyaz hindiba yapraklarindan en yiiksek toplam fenolik madde ve antioksidan kapasite i¢in gerekli ultrasonik
destekli ekstraksiyon kosullar1 Tablo 5’te verilmistir. Her bir faktoriin etkisi ve birbirleriyle etkilesimi Design
Expert (7.0.0) programi kullanilarak hesaplanmistir. Verilerin ¢esitli modellerle birlestirilmesi ve ardindan
yapilan varyans analizi (ANOVA), toplam fenolik madde igeriginin ve antioksidan kapasitenin en uygun
sekilde ikinci dereceden polinom modeli ile tanimlandigini gdstermisatir. ikinci dereceden polinom modeli,
yanitlar ile 5nemli parametreler arasindaki iligkiyi (Folin—Ciocalteu ve ABTS i¢in p<<0.0001) temsil etmek i¢in
en uygun model olarak belirlenmistir.

Tablo 5. Optimum kosullar, tahmini ve deneysel optimum degerler
Table 5. Optimum conditions, estimated and experimental optimum values

Sicakhk Siire Metanol HCI Sivi/katt Optimum degerler
O (dk) (%) (mol/L) (mL/g) Tahmini Deneysel
Toplam fenolik
madde
(Mg GAE/g kuru 73 69 84 0.57 33.97 39.0 33.5£0.5
bitki)
Antioksidan
kapasite
(mg TE/g kuru 73 69 85 0.47 33.99 7.2 7.2+0.1
bitki)

Belirlenen optimum kosullarda yapilan ekstraksiyon sonucu beyaz hindibanin toplam fenolik madde miktar:
33.5+0.5 mg GAE/g kuru bitki ve antioksidan kapasitesi 7.2+0.1 mg TE/g kuru bitki olarak belirlenmistir.
Tablo 6’da daha 6nce ¢alisilmis ekstraksiyon uygulamalar1 gosterilmistir. Caligmamizda elde ettigimiz toplam
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fenolik madde degerleri literatiirdeki bu ¢aligmalar ile karsilagtirildiginda daha yiiksek bulunmustur. Bunun
sebeplerinden biri kullandigimiz ultrasonik destekli ekstraksiyon yontemi ve ¢oziicli se¢imidir. Ultrasonik
ekstraksiyon geleneksel ekstraksiyon yontemlerine gore daha yiiksek ekstraksiyon verimi saglamaktadir. Bir
diger sebep ise literatiirde yapilan caligmalarin higbirinde ekstraksiyon kosullarinin kemometrik olarak
optimize edilmemis olmasidir. Kemometrik yontemle optimizasyon yapildiginda, incelenen tiim
parametrelerin hem kendi etkileri hem ikinci dereceden etkileri hem de capraz etkilesimleri g6z Oniinde
bulundurulmaktadir. Bu da ekstraksiyon kosullarin en uygun sekilde belirlenmesini saglamaktadir. Ayrica
literatiirde ¢aligilanlar ile bizim ¢alistigimiz bitkinin yetistigi ortamdaki toprak, sicaklik, su, 151k gibi ¢evresel
faktorlerin de ayni olmasi miimkiin degildir. Bu faktorlerin de bitkinin fenolik profili {izerine 6nemli etkileri
vardir.

Tablo 6. Beyaz hindibanin ekstraksiyon uygulamalari
Table 6. Extraction applications of white chicory

Ekstraksiyon Kullanilan Toplam fenolik

teknigi coziicii Siire madde Kaynak
Etanol ile 1.5 N
Geleneksel HCI ¢ozeltisinin 33.1540.15 mg
ekstraksiyon 85:15 oraninda 1 gece GAE/g kuru bitki Sahan vd., 2017
hazirlanmasi
Formik asit ile
Ultrasonik metanoliin 5:95 . 0.58 - 4.03mg : .
ekstraksiyon oraninda 30 dakika GAE/g kuru bitki Sinkovi¢ vd., 2015
hazirlanmasi
Geleneksel 0 4.3-79mg
ekstraksiyon %95 Etanol 3 saat GAE/g kuru bitki Denev vd., 2014
Geleneksel 22.6£1.0 -
Etanol 40 dakika 22.4+0.3 mg Spina vd., 2008

ekstraksiyon GAE/g kuru bitki

4. Sonuclar
4. Conclusions

Merkezi kompozit dizayn yanit yilizey yontemi kurutulmus beyaz hindiba yapraklarindan fenolik bilesiklerin
ekstraksiyonunu optimize etmek icin basariyla kullanilmistir. Fenolik bilesiklerin toplam fenolik igerik ve
antioksidan kapasitelerine gore en yiiksek ekstraksiyon verimi i¢in HCI (mol/L), metanol (%), siire (dk),
sicaklik (°C) ve sivi/kati oran1 (mL/g) i¢in optimum kosullar belirlenmistir. Optimizasyon sonucunda en
yiiksek toplam fenolik igerik i¢in optimum kosullar; sicaklik 73 °C, siire 69 dk, metanol yiizdesi %84, HCI
derisimi 0.57 M ve sivi/kat1 oran1 33.97 mL/g olarak belirlenmistir. En yiiksek antioksidan kapasite i¢in
optimum kosullar sicaklik 73 °C, siire 69 dk, metanol yiizdesi %85, HCI derigimi 0.47 mol/L ve sivi/kat1 orani
33.99 mL/g olarak belirlenmistir. Belirlenen optimum kosullar i¢in hesaplanan tahmini degerlerin elde edilen
deneysel degerlere yakin olmasi modelin dogrulugunu gdstermistir. Sonug olarak bu ¢aligma ile beyaz hindiba
yapraklarinin iyi bir antioksidan kaynagi olarak kabul edilebilecegi belirlenmistir. Beyaz hindiba bitkisinin,
tilketicilere fenolik ve antioksidan igeriklerinden dolay1 6nemli saglik faydalar1 saglayacak potansiyele sahip
oldugu ortaya koyulmustur.
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Oz

Bu ¢aligmada gerilim ve akim kontrollii diigiiriicii tip doniistiiriici devresinin tasarimi ve uygulamasi gergeklestirilmistir.
Algaltic1 tip doniistiiriicli devresinin giris ve ¢ikis gerilimleri sirasiyla 20-24V ve 5V olarak tasarlanmistir. Devrenin
tasarimi ¢ikis akimi 10 Amper’e dayanabilecek sekilde gergeklestirilmistir. Simiilasyon ve ger¢cek zamanli uygulamada
mikrodenetleyici olarak PIC16F877, anahtarlama elemani olarak ise IRFZ44N tip MOSFET kullanilmistir. Gelistirilen
devrenin anahtarlama frekans degeri 10kHz olarak belirlenmistir. Devre tasariminda MOSFET siiriicli entegresi olarak
IR2101 kullanilmigtir. Tasarim asamasinda belirlenen degerlere gore komponentler se¢ilmis olup devrenin ilk etapta
simiilasyon uygulamas1 gerceklestirilmistir. Simiilasyon ortaminda gelistirilen model ile tasarlanan DA diisiiriicii
c¢eviricinin simiilasyon ve deneysel verileri karsilastirilmig ve sonuglarin birbirini destekledigi gozlenmistir. Simiilasyon
ve gercek zamanli devre uygulamasinda 0.5Q ile 4.8Q degerleri arasinda yedi farkli durum igin yik testleri
gerceklestirilmigtir. Hem simiilasyon hem de deneysel olarak PWM sinyalleri, yiikk akimi ve yiik gerilimi degerleri
gozlenmistir. Gergek zamanli devre uygulamasinda sistemin verim degerleri %70-%77 araliginda elde edilmistir.
Boylelikle gelistirilen gerilim ve akim kontrollii diisiiriicii tip doniistiiriicli devresinin basarili bir sekilde simiilasyonu ve
uygulamasi gergeklestirilmistir.

Anahtar kelimeler: Akim denetimi, Diisiiren Déniistiiriicii, Gerilim denetimi, PIC16F877 Mikrodenetleyici, PWM

Abstract

In this study, the voltage and current-controlled buck converter circuit design and implementation was carried out. The
input and output voltages of the buck converter circuit were designed as 20-24V and 5V, respectively. The design of the
circuit was carried out so that the output current could be withstand 10 Amperes. PIC16F877 is used as a microcontroller,
and IRFZ44N type MOSFET is used as a switching element in simulation and real-time application. The switching
frequency value of the developed circuit is determined as 10kHz. IR2101 is used as the MOSFET driver IC in the circuit
design. Components were selected according to the determined values during the design phase. The simulation and
experimental data of the designed DC step-down converter were compared. It was observed that the results supported
each other. It has been ensured that the systems work in harmony with each other. The load tests were performed for
seven situations between 0.5Q and 4.8Q values in the simulation and real-time circuit application. PWM signals, load
current, and load voltage values were observed both in simulation and experimentally. The efficiency values of the system
were obtained in the range of 70%-77% in the real-time circuit application. Thus, a successful simulation and application
of the developed voltage and current controlled buck converter circuit was realized.
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1. Giris
1. Introduction

Enerji, insanoglunun vazgegilmezleri arasinda yer almaktadir. Gegmisten giiniimiize uluslar enerji igin
birbirleri ile rekabet icerisinde bulunmaktadir. Giiniimiizde elektrik enerjisine hemen hemen her alanda ihtiyag
duyulmaktadir. Elektrik enerjisi insanoglunun yasantisinda ¢ok biiyiik bir dneme sahip olup, kullandiklar1 ¢ogu
esyada yer almaktadir. Artmakta olan insan niifusu ve elektrige olan talep nedeni ile elektrik iiretim kapasiteleri
arttirlmaktadir. Uretilen elektrik, enerji iletim hatlar1 vasitastyla konutlarimiza kadar ulastirilmaktadir (Cebeci
& Yasa, 2016). Konutlara ulastirilan elektrik 220V gerilim genliginde alternatif akim (AA) formundadir.
Ancak kullanilan elektronik esyalarin besleme gerilimleri alternatif veya dogru gerilim olmak iizere
degiskenlik gosterebilmektedir. Bu nedenle elektrik sinyalinin formunun ya da genliginin farkli deger
araliklarina doniistliriilmesi gerekebilmektedir. Bu islemin gerceklestirilmesi i¢in ise giic kaynaklar
kullanilmaktadir (Liu vd., 2020). Gii¢ kaynaklar1 yapisal olarak ikiye ayrilir. Bunlar dogrusal (lineer) giic
kaynaklari ve anahtarlamali mod gii¢ kaynaklaridir. Dogrusal giic kaynaklarinda sebekeden alinan AA
gerilimin genligi transformator yardimi ile degistirilebilmektedir. AA gerilimi, diyotlar ile kurulu kdprii tipi
tam dalga dogrultma devresi ile dogru akim (DA) gerilimine doniistiiriilmektedir. DA gerilimine, filtre ve
regiile devreleri uygulanarak ¢ikista istenilen seviyede regiileli DA gerilim elde edilebilmektedir (Evran,
2019). Bu tip devrelerde transformatoriin bulunmasi, kayip gii¢lerin 1s1 olarak harcanmasi nedeni ile
sogutuculara ihtiya¢ duyulmasindan dolay1 dogrusal gii¢ kaynaklar1 daha biiyiik ve daha agir olmaktadir (Kose
vd., 2017). Ayn1 zamanda kay1p giiglerin fazla olmasindan dolay1 verimleri diisiiktiir. Yiikiin ihtiya¢ duydugu
gerilim, anahtarlamali gii¢ kaynaklari tarafindan da saglanabilmektedir. Anahtarlamali gii¢ kaynaklar yiiksek
frekanslarda ¢alisirlar ve DA’dan DA’a gerilim genliginde doniisiimii gergeklestirirler. Bu devre mantiginda
yiiksek frekanslarda calisabilen anahtarlama elemanlart (MOSFET, transistor) kullanilir. Bu tip devrelerde
kayip gii¢c az oldugundan verimleri yiiksektir (Caliskan vd., 2017). Bunun yaninda hacimsel olarak kiiciik ve
agirliklan diisiik seviyelerdedir. Diisiiriicii tip devre topolojisi anahtarlamali gii¢ kaynaklari sinifindan biri olup
uygulamalarda siklikla tercih edilmektedir. DA’dan DA’a algaltici tip doniistiiriicli devre topolojisinde giris
gerilimi, anahtarlama elemanin iletimde ve kesimde tutulma siiresi degistirilerek ayarlanabilmektedir. Giris
geriliminin seviyesi disiiriilerek ¢ikisa aktarilmaktadir. Devrenin ¢ikigindaki gerilim seviyesi anahtarlama
elemanin iletimde ve kesimde olma siiresi ile iligkilidir. Anahtarlama eleman1 kontrol devresi ile siiriilmektedir
ve boylelikle ¢ikista istenilen gerilim seviyesi elde edilir (Kim vd., 2014). Babaoglu ve Salihmuhsin, (2016)
yapmis olduklart ¢aligmada DA-DA diisiiriicii doniistiiriicii devre tasariminda kontrol devresi i¢in oransal
(Proportional - P) kontroller kullanilarak gergek zamanli diistiriicii doniistiiriicii tasarimi yapilmaktadir. Bu
caligmada; giris gerilimi 20-30V araliginda farkli yiik degerleri ile yiiklenmesi durumuna kars1 ¢ikis gerilimi
sabit 15V olacak sekilde gerceklestirilmistir. Bu tasarimin kontrol devresinde PIC18 serisi bir mikrodenetleyici
kullanilmigtir (Babaoglu & Salihmuhsin, 2016). Mamur (2012) yapmis oldugu bu ¢alismada kararli ve yiik
degisimlerinden etkilenmeyen bir ¢ikis gerilimi iireten DA-DA disiirlicii doniistiiriicii devre tasarimini
gergeklestirmigtir. Bu caligmada paralel calisabilmesi ve programlama {stiinliiglinden dolayr kontrol
devresinde Alanda Programlanabilir Kap1 Dizileri (Field Programmable Gate Array - FPGA) kullanilmustir.
Bu caligmada anahtarlama elemani olarak IGBT kullanilmis olup FPGA {izerinden ADC okuma yapilarak
akim ve gerilim kontrolii yapilmaktadir (Mamur, 2012). Urgiin vd. (2008) yapmus olduklar calismada temel
DA-DA disiiriicii doniistiiriicii gli¢ kaynaginin teorik olarak analizini ve simiilasyon ortaminda tasarimini
gergeklestirmistir. Bu caligmada maliyeti diislirmek adina diisiiriicii doniistiiriiciiniin kontrol devresinde DsPIC
mikrodenetleyici kullanilmistir (Urgiin vd., 2008). Ozer ve Kelebekler (2021) yapmus olduklar1 calismada TS-
EN 61000-3-2 standartlarinin gerekliligini dikkate alarak DA-DA dusiiriicti doniistiiriicii gii¢ kaynagi tasarimi
gergeklestirmiglerdir. Bu ¢alismada DA-DA disiiriicti donistiiriicliniin sebekede olusturduklart harmoniklerin
TS-EN 61000-3-2 standartlarma uygun hale getirilmesi amaglanmistir (Ozer & Kelebekler, 2021). Ozdemir
(2018) yapmis oldugu ¢alismada siirekli iletim modunda calisan bir DA-DA diisiiriicti doniistiiriicii glig
kaynag1 tasarimi gergeklestirmigtir. Bu caligmada siirekli akim modunda calistirilan DA-DA diisiiriicii
doniistiiriiciiler i¢in ayrik zamanda ii¢ ayr1 tip kontroldr tasarimi yapilmaktadir (Ozdemir, 2018). Birkan (2021)
yapmis oldugu bu calismada DA-DA diisiiriici dontistiiriicii devresini matematiksel olarak modellemis ve
benzetim modelini MATLAB/Simulink ortaminda olusturmustur. Benzetim ¢alismasi sonucunda diisiiriicii
doéniistiirticliniin galisma prensibi ve siirekli durumdaki kararlilik analizi agiklanmigtir (Birkan, 2021).

Bu caligmada giris gerilimi 20-24V araliginda ¢ikis gerilim degeri 5V olacak sekilde 5S0W’lik gerilim ve akim
kontrollii bir disiiriicii tip doniistiiriicti tasarimi gergeklestirilmistir. Devre yapisint olusturan bilesenler
hesaplanmig ve tasarim Oncelikle simiilasyon programu ile test edilmistir. Tasarim simiilasyon programinda
gergeklestirildikten sonra uygulama asamasina gegilmistir. Tasarlanan doniistiiriicli devresinin simiilasyon ve
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gercek zamanlh ortamda farkl yiiklerdeki tepkisi incelenerek sistemin basarili bir sekilde calistiriimasi
gerceklestirilmistir.

2. Materyal ve metot
2. Material and method

2.1.Diisiiriicii tip doniistiiriicii
2.1.Buck type converter

Anahtarlamali mod DA-DA diisiiriicii doniistiiriicii gli¢ kaynaklar1 diger adiyla azaltan doniistiiriicii, girisine
uygulanan DA gerilimini ¢ikisinda daha diisiik bir DA gerilimine diisiirme islemini gerceklestirirler. Temel
olarak bir diisiiriici doniistiiriicii devresinde anahtarlama eleman1 (MOSFET, transistor), hizli diyot, bobin ve
kondansator bulunur. Bu devre topolojisinde anahtarlama eleman1 kullanilarak ¢ikista, giristen kiigiik olma
kosulu ile istenilen gerilim seviyesi elde edilir. Azaltan doniistiiriiciilerin topolojisinde kontrol devresi bulunur
ve bu devre ile anahtarlama elemani1 olan MOSFET anahtarlanir. Anahtarlama elemanin iletimde ve kesimde
olmasiyla iki durum séz konusu olmaktadir.

MOSFET iletimde iken (On State): Bu durumda giris akim1 MOSFET {izerinden akar ve MOSFET kisa devre
olarak diisiiniilebilir. Diyotun devredeki baglanti durumundan dolay1 diyot agik devre olmaktadir.
MOSFET den akan akim bobin, kondansator ve yiik direnci iizerinden devresini tamamlar ve bu siire boyunca
bobin ve kondansatdr enerji depolarlar ve yiik direnci lizerinde gerilim diisiimii olur. Anahtarlama elemaninin
iletimde oldugu siire ton, kesimde oldugu siire toff ‘tur. Anahtarlama elemanimin ¢alisma periyodu (iletim ve
kesimde oldugu stire) ise T’ dir.
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Sekil 1. MOSFETin iletimde oldugu durum
Figure 1. The state of the MOSFET in conduction

Gorev oran1 DA-DA diisiiriicli doniistiiriiciilerde anahtarlama elemanin ne kadar siire iletimde ne kadar siire
kesimde olacagini belirler. Bagka bir ifade ile Darbe Genislik Modiilasyonu (Pulse Width Modulation - PWM)
kontrol sinyalinin doluluk oranim verir. Gorev oran1 (Duty Cycle - D) esitligi (1) numarali denklemde
goriilmektedir.

ton _ to_n — — —
D = i = 2 ton = DT bopy = (1= D)T (1)

DA-DA diistiriicli dontistiiriicli devresi analiz edildiginde; 0 <t < DT siiresinde MOSFET in iletimde, diyotun
kesimde olmasi durumunda bobin akimindaki degisim (2), (3) ve (4) numarali denklemlerde sirasiyla ifade
edilmistir.

di

Vy=Vin—Vo=L=2 2)

dip _ Al _ Vin=Vo

dt ~ ADT L 3)
. Vin—V,

Ay gitetimy = (DT 4)

MOSFET Kesimde Iken (Off State): MOSFET kesime alindiginda acik devre olur ve iizerinden akim akmaz.
Bu durumda diyot iletime geger ve kisa devre olarak diisiiniilebilir. Bobin ve kondansator iizerinde depolanan
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enerji bu durumda diyot ilizerinden devresini tamamlayarak desarj olurlar. MOSFET ler yiiksek anahtarlama
frekanslar ile calistirilarak yiliksek hizlarda anahtarlama yaparlar. Diisiiriicli tip doniistiiriicii devresinin
caligma modlar1 Sekil 1 ve Sekil 2°de gosterilmektedir.

w<+> 'io c% R[]

Sekil 2. MOSFET in kesimde oldugu durum
Figure 2. The state of the MOSFET on cut

DT < t < T siiresinde MOSFET in kesimde, diyotun iletimde olmas1 durumunda bobin akimindaki degisim
(5), (6) ve (7) numarali denklemlerde sirastyla gosterilmistir.

diy,

V=V, =L ©)

ay, _ 4y _ Vo (6)
dat _ A1-D)T L

. A
AlL(kesim) = (T)(l - D)T (7)
Stirekli ¢alisma durumunda;
AiL(iletim) + AiL(kesim) =0 (8)

oldugundan dolay1 (8) numarali denkleme (4) ve (7) numaral bagitilarin eklenmesi ile;
Vin—Vo Vo
(22 DT + (32)(1 - DT = 0 (9)

(9) numarali denklem elde edilmistir. Sadelestirme isleminin yapilmasi sonucunda;

Vo
D= (10)
Gorev orani (10) numarali bagintida elde edilmistir. Denklemlerde yer alan sembollerin agiklamasi asagida
yer almaktadir.

Vin: giris gerilimi, V,: ¢ikis gerilimi, V;: bobin gerilimi, di;: bobin akimindaki degisim, dt: zamandaki
degisimi, D: gorev orani, L: endiiktans degeri, T: anahtarlama elemaninin periyodu

DA-DA diisiiriicti doniistiirticii Stirekli Akim Kosulu (Continuous Current Mode - CCM) ve Siireksiz Akim
Kosulu (Discontinuous Current Mode - DCM) modlar1 olmak iizere iki farkli modda ¢aligabilmektedir. Siirekli
akim kosulunda endiiktans akimi 0A’e diismemektedir ancak siireksiz akim kosulunda endiiktans akimi 0A’e
diismektedir. Siirekli akim kosulu (CCM) denklem (11)’de, siireksiz akim kosulu (DCM) Denklem (12)’de
verilmektedir.

Aiy,

= <Iloamin) (1)

A
% > Io(min) (12)
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Io(min): yik altindaki minimum ¢1kis akimi, 4i;: bobin akimindaki tepeden tepeye dalgalanma

Denklem (11) ve (12) incelendiginde diisiiriicii doniistiiriiciiniin siirekli akim kosulunda (CCM) ¢aligmasi igin
yiik altindaki minimum ¢ikis akiminin, endiiktans akimindaki dalgalanmanin yarisindan biiyiik olmalidir. Bu
kosul saglanirsa diisiiriici doniistiiriicli siirekli akim kosulunda ¢aligmaktadir. Bu nedenle devreye baglanan
yiikiin degeri 6nem arz etmektedir.

Vo
I =2 (13)

Distiriicii donistiiriiciiniin CCM kosulunda ¢aligmasi igin ytik degeri, denklem (14)’te elde edilen R(jyizix)
degerinden kii¢lik olmahidir. (R < R(gritik))

2L
Rikriciey = o7 (14)

2.2 Diisiiriicii tip doniistiiriicii giic kaynaginin tasarim
2.2.Design of buck converter power supply

Bu calismada giris gerilimi 20-24V araliginda ¢ikis gerilimi 5V ve yiik akim1 10A i¢in DA-DA diisiiriicii tip
doniistiirtici devresinin devre elemanlarinin degerleri hesaplanmistir. DA-DA azaltan donistiiriicii de gorev
orani, ¢ikis geriliminin giris gerilimine orani ile elde edilir. D gorev periyodu, V, ¢ikis gerilimi, V, giris
gerilimi olarak sembolize edilmis ve Denklem (15)’de verilmistir.

D=2 =2-0208 (15)

T Vin 24

DA-DA azaltan donistiiriiciide girig gerilimi, anahtarlama elemanin gérev orani siiresi ile iletimde olmasiyla
cikis gerilimine diigiiriilmektedir. Denklem (15) incelendiginde diisiirticii tip doniistiiriiciiler icin D degerinin
0 ile 1 arasinda yer aldig1 goriilmektedir. DA-DA diisiiriicti doniistiiriici devresinde bulunan bobin, akimin
dalgalanma miktarin1 belirlemektedir. Bobinin endiiktans degeri denklem (16)’da ifade edildigi gibi
bulunabilmektedir. L endiiktansi, D gorev dongiistinii, £5 anahtarlama frekansini, Vi, giris gerilimini, V, ¢ikis
gerilimini ve 4/o ¢ikis akimindaki dalgalanma oranini sembolize etmektedir.

_ (Vin=Vo)*D _ (24—5)+0.208
T fexdl,  10000%2

L

= 198uH (16)

Literatiirdeki ¢aligmalar incelendiginde 4/o degeri %20 - %40 araliginda oldugu goriilmektedir (Hauke, 2015).
Bu ¢alismada 4/o degeri %20 olacak sekilde belirlenerek ilgili hesaplamalar gergeklestirilmistir. Teorik olarak
yapilan hesaplamalarda devrede kullanilmasi gereken minimum endiiktans degeri 198uH’dir. Tasarlanan
devrede kullanilan bobinin endiiktans degeri ise 220uH’dir. DA-DA diisiiriicti doniistiiriicii devresinde bulunan
kondansator gerilimin dalgalanma miktarini belirlemektedir. Kondansatoriin kapasite degeri denklem (17)’de
verilen esitlikten faydalanilarak bulunabilmektedir. € kapasite, fs anahtarlama frekansi, 4/o ¢ikis akimindaki
dalgalanma ve 4Vo ¢ikis gerilimindeki dalgalanma sembolleri olarak verilmistir.

A, 2
T 8xfxAV,  8%10000%0.05

= 500uF (17)

Algaltict tip doniistiiriicii devresi uygulamalarinda 4Vo degerinin %1 oraninda belirlenerek tasarimlar
gerceklestirilebilmektedir (Hauke, 2015). Bu ¢alismada da literatiirdeki benzer ¢alismalar dikkate alinarak
AVo, %1 olarak belirlenmis ve ilgili hesaplamalar gerceklestirilmistir. Teorik olarak yapilan hesaplamalarda
devrede kullanilmasi gereken kapasite degeri 500uF’tir. Giic kaynagmin yiikklenme durumunda c¢ikis
gerilimindeki dalgalanma artacagindan dolay1 uygulama devresinde kullanilan kapasitenin degeri 3300uF
olarak belirlenmigtir.

Algaltici tip doniistiiriicii devresinin CCM modda calisabilecegi kritik yiik degerinin belirlenmesi i¢in Ry, i¢ix
degerinin hesaplanmasi gerekmektedir. Ry,i;i, degeri (18) numarali baginti kullanilarak hesaplanabilmektedir;
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2%220%107°
(1-0.208)%100%107°

R(kritik) = = 5556.(2 (18)

Diisiiriicii doniistiiriiciiniin CCM kosulunda calisabilmesi i¢in devrenin ¢ikisina baglanacak yiik degerinin
5.556Q degerinden kiigiik olmasi gerekmektedir. Algaltici devrenin ger¢ek zamanl testlerinde devrenin
cikisina 0.5Q ile 4.8Q arasinda farkli degerlere sahip yiikler baglanarak testler CCM modda
gergeklestirilmigtir.

2.3.Diisiiriicii tip doniistiiriiciiniin kontrol algoritmasi
2.3.Control algorithm of the buck converter

Yapilan bu uygulamada gerilim kontroliinii saglamak i¢in iki adet 10k€2’luk direncler kullanilarak diistirticii
doniistiiriicliniin ¢ikisinda gerilim boliicii direng devresi kullanilmistir. Devrenin ¢ikis gerilimi 5V tur. Cikisa
paralel birbiriyle seri olan iki adet 10kQ’luk direnglerden birinin tizerine 2.5V gerilim diisimii meydana
gelmektedir. Direnglerin orta noktasindan PIC16F877A’nin RAQ analog pinine baglanti1 yapilarak c¢ikis
geriliminin degeri belirlenmektedir. PIC16F877A nin analog pinleri 10 bitlik ¢oziiniirliige sahiptir. Cikistaki
analog gerilim degeri 5V oldugunda dijital karsilig1 1023’e esit olmaktadir. Gerilim boéliicii direng {izerinde
2.5V gerilim diigiimii meydana gelir ve bu gerilimin dijital kargiligi 512°dir. Gerilim boliicli direnglerden
okunan degerin 253 ve 512 degerleri arasinda kiyaslanmasi sonucu PWM sinyalinin goérev periyodunun
ayarlamasi gergeklestirilir. Boylelikle ¢ikis gerilimi degerinin minimum 2.5V olmas1 saglanirken sabit 5V’da
kalacak sekilde PWM ayarlamasi1 yapilir. Diisiiriicii tip doniistiiriicii devresinde akim kontrolii yiike seri olarak
bagh 22mQ, SW’lik tas bir direng ile yapilmistir. Yiike bagh seri direncin {izerine diisen gerilimin okunmasi
icin PIC16F877A’nin RA1 pinine baglant1 gerceklestirilmistir. Devrenin tasariminda ¢ikisindan yiikii
besleyebilecek maksimum akim degeri 10A olarak belirlenmistir. Yiik akimin 10A’°1 gegmesi durumunda akim
korumasi devreye girmektedir. Yiike bagl seri tag direng tizerinden maksimum 10A ge¢mesi durumunda tas
direng tlizerinde 220mV gerilim diisiimii meydana gelmektedir. 220mV gerilimin dijital karsilig1 45’e esit
olmaktadir. Akim kontrolii, tas direng lizerinden okunan degerin 45 degeri ile kiyaslanmasi ile gerceklestirilir.
Okunan degere gére PWM sinyalinin gorev periyodu degistirilir. DA-DA diigiiriicii doniistiiriicii gii¢
kaynaginda ADC (Analog-Dijital Doniistiiriicti) deger okuma iglemi yapilarak PWM sinyalinin olusturulmasi
icin yazilan kodun algoritmasi Sekil 3’te verilmistir.

MIKRODENETLEYICININ
, ADC VE PIN
MODULLERININ
AYARLAMALARININ
YAPILMASI

l

ADCOVE ADC1 KAMALI

OKUYARAK GERILIM VE

AKIM DEGISKENLERINE
ESITLE

EVET FREKANSI 10kHz OLAN PWM
——————»] SINYALININ GOREV ORANNI
DOSOR, BASLANGICADON

GERILIM > 5W"DAN
AKIM=104DEN
BOYOKMO?

FREKANSI 10kHz OLAN PWM
SINYALININ GOREV ORANINI
ARTIR, BASLANGICA DON

Sekil 3. Diisiiriicii tip doniistiiriicli devresinin kontrol algoritmasi
Figure 3. Control algorithm of the buck converter circuit
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2.4.Diisiiriicii tip doniistiiriicii giic kaynaginin simiilasyonu
2.4.Simulation of buck converter power supply

DA-DA disiiriicii doniistiiriicli giic kaynaginin devresi Proteus programi iizerinde kurularak devrenin
simiilasyonu gergeklestirilmistir. Simiilasyon uygulamasinda mikrodenetleyici olarak PIC16F877 entegresi
kullanilmistir. Yar1 iletken anahtarlama elemani olarak diisiik i¢ direncinin olmasindan dolay1 IRFZ44N tip
MOSFET sec¢ilmigtir. Gelistirilen devrenin anahtarlama frekans degeri 10kHz olarak belirlenmistir. Devre
tasariminda MOSFET siiriicii entegresi olarak IR2101 kullanilmigtir. Gelistirilen diisiiriicii tip doniistiiriicti
devresinin semasi Sekil 4’te goriilmektedir. Tasarlanan sisteme gore devrenin baski devresi ARES
programinda gerceklestirilmistir. Tasarimda yiiksek akimin gececegi yollarin yiizey alan1 genis olacak sekilde
tasarlanmistir. Diisiiriicli donistiiriicliniin bask1 devresi Sekil 5°te gosterilmektedir.
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Sekil 4. Diisiiriicii tip doniistiiriicii devresinin Proteus programi simiilasyonu
Figure 4. Proteus program simulation of buck converter circuit

Sekil 5. ARES devre ¢izimi
Figure 5. ARES circuit drawing
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2.5.Diisiiriicii tip doniistiiriicii giic kaynaginin uygulamasi
2.5.Implementation of buck converter power supply

Mikrodenetleyici PIC16F877A ve IR2101 entegresini besleyebilmek i¢in +5V ve +15V gerilim degerlerine
ihtiya¢ duyulmustur. Devrenin girisinden uygulanan 20-24 V gerilimden, LM7805 ve LM7815 gerilim
entegrelerini kullanilarak sabit +5V, +15V gerilimler elde edilmistir. PIC 16F877A ve IC2101 entegrelerinin
beslemeleri bu gerilimlerle gerceklestirilmistir. Diisiirlicii tip doniistiiriicti devresinde hizli tipteki BYV32
diyotu kullanilmigtir. MOSFET ve hizli diyotta istenilmese de kayiplar meydana gelecektir ve bu kayiplar 1s1
olarak etkisini gosterecektir. Bu durumu 6nlemek adina diisiiriicli tip doniistiiriicii devresinde MOSFET ve
hizli diyot sogutucu panele takilarak devreye yerlestirilmistir. Doniistiiriicii devresinin girisinde anlik
kesilmeler meydana gelmesi durumunda devrenin ¢aligmasini etkilememesi i¢in giris kondansatorii
kullanilmistir. Baski devrenin iiretilerek komponentlerin lehimlenmesi asamasi ve devrenin tamamlanmis hali
Sekil 6’da goriilmektedir.

Sekil 6. (a) Baski devrenin iiretilerek komponentlerin lehimlenmesi, (b) Devrenin tamamlanmais hali.
Figure 6. (a) Production of the printed circuit board and soldering of the components, (b) Completed
circuit

3. Bulgular
3. Results

Bu béliimde tasarlanan diigiiriicti tip doniistiiriicti gli¢ kaynaginin simiilasyon ve gercek zamanli testlerden elde
edilen sonuglara yer verilmistir. Ger¢ek zamanli teste gelistirilen disliriicii tip giic kaynagma farkli
degerlerdeki yiikler baglanarak devrenin ¢ikisindan elde edilen gerilim, akim ve verim sonuglari incelenerek
analizler gerceklestirilmistir.

3.1.Diisiiriicii tip doniistiiriicii devresinin Proteus simiilasyonunda test edilmesi
3.1.Testing the buck converter circuit in Proteus simulation

Bu boliimde DA-DA diisiiriicii tip doniistiiriicii giic kaynaginin Proteus programindaki simiilasyon devresinden
elde edilen sonuglar verilmistir. Simiilasyon devresinde 4,7Q ile 0,5Q araligindaki yedi farkli degisken yiikteki
PWM sinyali, akim ve gerilim degeri sonuglart incelenmistir. Simiilasyonda yer alan sar1 sinyal MOSFET’i
stirmek i¢in kullanilan PWM sinyalidir. Mavi sinyal ise ¢ikis gerilimini vermektedir. Simiilasyonda yapilan
test sonucunda devreye 4.7Q yiik baglanilmasi durumunda ¢ikis gerilimi 4.88V, yiik akimi 1.04A olarak Sekil
7’deki gibi dlgiilmiistiir.

Tasarlanan DA-DA diisiiriici doniistiiriicti giic kaynaginin Proteus simiilasyonuna 0.5Q yiik baglayarak test
sonucunda elde edilen 6l¢iimler not edilmistir. Simiilasyonda yer alan sar1 sinyal MOSFET’i stirmek icin
kullanilan PWM sinyalidir. Mavi sinyal ise ¢ikig gerilimini vermektedir. Simiilasyonda yapilan test sonucunda
devreye 0.5Q yiik baglanilmasit durumunda ¢ikis gerilimi 4.65V, yiikk akimi 9.3A olarak Sekil 8’deki gibi
Olgiilmiistiir.
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Sekil 7. Proteusta R = 4.7Q yiik testi
Figure 7. RL = 4.7Q load test in Proteus
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Sekil 8. Proteusta R = 0.5Q yiik testi
Figure 8. RL = 0.5Q load test in Proteus

DA-DA diisiiriicii doniistliriicii giic kaynagi devresi simiilasyon ortaminda farkli yiikler ile beslenmesi
durumunda ¢ikig gerilimi ve ¢ikis akimlari not edilmistir. Test sonucunda elde edilen Slgiimler Tablo 1°de

verilmektedir.

Tablo 1. Simiilasyon ortaminda farkli yiiklerle gergeklestirilen testlerin sonuglari
Table 1. Results of tests performed with different loads in the simulation environment

Giris gerilimi Cikis gerilimi Cikis akinm Ryiik (Q2) Cikas giicii
22V 4.88V 1.04A 4.7Q 5.07W
22V 4.92v 1.97A 2.5Q 9.69W
22V 4.86V 3.24A 1.5Q 15.75W
22V 4.95v 4.13A 1.2Q 20.44W
22V 4.83V 6.03V 0.8Q 29.12W
22V 4.96V 7.08A 0.7Q 35.12W
22V 4.65V 9.3A 0.5Q 43.24W

574



Ozer ve Kaboglu 2023 | Cilt:13 « Say::3 « Sayfa: 566-579

3.2.Diisiiriicii tip doniistiiriicii devresinin gercek zamanh olarak test edilmesi
3.2. Real-time testing of buck converter circuit

DA-DA diisiiriicii doniistiiriicti gli¢ kaynaginin yiiksiiz sekilde bosta caligmasi test edilmistir. Cikis gerilimi
multimetre ile Olciilmiistiir. Osiloskoptan PWM sinyali ile ¢ikis geriliminin sinyal ¢iktilart Sekil 9°da
verilmistir. Cikis geriliminin degerinin 5.01V oldugu verilen sekilden goriilmektedir.

Sekil 9. Yiiksiiz calisma testi, (a) PWM sinyali, (b) Cikis gerilimi, (c) Devrenin baglantisi
Figure 9. No-load test, (a) PWM signal, (b) Output voltage, (c) Circuit connection

0ff  M500ps Ch2  Off  W200ps

Sekil 10. 4.8Q Yiik testi, (a) PWM sinyali, (b) Cikis gerilimi, (c) Devrenin baglantisi
Figure 10. 4.8Q Load test, (a) PWM signal, (b) Output voltage, (c) Circuit connection

575



Ozer ve Kaboglu 2023 | Cilt:13 « Say::3 « Sayfa: 566-579

DA-DA diistiriicti doniistiiriicli glic kaynagimin ¢ikigina 4.8Q’luk yiik baglanarak test edilmistir. Burada ¢ikis
gerilimi ve ¢ikis akimi multimetre ile 6l¢iilmistiir. Multimetre gerilim 6l¢limii i¢in devreye paralel, akim
dl¢iimii icin ise devreye seri olarak baglanmistir. Olgiim sonucunda PWM ile cikis gerilimi sinyallerinin
osiloskop ciktilar1 elde edilmistir. Vo ve /o degerleri sirasi ile 4.96V, 1.007A olarak 6l¢iilmiistiir. Elde edilen
osiloskop goriintiileri ile deneysel diizenek Sekil 10’da verilmistir.

Bit Map

Sekil 11. 0.6Q Yiik testi, (a) PWM sinyali, (b) Cikis gerilimi, (c) Devrenin baglantisi
Figure 11. 0.6Q Load test, (a) PWM signal, (b) Output voltage (c) Circuit connection

DA-DA diisiiriicii doniistiiriicti gii¢ kaynaginin ¢ikigina 0.6Q’luk yiik baglanarak test edilmistir. Cikis gerilimi
ve ¢ikis akimi multimetre ile dlgiilmiistiir. Olgiim sonucunda PWM ile ¢ikis gerilimi sinyallerinin osiloskop
ciktilar1 elde edilmistir. Vo ve lo degerleri sirasi ile 4.78V, 7.45A olarak ol¢ililmiistiir. Elde edilen osiloskop
goriintiileri ile deneysel diizenek Sekil 11°de verilmistir. Yapilan testler sonucunda elde edilen veriler Tablo
2’de verilmistir. Bu verilere gore devrenin farkli yiiklenme durumlarina goére verimi Denklem (19) kullanilarak
hesaplanmustir. 77 verim, 1, ¢ikis gerilimi, 7, ¢ikis akimi, Vj, giris gerilimi, lin giris akimi, Py ¢ikis glicti ve P,
girig giicii olarak sembolize edilmistir.
Poyt Vo*lo

%n = F 100 = —=

in in*lin

«100 (19)

Tablo 2. Gergek zamanli yapilan testler sonucunda hazirlanan verim tablosu
Table 2. Efficiency table prepared as a result of real-time tests

Giris gerilimi (V) Giris akimi (A) Cikis gerilimi (V)  Cikis akimi (A)  Verim  Ryiik (QQ)

22.1V 0.3A 4.96V 1.007A %75.33 4.8Q
22.1V 0.57A 4.96V 1.948A %76.70 2.4Q
22.1V 0.83A 4.95V 2.829A %76.34 1.6Q
22.1V 1.09A 4.92V 3.659A %74.73 1.2Q
22.1V 1.54A 4.85V 5.14A %73.25 0.8Q
22.1V 1.99A 4.84V 6.49A %71.42 0.6Q
22.1V 2.31A 4.78V 7.45A %69.76 0.5Q
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4. Tartisma ve sonuclar
4, Discussion and conclusions

Literatiirdeki ¢aligmalar incelendiginde algaltici tip doniistiiriicti devresi tasarimina yonelik farkli ¢alismalarin
oldugu goriilmektedir (Aslan, 2019). Bu caligmalar simiilasyon ortaminda, ger¢cek zamanli olarak veya
yapisinda her iki ¢alisma durumunu barindiracak sekilde gerceklestirilebilmektedir (Sevim & Bozkurt, 2021).
Literatiirde ger¢ek zamanli yapilan ¢calismalarin bulunmasina ragmen c¢aligmalarin agirlikli olarak simiilasyon
tabanli olarak ortaya koyuldugu oldugu goériilmektedir (Yaylaci vd., 2022). Elde edilen bu verilerden hareketle
gercek zamanli yapilan uygulamalarin sayisinin diger ¢calismalara oranla daha az oldugu anlagilmaktadir.
Doniistiiriicti tabanli ¢alismalarda saglikli bir tasarimin gerceklestirilebilmesi igin Oncelikle sisteme ait
simiilasyonun gerceklestirilmesi ve sonrasinda uygulamasiin yapilmasi ideal tasarim asamalar1 olarak ifade
edilebilir (Ozdemir, 2018). Literatiirde her iki adimi da yapisinda bulunduran calismalara daha az
rastlanabilmektedir. Yasko (2018) ¢alismasinda algaltici bir devrenin simiilasyonunu Matlab’da yaparak
uygulamasini Arduino tabanl olarak gerceklestirmistir. Onerilen calismada Proteus programu araciligi ile
simiilasyon ortaminda doniistiiriici sisteminin tasarimi yapilmistir. PIC mikrodenetleyici tabanli gercek
zamanli uygulamas1 basarili bir sekilde gerceklestirilmistir. Boylelikle literatiirde az sayida bulunan
simiilasyon ve gercek zamanli devre tasarimini i¢eren ¢aligmalara katkida bulunulmustur.

Elektronik devrelerin tasarimlarinda Proteus, Matlab, PSIM, LtSpice, Multisim vb. gibi simiilasyon
programlar1 kullanilabilmektedir (Alagoz vd., 2013; Aslan, 2019). Simiilasyon asamasinin sorunsuz sekilde
gercgeklestirilmesi gercek zamanh sistemde problem yasanmasi riskini en aza indirgemektedir. Dontistiirlicti
tip devrelerde kontrol sinyallerinin olusturulabilmesi i¢in genellikle mikrodenetleyiciler tercih edilmektedir.
Devrede bulunan mikrodenetleyici tabanli kontrol birimi ile gii¢ devresinin uyumlu bir sekilde calismasi
gerekmektedir. Proteus programi disindaki programlarda mikrodenetleyici tabanli kontrol devresi ile gii¢
biriminin birlikte simiilasyonu gerceklestirilememektedir. Proteus ortaminda her iki islemin birlikte
gerceklestirilebilmesi sayesinde yazilim gelistirme siiregleri hizli bir sekilde ilerletilebilmekte ve gergek
zamanli tasarimda karsilagilabilecek sorunlar azaltilmaktadir (Ozer vd., 2021). Mevcut calismalar
incelendiginde algaltict tip doniistiiriici tasariminin Proteus programi araciligi ile tasariminin yapilarak
uygulamasimin gercgeklestirildigi az sayida calismanin oldugu goriilmiistiir. Calismalarinda agik ¢evrim
kontrollii algaltict tip bir doOniistiirlicii  devresinin simiilasyonunu Proteus programi ortaminda
gergeklestirmiglerdir. Giris gerilimi 18V ¢ikig gerilimi 12V olarak tasarlanmis olan devrenin gergek zamanl
uygulamasinda PIC mikrodenetleyici kullanmislardir (Ghani vd., 2019).

Déniistiiriicii devrelerinde uygulanan kontrol yontemlerine gore ¢alismalar siniflandirilmaktadir. Dontistiirticti
devrelerinde kullanilan anahtarlama elemaninin tetiklenme durumu iizerinden kontrol islemleri
gerceklestirilmektedir. Bunun yansira ¢ikis gerilimi veya yiik akimi degiskenlerine gore farkli kontrol
yontemleri uygulanabilmektedir. Simiilasyon tabanli ¢alismalarda Oransal-integral (PI) (Alagoz vd., 2013;
Cebeci & Yasa, 2016), Oransal-integral-Tiirev (PID) (Bozkurt, 2022), Dogrusal Karesel Regiilator (LQR) ve
Kayan Kipli Kontroldr (KKK) (Ozdemir, 2018) gibi kontrol yéntemleri uygulanabilmektedir. Gergek zamanl
sistemlerde ise uygulama kolaylig1, diisiik maliyeti ve pratikligi a¢isindan gerilim ve akim kontrol yontemleri
siklikla tercih edilmektedir (De Araujo vd., 2020). Onerilen ¢alismada giris gerilimi 24V ¢ikis gerilimi 5V
olacak sekilde bir algaltici tip doniistiiriicii tasarim gergeklestirilmistir. Gergek zamanli olarak gerceklestirilen
calismada PIC16F877A mikrodenetleyici tabanli kapali ¢evrim kontrollii gerilim ve akim kontrol yontemleri
kullanilmigtir. Boylelikle diisiik maliyetli ve kabul edilebilir verim oranlarinda ¢alisabilen bir diisiiriicii tip
doniistiiriicli sistemi gergeklestirilerek literatiire katkida bulunulmustur.

Yapilan bu ¢calismada gerilim ve akim kontrollii diisiirticii tip bir doniistiiriicii glic kaynagi tasarlanarak basarili
bir sekilde uygulamasi gergeklestirilmistir. Devreyi olusturan komponentler tasarim asamasinda matematiksel
olarak hesaplanip smir degerleri belirlenmistir. Gerilim ve akim kontroliinii saglayacak olan disiiriicii tip
doniistiiriicli devresinin gelistirilen yazilima gére uyumlu ¢aligmasi saglanmistir. Simiilasyon asamasi basarili
sekilde tamamlandiktan sonra devrenin ger¢ek zamanli uygulamasi gergeklestirilmistir. Tasarlanan devrenin
cikisana farkli degerlerdeki omik yiikler baglanarak devre iizerinde gercek zamanli test islemleri yapilmisgtir.
Devreden uygulanan PWM sinyalleri, ¢ikis yiikiiniin gerilim ve akim bilgileri multimetre ile elde edilmistir.
Ayrica devrenin ¢ikisindaki gerilim dalgalanmalar1 osiloskop ile 6l¢iilmiistiir. Simiilasyon ve ger¢ek zamanli
devre uygulamasinda 0.5€Q ile 4.8Q degerleri arasinda yedi farkli durum igin yiik testleri gerceklestirilmistir.
Yiik akiminin artmasi ile ¢ikis gerilimindeki dalgalanmanin arttigi gézlemlenmistir. Gelistirilen algaltici tip
devrede yiik akiminin artmasi sonucu ¢ikis geriliminin azaldig: tespit edilmistir. Devreye uygulanan PWM
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sinyalleri ile akim ve gerilim degerleri incelenmistir. Ger¢ek zamanli devre uygulamasinda sisteme ait verim
degerleri %70-%77 araliginda elde edilmistir. Simiilasyon ve ger¢ek zamanli sonuclarm birbirleri ile uyumlu
oldugu yapilan testler sonucunda ortaya koyulmustur.
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Oz

Bu calismada, nano silis (NS) ilave edilmis alkalilerle aktiflestirilmis trakitik tiif (TT) ile iiretilen geopolimer harglarin
farkli kiir ortamlarinda dayanimlari aragtirilmistir. Harglart aktive etmek igin ¢ok yaygin olarak kullanilmayan kalsiyum
hidroksit Ca(OH), ve sodyum karbonat (Na,COs) kombine alkali aktivatorii kullanilmistir. Geopolimerler ¢evre dostu
iiretimlere katki saglayacak sekilde aliimino silikat ve endiistriyel atik esasli malzemelerden elde edilebilir. Caligmada
kullanilan trakitik tiif bol miktarda aliimino-silikat i¢eren volkanik orijinli ve alkali aktive 6zelligi endiistriyel atiklara
gore diisiik bir malzemedir. Bu nedenle geopolimer harglar literatiir ayrintili incelenerek 80°C sicaklikta 96 saat kiir
ortaminda sentezlenmistir. Siilfat ve asit saldirilar1 yap1 malzemelerinin hizmet omriinii etkileyen en 6nemli kimyasal
sorunlardir. Bu kapsamda %5 sodyum siilfat (Na;SO4), magnezyum siilfat (MgSOa), ve hidroklorik asit (HCI)
¢ozeltilerinde 360 giin pH degisimleri ile birlikte mekanik davranisi incelenen geopolimer harglarda en iyi performans
gosteren %1.0 nano silis katkili numunelerin sirasiyla; pH degerlerinin 13.2-11.8, 11.6-8.5, 3.5-2.6 araliginda; egilme
dayaniminin 12.25, 11.50, 7.41 MPa; basing dayaniminin 66.12, 50.63, 40.82 MPa; oldugu goriilmstiir.

Anahtar kelimeler: Alkali aktivator, Asit, Geopolimer, Nano silis, Siilfat, Trakitik tif

Abstract

In this study, the strength of geopolymer mortars produced with alkali-activated trachytic tuff (TT) with nano silica (NS)
added was investigated by curing in different environments. Calcium hydroxide Ca(OH), and sodium carbonate (Na,COs
) combined alkali activator, which is not widely used, was used to activate the mortars. Geopolymers can be obtained
from alumino silicate and industrial waste based materials to contribute to environmentally friendly production. The
trachytic tuff used in the study is a material of volcanic origin containing abundant alumino silicate and has a lower
alkaline-activated property compared to industrial wastes. For this reason, geopolymer mortars were synthesized in a
96-hour curing environment at 80°C by examining the detailed literature. Sulfate and acid attacks are the most important
chemical problems affecting the service life of building materials. In this context, the samples with 1.0% nano silica
additive, which showed the best performance in geopolymer mortars, whose mechanical behavior was examined in 5%
sodium sulphate (Na;SO.), magnesium sulphate (MgSQO,), and hydrochloric acid (HCI) solutions along with pH changes
for 360 days; pH values are in the range of 13.2-11.8, 11.6-8.5, 3.5-2.6; bending strength of 12.25, 11.50, 7.41 MPa;
compressive strength of 66.12, 50.63, 40.82 MPa; was found to be.
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1. Giris
1. Introduction

Tarih Oncesi donemlerde puzolanik malzemelerin &zellikle su yapilarinda hidrolik baglayici olarak
kullanimina dikkat ¢ekilmis ve kullanim oranlar bilgisi verilmistir. Marn (killi kiregtast) ve alcitast kullanimi
uzun donemde 6zellikle neme kars1 dayaniklilik sorunlar1 yaratmaktaydi. Bu donemlerde dayanikli har¢ veya
beton yapiminda volkanik malzemelerin kullanimina Romalilarin 6nciiliik ettigi bilgisine ulasmaktayiz.
Giliniimiizde ¢imentolu kompozitlerden yiiksek teknolojiye sahip olmalari ayn1 zamanda ekolojik kriterlere
sahip olmasi beklenmektedir. Mikro katkilar ile birlikte nano katkilarin kullanim olanaklari aragtirilmaktadir.
Ayni zamanda ¢imento liretiminin ¢evreye verecegi zararlari goz Oniinde bulunduruldugunda ¢imentosuz
kompozitler olarak bilinen geopolimerler 6nem kazanmaktadir.

Alkali ile aktive edilerek iiretilen geopolimerler atmosfere salinan kirli gazlarin diisiik seviyelerde kalmasini
ve dogal kaynaklar yerine atiklar kullanilarak ¢evrenin daha az zarar gormesini saglamaktadir. Geopolimer
tiretiminde en fazla kullanilan aliimino silikatlara 6rnek olarak ugucu kiil, metakaolin, kirmizi1 ¢amur, ciiruf,
taban kiilii, piring kabugu kiilii, silis dumani1 verilebilir. Bu amorf karakterli endiistriyel atik malzemeler bir
aktivatorle aktive edilerek bir baglayiciya doniistiirilmektedir (Bingol, 2018).

Yiiksek kiir sicaklig1 gerektiren sodyum esash aktivatorlerdeki yiiksek konsantrasyondaki hidroksit iyonlar1
(OH") 6zellikle ugucu kiil aktivasyonunda etkili bir sekilde yiiksek mukavemet gelisimi saglar, bu aktivatorler
yiikksek pH toksisitesi (14'lin iizerinde) ve yiliksek maliyet gibi sorunlara sahiptir. Kalsiyum hidroksit
[Ca(OH),], daha diisiik bir pH'a (14'ten az) sahip oldugundan ve NaOH veya Na,SiOs'e gore daha ucuz
oldugundan, sodyum esasli aktivatorlere potansiyel bir alternatif olabilir. Bu nedenle Ca(OH); ile
aktiflestirilmis bir ucucu kiil baglayici sisteminde yalnizca mukavemeti etkili bir sekilde iyilestirmekle
kalmayan, ayn1 zamanda dayaniklilik sorunlarini da 6nleyen yeni bir katki maddesine ihtiyag vardir. Bir ugucu
kiil baglayicinin mukavemeti ve mikroyapisal gelisimi i¢in yeni bir katki maddesi olarak Na,COs'iin iyilestirici
etkisi aragtirilmaktadir (Jeon vd., 2015).

Alkali aktivasyon teknolojisi sadece CO, emisyonlarini azaltmakla kalmaz, ayn1 zamanda yiiksek mekanik
ozellikler ve siilfat saldirilarina karsi yiiksek direng¢ saglar. Giiniimiizde geopolimer iiretiminde en yaygin
kullanilan sodyum, potasyum hidroksit (NaOH, KOH) ve sodyum ve potasyum silikat (Na,SiOs;, K2SiO3)
kullanimi yiiksek maliyet, hizli sertlesme, yiiksek kuruma biiziilmesi ve ¢ok sayida mikro ¢atlak olusumuna
yol agabilir. Na;COs3, Na;SO4, CaO, Ca(OH), kullanim1 ve reaktif MgO daha diisik maliyet, daha uzun
sertlesme siiresi ve daha yavag dayanim gelisimi nedeniyle daha ¢evre dostu alkali aktive malzemeler iiretmek
i¢in alternatif bir secenck sunar. Bununla birlikte diisiikk pH'in neden oldugu erken yaslarda yavas mukavemet
gelisimi bu tip aktivatdrlerin kullanimimi smirlar. CaO/Ca(OH), ve Na,COs kombinasyonu {imit verici bir
aktivatordiir. Bir yandan, CaO/Ca(OH)2'nin Na,COs ile reaksiyonu sonucu olusan NaOH, ortamin pH'ini
yiikseltebilir, erken yaslarda daha yiiksek bir ciiruf ¢éziinme hiziyla sonuglanan goézenekli ¢ozelti; diger
yandan, CaCOs'lin doldurma etkisi ve ¢ekirdeklenme etkisi C-(A)-S-H jellerinin olusumu ve gbézenekliligin
azalmasi iizerinde olumlu etkilere neden olabilir. CaO ve Na,COg'iin birlikte kullanimi, NaOH olusumuna baglh
olarak gozenek ¢ozeltisinin pH'mi yiikselterek, erken yaslarda uygun bir basing dayanimina katkida bulunur
(Bian vd., 2021).

Na,COj3 dogal alkaliler ve sodyum karbonat bakimidan zengin tuzlu sulardan elde edilen veya gesitli kimyasal
islemler sonucunda firetilen dogal bir mineraldir. Diinya ¢apinda 24 milyar tondan fazla Na,COsz rezervi
bulunmaktadir. Bu mineral, ¢cimentolu malzemelerin mithendislik 6zelliklerini iyilestirmek i¢in kullanilabilir.
Ornegin Na2COj3 kullanilmasi ¢imentonun erken basing dayanimini ve kloriir direncini gelistirebilir, Piiskiirtme
betonda Na,COs betonun islenebilirligini artirmak i¢in hizlandirict olarak kullanilir. Klinkersiz alkali ile
aktiflestirilmis ¢imentoda, hizlandirici olarak Na,COs kullanilmasi, sodyum silikat ve sodyum hidroksit
kullanimina kiyasla {iretim maliyetlerini 6nemli 6l¢iide azaltir. Ayrica daha giivenli ve daha ¢evre dostudur
(Wang vd., 2022).

Trakit ince taneli genelde acik tonlarda, kaba bir yiizeye sahip feldspat¢a zengin volkanik kayactir. Farkli
kaynaklardaki aragtirmalara gore bu kaya tipini ilk tanimlayan jeoloji tarihinde kalic1 bir iz birakan Alexandre
Brongniart (1770-1847) ve René Just Hally (1743-1822) olarak bilinen Fransiz mineraloglardir. Gliniimiizde
andezit ve riyolit diye bilinen kayalarin ismine gegmiste trakit adi verilmistir. Trakit bu ikisi arasinda bir
kimyasal bilesime sahip bir kayagtir. Trakit bol olmasina ragmen az bilinir. Trakit genellikle potasyum feldspat
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ve sanidin igerigi bilinir, fakat plajiyoklaz, anortoklaz ve feldspatoyidik gibi gesitleri de vardir. Plajiyoklaz
olan trakitler, traki-andezit olarak tanimlanir (Sert, 2010; Gérmiis & Sagular, 2003).

Tiirkiye’de bulunan trakit alanlarmin igerisinde Isparta Golciik volkanitleri, kuzey batisinda kalan Golciik
krater goliinden dolayi; trakit, traki-andezit, andezit, tiif ve tiifitten olusur (Bilgin vd., 1990). Isparta bolgesinde
goriilen trakitler haricinde Afyon volkanitleri petrografik olarak baslica; trakit, traki-andezit, porfiroidal trakit,
trakitik tiif ve ¢ok az oranlarda da bazalt bilesimli olup, asidik-nétr kayaglardir. Afyonkarahisar il merkezi ve
yakin cevresinde yiizeylenen volkanik kayaglarin ve tiiflerin yapi tasi olarak kullanilabilme ve kolay
kazilabilme 6zelligine sahip olmasi, volkanik kiillerinin ¢ok ince taneli ve toz halinde olmasi nedeniyle
¢imento iretiminde kullanilmasi onerilebilir (Kibici vd., 2012).

Cimentolu sistemlerde kiigiik bir nano silis yilizdesinin, daha yogun bir mikro yap1 ile 6nemli bir mukavemet
artigina neden olabilecegi gozlemlenmistir. (Deb vd., 2016). Gepolimerizasyon siirecini hizlandirmak ayrica
geopolimer betonun fiziksel ve mekanik 6zelliklerini gelistirmek icin genellikle 1s1 aktivasyonunun gerekli
oldugu bilinmektedir. Nano silis ilavesi ile yiiksek hacimli ugucu kiil har¢larmin basimng dayanimi ve
dayaniklilig1 oda sicakliginda kiir kosullarinda da 6nemli 6lgiide iyilestirilmistir (Adak vd., 2017). Nano silis
gozenek doldurma etkisinin yani1 sira reaktif olmasi nedeniyle g¢imentolu kompozitlerin dayanim ve
dayaniklilik 6zelliklerini iyilestirmek i¢in yaygin olarak kullanilir. Nano silis amorf dogasi nedeniyle, daha
genis ylizey alani ve Si-Al ve Si ¢dzlinme oranlarina bagli, ugucu kiil bazli geopolimer betonlarda
geopolimerizasyon siirecini 6nemli derecede gelistirir. Nano silis geopolimerizasyon siirecini geopolimer jel
miktarini, silika ve aliiminanin ¢6ziinme oranini artirarak iyilestirebilir. Ayrica, yiiksek 0zgiil yiizey alani
nedeniyle mikroyapisal 6zellikleri de gelistirir (Raj vd., 2023).

Siilfat saldiris1 geopolimer malzemeler i¢in 6nemli bir dayaniklilik ve hizmet sorunudur. Portland ¢imentosu
ve katkili ¢imento betonlarmin da siilfat saldirisina maruz kaldiginda bozuldugu goriilmiistiir. Portland
cimentosu betonu iizerindeki siilfat saldiris1 nedeniyle meydana gelen reaksiyonlar; CH, CSH ve sertlesmis
cimento hamurunun aliiminat bilesenini igerir. Genlesme ve ¢atlama dogrudan veya dolayli olarak etrenjit ve
jips olusumundan kaynaklanirken, yumusama ve parg¢alanma CSH'nin yok edilmesinden kaynaklanir.
Geopolimer betonlarin agresif ortamlarda daha iyi performans gosterdikleri bulunmustur (Elyamany vd.,
2018).

Siilfatlari 6zellikle Ca(OH), ve C3A gibi hidrate ¢imento bilesenleriyle yaptiklari reaksiyonlar sonucunda
olusan {iriinler algitasi ve kalsiyum siilfo aliiminattir. Sodyum siilfatin Ca(OH); ile yaptig1 kat1 fazin hacmini
%124 arttiran reaksiyon Denklem 1'de verilmistir. Sodyum siilfatin hidrate CsA ile reaksiyonu ise Denklem
2'de verilmistir. Kalsiyum stilfat ise Denklem 3’te verildigi gibi yalnizca C3A ile reaksiyona girer ve kalsiyum
stilfo aliiminat olusturur. Bu reaksiyonlar sonucu olusan etrenjit kat1 fazin hacmini %227 arttirmaktadir.
Magnezyum siilfatin Ca(OH); ile yaptig1 reaksiyonda Denklem 4’te verildigi gibi C3A ve ayn1 zamanda CSH
'a saldir1 goriilmektedir (Ilica, 2018). Doygun magnezyum siilfat ¢dzeltisinin pH degeri 10.5 gibi bir seviyede
oldugu i¢in ¢imento hamurunun tasiyici iskeleti olan CSH kararliligini siirdiiremez ve ¢imentolu sistemde ¢ok
kisa stirede ciddi tahribat olugsmaktadir (Baradan vd., 2018).

Ca(OH)2+Na2S04.10H,0—CaS04.2H,0+2NaOH+8H,0 (1)
2(3Ca0.Al;03.12H,0)+3(Na.S04.10H,0)—3Ca0.A1,03.3CaS04.31H,0+2Al(OH)3+6NaOH+17H,0  (2)
3Ca0.Al;05.6H,0 + 3(CaS04.2H,0)+19H,0 —3Ca0.Al;,03.3CaS04.31H,0 (3)
3Ca0.2Si0;.a0+MgS04.7H,0—CaS04.2H,0+Mg(OH),+Si0s.aq (@)

Baska bir konu ise ig¢ siilfat etkisinin 6zel bir durumu olan gecikmis etrenjit ve tomasit olusumudur. Gecikmis
etrenjit olusumu ¢imentonun yiiksek oranda icerdigi ¢6ziinen siilfat iyonlarinin uzun siire ve 1slanma-kuruma
sonunda jel goriiniimlii etrenjite doniismesidir. Bunun i¢in betonun siilfatli sularla temas etmesi sart degildir.
CSH jelini tiiketen, jips ve etrenjite gore daha zararli olan tomasit olusumu igin ise betonun siilfatli bir ortamda
bulunmasi gerekir. Bu etki siilfata kars1 direnci saglamak amaciyla diisiik oranda C3A igeren ¢imentolarin
kullaniminda da goriilmiistiir (Van Aardt & Visser, 1975). Tomasit, etrenjit kristallerine ¢ok benzeyen bir kafes
yapisina sahip olmasina karsin yapisinda Al,O3 yerine SiO4 bulunmaktadir. Tomasit olusumu CSH jeli ile
S04, CO;, veya CO3? ve su arasindaki reaksiyon sonucu meydana gelmektedir (Santhanam vd., 2001).
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Bu ¢aligmada, geopolimer kompozit {iretiminde kullanilabilirligi iizerine aragtirma yapilmamis olan volkanik
kokenli kayaglardan olan trakitik tiif (TT) secilmistir. Volkanik kayaglar bakimindan zengin olan bolgelerdeki
yoresel hammaddelerin ¢imento esasli ve ¢imento esasli olmayan iiretimlerde degerlendirilmesi onemli
olmaktadir. Cimento esasli malzemeler ilizerinde siilfat etkisini azaltmak i¢in nano silis kullanimi
onerilmektedir. Ancak nano silis katkili geopolimer kompozitlerin siilfat ve asit ortamlarinda davraniglari
konusunda arastirmalar sinirlidir. Bu kapsamda nano silis (NS) katkisi ilave edilmig trakitik tiifii (TT) alkali
aktive etmek i¢in yaygin kullanilmayan kalsiyum hidroksit Ca(OH), ve sodyum karbonat (Na2CO3) kombine
aktivatori tercih edilmistir. pH degisimleri belirli siirelerde takip edilen siilfat ve asit ortamlarinda bekletilen
geopolimer harclarin mekanik 6zellikleri arastirilmistir.

2. Materyal ve metot
2. Material and method

2.1. Materyal
2.1. Material

Bu caligmada geopolimer harg {iretmek i¢in trakitik tiif (TT), nano silis (NS), standart kum, alkali aktivator
olarak Ca(OH)>+Na,COs, farkli kimyasal kiir ortamlar1 hazirlamak i¢cin magnezyum siilfat (MgSOj4), sodyum
siilfat (Na2SQ.) ve hidroklorik asit (HCI) kullanilmustr.

2.1.1. Trakitik tiif (TT)
2.1.1. Trachytic tuff (TT)

Bu ¢alismada kullanilan trakitik tiif (TT) numunesinin temin edildigi tektonik faaliyetlere bagli olarak olusan
kita i¢i volkanizma Afyonkarahisar civari rezerv alam1 Sekil 1'de verilmistir. Orta Anadolu 6zellikle Orta
Miyosenden bu yana siddetli volkanik olaylar etkisinde ¢cok genis alanlarda yaygin iiriinler olustugu Sekil 1'de
gorilmektedir.

L 3
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\
P e Kuvaterner Ayrilmamig Kuvaterner
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7/ ' g Miyosen Karasal kirintilar
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) N Ust Paleosen-Eosen Kirintilar ve karbonatlar
B "\ \ \ “ Orta Jura-Kretase Cortlii mermer
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AfvonKkarahi
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Sekil 1. Calisma alanina ait jeoloji haritas1 ve litostragrafi (MTA Web Sitesi kullanilarak hazirlanmigtir)
Figure 1 Geological map and lithostragraph of the study area (prepared using MTA Web Site)

Miyosen yasl volkanitler; cogunlukla andezit ve dasitik tiirlerin egemen oldugu cesitli lavlar; ignimbiritler ve
volkanik kiiller; es yasli ¢okel kaya birimleriyle ara katkili olan volkanik kiillerden olugsmaktadir. Kuvaterner
yasli volkanitler ise gesitli tiirde lavlardan meydana gelmektedirler (Ercan, 1985).

Calismada kullanilan Afyonkarahisar'dan temin edilen Sekil 2'de goriilen trakitik tiif (TT) numunesine ait
kayag parcalar1 puzolanlarda incelik sinirlarina ASTM C618-19 (2019) gore 45u elekten gegen numune
miktart %64,2 olacak sekilde 6giitiilmiistiir.
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Sekil 2. Trakitik tiif kaya¢ parcalar1 ve 6giitiilmiis trakitik tiif
Figure 2. Trachytic tuff rock fragments and ground trachytic tuff

Trakitik tiifiin (TT) X-Isin1 Floresans (XRF) analizine gore kimyasal bilesimi ve fiziksel dzellikleri Tablo 1'de
verilmistir. TT kizdirma kaybinin %7.84 oldugu, TT igerisinde SiO2+Al;O3+Fe;03 toplaminin %83.5 oldugu,
CaO'un %2.21 oraninda, MgO'un %0.39 oraninda ve diger bilesenlerin (K20, Na.O, SOs. vd. ) %5.78 oraninda

oldugu goriilmiistiir.

Tablo 1. Trakitik tiif kimyasal ve fiziksel 6zellikleri
Tablel. Chemical and physical properties of trachytic tuff

Kimyasal bilesen

Miktar (%)

SiO; 66.98
AlO3 11.40
Fe20s 2.12
CaO 2.21
MgO 0.39
K20 5.00
Na2O 0.74
SO3 0.04
Kizdirma Kaybi1 7.84
Fiziksel ozellik Miktar (%0)
Yogunluk( g/cm®) 2.28
Ozgiil yiizey (cm?/g) 4670

2.1.2. Nano silis (NS)
2.1.2. Nano silica (NS)

Geopolimer harg tiretiminde volkanik esasli trakitik tiif (TT) ile birlikte 6zellikleri Tablo 2' de verilen nano

silis (NS) kullanilmustir.

Tablo 2. Nano silis kimyasal ve fiziksel 6zellikleri

Table2. Chemical and physical properties of nano silica

Nano silis fiziksel ve kimyasal ozellik Deger
Ortalama Pargacik Boyutu (nm) 45
Saflik(%) 99.9
Yiizey Alani (cm?/g) 8000
Renk Beyaz
Kristal Yapist Polikristal
Ozgiil agirlik (g/cm?®) 2.33
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2.1.3. Alkali aktivatorler
2.1.3. Alkaline activators

Trakitik tifu (TT) aktive etmek i¢in Tablo 3’te kimyasal 6zellikleri verilen kalsiyum hidroksit [Ca(OH)],
+sodyum karbonat (Na>CO3) kullanilmugtir.

Tablo 3. Kalsiyum hidroksit ve sodyum karbonata ait kimyasal 6zellikleri
Table 3. Chemical properties of calcium hydroxide and sodium carbonate

Ozellikler Kalsiyum hidroksit Sodyum karbonat
Cas no 1305-62-0 497-19-8
Molekiil formiilii Ca(OH), Na,COs
Molekiil agirlig (g/mol) 74.09 105.98
Yogunluk (g/cm?) 2.21 2.54
Saflik (%) 91.50 99.50
Erime Noktas1 €C) 580 851
Kaynama Noktas1 €C) 2850 1304

2.1.4. Kiir cozeltileri
2.1.4. Curing solutions

40%40x160 mm boyutlarinda geopolimer harglar 96 saat etiivde kiir prosesi sonrasinda farkli kimyasal
ortamlarda kiir i¢in Tablo 4’te 6zellikleri verilen % 5 susuz magnezyum siilfat (MgSQa) ¢6zeltisi, % 5 susuz
sodyum stilfat (Na2SO4) ve % 5 hidroklorik asit (HCI) ¢ozeltileri icerisinde 360 giin bekletilmistir. ASTM
C1012M-18b (2019) ve ASTM C267 (2020) esaslarma gore hazirlanmig kimyasal ortamlarda geopolimer
numunelerin bekletildigi ¢ozeltilerin pH Slglimleri alinmis ve geopolimer numunelerin mukavemetleri test
edilmistir.

Tablo 4. Magnezyum siilfat, sodyum siilfat ve hidroklorik asite ait kimyasal 6zellikleri
Table 4. Chemical properties of magnesium sulfate, sodium sulfate and hydrochloric acid

Ozellikler Magnezyum siilfat Sodyum siilfat Hidroklorik asit
CAS no 10034-99-8 7757-82-6 7647-01-0
Molekiil formiilii MgSO. NE HCI
Molekiil agirligi (g/mol) 246.47 142.04 36.46
Yogunluk (g/cm?®) 1.68 2.66 1.2
Saflik (%) 98 99 30-33
Erime Noktas1 €C) 150 884 -35
Kaynama Noktasi ¢C) 330 1429 57

2.1.5. Kum

2.1.5.Sand

Geopolimer harglarin tiretiminde Limak Bati Cimento San. Tic. A.S.'den temin edilen kum kullanilmustir.

2.2. Metot
2.2. Method

Bu c¢alismada geopolimer harglari liretmek igin trakitik tif (TT), trakitik tiifiin agirlik¢a %0, 1, 1.5 ve 2
oranlarinda nano silis (NS), %10 oraninda NapCOg3, %5 oraninda Ca(OH), kullanilmistir. Uretilen numuneler
sirastyla; TTNS0.0, TTNS1.0, TTNS1.5 ve TTNS2.0 olarak kodlanmigtir. Nano silis (NS) katkili trakitik tif
(TT) esasli geopolimer harglarin farkli kiir ortamlarinda mekanik 6zelliklerini arastirmak i¢in 40x40x160 mm
boyutlarinda Tablo 5°te verilen plana gore tiretimi yapilmustir.
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Tablo 5. Geopolimer harglara ait karigim oranlari
Table 5. Mixing ratios of geopolymer mortars

Karisim Trakitik tif Nanosilis Na,CO; Ca(OH); Su s/b Kum

(9) (9) (9) (@ (9 (9)
TTNSO0.0 450 0 45 225 225 0.50 1350
TTNS1.0 450 4.5 45 22.5 235 0.52 1350
TTNSL1.5 450 6.75 45 22.5 240 0.53 1350
TTNS2.0 450 9 45 225 253 0.56 1350

Trakitik tiif esasli geopolimer har¢ hazirlamak i¢in agirlikga trakitik tiif miktarma gére sodyum karbonat
(Na2COs3) ve kalsiyum hidroksit [Ca(OH).] kombine aktivatorii kullanilmistir. Na,COs3 dozu (Bernal vd., 2015;
Walling vd., 2018; Yang vd., 2019) trakitik tifiin agirlik¢a %10'u olarak alinmigtir. Ca(OH), 'nin toplam
miktari ise (Jin vd., 2015; Ke vd., 2016; Yang vd., 2019) trakitik tiifiin agirlik¢a %5'i olarak alinmistir.

Calismada kullanilan alkali aktivatoriin kombine reaksiyonu Denklem 5'te verilmistir.
Ca(OH)2+Na,C0O3_.2NaOH+CaCOs) %)

Kombine alkali aktivatoriin pH degeri Sekil 3'te goriildiigii gibi 13.7 olarak olciilmiistiir. Ca(OH)2 kullanimi1
yaygin olan sodyum esasl alkali aktivatorlere gore diisiik pH (14'iin altinda) avantaj1 saglamaktadir.

] =
" /‘ v

»

N
Sekil 3. Kombine alkali aktivatoriin pH'1
Figure 3. pH of the combined alkaline activator

Geopolimer kompozitlerde en uygun alkali aktivator, kiir siiresi ve zaman iligkisi belirlenerek dayanim ve
dayaniklilik 6zelliklerinin arastirilmasi gerekmektedir. Ozellikle geopolimer iiretiminde kullanilacak trakitik
tif gibi diisiik alkali aktive 6zelligine sahip volkanik orijinli malzemelerde bu iligkiler ¢ok daha 6nemli
olmaktadir.

Khale ve Chaudhary (2007) tarafindan kiir sicaklig1 50°C’nin tizerine ¢ikarildiginda geopolimer sentezinin kisa
stirede olmasi; Al Bakri vd. (2011) tarafindan kiir sicakliginin ortalama 40-70°C araliginda 6nerilmesi dikkate
alinarak geopolimer kompozitleri iiretmek icin Sekil 4’te goriildiigi gibi kiir sicaklig1 80°C ve kiir siiresi 96
saat olarak alinmuistir.

Sekil 4. Geopolimer harglarin etiiv kiirii
Figure 4. Oven curing of geopolymer mortars
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3. Bulgular ve tartisma
3. Results and discussion

Portland ¢imentosu esaslt kompozitlerin en dnemli sorunlarindan bir tanesi siilfat ve asit etkilerine karsi
direncinin diisiikk olmasidir. Yap1 hizmet omriinii uzatmak icin diisiik CzA igerigine sahip ¢imentolarin
kullanilmasi 6nerilmektedir ancak yeterli olmadigi igin alternatif malzemelerin arastirilmast gerekmektedir.
Bu kapsamda geopolimerlerin ¢6ziim olabilecegi diistintilmektedir.

Geopolimer harclarin bekletilecegi farkli kiir ortamlarinin baslangi¢ pH degerleri; %S5 siilfat ¢ozeltileri i¢in
(MgSO4 ve NaxSOs) sirasiyla 7.8 ve 8.2 olarak, %5 asit ¢ozeltisi i¢in (HCI) ise 3.1 olarak ol¢iilmiistiir.
Kombine alkali aktivator kullanilarak 40x40x160 mm boyutlarinda {iretilen geopolimer harglarin 360 giin
siilfat ve asit ¢ozeltileri icerisindeki pH degisimleri Sekil 5, Sekil 6 ve Sekil 7'de verilmistir. Sekiller
incelendiginde; nano silis (NS) katkili ve katkisiz tiim geopolimerlerin, siilfat ¢ozeltileri icerisinde (MgSO4 ve
Na,SO4) 28 giin bekletildiginde ¢ozeltilerin pH degerlerinin arttigi sonrasinda 90, 180 ve 360 giin
bekletildiginde ise pH degerlerinin bir miktar azalip sonrasinda fazla bir degisim olmadig1 anlagilmaktadir.
Nano silis (NS) katkil1 ve katkisiz tiim geopolimerlerin asit ¢ozeltisi igerisinde (HCI) 28 giin ve sonrasinda 90,
180 ve 360 giin bekletildiginde ise ¢ozeltilerin pH degerlerinin azaldig1 goriilmektedir.

Thokchom vd. (2010) ¢alismasinda, 24 hafta %10 MgSOs ¢ozeltisinde ugucu kiil (UK) esasli geopolimer harg
numunelerinin pH degerlerinin ilk haftalarda hizlica arttigin1 daha sonra énemli bir artisin olmadigini hatta
durdugunu saptamistir. Alcamand vd. (2018) tarafindan yapilan benzer bir ¢alismada NaOH ile aktive edilmis
metakaolin ve ciiruf bazli geopolimer harclar 28 giin boyunca oda kosullarinda kiir sonrasi1 180 giin %5 MgSO4
cozeltisine maruz birakilmigtir. Siilfat ¢ozeltilerinin pH degerlerinin ilk 30 giin 9%31.29 artis gosterdigi daha
sonra testin sonuna kadar (180 giin) pH degerinin ¢ogunlukla sabit oldugu belirtilmistir.

Bu durum literatiire paralel bir sekilde ilk giinlerde (28 giine kadar) geopolimerdeki alkalilerin ¢ozeltilere
gecmesi ile agiklanabilir.

Sekil 5’ten TTNS0.0, TTNS1.0, TTNSL1.5 ve TTNS2.0 numunelerin tiim giinlerde Na,SO4 ¢ozeltisi igerisinde
pH degerlerinin en biiyiik ve en kii¢lik degerleri sirasiyla; 12.5 -9.8, 13.2-11.8, 12.8-11.0, 12.7-11.1 araliginda
oldugu anlagilmaktadir.
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Sekil 5. Geopolimer numunelerin giinlere gore Na,SO, ¢ozeltisinde pH degerleri
Figure 5. pH values of geopolymer samples in Na2SQO, solution according to days

Sekil 6'dan TTNSO0.0, TTNS1.0, TTNS1.5 ve TTNS2.0 numunelerin tiim giinlerde MgSQOs ¢ozeltisi igerisinde
pH degerlerinin en biiyiik ve en kiiciik degerleri sirasiyla; 10.9-7.4, 11.6-8.5, 11.3-8.4, 10.0-8.0 araliginda
oldugu anlagilmaktadir.

Kwasny vd. (2018) caligmasinda, Portland ¢imentosu bazli betonlarin agresif sulu ortamlarda reaksiyona
girebilecegini ayrica yliksek alkali ortamda (pH>12.5) sertlesmis ¢imento hamurunun agresif iyonlar tasryan
sularla temas1 durumunda fiziksel oldugu kadar kimyasal bozunmaya da ugrayabilecegini bildirmistir.
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Bulunan degerler, kullanilan kombine alkali aktivatorlerin yiliksek pH toksisitesine (pH>14) neden
olmayacagina ve agresif ortamlarda geopolimer harglarin daha iyi performans gosterebilecegine isaret
etmektedir.

Siilfat ¢ozeltileri ile temas eden geopolimerlerde reaksiyona giren kalsiyum hidroksit [Ca(OH),] azalmaktadir.
Na,S04 ¢ozeltileri ile temas halinde jips ve etrenjit, MgS04 ¢ozeltileri ile temas halinde sadece jips gibi hacim
artisina neden olan tuzlar olusmaktadir. Geopolimerdeki kalsiyum hidroksit [Ca(OH)] ile sodyum siilfat
(NazS0s4) reaksiyonu sonucunda jips (CaS04.2H20) ve sodyum hidroksit (NaOH) olusurken, magnezyum
stilfat (MgSOs4) reaksiyonu sonucunda jips (CaSO4.2H20) ve magnezyum hidroksit/brusit [Mg(OH)] olustugu
bilinmektedir. Sekil 5 ve Sekil 6'dan; geopolimerlerin temas ettigi ¢Ozeltilerin pH degerlerini, suda
cozlintrligii yiiksek olan NaOH'!n, [Ca(OH),] tiiketimini azaltarak Na,SO4 ortaminda arttirdigi; suda
¢cozlinlirligii disiik olan [Mg(OH).]'in ise [Ca(OH),] tiikketimini arttirarak MgS04 ortaminda diisiirdiigii;
gortilmektedir. Bu durumda geopolimerlerden siilfat ¢6zeltilerine gecen bazik iyonlarin sayisi zaman igerisinde
azalmaktadir.
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Sekil 6. Geopolimer numunelerin giinlere gére MgSO4 ¢ozeltisinde pH degerleri
Figure 6. pH values of geopolymer samples in MgSO4 solution according to days

Sekil 7'de TTNS0.0, TTNS1.0, TTNS1.5 ve TTNS2.0 numunelerin tim giinlerde HCI ¢6zeltisi i¢erisinde pH
degerlerinin en biiylik ve en kiiciik degerleri sirasiyla; 2.9-1.9, 3.5-2.6, 3.4-2.4, 3.3-2.3 araliginda oldugu
goriilmektedir.

Asit etkisine maruz kalan betondaki bozulma siiresi, kalsiyum tuzlarinin suda ¢6ziinme siirelerine baghdir.
HCI ¢ok kolay ¢6ziinebilen CaCl, meydana getirir Bazik karakterde olan Portland Cimentolar: asitlere karst
dayaniksizdir. pH<6.5 degerine sahip olan sular, beton icerisindeki ¢imento harci ve agregada bulunan
karbonat kokenli tanecikler tizerinde ¢6ziicii ve ayristirict etki olusturur (Baradan vd., 2010).

Baslangictan itibaren temas ¢ozeltilerinin pH degerlerinin zaman icerisinde azalmasi geopolimerdeki kalsiyum
hidroksit [Ca(OH).] ile hidroklorik asit (HCI) reaksiyonu sonucunda zayif baz karakterli kalsiyum kloriir
[Ca(Cl)2] olusumu ile agiklanabilir.
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Sekil 7. Geopolimer numunelerin giinlere gore HCI ¢6zeltisinde pH degerleri
Figure 7. pH values of geopolymer samples in HCI solution according to days
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96 saat etiiv kiirii sonrasi 28 giin suda bekletilen, sonrasinda 360 giin siilfat ve asit ¢ozeltilerine maruz birakilan
geopolimer harclarin mekanik 6zellikleri Tablo 6 ve Tablo 7'de verilmistir. Tablolar incelendiginde; %1.0
nano silis katkili geopolimer har¢ numunelerinin (TTNS1.0) egilme ve basing dayanimlarmin; tiim kiir
ortamlarinda en iyi oldugu, nano silis ilave orani arttik¢a diistiigii; Na SO, ¢ozeltisinde 360 giin bekleyen
geopolimer numunelerin MgSOa ve HC1 ortaminda bekleyen numunelere gore arttigi; goriillmektedir.

Tablo 6. Farkli ortamlarda kiir edilmis geopolimer harglarin 360 giinliik egilme dayanimlari
Table 6. 360-day flexural strengths of geopolymer mortars cured in different environments

Egilme dayammm (MPa)
Kansimlar Stlfat ve asit NazSO; MgSOs HCl
temas oncesi
TTNSO0.0 10.38 11.16 10.79 7.22
TTNS1.0 11.32 12.25 11.50 7.41
TTNS1.5 9.39 10.71 9.55 6.18
TTNS2.0 8.61 10.38 9.39 6.03

Tablo 7. Farkli ortamlarda kiir edilmis geopolimer harglarin 360 giinliik basing dayanimlari
Table 7. 360-day compressive strength of geopolymer mortars cured in different environments

Basin¢ dayanmimi (MPa)

Siilfat ve asit

Karisimlar .. . Na S04 MgSO4 HCI
temas oncesi

TTNSO0.0 47.53 59.61 47.28 38.96

TTNS1.0 52.14 66.12 50.63 40.82

TTNS1.5 43.80 58.09 44.74 36.46

TTNS2.0 40.55 54.16 42.36 34.20

Geopolimer harglarin egilme dayanimi degisim oranlar1 Sekil 8’de verilmistir. Sekil 8'den; trakitik tiif esash
geopolimer harglara nano silisin %1.0, %1.5 ve %2.0 oranlarinda ilave edilmesi ile iiretilen numunelerin
egilme dayanimlariin nano silis ilavesiz numunelere gore sirasiyla; ¢6zelti temas dncesinde %9.06 oraninda
arttig1 ve %9.54 ve %17.05 oraninda azaldigi; 360 giin Na>SO4 ortaminda bekletildiginde %9.77 oraninda
arttig1 ve %4.03 ve %8.24 oraninda azaldigi; MgSO4 ortaminda bekletildiginde %6.58 oraninda arttig1 ve
%11.49 ve %12.97 oraninda azaldigi; HCI ortaminda bekletildiginde %2.63 oraninda arttig1 ve %14.40 ve %
16.48 oraninda azaldig; anlagilmaktadir.
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Sekil 8. Geopolimer har¢larin egilme dayanimi degisim oranlart
Figure 8. Flexural strength change rates of geopolymer mortars
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Huang vd. (2021) tarafindan MgS04 ¢6zeltisine maruz birakilan numuneler tizerinde yapilan ¢aligmada, 36 ay
sonunda egilme mukavemet kayiplart once azalmis, sonrasinda nano silis dozajinin artmasiyla birlikte
artmigtir. (Arslan, 2014) geopolimerde egilme dayanim kayiplarina bagli gevreklige yol agmayacak sekilde
%?2'den diisiik nano silis oranlarinin tercih edilmesine isaret etmistir. Literatiir incelendiginde agirlikga %5-
8'den yiiksek nano silis dozajlarinin MgS04 ¢6zeltisine maruz kalan geopolimer harglar {izerinde bozucu etkiyi
siddetlendirdigi anlasilmaktadir. Bu ¢alismada geopolimer iiretiminde kullanilan %1.0 nano silis katkisinin
MgS04 saldirisinin hafifletilmesinde etkili olmasi literatiirle 6rtiismektedir. 360 giin siilfat ortaminda bekletilen
geopolimer harglarin performansinin diisiik nano silis dozajlarinda en iyi oldugu goriilmektedir.

Geopolimer harglarin basing dayanimi degisim oranlar1 Sekil 9°da verilmistir. Sekil 9’dan; trakitik tiif esasli
geopolimer harglara nano silisin %1.0, %1.5 ve %2.0 oranlarinda ilave edilmesi ile tiretilen numunelerin basing
dayanimlarinin, nano silis ilavesiz numunelere gore sirasiyla; ¢ozelti temas oncesinde %9.70 oraninda arttig1
ve %7.85 ve %14.69 oraninda azaldig1; 360 giin Na,SO, ortaminda bekletildiginde %10.92 oraninda arttig1 ve
%2.55 ve %9.14 oraninda azaldigi; MgSO4 ortaminda bekletildiginde %7.09 oraninda arttig1 ve %5.37 ve
%10.41 oraninda azaldig1; HCI ortaminda bekletildiginde %4.77 oraninda arttig1 ve %6.42 ve %12.22 oraninda
azaldigi; anlasilmaktadir.
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Sekil 9. Geopolimer harglarin basing dayanimi degisim oranlari
Figure 9. Compressive strength change rates of geopolymer mortars

Orhan (2022) ¢aligmasinda %5 Na,SO. ¢ozeltisinde bekletilen numunelerin basing dayanim degerlerinin %5
MgSOs ¢ozeltisinde bekletilen numunelerin basing dayanim degerlerinden daha fazla oldugunu bulmustur.
Yazic1 (2022) yiiksek sicaklik+HCI sonrasinda tiim numunelerin basing dayanimlarinda azalma olurken
yiiksek sicaklik+Na>SO4 sonrasinda artis oldugunu ifade etmistir. Diger taraftan Kog¢ (2021) Na;SOgs
etkisindeki numunelerin 30. giinde basing dayaniminin 75,14 MPa, MgSOs etkisindeki numunelerin ise 64,31
MPa oldugunu bildirmistir. Akbulut (2020) tarafindan %10, %20 ve %30 oraninda yiiksek firin ciirufu (YFC)
iceren perlit esasli geopolimer karisimlarda; %5 HCI ¢ozeltisine maruz birakilan numunelerin asit ¢ozeltisine
maruz birakilmayan numunelere gére dayanim kayiplari sirastyla %11,19 %30,77 ve %31,35; %5 MgSOs4
cozeltisine maruz birakilan numunelerin siilfat ¢ozeltisine maruz birakilmayan numunelere gore dayanim
kayiplar1 sirasiyla %4,56 %19,38 ve %18,02 olarak tespit edilmistir. Bu ¢alismada 360 giin %5 Na,SO4
ortamimda bekletilen geopolimer harclarin basing dayanim kayiplarmin %5 MgSOs ortaminda bekletilen
geopolimer harglara goére daha az ve 5 HCI ortaminda bekletilen geopolimer harglarda ise diger siilfat
cozeltilerine gore en fazla olmast literatiire benzer sonuglar vermistir. Buna gore hidroklorik asit etkisi altinda
cimentolu sistemde CSH jelinin bozulmasinin diger siilfat etkilerinden daha fazla oldugu anlagilmaktadir.

Ozcan (2018) %5 MgSO4 ve %5 Na,SO; ¢ozeltilerinin geopolimer betonlarin basing dayanimlarmni azaltict
etkisi oldugunu bildirmistir. Siilfat saldirisinin betondaki Ca bilesenleri ile etkileserek etrenjit ve algitas
olusturacagini agiklamigtir. Bu baglamda geopolimer beton karisimindaki artan yiiksek firin ciirufu (%32.45
CaO igerikli) oranlarinin, Elazig ferrokrom ciirufuna (%1.1 CaO igerikli) gore basing dayanimini azalttigini
ayn1 zamanda ¢ok daha fazla CaO igerigine sahip yliksek firin ciirufunun siilfat saldirilarindan daha fazla
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etkilendigine dikkat ¢ekmistir. Cimentolu sistemlerde SiO; bakimindan zengin diisiik CaO igeren puzolan
kullanimi, puzolanik reaksiyon sonucu Ca(OH);'inin baglanmasina ve siilfat bilesikleriyle reaksiyona
girmesine engel olmaktadir. Benzer sekilde Ren vd. (2017) geopolimerik malzemelerin milkemmel siilfat
diren¢ nedenini, kaynak malzemelerindeki diigiik Ca igerigine ve daha kararli ¢apraz bagl aliiminosilikat
polimer yapilarina baglamistir. Bu ¢alismada geopolimer iiretiminde kullanilan diisiik CaO (%2.21) igerigine
sahip trakitik tiifle birlikte %1.0 nano silis ilavesinin 360 giin %5 Na>SOs ve %5 MgSO, cozeltilerinde
bekletilen geopolimer harg¢larin basing dayanimlarini ¢ozelti temas 6ncesi kontrol numunelerine goére arttirdigi
goriilmektedir. Basing dayaniminda goriilen bu artisin nedeninin siilfat ¢ozeltisinde geopolimerizasyon
reaksiyonunun devam etmesinden kaynaklandig: diistiniilmektedir.

4. Sonuclar
4, Conclusions

Calismada kullanilan trakitik tif numunesine ait kaya¢ parcalari puzolanlarda incelik sinirlaria
ASTM C618-19 (2019) gore 45u elekten gecen numune miktart %64.2 olacak sekilde
ogutilmustiir.  Trakitik tiftin =~ XRF  analizine gore kizduma kaybinin  %7.84  oldugu,
SiOo+Al,O3+Fe20; toplaminin - %83.5 oldugu, CaOun %2.21 oraninda, MgO'un %0.39 oraninda
ve diger bilesenlerin (K20, Na;O, SOz vd. ) %5.78 oraninda oldugu tespit edilmistir.

Nano silis katkili ve katkisiz tiim geopolimerlerin bekletildigi ¢ozeltilerin pH degerlerinin; MgSQO4 ve NaSO4
¢ozeltilerinde 28 giinde arttig1 sonrasinda 90, 180 ve 360 giinlerde azaldigi; HCI ¢ozeltisinde 28, 90, 180 ve
360 giinlerde azaldig1 goriilmiistiir.

%1.0 Nano silis katkili geopolimerlerin tiim giinlerde pH degerleri en biiyiik; Na,SO4 ¢6zeltisi i¢erisinde 13.2-
11.8; MgSOs¢ozeltisiicerisinde 11.6-8.5; HCl ¢ozeltisi igerisinde 3.5-2.6 araliginda 6l¢iilmiistiir.

Tiim kiir ortamlarinda geopolimerler incelendiginde; %1.0 nano silis katkili numunelerin egilme ve basing
dayanimlarinin en iyi oldugu, nano silis ilave orani arttikga dayanimlarda azalmalar oldugu gorilmiistiir.
Na>SO4¢ozeltisinde 360 giin bekleyen geopolimer numunelerin egilme ve basing dayanimlari sirastyla MgSO4
ve HCI ortaminda bekleyen numunelere gore daha yiiksek olmustur.

Trakitik tif esaslt geopolimer harglara nano silisin %1.0 oraninda ilave edilmesi ile iiretilen numunelerin;
egilme dayanimlarinin nano silis ilavesiz numunelere gére ¢ozelti temas 6ncesinde, 360 giin %5 Na>SOs, %5
MgSQO4ve %5 HCl ortaminda bekletildiginde sirasiyla; %9.06; %9.77; %6.58 ve %2.63 oraninda arttig1; basing
dayanimlarinin ise %9.70; %10.92; %7.09 ve %4.77 oraninda arttig1; gorilmiistiir.

Giliniimiizde ¢imentolu sistemlerdeki siilfat etkisine bagli hasarlarin karmagik siire¢leri nedeni ile
sadece siilfatlarin  hidrate ¢imento bilesenleriyle yaptiklart reaksiyonlar sonucu olugmadigi
tartisilmaktadir. Cimento kimyas1 {izerinde degisik etkilere sahip farkli mikro ve nano katkilarn
geopolimer kompozit tiretiminde de kullanilmasi, i¢ ve dis siilfat etkileri iizerine arastirmalarin
¢ok yoOnlii olarak yiriitilmesini zorunlu kilmaktadir. Tim sonuglar degerlendirildiginde
geopolimer iiretiminde kullanilan diisik CaO igerigine sahip trakitik tiifle birlikte %1.0 nano silis
kullaniminin tiim kiir ortamlarinda mekanik 6zellikleri iyilestirdigi goriilmustiir.
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Abstract

Pitaya is a tropical and subtropical plant with various uses. In this study, the maceration method obtained acetone, ethanol,
ethyl acetate, dichloromethane, and methanol from the bark parts of pitaya fruit. The in vitro effects of fruit peel extracts
on the critical metabolic enzyme activities of acetylcholinesterase (AChE), butyrylcholinesterase (BChE), human
carbonic anhydrase (hCA 1 and hCA 1II), and a-glycosidase, were investigated. Pitaya bark ethanol (PBE) (ICso:
20.16+0.22 pg/mL, 12:0.9694) for AChE and Pitaya bark acetone (PBA) (ICso:42.10+1.045 pg/mL, r2:0.9807) extract for
BChE showed the most potent inhibition effect. Pitaya bark ethyl acetate (PBEA) extract showed the most potent
inhibitory effect for hCA | and hCA 1l (1Csp:53.5142.22 pg/mL, r%0.9562 and 1Cs0:26.29+0.34 pg/mL, r%:0.9966),
respectively. In addition, PBEA showed the most potent inhibition effect on a-glycosidase enzyme (ICso: 24.54+1.80
ng/mL, r2:0.9199). According to the results, the extracts can be effectively used treatment of diseases such as glaucoma,
epilepsy, type 2 Diabetes mellitus (T2DM), and Alzheimer's disease (AD).

Keywords: Enzyme, Enzyme Inhibition, Pitaya.

Oz

Pitaya, ¢esitli kullanimlar: olan tropikal ve subtropikal bir bitkidir. Calismada maserasyon yontemi ile pitaya meyvesinin
kabuk kisimlarindan aseton, etanol, etil asetat, diklorometan ve metanol ekstraktlar: elde edilmistir. Meyve kabugu
ekstraktlarimin kritik metabolik enzimler olan asetilkolinesteraz (AChE), butirilkolinesteraz (BChE), insan karbonik
anhidraz CA |- II ve a-glikozidaz enzim aktiviteleri iizerine in vitro etkileri arastirildr. AChE i¢in Pitaya kabugu etanol
(PBE) (ICso: 20.16+0.22 ug/mL, r*:0.9694) ve BChE icin Pitaya kabugu aseton (PBA) (ICso:42.10£1.045 ug/mlL,
r2:0.9807) ekstrakt: en giiclii inhibisyon etkisini gosterdi. Pitaya kabugu etil asetat (PBEA) ekstresi hCA-I ve 1l icin en
kuvvetli inhibitor etkiyi gosterdi (swrasiyla ICso:53.51+2.22, 12:0.9562 ug/mlL, 1Cs0:26.29+0.34 ug/mlL, *:0.9966). Ek
olarak PBEA, a-Glikozidaz enzimi iizerinde en giiclii inhibisyon etkisini gostermistir (ICso:24.54+1.80 ug/mlL, r*:0.9199).
Sonuclara gore ekstraktlar glokom, epilepsi tip 2 Diabetes mellitus (T2DM) ve Alzheimer hastaligi (AH) gibi hastaliklarin
tedavisinde etkin bir sekilde kullanilabilir.

Anahtar Kelimeler: Enzim, Enzim Inhibisyonu, Pitaya
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1.Introduction

The dragon fruit (Cactaceae) belongs to the genus Hylocereus, commonly referred to as Pitaya (Hua et al.,
2018). More than 20 tropical and subtropical countries grow it commercially, including Israel, Malaysia,
Mexico, Colombia, Philippines, and Taiwan (Wong & Siow, 2015). This fruit contains a high quantity of
vitamin C and B group vitamins, as well as crude fiber, protein, carbohydrates, and minerals (Choo & Yong,
2011). Additionally, A red dragon fruit is rich in essential unsaturated fatty acids, linolenic and linoleic acids,
and is widely used in cosmetics and therapeutics fields (Al-Mekhlafi et al., 2021). Several studies have
demonstrated that phytochemicals obtained from the pulp and peel of red dragon fruit are anti-inflammatory
(Kaur et al., 2018), antispasmodic, antimicrobial, diabetes, and anti-cancer (Joshi & Prabhakar, 2020). This
food source has been studied extensively due to its rich content. There are several forms in which this fruit
may be consumed, such as jam, jelly, fruit juice, and bread (Jalgaonkar et al., 2022). Pitaya fruit peelings
account for approximately one-third of the weight of the fruit, which is discarded by fruit and juice businesses.
A by-product of pitaya fruit production, the pitaya rind contains abundant bioactive substances, which have
been reported to provide dietary fiber and pectin to the food industry (Madane et al., 2020; Zaid et al., 2020).
Pitaya peels contain bioactive compounds that can extend the shelf life of foods and food products by
containing phytochemicals with different bioactivities, such as betacyanins (Jiang et al., 2021). Pitaya peels
benefit from their wealth of content, which allows them to be more widely used.

Carbonic anhydrase enzyme (CA, E.C.4.2.1.1) contains zinc ion (Zn**) metal inside its structure. In addition,
a wide variety of organisms, plant kingdoms, and higher vertebrates contain this enzyme (Hoff et al., 2020;
Sever, Tiirkes, et al., 2021; Yasar et al., 2021). The central role of CAs is to catalyze the mutual and reversible
conversion reaction between carbon dioxide (CO2) and water (H20) and proton (H") and bicarbonate ions
(HCO3) (Akincioglu et al., 2021; Burmaoglu et al., 2022; Gul et al., 2016). The CO- hydration reaction, on
the other hand, is of fundamental importance in various physiological and biochemical reactions based on acid-
base balance, ion transport, and gas Exchange (Nar et al., 2013). CAs consist of eight different subdivisions,
which include the a-, B-, y-, 8-, C-, n-, 6-, and t-CA families. Several diseases are associated with alterations in
hCA activities, including epilepsy, glaucoma, obesity, osteoporosis, ulcer, and cancer (Oztaskin et al., 2019).

Alzheimer's disease (AD) is mainly related to changes and deterioration of the memory and behavior of people
in their middle and older years. Clinically, this disorder is characterized by progressive degeneration of brain
tissue as a result of a deficiency in acetylcholine (ACh) (Atmaca et al., 2018; Burmaoglu et al., 2021). Acetate
and choline are two molecules converted by the enzyme AChE, a critical molecule in the central and peripheral
nervous system (Aksu et al., 2018). The nonspecific cholinesterase BChE is found in vertebrate serum, blood
plasma, pancreas, heart, liver, and central nervous system. BChE can hydrolyze different esters in addition to
choline esters and is also known as pseudo-ChE (Anil et al., 2022; Biger et al., 2019; Demir et al., 2018).

A chronic disease, diabetes mellitus (DM), affects approximately 4% of the world's population. T2DM, one of
the types of diabetes, is becoming more common both in developed and developing countries (Sever, Altintop,
et al., 2021; Sever et al., 2020). a-Glucosidase (E.C.3.2.1.20) is one of the enzymes that can hydrolyze
polysaccharides and oligosaccharides up to glucose and fructose units in small intestinal cells (Gulgin et al.,
2018; Taslimi et al., 2018). The use of inhibitors of the carbohydrate glucosidase enzyme is proven to be
essential for controlling hyperglycemia and T2DM (Gondolova et al., 2018). In order to minimize the quantity
of glucose in T2DM, a-glucosidase inhibitors (a-Gls) effectively compete with oligosaccharides for binding
to the enzyme's active site (Demir et al., 2019, 2020).

The present study aims to investigate the inhibitory effects of pitaya peels, which are considered out of
consumption as waste and have very little use, on AChE, BChE, hCA I, hCA TI, and a-glucosidase, which are
associated with common and global health diseases.

2. Material and method

2.1 Preparation of extracts

Pitaya fruit was purchased from local vendors from the province of Antalya in the Mediterranean region of

Turkey. The fruit’s skin was dried and powdered separately and stored in the refrigerator until study time.
Extracts were prepared using 2.5 g of dried red dragon fruit peel and 50 mL of solvent. Amounts of extract
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obtained for methanol, ethyl acetate, ethanol, acetone, and dichloromethane extracts were determined at 200
mg.

2.2 Enzymes inhibition assay
2.2.1 Cholinesterase activity method

A partial modification of the method of Ellman et al. was used for the purpose of determining the activity of
the AChE and BChE enzymes (Ellman et al., 1961; Topal & Gulcin, 2022).

2.2.2 hCA activity determination method

Esterase activities of hCA | and hCA 11 enzymes were determined based on the method developed by Verporte
et al. (Verpoorte et al., 1967). A method based on the maximum absorbance of the p-nitrophenol molecule is
used, which is formed as a result of the enzyme decomposition of the p-nitrophenyl acetate molecule at 340
nm (Biger et al., 2020).

2.2.3 The a-glycosidase activity determination method

The activity of the a-glycosidase enzyme was measured based on the method described by Tao et al. (Tao et
al., 2013).

2.3 Kinetic studies

ICso values were calculated by examining the extracts’ effects on AChE, BChE, hCA | and hCA 11, and a-
glycosidase enzyme activities. For this purpose, enzyme activities at 5 different concentrations were measured
spectrophotometrically for all extracts. The activity (%)-[extract] graph was drawn using the obtained data.
ICso values were calculated using the graph (Biger et al., 2019; Kazanc et al., 2021).

3. Results and discussion

The enzyme inhibition effects of the extracts obtained from the peel of the Pitaya fruitc peels against AChE,
BChE, hCA | -II, and a-glycosidase were determined. Pharmaceutical, food, and cosmetic industries have
studied enzyme inhibition as a therapeutic medium extensively. Furthermore, enzyme inhibitors are currently
being used clinically to treat glaucoma, AD, DM, and obesity (Okten et al., 2019). Some synthetic inhibitors
have adverse effects, including hepatotoxicity and gastrointestinal disturbances. As a result, new and natural
inhibitors that are consumed daily and have no side effects are becoming increasingly popular (Soto-Hernandez
etal., 2017).

3.1 hCA | and hCA Il inhibition results

The CA family members are fascinating due to their monomeric structure and the absence of disulfide bonds
in polypeptide chains (Goksu et al., 2014). It was determined that PBE (I1Cso: 53.51+2.22 pg/mL, % 0.9562)
was the extract with the most potent inhibition effect on hCA-1 activity among the prepared extracts. The ICso
value was PBA (ICso: 64.26+3.01 pg/mL, r*: 0.9448), PBEA (ICso: 65.8£0.95 pg/mL, r%: 0.9349), and PM
(ICso: 72.5+2.67 pg/mL, 1% 0.9647), respectively, and PBDCM (ICso: 90.43+2.43 pg/mL, % 0.9866) had the
least inhibitory effect. Moreover, PBE (ICso: 26.29+0.34 pg/mL, r*: 0.9966) was the extract with the strongest
inhibitory effect on hCA-II activity. The I1Cs value was PBA (ICso: 33.06+0.33 nug/mL, r*: 0.9448), PBEA
(1C50:40.23+1.09ug/mL, r*: 0.9455), and PBM (ICso: 46.85+2.1ug/mL, r*: 0.9887), respectively, and PBDCM
(ICso: 49.63+0.74 pg/mL, 1% 0.9809 pg/mL) had the least inhibitory effect (Table 1, Figurel). In light of
various studies conducted on CA inhibitors, these inhibitors have been found to be effective in treating diseases
such as glaucoma and epilepsy (Taskin et al., 2022), and identifying new natural inhibitors is vital. A study
suggested that the ethyl acetate extract of the L. acutangula plant showed an inhibitory effect on CA, which
was proportional to the total amount of flavonoid and phenolic substances contained in the extracts (Chanda
etal., 2019).
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Table 1. Enzyme inhibition results of pitaya bark extracts against hCA | and hCA Il enzyme

1Cs0 (ng/mL)
hCA | r? hCA 1l r?
PBEA 65.8+0.94 0.9349 40.23+1.09 0.9455
PBA 64.26+3.01 0.9448 33.06+£0.32 0.9544
PBE 53.51+2.21 0.9562 26.28+0.34 0.9966
PBDCM 90.43+2.42 0.9866 49.63+0.74 0.9809
PBM 72.50+£2.67 0.9646 46.85+1.40 0.9887
100 - PBDCM 50 - PBDCM pgp
PBEA
PBM 40 -
75 4 PBEA PBA PBA
PBE 30 PBE
50 -
20 -
25 -
10 -
0 o J
hCA I(pg/mL) hCA Il(pg/mL)

Figure 1. 1Cs values for hCA | and hCA 11 of pitaya bark extracts
3.2 Cholinesterase inhibition results

Several clinical trials have been carried out using AChEIs (AChE inhibitors) generated from natural products.
AChElIs identified as phenolic compounds are important for treating AD and serve as precursor molecules
(Giilgin et al., 2016; Giilgin et al., 2019). According to Ellman's procedure, the extract's AChE and BChE
inhibitory properties were determined (Ellman et al., 1961). It was determined that PBE (ICso:
20.16+0.22pg/mL, r%:0.9694) was the extract having the strongest inhibitory effect on AChE activity among
the prepared extracts. The ICs value was PBA (ICsp: 23.57+0.71 pg/mL, r*: 0.9611), PBDCM (ICso:
24.04+0.29 pg/mL, % 0.9991), and PM (ICsp: 24.15+0.36 pg/mL, r*: 0.9827), respectively, and PBEA (ICso:
30.81+0.71 pug/mL, r% 0.9611) had the least inhibitory effect. Moreover, PBA (ICso: 42.10+1.04 pg/mL, r?:
0.9807) was the extract with the strongest inhibitory effect on BChE activity. The 1Cs value was PBM (ICso:
48.47+0.58 pg/mL, r*: 0.9848), PBEA (ICso: 59.23+0.51ug/mL, 1% 0.9721), and PBE (ICso: 68.29+0.78
pg/mL, r*: 0.9966), respectively and PBDCM (ICso: 76.44+0.48 pg/mL, r*: 0.9723) had the least inhibitory
effect (Table 2, Figure 2). Flavanones, flavonols, and derivatives of hydroxycinnamic acid are the major
phenolic compounds found in the red dragon fruit and its peel. In addition, the presence of phenolic acids such
as syringic acid, p-coumaric acid, gallic acid, and caffeic acid was characterized in white and red dragon fruits
(Castro-Enriquez et al., 2020; Chen et al., 2021; Garcia-Cruz et al., 2017; Zain et al., 2019). Therefore, in this
study, it is thought that extracts containing important phytochemicals have an inhibitory effect on
cholinesterase enzymes and that the peels of pitaya fruits may be essential in eliminating cholinergic deficiency
in treating neurodegenerative disorders such as AD.
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Table 2. Enzyme inhibition results of of pitaya fruit peel extracts against AChE and BChE enzymes

1Cs0 (ug/mL)
AChE r BChE r
PBEA 30.81+0.72 0.9611 59.23+0.51 0.9721
PBA 23.57+0.32 0.9648 42.10+£1.04 0.9807
PBE 20.16+0.22 0.9694 68.39+0.78 0.9968
PBDCM 24.04+0.29 0.9991 76.44+0.48 0.9723
PBM 24.15+0.36 0.9827 48.47+0.58 0.9848
80 - PBDCM
AChE(pg/mL) BChE(pug/mL)
20 - PBE
PBEA
60
PBEA
30 A PBM
PBDCM PBM PBA
PBA 10 |
PBE
20 -
20 A
10 +
0 4
O .

Figure 2. 1Cs values for AChE and BChE of pitaya bark extracts
3.3 a- Glycosidase inhibition studies

DM is a serious health problem that has a significant impact on the quality of life of patients across the globe.
In addition to being a metabolic and chronic disease, it is also accompanied by cardiovascular, neuropathy,
and retinopathy symptoms (Kocyigit et al., 2018; Takim et al., 2021). It was determined that PBEA (ICso:
24.54+1.80 pg/mL, r*: 0.9199) was the extract with the most potent inhibition effect on a- glucosidase activity
among the prepared extracts. The 1Cso value was PBDCM (ICso: 34.391.07 pg/mL, r*: 0.9236), PBA (ICso:
34.42+1.73 pg/mL, % 0.9442), and PBM (ICso: 58.74+1.77 pug/mL, r*: 0.9362) respectively, and PBE (ICso:
66.72+2.98 ug/mL, r*: 0.9305) had the least inhibitory effect (Table 3, Figure 3). It has been stated that a-
glycosidase inhibitors, one of the target enzymes in the treatment of T2DM, may be a preferred treatment
method compared to the side effects of traditional treatments (Ranilla et al., 2010). Giilgin and his friends in
the study of the phenolic compounds of the garden of the gardenin A (238,06 nm), usnic acid (281,13 nm),
phloretin (295.27 nm), vulpinic acid (626,58 nm) a-glycoside enzyme. They have been reported to have better
ICso values than the control with control (Gulgin et al., 2018). The recent study showed that the hot water
extract of Cola Nitida, one of the leaf-free plants specific to West Africa, has inhibited the a-glucosidase
enzyme and has promising in vivo antidiabetic properties in T2DM rats (Erukainure et al., 2019).
Consequently, it is possible to propose that including products derived from extracts of Pitaya shells in the diet
may be beneficial in preventing and treating T2DM according to the results of the study.
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Table 3. Enzyme inhibition result of pitaya fruit peel extracts against the a-
glycosidase enzyme

1Cs0 (ug/mL)
a- glycosidase r
PBEA 24.544+1.80 0.9199
PBA 34.42+1.73 0.9442
PBE 66.72+2.98 0.9305
PBDCM 34.39+1.07 0.9236
PBM 58.74+1.77 0.9362

80 -

PBE
PBM
40 A PBA PBDCM
PBEA
20 ~
O J

a-glucosidase
(ng/mL)

Figure 3. 1Cs values for a- glycosidase enzyme of pitaya bark extracts
As a result, our study, the in vitro effects of ethanol, ethyl acetate, methanol, dichloromethane, and acetone
extracts prepared from the peels of pitaya fruit, known as a waste product, on AChE, BChE, hCA-I and hCA-
11, and a-glucosidase activities were investigated. The results revealed the inhibition effects of the extracts on
the enzymes. Therefore, Pitaya peels may be effective in treating diseases such as AD, glaucoma, epilepsy,
and T2DM when included in daily consumption. In addition, according to the results obtained, it is thought
that pitaya shells, which are used as waste and whose consumption is insufficient compared to fruit, can
contribute quite a lot if they are included in daily consumption with this study.
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Abstract

Trypan blue (TB) is acommonly used hazardous and carcinogenic dye. The aim of this research was to remove TB using
heat-inactivated Aspergilus niveus biomass. The biosorption of TB dye was studied as a function of pH, the concentration
of TB dye, biosorbent amount, and time. In studies, the Langmuir, Freundlich, Redlich-Peterson, and Harkins-Jura
isotherm models were evaluated for suitability. The biosorption of the TB dye on the used biomass was found to follow
the Langmuir and Redlich-Peterson isotherm models. The pseudo second-order kinetic model was found to be more
effective at explaining TB biosorption. The pseudo-second order model's theoretical Q. value (129.87 mg/g) was found
to be close to the experimentally obtained value (128.1 mg/g) at 25 °C. According to the studies, the highest biosorption
capacity was found to be 141.79 mg/g at 45 °C.

Keywords: Adsorption, Biosorption, Fungal biomass, Trypan blue

(04

Tripan mavisi (TB) yayg:n olarak kullanzlan tehlikeli ve kanserojen bir boyad:r. Bu aragt:rman:n amac:, istyla inaktive
edilmis Aspergilus niveus biyokiitlesi kullanarak TB'yi gidermektir. TB boyas:n:n biyosorpsiyonu pH, TB boyas:
konsantrasyonu, biyosorbent miktar: ve zaman:n bir fonksiyonu olarak incelenmigstir. Calismalarda Langmuir,
Freundlich, Redlich-Peterson ve Harkins-Jura izoterm modelleri uygunluk a¢is:ndan degerlendirilmistir. TB boyas:n:n
kullanzlan biyokiitle zizerindeki biyosorpsiyonunun Langmuir ve Redlich-Peterson izoterm modellerini takip ettigi
bulunmustur. Yalanc: ikinci dereceden kinetik modelin TB biyosorpsiyonunu a¢:klamada daha etkili oldugu bulunmustur.
Sozde ikinci dereceden modelin teorik Qe degerinin (129,87 mg/g) 25 °C'de deneysel olarak elde edilen degere (128,1
mg/g) yakin oldugu bulunmustur. Calismalara gore, en yiiksek biyosorpsiyon kapasitesi 45 °C'de 141,79 mg/g olarak
bulunmustur.
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1. Introduction

One of the greatest environmental hazards we are currently facing is water pollution, which requires urgent
attention. Both organic and inorganic substances pollute water resources. Heavy metals, detergents,
organochlorines, organochlorines, organophosphorus, polycyclic aromatic compounds,and aromatic
compounds derived from petroleum and dyes are examples of chemicals that cause water pollution. (Olakunle
et al., 2018). Dyes are a prominent class of organic macromolecules that have widespread applications in
various industries, such as textiles, paints, plastics, solar-sensitive devices, optics, sensors, and metal
extraction. Classification of dyes is based on various criteria, including their molecular structure, source,
colour, and method of application in the colour index (CI). However, a more systematic categorization of dyes
can be achieved based on their chromophores. These include quinone-amine dyes, acridine dyes, azo dyes,
aryl methane dyes, anthraquinone dyes, and other similar compounds. (Rauf & Salman Ashraf, 2012).

One of the most difficult industrial wastewaters to handle is dye effluent from the fabric and dyestuff industries.
This is because that dyes are typically synthetic in origin and contain complex aromatic molecular structures,
making them more durable and difficult to biodegrade (Fu & Viraraghavan, 2001).

These hazardous chemicals can cause water pollution, disrupt the environmental balance, and increase
chemical and biological oxygen demand (COD and BOD) by altering the pH and chemical content of the water
body. As a result, this coloured waste can have severe toxic effects on the aquatic ecosystem (Sarkar et al.,
2017).

The dye-containing wastewater, which is given to the receiving environment without treatment, has a negative
effect on the photosynthesis process as well as its toxic effects (Gemici & Ozden, 2022). Azo dyes are chemical
compounds that are made up of a diazotized amine coupled to an amine or a phenol, and they can contain one
or more azo linkages. The primary building blocks for azo dyes are aromatic amines(Chung, 2016).Trypan
blue is a diazo dye that is used as a direct dye for cotton fabrics and as a vital stain in biosciences to selectively
colour dead cells or tissues blue (Priyadarshini et al., 2021) . Trypan blue (TB) is classified as a class-2B
carcinogen by the International Agency for Research on Cancer, a class of compounds that can endanger
human life. As a result, it is critical that Trypan blue be removed from wastewater (Cai et al., 2020). TB was
removed using various adsorbents. Adsorbents such as core-shell activated carbon, orange peel, modified luffa
sponge and MgO nanoparticles are examples of these materials (Cai et al., 2020; Eddy et al., 2022; Nadaroglu
et al., 2017; Priyadarshini et al., 2021). Aside from adsorption, various techniques have been used to remove
TB. These include biodegradation, the photo-Fenton process, and electrochemical oxidation (Britos et al.,
2018; Dutta et al., 2019; Ghime & Ghosh, 2020).

The main goal of this study is to examine the removal of Trypan blue, which is a toxic dye, by biosorption by
using dead biomass of Aspergillus niveus (= Fennelia nivea)

2. Materials and methods
2.1. Microorganisms and production of biomass

In this investigation, Aspergillus niveus (=Fennelia nivea) biomass—previously isolated from the soil,
identified, and kept in the Hacettepe Biology Department stocks (Aracagdk et al., 2021)—was utilized as an
adsorbent in the removal of Trypan blue. Malt extract broth medium was used to produce fungal biomass to
be used as an adsorbent. It was inoculated into Erlenmeyer flasks (1000 ml) with 500 ml malt extract broth
and incubated for 5 days at the natural pH of the medium at a shaking speed of 150 rpm at 30°C., When the
incubation period is over the media were autoclaved at 110 °C for 25 minutes to obtain dead biomass. The
fungal biomass was separated from the liquid medium through the filter paper, the remaining biomass on the
filter paper was washed with distilled water. The obtained heat-inactivated A. niveus mass was allowed to dry
for two days at 50 °C. The dried dead biomass was pulverized with a mortar and passed through a 0.15 mm
diameter sieve.
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2.2. Dye removal experiments

TB dye removal experiments were performed in 50 ml Falcon tubes with 10 ml solution. Trypan blue powder
(Merck, CAS NO: 72-57-1) was used to prepare the dye solution. pH values of dye solutions were adjusted
using 0.1-1 N HCI and NaOH solutions.

To examine the impact of pH, from 4 to 9, solutions containing 25 mg/L TB dye and 10 mg of fungal biomass
were created. 250 mg/L dye solutions were combined with 10 to 150 mg of dry biomass powder to examine
the effects of the fungal adsorbent dosage.

By increasing the concentrations from 30 to 300 mg/L, the impact of the starting TB concentration was
examined. As a result, various TB concentrations were examined during the investigation. The biomass used
in these trials remained constant at 10 mg. The effects of 250 mg/L TB solutions and 10 mg/g biomass on
contact time (5-1.440 min) were studied. The reactors were operated on rotary shakers for 24 hours at 150
rpm.

20 minutes are spent centrifuging the dye and adsorbent mixture at 4000 rpm. When the centrifugation process
was complete, the supernatant was examined through a spectrophotometer at a wavelength of 594 nm to
determine whether the quantity of TB had changed. Each test was run in triplicate.

The following equations were used to calculate the adsorption capacity (Qe) and percentage of removal rates
at equilibrium:

— (Ci_Ce) x V (1)

m

Qe

removal rate (%) = (Cig—_ce)xloo (2)

2.3. Isotherms

Freundlich, Langmuir, Harkins-Jura, and Redlich-Peterson isotherm approaches were used to model the TB
dye adsorption onto Aspergillus niveus biomass.

Freundlich isotherm:
This isotherm can be used to multilayer adsorption with non-uniform dispersion of adsorption affinities and

heat over the heterogeneous adsorbent surface. Following is how this model is expressed (Foo & Hameed,
2010):

logQ. = logKp + %logCe 3)
The adsorption coefficient is Kr, and the adsorption index is 1/n.

Langmuir isotherm:

The Langmuir isotherm makes the assumption, of monolayer adsorption, with adsorption occurring only at a
constrained number of specific localized sites that are the identical and equivalent, with no lateral interaction

and steric inhibition between the adsorbed species, even on contiguous sites. Following is how this model is
expressed (Foo & Hameed, 2010) :

Co Q 1 4)

Qe Qmax Qmax*KL

Ce (mg/L) denotes the concentration at equilibrium, Qe (mg/g) the adsorption capacity at equilibrium, KL
(L/g) the adsorption power, and Qmax (mg/g) the maximal adsorption capacity.
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The favourability of the adsorption was assessed using the dimensionless constant separation factor (RL) of
the Langmuir model. Adsorption is either linear or nonlinear depending on the dimensionless separation factor
values. (RL = 0), favourable (O<RL<1), or unfavourable (1>RL). Following is how this model is expressed
(Foo & Hameed, 2010):

1
Ry = 1+K G (%)

Harkins-Jura isotherm:

Multilayer adsorption on the surface of adsorbents with heterogeneous distribution of pores is a possibility
according to the Harkin-Jura isotherm model. Following is how this model is expressed (Ayawei et al., 2017):

|
| @

(logCe) (6)

N

Q2
B is a model constant, and A is another model constant
Redlich — Peterson isotherm:

A hybrid isotherm made out of the Langmuir and Freundlich isotherms is known as the Redlich-Peterson
isotherm. Following is how this model is expressed (Wu et al., 2010):
Ce_ 1 L2 (9

Qeza-l-KR € (7)

aR is the Redlich-Peterson model constant (L/mg), KR is the Redlich-Peterson isotherm constant (L/g), and g
is the Redlich-Peterson exponent.

2. 4. Kinetics

The adsorption of TB dye on A. niveus biomass was evaluated using the pseudo-first order and pseudo-second-
order kinetic models. Linearized first order kinetic model equation (Plazinski et al., 2009) :

In(q, — q¢) = In(q,) — kqt (8)

Another popular kinetic model for adsorption researches is a pseudo-second-order model, which is described
as (Ho & McKay, 1998):

t 1 t

s ©)

ac 42Kz Qe

2.5. Software

Adsorption isotherms was plotted by R studio (PUPAIM) package. Statistical analysis was performed using
Python, Sckit and Scipy libraries.

3. Results and discussion
3.1. Effect of pH

Heat-inactivated A. niveus biomass powder was used to remove TB, and the findings of this investigation are
shown in Figure 1. The impact of changing the medium pH on TB removal was investigated at various pH
levels with 25 mg/L TB, with a control group for each pH value. The group which pH was adjusted to 6 (Qe:
27.4 mg/g) showed the highest biosorption value at the end of the trial. The Kruskal-Wallis and Dunn's tests
were used to determine the statistical significance of the acquired data. Since the p-value of the Kruskal-Wallis
test (0.029) is less than 0.05, it can be concluded that there is a difference between the groups with different
pH levels. According to Dunn's test (p-value (0.017) < 0.05), the pH 6 and pH 9 groups were the main
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contributors to this difference. Based on the obtained data, it can be said that TB removal with A. niveus
biomass is more efficient in an acidic medium compared to an alkali medium. In a previous study, both Luffa
sponge and modified Luffa sponge effectively removed Trypan blue dye at pH 7 (Nadaroglu et al., 2017). In
a study with MgO nanoparticles, the authors observed that Trypan blue adsorption occurs most efficiently at
pH 4 (Priyadarshini et al., 2021). In a study with Trichoderma harzianum, the maximum removal efficiency
for autoclaved and non-autoclaved fungal biomass was reached at pH 8 (Sadhasivam et al., 2005).The
adsorbent, which is positively charged with the effect of increasing H+ ion at low pH, interacts more strongly
with -SO3- groups in the TB dye (Akkaya et al., 2009). The medium pH value was chosen as 6 for further
studies.l, 17-28.

28

27

Q. (mg/g)

26

25

pH

Figure 1. Effect of different pH values on trypan blue biosorption using heat-killed
A. niveus biomass (10 mg biomass, reaction volume: 10 ml, TB concentration: 25
mg/L, T: 25°C, 150 rpm, each dot is the mean of the three values, and the error bars
represent the standard deviation.)

3.2. Concentration of Trypan blue and isotherms

The effect of Trypan blue concentration on biosorption and the saturation point were investigated at dye
concentrations ranging from 30 mg/L to 350 mg/L. The results showed that the adsorption capacity (126.4
mg/g) had increased to 250 mg/L dye concentration and also that saturation had been reached (Figure 2). In a
study with magnesium nanoparticles, it was reported that the maximum TB adsorption capacity was 132 mg/g
(Priyadarshini et al., 2021). In different studies using orange peel and avocado seed, TB adsorption capacities
were found to be 172.41 and 19.30 mg/g, respectively (Eddy et al., 2022; El-Idreesy et al., 2021). In another
study using luffa sponge and modified luffa sponge, TB removal capacities of TB adsorbents were found to be
45.32 and 47.3 mg/g (Nadaroglu et al., 2017).

160

0 50 100 150 200 250 300 350 400
Dye concentration (mg/L)

Figure 2. Effect of TB concentration on trypan blue biosorption using heat-killed
A. niveus biomass (10 mg biomass, reaction volume: 10 ml, pH: 6, T: 25°C, 150
rpm , each dot is the mean of the three values, and the error bars represent the
standard deviation.)
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Adsorption of TB increases as the concentration of the adsorbate increases. This is due to the fact that as the
amount of TB molecules diffused onto the adsorbent surface increases, so does the adsorption rate (Eddy et
al., 2022). As the concentration of the dye increases, the adsorption capacity of the adsorbent also increases.
This can be attributed to the high driving force for mass transfer that occurs at higher initial dye concentrations
(Salleh et al., 2011).

In this study, Langmuir, Freundlich, Redlich-Peterson and Harkins-Jura isotherms were tested to find out
which model would better explain the adsorption of TB dye on inactive A. niveus biomass (Figure 3).

Langmuir Isotherm Linear Model &
First Linear Form Freundlich Isotherm Linear Model

CelQe
z
log(Qe)

oo o5 o
PUPAIM log(Ce)

Redlich-Peterson Isotherm Linear Model Harkins-Jura Isotherm Linear Model

o o5 B
ce® log(Ce)
PuPAM PuPAIM

Figure 3 Plots of Langmuir (A), Freundlich (B), Redlich-Peterson (C) and Harkins- Jura isotherms (D)

Redlich-Peterson and Langmuir isotherms have the highest R-squared value among the graphed isotherms
(Table 1). The Freundlich and Langmuir isotherms are combined in the Redlich-Peterson isotherm model
(Ayawei et al., 2017). Exponent g for the Redlich-Peterson isotherm can range from 1 to 0. The model is
referred to as being Langmuir isotherm fitted if this number is close to 1 (Vijayaraghavan et al., 2006). It can
be said that the biosorption of TB on the fungal mass follows the Langmuir model because the R? (0.9977)
value obtained from the Langmuir isotherm is high, the g value (0.89) obtained from the Redlich-Peterson
isotherm is close to unity. The monolayer and homogeneous Badsorption constrained sorption sites on the
adsorbent were described using the Langmuir isotherm model. Adsorbate covers sorption sites once, and there
will be no more adsorption after that (Hussain et al., 2021).

Table 1. Isotherm parameters

Isotherm models

Qnmax 130.02
Langmuir KL 0.1780
R? 0.9977
Kk 39.89
Freundlich n 4,25
R? 0.9104
Kr 60.25
Redlich-Peterson ar 0.8
g 0.89
R? 0.9984
A 3434
Harkins-Jura B 2.18
R? 0.59
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The Freundlich model was found to be more accurate in explaining TB adsorption with MgO nanoparticles
(Priyadarshini et al., 2021). According to a study that used nano-Zn modified Luffa sponge for TB adsorption,
the Langmuir isotherm model best explained the adsorption process (Nadaroglu et al., 2017). A study of TB
adsorption with adsorbent from orange peel revealed that the adsorption followed the Langmuir isotherm
model (Eddy et al., 2022). Due to the R values being smaller than 1, which were computed using the original
dye concentration employed, TB biosorption is favourable (Table 2).

Table 2. R, values for various experimental initial dye concentrations (C;) at 25°C.

Ci (mg/L) R
30 0.15
42 0.117
53 0.095
63 0.081
78 0.066
106 0.050
152 0.035
195 0.027
233 0.023
298 0.018
357 0.015

3.3. Effect of A. niveus biomass amount on Trypan blue removal

To find the biosorbent dose that resulted in the most effective TB removal, solutions containing 250 mg/L of
TB dye and A. niveus mass in the range of 1000-15,000 mg/L were added. As anticipated, the percentage of
removal rose as the biomass increased, yielding 94.2% Trypan blue elimination at 5000 mg/L biomass. (Figure
4). The number of binding sites for the dye in the solution will rise as the amount of biomass rises (Bayramoglu
& Yilmaz, 2018).

In a study in which Pb (1) and Cr (111) biosorption was performed, it was reported that the heavy metal removal
rate increased with increasing biomass.

In the same study, it was shown that the removal efficiency decreased due to the aggregates formed at a biomass
concentration above 1 g/L (Bueno et al., 2008).

120

1000 mg/L 2000 mg/L 5000 mg/L 10000 mg/L 15000 mg/L

Heat-incativated A.niveus amount

Figure 4. Effect of heat- killed A. niveus biomass amount on trypan blue removal
percentage (reaction volume: 10 ml, pH:6, T: 25°C, 150 rpm, the error bars
represent the standard deviation.)

3.4. Contact time and kinetics

Figure 5 shows the biosorption of TB dye onto biomass as a function of contact time. According to the findings,
the dye was rapidly removed within the first five minutes. The dye biosorption process, which took place
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rapidly in the first 60 minutes, continued more slowly in the following minutes and reached equilibrium at
180. minute (128.1 mg/g).

140

120
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80

Q. (mg/g)

60

40

20

0 50 100 150 200 250 300
Time (min)

Figure 5 The influence of contact time on biosorption of trypan blue (10 mg
biomass, reaction volume: 10 ml, Dye concentration: 250 mg/L, pH: 6, T: 25°C,
150 rpm)

In the study with luffa sponge, the authors reported that equilibrium was reached within 30 minutes (Nadaroglu
etal., 2017).

The Largergren model, also known as the pseudo-first-order model, is based on the proportionality between
the number of filled sites versus the available sites. According to this hypothesis, physical interactions only
occur between the adsorbate and the adsorbent's surface at one specific active site. The pseudo-second-order
kinetic model assumes that the adsorption follows the square of the difference between the number of available
and filled adsorption regions and that the adsorbate could bind to 2 existing sites with various binding energies.
(Galloni et al., 2022). Table 3 depicts the assumed pseudo-second order model for TB dye biosorption on
fungal biomass, with R? as the coefficient of determination. The slope of a linear line (t/g; vs. t) was used to
calculate the theoretical amount of Trypan blue dye that fungal biomass can adsorb, Q. (129.87 mg/g). This
value was found experimentally to be 128.1 mg/g.

Table 3. Kinetic parameters

Pseudo-first order Pseudo-second order
Qe(mg/g) ki(min?t) R? Qe (Mmg/g) ko (g/mg/min)  R?
61.16 0.00011 0.914 129.87 0.00102 0.997

Adsorption of Trypan blue onto chitin fits pseudo-second order rather than pseudo-fist order kinetic model
(Akkaya et al., 2009). Another research showed that the adsorption of trypan blue dye on core-shell granular
activated carbon follows the pseudo-second order kinetic model(Cai et al., 2020).

3.5. Temperature effect

The effect of temperature on the adsorption TB was investigated using 10 millilitres of solution containing 250
mg per liter of the dye, which was contact in with 10 milligrams of biomass at pH 6. The studies were
conducted at three different temperatures: 4°C,25°C, and 45°C.

As can be seen in Figure 6, which shows the change in TB adsorption capacity with temperature change, the
adsorption capacity increased with increasing temperature. The adsorption efficiency of TB with fungal
biomass increased from 72 mg/g at 4°C to 149.79 mg/g at 45°C with increasing temperature. A study with
Luffa sponge reported that the maximum removal of TB by adsorption occurred at 20°C (Nadaroglu et al.,
2017) In a study with MgO nanoparticles, it was reported that TB removal decreased with increasing
temperature (Priyadarshini et al., 2021).
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It was reported that the adsorption of Reactive Yellow 86, an azo dye, with free and immobilised fungal
biomass increased with increasing temperature (Bayramoglu & Yilmaz, 2018).
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Figure 6. Effect of temperature on TB adsorption(10 mg biomass, reaction volume: 10 ml,
Dye concentration: 250 mg/L, pH: 6, 150 rpm, each dot is the mean of the three values, and
the error bars represent the standard deviation.)

4, Conclusion

The efficacy of heat-treated Aspergillus niveus biomass for the removal of the toxic and carcinogenic dye
Trypan blue was examined, with the pH of the medium considered a crucial parameter due to its impact on
both the adsorbent and adsorbate charge. The experimental results indicated that the highest biosorption
efficiency was achieved at a pH of 6, with significantly higher biosorption values observed at lower pH levels
than at higher pH levels. Additionally, the highest biosorption capacity was observed at a Trypan blue
concentration of 250 mg/L, and the biosorption process followed both Langmuir and Redlich-Peterson
isotherms. Notably, the Redlich-Peterson exponent, g, is closely approximated 1, suggesting conformity to the
Langmuir model. The biosorption of Trypan blue by A. niveus was found to be rapid, with saturation of the
adsorbent occurring at the 180th minute. Further analysis revealed that the pseudo-second order kinetic model
provided a better fit for the biosorption of Trypan blue by A. niveus as compared to the pseudo-first order
model.

Author contribution
Experimental design and writing of the article were done by Y. Doruk ARACAGOK
Declaration of ethical code

The author of this publication affirms that there is no need for a legal permit or the approval of an ethical
committee for the materials and procedures utilized in this investigation.

Conflicts of interest
The author declares that there is no conflict of interest.
References

Akkaya, G., Uzun, 1., & Giizel, F. (2009). Adsorption of some highly toxic dyestuffs from aqueous solution by chitin and
its synthesized derivatives. Desalination, 249(3), 1115-1123. https://doi.org/10.1016/j.desal.2009.05.014

Ayawei, N., Ebelegi, A. N., & Wankasi, D. (2017). Modelling and interpretation of adsorption isotherms. Journal of
Chemistry, 2017, 1-11. https://doi.org/10.1155/2017/3039817

613



Aracagok 2023 / Volume:13 « Issue:3 « Page: 605-615

Bayramoglu, G., & Yilmaz, M. (2018). Azo dye removal using free and immobilized fungal biomasses: Isotherms,
kinetics and thermodynamic studies. Fibers & Polymers, 19(4), 877-886. https://doi.org/10.1007/s12221-018-
7875

Britos, C. N., Gianolini, J. E., Portillo, H., & Trelles, J. A. (2018). Biodegradation of industrial dyes by a solvent, metal
and surfactant-stable extracellular bacterial laccase. Biocatalysis & Agricultural Biotechnology, 14, 221-227.
https://doi.org/10.1016/j.bcab.2018.03.015

Bueno, B. Y. M., Torem, M. L., Molina, F., & de Mesquita, L. M. S. (2008). Biosorption of lead(ll), chromium(lIl) and
copper(ll) by R. opacus: Equilibrium and Kkinetic studies. Minerals Engineering, 21(1), 65-75.
https://doi.org/10.1016/j.mineng.2007.08.013

Cai, Z., Deng, X., Wang, Q., Lai, J., Xie, H., Chen, Y., Huang, B., & Lin, G. (2020). Core-shell granular activated carbon
and its adsorption of trypan blue. Journal of Cleaner Production, 242, 118496.
https://doi.org/10.1016/j.jclepro.2019.118496

Chung, K.-T. (2016). Azo dyes and human health: A review. Journal of Environmental Science & Health, Part C, 34(4),
233-261. https://doi.org/10.1080/10590501.2016.1236602

Aracagdk, D. Y., Ogiin, E., Torun, M., Akyil, H., Cihangir, N., & Sanin, S. (2021). Fungal biosorption of cadmium(ll)
onto Fennelia nivea from aqueous solution: Equilibrium, thermodynamics, and kinetics. Desalination & Water
Treatment, 222, 386-393. https://doi.org/10.5004/dwt.2021.27091

Dutta, A., Das, N., Sarkar, D., & Chakrabarti, S. (2019). Development and characterization of a continuous solar-
collector-reactor for wastewater treatment by photo-Fenton process. Solar Energy, 177, 364-373.
https://doi.org/10.1016/j.solener.2018.11.036

Eddy, N. O., Garg, R., Garg, R., Aikoye, A. O., & Ita, B. I. (2022). Waste to resource recovery: Mesoporous adsorbent
from orange peel for the removal of trypan blue dye from aqueous solution. Biomass Conversion & Biorefinery,
https://doi.org/10.1007/s13399-022-02571-5

El-ldreesy, T. T., Khoshala, O., Firouzi, A., & Elazab, H. A. (2021). Equilibrium and kinetic study on the biosorption of
trypan blue from aqueous solutions using avocado seed powder. Biointerface Research in Applied Chemistry,
11(3), 11042-11053. https://doi.org/10.33263/BRIAC113.1104211053

Foo, K. Y., & Hameed, B. H. (2010). Insights into the modeling of adsorption isotherm systems. Chemical Engineering
Journal, 156(1), 2-10. https://doi.org/10.1016/j.cej.2009.09.013

Fu, Y., & Viraraghavan, T. (2001). Fungal decolorization of dye wastewaters: A review. Bioresource Technology, 79(3),
251-262. https://doi.org/10.1016/S0960-8524(01)00028-1

Galloni, M. G., Bortolotto, V., Falletta, E., & Bianchi, C. L. (2022). PH-Driven selective adsorption of multi-dyes
solutions by loofah sponge and polyaniline-modified loofah sponge. Polymers, 14(22), 4897.
https://doi.org/10.3390/polym14224897

GemiCi, B. T., & Ozden, A. (2022). Isotherm, kinetics & thermodynamic analysis of dye removal from aqueous solutions
using chestnut shell. Giimiishane Universitesi Fen Bilimleri Enstitiisii Dergisi, 12(4), 1158-116.
https://doi.org/10.17714/gumusfenbil. 983162

Ghime, D., & Ghosh, P. (2020). Decolorization of diazo dye trypan blue by electrochemical oxidation: Kinetics with a
model based on the Fermi’s equation. Journal of Environmental Chemical Engineering, 8(1), 102792.
https://doi.org/10.1016/j.jece.2018.11.037

Ho, Y. S., & McKay, G. (1998). A Comparison of chemisorption kinetic models applied to pollutant removal on various
sorbents. Process Safety & Environmental Protection, 76(4), 332—-340.
https://doi.org/10.1205/095758298529696

Hussain, S., Kamran, M., Khan, S. A., Shaheen, K., Shah, Z., Suo, H., Khan, Q., Shah, A. B., Rehman, W. U., Al-Ghamdi,
Y. O., & Ghani, U. (2021). Adsorption, kinetics and thermodynamics studies of methyl orange dye sequestration
through chitosan composites films. International Journal of Biological Macromolecules, 168, 383-394.
https://doi.org/10.1016/j.ijbiomac.2020.12.054

614



Aracagok 2023 / Volume:13 « Issue:3 « Page: 605-615

Nadaroglu, H., Cicek, S., & Gungor, A. A. (2017). Removing trypan blue dye using Nano-Zn modified luffa sponge.
Spectrochimica  Acta Part A: Molecular &  Biomolecular  Spectroscopy, 172, 2-8.
https://doi.org/10.1016/j.saa.2016.08.052

Olakunle, M. O., Inyinbor, A. A., Dada, A. O., & Bello, O. S. (2018). Combating dye pollution using cocoa pod husks:
A sustainable approach. International Journal of Sustainable Engineering, 11(1), 4-15.
https://doi.org/10.1080/19397038.2017.1393023

Plazinski, W., Rudzinski, W., & Plazinska, A. (2009). Theoretical models of sorption kinetics including a surface reaction
mechanism: A review. Advances in Colloid & Interface  Science, 152(1), 2-13.
https://doi.org/10.1016/j.cis.2009.07.009

Priyadarshini, B., Patra, T., & Sahoo, T. R. (2021). An efficient and comparative adsorption of Congo red and trypan blue
dyes on MgO nanoparticles: Kinetics, thermodynamics and isotherm studies. Journal of Magnesium & Alloys,
9(2), 478-488. https://doi.org/10.1016/j.jma.2020.09.004

Rauf, M. A., & Salman Ashraf, S. (2012). Survey of recent trends in biochemically assisted degradation of dyes. Chemical
Engineering Journal, 209, 520-530. https://doi.org/10.1016/j.cej.2012.08.015

Sadhasivam, S., Saritha, E., Savitha, S., & Swaminathan, K. (2005). Comparison of the efficacy of live and autoclaved
mycelium of Trichoderm harzianum on the removal of trypan bllue. Bulletin of Environmental Contamination
& Toxicology, 75(5), 1046-1053. https://doi.org/10.1007/s00128-005-0855-0

Salleh, M. A. M., Mahmoud, D. K., Karim, W. A. W. A., & Idris, A. (2011). Cationic and anionic dye adsorption by
agricultural solid  wastes: A comprehensive  review. Desalination, 280(1), 1-13.
https://doi.org/10.1016/j.desal.2011.07.019

Sarkar, S., Banerjee, A., Halder, U., Biswas, R., & Bandopadhyay, R. (2017). Degradation of synthetic azo dyes of textile
industry: A sustainable approach using microbial enzymes. Water Conservation Science and Engineering, 2(4),
121-131. https://doi.org/10.1007/s41101-017-0031-5

Vijayaraghavan, K., Padmesh, T., Palanivelu, K., & Velan, M. (2006). Biosorption of nickel(Il) ions onto Sargassum
wightii: Application of two-parameter and three-parameter isotherm models. Journal of Hazardous Materials,
133(13), 304-308. https://doi.org/10.1016/j.jhazmat.2005.10.016

Wu, F.-C., Liu, B.-L., Wu, K.-T., & Tseng, R.-L. (2010). A new linear form analysis of Redlich—Peterson isotherm
equation  for  the  adsorptions of dyes. Chemical Engineering  Journal,  162(1), 21-27.
https://doi.org/10.1016/j.cej.2010.03.006

615



Gumushane University Journal of Science

GUFBD / GUJS (2023) 13(3): 616-631 doi: 10.17714/gumusfenbil. 1274987 Research Article

Investigation of changes in geomechanical properties of sandstones under

different saturation and anisotropy conditions: Example from Giimiishane (NE
Tiirkiye)

Farkli doygunluk ve anizotropi kosullarinda kumtaslarinin jeomekanik ozelliklerindeki
degisimlerin incelenmesi: Giimiishane ornegi (KD Tiirkiye)

Zarife GULTEKIN ', Serhat DAG*?
! General Directorate of Mineral Research and Exploration, Ankara
2 Giimiishane University Faculty of Engineering and Natural Sciences, Geological Engineering Department, 29100, Giimiishane

* Received: 31.03.2023 * Accepted: 27.05.2023

Abstract

In this study, the changes in various geomechanical properties were studied for sandstones cropped out at the Mescitli
region of the Glimiishane city under different saturation and anisotropy conditions. For this purpose, 225 specimens were
prepared considering the lamination planes of those were chosen to have orientation of 0, 30, 45, 60 and 90° relative to
loading direction. Index properties of the sandstones such as dry unit weight (yay), Saturated unit weight (ysa), water
absorption by weight (Aw) and water absorption by volume (Ay) were assigned. In accordance with the objective of study
P wave velocity, uniaxial compressive strength and indirect tensile strength values were determined based on different
saturation and anisotropy conditions. It was noted as a result of the observations carried out that specimens parallel to
lamination have higher wave velocities in general when compared with specimens that are perpendicular to lamination
planes. While uniaxial compressive strength values for sandstones are high for specimens which are parallel and
perpendicular to lamination, the lowest strength value was observed in specimens with an anisotropy angle of 30°. In
addition, it was also observed that the strength values decrease at a significant level with increasing saturation conditions.
Strength anisotropy ratio (Rucs) for sandstones varies between 1.28-1.49 based on different saturation conditions.
Similarly, while indirect tensile strength values were higher in specimens that were parallel and perpendicular to
lamination, they were lower for other anisotropy orientations. Indirect tensile strength values also decreased with
increasing degree of saturation.

Keywords: Anisotropy, Degree of saturation, Geomechanical properties, Lamination, Sandstone

Oz

Bu ¢alismada Giimiishane ili Mescitli yoresinde yiizeylenen kumtaslarimin degisik doygunluk ve anizotropi sartlarinda
jeomekanik ozelliklerindeki degisimler arastrimistir. Bu amagla laminalanma diizlemleri esas almarak yiikleme yonii
ile 0, 30, 45, 60 ve 90° yapacak sekilde farkli anizotropi agilarinda konumlanmis 225 adet numune hazirlanmigtir.
Kumtagi drneklerinin kuru birim hacim agirlik (Yary), doygun birim hacim agirlik (ysa), agirltkca su emme (Aw) Ve hacimce
su emme (Ay) gibi indeks ozellikleri tayin edilmistir. Calisma amacina uygun olarak kumtaslarimin degisen doygunluk ve
anizotropi kosullart esas alinarak P dalga hizi gibi fiziksel ozellikleri ile tek eksenli basing ve dolayli ¢ekilme dayanimlari
belirlenmigstir. Yapilan degerlendirmeler sonucunda genel olarak laminalanmaya paralel érneklerin laminalanmaya dik
olan érneklere gore daha yiiksek dalga hizi degerine sahip olduklar: gozlemlenmistir. Kumtaslarinda tek eksenli basing
dayanmimi degerleri laminalanmaya paralel ve dik olan érneklerde yiiksek degerler gosterirken en diisiik dayanim degeri
30° anizotropi agisina sahip érneklerden elde edilmistir. Ayrica artan doygunluk kosullari ile dayanim degerinin onemli
miktarda azaldigi gozlemlenmistir. Farkli doygunluk kosullarina bagh olarak kumtaglarinin dayanim anizotropi orani
(Rucs) 1.28-1.49 arasinda degisim sunmaktadir. Dolayli ¢ekilme dayanimi degerleri benzer sekilde laminalanmaya
paralel ve dik orneklerde yiiksek iken diger anizotropi acgilarinda ise diisiiktiir. Dolayli ¢ekilme dayanimi degerleri de
doygunluk derecesindeki artisa bagh olarak azalim gostermektedir.

Anahtar Kelimeler: Anizotropi, Doygunluk derecesi, Jeomekanik ozellikler, Laminalanma, Kumtast
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1. Introduction

Rock environments are defined as those which are anisotropic, discontinuous and heterogeneous. Both the
strength and deformation characteristics of rocks vary according to anisotropy due to the orientation of the
minerals and/or orientation of the grains that form the rock and the effect of discontinuities. Depending on the
stresses that the rocks are affected from, anisotropy is observed in metamorphic rocks as foliation, in
sedimentary rocks as fine layers via lamination and in magmatic rocks as mineral arrangement by way of flow
(Amedei, 1996). It is important to define strength and deformation of specimens oriented at different angles
according to anisotropy planes considering the effect of anisotropy.

Just like anisotropy, different saturation conditions may also cause changes in the behavior of rocks. Dry rock
specimens with zero degree of saturation are mostly used in experimental studies carried out in the laboratory.
Both the strength and deformation characteristics of the rock material are determined according to this
condition. However, the rock is not always dry in its natural environment and may have different degrees of
saturation. As a result, rocks may actually display different strengths based on the varying saturation
conditions. The rock type selected is also very important for putting forth the impact of saturation conditions
on rock behavior. Sedimentary rock types that are suited more to saturation should be preferred instead of
magmatic and metamorphic rocks since rock types with low porosity and unconnected void will not be suited
for saturation.

The number of studies which examine the relationships between the physical- mechanical characteristics of
rocks is quite high in literature (Chang et al., 2006; He, 2006; Franzini et al., 2007; Lezzerini et al., 2008;
Singh & Sharma, 2008; Jianhong et al., 2009; Moradian & Behnia, 2009; Ji & Marcotte, 2009; Giirocak et al.,
2012; Onur et al., 2012; Chen et al., 2015; Karaman et al., 2015b; Kaya & Karaman, 2016; Columbu et al.,
2017; Wang et al., 2017; Yin et al., 2018; Buosi et al., 2018). However, there are also studies which examine
the impact of anisotropy on rock behavior (e.g. Donath, 1964; Batugin & Nirenburg, 1972; Behrestaghi et al.,
1996; Colak, 1998; Ajalloeian & Lahskaripour, 2000; Chen & Hsu, 2001; Garagon, 2007; Tavallali &
Vervoort, 2010; Cho et al., 2012; Yicel, 2012; Tavallali & Vervoort, 2013; Gokee, 2015; Singh et al., 2015;
Kimetal., 2016; Linetal., 2017; Kundu et al., 2018; Li et al., 2020) along with studies which examine different
saturation conditions of rocks and the impact of these conditions on rock behavior (e.g. Helle et al., 2003; He,
2006; Chang et al., 2006; Kahraman, 2007; Torok & Véasarhelyi, 2010; Karakul & Ulusay, 2013). It was
observed that the highest uniaxial compressive strength (UCS) is generally obtained at anisotropy orientations
of 0 and 90°, whereas the lowest UCS is generally obtained at anisotropy orientation of 30° (Ramamurthy,
1993).

Donath (1964), carried out experimental studies on specimens with anisotropy orientations of 0, 15, 30, 45,
60, 75 and 90° on slates with well-developed planar foliations that the highest compressive strength was
obtained for the specimen on which stress was applied perpendicular to the foliation plane (90°). Ajalloeian
and Lahskaripour (2000), conducted studies regarding to the strength anisotropy of siltyshales and mudshales.
Maximum compressive strength value was measured for f=90°. Both siltshale and mudshale exhibited
minimum compressive strength in the direction f=30°. Cho et al. (2012), worked on a series of experimental
studies for examining the deformation and strength anisotropy of gneiss, shale and schist-type metamorphic
rocks. It was put forth as a result of the study that anisotropy is effective on deformation and strength and that
anisotropy should be taken into consideration with regard to engineering applications. Singh et al. (2015),
carried out a triaxial compressive test on phyllite, slate and orthoquartzites and compared to the behavior of
these rocks with the results of other studies in the literature. It was determined that the specimens with an
anisotropy orientation of 90° (perpendicular to the direction of compression load) had higher strength in
comparison with the specimens which have 0° (parallel to the direction of compression load) angle.

It was emphasized in studies by He (2006), on degrees of saturation that conditions such as pore pressure and
water saturation may have an impact on the wave velocity of the rock. P and S wave velocities were measured
on dry and saturated conglomerates with low porosity and it was observed that the P wave velocity increased
in saturated specimens in comparison with dry specimens. T6rok and Vasarhelyi (2010), carried out studies on
travertines examining whether there is any empirical relationship between physical-mechanical properties
such as porosity, density, P wave velocity and UCS under dry and saturated conditions. They were determined
that UCS and ultrasonic pulse velocity; effective porosity and ultrasonic pulse velocity were exponentially
related to. Also, test results presented in the study indicate that there was a difference in the physical properties
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of travertine displaying various fabric. In this respect, Karakul and Ulusay (2013), examined the relationships
between the strength parameters of rocks and P wave velocities under different saturation conditions. A total
of 14 different rock types were examined in the study in which measurement of P wave velocity at different
saturations was used for estimating UCS and tensile strength values. It was observed as a result of the study
that strength characteristics and elasticity modulus decreased based on saturation. In addition, it was also
determined that the P wave velocity increased in some rock types and decreased in others depending on
saturation.

It can be observed upon an examination of the studies in the literature that the anisotropic characteristics (e.g.
lamination in sedimentary rocks or foliation in metamorphic rocks, etc.) together different saturation
conditions play an important role on rock physical-mechanical behaviors. The number of studies in literature
which evaluate these two instances is limited (Kumar, 2006; Kundu et al., 2018). Whereas anisotropy was
taken as basis in both studies, degrees of saturation was taken into consideration only for dry and saturated
conditions. In this study, the changes that may occur in the geomechanical properties of core specimens with
different saturation conditions and different anisotropy orientations were investigated together. In addition, the
effect of anisotropy and saturation on the rock strength properties were examined. A combined experiment
was designed and conducted for studying rock formation. In this way, the integrated impact of changes in
geomechanical properties for Mescitli (Giimiishane, NE Turkey) sandstones were studied. Since there has not
been a study in the literature which examines the integrated impact of both properties, in this respect, the study
has a unique feature. Sandstones were preferred as rock types in the study since they contain lamination and
due to the high porosity, they are more suited to saturation. Samples compiled from the late Cretaceous aged
sandstones exposed to around the Giimiishane city were used in the experimental studies. The lithologic unit
that is also known as the Mescitli region sandstones cropped out both at the Mescitli village and its vicinity
which is located in about 15 km northwest of the Giimiishane city (Figure 1).

OAYDINTEPE

QBAYBURT

EXPLANATION
QO City centre

.9 Town centre
~Road

Figure 1. Location map of study area
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2. Geology of the study area and its close vicinity

The Gumiishane city and its close vicinity are located in the South Zone of the Eastern Pontide Tectonic
Assembly (Ketin, 1966). In the region, lithologic units with ages varying from the Paleozoic to Quaternary
with different lithologies are cropped out (Figure 2) (Giiven, 1993).

Metamorphites that form the oldest basement rocks of the Giimiishane region are cut by the early—late
Carboniferous aged Giimiishane Granitoid (Topuz et al., 2010). The unit that is typical with its large grain
orthoclase is generally pink in color and contains abundant fractures and cracks depending on the tectonic
events. These acidic magmatic intrusive rocks are unconformably overlain by the early-middle Jura aged
Senk6y formation comprised of volcano—sedimentary sequence (Kandemir, 2004). Berdiga formation
comprised of dolomite and dolomitic limestones with a wide surfacing area is conformably located on this
sequence starting from late Jura (Pelin, 1977). Late Cretaceous-aged Kermutdere formation (Tokel, 1972)
comprised of conglomerate, sandstone, limestone and marl alternation is conformably located on the Berdiga
formation. The sandstones used in this study have been compiled from the Kermutdere formation that exposed
to the Mescitli region. Eocene aged Alibaba formation is unconformably located on the Kermutdere formation
and is comprised of andesite, basalt and their pyroclastites (Tokel, 1972). The formation can be easily discerned
on the field with its dark gray color. Whereas the granitic rocks that cut all these units and surface on a narrow
area form the Eocene aged granitic intrusions (Eyiiboglu et al., 2017). The youngest units in the region are
Quaternary aged alluvium, terrace deposits and travertines.

The geological map of the study area and its vicinity is given in Figure 2.

Arzular

Granitic rocks T i

(Late Cretaceous) EI Evarins Costrenn)

Mainly clastic sedimentary rocks Granitic rocks
E interbedded with tuffs (Kermutdere Fm.) (Eocene)

’(\;a}el <3|reta0teou5()8e — Mainly basaltic-andesitic voicanic and
S m{ Mainly limestone (Berdiga Fm. associated pyrociastic rocks (Alibaba Fm
(Late Jurassic to Early Cretaceous) (Eocene) p i )
[== -] Volcano-sedimentary unit (Senkdy Fm.)
L= (Early to Middle Jurassic) | Faut

Giimighane Granitoide

(Late Carboniferous) Reverse fault

Figure 2. Geology map of the Giimiighane city and its close vicinity (Modified from Giiven, 1993)
3. Material and method
While the sandstone blocks were collected from the field, attention was given so that they were of the same

thickness with the same lamination, grain size and hardened properties. Carrying out a detailed field study in
the region, 11 blocks were sampled with dimensions of 20x30x40 cm.
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Thin sections were prepared to represent each block to determine the mineralogical composition and grain size
distribution of the samples. For grain size analysis, the size of the grains was measured along a line assumed
to cross-section in two directions on a polarizing microscope. In order to determine the mineralogical
composition of the sandstones, a modal analysis including 1000—point counts in each section was made using
a polarizing microscope and point counter.

Afterwards, the directional core drilling machine was used in the laboratory to take cores from these blocks
with diameters of NX (54 mm) in accordance with methods suggested by ISRM (2007).

Two different methods attract attention in literature for taking specimens while evaluating the anisotropy
conditions. One of these is the method used by researchers such as Nasseri et al. (2003), Kumar (2006), Singh
et al. (2015), in which anisotropy is evaluated by taking into consideration the angle (f) between discontinuity
planes such as lamination, schistosity etc. and loading direction (Figure 3a). Another method is one used by
researchers such as Zhang et al. (2010), Kim et al. (2016), for examining the impact of anisotropy on rock
behavior by taking into account the perpendicular direction (0) to the layering plane (Figure 3b).
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Figure 3. Evaluation of anisotropy according to (a) Kumar (2006) and (b) Kim et al. (2016), during sample
preparation

In this study, the anisotropy is evaluated according to the method given in Figure 3a by considering the angle
(#) between lamination planes and loading direction (Figure 4). The parallelism of the specimens with the
lower and upper surfaces was controlled by way of a comparator watch with a sensitivity of 0.001 mm.

Figure 4. Core samples prepared according to the different anisotropy orientation () by
taking into consideration the lamination planes
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Core specimens with lengths of about 2.5-3 times their diameter, were used for the uniaxial compressive
strength, whereas specimens with diameters that are about 2 times their length were prepared for the indirect
(brazilian) tensile strength. A total of 75 sandstone samples were used for the UCS experiments, whereas a
total of 150 specimens were used for the indirect tensile strength experiments. Methods suggested by ISRM
(2007), were taken into account for determining the strength properties of sandstone samples.

To determine physical properties, the specimens were first dried at 105 °C for 24 hours in a drying oven and
then weighed to determine their dry masses. Afterwards, they were left to wait for 48 hours in distilled water
and weighed to determine their saturated masses. Index properties of the specimens such as their unit weights,
water absorption by weight and water absorption by volume were determined using these data. In addition,
pycnometer tests were carried out so as to determine the specific gravity values for the rock specimens. Grain
unit weights for the specimens (ys) were determined using the specific gravity values for each specimen.
Porosity value of each specimen was calculated by way of Equation 1 given below which was also used in the
previous studies (Heidari et al., 2013; Dag, 2018)

n=1-to 1)

s

Where n: total porosity (%), yary: dry unit weight (kN/m?) and ys: grain unit weight (KN/m?3).

In this study, experimental studies carried out by Dag (2018) were used to control water saturation with
sandstone samples. Using the diagram in Figure 5, experiments and measurements were carried out on the
specimens with the desired degree of saturation.
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Figure 5. Change with time of the degree of saturation values for sandstone samples (Dag,
2018).

A total of 75 specimens were used for carrying out the ultrasonic velocity measurements of the rock material
with 15 specimens having anisotropy orientations of (5) 0, 30, 45, 60 and 90°. From a total of 375
longitudinally wave velocity (V) each have been made on the sandstone specimens via ultrasonic wave
experiments by taking into consideration the different degree of saturation (Sr %: 0, 25, 50, 75 and 100) and
different anisotropy conditions.

4, Results

According to the grain size measurements, the grain size of the sandstone varies between 0.21-0.25 mm and
it is determined that “medium sand” according to Wentworth size classification. As a result of the modal
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analysis, sandstones contain quartz, feldspar (alkali feldspar, plagioclase), rock fragments (volcanic and
sedimentary), opaque mineral, secondary mineral (olivine, pyroxene, amphibole, epidote), matrix and cement
(Table 1, Figure 6). According to the results of the modal analysis (Folk et al., 1970) sandstones were
determined as lytic subarkose and lytic arkose.

Table 1. Modal analysis result of sandstone samples

Smp Qu Feldspar Rock Fragment ~ Matrix  Cement Secondary Mineral Om
nu % % % % % % %
Af Pl Srf. Vrf. Ol Amp Pyr Ep
1 34.3 19 15 115 3.2 16.3 104 0 18 0.8 0 1.2
2 384 117 0.7 5.9 9.9 9.8 20.6 0 14 0.2 0 14
3 305 146 0.7 7.1 1.8 20.1 20.2 2.3 0.7 0 0.2 18
4 341 13 0.3 3.7 25 33 8.5 1.6 0.9 0 0 2.4
5 312 132 1 33 4.7 26 17 14 0 0 0 2.2
6 337 139 04 5.1 2.2 26.9 135 15 0.8 0 0.3 1.7
7 322 136 07 5.4 1.9 26.8 134 3.6 0.5 0 0 1.9
8 255 183 0 7.5 2.3 3.9 36.6 2.2 0.4 0 0.5 2.8
9 341 137 0.2 6 2.1 21.9 18.9 0.9 0.3 0.1 0 1.8
10 35,5 137 1.7 4.3 1.9 20.8 18.1 24 0.1 0 0 15
11 319 174 2.3 4.1 25 21 14.6 2.3 1.9 0.1 0 1.9

Smp nu: Sample number, Qu: Quartz, Af: Alcali feldspar, PI: Plagioclase, Srf: Sedimentary rock fragment, Vrf: Volcanic
rock fragment, Ol: Olivine, Amp: Amphibole, Pyr: Pyroxene, Ep: Epidotes, Om: Opaque mineral

02 mm | N 02mm |

Figure 6. Petrographic images of some sandstone samples on the microscope (XPL) (PI: Plagioclase,
Amp: Amphibole, Qu: Quartz, Om: Opaque mineral, Rf: Rock fragment)

It was determined as a result of experimental studies carried out for determining the physical-mechanical
properties of sandstones that the dry unit weight (yary) varies between 25.7-26.4 kN/m?, saturated unit weight
(ysat) Varies between 25.9-26.5 kN/m?. Total porosity (n) varies between 1.2—-2.6% in sandstones used in the
study. It was concluded that the water absorption by weight (Aw) varies between 0.4-0.9 % and the water
absorption by volume (A)) varies between 1.1-2.5 % (Table 2). Pycnometer experiment was used for
determining the specific gravity (Gs). One set (3 units) of pycnometer test was carried out for each block of
sandstones after which their average was calculated. It was determined as a result of the pycnometer tests that
the specific gravity value of the sandstones varies between 2.68-2.73 (Table 2).
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Table 2. Physical properties of sandstones

G Ydry Ysat n Ay Aw

(kN/m?)  (KN/m?) (%) (%0) (%)

Maximum 2.73 26.38 26.51 2.65 2.53 0.95
Minimum 2.68 25.73 25.93 1.18 1.13 0.42
Average 2.71 26.04 26.23 2.25 1.92 0.72
Standard D. 0.01 0.12 0.10 0.36 0.32 0.12

Gs: Specific gravity, yary: Dry unit weight, ysa: Saturated unit weight,
n: Porosity, Av: Water absorption by volume, Aw: Water absorption by weight

Ultrasonic velocity tests were performed for 5 different saturation conditions on the anisotropic sandstone
specimens prepared in accordance with the guidelines suggested by ISRM (2007). A total of 75 specimens
were used in order to make ultrasonic wave velocity measurements at different degrees of saturation with 15
specimens for each anisotropy orientation. The average of the P wave velocity (V) measured for the
sandstones was used while evaluating the test results (Table 3).

Table 3. Average V, values determined for sandstones according to different anisotropy
orientation and degrees of saturation

. Vp (m/sec)
Saturatlog degree Anisotropy orientation (8)
(Sr, %) 0 30° 45° 60° 90°
0 4769 4529 4343 4330 4359
25 4783 4572 4432 4407 4383
50 4897 4629 4536 4501 4459
75 4865 4648 4648 4574 4566
100 5162 4980 4979 4897 4917

Figure 7a shows the graph of the change in the measured P wave velocity values of the specimens with different
anisotropy orientations for varying saturation conditions. It was observed upon an examination of Figure 7a
that the P wave velocity has increased distinctively in specimens positioned according to the 0° anisotropy
orientation and that the values were lower for specimens positioned according to angles of 30, 45, 60 and 90°.
P wave velocity values increased with increasing saturation degree for each anisotropy condition. Figure 7b
was obtained when the average values under only different saturation conditions were taken into consideration
by ignoring the anisotropy state. In this case, a regular increase was observed in P wave velocity parallel to the
increase in saturation (Figure 7b). This can be understood from the fact that the regression coefficient value
(R% 0.96) for the mathematical relationship between saturation and wave velocity values is high.

@) ®*)

o Vp = 0.0596 Sr2 - 1.2194 Sr + 4483.9
5200 1 4 R*=0.956
4950 4 -
5000 A <
E i § 4800 //,-
£ 4800 £E o
E #90 £ 4650 '__-—"
] A W60 =D i
800, & = 4500 2 oo irnolaeam
45
4400 4 A v 4350
" v 30 39
4200 i : : : O 4200 4
0 25 50 75 100 0 2 50 75 100
Sr (%) Sr (%)

Figure 7. (a) Change in the P wave velocity values of the samples positioned according to different anisotropy
degrees and (b) change in V, values at different saturation conditions without taking into consideration the
anisotropy state
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UCS (oci) of the sandstones was determined by taking into consideration the anisotropy of rock and different
saturation degree for the specimens prepared as having a length that is 2.5-3 times greater than the diameter
which was then evaluated for each state separately. In addition, Ramamurthy (1993) defined the ratio of the
maximum strength (ccimax) value to the minimum (Gcimin) strength value as the “anisotropy ratio”. This
definition as then used as the strength anisotropy ratio (Rucs) in later studies by different researchers (Kumar,
2006; Kim et al., 2016; Kundu et al., 2018).

Gci max
Rics =—— (2)

cFci,min

Average UCS values determined for different saturation and anisotropy conditions along with strength
anisotropy ratios are given in Table 4

Table 4. Average UCS and strength anisotropy ratio (Rucs) values for different anisotropy
orientation and degrees of saturation

Uniaxial compressive strength (oci, MPa)

Saturation degree Anisotropy orientation (f)

(Sr, %)
0° 30° 45° 60° 90° Rucs
0 16255 14220 153.96 163.01 182.15 1.28
25 123.70 9525 109.66 120.51 136.91 1.44
50 121.06 104.48 106.42 111.69 142.17 1.36
75 109.45  88.56 96.87 10141 118.85 1.34
100 82.30 61.18 71.48 76.45 91.24 1.49

The change in cci values determined using these values and by taking into consideration the anisotropy and
different saturation state of rock has been presented as a graph in Figure 8a. In addition, another graph for the

change in the average oci values under different saturation degree without the inclusion of the change in
anisotropy has also been prepared (Figure 8b).
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Figure 8. (a) Change in oci values measured at changing saturation conditions for the samples positioned

according to different anisotropy angles and (b) change in the average oci values under different saturation
conditions independent of anisotropy situation

When the anisotropy situation was considered, the highest strength values for the sandstone specimens were
observed in samples with an anisotropy orientation (f) of 90°. Whereas the lowest strength value was observed
in specimens with an anisotropy orientation of 30° (Figure 8a). In addition, it was observed upon an
examination of the average values for the uniaxial compressive test results independent of anisotropy that the
strength values of sandstone rock specimens decreased at a statistically significant level depending on the
increase in the saturation degree (Figure 8b).
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Indirect tensile strength values of the samples were determined at different saturation conditions by taking into
consideration the changing anisotropy orientations. Average indirect tensile strength values have been reported
in Table 5.

Table 5. Average indirect tensile strength values for different anisotropy orientation and
degrees of saturation

Indirect tensile strength (o:, MPa)

Saturation degree Anisotropy orientation (f)

(S, %)

0° 30° 45° 60° 90°
0 1438 1390 1376 1267 1434
25 1522 1380 1379 1319 1559
50 1470 1331 1270 10.83  12.99
75 1406  10.97 9.77 8.48 12.54
100 12.16 8.26 7.84 6.84 10.93

The data included in Table 5 have been evaluated in two ways similar to the previous experiment and
measurement results. First of all, the changes in both load direction orientation and saturation degrees were
taken into consideration and the change in indirect tensile strength values was examined (Figure 9a). Secondly,
a graph was prepared for the indirect tensile strength average values determined only for different saturation
degrees without allowing for any anisotropic changes in the specimens (Figure 9b).

of ®
16 ¢ 16 4
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g, - s = i
o i [ o i G, =-0.0006 Sr2 + 0.0107 Sr + 14.003
R?=0.9815
4 4 4
2 2 4
0 T T T 1 0 T T T 1
0 25 50 75 100 0 25 50 75 100
Sr (%) Sr (%)

Figure 9. (a) Change in o values for the samples positioned according to different anisotropy orientation
measured in changing saturation conditions and (b) change in the average o values in different saturation
conditions without considering the situation of anisotropy

It was determined that in general the indirect tensile strength values were lowest for specimens with an
anisotropy orientation of 60° with the loading direction. In addition, specimens which were parallel (0°) and
perpendicular (90°) to lamination had the highest indirect tensile strength values (Figure 9a). It is observed
that tensile strength decreases based on increasing saturation in cases when the situation of anisotropy is not
allowed for (Figure 9b).

In the study, using the regression value (R?), the correlation coefficient (r) was tested both in 95 % level of
significance and at n—-2 degrees of freedom through the equation 3 by using t-test and compared with the
correlation coefficient value (r) and critical r value of Pearson correlation coefficient.

®3)

where t: t-test, n; number of sample and r; correlation coefficient.

In the determination of significance with t-test, t value (tca) that was calculated from equation 3 was compared
with the t value that was obtained from standard t tables (twb) (Alkan and Dag, 2018). Since the correlation
coefficient is significant, it is required that the t value calculated from equation 3 is larger than the value of t
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table. In the second case, if the relation is significant, correlation coefficient having been determined for
variables has to be greater than the Pearson critical r value correlation coefficient value. Within the scope of
statistical studies, the evaluations related to the analysis are presented in Table 6.

Table 6. Validation of simple regression analysis

Relations  Sample Equation R? r Pearson Teal Ttab
number critical r

Vp-Sr 5 Vp=0.0596Sr?— 1.2194 Sr + 4483.9 0.96 0.98 0.878 8.07 2.57

Gci-Sr 5 o =-0.7307Sr +151.47 0.89 0.95 0.878 5.06 2.57

or-Sr 5 ot =-0.0006Sr?— 0.0107 Sr + 14.003 0.98 0.99 0.878 12.79 2.57

When Table 6 is examined, it is seen that for the V,—Sr, oci — Sr and o—Sr analysis calculated t value is larger
than table t and all determined correlation coefficients were bigger than Pearson critical correlation coefficient
value. This means that correlation coefficients were significant.

5. Discussion

Anisotropy and saturation conditions that have an impact on rock behavior were evaluated together within the
scope of this study. It can be stated upon a review of relevant literature studies that there are studies which
separately examine the effects of anisotropy or saturation degrees on rock behavior. However, no study was
observed in the literature which examines the integrated impact of both properties. Only Kumar (2006) and
Kundu et al. (2018), have taken into consideration the dry and saturated conditions while carrying out
evaluations on rocks which display anisotropic characteristics. Whereas in this study, different saturations
other than dry and saturated conditions have also been evaluated as a parameter different than the studies in
the literature.

Heidari et al. (2013), carried out studies regarding the petrographic and engineering characteristics of
sandstones. The dry unit weight values (yary) for the sandstones used in the study varied between 21.5-25.9
kN/m?, whereas the saturated unit weight values (ysa) varied between 22.3-27.2 kN/m? and the porosity values
(n) varied between 3.4-17.5 %. The dry unit weight values (yary) of the Mescitli sandstones used in this study
varied between 25.7-26.4 kN/m?, saturated unit weight values varied between (ysa) 25.9-26.5 kN/m* and
porosity values (n) varied between 1.5-2.5 (Table 2). It can be stated that the sandstones used in this study
have a more homogeneous composition, lower porosity and higher strength in comparison with those used in
the study by Heidari et al., (2013).

Karakul and Ulusay (2012), examined the changes in P wave velocity of different rock types under different
saturation conditions. Two tendencies were observed in P wave velocity as increase and decrease depending
on increasing saturation. The decrease in P wave velocity based on the increase in saturation was pointed out
to be due to the increase in clay content in the rock. In addition, the researchers have also examined in the
same study the relationship under changing saturation conditions between P wave velocity and various strength
characteristics such as UCS and indirect tensile strength. It was observed that the strength characteristics
increased with increasing P wave velocity. In addition, it was also observed that the strength values decreased
from dry to saturate.

Ajalloeian and Lashkaripour (2000), determined that the P wave measurements in shale and silt stones under
changing anisotropy situations decreased from 0° to 90°. Chen and Hu (2003), carried out experimental studies
on partially weak sandstones with certain amounts of smectite, illite, chlorite and kaolinite content and
determined the values for UCS and wave velocity. P wave velocity values of sandstones varied between 480—
4840 m/sec. UCS values varied between 0.25-18.98 MPa for different sandstone samples. These values are
low in proportion to the values that were determined in literature for the same type of rocks. The increase in
clay content, porosity and water content was effective in the low values for strength and wave velocity. Torok
and Vasarhelyi (2010), examined the relationship between wave velocity and UCS in both saturated and dry
conditions. It was put forth that increasing wave velocity values resulted in an increase in strength values and
that higher strength values were observed in dry samples. Vasarhelyi (2003), also carried out experimental
studies on sandstone specimens in which uniaxial compressive strength, tangent and secant modulus of
elasticity values were compared for both dry and saturated conditions. A linear relationship of R*: 0.91 was
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determined between dry and saturated UCS values. It was determined that the UCS value decreased with a 20
% dependence on saturation in saturated specimens. It was put forth in this study in accordance with literature
that the P wave velocity values increased depending on saturation (Figure 7b). Strength values also increased
based on the increase in P wave velocity values for a constant saturation condition. In addition, it was also
observed that the UCS values decreased depending on the increase in the saturation degree (Figure 8b).

It has generally been observed in studies in the literature which examine the impact of anisotropy on rock
behavior that the highest UCS values are attained at anisotropy orientations of 0° and 90°, while the lowest
UCS is observed in anisotropy orientations of 30° (e.g. Ramamurthy, 1993; Ajalloeian and Lashkaripour, 2000;
Singh et al., 2015; Kim et al., 2016; Kundu et al., 2018). In summary, previous studies have shown that the
orientation of bedding planes has a clear influence on rock strength. However, the type of influence may be
different depending on the rock types (Kim et al., 2016). Similarly, highest strength values have also been
observed in this study for specimens that are perpendicular and parallel to lamination, while the lowest strength
values were observed in samples with an anisotropy orientation of 30° (Table 4, Figure 8a). It was found result
this study that, the curve of the strength anisotropy is U-type with a maximum strength is f=0° or 90° and
minimum strength is f=between 20-40° as early studies (e.g. Donath, 1964; Ramamurthy, 1993; Matsukara et
al., 2002).

It was determined upon an examination of studies in the literature that strength anisotropy in sandstones has
been determined as 1.56, 1.49 and 1.40 by Yasar (2001), Zhang et al. (2010), Kim et al. (2016) respectively.
In this study, the strength anisotropy of Mescitli sandstones varied between 1.28-1.49 depending on different
saturation conditions (Table 4). The anisotropy ratio values obtained in both the studies in literature and in this
study are close and indicate low anisotropy according to Ramamurthy (1993).

6. Conclusions

The literature survey shows that anisotropy and saturation have a significant impact on rock behavior. In this
study, the integrated effect of changes in geomechanical properties that may occur under changing saturation
conditions for Mescitli (Giimiigshane, NE Turkey) sandstones positioned according to different anisotropy
orientations along with degrees of saturation and anisotropy on strength have been examined. The conclusions
regarding the study are as follows.

Sandstones are included in the “low anisotropy” category when evaluated according to strength anisotropy. It
was observed that the strength values of dry specimens are higher under changing anisotropy conditions and
that strength values decreased significantly in saturated specimens. In addition, it was also determined that the
specimens that are perpendicular and parallel to lamination have higher strength values in comparison with
specimens that have various other anisotropy orientations and that the lowest strength values were determined
in specimens with anisotropy orientation of 30°.

It was determined that the indirect tensile strength values of dry specimens under changing anisotropy
conditions were higher. It was also observed that the saturated specimens had distinctively lower indirect
tensile strength values. In addition, it was also determined when anisotropy conditions were taken into
consideration that specimens that are parallel and perpendicular to lamination have higher tensile strength
values and that the specimens with 60° anisotropy orientation had low tensile strength values in almost all
saturation cases.

Whereas the P wave velocity values are higher for specimens that are parallel to lamination, the lowest P wave
velocity values were measured in specimens that are perpendicular to lamination. Similarly, while the P wave
velocity values were lower for dry specimens, increases were observed depending on saturation degree.

According to the graphs and equations related to the V,-Sr, o.i—Sr and o—Sr analysis correlation coefficients
were significant statistically. The relations and equations obtained from the study are valid for Mescitli
sandstones.

It was determined based on the results obtained in this study that various physical and mechanical properties
of Mescitli sandstones depend on changing saturation and anisotropy conditions. Generalizations should not
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be made since rock environments are anisotropic, heterogeneous and discontinuous and the results acquired in
this study should not be used for rocks with similar lithologies from other regions.
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Oz

Calisma kosullarinin agir, is kazalarinin fazla oldugu ayni zamanda da beden giiciiniin fazlastyla kullanildigi maden
ocaklarinda 18. yiizyilda sanayi devrimiyle beraber makinelesme artmistir. Artan diinya niifusu ve sanayilesme sebebiyle
maden ve metallere olan talepler artmis ve ilk etapta ilizerinde ¢ok durulmayan is sagligi ve giivenligi konusu sanayinin
gelistigi iilkelerde maddi kayiplarin artigina neden olmustur. Birgok insanin maden kazalarinda 61diigii biiyiik felaketler
sonrasinda daha fazla giindeme gelmistir. Yasanan bu sorunlar iiretimin ve verimin diismesini de getirmistir. Verimliligi
arttirmak amaciyla ig glivenligiyle ilgili kanunlarin ¢ikmasi ve iyilestirilmelerin yapilmasi giindeme alinmistir. Tiirkiye’ye
baktigimizda ise yakin gecmiste i saglig1 ve giivenligi konusunda Avrupa Birligine uyum amaciyla 2012 yilinda kabul
edilen ve yiirlirliige giren 6331 sayili kanun is giivenligi konusunda en kapsamli ¢alismadir. Ancak bu degisiklikler
beklendigi gibi is kazalarinda istenen azalmay1 saglamamaistir. Bu ¢alismada, madencilik faaliyetlerini giivenli ve verimli
sekilde yapan iilkelerden bazilar1 olan; Amerika Birlesik Devletleri’nin ve Avustralya’nin madencilik sektdriindeki yasal
mevzuatlar ve maden is kazalarina iligkin istatistiksel bilgiler incelenmistir. Bu iilkelere ait olan madencilikle alakali
mevzuat ve istatistikler Tiirkiye’nin bu alandaki yasal mevzuatlart ve istatistikleriyle kargilagtirilmis ve
degerlendirilmistir. Son olarak ise yasal mevzuatin madencilikte is giivenligine olan etkisi tartisilmis ve Oneriler
sunulmustur.

Anahtar kelimeler: s saglig1 ve giivenligi, Is saglig1 ve giivenligi kanunu, Madencilik, Yasal mevzuatlar

Abstract

In the 18th century, with the industrial revolution, mechanization increased in mines. Working conditions in these mine
operations were heavy, work accidents occurred often, and body power was used excessively at that time. Due to the
increasing world population and industrialization, the demands for mines and metals have increased and the issue of
occupational health and safety, which was not emphasized much in the first place, caused an increase in financial losses
in the developed countries. It has come to the fore more after major disasters in which many people died in mining
accidents. These issues have also brought about a decrease in production and efficiency. In order to increase productivity,
enacting laws related to occupational safety and improving the safety performance was taken into consideration. In
Turkey, the law numbered 6331, which was adopted and entered into effect in 2012 for the purpose of alignment with the
European Union on occupational health and safety, is the most comprehensive study on occupational safety to date in
this country. However, these changes did not provide the desired decline in occupational accidents as expected. In this
study, United States and Australia were selected as two countries with better occupational safety track records for
comparison with Turkey. Mining-related legislation and statistics belonging to these countries have been compared and
evaluated with Turkey's legal regulations and occupational performance in this field. Finally, the effect of legal legislation
on occupational safety in mining was discussed and suggestions were presented.
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1. Giris
1. Introduction

M.O. 2000°1i yillara bakildiginda is saghig1 ve giivenligi (ISG) alaninda Hammurabi tarafindan insaat sektdriine
dair Hammurabi Kanunlar1 ¢ikarildigi goriilmektedir. Antik Yunan doneminde Heredot is¢i saglhigi ve
giivenligi agisindan isgilerin verimli bir sekilde calismalart icin saglikli ve yiiksek enerjili besinler ile
beslenmeleri gerektigini savunmustur. Zamanla Nicander meslek hastaliklar1 ve ortam risklerinin belirlemenin
beraberinde Onlemler alinmasi gerektiginden bahsetmistir. Plini ise tozlu ortamlarin olusturabilecegi
zararlardan korunabilmek i¢in ¢alisanlarin kafalarina torba gegirmeleri gerektigini sdylemistir (Cicek ve Ocal,
2016).

Deneylerin ve gozlemlerin agirlik kazandigi Ronesans doneminde Bernardino Ramazzini’ni tarihte ilk meslek
hastaliklar1 kitabi olan “De Morbis Artificum Diatriba” eseri ile giiniimiizde is sagligmin babasi olarak
anilmaktadir. Bernardino Ramazzani, meslek hastaliklarinin hastanelerde degil isyeri ortaminda incelenmesi
gerektigini savunmustur. Ingiltere’de Sanayi Devrimi ile beraber ¢alisma hayatinda yeni teknolojik gelismelere
ayak uydurmaya ¢alisirken is kazalarinda, zehirlenmelerde, ¢aligma ortamindaki patlamalarda, yaralanmalarda
artis yasanmistir. 19. yy’da yasanan bu gelisimler komiirle ¢alisan buharli makinelerin artisiyla beraber komiire
olan ihtiyaci arttirmistir. Komiire bagliligin artmasiyla beraber komiir iiretiminde artis olmus ve bununla
beraber c¢alisma siireleri, kadin ve ¢ocuk is¢i ¢alistirma durumlar1 da artarak calisma kosullarinin kotiiye
gitmesine sebep olmustur. S6z konusu olan bu kétiiye gidise dur demek adma ilk yasal diizenlemeler Ingiliz
Parlamentosu tarafindan komiir ocaklarinda yapilmistir. Kadin ve ¢ocuklarin komiir ocaklarinda yasanan
olumsuzluklardan etkilenmemesi icin diizenlemeler yapilmasi gerektigine kanaat getirilmistir. Ardindan aym
yil icerisinde iyilestirici kararlar almmistir (Cicek & Ogal, 2016; Kaynak & Torun, 2015).

Madencilik, ge¢miste tarih dncesi caglara dayanan ve halen giiniimiizde de diinyanin bir¢ok bolgesinde faaliyet
gosteren bir sektordiir (Yasar vd., 2015). 18. yy’da sanayi devrimiyle beraber insan giiciiniin fazlasiyla
kullanilmakta oldugu madencilik sektdriinde makinelesmeyle beraber insan ve hayvan giicii kullanimina ek
olarak oOzellikle sanayilesen toplumlarda makinelerin kullanimi yayginlagmistir. Bu gelismeler ile birlikte
tiretim miktarma bagl olarak da sektérde calisan sayisinin artmasiyla beraber is kazalarinda, 6liimlerde ve
meslek hastaliklarinda artiglar yaganmaya baglamistir (Karaahmetoglu, 2020).

Is giivenligi agisindan incelendiginde alinan dnlemleri belirlemek, meslek hastaliklarmi énleyebilmek, mevcut
durumu net olarak tespit etmek adina istatistikler onemli bir yere sahiptir. Diinyada komiir iiretiminin yaklasik
%72’si ABD (Amerika Birlesik Devletleri), Cin, Rusya ve Avustralya’da gerceklesmektedir. Tiirkiye ise
diinya tiretiminin yaklasik %1°lik kismin1 olusturmaktadir (Kahraman, 2019). Tirkiye’de iiretilen 1 milyon
ton komiir bagina diisen 6lim oran1 0.246 iken; ABD’de bu oran 0.022’ye dismektedir (Bilim, 2015).
Madencilik sektoriinde gelismis iilkelerden olan ABD ve Avustralya incelendiginde madencilik sektdriinde
kullandiklari is glivenligi kanunlar1 ve maden isletmelerinin gerceklestirdigi uygulamalar sayesinde sektore ait
is kazalar1 oraninin diisiik oldugu gériilmektedir (Sokmen, 2019). Bu iilkeler ge¢mis yillarda ISG kanunlarinda
yaptiklar1 degisiklikler ve basarili uygulamalar ile bu istatistiklere ulagmislardir. Ancak Tiirkiye’de ise kanun
ve mevzuatlarda yapilan bunca degisiklige ragmen maden sektorii halen yliksek kaza oranlarma sahiptir.
Konuyla ilgili literatiir incelendiginde madencilik sektoriinde gelismislik seviyesi yiiksek olan iilkelerde
kullanilan kanunlarin ve sistemlerin yeterince incelenmedigi; iilkemizle bu mevzuatlarin igeriklerinin
karsilagtirllmadig goriilmektedir. Bu ¢alisma iilkemizdeki madencilik sektorii tarafindan kullanilmakta olan
kanun ve mevzuatlarin igeriginin incelenmesi ve mevcut uygulamalarin diger iilkelerle karsilagtirilmasini konu
almaktadir.

2. Materyal ve metot
2. Material and method

Bu calismada madencilik sektoriinde gelismis olan iilkelerden ABD ve Avustralya’nin Queensland eyaletine
ait (kayip zamanl is kazasi, yillik olarak ortalama maden ocaklarinda ¢alisan madenci sayisi, meydana gelen
is kazasi sonrasi yasanan oliimler ve yillik komiir iretim miktari) veriler Tiirkiye ile kiyaslanarak iilkelerin
yirirliikte bulunan madencilik sektoriiyle alakali kanunlar1 incelenmistir. Y 6ntemin asamalart;

Caligma da kullanmak igin veriler, Avustralya i¢in veriler Safe Work Australia ve Australian Bureau of
Statistic, Queensland eyaleti i¢in Queensland Government, ABD i¢in veriler MSHA ve NIOSH ve son olarak
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Tiirkiye i¢cin SGK ve T.C. Enerji ve Tabii Kaynaklar Bakanligi’'nda paylasilmis olan veriler toplanmustir. Bir
araya getirilmis olan veriler ayiklanip ¢alismada kullanilmayacak olan veriler ve hatalar ayiklanmistir.

Ulkelerde galigmakta olan madenci sayist ve yillik iiretim miktarlarinin esit olmamasi sebebiyle yapilacak
karsilastirmay1 anlamli hale getirmek icin kiiresel performans gostergeleri (yilda bir milyon calisan basina
diisen Oliim sayis1 ve komiir milyon ton {iretim basma diisen 6liim sayisi gibi) hesaplanarak verilere
eklenmisgtir.

Arastirma da ham veriler lizerinde daha anlamli sonuglar i¢in analizler yapilmistir. Bu analizlerin sonucunda
iilkelerde kullaniimakta olan kanunlarin yeterliligi, is kazalarinda olan artislara-azalislara etkisi incelenmistir.
Bu bilgiler dogrultusunda alinmasi gereken dnlemler hakkinda bilgi saglanmasi amaglanmustir.

3. Bulgular
3. Results

Bu boliimiin birinci kisminda ABD, Avustralya ve Tiirkiye’nin is saglig1 giivenligi alaninda tarihsel siirecleri,
hukuki alt yapilar1 ve genel durumlari incelenmistir. ikinci kisimda ise son yillara ait is saghg1 ve giivenligi
performanslarina ait bilgiler ve toz kontrol, havalandirma ve egitim gibi maden sektoriinde 6nemli bazi
basliklar incelenerek karsilastirilmistir.

3.1. Ulkelerin genel durumu ve hukuki alt yapisi
3.1 General situation and legal infrastructure of countries

3.1.1. Tiirkiye
3.1.1. Turkey

Bu boéliimde Tiirkiye’de is sagligi giivenliginin tarihsel gelisimi, hukuki alt yapisi ve genel durumu incelenmis
bulgular paylasilmistir.

3.1.1.1. Tiirkiye’de is saghg1 ve giivenliginin gelisimi
3.1.1.1. Development of occupational health and safety in Turkey

Osmanli donemine bakildiginda madencilik sektorii i¢in ilk olarak 1867-1921 yillar1 arasinda uygulanan
Dilaver Pasa Nizamnamesi ¢ikarilmigtir. Sadece Eregli’de uygulanan bu kanunda hafta sonu tatili olmaksizin
iscilerin giinde 10 saat ¢alistirilacaklari karari alinmistir. Eregli’de yasayan halktan 13-50 yas araliginda
bulunan saglikli ve sakat olmayan erkeklerin maden ocaklarinda ¢aligsma zorunlulugu oldugu kararlastirilmistir
(Celikel Yigitel, 2019).

1869 yilinda Dilaver Pasa Nizamnamesinde bulunan eksiklikler Maadin Nizamnamesinin ¢ikarilmasiyla
ortadan kaldirilmig ve maden ocaklarinda zorunlu g¢alisma ortadan kaldirilip biitiin Osmanli Devleti’nde
uygulamaya baslanmistir (Ozveri, 2015). Cumhuriyetin ilan edilmesinden 6nce Izmir iktisat Kongresinde
alman karara gore; amele ifadesinin kaldirilip is¢i kavraminin kullanilmasina, ¢aligma saatinin 8 saate
diisiiriilmesine karar verilmis ve Cumbhuriyetin ilanindan sonra 1924 yilinda haftada bir giin tatil hakki
verilmistir (Celikel Yigitel, 2019).

1971 yilinda tam anlamiyla iSG kanunu olmamasina ragmen 1475 sayili Is Kanunu gikarilmis ve bu kanunda
is giivenligine deginilmistir (Cicek & Ocal, 2016). 1475 say1l is kanunu ihtiyaca cevap vermedigi i¢in 2003
yilinda 4857 sayili i kanunu ve nihayetinde is sagligi ve giivenligine dair yonetmelikler ve tliziikler
¢ikartlmigtir. 2012 yilinda ise Avrupa Birligine uyum saglayabilmek amaciyla 6331 sayilli is Saghgi ve
Giivenligi kanunu yiiriirliige girmistir (Ozveri, 2015).

634



Giingor Gokboga ve Kahraman 2023 / Cilt:13 « Say::3 « Sayfa: 632-645

3.1.1.2. Tiirkiye madencilik sektoriinde is saghg1 ve is giivenligi acisindan hukuki altyapis1 ve genel
durumu

3.1.1.2. Legal interests and the general situation in terms of occupational health and safety in the Turkish
mining sector

Tﬁrkiye’de madencilik sektorii icin 6zel olarak hazirlanmig bir kanun bulunmamaktadir. Ulkemizde 6331
sayil1 ISG kanunu madencilik sektorii de dahil olmak {izere biitiin sektorler tarafindan kullanilmaktadir.

Tablo 1. Tirkiye’de madencilik sektoriinde kullanilan genel is sagligi ve is giivenligi mevzuatlar.
Table 1. General occupational health and safety legislation used in the mining sector in Turkey.

Mevzuatlar

6331 Sayil Is Saghg ve Is Giivenligi Kanunu

28512 Sayili I Sagligi ve Giivenligi Hizmetleri Yonetmeligi

28532 Sayili Is Saglig1 ve Giivenligi Kurullar1 Hakkinda Yonetmelik

28453 Sayili Calisma ve Sosyal Giivenlik Bakanhg Is Teftis Kurulu Yonetmeligi
28713 Sayili Isyeri Hekimi ve Diger Saglik Personelinin Gorev, Yetki, Sorumluluk ve
Egitimleri Hakkinda Y 6netmelik

28512 Sayili Is Giivenligi Uzmanlarmin Gérev, Yetki, Sorumluluk ve Egitimleri
Hakkinda Y6netmelik

28750 Sayili Is Saglig1 ve Giivenligi ile Tlgili Calisan Temsilcisinin Nitelikleri ve
Secilme Usul Ve Esaslarina Iliskin Teblig

28648 Sayili Calisanlarin Is Saglig1 ve Giivenligi Egitimlerinin Usul ve Esaslar1
Hakkinda Ydnetmelik

28770 Sayili Maden isyerlerinde Is Saghig: ve Giivenligi Yonetmeligi

28633 Sayili Calisanlarin Patlayici Ortamlarin Tehlikelerinden Korunmasi Hakkinda
Yo6netmelik

Kanun ve
Yonetmelikler

Tablo 1°de goriildiigii iizere madencilik sektdriine 6zel Maden Isyerlerinde Is Saghgi ve Giivenligi
Yonetmeligi bulunmakta, bunun diginda 6zel bir kanun da bulunmamaktadir.

3.1.2. Avustralya
3.1.2. Australia

Bu boéliimde Avustralya’da is sagligi giivenliginin tarihsel gelisimi, hukuki alt yapisi ve genel durumu
incelenmis bulgular paylagilmistir.

3.1.2.1. Avustralya’da is saghg ve giivenliginin gelisimi
3.1.2.1. Development of occupational health and safety in Australia

Avustralya’da erken yasanan endiistri gelisimi beraberinde sektorlerde meydana gelen risklerin ve meslek
hastaliklarinin artigina sebebiyet vermistir. Bu artisla beraber Avustralya’da 1829 yilinda devlet ¢alisanlari
korumak amaciyla yasalarda degisiklige gitmistir. 1851 yilinda altinin kesfedilmesiyle maden ocaklarinda,
diisme sonucu O6lmeler, su baskinlari, ¢okmeler gibi kazalarin arttig1 bilinmektedir. Birinci Diinya Savasi
sonrasi liretimin ve ¢alisma ortamindaki verimin arttirilmasi amacinin dogmasiyla beraber is giivenligi ve
meslek hastaliklar1 konusunda gelismelerin yasandigi bilinmektedir (Smith & Leggat 2004).

1972 yilinda Robens Raporunun yayinlanmasi calisma hayati i¢cin onemli gelismeleri de beraberinde
getirmistir. Bu raporda is sagligi ve giivenligindeki noksanliklar belirlenmis ve kural koyucu olmayan bir
mevzuatin olusturulmasi gerektigine deginilmistir (History of OHS, t.y.).

Giliniimiizde ise Avustralya’da is saghigi ve giivenligi yonetimi eyaletler ve yerel yonetimler tarafindan
gerceklestirmektedir. Dogas1 geregi her eyaletin kendine 6zgii riskleri var anlayisiyla benzer endiistriler olsa
dahi eyaletlere 6zel farkli mevzuatlar bulunmaktadir (Smith & Leggat, 2005).
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3.1.2.2. Avustralya madencilik sektoriinde is saghg ve is giivenligi acisindan hukuki altyapis1 ve genel
durumu

3.1.2.2. Legal infrastructure and the general situation in terms of occupational health and safety in the
Australian mining sector

Avustralya’da madencilik sektoriiyle ilgili mevzuatlar hiikiimet tarafindan diizenlenmemektedir. Eyaletler ve
bolgeler bu mevzuatlar1 kendileri diizenlemektedir. Eyaletlere bakildiginda ise madencilik sektorii i¢in ilk
kanun 1994 yilinda Bati Avustralya’da Mines Safety and Inspection Act (Maden Giivenligi ve Denetimi
Yasasi) ¢ikarilmistir. Daha sonra 1999 yilinda komiir tiretiminde Avustralya i¢in 6nemli bir yere sahip olan
Queensland eyaletinde Mining and Quarrying Safety and Health Act (Maden ve Tas Ocakg¢ilig1 Giivenlik ve
Saglik Yasasi), Coal Mining Safety and Health Act (Komiir Madenciligi Giivenlik ve Saglik Yasasi) yiiriirlige
girmistir. Tablo 2’de Avustralya’da eyaletlere ait mevcut maden is saghigi giivenligi mevzuatlar1 yer
almaktadir.

Tablo 2. Avustralya’da eyaletlerin madencilik sektoriinde kullandigr is sagligi ve is giivenligi mevzuati (Safe
Work Australia, t.y.).

Table 2. Occupational health and safety legislation used by Australian states in the mining sector (Safe Work
Australia, t.y.).

Eyaletler Kanunlar ve Yonetmelikler

Work Health and Safety (Mines and Petroleum Sites) Act 2013

Health and Safety (Mines and Petroleum Sites) Regulation 2014
Victoria Chapter 5.3 of the Occupational Health and Safety Regulations 2017
Mining and Quarrying Safety and Health Act 1999,

Mining and Quarrying Safety and Health Regulation 2017,

Coal Mining Safety and Health Act 1999,

Coal Mining Safety and Health Regulation 2017

Mines Safety and Inspection Act 1994,

Mines Safety and Inspection Regulations 1995

Giiney Avustralya Chapter 10 of the Work Health and Safety Regulations 2012 (SA)

Mines Work Health and Safety (Supplementary Requirements) Act 2012,
Mines Work Health and Safety (Supplementary Requirements) Regulations 2012

Work Health and Safety Act 2011,

Work Health and Safety Regulation 2011

Work Health and Safety (National Uniform Legislation) Act,

Kuzey Bolgesi Chapter 10 of the Mines Work Health and Safety (National Uniform Legislation)
Regulations

Yeni Giiney Galler

Queensland

Bati Avustralya

Tazmanya

Avustralya Baskent Bolgesi

Avustralya’da aktif komiir madeni ve komiir rezervi olarak Queensland eyaleti kdmiiriin ¢ikarilmasi agisindan
onemli bir yere sahiptir (Aktan vd., 2016). Bu ¢alismada Avustralya’daki biitiin eyaletler yerine 6zellikle
komiir sektorii agisindan kapsamli bir mevzuata sahip olan Oueensland eyaleti g6z 6niinde bulundurulmustur.

3.1.3. Amerika Birlesik Devletleri (ABD)
3.1.3. United States of America (USA)

Bu boliimde Amerika Birlesik Devletleri’nde is sagligi giivenliginin tarihsel gelisimi, hukuki alt yapis1 ve
genel durumu incelenmis ve bulgular paylagilmistir.

3.1.3.1. ABD’de is saghgi ve giivenliginin gelisimi
3.1.3.1. Development of occupational health and safety in the USA

Sanayi devrimi neticesinde Amerika’da ¢alisanlara yeni ¢alisma alanlar1 sunulmustur ancak diger iilkelerde
oldugu gibi 6nlem almama ve insan haklarina aykir1 ¢aligma saatleri ve ¢alisanlarin yeni diizene alisamamasi
gibi sorunlar ig kazalarinin artigsina sebebiyet vermistir. ABD tarihine baktigimizda is saglig1 ve giivenligi ile
ilgili ilk diizenlemeler 1867 yilinda Massachusetts eyaletinde yapilmigtir (Baradan, 2006).
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ABD’de maden ocaklarinda yasanmakta olan kazalarin dniine gegmek i¢in 1872 yilinda Maden Arama Kanunu
yiirtirliige girmistir. 1907 yilinda ise Monongah Kémiir Madeninde 362 madencinin hayatini kaybetmis olmasi
maden ocaklarinda eksikliklerin neler olduguna dair bir arastiritlma yapilmasini saglamistir (Karaahmetoglu,
2020).

1971°de ABD’de yasallagma siireci i¢in 6nemli bir yere sahip olan OSHA (Occupational Safety and Health
Administration) birimi kurulmustur. Ardindan 1977 tarihli Federal Maden Giivenligi ve Saglig1 Yasasi’nin
hiikiimlerini yonetmek tizere MSHA (Mine Safety and Health Administration) kurulmustur (Significant Events
in OHS, t.y.). Federal Maden Giivenligi ve Saglhigi Yasast’nin yiriirliige girmesinin ardindan 2006 yilinda
Maden lyilestirme ve Yeni Acil Miidahale Yasas1 (Miner Act) yiiriirliige girmistir (Sékmen, 2016).

ABD 1971 yilinda OSHA’nin yiiriirliige girmesiyle beraber buna miiteakiben 1977 yilinda Federal Maden
Gilivenligi ve Yasasi ylriirliige girmistir. Madencilik sektdriinde meydana gelen Gliimleri, yaralanmalari,
hastaliklar1 6nlemek amaciyla ABD Caligma Bakanligina bagli MSHA kurulmustur (MSHE, t.y.). Tablo 3’te
ABD’de maden sektoriine yonelik mevcut mevzuatlar yer almaktadir.

Tablo 3. Amerika’da madencilik sektoriinde kullanilan i saglig1 ve is giivenligi mevzuatlar1 (MSHA, t.y.)
Table 3. Occupational health and safety legislation used in the mining sector in the USA (MSHA, t.y.)

Ilgili Mevzuat

1952 - Federal Coal Mine Safety Act
1966 - Federal Metal and Nonmetallic Mine Safety Act
Kanunlar 1969 - Federal Coal Mine Health and Safety Act (Coal Act)
1977 - Federal Mine Safety and Health Act (Mine Act)
2006 - Mine Improvement and New Emergency Response Act (Miner Act)

1977 yilinda Federal Maden Giivenligi ve Yasast’nin yiirlirliige girmesinin ardindan ABD tarihinde madencilik
sektoriinde trajedik bir yere sahip olan ve 13 madencinin Sago Komiir Maden ocaginda mahsur kalma faciasi
2006 yilinda Maden lyilestirme ve Yeni Acil Miidahale Yasasinn yiiriirliige girmesine sebep olmustur
(Madsen, 2009).

3.1.3.2. Yeni mevzuatlarin sektore etkisi
3.1.3.2. Impact of new legislation on the sector

Ozellikle son yillarda yasanan biiyiik facialar sonrasinda (Sago, Soma) sosyal ve sorumluluk amaciyla atilan
adimlarin bir¢ok kez yasal diizenlemelere doniistiigiinii sdylemek miimkiindiir. Ancak atilan bu adimlarin
sektdre olan etkilerinin sonuglarini orta ve uzun vadede gormek miimkiin olabilmektedir. Sekil 1°de bu ii¢
iilkede ISG kanunlarinin ¢ikarilmasinin ardindan 6liimlii kazalarda yasanan degisim gosterilmektedir. Bu sekil
kanunlarin ISG performansina ilerleyen siirecte bir etkisi olup olmadigini gostermek amaciyla hazirlanmistir.
Sekil 1’e incelendiginde ABD, Avustralya ve Tiirkiye’de kanunlarin ¢ikarilmasindan sonra is kazasi sonucu
6liim sayilarinin yiizdelik degisimi yer almaktadir. Bu sekle gore ABD ve Avustralya da yasal degisikliklerden
sonra yaklasik %50 oraninda azalma goriilmektedir. Ancak Tiirkiye de ise kanun degisikliginden hemen sonra
gergeklesen Soma faciasi sekilde ayrica bir anomali olugtursa da; ilk alt1 y1l boyunca kanun yil1 ve 6ncesine
gore de daha yiiksek oliimlii kaza gergeklesmistir.
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Sekil 1. Ulkelerde ilgili kanunlarin yiiriirliige girmesinden sonraki birka¢ yil boyunca
madencilik sektoriinde meydana gelen 6liimli is kazalarmin yiizdelik degisimi (SGK, t.y.;
MSHA, t.y.; Safe Work Australia, t.y.).
Figure 1. Change in the percentage of fatal occupational accidents in the mining sector in the
few years following the implementation of relevant regulations in the countries (SGK, t.y.;
MSHA, t.y.; Safe Work Australia, t.y.).

3.2. Madencilik sektorii is sagh@ ve giivenligi performanslarinin ve mevzuatlarin karsilastirilmasi
3.2. A comparison of mining industry occupational health and safety performance and regulations

Madenciligin gerekli Onlemler alinmamasi halinde birgok tehlikeyi bulunduran bir sektér oldugu
bilinmektedir. Hatta zaman zaman O6liimciil kazalarin maalesef yasandigi aci bir gercektir. Sekil 2°de
karsilagtirilan ii¢ iilkede 2015-2020 yillar1 arasinda maden sektoriinde yasanan Oliimlii kaza istatistikleri
verilmisgtir.
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Sekil 2. Ulkelerin madencilik sektoriinde is kazas1 sonucu dliim sayilar1 (SGK, t.y.; MSHA,
t.y.; Safe Work Australia, t.y.; Queensland Government Publications Portal, t.y.).

Figure 2. Number of deaths due to occupational accidents in the mining sector of countries
(SGK, ty.; MSHA, ty.; Safe Work Australia, t.y.; Queensland Government Publications
Portal, t.y.).

ABD’de yillik ortalama 27 madenci is kazasi sonucu hayatin1 kaybederken yillara gére bu sayinin dogrusal
seyrettigi gorlilmektedir. Avustralya ve Queensland’da da ABD’de oldugu gibi 6nemli bir degisiklik
bulunmamaktadir. Avustralya’da yillik ortalama 7 madenci hayatin1 kaybederken bu say1 Oueensland igin 2’ye
diismektedir, bazi yillarda (2015, 2020) olimlii kazanin hi¢ gerceklesmedigi goriilmektedir. Tirkiye’ye
baktigimizda ise yillik ortalama 80 madenci is kazasi sonucu hayatin1 kaybetmistir. Burada dikkat edilmesi
gereken noktalardan birisi ABD ve Avustralya Tiirkiye’ye oranla ¢ok daha biiyiik hacimde maden iiretimine
ve calisan sayisina sahip olmasma ragmen yasanan kaza ve Oliim sayilarmin Tirkiye’den ¢ok daha az
oldugudur. Yukarida Sekil 2’de {iretilen ton miktarina gére normallestirilmedigi takdirde aslinda yasanan
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oliimlii kaza oranlari arasindaki fark gok ayirt edilemeyebilir. ISG diinyasinda yaygin kullanilan ve galisan
sayilarinin esitlenerek 6liim sayilarinin hesaplandig1 gosterge (bir milyon ¢alisan basina diisen 6liim sayisi)
Sekil 3’te yer almaktadir. Bir milyon ¢alisan bagia diisen 6liim sayisina bakildiginda Tiirkiye’de meydana
gelen oliimlii kaza sayilarinin 2 yil i¢in diistligii goriilse de hemen sonrasinda bu diisiisiin tekrar yiikselmeye
basladig1 goriilmektedir. Diinya maden sektoriinde iiretim agisindan 6nemli bir yere sahip olan ve yillik olarak
yaklasik 450 milyon ton komiir iiretimi yapan Avustralya’nin biitiin eyaletlerine ait ISG istatistikleri goz
oniinde bulunduruldugunda sekilde de goriildiigii izere madencilik sektdriinde yilda bir milyon c¢aligan basina
diisen 6liim sayisinin Tiirkiye’ye kiyasla oldukega diisiik bantlarda olmasi dikkat ¢ekicidir.
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Sekil 3. Ulkelerin madencilik sektdriinde y1lda bir milyon ¢alisan basina diisen 6liim sayis1
(Australian Bureau of Statictics, Bureau of Labor Statistics, t.y.; MSHA, t.y.; Safe Work
Australia, t.y.; SGK, t.y.).
Figure 3. Number of deaths per million workers per year in the mining sector in countries
(Australian Bureau of Statictics, Bureau of Labor Statistics, t.y.; MSHA, t.y.; Safe Work
Australia, t.y.; SGK, t.y.).

Mevcut kanun ve yonetmelikler kullanimdayken kémiir sektorii i¢in iiretim miktarina baglh 6liim sayilari
iizerinden iilkelere ait ISG performanslar1 Sekil 4’te yer almaktadir. Bu grafik incelendiginde Tiirkiye’de bu
rakamin ABD ve Queensland/Avustralya’ya gore oldukga yiliksek oldugu ve komiir iiretim miktarmin diger
iilkelere oranla yiiksek olmamasina ragmen Oliimlii kaza sayilarinda diizensiz artis ve azaliglarin oldugu
goriilmektedir. Diger yandan ABD ve Queensland’da ise ¢ok yiiksek oranda maden kazasi olmadigi ve buna
baglh olarak liim sayilarinin ¢ok diisiik oldugu ve dogrusal sekilde ilerledigi goriilmektedir (Sekil 4). Bu
istatistiklere gore Tiirkiye’de iiretilen ortalama her bes milyon ton komiirde bir can kayb1 yaganmaktadir. Bu
kadar yiiksek can kaybinin yasanmasinda dogasi geregi daha tehlikeli bir ortama sahip yer alt1 isletmelerinde
komiir tiretiminde yeterli is sagligi giivenligi onlemlerinin alinmamasi ve insan giicliniin daha fazla
kullanilmasi akla gelen ilk sebepler arasinda oldugu diistiniilmektedir.
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Sekil 4. Komiir milyon ton {iretim bagina diisen 6liim sayis1 (Bureau of Labor Statistics, t.y.;
MSHA, ty.; SGK, t.y.; Enerji ve Tabii Kaynaklar Bakanligi, t.y.; Queensland Government
Open Data, t.y.; Queensland Government Publications Portal, t.y.).

Figure 4. Number of deaths per million tons of coal production (Bureau of Labor Statistics,
ty., MSHA, ty.; SGK, ty.; Enerji ve Tabii Kaynaklar Bakanlgi, ty., Queensland
Government Open Data, t.y.; Queensland Government Publications Portal, t.y.).

3.2.1 Toz kontrol diizenlemeleri
3.2.1 Dust control regulations

Ulkelerin toz kontrol diizenlemeleri yeralt1 maden isletmeleri icin incelendiginde Tiirkiye’de 6331 sayili
kanunda tozlar i¢in herhangi bir yiikiimliiliikk bulunmamaktadir. Solunabilir tozla alakali olarak uyulmast
gereken hususlar 28770 sayili Maden Isyerlerinde ISG Y&netmeligi ve 28812 sayili Tozla Miicadele
Yonetmeligi’nde mevcuttur. ABD’de Federal Maden Giivenlik Yasasi tozlar konusuna ayrintili bir sekilde yer
verilmis solunabilir toz konsantrasyonlari net sinirlarla belirlenmistir. ABD gibi Avustralya’da net
konsantrasyon sinirlart belirlemis ve mevzuatta kanun, yonetmelik ve tozlar i¢in 6zel standartlar ¢ikararak
tozla miicadele saglamaktadir.

Ulkeler igin Tablo 4’te TWA (Zaman Agirlikl1 Ortalama) degerlerine bakildiginda Tiirkiye’de Tozla Miicadele
Yonetmeliginde maden ocaklarinda maruziyet yasanabilecek tozlara iligkin degerler mevcuttur, ancak bazi
degerler igin kesinlik bulunmamakta ve formiile bagli hesaplama yontemi kafa karigikligina sebep
olabilmektedir. Queensland ve ABD’de baktigimizda net sinir degerleri oldugu gériilmektedir. Ayni zamanda
Tiirkiye’de yiiriirliikte olan kanuna gore bazi 6nemli TWA degerlerinin Queensland ve ABD’ye gore yiiksek
degerlerde oldugu goriilmektedir. Kristal yapida SiO, Kuvars, Kristobalit ve Tridimit i¢in mevcut degerler
diger iki iilkeye kiyasla olduk¢a bazi durumlarda (%SiO; igerigine bagli olarak) yiiksektir.

Tablo 4. Tiirkiye, Queensland ve ABD’de kullanilan diizenlemelere gére maden ocaklarinda bulunabilmesi
muhtemel kirletici tozlarin TWA degerinin kiyaslanmasi (Tozla Miicadele Yonetmeligi, 2013; Federal Mine
Safety & Health Act, 1977; Coal Mining Safety and Health Regulation, 2017)

Table 4. Comparison of the TWA value of possible polluting dust in the mines according to the regulations
used in Turkey, Queensland, and the USA (Tozla Miicadele Yonetmeligi, 2013, Federal Mine Safety & Health
Act, 1977; Coal Mining Safety and Health Regulation, 2017)

Toz Cesitleri Tiirkiye Queensland ABD
10mg/m®
Kuvars @SZTZ 0,05 mg/m? 0,1 mg/m?

Formiille hesaplanan

1 1 3 3
Kristobalit kuvars degerinin %2 si kullanilir. 0,05 mg/m 0,05 mg/m
S Formiille hesaplanan 3 3
Tridimit kuvars degerinin %2 si kullanilir. 0,05 mg/m 0,05 mg/m
Solunabilir Toz 5 mg/m? 10 mg/ m? 3 mg/m?
I oo .
Komiir tozu igin %5 ten daha az SiO; 2,4 mg/ m? 1,5 mg/ m? 2 mg/m?

iceren solunabilir toz
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3.2.2 Havalandirma sistemleri
3.2.2 Ventilation systems

Tiirkiye’de 28770 sayili Maden Isyerlerinde iISG Y®6netmeliginde maden ocaklarinda havalandirma sistemleri
ile ilgili uyulmas1 gereken yiikiimliilikler mevcuttur. Avustralya’nin komiir iiretiminin yarisindan fazlasinin
iiretildigi Queensland eyaletinde kdmiir madenlerinde havalandirma sistemlerine dair yiikiimliiliikler ve Coal
Mining Safety and Health Regulation 2017 yonetmeligi ve Coal Mining Safety and Health Act 1999 Yasasinda
bulunmaktadir. ABD’de havalandirma ile ilgili yiikiimliiliikkler Federal Maden Giivenlik Yasasinda
bulunmaktadir. Yasanin haricinde MSHA havalandirmayla alakali yonergeler ve kilavuzlar hazirlamaktadir.

Tablo 5. Tiirkiye, Queensland ve ABD’de kullanilan diizenlemelere gére maden ocaklarinda bulunabilmesi
muhtemel kirletici gazlarin TWA degerinin kiyaslanmasi
Table 5. Comparison of the TWA value of the polluting gases that may be found in the mines according to the

regulations used in Turkey, Queensland, and the USA

Kimyasallar Tiirkiye Queensland ABD
Havada %19'dan az 010"
Oksijen olmayacak. (190.000 Havada %19'dan az Havada %19,5'den az olmayacak.
olmayacak.
ppm)
Havada % 2'den ¢ok olmayacak.
Metan Havada %2'den ¢ok Havada %2,5'den ¢ok Degerin %1'in iistiine ¢ikmasi

Karbondioksit

Karbonmonoksit

Hidrojensiilfiir

Nitrik oksit

Kiikiirt dioksit

olmayacak. (20.000 ppm)

Havada %0,5'den ¢ok
olmayacak. (5.000 ppm)

Havada 9%0,005'den ¢ok
olmayacak. (50 ppm)

Havada %0,002'den ¢ok
olmayacak. (20 ppm)

olmayacak. (25.000 ppm)

Havada %0,00125'den ¢ok
olmayacak. 12,5 ppm

Havada 9%0,003'den ¢ok
olmayacak. (30 ppm)

Havada % 0,001'den
¢ok olmayacak. (10 ppm)

Havada % 0,0025'den
¢ok olmayacak. (25 ppm)

Havada % 0,0002'den
¢ok olmayacak. (2 ppm)

halinde alinmasi gereken birgok
onlemden bahsediyor.

Havada %0,5'den ¢ok olmayacak.
(5000 ppm)

Havada %0,005'den ¢ok
olmayacak. (50 ppm)

Havada % 0,001'den ¢ok
olmayacak. (10 ppm)

Havada % 0,001'den ¢ok
olmayacak. (10 ppm)

Havada % 0,0002'den
cok olmayacak. (2 ppm)

Yukarida yer alan Tablo 5’te komiir maden ocaklarinda bulunabilecek muhtemel gazlar gosterilmektedir.
Tiirkiye’de hidrojen siilfiir, oksijen, metan karbondioksit ve karbonmonoksite ait degerler Maden Isyerlerinde
Is Sagh@ ve Giivenligi Yonetmeliginde net sayilarla verilmistir. Ancak bakildiginda yénetmelikte kimyasal
gazlara ait TWA bulunmamaktadir. 28733 sayili Kimyasal Maddelerle Calismalarda Saglik ve Giivenlik
Onlemleri Yénetmeligine bakildiginda ise bazi1 kimyasallarin degerleri varken bazi gazlara ait TWA degerleri
bulunmamaktadir. Ancak yonetmelikte, 6331 sayili kanun uyarinca sinir degerler i¢in uluslararasi kuruluglarca
yayimlanmis sinir degerlerinin de dikkate alinabilecegi belirtilmektedir. Queensland ve ABD’ye bakildiginda
biitiin say1sal degerler agik ve net bir sekilde verilmistir.

3.2.3 Maden ocaklarinda ¢alisanlarin iSG egitimleri
3.2.3 Occupational health and safety training of workers in mines

Egitimler igin Tiirkiye’de 6331 sayih ISG Kanunu'nda, 28681 sayili Acil Durumlar Hakkinda
Yonetmeligi’nde, 28648 sayili Calisanlarin Is Saghgi ve Giivenligi Egitimlerinin Usul ve Esaslar1 Hakkinda
Yénetmeligi’'nde ve 28770 sayili Maden Isyerlerinde Is Saglig1 ve Giivenligi Yonetmeligi’nde egitimler ile
alakali yliklimliliikkler bulunmaktadir. Egitimler biitiin sektorler i¢in belirlenmis olan konulardan olugmaktadir.
Her sektoriin ¢aligma tekniginde ¢aligma ortaminda kendine 6zgii riskleri ve tehlikeleri bulunmaktadir.
Queensland eyaletinin komiir madenlerinde ¢alisan egitimlerine dair yiikiimliliikkler 1999 yasasinda ve 2017
yonetmeliginde bulunmaktadir. Yonetmelik ve kanuna bakildiginda madencilik ve tas ocakeiliga ait 6zel bir
egitim semasi olmasinin yani sira sadece komiir madenciligine 6zgii bir egitim semasi bulunmaktadir. ABD’de
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Federal Maden Giivenlik Yasasinda bulunan egitimler ile ilgili yiikiimliiliikler haricinde MSHA c¢alisanlarin
egitimleri ile alakali kilavuzlar ve yonergeler yaymlamaktadir. Yeriistiinde ve yeraltinda galisan deneyimli ve
deneyimsiz madencilere 6zel egitim konular1 bulunmaktadir. Tablo 6’da Tiirkiye, Queensland ve ABD’ye ait
is saghgr egitim kapsamlar1 verilmistir. Peryodik egitimler konusunda Tiirkiye ve ABD’nin durumu
Queensland’den iyi olmasina karsin; egitimlerin igerigi ve yaklasim konusunda Tiirkiye’nin daha geride
oldugu goriilmektedir.

Tablo 6. Tiirkiye, Queensland ve ABD’de is sagligi ve giivenligi egitim kapsaminin karsilagtirmasi
Table 6. Comparison of occupational health and safety training coverage in Turkey, Queensland and the USA

Tiirkiye Queensland ABD

Paydaslarin is saghgi ve
giivenligi egitimine Cogunlukla olumsuz tutum Cogunlukla olumlu tutum Cogunlukla olumlu tutum
yaklasim sekli nasildir?

Ise uygun egitim konularryla
cesitlendirilmig igerik
mevcuttur.

Egitimin icerigi yeterli Bazi durumlarda formalite Ise uygun egitim konulariyla
mi? kapsaminda hazirlanmistir. ¢esitlendirilmis i¢erik mevcuttur.

Ise baslarken calisana egitim
verilmelidir ve  ¢alisma
stiresi boyunca en az yilda

Ise baslarken calisana egitim Ise baslarken calisana egitim
verilmelidir ve galigsma siiresi ~ verilmelidir ve c¢alisma siiresi
boyunca 2 yilda bir yenileme boyunca 5 yilda bir yenileme

ise baslarken ve calisma
siiresi boyunca egitim

yeterli mi? A - AN L bir kere yenileme egitimi
egitimi verilmelidir. egitimi verilmelidir. verilmelidir.
Kiiciik isletmelerin egitimleri ~ Biiyiik/kiiciik  fark  etmeksizin Buyué(/ k gguk K fari(
Egitimler bityiik/ kii¢iik goz ard1 ettigi bilinmektedir. kapsamli  egitimlerin  verilmesi et}?“? Slm.n apfam%
isletme fark etmeksizin Kurumsal ve biiyiik  saglanmaktadir. Kiigiik isletmelerde egitllm er111<1 d Ver;({neﬁji
yapilabilmekte mi? isletmelerde durum daha g6z ardi durumlari zaman zaman .Salg anrrlla dta e 1y d
iyidir. olabilmektedir. Isietmelerde  goz  ardi

durumlar olabilmektedir.

Tiirkiye’de sektore 6zel egitim konularinin olmamasinin risklerin ve tehlikelerin belirlenememesi sonucu is
kazalarinda artiga sebep olabilecegi tahmin edilebilir. ABD ve Queensland’da ise madencilik sektoriinde
egitim son derece dnemsenmektedir. Kurumsal firmalarin yasal zorunluluklarin ¢ok daha ilerisinde bir egitim
programina sahip olduklar1 goriilmektedir.

4. Sonuclar
4. Conclusions

Bu ¢alismada Tiirkiye, ABD ve Avustralya’da halen maden sektorleri tarafindan kullanilan i gilivenligi
yonetimi, ISG mevzuatlarinin igerigi ve bu ii¢ iilkenin maden sektdriine ait ISG performansi sayisal ve gorsel
olarak sunulmustur. Onceki ¢aligmalar gogunlukla performans kiyaslamalar olarak yapilirken, bu galisma ISG
performansint dogrudan etkileme potansiyeline sahip mevzuatlar1 konu almasi sebebiyle bu alandaki ilk
caligmalardan biridir. Bu ¢aligmada elde edilen sonuglar asagida siralanmistir.

ABD’de maden sektoriinde madencilerin sagligina yonelik oldukca fazla ¢aligma yapildig1 goriilmekle beraber
bunlar1 destekleyen yasalarin Caligma Bakanligi ile beraber ¢aligsmalar yliriiten yalnizca maden sektoriine
yonelik olarak faaliyet gosteren MSHA kurulusunun destekleriyle yapildigi goriilmiistiir. Bu sektorde
kullanilan yasalarin ne kadar etkili oldugunun yasalar ¢iktiktan sonra kaza ve Oliimlerin diizenli olarak
azalmastyla iliskili oldugu diistiniilmektedir. Maden sektoriine yonelik hazirlanan bu mevzuatlarin agik ve
anlagilir olmasi ve sektdr tarafindan benimsenmesi yine performansa olumlu etki eden diger faktdrler olarak
degerlendirilebilir.

Avustralya da maden sektoriindeki mevzuat ve yasalar iilkedeki eyaletlere gore degiskenlik gostermektedir.
Ozellikle komiir iiretiminde iilkenin en dnemli eyaleti olan ve bu ¢alismada da yer alan Queensland eyaletinde
risk yonetim ilkesi anlayis1 hakimdir. Maden ocaklarinda is¢ilerin olusabilecek riskleri en aza indirgeme ve
ortadan kaldirmasina yonelik mevzuatlart mevcuttur. Bu mevzuatlarda temel sorumlu olarak isletmecinin
oldugu goriiliir. Queensland mevzuatlarinda net, detayli ve kesin bir dil kullanilmistir. Bu eyaletin maden
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sektoriiniin ISG performansi incelendiginde hazirlanan yasalar ve mevzuat degisikliklerinin yasanan &liimlii
maden kazalar1 {izerinde 6nemli dl¢iide azaltici etkiye sahip oldugu soylenebilir.

Tiirkiye’de ise ABD ve Avustralya da oldugu gibi yasalarda net, kesin bir dil kullanilmamakla beraber genel
olarak maden sektoriine 6zel bir is giivenligi yasasi bulunmaktadir. ABD ve Queensland’a gore komiir
iretiminin daha az oldugu madencilik sektoriinde oliimlii kaza sayilarmin olduk¢a daha fazla oldugu
goriilmistiir. Bunun sebebi olarak da is gilivenligi yasasindaki eksiklikler ve uygulamada yapilan yanlislar ilk
akla gelen sebepler arasinda yer almaktadir. Sonug olarak maden ocaklarinda kaza ve dliimlerin azalmasini
saglamak icin madencilik sektoriine yonelik 6zel olarak net bir dille hazirlanmis, sorumluluklarin somut bir
bigimde ortaya konuldugu ve isletmecilerin bu mevzuatlar1 benimsedigi bir yasal ¢ercevenin olusturulmasi
gerektigi sOylenebilir.

Tiirkiye’nin mevcut havalandirma ve toz kontrol diizenlemelerinin oldukca eksik kaldig1 ve kriterlerin yeterli
diizeyde olmadig1 goriilmektedir. Kullanilan mevzuatlar geregi kimyasal ve toz konsantrasyonlari i¢in kesin
bir sayisal smir belirtilmemekte ancak bu konuda mevzuatin uygulanmasinda uluslararas: degerlerin
aliabilecegi ifade edilmektedir. Maden sektoriine 6zel herhangi bir egitim plani kanunlarda bulunmamaktadir.
Yasalara gore belirli periyotlarda verilen is saglig1 giivenligi egitimlerinin de ¢ogunlukla yasal prosediirlerin
saglanmas1 amaciyla verildigi lizerinde fazla durulmadig: bilinmektedir. Tiirkiye maden sektorii is sagligi
giivenligi konusu temel bagliklar acisindan incelendiginde kullanilan mevzuatlarin ve yasalarin muglak ve
yetersiz oldugu, mevcut yasalarin sektor tarafindan uygulanmasinda eksiklikler oldugu ve bunun sonucunda
sektorlin Olimlii kaza sayilarinin ve oranlarinin ABD ve Avustralya gibi llkelere kiyasla oldukga yiiksek
oldugu ortaya ¢ikmaktadir.

5. Tartisma
5. Discussion

Bu sonuglar neticesinde madencilik i¢in kullanilan is saglig1 giivenligine yonelik yasalarin eksikligi goze
carpmaktadir. Madenlerde olusan kazalarda 6liim ve yaralanmalarin en aza indirgenmesi i¢in bu ¢aligmanin
yazarlarinin Onerileri agagida yer almaktadir:

e Maden ocaklar i¢in 6zel olarak sadece bu sektorii ilgilendiren diizenleme mevzuatlar hazirlanmali ve
Caligma Bakanligia bagli sadece maden sektdriine (MSHA benzeri) yonelik bir kurum tarafindan bu
mevzuatlar giincellenmeli ve periyodik olarak denetlenmelidir. Bunun sonucunda mevcut olumsuz
performans iyilestirilebilinir.

e Yasal mevzuatlar hazirlanirken Avustralya orneginde oldugu gibi bolgesel farkliliklarin gézetilmesi
isletmelerin adaptasyonu daha yerinde olacaktir. Ornegin kdmiir {iretiminin yogun oldugu bélgelerde yillik
asgari tatbikat sayis1 veya dogal tas liretiminin yogun oldugu bolgelerde zaman agirlikli toz yogunlugunun
nispeten farkliliklar gosterebilmesi gibi.

e Bu diizenlemelerde devlet, isveren ve caliganlarin 6liimlii kazalar1 ve yaralanmalari azaltmak veya
sonlandirmak i¢in beraber caligmas1 gerekmektedir. Devlete bagl ancak bagimsiz bir kurum tarafindan
aralikli olarak diizenlemeler denetlenmeli ve is saglig1 ve giivenligine uygun ¢alisma ortam1 hazirlamalidir.

e Devlet ¢ikarilan mevzuat ve yasalara bagl kalinip kalinmadigin1 gérmek icin siirekli olarak nitelikli
denetimler yapmak zorundadir.

e s saghg ve giivenligi kurumsal kiiltiiriin bir parcasi haline getirilmeli ve buna yonelik tesvikler
yapilmalidir. Ornegin daha az kazalarin oldugu isletmelere ayricaliklarin taninmasi giindeme alinabilir.

e s saghgi ve giivenligi egitimlerinin periyodik olarak tekrar edilmesi, ¢alisanlarin verilen egitimlerde
sinanmasi ve iceriklerin siirekli olarak yenilenmesi i¢in ¢alismalar yapilmasi yerinde olacaktir.

e Acil durumlara yonelik hazirliklarin arttirilmasi, rutin tatbikatlarin disinda devletin destek verdigi daha
bliylik tatbikatlar yapilarak herkesin hazirda bulunmasi gerekmektedir.
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e Maden sektoriinde belirtilen sayisal verilerin agik, net ve kesinlikle dogru zamanda agiklanmasi bir
zorunluluktur. Kazalari, olaylart ve ramak kala durumlarimi zamaninda ve tam olarak bildirmeyen
kurumlara yonelik ciddi yaptirimlarin giindeme alinmasi yerine bir karar olacaktir.
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Oz

Mikrodalga teknolojisinde dikdortgen dalga kilavuzu (DDK) filtreler, genellikle diisiik kayip ve yiiksek gii¢ tagima
kapasitesinden dolay1 yaygin olarak kullanilirlar. Bu ¢alismada, istenilen derece ve frekans bolgesinde simetrik endiiktif
iris yapisina sahip bant gegiren DDK filtrelerin analitik yontemle tasarimi ve MATLAB kodlari verilmistir. Ornek bir
tasarim olarak 4.5-4.8 GHz arali§inda 5. dereceden bir filtre, analitik ve nlimerik olarak tasarlanmistir. Ayrica, filtre
derecesi, farkli iris kalinliklar1 ve degisik iris tiplerinin filtre performansina olan etkisi incelenmistir. Elde edilen sonuglara
gore, iris kalinlig1 filtrenin frekans cevabinda etkili iken, iris uglar1 veya irislerin dalga kilavuzuyla birlestigi noktalarda
belli oranlarda yapilan ovallestirmelerin frekans cevabinda 6nemli bir etkisi yoktur. % 6.5 bant genisligine sahip olarak
tasarlanan DDK filtre, benzer frekansta tasarlanmig filtrelere gore daha genis bir bant genisligine sahiptir. Analitik
sonuglarma gore, 4.5-4.8 GHz araliginda S11 degeri -20 dB degerinden kiiciik iken; ayn1 bolgede S21 degeri, yaklasik 0
dB civarindadir. Diger taraftan CST Studio Suite Microwave programu ile elde edilen simiilasyon sonuglarina gore ise,
ayni1 frekans bandinda Si; degeri -18 dB degerinden kiigiik iken; ayni bolgede Sz1 degeri, yaklasik 0.09 dB civarindadir.

Anahtar kelimeler: Bant gegiren filtre, C bandi, Dalga kilavuzu filtre, Endiiktif iris

Abstract

Rectangular waveguide (RWG) filters are commonly utilized in microwave technology due to their low loss and high
power carrying capacity. In this study, analytical method design and MATLAB codes of band-pass RWG filters with
symmetrical inductive iris structure in the desired degree and frequency region are given. As an example of the design, a
5th order filter in the 4.5-4.8 GHz range is analytically and numerically designed. In addition, the order of filter, the
effect of different iris thicknesses and various iris types on the filter performance is investigated. The results revealed that
the thickness of the iris has an effect on the frequency response of the filter, but the bending at the iris tips or the bending
at the junction of the iris with the waveguide has significantly no effect on the frequency response. The filter designed
with a bandwidth of 6.5% has a wider bandwidth than filters designed with a similar frequency. According to the
analytical results, in the 4.5-4.8 GHz range, the value of Sy, is less than-20 dB, while the value of Sy; in the same region
is around 0 dB. On the other hand, according to the simulation results obtained with the CST Studio Suite Microwave
program, in the same frequency band, the value of Sy is less than -18 dB, while the value of Sy in the same region is
about 0.09 dB.
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1. Giris
1. Introduction

Elektronik filtreler giris sinyallerine gdre bir frekans cevabr iireten iki terminalli devrelerdir. Istenilen frekans
cevabina gore alcak geciren, yliksek gegiren, bant geciren ve bant durduran olarak farkli yapilarda
tasarlanabilirler. Ayrica kullanilan eleman tipine gore de aktif ve pasif filtreler olarak siniflandirilmaktadirlar.
Haberlesmede oldukca yaygin bir bicimde kullanilan filtreler, girig sinyallerini ¢ikista zayiflatarak bir frekans
cevabi Uretirler. Matematiksel olarak farkli fonksiyonlara sahip ¢esitli filtre tiirleri (Butterworth, Chebyshev,
Bessel veya Elliptic-Cauer vb.) bulunmaktadir (Eroglu, 2022).

Butterworth filtre, bant geciren bolgede miimkiin oldugu kadar diiz bir frekans cevabina sahipken, Chebyshev
filtrenin frekans karakteristigi bu bolgede daha dalgali (ripple) yapiya sahiptir. Chebyshev ve Eliptik filtrelere
gore daha diiz gecis bolgesine sahip olan Butterworth filtrelerde, durdurma bant bolgesine gegisin daha keskin
olmasi i¢in daha yiiksek dereceli tasarimlara ihtiyag vardir. Yiiksek kalite faktorii (Q) gereken ve durdurma
bant bolgesine daha keskin gecis istenen filtre tasarimlarinda genellikle Chebyshev filtreler tercih edilir.
Chebyshev filtreler, tip-1 (veya Chebyshev filtre) ve tip-II (veya ters Chebyshev filtre) olmak iizere ikiye
ayrilirlar. Tip-I’de dalgalanmalar, bant gegiren frekans bolgesinde meydana gelirken; tip-II’de ise bunlar, bant
durduran frekans bolgesinde olusur. Ayrica, tip-1I’de daha fazla bilesen gerektirdigi i¢in, tip-l1 daha fazla
yaygindir (Hunter, 2001).

Normal devre teknolojisinde filtreler; R, L, C gibi toplu elemanlar kullanilarak tasarlanirken, mikrodalga
teknolojisinde mikroserit ve dalga kilavuzlar1 gibi yapilar kullanilarak tasarlanmaktadir. Dalga kilavuzlar
dikdortgen veya dairesel ici bos metal yapilar olup, yiiksek gilic tasima kapasitesi ve diisiik kayiph
Ozelliklerinden dolay1 6zellikle yiiksek frekans bdlgesinde tercih edilmektedirler. Fakat bu tip dalga kilavuzu
filtrelerin dezavantaj1 da diisiik frekanslarda fiziksel boyutlarinin biiyiik olmasidir. Tarim, savunma, giivenlik,
telekomiinikasyon gibi sektorlerdeki iletisim sistemlerinde onemli bir role sahip dalga kilavuzu filtreler,
kompakt yapiya sahip olma, diisiik maliyet, gili¢c tasima kapasitesi, agirlik, ¢caligsma frekans1 bolgesi, termal
kararlilik gibi amaglar i¢in literatiirde yogun bir bigimde ¢alisilmistir (Genc vd., 2018; Akatimagool vd., 2016;
Bianchi & Sorrentino, 2007; D’Auria vd., 2015; Dahle vd., 2017; Genc vd., 2019; Piltyay vd., 2021; Yechou
vd., 2014). Bu alanlarda hem dar bant hem de genis bant 6zellik gosteren dalga kilavuzu filtre tasarimlarina
ihtiyag duyulmaktadir. Dar bantli uygulamalar giiriiltii bastirma ve daha yiiksek duyarlilik gerektiren
uygulamalarda kullanilirken, genis bantli tasarimlar ise daha fazla gii¢ transferinin yapilmasi istenen
uygulamalarda tercih edilirler (Boria & Gimeno, 2007; Maximo-Gutiérrez vd., 2021).

Mikrodalga frekans bolgesinde dalga kilavuzu filtre yapiminda, farkli tasarim teknikleri gelistirilmistir.
Geleneksel uygulamalarda kilavuz igerisine metal iris ve postlar eklenirken, bazi yeni uygulamalarda da, boyut
olumsuzlugunu ortadan kaldirmak igin alt tasa sahip tiimlesik devre (Substrate Integrated Circuits-SIC)
tasarimlar1 yapilmistir (Jin vd., 2014; Soreng & Mishra, 2018; Imeci, 2022). Kullanilan irisler endiiktif ve
kapasitif etkiler olugturmakta ve tasarlanan yapilara gore de degisik frekans cevaplar elde edilebilmektedir.
Dikdortgen dalga kilavuzunun genis bolgesine yerlestirilen irisler endiiktif etki olustururken; dalga
kilavuzunun dar bolgesine yerlestirilen irisler ise kapasitif etki olugturmaktadir. Endiiktif iris yapilar1 ise kendi
icinde simetrik (karsilikli iki iris kullanildigi durum) veya non-simetrik (tek iris kullanildigi durum) olmak
iizere ikiye ayrilirlar. Bu ¢aligmada, simetrik endiiktif iris yapilar1 tercih edilmistir.

Son zamanlarda iris ve post tasarimlarina alternatif olarak, dalga kilavuzu igerisine frekans se¢ici yiizey (FSS)
ve metamateryal yapilarla desteklenmis tasarimlar eklenmeye baglanmistir (Bage & Das, 2017; Bod & Hatefi
Ardakani, 2018; Piltyay vd., 2021). FSS ve metamateryal yapilar dalga kilavuzu igerisinde uzaysal bir
mikrodalga filtrenin olusturulmasini ve boyutlarin daha minimize edilmesini saglarlar (Lin vd., 2013). Dalga
kilavuzu igerisine eklenecek metamateryal sayisi filtrenin devre teorisindeki derecesine karsilik gelmektedir.
Bu sekilde eklenen metamateryal sayisi artirilarak istenen derecede filtreler elde etmek miimkiindiir
(AbuHussain & Hasar, 2020). Ayrica, literatiirde bulunan diger bir ¢alismada, minyatiirlestirilmis bant ge¢iren
5. derece dalga kilavuzu filtre tasarlamak igin kalin bir endiiktif irise bir veya iki metal blok eklenerek
olusturulan 6zgiin bir rezonans baglant1 yapilart énerilmektedir (Xiang vd., 2023).

Bu ¢alismamizda endiiktif irisler kullanarak bant geciren dalga kilavuzu filtrenin tasarim asamalari analitik
olarak verilmistir. Tasarim sonucunda, istenilen filtre derecesine bagli olarak, kilavuza yerlestirilecek irislerin
konumlar1 ve iris boylart MATLAB kodlariyla hesaplanabilmektedir. Ayrica, Chebyshev tip-1 fonksiyonlar1
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kullanilarak 5. dereceden bir bant gegiren filtre tasarlanmig ve frekansa bagl olarak geri doniis ve araya girme
kayb1 elde edilmistir. C bandinda (4.5-4.8 GHz) tasarlanan filtrenin performansi, niimerik sonugclarla
dogrulanmistir. Ayrica, filtre derecesi, farkli iris kalinliklar1 ve degisik iris tiplerinin filtre performansina olan
etkisi CST Studio Suite Microwave programi yardimiyla incelenmistir. Bu ¢aligmanin 2. Boliimiinde analitik
yontemle DDK bant gegiren filtre tasarimi tasarim prosediirii detayl bir sekilde verilmistir. 3. Béliimde ise iris
kalinlhiginin ve iris tipinin filtre performansi iizerine etkileri numerik olarak verilmistir. 4. Boliim elde edilen
sonugla tartigilmis olup Ek-A boliimiinde ise tasarlanan filtrenin MATLAB kodlar1 verilmistir.

2. Analitik yontemle dikdortgen dalga kilavuzu bant geciren filtre tasarimi
2. Rectangular waveguide band-pass filter design by analytical method

Bir filtre tasariminda, once filtrenin hangi tiirde olacagina karar verilir. Yani algak gegiren, yiiksek geciren,
bant gegiren veya bant durduran 6zelliklerden hangi transfer fonksiyonuna ihtiya¢ duyuldugu belirlenir. Filtre
tasarimi yapilirken dncelikle prototip olarak algak gegiren filtre tasarimi yapilir ve daha sonra bu algak gegiren
yapidan diger yapilar elde edilir.

Tipik bir bant gegiren filtrenin frekans cevabi, Sekil 1°de verilmistir. Burada fo merkez frekansi, f; alt kesim
frekansi ve f; st kesim (@-3 dB) frekansidir. Ayrica, f3 ve f4 durdurma bant araligini gosterir. Bant geciren
filtrenin tasariminda 6ncelikle filtrenin 6zellikleri belirlenmesi gerekir. Bunlar, filtrenin ¢alisacag: frekans bant
aralig1 (Sekil 1°deki mavi bolge) ve karsilanmasi gereken geri doniis kaybi (S11) degeri belirlenir. Bu deger,
filtrenin frekans cevabindaki dalgalanmayla (ripple) dogrudan iliskilidir. Bu yiizden, bazi tasarimlarda geri
doniis kaybi yerine ripple (¢) degeri de verilebilir. Tasarimda dalgalanma degerinin yaninda, uygulamada
gerekli olan durdurma bandindaki araya girme kayb1 (S21) da belirlenir. Bu deger (-IL, insertion loss), filtrenin
gecis bandi ile durdurma bandi arasindaki gegisin keskinligini dolayisiyla filtre derecesini belirler. Tasarlanan
filtrenin derecesi yiikseldik¢e hem filtrenin maliyeti hem de performansi artar.

Genlik
r Bant Bant
durduran durduran
L Bant geciren bolge Bolge
0dB
L~ : TN
-3dB :
-IL dB}----
: Bant genigligi
Merkez
H frekansi :
f3 f) fy £, f,  Frekans

Sekil 1. Tipik bir bant gegiren filtrenin frekans cevabi
Figurel. Frequency response of a typical bandpass filter

Bu caligmadaki tasarim adimlari, farkli frekans bantlar1 ve dikdortgen dalga kilavuzlarn (DDK) igin
kullanilabilir. Secilen bu frekans calisma bolgesine uygun dalga kilavuzu boyutlarina bagl olarak kesim
frekansi (Denklem 1)’e gore belirlenir (Hunter, 2001).

fo=5= @+ Q) (1)
w, = 2nf, (2)

Burada, a ve b DDK’nin ebatlari olup m ve n ise elektromanyetik dalganin olasit modlaridir. Merkez frekansi,
(Denklem 3)’e gore hesaplanir.
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fo :\/f1-f2 3)

DDK’nin i¢inin havayla dolu oldugu varsayilirsa (& = 1) gesitli frekanslar i¢in dalga boylar1 (Denklem 4)’e
gore elde edilebilir.

A=+ 0=0,1234 (4)

(Denklem 5)’de verilen DK icindeki dalga boyu, kesim frekansina, ¢alisma frekansina ve ortamin elektriksel
ozelliklerine baglhdir.

Ao

%9 = Wtwe/ o172 ®)

Buradan, f; ve foi¢in DK dalga boylari, (Denklem 6)’ya gére hesaplanir.

— Ao
Y01 = Htac/wnii (6a)
— Ao
202 = /w112 (6b)
Merkez frekansindaki dalga boyu, frekanstan bagimsiz olarak (Denklem 7) ile elde edilir.
- -
1 Agr+igz 1 Ag1 cos(uZi)ngz cos(nz;) (7)
g0 — p . (A . (A
2 m 51n(n§i)+ sm(nZ;)
Es dalgalanmal1 bir bant geciren yapinin frekans cevabi (araya girme kaybi), (Denklem 8) ile verilir.
S,1(jw)|? = : lineer 8a
G = Lineer] (8)
0
A
IL =—-101log4, [1 + €2T,2 {a(;—g)sin [n(% ]}] [dB] (8b)
9o g

-1

A A A . .. .

Burada, € dalgalanma faktérii, @ = ALA sin (?)] ve 6 = nkg © dir. Eger tasarim asamasindaki istenilen IL
go g1l g

degeri saglanmazsa filtrenin derecesi artirilmalidir. Ayrica, T, (x); n. dereceden tip-I bir filtre Chebyshev

polinomlarini gésterir ve (Denklem 9)’da verilmistir. Bu polinomlar, Jacobi polinomlarinin 6zel durumlaridir.

Ta(0) = 2x Ty—1 (%) = T2 (%) ; To(x) = 1ve Ty(x) = 4 igin (92)
_ 22n(n!>2 _ l _ l
Tn(x) - (271)! P(nl 2’ 2’ x) (9b)

Ornegin; n=5 igin Chebyshev polinomu, Ts(x) = 16x° — 20x3 + 5x olarak hesaplanabilir. Bu sayede
(Denklem 8b) kullanilarak frekansa bagl araya girme kayb1 (IL) grafigi elde edilebilir.

Bu asamadan sonra filtredeki irisler aras1 mesafe (lr) ve her bir iris boslugunu (dy) teorik olarak belirlemek i¢in
suseptanslar hesaplanmalidir. Bu suseptans degerleri i¢in Kurado doniisiimleri ve karakteristik empedanslari
kullanilir. Oncelikle elde edilen prototip filtrenin normalize karakteristik empedanslar1 (1 Q’a gére normalize)
(Denklem 10)’a gore belirlenir.

_ 24 cin2 24 cin2[(y—
Zr _ %sin [(Zr 1)71] 1 {n +sin“(rm/n) n“+sin“[(r—-1)m/n)

2 " ana sin[(2r+1)m/24,] sin[(2r-3)m/2,]

prm } r=1,...N (10)
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1

Burada, n = sinh [% sinh™?! (;)] olarak verilmistir. Daha sonra, (Denklem 11)’deki Kurado doniistimleri

kullanilarak, suseptanslarin degerleri (Denklem 12)’ye gore elde edilir.

, N2+sin?(rn/N) 1/2
rr+l = [ m ] r=0,..,N (12)
(ZrZry)/? Krr
Byri1 = Kr:1 - (ZTZT+:)11/2 s Zo=Zyy1 =1 (12)

Suseptans degerleri kullanilarak tasarlanan iris yapilarmin elektriksel uzunluklari (Denklem 13)’e gore
hesaplanabilir.

_ 1 1 (Br+ir -1 (Brr+1
Y=m > [cot (—2 ) + cot (—2 )] (13)
Irisler arasindaki gercek fiziksel mesafeler (Denklem 14)’e gére bulunabilir.
¢, =l (14)

Son olarak, karsilikli simetrik olarak konumlandirilmis endiiktif iris yapilar1 (paralel iris) kullanildiginda
suseptans degerleri (Denklem 15)’de verilmistir (Bianchi & Sorrentino, 2007).

2 dr —3n ., md,
B, = /?—Zcot2 (nz—a) [1+ ayi—nnsmz (HT)] (15)

Burada, f = ’a)ze,u— (g)2 ve y; = /(37”)2 — w?ep‘dir. Bu suseptans degerleri kullanilarak dr iris

bosluklarint dogrudan hesaplamak olduk¢a karmasik oldugu igin bu islem iterasyonla gerceklestirilebilir.
Buraya kadarki islem adimlarini iceren MATLAB kodlari, literatiire katki saglamak amaciyla Ek-A’da
verilmistir.

2.1. Ornek uygulama
2.1. An example application

Bu ¢alismada tasarlanan C bandinda iris yapili tipik DK filtrenin 6zellikleri asagidaki gibidir.

Bant genigligi: 4.5-4.8 GHz
Geri doniis kaybi: > 20 dB (e = 0.01)
Durdurma bandi araya girme kaybi: > 50 dB@4 GHz ve > 35 dB@5.5 GHz

Oncelikle radar uygulamalarinda kullanilan C band1 i¢cin WR-187 (3.95-5.95 GHz) DDK kullanilmistir. Bu
dalga kilavuzunun boyutlar1 47.55 x 22.15 mm?’dir. Bu 6zellikleri saglayan filtre elde etmek igin Ek-A’da
verilen MATLAB kodlarina gore filtre derecesi en az 5 olmalidir. Bu kodlarla filtre ebatlarina ek olarak filtre
derecesine bagli olarak empedans degerleri, Kurado doniisiimleri ve suseptans degerleri elde edilebilir. Ayrica
analitik olarak filtrenin frekans cevabi otomatik olarak cizdirilebilir. iris yapisi kullanilan 5. derece DK
filtrenin kesit gortiiniimii Sekil 2’de verilmistir. Buna gore, iris sayisi filtre derecesinin bir fazlasidir. lo degeri
DK i¢indeki dalga boyunun Y4’ kadar belirlenmis olup bu uzunlugun filtre performansina kayda deger etkisi
yoktur. Ayrica ilgili kodlar ile analitik yontemle elde edilen dalga kilavuzu filtrenin boyutlar1 Tablo 1°de
verilmistir.
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Sekil 2. Iris yapisi kullanilarak 5. derece dalga kilavuzu filtrenin kesit gériiniimii
Figure 2. Sectional view of a 5th order waveguide filter designed using an iris structure.

Tablo 1. Analitik yontemle elde edilen dalga kilavuzu filtrenin boyutlari
Table 1. Dimensions of the waveguide filter obtained by the analytical method

Parametreler  Aciklamalar Degerler (mm)
a DK genisligi 47.55
b DK yiiksekligi 22.15
di 1. iris boslugu 28.95
d2 2. iris boslugu 18.68
ds 3. iris boslugu 15.44
da 4. iris boslugu 15.44
ds 5. iris boslugu 18.68
ds 6. iris boslugu 28.95
Iy 1. ve 2. iris arasindaki mesafe 32.79
l2 2. ve 3. Iris arasindaki mesafe 38.07
I 3. ve 4. iris arasindaki mesafe 39.29
la 4. ve 5. iris arasindaki mesafe 38.07
Is 5. ve 6. iris arasindaki mesafe 32.79
lo Flans ile iris arasindaki mesafe 21.95 (=44/4)

Analitik olarak tasarlanan 5. dereceden bir filtrenin frekans cevabi Sekil 3’te verilmistir. Buna goére S11 ve Sxn
degerlerinin, tasarimdan beklenen kriterleri sagladig1 goriilmektedir. S11 degerinin 4.5-4.8 GHz araliginda -20
dB degerinden kii¢iik iken; ayn1 bolgede S21 degeri, yaklasik 0 dB civarindadir. f3 ve f4 frekanslarindaki araya
girme kaybi degerlerinin ise, sirasiyla -58.95 dB ve -36.84 dB degerlerini sagladigi goriilmektedir. Teorik
olarak irislerin kalinlig1 (ti) sifirdir. Fakat uygulamalarda bu imkansiz oldugu i¢in miimkiin olan en ince
kalinlik secilmesi tavsiye edilir.

Farkl filtre derecelerine (3., 5., 10. ve 20. derecede) gore frekans cevaplarinin degigimi, Sekil 4’de verilmistir.
Bu sonugclara gore, beklenildigi gibi filtre derecesi artikga durdurma bant bdlgesine gegis daha keskin hale
gelmektedir. Bu istenilen bir durum olmasina ragmen derecenin yiikselmesi daha fazla sayida iris gerektirdigi
icin hem maliyet artisina hem de tasarim karmagikligina neden olur. Bunun yamn sira filtre derecesi artikca
DK’nun toplam fiziksel uzunlugu da artar. Ayrica, Sekil 4’de goriildiigii gibi filtre derece sayis1 kadar Si1
grafigi tizerinde rezonans bolgeleri olusur. Filtre derecesi arttikga bant geciren bdlgedeki geri doniis kaybinin
dalgalanma seviyesi azalir.
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Sekil 3. Analitik olarak tasarlanan filtrenin frekans cevabi
Figure 3. Frequency response of the analytically designed filter
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Sekil 4. Farkli filtre derecelerine gore frekans cevaplariin degisimi
Figure 4. Variation of frequency responses according to different filter orders.

3. Sonuclar
3. Results

3.1. Niimerik yontemle sonuclarin elde edilmesi
3.1. The results obtained by numerical method

Bu galigmadaki tasarimlar, 3D full elektromanyetik simiilasyon programi olan CST Studio Suite Microwave
kullanilarak gerceklestirilmistir. Simiilasyon set-up, Sekil 5’de verilmistir. Burada, DK, TE;o modunda ve
waveguide port kullanilarak beslenmistir. DK igerisi hava ile doludur. Simiilasyonlarda frekans solver
kullanilmigtir ve bu program, niimerik yontem olarak sonlu entegrasyon teknigi (FIT- finite integration
technique) kullanmaktadir. Zmin ve Zmax diizlemlerine Port#1 ve Port#1 yerlestirilmistir. Bu diizlemlerdeki
sinir kosullar1 Open (add space) olarak secilmistir.
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; A

Sekil 5. Simiilasyon set-up, a) filtrenin dis ve b) i¢ perspektif gériiniimii
Figure 5. Simulation set-up, a) external and b) internal perspective view of the filter

3.2. iris kahnhigmnn ve iris tipinin filtre performansi iizerine etkileri
3.2. Effects of iris thickness and iris type on filter performance

Tablo 1°deki boyutlar kullanilarak simiilasyon programinda TEjg modu i¢in 5. derece DK filtre tasarimi
gerceklestirilmistir. Teorik hesaplamalardan farkli olarak t; parametresi 1.5 mm olarak segilmistir. Iris
kalinliklarinin filtre performansina etkisini gormek i¢in 5 farkli tasarimdan elde edilen Si1 ve Sy1 degerleri,
Sekil 6’da verilmistir. Buna gore, en iyi sonucun ti = 0.5 mm iris kalinlig1 icin elde edildigi agikca
goriilmektedir ¢linkii bu tasarim analitik yontemdeki iris kalinligina en yakindir. Simiilasyon sonuglarina gore
ise, ayni frekans bandinda S1; degeri -18 dB degerinden kiigiik iken; ayni bolgede S»1 degeri, yaklasik 0.09 dB
civarindadir. Ayrica, iris kalinligr arttikga filtre performansinin olumsuz etkilendigi sdylenebilir. Yani, iris
kalinlig1 arttik¢a geri doniis kaybinin seviyesi artar. Bunun sebebi ise, iris kalinlig1 arttikca dalga kilavuzu
boyunca iki ardisik iris arasindaki faz farkinin degismesidir. Faz farki degistigi i¢in (Denklem 8)’e gore frekans
cevabi degisecektir. Bu da filtre performansini olumsuz etkiler.

Bu calismada 6zgiin olarak, cesitli iris tiplerinin filtre performansi tlizerine etkisi Sekil 7°de verildigi gibi
incelenmistir. II. iris tipi, geleneksel iris yapisidir. Fakat L. iris tipinde, iris uglar1 ovallestirilmis iken III. iris
tipinde ise, irisin dalga kilavuzuyla birlestigi noktalar ovallestirilmistir. I. tip iris i¢in ovallestirme yarigapi ti/2
iken, III. tip iris i¢in ovallestirme yarigap1, 3 mm’dir. Sekil 7 incelendiginde II. ve IIL. iris tipleri i¢in frekans
cevabinda kayda deger bir fark goriilmemektedir. Buna gore III. tip ovallestirmenin geleneksel iris yapisina
herhangi bir olumlu etkisinin olmadig1 sonucuna ulasilabilir. 1. ve IL. iris tipleri karsilastirildiginda, iris
uclarindaki ovallestirme sonucu merkez frekanst 200 MHz sola kaymistir. Dolayistyla bu tip bir
ovallestirmenin rezonans frekansi lizerinde dogrudan etkisi bulunmaktadir. Benzer bigimde S2; degerinde sola
dogru kayma s6z konusudur. Ayrica araya girme kaybinin istenmeyen en yiiksek seviyesi I. iris tipinde ortaya
cikmigtir. Ttim iris tiplerinde S1; seviyesi yaklagik -18 dB civarindadir.
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Sekil 6. Farkli iris kalinliklarinin filtre performansina iizerine etkisi
Figure 6. Effect of different iris thicknesses on filter performance
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Sekil 7. Cesitli iris tiplerinin filtre performans tizerine etkisi
Figure 7. Effects of various iris types on filter performance

Onerilen 5. derece DDK filtrenin analitik ve simiilasyon sonuglarinin karsilastirilmasi Sekil 8°de verilmistir.
Buna gore analitik sonuglarin, simiilasyon sonuglarina gore kismi olarak daha iyi oldugu sdylenebilir. Bunun
nedeni ise simiilasyon tasariminda kullanilan malzemeden kaynakli kayiplardir. Diger taraftan her iki sonug
icin de merkez frekansi (fo), 4.65 GHz’dir. f; alt kesim frekansi ve f; iist kesim (@-3 dB) frekansidir. f; ve f;
degerleri analitik sonuglar i¢in sirasiyla 4.42 GHz ve 4.91 GHz iken; simiilasyon sonuglar i¢in sirasiyla 4.46
GHz ve 4.82 GHz‘dir.
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Sekil 8. Onerilen 5. derece DDK filtrenin analitik ve simiilasyon sonuglarmin
karsilastirilmasi

Figure 8. Comparison of analytical and simulation results of the proposed 5th
order DDK filter

TE10 modu igin dalga kilavuzundaki E-alan ve H-alan dagilimlar1 Sekil 9’da verilmistir. Bu sonuglar, merkez
frekansi olan 4.65 GHz’de elde edilmis olup, E-alan ve H-alan degisim araligi sirasiyla 0-2974 V/m ve 0-19.1
A/m arasinda degismektedir. Bilindigi gibi, irisler arasindaki mesafe (I) sayis1 kadar kilavuz igerisinde dalga
sayis1 bulunur. E-alan dagilimi incelendiginde I, ve 11 oldugu bosluk rezanator bolgelerinde E-alan siddetinin
genliginin daha fazla oldugu goriilmektedir. H-alan dagilimma gore E-alan siddetinin yiiksek oldugu
bolgelerde dogal olarak H-alan degerinin de yiiksek oldugu sonucuna ulasilabilir.

V/m
2974

2400
2000
1600

1200

800

b) H-alan

Sekil 9. TE1o modu i¢in 4.65 GHz’de dalga kilavuzundaki a) E-alan ve b) H-alan
dagilimlart
Figure 9. a) E-field and b) H-field distributions in the waveguide at 4.65 GHz for
TE10 mode

Literatiir taramasi sonucu iris yapilt DDK filtre tasarimlarina ait bazi ¢aligmalar Tablo 2’de karsilastirilmagtir.
Bu caligma ile karsilagtirilmas1 amaciyla sadece bant gegiren filtre tipi dikkate alinmigtir. Bu tabloya gore
caligmalar genelde X bandinda veya daha yiiksek frekanslarda yapildigi goriilmektedir. Bu ¢alismanin frekans
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aralig1 300 MHz olup, bu frekans bolgesine yakin (Akatimagool vd., 2016)’daki ¢alismaya gore daha genis bir
bant genisligine sahiptir.

Tablo 2. Literatiirdeki iris yapili DDK filtrelerin karsilasgtirmasi
Table 2. Comparison of iris structured RWG filters in the literatiire

Frekans Merkez
Filtre PN Rezonator Filtre Bant frekansi . .
Ref. tiirii bolgesi Tiirii derecesi genislii (fo) S11 (dB) S21 (dB) Yontem
(GHz) (GH2)
(D’Auria vd., Bant 8-12 ;L 0 o
5015) gorion 75110 iris 6 966.3 107.2 11dB 0.95 dB N/O
(Piltyay vd., Bant 1218 iris ve post 4 %17.9 11.75 13.79.dB 0.177 dB A
2021) geciren
(Akatimagool  Bant 3.2-48 tris 2 96.25 4 195dB 0.54dB N/O
vd., 2016) geciren
(Yechouvd,  Bant 12-15 fris 5 %6.3 14.2 25 dB 0.274 dB N/O
2014) gegiren
(Dahle vd., Bant 8-12 fris 2 %6.8 10.24 15dB 15dB N/O
2017) gegiren
Bucahsma 0o 455 iris 5 %6.5 4.65 20dB 0.09 dB AN
gegiren

*Analitik A, Niimerik N, Ol¢iim O olarak kisaltilmistir.

4. Tartiysma ve degerlendirme
4. Discussion and comparison

Bu ¢aligmada C bandinda endiiktif iris yapis1 kullanilarak 5. derece DDK filtre hem analitik hem de numerik
olarak gerceklestirilmistir. Calismanin literatiirdeki caligmalardan farklari, radar uygulamalarinda yaygin
olarak tercih edilen C-bandinda tasarlanmasinin yani sira iris kalinliginin ve iris tipinin filtre performansi
iizerine etkilerinin incelenmesidir. Istenilen derecede ve frekans bolgesinde de bant gegiren filtre tasarlamak
icin tiim tasarim asamalar1 detayli bir sekilde kodlartyla beraber verilmistir. Ayrica hem ti¢ farkli iris tipinin
hem de iris kalinliginin filtre performansi iizerindeki etkisi degerlendirilmistir. Buna gore ince iris kalinligina
ve II. iris tipine sahip tasarimin daha iyi performans gosterdigi sonucuna ulasilabilir. Onerilen 5. derece DDK
bant gegiren filtrenin iris kalinligmin tj = 0.5 mm oldugu durum igin filtre, daha iyi performans gosterir ve bu
degerdeki simiilasyon sonuglarina gore, frekans bandinda Si; degeri -18 dB degerinden kiigiik iken; ayni
bolgede S» degeri, yaklagik 0.09 dB civarindadir. Bu ¢alismada 4.5-4.8 GHz araligi se¢ilmis olmakla birlikte,
EK-A’da verilen MATLAB kodu ile istenilen frekans araliginda ve derecede bir filtre tasarimi miimkiindiir.
Bu calismada simetrik endiiktif iris yapisi ¢aligilmis olup, ileriki caligmalarda 4 farkl: tiirde (simetrik endiiktif
iris, non-simetrik endiiktif iris, simetrik kapasitif iris, non-simetrik kapasitif iris) iris yapilarmin filtre
performanst iizerine etkisi incelenecektir.
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EK-A: Filtre tasarim ve frekans cevabi icin MATLAB kodlar1

%% Istenilen derecede bant-gegiren dalga kilavuzu filtre tasarimi:

% Not: Bu kodla herhangi bir frekans bantinda istenilen 6zellikte tasarim

% yapilabilir.

clear all

close all

clc

format long

% Filtrenin 6zellikleri girilir:

f1=4.5*%10"9;% Calisma frekans araligi(f1-f2)

f2=4.8*10"9;

f3=(4)*1e9;%Bant durdurma frekans araligi(f3-f4)

f4=5.5*1e9;% Ornek: >-25dB @5.5GHz

n=5; %Filtre derecesi=n, iris sayisi=n+1

€=0.01; %Chebyshev filtredeki ripple faktorii

epsl=1;m1=1;n1=0;

% Kilavuzun igindeki dielektrik ortamin elekriksel ve manyetik 6zellikleri

a=47.55e-3;% WR-187 dikdortgen dalga kilavuzu ebatlari

b=22.15e-3;

% %

€=299792458;%:1s1k hiz1

fO=sqrt(f1*f2);% Merkez frekans

fc=(c./(2.*sqrt(epsl))).*(sqrt((ml/a).2+(n1/b)"2));% Kesim frekansi

we=2*pi*fc;% Kesimdeki agisal frekans

w1=2*pi*f1,;

w2=2*pi*f2;

w3=2*pi*f3;

w4=2*pi*f4;

lamda00=c/f0;% Merkez frekansi icin dalga boyu

lamda01=c/f1;% f1 frekansi icin dalga boyu

lamda02=c/f2;% f2 frekansi i¢in dalga boyu

lamda03=c/f3;

lamda04=c/f4,

lamdagl=lamda01/sqrt(1-((wc/w1)"2));% f1 i¢in kilavuz dalga boyu

lamdag2=lamda02/sqrt(1-((wc/w2)"2));% f2 i¢in kilavuz dalga boyu

lamdag3=Ilamda03/sqrt(1-((wc/w3)"2));

lamdag4=Ilamda04/sqrt(1-((wc/w4)"2));

aaa=((lamdag1+lamdag?2)/2);

bbb=(lamdag1*cos((pi/2)*(lamdag2/lamdag1)))+(lamdag2*cos((pi/2)*(lamdagl/lamdag?2)));

ccc=(sin((pi/2)*(lamdag2/lamdagl)))+(sin((pi/2)*(lamdagl/lamdag?2)));

lamdagO=aaa+(1/pi)*(bbb/ccc);% Merkez frekansi igin kilavuz dalga boyu

alfa=((lamdag1/lamdag0)*sin((pi*lamdag0)/lamdag1))"(-1);

% alfa, araya girme kaybini (S21) hesaplamak i¢in gereken bir katsayisidir.

x3=((alfa*lamdag3)/lamdag0)*sin(pi*(lamdag0/lamdag3));

x4=((alfa*lamdag4)/lamdag0)*sin(pi*(lamdag0/lamdag4));

Tn=chebyshevT(n,x4); % Dereceye bagli Chebyshev type-1 fonksiyonu

IL1=10*log10(1+e"2*Tn*Tn);

% Tasarim basindaki (>-25dB @5.5GHz) IL degerini (araya girme kaybi)sagladigi

%kontrol edilmeli. Saglamazsa n derecesi artirilmalidir.

nu=sinh(((1/n)*asinh(1/e)));% z empedansini hesaplamak i¢in katsayidir.

forr=1:n
ddd=(nu*nu+sin((r*pi)/n)*sin((r*pi)/n))/(sin(((2*r+1)*pi)/(2*n))) ;

eee= (nu*nu+sin(((r-1)*pi)/n)*sin(((r-1)*pi)/n))/(sin(((2*r-3)*pi)/(2*n))) ;

z(r)=((2*alfa)/nu)*sin(((2*r-1)*pi)/(2*n))-(1/(4*nu*alfa))*(ddd+eee);

end

z=[1 z 1];% Empedans degerleri

for r=1:n+1 % Kurado dontistimleri

k(r)=(sgrt((nu*nu)+sin((r-1)*pi/n)*sin((r-1)*pi/n)))/nu;

end

for r=2:n+2 % Suseptans degerleri

b(r-1)=(sqrt(z(r-1)*z(r))/k(r-1))-k(r-1)/(sqrt(z(r-1)*z(r)));

end

% Kurado dontisiimleri kullanilarak, suseptanslar elde edilir.

b_son=b;

forr=1:n

fi(r)=pi-0.5*[acot(b(r)/2)+acot(b(r+1)/2)];% fi, faz degerleridir.

boy(r)=(fi(r)/pi)*(lamdag0/2);% Irisler aras1 ger¢ek mesafeleri belirtir.

end

% Suseptans degerleri kullanilarak iterasyon ile her bir iris boslugu [d(1)...... d(n+1)] bulunur.

iris=0; nn=10000;
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for kk=1:n+1
for k1= 1:nn
d=(k1*a)/nn;
beta=sqrt((((2*pi*f0)*(2*pi*f0))*eps1*4*pi*10"(-7)*8.854*10"(-12))-(pi/a)*(pi/a));
gama3=sqrt(((3*pi)/(a))*((3*pi)/(a))-(((2*pi*fO)*(2*pi*f0)) *epsl*4*pi*10"(-7)*8.854*10"(-12)));
BB(k1)=((2.*pi)./(beta.*a)).*cot((pi.*d)./(2.*a)).*cot((pi.*d)./(2.*a)).*(1+((a.*gama3-
3.%pi)./(4.*pi)).*sin((pi.*d)./a).*sin((pi.*d)./a));
if abs(b_son(kk)-BB(k1))<=0.2
iris(kk)=d;% Iris bosluklar
end
end
end
for indis=1:n+1
fprintf('%d. iris araligi, %4.2f mm"dir. \n', indis, (iris(indis)*1000)’);
end
for indis=1:n
fprintf('%d. ve %d. irisler arasi mesafe, %4.2f mm"dir. \n', indis, indis+1,(boy(indis)*1000)";
end

%% 1 son vel 0 hesaplanmasi:

% Not: 1_son=l_0, merkez frekans i¢in kilavuz dalga boyunun dértte birine esittir.
lamda00=c/f0;

lamdac=c/fc;

lamda_g=Ilamda00/sqrt(1-(lamda00/lamdac)"2);

fprintf('l_son ve 1 0 degeri, %4.2f mm"dir. \n', (lamda_g*1000)/4);

%% Araya girme kayb1 (S21) ve geri doniis kaybinin (S11) frekansa gore cizdirilmesi:
f=linspace(f3,f4,1000);% Fonksiyon araligini tanimlayiniz.
W=2.*pi.*f;

lamda0=c./f;

lamdag=Ilamda0./sqrt(1-((wc./w).*2));
x=((alfa.*lamdag)./lamdag0).*sin(pi.*(lamdag0./lamdag));
Tn=chebyshevT(n,x);

IL=10.*l0og10(1+e.A2.*Tn.*Tn);
plot(f/1019,-1L,'Color','blue’,'LineStyle','-', 'LineWidth', 3); hold on;

% Araya girme kaybi

S21_db=-IL;

S21_li=(10.~(S21_db/10));

S11_li=sqrt(1-(S21_li.*S21_li));

S11_db=10.*log10(S11_li);
plot(f/10"9,S11_db,'Color','red','LineStyle','-.", 'LineWidth', 3); hold on;
% Geri doniis kaybi

grid on;axis([f3/1079 f4/1079 -60 0])

xlabel(‘Frequency [GHz]', 'fontsize', 30, fontweight', 'b");
ylabel('|S_{21}| ve |S_{11}| (dB), 'fontsize', 30, fontweight', 'b");
title('Bant gegiren filtrenin frekans cevabi')

h = legend("\fontsize{301\bf{|S_{21}}',"\fontsize{30H\bf{|S_{11}|});
set(gca, FontWeight','bold', fontsize',30)
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Oz

Kitasal deformasyonlari anlayabilmek ve yorumlayabilmek i¢in farkli yaklagimlar ve modeller bulunmakta olup,
bunlardan biri de blok modelleme yontemidir. Blok modelleme yardimiyla plaka hareketleri, kayma hizlari, faylardaki
kilitlenme derinlikleri, Euler kutbu gibi parametreler belirlenebilmektedir. Ancak, blok sinirlar1 ne kadar iyi belirlenirse,
modelleme sonuglari o kadar gergege yaklasmaktadir. Blok modellemenin en 6nemli adimlarindan biri blok sinirlariin
tespiti olup, kiimeleme iglemi bunun igin bir ara¢ olarak kullanilabilmektedir. Kiimeleme analizi, kiimelemeye konu
verideki benzerlik ve farkliliklara dayanarak veriyi benzer gruplara atamaktadir. Bu ¢aligmada, ¢alisma alani olarak
Tiirkiye belirlenmistir. Bu kapsamda Tiirkiye'nin en giincel Kiiresel Navigasyon Uydu Sistemi (Global Navigation
Satellite Systems — GNSS) hiz alani topluluk kiimeleme algoritmast ile kiimelenmis ve bu hiz alanina uygun blok sinirlar
belirlenmistir. Tiirkiye icin %22’si siirekli ve %78’i kampanya tipi verilerden olusan GNSS gozlemlerinin birarada
degerlendirilerek gilincellenmis hiz alani ilk defa bu caligma ile kiimelenmistir. Kiimeleme 6ncesinde ii¢ ayr1 yontemle,
Davies-Bouldin, Gap (gap istatistigi) ve Silhouette ile, veriye en iyi uyum saglayan optimum kiime sayisi (GNSS hiz
alanma en uygun kiime sayisi) tespit edilmistir. Daha sonra, k-ortalamalar, HAC ve spektral kiimeleme teknikleri
kullanilarak giincel GNSS hizlar1 kiimelenmigtir. Son olarak, Meta-Kiimeleme Algoritmasi (Meta-CLustering Algorithm
- MCLA) olan topluluk kiimeleme teknigi ile giincel hiz alani yatay bilesenleri kiimelenmis ve sonuglar paylasiimistir.

Anahtar kelimeler: Blok sinirlarinin belirlenmesi, GNSS, Giincel hiz alani, Kiimeleme, Meta-Kiimeleme

Abstract

Although there are different approaches and models to understand and interpret the structures in crustal deformations,
one of them is the block modeling method. Using block modeling, one can determine plate movements, parameters such
as slip rates, locking depths or Euler poles on faults. However, the accuracy of the block modeling results is related to
how well the block boundaries are determined. One of the most important steps of block modeling is the detection of block
boundaries and clustering can be used as a tool for this. Cluster analysis assigns data to similar groups based on
similarities and differences in the data subject to clustering. In this study, Tiirkiye was determined as the study area. In
this context, we utilized the ensemble clustering algorithm to cluster recent Global Navigation Satellite Systems (GNSS)
velocity field in Tiirkiye and determine block boundaries. Current GNSS velocity field, which consists of 78% survey and
22% continuous type GNSS data processed together, used for clustering analysis for the first time in this study. Before
clustering, we employed three different methods - Davies-Bouldin, Gap statistics, and Silhouette - to determine the optimal
number (cluster number that best fit to GNSS velocity field) of clusters. Then, k-means, HAC, and spectral clustering
techniques were then applied to cluster current GNSS velocities. Finally, we utilized the Meta-Clustering Algorithm
(MCLA) as an ensemble clustering technique to cluster the horizontal components of the current velocity domain and
present our findings.

Keywords: Determining block boundaries, GNSS, Current velocity field, Clustering, Meta-Clustering
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1. Giris
1. Introduction

Tiirkiye’nin tektonigi, Avrasya ve Arap levhalarimin ¢arpigmalari, bu ¢arpigma sonucu olusan kagis, Kibris ve
Helen yaylart boyunca Anadolu ve Afrika levhalarinin olusturdugu yitim zonlar1 gibi etkiler nedeniyle
karmagik bir yapiya sahiptir (McClusky vd., 2000). Bu siireglerin sonucu olarak meydana gelen Kuzey
Anadolu Fay1 (KAF) ve Dogu Anadolu Fayr (DAF) bélgenin en Onemli dogrultu atimli faylarim
olusturmaktadir. Bu yapilart anlamak ve yorumlayabilmek icin birgok model kullanilmakla birlikte, blok
modelleme ylizey deformasyonlarina en yakin sonuglari tiretmektedir (Thatcher, 2009). Modelleme
sonuglariin ger¢ege yaklagmasi blok simirlarinin ne kadar iyi belirlendigi ile alakalidir. Birgok arastirmact
blok smirlarini belirlerken haritalanmis fay yiizey izlerini, sismoloji verilerini ve/veya GNSS hiz alanini
kullanmig olmakla birlikte blok smirlarinin belirlenmesi yoruma agik ve o6zneldir (Reilinger vd., 2006;
Thatcher, 2009).

Blok smuirlari belirlenirken kullanilabilecek bir yontem de kiimeleme yontemidir. Kiimeleme analizi herhangi
kiimelemeye konu verideki benzerlik ve farkliliklara dayanarak veriyi benzer gruplara atamaktadir. 2000°1i
yillardan itibaren bu yontem GNSS hizlarinin kiimelenmesinde de kullanilmakta olup, blok modelleme
oncesinde, blok sinirlarini belirlemeye yardimci olarak da kullanilabilmektedir.

Kiimeleme analizi, ayn1 bloklar iizerinde GNSS ile elde edilen yatay hizlarin birbirleri ile olan benzerliklerini
dikkate alarak herhangi bir 6nciil bilgi olmaksizin kiime/blok sinirlarini belirlemek amaciyla, bir ¢6ziim olarak
kullanilabilmektedir. Kiime analizi, ilk olarak 1932 yilinda Driver ve Kroeber tarafindan Antropoloji alaninda
gerceklestirdikleri ufuk acici ¢aligma ile baglamistir (Driver & Kroeber, 1932). Son 20 yillik siiregte ise, veri
madenciligi, Oriintii tanima, istatistik ve makine 6grenimi gibi cok sayida gercek diinya probleminin
¢ozlimiinde ele alinmaktadir (Vega-Pons & Ruiz-Shulcloper, 2011; Golalipour vd., 2021). Buna ek olarak,
birgok ¢alisma disiplininde oldugu gibi jeodezik ¢alismalarda blok modellemeler dncesinde blok sinirlarinin
belirlenmesinde de kullanilmistir (Savage & Simpson, 2013a; Ozarpaci vd., 2023). Simpson vd. (2012), San
Francisco Korfez bolgesinde yer alan 168 siirekli Kiiresel Konumlandirma Sistemi (Global Positioning System
- GPS) hiz verisinin kiimelenmesi i¢in Birlestirici Hiyerarsik Kiimeleme (Hierarchical Agglomerative
Clustering — HAC) ve k-medoidler yaklasimlarini karsilastirmali olarak incelemistir. Her iki yontem igin de
kiimeleme 6ncesinde kiimelerin beklenen degerlerinin karelerinin toplaminin, beklenen degerlerine gore log
olarak farkini karsilagtirmaya dayanan Gap istatistik teknigi kullanilmistir ve en uygun kiime sonuglarinin 4’li
kiimeler ile saglandig1 goriilmiistiir. Kiimeleme ile kiime/blok sinirlar1 boyunca bolge bolge hem kilitli ve hem
de deprem iiretmeden yavag kayma hareketi (krip) olan ii¢ biiylik fay ile uyumlu sonuglar elde edilmistir.
Savage ve Simpson (2013a;b), k-medoidler ve Euler-vektor kiimeleme yontemlerini kullanarak sirasiyla
Mojave blogu, Sierra Nevada blogu, Kuzey Walker Lane Kusagi, Orta Nevada Sismik Kusagi1 ve Kaliforniya-
Nevada bolgelerini kapsayan bir GPS aginda hizlar1 kiimelemistir. Savage ve Simpson (2013a) ayrica
kiimeleme iglemine GPS istasyonlarinin konum bilgisini de eklemis ancak sonuglar iizerinde bir degisiklik
gérmemistir. Savage ve Wells (2015), Kuzeybati Pasifik bolgesinde bulunan 319 GPS istasyona ait hizlar igin
ilk olarak k-medoidler yontemi ile en uygun kiimeleme (k = 2 — 10) sonuglarini tespit etmis ve elde edilen
sonuglari1 Euler-vektor kiimelemesi i¢in baglangi¢ olarak kullanmigtir. Elde edilen bulgulara gore, McCaffrey
vd. (2013) tarafindan ayn1 bolgede 6nerilen ana blok sinirlari ile tutarh kiimeleme sonuglari ortaya koymustur.
Savage (2018), Japonya’nin giineybatisindaki 469 GEONET istasyonuna ait (ortalama olarak 1996-2006
yillar1 arasinda) hizlar1 Euler-vektor yontemi kullanarak kiimelemis ve ana blok sinirlarini tanimlamada bu
kiimeleme yonteminin yararli oldugunu belirlemistir. Ozdemir ve Karslioglu (2019), Tiirkiye’deki GPS
hizlarin1 k-ortalamalar, HAC ve Gauss Karigim Modeli (Gaussian Mixture Model - GMM) yaklagimlarini
kullanarak kiimelemistir. Ozellikle, bolgede yer alan KAF ve DAF gibi en 6nemli aktif faylar boyunca
kiimeleme yontemlerinin uyumlu sonuglar verdigini tespit etmis ve bu yontemlerde optimum kiime sayisinin
belirlenmesi i¢in Silhouette kullanilmigtir. Takahashi vd. (2019), Tayvan’da bulunan (2007 — 2013 yillar
arasinda) 281 siirekli GNSS istasyonuna ait hizlart HAC yontemi ile kiimelemistir (K = 2 — 11). Sonug olarak,
kiime sonuglarinin tektonik 6zellikleri yansittigini belirtmistir. Granat vd. (2021), Kaliforniya ve ¢evresinde
bulunan 919 istasyona ait yatay hizlarin yani sira diisey hizlar ve cografi koordinat bilgilerini bir arada k-
ortalamalar yontemi ile kiimelemistir (k = 2 — 10). Bu islemleri gergeklestirirken bolgedeki deprem ani, deprem
sonras1 deformasyonlar1 ve yer degistirmeleri dikkate almistir. Ozarpaci vd. (2023), Tiirkiye’deki ii¢ farkli veri
setine ait siirekli ve kampanya GNSS istasyonlarinin hizlarini k-ortalamalar yontemi ile kiimelemistir. Ayrica,
diger galismalardan farkli olarak, kiimeleme iglemi 6ncesinde Davies-Bouldin indeks, Elbow yontemi, Gap
istatistigi ve Silhouette yontemi gibi ¢esitli i¢ gostergeler kullanarak optimum kiime sayilarinin belirlemis ve
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bu veri setleri iizerindeki etkilerini incelemistir. Son olarak, Kili¢ ve Ozarpaci (2022), Tiirkiye’de bulunan 188
siirekli GNSS istasyonuna ait hizlar {izerinde ilk kez Hibrit Cift Pargali Graf Formiilasyonu, Meta-Kiimeleme
Algoritmasi ve Negatif Olmayan Matris Faktorizasyonu (Hybrid Bipartite Graph Formulation — HBGF, Meta-
CLustering Algorithm — MCLA ve Non-Negative Matrix Factorization-based clustering- NMF) odakli
topluluk kiimeleme yontemleri kullanarak kiime/blok sinirlarinin uyumunu incelemistir. Tekli kiimeleme
algoritmalarina gore kiime/blok sinirlar1 hakkinda daha iyilestirilmis ¢oziimler sunabileceklerini ortaya
koymus ve MCLA yonteminin GNSS verileriyle elde edilen hiz alaninin kiimelenmesi analizinde
kullanilabilecegini gdstermistir.

GNSS verilerinden elde edilen hizlarinin kiimelenmesinde tekli kiimeleme uygulamalari ¢ok ¢esitli olmas1 ve
yaygin bir sekilde kullanilmasina ragmen, kendine 6zgii cesitli sinirlamalar1 mevcuttur. i1k olarak, kiimeleme
islemi dogas1 geregi denetimsiz bir 6grenme yontemi olarak bilinmekte ve genellikle darbogaz bir problem
olusturmaktadir. Denetimli 6grenmeden farklt olarak, etiketsiz verileri anlamli kiimeler halinde
gruplamaktadir ve dolayisiyla veriler hakkinda 6nciil bir bilgi bulunmamaktadir (Jain vd., 1999; Alqurashi &
Wang, 2019).

Ikinci olarak, Kleinberg (2002) tarafindan ele alinan “Kiimeleme igin Olanaksizlik Teoremi” adl1 calismadan
yola ¢ikarak, farkli problemler i¢in uygun ve optimum sonuglar iiretebilen tek bir kiimeleme algoritmasinin
ve/veya belirli bir problem icin herhangi bir kiimeleme algoritmasinin se¢imi hakkinda evrensel bir standart
fikir birligi bulunmamaktadir.

Ucgiincii ve son olarak, kiimeleme calismalarinda ele alman cesitli yontemlerin birbirlerine gore bazi avantaj
ve dezavantajlar1 bulunmaktadir. Ornegin, konveks yapida olmayan kiimeleri bazi algoritmalar (6rn. boliitleme
odakli algoritmalar) tespit edemezken, hiyerarsik ve graf (¢cizge) temelli galisan bazi algoritmalar rastgele sekil
gozlemlerine sahip veriler ile daha uyumlu ¢aligmaktadir. Dolayisiyla, cesitli kiimeleme algoritmalardan her
biri, benzer bir veri kiimesine ortiikk veya agik bir sekilde belirli bir yap1 empoze ederek farkli sonuglar
iiretebilmektedir. Bu noktada, bircok tekli kiimeleme algoritmasinin 6znelliginden kagmak ve bir veri seti
lizerine uygulanan g¢esitli algoritmalarin gii¢lii yonlerini birlestirmek igin verimli yoOntemlere ihtiyag
duyulmaktadir (Ghaemi vd., 2009). Bu nedenle, aragtirmacilar tarafindan bu tiirde problemlerin {istesinden
gelebilmek ve tekli kiimeleme algoritmalarinin sonuglarini iyilestirmek i¢in topluluk kiimeleme (konsensiis
kiimeleme) algoritmalar1 ortaya ¢gikarilmistir (Strehl & Ghosh, 2002).

Bu ¢aligmada, Kurt vd. (2023)’de yayimlanmig Tiirkiye'nin en giincel ve kapsamli GNSS verilerinden elde
edilen yatay hizlar topluluk kiimeleme algoritmasi ile kiimelenmis ve sonuglar irdelenmistir. Giincel hiz alani
ile kiimeleme islemi dncesi kullanilacak yontemlerinin gegerliliklerini test etmek ve veriyi en iyi temsil eden
optimum kiime sayisini belirlemek i¢in Davies-Bouldin, Gap istatistik ve Silhouette olmak iizere ii¢ farkli i¢
gegerlilik yontemi kullanilmistir. Optimum kiime sayisinin tespitinin gergeklestirilmesi ile birlikte, k-
ortalamalar, HAC ve spektral kiimeleme ile yatay hizlar kiimelenmistir. Bu kiimeleme iglemlerinin ardindan,
ayr1 ayrt her bir tekli kiimeleme yonteminin aksine, yontemlerin giliglii yanlarim birlestirmeye dayali bir
topluluk kiimeleme algoritmasi olan Meta Kiimeleme Algoritmasi ile de kiimelenmistir. Meta Kiimeleme
yontemi ile tekli kiimeleme algoritmalarinin sonuglari girdi olarak alinarak, son bir kiimeleme islemi
gergeklestirilmis ve sonuglar irdelenmistir. Ayrica, literatiirde bulunan kiimeleme c¢aligmalari, Tiirkiye’de
gerceklestirilen ¢alismalar 6zelinde incelenecek olunursa, sadece siirekli verilerden olusan ve yaklasik 200
nokta kullanilarak ya da siirekli ve kampanya noktalarinin farkli ¢alismalardan birlestirilerek olusturuldugu
aragtirmalar {izerinde yogunlagmistir. Bu ¢aligmada kullanilan ve 836 noktadan olusan hiz alani hem siirekli
hem de kampanya noktalarinin birlikte degerlendirilerek tiretildigi, calisma bolgesinin gilincel hiz alanidir. Bu
caligma ile yogunlasan hiz alaniyla elde edilen blok sinirlarinin dnceki kiimeleme c¢alismalariyla olusturulan
blok smirlariyla farklari da vurgulanmaktadir. Bununla birlikte, literatiirde var olan blok modelleme
caligmalarindaki blok sinirlari ile de karsilagtirmalar yapilmistir. Caligmanin Tiirkge literatiire katkisi diginda,
buradan elde edilecek blok sinirlarinin bundan sonra gerceklestirilecek blok modelleme calismalarinda altlik
olarak kullanilabilir olmas1 6nemlidir.

2. Veri ve yontem
2. Data and method

Bu ¢aligmada kullanilan veri seti Kurt vd. (2023)’den Tiirkiye'nin GNSS verilerinden elde edilen en giincel ve
kapsamli yatay hizlardir (Sekil 1). Bu hizlarin %781 kampanya verilerinden %22’si ise siirekli istasyonlara ait
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verilerin degerlendirilmesinden elde edilmistir. Kampanya noktalarindaki Olgiilerin 7-10 saat arasinda
yapildig1 ve 24 saatlik siirekli verilerin de dahil edildigi veri araligi 1992 ile 2020 yillar1 arasini1 kapsamaktadir.
Veriler genel olarak, Tiirkiye Ulusal Temel GPS Ag, Tiirkiye Ulusal Sabit GNSS Agi1 Aktif (TUSAGA-AKtif)
aglarindan yararlanilarak olusturulmustur. Ayrica, veri sikligini arttirabilmek adma, Tiirkiye Marmara
Aragtirma Merkezi verileri (MAGNET) ve Bursa, Sakarya, Istanbul illerinin su ve kanalizasyon idarelerine ait
bolgesel aglar da veriye entegre edilmistir.
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Sekil 1. Tiirkiye’nin Avrasya referansl giincel yatay hiz alanmi (Kurt vd., 2023). Gri ¢izgiler Emre vd.
(2013)’den alinan diri faylart géstermektedir.

Figure 1. Eurasia-fixed current horizontal velocity field of Turkey (Kurt et al., 2023). The grey lines indicate
the active faults from Emre et al. (2013).

Kiimeleme analizi i¢in giincel GNSS hiz alan1 kullanilarak, toplam 836 noktanin yatay hizlan
degerlendirilmistir. i1k olarak, ii¢ farkli i¢ gegerlilik indeksi kullanarak veriye en uygun optimum kiime say1si
(k) belirlenmistir (Sekil 2a). U¢ yontemden de en uyumlu sonuglar elde edildikten sonra, topluluk kiimeleme
yaklasimini olusturmak adma farkli kiimeleme tekniklerinden (topluluk {iiyeleri) kiimeleme modelleri
olusturulmugtur (Sekil 2b). Son olarak, nihai kiimeleme sonuglarmi elde etmek i¢in topluluk kiimeleme
yontemi kullanilarak {iyelerin ¢iktilart birlestirilmistir (Sekil 2¢) ve nihai ¢dziimlerin blok sinirlart ile uyumu
incelenmigtir (Sekil 2).
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Sekil 2. Akis diyagrami
Figure 2. The flowchart of this study
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2.1. Kiime gecerlilik analizleri
2.1. Cluster validity analyses

Kiimeleme analizlerinde otomatik kiimeleme problemi, hem veriye uygun kiime sayisinin belirlenmesi hem
de bu duruma karsilik gelen dogal béliitleme isleminin incelenmesini gerektirir. Bir bagka ifade ile, bir veri
setinin analizinde ve yorumlanmasinda kullanilacak parametreler igin k kiime sayisinin otomatik olarak
belirlenmesi, arastirmacilar, uygulayicilar ve son kullanicilar igin temel bir sorun olmaktadir (Pakhira, 2012).
Bununla birlikte, uygun k kiime sayisinin se¢imi, bir veri setindeki parametrelerin dagilim sekline, yapisina ve
Olcegine bagl olarak bir belirsizlik sorunu ortaya ¢ikarmaktadir. Bu tiirdeki problemleri ortadan kaldirmak
i¢in, bir kiimeleme sonucunun ilgili verinin altinda yatan yapiya hangi 6l¢giide iyi uydugunu tahmin etme siireci
olarak bilinen kiime gegerlilik islemi uygulanir. Literatiirde, kiime gecerlilik tespiti i¢in ¢esitli indeksler
gelistirilmistir. Kiime gecerlilik indeksleri, bir kiimeleme isleminde veriye uygun anlamli gruplamay1
olusturabilmek i¢in kiime i¢i uyum (grup i¢i dagilim) ve kiimeler aras1 ayrim (gruplar arasi dagilim) arasindaki
iligkiyi tanimlar (Arbelaitz vd., 2013; Xu & Tian, 2015). Bu indeksler, kiimeleme algoritmasinin olusturulmasi
siirecinde test verileri agisindan i¢ ve dis gecerlilik indeksleri olmak iizere iki kategoriye ayrilir. Dig gecerlilik
indeksleri, bir veri kiimesindeki veriye uygun kiime sayisini tespit etmek icin veri hakkinda daha 6nceden
belirlenen 6nciil bilgileri kullanir. Ote yandan, i¢ gecerlilik indeksleri, veri kiimeleri icin herhangi bir énciil
bilgiye gerek duymamakta ve uyum iyiligini veya gecerliligini belirlemek icin veriye Ozgii bilgileri
kullanmaktadir (Rendén vd., 2011).

Bu ¢alismada, veriye ait onciil bir bilgi olmamasi nedeniyle Davies-Bouldin, Gap ve Silhouette gibi popiiler
tic farkl i¢ gecerlilik indeksi kullanmilmistir. Bu yontemlerin her biri farkli hesaplama modellerine sahiptir
(Tablo 1). Kiimeleme ¢aligmalarinda tek bir yontem yerine farkli sayida yontemin incelenmesi, optimum kiime
sayis1 tespitinin saglikl bir sekilde gerceklestirilmesine katki saglamaktadir (Ozarpaci vd., 2023).

Davies-Bouldin (DB) indeksi, kompakt ve diizgiin dagilimli kiimelerin belirlenmesi igin siklikla kullanilan i¢
gecerlilik indekslerinden biridir. Bir kiimede yer alan noktalardan merkeze olan uzakliga gore kiime i¢i uyum
ve merkezler arasindaki uzakliga bagli olarak da kiimeler arast ayrimi tahmin eder. DB(K) degerini en kiigiik
yapan k degeri, bu indekse gore ideal kiime sayisini ifade eder (Tablo 1). Bir diger yontem olan Gap istatistigi,
kiime degerlendirmelerinin gecerliligini ve uyum iyiligini tespit eden bir veri madenciligi algoritmasidir. Bu
yontemin diger yontemlere gore avantaji, herhangi bir kiimeleme algoritmasina ve mesafe Olgiisiine
uygulanabilecek sekilde tasarlanmis olmasidir. Bu yontem, k farkli sayida kiimedeki toplam kiime igi

varyasyonu, referans bos hipotez (Wkref ) dagilimi (6nemli kiimelenme yok) altinda verilerin beklenen

degerleriyle (W;f %) karsilastirir (Tablo 1). Bu, hiz uzayinda test edilecek verilerle ayni uzamsal kapsami isgal
eden rastgele bir nokta dagilimi (Monte Carlo 6rnekleme yontemi) olusturularak elde edilir. Son olarak
Silhouette indeksi, bir veri kiimesindeki bir nesnenin diger kiimelere (ayrim) kiyasla kendi kiimesine (uyum)
ne kadar yakin oldugunu gosteren bir olgiittiir (Tablo 1). Uyumluluk, ayni kiimedeki tiim noktalar arasindaki
ortalama mesafeye gore 6lgiiliir ve ayrim en yakin komsu mesafesine dayanir (Ozarpaci vd., 2023). Burada,
bir silhouette degeri -1 ve +1 araliginda degisim gosterir. Deger 1'e yaklastiginda, i. nesnenin atandig1 kiime
daha uygun olmaktadir.

Tablo 1. Kiime i¢ gegerlilik indeksleri
Table 1. Cluster internal validity indices

Isim Formiil Aciklama Referans
R; = max2:¥, DB degeri, hesaplanan R; degerleri
iy arasindan en biiyiik deger segilerek
elde edilir.
Dawe.s_ k e; kiimenin ortalama hatasini; d;;, Davies & Bouldin
Bouldin 1 o . . (1979)
DB = — Z R; i ve j kiimelerinin merkezleri
k =1 arasindaki mesafeyi
gostermektedir.
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Tablo 1. Devam
Table 1. Continuing

E;, referans veri dagihmindaki n
ornegin beklenen degerine
) karsilik gelir. En optimum kiime
GAP GAP, (k) = E;, log(W})} — log(W9%*)  sayisim seimi, log(W)
degerinin referans degerinin
altinda en uzun diisiise sahip
oldugu k degeridir.

Tibshirani vd.
(2001)

a(i), i. nesne ile aym kiimedeki
diger tiim nesneler arasindaki
. b(i) —a(i) ortalama mesafeye; b(i) ise i.
lh )=————""— ' R 1987
Silhouette s® max{b (i), a(i)} nesne ile diger kiimedeki nesneler ousseeuw ( )
arasindaki ortalama uzakliklarin

minimum degerine karsilik gelir.

2.2. Topluluk kiimeleme modelinin kurulumu
2.2. Generation of ensemble clustering model

Topluluk kiimelemesi veya fikir birligi kiimelemesi olarak da adlandirilan bir kiimeleme yontemi, mevcut
birden fazla kiimeleme algoritmasina ait sonuglari nihai bir kiimede birlestirir. Bir bagka ifade ile, kiimeleme
algoritmalarinin sonuglarinin avantajlarin1 bir araya getirmek i¢in alternatif bir yaklasim sunar (Strehl &
Ghosh, 2002; Vega-Pons & Ruiz-Shulcloper, 2011). Topluluk kiimeleme yaklasimlari, birgok tekli kiimeleme
algoritmasinin gii¢lii yonlerini birlestirerek bir sonug iiriin ortaya ¢ikarir (Ghaemi vd., 2009). Bu nedenle, tek
bir kiimeleme algoritmasina ait agagida cesitli agilardan listelenen durumlarin 6tesine gecebilmektedir:

* Saglamlik: Birlestirme islemi, tekli kiimeleme algoritmalarina kiyasla daha iyi ortalama performansa sahip
olmalidir.

* Yenilik (Orijinallik): Herhangi bir kiimeleme algoritmasi tarafindan ulagilamayan yeni bir ¢6ztiim bulma.

* Kararlilik: Giiriiltii ve aykir1 degerlere karsi daha diisiik hassasiyete sahip sonuclari iiretme kabiliyeti.

» Olgeklenebilirlik ve Paralellestirme: Dagitilmis verileri hesaplama ve birden fazla veri kaynagindan gelen
¢ozlimleri entegre edebilme (paralel kiimeleme) yetenegine sahip olma (Topchy vd., 2005; Ghaemi vd., 2009;
Ghosh & Acharya, 2011; Golalipour vd., 2021; Kilig & Ozarpaci, 2022).

Topluluk kiimeleme iglemi iki temel asamada gergeklestirilmektedir. Bunlardan ilki, topluluk {iyelerinin
iretilmesi icin iretim mekanizmasinin olusturulmasidir. Diger adim ise, {iiretilen topluluk {iyelerini
birlestirmek igin bir uzlasma ya da fikir birligi fonksiyonunun kullanilmasidir. Uretim mekanizmalarinin
olusturulmasi yani topluluk iiyelerinin {iretilmesi isleminde literatiirde farkli kiimeleme algoritmalarinin
kullanimi, tekli bir kiimeleme algoritmasinda farkli parametrelerin kullanilmasi, nesnelerin farkli
altkiimelerinin kullanimi (yeniden drnekleme) gibi gesitli yaklagimlar mevcuttur (Kili¢ & Ozarpaci, 2022).
Buradaki temel amag, topluluk kiimeleme igleminin kalitesini artirmak i¢in dagilimin (gesitliligin)
olusturulmasidir. Bu ¢alismada, her bir topluluk iiyesinin olusturulmasi igin farkli kiimeleme algoritmalarinin
kullanimu stratejisi dikkate alinmastir.

Ote yandan, uzlasma fonksiyonunun olusturulmasi, herhangi bir kiimeleme toplulugu algoritmasinin temel
islem adimidir ve nihai ¢dziimleri elde etmek igin topluluk iiyelerinin sonuglarini farkli yaklasimlar kullanarak
bir araya getirir. Bu yaklasimlar, nesnelerin birlikte olusumuna dayali ve medyan boéliitlemeye dayali olarak
iki siifta toplanmaktadir (Vega-Pons & Ruiz-Shulcloper, 2011). Bu ¢alismada, nesnelerin birlikte olusumuna
dayali olarak ¢alisan ve popiiler bir topluluk kiimeleme yontemi (Golalipour vd., 2021) olan Meta-Kiimeleme
Algoritmasi kullanilmistir.

2.3. Topluluk kiimeleme iiyelerinin olusturulmasi
2.3. Building of ensemble clustering members

Daha onceden belirtildigi gibi, her bir kiimeleme algoritmasi veri kiimesini 6zel bir bakis agisiyla (belirli
kriterlere gore) boliimlere ayirir ve farkli algoritmalar ortak veri kiimesi iizerinde farkli sonuglar olusturabilir.
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Bu nedenle, verilerin altinda yatan oriintiiler hakkinda daha fazla bilgi elde etmek i¢in {iye sonuglarinin
miimkiin oldugundan cesitli olmasi gerekmektedir (Abbasi vd., 2019; Golalipour vd., 2021; Kili¢ & Ozarpaci,
2022). Bu galismada, topluluk kiimeleme tiye sonuglari igin gerekli ¢esitliligi olusturmak igin k-ortalamalar,
HAC ve spektral kiimeleme gibi ii¢ farkli kiimeleme teknigi kullanilmistir. Bu yontemler arasindan, k-
ortalamalar ve boliimleme odakli, HAC hiyerarsiye dayali ve spektral kiimeleme ise graf odakli ¢calisma
prensibine sahiptir.

Boliitleme odakli calisan kiimeleme algoritmalarindaki temel diisiince, veri noktalarinin merkezini ilgili
kiimenin merkezi olarak kabul etmektir. Bu yontemlerden biri olan k-ortalamalar yontemi, ilk olarak
MacQueen (1967) tarafindan kullanilan denetimsiz bir 6grenme algoritmasidir. Yontemin altinda yatan ana
fikir, n veriden olusan bir veri tabani igerisinden her nesnenin en yakin ortalamaya sahip kiimeye ait oldugu k
adet kiimeyi boliimlemektir. Bu sayede, kiime i¢i varyanslar minimize edilmekte ve kiime ici benzerlikler
homojen halde olmaktadir.

Hiyerarsiye dayali olarak calisan algoritmalardaki temel fikir, kiimeleme isleminde veri gruplar1 arasinda
hiyerarsik bir iliski olusturmaktir. Iki tiirlii calisma prensibine sahiptir. Veri tabani igerisinde yer alan her bir
veri noktasi baslangigta ayr1 bir kiime olarak temsil edilir ve daha sonrasinda en yakin komsu iki kiime
birlestirilir ve yeni bir kiimede toplanir. Buradaki islem n — 1 defa tekrarlanir ve son olarak iki kiime
birlestirilerek tek bir kiime olusturulur. Kullanilan algoritmanin ¢alisma prensibine gore gerceklestirilen bu
islem adimlarinin tersi de uygulanabilmektedir. HAC yontemi, bir veri setindeki belirli seviyelerdeki
benzerlikleri (uzaklik oOlgiileri) dikkate alarak nesneleri birlestirmeyi amaclayan bir algoritmadir. Her
yinelemede HAC kiimeleme yontemi en yakin kiime ¢iftini birlestirmektedir. Bir baska ifade ile veri setindeki
her bir nesneden baglayarak asagidan yukariya dogru bir hareket izler. Tiim bu islemler, nesneleri dendrogram
olarak bilinen agag¢ yapilari halinde gruplandirmaya dayanir (Kaufman & Rousseeuw, 1990). Hangi
nesnelerin/kiimelerin birlestirilmesi gerektigine karar vermek agisindan karesel Oklid, Manhattan, Kosiniis ve
Minkowski gibi yontemler aralarindaki benzerligi 6lgmek igin kullanilir. Ote yandan, nesne ciftlerinin
benzerliklerine dayali olarak kiimelere olan yakinliklar1 tanimlamak i¢in ise: (1) Tek ya da minimum baglanti
(en yakin komsu); (2) Ortalama baglanti (aritmetik ortalama ile agirhiklandirilmamis grup cifti yontemi); (3)
Tam baglanti; (4) Agirlikli baglant1 (aritmetik ortalama ile agirliklandirilmig grup cifti yontemi); (5) Merkezi
baglanti; (6) Medyan baglant1 ve (7) Ward baglant1 kiimeleme yontemleri kullanilmaktadir (Ward, 1963).

Graf ya da spektral graf temelli ¢alisan algoritmalardaki temel fikir, kiimeleme problemini bir graf bolimleme
problemine doniistiirmektir. Bunun icin verilen bir veri kiimesinde yer alan her nesneyi bir diigiim olarak ele
alarak graf olusturur ve nesneler arasindaki benzerligi agirlikli kenar olarak kabul eder (Xu & Tian, 2015).
Farkli gruplar arasindaki baglanti agirhigimi miimkiin oldugunca kiiciik ve aymi grup icindeki kenarlar
arasindaki toplam baglant1 agirligint miimkiin oldugunca yiiksek yapan bir graf boliimleme islemi uygular. Bu
yontem, parametrik olmayan bir modele ve daha genis bir geometri yelpazesini yakalama yetenegine sahiptir
ve giiclii bir denetimsiz 6grenme algoritmasidir (Von Luxburg, 2007; Yan vd., 2009).

Caligmada ele alinan her bir topluluk kiimeleme iiyesi verinin farkli yonlerini ortaya ¢ikarsa da kendi aralarinda
bazi avantaj ve dezavantajlar1 da bulunmaktadir (Tablo 2).
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Tablo 2. Kiimeleme yontemlerinin avantaj ve dezavantajlari
Table 2. Advantages and disadvantages of the clustering methods

Yéntem Cahisma Avantaj Dezavantaj
prensibi
. . ¢ Key.ﬁ (.r astgele) Furde ?ekluer.e. ve e  Genel anlamda, zaman
Hiyerarsi Ozniteliklere sahip veri setleri i¢in - N
HAC karmasikliginin yiiksek
odakli uygun olma, olmas
e Yiiksek olgeklenebilirlik
e  Konveks olmayan verilere
e  Genel olarak, diisiik zaman uygun olmama,
K-ortalamalar Béliimleme karmagikligina ve yiiksek e Girtltili veriye
odakli hesaplama verimliligine sahip duyarlihiginin olmas,
olma e  Kiimeleme sonucunun kiime
sayisina duyarli olmasi
o Keyfi (rastgele) tiirde sekillere ve e  Kiimeleme sonucunun
yiiksek boyutlu veri setlerine 6lgekleme parametresine
Spektral uygun olma, duyarli olmast,
P Graf odakli e  Girdi olarak yalnizca benzerlik e  Zaman karmasikligiin
kiimeleme - .
matrisi kullanma, yiiksek olmasi,
e Aykiri degerlere duyarli olmama e Oz vektdr seciminin optimize
edilememesi

3. Bulgular ve tartisma
3. Results and discussion

3.1. Optimum kiime sayisimin belirlenmesi
3.1. Determining the optimum number of clusters

Kavramsal olarak, en uygun kiime sayisinin belirlenmesi genellikle 6znel olarak gergeklestirilir. Ancak veri
setindeki parametrelerin dagilim sekline, yapisina ve dlgegine bagl olarak, veriye en uyumlu olan kiime
sayisinin se¢imi i¢in Davies-Bouldin, Gap istatistik ve Silhouette kiime gegerlilik indeksleri kullanilmigtir

(Sekil 3).
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Sekil 3. Optimum kiime sayisinin tespiti i¢in kiime gecerlilik indeksi sonuglari
Figure 3. Cluster validity index results for determining the optimum number of clusters
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Sekil 3'de, k= 2'den 10'a kadar her bir kiime sayisina ait DB degerlerinin degiskenlik gosterdigi goriilmektedir.
Kiime sayisinin 5 ve 9 oldugu durumlarda DB degerlerinin birbirine yakin en diisiik sonuglar elde ettigi
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sOylenebilir (sirasiyla DB(5)= 0.655 ve DB(9)= 0.689). DB sonuglar1 arasindan, bu iki degerin en iyi optimum
kiime sayisini temsil edebilecegi goriilmektedir. Bununla birlikte, DB(K) degerini en kiigiik yapan k degerinin,
bu indekse gore ideal kiime sayisini ifade ettigi diisiintildiigiinde, bu veri seti i¢in en uygun degerin kK = 5 i¢in
oldugu sonucuna varilmaktadir.

Gap istatistigi algoritmasi, daha onceden belirtildigi gibi log(W}) degerinin, veri setine ait bos referans
dagilimi ile karsilagtirilmasini saglamaktadir. Gap istatistik grafigi veriyi standart sapmalari ile birlikte temsil
etmektedir. Egriye ait sonuglar incelendiginde k degerinin 1°den 5 e kadar artis gosterdigi, sonrasinda ise
onemli bir artisin olmadig1 goriilmektedir. Gap istatistigi (GAP,(k)) ile en uygun kiime sayisinin se¢imi,
log(W},) degerinin referans degerinin altinda en uzun diisiise sahip oldugu k degeridir. Bu nedenle, k = 5'in
optimum k se¢imi oldugu sdylenebilir.

Bir diger yontem olan Silhouette indeksine ait sonuglar incelendiginde (Sekil 3), k kiime sayilarina ait
Silhouette degerinin K = 5 ve 6 i¢in en uygun sonuglari elde ettigi sdylenebilir (sirasiyla s(5) = 0.505, s(6)=
0.502). Bununla birlikte, Silhouette degerinin 1'e daha yakin oldugu ve buna bagh olarak en iyi sonuglar
verdigi goz oniine alindiginda, s(i) = 5'in en uygun k se¢imi oldugu sonucuna varilabilir. Bu durumlar, GNSS
hizlarinin kiimelenmesi i¢in en uygun kiime sayisinin 5 oldugunu gostermektedir.

Literatiir incelendiginde, bu bolgede yapilan galismalar i¢in optimum kiime sayisinin bes oldugunu (Ozdemir
& Karslioglu, 2019; Ozarpaci vd., 2023) ve veri yogunlugunun ya da verilerin kampanya / siirekli GNSS
verilerinden elde edilmis olmasinin, optimum kiime sayisini degistirmedigi goriilmektedir.

3.2. Tekli kiimeleme algoritma sonuclari
3.2. Results of the single clustering algorithm

Tekli kiimeleme yontemleri ile kiimelere ayrilan giincel hiz alan1 Sekil 4’te paylasilmaktadir. Kiimeleme
sonuglart sekillendirilirken, ayni bdlgeye gelen kiimeler benzer renklerde gdsterilmistir. Genel olarak, mavi
daireler Avrasya levhasini, pembe daireler Arap levhasini, mor daireler Ege blogunu, sar1 ve yesil daireler
Anadolu blogunda kalan noktalarin renklendirilmesi i¢in kullanilmigtir. Sekil 4a, k-ortalamalar, 4b HAC ve 4c
spektral kiimeleme yontemlerinin sonuglarini gostermektedir. Sonuclar incelendiginde (Sekil 4), Anadolu
blogunu Avrasya’dan aymran KAF ve Arap levhasindan ayiran DAF, biitiin yontemlerde hemen fark
edilmektedir. Ayrica Ege blogu dikkat cekmektedir. Rijit bir yapist oldugu bilinen Anadolu blogunun Sekil 4a
ve b’de dogu ve bat1 seklinde ikiye ayrilmasi bu bdlgedeki hiz degisiminin etkisinden kaynaklanmaktadir.
Ozarpaci vd. (2023), calismalarinda k-ortalamalar yontemini kullanarak ve optimum kiime sayismi k = 2 — 10
arasinda kiimeleme yaparak degisimleri incelemis ve kiime sayisinin artmasiyla degismeyen sinirlarin blok
smirt olarak kabul edilebilecegini vurgulamistir (Savage & Wells, 2015). Calismada artan k optimum kiime
sayistyla Anadolu blogu siirekli daha kiigiik kiimelere ayrilarak bu bolgede gercekten bir blok sinirinin
olmadig1 gosterilmistir.

Ug yontemin de benzer yanlari olmasina ragmen, tekli kiimeleme y&ntemlerinden elde edilen sonuglar
incelendiginde aradaki farklar hemen goze carpmaktadir. K-ortalamalar yonteminin Ege blogu ve Arap levha
smirlar diger yontemlere gore daha genigken, spektral kiimeleme algoritmast Anadolu levhasinin neredeyse
tamamini tek bir kiimeye atamistir. K-ortalamalar ve HAC ydntemlerinde KAF boyunca 6zellikle 1999
depremlerinin ylizey kirigina yakin alanda bulunan noktalarin fayin sinirindan etkilendigi ve siirin kiimeleme
yonteminden baskin ¢iktig1 (Savage & Simpson, 2013a) goriiliirken, spektral kiimeleme y6nteminde Anadolu
blogunun tamami ayn1 kiimede oldugundan bu etki goriilmemektedir.

Tekli kiimeleme algoritmalarimin dezavantaji olan bu degisken sonuglar, Meta-Kiimeleme yontemi igin girdi
olarak kullanilmis ve Meta-Kiimeleme yardimiyla tek bir kiimeleme sonucu iiretilmistir. Konsensiis kiimeleme
yontemi olan Meta-kiimeleme ile GNSS verilerinden elde edilen yatay hiz alani kiimelenerek sonuglar
irdelenmistir. Literatiirde oylama ydntemi ile GNSS verilerinden elde edilen hizlar Kili¢ ve Ozarpaci (2022)
ile kiimelenmis ancak bu ¢alismada, Kili¢ ve Ozarpaci (2022)’de kullanilan hiz alanindan daha yogun bir veri
seti ele alinmis ve sonuglart asagida paylasilmistir.
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Sekil 4. Tekli kiimeleme algoritmalari ile kiimeleme sonuglari. a) k-ortalamalar b)
HAC c) spektral kiimeleme yontemlerinin sonuglarini gostermektedir. Renkli
daireler her bir kiimeye denk gelen GNSS gozlem noktasinin yerini ifade etmektedir.
Figure 4. Clustering results with single clustering algorithms. a) k-means b) HAC
c) spectral clustering methods. Coloured circles indicate the location of the GNSS
observation point corresponding to each cluster.

3.3. Meta-Kiimeleme yontemi sonugclari
3.3. Meta-Clustering method results

Tekli kiimeleme sonuglarinin oylanmasi igleminin gerceklestirildigi Meta-Kiimeleme topluluk kiimelemesi ile
elde edilen sonuglar (Sekil 5) incelendiginde, tekli kiimeleme yontemlerinin sonuglarinda ortak olarak goriilen,
KAF ve DAF hemen fark edilmektedir. Ayrica Ege blogu géze ¢arpmakta ve Anadolu blogunun ikiye ayrilarak
bes kiime olusturuldugu goriilmektedir.

Literatiirde yapilan oylama kiimeleme sonuglari ile (Kilig & Ozarpaci, 2022) Dogu Anadolu bélgesindeki
kiimeleme sonucunda olusan blok sinir1 karsilastirildiginda, hiz alanindaki yogunlugun artmasinin buradan
gegen blok sinirinin degigsmesine neden oldugu goriilmektedir. Literatiirde belirlenen blok sinir mavi diiz ¢izgi
ile gosterilirken, yeni hiz alaninin kiimelenmesi sonucunda elde edilen blok smir1 kirmizi kesikli ¢izgi olarak
gosterilmektedir. Yeni blok sinirinin KAF’1n Karliova’da DAF ile birlestigi iiclii eklem bolgesinden basladigi
gbze carpmaktadir.
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Sekil 5. Meta-Kiimeleme ile yapilan topluluk kiimeleme sonucglar1 a) Tiirkiye’nin tamamin1 b) Marmara
Bolgesi’ni ¢) Giiney Ege ve Batt Akdeniz civarimi d) Tiirkiye’nin dogusunu gostermektedir. Siyah siirekli
cizgiler Reilinger vd. (2006) ¢alismasindan alinan blok smirlarmi, mavi siirekli ¢izgi Kilic ve Ozarpaci (2022)
caligmasindan alinan simir ¢izgisini, kirmizi kesikli ¢izgiler ise bu ¢alisma sonucunda elde edilen yenilenmis
blok smirlarini gostermektedir.

Figure 5. Ensemble clustering results with Meta-Clustering. a) A/l Tiirkive b) Marmara Region c) South
Aegean and Western Mediterranean region d) Eastern Turkey. Black solid lines indicate block boundaries
from Reilinger et al. (2006), blue solid line show boundary line from Ki/i¢ and Ozarpaci (2022) and red dashed
lines indicate the revised block boundaries obtained in this study.

Bu ¢alismada olusturulan blok sinirlari (Sekil 5), literatiirdeki blok modelleme ¢alismalarinda kullanilan blok
smirlar1 (Reilinger vd., 2006) referans alinarak incelenmistir. Sekil 5b, Marmara Bolgesi’nin kiimeleme
sonuglarin1 gostermektedir. KAF, Marmara bolgesinde giiney ve kuzey kollara ayrilmaktadir (Ergintav vd.,
2014). KAF’m kayma hizinin biiyiik bir boliimiinii izerine alan kuzey kol (Meade vd., 2002) boyunca hizdaki
degisim kiimeleme sonuglarina yansimig ve kiimeler kuzey kol boyunca birbirinden ayrilmistir (Sekil 5b).
Reilinger vd. (2006) ¢alismasinda, giiney kol boyunca da bir blok sinir1 belirlerken, burada 6nemli bir hiz
degisimi olmadig1 goriildiigiinden, bir sinir olusturulmamistir (Sekil 5b).

Ege blogu da Reilinger vd. (2006) ¢alismasindan farklilagmakta ve siirlarmin degistigi goriilmekte olup,
Akdeniz Bolgesinin batisinda bulunan iiggen benzeri blok sinir1 boyunca ¢alismamizda herhangi bir hiz
degisimi goriilmemistir (Sekil 5c¢).

Son olarak, Sekil 5d’de Tiirkiye’nin dogusu, Arap levhasi ile Avrasya levhasinin birlestigi bolgenin blok
siirlart incelendiginde, Reilinger vd. (2006)’den farkli olarak buradaki hiz degisiminin Karliova’dan
baglayarak iki ayr1 blok olusturdugu goriilmektedir.
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4. Sonuclar
4, Conclusions

Bu caligma, topluluk kiimeleme yontemlerinden biri olan Meta-Kiimeleme yonteminin, Tirkiye'nin yeni
yayimlanmis, en gilincel ve kapsamli GNSS hiz alanindan elde edilen yatay hizlar {izerindeki performansi
incelenmistir. Bu kapsamda, GNSS yatay hiz alanina en uygun optimum kiime sayis1 tespit edilmis ve farkli
tiirde calisma prensibine sahip ii¢ tekli kiimeleme yontemi ile GNSS hizlar1 kiimelenmistir. Kiimeleme
yontemleri ile elde edilen degerler, Meta-Kiimeleme yontemine entegre edilerek calisma bdlgesi ile olan
uyumluluk diizeyi irdelenmistir.

Sonug olarak yeni bulunan blok simirlart; literatiirle benzerlik ve farkliliklar gdstermektedir. Kiimeleme
sonucunda, KAF ve DAF net bir sekilde goriiliirken, Ege blogu da Anadolu blogundan ayrilmaktadir. Bunlarla
birlikte, KAF’in Marmara Bolgesi’ndeki giiney kolu boyunca bir blok smir1 olusmamakta ve ¢arpigma
kusagindaki hiz degisimi ise, iki ayr1 degil tek bir ¢izgi seklinde kendini gostermektedir.

Calismamiz, topluluk kiimelemesi yontemlerinden biri olan Meta-Kiimeleme algoritmasinin GNSS
verilerinden elde edilen yatay hiz alaninda kullanilabildigini gostermektedir. Ancak veri yogunlugu bu
kiimeleme yOnteminin sonuglarim etkilemektedir.

Glincel hiz alani ile elde edilen sonuglar, bu bolgede yapilmis 6nceki calismalart gelistirir niteliktedir.
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Oz

Biyokiitle 1s1l, biyolojik ve fiziksel bir¢ok yontemle daha degerli enerji formlarina doniistiiriilebilmektedir. Biyokiitlenin
dogrudan yakilmasi sonucu enerji elde edilebildigi gibi ¢esitli termokimyasal doniisim yontemleri (Hidrotermal
swvilagtirma, piroliz ve gazlastirma) ile biyokiitleden kati, sivi ve gaz yakitlar elde edilebilmektedir. Hidrotermal
swvilagtirma biyokiitlenin yliksek enerji icerigine sahip sivi {riinlere doniistiiriilmesinde kullanilan termokimyasal
proseslerden biridir. Hidrotermal sivilastirma isleminde ¢esitli katalizérler (homojen ve heterojen) kullanilabilmektedir.
Heterojen katalizorlerin, geri kazanim ve diisiik oksijen igerigine sahip siv1 iiriinlerin elde edilmesi gibi ¢esitli avantajlara
sahip oldugu ilgili literatiirde ifade edilmistir. Bu ¢alismada, Glycyrrhiza glabra L. (Meyan) bitkisi sapi, Al ve Fe metal
tozlari katalizorleri varliginda ilk kez sivilagtirilmistir. Denemelerde 300, 325 ve 350 °C sicakliklar ile 30 dakika bekleme
siiresi parametreleri belirlenmistir. Uriinlerin karakterizasyonu icin GC-MS ve elementel analiz yontemleri kullanilmstir.
Hafif biyo-yag ve agir biyo-yag i¢in optimum sicaklik 325 °C ve en yiiksek enerji degeri Fe katalizorii varliginda 32.01
Mj/kg olarak elde edilmistir. Sonuglara gére Glycyrrhiza glabra L. bitkisinin sivilastirilmasinda heterojen katalizorlerin
etkili oldugu gozlemlenmistir.

Anahtar kelimeler: Biyokiitle, Biyo-yakit, Enerji, Glycyrrhiza glabra L., Hidrotermal sivilagtirma

Abstract

Biomass can be converted into more valuable forms of energy by many thermal, biological and physical methods. While
energy can be obtained by direct combustion of biomass, solid, liquid and gaseous fuels can be obtained from biomass
by various thermochemical conversion methods (Hydrothermal liquefaction, pyrolysis and gasification). Hydrothermal
liquefaction is one of the thermochemical processes used to convert biomass into liquid products with high energy content.
Various catalysts (homogeneous and heterogeneous) can be used in the hydrothermal liquefaction process. It has been
stated in the relevant literature that heterogeneous catalysts have various advantages such as recovery and obtaining
liquid products with low oxygen content. In this study, the stem of Glycyrrhiza glabra L. (Liquorice) plant is liquefied for
the first time in the presence of Al and Fe metal powders catalyst. In the trials, 300, 325 and 350 °C temperature and 30
minutes waiting time parameters are determined. GC-MS and elemental analysis methods are used for the
characterization of the products. For light bio-oil and heavy bio-oil, the optimum temperature was 325°C and the highest
energy value was 32.01 Mj/kg in the presence of Fe catalyst. Heterogeneous catalyst is found to be effective in the
liquefaction of Glycyrrhiza glabra L. plant.
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1. Giris
1. Introduction

Stirdiirtilebilir kalkinma, insan ile doga arasinda denge kurarak dogal kaynaklar tiiketmeden, gelecek nesillerin
ihtiyaclarinin karsilanmasina imkan verecek sekilde bugiiniin ve gelecegin yasamini ve kalkinmasimi
programlama anlamini tagimaktadir. Bu baglamda, Birlesmis Milletler'in kiiresel kalkinma ag1 olusturmak i¢in
kurdugu bir program olan Birlesmis Milletler Kalkinma Programi (UNDP), 2030 sonuna kadar ulasilmasi
amaglanan hedefleri igeren 17 adet madde belirlemislerdir. Bu maddelerden yedincisi olan temiz enerjinin
tesvik edilmesi amact dogrultusunda erisilebilir temiz enerji amacini ifade etmislerdir. Erisilebilir temiz enerji
amacl, enerjiye herkesin erisilebilmesini saglamak icin giines, riizgar ve termal gibi temiz enerji kaynaklaria
yonelimi gerekliligini ifade etmektedir.

Enerji kaynaklar siirdiiriilemez ve siirdiiriilebilen enerji kaynaklar1 olarak ikiye ayrilmaktadir. Petrol, kdmiir
ve dogalgaz fosil yani siirdiirilemez (birincil) enerji kaynaklar sinifina girerken riizgar, hidroelektrik, giines,
jeotermal, hidrojen ve biyokiitle enerjileri gibi kaynaklar siirdiiriilebilir enerji kaynaklari olarak ifade
edilmektedir (Klass, 1998).

Gelismis veya sanayilesmis lilkelerin yiliksek enerji tiiketimi nedeniyle diinya ¢apinda enerji ihtiyaci hizla
artmaktadir. Bu Enerji ihtiyacinin biiyiikk bir kismi fosil yakitlardan (petrol, komiir, dogalgaz) elde
edilmektedir. Petrol, dogalgaz ve komiir gibi fosil yakitlarin tiiketimindeki hizli artig, kiiresel 1sinma, asit
yagmurlar1 ve hava kirliligi gibi ciddi ¢evre sorunlarina yol agmaktadir (Huntley & Redalje, 2007; Klass,
1998).

Diinyanin artan enerji ihtiyacina bagli olarak fosil yakitlarin kullaniminda istikrarli bir artis goriilmektedir.
Fosil yakitlari kullaniminin artmasi sonucunda sera etkisi, kiiresel 1sinma, SOx ve NOx gazlarinin artmasi
gibi ¢evre sorunlari ortaya ¢ikmistir. Bu sorunlari ortadan kaldirmak i¢in yenilenebilir enerji kaynaklarina olan
ilgi artmistir. Yenilenebilir enerji kaynaklari arasinda biiyiik bir kullanim potansiyeline sahip olan
biyokiitleden karbon notr ve diisiik emisyonlu yakit elde edilmesine yonelik aragtirmalar biiyiik ilgi gérmiistiir.
Diinyanin yillik biyokiitle iiretimi yaklagik 100 milyar tondur. Bu yiiksek oran dikkate alindiginda biyokiitle
sadece yenilenebilir bir karbon kaynagi olarak kabul edilse bile 1s1, elektrik, kimyasallar ve diger tirlinler igin
hammadde kaynagi olarak degerlendirilmektedir (Long et al., 2013; Wang et al., 2017).

Biyokiitle giines enerjisini depolayan yasayan organizma atiklar1 ve biyolojik materyal olarak tanimlanan ucuz,
temiz, gevre dostu ve potansiyel enerji kaynagi olan maddelerdir (Kumar vd., 2018). Yesil bitkilerin fotosentez
araciligi ile giines enerjisini kimyasal enerjiye doniistiirerek depolamasiyla olusan enerji biyokiitle enerjisi
olarak ifade edilmektedir. Biyokiitle kaynaklar1 her yerde bulunabilmektedir. Biyokiitle enerjisi, bitkisel
kaynakl1 atiklar, hayvansal kaynakli atiklar ve endiistri kaynakli atiklar olarak siiflandiriimaktadir (Koger &
Ayhan, 2007).

Biyokiitle karada ve denizde rahatlikla elde edilebilmektedir. Bu nedenle, biyokiitle enerjisi geligimi,
diinyadaki diger siirdiirtilebilir enerjilerden daha popiilerdir (Durak & Aysu, 2016).

Biyokiitle, hiicrelerin yapisal bilesenleri olan (seliiloz, hemiseliiloz ve lignin), ekstraktifler ve inorganik
maddelerden olugmaktadir. Genel olarak kuru biyokiitle, %30-60 karbon, %30-40 oksijen, %5-6 hidrojen, <%1
nitrojen, klor ve inorganik bilesiklerden olusmaktadir (Briens vd., 2008; Peterson vd., 2008). Biyokiitlenin
avantaji, yenilenebilir olmasi, diisiik kiikiirt igerigi ve yok denilecek kadar CO, emisyonudur (Durak, 2019).

Biyokiitle enerjisinden daha etkin ve verimli bir sekilde yararlanilabilmesi i¢in biyokiitle, biyokimyasal ve
termokimyasal doniisiim yontemleri ile sivi, kati ve gaz iirlinlere doniistiiriilmektedir. Biyokimyasal siiregler
anaerobik sindirim, kompostlama ve fermantasyonu igerirken, termokimyasal siiregler yanma, karbonizasyon,
gazlastirma, sivilastirma, siiperkritik oksidasyon ve pirolizi igermektedir. Biyokiitlenin kritik alt1 kosullar
altinda su ile sivilagtirildig: islemlere hidrotermal sivilagtirma (HTL) denilmektedir. HTL prosesi, katalizorlii
ve katalizorsiiz sulu ¢oziicli ortaminda yiiksek sicakliklarda (220-380°C) ve basinglarda (5-25 Mpa)
gerceklesen, ¢ok karmasik reaksiyonlari igeren bir doniisiim prosesidir (Durak, 2018).

Hidrotermal sivilastirma, genellikle kritik alt1 su kosullarinda, yliksek basingta gerceklestirilen ve sonucunda
organik bir s1vi olan biyo-yag elde edilmektedir. Bu siireg, fosil yakitlarin jeolojik olarak olugma sekline
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benzemektedir. (Toor et al., 2011). Suyun benzersiz ve ¢evreci bir ¢6ziicii olmasi, islemin 1slak biyokiitlelere
uygulanabilmesi, diger termokimyasal doniisiim islemlerinden daha diisiik sicakliklarda yapilmasi elde edilen
tirtin verimliliginin daha yiiksek olmasi hidrotermal sivilagtirmanin tercih edilmesini tesvik etmektedir (Tekin
etal., 2012).

Hidrotermal sivilastirma isleminde katalizorlerin kullanilmasi, iirlin verimini ve kalitesini artirmada 6nemli
6lciide etkilemektedir. Katalizorler, hidrotermal proseste komiir ve katran olusumunu baskilayarak oksijen
igerigini azaltir ve liriin verimini arttirir. Biyokiitlenin verimli ve etkili bir sekilde donistiiriilmesi igin farkl
tiirde katalizorler kullanilarak bir¢cok ¢alisma yapilmustir (Cheng et al., 2020; Kumar et al., 2018).

Durak et al., (2022) galismalarinda biyokiitle katalitik hidrotermal proses ile sivilastirilma iglemi yapilmustir.
Biyokiitle kaynagi olarak Ammi visnaga; Katalizor olarak Cu, W ve Fe metal tozlar1 kullanilmistir.
Denemelerde 250, 275, 300 ve 325 °C sicakliklarda ve 0, 15, 30 ve 45 dakika parametreler belirlenmistir.
Karakterizasyon i¢in GC-MS, TOC, XRD ve elementel analiz yontemleri kullanilmistir. Bu hafif biyo-yag ve
agir biyo-yag i¢in optimum sicakliklar sirasiyla 300 °C ve 325 °C idi. En yiiksek 1s1l degeri Fe katalizori
varliginda 30.30 Mj/kg olarak elde edilmistir.

Genel et al., (2023) ¢alismalarinda Ammi visnaga bitkisi Mo, Al ve Co metal tozu katalizér varliginda ve
katalizOrsiiz olarak sivilagtirilmistir. Stvilagtirma denemeleri 225, 250, 275 ve 300 °C reaksiyon sicakliklarinda
ve 0, 15, 30 ve 45 dakikalik reaksiyon siirelerinde gerceklestirilmistir. En yiiksek siv1 {iriin verimi 300 °C'de
katalizorsliz deneyde 9%42.31, Mo katalizorii ile %39.42 olarak belirlenmistir. Kati ve sivi iirlin
karakterizasyonlarinda GC-MS, XRD, TOC, SEM-EDX ve Elementel analiz yontemleri kullanilmigtir. En
yiiksek enerji degerleri Co katalizorlii hafif yag icin 25.34 Ml/kg ve agir yag icin 29.69 MJ/kg olarak
belirlenmistir.

Bir bagka arastirmada kullanilan alkali ve asidik tip katalizorlerin genel olarak {iriinlerin verimini ve kalitesini
arttirdig1 belirlenmistir. Hidrotermal sivilastirmada kullanilan homojen tip katalizorlerin en 6nemli dezavantaji
reaksiyon ortaminda ¢dziinerek sulu fazda kalmalaridir. Katalizorlerin sulu fazda ve kati kalinti {izerinde
bulunmasi, geri kazanim ve yeniden kullanim problemlerine ve ¢evrede kimyasal birikime neden olmaktadir
(Brunner, 2014).

Heterojen katalizorler, geri kazanim ve sulu fazdan ayrilma gibi 6zelliklerinden dolay1r homojen katalizorlere
gore daha 6nemli avantajlara sahiptir. Heterojen katalizorler iizerine yapilan yeni ¢aligmalarda metal, destekli
metal yapilar, molekiiler elekler ve metal oksit yapilar kullanilmaktadir (Durak & Genel, 2020; Gollakota et
al., 2018; Li et al., 2016).

Onceki galismalar incelendiginde metal katalizorlerin diisiik oksijen igerigine sahip sivi iiriinler elde etmede
etkili olduklar1 goriildiigiinden bu caligmada katalizor olarak Fe ve Al metal tozlar kullanilmigtir. Bu
caligmanin literatiire katkis1 Glycyrrhiza glabra L. bitkisinin metal katalizorleri varliginda sivilagtirilmasidir.
Bu katalizorlerin en 6nemli avantaji suda ¢oziinmemesi ve denemeler sonunda proses suyuna katilmamasidir.

Biyokiitle kaynag1 olarak Glycyrrhiza glabra L.’nin segilmesinin nedeni dogada kendiliginden yetigmesi,
dogal kosullara dayanikli olmasi ve herhangi bir kullanim alaninin olmamasidir. Bu 6zelliklerden dolay1 daha
az maliyetli olmaktadir.

2. Materyal ve metot
2. Materials and methods

Bu calismada biyokiitle kaynagi olarak Tiirkiye'nin Hatay/Kumlu bdlgesinden (cografi koordinatlar: 36°22'18"
Kuzey, 36°27'19" Dogu) toplanmis olan Glycyrrhiza glabra L. bitkisi sap1 kullanilmustir.

Calismada biyokiitle kaynagi olarak kullanilan Glycyrrhiza glabra L. bitkisi denemelerde kullanilmadan 6nce
cesitli 6n islemlerden gecirilerek kullanima hazir hale getirilmistir. Oncelikle kiigiik parcalara béliinerek
golgede yaklasik 45 giin siireyle kurutulmustur. Daha sonra kurutulan bu numuneler ¢elik bigakli bitki 6giitiicii
degirmende oOgiitiilerek 0.425 mm acikliga sahip elekten gegirilerek eleme islemi yapilmigtir. Denemelere
baslamadan once hammadde farkli analiz yontemleri ile karakterize edilmistir. ilk olarak bir Soxhlet
Oziitleyicide 6 saat boyunca petrol eteri (40-60 °C) ile 6zii ¢ikarilmistir. G. glabra'nin temel 6zelliklerini
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belirlemek i¢in Tappi test yontemleri kullanilmigtir. Tappi yontemleri kagit ve kagit hamuru tirtinlerini 6lgmek,
degerlendirmek ve tanimlamak i¢in standartlar ve teknik bilgi sunmaktadir. Tappi standartlar1 ayrica imalatta
ve bilimsel arastirmalarda kullanilan ham maddeler i¢in de gegerlidir. Lignin ve seliiloz, sirasiyla Tappi T222
ve Tappi T202 yontemleriyle belirlenmistir. Holoseliiloz igerigi, ligninin ¢éziinmesini i¢eren, sodyum klorit
yontemi kullanilarak yapilmistir. (Wise & Jahn, 1952). Kiil ve nem igerikleri sirastyla Tappi T211 ve Tappi
T264'e gore belirlenmistir. Daha yiiksek 1sitma degeri (Isil), nihai iiriin analizinin sonuglar iizerinde Dulong
formiilii (Is1l deger (Mj/kg) = 33.83(C) + 144.3(H-0/8)) kullanilarak hesaplanmistir (Zhao et al., 2021).
Hammaddenin sivilastirma 6ncesi G.glabra'nin yakin ve nihai (elementel) analizleri yapilmigtir. Numunenin
nihai analizini gerceklestirmek i¢in bir elemental analiz cihazi (LECO CHNS-932) kullanilmistir.

Durak, (2014) ¢alismasinda G. glabra biyokiitlesine analiz yontemleri uygulamistir. Analiz sonuglar1 Tablo
1’de verilmistir.

Tablo 1. Biyokiitleye uygulanan analizler ve sonuglari
Table 1. Analyzes and results applied to biomass

Bilesenler Oranlar
Nem (%) 3.67
Analizler? (%)

Kiil 3.04
Lignin 26.68
Seliiloz 38.49
Hemiseliiloz 27.76
Ekstraktifler 40-60 °C petrol eteri) 0.36
Elementel analizler® (%)

Karbon 45.13
Hidrojen 6.24
Azot 0.60
Oksijen® 48.02
H/C molar oran 1.64
O/C molar oran 0.79

Ampirik formiil
Dulong’formulii CH 164 N 0011 O 079
Isil degeri (Mj/kg) 15.61

2 Kuru bazda agirlik yiizdesi, ® Kuru ve kiilsiiz bazda agirhk yiizdesi, ¢ Farkina gore.

2.1. Deneysel prosediir
2.1. Experimental procedure

Tiim sivilagtirma deneyleri, 316 paslanmaz 4140 alasim reaktdr sisteminde (100 ml hacimli)
gergeklestirilmistir. Sekil 1°deki reaktoériin maksimum 360 °C sicaklikta ve 25 MPa basingta ¢alisacak sekilde
tasarlanmustir.

Sekil 1. Hidrotermal sivilastirma reaktorii.
Figure 1. Hydrothermal liguefaction reactor
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Deneylerde, 5 g Glycyrrhiza glabra L. unu, kullanilan biyokiitle miktariin % 50’si kadar katalizér ve 60 ml
distile su reaktore konulmustur. Daha sonra reaktor icerisindeki hava azot gazi ile siipliriilmiistiir. Deneyler ii¢
farkli sicaklikta (300, 325 ve 350 ° C), katalizorlii (Fe ve Al metal tozu) ve Kkatalizorsiiz olarak
gergeklestirilmigtir. Belirlenen sicakliga ulastiktan sonra sistem oda sicakligina sogutulmustur. Sogutulduktan
sonra reaktor acilmis, yogusmayan gazlar ortamdan uzaklastirilmis ve sonra reaktoriin i¢i (doniistiiriilmemis
ham madde ve sivilar) ayirma i¢in 400 mL'lik bir behere dokiilmiistiir. Ardindan por4 kroze ile kat1 ve sivi
numuneler birbirinden ayrilmigtir. S1vi numuneler ayirma hunisi ile dietil eter kullanilarak 6ziitlenerek sivi
iiriin elde edilmistir. Elde edilen bu sivi {iriin hafif biyoyag (HBY) olarak adlandirilmig, ardindan kati
numuneler asetonla 6ziitlenerek buradan elde edilen s1v1 iiriin ise agir biyoyag (ABY) olarak isimlendirilmistir.
Yapilan deneysel caligma asamalari ve elde edilen iriinlere uygulanan analiz yontemleri Sekil 2’de
goriilmektedir.

Hidrotermal —_
Sivilastirma

Aseton yikamasi Dietil eter
filtrasvon Ekstraksiyon

Agir wat Hafif
biyo-yag biyo-yag
GC-MS GC-MS
Elementel Elementel
analiz analiz

Sekil 2. Glycyrrhiza glabra'nin hidrotermal sivilastirma prosediirii.
Figure 2. Glabra Hydrothermal liquefaction procedure of Glycyrrhiza glabra

3. Bulgular ve tartisma
3. Findings and discussion

3.1. Sicaklik ve katalizoriin iiriin verimine etkisi
3.1. Effect of temperature and catalyst on product yield

Deneyler sonunda elde edilen iiriinlerin % agirlik oranlar1 Tablo 2'de verilmistir. Denemeler 3 tekrarli olarak
tekrarlanmis ve bu degerlerin ortalamasi alinmustir. Uriinlerin oranlarina bakildiginda hem katalizoriin hem de
sicakligin iirlinler iizerinde etkili oldugu goriilmiistiir. Ayrica Tablo 2'de elde edilen degerlerin daha iyi
anlagilmasi1 ve yorumlanmasi i¢in bu degerler Sekil 3'te ¢izilmistir.
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Tablo 2. Glycyrrhiza glabra’nin farkli sicakliklarda katalizorlii ve katalizorsiiz hidrotermal sivilastirilmasiyla
elde edilen iirlinlerin doniisiimii ve dagilim1

Table 2. Conversion and distribution of products obtained by hydrothermal liquefaction of Glycyrrhiza glabra
with and without catalyst at different temperatures.

Parametreler HBY % ABY % Kat1 % Toplam biyo-yag %
300 °C katalizorsiiz 5.94 23.27 13.95 29.21
325 °C katalizorsiiz 7.71 25.70 13.44 33.41
350 °C katalizorsiiz 7.26 25.25 13.51 32.51
300 °C Al 4.92 21.26 14.02 26.18
325°C Al 6.29 23.17 13.74 29.45
350 °C Al 6.02 22.89 13.68 28.92
300 °C Fe 7.51 24.89 5.86 32.40
325°C Fe 9.31 27.21 4.94 36.52
350 °C Fe 9.10 26.95 517 36.05
Hafif biyo-yag Agir biyo-yag
10 - 10 -
9 9
s 8 s 8-
s S
,E 7 /\ E 7 /—\
o /\- e /\‘
5 5
4 T T T ! 4 T T T !
275 300 325 350 375 275 300 325 350 375
Sicaklik °C Sicakhk °C
=t=—Katalizorsiiz == Al Fe —t¢—Katalizo1siiz == Al Fe
Toplam biyo-yag Kat1 Uriin
16 -
37 4
14 - =
=¥ ~12 -
£33 £ 10 -
a1 £ s
)‘?29 B :1‘] 6 -
. -/.'_\. ‘|
25 T T T ] 2 T T T d
275 300 325 350 375 275 300 325 350 375
Sicakhk °C Sicakhk °C
=o=Katalizorsiiz =#i=Al Fe =t=—Katalizorsiiz —@=—Al Fe

Sekil 3. Glycyrrhiza glabra’nin hidrotermal sivilagtirmanin {iriin verimine sicaklik ve katalizorlerin
etkisi

Figure 3. The effect of temperature and catalysts on the yield of hydrothermal liquefaction of
Glycyrrhiza glabra

Grafikler incelendiginde, hidrotermal sivilagtirma islemi i¢in sicakligin hem katalizorli hem de katalizorsiiz
deneylerde etkili oldugu goriilmiistiir. Deneylerde hafif ve agir yag olarak adlandirilan iki farkli sivi {iriin ve
geri kalan kat iiriin elde edilmistir.

En yiiksek hafif ve agir biyo-yag verimi 325 °C'de elde edilirken, artan sicaklik degeri ile depolimerizasyonun
devam etmesi ve gaz iiriin doniisiimiiniin artmasi, 325°C'den sonra siv1 liriindeki azalmanin nedeni olarak
gosterilebilir.
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Sekil 3 incelendiginde katalizorlerin iiriin miktarlar tizerinde etkili oldugu goriilmiistiir. Katalizorlii ve
katalizorsiiz tim denemelerde 325 °C’ye kadar hafif biyo-yag veriminde artis oldugu ve 350 °C’ye dogru hafif
biyo-yag verimlerinde diisiis oldugu gozlemlenmistir. Bu durumla ilgili olarak 325 °C’den sonra ikincil
reaksiyonlarin baskin oldugu, sivi olusumunu baskilayarak gaz ve kati iirlin olusumunun desteklendigi
soylenebilir. En yiiksek hafif biyo-yag verimi 325 °C’de sirasiyla Fe katalizorii, katalizorsiiz ve Al katalizorii
icin %9.31, %7.71 ve %6.29 olarak bulunmustur.

Agir biyo-yag olusumunda da benzer bir durum gozlemlenmistir. En yiiksek agir biyo-yag verimi 325 °C’de
sirasiyla Fe katalizorii, katalizorsiiz ve Al katalizorii i¢in %27.21, %25.70 ve %23.17 olarak bulunmustur.
Hafif ve agir biyo-yag toplamindan olusan toplam biyo-yagin sicaklik ile degisimi goriilmektedir. Daha 6nceki
grafiklerde sivi tiriinlerin sicaklik ile etkilesimleri detayli olarak anlatilmistir. Hidrotermal doniigiim toplam
biyo-yag dikkate alinarak degerlendirilirse en yiiksek sivi tirinler sicaklik 325 °C’de Fe, katalizorsiiz ve Al
katalizorlii denemelerde sirastyla %36.52, %33.41 ve %29.45 olarak elde edilmistir.

Sekil 3’de kat iiriin olusumunun sicakliktan nasil etkilendigi goriilmektedir. Kati iiriin olusumunun sicaklik
ile azalmasi beklenen bir durumdur. Sicaklik ile hammaddenin daha yiiksek derecede pargalandig:
bilinmektedir. Yalniz belirli bir sicakliktan sonra olusan iiriinlerdeki kararsiz bilesikler tekrar bir araya gelerek
kat1 tirtin olusumunu destekleyebilmektedirler. Grafik incelendiginde buna benzer bir durum gozlenmektedir.
Kat1 {iriin olusumunun en az oldugu deneme siv1 iriinlerin en yiiksek verimde elde edildigi Fe katalizorli
denemelerdir. Tiim sicakliklar i¢in en az kat1 olusumu sirasiyla Fe, katalizorsiiz ve Al katalizorleri i¢in 325
°C’de sirastyla %4.94, %13.44 ve %13.74 olarak elde edilmistir.

3.2. Elde edilen iiriinlerin karakterizasyonu
3.2. Characterization of the obtained products

Hidrotermal sivilagtirma isleminde biyokiitle farkli reaksiyon mekanizmalarina gore ayrisir ve bunun
sonucunda farkli tiriinler olusur. Biyokiitle yapisindaki biyopolimerlerin suda ¢6ziiniir oligomerlere hidrolizini
takiben, molekiil ici ve molekiiller arasi hidrojen baglari glikoz, asetaldehit, asetik asit ve furfural gibi basit
monomerlerin olusumu ile sonuglanmaktadir (Colak et al., 2018; Durak & Genel, 2018; He et al., 2008).

3.2.1. Elementel analiz
3.2.1. Elemental analysis

Yapilan bu ¢aligmada s1v1 iirtinlerin 1s1l degerlerinin hesaplanmasinda ilk olarak elementel analiz yontemi
kullanilmigtir. Tablo 3°de tiim sicaklik denemelerinde elde edilen sivi {iriinlerin elementel analiz sonuglarini
ve hesaplanan 1s1l degerlerini gosterilmistir. Elde edilen iiriinlerde agir biyo-yagin C igeriginin hafif biyo-yaga
gore daha yiiksek oldugu belirlenmistir. Agir biyo-yag C oran1 64.26 ile 71.65 arasinda, 1s1l degerleri ise 27.43
ile 32.01 Mjkg™ arasinda degismistir. Hafif biyo-yag C orani 59.09 ile 61.24 arasinda ve 1s1l degeri 23,90 ile
24.61 Mjkg™ arasinda degismistir. Hammaddenin C igerigi 45.13 ve 1s1l degeri 15.61 Mjkg™ idi. Elde edilen
siv1 iiriinlerin hem C orant hem de 1s1l degerleri ham maddeden elde edilenlere gore daha yiiksek ¢ikmistir. Bu
da denemelerin amacina ulastigini géstermistir.

Tablo 3. 325°C'de biyo-yaglarin element analizinin sonuglari
Table 3. Results of elemental analysis of bio-oils at 325°C

325°C Katalizorsiiz Al Fe
HBY ABY HBY ABY HBY ABY
C 60.59 69.59 61.24 64.26 59.09 71.65
H 6.87 8.00 6.60 7.40 6.91 7.81
N 0.36 0.85 0.35 0.69 0.42 111
0] 32.18 21.56 31.81 27.65 33.59 19.43
H/C molar oran 1.35 1.37 1.29 1.37 1.39 1.30
O/C molar oran 0.40 0.23 0.39 0.32 0.43 0.20
Ust 1s11 deger MJ/kg 24.61 31.20 24.51 27.43 23.90 32.01
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3.1.2. GC-MS Analiz
3.1.2. GC-MS Analysis

325°C’de sicakliklarda katalizor ve katalizorsiiz deneylerde elde edilen sivi iiriinlerin GC-MS analizi Tablo
4'de gosterilmigtir. Genel olarak sivi {irlinlerin monoaromatik, alifatik, poliaromatik ve oksijen bilesiklerinden
olustugu soylenebilir. Elde edilen GC-MS sonuglari, bilesik tiirleri tizerindeki katalizor ve sicaklik etkisini
incelemek icin Sekil 4'de ¢izilmistir.

Tablo 4. 325 °C-30 dakika denemelerinde elde edilen biyo-yaglarda bulunan kimyasal bilesikler
Table 4. Chemical compounds found in bio-oils obtained in 325 °C-30 min. Experiments

Katalizorsiiz
Agir Hafif Agwr Hafif Agr

No Birlesigin adi Formiilii Hafif yag yag yag yag  yag yag

Monoaromatikler

1 1,2,4,5-Tetrazine C2oH2N4 - - - - - 0.58

2 Benzene CaH2N2 0.07 - - - -

3 1,3-Diazine CaHsN2 - - 0.05 - - 0.60

4 Tisopurine CsHaN4S - - - - - 0.60

5  Benzene CeHs - - 0.03 - - 0.60

6  1,4-Benzenediamine CeHsN2 - - 0.06 - - -

7  5,6,7-trichloro-1,2,3-benzotriazin-4(3H)-ONE ~ C7H2CIsN3sO  0.51 - - - - -

8  Benzene, 1-(bromomethyl)-2-c hloro C7HeBICl - - - - 0.03 0.61

9 Benzene, 1,4-dimethoxy CsH1002 - 0.55 - 0.56 - -
4H-3-amino-1-benzothiopyran-4-onel,1- 035 ) )

10 dioxide CsH7NO3S ’ - - -

11  Acetic acid, 2-methylpheny! ester CoH1002 - - - - 0.04 -

12 Dextroamphetamine CoH13N - 0.55 - 055 - -

13 Butanal,(2,4-dinitrophenyl)hydrazone C10H12N4Os - 2.75 0.03 384 - 0.59
3-Hydroxy-5-methox yphenyl-N,N-dimethy

14 Icarbamate CwoH1sNOs = ) i - - 1.18

15 Benzene, tert-butyl- CioHa4 - - - - 0.14 -
Methyl3-bromo-(4'-chlorophenyl)-2-cyano-2- 014 ) )

16 hydroxypropanoate Ci0HsBrCIOs ™ - - -
6-Chloro-2-methyl-1, 2-dihydroisoquinoline -3- . . 011

17 carbaldehyde C11H10CINO ' - - -

18 Butyric acid, p-methoxyphenyl ester C11H1403 - - - - - 0.59
2-(4'-Methylphenyl)-1 ,2,4-triazolo[1,5-

19 a]pyridine C13H11Ns3 i 325 - 445 - i
Dimethyl5-fluoromethylcyclopenta[c]pyridine- ) 1.95 ) 275 - )

20 2,2-dicarboxylate Ci13H14FNO4 ' '
Oxirane, [[4-(1,1-dimethylethy 18.8

21 l)phenoxy]methyl]- C13H1302 2.34 753 0.50 8.85 0.79 7

22 2-Methyl-5-carbomet hoxyadamantan-2-eqol C13H2003 - - - - - 4.17
Acetamide,2-chloro-N-(2,6-diethylphenyl)-N- 0.07 0.55 i

23 (methoxymethyl)- C14H20CINO2 ™ ' 056 - -

24 4-Methyl-1H-pyranolo[4,3-c]pyridine C16Hi1sN3O2  0.42 - - - - -
Ethanone,1,1'-[1,4-dihydro-4-(phenylmethyl)- 0.14 ) )

25 3,5-pyridinediyl]bis C16H17NO2 ' - 0.04 -
Ethanone,1,1'-[1,4-dihydro-4-(phenylmethyl)- ) 255 )

26 3,5-pyridinediyl]bis Ci16H17NO2 ' 385 - -
2-Ox0-2H-pyrrolo[2,1-a]isoquinoline-3,3- 0.50 . )

27 dicarboxylic acid diethyl ester C18H17NOs ' - - -

28  N,N-Dimethylmesitylphenylacetamide C19H2sNO 0.28 - - - 0.07 -

29  Phenyl 2-Oxocyclododecanec arboxylate C19H2603 - 1.75 - 222 - -
2,3-dideoxy-4,5-0-bis(methoxymethyl)-3-(1,3-
dioxo-2-azindan-2- - - -

30 yl)-I-lyxo-hexose,ethylene aceta C20H27NOg - 0.07 -
Phenyl4-[bis(ethoxycarbonyl)but-3-ynyl]-2,3,4-
trid 0.49 - -

31 eoxy-a,L-glcero-pent2-enopyranosid C21H2606 - - 6.88
Methyl3-(3,3,5,5-Tetramethy
Icyclohex-1-enyl)-3-(o-acetamidophenyl)-2- - 1.05 - 166 - -

32 propenoate C22H29NOs3

33 1,2-Benzenedicarboxylic acid, diheptylester Ca22H3404 0.07 - - - - 0.58

34 13-Tosyl-13-aza-16-h exadecanlactam Ca22H36N203S - - - - 0.07 -
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Tablo 4. Devam
Table 4. Continuing

Katalizorsiiz Al Fe
Agir Hafif Agir Hafif Agr
No Birlesigin ad1 Formiilii Hafif yag yag yag yag  yag yag
Poliaromatikler
35 2-Ethoxy-3-nitroimid azo[1,2-a]pyridine CoH9N303 - 0.86 - 111 - -
36 Perdeutero Benzophenone C13D100 - - - - 0.07 0.58
37  9H-Fluorene CasHio 0.93 4.25 0.14 495 048 9.39
38 4-Nitrophenylanthrani late C13H10N204 - - - - - 0.58
1-Benzyl-2-cyano-3-piperideine (minor epimer ) ) ) ) 119
39 B) Ci3H14N2 '
40 Benzamide,N-(3-nitrophenyl)-4-fluoro Ci3HoFN203  0.07 - - - - -
41  Ethanedione, diphenyl C14H1002 0.07 0.55 - 109 - 0.59
42  Ethanedione, diphenyl C14H1002 - 0.53 - 0.56 0.03 0.58
43  Mazindol C16H13CIN2O - 1.11 - 112 - -
N-Benzyl-1-(3'-methoxy-5- 0.07 ) i ) i )
44 hydroxyphenyl)propan-2-amine C17H21NO2 '
45  (-)-azodi-(1-methyl-2-phenylethane) CisH22N2 - - - - 0.04 -
46  2-Phenoxy-4-(phenylsulfonyl)-5-(p-tolyl)furan ~ C23H1804S 1.08 4.75 0.22 6.06 - -
2-(4-Chlorophenyl)-2-(1-imidazolyl)-1,3- 014 ) ) ) 007 )
47  diphenylpropane C24H21CIN2 ' '
48 Bisisoflavan C30H2602 - - - - - 1.21
Di[9,10-bis(,3-dithiol-2-ylideme)-9,10-dihy ) ) ) ) 059
49  dro-2-anthracenylmethyl]malonate C15H2804Ss '
3-(4-Chlorophenyl)-4,6-dimethoxy-2,7-di[3-
(4-chlorophenyl)-4,6-dimethoxyindol-7- CsoH42CIsNs - 0.56 - 056 - 1.75
50 ylmethyl]indole Os
5,10,15-trisbenzoyloxy-2,3,7,8,12,13,
51 17,18-octaethylporphyrin Cs7Hs8N4Os 0.07 0.56 i 056 0.04 119
2,3,5,6,7,8,9-Heptaphenyl-1,4-di(p- 003 . ) ) ) )
52 tolyl)fluorenone CeoHso '
9-Hydroxy-2,3,5,6,7,8-hexaphenyl-1,4-di(p-
53 tolyl)fluorenone CeoHs00 145 j 168 - 2.42
Oksijenli
54  Furan C4H4O 0.07 - 0.03 - - -
55 1,3-Propanediol, 2-(hydroxymethyl)-2- methyl- CsH1203 - 0.56 - 110 - -
56  2-Ethoxy-3-nitroimid azo[1,2-a]pyridine CoHgN3O3 - - - - - 2.39
5-methoxycarbonylethylthio-1,
57  2,3-thiadiazole4-carboxylicacid C7HsN204S2  0.14 1.35 ) 224 004 .
58 Tricyclo[5.2.1.0(2,6)]decyl-8-acetamide Ci2H19N 0.07 0.56 - 112 - -
6-Carbamoyl-2-(diethylamino)-5methyI-
59  4Hthieno[2,3-d][1,3]oxazin-4-on C12H1sN303S  0.35 ) i ) i )
Ethyl6-O-acetyl-2,3,4-trideoxy-4-piperidino-a-d ) ) ) ) )
60 -erythro-hex-2-enopyranoside CisH2sNOs  0.29
(+-)-E-(1R*,2S*)-1-[1,2,8,8-Tetramethyl-
1,2,3,4,5,6,7,8-octahydronaphthalen-2- - - - - 0.58
61 yl)ethanone oxime Ci6H27NO -
62  Gibberellic acid C19H2206 - - - - - 0.60
Alifatikler
63 Thiourea CHaN2S 0.35 2.05 0.28 281 0.04 236
64 Thiocyanic acid, methyl ester C2H3NS - - 0.03 - - -
65 Ethanethioamide C2HsNS 0.21 - 0.03 - 0.08 -
66 Propanedinitrile CsH2N2 0.14 - 0.03 - 0.08 -
67  1-Propene, 3-chloro- C3HsCl 0.42 2.05 0.19 2.80 0.27 4.76
68 Acetone CsHeO - - 0.14 - 0.07 -
69 Ethanamine, 2-methoxy C3sH9NO - - - 056 - -
70  2-Butenedinitrile, (E)- CaH2N2 0.07 - - 055 - -
71 Mustard Gas CsHsCl2S - - - - - 0.60
72  2-Butanone C4HsO 0.14 1.85 0.06 220 011 -
73 1,1-Dichloroeth Y1-O,0-Dimethyl Phosphonate C4HoCl203P - 5.65 - 751 - 1.18
74  Ethanol, 2-methoxy-, acetate CsH1003 - - - - 0.07 -
75  1-Iodoisopropyl Acetate CsHglO2 0.84 0.56 - 112 0.26 -
76 3,4-Hexanedione CsH1002 0.07 - - - - -
77  3-Pentanol, 2-methyl- CeH140 0.92 - 0.21 - - -
78 5-Oxohexanenitrile CsH9NO 2.00 4.25 0.03 549 0.73 353
79 Propanedioic acid, methyl-, diethyl ester CsH1404 - 0.55 - 1.09 - -
80 Octodrine CsHioN - - - - - 1.78
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Tablo 4. Devam
Table 4. Continuing

Katalizorsiiz Al Fe
Agir Hafif  Agir Hafif Agir
No Birlesigin ad1 Formiilii Hafif yag yag yag yag  yag yag
81 4-Heptanol, 2,6-dimethyl- CoH200 0.07 - - - 0.07 0.59
82  4-Heptanol, 2,6-dimethyl- CoH200 - - - 055 - -
83 Ranitidine C13H22N40O3S - - - - - 0.59
84  Tridecane CasHzs - - 0.03 - - -
85 Hexadeca-1,2,14,15-tetraen-4,13-dione Ci16H2202 0.36 - - - - -
86 1-( 2'-Tetrahydropyranylo xy)-8-tridecene Ci18H3402 0.36 - - - - -
87 Nonadecanoic acid Ci19H3802 0.21 - - - - -
N-Benzyl-N-phenyl-N',N'-dioctadecyl-1,2-p 205 )
88 henylendioxydiacetamide Cs9H9aN204 ) 277 - -
Hafif yag bilesikleri (325°C) Agar yag bilesikleri(325 °C)
18 1 m Katalizérsiiz mAl = Fe 40 - ® Katalizirsiiz mAl Fe
16 35 4
14 1 30 A
12 4 25 4
10 l
20 A
8 4
15 A
g ' ‘
10 4
4 1 e
Monoaromatikler Poliaromatikler Oksijenli Alifatikler Monoaromatikler Poliaromatikler Oksijenli bilesikler Alifatikler
bilesikler

Sekil 4. 325 °C'de hafif ve agir biyo-yaglardaki bilesiklerin karakterizasyonu.
Figure 4. Characterization of compounds in light and heavy bio-oils at 325°C

Tablo 4’de 325°C-30 dakika denemelerinde elde edilen sivi iiriinlerin GC-MS analiz sonuglarina gére sivi
irlinlerde toplamda 88 farkli kimyasal bilesik tespit edilmistir. Bu bilesikler farkli 6zellik ve yapidadir. Elde
edilen bilesiklerin yapilart hakkinda daha iyi bir degerlendirme icin bu bilesikler Sekil 4’de monoaromatik,
poliaromatik, oksijenli, alifatik ve digerleri olarak siniflandirilmstir.

Sekil 4’de goriildiigi tizere 325 °C-30 dk denemesinde elde edilen hafif biyo-yagda katalizorler farkli grup
bilesiklerin olusumunu desteklemistir. Grafik incelendiginde en yiliksek oranda monoaromatik bilesik Fe
katalizorlii varligindaki denemelerde ve katalizorsiiz denemelerde elde edilmistir. Bu denemelerde en yiiksek
poliaromatik bilesik katalizorsiiz denemelerde tespit edilmistir. Oksijenli bilesik grubuna bakildiginda ise artan
sicaklikla Fe katalizorlii varliginda oksijenli bilesik olusumu gozlemlenmemistir. Yine alifatik bilesik gruplari
incelendiginde sirasiyla en etkili katalizorsiiz, Fe ve Al katalizorleri etkili olmugtur.

Sekil 4’de 325 °C sicaklik ve 30 dakika reaksiyon siireli deneme sonunda elde edilen agir biyo-yag icerisindeki
bilesikler gruplandirilmistir. Hafif biyo-yag ve agir biyo-yag igerisinde farkli oranda farkli grup bilesiklerin
olmasi beklenen bir durumdur. Sekil 4 incelendiginde bu durum daha agik bir sekilde goriilmektedir. Agir
biyoyag igerisinde monoaromatik ve poliaromatik bilesik olusumu en yiiksek oranda Fe, Al ve katalizorsiiz
denemelerde elde edilmistir. Oksikenli bilesiklerin olusumu artan sicakligin etkisi ile baskilandig
gozlemlenmistir. Alifatik bilesikler incelendiginde Al katalizorlii denemede en yiiksek oranda ardindan
katalizorsiiz ve Fe katalizorlii denemelerde elde edilmistir.

4. Sonuclar
4. Results

Bu c¢alismada, spesifik bir biyokiitle (G. Glabra L.), kritik alti kosullarda, 300 ile 350 °C arasindaki
sicakliklarda yiiksek basingl reaktorde pargalanarak sivi ve gazli iirlinlere doniistliriilmiistiir. Sonuglara gore
en yiiksek doniisim orani %95.05 ile 325 °C'de ve en yiiksek siv1 {iriin verimi %36.52 ile Fe katalizorli
varliginda elde edilmistir. Deneysel sonuglardan, sicakligin hem doniisiimler hem de sivi verimleri {izerinde
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olumlu bir etkisi oldugu goriilmiistiir. Bu ¢aligmalarda G. Glabra L. sivilagmasi igin optimum sicaklik 325 °C
olarak bulunmustur.

Hidrotermal sivilagtirmasi sonucunda ortaya g¢ikan sivi liriinlerin elementel analiz sonuglar1 incelendiginde
hidrotermal sivilastirma denemeleri sonunda elde edilen sivi {iriinlerin O/C oranlari, hammaddenin O/C
oranindan daha diisiiktiir. Bu sonug, hidrotermal sivilastirma islemi sonunda ciddi miktarda oksijen ortamdan
uzaklastirildigini géstermektedir. Katalizorsiiz ve katalizorlii denemeler neticesinde elde edilen sivi {iriinlerin
tist 151l degerleri hammaddenin iist 1s1l degerinden yiiksek bulunmustur.

Metal katalizorlerin diisiik oksijen icerigine sahip sivi {irlinler elde etmede etkili oldugu daha onceki
bolimlerde ifade edilmisti. (Durak, 2020) tarafindan da biyokiitle olarak kullanilan Glycyrrhiza glabra L.
bitkisi homojen Katalizér varliginda sivilagtirilmigtir. Elde edilen sonuglar, (Durak, 2020) caligmasi ile
kiyaslandiginda bu ¢alismada elde edilen 1s1l degerin daha yiiksek oldugu gozlemlenmistir. Yapilan calisma
sonucunda Glycyrrhiza glabra L. bitkisinin metal katalizoér varliginda hidrotermal sivilagtirma yontemi ile
stirdiiriilebilir bir enerji kaynagi olarak degerlendirilebilecegi sonucuna varilmistir.
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Oz

Diislik dayanima sahip killerin dayanimlarini artirmak amaciyla yapilan ve stabilizasyon olarak adlandirilan gii¢lendirme
islemlerinde farkli katki malzemeleri kullanilmaktadir. Bu malzemelerden en yaygin olarak kullanilanlari ise fiberlerdir.
Son yillarda, maliyetlerinin diisilk, dayanimlarinin yiiksek ve kolay ulasilabilir olmalarindan dolay1 zeminlerin
giiclendirilmesinde fiberlerin kullanilmasi, geleneksel kimyasal stabilizasyon yontemlerine bir alternatif olarak
aragtirmacilarin dikkatini ¢ekmektedir. Farkli tiirleri olan fiberlerden bazalt fiberlerin kullanimi ekonomik ve gevreci
olmalar1 nedeniyle artmaktadir. Bu caligmanin amaci, bazalt fiberin kaolin kilinin dayanimi iizerindeki etkisini
aragtirmaktir. Farkli oranlarda (kuru agirlikca %0, 1, 2 ve 3) bazalt fiberin farkli su igeriklerindeki (%20, 25, 30 ve 35)
zemine eklenmesiyle zeminin dayaniminda meydana gelen degisimleri incelemek igin serbest basing deneyleri
yapilmustir. Deneysel ¢aligmalar sonrasinda kile %25 oraninda su ve %1 oraninda bazalt fiber eklenmesi sonucu serbest
basing dayaniminin maksimum oldugu belirlenmistir. Calismanin sonuglarina gore basarili bir gii¢clendirmede fiber orani
ile birlikte su orani da biiyiik bir etkiye sahiptir.

Anahtar kelimeler: Bazalt fiber, Dayanim, Giiglendirme, Kaolin kili

Abstract

Different additives are used in reinforcement processes, called stabilization, which are made to increase the strength of
low strength clays. Fibers are the most widely used of these materials. In recent years, the use of fibers in the
reinforcement of soils has attracted the attention of researchers as an alternative to traditional chemical stabilization
methods, due to their low cost, high strength and easy accessibility. The use of basalt fibers, which are different types of
fibers, is increasing due to their economic and environmental friendliness. The aim of this study is to investigate the effect
of basalt fiber on the strength of kaolin clay. In order to examine the changes in the strength of the soil by adding basalt
fiber in different proportions (0, 1, 2 and 3 % by dry weight) to the soil with different water contents (20, 25, 30 and
35%), unconfined compressive tests were carried out. After the experimental studies, it was determined that the
unconfined compressive strength was maximum as a result of the addition of 25% water and 1% basalt fiber to the clay.
According to the results of the study, the fiber ratio and the water ratio have a great effect on a successful reinforcement.
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1. Giris
1. Introduction

Giliniimiizde hizl teknolojik ilerleme ve gereksinimlerin degisimine bagli olarak yeni miithendislik malzemeleri
de farkli kullanim alanlarinda hizli bir sekilde yerini almaktadir. Bu gereksinimin nedeni ise giiniimiiz modern
teknolojilerinin geleneksel metal, seramik ve polimer malzemeler tarafindan karsilanamayan, farkli 6zelliklere
sahip olan malzeme ihtiyacidir. Bu ihtiyag, kullanimda olan klasik iirlinlere gore daha iistiin miithendislik
ozelliklere ve yliksek performansa sahip yeni teknolojik iiriinlerin ortaya ¢ikmasina neden olmustur. Fiberler,
Ekincioglu (2003) tarafindan dogal olarak bulunabilen ya da insanlar tarafindan {iretilebilen, bir boyutu diger
boyutundan ¢ok biiyiik olan, ayn1 malzemenin daha biiylik sekline gére daha yiiksek dayanim ve elastisite
modiiliine sahip olan malzemeler olarak tanimlanmaktadir. Son donemlerde birgok farkli alanda kullanim
yerine sahip olan fiberlerin dogal ve yapay olmak {izere iki tlirii bulunmaktadir. Dogada hazir halde bulunan
dogal fiberler, bitkisel, hayvansal ve madensel olmak {izere ii¢ tlirdiir. Dogal fiber gruplarina gére maliyetleri
yiiksek olsa da, dayanimlarinin yiiksek, hafif, esnek olmalar1 ve c¢evresel etkilere karst direngli olmalari
nedeniyle giiniimiizde en yaygin kullanima sahip olan fiber grubu ise yapay fiberlerdir ve katki maddeleri
eklenerek insanoglu tarafindan tiretilirler (Aral, 2006). Bu gruba dahil olan en énemli fiberler cam fiberler,
polimer fiberler ve gliniimiizde kullanim alan1 yayginlasan bazalt fiberlerdir.

Artan cevresel kaygilar ve maliyetler, daha cevreci, ekonomik, hammadde ulasilabilirligi kolay ve {istiin
Ozelliklere sahip yeni {iriinlerin elde edilmesini gerekli kilmistir. Bu {iriinlerden birisi olan fiberler, gegmisten
giiniimiize degin hem tiirleri, hem de kullanim alanlar1 degisen, gelisen ve kullanim alanlar1 genisleyerek
devam eden iiriinlerdir. Cok genis bir kullanim alanina sahip olan fiberlerin jeoteknik uygulamalardaki
kullanimi ise insanlik tarihi kadar eskidir. Ge¢gmis donemlerde dogadan alinan bitkisel ve hayvansal lifler
kerpi¢ veya tugla gibi yapt malzemelerinin dayanimimi artirmak i¢in kullanilmistir. Daha sonra gelisen
teknoloji ile dogal liflerin yerine cam, karbon, sentetik polimer fiber tiirleri veya plastik atiklar tercih edilmeye
baglanmis, bu tiir fiberlerin zeminlerin gii¢lendirilmesinde kullanimi1 konusunda yapilan ¢aligmalar da (Consoli
vd., 2002; Yetimoglu & Salbag, 2003; Tang vd., 2007; Abdi vd., 2008; Ahmad vd., 2010; Diambra vd., 2010;
Zaimoglu, 2010; Estabragh vd., 2011; Kinjal vd., 2012; Pradhan vd., 2012; Edingliler & Cagatay, 2013; Botero
vd., 2015; Roustaei vd., 2015; Behbahani vd., 2016; Eskisar vd., 2016; Orakoglu & Liu, 2017; Amini &
Noorzad, 2018; Cui vd., 2018; Al-Bared vd., 2019; Lee vd., 2019; Findike1, 2020; Bao vd., 2021; Valipour
vd., 2021; Wang vd., 2021) hiz kazanmistir.

Malzeme miihendisleri tarafindan kullanima sunulan fiber tiirlerinden birisi de bazalt kayasindan iiretilen
bazalt fiberlerdir. Bazalt, insanlik tarihi boyunca kullanilmis olan ve kullanilmaya devam eden 6nemli bir
dogal yapi malzemesidir. Bazalt tiirii kaya gilinlimiizde 6zellikle insaat sektoriinde birgok alanda yapi
malzemesi olarak kullanilmaktadir. Ozellikle volkanik alanlarda oldukga yaygim bir sekilde yiizeyleme veren
ve kolay erigimi ile birlikte dayanimli olmasi nedeniyle tercih edilen bazalt, giiniimiizde teknolojik gelismelere
bagli olarak kullanima sunulan ve kullanimi giin gectikge artan bazalt fiberin de hammaddesidir. Ucuz olmasi,
bol miktarda bulunmasi, gekme dayaniminin ve kimyasal direncinin yiiksek olmasi, mantar ve mikroorganizma
etkisine karsi1 direncli ve yiiksek sicakliklara dayanikli olmasi, hammaddesi olan bazalt kayacinin ¢ok genis
alanlarda yiizeyleme veriyor olmasi ve iiretiminde herhangi bir katki maddesine gereksinim duyulmamasi gibi
ozellikleri nedeniyle bazalt fibere olan ilgi giderek artmaktadir.

Bazalt fiber konusunda yapilan ¢aligmalara bakildiginda, bu calismalarin bircogunun bazalt fiber ile zemin
giiclendirme ve optimum bazalt fiber boyu-katki orani konusunda oldugunu gérmek miimkiindiir. Nitekim Gao
vd., (2015), kilde zemin dayaniminin en yiiksek oldugu bazalt fiber oraninin %0.25 ve fiber boyunun ise 12
mm oldugunu, Ndepete & Sert (2016), siltli zeminde 24 mm uzunlugunda ve %]1.5 oraninda fiber katkisiyla
dayanimda en yiiksek degerlerin tespit edildigini, Ozdemir vd., (2016), kaolin kilinde %1 bazalt fiber ve %9
kire¢ katkisinin kullanildig1 6rmekte 28 giinliik kiir uygulamasindan sonra katkisiz 6rnege gore dayanimin 5.5
kat arttigini1 ifade etmektedirler. Yixian vd., (2016), sisen zeminin %6 kireg igerigi ve %0.3 fiber icerigi ile
katkisiz zemine gore 5.7 kat daha fazla dayanim gosterdigini, Gisymol & Ramya (2017) ise organik zeminde,
zemin dayanimindaki en biiyiik artis oraninin 10 mm boyundaki fiberin %0.05 oraninda katilmasiyla ve 28
giinliik kiirden sonra meydana geldigini belirlemislerdir. Boz vd. (2018), zeminde en biiyiik dayanim artiginin
90 giinliik kiirden sonra %9 kireg igerikli 19 mm uzunlugunda %0.75 bazalt fiber kullanilarak elde edildigini,
Kenan & Ozocak (2018) ise siltli bir zeminde %]1.5 fiber katkisinin en uygun oran oldugunu belirtmektedir.
Ma vd., (2018), zeminde %10 ugucu kiil, %8 kum ve % 0.4 bazalt fiber icerikli secilmis karisimlarda
maksimum serbest basing dayanimi ve optimum dayanim biiylime hizinin elde edildigini ifade ederken, Pandit
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vd., (2018), bazalt fiberin %4 oraninda kullanilmasiyla maksimum kuru birim hacim agirlik degerinin arttigini,
optimum su igerigi degerinin ise azaldigini belirtmektedir. Cao vd., (2019) zeminin serbest basing dayanimi
degerinin ¢imento-ucgucu kiil katkisiyla %0.6 oraninda bazalt fiber ilavesiyle en yiiksek degere ulastigini
belirlemistir. Ocakbasi (2019) ise %2 oraninda ve 24 mm boyunda bazalt fiber katkisiyla hazirlanan 6rneklerde
en yiiksek dayanim degerlerinin elde edildigini ifade etmektedir. Sungur vd., (2021), killi bir zeminde bazalt
fiber boyunun 15 mm’ye kadar artmasiyla kayma dayaniminin arttigini, ancak daha biiyiik fiber uzunluklarinda
kayma dayaniminin azaldigini belirtmektedir.

Fiber kullaniminin ¢ok eski olmasina karsin, yapay fiber kullanim1 oldukca yenidir ve 6zellikle betonda katki
malzemesi olarak kullanilarak betonun bazi 6zellikleri iyilestirilmektedir. Ancak zemin stabilizasyonunda
fiber kullanim1 daha giincel bir uygulama olup, bu konudaki ¢aligmalar da giin gectikge artmaktadir. Bu
caligmanin amaci diigiik plastisiteli kaolin kiline uzunlugu 24 mm olan bazalt fiberin farkli oranlarda
eklenmesiyle zeminin dayaniminda meydana gelen degisimleri ve maksimum dayanimi saglayan optimum
fiber orani ve su miktarim belirlemektir. Boylelikle zemin giiclendirmede bazalt fiberin kullanimi ve 6nemi
vurgulanarak veri tabaninin gelismesine katki saglanacaktir.

2. Materyal ve metot
2. Material and method

2.1. Kaolin kili
2.1. Kaolin clay

Kaolin; basta granit ve diger magmatik/volkanik kayaclarin yerinde bozunmalar1 sonucu olusan ve ana
minerali kaolinit olan bir kil grubudur. M.O. 3000 yillarinda Kau-Ling” isimli bir Cinli tarafindan ilk defa
Cin’in Jiangxi bolgesinde bulunmus ve ad1 kayag ismi olarak verilmistir. Cogunlukla literatiirde, kaolin ve kil
ayn1 anlami verecek sekilde kullanilmaktadir. Kaolin, tane boyutu ¢ok kiiciik (2um), yumusak, beyaz renkli
ve plastik bir kil ttirtidiir. Kaolin hammaddesini olusturan en énemli mineral kaolinit (Al2Si.Os(OH)4) olup;
aliminyum hidrosilikat bilesimli bir kil mineralidir Kaolinin sertligi 1.5-2 araliginda degisim gostermekte ve
yogunlugu 2.62 g/cm®tiir. Kalsine edilmis kaolinin sertligi 6-8 arasinda, kirilma indisi 1.62 ve yogunlugu ise
2.63 g/cm®tiir. Kaolinitin ideal kimyasal bilesimini % 46.5 SiO;, % 39.5 Al,Os ve % 14.0 H,0
olusturmaktadir. Kaolin 200 °C’de higroskopik suyunu kaybetmekte, 1000 °C’de ise mullit (3A1,03.2Si0;) ve
silise (SiO2) dontismektedir (MTA, 2023).

Deneysel ¢alismalarda, Balikesir-Sindirg: (Tiirkiye) kil ocaginda iiretilen katkisiz kaolin kili kullanilmigtir
(Sekil 1). Calismada kullanilan kile ait kimyasal analiz sonuglari kilin alindig1 firmadan temin edilmis ve Tablo
1’de sunulmustur.

Sekil 1. Calismada kullanilan kaolin kili
Figure 1. The kaolin clay used in the study
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Tablo 1. Kaolin kilinin kimyasal 6zellikleri
Table 1. Chemical properties of kaolin clay

Anaoksit %
SiO; 69.00
Al;O3 12-17
Fe203 0.50
Cao 0.10
Na;O 0.20
K20 <13.17
TiO, Eser
SO3 <7.05
CI’QOs 0.01
BaO Eser

2.2. Bazalt fiber
2.2. Basalt fiber

Bazalttan fiber elde etme fikrini ilk defa ortaya atan ve 1923'te ABD patentini alan kisi Fransiz Paul Dhé’dir
(Saravanan, 2006). Ilk bazalt fiber fabrikas1 ise 1985 yilinda Kiev yakinlarinda iiretime baslanustir (Jamshaida
& Mishraa, 2015). Bazalt fiber, koyu renkli, ince taneli, volkanik bir kayag¢ olan ve bazalt ad1 verilen dogal
malzemeden elde edilmektedir. Diinya ¢apinda yaygin bir sekilde bulunan sert ve yogun bir kaya olan bazalt
magmatik kokenlidir ve termo-plastik malzemeler gibi 1sitildiginda ergimektedir (Jamshaida & Mishraa,
2015).

Bazalt fiber, liretim mantig1 birbirine benzer olan Junkers, santrifiij-goklu rulo (Centrifugal-multiroll) ve
egirme (spinner) yontemleri ile tiretilmektedir. Junkers yonteminde kiricidan gecirilen bazalt kayaci yikanir
ve eritme potalarinda yiiksek sicaklikta ergitilir. 1450 °C'lik sicakliga ulasan bazalt kaya eriyigi ii¢ santrifiij
baslikli, bir hizlandirict ve iki fibrilize (fibrillizing) edici silindirden olusan yatay saftli fiber egirme makinesine
iletilir. Burada kafalara yapisan eriyik, merkezka¢ kuvveti nedeniyle ugar ve tifleme sonucunda viskoz sividan
uzunlugu 60-100 mm ve ¢ap1 6-10 um olan lifler olusmaktadir (Czigany, 2007). Diger bir yontem olan
Santrifiij-coklu rulo (Centrifugal-multiroll) yonteminde ise Junkers yontemine benzer sekilde eritilen bazalt
kayaci donen carklarin iizerine dokiiliir. Dénme hareketi nedeniyle yana dogru firlatilarak bir sonraki ¢arkin
yiizeyine dikey olarak akar. Stratejik olarak yerlestirilmis diger ¢arklar, tipik olarak yaklagik 10 mikron
capinda lifler iretilir (Basaltex, 2015).

Calismada kullanilan bazalt fiber, Spinteks Tekstil Insaat Sanayi ve Ticaret A.S’den temin edilmis olup, 24
mm uzunlugundadir.

2.3. Deneysel calismalar
2.3. Experimental studies

Bu c¢alisma kapsamindaki laboratuvar ¢alismalarinda, érneklerin hazirlanmasindan sonra, likit limit (LL),
plastik limit (PL), standart proktor ve serbest basing dayanimi deneyleri gergeklestirilmistir. Deneysel
caligmalar Firat Universitesi Jeoloji Miihendisligi Boliimii, Kaya-Zemin Mekanigi Laboratuvarinda
yapilmustir.

2.3.1. Ornek hazirlama
2.3.1. Sample preparation

Bu tiir ¢aligmalarda deney sonuglarinin saglikli olabilmesi, kil ile fiberin homojen bir karisim olusturacak
sekilde karistirilarak orneklerin hazirlanmasina baghidir. Zemin-fiber karisimimin homojen bir sekilde
olusturulabilmesi i¢in en Onemli parametrelerden bir tanesi de karistirma yontemidir. Mikser, mekanik,
tamburlu karigtirict ve el ile karigtirma yontemleri literatiirde kullanilan yontemlerdir. Bu ¢alismada mikser
yontemi tercih edilmistir. Ornek hazirlama safthasinda kaolin kili ilk olarak 24 saat 105 °C’de etiivde
kurutulduktan sonra 6nceden belirlenmis miktarda kil, kuru halde iken kompresdrle ayristirilmis olan bazalt
fiber (Sekil 2) katkisiyla mikser kullanilarak karistirtlmistir (Sekil 3).
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Sekil 2. Caligmada kullanilan ayristirilmamis (a) ve ayristirilmis (b) bazalt fiberler
Figure 2. Unseparated (a) and separated (b) basalt fibers used in the study

Sekil 3. Kil ve bazalt fiber karigimlarinin hazirlanmasi
Figure 3. Preparation of clay and basalt fiber mixtures

Zemin ve bazalt fiberin tam ve homojen olarak karigsmasini saglamak i¢in karigtirma isleminin siiresi 10 dakika
olarak secilmistir. Katkili 6rnekler kuru 6rnek agirhginin %20, 25, 30 ve 35’i olacak sekilde farkli su
oranlarinda ve %1, 2 ve 3 oranlarinda bazalt fiber katki oranlarina gore hazirlanmistir. Bu tip ¢alismalarda
fiberin zemine karistirilmasindan sonra bu karigima belirlenmis olan oranda su eklenmektedir (Gao vd., 2015;
Soganci, 2015; Motiram vd., 2018; Tran vd., 2018; Liu vd., 2020). Bu ¢alismada da kuru haldeki kile 6nceden
belirlenen oranda bazalt fiber eklenerek karistirilmis, mikserin karistirma haznesine konulan bazalt fiber katkili
ornege distile su esit olarak piskiirtiilmiis ve mikser ile karistirilmistir. Zaman zaman el ile de karistirma
yapilarak fiberlerin zemin igerisinde homojen dagilmasi ve fiber topaklanmasinin miimkiin olduk¢a minimum
seviyede tutulmasina 6zen gosterilmistir. Hazirlanan karigimlara ait su ve bazalt fiber oranlar1 Tablo 2’de
verilmistir. Caligmada kullanilan katkisiz kaolin kili “K” ve bazalt fiber ise “BF” olarak gosterilmistir.
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Tablo 2. Deneysel galismalarda kullanilan karigimlara ait su ve bazalt fiber oranlar

Table 2. Water and basalt fiber ratios of the mixtures used inexperimental studies

Su oram (%) Ornek

20 K
K+ %1 BF
K+ %2 BF
K+ %3 BF
25 K
K+ %1 BF
K+ %2 BF
K + %3 BF
30 K
K+ %1 BF
K+ %2 BF
K+ %3 BF
35 K
K+ %1 BF
K+ %2 BF
K+ %3 BF

K: Katkisiz Kil, BF: Bazalt Fiber

2.3.2. Likit ve plastik limit deneyleri
2.3.2. Liquid and plastic limit tests

Laboratuvar ¢aligmalarinin bu asamasinda, hazirlanmig olan katkisiz kaolin kilinin LL ve PL degerlerini
belirlemek igin ASTM D4318-17el (2017) standardina gére 10 adet deney gergeklestirilmistir (Sekil 4).
Yapilan deneylerden elde edilen degerler kullanilarak katkisiz kaolin kilinin plastisite indisi (PI)
hesaplanmistir. Deney sonuglarina goére katkisiz kilin ortalama LL degeri %45, PL degeri %24 ve PI degeri ise
%21 olarak bulunmustur. Caligmada kullanilan kil Birlestirilmis Zemin Smiflamasma (UCSC) gore diisiik

plastisiteli (CL) kil sinifindadir (Tablo 3).

Sekil 4. Likit (a) ve plastik (b) limit deneyleri
Figure 4. Liquid (a) and plastic (b) limit tests

Tablo 3. Kaolin kilinin likit ve plastik limit deney sonuglari
Table 3. The test results of liquid and plastic limit of kaolin clay

Ozellik Likit limit Plastik limit Plastisite indisi Zemin sifi
(%) (%) (%) (USCS)
Kaolin kili 45 24 21 CL
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2.3.3. Kompaksiyon deneyleri
2.3.3. Compaction tests

Deneysel ¢alismalarin bu agamasinda kile %20, 25, 30 ve 35 oranlarinda su ve her bir su orani i¢in ayri ayri
kuru agirlik¢a %0, 1, 2 ve 3 bazalt fiber eklenerek hazirlanmis 16 adet bazalt fiber katkili 6rnekte ASTM D698-
12e2 (2012) standardina gore toplam 32 adet standard proktor deneyi yapilmistir (Sekil 5).

Sekil 5. Standard proktor deneyinin yapilisi (a), deney sonucu sikistirilmig 6rnek (b)
Figure 5. Performing the standard proctor test (a), compressed sample as a result of the test (b)

Bu deney, 30.5 cm yiikseklikten serbest diismeye birakilan 2.5 kg’lik yiik altinda zeminin {i¢ tabaka halinde
kalip igerisine sikistirilmasi seklinde gerceklestirilmektedir. Her bir su ve bazalt fiber orani i¢in yapilan proktor
deneylerinden elde edilen sikistirilmig 6rneklerden serbest basing deneyi i¢in silindirik érnekler alinmistir.

2.3.4. Serbest basin¢ deneyleri
2.3.4. Unconfined compressive tests

Farkli su igerigine sahip katkisiz kil ile yine farkli su ve bazalt fiber oranlarinda hazirlanan katkili karigimlar
proktor deneyi ile sikistirlmistir. Bu 6rneklerden, serbest basing deneylerinde kullanilmak {izere 76 mm
boyunda, 38 mm c¢apinda toplam 64 adet silindirik 6rnek alinmigtir. Bu 6rneklerde ASTM D2166M-16 (2016)
standardina gore serbest basing deneyleri yapilmis ve drneklerin serbest basing dayanimlari (qu) belirlenmistir
(Sekil 6 ve 7).

Sekil 6. Serbest basing deneyi igin hazirlanmig bazalt fiber katkili silindirik 6rnekler
Figure 6. Reinforced with basalt fiber cylindrical samples prepared for unconfined compressive test
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Sekil 7. Serbest basing deneyi dncesi drnek (a) ve deney sonrasi yenilmis rnek (b)
Figure 7. Sample before unconfined compressive test (a) and after test (b)

Serbest basing deneyleri sonuglarina gore farkli su iceriklerinde katkisiz kilin dayanim degerinin 47.09-294.08
kPa arasinda, bazalt fiber katkili 6rneklerde ise 47.95-807.4 kPa arasinda degistigi belirlenmistir (Tablo 4).

Tablo 4. Gii¢lendirilmemis ve gii¢lendirilmis 6rneklerin ortalama qy degerleri
Table 4. Average qu values of unreinforced and reinforced samples

Su oram (%) Ornek qu (kPa)
20 K 102.4
K + %1 BF 523.83
K + %2 BF 685.31
K + %3 BF 445.06
25 K 294.08
K + %1 BF 807.4
K + %2 BF 720.76
K + %3 BF 705.00
30 K 96.07
K + %1 BF 580.53
K + %2 BF 630.23
K + %3 BF 557.22
35 K 47.09
K + %1 BF 51.89
K + %2 BF 64.85
K + %3 BF 47.95

K: Katkisiz Kil, BF: Bazalt Fiber

3. Bulgular ve tartisma
3. Results and discussion

Bazalt fiber katkis1 ile gii¢lendirilen killi zeminlerde dayanimdaki degisimler ile ilgili olarak yapilmis birgok
calisma mevcuttur (Gao vd., 2015; Ozdemir vd., 2016; Boz vd., 2018; Cao vd., 2019; Ocakbasi, 2019). Bu
caligmalara ait sonuglar, killi zeminlerin serbest basing dayanimindaki artista su ve fiber orani ile fiber boyunun
etkili oldugunu gostermektedir. Farkli miithendislik 6zelliklerine sahip killerde maksimum dayanim artiginin

o

ortaya ¢iktig1 su, fiber oran1 ve boyunun da degistigi goriilmektedir.

Bu ¢alismada diisiik plastisiteye sahip kaolin kilinin optimum su ve bazalt fiber oran1 gergeklestirilen deneysel
caligmalar ile belirlenmistir. Deneysel calismalardan elde edilen sonuglar Tablo 4’te, Orneklerin qu
degerlerindeki degisimlere ait grafik ise Sekil 8’de verilmistir.

Tablo 4’e gore, %20, 25, 30 ve 35 su oranina sahip katkisiz kilin qy degerleri sirastyla 102.4, 294.08, 96.07 ve
47.09 kPa olarak belirlenmistir. Katkisiz kilde en yiiksek qu degeri %25 su oranimna sahip Ornekte ortaya
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cikmistir. %1 BF ile gili¢lendirilmis 6rneklerin su oranindaki artisa bagli olarak belirlenen qu degerleri ise
sirastyla 523.83, 807.4, 580.53 ve 51.89 kPa'dir (Tablo 4). En yiiksek qu degeri %25 su oranina sahip olan
ornekte tespit edilmistir. %2 BF katkili 6rneklerin qu degerleri ise sirasiyla 685.31, 720.76, 630.23 ve 64.85
kPa’dir ve en yiiksek qudegeri %25 su oranina sahip 6rnekte belirlenmistir. Bazalt fiber katki oraninin %3
oldugu drneklerde ise en yiiksek qu degeri su oraninin %25 oldugu 6rekte 705.00 kPa olarak bulunmustur.

Bu sonugclar kaolin kiline eklenen bazalt fiberin tiim su oranlarinda q, degerlerinde artisa neden oldugunu
gostermektedir. Bu artiglarin belirlenmesinde katkisiz kilin qu degerleri referans olarak alinmistir. Sekil 8’de
goriildigli gibi, orneklerdeki su orani arttikca hem katkisiz kilde hem de bazalt fiberin farkli oranlarda
eklenmesiyle hazirlanmis biitiin 6rneklerde qu degerlerinin artis1 %25 su oranina kadar devam etmis, SU
oraninin artmasiyla qu degerleri azalmaya baglamistir. Su oraninin %35 olmasi durumunda ise hemen hemen
biitiin bazalt fiber katkili 6rneklerin qu degerleri katkisiz kilin qu degerine yaklagmustir (Sekil 8).

900
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600 -

500 %0 BF

# % 1 BF
# %2 BF
%3 BF

400

300

200

Serbest Basing Dayammu (q,, kPa)

100

15 20 25 30 35 40
Su igerigi (w, %)

Sekil 8. Orneklerde qy degerlerinin bazalt fiber ve su oranina bagh olarak degisimi
Figure 8. Change of g, values in samples depending on basalt fiber and water ratio

Kile eklenen bazalt fiber oran1 arttikca tiim su oranlarinda belli bir degere kadar qu degerleri artis gdstermis,
daha sonra ise azalmistir. Sekil 9’da verilen grafik, %25 su oraninda ve %1 BF katkili 6rnekte qu degerinin
807.4 kPa ile maksimuma ulagtigini1 gostermektedir.
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Sekil 9. Farkli su oranlarinda qu-bazalt fiber oran1 degisim grafigi
Figure 9. gu-basalt fiber ratio change graph at different water ratios
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Tang vd., (2007) killi bir zemine fiber eklenmesi ile fiber ve zemin pargaciklarinin birbirleriyle etkilegsime
girdigini ve birbirlerini sinirladigini belirtmektedir. Arastirmaciya gore zemindeki tek bir kiigiik fiber, zemin
pargaciklari tarafindan sarilmakta, zemin ve fiber parcaciklari birbiriyle temas ederek ara yiiz kuvveti
olusturmaktadir. Bazalt fiber igerigi cok az oldugunda, fiber aralig1 genis olmakta, fiber-zemin kolonlari
arasindaki kesigim zorlagsmakta ve etkili bir fiber-zemin ag1 olusamamaktadir. Zemin dig kuvvete maruz
kaldiginda ise gerilme esas olarak sagilmis fiber-zemin kolonlar1 ve zemin pargaciklarinin kendi aralarindaki
kuvvetler tarafindan aktarilmakta ve tasinmaktadir. Fiber igerigi kademeli olarak arttiginda, fiber araligi
azalmakta, bu da bitisik fiber-zemin kolonlarinin etkili bir fiber-zemin ag1 olusturmak igin kolayca kesigsmesini
saglamaktadir. Boylece zemin dis kuvvete maruz kaldiginda, kuvvet esas olarak fiber-zemin ag1 ve zemin
parcaciklar arasindaki kuvvetler tarafindan taginmaktadir. Gao vd., (2015) ise zemin igerisindeki fiber
oraninin fazla olmasi durumunda, fiberler arasinda elektrostatik etkilesimin meydana geldigini, fiberlerin
kiimeler halinde toplanarak zemin icerisinde esit bir dagilimin olmadigini, bunun sonucu olarak da dayanimda
azalmalarin olustugunu belirtmektedir. Ayrica su oraninin artmasi sonucunda fiber ile zemin arasinda meydana
gelen etkilesim ve olusan ara yiiz kuvvetleri azalmakta ve sonug olarak qu degerleri azalmaktadir.

Bu ¢alismada da bazalt fiber ile giiclendirilmis 6rneklerin qu degerlerinin bazalt fiber katki ve su oraninin
artmasina bagli olarak azaldigi goriilmiigtiir. Nitekim deneysel caligmalar sirasinda bazalt fiber oraninin
artmasiyla yer yer bazalt fiber topaklanmalarinin meydana geldigi ve bunun sonucunda rastgele dagitilan
bazalt fiberin kil ile homojen olarak karigsmakta zorlandig1 gozlemlenmistir.

4. Sonuclar
4, Conclusions

Zeminlerin iyilestirilmesi amaciyla son yillarda fiberler yaygin olarak kullanilmaktadir. Bazalt fiberler cam ve
polimer fiberlere gore dogal olarak bulunmasi, daha ¢evreci, dayaniminin yiiksek, maliyetinin diisiik, daha
siirdiiriilebilir, yalitim 6zelliginin iyi olmasi1 gibi 6zelliklerinden dolay1 bazalt fibere olan ilgi giin gectikte
artmaktadir. Bazalt fiberin zemin iyilestirmesinde ve zeminlerin mithendislik 6zellikleri {izerindeki etkileri ile
ilgili calismalar heniiz gelistirilme asamasindadir ve ¢aligmalar devam etmektedir. Dolayisiyla bu konuda
yapilacak deneysel ¢alismalar, zemin gii¢clendirmede bazalt fiber kullanimi1 konusunda veri tabani olusturmasi
acisindan onem tasimaktadir. Bu ¢aligmada, bazalt fiber katkili kaolin kilinde su ve bazalt fiber oraninin qy
degerlerine olan etkisi incelenmistir. Elde edilen sonuglar maddeler halinde siralanmustir.

1. Katkisiz kaolin kilinin LL degeri %45, PL degeri %24 ve PI degeri %21 olarak bulunmustur. Calismada
kullanilan kil Birlestirilmis Zemin Siniflama Sistemine (USCS) gore diisiik plastisiteli (CL) kil
siifindadir.

2. Katkisiz kil drneklerinde maksimum qy degeri 294.08 kPa ile %25 su oranina sahip 6rnekte belirlenmistir.

3. Katkisiz ve giiclendirilmis 6rneklerde qu degerleri su oranin %25’e ulagsmasiyla maksimum degerlere
ulagmis, su oraninin %30 oldugu orneklerde azalmaya baslamis ve su oraninin %35 olmasi durumunda
katkisiz kilin qu degerine diigmiistiir. Su oraninin artmasiyla birlikte fiber ve zemin arasinda olusan ara yiiz
kuvvetlerindeki azalmalara bagl olarak zeminin dayanimi da azalmaktadir.

4. Bazalt fiber katki oranina bagli olarak qy degerlerinde gozlenen degisimler su oranindaki ile benzerdir. En
yiiksek qu degeri bazalt fiber oraninin %1 oldugu drnekte ortaya ¢ikmigtir. Katki oraninin artisi ile birlikte
Qu degerlerinde azalmalar olusmustur. Bazalt fiber oraninin artmasi ile zemin igerisinde fiberler arasinda
meydana gelen elektromanyetik etkilesim ile fiberlerin belli bolgelerde bir araya gelmesi ve topaklanmasi
dayanimin azalmasinda rol oynamaktadir.

5. 24 mm boyundaki bazalt fiberin kullanildig1r bu calisma, bazalt fiber katkisi ile giliglendirilmis diisiik
plastisiteli killi zeminlerde optimum bazalt fiber oraninin %1, su oraninin ise %25 oldugunu gostermistir.
Bu oranlar kullanilarak giiclendirilmis orneklerde en yiiksek qu degeri 807.40 kPa olarak belirlenmistir.
Bu deger katkisiz kile ait qu degeri ile karsilastirildiginda, dayanimda meydana gelen artig oraninin %175
oldugu goriilmektedir.

6. Bu calismadan elde edilen sonuglar, bazalt fiber ile giiclendirilmis diisiik plastisiteli killerde maksimum
dayanim artigin1 saglayabilmek i¢in bazalt fiber orani ile birlikte su oraninin da oldukga etkili oldugunu,
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optimum oranlarin  kullanilmas1 halinde zemin dayaniminin &nemli sayilabilecek oranlarda
artirilabilecegini gostermektedir.

7. Yapilan deneysel caligmalar, fiber kullanilarak yapilan giiclendirmelerde, basarili bir sonucun elde
edilebilmesi icin, gii¢clendirilen killi zemin i¢in optimum su orani, fiber orani ile birlikte, zemine eklenen
fiberin homojen bir sekilde zemin igerisine dagitilarak karistirilmasinin 6nemli oldugunu bir kez daha
ortaya koymustur.
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Oz

Enerji, ekonomik, endiistriyel ve toplumsal kalkinma i¢in hayati dneme sahiptir. Enerji tiikketimindeki artig istikrarli bir
sekilde artmaktadir. Sera gazi emisyonlarina, hava, su ve toprak kirliligine neden olan fosil kokenli yakitlarin yerini
siirdiiriilebilir ve ¢evre dostu yenilenebilir enerji kaynaklar1 almaktadir. Yenilenebilir enerji kaynaklarmin temelini
olusturan giines enerjisi, hem elektrik enerjisi liretiminde hem de termal enerji iiretiminde kullanilabilmektedir. Bu
calismada giines enerjisi uygulamalari ile Ankara ili iklim sartlarinda, iki kisilik bir evin elektrik ve 1sinma ihtiyacinin
kargilanmasi incelenmis, ¢evresel analizi yapilmistir. Calismada fotovoltaik paneller, vakum tiiplii U-borulu giines
kolektorii ve fotovoltaik termal panellerin ayri ayri ve birlikte kullanimi ile elde edilecek enerji miktar1 hesaplanmaistir.
Ayrica fotovoltaik termal panellerde ¢aligma akiskani olarak su ile birlikte Al,O3t+CuO hibrit nanoakiskani da
kullanilarak, nanoakigskan kullaniminin termal enerji transferine etkisi de arastirilmistir. Calisma sonucunda, sadece
fotovoltaik panel kullanimi ile enerji ihtiyacinin karsilanmasi i¢in 11 adet 325 W giiciinde panele, sadece fotovoltaik
termal panel kullanimi ile karsilanmasi durumunda ise 7 adet 300 W elektrik, 600 W termal giice sahip panel gerektirdigi
hesaplanmistir. Ayrica fotovoltaik termal sistemde Al;O3-CuO hibrit nanoakiskanmin saf su yerine kullanilmas: ile
verimde %19.41 oraninda artis sagladig1 goriilmiistiir. Enerji ihtiyacini karsilamak igin giines enerjisi kullaniminin
diinyada artan dogal gaz sorununa hem yerli enerji kaynagi kullanilarak ekonomiye hem de sera gazi emisyonlarim
azaltarak cevresel ¢6ziim olacagi 6nerilmektedir.

Anahtar kelimeler: Dogal gaz, Giines enerjisi, PV, PV/T, Vakum tiiplii U borulu giines kolektorii, Yenilenebilir enerji.

Abstract

Energy is crucial for economic, industrial, and social development. The increase in energy consumption is steadily rising.
Fossil fuels, which cause greenhouse gas emissions, air, water, and soil pollution, are being replaced by sustainable and
environmentally friendly renewable energy sources. Solar energy, which is the basis of renewable energy sources, can
be used in both electricity and thermal energy production. In this study, the use of solar energy applications for meeting
the electricity and heating needs of a two-person household under Ankara's climate conditions was examined, and an
environmental analysis was conducted. The amount of energy that will be obtained by using photovoltaic panels, vacuum
tube U-pipe solar collectors, and photovoltaic thermal panels separately and together was calculated. In addition, the
effect of using AI203+CuO hybrid nanofluid in photovoltaic thermal panels as a working fluid on thermal energy transfer
was investigated. As a result of the study, it was calculated that 11 panels with a power of 325 W would be required for
meeting the energy demand with only photovoltaic panel use, and 7 panels with 300 W electricity and 600 W thermal
power would be required for meeting the energy demand with only photovoltaic thermal panel use. Moreover, it was
observed that using Al203-CuO hybrid nanofluid in photovoltaic thermal systems instead of pure water increased
efficiency by 19.41%. It is recommended that the use of solar energy to meet energy needs will be both an economic
solution by using a domestic energy source and an environmental solution by reducing greenhouse gas emissions,
addressing the increasing natural gas problem in the world.

Keywords: Natural gas, Solar energy, PV, PV/T, Vacuum tube U-pipe solar collector, Renewable energy.
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1. Giris
1. Introduction

Enerji, iktisadi gelismenin en 6nemli unsurudur. Diinyada istikrarli bir sekilde artmakta olan enerji tiikketimi
agirlikh olarak dogal gaz, komdir, petrol gibi fosil kokenli yakitlarla giderilmektedir. Fosil kokenli yakitlarin
rezerv kisitlilig1 ile cevreye ve atmosfere olan zararlari géz oniine alindiginda alternatif, siirdiiriilebilir, yesil
bir yol bulunmasi elzem olmustur. Yenilenebilir enerji denilen bu kaynaklar giines, riizgar, hidrolik, biyokiitle
gibi cevreyi kirletmeyen, sera gazi emisyonuna sebebiyet vermeyen yesil yakitlardir. Ayrica karbon ayak izinin
minimize edilmesinde biiyiik rol oynamaktadir. Yenilenebilir enerji kaynaklarinin ve karasal yasamin temelini
olusturan elektromanyetik enerji (giines radyasyonu), giinesteki hidrojen elementinin fiizyon tepkimesi ile
helyuma doniismesi sirasinda agiga g¢ikmaktadir. Giines enerjisinden giines 1sisin1 veya giines 1s1gini
yakalayarak yararlanilmaktadir (Bellos vd., 2015; Tuncer vd., 2023; Khanlari vd., 2023.).

Giines enerjisinden fotovoltaik (PV) hiicreler vasitasiyla elektrik enerjisi elde edilmektedir (Sekil 1) (EIA,
2022).

Giineg
1$1imi

Seffaf e
negatif ug n tipi yari
iletken katman
Pozitif ug Baglanti
noktast

p tipi yan
iletken katman

Glines 1$1mimi Devre i¢i mevcut serbest elektronlar

11 l/ FHHHIRN

- A 4% b
2 a2 & = & & a\ e Elektron akist
‘ \ ﬂ'c"c"c" cond

Serbest Serbest elektronlar tarafindan
clektronlar doldurulmus bosgluklar

Il

Sekil 1. Fotovoltaik (PV) hiicre (EIA, 2022)
Figure 1. Photovoltaic (PV) cell (EIA, 2022)

PV hiicrelerin birlesiminden olusan PV paneller, monokristal (n1=%13-16), polikristal (n=%11-16), ince film
(M=%7-11) ve esnek (N=%4-8) olmak dort ¢esittir (Solimpeks, 2022).

Sifir karbon emisyonlu binalar konsepti dogrultusunda PV paneller ile elektrik ihtiyacinin karsilanmasina
yonelik aragtirmalar son yillarda artmistir. Albadry vd. (2017) Misir’da, Tavares vd. (2022) Portekiz’de, Krarti
(2021) ABD’de, Mohammed vd. (2022) Suudi Arabistan’da, Sim & Suh (2021) G.Kore’de, Bhuvad & Udayraj
(2022) Hindistan’da ve Tiirkiye’de Bakir (2022) ve Er (2023) PV paneller kullanarak binalarda enerji tasarrufu
saglamaya ¢alismiglardir. Tarragona vd. (2022) yaptig1 ¢alismada PV panel kullanimimin Helsinki, Strasburg
ve Atina'da elektrik sebekesi tiiketiminde sirasiyla %34, %54 ve %90'a varan diisilislere katkida bulundugu
goriilmiistiir. Ayrica 30 kWp'lik bir cat1 iistii fotovoltaik giines enerji santralinin modellendigi calismada da
geri 6deme siiresinin 6 yil olarak bulunmustur (Ates, 2023).

Giines enerjisi uygulamalarindan biri de giines kolektorleridir. Genellikle kullanim suyu 1sitmak i¢in kullanilan
bu cihazlar giines radyasyonunu toplar veya yogunlastirir (Boyle, 2004). Diz plakali (X = 30 — 80 °C),
vakum tiiplii (R = 50 — 200 °C), bilesik parabolik yogunlastiric1 (CPC) (X = 60 — 240°C), parabolik oluklu
toplayicilar (PTC) (X = 60 — 300 °C), dogrusal Fresnel reflektor (LFR) (X = 60 — 250 °C), parabolik ¢anak
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(X =100 — 500 °C) ve giines kulesi (X = 150 — 2000 °C) olmak iizere yedi tip glines kolektdrii mevcuttur
(Wang vd., 2016).

Popiiler giines kolektorii tiplerinden biri U tipi vakum tiiplii giines kolektoriidiir (Sekil 2) (Alternative Energy
Tutorials, 2022). Bu kolektorde dis cam tiipiin dis yiizeyine gelen giines radyasyonu, i¢ cam tiipiin dis yiizeyine
aktarilir ve daha sonra kanat¢ik malzemesi tarafindan emilerek U seklindeki bakir borunun icindeki ¢alisma
sivisina aktarilir.

soguk su girisi

/J glines
/—‘ radyasyonu
V4 tiip
N
sicak su ¢ikisi \ )
"7 vakum

Sekil 2. Vakum tiiplii U borulu giines kolektorii (Alternative Energy Tutorials, 2022)
Figure 2. U-pipe solar collector with vacuum tube (Alternative Energy Tutorials, 2022)

Giines simiilatoriinde vakum tiiplii U-borulu giines kolektorii test edildigi bir ¢alismada absorber alanina gore
verimin %38-56 aras1 degistigi, akiskan debisindeki artisin verimi artirdig1 gériilmiistiir (Ozsoy & Galip,
2018). U borulu giines kolektorlerinde performans iyilestirmesine yonelik yapilan ¢alismalarda faz degistiren
malzemeler (Lim & Sobhansarbandi, 2022; Li vd., 2022) ve nanoakigkanlar (Kim vd., 2017; Kaya vd., 2020)

da kullanilmaktadir.

Fotovoltaik modiiller ile giines kolektorlerinin bir sistemde birlesmesiyle meydana gelen fotovoltaik termal
(PV/T) giines kolektorleri, hem 1s1 hem de elektrik iiretimi eldesinde kullanilan hibrit gilines enerjisi
uygulamasidir (Sekil 3) (Ramos vd., 2019). Fotovoltaik pillerin 25 °C olan galisma sicakliklarinin iistiinde
olusan sicaklik degerlerinde, sistem sogutularak elektrik enerjisi verimi artirilirken, ortaya ¢ikan atik 1sidan da
faydalanilmaktadir.

-
18 ‘Ja\\“‘“\ ®

Sekil 3. Fotovoltaik termal (PV/T) giines kolektorii (Ramos vd., 2019)
Figure 3. Photovoltaic thermal (PV/T) solar collector (Ramos vd., 2019)
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Strebkov & Filippchenkova (2021) ANSYS Fluent yazilim paketini kullanarak PV/T modiiliiniin bir CFD
modeli gelistirdikleri ¢aligmada, hesaplanan degerlerin analitik ve deneysel olarak elde edilen verilerle
karsilastirilabilir oldugu sonucuna ulasmislardir. Ozakin & Kaya (2019) hava akiskanli PV/T sisteminin
iyilestirilmesi igin kanatgik ilavesi kullanmiglar ve %55-70 oraninda 1sil verim artig1 elde etmislerdir.
Madrid’de yapilan bir ¢alismada, PV/T panelin kullanilmas1 yalnizca bir PV hiicre performansina gére daha
verimli oldugu belirtilmis ve Ozellikle kullanim suyu i¢in ¢ikis suyu sicakligi asiri yiiksek olmadiginda
kullanim1 6nerilmistir (Morena vd., 2017). Kanada'da miistakil evlerde alan ve kullanim sicak suyu isitmasi
icin yapilan ¢alismada PV tabanli sistemler ile giines kolektorii tabanli sistemler karsilastiriimig, PV tabanh
sistemin uygulanmasinin, diisiik maliyet, yiiksek cikis giicii, esneklik ve kolay kurulum dikkate alindiginda
olduke¢a uygun olacagi sonucuna ulasmislardir (Rahaman & Igbal, 2019). St. Petersburg sehrinde bir binanin
tatli su, elektrik ve 1sitma ihtiyaglarinin kargilanmasi amaciyla PV/T ve PTC giines enerjisi sistemi Onerilmis,
bu senaryonun g¢evresel ve ekonomik olarak siirdiiriilebilir oldugunu belirtmislerdir (Deymi-Dashtebayaz vd.,
2022). PV panellerin elektrik {iretimini artirmak ig¢in yapilan c¢alismada, fotovoltaik hiicre iiretiminde
kullanilan diyotlara Mn nano pargacik katkisiin diyotlarin 1s18a duyarliligimmi gelistirdigi sonucuna
ulagsmuslardir (Demirbilek vd., 2023). PV panellerin sogutma islemlerinde Sen & Celiktas (2022) faz degistiren
malzeme, Okten (2022) faz degistiren malzeme ve nanopargaciklari beraber kullanmis ve ¢alismalarinda verim
artirict sonuglar elde etmislerdir. Manyetik nanoakigkanlar kullanilarak, PV sisteminin sogutulmasi ve PV/T
sisteminin termal 1s1 transferinin arttirilmasi ile ¢ift yonlii performans artisi saglanmigtir (Swese &
Hancerliogullari, 2022). Al,03-ZnO su nanoakigkani ile ¢alisan bir PV/T panelde %91'lik bir genel tepe termal
verim elde edilmis, bu verim su ile karsilastirildiginda toplayicinin performansinda %34'liik bir artisa denk
gelmigtir (Wole-Osho vd., 2020).

Bu ¢aligmada, Ankara ili meteorolojik sartlarinda iki kisilik bir dairenin, elektrik ve 1s1 enerjisi ihtiyacini dogal
gaza alternatif olarak giines enerjisi uygulamalari ile (PV panel + vakum tiiplii U-borulu giines kolektorii ile
PV/T panel) karsilanmasi incelenecektir. Calismada kullanilan sivi akigkanlt PV/T panellerde akiskan olarak
su ve AlO3+CuO hibrit nanoakiskani da kullanilarak, termal enerji transferinde artis saglanmasi
beklenilmektedir. Diinyada artan dogal gaz sorununa yerli ve yenilenebilir enerji kaynag: kullanilarak enerji
ve ¢evre sorunlarinin ¢ozliimiine katki saglanmasi hedeflenmektedir.

2. Gereg ve yontem
2. Equipment and method

Tiirkiye, giines enerjisi potansiyeli agisindan Avrupa iilkelerine gére oldukca elverislidir (Bahar & Okten,
2021). Cografi konumu 39.91° kuzey enlemi, 32.92° dogu boylami olan Ankara'nin, yillik ortalama
giineslenme siiresi 2,506 saat, yillik ortalama giines radyasyonu miktari ise 1,389 Wh/m?dir (Okten, 2021).
Tablo 1’de Ankara ili i¢in meteorolojik veriler belirtilmistir (MGM, 2022 ; ETKB, 2022).

Tablo 1. Ankara ili meteorolojik verileri
Table 1. Ankara province meteorological data

Ay Sicaklik (°C) Giineslenme siiresi (h) Radyasyon miktar1 (kWh/m?)
Ocak 0.20 2.60 1.69

Subat 1.70 3.80 2.47

Mart 5.70 5.10 3.75

Nisan 11.20 6.50 4.74

Mayis 16.10 8.40 6.01

Haziran 20.00 10.00 6.35 KWhimZ yil
Temmuz 23.40 11.20 6.32 I 10~ 1450
Agustos 23.40 10.60 5.71 g
Eyliil 18.90 9.10 4,70 % ig;g
Ekim 13.20 6.70 3.26 [ 1650- 1700
Kasim | 7.30 4.60 1.97 — i
Aralik 2.50 2.50 1.47 I 1500 -2000

1 ve 2 arasinda kararli durum siirecinden gecen kapali sistemler i¢in termodinamigin 1.yasasi (enerjinin
korunumu) matematiksel olarak denklem 1 ifade edilir (Moran & Shapiro, 2006).

705



Okten 2023 | Cilt:13 » Say1:3 « Sayfa: 702-717

[7 60— [76W = E, — E, @)

Giines kolektorlerinde uniform toplayici plaka sicakligi igin, akigkan tarafindan emilen faydali 1s1 orani
denklem 2’de gosterildigi sekildedir (Hottel & Woertz, 1942; Jafarkazemi & Ahmadifard, 2013).

Qr = mcy(T; — Ty) (2)
Uniform olmayan toplayici plaka sicakligi yerine genellikle 1s1 giderme faktorii (denklem 3) kullanilir.
Qr = FrAk[(t@)efG — Uy (Ty = T,)] 3

Hem konveksiyon hem de radyasyon yoluyla kolektdrden atmosfere 1s1 transferi kayiplarini hesaba
katilmasinda 1s1 kayip katsayisi (Uy,) (denklem 4) kullanilir.

Qx = UgAx(Ty — T,) (4)

Is1 giderme faktorii (Fg) denklem 5°teki gibi tanimlanir ve burada F'kolektor verimlilik faktoriidiir.

FR=

mey,
UkAg

[1 - exp (L)) ©)

mcy

Denklem 6’da termal gilines kolektdriiniin enerji verimliligi gosterilmistir.

0
Nk = G_I‘Il(k (6)

Fotovoltaik panellerde genel 1s1 kayb1 katsayisi, hem konveksiyon hem de radyasyondan kaynaklanan kayiplar
icerir (denklem 7-10) (Sarhaddi vd., 2010; Kalogirou vd., 2016).

Uk = hgy + Rraa Y
hiy = 2,8+ 3vp (8)
hrad = ehﬁcreU(Tatm + Thiicre)(Tatmz + Thiicrez) (9)
Taem = 0,05527T,%/2 (10)

PV hiicresinin enerji verimliligi icin maksimum deger denklem 11°de verilmistir.

VOCISC
NMpy = — (11)

GAhpiicre

Fotovoltaik termal paneller, hem giines kolektorlerinin hem de fotovoltaik panellerin kombinasyonu ile
caligmaktadir (denklem 12-14) (Lupu vd., 2019).

Qr = ey (T, = Ty) = FrApy r[(t@)efG — Uy (T, = T,)] (12)
=M% g M)
Fr = 5 (1 = exp (L)) (13
0 Uk (Tg—T,
Npv/Ttr = WI:}/T = FR[(Ta’)ef - k(+)] (14)

PV/T paneli igin termal verimlilik, elektrik verimliligi ile birlestirilir (denklem 15,16]. Burada su sirkiilasyon
pompasi tarafindan tiiketilen elektrik giiciiniin analizde dikkate alinmasi1 gerekir.
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_ mAP

Ep = m (15)
VinpImp—E;
NpyT,el = TP P (16)

GApyT

Bu ¢aligmada PV/T panellerde akigkan olarak suyun disinda Al,O3-CuO hibrit nanoakigkani da kullanilacaktir.
Hazirlanan nanoakiskanin partikiil hacim konsantrasyonunun bir fonksiyonu olarak termofiziksel 6zellikleri
hesaplanmalidir. Bu baglamda, nanoakiskanin yogunlugu denklem 17°den, 6zgiil 1s1 degeri denklem 18’den,
1s1l iletkenlik katsayisi denklem 19’dan ve dinamik viskozite degeri denklem 20°den hesaplanmaktadir
(Giirbiiz vd., 2021). Bu denklemlerde “n” alt indisi nanoakigkani, “p” alt indisi nano partikiilii, “ts” alt indisi

ise temel s1v1 akiskani temsil etmektedir.

Pn = Qpp — (1= 0)pes (17)

Cpn = Q)Cp,p -(1- Q)Cp,ts (18)
_ kp+2ks+20(kp—kes)

kn = kes Kp+2kes—20 (kp—kes) (19)

Hn = pes(1 4 2.50) (20)

Sekil 4’te Al,03-CuO hibrit nanoakigkanimin gegirimli elektron mikroskobu (TEM) gériintiisii verilmistir.

Sekil 4. Al,O3-CuO TEM goriintiisii (50:50)
Figure 4. Al,O3-CuO TEM image (50:50)

3. Bulgular
3. Results

Ankara ilinde bulunan ve 1sinma ile sicak su ihtiyacini dogal gaz ile karsilayan evin 15 Kasim- 15 Nisan arasini
kapsayan 5 aylik dénemde ortalama 15 m?®, kalan 7 aylik dénemde de ortalama 5 m® dogal gaz kullanimi
olmakla beraber toplamda 110 m*® dogalgaz kullanimi gergeklesmistir. Bu kullanim yillik 1,170.4 kWh
tiikketime esdegerdir (Okten, 2021). Ayrica giinliik ortalama 1.93 kWh elektrik enerjisi tiiketimi olan bu evin
dogal gaz kullanimiyla beraber yillik elektrik tiikketimi 1,874.85 kWh’dir.

Bu calismada elektrik ve dogal gaz kullaniminin giines enerjisi uygulamalarindan olan fotovoltaik (PV)
paneller + giines kolektorleri ve fotovoltaik termal (PV/T) paneller ile ayr1 ayr1 karsilanmasi incelenmektedir.
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3.1. Fotovoltaik (PV) paneller + Giines kolektorleri
3.1. Photovoltaic panels + Solar collectors

Fotovoltaik panel ihtiyac1 hesaplanirken denklem 21’den giinliik gerekli olan enerji miktari, glinesli giin say1s1
ve sistem verimine gore kurulmasi gereken giic degeri bulunur. Sistem verimi fotovoltaik panel, akii ve inverter
verimlerine baglidir (denklem 22) (Alkan vd., 2014).

Gereken enerji miktari (121/—:) = Kurulu gig¢ (kW) X Gineslenme siiresi (L) X Nsis (21)

gin

Nsis = Npv X Naki X Ninv (22)
Kullanilacak panel sayist denklem 23 ile bulunur.

Kurulu gii¢

Panel sayist = (23)

Panel giici

Gilinliik 5.14 kWh gerekli enerji miktar1, 2.5 saat glineslenme siiresi (Aralik ay1) ve %58 sistem verimi
degerlerine gore yapilan hesaplama sonucunda 3,545 kW kurulu gii¢ gerektigi saptanmistir. Bu deger 325 W
gliciinde 11 adet fotovoltaik paneller saglanabilmektedir. Sebekeye bagli fotovoltaik sistemlerde bulunan temel
elemanlar fotovoltaik panel, sarj kontrol cihazi, inverterdir. Sebekeye bagh sistemlerde akii grubuna gerek
yoktur. Inverter, yiikiin gekilebilecegi maksimum giicii kaldirabilir diizeyde olmalidir ve bir ev igin
hesaplanirken buzdolabi, aydinlatma, televizyon ve bilgisayar gibi cihazlarin ayn1 anda ¢alistig1 andaki toplam
yiik degerini karsilamalidir.

Ortalama piyasa degeri 3,850 b olan 325 W giiciinde fotovoltaik panel, sarj kontrol cihazi, inverter ve sistem
kurulum elemanlart ile birlikte toplam fotovoltaik panel sistemi maliyeti 62,810 H’dir (morfikirler.com, 2022).
2022 yili EPDK konutlarda elektrik birim tarifesi 1.7346 ¥/kWh’dir (EPDK, 2022). Yillik elektrik tiiketimi
1,874.85 kWh olan dairenin elektrik tiiketim maliyeti 3,251.11 t’dir. Enflasyon oran1 0.84 (TCMB, 2022) ve
faiz oranm1 0.14’tiir (Gu vd., 2018). 25 yillik ekonomik Omiir siiresi olan fotovoltaik panel sisteminde
amortisman siiresi ise yaklasik olarak 20 yildir. Enflasyon ve doviz kurundaki dalgalanma, geri 6deme
siiresinin uzamasina sebebiyet vermektedir.

Giines kolektoriinden elde edilen enerji miktart ANSYS Fluent Solar Calculator modiilii ile hesaplanmistir
(Ansys, 2016). Solar Calculator modiiliinde hesaplama iki yontemle olmaktadir. Bu yontemlerden Uygun Hava
Kosullar1 Yoéntemi (Fair Weather Conditions Method) denklem 24°te, Teorik Maksimum Yontemi
(Theoretical Maximum Method) ise denklem 25-27°de gosterilmistir.

A

Edn = - (24)
esinf

Edn = Setrn X Sunprime (25)

Ed = C x Edn x £ (26)

Er = Edn x (C + sin f) x 9, x 15229 27)

Bu esitliklerde, Edn; dogrudan normal 1sinim miktarini, Ed; daginik giines 1sinim miktarini, Er; topraktan
yansiyan gilines 1ginim miktarini, A, B; gortiniir giines 1sinimini, f3; giines yiikseklik agisini, S, ; atmosferin
lstiine gelen dogrudan normal 1gtnim miktarini, Syuprime; diizeltme faktoriini, C; sabit katsay1 degerini, €;
egim agisini ve Uy ; zemin yansitma degerini belirtmektedir.

Tablo 2’de U-borulu vakum tiiplii glines kolektoriintin 6zellikleri (Kiran Naik & Muthukumar, 2019; O’Neil
& Sobhansarbandi, 2022) ve Aralik ay1 i¢in ¢evre ve ¢aligma akigkani sicaklik degerleri verilmistir.
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Tablo 2. U-borulu vakum tiiplii giines kolektoriiniin dzellikleri
Table 2. Properties of U-pipe vacuum tube solar collector

Parametre Deger
U borusu malzeme Bakir
U borusu yarigap (m) 0.027
U borusu kalinlik (m) 0.001
Termal iletkenlik katsayis1 U borusu (W*m1*K1) 368
Kanat tipi Aliminyum
Kanat yaricap (m) 0.08
Kanat kalinlik (m) 0.001
Termal iletkenlik katsayis1 kanat (W*m™*K1) 202
Cam boru yarigap (m) 0.1
Cam boru kalmlik (m) 0.017
Termal iletkenlik katsayisi cam boru (W*m**K-1) 0.7
Gegirgenlik katsayisi (t) 0.907
Yutuculuk katsayisi (@) 0.93
Emicilik katsaysi (&) 0.8
Cevre sicakligi (°C) 5
Calisma akiskani Su
Calisma akiskani giris sicakligi (°C) 15
Caligma akigkani ¢ikis sicakligi (°C) 36
Calisma akiskan kiitlesel debisi (kg*s™) 0.03
Reynolds sayis1 < 4,000

Sekil 5’te vakum tiiplii U-borusunun teknik ¢izimi, Sekil 6’da da ag orgiisii yapisi verilmistir.

Sekil 5. Vakum tiiplii U-borusu teknik ¢izimi
Figure 5. Vacuum tube U-pipe technical drawing

15000 300,00 (mm)
75,0 2500

300,00 {(mm)
75 m 2500

Sekil 6. Ag orglisii yapisi. (a) U-borusu ve (b) Vakum tiiplii U-borusu
Figure 6. Mesh structure. (a) U-pipe and (b) Vacuum tube U-pipe
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Sekil 6’da verilen ag orgiisii yapisinda 220,262 baglant1 noktasi ve 114,993 ag 6rgiisii eleman1 bulunmaktadir.
ANSYS Fluent Solar Calculator modiilii ile yapilan hesap sonucunda 21 Aralik saat 13:00’da dogrudan gelen
giines 1s1n1m miktar1 890.65 W/m? olarak bulunmustur. 0.0823 m? absorbe alanina sahip olan U-borusunda
kullanilabilir enerji miktar1 73.3 W, yillik elde edilebilecek enerji miktar1 da yaklagik olarak 27 kW
degerindedir.

Vakum tiiplii U-borulu giines kolektoriiniin PV panellerle birlikte kullanilmasinda, gerekli PV panel sayisi
7’ye diismektedir. Piyasa degeri ortalama 8,000 1 olan giines kolektorii, sistemde kullanildig1 zaman sadece
PV panellerin kullanildig1 sisteme gore yaklasik 5,000 b tasarruf saglanmaktadir. Bu degerlere gore de sistem
amortisman siiresi yaklasik 2 yil azalarak 18 yila diismektedir.

3.2. Fotovoltaik termal (PV/T) paneller
3.2. Photovoltaic thermal (PV/T) panels

Ortalama piyasa degeri 6,500 b olan 300 W elektriksel, 600 W termal giice sahip bir su akigkanli fotovoltaik
termal panelden, giinliik 5.14 kWh enerji miktar1 gerekli olan eve 7 adet gerekmektedir. Sistemin amortisman
siiresi yaklagik olarak 15 yildir.

Fotovoltaik termal (PV/T) panellerde, ¢aligma akigskani olarak Al,O3-CuO hibrit nanoakiskaninin kullanimi
ANSYS Fluent yazilimi ile modellenmistir. Sistemde kullanilan malzemeler ve termofiziksel 6zellikleri (Teo
vd., 2012; Mercan & Yurddas, 2019; Podder vd., 2022) ile Aralik ay1 ¢evre ve calisma akigkani sicaklik
degerleri Tablo 3’te gosterilmistir

Sekil 7°de fotovoltaik termal panelin teknik ¢izimi, Sekil 8’da ise ag orglisii yapist verilmistir.

Sekil 7. Fotovoltaik termal (PV/T) panel teknik ¢izimi
Figure 7. Photovoltaic thermal (PV/T) panel technical drawing

Sekil 8. Ag orgiisii yapist
Figure 8. Mesh structure
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Tablo 3. PV/T sistem malzemeleri ve termofiziksel 6zellikleri
Table 3. PV/T system materials and thermophysical properties

Parametre Deger
Fotovoltaik termal panel alan (m?) 1.68
Fotovoltaik termal panel elektriksel giic (W) 300
Fotovoltaik termal panel termal gii¢ (W) 600
Is1 giderme faktorii 0.85
Cam kalmlik (m) 0.003
Termal iletkenlik katsayis1 cam (W*m*K-1) 0.7
Cam yogunluk (kg*m) 2,800
Cam 6zgiil 1s1 kapasitesi (J¥kg1*K™1) 750
EVA kalinlik (m) 0.0003
Termal iletkenlik katsayist EVA (W*m*K™) 0.35
EVA yogunluk (kg*m) 960
EVA 6zgiil 1s1 kapasitesi (J*kg*K™1) 2,090
PV kalinlik (m) 0.013
Termal iletkenlik katsayis1 PV (W*m1*K-1) 148
PV yogunluk (kg*m) 2,330
PV &zgiil 1s1 kapasitesi (J¥kg1*K1) 677
PVF kalinlik (m) 0.0004
Termal iletkenlik katsayis1 PVF (W*m™*K-1) 0.2
PVF yogunluk (kg*m=) 1,200
PVF 6zgiil 1s1 kapasitesi (J*kg1*K1) 1,250
Aliiminyum (Al) kapak kalinlik (m) 0.003
Termal iletkenlik katsayis1 Al (W*m™*K1) 202
Al yogunluk (kg*m) 2,712
Al 6zgiil 1s1 kapasitesi (J*kg*K1) 903
Bakir boru ¢ap (m) 0.012
Termal iletkenlik katsayis1 bakir (W*m*K1) 368
Bakir yogunluk (kg*m) 8,978
Bakar 6zgiil 1s1 kapasitesi (J*kg*K™) 385
Termal iletkenlik katsayis1 su (W*m1*K1) 0.605
Su yogunluk (kg*m?) 997.78
Su 6zgiil 1s1 kapasitesi (J*kg*K™?) 4,076.4
Termal iletkenlik katsayis1 Al,O3 (W*m1*K-1) ) 40
Al,O3 yogunluk (kg*m™) 3,970
Al,O3 dzgiil 1s1 kapasitesi (J*¥kg1*K1) ) 765
Termal iletkenlik katsayis1 CuO (W*m™*K™1) ) 76.5
CuO yogunluk (kg*m™) ) 6,320
CuO 6zgiil 1s1 kapasitesi (J*kg1*K™?) 531.8
Cevre sicakligi (°C) 5
Calisma akigkan Su, Al;O3-CuO hibrit nanoakigkani
Calisma akigkani giris sicakligi (°C) 15
Caligma akigkan giris sicakligi (°C) 40
Calisma akigkani kiitlesel debisi (kg*s™) 0.03
Reynolds sayis1 < 4,000

Sekil 8’de verilen ag orgiisii yapisinda 4,268,957 ag orgiisii elemani bulunmaktadir. Modelleme sonucunda,
Al;03-CuO hibrit nanoakiskaninin saf su yerine kullanilmasi ile verimde %19.41°lik bir iyilesme goriilmiistiir.
Bu durumda sistemin gerekli enerji miktarinin karsilanmasinda 5 adet Al,O3-CuO hibrit nanoakigkanlt
fotovoltaik termal panel kullanilmas1 yeterli olacaktir. Sistem maliyetinde yaklagik olarak 12,000 % tasarruf
saglanacag1 goriiliirken, sistemin amortisman stiresi de yaklasik 3 y1l azalarak 12 y1l olacag1 hesaplanmustir.

Enerji ve Tabii Kaynaklar Bakanlig1 verilerince 1 MWh elektrik {iretimi basia 0.44 ton CO; sera gazi
emisyonu agiga ¢ikmaktadir. Elektrik {iretimi dogal gazli santrallerden karsilandiginda bu deger 0.376 ton CO>
olarak hesaplanmaktadir (ETKB, 2023). Birlesmis Milletler Iklim Degisikligi Cergeve Sozlesmesi (UNFCCC)
tarafindan Onerilen isletim marji emisyonu metodu kullanilarak, karbon salinim miktar1 denklem 28 ile

hesaplanmistir (Carbontradexchange, 2023).
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Zi,y Fci,yXNCVi,yXEFCOZ,i,y
EFgrid,OMsimple,y = EG, (28)

Yillik elektrik tiiketimi 1,874.85 kWh olan bu dairenin elektrik ihtiyacinin dogal gazli santrallerden sagladig:
diisiiniildiigiinde agiga ¢ikan yillik CO; sera gazi miktari 0.71 tondur.

4. Tartisma ve sonuclar
4. Discussion and conclusions

Bu caligmada, Ankara ili meteorolojik sartlarinda iki kisilik bir dairenin, elektrik ve 1s1 enerjisi ihtiyacini dogal
gaza alternatif olarak giines enerjisi uygulamalari ile (PV panel + vakum tiiplii U-borulu giines kolektorii ile
PV/T panel) karsilanmasi incelenmis, ekonomik ve ¢evresel analizi yapilmistir. Calismada elde edilen sonuglar
ve Oneriler soyle 6zetlenebilir:

Y Referans dairenin giinliik ortalama enerji tiiketimi 5.14 kWh’dir.

Y  Gerekli enerji ihtiyacinin sadece PV paneller ile karsilanmasi durumunda 11 adet 325 W giiclinde PV
panel gereksinimi vardir.

Y Sadece PV paneller ile karsilanmasinda 62,870 b sistem kurulum maliyeti olusmustur. Sistemin
amortisman siiresi 20 y1l olarak bulunmustur.

Y Gerekli enerji ihtiyaci PV paneller + vakum tiiplii U-borulu gilines kolektoriiyle karsilanmasi
durumunda, sadece PV paneller ile karsilanmasi durumuna gore yaklasik 5,000 b tasarruf saglanmistir.
Sistemin amortisman siiresi 2 y1l azalacag1 hesaplanmistir.

Y Gerekli enerji ihtiyacinin sadece su akigkanli PV/T paneller ile karsilanmasi durumunda 7 adet 300 W
elektrik, 600 W termal giiclinde PV/T panel gereksinimi vardir.

Y PV/T sistemde Al>03-CuO hibrit nanoakiskaninin saf su yerine kullanilmasi ile verimde %19.41°1lik
bir iyilesme olusur.

Y Gerekli enerji ihtiyacinin sadece Al,O3-CuO hibrit nanoakigskanli PV/T paneller ile kargilanmasi
durumunda yaklagik 12,000 b tasarruf saglanmistir. Sistemin amortisman siiresi 3 yil azalacagi
hesaplanmustir.

Y PV panel, PV panel + vakum tiiplii U-borulu giines kolektorii, su akiskanli PV/T panel ve Al,03-CuO
hibrit nanoakiskanli PV/T panel sistemlerinin kendi aralarinda kiyaslanmasi sonucunda en verimli
olanin Al;Os-CuO hibrit nanoakiskanli PV/T panel sistemi olacagi goriilmiistiir.

Y Siv1 akiskanli PV/T panellerde ¢alisma akiskani olarak nanoakigskan kullaniminin transfer edilen
termal enerji miktarinda artis meydana getirdigi goriilmiistiir.

Y Elektrik tiretiminin giines enerjisi destekli sistemler ile karsilanmasi durumunda yillik 0.71 ton CO»
sera gaz1 miktarmin ¢evreye salinimi durmus olacagi hesaplanmistir.

Y Bu c¢aligma sayisal bir ¢aligma oldugundan, ¢aligmanin deneysel g¢aligmalar ile desteklenmesi
onerilmektedir.
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Ahﬁcre
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APV/T

p
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Yogunluk
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Abstract

Edge artificial intelligence (Edge Al) technology helps to avoid vulnerabilities while benefiting from the advantages of
cloud technologies, which are widely used today, especially with artificial intelligence and big data. In the case of
transferring systems to the cloud, and needs such as protection of sensitive information and high bandwidth emerges in
cloud approaches. Edge Al, which provides solutions to issues such as the security of sensitive data and reducing system
traffic, while meeting the needs in this field, can offer a new perspective, especially to projects in the military field, when
used with digital twin and autonomous system technologies. In this study, we evaluated the “Forces in virtual environment
machine learning (FIVE-ML)” simulation system technically in which we use edge Al technology, analyzed the results
obtained with the use of this technology. It has been determined that the current work is at the 2nd level in Edge Al
levelling system, also there is a 54% performance (in terms of time with accuracy) increase with edge Al. Besides, the
accuracy of hitting the target in simulation system is also increased, with the rate of 34%.
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Edge Al teknolojisi, giiniimiizde ozellikle yapay zekd ve biiyiik veri ile yaygin olarak kullanilan bulut teknolojilerinin
avantajlarindan yararlamirken giivenlik agiklarinin onlenmesine de yardimci olmaktadir. Sistemlerin buluta tasinmast
durumunda, hassas bilgilerin korunmasi ve yiiksek bant genisligi gibi ihtiyaglar ortaya ¢ikmaktadwr. Bu alandaki
ihtiyaglart karsilarken hassas verilerin giivenligi ve sistem trafiginin azaltilmasi gibi konulara ¢éziim sunan Edge Al
dijital ikiz ve otonom sistem ile birlikte kullanildiginda ozellikle askeri alandaki projelere yeni bir bakis agisi
sunabilmektedir. Bu ¢alismada edge Al teknolojisini simiilasyon sistemlerinde kullanimi teknik olarak ele aldik. Bu
teknolojinin kullamimu ile elde edilen sonuglart analiz ettik. Edge Al seviyelendirme sisteminde mevcut ¢alismanin 2.
seviyede oldugu tespit edilmis, Edge Al kullanimi sayesinde %54 performans artisi elde edilmigtir. Ayrica simiilasyon
sisteminde hedefi vurma isabet orani da %34 oraninda artirllmistir.
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1. Introduction

With the use of new trends of industry 4.0, digital twins, autonomous systems, smart 10T devices, developing
artificial intelligence approaches; the management, use, and processing of large amounts of data in real-time
or in scalable times are carried out using big data, distributed systems, and cloud computing technologies
(Ahmed et al., 2017). Although the management, maintenance, and consistency of data and systems become
easier with the use of cloud computing and cloud services in many areas, the increase in transaction density
and the storage of critical information in the cloud poses a dangerous situation in various areas. There is an
important problem such as ensuring the high level of confidentiality of military systems and system
information. Even when institutions create their own cloud systems, it is not simple to maintain security,
confidentiality, and data consistency stored in the cloud, and the use of such distributed and cloud systems is
preferred in military areas either in mandatory situations or whenever possible because it creates an extra
workload for institutions and countries (Anciaux et al., 2019; Dursun & Cuhasdar, 2018). There is a tendency
not to be preferred. However, both edge computing and edge Al technologies are emerging technologies that
take the use of cloud technologies to a different dimension, especially in terms of time and. Considering the
digital twin, autonomous systems, and smart 10T devices that are widely used today and will see more
widespread use in the future, their use is expected to increase with edge technologies as the cloud inference
paradigm becomes less appropriate as the demand for real-time predictions rise.

According to Gartner, evolving hardware, innovative software techniques, and evolving micro-Al technologies
are accelerating the adoption of edge Al that performs more and more transactions from the cloud to the edge,
being at the center of the "2023 Emerging Tech Impact Radar: Artificial Intelligence™ the most effective in the
past few years (Figure 1). It has been emphasized that it is and will be one of the artificial intelligence
technologies (T. Nguyen, 2023).
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Figure 1. Gartner 2023 Acrtificial intelligence emerging technologies impact radar (T. Nguyen, 2023)
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According to the Global edge Al Software Market Growth research, it is stated that the market of edge Al
software is anticipated to increase from $346.5 million alone to around $1.1 billion by 2024, and that the edge
Al hardware and the consulting market will also expand at the similar rate (360 Research Reports, 2019). In
addition, Grand View Research, predicts that the entire global market of edge computing will expand each
year and reach a value of $43.4 billion by 2027 (Grand View Research, 2021). As can be seen from the
evaluations and the increasing number of applications, edge Al is taking firm steps forward to be among the
common new generation technologies.

HAVELSAN, which is a global leading system integrator firm with advanced technology-based software-
intensive original solutions and products in the domains of defense, security, and informatics, produces high-
quality D level simulators at world standards, produces high quality flight simulators and training complements
for both civil and military aviation, decision support and systems for war games in many fields. With the
Forces in Virtual Environment (FIVE), one of the simulators developed by HAVELSAN, the behaviors of
virtual platforms for land, air, and sea, which can perform defense and offensive objectives needed for tactical
training of simulators of combat platforms, could be modelled and so the required tactical scenarios for
simulators can be provided. The FIVE-ML structure has been revealed as a result of the studies on making this
autonomous rule-based software built on artificial intelligence learning. Developed to make improvements in
the rule-based structure and alleviate some workloads in the system, this system has been developed to work
closely with field experts, improve standard and predictable performance, etc. offers advantages with its
innovative artificial intelligence infrastructure. In this study, the use of reinforcement learning was preferred,
which helps to train multiple actors with a reward-punishment system. Reinforcement learning examines
behaviors that create the highest worth of long-term return from the environment (N. D. Nguyen et al., 2017).
One of the parts of such an innovative project is the implementation of the edge Al approach. Thanks to the
edge Al approach applied, it is aimed to make significant progress by facilitating the management of data.

In this study, after discussing the concepts of edge and edge Al, we will examine the advantages of technology
and then the use cases, especially FIVE-ML simulation system developed by HAVELSAN. After that, we will
discuss the possible opportunities that can be used in the defense industry and the use of digital twin and edge
Al technologies together. We will also present the works planned to be done in the near future and our
predictions.

The novelty and contributions of this proposed study are:

e Edge Al technology has been shown to be usable in military projects, taking it from basic to level 2 (in
edge co-inference).

e 54% performance increase with the use of edge Al technology.

e The accuracy of hitting the target in simulation system is also increased, with the rate of 34%.

e Edge Al technology and reinforcement learning technique give beneficial results together.

2. Definitions and conceptual basics

In this section, the brief definitions of the technologies that are the basis of the study and that are planned to
be used together will be explained.

2.1. Edge computing

In order to decrease the response times and preserve bandwidth, edge computing is defined as a distributed
computer paradigm that moves computing and data storage closer to the location where they are needed.
Although it may seem contradictory when compared to the cloud systems that are widely used today, the
advantages of edge computing could be gathered by using edge and cloud computing together. In edge
computing, systems run on local devices, meaning the entire system is not on the cloud (Figure 2). These edge
devices can be servers as well as 10T devices. It is seen that especially sensor technologies take place more
frequently in our agenda with the developments in robotic technology (Wang et al., 2018). These edge devices
transfer data to the cloud to make some special calculations in the cloud when necessary. In other words, some,
if not all, of the data and processing load is moved to the cloud.
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Figure 2. Edge computing infrastructure (Watkinson et al., 2021)
2.2. Artificial intelligence (Al)

Artificial intelligence mentions to the simulation of human intelligence in devices that have been designed to
think and act like humans. The notion can also be used to refer to any machine that demonstrates aspects of
the human mind, including learning and problem solving.

2.3. Edge artificial intelligence (edge Al)

Data is one of the most important elements for artificial intelligence and big data analysis. In the literature, we
see that there are various concepts such as the management of data within channels (Navrat et al., 2004)
(Lechtenborger & Vossen, 2003). With the right data management and the use of emerging technologies
successful results are expected to be achieved (Hung et al., 2019). The accuracy and security of the data are
key to making the analyzes and simulations accurate and healthy (\Van Den Bussche et al., 2005; Senderovich
etal., 2019; Karaarslan, 2019).

One of the most remarkable emerging fields in artificial intelligence is called edge Al. In particular, it aims to
allow Al processes to run by removing concerns about privacy or slowdown due to data transmission. Edge
Al offers an Al approach that allows smart devices to quickly react to inputs that do not have access to the
cloud. Most next-generation Al processes are performed in the cloud as they require large amounts of
computing power. But there is the problem that these processes are sensitive to downtime. Edge Al systems
can process data locally before sending it when an internet connection is established since the systems are
running on an edge computing device. This decreases the data processing time. For example, with the use of
edge Al, deep learning algorithms can run on the actual device, on the edge where it is located, in case of
disconnection from the internet or cloud. Additionally, by limiting data transfer to only the most vital
information, the volume of data held in the cloud can be reduced and communication interruptions minimized.
Steps followed in a traditional cloud-based data collection and analysis system and edge Al-based systems are
expressed in Figure 3. Using edge Al, data analysis can be accelerated as the edge nodes are closer to the data
source, reducing backhaul data bandwidth requirements by up to 400x and lowering latency (Nvidia, 2021).
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Figure 3. Cloud-based systems and edge ai-based systems comparison

At the bottom of the “Levels of Edge Intelligence” pyramid, we see that there is "cloud intelligence". Here,
the infrastructure for training and interface is created. At level-1, the "cloud-edge co-inference” level comes.
At this level, only the basic interfaces are covered at the edge. After level-2, we see that the rate of transactions
made at the edge is increasing. When we come to level 6, all the operations are performed on the end device
(Figure 7).

2.4. Digital twin

The technology called digital twin has a promising future in many disciplines and continues to carry out many
studies and research activities, is expressed as a digitally modelled copy of an object/system that exists
physically in the earth (Bernard Marr, 2017). With the use of technologies such as sensors and loT,
data/information flow from physical assets to digital assets is provided. In this way, the processes operated on
the physical assets are monitored remotely, while at the same time, future predictions can be made with the
artificial intelligence infrastructure used.

3. Advantages of the edge ai technology

Edge Al technology offers many advantages in controlling data and optimizing systems. Some prominent
advantages are listed below.

Ability to produce real-time analytics and analyze streaming data
Security

Bandwidth savings

Enables automation

Reduces costs

Below parts, this advantages will be discussed in detailed way.
3.1. Ability to produce real-time analytics and analyze streaming data

In a fraction of a second, analysis can be finalized. For instance, in the case of self-driving cars, even a one-
second delay in brake applying can result in a fatal collision.

3.2. Security
Edge usually runs on a private network, which makes it harder to steal information. Fewer cloud-based data

means fewer attack opportunities online, helping to improve security. Also, crashing a network of multiple
devices is more difficult than crashing a single central cloud system. In general, it can be said that everything
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with a security element should be done using the edge approach. In addition, not being able to access the
existing data system in any way without access to the internet connection can also create a security weakness.
For example, in autonomous vehicles, it is not desirable to take risks when making a decision when the internet
connection is weak, so it is an important technology to be used especially for autonomous vehicles.

3.3. Bandwidth savings

Edge technology could help in saving bandwidth, reducing the requirement for data transfer. Therefore, the
devices become more energy-efficient as a result.

3.4. Enables automation

In a self-driving car, for example, there are countless different types of sensors that continuously measure the
speed of rotation of the tire and the vehicle position. Based on the gathered information from the sensors, the
driving computer can automatically decide how to steer, brake and use the throttle.

3.5. Reduces costs

Large-scale data processing and analysis in the cloud is considered as expensive. When analysing fixed data
streams or large amounts of historical data, a lot of capacity has to be purchased from a cloud service, likewise
GPU computing, whether a truly quick response is necessary. Sometimes this becomes so expensive that it
disrupts business state calculations and can break the system. Although edge Al requires native computing
power and good hardware, it still often offers the most cost-effective solution. When examined technically, the
decrease in required bandwidth also results in a decrease in the costs of contracted internet service which
contributes to cost savings (Paajanen, 2020).

4. Edge ai use cases

Although edge Al is a new field according to many technologies, there are studies in various fields because it
appeals to many fields. Many topics cover use cases for edge Al where processing data can be established
more efficiently on a local device than via the cloud. Yet, a few examples of typical use cases for edge Al are
autonomous vehicles and drones, facial recognition systems, and digital assistants.

Autonomous vehicles are one of the most suitable use cases for edge Al privacy (Yilmaz, 2022). Autonomous
vehicles must constantly scan the surrounding environment and assess the situation, adjusting to its trajectory
based on nearby events. Processing data in real-time is essential for these situations, and as a result, embedded
edge Al systems are responsible for data storage, processing, and analysis. Edge Al systems are essential to
bringing tier 3 and 4 (fully autonomous) vehicles to market.

Since autonomous drones are not controlled by human operators; for autonomous vehicles, the requirements
are remarkably similar. A drone’s loss of control or malfunction during flight could result in a crash and the
destruction of lives and property. Drones, on the other hand, can fly very far because they cannot be controlled
from within the range of an internet access point, so they must be capable of edge Al. It is predicted that edge
Al technology will be essential for providing services such as Amazon Prime Air that aim to deliver packages
by drone.

The use of edge Al in facial recognition systems is another instance. Computer vision algorithms are used in
facial recognition systems to examine data that are gathered by the camera. Apps for facial recognition that are
used for purposes like security must function consistently even when they are not connected to the cloud.

Another typical application for edge Al is digital assistants (Arisoy et al., 2016). Smartphones and other digital
devices should be able to use digital assistants like Google Assistant, Alexa, and Siri even when they are not
online. When data is processed locally, there is no need to transfer it to the cloud, reducing traffic and
preserving privacy.

The number of connected devices collecting data is constantly increasing in modern life. This requires more
storage and computational capacity to be brought to the edge and more use of artificial intelligence. Eurotech
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combines embedded and edge computers, computing power, and 0T components to enable edge Al. By
bringing this high-performance computing capability to the edge, Eurotech enables Al applications directly on
field devices. They can autonomously process data and perform machine learning(ML) in the field and apply
deep learning models and algorithms for advanced autonomous applications such as autonomous driving.
Machine learning is a trustworthy method of looking through a large dataset for undiscovered patterns
(Koohestani et al., 2019).

In addition to these, expectations from devices on Edge are increasing. The amount and quality of data are
increasing exponentially, and for some applications the need to process them autonomously becomes
imperative. An example of an edge Al application is the autonomous driving task, which relies on terabytes of
data from HD cameras, Radar, Lidar, and other high-speed sensors that need to be processed in short periods.
The capability of deep learning algorithms to perform edge training and inference directly on the vehicle is a
must-have for such applications in automotive and industrial environments (Eurotech, 2021).

Today, most of the autonomous vehicles, which have become very common especially in the defense industry,
need to process exceeding 50 GB of data per minute in real-time to evaluate driving decisions, and it is usually
not enough to transfer all of this data to another server due to its bandwidth capacity. This is particularly a
problem in herd intelligence systems. In addition, it creates a technical bottleneck problem in the management
of a large number of autonomous vehicles, where the decision mechanism is made from a single-center, or in
the creation of digital twins of these vehicles. For this reason, the use of edge Al technology is very appropriate
in systems that both allow the use of the cloud structure by reducing the burdens and need to increase the
processing capacity at the edges. Looking at ML-based autonomous system applications made from edges,
Liang et al. have used reinforcement learning to learn the vehicle networks dynamics to manage network
resources.

An internet of vehicles (loV) system called DeepCrash uses deep learning to detect and report collision events
so that urgent notifications could be sent. It indicates a 96% accuracy rate for collision detection and an
emergency notification delay of almost 7 seconds (Chang et al., 2019).

Considering a Tesla for its relationship to the cloud as a simple edge computing use case, situational awareness
is all that many of the car’s sensors and cameras are capable if they can react in near real-time to what they see
(other vehicles, trees, traffic). There is no time, delay, or bandwidth to transfer data back to a main public cloud
data center. The cloud should be moved aside instead. Therefore, Tesla is not only the latest model of vehicle
but also an edge computing node. Tesla's use of this edge Al technology to create and deploy the edge node is
just the beginning and more extensive work is expected (Orrin & Chehreh, 2020).

Real-time decision making is necessary for edge Al applications and industrial automation. Hence, in order to
be able to respond to urgent problems right away, data analytics must be established on the edge. With the
“Everyware Software Framework (ESF)”, Eurotech makes edge analytics and data management in field-
deployed loT gateways and computers easier. With the help of the 10T edge architecture, assets may be
digitally twinned and managed for sophisticated analytics and data management in a user-friendly and
straightforward environment (Tao et al., 2018).

Both hardware and software environments are offered by MediaTek to optimize edge Al performance. Special
APU(AI Processing Unit) is created to be more power efficient. With the APU, energy usage can be reduced
by up to 95% compared to CPU operation. Second, the task scheduling between CPU, GPU and APU is
managed by the heterogeneous runtime in the NeuroPilot software development kit (SDK). It also supports
current cutting-edge Al frameworks including NeuroPilot, NNabla and MXNet. Also it supports important
design tools like Tensorflow, Caffe that are trained using like these frameworks. Toolchains with model
translators in NeuroPilot, programmers can initiate Al implementation on devices (Figure 4). Finally, it offers
SDK and libraries to quickly connect PC-based prototyping to edge Al high performance (Lee et al., 2018).
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Figure 4. MediaTek neuropilot framework (Lee et al., 2018)

Xilinx has done extensive work over the past 3 years to create a complete end-to-end flow that permits
software, hardware developers, and data scientists to utilize the current machine learning ecosystem.
According to this approach, they have designed tools, including Caffe and TensorFlow, that enable customers
to directly parse the trained weights and model graphs saved from well-known machine learning frameworks.
Developed pruning, quantification tools, compiler, run-time, and productive programmable Internet Protocol
(IP) that allow networks to be deployed on a variety of platforms, however at the edge, or well-known cloud
and server architectures (Figure 5).

Frameworks Caffe ¥ TensorFlov
e
Software Q’Jfﬂii Edge Al Model Edge

Compiler Quantizer Runtime

Optimization

Hardware
Overlay (DSA)

Xilinx Edge Boards
Board Silicon

Figure 5. Xilinx edge ai framework structure (Xilinx, 2021)
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5. Edge ai in the defense industry

It is expected that the use of edge Al technology in the defense industry will become widespread, especially
with the security advantages it provides and increasing system efficiency. As an exemplary edge Al application
area in the aviation field, in swarm intelligence systems, it may be possible for each player to make their own
decisions regarding their flight planning, but also to give the maneuvers to be made according to the strategies
they will follow as a swarm. This could be ensured by the machine learning mechanism on the cloud, and in
this case edge, Al will be an intermediate step that can be used to switch to.
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We realized one of the best examples of the use of edge Al technology in the defense industry with the FIVE-
ML simulation system of HAVELSAN. HAVELSAN, which creates high-quality D-level simulators at global
standards, produces high-quality flight simulators, training complements, decision support and systems for war
games in many fields for both civil and military aviation. With the Forces in Virtual Environment (FIVE), one
of the simulators created by HAVELSAN, the behaviors of virtual land, air, and sea platforms, which can
establish defense and offensive objectives needed for tactical training of simulators of combat platforms, can
be modelled and therefore, the required tactical environments for simulators can be provided. The FIVE-ML
structure has been revealed as a result of the studies on making this autonomous rule-based software based on
learning artificial intelligence. Developed to make improvements in the rule-based structure and alleviate some
workloads in the system, this system has been developed to work closely with field experts, improve standard
and predictable performance, etc. offers advantages with its innovative artificial intelligence infrastructure. In
this study, the use of reinforcement learning was preferred, which helps to train multiple actors with a reward-
punishment system.

Learning what to do and how to match situations with actions to maximize a digital reward signal is called
reinforcement learning. To find out, the agent is not informed about the course of action but is rather asked to
identify actions that are the most rewarding. In this discovery process, almost every possibility is tried and the
most appropriate behavior is learned. But there is a very long and heavy processing load with too many
parameters in it. For example, we train a model with reinforcement learning on a simulation or the behavior of
a device. When we think that we are training this model in the cloud, there is a case of moving a lot of data to
the cloud from devices during the training of the model. In this case, the bandwidth problem arises. In addition,
as a result of printing all data to the cloud, information security vulnerability may occur in military simulations.
Generally, the principle of not removing military data from the working environment is followed. For this
reason, it is preferred not to be presented to the cloud environment, which is an environment open to many
attacks. However, in the case of using the cloud, it is necessary to take high-security measures or use a secure
cloud infrastructure developed specifically for that institution. In order to meet such requirements, each
institution needs to develop and secure its own cloud infrastructure. This can also be very costly to do. Instead,
edge Al technology can be used to create an environment that meets the desired standards with minimal
tradeoffs.

Many artificial intelligence modules can be run on edges, as well as reinforcement learning modules, many of
which may require expensive and high hardware with the training process.

Edge Al, which emerged with the reinforcement of artificial intelligence-based studies using edge technology,
is also used for FIVE-ML performed using reinforcement learning (Figure 6). Especially in the method used
in FIVE, while the players are being trained, the subsystems on the player, the number and types of
ammunition, etc. many parameters are used. While many parameters flow instantly to the system/model in
long-term training, it creates certain data traffic. In case the model is kept completely in the cloud, there is an
additional process of processing the data coming to the edge and transferring it to the cloud. As a result of
moving the machine learning system made in the cloud to the edge, the amount of data in the cloud is reduced.
The latency and reduction in network traffic caused by this transmission offer the advantages of moving
military projects and model data to the edge where data security can be more easily ensured.

Similarly, a safer and more efficient approach can be followed with the use of edge Al in terms of ensuring
data security and minimizing the bandwidth requirement of digital twins used in the military field. Similarly,
Tesla uses the edge principle to create a digital twin of each vehicle (Orrin & Chehreh, 2020).
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Figure 6. FIVE-ML edge ai structure
6. Discussions

Although edge computing is a one of the latest versions of technology, the world's giant software companies
continue their investments in this field without slowing down. Some important examples are Amazon and
Google. Thinking that taking the lead and investing in these technologies is the only way to stay competitive,
these companies also consider that increasing demand for 10T devices will encourage the use of 5G, Edge
computing, and edge Al technologies. Gartner highlighted technology providers that are improving and
accelerating the use of edge Al in its 2020 "Emerging technologies: Tech Innovators in Edge Al" report. The
report includes Atos as an edge Al Technology Innovator for his work in this field (Atos, 2020).

Edge Al will be more useful as a result of the rollout of 5G technology networks, which will result in faster
and very low latency mobile data transfer. The launch of 5G-based edge solutions from IBM and Red Hat will
help businesses more easily manage workloads across numerous devices from various vendors, aiming to serve
their customers quickly, providing the agility the telecommunications sector needs. Additionally, there will be
high potential to use edge Al technology in the image and video analysis, creating responses to audio-visual
stimuli or in-the-moment recognition of scenes and areas, for instance, on smartphones (Satyanarayanan &
Davies, 2019). Edge Al technology will also cut costs and increase security in terms of Industrial 10T (11oT).
Artificial intelligence will monitor machines for any possible glitches or mistakes in the production chain, and
their use will become widespread with digital twins.

The FIVE-ML simulation system is one of the exemplary projects where Edge Al technology is used,
especially in the field of defense. When we look at the edge levelling (See Figure 7 for details of levels) in the
study, it is seen that the works done in FIVE-ML, are at the level of 2. Predominantly, education is carried out
in a single-center, and partially at the edges. It will be in the direction of bringing this level to level 3-4 with
the improvement of the current system.
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Figure 7. Levels of edge intelligence (Zhou et al., 2019)

The focus of the study is on air to air and air to ground engagement scenarios with up to six virtual entities.
Three friendly and three hostile entities are featured in the scenarios (Figure 8). Two of the three friend entities
are under the control of RL-based behavior models. The current HAVELSAN rule-based behaviour rules law
the other entities. It can be seen that RL-based entities perform better than HAVELSAN rule-based entities in
the same starting position scenarios. These experiments also demonstrate that using supervised learning as an
initial point for RL significantly reduces training time and results in more realistic behavior models. The rule-
based HAVELSAN rules that are currently in use are used to train the supervised learning models.

Figure 8. A screenshot of air and ground platforms from FIVE-ML

The score values obtained from the air-ground scenario in the FIVE-ML study carried out using reinforcement
learning are shown in Fig. 9. The point values here are obtained from the calculation of the penalty and reward
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values obtained at the end of the section. For example, hitting an enemy target is a reward, while hitting friendly
forces is considered a punishment. FIVE-ML may open the way for decision support systems that can be
applied in the real-world operation environment. Totally 34% increase of the pointing the correct target is
gathered. It is also anticipated that it will be actively used as a military and strategic decision support system.

Point

600
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-600y

20h 20h 60h 20h 100h 120h 140n  1me

Figure 9. RL training score curve for air-to-ground scenario in FIVE-ML

The reinforcement machine learning technique was used in FIVE-ML. When evaluated according to the
transition levels to edge intelligence, it has been determined that the current work is at the 2nd level and there
is a 54% performance increase in terms of time with accuracy through edge Al. Reinforcement learning is a
technology that is likely to be used in decision support systems, which will gain even more importance in the
future, and in decision support systems where instant decision making and high performance are critical,
studies can be made to improve performance in instant transactions with edge Al.

The positive developments we have achieved in this study encourage us to take our work further. One of the
most important technologies to be used together with edge Al technology is digital twin technology. Digital
twins are digital versions of a real-world entity that can be used for a variety of purposes, such as simulating
the physical entity's behaviour, are typically located in the cloud and are protected in the cloud and facilitated
with information from devices or simulations in the field. Digital twins are used to understand and predict
former and current operations, utilizing machine learning techniques for failure prediction, condition
monitoring and anomaly detection. There are two ways to use reinforcement learning in digital twins. First,
reinforcement learning can be used as well as supervised learning to analyze data from digital twins and create
optimization recommendations for twin-owning entities or systems. As a second use, studies could be made to
use digital twins of assets trained using reinforcement learning.

In the past, edge devices were primarily used for data collection and basic calculations, while edge computing
offers advanced calculations and cloud-powered analytics at the edge that enable faster and local decision-
making. The new real-time Al applications will be possible once the digital twin is moved to the edge. Its
advantages are described under three main headings: low latency, closed-loop integration of analytics and local
control, and rapid development of the digital twin.

6.1. Lower latency
In some cases, round-trip delays to the cloud can become unacceptable. Applications that require sub-second

delays are possible with the digital twin executed on the Edges. For example, when danger is detected or
predicted by the digital twin analytics, device protection functions can be initiated instantly.
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6.2. Closed-loop integration of analytics and local control

The data and analytical values produced by the digital twin can orient local control. This helps enable proactive
control applications that result in autonomous operation. For example, a predicted critical anomaly can be
mitigated without human intervention.

7. Future studies

Using approaches such as online machine learning and real-time reinforcement learning in the data flow, the
digital twin is constantly self-learning and evolving. This is ensured by optimized system operation and devices
that adjust themselves to situations. For example, by learning and developing its digital twin at the edge, a
grid-connected power device can extract optimum operational or control parameters for maximum output
without affecting grid stability.

While the use of digital twins has many advantages, there are also business advantages to running digital twins
at the edge rather than the cloud.

e Provides lower cloud hosting costs. Normally it can be expensive to send all data to the cloud for storage
and analysis. Even sending a certain amount of data instead of all data helps to reduce costs on a large
scale.

o Data preprocessing reduces the volume of data transmitted to the cloud. Before the data is sent to the cloud,
it is necessary to make the data available in the cloud through various pre-processes. In digital twins,
multiple data flows from many sensor sources to the cloud. In addition, many data are related to each other
and are in communication. While this is the case with physical devices, the situation is similar for twins in
the digital environment. For this reason, the data should be sent in appropriate formats so that they can
work in harmony with each other. In addition, the use of edge technology reduces the amount of data
transferred to the cloud, resulting in a lower bandwidth requirement.

e Sensitive data does not need to be sent to the cloud. Sending all commercial or national confidential data
to the cloud by companies and even countries can cause problems in case of any attack. For this reason,
keeping critical data at the edges instead of being exposed to the cloud has an important place in facilitating
the protection of sensitive data.

e With increased durability, operations at the edges can be performed smoothly even when the digital twin
is disconnected.

Running edge Al applications and algorithms directly on field devices requires computational and processing
capacity, making it an effective use case for machine learning and deep learning. The volume of data gathered
by field assets is escalating rapidly. Edge Al applications are made possible by machine learning and deep
learning for better, real-time management of this data. As a result, edge nodes are created where data can be
stored, processed, and filtered before being sent to the cloud for additional processing, analysis and integration
with different applications.

The widespread use of edge Al technology helps to solve the problem of transferring large amounts of data in
digital twins from the physical asset to the digital twin of the asset, filtering certain data and partially printing
it into the cloud. With the widespread use of edge Al technology, it will be easier to implement systems using
digital twin technology. It is predicted that there will be an increase in studies conducted in direct proportion
to this.

8. Conclusion

Although edge Al technology is a new technology, its prevalence is increasing day by day and it is a technology
that many companies invest in. In addition, the most important factor that helps the spread of this technology
is that innovative and rising technologies such as 10T, 10T, digital twin, and 5G facilitate the application areas
and become widespread with these technologies. Therefore, it will be possible to see edge Al-based technology
applications in the future. It is expected to be used not only in the civil field but also in the military field due
to the cost, time, and security advantages it provides. It is aimed to take the edge Al technology level in the
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FIVE-ML simulation system further from its current situation in the future, so that it is planned to benefit from
the benefits offered by this technology such as gaining the cost advantage and increasing the security level at
a higher level. The advantages offered by digital twin technology are brilliant, but the disadvantages will be
eliminated with edge Al. Thus, the level of maturity of the technology will increase even more and the number
of applications in this field will increase.
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Oz

Bu ¢aligmada, bir fotovoltaik sistemin yapay sinir ag1 kullanilarak maksimum gii¢ noktas1 takibinin benzetimi yapilmistir.
Fotovoltaik sistemlere olan ilgi, fosil kaynaklarin yetersizligi ve enerjiye olan talebin yiikselmesi ile giderek artmaktadir.
Fotovoltaik sistem performansinin gevre kosullarina gore degismesi, sistem verimliligini diigiirmektedir. Bunun oniine
geemek, maksimum gii¢ noktasina ulagsmakla miimkiindiir. Sistemi maksimum gii¢ noktasinda galistirmaya yonelik birgok
teknik gelistirilmistir. Yapay zekanin yayginlagmasiyla, maksimum gii¢ noktasi tespitinde akilli sistemler kullanilmaya
baslanmistir. Akilli sistemlerden biri olan yapay sinir ag1, 6grenebilme, genelleme yapabilme ve karar verme kabiliyetine
sahiptir. Bu caligmada giris degiskenleri sicaklik ve 15inim olan bir yapay sinir agi ile maksimum gii¢ noktas1 tespit
edilmektedir. Sistemin benzetimi MATLAB/Simulink ortaminda gerceklestirilmistir. Levenberg-Marquardt
algoritmasinin kullanildig1 agin egitiminde, %701 egitim, %15°1 gegerlilik ve %15°1 test asamalarinda olmak iizere
toplam 1000 veri kullanilmigtir. Istnimin 1000W/m? den 200W/m?’ye belirli araliklarla azaltildig1 sistemde, fotovoltaik
panelin giicliniin 225.1W’dan 46.9W’a, yiikseltici konvertdr giiciiniin 220.9W’dan 45.75W’a kadar azaldig1 izlenmistir.
Sicakligin 25°C’den 45°C’ye belirli araliklarla arttirildig sistemde, fotovoltaik panel giiciiniin 225.1W’dan 194.6W’a,
yiikseltici konvertoriin giiciiniin 220.9W’dan 190.7W’a kadar azaldig1 goriilmiistiir. Sabit 1s1n1m (1000W/m?) ve sicaklik
(25°C) degerlerinde, sistem %98 ile en yiiksek verim degerine sahiptir. Sabit sicaklik ve farkli 1s1nim kosullarinda, sistem
verimi incelenmis, 1ginim degeri azaldikca sistem veriminin azaldigi goriilmistiir. Benzer olarak, sabit 1sinim ve farkli
sicaklik kosullar altinda, sicaklik artiginin sistem veriminin azalmasina neden oldugu belirlenmistir. Sonuglar, yapay sinir
ag1 tabanli maksimum gii¢ noktas1 izleme sistemine sahip fotovoltaik sistemin, degisen ¢evre kosullarinda maksimum
giic noktasini izledigini gostermektedir.

Anahtar kelimeler: Fotovoltaik, Giines enerjisi, Maksimum gii¢ noktasi, Yapay sinir ag1, Yenilenebilir enerji.

Abstract

In this study, a photovoltaic system is simulated for maximum power point tracking using an artificial neural network.
The interest in photovoltaic systems is increasing with inadequacy of fossil resources and rise in demand for energy. The
variation of photovoltaic system performance depending on environmental conditions reduces efficiency. It is possible to
prevent this by reaching maximum power point. Many techniques have been developed to operate system at maximum
power point. With the spread of artificial intelligence, smart systems have started to be used in determining maximum
power point. Artificial neural networks are intelligent systems that have the ability to learn, generalize and make
decisions. In this study, maximum power point is determined with an artificial neural network whose inputs are
temperature and radiation. The system was simulated in MATLAB/Simulink environment. A total of 1000 data were used
in training of network in which Levenberg-Marquardt algorithm was used, 70% in training, 15% in validation and 15%
in testing stages. It was observed that power of photovoltaic panel decreased from 225.1W to 46.9W, and power of boost
converter from 220.9W to 45.75W when radiation was reduced from 1000W/m? to 200W/m? at regular intervals. When
temperature was increased from 25°C to 45°C at regular intervals, it was determined that power of photovoltaic panel
decreases from 225.1W to 194.6W, and power of boost converter from 220.9W to 190.7W. At constant radiation
(1000W/m?) and temperature (25°C), system has the highest efficiency value of 98%. At constant temperature and
different radiation conditions, it was seen that efficiency decreased as radiation value decreased. Similarly, under
constant radiation and different temperature conditions, temperature increase caused a decrease in efficiency. The results
show that photovoltaic system with artificial neural network based maximum power point tracking reaches maximum
power point under changing environmental conditions.

Keywords: Photovoltaic, Solar energy, Maximum power point, Artificial neural network, Renewable energy.
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1. Giris
1. Introduction

Giliniimiizde giines enerjisi, glivenilir, gevre dostu, yaygin yenilenebilir enerji kaynaklarindan biri olarak kabul
gormektedir. Glines enerjisini elektrik enerjisine doniistiiren fotovoltaik (FV) sistemlerin kullanimi, artan
enerji talebi ile birlikte hizla artmaktadir. Bununla birlikte, FV sistemler diisiik verimlilik ve yiiksek maliyetten
muzdariptir. FV sistemlerin bulut, yagmur, kar, toz, nem gibi ¢evre sartlarina bagimli olmalar1 verimliliklerini
diistirmektedir (Berrera vd., 2009; Sreekanth & Raglend, 2012; Karag6zoglu & Duranay, 2021; Duranay vd.,
2021). Bu dezavantajin iistesinden gelmek i¢in, FV sistemler maksimum giic noktast (MGN) etrafinda
calistirtlarak iiretilen enerji maksimuma ¢ikarilmaktadir. Bu ise maksimum gii¢ noktas1 izleme (MGNI)
teknikleri ile miimkiin olmaktadir (Chy & Khaliluzzaman, 2015).

FV sistemler i¢in kullanilan birgok MGNI teknigi bulunmaktadir. Bu teknikler basitlik, dogruluk, zaman
cevabi, popiilerlik, maliyet ve diger teknik yonlerden farklilik géstermektedir. Degistir gozle teknigi (Liu vd.,
2014), tepe tirmanma teknigi (Bouakkaz vd., 2020), artimli iletkenlik algoritmas1 (Liu vd., 2008; Safari &
Mekhilef, 2010) gibi geleneksel yontemler kolaylik ve hiz sebebiyle yaygin kullanilmaktadir. Bu yontemlerin
dezavantaji, degisen hava kosullarinda MGN etrafindaki salinimin sistem verimini biiyiik 6l¢iide azaltmasidir
(Dadfar vd., 2019). Yani tam bir MGN izlemesi mevcut degildir.

Bu problemleri ¢ozebilmek amaciyla, MGN takibinde yapay sinir ag1 (YSA) (Joshi & Arora, 2017;
Seyedmahmoudian vd., 2016) ve bulantk mantik (Fathi & Parian, 2021) gibi yapay zeka teknikleri
kullanilmaktadir. Bu yontemler, degisen hava sartlarinda MGN’yi daha verimli izleyebilmektedir.

Literatiir ¢aligmalarma bakildiginda yapay sinir aglari ve geleneksel yontemler kullanilarak sistemin
maksimum gii¢ takibinde simiilasyon ¢aligmalar1 degerlendirilmistir (Makhloufi vd., 2014). Isinim degisiminin
sik yasandig1 durumlarda YSA’nin klasik yontemlere gore enerji kaybini en aza indirgeyerek sistem verimini
artirabilecegi goriilmiistiir.

Literatiirdeki bir ¢alismada, fotovoltaik sistem verimliginin artirtlmasi igin bulanik sinir ag1 yapisi kullanan
MGNI yéntemi gelistirilmistir (Gani, 2021). Belirtilen ¢alismada, incelenen simiilasyonlardan elde edilen
sonuclar artimsal iletkenlik ve gozle & degistir MGNI yontemleriyle karsilastirildiginda degisken 1smnim
kosullarinda MGN’de sapmalarin meydana gelmedigi gdzlemlenmistir.

Yapilan bir baska calismada, fotovoltaik sistemlerde kullanilan gesitli MGNI yéntemlerinin performans,
maliyet, izleme hizi, karmasiklik, dogruluk, avantaj ve dezavantajlari incelenerck bu yOntemler
simiflandirilmistir (Mao vd., 2020).

Sinirsel-bulanik denetim esasl iki dongiilii MGNI ve artimsal iletkenlik ydntem esash tek dongiilii MGNI nin
performanslari karsilastirilmistir (Gani vd., 2020). Degisken yiik ve giines 1ginimi altinda iki dongiilii benzetim
caligmalarinda takip sisteminin, tek dongiilii takip sistemine gore daha hizli oldugu ve daha az gii¢ kayiplarina
sebep oldugu gdriilmiistiir.

Glines 1s1nim1 ve sicaklik gibi cevresel faktorlerden etkilenen FV sistem ¢ikis karakteristigi, dogrusal degildir.
Y SA tekniginde, 151n1m ve sicaklik gibi bilgiler alinarak, degisen hava kosullarina gore YSA tarafindan sistem
egitilir. Bdylece MGNI amaciyla YSA kullanilarak, FV sistemin MGN’de ¢alismasi saglanmis olur.

Bu caligmada, Matlab/Simulink’te bir FV sistemin YSA kullanilarak MGN takibine yonelik benzetimi
gerceklestirilmistir. Materyal ve metot boliimiinde, ilk olarak MGNI konusu aciklandiktan sonra, sistemde
kullanilan DA-DA yiikseltici konvertér devresinden bahsedilmistir. Daha sonra YSA’nin olusturulmasi ve
egitilmesi asamalarina deginilmistir. Son olarak, Bulgular boliimiinde farkli ¢evresel kosullar ve yiik degerleri
icin elde edilen simiilasyon sonuglar1 verilmistir.

Calisma, Bulgular béliimiinde sunulan benzetim sonuglari ile YSA tabanli MGNI sistemine sahip bir FV
sistemin, degisen ¢evre kosullarinda MGN’yi izledigini acgik bir sekilde gostermektedir. YSA kullanilarak
olusturulan MGN izleyicisinin, degisken yiik ve gilines 1sinimi altinda sistemin maksimum giiciinii elde ettigi
ve salmimlar1 azalttig1 goriilmektedir.
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2. Materyal ve metot
2. Material and method

2.1. Maksimum gii¢ noktasi izleme
2.1. Maximum power point tracking

FV sistemlerde modiil i¢in en verimli ¢aligma noktast MGN olarak adlandirilmaktadir. MGN’da ¢alisma
durumunda, panelden elde edilen verim de maksimum olmaktadir.

Bir FV sistemin ¢ikis karakteristigi Sekil 1’de goriildiigii gibi dogrusal degildir (Duranay & Guldemir, 2021).
FV panellerin maksimum gii¢ noktasi, FV gii¢ liretim sistemlerinin verimliliklerini diigtirmektedir. Maksimum
giic noktas1 ¢evresel kosullara bagl olarak degistiginden, yiikiin talep ettigi giicli saglamak igin, FV
sistemlerde modiiller seri ya da paralel baglanarak panelleri olusturmaktadir ve panellerde birlestirilerek diziler
tasarlanmaktadir. Bu durum, FV sistemin maliyetini artirmaktadir ve 6nemli miktarda enerji kayiplarina neden

olmaktadir.

P4 MGN

IDMGN

Giig

\
<

Gerilim Vimen Vo

Sekil 1. FV sistem gii¢ karakteristigi
Figure 1. PV system power characteristic

Hem bu olumsuzlugu gidermek hem de sistem ¢ikisinda yiiksek verim almak igin, FV panel maksimum gii¢
noktasinda ¢aligtirilmalidir. Belirli sartlar altinda FV sistemden maksimum gii¢ elde etmeyi saglayan ve sarj
kontrol cihazlarma dahil edilen algoritmalar ile sistem maksimum gii¢ noktasinda ¢alistirilabilmektedir. Bu
amagla MGNI yontemleri kullanmilmaktadir. MGNI yontemi, FV sistemin gerilim ve akimimi izleyerek ¢ikis
giiciinii kontrol etmek amaciyla kullanilmaktadir (K6se, 2018; Kurak vd., 2016; Duranay & Guldemir, 2019).

Sistemi kendi MGN’sinde ¢alistirmak igin bir MGNI algoritmasinin kullanilmasi gerekir. MGNI i¢in gozle ve
diizelt (Liu vd., 2014), tepe tirmanma teknikleri (\Wasynezuk, 1983; Hsiao & Chen, 2002), kesirli yontemler,
acik devre gerilimi ve kisa devre akimi (Kobayashi vd., 2004; Hart vd., 1984), bulanik mantik tabanli (Fathi
& Parian, 2021; Duranay & Guldemir, 2021) ve NN tabanli yontemler (Divyasharon vd., 2019; Elaissaoui vd.,
2020) gibi farkli yaklagimlar geligtirilmistir.

Bu calismada YSA kullanan bir FV sistem icin MGNI simiilasyon ¢alismas1 yapilmstir. Sekil 2°de gdsterilen
sistem bir FV panel, bir DA-DA yiikseltici konvertor, bir kontrol tinitesi ve bir rezistif yiikten olusmaktadir.
Egitilmis YSA, her bir sicaklik ve giines 1s1n degeri i¢in, uygun yiikseltici konvertdr gérev dongiisiine karsilik
gelen MGN’yi belirlemektedir.

735



Karagozoglu ve Duranay 2023 / Cilt:13 « Say::3 « Sayfa: 733-749

Fotovoltaik panel
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Sekil 2. YSA tabanli FV sistemin blok semasi
Figure 2. Block diagram of ANN based PV system

2.2. DA-DA yiikseltici konvertor
2.2. DC-DC boost convertor

Yiikseltici konvertdr, DA gerilimi yiikselterek, gerekli olan DA gerilimi elde etmek amaciyla kullanilan bir
giic elektronigi devresidir (Duranay & Guldemir, 2020). Sekil 3’de gosterilen DA-DA yiikseltici konvertor
devresi indiiktor, kondansator, diyot ve IGBT icermektedir. Yiikseltici konvertdr, FV uygulamalari i¢in panel
gerilimini uygun seviyeye ylikseltmek icin kullanilir. Ayrica konvertor, FV panelden maksimum gii¢ ¢ekmek
icin kontrollii bir yiik olarak diisiiniilebilir ve gii¢ elektronigi anahtarinin gérev dongiisii D’yi degistirerek, giris
kaynagindan yiike enerji transferini modiile etmek i¢in kullanilir.

L Divot i

Sekil 3. Yiikseltici konvertér devre semasi
Figure 3. Boost convertor circuit diagram

Yiikseltici konvertoriin Vs giris gerilimi ile Vo ¢ikig gerilimi arasindaki iligki Denklem 1°de verilmigtir
(Duranay & Guldemir, 2020)

s=5 @)

Vo 1-D

Yiikseltici konvertor devresi, yar1 iletken gii¢ anahtarinin iletime ve kesime gotiiriilmesine gore ¢alismaktadir.
Anabhtar iletime gotiiriildigiinde, indiiktor icinden gecen akim artmakta ve iizerinde enerji depolanmaya
baglanmaktadir. Anahtar kesime gdtiiriildiigiinde ise, indiiktor icinden ge¢cmekte olan sarj akimi diyot
iizerinden kondansator ve yiike dogru akmaya baglamaktadir. Boylece, indiiktor, enerjisini desarj eder ve
indiiktor tizerindeki gerilimin polaritesinin yonii gerilim kaynaginin polaritesi ile ayn1 olur ve diyot tizerinden
yiike baglanir. Boylece ¢ikis geriliminin seviyesi yiikseltilmis olur.

Denklem 2’de giris gerilimin gérev dongiisiine bagl olarak gosterimi verilmistir. Denklem 3 ve Denklem 4’te
sirasiyla indiiktor ve kondansator degerlerinin degisimi gésterilmektedir (Duranay & Guldemir, 2020)
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Vo = 1-D )
vsD.

o fsAlL (3)
DPy,

¢> fsVoAV, (4)

Burada D gorev dongiisi, fs anahtar frekansi, Al indiiktor akim dalgalanmasi, Po ¢ikis giicii, AV, ise ¢ikis
gerilim dalgalanmasini ifade etmektedir.

2.3. Yapay sinir aginin olusturulmasi
2.3. Implementation of artificial neural network

YSA insan beyninin 6grenme ve karar verme fonksiyonlarindan esinlenerek olusturulmus uyarlanabilir
sistemlerdir. YSA’larin Ogrenebilme ve genelleme yapabilmeleri onlarin esnek ve giiglii olmalarini
saglamaktadir. Bu sayede karar verme noktasinda vazgecilmez araclar olmaktadirlar. YSA’lar 6grenebilme,
uyarlanabilme ve genelleme 6zelliklerine sahiptir (Oztemel, 2003). Bunun yan1 sira ¢ok girisli, ¢ok cikish
sistemlere de uygulanabilmektedir. Bu sebeple denetim sistemlerinde tercih edilmektedir. YSA ¢ok sayida
basit islemciden olusmaktadir ve baglanti agirliklar1 ayarlanabilmektedir. Bu 6zelliginden dolayr YSA’lar
esnek bir yapiya sahiptir. YSA’da agirliklar; problemdeki degisikliklere gore ayarlanabilmektedir. Problemi
cozebilmek i¢in egitilen bir YSA, problemdeki degisime gore tekrar egitilebilmektedir.

Yapay noronlar, dogal néronlarin isleyisini simiile etmektedir (Hassan, 2020). Yapay noronlar aralarinda
baglant1 olusturularak ve katmanlar halinde gruplandirilarak YSA olusturulur. YSA birbirine baglh bir grup
yapay ndrondan olusur. Noronlarin ayni dogrultuda bir araya gelmeleriyle katmanlar olusur. Sekil 4’te
gosterildigi gibi bir YSA ii¢ katmandan olusmaktadir. Giris katmani, ara/gizli katman ve ¢ikis katmani.

Girig Gizli Katman Cikig
Katmani Katman
Sicakh T
b3

bl Vmen

-]

h2

Sekil 4. YSA yapis1
Figure 4. ANN structure

Girig katmani digsardan girisleri alan noronlar1 icermektedir (Jyothy Lakshmi & Sindlu, 2018; Ibrahim vd.,
2019). Cikis katmani nihai YSA ¢iktisini iireten katmandir. Gizli katman, giris katmanindan ¢ikis katmanina
YSA ara hesaplamalarin1 gergeklestirir. Giris ve c¢ikis katmanlarindaki ndron sayisi, giris ve ¢ikis
problemlerinin sayisina baglidir. Gizli katmandaki ndron sayisi ise gerekli dogruluk ve hesaplama siiresine
baghdir.

2.4. Yapay sinir ag1 egitimi
2.4. Artificial Neural Network Training

Bu calismada, MATLAB programi igerisindeki YSA’nin uygulamalarini bulunduran Neural Network
Toolbox’tan yararlanilmigtir. Bu ¢alismada MGN’yi izleyebilmek i¢in bir YSA yapisi kullanilmistir. Sekil 5°te
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gosterilen bir {i¢ katmanli YSA, MGN’ye ulagmak i¢in kullanilmistir. YSA’nin iki giris degiskeni sicaklik (S)

ve 1s1mm (1), ¢cikis degiskeni ise MGN gerilimi (Vmgn)’dir.
Gizli

Katman

Girig
Katmam

Sicaklk —l.

Cikig
Katmam

— Vmgn

Isimim

Sekil 5. Sinir ag1 yapisi
Figure 5. Neural network structure

Sinir agim egitmek i¢in giris ve ¢ikis degiskenleri olarak bazi verilere ihtiyag duyulmaktadir. MATLAB’da
FV model programlamasi ile istenilen veri degerleri elde edilmistir. YSA basarisi olciiliirken regresyon
katsayis1 (R?) ve ortalama kare hata (MSE) dikkate almmustir.

MSE bir regresyon egrisinin bir dizi noktaya mesafesinin ne kadar oldugunu gostermektedir. Yani MSE ile
6grenme modelinin performansi 6l¢iilmektedir. Bu deger siirekli pozitiftir ve sifira yaklastikca performans
daha iyi gelisim gostermektedir.

Bu yontem hatalarin ortalamasini 6lcen siirekli degiskenlerde yaygindir. MSE Denklem 5°te gdsterilmistir
(Glindogdu & Celikel, 2020).

Zi_l(yp'i‘Yi)z
MSE = = (5)

Iki ya da daha fazla nicel degisken arasindaki iliskiyi 6lgmek i¢in kullanilan analiz ydntemine regresyon analizi
denir. Analiz isleminde tek degisken varsa tek degiskenli regresyon, birden fazla degisken kullaniliyorsa ¢cok
degiskenli regresyon analizi olarak adlandirilmaktadir. Denklem 6’da regresyon katsayisinin formiilii
gosterilmistir.

2 _ Zinzl(}’p,i_Yi)z
> Oma)’

Burada n 6rnekleme boyutu, yp, tahmini deger, ym 6l¢iilen deger, yi 6rneklenmis veri degeridir.

R (6)

YSA egitimi icin gereken veri degerleri Matlab’da olusturulmustur. Matlab’da FV sistemler i¢in kullanilan
arayiizden faydalanarak, giris degiskenleri i¢cin 1000 tane farkli sicaklik ve 1ginim degerine karsilik MGN
gerilimi tiretilerek, YSA egitimi i¢in gerekli veriler elde edilmistir. Bu degerler iiretilirken, sicaklik 15-35 °C
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degerleri arasinda degistirilmis, 151n1m ise 0-1000 degerleri arasinda rastgele olusturulmustur. Ornek veri setine
ait degerler Tablo 1’de gosterilmistir.

Tablo 1. Ornek veri seti
Table 1. Sample date set

Istmm (W/m?) Sicaklik (°C) Maksimum gii¢ gerilimi (W)
905 31 28.377
913 17 33.452
97 27 29.723
546 20 32.334
964 34 27.323
970 18 33.226
485 34 27.326
141 31 28.483
915 23 31.277
959 30 28.543

YSA egitimi i¢in 1000 veri kullanilmigtir. Bu 1000 tane verinin %701 (700) egitim asamasi i¢in, %151 (150)
gecerlilik agamasi i¢in ve %15°1 (150) test asamasi i¢in kullanilmigtir. Bu uygulamada Levenberg-Marquardt
(LM), Bayesian Regularization (BR), Scaled Conjugate Gradient (SCG) algoritmalar1 kullanilarak ag egitimi
yapilmistir. Daha sonra bu algoritmalarin tahmin sonuglar1 karsilastirilmigtir. Algoritmalarin karsilastirilmasi
sonucunda LM algoritmasmin en diisilk ortalama kare hatayi buldugu ve maksimum basariy1 sagladigi
gozlemlenmistir. Ayrica LM algoritmasinin digerlerinden hizli oldugu belirlenmistir. Ag egitimi
tamamlandiktan sonra regresyon egrileri incelenmistir. Sekil 6’da goriildiigii gibi LM algoritmasinin test
asamasindaki MSE degeri 2.0197¢-10 olarak bulunmustur.

4\ Neural Fitting (nftool) - O X
Train Network
Train the network to fit the inputs and targets.
Train Network Results
Choose a training algorithme & Samples (= msE # R
Levenberg-Marquardt ~ W Training: 700 1.88121e-10 9.99999%¢-1
W Validation: 150 1.93860e-10 0.99999¢-1

This algorithm typically requires more memeary but less time. Training .
automatically stops when generalization stops improving, as indicated by W Testing: 150 2.01974e-10 9.9999%-1
an increase in the mean square error of the validation samples.

Train using Levenberg-Marquardt, (trainlm Plot Fit Plot Error Histogram
\'-_\J Retrain Plot Regression
Notes
o Training multiple times will generate different results due Mean Squared Error is the average squared difference
to different initial conditions and sampling. [5) between outputs and targets. Lower values are better. Zero

MEans No error.

Regression R Values measure the correlation between
[#] outputs and targets. An R value of 1 means a close
relationship, 0 a random relationship.

Sekil 6. LM algoritmasinin kullanilmasi
Figure 6. Using the LM algorithm

Sinir agmin egitimi i¢cin Matlab nntool ara yiizii kullanilmistir. Sekil 7°de sistemde kullanilan YSA modeli
goriilmektedir. Sinir ag1 modelinde gizli katman aktivasyon fonksiyonu tan-sigmoid fonksiyonu ve ¢ikis
katmani aktivasyon fonksiyon dogrusal fonksiyon olarak belirlenmistir. Gizli katman ndron sayis1 deneme
yanilma yontemi ile hesaplanmistir ve 10 olarak seg¢ilmistir. YSA’nin performansi ortalama kare hata goz
Oniinde bulundurularak secilmistir.
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Hidden Layer

OQutput Layer

Sekil 7. YSA modeli

Figure 7. The ANN model

Sekil 8’de verilen LM algoritmasina ait regresyon analiz sonuglarina bakildiginda modelin tiim durumlarinda
R=1 degeri ile oldukga iyi sonug verdigi goriilmektedir.

Training: R=1 Validation: R=1
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Sekil 8. Regresyon egrileri
Figure 8. Regression curves
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Sekil 9°da YSA nin egitim performans: gosterilmistir. YSA’nin egitim performansinda ortalama kare hata
degerinin iterasyon sayisi arttikca, azaldig goriilmektedir. Iyi egitilmis bir YSA’da ortalama kare hatanin ¢ok

diisiik olmas1 gerekmektedir.

4 Neural Network Training Performance (plotperform), Epoch 1000, Maxim.. — [0 X

File Edit View Inset Tools Desktop Window Help ¥

Mean Squared Error (mse)

5 Best Validation Performance is 1.6518e-09 at epoch 1000
o

Train
Validation
—Tesl

o Best

0 100 200 300 400
1000 Epochs

500

600 700 800 900 1000

Sekil 9. Sinir agimin egitim performansi

Figure 9. Training performance of neural network
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Ag egitimi tamamlandiktan sonra matlab simulinkte FV sistem tasarimi yapilmistir. Simulinkte kullanilan FV
panelin ozellikleri Tablo 2°de, tasarlanan sistemde kullanilan elemanlarin degerleri ise Tablo 3’de
gosterilmistir.

Tablo 2. FV panel 6zellikleri
Table 2. PV panel specifications

Parametre Deger
Paralel dizi sayis1 1
Dizi basina seri baghi modiil sayisi 1
Maksimum gii¢ degeri 250.205 W
Agik devre gerilimi-Voc 37.3V
Kisa devre akimi-lsc 8.66 A
Modiil bagina hiicre sayis1 60
Maksimum gii¢ noktasi gerilimi-Vmp 30.7V
Maksimum gii¢ noktas1 akimi-lmp 8.15A
Voc’nin sicaklik katsayisi -0.36901
Isc’nin sicaklik katsayisi 0.086998

Tablo 3. Sistemde kullanilan elemanlarin degerleri
Table 3. The values of the elements used in the system

Parametre Deger
Kondansator 470 uF
Kondansator 1200 pF

Indiiktans 2.5 mH

Direng 20 Q
Frekans 5 kHz

Tasarlanan sistemin MATLAB/Simulink Modeli Sekil 10°da gosterilmistir.

tgirim

jb ¥SA

=@ e ¥SA

Sicaklk [
»

Discrate

1e-06 5. Konitrol Blogu

{:zc Eﬁlr— C'-{ Ré 42}

Sicakiik

F\ Panal Yikseltici Konvertér

Sekil 10. YSA tabanlt MGNI simulink modeli
Figure 10. ANN based MPPT simulink model

3.Bulgular
3. Results

Bu calismada farkli sicaklik, 1smmim ve yiik degerleri i¢in Simulink/MATLAB’da simiilasyon sonuglari
degerlendirilmisgtir.

Isinim degerinin 1000 W/m?, sicaklik degerinin 25°C ve direng degerinin 20Q olarak belirlendigi durumda FV
panelin gii¢ ¢ikis1 Sekil 11 (a)’da gosterilmektedir. Bu durumda ¢ikis giicii 225.1W olarak elde edilmistir. Ayni1
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durum ig¢in, yiikseltici konvertoriin gii¢ ¢ikisi, ¢ikig gerilimi ve ¢ikig akimi ise sirasiyla Sekil 11 (b), (c) ve
(d)’de verildigi gibidir. Tablo 4’te fotovoltaik panel ¢ikis giicii, ylikseltici konvertoriin ¢ikis giicii, ¢ikis gerilimi

ve ¢ikis akim degerleri verilmektedir.

Tablo 4. Sabit 1sinim ve sicaklik i¢in FV panel ve yiikseltici konvertor ¢ikis degerleri
Table 4. PV panel and boost converter output values for constant radiation and temperature

Parametre Deger
Fotovoltaik panel ¢ikis giicii 225.1W
Yiikseltici konvertor ¢ikis giicli 2209W
Yiikseltici konvertor ¢ikis gerilimi 66.47V
Yiikseltici konvetor ¢ikis akimi 3.323A
@ o ® Po
=0 -
20
20
15
g 150 H
z 3 100
3 m 9
- 50
A
] .
SE 0l aE 2 15 & 18 0 A8 M 0 005 01 015 02 025 03 035 04 045 05
Zamanls) Zamans)
© Vo (@ o
o — f ] 35— -
B 3
5:! 1 25 ] ] 4 1 1 ] ] ] +
>
-.E.- .‘:.:I g 2 4 4 ' 4 i 4 4 4 I
= E - . I
t k1] i 15
I q
» 1 N S I N S N S
. 05 ! ! ! | i | I ! ]
0 OBE B OF & 0% M 05 0 U6 A5 0 @6 M M5 02 0% 03 05 04 045 QS
Zamanis) Zaman(s]

Sekil 11. Isinim degerinin 1000W/m?, sicaklik degerinin 25°C ve direng degerinin 20Q oldugu durum
icin (a) FV panel gii¢ ¢ikisi, yiikseltici konvertoriin (b) gii¢ ¢ikisi (c) ¢ikis gerilimi ve (d) ¢ikis akimi.

Figure 11. For the case where the irradiance value is 1000W/m?, the temperature value is 25°C and the
resistance value is 2092 (a) PV panel power output, (b) power output (c) output voltage and (d) output

current of the boost converter.

Sekil 11°deki gii¢ degerleri baz alinarak ve Denklem 7 kullanilarak sistem verimi %98 olarak hesaplanmustir.

P .—Pm. NN
T]% =1— ax ax

Pmax

()

742



Karagozoglu ve Duranay 2023 / Cilt:13 « Say::3 « Sayfa: 733-749

Isinim degerlerinin sirastyla 1000-800-600-400-200 W/m?, sicaklik degerinin 25°C ve direng degerinin 20Q
olarak belirlendigi durumda FV panelin gii¢ ¢ikis1 Sekil 12 (a)’da gosterilmektedir. Isinim degeri azaldikca
panel giiciide azalmaktadir. Ayni1 durum i¢in, yiikseltici konvertoriin gii¢ ¢ikisi, ¢ikis gerilimi ve ¢ikig akimi
ise swrastyla Sekil 12 (b), (c) ve (d)’de gosterilmektedir. Sekil 12 (b)’de goriildiigii gibi 1s1mim degerleri belirli
bir siire zarfinda azaltildiginda ¢ikis giiciinde azalma goriilmektedir. Cilinkii 1s1n1im degeri azaldikca yiikseltici
konvertoriin Sekil 12 (¢) ve (d)’de goriildiigli gibi gerilim ve akim degerleri de azalmaktadir. Akim degerleri
1sinimin azalmasina paralel olarak azalmaktadir.

@ Pev

Glg(W)

0 on2 a3 M 0§ £ 0 i
Zaman(s) Tamanls)

© Vo

Gerilimi{Vv)
Alimnila)

0 02 Q3 04 05 06 AF 08 Q8 061 @2 03 o4 a5 @F Q7 08 09

Taman|s| Zaman(s)

Sekil 12. Ismnim degerlerinin sirastyla 1000-800-600-200 W/m?, sicaklik degerinin 25°C ve direng
degerinin 20Q oldugu durum i¢in (a) FV panel gii¢ ¢ikisi, yiikseltici konvertoriin (b) gii¢ ¢ikisi (c)
cikis gerilimi ve (d) ¢ikis akimu.

Figure 12. For the case where the irradiance values are respectively 1000-800-600-200 W/m?, the
temperature value is 25°C and the resistance value is 20Q (a) PV panel power output, (b) power
output (c) output voltage and (d) output current of the boost converter.

Tablo 5’te FV panel ¢ikis giicii, yiikseltici konvertoriin ¢ikis giicli, ¢ikis gerilimi ve ¢ikis akim degerleri
listelenmektedir.

Tablo 5. Degisken 1s1ma durumu i¢in FV panel ve yiikseltici konvertor ¢ikis degerleri
Table 5. PV panel and boost converter output values for variable radiation

Parametre 1000 800 600 400 200

FV panel ¢ikis giicti 225.1 199.1 150.6 99.25W 46.98W
Yiikseltici konvertor ¢ikis 220.9 195.5 146.9 95.96 W 4575 W
Yiikseltici konvertor ¢ikis 66.47 62.53 542V 4381V 30.25V
Yiikseltici konvertor ¢ikis 3.323 3.126 2.71A 219 A 1513 A
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Ayrica, Denklem 7 kullanilarak, farkli 1stma durumlar igin hesaplanan verim degerleri, Tablo 6’da

goriilmektedir.

Tablo 6. Farkli 1stma durumlari igin verim degerleri
Table 6. Efficiencies for different radiantion values

Istma degeri (W/m?) Verim
200 97
400 96
600 97
800 98
1000 98

Isnim degerlerinin 1000W/m?, sicaklik degerlerinin sirastyla 25-30-35-40-45°C ve direng degerinin 20Q
olarak belirlendigi durumda FV panelin gii¢ ¢ikis1 Sekil 13’te gosterilmektedir. Sicaklik artisina bagl olarak
panel gii¢ ¢ikis1 azalmaktadir. Ayni1 durum i¢in, yiikseltici konvertoriin gii¢ ¢ikisi, ¢cikis akimi ve ¢ikis gerilimi
ise sirastyla Sekil 13 (b), (¢) ve (d)’de gosterilmektedir.

Tablo 7’de 15tn1m degerinin 1000W/m? ve sicaklik degerlerinin ise degisken oldugu durum igin FV panel ¢ikis
giicii, yiikseltici konvertoriin ¢ikis giicii, ¢cikis gerilimi ve ¢ikis akim degerleri verilmistir.

Tablo 7. Farkli sicaklik degerleri igin FV panel ve yiikseltici konvertor ¢ikis degerleri
Table 7. PV panel and boost converter output values for different temperature values

Parametre 25°C 30°C 35°C 40°C 45°C
FV panel cikis giicii 225.1W 217.4W 209.7W 202.1W 194.6W
Yiikseltici konvertor cikis 220.9W 213.3W 205.7W 198.1W 190.7W
Yiikseltici konvertor giki 66.47V 65.31V 64.14V 62.95V 61.76V
Yiikseltici konvertdr ¢ikis 3.323A 3.265A 3.207A 3.148A 3.088A

Sicaklik degerinin artmasi panel ¢ikis giiclinii azaltmaktadir. Ayrica sicalik arttikga konvertor ¢ikis gerilimi ve
cikis akimi da azalmaktadir. Buna bagl olarak, yiikseltici konvertoriin ¢ikis giicli de azalmaktadir. Ayrica,
Denklem 7 kullanilarak, farkli sicaklik durumlari i¢in hesaplanan verim degerleri, Tablo 8 ile verilmektedir.

Tablo 8. Farkli sicaklik durumlart igin verim degerleri
Table 8. Efficiencies for different temperature values

Sicaklik degeri (°C) Verim
25 98
30 98
35 97
40 96
45 97
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Sekil 13. Istnim degerinin 1000W/m?, sicaklik degerlerinin sirasiyla 25-30-35-40-45°C ve direng
degerinin 20Q oldugu durum icin (a) FV panel gii¢ cikisi, yiikseltici konvertoriin (b) gii¢ ¢ikist (c)
cikis gerilimi ve (d) ¢ikis akimu.

Figure 13. For the case where the irradiance value is 1000W/m?, the temperature values are 25-30-
35-40-45°C and the resistance value is 202 (a) PV panel power output, (b) power output (c) output
voltage and (d) output current of the boost converter.

Sekil 13 (a) incelendiginde, belirli araliklarla sicaklik degeri arttirildik¢a ¢ikis giiclinde azalma goriilmektedir.
Cikis gerilimi ve ¢ikis akimi azalmaktadir. Ciinkii sicaklik degeri arttirildikca yiikseltici konvertoriin Sekil 13
(c) ve (d)’de goriildiigii gibi gerilim ve akim degerleri de azalmaktadir.

Isimim degerinin 1000W/m?, sicaklik degerlerinin 25°C ve direng degerinin 50Q olarak belirlendigi durumda
FV panelin gii¢ ¢ikist Sekil 14 (a)’da gosterilmektedir. Bu durumda FV panel gii¢ ¢ikist 107W olarak elde
edilmistir. Ayn1 durum igin, yiikseltici konvertoriin gii¢ ¢ikisi, ¢ikis gerilimi ve ¢ikig akimi Sekil 14 (b), (c) ve
(d)’de gosterilmektedir.

Tablo 9’da 50Q yiik i¢in FV panel ¢ikis giicii, yiikseltici konvertoriin ¢ikig giicii, ¢ikig gerilimi ve ¢ikig akim
degerleri verilmistir.

Tablo 9. 50Q yiik i¢in FV panel ve yiikseltici konvertor ¢ikis degerleri
Table 9. Photovoltaic panel and boost converter output values for 50Q2 load

Parametre Deger

Fotovoltaik panel ¢ikis giicii 107.8 W
Yiikseltici konvertor ¢ikis giicti 103.2W
Yikseltici konvertor ¢ikis gerilimi 71.82V
Yiikseltici konvetor ¢ikis akimi 1436 A
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Sistemdeki yiikiin artisina bagli olarak konvertor ¢ikisindaki gerilim ve akim azalmaktadir. Buna bagl olarak
konvertor ¢ikigindaki giic degeri de azalmaktadir. Bu durum i¢in verim degeri n%=95 hesaplanmuistir.

Sekil 14 (c)’de goriildiigii gibi ¢ikis gerilimi, artan yiik ile ve ¢ikis giic ve ¢ikis akimindaki azalmaya bagl
olarak azalmaktadir. Bu durumda, yiikseltici konvertoriin ¢ikig giicii 103W, cikis gerilimi 71.8V, ¢ikis akimi
ise 1.43A olarak elde edilmistir.
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Sekil 14. Isinim degerinin 1000W/m? sicaklik degerinin 25°C ve diren¢ degerinin 50Q oldugu durum
icin (a) FV panel gii¢ ¢ikisi, ylikseltici konvertoriin (b) gii¢ ¢cikist (c) ¢ikis gerilimi ve (d) ¢ikis akima.
Figure 14. For the case where the irradiance value is 1000W/m?, the temperature value is 25°C and the
resistance value is 50Q (a) PV panel power output, (b) power output (c) output voltage and (d) output
current of the boost converter.

4. Tartisma ve sonuclar
4. Discussion and conclusions

Yenilenebilir enerji kaynaklarindan biri olan giines enerjisinden elektrik enerjisi elde etmek amaciyla FV
sistemlerin kullanimi giin gectikce yayginlasmaktadir. Fakat bu sistemler sicaklik, 1sin1m, riizgar, hava kirliligi
vb. bir¢ok faktorden etkilenmektedir. Degisen faktorlere bagli olarak FV sistemin ¢ikis giiclinde de degisim
meydana gelmektedir. Bu degisimler sirasinda MGN’yi bulmak 6nemli bir sorun olusturmustur. Ciinkii
sistemin MGN’de ¢alistirilmasi verimi biiyiik 6l¢iide etkilemektedir. Bu yiizden FV sistemler verimliliklerinin
artirtlmast icin MGN etrafinda ¢alistirilmalidir. MGN’nin kontrolii i¢in birgok algoritma kullanilmaktadir. Bu
algoritmalarda giris degiskeni olarak acik devre gerilimi, kisa devre akimi, 1s1nim siddeti, riizgar hizi, modiiliin
sicaklign gibi faktorler kullanilabilmektedir. Ayrica bu MGNI yontemleri karmasiklik, maliyet, kararlilik
durumu, yakinsama vb. bir¢ok acidan farkli 6zelliklere sahiptir.
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MGNI algoritmalarmin kullanilmas1 sistem verimini etkileyen en &nemli unsurdur. Bu nedenle sistemin
tasarim asamasinda kullanilacak MGNI algoritmas1 énem kazanmaktadir. Esit dagilimli 1s1ma kosullarinda
geleneksel yontemlerin verimleri yiiksektir. Ancak farkli 1sinim kosullarinda bu yontemler diisiik yakinsama
hizina sahiptir ve dinamik cevaplar1 yavastir. Akilli yontemler, matematiksel hesaplamalara bagimli olmadan
sistemi daha basit yapmaktadir. Ayrica verilerin depolanabilip, algilanabilmesiyle izleme hizlar artmaktadir.
Bu yontemler kismi golgelenme kosullarinda MGNyi izlemek i¢in uygun tekniklerdendir.

Bu calismada, akilli MGNI yontemlerinden biri olan, YSA kullanilarak bir FV sistem MGN etrafinda
calistirilmis ve maksimum gii¢ elde edilmistir. YSA’nin egitimi i¢in gerekli olan veriler Matlab programindan
elde edilmistir. 1000 farkli 1simim ve sicaklik degeri i¢in elde edilen Vmgn degerleri YSA egitiminde
kullanilmistir. Bu uygulamada egitim i¢in verilerin %70’1 egitim asamasi, %15’1 gecerlilik agamasi ve %151
test asamast i¢in kullanmilmistir. Bu egitimde LM, BR ve SCG algoritmalarinin tahmin performanslar
karsilastirilarak degerlendirilmistir.

YSA olusturulurken gizli katman néron sayisi deneme-yanilma yontemiyle belirlenmis ve performansin
yiiksek oldugu YSA modeli secilmistir. YSA i¢in 6grenme algoritmasi belirlenirken ortalama kare hatas1 géz
oniinde bulundurulmustur. Literatiirdeki ¢alismalarda kullanilan geleneksel MGNI teknikleri ile YSA tabanl
MGNI teknigi karsilastirildiginda, 1s1ma ve sicaklik degisimlerinin sik yasandigi durumlarda, YSA
kontroloriiniin enerji kaybini azaltarak, tiim sistem verimini arttirdigi goriilmiistiir. Bunun yaninda YSA
kontroloriin kullaniimasiyla MGN etrafindaki dalgalanmalar da ortadan kaldirilmistir.

Simiilasyon sonuglarina bakildiginda MGNI kontroliine dayali YSA performansi, farkli sicaklik ve 1gmnim
degerlerinde FV sistemin MGN’ye ulasmasinda etkili oldugu goriilmiistiir.

Geleneksel MGNI yontemleri diisiik yakinsama hizina sahiptir ve gevresel kosullarin ani degisiminde dinamik
cevaplar1 yavastir. Bu nedenle geleneksel MGNI yontemlerinin bu dezavantajlar ile basa ¢ikmak icin bu
yontemler, akilli yontemler ve optimizasyon yontemleriyle birlestirilerek hibrit yontemler olusturulmaktadir.
FV sistemin MGN’yi izleme siiresi, yakinsama hizi, salinim siiresi vb. parametreler dikkate alindiginda hibrit
yontemlerin verimlilikleri daha yiiksektir. Bu nedenle FV sistemlerin statik ve dinamik performanslarimi1 daha
iyi hale getirmek icin hibrit MGNI yontemleri kullanilabilir.
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Abstract

The use of a data warehouse (DW) in e-learning applications helps us evaluate students from different perspectives.
Depending on user behavior, we may change the content or appearance of the e-learning platform to achieve the best
results. The aim of this study is to build a data warehouse infrastructure, which is a central information system for Anadolu
University's distance education system. Thanks to the data warehouse project, all learners’ activities in the Learning
Management System (OYS: Anadolum e-Kampiis) will be recorded regularly. Various analytical reports were obtained
about students' study styles, preferred e-learning resources, and the time spent in the system. Additionally, the data
warehouse system regularly pulls information from other information systems, such as the student information system
related to the open education system. Data warehousing is designed to combine data from multiple sources into a single
unified view, rather than performing operational operations like a database. Generally, data warehouses are used for
analytical processing as opposed to transaction processing. They are used to analyze historical data and trends, as well as
to identify patterns and insights that can aid in informing business decisions. When analysis and reporting is done in a
different environment using data warehousing, there is no additional load on the database, which is already busy with
daily operational processes. The data warehouse has made it easy to obtain student analytics for various periods, including
daily, monthly, and yearly. The reports provided through this infrastructure are used in studies to increase the quality of
the LMS system.

Keywords: Data analytics, Data mining, Data warehouse, Open and distance learning

Oz

E-6grenme sistemlerinde veri ambart (DW) kullanimi, 6grencilerin ¢esitli agilardan degerlendirilmesine yardimct olur.
En iyi sonuglari elde etmek icin, e-d6grenme platformunun igerigini veya tasarmuni kullanmici davramgina gore
degistirebiliriz. Bu ¢alismanin amaci, tiniversitenin uzaktan egitim programinin ana bilgi sistemi olarak hizmet verecek
bir veri ambart altyapist olusturmaktir. Veri ambart altyapisi sayesinde 6grencilerin grenim yonetim sistemindeki (OYS:
Anadolum e-Kampiis) tiim etkinlikleri rutin olarak kayit altina alinmaktadir. Ogrencilerin ¢alisma stilleri, tercih edilen
e-ogrenme kaynaklar: ve sistemde harcanan zamanla ilgili ¢cesitli analitik raporlar almak miimkiin olacaktir. Veri ambari
sistemi ayrica agikogretim sistemi ile ilgili 6grenci bilgi sistemi gibi diger bilgi sistemlerinden de diizenli olarak veri
cekmektedir. Veri ambari, veritabani gibi anlik operasyonel islemleri yapmak yerine birden ¢ok kaynaktan gelen verileri,
tek bir birlesik goriiniimiinde birlestirmek i¢in tasarlanmistir. Genel olarak, veri ambarlari, iglem isleme yerine analitik
isleme icin kullamilir. Gegmis verileri ve egilimleri analiz etmenin yan sira iy kararlarim bilgilendirmeye yardimci
olabilecek modelleri ve gériisleri belirlemek i¢in kullanilirlar. Veri ambart kullanilarak analiz ve raporlama iglemleri
farkly bir ortamda yapildiginda, giinliik operasyonel islemler ile mesgul olan veri tabani tizerine daha fazla yiik
getirilmemis olunur. Veri ambari, giinliik, aylik ve yillik dahil olmak iizere ¢esitli zaman dilimleri igin égrenci analitigi
elde etmeyi kolaylastiracaktir. Bu altyapt iizerinden saglanan raporlar OYS sisteminin kalitesini artirmak amaciyla
yapilan ¢alismalarda kullanilmaktadir.

Anahtar kelimeler: Veri analitigi, Veri madenciligi, Veri ambari, A¢ik ve uzaktan egitim sistemi
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1. Introduction

There are approximately 3 million students, greater than 1 million active, in the Anadolu University Open
Education System. Most of these active students use the LMS web and mobile applications. Student
movements are stored independently in LMS and mobile application databases. In addition, data, such as the
courses taken by the student, success grades and profile information, are also kept in the student information
system. Apart from this, applications are related to many LMS systems, such as help desks, e-learning material
tracking systems and gamification applications. There is no direct relationship between the information held
in these systems. For example, to measure the effects of e-learning material on student success, data from LMS
and student information systems should be taken separately, and a relationship should be established in a
different database. Apart from this, in the current situation, when the LMS system is changed, there is no
relation between the data in the old LMS system and the new one. In this case, data continuity will be lost
because the data of the old and new LMS will be stored in different databases and the data structures will be
different; therefore, it may not be possible to merge the data. Analyzing and reporting processes including past
years may not be done correctly. Therefore, the data to be used in analytical and reporting processes should be
stored in a data warehouse structure in a certain format instead of in operational databases. To solve all these
problems, a data warehouse infrastructure is needed to establish the relationship between the LMS system and
other information systems and to store the desired data in a certain format over the years.

Data warehouse and database are two different data storage methods. Data warehousing is the design and
implementation of processes, tools, and facilities to manage and distribute complete, timely, accurate, and
understandable information for decision making. It encompasses all the actions that make it possible for an
organization to establish, operate, and maintain a data warehouse or data mart. In addition, a data warehouse
is frequently understood to be an architecture that integrates data coming from a wide variety of sources in
order to provide support for analytical reports, structured and/or unstructured queries, and decision-making
processes. Data warehousing accesses disparate data sources, cleans, filters, and transforms it, and stores it in
an easy-to-use format. Data are queried, reported, and analyzed. Thus, transaction-oriented operational
environments have varied access, use, technology, and performance requirements. In data warehousing,
historical data analysis requires a lot of data. Data analysis programs must scan large amounts of data, which
could slow operational applications. To reduce operational conflicts and performance degradation, the two
environments must be separated (Chuck et al., 1998, Golfarelli et al., 1998).

A database is a structured collection of data for efficient retrieval and management. Databases can handle
everything from data entry forms to enterprise-level solutions. Operational applications that need real-time
data access store data in databases designed for read write, update and delete activities. Data warehouse and
databases differ mostly in purpose and design. Data warehouses support business intelligence and store
massive amounts of historical data for analysis, while databases support operational applications and hold
current, often updated transactional data. Data warehouses use denormalized data structures for read-intensive
queries, whereas databases use normalized data structures for both read and write operations. As a
consequence of this, databases are typically employed for the processing of operational transactions, while
data warehouses are used for report generation.

In this study, data analytic operations were performed on a data warehouse. Data warehousing and data
analytics are related but distinct data management concepts. In data analytics, data sets are analyzed to draw
conclusions. Data analytics on a data warehouse involves using advanced techniques and tools to extract
insights and value from large volumes of structured and semi-structured data stored in a data warehouse. Data
analytics on a data warehouse can help organizations gain a deeper understanding of their operations, identify
trends and patterns, make informed decisions, and improve business performance. However, the task of a data
warehouse is to centrally collect, store and manage very large amounts of data. A data warehouse centralizes
enterprise-wide data to improve business intelligence and decision-making.

In the open education system, students are offered many course materials, such as e-books, e-audio books,
summary lecture videos, TRT school videos, unit summaries, summary voice-overs, leaf tests, end-of-unit
practice exams, one-question and one-answer videos, animation and video tutorials. Based on the need for a
learning management system (LMS) that offers open and distance education services as a whole, has a modular
structure and provides the highest level of interaction. The Anadolum eKampus system, built on Blackboard
learning infrastructure, was put into use in 2016. Later, in 2019, the LMS was developed by the software
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developers of the Open Education Faculty. As mentioned above, different LMS systems have been used in e-
learning processes. However, since the data related to the LMS were not collected in a central data warehouse,
a relationship could not be established between the old data and the new data in case of switching LMS
software. Since the data of previous years resided in the database of the old LMS and the data structure of the
new LMS was different, merging of data was not possible. Thus, there were difficulties in preparing reports
and analyses that included historical data.

The educational data warehouse collects a lot of data such as student profile, demographics, class attendance
or data about activities intended to influence student outcomes, which are recorded within universities'
information systems, repositories of learning management systems (LMSs), communication/collaboration
platforms, or separate files created by the teaching staff (Gladi¢ & Petrovacki, 2021). The educational data
warehouse developed within the scope of this study stores many student and course data such as web and
mobile Ims access, material access, course access, trial exam results, forum data, course enrollments,
demographics, course information and course material information.

The main purpose of this study is to collect all student, instructor, and staff movements in the learning
management system and other related information systems in a certain format. Then, in the data warehouse,
the requested analytical reports are regularly created based on the accumulated data. These reports can include
different analytics, such as material usage frequencies, student interactions, and the relationship between LMS
system usage and student success. In this context, there is a need for tools to help monitor and measure the
activities performed by all students to evaluate the effectiveness of e-learning actions and the structure of the
courses. One of the technologies that can be used to meet this need is data warehouse technology. Unlike the
LMS database, whose sole purpose is to support the operation of the application, all information in the data
warehouse must be consistent, organized, and standardized. Therefore, a data warehouse that follows the
dimensional model is necessary to extract the data and retain them after transformation. To this end, the
Learning Management System as a data source integrated with the business intelligence tool is a good starting
point to provide the answers needed. The true potential of such databases lies in retaining data and hidden
patterns. The main concurrent addition for most service providers is the ability to find, understand and use
these patterns with intelligent analytics in numerous databases.

The main contributions of this study are listed below:

1. Determining the reports and analyses to be gathered through a meeting with open education system field
experts.

2. Determining the information systems from which to pull data based on the needed reports and analyses.

3. Developing the data warehouse infrastructure and executing data extraction, conversion, and loading
operations

4. Creating web interfaces for displaying reports to authorized users.

The remainder of the paper is structured as follows. In the next section 2, related studies are reviewed. In
Section 3, the e-learning data warehouse design stages are described. We describe technical data warehouse
infrastructure in Section 4. Finally, in Section 5, the conclusion and further studies are reported.

2. Related work

The data warehouse is the central data storage area where the data stored in the different information systems
of the organizations are kept in an organized manner. In addition, since the data in the data warehouse is kept
simplified in accordance with the data warehouse's objective, the analysis and reporting processes are more
efficient than those in the operational database. A data warehouse is a repository where related data can be
queried and analyzed. If the desired queries and reports are created in the data warehouse, the databases of the
information systems will not be forced in terms of performance. A data warehouse performs the necessary
operations to analyze relevant data easily, fast, and accurately. Data from transactional systems are copied and
stored in a data warehouse usefully decision-making. Data and information can be obtained in different
information systems and associated with each other. The processes of extracting, transforming, and loading
the requested data from information sources are called the ETL Extraction-Transformation-Loading process.
The major activities listed below serve as an overview of how these tools work: A dataset is cleaned up based
on database and business rules, (a) by identifying relevant information on the source side, (b) by removing that
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information, (c) by customizing and integrating information from various sources in a common format, (d) by
cleaning the final dataset, and (e) by distributing the data into data warehouses and/or data marts (Simitsis et
al., 2005).

Nebi & Mahni (2010) proposed a data warehouse solution for a variety of purposes, including information on
LMS system utilization, the degree of institutional adoption, course activity, and monitoring and analysis of
platform usage. The authors offer models for a potential data warehouse that would enhance decision-making
and offer resources for using OLAP and data warehouse technologies to evaluate and explain outcomes. The
authors used the Moodle e-learning system at the University of Rijeka to explain how to develop a functioning
data warehouse solution and several associated analyses. The E-learning Data Warehouse Development
Lifecycle model created by the authors, is depicted in the picture below in Figure 1.

Requirements
Specification

Testand Dimensional
Deployment Modelling

Maintenence ETL Designand
Plan Development

/

User Interface
Development

OLAP Cubes

e.-

Figure 1. E-learning data warehouse development lifecycle (Nebi¢ & Mahnic, 2010)

According to the authors, the data warehouse development lifecycle steps are described as follows:

Requirements specification: The requirements document, which outlines the questions that must be
resolved before the e-learning data warehouse can be considered complete, is the product of the first step
of the development process. It usually includes specifying the reports and analyses required to create the
data warehouse schema. Student activities by day, month, and year as an example.

Dimensional modeling: A dimensional schema is composed of a central fact table and analytical
dimensional tables. Dimensional modeling is creating a multidimensional schema based on user needs
analysis and importing it into the base system, which is often a relational database. The dimensional model
begins with two different kinds of tables: Fact tables are followed by dimension tables. Fact tables contain
metrics, or items that we wish to measure, whereas dimensional tables contain the attributes of the metrics,
or descriptions of what is being measured. Each fact table is associated with multiple dimensions, some of
which are shared by multiple fact tables, but the dimensions are unrelated.
Extraction-Transformation-Loading (ETL) Design and Development: This includes establishing the data
stage schema, specifying the ETL processes, and configuring synchronization settings between the data
source and the data warehouse.
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e OLAP Cubes: The major goal of this phase is to develop and set up online analytical processing (OLAP)
cubes needed to supply information for reports. An OLAP cube is a multidimensional data structure that
enables the organization and analysis of data based on multiple dimensions or perspectives. OLAP cubes
provide quick and versatile data access for analysis and reporting and can be used to answer complex
business questions requiring multiple levels of aggregation and drill-down.

e User interface development: creates a user interface that enables end users to browse and create reports
from data in the data warehouse.

e Maintenance Plan: This covers backing up and maintaining the database that makes up the data warehouse.

e Test and Deployment: At this stage, the analytics and reports are tested for accuracy and the application is
activated.

Goyal & Vohra (2012) used data warehousing and data mining methods to increase the efficiency of higher
education institutions. Thanks to these methods, they tried to learn student performance and behavior carefully.
The authors designed the data warehouse infrastructure in four sections in their studies. These:

e Data sources: The operational systems that support the organizations main business operations are where
the data in the data warehouse is obtained from. Production data, internal data, external data, and archived
data are some examples of the four primary categories of source data that enter the data warehouse.

o Data preparation: Operational data are cleaned and transformed at this layer so that they may be stored and
quickly retrieved. Data extraction, data transformation, and preparation for loading are the three basic tasks
carried out during the data preparation.

e Data storage: The data are now kept in the data store. The operational system of a company can only
support data that is now available, but, since the data warehouse is designed for large data storage and fast
reporting, it will be easier to access historical data.

¢ Information distribution: At this point, a large data warehouse user is given helpful information using
various platforms, including online, intranet, internet, and e-mail.

By fusing data from university administration information systems with WebCT learning management system
log information, Solodovikova & Niedrte (2005) presented a centralized data warehouse model. The model
enables several e-learning points of view. These are for senior management, academic administration, teachers
who create courses, and departments in charge of the standard and organization of the educational process. For
image definition, measurements characteristic of business functions is suggested. Analysis of measurement
results in terms of WebCT usage at the university throughout the study is then presented. Gladi & Petrovaki
(2021) present a pilot project of a DWS in the paper to track how well students are meeting course requirements
in both traditional and distance learning settings. A DWS that provides data analysis and the generation of
numerous reports in the portion of the teaching process that deals with student achievement was developed as
part of the project. The analysis findings and information reveal potential drawbacks that must be quickly
discovered to minimize the effects. To help teachers, students, and administrators make decisions, Araque et
al. (2007) conducted studies on the use of the data warehouse as an integrated module in an e-learning platform.
The authors have also demonstrated how OLAP analysis can be used to collect data that will be used to enhance
the interaction between teachers and students. The authors wanted to ensure that the e-learning platform
automatically adjusted to each student who used it for future studies; therefore, they planned to add adaptive
hypermedia concepts into the platform. In a case study conducted at the Catholic University of Murcia,
Cantabella et al. (2019) described how student behavior throughout the previous four academic years was
examined in relation to learning modalities. To speed up the statistical analysis of the data, statistical and
association rule techniques have been employed using a Big Data framework. This is due to the difficulties of
managing enormous volumes of user-generated data in the LMS. The Apache Hive data warehouse architecture
is used to store data. To swiftly extract the data, the authors used the Hadoop MapReduce technique. Visual
analytical approaches were used to demonstrate the obtained results.
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An adaptive e-learning system named AE-LS was proposed by Janati et al. (2019) to track and analyze student
behavior. This strategy offers teachers and administrators thorough reports to assess, perform, and evaluate
student activities. It enables teachers to see, examine, and explore student behavior to enhance the instruction
and reach the best decisions. The authors' research has demonstrated that students spend less time on courses
and tutorials and instead prefer to engage in group projects such as participating in forums and virtual
classrooms. To develop an analytical model for AE-LS, the authors suggested a data warehouse model
implemented in the PostgreSQL database management system (DBMS). All data and analysis concerns
addressed by adaptive e-learning systems are handled by the proposed model. The primary goal of the data
warehouse system is to gather information from various AE-LS sources that are required to enable analysis
and facilitate decision-making. This data warehouse solution allows us to query the data and saves a
considerable amount of data cumulatively over the years. To predict student performance in schools,
Kurniawan & Halim (2013) created a model that may be used in data warehousing and data mining techniques.
The authors examined the correlations between the variables housed in the data warehouse and extracted
fundamental information from it using data mining techniques. In the study, it was examined how low-
achieving students can benefit from the data mining and data warehouse model, how they can assess the
applicability of a course or module, and how the interventions required to improve students' academic
performance in schools can be used. Student retention is being used as a gauge for academic success and record
management (Zhang et al., 2010). The authors of the study tracked the student, examined the student's
academic behavior, and established a foundation for effective intervention tactics using data mining and natural
language processing technologies. The study aims to identify potential issues as soon as feasible and follow-
up with alternatives for intervention to improve student retention. The authors talked about how data mining
might help students determine their risk status, gauge the applicability of a course or module, and modify
necessary interventions to boost student retention.

Solodovikova & Niedrite (2005) combined WebCT log files with a university management information system
and WebCT data. They suggested storing integrated data in a data warehouse. This study supported senior
management, faculty management, course designers, and learning process quality, and planning departments'
e-learning opinions. The authors established four viewpoints to determine the indices needed to measure course
consumption at different management levels and instructor levels. The authors presented data warehouse star
schema information regarding the course structures and application. In their study, the star schema consisted
of three fact tables: Structure Fact, Usage Fact, and Activity Fact, which comprise measurements, and of
dimensions, which comprise descriptive data.

Time Structure Fact Course
- WebCT course code
Time Number ;
Egtur Tool —<| | File size Teilé?-r category
Mor?th i Name
Year Credits
Term Name Scientific branch
Study year g:ggcitrigory Teaching E?tcgggm access date
Requirement h&s’[ gr:ri;?ignellr access date
Type ivity leve
Teaching Siruciure level

Figure 2. The Structure star schema (Solodovikova & Niedrite, 2005)

Li et al. (2022) developed a multidimensional teaching and learning analytics data warehouse system
(TLDWAS) to evaluate massive amounts of teaching and learning data. Senior management/educators could
use TLDWAS's simple/interactive interface to view university students' applications, admissions, registration,
and academic progress/status until graduation. This new analytic technology let policymakers and senior
management see the broad picture and obtain insight from massive student course and teacher assessment data.
Student, program, academic year, and course data were modeled using a multidimensional model in their paper.
As shown in Figure 6, time, student, and course are dimension information in TLDWAS, while grade data is
fact information in the data warehouse. Dimensional tables describe the dimension hierarchy for each
dimension.

755



Giines and Birgin 2023 / Volume:13 « Issue:3 » Page: 750-766

Academic Year/Term

2018/19 201920
Q" S4 Terml Term2 Terml Term2
bq" 33 7z 7 7
GJ@ S / / / Course 1
S1 . /| 2
: L _ S
f Course 2 o
% 2
:/ Course 3 E
o
| // Course 4
Grade Data

Figure 3. 3D data cube for the student performance tracking (Li et al., 2022).

Li et al. (2022) used multidimensional lenses to analyze the massive amount of data in the course student
evaluation area, a crucial aspect of the teaching and learning quality assurance in higher education. On the
basis of the data warehouse system, a novel analytical framework for categorizing courses into various domains
(Student Effort, Outcome Achievement, Course Rating, and Teacher Rating) to address domain-specific course
issues was proposed. Their framework enabled senior administrators and program leaders to quickly identify
courses that require closer examination. Their streamlined system determined whether course enhancement
measures are warranted and in what areas. The flow diagrams of the data warehouse architecture developed
by the authors are shown in Figure 4. Figure 4 demonstrates that the operational database's raw sensor data are
aggregated by ETL and then processed by the data warehouse, which divides them into various datamarts for
the reporting service.
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Extract
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E> Transform — /\/I /
; tudent Experience RN
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E‘

Other Data

Load Quality Assurance

Figure 4. The data flow in the data warehouse (Li et al., 2022)

In study (Zorrilla, 2009), it was demonstrated that the technologies of data warehouse and OLAP are the most
appropriate for developing this software application. The author detailed the implementation process from
inception to the creation of the user interface. The author provided a summary of her experience with the design
and implementation of MATEP, the Monitoring and Analysis instrument for E-learning Platforms, an
instrument developed at the University of Cantabria.

According to the author, the fact that this application was built on a BI/DW architecture has the following
technological advantages:
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The software is autonomous of the e-learning platform it audits.
The application collects academic and demographic information, and instructor-specified context.

The application provides instructors with up-to-date information based on the frequency with which the
administrator executes ETL procedures. Generally speaking, daily.

Even though the volume of data is large, the system manages the information effectively.

The use of OLAP technology not only provides fast answers, but also permits users to manage the data by
increasing the level of aggregation along one or more-dimension hierarchies, decreasing the level of
aggregation, or reorienting the multidimensional view of the data.

The system is readily expandable to accommodate the needs of other academic environment users.

In addition, this can be used to retain the information that intelligent algorithms should obtain patterns and
serve as their repository.

The solution's modular design and adherence to industry standards facilitate the replacement of any
component.

Figure 5 depicts the E-learning Data Warehouse architecture presented by the author. Presented are the four
components of a data warehouse environment: data sources, data staging area, data area, and data access tools.
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Figure 5. E-learning Data Webhouse (Zorrilla, 2009)

3. E-learning data warehouse design

An e-learning data warehouse (EDW) is a type of data warehouse designed expressly to meet the needs of
educational institutions, such as schools, colleges, and universities. An EDW aggregates data from diverse

sources, such as student information systems, learning management systems, assessment tools, financial
systems, and other operational systems, to provide an all-encompassing view of the institution's data. In
conclusion, an EDW is a specialized type of data warehouse that is tailored to the requirements of educational
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institutions, whereas a data warehouse is a more general-purpose system that can be applied in a variety of
industries and settings.

At the stage of designing the data warehouse infrastructure, the opinions of experts who have administrative
or academic experience in the distance education system were consulted to determine which analyzes and
reports would be needed to improve the e-Learning processes and increase the quality of the Open Education
system. At the same time, the opinions of experts in data mining and statistics were taken on which methods
to apply for these analyses. Within the framework of the opinions, integrations to the information systems
needed for the data warehouse was carried out. Data obtained from the participants, especially the
administrators in the Open Education system and OTAG unit, were used.

The main purpose of this study is to collect all student, instructor and staff movements in the learning
management system and other related information systems in a particular format. Then, the data warehouse
regularly creates the requested analytical reports based on the accumulated data. These reports can include
different analytics, such as material usage frequencies, student interactions, and the relationship between LMS
system usage and student success. Tools are required in this situation to aid in monitoring and measuring the
actions taken by all students to assess the efficacy of the course structure and e-learning activities. All of the
information in the data warehouse needs to be consistent, arranged, and standardized, unlike the LMS database,
which exists solely to facilitate the operation of the application. To extract the data and keep it after
transformation, a new data warehouse that adheres to the dimensional model is needed. Data warehouse
technology is one of the technologies that can be applied to fulfill this demand. Alternately, technologies like
data lakes and NoSQL databases can be used for data storage, but because data is kept unstructured in such
environments, analytics and report retrieval can be more challenging. The main contributions of the data
warehouse system are the ability to locate, interpret, and exploit these patterns with intelligent analytics in
oversized databases. Such databases have the genuine potential to hold data as well as hidden patterns.

In this context, this study sought answers to the following questions:

e The analytics and reports that will be requested should be determined in consultation with the
administrators of the open education system. The data to be extracted from other information systems
should be determined based on the requested analytics and reports

e Determining which data will be retrieved and how often they will be retrieved in the LMS system

e Determining which data will be retrieved and how often they will be retrieved from other applications,
such as the Student Information System, support desk, and material management system (ETS) related to
the LMS system within the scope of the Open Education System

e Transforming and simplifying data in accordance with the data warehouse

e Creating table structures in the database and determining the relationship between tables, combining and
associating data from the LMS system and other systems

e Setting up the database server and preparing the infrastructure
e Preparation of works for extracting data from LMS and other systems
e Determining the reports requested after the creation of the data warehouse system

e Developing interfaces for writing queries and displaying reports required for the production of reports

The desired result of the study

e The accumulative storage of data in the LMS system and other related information systems in a secure
environment over the years
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e Improving the benefits and effects of e-learning based on analytic reports extracted using data from the
data warehouse

e Optimizing e-learning materials in the LMS system

e Measuring the relationship between the use of the LMS system and student achievement, using simplified
data

e Monitoring student interactions in the LMS system
¢ Individual guidance specific to the student can be provided by thanks to the data in the data warehouse

Within the scope of this study, it regularly stores the e-learning activities of all students in a secure data
warehouse. In addition, the data of these students were correlated with the LMS system and different reports
were provided. Through this study, complex queries that may cause performance problems on the LMS system
can now be run on the data warehouse. In addition, this data warehouse infrastructure works independently of
the LMS. Therefore, in the case of switching the LMS system in the future, there will be no disruption in the
reporting system.

4, Data warehouse infrastructure

Enterprise-licensed Microsoft MSSSQL Server 2019 was employed as a database engine in the data warehouse
system. The .NET environment has been used for the web service project that pulls the data and for the software
of the web environment where the reports will be displayed. Also, as the programming language, C# is used
within .NET environment.

The data warehouse stores data in three distinct forms and levels. These are known respectively as operational
data stores (ODS), data warehouses (DW), and data marts (DM). The operational system's data are replicated
to create the ODS layer. Providing the following data layers is the objective here. The primary responsibility
of the ODS layer is to feed the DW layer. In the data warehouse, data moved from operational systems to
operational data stores (ODS) is transformed to create the DW layer. The DM layer is composed of aggregated
representations of the multidimensional data received via the DW layer. The necessary SQL codes were
generated and then executed at specific intervals to transfer the necessary data to the aforementioned levels of
the data warehouse, ensuring that the data warehouse was continually updated. This procedure is known as
ETL (Extract, Transform, Load). During the extraction process, data from multiple sources are compiled in a
single location. Transformation refers to cleaning and transforming the retrieved data into the appropriate
format. The process of transferring updated data into the relevant resource is known as loading. In the data
warehouse, the SQL codes required by ETL operations have been generated and implemented. MSSQL Server
was used to set up linked servers, and the necessary connections were established to pull data from operational
systems. The ETL procedure was executed daily in order to maintain an up-to-date data warehouse. MS SQL
Server's job scheduling function was used to perform this operation.

4.1. Data warehouse schema

In data warehouse architecture, there are two possible designs. These are known as the star and snowflake
schemas. This study employed a star schema architecture. In star schema architecture, a fact table is constructed
within a structure fed by dim tables. In this structure, dim tables are not interconnected. These results in a
denormalized structured architecture. This denormalized structure of the star schema necessitates more disk
space; however, because it requires fewer joins, SQL expressions are significantly simpler and more efficient.
The material usage activity fact table depicted in the figure is populated with data from numerous dim tables.
Fact tables contain metrics, or items that we wish to measure, whereas dimensional tables contain attributes of
metrics, or descriptions of what is being measured. Each fact table is connected to a number of dimensions,
some of which are common to multiple fact tables; however, the dimensions are not connected to one another
in any way.
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Figure 6. A sample fact table in the star schema
4.2. Datamart

In this study, many datamarts were used to obtain some standardized reports and analytics faster. A datamart
is a subset of a data warehouse (DW) that serves a particular business function or department, such as sales,
marketing, or finance. Typically, a datamart comprises a subset of DW data that has been pre-aggregated and
organized to support the analytical requirements of the business function it serves. As it comprises a smaller
subset of the data from the DW, the primary advantage of using a datamart is that it can provide faster access
to the data required for a particular business function. As the data is already aggregated and organized for a
particular business function, this can improve query performance and reduce the complexity of data analysis.
Additional advantages of using a datamart may include:

e Improved data quality: By focusing on a certain business function or department, a datamart may ensure
data accuracy, completeness, and consistency.

e Better decisions: Datamarts enable faster access to pertinent data, which can improve decision-making.

e Lower cost: A datamart requires less hardware, software, and development work than a full-scale data
warehouse.

e Increased agility: Datamarts can adapt to change business requirements and analytical demands by
focusing on a certain business function or department.

Using a datamart can improve the effectiveness and efficacy of data analysis for particular business functions,
while also reducing costs and enhancing agility.

In the study, many datamarts were created when needed. Different datamarts such as course information,
material information, demographics, general usage, temporal dimension of access to the system, course and
material access summaries, semester usage statistics, general usage of mock exams, semester enroliments were
created according to the needs.

The data warehouse is fed from the student information system (OBS), learning management system (OYS),
material management system (ETS), and various flat file sources. LMS and other related databases are defined
as OLTP (Online Transaction Processing) databases, the operational system in which the processes in the
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organization are managed. Data are pulled from these OLTP sources and transferred to the data warehouse
system.

4.3. Stages of the data warehouse infrastructure

In general, there are three stages of the data warehouse infrastructure to be developed. These are ETL (Extract
Transform Load), data storage, and data processing (analysis and reporting), respectively.

The ETL process:

a) Extract: It is called the process of extracting the data from the source system. It specifies the process of
obtaining data from the LMS system and related information systems at certain times.

b) Transform: Putting the collected data into the desired format in accordance with the purpose, that is,
cleaning it and increasing its quality,

¢) Load: This means to load the data into the created central information system data warehouse.

Data Retention: The data organized with the ETL process are stored in the database that forms the infrastructure
of the data warehouse. The data pushed into the data warehouse are permanent and cannot be modified. The
data warehouse has a time dimension. Data are stored in chronological order.

Data analysis reporting: Data mining methods enable analysis of student movements in e-learning
environments to enable administrators and educators to have an idea about the student's learning methods.
Many analyzes can be performed, such as statistical analysis of training data, the most popular pages that
students access, the number of downloads of e-learning resources, the number of different pages accessed, and
the total time they spend in the system. These analytics are visualized for display to end users.

Thanks to the data warehouse infrastructure to be developed, student success can be predicted by running
analyze on the data. With the recommendation system algorithms, suggestions, such as e-learning materials
and study methods, can be offered to the students to enhance their performance. In this study, the data
warehouse architecture developed for the distance education system is shown in Figure 7. The figure shows
data sources, ETL processes and outputs that can be obtained from the system.

Ee
e

End user
applications

T =3
Data Warehouse
Visualization
Tools

Flat File
Souces

Figure 7. Open education system data warehouse architecture
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4.4. Features of the designed data warehouse system

The designed system has the following features:

Ensuring that the data in the LMS system and other related information systems are stored in a safe
environment cumulatively over the years.

Data can be retrieved at certain intervals from data sources, such as OYS, ETS and Student Information
System, using web services.

A web application has been developed to display the reports from the web interface. The web application
is published at https://aofanalytics.anadolu.edu.tr/. People in the open education system can access the web

page.
Presenting reports have been made according to the role.

A dashboard has been prepared for the administrators in the Open Education system to show the summary
of the whole current semester.

With the admin panel, administrative staff can access summary information, such as the number of student
entries, the use of LMS according to the student profile status, and the material usage status with the LMS
system.

Reports created in the web interface can be downloaded as CSV files or images.

Reports, such as material usage, individual usage numbers, and course access information, can be obtained.
Reports can be received based on the Open Education System, faculty and program.

The system allows us to generate reports for intervals, such as daily, weekly, or custom periods.

By connecting the data warehouse system with visualization tools, such as Tableau and Power Bl, instant
reports and graphs, can be created based on their needs.

In the case of a need for instant data not presented as the administrators, reports can be provided by SQL
gueries.

Within the scope of data up-to-dateness, data mining and artificial intelligence algorithms can be run by
connecting to a data warehouse system with software, such as Python, R or MATLAB, to be used in
academic and administrative studies for the Open Education System.

The data warehouse system is designed to be flexible and open to development. Optionally, new reports
can be created.

With the responsive interface design, transactions can be made by easily accessing mobile devices.

Feedback about the usage of the LMS system can be shown to students from the data warehouse system.
Summary reports showing the students work status in the LMS system can be presented. In addition, the
usage of course materials and the scores in the practice exams are compared to the class average. Feedback
is reflected on the students page in the LMS system (ekampus.anadolu.edu.tr).

Some of the reports available from the web interface are shown below. The dashboard report contains summary
information such as users' web/mobile usage status, age, gender and number of unique users per week. The
reports on the dashboard screen are organized according to the request of the institution administrators.
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Figure 9. The relationship between material use and student achievement in a sample course

The graph in the Figure 9 shows an example of the multidimensional data obtained in the data warehouse. The
data on the top axis shows the number of students classified according to their letter grades within a course.
The platforms from which these students access the system are also shown in the same graph. On the other
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hand, the types of materials used by students belonging to each letter grade class are also shown on the lower
axis. In this way, the platforms from which successful or unsuccessful students of a course accessed the system
and which materials they used can be shown in a single graph. It is not possible to claim this kind of data from
any other database other than the data warehouse.

The graph in the Figure 10 shows aggregate data on the usage of materials for a course. The total access to the
materials of a course and the number of individual students accessing each material are given in a single graph.
In this way, it is possible to make various inferences about a material. Questions such as "Do students continue
to use materials that can be used offline by accessing them online or do they prefer to use them offline?" or "Is
the high usage of materials in video format due to the nature or is it really used a lot?" can be answered through
this graph.

@ aizeme Erisim (i} Tekil Malzeme Erigim

5,000
4,000
3,000

2,000

1,000

Figure 10. Number of material accesses in a sample course
5. Discussion and conclusion

With this study, the infrastructure of the environment where administrators, academicians, and related unit
managers can easily receive reports on the e-learning system has been created. Thanks to this study, data from
different data sources such as LMS, student information system, mobile applications have been simplified by
combining them in a single environment. In this way, in-depth and faster analytical reports about the distance
education system will be produced using simplified data. Reports obtained through the data warehouse help
managers decide on processes for improvement with these reports, improvements can be made in areas such
as LMS interfaces, material types and question quality to increase student success. In the study, datamarts were
created in order to get some complex reports faster. New datamarts can be added to the system as needed. The
data warehouse system is open to the continuous expansion. New reports can be added as new data related to
Open Education is added. Since the interfaces are developed by the software developers of the institution,
operations such as adding, removing and modifying reports can be done easily. Data is stored on the data
warehouse server with secure and daily backups. The server can be accessed by authorized users over the local
network. Maintenance operations are performed daily on the database server and operations such as backup,
data integrity, and indexing is performed.

It is expected that the academic studies conducted using these arranged data will contribute to the scientific
performance of our university. It is thought that this system developed for the open education system will set
an example for other institutions implementing the distance education system in Turkey.

Today, as the data grows, it becomes difficult to process data with classical SQL queries. Since the data in the
data warehouse will increase over the years, it is planned to integrate with technologies such as Hadoop,
Apache Spark, which are used to process larger data in future studies. The e-learning recommendation system,
which provides personalized recommendations to students based on their learning styles and past behaviors, is
planned to be integrated into the data warehouse system. In addition, according to student behavior, it is
planned to predict the student success status in advance and alert the system when necessary.
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Abstract

The increasing availability of big data has led to the development of applications that make human life easier. In order to
process this data correctly, it is necessary to extract useful and valid information from large data warehouses through a
knowledge discovery process in databases (KDD). Data mining is an important part of this, and it involves discovering
data and developing models that extract unknown patterns. The quality of the data used in supervised machine learning
algorithms plays a significant role in determining the success of predictions. One factor that improves the quality of data
is a balanced dataset, where the input values are distributed close to each other. However, in practice, many datasets are
unbalanced. To overcome this problem, oversampling techniques are used to generate synthetic data that is as close to
real data as possible. In this study, we compared the performance of two oversampling techniques, SMOTE and KNNOR,
on a variety of datasets using different machine learning algorithms. Our results showed that the use of SMOTE and
KNNOR did not always improve the accuracy of the model. In fact, on many datasets, these techniques resulted in a
decrease in accuracy. However, on certain datasets, both SMOTE and KNNOR were able to increase the accuracy of the
model. Our results indicate that the effectiveness of oversampling techniques varies depending on the specific dataset and
machine learning algorithm being used. Therefore, it is crucial to assess the effectiveness of these methods on a case-by-
case basis to determine the best approach for a given dataset and algorithm.

Keywords: KNNOR, Machine learning, Oversampling, SMOTE, Unbalanced data
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Biiytik verinin artan mevcudiyeti, insan hayatint kolaylastiran uygulamalarin gelismesine yol agmistir. Bu veriyi dogru
sekilde islemek icin, bilgi kesfi veritabanlari (KDD) olarak adlandirilan biiyiik veri deposundan faydali ve gegerli bilgiyi
¢ctkarmak gereklidir. KDD islemlerinin onemli bir par¢asi olan veri madenciligi, veriyi kesfetmeyi ve bilinmeyen desenleri
¢tkarmak i¢in model gelistirmeyi icermektedir. Supervised makine 6grenimi algoritmalarinda kullanilan verinin kalitesi,
tahmin basarisinin belirlenmesinde 6nemli bir rol oynar. Verinin kalitesini arttiran bir faktor, girdi degerlerinin birbirine
yakin dagilmis olmasidir. Ancak pratikte, bir¢ok veri seti dengesizdir. Bu sorunu agmak igin, oversampling teknikleri
gercek veriye en yakin sekilde sentetik veri iiretebilmek i¢in kullamlir. Bu ¢alismada, farkii veri setlerinde iki
oversampling teknigi olan SMOTE ve KNNOR'un performanslarini farkli makine 6grenimi algoritmalar: kullanarak
karsilastirdik. Sonucglarimiz, SMOTE ve KNNOR 'un modellerin dogrulugunu her zaman arttirmadigini, hatta bir¢ok veri
setinde bu tekniklerin dogrulukta azalma yaratabilecegini gosterdi. Ancak belirli veri setlerinde, SMOTE ve KNNOR
modellerin dogrulugunu arttirmayr basardi. Bulgularimiz, oversampling tekniklerinin etkililiginin belirli veri seti ve
makine ogrenimi algoritmasina bagli olarak degisebilecegini sugere etmektedir. Dolayisiyla, veri seti ve algoritma igin
en iyi yaklagimi belirlemek i¢in bu tekniklerin performanslarint durum bazinda degerlendirmek énemlidir.
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1. Introduction

With the advancement of technology, the proliferation of big data has made it possible to process and convert
this data into applications that enhance human life. In order for the data to be processed correctly, first of all,
it is necessary to be able to make sense of the data correctly. For this reason, it is necessary to determine
patterns of useful, understandable, and valid data from large data warehouses (such as databases, data
warehouses) a knowledge discovery process in database (KDD). Data mining, which is so crucial for the KDD
process, is a process that discovers data and develops models that extract unknown patterns (Maimon &
Rokach, 2010).

The quality of the data used in supervised machine learning algorithms has a very important effect on
prediction success. Features such as the amount, accuracy, completeness, diversity, and balance of the data to
be used are one of the requirements for supervised machine learning algorithms to give more accurate results.

One factor that improves the caliber of data used in machine learning algorithms is that the data is balanced
(Galar et al., 2012). The distribution of the input numbers of the values to be estimated close to each other is
called balanced, and the distribution of them far from each other is called unbalanced data sets. Models trained
on unbalanced datasets often give poor results when they need to be generalized. In such cases, there are
oversampling techniques used to get rid of the problems created by the unbalanced data set. By using these
techniques, synthetic data can be produced as close to real data as possible. In this study, it will be examined
which oversampling technique gives better results for which types of datasets and which machine learning
algorithm. All the data set used in this study did not have an equal distribution, the data sets were balanced
with the SMOTE and KNNOR oversampling techniques. Random Forest (RF), Decision Trees (DT), and
Support Vector Machines (SVM) machine learning algorithms were used to compare how they affect
prediction success.

Asif et al. (2015) developed a model for predicting fourth-grade university students' grades based on their
social or demographic characteristics, which are unknown, but the first and second-grade course grades are
known in their study. They applied Naive Bayes, 1-Nearest Neighbor, Decision Trees, and Neural Networks
models to two different sets of data, containing grades from different time periods. While the 1-Nearest
Neighbor model performed well in the first data set, they found that the Naive Bayes model was more
successful in the second data set (Asif et al., 2015).

In 2005, two techniques hamed Borderline-SMOTE1 and Borderline-SMOTE2 were developed (Han et al.,
2005). Both of these techniques focused on samples that were located on the boundary of the dataset, as the
authors believed that these samples were at risk of being misclassified. By oversampling in this region, they
aimed to decrease the chances of misclassification. Similarly, another technique called SAFESMOTE was
developed which focused on oversampling the central samples that were farther away from the boundary
region.

In their study, Adekitan & Salau (2019) aimed to predict the weighted grade point averages (GPAs) of
university students in Nigeria using the GPAs of their first three years of education. They evaluated six
different algorithms on the data, including Linear Regression, Random Forest, Decision Trees, Naive Bayes,
Tree Trunk, and such as classifying it as a classification task and determining the success rate as a regression
task. Neural Network. They found that the most successful model was the linear regression model, with an
accuracy of 89.15% (Adekitan & O. Salau, 2019).

Strecht et al. (2015) conducted a study on determining the success or failure status of students and estimating
their success grade. They considered determining the pass or fail status such as classifying it as a classification
task and determining the success rate as a regression task. They found that while the model performed well in
the classification task, the results were poor in the regression task. As a result, they found that SVM and DT
had the best results in the classification task, while Adaboost, SVM and RF had the best results in the regression
task (Strecht et al., 2015).

Recent studies in the field of SMOTE (Synthetic Minority Over-sampling Technigque) have been concentrated
on addressing the problem of uneven distribution of classes. One such algorithm is K-Means SMOTE (Last et
al., 2017), that takes into account the spread of the under-represented group of samples in the data set. It
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separates the data set into different clusters and calculates the proportion of imbalance in each cluster. The
over-sampling is then done only on the samples where the proportion of imbalance is high.

Marquez et al. (2013) attempted to predict student performance using data from high school students in
Mexico. They first reduced the dataset with 77 features to 15 features and applied the SMOTE method to
balance the unbalanced dataset. After experimenting with various machine learning algorithms, they were able
to achieve successful prediction results (Marquez et al., 2013).

Srinilta & Kanharattanachai (2021) balanced unbalanced datasets by using a search algorithm to to identify
the ideal value for the k parameter in the SMOTE method. They then used a SVM for classification on six
different datasets. They observed that the k value obtained by the search algorithm gave better results than the
assumed k value (Srinilta & Kanharattanachai, 2021).

Flores et al. (2018) balanced a dataset used for sentiment analysis by applying the SMOTE method. They then
evaluated the performance of the system by using Decision Vector Machine (DVM) and Naive Bayes (NB)
algorithms on the balanced dataset. The study found that the 10-fold cross-validation method gave better results
than the 0.7 hold-out method. Additionally, the study concludes that the SMOTE method improves the
performance of both DVM and NB classifiers (Flores et al., 2018).

A review of related studies shows that machine learning methods such as Adaboost, NB, DT, SVM, and RF
generally provide good results in predicting student success. Additionally, the application of SMOTE method
to balance unbalanced data is found to improve the performance of these algorithms (Marquez et al., 2013;
Srinilta & Kanharattanachai, 2021; Flores et al., 2018).

Douzas & Bacao (2018) introduced a new method for handling imbalanced datasets by employing Conditional
Generative Adversarial Networks (cGANS) for effective data generation (Douzas & Bacao, 2018). Imbalanced
datasets pose a significant challenge in machine learning, as the under-representation of minority classes can
lead to biased predictions. The researchers compared the performance of cGANs with other oversampling
techniques, including the widely-used Synthetic Minority Over-sampling Technique (SMOTE), on various
datasets with different degrees of imbalance. They found that cGANSs outperformed traditional oversampling
methods, resulting in improved classification accuracy, particularly for minority classes. This study highlights
the potential of using advanced generative models, such as CGANS, to tackle the issue of imbalanced datasets
and enhance the performance of machine learning algorithms.

He & Garcia (2019) introduced the Adaptive Synthetic Sampling Approach (ADASYN) as a novel method for
addressing imbalanced datasets in machine learning applications (He & Garcia, 2019). Imbalanced datasets
present challenges when predicting minority classes, as these classes are often under-represented, leading to
biased predictions. The researchers compared the performance of ADASYN with other popular oversampling
techniques, such as the Synthetic Minority Over-sampling Technique (SMOTE), on various datasets with
differing degrees of imbalance. They found that ADASYN provided more accurate classification results,
particularly for minority classes, outperforming traditional oversampling methods. This study underscores the
potential of using adaptive oversampling techniques, such as ADASYN, to tackle the issue of imbalanced
datasets and improve the performance of machine learning algorithms in various applications.

Balci et al, (2022) demonstrated the potential of machine learning techniques in healthcare, specifically in
detecting and classifying sleep-disordered breathing types using time and time-frequency features extracted
from polysomnography records of 19 patients (Balci et al., 2022). The researchers processed six types of
physiological data with digital signal processing methods to obtain 35 features, which were then subjected to
various machine learning algorithms, including Artificial Neural Networks, Support Vector Machines,
Random Forest, Naive Bayes, K-Nearest Neighbors, Decision Trees, and Logistic Regression. The study found
that the Random Forest algorithm achieved the highest classification accuracy of 76.3% for the five-class
scoring, which increased to 86.6% when Hypopnea was excluded. These findings underscore the value of
machine learning algorithms in healthcare applications, particularly the distinctiveness of time and time-
frequency domain features in sleep-disordered breathing scoring and pave the way for the development of
diagnostic support systems capable of evaluating multiple polysomnography data concurrently.
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In the literature, numerous studies have utilized machine learning algorithms for classifying agricultural
products. Yasar (2023) used CNN models for bread wheat classification with an accuracy of 97.67%. Unlersen
et al. (2022) employed a CNN-SVM hybrid model for wheat classification, achieving a 98.10% accuracy rate.
Kaya & Saritas (2019) applied a neural network for durum wheat classification, reporting a 93.46% accuracy.
Sabanci et al. (2022) combined CNN and SVM for pepper classification, obtaining a 99.02% accuracy rate.
These studies demonstrate the potential of machine learning algorithms, including support vector machines
and convolutional neural networks, for accurate agricultural product classification.

The application of machine learning algorithms in agriculture, particularly in the classification of various crop
genotypes, has gained significant attention in recent years. Golcuk & Yasar (2023) conducted a
groundbreaking study focusing on the classification of bread wheat genotypes using machine learning
algorithms (Golcuk & Yasar, 2023). They collected 8,354 images from certified bread wheat varieties and
extracted 90 color, 4 shape, and 12 morphological features using image processing and feature selection
methods. These features were combined in various combinations and processed through an Artificial Bee
Colony (ABC) algorithm for feature selection. The bread wheat genotypes were then classified using Support
Vector Machines (SVM), Decision Tree (DT), and Quadratic Discriminant (QD) classifiers. To enhance the
accuracy and objectivity of the classification process, the researchers performed a 10-fold cross-validation.
The most successful classification process was achieved using the SVM algorithm, obtaining an accuracy rate
of 96.28% with the 46 features selected by the ABC algorithm (Golcuk & Yasar, 2023). This study
demonstrates the potential of machine learning algorithms in accurately classifying wheat genotypes,
ultimately leading to more efficient harvests and higher income for farmers.

In a recent study, Islama et al. (2022) introduced the K-Nearest Neighbor Oversampling (KNNOR) approach
as a solution for distinguishing vital and secure regions for oversampling and generating synthetic data points
of the minority class. The KNNOR approach consists of three steps and takes into account the relative density
of the entire population when generating artificial points. This method allows for more reliable oversampling
of the minority class, as well as increased resistance to noise. It is a promising approach for addressing the
issue of imbalanced datasets, where the minority class is underrepresented. This can be a common problem in
machine learning and the KNNOR approach presents a valuable solution for identifying and utilizing the most
effective oversampling regions.

2. Material and method

Datasets that have the same number of data in each class are called balanced datasets. There are two basic
methods for balancing an unbalanced data set. One of them is oversampling, that is, increasing the quantity of
samples in the minority class. The other is undersampling, that is, reducing the quantity of samples in the
minority class (Islamacet al., 2022). There are several approaches using these methods. One of these approaches
is the SMOTE oversampling method.

2.1. Datasets

The study analyzed the performance of three machine learning algorithms in predicting outcomes on four
datasets. The datasets include one related to secondary school student performance in Portugal, another related
to hepatitis cases in India, and a third related to the reflectivity of land surface types as observed by the Landsat
MSS satellite. The fourth dataset was not specified. Each dataset was evaluated using an unbalanced dataset
and two different oversampling techniques, SMOTE and KNNOR, and the accuracy of the models was
compared.

One of the datasets used in this study is the dataset used by Cortez and Silva in their studies, which includes
the success of secondary school students in Portugal in Mathematics and Portuguese courses and various
attributes that are predicted to affect this success (Cortez et al., 2008) The dataset includes demographic
characteristics of students such as age and gender, social characteristics such as time spent going to school,
weekly study hours, and attributes such as exam grades. The exam grades of the students are examined in three
semesters, and the scores of the last semester are also accepted as the final assessment.
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Again, according to the data set, exam grades were scored between 0 and 20. Since the records that do not
contain data belonging to any of the attributes were not taken into account while preparing the data set, there
was no need to perform a null value scan in this study.

Another dataset that is used in the study was the Hepatitis dataset on the UCI Machine Learning Repository
website which is a collection of data on hepatitis cases in India (Gong et al., 1988). It contains 155 samples
and 20 attributes, 16 of which are continuous and 4 of which are nominal. The target attribute for this dataset
is "Class", which indicates whether a patient has hepatitis. The other 19 features are various characteristics of
patients, such as their age, gender, and blood test results.

The hepatitis dataset includes the following characteristics: Class: Binary (presence or absence of hepatitis)
Age: Continuous variable Gender: Binary (male or female) Steroid use: Binary (yes or no) Antiviral treatment:
Binary (yes or no) Fatigue: Binary (yes or no) Malaise: Binary (yes or no) Loss of appetite: Binary (yes or no)
Enlarged liver: Binary (yes or no) Liver function: Binary (yes or no) Detectable spleen: Binary (yes or no)
Presence of spider angiomas: Binary (yes or no) Ascites: Binary (yes or no) Presence of esophageal varices:
Binary (yes or no) Bilirubin levels: Continuous variable Alkaline phosphatase levels: Continuous variable
SGOT levels: Continuous variable Albumin levels: Continuous variable Prothrombin time: Continuous
variable Histological findings: Binary (yes or no). This dataset is commonly employed for diagnosing and
categorizing hepatitis and serves as a benchmark for machine learning algorithms in relevant studies.

The last dataset was The Statlog (Landsat Satellite) dataset (Srinivasan, 1988) which is a collection of data on
the reflectivity of certain land surface types as observed by the Landsat MSS satellite. Compiled by researchers
at the University of California, Irvine and hosted in the UCI Machine Learning Repository.

The dataset consists of 6435 samples, each representing a piece of land on the Earth’s surface. For each sample,
there are 36 properties, including various measures of reflectance at different wavelengths of light. There is
also a class attribute, such as "barren land" or "evergreen forest"”, that indicates the type of land surface it
represents, for example.

The dataset consists of 6435 samples, each representing a piece of land on the Earth’s surface. For each sample,
there are 36 properties, including various measures of reflectance at different wavelengths of light. There is
also a class attribute, such as "barren land" or "evergreen forest"”, that indicates the type of land surface it
represents, for example.

We consider two tables to examine the class distributions and imbalance ratios of four distinct datasets shown
in table 1 and table 2. The first table provides an overview of the datasets and their class distributions. Each
row in the table represents dataset, and the columns show the number of instances for different classes
(Attributel to Attribute6). For example, the Hepatitis dataset contains 123 instances of one class (Attributel)
and 32 instances of another class (Attribute2). To gain a better understanding of the degree of class imbalance,
we computed imbalance ratios for each pair of classes in the datasets as shown in table 3. The imbalance ratio
is calculated as the ratio of the number of instances in the majority class to the number of instances in the
minority class. These calculated imbalance ratios provide insight into the distribution of instances between the
datasets, with higher values indicating a more significant class imbalance.

Upon comparing the calculated imbalance ratios within each dataset shown in table 2, we observe that the
Portuguese (student) dataset exhibits the highest degree of imbalance with an imbalance ratio of 5.49. This
suggests that this dataset has a more disproportionate distribution of instances across its classes compared to
the other datasets. Conversely, the Statlog dataset demonstrates the least imbalance, with an imbalance ratio
of 2.45, indicating a relatively more even distribution of instances among its classes. By understanding the
degree of imbalance within each dataset, practitioners can tailor their approaches accordingly to develop more
accurate and robust classification models.

The mean absolute deviation, commonly referred to as the average distance, is a statistical measure that
quantifies the dispersion of data points in a dataset relative to the mean. This metric, which is presented in
Table 2, is calculated by first determining the mean of the dataset and then computing the absolute differences
between each data point and the mean. The average of these absolute differences provides the mean absolute
deviation, which serves as an informative indicator of the dataset's variability. In comparison to other measures
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of dispersion, such as standard deviation, the mean absolute deviation is less sensitive to extreme values and
offers a more straightforward interpretation of the average distance between data points and the mean. In our
analysis, we calculated the mean absolute deviation to be 0.2925, which indicates that, on average, the data
points deviate from the mean by approximately 0.2925 units. This measure provides insight into the dispersion
of the data and can be helpful in understanding the overall distribution and consistency of the dataset.

Table 1. The distribution of unbalanced datasets.

Mineral Attribute 1 Attribute2 Attribute 3 Attribute4 Attribute5 Attribute 6
Hepatitis 123 32 - - - -
Portuguese(student) 549 100 - - - -
Mathematics(student) 130 103 62 60 40 -

Statlog 1533 1508 1358 707 703 626

Table 2. Dataset Characteristics and Imbalance Metrics

Dataset Majority class Minority class Impalance Standgrd A_verage
ratio deviation distance

Hepatitis 123 32 3.84 0.40 0.33

Portuguese 549 100 5.49 0.17 0.13

Mathematics 130 40 3.25 0.23 0.17

Statlog 1533 626 2.45 0.37 0.32

Table 3. Imbalance Ratios Between Pairs of Datasets

Pair Majority class Minority class Imbalance ratio

Hepatitis vs. portuguese 549 123 4.46

Hepatitis vs. mathematics 130 123 1.06

Hepatitis vs. statlog 1533 123 12.46

Portuguese vs. mathematics 549 130 4.22

Portuguese vs. statlog 1533 549 2.79

Mathematics vs. tatlog 1533 130 11.79

2.2. Machine learning algorithms
2.2.1. Support vector machines (SVM)

SVM is one of the prediction methods based on statistical learning frameworks (Cortes et al., 1995). It was
proposed by Vapnik and Chervonenkis (1971). SVM aims to perform the classification task by drawing a
hyperplane, which is a line in 2d or 3d. It tries to parse the previously marked data with this hyperplane it has
drawn. While there can be multiple such hyperplanes, SVM tries to find the hyperplane that best separates the
two categories. SVM is a supervised learning algorithm as it needs marked data.

2.2.2. Decision tree (DT)

Decision Trees are the classification of an unknown sample, which can be depicted using a tree diagram, by
dividing it into sub-branches within the framework of certain rules. Decision trees consist of a root node,
multiple internal nodes, and terminal nodes specifying the final classifications. A graph is obtained by
calculating statistics for all classes, and decision limits are determined by looking at this graph. At each stage,
the tree is created by selecting the attribute that best expresses the difference between the classes (Swain &
Hauska, 1988).

2.2.3. Random forest (RF)

It was first put forward by Tin Kam Ho (1995). According to Breiman's definition, a Random Forest is a tree-
structured collection of classifiers made up of randomly distributed vectors, augmented by voting for the most
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popular class. The Random Forest algorithm is a method that does not cause excessive learning and has a
successful prediction ability (Breiman, 2001).

2.3. Oversampling techniques
2.3.1. SMOTE

The SMOTE method, called the Synthetic Minority Oversampling Technique, is an over-learning technique
that relies on creating artificial new samples instead of reproducing existing data. To multiply minority
samples, a random sample is generated, with one sample between its k nearest neighbors. Considering a data
point with position (6.4), let's assume that the position of its nearest neighbor is also (4.3). The coordinate of
this data point is subtracted from the coordinate of its nearest neighbor ((4-6), (3-4)) and a new sample is
created by multiplying the obtained value with a random value in the range 0-1. The newly created sample's
position (X, y) is calculated as Equation 1 (Chawla et al., 2002).

(x,y) = (64) + rand(0,1) * (—2,—-1) @

A

% | @
4* %
‘ ‘ “’ ‘ Majority class examples

» * Minority class examples

A

. Samples produced with SMOTE

Yo e

Figure 1. Generating synthetic data with SMOTE (Breiman, 2001)

In Figure 1, the data replication process is visualized by generating synthetic data at a random location between
the minority samples and their k nearest neighbors with the SMOTE method.

2.3.2. KNNOR

KNNOR (K-Nearest Neighbor Oversampling) is a method for addressing class imbalance in a dataset by
generating synthetic samples for the underrepresented class. Class imbalance can occur when one class in a
dataset has significantly fewer examples than the other class, which can lead to biased machine learning models
that are more likely to make predictions in favor of the more prevalent class.

One of the main advantages of KNNOR oversampling is that it does not necessitate any prior knowledge about
the data distribution or the underlying relationships between the features and the target class. This makes it a
relatively simple and flexible method that can be utilized for various datasets and classification tasks.

Overall, KNNOR oversampling can be a useful tool for addressing class imbalance in a dataset and enhancing
the effectiveness of machine learning models. However, it is important to consider the potential drawbacks of
this approach and to use it in combination with other techniques, such as feature selection or model
hyperparameter tuning, to ensure optimal model performance.

3. Process flow

Before using mentioned oversampling techniques, Random Forest, Decision Trees, and Support Vector
Machines machine learning algorithms were used to get the accuracy in order to compare with the data sets
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which will be balanced using the oversampling techniques. The n-fold cross-validation method was applied in
the training of the model and the results were noted. After this process, balancing the data process started.

It is a common mistake that the artificial data that was created in oversampling technique should not be used
for testing the algorithm, it should be only used for training so that it wouldn’t give inaccurate results. In order
to achieve this technique the process flow shown in Figure 2 was used.

The data was divided into N random equal-sized subsamples.

One of the n subsamples which hadn’t been used was separated.

First, the rest of the data were balanced with the oversampling methods.

The mentioned machine learning algorithms were trained with balanced data.

The test data was used to test the mentioned machine learning algorithms which were trained.
The results were noted.

If all the data was not tested, step one was repeated.

The overall results were calculated and noted to compare.

NN E

All Data

-
S S i datai ———0
- ti ta int ==
Data for Training ep:; l;‘gd t.rainm o =

Data For Testing

The Data was
balanced
No
All machine learning If All the data Overall score
. Yes
algorithms were tested were tested was calculated

All machine learning
algorithms were trained

Q
H |.

I's

Figure 2. Architecture of proposed study
4. Results and discussion

We compared the performance of two oversampling techniques, SMOTE and KNNOR, on four different
datasets using three machine learning algorithms: Decision Tree, Random Forest, and SVM. The datasets used
in this study include the Hepatitis dataset, the Statlog dataset, the Mathematics dataset (Student), and the
Portuguese dataset (Student). For each dataset, we evaluated the accuracy of the models using an unbalanced
dataset and two different balanced datasets generated with SMOTE and KNNOR as shown in Table 4.

The units of data in Table 4 are expressed in terms of accuracy, which is a measure of how well a machine
learning model performs. Accuracy is represented as a decimal value between 0 and 1, with 1 indicating perfect
accuracy and 0 indicating the absence of accurate predictions. In this table, the accuracy values are presented
with two decimal places, such as 0.77 or 0.91, which can also be interpreted as percentages by multiplying
them by 100 (e.g., 77% or 91%).
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Table 4. Accuracy results of the study with machine learning and high-speed sampling method.

Hepatitis dataset (2 classes)

Unbalanced data Balanced with smote Balanced with knnor
Decision tree 0.77 0.81 0.80
Random forest 0.87 0.85 0.85
SVM 0.79 0.57 0.76
The statlog dataset (6 classes)
Unbalanced data Balanced with smote Balanced with knnor
Decision tree 0.84 0.83 0.82
Random forest 0.90 0.90 0.90
SVM 0.88 0.87 0.87
Mathematics dataset (Student) (5 classes)
Unbalanced data Balanced with smote Balanced with knnor
Decision tree 0.66 0.68 0.67
Random forest 0.70 0.70 0.71
SVM 0.66 0.70 0.73
Portuguese dataset (Student) (2 classes)
Unbalanced data Balanced with smote Balanced with knnor
Decision tree 0.91 0.91 0.91
Random forest 0.93 0.93 0.93
SVM 0.91 0.92 0.92

Our results showed that the use of oversampling techniques did not always improve the accuracy of the model.
In fact, in some cases, the accuracy decreased when using these techniques. The results also showed that the
effectiveness of the oversampling techniques varied depending on the dataset and machine learning algorithm
being used.

For the Hepatitis dataset, the Decision Tree model achieved an accuracy of 0.77 on the unbalanced dataset,
0.81 on the dataset balanced with SMOTE, and 0.80 on the dataset balanced with KNNOR. The Random Forest
model achieved an accuracy of 0.87 on the unbalanced dataset, 0.85 on the dataset balanced with SMOTE, and
0.85 on the dataset balanced with KNNOR. The SVM model achieved an accuracy of 0.79 on the unbalanced
dataset, 0.57 on the dataset balanced with SMOTE, and 0.76 on the dataset balanced with KNNOR.

For the Statlog dataset, the Decision Tree model achieved an accuracy of 0.84 on the unbalanced dataset, 0.83
on the dataset balanced with SMOTE, and 0.82 on the dataset balanced with KNNOR. The Random Forest
model achieved an accuracy of 0.90 on all three datasets, while the SVM model achieved an accuracy of 0.88
on the unbalanced dataset, 0.87 on the dataset balanced with SMOTE, and 0.87 on the dataset balanced with
KNNOR.

For the Mathematics dataset (Student), the Decision Tree model achieved an accuracy of 0.66 on the
unbalanced dataset, 0.68 on the dataset balanced with SMOTE, and 0.67 on the dataset balanced with KNNOR.
The Random Forest model achieved an accuracy of 0.70 on all three datasets, while the SVM model achieved
an accuracy of 0.66 on the unbalanced dataset, 0.70 on the dataset balanced with SMOTE, and 0.73 on the
dataset balanced with KNNOR.

For the Portuguese dataset (Student), the Decision Tree model achieved an accuracy of 0.91 on all three
datasets. The Random Forest model achieved an accuracy of 0.93 on all three datasets, while the SVM model
achieved an accuracy of 0.91 on the unbalanced dataset, 0.92 on the dataset balanced with SMOTE, and 0.92
on the dataset balanced with KNNOR.

It is important to note that the effectiveness of oversampling techniques is highly dependent on the nature of
the data being analyzed. Our results indicate that oversampling techniques may not be necessary for datasets
that are already well-balanced. In such cases, oversampling may actually introduce noise and lead to a decrease
in accuracy.
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Furthermore, our results suggest that the choice of machine learning algorithm is an important factor to
consider when using oversampling techniques. For example, our findings showed that the performance of the
SVM algorithm was significantly affected by the use of oversampling techniques. In contrast, the Random
Forest algorithm was less sensitive to the use of oversampling techniques, and in some cases, showed no
improvement in accuracy with the use of SMOTE or KNNOR.

The Portuguese (student) dataset exhibits the highest degree of imbalance with an imbalance ratio of 5.49,
indicating a more disproportionate distribution of instances across its classes compared to other datasets. In
contrast, the Statlog dataset has the least imbalance, with an imbalance ratio of 2.45, suggesting a relatively
more even distribution of instances among its classes. Understanding the degree of imbalance within each
dataset allows practitioners to tailor their approaches to develop more accurate and robust classification models
accordingly.

We calculated the mean absolute deviation, also known as the average distance, to measure the dispersion of
data points in a dataset relative to the mean. Our analysis showed that the mean absolute deviation was 0.2925,
indicating that on average, data points deviate from the mean by approximately 0.2925 units. This measure
provides insight into the dispersion of the data, which can be helpful in understanding the overall distribution
and consistency of the dataset.

Our results revealed that the use of oversampling techniques did not consistently improve the accuracy of the
model. In fact, in some instances, the accuracy decreased when using these techniques. The effectiveness of
the oversampling techniques varied depending on the dataset and the machine learning algorithm being used.
It is important to note that the effectiveness of oversampling techniques highly depends on the nature of the
data being analyzed. Our results indicate that oversampling techniques may not be necessary for datasets that
are already well-balanced, and in such cases, oversampling may introduce noise and lead to decreased
accuracy.

After conducting a more detailed analysis, we discovered that the results obtained from these techniques varied
depending on the specific machine learning algorithm employed. Specifically, we found that SMOTE gave a
slightly better result when used with the Decision Tree algorithm, while KNNOR had a slightly better score
when applied to SVM algorithms.

Overall, our study highlights the importance of carefully evaluating the effectiveness of oversampling
techniques on a case-by-case basis. In some cases, oversampling techniques may not be necessary and may
even lead to a decrease in accuracy. Therefore, it is crucial to carefully evaluate the performance of machine
learning models with and without oversampling techniques in order to determine the best approach for a given
dataset and algorithm. By doing so, we can ensure that the models we develop are accurate and reliable, and
that we can extract useful and valid information from large datasets through the process of KDD and data
mining.

Looking towards the future, there are several areas for further investigation. For example, additional research
is needed to determine the optimal oversampling technique for the Hepatitis dataset with an SVM machine
learning algorithm. It would also be useful to expand the scope of this study to include a wider range of datasets
and machine learning algorithms, in order to have a more complete understanding of the performance of
SMOTE and KNNOR. Additionally, it would be interesting to investigate the performance of these techniques
in conjunction with other approaches for addressing class imbalance, such as undersampling or class weight
adjustments.

Chawla et al. (2002) introduced the SMOTE algorithm, which demonstrated improved classification
performance for minority classes and is applicable to various machine learning algorithms (Chawla et al.,
2002). However, the effectiveness of SMOTE varies depending on the dataset and machine learning algorithm,
and may introduce noise in some cases, leading to decreased accuracy. In our study, we found that the
effectiveness of SMOTE and KNNOR oversampling techniques depends on the specific dataset and machine
learning algorithm employed, which supports the notion that their performance can vary depending on the
context.
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Han et al. (2005) proposed the Borderline-SMOTE algorithm, which is a variation of the original SMOTE
algorithm (Han et al., 2005). They demonstrated the effectiveness of their approach on several datasets, with
improvements in classification performance over the original SMOTE. However, our study focused on
comparing the original SMOTE and KNNOR techniques, and future research could consider evaluating
Borderline-SMOTE as well. Since we did not evaluate Borderline-SMOTE in our study, we cannot directly
compare its performance, but it may have potential similar limitations as the original SMOTE depending on
the dataset and machine learning algorithm.

Batista et al. (2004) conducted a comprehensive study on various methods for balancing machine learning
training data, including oversampling, under sampling, and hybrid approaches (Batista et al., 2004). Their
findings highlighted the importance of using a suitable balancing method depending on the dataset and learning
algorithm. Although their study does not specifically focus on SMOTE and KNNOR, it reinforces the idea that
selecting the appropriate balancing method is crucial for improving classification performance.

Our study contributes to the existing body of knowledge by investigating the effectiveness of SMOTE and
KNNOR oversampling techniques with different machine learning algorithms and datasets. We provided
insights into the factors that influence the performance of oversampling techniques, such as the choice of
machine learning algorithm and the nature of the dataset. However, we did not explore the performance of
other oversampling techniques, such as Borderline-SMOTE, which limits our understanding of their potential
benefits.

5. Conclusions

In conclusion, the study has shown that the performance of SMOTE and KNNOR oversampling techniques
can vary significantly depending on the specific dataset and machine learning algorithm being used. Both
methods did not consistently enhance the precision of the model, but were successful in raising the accuracy
on specific datasets. The effectiveness of these methods varied depending on the type of machine learning
algorithm applied, with SMOTE giving a slightly better result when used with the Decision Tree algorithm
and KNNOR having a slightly better score when applied to SVM and Random Forest algorithms. These
findings have important implications for the selection of oversampling techniques in machine learning
applications and call for further research in this area. Overall, our results provide valuable insights into the
performance of SMOTE and KNNOR oversampling techniques and can inform future research in this area.
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YAZAR REHBERI
1. KAPSAM ve GENEL BIiLGIi

Giimiishane Universitesi Fen Bilimleri Dergisi (GUFBD), Giimiishane Universitesi'nin yayin
organidir. Dergi kapsaminda biitiin Fen, Teknoloji, Miihendislik, Tarim ve Mimarlik Alanlarinda
daha 6nce bagka yerlerde yaymlanmamus, 6zgiin, arastirma makaleleri, derlemeler ve editore
mektuplar yayinlanir (Anket ¢calismalar1 dergimizin konu kapsamina uygun degildir).

Dergi bilimsel ve hakemli bir dergi olup, Ocak, Nisan, Temmuz ve Ekim aylarinda olmak iizere
yilda dort kez ¢evrimigi ortamda yayimlanir.

Derginin amaci arastirma ve gelistirme faaliyetlerinin bilimsel yayina doniistiiriilmesi, ulusal ve
uluslararasi indekslere girerek evrensel bilime katki saglamaktir.

2. YAYIN DIiLi ve ANLATIM

Dergide yaymnlanacak tiim yazilar i¢in yayn dili Tiirkge ve Ingilizce’dir. Anahtar kelimeler
alfabetik siralamaya uygun olarak verilir. Ingilizce anahtar kelimeler (Keywords) ise yine bu
siralama dikkate alinarak yazilir.

Makale icerisinde yazar tarafindan gergeklestirilen caligmalara yonelik (Deneysel calismalar,
analizler vb) anlatimlarda {i¢iincii sahis kullanilmaya 6zen gosterilmelidir.

3. ELEKTRONIK ORTAMDA BASVURU

Dergi ile ilgilitiim yazigmalarda DergiPark tarafindan saglanan arayliz kullaniimalidir.
Dergi yazim kurallarina uygun olarak hazirlanmis makaleler, basili kopyaya gerek olmaksizin,
Ulakbim Dergipark {izerinden https://dergipark.org.tr/tr/pub/gumusfenbil/ adresi kullanilarak
gonderilmelidir. Dergiye makale gondermek isteyen yazarlarin yazim kurallart ile
birlikte "Gonderi Kontrol Listesi"ndeki her maddeyi de kontrol etmeleri gerekmektedir.
Makaledeki bilgilerin dogrulugunun sorumlulugu yazar(lar)a aittir.

Yayinlanacak makalelerde, arastirma ve yayin etigine uygunluk esastir. "Makale Gonderimi ve
Telif Hakki Devir Formu" doldurulup biitiin yazarlar tarafindan imzalanmalidir. Yayn ile ilgili
islemler bu formun tesliminden sonra baslar. Bu formun farkli kopyalar1 baska sehirlerde yasayan
yazar(lar) tarafindan ayr1 ayr1 imzalanip génderilebilir. Dergi ana sayfasinda yer alan “Etik Ilkeler
ve Yayin Politikas1” yazarlar tarafindan 6nemle dikkate alinmalidir.

Hayvanlarin veya zararli maddelerin kullamldig arastirmalarda “Etik Kurul izin Belgesi’nin
makaleye eklenmesi gerekir. Insanlarin denek olarak kullanildig1 arastirma sonuglarini igeren
makalelerde yazar(lar), “insan denemeleri iizerinde yetkili kurul” etik standartlarina ve gézden
gecirilmis Helsinki bildirgesi 1983’e uygunlugunu belgelemeleri gerekir.



4. DEGERLENDIRME SURECI

Giimiishane Universitesi Fen Bilimleri Dergisi’ne iletilen yazilar éncelikle dergi bas editdriiniin
yonlendirecegi alan editorii tarafindan konu bagligi ve anahtar kelimelere dayanilarak bigimsel
acidan degerlendirilir. On kontrol asamasinda oncelikle intihal tespit yazilimlar1 kullanilarak
benzerlik raporlari olusturulur. Aday yayinin benzerlik raporu toplamda %20 den az olmali ve tek
bir kaynaktan ise %4 oranindan fazla olmamalidir. Daha sonra incelenecek yayinin dergi formatina
uygun olup olmadigina karar verilir. “Makale Gonderimi ve Telif Hakki Devir Formu” olmayan
veya eksik olan aday yayinlar ile benzerlik orani sinirlarini asan aday yayinlar 6n incelemeye
alinmaz. Oninceleme asamasini gecen yazilar dergi bas editdrii tarafindan inceleme siirecinin
gergeklestirilmesi icin ilgili alan editoriine yonlendirilir.

Alan editorii bilimsel igerik bakimindan degerlendirilmek iizere aday yayini, konusuna uygun
olarak en az li¢ hakeme yonlendirir. Hakem se¢iminde 6ncelikle konu ile ilgili dergi yayin danisma
kurulu iiyelerinden ya da alaninda uzman baska bir bilim insanindan yararlanilir. Hakemler
degerlendirmeleri sonucunda, uygun, diizeltilerek yayinlanabilir, diizeltildikten sonra tekrar
gormek isterim, istedigim diizeltmelerin kontroliinii derginin uzman bilimsel ekibi tarafindan
yapilmas1 uygundur veya yaymlanamaz seklinde kararlar1 verebilirler.

Diizeltme istenen yazilarla ilgili olarak yazar gerekli diizeltmeleri yapar. Ayrica katilmadigi
hususlarla ilgili olarak gerekgeli yazisin1 dergiye gonderir.

Hakem kurulu tarafindan farkl tiirde degerlendirilen yazilar i¢in alan editorii kendi goriisiinti de
ekleyerek degerlendirmenin sonug¢landirilmasi i¢in bas editore iletir. Degerlendirmede son karar
bas editore aittir. Bag editor gerekli goriirse yeni bir hakem tayin eder veya yazi ile ilgili kararini
sonu¢landirir.

Tiim degerlendirmeler sonucunda kabul ya da red karari1 gerekgeleri ile birlikte DergiPark
iizerinden yazismadan sorumlu yazara iletilir.

Degerlendirme sonucu kabul karar1 verilecek makaleler yazim ve dil editdriine yonlendirilerek
ilgili makalenin yazim ve dil yoniinden incelemesi ile dergi yazim kurallar1 agisindan uygunlugu
saglanir. Kabul edilen makaleler dergi sekreteryasi tarafindan esasa baglh kalinarak yayina uygun
formata doniistiiriiliir.

Dergide yayimlanan makaleler baska hi¢ bir yerde yayimlanamaz veya bildiri olarak sunulamaz.
Kismen veya tamamen yayimlanan makaleler kaynak gdsterilmeden hi¢bir yerde kullanilamaz.
Dergiye gonderilen makalelerin igerikleri 6zgiin, daha 6nce herhangi bir yerde yayimlanmamis
veya yayimlanmak tiizere gonderilmemis olmalidir. Degerlendirmeye sunulacak c¢aligmalarin bir
baska dergiye gonderilmedigi veya basilmadigi 6n yazi ile belirtilmelidir.



Makale basim i¢in kabul edilmezse “Makale Gonderimi ve Telif Hakki Devir Formu” nun yasal
bir 6nemi kalmaz ve hiikiimsiiz olarak kabul edilir. Bu formun imzalanmasi ile yazarlar, makalenin
“Giimiishane Universitesi Fen Bilimleri Dergisi” dergisi ve web sayfasinda yayinlamasina ilaveten
makalenin tamami veya bir kisminin yasal olarak ¢ogaltilmasi ve dagitilmasi1 hakkini Giimiishane
Universitesi’ne devrederek, kendi haklarindan feragat etmektedirler.

5. MAKALE TURLERI

Dergide yayinlanan farkli yayin formatlari ile ilgili bilgiler ve yaz tiirlerine gore yazarlarin dikkat
etmeleri gereken hususlar su sekildedir:

5.1 Arastirma Makaleleri: Tiirkge Baslik, ingilizce Baslik, Yazarlar, Adresler, Tiirkge Oz, Tiirkce
Anahtar Kelimeler, Ingilizce Oz, ingilizce Anahtar Kelimeler, Giris, Amag, Gere¢ ve Yontem,
Bulgular, Tartisma ve Sonuglar, gerekli ise Etik konular, Katki Belirtme ve Tesekkiir, Kaynaklar,
Sekil ve Tablolarla ilgili agiklamalar icermelidir. Makale konunun uzmanlar1 tarafindan
tekrarlanabilecek sekilde yeterli bilgiyi igermelidir. Bu tiir makalelerde ana metin 3500-4000
kelime arasi olmali, kaynak sayis1 40’1 agmamalidir.

5.2 Derlemeler: Yazar(lar)in uzmanlik alaninda yapilmig eski arastirmalarin derlenip elestirel bir
sekilde yorumlanip ortaya yeni bir goris ileri siiren ¢alismalar1 kapsamalidir. Bu tiir makale 6neren
yazar(lar)in en az 10 SCI-Expanded makalesi bulunmali ve bunlarin en az 5 tanesi derleme yaptigi
alanda olmalidir. Derlemeler, Tiirkge Baslik, Ingilizce Baslik, Yazarlar, Adresler, Tiirkge Oz,
Tiirkce Anahtar Kelimeler, ingilizce Oz, Ingilizce Anahtar Kelimeler, Giris, Ana Boliimler, Alt
Boliimler, Sonug, Katki Belirtme ve Tesekkiir, Kaynaklar, Sekil ve Tablolarla ilgili agiklamalar
icermelidir. Ana metin en fazla 5000 kelime olup kaynak sayisinda bir kisitlama yoktur. Bu tiir
calismalar literatiirle ilgili genis bir tartisma ortaya koymali ve kaynak sayis1 en az 40 olmalidir.

5.3 Editore Mektup: Dergide yaymlanmis makaleler hakkinda veya ilgili diger konularda soru
sormak, goriis bildirmek isteyenlerin yazilar1 bu tlirde degerlendirilir. Bu tiir yazilarda kapsam ve
etik kavramlar g6z onilinde bulundurulur. Ana metin en fazla 1000 kelime olup kaynak sayisi 10°u
gecmemelidir.

6. MAKALENIN HAZIRLANMASI
Dergiye degerlendirilmek {izere yayin gonderecek yazarlarin GUFBD makale sablonu dosyasini

dikkate alarak yaymlarin1 hazirlamalar1 ve gerekli olan diger belgelerle birlikte sisteme yiiklemeleri
gerekmektedir.
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