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Anahtar Kelimeler 0z: Membran filtrasyonu, tekstil endiistrisi atiksularinin aritimi i¢in kullamlan en
Anarerobik dinamik umut verici teknolojilerden biridir. Literatiirde kirlenme kontrolii {izerine olduk¢a
membran,

fazla sayida ¢alisma yapilmasina ragmen, membran kirlenmesi son derece 6nemli bir
sorun olmaya devam etmektedir. Bu c¢alisma kapsaminda, isletilen bir tekstil
Kirletici . endiistrisi atiksuyu aritimi i¢in isletilen anaerobik dinamik membran biyoreaktor
irletici karakterizasyonu, . . .
Taramali elektron (AnDMBR)’de meydana gelen membran kirlenmesinin karakterizasyonu yapilmistir.
mikroskobu, Ayrica es zamanli olarak isletilen mikrofiltrasyon (MF) membrani ile kiyaslanmasi
Kirlenme hizi yapimistir. Bu amagla ¢alismada, jel permeasyon kromatografisi (GPC), taramali
elektron mikroskopisi (TEM), Fourier Déntistimlii Kizil Otesi Spektrofotometre (FTIR)
ve kirlenme hizi (FR) analizleri gerceklestirilmistir. Kek tabakasi olusumunun
ardindan dinamik membran ile mikrofiltrasyon membrani benzer filtrasyon verimleri
gostermistir. Karakterizasyon analizleri ise dinamik tabakada 1 kDa’dan 9000 kDa’ya
kadar genis bir aralikta molekiiler biiytikliige sahip partikiillerin biiyiik oranda
mikrobiyal iriinlerce olusmus kek tabakasi sayesinde filtrelendigine isaret
etmektedir. Yapilan TEM goériintiilemesinde, MF membraninda dinamik membrana
kiyasla daha piiriizsiiz ve gozeneksiz bir yap1 gézlenmistir. Dinamik membrandaki
kirlenme hizi da (2,33+0,17 mbar/dk) MF membraninkinden (5,96+0,41 mbar/dk)
daha diistik olarak elde edilmistir.

Mikrofiltrasyon
membrani,

Filtration Performance Comparison and Foulant Characterization in the Treatment of
Textile Industry Wastewater with Dynamic and Microfiltration Membranes

Keywords Abstract: Membrane filtration is one of the most promising technologies used for the
Anaerobic dynamic treatment of textile industry wastewater. Although there are many studies on fouling
membrane,

control in the literature, membrane fouling continues to be an extremely important
problem. As a result of fouling, membrane systems have higher capital and operating
costs limiting the widespread application of membrane systems. In scope of this study,
characterization of membrane fouling was carried out in an anaerobic dynamic
membrane bioreactor (AnDMBR) operated for a textile industry wastewater
treatment. In addition, it was compared with the microfiltration (MF) membrane
which operated simultaneously. For this purpose, gel permeation chromatography
(GPC), scanning electron microscopy (SEM), fourier transform infrared (FTIR)
spectroscopy and fouling rate (FR) analyzes were performed. Following the cake layer
formation, the dynamic membrane and the microfiltration membrane showed similar
filtration efficiencies. Characterization analyzes indicate that particles with a wide
range of molecular sizes from 1 kDa to 9000 kDa in the dynamic layer are largely
filtered by the cake layer formed by microbial products. In SEM scanning, a smoother
and non-porous structure was observed in the MF membrane compared to the
dynamic membrane. The fouling rate in the dynamic membrane (2,33%0,17
mbar/min) was also lower than that of the MF membrane (5,96+0,41 mbar/min).

Microfiltration membrane,
Fouling characterization,
Scanning electron microscopy,
Fouling rate
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Tekstil Endiistrisi Atiksularinin Dinamik ve Mikrofiltrasyon Membranlari ile Aritiminda Filtrasyon Performans Kiyaslanmasi ve Kirletici Karakterizasyonu

1. Giris

Atiksu aritiminda membran teknolojisi her gecen giin popiilerlik kazanmakta olup c¢ok ¢esitli su ve atiksu aritma
uygulamalarinda kullanilmaktadir [1]. Gerek biyolojik reatorlerde kati sivi ayriminin yapildifi membran
biyoreaktorler, gerekse ileri aritim uygulamalarinda spesifik kirleticilerin (tekstik boyar maddeleri, tuz ya da zor
parcalanan organik maddeler) giderimi i¢in ultra-nanofiltrasyon ile ters ozmoz filtrasyonlar1 membranlarin su ve
atiksu arttimindaki uygulamalarina 6rnektir [2,3]. Yiiksek ¢ikis suyu kalitesi ile biyoreaktér uygulamalarinda
diistik alan ihtiyaci baslica avantajlaridir. Membran uygulamalar1 biyoreaktérlerde ayrica daha yiiksek reaktor
biyokiitle konsantrasyonuna ulasilabilmesine bu da daha yiiksek aritim verimleri saglamasina olanak saglar.

Sayilan bu avantajlarina ragmen, membran tikaniklig1 uygulamadaki baslica dezavantajdir. Tikanikligin kontroli
icin kimyasal yikama yapilmasi ekstra bir kimyasal maliyeti ortaya ¢ikarmaktadir. Membranlardan suyun gecisinin
saglanmasi icin uygulanan kuvvet ise enerji maliyetlerini arttirmaktadir. Membranlarin ilk yatirim maliyeti de bir
diger dezavantajdir.

Dinamik membranlar son yillarda geleneksel membranlara alternatif bir teknoloji olarak ortaya ¢ikmaktadir [4,5].
Dinamik membran bir destek tabaka lizerinde zamanla gelisen bir tabaka olup bu tabaka gelisimine bagl olarak
zamanla bir membran gibi davranir. Destek tabaka olarak yiiksek gozenek boyutlu (2 ila 500 um) kullanilabilirken
normal sartlarda bu tabakanin filtrasyon yapmasi mimkiin degildir. Ancak zamanla bu tabaka iizerinde su
ortamindaki askidaki maddelerin (mikroorganizmalarin, mikrobiyal {iriinlerin, sudaki ¢6kebilir katilarin ve
inorganik maddelerin vs) birikimi ile olusan bu tabaka bir filtrasyon ortami gibi davranmaya baslar. Olusan bu
tabakaya dinamik tabaka ve filtrasyona da dinamik membran filtrasyonu denir [6].

Hidrodinamik kosullar, membran yapisi ve modiil tasariminin yani sira, gamur 6zellikleri (partikiil boyutu, hiicre
dis1 polimerik maddeler, mikroorganizma cesitliligi, hidrofobiklik, ytlizey yiikii gibi) dahil olmak tizere bir dizi
faktoriin kek tabakasi olusumunda etkili oldugu tespit edilmistir [7]. Bu alanda yapilan bir¢ok arastirmaci, kek
tabakasi olusumu ile sonu¢lanan membran tikanmasini {i¢ ana katetoride siniflandirmislardir: biyolojik tikanma,
organik tikanma ve inorganik tikanma [8]. Kek tabaka olusumunda siklikla bu {i¢ mekanizma izlenir. Ancak
gercekte herbir mekanizmanin katkisi reaktorlerdeki membran karakteristikleri, camur yapisi, ¢cevresel kosullar,
reaktor tasarimi ve isletime bagl olarak degisir. Genel bir yaklasim olarak, inorganik bilesenlerden ziyade organik
kokenli bilesenler kek tabakasi olusumunda biiytik gorev alirlar. Mikroorganizmalar tarafindan tretilen hiicre disi
polimerik maddeler (EPS) reaktdr icinde flok yapilarini olusturmaya yararken dinamik tabakalarda kek tabaka
olusumuna katkida bulunurlar [9]. Literatiirde metalik bilesiklerin katkilarini1 agiklayan baska ¢alismalar da
mevcuttur [10]. Dinamik membranlarda kati sivi ayrimu filtrasyonunun gergeklestigi esas nokta bu kek tabakasi
oldugu icin dinamik tabakanin karakterizasyonunun filtrasyon performansi ile birlikte belirlenmesi gercek 6l¢ekli
uygulamalar i¢in gerekliliktir.

Literatiirde kek tabakasinin karakterizasyonuna odaklanilan cesitli calismalar bulunmaktadir. Evsel atiksularin
aritildig1 bir non woven fabrik membran biyoreaktorde ise membrandan ekstrakte edilen organik Kkirleticilerin
protein ve hiimik asit benzeri bilesikler oldugu, EDX analizleri ile de biriken inorganik elementlerin Mg, Al, Ca, Si,
and Fe oldugu bildirilmistir [11].

Ayni ekip tarafindan yapilan market atiksulari ile yapilan benzer bir ¢alismada ise membran tizerinde biriken kek
tabakasinin proten benzeri bilesiklere ek olarak ¢6ziinmiis mikrobiyal iirtinlere benzer nitelikte bilesenler oldugu
EEM analizleri ile belirlenmistir. GFC analizleri ise kek tabakasindaki ¢camurun gerek siiziintiiden gerekse reaktor
ic camurundan ¢ok daha genis bir aralikta oldugunu ortaya koymustur. Ekibin énceki ¢alismasindan farkl olarak
market atiksularinda proteinlere ek olarak, polisakkaritler ve yaglh bilesikler gozlenmistir. SEM EDX taramalari ise
kek tabakasinin sadece organik bilesiklerce olmadigini Mg, Ca, Na, Al, K, and Si gibi inorganik bilesiklerin de
bulundugunu ortaya koymustur [12]. Yapilan ¢alismadan anlasildigi lizere kek tabakasi ile reaktérdeki ¢amur
farkl biyolojik ve fiziksek 6zelliklere sahip olabilmektedir. Bu bulgulari destekler bir ¢alisma ise Lin ve arkadaslari
tarafindan gergeklestirilmistir. Termomekanik hamur beyaz suyu ile yapilan ¢alismada membranda gelisen kek
tabakasi ve reaktérdeki camur incelenmis ve reaktérdeki camur 6zellikleri ile membran lizerinde gelisen kek
tabakasinin ¢cok farkli 6zelliklerde olduklarini bildirmislerdir. Her iki ¢amur arasinda farkli pargacik boyut
dagilimi, farkli SRF, EPS ve mikrobiyal yap1 gozlenmistir. Membran tizerindeki kek tabakasinin heterojen yapi
gosterdigi ve dnemli derecede farkli mikrobiyal kominiteye sahip oldugu izlenmistir [7].

Simdiye kadar, ¢ok sayida ilgili bilimsel ¢alisma, membranin tipi ve karakteristigine, isletim parametrelerine,
biyoreaktor icerisindeki camurun 6zelliklerine ve atiksu 6zelliklerine odaklanmistir [13]. Literatiirde anaerobik
dinamik membran yiizeyinde olusan kek tabakasinin 6zellikleri hakkinda simirh bilgi bulunmaktadir. Ozellikle
dinamik ve mikrofiltrasyon membranlarinin kirletici karakteristiginin kiyaslanmasi konusunda calismaya
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rastlanilmamistir. Bu ¢alisma, ayni kosullar altinda isletilen dinamik ve mikrofiltrasyon membranlarinin Kirletici
karakterizasyonunun kiyaslanmasini icermektedir. Yapilan farkli analizlerle membran yiizeyinde olusan organik
kirlenme, biyolojik kirlenme ve inorganik kirlenme karakterize edilmistir. Ayn1 zamanda AnDMBR’lerde kirletici
karakterizasyonuna odaklanan ilk calismadir. Dolayisiyla, ¢calismada elde edilen sonuglarin mikrofiltrasyon ve
dinamik membranin filtrasyon performansinin kiyaslanmasi ve isletimsel parametrelerin optimize edilerek
AnMBR'lerde membran kirlenmesini kontrol etmek icin degerli olacag: diisiiniilmektedir.

2. Materyal ve Metot
2.1. Reaktoér kurulumu ve isletimi

Calisma kapsaminda bir adet pleksiglas malzemeden yapilmis olan anaerobik membran biyoreaktor isletilmis
olup, reaktore ait detaylar Yurtsever ve digerlerinin [4] yapmis oldugu ¢alismada verilmistir. Calismada, dinamik
membran olusturulmasi amaciyla 20 um gézenek boyutuna sahip naylon destek malzemesi ve 0.45 um gozenek
boyuna sahip miktrofiltrasyon (MF) membrani kullanilmistir. Biyoreaktérde her iki membran da diiz tabaka ¢ift
tarafli membran modiiliine tutturulmus olup, modiil basina toplam aktif alan 0.01 m? olacak sekilde isletilmistir.

Membranlar tiim isletim boyunca belirlenen sabit aki prensibine gore isletilmis olup, reaktdrden su cekilmesi icin
kullanilan pompa (Filtech, FPP-6), zaman roélesi kullanilarak ayarlanmis ve 5 dk ¢alis - 1 dk dur seklinde
calistirlmistir. Transmembran basincindaki (TMP) degisimler vakum hattindaki bir basing 6lger yardimiyla
izlenmis olup, zamansal olarak kayit altina alinmistir. Bu kayitlar kullanilarak membranlardaki kirlenme hizlari
hesaplanmistir. Reaktor icerisindeki atmosfer, bir diyafram gaz pompasi (Mabuchi Motor, RS-555PH, USA)
yardimiyla reaktore belli hizlarda (birim membran alan1 basina spesifik havalandirma ihtiyaci (SADm)=1-10
m3/mz2saat) geri devrettirilerek membranin fiziksel olarak temizlenmesi saglanmistir. Geri devrettirilen gaz
membrani siyirarak kek tabakasinin asir bir sekilde artmasinin 6niine gegilmeye ¢alisilmistir. Sivi seviyesi, krom
problarla bir s1v1 seviye rolesi (Entes, SSRC-04, Tiirkiye) ile kontrol edilmistir.

Gaziantep Merkez Atiksu Aritma Tesisi'nde bulunan anaerobik ciiriitiiciilerden alinan aktif anaerobik camur ile
AnDMBR kurularak, baslangic AKM konsantrasyonu yaklasik 10 g/L olacak sekilde isletmeye alinmistir. Sistemin
stabil isletim kosullar1 saglanincaya kadar, ilk 84 giin sadece 0.45 pm gozenek boyutuna sahip mikrofiltrasyon
membrani ile isletilmistir. Reaktoriin kararli durum kosullarina ulasmasi ve yiliksek verimlerde giderim
saglamasinin ardindan 20 pm’lik dinamik membran da reaktore daldirilarak ayni anda hem dinamik membran
hem de MF membrani isletilmeye baslanmistir. Boylece ayni kosullar altinda her iki membranin kiyaslanmasi
yapilmistir. Sistemde 20 pm dinamik membran ¢alisma boyunca ortalama 8.05+3.01 LMH, mikrofiltrasyon
membrani ise ortalama 4,05+0,61 LMH akilarda sabit tutulmustur. Reaktor tiim is paketlerinde sabit sicaklikta
3342 °C’lik 1s1 kontrollii oda da isletilmistir.

Reaktér, Yurtsever ve digerlerinin [4] yapmis oldugu calismada verildigi gibi CeH1206.H20 (KOI olarak 1000 mg/L),
NaHCOs (2754 mg/L), NH4Cl (230 mg/L), K2HPO4 (37 mg/L), KH2PO4 (67 mg/L) MnS0O4+H20 (0,4289 mg/L),
ZnS04.7H20 (0,1053 mg/L), NazS03 (0,2811 mg/L), CuSO4.5H20 (0,0556 mg/L), FeS04+7H20 (5,92 mg/L),
NiS04.6H20 (0,1 mg/L), CoCl2.6H20 (1 mg/L) ve Remazol Brilliant Violet-5R (RBV-5R) (50 - 100 mg/L) iceren
sentetik tekstil endiistrisi atiksuyu ile beslenmistir. Boyanin bakteriler iizerindeki toksik etkisini dnlemek icin
besindeki boya konsantrasyonu kademeli olarak artirilmistir. Baslangi¢cta boya konsantrasyonu 50 mg/L iken,
dinamik membran modilii takilmadan 6nce 100 mg/L'ye yiikseltilmistir. COD konsantrasyonu 1000 mg/L'de sabit
tutulmustur. Ek olarak, bakteri tiremesi icin gerekli olan niitrientler ve iz elementler eklenmistir.

2.2. Analitik Metotlar
Molekiiler Agirlik Dagilim (GPC) Analizi

Hem dinamik membran hem de MF membranina ait siiziintii ve kek tabakasindaki ayrica reaktor ici
stizlintiislindeki ¢6ziinmiis organiklerin molekiiler boyutlar1 jel permeasyon kromotografisi (GPC) ile
belirlenmistir. Kullanilan yéntem detayli olarak énceki ¢alismalarimizda sunulmustur [14]. C6zlinmiis organik
makromolekiillerin ortalama molekiil agirliklarinin incelenmesi igin iki adet PL Aquagel-OH Mixed-H kolonu
kullanilarak, Agilent 1260 Infinity GPC marka cihazla molekiil agirligi tespiti yapilmistir. Yapilan 6l¢iimlerde
tasiyial faz olarak % 0,02 (w/v) NaNs3 kullanilmis olup, 6l¢iimler 30 °C’'de 1 mL/dak akis hizinda yapilmistir.
Molekiiler agirliklar polietilen glikol kullanilarak hazirlanan kalibrasyon egrisine gore hesaplanmis olup, 106-
1.500.000 Da molekiiler agirlik araliginda él¢iimler yapilmistir.
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FTIR Analizi

Kek tabakasindaki ve reaktor ici camurundaki organik maddelerin belirlenmesi icin Fourier Déniistiimlii Kizil Otesi
Spektrofotometre (FTIR) analizi yapilmis olup, bu sayede dinamik tabakay1 olusturan organiklerin cesitleri
belirlenmistir. Analizler Zhu vd. [12] tarafindan verilen prosediir modifiye edilerek yapilmistir. Reaktor icinden
alinan camur numunesi ve membran yiizeyinden siyrilarak elde edilen kek tabakasi numunesi FTIR analizlerinden
once 50 °C'de kurutulmustur. Daha sonra elde edilen numuneler 6zel havanda déviilerek toz haline getirilmis ve
Perkin Elmer Spectrum Two FTIR cihazi kullanilarak analizleri gerceklestirilmistir. Yapilan analizler ile reaktor ici
ve kek tabakasindaki 6nemli fonksiyonel gruplarin karakterizasyonu yapilmistir.

TEM Analizleri

Membran tzerinde gelisen kek tabakasinin kalinliginin belirlenmesi icin taramali elektron mikroskobu (TEM)
kullanilmistir. Membranlarin degisim donemlerinde reaktorden ¢ikarilan kek tabakali membranlar kek tabakasina
zarar vermeden uygun miktarlarda kesilerek numuneler elde edilmistir.

Kirlenme Hizi Hesaplanmasi

AnDMBR’nin kararli durumda isletilmesi sirasinda, hem dinamik membran hem de MF membrani i¢in yarim
saatlik TMP verisi kullanilarak reversible (fiziksel olarak giderilebilen) tikanma hizi asagidaki esitlikten
hesaplanmistir.

_ d(TMP) 6]
f= dt

Burada rf, kirlenme hiz1 (mBar/dk), dt gecen zaman (dk) ve d(TMP) ise dt zamaninda transmembran basincindaki
degisimi (mBar) ifade etmektedir. Her bir dur-¢alis dongiisiinde basing degisimi takip edilerek, her bir dakikada
basing kaydi alinmis ve buradan tikanma hizi hesaplanmistur.

3. Bulgular ve Tartisma
3.1. Reaktdriin aritim performansi

Calismada hem dinamik membran hem de mikrofiltrasyon siiziintiisiinde elde edilen KOI konsantrasyonlari
birbirine oldukca yakin seviyelerde olup, dinamik membranin ¢ikis KOI konsantrasyonu mikrofiltrasyon
membranina gore ¢ok az miktarda diisiik seviyelerde elde edilmistir. Dinamik ve mikrofiltrasyon membranlarinin
cikis KOI konsantrasyolari sirasiyla 52+21 mg/L ve 42+15 mg/L olarak elde edilmis olup, aradaki kiiciik farkin
SEM goriintiilerinde goriildigi ve daha sonra tartisilacag tizere mikrofiltrasyon membranindaki kek tabakasinin
daha gozeneksiz ve daha piiriizsiiz yapiya sahip olmasindan kaynaklandigi sdylenebilir (Sekil 4).

Ortalama giris KOI konsantrasyonu 970+41 mg/L olup, ortalama giderim dinamik ve MF icin sirasiyla %94.6 ve
%95.7 olarak elde edilmistir. ilave olarak tiim c¢alisma boyunca oldukca diisiik seviyelerde cikis renk
konsantrasyonlari elde edilmistir. Ortalama 98+5 mg/L giris renk konsantrasyonlarina karsilik dinamik MBR ve
mikrofiltrasyon siiziintiilerinde sirasiyla 4,13+1,96 mg/L ve 4,01+1,74 mg/L renk konsantrasyonlari elde
edilmistir. Bu sonug¢larla hem MF membrani hem de dinamik membran i¢in giderim verimleri olduk¢a yliksek
seviyelerdedir (Ortalama %96+1,99). Dinamik membran isletiminin en 6nemli parametrelerinden birisi olan ¢ikis
AKM konsantrasyonu da ¢alisma boyunca ortalama 4,55 mg-AKM/L olarak elde edilmistir. AnDMBR'’ye ait aritim
performansi Yurtsever vd. [4]'nde detayl bir sekilde tartisiimistir.

3.2. Membranlarda Kkirletici karakterizasyonu
Molekiiler agirlik dagilimi (GPC)

GPC, son yillarda gelistirilen ve gesitli su aritma islemleri sirasinda bilesenlerin molekiiler agirlik (MW) dagilimini
degerlendirmek icin faydali oldugu kanitlanmis bir sivi kromatografi teknigidir. Yapilan ¢alismalarda GPC’'nin
cesitli su aritma siireglerini degerlendirmek i¢in yararh bir teknik oldugu gosterilmistir [11,15]. Kiiglik molekiiller
jelin gozeneklerinde daha fazla zaman harcarlar ve bu nedenle kii¢lik molekiillerin kolondan ge¢mesi daha biiyiik
molekiillerden daha uzun zaman alir [16]. Dolayisiyla bir organik maddenin molekiiler boyutu ve kolondan ¢ikis
sliresi yani ellisyonu arasinda yiiksek kolerasyon bulunmakta olup, organik maddenin molekiiler boyutuda buna

4
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bagli olarak hesaplanmaktadir [17]. Bu baglamda ¢alismamiz kapsaminda da hem MF membrani hem de dinamik
membran siizlintii ve kek numunelerinden GPC analizleri gerceklestirilmis olup, elde edilen sonuglar asagidaki
sekillerde sunulmustur.
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Sekil 1. AnDMBR'de reaktor i¢i slipernatantina, dinamik ve MF membran siizilintiisline (iistte) ve membran kek tabakalarina
(altta) ait GPC grafikleri

Yapilan ol¢timlerde olusan piklerin benzer zamanlarda ¢iktig1 gézlenmis olup, pik yiiksekliklerinde farkhliklar
mevcuttur (Sekil 1). Ozellikle reaktér ici numunesinde gézlenen piklerin siiziintii numunelerine kiyasla oldukca
yliksek oldugu belirlenmis olup, bu nedenle de gézlenen piklere ait molekiillerin konsantrasyonlarinin daha fazla
oldugu soylenebilir. GPC dl¢limiiniin 18,5. dakikasindaki pikte, siipernatantta elde edilen yaklasik 23mV’luk pik,
dinamik membranda 10 mV civarina diiserken, MF membraninda bu pik 7 mV civarina gerilemistir. Sonug olarak
stizlintiide daha diisiik sinyallerde piklerin gézlenmis olmasi o piklere ait molekiillerin bir kisminin dinamik
membran ylizeyinde olusan kek tabakasi tarafindan tutuldugunu gostermektedir. Pik ytliksekliklerine bagli olarak
eliisyon zamanlarinda kii¢iik kaymalar olmakla birlikte, 6zellikle reaktor i¢ci numunesinde 17,1. dk’da gozlenen pik
(~10 kDa), siiziintii numunelerinde olduk¢a azalmaktadir. GPC analizleri reaktor icinde genis aralikta molekiiler
biiytikliikteki parcaciklarin siiziintiide olmadigina ve kek tabakasinda tutulduguna isaret etmektedir. Aymni
zamanda dinamik membranda kek tabakasi olusumunun ardindan giderim performanslari mikrofiltrasyon
performansina yakindir. Bununla birlikte 18,5. dk’da gozlenen ve yaklasik 1 kDa molekiiler biiyiikliige denk gelen
pikte de reaktor icine nazaran biiyiik oranda azalma gerceklesmistir. Bu dakikada gozlenen pikler membran
gozenek boyutundan oldukga kiiciik boyutlarda olsalar da, pik boyutlarindaki azalma bu gézenek g¢apindaki
pargaciklarin dinamik membran iizerinde olusan kek tabakasi tarafindan tutulduguna isaret etmektedir. G6zlenen
pik ylksekliklerinin hem MF membraninda hem de dinamik membranda ayni olmasi dinamik membranin kek
tabakasi sayesinde bir mikrofiltrasyon membrani gibi davrandigina isaret etmektedir. Ayrica Sekil 1'de verilen
kek tabakasi GPC sonuglari da bu bulgular1 desteklemektedir.

Bu 6l¢iimlere ilave olarak reaktér ici camurundan ekstrakte edilen EPS numunelerinden elde edilen GPC grafikleri
ise
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Sekil 2’de sunulmustur. Olciimlerde reaktér ici ve siiziintii numuneleri ile benzer pikler bu numunelerde de
gozlenmistir. Ayrica bu piklere ilave olarak hem EPS hem de kek tabakasi numunelerinde 10 ve 15. dk’lar arasinda
da sirasiyla ~9000 kDa ve ~300 kDa molekiiler biiytikliige sahip ¢dziinmiis organik maddeler gozlenmistir.

Hem MF membranina hem de dinamik membrana ait kek tabakasi GPC 6l¢iimlerinde benzer pikler gézlenmistir
(Sekil 1). Ancak sekilde de goriildiigii izere, MF membranina ait pik yiikseklikleri dinamik membrana kiyasla daha
fazladir. Ozellikle 11. ve 13. dakikalarda elde edilen piklerin yiikseklik farklarinin fazla olmasi, daha yiiksek
molekiiler biiyiikliige sahip organik maddelerin 0,45 pm membran tarafindan daha yiiksek oranda tutuldugunu
gostermektedir. Bunun temel nedeni ise MF membraninda olusan kekin daha gézeneksiz olmasindan dolay,
¢ozlinmiis organiklerin MF membraninda daha fazla tutulmasidir. Bu nedenle MF membraninda daha fazla
tikanma meydana gelmesi ve bu membranda daha diisiik akilarin elde edilmesi muhtemeldir. Nitekim yapilan
¢alismada da dinamik membranda yaklasik 8 LMH akilar elde edilmisken, MF membraninda ayni kosullarda
yaklasik 4 LMH akilara elde edilebilmistir. Ayni zamanda MF membranindaki tikanma hizinin dinamik membrana
nazaran daha fazla olmasinin temel nedeni de budur.

Daha once yapilan bir ¢alismada da 18962 kDa molekiiler biiyiikliige sahip organik maddeler i¢in GPC sonuglar1
rapor edilmistir [17]. Benzer sekilde Lyko vd. [18] tarafindan yapilan bir calismada da 180-277000 Da arasindaki
¢Ozlinmiis organik maddeler rapor edilmistir.
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Sekil 2. AnDMBR’de reaktor i¢i camurundan farkli zamanlarda ekstrakte edilen EPS numunelerine ait GPC sonuglar1

Ozellikle EPS numunelerinde bu tiir yiiksek molekiiler agirliga sahip molekiillerin SRT, sicaklik, organik yiikleme
hizi, atiksu igerigi vb. gibi bircok parametreye bagli olarak gozlenebileceginden farkli calismalarda da
bahsedilmistir [19,20]. Ayrica reaktor isletim kosullarina bagh olarak ve gaz geri yikama, gaz geri devri gibi
sebeplerle mikroorganizma yapisindaki EPS’in koparak reaktdr ici ortamina dahil olabilecegi rapor edilmistir [21].
Sonug olarak, 6zellikle EPS ve kek tabakasi ol¢iimlerine bakildiginda yapilan ¢alismada da elde edilen GPC
sonuclarinin literatiirdeki diger calismalarla olduk¢a uyumlu oldugu gériilmektedir.

FT-IR

Reaktor icerisindeki camurdan ve tikanmadan sorumlu fonksiyonel gruplarin tespiti ici kek tabakasindan FT-IR
taramalari yapilarak elde edilen sonuglar Sekil 3'te sunulmustur. Sekilden de goriildiigu lizere hem reaktor igi
numunelerinde hem kek tabakasi taramalarinda benzer pikler gézlenmistir. Ancak piklerin yogunluklari arasinda
farkliliklar mevcuttur. Ozellikle kek tabakasindaki tiim taramalar reaktér ici taramalarindan fazladir.



Tekstil Endiistrisi Atiksularinin Dinamik ve Mikrofiltrasyon Membranlari ile Aritiminda Filtrasyon Performans Kiyaslanmasi ve Kirletici Karakterizasyonu

102
100 ~ . | |
98 - N M\\\Y\/'
o 96 - ! !
ERs 2940 |
2 3322
.g 92 A
O 90 -
°
88 - )
86 - —— Reaktor Ici
20 um Kek
84 - 0,45 um Kek
82 T T T
0 1000 2000 3000 4000

Dalge Sayisi (cm-l)
Sekil 3. AnDMBR'den elde edilen reaktor ici ve kek tabakasi FT-IR taramalari

Yapilan bir ¢calismada, FT-IR taramalarinda 1040-1050 cm! yakinlarindaki piklerin polisakkarit veya polisakarit
benzeri maddelere isarettigi, 1550 cm-! (C-H-C) ve 1660 cm-! (H-N-H) yakinlarindaki piklerin protein gruplarinin
gostergesi oldugu belirtilmistir [22]. Yapilan bu ¢calismada da hem reaktor i¢i taramalarinda hem de kek tabakasi
taramalarinda 1035 cm! ve 1640 cm'de iki adet pik gozlenmis olup, benzer yapilara isaret etmektedir. Ayrica
sadece kek tabakasi taramalarinda da 1540 cm'’de protein kaynakl bir pik gézlenmis olup, reaktor icerisinde bu
pik gozlenmemistir (Sekil 3). FT-IR taramalarinda bir diger pik 1230 cm-"’de gézlenmis olup, literatiirde bu pikin
karboksilat ve karboksil asit gruplarinin C-O gerilmeleri ile olustugu rapor edilmistir [23,24]. Baz1 ¢alismalarda
ise bu pik protein kaynakli Amid III yapis1 olarak raporlanmistir [11,12]. Yapilan bir ¢calismada 1412 cm-''de
gozlenen pik icin O-H gerilmesi, C-H gerilmesi ve karboksilat anyonlarinin zayif simetrik gerilme bantlar1 oldugu
bildirilmistir [12]. Bu ¢alismada yapilan tarama neticesinde 1418 cm-"'de pik gézlenmistir. Yapilan bir ¢calismada
ise 2940 cmde gozlenen pik icin EPS’in ana bileseni olan hiicresel lipitler oldugu belirtilmistir [14]. Bir diger pik
3322 cmV'de gozlenmis olup, yapilan calismalarda bu pikin O-H ve C-O gerilmeleri nedeniyle olustugu ve hidroksil
fonksiyonel gruplari oldugu rapor edilmistir [11,25,26].

Sonug olarak yapilan FT-IR taramalar1 neticesinde protein ve polisakkaritlerin (SMP gibi) reaktérde ve kek
tabakasinda baskin bilesenler oldugu belirlenmistir. Ayrica MF membranina ait piklerin hem reaktor i¢ci hem de
dinamik membran piklerinden daha yiliksek oldugu da tespit edilmistir. GPC’ye benzer sekilde bunun temel
nedeninin de MF membraninda olusan kekin daha gozeneksiz olmasindan dolay1 oldugu disiiniilmektedir.
Dolayisiyla MF membranina ait kek tabakasindan yapilan GPC 6l¢iimleri ve FTIR 6l¢limleri birbirini destekler
niteliktedir.

TEM analizleri
Calismada kek tabakali dinamik membran ve MF membrani i¢in SEM analizleri yapilarak kek tabakasinin yapisi

belirlenmesi amaciyla goriintiiler elde edilmistir. Elde edilen bu goriintiiler asagidaki sekilde sunulmustur (Sekil
4). Sunulan her iki gériintii de 500x yakinlastirmali olarak verilmistir.
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Sekil 4. Reaktorde kullanilan kek tabakali 20 pm dinamik membran ve MF membranina ait 500x yakinlastirmali SEM
gorintiileri - (A) 20 pm dinamik membran, (B) MF membrani

Gorintiilerde kek tabakasinin kuruyarak ¢atlamasindan dolay alttaki destek tabakasi da gériinmekte olup, kek
tabakasi gozeneksiz bir sekilde destek tabakasinin ytlizeyini kaplamistir. Bu sayede dinamik membranda ¢ok diisiik
seviyelerde ¢ikis AKM konsantrasyonlari elde edilmistir. Ayni zamanda membrandaki yiiksek basing degerlerinin
sebebi bu gdzeneksiz kek tabakasi yapisidir [4]. Yapilan 6l¢limlerde dinamik membranda gozlenen kek tabakasina
kiyasla 0,45 ym MF membraninda daha piiriizsiiz ve daha gézeneksiz bir yap1 dikkat cekmektedir. Dinamik
membranin MF membranina kiyasla daha piiriizlii bir yapiya sahip olmasindan dolayi, dinamik membranda
gecirgenligin MF membranina kiyasla daha yiiksek oldugu soylenebilir. Yapilan bir ¢alismada rapor edilen [26],
daha piiriizli kek tabakasinin gecirgenliginin daha yiiksek olacagi konsepti goz oniine alinirsa, 20 pm dinamik
membranindaki gecirgenlik de daha yiliksek olacaktir. Dolayisiyla ayni isletim kosullar1 altinda dinamik
membranda MF membranina kiyasla daha yiiksek aki elde edilmesinin muhtemel nedeni de budur. Benzer sekilde
dinamik membranda daha diisiik kirlenme hizi elde edilmesinin (Sekil 5B) nedenlerinden biri de kek tabakasinin
daha piiriizlii olmas1 muhtemeldir.

Kirlenme hizi

Genellikle MBR isletimi sirasinda reversible (fiziksel olarak giderilebilen) tikanma hiz1 bir ka¢ déngiiden sonra
sabit bir degere ulasmaktadir [27]. Sabit ve kritik akinin altindaki bir aki degerinde isletilen MBR'de, filtrasyon
dongiisii sirasinda belirlenen tikanma hizi reversible tikanma hizina esit kabul edilebilir [27]. Clinki reversible
tikanma; geri yikama, yiiksek hizda gaz ile siyirma ve dinlenme (relaxation) ile giderilebilen tikanma olarak
tanimlanmaktadir. Calismada isletilen membranlar kritik aki altinda ¢alismakta olup, her 5 dakikalik filtrasyon
islemi sonrasinda membranlarda filtrasyon durdurulmaktadir (relaxation). Sekil 5te 30 dakikalik bir kirlenme
dongiisii icin TMP-zaman grafigi ve bu TMP-zaman grafigindeki her bir dongii i¢in reversible tikanma hizlar
sunulmustur. Goriildiigi gibi her bir dongiide belirlenen reversible tikanma hizlar1 birbirine olduke¢a yakin olup,
elde edilen verilerin ortalamasi alinarak bu isletme periyodu i¢in ortalama reversible tikanma hizi belirlenmistir.
Buna gore MF ve dinamik membran icin kirlenme hizlan sirasiyla 5,96+0,41 mbar/dk ve 2,33+0,17 mbar/dk
olarak elde edilmis olup, dinamik membrandaki kirlenme hizi MF membraninkinden oldukca diistiktiir.
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Sekil 5. Membranlardan elde edilen 30 dakikalik bir kirlenme doéngiileri (A) ve bu dongiilere ait kirlenme hizlar1 (B)

Daha 6nce yapilan ¢alismalarda toplam dirence en fazla etkiyi kek tabakasinin yaptig1 rapor edilmis ve genellikle
kek tabakasinin toplam dirence etkisinin %60-98 arasinda degistigi vurgulanmistir [23,28]. Yapilan bir calismada
ise, kek direncinin olustugu mekanizmanin, organizmalarin hiicre dis1 matriksine bagh oldugu gésterilmistir [29].
Dolayisiyla yapilan bu ¢alismada da MF membraninda elde edilen kirlenme hizinin yiiksek olmasinin sebebi MF
membraninda olusan kek tabakasinin kalinliginin daha yiiksek olmasindan kaynaklanabilir. Ayrica sekilde de
gorildigi tizere her bir kirlenme dongiistindeki basing farklar1 da MF membraninda daha ytiksektir (Sekil 5A). Bu
farkin muhtemel nedeni de MF membraninda olusan kek tabakasinin daha gézeneksiz ve siki bir yapida olmasidir.
Ayrica GPC sonuglari da gdstermistir ki, yliksek molekiiler biiyiiliige sahip organik maddeler de MF membraninda
dinamik membrana kiyasla daha fazla miktarlarda tutulmus ve kek tabakasinin olusmasinda daha fazla katki
saglamislardir. Bu durum membran direncinin artmasina ve buna bagli olarak da kirlenme déngiilerindeki basing
farklarinin daha fazla olmasina neden olmustur.

4. Sonug

Bu calismada tekstil endiistrisi atiksularinin 20 um gézenek boyutuna sahip naylon destek malzemeli dinamik
membran ile 0.45 pm gézenek boyutuna sahip mikrofiltrasyon membrani ile karsilagtirmali aritim performansi ve
dinamik membran kek tabakasi karakterizasyonu yapilmistir. Bu amagla c¢alismada, jel permeasyon
kromatografisi (GPC), Fourier Déniisiimli Kizil Otesi Spektrofotometre (FTIR) ve kirlenme hizi (FR) analizleri
gerceklestirilmistir. GPC analizleri reaktér icinde genis aralikta (1-9000 kDa) molekiiler biytiklikteki
pargaciklarin siiziintliide olmadigina ve kek tabakasinda tutulduguna isaret etmektedir. Kek tabakasindan yapilan
FT-IR analizlerinde ise bulunan piklerin polisakkarit ve polisakkarit benzeri maddeler, protein, karboksilat ve
karboksil asit ya da protein kaynakli Amid III ve hiicresel lipitlere isaret ettigi 6zlenmistir. Filtrasyon performansi
acisindan dinamik tabakanin olusumunun ardindan goézlenen giderim performanslari mikrofiltrasyon
performansina yakindir. Dinamik ve mikrofiltrasyon membranlarinin KOI giderim performanslari sirasiyla %94.6
ve %95.7 olarak gozlenmistir (Giris KOI konsantrasyonu 970+41 mg/L). Giris 98+5 mg/L renk i¢in ise dinamik ve
mikrofiltrasyon membranlarinin her ikisi de %95’in iizerinde renk giderimi saglamistir. Calismada kirlenme
hizlari izlenmis olup MF ve dinamik membran icin kirlenme hizlari sirasiyla 5,96+0,41 mbar/dk ve 2,33+0,17
mbar/dk olarak elde edilmistir.
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Anahtar Kelimeler 0z: Meta-sezgisel algoritmalarin performansim etkileyen en énemli faktérlerden
Yapay Ar1 Koloni Algoritmasl,  biri kontrol parametrelerinin degerleridir. Dogru kontrol parametrelerinin
Yinelemeli F-Yars, belirlenmesi algoritmalarin performansini 6nemli dlglide artirmaktadir. Ancak pek

Kontrol Parametre Analizi,
CEC’2015,
F-Yaris

¢ok durumda bu kontrol parametrelerinin belirlenmesi olduk¢a maliyetlidir. Bu
nedenle Kkontrol parametrelerinin belirlenebilmesi icin ¢esitli yontemler
onerilmistir ve Yinelemeli F-Yaris algoritmasi en etkin olan yontemlerdendir. Bu
calismada, Yinelemeli F-Yaris algoritmasinin Yapay Ar1 Koloni algoritmasinin
kontrol parametrelerini belirlemedeki basarimi incelenmistir. Yinelemeli F-Yaris
algoritmasi ile belirlenen kontrol parametreleri kullanilarak elde edilen sonuglar
literatiirde onerilen kontrol parametreleri ile elde edilen sonuglarla kiyaslanmis ve
istatistiksel analizler yapilmistir. Yinelemeli F-Yaris algoritmasi kullanilarak, belli
bir problem setinin tamamini kapsayacak sekilde kontrol parametre seti elde
edilmis ve CEC'2015 problem seti iizerinde literatiirdeki kontrol parametrelerinin
elde ettigi sonucglar ile kiyaslanmistir. Elde edilen sonuglar, kontrol
parametrelerinin Yinelemeli F-Yaris algoritmasi ile ayarlanmasinin hesaplama
maliyetini artirmadan algoritmalarin performansini artirdigini géstermektedir.

Parameter Tuning of Artificial Bee Colony Algorithm Using Iterative F-Race Algorithm

Keywords Abstract: One of the most important factors affecting the performance of meta-
Artificial Bee Colony heuristic algorithms is control parameters. Determining the correct control
Algorithm, parameters significantly increases the performance of the algorithms. However,

Iterative F-Race, . most of the time, determining these control parameters is very expensive task.
Control Parameter Tuning,

CEC'2015, Therefore, various methods have been proposed to tune the control parameters and

F-Race the Iterative F-Race algorithm is one of the most effective methods. In this study, the
performance of the Iterative F-Race algorithm in determining the control
parameters of the Artificial Bee Colony algorithm was examined. The results
obtained using the control parameters determined by the Iterative F-Race algorithm
were compared with the results obtained with the control parameters
recommended in the literature and statistical analyzes were applied. Using the
iterative F-Race algorithm, a control parameter set that covers a certain problem set
has been obtained and compared with the results of the control parameters in the
literature on the CEC'2015 problem set. The results show that tuning the control
parameters with the Iterative F-Race algorithm improves the performance of the
algorithms without increasing the computational cost.
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1.Giris

Meta-sezgisel algoritmalar, genellikle dogal bir olay1 modelleyen, ytliksek seviye-problemlerden bagimsiz kiiresel
optimizasyon araclaridir. Bu algoritmalar, optimal ¢6ziimleri kisith bir hesaplama maliyeti ile liretmeyi
amaclamaktadir. Ozellikle, giiriiltiilii veya siirekli olmayan problemlerde meta-sezgisel algoritmalar tercih
edilmektedir [1]. Meta-sezgisel algoritmalarin performansini etkileyen pek ¢cok faktér bulunmaktadir. Bu faktorler
arasinda en Onemlilerinden biri de kontrol parametreleridir [2]. Meta-sezgisel algoritmalar; maksimum
degerlendirme sayisi, popiilasyon sayisi gibi 6nceden tanimli ve algoritmanin davranisini etkileyen kontrol
parametrelerine sahiptir. Kontrol parametreleri algoritmalarin performansini etkiledigi icin bu parametrelerin
onceden ayarlanmasi gerekmektedir [3]. Kontrol parametrelerinin her probleme 6zel ayarlanmasi oldukca
maliyetli oldugu icin ¢cogu zaman genel olarak tanimlanmis kontrol parametreleri kullanilmaktadir [4]. Probleme
6zel kontrol parametreleri makul bir zaman diliminde ayarlanabilirse algoritmalarin performansi, bu kontrol
parametreleri ile artirilabilmektedir.

Algoritmalarin kontrol parametrelerinin belirlenmesi olduk¢a 6nemli olsa da pek ¢cok durumda optimum kontrol
parametre setinin belirlenmesi maliyetli olmaktadir. Bu yiizden kontrol parametre setinin belirlenmesi lizerine
literatilirde pek ¢ok ¢calisma bulunmaktadir ve bir¢ok teknik dnerilmistir. Bu teknikler, 6rnekleme metotlari, model
tabanli metotlar, tarama yontemi ve meta-sezgiseller olmak {izere toplam dért temel gruba ayrilmaktadir [5].
Ornekleme metodu tekniginde, Latin-square [6] veya Taguchi Orthogonal Arrays [7] gibi teknikler kullanilarak
olas1 parametre seti sayisinin azaltilmasi hedeflenmistir. Model tabanli metotlarda bazi parametrelerin bir modeli
¢ikarilmakta ve bu model iizerinden yaklasik parametreler tahmin edilmeye c¢alisiimaktadir. Bu model sayesinde
biitiin parametre setleri test edilmeden optimal parametre setinin olusturulmasi saglanabilmektedir. Tahminleme
icin regresyon metodunun kullanilmas1 model tabanl yaklasimin en genel yontemidir [8-10]. Tarama y6ntemi,
belirli bir parametre vektdr setinden en iyi parametre setini minimum sayida test ile belirlemeye yonelik bir
yontemdir. Etkilesimli analiz (Interactive Analysis) [11], Siralama ve Se¢im (Ranking and Selection) [12], Coklu
Karsilastirma Metodu (Multiple Comparison Procedures) [13] ve Tamamen Sirali Kayitsiz Alan Se¢cim Metodu
(Fully sequential indifference-zone Selection Procedure) [14] tarama alanindaki dort temel yaklasimdir [5]. Meta-
sezgisel metotlarda ise en uygun parametre seti, bir meta-sezgisel algoritma kullanilarak belirlenir. F-Yaris
metodu [15] tarama algoritmalarindan biridir ve Hoeffding metodundan [16] esinlenerek ortaya atilmistir. Bu
algoritma Friedman iki yonli siralamali varyans analizi yontemini temel almaktadir. Yinelemeli F-Yaris metodu
ise F-Yaris metodunun belirlenen iterasyon sayisi kadar tekrarli uygulanmasi esasina dayali ¢alismaktadir.

Bal arilarinin yiyecek arama davranisini temel alan bir meta-sezgisel olan Yapay Ar1 Koloni (YAK) algoritmasinin
[17-19] da arama siirecini belirleyici rolii olan gesitli kontrol parametreleri bulunmaktadir. Bu ¢alismanin amaci,
kontrol parametresi belirleme yontemlerinden olan yinelemeli F-Yaris algoritmasinin YAK algoritmasinin kontrol
parametrelerini belirlemedeki etkisini incelemektir. Bu amagla ii¢ temel deney gergeklestirilmistir. ilk olarak, F-
Yaris metodu ile probleme 6zgii kontrol parametrelerini belirleyip literatiirde dnerilen kontrol parametreleri ile
kiyaslamalar yapildi. Daha sonra biitiin problemlerdeki sonuglar ele alinarak belirlenen optimal kontrol parametre
seti ile literatlirde 6nerilen kontrol parametrelerinin kiyaslamasi gergeklestirildi. Son olarak bir baska problem
setinde, bir 6énceki deneyde yinelemeli F-Yaris algoritmasi ile belirlenmis olan kontrol parametre setiyle elde
edilen sonuglar ile literatiirde 6nerilen kontrol parametre seti kullanilarak alinan sonuglar kiyaslandi. Boylelikle
belirlenen kontrol parametre setinin ne kadar genellesebildigi incelendi.

Makalenin organizasyonu su sekildedir: giris boéliimiiniin ardindan B6liim 2'de materyal ve metotlar verilmistir.
Bolim 3'te bulgular anlatilmis ve son olarak da Boliim 4 ile makalenin genel degerlendirilmesi yapilmis ve
sonlandirilmistir.

2. Materyal ve Metot
2.1. Yapay Ar1 Koloni Algoritmasi

Dogada zeki siirii davranisi gosteren canlilarin modellenmesi optimizasyon alanina oldukg¢a katki saglamaktadir.
Bal arilarinin hareketlerinin modellenmesi iizerine de bir¢ok calisma gerceklestirilmistir ve bu ¢alismalar
neticesinde arilar algoritmasi [20], sanal ar1 algoritmasi [21], ar1 koloni algoritmasi [22] ve yapay ar1 koloni
algoritmasi [17] gibi modeller ortaya konmustur. Bu modeller igerisinde basit yapis1 ve yliksek basarimindan
dolay1 YAK algoritmasi yaygin olarak kullanilmaktadir [23,24].

YAK algoritmasi arilarin dogadaki yiyecek kaynagi arama, bulmus olduklari iyi kaynaklar1 hafizalarina alma ve
diger arilarla bu kaynak bilgilerini paylasma davranislarini modellemektedir. YAK algoritmasi, bir kolonideki
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arilarin kaynak arama ve tiilketme karakteristiklerini dikkate alarak, arilari, gérevli, gézcii ve kasif ar1 olmak tizere
ii¢ gruba ayirmaktadir. Gorevli arilar kaynak bulma ve bulduklar1 kaynaklar1 kovana aktarmaktan sorumlu arilari
temsil etmektedir. Gorevli arilar kovana doéndiiklerinde hafizalarindaki bilgiyi gézcii arilara aktarirlar. Gozci
arilar, gorevli arilardan gelen bilgiye gore kaynak se¢im ilgili kaynakta arama eylemini gerceklestirirler. Eger bir
gorevli ar1 segmis oldugu kaynag tiiketir ise heniiz kesfedilmemis bir kaynagi bulmak i¢in kasif ariya doniisiir.
YAK algoritmasinda, besin kaynaklari bir problemin olasi ¢oéziimleri, besin kaynaklarinin nektar kalitesi ise
¢oziimlerin uygunluk degeridir. YAK algoritmasinin temel adimlar1 Algoritma 1'de verilmistir.

Adimlar

: Baslangi¢ Besin Kaynaklarinin Belirlenmesi
: Degerlendirme

: tekrar

: Gorevli Ar1 Fazi

: Gozcu An Fazi

: En lyi C6ziimiin Saklanmasi

: Kasif Ar1 Fazi

: Durdurma Kriteri Saglanana Kadar

RO UL WN -

Algoritma 1. YAK Algoritmasinin Temel Adimlar1

2.1.1. Baslangi¢ Besin Kaynaklarinin Belirlenmesi

YAK algoritmasinda SN kaynak sayis1 kadar baslangi¢ ¢6ziimii (yiyecek kaynagi) rastgele olarak belirlenmektedir.
Bu kaynaklar D boyutlu bir problem i¢in ilgili problem parametresine 6zgii [x{mi“},x{ma"}] alt ve iist sinirlar
bulunmaktadir. X;. besin kaynaginin j. parametresi Denklem 1 ile hesaplanmaktadir. Burada rand(0,1), [0,1]
araliginda uniform dagilimdan gelen rastgele bir sayiy: ifade etmektedir.

Xgijy = xjmi" + rand(O,l)(x}“ax - x}“i”) j=12.,D 9
2.1.2. Gorevli ve Gozcii Arilarin Yeni Kaynaklara Gonderilmesi

Baslangi¢ yiyecek kaynaklarinin belirlenmesinden sonra, gorevli ar1 fazi c¢alismaya baslamaktadir. YAK
algoritmasinda her bir yiyecek kaynagi, gorevli ariya denk gelmektedir. Bu yiizden SN kadar yiyecek kaynagi
bulunmaktadir. Gérevli arilar yeni yiyecek kaynaklari veya bu yiyecek kaynaklarinin ¢evresinde komsu bulmakla
gorevlidir. Bu arama davranisi Denklem 2 ile tanimlanmistir.

vi; = x; + d(xi — xy)) (2)

Burada vy, v;. aday yiyecek kaynaginin j. parametresine denk gelmektedir. i, ilk yiyecek kaynagini, k ise segilen
ikinci yiyecek kaynagini géstermektedir. Burada j degeri {1,2, ..., D} degerleri arasindan ve k degeri de {1,2, ..., SN}
degerleri arasindan rastgele se¢ilmektedir. ¢ parametresiise [-1, 1] araliginda se¢ilen rastgele bir reel sayidir. YAK
algoritmasinda, x; ile v; arasindaki se¢im ise a¢gozlii seleksiyon yontemi ile belirlenmektedir. Minimizasyon
problemlerinde ¢6ziimlerin uygunluk degeri Denklem 3 ile hesaplanmaktadir. Burada obj(x;), i. Nektarinin
¢ikarilma maliyetini, fit(x;) ise bu kaynagin uygunluk degerini vermektedir. Eger fit(v;) degeri fit(x;) degerinden
daha iyi olursa x; yerine v; kaynag tercih edilecektir. Bu durumda v; kaynaginin kag¢ sefer gelistirme
yapilamadiginin tutuldugu deger olan trial degeri 0 olarak atanacaktir. Aksi takdirde x; kaynaginin trial degeri
¢oziimde gelisme olmadigi i¢in bir artirilacaktir.

fitGe) = | T objcry FBer obi() >0 .

1+ |obj(x;)|Eger obj(x;) <0
Biitiin gérevli arillar aramalarini tamamladiginda gozci arilarla bilgi alisverisi asamasi baslamaktadir. Buradaki

bilgi alisverisi asamasi Denklem 4'te verilen olasilik hesabi ile modellenmistir. Bu denklem ile daha iyi kaynaklara
gozcl arilarin gitme ihtimali artmaktadir.

fit(x;)
p. = —— 4
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2.1.3. Kasif Ar1 Fazi

YAK algoritmasinda iyilestirilemeyen ¢oziim kiimesinin birakilip yerine yeni ¢dziimlerin tretilmesi kasif ari
fazinda gerceklesmektedir. Gorevli ve gézci ar1 fazlarinda tiiketilen kaynaklarin iyilestirilememe sayaci olan trial
degeri bir kontrol parametresi olan limit degerini astif1 zaman bu kaynak birakilmakta ve yerini rastgele yeni bir
kaynak almaktadir.

2.2.Yinelemeli F-Yaris Algoritmasi

Yinelemeli F-Yaris algoritmasi [25], Friedman siralamali iki-y6nlii varyans analizi temelli olan I/F-Yaris
algoritmasinin [26,27] yinelemeli olarak o6zellestirilmis varyantidir. Yinelemeli F-Yaris algoritmasi ii¢ temel
asamadan olusmaktadir. Ilk olarak belli bir dagilma gére érnek parametreler olusturulur. Daha sonra érnek
parametre setleri yaristirilarak en iyi parametre setleri (6°%%) belirlenir. Son olarak, yeni érneklenecek parametre
setlerinin dagilim fonksiyonu, en iyi parametre seti etrafinda 6rneklenecek sekilde giincellenir. Bu ii¢ asama
durdurma kriteri saglanana kadar tekrarlanir [25].

Her bir parametrenin kendine 6zel dagilimi1 bulunmaktadir. Parametre niimerik ise normal dagilima, ayrik ise
kategorik parametreler i¢in ayrik dagilima sahiptir. Bu dagilimlarin giincellenmesi de dagilimlarin ortalama ve
standart sapmalarinin giincellenmesi ile ger¢ceklesmektedir. Dagilimlarin giincellenmesi ile o ana kadarki en iyi
parametrelerin secilim sans1 glglendirilir. Yeni parametreler orneklendikten sonra en iyi ayarlamalar
parametrelerin ortalamasinin yarisi ile belirlenir. Bu yaris, aday parametre setleri arasinda gerceklesir. Ornegin
Sekil 1'de 10 aday parametre seti 8; bulunmaktadir. Her bir digiim bir ayar temsil etmektedir. "X" karakteri test
yapilmadigini "=" istatistiksel farklilik olmadig1 i¢cin herhangi bir ayarin ¢ikarilmadigini ve "-" karakteri de istatistiksel analizler
sonucunda bir ayarin ayar setinden ¢ikarildigini belirtmektedir. Her yaris asamasinda, aday parametrelerinin
degerlendirilmesi tek sefer gercgeklestirilir. Bu asamadan sonra istatistiksel analizler yapilir ve en az bir adet
digerlerinden istatistiksel olarak daha kotii performans gosteren parametre seti aday parametre setleri
icerisinden ¢ikarilir. i1k eleme isleminde (T/7t) daha fazla parametre seti bulunurken daha sonra (7%“") bu say1
azalmaktadir c¢iinkii istatistiksel fark elde edebilmek icin basta daha fazla degerlendirmeye ihtiya¢ duyulmaktadir.
Bu siire¢ daha dncesinden belirlenen minimum parametre setine ulasana, maksimum 6rnekleme sayisina ulasana
kadar veya belirlenen hesaplama zamanina ulasana kadar devam eder.

0, 0, 03 04 05 05 05 Og 0g 0)g
L 9990000000

p)
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000
000
000
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111

112

Sekil 1. Yaris 6rnegi [25].

Yinelemeli F-Yaris algoritmasinin temelleri Sekil 2'de verilmistir. Yarisin sonunda elde edilen parametre setlerinin
cevresinde dagilima uygun olarak yeni parametre setleri belirlenir ve yaris tekrar baslatilir. Algoritmanin temel
adimlari Algoritma 2'de verilmistir. Algoritmada verilen X parametresi arama uzayini, B degeri ise o iterasyondaki
tanimli maksimum degerlendirme sayisin1 géostermektedir. Yinelemeli yarislar ilk olarak kag iterasyon boyunca
algoritmanin c¢alisacaginin (N€") hesaplanmasi ile baslamaktadir. Bu say1 parametre sayisina bagli olarak
tanimlanmaktadir ve Denklem 5 ile hesaplanmaktadir. Bu sayede daha genis parametre uzayinda daha fazla
iterasyon caligmasi saglanir. Her bir iterasyonda, belirlenmis bir B; arama kaynag ile sadece bir yaris
gerceklestirilir. B; arama kaynag1 Denklem 6 ile hesaplanmaktadir. Her bir yaris aday ayarlar kiimesi olan 6; ile
baslar. Aday ayar sayisi ise Denklem 7 ile hesaplanmaktadir. Aday ayar sayisi iterasyon gectikce azalmaktadir, yani
sonraki iterasyonlarda her bir ayar icin daha fazla degerlendirme yapilmaktadir. y parametresi ilk testin
gerceklesmesi i¢in gerekli olan drneklem sayisini belirtmektedir [25].

Niter — l2 + logszaramJ (5)
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— kullanilan iter P P iter

Yaris sirasinda hangi ayarin daha iyi oldugunu belirlemek icin Friedman iki yonlii siralamali varyans analizi ve
Post-Hoc testi olarak da Conover yontemi [28] kullanilmaktadir. Her bir yaris ilgili iterasyona ait tanimlanan
degerlendirme sayisi kalan ayarlari degerlendirmek igin yeterli olmayana kadar (B; < Bj*"") veya minimum

sayida ayar kalana kadar (N; < Nj*'") calismaya devam eder. Yarisin sonunda hayatta kalan ayarlara bir siralama
degeri (r,) atanir. I\Ije”t = min{N""",N min 3 adet en diisiik siralamaya sahip ayar 6% olarak secilir. Sonraki
iterasyonda Njyeni = N; — Nf% kadar yeni aday iiretilir. Yeni aday iiretilirken §°* icerisinden bir parametre seti

siralama degeri olan r, degerine gore Denklem 8 ile secilir. Ardindan 8, 'nin her bir parametresinin dagilimina bagh
olarak X;,d = 1,.., NP4 parametreleri lretilir.

|6;] = N; = |B;/(u + T**".min{5,})| 7
NEYE =7 +1
pz = e]lit elii (8)
NP (N +1)
- 2
l r ’ hl
| 0000000 e *%2?
1 00000000
AN X X X L XoX X )
Ll 0000 OO
S X X ) @
1, T. >

Sekil 2. Yinelemeli F-Yaris algoritmasinin genel semasi [25].

Adimlar

1: 6; = Ornekle(X)

2: 0% = Yaris(64,B;)

3:j=1

4: tekrar

5:j=j+1

6: 0V = Ornekle(X, 91

7. 9]_ — gyeni U Helit

8:6° = Yaris(6;, B;)

9: Durdurma kriteri saglanana kadar (B*v!lanilan < p)

Algoritma 2. Yinelemeli F-Yaris algoritmasinin temel adimlar:

Yeni kontrol parametre setleri olusturulduktan sonra drneklendigi kontrol parametreleri ile birlestirilerek
yaristirilacak yeni kontrol parametreleri belirlenir. Son olarak, maksimum degerlendirme sayisina erisildiginde
veya degerlendirilecek ayar sayisi elit sayisindan az oldugu durumda algoritma durur.

3. Bulgular

Bulgular iki farkl béliimden olusmaktadir. ilk boliimde, literatiirde bulunan cesitli problem setleri iizerinde
yinelemeli F-Yaris algoritmasi kullanilarak parametre setleri belirlenmis ve bu kontrol parametreleri ile elde
edilen sonuglar, literatiirde 6nerilen kontrol parametreleri ile elde edilen sonuglarla kiyaslanmistir. Daha sonra,
ayni kontrol parametre seti lizerinde, biitlin fonksiyon degerlerinin toplanarak elde edilmesi ile ortaya ¢ikan yeni
bir problem yaratilmis ve genel bir kontrol parametre seti yinelemeli F-Yaris algoritmasi ile elde edilmistir. Bu
kontrol parametre seti ile elde edilen sonuclar, literatiirde 6nerilen kontrol parametre seti ile elde edilen sonuglar
ile kiyaslanmis ve degerlendirmesi gerceklestirilmistir. ikinci béliimde ise, ilk boliimde yinelemeli F-Yaris
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algoritmasi ile elde edilen genel kontrol parametre seti ile YAK algoritmasi bir baska problem seti olan CEC'2015
problem seti lizerinde calistirllmis ve literatiirde onerilen kontrol parametrelerinin elde ettigi sonuglarla
kiyaslanmistir.

3.1. Deney Diizenegi

Bu calismada yinelemeli F-Yaris algoritmasi icin "irace" [25] isimli R paketi kullanilarak NP ve limit degerleri
ayarlanmistir. Algoritmanin kontrol parametreleri varsayilan degerler olan; deney sayis1 5000 ve elit sayis1 1
olarak sec¢ilmistir. Yarislarda kullanilan Friedman testi icin giiven araligi ise 0.05 olarak belirlenmistir. Irace
paketinin vermis oldugu sonuglar not edilmis ve her bir algoritma, belirlenen kontrol parametreleri ile 50 sefer
calistirlmistir. Literatiirde Onerilen kontrol parametreleri [29] ¢alismasindan alinmistir. Biitiin deneylerde
maksimum degerlendirme sayis1 olarak 500000 tercih edilmistir. Onerilen kontrol parametreleri olarak,
popilasyon sayisi 50 ve limit degeri NP * Boyut /2 olarak alinmistir. Elde edilen sonuclarda ne kadar iyilestirme
oldugu Denklem 9 kullanilarak hesaplanmistir.

2 1
. Sonucortalama - Sonucortalama
Gelistirme = > 9
|Sonucortalama |

Kontrol parametrelerin ne kadar ¢aba gerektirdigini hesaplamak i¢in de crafting effort degeri hesaplanmistir.
Crafting effort [30] bir problemin ¢6ziilebilmesi i¢in ne kadar farkli kontrol parametresine ihtiya¢ duyuldugunu

belirten bir metriktir. cp;:V € {1,2,..,n} olmak lzere n farkli kontrol parametresi bulundugunda {v(f.‘pi}::ipli

optimal kontrol parametre seti olmaktadir. Bu vektorlerdeki her bir deger; n; : 0 < n; < n; sefer bu parametre
setinde bulunmaktadir ve bu parametre sayilarimin toplami };n; = n, olmaktadir. Béylelikle bu kontrol
parametresinin "crafting effort” degeri Denklem 10 ile hesaplanir. Biitiin parametrelerin crafting error toplami
ise; A=Yk, Vep; formiilii ile hesaplanmaktadir. Buradaki k parametre sayisini temsil etmektedir. Crafting effort,

dinclik ~ = ile iliskilidir.

n. .
Vep, = —Zn—].log— (10)

n
7 f f
3.2. Problem Seti 1 Uzerinde Gergeklestirilen Deneyler

Birinci deneysel ¢alismada literatiirde sik¢a kullanilan problem setleri kullanilarak YAK algoritmasinin NP ve limit
kontrol parametreleri optimize edilmistir ve bu parametre setlerinin crafting effort degerleri hesaplanmistir.
Yinelemeli F-Yaris algoritmasi ile elde edilen kontrol parametre setleri ve buna ait crafting effort hesaplamalari
Tablo 1'de verilmistir. Her bir kontrol parametresinin crafting effort degeri ve toplam crafting effort degerleri tablonun son
iki satirinda bulunmaktadir. Tabloda goriildiigii iizere, probleme 6zgii kontrol parametre seti i¢in crafting effort
degeri 7.0033 olarak hesaplanmistir. NP kontrol parametresi Quartic ve FletcherPowell10 problemleri icin ayni
oldugundan Limit kontrol parametresine gore daha az efor gerektirmektedir.

Biitiin fonksiyonlar dikkate alinarak NP ve limit degerleri yinelemeli F-Yaris algoritmasi ile optimize edilmis ve
NP=83, limit=981 olarak bulunmustur. Bu kontrol parametre degerlerinin crafting effort degeri, kontrol
parametrelerinin probleme gore degismemesi sebebiyle 1'dir.

Probleme o6zgii kontrol parametreleri ve literatiirde oOnerilen kontrol parametreleri ile alinan sonuglarin
kiyaslamasi Tablo 2'de, biitiin problemler dikkate alinarak elde edilen kontrol parametre seti ile literatiirde
onerilen kontrol parametre seti kullanilarak elde edilen sonuglarin kiyaslamasi Tablo 3'te verilmistir. Her iki
tabloda, ilk satirda ortalama + standart sapma ve altinda parantez icerisinde ortanca degerleri verilmistir.
Gelistirme metrigi Denklem 6 kullanilarak hesaplanmistir. 4,, etki biiyiikliigii degeri ise son siitunda verilmis olup
Mann Whitney U testi sonucu p < 0.05 ise kalin yazi tipi ile belirtilmistir. Tablo 2'de belirtilen sonuglara gore,
Rosenbrock, Colville, Kowalik, FletcherPowell5 ve FletcherPowell10 problemlerinde probleme 6zgii optimize
edilen kontrol parametreleri istatistiksel olarak daha iyi sonuglar elde etmistir. Literatiirde onerilen kontrol
parametreleri ise Zakharov ve Powell problemlerinde istatistiksel olarak daha basarili gériinmektedir. Diger
problemlerde istatistiksel bir fark bulunmamakla birlikte, 4,, etki biiyiikliigii incelendiginde Quartic probleminde
oldukea kiiciik bir farkla literatiirdeki onerilen degerler daha iyi sonu¢ elde ederken, ortalama ve ortanca
degerlerine gore ise probleme 6zgii optimize edilen kontrol parametreleri ile alinan sonuclar daha iyidir. Perm,
PowerSum ve Langermann10 problemlerinde de etki biiyiikliigii degerine gore probleme 6zgii belirlenen kontrol
parametre degerleri ile daha iyi sonuglar elde edilmistir.
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Tablo 1. Test problemlerine 6zel optimize edilen kontrol parametre degerleri.

Problem NP Limit
Rosenbrock 88 1966
Quartic 98 785
Zakharov 84 1463
Colville 92 2355
Powell 67 1901
Kowalik 93 1056
Perm 80 377
PowerSum 90 2200
Langerman5 47 173
Langermanl10 66 232
FletcherPowell5 96 1489
FletcherPowell10 98 656
Crafting Effort 3.4183 | 3.5850
TOPLAM 7.0033

Tablo 2. Probleme 6zgii kontrol parametreleri ve literatiirde 6nerilen kontrol parametreleri ile alinan sonuglarin
kiyaslamasi.

Problem Problem Bazli Ayarlama | Literatiirdeki K.P. [29] | Gelistirme A1z
Rosenbrock 0'02(%?03 8'6(;417 0'17(2(.)015 %’;357 0.8539 | 0.2624
Quartic 0'03(%.10; 8;;066 0'03(%‘_‘028'8078 0.0077 | 0.5004
Zakharov 0'00(%.1033'3(;024 0'00(%.203 8'2(;002 132577 | 0.9884
Colville 0'00(%.3033?;;194 0'11(32023'5%735 09173 | 0.0284
Powell 0'00(%_603 8 '6(;001 0'00(%‘_}03 8 ;3000 05915 | 0.9988
Kowalik 0'00(%‘.}03 8;8001 0'00(%‘.}03 8;3001 0.0431 | 03772
Perm 0'00(((’)5_’03 8 ;3009 0'00(%_603 8;;004 03109 | 0.4592
PowerSum 0'00(%.7033'2(;030 0'00(‘(1)?033;;051 0.2418 | 0.4536
FletcherPowell5 0'00(%_103 8 ('3004 0'05(%(_)02%608 0.9986 | 0.0556
FletcherPowell 10 5'03(52(.)81; :16)252 10'2?; ‘3118%)6 014 0.5106 | 0.2420
Langermanns '1'5?_2(_’52 (())(.)(;ooo '1'5?_2(_)51(') 8(')(;000 0.0000 | 0.5000
Langermann10 '0'8?_%)_573;)'72)125 '0'8%_37;3'71)690 0.0416 | 0.4828

Tablo 3'teki sonuglara gére; Rosenbrock, Quartic, Colville, FletcherPowell5 ve FletcherPowell10 problemlerinde
genel olarak optimize edilmis kontrol parametre seti istatistiksel olarak daha iyi sonug elde etmistir. Literatiirde
onerilen kontrol parametreleri ile elde edilen sonuglar ise Zakharov ve Powell problemlerinde istatistiksel olarak
daha iyidir. Ayrica bu parametre setleri 4,, degerine gore Langermann5 ve Langermann10 problemlerinde de az
farkla daha iyi sonuclar elde ederken, geri kalan problemlerde genel olarak optimize edilmis kontrol parametre
seti daha basarili olmustur.
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Tablo 3. Biitiin problemler ele alinarak belirlenen kontrol parametreleri ile literatiirde 6nerilen kontrol parametreleri

kullanilarak elde edilen sonuglarin kiyaslamasi.

Yinelemeli F-Yaris Algoritmasi ile Yapay Ari Koloni Algoritmasinin Kontrol Parametrelerinin Ayarlanmasi

Problem Genel Optimize Edilmis K.P. | Literatiirdeki K.P. [29] | Gelistirme A1z
Rosenbrock 0'06((()).2;12'11)026 0'17(2902 S (')3;357 0.6599 | 0.3448
Quartic 0'02(%?0; 85(3054 0'03(%%013 8'1(;078 01765 | 0.3000
Zakharov 0'00(35033'3(;017 0'00(%?02 8'2(;002 1104907 | 0.9868
Colville 0'01&).203 2'1(3120 0'11(%?01; 3;;735 0.9005 | 0.0264
Powell 0'00(?)?033;;001 0'00(%‘.}02 (())L.}(;ooo 112303 | 1.0000
Kowalik 0'00(%‘.103 8;3001 0'00(%%01(') 84(;001 0.0139 | 0.4940
Perm 0'00((()).7033;;007 0'00(%.602 8;;004 0.1917 | 0.4876
PowerSum 0'00(3(’).6033'5(;029 0'00(%?023 (';;051 0.2729 | 0.4408
FletcherPowell5 0'00(%.20386(;007 0'05(%(')0233608 09958 | 0.0608
FletcherPowell 10 5'14(?632'52)908 10'2?97_ f) f82')6 014 0.4999 | 0.2444
Langermann5 '1'4?_91.353 8 (')(;757 -1'5?-(;(.)5386(;000 .0.0071 | 0.5100
Langermann10 '0'8(5_%)_5733'71)988 '0'8?_337;3'71)690 0.0050 | 0.5412

Kontrol parametre setlerinin yakinsama hizlari Sekil 3’te verilmistir. Literatlirde 6nerilen kontrol parametre seti,
probleme 6zgii optimize edilmis kontrol parametre seti ve genel optimize edilmis kontrol parametre setlerinin
karsilastirilmasi yapilmistir. Sekil 3a incelendiginde; literatiirdeki kontrol parametre setinin en hizli yakinsamay1
gerceklestirdigi goriilmektedir. Genel optimize edilmis kontrol parametre seti ise probleme 6zgii kontrol
parametre setinden biraz daha hizli yakinsamistir. Probleme 6zgii kontrol parametre seti iclerinde en geg
yakinsayan olsa da en iyi sonucu elde eden parametre seti olmustur. Sekil 3b'deki sonuglara gére; Rosenbrock
probleminde oldugu gibi literatiirdeki kontrol parametre seti en hizli yakinsayan parametre seti olmustur. Hemen
ardindan gelen genel optimize edilmis kontrol parametre seti en iyi sonucu elde eden kontrol parametre seti
olurken, probleme 06zgii kontrol parametre seti genel parametre setinin gerisinde kalmistir. Zakharov
probleminde (Sekil 3c) en hizli yakinsayan kontrol parametre seti 6nceki iki problemde oldugu gibi literatiirdeki
kontrol parametre seti olmustur. Probleme 6zgii kontrol parametre seti ve genel optimize edilmis kontrol
parametre setleri ise benzer davranislar géstermistir. Literatiirde dnerilen kontrol parametre seti bu problemde
diger iki kontrol parametre setine gore ustiinlik kurmustur. Colville problemi (Sekil 3d) incelendiginde
literatlirdeki 6nerilen kontrol parametrelerinin oldukea basarisiz oldugu goriilmektedir. Optimize edilmis kontrol
parametrelerine gére hem ge¢ yakinsamis hem de daha kotii sonug elde etmistir. Problem bazli ayarlama ile elde
edilen sonugclar ise genel olarak belirlenen kontrol parametreleri ile elde edilen sonugtan az farkla daha iyidir.
Sekil 3e'deki Powell problemine ait sonuglara gore tli¢ kontrol parametre seti de benzer davranislar sergilemis
olsalar da literatiirde 6nerilen kontrol parametresinin diger kontrol parametre setlerinden daha hizli yakinsadigi
ve daha iyi sonug aldig1 goériilmektedir. Kowalik probleminde (Sekil 3f) {i¢ kontrol parametre seti de benzer sekilde
baslamislardir fakat probleme 6zgii kontrol parametre seti diger setlerden daha iyi sonug elde etmistir. Genel
olarak ayarlanan kontrol parametre seti ise 6nerilen kontrol parametre setinden daha erken yakinsasa da
literatlirdeki kontrol parametre seti ile alinan sonuglar az farkla daha iyidir. Sekil 3g'de verilen Perm problemine
gore literatiirdeki kontrol parametreleri ile elde edilen sonuclar daha ge¢ yakinsasa da diger kontrol parametre
setlerinden daha iyi sonug¢ almistir. Probleme 6zgii kontrol parametre seti ve genel olarak ayarlanan kontrol
parametre setleri ile elde edilen sonuglar birbirine benzemektedir. PowerSum probleminde (Sekil 3h)
literatlirdeki kontrol parametre seti en ge¢ yakinsayan ve en kotii sonucu elde eden kontrol parametre setidir.
Ayarlanmis kontrol parametre setleri birbirine benzer davranis gostermis ve daha iyi sonug elde etmistir. Sekil
3i'de verilen FletcherPowell5 probleminde literatiirdeki kontrol parametreleri olduke¢a ge¢ yakinsamis ve kot
sonug elde etmistir. Probleme 6zgii kontrol parametre setinin bu problemde daha iyi oldugu goriilmektedir.
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Sekil 3. Arama stireci boyunca harcanan degerlendirme sayisinin gesitli yiizdelerinde elde edilen sonuglar.
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Daha yiiksek boyutlu olan FletcherPowell10 probleminde (Sekil 3j) de FletcherPowell5 problemine benzer
davranis goriilmektedir fakat elde edilen sonuglar arasindaki fark azalmistir. Langermann5 (Sekil 3k)
probleminde literatiirde dnerilen kontrol parametre seti ile probleme 6zgii kontrol parametre setleri ile alinan
sonuclar birbirine benzerlik gostermektedir ancak genel olarak optimize edilen kontrol parametre seti ile alinan
sonu¢ diger kontrol parametre seti ile alinan sonucun gerisinde kalmistir. Ve son olarak Sekil 31'de verilen
Langermann10 problemi incelendiginde, en iyi sonug¢ probleme 6zgii kontrol parametre seti ile elde edilmistir.
Genel olarak ayarlanan kontrol parametre seti ise ge¢ yakinsa da literatiirdeki kontrol parametre seti ile gelirken
sonucu az farkla geride birakmistir.

Tablo 4'te ti¢ farkli kontrol parametre setinin siralama degerleri verilmistir. Siralamalar hesaplanirken ortanca
degerleri esas alinmistir. Eger ortanca degerleri esit ise ortalama degerine daha sonra da standart sapma degerine
gore siralama degerleri belirlenmistir. Bu degerlere gore en iyi performansi problem bazli kontrol parametre seti
elde etmistir. Ardindan genel olarak optimize edilmis kontrol parametre seti elde ederken, son sirada literatiirdeki
kontrol parametre seti bulunmaktadir.

Tablo 4. Ug farkli kontrol parametre setinin Siralama degerleri.

Problem Bazh Genel Literatiir
Rosenbrock 1 2 3
Quartic 2 1 3
Zakharov 3 2 1
Colville 1 2 3
Powell 2 3 1
Kowalik 1 1 1
Perm 1 3 2
PowerSum 2 1 3
FletcherPowell5 1 2 3
FletcherPowell10 1 2 3
Langermann5 1 2 1
Langermann10 1 2 3
TOTAL 17 23 28

3.3. Problem Seti 2 Uzerinde Gergeklestirilen Deneyler

Bir dnceki boliimde elde edilen genel olarak optimize edilmis kontrol parametre setinin etkinligini incelemek i¢in
bu kontrol parametrelerinin bir daha zor ve kompleks problemleri iceren benchmark seti olan CEC'2015
problemleri tizerinde elde ettigi sonuglar irdelenmistir. Elde edilen sonuglar Tablo 5'te verilmistir. Bu sonuglara
gore FN15 disinda hi¢bir problemde anlaml farklilik elde edilememistir. FN4 disinda diger problemlerde ise
iyilesmeler goriilmektedir fakat bu iyilesmelerin miktar kisithdir.

Sekil 4'te yakinsama grafikleri verilmistir. Bu grafiklere gore, FN1 ve FN4 problemleri harig genel optimize edilmis
kontrol parametre seti literatiirdeki kontrol parametre setinden daha hizli yakinsamistir ancak her ikisi de benzer
sonuclar elde etmistir. FN1 ve FN4'te ise yakinsama davranislari birbirine benzemektedir. FN1 probleminde az
farkla genel olarak optimize edilmis kontrol parametre seti daha basarili olurken, FN4 probleminde literatiirdeki
kontrol parametre seti daha basarili olmustur.

4. Tartisma ve Sonug

Calismada YAK algoritmasinin kontrol parametreleri olan popiilasyon biyiikligii ve limit degerleri tarama
yontemlerinden biri olan yinelemeli F-Yaris algoritmasi ile optimize edilmis ve etkisi incelenmistir. Calisma iki
temel deneyden olusmaktadir. ilk kisimda, probleme 6zgii kontrol parametre setleri ile biitiin problemlerin
ortaklasa ele alinarak belirlendigi genel kontrol parametre seti Yinelemeli F-yaris algoritmasi kullanilarak elde
edilmis ve literatiirde 6nerilen parametre seti ile farkliliklar1 incelenmistir. Ikinci kisimda ise bir énceki boliimde
genel olarak optimize edilmis kontrol parametre seti ile literatiirde 6nerilen kontrol parametre seti, CEC'2015
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problemleri kullanilarak calistirllmis ve elde ettigi sonuglar kiyaslanmistir. Bu sonuglar tizerinden kontrol
parametrelerinin genellenebilme kabiliyeti incelenmistir.

Tablo 5. Genel olarak optimize edilmis kontrol parametre seti ile literatiirde 6nerilen kontrol parametre setlerinin CEC'2015
fonksiyonlari iizerindeki sonuglarinin kiyaslanmasi

Problem | Genel Optimize Edilmis K.P. | Literatiirdeki K.P. [29] | Gelistirme A1z
FN1 1194'(915027?3577357)'3824 1425'?11%30%6%28‘8'8733 0.1620 | 0.4948
Pz | eetony | (110607000) | 00687 | 04552
FN3 304'(23%?58'53147 304‘@%2"}511;)'3313 0.0010 | 0.4288
FN4 400'(3%%)?0386(;124 400'((3}(())(())(.)03(())6(;000 -0.0000 | 0.5200
FN5 500'(15%%?133'7%593 500'(25%)%_32113'8(;638 0.0000 | 0.3952
FN6 600'(16%%.2135(;'2%215 600'(16%)3_712;);;210 0.0000 | 0.4606
FN7 700t173(;?).51§§é%319 700'(17‘(‘)%'1128'3%331 0.0000 | 0.4072
NG 800.(8822?9; gé2)478 800-(%2?9*3&?” 0.0001 | 0.4070
ENo 902.(;%‘;?73 842)323 902-(2%)52?83322)790 0.0001 | 0.3944
FN10 6166'?55‘26;1317%'7076 8090'?;3;34%166%%3'4763 02378 | 0.4160
i | s | Criossens | 00001 | 042
iz | s | haseosen | 00006 | odstz
mas | ) | (aessony | 00227 | osss
i | e | gissarer | 00005 | odats
s | e | P siases | 00007 |oams

ik problem setinde elde edilen sonuclar incelendiginde, probleme 6zgii kontrol parametre setlerinin her zaman
en iyi sonuca ulasamadigi gortilse de genellikle basarili sonuglar elde etmistir. Probleme 6zgii kontrol parametre
setinin literatiirde 6nerilen degerlerden daha az basarili oldugu durumlarda yinelemeli F-Yaris algoritmasinin en
iyi degerleri test etmedigi goriilmektedir. Bunun temel sebebi de bu tiir algoritmalarin kisith 6rneklem sayisi ile
en iyiyi bulmaya calismasidir. Daha fazla degerlendirme sayisi ile optimize sonuglarin test edilip dogru sonucun
elde edilmesi miimkiin olabilir. Ancak bu tiir algoritmalarin kullanilma sebebi de kisitli siirede en iyi sonucu arama
¢abasidir. Bazi problemlerde kontrol parametrelerinin belirlenmesi olduk¢a zaman alan bir eylem olabilir. Bu
ylizden bazi durumlarda bu tiir yaklasimlar ile uygun bir kontrol parametresinin bulunmasi zorunluluk haline
gelmektedir. ikinci problem seti iizerinde gerceklestirilen deneylerde ise, problemlerin biri hari¢ tamaminda genel
optimize edilmis kontrol parametrelerinin iyilesmeler sagladig1 gorilmektedir. Fakat bunlardan yalnizca birinde
istatistiksel olarak daha iyi sonug elde edilmistir.

Sonug olarak, kontrol parametrelerinin optimizasyonu ile daha iyi sonuglar alinabildigi a¢ik¢a goriilmektedir.
Genel olarak belirlenen kontrol parametre seti belli bir problem seti iizerinde iyi sonuglar elde edebilmekte ancak
problemin icerigi degistigi zaman etkisini biiylik oranda kaybetmektedir. Bu yiizden kontrol parametre analizinin
hesaplama zamaninin oldukca fazla oldugu problemlerde, sistem kaynaklarinin harcanmasinin veya karmasik
analizlerin 6niine ge¢gmek adina kontrol parametre analizinin gerekliligine arastirmacilar dikkatle karar
vermelidir. Ayn1 zamanda literatiire kontrol parametresi iceren yeni yaklasimlar 6neren arastirmacilarin da
kontrol parametre analizlerini gerceklestirip varsayilan degerleri belirlemeleri gerekmektedir. Bu algoritmalari
kullanacak olan arastirmacilarin varsayilan kontrol parametre setine sahip olmasi olduk¢a énemlidir. Bu tiir
calismalar ile aragtirmacilarin kontrol parametre analizi i¢in harcamis olduklar1 kaynaklarin en aza indirilmesi
saglanabilmektedir. Gelecek c¢alismalarda ise daha farkli kontrol parametre belirleme yontemleri ile analizler
gerceklestirilip iyilesmeler incelenmelidir.
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Keywords Abstract: Liquid crystals (LCs) have been shown to provide molecular templates for
Liquid Crystals, the synthesis of polymeric particles. Past studies have revealed the elastic effects to
Particles, dominate internal configuration of the LC molecular templates for the sizes below
Polymerization, 10 um. Sacrificial microwells were used in this study to study the effect of shapes of
Color, the particles synthesized from the cholesteric liquid crystals on their structure and
Response response. Specifically, mixtures of diacrylate based reactive (RM257) and non-

reactive mesogens (E7), and chiral dopant (S811) were initially filled into circular,
triangular, square and star shaped microwells made from polyvinyl alcohol. After
photopolymerization followed by the extraction of the non-reactive part, the
particles were obtained. Optical and responsive characterization of the particles
showed that the elastic effects of the liquid crystals can also be observed within the
particles of the sizes of 50 um, significantly above the usually expected sizes. We
found that the three-dimensional confinement, inhomogeneous surface anchoring
and the cholesteric symmetry to play a critical role in the dominant effect of
elasticity at larger sizes. The findings of this study will be used in the design of
responsive polymeric particles used in the sensing of the vapors of volatile organic
compounds.

Kolesterik Sivi Kristal Sablonlari ile Sentezlenmis Polimerik Parcaciklarin Sekillerinin
Yapilan ve Tepkileri Uzerine Etkisi

Anahtar Kelimeler 0z: Siv1 kristal molekiiler sablonlar1 polimerik parcaciklarin sentezine olanak
Swi Kristaller, saglamaktadir. Ge¢mis ¢alismalar sivi kristal elastik etkilerinin 10 um boyutlarindan
Parcaciklar, kiiciik boyutlardaki pargaciklarin i¢sel organizasyonlarina Kritik rol oynadigini
Polimerizasyon,

gostermistir. Bu calismada mikrokuyucuk yontemi kullanilarak kolesterik sablonlu
sentezlenen parcaciklarin sekilleri tzerinde hakimiyet saglanmis, yapilar1 ve
tepkisellikleri incelenmistir. Diakrilat gruplu reaktif (RM257) mezojenler, reaktif
olmayan (E7) mezojenler ve kiral katki maddesi (S811) karisimlar1 oncelikle
yuvarlak, ti¢cgen, kare ve yildiz seklindeki polivinil alkol mikrokuyucuklara
doldurulmustur. Fotopolimerizasyon ve takip eden ekstraksiyon sonucunda
polimerik parcaciklar elde edilmistir. Parcaciklarin optik ve tepki karakteristikleri
incelendiginde sivi kristal elastik enerjilerinden kaynakli diizenlerin 50 pum
boyutlarinda, daha 6nceki ¢alismalarda gozlemlenen boyutlardan daha biiyiik
boyutlarda, etkili oldugu gézlemlenmistir. U¢ boyutlu sikistirlmig ortamin
varliginin, homojen olmayan yiizey yoneliminin ve kolesterik diizen simetrisinin bu
etkide 6nemli rol oynadig1 bulunmustur. Bu ¢alismanin bulgular1 sensoérler veya
tepkisel malzemelerin sentezinde kullanilacak bilgiler icermektedir.
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1. Introduction

Liquid crystals (LCs) are delicate mesophases that exhibit fluidic properties while maintaining a significant degree
of molecular ordering.l!! In the nematic phases, the molecules exhibit orientational order parallel to a direction
called the director. When a chiral dopant was used with a nematic phase, the chiral twisting of the mesogens result
in the formation of the cholesteric liquid crystals (CLCs), which are characterized by a pitch size describing the
length of a 2w twist.[!] At high loadings of the chiral dopant, this periodicity results in Bragg reflections of visible
light that is critical for optical filtering applications.[?] Liquid crystal displays (LCDs) are one of the most successful
application of LCs realized to date that employ their fluidic and ordering properties besides their birefringent
optical properties. Beyond displays, LCs are currently being developed for use as sensors, actuators, optical filters,
etc. In addition to these applications that employ their dynamic nature, LCs are currently being used for the
synthesis of polymeric materials.[34

The properties that distinguish LCs from their isotropic counterparts can be described under three fundamental
concepts namely, the elasticity, surface anchoring, and formation of the topological defects.[34! LCs exhibit long-
range orientational ordering that underlie the existence of the elastic properties of the LCs. When the natural
orientation of the LC medium is affected by an external or geometric constraint, deformation occur in their
ordering that resulted in an energetic penalty, which can be approximated with ~KR, where K is the Frank’s elastic
constant and R the sizescale, in the simplest form. When an LC medium is in contact with a surface, the interaction
of the mesogenic molecules at the interface results in a preferred orientation of the LCs, called the easy axis. When
the surface anchoring is perturbed away from the easy axis, an energetical penalty associated with this
deformation occurs, which can be estimated as ~WR?2, where W is the surface anchoring energy. When the LC
medium can not satisfy the boundary conditions (surface anchoring) in the medium via just elastic deformations,
topological defects occur within the medium, which are the local regions with broken LC symmetry. Overall, when
the LCs are confined into microscopic volumes, they maintain a configuration which minimizes the free energy.
Studies in the literature take advantage of such unique properties of LCs to synthesize materials with anisotropic
optical, mechanical and responsive properties.[5-12]

Liquid crystals, when reactive, are shown to maintain their ordering after polymerization.[!314] The two classes of
polymeric materials that are synthesized using LC medium can be identified as liquid crystal elastomers and liquid
crystal templated polymers. The mesogenic units in both of these classes of materials consists of reactive,
polymerizable groups such as acrylates or epoxides.[15-20] Liquid crystal elastomers are the polymers that are
usually synthesized from mixtures of mono- or di-functionalized reactive mesogenic units.[21.22] On the other hand,
the so-called liquid crystal templated synthesis methods involve the use of the non-reactive mesogens along with
reactive mesogens.[1314] The difference of the use of non-reactive mesogens have been shown to provide additional
control over the microstructure of the polymeric materials by providing aligned, mesoscopic pores, and three-
dimensional shapes due to the anisotropic shrinkage after the removal of the unreacted part from the polymerized
matrix.[1318.23]

Liquid crystal templated synthesis of the particles has been shown to be advantageous over the synthesis using
their isotropic counterparts. Past studies have demonstrated the use of techniques employing the emulsion
polymerization, photolithography, and soft lithography for the synthesis of polymeric particles using nematic
templates, which resulted in control over the surface morphologies, shape anisotropy, porosity and even chiral
twisting of the particles.[131819.24] However, although additional advantages are still present with the use of the
cholesteric phase LC templates such as the structural coloring and three-dimensional ordering, minimal study has
been reported on the use of CLCs in such synthesis applications.

In this study, we employ the use of CLCs in the templated synthesis of polymeric particles using microwells. We
used sacrificial microwells of different shapes the provide the initial shapes to the particles. We chose to use
circular, square, triangular and star shaped microwells analyze the effects of the confinement at different
fundamental shape features. After polymerization, followed by the extraction of the unreacted part, we
characterized the structure of the particles. We found that the elastic distortions within the particles would extent
to alarger scale that would be expected from simple forms of the elastic distortions. We found that this is the result
of the three-dimensional confinement, inhomogeneous surface anchoring and the cholesteric symmetry of the CLC
templates.
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2. Material and Method
2.1. Materials

A room temperature non-reactive nematic liquid crystal E7 (a commercial mixture of 51% of 4-cyano-4'-
pentylbiphenyl (5CB), 25% of 4'-heptyl-4-biphenylcarbonitrile (7CB), 16% of 4'-n-octyloxy-4-cyanobiphenyl
(80CB) and 8% of 4-cyano-4"'-n-pentyl-terphenyl (5CT)), a reactive mesogen 4-(3-acryloyoxy-propyloxy)benzoic
acid 2-methyl-1,4-phenylene ester (RM257) and chiral dopant 4-((1-methylheptyloxycarbonyl)phenyl-4-
hexyloxybenzoate) (S-811) were purchased from HCCH Jiangsu Hecheng Chemical Materials Co., Ltd. (Nanjing,
China). Sylgard 184 silicon elastomer kit was obtained from Dow Corning. Octyltrichlorosilane (OTS),
photoinitiator 2,2 dimethoxy-2-phenylacetophenone (DMPAP), polyvinyl alcohol (PVA), anhydrous acetone and,
anhydrous toluene were obtained from Sigma-Aldrich Co. Ltd. (St. Louis, USA) and used without further treatment.
Glass slides were obtained from Marienfeld GmbH (Lauda-Koénigshofen, Germany). Si wafers with microwells of
different shapes prepared by deep reactive ion etching (DRIE) were obtained from METU MEMS Center. The
depths of the features were measured to be around 11 pm.

2.2. Preparation of polyvinyl alcohol (PVA) molds

The preparation process was shown schematically in Figure 1A. Initially, the DRIE-processed Si wafers were
coated with OTS with vapor deposition for 2 hours to maintain the adequate hydrophobicity for the soft
lithography process. PDMS molds were prepared by initially mixing a pre-polymer-initiator ratio of 10:1. After
well-mixing and de-gassing, the mixture was poured on the OTS-coated Si wafer and cured for 2 hours at 70°C. The
PDMS molds were then peeled from the surface and used to prepare the PVA molds. 5% wt PVA was initially
dissolved in ultrapure water until homogenous mixture was maintained. A large droplet of the PVA solution was
placed on the PDMS-molds to cover and then dried overnight at room conditions. After drying, the PVA was peeled
from the surface, and attached on a glass coverslip and used to synthesize the polymeric particles.

2.3. Preparation of the cholesteric liquid crystal templated polymeric particles

The particle synthesis procedure was shown schematically in Figure 1B. A reactive- and non-reactive mesogen
mixture was prepared by mixing reactive mesogen RM257 (20%), photoinitiator DMPAP (1%), chiral dopant S811
(9%), and balance E7 by weight. Toluene was used as a co-solvent to dissolve and maintain a homogenous mixture
and evaporated under vacuum to maintain a nematic mixture. 5 pL of the mesogen mixture was placed on the PVA
mold that was previously attached to the glass substrates, and filled in the microwells using a spincoater (5 mins
at 5000 rpm). After filling, the mixture was equilibrated for 30 min and polymerized with a 30 min exposure of UV
light (365 nm) under vacuum. The polymerized particles present in the PVA microwells was cut and transferred
into centrifuge tubes filled with water and mixed gently to dissolve PVA. To maintain a particle suspension free of
PVA, the particles were centrifuged (5000 rpm, 5 mins) and the supernatant was replaced with fresh ultrapure
water. This procedure was applied at least three times. Then, the centrifuge and the removal of the supernatant
procedure was repeated with ethanol three times to remove the unreacted part of the particles. The particles were
then dried under vacuum for further investigation.

2.4. Optical microscopy

An Olympus BX53 model microscope equipped with 4x, 10x, 50x, and 100x objectives and crossed polarizers were
used for the optical characterization of the particles. The microscope is capable of imaging in transmission and
reflection mode. Further image analyses and measurements were done using image] (NIH), an open source image
analysis software.

2.5. Response measurements

For the measurements of the color change of the particles upon toluene vapor exposure, an in-house built exposure
chamber with glass windows for imaging was used. Vacuum was maintained in the chamber with Edwards RV8
vacuum pump. Then, toluene was delivered in the system using a metering valve and its partial pressure was
measured using a Baratron (MKS instruments) capacitance manometer with high precision. At each toluene
concentration, the system was allowed to equilibrate for 5 minutes and images were collected. For each
concentration, three independent particles were synthesized and three measurements from each batch was
performed. The results were reported by calculating the average and standard deviation of the three independent
measurements. The signals were reported using the formula;
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Signal = [(R/G) = (R/G)o 1/(R/G)o Eqn. 1

where R and G represent the average intensities of the red and green signal measured from the particles in the
reflection mode, and the subscript zero indicates their corresponding values before introduction of toluene into
the system.

2.6. Electron Microscopy

Electron micrographs of the particles were collected using a Quanta 400F Field Emission series scanning electron
microscope. The particles were dried on glass slides after the extraction of the reactive mesogens. Then, the
samples were coated with gold with ion sputtering before electron microscopy imaging.

3. Results

The procedures we followed in the synthesis of the liquid crystal-templated microparticles consists of four major
steps that affected the final structure of the particles. First, the reactive and non-reactive mesogen mixtures
including a chiral dopant was prepared. The chiral dopant was present in the mixture to induce a chiral twist to
the originally nematic mixture of E7 with RM257, thus resulted in a cholesteric phase. This mixture was then filled
in PVA microwells (Figure 1B-C). The PVA surface was known to induce a planar alignment of the LCs, whereas
the air (or vacuum) on the top side of the microwells is known to induce a homeotropic LC anchoring.[3,4,19] Thus,
the mixtures were subjected to a hybrid surface anchoring conditions within the three-dimensional confinement
maintained in the microwells. A result of this phenomena, the fingerprint textures, are evident in the CLCs filled
within the microwells (Figure 1D). After polymerization of RM257 with UV light, we did not observe a major
change in either the color and the fingerprint textures that indicated a minimal effect of the polymerization on the
ordering within the particles. After polymerization, we dissolved the PVA microwell in water and obtained the free
particles. Lastly, the particles were treated with ethanol to extract the unreacted part. After extraction, the
particles shrunk and maintained their final shapes and structure. When the optical appearance of the particles
obtained were compared with those of the just polymerized particles, we observed a difference in their coloring.
Apparently, the particles after the extraction step exhibited a reflection of color in the visible light wavelengths
(mostly green), which is an outcome of the Bragg reflections due to the periodic cholesteric structure. The reason
of the appearance of the Bragg reflections in the final state but not in the previous steps were due to the larger
periodicity of the cholesteric phase observed for 9% wt S811 doped mixtures. However, after extraction of the
unreacted part leading to shrinkage, the particles maintained a periodic structure that can interact with visible
light and exhibit Bragg reflections within the visible light wavelengths. For such concentrations, we have
characterized the shrinkage of the polymeric matrix in the direction of the cholesteric axis to be ~45%.[23] Thus,
the larger pitch size of the CLC maintained initially (larger than the wavelengths corresponding to those of the
visible light) was reasonable.

=l s PDMS
PDMS
g : E7-RM257
E:nmf ! o polymerization Mixture PVA dissolution water extraction _ ethanol
I 1l in water with ethanol
= = — == == = == -— =

%> polymerization

[

Figure 1. Experimental procedures for the synthesis of cholesteric liquid crystal-templated synthesis of polymeric particles
using microwells. (A) sketch of the procedures for the preparation of sacrificial PVA microwells. (B) Sketch of the procedures
followed for the synthesis of microparticles. (C) Electron micrograph of a triangle shaped PVA microwell of size 50 pm. the
microwell is imaged with a tilt, showing the perpendicular walls of the wells. (D) Representative micrographs of the star
shaped particles synthesized from 9% wt S811, 20% wt RM257, 1% DMPAP and balance E7. Reflection-mode polarized light
(left) and brightfield (right) micrographs are shown.
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Figure 2. Representative micrographs of (A) circle, (B) square, (C) star, and (D) triangle shaped particles synthesized from
9% wt S811, 20% wt RM257, 1% DMPAP and balance E7 using microwells. Reflection-mode polarized light (top row) and
brightfield (bottom row) micrographs are shown. (E) A larger area micrograph of particles synthesized from the same batch
showing monodispersity.

When the optical micrographs of the particles were compared, we observed that the majority of the particles
maintained a bright, green color that is consistent with the expected Bragg reflection from the particles
synthesized from this composition. However, there are two features that are important to highlight. First, when
carefully investigated, the sides of each particle are evidently reflecting colors in red, in some places even did not
reflect color in the visible wavelengths. Given that the microwells maintained shapes that were sharp and
perpendicular intersections at the edges (Figure 1C), we reasoned that the different colorings at the edges of the
particles were due to the three-dimensional confinement of the particles. Specifically, the particles were
synthesized from LC medium that mediated planar anchoring at their contact with the PVA surface and
homeotropic anchoring at their contact with air (or vacuum). Due to this inhomogenous anchoring, a significant
elastic distortion was expected at the edges of the particles. If this is the case, the size scale expected from the
distortions that result from the interplay of elastic energy (that scales with ~KR, where K is the Frank’s Elastic
constant, typically in the order of 10-1! J/m, and R the size scale) and surface anchoring energy (that scales with
~WR2, where W is the surface anchoring energy, typically in the order of 10-¢ ]/m?2) is ~10 um. Consistent with
this estimation, we measured the thickness of the sides of the particles where we observed a different coloring to
be 7 + 2 um, which supports the effect of the elastic contributions to the internal configuration of LCs initially
maintained in the microwells. Due to this elastic distortion, the particles did not exhibit significant shrinkage at
the regions close to the sides that resulted in the reflection of colors at higher wavelengths. Consistent with this
effect, we observed that such coloring to be maintained in the majority of the square shaped particles. Although
the triangle shaped particles were in the sizes of 50 pm by side, they did not exhibit significant shrinkage as
compared to the particles synthesized from different shaped microwells. This was due to the narrow edges of the
particles that were making 60° with each side. Thus, the elastic distortions within the LC matrix were amplified to
affect the larger volumes within the microwells.

Here we also note that such reduction in the shrinkage was observed in the particles along their radial dimension.
When the shrinkage of the circular shaped particles with 100, 50 and 7 um in sizes were measured, we found a
reduction in the shrinkage from 10.5 + 1.8 pm, 8.8 + 1.4 pym to 7.7 = 2.5 pm, for 100, 50 and 7 pm particles,
respectively (Figure 3). Although not in the same direction that resulted in the reflection of color in the visible light
wavelengths, the effects of confinement were also reflected in the shrinkage of the particles.
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Figure 3. (A) Reflection mode polarized optical micrographs of different shaped particles synthesized from in 9% wt S811,
20% wt RM257, 1% DMPAP and balance E7 circular shaped microwells. (B) Per cent shrinkage of the particles after
extraction of the unreacted mesogens as a function of size. The mesurements were done fro mthe optical images.

Next, scanning electron micrographs of the particles were collected to characterize the structure of the particles
synthesized from CLC templates using different microwell shapes (Figure 4A). Consistent with the optical
microscopy images, we observed flat shaped appearance of the particles. When compared with the particles
synthesized from the nematic shaped particles with the same, inhomogenous surface anchoring, the formation of
the flat shaped particles from cholesteric templates were interesting. It was shown in previous studies that the
particles curl when there is a non-parallel surface anchoring of LCs at the two opposite sides of the
particles.[18,19,24] This was shown to result from the imbalance in the shrinkages of the two sides of the particles
after the extraction of the unreacted mesogens.[19] Although a similar, non-parallel surface anchoring of LC at the
two opposite sides was maintained here, we did not observe the particles to curl, independent of the overall shapes
of the particles. This is due to the internal cholesteric symmetry of the mesogens maintained in the particles. Due
to the cholesteric configuration with cholesteric axis perpendicular to the bottom side of the particles, they did not
shrink anisotropically, thus, resulted in the isotropic shrinkage of the particles after extraction of the unreacted
part. This effect also resulted in the formation of the particles with bright appearance after shrinkage. In addition
to the overall shapes of the particles, we also observed that the surface morphology of the particles was consistent
with the cholesteric twist that resulted in the twisted surface morphology of the particles (Figure 4B).
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Figure 4. (A) Scanning electron micrographs of different shaped particles. (B) Scanning electron micrograph of a triangle
shaped particle showing the surface features. Particles were synthesized from in 9% wt S811, 20% wt RM257, 1% DMPAP
and balance E7.

In the last set of experiments, we measured the response of the particles against the presence of toluene vapor in
the system. For this, we placed a population of particles in a chamber where the toluene vapor concentration was
controlled and collected their micrographs. Representative images of an experiment collected with square shaped
particles are shown in Figure 5. As shown in the images, upon exposure to toluene vapor, the color appearance of
the particles was shifted to higher wavelengths. At the end, when the system was evacuated from toluene, the color
appearance of the particles was recovered back to their initial state, showing their reversibility.

1000 ppm 5000 ppm

30000 ppm

Figure 5. Reflection mode optical micrographs of particles collected upon exposure to toluene vapor. Particles were
synthesized from in 9% wt S811, 20% wt RM257, 1% DMPAP and balance E7. The values on the top left of each image
indicate the concentration of exposed toluene. The last micrograph shows the optical appearance of the particles after

removal of toluene from the exposure chamber.
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To collect statistical information, we have repeated the response measurements of the particles from three
independent measurements and analyzed the appearance of the particles by their RGB color change as function
for toluene concentration using the signal formula described in the experimental section. The averages and the
standard deviation of these experiments were reported in Figure 6. When the three response curves were
compared, the difference between the response of the triangular shaped particles is apparent. Specifically, the
response of the star and square shaped particles exhibited a response with two trends, from 0 ppm to 1000 ppm
with one slope, from 1000 to 5000 ppm with a lower slope, whereas the response of the triangle shaped particles
exhibited a monotonous response against increasing toluene concentration. More importantly, although the
particles were synthesized from the same cholesteric liquid crystal compositions, this set of data showed that the
shapes of the particles to play a critical role in the response of the particles. Past studies on the measurements of
such particles showed that the two-trend response of the particles to result from the elastic energy stored within
the particles upon shrinkage after the extraction of the unreacted mesogens.[25] Thus, when combined with the
red appearance of the triangular shaped particles under polarized microscope described above, the loss of the
sensitivity for the triangular shaped particles compared to the other shapes can be concluded to be the absence of
significant shrinkage, therefore the absence of the elastic energy storage within the particles. This observation,

then highlights the importance of the particle shapes, in addition to the size effects shown in the previous
studies.[25]
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Figure 6. Response curves of the (A) star, (B) square, and (C) triangle shaped particles collected upon exposure to toluene
vapor. Particles were synthesized from in 9% wt S811, 20% wt RM257, 1% DMPAP and balance E7. The measurements were
performed upon increasing the toluene concentration. Three independent response measurements were performed for each

set of data, the averages and standart measurements were calculated.

4., Discussion and Conclusion

The study reported in this article demonstrates the effect of shape, in addition to the size as shown in previous
studies, on the response and sensitivity of the particles upon exposure to toluene vapor. The study herein
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highlights the importance of the shape that needs to be considered when designing sensor materials using liquid
crystals as molecular templates. Although the liquid crystal templated synthesis methods provide easy means
provide additional response to the sensors through the elasticity, it was shown in this study that the three
dimensional shapes of the particles are needed to be considered in more detail. Otherwise, the shapes with narrow
edges that provide a complicated three dimensional LC director profiles that would prevent shrinkage required
for the storage of the elastic energy, which provided the additional response to the sensors. The findings of this
study will be used in further developments of the analytical methods based on optically active polymeric materials,
to provide higher sensitivity with no additional cost of supplied energy.
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Anahtar Kelimeler Oz: Teknelerde, havalandirmali besin soliisyonu iizerine yerlestirilen képiik

Topraksiz tarim, viyollerde yiirtitiilen bu ¢calismada, kuzu marulu yetistiriciliginde besin soliisyonuna

Yiizen su kiiltiird, silisyum (Si) ilavesinin tuz stresine karsi bitki gelisimi, verim ve kalite iizerine

Misir salatast, etkilerini belirlemek amaglanmistir. Kuzu marulu tohumlar 72’lik viyolde torf

NaCl, o . .. . . . .

Si ortamina ekilmis; ¢cimlenme odasinda 3 giin ¢imlendirilen tohumlar fide serasina
alinmis, gercek yapraklar ¢cikmaya basladiginda serada su kiiltiiriine aktarilmis,
bundan 7 giin sonrada besin soliisyonuna tuz ve silisyum uygulanmistir. Bitkilerin
beslenmesinde marul recgetesi kullanilmistir. Bitkiler iki farkli besin soliisyonu
tuzluluk seviyesinde [1.8 dS/m (0 mM): Kontrol ve 3.6 dS/m (20 mM): Tuzlu]
yetistirilmis ve soliisyona ilave edilen 100 ppm silisyum (K2SiO3) uygulamasi (Si+),
silisyumsuz (Si-) uygulama ile kiyaslanmistir. Su Kkiiltiiriinde aktarildiktan 1 ay
sonra hasat olgunluguna gelen bitkilerde bitki gelisim O6l¢limleri yapilmis ve
ardindan tek seferde hasatlari yapilarak verim degerleri alinmistir. Elde edilen
veriler, besin soliisyonuna tuz ilavesinin bitki boyu, yesil aksam yas ve kuru agirlig,
verim, nitrat ve su tiiketimini azalttigini; k6k boyu ve kok biyomasini arttirdigini
gostermistir. Ozellikle tuz stresi altinda besin soliisyonuna silisyum ilavesi tuz
stresinin olumsuz etkisini gidermistir. Arastirma sonucunda, silisyumun tuz stresini
azaltmada pratik ve alternatif bir uygulama olabildigi sonucuna varilmistir.

Effects of Silicon Addition to Nutrient Solution Aganist Salinity Stress on
Lam’s Lettuce (Valerianella locusta (L.) Laterr) Production

Keywords Abstract: This study was carried on styrofoam trays which were placed on nutrition

Soilless culture, solution in horizontal tanks, in order to determine effects of silicon (Si) application

Floating, to nutrition solution on plant growing, yield and quality though to salt stress. Seeds

EZFCI; salad, were sowed to peat in trays with 72 holes, after 3 days of germination period in

i ’ germination room, trays were moved to seedling adaptation greenhouse. When real
leaves started to occur, plants were transferred to water culture in greenhouse.
After 7 days on water culture, salt and silicon were added to solution. Lettuce
nutrient solution recipe had been used for plant nutrition. Plant had been grown in
two different level of salinity [1.8 dS/m (0 mM): Control and 3.6 dS/m (20/mM):
Salt stress] and two different silicon (K2SiOs) treatments with 100 ppm (Si+), and
the no silicon application (Si-). One month later, plant growth and biomass
measurements were performed and then plants were harvested once. Obtained,
data showed that salt addition to nutrient solution affected plant growth and yield
negatively but silicon showed possitive effect. Moreover, silicon addition to solution
prevented the negative effects of salt stress. As a result of this research, it's decided
that silicon is a practical, cheap and alternative practice on the purpose of reducing
effects of salt stress in nutrient solution.

*[lgili Yazar: golgen.oztekin@ege.edu.tr
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1. Giris

Tarimsal iiretimde verimliligi kisitlayan en 6nemli ¢evresel stres faktorlerinden biri olan tuzluluk, gerek agik
alanda ve gerekse seralarda yapilan liretimde risk olusturmakta [1]; bitki su iliskilerini (ozmotik etki) ve beslenme
diizenini (6zel iyon etkileri) etkilemektedir. Yiiksek tuz konsantrasyonu sonucunda ortaya ¢ikan su, beslenme ve
dolayist ile enerji diizenlerindeki dengesizlikler bitkinin morfoloji ve fizyolojisini etkileyerek bitki gelisimi, verim
ve kalite lizerinde olumsuz etkilerde bulunmaktadir [2, 3].

Yogun tarim alanlari olan seralarda yiiksek sicaklik ve evapotranspirasyon yaninda drenajin iyi olmamasi [4],
kalitesiz sularin kullanilma zorunlulugu, monokiiltiir uygulamalar1 sonucu ireticilerin dengesiz ve yogun
glibreleme yapmasi (5), kiy1 seridinde deniz suyunun sulama suyuna karismasi [6] tuzluga neden olan énemli
etmenlerdir. Topraksiz yetistiricilikte ise kalitesiz sulama suyu kullanimi, kullanilan besin soliisyonunun igerdigi
tuzlar ve ortam hacimlerinin kii¢iik olmasi tuzluluga neden olabilmektedir [7, 8]. Seralarda tuzlulugun zararl
etkilerini gidermede dayanikli bitki kullanmak, diizenli ve bilingli giibreleme yapmak, organik madde kullanimj,
fazla suyun drenaj yardimiyla uzaklastirilmasi, topragin yikanmasi, seralarin yaz aylarinda bos birakilmasi, derin
striimler yapilmasi ve iist toprak katmaninin zaman zaman degistirilmesi [4, 9]; asili bitki kullanim1 (10],
topraksiz tarimda ara yikamalar, tuzlu ve temiz suyun miinavebeli kullanimi [11] ve uygun giibreleme rejimleri
(12) ¢oziim olabilmektedir. Ancak alinabilecek bu 6nlemlerin kolay ve pratik oldugunu séylemek giictiir ve
genellikle pahali ve gecici ¢oziimlerdir. Bu durumda 6zellikle topraksiz tarimda giibre olarak kullanilmasi 6nerilen
ve stres kosullar altinda bitki dayanikliligini arttiran silisyum (Si) gibi kimyasallarin bitkiye uygulanmasi tuz
stresine dayanimi arttirmada bir alternatif olarak karsimiza ¢ikmaktadir [13, 14, 15, 16].

Oksijenden sonra yer kabugunda en fazla bulunan element olan silisyum nadiren serbest halde, genellikle silikatlar
veya oksitler seklinde bulunur [13]. pH’st 9’un altinda olan toprak c¢ozeltisinde 0.1- 0.6 mM arasindaki
konsantrasyonlarda silisik asit (H4SiO4) olarak bulunur ve bu deger toprak ¢o6zeltisindeki fosfor
konsantrasyonundan iki kat daha biiytktiir [13, 17]. Bitkiler kokleri ile yliksiiz monomerik silisik asidi absorbe
eder ve kuru agirliklarinda %10’a kadar biriktirirler [18]. Bu miktar ile pek ¢cok makro element kadar bitkideki
varligindan so6z edilebilir. Ancak, silisyum ytliksek bitkilerin gelisimi i¢in giibreleme programlarinda gerekli
elementler arasinda yer almamaktadir [13; 19]. Oysa Werner ve Roth [20] silisyumun yiiksek organizmalar igin
temel element oldugunu; Epstein [17] bitki fizyolojisi ve morfolojisindeki rolii nedeni ile silisyumun mutlak suretle
gerekliligini belirtmis; besin soliisyonunda 0.25 mM silisyum olmasi gerektigini belirtmistir. Morgan [21] ise marul
ve fasulyede yaptig1 calismada besin soliisyonu silisyum konsantrasyonunun 140 ppm olmasi gerektigini
belirtmistir. Besin soliisyonunda 100 ppm silisyum (silisik asit, H4SiO4) varliginda en iyi gelismenin saglandig),
silisyum kaynagi olarak Na ve K silikatlarin da kullanilabilecegi rapor edilmistir [22]. Silisyumun kullanim amac1
daha c¢ok bitki hastalik ve zararlilarin ortaya ¢ikmasini azaltmasi etkisi [23, 24, 25] olmasina ragmen, silisyumun
bitkilerin savunma mekanizmasim aktif hale getirdigi ve tuz stresi [26], kuraklik [27] ve metal (Al, Mn, Cd)
toksisitesine [28] kars1 bitki direncini/toleransini arttirdig1 ispatlanmistir. Silisyumun verim ve bitki gelisimini
artirici etkileri de bulunmaktadir [16, 25, 29, 30].

Silisyumun yukarda sayilan faydalar: nedeni ile tarimda kullanilmasi kaginilmazdir. Serada agikta yetistiricilige
gore fazla olan tuzluluk sorununa karsi silisyum uygulamasinin etkili/alternatif bir ¢6ziim yolu olacag:
disiiniilmektedir. Bu konuda yurtdisinda yapilmis ¢ok fazla ¢calisma olmasina karsin, ¢alismalarin ¢ogunlugunun
celtik/piring [24, 31], bugday [27, 32], misir [28] gibi bitkilerde toplandigi; sebzelerden ise ¢ogunlukla hiyarda
[33, 34, 35] ve marulda hastaliklara dayaniklilik adina ve domateste [16, 29] verim ve kalite tizerine yapildig1
goriilmektedir. Kuzu marulunda silisyum kullanimi tizerine sinirli sayida ¢alismaya rastlanmistir [36].

Ulkemizde musir salatasi (corn salad), kuzu salatasi (lamb’s lettuce) veya kuzu gevregi olarak da adlandirilan ve
yapraklari yenilen sebzeler grubunda yer alan kuzu marulu (Valeriana locusta L.) Avrupa (Fransa, italya, Isvicre,
Almanya) orijinli bir tiir olup, tek yillik bir bitkidir. Yag (0.4 g/100 g), karbonhidrat (3.6 g/100 g) ve kalori (87.9
k]/100 g) degerinin diisiik oldugu; protein (2 g/100 g), vitamin A (7019 IU/100 g), C (38.2 mg/100 g) ve B6 (0.3
mg/100 g) iceriginin ise ¢cogu sebze tiiriinden yiiksek oldugu; yapraklarin bir¢cok aminoasiti icerdigi ve besin
elementleri acisindan zengin oldugu (100 gramda 459 mg K, 53 mg P, 13 mg Mg, 38 mg Ca ve 2.2 mg Fe)
belirtilmistir [37]. Bu 6zellikleri ile yurtdisinda hazir salata paketleri icerisinde yerini alan kuzu marulu iilkemiz
icin yeni bir tir olup, salatalar icin cazip ve alternatif bir iiriin olarak kullanilabilecek niteliktedir. Ayrica tek
seferde hasat ediliyor olmasi ve kisa dénem yetistiricilige uygun olmasi, kis ve erken ilkbahar aylarinda seralarda
ara Uriin olarak yetistirilebilecegini gostermektedir. Bitkisel 6zelligi nedeni ile de toprakli yetistiricilikte
topraginin kolay temizleniyor olmasi liretim ve tiiketimde tercih edilmesine neden olabilmektedir.
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Yiriitiilen bu ¢alismada serada tuzluluk sorununa karsi etkili/alternatif bir ¢6zlim olan silisyumun kuzu marulu
yetistiriciliginde kullanimi; tuz zararini tolare etmede ve de tuzlu ve tuzsuz kosullarda silisyumun bitki gelisimi,
verim, kalite, bitki su tiiketimi gibi parametreler iizerine etkisinin belirlenmesi amag¢lanmistir.

2. Materyal ve Metot

Arastirma 2018 y1li kis aylarinda Ege Universitesi, Ziraat Fakiiltesi, Bahge Bitkileri Béliimii (Bornova-izmir)'ne ait
polietilen ortiili yiiksek plastik tlinelde yiirttiilmiistiir. Denemede bitkisel materyal olarak standart kuzu marulu
(Valerianella locusta (L.) Laterr) ¢esidi (N.L. Chrestensen Tohum, Almanya), bitki yetistirme yeri olarak géz hacmi
72’lik (665x335x50 mm) kopiik viyoller (Kar-Viyol, Antalya, Tiirkiye) ve tohum ¢imlendirmek i¢in ithal torf
(Klassman TS1, Klasmann-Deilmann GmbH, Geeste, Almanya) kullanilmistir.

Tohum ekimi 09.11.2018 tarihinde, viyol gozlerine doldurulan ithal torf ortamina her géze 1 adet tohum gelecek
sekilde yapilmistir. Denemede m?’'de 332 bitki yer almistir. Tohum ekiminden sonra ortamlar nemlendirilip
viyoller streg film ile kaplanmis ve ¢imlendirme odasina konulmustur. Viyoller ¢cimlendirme odasinda (karanlik,
gece/glindliz 18-20°C, %80 nem) 3 giin tutulduktan sonra; fide adaptasyon serasina alinip gercek yapraklar ¢ikana
kadar (14 giin) burada tutulmustur. Bu siire icerisinde gerektiginde seradaki su rampasi sistemi ile fidelere sadece
su verilerek sulama yapilmistir. Adaptasyon serasinda 1-2 adet gergek yapraklarini olusturan fideler tiinel serada
teknelerde su kiiltiirii sistemine aktarilmislardir.

Su kiiltiiriinde yetistiricilik, boyutlar1 80x44x19 cm olan, 52 litre hacme sahip plastik yatay teknelerde (Kod: 464,
Aksu Plastik, Sultangazi-istanbul /Turkey) yapilmistir. Besin soliisyonunu havalandirmak icin bir ucu kompresore
bagh ve her tekneye ucunda hava tasi olan PE-seffaf akvaryum borusu ile ¢ikisi olan hava hortumundan
yararlanilmistir. Havalandirma oranini ayarlamak i¢cin mini vana kullanilmistir. Kompresor elektrigi zamanlayici
ile verilmis; zamanlayici 24 saat boyunca 30:30 durma ve ¢alisma olacak sekilde ayarlanmistir.

Yetistirme tekneleri kislik marul recetesine (mg/L: N 150, P 50, K 150, Ca 150, Mg 50, Fe 5.0, Mn 0.50, Zn 0.05, B
0.50, Cu 0.03, Mo 0.02) gore hazirlanan besin soliisyonu [38] ile 40 L doldurulmustur. Fideler 25.11.2009 tarihinde
su kiltiirtine aktarilmistir. 02.12.2018 tarihinde besin soliisyonuna tuz ve silisyum ilavesi yapilmistir. Bitkiler iki
farkli besin soliisyonu tuzluluk seviyesinde [1.8 dS/m (0 mM): Kontrol ve 3.6 dS/m (20 mM): Tuzlu] yetistirilmis
ve solisyona ilave edilen 100 ppm silisyum (K2SiO3) uygulamasi (Si+), silisyumsuz (Si-) uygulama ile
kiyaslanmistir. Besin soliisyonu EC seviyesini arttirmak i¢in “sodyum kloriir” (NaCl)'den yararlanilmis; bu amagla
islenmis deniz tuzundan (AkTuz Ltd. Sti., Isikkent-Bornova, izmir) yararlanilmistir. Bitkiler su kiiltiiriinde 1 ay
kalmislardir. Bu siire igerisinde besin soliisyonu veya su miktari azaldik¢a haftada 1 defa takviye yapilmis, EC, pH,
Si ve tuz ayarlamalar1 yapilmistir.

Uretim 25.12.2018 tarihinde hasatla birlikte sonlandirilmistir. Bitkiler hasat olgunluguna geldiklerinde her
konunun her tekerriiriinden homojen yapida 10 6rnek bitki secilerek serit metre yardimui ile bitki boyu (cm) ve
kok boyu (cm), dijital kumpas yardimui ile gévde kalinligi (mm), mikronmetre (Mitutoyo, Japonya) ile yaprak
kalinlig1 6l¢tilmiistiir. Ayni 6rneklerde yaprak rengi renk 6lgerle (Konica Minolta CR-400 Chroma Meter, Japonya)
Olciilmiis L, a, b lizerinden 6l¢iilmiis, hue ve kroma degerleri hesaplanmistir [39]. Daha sonra 6rneklerin yaprak
yas agirliklari hassas terazi ile tartilip 65 °C etiivde kurutulduktan sonra kuru agirliklari alinmis; elde edilen veriler
yas ve kuru agirlik (g) ve kuru agilik ytizdesi (%) olarak verilmistir. Toplam korofil icerigi klorofil metre (SPAD-
502 Plus, Konica Minolta, Japonya) ile 6l¢iilmiis ve klorofil indeksi olarak (SPAD) verilmistir. Bitkilerin nitrat
icerigi Cataldo ve ark. [40]’a gore, vitamin C igerigi Pearson [41]’e gore spektrofotometrik yontemle belirlenmistir.
25.12.2018 tarihinde tek seferde hasat yapilmis, her tekerriirden alinan hasat bitki agirliklari tizerinden verim
degeri (g/m?2) hesaplanmistir. Yetistirme siiresi boyunca ilave edilen ve siire sonunda teknelerde kalan su miktari
lizerinden bitki su tiiketimleri (ml/bitki) hesaplanmistir. Besin sollisyonu 6rneklerinin elektriksel gecirgenligi
(EC) ve pH o6l¢iimleri EC metre (Mettler Toledo, MC-126) ve pH metre (Mettler Toledo, Seven Easy) yardimi ile
yapimistir.

Arastirmada her konu i¢in 1 viyol 1 tekrar (n:72) olacak sekilde 2 viyol kullanilmis; deneme Tesadiif Parselleri
Deneme Deseni'ne gore kurulmus ve iki faktorlii olarak (tuz ve silisyum uygulamasi) degerlendirilmistir. Elde
edilen verilere bilgisayarda JMP (siiriim 5.0.1) istatistiksel analiz paket programi kullanilarak varyans analizi
yapilmistir. Ortalamalar arasindaki farkliliklar: belirlemek icin %5 6nem diizeyinde Tukey testi kullanilmistir.
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3. Bulgular
3.1. Bitki Gelisimi

Tuz, silisyum ve tuz x silisyum interaksiyonunun bitki ve kok boyu ile gévde c¢api iizerine etkisi 6nemli ¢ikmis,
ancak yaprak kalinlig1 tizerine etkisi 6nemsiz bulunmustur. 3.6 dS/m tuz konsantrasyonunda yetistirilen bitkilerin
kontrol bitkilerine gore bitki boyu %8.32, gévde ¢ap1 %6.66 oraninda azalirken, kok boyu %57.92 oraninda artis
gostermistir. Silisyum uygulamasi ile bitki boyu (%2.86), kok boyu (%19.06) ve govde cap1 (%7.76) artmistir. Tuz
x silisyum interaksiyonunda tuzlu ortama silisyum ilavesinin silisyumsuz tuzlu ortama gore gévde ¢capini ve ayni
istatistiksel grupta olsalar da bitki ve kok boyunu arttirdigi belirlenmistir (Tablo 1).

Tablo 1. Tuz ve silisyum uygulamalarinin kuzu marulunda bitki morfolojisi iizerine etkileri

Bitki boyu Kok boyu Govde capi Yaprak kalinlig

Uygulamalar (cm) (cm) (mm) (mm)
Kontrol 9.98a 13.19b 1.27 a 0.268
Tuz 9.15b 20.83 a 1.16b 0.267
Si(9) 9.43b 15.53 b 1.16b 0.269
Si(+) 9.70 a 18.49 a 1.25a 0.265
P * ** * o.d.
Kontrol 9.83 ab 10.86 ¢ 1.28a 0.271
Kontrol + Si 10.13a 15.51b 1.25a 0.264
Tuz 9.02c 20.19a 1.06b 0.268
Tuz + Si 9.27 bc 21.47 a 1.26a 0.265
P * *k * o.d.

0.d.: 6nemsiz (P>0.05), *: 0.01<P<0.05, **:0.001<P<0.01, ***: P<0.001

Besin soliisyonuna tuz ilavesi yesil aksam yas ve kuru agirligi ile kok yas agirligini 6nemli 6l¢iide azaltmis, bu azalis
sirast ile %11.83, 11.38 ve 12.28 oranlarinda olmustur. Yesil aksam kuru madde igerigi tuz uygulamasi ile artmis
ancak bu artis istatistiksel olarak 6nemli bulunmamistir. K6k kuru agirlik ve kuru madde igerigi tuz
uygulamasindan etkilenmemistir. Yesil aksam kuru madde igerigi hari¢ 6lgiilen diger parametrelerin silisyum
uygulamasindan etkilendigi, yas ve kuru agirliklarin silisyum uygulamasi ile artigi, kuru madde igeriklerinin
azaldig1 saptanmistir. Silisyum uygulamasi ile yesil aksam yas ve kuru agirligr %12.8 ve 11.4, kok yas ve kuru
agirhg 27.7 ve 21.1 artis gosterirken, kok kuru maddesi %7.0 azalis géstermistir. Tuz x silisyum interaksiyonu
altinda kontrol x silisyum uygulamasi en yiiksek biyokiitleye sahip olurken, bunu ayni istatistiksel grupta yer alan
tuz x silisyum uygulamasi izlemistir (Tablo 2).

Tablo 2. Tuz ve silisyum uygulamalarinin kuzu marulunda bitki biyokiitlesi {izerine etkileri

Yesil aksam Kok
Yas Kuru Kuru Yas Kuru Kuru
agirhk agirhk madde agirhk agirhk madde
Uygulamalar (g/bitki)  (g/bitki) (%) (g/bitki)  (g/bitki) (%)
Kontrol 1.69a 0.167 a 9.97 0.57 a 0.023 3.99
Tuz 1.46b 0.148b 10.05 0.50b 0.020 3.94
P ** ** od *H 6.d. 6.d.
Si() 1.48b 0.149b 10.08 0.47b 0.019b 410a
Si(+) 1.67 a 0.166a 9.94 0.60 a 0.023 a 3.83b
P Kk * d'd' Kk * *
Kontrol 1.64 ab 0.164 10.00 0.50 ab 0.020 ab 4.00b
Kontrol + Si 1.73 a 0.172 9.94 0.63a 0.025a 397a
Tuz 1.31b 0.133 10.15 0.43b 0.018b 4.19b
Tuz + Si 1.60 ab 0.159 9.90 0.57 ab 0.021 ab 3.68 ab
P * 6.d. 6.d. * * *

6.d.: 6nemsiz (P>0.05), *: 0.01<P<0.05, **:0.001<P<0.01, ***: P<0.001
3.2. Verim Degerleri

Tuz ve silisyum ana etkileri ile interaksiyon etkisinin bitki agirlig1 ve verim degeri lizerine etkisi 6énemli
bulunmustur. Tuz uygulamasi ile verim degerlerinin azaldigy, silisyum uygulamasi ile arttigl goralmiistir. Bitki
agirlig ve verim tuz uygulamasi ile %15.8 ve 17.0 oraninda azalirken, silisyum uygulamasi ile sirasi ile %28.9 ve
29.5 oraninda artmistir (Tablo 3). Tuz x silisyum interaksiyonu altinda kontrol x silisyum uygulamasi 2.37 g/bitki
ile en yiiksek bitki agirhigini ve 0.61 kg/mZ2ile en yiiksek verim degerlerine sahip olmustur. Bunu ayni istatistiksel
grupta yer alan tuz x silisyum uygulamasi (2.09 g/bitki ve 0.54 kg/m?) izlemistir. interaksiyon altinda en diisiik
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verim degerleri silisyum uygulanmayan tuz uygulamasindan (1.58 g/bitki ve 0.40 kg/m?) elde edilmistir (Sekil

1).

Tablo 3. Tuz ve silisyum uygulamalarinin kuzu marulunda bitki agirlif1 ve toplam verim {izerine ana etkileri
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Bitki agirligi Verim
Uygulamalar (g/bitki) (kg/m?)
Kontrol 2.13a 0.55a
Tuz 1.84b 0.47 b
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Sekil 1. Tuz x silisyum interaksiyonun verim degerleri lizerine etkisi

3.3. Kalite Degerleri

Klorofil indeks ve yaprak renk degerleri lizerine tuz ve silisyum ana ve interaksiyon etkisinin 6nemli bir etkisi
olmadig1 (Tablo 4), ancak yaprak nitrat ve vitamin C igeriginin uygulamalarin ana etkisinden etkilendigi
gorilmiistiir (Tablo 5). Silisyum uygulamasi yaprak nitrat icerigini etkilemezken, tuz uygulamasi ile nitrat icerigi

%20.5 oraninda azalmistir. Tuz uygulamasi ile vitamin C igerigi %15.5 oraninda, silisyum uygulamasi ile %7.7

oraninda artmigtir. Interaksiyon etkisi nitrat ve vitamin C icerigini etkilememistir (Sekil 2). Istatistiksel olarak

O6nemsiz olsa da vitamin C igerigi silisyum uygulamasi ile kontrol kosullarinda %4.0, tuzlu kosulda %12.6 oraninda

artis gostermisgtir.

Tablo 4. Tuz ve silisyum uygulamalarinin kuzu marulunda klorofil indeksi ve renk degerleri lizerine etkileri

Klorofil Renk Degerleri

Uygulamalar  (SPAD) L* a* b* a*/b* h° c*
Kontrol 35.65 42.63 -16.55 24.77 -0.67 123.75 29.79
Tuz 36.68 43.35 -16.36 24.07 -0.68 124.22 29.10

P 6.d. o.d. o.d. 6.d. 6.d. o.d. o.d.
Si(-) 35.83 43.12 -16.53 24.73 -0.67 123.76 29.75
Si (+) 36.49 42.85 -16.38 24.11 -0.68 124.20 29.15

P 0.d. o.d. o.d. 6.d. 6.d. 0.d. 0.d.
Kontrol 35.34 42.53 -16.60 25.03 -0.66 123.55 30.03
Kontrol + Si 35.96 42.73 -16.50 24.52 -0.67 123.95 29.55
Tuz 36.32 43.71 -16.47 24.44 -0.67 123.98 29.47
Tuz + Si 37.03 42.98 -16.26 23.70 -0.69 124.45 28.74

P 6.d. o.d. o.d. 6.d. 6.d. 0.d. 0.d.

L, siyah:0’dan beyaz:100’a olacak sekilde parlakligini; negatif a* yesili; pozitif b* sariy1; hue agist (h°) rengin temel bilesenlerini (0°:kirmizi,
90°:sar1, 180°:yesil ve 270°:mavi); kroma (C*) rengin doygunlugunu ve canliligin belirler. 6.d.: 6nemsiz (P>0.05)
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Tablo 5. Tuz ve silisyum uygulamalarinin kuzu marulunda yaprak nitrat ve vitamin C icerigi izerine ana etkileri

Nitrat Vitamin C
Uygulamalar (mg/kg) (mg/100 g)
Kontrol 4583 a 22.76b
Tuz 364.1b 27.06 a
P kK KKK
Si(-) 418.1 2446 b
Si (+) 404.4 26.35a
P o.d o

6.d.: 6nemsiz (P>0.05), **: 0.001<P<0.01, ***: P<0.001

Nitrat Vitamin C
500 g 7516 35
400 371,1 30
25
300
o o
S~
3
£200 = 15
=1]
€ 10
100 5
0 0
Kontrol Kontrol + Si Tuz +Si Kontrol  Kontrol +Si Tuz +Si

Sekil 2. Tuz x silisyum interaksiyonun kuzu marulunda yaprak nitrat ve vitamin C icerigi tizerine etkisi

3.4. Bitki Su Tiiketimi

Bitki su tliketimi lizerine uygulamalarin teksel ve interaksiyon etkisi 6nemsiz bulunmasina karsin tuz ile bitki su
tiiketimi azalmis, silisyum uygulamasi ile artmistir. Bitki su tiiketimi kontrol uygulamasinda 104.0 ml/bitki olarak
belirlenmis, tuzlu kosulda %13.8 azalis gostererek 89.6 ml/bitki olmustur. Silisyum uygulamasi ile elde edilen
bitki su tiiketim degeri 100.45 ml/bitki olurken, silisyumsuz kosulda %7.8 azalis ile 93.15 ml/bitki olmustur. Tuz
x silisyum interaksiyonu altinda kontrol x silisyum uygulamasi en yiiksek bitki su tiiketimine sahip olurken, en
disiik bitki su tiiketimi silisyumsuz tuzlu besin soliisyonu uygulamasindan elde edilmistir (Sekil 3).

Su Tiketimi
120 107,38
100,61 o
100 85,69
80
2 60
0
=
€ 40
20
0
Kontrol Kontrol + Si Tuz +Si

Sekil 3. Tuz x silisyum interaksiyonun bitki su tiiketimi tizerine etkisi

3.5. Besin soliisyonu EC ve pH Degerleri

Bitkilerin su kiiltiiriinde kaldig1 6 hafta boyunca elde edilen EC ve pH degerlerine ait grafikler Sekil 4’de verilmistir.
EC degeri tuz uygulamasi ile birlikte 2. haftadan itibaren artmis, tuzlu soliisyonun EC degeri 3.94 ile 4.30 (ort.
3.64) dS/m arasinda degismistir. Kontrol uygulamasinin EC degerleri ise 1.94 ile 2.17 (ort. 2.03) dS/m arasinda
degismistir. pH degerlerinin ise kontrol uygulamasinda 5.52-8.86 (ort. 6.64), tuz uygulamasinda 5.53-8.92 (ort.
6.95) arasinda degistigi goriilmiistiir.
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Sekil 4. Besin soliisyonu EC ve pH degerleri

4. Tartisma ve Sonug¢

Besin soliisyonunun tuz igeriginin arttirilmasi ile bitki biyokiitlesinin, boyunun ve agirliginin dolayisi ile verimin
azaldig1 gozlenmistir. Farkli sebze tiirlerinde yapilan ¢alismalar arastirma sonuglarimizi destekler nitelikte tuzlu
kosullarda bitki biyokiitesinin [42,43, 44, 45] ve veriminin azaldigini1 géstermistir [8, 10, 46, 47, 48]. S6z konusu
bu azalislarin tuz stresi altinda artan NaCl konsantrasyonunun bitkide yaratmis oldugu iyon dengesizligi; ozmotik
strese bagl olarak ortaya ¢ikan, hiicrenin su ve ozmotik potansiyelini diistirerek hiicre hacminin ve genisleme
oraninin azalmasina neden olan ozmotik dehidrasyon ve artan transpirasyon sonucu bitkinin siirgiin ve
yapraklarinda meydana gelen kurumalara bagli oldugu disiiniilmektedir [2, 49, 50]. Tuz stresi altinda kuzu
marullar1 daha kii¢iik kalmis, daha az sayida yaprak olusturmus ve bitki boylar1 kisalmistir [51].

Besin solilisyonuna silisyum ilavesi kontrol veya tuzlu kosullarda bitki gelisimini ve verimini arttirmistir [24, 52].
Yiriitiilen calismada silisyumun asil etkisi tuzlu kosullarda goriilmiis, silisyum tuz stresinin olumsuz etkisini
azalttigl gortilmistiir [16, 26, 29, 34]. Silisyumun tuzluluk gibi abiyotik stres faktdrlerine maruz bitkilerde
antioksidatif savunma mekanizmasinin ¢alismasini tesvik ettigi, bitki govdesini kuvvetlendirdigi, fotosentez ve su
kullanma etkinligi lizerine olumlu etkilerinin oldugu, stres altindaki bitkilerde lipit peroksidasyonunu ve
membran gecirgenligini azaltarak stres faktorlerine dayanimi artirdig bilinmektedir [24; 34; 53, 54]. Silisyumun
Na alinimini azalttig1 ve boylece bitkinin tuz stresinden daha az etkilendigi de rapor edilmistir [55].

Yiirttiilen bu ¢alismada m?’de 332 bitki kullanilmis ve verim degerleri 0.40 ile 0.61 kg/m?2 arasinda degismistir.
Gottardi ve ark. [36] yiizen su kiiltiiriinde besin soliisyonuna silisyum uygulamasinin etkilerini arastirdigi
calismasindan m#'de 1800 bitki kullanmis ve verim degerlerini 1.3 ile 2.1 kg/m? arasinda bulmustur. Bu sonuglar
elde ettigimiz verim degerlerinin énceki ¢alismalarda elde edilen degerlerden yiiksek oldugunu gostermektedir.
Arastirmacilar kullanmis olduklar1 Gala (+%61.3) ve Eurion (+%20.0) gesitlerinde silisyum uygulamasi ile verim
degerlerinin arttigini ve artis miktarinin ¢esitlere bagh olarak farklilik gésterdigini belirtmislerdir.

Besin sollisyonuna tuz veya silisyum ilavesinin yaprak klorofil indeksi ve renk degerleri lizerine etkisi 6nemsiz
bulunmustur. Klorofil indeks degeri besin soliisyonuna silisyum ilavesi ile kismen artis géstermis ve 35.34 ile
37.03 SPAD arasinda degismis; Gottardi ve ark. [36] tarafindan belirtilen degerler (32.1-35.9 SPAD) ile uyum
gostermistir. Ancak Manzocco ve ark. [56]'in belirttigi degerlerden (42.5-46.4 SPAD) diisiik kalmistir. Bunun da
yetistirme zamani, sistemi, besleme ve bakim sartlar1 farkindan kaynaklandig1 diistiniilmektedir.

Fernandez ve ark. [57], bitkilerde nitrat birikiminin kok ortaminda var olan azot mevcudiyeti ile dogrudan iliskili,
suyun klor konsantrasyonu ve nitrat rediiktaz aktivitesi ile ters iligkili oldugu bildirilmektedir. Fazla tiiketildiginde
insan sagligini olumsuz etkilemesi nedeni ile yapraklari yenilen sebzeler icin 6nemli bir kalite kriteri olan nitrat,
besin soliisyonuna tuz ilavesi ile 6nemli 6l¢iide azalmistir. Elde edilen bu sonuglar 6nceki ¢alismalar [57; 58] ile
uyumlu bulunmustur. Halk sagligin1 korumak adina Avrupa Birligi 1258/2011 sayili yénetmelikle salatalar i¢in
nitrat esik degerlerini soguk mevsimde ve ortii alt1 yetistiriciliginde 5000 ppm, sicak mevsimde ve ac¢ik alanda
tiretimde 3000 ppm olarak belirlemistir [59]. Manzocco ve ark. [56] kuzu marulunun nitrat icerigini topraklh
yetistiricilikte 3806 mg/kg, topraksiz hidroponik yetistiricilikte 3878-4695 mg/kg arasinda; Gottardi ve ark. [36]
ise cesitlere gore degismekle birlikte 3180 ile 4170 mg/kg arasinda bulmustur. Yiriitiilen bu ¢alismadan elde
edilen nitrat degerleri 371.1 ile 465.1 ppm arasinda degismis ve Avrupa mevzuati tarafindan izin verilen
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maksimum seviyelerden ve 6nceki ¢calismalardan ¢ok diisiik bulunmustur. Silisyum uygulamasi ile nitratigeriginin
kismen azaldig1 gézlenmistir. Benzer sonug Gottardi ve ark. [36]'1n yapmis oldugu ¢alismadan da elde edilmistir.

Yapraklari tiiketilen sebzelerin cogunun iyi bir vitamin C kaynagi oldugu [60] bilinmektedir. Kuzu marulu vitamin
C icerigi 38.2 mg/100 g olarak belirtilmistir [37]. Yiriitiilen ¢calismada vitamin C icerigi 21.4 ile 28.6 mg/100 g
arasinda degismis ve belirtilen degerden diisiik ¢ikmistir. Bunun nedeninin bitkilerin vitamin C igeriginin tiretim
zamani ve yetistirme kosullarina gore degismesi [61] ile ilgili oldugu diisiiniilmektedir. Calismada vitamin C degeri
tuz stresi ile ve silisyum uygulamasi ile artis gdstermistir. Sonuglarimiz stres altinda vitamin C igeriginin arttigin
gosteren onceki calismalar [62] ile domateste kok bolgesine silisyum uygulamasinin vitamin C igeriginin arttigini
belirten calismalar [63] uyumlu bulunmustur.

Arastirma siiresince bitkilere esit miktarda su verilmeye calisilmis ve bitki su tiiketim degerleri 85.69 ile
107.38 ml/bitki arasinda degisim gostermistir. Bitki su tiiketim degerlerinin besin soliisyonunun tuz seviyesinin
artmasl ile azaldigr saptanmistir [47, 64; 65]. Romero-Aranda ve ark. [66], tuz stresi altinda bitkilerin su
tiilketimlerinin azaldigini ve bu azalisin da tuz stresi altindaki bitkilerin stomatal yogunlugunun, stoma
iletkenliginin ve kok hidrolik iletiminin azalmasindan ve dolayis: ile transpirasyon oraninin azalmasindan
kaynaklandig belirtilmistir. Fernandez-Garcia ve ark. [67] da kok hidrolik iletiminin tuzluluk ile azaldigini, bu
azalmanin koék plasma membranlarindaki su ve dogal bilesiklerin bosluklardan tasinmasini saglayan kanal
proteinlerinin (auaporins) aktivitesinin ve konsantrasyonunun azalmasi ile yakindan ilgili oldugunu
belirtmislerdir. Besin soliisyonuna silisyum uygulamasi ile bitki su tiiketiminin diistiik oranlarda da olsa arttig1
saptanmistir [63]. Gong ve ark., [68], bitkilerin su alinimindaki azalmaya karsi silisyumun olumlu etkisi oldugunu
aciklamislardir. Yine silisyumun su alinimindaki azalmaya neden olacak stres kosulu altinda bitkilerin kok
gelismesinin tesvik ederek, diisiik ta¢/kok orani elde edilerek bitki kuru agirligi, su igerigi ve su kullanma
kabiliyetleri arttirdig bildirilmistir [69, 70].

Arastirmadan elde edilen tiim veriler birlikte degerlendirildiginde, besin soliisyonuna tuz ilavesinin bitki boyu,
yesil aksam yas ve kuru agirligl, verim, nitrat ve su tiiketimini azalttigini; kok boyu ve kok biyomasini arttirdigini
gostermistir. Ozellikle tuz stresi altinda besin soliisyonuna silisyum ilavesi tuz stresinin olumsuz etkisini
gidermistir. Arastirma sonucunda, silisyumun tuz stresini azaltmada pratik ve alternatif bir uygulama olabildigi,
besin soliisyonuna silisyum ilavesinin kuzu marulunda bitki gelisimi ve verimi arttirdigi, bu nedenle besin
soliisyonunda kullanilmasi gerektigi sonucuna varilmistir.
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Anahtar Kelimeler Oz: Giiniimiiz rekabet kosullarinda, kisith kaynaklar1 verimli bir sekilde
Uretim, _ kullanabilmek, gelecege dontik yatirimlar1 belirleyebilmek igin iiretim siiresi
Uretim Stresi Tahminleme, tahmini yapmak rekabet avantaji saglamak isteyen firmalar i¢in ¢ok énemlidir.

Destek Vektor Regresyonu,
Gradyan Artirma Makinesi,
Yapay Sinir Ag1

Fakat tiretim siiresi denildiginde akla gelen zaman etiidii gibi geleneksel yontemler
irtin ve proses cesitliliginin ¢ok fazla oldugu tesislerde biyiik bir is yiki
gerektirerek zaman ve maliyet kaybina yol a¢maktadir. Bu noktada makine
O6grenmesi algoritmalari ile iiretim siiresi tahminleme zaman ve maliyet agisindan
biiylik avantaj saglamaktadir. Bu ¢alismada bir iiretim tesisine ait detay iiretim
alanlarinda 4 farkli prosese ait toplam 8 is merkezine liretim siiresi tahminleme i¢in
makine 6grenmesi algoritmalarindan yapay sinir ag1, destek vektor regresyonu ve
gradyan artirma algoritmalar1 uygulanmis ve her is merkezi i¢in en iyi sonucu veren
algoritma belirlenmistir. Elde edilen sonuglara goére, yapay sinir aglari ortalamada
%56,02 basar1 gosterirken destek vektor regresyonu %84,08, gradyan artirma
makinesi ise %85,31 oraninda basar1 gostermistir.

Production Time Estimation In Task Center Refraction For Detail Production Areas
With Machine Learning Algorithms

Keywords Abstract: In today's competitive conditions, estimating production time in order to
Artificial Neural Network, use limited resources efficiently and to determine future investments is very
gragwnF Boosting Machine, important for companies that want to gain competitive advantage. However,
roduction,

traditional methods such as time study, require a large workload in facilities with a
large product and process variety, resulting in loss of time and cost. At this point,
production time estimation with machine learning algorithms provide great
advantages in terms of time and cost. In this study, machine learning algorithms,
artificial neural network, support vector regression and gradient boosting
algorithms were applied to a total of 8 task centers belonging to 4 different
processes in the detail production areas of a production facility. The algorithm that
gives the best result for each work center was determined. According to the results,
artificial neural networks have achieved 56,02% on average, while support vector
regression has been 84,08%, and the gradient boosting machine has achieved
85,31%.

Production Time Estimation,
Support Vector Regression
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1. Giris

Uretim siiresi veya temin siiresi, bir iriiniiniin {iretilmesi icin gerekli olan hammadde siparisinden {iriiniin
paketlenmesine kadar gecen siire olarak ifade edilebilir. Uretim siiresinin dogru belirlenmesi giiniimiiz rekabet
kosullarinda hem kaynaklarin etkin kullanilmasi agisindan hem de miisteriye dogru teslim siiresi verebilmek
agisindan iiretim ve yénetim kademeleri icin énem tagiyan bir konudur. Uretim planlarinin hazirlanmasi, kisa ve
uzun vadeli tahminlerin yapilmasi, licretlendirme, maliyet kontrolii konular1 basta olmak lizere isletme iginde
yuritiilen tiim faaliyetlerde liretim siiresi dikkate alinmadan yapilacak islerin tutarli ve yararli olmasi miimkiin
degildir. Teslimat siiresini kisa vermek miisteri kazanmay1 saglar ancak genellikle gecikmeyi de beraberinde
getirir. Teslimat siiresi uzun tutuldugunda ise teslimatin tamamlanmasi kolay olur fakat bu sefer de miisteri daha
kisa teslimat siiresi veren firmay: tercih edebilir [1]. Uretim proses siirelerinin dogru tahmin edilememesi ve bu
dogrultuda gerceklestirilen is planlamasi, isletmelerin teslimat tarihinden erken ya da gec¢ olarak isi
tamamlamasina, bu sebeple makinelerin bosta kalmasi ya da teslimatlar1 yetistirememesi gibi problemleri
beraberinde getirmektedir. Bu iki sonucta da isletmede maddi zarar ortaya ¢ikabilmektedir [2].

Uretim kaynaklarinin etkin kullanilmasi icin gerekli olan c¢izelgeleme kisa ve orta vadede, kapasite analizleri ise
uzun vadede lretim durumunun somut ve matematiksel olarak ortaya konulmasinda kullanilan araglardir. Bu
acidan lretim siiresi; cizelgeleme ve kapasite analizleri icin temel parametre olmaktadir. Uretim siiresi
dogruluguna 6nem veren ve diizenli olarak giincel tutan sirketler, miisteri termini konularinda daha az gecikmeler
ile rakiplerinin oniine ge¢mekte ve tezgah/ekipman ihtiyaclarin1 kapasitesel olarak daha diizenli takip
edebilmektedirler.

Uretim siiresi belirlemede dogrudan hesaplama yéntemleri olarak bilinen zaman etiidii ve is érneklemesi
metotlar1 daha kesin sonuglar vermesine ragmen iirtin ¢esitliliginin ve is merkezlerinin ¢ok fazla oldugu tesislerde
biiyiik bir is ytkii gerektirerek zaman ve maliyet kaybina yol agmaktadir. Dolaysiz dl¢lim yontemi olan saptanmis
hareket zamanlari metodu ise dogrudan 6l¢iim yontemlerine gore daha az analiz gerektirmesine ragmen yine
tretim cesitliliginin ¢ok fazla oldugu iiretim tesislerinde biiylik is yiikii gerektirdiginden zaman ve maliyet
acisindan beklenen kolayligi saglayamamaktadir. Bu noktada makine 6grenmesi algoritmalari ile iiretim stresi
tahminleme zaman ve maliyet agisindan biiyiik avantaj saglamaktadir.

2000 yili 6ncesinde tUretim siiresi tahminleme ¢alismalarinda istatistiksel analizler 6n plana ¢ikmaktadir.
Istatistiksel analizler sonucunda, istatistiksel modellerin siirecin 6zelliklerine gore giincellenmesi gerektigi [3] ve
dogrusal modellerle sinirh kaldigi [4] gozlenmistir.

Makine dgrenmesinin ilk adimlar1 1950’lerde atilmistir fakat “Yapay zeka kis uykusu” olarak da adlandirilan
donemde basta donanimsal kisitlamalar ve diger problemler sebebi ile bu alandaki ¢alismalar durma noktasina
gelmistir. Duraklama dénemi sonrasi 2000’lerin basinda tekrar gézde olmasiyla beraber iiretim siiresi tahminleme
calismalar1 makine 6grenmesi alanlarinda yogunlasmistir [5].

2003 y1linda Janakiram ve arkadaslari dongii siiresi tahminleme i¢in veri madenciligi yaklasimi izerinde ¢alisarak,
veri madenciliginin istatistiki verileri hizla yeniden analiz etme yetenegi ve gerektiginde giincellenebilir olmasi
acisindan avantajli bir yaklagim oldugunu belirtmislerdir [6]. Yine 2006 yilinda yaptiklar1 ¢alismada kiimeleme,
en yakin komsu ve regresyon agaci metotlar1 iizerinde veri madenciligi uygulamalar1 yaparak sonuglarin
performanslarini degerlendirmis ve ¢alistiklar1 veriler iizerinde regresyon agacinin daha basarili tahminler
yaptigini gézlemlemislerdir [7].

2007 yilinda Alenezi ve arkadaslari ¢cok kaynakly, cok tiriinlii sistemlerde gercek zamanli akis siiresi tahminlemek
icin makine Ogrenmesi algoritmalarindan destek vektdr regresyonu lizerine yogunlasmislardir. Calisma
sonucunda elde edilen hata oranini klasik zaman serisi modelleri ve yapay sinir aglarindan elde edilen sonuglar ile
karsilastirarak destek vektor regresyonunun daha az hata oranina sahip oldugunu gézlemlemislerdir [8]. Destek
vektor algoritmasi ile liretim siiresi tahminlemesi yapilan bir diger ¢alisma ise Lim ve arkadaslari tarafindan 2019
yilinda gergeklesmistir. Calismalarinda, bir iiriiniin tiretim stiresini, liretim ve is emri verilerini kullanarak destek
vektdr makine algoritmasi ile tahminlemeyi amaclamislardir. Algoritmanin performansi, rastgele orman ve yapay
sinir ag1 algoritmalan ile karsilastirilmistir ve destek vektor makinesi algoritmasinin yeterli sonucu verdigi
gorilmiistiir. Model, %84,62 oraninda dogru liretim siiresi tahminlerken, fazla mesai tahminlemesini %65'in
iizerinde dogrulukla tamamladig1 gorilmistir [9].

Meidan ve arkadaslari, 2009 yilinda bir yar iletken iiretim tesisinde, déngii siiresinin temel faktorlerini
tanimlamak ve degerini tahmin etmek icin veriye dayali bir metodoloji lizerine calisma yapmislardir. Simiile
edilmis bir fabrikadan bir veri kiimesi elde ederek Bayes siniflandiricisi uygulamislardir. Calisma sonucunda
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%72,6 ik tahmin dogrulugu elde edilmistir. Sinir aglar1 ve C5.0 karar agaci algoritmalari ile de benzer sonuglari
elde etmislerdir [10]. 2011 yilinda ise ¢alismalarina yeni bir yaklasim getirmislerdir. Yeni yaklasimlarinda, 6nce
kosullu karsilikl bilgi maksimizasyonunu kullanarak en etkili faktorleri belirlemisler ve daha sonra tiretim siiresi
tahmini icin secici Naif Bayes siniflandiricisini uygulamislardir. Calisma sonucunda tiretim siiresi tahmini yaklasik
%40 artarken, faktorlerin listesi 182'den 20'ye kadar daralmistir [11].

Bilekdemir 2010 yilinda veri madenciligi yaklasim metodlarindan karar agaci C4.5 ile siniflandirma teknigi
kullanarak tretim siiresi tahminlemeye c¢alismistir, ¢alisma sonucunda karar agaglarn ile siirekli tipteki
degiskenlerin tahmini yapilamamasindan dolay:1 ¢alismanin yapay sinir aglar ile gelistirilebilecegini belirtmistir
[1]. 2011 yilinda Altin, ¢ok katmanli yapay sinir aglarin1 kullanarak bir dékiim ve hammadde isleme iiretim
tesisinde standart zaman tahminlemesi i¢in 3 model lizerinden ¢alismasini yapmistir; ileri yayilmali 6grenme,
dinamik geri yayllmali 6grenme ve moment geri yayilmal 6grenme. Calisma sonucunda dinamik geri yayillmalh
O0grenme ve moment geri yayllmali 6grenme modelleri ile basarili sonuglar elde etmistir [2]. Kurnaz ise 2019
yilinda yapay sinir ag1 modeli olusturarak kablo takimi iiretimi yapan bir firmada ihale i¢in 6ngoriilen iiretim
strelerinin tahmin edilebilmesi tizerine ¢alismistir. Akabinde modelin tahmin giiciinii 6l¢ebilmek adina sonuglar,
¢oklu regresyon modeli ile elde edilen sonuglar ile karsilastirilmistir. Calisma sonucunda yapay sinir aglari
modelinin daha iyi sonug getirdigini gériilmiistiir [12].

Zhang ve arkadaslar1 2015 yilinda otoyol seyahat siiresini analiz etmek i¢in gradyan artirici regresyon agaci
yontemi uygulamislardir. Uygulanan yontem baska bir popiiler topluluk yontemi ve bir tezgah isareti modeli ile
karsilastirlmistir. Calisma sonuglari, Gradyan artirma modelinin otoyol seyahat siiresi tahmininde 6nemli
avantajlara sahip oldugunu gostermistir [13]. 2020 yilinda Kuo ve arkadaslar1 hastane acil servislerinde bekleme
strelerini tahminleme amaciyla ¢oklu dogrusal regresyon, destek vektor makineleri, rassal orman ve gradyan
artirma algoritmalarini kullanmiglardir. Dogrusal regresyon modelini baz alarak diger model sonuglar ile
karsilastirmiglardir. Sonug olarak kullanilan dort modelde de hata kareleri ortalamasinin dogrusal regresyon
modeline gore %17-%22 arasinda daha iyi sonug verdigi gériilmiistiir [14].

Makine 6grenmesi algoritmalari yalnizca siire tahminleme problemlerinde degil farkli sektdrlerde farkli
tahminleme konularinda da 6n plana ¢ikmaktadir. Bunlara 6rnek verecek olursak; 2014 yilinda Var ve arkadaslari,
[stanbul’a ait bir bélgenin elektrik puant yiikiinii yapay sinir aglar1 ydntemi kullanarak tahmin etmislerdir [15].
Kartal, 2015 yilinda kalp ameliyati sirasinda ya da kalp ameliyati gecirdikten kisa bir siire sonra hastaya ait hayati
riski siniflandirmaya dayali makine 6grenmesi teknikleri ile belirleme tizerine ¢alismistir [16]. 2016 yilinda Sari,
yapay sinir aglar1 yontemi kullanarak traktoér firmalarina satilan motor yataklarinin yillik satislarini tahminlemeyi
ve satislar etkileyen faktorleri belirlemeyi amaglamistir [17]. Ayni y1l imamoglu ve arkadaslar yapmis olduklari
calismada destek vektdr regresyon ve ikiz destek vektor regresyon metotlari ile tedarikgilerin kredi endeksini
tahmin etmeye calismislardir [18]. 2017 yilinda Yang ve arkadaslari, gradyan artirici karar agaglar ile otoyoldaki
dongii dedektorleri tarafindan toplanan trafik hacmi verilerine dayanarak kisa vadeli trafik tahmini {izerine
calismislardir [19]. S6zen ve arkadaslar1 2018 yilinda yapmis olduklar ¢alismada, yapay sinir aglar1 ve derin
6grenme algoritmalarini farkli nanokompozitlerin ¢ekme testleri sirasinda olugsan deformasyonunu tahmin etmek
icin kullanmistir [20].

Bu ¢alismada ise, tahminleme lizerine yapilan ¢alismalarda yiiksek performans gosteren yapay sinir aglari, destek
vektor regresyonu ve gradyan artirma algoritmalar1 liretim siiresi tahminlemek iizere kullanmilmistir. Bu
¢alismanin 6zgiin yani liretim siiresi veri setinin oldukga biiyiik olmas1 ve veri seti olusturulurken parcalarin
toplam stiresi degil, proses bazli siirelerinin tahmin edilmesi tizerine modellerin kurulmasidir. Proses bazli iiretim
stiresi tahminlenmesindeki asil amag, farkli proseslerin gerekliliklerini kendi i¢inde ayristirabilmektir. Teslim
stiresi bazli modellerde proses farkliliklarinin olusturabilecegi kisitlar goz ardi ediliyor olacagindan, proses bazl
liretim siiresi tahminlemede daha gergekgi ve net tahmin modellerin kurulmasi 6ngoriilmektedir.

Calismanin bundan sonraki boliimleri su sekilde diizenlenmistir; Béliim 2’de ¢alismada kullanilan yapay sinir
aglari, destek vektor regresyonu ve gradyan artirma teknikleri agiklanmistir. Modellerin degerlendirilmesi icin
gereken performans olgiitleri ve veri setine ait 6zniteliklerin belirlenmesi adimlari yine bu béliim igerisinde ele
alinmistir. B6liim 3 ile uygulama adimlari ve sonuclar paylasilmis olup Béliim 4 sonuglarin degerlendirilmesi ve
elde edilen modellerin gelistirilebilecegi alanlarin tartismasina ayrilmistir.

2. Materyal ve Metot

Uretim siiresi tahminleme modeli olusturulurken savunma ve havacilik sektériinde faaliyet gosteren bir firmaya
ait veriler kullanilmistir. 4 temel proses olarak talash imalat, sac metal, kalite ve kompozit imalat sec¢ilmistir. Bu
secilen temel proseslerin her biri icin 2’ser is merkezi lizerinden gecmise doniik 5 yillik veri seti kullanilmistir.
Talasli imalat is merkezleri olarak 5 eksen isleme kabiliyetli CNC tezgahlar, sac metal is merkezleri olarak sac metal
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gerdirme tezgahlar, kalite is merkezleri olarak ultrasonik muayene tezgahlari, kompozit imalat olarak hassas
frezeleme ile 5 eksenli frezeleme ve su jeti is merkezleri secilmistir. is merkezleri belirlenirken, uzman gériislerine
ve iretim siirecinde is yiikii dagiliminin ytiksek olmasina dikkat edilmistir.

Gradyan artirma, yapay sinir aglari ve destek vektor regresyon algoritmalari kullanilarak, bu algoritmalarin farkli
kombinasyonlari ile toplam 24 adet liretim stiresi tahmin modeli olusturulmustur. Béliimiin devaminda gradyan
artima, yapay sinir ag1 ve destek vektor regresyonu algoritmalar: kisaca agiklanmistir.

2.1. Yapay sinir aglar

Yapay sinir aglar1 (YSA), insan beyninin ¢alisma mekanizmasini taklit ederek beynin 6grenme, hatirlama,
genelleme yapma yolu ile yeni bilgiler tiiretebilme gibi temel islevlerini gerceklestirmek iizere gelistirilen
mantiksal yazilimlardir. Yapay sinir aglari, 6zellikle arka planda olan veri iliskisi bilinmedigi durumlarda
modelleme i¢in gii¢lii bir aractir. YSA tipki insan gibi 6grenir. Bir yapay sinir ag1 6grenme siireci boyunca 6riintii
tanima veya veri siniflandirmasi gibi belirli bir uygulama i¢in yapilandirilmistir. Biyolojik sistemlerde 6grenme,
noronlar arasinda var olan sinaptik baglantilar iizerinde ayarlamalar igerir. YSA icin de aynisi gecerlidir [21].

Genel olarak YSA ile tahmin, simiflandirma, veri iliskilendirme, veri kavramlastirma ve veri filtreleme
fonksiyonlarini ger¢eklestirmek miimkiindiir. Bir problemin ¢éziimii icin uygulanacak olan yapay sinir ag1 modeli
oncelikle problemin tiiriine baglidir. Ancak tahminlemeye yonelik en yaygin kullanilan yapay sinir ag1 modeli ¢cok
katmanli algilayicilardir [22].

Cok katmanl algilayicilar; Rumelhart ve arkadaslari tarafindan gelistirilmistir. Geri yayilim algoritmasi kullanilan
¢ok katmanli algilayicilarin 6grenme kurali, en kiigiik kareler yontemine dayali delta 6grenme kuralinin
genellestirilmis halidir. Bu nedenle 6grenme kuralina “Genellestirilmis Delta Kurall” da denmektedir Delta
kuralina gore bir néronun istenilen ¢ikt1 degeri ile gercek ¢ikt1 degeri arasindaki farki azaltmak i¢in agirliklarin
strekli olarak ayarlanmasi ve gelistirilmesi gerekmektedir [23]. Bu kurala gore 6grenme sirasindaki baglanti
agirliklar siirekli degistirilerek, agirliklar icin optimum deger bulunur. Bu ag yapisinda “Ogretmenli Ogrenme”
yontemi kullanilir. Bu yontemde hedef cikt1 degerleriyle iliskilendirilen her bir vektor, agin 6grenmesi i¢in aga
sunulur. Agirliklar, belirtilen 6grenme kuralina gore diizeltilir [24]. Sekil 1'de 6rnek bir tane ¢ok katmanli algilayici
gosterilmistir.
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Sekil 6. Ornek Cok Katmanh Algilayici [25]

Yapay sinir aglarinda bulunan girdi katmani, ara katmana dis diinyadan gelen girdileri gonderir. Girdi katmaninda
bilgi isleme olmaz. Bilgiler oldugu gibi bir sonraki katmana gider. Birden fazla girdi olabilir. Her proses elemaninin
sadece bir tane girdisi ve bir tane ¢iktis1 vardir. Gizli katmanlar, bir sonraki katmana girdi katmanindan gelen
bilgileri isleyerek gonderir. Cok katmanl algilayicilarda birden fazla ara katman ve her katmanda birden fazla
proses elemani olabilir. Cikti katmani ise dis diinyaya ara katmandan gelen bilgileri isleyerek aga girdi
katmanindan verilen girdilere karsilik agin iirettigi ¢iktilar1 génderir. Bir ¢ikti katmaninda birden fazla proses
elemani olabilir [21].
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2.2. Destek vektor regresyonu

Destek Vektor Makineleri, Vapnik tarafindan gelistirilen bir 6grenme yontemi olup regresyon ve smiflandirma
problemleri i¢in kullanilmaktadir [26]. Bu yontem diger geleneksel 6grenme yontemleriyle karsilastirildiginda
dogrusal olmayan problemleri ¢c6zmedeki performansi ile 6ne ¢ikmaktadir. Destek vektor makineleri genellikle
siniflandirma problemleri i¢in kullanilmakta olup, regresyon icin uyarlamasi Smola ve arkadaslar1 tarafindan
destek vektor regresyonu adi ile ileri siiriilmiistir [27]. Destek vektor regresyonunda verilerin lineer olarak
ayrilabilir yapida olmasi veya lineer olarak ayrilamayan yapida olmasi olarak iki durum ile karsilasilir.

Lineer ayrilabilme durumu; egitim icin kullanilacak N elemandan olusan verinin 6= {x;, yi}, i = 1, 2,...N oldugu
varsayilirsa, burada yi € {-1, 1} etiket degerleri ve xi € Rd 6zellikler vektoriidiir. Bu iki degerli verilerin direkt olarak
bir asin1 diizlem ile ayrilabildigi durumlar lineer ayrilabilme durumu olarak degerlendirilmektedir. Bu asiri
diizleme ayirici asir1 diizlem adi verilir (Sekil 2). Destek vektdr makinelerinde asir1 diizlemin iki 6rnek gurubuna
da es uzaklikta olmasi amaglanmaktadir. [28].
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Sekil 7. Lineer Ayrilabilen Veriler [29]

Lineer ayrilamama durumu; lineer ayrilabilme durumunda veriler iki sinifa dogrusal bir diizlem ile ayrilabiliyor
fakat pratikte bu durum her zaman gegerli olmayabilir (Sekil 3). Yani dogrusal bir diizlem ile veriler birbirinden
ayrilamayabilir [28].
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Sekil 8. Lineer Ayrilamayan Veriler [29]

Dogrusal olmayan siniflandiricilar, verilerin dogrusal olarak ayrilamadigl durumlarda dogrusal siniflandirici
yerine kullanilabilir. Bu durumda Dogrusal Olmayan Ozellik Uzay:; xi € R» gézlem vektériinii daha yiiksek
dereceden bir uzayda z vektdriine doéniistiirerek, bu yeni uzayda dogrusal siniflandiricilari elde etmek s6z konusu
olabilir. Bu z vektoriiniin yer aldigi 6zellik uzay F ile gosterilirse, @ ifadesi R"— RF eslemesini yapmak lizere z =
@(x) bigiminde (Es. 1) ifade edilebilir [30].

x € Rn = z(x) = [a1, D1(x), ... ... an, On(x)]T € RF (1

Dogrusal olmayan ayrilabilirlik durumu diistintildigiinde, egitim 6rnekleri orijinal giris uzayinda dogrusal olarak
ayrilamazlar. Bu gibi durumlarda destek vektdr regresyonu, kolayca siniflandirma yapabilecegi yiiksek boyutlu
nitelik uzayina donlisiim yapmak icin dogrusal olmayan haritalama fonksiyonunu kullanir. Boylece cekirdek
fonksiyonlar ile biitiin degerlerin tekrar hesaplanarak bulunmasi yerine, dogrudan c¢ekirdek fonksiyonunda
degerin yerine koyularak nitelik uzayindaki degerinin bulunmasi saglanir. Bu sayede, son derece yiiksek boyutlu
bir nitelik uzay1 ile ugrasma olasilig1 kalmaz. Cekirdek fonksiyonlarinin diger bir avantaji da egitme asamasinda
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bir egitim 6rnegi icin fonksiyon kurulup degerler bulunduktan sonra artik kalip degerlerin hazir olmasindan dolay:
diger 6rneklerin cok daha kolay hesaplanmasidir [29]. Destek vektor regresyonunda yaygin olarak kullanilan dort
¢ekirdek fonksiyonu vardir. Bunlar; dogrusal, polinomiyal, sigmoid ve radyal tabanl fonksiyonlardir. Destek
vektor regresyonu ile ilgili daha ayrintili bilgi literatiirde yer almaktadir [26].

2.3. Gradyan artirma makinesi

Gradyan artirma algoritmalar ilk olarak makine 6grenimi toplulugu tarafindan siniflandirma problemleri i¢in
tanitilmistir [31-33]. Temel yaklasim, gelismis tahmin dogruluguna sahip "gii¢lii bir 6grenen” elde etmek i¢gin
"zayif Ogrenenler” adi verilen birka¢ basit modeli yinelemeli olarak birlestirmektir. Friedman, artirma
algoritmasini kayip fonksiyonlari kavramlarina baglayarak artirmaya iliskin istatistiksel bir bakis a¢is1 getirmistir
[34]. Gradyan artirma yontemi, kayip fonksiyonunu en aza indiren ek bir model bulmay1 amaglayan sayisal bir
optimizasyon algoritmasi olarak goriilebilir. Béylelikle, gradyan artirma algoritmasi yinelemeli olarak her adimda
kayip islevini en iyi azaltan yeni bir karar agaci yani “zayif 6grenen” ekler. Daha kesin olarak, regresyonda
algoritma modeli bir tahminle baslar, bu genellikle kay1p fonksiyonunu en iist diizeyde azaltan bir karar agacidir
(regresyon i¢in ortalama hata karesidir), ardindan her adimda yeni bir karar agaci mevcut artiga takilir ve artig
giincellemek i¢in 6nceki modele eklenir. Algoritma, kullanici tarafindan saglanan maksimum yineleme sayisina
ulasilana kadar yinelemeye devam eder. Bu siireg, s6zde asamali olarak adlandirilir. Her yeni adimda, dnceki
adimlarda modele eklenen karar agaglar1 degistirilmez. Karar agaglarinin kalintilara uydurulmasiyla model, iyi
performans gostermedigi bolgelerde iyilestirilir.

Her yinelemeli adimda eklenen karar agaci, 6grenme hizi olarak adlandirilan kiiciilme parametresi a kullanilarak
kiictltiiliirse, gradyan artirma algoritmasi daha iyi sonuglara ulasir. Gradyan artirma baglaminda kiigiilme
prosediiriiniin arkasindaki fikir, daha yiiksek sayida kiiciik adimin, daha az sayida biiyiik adimdan daha yiiksek bir
dogruluk saglamasidir. Ogrenme parametresi , 0 ile 1 arasinda bir deger alabilir ve ne kadar kiigiik olursa, model
o kadar dogru olur. Bununla birlikte, daha gii¢lii bir kiigiilme (daha kii¢lik a) se¢mek, yakinsama elde etmek i¢in
daha yiiksek sayida yineleme anlamina gelir, ¢iinkii a'nin degeri yineleme sayisi ile ters orantilidir.

Gradyan artirma algoritmasinin Kkestirimsel dogrulugunu artirmanin bir baska yolu ise uyum siirecine
randomizasyon eklemektir [35]. Her yinelemeli adimda, tam egitim veri kiimesini kullanmak yerine, karar agacina
uymasi icin rastgele secilen (genellikle degistirilmeden) bir alt 6rnek kullanilir. Gézlem sayisi yeterince biiyiik
oldugunda, her yinelemede kullanilan verilerin varsayilan orani genellikle 0,5'e esittir; bu, her yinelemede veri
kiimesinin yiizde 50'sinin kullanildig1 anlamina gelir. Gradyan artirma modelin dogrulugu iyilestirmenin yani sira,
alt 6rnekleme, algoritmanin hesaplama maliyetini alt 6rneklemenin faktoriine esdeger bir faktor kadar azaltmanin
yararli etkisine sahiptir.

2.4. Model performans degerlendirme 6lgiitleri

Yapilan tahminlerin basarisim1 6lgmek i¢in basar1 tahmin orani, determinasyon katsayisi (R%), hata kareleri
ortalamasi (Mean Squared Error - MSE), ortalama mutlak hata (Mean Absolute Error -MAE), ortalama mutlak
yluzde hata (Mean Absolute Percentage Error - MAPE) yontemleri kullanilmistir. Yontemlere ait denklemler
asagida verilmistir.

2¥i-Y)?
R?=1- 220 2
Z(Yi_yave)z ( )
1 *
MSE =~ S, (Y — ¥7)? (3)
n X
MAE = Zi=1|yl Y | (4)
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MAPE =

Burada Yigézlem degeri, Y;" tahmin edilen degeri, Yave gozlem degerlerinin ortalamasini temsil etmektedir.

n i

i=1"y;
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*100

(5)

Yukarida belirtilen yontemler arasindan iiretim siiresi tahmin modellerinden basarili olani segmek i¢cin MAPE
degerleri dikkate alinmistir. MAPE degeri %10’un altinda olan modelleri “¢ok iyi”, %10 ile %20 arasinda olan
modelleri “iyi”, %20 ile %50 arasinda olan modelleri “kabul edilebilir” ve %50’nin iizerinde olan modelleri ise
“yanlis ve hatal1” olarak siiflandirmistir [36].

2.5. Modelde kullanilan veri setinin ve 6zniteliklerin belirlenmesi

Calismada, belirlenen merkezlerinin son 5 yila ait verileri SQL server ile veri tabanindan c¢ekilmistir. Elde edilen
veriler lizerinde uygulanan adimlar oncelikli olarak akis semasinda 6zetlenmis olup, boélimiin devaminda
detaylandirilmistir (Sekil 4).

o Veri a S e Modellerin Parametrelerin o Sonuclarin
Onisleme L
Toplama Uygulanmasi Secimi Karsilastirilmasi

Oznitelik |
Secimi ||

*Proje kodu
«Proje yas

«Teknisyenlerin ortalama tecribesi

*Parga Boyu
*Parca Eni
«Parga Kalnligi

Yapay Sinir Agi
(Onisleme
—

! Noron Sayisi

Eksik veri

Destek Vektor Ceza Katsayisi
Regresyonu Gamma

IKalegmik Deglisken
Déniisiimil

Maksimum Derinlik
Yineleme Sayist

Normalizasyon

Gradyan Artirma >
Ogrenme Hiza

Alt Omek

Sekil 9. Akis Semasi

Oznitelik se¢imi icin liretim tesisinde montaj tiretim alanlari, detay iretim alanlarina gére daha diizenli ve tahmin
edilebilir bir ¢alisma ortamina sahiptir. Bu nedenle montaj iiretim alanindan segilen is merkezleri lizerinden
literatlir ve uzman goriisu ile aday nitelikler belirlenmistir [1]. Belirlenen aday nitelikler;

Ship ( projeye ait iiretilen kaginci parca oldugi bilgisi)

Proje yili

Proje % bitis
Parga iizerinde ¢alisan teknisyen sayisi

Teknisyenlerin ortalama tecriibesi

Belirlenen her bir aday parametre ile iiretim stireleri arasinda korelasyon analizi yapilarak (Tablo 1) liretim
sliresine etkisi olan parametrelerin belirlenmesi hedeflenmistir.

Tablo 1. Uretim Siiresinin Aday Parametreler ile Korelasyonu

is Merkezi Ship Proje Yili  Proje % Bitis Teknisyen Sayist

Teknisyenlerin

Ortalama Tecrlibesi

RD1 -0,51 -0,52 -0,52 0,28 -0,66
RD2 -0,66 -0,67 -0,67 0,12 -0,66

Yapilan analiz sonucunda belirlenen 6znitelikler:

Ship
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e Projeyi
e Proje % Bitis
e Teknisyenlerin ortalama tecriibesi

Ship, Proje Yili ve Proje % Bitis parametreleri birbirleriyle dogrusal iliskili oldugundan bu 3 parametreden Proje
Yiliile ilerlenmesine karar verilmistir.

Montaj alanlarina ait veriler ile elde edilen parametrelere ek olarak uzman goriisii yonlendirmesi ile detay tretim
alanlarina ait tahminleme ¢alismasina asagidaki parametreler dahil edilmistir.

e Proje Kodu

e Parcaboyu

e Parcaeni

e Parca kalinhgi

3. Bulgular

Belirlenen oznitelikler i¢in Sekil 4’te yer alan akis semasinda da belirtildigi gibi veri onisleme, uygulama,
hiperparametrelerin secimi ve sonuglarin karsilastirilmasi asamalari gerceklestirilmigtir.

3.1. Veri 6n isleme

Ozniteliklerin belirlenmesinin ardindan iiretim veri tabanindan elde edilen veriler veri énisleme adiminda
degerlendirilmistir. Eksik gelen veriler ve aykir1 degerler ayiklanmistir. Veri setinde bulunan kategorik
degiskenler ikili (binary) olarak temsil edecek sekilde diizenlenmistir. Oznitelikler arasindaki 61cek farkhliklarinin
model tahmin performansini diisiirmemesi ve katsayilari yanlis yorumlamamasi adina normallestirme islemi
yapilmistir. Normallestirme teknigi olarak Min-Max yontemi ile tim veriler [0.1-0.9] arasina indirgenmistir. Bu
islem niimerik degisken olan girdi degerleri icin yapilmistir. 1-0 olarak doniistiirtilen kategorik degiskenler ve ¢ikt1
degiskenlerinde degisiklik yapilmamistir. Veri 6n isleme dncesi ve sonrasi érnek veri seti Tablo 2 ve Tablo 3'te
paylasilmistir.

Tablo 2. Veri On isleme Oncesi Veri Seti Ornegi

Proje ParcaNo Proje Yili Tecriibe En Kalinhk Boy Toplam Saat
Al X1 3,93 2,58 241,30 1,14 444,50 20,50
Al X1 4,04 2,87 241,30 1,14 44450 15,50
Al X1 4,07 1,68 241,30 1,14 444,50 17,75
Al X1 4,08 0,08 241,30 1,14 444,50 25,00
Al X1 4,29 2,68 241,30 1,14 444,50 13,00

Tablo 3. Veri On isleme Sonrasi Veri Seti Ornegi

Parca No Proje Yii Tecriibe En  Kalinhlk Boy Toplam Saat Proje_Al Proje_A2 Proje_A3
X1 0,10 034 090 010 0,66 20,50 1 0 0
X1 0,11 036 090 010 0,66 15,50 1 0 0
X1 0,11 025 090 010 0,66 17,75 1 0 0
X1 0,11 0,10 090 010 0,66 25,00 1 0 0
X1 0,12 034 09 010 0,66 13,00 1 0 0
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3.2. Modellerin Kurulmasi Ve Hiperparametrelerin Belirlenmesi

Calismada, makine 6grenmesi algoritmalarinin kurulmasinda Python programindan yararlamilmigtir. Biitiin is
merkezlerine ait veri setlerinin %75’i egitim, %25’i test verisi olarak ayrilmistir. Yapay Sinir aglari, destek vektor
regresyonu ve gradyan artirma modelleri her is merkezi icin uygulanmustir.

Yapay sinir aglarinda modelin performansi esas olarak néron sayisindan etkilenmektedir. Kurulan yapay sinir agi
modellerinde gizli katman sayisi bir olarak alinmistir. Gizli katmandaki néron sayisini belirlemek i¢in literatiirde
net bir kural yoktur. Yapay sinir aginin genelleme yetenegini artirabilmek adina bir katmanda kullanilacak néron
sayisinin miimkiin mertebe az olmasi gerekir [12]. Bu nedenle gizli néron sayisini belirlemede en ¢ok kullanilan
geometrik piramit kurali kullanilmistir. Geometrik piramit kuralinda, girdi katmanindan ¢ikt1 katmanina dogru
noron sayisi azalmaly, gizli néron sayisi girdi néron sayisinin iki katin1 gegmemelidir. Ayni zamanda bu say1 girdi
ve ¢ikt1 néron sayisinin ¢arpiminin karekokiinden daha az bir degere sahip olmamalidir [12]. Buna gore en iyi
sonucu veren gizli ndron sayisinin arastirilmasi icin ag arama (grid search) algoritmasi kullanilmistir. Grid arama
algoritmasinda, her bir is merkezi i¢cin geometrik kural sonucu belirlenen 3 ile 12 arasi gizli néron sayilari
denenmistir ve bu gizli néron sayilari icerisinde hata orani en diisiik olan gizli noron sayisi belirlenmistir. Her bir
is merkezi icin belirlenen néron sayilar1 asagida Tablo 4’te belirtilmistir.

Tablo 4. YSA Modelleri i¢cin Optimum Néron Sayilari

Uretim Grubu __ is Merkezi Yapay Sinir Ag1 Noron Sayisi
imeli Seki i 12
Sac Metal Gerdimeli Sekil Verme Presi 1
Gerdimeli Sekil Verme Presi 2 12
. ii 12
Talagh imalat 5 Eksenli Fsleme Tezgahi 1
5 Eksenli isleme Tezgah 2 11
. Hassas Frezeleme Tezgahi 12
Kompozit
5 Eksenli Frezeleme ve Su Jeti 12
i 12
Kalite Ultrasonik Kontrol Tezgahi 1
Ultrasonik Kontrol Tezgahi 12

Destek vektor regresyonu modelinin performansi esas olarak C ve y hiperparametrelerinden etkilenir [37, 38].
Modeldeki C katsayisi, Lagrange carpaninin alabilecegi iist sinir degerini gosteren ceza parametresini ifade
etmektedir [39]. vy, modelde ne kadar egrilik istendigini belirleyen parametredir. y degerinin artmasi, modelin
egriligin artmasi anlamina gelmektedir [40].

Bu calismada verilerin dogrusal olmamasindan kaynakli dogrusal olmayan regresyon modelleri i¢cin kullanilan
radyal tabanli fonksiyon (RBF)'u kernel fonksiyonu olarak kullanilmistir. C ve y'nin belirlenmesi i¢in literatiirde
net bir kural yoktur. En iyi sonucu veren C ve y'nin arastirilmasi i¢cin ag arama (grid search) algoritmasi
kullanilmistir. Grid arama algoritmasinda, her bir is merkezi icin (C, y) ciftleri denenmistir ve bu ciftler icerisinde
hata orani en diisiik olan ¢ift secilmistir. C ve y ile ilgili bir ag aramasi 10-kat ¢capraz dogrulama kullanilarak egitim
setinde uygulanmistir. Ag aramasi C ve y ( C =2, 22,2425 ; y = 2, 22,24,25)'nin iissel sonuclarinin degerlendirilmesi
ile gerceklestirilmistir. Bu ¢alismada her bir is merkezi i¢in belirlenen optimum hiperparametreler asagida Tablo
5’te belirtilmistir.

Tablo 5. DVR Modelleri i¢in Optimum C ve Gamma Degerleri

Destek Vektor Reg.
Uretim Grubu Is Merkezi C %
imeli Seki i 32 32
Sac Metal Gerdimeli Sekil Verme Presi 1
Gerdimeli Sekil Verme Presi 2 32 32
. ii 32 2
Talagh imalat 5 Eksenli ?sleme Tezgahi 1
5 Eksenli Isleme Tezgahi 2 32 2
) Hassas Frezeleme Tezgahi 32 16
Kompozit
5 Eksenli Frezeleme ve Su Jeti 32 32
i 32 32
Kalite Ultrasonik Kontrol Tezgahi 1
Ultrasonik Kontrol Tezgahi 32 32

Gradyan artirma modelinde modelin performansini etkileyen dort hiperparametre vardir:
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D: Modelin maksimum etkilesim sirasini da kontrol eden karar agaglarinin derinligi
K: Karar agaclarinin sayisina da karsilik gelen yineleme sayisi

a: Genellikle 0 ile 1 arasinda kiigiik bir pozitif deger olan 6grenme hizi,

H: Her yinelemeli adimda kullanilan veri orani

Diger iki algoritmada oldugu gibi gradyan artirma algoritmasinda da hiperparametrelerin belirlenmesinde net bir
kural yoktur. Bu nedenle en iyi sonucu veren D, K, a ve H degerlerinin belirlenmesi i¢in ag arama (grid search)
algoritmasi kullanilmistir. Gradyan artirma algoritmasi i¢in, D, K, a ve H ile ilgili bir ag aramas1 10-kat capraz
dogrulama kullanilarak egitim setinde uygulanmistir. Ag aramasi1 D =2,4,8; K= 100,500,1000; «=0.01,0.1,0.2,0.5;
H= 0.5,0.75,1’'nin sonug¢larinin degerlendirilmesi ile gerceklestirilmistir. Bu ¢alismada her bir is merkezi icin
belirlenen optimum hiperparametreler asagida Tablo 6’da belirtilmistir.

Tablo 6. Gradyan Artirma Modelleri icin Optimum D, K, a ve H Degerleri

Gradyan Artirma

Uretim Grubu  Is Merkezi D K a H
i i i i 8 1000 0,01 0.5
Sac Metal Gerdimeli Sekil Verme Presi 1
Gerdimeli Sekil Verme Presi 2 2 1000 0,2 0.75
. ii 2 1000 0,1 1
Talash imalat 5 Eksenli ¥$1eme Tezgah1 1
5 Eksenli Isleme Tezgahi 2 4 1000 0,01 0.75
. Hassas Frezeleme Tezgahi 8 500 001 05
Kompozit
5 Eksenli Frezeleme ve Su Jeti 8 1000 0,01 0.75
. Ultrasonik Kontrol Tezgahi 1 4 500 0,01 05
Kalite .

Ultrasonik Kontrol Tezgahi 500 01 05

Her bir model i¢in optimal hiperparametre degerlerinin belirlenmesinden sonra modeller egitilip tahmin yapmasi
saglanmis ve yaptigl tahmin degerleri gercek degerler ile karsilastirilmistir. Modelin tahmin basaris1 R2, MSE (hata
kareleri toplami), MAE (Hatanin mutlak ortalamasi) ve MAPE (Ortalama Mutlak Yiizde Hata) degerleri ile
Olclilmiistiir. Sonuclarin 6zetlendigi tablo (Tablo 7) paylasilmistir.

Tablo 7. Model Tahmin Basarilari

Yapay Sinir Ag1 Destek Vektor Reg. Gradyan Artirma
Uretim ; MAPE MAPE MAPE
i 2 2 2
Grubu Is Merkezi R MSE MAE % R MSE MAE % R MSE MAE %
Gerdimeli Sekil 086 033 016 2633 093 023 011 2021 096 0,16 006 694
Sac Metal Verme Presi 1
Gerdimeli Sekil

. 068 092 0,38 5334 079 074 020 21,84 086 0,60 0,21 3242
Verme Presi 2

5 Eksenli isleme
Talagh ~ Tezgahi 1
Imalat 5 Eksenli Isleme
Tezgahi 2
Hassas Frezeleme
Tezgahi
5 Eksenli Frezeleme
ve Su Jeti
Ultrasonik Kontrol
Tezgahi 1
Ultrasonik Kontrol
Tezgahi 2

046 13,15 10,07 33,29 084 7,03 281 923 096 348 2,03 732
-0,24 25,70 20,81 5543 098 3,52 218 6,74 098 3,15 1,77 6,01

091 180 1,15 3555 095 1,29 060 1475 096 1,21 056 1511
Kompozit
083 186 1,18 6553 094 1,09 045 16,27 098 069 030 11,07

0,75 153 0,72 36,67 086 1,16 044 21,89 0,89 1,01 045 23,26
Kalite
0,69 1,77 081 4568 0,79 1,49 047 16,40 091 095 0,34 15,42

4. Tartisma ve Sonug¢

Modellerin tahmin basarilari karsilastirildiginda; gerdirmeli sekil verme presi 1'de en diisiik hata orani1 %6,94 ile
gradyan artirma modelinde goriilmiistiir. En diisiik ikinci hata oranm1 %20,21 ile Destek Vektér Regresyonu
modelindedir. Gerdimeli sekil verme presi 2'de ise en diisiik hata oran1 %21,84 ile destek vektor regresyonu
modelinde olup, en diisiik ikinci hata oran1 % 32,42 ile gradyan artirma modelinde gortlmiistiir. Talash imalat
prosesi icin secilen iki is merkezinde de en diisiik hata oranlar1 % 7,32 ve % 6,01 ile gradyan artirma modellerinde
goriilmiistiir. En yakin hata oranlari ise %9,23 ve %6,74 ile destek vektor regresyonu modellerindedir. Kompozit
is merkezlerinden hassas frezeleme tezgahinda en diisiik hata oranm1 %14,75 ile destek vektdér regresyonu
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modelinde olup ikinci sirada % 15,11 hata orani ile gradyan ardirma modeli gelmektedir. 5 eksenli frezeleme ve
su jeti tezgahinda ise en diisiik hata oran1 %11,07 ile gradyan artirma modelinde goriilmiistiir. %16,40 hata orani
ile destek vektor regresyonu ikinci gelmektedir. Kalite is merkezlerinden ultrasonik kontrol tezgahi 1 i¢in en diisiik
hata oran1 %21,89 ile destek vektor regresyonundadir. En diisiik ikinci hata orani ise %23,26 ile gradyan artirma
modelinde goériilmektedir. Ultrasonik kontrol tezgahi 2’de en diisiik hata orani1 %15,42 ile gradyan artirma
modelinde gorilmiistiir. %16,40 hata orani ile destek vektor regresyonu takip etmektedir.

Yapay sinir ag1 modellerinin hata oranlari biitiin is merkezlerinde en yliksek hata oranini vermistir. Hata orani
(MAPE) %10’un altinda olan modelleri “¢ok iyi”, %10 ile %20 arasinda olan modelleri “iyi”, %20 ile %50 arasinda
olan modelleri “kabul edilebilir” ve %50’nin lizerinde olan modelleri ise “yanlis ve hatali” olarak siniflandirmistir
[28]. Her bir model i¢in gercek stireler ile tahmini siirelerin karsilastirildig: grafikler Sekil 5’te verilmistir.
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Calismada sistemden c¢ekilen iscilik saatlerinin teknisyenler tarafindan dogru girildigi ve bekleme siirelerini
icermedigi varsayillmaktadir. Elde edilen sonuglara gére hata orani %20 ve altinda olan modeller basaril olarak
kabul edilerek is merkezine ait iiretim stiresi tahmin modeli olarak kullanilabilecektir. Firma, 6zellikle yeni is
paketleriicin gereken is ytiki ve is giicli degerlerine ulasmak icin {iretim siiresi tahmin modelini kullanarak gerekli
hesaplamalar1 yapabilecektir. Uretim siiresi tahmin hatalarindan kaynakl maliyet analizinde olan sapmalarin
online gegebilecektir. Ayn1 zamanda, yine iiretim siiresi tahmin hatalarindan kaynakli, miisteriye iletilen
terminlerdeki gecikmelerin 6niine gecerek miisteri memnuniyetinde artis saglayabilecektir. Orta ve uzun vadeli
kapasite planlarini daha dogru analiz ederek yatirim 6ngoriilerini daha dogru yapabilecektir ve yanlis yatirim
kararlart ile olusabilecek maliyet kayiplarinin 6niine gegebilecektir. Ek olarak firma bu model sayesinde vardiya
ve fazla mesai planlarini daha dogru yapabilecek bdylelikle is giicliniin daha verimli bir sekilde kullanilmasini
saglayabilecektir.

Glinimiiz rekabet kosullarinda, taleplere dogru ve hizli sekilde cevap verebilmek miisteri memnuniyeti acisindan
¢ok dnemlidir. Kisith kaynaklari verimli bir sekilde kullanabilmek, gelecege doéniik yatirimlari belirleyebilmek icin
liretim siiresi tahmini yapmak rekabet avantaji saglamak isteyen firmalar icin cok énemlidir. Uretim siiresi
denildiginde ilk olarak akla zaman etiidii gelmektedir. Fakat iiriin ¢esitliliginin ve is merkezlerinin ¢ok fazla oldugu
tesislerde par¢a basina zaman etiidii yapmak buyiik bir is yiikii gerektirerek zaman ve maliyet kaybina yol
agmaktadir. Bu kaybin 6niine gecerek Uretim siiresi tahminlemek istendiginde, makine 68renmesi algoritmalari
on plana ¢ikmaktadir.

Bu uygulamada makine 6grenmesi algoritmalarindan yapay sinir aglari, destek vektor regresyonu ve gradyan
artirma modellerini kullanarak tiretim siiresi tahminlenmistir. Bu amagla iiretim ortamindan elde edilen veriler
ile liretim tesisine ait 4 temel proses secilmistir. Bu prosesler; talash imalat, sac metal, kalite ve kompozit imalat
olarak belirlenmistir. Secilen temel proseslerin her biri i¢in 2’ser is merkezi tizerinden ge¢mise doniik 5 yillik veri
seti kullanilmistir. Toplam 8 is merkezine yapay sinir aglari, destek vektor regresyonu ve gradyan artirma
algoritmalar1 kullanilarak, bu algoritmalarin farkli kombinasyonlari ile toplam 24 adet tretim siiresi tahmin
modeli olusturulmustur. Modellerin basarilar1 performans metriklerinden MAPE degeri ile belirlenmistir.
Performans metrikleri ile model basarilar incelendigi zaman; 8 is merkezinden 5’i igin en iyi tahmin sonuglari
gradyan artirma modeline ait olup, 3 is merkezine ait en iyi sonuglar destek vektor regresyonuna aittir. Yapay sinir
aglar1 modellerine ait hata oranlarinin her is merkezinde oldukea yiiksek oldugu goriilmiisttir.

Genel olarak gradyan artirma ve destek vektor regresyonu modellerinin liretim siiresi tahminlemede basarili
sonuclar verdigi goriilmiistiir. Ancak uygulama boliimiinde de bahsedildigi gibi optimal hiperparametrelerin
se¢imi asamasinda, aday degerlerin belirlenmesi iizerine literatiirde net kurallar yoktur. Bu nedenle aday
hiperparametre sayisini artirmanin, modellerin ¢alisma siiresi agisindan olumsuz etkilemesine ragmen tahmin
performansi agisindan daha etkili sonuclar verecegi degerlendirilmektedir. Sonug olarak gelecek ¢alismalarda
girdi cesitliliginin ve optimum hiperparametrelerin belirlenmesi icin gereken aday hiperparametrelerin
artirilmasi ile daha basarili sonuglar elde edilebilecegi 6ngdrilmektedir. Ek olarak gelecek c¢alismalarda
karsilastirilacak makine 6grenmesi algoritmalarinin gesitliligi artirillarak ¢alismalarin zenginlestirilebilecegi ve
elde edilen tiretim tahmin modelleri iizerine karar destek sistemi kurularak c¢alismanin gelistirilebilecegi
ongoriilmektedir.
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Anahtar Kelimeler 0z: Bu calismada, su bazh farkli CuO-Al20z hibrit nanoakigkan fraksiyonlarinin
Nanoakmk;.ar.l,. o _ termal ve hidrolik performans lizerindeki etkisini arastirmak tizere sabit 1s1 akisi
1s1 transferi lyilestirilmesi, altindaki yatay bir diiz boruda sayisal analizler yapilmistir. Sayisal modelde gelismis

Hesaplamal akiskanlar tiirbiilansh akis1 sartlarini saglamak icin test blgesinden énce akis gelisim bélgesi

iier;z;\rrlr;ilg‘i/é hidrolik olusturulmustur. Tiirbiilansh akisi modellemek i¢in k-w Shear Stress Transport
performans (SST) turbiilans modeli kullanilmis ve 10.000 ila 100.000 arasinda degisen Reynolds

sayisi icin analizler gerceklestirilmistir. Kullanilan nanoakiskanin termo-fiziksel
ozellikleri literatiirdeki korelasyonlar ile hesaplanmistir. Nanoakiskan hacim
fraksiyonlar1 toplamda, %2, 3, 4 ve 5 olacak sekilde konfigiire edilmistir. Sonug
olarak, en ytliksek termo-hidrolik performans, incelenen tiim Reynolds sayilari i¢in
her iki nanopartikiiliin hacim fraksiyonlar1 birbirine yakin oldugu durumda elde
edilmistir. Ayrica elde edilen sonug¢lardan Al203'in hacim fraksiyonunun CuO'e
kiyasla termo-hidrolik performans degeri lizerinde daha 6énemli bir etkisi oldugu
gorilmiustiir. Elde edilen sonuglar kullanilarak incelenen tiim konfigiirasyonlari
kapsayan Nusselt sayisi ve siirtiinme faktorleri i¢in korelasyonlar gelistirilmistir.

Investigation of the Effect of Using Water Based Hybrid Nanofluid on Thermal and
Hydraulic Performance in a Heat Exchanger

Keywords Abstract: In this study, numerical analyzes were performed on a horizontal straight
Nanofluid, tube under constant heat flux to investigate the effect of different water-based CuO-
Heat transfer enhancement, Alz03 hybrid nanofluid fractions on thermal and hydraulic performance. In the

computational fluid dynamics,
Thermal and hydraulic
performance

numerical model, a flow development section was created before the test section to
provide developed turbulent flow conditions. To model turbulent flow, the k-w
Shear Stress Transport (SST) turbulence model was used and analyzes were
performed for Reynolds numbers ranging from 10,000 to 100,000. The thermo-
physical properties of the nanofluid used were calculated with correlations in the
literature. The nanofluidic volume fractions are configured to be 2, 3, 4 and 5% in
total. As a result, the highest thermo-hydraulic performance was obtained when the
volume fractions of both nanoparticles were close to each other for all Reynolds
numbers studied. In addition, it was seen from the results that the volume fraction
of Al203 has an important effect on the thermo-hydraulic performance value
compared to CuO. Correlations were developed with obtained results for Nusselt
number and friction factors covering all the investigated configurations.
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Bir Is1 Degistiricisinde Su Bazh Hibrit Nanoakiskan Kullanimimin Termal ve Hidrolik Performans Uzerine Etkisinin Arastirilmasi

1. Giris

Nikleer reaktor santralleri, icten yanmali motorlar, elektronik bilesenler, buzdolabi-dondurucular vb. cihazlar
sistemleri geregi 1sitma veya sogutma amaciyla 1s1 transferi olay1r gerceklestirmektedirler [1-4]. Bu yiizden,
gerceklesen 1s1 transferini verimini iyilestirme enerji tasarrufu, maliyet, sistem boyutlarinin kiiciilebilmesi gibi
bircok avantaji getirme ektedir. Bu bakimdan 1s1 transferi iyilestirme ¢alismalar1 olduk¢a dikkate deger
calismalardir.

Is1 transferi akigkani olarak kullanilan tiim sivi sogutucular, kati metallere kiyasla oldukg¢a diisiik termal iletkenlik
ozelligine sahiplerdir. Nano teknolojinin gelismesiyle bu alanda da ¢181r acan yenilikci calismalar gerceklesmistir.
Su, etilen glikol ve motor yag1 gibi ¢esitli baz akiskanlarina, nano boyutta kati metal partikiiller eklenerek uygun
karistirma islemlerine tabi tutulduktan sonra elde edilen akiskan nanoakiskan olarak isimlendirilmektedir. Baz
akiskanlara kiyasla nanoakiskanlarin termal iletkenlik 6zelliklerinin iyilestigi gériilmustiir [5-8]. Ancak, bilindigi
gibi siv1 ve kat1 maddeler arasindaki ciddi yogunluk farki bulundugundan dolay1 uygulamada ¢ékelme problemi
dogmaktadir. Uygun karistirma yontemleri uygulandiginda, nano boyutlardaki partikiiller elektriksel ¢ekim
kuvvetleri sayesinde birbirleri aralarinda olusan etkilesim ile siv1 icerisinde askida kalabilmektedirler [9-13].
Bir¢ok arastirmaci nanoakiskan kullanimi ile 1s1 transferi iyilestirmesi lizerinde ¢alismis ve sividaki nano-kati
pargaciklarin 1s1 transferini iyilestirdigini ve stirtiinme faktoriinii dikkate deger sekilde artirmadigini belirtmistir
[14-17].

Deneysel sistemlere kiyasla maliyet ve zamandan tasarruf saglamasi nedeniyle nanoakiskan o6zelliginin 1s1
transferini arttirma tizerindeki etkisini arastirmak i¢in sayisal ¢alismalar da yapilmaktadir. Labib vd. [18] baz
akiskanlar ve hibrit nanoakiskanlarin zorlanmis tasinim 1s1 transferindeki etkisi sayisal olarak incelenmistir. Baz
akiskan olarak etilen glikol ve su, nanopartikiil olarak da Al.03 kullanmislar, laminer akis kosullarinda (500 <Re
<2.000) hacimsel nanoakiskan fraksiyonlar1 %0.6 ila %4 arasinda degismektedir. Is1 transfer katsayisi artisi, suya
nazaran etilen glikol baz akiskaninda daha fazla oldugu sonucuna varmislardir. Demir vd. [19], tek fazli model
kullanarak sabit duvar sicakligina sahip yatay bir boruda Al:03 ve TiO2 nanopartikiilleri iceren sudan olusan
nanoakiskanlarin sayisal olarak zorlanmis tasimim ile 1s1 transfer etkilerini arastirmislardir. Nanoakiskan
ozelliklerini belirlemek i¢in Palm ve digerlerinin [20] korelasyonlarini kullanmislardir. Sayisal sonuglari, daha
yliksek hacimsel fraksiyonunun daha ytiksek 1s1 transferine ve basing diisiisiine sebep oldugunu géstermektedir
[19]. Bir¢ok arastirmaci, hesaplama siiresinden tasarruf ettigi icin diger karisim modellerine gore tek fazli bir
modelin kullanilmasini tercih etmislerdir. Goktepe vd. [21] tek fazli, Euler-karisim fazli model ve Eulerian-Eulerian
iki fazli modelin hesaplama zamanimi arastirmislardir. Tek fazli modelin diger modellere kiyasla minimum
hesaplama siiresi gerektirdigini bulmuslardir. Rashidi vd. [22] nanoakiskan kullanimi ile gergeklesen 1s1 transferi
iyilestirmesinin tek ve iki fazli modelini dalgal bir kanalda sayisal olarak karsilastirmislardir. Tek fazh ve iki fazli
modelde sicaklik alani arasindaki farklarin hidrodinamik agidan daha fazla oldugunu belirtmislerdir. iki fazh
model ile elde edilen 1s1 transfer katsayisi tek fazli modelden daha yiiksek iken; siirtiinme faktori sonucu tek fazl
modelde iki fazl1 modele gore daha yiiksek elde edilmistir. Ghafouri vd. [23] s1vi-kat1 karisiminin akis davranisini
modellemek icin cesitli viskozite modelleri kullanmislardir. Dawood vd. [24], dairesel borudan farkli olarak,
nanopartikiillerin eliptik bir halkada 1s1 transferini arttirma lizerindeki etkisini sayisal olarak arastirmiglardir.
Nanopartikiil olarak Alz0s, CuO, SiOz ve ZnO kullanilmis, hacimsel fraksiyon ve Reynolds sayisi sirasiyla %0,5-4.0
ve 4,000-10.000 arasinda degismistir. Sayisal sonuglari, en iyi 1s1 transferinin %4 hacim fraksiyonu ve 10.000
Reynolds sayisi olan gyliserin-SiO2 nanoakiskani icin elde edildigini gdstermistir.

Literatiir incelendiginde, nano akiskan kullanimai ile 1s1 transferi iyilestirilmesinin etkili oldugu ancak genelde
tekbir nanopartikiil kullanimi ile ¢alismalarin yapildig: gériilmiistiir. Bu ¢calismada, baz akiskan olarak su dikkate
alinarak, CuO ve Alz203 nanopartikiilleri hibrit sekilde kullanilarak bu karisimin farkli hacimsel fraksiyonlarda (%2-

5 arasinda), termal ve hidrolik performans iizerindeki etkisini sayisal olarak arastirilmistir.

Calismanin ana hedefleri ve literatiire saglayacagi katkilar asagida maddelenmistir:
e Hibrit nanoakigkanlarin termo-hidrolik performans kriterleri tizerindeki etkisini gézlemlemek
e Termal ve hidrolik performans a¢gisindan hem hacimsel fraksiyonuna hem de Reynolds sayisina bagli olan
optimum bir konfigiirasyon bulmak.
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2. Materyal ve Metot
2.1. Sayisal analiz

Hesaplamali akiskanlar dinamigi (HAD) simiilasyonlari, akiskanlar mekaniginin denklemlerini ve algoritmalarini
kullanarak akiskan akislari, 1s1 ve momentum transferini iceren problemleri tahmin etmek, ¢6zmek ve analiz
etmek icin yaygin olarak kullanilmaktadir. HAD simiilasyonlarinin avantaji, pahali deney duzenekler kurmak
yerine, ayn1 sartlar modellenerek daha ucuz, hizli ve etkin arastirmalar saglamasidir.

2.1.1. Sayisal alan modeli

Sekil 1'de gosterildigi gibi, boru i¢i akis bolgesi 3 boyutlu olarak modellenmis ve giris, test ve ¢ikis bolgelerinden
olusmaktadir. Boru ¢ap1 10 mm olarak se¢ilmistir. Akis gelisme bolgesi, akisin gelismesi icin capin 10 kati
uzunlugunda belirlenmistir [25]. Test bolgesi 1m uzunlugunda secilmisken, ¢ikis bolgesi de olusabilecek ters etki
hatalarini 6nlemek i¢in boru ¢apinin 5 kati uzunlugunda modellenmistir. Test bolgesi 20 kW/m2'lik sabit 1s1 akisi
altinda ve hiz girisi incelenen tiirbiilansli akis rejimindeki Reynolds sayilarina gére hesaplanmistir. Basing ¢ikis
degeri 0 Pa olarak secilerek, boru ¢ikisindaki basing degerinin atmosferik basing arasindaki fark 0 Pa olmasi, bir
baska deyisle boru cikisinin atmosfere ¢ciktig1 varsayilmistir.

Sabit 1s1 akisi

S 1 1 1 1 1 1 1 1 11

Hﬂ_gllll

Basing ¢ikist

-
4 —
=
i >
X —
‘ —
| |

f |
Afkus Gelisme Bolgesi Test Bolgesi Cikis Bolgesi

bl

T T S A

Sekil 1. Hesaplama alaninin sematik diyagrami
2.1.2. Ag bagimsizligi

Bu ¢alismada hibrit nanoakiskanin termo-hidrolik performansa etkisi bir HAD programi kullanilarak ve tek faz
varsayimi ile arastirllmistir. HAD programi, kiitle, momentum ve enerji korunum denklemlerinin cebirsel
denklemlere doniistiirmek i¢in kontrol hacmi ydontemini kullanir. Sayisal calismalarda, 6zellikle HAD analizlerinde,
sinir tabakasi akisi, ¢6ztiimiin sonucunu etkileyen bir parametredir. Bu nedenle, viskoz sinir tabakasinin etkisini
hesaplamak i¢in duvar bélgesine sinir tabakasi ag1 olusturulmustur. Boyutsuz bir parametre olan y+*, ag yapisinin
uygun olup olmadigini aciklamak i¢in kullanilan bir parametredir. Salim ve Cheah [26] tarafindan belirtildigi gibi
yiiksek Reynolds sayilarinda y* degeri 5<y*<30 olmali ve kullanilan ag yapisi i¢in y* degeri 13.74 oldugu
gorilmiistiir. Sayisal metodolojinin gecerliligini ve dogrulugunu saglamak icin ag bagimsizliginin dikkatli bir
sekilde kontrol edilmesi gerekmektedir. Bu amagla, dort farkli ag yapisi test edilmistir. Sekil 2'de gosterilen ve
hiicre sayis1 1180.000 olan ag yapisi, sonuglara %2 den fazla degistirmemesi sebebiyle secilerek tiim
konfigiirasyonlarda kullanmilmistir.

‘ftaéﬁgi\%&‘
Sekil 2. Kullanilan yatay diiz borunun ag yapisi

2.1.3. Sayisal Metodolojinin Dogrulanmasi
Sayisal metodolojinin dogrulugunu saglamak i¢in, yatay diiz boruya ait yaygin olarak kullanilan denklemler
kullanilarak sayisal metodolojinin uygunlugu Sekil 3 de gosterilmistir. Su akiskani i¢in sayisal sonuglar, Nusselt

sayisi (Nu) (1) ve siirtiinme faktori (f) (3) ile kullanilarak sirasiyla Colburn (4) [27] ve Blasius (4) [28] esitlikleri
karsilastirilmistir.
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hD (1
Nu ==~
N (2)
Ts - Tb
_ _Ap (3)
Tz

Colburn esitligi [27]:
Nu = 0.023Re?8pr0+4 (4)

Blasius esitligi [28]:

f = 0.316Re™%%5 (5)
700 0.04
eoo | . 0.03

g )
~ e [
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3 =] - -0 ]
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Sekil 3. Su akiskani icin elde edilen Nusselt sayisi ve siirtiinme sonuglarinin literatiir ile kiyaslanmasi

Nanoakiskan akisini modellemek i¢in tek fazli yaklasim kullanilmistir. Rostamani vd. [29] tarafindan yapilan
deneysel calismada %3 CuO, %5 CuO, %2 Al203 ve %4 Al203 sonuglar1 kullanilarak, nanoakiskan kullanilarak
yapilan sayisal analizde izlenen metodolojinin dogrulugu da ispatlanmistir. Sekil 4 de goruldigi gibi
gerceklestirilen calismanin sonucu ile Rostamani vd. sonuglar1 arasinda iyi bir uyum gézlenmistir. Stirtinme
faktorii, bircok deneysel ¢alismada [30-37] arastirmacilarin belirttigi gibi hacimsel fraksiyon ile ¢ok fazla
degismediginden, baska bir sekil ile gdsterilmesine gerek duyulmamistir.

= B - - Y -]
88888

Nusselt sayisi, Nu
8

Now o @
8

8

g

o

0 20000 40000 60000 80000 100000 120000
Reynolds sayisi, Re

e »+ ¢ B

%5 CuO Bu galisma
%3 CuO Bu galigma
%4 Al203 Bu calisma
%2 Ai203 Bu galisma

%5 CuO Rostamani vd.
— — %3 CuO Rostamani vd.
= = = %4 Al203 Rostamani vd.
“““ %2 Al203 Rostamani vd.

Sekil 4. Su bazl CuO ve Al203 nanoakiskani Nu sonuglarinin farkli hacim fraksiyonunun Rostamani vd. [29] ile
kiyaslanmasi
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Tablo 1. Hibrit CuO- Al203 karisiminin hacimsel fraksiyon kombinasyonlar

Toplam hacimsel

Kombinasyonlar (%)

fraksiyon (%)

CuO 0 12345

> Al203 5 43210
CuO 0 1234

* Al203 4 3210
CuO 0 123

3 Al203 3 210
CuO 0 12

2 Al203 2 10

Literatiirde, bir nanopartikiil ile nano-akiskan i¢in 1s1 transferinin iyilestirilmesi tizerine bir¢ok ¢alisma mevcuttur.
Bununla birlikte, literatiirde hibrit nanoakiskan kullaniminin 1s1 transferi iyilestirilmesi {izerine etkisini iceren az
saylda ¢alisma vardir. Bu ¢alismada, hibrit CuO- Al203 karisimi Tablo 1'de 6zetlendigi gibi %2-%5 arasinda degisen
cesitli fraksiyon kombinasyonlari incelenmistir.

CFD programu kullanilarak tiirbiilansh akisi modellemek etmek icin k-w SST tiirbiilans modeli kullamlmstir. Ug
boyutlu stireklilik (6), momentum (7) ve enerji (8) denklemleri, sonlu hacim yontemi kullanilarak ¢éziilmiis ve
SIMPLE algoritmasi uygulanmistir. HAD yazilimi, cebirsel ¢oklu ag yontemi [17] ile baglantili olarak Gauss-seidel
dogrusal denklem ¢6ziici kullanmaktadir. Yakinsama kriterlerinin siireklilik, x ve y hizi, enerji, k ve w i¢in 10-6
olarak sec¢ilmistir. Basing diisiisii (4P) ve sicaklik farki degerleri ilgili ylizeylerden, yiizey integralleri alinarak elde
edilmistir.

Siireklilik denklemi: (6)

f,—‘: +V(p?) = S,
Esitlik (6) kiitle korunumu veya stireklilik denkleminin genel ifadesidir ve sikistirilamaz ve sikistirilabilir akislar
icin gecgerlidir. Sm kaynak terimidir [38].

Kiitlenin korunumu denklemi:

2 (D) + V(piD) = —VP + V(D) + pg + F (7)

P statik basing olarak, T gerilim tensériidiir, p, g ve F sirasiyla yogunluk, yercekimi kuvveti ve dis cisim kuvvetidir
[38].

Enerji denklemi:
a - ? = .
= (PE) + V(V(oE + p)) = V(kesfVT = Xj hyjJi + (Teps- V) + Sp (8)

kess etkin iletkenlik olarak (k+k: kullanilan tiirbiilans modeline gére tanimlanan tiirbiilansh termal iletkenliktir)

vefdifiizyon akisidir. Esitlik (8)’'in sag tarafindakiilk ii¢ terim sirasiyla iletim ile olan 1s1transferini, 6zgiil difiizyon
ve viskoz diftizyon olarak temsil edilmistir. S, kimyasal reaksiyonun 1sisin1 ve diger hacimsel 1s1 kaynaklarini icerir
[38]. Borunun girisindeki tiirbiilans yogunlugunu (/) tahmin etmek gerekir ve Esitlik (9)'da verildigi gibi
hesaplanabilir [25].

[ =0.16D70125 9)

SST k-w modeli icin tasinim denklemi:

(0K | (10)
(Pk) to (pku ) = x] I =— o, + Gy = Y + Sk
Ve
2 [ ok (11)
(pa)) +or (pa)u]) L5y )+ Go = Yo+ Dy + S,
] J
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Bu esitliklerde (10-11), Gy, G’dan hesaplanan ortalama hiz gradyanlarina bagh tiirbiilans kinetik enerjisini temsil
eder. G, standart k- modeli icin a¢iklandigi gibi hesaplanan w liretimini temsil eder, I}, ve I}, sirasiyla esitlik (12)
ve (13) ile hesaplanan k ve w'nin etkin yayilimini temsil eder. Y, ve Y,, k'nin dagilimini temsil eder [38]. Tiirbiilans
Dagilimiin Modellenmesi boliimiinde agiklandigi gibi hesaplanan tiirbiilanstan dolayl. D, capraz difiizyon
terimini temsil eder, S;, ve S, kullanici tanimh kaynak terimlerdir. SST k-w tiirbiilans modeli ile ilgili ayrintili bilgi
Fluent Guide'da [38] mevcuttur.

o=p+t (12)
Fw=,u+::—t (13)

w

oy ve d,, sirasiyla k ve w icin tiirbiilansh Prandtl sayilaridir. Tiirbiilans viskozitesi, (u;) esitlik (14) ile hesaplanir:

_ Pk 1 (14)
S R
max a*’a,w

S, gerilim orani biiytikligidiir ve,
1 (15)
O, =
Fy /oy, + (1 —F) /0y,

1 (16)
Oy =
Fi/041+ (1 —F)/oy,
o= gt (a(*, + Ret/Rek) (17)
~ "®\1 + Re,/Rey
burada,

k 18
RQ=%; (18)
Re, =6 (19)

i 2
i =L (20)
B; = 0.072 (21)

Yiiksek Reynolds sayilarinda k - w modeli i¢in, a* = a3, = 1 alinmaktadir.

F; = tanh (¢14) &
o vk 500y 4pk -
¢, = min [max (o,ogmy’ pyzw) ’ Gq;,zD(f)yz]
1 10k 0 )
Dt = max [Zp——__w' 10-10] (24)
Op,2  0X; 0X;
F, = tanh (¢?) o
_[, vk 500u (26)
2= 120090y py2e

burada bir sonrakine olan mesafe yiizey ve D} capraz difiizyon teriminin pozitif kismidir [38].
Tiirbiilans modelinin iiretilmesi
k’'nin iiretimi:
Gy, standart k- modeliyle aymi sekilde tanimlandiginda.
Gy = min (G, 10pB*kw) (27)
w’nin tiretimi:
G, terimi, w Giretimini temsil eder ve su sekilde verilir:
Gy =a vﬁ Gy (28)

t
o = Fiae 1 + a- Fl)aoo,Z (29)
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L Bu (30)
0,1 — %
ﬁoo Uw,l ﬁ;o
L _Ba__ ¥ (31)
0,2 = Hy T T
ﬁoo JW,Z B:O

Tiirbiilans yayilimin modellenmesi

k’nin yayilimi:

Y, terimi tiirbiilans kinetik enerjisinin dagilimini temsil eder:

Yy = pf ke (32)

w’nin yayilimi:

Y, = pBw? (33)
Bi=Fifis + (1 — F1)Bi,3 : (34)

1 0k dw (35)
D, =21 -F)p w0y, 0%; 0%,

Model sabitleri [38]:

01 = 1.176, O = 2.0,
Oz = 1.0, 01 = 1.168
a; =0.031, B, = 0075 B, = 00828

2.2. Nanoakiskanin Termal ve Fiziksel Ozellikleri

Nanoakiskanlarin deneylerde kullanilabilmesi i¢in, homojen bir karisim elde edilmesi gerekmekte ve bu oldukca
zorlu bir stirectir. Buna ek olarak, nanoakiskanlarin termo fiziksel 6zelliklerinin (yogunluk, 1s1l iletkenlik, 6zgiil 1s1
kapasitesi ve viskozite) belirlenmesi, uygulamada yapilmasi gereken bir baska adimdir. Duangthongsuk ve
Wongwises [30], deney diizenegi icin nanoakiskan hazirlamanin ii¢ yontemi lizerinde ¢alismislardir. Bunlar,
karisimlarin pH degerinin kontrold, yiizey aktif maddelerin eklenmesi ve ultrasonik titresimlerin kullanilmasi olan
yontemleridir. Ancak sayisal calismalar i¢in yapilan 6lciimlerden elde edilen veriler kullanilarak gelistirilen
korelasyonlar kullanilabilir. Bu ¢alismada nano akiskanlarin termal ve fiziksel o6zelliklerinin belirlenecegi
korelasyonlar asagida verilmistir.

Nanoakiskanin yogunlugu:

Pnr = (1 = @)pps + Ppnp (36)

Hibrit karisimin yogunlugu:

_ PcuoPnf-cuo T Parzo3Pnf-a1203 (37)
Pnf hybrid = 0
T

Nanoakiskanin ozgiil 1sis1:

(= 9)pprCops + PPnpCPnp (38)
Cpnf -

pnf

Hibrit karisinmin ozgiil 1sisi:

PcuoCPnf-cuo+P41203CPnf-a1203 (39)
er

Cpnf,hybrid =

Nanoakiskanin termal iletkenligi:

Nanoakiskanin termal iletkenligini hesaplamak i¢in en ¢ok kullanilan korelasyonlardan biri (Esitlik (40)) Hamilton
ve Crosser tarafindan 1962 yilinda gelistirilmistir [39].
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[knp + (n - 1)kbf - (n - 1)(P(kbf - knp)] (40)

[knp + (Tl - 1)kbf + (P(kbf - knp)]
n =3/ (41)

knf = kbf

burada n ampirik sekil faktori ve i kiireselliktir ve Duangthongsuk ve Wongwises [30] tarafindan belirtildigi gibi
bir kiirenin ylizey alaninin pargacigin yiizey alanina orani Esitlik (41) ile tanimlanmistir. Kiiresellik degeri 1.0
olarak kabul edilir. k¢, k, ve k;; ifadeleri sirasiyla nanoakiskanin, nanopartikiiliin ve baz akigkanin termal
iletkenligidir.

Hibrit karisimin termal iletkenligi: (42)
_ ®cuoknf-cuo + Parzosknr-azo3
knf,hybrid -
Pr
Unf = ,ubf(123<p2 +73p+1) (43)

Nanoakiskanlarin dinamik viskozitelerini veren baginti Esitlik (43)’'de verilmistir. Diger esitlikler ile
kiyaslandiginda bu esitlikte nanopartikiillerin dinamik viskozite 6zelligi bulunmadigindan, nanoakiskanlarin
dinamik viskozitesi sadece hacimsel fraksiyon (¢) parametresine baglidir [40]-[42]. Bu yiizden de hibrit nano
akiskanlarin dinamik viskozitesi yine ayni1 sekilde hesaplanabilir. Tablo 2 de ¢alisma kapsaminda kullanilan baz
akiskan ve nanopartikiillere ait termal ve fiziksel 6zellikler verilmistir. Korelasyonlar ile hesaplanan hibrit nano
akiskanlara ait termal ve fiziksel 6zellikler Tablo 3 de verilmistir.

Tablo 2. Baz akiskan ve nanopartikiillerin termo-fiziksel dzellikleri
Termo-fiziksel

dzellikler Water Cu0 Al203
p [kg/m?] 998.2 6510 3880
Cp [j/kgK] 4182 540 773
H [kg/ms] 1.003E-03 - .

k [W/mK] 0.6 18 36

Tablo 3. Hibrit nanoakiskanlarin termo-fiziksel 6zellikleri

Hibrit nanoakigkanlarin  p Cp k n

kombinasyonlari (kg/m3) (j/kgK) (W/mK) (kg/ms)
0% CuO - 5% Al203 1142.29 3603.03 0.6899 0.00168
1% CuO - 4% Al203 1101.44 3756.85 0.6603 0.00168
2% CuO - 3% Al203 1094.17 3791.38 0.6450 0.00168
3% CuO - 2% Alz203 1120.47 3715.00 0.6442 0.00168
4% CuO - 1% Al203 1180.34 3533.68 0.6576 0.00168
5% CuO - 0% Al203 1273.79 3251.34 0.6854 0.00168
0% CuO - 4% Al203 1113.47 3706.84 0.6712 0.00149
1% CuO - 3% Al203 1076.82 3851.35 0.6438 0.00149
2% CuO - 2% Al203 1082.14 3842.83 0.6341 0.00149
3% CuO - 1% Alz203 1129.42 3691.33 0.6421 0.00149
4% CuO - 0% Al203 1218.67 3403.79 0.6677 0.00149
0% CuO - 3% Al203 1084.65 3816.16 0.6529 0.00133
1% CuO - 2% Al203 1055.00 3939.94 0.6288 0.00133
2% CuO - 1% Al203 1081.30 3853.87 0.6279 0.00133
3% CuO - 0% Al203 1163.15 3570.70 0.6503 0.00133
0% CuO - 2% Al203 1055.84 3931.45 0.6349 0.00120
1% CuO - 1% Al203 1040.17 4005.06 0.6169 0.00120
2% CuO - 0% Al203 1108.44 3754.20 0.6332 0.00120
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3. Bulgular

Bu ¢alismada, tlirbiilansli akis sartlarinda ve sabit 1s1 akisi alinda 1sitilmakta olan dairesel bir boru icerisinden akan
su bazli CuO- Alz03 hibrit nano akiskanin 1s1 transferi ve hidrolik performans lizerine etkilerini arastirmak igin
sayisal analizler yapilmistir. Hibrit nano akiskanin incelenen hacim fraksiyonlar1 %2-%5 arasinda degismektedir.

3.1. Is1 transferi sonuglari

Cu0-Alz0shibrit nanoakigkanlar1 i¢in tasinimla 1s1 transfer katsayisinin efektif termal iletkenlik katsayisina
(kefr=knt/kbf) gore degisimi sonuglar1 60,000 Reynolds sayisi icin Sekil 6'da gosterilmektedir. Baz akiskana gore
hacim konsantrasyonu arttikca 1s1 transferinin arttig1 gériilmektedir. Ayrica, Al203’in hacim konsantrasyonu CuO'e
gore daha fazla oldugu konfigiirasyonlarda daha yiiksek 1s1 transferi katsayisi gézlemlenmistir.

28000 ¢
%0 CuO - %5 AI203
%1CuO-%4 A203 — = = = = a
27000 %2Cu0-%3AI203  _ _ == =
%3 CuO- %2 A1203 g8~ _ 74 Cu0- %1 41203 %5 CuO- %0 AI203
____________ <
26000 %1 Cu0-%3A1203 | - - “® %0 CuO- %4 AI1203
R A o
%2 Cu0- %2 A1203 e = T %
> ” L L. . & %0 CuO- %4 A1203
& 25000 et
§
24000
=
23000 |

22000 T Su

21000

1 1.02 1.04 1.06 1.08 11 112 114
Kerr [-]

- B - %5kansim - ® - %4 karisim - & - %3 karisim ~ © - %2 karigim O Su

Sekil 6. Reynolds sayis1 60.000 ve farkli hacim fraksiyonlari i¢in taginimla 1s1 transfer katsayisinin efektif termal
iletkenlige gore dagilimi

3.2. Basing diisiimii sonug¢lari

CuO- Al20s3 hibrit nano-akiskan i¢in test bolgesi boyunca farkli hacim fraksiyonlar: ve Reynolds sayilari i¢in basing
disiimiiniin degisimi Sekil 7'de gosterilmektedir. Su igerisindeki nanopartikiil miktari arttik¢a, basing diigtimiiniin
arttigl gorilmektedir. Artan basing diislimiiniin nedenleri, su igerisindeki kati partikiillerin viskoziteyi ve
yogunlugu arttirmasidir.
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Sekil 7. Farkli hacim konsantrasyonu ve kullanilan nanopartikiiller i¢in Reynolds sayisina gore basing
diistimiiniin dagilimi

3.3. Termal ve Hidrolik Performans Kriteri Sonuglari

Is1 transferi ve basing diisliminiin etkisini birlikte degerlendirmenin birka¢ yontemi vardir. En yaygin kullanilan
yontemlerden biri, esitlik (44)'de verilen termo-hidrolik performans (THP) kriteridir [43].
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burada Nupt ve Nunf baz akiskan ve nanoakiskana ait Nusselt sayisi, for ve fur ise sirasiyla baz akiskan ve
nanoakiskana stirtiinme faktoriidiir. %2-%>5 arasinda hibrit nanoakiskan karisimindan elde edilen THP sonuglari

Sekil 8'de verilmistir.
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Sekil 8. Reynolds sayisina gore su bazli hibrit (CuO- Al203) nanoakiskan karisimlarinin THP dagilimlari ((a) %5,
(b) % 4, (c) % 3 ve (d) %2)

10.000 ve 30.000 Reynolds sayilar1 arasinda THP'de hizli1 bir artis meydana gelmekte ve 30,000 Reynolds
sayisindan sonra tiim kombinasyonlar i¢cin THP degerinin artisi hizi azaldig: goriilmektedir. Daha 6nce belirtildigi
gibi, hacim fraksiyonlar1 %5'e kadar olan nano akiskanlar i¢in siirtiinme faktdrii suya ¢ok yakin oldugundan,
Nusselt sayis1 sonuglarinin THP kriterini etkileyen en 6nemli parametredir.
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Konfigtirasyonlar

Sekil 9. 60.000 Reynolds sayisinda incelenen kombinasyonlarin THP sonuglari
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Sekil 10. 60.000 Reynolds sayisinda incelenen kombinasyonlarin Pr degerleri

60,000 Reynolds sayisi icin nanopartikiil tiirii ve farkl hacimsel fraksiyonlarinin THP tizerindeki etkisi Sekil 9'da
verilmistir. Sonuglar nanopartikiiliin hacimsel fraksiyonundaki artisin tasinimla 1s1 transfer katsayisini ve THP
degerini artirdigini géstermektedir. En yiiksek THP %2 Cu0-%3 Al203 karisimi i¢in elde edilmistir. Calismadan
elde edilen en ¢arpici sonug, CuO ve Al203 hacimsel fraksiyonlari birbirlerine yakin degerlerde daha en ytiksek THP
degerleri sunmaktadir. Bu sonucun en biiyiik nedeni, momentum yayiliminin termal yayinima orani anlamina
gelen Prandtl sayisinin (Pr) artmasiyla dogrudan ilgilidir. Bu sonug Sekil 9 ve Sekil 10 birlikte incelenerek daha iyi
anlasilabilir.

Analizlerden elde edilen verilen kullanilmasiyla ¢alisma kapsaminda incelenen sinirlar icerisinde gegerli olan
Nusselt sayis1 (Nu) (Esitlik 45) ve siirtiinme faktori (f) (Esitlik 46) korelasyonlar: gelistirilmistir. Nu ve f icin
gelistirilen korelasyonlar sirasiyla 0.9982 ve 0.9986 regresyon katsayilari ile elde edilmistir.

Nu = 0.015497Re0849881pyr0364723(1 _ ¢y . )0127183(1 _ ¢ - )0.056658 (45)
£ = 0.350257Re 0260763 py-0.005705(1 _ o . §0.047234(1 _ ¢ 10214989 (46)

Korelasyonlarin gecerli oldugu aralik:
2% < pr < 5%
10,000 < Re < 100,000
7.11 < Pr <9.87

4. Tartisma ve Sonug¢

Bu ¢alismada, hacim fraksiyonunun ve nanopartikiil tipinin degismesine bagh olarak hibrit nanoakiskanin 1s1
transferi ve hidrolik performansi iizerindeki etki sayisal olarak incelenmistir. Sayisal ¢alisma, %2 ile %5 arasinda
degisen ve 10.000 ile 100.000 arasinda degisen Reynolds sayilarinda CuO ve Al203 hibrit karisimi kullanilarak
gerceklestirilmistir. Elde edilen bulgular asagida maddelenmistir:

1. Nanoakigkanin sayisal analizde tek fazli model ile modellenmesi, hem 1s1 transferi hem de hidrolik
performans agisindan literatiir ile oldukga iyi bir uyum sagladig1 goriilmiistiir.

2. Ortalama Nusselt sayisi, nanoakiskanin hacim fraksiyonu Reynolds sayis1 30.000'e ¢iktik¢a keskin bir
sekilde artma egilimindedir. Reynolds sayisinin 30.000'den sonra, Nusselt sayisi artis hizi azalma
egilimindedir.

3. Reynolds sayisi arttikca incelenen tiim hacim fraksiyonlarinda ortalama siirtiinme faktori azalmaktadir.
Ote yandan, nanoakigkanin siirtiinme faktérii, %5'lik hacim fraksiyonuna kadar suya kiyasla ¢ok fazla
artmamaktadir.

4. Hibrit nanoakiskanin hacimsel fraksiyonu arttifinda THP degeri artmaktadir. Hibrit nano akigkan
karisiminda CuO ve Al203’in hacimsel fraksiyonlar: birbirlerine en yakin degerlerde ve Al20s3’in bir miktar
fazla oldugu konfigiirasyonlarda en yiiksek THP degerleri elde edilmistir.

5. Arastirilan tiim hibrit nanoakiskan kombinasyonlar i¢in Prandtl sayisi ile termo-hidrolik performans
arasinda dogrudan bir iliski oldugu bulunmustur.

6. Maksimum THP degeri 100.000 Reynolds sayisinda [%2 CuO-%3 Al203] konfigiirasyonunda 1.136 olarak
bulunmustur.
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Keywords Abstract: Sanitary napkins are technical textile products those are used by women
Sanitary Napkin, during menstruation to collect menstrual fluids hygienically. Sanitary napkins are
Survey, layered structures, as they have to fulfill different end-use properties at the same
E:gglcgﬁgons' time. In this study, a detailed survey was conducted to 500 women living in different

regions of Turkey. In the first parts of the survey, the expectations from sanitary
napkins, perception of sanitary napkin performance characteristics and the
problems in current sanitary napkins were questioned. In addition, some
information to design a novel/functional sanitary napkin was collected. Also, to
provide information to the companies in the sector, current preferences on sanitary
napkins, usage habits and effects of product promotions were analyzed.
Consequently, it was determined that women focused on odourless and soft
surfaced sanitary napkins in addition to the absorption properties such as leak-
proofing and dryness. The most frequent problems in current pads were leakage,
odour and the need of frequent changes. In parallel, the most desired functional
property of a new sanitary napkin was antibacterial activity. There were some
statistically significant differences between the expectations, sanitary napkin
selection factors and problems of the women depending on the age ranges.

Functional Sanitary Napkin

Kadin Pedlerinden Beklentiler, Mevcut Pedlerde Yasanan Problemler ve Fonksiyonel
Bir Kadin Pedi Tasarimi Uzerine Arastirma Calismasi

Anahtar Kelimeler 0z: Kadin pedleri, kadinlarin menstrual siv1 ve atiklarim hijyenik bir sekilde
Kadin Ped;i, toplamak icin kullandiklar1 teknik tekstil triinleri olarak tanimlanabilir. Kadin
Anket,

pedleri birbirinden farkl bir¢ok 6zelligi ayni anda karsilamak zorunda oldugundan
farkli katmanlar igeren 6zel bir yapiya sahiptir. Bu ¢alismada Tirkiye'nin farkl
bolgelerinden toplam 500 kadina, kadin pedleri hakkinda detayli bir anket
uygulanmistir. Anketin ilk boliimlerinde; kadinlarin pedlerden beklentileri, pedin
performans o6zelligi ile ilgili algilar1 ve mevcut pedlerde yasadiklari problemler
irdelenmistir. Buna ek olarak, ilave bir fonksiyon iceren bir kadin pedinin
tasariminda kullanilabilecek bilgiler edinilmistir. Ayrica, sektdre bilgi saglamak
iizere, kadinlarin mevcut durumdaki ped tercihleri, ped kullanim aligkanliklar: ve
promosyonlar ile ilgili bilgiler sorgulanmis ve ¢alisma kapsaminda
degerlendirmeler yapilmistir. Sonu¢ olarak kadinlarin kullanim performansi
acisindan bir pedden en bilyiik beklentilerinin; siviyi emme ile ilgili olan
absorpsiyon, sizdirmazlik ve kuruluk hissinin yani sira kétii koku olusumunu
engelleme ve yumusak st ylizey oldugu tespit edilmistir. Kadinlarin mevcut
pedlerinde yasadiklar1 en biiylik problemlerin ise sik degistirme ihtiyaci, sizdirma
ve 1slaklik hissi oldugu belirlenmistir. Kadinlarin pedlerinde en fazla istedikleri
fonksiyonel 6zellik olarak ise antibakteriyellik 6n plana cikmistir. Anket sonuglarina
gore, kadinlarin pedlerinden beklentileri, ped se¢me kriterleri ve problemleri
acisindan yasa bagh istatistiksel olarak anlamli farklar elde edilmistir.

Beklentiler,
Problemler,
Fonksiyonel Kadin Pedi
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1. Introduction

Sanitary napkins are a member of disposable hygiene products those belong to technical textiles as they contain
functional textile materials. Sanitary napkins have a big market [1] because almost the half of the world population
consists of women and every women have menstrual bleeding during their fertile periods [1,2]. The sanitary
napkin market will maintain its size until new techniques, which are easier to use, accessible, hygienic and more
comfortable, will be emerged.

Sanitary napkins are produced as layered structures as they have to fulfill different properties such as absorption,
leakage prevention, comfort etc. at the same time. These layers contain textile and film structures (Figure 1). The
uppermost layer which contacts with the body is the topsheet. The material of topsheet can be polyethylene film
or polypropylene spunbond nonwoven fabric. An acquisition-distribution layer (ADL) is under the topsheet and it
distributes the menstrual fluid along the sanitary napkin and transfers it to the absorbent layer below. ADL can be
made of airlaid woodpulp nonwovens or multicomponent structures composed of woodpulp and man-made fibers.
Absorbent layer is usually made of wood pulp and superabsorbent polymer. It can be produced by airlaid
technology and with different configurations. The bottom layer namely backsheet is usually an impermeable film
[1,3,4]. The ADL and absorbent layers are made up of nonwoven fabrics. It is advantageous to use nonwoven
fabrics as they are easy and fast to produce, they absorb high amount of fluid and they provide comfort to the user
[5].

TOP VIEW CROSS-SECTIONAL VIEW

g —

[ - ) Topsheet
( J ADL
b Absorbent layer
C 3 Backsheet

Figure 1. Main layers of a sanitary napkin (original drawing)

There are several studies on sanitary napkins, in the literature. They mainly focused on the absorption and
moisture management properties of sanitary napkins. For example, Das et. al. (2008) produced absorbent layers
with different ratios of superabsorbent viscose fibers, to be used in ultra-thin sanitary napkins [6]. Karakurd Elma
et. al. (2018) investigated the effects of absorbent layer thickness and superabsorbent polymer ratios to the liquid
acquisition time and capacity [7]. Wijesingha and Perera (2017) examined the usability of corn husk fibers for
absorbent layer of sanitary napkins [8]. Barman and Kathar (2017) developed an environmentally friendly
sanitary napkin that is herbal finished [9]. Mishra et. al. (2016) investigated the usability of flax carding wastes as
absorbent layers to decrease the material costs [10]. Yadav et. al. (2016) produced cellulose acetate nanofibers
and searched their usability on sanitary napkins to avoid from health risks [11]. Pohlman (2016) analyzed the
topsheets of commercial pentiliners [5]. In all of these researches, researchers used their own perspective in
designing and evaluating materials and experimental setups. None of these studies’ results were supported by the
real needs of women via questionnaires or wear trials. In addition, there are similar works in the literature on
baby diapers and incontinence pads [12-15]. Also, there are some survey and field studies which question the
sanitary napkin usage, perception, accessibility etc. in local places such as African countries and India where the
accessibility of sanitary napkins are limited [16-23].

The purpose of this study was to determine the expectations of women from sanitary napkins, to detect main
problems in existing materials, and to collect information for the design of a functional sanitary napkin, for women
who live in Turkey. Also, some information about the sanitary napkin preferences and buying habits were obtained
in order to provide data for the commercial producers.

2. Material and Method

The survey study was constructed according to the 8-step process, which was proposed by Bas (2008) [24]. It
consisted of 60 questions/statements under five parts. The names of the parts are given below. In addition, the full
form can be found in the Appendix.

A. Demographic information

B. Expectations from sanitary napkins

C. Functional properties to be added to sanitary napkins
D. Sanitary napkin usage habits
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E. Sanitary napkin preferences

Survey was conducted to women by internet, utilizing Google Documents in the dates of 01-30 April 2019. The
survey was firstly tested with small groups to see if the questions were fully understood and feedbacks were taken.
After revisions, the survey was sent to participants by e-mail, social media and other digital platforms and
convenience sampling method was used as it was the least expensive and time consuming method [25]. The
Turkish population had 41433861 women in April 2019 according to Turkish Statistical Institute and
approximately 21 million of them were in the range of 15-54 years old [26]. According to the literature [27, 28], at
least 384 participants should be taken where the population is higher than 10 million. In this study, survey was
ended when the total number of participants reached 500 women. Respondents answered all of the questions of
the survey form.

In the second part of the survey which was captioned “Expectations from sanitary napkins”, 5-point Likert-type
scale was used (1="not important”, 5= “very important”). In the other parts of the survey, namely “Functional
properties to be added to sanitary napkins”, “Sanitary napkin usage habits” and “Sanitary napkin preferences”
parts, multiple choice questions and Yes/No type questions were used. Results were evaluated by comparing
means and plots. Also, statistical analysis were performed by using SPSS Package Program version 24. For selected
parameters, Kruskal-Wallis test was used to compare independent groups and Mann-Whitney U test was used to

make pairwise comparisons [25].

Reliability tests for 5-point scaled 3 sub-parts of Part B (B1, B2 and B3) were performed according to Cronbach
alpha analysis, utilizing SPSS Package Program version 24. Cronbach alpha was calculated as 0.882 for 31
statements in 3 sub-parts. Cronbach alpha coefficients were 0.834 and 0.901 for the statements in the parts of
“Performance Requirements” and “Main problems in existing sanitary napkins”, respectively. It showed that the
statements in these parts showed very good internal consistency and reliability. For “Performance Requirements”
part, the deletion of “thickness” and “long time usability” related statements could increase the Cronbach alpha
value to 0.858 and 0.837, respectively. The increases were slight and current Cronbach alpha value was high so
that these statements were not deleted. Similarly, for the “Main problems in existing sanitary napkins” part,
deletion of any items would not increase the Cronbach alpha value importantly. For the statements of “Options for
selecting sanitary napkin”, the Cronbach alpha was calculated as 0.550 that had poorer internal consistency [29].
Nevertheless, the deletion of any item would not increase the Cronbach alpha value more than 0.001. In addition,
no negative correlation was found between the statements of this survey part. Therefore, any of the statements
were not excluded from the study.

3. Results

Survey results were evaluated under five topics in accordance with the parts of the survey.

3.1 Demographics of participants

Age, accommodation and occupation information were collected as demographics of the respondents. The age
distribution can be seen in Figure 2.a. The highest number of participants were from 31-35 age group with 28%
ratio. In spite of using convenience sampling method, data was collected from all fertile age groups (11-15 age
group was not taken into account to collect more correct answers).

Accommodation information of respondents is given in Figure 2.b, according to regions of Turkey. As seen from

the figure, women from all regions of Turkey answered the survey. The participation from Marmara and Aegean
Regions were higher due to the higher populations of these regions.
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Figure 2. Age and regional distribution of the respondents

Respondents had a wide variety of jobs e.g. academician, researcher, cook, bank clerk, biologist, office worker,
dentist, dietician, midwife, pharmacist, housewife, financier, physiotherapist, security guard, beautician/
hairdresser, nurse, worker, operator, fireman, clerk, lab technician, market employee, architect, accountant,
engineer, student, teacher, secretary, insurer, salesperson /sales consultant, designer, cleaner, theater artist,
tourism professional.

When the demographic information of the individuals was considered in general, it was understood that the
participants who filled the survey represented a wide range of Turkish women.

3.2 Expectations from sanitary napkins

Expectations of women from sanitary napkins were evaluated under 3 main questions. In the first question, the
most important performance characteristics were determined. Performance characteristics were formed
according to preliminary studies with small groups. The mean values for the statements of this subpart are given
in Figure 3. Also, distribution of importance degrees for each criteria is given in Table 1.

According to Figure 3, absorption properties and leakage prevention were the most prominent performance
requirements. Paralelly, in the literature, most of the studies focused on absorption properties [6, 7, 11]. According
to distribution of importance degrees in Table 1, most of the respondents rated these properties with the highest
score, 5 (85.6% and 89.8% respectively). The ratio of women, who found these properties unimportant, was less
than 1%.

Sense of dryness, soft surface and odour prevention had mean value of 4.7 and followed absorption and leakage
prevention properties in terms of performance requirements. According to Table 1, at least 80% of the
respondents gave the highest scores to these criteria. Other performance criteria namely breathability, having
wings and permitting mobility had higher mean values than 4. At least half of the respondents found these criteria
very important as performance characteristics. Different from the others, respondents gave less importance to
being long, thick and long time usable.

In the statistical analysis, it was examined if the importance of performance characteristics changed with the age
groups. According to Kruskal-Wallis test, only leakage prevention (Sig.=0.030) and having wings (Sig.=0.012) had
statistically significant differences depending on the age groups, in the confidence level of 95%. According to
Mann-Whitney U test results; respondents at the ages of 31-40 gave higher ratings to leakage prevention when
compared to respondents of 21-30 ages and the differences between these groups were statistically significant
(Sig.<0.05). Similarly, respondents of 36-40 age group gave higher ratings to having wings when compared to
respondents in the ages of 21-30 (Sig.<0.05).
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Rating results of the criteria as the performance characteristics
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Figure 3. Mean values for performance characteristics of sanitary napkins
Table 1. Percentage distribution of importance degrees for performance characteristics
o - o - -
Distribution of importance degrees (%) Likert Likert-
1 5 Scale
Scale
not 2 3 4 very Mean St. Dev.
Performance criteria important important  Value
Absorption 0.2 0.8 4.2 9.2 85.6 4.8 0.57
Sense of dryness 0.6 1.0 4.8 12.2 81.4 4.7 0.65
Leakage prevention 0.4 0.8 3.6 5.4 89.8 4.8 0.55
Thickness 36.4 26.4 28.0 5.2 4.0 2.1 1.09
Soft surface/no skin irritation 0.6 0.8 5.4 13.4 79.8 4.7 0.66
Flexibility/ not limiting mobility 0.6 1.0 7.8 20.2 70.4 4.6 0.73
Having wings 0.8 34 13.0 22.0 60.8 4.4 0.89
Adhesion to the underwear 0.4 1.8 9.6 24.0 64.2 4.5 0.77
Long time usability 9.2 8.8 35.8 22.2 24.0 3.4 1.21
Odour prevention 0.6 0.4 5.4 12.0 81.6 4.7 0.63
Being long 3.8 6.4 324 25.0 32.4 3.8 1.09
Breathability 0.6 1.0 8.2 18.8 71.4 4.6 0.73

* Total number of respondents for each statement: 500
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In the second question, the importance of the given options for selecting sanitary napkins, were investigated. The
mean values for these options are given in Figure 4 and the percentage distributions for importance degrees are
given in Table 2. According to Figure 4, respondents mostly decided to buy their sanitary napkins by focusing their
performance properties. The least important factor in selecting sanitary napkins was having perfume.
Respondents wanted the sanitary napkin to prevent odour (Figure 3) but they did not prefer a perfumed sanitary
napkin that could suppress the odour (Figure 4). A similar result was obtained by Arugula et. al. (2017), in which
the fragrance was rated as the least important selection parameter when compared to brand, price and comfort
properties, by 500 students in Khammam/India [17]. According to Figure 4, respondents gave higher scores to
being made of natural raw materials than price, brand and biodegradability. According to Kruskal-Wallis test
results, performance properties, having perfume, being made of natural raw material and biodegradability ratings
had statistically significant differences depending on the age groups at the 95% confidence level. According to
Mann-Whitney U test, especially the age groups of 41-45 and 46-above gave higher ratings to being made of natural
raw materials and biodegradability and 16-20 age group gave lower ranks to biodegradability when compared to
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other age groups and the differences were statistically significant (Sig.<0.05). Also, 21-25 age group had a higher
mean value when compared to other age groups for the “being perfumed” property (Sig.<0.05).

Rating results of the given options in
selecting sanitary napkins
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Figure 4. Mean values of sanitary napkin selection factors

Table 2. Percentage distribution of importance degrees for sanitary napkin selection factors
Distribution of importance degrees (%) Likert-

Scale Likert-
1 5 Scale
not 2 3 4 very Mean
. . . St. Dev.
Options important important Value
Performance properties 1.0 0.8 9.6 14.6 74.0 4.6 0.78
Price 114 14.2 31.0 25.6 17.8 3.2 1.23
Brand 7.0 8.8 29.2 29.8 25.2 3.6 1.16
Having perfume 37.0 214 25.8 6.8 9.0 2.3 1.28
Made of natural raw material 4.4 3.0 23.6 17.8 51.2 4.1 1.12
Biodegradability 9.0 7.4 30.4 17.6 35.6 3.6 1.28

* Total number of respondents for each statement: 500

In the last question of this part of survey, women rated the main problems of their existing sanitary napkins. The
mean values to these problems are given in Figure 5 and the percentage distribution for importance degrees are
given in Table 3. According to results in Figure 5, any of the problems did not get higher mean values than 3.5. The
most common problems were the need of frequent changes, sense of wetness and leakage, that all of them were
related to moisture management and absorption performance. According to Table 3, respondents also faced other
problems, too, but in smaller quantities. For example, 32% of the respondents never experienced bacterial or
fungal infections caused by sanitary napkins but the rest 68% at least rarely experienced this problem.

When the results were analyzed statistically, sense of wetness, allergy, stiffness and sense of fullness/foreign body
were found to have statistically significant changes according to the age groups of respondents (Kruskal- Wallis
test, sig.<0.05). It can be concluded that, especially sense of wetness was a more frequent problem for the 16-20
age group among the all age groups (Mann-Whitney U test, sig.<0.05, mean value for 16-20 age group: 4.4).
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Rating results of the problems in existing sanitary napkins
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Figure 5. Mean values for problems of existing sanitary napkins
Table 3. Percentage distribution of importance degrees for problems of existing sanitary napkins
U - o - ]
Distribution of importance degrees (%) Likert Likert-
1 5 Scale
Scale
not 2 3 4 very Mean o .
Problems important important  Value T
Leakage 8.4 15.8 35.0 18.2 22.6 33 1.22
Not to take shape 10.2 21.0 41.0 15.4 12.4 3.0 1.13
Deformation of the surface 14.0 16.0 30.6 17.6 21.8 3.2 1.32
Sense of wetness 5.0 11.8 40.0 21.2 22.0 3.4 1.11
Need of frequent changes 3.2 10.0 42.2 23.4 21.2 3.5 1.03
Causing allergy 25.4 15.4 24.6 11.6 23.0 2.9 1.48
Causing skin rash 21.0 15.2 23.0 14.6 26.2 3.1 1.48
Cause bacterial /fungal infection 31.6 17.6 22.6 9.2 19.0 2.7 1.48
Stiffness 23.0 20.0 38.0 8.8 10.2 2.6 1.22
Fullness/thickness/foreign body 16.0 19.2 33.6 15.0 16.2 3.0 1.28
Appearing under garments 22.0 21.8 29.6 11.2 15.4 2.8 1.33
Excess adhesion to underwear 28.0 22.0 28.2 12.6 9.2 2.5 1.27
Insufficient adhesion to underwear 19.0 19.8 28.0 15.4 17.8 2.9 1.35

* Total number of respondents for each statement: 500
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3.3 Functional properties to be added to sanitary napkins

In this part of the survey, it was investigated what new and functional properties could be added to sanitary
napkins. In Figure 6, the functional property preferences of respondents are given in terms of frequencies.
Respondents were able to choose more than one option. According to the results, most of the respondents wanted
to have antibacterial property (316 women). 104 of the total respondents would like to use a sanitary napkin with
painkilling property. The use of topical painkillers in the topsheet of sanitary napkins may help the vulva related
pains of users and this can result with a niche industry within sanitary napkin production. The respondents do not
prefer the novel properties such as reusability, self-warming property, moisturizing property and drug delivery.
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to sanitary napkins
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Figure 6. Functional properties to be added to sanitary napkins

Also, the approach of women to a panty shaped sanitary napkin was evaluated. According to Figure 7.a, 66% of the
respondents would not like to use a panty shaped sanitary napkin. Most of the respondents stated that it could
cause difficulties in changing the sanitary napkin (Figure 7.b).

Would vou like to 2 Which advantages/disadvantages would a b
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350
20
T 163
=»
@ 150
B 100 39
50 -
0
Ease of Difficulty Easeof Difficulty Better fit
mYes mNo use of use change ofchange tothe
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Figure 7. Approach of women to panty shaped sanitary napkin design

According to Figure 8.a, 85% of respondents thought that there were harmful chemicals in sanitary napkins.
Therefore, 96% of them would like to use sanitary napkins with natural raw materials (Figure 8.b). They thought
that sanitary napkins with natural raw material were less harmful to their skins (372 respondents, Figure 8.c). It
can be concluded that respondents do not trust their sanitary napkins in terms of health.

Statistical analysis was performed to determine if there were any differences in the ratings of “being made of
natural raw materials” and “biodegradability” statements (Table 2), depending on the thoughts of “harmful
chemicals in sanitary napkins” (Figure 8.a). According to the Kruskal-Wallis test, there were not any significant
differences between the mean values of “being made of natural raw materials” and “biodegradability”, depending
on the thought of harmful chemicals. Also respondents who stated that they would like to use sanitary napkins
made of natural raw materials because of being less harmful to their skin (Figure 8.c), gave higher ratings to the
“being made of natural raw materials” in the Table 2 (Sig.< 0.05). In addition, respondents who stated that they
would like to use sanitary napkins made of natural raw materials because of degrading in nature faster (Figure
8.c), gave higher ratings to the “biodegradability” in the Table 2 (Sig.< 0.05).
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Figure 8. Perception of women about the content of sanitary napkins

Almost half of the respondents stated that the shape, size and grabbing of wings were sufficient and the sanitary
napkin fitted well on the underwear (Figure 9).
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Figure 9. Wings and fit properties of existing sanitary napkins
3.4 Sanitary napkin usage habits

In this part of the study, the usage and disposal habits of the participants were determined. Firstly, sanitary napkin
changing periods were questioned for the first 3 days of menstruation (the heaviest bleeding days) and the rest
days. The results for these questions are given in Figure 10.a. According to the figure, respondents change their
sanitary napkins in 2, 3 and 4 h periods, in the first 3 days of menstruation. After 3 days, changing period increases
to 5-12 h, mostly. According to Figure 10.b, wet sensation, leakage and odour are the most prominent reasons for
changing the sanitary napkin. Statistical analysis was performed to determine if the sanitary napkin changing
periods (Figure 10.a) were related to the problems in the existing sanitary napkins (Figure 5). According to
Kruskal-Wallis test results, only insufficient adhesion had significant differences depending on the sanitary napkin
changing periods for both first 3 days and after 3 days (sig.<0.05). Also surface deformation of sanitary napkins
was different for changing periods of 3 hours and 4 hours after the first 3 days of menstruation (Sig.< 0.05).
Therefore, any statistically significant difference was not determined between the mean values of other problems
depending on the sanitary napkin changing periods (Sig.>0.05).
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Figure 10. Periods of changing sanitary napkins

Respondents’ disposal habits are summarized in Figure 11. Figure 11.a shows that 94% of respondents threw their
sanitary napkins to the trash and 6% of them threw it to the specially designed containers. Figure 11.b shows that,
most of the respondents wrapped their sanitary napkins to the next napkin’s cover before throwing it to the trash.
It can be concluded that, to protect the environment, it is not enough to produce natural and biodegradable
sanitary napkins, but also the covers of the sanitary napkins should be biodegradable. The disposal of the sanitary
wastes, including sanitary napkins and other materials (cotton, tampon etc), was explored by Nyoni et. al. (2011)
too, for Zimbabwean women. Different from the trend in Turkey, only 28% of 200 Zimbabwean women threw
their sanitary wastes in the trash. Other methods for disposal were burning, throwing it in the toilet, washing etc.
[16].
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Figure 11. Disposal habits

3.5 Consuming preferences

In the last part of the survey, sanitary napkin consuming preferences of women were detected. This information
is gathered together to provide information to the producers. According to Figure 12.a, women mostly bought their
sanitary napkins from markets. In contrary with the expectations of the author, pharmacy and the internet were
the least preferred sellers. According to Figure 12.b, women saw the sanitary napkin promotions mostly on the
television and according to Figure 12.c only 6% of respondents were influenced by promotions. Most of the women
preferred their sanitary napkins according to their experiences. Also, Figure 13.a shows that bad performance was
the most effective criterion in changing the existing sanitary napkin.
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Figure 12. Sanitary napkin buying preferences and the affecting factors

According to Figure 13.b and c, sanitary napkins were accessible in Turkey and most of the respondents thought
that (67%) they were affordable. When this result was compared with the survey studies in the literature, it was
seen that Turkish participants found the affordability of sanitary napkins quite high. In the study of Adika et. al.
(2011), 66.4% of 140 participants who were adolescent school girls in Nigeria, stated that the sanitary napkins
were expensive or too expensive [22]. Similarly, it was determined that 57% of the 500 students in
Khammam/India was not satisfied with the price of sanitary napkins [17].
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Figure 13. Sanitary napkin preferences

Figure 14 shows the methods used by women during menstruation. All of the respondents used sanitary napkins
but some of them also used other methods such as tampons, reusable cloths and baby diapers.
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Figure 14. Methods used during menstruation
4. Discussion and Conclusion

In this study, expectations from sanitary napkins, perception of sanitary napkin performance characteristics,
functional property needs and usage habits of 500 women around Turkey were evaluated, in details.

The most important performance requirements from sanitary napkins were determined as absorptivity, leakage
prevention, dry sense, soft surface and odour prevention. The most common problems of respondents were found
to be wetness, leakage and need of frequent changes. Despite the fact that the use of superabsorbent polymers
enhanced the absorption and leakage prevention of sanitary napkins, the sense of dryness and leakage prevention
are not fully met in existing sanitary napkins. Therefore, in further studies, the gelation property of the absorbent
layer should be enhanced and also some studies should be performed on the moisture management properties of
upper layers, namely topsheet and acquisition-distribution layer. It is known that, moisture and wet sensation in
genital area can cause skin irritation and dermatitis [30]. According to survey results, women prefer a sanitary
napkin with higher performance and it means that they can spent more money for a better choice. Also, there were
statistically significant differences between the ratings of some statements depending on the age groups of
respondents, such as leakage prevention and having wings ratings as performance criteria.

Survey results also stated that the most important functional property to be added to sanitary napkins was
antibacterial property. This property could help odour prevention. Respondents did not prefer perfume on
sanitary napkins to hide the odour but they wanted an antibacterial system to solve this problem radically. Herein,
care should be taken to avoid from deterioration of skin flora. Therefore, the absorbent layer can be targeted to
give antibacterial property to inhibit bacterial growth in menstrual residue instead of upper layers, which are in
contact with the skin. Considering the usage time of a sanitary napkin, the price-benefit ratio should be adjusted
carefully.

Another issue that the survey pointed out is the insufficient trust of respondents to their sanitary napkins. They
think that there can be harmful chemicals in sanitary napkins and it can give damage to their skin. Therefore, they
want to use sanitary napkins with natural raw materials. It is thought that, this result is related to increasing
number of promotions on TV about the organic sanitary napkins. In the literature, there are some studies, which
showed that sanitary napkins contain harmful dioxins [31, 32] but these studies are limited. More studies should
be done to detect if the amount of these materials are in harmful levels. In this context, in order to make a right
decision, the resistance to bacterial growth, comfort levels, the pesticide and chemical requirements,
environmental damage and the extinction time in nature of both natural raw material and synthetic raw material
for sanitary napkins should be compared.

According to survey results, the sanitary napkin changing frequencies are related to the period of menstruation.
Sanitary napkin changing frequency can be evaluated from different perspectives. The first perspective is related
to waste load. According to the results, sanitary napkins are mostly thrown in the trash after wrapping with
insoluble cover material or plastic bags. Therefore, frequent changes increase the waste load even the sanitary
napkin itself is made of biodegradable material. For this reason, biodegradable sanitary napkin producers are
recommended to produce the cover sheath with biodegradable materials by taking into account the women’s
usage habits. On the other hand, longer use of the sanitary napkins (eg. longer than 12 hours) was hypothesized
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to cause leakage, deformation, rash and allergy of the skin etc., by the author. However, according to the statistical
analysis results, significant differences were not found for most of the existing problems depending on the sanitary
napkin changing period.

As known, insufficient adhesion of sanitary napkin on the underwear can cause shifting, where the excessive
adhesion can result with delamination of sanitary napkin layers during removal. Women with both problems also
participated in the survey. Therefore, the adhesive amount on the backsheet layer should be optimized to
overcome these problems.

In the last part of the survey, women's sanitary napkin purchase preferences were collected to serve the market
in directing advertising/promotion works. It is expected that this information will contribute to the effective
promotion of more user-friendly and environmentally friendly products.

Although this study cover women of different ages from all regions of Turkey, women who are not ashamed of
sharing their private information and who had access to the internet, participated this survey. This constitutes a
realistic limitation of the study. The study can be broadened by using different samples, in the further studies.
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Appendix. Survey Form

A. Demographic information

B. Expectations from sanitary napkins

B.1 Performance requirements

Please rate the importance of the below given criteria as the performance characteristics.

1-not 2 3 4 5-very
Performance criteria important important

Absorption

Sense of dryness

Leakage prevention

Thickness

Soft surface/ not causing skin irritation

Flexibility/ not limiting mobility

Having wings

RXIN|DN ||| W(N =

Adhesion to the underwear

9 | Long time usability

10 | Odour prevention

11 | Beinglong

12 | Breathability

B.2 Options for selecting sanitary napkin

Please rate the importance of the below given options in selecting sanitary napkin.

1-not 2 3 4 5-very
Options important important
Performance properties
Price
Brand

Having perfume

Being made of natural raw material

O U |WIN |

Biodegradability

B.3 Main problems in existing sanitary napkins

Please rate the most important problems in existing sanitary napkins.

Problems L-not 2 3 4 > very
important important

Leakage

Not to take shape

Deformation of the surface

Sense of wetness

Need of frequent changes

Causing allergy

Causing skin rash

Causing bacterial or fungal infection

O (R[N |UT D [W[IN| -

Stiffness

Sense of fullness/thickness/foreign
body

—_
o

[uny
[y

Appearing under garments

—_
\S]

Excess adhesion to underwear

—_
w

Insufficient adhesion to underwear
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C. Functional properties to be added to sanitary napkins

C.1 Which functional property would you prefer to be added to sanitary napkins?
[J Painkiller property

Antibacterial property

Self-warming property

Reusability

Containing perfume

Moisturizing property

Drug delivery property

I A B

C.2 Would you like to use panty shaped sanitary napkins?
Yes/No

C.3 Which advantages/disadvantages would a panty shaped sanitary napkin provide you?
[J Easeofuse

Difficulty of use

Ease of change

Difficulty of change

Better fit to the body

I R

C.4 Do you think that there can be harmful chemicals in sanitary napkins?
Yes/No

C.5 Would you like to use sanitary napkins made of natural raw materials?
Yes/No

C.6 Why would you use sanitary napkins made of natural raw material?
[J Less harmful to my skin
[l Degrade in nature faster
[1  Having similar price with others
[1  Other reasons

C.7 What do you think about the shape, size and grabbing of wings of sanitary napkins?
[1  Sufficient
[1 Insufficient
[J  Other

C.8 Is there any fit problem between your sanitary napkin and underwear?
Yes/No

D. Sanitary napkin usage habits
D.1

What is your period to change your sanitary napkin? | First 3 days After 3 days

30 min

1h

2h

3h

4h

5-12h

Longer than 12 h

D.2 How do you decide to change your sanitary napkin?
[J Sense of wetness

Sense of warmness/coolness

Leakage

The recommendation of the producer

Bad smell

Stiffness/ sense of fullness

Shape deformation

I o o
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[J  Shift of the sanitary napkin on underwear
[J The recommendation of other people
[1  Itching/ allergy etc.

D.3 How do you dispose your sanitary napkin?
[J Throw itin the trash
[J Throw it in the toilet
[J Throw it in the specially designed container

D.4 Do you make any preparation before disposing your sanitary napkin?
[l Throwasitis.
[1  Wrap it with the next sanitary napkin's cover
[J  Putit on the biodegradable bag and then throw it
[J  Putiton the plastic bag and then throw it

E. Sanitary napkin preferences

E.1 Where do you buy your sanitary napkins, most frequently?
[J Market

Pharmacy

Internet

Cosmetics store

Others

I B R

E.2 Where do you mostly see the sanitary napkin promotions?
0 TV

[1 Billboards

[J Fliers

[J Internet

[J Newspapers/magazines

[1  Others

E.3 Who/what influences you more in buying sanitary napkins?
[J  Advertisements

[1  Family

[J Friends

[l  Market promotions

[J  Educations/seminars

[J  Experiences

E.4 What can be the most important factor in changing your sanitary napkin brand?
[J Insufficient performance

[J Discounts in other brands

[J  Recommendations of family/friends

[J  Advertisements

0

Others

E.5 Are sanitary napkins affordable?
Yes/No

E.6 Are sanitary napkins easy to access?
Yes/No

E.7 Which methods have you used during your menstruation?
[1  Sanitary napkin

Tampon

Reusable cloth

Cotton

Menstrual cup

Baby diape

OooOoogo
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Anahtar Kelimeler 0z: Diinya ¢apinda yaygin olarak kullanilan sistemik bir neonikotinoid insektisit
ATPaz, olan imidaklopritin (IMI) tatl su kiitlelerine karismasi, ekosistem saglig1 acisindan
Imidakloprit,

endise uyandirmaktadir. IMI'nin hedef dis1 organizmalar olan tatli su midyeleri
iizerindeki 6limciil olmayan etkileri hakkinda bilgi eksikligi vardir. Bu ¢alismada,
96 saat boyunca doért IMI konsantrasyonuna (1.25, 12.5, 125 ve 1250 pg Al L1)
maruz kalan tatli su midyelerinde (Unio mancus) bu bocek ilacinin potansiyel toksik
etkilerini belirlemek amag¢lanmistir. Bunun i¢in midyelerin toksik kirleticilerle ilk
etkilesim organi olan solunga¢larinda Na*/K*-ATPaz, Mg?*-ATPaz, Ca2+-ATPaz ve
toplam ATPaz aktiviteleri degerlendirilmistir. IMI maruziyetinin, biitiin ATPaz
tiirlerini kontrole gore 6nemli oranda inhibisyona ugrattifn gézlenmistir. Sonug
olarak, IMI'nin ATPaz’larin aktivitesini bozarak hiicrelerde iyon homeostazini ve
enerji sentezini yikici bir etkiye sahip oldugu, bunun da midyelerin genel
metabolizmasim1  etkileyebilecegi ~ sdylenebilir. ~ Sonuglarimiz, tath  su
ekosistemlerinde yasayan midyelerin IMI'ye maruz kalma nedeniyle zarar
gorebilecekleri olasi sonuglar konusunda bir erken uyar1 verme niteligindedir.

Tatlisu midyeleri,
Unio mancus

Effect of Imidacloprid Application to Freshwater Mussels (Unio mancus) on Gill ATPase

Activities
Keywords Abstract: The mixing of imidacloprid (IMI), a systemic neonicotinoid insecticide
ATPase, widely used worldwide, into freshwater bodies raises concerns for ecosystem
Imidacloprid health. There is a lack of information about the non-lethal effects of IMI on
Freshwater mussels, freshwater mussels that are non-target organisms. In this study, it was aimed to
Unio mancus determine the potential toxic effects of this insecticide on freshwater mussels (Unio

mancus) exposed to four IMI concentrations (1.25,12.5, 125 and 1250 pg Al L-1) for
96 hours. For this purpose, Na*/K*-ATPase, Mg2+-ATPase, Ca?*-ATPase and total
ATPase activities were evaluated in the gills of mussels, which are the first organ of
interaction with toxic pollutants. It has been observed that IMI exposure
significantly inhibited all ATPase types compared to control. As a result, it can be
said that IMI has a destructive effect on ion homeostasis and energy synthesis in
cells by disrupting the activity of ATPases, which may affect the general metabolism
of mussels. Our results provide an early warning of possible consequences that
mussels living in freshwater ecosystems could be harmed by exposure to IML.
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1. Giris

Pestisitler, dnemli ekolojik etkileri olan ¢ok cesitli organik mikro kirleticiler arasinda yer almaktadir. Pestisitler,
¢iftlik alanlarindan, sehir alt1 cimlerinden veya yol kenarindaki bentlerden gelen yagmur suyu akisiyla en yakin
dere akintilarina ve nehirlere tasinir. Bazen hasere kontrol faaliyetinin bir parcasi olarak su yollarina bile
puskiirtiliirler. Yaygin olarak kullanilan pestisitler ¢evreyi kontamine ettiklerinde, orada yasayan canl
organizmalari tehdit edecek boyutta birikebilirler [1]. Neonikotinoid grubu insektisit olan imidakloprit (IMI) en
yaygin kullanilan pestisitlerden biridir. IMI; piring hunileri, yaprak bitleri, tripler, beyaz sinekler, termitler, ¢im
bocekleri, toprak bocekleri ve bazi bocekler dahil olmak iizere emici boceklerin kontrolii i¢in toprak, tohum ve
yaprak uygulamalarinda kullanilir [2]. Aktif kimyasal, bocegin sinir sistemindeki uyaranlarin iletimini
engelleyerek calisir. Nikotinik asetilkolin reseptorii (nAChR) lizerindeki baglanma, asetilkolin
norotransmitterinin birikmesine yol acarak bécegin fel¢ olmasina ve éliimiine yol agar [3]. IMI suda oldukca
¢oziiniir oldugundan, kullanildig1 bélgeden sucul alanlara kolayca tasinir, bu nedenle burada yasayan bocek ve
kabuklu tiirlerini hedefleyerek hem dliimciil hem de 6liimciil olmayan etkilere yol acar [4]. Amerika Birlesik
Devletleri Cevre Koruma Ajansi (USEPA) [5], suda yasayan organizmalarin korunmasi i¢in ytizey suyundaki
kabul edilebilir IMI konsantrasyonunu 1.05 mg L-1 olarak belirlemistir. Ancak, diinyanin farkli su ortamlarinda
ylizey suyundaki IMI konsantrasyonlarinin kilavuz degerlerden daha yiiksek oldugu tespit edilmistir. Miranda
vd. (2011) [6], IMI'nin diger neonikotinoidlere kiyasla hedef olmayan organizmalar iizerinde ciddi etkileri tesvik
etme konusunda daha biiyiik bir risk sundugunu bildirmistir.

Midyeler, uzun 6miirlii, kozmopolit, hareketsiz ve dipten beslenen canlilar oldugundan, sucul ortamlarda kimyasal
kirletici maddelerin ve fiziksel degisikliklerin degerlendirilmesinde kullanilan yararl biyogostergelerdir [7, 8].
Unio mancus (Lamarck 1819), Atatiirk Baraj Goli'nde en yaygin bulunan tatlisu midye tiirtidiir. Bu ¢alismada, U.
mancus, biyogosterge tir olarak seg¢ilmistir. Sucul organizmalarin solunga¢larindaki doku hasari, toksik
maddelerle temas halinde olduklarinda kolaylikla g6zlenir. Solungag ytizeyi, tiim viicut ylizey alaninin yarisindan
fazlasini temsil eder. Bu 6nemli organ ¢ok islevlidir ve sucul canlilarda ozmoregiilasyon, azotlu atik atilimyi, asit-
baz dengesi ve solunumdan sorumludur [9]. Adenozin trifosfatazlar (ATPazlar), zara bagli enzimlerdir ve iyonlari
biyolojik zarlardan gegirirler, boylece hiicre icindeki hareketlerini diizenlerler. ATPazlar, pestisitler ve ilaglar gibi
organik kirleticilerin toksisitesine duyarli olduklarindan, suda yasayan organizmalardaki Kkirlilik stresinin
degerlendirilmesinde yararli biyokimyasal belirtecler olarak kullanilirlar [10]. Literatiirde, tiim diinyada en yaygin
pestisit olarak kullanilan IMI'nin Unio mancus tathisu midyeleri iizerine olan etkisi hakkinda ¢alisma
bulunmamaktadir. Bu ¢alismada, IMI'nin ticari formuna maruz kalan tath su midyelerinin solungag¢larinda ATPaz
aktivitelerinin belirlenmesi amac¢lanmistir.

2. Materyal ve Metot
2.1. Hayvanlar ve deney kosullar1

Haziran 2019'da tath su midyesi U. mancus 6rnekleri bir balik¢1 tarafindan Atatilirk Baraj Golii'nden toplanmistir.
Toplanan midyeler, baraj gélii suyu ile doldurulmus plastik konteynerler ile uygun kosullar altinda hizli bir sekilde
laboratuvara nakledilmistir. Midyeler laboratuvara sevk edildikten sonra, 15 giin boyunca damacana/pet su ile
doldurulmus 50 L hacimli polikarbonat tank icerisinde bekletilerek laboratuvar kosullarina adaptasyonu
saglanmistir. Tank bir hava pompasi ile siirekli olarak havalandirilmis ve midyeler 20 + 1 °C'de 12/12 saat
aydinlik/karanlik dongiisiinde tutulmustur. Midyeler adaptasyon sirasinda, sucul omurgasizlar i¢in 6zel iiretilmis
ticari konsantre fitoplankton (Roti-Rich ™) ile {i¢ giinde bir beslenmisgtir.

2.2. Toksisite testleri

15 giinliik adaptasyon siirecinden sonra IMI'nin U. mancus tlizerindeki subletal etkilerinin degerlendirilmesi
amaciyla 1 kontrol ve 4 maruziyet grubu olmak tizere toplam 5 uygulama grubu kurulmustur. Tim test gruplari
ii¢ tekrarli olacak sekilde olusturulmustur. Bu amagla, 35x25x15 c¢cm boyutlarinda 10 L kapasiteli polietilen
propilen tanklara her doz icin kendine ait 4 L pestisit (test) soliisyonu ve 4’er adet midye birakilarak deney
diizenegi kurulmustur (Her bir tekrar grubu i¢in 4 hayvan, her bir dozun 3 tekrarl grubunda toplam 12 hayvan
kullanilmistir, n=12). Test soliisyonu iceren tanklarin akvaryum hava pompasi yardimiyla stirekli havalandirilmasi
saglanmistir. Deney esnasinda midyeler beslenmemistir. Kontrol ve uygulama gruplarina ait su numunelerinin
sicakligy, ¢ozlinmiis oksijen ytlizdesi, pH ve iletkenligi, deneylerin baslangicinda (0. saat) bir multiparametre cihazi
(YSI Pro Plus Coklu Parametre) kullanilarak dl¢iilmiistiir. Ortalama pH, iletkenlik, sicaklik ve ¢6zlinmiis oksijen
degerleri sirasiyla 7.62 (7.54 - 7.70), 27.30 puS cm-1 (24.75 - 29.85),17.1°C (16.9 - 17.3) ve 7.10 mg L1 (7.00 - 7.20)
olarak tespit edilmistir. Toksisite testlerinde IMI'nin ticari formu (Confidor® SC 350, Bayer, Germany)
kullanilmistir. Bu ticari formun aktif bileseni 350 g Al L1 (Al=active ingredient) olarak etiketlenmistir. USEPA
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(2017) [11], tath su omurgasizlari i¢in IMI'nin akut ve kronik toksisite konsantrasyonlarini sirasiyla 0.385 pg L1
ve 0.01 pug L1 olarak belirlemistir. En diisiik test konsantrasyonu, USEPA tarafindan belirlenen bu degerlere gore
secilmis ve diger konsantrasyonlar geometrik olarak 10 kat fazlasi olarak alinmistir. Béylece midyeler, 96 saatlik
statik yenileme test sisteminde IMI'nin farkli nominal subletal konsantrasyonuna (1.25, 12.5, 125 ve 1250 pg Al L-
1y maruz birakilmistir.

2.3. imidaklopritin test sularindaki gercek konsantrasyonlarinin belirlenmesi

Test sularindaki gercek IMI konsantrasyonlari, Adiyaman Universitesi Merkezi Arastirma Laboratuvari'nda sivi
kromatografisi cift kiitle spektrometresi (LC-MS/MS, Shimadzu Quadropole 8040) kullanilarak belirlenmistir.
IMI'nin sulu ¢6zeltilerdeki konsatrasyonunun LC-MS/MS ile belirlenmesine dair literatiirde ¢alismalar mevcuttur
[12, 13]. Calismamizda, IMI'nin tutulma stlresinin yaklasik 4 dakika oldugu tespit edilmistir. IMI
konsantrasyonlarinin hesaplanmasi icin kalibrasyon egrisi 1-100 pg L1 araliginda olusturulmustur. Tespit limiti
(LOD) ve odl¢tim limiti (LOQ), sirasiyla 0.23 pg L1 ve 0.70 pg L1 olarak hesaplanmistir. Korelasyon katsayisi (r2)
0.999 olarak bulunmustur. IMI, 256.10 — 208.80 kiitle-yiik oranlar1 (m / z) ve 256.20 = 175.20 m / z gecislerinde
tespit edilmistir. Her numune ¢ tekrarli olarak analiz edilmistir. LC-MS/MS cihaz kosullar1 Tablo 1’de
gosterilmistir.

Tablo 1. LC-MS/MS’in enstriimantal kosullari.

Cihaz modeli Shimadzu LC-MS/MS-8040

Mobil faz A 1 mM amonyum asetat % 100 su i¢cinde
Mobil faz B % 100 metanol

Kolon Inertsil ODS-4 (2.1 mm I.D. x 50 mm L, 3 pm)
Kolon firin sicaklig 40 °C

Akis hizi 0.4 mL dak-!

Araytiz akimi 4.5kV

Piiskiirtme gazi akis hizi 3 mL dak-!

Kurutma gazi akis hizi 15 mL dak-!

DL sicakligl 250°C

HB sicakligi 400 °C

2.4. ATPaz aktivitelerinin belirlenmesi

Maruz kalma stiresinin sonunda solungag¢ dokulari buz iizerinde disekte edildi ve enzim aktivitesinin belirlenecegi
zamana kadar -80°C’de derin dondurucuya (New Brunswick -86°C Ultra-low Temperature) plastik fermuarh
torbalarda saklandi. Solunga¢ dokulari tartilmis ve bir teflon ug¢lu homojenizatér (Heidolph RZR 2021)
kullanilarak 1: 4 (w / v) oraninda 0.1 M potasyum fosfat tamponu (pH 7.4) icinde homojenize edilmistir.
Homojenatlar 16.000 x g'de 4 °C'de 20 dakika santrifiijlenmistir (Hettich 460 R). Elde edilen siipernatanlar, ATPaz
aktiviteleri ve toplam protein konsantrasyonu 6l¢iimleri i¢in ependorf tiiplerine aktarilmistir. Tiim okumalar, bir
mikroplaka okuyucu spektrofotometrede (Thermo, Varioscan Flash 2000) ti¢ tekrarl olacak sekilde yapilmistir.
Toplam protein konsantrasyonlari, standart olarak sigir serum albiimini kullanilarak Bradford (1976) [14]
yontemi ile ol¢iilmistiir. ATPaz aktiviteleri ise Ath ve Canli (2011) [15] tarafindan gelistirilmis metodun
mikroplaka okuyucu sisteme uyarlanmasiyla belirlenmistir. Mg2*-ATPaz ve Na*/K*-ATPaz aktivitelerini 6l¢gmek
icin 100 mM NacCl, 20 mM KCl, 4 mM MgClz, 40 mM Tris-HCl ve 1 mM quabain igeren inkiibasyon ortami (pH 7.7)
kullanilmistir. Ca2+-ATPaz aktivitesi icin 1 mM CaClz, 4 mM MgCl;, 40 mM Tris-HCl ve 1 mM EGTA iceren
inkiibasyon ortami (pH 7.7) kullanilmistir. Enzim aktivitelerini 6l¢mek i¢in, 5 pL stipernatan ve 60 pL inkiibasyon
¢ozeltisi mikroplaka kuyucuklarina pipetlenmis ve 37 ° C'de 5 dakika inkiibe edilmistir. On inkiibasyondan sonra
ortama 10 uL 3 mM Na:ATP eklenerek reaksiyon baslatilmis ve tekrardan 30 dakika stireyle 37 ° C'de inkiibe
edilmistir. Bu inkiibasyondan sonra da karisima 35 pL buz soguklugunda saf su ilave edilerek reaksiyon
durdurulmustur. Ek olarak, quabain icermeyen ortam, stipernatant ve saf su karisimi, kor olarak kullanilmak tizere
mikroplaka kuyucuklarina pipetlenmistir. inkiibasyon sirasinda ortama substrat olarak eklenen 3 mM ATP'den
salinan inorganik fosfat (Pi) spektrofotometrik olarak 6l¢iilmiistiir [16]. Reaksiyonun sonunda, %5 polioksietilen
10 lauril eter ve %2 amonyum molibdat igeren 190 pL ana reaktif, mikroplaka kuyularina pipetlenmistir. Oda
sicakliginda 10 dakika inkiibasyondan sonra, absorbans 390 nm'de okunmustur. Pi standardi olarak KH2PO4 (100-
1000 pM) kullanilmistir. Na*/K*-ATPaz aktivitesi, toplam ATPaz aktivitesi (ouabain iceren ortam) ve MgZ+*-ATPaz
aktivitesi (ouabain icermeyen ortam) arasindaki fark kullanilarak hesaplanmistir. Ca%*-ATPaz ve Mg2+-ATPaz
aktiviteleri, sirasiyla CaClz ve MgCl: varliginda ve yoklugunda olgiilen enzim aktiviteleri arasindaki fark
kullanilarak hesaplanmistir. Enzim aktiviteleri pmol Pi/mg protein/saat olarak ifade edilmistir.
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2.5. istatistiksel analiz

Verilerin istatistiksel analizi SPSS 22 (ABD) yazilim paketi ile gerceklestirilmistir. Shapiro-Wilk ve Levene testleri
kullanilarak, tim degiskenler sirasiyla normallik ve homojenlik agisindan analiz edilmistir. Gruplar arasindaki
farki test etmek i¢in Kruskal-Wallis testi kullanilmistir. Tiim veriler, 12 numune {izerinden hesaplanan ortalama
deger * standart hata olarak sunulmustur. Tiim analizler i¢in p < 0.05 istatistiksel olarak anlamli kabul edilmistir.

3. Bulgular

3.1. imidaklopritin test sularindaki gercek konsantrasyonu

LCMSMS analizinden elde edilen test sularindaki gercek IMI konsantrasyonlari Tablo 2'de gosterilmistir. 24 saat
sonraki ger¢ek konsantrasyonlarin, nominal konsantrasyonlardan yaklasik %10 daha diisiik oldugu belirlenmistir.
Nominal ve gercek konsantrasyonlar arasindaki bu farkliliklar, yiizey aktif maddeler, ¢oziiciiler ve pestisitlerin

ticari formiilasyonlarinda kullanilan koruyucular gibi diger bilesiklerden kaynaklaniyor olabilir [17].

Tablo 2. Imidaklopridin test sularindaki gercek konsantrasyonlari (Ortalamazstandart hata (N=3)).

Nominal Gergek konsantrasyonlar (ug L1 + Standart hata)
konsantra_slyonlar Uygulamadan Geri kazamim 24 saat uygulamadan Geri kazamim
(ng L) énce (%) sonra (%)

Kontrol 0 R 0
1.25 1.27 + 0.04 101.6% 1.04 £ 0.07 83.2%
125 12.46 + 0.41 99.7% 1153+ 0.16 92.2%
125 130.55 + 1.59 104.4% 114.15 + 3.01 91.3%
1250 1251.79 + 10.98 100.1% 1191.29 + 26.84 95.3%

3.2. ATPaz aktiviteleri

Na*/K*-ATPaz, Mg?*-ATPaz, Ca?*-ATPaz ve toplam ATPaz aktivitelerine ait sonuglar sirasiyla Sekil 1, Sekil 2, Sekil
3 ve Sekil 4'de gosterilmistir. Na*/K*-ATPaz aktiviteleri kontrole gére doza bagiml bir sekilde azalmistir. 1.25,
12.5, 125 ve 1250 uygulama dozlarinda kontrole gére sirasiyla yaklasik olarak %29, %52, %61.2 ve %61.4
oranlarinda inhibisyon g6zlenmistir ve bu farklarin hepsi istatistiksel olarak anlamli (p < 0.05) bulunmustur. Mg2+-
ATPaz aktiviteleri de uygulanan IMI konsantrasyonlari arttik¢a kontrole gore artan oranlarda (%12, %33, %70,
%73) inhibisyona ugramistir. Mg2+-ATPaz aktivitelerindeki bu diisiisler istatiksel olarak anlamli (p<0.05)
bulunmustur. Ca2*-ATPaz aktiviteleri de ayni sekilde uygulanan IMI dozuna bagh olarak kontrole gore artan
oranda ve istatiksel olarak anlamli bir sekilde inhibe olmustur. En yiiksek inhibisyon, kontrole gére yaklasik
%65’lik bir oranla, en ytiksek IMI uygulama dozu olan 1250 pg Al L-t konsantrasyonunda gozlenmistir. 125, 12.5
ve 1.25 pg Al L1 dozlarinda ise sirasiyla %56, %64 ve %65 oranlarinda kontrole gére anlamli diisiisler olmustur
(p<0.05). Toplam ATPaz aktiviteleri de diger ATPaz aktivitelerinde oldugu gibi IMI dozu artisina bagh olarak
kontrole gore artan oranda anlaml bir sekilde inhibe olmustur. Buradaki inhibisyon oranlar1 da sirasiyla %24,
%40, %60 ve %63’diir (p<0.05).
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Kontrol 1,25 125 1250

Konsantrasyon (ug AI L'1)

Sekil 1. Na*/K+-ATPaz aktivite diizeylerinde degisiklikler. *: P <0.05, kontrol grubuna kiyasla istatistiksel 6nemi
gostermektedir.

Kontrol 1,25 125 1250
Konsantrasyon (pg Al L)

Sekil 2. Mg2+-ATPaz aktivite diizeylerinde degisiklikler. *: P <0.05, kontrol grubuna Kiyasla istatistiksel 6nemi

i

125 1250

Kontrol 1,25
Konsantrasyon (pg Al L)

Sekil 3. CaZz*-ATPaz aktivite diizeylerinde degisiklikler. *: P <0.05, kontrol grubuna Kiyasla istatistiksel onemi
gostermektedir.
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Sekil 4. Toplam-ATPaz aktivite diizeylerinde degisiklikler. *: P <0.05, kontrol grubuna kiyasla istatistiksel 6nemi
gostermektedir.

4. Tartisma ve Sonug

ATPaz sistemi ksenobiyotikler i¢cin bir hedef olarak tanimlanmistir. Toksik bilesikler bu enzimleri inhibe ederek
hiicre zarlarinin fosfolipid kismina baglanirlar, béylece zarin konfigiirasyonunu degistirebilirler [18]. Solungag
dokusu, organizmada solunum, iyon dengesi, asit-baz dengesi ve azotlu atiklarin bogaltimi islevini géren ¢ok
fonksiyonlu bir organdir [19]. Sucul canlilarda gesitli toksik maddeler, ilk temas organi olan solungac yiizeyi
tarafindan emilerek viicuda girer ve daha sonra yayilir. Bu kirleticilerin solunga¢ membrani ile etkilesimi,
membran gegirgenligini etkileyerek membranin ozmotik ve iyonik dengesini bozabilir [20]. Sucul canlilarda
kirleticilerle dogrudan etkilesimde bulunan enzim, Na*/K*-ATPaz’dir [21]. Na*/K*-ATPaz, hiicrenin iyonik
homeostazinin korunmasinda sorumlu, anahtar bir transmembran enzimdir. Tathi su organizmalarinda, Na*/K*-
ATPaz enzimi, solungag¢ epitel hiicrelerinde bulunur ve aktif olarak iyon diizenlenmesinde rol oynar [22]. Bu
enzimin inhibisyonu, aktif Na* ve K* iyonlarinin tasinmasinin bloke edildigini gosterir. Deltametrinin letal ve
subletal etkisine birakilan Cirrhinus mrigala’da solungag, karaciger ve kas dokusunda Na*/K*-ATPaz aktivitesinin
azaldig1 belirlenmistir [20]. Sirasiyla sipermetrin ve glifosat uygulanan sazanlarda (Cyprinus carpio) solungag
Na*/K*-ATPaz aktivitesinin 6nemli derecede inhibe oldugu tespit edilmistir [23, 24]. Na*/K*-ATPaz inhibisyonu,
hiicrelerin ve organlarin fizyolojik gereksinimlerini siirdiirmek icin gerekli hayati iyonlarin ve besinlerin
tasinmasinin azaldig1 anlamina gelebilir [25]. Calismamizda uygulanan IMI konsantrasyonu arttik¢a Na*/K*-ATPaz
aktivitelerinin inhibe olmasi, su ortamindaki IMI ile ilk temas eden dokunun solunga¢ olmasi nedeniyle IMI'nin
solunga¢ membranm gecirgenligini ve dolayisiyla iyon dengesini bozmasi anlamina gelebilir. Mg2+-ATPaz,
mitokondride oksidatif fosforilasyon yoluyla ATP sentezinde rol oynar [26]. Mg2+-ATPaz ayrica hiicresel
membranin biitiinliigiinden ve hiicre ici bransiyal gecirgenligi stabilize etmek i¢in gerekli Mg iyonlarinin epitel
gecisini diizenlemekten sorumludur [27]. Calismamizda Mg2+*-ATPaz inhibisyonu, IMI'nin mitokondriyal zarlara
verdigi hasardan dolay1 oksidatif enerjinin fosfata bagl enerjiye déontismesinin basarisizligi olarak yorumlanabilir
[25, 28]. Sipermetrine maruz kalan Clarias batrachus tiirlerinde bobrek Mg2+-ATPaz aktivitesindeki anlaml
olmayan indiiksiyonlarin, pestisit stresiyle basa cikmak i¢in artan ATP tiretimine bagl olabilecegi 6ne siiriilmiistiir
[29]. Ca%*-ATPaz, sarkoplazmik retikulum tiibiillerinde bulunan ve hiicrede Ca?* seviyelerini korumak icin Ca2*
iyonlarini sitozolden ve liimenden uzaklastirmaya yarayan bir enzimdir [30]. Deltametrin uygulanan Cirrhinus
mrigala’nin solungaclarinda Ca%*-ATPaz aktivitesinin 6liimciil konsantrasyonlara ulastikca kademeli olarak
azaldig gozlenmistir [20]. Calismamizda, Ca?*-ATPaz inhibisyonuna, IMI maruziyeti sonucunda olusan oksidatif
fosforilasyon ve lipid peroksidasyon iiriinleri neden olabilir. Ca2*-ATPaz inhibisyonunun bir sonucu olarak, hiicre
ici oksijen radikalleri ve sitozolik CaZ* birikimi meydana gelmis olabilir [31].

ATPaz aktivitesindeki azalma, sudaki Kkirleticilerin neden oldugu enzim kompleksindeki bdliimlemeden
kaynaklanan allosterik bir degisiklikten kaynaklaniyor olabilir [10]. Buradan yola ¢ikarak, calismamizdaki toplam
ATPaz aktivitesindeki azalmayi, IMI'nin -SH gruplarina olan yiiksek afinitesine baglayabiliriz. Metil parationun
beyaz bacakli karideslerde toplam ATPaz aktivitesini inhibe ettigi bildirilmistir [32]. Bizim ¢alismamiza benzer
olarak, bir fungisit olan penkonazol U. mancus’a 96 saatlik akut olarak uygulandiginda, solungaglarda Mg?+-ATPaz
harig, diger ATPazlarin (Na*/K*-ATPaz, Ca2*-ATPaz ve toplam ATPaz) aktivitelerinin uygulanan doz artisina bagh
olarak inhibisyona ugradigi tespit edilmistir [33]. Bu inhibisyonlarin, tath su midyelerinin canliligini siirdiirmek
icin hipometabolik durumda enerji ekonomisine girmenin bir sonucu olabilecegi ileri stiriilmiistiir. Azoksistrobin
ve penkonazoliin ayr1 ayr1 uygulandigi kerevitlerin solunga¢ ve kas dokusunda Na*/K+-ATPaz, Mg%+-ATPaz, Ca2+-
ATPaz ve toplam ATPaz aktivitelerinin kontrole gére énemli derecede inhibisyona ugradigi ve bu inhibisyonlarin

96



nedeninin, bu pestisitlerin hiicresel enerji tiretim mekanizmasini bozarak veya enzimlerle dogrudan etkilesime
girerek gaz degisimini ve iyonik regiilasyonu bozmasi olabilecegi ileri siirilmiistiir [34, 35]. Na*/K+*-ATPaz, Mg2+-
ATPaz, Caz*-ATPaz ve toplam ATPaz aktivitelerinin doz artisindan dolay1 inhibisyonu, Marigoudar [36] tarafindan
bildirildigi lizere, organlarin hiicresel iyonik regiilasyonunun yok edildigini gosterir. Calismamizdaki ATPaz
sonuclarindan, IMI'nin enerji sentezi ve kullanim siireclerinde yer alan bu enzimler tizerinde yikici bir etkiye sahip
oldugu, dolayisiyla maruz kalan midyelerin genel metabolizmasinin da etkilendigi tespit edildi. IMI'nin toksisitesi
ile ilgili yapilacak ileriki c¢alismalarda, biyokimyasal parametrelerin etkinligi i¢cin bu calismanin 6nemli
olabilecegini diisiinmekteyiz. Sonug olarak, IMI pestisitinin kullanildig1 tarim alanlarina yakin sucul alanlarda
yasayan midyelerin tehlike altinda oldugu soylenebilir.
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Keywords

Gas Detectors, Abstract: In this study, micron-sized Field Effect Transistor (FET) based sensors
FET Sensor, were produced using Polyaniline (PANI) channels. Pristine and nanostructured-Zn0O
Hz Sensor added PANI was synthesized by free radical chemical oxidative polymerization

method. FET production was carried out by producing PANI and
PANI/nanostructured-ZnO composite channels on Si/SiO2 (285 nm) substrate by
the optical lithography method. The electrical responses of the produced sensors
against hydrogen (Hz) gas were determined by measuring the source-drain current
at 25 °C, 50 °C and 80 °C while applying the +20 V gate voltage to the transistors. It
has been observed that PANI channel FET sensor detects H: gas but adding
nanostructured-ZnO into PANI improves the detection performance. Besides, unlike
the PANI channel FET sensor, it has been determined that PANI/nanostructured-
ZnO composite channel FET sensors operate with an excellent performance at room
temperature.

Polianilin ve Polianilin/ ZnO Nanoyapili FET Hidrojen Gaz Sensérlerinin Uretimi ve

Karakterizasyonu
Anahtar Kelimeler 0z: Bu calismada, mikron-boyutlu alan etkili transistér (FET) sensorler polianilin
Gaz Dedektorleri, kanallar kullanilarak tiretilmistir. Katkisiz ve ZnO nanoparcacik katkili PANI, serbest

FET Sensor Sistemleri,

. radikal kimyasal oksidatif polimerizasyon yontemi ile sentezlenmistir. Sentezlenen
Ince Film Hz Sensorleri

her iki PANI kullanilarak gaz algilama uygulamasi i¢in mikrofabrikasyon yontemiyle
mikron boyutlu, alan etkili transistor (FET) yapida sensorler uretilmistir. FET
iiretimi optik litografi yontemiyle Si/SiOz (285 nm) alttas iizerine PANI ve
PANI/nanoyapih ZnO kanallarin iiretilmesiyle gerceklestirilmistir. Uretilen
sensorlerin hidrojen (Hz) gazina kars1 gosterdigi elektriksel tepkiler, 25 °C, 50 °C ve
80 °C sicaklikta transistore +20 V kapi gerilimi uygulanirken, kaynak-aka¢ akimi
degisimleri 6lciilerek belirlenmistir. PANI kanal ile iiretilen sensorlerin Hz gazini
algiladig1 ancak PANI i¢cerisine nanoyapili ZnO katkilamanin algilama performansin
iyilestirdigi gozlemlenmistir. Ayrica PANI kanalli FET sensorin aksine
PANI/nanoyapili ZnO kompozit kanalli FET sensérlerin oda sicakliginda oldukgea iyi
bir performansla calistig tespit edilmistir.

*[lgili Yazar: mucella.karakus@yobu.edu.tr
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Fabrication and Characterization of Polyaniline and Polyaniline/Nanostructured-ZnO FET Hydrogen Gas Sensors

1. Introduction

Today, the importance of chemical sensors used in the industrial field is undisputed. Gases are used both as
precursors in industrial processes and as a by-product due to the combustion of any fuel. Most of these types of
gases are harmful to humans, animals and plants. While some of them do not directly affect living organisms, they
indirectly damage the environment. The allowable limit of most gases is set by environmental and safety standards
[1, 2]. Although hydrogen (Hz) is not toxic, it is a flammable and suffocating gas. Compared to other gases, Hz is a
reducing gas with low minimum ignition energy (0.017 m]) and a wide range of flammability with air from 4.6%
to 75%. Hz has attracted great attention as a green, clean, efficient and sustainable energy source [3]. However, it
is very important to prevent accidents during the use of this gas, which can leak easily due to its small molecules.
For this reason, it has become a necessity to be able to monitor it at room temperature (25-27 °C) and standard
air pressure (1 atm) in order to develop a safe hydrogen technology. Accordingly, the production of low-cost
sensors that can be sensitive to hydrogen in standard room conditions, have fast recovery time and long-term
operation capability, has come to the fore.

Nowadays a popular class of sensing material is conductive polymers. In the last thirty years, conductive polymers
have emerged as a new material in developing new generation electronic devices with advanced technology due
to their excellent electrical properties [4-10]. Essential members of conductive polymers used in sensors are
polyaniline (PANI) [11], polythiophene, and polypyrrole [12]. PANI is unique among conductive polymers due to
its excellent electrical properties, stability, low monomer price, simplicity of polymerization reaction, easy
deposition procedure, and chemical structure suitable for structural modification [8-10, 13-18]. This unique
properties enable it to be sensitive to many factors, such as various gases in ambient conditions [10, 13-14].

The first gas detection materials developed for use in sensors were inorganic materials [19]. The prominent metal
oxide sensors among inorganic sensors have been used to determine the type and amount of gases in the
atmosphere. For example, different crystal forms of zinc oxide (Zn0O) were used as sensors [11, 20-22]. It has been
reported that nanocrystal ZnO is used to detect Hz [20], nitrogen (N2) [23], and liquid petroleum gas [24] from
various gases. However, it has also been reported that metal oxides such as ZnO, Sn0O2, W03, and TiO2 are used to
detect ammonia (NHs) [23, 25-26] gas. The biggest problem with most inorganic sensors has been the high
operating temperatures, mainly cause stability and durability problems during long-term use [20]. Inorganic
semiconductor metal oxides such as TiOz and SnO2 have been the subject of intensive studies to detect Hz gas due
to their favorable physical and chemical properties, good responses, low costs, and simple detection methods.
However, the problems such as high operating temperature (200-500 °C) and high energy consumption limit the
production of portable detectors [27-28] and require the development of Hz gas sensors with new materials that
can operate at low operating temperatures and require low energy consumption.

The properties of conductive polymers can be modified by combining them with inorganic materials [29].
Therefore, conductive polymer/inorganic nanocomposite structures have recently been shown as promising
materials in sensor applications with higher sensitivity at room temperature [30]. In studies published in this area,
it has been reported that the electrical resistance of the PANI/TiO2 nanocomposite for the NHs and CO sensors
varies in direct proportion with the concentration of the analyte gases [31]. Similarly, the PANI/SnO: hybrid
material served as the sensor material for acetone and ethanol [32], while the PANI/WO3 composite was used in
the moisture sensor application [33]. Another example of such composite sensors is the PANI/nanostructured-
ZnO composite structure used to detect toxic gases [34-35], including NH3 [30, 36] and some volatile organics such
as acetone, ethanol, and methanol [37]. PANI has received significant interest as a useful conductive polymer with
important Hz gas detection properties at room temperature [4, 10, 38-40]. However, PANI also has disadvantages
such as low thermal stability and insufficient detection of Hz gas in standard room conditions. It has become a
common belief that this may hinder potential applications in the future [4, 14, 38]. Combining the PANI matrix
with nanoscale semiconductor metal oxides suggests forming an n/p heterojunction between p-type Polyaniline-
Emeraldin salt (ES) and n-type semiconductor metal oxide. It would be a viable strategy for improving H: gas
sensor efficiency at room temperature [39-42]. Moreover, it is argued that semiconductor metal oxide
nanoparticles not only generate better oxidation of PANI during polymerization but can also be used as a switch
to control the electrical resistance and flow of the electric current of the PANI/semiconductor metal oxide
nanocomposite structure in practical applications such as the Hz gas sensor [14, 39, 42-44].

Semi-oxidized Polyaniline-Emeraldin, which contains amine (—NH—) and imine (=N—) groups in equal
proportions, is one of the forms of PANI. Emeraldin base (EB) is the electrically insulating form of PANI and can
become the conductive Polyaniline-Emeraldin salt (ES) by non-redox acid doping (deprotonation) method.
Conversely, ES can be converted back to EB by treatment with base [14, 15]. This situation occurs as a result of the
formation of a polaron lattice in the PANI backbone by protonating the imine nitrogen sites in ES by using a suitable
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substance. Polaron lattice induces charge carriers in the PANI network that can provide more conductivity than
EB. The higher conductivity of the ES is due to the charge carriers' ability to jump between the polaron cage and
the polymer chains. Also, it is accepted that the oxygen molecules on the surface of different n-type semiconductor
metal oxide particles are in the form of Oz, 0" and Oz ions that create a positive charge by removing electrons
from conductivity bands [45, 46].

During the synthesis of PANI with nanoparticles, metal oxide particles are suspended in aniline solution with
Ammonium Peroxydisulphate (APS). Aniline monomers are transformed into anilinium cations, and adsorbed
anions can be formed on the particles’ surface by electrostatic interaction [14, 41]. After the reaction, electrons
captured by the oxygen on the particle surface are released [41, 47]. The gas detection mechanism of the
PANI/semiconductor metal oxide nanocomposite sensor is governed by the reaction between the surface layers
of the sensor and Hz gas molecules. MacDiarmid [48] provided a possible mechanism for Hz to interact with PANI.
According to the mechanism, the nitrogen regions in the structure of charged amines in the protonated PANI-ES
molecules on the sensor surface can react with H2 due to contact with Hz gas. It has been suggested that Hz
molecules can form a bridge between the nitrogen atoms of two adjacent chains. The cleavage of H2 bonds possibly
leads to the formation of new N-H bonds to the amine nitrogen of PANI chains. Due to charge transfer in PANI
chains, the structure reverts to the polaron lattice state [13]. The increase in the number of carriers and the speed
of charge transfer in the presence of Hz2 molecules is explained in this way. It is also suggested that this may result
in a completely reversible carrier transfer [49].

The chemical and physical properties of the sensing material used in sensors change during detection. This
situation causes a change in the color, temperature, or electrical conductivity of the material. Manufactured
sensors are characterized by observing changes in the material in their structure. Although most of the PANI-based
sensor studies in the literature have focused on resistive structures, the device's resistance does not change only
with the conductive polymer film's resistance, which is the sensing material. Device resistance is also affected by
many environmental factors, and even the contact resistance of the electrodes creates a disruptive effect on the
sensor.

For this reason, the investigation of the sensors' response properties that PANI/Field Effect Transistor (PANI
channel FET) structure for Hz gas at different gate voltages and different temperatures adds an advantage to the
study. Also, there has been a recent trend towards using environmental sensors in mobile devices. Therefore,
sensors are needed that provide low power consumption due to their micron size [50]. Because of these facts, in
this experimental study, the microfabrication method was used to produce a micron-sized PANI based FET sensor.
This study aims to investigate the contribution of the semiconductor metal oxide used in the
PANI/nanostructured-ZnO composite channel FET sensor to the detection performance for the analyte gas Ha.
PANI/nanostructured-ZnO composite channel FET produced by using nanostructured-ZnO doped PANI and PANI
channel FET produced by using PANI without ZnO additive. In order to explain the contribution of ZnO, which is
used as a semiconductor metal oxide nanocomposite additive, to the sensing behavior for H: gas, the electrical
properties of individual sensors have been examined at different gas concentrations and changing sensor
temperatures.

2. Material and Method

PANI-ES, the precipitate was prepared by free radical chemical oxidative polymerization through indirect routes
as ref [51]. In this reagent, in 100 mL distilled water, 0.1 mol HCI, and 0.01 mol aniline were mixed. This mixture
was magnetically stirred for about 30 min. Afterward, 677450-5G coded nanostructured-ZnO that was purchased
from Sigma Aldrich was added up to 1% of the mass of Aniline in the mixture. 0.01 mol APS ((NH4)2S20s -
ammonium peroxidisulfate) was combined with 10 mL distilled water. Subsequently, this aqueous solution was
added to ammonium persulfate. It was joined dropwise to the HCl/aniline solution, and polymerization was
started. The mixture was thermally maintained at 0 °C. This mixture was stirred vigorously for 6 h. The polymer
produced a dark green precipitate. The precipitate was repeatedly washed in ultrapure water until the filtrate
became colorless and its pH became neutral. Polymerization steps were carried out as shown in Figure 1. The final
precipitate was dried at room temperature to form nanostructured-ZnO doped PANI-ES dry powder. The same
procedures were repeated with the same method and material quantities for nanoparticle additive-free PANI
synthesis without adding ZnO nanoparticles to the mixture.

HCI doped conductive PANI-ES is not soluble in any solvent. It has to interact with ammonia to be soluble, and
eventually, the powder converted to an undoped Polyaniline-Emeraldine Base (PANI-EB) form. When ammonia
interacts with PANI-ES, not only can the polymer be dissolved rapidly insolvent (1-methyl-2-pyrrolidone), but the
precipitate also becomes a dark blue color. Conversely, because of deprotonation, the precipitate changes its
structure to an insulated form, and then this situation causes an increase in resistance, and equal conductivity
disappears.
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Figure 1. Schematic representation of the polymerization procedures of (a) Polyaniline and (b) Polyaniline/nanostructured-
Zn0

The sensor was fabricated on a high p-type doped Si wafer with a 285 nm SiO2 cap layer. First, the source-drain
connections and the channel were formed by using standard photolithography techniques on designed locations.
After the lift-off procedure, the thermal evaporation system evaporated Cr/Au (20/30 nm) contacts. Using a very
thin bristle, a PANI and a PANI/nanostructured-ZnO composite channels were formed between source-drain
contacts under a meteorological microscope. After the devices' fabrication, the channel length and width were
determined as L= 2 pum and W= 6 um, respectively. The thickness of the channel was measured as 65 nm with a
profilometer. The schematic diagram of the PANI and PANI/nanostructured-ZnO composite channel FET sensors
is shown in Figure 2. After the PANI and PANI/nanostructured-ZnO composite films were simultaneously formed
between the electrodes of FETs, to overcome the conductivity problem of PANI, the FET sensors were put in an
HCI (1 %) solution for 3 s.
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IDS

A

Figure 2. Schematic diagram of the PANI/nanostructured-ZnO composite channel FET sensor

To test the fabricated PANI based FETs, a typical set of drain-source current (las) voltage characteristics were
measured at various gate voltages (Vg). The results are shown in Figure 3. The polyaniline channel can be
understood as p-type doped due to increasing negative Vg causing an increase in the l4s. The effect of an electric
field on the channel conductance, which is constituted between the gate and source electrodes, is clearly seen at
the las. However, there are linear I4s vs. Vas (drain-source voltage) characteristics. For FETs with polyaniline as the
semiconductor, Renkuan et al. [52] reported that the l4s-Vas characteristics are approximately linear when the
negative bias is applied to the gate implies that the characteristics are different from those of conventional
inorganic FETs.
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Figure 3. las-Vas characteristics of the PANI channel FET at different gate voltages

The PANI channel FET and PANI/nanostructured-ZnO composite channel FET sensor responses were investigated
for Hz gas at different gas concentrations. To test the fabricated FETs and measure the sensor's response, a
computer-controlled Keithley 2612 source-meter was used. All measurements were done at atmospheric pressure
at 25 °C, 50 °C, and 80 °C sensor temperatures. The sensor temperature was controlled by Lakeshore 332s and a
Cernox sensor, which was fixed on sensor substrate. The H2+N2 gas mixture was supplied to the sensor surface as
schematically shown in Figure 4.
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o

KEITHLEY 2612 A
MULTIMETER

FLOWMETER
(Control of the gas flow rate)
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Figure 4. H: gas response measurement system of the FET sensors

H2 gas concentration and flow rates were controlled with 150 mm flow meters, fabricated by Key Instruments with
a *3 % accuracy. For the gas flow system, all fittings and 316 Stainless Steel Seamless Tubing were supplied from
Swagelok. Hz and N2 gas had 99.50% and 99.99% purities, respectively. The sensor sensitivities were calculated
from Eq.1 [53] where I and I, are the current values before and after exposure to Hz, respectively:

1_10
Iy

Sensitivity (%) = l JxlOO (1)

3. Experimental Results

To compare the H2 gas detection performance for PANI channel FET and PANI/nanostructured-ZnO composite
channel FET sensors, sensor responses at different temperatures and varying gas concentrations were studied.
Firstly, as can be seen in Figure 5, XRD analysis of the samples were performed. Figure 5 depicts the XRD patterns
of PANI and PANI/nanostructured-ZnO composite, which contains ZnO nanoparticles. It was obtained 4
characteristic peaks at 9.21°, 20.08°, 24.39°, and 43.39° for the prepared PANI. Those are in agreement with the
literature [54]. Although ZnO was added to the monomer before the polymerization, no peaks were observed for
ZnO0. When low concentration nanoparticles were added to the polymer matrix, enough X-ray reflection may not
be supplied. Thus, ZnO peaks didn't appear in the XRD graph. Similar observation can be found in the literature for
PANI/nanostructured-ZnO [55].
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Figure 5. XRD patterns of PANI (black) and PANI/nanostructured-ZnO composite (red)

It is also essential to know the effect of sensor temperature on detection sensitivity. For this reason, the
measurements were made at 20, 30, 50 and 80 °C by applying a +20 V gate voltage and decreasing the Hz gas
concentration. The graph of the source-drain currents of the PANI channel FET sensor in Figure 6 and the
PANI/nanostructured-ZnO composite channel FET sensor in Figure 7 are given depending on the gas
concentration change and sensor temperature. In this case, the PANI channel FET sensor showed a maximum
response at 80 °C with a 13% drop in source-drain current at 60 % H2 gas concentration. The lower sensor
temperature caused the reduced gas response. The highest responses to Hz gas were observed for the PANI
channel FET sensor at 50 and 80 °C.
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Figure 6. Dynamic response of the PANI channel FET sensor for different concentrations Hz gas at the different sensor
temperatures.

As can be seen in Figure 7, the PANI/nanostructured-ZnO composite channel FET sensor showed the maximum
response at temperatures of 20 and 30 °C in contrast to the PANI channel FET sensor. When the Hz gas at 60 %
concentration was applied, there was a 20 % decrease in the l4s at 20 and 30 °C temperatures. The response rate
increased with the increase in gas concentration. At 20 °C, the lowest response is 11 % for 7.5 % gas concentration,
while this value is very close to the highest response of the PANI channel FET sensor to the highest gas
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concentration (60 %). Also, the PANI/nanostructured-ZnO composite channel FET sensor's responses tended to
decrease with increasing temperature, dropping up to 1 % at 80 °C. It is an indication that the sensor is performing
better at room temperature. The addition of nanostructured-ZnO to PANI has enabled the sensor to work
efficiently at low temperatures.

It is thought that the decrease in sensor sensitivity at 50 and 80 °C may be due to the decreased adsorption and
increased desorption [56]. [tis also observed that the source-drain current decreases with increasing temperature.
PANI/nanostructured-ZnO composite, which is the FET sensor's active material, exhibits metallic behavior and
has the maximum conductivity value at room temperature. The increase in temperature caused a decrease in
conductivity [57]. The rising of temperature caused a weakening in conductivity and a deterioration of sensor
sensitivity at all H2 gas concentrations at 50 and 80 °C. It is because gas adsorption of the PANI/nanostructured-
ZnO composite channel decreases with the effect of temperature.
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Figure 7. Dynamic response of the PANI/nanostructured-ZnO composite channel FET sensor for different concentrations H2
gas at the different sensor temperatures.

4., Discussion and Conclusion

In this study, two types of Hz gas sensors in the micro FET structure with PANI and PANI/nanostructured-ZnO
composite channels were produced. Their detection performance at room temperature was tested and compared.
For this purpose, Hz gas detection performances were examined at various sensor temperatures. It has been
observed that the PANI/nanostructured-ZnO composite channel FET sensor operates successfully at room
temperature in contrast to the PANI channel FET sensor. The sensitivity of the PANI/nanostructured-ZnO
composite channel FET sensor has deteriorated as the sensor temperature increases. Thus, it was determined that
nanostructured-ZnO presence in the polymer structure caused a significant improvement in sensor response and
lowered the operating temperature.

When the sensor responses are compared, it is seen that there is about 100 fold difference between the
PANI/nanostructured-ZnO composite channel FET sensor and the PANI channel FET sensor. The PANI channel
FET sensor responses are of the order of 10-¢ A on the current scale and the responses of the PANI/nanostructured-
Zn0 composite channel FET sensor are of the order of 10-# A. Being able to measure relatively lower current levels
means more sensitive equipment is required. This situation means that the equipment's cost to be used in
detection increases if the additive-free PANI is used in the sensor structure. In this context, it is clear that the use
of PANI/nanostructured-ZnO composite channel FET sensor, which produces response at relatively higher current
levels, will provide an advantage in both gas sensitivity and measurement system cost. Besides,
PANI/nanostructured-ZnO composite channel FET sensor can measure at room temperature.
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Anahtar Kelimeler 0z: Bu calismada, bitkisel 1slah materyallerinden biri olan deniz bériilcesi
Biyoiyilestirme, kullanilarak sorunlu topraklarin islah edilebilme olanaklar1 ve bitki gelisimi
Deniz boriilcesi, incelenmistir. Bu amacla Harran Ovasi’'ndan alinmis olan Kiregli tuzlu ve kiregli

Harran Ovasi,
Tuzlu toprak,
Tuzlu-sodik toprak,

tuzlu-sodik olan iki farkli toprak kullanilmistir. Deniz bértilcesi (Salicornia euro-
paea) tohumlari 4 tekerriirlii olarak iki farkh topraga ekilirken, her topraktan da
bitki ekilmemis 3’er kontrol grubu olusturulmustur. Yetistirilen deniz boriilcesinin
her iki toprakta da potansiyel toprak islah etkileri ve bitki gelisimi 3 aylik stire
sonunda incelenmistir. Elde edilen sonuglar incelendiginde, deniz bériilcesinin,
tuzlu-sodik topragin ECe degerini 8.07 dS m! den 1.87 dS mye, tuzlu toprakta ise
431 dS mYden 1.59 dS m'ye disiirdigi gorilmistir. Bitkilerin topraktan
kaldirdiklari tuz miktarina bakildiginda, deniz bériilcesi tuzlu-sodik topraktan
71.57 kg/da? tuz kaldirirken, tuzlu topraktan ise 56.52 kg/da-! tuz kaldirmistir.
Deniz boriilcesinin, sodikligin ifadesi olan SAR degerini de 31.03'ten 20.82'ye
diistirdiigi gorilmiistir. Bitki gelisimine dair elde edilen sonuglar gostermistir ki,
tuzlu toprakta bitki boyu ortalama 12.33 c¢m iken kiregli tuzlu-sodik toprakta 9.0 cm
dir ve bu degerler istatistiki olarak anlamli bulunmustur (p< 0.05). Bunun yaninda
kuru agirlik degerleri kiregli tuzlu toprakta 5.83 g saksi! olurken kiregli tuzlu-sodik
toprakta 4.88 g saksi! olarak belirlenmistir ve degerler istatistiksel olarak anlaml
bulunmamistir.

Growth and Reclamation Effect of Sea Cowpea (Salicornia europaea) Plant in Calcareous
Saline and Saline-Sodic Soils of the Harran Plain

Keywords Abstract: In this study, the possibility of reclamation of problematic soil and plant
Ph}_’tOFeFlamation, development were examined by using sea cowpea (Salicornia europaea) which is
Salicornia europaea, one of the halophytic. For this purpose, two different soils, calcareous saline and

Harran Plain,
Saline soil,
Saline-sodic soil,

calcareous saline-sodic, taken from the Harran Plain, were used. Sea cowpea seeds
were planted in soil with 4 replications in each type of soil and 3 plant less control
group were used for each soil. Potential reclamation effect and plant growing stages
of grown sea cowpea in both types of soils were investigated during 3 months
period. Obtained results indicated that sea cowpea decreased the ECe values from
4.31dSm to 1.59 dS m in saline soil and also decreased the ECe values from 8.07
dSmto 1.87 dSminsaline-sodic soil. When we look at the amount of salt removed
from the soils by sea cowpea, the plant removed 71.57 kg da-! salt from saline-sodic
soil and 56.52 kg da-! salt from the saline soil. It was observed that the sea cowpea
was also reduced the SAR value, which is the expression of sodification level, from
31.03 to 20.82. The plant growth results showed that the average plant height in
saline soil was 12.33 cm, while the average plant height in saline-sodic soil was 9.0
cm (p<0.05). In addition, dry weight values were 5.83 g pot! in saline soil and 4.88
g pot'! in the saline-sodic soil and mean differences were statistically significant.
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1. Giris

Glineydogu Anadolu Projesi'nin (GAP) i¢inde yer alan Harran Ovasi, 225.000 ha’lik toplam alani ile projede 6nemli
bir yere sahiptir. Ova 150.000 ha’lik sulanabilir tarim arazisi potansiyeline sahip olup, mevcut kosullarda yaklasik
132.000 ha sulanmaktadir. Yiiksek bitkisel liretim potansiyeli olan Harran Ovasi, sulamali tarima gecildiginde,
ozellikle ilk yillarda iiretimini katlayarak artirmistir. Sulamali tarimla birlikte ovada tuzlulasma baslamistir [1, 2,
3,4].

Tuzlanma etkisinde kalmis arazilerde, ekonomik iliretim yapabilmek igin, ¢iftcilerin tecriibelerine ek olarak
bilimsel arazi ve laboratuvar ¢alismalari, tuza toleransh (halofit ve glikofit) bitkilerin kullanilmasiyla kimyasal
madde kullanmadan tuzlu, tuzlu-sodik ve o6zellikle de kiregli tuzlu-sodik topraklarin iyilestirebilecegini
gostermistir. Bu Dbitkisel iyilestiriciler genellikle bioiyilestiriciler veya biyolojik iyilestiriciler olarak
tanimlanmaktadirlar [5, 6, 7, 8, 9]. Bu amag¢ dogrultusunda kullanilabilen demiz bériilcesi; tek yillik, etli
(sukkulent), tuzcul bir bitki olup boylar1 5-45 cm arasindadir. Alt tiiriine bagli olarak gévde az veya ¢cok dalli olup,
yapraklarinin kii¢iik ve pul gibi olmasi nedeniyle bitkinin gévdesi eklemli gibi goriiniir. Yesil, kirli kirmizi1 veya
sar1yesil renkte olabilirken sonbaharda koyu kirmizi bir renk alirlar. Deniz boriilcesi meyveleri kapsiil seklindedir
ve Kursun otu veya Tuzlu ot olarak da bilinen deniz boériilcesi, 1spanakgiller (Amaranthaceae) familyasinda bir
bitki tiirtidiir. Deniz boriilcesi, 1slak veya kumlu, tuzlu ve alkali topraklar1 sever. Deniz boriilcesinin tuzluluk
problemine dayanikl bir bitki olmasi onu diger bitkilerden farkh kilmaktadir [10].

Bu tir bitkilerin o6zellikle kiregli tuzlu-sodik ve sodik topraklarin islahinda iyilestirici olarak kullanilma
mekanizmasi su asamalarla tanimlanabilir:

i. Ortamin mikrobiyal ve bitkisel kaynakli CO2 nispi miktarinin (pCO2) artmasina bagl olarak, ortamdaki
ozellikle kok bolgesindeki kirecin ¢éztiniirliginiin artirilmasi,
ii. N2-fikse eden bitkilerin kok bolgelerine (H*) sagliyor olmalari ile karbonik asit olusumunu tesvik etmeleri,
iii. K6k gelisiminin artmasina bagl olarak, ortamin fiziksel 6zelliklerinin iyilestirilmesidir. [4, 9, 11, 12, ].

Tuzlu-sodik topraklarda iiretim yapmay1 kisitlayan baslica faktorler sadece fiziksel faktorler olmayip, ayrica
pH’'nin ve elektrolit konsantrasyonunun ytiksek olmasidir. Bu nedenle de 6zellikle Na* ve diger tuzlarin topraktan
uzaklastirilmasi istenir. Sodik topraklarda ise problem hem fiziksel hem de kimyasal oldugundan dolay1 bu
topraklarin 1slahi tuzlu-sodik topraklara gore ¢ok daha zordur. Disiik infiltrasyon hizi bu topraklarda, suyun
yikama amacli kullanilmasini engelleyen 6nemli bir etkendir. Tuzluluk ve sodiklik problemi tasiyan topraklarin
1slahinda temel hedef degisim komplekslerinin yiizeylerinde bulunan Na*'nin uzaklastirilip, bu yiizeylerin toprak
striktiiriinii koruyan Ca*? gibi katyonlar tarafindan doyurulmasini saglamaktir [13].

Topraklarin yanlis kullanimi sonucu verimsizlesmesi, yapisinin bozulmasi ve treticinin kar oraninin azalmasi
istenmeyen bir durumdur. Bu sebeple, toplumun bilinglenmesi yolunda adimlar atilmali ve topragin fiziksel,
kimyasal ve biyolojik yapisinin korunmasina 6nem verilmelidir. Topraklarin bitkisel tiretimdeki verimlilik potan-
siyelleri, onlarin dogal yasam giiciiniin korunup siirdiirtilmesi icin uygun fiziksel, kimyasal ve biyolojik yapisinin
korunmasi ile miimkiin olacaktir. Topraklarin 6zelliklerinin dikkate alinmayarak bilingsizce, somiiriircesine yanlis
kullanimi, ¢ok kisa siirede kullanilamaz hale gelmesine neden olmaktadir.

Harran Ovasi gibi kurak ve yar1 kurak alanlarda, yliksek taban suyu, asir1 sulama ve drenaj eksikliginden kaynakli
tuzlulasma ve sodiklesme, topraklarin fiziksel ve kimyasal yapisini bozarak iiriin verimini azaltmakta ya da
tamamen yok etmektedir. Binlerce hektardaki bu problemlerin kisa siirede ¢oziimlenmesi i¢in glikofit ve halofit
sinifinda yer alan bitkilerin denenmesi alternatif bir ¢6ziim olacaktir [4]. Bu tiir sorunlu alanlarda tuza dayanakl
bitkiler kullanildiginda, bitkiler ytliksek oranda kok biyomasi tirettikleri i¢in topraga énemli miktarda organik
madde kazandirirlar.

Bu ¢alismada amag, Harran Ovasi’'nin problemli ve ekonomik olarak degerlendirilemeyen (kiregli tuzlu-sodik)
topraklar: i¢in uygun ve dayanikli halofit ve glikofit bitkilerin kullanimiyla, bélge topraklarinin iiretkenliginin
artirilmasi ve topraklarin kullanilan bitkiyle 1slah potansiyelinin arastirilmasidir.

2. Materyal ve Metot

Tuza dayanikli bitkilerden olan deniz boriilcesinin 1slah potansiyeli ve biiyiime egilimi, kiregli tuzlu ve tuzlu-sodik
topraklarda Harran Universitesi Eyyiibiye Kampiisii Tam Otomasyonlu Ar-ge ve Uygulama Sera Kompleksi'nde
yaklasik 3 aylik siirede bir saks1 denemesi ile arastirilmistir. Calismada kullanilan kiregli tuzlu topraklar, Sekil 1’
de gosterildigi gibi Harran ovasi, Harran Il serisinden (Bozyazi mevkii) ve kirecli tuzlu-sodik topraklarda Ak¢akale
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serisinden 0-20 cm derinlikten alinmis ve serilerek golgede kurutulup, 2 mm’ lik elekten gecirildikten sonra 6
litrelik her bir saksiya 4 kg toprak olacak sekilde doldurulmustur. Her saksiya en az 100’er deniz boriilcesi tohumu
gelecek sekilde ekim yapilmistir. U¢ ayhik gelisme siiresince bitkiler yaklasik tarla kapasitesinde ihtiyac
duyuldukca (haftada bir olacak sekilde) musluk suyu ile sulanmis ve hi¢bir besin ¢dzeltisi verilmemistir. Deneme
sonrasl toprak 6rneklemesinde ise her saksi ayr1 olarak homojen sekilde karistirildi. Kurutma islemi yapilarak 2
mm'’ lik elekten gecirildikten sonra tekrar analize hazir hale getirilmistir.

%gai]edalgarth Tuzlu Sodik: Tf

HIEUE Laﬁd&aﬁ/ C opgfnia;!s
ol , ;
Sekil1. Denemede kullamlan klre(;h tuzlu ve tuzlu sodlk topraklarln lokasyon haritast

Deneme 6ncesinde alinan ve kurutularak 2 mm elekten elenmis olan topraklarda deneme dncesi asagida belirtilen
toprak analizleri verilen referanslar dogrultusunda yapilmistir. Bu analizler; Toprak reaksiyonu (pHe) [14],
Elektriksel iletkenlik (ECe) [15], kire¢ miktar1 (% CaCOs) [16], Degisebilir katyonlar (DK) [17]. Suda ¢oziinebilir
katyonlar (CK) [18] ve Cl- anyonu Shimadzu iyon kromotografisi ile belirlenmistir. Sodyum Adsorbsiyon Orani
(SAR) asagidaki denklem kullanilarak hesaplanmistir [19].

Na
Ca+Mg (1)
\] 2

Bitki analizleri ve 6l¢iimleri ise, yesil ve kuru agirlig; toprak tistii aksamin Na*, Ca*2, Mg*2, K*, CI- ve SO42 [20] iyon
icerigi gibi ozellikler referanslar1 verilen metotlar izlenerek belirlenmistir. Bitki boyu, her saksi icin, rastgele
secilen en az 10 bitkinin toprakla temas ettigi kok bogazindan u¢ kismin uzunlugu 6l¢iilerek aritmetik ortalamasi
alinmistir. Yesil ot verimi, saksilardan kok bogazlarindan bigilerek hasat edilen bitkiler tartilarak belirlenmistir.
Kuru ot verimi, her bir saksidan alinan yas drneklerinin 70 °C’de agirliklar: sabitleninceye kadar etiivde 48 saat
kurutulmasindan sonra tartilarak belirlenmistir. Hasat edilen bitkilerde iyon belirlenmesi, Shimadzu iyon
kromotografisi metoduyla yapilmistir [20]. Tiim veri analizleri igin SPSS v16.0 (SPSS Inc., NY, USA) paket programi
kullanilmistir. Veriler varyans esitlik varsayimi icin Levene testi ve normallik varsayimi icin Shapiro-Wilk testi
sirasiyla istatistiksel olarak analiz edilmistir (P>0.05). Daha sonra, veriler i¢in eslestirilmis t-testi ve bagimsiz
gruplar t-testi kullamilmistir. Veriler ortalama ile standart sapma olarak sunuldu. Tiim testler P<0.05 diizeyinde
degerlendirilmistir.

SAR =
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3. Bulgular

Toprak drneklerinin hasat dncesi ve sonrasi analiz verileri ve temel istatistikleri Tablo 1’de verilmistir. Bu veriler
incelendiginde, ECe ve pHe degerlerinde diisiislerin oldugu goriilmiistiir, bunun sebebinin genel olarak bitkinin
topraktan tuz iyonlarini kaldirmasi ve biinyelerinde biriktirebilme yetenekleri ile agiklanabilecektir. Saturasyon
stizliglinden elde edilen ¢oziilebilir iyonlardan Ca*2?, Na*, Mg+*?, K+, CI' ve SO42 degerlerinde de diisiisler
gozlenmistir. Tuza dayanikl bitkilerin yetistirildigi topraklarda, zamanla Ca*? iceriginin azalmasi, bitki koklerinin
derinlere indik¢e toprak havalanma sartlarinin iyilesmesi, topraga organik madde ilavesi sayesinde toprak pH’sini
diistirmeleri ve toprakta bulunan CO2 miktarinin artmasi sonucu CaCOsz tlirevlerinin ¢oziintirliiklerinin artmasiyla
bitkiye yarayisli forma gelmelerinden kaynaklanmaktadir [21]. Bu ifadeyi destekleyen Tablo 1'deki kireg
miktarinin kirecli tuzlu topraklarda 24.57’den 17.38’e ve kiregli tuzlu-sodik topraklarda 8.07’den 1.87’ye diislisi
yarayisliliginin artmasindan kaynaklanmaktadir. Topraktaki ¢oziilebilir Na+ degerinin tuzlu topraklarda 8.64’ten
3.99’a ve kirecli tuzlu-sodik topraklarda 68.58’den 26.03’e diisiisii ve CI- degerlerindeki azalmanin sebebinin
calisilan bitkinin topraktan tuz kaldirma yeteneginden kaynaklandigi goriilmistir (Tablo 1). Toprakta mevcut
bulunan organik ve inorganik kolloidler, negatif yiikler sayesinde katyonlar1 tutma ve yer degistirme 6zelligine
sahiptirler. Elde edilen sonuglarda, degisebilir katyon degerlerinde azalma gézlemlenmistir. Halofit bitkiler tuzlu
kosullarda diger bitkilere gore daha iyi geliserek iyon alimlarinin yiiksek olmasi, iyon degisimini tesvik etmekte
ve topraktaki degisebilir katyon miktarini da azalan yonde etkilemektedirler [22].

Organik madde icerigi artan topraklarda ortaya ¢ikan COz ve organik asitler, kalsiyum kaynakli mineralleri ¢ozer
ve Ca*?'nin topraktaki elverisliligini arttirarak degisim komplekslerindeki Na* birikimini dnler [23]. Calismada
deniz borilcesi bu durumu destekler nitelikte sonuglar vermistir. Deniz boriilcesinin topraga biraktigi organik
madde, striiktiir olusumuna katki saglamis ve buna bagh olarak kok bélgesinde degisebilir iyon konsantrasyonun
artmasiyla sodyumun kolloid yiizeylerinde tutunma oranini azaltmistir. Bitki, serbest halde bulunan sodyumu
biinyesine alip depolamistir. Dolayisiyla degisebilir Na* degerlerinde azalma goézlenmistir (Tablo 1). Halofit
bitkiler ytiksek oranda kok biyomasi iirettikleri i¢cin toprak organik madde igerigini artirmaktadirlar. Bu durum
toprakta sodiklesmenin olusturdugu olumsuz etkiyi engelleme agisindan olduk¢a 6nemlidir [24].

Tablo 1. Deniz boriilcesi hasat 6ncesi ve sonrasinda Kiregli tuzlu ve tuzlu-sodik topraklarin kimyasal 6zellikleri

Topraklar ve parametreleri Hasat 6ncesi Hasat sonrasi
Kirecli tuzlu toprak

pH 7.81£0.032 7.7240.14b
Kire¢ (CaCOs3) (%) 24.57+1.862 17.38+1.67P
Cozilebilir Na(meq 1) 8.64+0.31a 3.99+0.03b
Degisebilir Na (meq 100g1) 1.35+£0.042 0.20+0.01b
Cozilebilir Ca (meq 1) 44.12+1.392 26.84+1.79b
Degisebilir Ca (meq 100g1) 8.06x0.192 4.88+0.96b
Coziilebilir Mg (meq 11) 7.51+0.21a 3.47+0.05b
Degisebilir Mg (meq 100g-1) 0.07+£0.002 0.05+0.00®
Cozilebilir K (meq 1-1) 1.10+0.052 0.48+0.03b
Degisebilir K (meq 100g-1) 0.03+0.002 0.01+0.00®
Cl (meq 1) 4.76+0.312 2.24+0.17v

Kirecli tuzlu-sodik toprak

pH 8.52+0.032 7.88+0.14b
Kire¢ (CaCO3) (%) 8.07+0.132 1.87+0.31b
Coziilebilir Na(meq 1-1) 62.22+0.312 31.90+0.03b
Degisebilir Na (meq 100g1) 68.58+0.042 26.03+0.01b
Coziilebilir Ca (meq 11) 27.62+1.392 13.40+1.79b
Degisebilir Ca (meq 100g-1) 9.06+0.192 2.84+0.96b
Cozilebilir Mg (meq 11) 120.54+0.212 30.42+0.05Pb
Degisebilir Mg (meq 100g1) 0.69+0.002 0.23+0.00°
Coziilebilir K (meq I-1) 10.73+0.052 4.09+0.03b
Degisebilir K (meq 100g-1) 0.05+0.002 0.02+0.00®
Cl (meql1) 183.73+0.312 62.06+0.17b
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Deniz boriilcesinin, kiregli tuzlu ve tuzlu-sodik toprak lizerindeki 1slah etkisi, hasattan sonra asagidaki denklem
kullanilarak, iyon alimiyla belirlenmis.

(Sijon—conc)*(SDW)
1000
MWion

Sion — removal =

(2)

Sion-removal: hasattan sonraki iyon alimi1 (mmol saks1), Sion-conc: hasat edilen bitkideki iyon konsantrasyonu (mg
kg1), SDW: bitki kuru agirhigr (g saksil) ve MWion: iyonun molekiiler agirhigidir [25]. Calisma sirasinda
topraklardan kaldirilan toplam iyon (tuz) miktari, Denklem 2 kullanilarak hesaplanmistir ve degerler Tablo 2'de
kg da! olarak verilmistir. Deniz bériilcesi kiregli tuzlu toprakta ECe degerini 4.31 dS mden 1.59 dS m'ye ve
tuzlu-sodik toprakta ise 8.07 dS m'! den 1.87 dS mye diisiirdiigii gorilmistiir. Deniz boériilcesi, kiregli tuzlu
topraktan 56.52 kg/da, kiregli tuzlu-sodik topraktan ise 71.57 kg/da! tuz kaldirmistir. Topraktaki sodikligin
ifadesi olan SAR degerini de 31.03’ten 20.82’ye diisiirdigii goriilmistir. Elde edilen sonuclara gore, deniz
boériilcesinin kiregli tuzlu-sodik toprakta daha fazla iyon kaldirma potansiyelinin oldugu goriilmiistiir. Bu sonug,
Tablo 2'de verilen ECe ve SAR degerleri ile de desteklenmistir. Bitki kuru agirlik degerlerine bakildiginda, kirecli
tuzlu toprakta 5.83 g/saks1'! olan deger kirecli tuzlu-sodik toprakta 4.88 g/saksi-! olmustur. Kuru agirlik degerinin
kiregli tuzlu-sodik toprakta daha diisiik olmasina karsin, bitkinin topraktan iyon kaldirma potansiyelinin daha
yiiksek oldugu goriilmiistiir. Bu durum bitkinin tuz degeri, digerinin nerede ise iki kat1 olan kirecli tuzlu-sodik
topraktaki %76 oranindaki ECe deki diisiis ile agiklanabilecektir.

Tablo 2. Hasat 6ncesi ve sonrasinda belirlenen bazi toprak ve bitki parametreleri
Tuz kaldirma Kuru agirhik

ECe (dS m1) SAR (kg/da1) (g/saks11)
Toprak Once Sonra Once Sonra Sonra Sonra
Kiregli tuzlu 4.31+0.132  1.60+0.31b - - 56.52+3.78a 5.83+1.73a
Kirecli
tuzlu-sodik  8.07+0.132 1.87+0.31b 31.03+2,672  20.82+0,43>  71.57+4.53b 4.88+0.932

3.1. Bitki gelisimi ve iyon icerikleri

Toprak iyon iceriklerinin azalmasini destekler nitelikteki bitki iyon icerikleri Sekil 2’de gosterilmistir. Hasat edilen
bitkilerin iyon igeriklerine bakildiginda, degerlerde artislar gbzlenmistir. Sonuglar deniz bériilcesinin, ¢alisilan
topraklarin iyilestirilmesine doniik bazi 6zellikleri tizerinde 6nemli bir etkiye sahip oldugunu géstermistir. Toprak
cozeltisindeki Na* ve Cl-'nin deniz boriilcesi tarafindan alinip biriktirilmesi sonucu, bitkideki bu iyonlarin igeriginin
arttigl gozlemlenmistir. Bu durum bitkinin toprak 1slahi iizerindeki etkisini degisebilir ve ¢oziinebilir Na* de-
gerlerinin yaninda ¢6ziinebilir Cl- degerlerinde de ortaya ¢ikmis olan diisiislerle géstermistir. Tuzcul bitkiler, fazla
miktarda Na* ve Cl- tuzlarini alip yapraklarinda biriktirerek tuzluluktan zarar gérmezler. Bu bitkiler, yapraklarda
biriktirdikleri tuzlar1 topraktaki diisiik ozmotik potansiyeli ayarlamak i¢in kullanirlar. Ozmotik potansiyeli
ayarlamanin énemli bir yani, biriken tuzlarin hiicre vakuollerinde izole edilmesidir. Boylece, tuz sitoplazma ve
organellerinde diisiik oranlarda tutularak, metabolizma ve enzim aktivitesinin zarar gérmesi dnlenmektedir [22].
Topraktaki Ca*Z kaynag, bitki gelisimine paralel olarak ortamdaki ¢6ziiniirliigii artan kalsit mineralidir. Bu
durumu, hasat sonrasi miktar1 diisen kire¢ degerleri desteklemektedir. Ortamdaki kalsiyum, degisim
ylzeylerindeki sodyumla kolayca yer degistirir ve toprakta agregatlasmayi tesvik eder [26]. Degisim yiizeylerinde
Ca*?’nin artmasi ve serbest hale gelen Na*nin bitki tarafindan alinmasi, SAR degerindeki %33’liikk diisiis ile
gozlemlenmistir (Sekil 2 ve Tablo 2). Bitkideki SO4 artisinin siilfat tuzlar1 yaninda biiytik oranda jips mineralinden
gelmis olabilecegi 6ngorilmistir.
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Sekil 2. Kirecli tuzlu ve tuzlu-sodik topraklardan hasat sonrasi bitki iyon icerikleri ve iyon konsantrasyonlari

Bitki gelisimine dair Sekil 3-A’daki sonugclara bakildiginda, kiregli tuzlu toprakta bitki boyu ortalama 12.33 cm
iken kiregli tuzlu-sodik toprakta 9.0 cm olarak 6l¢iilmiis olup, Sekil 3-B’deki yas agirlik degerleri ise kirecli tuzlu
toprakta 76.77 g saksi! olurken, digerinde 68.35 g saksi! olarak belirlenmistir ve degerler istatistiksel olarak
anlamli bulunmustur (p<0.05).
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Sekil 3. Kirecli tuzlu ve tuzlu-sodik toprakta yetistirilen deniz boriilcesinin bitki boyu (A) ve yas agirligi (B)
4. Tartisma ve Sonug¢

Elde edilen sonuglar incelendiginde, deniz bériilcesinin, kirecli tuzlu-sodik topragin ECe degerini 8.07 dS m! den
1.87 dS m™ye, kireg¢li tuzlu toprakta ise 4.31 dS m'den 1.59 dS m7ye diisiirdiigii gorilmiistir. Bitkilerin
topraktan kaldirdiklari tuz miktarina bakildiginda, deniz bortlcesi kiregli tuzlu-sodik topraktan 71.57 kg da! tuz
kaldirirken, kiregli tuzlu topraktan ise 56.52 kg da! tuz kaldirmistir. Deniz bériilcesinin, sodikligin ifadesi olan
SAR degerini de 31.03'ten 20.82'ye diisiirdiigii gorilmistiir. Deniz borilcesi, kirecli tuzlu ve tuzlu-sodik
topraklarda gelisimini normal olarak devam ettirmis fakat 6zellikle kiregli tuzlu topraklarda daha iyi gelisim
gostermistir. Bitkinin iyilestirici etkisi 6zellikle kirecli tuzlu-sodik toprakta daha iyi olmustur. Diinyada tarim
arazilerinin sinirl oldugu ve besin ihtiyacinin katlanarak arttig1 dikkate alinirsa en azindan mevcut arazilerin daha
verimli kullanilmas1 gerektigi ortaya ¢ikar. Bu yiizden kirecli tuzlu topraklarin islahi ve ekonomik bir sekilde
degerlendirilmesi son derece oOnemlidir. Deniz boriilcesi tuzluluga dayanikli bir bitki oldugundan, tuzlu
topraklarin degerlendirilmesinde 6nemli bir yer teskil eder. Ayrica bu bitkinin tiiketilebilir olmasi diger tuzluluga
dayanikl yabani bitkiler arasinda 6ne ¢ikmasina neden olmaktadir. Bu nedenle deniz boriilcesinin bu kiregli tuzlu
topraklarda yetistirilmesinin saglanmasi tilkemiz i¢cin ekonomik agidan biiyiik bir kazang saglayacaktir.
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Tiim veriler incelendiginde, calismada kullanilan deniz bériilcesi, tuzluluk ve sodiklik sorununa yonelik iyi sonug
vermis ve Harran Ovasi'nda biyolojik bir 1slah materyali olarak 6nemli bir potansiyele sahip olabilecegini
goOstermistir.
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Abstract: This study investigates the influence of microwave (MW) curing on the
strength development of geopolymer. Since applying conventional oven heat curing
makes the heat move from the outer edge to the center of the specimen, it leads to a
non-uniform of distributing heat within the specimen, which affects the mechanical
properties of the geopolymer. On the other hand, the use of MW reduces the curing
time and allows uniform heat distribution within samples, and provides higher
mechanical properties in a short period. The influence of conventional heat curing
and MW curing on class F fly ash based geopolymer activated with sodium
hydroxide and sodium metasilicate was investigated. The conventional heat curing
was applied at 75 and 90°C for 6 and 24 hours; on the other hand, additional MW
curing was applied for a different period (5-60 minutes) and different energy level
(100, 180 and 300W) on hardened geopolymer samples cured with conventional
oven curing. The results show that the use of conventional heat curing for 6 hours,
followed by MW curing, gave higher or equivalent strength compared to only
conventional heat curing. While 24 hours conventional heat curing results with a
geopolymer having 39.1 MPa compressive strength, 6 hours conventional heat
curing followed by 1 hour MW curing at 180W energy level results with a
geopolymer with compressive strength in the order of 80 MPa.

Mikro Dalga Kiiriiniin F Sinifi Tabanl Geopolimer Har¢larin Dayanim Gelisimine EtKisi

Anahtar Kelimeler
Ugucu kiil,
Geopolimer,
Mikrodalga kiirt,
Dayanim

0z: Bu calismada, mikrodalga (MW) Kkiiriiniin geopolimerin dayamim gelisimi
iizerindeki etkisi arastirilmistir. Geleneksel 1siyla firin kiiriinde, 1s1 numunenin dis
kenardan numune merkezine dogru hareket etmekte ve bu durum numune iizerine
iiniform olmayan bir 1sinmaya neden olarak geopolimerlerin mekanik 6zelliklerini
etkilemektedir. Ote yandan, MW kullanimi1 numuneler icinde homojen 1s1 dagilimina
olanak saglayarak kiirleme siiresini azaltmakta ve kisa siirede daha yiiksek mekanik
ozellikler elde edilmesini saglamaktadir. Calismada sodyum hidroksit ve sodyum
metasilikat ile aktive edilmis F simnifi ugucu kiil bazli geopolimerler iizerinde
geleneksel 1s1l kiir ve MW kiirt etkileri arastirllmistir. Geleneksel 1s1l kiir 75 ve
90°C'de 6 ve 24 saat siireyle numunelere uygulanmistir. Mikrodalga kiiri ise
geleneksel 1s1l kiir ile kiirlenen sertlestirilmis geopolimer numunelere farkli stire (5-
60 dakika) ve farkli enerji seviyelerinde (100, 180 ve 300W) ilave olarak
uygulanmistir. Elde edilen sonuglara gére 6 saat boyunca geleneksel 1s1l kiir ile
sertlesen numunelere MW kiirii uygulanmasi durumunda, yalnizca geleneksel 1sil
kiir ile dayanim kazanan numunelere kiyasla daha ytiksek veya esdeger bir dayanim
elde edildigi gorillmiistiir. 24 saat geleneksel 1s1l kiir sonucu 39,1 MPa basing
dayanimina ulasan bir geopolimer, 6 saat geleneksel 1si1l kiir sonras1 180W enerji
seviyesinde 1 saat MW kiirtine tabi tutuldugunda 80 MPa civarinda basin¢ dayanimi
elde edilmistir.
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1. Introduction

Over the last decades, it has seen an increasing interest in the production of cement and its effect on the
environment. However, 8% of world carbon dioxide emits from factories that produce cement. Since every ton of
produced cement emits about 0.65 to 0.95 tons of COz considering the using of fuel and the clinkering processes
and the type of cement. In the production of cement, about 55% of the emission comes in the stage where CaCO3
(limestone) turns to CaO (lime) and about 40 % of CO2 emission comes from the combustion processes needed to
reach 1450 C°[1].

Furthermore, common drawbacks of conventional concrete like the low resistance against acids, salts and low fire
and thermal resistance (over 500 °C). So, finding new alternative material is desirable. One of the alternative
substitutes for cement-based binders is geopolymers.

Geopolymers, in general, are inorganic materials that are produced by activating alumina-silicate materials such
as fly ash, natural pozzolans, zeolite, etc. by alkaline solutions (activator) such as sodium hydroxide, potassium
hydroxide, water glass (potassium silicate solution) and sodium carbonate.

The reaction starts with the dissolution of aluminate and silicate from origin material then gelation and
intensification forming silico-aluminates with a 3D network. The activation requires heat as an external energy
source in order to form alkali alumino-silicates. In order to get good mechanical and physical properties for the fly
ash geopolymers heat curing increases in the range of 30°C to 90°C [2].

Geopolymers provide:

-In compressive strength wise provide high compressive strength. [3]

-Good resistance properties against fire [4-6].

-High resistance for different salt solutions and acids. [7]

-High resistance to sulfates. [8]

Also, the production cost of geopolymers comparing to that of cement is considerably lower due to the reuse of
post-consumer wastes and industrial byproducts as a partial or full replacement for the Portland cement and
reduce the emission of CO2 [4], [9].

However, geopolymers applications were limited because they need a long heat curing time (4-96 hr.) [2] also,
applying conventional heat curing makes the heat moves from the outer edge to the center and leads to a non-
uniform of distributing heat within the specimens, which effects on the mechanical properties of the geopolymer.
On the other hand, the using of MW reduces the curing time and allows to uniform heat distribution within
samples, where the heating process occurs within the sample on the molecular level [10].

MW heating is done by generating an electromagnetic wave with a range of frequency of 300 MHz to 30 GHz, then
the interaction of specimen molecules with the electromagnetic field leads to convert the electromagnetic energy
to thermal energy. This thermal energy will affect by improving the kinetics of the reaction and leads to an increase
in the gaining of the strength [10].

This study investigates the effect of conventional and MW curing on the strength development of geopolymer
activated with different activators. Also, temperature development has been investigated.

2. Material and Method

2.1.Fly ash

In this research, class F type fly ash was used with the amount of total SiO2 + Al203+Fe20s3 is higher than 70%, and
the amount of CaO is lower than 10% which according to EN 450-1 [11] and ASTM C618 [12] as low lime ash (class
F fly ash). Specific gravity and specific area of fly ash were 2.39 g/cm3and 3000 cm?/g respectively [13]. Chemical
compositions of fly ash were presented in Table 1

Table 1. The chemical composition of fly ash used
Oxide % Si0  Al0s Fez20s3 Ca0 MgO SOs Na:0 K20 LOI

Fly ash 6181 19.54 7.01 1.77 256 031 243 0.99 22
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2.2, Water
In preparation of mortar tap water taken from the city, supply was used.
2.3.Sand

Rilem-Cembureau Standard sand was used in the preparation of the mortar mixture. Grading of CEN standard sand
was given in Table 2.

Table 2. Grading of CEN standard sand

Sieve size (mm) 2 1.6 1 0.5 0.16 0.08
Cumulative % 0 7 33 67 87 99
Standards % 0 7+5 33x5 675 87+5 99z1

2.4. Sodium Hydroxide
The chemical composition of sodium hydroxide (NaOH) used in the mixture is given in Table 3.

Table 3. The chemical composition of NaOH that used for activating geopolymer
Oxide % NaOH  Na:CO0s Cl S04 Pb Al Fe

NaOH 297 <1 <001 <001 <0.002 <0.002 <0.002

2.5. Sodium Metasilicate
The chemical composition of sodium metasilicate used in the mixture was given in Table 4.

Table 4. The chemical composition of Sodium Metasilicate used for activating geopolymer
Molar ratio Weight ratio SiO2 Naz0

0.94 0.91 44.94 49.38

2.6. Microwave

For MW curing household commercial microwave (Samsung MW71B) was used with a range of power 100-800W
and frequency of 2.45 GHz. The microwave oven used for MW curing was given in Figure 1.

Figure 1. Microwave used for MW curing

2.7. Infrared thermometer
The temperature of the sample surface measured using an infrared thermometer (BM380) with an emissivity of

0.95 and measuring range (-32~550°C). Figure 2 shows the infrared thermometer used for temperature
measurement.

120



<

b

Figure 2. Infrared thermometer [14]

2.8 Mixture preparation

Fresh geopolymeric mortar mixtures were prepared using fly ash, sand, water and alkali activator. Mixture
proportions in a mass basis were 1; 3; 0.3; fly ash, sand, water, respectively. The sodium amount used was 10% of
fly ash amount in a mass basis. Alkali solution was prepared using sodium hydroxide and sodium metasilicate
separately. For the mixture that was activated with sodium hydroxide, the alkali solution was prepared by mixing
sodium hydroxide with water (80 g of sodium hydroxide with 135 g of water were mixed and the solution was left
to cool down for one day), then alkali solution was mixed with 450 g of fly ash for 30 s, and 1350 g of sand was
added to the mixture and mixed for 4 minutes in a mixer. The mixture was molded and vibrated for 2 minutes in a
prismatic mold for compaction.

On the other hand for the mixture that was activated with sodium metasilicate, the mixture was prepared by
mixing 120 g of sodium metasilicate with 450 g of fly ash manually for several seconds in dry condition, then 160
g of water was added to mixture and mixed for 30 s, consequently 1350 g of sand was added to mixture and mixed
for 4 minutes. The fresh mixture was molded and vibrated for 2 minutes in the three-cell prismatic mold for
compaction. Mixture proportions of geopolymeric mixtures were presented in Table 5, for three-cell prismatic
mold which molds three 40x40x160 mm3 prismatic samples.

Table 5. Mix proportion of mortar

Mixture Fly ash (g) Activator (g) Water (g) Sand (g)
Sodium hydroxide 450 80 135 1350
Sodium metasilicate 450 120 160 1350

2.9 Conventional curing

The control geopolymer samples were cured in a conventional way for 6 and 24 hours at 75 and 90°C at the
laboratory oven. After oven curing control samples were cooled down to room temperature in the laboratory
environment then strength testing was carried out.

The geopolymer mortar samples to be cured in MW oven were cured 6 hours by oven curing to obtain a hardened
sample at 75°C and 90°C temperature, separately. Oven curing time of 6 hours was obtained by pre-trial oven
curing. Lower oven curing duration (i.e. 5 hours or lower) result with a softer sample that could not be handled
for de-molding. After curing in an oven for six hours, these samples were cured in MW oven for some period
presented in the following section.

2.10 Microwave curing

Fly ash based geopolymer mortar samples activated with NaOH after 6 hours of conventional curing, the samples
were cured in MW oven for 5, 10, 15, 30, 45, and 60 minutes at 100, 180, and 300W of MW energy. After additional
MW curing the samples were cooled down to room temperature which was about 22°C before strength testing.
During MW curing due to the very high energy level of 300W, MW curing time was stopped at 30 minutes.

The samples activated with sodium metasilicate and cured in oven for 6 hours, were additional cured in MW oven
for5, 10, 15, 30, 45, and 60 minutes at only 180W of MW energy, since 180W energy level was found to be optimal
and applicable energy level that was obtained from the results of geopolymer samples activated by sodium
hydroxide.
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2.11 Flexural Strength

Flexural strength test was performed according to TS EN 1015-11 standards [15], in flexure test 40x40x160 mm3
samples were used. The flexural test performed under three-point loading and opening between supports was 100
mm. The flexural strength result was obtained by taking the average of three prismatic specimens.

2.12 Compressive Strength

The compressive strengths were obtained using two broken prismatic parts obtained from the flexural strength
test. The compression test was applied according to TS EN 196-1 standard [16]. The compressive strength result
was obtained by taking the average of six pieces with a loading area of 40x40 mm?.

3. Results
3.1 Compressive and Flexural Strength development of NaOH activated geopolymer
a. Compressive strength of conventional cured mortar

Compressive strengths of NaOH activated geopolymer samples cured in a conventional oven for 6 and 24 hours at
75 and 90°C were shown in Table 6. It can be observed from Table 6 that, the increase in temperature from 75 to
90°C leads to an increase in the compressive strength of geopolymer which is found to be in line published
materials [10], [17]-[20]. Also, an increase in curing time from 6 hours to 24 hours results with an increase in
compressive strength supporting literature findings [21]. Six hours oven curing at 75°C, result with a compressive
strength in the order of 5 MPa. However, 24 hours oven curing results with 36 MPa compressive strength.
Moreover, six hours oven curing at 90°C, result with a compressive strength in the order of 25 MPa. However, 24
hours oven curing results with 40 MPa compressive strength.

Table 6. Compressive strength of oven geopolymer samples activated with NaOH (MPa)

Time (hour) 75°C 90°C
6 5.4 24.0
24 36.0 39.1

b. Compressive strength development of MW cured mortar after 6 hour oven curing

Compressive strength of NaOH activated geopolymer mortar samples cured additionally with microwave oven
was presented in Table 7 and Table 8. These compressive strengths were obtained from samples cured for 6 hours
in conventional curing at 75°C and 90°C and followed additional MW curing for different time duration as well as
different MW energy level. Table 7 presents the compressive strength of additional MW cured samples after 6
hours at 75°C oven curing.

Table 7. Compressive strength of MW cured samples after 75°C oven curing (MPa)

Time (min.) 100w 180W 300W
5 5.4 8.2 9.5
10 5.4 8.3 32.2
15 5.8 13.3 64.0
30 6.7 32.0 67.2
45 11.7 66.0 NA
60 11.3 77.0 NA

Table 7 shows that the use of 100 W of MW power leads to slow development in compressive strength. Until 30
minutes, 100W energy level did not influence strength development, significantly. Furthermore, application of MW
curing for 45 and 60 minutes at 100W level increased compressive strength of the sample, nearly doubled the
strength values in comparison to 30 minutes curing, however, strength value was in the order or 10 MPa.
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It can be observed from Table 7 that the influence of the application of 180W level MW curing on strength
development was not very high until 10 minutes curing time, however, it becomes visible for 15 minutes MW
curing. MW curing for 30 minutes at 180W level developed 32 MPa compressive strength, which is comparable to
24 hours conventional oven curing results, 36 MPa. Furthermore, 45 and 60 minutes MW curing at 180W level
developed 66 MPa and 77 MPa compressive strength values, respectively.

Influence of MW curing at the 300W level on compressive strength of geopolymer mortar becomes visible even
for 5 minutes curing time compared to 6 hours oven curing. Application of MW curing for 10 minutes at 300W
developed 32 MPa compressive strength that was comparable to 24 hours oven curing result. Moreover, 15
minutes curing time at 300W level gave 67 MPa compressive strength that was equivalent to the results of 45
minutes curing at the 180W level. However, 30 minutes curing time at 300W did not improve strength much, in
comparison to 15 minutes at 300W. It should be noted that applying MW curing longer than 30 minutes at 300W
caused some disturbing cracking noises and spallings were observed on samples. MW power of 300W and higher
energy levels lead to an increase in the temperature in the sample above 100°C (boiling temperature for water),
which leads to rapid evaporation that might cause internal stress and pores [22] as shown in Figure 3.
Subsequently, 45 and 60 minutes MW curing at 300W level was not carried out.

Figure 3. The effect of 300 W of MW curing on the sample after 30 minutes [14]

Table 8 presents the compressive strength of additional MW cured samples after 6 hours at 90°C oven curing. It
can be seen from Table 8 that until 15 minutes MW curing at the 180W energy level, compressive strength
development of geopolymer mortar was not visible, since 6 hours oven curing developed 24 MPa strength, and 15
minutes MW curing increased this value to 26 MPa. However, increasing MW curing time to 30, 45 and 60 minutes
result with a significant increase in compressive strength and the values become 34 MPa, 71 MPa and 79 MPa,
respectively, which means 42%, 200% and 233% increase in compressive strength in comparison to only 6 hours
oven curing compressive strength. On the other hand application of MW curing at 300W level, 5 and 10 minutes
additional curing, improved the compressive strength of samples an average of 25% and 30%, in comparison to 6
hours counterpart reference geopolymer. However, 15 minutes curing time result with high strength at about
60MPa which means more than 100% increase in compressive strength compared to 6 hours oven curing.
Furthermore, 30 minutes MW curing gave 66 MPa compressive strength.

Table 8. Compressive strength of MW cured samples after 90°C oven curing (MPa)

Time (min.) 180 W 300w
5 min. 25.6 29.0
10 min. 25.9 32.4
15 min. 26.0 58.0
30 min. 34.6 66.0
45 min. 71.6 NA
60 min 79.5 NA

Comparison between 24 hours oven curing result and MW curing at 180W and 300W showed that 300W level
energy catches 24 hours curing results at 10-15 minutes of MW curing application, while 180W energy level
catches 24 hour oven curing results at about 30 minutes of MW curing time. Based on these observation and results
obtained, it was concluded that the increase in curing time of MW heating increased compressive strength. It was
found that 180W MW energy level was optimal and applicable energy level for MW curing application. In such a
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short time about 7 hours, meaning 6 hours conventional oven curing followed by 1 hour MW curing at 180W level
developed high compressive strength from fly ash based sodium hydroxide activated geopolymer mortar. Also, it
can be concluded that the final strength of samples was not significantly influenced from initial oven temperature.
Compressive strengths of samples cured additionally one hour at the 180W energy level, cured initially at 75°C
and 90°C before MW curing, were 77 MPa and 79 MPa, respectively. Similarly, they were 67 MPa and 66 MPa for
300W energy level at 30 minutes MW curing time. This efficient compressive strength development attributed to
MW curing that provides uniform distribution of heat within the sample and improves the geopolymerization and
increases the strength of geopolymer in a short period.

c. Flexural strength of Conventional cured mortar

Flexural strengths of reference control samples cured with conventional heat curing for the different temperatures
at 75°C and 90°C for 6 hours and 24 hours curing duration were presented in Table 9. The flexural strength of
samples cured at 75°C for 6 hours was 1.3 MPa, it was 5.3 MPa for 90C temperature curing. Applying 24 hours heat

curing increased flexural strength in comparison to 6 hours curing.

Table 9. Flexure strength of control samples activated with NaOH (MPa)

Time (hour) 75°C 90°C
6 1.3 5.3
24 6.7 7.7

d. Flexural strength of MW cured mortar after 6 hours oven curing

Geopolymer mortar samples activated with sodium hydroxide and cured for 6 hours at 75°C temperature were
additionally cured with MW oven and flexural strength of samples were presented in Table 10.

Table 10. Flexural strength of samples cured at 75°C followed by MW curing (MPa)

Time (min.) 100w 180W 300W
5 1.3 2.9 2.3
10 1.4 2.9 6.1
15 1.6 3.6 13.3
30 2.4 4.5 12.3
45 3.9 11.0 NA
60 3.9 12.8 NA

It can be seen from Table 10 that 100W energy level of MW curing for 5 minutes did not improve flexural strength
compared to only oven curing for 6 hours. However, an increases in MW curing time improved flexural strength.
Improvement was found to be similar to compressive strength development. MW curing of specimens for 60
minutes developed 3.87 MPa flexural strength for 100W energy level. Moreover, the application of MW curing for
180W energy level, significantly improved flexural strength starting from 5 minutes to 60 minutes, the flexural
strength of 5 minutes MW curing was 2.9 MPa while control was 1.3 MPa. Increasing MW curing time to 60 minutes
developed 12.8 MPa flexural strength. Similar flexural strength was obtained from 300W energy level for 15 - 30
minutes MW curing time. It should be noted that the highest flexural strength value obtained in this study is in the
order of 13 MPa which was considered in the literature as high flexural strength.

Geopolymer mortar samples activated with sodium hydroxide and cured for 6 hours at 90°C temperature was
additionally cured with MW oven and flexural strength of samples were presented in Table 11.

It can be seen from Table 11 that the flexural strength development trend during MW curing was found to be
similar to its counterpart compressive strength for samples cured initially at 90°C prior to MW curing application.

This was valid for both energy levels of MW, 180W and 300W.

MW curing at 180W energy level developed such flexural strength in the order of 14 MPa for 60 minutes MW
curing time. However, MW curing at 300W for 30 minutes gave 11 MPa flexural strength.
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Table 11. Flexural strength of samples cured at 90°C followed by MW curing (MPa)

Time (min.) 180W 300W
5 5.4 5.5
10 5.7 6.3
15 6.5 11.5
30 6.8 11.5
45 12.3 NA
60 13.6 NA

3.2. Compressive and Flexural Strength Development of Sodium meta-silicate activated geopolymer
a. Compressive strength of conventional cured mortar

Compressive strengths of sodium metasilicate activated geopolymer samples cured in an oven for 6 and 24 hours
at 75 and 90°C were shown in Table 12. Table 12 shows that, the increase in temperature from 75 to 90°C caused
an increase in the compressive strength of geopolymer which is found to be in line published [10], [17]-[20] Also,
increase in curing time from 6 hours to 24 hours results with an increase in compressive strength supporting
literature findings [21]. The compressive strength of sodium metasilicate activated fly ash based geopolymer was
found to be satisfactory even at 6 hours oven curing which is 30 and 44 MPa for 75°C and 90°C temperature, while
they were 63.2 and 65.1 MPa for 24 hour oven curing, respectively. Comparison between oven cured compressive
strength of geopolymer mortar activated with sodium hydroxide and sodium metasilicate shows that compressive
strength of sodium silicate activated geopolymer was superior to the compressive strength of sodium hydroxide
for both temperature 75°C and 90°C and for curing time 6 and 24 hours (see Table 6 and Table 12). Higher oven
curing temperature result with higher compressive strength. Longer oven curing time provided higher
compressive strength.

Table 12. CS of oven cured geopolymer samples activated with sodium metasilicate (MPa)

Time (hour) 75°C 90°C
6 30.1 44.8
24 63.2 65.1

b. Compressive strength development of MW cured mortar after 6 hours oven curing

Compressive strength of geopolymer mortar cured by additional MW curing after 6 hours oven curing was
presented in Table 13, at 75°C and 90°C temperature. As it was mentioned above that curing with the 180W energy
level in MW curing was found to be optimal level, sodium metasilicate activated geopolymer mortar samples were
cured at only 180W energy level for different MW curing duration.

A close observation of Table 13 shows that additional MW curing application increased the compressive strength
of geopolymer mortar in comparison to only 6 hours oven curing. It could be stated that 30 minutes additional
MW curing was found to be adequate for sodium metasilicate activated geopolymer since compressive strength of
samples did not show any more development after 30 minutes MW curing time. This curing time developed at
about 65MPa compressive strength from sodium metasilicate activated geopolymer mortar. After 30 minutes of
MW curing, some reduction was observed in compressive strength. This reduction could be due to long curing time
leads to a high temperature which causes moisture loss which is causes micro-cracks in the sample that leads to a
reduction in the compressive strength[10].

However, for both initial oven curing temperature 75°C and 90°C, maximum compressive strength was in the
range of 65MPa, which could be accepted as high compressive strength.
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Table 13. Compressive strengths of 180 MW cured samples after 75°C and 90°C oven curing (MPa)

Time (min.) 75°C 90°C
5 32.7 46.0
10 34.4 46.1
15 51.1 46.8
30 65.5 63.4
45 61.2 58.7
60 59.8 56.3

c. Flexural strength of Conventional cured mortar

Flexural strengths of reference control samples activated with sodium metasilicate and cured with conventional
oven curing at 75°C and 90°C for 6 hours and 24 hours curing duration were presented in Table 14. The flexural
strength of samples cured at 75°C for 6 hours was 6.8 MPa, it was 9.4 MPa for 90°C temperature curing. Applying
24 hours heat curing increased flexural strength in comparison to 6 hours curing. For both temperature curing 24
hours oven curing developed flexural strength in the order of 10 MPa.

Table 14. Flexure strength of control samples activated with sodium metasilicate (MPa)

Time (hour) 75°C 90°C
6 6.8 9.4
24 10.4 10.2

d. Flexural strength of MW cured mortar after 6 hours oven curing

Geopolymer mortar samples activated with sodium metasilicate and cured in a oven for 6 hours at 75°C at 90°C
temperature were additionally cured with 180 MW and the flexural strength of samples were presented in Table
15.

Table 15. Flexural strengths of 180 MW cured samples after 75°C and 90°C oven curing (MPa)

Time (min.) 75°C 90°C
5 7.4 9.1
10 7.6 8.6
15 8.4 9.1
30 10.6 10.2
45 12.3 11.6
60 10.2 11.0

It can be seen from Table 15 that 5 minutes additional MW curing did not significantly improve flexural strength
in comparison to only oven curing for 6 hours for both initial curing temperatures. However, the increase in MW
curing time significantly improved flexural strength. Improvement was found to be similar to compressive
strength development. MW curing of specimens for 45 minutes developed 12.3 MPa and 11.6 MPa flexural
strength, for 75°C and 90°C initial oven curing temperature, respectively.

3.3. Temperature profile

Variation of temperature profile on the surface of a MW cured geopolymer sample was measured. This
measurement was not carried out for all specimens, and mixture, and MW energy levels. It was carried out on a
sample for a specific mixture, at the 180W energy level, since 180W energy level was found to be the practical and
optimal value. Temperature profile development was measured on three prismatic samples and an average of
three measurements were taken as temperature measurements. Temperature variations on samples for different
MW curing duration were given in Table 16.
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Table 16. Temperature development for 180 W of MW energy of samples cured 6 hours in oven at 75°C

Time (min.) 180 W
5 83
10 101
15 107
30 115
45 147
60 152

Table 17 shows temperature on the surface of samples reaches to 83C in 5 minutes. It increases as MW curing time
increases and it gets 152C for 60 minutes of MW curing application. The increase in temperature profile was found
to be parallel to the development of strength properties, as the temperature increases the compressive strength

and flexural strength of geopolymer mortar increases.
4. Discussion and Conclusion

Following conclusions were made from the laboratory study.
1-It was concluded that 100W energy level of MW curing was not sufficient. However, the optimal energy level for
MW curing was found to be 180W for proper strength development of geopolymer mortar.

2-MW curing at 180W energy level for one hour curing duration results in compressive strength in the order of 80
MPa for NaOH activated geopolymer. In the same manner, it results with flexural strength in the order of 13 MPa.

3-MW curing at a 180W energy level for thirty minutes hour curing duration results from a compressive strength
in the order of 65 MPa for sodium metasilicate activated geopolymer. In the same manner, it results with flexural
strength in the order of 11 MPa.

4-Although, there was a significant difference between the strength of six hours oven cured samples at the initial
curing temperature of 75°C and 90°C, there was no significant difference between 24hours oven cured strength of
geopolymer samples. Moreover, there was no significant difference between the final strength of additional MW
cured samples initially cured at 75°C and 90°C. This is valid for each activator separately.

5-NaOH activated geopolymer mortar developed higher strength than that of activated sodium metasilicate
samples.

6-NaOH activated geopolymer samples needed sixty minutes additional MW curing, while sodium metasilicate
samples needed thirty minutes to develop optimal highest strength.

7-1t was found that 300W energy level for MW curing is dangerous and not practical, since it cracks and explodes
samples due to very high MW energy.

8-Temperature profile development and strength development were found to be in line, and they support that
higher temperature results with more geopolymeric reaction and higher strength.

9-MW curing treatment can considerably reduce heat curing time of geopolymer sample.
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Keywords Abstract: In the scope of the study, base papers prepared according to INGEDE 11p
Offset,‘ standard are used to be recycled. These recycled papers are subjected to pulping,
h?lii?en storage, flotation, bleaching and paper production processes, respectively, using
Rec]yciing, some methods. The optical and physical properties of the produced papers are

CMYK determined, respectively. Later, offset, laserjet and inkjet prints are made on these
papers. After this stage, color measurements of these printed papers are made with
spectrophotometer and their printability is examined with some parameters.
According to the study data, it has been observed that offset printing with many
parameters exhibits a superior performance against laserjet and inkjet printing, and
lower performance in some parameters. It has been determined that inkjet printing
has a lower performance than laserjet printing. It is determined that offset printing
reached a wider area in the color universe obtained with L* a* b* values of printing
types, and inkjet printing had the lowest color space.

Kaplamasiz Geri Doniistiirillmiis Kagitlarda Ofset, Lazer ve Miirekkep Piiskiirtmeli
Baski Sistemlerinin Renk Ozellikleri Uzerindeki Etkilerinin Karsilagtirilmasi Uzerine

Bir Arastirma
Anahtar Kelimeler 0z: Calisma kapsaminda INGEDE 11p standardina gore hazirlanan baz kagitlar geri
Ofset, dontstiiriilmek tizere kullanilmistir. Geri dontstiiriilen bu kagitlar, bazi yéntemler
Lazerjet, kullanilarak sirasiyla hamurlagtirma, depolama, flotasyon, agartma ve kagit tiretim
I(;nekr]iectllénu im islemlerine tabi tutulmustur. Uretilen kagitlarin sirasiyla optik ve fiziksel ézellikleri
CMYK sum, belirlenmistir. Daha sonra bu kagitlara ofset, laserjet ve inkjet baskilar yapilmistir.

Bu asamadan sonra basili kagitlarin renk dlgtimleri spektrofotometre ile yapilarak
baz1 parametrelerle basilabilirlikleri incelenmistir. Calisma verilerine gore bircok
parametre ile ofset baskinin laserjet ve inkjet baskiya gore listiin performans, bazi
parametrelerde ise daha diisiik performans sergiledigi goriilmistiir. Miirekkep
piiskiirtmeli baskinin lazer piiskirtmeli baskiya gore daha diisiik performansa
sahip oldugu tespit edilmistir. Baski tiirlerinin L* a* b* degerleri ile elde edilen renk
evreninde ofset baskinin daha genis bir alana ulastigy, en diisiik renk araligina inkjet
baskinin sahip oldugu tespit edilmistir.
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1. Introduction

It is well known the paper production (likewise the other brands of industry) has enormous effects on the
environment. The using and processing of raw materials has a variety of negative effects on the environment. At
the other hand there are technologies which can moderate the negative impacts on the environment and they also
have a positive economic effect. One of these processes is the recycling, which is not only the next use of the wastes
[1]. Materials recovered after the creating process of basic paper are considered reused paper [2]. The most
common method used to remove ink particles in the paper or on the paper surface in recycling is the flotation
method. After this process, a number of processes are performed to make the paper usable (such as beating,
bleaching, etc.). Paper, which is the most important part of the printing industry, is used with many printing types.
However, the most common printing types today are offset and digital printing. Many studies have been conducted
on the printability properties of recycled papers [3, 4, 5]. However, developments in the recycling and printing
sector encourage continuous new study in this field.

It is known that each type of printing has advantages over each other in different matters. While offset printing is
suitable for high circulation jobs, digital printing is in an advantageous position in terms of saving time. While
inkjet printing works on a different system, toner laserjet prints are in a different position in terms of longevity. In
this study, the color properties of offset, inkjet and laserjet prints on recycled papers are investigated.
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|
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Figure 1. Working principles of printing types (left; offset, Middle; laserjet, right; inkjet) [6,7]
2. Material and Method

2.1. Material

The papers used as base paper in this study are bobbin papers produced from waste office papers and printed
using water-based ink at Kombassan Paper Company. Base papers prepared with INGEDE 11-p are used for
recycling within the scope of the study. INGEDE 11p is a method that can be used to remove the coloring matter
contained in printed paper products under these conditions standard. Used chemicals (sodium hydroxide, sodium
silicate, hydrogen peroxide, oleic acid, FAS, magnesium sulfate, EDTA) are obtained from Tekken (Istanbul-
Turkey), and Sigma Aldrich (Turkey).

2.2, Method
2.2.1. Recycling process

Reference papers are torn into 2x2 pieces according to the INGEDE standard. The shredded papers are allowed to
soak for 10 minutes in metered water at 50 °C to swell the fibers. It is pulped for 20 minutes using a pulp maker
(Hobart type) using sodium silicate (1.8%), hydrogen peroxide (0.7%) and oleic acid (0.8%). Then the pulp is taken
to the flotation pool. The flotation process can take 30 minutes at 1% of conversation. The obtained pulp after this
process is pounded in Holander according to ISO-5267-1 standard, and the Schopper Riegler tool is adjusted to 35
+ 5 SRe. Then, the bleaching process is applied as the first step (FAS 0.4%) and as the second step (H20z). Finally,
80 g/m? paper is produced using the Rapid Kothen RK-21 papermaking machine.

2.2.2. Microscopic images

SEM (Scanning Electron Microscope (ZEISS/EVO LS10) images are obtained from USKIM laboratories of
Kahramanmaras Siitcii imam University.
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2.2.3. Test methods

The standards for optical and physical properties applied to papers Table 1 below.

Table 1. Standards for optical and physical properties applied to papers

Optical and physical tests Standards
Grammage (g/m?2) TAPPIT 410 om-88
Breaking length (m) TAPPIT 494 om-01
Burst index (kPa m2/g) TAPPIT 403 om-91
Tear index (mN.m2.g) TAPPIT 414 om-88
Brightness (%ISO) ISO/DIS 2470
Whiteness (% 1SO) ISO 11475
Yellowness (E313) ASTM E313

ERIC ISO 22754
CIE-Whiteness (D65/10°) ISO 11475

L* a*and b* (D65/10°) ISO 5631-2

Triplicate tests are applied to base papers and test papers in accordance with the standards given in Table 1.
2.2.4. Printing process

The color measurement scales given in Figure 2 below are printed with each printing method on the recycled
paper that physical properties are determined by the methods mentioned above. The prints are made at 22 ° Cand
55% relative humidity. Offset printing for recycled papers is carried out on the Heidelberg Speed master CD 102
printing machine. Inkjet prints; In the Epson EcoTank L3060 printing machine, laserjet prints; in Canon
LBP613Cdw printing machine are performe. After printing, density, CIE L* a* b*, printing chroma values are
measure according to ISO 12647-6: 2020 standard using X-Rite eXact™ Spectrophotometer (D50 illuminant, 2°
observer, 0°/45° geometry) [9].

Figure 2. Color measurement scale

2.2.5. Print density
Print density is a measure of how dark the reflected light or print looks. Density is affected by the proportions and

properties of each major component such as solvents, dyes, pigments and auxiliary materials. Print density is
calculated according to the formula below;

D = 10log (M) eql.

print

Roopaper : Paper reflectivity, R, print reflectance factor [10].
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2.2.6. Print chroma and Hue angle

Chroma means "color saturation" and can be measured by the color intensity channel. Chroma values that are

decisive for print quality are desired to be high [11]. Chroma values of print samples are performed as follows:
C*= Va*? + b*? eq2.

The hue value, that is, the angle of the color, varies according to where the color is in red, green and blue. If the

hue value is 0°, the color is red, if 90° is yellow, if 180° is green, if it is 2709, it is blue. Hue angle is calculated
according to the formula below;

h,, = arctan (Z—*) eqs3.

2.2.7. Trapping

Ink trapping in half tone areas is another print quality attributes requiring individual detection of half tone dots.
Trap-ping can be described as the ability of one printed colour to be perceived when printed on top of another
colour and can e calculated by the following formula; [12],

1+2 -D1

Trapping = L x 100 eq3.

Where

D1 = Density first printed color

D2 = Density of second printed color
D1+2= density of the colour overprint
3. Results

Physical and optical values of the papers produced for test prints after recycling and base paper are given below.

Table 2. Physical and optical values of recycled an base papers

Grammage Brightness Porosity srrslngcicnees Whiteness Yellowness ERIC CZE;S %l:lf:gcs
2 0, 3 i 0,
(g/m?) ISO (%) (m3/min) (ml/min) ISO (%) ASTM ©) (mj/m?)
Recycled p. 81 84.44 132 339 71.38 -19.52 263.92 31,6 53,6
Base p. 80 98.47 688 366 80.12 -27,66 86 - -

After printing color measurement scales with offset, Laserjet and inkjet printing machines on the papers whose
optical and physical properties are given in Table 1 above, the L* a* b* values of the CMYK colors shown in Table
3 below are measured with a spectrophotometer.

Table 3. L* a* b* values according to printing types

Cyan | Magenta | Yellow Black

L* 50.04 52.75 86.89 23.00

Offset a* | -31.01 65.03 -0.24 -0.89
b* | -39.23 6.00 85.87 5.17

L* 55.16 51.14 83.53 26.32

Laserjet | a* -21.16 55.90 -4.68 1.76
b* | -43.13 4.31 72.12 0.36

L* 57.51 53.1 81.63 31.90

Inkjet a* | -17.74 | 53.27 3.41 2.82
b* | -40.25 3.49 67.37 0.64

In Table 4 below, density and print chroma values are given according to printing types.
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Table 4. Density, chroma and printing contrast values according to printing types

Cyan | Magenta | Yellow | Black
Density | 1.23 1.00 1.06 1.34

Offset
Chroma | 58.87 83.73 86.89 | 23.03
Laseriet Density | 1.20 1.18 1.18 1.44
) Chroma | 51.52 59.32 71.82 1.80
Inkiet Density | 0.84 0.94 1.10 1.33
M TChroma | 3934 | 47.79 | 65.78 | 2.82

When Table 4 is examined, the printing type that showed the best performance in the density values of cyan color
is offset printing with 1.23. The printing type with the highest value in magenta, yellow and black with 1.18, 1.18,
and 1.44 values, respectively, is laserjet printing. In these colors, inkjet printing and offset printing exhibited values
close to each other. In magenta, a value of 1.00 from offset printing, 0.94 from inkjet printing, 1.06 from yellow
offset printing, 1.10 from inkjet printing, 1.33 units from offset printing in black and 1.33 units from inkjet printing
are obtained.

When we examine the printing chroma values, it is seen that offset printing performs much better than laserjet
and inkjet printing. While a value of 58.87 is obtained in offset printing in cyan color, a value of 51.52 is obtained
in laserjet and 39.34 in inkjet. In the chroma values of the magenta color, a value of 83.73 for offset printing, 59.32
for laserjet and 47.79 for inkjet is obtained. Yellow color is the highest chroma value in all printing types. In the
chroma of the yellow color, a value of 86.89 units in offset printing, 71.82 units in laserjet and 65.78 units in inkjet
is obtained. Black color is the lowest printing chroma in all printing types. Trapping values of offset, laserjet and
inkjet prints are given in Table 5 below.

Table 5. Trapping values according to printing types

Trapping Offset Laserjet Inkjet
M+Y 98.10 92.2 28.23
C+Y 99.20 98.17 76.90
C+M 76.90 94.07 55.37

When Table 5 is examined, offset printing with a value of 91.10 in trapping values of M + Y colors has shown a
superior performance compared to other printing types. While Laserjet exhibited a performance of 92.2 units,
inkjet printing is measured as the lowest value with a value of 28.23. In C+Y colors, offset printing is measured as
99.20, while laserjet is measured as 98.17 and inkjet as 76.90. Laserjet showed the best performance in C+M colors
with a value of 94.07. Next comes offset with 76.90 and finally inkjet printing with a value of 55.37.Hueanglevalues
of offset, laserjet and inkjet prints are given in Table 5 below.

Table 6. Hue angle values according to printing types

Cyan | Magenta | Yellow | Black
Offset 51,67 527 89,84 | 80,23
Laserjet | 63,87 4,41 86,29 | 11,56
Inkjet 66,21 3,75 87,10 | 12,79

When Table 6 is examined, it is seen that the printing type with the highest hue angle in cyan color is inkjet with
66.21. The printing type with the highest hue angle of the magenta color is offset printing with 5.27. It has been
observed that the printing type with the highest hue angle in yellow color is offset printing with 89.84. The same
is true for the black color. Offset printing is demonstrated a very superior performance with 80.23 compared to
other printing types. In general, it has been seen that the most successful printing type in terms of hue angle is
offset printing. After offset printing, it can be said that inkjet printing shows a better appearance than laserjet
printing.
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Figure 3. Graphical representation of the chroma and hue angles of the printing types

SEM (Scannin Electron Microscop) images of base paper and recycled paper are given in Figure 4 below. When the
images are examined, it is seen that not all of the fillers in the base paper can be disposed of after recycling.

Figure 4. SEM images of recycled paper and base paper, Left: Base paper, Right: recycled paper

The color universe of offset, laserjet and inkjet prints is given in Figure 5 below. When the figure is examined, it is
seen that offset printing has a much wider color universe compared too the printing types.

—o—Offsetq 1 gil— Lnkjet == |aserjet
100

90

50 60 70

-80

Figure 5. Color universe of printing types
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4. Discussion and Conclusion

As understand from the data obtained at the end of the study, it is seen that offset printing performed better than
the other two printing types in printability parameters. For example, when we examine the trapping values, we
can see that offset provides 8% better adhesion in M + Y colors compared to laserjet. Again, in M + Y colors, there
is a 98% ratio in offset, while this ratio remained at 28% in inkjet. In the Hue angle values, we can see that the cyan
inkjet has 23% superiority over the offset and a 5% superiority over the laser jet. However, in magenta yellow and
black colors, we can see that offset printing performs superior to both prints. For example, offset has established
an 83% advantage over black inkjet. This ratio is 85% against laser jet. When chroma values are examined, it is
seen that cyan color offset is 12% superior to laserjet and 34% superior to inkjet. It is understood that offset
printing values give more suitable results in terms of printing chroma, density, trapping and hue angle. It has been
determine that Laserjet printing gives better results than inkjet printing in general. It can be considered that the
fillers in the base paper and that could not be completely removed from the pulp with the single recycling process
have a positive effect on the printability properties. However, as it is known, the fillers in the paper have a negative
effect on the strength properties of the paper. More studies on similar issues are needed to better understand this
issue.
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Keywords Abstract: COVID-19 outbreak has changed daily lives deeply, has fallen economies

COVID-19, into recession, and has put social life and public health under unprecedented

OECD Countries, pressure. In this study, it is aimed to evaluate the performances of OECD countries

MCDM in combating COVID-19 and to develop strategies for preventing or controlling a
similar epidemic in the future. To this end, MCDM methods are used to evaluate the
countries according to the criteria which are number of confirmed cases per one
million population, number of deaths per one million population, number of doctors
per 1000 population, number of nurses per 1000 population, number of hospital
beds per 1000 population, and health spending share. SWARA method is employed
to determine the criteria weights. Countries are ranked using TOPSIS, COPRAS, and
ARAS methods according to the weights obtained by SWARA. Borda Count Data
Fusion technique is used for integrated ranking. Japan is the first alternative
according to all rankings and Chile is the last.

COVID-19 ile Miicadelede Hangi OECD Ulkeleri Avantajli?

Anahtar Kelimeler 0z: COVID-19 salgim giinliik hayat: derinden degistirmis, ekonomileri durgunluga

COVID-19, stiriiklemis, sosyal hayati ve halk saghgini benzeri goriilmemis bir baski altina

OECD Ulkeleri, almistir.  Bu c¢alismada, OECD iilkelerinin COVID-19 ile micadeledeki

CRKV performanslarinin degerlendirilmesi ve gelecekte benzer bir salginin énlenmesi
veya kontrol altina alinmasi icin stratejilerin gelistirilmesi amac¢lanmaktadir. Bu
amagla, CKKV yontemleri kullanilarak OECD iilkeleri, bir milyon kisi basina
dogrulanmis vaka sayisi, bir milyon kisi basina 6liim sayisi, bin kisiye diisen hekim
sayisi, bin kisiye diisen hemsire sayisi, bin kisiye diisen hastane yatag: sayisi ve
saghk harcamalarimin GSYIH icindeki pay1 kriterlerine gore degerlendirilmektedir.
Kriterlerin agirliklarini belirlemek icin SWARA yontemi kullanilmaktadir. SWARA
ile elde edilen agirliklar dogrultusunda tilkeler TOPSIS, COPRAS ve ARAS yontemleri
ile siralanmaktadir. Biitiinlesik siralama i¢in bir veri birlestirme teknigi olan Borda
Sayim yontemi kullanilmaktadir. Japonya elde edilen tiim siralamalarda ilk sirada,
Sili ise son sirada yer almaktadir.

*{lgili Yazar: asli.calis@omu.edu.tr
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1. Introduction

Inlate 2019, it was reported that there were many pneumonia patients with unknown causes in a seafood market
in Wuhan city, Hubei province, China. In January 2020, the World Health Organization (WHO) first announced that
the cause of these complaints was a new type of coronavirus (2019-nCoV). The outbreak spread to many countries,
especially in Asian countries, after China, and reached an international dimension affecting the whole world. As a
result, WHO accepted this outbreak as an international public health problem. In February 2020, the outbreak was
named COVID-19 pandemic by WHO [1, 2].

COVID-19 continues to cause great harm to individuals, families, communities, and societies around the world.
This pandemic has changed daily lives deeply, has fallen economies into recession, and has put social life and public
health under unprecedented pressure [3].

The spread of COVID-19 on a global scale collapses the health systems of some of the countries and causes
economic disruption. In this study, it is aimed to evaluate the performances of OECD countries in combating
COVID-19 and to develop strategies for preventing or controlling a similar epidemic in the future. Multi-criteria
decision making (MCDM) methods are used to evaluate the countries according to the criteria which are number
of confirmed cases per one million population, number of deaths per one million population, number of doctors
per 1000 population, number of nurses per 1000 population, number of hospital beds per 1000 population, and
health spending share. Firstly, SWARA (Step-wise Weight Assessment Ratio Analysis) method is employed to
determine the criteria weights. Then the countries are ranked using TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution), COPRAS (Complex Proportional Assessment), and ARAS (Additive Ratio Assessment)
methods according to the weights obtained by SWARA. Finally, Borda Count Data Fusion technique is used for
integrated ranking.

In the literature, MCDM methods have been applied in several areas related to COVID-19 outbreak such as helping
doctors hasten treatment [4], selecting an antivirus mask [5], medicine selection for the patients [6], analyzing the
barriers for implementation of public health and social measures [7], risk assessment [8, 9], evaluation of the
challenges of digital health intervention adoption [10], evaluation of urban epidemic situation [11], capacity
evaluation of diagnostic tests [12], evaluation of the impact of the epidemic on supply chain performance [13],
evaluation of the pandemic intervention strategies [14], emergency decision making for treatment of the patients
[15], determining the priority groups for the vaccine [16], identification of dominant risk factor [17], selection of
the best healthcare waste disposal techniques [18], implication for green economic recovery [19].

The most relevant streams of research were reviewed and no studies using the SWARA, TOPSIS, COPRAS, ARAS,
and Borda Count methods for the evaluation of OECD countries in combating COVID-19 were found. This study is
expected to fill this gap.

2. Material and Method

In this study, decision models consisting of SWARA, TOPSIS, COPRAS, ARAS, and Borda Count methods were used
to evaluate the performances of OECD countries in combating COVID-19 and to develop strategies. SWARA was
employed to determine the criteria weights. The rankings were obtained using TOPSIS, COPRAS, and ARAS
methods. The final ranking was attained by Borda Count method. This section explains these five methods.

2.1. SWARA method

SWARA method was presented by KerSuliené et al. in 2010 for evaluating the weights of the criteria. Unlike other
multi-criteria methods, SWARA method can value the criteria weights as one weight of criterion is higher or lower
significant than the other criterion [20]. SWARA method has the following steps [20, 21]:

Step 1: Sort the criteria in descending order based on their significances.

Step 2: Determine the relative importance of criterion j in relation to the previous (j-1) criterion, starting from the

second criterion. This ratio is called the comparative importance of average value, (s)).
Step 3: Determine the coefficient (kj) using Equation (1).

k; = : (1)
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Step 4: Determine the recalculated weight (g;) using Equation (2).

1 j=1
q; =192 J>1 (2)
K.

]

Step 5: Determine the relative weights of the criteria using Equation (3).

Wi == (3)

2.2. TOPSIS method

TOPSIS method was presented by Hwang and Yoon [22]. The basic principle of the TOPSIS method is that the
chosen alternative has the shortest distance to the ideal solution and the farthest distance to the negative ideal
solution. TOPSIS method has the following steps [23]:

Step 1: The first step of TOPSIS is decision-making matrix forming. Any problem to be solved is indicated by the
following preferences matrix shown in Equation (4) for applicable alternatives (rows) rated by n criterion (s):

Xil X12 b Xln
X21 X22 b X2n
D= (4)
_Xml sz . an_

Where m represents the number of alternatives and n represents the number of criteria describing each
alternative. In the decision matrix, X;; is the value that represents the performance value of the alternative i in

terms of the criterion j.

Step 2: Normalize the decision matrix using Equation (5).

I =1..,m;j=1..n)
(5)
Step 3: Form the weighted normalized decision matrix using Equation (6).
V =V, =W, xI; (i=1..m;j=1..n) (6)
Step 4: Determine the ideal and negative-ideal solutions using Equation (7) and Equation (8).
A ={V V..V = A = {(miaxvij‘ jed ’),(miinvij‘ jeld ”)} 7)
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A ={v1’,v;,...,v;} =A" :{(miinvij‘ je J’),(m?xvij‘ je J”)} (8)

where, J'is related to benefit criteria and J” is related to cost criteria.

Step 5: Calculate the separation of each alternative from the ideal solution using Equation (9) and the separation
from the negative-ideal solution using Equation (10).

(9
(10)
. S~ . .
Ci:_jJ_j' OSCiS1 I=L"qm (11
ST +S,

Step 7: Rank the preference order.

2.3. COPRAS method

COPRAS method was presented by Zavadskas et al. [24, 25]. COPRAS uses uses a stepwise ranking and evaluating
procedure of the alternatives in terms of significance and utility degree [26]. The alternatives are described using
values of discrete indices in COPRAS method. COPRAS can be easily applied to problems involving complex criteria
and a large number of alternatives. COPRAS method has the following steps [27, 28]:

Step1: Form the decision-making matrix using Equation (4).

Step 2: Convert the decision matrix to a normalized decision matrix with the help of Equation (12).

* X -
X; =—— Vj=12,..,n
(12)
ij
i=1

Step 3: Develop the weighted normalized decision matrix D', consisting of the elements d; , using Equation (13).

j )
This step aims to obtain weighted dimensional values from comparative indexes.

D' =d, =X xw, 13

Step 4: Calculate the sums of the weighted normalized indexes. It is better to have lower values of minimizing

indexes ( S_i ) and to have higher values of maximizing indexes ( S+i ). The sums are calculated by using Equation
(14) and Equation (15).

S.=Yd,  j=12..k (14
j=

S_i:Zdij j=k+Lk+2,...n (15)
j=k+1
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Step 5: For each alternative, determine the Relative Significance (Qi ) by using the Equation (16). The greater the

Qi , the higher the efficiency/priority of the alternative.
i=1 H
Q =S, +—L— vi=12..,m (16)

Step 6: Determine the priority. Quantitative utility (U;) for the alternatives gives an absolute prioritization and is
calculated using Equation (17) as follows:

U {&}100% (17)

max
where (Qmax) is the maximum relative significance value. The candidate alternatives’ utility values range from
0% to 100% [29].
2.4. ARAS method

ARAS method was submitted by Zavadskas and Turskis for the solution of MCDM problems in 2010. In ARAS
method, a utility function value that determines the complicated relative efficiency of a feasible alternative is
directly proportional to the comparative impact of the main criteria values and weights. ARAS method has the
following steps [30]:

Step 1: Form the decision-making matrix using Equation (18).

X = Xil Xij Xin i:O,l,Z,...,m; J =12,...,n (18)

X 0 X

In the decision matrix, X; represents the performance value of the alternative i in terms of the criterion j, and Xy;

is the optimal value of criterion j.

In the decision problem, if the optimal value of criterion j is not known Equation (19) and Equation (20) are used.

Xoj = max X, if max X; is preferable (19)

X :miin X,

0] if min X; is preferable (20)

Step 2: Normalize all initial criteria values. The normalized matrix X' is as follows:

X(,Jl X(')j Xén

X'=| X - X - Xq | i=012..,m;j=12..,n (21)
Xew X X

The criteria whose preferred values are maximum are normalized using Equation (22).
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—m
(22)
2 %
The criteria whose preferred values are minimum are normalized using Equation (23).

X,

ij ij — m
(23)
2%
i=0

Step 3: Form the normalized-weighted matrix X as Equation (24). The criteria can be assessed with weights

0< W; <1. The sum of the weights W; is limited as in Equation (25). The normalized-weighted values of the

criteria )?ij are calculated using Equation (26).

Xop XOj o Xon

)
Il
)
.2 ..
>
5

X1 i i=012,.,mj=12,..,n (24)
Kog o Kmg  Kn |
n
ij =1 (25)
j=1
K =XjW;;  1=012...,m (26)

Step 4: Determine the values of the optimality function (S:) using Equation (27).
n
J:

The best result has the greatest value and the worst result has the smallest value. The greater the value of the
optimality function S;, the more efficient the alternative.

Step 5: Calculate the utility degree K; of the alternatives using Equation (28). The degree of the alternative utility
is defined by a comparison of the variant with the best So. Ki is in the interval [0,1] and can be ordered in an
increasing sequence.

K; :g—;, i=01..,m (28)

2.5. Borda Count method

Borda Count method was submitted by Borda in 1784 [31]. The method orders the alternatives according to the
rankings created by more than one method and offers a single ranking [32]. Borda scores ( bi ) of the alternatives

for each criterion is determined by Equation (29) [33].
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b=> (N-r) 29)

where, N is the number of alternatives and [;, is the rank of alternative i under criterion k. In the Borda Count

method, a score of zero is assigned to the least preferred alternative of the decision maker, and a score of (N-1) is
assigned to the most preferred alternative, and the Borda scores are obtained [34].

3. Results

In this study, it is aimed to evaluate the performances of OECD countries in combating COVID-19 using MCDM
methods. In this respect, firstly an expert team consisting of three staff working in the pandemic hospitals in
different regions of Turkey was built. Then the criteria were determined by the experts as follows:

Criterion 1 (C1): Number of confirmed cases per one million (1M) population,
Criterion 2 (C2): Number of deaths per 1M population,

Criterion 3 (C3): Number of doctors per 1000 population,

Criterion 4 (C4): Number of nurses per 1000 population,

Criterion 5 (Cs): Number of hospital beds per 1000 population,

Criterion 6 (Cs): Health spending share (As a % of Gross Domestic Product).

The values for C1, and C2were obtained from ISC COVID-19 Visualizer on 25 June 2020 [35]. The values for C3, Cs,
Cs, and Cs were obtained from ‘Health at a Glance 2019’ [36].

In light of the above information, the decision matrix was formed for 36 OECD member countries in the relevant
year as in Table 1.

Table 1. The decision matrix

C1 C2 C3 Cq Cs Cs
Australia 294.9 4.0 3.7 11.7 3.8 9.3
Austria 1,937.4 76.9 5.2 6.9 7.4 10.3
Belgium 5,254.5 838.9 3.1 11.0 5.7 10.4
Canada 2,701.6 224.0 2.7 10.0 2.5 10.7
Chile 13,118.0 235.7 2.5 2.7 2.1 8.9
Czech Republic 994.6 31.7 3.7 8.1 6.6 7.5
Denmark 2,177.9 104.1 4.0 10.0 2.6 10.5
Estonia 1,494.9 52.0 3.5 6.2 4.7 6.4
Finland 1,293.5 59.0 3.2 14.3 3.3 9.1
France 2,470.6 455.3 3.2 10.5 6.0 11.2
Germany 2,301.8 107.3 4.3 12.9 8.0 11.2
Greece 316.8 18.2 6.1 3.3 4.2 7.8
Hungary 4259 59.6 3.3 6.5 7.0 6.6
Iceland 5,345.2 29.3 3.9 14.5 3.1 8.3
Ireland 5,142.2 348.3 3.1 12.2 3.0 7.1
Israel 2,503.1 35.6 3.1 5.1 3.0 7.5
Italy 3,950.1 573.5 4.0 5.8 3.2 8.8
Japan 1421 7.6 2.4 11.3 13.1 109
Korea 244.5 5.5 2.3 6.9 12.3 8.1
Latvia 589.0 159 3.2 4.6 5.6 5.9
Lithuania 662.7 28.7 4.6 7.7 6.6 6.8
Luxembourg 6,602.5 175.7 3.0 11.7 4.7 5.4
Mexico 1,484.6 181.3 2.4 29 1.4 5.5
Netherlands 2,906.6 355.8 3.6 10.9 3.3 9.9
New Zealand 314.4 4.6 3.3 10.2 2.7 9.3
Norway 1,618.1 45.7 4.7 17.7 3.6 10.2
Poland 867.2 36.9 2.4 5.1 6.6 6.3
Portugal 3,933.0 151.3 5.0 6.7 3.4 9.1
Slovak Republic 294.3 5.1 3.4 5.7 5.8 6.7
Slovenia 741.2 52.4 3.1 9.9 4.5 7.9
Spain 6,284.5 605.8 3.9 5.7 3.0 8.9
Sweden 6,023.9 511.0 4.1 10.9 2.2 11.0
Switzerland 3,625.3 226.2 4.3 17.2 4.5 12.2
Turkey 2,254.8 59.3 1.9 2.1 2.8 4.2
United Kingdom 4,510.6 632.3 2.8 7.8 2.5 9.8
United States 7,327.5 373.1 2.6 11.7 2.8 16.9
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3.1. Determination of the criteria weights using SWARA method

In this subsection weights of the criteria were obtained using the SWARA method. In this context, firstly the experts
sorted the criteria in descending order based on their significances. Then, the comparative importance of average
value (s;) was obtained as in Table 2. Finally, the weights of the criteria were obtained as in Table 3. As shown in
Table 3, C1 (number of confirmed cases per 1M population) is the most significant criterion affecting the evaluation
process with weight of 0.294, while Cz (number of deaths per 1M population) has the least important with 0.103.

Table 2. The comparative importance of average values

Expert 1 Expert 2 Expert 3

Rank Gi sj Gi sj G sj

1 C1 - C1 - Cs -

2 C2 0.90 Cs 0.60 C3 0.95

3 Cs 0.40 Cs 0.20 C1 0.90

4 Cs 0.35 C3 0.70 Cs 0.85

5 C3 0.50 C2 0.45 Cs 0.75

6 Ca 0.20 Cs 0.40 2 0.55

Table 3. Weights of the criteria

. Expert 1 Expert 2 Expert 3 Final
G wj wj wj wj
C1 0.397 0.355 0.131 0.294
Cz 0.209 0.075 0.026 0.103
C3 0.074 0.109 0.248 0.144
Cs 0.061 0.185 0.071 0.106
Cs 0.110 0.054 0.484 0.216
Cs 0.149 0.222 0.040 0.137

3.2. Ranking the alternatives using TOPSIS, COPRAS, ARAS, and Borda Count methods

The alternatives were ranked using SWARA based TOPSIS, COPRAS, and ARAS methods in this subsection. Then
the final ranking was obtained using Borda Count method as in Table 4, and Figure 1. When the results are
evaluated, Japan is the first alternative according to all rankings and Korea is the second. According to the final
ranking obtained by Borda Count method, Korea is followed by Slovak Republic and Australia, respectively.
Moreover, Chile is the last according to the final ranking. Chile is preceded by Spain.
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Table 4. The rankings

SWARA &

SWARA &

SWARA &

Countries TOPSIS Borda COPRAS Borda ARAS Borda  Total Borda Borda
Score Score Score Score Rank
Rank Rank Rank
Australia 11 25 3 33 3 33 91 4
Austria 6 30 13 23 12 24 77 12
Belgium 31 5 20 16 20 16 37 21
Canada 23 13 27 9 28 8 30 25
Chile 36 0 36 0 36 0 0 36
Czech Republic 7 29 10 26 11 25 80 11
Denmark 19 17 21 15 22 14 46 20
Estonia 16 20 19 17 19 17 54 19
Finland 17 19 17 19 17 19 57 16
France 18 18 18 18 18 18 54 18
Germany 3 33 11 25 10 26 84 8
Greece 12 24 6 30 6 30 84 7
Hungary 5 31 8 28 7 29 88 6
Iceland 28 8 23 13 21 15 36 23
Ireland 30 6 30 6 31 5 17 31
Israel 21 15 29 7 29 7 29 26
Italy 27 9 31 5 30 6 20 30
Japan 1 35 1 35 1 35 105 1
Korea 2 34 2 34 2 34 102 2
Latvia 10 26 9 27 9 27 80 10
Lithuania 4 32 7 29 8 28 89 5
Luxembourg 32 4 26 10 27 9 23 28
Mexico 24 12 35 1 34 2 15 32
Netherlands 22 14 25 11 24 12 37 22
New Zealand 15 21 5 31 5 31 83 9
Norway 14 22 15 21 14 22 65 15
Poland 9 27 14 22 15 21 70 14
Portugal 26 10 24 12 25 11 33 24
Slovak Republic 8 28 4 32 4 32 92 3
Slovenia 13 23 12 24 13 23 70 13
Spain 34 2 32 4 32 4 10 35
Sweden 33 3 28 8 26 10 21 29
Switzerland 20 16 16 20 16 20 56 17
Turkey 25 11 34 2 35 1 14 33
United Kingdom 29 7 33 3 33 3 13 34
United States 35 1 22 14 23 13 28 27

145



Which OECD Countries Are Advantageous in Fight Against COVID-19?

36

31 31 31
05  +30 [Y
/
28 \ 28
2
6 2%
25 5
24§ 2
.
2

16 " 16
15 15 1%
FERET ]
1
12 12 |
11 11 1 |
I !

I I I I - - S N e O T T S S S BT Lo R SR S S A & 5
N . - g S o - Al RN S SN St SR S s S S L) e & @
7 & S O A A ECEL S GO 3 N RS LS G S
& %z\% & < S o@e & @& \;:3’ & E e Y 4P P SS“" SR é@ ,\’Q;a o@‘ ¥ & & E ,,{‘"b SR E bﬁ“
¥ F o oF F ¢ o S 9 ¥ 2
o &F & P o Y
. = 4 28 GF
(ol a¥ o8
— —SWARAE TOPSIS — —SWARAS COPRAS SWARAE ARAS  — —Borda Court

Figure 1. The rankings of the alternatives
4. Discussion and Conclusion

In this study, OECD countries were evaluated by the MCDM methods according to the specified criteria in
combating COVID-19. First, the weights of the criteria were determined according to the expert opinions with the
help of SWARA. Then 36 countries were ranked using TOPSIS, COPRAS, and ARAS methods. The final rankings
were obtained by Borda Count method. The main advantage of the proposed method is that it allows decision-
makers to approach complex decision-making problems with a highly methodological basis for decision support.

According to the SWARA method, C: (number of confirmed cases per 1M population) was the most significant
criterion affecting the evaluation process with weight of 0.294. Some of the countries were caught unprepared by
COVID-19, and they were late to fight the virus. This is an important factor in the high number of confirmed cases.
The number of confirmed cases can be reduced by some strategies for preventing or controlling COVID-19 such as
the use of masks, complying with social distancing and hygiene rules, travel and transportation restrictions,
temporary closure of places where people are located, isolation, and quarantine. C2 (number of deaths per 1M
population) had the least importance with 0.103 according to the SWARA. In the coronavirus crisis, it is a fact that
the regions with lower values of welfare, and weak healthcare systems are more disadvantaged. However, there
are different factors that affect the number of deaths. The most important of these is the age factor. Studies have
determined that COVID-19 may have more serious mortality in people aged 65 and over. For example, Germany,
despite being more advantageous than Turkey according to C3 (number of doctors per 1000 population), Cs
(number of nurses per 1000 population), Cs (number of hospital beds per 1000 population), Cs (health spending
share), and although C: (number of confirmed cases per 1M population) is similar for the two countries, the
mortality rate in Turkey is much lower than in Germany. At this stage, the low share of the 65 and older population
in the total population in Turkey, and treatment methods are some of the advantages of Turkey in combating
COVID-19.

After the criteria weights were obtained, the alternatives were ranked using SWARA-based TOPSIS, COPRAS, and
ARAS methods. Then the final ranking was obtained using Borda Count method. Japan is the most advantageous
country among OECD countries in the fight against COVID-19 according to all rankings and Korea is the second.
According to the final ranking, Korea is followed by Slovak Republic and Australia, respectively. Chile is scored
lowest. Chile is preceded by Spain and United Kingdom.

For future work, the performance of the countries may be evaluated by including criteria such as the median age,
and the ratio of the population with chronic disease in the total population.
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Keywords Abstract: In this study, U-shaped fiber optic sensor tips sensitive to refractive index
U'Shap?d sensor, (RI) change were produced, and its performance analyses were carried out. Three
Refractive index, sensor tips were used to measure ethanol/methanol-water mixtures in

Plastic optical fiber,
Ethanol/Methanol
determination

concentrations from 0% to 16.66%. The ethanol sensor tip was able to detect the RI
change of 4x10-# RIU. Its maximum sensitivity is 7.71 mV/RIU, and its linearity is
0.9985. The methanol sensor tip was able to detect the RI change of 1x10-4 RIU. Its
maximum sensitivity is 28.49 mV/RIU, and its linearity is 0.9969. Each sensor tips
determine the change of 1.41% concentration in the mixtures. Moreover, the results
show that it can provide high precision in the measurement of ethanol/methanol-
water mixtures and achieve satisfying stability and repeatability.

Etanol/Metanol Belirlenmesi i¢in U-Seklinde Plastik Optik Fiber Sensor

Anahtar Kelimeler 0z: Bu calismada kirilma indisi (RI) degisimine duyarh U-Seklindeki fiber optik
U'Sek“n.de §‘%n5613 sensor uglart lretilmis ve performans analizleri yapilmistir. %0 ile %16,66
Kirilma indisi, arasindaki konsantrasyonlarda etanol/metanol-su karigimlarini 6lgmek icin g
Plastik fiber optik,

sensor ucu kullanilmistir. Etanol sensoér ucu, 4x10-4 RIU’luk kirllma indisindeki
degisimi tespit etmistir. Etanol sensér ucunun maksimum hassasiyeti 7,71 mV/RIU
ve dogrusalligi 0,9985’tir. Metanol sensor ucu ise 1x10-4 RIU’luk kirilma indisindeki
degisimi tespit etmistir. Bu ucun maksimum hassasiyeti 28,49 mV/RIU ve
dogrusallign  0,9969'dur. Her bir sensér wucu, karisimlardaki %1,41
konsantrasyondaki degisikligi belirlemistir. Ayrica sonuglar, sensér uglarinin
sadece etanol/metanol-su karisimlarinin él¢limiinde yiiksek kesinlik saglamakla
kalmayip ayni zamanda tatmin edici kararlilik ve tekrarlanabilirlik sagladigini da
gostermektedir.

Etanol/Metanol tayini
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1. Introduction

Alcohol, which is essential both in industrial processes and for humans, consists of two primary forms. These are
ethanol (C2HsOH) and methanol (CHsOH). Ethanol is used as an antiseptic in medical cleaning and is widely used
in antibacterial hand disinfectants because of its bactericidal and anti-fungal effects [1]. Also, ethanol is the only
alcohol type used in alcoholic beverages [2]. Methanol, which is used as a solvent in the industry, is also used to
prepare formaldehyde and aniline dyes. Besides, methanol is used in the structure of unleaded gasoline, as an
engine fuel component, and cologne production.

However, methanol is highly toxic to humans. Methanol is not metabolized in the body, and after it enters the body,
it degrades into two chemicals called formaldehyde and formic acid [3]. Due to these dissociated compounds, a
volume of pure methanol as small as 10 ml causes permanent blindness as it damages the optic nerves. A volume
of about 30 ml is fatal [4]. It is difficult to distinguish it from ethanol in terms of odor and appearance. It is used
illegally instead of ethanol in alcoholic beverages because it is cheap and very readily available in the market.
Therefore, it is essential to distinguish these two alcohol types and determine the concentrations in
ethanol/methanol-water mixture. While it is possible to detect the difference between these two types of alcohol
with advanced measurement methods such as, Raman spectroscopy [5], gas chromatography [6], near-infrared
reflectance spectrometry [7], amperometric biosensing [8], and gas-phase biosensing [9]. It is important to detect
this in a simple, fast, accurate, and low cost. Detection types based on optical methods that contain these features
are the most suitable candidates.

The refractive index (RI) is a fundamental optical parameter frequently used in the identification and
concentration of chemical substances in many analytical applications, including the food and processing chemical
industry. It can be easily detected with fiber optic sensors (FOSs). RI-based FOSs have superior properties such as
being very sensitive, flexible [10], small size, lightweight, highly immune to electromagnetic interference [11],
adaptable, or attached to different systems [12]. These features are also widely used in the literature for ethanol
and methanol detection [13-16].

The plastic optical fiber (POF) based RI sensors have attracted significant interest from researchers because they
contain low-cost solutions for RI determination [17-19]. POF-based RI sensors have been structurally altered by
some embodiments such as drilling to increase precision [20], D-Shaped [21], tapering [22], side polishing [23],
coiled POF [24], U-bending [25, 26]. Compared to other configurations, the U-bending method is easy to apply to
POF, and the light can be more scattering to the environment to improve detection performance.

In this study, U-shaped fiber optic tips were produced, and performance analyzes were made. Proposed sensor
tips were used to detect RI changes in ethanol/methanol-water mixture at different concentrations. A sensor with
three different fiber diameters was designed. Also, the repeatability of the sensor was tested by standard deviation
analysis. As a result of this analysis, the standard deviation of the measurements was below 1. Therefore, it has
been determined that the sensor has satisfactory repeatability. As a result of the measures and analyzes, it is
evaluated that the proposed sensor performance is high, and it can be used for ethanol/methanol-water mixture
detection in alcoholic beverage processing plants.

2. Material and Method
2.1. Theory

Fiber loss mechanisms are used in fiber optic detection. One of the fiber power loss mechanisms in optical fibers
is the attenuation of the signal caused by the fiber’s bending. As the light passes through the fiber, it travels in the
core with a total internal reflection (TIR) phenomenon [27]. Thus, all light beams have a critical angle at the
core/cladding interface [28]. This angle is given in Equation (1):

n
0. =sin™?! (ﬂ) (1)

ncore

Where nciad, ncore is the RI of the fiber cladding and core, respectively.

Due to curvature and bends along a fiber path, losses occur for the beams traveling through the fiber. Such losses
are called fiber bending losses (Figure 1). These losses depend on the core and cladding refractive index
differences, the core radius, and the wavelength studied. When the difference between the refractive indices of
core and cladding increases, fibers with larger numerical apertures can be formed, and these fibers are less
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susceptible to bending. These types of losses are also called macro bending losses. Empirically, the macro-bending
loss can be expressed in dB [29, 30].

— 101 @+2 (2)
Yo = 008 2a) (a/RD)

Where A=(ncore-Nclad) /Neiad, relative refractive index difference; R is the bend radius; a is the core radius and a is the
profile parameter. Keeping all parameters constant, the change of this loss according to the fiber radius is given in
Figure 2.

Nciad

Figure 1. Losses in fiber due to bending effect

As shown in Figure 2, for fibers with constant core and cladding refractive indices, the fiber’s loss (leaking into the
cladding zone) will increase as the fiber’s diameter increases.
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Figure 2. Bending loss versus fiber core radius

However, when the fiber is bent to values less than or equal to a critical radius, a significant part of the light leaks
from the coating, and the fiber cannot conduct all light transmission in the core. Therefore, a considerable amount
of power loss occurs in the fiber. Although this power loss is regarded as an undesirable situation in fiber optic
communication systems, it is crucial in detection applications studies [31, 32].

A fiber with a large core radius is more affected by bends. This situation is compatible with the loss values in the
equal radius of bending (R=3 mm) of three fibers with radii of 0.5 mm, 1 mm, and 1.5 mm in Figure 2. This loss is
also related to the refractive index of the medium surrounding the fiber. For example, as the sensing medium’s
refractive index increases, the amount of light scattered from the clad/medium interface increases. Therefore, a
decrease in the light intensity coming to the photo-detector will be observed.

2.2. Preparation of sensor tips and Experimental setup
The fiber sensor tip is an essential part of the detection system. Three sensor tips were produced using plastic
optic fibers with diameters of 1, 2, and 3 mm in this work. To produced U-shaped POF sensor tips, fibers were

heated up to softening temperature and then wrapped on a mandrel with 3 mm diameter. In the study, U-shaped
POF sensor tips formed with 1 mm, 2 mm, and 3 mm diameter fibers will be called U1, U2, and U3, respectively.
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This study’s primary purpose is to design a sensor system that can detect possible differences between ethanol
and methanol concentration values for each alcohol processing stage. Therefore, an optical sensor system was
designed and implemented to see the ethanol/methanol-water mixture. The image of the sensor tips is given in
Figure 3a. The block diagram of the experimental setup is shown in Figure 3b. The light source and photo-detector
are 660 nm LED (Avago Technologies, HFBR-15247) and a photodiode-IC receiver (HFBR-25247). Also, the signal
processing and amplifier are designed at the photo-detector output. The amplifier’s signals were sent to both the
designed microprocessor board and the PC oscilloscope (Picoscope 3206MSO0). According to the theory described
above, it is expected that as the refractive index of the medium increases, the light scattered out of the fiber
(sensing medium) increases.

Consequently, a lower light intensity comes to the photo-detector. However, in this study, with the design made in
the signal processing circuit, the increasing response decreased light intensity. Therefore, the sensor response is
increased depending on the increasing refractive index of the medium.

Signal processing and amplifier
U-Shaped sensor tips

m Light source
‘A I ! . Photodetector

Computer

o -
UL(1 mm) U2(2 mu Ethfﬂ:jj“iﬂ?}f“"l

(a) (b)

Figure 3. (a) U-Shaped sensor tips, (b) The block diagram of the experimental setup

3. Results

The first measurement values were obtained by immersion the tips of U1, U2, and U3 into 5000 pL distilled water,
respectively. Then, by adding 100 pL of ethanol, the first mixture with a concentration of 1.9608% was formed,
and sensor responses were obtained. Similarly, 100 pL of ethanol was added to the previous mixture until the
concentration was 16.6667%. In addition, the refractive index values of each mixture formed were measured with
an IR280D (Insmark Co.) refractometer. All experiments were carried out by controlling the temperature in a
climatic laboratory to the RI of the solutions that do not fluctuate with a temperature change. The experiments
were carried out by keeping the room temperature at 25°C (£1°C). The sensor tip responses (mV) obtained from
the measurements, the refractive indices, and concentrations of each mixture are given in Table 1.
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Table 1. Responses of the sensor tips for Ethanol.

ConEctehlftI;giion RI u1 uz us
% RIU mV mV mV
0.0000 1.3333 1.002 1.052 1.303
1.9608 1.3338 1.002 1.056 1.339
3.8462 1.3343 1.002 1.060 1.381
5.6604 1.3348 1.002 1.063 -
7.4074 1.3353 1.003 1.066 -
9.0909 1.3357 1.003 1.071 -
10.7143 1.3361 1.003 1.074 -
12.2807 1.3366 1.004 1.077 -
13.7931 1.3370 1.004 1.080 -
15.2542 1.3373 1.004 1.083 -
16.6667 1.3377 1.005 1.086 -

According to the measurement results, it was observed that Ul remained unresponsive to the increasing
concentration (refractive index). Since the bending radius of U1 remains more extensive than its radius compared
to other sensor tips, light leakage from the core/cladding interface was less. Considering the responses obtained
from U3, although high responses were obtained in the first three measurements, due to increasing losses
depending on the medium’s refractive index, the detector received a low light that was not detected. It is consistent
with the increasing loss with increasing radius given in Equation (2). It has been evaluated that the sensitivity of
U1 is very low, and U3 is not suitable for detecting the RI change of ethanol due to its excessive losses. To allow
these tips to be detected, their sensitivity can be adjusted by wrapping U1l around a lower diameter mandrel and
U3 around a higher diameter mandrel.

When the performance values of U2 are examined from Table 1, it was determined that U2 detects the smallest
1.41% ethanol change in the solution. In comparison, this circumstance is an average of 1.66% in all
measurements. The slightest difference between the Rls is 1.3373-1.3370=3x10-* (in Table 1, lines 10 and 9), the
enormous difference is 1.3353-1.3348=5x10-% (Table 1, line 5 and 4). In Figure 4a, U2 output versus percentage
ethanol concentration is given. Figure 4b shows the linear fitting of the refractive index (RIU) versus U2 Output
(mV). As can be seen from the graph, remarkable linearity with 0.9985 and sensitivity of 7.71 mV/RIU was
obtained between the refractive index and the U2 output.
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Figure 4. (a) U2 output vs. percentage ethanol concentration, (b) U2 output vs. refractive index change of ethanol

The experimental procedure for ethanol in the first paragraph of the Result section was applied exactly in
methanol, and the data obtained are similarly given in Table 2. Unlike selecting the most suitable tip used in
ethanol detection, tip number U3 performance is the best in methanol detection. Since methanol has a lower
refractive index than water, different from Table 1, refractive index values in Table 2 decreased depending on the
increasing concentration.

U1 remained unresponsive (even more unresponsive) as with ethanol measurements. On the other hand, U2
responded in a narrow band like U1, unlike ethanol measurements. Therefore, it was determined that the best tip
for methanol is U3.
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Table 2. Responses of the sensor tips for Methanol.

Methanol RI UL Uz U3
Concentration
% RIU mV mV mV

0.0000 1.3333 1.002 1.052 1.303
1.9608 1.3331 1.002 1.052 1.295
3.8462 1.3329 1.002 1.051 1.290
5.6604 1.3328 1.002 1.051 1.286
7.4074 1.3326 1.002 1.051 1.281
9.0909 1.3324 1.001 1.050 1.277
10.7143 1.3323 1.001 1.049 1.273
12.2807 1.3321 1.001 1.049 1.269
13.7931 1.3320 1.001 1.047 1.264
15.2542 1.3319 1.001 1.047 1.260
16.6667 1.3317 1.001 1.046 1.256

When the performance values of U3 are examined from Table 2, the smallest difference between the Rls is 1.3324-
1.3323=1x10-* (in Table 2, lines 6 and 7), the biggest difference is 1.3328-1.3326=2x10-* (Table 2, line 4 and 5).
In Figure 5a, U3 output versus the percentage of methanol concentration is given. Figure 5b shows the linear fitting
of the refractive index (RIU) versus U3 Output (mV). As can be seen from the graph, remarkable linearity with
0.9969 and sensitivity of 28.49 mV/RIU was obtained between the refractive index and the U3 output. The
methanol detection sensitivity of U3 was determined to be almost four times higher than the ethanol sensitivity of
U2. Therefore, it is evaluated that the concentration changes of methanol, which is present in low rates in alcoholic
beverages, can be detected by U3.
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Figure 5. (a) U3 output vs. percentage methanol concentration, (b) U3 output vs. refractive index change of methanol

The sensors’ repeatability was investigated by making three measurements at each concentration with the U2 and
U3 tips. For this purpose, the standard deviations in the measurements were examined. The minimum standard
deviation for U2 was 0.47, while the mean of the standard deviation was 0.89. Similarly, the minimum standard
deviation for U3 was 0.65, while the mean of the standard deviation was 0.91. Therefore, it was determined that
the results in the measurements were very close to each other.

4., Discussion and Conclusion

In this study, U-shaped POF optical sensor tips with three different diameters are produced to determine the
refractive index changes of ethanol/methanol-water mixture concentrations. Sensor tip measurements are made
by preparing distilled water-ethanol and water-methanol mixtures in different concentrations (range 0-16.66%).
The response of each sensor tip is obtained by performing repeated measurements of mixtures. At the same time,
the refractive indices of each mixture are measured. Depending on these values, the sensor responses are
determined according to the refractive index changes and determined that the sensor tip with a diameter of 2 mm
showed the best performance in ethanol measurements. The sensor tip detected the refractive index change of
4x10-* RIU in the mixtures, and its sensitivity is determined as 7.71 mV/RIU. In methanol measurements, it is

154



determined that the 3 mm diameter sensor tip exhibited the best performance. The sensor tip detected the
refractive index change of 1x10-4 RIU in the mixtures, and its sensitivity is determined as 28.49 mV/RIU. Based on
the data obtained, it has been shown that the proposed sensor tips can detect low amounts of ethanol and methanol
changes with acceptable sensitivity in the production of alcoholic beverages.
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Keywords Abstract: Gradient Boosting Decision Trees (GBDT) algorithms have been proven
Decision Tree, to be among the best algorithms in machine learning. XGBoost, the most popular
Gradient Boosting, GBDT algorithm, has won many competitions on websites like Kaggle. However,
fggigg;i/l XGBoost is not the only GBDT algorithm with state-of-the-art performance. There
CatBoost ’ are other GBDT algorithms thathave more advantages than XGBoost and sometimes

even more potent like LightGBM and CatBoost. This paper aims to compare the
performance of CPU implementation of the top three gradient boosting algorithms.
We start by explaining how the three algorithms work and the hyperparameters
similarities between them. Then we use a variety of performance criteria to evaluate
their performance. We divide the performance criteria into four: accuracy, speed,
reliability, and ease of use. The performance of the three algorithms has been tested
with five classification and regression problems. Our findings show that the
LightGBM algorithm has the best performance of the three with a balanced
combination of accuracy, speed, reliability, and ease of use, followed by XGBoost
with the histogram method, and CatBoost came last with slow and inconsistent
performance.

CPU Performansi i¢in Gradyan Artirici Karar Agaci Algoritmalarinin Karsilastirilmasi

Anahtar Kelimeler Oz: Gradyan Artiricc Karar Agaa (GBDT) algoritmalarimin regresyon ve
Karar Agaci, siniflandirma problemlerinin ¢iliziimiinde makine 6grenimindeki en iyi algoritmalar
Gradyan Artiric, arasinda oldugu kanitlanmistir. Kaggle gibi web sitelerinin diizenledigi birgok

)L(G]lslfc)((;);i/l yarismay1l kazanmasi sebebiyle en popiiler GBDT algoritmasi olan XGBoost son
CiﬁcBoost ’ teknoloji performansa sahip tek GBDT algoritmasi degildir. LightGBM ve CatBoost

gibi kimi zaman XGBoost'a gore daha fazla avantajlar1 olan baska GBDT
algoritmalar1 da vardir. Bu makale, en iyi ii¢ gradyan artirici algoritmanin
islemci(CPU) performansini karsilastirmay: amaglamaktadir. Bunun icin ilk olarak
bu li¢ algoritmanin nasil calistigini ve aralarindaki hiperparametre benzerliklerini
aciklayacagiz. Daha sonra performanslarinmi degerlendirmek icin dogruluk, hiz,
giivenilirlik ve kullanim kolaylig1 olarak dérde ayirdigimiz performans kriterleri
kullanacagiz. Ug algoritmanin performansi bes simiflandirma ve regresyon problemi
ile test edilmistir. Bulgularimiz, LightGBM algoritmasinin, dengeli bir dogruluk, hiz,
giivenilirlik ve kullanim kolaylig1 kombinasyonuyla ii¢li arasinda en iyi performansa
sahip oldugunu, bunu histogram yéntemiyle XGBoost'un izledigini ve CatBoost'un
ise ozellikle yavas ve tutarsiz performansla digerlerinin gerisinde kaldigim
gostermektedir.
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1. Introduction

Decision trees are a machine learning method that uses a tree-like graph or model of decisions to split the dataset
to either classifying or predicting based on features. A decision tree is a flow chart-like structure in which each
internal node represents a test on a feature and each branch divides the data into one of two groups like in Figure
1. In the prediction process of the decision tree, the data is assigned to the suitable node, and the result of the
nodes’ test is the prediction of that node.

excellent

Figure 1. A simple graph shows a decision tree that is predicting whether a person is going to buy a PC or not. We can see
that the model prediction shows that a young student will buy a computer.

Decision trees are known to be flexible and easy to interpret. However, using only one decision tree can lead to
overfitting and this will affect the model generalization. We can use several ways to restrict decision tree’s
flexibility, for instance, limiting the tree depth, but using such methods will drive the decision tree toward underfit.
This is the reason that we use multiple decisions tree combined together (ensemble) instead of a single decision
tree. This method helps us make predictions that generalize well. There are many ways to combine multiple
decision trees together; one of them is the gradient boosting decision tree.

Despite their strength, the core idea of GBTDs is very simple: first train several decision trees then taking their
predictions and adding them together to get the final prediction. For instance, let assume that we try to predict
health care prices; the predicted price of any health care service would be acquired by summing the predictions of
all the decision trees.

GBDT uses iterative training, i.e., it builds trees one by one. For example, a GBDT that tries to predict health care
costs would start by building a plain, weak decision tree based on the data with the raw health care costs. The goal
in the training of decision tree is to minimize an objective function, for example, a loss function like Mean Absolute
Error, through repetitively splitting the data in a way that maximizes some criterion until some limit - like trees’
depth - is met. Figure 2 shows how recursive processing works when training a decision tree. The criterion is
being selected in a way that minimizes the loss function in each split. Gini index is a commonly used criterion in
binary classification, which measures the impurity of a node.

middle aged

youth middle_aged senior senior
1

excellent

Figure 2. The recursive processing of training a decision tree.

Next, GBDT builds the next tree in a way that minimizes the loss function then takes the outputs of this tree and
adds it to the first tree. And this can be achieved - approximately - by recursively splitting the data based on a new
criterion. While the details of the criterion are complicated, it can be simple to calculate any criterion for any split
of data by using the gradient statistics (the gradients’ value for each data point) [1,2]
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One thing to keep in mind that in order to compute the best split the model has to go through several splits as well
as computing the criterion for each split. Analytically there is no solution to find the best split at each step. As we
go forward, we will see that this problem is a key challenge in training GBDTs.

Although there are many GBDT implementations besides XGBoost, LightGBM, and CatBoost, these three algorithms
are treated like the only GBDT representatives due to three main reasons:

e Easy-to-use implementations on the three major operating system Windows, macOS, and Linux.

e Open-source software libraries for many programming languages like C++, Python, and R.

e They are fast to train and produce accurate result.
Moreover, one thing to keep a note on that the GBDT implementation in sklearn [3] is much slower than XGBoost,
LightGBM, and CatBoost. All of the three algorithms differ in the optimization’s specifics. In this paper, we will
explain how each of those algorithms improves GBDTs to make model training more accurate and more efficient.

1.1. Growing the Tree

During growing the decision tree both XGBoost and LightGBM use the leaf-wise growth strategy. But during the
training process of each decision tree while LightGBM employs the same strategy XGBoost employs a different
strategy level-wise. Although XGBoost originally used the level-wise strategy recently it has implemented the leaf-
wise strategy but only for the histogram-based method, whereas LightGBM only has the leaf-wise strategy [4]. The
level-wise strategy keeps the trees balanced while the leaf-wise strategy reduces the loss more by splitting the leaf
that has the most loss [5,6] as shown in Figure 3.

Depth- or Level-wise Growth Leaf-wise Growth

Figure 3. A graph shows how level-wise and leaf-wise growth strategies works.

Training with a level-wise strategy can be considered as a way of regularizing the training process. While any tree
built with a level-wise strategy can be built with a leaf-wise strategy the opposite doesn't hold. Thus, while the
training with a leaf-wise strategy is more flexible is also more prone to overfit. This the reason which makes the
leaf-wise strategy a better choice when dealing with large datasets. Furthermore, in case of a leaf-wise growth
strategy, a tree can grow deeper compared to a level-wise growth strategy while using the same number of leaves.
This means while we use the same max_depth parameter on either of the strategies this will result in trees that
have different levels of complexity [4]

In case of CatBoost, it uses symmetric or oblivious trees [7,8]. In each level of the tree, it uses the same features to
split learning examples into the right and the left partitions which results in a tree that has a depth of k and
precisely 2k leaves. Moreover, the leaf index can simply be calculated with bitwise operations. Therefore, the
scheme of CatBoost learning can be considered depth-wise that has been simplified and obtained from a decision
tree type. This type of tree brings many advantages in contrast to a classic one: More efficient GPU implementation,
easy fitting scheme, capable of building really fast model appliers, tree structure acts as a regularization which can
provide benefits for various tasks [9]. Building stages for a single tree in CatBoost [10].

First, the algorithm starts by doing the preliminary calculation of splits. Then, transforms the categorical features
into numerical features (Optional). After that, it chooses the tree structure. And lastly, it calculates the values in
leaves.

1.2. Finding the Best Split

The key challenge in GBDTs is to locate the best place to split the data for each leaf. When this process is naively
done the algorithm will have to check every feature of every data point. Therefore, this will result in the
computational complexity of O (n_data n_features) [6]. Nowadays we are dealing with datasets that have an
enormous number of samples and features. For example, a dataset consists of 10 million documents and 1000 as
a vocabulary size would have 10 billion entries. Thus, a naive GBDT would take a very long time (sometimes
forever for big data) to train on such a dataset. Although there isn’t a method for finding the best split that doesn't
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require checking all features of all dataset points, XGBoost, LightGBM and CatBoost present methods to find an
approximation to of best split.

Exact Greedy Algorithm (XGBoost): XGBoost with level-wise strategy uses an exact greedy algorithm for
computing the best split. In order to do so efficiently, the algorithm must first sort the data according to features
[11]. We can summarize how pre-sorting splitting works in the following:

The algorithm enumerates over all the features for each node. Then, sorts the instances for each feature. Next, it
decided the best split along feature's basis information gain by using a linear scan. Finally, it takes the fittest split
solution throughout all the features.

Histogram-based method (XGBoost / LightGBM): The number of splits that the algorithm has to evaluate when
building a tree directly affects its speed. Thus, fewer splits mean faster speed. Histogram-based methods employ
the fact that often, introducing small changes to the split would not make much of a difference in the tree
performance. Thus, the histogram-based method groups the features into a set of bins then use those bins instead
of the feature for the splitting process as shown in Figure 4. When this method is used is like applying a subsample
to the number of splits that will be evaluated by the model. Because when the algorithm binned the features before
building each tree it can speed up training significantly and reduce the computational complexity to O (n_data
n_bins). Despite the simplicity of the concept, histogram-based methods have more parameters to be chosen by
the user.

1. Bins number which is a trade-off between speed and accuracy of the algorithm: when the user uses more
bins the accuracy of the algorithm increases as well as the time it takes to complete the training.

2. The problem of which method to be used to divide the features into bins is not easy. If the user divides the
bins using equal intervals (the simplest method) this can often lead to an unbalanced distribution of the
data. In order to get the most balanced method for dividing the bins, we have to depend on the gradient
statistics.

split

Figure 4. A graph shows how binning the feature reduces the number of splits to evaluate. But this method requires the
features to be sorted in advance to be effective.

XGBoost algorithm offers the option tree_method=approx which uses the gradient statistics to compute a new set
of bins at each split. Both LightGBM and XGBoost with histogram method compute the bins once at the beginning
of training then use the same bins during the entire training process [6,12].

Gradient-based One-Side Sampling (LightGBM): GOSS is a method exclusively employed in LightGBM [6]. The
idea behind the Goss method is that all data points contribution to training is not equal as explained before if the
data point has a small gradient it tends to be more trained, i.e., close to local minima. Thus, the algorithm will be
more efficient if it focuses on data points that have larger gradients. However, when we use this observation
straightforward by ignoring any data point with small gradients while computing the best split this will increase
the risk of bias in sampling and change the data distribution. For example, if we have a dataset with all the data
points at a young age are tended to be less well trained, the sampled data taken from this dataset will bias toward
ayounger age. Thus, the algorithm will choose a split that is younger - tend to a young age - instead of the optimal
value.
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To overcome this problem, LightGBM employs an additional technique that uses random sampling to select from
the data points with small gradients alongside all data points with large gradients. This technique helps the
algorithm to maintain a sample with a biased towards data with large gradients alongside data points with small
gradients. Then while computing the contribution of sample to the change in the loss, LightGBM will give more
weights to the samples with small gradients.

Feature Combination (CatBoost): CatBoost uses a novel way to find the best split for the current tree [13].
Namely, the combinations are been considered in a greedy fashion. For the first split in the tree, the algorithm
doesn’t consider combinations. For the next splits, all categorical features and combinations that are present in
the current tree are been combined with all of the categorical features in the dataset. CatBoost converts all
combination values into numbers very quickly. Furthermore, CatBoost is able to generate numerical and
categorical feature combinations in the following way: all the selected splits in the tree are treated as a categorical
feature with two values that are been used in combinations similar to the categorical ones.

1.3. Handling sparse inputs

Since those algorithms often are used on text data or vectorized tabular. Thus, the inputs usually are tended to be
sparse. Because most of the values of a spare feature will be 0, it will be wasteful to go through all of its values.
XGBoost way of dealing with this problem is by ignoring all 0 features when computing the split, then takes all the
data with missing values and allocate them to either side of the split. And this helps to reduce the loss more as
shown in Figure 5. This process will speed the training up by reducing the number of samples required to be used
in evaluating each split [6,11].

Find split
| LAl \
1o Jo [ o [3 ][5 [7

Allocate after Find split
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Figure 5. Dealing with sparse data.

Both XGBoost and LightGBM are treating the missing values by ignoring them while computing the best split, then
allocates them to either side that reduces the loss the most which is by coincidence, the same way that XGBoost is
handing spares data. LightGBM has an option called zero_as_missing if it is enabled (set to True) will consider all
zero values as missing. But is not enabled by default [14]. Unlike XGBoost and LightGBM, CatBoost has no support
for sparse data until now. The algorithm team is working on bringing this feature to the algorithm though [15].
Therefore, CatBoost requires handling the sparse data before feeding it to the model. In case of missing values
processing mode in CatBoost depends on the feature type:

e Numerical features: The default processing mode is Min. There are other ways provided like; Max and
forbidden. in order to CatBoost
e Categorical features: CatBoost does not process categorical features in any specific way.

1.4. Exclusive Feature Bundling (LightGBM)

LightGBM has a novel method to effectively reduce the number of features that utilize sparsity in large datasets. In
large datasets, the sparsity of features means that some features are never non-zero together this observation is
the essential building block for EFG in lighGBM [6]. For example, the word “Java” and “vein” might never be in the
same document. Therefore, these two features can be bundled together into a single feature without any loss in
the information of the data. Assume that the tf-idf (term frequency-inverse document frequency) score for “Java”
is between 0 - 15 and the tf-idf score for “vein” is between 0 - 30. In this case, the feature:
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Java if vein = 0 else vein += 15

Would be between 0 - 45, also this score can easily be converted back to its original scores. Unfortunately, finding
the most efficient bundle is an NP-hard problem. Therefore, the creators of this algorithm use an approximate
algorithm that has toleration with a certain degree for overlapping y between the non-zero elements within a
feature bundle.

1.5. Treating the Categorical Variables

LightGBM has an implementation called categorical_feature for handling categorical features. The input of this
parameter is the names of the categorical features. While it doesn't use the one-hot coding method it is way faster
than one-hot coding. But all the categorical features must be converted to integers before passing it through
categorical_feature parameter. And for finding the split value of the categorical features LightGBM uses a
distinctive algorithm [16].

Example for specifying feature names and categorical features in LightGBM:

Train df = lgbm.Dataset(df ,label=target, feature name=[‘ftl’, "ft2’, ’"ft3’'],
categorical feature=[’'ft3"])

CatBoost has a novel method to handle categorical features implemented on the algorithm. It uses the categorical
features to construct new numerical features that are based on categorical features and their combinations. As for
categorical features, CatBoost uses one-hot encoding for them with different values depending on the training
mode. Categorical data can be specified in cat_features argument [17]. One thing to keep in mind that in order for
CatBoost to consider the categorical features as categorical we have to pass all of them in the cat_features argument
if we don't do that CatBoost will consider all the features in the dataset as numerical variables. Moreover, even
columns with integer-type values also will be considered as numerical values.

XGBoost unlike LightGBM and CatBoost, it doesn't have any implementations for handling categorical features.
Similar to Random Forest, XGBoost accepts only numerical features as an input. Thus, all the categorical features
have to be encoded with methods like label encoding or one-hot encoding before feeding them to the algorithm.

1.6. Categorical Boosting (CatBoost)

CatBoost is built on the idea of categorical boosting. When the algorithm is building the tree before each split is
selected, it transforms all the categorical features into numerical. This transformation is done by applying several
statistics on both combinations of only categorical features and combinations of categorical and numerical features
together. The transformation method used to transform the categorical features into numerical in general includes
the following:

1. Randomly permutating the input objects set.

2. Thelabel value is been converted from a floating-point into an integer. This process differs based
on the problem that is being solved (this is determined by the loss function that is being used).

3. Transforming categorical features into numerical features using the following:

CountInClass + Prior
avg_target = (1)
TotalCount + 1

CountInClass refers to how many the label values for the objects of the value of the current
categorical feature was equal to 1. Prior is an initial value for the numerator that has been
determined based on the starting parameters. TotalCount refers to the total number of objects
(up to the current one) with a categorical feature value matching the current one.

Therefore, the algorithm is assigning a numerical feature to each of the values of the categorical features or the
value of the feature combination [17].

1.7 Hyperparameters Similarities

Due to the similar foundation of all the three algorithms, they have similar hyperparameters. The similar
hypermeters are showing in Table 1 [4]:
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Table 1. Table shows the hyperparameters similarities between the three algorithms.

Function XGBoost CatBoost LightGBM
Important learning_rate or eta: learning_rate learning rate
arameters Optimal values lie between depth: max_depth:
which control 0.01-0.2. Value can be any integer up to default is 20. Important to note
overtting max_depth 16. Recommended [1 to 10]. that tree still grows leaf-wise.
min_child_weight: Hence it is important to tune.
similar to min child leaf; No such feature like min child num_leaves:
defaultis 1. weight. (Number of leaves in tree) which
should be smaller than 2”(max
L2-leaf-reg: depth) it is very important
L2 regularization coefficient is parameter.
used for the calculation of leaf min_data_in_leaf:
value (positive integer) default = 20.
Parameters Not Available Cat_features: categorical-feature:

for categorical
values

It represents the index

of the categorical

features.

One_hot_max_size:

Use to specifiy the maximum
number of different values while
performing one-hot encoding
for all features (max - 255)

Use to specify which of the
features is categorical during
training the model.

Parameters
for controlling
speed

colsample_bytree:
subsample ratio of columns.
subsample:
subsample ratio
training instance.
n_estimators:
maximum number of
decision trees; high value
can lead to over fitting

of the

rsm:
Random subspace method. The
percentage of features to use at
each split selection.

No such parameter to subset
data.

iterations:

specify the upper limit of the
trees that can be built; high
value can lead to overfitting.

feature_fraction:

fraction of features to be taken for
each iteration.

bagging fraction:

specify the data fraction which will
be used in each iteration and it is
used to avoid overfitting and speed
up the training.

Num_iterations:

specify how many boosting
iterations to be performed; default
=100.

2. Materials and Method

2.1. Datasets

To be able to evaluate the performance of the three algorithms accurately in both classification and regression five
datasets have been used in this paper. The datasets have a different size in features and entries to ensure the
diversity of the datasets.

The US Adult Census Dataset (Classification)

The US Adult Census dataset has been extracted from the 1994 US Census database. This dataset includes more
than 48 thousand entries about citizens in various countries with 15 features (columns). The objective here is to
predict the income of the citizen-based on the information in the other columns (features) [18].

WHO Life Expectancy Dataset (Regression)

A dataset repository that operates under the World Health Organization (WHO) called Global Health Observatory
(GHO) monitors the health status along with other related factors around the world. The life expectancy dataset is
a combination of the GHO datasets and the United Nation datasets. The life expectancy includes data about health
factors for 193 countries that have been collected from Global Health Observatory (GHO). Next, the corresponding
economic data have been collected for UN datasets. The resulting dataset has been processed and the missing data
handled with the help of the Missmap command in R software. The final dataset consists of 22 Columns (features)
and 2938 rows (entries) which meant 20 predicting variables [19].
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Data Hackathon 3.x (Classifications)
Data Hackathon 3.x dataset consists of 87020 entries of client’s data of banks in India with 26 features and the goal
is to predict if the client will disburse or not.

Bank Customer Churn (Classifications)
This dataset is also the client’s data of bank in Europe which consists of 10000 entries and 14 features with a goal
of predicting whether the client will leave the bank or not.

Bank Customer Churn (Classifications)

The Framingham Hearts study which began in 1948 and has uncovered numerous associations or risk factors
relating to coronary artery disease. This portion of the data set includes 4,238 subjects, each with 15 descriptive
measures (features) such as cholesterol, blood pressure, and heart rate in addition to an outputlabel - if a diagnosis
of CHD (Coronary Heart Disease) was made over 10 years [20].

2.2. Method

The evaluation process will consist of four main categories speed, accuracy, reliability, and ease of use. The three
algorithms will be tested with the default and tuned hyperparameters to show which of them better in both cases.
The tests have been done with the latest python packages of the algorithm on the same computer in the same
conditions. The tuning process has been done many times to find the best hyperparameters for each algorithm
separately. In case of the speed test each case of the algorithms has been done 10 times with the same
hyperparameters then the average of them has been taken. The results will be shown in a table for better
comprehension of the differences. For the third category ease of use, we evaluate it by considering the number of
hyperparameters for tuning the algorithm and how much the algorithm performs with the default
hyperparameters. Finally, to measure the reliability we consider how consistent the algorithm performs across all
datasets that we use.

2.3. Computer specifications

All the test and tuning process has been done in a laptop with a mid-range specification to demonstrate how well
the algorithms perform and to make the differences in speed more noticeable. We intended to use mid-range
computer because most of the researchers and students use computers with similar specifications to do most of
their programming work. Thus, we wanted to see how they going to perform on this kind of hardware.

The computer which has been used to perform all the tests has a Core i5-6200u processor paired with 6 GB of
DDR3 Ram and NVIDIA GeForce 940M graphics card with 2 GB of memory and 256 GB of SATA 3 SSD for storage.
As for software Table 2 shows the versions of the programs and libraries.

Table 2. Software versions.

Python 3.7
XGBoost 0.80
CatBoost 0.14.2

LightGBM 2.2.2

3. Results
3.1. The US Adult Census dataset (classification) results

Table 3. The US Adult Census Dataset's accuracy and speed results of the four algorithms.

XGBoost XGBoost - hist
Default Tuned Default Tuned
Speed 01.104954 Sec 13.84216 Sec 00.367410 Sec 01.940795 Sec
Accuracy 86.794423 87.599042 86.788281 87.777164
LightGBM CatBoost
Default Tuned Default Tuned
Speed 00.361316 Sec 00.653143 Sec 94.158556 Sec 27.683200 Sec
Accuracy 87.341073 87.660463 87.482341 87.580615

Table 3 shows two metrics of evaluation speed and accuracy both with the default and tuned hyperparameters for
each algorithm. From the results, we can infer that all algorithms perform well with very good accuracy with a
small margin between the accuracies. however, the XGBoost-hist algorithm with tuned hyperparameters has the
best accuracy. As for the speed, there is a big difference in the result ranging from the fastest LightGBM with
default hyperparameter with only 00.361316 sec to complete the training process to the slowest CatBoost with
default hyperparameter with a whopping 94.158556 sec to complete the same task. Furthermore, we notice that
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XGBoost and LightGBM speed decreased after tuning them whereas, XGBoost - hist and CatBoost speed increased
with tuning especially with CatBoost we were able to speed it up to 4 times with better accuracy.

3.2. WHO Life Expectancy dataset (regression) results

Table 4. WHO Life Expectancy Dataset’s accuracy and speed results of the four algorithms.

XGBoost XGBoost - hist
Default Tuned Default Tuned
Speed 00.943869 Sec 08.87374 Sec 00.351246 Sec 06.529343 Sec
Accuracy 94.248202 96.579688 94.199483 96.559307
LightGBM CatBoost
Default Tuned Default Tuned
Speed 00.311644 Sec 01.374218 Sec 36.196142 Sec 17.62043 Sec
Accuracy 94.359751 95.877220 92.017064 96.132491

In Table 4 we have the result for the WHO Life Expectancy Dataset. We notice the same pattern for the accuracies
but with a bigger margin with the worst accuracy belongs to CatBoost with the default hyperparameter and the
best belongs to XGBoost with tuned hyperparameter. Regarding speed, the same can be said. LightGBM with
default hyperparameter is the fastest and CatBoost with default hyperparameter as expected is the slowest.
Moreover, the tuning of XGBoost, XGBoost - hist, and LightGBM slow down their speed in contrary for CatBoost
the tuning speeds it up.

3.3. Data Hackathon 3.x dataset (classifications) results.

Table 5. Data Hackathon 3.x dataset's accuracy and speed results of the four algorithms.

XGBoost XGBoost - hist
Default Tuned Default Tuned
Speed 01.782270 Sec 00.864689 Sec 00.465752 Sec 00.403920 Sec
Accuracy 98.501494 98.501494 98.501494 98.501494
LightGBM CatBoost
Default Tuned Default Tuned
Speed 00.813822 Sec 00.395931 Sec 68.196164 Sec 33.320850 Sec
Accuracy 98.483107 98.501494 98.501494 98.501494

Similarly, Table 5 has the Data Hackathon 3.x datasets' results. We infer that all algorithms have excellent accuracy
with a very small margin. All of the algorithms have the same accuracy except LightGBM with default
hyperparameter has slightly lower accuracy. As expected, LightGBM with tuned hyperparameter is the fastest
whereas CatBoost with default hyperparameter is the slowest. However, the speed of all algorithms increased after
tuning almost double except XGBoost - hist with only a 15% increase.

3.4. Bank Customer Churn dataset (classifications) results

Table 6. Bank Customer Churn Dataset’s accuracy and speed results of the four algorithms.

XGBoost XGBoost - hist
Default Tuned Default Tuned
Speed 00.75184 Sec 00.71689 Sec 00.300096 Sec 00.727746 Sec
Accuracy 87.15 87.15 86.90 86.95
LightGBM CatBoost
Default Tuned Default Tuned
Speed 00.194973 Sec 00.113583 Sec 33.449706 Sec 09.558820 Sec
Accuracy 86.00 86.85 86.65 87.20

Table 6 illustrates the Bank Customer Churn datasets' results. We infer that all algorithms have very good accuracy
with a small margin with CatBoost with tuned hyperparameter has the best accuracy followed by XGBoost with a
small difference and LightGBM has the worst accuracy. Following the same pattern, CatBoost with default
hyperparameter is the slowest, and LightGBM with Tuned hyperparameter is the fastest. Moreover, tuning
algorithms speed them up except XGBoost - hist which made it more than 2 times slower. As expected, CatBoosts'
speed significantly increased with tuning almost 3.5 times faster.
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3.5. Framingham Heart Study dataset (classifications) results

Table 7. Framingham Heart Study Dataset's accuracy and speed results of the four algorithms.

XGBoost XGBoost - hist
Default Tuned Default Tuned
Speed 00.173532 Sec 00.122078 Sec 00.150508 Sec 00.98946 Sec
Accuracy 85.519126 85.792350 85.382514 85.519126
LightGBM CatBoost
Default Tuned Default Tuned
Speed 00.146186 Sec 00.150189 Sec 52.861558 Sec 10.478870 Sec
Accuracy 84.562842 85.519126 85.245902 85.792350

Similarly, Table 7 shows Framingham Heart Study Datasets' results. By glancing at the results, we can notice the
pattern of the three algorithms' performance continues. All of them have very good accuracy with a small
difference. XGBoost and CatBoost with tuned hyperparameters have the best accuracy whereas LightGBM with
default hyperparameters has the worst. As for the speed, the fastest is XGBoost - hist with tuned hyperparameters
followed by LightGBM with tuned hyperparameters. As expected, CatBoost with default hyperparameters is the
slowest, and we were able to speed it up significantly by more than 5 times.

After analyzing the results above, we found that the fastest algorithm is LightGBM, followed by XGBoost with
histogram implementation with a small difference, and the slowest was CatBoost, which takes significantly more
time than the others as shown in Figure 6. Furthermore, we have noticed that CatBoost can be speeded up by
tuning the hyperparameters up to 5 times in our tests with better accuracy. However, it’s still significantly slower
compared to its analogs, and this pattern continues throughout all the tests. The team that works on CatBoost has
been working to make the algorithm faster, so the next versions of the algorithm may be faster. Moreover, the
speed of LightGBM is better when we preprocess the categorical data by transforming them into a binary (Boolean)
matrix.
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Figure 6. Graphs show the speed of each algorithm with each dataset.
In case of accuracy, all algorithms perform well with small differences, both with the default and tuned

hyperparameters. However, we notice that LightGBM has slightly better accuracy with default hyperparameters
followed CatBoost and XGBoost as shown in Figure 7.
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Figure 7. Graphs show the accuracy of each algorithm with each dataset.

As for reliability, LightGBM and XGBoost have consistent results in both default and tuned hyperparameters with
small differences. On the contrary, CatBoost had a noticeable difference in its results.

Last the ease of use, the three algorithms have an official package that makes them easy to use, but due to the way
the CatBoost works makes it the easiest algorithm to use because we don’t have to preprocess the categorical data.
Moreover, CatBoost has fewer hyperparameters to tune. The second easiest is LightGBM because it can handle
categorical data as long as they are in numerical form. The last algorithm is XGBoost, which requires transforming
the categorical data to a binary (Boolean) matrix. We also found that CatBoost in most cases doesn’t use all of the
CPU resources in the training process, unlike the XGBoost and LightGBM.

4. Discussion and Conlusion

Our results show that LightGBM is the most balanced performance algorithm. It produced a very good accuracy
across the five datasets with excellent speed, in three datasets was the fastest and in the other was the second-
fastest. Moreover, it has a consistent result with all of the datasets. Moreover, since LightGBM can handle
categorical data makes it easy to use. As for XGBoost, while the default method - exact - is slower than LightGBM,
the histogram-based method has an equivalent speed to LightGBM with almost the same accuracy. However, since
it requires preprocessing the categorical data makes it slightly harder than LightGBM. Finally, with the ability to
handle categorical data without any preprocessing and fewer hyperparameters to tune CatBoost is the easiest to
use. However, CatBoost accuracy and speed are less than its analogs and vary a lot. Although we were able to speed
it up to 5 times, it still much slower than the other two. Finally, those results show that XGBoost is not the only
GBDT algorithm with state-of-the-art performance. LightGBM and CatBoost as well are capable algorithms with
novel ideas.
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Abstract: With the developments of communication technology, the number of
wireless devices is increasing day by day. Fifth generation (5G) has an important
place in the communication of these devices. Different technologies have been
proposed to fulfill the requirements of 5G standards. Among these technologies,
Large Intelligent Surfaces (LIS) promise the future for the realization of 5G
technology. LIS are the communication technology whose name has been heard
recently. In this paper, the topic of LIS has been discussed with considering some
scenarios different fading channels. Furthermore, performance analysis has been
performed over Rician and Weibull fading channels by considering the computer
programmed application of LIS. A comparison of dual-hop (DH) and access point
(AP) types, which are LIS types, was realized. The results were interpreted and new
solution proposals were discussed.

Genis Akilh Yiizeylerin Farkh Séniimlii Kanallarda incelenmesi

Anahtar Kelimeler
5G,

Genis Akill Yiizeyler,
MIMO,

Rician kanaly,
Weibull kanali

Ozet: iletisim teknolojisindeki gelismelerle birlikte kablosuz cihaz sayis1 her gecen
giin artmaktadir. Bu cihazlarin iletisiminde besinci nesil (5G) 6nemli bir yere
sahiptir. 5G'nin gereksinimlerini karsilamak i¢in farkli teknolojiler dnerilmistir. Bu
teknolojiler arasinda, Genis Akilli Yiizeyler (LIS), 5G teknolojisinin
gerceklestirilmesi icin gelecek vaat etmektedir. LIS, son zamanlarda adi duyulan
iletisim teknolojisidir. Bu makalede LIS teknolojisi, baz1 senaryolar ve farkl
soniimli kanallar dikkate alinarak tartisilmistir. Ayrica LIS’in bilgisayar programl
uygulamasi dikkate alinarak Rician ve Weibull soniimlii kanallar {izerinden
performans analizi yapilmistir. LIS tiirleri olan iki atlamali (DH) ve erisim noktasi
(AP) tirlerinin karsilagtirmasi yapilmistir. Sonuglar yorumlanmis ve yeni ¢éziim
Onerileri sunulmustur.
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1. Introduction

The role of communication in our lives is great importance day by day. Wireless communication technology has
made great progress with recent studies. While first generation (1G) was used in the first mobile phone models,
Second generation (2G) entered our lives with digital mobile phone technologies. Mobile communication gained
speed with third generation (3G) in the early 2000s. The most distinctive difference between 3G technology to 2G
technology is that it attaches importance to data transmission. Fourth generation (4G) and 4.5G refer to the mobile
data network currently used in mobile phones. With the increase in the number of mobile users, ensuring
uninterrupted communication is one of the most serious issues that operators work on. As a result of the research,
it has been said that the number of mobile users has reached enormous numbers in the coming years. Besides, it
is obvious that with the development of technology, life has become easier and technology is used in every field.
New mobile communication technology is needed to fulfill all these needs. Fifth generation (5G) technology will
play a crucial role in wireless communication and internet technology. The widespread use of 5G communication
technology enables the communication between humans and machines. 5G communication technology provides
faster data transfer compared to previous technologies [1].

In the literature, the author in [2] has performed Bit Error Rate (BER) analysis large intelligent surfaces (LIS) over
Rayleigh channel. Huang et al. have worked on energy efficiency in LIS systems [3]. While Dardari has worked on
modeling [4], Hu et al. have worked on data transmission in LIS technology [5]. The authors have shown that the
array gain and spatial resolution of the LIS architecture are proportional to the surface area and radius [6].
Thirumavalavan et al. demonstrated the BER analysis of the reconfigurable intelligent surface (RIS) supported
NOMA system [7]. Alghamdi et al. has shown that the performance analysis of the LIS systems [8]. In [9], the
analysis of the difference between the Rician and Rayleigh channels in the LIS systems has made. In this study,
performance analysis is discussed by examining different fading channels on LIS.

The rest of the article is organized as follows. In section 2, system model on LIS based communication system is
given. In section 3, the simulation results are shown. Finally, conclusions are given in section 4.

2. Material and Method

In order to fulfill the requirements of 5G technology, firstly multiple input multiple output (MIMO) technology has
been proposed. MIMO can be defined as a wireless network where data transmission and reception take place over
a radio channel. Generally there are two main MIMO types: standard MIMO and massive MIMO. While standard
MIMO uses two or four antennas, Massive MIMO has a larger number of antennas. While the standard MIMO have
been already used in 4G systems, massive MIMO is expected to come into play with the widespread use of 5G
systems. Massive MIMO is expected to be an essential component of 5G. Since LIS technology has been introduced
the number of wireless devices is increased with the spread of 5G technology in the coming years. As a continuation
of massive MIMO, the LIS system has been suggested in [5] using all adjacent surfaces for the transmitter and
receiver.

LIS are the smart devices that ensure the quality of the signal and enable the region to work more efficiently [12].
LIS differs from MIMO as aspect of transfer, backscatter and amplification models [2]. These surfaces are made by
humans and provide the advantage of wireless charging, more efficient operation at remote distances and high-
speed data transmission. [5]. Further, the LIS has small editable characteristics and consists of passive reflective
elements. Because the elements in LIS are cheap and editable; there is no need for an additional power supply to
understand the incoming code and to transmit [3]. With the widespread use of LIS, we are able to see it in all areas
of our lives, for instance, the clothing industry, construction industry, electronic device covers [11]. LIS includes
non-polarized film capacitors and materials obtained using materials such as plastic metal. The concept of LIS was
proposed in [12] by using frequency selective surfaces to control the signal field.

2.1. System Model

In this part, the system model of LIS-based applications is discussed. In Figure 1, h; and g; represent the fading
channel between the source - LIS, LIS - user respectively. LIS Dual Hop (DH) system is used to maximize the SNR
value.
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Figure 1. LIS DH system [2]

The expression hj, gi ~ CN(0,1) and CN(0, 02) denotes the complex Gaussian distribution with zero mean and
variance o2. It is said that the LIS contains N reconfigurable reflective elements. Received baseband signal of the
LIS with N reflective passive elements is as follows [2]:

N
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where J; refers to regulable phase, s represents the data symbol, n represents CN(0, No) Additive white Gaussian

y:

s+n (1)

noise (AWGN). hj = cje=/%l and g; = dje-j*l and cj, dj represent the channel amplitudes, 8;, ¢; represent the phases.
The received baseband signal in (1) can be expressed as [13]:

y=g"9hs+n )
where g =[g19,95 ---gn-1Tand h = [h h,h; ... hy]T refer to vectors between terminals and LIS. ¥ is diagonal matrix.

The instantaneous signal to noise ratio (SNR) value at 9 = diag([e/%1e/%2e/9 ...e/9] the user side is follows as
[13]:

N 2
p= (|Z cudiel@i-000) Es)/zv0 3)
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where Eg indicates the transmitted energy. It is possible to simplify the instantaneous SNR expression with the
help of LIS element. Using 9 = 6 + ¢ji=1..., after arranging up to N, the following expression is obtained [13]:

N 2 N N N
;fieffi =;fi2+2 Z Z fifi cos(t; — 1) 4)

i=1 k=i+1

where 7j = T is maximized for all i values and the instantaneous SNR value is given by [2]:

N
p= <|Z cid;
=1

Here, LIS itself is used as an access point (AP). In AP, reflectors are used both as signal power amplifiers and for
transmitting information. When the AP is used for LIS systems in Figure 2, the channel g; can be expressed as g; =
die /¢ In the AP system, on the source side, the LIS is powered by the RF or unmodulated carrier signal. Carrier
signal is a cos 27 f ¢t and carrier frequency f¢ [2].

2
Es) / No (5)
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Figure 2. LIS AP system [2]

The received baseband signal expression for LIS AP system is follows as [2]:

N

Z el¥ig;

i=1

y = JEs

+n (6)

where Eg indicates the transmitted energy. J; is the phase stimulated by the ith reflector. The log2 M bit is
considered to be transmitted. 9; = wm + @i, wm m € (1,2,3,4, ... ,M) is prompted by LIS to send the mth message.
Then, the signal received in the AP system is rewritten as [2]:

y = JE;Be/“m +n (7)

where B refers to the gain. The proximity of this signal indicates that there is a phase shift keying (PSK) modulated
signal transmitted on a channel with gain B. For m = 1,2,3, .., M values, wm = 2m(m-1) M is expressed and the
instantaneous SNR value is obtained as [2]:

p = (EsB*)/Ny (8)

LIS is a promising technology for next generation communication technologies. Finally, the advantages of the LIS
system over MIMO can be summarized as:

1) Higher energy efficiency is achieved in LIS systems [14].

2) While a base station is needed in MIMO systems, transmission is made without the need for a base station
in LIS systems. Higher data rates are achieved in LIS systems.

3) Thus, higher data rates are achieved.

4) Estimation and sending back information is easier in LIS systems [15].

2.2 Channel Model
2.2.1. Rician Channel
Rician channel is used in situations where there is a line of sight path (LOS). Rician distribution occurs when here

is a strong path in addition to low level dispersed paths [16]. Rician channel is also called Nakagami-n fading
channel. The expression of the probability density function of the Rician channel follows as:

(9)

p(r)

201+ n?)e " (1 + n?)r? ) 1+ 72
= 0 exp 0 of 2nr |—

The I, parameter specifies the Bessel function. In the Rician distribution, Rayleigh fading is obtained in the
condition that n = 0, but it is stated that there is no fading when n = 00 [17].
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2.2.2. Weibull Channel

The Weibull distribution is the type of distribution used for modeling multipath fading channels in both indoor
and outdoor environments. The expression of the Weibull probability density function follows as:

p(r) = crﬁ exp (_ %‘:) (10)

c—1

The c expression being used is the Weibull fading parameter. f§ is a positive scale parameter. The expression ¢ must
take a value between 0 and oo. If ¢ = 1, the Weibull distribution becomes an exponential distribution, while in the
case of ¢ = 2, the Weibull distribution becomes the Rayleigh distribution [18].

3. Results

In this section, Figures 3 and 4 are presented systems for the LIS over Rician fading channel.We set as K=1 dB and
K=3 dB for Figures 3 and 4, respectively. Binary phase shift keying (BPSK) modulation is used as the modulation
type. From these results, it is observed that as the K factor increases, a lower BER is achieved. BPSK modulation is
used as the modulation type. With the doubling of N value, an improvement of approximately 8 dB is observed in
SNR values.
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Figure 3. LIS BER analysis for the LIS AP over Rician fading channels (K=1 dB)
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Figure 4. LIS BER analysis for the LIS AP over Rician fading channels (K=3 dB)

The symbol error rate (SER) analysis using different M (signal order) values over the Rician channel is shown
in Figure 5. K values are taken as 1 dB. M values are taken by taking 2 and 4. N value is taken as 4. LIS-AP
system has better error performance than LIS-DH system, and LIS-AP system is less affected than LIS-DH
system by the change of M. It is observed that the use of the LIS AP system provides approximately 1 dB
improvement compared to the LIS DH system.
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Figure 5. LIS SER analysis, different M values

174



AP and DH systems performance analyzes are in compared Figure 6. While PSK modulation is used in the AP
system, QAM modulation is used in the DH system. When the results are examined, the AP system provides more
reliable communication over the Rician channel and it is observed that the Access Point system has a better error
performance than the DH system. When the results are compared the N values in the same number, it can be seen
that the LIS AP system provided almost 3 dB improvement compared to the LIS DH system.
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Figure 6. BER comparison for LIS-AP and LIS-DH systems

BER performance analysis for the considered system model over the Weibull channel is discussed in Figure 7.
BPSK modulation is used as the modulation type. The Weibull fading parameter and scaling parameter are 2. As
seen in Figure 7, it is understood that the BER improves with the increase of the N value as expected. M values are
taken as 2. With the doubling of N value, an improvement of approximately 8 dB is observed in SNR values.
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Figure 7. Weibull BER analysis for fading and scaling parameter are taken as 2.
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BER performance analysis for the considered system model over the Weibull channel is discussed in Figure 8. In
Figure 8 the fading parameter and scaling parameter are 4. It can be seen that an improvement is observed in the
error performance, with the increase in parameter values. With the doubling of the fading and scaling parameters,
an improvement of roughly 4 dB is observed. M values are taken as 2.
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Figure 8. Weibull BER analysis for fading and scaling parameter are taken as 4.

The symbol error rate (SER) analysis using different M (signal order) values over the Weibull channel is shown in
Figure 9. M values are taken by taking 2 and 4. N value is taken as 2. It is observed that the LIS DH system is more
successful with a low SNR value, but the LIS AP system is more successful as it passes to a high SNR value. Further,
It is observed that the use of the LIS AP system provides approximately 12 dB improvement compared to the LIS
DH system.
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Figure 9. Weibull SER analysis, different M values
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4. Discussion and Conclusion

In this paper, the error performance of the LIS systems has been analyzed through computer simulations in
different fading channels. It can be understood that, there is an improvement in the error performance ratio with
the increase of the fading factor for Rician channel. Further, when LIS AP and LIS DH systems were compared with
different M values, it was observed that the LIS AP system was more successful. It has been observed that the
change of the M value affects the LIS DH system more than LIS AP system. It is also observed that the LIS itself is
simple transceiver AP system, where an unmodulated carrier is reflected by the LIS, therefore the AP system over
the Rician channel has better performance than the DH system. For the Weibull channel, it is observed that with
the increase of the fading and scaling parameter, the error performance improves. LIS AP and LIS DH systems were
compared for different M values over the Weibull channel. The LIS AP system has also been found to be more
successful in the Weibull channel on high SNR values. With the widespread use of the LIS system, it has been
understood that the demand for MIMO systems is eliminated. To contribute to future research, LIS provides better
performance with the increase in the number of reflective element and we have stated that this is a promising
research topic for data transfer in wireless communication beyond MIMO.
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Keywords Abstract: In this study, stone samples taken from volcanic tuffs at seven different
Volcanic Tuff, locations in the Cappadocia region were examined. In order to obtain the powder
XRD Method,

diffraction pattern of the samples, they were pulverized by grinding in agate mortar.
Diffraction patterns were taken on a Bruker AXS D8 Advance Model diffractometer.
Qualitative analysis of the pattern data was performed using the XRD Evolution
program. The most common compounds as a result of the analysis: it has been
identified as Silicon Oxide [Si0z], Magnesium Silicate Hydroxide [Mgs(Siz05)(OH)4],
Sodium Calcium Aluminum Silicate [(Nao.4sCao.ss)(Al1ssSi24508)], Sodium Calcium
Magnesium Aluminum Iron Titanium Aluminum Silicon Oxide Hydroxide Hydrate
[(Mg2.46Al0.3Fe0.22Tio0.021)2(Mgo3sCaon.03Nao.oz)2((Sizes  Al117)010)2  (OH)4(H20)34],
Potassium Aluminum Silicate Hydroxide [(K, Ca, Na)(Al, Mg, Fe)2(Si, Al)4+010(OH)z],
Sodium Magnesium Aluminum Iron Silicon Oxide Hydroxide Hydrate
[Nao.sz0Mgzs10Feo.065Al1.1855i2.895010(0H)2 (H20)3], Calcium Magnesium Aluminum
Silicate Hydroxide Hydrate [Cao.2 (Al, Mg)2Sis010(OH)2.xH20].

Qualitative Analysis

KapadoKkya Volkanik Tiiflerinin X-151m1 Difraksiyon (XRD) Yéntemi ile Incelenmesi

Anahtar Kelimeler 0z: Bu arastirmada Kapadokya bélgesinde yedi farkli konumdaki volkanik tiiflerden
Volkanik Tuf, alinmis olan tas ornekleri incelenmistir. Toz Kirinim desenini elde edebilmek i¢in
XRD Metod,

’ ¢ numuneler, agat havanda 6giitiilerek toz haline getirildiler. Bruker AXS D8 Advance
Nitel Analiz Model difraktometrede kirinim desenleri alindi. XRD Evolution programi
kullanilarak desen verilerinin nitel analizi yapildi. Analiz sonucunda en sik rastlanan
bilesikler; Silikon Oksit [SiOz], Magnezyum Silikat Hidroksit [Mg3(Si20s)(OH)4],
Sodyum Kalsiyum Aliiminyum Silikat [(Nao.ssCao.55)(Al1555i24508)], Sodyum
Kalsiyum Magnezyum Aliiminyum Demir Titanyum Aliiminyum Silikon Oksit
Hidroksit Hidrat [(Mgz46Alo3Feo.22Tio0.021)2(Mgo.38Cao.03Nao.oz)2((Sizs3
Al117)010)2(OH)4 (H20)3.4], Potasyum Aliiminyum Silikat Hidroksit [(K, Ca, Na )(Al,
Mg, Fe)2(Si, Al)4 O10(OH )2], Sodyum Magnezyum Aliiminyum Demir Silikon OKksit
Hidroksit Hidrat [Nao.ssoMg2s10Feo.0s5Al1.1855i2.895 0O10(OH)2(H20)3], Kalsiyum
Magnezyum Aliiminyum Silikat Hidroksit Hidrat [Cao2(Al, Mg)2Sis010(OH)2.xH20]
olarak tespit edilmistir.
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1. Introduction

Cappadocia is one of Turkey's most popular historical and tourist sites, rock formations millions of years of
geological processes appeared in the results. Ancient volcanic eruptions covered the area with thick ash and later
turned into a soft rock called 'tuff’. With the effect of natural forces such as wind and water, 'fairy chimneys' were
formed, reaching a height of 130 feet from the ground, leaving only harder elements [1]. Tuff is an extraordinary
type of volcanic rock composed of volcanic ash compacted as a light but extremely strong stone. Volcanic tuff has
an attractive range of shades in the form of red, light brown, dark brown, yellow buff, black. The varieties bearing
tuff pieces of different sizes have 'porphyritic’ texture. Tuffs contain quartz, feldspar crystals, biotite and volcanic
rock particles as minerals [2].

Tuff is the name of the pyroclastic volcanic material that contains a lot of pores and has a large surface area.
Volcanic rocks are examined in three groups according to their silica content: 1- Rhyolitic (if the percentage of
silica in the solid phase is more than 65), 2- Andesitic (if the percentage of silica in the solid phase is 50-65) and 3-
Basaltic (if the percentage of silica in the solid phase is less than 50). 1- Rhyolitic lavas are formed at relatively low
temperatures (800 °C - 1000 °C) during the eruption and therefore contain mainly light elements such as Si and Al
but Fe, Mn, Ca and Mg contents are low. These rocks have high viscosity and light color. 2-Basaltic lavas are formed
at high temperatures (over 1000 °C) and therefore contain higher Fe, Mn, Ca and Mg, low viscosity and dark
colored. 3- Andesitic lavas are formed at intermediate temperatures and have an intermediate color between
rhyolitic and basaltic lavas. Primary minerals cannot be formed due to the rapid cooling of the magma during the
explosion, and as a result pyroclastic materials contain vesicular, volcanic glass. Physical and chemical properties
of tuff are determined according to its mineralogical composition and decomposition stages. There are different
types of tuffs (in black, red and yellow colors), all erupting from the same volcano and having approximately the
same chemical composition but with a different primary mineral composition and decomposition stage [3].

Cappadocia volcanism has positive and negative effects on the region [4]. The data obtained so far indicate that
volcanic activity in the Cappadocia region has continued without a major interruption until today. Thus, unique
geological structures have emerged in Cappadocia and its surroundings [5]. The products of the common acidic
volcanism (volcano glass) in the Cappadocia region were processed and used as tools by primitive people in
archaeological settlements. Thus, they dug rock churches and underground cities in ignimbritic tuffs [6]. In
addition, as a result of the existence of important clay deposits formed as a result of the decomposition of tuffs in
the region, the art of ceramics and pottery processing has developed very much and has become a source of
livelihood for people. The presence of very young rhyolitic domes (~ 70-20 thousand years) in the Cappadocia
volcanic complex and the presence of extensive hot springs indicate that this region is a potential geothermal area.
Reservoir rocks of thermal water are basement rocks in the region, and cover rocks are pyroclastic rocks. Young
rhyolitic domes play a role as warmer. It has been suggested that the thermal waters to be obtained from the region
should be used in city heating, greenhouse management and health facilities [7]. On the other hand, volcanic tuffs
in the Cappadocia region pose a risk to human health. Especially the risk of cancer is the acicular erionite, which
is one of the zeolite minerals found in the volcanic tuffs accompanying the rock salt. The centers most affected by
the erionite mineral in the region are Tuzkdy, Karain and Sarihidir villages of Nevsehir [8].

X-ray wavelengths are on the order of the distance between atoms (0.1 nm) in solid bodies [9]. Therefore, the
diffraction pattern formed by scattering in all directions as the X-ray passes through a place where it can match
the wavelength of a particle, is used to examine the crystal structure. Diffracted, with the scattering in all directions
from the atom of the incoming beam, when the diffracted X-rays fall on the film, interference occurs when the two
waves join each other in different paths. If the path difference is a multiple of the wavelength, it creates
constructive interference, and half of it creates destructive interference.

Since crystals represent the symmetrically repeating solid form of atomic arrangement, the pattern of diffractive
X-rays that arise after passing through such a material exhibits distinct regular spacing and symmetry properties
peculiar to the crystal. X-ray crystallography is used to determine the atomic and molecular structure of a crystal,
basically, it is based on the diffraction of crystalline atoms in different directions from an X-ray beam [10]. Volcanic
tuff stones in the Cappadocia region were studied using X-ray diffraction (XRD) method. The structure of volcanic
tuff stones was illuminated by analyzing powder crystals that had not been studied before. Thus, the literature has
been contributed with the results obtained.
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2. Material and Method

Stone samples taken from volcanic tuffs at seven different locations in the Cappadocia region (Figure 1) were
ground to a quality powder in agate mortar in order to be examined by X-ray powder diffraction method (Figure
3). Diffraction patterns of stone samples taken from pulverized volcanic tuffs were taken on a Bruker AXS D8
Advance Model diffractometer (Figure 2). In the X-ray diffractometer, the generator voltage was kept at 45 kV and
the generator current at 40 mA. Due to the use of copper anode, the wavelength became 1.54060 A. The X-ray
diffraction patterns were obtained between 5° - 90° angle. Placed in a powdered sample holder so that X-rays can
irradiate. The detector was placed on the other side of the sample and X-rays that were diffracted from the
diffractometer were detected.

A special advantage of diffraction analysis is that it explains the existence of an object not in terms of its
components consisting of chemical elements, but in the way that it actually exists in the sample. For example, if a
sample contains the compound AxBy, the diffraction method explains AxBy as it is, but chemical analysis indicates
that the A and B elements are present. XRD allows us to determine the orientation of a single crystal and measure
the size and shape of small crystals [11]. XRD is generally useful for nanoscale crystallites with diameters below
100-200 nm. When the crystal is irradiated with X-rays, a constructive and destructive interference of the
scattered X-ray beam results in a diffraction pattern consisting of several sharp points known as Bragg diffraction
peaks. The diffraction of X-rays by a crystal is described by Bragg's law, which relates the wavelength of X-rays to
the inter-atomic spacing [12].

Thus, the diffraction pattern of the sample was obtained. The diffraction pattern containing the angular position
and relative intensities of the Bragg reflections was recorded by the detector and sent to the computer. The
evaluation processes of the diffraction pattern data collected using the package program named “XRD Evaluation”
installed on the computer were performed. Background correction, Ke«z correction and system error correction
were performed on these patterns. The X-ray tube contains the strong K« line as well as the Kg line. Since nickel
filter is used, Kg component absorbs more than K« There were exposed peaks that could not be indexed. Some of
these peaks could not be indexed because their intensity was so low that they disappeared in the background and
could not be determined. Some peaks were observed but could not be indexed, and it was decided that they could
not be indexed due to impurities or within error limits. Peak position (d), positions of diffraction peak angles (26)
and intensity values (I) were determined from the diffraction pattern data for suitable peaks. Qualitative analyzes
were performed by comparing the unknown XRD dust pattern data with PDF files, which are a collection of
diffraction files of many objects loaded on the computer. Thus, the substances in the stone samples taken from
volcanic tuffs were detected [13].
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Figure 2. Bruker AXS D8 Advance Model diffractometer where diffraction pattern data are collected

3. Results

Powdered photographs of stone samples taken from seven volcanic tuffs examined in this study are given in Figure
3. The substances in the stone samples were determined with the help of the diffraction pattern data obtained
from the X-ray diffractometer, d, I and 26 values [14]. As an example, the powder diffraction pattern drawn
according to the intensity (counts) I intensity values on the vertical and (26) the plane angle on the horizontal axis
of the stone sample taken from the volcanic tuff found in Avanos is shown in Figure 4. Determination of compounds
with indexable peaks is given in Figure 5. In Table 1 measurement conditions and in Table 2 the analysis result of
the sample taken from Avanos is given. The list of compounds detected in volcanic tuffs is given in Table 3 in full.
On the other hand, in Table 4, commonly detected compounds in volcanic tuff locations are listed.
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Figure 3. Powdered image of volcanic tuff samples.
Table 1. Measurement Conditions
Dataset Name avanos
Comment Configuration=Reflection-transmission spinner 3.0, Owner=User-1, Creation

date=10/24/2018 2:24:31 PM

Goniometer=Theta/Theta; Minimum step size 2Theta:0.0001; Minimum step size Omega:0.0001
Sample stage=Reflection-transmission spinner 3.0; Minimum step size Phi:0.1

Diffractometer system=EMPYREAN

Measurement program=Manual, Owner=User-1, Creation date=11/9/2020 9:09:24 AM

PHD Lower Level = 4.02 (keV), PHD Upper Level = 11.27 (keV)

Measurement Start Date/Time 11/11/2020 2:14:00 PM

Operator DELL

Raw Data Origin XRD measurement (*. XRDML)
Scan Axis Gonio
Start Position [°20] 5.0104

End Position [°26] 89.9784
Step Size [°20] 0.0260
Scan Step Time [s] 147.3900
Scan Type Continuous
PSD Mode Scanning
PSD Length [°26] 3.35

Offset [°20] 0.0000
Divergence Slit Type Fixed
Divergence Slit Size [°] 0.3599
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Specimen Length [mm] 10.00
Measurement Temperature [°C] 25.00
Anode Material Cu
K-Alphal [A] 1.54060
K-Alpha2 [A] 1.54443
K-Beta [A] 1.39225
K-A2 / K-Al Ratio 0.50000
Generator Settings 40 mA, 45 kV
Diffractometer Type 0000000011224171
Diffractometer Number 0
Goniometer Radius [mm] 240.00
Dist. Focus-Diverg. Slit [mm] 60.50
Incident Beam Monochromator No
Spinning Yes
"E 15004 Avanos
3
2
-E 11200 |
g
i1
E 10000 |
5200
500 |
1500
00 |
l:l T T T T T T T T
10 20 zm a0 = = ] = 2Theta (%)

Figure 4. Diffraction pattern of a volcanic tuff stone sample taken from Avanos.
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Figure 5. Identifying compounds with indexable peaks.

185




Table 2. Analysis result of the sample taken from Avanos

Pos.[°20] Height|[cts] FWHM Left [°20] d-spacing [A] Rel. Int. [%]

6.0197 1510.98 0.6140 14.68238 10.36
8.7918 307.90 0.1535 10.05817 211
12.3432 290.21 0.1535 7.17106 1.99
13.8806 311.24 0.1535 6.38008 213
18.9595 208.19 0.0768 4.68090 1.43
19.7607 579.38 0.2558 4.49287 3.97
20.8622 2172.26 0.0768 4.25807 14.90
21.9720 1400.88 0.1535 4.04544 9.61
23.6633 1583.74 0.1023 3.75999 10.86
24.3121 44417 0.2047 3.66110 3.05
25.6658 215.92 0.3070 3.47099 1.48
26.6571 14580.92 0.1023 3.34413 100.00
27.7788 2109.05 0.0768 3.21159 14.46
28.0389 8520.65 0.1023 3.18239 58.44
28.4332 973.34 0.0768 3.13914 6.68
29.5271 1703.52 0.2047 3.02530 11.68
30.3024 1369.51 0.1023 2.94964 9.39
31.4574 672.81 0.1023 2.84392 4.61
349259 289.49 0.5117 2.56903 1.99
35.5705 468.68 0.1535 2.52394 3.21
36.0613 295.33 0.2047 2.49071 2.03
36.5383 469.63 0.1279 2.45928 3.22
39.4646 1098.83 0.0768 2.28341 7.54
40.2994 1016.72 0.0768 2.23801 6.97
42.4256 1132.71 0.0768 2.13064 7.77
43.2620 244.25 0.2047 2.09137 1.68
45.7871 481.18 0.0768 1.98174 3.30
48.3574 45591 0.0768 1.88225 3.13
50.1226 613.01 0.0768 1.82002 4.20
51.4324 547.77 0.0768 1.77671 3.76
54.8708 537.58 0.0768 1.67323 3.69
57.6183 86.59 0.6140 1.59981 0.59
59.9335 569.65 0.1023 1.54343 391
62.3741 143.19 0.8187 1.48877 0.98
64.7609 135.39 0.3070 1.43955 0.93
65.7890 117.18 0.3070 1.41953 0.80
67.7345 551.65 0.0936 1.38227 3.78
68.1255 489.22 0.0936 1.37529 3.36
68.3177 548.65 0.1023 1.37302 3.76
69.7579 50.19 0.6140 1.34816 0.34
73.5019 134.40 0.3070 1.28846 0.92
81.5447 78.31 0.4093 1.18051 0.54
83.6831 49.10 0.6140 1.15570 0.34

Pos.[°20]: Positions of peaks, Height[cts]: Peak heights FWHM: Calculate the Full Width At Half Maximum for the peaks in
the XRD pattern. d-spacing: Distance between planes, Rel. Int.: Relative X-ray intensity on percent ratio.
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Table 3. Compounds detected in volcanic tuff locations

. Reference Name of the Detected .
Location Score Chemical Formula
Code Compound
01-075-8321 60 Silicon oxide SiO2
01-073-9904 27 Magnesium silicate hydroxide Mgs(Si20s)(OH)4+
04-008-0212 25 Calcium carbonate Ca (CO3)
Avanos 00-022-0022 16 ?h;nmuml s.ulfate1 hy('irate Al2(S04)317H20
00-009-0465 32 ocitim ca Hum auminum (Ca, Na)(ALSi)2 Siz0s
silicate
01-070-1869 | Unmatched ) Potassium aluminum aluminum |y}, (Al sSis5010) (OH):
strong silicate hydroxide
00-046-1045 65 Silicon oxide SiO2
00-010-0393 40 Sodium aluminum silicate Na (Sis Al) O
Potassium aluminum silicate .
00-026-0911 16 hydroxide (K.H30)Al25i2A1010(OH)2
Devrent
Valley 04-007-5008 10 Sodium aluminum silicate NaAlSi3Os
Sogﬁﬁﬁiﬁ?gnﬁ?tga\?leizﬁm (Mgz46Alo.3Feo.22Ti0.021)2(Mgo.3
01-078-4316 14 aluminum silicon oxide 8 Cao.03 Nao.oz )2 ((Sizs3
hydroxide hydrate Al117)010)2(OH)4( H20)3.4
01-079-6238 46 Silicon oxide SiO2
05-001-0865 38 Sodium calcium aluminum Cao.41NaossSizsoAl14108
silicate sodium calcium
M . . . (Mgz.46Alo.3Fe0.22Tio.021
agnesium aluminum iron Ja(M
01-078-4316 17 titanium aluminum silicon oxide 2L 1g03s
Goreme hydroxide hydrate Cao.03Nao.02)2((Sizs3Al1.17)
010)2(0H)4(H20)3.4
00-022-0022 16 Aluminum sulfate hydrate Al2(S04)317H20
e, Potassium aluminum silicate (K, Ca, Na)( Al, Mg, Fe)(Si,
00-025-0649 19 hydroxide A1)4010(0H )2
012, Sodium magnesium aluminum Nao3(Al, Mg)2Si4010(OH)2-x
00-013-0259 i silicate hydroxide hydrate H20
01-085-1054 49 Silicon oxide SiO2
04-023-4719 43 Potassium sodium aluminum Ko.08Na0szAISiz0s
silicate
Magnesium silicate hydroxide .
) 01-075-8323 11 hydrate Mgs(Si12030(OH)4) (H20)11.82
) Ug 05-001-0866 36 Potassiurr} sodiu.rr.l calcium Cao.421Nao.559 Ko.o2 Siz.s8
Giizeller aluminum silicate Al1.4208
00-026-0911 19 Potassium aluminum silicate (KH30)AlzSi3A1010(0H)2
hydroxide
Potassium sodium magnesium
01-082-3729 7 aluminum iron silicon titanium (KO.'gZNaO'O.g )(Alvgs FeoorMgoor
. . Tio.02) (Si3.03Al0.97)O10(OH)2
oxide hydroxide
01-086-1630 49 Silicon oxide Si02
05-001-0864 41 Sodium calcium aluminum Cao.4Naoe Al1 4Si2.605
silicate
Sodium magnesium aluminum .
Uchisar 04-017-7291 17 iron silicon oxide hydroxide NaoosoMgzsioFenoesAliiasSizas
h 5 010(OH)2(H20)3
ydrate
01-083-1604 14 Potassium aluminum silicate KAISi30s
e Potassium aluminum silicate (K, Ca, Na)(Al, Mg, Fe)2(Si,
00-025-0649 14 hydroxide Al)4010(OH)2
04-005-4718 61 Silicon oxide Si02
01-071-0748 32 Sodium Casliclli‘cl:tlealumm“m (Nao.4sCaoss) (Al155Si24508 )
) 01-073-9904 24 Magnesium silicate hydroxide Mgs(Si205)(OH)4+
Urgiip Calcium magnesium aluminum Caoz(AlLMg)2
00-058-2007 14 silicate hydroxide hydrate Sia010(OH)2.xH20
Sodium calcium magnesium (Mgz.6AlosFen22Tiozs
01-078-4316 24 § )2(Mgo.38Ca0.03Nao.02 )2 ((Siz.s3

aluminum iron titanium

Al1.17)010)2(OH)4(H20)3.4
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aluminum silicon oxide
hydroxide hydrate

04-006-1757 41 Silicon oxide Si02
01-073-9904 37 Magnesium silicate hydroxide Mgs(Si20s )(OH)4
00-010-0393 41 Sodium aluminum silicate Na(SisA)Os

Calcium magnesium aluminum Cao2(Al,

Zelve 00-058-2007 19 silicate hydroxide hydrate Mg)2Sis010(OH)2.xH20

Sodium magnesium aluminum .

04-017-7291 24 iron silicon oxide hydroxide | Na0o30M82s10Feo0ssAli1asSizg0
h 5 010(OH)2(H20)3
ydrate

Table 4. Commonly detected compounds in volcanic tuff locations.

Commonly Volcanic Tuff | Reference Code Score Chemical formula
Detected Location
Compound
Name
Silicon oxide Avanos 01-075-8321 60 SiO2
Devrent Valley 00-046-1045 65
Goreme 01-079-6238 46
Uc Giizeller 01-085-1054 49
Uchisar 01-086-1630 49
Urgiip 04-005-4718 61
Zelve 04-006-1757 41
Magnesium Avanos 01-073-9904 27 Mg3(Si205)(OH)4
silicate Urgiip 01-073-9904 24
hydroxide Zelve 01-073-9904 37
Sodium Avanos 00-009-0465 32 (Ca, Na)(Al, Si)2Siz20s
calcium Goreme 05-001-0865 38 Cao.41Na0.59Si2.59Al1.410s
aluminum Uchisar 05-001-0864 41 Cao.4Nao.s Al14Si2.608
silicate Urgiip 01-071-0748 32 (Nao.45Cao.s5) (Al155Si2.4508)
Sodium Devrent Valley 01-078-4316 14 (Mgz.46Alo.3Fe0.22Tio.021)2(Mgo.38C
calcium Goéreme 01-078-4316 17 a0.03Nao.02)2((Siz.83Al1.17) 010)2
magnesium Urgiip 01-078-4316 24 (OH)4 (H20)3.4
aluminum
iron titanium
aluminum
silicon oxide
hydroxide
hydrate
Potassium Goreme 00-025-0649 19 (K, Ca, Na )(Al, Mg, Fe)2(S],
aluminum Uc Giizeller 00-026-0911 19 Al)4010(OH )2
silicate Uchisar 00-025-0649 14 (K, H30)Al2Si3Al010(OH)2
hydrate
Sodium Uchisar 04-017-7291 17 Nao.930Mgz.s10Feo.065Al1.1855i2.895
magnesium Zelve 04-017-7291 24 010(OH)2(H20)3
aluminum
iron silicon
oxide
hydroxide
hydrate
Calcium Urgiip 00-058-2007 14 Cao.2(Al, Mg)2Sia010(OH)2.xH20
magnesium Zelve 00-058-2007 19
aluminum
silicate
hydroxide
hydrate

Score: Indicates the number of compatible files as a result of comparing the PDF file of the unknown sample with the PDF
files of the known sample patterns loaded on the computer. Reference code: Shows the detected PDF number. Note: The
items in the table were scanned from the pdf file using a computer program.
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Figure 6. Diffraction pattern of a volcanic tuff stone sample taken from Devrent.
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Figure 7. Diffraction pattern of a volcanic tuff stone sample taken from Géreme.
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Figure 8. Diffraction pattern of a volcanic tuff stone sample taken from Ug Giizeller.
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Figure 9. Diffraction pattern of a volcanic tuff stone sample taken from Uchisar.
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Figure 10. Diffraction pattern of a volcanic tuff stone sample taken from Urgiip.
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Figure 11. Diffraction pattern of a volcanic tuff stone sample taken from Zelve.

4., Discussion and Conclusion

Volcanic tuff is formed when magma, which contains very rich dissolved gases, erupts onto the earth. Igneous
rocks are mainly composed of silicate minerals. Chemical analysis shows that silicon and oxygen are the most
abundant components of igneous rocks. In addition to two elements, magma is a melt composed of large amounts
of aluminum (Al), calcium (Ca), sodium (Na), potassium (K), magnesium (Mg) and iron (Fe) ions. In addition, it
contains small bonds of many other elements, including magma, titanium, and manganese, and trace amounts of
much more rare elements such as gold, silver, and uranium.

In this study, stone samples taken from volcanic tuffs located at seven different locations in the Cappadocia region
were analyzed by X-ray powder diffraction method. In the examined stones mainly; Silicon Oxide [SiO:],
Magnesium Silicate Hydroxide [Mgs(Si20s)(OH)4], Sodium Calcium Aluminum Silicate [(Nao.sCao.ss)
(Al155Si24508)], Sodium Calcium Magnesium Aluminum Iron Titanium Aluminum Silicon Oxide Hydroxide Hydrate
[(Mg2.46Al03Fe0.22Ti0.021)2(Mgo.38Cao.03Nao.02)2((Sizs3Al1.17)010)2(OH)4  (H20)34], Potassium Aluminum Silicate
Hydroxide [(K, Ca, Na) (Al, Mg, Fe)2(Si, Al)4+010(OH)z2], Sodium Magnesium Aluminum Iron Silicon Oxide Hydroxide
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Hydrate [NaogzoMgzsi10Feo.065Al1.185512.895010(0H)2(H20)3], Calcium Magnesium Aluminum Silicate Hydroxide
Hydrate [Cao.2(Al, Mg)2Sia010(OH)2.xH20] was detected.

Diffraction patterns of the remaining six volcanic tuff stone samples are also given for comparison [Figure 6-
11].The list of compounds detected in volcanic tuffs is given in Table 3. These compounds are similar in samples
taken from different locations [Table 4]. Compounds and elements detected in tuff samples are in agreement with
the literature. When these results we obtained are compared with similar studies, it is seen that the studied
volcanic tuff samples contain a high amount of SiO2. Volcanic tuffs containing aluminum silicate alkali are
frequently seen in the structures in the Cappadocia region. Thus, volcanic tuffs can be used in the building
materials industry both as rocks and in the preparation of masonry or concrete mortar [15,16-19]. This research
contributes to the literature on the formation of natural structures in the Cappadocia region.

References

[1] Culture Trip, The Story Behind The Fairy Chimneys In Cappadocia
https://theculturetrip.com/europe/turkey/articles/the-story-behind-cappadocias-famous-fairy-chimneys/
(Access Date: 02 November 2020).

[2] Ethical Stone, Genesis Volcanic Tuff, https://www.ethicalstonecompany.co.uk/products/volcanic-tuff,
(Access Date: 02 November 2020).
[3] Raviv, M. and Lieth, ]J. H. 2008. Soilless Culture Teory and Practice, Academic Press, San Diego.

[4] Aydin, F., 2009. Evolution of the Cappadocia Volcanic Complex and Effects on the Region of the Volcanism
1.T1bbi Jeoloji Calistay1, Urgiip Bld., Kiiltiir Merkezi, Urgiip/ NEVSEHIR

[5] Tirkecan, A, Aticy, Y., Guillou, H., Mouralis, D., Kuzucuoglu, C., Pastre,]-F., 2004, Nevsehir yoresi Kuvaterner
volkanizmasi. 57. Tiirkiye Jeoloji Kurultayi, Ankara, 233-234.

[6] Tirkecan, A, Mouralis, D. Atl, N.B., Kuzucuoglu, C., Pastre]-F. Guillou, H., 2007, Goéllidag yoresi
obsidiyenleri: jeolojik ve arkeolojik 6zellikleri. Kapadokya Yoresinin Jeolojisi Sempozyumu, Nigde, 204-205.

[7] Olmez, E., Akbasl, A, Gevrek, A.L, Aydin, S.N., Ercan, T., Yildirim, N., 1992. Acigél (Sofular-Aksaray) alaninin
jeotermal enerji olanaklari. Tiirkiye Jeoloji Kurultay: Biilteni, 7, 22-32.

[8] Atabey, E., 2005. Tibbi Jeoloji, TMMOB Jeoloji Miih. Odasi1 yayini, Ankara, 194.

[9] Serway, R. A. Beichner, R. . Jewett, Jr.]. W. 2011. Ceviri Editorii: K. Colakoglu, Fen ve Miithendislik i¢in Fizik 2,
Palme Yayincilik, Ankara.

[10] Huxford. T.2013. Brenner's Encyclopedia of Genetics. Second Edition, Academic Press, Cambridge.

[11] Cullity B. D. 1967. Element of X-Ray Diffraction 3rd printing, Addison-Wesley Publishing Company, Inc.,
London.

[12] Kaliva, M. Vamvakaki, M. 2020. Polymer Science and Nanotechnology Fundamentals and Applications, 401-
433s.

[13] Taum, X-1sinlar toz difraksiyon cihazi http://taum.erciyes.edu.tr/xrdn.html (Access Date: 02 November
2020).

[14] Giiveng, A. A, Atioglu, Z., and Akkurt, M., 2019. Baz liriner sistem taslarinin X-1sin1 toz kirinim yoéntemi ile
nitel analizi. Erciyes Universitesi Fen Bilimleri Enstitiisii Dergisi 35(2019), 59-77.

[15] Baloga, A. A., Cobirzana, N., Aciua,C., Varvaraa, D. A. 1., 2014. Valorification of volcanic tuff in constructions
and materials manufacturing industry. Procedia Technology, 12(2014), 323 - 328.

[16] Ababneh, A., Matalkah, F., 2018. Potential use of Jordanian volcanic tuffs as supplementary cementitious
materials. Case Studies in Construction Materials, 8(2018), 193-202.

[17] Al-Zou’byl, ]., Al-Zboon2, K. K., 2014. Effect of volcanic tuff on the characteristics of cement mortar. Ceramica,
60(2014), 279-284.

192


https://www.ethicalstonecompany.co.uk/products/volcanic-tuff/
http://taum.erciyes.edu.tr/xrdn.html

[18] Asniar, N., Purwana, Y. M., and Surjandari, N. S., 2019. Tuff as rock and soil: Review of the literatiire on tuff
geotechnical, chemical and mineralogical properties around the World and in Indonesia. AIP Conference
Proceedings 050022, 2114.

[19] Seyhan, i., 1971. Volkanik kaolinin olusumu ve andezit problemi. Maden Tetkik ve Arama Dergisi, 76(1971),
1-10.

193



Erciyes Universitesi Erciyes University
Fen Bilimleri Enstitiisii Dergisi Journal of Institue Of Science and Technology
Cilt37,Say11, 2021 Volume 37, Issue 1, 2021

Homothetic Motions and Dual Transformations

Giilsiim YUCA*1 ", Yusuf YAYLIZ

*1 Aksaray {:]niversitesi, Fen Edebiyat Fakiiltesi Matematik Béliimii, AKSARAY.
2Ankara Universitesi, Fen Edebiyat Fakliltesi Matematik Béliimi, ANKARA.

(Almnis / Received: 11.04.2021, Kabul / Accepted: 27.04.2021, Online Yayinlanma / Published Online: 28.04.2021)

Keywords Abstract: In this research, we produce a homothetic motion in Ef* from a homothetic
Homothetic Motion motion in E™ by using a dual transformation. Furthermore, we define a transition
Umbrella Motion from Euclidean umbrella matrix to Lorentzian umbrella matrix. Then, we examine

Dual Transformation

’ the invariance of the axis of the umbrella motion thatis ¥ = (1,1,..,1) in both spaces.
Lorentzian Space

We also provide examples to make our results clear. Moreover, we draw their

Dual Space i . . isual . inall h heti
Kinematics. igures to investigate visual representations. Finally, we study on homothetic
motions in dual spaces.
Homotetik Hareketler ve Dual Déniisiimler
Anahtar Kelimeler 0z: Bu galismada, dual déniisiim yardimiyla EJ deki homotetik hareketlerden E™ de
Homotetik Hareket homotetik hareketler elde ettik. Ayrica, Oklidyen semsiye matrisleri ile Lorentzian
semsiye Hareketi semsiye matrisleri arasinda bir gecis sagladik. Daha sonra, semsiye hareketinin

Dual Déniistim
Lorentz Uzay1
Dual Uzay
Kinematik.

ekseni olan ¥ = (1,1,..,1) in iki uzayda da sabit kaldigini1 gosterdik. Elde edilen
sonuclarin pekistirilmesi amaciyla 6rnekler vererek sekillerini ¢izdik. Son olarak,
homotetik hareketleri dual uzaylarda calistik.
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Homothetic Motions and Dual Transformations

1. Introduction

Kinematics is a subfield of physics, deals with the motions of points, bodies, and systems of bodies without
considering the forces that cause them to move: mention frames, variables, and transformations. The study of
kinematics is often referred to as the geometry of motion. Motion is the phenomenon of constant displacement of
a rigid body relative to a certain reference point. Displacement of a rigid body is used to describe the motion of
systems in mechanical engineering, robotics, biomechanics, astrophysics, and in other areas related. Homothetic
motions of a rigid body in n-dimensional Euclidean space are generated by the homothetic transformations. In [1],
the n-dimensional homothetic motion of a body in Euclidean space is generated by the transformation

=["" 116 )

where h = h. I, is a scalar matrix, A € SO(n) and a € R}. Here, if h = 1 in (1) one-parameter motions are defined.
If A € O(n) that provides the property

where

S=1. € RY,
1

then A is called an umbrella matrix. Umbrella motions and homothetic motions in Euclidean spaces are given in
[2]. Also, homothetic motions are studied by several authors [3] - [6].

The relationship between Euclidean and Lorentzian rotational motion matrices is given by using dual
transformations between SO(n+ 1) and SO(n,1) in [7]. In the light of this study, we examined dual
transformations in dual spaces by investigating invariant axes in both spaces, see [8]. Additionally, we carry this
research into Galilean spaces in [9]. Kinematics applications of dual transformations are also studied in [10]. In
kinematics, there has been very important activities of an experimental nature concerning not only the study of
models and the visualization of flows, but also that of objects like the human figure and the bodies of animals.
Previous studies on kinematics can be used to obtain extensive information, cited as references [11] - [18]. Our
paper is also expected to contribute to the existing literature on kinematics and its applications.

The main objective of this paper is to define a transition from Euclidean homothetic motion matrices to Lorentzian
homothetic motion matrices by means of dual transformations. Even though many researchers were worked on
affine kinematics in both spaces, the new and the most intriguing part of this study is to give the relationship
between homothetic motions in different spaces. In other words, the dual transformation defined in this paper
works as a handy tool for obtaining Lorentzian homothetic motions from Euclidean homothetic motions.
Additionally, we acquire umbrella motion matrices in Lorentzian space with a similar method. We examine the
invariance of the axis of the umbrella motion that is ¥ = (1,1,..,1) in both spaces. Moreover, we provide some
examples making effective our obtained results. Furthermore, we draw their figures to give visual representations.
Considering the importance of dual space in kinematics, we also focus on homothetic motions in dual spaces.

2. Material and Method

This section includes two subsections to give a background for Lorentzian space and dual transformations. Since
we present the concepts with their dual notions in the following subsections, it would be appropriate to give the
preliminaries of dual space beforehand.

Definition 2.1 If a and a* are real numbers and €? = 0, the combination & = a + ea* is called a dual number, where
€ is the dual unit.

195



Homothetic Motions and Dual Transformations

Definition 2.2 The set of all dual numbers forms a commutative ring over the real number field and is denoted by

D. The set D3 = {5 = (4,,a,,05)|G; € D,1 < i < 3}is called a D-module or dual space.

Definition 2.3 The elements of D3 are called dual vectors. A dual vector @ can be written & = d + ed* where a
and @* are real vectors in R3.

(a,a)

la|?

Definition 2.4 The norm of a dual vector 3 is defined by |§| =|d|+e

For more details about dual space see [19].

2.1 Background on Lorentzian space

We mention some fundamental definitions and properties in Lorentzian space that we use in this paper.
Definition 2.5 The Lorentzian metric (, ) defined by

(W, V) = U0y + UpUp+... FUy Vg — UpVy (2)
in E* will be used in this study.

It is pointed out that {, ) is a non-degenerate metric of index 1. It can also be written in the form:

10 .. O
0 1

(w,v)=u v =u"G. (3)

00 .. -1
After giving the Lorentzian metric, we recall that a vector v € EJ* can have one of three casual characters as given
below.
Definition 2.6 A vector v € E]! is called
e spacelike if (v,v) > 0orv =0,
o timelike if (v, v) < 0,

e lightlike if (v, v) = 0 and v # 0.

Since we will be working with more matrices in this study, let us recall some properties of Lorentzian matrices,
see [20].

Definition 2.7 Ann X n matrix S is called

e semi symmetric if ST = GSG or S = GSTG,

« semi skew-symmetric if ST = —GSG or § = —GSTG,

e semi-orthogonal if ST = GS™1G or S~ = GSTG, where G is the sign matrix of Lorentzian space, see [21].
We will use dual vectors in the sections concerning dual spaces, so we need the following definition.

Definition 2.8 The Lorentzian inner product of dual vectors @ and b is defined by

(8.8) = (a.B) + e((@ ") + (@)

196



Homothetic Motions and Dual Transformations

with @ =d +ed* and b =b + eb* . A dual vector & is called timelike if (5 , 5) < 0, spacelike if (5 , 5) > 0 and
lightlike (or null) if (5 , 5) = 0, where {, ) is Lorentzian inner product. We call the dual space D3 together with this
Lorentzian inner product as dual Lorentzian space and indicate it by D3.

Previous studies in Lorentzian space can be used to achieve more information [22] - [24]. Also, in Lorentzian
space, rotational motions are studied by [25] and [26].

2.2 Dual transformations

The dual transformation between SO(n)\{a,, = 0} and SO(n — 1,1) which is defined below, will be used for
obtaining semi-orthogonal matrices from orthogonal matrices. We acquire Lorentzian matrices from Euclidean
matrices by using this dual transformation.

Definition 2.9 Dual transformation between SO(n)\{a,,, = 0} and SO(n — 1,1) is defined in Dohi et al. (2010).
Two sets can be given by

SO(n) = {A € GL(n, R)|ATA = AAT = I,,,detA = 1},

SO(n—1,1) = {A € GL(n,R)|ATGA = AGAT = G,detA = 1},
[l O . . . .
where G = [ 0 _1 ] and I, is n X n identity matrix.

Let A € SO(n), then it can be written in the block form as

B C
A‘[D |

where a,,, # 0. Here, B is an (n — 1) X (n — 1) square matrix, C is a column matrix and D is a row matrix. Since
a,, # 0, then we can use the following two sets given by

S; ={4 € S0(n)|a,, # 0},
S, ={A € S0(n-11)|a,, # 0}.
Therefore, the dual transformation can be defined as
fi6, -6,

1 [ann(B_l)T ¢

frAr f(A)=_— D L) (4)

here T denotes transposition.

We now give the definition of dual transformation in dual spaces. We will use it for obtaining dual semi-orthogonal
matrices from dual orthogonal matrices.

Definition 2.10 There is dual transformation between SO(n)\{@,,, = 0} and SO(n — 1,1). Firstly, we give the
following sets:

SO(n) = {4 € GL(n,D)|ATA = AAT =I,,detA = 1},
SO(n—1,1) = {A € GL(n,D)|ATGA = AGAT = G,detd = 1},
— In—l 0 : . . .
where G = [ 0 _1 ] and [, is n X n identity matrix.

We write the dual matrix A € SO(n) in the block form as
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i=|2 ¢ |
ann

where @,,, # 0. Since &,,,, # 0, then two sets can be written as

) o

S, = {4 € SO(n)|@nn * 0},
S, ={4 € s0(n-1,1)|a,, # 0}.
Now, f dual transformation can be defined as below
f:€ - &

1

f:/i - f(A) — _[dnn(g:l)T C

5 L (5)

ﬁnn
For more details about dual transformation in dual space see [8].

3. Results

This section includes five subsections to investigate homothetic motions and umbrella motions with the help of
dual transformations. We also carry the results into the dual space.

3.1 Homothetic motions and dual transformations

In this section, we examine homothetic motions by means of dual transformations. We obtain a Lorentzian
homothetic motion from a Euclidean homothetic motion.

Theorem 3.1 Let H € E™ given by

H=["4 ¢ ©6)

where h = h. 1, is a scalar matrix, A € SO(n — 1) and a € R}
fr defines a dual transformation,

fu: E™" = ET

h.f(A
Ho fu =, =W 9] @

where f is the dual transformation given in (4), thus f(4) € SO(n — 2,1). The semi-orthogonal matrix H, € E}'
represents the homothetic motion in n-dimensional Lorentzian space.

Proof We show that
fir (H) = fu(fu(H))
fo(H), f*=id.

=H

fZ=id.

Thus, f, is a dual transformation.
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3.2 Applications with one-parameter homothetic motions

After examining homothetic motions with dual transformations, we investigate one-parameter homothetic
motions by means of dual transformations. One-parameter homothetic motion in n-dimensional Euclidean space
is generated by the transformation

O[O L .

where h = h. [, is a scalar matrix, A(t) € SO(n).

By using f,, dual transformation in (7), Lorentzian one-parameter homothetic motion matrix can be represented
by

Ho(t) = [h'f (()A(t)) ‘;(t)]. 9)

Example 1 Let H € E* be a one-parameter homothetic motion matrix is given by

—2tcos?(t) +t 2tsin(t) — 2tcos(t) 2tsin(t)cos(t) + 2t t
H(t) = 2tsin(t) + 2tcos(t) t 2tcos(t) — 2tsin(t) t?2
2tsin(t)cos(t) — 2t  2tsin(t) + 2tcos(t) 2tcos?(t) —t t3

0 0 0 1

Then, Lorentzian one-parameter homothetic motion matrix H; (t) can be obtained by using f;, as follows

2tcos?(t) —t
—2tsin(t) + 2tcos(t)

t —2tsin(t) — 2tcos(t)

2tsin(t)cos(t) + 2t

2tcos?(t) —t
—2tcos?(t) +t

2tcos?(t) —t
2tcos(t) — 2tsin(t)

HL(t) = 2tcos?(t) —t

2tcos?(t) —t

2tcos?(t) —t

2

—2tsin(t)cos(t) + 2t —2tsin(t) — 2tcos(t) 1 /3
2tcos?(t) —t 2tcos?(t) —t 2tcos?(t) —t
0 0 0 1-

Example 2 Let A(t) be a homothetic matrix is given by

2(t—t3)  4@3—t?) 43+t

1+ 3t? 1+ 3t? 1+ 3¢t?

3 2 __+3 3 _ 42

ACt) = 4(t3+t2) 2(t—t3) 43 -t?)
1+ 3t2 1+ 3t2 1+ 3t2

4t3 —t?) 43 +t?) 2(t-t3)
1+ 3t2 1+ 3t2 1+ 3t2

If we multiply the matrix A(t) with the curve ¢(s) = (sin(s), cos(s), s3), then we obtain the matrix A(t). ¢(s). The
2sin(s)(t—t3) | 4cos(s)(t3-t?)
1+3t2 1+3t2

elements of the matrix A(t).¢(s) can be represented by a surface S; = W(¢t,s) = (

4s3(t3-t?) 4sin(s)(t3-t?) | 4cos(t3+t?) | 2s3(t-t3)
’ 1+3t2 1+3t2 1+3t2

4s3(t3+t?) asin(s)(t3+t?) | 2cos(s)(t—t3)
1+3t2 ' 1+3t2 1+3t2 1+3t2

). See Fig. (1).
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Figure 1. The surface S; € E3

By using f dual transformation, we obtain the Lorentzian homothetic matrix 4; (t).

L =43 +t2) 43 +tH)]
2(t —t3) 2(t —t3)
| -4 —t%) 4(t3 - t?)
A= 2(t — t3) 2(t—t3) |
—4(t> —t?) -4 +t?) L
2(t —t3) 2(t —t3)

By multiplying the matrix A, (t) with ¢(s), we acquire the matrix A;(t).¢(s). The elements of the matrix
—4cos(s)(t3+t2) | 4s3(t3+t?) —4sin(s)(t3-t?)
2(t-t3) 2(t-t3) 7 2(t-t3)

A;(t).d(s) can be expressed as a surface S, =¥(t,s) = (sin(s) +

—4cos(s)(t3+t3)
2(t-t3)

453(t3-t2) —asin(s)(t3-t?)

3 .
20-13) ' 2(t-t3) + s°). See Fig. (2).

cos(s) +

Figure 2. The surface S, € E3

3.3 Umbrella motions and dual transformations

In this section, we define a transition from a Euclidean umbrella motion to a Lorentzian umbrella motion. We
obtain an umbrella matrix in E{* from an umbrella matrix in E™ with the help of a dual transformation.

Theorem 3.2 Let U € E™ given by
A C
v=[g 7 (10)

where A isan (n — 1) X (n — 1) umbrella matrix. f,, defines a dual transformation,
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furE™ = ET
Uy =u, =[S ] (a

where f is the dual transformation given in (4), thus f(4) € SO(n — 2,1). The semi-orthogonal matrix U, € E}'
represents the umbrella motion in n-dimensional Lorentzian space.

Proof f, is a dual transformation, since it holds
fEU) = fu(fu(@))
= fu(Uy), f*=id.
=U
2 =id.

Example 3 Let U represents the umbrella motion in E* given by

1 1-v3 1++3
3 3 cos@
1++3 1 1-+3
U= 3 3 3 sind |
1-v3 1++3 1
3 3 3 0
0 0 0

By applying the f,, dual transformation to the umbrella motion matrix U, we obtain the Lorentzian matrix f,,(U) =
U, as follows

1 —1-+v3 1+4++V3 cosé
u =| —1+V3 1 1-v3 sind |
-14+vV3 -1-v3 1 0
0 0 0 1

Theorem 3.3 f dual transformation leaves invariant the axis of the umbrella matrix in E™ and EJ', which is ¥ =
(1,1,..,1).

Proof The Euclidean umbrella matrix A € SO(n) and the Lorentzian umbrella motion matrix f(4) € SO(n — 1,1)
leave the same axis invariant, where f is the dual transformation given in (4). Thus, it holds that

1 1 1 1
1 1 1 1

Example 4 Let A be an umbrella matrix in E2 given in Ex. 3 as follows

1 1-+/3 1443
3 3 3
A-|1+V3 1 1-43]
3 3 3
1-vV3 1+43 1
3 3 3

We acquire the Lorentzian umbrella matrix A; under the f dual transformation as follows
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1 -1-v3 1++3
AL =|-1++3 1 1-+3|
-1+v/3 -1-v3 1

Now, let us verify that f dual transformation leaves invariant the axis of the matrix A4, which is ¥ = (1,1,..,1), as
given in Theorem 3.3.

1 1-+3 1443
3 3 3
1+V3 1 1-43 H=H
3 3 3 1
1-v3 1+4/3 1
3 3 3

1 -1-v3 1+V3]| 11 1
-1+4++3 1 1-+v3 -H=H-
-1+v3 -1-v3 1 S

Example 5 Let A be an umbrella matrix is given by

1-62  2(6%2-6) 2(6%+906)
1+302 14362 1+ 3¢2
2002+6) 1-62 2(6%2-0)
1+302 1+362 1+3602 |
2(02—-6) 2(62+6) 1-62
1+302 14362 1+ 302

A=

If we multiply the matrix A with the curve ¢(a) = (sin(a), cos(a), a®), then we obtain the matrix A. ¢(a). The
2a3(6%+6) sin(a)(1—92)+
362+1 362+1
2cos(a)(8%-6) 2a3(8%2-60) | 2sin(a)(82+8) |, cos(a)(1-62) a3(1-62%) | 2sin(a)(8%-6) , 2cos(a)(62+8) .
302+1 7 362+1 36241 30241 ' 360241 362+1 362+1 ). See Fig. (3).

elements of the matrix A.¢(a) can be represented by a surface S; =W¥(6,a) = (

Figure 3. The surface S; € E*

With the help of f dual transformation, we can get the Lorentzian matrix 4; as below
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—2(6%+0) 2(02+6)

1 1-— 62 1-— 02
-2(6%2-96 2(0%2 -6
A | Z20-0) ©*-0) |
1-062 1-62
—2(02—6) —2(0%+6) .
1-062 1-062

By multiplying the matrix A; with ¢(«), we acquire the matrix 4;. ¢(«). The elements of the matrix 4;. ¢ (a) can
_ _ 2a3(6%46)  2cos(a)(6%+6) . 2a3(6%2-0) | —2sin(a)(0%-6)
be expressed as a surface S, = ¥(6,a) = ( T o2 Y + sin(a), Tz T o2 +

—2sin(a)(6%-6 2cos(a)(62%+6 .
Smﬁe(z ) _ 2cos 1“_((92 )).See Fig. (4).

cos(a), a® +

Figure 4. The surface S, € E3

3.4. Dual homothetic motions and dual transformations

In this section, we examine homothetic motions in n-dimensional dual space D". We give a transition from a dual
homothetic motion matrix in £™ to a dual homothetic motion matrix in EI* by means of dual transformations.

Theorem 3.4 Let H € E™ given by

g_[hA a
H=[ 12
0 1 (12)

where h = h.I,, is a scalar matrix, A € SO(n — 1) and @ € D7, f, defines a dual transformation,

fu: E™ > B}

Ao f(A) =0, = [h-g(“i) i‘] (13)

where f is the dual transformation given in (5), thus f(4) € SO(n — 2,1). The dual semi-orthogonal matrix H, €
E? represents the homothetic motion in n-dimensional dual Lorentzian space.

Proof We show that
fi (@) = f(fu(D)
= fu(A), f?=id.
=0
f2=id.
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Therefore, f}, is a dual transformation.

Example 6 Let A € E* be a dual homothetic matrix for § = 6 + € is given by

[ cos?8 —sin?0  2cosOsind —2  2cosf + 2sind 52
3 3 3
2cosOsind + 2 —cos28 + sin?0 2sinf — 2cosf ~
g= 3 3 3 2cosf |
2cosf — 2sinf  2sinf + 2cos6 1 P
3 3 3 2sinfd
0 0 0 1

Thus, we can obtain the dual homothetic matrix H; with the help of f;, dual transformation is given in (13).

sin?d — cos?8 —2 —2cosfsind  2cosf + 2sind 62
2 — 2sinfcos®  —sin%0 + cos?20 —2cosf + 2sinf 2cosh
—2cos@ + 2sinf —2cosf — 2sinf 3 2sinf |
0 0 0 1

H, =

3.5 Dual umbrella motions and dual transformations

In this section, we carry our work in umbrella motions from n-dimensional real space to dual space D™. We give a
transition from a dual Euclidean umbrella motion to a dual Lorentzian umbrella motion by using the dual
transformation. Thence, we acquire a dual umbrella matrix in E'ln from a dual umbrella matrix in E™.

Theorem 3.5 Let U € E™ given by
7=[5 1] 0
where A isan (n — 1) X (n — 1) dual umbrella matrix. £, defines a dual transformation,
fu E™ > E}
0w f(0)=0, = [g(A) ﬂ (15)
where f is the dual transformation given in (5), thus f(4) € SO(n — 2,1). The dual semi-orthogonal matrix U, €
E? represents the umbrella motion in n-dimensional dual Lorentzian space.
Proof Since f, is a dual transformation, it satisfies
£EQO) = fu(fu(0))
= fu(0), f*=id.
=0
f2=id.
4. Discussion and Conclusion

The geometry of the motion is important in the study of spatial mechanisms. It has a number of applications in
geometric modeling of mechanical products or in the design of robotic motion. In this study, homothetic motions
of a rigid body are examined. The new and the exciting part of this study is to define the dual transformation as a
handy tool for obtaining one homothetic motion from another. We define a transition from Euclidean homothetic
motion matrices to Lorentzian homothetic motion matrices. We give this transition by using dual transformations.
With a similar method, we acquire umbrella motions in Lorentzian spaces. We also investigate the invariance of
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the axis of the umbrella motion thatis X = (1,1,..,1) in both spaces. Additionally, related examples of matrices are
provided. Furthermore, we draw their figures to investigate visual representations. Finally, because of the
importance of the dual space in kinematics, robotics, and other areas related, we carry this work into dual spaces.
Our paper is expected to contribute to the existing literature on kinematics.
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