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Derginin Amaci ve Icerigi

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

Afyon Kocatepe Universitesi Fen ve Miihendislik Bilimleri Dergisi, 6zgiin bilimsel arastirmalar ile
uygulama caligmalarina yer veren bir dergidir. Dergide, fen ve miihendislik bilimlerinde yapilmig
deneysel ve teorik ilerlemeleri igeren bilimsel ve 6zgiin aragtirma makalesi tiirtindeki ¢alismalara yer
verilir.

Fen ve Miihendislik Bilimleri Dergisi; Afyon Kocatepe Universitesi tarafindan 1999'dan bu yana yilda
2 say1 (Haziran ve Aralik) Tiirk¢e veya Ingilizce olarak hazirlanan galismalar1 yayinlanan, bilimsel ve
hakemli bir dergidir.

Dergimizde makale degerlendirme siirecinin daha seffaflastirilmasi ve hizlandirilmasi igin Subat 2013
itibartyla online makale degerlendirme ve takip sistemi uygulamaya alinmistir.

Ocak 2015 itibaren dergimiz; yaymlanma siireci ile yazarlara ve gerekse yapilan ¢alismalara pratik
ulasma imkanlar1 nedeniyle okuyuculara bir¢ok avantajlar saglayan; elektronik dergi (e-1ISSN: 2149-
3367) olarak yilda 3 say1 (Nisan, Agustos ve Aralik) Tiirkge ve Ingilizce makaleleri kabul edecek ve ¢ift
tarafli kor hakemlik esasina gore en az iki hakemli olarak degerlendirilmektedir. Makale gondermek
isteyen yazarlarimiz, dergi sayfamizdan (https://fenbildergi.aku.edu.tr/ yada

https://dergipark.org.tr/tr/pub/akufemubid) kayit yaptirarak, 6zgiin bilimsel makalelerini ¢evrimigi
olarak gonderebilir ve siireci takip edebilirler. Ozellikle lisansiistii tezlerden hazirlanan yaynlar veya bu
tezlerin bir alt calismasi olarak yapilan 6zgiin bilimsel ¢alismalar tesvik edilmektedir.

Ocak 2020 yilindan itibaren dergimiz; yilda 6 say1 (Subat, Nisan, Haziran, Agustos, Ekim ve Aralik)
olmak tizere 6zgiin arastirma makalelerini kabul etmektedir.

Dergimizde yayimlanan makaleler izin alinmaksizin bagka bir yerde yayimlanamaz veya bildiri olarak
sunulamaz. Makalelerin bir kism1 veya tamami dergimiz kaynak gosterilmeden kullanilamaz.

Dergimize hem hakem hem de yazar olarak katkilariniz1 beklemekteyiz. Dergimize olan desteginiz i¢in
simdiden tesekkiir eder, calismalarinizda basarilar dilerim.
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Antitimor aktiviteye sahip bir histon deasetilaz inhibitéri (HDCA) olan 2-(N-(2-hidroksifenil)-2-
propilpentanamid) [OH-VPA], yeni bir aril valproik asit (VPA) tirevidir. Bu ¢alismada, OH-VPA’ nin
vapisal, spektroskopik ve elektronik ozellikleri teorik hesaplamalarla incelenmistir. OH-VPA' nin
optimize molekuller geometrisi ve harmonik titresim frekanslari, Yogunluk Fonksiyonel Teorisi (DFT)
B3LYP yontemi kullanilarak 6-311++G(d,p) baz seti ile hesaplanmistir. Molekdllin reaktivitesini anlamak
icin UV-Vis elektronik absorpsiyon parametreleri, HOMO-LUMO eneriji araligi, molekdler elektrostatik
potansiyel (MEP) ylzey analizleri ve kimyasal reaktivite tanimlayicilari TD-DFT yaklasimi ile
gergeklestirilmistir. Ayrica, OH-VPA’ nin 13C NMR ve 'H NMR' nin kimyasal kayma degerleri, geometri
optimizasyonunda kullanilan ayni yéntem ve ayni temel set uygulanarak ayar iceren atomik orbital

Anahtar kelimeler
2-(N-(2-hidroksifenil)-
2-propilpentanamid;

DFT; MEP; UV-Vis

Analizi; Mulliken Yk
(GIAQ) yontemi kullanilarak hesaplanmistir. Ortalama polarizebilite (a), polarizebilite anizotropisi (Aa)

ve ortalama birinci mertebe hiperpolarizebilite (B) sonlu alan yontemi kullanilarak hesaplanmistir.
Yiksek B degerleri (2,144x10-30 esu), incelenen bilesig§in NLO malzemelerinin gelistirilmesinde iyi bir
aday olabilecegini géstermektedir. Molekilun teorik olarak hesaplanan yapisal parametreleri, titresim
dalga sayilari ve NMR kimyasal kaymalan literatlirden elde edilen deneysel sonuglarla iyi bir uyum
icindedir.

Molecular Structure, Spectroscopic (IR, NMR, UV-VIS) Investigations
and Non Linear Optical (NLO) Analysis of HDAC inhibitor 2-(N-(2-
hydroxyphenyl)-2-propylpentanamide) with Quantum Chemical

Calculations
Abstract
2-(N-(2-hydroxyphenyl)-2-propylpentanamide) [OH-VPA], a histone deacetylase inhibitor (HDCA) with
antitumor activity, is a new aryl valproic acid (VPA) derivative. In this work, structural, spectroscopic
and electronic properties of OH-VPA were investigated by theoretical calculations. Optimized molecular
Keywords geometry and harmonic vibrational frequencies of OH-VPA were calculated using the Density
2-(N-(2- Functional Theory (DFT) B3LYP method with 6- 311++G(d,p) basis set. UV-Vis. electronic absorption

hydroxyphenyl)-2- parameters, HOMO-LUMO gap and molecular electrostatic potential (MEP) surface analyses and
chemical reactivity descriptors of OH-VPA were performed to understand the reactivity of the molecule
by the TD-DFT approach. Moreover, the values of the chemical shifts of the 3C NMR and 'H NMR were
computed using the gauge independent atomic orbital (GIAO) method applying the same method and

the same basis set as used in geometry optimization. The mean polarizability (a), the anisotropy of the

propylpentanamide);
DFT; MEP; UV-Vis
Analysis; Mulliken

Charge
polarizability (Aa) and the mean first-order hyperpolarizability (B) were calculated by using the finite

field method. The high B values (2.144x10-3° esu) indicate that the studied compound may be a good
candidate in the development of NLO materials. The structural parameters, vibrational wavenumbers,
NMR chemical shifts of the molecule which are calculated theoretically are a good agreement with the
experimental results obtained from the literature.

© Afyon Kocatepe Universitesi.
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HDAC inhibitérii 2-(N-(2-hidroksifenil)-2-propilpentanamid)'in Kuantum Kimyasal Hesaplamalari ile Molekiiler Yapi..., Gécen

1. Giris

Kanser, kiresel olarak dislintldtigliinde 6nemli bir
6lim nedenidir ve 2018 yilinda tahmini 9,6 milyon
olimden sorumlu oldugu WHO (Diinya Saghk
Orgiiti) (Int Kyn. 1).
Epigenetik degisiklikler kanser ile iliskilidir ve bu

tarafindan bildirilmistir

nedenle yeni anti-kanser ilaglarinin gelisimi son
yillarda hizla artmistir. Epigenetik ilaglar arasinda,
timorlerde hiicresel 6lime yol agabilen gen
ekspresyonunda degisiklikleri indlikleyen histon
deasetilaz inhibitorleri (HDAC) yer almaktadir
(Thotala et al. 2015). Histon deasetilaz inhibitorleri,
Onemli bir antikanser ajan sinifi olarak ortaya
¢ikmislardir ve tiimorlerde hicre olimiine yol
acabilecek gen ekspresyonunda degisikliklere neden

olurlar (Eyal et al. 2005).

Valproik asit (VPA), antitimor aktiviteye sahip bir
HDAC inhibitéridir. Hematolojik maligniteler de
dahil olmak (izere bazi kanser tiirlerinin tedavisinde
kullanilmistir (Wang et al. 2011). VPA' nin kansere
karsi sundugu Umit verici etkilerine ragmen, esas
olarak hepatotoksisiteye bagli yan etkilere neden
olur (Lépez et al. 2020), teratojenite ve ¢cogunlukla
mM araliginda istenen farmakolojik aktiviteyi elde
etmek icin yliksek konsantrasyonlar gerekir (Krauze
et al. 2015). Bu nedenle, VPA ile iliskili yan etkileri
azaltmak veya 6nlemek ve aktivitesini arttirmak igin
Martel vd. (2016) tarafindan bir dizi VPA tilrevi
tasarlanmis ve 2-(N-(2-hidroksifenil)-2-
propilpentanamid) [OH-VPA] adli bir bilesik elde
edilmistir. Bu bilesik, rahim agzi kanseri (Hela),
farkhlasmamis sarkom (A204) ve go6gls kanseri
hicre dizilerinde

hiicreleri gibi bazi kanser

gelistirilmis  anti-proliferatif etkileri nedeniyle
potansiyel bir antikanser ajanidir. Wejebe vd. (2020)
OH-VPA'nin  VPA'" dan daha

antiproliferatif sahip

yiksek  bir
etkiye oldugunu

gostermislerdir.

Bir molekilin yapisal, spektroskopik ve elektronik

ozelliklerinin ~ kuantum  kimyasal  hesaplama

yontemleri ile tahmini, yeni ila¢ etken maddelerinin
sentezlenmesi ve ilag-reseptor etkilesimlerinin
belirlenmesi acisindan biyik 6nem tasimaktadir.

Simdiye kadar yapilan detayl literatiir arastirmasina

dayanarak, OH-VPA’ nin yapisal, spektroskopik ve

elektronik  oOzelliklerinin ~ kuantum  kimyasal

hesaplamalarina iliskin herhangi bir c¢alismaya
rastlanilmamistir. Yogunluk fonksiyonel teorisi (DFT)
hesaplamalari, molekiler elektronik yapinin tahmin
edilmesinde 6nem tasimaktadir. Bu calismanin
amaci, OH-VPA’ nin molekiiler geometrisi, titresim
spektrumunun ve elektronik 6zelliklerinin kapsaml
bir tanimini  vermektir. Deneysel sonuglarla
karsilastirmak amaciyla, molekiiler yapisi, titresim
frekanslar, 'H ve 3C-NMR kimyasal kaymalari,
DFT/B3LYP yOntemi

molekil igindeki yik transferini agiklamak igin

ile  hesaplanmistir. Ayrica
ultraviyole gorinir 1sik (UV-Vis)analizi yapilmis,
HOMO ve LUMO enerjileri ve kuantum kimyasal
tanimlayicilari zamana bagli yogunluk fonksiyoneli
(TD-DFT)yaklasimiyla DMSO, kloroform ¢ozicileri
ve gaz fazinda hesaplanmistir. Ayrica molekiliin
molekiiler elektrostatik potansiyel (MEP) analizi,
Mulliken yiik analizi ve lineer olmayan optik (NLO)
ozellikleri analiz edilmistir.

2. Materyal ve Metot

OH-VPA'nin
optimizasyonu, Yogunluk fonksiyoneli teorisi (DFT),

Bu c¢alismada geometrik  yapi
Becke'in li¢ parametreli (B3) ve Lee—Yang—Parr (LYP)
korelasyon fonksiyonu (B3LYP) yontemi ve 6-
311++G(d,p) baz seti
gerceklestirilmistir. OH-VPA' nin harmonik titresim

kullanilarak

frekanslari ise ayni yontem ve ayni baz seti ile
hesaplanmistir. Harmonik titresim frekanslarinin
hesaplanan degerlerini deneysel degerlere uygun
olarak iyilestirmek icin Olceklendirme carpani ile
carpiimistir. Titresim frekansi atamalari potansiyel
enerji dagilimi (PED) agisindan VEDA 4 programi
kullanilarak yapilmistir (Jamréz 2010). Molekilin
reaktivitesini anlamak icin OH-VPA' nin UV-Vis.
(gbrunir bolge) elektronik absorpsiyon
HOMO-LUMO gap,
potansiyeli, elektron afinitesi, kimyasal sertlik ve
elektrofililik

reaktivite tanimlayicilari,

parametreleri, iyonizasyon

yumusaklik, kimyasal potansiyel,

indeksi gibi kimyasal
zamana bagh yogunluk fonksiyonel teorisi (TD-DFT)
yontemiyle gaz fazinda ve farkh ¢oziicllerde
(kloroform, DMSO) hesaplanmistir. Molekilin bagil
polaritesini anlamak igin molekiler elektrostatik

potansiyel ylzeyi (MEP) DFT yontemi ile ayni
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OH-VPA molekilindeki
molekdl ici yik transferini anlamak icin Mulliken
atomik yiikleri B3LYP yontemi 6-311G++(d,p) baz
seti ile hesaplanmistir. OH-VPA’ nin 3C-NMR ve 'H-
NMR kimyasal kayma degerleri, CDCl; (kloroform)
DFT/B3LYP/6-311++G(d,p)
seviyesinde GIAO (ayar iceren atomik orbital/Gauge
Orbital)
hesaplanmistir. OH-VPA’ nin lineer olmayan optik

seviyede belirlenmistir.

¢Ozicisl icinde

Independent Atomic yontemiyle

(NLO) parametreleri, ortalama polarizebilite (a),
polarizebilite anizotropisi (Aa) ve ortalama birinci
mertebe hiperpolarizebilite (B) degerleri,
DFT/B3LYP/6-311++G(d,p) seviyesinde sonlu alan
yontemi kullanilarak hesaplanmistir. OH-VPA igin
yapilan tim teorik hesaplamalar Gaussian 16W
paket programi (Frisch et al. 2016) ve GaussView
6.1.1 araylz programi (Dennington et al. 2016)
kullanilarak gerceklestirilmistir.

3. Bulgular
3.1 Geometri Optimizasyonu

OH-VPA [Ci14H21NO;]’ nin giris yapisi koordinatlari
Cambridge Yap! Veritabanindan (CCDC 1429149)
DFT/B3LYP
yontemiyle 6-311++G(d,p) baz seti kullanilarak

alinmis ve geometri optimizasyonu,

gergeklestirilmistir. OH-VPA’ nin kristal yapisi ve
optimize edilmis geometrik yapisi Sekil 1' de
karsilastirmali  olarak  atomik  numaralariyla
gosterilmistir. Ayrica, deneysel (Martel et al. 2016)
ve teorik olarak hesaplanan geometrik parametreler
Cizelge 1’ de listelenmistir. OH-VPA’ nin optimize
geometrik yapisi ve deneysel geometrik yapisi
arasindaki benzerligi gorsellestirmek icin overlay

diyagrami Sekil 2’ de gosterilmistir.

AJ‘¢

Sekil 1. OH-VPA’ nin (a) X-isin1 tek kristal yapisi (b)
B3LYP/6-311++G(d,p) seviyesinde elde edilen
optimize geometrik yapisi

3
<!

(%

Sekil 2. OH-VPA’ nin optimize yapisi (mavi) ile deneysel

(X-151n1 tek kristal) yapisinin  (kirmizi) overlay

diyagrami
Cizelge 1. OH-VPA’” nin optimize geometrik
parametrelerinin  deneysel parametreleriyle

karsilastiriimasi

Geometrik Parametreler DFT/B3LYP Deneysel
Bag Uzunlugu (A) 6-311++G(d.p) X-Ray
C(1)-C(6) 1,401 1,388(3)
C(1)-C(2) 1,410 1,389(3)
C(1)-N(7) 1,429 1,426(3)
C(2)-0(2) 1,352 1,367(3)
C(2)-C(3) 1,401 1,392(3)
C(3)-C(4) 1,387 1,367(3)
C(4)-C(5) 1,396 1,377(4)
C(5)-C(6) 1,388 1,379(4)
C(8)-0(17) 1,233 1,246(2)
C(8)-N(7) 1,361 1,337(3)
C(8)-C(9) 1,527 1,515(3)
C(9)-C(13) 1,543 1,516(3)
C(9)-C(10) 1,543 1,526(3)
C(10)-C(11) 1,533 1,516(3)
C(11)-C(12) 1,532 1,517(4)
C(13)-C(14) 1,533 1,516(4)
C(14)-C(15) 1,532 1,500(4)
N(7)-H(7) 1,009 0,880
0(2)-H(2) 0,987 0,839
0(17)...H(38) 1,665 1,831
0-H...0

Bag Agilan

C(1)-C(2)-0(16) 123,9 123,2
C(2)-C(1)-N(7) 1239 123,8
C(2)-0(l6)-H(38) 108,7 109,5
C(1)-C(2)-C(3) 118,5 119,0
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Cizelge 1. (devam ediyor)

Geometrik Parametreler 6-311++G(d.p) Deneysel
Bag Agilar®

C(2)-C(3)-C(4) 121,5 120,7
C(3)-C(4)-C(5) 120,0 120,8
C(4)-C(5)-C(6) 119,1 118,9
C(5)-C(6)-C(1) 121,5 121,3
C(6)-C(1)-C(2) 119,4 119,3
C(1)-N(7)-C(8) 129,8 127,4
N(7)-C(8)-0(17) 123,1 122,0
N(7)-C(8)-C(9) 116,1 117,2
C(8)-C(9)-C(10) 109,6 109,0
C(9)-C(10)-C(11) 114,7 113,6
C(10)-C(11)-C(12) 112,7 114,3
C(10)-C(9)-C(13) 111,3 113,6
C(9)-C(13)-C(14) 114,8 113,5
C(13)-C(14)-C(15) 112,7 114,2
Dihedral Agilar®©

C(1)-C(2)-C(3)-C(4) 0,7 1,6
C(2)-C(3)-C(4)-C(5) -0,9 0,2
C(3)-C(4)-C(5)-C(6) 0,2 -1,5
C(4)-C(5)-C(6)-C(1) 0,6 0,9
C(6)-C(1)-C(2)-C(3) 0,1 -2,2
N(7)-C(1)-C(2)-C(3) -176,0 178,9
C(2)-C(1)-N(7)-C(8) -37,8 -44,2
C(1)-N(7)-C(8)-C(9) -174,1 -167,9
C(8)-C(9)-C(10)-C(11) -63,8 -60,5
C(9)-C(10)-C(11)-C(12) -178,5 175,3
C(11)-C(l0)-C(9)-C(13) 174,5 176,6
C(l0)-C(9)-C(13)-C(14) -174,3 -177,8
C(9)-C(13)-C(14)-C(15) 178,3 172,4
C(1)-C(2)-0(16)-H(38) 31,4 35,2
C(3)-C(2)-0(16)-H(38) -151,2 -146,9
0(17)-C(8)-N(7)-H(37) 177,2 -169,0
0(17)-C(8)-N(7)-C(1) 6,2 11,1
C(1)-N(7)-C(8)-0(17) 6,2 11,1

OH-VPA’ nin fenil halkasinda C-C bag uzunlugunun
DFT yontemiyle hesaplanan degerleri 1,387 ile 1,429
A arasinda degisirken, bu degerler deneysel verilerle
(1,367-1,392 A) olduk¢a uyumludur.

C8-017 bag cift bag karakteri gosterirken, C2-02
kismi tek bag karakteri sergiler. C8-017 ve C2-02
bag uzunluklari deneysel olarak sirasiyla 1,246 (2) ve
1,367 (3) A DFT/B3LYP
yontemiyle sirasiyla 1,233 ve 1,352 A olarak

iken bu uzunluklar

hesaplanmistir.

Molekildeki tim bag uzunluklari incelendiginde en
uzun bag uzunlugunun C9-C10 bagina ait oldugu, en
kisa bag uzunlugunun ise 02-H2 bagina ait oldugu
goritlmektedir. C9-C10 ve 02-H2 bag uzunluklari
sirasiyla deneysel olarak 1,526 (3) ve 0,839A iken,
DFT/B3LYP yontemiyle sirasiyla 1,543 ve 0,987 A
olarak hesaplanmistir.

OH-VPA igcin N-H bag uzunlugu 1,009 A olarak
hesaplanmistir ve bu deger 0,880 A olarak bulunan

deneysel degerden (0,129 A) daha biiyiiktiir. Ayrica,
bu yapi icin, ilki fenole ait olan ve ikincisi karbonil
grubuna ait olan 02—-H2...017—C8 arasinda net bir
hidrojen bagi etkilesimi vardir.

OH-VPA molekilinin amidik kismi (-C(=0)-NH-)
neredeyse dizlemseldir. N1-C7-02-C8 dihedral
acisi  molekilin optimize ve deneysel X-ray
yapisinda sirasiyla 179,7° ve -178,9° (yaklasik 180°)
dir.

Deneysel calismalarin kristal yapida kati fazda,
teorik calismalarin ise gaz fazinda tek bir molekiil
icin yapildigi duslinildigiinde, deneysel ve teorik
sonuglarin uyumlu oldugu séylenebilir.

3.2 Titresimsel Analiz

OH-VPA' nin molekiiler yapisinda 38 atom vardir,
dolayisiyla 108 (3N-6) adet temel titresim modu
mevcuttur. Molekilin optimize yapisindan yola
¢ikilarak, harmonik dalgasayilari ve infrared (IR)
siddetleri DFT/B3LYP yontemi ve 6- 311G++(d,p) baz
seti kullanilarak hesaplanmistir. OH-VPA' nin sanal
titresim frekansi olmamasi optimize yapisinin
potansiyel enerji ylizeyinde gergek bir minimum
noktaya karsilik geldigini gostermektedir. OH-VPA’
nin deneysel ATR FT-IR spektrumu literatirden
(Martel et al. 2016) alinmis ve temel titresim
modlarina ait spektral isaretlemeler PED (Potansiyel
hesabi kullanilarak VEDA 4

programinda yapilmistir (Jamréz 2010).Elde edilen

Enerji Dagihmi)
harmonik frekanslar, teori ile deney arasinda daha
iyi bir uyum saglamak amaciyla 0,9614 ile carpilarak
Olceklenmistir. Ayrica spektral isaretlemeler igin
GaussView 6.0.1 programinda bulunan spektrum
animasyonundan yararlanilmistir.

OH-VPA’ nin DFT/B3LYP/6-311++G(d,p) yontemiyle
hesaplanan ve oOlgeklendirilmis harmonik titresim
frekanslar (cm?), infrared siddetleri (km/mol),
deneysel titresim frekanslari (cm™), PED (Potansiyel
enerji katkisi) degerleri ve temel titresim modu
isaretlemeleri sirasiyla Cizelge 2’ de listelenmistir.
Sekil 3’ te OH-VPA’ nin teorik (6lgceklendirilmis)
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Sekil 3. OH-VPA’ nin kati formdaki deneysel FT-IR spektrumu ve gaz fazindaki teorik IR

spektrumunun karsilastiriimasi

infrared spektrumu ve deneysel FTIR spektrumunun
karsilastirmasi yapiimistir. Serbest hidroksil grubu
veya hidrojen bagl olmayan bir hidroksil grubu igin
gerilme bandi 3700-3500 cm™ araliginda gézlenir
(Stuart 2004).
gerilmesi 3300-2500 cm™ bélgesinde genis bir
bantla ortaya cikar (Silverstein et al. 2005).
Deneysel FT-IR' de fenolik O — H baginin karakteristik
ozelligi olan (O-H gerilmesinin ve fenil halka gerilme

Hidrojen baglh vyapida ise, O-H

titresimlerinin hareketinden dolayl) 3600-2600 cm"
! civarinda ¢ok genis bir bant gézlemlenmistir.
Teorik spektrumda 3202 cm™ de tek bir pik olarak
glclt bir band olarak ortaya ¢ikan O-H gerilme
bandi, molekdl i¢i hidrojen baginin varhigini gésterir
( P.E.D.'a % 100 katki).N — H gerilme titresimleri
3450-3250 cm™ araliginda gozlenir. OH-VPA’ nin
teorik spektrumunda N-H gerime bandi 3474 cm™
olarak hesaplanmistir. Deneysel spektrumda OH-
VPA' nin deneysel IR spektrumunda bu band daha
dusiik dalga sayilarina kaymistir. 3254 cm™ de tek
bir bant olarak gézlenen bu band ikincil bir amide ait
N-H baginin varligini gosterir (R-NH-C=0). N-H
gerilme bandinda

deneysel ve teorik degerler arasindaki bu farkin
sebebi hidrojen bagi etkilesimleridir.

Fenil halkasi spektral bélgesi, agirlikh olarak C-H, C-
C ve C = C gerilme modu ve C-C-C' nin yani sira H-C-
C-H gerilme
titresimleri genellikle 3100-3000 cmaraliginda
gozlenir (Suresh et al. 2014). OH-VPA’ nin deneysel
FT-IR spektrumunda 3078 cm™' de fenil halkasina ait
C-H gerilme bandi ve valproil kismina ait C-H gerilme
bantlariise 2957,2927 ve 2873 cm* de gdzlenmistir.
Bu bandlar teorik spektrumda sirasiyla 3066 ve
2964,2920 ve 2887 cmolarak isaretlenmistir.

C buiklalme titresimlerini igerir.

C — H dizlem igi ve diizlem disi biiklilme titresimleri
genellikle sirasiyla 1300-1000 cm™ ve 1000-675 cm™
araligindadir (Sun et al. 2009). Bu ¢alismada C-H
diizlem igi ve dizlem ici a¢1 bikiilme modlari 1452-
737 cm*araliginda hesaplanmistir.
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Cizelge 2. OH-VPA' nin B3LYP/6-311++G(d,p) ydntemiyle hesaplanan harmonik titresim frekanslarinin (cm™) ve deneysel
(FT-IR) titresim frekanslari ile karsilastirmasi, lir (km/mol) ve titresim modlarinin isaretlemeleri

Mod no Deneysel® B3LYP/6-311++G(d,p) isaretleme®
FT-IR (cm™?) PED® (%)
Hesaplanan Olgeklendirilmis lir

1 3254 3613 3474 22,2 v(NH) (100)
2 3332 3202 696,0 v(OH) (99)
3 3197 3074 9,3 v(CH) (94)
4 3078 3189 3066 12,1 v(CH) (96)
5 3172 3050 6,9 v(CH) (94)
6 3152 3030 7,4 v(CH) (92)
7 3088 2969 38,2 Vva (CHs) (89)
8 3087 2968 34,2 va (CHs) (91)
9 2957 3083 2964 113,7 Va (CHs) (84)
10 3082 2963 8,5 Va (CHs) (75)
11 3068 2950 15,5 Va (CH2)+ va (CH3)(87)
12 3061 2943 0,3 Va (CH2)(69)+ va (CH3)(11)
13 2927 3037 2920 36,4 Va (CH>) (76)
14 3035 2918 10,7 va(CH2) (83)
15 3022 2905 84,2 Vs (CH2)(20)+ vs (CH3) (76)
16 3020 2903 39,6 vs (CHs) (87)
17 3019 2902 0,1 vs (CHs) (88)
18 3014 2898 3,1 vs (CH2) (83)
19 2873 3002 2887 50,6 vs (CH2) (72)
20 3000 2884 8,5 vs (CH2) (76)
21 2994 2878 4,4 v(CH) (87)
22 1626 1701 1635 167,0 v(OC) (65)
23 1639 1576 7,9 v(CC)(56)+ B(HCC)(12)
24 1627 1564 14,1 v(CC) (50)
25 1545 1548 1488 197,1 B(HNC)(44)+ v(NC)(14)
26 1497 1526 1467 205,1 B(HCC)(37)+ B(CCC)(33)
27 1510 1452 9,7 B(HCH)(60)+ t(HCCC) (13)
28 1508 1450 2,1 B(HCH)(70)
29 1500 1442 13,7 B(HCH)(65)+ T(HCCC) (22)
30 1500 1442 0,2 B(HCH) (71)+ t(HCCC) (11)
31 1495 1437 22,0 B(HCH) (40)+ t(HCCC) (11)
32 1493 1435 3,6 B(HCH) (66)
33 1492 1434 51,5 B(HOC) (16)+ B(HCC) (12)+ B(HCH) (11)
34 1487 1430 2,1 B(HCH) (75)
35 1479 1422 0,1 B(HCH) (82)
36 1387 1424 1369 60,2 B(HOC) (63)+ B(HCC) (63)
37 1415 1360 7,1 B(HCH) (83)
38 1414 1359 2,0 B(HCH) (95)
39 1410 1356 9,0 T(HCCC) (22) +B(HCC) (14)
40 1397 1343 14,3 T(HCCC) (35) +B(HCC) (27)
41 1387 1333 0,5 T(HCCC) (53) + v(CC) (10)
42 1313 1346 1294 8,8 T(HCCC) (50) +B(HCC) (11)
43 1344 1292 78,4 v(CC) (41)+ B(HCC) (18)
44 1338 1286 19,3 B(HCC) (47) +v(CC) (16)
45 1331 1280 0,7 B(HCC) (54)+ T(HCCN) (13)
46 1325 1274 1,4 T(HCCC) (50) +B(HCC) (12)
47 1264 1287 1237 72,8 v(OC) (42)+ B(HCC) (17)
48 1283 1233 1,1 T(HCCN) (46)+ B(HCC) (26)
49 1240 1273 1224 10,3 B(HCC) (46)
50 1269 1220 7,7 B(HCC) (23)+v(0OC) (13)
51 1246 1198 0,1 B(HCC) (36)+ T(HCCC) (25)
52 1243 1195 45,6 v(NC) (38)+ B(HCC) (15)
53 1193 1147 22,0 v(NO) (22)
54 1179 1133 4,2 B(HCC) (74)
55 1157 1112 1,3 v(CC) (20)+ B(CCC) (15)+T(HCCC) (19)
56 1141 1097 3,6 B(HCC) (16)+ T(HCCC) (15)
57 1129 1085 6,0 B(HCC) (25)+v(CC) (18)+ B(CCC) (11)
58 1125 1082 0,0 T(HCCC) (22)+ T(HCCN) (10)
59 1078 1036 5,7 T(HCCC) (30)+ v(CC) (12)+ T(HCCN) (12)
60 1070 1029 0,8 v(CC) (72)
61 1060 1019 6,8 v(CC) (62)+ B(HCC) (20)
62 1050 1009 0,2 v(CC) (72)
63 1026 986 1,5 v(CC) (70)
64 1014 975 2,8 v(CC) (60)
65 978 940 0,2 T(HCCC) (80)
66 958 921 0,9 v(CC) (14)+B(HCC) (11)+t(HCCC) (10)
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Cizelge 2. (devam ediyor)

Deneysel® B3LYP/6-311++G(d,p) isaretleme®
Mod no ;
FT-IR (cm) PED® (%)
Hesaplanan Olgeklendirilmis IR

67 937 940 904 3,6 T(HCCN) (77)
68 922 886 0,8 v(CC) (33)+ T(HCCC) (27)
69 905 870 4,5 B(NCO) (20)+ B(HCC) (13)+t(HCCC) (13)
70 884 850 5,5 v(CC) (27)+ B(CCC) (15)+T(HOCC) (13)
71 882 848 6,2 v(CC) (38)+ B(CCC) (16)
72 872 838 1,6 T(HCCC) (44)
73 859 826 0,8 T(HCCC) (83)
74 772 817 785 75,7 t(HOCC) (70)
75 750 780 750 12,2 B(CCC) (16) +v(CC) (12)
76 767 737 8,5 T(HCCC) (33)
77 765 735 17,3 Y(OCNC) (21)+ T(HCCC) (11)
78 722 756 727 69,2 T(HCCC) (83)
79 730 702 4,4 Y(OCNC) (27)+ t(CCCC) (12)+ T(HCCC) (10)
80 693 727 699 0,9 Y(OCCC) (51)+ Y(OCNC) (12)
81 669 643 2,4 T(HCCC) (25)+ B(NCO) (20)+ v(CC) (19)
82 627 603 8,4 B(cce) (52)
83 581 559 48,1 T(HNCC) (70)
84 565 543 7,0 B(CCC) (26) + T(CCCC) (17)+T(HNCC) (13)
85 555 534 3,0 B(CCC) (32)+ T(CCCC) (21)
86 500 481 0,3 B(CCO) (40)
87 491 472 12,8 B(CCC) (60)
88 472 454 8,2 t(CCCC) (57)
89 427 411 5,0 B(CCO) (33)+ Y(CCCC) (21)
90 342 329 20,0 B(CCC) (37)+ B(NCO) (17)
91 323 311 2,2 B(CCN) (34)
92 309 297 0,9 B(CCC) (38)+v(CC) (36)
93 300 288 1,5 T(CCCC) (44) +B(CCN) (11)
94 262 252 1,1 B(CCC) (55)
95 256 246 0,1 B(CCN) (26)+ T(HCCC) (16)
96 244 235 0,0 T(HCCC) (84)
97 240 231 0,1 T(HCCC) (73)
98 209 201 0,9 B(CCO) (11)+ (CCCC) (10)
99 186 179 1,1 T(CCCC) (25)+ B(CCC) (20)
100 154 148 2,6 T(CCNC) (32)+ B(CCC) (16)
101 106 102 2,0 T(CCCC) (33)+T(CNCC) (14)
102 91 87 0,7 T(CCCC) (55)
103 84 81 0,0 B(CCC) (42)+ Y(CCCC)(16)+ T(CCCC) (10)
104 80 77 0,2 T(CCCC) (64)
105 78 75 0,4 T(CCCC) (46)
106 59 57 0,2 T(CCCC) (68)+ B(CCC) (13)
107 33 32 0,6 T(CNCC) (61)
108 20 19 1,1 T(CCCN) (78)

a(Martel et al. 2016)

bTitresim turleri; v, gerilme; B, diizlem ici bikilme; y, diizlem disi biikiilme; T, torsiyon; s, simetrik; a, asimetrik.

€ %10’ un altindaki PED’ ler yer almamaktadir.

Hesaplanan ve deneysel olarak isaretlenen dalga
sayllari, deney ve teorik hesaplarin farkh fazlarda
yapildigl distnildiginde genel olarak birbirleriyle
uyum igindedir.

3.3 UV-Vis ve HOMO-LUMO Analizi

En ylksek dolu molekiler orbital (HOMO) ve en
distk bos molekdler orbital (LUMO), sinir molekiler
orbitaller (FMOQO) olarak adlandiriir. FMOQO' lar,
elektronik ve optik 6zelliklerde oldugu kadar UV-Vis

spektrumlarinda ve kimyasal reaksiyonlarda da
onemli bir rol oynar (Lewis 1994).

OH-VPA’ nin elektronik gegislerini anlamak ve
enerjik davranisini degerlendirmek icin, gaz fazi ve
¢Ozicu (kloroform ve DMSO) icerisinde elektronik
absorpsiyon spektrumlar Gizerinde TD-DFT/B3LYP
6-311++G(d,p)
hesaplamalar yapilmistir. Hesaplanan absorpsiyon

yontemi baz seti kullanilarak
dalga boylari (A), uyarilma enerijileri (E), osilator
kuvvetleri (f) ve temel elektronik gecis katkilari

Cizelge 3’ te listelenmistir. Gegislerin temel katkilar
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GaussSum 3.0.1 paket programi ile belirlenmistir
(O'Boyle et al. 2008 ).

OH-VPA’ nin  TD-DFT/6-311++G(d,p)
seviyesinde gaz fazinda ve ¢6ziici fazinda

Cizelge 3.

hesaplanan absorpsiyon dalgaboyu (A),
uyarilma enerjisi (E), osilator guicii/siddeti
(f) and temel elektronik gegcis katkilari

A (nm) E (eV) Temel katkilar f(a.u)
274,55 4,516 H->L 0,1316
Gaz 253,97 4,882 H->L+1 (95%) 0,0062
240,72 5,151 H>L+2 (57%), 0,0555
H-1->L (31%)
271,24 4,571 H->L (90%) 0,1824
240,83 5,148 H->L+1 (56%), 0,0913
Kloroform H-1-L (31%)
235,54 5,264 H->L+2(75%), 0,0089
H->L+1 (10%)
269,29 4,604 H->L (88%) 0,1804
240,39 5,158 H->L+1 (55%), 0,1067
bmso H-1->L (33%)
230,33 5,383 HOMO->L+2 (83%) 0,0079

H:HOMO, L:LUMO

OH-VPA igin yapilan TD-DFT hesaplari, UV — Vis
bolgesinde ¢ gecisi Ongorir. Gaz fazinda,
kloroformda ve DMSQO' da sirasiyla 274,55 nm,
271,24 nm ve 269,29 nm' de gecisler icin osilator
kuvveti diger gecislere gore buyuklik olarak daha
yiksektir. Bu elektronik absorpsiyon, molekdiler
yoringe HOMO' dan LUMO uyarilmis duruma gegise
karsilik gelir. Gaz fazinda, kloroformda ve DMSO' da
sirastyla 253,97 nm, 240,39nm ve 240,39 nm' de
hesaplanan dalga boyu, esas olarak HOMQ' dan
LUMO+1 molekdler orbitaline gegislere karsilik gelir.
Gaz fazinda, kloroformda ve DMSQO' da sirasiyla
240,72 nm, 235,54 nm ve 230,33 nm' de hesaplanan
dalga boyu, esas olarak HOMOQO' dan LUMO+2
molekiiler orbitaline gegislere karsilk gelir. Ayrica,
hesaplanan gaz fazi absorpsiyon dalga boyunun,
farkh c¢ozliclilerde hesaplanan absorpsiyon dalga
boyundan daha diisik oldugu bulunmustur.

3.4 HOMO-LUMO ve
Tanimlayicilar

Kuantum  Kimyasal

En ylksek dolu molekiler orbital (HOMO) ve en
distik bos molekiiler orbital (LUMO), bilesiklerin
HOMO bir
temsil

kimyasal stabilitesinde rol oynar.

molekillin  elektron verme yetenegini
ederken, LUMO elektron alma yetenegini temsil
eder. Bir molektliin HOMO enerjisi (Enomo) ve LUMO

enerijisi (E,umo) arasindaki farka ise enerji araligi (AE)

denir. Enerji arahg molekilin kimyasal kararhliginin
belirlenmesinde 6nemli rol oynar (Lewis 1994). OH-
VPA icin TD-DFT/B3LYP/6-311++G(d,p) yOntemi ile
gaz fazindave farkli coziiclilerde (kloroform ve
DMSO) hesaplanan HOMO ve LUMO enerji degerleri
(Enomo ve Eiumo), enerji araligl (AE) degeri Cizelge 4’
te verilmistir. Ayrica, Enwomo ve Ewmo enerjileri
Koopmans teoremi ile verilen iyonizasyon
potansiyelini (I) ve elektron ilgisini (A) hesaplamak
icin kullanihir(Koopmans 1934). HOMO ve LUMO
enerjilerini kullanarak iyonizasyon potansiyeli ve
elektron ilgisi su sekilde ifade edilebilir: I=-Enomo ve
A=-E,umo. Kimyasal sertlik (n), kimyasal yumusaklk
(S), elektronegatiflik (x) ve kimyasal potansiyel ()
sirasiyla n= AE/2, S=1/n, x=(1+A)/2 ve p=-(I+A)/2
bagintilari kullanilarak verilir (Zhan 2003). Parr vd.
(1999) kimyasal sertlik ve kimyasal potansiyeli

kullanarak hesaplanan elektrofiliklik indeksi (w)

olarak isimlendirilen yeni  bir tanimlayic
tanimlamislar ve w=p?/2n bagintisiyla
hesaplamislardir.

OH-VPA icin, kuantum kimyasal reaktivite

tanimlayicilari olarak adlandirilan kimyasal sertlik
(n), kimyasal yumusaklik (S), elektronegatiflik (x),
kimyasal potansiyel (1) ve elektrofiliklik indeksi (w)
TD-DFT kullanilarak  6-311+G(d,p)
seviyesinde gaz faz, DMSO ve
¢Ozicilerinde hesaplanmis ve sonuglar Cizelge 4’ te

yontemi
kloroform

sunulmustur.

Cizelge 4.0H-VPA’ nin TD-DFT/B3LYP/6-311++G(d,p)
seviyesinde hesaplanmis Enomo, ELumo, HOMO-
LUMO enerji araligi (AE) ve kuantum kimyasal
tanimlayicilari

Parametre Gaz Kloroform  DMSO

Enomo (eV) -6,135 -6,278 -6,344

Ewumo (eV) -0,937 -0,983 -1,015

AE(eV) 5,199 5,295 5,329

Elektron affinitesi(A) (eV) 0,937 0,983 1,015
iyonizasyon potansiyeli(l) 6,135 6,278 6,344
Sertlik (n) 2,599 2,648 2,664
Yumusaklik (S) (eV?) 0,385 0,378 0,375
Kimyasal potansiyel (p) -3,536 -3,630 -3,679
Elektronegatiflik (x) (eV) 3,536 3,630 3,679
Elektrofilik indeksi (w) 2,405 2,489 2,541
Dipol Moment(D) 4,364 5,580 6,277
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Cizelge 4’ ten gorildigi gibi bilesigin n (ve S)
degerleri gaz fazinda 2,599 eV (0,385 eVl),
kloroformda 2,648 eV (0,378 eV!) ve DMSO' da
2,664 eV (0,375 eVl
Molekilin sertlik degerlerinin ¢oziicliler dikkate
DMSO>
kloroform> gaz seklinde oldugu gézlenmistir. Genel

olarak hesaplanmistir.

alindiginda  arttigi  ve siralamanin
olarak elde edilen kiiclik n degeri, bilesik icerisinde

yluk transferinin gerceklestigi anlamina gelmektedir.

Elektrofiliklik indeksi w, molekilin yik kapasitesini
ifade eder ve hesaplanan degerleri, DMSO ve
kloroform c¢o6zicllerde gaz fazina kiyasla daha
blyulktlir yani c¢ozicilerin varliginda molekilin
elektrofiliklik indeksinin arttig aciktir.

HOMO ve LUMO enerji araligi analizi, molekilin
biyoaktif 06zelliklerini gosteren yik transferini

aciklar. Gaz fazinda ve farkli ¢ozlcilerdeki
molekiliin AE enerji araligi su sirayla azalir: DMSO>
kloroform> gaz. OH-VPA molekili igin enerji aralig
(AE) degerleri gaz fazinda, kloroform ve DMSO
¢Ozicusiinde sirasiyla 5,199 eV, 5,295 eV ve 5,329
eV olarak hesaplanmistir. Gaz fazindan ¢oziici faza
gecerken, enerji araliginin artan degeri, molekilu
daha kararh hale getirir. DFT hesaplari, ¢oziicl
fazinda gaz fazina gére daha bliyik HOMO-LUMO
enerji araligina sahip bilesigin, ¢oziici fazda daha
yuksek kinetik stabiliteye ve daha distk kimyasal
reaktiviteye sahip olma egiliminde oldugunu
gostermistir.

Sekil 4, OH-VPA’ nin HOMO ve LUMO diyagrami
gostermektedir. Burada pozitif bolge kirmizi ve
negatif bolge ise yesildir. Sekil 4'e gore, LUMO, fenil
halkasi (OH grubu harig), -C (= O) -NH- amit grubu ve
ona komsu karbon atomlari Gzerinde lokalize bir yik
yogunlugu sunarken, HOMO molekiliin valproil

kismi disinda tiim molekul Gzerinde lokalizedir.

[ LUMO

HOMO

Sekil 4.0H-VPA molekiliniin molekiler orbital (HOMO
ve LUMO) diyagrami

3.5 Molekiiler Elektrostatik Potansiyel (MEP)
Analizi

Elektrostatik potansiyel; dipol
elektronegatiflik ve kismi yikler ile iliskilidir ve

moment,

ayrica bir molekilin yik dagilimi, cekirdegin
elektrostatik potansiyel ozellikleri ve elektrostatik
potansiyel enerjinin dogasi hakkinda bilgi verir
(Chidangil and Mishra  1997).

elektrostatik potansiyel (MEP) analizi molekiillerin,

Molekdler

molekdil ici ve molekiiller arasi etkilesim alanlarinin,
kimyasal reaktivitelerini, elektrofilik ve nikleofilik
boélgelerini tayin etmek igin kulanilan bir yontemdir.
(Mishra et al. 1996)

MEP yiizeyinde kirmizi, mavi ve yesil renkler sirasiyla
en negatif, en pozitif ve sifir elektrostatik potansiyeli
olan bolgeleri gostermektedir. Mavi renk en glicla
cekicilige sahip bolgeyi temsil ederken kirmizi renk
en glicli iticilige sahip bélgeyi temsil eder. incelenen
molekilin B3LYP/6-311++G(d,p) seviyesinde gaz
fazinda elde edilen MEP vyizeyi Sekil 5 te
gosterilmistir.
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Sekil 5.0H-VPA’ nin -6,145e-2 (kirmizi) ile +6,145e-2
(mavi) arasinda degisen molekiiler elektrostatik
potansiyel ylzeyi

Sekil 5 ten OH-VPA’ nin
molekllin  negatif bolgesinin  (kirmizi renk, en

MEP ylzeyinden,

reaktif bolge) fenil halkasindaki —OH grubunun
oksijen atomunda ve karbonil grubun (C=0) oksijen
atomunu Uzerinde oldugu, en pozitif bolgesinin
(mavi renk, nikleofilik bolge) N-H grubunun H
atomu Uzerinde oldugu acik¢a goriilmektedir. Bu
sonuglardan H atomunun en gigli cekiciligi, O
atomlarinin  en  glglu

iticiligi ~ gosterdigini

soyleyebiliriz.

3.6 Mulliken Atomik Yiikler

Atomik yulkler bir molekiliin dipol momentini,
polarize edilebilirligini, elektronik yapisini ve daha
bircok ozelligini etkilediginden, Mulliken atomik yik
hesabl molekiler sistemlerin kuantum kimyasal
hesaplamalarinda 6nemli rol oynar (Mulliken 1955).
Mulliken yiik analizi ayni zamanda hidrojen
baglanma olasiliklarini agiklar. OH-VPA' nin DFT
(B3LYP) yontemi 6-311++G(d, p) baz setiyle Mulliken
popiilasyon analizi ile elde edilen atomik yikleri

Sekil 6 'da sunulmustur.

Sekil 6.0H-VPA’ nin B3LYP/6-311++G(d,p) ybntemi ile
hesaplanan Mulliken yukleri

Sekil 6 ‘dan goruldiglu gibi diger tim karbon
atomlariyla karsilastirildiginda C9 karbon atomu en
yiksek pozitif ylike(1.600e) ve karbonil grubun
karbon atomu C8 (-1.243e) en yliksek negatif yiike
sahiptir. OH-VPA ‘nin fenil halkasindaki karbon
atomlari negatif yike sahipken, halkadaki C1 (0.548)
atomu pozitif ylklidir. Bunun baslica nedeni, bir
oksijen atomunun negatif ylikinin ikamesidir.

Tim hidrojen atomlari arasinda (0.114-0.290e)
oksijen atomuna (0.290e) ve nitrojen atomuna
(0.289) bagli proton, diger protonlardan daha fazla
pozitif ylike sahiptir. 017 atomunda buiylk negatif
ylkiin ve H2 atomunda net pozitif ylikiin varhgi, kat
halde 02-H...017 molekdl ici etkilesimin olustugunu
dogrulayabilir.

3.7 NMR Analizi

izotropik kimyasal kaymalar, iyonik tiirlerin oldugu
kadar reaktif organik tirlerin tanimlanmasinda
siklikla kullanilir. OH-VPA nin *H ve 3C NMR kimyasal
kayma degerleri, CDCl; ¢oziiclistu icinde B3LYP
6-311++G(d,p) baz seti
hesaplanmis ve referans
[tetrametilsilan, Si(CHs)s] molekdld  ahinmistir.
TMS icin CDCl; ¢6zucusu secilerek B3LYP/6-
311++G(d,p) seviyesinde hesaplanan *H- ve *C-NMR
kaymadegerleri

kullanilarak
TMS

yontemi
olarak

kimyasal
sirasiyla 31,97 ve 184,61 ppm’ dir.

OH-VPA molekiili igin literatlirden deneysel olarak
elde edilen (Garcia et al. 2017) ve teorik olarak
hesaplanan H NMR ve 3C NMR kimyasal kayma
Cizelge 5’ olarak

degerleri te karsilastirmal

verilmistir.

10
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Cizelge 5.0H-VPA' nin B3LYP/6-311++G(d,p) seviyesinde
hesaplanmis NMR (3C ve H) kimyasal kayma

degerleri
Atom Hesaplanan Deneysel
C1l 133,9 126,5
C2 159,4 148,2
C3 127,2 118,4
C4 133,9 126,0
C5 125,9 122,4
C6 128,6 120,4
Cc8 185,1 177,3
C9 58,3 48,0
C10 43,6 35,4
Cl1 27,6 20,8
C12 16,9 14,1
C13 43,6 35,4
Cl4 27,6 20,8
Ci15 16,9 14,1
O-H 8,94 8,95
N-H 7,43 8,73
H3 7,28 6,83
H4 7,43 7,02
H5 7,13 6,95
H6 7,20 7,44
H9 2,33 2,46
H10a 1,73 1,49
H10b 1,44 1,49
Hlla 1,25 1,23
H1lb 1,44 1,49
H12a 0,91 0,92
H12b 0,82 0,92
H12c 1,19 0,92
H13a 1,72 1,49
H13b 1,43 1,49
H1l4a 1,40 1,23
H14b 1,37 1,23
H15a 0,89 0,92
H15b 1,17 0,92
H15¢c 0,87 0,92

OH-VPA’ nin hidroksil grubunun protonu deneysel
IH-NMR spektrumunda, 8,95 ppm' de bir sinyal
ortaya koyarken, teorik spektrumda 8,94 ppm
'H-NMR
spektrumunda, amit grubunun protonu (N-H) 8,73
ppm' de bir sinyal ortaya koyarken, teorik
spektrumda CDCl; ¢6zlictsi icinde B3LYP /6-311++G
(d, p) yontemiyle 7,43 ppm olarak hesaplanmistir.

olarak hesaplanmistir. Deneysel

Fenil halkasindaki hidrojen atomlari, aromatik
hidrojen atomlarinin normal araliginda NMR pikleri
gosterir ve sirasiyla CDCls ¢o6zlicisi icinde 7,13-7,43
ppm araliginda gozlenirken teorik spektrumda 6,83-

7,44 ppm araliginda hesaplanmistir.

Molekilln valproil kismina ait olan H9, H13, H14 ve
H15 protonlari, deneysel spektrumda 2,46-0,92
ppm ve teorik spektrumda 2,33-0,87 araliginda
gorilmektedir.

Metil ve metilen gruplarindaki karbon atomlarinin
1BC-NMR kaymalari ¢ok disiktiir. Bu calismada,
metil gruplarinin hidrojen atomlari igin elde edilen

ve hesaplanan kimyasal kaymalar, perdeleme etkisi
nedeniyle oldukc¢a disuktir.

Metil deneysel
spektrumda 0,92 ve 1,23-1,49 ppm' de c¢oklu

ve metilen grubu protonlar
sinyaller olarak gozlenirken ve teorik spektrumda
sirasiyla 0,82-1,19 ve 0,89-1,72 ppm bolgesinde
hesaplanmistir.

Mevcut calismada, OH-VPA icin fenil halkasindaki
13C-NMR kimyasal kaymalari beklendigi gibi 100
daha B3LYP/6-311+G(d,p)
yontemiyle elde edilen teorik degerler 125,9-159,4

ppm'den blylktar.
ppm araliginda hesaplanirken, bilesigin deneysel
kimyasal kaymalari 118,4 — 148,2 ppm araliginda
elde edilmistir.

C2 ve C8 karbon atomlarinin kimyasal kayma
degerleri, fenil halkasindaki hidroksil grubu ve amit
(C=0) grubundaki
atomun perdeleme azaltici etkisi nedeniyle deneysel

daha elektronegatif oksijen

spektrumda sirasiyla daha yiksek kimyasal kayma
degerlerinde 148,2 ve 177,3 ppm' de gozlenirken,
teorik spektrumda sirasiyla 159,4 ve 185,1 ppm
olarak hesaplanmistir.

13C NMR deneysel spektrumunda, karbonil sinyali
C7, cift hidrokarbon zincirli bir sekonder amidin
karakteristigi olan 177,3 ppm' de gorinir ve
aromatik yerlesimden biraz etkilendigi
gorilmektedir. C7 atomunun 3C NMR kaymasi
185,1 ppm hesaplanmistir.B3LYP/6-
311++G(d,p) DMSO

hesaplanan NMR (*C ve H) kimyasal kayma

olarak
seviyesinde ¢Ozliclislinde
degerleri Cizelge 5’ te goruldigu gibi deneysel ppm
degerleri ile oldukg¢a uyumludur.

3.8 Lineer Olmayan Optik (NLO) Ozellikler

Lineer olmayan optik 6zellikler son yillarda oldukca

onem kazanmustir. NLO malzemeler,
telekominasyon, dijital veri isleme, veri depolama ve
modern iletisim teknolojileri gibi lineer olmayan
optik ozellikler gostermektedir(Jeyavijayan
2015,Geskin  2003).0zellikle organik molekiiller,
konjuge-pi elektron sistemlerine ve biliylk
hiperpolarize edilebilirlige sahip olmalari nedeniyle

glcli lineer olmayan optik (NLO) 6zellikler sergiler.
11
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Lineer olmayan optik 6zellikler son yillarda oldukga
onem kazanmistir.

Bir kuantum kimyasal modelleme yontemi olan DFT,
organik NLO materyallerini arastirmak ve molekiler
altinda elektronik

NLO sireglerinin yatan

polarizasyonun anlasilmasi ve yapi-ozellik
iliskilerinin kurulmasi igin etkili bir yontem olarak
yaygin olarak kullaniimaktadir (Meyers et al. 1994).
OH-VPA molekiliiniin toplam statik dipol momenti
polarizebilite (a),
anizotropisi (Aa) ve birinci mertebe hiper
polarizebilite (B) degerleri DFT/B3LYP y6ntemi 6-
311++G(d,p) baz seti

yaklasimina gore asagidaki denklemler kullanilarak

(n), ortalama polarizebilite

kullanilarak sonlu alan

hesaplanmis ve Cizelge 6’da listelenmistir.

=G+ +u2)"”

_ (axxtayytazz)
3

()

Aa = 271/2 [(axx — ayy)z + (ayy — azz)z +

(azz - axx)z]l/z (3)

B = [(ﬁxxx + Bxyy + szz)z + (ﬁyyy + Byzz +

/
.Byxx)2 + (.Bzzz + .Bzxx + ﬁzyy)z]l i (4)

Cizelge 6. OH-VPA molekilliinin B3LYP/6-311++G(d,p)
seviyesinde hesaplanan toplam statik dipol
momenti (Y, in Debye), ortalama polarizebilite
(a), polarizebilite anizotropisi (Aa, in 1072 esu),
birinci mertebe hiper polarizebilite (8, in 1073°

esu)
Parametreler
Dipol Polarizebilite Hiper Polarizebilite
moment (D)
Uy 1,718 ey 232,470 Brxx 233,717
Iy 1,483  a, 4776 By 37,228
M, 3727 ay, 170,593 B, -69,051
u 4364  a,, 6573 By, 92,028
a,, -15,679 Brxz 9,631
a,, 156,015  Byy, 10,723
a (a.u) 186,359 Byyz -49,083
-24
a 27,618x10 Brzz 40,312
(e.s.u.)
A 70,309 Byzz 20,088
(a.u)
* -24
Aa 10,420%10 Brzz 114,877
(e.s.u.)
Ll(a.u.) 248,163
Ble.s.u.) 2,144*103%

OH-VPA' nin dipol momenti, ortalama polarizabilite
(Aa) ve birinci
mertebe B3LYP/6-
311++G(d,p) seviyesinde sirasiyla 4,364 D,
27,618x10%4 esu, 10,420x10% ve 2,144x10°° olarak
hesaplanmistir. OH-VPA’ nin kismen blyik dipol

(a), polarizabilite anizotropisi
hiperpolarizebilitesi  (B)

momente sahiptir. Dipol moment ve hiper

polarizabilitenin  buyukliginin NLO o6zellikler
acisindan onemli faktorler oldugu iyi bilinmektedir.
Daha vyiksek molekiler polarize edilebilirlik ve
hiperpolarize edilebilirlik degerleri daha aktif NLO

ozellikleri icin Gnemlidir.

Ure molekiili, lineer olmayan optik 6zellik gésteren
sistemlerle ilgili calismalarda kullanilan model
molekiillerden biridir. OH-VPA’ nin hesaplanan dipol
momenti ve ilk hiperpolarize edilebilirligi, standart
NLO malzemesi olan “lre” nin sirasiyla yaklasik 3
kati ve 6 katidir (B3LYP/6-311++G(d,p) seviyesinde
“Ure” icin bu degerler sirasiyla 1,373 D ve 0,373x10°
30 esu olarak hesaplanmistir)(Sun et al. 2009).0H-
VPA" nin

hiperpolarize edilebilirligi, OH-VPA’ nin dogrusal

kismen biliyik dipol momenti ve

olmayan optik malzemeler i¢in bir yapi tasi olarak
kullanilabilecegini gosterebilir.

12
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4, Tartisma ve Sonug
Bu teorik 2-(N-(2-hidroksifenil)-2-

propilpentanamid) [OH-VPA]’" nin molekil yapisi,

calismada,

titresim spektrumu ve elektronik 6zellikleri kuantum
kimyasal yontemler yardimiyla ilk kez incelenmistir.
Teorik olarak hesaplanan ve literatiirden elde edilen
deneysel titresim spektrumlari karsilastirildiginda O-
H ve N-H gerilme titresim bantlarinin dalga
sayllarinda farkliliklar goralmdstir, bu durum OH-
VPA' da gelen
etkilesimlerinin bir gostergesidir.

meydana hidrojen  bagi

HOMO ve LUMO enerjileri arasindaki nispeten

kiiciik enerji araligi, molekil igerisinde vyik
transferinin gerceklestigini kanitlar. Ayrica, HOMO —
LUMO

potansiyel parametresinin diistik degeri de molekdl

enerjilerinden elde edilen kimyasal
icerisindeki yik transferini dogrulamaktadir. LUMO,
fenil halkasi (OH grubu harig), -C(=0)-NH- amit
grubu ve ona komsu karbon atomlari (zerinde
lokalize iken, HOMO molekilin valproil kismi
disinda tim molekiil Uzerinde lokalizedir. NMR
hesaplari, oksijen atomlarina baglanan karbon

sinyallerinin diger karbon sinyallerinden daha
yiksek frekanslarda oldugunu gostermektedir. OH-
VPA’ nin MEP ylzeyi, negatif potansiyel bolgelerin
elektronegatif atomlar Uzerinde oldugunu, pozitif
potansiyel bolgelerinin ise N-H grubunun hidrojen
atomu (zerinde oldugunu gostermistir. Ayrica
Mulliken yuk analizi sonuglarina gore, karboksil
gruba ait oksijen atomundaki bilylik negatif yikiin
ve- OH hidroksil gruba ait H atomundaki net pozitif
yiklan varligl, kati halde 02-H...017 molekdl igi
etkilesimin olustugunu dogrulamaktadir. OH-VPA’
nin elde edilen kismen yiiksek dipol momenti ve
birinci mertebe hiperpolarizebilite degerleri etkili bir
NLO malzeme adayi olabilecegini gosterir. Deneysel
ve teorik calismalarin farkli fazlarda yapildig géz
onine alindiginda deneysel ve teorik veriler

arasinda iyi bir uyum oldugu sdéylenebilir.

Bu calismadan elde edilen sonuglarin yeni HDAC
inhibitorlerin sentezine yon verecegi ve ilag-

reseptér etkilesimi mekanizmasinin anlasiimasi

acisindan iyi bir baslangic noktasi olacagi

disinidlmektedir.
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Abstract

Cellular metabolic changes triggered by Obstructive Sleep Apnea Syndrome (OSAS) are detected
invasively by detecting isoprene as a biomarker of OSAS in the breath. When falling asleep, isoprene

Keywords level begins to increase above 3 ppm. Therefore, monitoring isoprene levels in exhaled breath under
Sleep apnea; Sensor; normal conditions may provide a non-invasive method to detect, monitor, and control sleep disorders
Exhaled breath; such as sleep apnea. In this study, PSSA-g-PANI based SAW gas sensors were prepared and tested against
Isoprene isoprene gas. Sensor measurements reveal that PSSA-g-PANI based SAW type sensor detected (1-150)

ppm isoprene gas with high sensitivity and thus PSSA-g-PANI based SAW type sensor may enable
monitor and control of sleep apnea.

Uyku Apnesi Teshisine Yeni Bir Bakis Agisi: PSSA-g-PANI tabanli SAW
Sensorii Kullanarak izopren Tespiti

Oz

Obstruktif Uyku Apne Sendromu (OSAS) tarafindan tetiklenen hiicresel metabolik degisiklikler, nefeste
OSAS'In biyobelirteci olarak izopren saptanarak invazif olarak tespit edilir. Uykuya dalindiginda izopren
Anahtar Kelimeler seviyesi 3 ppm'nin lzerine ¢ikmaya baslar. Bu nedenle, normal kosullar altinda solunan nefeste izopren
Uyku apnesi; Sensor; seviyelerinin izlenmesi, uyku apnesi gibi uyku bozukluklarini tespit etmek, izlemek ve kontrol etmek icin
Solunan nefes; Izopren  invazif olmayan bir yontem saglayabilir. Bu ¢alismada, PSSA-g-PANI tabanli SAW gaz sensorleri
hazirlanmis ve izopren gaza karsi test edilmistir. Sensor olgiimleri, PSSA-g-PANI tabanli SAW tipi
sensoriin ylksek hassasiyetle (1-150) ppm izopren gazi algiladigini ve dolayisiyla PSSA-g-PANI tabanli

SAW tipi sensoriin uyku apnesinin izlenmesini ve kontroliinii saglayabilecegini ortaya koymaktadir.

1. Introduction common in children (Schlaud et al. 2004, Mitchell
and Kelly 2006, Sabato et al. 2006, Holty et al.
Obstructive Sleep Apnea Syndrome (OSAS) is 2013). In exhaled breath, volatile organic

characterized by cardiovascular diseases (Mehra
et al. 2006, Gami et al. 2013), metabolic diseases
(Peled et al. 2007), and neurological diseases

compounds (VOCs), produced by cellular
metabolism and acting as biomarkers, are
abundant. The fact that cellular metabolic changes
triggered by OSAS are detected invasively by
detecting isoprene as a biomarker of OSAS in the
breath. Under normal conditions, an increase in

characterized by an intermittent decrease in
airflow (hypopnea) and/or interruption of airflow
(apnea) due to problems in the upper airways
(Stone et al. 2016, Redline 2010). OSAS is more
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isoprene concentration is due to sleep and
isoprene plays a role in sleep regulation (King et al.
2012, Cailleux and Allain 1989, Salerno-Kennedy
and Cashman 2005). The normal concentration of
isoprene at wakefulness is in the range of (509
ppb-1.43 ppm) for adults. When falling asleep,
isoprene level begins to increase above 3 ppm
(King et al. 2012). Therefore, monitoring isoprene
levels in exhaled breath under normal conditions
may provide a non-invasive method to detect,
monitor, and control disorders of sleep. In the
literature, there are very few studies on the
development of sensors for the diagnosis of OSAS
(Carpagnano 2011, Bikov et al. 2016, Finamore et
al. 2019, Gouma et al. 2011, Gouma 2018). There
has been increasing interest in the investigation of
lungs by non-invasive means measuring the
exhaled breath volatile mediators, such as nitric
oxide (NO), carbon monoxide (CO), ethane and
pentane and finally the non-volatile substances in
the liquid phase of exhalate, termed breath
condensate. Carpagnano et al. focused on exhaled
breath analysis giving an update on its general
aspects, its application in OSAS, and finally its
actual clinical applicability and areas for future
direction (Carpagnano 2011). Accelerated airway
inflammation may play a crucial role in the
pathophysiology of OSAS; however, this
phenomenon has been investigated only in a
limited number of studies. The analysis of exhaled
breath represents a promising, non-invasive tool
to evaluate airway inflammation in this context.
The knowledge on exhaled biomarkers in OSAS has
been growing with an emerging number of
methodological studies which help to interpret
exhaled breath data. Bikov et al. summarized the
results of studies on exhaled breath condensate
biomarkers, exhaled volatile compounds and
exhaled monoxides in OSA, and critically reviewed
methodological limitations (Bikov et al. 2016).
Furthermore, Finamore et al. reported that
exhaled breath analysis has demonstrated a
clinical relevance in identifying individuals
affected by the disease, in assessing the response
to treatment and, potentially, to monitor patient’s
adherence to mechanical ventilation (Finamore et
al. 2019). After these inspiring studies, Gouma et

al. described a new concept of a microsystem with
three-nanosensor array which potentially serving
as a coarse diagnostic tool handheld breath
analyzer to provide a first detection device. It was
reported that by connecting the sensor array to an
integrated circuit for electrical reading and
temperature control provides a complete
microsystem which is able to capture a single
exhaled breath and analyze it according to the
relative content of isoprene, ammonia and carbon
dioxide gas. The sensor was able to detect and
discriminate among various isoprene
concentrations in the range of 300 ppb to 1 ppm
and above-the range of interest for the targeted
application (Gouma et al. 2011, Gouma 2018). In
the light of the results obtained in these studies, it
is necessary to produce economic sensors that can
make the diagnosis of OSAS in a shorter time. Our
research team focuses on the fabrication of novel
non-invasive sensors for the detection of isoprene
towards OSAS diagnosis.

SAW sensors are widely used in the detection of
gaseous VOCs since they are highly effective for
the discrimination of target chemical substances
and, they are portable, cheap, and applicable for
real-time analysis. Sensing material is expected to
make an interaction with analyte molecules,
resulting a shift in the resonance frequency
(Tasaltin et al. 2012).

The gas sensing mechanism of a SAW sensor can
be explained as follows: When the sensitive layer
absorbs gas molecules from the ambient, the
boundary conditions for the propagating surface
are changed, and consequently the velocity and
attenuation of the wave change. These changes
can be detected with great accuracy by a SAW
oscillator as a frequency shift. The velocity of
propagation of the surface wave depends on
various factors. Sensor responses are frequency
shifts due to mass loading. Film conductivity is one
of the parameters of wave attenuations.

As one of the conductive polymers, Poly (Styrene

Sulfonic Acid) (PSSA) covalently grafted with
Polyaniline (PSSA-g-PANI) is water-soluble, and it
has attracted attention for advanced applications
such as an electrode in supercapacitors,
electromagnetic inherence shielding. Although
PSSA-g-PANI has high chemical stability and
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charges transport properties, there is no report on
PSSA-g-PANI based sensor. In this work, a novel
PSSA-g-PANI based SAW sensor was prepared to
give a new perspective to the diagnosis of sleep
apnea for real-time monitoring of isoprene which
is the sleep apnea biomarker in the breath.

2. Experimental

2.1. Materials

Di-tert-butyl dicarbonate (BoC,0) (ReagentPlus®,
299%), amino styrene (97%), Dichloromethane
(DCM), anhydrous sodium sulfate (Na,SO,), N-
SuccinylAlaAlaAlapnitroanilide (SSNa), and 2,2'-
Azobis(2-methylpropionitrile) (AIBN) were
purchased from Sigma Aldrich Company
(Germany). Dimethyl sulfoxide (DMSO) (99.9%)
and hydrochloric acid (HCI) (37%) were purchased
from Merck Company (Germany). The synthesis of
PSSA-g-PANI consists of three experimental steps
(synthesis of tert-butyl 4-vinyl phenyl carbamate

ad

/
/

NH,

-
AMS

(¢}

(BOC)-AMS

Water soluble moiety

(BOC-AMS, synthesis of P(SSNa-co-BOC-AMS), and
synthesis of PSSA-g-PANI). 1.19 g of amino styrene
solved in 10 ml of deionized water and stirred with
2.40 g of BoC,0 at 35 °C for 4 h. The amino styrene
/ BoC,0 solution was extracted with 25 ml of DCM.
The solution was dried by Na2S04, filtered by a
membrane filter. 3 g SSNa, 0.2g tBOC-AMS, and 55
mg AIBN were mixed in DMSO and heated at 70 °C
for 12 h under nitrogen. The sample was mixed
with acetone and filtered. The sample dried at 50
°Cfor 24 hinavacuum oven. 1.0 g P(SSNa-co-BOC-
AMS) was added to 1 M HCl solution (30 ml) at 30
°C for 1 h and then the solution was cooled at 0 °C.
The solution was mixed with 0.086 g of ANI for 0.5
h, stirred with ammonium persulfate / HCI
solution for 6 h, and then filtered by dialysis
membrane filters (molecular weight cutoff, 3500)
(Bae et al. 2014) (Figure 1).

/|\ P(SSA-co--AMS)

P(SSNa-co-BOC-AMS)

In situ
polymerization
Self doping moiety

PSSA-g-PANI

Figure 1. The synthesis of PSSA-g-PANI.
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2.2. Sensor fabrication and measurement

Commercially SAW transducers with 433.3 MHz
device (SAW Components GmbH, Dresden,
Germany) fundamental resonance frequency
were used. They were purchased from SAW
Components GmbH, Dresden, Germany. At first,
the synthesized PSSA-g-PANI as a sensing film was
coated on the SAW transducer using an electro-
spray coating system. The electrospray equipment
is basically a two-chamber setup with a sample
holder that rotates at 1.000 rpm and exposes the
IDE to positive electrospray mist and a negative
discharge cloud. The coating voltages were set as
~+3.5 kV for the needle and ~-1.5 kV for the
tungsten tip (Tasaltin et al. 2010).

2.3. Sensor Measurement

Chemical detection against polar (water,
propanol, etanol) and nonpolar (hexane, toluene,

trichloroethylene, chloroform) VOCs was

investigated. The gas stream consisting of VOC
vapor was produced through cooled bubblers
immersed in the thermally controlled bath. In
order to adjust the gas concentration to the
desired amount, analyte-saturated gas stream
was diluted with pure synthetic air using
computer-operated mass flow controllers at a
constant flow rate of 300 ml/min. Typical
experiments were performed as repeated
exposure to analyte gas (10 min) followed by
purging (10 min) to reset the baseline. The sensor
chip temperature was kept at room temperature
using a temperature controller (Lake Shore, USA).
The concentrations in the range of of 100-5000
ppm were used for each VOC. To make the
comparison more accurate, p/po responses of
relative concentrations of different vapor
pressures were used (pi: actual analyte
concentration, po: saturation vapor pressure at
the temperature during measurement). (Tasaltin
et al. 2012).

Table 1. Properties of analytes: saturation vapor pressure at =10 °C, the tested concentration range; the environmental

temperature of 22 °C as calculated using Antoine’s equation.

Analyte Dielectric Dipole Concentration p°(-10 °C) p°(22°c)
constant Moment (ppm) ppm ppm
(g) (1) Min. Max.
Hexane (HEX) 1,89 0,08 860 5.160 34.600 177.130
Acetone (ACE) 20,7 2,88 1500 10.000 54.600 87.000
Isoprene 2,1 0,29 1500 11.600 87.000 22.300
Ethanol (ETH) 24,50 1,69 460 2.300 9.200 66.200
Water 80,10 1,85
3. Results and Discussion d-solvent

3.1. Materials Characterization

Synthesized PSSA-g-PANI was characterized via 1H
NMR analysis (Figure 2) 1H NMR spectra (300 MHz,
DMSO-d6) of PSSA-g-PANI shows multiple peaks at
7-7.3 ppm corresponding to H in PSSA-g-PANI. The
peak at 1.5 ppm, which is related to -CHjs,
disappeared because of removing BOC group in 1
M HCl solution.

Aromatic region protons

Aliphatic region protons

r—l—\ ey
v Y v 1
0

8 6 4 2
ppm

Figure 2. 1H NMR spectra of the synthesized PSSA-g-
PANI.
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3.2. Sensor Responses

The PSSA-g-PANI having two response regimes
(linear and nonlinear) against isoprene and
humidity. These interactions depend on the dipole
moment and dielectric Constance of measured
VOC’s. In this study Isoprene having high
responses than the other VOC's, Because,
Isoprene has lowest dielectric and constancy of
dipole moment comparing the others except

1.5
= Acetone
==Ethanol
Hexane
—~ 1F =—=|soprene
N
i
2,
é
0.5f

hexane (Figure 3). Another parameter that should
be to consider is the response and recovery times.
This could be achieved by the analyzing of time-
response data. As it is shown in the time-response
plot in Figure 4, the recovery and response times
for low concentrations are quite low, which is
desirable. However, for high concentrations, the
response time increases, and on the contrary, the
recovery time is lower compared to the response
time.

=

0.1 0.2 0.3 0.4 0.5

0.6 0.7 0.8 0.9 1

Relative Concentration ( Pi / P0 )

Figure 3. Frequency versus of relative concentration for PSSA-g-PANI.

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Time (s)

Figure 4. Isoprene response of PSSA-g-PANI coated SAW time versus frequency shift.
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Figure 5. Response against different concentration of
humidity.

The sensor response to humidity is quite different
from VOC’s. This could be account for the
incomparably high dielectric coefficients of
humidity. Water molecules with a high dielectric
coefficient can be absorbed by PSSA-g-PANI. This
situation increases the film conductivity and hence
causes a shift in the SAW sensor frequency
(Tasaltin et al. 2012).

To ascertain the stability results, the sensor
experiments were carried out using the SAW
transducers under similar conditions. The sensor
responses for isoprene have not changed even
after a week. It is revealed that PSSA-g-PANI based
SAW sensor has good stability.

4. Conclusions

In this study, PSSA-g-PANI based SAW gas sensors
were prepared and tested against isoprene gas.
Sensor measurements reveal that PSSA-g-PANI
based SAW type sensor detected (1-150) ppm
isoprene gas in the 60s with high sensitivity.
Sensor measurements reveal that a prepared
PSSA-g-PANI based SAW type sensor may enable
monitor and control of sleep apnea.
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Abstract

In this study, Citrobacter freundii (NRRL B-2643) bacteria were grown in LB medium containing varying

concentrations of cadmium (Cd). In order to reduce the negative effect of Cd, different concentrations

of vitamin C, known for its antioxidant properties, were added to the Cd-containing growth medium.

Bacterial concentration, soluble protein and activities of antioxidant enzymes (Glutathione peroxidase

(GSH-Px), Glutathione reductase (GSH-Rd), Superoxide dismutase (SOD), Catalase (CAT) and peroxidase

Keywords (POD)) were determined by spectrophotometer. In addition, reduced and oxidized glutathione (GSH

Antioxidant Enzymes; and GSSG), 4-hydroxyneoneal (4-HNE), malondialdehyde (MDA) amounts were determined by HPLC.

Citrobacter freundii: No significant microorganism growth was observed at 150 ppm and higher Cd concentrations. Bacteria

production was not affected up to 40 ppm Cd concentration. Bacteria were grown in media containing

0, 75, 100 and 125 ppm Cd. The protein content of the microorganism grown in the medium containing

75, 100 and 125 ppm Cd decreased about 24, 44 and 62 percent, respectively, comparisons to the

control. When 50 ppm of vitamin C was added to the same growth medium, the percentage decrease

in protein amount compared to the control was found to be 10, 31 and 50, respectively. An increase

was observed in the antioxidant enzymes activities and stress markers in bacteria grown in cadmium-

containing media compared to the control (p<0.05). With the addition of 25, 50 and 75 ppm vitamin C

to cadmium-containing media, a decrease was observed in the activities of antioxidant enzymes and
the amounts of stress markers.

Cadmium;
Stress Markers

Kadmiyum ve C Vitamininin Citrobacter Freundii'nin Antioksidan
Enzimleri ve Stres Belirtegleri Uzerine Etkisi

Oz

Bu ¢alismada Citrobacter freundii (NRRL B-2643) degisik konsantrasyonlarda kadmiyum iceren LB besi
yerinde Uretildi. Kadmiyumun (Cd) olusturdugu olumsuz etkiyi azaltmak igin, kadmiyum igeren besi
yerine antioksidan o6zelligi ile bilinen degisik konsantrasyonlarda C vitamini katilarak da bakteri
¢ogaltildi. Cogaltilan bakteri konsantrasyonu, protein miktari ve antioksidan enzimlerin (Glutatyon
peroksidaz (GSH-Px), Glutatyon rediiktaz (GSH-Rd), Stiperoksit dismutaz (SOD), Katalaz (CAT) ve
peroksidaz (POD)) aktiviteleri spektofotometre ile belirlendi. Ayrica redikte ve okside glutatyon (GSH
ve GSSG), 4-hidroksineoneal (4-HNE) ve malondialdehit (MDA) miktarlari ise HPLC ile tayin edildi. 40
ppm kadmiyum konsantrasyonuna kadar bakteri tiretiminin etkilenmedigi 150 ppm ve daha yiiksek Cd
konsantrasyonlarinda de ise anlamli mikroorganizma lremesi gézlenemedi. Bu nedenle 0, 75, 100 ve
125 ppm Cd igeren besi yerlerinde bakteri tretimi gergeklestirildi. 75, 100 ve 125 ppm Cd igeren besi
yerinde Uretilen mikroorganizmalarin protein miktari kontrole gére sirasiyla ytizde 24, 44 ve 62 oraninda
azalmistir. Ayni besi ortamina 50 ppm C vitamini eklendiginde ise kontrole gore protein miktarindaki
ylzde azalma sirasiyla 10, 31 ve 50 olarak bulunmustur. Kadmiyum igceren besi ortaminda uretilen
bakterilerdeki antioksidan enzimlerin aktiviteleri ve stres biyomarkerleri kontrole gore artis,

Anahtar kelimeler
Antioksidan Enzimler;
Citrobacter freundii;
Kadmiyum; Sitres
Belirtegleri
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gbstermistir (p<0.05). Kadmiyum igeren besi ortamina 25, 50 ve 75 ppm C vitamini katilmasiyla birlikte

antioksidan enzimlerin aktiviteleri ve stres belirteglerinin miktarlarinda azalma oldugu goézlenmistir.

1. Introduction

C. freundii is a member of the Enterobacteriaceae
family which is gram-negative bacterium (O'Hara et
al. 1997), that is a soil micro-organism, may also be
seen in other places such as foods, intestinal tracts
and sanitation (Wang et al. 2000). Even though C.
freundii is a bacterial pathogen, also plays a big part
in the environment's nitrogen cycle, which is
responsible for environmental reduction of nitrate
to nitrite (Puchenkova 1996). Heavy metals are toxic
to living things even at low concentrations (Banfalvi
2011). Cadmium is a heavy metal that has a
substantial environmental and functional effect
(Paschal et al. 2000). In biological systems, cellular
organs and components such as cell membranes,
mitochondria, lysosomes, endoplasmic reticulum,
nuclei, certain metabolic enzymes, detoxification
and cell damage repair have been documented to
be impaired by heavy metals. Metal ions interact
with components in cells, including DNA and nuclear
proteins, causing damage to DNA and then altering
conformation (Beyersmann and Hartwig 2008).
Cadmium induces cytotoxic effects in an in vitro
experiment at concentrations 0.1 to 10 mM and the
free radical damage to DNA (Al-Ghafari et al. 2019).
Proteins, which are the building blocks of tissues
and cells, have an important role in the growth and
development of cells and tissues. It is important to
keep the amount of protein constant in order for the
living thing to continue its normal functioning, and
changes in the total amount of protein may cause
some disruptions (Shacter 2000). Oxidative stress
caused by cadmium in biological systems causes an
increase in lipid peroxidation and changes in the
antioxidant defence system (Manca et al. 1991,
Jemai et al. 2007). The most important defence
mechanism against oxidative stress-induced cell
damage is exhibited by the antioxidant enzyme
system. These antioxidant enzymes, together with
their by-products, are highly important proteins
involved in the catalytic conversion of ROS into non-
toxic stable molecules (Saez et al. 2017). This
defence system includes antioxidant enzymes such

© Afyon Kocatepe Universitesi

as glutathione peroxidase (GSH-Px), superoxide
dismutase (SOD), catalase (CAT), peroxidase (POD),
(GSH-Rd), as well as
nonenzymatic antioxidant glutathione (GSH) (Taysi
2005). It has been reported that the change in
antioxidant enzyme activities is important during

glutathione reductase

oxidative stress (Adwas et al. 2019). In addition to

determining antioxidant enzyme levels,
malondialdehyde (MDA) and 4-hydroxyneoneal (4-
HNE) levels, which are formed as a result of lipid
peroxidation, also serve as good markers in
determining cellular damage caused by ROS
depending on stress conditions (Gawet et al. 2004,
Schaur et al. 2015). Vitamin C has a role in tissue
repair, protein formation, inactivation of toxic
metals and protection of other vitamins (such as A
and E), DNA from the harmful effects of oxidation

(Hamza 2017).

Citrobacter freundii (NRRL B-2643) was preferred for
its ability to reproduce easily and rapidly and to have
many common features with other living things. The
aim of this study is to investigate effect of cadmium
together with vitamin C to counteract on the
protein, antioxidant enzymes and stress markers.

2. Materials and Methods

2.1. Material

Citrobacter freundii (NRRL B-2643) grown in LB
medium (10.0 g peptone, 5.0 g yeast extract, 10.0 g
NaCl per liter) was used. A stock solution of 1000
ppm cadmium was prepared from cadmium
chloride (CdCl,). The 500 ppm Vitamin C stock
solution was freshly prepared every time and used.
Microorganism production was carried out in 250
mL flasks containing 50 mL broth. The following
groups were studied;

Control: C. freundii was added to sterile LB medium.
Cadmium and vitamin C concentrations are given as
0 ppm.
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Cadmium group: The microorganism was produced
by adding different amounts of cadmium stock
solution to the control, according to the desired
medium concentration (75, 100 and 125 ppm) of
cadmium.

Vitamin C group: The microorganism was
reproduced by adding the required amount of
vitamin C stock solution to the cadmium group
according to the desired medium concentration (25,

50 and 75 ppm) of vitamin C.

After inoculation, it was incubated at 37 °C with 150
rom, for 18 hours in an orbital shaker (Selecta
Rotabit). At the end of the incubation period, the
concentration of bacteria was determined by
reading the absorbance at 600 nm with UV-Visible
spectrophotometer (CHEBIOS s.r.l.).

Then growth medium centrifuged at 8000 rpm, at 10
°C for 10 minutes, (Niive NF 800 R) the precipitated
bacteria were washed twice with distilled water,
and centrifuged again and wused in further
processing. In order to determine the total protein
and enzyme activities in the cell, it was sonicated
ten times in an ice water bath for thirty seconds in
the buffer used in the methods. Cell debris was
precipitated in the same centrifuge and conditions,
and the supernatant was used in the necessary
analysis.

2.2. Protein analysis

Total soluble protein analysis was performed
according to the Lowry method (Lowry et al. 1951)

2.3. Determination of Glutathione Peroxidase
activity
GSH-Px
monitoring the change in absorbance at 340 nm
during the oxidation of NADPH to NADP* (Paglia and
Valetine 1967). GSH-Px enzyme activity (€340: 6220
M/cm) was calculated as the amount of NADPH

enzyme activity was measured by

consumed by 1.0 mg protein in one minute and the
specific activity of the enzyme was given as U/mg
protein.

2.4 Determination of Glutathione reductase
activity

Glutathione reductase catalyses the reduction of
GSSG to GSH by NADPH. Enzyme activity is
determined by the difference in absorbance of
NADPH oxidized during the reaction at 37 °C at a
wavelength of 340 nm (Beutler 1984).

2.5 Determination of superoxide dismutase activity

Superoxide dismutase activity was performed
according to the method developed by Marklund
and Marklund (1974).
experiment is based on the

The principle of the
inhibition of
autoxidation of pyrogallol by the SOD enzyme. One
unit of SOD activity was determined as the amount
of protein that inhibited pyrogallol autoxidation by
50%.

2.6 Determination of Catalase activity

The activity of catalase enzymes was determined
according to the Aebi (1984) method which is based
of the
conversion of hydrogen peroxide to water by

on spectrophotometric measurement
catalase at 240 nm. Catalase activity was defined as
the amount of hydrogen peroxide neutralized by
one milligram of protein per minute.

2.7 Determination of peroxidase activity

Peroxidase activity determination was made
according to the method of Kumar and Khan (1982).
One unit (U) was defined as 0.1 unit change in

absorbance per minute per mg protein.

2.8 Determination of 4-HNE

A certain weight of microorganism was fragmented
by sonication in ethanol. Analysis were performed
using methanol-acetonitrile-water mixture (33:63:4
v/v) as mobile phase on ODS-2 column (25 cm, 4.6
mm ID, 5 um) in HPLC (Ligor et al. 2015).

2.9 Determination of GSH, GSSG and MDA

A certain weight of microorganism was fragmented

by sonication in ice-water. Analyses were
performed using a Utisil-XB-C-8 (25 cm, 4.6 mm ID,
5 um) column in HPLC (lbrahim et al. 2017, Karatas

et al. 2002).

2.10. Statistical Analysis
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All measurements were triplicated and mean
standard deviation was determined. The results
were subjected to Variance Analysis by SPSS 10.0 for
Windows. The level of statistical significance was
expressed as p < 0.05.

3. Results and Discussion

In order to determine the effect of cadmium on
soluble protein, antioxidant enzymes activity and
stress markers in the cell, microorganism
production was carried out by adding 75, 100 and
125 ppm cadmium to LB medium. In addition, in
order to observe the combined effect of cadmium
and vitamin C, which is known for its antioxidant
properties, microorganisms were produced by
adding 25, 50 and 75 ppm vitamin C to the media
containing the same concentration of cadmium. The
obtained results were compared with the control
(LB medium) values (Figure 1-11). As seen in Figure
1, the amount of soluble protein in microorganisms
produced by adding control, 75, 100 and 125 ppm
Cd was found to be 23.775+1.25, 18.12+1.13,

13.26+0.92 and 8.99+0.62 mg g dw, respectively.

Heavy metals such as cadmium cause metabolic,
biological, and physiological modifications that are
also expressed via protein inhibition (Gliner 2010).
Sahiti et al. (2020) reported that vitamin C reduces
heavy metal accumulation in tissues. Due to these
properties of vitamin C, when 25, 50 and 75 ppm
vitamin C was added to LB medium containing 100
ppm cadmium to reduce the negative effect of
cadmium, the amount of soluble protein was found
to be 14.48+0.64, 16.41+0.57 and 17.55+0.50 mg
g?! dw, respectively. From these results, it is seen
that the amount of protein decreased due to the
increasing concentration of cadmium (p<0.05),
while the amount of vitamin C added to the medium
increases the amount of protein depending on the
concentration. 50 and 75 ppm vitamin C added to
the growth medium led to significant change in the
total amount of soluble protein in bacteria (p<0.05).
Cells exposed to heavy metals show mutation-like
changes in the DNA structure, and decreases in the
amount of RNA, soluble protein and sugar (Yerli et
al. 2020).

32
Vitamin C
28 0 ppm

EZZ2 15 ppm
24

B S0 ppm

20 +

16

Total Seluable Protein ( pg/g dw)

0 ppm Cd 75 ppm Cd 100 ppm Cd 125 ppm Cd

Figure 1. Combined effect of cadmium and vitamin C on
the total soluble protein in C. freundii.

There may be metal tolerance mechanisms in
bacteria such as precipitation of metal salts,
alteration of membrane permeability, cell wall
immobilization, production of chelating agents and
biochemical conversion of metal ions (Pandey et al.
2013).
important roles in metal tolerance. Heavy metals

In addition, antioxidant enzymes have
create oxidative stress, leading to the formation of
reactive oxygen species (ROS). Normally, the
amount of ROS remains low due to the activities of
antioxidant enzymes such as superoxide dismutase,
catalase, lipoxygenase and glutathione peroxidase.
Expressions of these enzymes are thought to
increase under metal stress conditions to detoxify

reactive oxygen species (Choudhary et al. 2007).

GSH-Px is an enzyme that helps relieve stress
through hydrogen peroxide removal in the presence
of reduced glutathione. Current findings show a
significant increase in GSH-Px activity with an
increase in cadmium concentration compared to
control. The addition of 75, 100 and 125 ppm
cadmium significantly increased the GSH-Px activity
from 1.96+0.18 (control) to 3.33+0.25, 6.71+0.37
and 10.08+0.60 U/mg protein respectively (p<0.05)
(Figure 2). This shows 1.7, 3.4 and 5.1 times increase
in GSH-Px activity at 75, 100 and 125 ppm cadmium
respectively when compared with control. In the
study by Lenartova et al. (1998), it was reported that
mercury GSH-Px
Streptococcus bovis. This finding is also in line with

increased the activity in

previous work that showed an increase in GSH-Px

activity in the presence of cadmium (Pandey et al.
2013).
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When 0, 25, 50 and 75 ppm vitamin C was added to
the medium containing 100 ppm cadmium, the GSH-
Px activity was found to be 6.71+0.37, 5.6310.34,
4.7140.32 and 4.06%0.26 U/mg
respectively.

protein,

-
[}

Vitamin C
10 4 0 ppm
B2 25 ppm

Glutathione Peroxidase (U/mg Protein)

Figure 2. Combined effect of cadmium and vitamin C on
the GSH-Px activity in C. freundii.

GSH-Red is the enzyme that catalyse the conversion
of oxidized form of glutathione to its reduced form.
This reaction is very important in maintenance of
the glutathione level which is also important in
oxidative stress conversion. In this study, the
addition of cadmium significantly increases the
activity of GSH-Red when compared with control. As
seen in Figure 3, GSH-Red activity as a result of 0
(control), 75, 100 and 125 ppm cadmium additions
are 0.6210.06, 1.46+0.10, 2.870.18 and 4,16+0.20
U/mg protein, respectively. GSH-Rd activity also
increases depending on cadmium concentration
(p<0.05). This result is also consistent with previous
findings pointing to an increase in GSH-Red activity
in the presence of cadmium (Cheng et al. 2016). In a
similar study conducted by Corticeiro et al. (2006)
on Rhizobium leguminosarum, it was reported that
both GSH-Red and GSH-Px activities increased in the
presence of cadmium, consistent with the current
study. When 0, 25, 50 and 75 ppm vitamin C was
added to the medium containing 75 ppm cadmium,
the GSH-Rd activity was found to be 0.620,
1.46+0.10, 1.11+0.08, 0.95+0.07 and 0.86+0.07
U/mg protein, respectively (p<0.05) (Figure 3).
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Figure 3. Combined effect of cadmium and vitamin C on
the GSH-Rd activity in C. freundii.

Addition of 0, 75, 100 and 125 ppm cadmium to the
growth medium, the SOD activity was found to be
3.4610.28, 6.65+0.39, 10.231#0.75 and 16.68+1.12
U/mg protein,
increases depending on the cadmium concentration
(p<0.05). (Figure 4). When 25, 50 and 75 ppm
vitamin C were added to the LB medium containing

respectively. SOD activity also

75 ppm cadmium, the SOD activity values were
found to be 5.53+0.35, 4.77+0.37 and 4.22+0.35
U/mg protein, respectively.

Under
develop

stress conditions, microorganisms can

self-protection mechanisms such as
accumulation of suitable substances and increase of
antioxidant enzymes. SOD is an antioxidant enzyme
that functions by converting a highly toxic
to oxygen and

hydrogen peroxide (Franklin et al. 2013). Lenartova

superoxide radical less toxic
et al. (1998) explained the removal of toxic oxygen

species by an increase in SOD activity.

CAT is an important antioxidant enzyme that
contributes to the antioxidant enzymes system
through the detoxification of H,0, to oxygen and
water. After adding 0, 75, 100 and 125 ppm
cadmium to the LB medium, the CAT activity of the
microorganism was found to be 7.34+0.51,
12.36+£0.90, 17.77+1.05 and 27.82+1.28 U/mg
protein, respectively (Figure 5). It was observed that
CAT activity in the presence of 75, 100 and 125 ppm
cadmium was increased by 68, 142 and 279 percent,
respectively, compared to the control (p<0.05).
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Figure 4. Combined effect of cadmium and vitamin C on
the SOD activity in C. freundii.

In the study conducted by Banerjee et al. (2015)
with Enterobacter cloacae, it was reported that
cadmium caused an increase in CAT and SOD
activities. When 25, 50 and 75 ppm vitamin C was
added to the medium containing 125 ppm
cadmium, the CAT activity was found as 21.59+1.24,
17.2940.97 and 14.3240.92 U/mg
respectively.
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Figure 5. Combined effect of cadmium and vitamin C on
the CAT activity in C. freundii.

Peroxidase (POD) is an oxidoreductase that
catalyses the reaction between compounds that
tend to donate hydrogen atoms and the H,0;
compound that has these atoms in the acceptor
state (Vlasova 2018). While the POD activity in the
control was 1.67+0.12 U/mg protein, the POD
activities of the microorganisms in the medium
containing 75, 100 and 125 ppm cadmium were
found to be 4.52+0.34, 7.65+0.47 and 11.59+0.78

U/mg protein, respectively (Figure 6).

Results showed that the increase in POD activity of
bacteria grown in LB media containing 75, 100 and
125 ppm cadmium compared to the control was
2.74, 4.58 and 6.94 times, respectively (p<0.05).

In a study by Hussein and Joo (2013) with two
different bacterial species, Basillus subtilis and
Pseudomonas putida, it was reported that heavy
metals cause a significant increase in POD activity.

POD activity values of microorganisms produced by
adding 25, 50 and 75 ppm vitamin C to the medium
containing 125 ppm cadmium were found as
9.19+0.55, 7.63+0.50 and 6.42+0.45 U/mg protein,
respectively. Depending on the increased of
cadmium concentration, an increase was observed
in the activity of antioxidant enzymes that protect
the cell against oxidative stress. Our findings are
consistent with the results of the study by Pandey et
al. (2013). In addition, vitamin C, known for its
antioxidant properties, was added to the cadmium-
containing nutrient LB medium, a decrease in
antioxidant enzyme activity was observed depend
on the vitamin C concentration.
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Figure 6. Combined effect of cadmium and vitamin C on
the POD activity in C. freundii.

Cadmium causes oxidative stress by increasing the
production of reactive oxygen species (ROS) in
metabolism. Oxidative stress, on the other hand,
causes changes in the activities of antioxidant
enzymes and an increase in lipid peroxidation
(Kumar et al. 2019).

Oxidative stress was created in the microorganism
by adding cadmium at different concentrations to
the medium. The effects of both cadmium and
cadmium + vitamin C on stress markers (GSH, GSSG,
MDA and 4-HNE) were investigated by adding
different concentrations of vitamin C to the
cadmium-containing medium.

Glutathione is a tripeptide antioxidant that prevents
damage to cell components by free radicals,
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peroxides, lipid peroxides and heavy metals
(Smirnova and Oktyabrsky 2005). The reduced (GSH)
and oxidized (GSSG) forms of glutathione amounts
are important indicators of cell and organism health,
with cellular redox status. The GSH and GSSG are in
equilibrium in the cell, and the disruption of this
balance against GSH causes negative effects in the
cell, and the GSH/GSSG ratio is also known as a
stress marker (Cnubben et al. 2001).

Compared to the control, the percentage decrease
in the amount of GSH of the microorganism in the
nutrient medium containing 75, 100 and 125 ppm
cadmium was found as 67, 72 and 76, while the
increase in the amount of GSSG was found to be
190, 214 and 303. As seen in Figures 7 and 8, as the
cadmium concentration increased, the amount of
GSH decreased while the amount of GSSG increased
(p<0.05). In addition, depending on the
concentration of vitamin C added to the cadmium-
containing growth medium, it increased the amount
of GSH and decreased the amount of GSSG. In cases
where oxidative stress is low, the level of GSH
increases as a result of adaptation mechanisms. But;
In cases where oxidative stress is high, GSH level
decreases due to weakened adaptation
mechanisms and increased GSSG formation (Zhang
et al. 2005). As a result of the increase in ROS
production due to the increased concentration of
cadmium added to the nutrient medium, the
GSH/GSSG ratio decreased, while the GSH/GSSG
ratio increased as a result of the addition of vitamin

C, which has antioxidant properties (Figure 9).
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Figure 7. Combined effect of cadmium and vitamin C on
the level of GSH in C. freundii.
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Figure 8. Combined effect of cadmium and vitamin C on
the level of GSSG in C. freundii.
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Figure 9. Combined effect of cadmium and vitamin C on
the GSH/GSSG ratio in C. freundii

Free radicals cause lipid peroxidation by affecting
unsaturated fatty acids in cell membranes. Lipid
peroxides decompose rapidly to form reactive
carbon compounds. Among these compounds, MDA
and 4-HNE are an indicator of lipid peroxidation and
reactive carbon

are widely used important

compounds (Gawet et al. 2004).

The amounts of MDA and 4-HNE in the control were
2.9+0.12 and 2.44+0.06 pg/g dw, respectively, when
100 ppm cadmium was added to the LB medium,
values of these parameters were found to be
14.5+1.0 and 10.2+0.44 pg/g dw, respectively. In
addition, when 75 ppm vitamin C was added to the
medium containing 100 ppm cadmium, these
parameters were determined to be 8.10+0.56 and
7.5+0.25 pg/g dw, respectively (Figure 10 and 11).
The results obtained for GSH, GSSG, GSH/GSSG and
MDA are consistent with the results of the study by
Kiregci (2017).

25,50 and 75 ppm Vitamin C added to the cadmium-
containing growth medium changed the activities of
antioxidant enzymes (GSH-Px, GSH-Rd, SOD, CAT,

29



Effect of Cadmium and Vitamin C on Citrobacter Freundii's Antioxidant Enzymes and Stress Markers, Ibrahim et al.

POD) and the amounts of stress parameters (MDA,
4-HNE, GSSG) (p< 0.05).
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Figure 10. Combined effect of cadmium and vitamin C on
the level of MDA in C. freundii.
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Figure 11. Combined effect of cadmium and vitamin C on
the level of 4-HNE in C. freundii.

4. Conclusions

Antioxidants are compounds that neutralize
reactive oxygen species that are biologically toxic. It
is seen that antioxidant enzymes play an important
role in the fight against oxidative stress and protect
the cell. As a result, it is seen that cadmium added
to the medium increases the toxic effect and ROS
formation, reducing the protein and GSH amount of
the microorganism, and increasing the amount of

antioxidant enzyme activities and stress biomarkers.

It can be said from these results that vitamin C
added as an antioxidant to the cadmium-containing
nutrient medium reduces the negative effects of
cadmium on bacteria, increasing the amount of
protein and GSH, while decreasing the amount of
antioxidant enzyme activities and stress biomarkers.
In addition, antioxidant enzymes can also be used
for biological monitoring of heavy metal pollutions.
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Bu ¢alismada disprosyum (Dy3*) katkili baryum tetraborat (BaB4Oy7) bilesikleri kati hal sentez, mikrodalga
yardimh ve yiksek sicaklk kati hal sentez metotlari kullanilarak Gretildiler. Bilesiklerin kristal yapisi,

morfolojisi, kimyasal bag olusumlari, Fotoliminesans (PL) ve Radyolliiminesans (RL) 6zellikleri sirasiyla

Anahtar kelimeler X aginlari toz kinmimi (XRD), taramali elektron mikroskobu (SEM), Fourier Transform Infrared

Sentezleme Teknikleri;  Spektroskopisi (FTIR), fllioresans ve X-isini Liminesans spektrometreler yardimiyla arastiriimistir.
Disprosyum; Baryum Termal davranisin karakterize edilmesinde Diferansiyel-Termogravimetrik (DTA/TGA) termal analiz

Tetraborat; kullanilmistir. XRD desenleri katkisiz ve Dy3* katkili BaB4O5 bilesiklerin basarili bir sekilde sentezlendigini
Fotolliminesans; gostermektedir. FTIR sonuglari baryum tetraboratin sahip oldugu dizlemsel borat vyapisini
Radyoliiminesans. desteklemistir. Dy3* katkili BaB4O5 bilesiklerinin fotoliminesans isima spektrumu 351 nm’de uyarilarak

430-700 nm bolgesinde g 1sima bandi kaydedilmistir. Dy3* metal iyonunun muhtemel olan mavi isima
4F9/2—>®H1s/2 (463 nm), sari 1sima *Fg;,—>fH13/2 (575 nm) ve zayif pik *Fg/,—>®H11/, (683 nm) enerji
gegcisleri gozlenmistir. Radyolliminesans spektrumlari Dy3* metal iyonuna ait enerji gegislerini ve
fotolliminesans spektrum sonuglarini desteklemistir.

Synthesis and Investigation of Optical Properties of Dy3* Doped BaB40;
Compound

Abstract
In this study, dysporsium (Dy3*) doped barium tetraborate (BaB40O7) compounds produced using solid-
state synthesis, microwave-assisted, and high-temperature solid-state synthesis methods. The crystal
structure, morphology, chemical bond formation, Photoluminescence (PL), and Radioluminescence (RL)
properties of all synthesized compounds were investigated by X-Ray Diffraction (XRD), Scanning
keywords Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), Fluorescence, and X-Ray
Synthesis Techniques; |, minescence spectrometers respectively. Differential-Thermogravimetric (DTA/TGA) thermal analysis
Dysprosium; Barium was used to characterize the thermal behavior. XRD patterns show that undoped and Dy3* doped

Tetraborate; BaB40O7 compounds were successfully synthesized. FTIR spectra of the barium tetraborate support the
Photoluminescence;

formation of planar borate units. Results shows emission spectra of Dy3* doped BaB4O; compounds

Radioluminescence. upon 351 nm excitation. The phosphors emitted three bands in 430-700 nm region at this excitation
wavelength. The blue emission (463nm) corresponds to *Fg/,—>%H15/; transition, the yellow emission
(575 nm) is associated with #Fg;,—>%H13/> transition, and the weak peak (683 nm) is related to the

transition from 4Fg/,—>®H11/, (665 nm). Radioluminescence spectra supported the energy transitions of
Dy3* metal ion and photoluminescence spectrum results.

© Afyon Kocatepe Universitesi

1. Giris Ozellikle, nadir toprak iyonu katkilanmis fosforlarin,
Son zamanlarda kapsamli bir sekilde arastirilan parlakhk, ayarlanabilir i1sima, uzun floresan émrd,
blyik Stokes kaymasi, yiksek Liminesans

fosforlar, genis uygulama alanlarina sahiptir
verimliligi ve fotokimyasal kararhlik gibi umut verici

(Jamalaiah et al. 2020, Jamalaiah and Rasool 2016).
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spektroskopik Ozellikleri vardir (Pandey and Rai
2014). Bu o6zellikler, nadir toprak iyonu ile aktive
edilmis fosforlari; amplifikatérlerde, 1sik yayan
diyotlarda (LED'ler), lazerlerde, floresan lambalarda,
gizli parmak izi algilamada, X-1sin1 algilamada, optik
sicaklik algilamada, katot 1sinli tlplerde, optik
iletisimde, ekran panellerinde, enerji depolama
cihazlarinda, Liminesans dozimetrelerinde, foto
dinamik terapilerde, biyomedikal teshislerde ve
gines pillerinde kullanigh hale getirmektedir (Dey et
al. 2014, Som et al. 2016, Pandey et al. 2015, Kumar

et al. 2018, Dey et al. 2014).

Fosforlarin sentezlenmesinde ev sahibi bilesigin ve
icerisine katkilama icin kullanilacak olan nadir
toprak metal iyonunun segimi ve ayni zamanda
sentez yontemi de olduk¢a 6nemlidir (Kellerman et
al. 2018).
fosforlarin ev sahibi matrislere bagli olarak aktivator

Nadir toprak iyonu ile katkilanmis
veya duyarhlastirisi olarak gérev yapan nadir toprak
iyonlari ile bircok ayri enerji seviyesi arasindaki f-f
gecisleri nedeniyle genis bir spektral aralikta belirgin

isimalar gosterir (Pathak et al. 2019). Cesitli
yaklasimlar  kullanarak nadir toprak iyonu
katkilanmis fosforlarin i1sildama siddetini ve

davranisini gelistirmek icin cok sayida arastirma
ylratdlmustar (Som et al. 2016, Yousif et al. 2018,
Pandey et al. 2017, Gil and Kurtulus 2017, Yen et al.
2007, Feldmann et al. 2003, Blasse 1988, Hoppe
2009, Xie and Hirosaki 2007, Nikl 2006). Renk,
yogunluk ve 1sildama verimliligi gibi o6zellikler
fosforlarin 1sildama merkezlerine, kristal yapilarina
ve bilesimlerine baghdir (Pathak et al. 2019, Pandey
et al. 2017). Fosforlarin egsiz bilesimleri onlari daha
kullanisli  hale getirdigi icin, uygun ev sahibi
matrisleri ve katkilanacak nadir toprak iyonlari
secerken kristal yapi, iyon yarigcapi, termal iletkenlik,
kirflma indisi ve fonon frekansi gbéz o6nlnde
bulundurulmasi gereken temel faktorler oldugu
belirtilmistir (Pandey and Rai 2014).

Son zamanlarda, vyiksek Iliminesans 0&zellikleri
(1stma siddeti ve parlaklik), renk safligi ve kimyasal
kararliliklari sebebiyle, nadir toprak elementi
katkilanmis borat tabanl fosforlar bir¢ok inorganik
bilesik arasinda fazlaca dikkat cekmektedir (Zheng et
al. 2015, Jeon et al. 2015). Borat bilesiklerinin en

onemli kullanim alanlari icinde avantajli optik

ozellikleri nedeniyle, 151k sagan diyot (LED), alan
(FED), kati  hal
termoliiminesans dozimetreler ve yiksek enerjili

IsSima  diyotu lazerleri,
radyasyon detektorleri yer almaktadir (Zheng et al.
2015).

Nadir toprak elementlerinin Gg¢ degerlikli iyonlari
arasinda olan ve iyi bir aktivatér olan Dy*" iyonu
farklhh ev sahibi matrislerde mavi ve sari renk
araliginda iyi lUminesans Ozellik gosterir. Ayni
zamanda, beyaz isik gereksinimi olan cihazlar iginde
¢ok 6nemlidir. Beyaz isik 1simasini yakalamak igin
Dy** iyon konsantrasyonu degistirilerek sari/mavi
Isima siddet oranlari ayarlanabilir (Jeon et al. 2015).
Dy* I1sima spektrumu hem giiclii mavi *Fo/2->%Has)»
bant gegisini ve sari *Fo/,>®H13/, bant gegisini icerir.
Manyetik  dipol  gegislerinden
*Fo;>%H1s,  gecisi  ortamdan
elektriksel dipol gecisleri sonucunda meydana gelen
*F9/2>%H132 gecisi, ortamin ozelligine duyarlidir
(Hussin et al. 2010). N. Wazir ve arkadaslarinin

kaynaklanan
etkilenmezken,

yaptig1 bir calismada, Dy** katkili lityum kalsiyum
borat bilesiginin 349 nm‘de uyarilmasiyla 151ma
bantlarinin 490, 578, 674 nm’de oldugu rapor
edilmistir (Wazir et al. 2016). Dy** iyonun 349 nm’de
uyarilmasi Gzerine lityum kalsiyum borat ev sahibi
materyali icinde muhtemel gecisleri *Fg/2->°His)»
(490 nm), *Fs/2—>°H13/2 (578 nm) ve *Fo/,>®H11/2 (674
nm) oldugu ve bu gecislere bagh olarak sirasiyla

mavi, sari ve kirmizi isimalara karsilik geldigi

belirtilmistir (Yang et al. 2007). Fawad ve
arkadaglarinin ~ beyaz istk emisyonu veren
LisY(BO3)3:Dy?* bilesiginin fotoliminesans

LisY(BO3)3: Dy
bilesiginin fotoliminesans olgimind, 300-400 nm
yakin-UvV  1sigt ile
Fotoliminesans 1sima bantlarini, gorinir bolgede

ozelliklerini incelemislerdir.

araliginda almiglardir.
480 nm (mavi) ve 577 nm (sar1) olarak bulmuslardir
(Fawad et al. 2016). Dy**, Eu** ve Sm** nadir toprak
metal iyonlariyla katkilanan SrWO, nanofosforlari
Poliol (Polyol) yontemi kullanilarak sentezlenmistir.
354 nm’de UV 15181
uyarilarak, ekranlar ve LED’ler lzerinde potansiyel

Nanofosforlarin altinda
uygulamalari incelenmistir. SrW0O4:Dy** bilesiginin
Dy* olasi karakteristik gecisleri olan ~572 nm’deki
4Fg/2>%H13/2, ve ~484 nm “*Fg/,->bH1s5)2 yesil ve mavi
Isimalari gozlenmistir (Maheshwary et al. 2016).
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Bu calismada Dy>*katkili baryum tetraborat (BaB405)

bilesikleri sentezlendi. Bilesiklerin sentezi igin
katihal sentez metodu (KSM), mikrodalga yardimli
katihal sentez metodu (MDM) ve yiksek sicaklik
katihal sentez metodu (YSM) kullanildi. Ayni sentez
metodu ile Dy3* metal iyon konsantrasyon c¢alismasi
ve farkli sentez metotlari ile ayni oranda Dy** metal
iyon katkilamasi yapilarak hem katkilamanin hem de
Dy* metal iyonunun konsantrasyonunun farkl
sentez metotlari Gizerine etkisi arastirildi.

Baryum tetraborat bilesiklerinin sentezlenmesi ve
Dy** metal iyon katkilamasinin yapilmasindan sonra
bilesiklerin kristal yapilarinin ve birim hiicre
parametrelerinin tayin edilmesi igcin X-i1sin1 Toz
Kirnim (XRD) o6lciimi vyapildi. XRD deseninden
katkilama oncesi ve sonrasi yapida olusabilecek
farkhliklar gozlendi. Fourier Transform Infrared
Spektroskopisi (FTIR) 6lciminde bilesiklerin bag
yapilari, katkilama 6ncesi ve sonrasi yapida farkl
baglarin olusup olusmadigina dair spektrumdaki
pikler incelendi. Termal analizde (Diferansiyel
Termal Analiz (DTA)-Termogravimetrik Analiz (TGA))
bilesiklerin sicakliga bagli olarak yapida olusabilecek
fiziksel 6zellikleri tayin edildi. Sicakliga bagh olarak
bilesigin kitlesindeki degisimi gozlendi. Taramal
Elektron Mikroskobu (SEM) goérintilerinden farkli
sentez metotlari ile sentezlenen ve Dy3+ metal iyon
katkilamasi yapilan baryum tetraborat bilesiklerinin
morfolojik ozellikleri belirlendi. Fotoliminesans ve
X-1sini Liminesans (XL) spektrum sonuglarindan
baryum tetraborat bilesiklerine ve yapilan Dy**
metal iyon katkilamasina gére hangi dalga boyu
araliklarinda pik olustugu ve olusan pike gore enetji

gegisleri ile ilgili bilgi edinildi.

2. Materyal ve Metot
2.1 Katihal Sentez Metodu (KSM)

BaCOs; (%98.5 saflikta, Merck), HiBOs; (%99.5
saflikta, Merck) ve Dy,0; (%99.9 saflikta, Aldrich)
sitokiyometrik oranda alinarak agat havanda
homojen bir karisim elde edinceye kadar karistirildi.

Beklenen tepkime asagidaki sekilde gerceklesmistir.
BaC03 + 4H3BO3 -> BaB4O7 + CO, + 6H,0

Daha sonra karisim behere aktarilarak tistiine 15 ml
distile su eklendi. Homojen bir karisim elde etmek

icin beher isiticilara yerlestirildi. Karisim ¢amursu
hale gelene kadar yaklasik olarak 1-2 saat isitilarak
karistinldi. Camursu hale gelen karisim beherden
porselen krozeye aktarildi. ilk asamada én 1sitma igin
firin baryum tetraborat i¢in 400 °C sicaklikta 4 °C/dk
Isitma hizi ile 4 saate ayarlandi. Bu asamada olusan
tepkime sonucu sistemden ayrilmasi gereken CO;
gazi ve su buhari c¢ikisina izin verildi. Oda sicakligina
kadar sogutulan baryum tetraborat bilesigi agat
havan icinde ogutllerek baslangic maddelerinin
birbiri icine daha kolay diflizyonu saglandi. Ara
o0gutme isleminden sonra bilesik, tekrar porselen
krozeye aktarildi. ikinci asama icin firn 800 °C
sicakhkta 2 °C/dk i1sitma hizi ile 12 saate ayarland..
Oda sicakligina sogutulan baryum tetraborat
bilesigine son olarak 6gitme islemi uygulandi ve

bilesigin sentezi saglandi.

2.2 Mikrodalga Yardimh Katihal Sentez Medotu
(MDM)

Mikrodalga yardimh katihal sentez yontemi igin
yakit olarak Gre kullanilmistir. BaCO3 (%98.5 saflikta,
Merck), HsBOs (%99.5 saflikta, Merck), CO(NH3),
(%99.5 saflikta, Merck) ve Dy,03 (%99.9 saflikta,
Aldrich) alinarak agat
havanda homojen bir karisim elde edinceye kadar

sitokiyometrik oranda

karistinldi. Daha sonra karisim porselen krozeye
konuldu ve mikrodalga firina yerlestirildi. Bilesik
mikrodalga firinda 800 Watt sicaklikta 5 dakika
firinlandi. Mikrodalga firindan alinan bilesik 800 °C
sicaklikta 2 saat ayarlanmis konvansiyonel firina
isitild.
sicakligina kadar soguyan bilesik firindan alindi ve

konulup Isitma isleminden sonra oda
agat havanda o6giutme islemi yapildi. Beklenen

tepkime asagidaki sekilde gergeklesmistir.

i
BaCO3+4H3B0; —sBaB07+C0»+6H0
2.3 Yiiksek Sicaklik Katihal Sentez Medotu (YSM)

Yiksek sicaklik katihal sentez yonteminde yakit
olarak Ure kullanilmistir. BaCOs; (%98.5 saflikta,
Merck), HsBOsz (%99.5 saflikta, Merck), CO(NH,),
(%99.5 saflikta, Merck) ve Dy,0s3 (%99.9 saflikta,
Aldrich)
havanda homojen bir karisim elde edinceye kadar

sitokiyometrik oranda alinarak agat

karistirildi. Daha sonra karisim porselen krozelere
alindi ve konvansiyonel firina yerlestirildi. Bilesik
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800 °C sicakhkta 2 saat firinlandi. Isitma isleminden
sonra oda sicakligina kadar soguyan bilesik firindan
alindi ve agat havanda 6gttme islemi yapildi.

2.4 Karakterizasyon

Baryum tetraborat bilesik sentezi ve Dy3* metal iyon
katkilamasindan sonra X-isini Toz Kirinim (XRD)
karakterizasyon ¢alismasi  yapildi. Radyasyon
kaynagl Cu-Ka line (A=1,54056 A) olan Rigaku
MiniFlex X-ray powder Diffractometer (XRD) cihazi
kullanildi. Tarama hiz1 2°/dk ve 20 araligi ise 3° ile 90°
arasinda yapildi. FTIR analizi igin VARIAN 1000 FTIR
spektrometre kullanilarak 600 cm-1 ve 2000 cm-1
arahgl taranarak sentezlenen maddenin bag
olusumlari ve anyon gruplarinin titresim modlari
belirlendi. tetraborat

Baryum bilesiklerinin

fotoliiminesans 0Ozellikleri Varian Cary Eclipse

Floresans Spektrometre cihazi ile belirlendi.
Bilesikler cihazin kati 6rnek haznesi ile toz formunda
olciildii. Ornek haznesinin pozisyonu optimum
sinyal toplayacak sekilde ayarlandi. Isima spektrumu
dakikada 100 nm tarama hizi ile 430-700 nm dalga
boyu araliginda o6lgildi. Tim o6lgimler icin hem
uyarilma hem de isima yarig (sliti) 5 nm olacak
sekilde ayarlandi. Buna ek olarak, uyarilma filtresi
240-395 nm bant gegiren filtre ve isima filtresi 430-
1100 nm bant geciren filtre olarak secildi.
Bilesiklerin radyoliiminesans spektrum 6lctimleri el
yapimi X-isini liminesans (XL) cihazi ile kaydedildi

(Kurt and Cavdar 2017). Cihazda ~40 kV X-isini

kaynagi bulunmaktadir. Cihaz 200-1100 nm
spektrum  dalga boylarini  tarayabilmektedir.
Diferansiyel Termal Analiz (DTA) ve

Termogravimetrik analiz (TGA) o6l¢imleri Pyris 1
Perkin Elmer DTA-TGA Analyzer cihazi ile azot
ortaminda 30 °C ve 800 °C sicaklk araliginda 10
°C/dk 1sitma hizi ile yapildi. SEM goruntuleri igin
Quanta 400F Field Emission yiksek ¢ozuntrlikll
taramali elektron mikroskobu kullanildi. Cihaz 1.2
nm c¢ozindrlikte ve 1.000.000 bilyitme glicline
sahiptir.

3. Bulgular

Kristal yapilari ve birim hiicre parametreleri JCPDS
(Joint Committe of Powder Diffraction System) kart
numalaralarina gore belirlendi. XRD desenlerine
gore difraktogramdaki piklerin biytk bir kisminin

JCPDS kartlari
tetraborat bilesikleri monoclinic yapida kristallesir
ve birim hiicre parametreleri a=10.560 A, b=8.200 A
ve ¢=13.010 A olarak belirlendi. Sekil 1 ve Sekil 2’
deki XRD desenlerine gore difraktogramdaki piklerin
blyk bir kisminin JCPDS (Card No: 15-0860) karti ile
ortistigu  goérulmuistir (iflazoglu et al. 2020).

ile ortlstigl gorildd. Baryum

Baslangic maddelerine Dy** metal iyonu eklenerek
katkilamasi yapilan baryum tetraborat 6rneklerinin
XRD pikleri ayrintili bir sekilde incelendiginde
katkilama sonrasinda baryum tetraborat yapisinda
herhangi bir degisiklige neden olmadigi Sekil 1 ve

Sekil 2’ de gorilmektedir.
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Sekil 1. KSM ve MDM ile Dy3* katkili BaB4Oy bilesiklerinin

XRD deseni

Siddet (birimsiz dege

XRD sonuglari, JCPDS karti ile uyumlu oldugundan,
Dy* metal iyon katkil BaB;O; bilesiginin farkl
yontemlerle basarih  bir

sekilde sentezlendigi

gorilmektedir.
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Sekil 2. YSM ve MDM ile Dy3* katkili BaB4Oy7 bilesiklerinin
XRD deseni

e

Siddet (birimsiz de

FTIR spektrometre yardimiyla titresim modlarina
katkih tetraborat
icerisindeki kimyasal bag olusumlari belirlendi. Sekil
3 ve Sekil 4’te gorildugi gibi yapi icerisindeki BO; ve
BO, yapilarinin titresim modlarina gore spektrum
elde edildi.

gére saf ve Dy* baryum
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Sekil 3. KSM ve MDM ile Dy3* katkili BaB4O> bilesiklerine
ait FTIR spektrum

1450 cm™ ve 1300 cm™ band araligi icindeki pikler
asimetrik BOs titresimlerinden kaynaklanmaktadir.
1200 cm™? ve 1000 cm™? araliginda tespit edilmis
pikler asimetrik BO, titresimlerini gostermektedir.
960 cm™ ve cm™ band araliginda kaydedilmis olan
pikler simetrik BOs titresimleridir. 890 cm™ ve 740
cm® arasindaki bélge BO4 simetrik gerilimlerinden
olusan pikleri icerir. 750 cm™ ve 620 cm™ band
araligi diizlem disi BO3 bikilmelerini gosterir (Rojas
et al. 2006, Depgi et al. 2010, Ozdemir et al. 2007,
Manam and Sharma 2005, Pekpak et al. 2011).
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Sekil 4. YSM ve MDM ile Dy** katkili BaB4O> bilesiklerine
ait FTIR spektrum

Baryum tetraborat bilesiklerinin fotoliiminesans
Olcimleri alinirken ilk olarak uyariima igin dalga
boyu degeri Dbelirlendi. MDM  kullanilarak
sentezlenen %5Dy*" katkili BaB4O; bilesiginin 575
nm’de emisyonu alinarak 300-400 nm araliginda
5a’da
verilmektedir. Uyarilma spektrumunun genis bir
banda sahip oldugu belirlendi. Bilesigin Sekil 5a’ da
uyarilma spektrumu Uzerinden belirlenen dalga

elde edilen uyariima spektrumu Sekil

boylari ile 1sima spektrumu 6l¢ildi. Buradaki amacg
farkh dalga boylarinda uyarilarak elde edilen 1sima
egrilerini karsilastirmaktir. Sekil 5b’de verilen 1sima
spektrumdan uyarilan her dalga boyunda birbirine
yakin siddet degerinde isimalar oldugu belirlendi.
Literatiir taramasi yapildiginda Dy** metal iyonu
katkih  bilesiklerin 351  nm’de  uyarildig
gorulmektedir (Hussin et al. 2010, Wazir et al. 2016,
Yang et al. 2007). Buna bagl olarak baryum
tetraborat bilesiklerinin uyarilma dalga boyu degeri
351 nm olarak belirlendi.
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Sekil 5. MDM ile %5Dy3* katkili BaB4O7 bilesigi a) 575
nm’deki uyarilma spektrumu b) Farkli dalga
boylarindaki isima spektrumu

Saf baryum tetraborat bilesigi icin farkl filtrelerle
(uyarilma filtresi 250-395 nm ve emisyon filtresi
360-1100 nm) emisyon spektrumu alinarak, bilesigin
yaklasik olarak 350 nm yani mor &tesi (UV) tarafinda
Isima verdigi belirlenmistir. Deneysel sebeplerden,
uyarilma ve emisyon bantlarinin Ust Gste
¢akismasindan dolayi uyarilma filtresi 240-395 nm
ve emisyon filtresi 430-1100 nm secilerek 6l¢limler

alinmistir (iflazoglu et al. 2020).
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Sekil 6. Dy*>* katkili BaBsO7 bilesiklerinin 351 nm’de
uyariimasi ile elde edilen PL 1sima spektrumlari

Farkh sentez yontemleri kullanilarak dusik ve
yiksek konsantrasyonlarda Dy** metal iyon katkili
baryum tetraborat bilesiklerinin 351 nm’de alinan
emisyon spektrumlari Sekil 6 ve Sekil 7’'de
verilmektedir. Sekil 6’"da KSM ve MDM ile dislik
konsantrasyonlarda Dy** metal iyonu katkilanan
bilesiklerin 351 nm’de uyarilarak elde edilen 1sima
spektrumlari  verilmektedir.  Bilesiklerin
spektrumlari kiyaslandiginda, KSM
bilesiklerin 1s51ma siddetlerinin ¢ok daha diisik
MDM ile  disik
konsantrasyonda Dy katkilamasi yapilarak tretilen

Isima
ile Uretilen
oldugu  gorulmektedir.

bilesiklerin ylksek siddette 1sima yaptigi belirlendi.
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Sekil 7. Dy3+ katkil BaB40O7 bilesiklerinin 351 nm’de
uyariimasi ile elde edilen PL isima spektrumlari

Sekil 7’de YSM ve MDM kullanilarak dretilen
bilesiklerin 351 Isima  spektrumlari
verilmektedir. Isima spektrumlari incelendiginde iki
farkh
konsantrasyonlarda Dy** metal iyon katkilamasi

nm’deki

sentez metodu ile Uretilen ve ylksek
yapilan bilesiklerin isima siddetlerinin birbirine yakin
oldugu gorilmektedir. YSM ve MDM ile sentezlenen
bilesiklerin emisyon spektrumlarinda yiksek 1s1ma
siddetine ve genis bir emisyon bandina sahip
gorilmektedir. KSM
bilesiklerde ayni sonuglar elde edilememistir. Bu

olduklar ile sentezlenen
sentez metotlari kiyaslandig zaman, mikrodalga ve
ylksek sicaklik sentez metotlari, katihal sentez
metoduna gore ¢ok daha kisa silrede yiiksek
daha
sentezlenmektedir. Katihal sentez metoduna gore

sicaklikta i1sitma ile kolay  sekilde
bu iki sentez yontemi ile zaman ve enerji tasarrufu

saglanmistir.
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Baryum tetraborat bilesiklerinin Isima
spektrumlarinda Dy3* metal iyonuna ait *Fo/2->®H1s/2
(463 nm) ve *Fg/2->%H13/2 (575 nm) ve *Fo2>%H11/
(683) gecislerinin  oldugu

Bilesiklerin elde edilen i1sima spektrumlari ve eneriji

enerji belirlendi.
gecisleri literattr ile uyumludur (Pawar et al. 2017).
Ev sahibi bilesik icine Dy** metal iyonu katkiladik¢a
fotoliminesans siddet degerinin distigl 1sima
spektrumlarindan belirlendi. TUm sentez metotlari
bilesiklerde  Dy**

artik¢a

ile Uretilen metal iyon
siddet degeri

dismistir. Bu durum ev sahibi bilesik ile katkilanan

konsantrasyonu IsSima
iyon arasinda enerji gecisinin goriintir bolgede
olmadigi yani 430-700 nm disinda bir yerde isima
olabildigi ihtimalini vermektedir. Saf baryum
tetraborat bilesiginin yliksek siddet degerinde 1sima
yaptigi daha oOnceki calismalarda belirlenmisti
(iflazoglu et al. 2020). Saf ve katkii baryum
tetraborat bilesiginin genis bir spektruma sahip
olmasi yapi igerisinde bazi kusurlarin ya da
safsizliklarin oldugunu ve yapi icerisinde enerji
Farkh

yontemlerle sentezlenen saf ve Dy®* katkili baryum

gecislerinin olabilecegini gostermektedir.
tetraborat bilesiklerinde gozlenen genis emisyon
spektrumlari, bilesiklerde cesitli kristal kusurlarin
veya safsizliklarin olabilecegini gostermektedir
(Santiago et al. 2011, Gou et al. 2008, Lavat et al.
2004). Bu olasi kristal kusurlar ve safsizliklar igin
saglam bir kanitimiz olmamasina ragmen, bunlar
anyon, katyon veya oksijen boslugu olabilmektedir.
Ancak bu konuda kesin bir sonuca varmak icin daha
detayli deneyler/gozlemler gereklidir. Literatiir
calismalarinda, liminesans materyallerin genis bir
band bosluguna sahip oldugu ve band boslugu
icerisinde liminesans merkezlerini olusturan kicguk
miktarlarda safsizlikliklar oldugu belirtiimektedir.
Genellikle, nadir toprak elementleri ve gecis metal
sahibi
liminesans merkezlerinin  olusturabilmek igin
kullanilmaktadir (Malik et al. 2020, Blasse and

Grabmaier, 1994).

elementleri, ev materyal icerisinde

Katkisiz baryum tetraborate bilesiklerinin emisyon
pik siddetinin ylksek olmasindan kaynakli, yasakh
gecis
bahsedilebilir. Literatiirde bu durumlar ile ilgili

durumuna sahip yapisal kusurlardan

calismalar vardir. Karbon katkili Al,Os'te liminesans

anyon eksikliklerinden (F
merkezlerinden) kaynaklandigi  belirtilmektedir
(Engelsen et al. 2020, Zhou et al. 2021, Akselrod et
al. 1998, 1979).
tetraborat olarak

emisyonun, oksijen

Lee and Crawford, Baryum
bilesigi katkisiz
oldugundan, gozlemlenen parlak i1sima (emisyon

nominal

merkezi) i¢cin olasi aday olarak oksijen boslugu kabul
edilebilir. Bunun yaninda, Dy** konsantrasyonunun
artmasiyla 1sima siddetlerinin azalmasina yani
sonimlenmeye (Quenching), enerji transferi ve
sistemin radyoaktif olmayan isimalari neden olabilir.
Zhang ve arkadaslari yapmis olduklari c¢alismada
séniimleme islemini YBO3 bilesiginde Bi**'tan Dy**'a
bir enerji gegisi olarak agiklamiglardir. Liminesans
siddetinin sonimlenmesini bir duyarlilastiricidan
baska bir aktivatére enerji transferi olarak
belirtmislerdir (Zhang et al. 2014). Tek kristalli beta
baryum metaborat nanogubuklari oda sicakhiginda
250 nm'de uyararak fotoliiminesans spektrumu elde
edilmistir. Yaklasik olarak 382 nm'de (yaklasik 3.25
eV) genis glicll bir emisyon bandi gézlemlenmesi ile
yap! igerisindeki kristal kusurlarin bosluklardan
kaynakh olabilecegini belirtmislerdir (Zhang et al.
2010).
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Sekil 8. Farkli sentez metotlari ile tiretilen %5Dy®* katkili
BaB4Oy7 bilesiklerinin XL spektrumu

Sekil 8, farkli sentez metotlari ile tretilen %5Dy>*
katkili BaB4O; bilesiklerinin oda sicakliginda 1 nm
araliklarda 200-800 nm arasinda kaydedilen XL
spektrumunu gostermektedir. 4f%-4f° gecislerinden
kaynakl Dy** emisyonuna ait *Fg/2->®Hs/2 (463 nm),
4Fs/2>%H13/2 (575 nm) ve *Fo/2>®H11/2 (683 nm) enerji
gecisleri XL 1sima spektrumunda gorilmektedir
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(Rajagukguk et al. 2021, Saha et al. 2021, Sahu,
2016). XL spektrumuna gére, %5Dy*" katkili BaB,O-
575 nm’de
2018).
Radyoliiminesans spektrumu ve uyarim kaynagi

bilesiginde maksimum pik degeri
belirlendi (Kumamoto et al.
farkh olan fotoliminesans spektrumdaki 1sima
araligi ve eneriji gegisleri birbirini desteklemektedir.
Farkli sentez metotlari ile tretilen bilesiklerde Dy**
konsantrasyonu artik¢a I1sima siddeti azaldigindan
dolay! enerji tasurruflu ve sentez islemleri daha
kolay olan mikrodalga ve yiksek sicaklik sentez
yontemleri karsilagtiriimasi yapilmistir. Sekil 7'de
verilen iki sentez metodu ile Uretilen bilesiklerde
Isima siddetlerinden en ylksek degeri %5Dy>* katkili
bilesik vermektedir. Yiksek sicaklik metodu ile
mikro dalga yardimli sentez metodunun %5Dy>" ile
Uretilen bilesik siddeti kiyaslandiginda birbirine
yakin degerler oldugu belirlendi. Termal (DTA/TGA)
ve morfolojik (SEM) analizler i¢in mikro dalga
yardimli sentez metoduna gére daha pratik olan
yuksek sicaklik sentezi ile Uretilen bilesigin analizleri
yapildi. Sekil 9'da vyiksek sicaklik metodu ile
sentezlenen %5Dy*" katkili BaB4O- bilesiginin farkli
tavlama sicakliklarinin isima siddeti Gzerindeki etkisi
verilmektedir. 300 °C ve 400 °C sicaklikta yapilan
tavlama sonucunda isima siddet degerinde 6nemli
bir degisme gozlenmemistir. 500 °C'de 1sima
siddetinde disme oldugu ve 600 °C ve 700 °C
sicaklikta siddet degerinin sabit kaldigi belirlendi.

Sekil 10’da yuksek sicaklik metodu ile sentezlenen
%5Dy3" katkili BaB4O; bilesiginin DTA/TGA analiz
Bilesigin TGA
incelendiginde yaklasik olarak %2,97’lik bir kitle

sonuglari  verilmektedir. egrisi
kaybi oldugu gorilmektedir. DTA egrisinde 30 °C ve
800 °C

gozlenmediginden dolayl termal olarak dengede

sicaklik araliginda pik  olusumu
oldugu belirlendi. Sonug¢ olarak bilesigin termal

olarak kararli oldugu gézlenmistir.
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Sekil 9. %5Dy3* katkili BaBsO7 bilesiginin farkli tavlama
sicakliklarina gore PL 1sima spektrumu

Sekil 11’de verilen baryum borat bilesiklerinin SEM
goruntileri 5um biyuklGgiinde incelenmistir. Sekil
11a’da mikrodalga sentez metodu kullanilarak
%5Dy3*  katkilamasi yapilan baryum tetraborat
bilesiginin SEM goriintlisi  pargaciklarin  kiiglik
boyutlarda topaklanmis oldugu birbirine yapistigini
gostermektedir. Sekil 11b’de yiksek sicaklik metodu
bilesigin SEM
gorintisiinden parcaciklarin daha biiyuk ve ylzeye

kullanilarak sentezlenen

homojen dagildigl ayni zamanda ergimis (aglomere)
oldugu belirlenmistir.
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Sekil 11. %5Dy>* katkili BaB4O7 bilesiginin SEM gériintiisi
a) MDM b) YSM

4, Tartisma ve Sonug

Dy** katkili BaB4O; bilesiklerin sentezi icin katihal
sentez metodu, mikrodalga yardimli katihal sentez
metodu ve yiksek sicaklik katihal sentez metodu
kullanildi. Dy3* katkili BaB4O> bilesiginin kristal yapisi
ve birim hiicre parametreleri JCPDS (15-0860) kart
numarasina gore belirlendi. XRD desenlerine gore
difraktogramdaki piklerin biyik bir kisminin JCPDS
karti ile ortlstliglu gorildi. XRD desenlerine gore
Dy** katkili BaB4O- bilesiklerinin sentezleri basaril
bir sekilde gerceklesmistir. Kimyasal bag olusumlari
ve titresim bantlarinin belirlenmesi i¢in FTIR 6lgim{
alindi. FTIR spektrometre sonuglarina gore BaB,O;
bilesiklerinde beklenen BO; ve BO, titresim bantlari
gozlenmistir. Termal analizde (DTA/TGA) 30 °C’'den
800 °Csicaklik araliginda BaB4Oy7 bilesiklerinin termal
olarak kararli olduklari gériilmistiir. Bilesiklerin SEM
gorintilerinden sentez medotuna gore morfolojik

ozellikleri belirlenmistir. BaB.O; bilesikleri 351
nm’de uyarilarak 430-700 nm bolgesindeki 1sima
spektrumlari elde edildi. Fotolliminesans spektrum
sonuclarindan Dy** metal iyonuna ait olan
*F9/2>%H15/2 (463 nm) ve *Fg2>%Hiz (575 nm) ve
4F9/2>®H11/2 (683) enerji gecisleri gdzlenmistir. YSM
ve MDM ile Uretilen bilesiklerin yliksek 1s1ma yaptigi
fakat Dy3* metal iyonu konsantrasyonu artik¢a 1s1ma
siddetinin degerinin distigu belirlendi. Bu durum
yapi icerisinde Dy3* metal iyonu miktari artikca ev
sahibi matris ile enerji gegislerinin oldugunu ve
Isimanin 430-700 nm disinda bir bolgede oldugu
olasiligini vermektedir. Fotolliminesans
spektrumunda gozlenen enerji gegisleri ve I1sima
spektrumlari X-Isini Liminesans (XL) teknigi ile
dogrulandi. Ulkemizde var

tirevlerinden, borat bilesiklerinin sentezlenmesi,

olan bor ve bor

optiksel ve dozimetrik 06zelliklerini

¢alismalarina devam edilmektedir.
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Oz

Bu ¢alisma, sulu g¢ozeltilerden Mn?* iyonlarinin uzaklastiriimasi igin ham portakal kabugunun (HPK)
degerlendirilmesini anlatmaktadir. Adsorpsiyon verimi igin pH, baslangic metal iyonu derisimi, temas
suresi ve sicaklik gibi farkli degiskenlerin etkileri arastirildi. Mn2* iyonu igin, en iyi baslangig
konsantrasyonunun 100 mg/L, adsorpsiyon temas siiresinin 100 dakika ve ¢6zelti pH'inin 5.37 oldugu
sartlarin en uygun ¢alisma kosullari oldugu belirlendi. Portakal kabugu atiginin ylizey 6zellikleri, taramali

Anahtar kelimeler elektron mikroskobu (SEM), enerji dagilimli spektroskopi ve Fourier donisimu kizilotesi spektroskopisi
Adsorpsiyon; (FT-IR) kullanilarak arastirildi. Sonuglar, izoterm verilerinin, kimyasal adsorpsiyona ve islemin olasi
Portakal Kabugu; tersinmezligine karsilik gelen Langmuir izoterm modeline (Freundlich, Dubinin- Radushkevich ve Temkin
Mangan; modelleriyle karsilastirildiginda) uydugunu gosterdi. Adsorpsiyon kapasitesinin Mn2* igin 298, 308 ve
!(inetik; 318 K'de sirasiyla 7.6923, 7.3964 ve 8.1632 mg/g oldugu hesaplanmistir Adsorpsiyon kinetik verileri
lzoterm sonucunda Mn?* metal iyonunun kinetigi incelendiginde, (Yalanci birinci derece, Yalanci ikinci derece,

Weber- Morris ve Elovich kinetik modelleri) adsorpsiyonunun Yalanci ikinci derece kinetik modele
(pseudo-second-order) uydugu belirlendi. Termodinamik ¢alismalar MnZ* iyonunun portakal kabugu
Uzerine adsorpsiyonunun kendiliginden ve endotermik oldugunu gosterdi. Atik portakal kabuklarinin,
yuksek uzaklastirma kapasitesi, kolay bulunabilirligi, dusik maliyeti, kullanilabilir bir tarimsal atik
olmasi, geri donlisimU ve gevreye zarar vermemesi gibi nedenlerle sulu ortamdan Mn?* iyonlarinin
alinmasinda farkli adsorbanlarla karsilastirildiginda, etkili ve alternatif bir malzeme oldugu gorialmustr.

Removal of Manganese (ll) lons from Aqueous Solutions with Raw
Orange Peel: Equilibrium, Kinetic and Thermodynamic Studies

Abstract

This study describes the evaluation of raw orange peel (HPK) for removal of Mn2* ions from aqueous
solutions. The effects of different variables such as pH, initial metal ion concentration, contact time and

temperature were investigated for adsorption efficiency. It was determined that the best starting
concentration was 100 mg/L, the adsorption contact time was 100 minutes, and the solution pH was

Keywords 5.37 as the most suitable working conditions. The surface properties of the orange peel waste were
Adsorption; investigated using scanning electron microscopy (SEM), energy dispersive spectroscopy and Fourier
Orange Peel; transform infrared spectroscopy (FT-IR). The results showed that the isotherm data fit the Langmuir
Manganese; isotherm model (compared to the Freundlich, Dubinin-Radushkevich, and Temkin models)

IKi"tEtiC; corresponding to chemical adsorption and possible irreversibility of the process. The adsorption
soterm

capacity for Mn2* was calculated to be 7.6923, 7.3964 and 8.1632 mg/g at 298, 308 and 318 K,
respectively. As a result of the adsorption kinetic data, when the kinetics of the Mn?* metal ion were
examined (Pseudo-first-order, False-second-order, Weber-Morris and Elovich kinetic models), it was
determined that its adsorption conformed to the pseudo-second-order kinetic model. Thermodynamic
studies showed that the adsorption of MnZ* ion on orange peel is spontaneous and endothermic. HPK
has been found to be an effective and alternative material for the uptake of MnZ*ions from the aqueous
medium due to its high removal capacity, availability and low cost.

Afyon Kocatepe Universitesi.
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1. Giris

Agir metal iyonlarinin neden oldugu su kirliligi ciddi
Bu toksik
parcalanamayan

bir sorun olusturmaktadir. iyonlar,

biyolojik  olarak ozellikleri
nedeniyle ekolojik sistem ve insan saghg i¢in ciddi
tehdit olusturmaktadir (Altunkaynak et al. 2021).
Mn, dogal ortamda sadece hayvan ve bitki blylimesi
icin gerekli bir mikro besin maddesi olarak degil, ayni
zamanda yaygin bir cevresel kirletici olarak da
bulunan bir eser elementtir (Neculita and Rosa
2019). Mn?* genellikle pil, alasim ve metalurji
endistrilerinden desarj edilir (Huang et al. 2019).
Mn2+

anormalliklere ve siddet eylemlerine neden olabilir

alhmi hallisinasyonlara, psikiyatrik
(Tang et al. 2016). Bu nedenle, sulu ¢ozeltilerden
MnZ’nin

iyilestirilmesi igin blyik 6nem tagimaktadir.

uzaklastiriimasi, cevre kirliliginin

sudan
teknikler
gelistirilmis ve test edilmistir. Bu teknikler arasinda

Gecmiste, agir metal

uzaklastiriimasi igin

iyonlarinin
cesitli  analitik
adsorpsiyon, cokeltme, iyon degisimi, ters ozmoz,
nanofiltrasyon ve membran ayirma yer alir (Aguado
et al. 2009, Samanta et al. 2018). Gergekten de bu
yontemler, yiiksek konsantrasyonlarda agir metal

iyonlarinin  sudan uzaklastirilmasinda oldukca
etkilidirler. Bununla birlikte, ilgili tekniklerin
kullanimindaki gelismeler, disik
konsantrasyonlarda  agir metal iyonlarinin
uzaklastirilmasi igin yetersizdir. Kabul edilen

yontemler arasinda adsorpsiyon, disik maliyetli,
zararh bir maddenin verimli bir sekilde geri
kazanilmasi ve birgok metal iyonunun seyreltik
¢Ozeltilerinden  uzaklastirilmasi  igin  ylksek
etkinligine atfedilebilen umut verici ve pratik bir
islemdir. Bu nedenle, toksik metal iyonlarinin sudan
etkin  bir

uzaklastiriimasi icin gesitli malzemeler gelistirilmistir

secgici adsorpsiyonu ve sekilde
(Ren et al. 2017). Her malzeme, gesitli fizikokimyasal
etkilesimler nedeniyle belirli bir metal iyonu igin
secicilige sahip oldugundan, sulu ¢dzeltilerden Mn?*
gibi agir metal iyonlarinin konsantrasyonunu izin
verilen sinirin altina indirebilen yeni bir adsorban

her zaman tercih edilir.

Son zamanlarda agir metallerin uzaklastirilmasinda
tarim atiklarinin kullanimi, hem disiik maliyetleri

hem de ikincil bir atik olusturmamalari nedeniyle
oldukgca artmistir. Portakal kabugu atiklari gida
isleme endustrilerinden maliyetsiz olarak elde
edilebilir; Bu ylizden son zamanlarda adsorsiyon
calismalarinda en cok tercih edilen
adsorbanlardandir. Ekonomik degeri ¢cok disiik olan
kabugu

boylelikle gevre kirliligine yol agar. Karbonca zengin

portakal genellikle c¢evreye atilir ve
tarimsal atiklar, diizenli sekilde depolanip adsorban

olarak atik sulardan agir metal iyonlarinin

uzaklastinilmasinda  kullaniirsa hem  tarimsal
atiklarin ekonomik degeri artar, hem de bu atiklarin
cevre kirliligi Gzerine olumsuz etkisi azaltilmis olur

(Altunkaynak et al. 2021).

Bu calismada, atik portakal kabugunun adsorban
cozeltilerden Mn?*
Baslangic
metal iyon konsantrasyonu, c¢ozelti pH', temas

olarak kullanilarak sulu

iyonlarinin uzaklastiriimasi arastirildi.
siresi ve sicakhk gibi calisma parametrelerinin,

metal iyonlarinin portakal kabugu tarafindan

uzaklastiriimasi lizerine etkisi incelendi. Denge
izotermi, kinetik ve termodinamik parametreler

degerlendirildi ve adsorpsiyon kapasitesi belirlendi.

2. Materyal ve Metot
2.1 Portakal Kabugu

Bu calismada tarimsal kalinti olarak kullanilan
(Tarkiye)
marketten alinan Finike tiirt portakal tiiriinden elde

portakal kabugu Batman ilinden bir
edilmistir. Portakal kabuklari yikandiktan sonra oda
sicakhginda 7 gilin sireyle kurutuldu. Kurutulan
portakal kabuklari blender yardimiile 6g(tllerek toz
haline getirildi ve capi 100 um partikdl boyutunun
altina elendi. Hazirlanan bu portakal kabuklari higbir

kimyasal islem uygulanmadan kullanildi.

2.2 Metal iyon Cézeltilerinin Hazirlanmasi

Adsorpsiyon calismasinda kullanilacak Mn?* iyon
1000
kosantrasyonda Sigma Aldrich’ten temin edilen

¢Ozeltisi, stok c¢oOzelti olarak mglL?
manganez (ll) stlfat monohidrat (MnSQO4.H,0)’tan
deiyonize su kullanilarak hazirlandi. Adsorpsiyon
calismalarinda kullanilacak farkli konsantrasyon
araligindaki metal iyon ¢ozeltileri bu stok ¢dzeltiden
hazirlandi.  Her

adsorpsiyon  ¢alismasi  yeni

seyreltmeler yapilarak gergeklestirildi. 0.1 M NaOH
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ve 0.1 M HCI ¢ozeltileri kullanilarak farkh pH'larda

cozeltiler hazirlandi. Calismada kullanilan tim
kimyasallar Merck ve Sigma Aldrich'ten satin
alinmistir.

2.3 Seri Deneyler

Portakal kabugunun adsorpsiyon kinetigi, 100-1000
mgL? derisim araliginda 25 mL Mn? ¢dzeltileri 0.5 g
HPK Uzerine ilave edilerek gerceklestirildi. 298, 308
ve 318 K sicakliklarda, 100 rpm karistirma hiziyla
Mn2+
kalibrasyon egrisi yontemi ile

dengelendi. Denge siresinden sonra,
konsantrasyonu,
Perkin-Elmer Analyst AA2-400 atomik absorpsiyon
spektroskopisi (AAS) ile belirlendi. Adsorbanin birim
kutlesi basina adsorbe edilen Mn? iyonlarinin
miktari, t (qt, mg/g) zamaninda, asagidaki Denklem
1 ile hesaplandi:

ge ="V (1)
Burada ge (mg/g), dengede adsorban kitle birimi
basina uzaklastirilan Mn?* iyonunun miktaridir, Co ve
C. (mg/L) sirasiyla metal iyonunun baslangig
konsantrasyonu ve denge konsantrasyonudur, V (L)

¢Ozelti hacmidir ve m (g) adsorban kiitlesidir.

Derisiminin adsorpsiyon Uzerine etkisini belirlemek
icin, Mn?* iyonu stok ¢cozeltisinden 100 ila 1000 mg/L
arasindaki degisik metal iyonu ¢ozeltileri hazirlandi.
Hazirlanan ¢ozeltilerden 0.5 g portakal kabugu
Gzerine ( De Souza et al. 2012) 25 mL ilave edilerek
298, 308 ve 318 K sicaklklarda 120 dk sireyle
calkalandi. Cozeltiler 120 dk boyunca ¢alkalandiktan
sonra adsorplanmadan kalan metal iyonlar
konsantrasyonlari AAS cihazi ile belirlendi. Denklem
1’den vyararlanarak adsorplanan metal miktari
hesaplandi. Maksimum adsorpsiyonun gerceklestigi
baslangi¢ derisimleri belirlendi. Bu deney, dengenin
karakterizasyonu icin adsorpsiyon izotermlerinin
elde edilmesine imkan sagladi.

Adsorpsiyon (zerine temas siresinin etkisini
belirlemek amaciyla, 0.5 g HPK lizerine 100 mg/L
Mn?* iyonu ¢ozeltisi ilave edildi. Dengeye ulasmasi
icin calkalayicida 10 - 120 dakika arasinda 10’ar
dakikalk zaman araliklarinda numunelerde bulunan

Mn?* konsantrasyonlari AAS cihazi ile belirlendi. Elde

edilen verilerden yararlanarak Mn?%* c¢ézeltisinin
doygunluga ulastigl adsorpsiyon siresi belirlendi.

Sifir yik noktasi (PZC), adsorban ylizeyinin notr bir
yike sahip oldugu pH olarak tanimlanir. Bu
calismada, PZC'yi belirlemek icin 0,5 g HPK (30 °C),
farkh baslangic pH degerlerinde (1.93, 3.04, 3.98,
4.95,5.93,6.96,8.04,9.07,9.95 ve 11.22) hazirlanan
50 mL c¢ozelti ile karnstinlmistir. HCI ve NaOH
¢Ozeltileri kullanilarak g¢ozeltinin iyonik glici 0.1
mol/L KCl eklenerek degistirildi. Dengeye ulastiktan
sonra (24 saat), son pH degeri 6lclld, bu verilere
dayali olarak, son pH'a karsi ilk pH grafigi cizilerek
son pH sabit degerine karsilik gelen PZC’'nin pH"
belirlendi (Guilarduci et al. 2006).

pH'In adsorpsiyon kapasitesi Uizerindeki etkisini
incelemek icin 0.5 g HPK (zerine 25 mL 125 mg/L
Mn?* iyon c6zeltisi eklenmis ve pH=2 ile pH=7
arasinda deneyler yapilmistir. Belirlenen optimum
calkalama streleri icinde calkalandiktan sonra AAS
cihazi ile adsorbe edilmemis metal iyonlarinin
konsantrasyonlari belirlendi. Elde edilen verilerle
adsorbe edilen

miktar (ge) hesaplanmis ve

doygunluga ulastigi  optimum pH  degeri
belirlenmistir. istenilen pH degeri, HCl ve NaOH

¢Ozeltileri ile ayarlanmistir.
2.4 Adsorban Karakterizasyonu

Portakal kabugunda bulunan fonksiyonel gruplarin
baglanma modellerini degerlendirmek icin Fourier
(FTIR)
kullanildi. Yizey morfolojisi ve temel analiz, eneriji

Donlasimli  Kizilotesi spektroskopisi

dagihmli X-i1sin1 spektroskopisi (EDS) ile birlestirilmis
taramali elektron mikroskobu (SEM) JEOL (model
JSM-6010LA) kullanilarak incelenmistir.

3. Sonuglar ve Tartisma

3.1. Adsorpsiyon Oncesi ve Sonrasi Adsorbanin
Karakterizasyonu

3.1.1. SEM/EDS ve Spesifik Yiizey Alani Analizi

Adsorban
uzaklastirma islemi sirasinda ylzey degisikliklerini

malzemenin ylzey morfolojisi,

gozlemlemek icin taramali elektron mikroskobu ile
incelenmistir. Malzemenin adsorpsiyondan 6nceki
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SEM mikrograflari, Sekil 1A diizensiz ve agisal
sekillere ve genis bir boyut araligina sahip iyi
tanimlanmis pargaciklarin varhgini géstermektedir.
Mn? alimindan sonra, HPK 'nin morfolojisi biraz
degisti ve daha blylk kristaller tzerinde dagiimis
kiiciik topaklanma meydana gelmistir, bu da Mn?*
adsorpsiyonu icin Sekil 1B'de gosterildigi gibi
ylzeyde yeni kimyasal tirlerin olustugunu gosterir.
HPK ylzeyindeki bu yeni doku, metal iyonlarinin sulu
cOzeltilerden uzaklastirilmasi sirasinda bir ¢éziinme-
¢Okelme mekanizmasinin gercgeklestigini

gostermektedir (De Angelis et al. 2017).
Py &

Element Wt %  Atomik %
cK 5450 62

il - oK 4408 3752
CaK 069 024
MaK 043 01l

HPK’'nin
Adsorpsiyondan 6nce B) Adsorpsiyondan sonra.

Sekil 1. SEM mikrografisi ve EDS: A)

3.1.2. FTIR analizi

FTIR spektrumlari, portakal kabugu ylzeyinde,

metal iyonlarinin adsorbana baglanmasindan

sorumlu karbonil, amin, amid, hidroksil gibi
potansiyel adsorpsiyon bolgelerini belirlemek igin
kullanildi. FTIR spektrumlari, Sekil 2'de gosterildigi
gibi, Mn?" adsorpsiyonundan &énce ve sonra
kaydedildi. HPK, 3294 cm® de O-H titresimleri
farkl

fonksiyonel gruplar gosterirken, 2922 cm™ tepe

olarak tanimlanan tepe noktasi olan
noktasi, Alkanlar grubu (-CH) gerilmesi olarak
tanindi. 1645 cm? tepe noktasi, karbonil(C=0)
gruplarinin gerilmesidir. 1014 cm™'de gésterilen pik,
esterlerin ve karboksilik asit gruplarinin C-O bagina
atifta bulunulabilir (Ofudje et al. 2013). Mn?*
iyonlarinin  alinmasi

Uzerine, bu fonksiyonel

gruplarin  olast  katilimini  gosteren  tepe
konumlarinda kaymalar gézlemlendi. Ornegin, 2922
ve 1014 cm™ de gdriilen pikler sirasiyla 2915 ve 1015

cm? e kayarken, 3294 ile 1645 cm™ deki pikler ise

sirastyla 3281 ve 1644 cm seklinde kayma meydana
gelmistir.

Gegingealik (%T)

4000 3000 2000 1500 1000 450
Dalga sapsieant)

Sekil 2. HPK ve HPK-Mn'nin FTIR spektrumlari.
3.2. Seri Deneyler
3.2.1. Baslangi¢ Konsantrasyonun Etkisi

Cozeltinin baslangic konsantrasyonu adsorpsiyon
islemi Uzerinde oOnemli bir etkiye sahiptir. Bu
calismada, kinetik parametrelerin, adsorpsiyon
sliresi ve baslangi¢c konsantrasyonunun fonksiyonu
olarak adsorpsiyon oranlarinda olasi degisiklikler
gosterdigi distnilmektedir. Bu etkiyi belirlemek
icin; 100 ile 1000 mg/L arasinda degisen
konsantrasyonlarda 25 mL Mn* metal iyonu
¢Ozeltileri alinarak 0.5 g portakal kabuguna ilave
edildi ve bir calkalayicida 298, 308 ve 318 K'de 120
dakika Daha

adsorplanmadan kalan metal iyonu miktari Atomik

slreyle calkaland. sonra

Absorpsiyon Spektrofotometresi kullanilarak
Olclldu. HPK ile sulu ¢bzeltiden uzaklastirilan metal
iyonlarinin miktarina baslangi¢ konsantrasyonunun
etkisi  Sekil

cozeltisinin konsantrasonu arttikga Mn?* iyonlarinin

3'te gosterilmektedir. Metal iyon

adsorpsiyonu belli bir derisime kadar artarken
sabit  kaldig
muhtemelen, HPK' nin aktif bélgelerinin Mn?*

sonrasinda goralmdastar.  Bu
iyonlariyla doygunluga ulasmasindan dolayidir (Li et
al. 2018). Sekil 3'te de gorildiiga gibi, 298, 308, 318
K’de adsorplanan metal iyonu derisimi sirasiyla
41.25, 47.30 ve 53.87 mg/L olarak belirlenmistir. Bu
durum sicakligin artmasiyla adsorsiyonun arttigini
gosterir. Elde edilen bu verilere dayanarak
calismanin bundan sonraki asamalarinda 100 mg/L

Mn?* iyon ¢ozeltisi ile caligilmistir.
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#298K
35 M 308K

318K

0 200 400 600 800 1000 1200
Ci (mg/L)
Sekil 3. HPK ile Mn?'nin uzaklastirlmasinda baslangi¢
konsantrasyonunun etkisi (0.5 g adsorban kiitle,
Co=100-1000 mg/Lve V=25 mL).

3.2.2. pH'in Adsorpsiyon Uzerindeki Etkisi

PZC, bir ylzeydeki elektrik yuki yogunlugunun sifir
oldugu durumu tanimlar ve adsorban vyizey
yukinan agirhkli olarak pozitiften negatife degistigi
pH'l kontrol etmek icin belirlenir. Portakal kabugu
numunelerinin adsorpsiyon kapasitesi, iyon degisimi
ve fiziksel adsorpsiyon ile ilgilidir. Bu mekanizmalar
genellikle, adsorpsiyon sirecini etkileyen pH
degisimi ile degistirilebildikleri sulu bir ortamda
metal tirlerini yakalayip tutabilen ylizey gruplarini
icerir (Aksu and isoglu, 2005). Bu nedenle, portakal
kabugunun asit-baz davranisina iliskin bir 6n
¢alisma, PZC tayini yoluyla gergeklestirilmistir (Sekil

4A).

PZC pH degeri 3.66 olarak bulundu. PZC'den daha
disik pH degerlerinde c¢ozeltiler igin, adsorban
genel olarak pozitif ylzey ylkleri ve daha yliksek pH
degerlerinde ylzey vyikleri negatif olacaktir (De
Souza et al. 2012). HPK igin, ¢ogunlukla PZC'nin pH
5.0'in altinda oldugu gozlemlendi ve pozitif metal
iyonlarini agirhkli olarak ¢ceken negatif ylzey yukleri
gosterdi.

Cozeltinin pH'I, metal iyonlarinin ¢o6zinGrlGgi ve
adsorpsiyon islemi lizerinde o6nemli bir etkiye
sahiptir. HPK ile sulu ¢ozeltiden uzaklastirilan metal
iyonlarinin miktarina ¢ozelti pH'inin etkisi Sekil
4B'de gosterilmektedir. Metal iyon ¢ozeltisinin pH'i
azaldikca Mn?% iyonlarinin adsorpsiyon miktari
azalir. Bu muhtemelen, HPK 'nin aktif bolgeleri igin
Mn?% iyonlariyla rekabet eden disiik pH'ta fazla H*
iyonlarinin varligindan kaynaklanmaktadir. Yiksek

pH'da adsorpsiyon verimindeki azalma, esas olarak

¢Ozinir hidroksil komplekslerinin olusumundan
kaynaklanmaktadir (Vimala and Das, 2009). Bu
islem icin, 0.5 g HPK tizerine 25 mL 150 mg/L Mn%*
iyon ¢Ozeltisi eklenmis ve pH=2 ile pH=7 arasinda
yapilan deneyler sonucunda adsorpsiyon
kapasitesinin 2.61 ile 3.62 mg/g arasinda degistigi
hesaplanmistir. Komplekslerin olusumunu énlemek
icin tim deneyler, 5.37'lik dogal ¢Ozelti pH'inda

gerceklestirilmistir.

10 5 3

PHson - PHi
-~ (=% tn £ (%) [ %] . = —
=13
n
qe
=} o o
. [
o | -'

PHix pH

Sekil 4. A) HPK sifir yik noktasi (PZC) karakterizasyonu. B)
HPK ile Mn?* 'nin uzaklastirilmasinda pH'in etkisi,
pH 2.0-7.0 (0.5 g adsorban kitle, Co = 125 mg/L
veV=25mlL)

3.2.3. Temas Siiresinin Etkisi

Adsorpsiyon ¢alismalarinda onemli
parametrelerden biri, adsorban ile ¢6zeltideki metal
iyonlari arasindaki temas siresidir. HPK ile Mn?**
giderimi Uzerine temas slresinin etkisi Sekil 5'te
gosterilmistir. Adsorpsiyon, 100 mg/L Mn**¢6zeltisi
ve 0.5 g adsorban alinarak optimum pH'da ve 298,
308, 318 K sicakhklarda gerceklestirilmistir. 10-120
dakikalik bir zaman araliginda elde edilen verilerle
ge grafiginin zamana kars grafigi gizilerek denge
slresinin 100 dakika oldugu belirlendi Sekil 5.
100 dakikaya kadar

diizglin bir artis gosterdi. Adsorpsiyon siiresinin

Mn?*giderimi baslangicta

artmasiyla  MnZiyonlarinin  uzaklastiriimasindaki
artisin 100 dakika sonra sabit kalma egiliminde
olmasinin nedeni muhtemelen mevcut alanlarin
doygunluga ulasmasindan kaynaklanmaktadir (Li et
al. 2018). Sekil 5'te, 100 mg/L

konsantrasyonunda 298, 308, 318 K ¢alisma

baslangic
sicakliklarinda dengede tutulan Mn?* iyonlarinin

miktari sirasiyla 2.06 mg/g, 2.36 mg/g ve 2.69 mg/g
olarak belirlenmistir.
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Sekil 5. HPK iizerine Mn?* adsorpsiyonuna temas
slresinin etkisi. (0.5 g adsorban kitle, Co = 100

mg/L, V =25 mLve pH =5.37)

3.2.4. Kinetik Calismalar

Portakal kabugu atigi Uzerine Mn? iyonlarinin
adsorpsiyonunda zaman ve hiz sinirlayici adimin
etkisini belirlemek igin gesitli kinetik modeller
kullanildi. Bunlar; yalanci birinci derece, yalanci
ikinci derece, Elovich ve Weber-Morris kinetik
modelleridir. Lagergren'in yalanci birinci dereceden
denklemi Denklem 2 asagidaki gibi ifade edilir (Guo
and Wang, 2019).

In (e — q¢) = Inge — kqt (2)

Burada ge ve q: (mg/g) sirasiyla dengede ve t
zamaninda adsorbe edilen miktarlardir. k; (dak.?)
yalanci birinci dereceden hiz sabitidir. k; sabiti ve gqe
degeri, In(ge —q:) ve t arasindaki grafigin egim ve
kaydirma degerinden hesaplanir.

Ho-McKay'in yalanci ikinci mertebeden denklemi
asagidaki Denklem 3 gibi ifade edilir.
t t 1

2 ae T k202 (3)

Burada, k, (g/mg-dak) yalanci ikinci dereceden hiz
sabiti ve g. denge adsorpsiyon kapasitesidir. ge
degeri ve ks sabiti, t/qt - t grafiginin egim ve kayma
degerinden hesaplanir (Ho and McKay, 1998).

Elovich denklemi Denklem 4 teki gibi ifade edilir.

qc = %ln(a,[?) + %lnt (4)

Burada a (mg/g.dak.) baslangi¢ sorpsiyon hizidir ve
B (g/mg) kimyasal adsorpsiyon aktivasyon enerjisi ve
1/ B,
adsorpsiyon bolgelerini temsil eder; grafik gt'ye
genel
adsorpsiyonda kimyasal absorpsiyonu. Parcacik ici

ylizey kaplamasi ile ilgilidir. serbest

karst Int'dir ve Elovich  denklemi
difizyon (Weber-Morris) kinetik modeli Denklem

5'te oldugu gibi ifade edilir (Abukhadra et al. 2018).
qe = kqt™ +C (5)

Burada Kd (mg/g.min®>) reaksiyon hiz sabiti, C ise
olusan sinir tabakasinin kalinligina bagli olarak elde
edilebilecek kesisim noktasidir. Weber-Morris
modeline (Wu et al. 2009) gére, Kd, qt'ye karsi t°°
grafiginin egiminden hesaplanir ve C, kesisme
6C. Grafiklerdeki
egriler tam olarak dogrusal degildir ve baslangic

noktasindan hesaplanir Sekil

noktasindan sapmistir. Bu, adsorpsiyon isleminin iki
farkl adimda gergeklestigini gosterir. ilk adimda
ylizey adsorpsiyonu etkisi)
gerceklesirken, ikinci adimda partikiil i¢ci veya

(simir  tabakasi
gdzenek difiizyonu gergeklesir. ilk asamadaki diiz
cizginin Sekil 6'daki grafikte baslangi¢c noktasindan
gecmemesi, HPK tarafindan Mn?* metal iyonlarinin
adsorpsiyonunda partikl i¢i diflizyonun tek kontrol
adimi olmadigini géstermektedir (Wu et al. 2009).
iyonlarin adsorban vyiizeye dogru hareketliligini
varsayan partikiil ici difizyon modeline gore,
MnZ%icin Kd degeri 298, 308 ve 318 K 'te sirasiyla
0.089, 0.087 ve 0.072 mg/g.dak®®
hesaplanmistir. Ayni ¢calisma sartlarinda Mn?* igin C

olarak

parametresi sirasiyla 1.11, 1.46 ve 1.89 mg/g' dir. C
degeri, hiz sinirlayici adimi 6nemli 6l¢lide etkileyen
sinir tabakanin kalinligini gésterdiginden, C degeri
daha buyilk oldugunda dis kiitle transferine karsi bir
diren¢ olma olasiligi vardir.
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Sekil 6. HPK lizerinde Mn?* adsorpsiyonu (A) Yalanci
birinci derece (B) Yalanci ikinci derce (C) Weber-
Morris (D) Elovich modeli grafikleri (0.5 g
adsorban kutle, Co = 100 mg/L ve V = 25 mL).

Mn% 'in HPK Uzerine adsorpsiyonu icin kinetik
parametreler Cizelge 1'de goésterilmektedir. R?
belirleme katsayisinin diisiik degerleri ve Qoeneysel V€
Oreorik arasindaki fark yalanci birinci dereceden,
partikdl ici difizyon ve Elovich modellerinin bu
calismada kullanilan katyonlarin adsorpsiyonunu
aciklamak icin uygun olmadigini gosterir. Ote
yandan, deneylerle belirlenen degere yakin teorik
adsorpsiyon kapasitesi ve nispeten yiiksek R2
degerleri, yalanci ikinci dereceden modelin HPK
tarafindan metal katyonlari adsorpsiyonunun
kinetigini tatmin edici bir sekilde tanimladigini
gosterir. Hesaplanan k, Mn?* degerleri sicakhk
298’den 318 K'ne yikseldikce artar ve bu da

etkilesimlerin sicakhiga bagli oldugunu gosterir.

Cizelge 1; adsorpsiyonun reaksiyon hiz sabitlerinin
(k2) sicakliktaki artisla arttigini géstermektedir ve bu

degerler, lineerlestirilmis Arrhenius denklemi
Denklem 6 ile aktivasyon enerjisi Ea (J/mol)’yi
belirlemek icin kullaniimistir. Bu denklemde, A
Arrhenius Ustel faktord, R gaz sabiti ve T (K)
¢Ozeltinin  sicakligidir.  Aktivasyon  enerijileri,
Arrhenius grafiginin (Ink,'ye karst 1 / T) diz
/ R)
belirlenebilir. HPK Gzerinde Mn?" adsorpsiyonu icin
10.28 kj/mol'dir.

slrecinin dogasi dikkate alindiginda, zayif kuvvetler

gizgilerinin  egimlerinden (-Ea kolayca

Ea'nin  sonucu Adsorpsiyon
baskin oldugundan fiziksel sogurma igin aktivasyon
enerijisi 4,2 kj/mol'den daha azdir (Taha et al. 2016).
Ote yandan, kemisorpsiyonda yer alan daha giiclii
kuvvetler, aktive edilmis islemler icin 8.4 ile 83.7
kj/mol arasinda aktivasyon enerjisi degerlerine yol
acar. Bu nedenle, bu calismada hesaplanan Ea
degerleri, HPK {zerindeki metal iyonlarinin
adsorpsiyonunu kontrol eden ana olay olarak
aktiflestirilmis kemisorpsiyon oldugunu
gostermektedir. Ek olarak, Ea'nin pozitif degeri,
sicakhktaki

gostermektedir.

artisin  adsorpsiyonu destekledigini

Ea
RT

(6)

Ink, = InA —
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Cizelge 1. Mn?* 'in farkli sicakliklarda HPK {izerine adsorpsiyonu icin kinetik parametreler.

Yalanci Birinci Derece Denklem Modeli

Yalanai ikinci Derece Denklem Modeli

(K) Dogru denklemi R? k1 qm Dogru denklemi R? k2 gm

208 y=-0.0108x+0.0604 09286 00108  1.0623 y=0.4512x+4.8472 09941  0.0420 22163

308 y=-0.0121x+0.0044 09579 00121  1.0044 y=0.3964x+3.4773 09956  0.0452 2.5227

318 y=-0.0141x-0.1525 09176 00141  0.8586 y=0.3585x+2.3519 0.9966  0.0546 2.7894

Weber- Morris Modeli Elovich Modeli

(K) Dogru denklemi R? Ka Cp Dogru denklemi R? 8 a

208 y=0.0899x+1.1144 09496 00899  1.1144  y=0.2876x+0.6656 09114 34771 2.9099

308 y=0.0857x+1.4681 09607 00857 14681  y=0.2722x+1.0482 09088  3.6737 12.8025

318 y=0.0721x+1.8954 09381 00721  1.8954  y=0.2256x+1.5561 0.8598  4.4326 223323
3.2.5. Denge Calismalari

Atik portakal kabugunun denge davranisini
arastirmak icin Langmuir, Freundlich, Temkin ve  dengede  cozeltide  kalan ~ metal iyon
Dubinin-Radushkevich izoterm modelleri ~ konsantrasyonu, Kr ve n sirasiyla adsorpsiyon
kullanilmistir.  izoterm  modelleri,  adsorban  YOgunlugunu ve adsorpsiyon kapsitesini gosteren
malzemenin yiizey 6zelliklerini ve adsorban  Freundlich sabitleridir.

tarafindan adsorbe edilen adsorbat miktari ile
¢Ozeltide adsorbe edilmeden kalan adsorbat miktari
arasindaki iliskiyi ifade eder (Foo and Hameed,
2010). Langmuir izoterm modeli, HPK (izerinde Mn?*
tek tabakali
dayanmaktadir. Langmuir adsorpsiyon izoterminin

iyonlarinin adsorpsiyonuna

lineer formu Denklem 7'de verilmistir.

Ce 1 Ce

= — 7)

qe qmax.Kj,

qmax

Bu denklemde; qge (mg/g); birim kiitle basina
adsorbe edilen metal iyonlarinin miktari, Ce (mg/L);
denge aninda ¢ozeltide bulunan metal iyon derisimi,
Omax (Mg/g); maksimum adsorpsiyon kapasitesi, K.
(L/mg);
adsorpsiyon enerijisine karsilik gelen ampirik sabittir.

baglanma bolgelerinin  afinitesine ve
K. ve gmax degeri, Ce/qe ve Ce arasindaki grafigin

egim ve kaydirma degerinden hesaplanir.

Freundlich izoterm  modeli, ¢ok katmanli
adsorpsiyon, adsorban ylzeyinin heterojenligi ve
adsorban ile adsorbat arasindaki molekiler
etkilesimleri dikkate alir. Freundlich izoterm
modelinin lineer formu asagida verilen Denklem 8
ile ifade edilir.

logqe = logl(f + (1/n) logce (8)

Bu denklemde; qe (mg/g); birim kitle basina
adsorbe edilen metal iyonlarinin miktari, Ce (mg/L);

Dubinin-Radushkevich
adsorpsiyonun homojen ve heterojen ylzeylerde

izoterm modeli,

meydana gelebilecegini ©6ngorerek fiziksel ve
saglar
(Nguyen and Do, 2007). Bu model Denklem 9 ve

kimyasal adsorpsiyonun ayirt edilmesini

10'da verilmistir.
Ing, = Ianax_KDR'82 (9)

€ = RTIn(1 + Ci) (10)

Burada Kpg, Dubinin-Radushkevich sabitidir, qe
dengede adsorbe edilen maksimum adsorbat

miktandir, gm (mg/g) maksimum adsorpsiyon
miktaridir, € Polanyi potansiyelidir, R gaz sabiti ve T

sicakhg (K) ifade eder.

Temkin izoterm modeli, tim molekillerin
adsorpsiyon isisinin artan yizey kaplamasi ile lineer
olarak azaldigini varsayarak, heterojen sistemlerde
adsorban-adsorbat etkilesimlerini hesaba katar (Wu
et al. 2016).

enerjisine kadar diizglin bir baglanma enerjisi

Ek olarak, maksimum baglanma

dagilimi Temkin modelini karakterize eder. Bu
ozellikler, Denklem 11'de verilen matematiksel
modelde maksimum baglanma enerjisine karsilik
sabiti Ar

adsorpsiyon isistyla ilgili bt (J/mol) ile temsil edilir.

gelen denge baglanma (L/mg) ve

= 2 4 In (KrC,)

qe E

(11)
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Langmuir, Freundlich, Dubinin-Radushkevich,
Temkin izoterm modellerinin adsorpsiyon denge
verileri Sekil 7'de gosterilmistir. Bu 4 farkh izoterm
modelinin hesaplanan parametreleri de Cizelge 2'de
listelenmistir. R?> degerleri karsilastirildiginda,
Langmuir modeli, HPK {izerinde Mn?" adsorpsiyonu
icin en uygun izoterm modelidir. Bu modelin

uygunlugu ayni  zamanda islemin  kimyasal
adsorpsiyonunu ve olasi tersinmezligini de dogrular.
Mn% 'nin HPK Uzerindeki Langmuir maksimum
adsorpsiyon kapasitesi 298, 308 ve 318 K'de sirasiyla
7.69, 7.39 ve 8.16 mg/g olarak belirlenmistir. Bu, tek
katmanli bir kaplamaya karsilik geldi. Bu ozellik,
HPK'nin Mn?

kapasitesine sahip oldugunu gosterir.

iyonu i¢cin iyi bir adsorpsiyon

Mn?* iyonlarinin sulu ¢dzeltilerden adsorpsiyonu
icin daha 6nce benzer calismalar yapiimistir Cizelge
3. Bu galismada elde edilen maksimum adsorpsiyon
literatiirde bildirilen

kapasitelerini diger baz

degerlerle karsilastirmaktadir. Sonuglar
incelendiginde, HPK kullanilarak sulu ¢ozeltilerden
Mn?* iyonlarinin uzaklastirilmasindaki adsorpsiyon
kapasitesinin, benzer adsorbanlar kullanilarak
bulunan degerlerin bazilarindan daha iyi oldugu
Ancak

islemi

gorilmastar. adsorpsiyon kapasitesinin

modifikasyon uygulanan adsorbanlarin

bazilarindan daha diistk oldugu da gorilmektedir.

Cizelge 2. HPK (zerine Mn?* iyonlarinin adsorpsiyon
izoterm parametreleri

7
6
o
£
=2
1
0
45 0.9
w |B 0s | C
a5 0.7
ekl 0.6
25 0.5
En o4
J1s 0.3
10 *298K 0.2 2 42K
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Sekil 7. (A) Mn?* adsorpsiyon konsantrasyonunun HPK
Gzerindeki etkisi. (B) Langmuir izoterm grafikleri;
(C) Freundlich izoterm grafikleri; (D) Dubinin-
Radushkevich (E)Temkin
izoterm grafikleri (0.5 g adsorban kutle, Co = 50 -
300 mg/Lve V=25mL)

izoterm grafikleri;

Cizelge 3. Mn?* uzaklastirilmasi icin farkli adsorbanlarin
adsorpsiyon kapasitelerinin karsilastiriimasi

Adsorban Adsorpsiyon Kaynak
kapasitesi
(mg/g)
Bitki odunu (lignin) 5 (Baltrénaité-Gediené
et al. 2020)
Muz Kabugu 0.8 (Kim et al. 2020)
Modifiye edilmis aliimina  2.04 (Khobragade et al.
2014)
Dogal zeolit 7.68 (Ates et al. 2014)
Kaolin 0.446 (Yavuz et al. 2003)
7.69 (298K)
Ham portakal kabugu 7.39 (308K) Bu Galisma
8.16 (318K)

Sabitler 298 K 308 K 318K
Langmuir K (L/mg) 0.0088 0.0136 0.0148
Qmax. (Mg/g) 7.6923 7.3964 8.1632
R? 0.9919 0.9951 0.9964
Freundlich n 1.6553 1.8950 1.8501
Ke 0.2141 0.3608 0.3912
R? 0.9824 0.9768 0.9704
Temkin Kr (L/g) 0.0823 0.1212 0.1282
br (j/mol) 1428.57 1500.56 1390.55
R? 0.9897 0.9931 0.9933
D-R Kb-r 7.10° 7.10° 6.10°
E (kj/mol) 8.45 8.45 9.12
R? 0.9912 0.9615 0.9511

3.2.6. Termodinamik ¢calisma

Z'nin HPK ile adsorpsiyonuna etkisi

Sicakhgin Mn
arastirildi ve termodinamik sabitler Cizelge 4'te
(AG°)

verildi. Serbest enerji degisim degerleri

Denklem 12'deki iliskiden hesaplandi.
AG® = AH® — TAS® = —RTInkK? (12)

Burada R ideal gaz sabiti, T Kelvin cinsinden sicaklik
ve K2 denge sabitidir ve Denklem 13'ten (Lima et al.
2019) hesaplanabilir. Bu denklem, denge sabitini (K)
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en iyi izoterm modelinden boyutsuz bir

termodinamik denge sabitine donUstirr.

0
Ké) — (1000KM)[1;1/dsorbate] (13)

Denklem 13'te, M adsorbat molekll agirlig,
[Adsorbat]® standart adsorbat konsantrasyonu (1
mol/L) ve y, adsorbat ¢ozeltisi seyreltildiginde Uniter
olan aktivite katsayisidir (boyutsuz) (Lima et al.

2019).

Entalpi ve entropi degisiklikleri, Denklem 14'teki
Langmuir denge sabiti ile ilgilidir. AS® ve AH®, In K2
ile 1/T
egiminden elde edilebilir.

arasindaki grafigin kesisiminden ve

InK? = 9%3—-%%? (14)
Beklendigi gibi, dagilim sabiti (InKq4) sicakliga gicli
bir bagimhhk gésterdi ve sicaklik arttikca Mn?
adsorpsiyonu icin daha yiksek degerler elde edildi.
AS°, bir sistemin kaos derecesini tanimlar. Bu
parametrenin pozitif degeri, adsorpsiyon islemi
sirasinda  kati/sivi ara yuzeyindeki serbestlik
derecesinin arttigini gosterir (Gupta, 1998). Mn?*
icin pozitif bir AH® (+13.78 Kj/mol) degeri, HPK
tzerinde Mn? adsorpsiyonunun endotermik bir
sirec¢ oldugunu gosterir. Negatif AG® degerleri, HPK
Uzerinde Mn? adsorpsiyonunun termodinamik
olarak kendiliginden ve dogal oldugunu gosterdi.
Mn2+

adsorpsiyon isleminin daha ylksek sicakliklarda

Ayrica artan sicaklkla AG°'deki azalma,

daha uygun hale geldigini gbstermektedir.

Cizelge 4. HPK izerinde Mn?* adsorpsiyonunun
hesaplanan Gibbs serbest enerji, entalpi ve
entropi degerleri

Metal Sicakhk  InKd AG° AH° AS°
(K) (kJ/ mol)  (kJ /mol) (J/mol K)
298 5.22 -12.95
M 50g 541 -13.85 13.78 89.70
318 5.57 -14.74
4. Sonuglar

Bu calismada, portakal kabugu atig1 Gizerine Mn?

iyonunun adsorpsiyonu arastirilmistir. Bu kapsamda
optimum c¢alisma kosullarin belirlenmesi igin; pH,
baslangi¢c konsantrasyonu, temas siresi, sicaklik
etkisi gibi farkli parametreler icin adsorpsiyon

Mn?'nin  sudan

baslangic

deneyleri gerceklestirildi.

uzaklastiriimasinda ¢Ozelti
konsantrasyonu, zaman ve pH'in etkileri belirlendi.
0.5 g HPK kullanilarak sulu ¢bzeltiden maksimum
Mn? iyonlarinin uzaklastirnlmasi icin en uygun
kosullari; baslangic  metal iyon
100 mg/L,
¢Ozeltinin dogal pH degeri olan 5.37 ve temas stiresi
100 dakika olarak belirlendi. HPK, Mn?* iyonu (7.69
(298K), 7.39 (308K), 8.16 (318K) mg/g) icin iyi

uzaklastirma kapasitesi sundu. 120 dakikalik bir

calisma

konsantrasyonu ortam pH' sinin

temas siresi ve 25 mL Mn* cozeltisi ile
gerceklestirilen denge c¢alismasi  sonucunda,
Langmuir izotermi kullanilarak Mn?*'nin adsorpsiyon
izotermi  tanimlanmistir.  Kinetik  calismalar

sonucunda elde edilen kinetik veriler, Mn?*'nin HPK
lzerine adsorpsiyonunun yalanci ikinci dereceden
kinetik
gostermistir. Adsorpsiyon isleminden dnce ve sonra

denklem ile modellenebilecegini
HPK’'nin SEM ve FTIR analizleri ile ylzey ozellikleri
incelendi. Bu analizler sonucunda Mn?% iyonlarinin
HPK yilzeyinde kimelendigi gorildi. Hesaplanan
termodinamik parametreler ile Mn?* iyonlarinin HPK
Uzerine

adsorpsiyonunun  kendiliginden  ve

endotermik oldugu belirlendi. Bu ¢alismanin
sonuglari portakal kabugu atiginin sulu ¢ozeltilerden
Mn?* giderimi i¢in ekonomik, cevre dostu ve bol
miktarda kolay bulunabilen bir kaynak olarak
kullanilabilecegi gibi yiksek maliyetli adsorbanlara
da alternatif olabilecegi

sonucunu ortaya

cikarmstir.
Cikar Catismasi

Cikar ¢atismasi bildirmemislerdir.
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Son yillarda, fonksiyonellestirilmis, elektro lif cekimi yontemi ile hazirlanmis nanofiber membranlar ile
antibakteriyel malzeme Uretimi oldukga dikkat cekmektedir. Modifiye edilmis nanofiber membranlarin
Uretiminde polimerik materyaller ile nanopartikillerin kombinasyonu gergeklestiriimektedir. Ag, Cu, Ce,
Zn0 ve TiO; gibi birgok nanopartikaliin kullanimi artmis ve antibakteriyel aktiviteleri tizerine ¢alismalari
hiz kazanmistir. Bu nedenle, bu calismada, elektro lif cekimi teknigi kullanilarak poliviniliden florir
(PVDF) destek tabakasi tizerine gimis nitrat ilavesi ile modifiye nanofiber membranlar hazirlanmistir.
Kitosan (CS), polivinil alkol (PVA), polivinil prolidon (PVP) ve TiO, gibi kimyasallar bu membranlarin
Karakterizasyon; hazirlanmasinda kullanilmistir. Modifiye nanofiber membranlarin karakterizasyonu ise taramali
Membran; Nanofiber  elektron mikroskobu (SEM), enerji dagilim X-isinlari spektroskopisi (EDS) ve atomik gii¢ mikroskobu
(AFM) teknikleri kullanilarak gergeklestirilmistir. Karakterizasyon teknikleri, hazirlanan nanofiber
membranlarin nano yapida olduklarini kanitlamistir.  Farkh miktarlarda AgNOs iceren modifiye
nanofiber membranlarin antibakteriyel 6zellikleri, segilen E. coli (25922), S. aureus (ATCC 25923, ATCC
6538) ve P. aeruginosa (ATCC 35032) bakterilerine karsi iki farkli metot kullanilarak (Agar disk difiizyon
ve yayma plak) test edilmistir. Sonug¢ olarak, modifiye nanofiber membranlarin antibakteriyel

aktiviteleri, gimis iyonlarinin ilavesi ile tim bakterilere karsi artmistir.

Anahtar kelimeler
Antibakteriyel;

Preparation, Characterization and Antibacterial Properties of Silver
Nitrate Doped Modified Nanofiber Membranes

Abstract

In recent years, production of antibacterial material using functionalized nanofiber membranes
prepared by electro-spinning method has attracted much attention. In the production of modified
nanofiber membranes, the combination of polymeric materials with nanoparticles has been performed.
The use of many nanoparticles such as Ag, Cu, Ce, ZnO and TiO; has increased and studies on their
antibacterial activities have accelerated. Therefore, in this study, modified nanofiber membranes were
prepared by adding silver nitrate on the polyvinylidene fluoride (PVDF) support layer using
electrospinning technique. Chitosan (CS), poly(vinyl alcohol) (PVA), polyvinyl prolidone (PVP) and TiO,
were used to prepare these membranes. Characterization of the modified nanofiber membranes was
also performed by using scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy
(EDS), and atomic force microscopy (AFM) techniques. The characterization techniques have proven
that the prepared nanofiber membranes are nano-structured. The antibacterial properties of modified
nanofiber membranes containing different amounts of AgNO3; were tested against selected E. coli
(25922), S. aureus (ATCC 25923, ATCC 6538) and P. aeruginosa (ATCC 35032) bacteria by using two
different methods (Agar disc diffusion and Baird Parker agar plate). As a result, the antibacterial

Keywords
Antibacterial;
Characterization;
Membrane; Nanofiber
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activities of modified nanofiber membranes increased against all bacteria with the addition of silver

ions.

1. Girig

Son zamanlarda, membrana dayali teknolojiler,
ylksek ayirma verimleri, nispeten disik maliyetler
siklikla
edilmektedir. Membran sistemlerinden biri olan

ve islem kolayligi nedeniyle tercih
polimerik nanofiberler, distk agirlik, yiksek ylizey
alani, yiiksek hava ve su gecirgenligi ve gozenekli
yapisi nedeni ile etkili membran malzemeleri olarak
kullanilmaktadir. Polimerik nanofiberler, elektro lif
cekimi yontemi, cok bilesenli egirme, erime-ifleme,
flag egirme, sablon sentezi, kendi halinde olugsma ve
nanolitografi gibi bircok proses ile
Uretilebilmektedir. Bu teknikler arasinda yer alan,
elektro lif ¢ekimi yontemi, ¢ok sayidaki polimerik
daha

Gretmek icin kullanilan c¢ok yonli bir tekniktir.

materyallerden plrlGzstiz  nanofiberleri
Elektro lif gekimi ydontemi, nanometrik ¢aplara sahip
nanofiberlerin tGretiminde kullanilan basit, etkili ve
yaygin bir yontem olarak bilinmektedir (Gao et al.
2014). Nanofiberler siirekli olarak polimer ¢ozeltisi
Gzerinde olusturulan bir dis elektrik alan yardimi ile
Elektro

yuksek voltajin olusturdugu elektriksel alan ile

Uretilebilmektedir. lif ¢ekimi ydntemi,
ylklenen polimer ¢ozeltisinin, topraklanmis ya da zit
kutup ile ylklenmis vyiizey (toplayici) Uzerinde
daginik bir sekilde nanofiber olusturulmasi esasina
dayanan en yeni ve en etkin nanofiber Uretim
teknigidir. Bu yontemle pek c¢ok polimerden 3 ile
1000 nm arasinda ¢aplara sahip nanofiberlerin elde
edilmesi mimkinddir. Hizla gelisen bu teknik ile elde
edilen fiberlerin 6zelliklerinin iyilestirilmesi igin
bircok modifikasyon yapilabilmektedir. Elektro lif
Uretim islemi 1600°lG yillarda William Gilbert’in
elektro-manyetizmanin sivilar  lzerine etkisini
gbzlemlemesiyle ortaya ¢ikmistir. Bu gézlem elektro
plskiirtme ve elektro Uretim islemlerinin baslangici

sayllmaktadir (Tucker et al. 2012, Bastiirk 2012).

Nanofiberler, genis serbest ylizey alanlari, ¢oklu
ylzey modifikasyonlari ve listiin mekanik 6zellikler

gibi kendilerine 06zgl fizikokimyasal 06zellikleri

© Afyon Kocatepe Universitesi

nedeniyle son yillarda blylk ilgi gormektedirler.
2001),
elektronik ve biyomedikal aletler (Zhang et al. 2005),

Nanofiberler, biyosensér (Kwoun et al

doku muhendisligi (Laurencin et al. 1999), implant
malzemeler (Fujihara et al. 2003), yara bandi (Zhang
et al. 2007, Zhang et al. 2010) ve medikal tekstil
materyallerini (Ignatova et al. 2013) iceren birgok tip
uygulamasinda (Huang et al. 2003, Teo and
Ramakrishna 2006, Burger et al. 2006, Lu and Ding
2008) siklikla kullanilmaktadir. Elektro lif ¢ekimi
yontemi ile Gretilen nanofiberler ile ylizeyleri daha
islevsel olan nanofiber membranlar
hazirlanabilmektedir (Zeytuncu 2014).

membranlara,

Nanofiber nanopartikillerin

eklenmesi ile membranlarin ylzey 6zellikleri
iyilesmekte, membranlarin kirlenme kapasiteleri
azalmakta ve antimikrobiyal yetenekleri
artmaktadir. Calismamizda, elektro lif cekimi teknigi
(PVDF) destek

tabakasi Uzerine glimis nitrat ilavesi ile birlikte

kullanilarak poliviniliden florir

kitosan (CS), polivinil alkol (PVA), Polivinil prolidon
(PVP) (TiO2)
modifiye nanofiber membranlar hazirlanmistir.

ve titanyum dioksit kullanilarak

nanopartikiller (AgNPs), diger

nanomateryallere gore insan hiicrelerine gosterdigi

Gumus
disik toksisite ve mikemmel antibakteriyel
Ozellikleri nedeniyle biyomedikal ve klinik alanlarda
genis bir uygulama alani bulmaktadir (Fabrega et al.
2009, Liang et al. 2016). GUms, cok eski tarihlerden
bu yana yaralarin ve yaniklarin tedavisinde de
kullanilmistir. Bu nedenle, glimiis nanopartikillerin
bir membranin secici tabakasina tutturularak ya da
membran ylzeyine asilanarak yapilan bir¢ok ¢alisma
rapor edilmistir (Yuan et al. 2010, Hong and Jeong
2011, Mahapatra et al. 2012, Tian et al. 2013,
Abdelgawad et al. 2014).

PVA, cesitli membranlarin
hazirlanmasinda yaygin olarak kullaniimaktadir.

kompozit

PVA, vyiksek kimyasal dirence, iyi mekanik
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ozelliklere, OH gruplarina ve hidrojen bagi
olusturma yetenegine sahip olan yar kristalli ve
suda ¢6zlinebilen sentetik bir polimerdir (Ohkawa et

al. 2004, Jia et al. 2007, Zhang et al. 2007).

Kitin,
polimerlerden biridir.
kabuklari,
deasetilasyonu ile elde

tabiatta yaygin olan en o6nemli dogal
Baslica kaynaklari ise deniz
karides ve vyengeclerdir. CS, kitinin
edilmektedir.  CS,
biyouyumlu, antibakteriyel, antifungal 06zelikte
olmasi ve toksik o6zellik gostermemesi sebebiyle
medikal uygulamalarda ¢ok kullanilan dogal bir
polimerdir. CS, gesitli bakteri ve mantarlara karsi
CS’In

molekiler

antibakteriyel  aktivite gdstermektedir.

antibakteriyel etkisinin esas nedeni
agirligi ve konsantrasyonudur. Glinimizde, CS
nanofiberleri kapsamli bir sekilde arastirilmakta ve
elektro lif c¢ekimi yontemi ile CS iceren cesitli
nanofiber trlnleri sentezlenmistir (Lim and Hudson

2003, Rinaudo 2006, Pokhrel et al. 2015).

CS ve gumisin tek baslarina sahip olduklar
antibakteriyel 0Ozelligin kompozit olusturduktan
sonra daha da artmasi s6z konusudur (Hang et al.
2010, Zhang et al. 2012). Nitekim, Adipzadeh vd.
(2014)’ de vyaptiklari ¢alismada, 70/30 oraninda
CS/PVA homojen karisimina AgNOs eklemisler ve bu
karisimi homojen olana kadar karistirdiktan sonra
elektro lif c¢ekimi ybntemiyle nanofiberler
Uretmislerdir. Uretilen bu nanofiberlerin yapilari ve
ozellikleri taramal elektron mikroskobu (SEM) ile ve
kimyasal yapisinda glimis nanopartikil olusumu ise
Fourier Transform Infrared (FTIR) spektroskopi ile
CS/PVA

ozellikleri,

incelenmistir. nanofiberlerinin

antibakteriyel antibakteriyel  test
yontemleri kullanilarak Escherichia coli iceren fosfat
tampon ¢ozeltisi icinde incelenmistir. Antibakteriyel
AgNO; ile  CS/PVA

nanoliflerinin antibakteriyel filtrasyon verimliliginin

test sonuglari, eklenmesi

onemli Olglide arttigini gostermistir (Adibzadeh et
al. 2014).
Beypinar (2014), yapmis oldugu calismada, elektro

lif cekimi yontemiyle, PVA sulu c¢o6zeltisinden
nanofiber membranlar hazirlamistir.  Degisik
miktarlarda akrilli polietilenimin  (PEI) iceren

¢Ozeltiler PVA c¢ozeltisiyle karistirilmistir. UV ve

elektro lif c¢ekimi yonteminin es zamanl

akrilli PEl esash

nanofiberler elde edilmistir. Nanofiberlerin kimyasal

kullanilmasiyla c¢apraz bagl

yaplilari FTIR ile karakterize edilmistir.

Nanofiberlerin termal ozellikleri de
termogravimetrik analiz (TGA)
(DSC) ile

Nanofiberlerin yiizey morfolojileri ve ortalama fiber

ve diferansiyel

taramali  kalorimetri incelenmistir.

caplari ise SEM ile aydinlatilmistir (Beypinar 2014).

Yapilan literatlir taramasi sonucunda 06zellikle

elektro lif ¢ekimi yontemi kullanilarak CS ve Ag
ilaveli nanofiber membran calismalarina
calismada ise,

calismalardan farkli ve onlara ilave olarak, elektro lif

rastlanilmistir.  Bu mevcut
cekimi yontemi kullanilarak PVDF destek tabakasi
Uzerine glimis nitrat ilavesi ve CS, PVA, TiO,, PVP
gibi kimyasallarin kullanimi ile modifiye nanofiber
membranlar hazirlanmis ve karakterize edilmistir.
Hazirlanan modifiye nanofiber membranlarin
antibakteriyel 6zellikleri de Escherichia coli (E. coli),
Staphylococcus aureus (S. aureus) ve Pseudomonas
aeruginosa (P. aeruginosa) bakterilerine karsi test
edilmistir. E. coli ve P. aeruginosa, gram negatif
bakteri grubuna girmektedir. E. coli, bircok omurgal
canlinin ince ve kalin bagirsaginda yasamaktadir.
Bagirsakta yasadigi icin, E. coli 'nin ¢evresel sularda
varligi diski kirlenmesinin bir belirtisidir. E. coli,
sindirim sistemi, Uriner sistem enfeksiyonlar gibi
rahatsizliklara sebep olabilmektedir (Omerovic et al.
2017). P. aeruginosa ise yaygin olarak toprak ve
suda bulunmaktadir. Nemli ortamlarda kolaylikla
cogalabilmektedir. immun sistemi zayif olan
konakgilarda yaygin olarak enfeksiyonlara sebep
olabilmektedir. Kronik akciger enfeksiyonu basta
olmak tizere pek ¢cok enfeksiyonun ortaya ¢cikmasina
sebep oldugu goriilmektedir (Siriken ve 0z 2017). S.
aureus gram pozitif bakteri grubuna girmektedir. S.
aureus dogada yaygin olarak bulunmaktadir. Burun
ve bogaz boslugunda, insan ve hayvan diskisinda,
apseli yaralarda bulunabilmektedir. Bulasiciligi daha
¢ok insan kaynakh olarak gortilmektedir. S. aureus,
pnémoni, eklem enfeksiyonlari, endokardit,
apse/ciban ve diger cilt enfeksiyonlar gibi bircok
rahatsizliga sebep bilinmektedir

(Gulbandilar 2009).

olabildigi
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2. Materyal ve Metot
2.1 Kullanilan kimyasal maddeler

Deneylerde kullanilan kimyasal maddeler Cizelge
1./de verilmistir. Tim kimyasal maddeler Merck,
Carlo Erba ve Fluka firmalarindan temin edilmis ve
analitik safliktadir.

Cizelge 1. Calismada kullanilan kimyasal maddeler ve

formulleri
Kimyasal Madde Formiilii
Polivinil alkol (PVA) (C2H40)n
Kitosan (CS) Cs6H103N9039
Gilmds nitrat AgNOs
Polivinil prolidon (PVP) (CeHsNO)n
Titanyum dioksit TiO2
Asetik asit CH3COOH
Dimetil formamid (DMF) C3H/NO
Dietanolamin C4H11NO2
Polietilen glikol (PEG) HO(C2H40)nH
Hidroklorik asit HCI
Tetra-n-butil ortotitanat CieH3604Ti
Etanol C:HsOH

Membranlarin hazirlanmasinda kullanilan membran
destek tabakasi PVDFdir. Bu destek tabakalari,
yuksek sicakliklara ve kimyasallara karsi dayanikhdir.
Modifiye
kullanilan membran destek tabakasi PVDF, Millipore

nanofiber membranlari hazirlamada

firmasindan temin edilmistir. Cizelge 2’ de orijinal
PVDF destek tabakasinin 6zellikleri verilmistir.

Cizelge 2. Orijinal PVDF destek tabakasinin 6zellikleri

Membran Orijinal PVDF
Gozenek Capi 0.22 um ve 0.45 um
Kalinhg: 0.11 um
Yapisi Hidrofil
Gegirgenlik %70

Membran Tiri Poliviniliden flortr

2.2 Nanofiber membranlarin hazirlanmasi

katkih
membranlarin hazirlanmasinda farkli

GUmdis  nitrat modifiye  nanofiber
oranlarda
¢Ozeltiler hazirlanmis ve bu c¢ozelti karisimlari ile
PVDF destek

Uretilmistir. Bu c¢ozelti

nanofiberler, tabakasi Uzerine

karisimlari  asagida

verilmistir.

a) Ag-CS nanofiber membran tretimi (AKN2): Ag-CS
nanofiber membran dretimi, Adibzadeh vd. (2014)
tarafindan yapilan ¢alismadan yararlanilarak ve bazi
modifikasyonlar  vyapilarak gerceklestirilmistir
(Adibzadeh et al. 2014). 20 mL saf su igerisine 2 g
PVA alinarak ¢ozilmistir. Ayri bir beherde de
%3’lik 1 g CS alinarak 20 mL %2’lik asetik asit
¢Ozeltisi icerisinde ¢ozlinmesi saglanmistir. Bir
sonraki asamada, iki ¢ozelti toplam hacmi 10 mL (3
mL CS + 7 mL PVA) olacak sekilde karistiriimis ve
icine 0.2 g AgNOs ilave edilmistir. Cozelti homojen
oluncaya kadar karistirilmistir. Hazirlanan bu ¢ozelti
karisimi 10 ml’lik siringaya cekilerek elektro lif
cekimi diizenegine yerlestirilmistir. 0.1 mL/h sabit
akis hizi ve 5 dk sire ile nanofiberler 0.45 um’ lik
capa sahip PVDF destek

Uretilmistir.

tabakasi Uzerinde

b) Ag-TiO, nanofiber membran Uretimi (ATN1 ve
ATN2): Ag-TiO,
Adibzadeh vd. (2014) tarafindan yapilan ¢alismadan

nanofiber membran {retimi,
yararlanilarak ve bazi modifikasyonlar yapilarak
gerceklestirilmistir (Adibzadeh et al. 2014). ilk
olarak, TiO; ¢ozeltisi hazirlanmistir. Bunun icin 3.6
mL tetra-n butil ortotitanat cam behere alinmis ve
Gzerine 100 mL etanol ve 2.4 mL dietanol amin ilave
Manyetik
kanstirildiktan sonra Uzerine 0.24 mL polietilen

edilmistir. karistincida 1 saat
glikol damla damla ilave edilerek 1 saat daha
kanstiriimistir. Baska bir beherde ise 100 mL %99’luk
etanol icerisinde 10 g PVP ¢6zilmustir. Toplam TiO,
ve PVP miktari 17 mL olacak sekilde bu iki ¢ozelti
karistinlmistir.  Bir sonraki asamada, hazirlanan
¢ozelti karisimi igcine 6 mL DMF iginde 0.34 g AgNOs
(%2) cozilerek ilave edilmistir (14 mL PVP + 3 mL
TiOz + 0.34 g AgNO; (%2)). ATN1 ve ATN2 modifiye
nanofiber membranlar ayni sekilde hazirlanmistir.
ATN1 icin 0.22 um PVDF destek tabakasi, ATN2 icin
ise 0.45 um PVDF destek tabakasi kullaniimistir.
Hazirlanan bu ¢ozelti karisimi 10 mL’lik siringaya
elektro  Ilif
yerlestirilmistir. 0.1 mL/h sabit akis hizi ve 5 dk sure

cekilerek cekimi  dlzenegine

ile nanofiberler PVDF destek tabakalari Gzerinde
Uretilmistir.
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2.3 Deney diizenegi

Elektro lif cekimi deneyleri, Sileyman Demirel
Universitesi, Fen-Edebiyat Fakiiltesi, Fizik B6Iimdi,
Glnes Enerjisi Arastirma Laboratuvarinda mevcut
olan top syringe pump top-5300 model elektro lif
cekimi cihazi ile yapilmigtir.  Yiksek voltajh glic

kaynagi ise Gamma ES30 marka DC gui¢ kaynagidir.
2.4 Kullanilan cihazlar
2.4.1 Taramali elektron mikroskobu (SEM)

Uretilen nanofiberlerin morfolojik &zelliklerinin
belirlenmesi icin SEM kullanilmistir. TUm analizler
FEI QUANTA FEG 250 model SEM cihazi ile
gerceklestirilmistir. Malzemelerin ylzey

morfolojilerinin  incelenmesi yaninda element
analizi de Enerji Dagihmli X-lsini Spektroskopisi (EDS)
ile yapilmistir. Hazirlanan modifiye membranlarin
SEM ve EDS ol¢limleri nanofiberlerin yogun bir
sekilde biriktigi 7.07 cm? c¢apa

membranlarin orta kismindan

sahip olan
alinarak
gerceklestirilmistir.

2.4.2 Atomik kuvvet mikroskobu (AFM)

Hazirlanan modifiye nanofiber membranlarin yiizey
ozellikleri, ez-AFM Nanomagnetics model AFM
cihazi ile gerceklestirilmistir.

2.5 Antibakteriyel élgiimler igin kullanilan
malzemeler

Calismada kullanilan E. coli (25922), S. aureus (ATCC
25923) ve P. aeruginosa (ATCC 35032) test
bakterileri Universitesi, Fen

Edebiyat Fakiiltesi, Biyoloji Bolimiu Mikrobiyoloji

Adnan Menderes

Anabilim Dal’'ndan temin edilmistir. Yayma plak
metodu deneyleri ise Afyon Kocatepe Universitesi,
Muhendislik Fakdltesi, Gida
boliminde gerceklestirilmistir.

Mdihendisligi
Bakterilerin
aktiflestirilmesi icin Nutrient agar (Merck) ve
antibakteriyel etki testlerinde de Caso Soy Broth

(Merck) besiyerleri kullaniimistir.

2.6 Antibakteriyel élgiimler icin kullanilan
metotlar

Hazirlanan modifiye nanofiberlerin antibakteriyel
Ozellik gosterip gostermediginin tespiti icin Agar disk
difizyon metodu ve Yayma plak metodu olmak
Uzere iki metot denenmistir.

2.6.1 Agar disk difiizyon metodu

Agar disk difiizyon metodu kullanilarak hazirlanan
nanofiber membranlarin antibakteriyel ozellikleri
test edilmistir. Agar disk difiizyon metodu, Biswas
vd. (2014)
yararlanilarak ve bazi modifikasyonlar yapilarak

tarafindan  yapilan  ¢alismadan

gerceklestirilmistir (Biswas et al. 2014).

Test edilecek mikroorganizma Miller Hinton agar
Uzerinde aktiflestirildikten sonra bir lop alinarak 5
mL Caso broth’a ekilmistir. 37°C'de 180 rpm’de 0.5
McFarland standardina ulasincaya kadar inkiibasyon
yapilmistir. %0.85 w/v NaCl ile 1-1.5x10’ hiicre
bakteri  slspansiyonu

bakteri
100 pL eklenerek drigalski

iceren hazirlanmstir.

Hazirlanan sispansiyonundan  petri

kaplarina spatill
yardimiyla Miller Hinton agar lzerine yayilmistir. 15
dk agarin Gzerinin kurumasi beklenmistir. Bu islemin
ardindan, 6 mm g¢apinda hazirlanmis membran agar
Gzerine yerlestirilmistir. Bu islemden sonra petri
kaplari diz bir sekilde 37°C'de 24 saat inklbe
edilmistir.  Zon

olusturup  olusturmadiklari

belirlenmistir.
2.6.2 Yayma plak metodu

Staphylococcus aureus (ATCC 6538) bakterilerinin
sayisl, yayma plak yontemiyle Baird Parker agar
Oncelikle
kullanilacak bakteri olan Staphylococcus aureus
(ATCC 6538) bakterileri nutrient broth icerisinde 24
saat 37°C'de
mikroorganizmadan, her bir numune yiizeyine cm?
de 106 kob/mL bakteri olacak sekilde asilama
yapildiktan sonra steril pipet ile ylizeye homojen bir

kullanilarak  yapilmistir. analizlerde

cogaltilmistir. Cogaltilan

sekilde yayilmistir. Numuneler deneme diizeyine
uygun slre ve ortamlarda bekletildikten sonra her
bir numuneden steril swap yardimi ile ylizeyden
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ornekler alinmis ve swaplar iglerinde steril 10 mL
ringer bulunan tipler igerisine aktariimistir. Bu
tlplerden seri diliisyonlar hazirlandiktan sonra her
dilisyondan cift paralel olacak sekilde baird parker
agara ekim yapilmis ve steril bir drigalski spatdla
yardimi ile homojen bir sekilde yayilmistir.

Analizlerde  kullanilacak  besiyeri  otoklavda
121°C'de, 1 atmosfer basin¢ altinda 20 dakika
boyunca sterilize edildikten sonra oda sicakligina
kadar sogutulmustur. Bu sekilde her ekim yapilacak
numune icin 3’er adet karanlik, aydinlik ve UV isikta
bakilmak Gzere dillisyon hazirlanmistir. Besiyerinin
numuneyi emmesi beklendikten sonra besiyerleri 24
saat 37°C'de etlvde inkubasyona birakilmistir.
inkubasyon sonrasinda 0.5 mm’den daha biiyiik
etrafi beyaz zonlu siyah renkli koloniler sayilarak
drneklerin cm? sindeki bakteri sayisi Esitlik (1)’e gére
hesaplanmistir (Nickerson and Sinskey 1974, Depkes
1989, Halkman ve Yiicel 2005).

N = C/[Vx(n; + 0.1xn;,)xd] (1)

Burada;

N: Ornegin 1 g ya da 1 mL’sindeki mikroorganizma
sayisl

C: Sayimi yapilan tim petri kaplarindaki koloni
sayisinin toplami

V: Sayimi yapilan petri kaplarina aktarilan hacim
(mL)

ni: ilk seyreltiden yapilan sayimlarda sayim yapilan
petri kabi adedi

na: ikinci seyreltiden yapilan sayimlarda sayim
yapilan petri kabi adedi

d: Sayimin yapildigi ardisik iki seyreltiden daha
konsantre olanin seyrelme orani

3. Bulgular
3.1 SEM élgiimleri

Orijinal PVDF destek tabakalarinin SEM goriintileri
Sekil 1’de verilmistir. Hazirlanan tiim modifiye
nanofiber membranlarin (AKN2, ATN1, ATN2) SEM
gorintileri ise Sekil 2’de verilmistir. SEM
gorintilerinden gorilebilecegi gibi orijinal PVDF
destek tabakalarina kiyasla diger modifiye nanofiber
membranlarin morfolojik yapilari farklidir. Orijinal
PVDF destek tabakalarinda gozenekli bir yapi
gorilmektedir. AKN2, ATN1 ve ATN2 nanofiber
membranlarda ise fiber vyapilar net olarak
gozlenmektedir. Sekil 2 (a-c)’de her {i¢ nanofiber
membran  igin birinci  SEM

gorintilerinden elde edilen nanofiberlerin yaricap

verilen ve

degerleri goriilmektedir.
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3.2. EDS Olgiimleri

AKN2, ATN1 ve ATN2 modifiye nanofiber
membranlari i¢in elde edilen SEM-EDS sonuglari
Sekil 3 (a-c)’ de ve Cizelge 3’te verilmistir. Sekil 3'te
nanofiber membranlara Ag iyonunun dabhil edildigi
gorilmektedir. Cizelge 3’ten de gorildiglu gibi
AKN2, ATN1 ve ATN2 modifiye
membranlari igin sirasiyla, yaklasik olarak %2.20, %
0.38 ve %0.34 oraninda Ag iyonu membran yapisina

(6lglim alinan alan kapsaminda) dahil edilmistir.

nanofiber
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Ag
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Ag
a _
00 17 E 51 68 85 102 118 135 153 17|
Liec 500 16Cms  5550ksv Dt Ocrane Pro Det
et (b)
608
4
532
456
Ag
380
Ay
304
Ag
228
q
152 Mg
Ag
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A
o i o _
00 17 E 51 68 85 102 118 135 153 17|
Lisc 497 d0Cms  2980ksv Dt Octane Pro Det
LE0K,
F
143K (C)
128¢
112¢
098K
050K
ok € 3
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043K P
032K AgAg
A
026K 4
Ag
000k S
0 17 34 51 68 85 102 fin) 136 153 17
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Sekil 3. GuUmis nitrat katkili modifiye nanofiber
membranlarin EDS spektrumu (a) AKN2 (b) ATN1 (c) ATN2
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Cizelge 3. Hazirlanan nanofiber membranlarin atom miktarlari

Membran Element Agirik  Atomik Net Error Kratio Z R A F
Kodu % % Int. %
CK 47.16 58.23 505.38 6.64 0.2644 1.0606 0.9817 0.5287  0.0000
OK 13.18 12.22 13449 1998 0.0363 1.0087 1.0007 10.2728 1.0000
AkN2 F K 37.46  29.25 586.98 8.41 0.1192 30.9353 1.0088 0.3403 1.0000
AglL 2.20 0.30 30.34 16.32 0.0168 0.6596 1.2409 1.1175 1.0379
CK 47.99 58.37 60.38 8.65 0.2205 1.0459 0.9849 0.4392 1.0000
ATN1 OK 13.07 11.94 16.51 14.71 0.0199 1.0071 1.0046 0.1511 1.0000
FK 38.56 29.65 78.75 10.76 0.0602 0.9385 1.0133 0.1664 1.0000
AglL 0.38 0.05 3.38 40.75 0.0038 0.7212 1.2886 1.3302 1.0536
CK 42.88 53.85 64.93 8.97 0.1807 1.0560 0.9829 0.3991 1.0000
ATN2 OK 6.80 6.41 12.39 15.41 0.0114 1.0170 1.0027 0.1646 1.0000
FK 49.98 39.69 173.55 9.64 0.1012 0.9477 1.0114 0.2137 1.0000
AglL 0.34 0.05 3.96 48.11 0.0034 0.7285 1.2870 1.3089 1.0514
3.3. AFM Olgiimleri 3.4. Agar Disk Difiizyon ve Yayma Plak Ol¢iim

Orijinal PVDF destek tabakasinin ve hazirlanan
modifiye nanofiber membranlarin (AKN2, ATN1 ve
ATN2) AFM gorintileri Sekil 4’ te verilmistir. Sekil
4(a-d)’'den de gorildigi gibi orijinal PVDF destek
tabakasi ve AKN2, ATN1 ve ATN2 modifiye nanofiber
membranlarin ylzey morfolojileri farkhidir. Orijinal
PVDF'nin ylzeyinde yikseklikler ve c¢okintiler
AKN2, ATN1 ve ATN2 nanofiber
membranlarinin yiizeyi daha diiz ve homojendir.

bulunurken,

Ayrica ¢okiintllerde kaybolmustur. Orijinal PVDF ye
gore hazirlanan modifiye nanofiber membranlarin
ylzeylerindeki  bu

¢okiintilerin  kaybolmasi

nanofiber yapinin olustugunun gostergelerinden

biridir.
(b) )

(c) (d)

(a)

00

Sekil 4. Gimus nitrat katkih
membranlarin AFM gorintdleri (a) Orijinal PVDF destek
tabakasi, (b) AKN2, (c) ATN1, (d) ATN2.

modifiye nanofiber

Sonuglari

AKN2, ATN1 ve ATN2 modifiye nanofiber
membranlarinin antibakteriyel 6zellikleri ilk olarak
agar disk difizyon metodu ile incelenmistir.
Hazirlanan modifiye nanofiber membranlarin S.
aureus, P. aeruginose ve E. coli bakterilerine karsi
zon caplari 6lctlmustdr. Cizelge 4’ten de gorildugi
gibi AKN2, ATN1 ve ATN2 membranlarinin diger
bakterilere gbére S. aureus'a karsi daha iyi
antibakteriyel etki gosterdigi tespit edilmistir.
Bakteri sayimi (S. aureus) ise yayma plak metodu
kullanilarak AKN2 ve ATN1 modifiye nanofiber
membranlar i¢in yapilmistir. Sonuglar Cizelge 5'te
verilmistir. Cizelge 5’ten de goruldigi gibi AKN2 ve
ATN1 membranlarin kullanildigi ortamdaki bakteri
aydinhk ve uv de
gore AKN2

modifiye nanofiber membrani eklenen bitin S.

sayimi karanlik,

gercgeklestirilmistir. Bu sonuglara
aureus bakterilerini yok ederken ATN1 membrani
ise bu bakterilerin sayisini azaltmistir.

AgNOs; katkili modifiye nanofiber membranlarin
mikroorganizmalar (zerinde gosterdigi ©nerilen
inhibitor bakteri

negatif yikli olmasi ve pozitif yikli CS' in bu hiicre

mekanizmasi, hiicre zarlarinin
zarlari ile etkilesime gecerek bakterilerin hiicre zari
gecirgenligini etkileyebilmesi ve degistirebilmesi
durum, bakterilerin

seklindedir. Bu dogal

bilesenlerine ve hiicre zarlarina zarar vermekte ve
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sonugta bakterinin 6limine yol agmaktadir (Xu et
al. 2007).

Cizelge 4. Modifiye nanofiber membranlarin zon gaplari

E. coli 25922 E. coli 25922
kodu Zon ¢api mm Zon ¢capi mm
(108 cfumL*1cm?) (10% cfu mL?,

Membran

S. aureus ATCC 25923
Zon ¢api mm
(2.1x107 cfu mL?,

P. aeruginosa ATCC 35032
Zon ¢api mm
(107 cfu mL,

6.06 mm ¢ap) 6.06 mm ¢ap) 6.06 mm ¢ap)
AKN2 2.81 Cok az 9 9
ATN1 3.16 - 10 7
ATN2 1.13 - 8 Cok az

Cizelge 5. AKN2 ve ATN1 membranlarinin bakterisidal 6zellikleri

Bakteri Sayimi (kob (cm?)?)

Karanhk uv Aydinhk
Eklenen Bakteri Sayisi 4.5x10°
AKN2 0 0 0
ATN1 9x10? 1.1x10? 1.4x10°

4. Sonug

Bu calismada, elektro lif cekimi yontemi kullanilarak
PVDF destek tabakasi Gizerine glimus nitrat ilavesi ile
modifiye nanofiber membranlarin hazirlanmasi

amaglanmistir.  Yapilan  literatir  taramalari
sonucunda elektro lif ¢ekimi yontemi kullanilarak
PVDF destek tabakasi lzerine CS, TiO, ve AgNO;
ilaveli nanofiber membran ¢alismalarina bizim
bilgimiz dahilinde rastlaniimamistir. Bu ¢alismada,
elektro lif cekimi yontemi kullanilarak PVDF destek
tabakasi lizerine glimis nitrat ilavesi ile modifiye
nanofiber membranlar hazirlanmis ve karakterize
edilmistir.  Bu anlamda vyeni tlir nanofiber
membranlar hazirlanmis ve antibakteriyel 6zellikleri
incelenmistir.

nanofiber membranlarin

Hazirlanan modifiye

morfolojisi SEM ile aydinlatilmis ve nanofiber
yapinin PVDF destek tabakasi lizerinde olustugu
gosterilmistir. Nanofiber membranlarin elemental
analizi ise EDS teknigi ile arastirilmis ve yaklasik

olarak %2.20, % 0.38 ve %0.34 oranlarinda Ag

iyonunun membran vyapisina ilave edildigi
gorilmistiir.  Membranlarin  ylizeyine eklenen
fonksiyonel gruplarin yogunluklari ve yapinin

olusturdugu pirizlilik de AFM ile arastiriimistir.
Orijinal PVDF ylizeyinin yikselti ve ¢oklintiilere

sahip bir yapida oldugu gorilmustir. AKN2, ATN1 ve
ATN2
¢okuntiler kaybolmus ve daha diiz, homojen bir
Modifiye
ylzeylerindeki

nanofiber membranlarin ylzeyinde ise

yapl goralmastir. nanofiber
membranlarin ¢okiintulerin

kaybolmasi, nanofiber yapinin  olusmasindan

kaynaklanmaktadir.

Modifiye nanofiber membranlarin antibakteriyel
Ozellikleri ilk olarak agar disk difizyon metodu ile
arastirilmistir. Bakteri sayimi ise yayma plak metodu
kullanilarak yapilmistir. Deney sonuglari
incelendiginde, AKN2, ATN1 ve ATN2 nanofiber
membranlarin 6zellikle S. aureus basta olmak lizere
E. coli ve P. aeruginosa bakterilerine antibakteriyel
etki gosterdigi tespit edilmistir. Bu arastirmadan
elde edilen bulgular E. coli (25922), S. aureus (ATCC
25923, ATCC 6538) ve P. aeruginosa (ATCC 35032)'a

bagh enfeksiyonlarda, c¢alismamizda hazirlanan

nanofiber membranlarin tedavi amach
kullanilabilecegini duslindirmektedir. Bunun
yanisira, hazirlanan modifiye nanofiber

membranlarin biyouyumluluk ¢alismalari yapilarak,
yara bandi, sargl bezi vb. medikal uygulamalari
Uzerine arastirmalar da yapilabilir.
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Abstract

Let n € Z* and X, = {1,2, ...,n} be a finite set. Let D,, be the order-decreasing full transformation
semigroup on X,,. In this paper, we find the left zero-divisors, the right zero-divisors and two sided zero-

Keywords
Zero-divisor graph;
Order-decreasing
transformations;

divisors of D,,. Moreover, forn > 4 we define an undirected graph I'(D,,) whose vertices are two-sided
zero divisors of D,, excluding the zero element 8 of D,,. In the graph, distinct two vertices @ and [ are

Diameter; Clique adjacent if and only if aff = 8 = Ba. In this paper, we prove that I'(D,,) is a connected graph, and we

number find diameter, girth, the degrees of all vertices, the maximum degree and the minimum degree in

I'(D,). Moreover, we give lower bounds for clique number and choromatic number of I'(D,,).

Sira Azaltan Donlisiim Yarnigruplarinin Sifir-Bélen Cizgesi

Oz

n € Z* olmak uzere X, ={1,2,..,n} sonlu bir kime olsun. X, (zerindeki tim sira azaltan

Anahtar kelimeler
Sifir-bélen gizge; Sira
azaltan déntsimler;

Cap; Klik sayisi

donustimlerin yarigrubu D,, olsun. Bu ¢alismada D,, yarigrubunun sol sifir bdlenleri, sag sifir bélenleri
ve iki-yonlii sifir bélenleri bulunmustur. Ayrica, n > 4 igin koseleri D,, yarigrubunun sifir elemani 6
disindaki iki-yonlu sifir bolenleri olmak tizere I'(D,,) yonsiiz gizgesi tanimlanmigtir. Bu gizgede a ve 8
farkl koseler olmak tzere bu iki késenin gizgede bir kenar olusturmasi igin gerek ve yeter kosul a8 =
6 = fa olmasidir. Bu g¢alismada I'(D,,) cizgesinin baglantili oldugu ispatlanmis olup, ¢gizgenin ¢api,
cizgedeki en kisa devir uzunlugu, tim koselerin dereceleri, en blyik derece ve en kiglik derece
bulunmusgtur. Ayrica, I'(D,,) gizgesinde klik ve kromatik sayilari igin bir alt sinir bulunmustur.
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graph of R is denoted by I'(R). DeMeyer et al. have

considered this definition on commutative

1. Introduction and Definitions semigroups, they found some basic properties of

The zero-divisor graphs were first defined on
commutiative rings by Beck (Beck 1988). The zero
element of ring is a vertex in the zero-divisor graph
within Beck’s definition, then the standart zero-
divisor graphs on commutative rings were defined
by Anderson and Livingston (Anderson and
Livingston 1999). Let R be a commutative ring and
Z(R) be the set of zero-divisor elements of R. The
zero-divisor graph of R is defined by the vertex set
Z(R)\{0} and distinct two vertices a and S are

adjacent if and only if aff = 0. The zero-divisor

zero-divisor graphs of commutative semigroups
(DeMeyer et al. 2002, DeMeyer et al. 2005). There
are some papers about zero-divisor graphs of some
special classes of commutative semigroups (Das et
al. 2013, Toker 2016). Redmond defined some zero-
divisor graphs for the noncommutative rings
(Redmond 2002). Let R be a noncommutative ring
and Zr(R) be the set of two-sided zero-divisor
elements of R. Then zero-divisor graph of R is
defined by the vertex set Z;(R)\{0} and distinct

two vertices @ and 8 are adjacentifand onlyif aff =



Zero-Divisor Graphs of Order-Decreasing Full Transformation Semigroups, Toker and Esidir

0 = Ba. The zero-divisor graph of R is denoted by
['(R). If R is a noncommutative ring, then I'(R) does
not need to be connected graph. Moreover, these
definitions can be considered on noncommutative
semigroups. Let S be a semigroup with 0 (zero),
S§* = S5\{0} and

T(S) ={z € S|zx =0 = yzforsomex,y € S*}.

If T(S)\{0}# @, then we similarly define the
(undirected) zero-divisor graph I'(S) whose the set
of vertices is T(S)\{0} and distinct two vertices x
and y are adjacent by an edge if and only if xy =
0 = yx for some x,y € T(S)\{0} .

Recently, some properties of zero-divisor graphs of
Catalan monoid and zero-divisor graphs of partial
transformation semigroups researched (Toker 2021,
Toker 2021). In this paper, our aim is research of
zero-divisor graphs of order-decreasing
transformation semigroups. Let n € Z* and X,, =
{1,2,...,n} be a finite set. Let T}, and D,, be the full
transformation semigroup on X,,, order-decreasing
full transformation semigroup on X,,, respectively.

Then,

D, = {a € T,|(Vx € X;,) xa < x}.

D,, is a noncommutative semigroup for n = 3 and it
is also a monoid. Let 1, be the identity element of
Dy. Then x1p = x for all x € X;,. Umar studied
some algebraic properties of D,\{1p } (Umar
1992).

It is clear that |D,| = n! and 1a = 1 for all @ € D,,.
Let 8 € D,, suchthat x8 = 1forallx € X,,. Thenwe
have a8 = 6a = 0 for all « € D,;, so @ is the zero
element of D,. Throughout the paper, the zero
element of D,, is denoted by 6. Let D,,;” = D, \{6}
for n = 2. We define the following sets

L = L(D,) = {a € D,|aB = 6 for some B € D,,"},

R =R(D,) ={a € D,,|Ba = 6 for some B € D,,"},

T =T(Dy)
={a € D,|aB = ya = 6 forsomey,B € D,;"}

which are called the set of left zero-divisors, right
zero-divisors and two-sided zero-divisors of D,,.
ThenitisclearthatT = L N R.

For semigroup terminology see (Howie 1995) and
graph theory terminology see (Thulasiraman et al.
2015).

2. Preliminaries

In this section, we find the set of left zero-divisors,
right zero-divisors and two sided zero-divisors of D,,,
and then we find their numbers.

Lemma 2.1 letn > 2. If o, € D,, then aff = 0 if
and only if Im(a) € 1871. In particular, a? = 0 if

and only if Im(a) € 1a™ L.

Proof: Let a,f € D,,. If aff =0, then we have
x(aB) = (xa)p =x6 =1 for all x € X,,. So we
have yf =1 for all y € Im(a). It follows that
Im(a) € 1871, If Im(a) € 1871, then we have
x(aB) = (xa)p =1 for all x € X,,, it follows that
aff = 6.

Lemma 2.2 For n = 2, let L be the set of left zero-
divisors of D,, and R be the set of right zero-divisors
of D,. Then, L = Dy\{1p,}, R =
{a € D,| |[1a~1| = 2}. Moreover, |L| = n! — 1 and
IRl =n!—(n—1)L

Proof: Let n > 2. Let L be the set of left zero-
divisors of D, and a € D,\{1p, }. Then we have
Im(a) # X,, from the definition of D,,. Let B € T,
such that xf = 1 for all x € Im(a) and yB = 2 for
ally € X,\Im(a). Then we have f € D,,” and aff =
6. Thus, a is a left zero-divisor of D,,. If @ = 1) and
af = 0 for any B € D, then 8 = 6 since Im(a) =
X, and by Lemmaz2.1. Thus, 1Dn is not a left zero-
divisor of Dy,. So L = D,\{1p, } and it is clear that
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|L| = n! — 1. Let R be the set of right zero-divisors
of D,and a € {a € D,,| |1a™1| = 2}. Then we have
ta =1 for some t € X,,\{1}. Let § € T}, such that
xB =1forallx <tandxB =tforallx >t.Sof €
D,* and Ba = 6. Thus, «a is a right zero-divisor of
D,. lfa €D, and a & {a € D,| |1a™t| = 2}, then
we have xa # 1 for all x > 2 and 1a™! = {1}. Let
Ba = 6 forany § € D,,. Then we have Im(f) = {1}
by Lemma 2.1 and so f =6.If a €D, and «a &
{a € D,| |[1a™| = 2}, then a is not a right zero-
divisorof D,,. SoR = {a € D,,| |1a™1| > 2}. Let

B={a€D,||la"t| =1}
={a € Dy|1a™t = {1}}.

It is clear that |B| = (n — 1)!. Moreover, RUB =
D,, and RN B = @. So we have |R| = |D,,| — |B| =
n!l—(n—-1).

We have the following corollary since T=LNR
andR C L.

Corollary 2.3 For n = 2, let T be the set of (two-
sided) zero-divisors of D,,. ThenT = LN R = R. So
IT| =n!—(n—1).

3. Results and Discussions

Let G = (V(G),E(G)) be an undirected graph
where V(G) denotes the vertex set of G and E(G)
denotes the edge set of G. A graph whose edge set
is empty set is called as a null graph. If G does not
have any loops and multiple edges, then G is called
a simple graph. We consider simple graphs for the
following definitions. If u,v € V(G) and there is a
path from u to v, then it is said u and v are
connected vertices in G. If all vertices are connected
in G, then G is called a connected graph, otherwise
G is called a disconnected graph. A simple graph is
called complete graph if every pair of distinct
vertices is connected by an edge. The complete
graph on n vertices is denoted by K,,. Now we give
some examples about those definitons.

U1 Uy

[2) U3

Figure 1. (Complete graph with 4 vertices) K,,.

Ul U2 U3
° ° °
° ° °
Uy Us Ug

Figure 2. Null graph with 6 vertices.

U1 Uyg
\ .

() U3

Figure 3. (Disconnected graph) G.

v, and v, are adjacent and connected vertices in G,
v; and v3 are not adjacent vertices but they are
connected vertices since there is a path from v, to
v3. There is not any path from v; to vy, so G is a
disconnected graph.

Let u,v € V(G), the length of the shortest path
between u and v is denoted by d;(u,v). The
diameter of G is denoted by diam(G) and defined
by

diam(G) = max{d;(u,v)|u,v € V(G)}.

The degree of a vertex v € V(G) is denoted by
deg;(v) and defined as the number of adjacent
vertices to v in G. Among all the vertex degrees in
G, the maximum degree in G is denoted by A(G) and
the minimum degree in G is denoted by 6 (G).
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The length of the shortest cycle in G is called girth of
G and it is denoted by gr(G). If G does not have any
cycles, then its girth is defined to be infinity. Let C
be the nonempty subset of V(G). If u and v are
adjacent vertices for all u,v € C in G, then C is
called a clique. The number of vertices in any
maximal clique in G is called clique number of G, it
is denoted by w(G). The chromatic number of G is
defined by the number of the minimum number of
colours required to colour all the vertices of G with
the rule no two adjacent vertices have the same
colour, and it is denoted by x(G).

Let I € V(G). If G' be a subgraph of G which has
vertex set I and edge set consists of all of the edges
in E(G) that have both endpoints in I, then G’ is
called (vertex) induced subgraph of G.

In this section, we prove that I'(D,,) is a connected
graph for n > 4. We find diameter, girth, the vertex
degrees, the maximum degree, the minimum
degree and we give lower bounds for clique number
and choromatic number of I'(D,,) for n = 4. In this
paper, we use I instead of I'(D,,). Let T* = T\{6}.
Then we have T* = V(I") and

IT*| = [n!—(n—1)!]—1.

Leta, B € V(). a and S are adjacent vertices if and
onlyifIm(a) € 1871 and Im(B) € 1a~! by Lemma
2.1.

Lemma 3.1 T is a connected graph forn = 4.

Proof: Let n > 4. Let & € T,, such that xa = 1 for
l1<x<n-1landna =2.50

Thena € V(T). Let § € V(I)\{a}, we will show that
there is a pathfrom ftoainT.

Case1: If § € V(I)\{a} suchthat 28 = 1and nf #
n, then @ and § are adjacent vertices in I by Lemma
2.1.

Case 2: Let § € V(ID\{a@} such that 28 =2 and
nP # n. If there exists t € X;, suchthat 2 <t <n
and tf = 1, then there exists y € T,, such that xy =
lforl<x<n-—1andny=t.Soye€V() and
there is a path in " such that § — y — & by Lemma
2.1. Othercase, we have 28 = 2, nff =1 and tf #
1for2 <t <n-—1since |1871| > 2. There exists
p €T, such that xp =1 for 1<x<n-1 and
np =n,n € T, suchthat3n = 2andxn = 1forx €
X, \{3}. Then thereisa pathin T suchthat § — p —
n — a by Lemma 2.1.

Case 3: Let f € V(ID\{a@} such that 28 =1 and
nf = n.Thenthereexistsk € X, suchthatl <k <
nand k € Im(pB). Let A € T;, such that kA = 2 and
xA =1 forall x € X,;\{k}, T € T,, such that 3t = 3
and xt = 1 for all x € X,,\{3}. Then we have 1,7 €
V(T). If k # 2, then there is a path in ' such that
[ —A—a by Lemma 2.1. If k = 2, then there is a
pathinI'suchthat f — A1 — 1t — @ by Lemma 2.1.
Case 4: Let f € V(ID\{@} such that 28 =2 and
nf=n. Let A={x € X,\{1}|xf =1} and B =
{x € X,|x € Im(B)}. Then it is clear that A # @,
B+0, 2¢A and n¢ B. Let k =mind and t =
maxB. We have k # n and t # 2. Moreover, we
have t = k from definition of D,,. Let u € T,, such
thattu = kand xu = 1forallx € X,,\{t}. Thenu €
V(I') and there is a path in " such that § — u — & by
Lemma 2.1.

Thus, I is a connected graph forn > 4.

Lemma 3.2 diam(I") = 4 forn = 4.

Proof: For n>4, let a,f € V() and a,f be
different vertices. First of all, we will show that
dr(a,B) < 4.If @ and B are adjacent vertices in T,
then dr(a, ) = 1. Suppose that @ and f are not
adjacent vertices in I'. Let

A = {x € X;\{1}|xa =1},
B = {x € X,|x ¢ Im(a)},
C={xeX,\{1}Ixp =13,
D = {x € X,|x & Im(B)}.
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Let k; = minA, t; = maxB, k, = minC and t, =
maxD. Lety € T,, suchthatt;y = k;andxy = 1for
all x € X,\{¢t,}. Let p € T}, such that t,p = k, and
xp =1 for all x € X,\{t,}. We have t; >k, t, =
k, and it is clear that y, p € V(I'). Moreover, a and
y are adjacent vertices in I, similarly 8 and p are
adjacent vertices in ' by Lemma 2.1. If k; # t, and
k, # t; then ¥ and p are adjacent vertices in " by
Lemma 2.1 and so dr(a, f) < 3. Let k; = t,. Then
we have ki =k, since t, = k. If t; =k, =k,
then p =y and so dr(a,f) < 2. If t; > ki =k,
then there exists r € X,,\{1, t1, k;} since n = 4. Let
A €T, such that rA =7 and xA =1 for all x €
X, \{r}. Then 2 € V(T') and there is a path in I such
that a—y—A1—p—pLF by Lemma 2.1 and so
dr(a,B) < 4.I1ft; = kq > k,, then there exists r €
X, \{1,kq,k;} since n=> 4. Let u €T, such that
ru=r and xu =1 for all x € X,\{r}. Then pu €
V(I") and there is a path in [ suchthata —y — u —
p — B by Lemma 2.1 and so dr(a, ) < 4. Llett; >
ki >k, and n € T, suchthatt;n = k,andxn =1
for all x € X,\{t1}. Then n € V(I') and there is a
path in I' such that « —y —n — p — by Lemma
2.1 and so dr(a, B) < 4. If t; = k,, then we have
similar case. So if a, § € V(I"), then dr(a, B) < 4.
Let a; € T;, such that 3a; = 1 and xa; = x for all
x € X,\{3}, a, €T, such that la, = 2a, =1,
3a, =2 and xa, = x for all x = 4. Then a4, a, €
V(T). Moreover, a; and a, are different vertices
and they are not adjacent vertices in I'. a; has only
one adjacent vertex which is y; € V(I'), 3u; =3
and xy; = 1forallx € X,,\{3}, similarly a; has only
one adjacent vertex which is u, € V(I'), 3u, =2
and xu, =1 for all x € X,\{3}. Furthermore, 1
and u, are not adjacent vertices and so
dr(aq,a,) = 4. Thus, diam(T") = 4 forn = 4.

Notice that if S is a commutative semigroup with
zero, then T'(S) is a connected graph and
diam(T'(S)) < 3 (Demeyer et al. 2002). However,
these results may not be correct in noncommutative
semigroups. So we have showed that I'(D,,) is a
connected graph for n = 4. Moreover, we have
proved that diam(I'(D,)) = 4 forn = 4.

Lemma 3.3 gr(I') = 3forn = 4.

Proof: It is clear that gr(I') = 3 since I is a simple
graphforn > 4. Lletn >4 and a,f,y € V(I') such
that 2a = 2, xa =1 for all x € X,\{2}, 38 =3,
yB =1 for all y € X;\{3}, 4y = 4, zy = 1 for all
z € X, \{4}. Then there exists a cycle in I which is
a—pB—y—a.Sogr(l') =3 forn > 4.

To find vertex degree of any vertex in T', we will
define functions associate with vertices. Let a €
v({), A=X,\Im(a)={ay,ay..,a}, la’1=
{1=>b4,by,...,b.} with 1 =b; <b, <--<b,. If
a; € A,thena; = b, orthereexistsj € {1,2,...,n —
1}and b; < a; < bj44. Let f: X, = X, such that

() fa =
1, if x € Im(a)
j, if x ¢ Im(a) and b; < x = a; < bj4q
r, if x € Im(a) and x = a; = b,.

Theorem 3.4 Let n>4 and a € V(I'), A = X,,\
Im(a) = {a,ay, ..., ar}, la7l={1=
bl'bZ' ""bT} with1 = bl < b2 < < bT' Then

(1_[ ifa> -1, if Im(a) € 1la™t

i=1

degr() = ( n

nif“> -2, if Im(a) € 1a™ L.

=1

Proof: Let n >4 and a € V(I), A = X,\Im(a) =
{a;,ay,...,a;}, la™'={1=by,b,, .., b} with
1=by<b, < <b,.Let f€V(), @ and B be
the adjacent vertices in T. If Im(a) € 1a™?, then
a? #+ 6 by Lemma 2.1. We have x3 = 1 for all x €
Im(a), thus |17 > 2. If x € Im(«), then xf €
la~landxfB < x.Ifx ¢ Im(a), thenx = q; for1 <
i < k. So, it is clear that we have (a;)f, different
choices for xf8 where x € Im(a). However, we have
B € T with those choices. If we take xf = 1 for all
x & Im(a), then B = 6. So, if Im(a) € 1a™%, then
degr(o) = ([T ify) — 1. If Im(a) € 1a™?, then
we have a? = 6 by Lemma 2.1. Moreover, we have
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similar proof for this case. So, if Im(a) € 1a7},
then degr(a) = ([T, if,) — 2 since a® = 6.

let n=>4 and a€V({), A=X,\Im(a)=
{a,,a,,...,a;}, la t={1=by,b,, .., b} with
1=0by < b, << b,.We have |A| <n — 2 since
|Im(a)| = 2, moreover we have 2<r<n-1
since a €T". So, if, <i for 1<i<n-—1 and
nf, <n— 1sincer < n — 1and the definiton of f.
It can be if, # 1 at most n — 2 different elements
in X, since |Im(a)| = 2. Thus, for the maximum
degree we take 1f, =1, 2f, =1, if, =ifor3 <
i <n—1 andnf, =n— 1.Inthis case, we have

a? = 0 and so degr(a) = (Q (n— 1)) - 2.

Moreover, it is clear that

(@.(n—1))—2><@.(n—1))—1

2

for n = 4 and k = 3. Thus, a is the unique vertex
which has maximum degree in . Let

then degr(B) =1. So we have the following
corollary.

Corollary 3.5 If n > 4, then

A(T) = (@.(n— 1)) —2

and 6(T") = 1.

Theorem 3.6 For n >4, w(l) =r"" —1for2 <
r<n-—1.

Proof: Letn >4 and X, = {1,2,...,r}for2 <r <
n—1. Let

A={aeV@|la"! 2 X, and Im(a) € X, }.

If « € A, then we have Im(a) € X, € 1la™ 1. Let
a,B €A and a # 8. Then we have Im(a) € X, €
1871 and Im(B) € X, € 1la! and so @ and 8 are
adjacent vertices in T'. If G be an induced subgraph
of T induced by the vertex set A, then G is a
complete graph. Moreover, it is clear that |A| =
r™"~" — 1. Thus, we have w(T) = r"" —1 for 2 <
r<n-1.

For any graph G, it is known that x(G) = w(G)
(Chartrand et al. 2009). So we have the following
corollary.

Corollary 3.7 For n>4, y(IN =2r* " —1for2 <
r<n-—1.

Example 3.8 Let ' =T'(D,). Then T is a connected
graph, V(I') = 17, diam(T") = 4, gr(l') = 3,A(T) =
7,8(IN =1, w(I") = 3 and y(I') = 3. Moreover, T
is isomorphic to following graph.

vt

V16

U1s

Figure 4. T'(D,).

4, Conclusion

In this study, we find the set of left zero-divisors,
right zero-divisors and two sided zero divisors of D,
for n=2. It known that D,
noncommutative semigroup for n = 3. We define a

is well is a
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graph associated with D,, which is called zero-divisor
graph of D,, and it is denoted by I'(D,,). One can see
that T'(D,) is a null graph and T['(D3) is not a
connected graph. We have introduced I'(D,,) for
n=4.
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Keywords Abstract

i n this study numerical solutions of the generalized Burgers-Huxley equation are obtained utilizing a
Crank Nicolson In this stud I sol f th lized B Hux btained util
!ogarlthmlc finite new approach: The Crank Nicolson logarithmic finite difference method (CN-LFDM). The effectiveness
difference method; . . .

. of the suggested method is demonstrated by a numerical example for various parameter cases.
Generalized Burgers- . . .
Huxley equation; von Presented tables demonstrate that the obtained results are in excellent agreement with the exact

Neumann Stability solutions and better than numerical results acquired by other methods in the literature. The method
analysis. was analyzed with the von-Neumann stability analysis method and it was shown that the method was

unconditionally stable.

Genellestirilmis Burgers-Huxley Denkleminin Bir Sayisal Coziimii

Anahtar kelimeler Oz

Crank Nicolson Bu calismada, genellestirilmis Burgers-Huxley denkleminin sayisal ¢éziimleri yeni bir yaklasim

logaritmik sonlufark janilarak elde edilmistir: Crank Nicolson logaritmik sonlu farklar yéntemi (CN-LSFY). Onerilen

yontemi; yontemin etkinligi, cesitli parametre durumlari igin sayisal bir 6rnekle gosterilmistir. Sunulan tablolar,
elde edilen sonuglarin tam ¢oziimlerle mikemmel bir uyum iginde oldugunu ve literatiirdeki diger
yontemlerle elde edilen sayisal sonuglardan daha iyi oldugunu géstermektedir. Yontem, von-Neumann

kararlilik analizi yontemi ile analiz edilmis ve yontemin kosulsuz kararl oldugu gésterilmistir.

Genellestirilmis
Burgers-Huxley
denklemi; von
Neumann kararlilik
analizi.

© Afyon Kocatepe Universitesi
1. Introduction This problem illustrates a model that may be used

. . . . to explain how convection effects, diffusion
In subjects such as mathematics, chemistry, physics,
. . . . . transports and reaction mechanisms interact
biology, and engineering, nonlinear partial

differential equations are often used to simulate  (Satsuma 1987). Where q(x), w(t) and wp(t)
many subjects. The generalized Burgers-Huxley are known functions, «a >0is the advection

equation is one of these nonlinear partial  (efficient, >0 , §>0 and 7,6(0’1) are

differential equations. The initial-boundary value . .

. model parameters modulating the interplay

problem for the generalized Burgers-Huxley . .
between non-standard nonlinear advection,

ti i follows:
equation ) * % orows diffusion and nonlinear reaction (or applied current)
%4_0[“5%_8_2:,3“(1_“5)(”5_},), a<x<bh t>0 (1) contributions (Khan et al. 2021).
oX

Many scientists have used a variety of numerical

U(a’t) = Wl(t)’ u(b,t) =W, (t), t>0 approaches to numerically solve the generalized
Burgers-Huxley equation. Wazwaz (2005) and Deng

u(x,0)=q(x), a<x<b (2008) studied the ravelling wave solutions of
equation. Hashim et al. (2006) used the Adomian

decomposition approach to solve the equation
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numerically. Javidi (2006, 2009) employed the
pseudospectral method and spectral collocation
method to provide numerical solutions of the
equation. Batiha et al. (2008) used the variational
iteration technique to solve the equation. Darvishi
et al. (2008) employed the spectral collocation
technique and Darvishi's preconditionings to obtain
numerical solutions to equations. Khattak (2009)
employed a numerical strategy based on the
collocation technique and radial basis functions to
solve the problem. Sari and Girarslan (2009)
developed the differential quadrature method to
solve the equation numerically. To solve the
equation numerically, Javidi and Golbabai (2009)
employed the spectral collocation technique with
Chebyshev polynomials for spatial derivatives and
the fourth order Runge-Kutta technique for
integration. The differential transform method was
used by Biazar and Mohammadi (2010) to solve the
equation. To get numerical solutions to equation,
(2010)
differential quadrature method. Bratsos (2011)

Tomasiello employed the iterative
suggested a fourth order finite difference approach
for numerical solutions of the equation in a two time
level recurrence relation. The Galerkin approach
was utilized by El-Kady et al. (2013) to obtain
numerical solutions to the equation. Celik (2012,
2016) solved the equation using the haar wavelet
method and the Chebyshev wavelet collocation
method. For the equation, Duan et al. (2012)
constructed a lattice Boltzman model. Mittal and
Tripathi (2015) developed a numerical technique
based on the collocation of modified cubic B-spline
functions to solve the equation. Inan and Bahadir
(2015) employed an implicit exponential finite
difference approach to obtain the numerical
solutions of the equation. In addition, Inan (2017)
obtained the numerical solutions of the equation by
using the explicit exponential finite difference
approach. The numerical solutions of the equation
were obtained by Singh et al. (2016) by using the
modified cubic B-spline quadrature technique.

CN-LFDM

Loyinmi and Akinfe (2020) used the Elzaki transform
to solve the equation. Mohan and Khan (2021)
established the existence and uniqueness of a global
weak solution of the generalized Burgers-Huxley
equation by using a Faedo-Galerkin approximation
method.

In this study, numerical solutions of the generalized
Burgers-Huxley equation were obtained by using
Crank Nicolson logarithmic finite difference method
which is an  accurate, reliable,  easily
understandable, unconditionally stable and suitable

alternative method.

2. Material And Methods

2.1 Crank Nicolson logarithmic finite difference
method

We demonstrate the finite difference

approximation of U(X,t) at the node point (X;,t,)
X; =ih(i=01...,N),
b-a

by u' in which

t,=t,+nk(n=012,...), h= is the node

size in X direction and K is the time step.

We reorganize equation (1) to acquire
(Zt—uzﬁu(l—u‘s)(u‘s —;/)—au —+—. (2)

Multiplying equation (2) by e", we acquire the

following equation:
el S\( s sou 0%
—=e | full-u’ J(u’ —y)-au’ —+—| (3)
e e S
In equation (3) utilizing finite difference

approximations for derivatives the following Crank
Nicolson logarithmic finite difference scheme is
acquired
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n+l

n+l + qu U

n+l n+l n+1
i-1 |+1 2U +U

Ut =u In{1+ I{ﬂur (1—(ui” )5)((ui” )"“ - y)_a(uin )6 Uiy - U

where 1<i<N-1. A system of nonlinear

difference equations is equation (4). This nonlinear
system of equations is supposed to be in the form:

GW)=0 (5)

.
where =[g1,gz,...,gN_1] and
T

= [ul””,u;‘”,...,uﬂ,tll] . The nonlinear equation
(5) is linearized using Newton's iterative approach,
which yields the following iteration:

1) Determine w(© , a first guess.

2) For m=0,1,2,3... up to convergency do:

Resolve J (W(m))é(m) -G (W(m));
Adjust W™ =w™ 4 5M \where J(W(m)) the

Jacobian matrix which is appraised analytically. The
initial estimate is based on the solution from the

n+l

n+l
Uty —u' U, —

o U, —2u" +u,
_I_
e 2h2 (4)

previous time step. The Newton iteration is halted

at every time step when HG(\N(m))H <107.

2.2 Stability Analysis

We will utilize the von Neumann stability analysis to
analyze the scheme's stability, where the growth
factor of a characteristic Fourier mode is specified
as follows:

ul = gNel Ny - 1. (6)
The stability of finite difference approaches
implemented to linear partial differential equations
is investigated using von Neumann stability analysis.
So we'll look into the scheme's linear form's

stability. The nonlinear term of the scheme (4) have
been linearized by replacing the quantity (ui” )5 by

local constant U . Hence the numerical scheme (4),
convert into

upﬂ=u:+|n{1+k[ﬁup(1_0)(u_y)_au i

Since the scheme (7) is logarithmic, the examination
will be improved by expanding the logarithmic term
of the scheme into a Taylor’s series. Hilal et al.
(2020) applied the same procedure to calculate the

uin+1 — uin + kﬁui” (1_0‘)(0‘ —y)—akL]|: i+1

i+1

1 1 1
ull_l_uin:i _zun+ -I-UWr |+1 2U +U :|} (7)
2h?

local truncation error of exponential finite
difference schemes and examine their stability. If
the scheme's logarithmic term is expanded to a
Taylor series and the first term is used, the scheme

can be expressed as:

n+1 n+1 n
Us — Uiy Uy — Uy
4h

(8)

n+1 n+1
N k[u- —2ui + U7 +uI+1

2h?

By substituting the (6) equality into the (8) linear
form of the scheme, we get the growth factor as
follows:

2u' +u, }

1+kB(1-U)(U - 7)-;$|sm(¢h)

k
—sin® “ -
h? 2

akU . kK _,¢h
1+ —=isin(gh)+ —sin® =—
2h (¢ ) h? 2
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Stability condition in von-Neumann method is
le| <1.

|£| <1 since >0 and y € (0.1) .Therefore CN-

LFDM generalized Burgers-Huxley equation is
unconditionally stable.

3. Results and Discussion

Crank Nicolson logarithmic finite difference method
is used to acquire the numerical solutions of the
generalized

Burgers-Huxley equation. To

demonstrate that the results are correct the error

norms L,, L and absolute error:

AE.=|U (% tn) - u(xitn)

7

’

L = o =uyll, = maxfu; - (),

2
Vi _(UN )J‘

N
T

are used, where Uand U indicate computed

numerical solutions and exact solutions,

respectively.

3.1 Numerical example of generalized Burgers-
Huxley equation

Consider the generalized Burgers-Huxley equation
in the form of equation (1) for 0 < X <1, t > 0 with

initial condition
1

u(x,0)= [%+%tanh(Alx)}5

and boundary conditions

1
s
+ ,

u(O,t):{

N R
N R

tanh(—AlAzt)}
1

u(Lt) = [g 4 %tanh(Ai(l— Azt))}(s .

This problem's exact solution is

1

u(x,t) = B + %tanh (A(x— A2t))}5

where

—as+5\a? +4p(1+0)

4(1+9) 7
» (1+§—7)(—a+,/a2+4ﬂ(1+5))
s 2(1+5) '

The results obtained by using the presented method
are presented in Table 1-8 and Figure 1-2. In Table
1-6 we took as h=0.01 and k =0.000001.The
absolute errors acquired by CN-LFDM and by some
other methods (Batiha et al. 2008, Hashim et al.
2006) in literature are compared in Table 1-3. The
comparisons for the parameters 6 =1, [ =1,
a =1and y =0.001 are shown in Table 1 while
the comparisons for the parameters 6 =2, f =1,
a =1and y = 0.01 are given in Table 2 and for the
parameters 0 =4, f =1, a =1and y =0.01 are
shown in Table 3. As evidenced by the tables, the
absolute errors acquired by the CN-LFDM are less
than the absolute errors acquired by some other
methods in the literature. The error norms L, and
L, forthe parameters 6 =1, o =1, y = 0.01 and
various values of f are presented in Table 4. The
error norms L, and L for the parameters o =1,
a=1[=1
presented in Table 5. Table 6 presents L, and L

and various values of y are

error norms for the parameters a =1, =1,

y =0.001 and varied values of J . As evidenced by
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the tables, the L, and L, error norms acquired by
the CN-LFDM are quite small in all cases. Table 7
presents the error norms L, and L, for the
parameters o =0.1, =01, y»=0.001 and

different values of k and h=0.05 at t=1. As
evidenced by the table, as the value of k decreases,

theerrornorms L, and L, arealso decrease. Table
8 presents the error norms L, and L, for the
parameters 6 =2, f=1, a =1 and y=0.001
for different values of h and k = 0.00001 at t = 2

. As evidenced by the table, as the value of h
decreases, the error norms L, and L, are

increase. This increase in error norms is not very
significant, but using large values ofh provides
great convenience in calculations. Figure 1 presents
exact and numerical solutions for the parameters
0=2, =10, a =5 and y =0.001 at different
times. As evidenced by the figure, exact solutions
and numerical solutions are very close to each
other. Figure 2 presents absolute errors for the
parameters 6 =1, f =1, a =1 and y =0.001 at
different times. As evidenced by the figure, the
absolute errors are very small and become very

close to each other as t increases. In Figure 1-2 we
took as h =0.05 and k =0.00001.

Table 1. Absolute errors for the parameters 6 =1, f =1, @ =1 and y = 0.001.

X t CN-LFDM ADM (Hashim VIM (Batiha
et al. 2006) et al. 2008)

0.05 7.97215 e-9 1.87406 e-8 1.87405 e-8

0.1 0.1 1.31873 e-8 3.74812 e-8 3.74813 e-8
1 2.31122 e-8 3.74812 e-7 3.74812 e-7

0.05 2.44677 e-8 1.87406 e-8 1.87405 e-8

0.5 0.1 4.52485 e-8 3.74812 e-8 1.37481 e-8
1 7.80880 e-8 3.74812 e-7 3.74813 e-7

0.05 5.47148 e-8 1.87406 e-8 1.87405 e-8

0.9 0.1 6.27359 e-8 3.74812 e-8 3.74813 e-8
1 7.31144 -8 3.74812 e-7 3.74813 e-7

Table 2. Absolute errors for the parameters 0 =2, f =1, a =1 and y =0.01.

X t CN-LFDM ADM (Hashim et  VIM (Batiha et
al. 2006) al. 2008)
0.1 1.89263 e-5 5.51554 e-5 5.51580 e-5
0.1 0.2 2.73074 e-5 1.10342 e-4 1.10310 e-4
0.3 3.05222 e-5 1.65529 e-4 1.65457 e-4
0.4 3.17171 e-5 2.20708 e-4 2.20598 e-4
0.5 3.21570 e-5 2.75950 e-4 2.75734 e-4
0.1 4.51489 e-5 5.51381 e-5 5.51340 e-5
0.3 0.2 6.73694 e-5 1.10293 e-4 1.10262 e-4
0.3 7.57965 e-5 1.65458 e-4 1.65385e-4
0.4 7.89279 e-5 2.20635 e-4 2.20502 e-4
0.5 8.00813 e-5 2.75832 e-4 2.75614 e-4
0.1 6.25195 e-5 5.51134 e-5 5.51099 e-5
0.5 0.2 9.05364 e-5 1.10243 e-4 1.10214 e-4
0.3 1.00966 e-4 1.65402 e-4 1.65313 e-4
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0.4

1.04837 e-4

2.20543 e-4

2.20406 e-4

0.5

1.06261 e-4

2.75716 e-4

2.75493 e-4

Table 3. Absolute errors for the parameters 6 =4, f =1, a =1 and y =0.01.

X t CN-LFDM ADM (Hashim et  VIM (Batiha et
al. 2006) al. 2008)
0.1 7.26930 e-5 2.17787 e-4 2.17687 e-4
0.1 0.2 1.02969 e-4 4.35690 e-4 4.35293 e-4
0.3 1.14492 e-4 6.53711e-4 6.52817 e-4
0.4 1.18726 e-4 8.71847 e-4 8.70258 e-4
0.5 1.20232 e-4 1.09010 e-3 1.08762 e-3
0.1 1.70679 e-4 2.17552 e-4 2.17453 e-4
0.3 0.2 2.50825 e-4 4.35222 e-4 4.34824 e-4
0.3 2.81042 e-4 6.53008 e-4 6.52113 e-4
0.4 2.92150 e-4 8.70910 e-4 8.69320 e-4
0.5 2.96116 e-4 1.08893 e-3 1.08644 e-3
0.1 2.29482 e-4 2.17318 e-4 2.17218 e-4
0.5 0.2 3.30248 e-4 4.34753 e-4 4.34354 e-4
0.3 3.67631e-4 6.52304 e-4 6.51408 e-4
0.4 3.81349e-4 8.69972 e-4 8.68380 e-4
0.5 3.86233 e-4 1.08776 e-3 1.08527 e-3

Table 4. The error norms L, and L, for the parameters 6 =1, o =1 and y = 0.01.

Lo
B=1 B =10 4 =100
t
0.01 1.66976 e-6 8.23320 e-6 5.24735 e-5
0.1 4.50870 e-6 3.40692e-5 3.01463 e-4
1 6.61984 e-6 5.29130 e-5 4.13360 e-4
10 6.61590 e-6 4.55478 e-5 2.16492 e-7
L,
t f=1 5 =10 5 =100
0.01 5.93770e-6 2.40722 e-5 8.56440 e-5
0.1 6.29866 e-6 4.26142 e-5 3.93010 e-4
1 8.30963 e-6 6.90598 e-5 5.58153 e-4
10 8.30472 e-6 5.94715 e-5 2.94023 e-7

80



A Numerical Solution of the Generalized Burgers-Huxley Equation, Celikten and Cankurt

0.0229

0.0228

0.0227

0.0226

0.0225

0.0224

0.0223

0.0222

t=9

t=7

t=1

0.05

0.1

0.15
0.2
0.25
0.3
0.35
0.4

N n 1 O uwn
o o o

0.7

0.75
0.8
0.85
0.9
0.95

Figure 1. Exact and numerical solutions for the parameters 0 =2, f =10, & =5 and y = 0.001 at different times.

Absolute
Errorx 107

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

0.05

0.15

(o] [Tp] [e2] LN

c Y o ™
o o
- e t=0.1

<
(=)

0.45

o000 o0 i=

n w9

c N o
o
1

© o™ o X
o =} o
t=10

0.9
0.95

Figure 2. Absolute errors for the parameters 6 =1, f# =1, @ =1 and y = 0.001 at different times.

Table 5. The error norms L, and L, for the parameters d =1, & =1 and S =1.

Lo
. 7=001 =001 » = 0.0001
0.01 1.669765e-6 1.670664 e-8 1.670936 e-10
0.1 4.508696 e-6 4.518389 e-8 4.515046 e-10
1 6.619839 e-6 6.636429 e-8 6.614811 e-10
10 6.615903 e-6 6.637146 e-8 6.614709 e-10
L,
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y=001  »=0.001 y = 0.0001
t
0.01 5.937700e-6 5.938021 e-8 0.837297 e-10
0.1 6.298663 e-6  6.302047 e-8 0.888415 e-10
1 8.309630 e-6 8.330121e-8 1.170686 e-10
10 8.304716 e-6  8.331040 e-8 1.170670 e-10

Table 6. The error norms L, and L, for the parameters & =1, f =1, y =0.001

L,
5=1 5=2 5=4
t
0.01 1.670664 e-8 0.661227e-6 3.766536 e-6
0.1 4518389 e-8 1.904844 e-6 1.187424 e-5
1 6.636429 e-8 2.832022e-6 1.790726 e-5
10 6.637146 e-8 2.824892 e-6 1.775187 e-5
L,
t 5=1 5=2 5=4
0.01 5.938021e-8 2.309319e-6 1.276667 e-5
0.1 6.302047 e-8 2.527796e-6 1.511204 e-5
1 8.330121 e-8 3.568203 e-6 2.274354 e-5
10 8.331040 e-8 3.559230e-6 2.254628 e-5

Table 7. The error norms L2 and LOO for the parameters o = 0.1, ,3 =0.1, Yy = 0.001 and different values of k

att=1.
Kk L, x10° L, x108
0.001 1.742699 2.482851
0.0001 1.741400 2.481706
0.00001 1.741416 2.481782
0.000001 1.740698 2.481631
0.0000001 1.732642 2.479340

Table 8. The error norms L, and L, for the parameters 6 =2, =1, o =1 and y = 0.001 for different values

of hatt=2.
h L, x10° L, x10°
0.05 2.810044 3.567088
0.025 2.823963 3.567090
0.0125 2.830683 3.568187
0.01 2.832009 3.568186
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4. Conclusion

The numerical solutions of the generalized Burgers-
Huxley equation are achieved via the Crank Nicolson
logarithmic finite difference method in this study.
Tables compare the absolute errors obtained by the
provided method to those obtained by earlier
studies in the literature. The tables show that the
results obtained by CN-LFDM are better than those
obtained by other methods in the literature. In

addition, L, and L, error norms have been

calculated. The obtained error norms are quite
small. The results clearly show that the present

method is accurate, reliable and convenient

alternative method. The method was analyzed with
the von-Neumann stability analysis method and it
was shown that the method was unconditionally
stable. Consequently, the present method can be
used to find numerical solutions to a wide variety of
nonlinear problems.
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Anahtar kelimeler
Kiibik-Kuintik Bu ¢alismada, lineer olmayan kibik-kuintik Schrodinger denkleminin yeni tam ¢ozimleri, Ustel -CD(E)
Schradinger Denklemi; yontemiyle elde edilmistir. Bu denklem, lineer olmayan optikte ve matematiksel fizikte bliylik bir 5neme
Ustel -©(€) Yontemi; sahiptir. Ustel —G)(f) yéntemi, lineer olmayan kismi diferensiyel denklemler ve kesir mertebeden kismi
Tam Céziimler; diferensiyel denklemlerin farkli tipte analitik ¢oziimlerini bulmada kullanilan oldukga elverisli ve

Sembolik Hesaplama  kullanisli bir metottur. Bu calismada yapilan hesaplamalarda ve ¢dzimlerin dogrulugunun teyit
edilmesinde Maple paket programi kullaniimistir.

Exact Solutions of the Nonlinear Schrodinger Equation With Anti Cubic
Nonlinearity by the exp(-®(§)) Method

Keywords Abstract
Nonlinear Schrodinger

This work is devoted to obtain exact solutions of the nonlinear Schrodinger equation with anti cubic
Equation with Anti nonlinearity by method. This equation plays a crucial role in nonlinear optics and mathematical physics.
Cubic Nonlinearity; The method is an efficient and useful method to find different types of analytical solutions of nonlinear

Exp(-®(€)) Method; partial differential equations and fractional differential equations. We have used the Maple packet
Exact Solutions,

Symbolic Computation

program for the calculations and verification of the solutions for this work.

© Afyon Kocatepe Universitesi

1. Girig Ustel fonksiyon yoéntemi He and Abdou (2007),
yardimci denklem yéntemi Adem ve Khalique
(2016), (G'/G)-agllim yoéntemi Islam vd. (2015),
(G'/G,1/G)-agilim yo6ntemi Inan vd. (2015), trial
denklem yontemi Mirzazadeh vd. (2015), sine

Muhendislik ve uygulamali matematikte karsilasilan
birgok problem lineer olmayan olusum denklemleri
kullanilarak modellenmektedir. Bu denklemlerin

tam c¢o6zlimlerinin elde edilmesi, denklemlerin

modelledikleri olaylarin dinamiklerini anlamada Gordon aglhm  yontemi Kumar vd. (2017),

blylik bir 6nem arz ettiginden popller bir ¢calisma dénustiiralmis rasyonel fonksiyon yéntemi Ma ve

alanidir. Bu ¢oziimlerin elde edilebilmesi icin bilim Lee (2009), modifiye edilmig basit denklem ygntemi

. - i . . Akter ve Akbar (2015), Ustel rasyonel fonksiyon
insanlari  c¢esitli  yontemler  gelistirmislerdir. ) ) - T
Bunlardan bazilari, ters sacilim metodu Ablowitz ve yéntemi Kumar ve Kaplan (2018), modifive edilmis

Segur (1981), homojen denge yntemi Wang (1995), actlim fonksiyon yontemi Ismael vd. (2020),
Wronskian yontemi Ma vd. (2011), Backlund

dontsim yontemi LU vd. (2012), Hirota bilineer

modifiye edilmis Ustel -$(€) yontemi Baskonus vd.
(2016), Yel ve Baskonus (2019) olarak siralanabilir.

yontem Wazwaz (2007), Lie grup analizi Biswas ve Bu ybntemlerin her biri farkh avantajlar

Khalique (2011), tanh aciim yéntemi Wazwaz barindirmaktadir. Bilim insanlari, her gecen giin

(2004), genisletilmis tanh acilim yéntemi Fan (2000), literatlre yeni yontemler kazandirmakta ve konu

ansatz yontemi Ali vd. (2015), sintis-kosinis yontemi glinceligini korumaktadur.

Alquran (2012), F-agihm yontemi Abdou (2008),
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lineer
tipteki
etmede kullanilan yeni ve elverisli bir yontemdir.

Ustel -O(§) yoéntemi,
denklemlerinin  farkli

olmayan olusum
¢Ozlimlerini elde

(G'/G)-acilim yéntemine gore bu teknigin Gstunligi,
keyfi ek parametreler kullanarak yeni hareketli dalga
¢Ozimleri vermesidir. (Kaabar et al. 2021).

Bu yontemin farkh bir versiyonu olan modifiye
edilmis Ustel -¢(§) yodntemi (zerine c¢alismalar
Baskonus vd. (2016) ve Yel ve Baskonus (2019)
yapilmigtir.

Bu makalenin ilerleyen boélimlerinde yer alacak
kisimlar su sekilde 6zetlenebilir: B6lim2 de Ustel -
D(€) yontemi adim adim anlatilacaktir. B6lim3 de,
tanitilan bu yéntemin lineer olmayan kiibik-kuintik
Schrédinger denklemine uygulanmasi ve elde edilen
sonuclar verilecektir. Son olarak, tartisma ve sonug
bolimi yer almaktadir.

2. Materyal ve Metot

Bu bolimde ustel adim adim

-p(€) yontemi
tanitilacaktir. Bunun igin ilk olarak, x ve bagimsiz

degiskenler, u bagimh degisken olmak lizere,

P (U, Uy, Ug, Uy) Ung,---) = 0, (1)

formunda bir kismi diferensiyel denklemi ele alalim.
Bu denklemin c¢ozimlerini Gstel -$(§) yontemi ile
elde etmek igin izlenecek adimlar su sekilde

verilebilir:
Adim 1. c dalga hizi olmak tzere,

E=x—ctuxt) =U(E), (2)

hareketli dalga donlUstimindn uygulanmasiyla, (1)
numarali denklem asagida verilen adi diferensiyel
denkleme indirgenir.

Q(u,u’,u”,...)=0. (3)
Burada, (), € a gore tlrevi gostermektedir. (2)

denklemi € degiskenine gore mimkiin oldugu kadar
integre edilmelidir.

Adim 2. Ustel -®(€) yéntemine goére, (2) numarali
denklemin tam ¢ozimleri

UGE) = Xn_paye "*® (4)

formunda aranacaktir. Burada, a,;,n=0,1,...,N(ay#0)
ler daha sonradan hesaplanmasi gereken sabitler ve

@O(€) asagidaki yardimci diferensiyel denklemin
¢O6zUimuddr.

@I(f):€_¢(€)+ue¢(";)+}\ (5)
Bu diferensiyel denklemin genel ¢6ziimlerinden
asagidaki durumlar elde edilir.

Durum 1 (Hiperbolik fonksiyon ¢6ziimleri):

A2-4 u >0 ve p #0 iken,

2_
_\/)\2——4utanh< . 5 : “(€+C)>—?\
(6)

2u

(&) =1In

Durum 2 (Trigonometrik fonksiyon ¢oziimleri):

A2-4 <0 ve p #0 iken,

22
4 u—A2 tan< “; * (§+C)>—)\
D,(8) =1In

2y

(7)

Durum 3 (Trigonometrik fonksiyon ¢oziimleri):

A2-4 >0, u = 0ve A=0iken,

A
P3(§) =—In (cosh()\(E+C))+sinh(k(§’+C))—1) (8)

Durum 4 (Rasyonel fonksiyon ¢6ziimleri):

A2-4 n=0, A #0 ve pu # 0 iken,

2(\ C)+2
®u(9) = In (- 252D (9)

Durum 5:
A2-4 =0, A =0 ve p = 0 iken,
®5(8) = In(E+0) (10)

Burada C integrasyon sabitidir ve N homojen denge
prensibine goére belirlenecek olan dengelenme
sayisidir. Daha acik bir deyisle, (2) denklemindeki en
yiuksek mertebeden tirevli terim ile en yiksek
dereceden lineer olmayan terimin dengelenmesiyle
belirlenir.

Adim 3. (4) potansiyel ¢oziiminiin (5) yardimci
denklemiyle birlikte (3) denkleminde vyerine
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yazilmasiyla elde edilen ifadenin e~®® nin
kuvvetlerine gore diizenlenmesiyle e~®® nin bir
polinomu elde edilir. Bu polinonum her bir
katsayisinin sifira esitlenmesiyle ,
a,,(n=0,1,...,N),c, Ave p terimlerinin bir polinomu
elde edilir .

Adim 4. Adim 3 de elde edilen cebirsel denklem
sisteminin Maple yardimiyla ¢oziliip elde edilen
katsayilarin (4) ¢6ziimiinde yerine yazilmasiyla ve (5)
denkleminin  ¢oztmlerinin  kullanilmasiyla, (1)
denkleminin hiperbolik, trigonometrik ve rasyonel
tipten tam ¢ozlmleri elde edilir (Roshid et al. 2014).

3. Bulgular

kibik-kuintik
Schrédinger denkleminin  tam ¢oziimleri elde
edilcektir. Bu denklem ilk olarak 2003 yilinda, a, by,
b, ve bs reel degerli sabitler olmak lizere,

Bu bolimde lineer olmayan

iqe + aqyx +
(b1lq1™* + b,lql* + b3lq|*)g = 0 (11)

biciminde verilmistir (Biswas and Konar, 2006).
(2019)
varliginda

Hamiltonyen pertiirbasyon

denkleme

Zayed vd.
terimlerinin birkag
matematiksel teknik uyguladi. Biswas vd. (2018)
denklemin rezonans optik solitonlarini buldu. (11)
numarali denklemde b;=0 ise, daha 6nce kapsaml
bir sekilde incelenen parabolik yasa ya da kiibik besli
lineer olmama yasasi ile lineer olmayan Schrédinger

denklemine indirgenir.

T, W, €0 Ve Xo reel sabitler olmak Gzere,

q(x, t) = e®CDy(F), B=-tx+wt+eo, E=x-It+xo  (12)
dénisimiinin (11) denkleminde yerine yazilmasiyla

elde edilen ifade reel ve imajiner kisim olmak (izere
iki kisma ayrilirsa, imajiner kisimdan:

=-21a, (13)
bagintisi elde edilir. Reel kisimdan ise,

W (®) — () B ud ) (g B us(g) =

0 (14)

denklemin her iki tarafinin u’ ile

carpilip
¢ ye gore integre edilmesiyle

(ur)z _ w+at? uz _ ﬁu_2+b_2u4

b
+ = u6+b4 =
2 2a 2a 4a 6a

0 (15)

denklemi elde edilir. Bu denklemin diizenlenmesiyle
2 2 2 ut u®

(u)*-cou* —cqu™* + ¢, Sttt = 0 (16)

bulunur. Burada

w+at? b b, b

— _ D1 _ __ b3 _
CO— 2a ’Cl_;’cz_Z’C3_;’C4_2b4(17)
dir.

2 _

u“ = v alirsak

! 1 1A

u=—v 18
—v/, (18)

v'? — 4cov? — 4cy + 2¢,03 + §c3v4 + 4cyv =0,
(19)

denklemini elde ederiz.

3.1 Ustel yénteminin uygulamasi

Homojen denge prensibine gore, dengelenme sayisi
1 olarak bulunur. Boylelikle ¢6ziim,
v(&) = ay + a;e~ %@ (20)

biciminde aranacaktir. (20) numaral ¢éziimiin (19)
denkleminde yerine yazilmasi, elde edilen ifadenin
e®®) nin kuvvetlerine gore diizenlenmesi ve e ®®)
nin kuvvetlerinin sirasiyla sifira esitlenmesiyle
asagidaki cebirsel denklem sistemi elde edilir.

2 3 4 4
—4coag” + 2cpap° — 4cq + §cga0 + 4cua
+a,°u? =0,
2 2 16 3
—8cpapaq + 6cya0°aq + 2a,°ul + ?Cgao aq
+ 4‘C4a1 = O,

8c3ap?a;? + a;%A? — 4cqa,® + 2a,% + 6c,a0a,2
=0,
3 _

2 16 3
2a,q l+?cga0a1 + 2c,a,° =0,

a12 + §C3a14 = 0 (22)
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Bu cebirsel denklem sisteminin Maple paket
programi  yardimiyla ¢ozilmesiyle asagidaki
durumlar elde edilir:
Durum 1:

_ _ —2¢,
ap=0,a; = o (23)
ve

S R S
Co 4 + Zicl 22 %) 2¢ »C3 16C42 (24)

olarak bulunur. Elde edilen bu degerler ile bes farkl
durum ortaya cikacaktir:

Durum 1.1 (Hiperbolik fonksiyon g¢oziimleri):
A2-4 1 >0, ve p#0 iken,

ug1(§) =2 e +Cy,

vt \/ A(w/ P utanh(vi" ‘42““*0)—)\) !
& =x+2tat + x, (25)
olarak bulunur.
Bu durumda lineer olmayan kibik-kuintik
Schrodinger denkleminin tam ¢o6zimi
q11(x, 1) = e'CTFOMEDy, | (x, 1) (26)

biciminde elde edilir.

Durum 1.2 (Trigonometrik fonksiyon g¢oziimleri):
A2-4 n <0 ve u #0 iken,

.2 (6) N 2\/1( 4#—}\2tan(_\/czu—_2‘2(f+c))—7\) +C1’

& =x+ 2tat + x, (27)

olarak bulunur.

Bu durumda lineer olmayan kibik-kuintik
Schrédinger denkleminin tam ¢6zimi,
q12(x,t) = ei(_TXWHSO)ul,z (x, t) (28)

biciminde elde edilir.

Durum 1.3 (Trigonometrik fonksiyon g¢o6ziimleri):
A2-4 1>0, A20ve p = 0 iken

_ _ 2¢y
ur3(8) = \/ 1(cosh(A(E+C))+sinh(A(E+C))—1) +Gh,
& =x+ 2tat + x, (29)

olarak bulunur.

Bu durumda lineer olmayan kubik-kuintik
Schrédinger denkleminin tam ¢6zimd,
qu3(x, t) = e TTHOEY, 4 (x, 1) (30)

biciminde elde edilir.

Durum 1.4 (Rasyonel fonksiyon ¢oziimleri):
A2-4p=0, A#0 ve p=0 iken,

_ , 2Ac (E+C)
& =x+2tat + x, (31)

olarak bulunur.

Bu durumda lineer olmayan kubik-kuintik

Schrédinger denkleminin tam ¢ozimd,

qra(x,t) = ei(_TX+wt+£°)u1,4(x: t) (32)

olarak edilir.

Durum 1.5:
A2-4p=0, A=0ve p=0 iken,

2c,
us® = [,

& =x+ 2tat + x, (33)

olarak bulunur.

Bu durumda lineer olmayan kubik-kuintik

Schrodinger denkleminin tam ¢6zimd,
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qu5(x,t) = elCTFOt )y, ((x, 1) (34)

olarak elde edilir.

Durum 2:
ag = 0% g, = S/ 3K (35)
0 7 32244y "1 T u(3AZ44p)

ve

A2 A/ -3u
T2

Co = Z

_3c,*(4u+ 40 -3 —32%)
= (322 + 4p)? ’

(—2pu+2/ -3 1)(32%+4p)
Cy = ]
18c,
_ (3AZ+4/,L)2/,L
T 144c¢,2 (36)

olarak bulunur. Elde edilen bu degerler ile bes farkl
durum ortaya ¢ikacaktir:

Durum 2.1 (Hiperbolik fonksiyon ¢6ziimleri):
A2-4 1 >0 ve p 20 iken,

uz,l(f) =
6C,y + 12c4/ =3 1
3A2+4pu 2
_(3/12+4u)<,/fz-4 utanh<\‘A _ ! u(g:+c>>+/1>
+Cq,
& =x+2tat + x, (37)

olarak bulunur.

Bu durumda lineer olmayan kubik-kuintik

Schrédinger denkleminin tam ¢6zimi,
qz21(x,t) = ei(_Tx+wt+8°)u2,1(x; t) (38)
biciminde elde edilir.

Durum 2.2 (Trigonometrik fonksiyon g¢o6ziimleri):
A2-4 p <0 ve p #0 iken,

uz,z(f) =
6Cs + 12C41/ -3 U
3A%2+4pu a2
(3,12+4,y)< 4 p—A2 tan< 42 X (E+C)>—l>
+Cl'
& =x+2tat + x, (39)

olarak bulunur.

Bu durumda lineer olmayan kubik-kuintik

Schrédinger denkleminin tam ¢6zimd,
q22(x,t) = ei(_rﬁmtﬂo)uz,z (x,t) (40)
biciminde elde edilir.

Durum 2.3 (Trigonometrik fonksiyon g¢o6ziimleri):
A-4 >0, u = 0ve A=0 iken,

Uy 3(§) =
6C, n 6ACs/ —3 1
3A%2+4p  w(3A%2+4p)(cosh(A(§+C))+sinh(A(§+C))-1)
+(Cy,
& =x+2tat + x, (41)

olarak bulunur.

Bu durumda lineer olmayan kubik-kuintik

Schrédinger denkleminin tam ¢ozimd,
23(x, 1) = e'CTFOME)y, o (x, 1) (42)

biciminde elde edilir.

Durum 2.4 (Rasyonel fonksiyon ¢6ziimleri):

A2-4 u=0, u # 0ve A =0 iken,

3¢, A2/ -3 u(é+C)

© = {5~
uz4(8) = 3A2+4p  p(3A2+4p)(A(E+C)+2) Y

& =x+2tat + x, (43)

olarak bulunur.

Bu durumda lineer olmayan kibik-kuintik

Schrodinger denkleminin tam ¢6zimd,
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qz,4(x,t) = ei(_TX+wt+£°)uz,4 (x, t) (44)

Durum 2. 5:

A2-4 p=0, u = 0 ve A =0 iken,

_ 6Cy 6Cy/ =3 U

uz5(8) = \/3/12+4u + W(3A2+4u)(£+C) + Gy,

& =x+2tat + x, (45)
olarak bulunur.

Bu durumda lineer olmayan kubik-kuintik

Schrédinger denkleminin tam ¢6zimdi,

G2,5(x, 1) = ' TTF O L)y, (x, £) (46)

biciminde elde edilir.

Bu calismada elde edilen ¢oziimler, literatlirde var
olanlardan farklidir (Jawad, et. Al, 2017, Kaplan, vd.
2018).

4, Tartisma ve Sonug

lineer Schrédinger
kibik-kuintik
Schrédinger denkleminin tam ¢oziimleri, yeni ve
etkili (-®d(€)) yontemi

kullanilarak elde edilmistir. Bu makalede bulunan

Bu ¢alismada, olmayan

denkleminin 6zel bir hali olan
bir teknik olan, Ustel
tam c¢oziimler, denklemin yeni hareketli dalga
Ustel -®(§)) yontemi, ele alinan

farkl tipten
edilmesini saglamasi agisindan diger yOontemlere

¢Ozimleridir.
denklemlerin ¢6zlimlerinin  elde
kiyasla Ustunlikleri bulunan bir yontemdir. Bu
makalede vyapilan hesaplamalarda Maple paket
programi kullaniimistir.

ilerleyen calismalarda, ilgili yontem farkli denklem
ve denklem sistemlerine de uygulanacaktir. Ayrica
ilgili yontemin farkli bir versiyonu olan modifiye

-0(¢))

uygulanarak, elde edilen ¢6ziimler kiyaslanabilir.

edilmis Ustel yontemi ilgili denkleme

Bu calismada elde edilen sonuglarin, denklemin

modelledigi fiziksel olaylara kaynaklik etme

acisindan matematiksel fizik ve diger uygulamal
alanlarda kullanisli olacagi distiniimektedir.
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Abstract

The orthogonal projection of a fixed point on the tangent lines of a given curve yields a pedal curve of
that curve. The aim of this study is to examine some special curves, such as pedal curves, which have
singular points even for regular curves, in the Minkowski plane. For this, we investigate an anti-pedal
and a primitive of curve, which is closely related to the pedal curve. The primitive of a curve is a curve
that is provided by the inverse construction to make pedal. Using the envelope of a family of functions,
we obtain the notion of primitive for the curves in the Minkowski plane. Then, we show that an anti-
pedal of the original curve is equal to the inversion image of the pedal curve. Moreover, we analyze the
relationships between primitive and anti-pedal of the curve using the inversion. We also present
examples that provide our results.

Keywords
Plane curves; Pedal;
Anti-pedal; Primitive;
Minkowski Plane

Minkowski Diizleminde Egrilerin Anti-Pedallari ve ilkelleri

Oz
Verilen bir egrinin teget dogrulari Gzerindeki sabit bir noktanin dik izdlisimu, o egrinin bir pedal egrisini
Anahtar kelimeler olugturur. Bu ¢alismanin amaci, dizgiin egriler igin bile tekil noktalari olan pedal egriler gibi bazi 6zel
Diizlem Egrileri; Pedal;  egrileri Minkowski dizleminde incelemektir. Bunun icin, pedal egrisi ile yakindan iliskili olan, egrinin
Anti-pedal; ilkel; anti-pedalini ve ilkelini arastirdik. Bir egrinin ilkeli, pedal yapmak icin ters yapi tarafindan saglanan bir

Minkowski Diizlem egridir. Bir fonksiyon ailesinin értistini kullanarak, Minkowski diizlemindeki egriler icin ilkel kavramini

elde ettik. Daha sonra, orijinal egrinin bir anti-pedalinin, pedal egrisinin inversiyon goriintisiine esit
oldugunu gosterdik. Dahasi, inversiyonu kullanarak egrinin ilkeli ve anti-pedali arasindaki iligkileri analiz
ettik. Ayrica, sonuglarimizi saglayan érnekler sunduk.

© Afyon Kocatepe Universitesi

singularity theory. Pedal curves are defined as the
locus of the foot of the perpendicular from the given

1. Introduction

Singularity theory is one of important topics to
research because it arises in many problems in daily
life. This theory is also used to link physics and
mathematics. Many other sub-disciplines of
mathematics, including differential geometry and
algebra, utilize from it (Li and Sun 2019). The idea of
combining differential geometry with singularity
theory was proposed by Arnold (1990) and Thom
(1956). Therefore, it can be said that they did
pioneering work in this field. Many researchers later
discussed the singularity of curves in accordance
with their theories.

Pedal, anti-pedal and primitive curves, which form
the basis of our study, are closely related to the

point to the tangent to given curve and primitive
curves are defined as the envelope of the normal
lines to its position vectors at their ends (Arnold
1989). There are numerous studies on pedal curves.
One of the studies has been proposed by Nishimura
(2008). He worked on pedal curves produced by dual
curve germs that are non-singular. Another study on
this subject has been introduced by Bakurova
(2013). He examined pedal curves in Minkowski
plane. After that, the pedaloids have been obtained
as an analogous notion of evolutoids (lzumiya and
Takeuchi 2019a). Also, using definition of the pedal
curve, lzumiya and Takeuchi (2020) introduced the
notion of the anti-pedal of a curve whose
singularities also correspond to the inflection points
of the original curve. Moreover, they gave the notion
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of primitivoids, which are relatives of the primitive.
In another study, they examined pedal, anti-pedal
and primitive for quadratic curves (lzumiya and
Takeuchi 2019b).

In this study, we look at anti-pedals and primitives,
both of which have singularities even for regular
curves. Especially, we consider curves in the
Minkowski plane. Our conclusions are Lorentzian
analogue to the results of lzumiya and Takeuchi
(2020). Then, we define the notions of anti-pedal,
primitive in the Minkowski plane and examine the
relationships between them.

2. Material and Method

It is well known that the Minkowski plane R? is the
plane R? allowing the metric produced by the scalar
product <u,v>= —u;vy + u,v, where u =
(ug,uy) and v = (v4,v,). The vectors in R? are
classified as follows by this product:

If (u,u) > 0 oru = 0, then uis spacelike. If (u,u) =
0 or (u,u) <0 for a non-zero vector, then u is
lightlike or timelike, respectively (O’Neill 1983).

The norm of a vector u = (u;,u,) € R? is given by

|lul| = +/|(u,u)| and the vector ut is provided by
ut = (uy,uy), which is orthogonal to u (Izumiya et

al. 2018). Furthermore, the signature of u is
(uu)
(lull?

indicated by € and so =&

Let y:1— [R% be a regular curve, which is
parametrized by an openinterval I. Forany s € I, the
curve is a spacelike curve, a timelike curve, a lightlike

curve if  (y'(s), ¥ () >0, (¥'(s)¥(s)) <O,
¥'(s),Y'(s)) = 0, respectively. In addition, y'(s) is

. o d
velocity vector of y and is written as y'(s) = d—z (s).

If a curve y is timelike or spacelike, we call it a non-
lightlike curve (Li and Sun 2019).

Assume that y:1 —» R? is a non-lightlike curve with
an arc-length parameter s such that ||y’ (s)|| = 1. In
this situation, T(s) = y’(s) is the unit tangent vector
with

sgnT(s) = (T(s),T(s)) = ¢ (1)

and N(s) is the unit normal vector with

sgn N(s) = (N(s),N(s)) = —&. (2)

Hence, we write the Frenet formula:

shol =l “VING) )

where k(s) is the curvature of y (Li and Sun 2019).

Definition 2.1. For a fixed ¢, the envelope of the
family of lines defined by F(s,X) consists of the
points X in the plane where s exists with (Giblin and
Warder 2014)

F(s,x) = g (s,%) = 0. )

Definition 2.2. Let y be a non-lightlike regular curve
in Minkowski plane. A pedal of curve y is given by
(Aydin Sekerci and Izumiya 2021)

Pe,(s) = —&(y(s), N(s))N(s). (5)
3. Results and Discussion

Let y: I > R%/{0} be a non-lightlike curve with arc-
parameter in Minkowski plane and there are no
lightlike points. We define a family of functions

H:I1x (R?/{0})) - R
(s,x) ~ H(s,x) =(x—v(s),y(s))

For fixed s € I, H(s,x) = 0 is an equation of the line
through y(s) and orthogonal to the position vector

v(9).
The envelope of family of lines is the primitive of
curve y. According to that, we obtain

0H
2560 = (V' E)YE) + x—vy(E), Y ()
= (x=2y(s), T(s))

Any vector in R? is represented by a linear
combination as AT(s) + EN(s). Using this linear
combination for the wvector x—1vy(s) and

substituting to 2—2 (s,x) = 0, we obtain

(AT(s) +EN(s) —v(s), T(s)) = 0. (6)
Then, we have the following equation for A:

A = &(T(s),y(s)). (7)
Also, considering H(s,x) = 0, we get

H(s,x) = (x —y(s),y(s)) = 0. (8)

Moreover, from x—1vy(s) = AT(s) + &N(s), we
have

MT(s),¥(s)) + &N(s),y(s)) = 0. (9)
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Using A we write

&(T(s),¥(s))? + §&N(s),y(s)) = 0. (10)
Thus, we find
f= o TOYE)Y 11)
NG, Y ()
Taking into account A and &,
T , 2
X = ¥(5) + (T(5), Y () T(S) - %N(s)

From y(s) = &(T(s),y(s))T(s) — &(N(s), Y(s))N(s),
we write

X =) + T, YEITE) — g 5y

— ¥(8) + Y(s) + (N(S), Y(S)IN(S)
£(T(s), y(s))?
TN YE) N©
) (N(S),Y(5))?
=2v(s) e [ NS, ¥))
[T, v(S))] ™
£l NG Y

N(s)

N(s)

Using the norm of y(s), which is given as

&(T(s),v(s))*

IYOIP = sgny(s)| S d )|

there exists

ly(s)II”
(N(s),y(s))

Definition 3.1. The primitive Pr,:1— RZ/{0} of
Minkowski plane curve y is given by

MOlk
(N(s),y(s))

x = 2y(s) — sgny(s) N(s).

Pry(s) = 2y(s) — sgn y(s) NG (12)

Now, let us define the anti-pedal curve in the
Minkowski plane. The anti-pedal curve is defined by
the pedal curve and inversion. It is known that the
pedal is given as the envelope of a family of
functions (Aydin Sekerci and lzumiya 2021):

G:Ix (RZ/{0}) - R
(s,x) » G(s,x) = (x—v(s),x).

We use the definition of inversion, which is given by

F
_(S'X) = (X'Y,(S)> = 0.

Ri/{0} - Ri/{0}
X
X > Yx) = =sgnx—,
lIx |I2 (%, x)
to define an antipedal curve. Then we have
¥(g5(0) = {x: (x,¥(s)) = sgn x} (13)

for gs(x) = G(s,x). Here, G(s,x) = 0 means that

n x( 2,v( s)) = (14)

since (x — y(s),x) = 0. Thus, we define a family of
functions:

F:Ix (R?/{0}) - R

(s,x) = F(s5,x) =(x,y(s)) —sgnx.

The envelope of the family of lines is the anti-pedal
curve of y. According to that, we obtain

ds (5]

Any vector in R? is represented by a linear
combination as AT(s) + EN(s). Using this linear
combination for the wvector x—1vy(s) and

_ F .
substituting to %(s, x) = 0, we have the following
equation for A:

A=0. (16)
Also, using A in F(s,x) = 0, we get
&N(s), y(s)) = sgnx. (17)
Then, we obtain
£ = sgnx (18)
(N(s),y(s))
and so, x can be written as follows:
ﬂ N(s). (19)
(N(s),v(s))
Moreover, the signature of x is equal to the

signature of N(s). In that case, the following
definition is expressed.

Definition 3.2. An anti-pedal APe,:1 - RZ%/{0} of
the curve y is given by

(s). 20)

—&
APeY(s) = mN S

Proposition 3.3. For any unit speed non-lightlike
regular curve y:1 - R?/{0}, there exists
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W o APe, = Pe, (212)

where W is an inversion, APe, is an anti-pedal curve
of y and Pe, is a pedal curve of y.

Proof. @ We obtain the equation with direct

calculations using the anti-pedal of curve and
inversion as follows:

(PoAPey)(s) =y (APey(s))

—E&
=Y ((N(S).Y(S)) N(S))

—&
Ny

- —£&
||ml\'(s)|l2

—&
IORIO
1

(NG, ¥(5))?
= —&(N(s), y(s))N(s)
= PeY(S)

Proposition 3.4. For any unit speed non-lightlike
regular curve y: 1 > R?/{0}, there exists

Yo Pe, = APe, (22)

where W is an inversion, APe, is an anti-pedal curve
of y and Pe, is a pedal curve of y.

Proof. Similar to the proof of Proposition 3.3, we
obtain the equation with direct calculations using
the pedal of curve and inversion as follows:

WoPe,(s) =y (Pey(S))

= ¥(—&(N(s), Y($)IN(s))
_ —&(NGs), YEIN(S)
(NS, Y(5))?

_ —eN(s)
~(N(5),¥(5))

= APe,(s).

Theorem 3.5. Let y be a unit speed non-lightlike
curve in Minkowski plane. Assume that y does not
pass through the origin and there are no lightlike
points. Then, the primitive and the anti-pedal of y
have the following relationship:

Pr,(s) = —e sgn y(s) APey,(s) (23)

where € is the signature of the tangent vector field
of y,sgny(s) is the signature of y and W is an
inversion.

Proof. Firstly, we find APeys., (s). For this, the family
of functions is F(s,x) = (x,y(s)) —sgn x. Since
F(s,x) = 0, we get

(x, Woy)(s))—sgnx=0,
< Y(s)
X,

= sgnx. (24)
I|v(s)||2>

Any vector in R? is represented by a linear
combination as AT(s) + EN(s). Using this linear
combination for the vector x,

A ;
T TO YO + s (NG, ¥(s))
= sgnx. (25)

Moreover, we obtain

oF o
w60 = () o 20l
Since
yis) \ 1
<||v(s)||2> “hor'®
_250nyOTDYE)
YOI :
Eq. (26) is written as
1
(AT(S) + EN(S),WT(S)>
[ 25gn ¥ KT, Y6)
<“(S)’ YOI (S)>
L 2sgny®A@YE) | @)
N OIR (S)> =0

According to that, we have

£ 2Asgny(©)(s), T)?
YGI? &I

_28sgny(S){y(s), T()Xy(s),NGs)) _

0. 28
TOR 28)
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2 sgn y(s)(y(s),T(s))

If we multiply Eq.(25) by ™EIE and add
Eq.(28) side by side, then we can write as
A= 2esgny(s) sgnx (y(s), T(s)). (29)

Using this A, which we have obtained, we find € as
follows:

_sgn y(s) sgnx
E= = NGy YOV
— 26(y(9), (5?1, 30

Therefore, we get
x = 2esgny(s) sgnx(y(s), T(s))T(s)

sgny(s) sgnx
(v(s),N(s))

—2e(y(s), T(s))*IN(s)

= 2sgny(s) sgnx[y(s) + (y(s), N(s))N(s)]

[(y(s),y(s))

sgny(s) sgnx
(v(s),N(s))

—2e(y(s), T(s))*IN(s)

[(y(s),y(s))

= 25gny(s) sgnxy(s)

sgnx sgny(s){y(s),y(s))
(v(s),N(s))

2sgn X

~(y(s),N(s))

—esgn y(s) (y(s),N(s))*IN(s)

N(s)

[e sgn y(s) (v(s), T())?

= 25gny(s) sgnxy(s)

2sgn x|ly(s)||?
(v(s),N(s))

sgnx ||y (s)|I?
(y(s),N(s))

N(s) — N(s)

= sgny(s) sgn x[2y(s)

lly(s)II?

GO N E

—sgny(s)

=sgny(s) sgnx Pr,(s)

Moreover, since sgn X = sgn Pr,(s), we get

lyI*
~e.NEp N

__._Iver
YN

(Pry(s), Pry(s))

This means that the signature of N(s) and the
signature of Pr, (s) are the same. According to that,
we obtain

APey,,(s) = —e sgny(s) Pr,(s).

Theorem 3.6. Let y be a unit speed non-lightlike
curve in Minkowski plane. Assume that y does not
pass through the origin and there are no lightlike
points. Then, the primitive and the anti-pedal of y
have the following relationship:

Pry,, = —esgny APe, (31)
Proof. Firstly, we find Pry.,(s). For this, the family

of functions is H(s,x) = (x — y(s),y(s)). Since
H(s,x) = 0, we get

(X=Woy)(s),(Wey)(s) =0,

(x— HONNR(O)
MO {O]

2 =0

Any vector in ]R{% is represented by a linear
combination as AT(s) + EN(s). Taking this linear
combination for the vectorx — (¥ o y)(s),

y(s)
AT N(s),———=) =0,
A T Y6) +——— (NS ¥() = 0. (32)
@R VS Ty e e =

Moreover, we obtain

M %) = _< ¥(s) ) ¥(s)
Os Y2/ " Iy()II2
y(s) O
— =0. 33
i ||v(s)||2'(||v(s>||2)> o 63
Since

yis) \ 1
(IIV(S)HZ) “Ter e
 25gn v (T6),¥()
TOE

y(s),

Eqg. (33) is written as

R (ONN (©) (v(S) ) _o
lyIIZ Iy v (s)II? '
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According to that, using linear combination AT(s) +

_ ¥
ENGs) forx — o

v(s)
ly()I12” Iy (s)1I?

_ 259nY() (T6),¥(5)
YOI

we have

AT(s) + EN(s) — T(s)

y(s))=0.

Therefore, we obtain

A £ ZAsgny(s) (v(s), T(s))”
ly()II? ()i

(v(s), T(s))

_ 28sgny(s) (v(s), T(s)Xy(s),N(s))
v II*

lly(s)II*

25gny(s) (v(s), TNy (), ¥(s)) _ 0
lly(s)| '

From that equation, we get
At 21 sgny(s) (y(s), T(s))
ly®II? ly(s)II*
_ 28sgny(s) (v(s), T(s)Xy(s), N(s))
ly()II*
RORIO)
OIS

(34)

2sgny(S) (Y& TE) oy o4y
ly()II?
Eqg.(34) side by side, then we have
. (v(s), T(s))
O]

Using this A, which we have obtained, we find € as
follows:

If we multiply Eq.(32) by

o (35)

(v(s), T(s))? (36)

~ YO NSO

3

Therefore, we get

*TIver

G ORO)
BT
o VOTEP

A& NG

_ YO (NG
NOIRNT7OlE

e {v(s), T(5))?
WORIONO]E

v(s)

N(s)

N(s)

N(s)

Thus, it can be written as

_ &y(s), T(s))* — &(y(s), N(s))?
(Y(s), N<)HIly()II?

N(s)

sgn y(s)

= WO NG &

According to that, we obtain

—€
x =—esgny(s) YEONG) N(s).

Therefore, the proof is completed.

4. Applications

Example 4.1. Let y:1 - R?/{0}, ] € R, be a curve
which is expressed by y(s) = (2 sinhs, coshs) and
is shown in Figure 1.

-6 -4 23 0 2 4 6

Figure 1. The curve y(s) = (2 sinhs, coshs)

Therefore, y(s) is a regular curve, there are no
lightlike points and y'(s) = (2 cosh's, sinh's). Then,
we say that the curve is a timelike curve. The tangent
vector field and the normal vector field of the curve
vY(s) are given in the following forms:

2 coshs
V1 + 3cosh?s V1 + 3coshZs

T(s) = ( sinhs )
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sinh s

2 coshs )

N(S) - ( )
V1 + 3cosh?s V1 + 3cosh?s

Using (12), the primitive of y is obtained as

sinh s
—— (3cosh?s + 4),

coshs (3sinh?s + 1)

Pr,(s) =

and is shown in Figure 2.

-80 -60 -40 -20 0 20 40 60 80

Figure 2. The primitive of curve y(s)

Also, from (20), the anti-pedal of y(s) is given by

1
APe,(s) = 5 (sinhs, 2 coshs)

and is shown in Figure 3.

1.25
1.20
115
1.10

1.05

-03 —-0.2 -0.1 0 0.1 0.2 0.3

Figure 3. The anti-pedal of curve y(s)
Example 4.2. Let y:1 - R?/{0}, ] c R, be a curve

which is expressed by y(s) = (coshs,s + sinhs)
and is shown in Figure 4.

0.5

-0.5

Figure 4. The curve y(s) = (coshs,s + sinhs)
Therefore, y(s) is a regular curve, there are no
lightlike points and y'(s) = (sinhs, 1 + coshs).

Then, we say that the curve is a spacelike curve.

Using (12), the primitive of y is obtained as

Pr,(s)

(1 + coshs)(s? — 1 + 2sinhs)
2 coshs — \

s sinhs —1 — coshs
(sinhs)(s? — 1 + 2sinhs)

s sinhs—1 — coshs

\Zsinhs + 2s —

and is shown in Figure 5.

-3 -2 71 0

Figure 5. The primitive of curve y(s)

Also, from (20), the anti-pedal of y(s) is given by
-1
s sinhs — 1 — coshs

APe,(s) = (1 + coshs,sinhs)

and is shown in Figure 6.

0.4
0.3
0.2
0.1

o

-0.1

-0.2

-0.3

-0.4

Figure 6. The anti-pedal of curve y(s)

5. Conclusions

In this study, the following conclusions are obtained
about Minkowski plane curves:

(1)To obtain primitive and anti-pedal of the
Minkowski plane curves, which does not pass
through the origin and does not have lightlike point,
the families of functions are defined and their
envelopes are used. Thus, the primitive of curve is
defined as

lly(s)II?

NE Y

Pry(s) = 2y(s) — sgn y(s)

and the anti-pedal of curve is defined as
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APe,(s) = (s).

—&
NEYE)

(2) The pedal of the curve, which is non-lightlike
Minkowski plane curve, does not pass through the
origin and there is no lightlike point, is equivalent to
the composition of an anti-pedal of the curve and
inversion.

(3) The anti-pedal of the curve, which is non-lightlike
Minkowski plane curve, does not pass through the
origin and there is no lightlike point, is equivalent to
the composition of a pedal of the curve and
inversion.

(4) Assume that 7y is a curve, which is a non-lightlike
Minkowski plane curve, does not pass through the
origin and there is no lightlike point, and W is an
inversion. Then, the primitive of the curve y is
written as the product of a constant and the anti-
pedal of ¥ o y where this constant is calculated by
multiplying the signature of the normal vector field
of the curve and the signature of the curve.

(5) Similar to the previous result , assume that yisa
curve, which is non-lightlike Minkowski plane curve,
does not pass through the origin and there is no
lightlike point, and W is an inversion. Then, the
primitive of W oy is written as the product of a
constant and the anti-pedal of y where this constant
is calculated by multiplying the signature of the
normal vector field of the curve and the signature of
the curve.
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Oz

Haploid ve diploid misir tohumlarinin siniflandirilmasi misir islahinda énemli bir konudur. R1-nj renk
markori sayesinde haploid ve diploid misir tohumlari embriyolarindaki renklenme farkliliklari dikkate
alinarak gorsel olarak ayirt edilebilmektedir. Bu nedenle, misir tohumu embriyolarinin bélitlenmesi
haploid ve diploid misir tohumlarinin siniflandirilmasi igin énemli bir 6n-islemdir. Bu ¢alismada, misir
tohumu gorintilerinin otomatik embriyo bélitlemesinde tam evrisim ag tabanli derin 6grenme
mimarilerinin (FCN8s, SegNet ve U-Net) bolitleme performanslari degerlendirilmektedir ve bolltleme
¢iktilarinin tam bagh Sartli Rastgele Alanlar yontemiyle diizglnlestirilmesi incelenmektedir. Boylece tam
bagh Sarth Rastgele Alanlarin bolitleme sonucuna etkisi arastirilmistir Ayrica bu ¢alisma igin misir
tohumu gorintileri piksel seviyesinde etiketlenerek referans gorintiler elde edilmis ve haploid ve
diploid misir tohumu goruntdleri icin yeni bir semantik goriinti bolGtleme veri seti olusturulmustur.
Cahisma sonuglari gostermistir ki, tam evrisim ag tabanli derin 6grenme mimarileri ile tam bagh Sartli
Rastgele Alanlar’in birlikte kullanimi, goriinti bolGtleme sonucunu ortalama loU performans
degerlendirme metriginde FCN8s, SegNet ve U-Net derin 6grenme mimarileri igin sirasiyla 0.0139,
0.0076, 0.0024 iyilestirdigi gortlmustar.

Integration of Fully Convolutional Network Based Architectures with
Fully Connected Conditional Random Fields in Maize Seed Embryos

Segmentation
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Abstract

Classification of haploid and diploid maize seeds is an important issue in maize breeding. Thanks to the
R1-nj color marker, haploid and diploid maize seeds can be visually distinguished by considering the
coloration differences in embryos. Therefore, segmentation of maize seed embryos is an important pre-
processing for the classification of haploid and diploid maize seeds. In this study, the segmentation
performances of fully convolution network-based deep learning architectures (FCN8s, SegNet and U-
Net) in automatic embryo segmentation of maize seed images are evaluated and the smoothing of
segmentation outputs with the fully connected Conditional Random Fields method is examined. Thus,
the effect of fully connected Conditional Random Fields on the segmentation result was studied. In
addition, for this study ground truths were obtained by labeling the maize seed images at the pixel level,
and a new semantic image segmentation dataset was created for the haploid and diploid maize seed
images. The study results showed that the combined use of full convolution network-based deep
learning architectures and fully connected Conditional Random Fields improved the image
segmentation result in the mean loU performance evaluation metric for FCN8s, SegNet and U-Net deep
learning architectures by 0.0139, 0.0076, 0.0024, respectively.
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1. Giris

Gorilintlyl, benzer Ozellikleri iceren boliimlere
ayirmayl saglayan gorinti bolitleme bilgisayarh
gorinin onemli alanlarindan biridir. Gorinti
bolitleme sayesinde anlamli ve anlasilmasi daha
kolay bir goriintii elde edilmektedir. Otonom siiris,
medikal goriintl analizi ve robot navigasyonu vb.
bircok bilgisayarli gori uygulamasinda gorintiiniin
bolitlenmesine ihtiyag duyulmaktadir. Gorinti
bolitleme, semantik bolitleme ve 6rnek (instance)
bolitleme olarak ikiye ayrilmaktadir (Minaee et al.
2021). Semantik bolutleme, bir gortntiiniin her bir
pikselinin bir sinif etiketi ile iliskilendirildigi bir
siniflandirma islemidir. Semantik boliitlemede ayni
sinifa ait ayrt  6rnekler ayni  degerlerle
etiketlenmektedir. Ornek bélitlemede ise semantik
bolitlemeden farkli olarak ayni sinifa ait ayri
ornekler icin farkl etiketler kullanilmaktadir. Bu
calismada haploid ve diploid misir tohumlarinin
embriyolarinin  semantik bolltlenmesi galismasi
yapilmistir.

Misir, hem insan hem de hayvan tiketimi icin en
onemli tahillardan biridir. Bu nedenle daha verimli
misir cesitlerinin gelistirilebilmesi icin misir 1slah
galismalari  yapilmaktadir. Saf hatlarin  elde
edilmesini amaclayan misir islahinda, haploid misir
tohumlarinin  varligi  6nemlidir. Haploid misir
tohumlari dogada %0.1 gibi ¢cok diistik bir frekansta
bulunmakta ve diploid misir tohumlarindan olduk¢a
zor ayirt edilmektedirler. Gerek haploid misir
tohumu frekansinin arttirilmasi, gerekse haploid
misir tohumlarinin ayirt edilebilmesi icin Nanda ve
Chase (1966) tarafindan gelistirilen dominant R1-nj
genine sahip bitkiler tozlayici olarak kullanilarak
melezleme yapilmakta ve melezleme sonucunda
elde edilen tim tohumlarin endospermlerinde
renklenme ortaya ¢ikmaktadir. Bununla birlikte
sadece diploid misir tohumlarinin embriyolarinda
renklenme goriliirken haploid misir tohumlarinin
embriyolarinda renklenme gorilmemektedir. Bu
durum haploid ve diploid misir tohumlarinin gozle
kilmaktadir.  Ancak

siniflandirma isleminin insan gozi ile yapiliyor

siniflandiriimasini - mimkin

olmasi, siniflandirma hatalarina, zaman ve emek
kaybina sebep olmaktadir (Altuntas vd. 2018a). Bu

nedenle tohumlarin otomatik olarak

siniflandiriimasi icin ¢alismalar yapilmistir (Altuntas
et al. 2018b, Altuntas et al. 2019a, De La Fuente et
al. 2017, Wang et al. 2018).

Misir embriyosunun misir tohumuna dair pek cok
degerli bilgiyi icerdigi bilinmektedir. Haploid ve
diploid muisir tohumlarinin embriyolarinin farkh
tohumlarin

olarak renklenmesi, bu

siniflandiriimasinda  embriyonun  bélitlenmesini
onemli hale getirmektedir. Altuntas ve Kocamaz
(2019b) ¢alismalarinda tim misir tohumu gorintisi
yerine sadece embriyo gorintlisd kullanmanin
siniflandirma basarimini arttiracagini belirtmislerdir.
Literatirde klasik yontemler kullanilarak misir
tohumu embriyo bolitlemesi yapan ¢alismalar
yapilmistir. Ma vd. (2014) calismalarinda misir ¢esidi
tespitinde,

karakteristiginden faydalanarak elde ettigi alti

misir tohumlarinin embriyo
Ozniteligi kullanmistir. Embriyo bolltlemesi igin
ampirik olarak esik degeri belirlenmesi yerine her
misir tohumu gorintlsine o6zgl adaptif esik
degerini OTSU (Otsu 1979) metodu ile hesaplayarak
embriyo bolitlemesini gergeklestirmislerdir. Chu vd.
(2014) cahismalarinda kifli misir tohumlarini tespit
ederken embriyo boliutlemesi yapmaktadirlar.
Embriyo bdlgesinin bulunmasinda ilk 6nce misir
tohumunun agirhk merkezi tespit edilmektedir.
Tespit edilen konum, embriyo bdlgesini olusturacak
ampirik olarak ¢api belirlenen gemberin merkezidir.
Altuntas ve Kocamaz (2019b) ¢alismalarinda haploid
ve diploid misir tohumlarini ayirt etme islemini
yaparken embriyo bolitleme islemini
gerceklestirmektedirler ve bu c¢alismada misir

kiimeleme
Ancak bu

islemi,

tohumu embriyolari  k-ortalamalar

yontemi ile  bolutlenmektedir.

calismalarda embriyo boliutleme misir
tohumu siniflandirmasinin  bir 6n islemi olarak
kullanilmistir. Bu nedenle bu ¢alismalarda kullanilan
embriyo bolatleme yontemleri icin performans
degerlendirmesi yapilmamistir.

Bu calismada misir tohumu embriyolarinin klasik
farkli
olarak, semantik bolitlemede basarili olan tam
evrisim ag tabanli FCN8s (Long et al. 2015), SegNet

(Badrinarayanan et al. 2017) ve U-Net (Ronneberger

yontemler kullanarak boélitlenmesinden

et al. 2015) derin 6grenme mimarilerinin bolitleme
performanslari degerlendirilmektedir ve bolitleme
ciktilarinin tam bagh Sartli Rastgele Alanlar (SRA)
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yontemiyle duzglinlestirilmesi incelenmektedir.
Ayrica bu calisma icin haploid ve diploid misir
tohumu goruntileri piksel seviyesinde etiketlenerek
referans gorintiler elde edilmis ve haploid ve
diploid misir tohumu gorintileri igin yeni bir
semantik gorintd boliutleme veri seti
olusturulmustur. ilk olarak FCN8s, SegNet ve U-Net
derin 6grenme mimarileri olusturulan veri setinde
egitilerek bélitleme sonuglari elde edilmistir. ikinci
olarak, egitilmis bu mimariler sonrasinda tam bagh
SRA son islem olarak kullaniimistir. Béylece tam
evrisim ag tabanli FCN8s, SegNet ve U-Net derin
0grenme mimarileri sonrasinda tam bagli SRA’nin
kullanilmasinin ~ boliitleme  sonucuna  etkisi
incelenebilmektedir. Normal misir tohumlarinda
embriyo ve endospermin bolitlenmesi kolay bir
gorevken, Navajo geninin farkli renk tonlarinda ve
blykliklerinde ortaya ¢cikmasi haploid ve diploid
misir tohumlarinda embriyo bolitlemeyi zorlu bir
goreve donilstirmektedir. Bu ¢alisma bildigimiz
kadariyla misir tohumu embriyolarinin
bolitlenmesinde derin  6grenme yontemlerinin
kullanildig ilk calismadir.

Makalenin geri kalani su sekilde dizenlenmistir: II.
Boliim’de, kullanilan veri seti ve yontemler
anlatilmistir. 1ll. Bélimde deneysel sonuglara yer
verilip, model sonuclari  degerlendirilmistir.
IV.B6limde

almaktadir.

ise tartisma ve sonug¢ kismi yer

2. Materyal ve Metod
2.1. Veri Seti

Bu calismada, Haploid ve Diploid Misir Tohum
GoOriinti  Veri Seti (Altuntas et al. 2019a)
kullanilmistir. Orijinal veri seti 300x289 ile 610x637
3000
Calisma kapsaminda

¢Ozlinlrlikleri arasinda degisen renkli
gorlintiden olusmaktadir.
kullaniimak (zere, orijinal veri setinden 100’er adet
haploid ve diploid misir tohumu gorintisi rastgele
Secilen gorintiler en boy orani
224x224

boyutlandirilmistir. Semantik bolitlemede piksel

secilmistir.

korunarak ¢Ozlinlrlige yeniden

seviyesinde siniflandirma yapildigi icin veri setini

olusturacak  referans  gorintilerinin  piksel

seviyesinde etiketlenmesi gerekmektedir. Matlab
programa dilinin Image Labeler araci kullanilarak,

secilen misir tohumu goruntiileri piksel seviyesinde

arka plan, endosperm ve embriyo olarak
etiketlenerek olusturulan misir tohumu referans
gorlntuleriyle yeni bir veri seti olusturulmustur. 100
adet haploid ve 100 adet diploid toplam 200 misir
tohumu gorintisiiniin %601 (120 adeti) egitim,
%20’si (40 adeti) dogrulama ve %20’si(40 adeti) de
test veri seti olarak kullanilmistir. Sekil 1’de
bolitlenmis 6rnek haploid ve diploid misir tohumu

gorlintlsl ve referans gorintileri gosterilmektedir.

Sekil 1. a) Haploid misir tohumu, b) Etiketli haploid misir
tohumu, c) Diploid misir tohumu, d) Etiketli diploid misir
tohumu

2.2. Tam Evrisim Ag Tabanl Béliitleme Yontemleri

Klasik ozniteliklerin

¢ikarilmasinda uzman bilgisine ihtiya¢ duyarken,

yontemler ayirt edici

derin 6grenme yontemleri, uzman bilgisine ihtiyag

duymadan otomatik olarak probleme 0zgi
Ozniteliklerin ¢ikarilmasini saglamaktadir (Sultana et
al. 2020). Ancak derin 6grenme mimarileri ayirt edici
Ozniteliklerin ¢ikarilmasinda biylk miktarda etiketli
veriye ve bu mimarilerin egitimini saglayacak
donanimlara ihtiyag duymaktadir. Son yillarda
etiketli verinin artmasi ve Grafik isleme Birimlerinin
GPU)
gelismesiyle birlikte derin 6grenme mimarileri
yaygin bir sekilde kullanilmaya baslanmistir.
Ozellikle AlexNet Derin Evrisimsel Sinir Ag1 (DESA)

mimarisinin (Krizhevsky et al. 2012) siniflandirma

(Graphic Processing Unit, teknolojisinin

problemlerinde biiylk basari elde etmesiyle birlikte,
arastirmacilar semantik bolitlemede de DESA
mimarilerini kullanmaya baslamislardir.

2.2.1. FCN

FCN, DESA mimarisini kullanarak semantik
bolitlemede  kullanan ilk  derin  68renme
yontemlerinden biri olmustur. FCN, VGG-16
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(Simonyan and Zisserman 2015) mimarisinin tam
bagli katmaninin yerine evrisim katmanlarini
kullanarak semantik boélitleme gerceklestiren tam
evrisimsel ag tabanli bir mimaridir. FCN mimarisi
tamamiyla evrisim katmanlarindan olustugu igin
istenilen  boyutta  gorintiyd  girdi  olarak
kullanabilmektedir. Bu mimaride art arda uygulanan
evrisim ve havuzlama islemleriyle yiksek boyutlu bir
gorinta disuk boyutlu bir  gorintiye
donustirilmektedir. Art arda uygulanan bu islemler
duslik

Oznitelikler, sonraki katmanlarda ise daha yiksek

sayesinde ilk katmanlarda seviyeli

seviyeli Oznitelikler 6grenilmektedir. Semantik

boliitleme c¢iktisinin boyutu girdi goriintlsiinin
boyutu ile ayni boyutta olmak zorunda oldugundan,
kiicilen gorinti  boyutu, evrisim
gercek

getirilmektedir. FCN mimarisinin ilk érnegi olarak,

transpoz

kullanilarak gorunti boyutuna
art arda uygulanan maksimum havuzlama islemiyle
goruintl boyutunu 32 kat kiiclilten ve transpoz
evrisimle 32 kat goriinti boyutunu bilyuterek
gercek boyutuna dondstliren FCN-32s mimarisi
onerilmistir. Sekil 2'de FCN

gosterilmektedir.

mimarisi

forward/inference

-
. .
backward /learning

Sekil 2. FCN mimarisi (Long et al. 2015)

FCN-32s mimarisinde gorinti boyutunu 32 kat
kiigliltilmesi nedeniyle uzamsal bilgide kayiplar
olmakta ve sonug olarak kaba bir béliitleme elde
edilmektedir. Bu problemin ¢6zimi icin daha iyi
uzamsal bilgiye sahip ara katmanlardan faydalanan
FCN-16s ve FCN-8s mimarileri onerilmistir. Bu
mimarilerde ara katmanlar ile son katmanlar atlama
baglantisiyla birlestirilerek kaba boéliutleme sorunu
¢Ozilmeye calisiimaktadir. FCN-16s mimarisinde, en
son maksimum havuzlama katmanin (pool5) ¢iktisi 2
kat bayatalir ve bir 6nceki maksimum havuzlama
(pool4)

katmanin c¢iktisi ile birlestirilmektedir.

Birlestirme sonucu 16 kat buydtulerek gorinti
FCN-8s
mimarisinde ise, en son maksimum havuzlama

gercek boyutuna donisturilmektedir.
katmanin(pool5) ciktisi 2 kat biyttlltp, bir 6nceki
maksimum havuzlama (pool4) katmanin ¢iktisi ile
birlestirilir ve elde edilen birlestirme sonucu 2 kat
blyutilerek bir 6nceki maksimum havuzlama
katmaninin (pool3) ¢iktisi ile birlestirilmektedir. Son
olarak 8 kat buyutulerek goriinti gercek boyutuna
donisturidlmektedir. Sekil 3’te FCN-32s, FCN-16s ve

FCN-8s mimarileri gosterilmektedir.

8x upsamplod

3 upsampled O upsampled 16 upsamplod  2x upsampled
(FON-32 ion (FON-16s) ~ prediction  predicti

predi

S prediction  predi

e \
\ |
poold  pood  pools poold ‘va pool3 ‘Z
) prediction 4 prediction 4
f //
T 4 /

Sekil 3. FCN-32s, FCN -16s ve FCN-8s mimarileri (Long et
al. 2015)

2.2.2. SegNet

Kodlayici-kod ¢ozlicii mimaride olan SegNet tam
evrisimsel ag tabanh diger bir semantik bolitleme
mimarisidir. SegNet, bir kodlayici agina ve buna
karsilik gelen bir kod ¢6ziicli agina sahiptir. SegNet
kodlayici aginda son bagh katmani ¢ikariimis VGG16,
ag modeli kullanilmaktadir. Kodlayici kisminda,
gorintlye evrisim, yigin normalizasyonu, Relu
aktivasyon fonksiyonu ve maksimum havuzlama
islemleri uygulanarak goruntli kodlanmaktadir.
Kodlanan goriintl, kod ¢ozlcl aginda evrisim ve
ters havuzlama ile gercek gorinti boyutuna

biyiltilmekte ve son katmaninda da piksel

seviyesinde siniflandirma yapilarak bolatleme
sonucunu olusturulmaktadir. SegNet’in en 6nemli
Ozelliklerinden biri

kodlayici aginin havuzlama

katmanlarinda maksimum havuz indekslerini
depolamasi ve bu indisleri kod ¢6zlicli aginda ters
havuzlama isleminde kullanmasidir. Boylece kod
¢6zlicli aginda goruntinin boyutu blyutulirken bu
indislerin sagladig konum bilgisinden
faydalaniimaktadir. SegNet mimarisinde diger Tam
Tabanli

yontemlerinden farki olarak ters evrisim islemi

Evrisim  Ag semantik  bollitleme
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uygulanmamaktadir. Sekil 4’te SegNet mimarisi
gosterilmektedir.

Convolutional Encoder-Decoder

Pooling Indices

I Conv + Batch Normalisation + ReLU
I Pooling M Upsampling Softmax

Sekil 4. SegNet mimarisi (Badrinarayanan et al. 2017)

2.2.3. U-Net

Tam evrisim ag tabanl diger bir mimari de U-Net
mimarisidir. U-Net mimarisi, SegNet mimarisi
benzer sekilde ayirt edici 6zniteliklerin cikarilmasi
icin gorintinin boyutunun kiglltildugi kodlayici
ag ve Oznitelik haritasinin bly(tllerek gergek
gorintl boyutuna dondstirildagli kod c¢oziici
agdan olusmaktadir. Tam evrisimsel ag mimarisine
dayali boliitleme yontemleri iyi bolitleme sonucu
elde edebilmek icin egitim asamasinda c¢ok fazla
etiketlenmis gorintiye ihtiyag duymaktadir. U-Net
mimarisi az sayida etiketlenmis gorlntilyle
egitilebilmektedir. Bu nedenle 6zellikle etiketlenmis
goruntli elde etmenin zor oldugu biyomedikal
gorinti boliitleme uygulamalarinda U-Net mimarisi
sikhkla kullanilmaktadir. U-Net mimarisi kodlayici ve
kod ¢oziici ag katmanlarini daralma ve genisleme
katmanlar olarak adlandirilir. U-Net mimarisinin
kodlayici aginda her maksimum havuzlama
isleminden sonra gorlintl boyutu yariya diserken
Oznitelik haritasi sayisi iki katina ¢ikarilmaktadir. Kod
¢Ozict kisminda ise ters evrisim islemiyle goriinti
boyutu iki katina ¢ikarilirken 6znitelik harita sayisi
yariya dusurilmektedir. Kodlayici agi derinlestikce
yiksek  seviyeli  Ozniteliklerin  6grenilmesini
saglanirken, maksimum havuzlama islemi nedeniyle
girdi  gorlntlsinin ¢ozUnlrligl azaldig icin
uzamsal bilginin detaylarinda kayiplar olmaktadir.
U-Net mimarisinde daralma katmanindaki daha iyi
uzamsal bilgiye sahip 6znitelik haritalari, genisleme
bulunan 6znitelik

katmaninda ayni seviyede

haritalariyla atlama baglantisiyla birlestirilerek kayip

olan uzamsal bilgi detaylari kurtarilmaktadir. Sekil
5’te U-Net mimarisi gosterilmektedir.

’: ‘ output
| segmentation
map

| 4
|

N

f

;

=»conv 3x3, ReLU
copy and crop
§ max pool 2x2
024 4 up-conv 2x2
- = conv 1x1

Sekil 5. U-Net mimarisi (Ronneberger et al. 2015)

2.2.4. Tam Bagh SRA

Semantik bolitlemede kullanilan diger bir yontem
de olasiliksal grafik modellerin bir cesidi olan
SRA’dir. Sinif etiketi tahmin edilecek pikseller
arasindaki iliskiyi modelleyen olasiliksal
cesidi olan SRA,

bolitlemede kullanilan diger bir yaklasimdir. Cizge

grafik
modellerinin  bir semantik
ve olasilik teorisini bir araya getiren olasiliksal grafik
modellerinde, cizgenin her digimiu bir rastgele
degiskenle iliskilendirilir ve dugimler arasindaki
kenarlar dugumlere karsilik gelen degiskenler
arasindaki olasiliksal etkilesimi temsil etmektedir
(Koller and Nir 2009, Murphy 2012). SRA ayirt edici
siniflandiricilardan elde edilen tekli terim ve gorinti
piksel Oznitelikleri ve pozisyon bilgisinden elde
edilen ¢iftli terimden olusmaktadir. Literatirde,
destek vektdr makinalari (Toyoda and Hasegawa
2008), yapay sinir aglari (He et al. 2004) vb.
siniflandiricilar ve Gauss Karisim Modelleri (Arani
and Zhang 2014, Wang et al. 2009) kullanilarak
SRA’nin tekli terimini elde eden semantik boliitleme

¢alismalari bulunmaktadir. SRA semantik
bolitlemedeki etiketleme  problemini  eneriji
fonksiyonun minimizasyon problemine

Denklem 1’de Ciftli-SRA’da
kullanilan enerji fonksiyonu gosterilmektedir.

donistirmektedir.

E() = Y () + X ¥ (20 x)) (1)

Y;(x;) ve ¥; j(x;, x;) potansiyel fonksiyonlardir ve

sirastyla tekli terim ve ¢iftli terim olarak
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adlandirilirlar ve SRA icin en 6nemli konu potansiyel
SRA’da
onemli bir konu da enerji fonksiyonunun terimleri

fonksiyonlarinin  olusturulmasidir. diger
hesaplandiktan sonra enerji fonksiyonunu minimize
edecek etiket kiimesini bulan etkili bir ¢ikarim
algoritmasinin uygulanmasidir. Tekli terim, renk,
doku vb. yerel gériiniim 6znitelikleri bilindiginde bir
ifade
etmektedir. Ciftli terim sayesinde ise birbirine yakin

pikselin bir sinifa ait olma olasiliklarini

konumda olan ve Oznitelikleri birbirine benzeyen
pikseller ayni sinif etiketini almaya zorlanmaktadir.
Yiksek dereceli komsuluk iceren enerji fonksiyonlari
icin ¢cikarim algoritmalarinin ¢alisma sirelerinin ¢ok
uzun olmasi, ciftli terimin genellikle tek dereceli
komsuluklardan olusturulmasina neden olmustur.
Sadece birinci derece komsulugu hesaba katan ciftli
terimler uzun sireli bagimliliklari yakalayamadigi
icin kaba bolutleme sonuglari elde etmislerdir.
Krahenbiihl ve Koltun (2011) c¢ahsmalarinda bir
diglimuin diger tim digimlere bagh oldugu ciftli
terimleri iceren enerji fonksiyonu ve bu enerji
fonksiyonu ¢ok kisa slirede minimize eden mean-
field ¢ikarim algoritmasini 6nerdiler. Tam bagh SRA
olarak isimlendirilen bu yontem, degiskenler
arasindaki uzun stireli bagimhligi yakalayabildigi igin
kaba boliutleme sorununa ¢6ziim getirmistir.

Tam Bagli SRA’da tekli terim (Y;(x;)), siniflandirici
tahminiyle elde edilmektedir. Denklem 2’de tam
bagh SRA’nin tekli terim hesabi gosterilmistir.
Denklemdeki p(x;), x; pikselinin sinif olasiliklarini
ifade etmektedir.

Yi(x;) = —log(p(xy)) (2)

Tam Baglh SRA'da iftli terim hesabi (Y;(x;,x;))
Denklem 3’te gosterilmistir.

¥i(xox) = plx, %)Wk (fi f;) +
w2k?(fi, )] (3)

k* ve k? iki gaussian kerneli, f; ve f; piksel i ve j icin

oznitelik  vektérini  w! ve w? dogrusal

kombinasyon agirliklarini ve p etiket uyumluluk
Denklem 4’te

fonksiyonunu  gostermektedir.

gaussian kernel gosterilmistir.

1 Ipi-pjl -1l
k(fi f;) = whexp (_W_ﬁ) +

2 __Ipi-pjl
wexp ( 0 ) (4)
2.2.5. Son islem (Post-Processing) Olarak Tam
Bagh SRA’nin Kullaniimasi

DESA’ya dayali semantik boélitleme yontemleri, bir
pikselin sinif etiketine tahmin etmek igin, yalnizca
yerel piksel

yeterince ayirt edici olmayan

Ozniteliklerini  kullanmalari  nesne sinirlarinda
bulunan piksellerin sinif etiketlerinin keskin tahmin
edilememesine neden olmakta ve sonuc olarak kaba
bir bolutleme elde edilmektedir (Arnab et al. 2018).
Tam bagl SRA’nin ciftli teriminin yakin konumda
bulunan ve benzer o6znitelikleri tasiyan pikselleri
ayni sinif etiketine atamaya zorlayan vyapisi
sayesinde, DESA mimarisinin sonrasinda tam bagh
SRA’nin kullanilmasinin DESA’ya dayali semantik
bolitleme yontemlerinin elde ettigi kaba boliutleme
sonucunu iyilestirdigi gorilmistir (Chen et al.
2018). Bu calismada Tam Evrisim ag tabanli FCN-8s,
SegNet ve U-Net derin 6grenme mimarilerinin
sonrasinda tam bagh SRA’y1 kullanmanin bolitleme
sonucuna etkisi incelenmistir. Semantik bolitleme
icin olusturulan veri setinde tam evrisim ag tabanli
FCN-8s, SegNet ve U-Net mimarileri egitilmis ve
egitilen bu mimarilerin softmax cgiktisi ile elde edilen
sinif olasilik degerleriyle tam bagli SRA’nin tekli
terimi olusturulmustur. Ciftli terim ise Denklem 3’te
belirtigi ~ UGzere iki  gaussian  kerneli ile
olusturulmaktadir. Sekil 6, Sekil 7 ve Sekil 8'de
siraslyla tam bagh SRA’yi son islem olarak kullanan
FCN-8s-SRA, SegNet-SRA ve U-Net-SRA mimarileri
gosterilmistir.
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Sekil 6. FCN-8s-SRA mimarisi
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Sekil 7. SegNet-SRA mimarisi
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Sekil 8. U-Net-SRA mimarisi
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3. Bulgular
3.1. Uygulama Ayrintilar

Deneysel ¢alismalar, Intel Corei5-9500 3.00 GHz 6
cekirdekislemci, 16 GB bellek, 240 GB SSD depolama
alanina sahip bilgisayarda ve Matlab 2019a
platformu Uzerinde gergeklestirilmistir. Cizelge 1'de
FCN-8s, SegNet ve U-Net mimarilerinde kullanilan

hiperparametreler gosterilmistir.

Cizelge 1. Hiperparametreler

Parametreler Deger
Yigin Boyutu 4
Epoch Sayisi 100
Ogrenme Orani 0.001
En lyileyici Adam

Onceden egitilmis VGG16 modeli, calistirilan biitiin
(backbone)
kullanilmistir. SegNet ve U-Net kodlayici — kod

mimarilerde omurga olarak
¢Ozilct mimarilerin kodlayici aginin agirlik baslangig
degerleri ImageNet (Deng et al. 2009) verisi ile 6n
egitilmis VGG16'in agirhklari ile baslatilirken, kod
¢Ozicu aginin agirhklarinin baslangic degerleri He
vd. (2015) calismasinda oOnerilen agirlik baslatma
yontemi ile belirlenmistir. Dogrulama maliyetinde
Oonceden belirlenen bir sire icerisinde azalmanin
olmadigi durumlar (overfitting) igin erken durdurma
(early stopping) islemi uygulanmistir. Dogrulama
maliyeti her epochta 3 defa hesaplanmis ve son 10
dogrulama maliyeti incelenerek erken durdurma
yapilip yapilmayacagina karar verilmistir. FCN-8s’de
30.Epoch’ta, SegNet’'te 51.Epoch’ta ve U-Net'te ise
55.Epoch’ta
durdurulmustur.

0grenme islemi otomatik olarak

3.2. Performans Dederlendirme Metrikleri

Semantik bélimleme bir gorintlideki her pikselin
sinif etiketinin tahmin edilme islemi oldugundan,
yapilan islem goriintideki her bir piksel igin
siniflandirma yapmaktir. Bu nedenle siniflandirma
problemlerinin  performanslarinin  dlglimiinde
kullanilan performans degerlendirme metrikleri
semantik bolitlemede de kullaniimaktadir. Bu
¢alismada yontemlerin performans degerlendirmesi

icin Genel Dogruluk, Ortalama Dogruluk, Ortalama

loU, Agirliklandiriimis loU ve Ortalama Dice Katsayisi
performans degerlendirme metrikleri kullaniimistir.
Metrik hesaplamalarinda k sinif sayisini ve pj, i
sinifinda olmasina ragmen j sinifi olarak tahmin
edilen piksellerin sayisini gostermektedir. Diger bir
deyisle pii dogru pozitif piksel sayisini, pj yanlig
negatif piksel sayisini, p;i yanlis pozitif piksel sayisini
belirtmektedir (Garcia-Garcia et al. 2017).

Genel olarak siniflandirilan

Dogruluk: Dogru

piksellerin toplam piksel sayisina oranini ile
hesaplanmaktadir. Denklem 5’te Genel Dogruluk

hesabi gosterilmektedir.

e i
= LA L 5
Y, TN pij ©)

Ortalama Dogruluk: Her sinif icin  dogru

siniflandirilan piksel sayisinin, sinif toplam piksel

sayisina oraniyla sinif dogruluklari hesaplanir.

Hesaplanan sinif dogruluklarinin ortalamasinin
alinmasi ile de Ortalama Dogruluk
hesaplanmaktadir. Denklem 6’da Ortalama
Dogruluk hesabi gosterilmektedir.

1 k Pii (6)

k l=12j=1pij

siklikla
kullanilan diger bir performans degerlendirme

Ortalama loU: Semantik bolitlemede
metrigi ortalama loU metrigidir. loU metrigi tahmin
edilen gorinti ve referans goriinti kesisiminin
blylkliglnin, tahmin edilen goriintli ve referans
gorantl birlesiminin  baylklGgiine boélinmesiyle
hesaplanmaktadir. Her sinif icin ayri olarak

hesaplanan loU degerinin ortalamasi alinarak
ortalama loU degeri elde edilmektedir. Denklem

7’de Ortalalama loU hesabi gosterilmektedir.

1 vk Dii (
Zyk 7)
k 1_12;‘:1191'# Z;‘(:1pji_ Dii

Agirliklandirilmis loU: Agirliklandirilmis loU, her
sinifin piksel sayisina gére ortalama loU degerlerinin
agirliklandiriimasiyla hesaplanmaktadir. Denklem

8’de Agirliklandiriimis loU hesabi gosterilmektedir.

k
1 Kk Dii Xj=1Dij
Y py CELER it I pji- pa

(8)

107



Misir Tohumu Embriyolarinin Béliitlenmesinde Tam Evrisimsel Ag Tabanli Mimarilerin Tam Bagh Sarth Rastgele..., Alasu ve Talu.

Ortalama Dice Katsayisi: F1-Score olarak da bilinen
Dice Katsayisi, loU performans degerlendirme
metrigi ile beraber en yaygin kullanilan bélitleme
metrigidir. Denklem 9’da Ortalalama Dice Katsayisi

hesabi gosterilmektedir.

15k 2Dpii
k SELyk b+ X v

(9)

3.3. Deney Sonuglari

FCN-8s, SegNet, U-Net, FCN-8s-SRA, SegNet-SRA ve
U-Net-SRA mimarilerinden elde edilen bolitleme
sonuglari sirasiyla Cizelge 2, Cizelge 3 ve Cizelge 4’te
verilmistir. Performans degerlendirme metriklerinin
FCN-8s,
0grenme mimarileri

tamaminda tam evrisimsel ag tabanl

SegNet ve U-Net derin

sonrasinda tam bagl SRA kullaniminin bolitleme
sonucunu iyilestirdigi goriilmektedir. Tam bagl SRA
loU
performans degerlendirme metriginde FCN8s igin
0.0139, SegNet igin 0.0076 ve U-Net igin 0.0024
iyilestirmektedir.

kullanimi  béliutleme sonucunu Ortalama

Kodlayici-kod ¢ozlici yapidaki
FCN-8s
mimarisinde son islem olarak tam bagh SRA’nin
daha
iyilestirmektedir. Tam evrisim ag tabanli mimarilerin
elde ettigi bolutleme sonucu iyilestikge, tam bagh
SRA’nin bolitleme sonucuna etkisinin azaldig
gorilmektedir.

SegNet ve U-Net mimarilerine kiyasla,

kullanimi  bolutleme  sonucunu fazla

FCN-8s, SegNet ve U-Net mimarilerinin egitim ve
dogrulama veri setlerine ait maliyet ve dogruluk
grafikleri sirasiyla Sekil 9, Sekil 10 ve Sekil 11'de
gosterilmistir.

Cizelge 2. FCN-8s ve FCN-8s—SRA mimarileri bolutleme sonuglari

Yéntemler Genel Dogruluk Ort?Iama Ortalama loU Agirliklandinimig Ortalama Dice
Dogruluk loU Katsayisi
FCN-8s 0.96887 0.96186 0.92932 0.94065 0.96236
FCN8s-SRA 0.9755 0.97006 0.94321 0.9525 0.9703

Cizelge 3. SegNet ve SegNet—SRA mimarileri bolitleme sonuglari

Yéntemler Genel Dogruluk Ortflama Ortalama loU Agirhklandiriimig Ortalama Dice
Dogruluk loU Katsayisi
SegNet 0.97248 0.96532 0.93612 0.94737 0.96573
SegNet-SRA 0.97609 0.9702 0.9437 0.95352 0.97049

Cizelge 4. U-Net ve U-Net—SRA mimarileri béliutleme sonuglari

Yéntemler Genel Dogruluk Ort?Iama Ortalama loU Agirhklandiriimig Ortalama Dice
Dogruluk loU Katsayisi
U-Net 0.97644 0.9719 0.94521 0.95477 0.97071
U-Net-SRA 0.97791 0.97354 0.94757 0.95672 0.97266
100 . o 12
[ Nl 24 Egitim
90 " ——Dogrulama| |
80 [
s
S 7ot 5
= = 5
8 eof =
50 [ |
I\
—Dogrulama
30 o
o 5 10 15 20 25 30 o 5 10 15 20 25 30
Epoch Epoch

Sekil9. FCN-8s mimarisi egitim ve dogrulama veri setleri dogruluk ve maliyet grafigi
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Sekil 10. SegNet mimarisi egitim ve dogrulama veri setleri dogruluk ve maliyet grafigi
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Sekil 11. U-Net mimarisi egitim ve dogrulama veri setleri dogruluk ve maliyet grafigi

Ornek test goriintiileri icin FCN-8s, FCN-8s-SRA,
SegNet, SegNet-SRA, U-Net, U-Net-SRA
mimarilerinden elde edilen bolitleme sonuglari
Sekil 12’de gosterilmistir.  Tam bagh SRA’nin
kullanilmadigi ornek test gorintilerininin
bolitleme sonuglarinda, endosperm piksel

bazi

blogunun ortasinda hatali olarak embriyo olarak

siniflandirilan pikseller oldugu goérilmektedir. Tam
bagh SRA kullanimi, bu sorunu birbirine yakin ve
benzer o6zniteliklere sahip pikselleri ayni etikete

Test
Goriintiisii

Referans
Goriintii

FCN-8s FCN-8s-SRA

atamaya zorlayan ¢iftli terimi  sayesinde
¢6zmektedir.
SegNet SegNet-SRA U-Net U-Net-SRA

Sekil 12. Ornek test gériintiileri boliitleme sonuglari
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4, Tartisma ve Sonug

Bu calismada haploid ve diploid misir tohumlarinin
embriyo boélitlemesi icin, tam evrisim ag tabanh
FCNSs, U-Net
mimarilerinin boliutleme

SegNet ve derin  6grenme
performanslari
degerlendirilmistir ve bolutleme c¢iktilarinin tam
bagh  SRA

incelenmigtir. Boylece tam bagl SRA’'nin bollitleme

yontemiyle dizglnlegtiriimesi
sonucuna etkisi arastirilmistir. Ayrica bu ¢alisma igin

misir tohumu gorintileri piksel seviyesinde
etiketlenerek referans gorintiler elde edilmis ve
haploid ve diploid misir tohumu goriintileriicin yeni
bir semantik gorinti boliitleme veri seti
olusturulmustur. Son islem olarak tam bagh SRA
kullanimi, Genel Dogruluk, Ortalama Dogruluk,
Ortalama loU, Agirhklandiriimis loU ve Ortalama
Dice Katsayisi performans metriklerinin timinde
bolitleme sonucunu

iyilestirdigi  gorilmastir.

Ortalama loU performans degerlendirme
metriginde tam bagh SRA bdlitleme sonucunu
FCN8s i¢in 0.0139, SegNet i¢in 0.0076 ve U-Net igin
0.0024 artirmaktadir.

Geleneksel bolitleme yontemleri kullanilarak misir
tohumu embriyo bolitlemesi yapilan c¢alismalar
misir tohumu siniflandirma probleminin bir 6n
islemi olarak kullanildigindan, bu c¢alismalarda
kullanilan embriyo bolitleme yontemleri igin
performans degerlendirmesi yapilmamistir. Bu
nedenle bu c¢alismada elde edilen bolitleme
sonuglari bu yontemler ile karsilastirilamamistir.
Bundan sonraki ¢alismalarda tam evrisim ag temelli
birlikte

topluluk(ensemble) yapida mimariler ve topluluk

mimarilerinin kullanildigi
mimarilerinin son islemi olarak tam bagh SRA’nin

kullaniminin ~ bélitleme  sonucuna  etkisinin
arastirilmasi planlanmaktadir. Ayrica tim misir
tohumu goérintist yerine, bollutlenmis embriyo
goruntdileri ile haploid ve diploid misir tohumlarinin

siniflandiriimasi planlanmaktadir.
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Abstract

Deep learning networks have many modern applications and demonstrate a high-performance level. As

the applications of deep learning networks to real-world problems continues to spread, the reason why
they are effective remains unknown. However, it is possible to make some judgments by examining the
behaviour of the network in experiments. The main aim of this study is to analyse the performance of

Keywords deep learning techniques in the form of a 5-point Likert-type scale by converting the artificial data sets
Deep Learning; into a fuzzy form using triangular or trapezium fuzzy numbers. To test the performance of the proposed
Logistic Regression; model, which is the integration of deep learning and fuzzy logic techniques, the satisfaction estimation
Fuzzy Logic; problem was chosen. Data sets consisting of fuzzy numbers which reach at least three or four times
Likert Scale more parameters than normal data sets. Thus, it decreases the possibility of falling into the local

optimum trap in optimization studies with big data. In the analysis conducted with deep learning, in
accordance with the fuzzification examples in the literature, the defuzzification was carried out with
separate results for peak, maximum, and minimum values. In contrast to the literature, the
performances of the deep learning model were investigated by suggesting that fuzzy numbers produce
a single result series.

Likert Tip Veride Bulanik Mantik ve Derin Ogrenme Entegrasyonu
0z
Derin 0grenme aglarn bircok modern uygulamaya sahip olup vyiksek performans seviyesi
gostermektedir. Derin 6grenme aglarinin gergek diinyadaki sorunlara uygulamalari yayllmaya devam
ederken bunlarin neden etkili oldugu bilinmemektedir. Ancak deneylerde aglarin davranisini
inceleyerek bazi yargilarda bulunmak mimkindir. Bu ¢alismanin amaci 5 noktali Likert tipi 6lcegiyle
Uretilen yapay veri setlerinin Uggensel ya da yamuk bulanik sayilar kullanilarak bulanik forma
donusturilmesi ve bu yolla verilerin gogalmasi durumunda derin 6grenme tekniklerinin performansinin
analiz edilmesidir. Derin 6grenme ve bulanik mantik tekniklerinin entegrasyonu sonucunda 6nerilen
Bulanik Mantik; modelin performansinin test edilmesi icin memnuniyet tahmin problemi segilmistir Bulanik sayilarla
Likert Olgegi olusturulan veri setleri ile normal veri setinden en az 3 ya da 4 kat daha fazla parametre sayisina
ulagilmaktadir. Boylece buyik veri ile optimizasyon g¢alismalarinda yerel optimuma tuzagina diisme
olasihgl azalmaktadir. Derin 6grenme ile yapilan analizlerde, literatlrdeki bulaniklastirma érneklerine
uygun olarak, tepe, maksimum ve minimum degerler igin ayri sonuglarla durulastirma
gerceklestirilmistir. Literatlirden farkl olarak bulanik sayilarin tek sonug dizisi iretmesi 6nerilerek derin
o6grenme modelinin performanslari arastiriimistir.

Anahtar kelimeler
Derin Ogrenme;
Lojistik Regresyon;

© Afyon Kocatepe Universitesi
1. Introduction training deep neural networks, developments in this
field slowed down. However, in 2006, an idea of
training each layer of deep nets separately proposed
by Hinton et al., accelerated the research in this area
(Hinton et al. 2006). Unlike other machine learning
techniques, it learns the required features
independently from the training data set without

Deep learning is a part of the machine learning
domain inspired by information processing
principles of the human brain. Deep learning is
based on deep neural networks that were
introduced 30 years ago. Due to the difficulty of
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the need for the expert to define (Kappor et al.
2018). Deep learning, which is one of the techniques
that process big data quickly and accurately,
provides great benefits in many fields such as
business, management, medicine, health,
engineering, and scientific research (Wang et al.
2017). One of the areas where deep learning
techniques are widely wused is satisfaction
estimation (Tabrizi et al. 2016).

Several methods are used to estimate the
satisfaction examine the effects of various variables
on the overall level of satisfaction (Deng and Pei
2009). Deep learning is among the suitable
techniques for customer satisfaction analysis and
widely used to examine the complex relationship
between input variables and output variables. There
are many studies in the literature that use artificial
neural networks to estimate overall satisfaction. For
example, Jahandideh et al. proposed a model based
on artificial neural networks that predict how
patients evaluate hospital services in general by
using factors such as reliability, insurance, physical
conditions, empathy, and sensitivity (Jahandideh et
al. 2013). Najmi et al. identified and analyzed crucial
determinants of consumer reversing behavior using
partial least square- structural equation modelling
and artificial neural network. This study
demonstrated the advantage of artificial neural
network over conventional methods in terms of
capturing the non-linear relationships (Najmi et al.
2021).

Also, some studies have compared the logistic
regression model with artificial neural networks in
estimating overall satisfaction in the literature. For
example, Tsaur et al. have applied artificial neural
networks and logistic regression to measure the
importance scores of services in nine international
hotels. In their study, they concluded that artificial
neural networks perform better than logistic
regression (Tsaur et al. 2002). Cong et al. estimated
the parameters such as acoustic and semantic
features, emotional instability features, speech
rhythm, and verbal assessments to measure the
customer satisfaction score (Cong et al. 2016). Yau
and Tang (2018) estimated the customer
satisfaction level in self-service technology adopted
in airports by using regression tree and Artificial
Neural Networks. Artificial Neural Networks
validated by 10-fold cross validation is found to be
the best among the models. Kalini¢ et al. (2019)
developed a predictive model of customer
satisfaction related to mobile commerce. Since

conventional statistical techniques, such as multiple
regression analysis, are used for the prediction of
consumer satisfaction and typically examine only
linear relationships among variables, they used
Artificial Neural Networks for modelling complex
relationships. Bekiros et al. (2019) proposed
method for customer satisfaction prediction in the
shipping industry. The study revealed the most
effective optimization methods through employing
artificial intelligence approaches. Wang at al. (2019)
proposed an automated machine learning approach
to model overall product delivery satisfaction under
limited resources. Ara¢ and Glrhanh (2020) used
artificial neural networks for customer satisfaction
applications by establishing nonlinear equations.
Subroto and Christianis (2021) used Classification
and Regression Tree, Random Forest, Logistic
Regression and Artificial Neural Network, and Multi-
Layer Perceptron Models to make prediction’s
classification through attributes and topics from
customer review.

Customer service perceptions generally contain
uncertainty. Applying the Likert scale to represent
customer perceptions based on linguistic
assessments does not address this uncertainty.
Human perceptions and attitudes are subjective and
uncertain. In addition, differences in individual
perception and personality affect this uncertainty.
The traditional Likert scale assumes that distance
between the consecutive scale-point is constant,
but in reality, there is no crisp boundary among the
scale values (Toth et al. 2020). To address the
information lost problem when applying the Likert
method, increasing the scale points on a Likert scale
or apply Likert scale in two stage was
recommended. Although the recommended
solutions have some advantages, difficulty in
application emerged because they tired the survey
participants. To overcome these problems, new
alternative Likert scale based on fuzzy sets theory
was proposed by Lin (2017), Bahadir (2017), Biyan
and Bircan (2018). In the literature, there are studies
to solve this situation by expressing the Likert scale
with fuzzy numbers and thus obtaining successful
results. (Toth et al. 2019) introduced fuzzy number-
based methodology that adds properties to Likert
scales to model human judgment in more precise
and reliable method. The study states that it is
possible to map the non-linear relationship between
quality attributes and customer satisfaction.

There are studies that shows that integrating fuzzy
logic with conventional techniques improves the
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model prediction. Deng and Pei achieved successful
results by integrating the technique of artificial
neural networks with fuzzy logic (Deng et al. 2009).
Lin integrated multiple regression with fuzzy set
qualitative comparative analysis to explore the
relationship among service range, motivation to
ride, ride convenience, service satisfaction,
satisfaction with facilities, and intention to re-ride
Lin (2017). Hendalianpour and Razmi (2017) applied
Fuzzy Neural Net- work for the customer’s
satisfaction measurement. The proposed model was
successfully implemented based on both qualitative
and quantitative inputs. Wahyudi at al. (2018)
integrated fuzzy and survival analysis to predict
Customer Satisfaction.

Although there are many studies using various
methods to predict customer satisfaction, the
number of studies predicting customer satisfaction
using deep learning and fuzzy logic is rather limited.
The study aims to analyze the performance of fuzzy
deep learning in predicting customer satisfaction,
regardless of the existing data structure. To test the
techniques regardless of the data structure artificial
data was preferred. Testing technique with artificial
data is an important technique for creating
reproducible experimental findings (Kennedy,
Delany, Mac Nomee 2011). In addition, the
performances of the techniques were investigated
by converting the 5-point Likert scale to a fuzzy
scale, with defuzzification and without the
defuzzification stage. The changing behavior of the
researched techniques depending on the amount of
data were examined. Artificial datasets containing
100, 200, 300, 400, 500, 600, 700, 800, 900, and
1000 samples were produced in the format of a 5-
point Likert scale. These data sets were converted to
fuzzy form wusing triangular or trapezoid fuzzy
numbers.

2. Material and Method

The fuzzification of the Likert scale has made a great
contribution to wider body of research, especially
those involving surveys. The information loss due to
the nature of the Likert scale and the information
discrepancy caused by the closed response form
were overcome with the help of fuzzy sets. Since the
concept of consensus is applied on the fuzzy Likert
scale, it has been observed that it can provide a
more accurate measurement result than the
traditional Likert scale (Li 2013).

In this study, the artificial data produced in the 5-
point Likert-type scale and fuzzy Likert-type scale
format were first processed by basic classification
techniques such as logistic regression. In estimating
customer satisfaction, the logistic regression model
is widely used in the literature, examples of which
were given in introduction part. In addition, studies
comparing logistic regression with artificial neural
networks techniques that form the basis of deep
learning are frequently encountered in literature.
Based on these studies, a pilot study was
implemented using the logistic regression method.

The dataset containing a fuzzy Likert type scale was
included in the analysis as a minimum, maximum,
and peak points separately as seen in the literature.
Then, the logistic regression model that produced
three separate results series was combined with the
defuzzification method in a single result. Then, in
contrast to the literature, it is aimed to express this
minimum, maximum and peak points as a single
data set, to reach a single logistic regression model
and to produce a single result series.

2.1. Production of Artificial Data

Real world data are often used to investigate
artificial intelligence techniques. However, there are
some disadvantages when using real data to test
techniques. For example, it is difficult to obtain real
data in many areas for various reasons such as
budget, technical, or ethics. In addition, the limited
use of real data is another disadvantage. In other
words, data sets do not contain purposeful models,
or it requires particular preparation to find the
pattern inside. Obtaining experimental results by
producing artificial data or in other words synthetic
data can overcome these disadvantages (Peng and
Hanke 2016).

The use of artificial data allows for the identification
and control of variability that is expected to occur
but has not yet occurred in practice. The ability to
control parameters enables a comprehensive
investigation of the performance of classification
models under different conditions. The test
technique with artificial data is an important
technique for generating reproducible experimental
findings (Kennedy et al. 2011).

In the study, a function written in Python was used
to create the artificial data set. The “truncnorm”
function in the Python “scipy.stats” library was used
to generate 5-point Likert scale data that fit the
normal distribution. Using the Truncnorm function,
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random numbers are generated in accordance with
the normal distribution between -1 and 1. The sum
and average of these numbers are produced as 0.
The numbers produced were then converted into a
range of 1to 5.

The aim of first step was to conduct experimental
studies with uncomplicated data sets where
relations between variables are symmetrical. For
the first trial independent variables have been
obtained by using the Equation (1), where Y is
dependent variable representing satisfaction,
X1,X5, ... X1 are independent variables. Since it is
aimed to create a balanced class for the dependent
variable, the “three” value on the Likert scale has
been used as the threshold value.

Y=X1 +X2+"'+X10 (1)

The aim of second step was to conduct experimental
studies with more complicated but balanced data
sets and to observe the difference between simple
and complex models. At this step an experimental
study has been conducted with the data set created
using the Equation (2).

Y=X242+X, + X3 +4* X, +Xs + Xg+5%X, +
Xg+ Xo+ Xy (2)

The aim of third step was to conduct experimental
studies with more complicated unbalanced data
sets and to observe the difference balance and
unbalanced datasets. The number 3.5, which is the
upper value of the fuzzy number, was used instead
of the three values in the Likert scale.

In order to observe the classification performance of
the models, 30 different artificial datasets were
created for each step. To observe changing
behaviors of the researched techniques depending
on the amount data, different sub-clusters with 100,
200, 300, 400, 500, 600, 700, 800, 900, and 1000
samples were created for each dataset. The 1080
trials were performed for each observed model.

After the network is trained with the training set, a
test dataset of samples never seen before by the
network must be used to measure the quality of the
model. However, a validation set is needed to select
the correct values of the hyper parameters, such as
learning rate, number of epochs etc. (Heaton, 2015).
That is the reason why the network performance is
evaluated with validation and test datasets. In the
literature, different ratios are used while creating
training, validation and test datasets, and the most
used ratio is 70/30 (Islam and Raj, 2017). Using this

ration obtained datasets were divided into training,
validation, and test sets as 70% training and 30%
test sets. Then 30% of the training set was used to
create the validation data set.

2.2. Fuzzification of Datasets

Training and Test datasets were converted to
triangular and trapezoidal fuzzy numbers using fuzzy
number functions. Triangular fuzzy numbers are
given in Sreekumar and Mahapatra (2015) studies
for triangular Likert scale, trapezoidal fuzzy numbers
given in Glner and Comak (2014) studies for
trapezoid Likert scale were used. The fuzzy
equivalents of the Likert scale are given in Figure 1
and Figure 2. Two separate sequences have been
defined for fuzzy triangular numbers and fuzzy
trapezoid numbers.

Wery Poor Poor Average Good Excelent

115 2 25 3 35 4 45 §
Figure 1. Triangular Fuzzy Numbers

Very Poor Poor Awverage Good Excelent

115 2 25 3 35 4 45 5
Figure 2. Trapezoid Fuzzy Numbers

2.3. Pilot Study with Logistic Regression

One of the most classical methods in classification
problems is the logistic regression method. The
predictive success of logistic regression largely
depends on dependent variables and the structure
of the data and is affected by fewer factors than the
deep learning model. Different function settings
such as regulation parameters are available in the
Keras library to improve the success of the logistic
regression model. However, since the purpose of
the pilot study is to observe whether there will be
an increase in performance if the dataset is
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converted to a fuzzy set, the testing was done using
the default settings of the function. This first model
was labeled as Logistics Regression Model with
Likert Type Data (LR-LTD). The flow chart of model is
given in Figure 3.

Likert Type
Data Input

Logistik Regression
Model

Bmary
Cutput

(10 varizblzs)

Figure 3. Logistics Regression Model with Likert Type
Data (LR-LTD)

In the fuzzy logistic regression model, a separate
data set was obtained for the minimum value, the
peak value, and the maximum value, which
represents the triangular number. Thus, estimated

values were created for each data set. In other
words, the output is also produced as a fuzzy
triangular number. Then, defuzzification was
applied using the center of gravity method and a
single output value was obtained. The fuzzy logistic
regression model was tested with data containing
triangular numbers as well as with the data set
containing trapezoid fuzzy numbers. Similarly, a
separate data set was obtained for its minimum
value, peak value, and maximum value. Thus,
estimated values were created for each data set and
defuzzification was applied. These two models were
labeled as Triangular and Trapezoid Fuzzy Logistic
Regression Model (FLR-1 and FLR-2). The flow chart
of model is given in Figure 4.

Min Values Logistik Begression

(10 varizbles) M Values
Likert Type Fuzzifier 7 - - o
sy L e e, i e {3
(10 vanahlas) Mumbers)

Meax Values Logistik Rlepression

(10 variables) Max Valuez

Figure 4. Triangular Fuzzy Logistic Regression Model (FLR-1)

In the literature, separate data sets are created for
each element of triangular and trapezoid numbers,
and separate models are analyzed and combined by
the defuzzification method. In this study, the
minimum value, the peak value, and the maximum
value of the triangular fuzzy numbers were inserted
in a single dataset. Logistic regression was applied

&
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s
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Data Input
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with this fuzzy data set and binary estimates were
created. Since the output is not a fuzzy number,
defuzzification is not required. These two models
were labeled as Logistic Regression Model with
Fuzzy Likert Type Data (LR-FLTD1 and LR-FLTD2). The
flow chart of model is given in Figure 5.

Merzerma - S
single data set ] %Dgl stik Bmary
(30 variables) egression Crutput

Figure 5. Logistic Regression Model with Triangular Fuzzy Likert Type Data (LR-FLTD1)

2.4. Deep Learning Models

The performance of the Deep Learning model is
sensitive to the choice of net- work architecture
(Giner and Comak 2014). The combination of
different layer number and node number in each
layer forms different architectures of the deep

network. In order to find the best architecture for
datasets experiments were carried out with a
combination of different layer numbers, node
numbers, and activation functions. A random set of
architectures were produced for these trials. There
are ten independent variables in the input layer and
one dependent variable in the output layer. Starting
from the input layer data is analyzed and
summarized appearing as a single variable in the
output layer (Goodfellow et al. 2016). Therefore,
values from one to nine values were chosen for the
number of nodes in the hidden layer. “Sigmoid” and
“Tanh” functions which are widely used in artificial
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neural networks were selected as the activation
functions. In addition, due to the advantages, it
provides in deep learning architectures the “Relu”
activation function has been chosen. Also, since the
fuzzy numbers are used the “Softplus” activation
function which is the smooth version of the relu
activation function has been chosen (Patterson and
Gibson 2017).

The sequential function in keras.models library is
used to create this architecture. Relu activation
function is used for hidden layers and the Sigmoid
activation function is used to produce 1 or O results
for the output layer. Random assignment of the
initial values of the weights was made in accordance
with the uniform distribution.

Number of iterations was set to value 1000, but to
prevent over learning, the training will be stopped
at the optimal values with the early termination
technique. A validation dataset was used to
determine the criteria of early termination (Albon
2018). In such a testing phase, more realistic results
were obtained by testing with data that the network
never saw. K-fold verification has been applied to
ensure that the validation dataset has the same
properties as the rest of the data (Raschka and
Mirjalili 2017). However, since the artificial data
produced is homogeneous, it did not make a
difference. On the contrary, this has led to
undesired results for the experimental study since it
increases the calculation time. For this reason, k-
fold validation has not been applied for the whole
study. Another technique wused to prevent
overfitting is dropout regulation (Hahn and Choi
2020). It did not contribute to the classification
performance of the architecture due to the
characteristics of the artificial data produced. There
are many approaches in the literature to improve
the performance of deep learning architecture
(Srivastava et al. 2014). However, the aim of the
study is to observe the change in performance when
all the architectures are constructed similarly, and
the Likert scale is transformed into a fuzzy scale
rather than finding the best classification
architecture.

In order to find the best architecture, each
architecture was trained using 30 datasets, and the
architecture with the highest success score was
chosen. According to the results obtained the
architecture with the most successful results and

the shortest time is selected. While the Tanh
function works best in single-layer artificial neural
networks it has been observed that the
performance decreases as the architect deepens.
Sigmoid function increased the classification success
up to three layers, but it was observed to be the
slowest function among the selected functions.

When this result is compared with the literature the
reason is explained as the learning process slows
down as the output values get closer to the values
of 0 and 1 and the update amounts of the weights
will decrease. Therefore, although the Sigmoid
function is used effectively in artificial neural
networks it is not preferred much in deep networks
(Goodfellow et al. 2016). Although the soft plus
function produces the same results as the Relu
function the calculation time is higher. For this
reason, the “Relu” activation function was chosen
for the deep learning architecture to be applied to
the Likert type dataset. Considering the relu
activation function the two-layer network with five
and two neurons respectively was selected. The
concept of deep learning is based on artificial neural
net- works and artificial neural network with more
than one hidden layer is defined as a deep network
(Deng and Yu 2014). For this reason, the
architecture chosen in the study has been accepted
as Deep learning architecture. This first deep model
was labeled as Deep Learning Network with Likert
Type Data (DL-LTD). The flow chart of model is given
in Figure 6.

Likert Type Desp Leaming Model Binarv
Data Input 1. ludden layer 5 neuron  —— Outpit
(10 vanables) 2. hidden layer 2 neuron

Figure 6. Deep Learning Network with Likert Type Data
(DL-LTD).

The architecture designed for the Deep Learning
model is also used for fuzzy deep learning. As in the
Fuzzy Logistic Regression model, a separate data set
was obtained for the minimum value the peak value
and the maximum value which represents the
triangular number. Thus, estimated values were also
created for each data set. Then defuzzification was
applied using the center of gravity method and a
single output value was obtained. These two deep
models were labeled as Triangular and Trapezoid
Fuzzy Deep Learning Model (FDL-1 and FDL-2). The
flow chart of model is given in Figure 7.
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Figure 7. Triangular Fuzzy Deep Learning Model (FDL-1)

In this study unlike the literature instead of
obtaining a separate data set for the minimum,
peak, and maximum values of the fuzzy number
these values were combined in a single data set, and
the analyzes were done accordingly. Ishibuchi and
Nii (1998) have shown that fuzzifying neural
networks are possible by extending inputs and
weights to fuzzy numbers. In this study, the effect of
the network on the success of the network by
converting the data into fuzzy numbers was
examined on the deep learning model.

When the parameter vector is expressed in a
triangular fuzzy number, the number of input
neurons in the network is appeared to be tripled.
Therefore, in order to find the best architecture for
this dataset, experiments were made with the
combination of activation functions, different layer
number, and node number. The results of the
experimental study for architectural selection were
obtained in the same way. Looking at the results for
the first layer, the success of Sigmoid and Tanh
functions decreases as the architecture deepens.
Therefore, only the combination of the number of
layers and the number of nodes of Relu, and
Softplus functions are examined for the three-layer
network. When the results for the three-layer
network are analyzed, since the success of the Relu
function decreased and the success of the Softplus
function increased, only the combination of the
number of layers and the number of nodes of the

Min Values
(10 variables)

Likert Type
Data Input

([ Peak Values

Fuzzifier (10 variables)

(10 vanablez)

Max Values
(10 variables)

—

Softplus functions were examined in the next
experiment. When deciding on combinations of
node numbers for the four-layer architecture, only
combinations with success above the average are
taken into account. Since the performance decrease
for the five-layer architecture is observed, no trials
have been made for the deeper layer. According to
these results, the most successful results are four-
layered, giving 25, 20, 15, and 10 neurons
respectively. When the calculation periods are
examined, four-layer architecture has produced
results in the shortest time. Results of selected
architecture is given in Table 1.

Table 1. Architecture selection for triangular fuzzy

model

Number Number of Average Training Test

of Neurons Success Success Success
Layers

Layer Success 0,984 0,997 0,970

4 [25,20,15,10] 0,988 0,998 0,978

4 [25,20,15,5] 0,983 0,997 0,970

4 [25,20,10,5] 0,980 0,996 0,965

4 [25,15,10,5] 0,986 0,998 0,974

4 [20,15,10,5] 0,980 0,995 0,964

This forth deep model was labeled as Deep Learning
Model with Fuzzy Triangular Likert Type Data (DL-
FLTD1). The flow chart of model is given in Figure 8.

Mergerin Deep Leammg Model

a single 1. hidden laver 23 neuron Binary
data zet e 2. hidden laver 20 neuron Ot
(30 3. hidden layer 13 neuron

varizkles) 4. hidden layer 10 neuron

Figure 8. Deep Learning Model with Fuzzy Triangular Likert Type Data (DL-FLTD1)
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When the parameter vector is expressed by
trapezoid number, the number of input neurons in
the network is quadrupled. Therefore, in order to
find the best architecture for this dataset,
experiments were made with a combination of
different layer number and node number. Since the
structure of the triangular fuzzy and trapezoid fuzzy
data is similar, the experience obtained in the
previous stage was used for model selection. Only
the Softplus activation function has been attempted
since it produces the best result for triangular fuzzy
data. According to the results obtained, the most
successful results were six-layered network with 35,
30, 25, 20, 15, and 10 neurons. When the calculation
periods are examined, it was the five-layered
architecture that produced results in the shortest
time. Since the priority criterion was prioritized and
the calculation period of the six-layer architecture
was close to the five-layer architecture, it was
decided to continue with the six-layer architecture.
Results of selected architecture is given in Table 2.

Table 2. Architecture selection for trapezoid fuzzy model

Number Number of Average Training Test
of Layers Neurons Success Success Success

Layer Success 0,974 0,994 0,955

6 [35, 30, 0,989 0,996 0,982
25,20,15,10]

6 [35, 30, 0,977 0,997 0,957
25,20,15,5]

6 [35, 30, 0,969 0,992 0,946
25,20,10,5]

6 [35, 30, 0,968 0,991 0,945
25,15,10,5]

6 [35, 30, 0,969 0,991 0,946
20,15,10,5]

This fifth deep model was labeled as Deep Learning
Model with Fuzzy Trapezoid Likert Type Data (DL-
FLTD2).

3. The Experimental Results

3.1. Logistic Regression Results

In order to observe the classification performance of
Logistic Regression, 30 different artificial datasets

containing 100 samples were created. The reason
for using 30 different data sets is to show that the

results obtained are not accidental. Logistic
regression models were tested using these datasets
and performance criteria of models were recorded.
The performance values of the logistic regression
classification using 30 different Likert type datasets
each containing 100 samples were used to obtain
average performance values of a 100-sample
dataset. The same procedures were performed for
200, 300, 400, 500, 600, 700, 800, 900, 1000
samples and average performance values were
obtained from those 300 different datasets.

In the classification made with 200-1000 data sets,
it is seen that the test success increases as the
sample size increases. In the classification made
with data sets containing 1000 samples it was
observed that proposed method classified samples
with accuracy of 97.6% for triangular fuzzy numbers
and 97.9% for trapezoid fuzzy numbers, where is
fuzzy logistic regression classified samples with
accuracy of 92.2%.

At second step where relations between variables
are more complicated the classification accuracy of
proposed method is lower than at first step, but still
higher that classification accuracy of fuzzy logistic
regression. In the classification made with data sets
containing 1000 samples it was observed that
proposed method classified samples with accuracy
of 94.2% for triangular fuzzy numbers and 94.6% for
trapezoid fuzzy numbers, where is fuzzy logistic
regression classified samples with accuracy of
86.8%. According to the results at second step
where the same models were applied to
complicated data the proposed method is still the
best among the others. Accuracy Ratios of Logistic
Regression Models for step 1 and step 2 is given in
Figure 9. Here the classification success of all models
increases in direct proportion to the number of
data. Since logistic regression and fuzzy logistic
regression models give close values to each other it
looks like a single curve in the graph. Logistic
regression applied with fuzzy Likert type data
proposed in the study produced more successful
results for each data set. It provides a great
advantage especially in cases where the data set is
small.

119



Fuzzy Logic and Deep Learning Integration in Likert Type Data, Unal and ipekgi Cetin

%100

%95

%90 1

%85

Y80

%75 4

Accuracy Rate

70 A

— LR-LTD
FLR-1
FLR-2

—LR-FLTD1

—LR-FLTD2

%65 4

Y60

%55 4

Ya50

1000 200 300 400 300 600 700 800 900 1000
Sample Size

(a)

%100

%95

%90

%85

%80

%75 A

%70 A

Accuracy Rate

——LR-LTD
FLR-1
FLR-2

——LR-FLTD1

—LR-FLTD2

%65

%60

%55

%350 T T T T T T T T T )
100 200 300 400 500 600 700 800 900 1000

Sample Size

(b)

Figure 9. Accuracy Rates Graph of Logistic Regression Models (a) Step 1 and (b) Step 2

According to the results obtained the conversion of
Likert type scale to the fuzzy scale in proposed way
increases logistic regression classification success.
Since the experimental study with logistic
regression reaches the intended result, it is aimed to
evaluate the test results by applying the same
technique to the deep learning model.

3.2. Classification Results of Deep Learning Models

At first step in order to observe the Classification
performance of Deep Learning Models, an artificial
dataset containing 100, 200, 300, 400, 500, 600,
700, 800, 900, 1000 samples used in logistic
regression models test was used. The classification
success of all models increases in direct proportion
to the number of data. The fuzzy Likert type data
proposed in the study produced successful results
for each data set applied. However, the results of
the study are very close to the approach in the
literature and produced the same results especially
for 500 samples and more. Since the complex
equation is not used in the creation of data sets,
there is no increase in the complexity of the
relationships in the data even if the number of data
increases. Therefore, the increase in the number of
data makes it easier for techniques to solve these
relationships.

At second step where relations between variables
are more complicated the classification accuracy of
proposed method is lower than at first step and it is
giving almost the same results with fuzzy deep
learning approach. In the classification made with
data sets containing 1000 samples it was observed
that proposed method classified samples with
accuracy of 96.8% for triangular fuzzy numbers and
96.4% for trapezoid fuzzy numbers, where is fuzzy
deep network classified samples with accuracy of
97.0%. Deep network that uses Likert Type Data
without converting it to fuzzy numbers which was
labelled as DL-LTD earlier classified samples with
accuracy of 95.2%, which is lower than result
obtained with fuzzification.

According to the results at second step where the
same models were applied to complicated data the
proposed method classifies data with the almost the
same accuracy rate as the other observed fuzzy
methods, but higher than deep network without
fuzzification. The average values of accuracy rates
for training and testing obtained as a result of the
classification made for all data sets is given in Figure
10.
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Figure 11. Accuracy Rates (Step 3) and (b) F-measure Graph of Deep Learning Model (Step 3)

At third step experiments were performed with
more complicated unbalanced data sets and to
observe the difference in behavior of models when
applied to balance and unbalanced datasets. In the
classification made with data sets containing 500
samples it was observed that proposed method
classified samples with accuracy of 92.5% for
triangular fuzzy numbers and 92.0% for trapezoid
fuzzy numbers, where is fuzzy deep network
classified samples with accuracy of 87.3%. Deep
network that uses Likert Type Data without
converting it to fuzzy numbers which was labelled as
DL-LTD earlier classified samples with accuracy of
85.5%, which is lower than result obtained with
fuzzification. According to the results at third step
fuzzification affect positively classification accuracy
rate, but the proposed methods is observer to be
the best in unbalanced dataset. Due to increase of

variable numbers the proposed method uses larger
dataset, which gives an opportunity to solve relation
in data set easier. When evaluating the classification
success of methods in the unbalanced data set F-
measure should be checked (Mahani and Baba Ali
2020). The average values of accuracy rates and F-
measure for training and testing obtained as a result
of the classification made for all data sets is given in
Figure 11. According to the results the performance
of proposed method is better than other compared
methods.

The proposed not only improves the predictive
success of the model but also contributes to the
calculation speed. In the approach in the literature,
a model is established for the minimum value, the
peak value and the maximum value, which
represent the triangular number, and separate
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estimated values are created, and are converted to
the crisp number using the defuzzification
technique. The technique proposed in this study
produces results in a shorter period of time since
calculations are made for a single model. The
graphic of obtained results is given in Figure 12.
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Figure 12. Calculation Time Graph of Deep Learning
Models (sec)

According to the results obtained, the conversion of
Likert type scale to a fuzzy scale affects the
classification speed of the deep learning model
positively. While the calculation time for the cluster
containing 100 samples was 22 seconds on average
with the Likert type data, the average reached 85
seconds for the cluster containing 1000 samples.
While the calculation time for the cluster containing
100 samples of fuzzy deep learning models in the
literature was 67 and 93 seconds on average, it
reached 202 and 233 seconds for the cluster
containing 1000 samples. When using fuzzy Likert
type data for the training of the deep learning
model, the average time of calculation for the
cluster containing 100 samples was 19 and 20
seconds, while the average for the cluster
containing 1000 samples reached 34 and 32
seconds. It is concluded that the proposed method
is the most accurate and fast classification method.

4. Discussion

When classified using the Likert type data logistic
regression model with fuzzy Likert type data, it has
been observed that the process of turning the data
into a fuzzy dataset in proposed way increases
success the model. Also, it was observed that the

test success increased with an increasing number of
samples in dataset. Logistic regression applied with
the fuzzy Likert type data suggested in the study,
each data set produced more successful results. It
provides a great advantage especially in cases
where the data set is small. High accuracy rate of
classification model in small dataset is valuable
result, because in some cases find large dataset is
quite difficult (Feng, Zhou, & Dong, 2019).

In the approach in the literature, a separate logistic
regression model was established for the minimum
value, the peak value, and the maximum value,
which represent the triangular number, and
separate estimated values were created. So the
output is also produced as a fuzzy triangle. It is then
converted to a precise number using the
defuzzification technique. The reason why fuzzy
learning is much more effective than traditional
learning prevents the problem of inability to exit the
lost function from the saddle point, thus increasing
the convergence speed and minimizing the error (El
Hatri and Baumbhidi 2018).

After the fuzzy Likert scale was found to improve
logistic regression performance, the deep learning
architecture was tested using the fuzzy Likert scale.
When there is a difference in the number of
parameters of Likert type data and fuzzy Likert type
data, the architectural selection procedure has been
followed for each architecture. In this architecture,
functions such as Sigmoid, Tanh, Relu, and Soft Plus
have been tried for activation functions of hidden
layers and Soft Plus function has been selected. In
literature there several studies state that the
softplus function outperforms Sigmoid, Relu and
Tanh functions (Zheng et al. 2015). In order to
choose better architecture, many combinations of
hyper parameters should be tried besides
activation, neuron, and layer numbers (Wright,
Manic 2010). In this way, hyper parameter
adjustment and the choice of the ideal architecture
is a job that requires a long time that requires
experience and ability. If the person who designs the
architecture worked in the same type of application
and architecture, it can reach a faster result by
determining the right strategy (Goodfellow, 2016).
However, since the purpose of the study is not to
find the best architecture to predict the result, the
similarity of the experimental environment for the
models was considered by looking at the most basic
hyper parameters for the choice of architecture. In
the study, it is aimed to examine whether there are
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improvements if the models use different scales
under similar conditions.

At first step of experiment, it was observed that the
classification success of all models increased in
direct proportion to the amount of data. Compared
to Logistic Regression Deep Network give worse
results when sample size less than 500 for this
experiment. As states in literature Deep Networks
with small datasets commonly shows worse
performance than shallow architectures (Feng et al.
2019). At second step where relations between
variables are more complicated the classification
accuracy of proposed method is lower than at first
step and it gives almost the same results with fuzzy
deep learning approach. According to the results at
second step where the same models were applied
to complicated data the proposed method classifies
data with the almost the same accuracy rate as the
other observed fuzzy methods, but higher than
deep network without fuzzification.

At third step experiments were performed with
more complicated unbalanced data sets and to
observe the difference in behavior of models when
applied to balance and unbalanced datasets.
According to the results at third step fuzzification
affect positively classification accuracy rate, but the
proposed methods is observer to be the best in
unbalanced dataset. Due to increase of variable
numbers the proposed method uses larger dataset,
which gives an opportunity to solve relation in data
set easier.

The proposed not only improves the predictive
success of the model but also contributes to the
calculation speed. In the approach in the literature,
a model is established for the minimum value, the
peak value and the maximum value, which
represent the triangular number, and separate
estimated values are created, and are converted to
the crisp number using the defuzzification
technique. The technique proposed in this study
produces results in a shorter period of time since
calculations are made for a single model. It is
concluded that the proposed method is the most
accurate and fast classification method.

5. Conclusion

As a result of the integration of deep learning and
fuzzy logic techniques, the performance of the
models was tested on the satisfaction estimation
problem. Likert scale, which is widely used in

satisfaction estimation, has been converted to a
fuzzy Likert scale using fuzzy numbers and used in
the analysis. In the experimental study, artificial
data was produced to comprehensively investigate
the performance of classification models under
different conditions. Since success of the deep
learning architecture depends on many parameters,
artificial data produced was tested with the logistic
regression technique, which is the traditional
technique. After concluding that transforming Likert
type data into fuzzy data increases the success of
the model and the data is suitable for testing the
deep learning model, the design phase of the deep
learning architecture has been started.

At first step of experiment, it was observed that the
classification success of all models increased in
direct proportion to the amount of data. However,
the results of the study are very close to the
approach in the literature and produced the same
results especially for 500 samples and more.

At second step where relations between variables
are more complicated the classification accuracy of
proposed method is lower than at first step and it
gives almost the same results with fuzzy deep
learning approach. At third step experiments were
performed with more complicated unbalanced data
sets and to observe the difference in behavior of
models when applied to balance and unbalanced
datasets. According to the results at third step
fuzzification affect positively classification accuracy
rate, but the proposed methods is observer to be
the best in unbalanced dataset. Due to increase of
variable numbers the proposed method uses larger
dataset, which gives an opportunity to solve relation
in data set easier. To evaluate the classification
success of methods in the unbalanced data set F-
measure values were analyzed. According to F-
measure values the results performance of
proposed method is better than other com- pared
methods.

The proposed not only improves the predictive
success of the model but also contributes to the
calculation speed. The technique proposed in this
study produces results in a shorter period of time
since calculations are made for a single model. It is
concluded that the proposed method is the most
accurate and fast classification method. Calculation
time is not very important for this problem.
However, there are situations in which computing
time is very important among deep learning
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applications. In such cases, it is thought that the
proposed technique will increase in importance.

In future studies, comparisons can be made by using
a 7-point Likert-Type scale instead of a 5-point
Likert-Type Scale. After selecting different training
and testing rates, experiments should be made in
the space of possibilities consisting of different
layers and number of neurons, to find the best
architecture.
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Erisim denetimleri, ginimz bilgi sistemlerini gliven altina almak igin gelistirilmis 6nemli bir aractir.

Kurumlar erisim denetimlerini 6zellikle g¢alisanlarinin  kim oldugunu, ¢alisanlarinin  neler
yapabileceklerini, hangi kaynaklara erisebileceklerini ve hangi islemleri gergeklestirebileceklerini
tanimlamak ve tiim bu siireci yonetmek igin kullanirlar. Dagitik veritabani sistemlerine sahip kurumlar
icin ise bu stire¢ oldukga maliyetli bir istir. Nitekim farkli sunucular lzerinde dagitilan ve biri digerine

Anahtar kelimeler mantiksal olarak bagh olan kaynaklara ulasmak isteyen kullanicilarin tanimlanmasi, istekte bulunan
Erisim Denetimi; kullanicinin dogrulanmasi ve yetkilendirilmesi her zaman etkin bir sekilde yapilandirilamadigindan
Dagrtik Veritabani; erisim denetimleri yeterince nitelikli bir bigimde gergeklestirilememektedir. Calismamizda 6nerilen
izin Duzeyi; model ile, dagitik veritabani sistemlerinde tanimh tiim kullanicilarin nesneler lizerindeki izin ve erisim
Erisim Duzeyi dlzeylerinin  otomatik olarak hesaplanmasi, bdylece kullanicilarin  hangi nesneye erisim

yapabileceklerine daha etkin bir sekilde karar verilmesi ve ihtiyagc duymadiklari bilgiye erigsim
yapmalarinin ise engellenmesi amaglanmistir. Calismada 6nerilen gelistirilmis model, gercek hayattan
alinmis veri kiimesi (izerine uygulanmistir. Onerilen modelin performansi, Geleneksel Erisim Denetimi
modellerinin performanslariile karsilastiriimistir. Elde edilen sonuglar kiyaslandiginda, 6nerilen modelin
bircok dagitik veritabani sistemlerine olceklenebilir olmasinin yaninda daha dogru erisim dizeyi
sonuglarini veren bir erisim kontrol modeli sundugu test edilmistir.

New Security Model Developed for Distributed Databases

Abstract

Access controls are an important tool developed to secure today's information systems.

Organizations especially use access controls to define who their employees are, what their
employees can do, which resources they can access and which operations they can perform, and to
manage the entire process. For organizations with distributed database systems, this process is a

Keywords costly task. As a matter of fact, since the conditions for identifying users who want to access

Access Control;
Distributed Database;
Permission Level;

resources distributed on different servers and logically connected to one another, authentication
and authorization of the requesting user and monitoring the actions of the user cannot always be
effectively configured. With the proposed model in our study, it is aimed to automatically calculate
Access Level the permission and access levels of all users defined in distributed database systems, so that users
can decide which object they can access more effectively and prevent them from accessing the
information they do not need. The developed model proposed in the study was applied on a real-
life data set. The performance of the proposed model has been compared with the performances
of Traditional Access Control models. When the obtained results are compared, it has been tested
that the proposed model offers an access control model that provides more accurate access level

results besides being scalable to many distributed database systems.

© Afyon Kocatepe Universitesi
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1. Giris

Gunlimuzde bilgi sistemlerine ve kaynaklarina zarar
veren yeni tehditler vardir: zirhli virisler (armored
virus), fidye yazihmlari (ransomware) ve kotlcil
kripto — kilitleyici yazihmlar (cryptolocker malware)
(Whitman and Mattord 2012). Sistemleri bu zararh
tehditlere karsi korumak igin atilan en girisken
adimlara ragmen saldirganlarin  bazen basarih
olabildikleri goérilmektedir. Bilgi glvenliginin (g
temel unsurlarindan olan gizlilik, butinlik ve
erisebilirlik prensiplerinden herhangi birinin ihlaline
neden olan her olay bir glvenlik ihlalidir (Solomon
and Kim 2016). Bazi ihlaller kasten sistemleri
erisilemez kilar ve hizmetleri sekteye ugratirken,
bazilari ise kazaen yazilm veya donanim arizalari
nedeniyle olusur. Giivenlik ihlalleri ister kaza sonucu
ister kotlcll olsun bir kurumun faaliyetini ve
glvenirliligini ciddi bir sekilde etkiler.

Guvenlik ihlallerine neden olan faktorlerin basinda
hizmet reddi (Denial of Service — DQOS) saldirisi,
dagitik hizmet reddi (distributed Denial of Service -
DDOS)

davranislari, izinsiz dinleme (Wiretapping), arka kapi

saldirisi, webte uygunsuz gezinme
(backdoor) kullanarak kaynaklara erisim ve kaza
sonucu veya kasten olusan veri degisiklikleri
gelmektedir (Whitman and Mattord 2012). Kasten
veya kazaen degistirilen veriler, bilisim sistemleri
glvenliginin batlnlik ilkesini etkiler ve bir glivenlik
ihlalinin dogmasina sebebiyet verir. Kasten veya
kazaen veri degistirme olaylarinin ortaya ¢cikmasinda
Ozellikle kullanicilara gereginden fazla yetki
verilmesi ve yetkilerin denetiminin zayif tutulmasi
6nemli bir rol oynar (Andress, 2011). Bu tiir sorunlar
ile basa ¢ikmak icin organizasyonlarin boyutuna ve
kullanicilar igin gereken 6zel erisim haklarina gore
tasarlanmis iyi bir erisim denetimi modeline ihtiyag
vardir.

Gunlmuzde bircok uygulama alanina 6zgl
tasarlanmis erisim kontrol modelleri mevcuttur.
Ancak bu modellerin, sayisi hizla artan ve gittikce
daha karmasik hale gelen sistemler (zerinde
ihtiyaclari tam olarak karsilayamadigini, sistemlere
ciddi bir mali yik getirdigini, bilgi akis denetimini
tam olarak saglayamadigini ve uygulamada
esnekligin ¢ok buylk bir oranda vyitirilmesine
gormekteyiz (Kotari and

sebebiyet verdigini

Chiplunkar 2020, Kotari et al.2016, Shin et al. 2015,
Reid et al. 2014). Bu nedenle erisim kontrol
modellerinin, bilgi sistemlerini sadece vyetkisiz
erisimlerden, kotu niyetli kullanicilardan ve hatali
kullanimlardan koruyacak sekilde yapilandiriimig
olmasinin tek basina yeterli olmadigi, ayni zamanda
kolay yonetilebilir ve olgeklenebilir olmasi,
organizasyon yapisina uygun ve erisim kontroll
tutarli  bir

olmasinin da blyik 6nem tasidigi gbzlenmektedir.

islevselliginin sekilde tasarlanmis
Calismamizda, uygulamalarda siklikla karsilasilan

problemler ele alinarak, daha islevsel, kolay
yonetilebilir ve dlgeklenebilir, yetkilendirmede daha
tutarl sonuglar verebilen bir erisim kontrol modeli
katkisi,

model ile dagitik veritabani sistemlerinde aktif rol

gelistirilmistir. Calismanin asil Onerilen
alan tim kullanicilarin nesneler Uzerindeki izin ve
erisim dizeylerinin otomatik olarak hesaplanmasi,
gereginden fazla

yetkilendirmeden kaginilarak

kullanicilarin hangi nesneye erisim
yapabileceklerine daha etkin bir sekilde karar
verilmesi ve ihtiya¢ duymadiklari bilgiye erisim
yapmalarinin ise engellenmesi amaclanmistir.

Bu c¢alismanin geri kalan kismi su sekilde organize
edilmistir: 2. ilgili calismalar, 3. bolimde materyal ve
yontem, 4. Onerilen method, 5. bélimde deneysel

¢alisma ve 6. bolimde sonug yer alacaktir.

1.1 ilgili Cahsmalar

GUnUmuizde bulut bilisim, Bilgi Teknolojisi (BT)
sektériiniin gelismis alanlarindan biridir. internette
bircok bilgisayar korsani ve kotl niyetli kullanici
bulundugundan, bulut ortaminda verilerin gizliligini
saglamak olduk¢a ©nemlidir. Bu amagla son
zamanlarda bulut bilisim odakh gelistirilmis erisim
kontrol modellerinin  sayisinin  hizla  arttig
gorulmektedir (Li et al.2016, Lu et al.2016). Yeni
glivene dayali bir erisim kontrol metodu
gelistirilmistir (Behera and Khilar 2016). Onerilen
model, kullaniclyi bulut ortamina girmeden once
kullanici gliven degerine gore yetkilendirir. Bunun
icin de hem kullanici hem de bulut kaynaklarinin
glven degeri hesaplanir. Hem kullanicilarin hem de
bulut kaynaklarinin gliven degeri esik degerlerinden
yuksekse, glivenilir olarak kabul edilir. Bulut bilisim

icin gecerli kilinan mevcut erisim kontrol modelleri
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ve hizmetlerini aciklayan baska bir ¢alismada ise,
bulut bilisimin glvenligini artiran ve yetkisiz
kullanicinin bulut kaynaklarina erisimini engelleyen
bir erisim kontrol modeli sunulmustur (Pandey et.a/
2016).

Mevcut Dagitik Kontrol Sistemi (DKS) ortamlarinda,
erisim kontrol ilkeleri bircok heterojen sistem
arasinda dagitildigi icin en az ayricalik ilkesine uymak
zordur. Bazi ¢calismalarda, dagitik sistemlerde daha
eksiksiz ve yonetilebilir bir erisim kontrol modeline
dogru ilerlemelerde yasanan temel zorluklardan
bahsedilmistir [Kotari et al.2016, 7 Reid et al. 2014,
Huh 2016). Bir ¢calismada, her erisimin en az ayricalik
ilkesine uyan politikalara karsi kontrol edilmesi igin
(EKS)
uyarlanabilecek bir erisim kontrol
(Huh 2016).
mimaride merkezi politika yonetiminin ve bagl her
saha cihazinin korunmasi amaglanmistir. Dagitik
dikkate alan
tasarlanmis erisim kontrolli icin bir metamodel
2014).
Calismada, her biri kendi kaynaklarini koruyacak

Endustriyel Kontrol Sistemi toplulugu

tarafindan
Onerilen

mimarisi  sunulmustur

ortamlarin  6zel gereksinimlerini

tanimlanmistir(Bertolissi and Fernandez
sekilde birkac siteden olusan bir dagitik sistem
lizerinde, her bir Giye tarafindan belirlenen yerel
erisim  kontrol

politikalari g6z o6nldne alan

politikalarinin  uygulanmasi icin bir cerceve
Onerilmistir.

Veri erisimi, rol tabanli veya politika tabanl erisim
denetimleri  kullanilarak  statik  bir  sekilde
denetlenebilir. Ancak glnimizin devasa ve

yapilandiriimamis verilerini depolamak icin ¢cok fazla
arastirma calismasinin yapildigi biyik veri caginda,
veri erisim guvenligini saglama konusunda hala
bilyik bir bosluk oldugu gérilmektedir (Szczypiorski
et al. 2018, Angin and Ranchal 2019). Havaalani
arama / gbzetleme, savunma ve hastane ydnetim
sistemleri gibi statik erisim kontrol sistemlerinin
etkili olmadigl bircok gercek dinya uygulamasi
(Srivastava and Shekokar 2020,
1997.).  listekte  bulunanin
gercekligine gore Ogrenen ve adapte olan bir

vardir
Thuraisingham

sisteme ihtiya¢ vardir. Mevcut rol tabanli erisim
kontrol yontemi davetsiz misafirleri kolayca g¢eker.
Yine politikaya dayali erisim kontroliinde ise,
baslangicta karar verilen politika dinamik olarak

degistirilemediginden uyum eksikligi ortaya cikar.

Srivastava and Shekokar tarafindan o©nerilen risk
uyarlamali  erisim  kontroll, talep sahibinin
gercekligini anlayan, riski hesaplayan ve daha sonra
buna gore hareket eden bir cerceve sunar. Bu
cerceve, tasariminda erisim siiresi, erisim yeri, talep
sahibinin onceki gecmisi (ayni talebin kag¢ kez
tekrarlandigl) ve talep edilen bilgilerin hassasiyeti
gibi bircok gercek diinya niteligini géz Onilinde
bulundurur. Bu c¢alisma amag¢ ve kapsam olarak
bizim calismamiz ile benzerlik gosterse de, bizim
¢alismamizda kullanicinin gegmis eylemlerine veya
erisim  taleplerine  bakilmaz.  Calismamizda
onerdigimiz model, her kullaniciya organizasyon
yapisina uygun farkli boyutlarda bir deger atar ve
nesneye erisim iznini, kullanicinin boyut degerleri ve
erisim duzeyleri ile iliskilendirir. Yani bir kullanicinin
sahip oldugu yeteneklere veya degerlere gore o
kullanicinin bir nesne Uzerindeki erisim iznini ve

dizeyini hesaplar.

2. Materyal ve Metot

Bu bolimde, deneysel g¢alismalarda kullandigimiz
Dagitik Veritabani Sistemi, Rol Tabanli Erisim Kontrol
Modeli Modeli
hakkinda kisaca bilgi verilecektir.

ve Geleneksel Erisim Kontrol

2.1 Dagitik Veritabani Sistemi

Biri digerine mantiksal olarak bagl verilerin farkli
sunucular Gzerinde dagitilmis olmasina ragmen,
sunucularin kendi aralarinda iletisim ve esgidim
icinde calisarak kullanicilara tek bir sistem gibi
hizmet verebilen sistemlere dagitik veritabani

sistemi diyoruz (Ozsu and Valduriez 2011).

Site 1

Site

Communication
Network

Sekil 1. Dagitik veritabani barindiran sunucular
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Sekil 1'de gorilen saklama birimlerinin her biri birer
bilgisayar olabilir ve bu bilgisayarlar ayni ortamda
bulunabilecegi gibi, bilgisayar agiile haberlesen uzak
noktalarda konumlanmis da olabilirler. Erisilen
verinin hangi birimde saklandigi erisen istemci
tarafindan bilinmez.

2.2 Rol Tabanli Erisim Kontrol Modeli (RBAC)

Kullanicilarin bir organizasyon igerisindeki gorev ve

sorumluluklarina gére roller tanimlanir ve
kaynaklara erisim yetkisi ve siniri bu rollere gore
sekillendirilir (Solomon and Kim 2016). Kullanicilar
kendilerine tanimlanan rollere gore birtakim
yetkilere sahip olur. Bu modelde kullanicilarin
gorevleri ile iliskilendirilmis rolleri sayesinde, ‘X
kullanicisi Y nesnesi (zerinde okuma ve yazma
yetkilerine sahiptir’ yerine ‘insan Kaynaklari Uzmani
personel 0zlik dosyalarini goérintiler’ seklinde
ifadelerin kullanilabilmesine olanak saglanir. Roller,
gorevler ile sinirlandiriimis oldugundan modelde

“en az yetki” prensibi uygulanir.

S

LS.

- 4
» e

* / HH“‘“&, %
|

Users

o
A
Fa ..-

Roles Permisions Resources

Sekil 2. Rol Yapisi

Sekil 2’de kullanicilar, roller ve yetkiler arasindaki
iliski gosterilmektedir. Yetkiler, nesneler (sistemler,
sunucular, dosyalar, uygulamalar, vs.) (zerinde
yapilabilecek islemlerdir ve rollere tanimlanirlar.
Kullanicilara roller atanarak birtakim yetkilere sahip
olmalari saglanir. Her rol icin bir veya daha fazla
kaynaga erisim yetkisi verilir ve her kullaniciya bir ya
da daha fazla rol atanir [2].

2.3 Geleneksel Erisim Kontrol Modeli (MAC/DAC)

Geleneksel erisim kontrol modeli, ‘zorunlu erisim
kontroll’ ve ‘istege bagli erisim kontroli’ olarak
ikiye ayrilir. Zorunlu Erisim Kontrol Modelinde,
kullanicilarin kaynaklara erisimleri merkezi otorite
tarafindan onceden belirlenmis birtakim kurallara
gore kontrol edilir (Solomon and Kim 2016). Bu tir
erisim kontroli askeri gizlilik siniflandirmalarinda
yaygin olarak gorilir. istege Bagh Erisim Kontrol
Modelinde, kullanicilar kendilerine verilmis sinirlar
dahilinde diger kullanicilara erisim yetkileri verebilir
ya da sinirlamalar getirebilir. Bu tir erisim kontrolii
de yaygin olarak isletim sistemlerinin klasor ve
dosya vyetkilendirmelerinde gérilir (Elmagarmid
and Sheth 1999).

Resources

Permisions

Sekil 3. Geleneksel Yetkilendirme

Sekil 3’te kullanicilar ve yetkiler arasindaki iliski
Yetkiler,
sunucular, dosyalar, uygulamalar, vs.) (izerinde

gosterilmektedir. nesneler (sistemler,
yapilabilecek islemlerdir. Kullanicilar, kendilerine

atanmis yetkilere gére kaynaklara erisim saglar.
3. Onerilen Method

Veriler nesne olarak ifade edilir. Kullanicilar ise
glvenlik boyutlarina gore siniflandirilir. Bir giivenlik
boyutu, bir kullanicinin 6zelliklerini aciklar ve her
boyut kullanicilara atanabilen birka¢ deger igerir.
Ornegin Tablo 1’de kullanicilarin Birim, Givenlik
Siniflandirmasi, is Unvani ve Operasyon seklinde
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isimlendirilen farkli givenlik boyutlarinda sahip
olabilecegi birkac deger gosterilmistir. Bir kullaniciya
atanabilecek Glvenlik Boyutlarindan Birim boyutu
“Birim A, Birim B, Birim C, Birim D ve Birim E”,
Guvenlik Siniflandirmasi boyutu “Cok Gizli, Gizli,
Ozel ve Kisitl”, is Unvani boyutu “Bashekim, Doktor,
BT Personeli, Hemsire, Satin Alma Personeli” ve
Operasyon boyutu “islem A, islem B, islem C, islem
D, islem E ve islem F” degerlerinden olusur.

Cizelge 1. Guvenlik Boyutlari

Giivenlik Giivenlik Boyutu Givenlik Givenlik
Boyutu Boyutu Boyutu
Ad: Birim Ad: Guvenlik Ad: is Unvani Ad:
Siniflandirmasi Operasyon
Birim A Cok Gizli Bashekim islem A
Birim B Gizli Doktor islem B
Birim C Ozel BT Personeli islem C
Birim D Kisith Hemgsire islem D
Birim E Satin Alma islem E
Personeli
islem F

Bir glivenlik boyutu su 6zelliklere sahip olabilir:

Sirali;

Bir boyut sirali ise, boyut degerleri siralanmis ve sira
diizenseldir ve bir kullaniciya atanan deger altindaki
degerleri de  kapsar. Ornegin,  Givenlik
Siniflandirmasi adli boyutta Cok Gizli, Gizli, Ozel ve
Kisith degerleri bulunur. Gizli degeri atanmis bir
kullanici, otomatik olarak Ozel ve Kisitli degerlerini
de tasimaktadir.

Sirasiz:

Bir boyut sirasiz ise, boyut degerleri siralanmis
degildir ve bir kullaniciya birden ¢ok deger
atanabilir. Ornegin, Operasyon adli boyutta islem A,
islem B, islem C, islem D, islem E ve islem F degerleri
bulunur. Bir kullanici, hem islem C hem de islem E
operasyon icinde yer alabilir.

is unvani Bashekim olan bir kullanici, diger
kullanicilara boyut degerlerini atar. Her kullaniciya
her boyuttan en az bir deger atanmis olmalidir.
Ancak bazi boyutlarda birka¢ deger atanabilir.

Ornegin, Tablo 2’de bes kullanicidan her biri farkh
birimlerde yer almakta, E biriminde bulunan ve Cve
D islemlerini yapabilen Kullanicil, 6zel giivenlik
sinifindan bir hemsire iken, A biriminde bulunan ve
A, B ve F islemlerini yapabilen Kullanici4, Gizli
glvenlik sinifindan bir Doktor’dur.

Her bir kullanici, erisim denetimi icin boyut
degerlerini kullanir. Her kullanici, bir nesneye
erisebilecegi zaman boyut degerlerine gore erisim
yapar ya da yapamaz. Yani bir kullanici, tiim glivenlik
boyutlarindan aldig1 degerlere goére bir nesne
Uzerinde okuma ve yazma erisimine sahip olabilir.
Erisim izin listesi, her erisim boyutundan bir deger
icermelidir. Bununla beraber, ayni boyuttan birkag
degeri de icerebilir (islem A, islem B ve islem F gibi).
Her gilvenlik boyutundan alinan boyut degerine
gore kullanicilarin nesne Uzerindeki erisim dizeyi
belirlenir. Ornegin is Unvani giivenlik boyutunda yer
alan Satin Alma Personeli igin okuma ve yazma
erisim diizeyi ve Hemsire icin yalnizca okuma erisim
diizeyi belirlenebilir.

Cizelge 2. Bes Farkli Kullaniciya Ait Boyut Degerleri

Giivenlik Kullanicil Kullanici2 Kull. Kull; 4 Kull.
Boyutu
Birim Birim E Birim B Birim D Birim A Birim C
Givenlik Ozel Gizli Ozel Gizli Cok Gizli
Siniflandirmasi
is Unvani Hemsire Satin Alma Hemgsire Doktor BT
Personeli Personeli
Operasyon islem C, D islem B, E, islem C, D, islem A, B, islem A, B,
F E F C,DEF

3.1. izin Diizeyleri

izin dizeyleri, bir nesnenin giivenlik ayarlarini
degistirebilmek icin farkh yetenek dizeyleridir. Bir
nesnedeki izin diizeyi, nesnenin izinleriyle toplu
olarak belirlenir. Eger izin diizeyi,
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izin verildi ise; Nesnenin givenlik ayarlari

degistirilebilir.
Yok ise; Nesnenin glivenlik ayarlari degistirilemez

olarak yorumlanir.

Bir nesnenin izin diizeyi “izin verildi” ise nesne

aranabilir ve glvenlik ayarlar degistirilebilinir,

ancak erisim  dizeyi “Yok” ise  nesne
gorintilenemez.

3.2. Erisim Diizeyleri

Erisim duzeyleri, bir nesneyi goérme vya da

degistirmeye yonelik farkl yetenek diizeyleridir. Bir
nesneye erisim diizeyi, nesnedeki erisim izinleriyle
toplu olarak belirlenir.

i Bir kullanicinin erisim dizeyi
Okuma/Yazma ise; Nesne goruntiilenebilir
ve degistirilebilinir.

ii. Bir kullanicinin erisim dlzeyi Yalnizca
Okuma ise; Nesne goruntilenebilir, ancak
degistirilemez.

iii. Bir kullanicinin erisim duzeyi Ortiilii ise;
Nesnenin var oldugu gorilebilir, ancak
ozellikleri gorintilenemez.

iv. Bir kullanicinin erisim diizeyi Yok ise; Nesne
gorintilenemez. Nesne, arama
sonuglarinda yoktur.

3.3. Erisim ve izin Diizeylerini Hesaplama

Bir nesneye erisim izni, boyut degerleri (kullanicinin
her bir boyutta almis oldugu degerdir, 6rnegin Tablo
2’de 5 farkh kullaniciya tanimlanmig degerler gibi) ve
erisim duzeyi (Okuma/Yazma, Yalnizca Okuma,
Ortili  veya Yok) ile iliskilendirilir. Yani bir
kullanicinin sahip oldugu yeteneklere veya boyut
degerlerine gore o kullanicinin bir nesne lzerindeki
erisim izni ve diizeyi ortaya cikarilir. Eger kullanicinin
erisim diizeyi 6rtiilii veya Uzeri ise (Ortiili, Yalnizca
Okuma, Yalnizca Yazma, Okuma / Yazma) o

kullanicinin nesneye erisimine izin verilir.

3.3.1. Bir Boyuttaki Erisim Diizeyi ya da izin
Diizeyini Hesaplama

Bir nesne Uzerindeki erisim izinleri, bir boyut icindeki
degerleri birden cok erisim dizeyiyle
iliskilendirebilir (Ornegin bir kullanici Operasyon
boyutunda yer alan “islem B” degeri icin yalnizca
okuma erisim diizeyini alabilirken, “islem C” degeri
icin ise okuma ve yazma erisim dizeylerini birlikte
alabilir). Benzer durum izin diizeyleri icin de gecerli
olabilir. Bu durumlarda en az kisitlayici erisim ve izin
dizeyleri kullanilir.

Bir 6rnek Gzerinden bu durumu anlatacak olursak;

bir kullaniciya asagidaki boyut degerleri atanmis
olabilir (Tablo 3).

Cizelge 3. Kullanicil’e Tanimlanmis Boyut Degerleri

Givenlik Boyutu Kullanicil
Birim Birim E
Givenlik Siniflandirmasi Ozel
is Unvani Hemsire
Operasyon islem C, D
Kullanici, su erisim izinlerine sahip nesneyi

goriantileyebilir (Tablo 4):

Cizelge 4. Bir Nesneye Ait Erisim Dlizeyleri

Giivenlik Boyutu Boyut Degeri Erisim Duzeyi

Birim Birim E Yalnizca Okuma
Guvenlik Siniflandirmasi Gizli Yalnizca Yazma
Guvenlik Siniflandirmasi Ozel Yalnizca Okuma
Givenlik Siniflandirmasi Ozel Ortilu

Operasyon islem A Okuma
Operasyon islem D Okuma / Yazma

Nesne su izinlere sahip olabilir (Tablo 5):
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Cizelge 5. Nesnenin Erisim izinleri

Giivenlik

izin Dii .
Boyutu zin Duzeyi

Boyut Degeri

is Unvani Doktor izin verildi

Nesne erisim izinleri, Operasyon boyutundaki islem

D kullanici Gyeliginin  Okuma/Yazma erisimiyle
sonuglandigini  belirtir. Operasyon boyutundaki
islem A icin tanimlanmis bir erisim izni

olmadigindan, Operasyon boyutundaki islem A icin
kullanici Gyeligi “Yok” erisim diizeyiyle sonuglanir.
Bu erisim diizeylerinden en az kisitlayici olan Okuma
ve Yazma diizeyidir; bu nedenle, Operasyon boyutu
icin bu erisim duzeyi kullanilir.

Nesne erisimi izinleri, kullanicinin Ozel Givenlik
Siniflandirmasinin en az kisitlayici olan Yalnizca
Okuma erisimiyle sonuclandigini belirtir. Nesne,
Hemsire Unvanini bir izin dizeyiyle iliskilendirmek
icin herhangi bir izne sahip olmadigindan, sonug
“Yok” izin dizeyidir.

3.3.2. Nesne Uzerindeki Genel Erisim ya da izin
Diizeyini Hesaplama

Her boyutta en az kisitlayici erisim ya da izin
diizeyinin hesaplanmasi, her boyut icin farkh
diizeylerle sonuglanabilir. Bu durumda her boyutta
en az kisitlayici erisim ya da izin dizeyi kullanilir.
Genel hesaplama Sekil 6’da gosterilmistir. Sekil 4’e
gore Birim boyutu icin Yalnizca Okuma erisim
diizeyi, Operasyon boyutu igin Okuma ve Yazma
erisim diizeyi, Guvenlik Siniflandirmasi boyutu igin
ise Yalnizca Okuma erisim dizeyi kullanilir. Bu
dizeylerin en kisitlayicisi  Yalnizca  Okuma
oldugundan, kullanicinin nesnede aldig1 genel erigim
diizeyi Yalnizca Okuma olur.

(ivenlk Boyutu Degerleri Tkl Evism Dievleri Hesaplanan Erisim Dizesi

Birin: Birin E —y| TnzcoOkuna Tatuzzca Ohena

—
j
Gt Soofendimas: el | | Talnzea O

Operasion: lemC —| fok

Obma/ Tecma

Operasyon: len D —| Obg/Teme | ——

Sekil 4. Erisim Diizeyi Hesaplama

4. Deneysel Calisma

Galismada saglik, egitim ve kamu hizmeti veren
isletmelerden alinan ¢ farkli gercek veri seti
kullanilmis, 6nerilen erigsim kontrol modeli ve diger
yontemlerin basarisi her bir veri setinde elde edilen
sonuglara gore degerlendirilmistir.

4.1. Veri Kiimeleri

Galismada kullanilan farkli sektorlerden alinmis (g
veri seti 6n islemden gegirilerek veri setinde gegen
her bir kullanici ve nesne glivenlik boyutlarina goére
siniflandiriimustir. Siniflandirma isleminde,
isletmelerin gercek siniflandirma olgltleri  baz
alinmistir. Saglk sektériinden alinan veri kimesi 107
kullanici, 36.251 nesne ve 8 glivenlik boyutundan,
Egitim sektorinden alinan veri kiimesi 292 kullanici,
72.988 nesne ve 6 glvenlik boyutundan ve Kamu
sektérinden alinan veri kimesi 1.355 kullanici,
752.220 nesne ve 11 glvenlik boyutundan
olusmaktadir. Veri setleri “Saglk Veri Seti”, “Egitim
Veri Seti” ve “Kamu Veri Seti” olarak ifade edilmistir.

4.2. Deneysel Analizler

Onerilen modelimiz ile birlikte diger erisim kontrol
modelleri de gercek bir dagitik sistem sunan
platform Uzerinde calistiriimis ve tim modeller (g
veri setine ayri ayri uygulanmistir. Her bir veri setine
uygulanan tim modeller icin elde edilen izin ve
erisim dizeyi sonuglari, veri setinin alindigi sektore
ait uygulamada gegen izin ve erisim diizeyi sonuglari
ile karsilastirilarak metotlarin performans degerleri
analiz edilmistir. Veri kiimelerine uygulanan
metotlarin performans degerlendirilmesinde her
metodun dogru izin ve erisim diizeyi tespit ylzdeleri

esas alinmistir.

4.2.1. Onerilen Modelin Performans Sonuglari

Onerilen modelin, saglik, egitim ve kamu veri setleri
Gzerindeki test sonuclari Tablo 6’da gosterilmistir.
Onerilen model ile, Saglik veri seti icin %98,20
oranindaizin diizeyinin dogru bulundugu, izin diizeyi
dogru tespit edilen nesnelerin ise %94,70’inde
erisim dizeylerinin dogru tespit edildigi, Egitim veri
seti igin %95,03 oraninda izin dizeyinin dogru
bulundugu, izin dizeyi dogru tespit edilen
nesnelerin ise %90,95’'inde erisim dizeylerinin
dogru tespit edildigi ve Kamu veri seti i¢in %97,91
oraninda izin diizeyinin dogru bulundugu, izin diizeyi
dogru tespit edilen nesnelerin ise %95,12'sinde
erisim dizeylerinin  dogru tespit edildigi test
edilmistir.
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Cizelge 6. Onerilen Modelin izin ve Erisim Diizeyi

Performansi
Erisim izni Erisim Diizeyi
Saglik Veri Seti 98,20% 94,70%
Egitim Veri Seti 95,03% 90,95%
Kamu Veri Seti 97,91% 95,12%
Onerilen modelin sundugu sonuglar

degerlendirildiginde, ©nerilen modelin G¢ farkh
sektore ait veri setinde %90 ve Ulizerinde dogru
erisim izni ve erisim diizeyi sundugunu soyleyebiliriz.
Ayrica guivenlik boyutu (6zellik sayisi) arttikga erisim
dizeyinde tespit edilen basari oraninin da arttig
(Sekil 5), nitekim kullanici ve nesne sayisi diger veri
setlerine kiyasla daha fazla olan Kamu veri setinde
basari oraninin daha yilksek c¢ikmasinda gilivenlik
boyutu sayisinin diger veri setlerine oranla fazla
olmasinin etkili oldugu gézlenmektedir.

95.50%

A

95.00% /
94.50%

94.00%

93.00%

92.50%

92.00%

/
93.50% I
|
|
|
|

Erisim Diizeyi Dogru Tespit Orani

91.50%
91.00% l

90.50%

0 5 10 15
Giivenlik Boyutu (Ozellik) Sayisi

Sekil 5. Giivenlik Boyutu Sayisina Gore Erisim Dizeyi
Basari Orani

4.2.2. Rol Tabanh
Performans Sonuglari

Erisim Kontrol Modelinin

Rol Tabanli Erisim Kontrol modelinin, saglk, egitim
ve kamu veri setleri izerindeki test sonuglari Tablo
7'da gosterilmistir. Bu model ile, Saglik veri seti igin
%92,17 oraninda izin diizeyinin dogru bulundugu,
izin dlzeyi dogru tespit edilen nesnelerin ise
%90,63’lUinde erisim dizeylerinin dogru tespit
edildigi, Egitim veri seti icin %89,09 oraninda izin

diizeyinin dogru bulundugu, izin dizeyi dogru tespit

edilen nesnelerin ise  %85,98’inde  erisim
diizeylerinin dogru tespit edildigi ve Kamu veri seti
icin  %89,42 oraninda izin dilzeyinin dogru
bulundugu, izin dizeyi dogru tespit edilen

nesnelerin ise %82,77’sinde erisim dizeylerinin
dogru tespit edildigi test edilmistir.

Cizelge 7. izin ve Erisim Diizeyi Performansi (RBAC)

Erisim izni Erigim Diizeyi
Saglik Veri Seti 92,17% 90,63%
Egitim Veri Seti 89,09% 85,98%
Kamu Veri Seti 89,42% 82,77%
RBAC modelinin sundugu sonuclar

degerlendirildiginde, modelin daha az kullanici ve
nesneden olusan Saglik veri setinde %90 ve (izerinde
dogru erisim izni ve erisim diizeyi sundugu, ozellikle
kullanici ve nesne sayisi arttik¢a erisim dizeyindeki
dogruluk oraninda azalma gozlendigi test edilmistir.

4.2.3. Geleneksel Erisim Kontrol Modelinin

Performans Sonuglari

Geleneksel Erisim Kontrol modelinin, saglk, egitim
ve kamu veri setleri lizerindeki test sonuclar Tablo
8’da gosterilmistir. Bu modele ait test sonuglarinda,
MAC ve DAC modellerinden hangi modelin erisim
izni ve erisim dlzeyi orani digerine gore yiksek ise
degerlendirmede o modelin performans ylizdesi baz
alinmistir. Bu model ile, Saglik veri seti i¢in %87,60
oraninda izin diizeyinin dogru bulundugu, izin diizeyi
dogru tespit edilen nesnelerin ise %86,02'sinde
erisim dizeylerinin dogru tespit edildigi, Egitim veri
seti icin %84,79 oraninda izin diizeyinin dogru
bulundugu, izin dizeyi dogru tespit edilen
nesnelerin ise %81,39’unda erisim dizeylerinin
dogru tespit edildigi ve Kamu veri seti icin %84,21
oraninda izin diizeyinin dogru bulundugu, izin dizeyi
dogru tespit edilen nesnelerin ise %79,54’linde
erisim dlzeylerinin dogru tespit edildigi test
edilmistir.

MAC/DAC  modellerinin  sundugu  sonuglar
degerlendirildiginde, tipki RBAC modelinde oldugu
gibi bu modelin de daha az kullanici ve nesneden
olusan Saglik veri setinde daha yiiksek oranlarda
dogru erisim izni ve erisim diizeyi sundugu, 6zellikle
kullanici ve nesne sayisi arttik¢a erisim izni ve erisim
diizeyindeki dogruluk oranlarinda azalma gozlendigi
test edilmistir.
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Gizelge 8. izin ve Erisim Diizeyi Performansi

(MAC/DAC)
Erisim izni Erisim Diizeyi
Saglik Veri Seti 87,60% 86,02%
Egitim Veri Seti 84,79% 81,39%
Kamu Veri Seti 84,21% 79,54%

4.2.4. Performans Dederlendirme

Onerdigimiz modelin, diger tekniklere oranla erisim
izni ve erisim dizeyi tespitinde daha basaril
sonuglar verdigi, Sekil 6 ve Sekil 7'de gorilecegi
Uzere Ozellikle her Ug veri setinde de %90 ve
Gzerinde dogru tespit etme oranini yakaladigi, diger
tekniklerin ise kullanici ve nesne sayisi yliksek veri
setlerinde daha az basarih oldugu, bu durum
modelimizin diger teknikler karsisinda farkli sektor
uygulamalari icin daha genisletilebilir ve ayni sektor
uygulamalari igin de daha olgeklenebilir bir teknik
sundugunu soyleyebiliriz.

100.00%

95,00%

90,00%

85,00%

Erisim izni Dogim Tespit Oram

80,00%

75.00%

Saglik Veri Egitim Veri Kamu Veri
Seti Seti Seti
m Onerilen Model 98.20% 95.,03% 97.91%
ERBAC 92.17% 89.09% 89.42%
" MAC/DAC 87.60% 84.,79% 84,21%

Sekil 6. Her U¢ Modele Ait Erisim izni Dogru Tespit Orani

Sekil 8'de 6nerilen model ile diger yontemlerin siire
acisindan performanslari gosterilmistir. Siire olarak
Onerilen model ile diger yontemler
karsilastiriimistir. Onerilen model her {i¢ veri setinde
de daha kisa slrede ve daha basarili sonuglar
Uretmistir. Onerilen model dogruluk, siire ve bellek
acisindan karsilastirdigimizda diger yontemlere gore
daha basarili sonuglar vermistir.
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F 0 9500%
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S 0000%
=1
£
E" 85.00%
3 80,00%
[=]
£
E’ 75,00%
70,00% — T —
Saglik Veri Seti Egitim Veri Seti Kamu Veri Seti
u Onerilen Model 94,70% 90,95% 95,12%
ERBAC 90,63% 85,08% 82,77%
EMAC/DAC 86,02% 81,39% 79,54%

Sekil 7. Her Ug Modele Ait Erisim Diizeyi Dogru Tespit

Orani
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{nerlenModel  WRBAC WMAC/DAC

Sekil 8. Her lic modelin zaman agisindan performans
degerleri

5. Sonuglar

Calismada ele aldigimiz 6nerilen yeni erisim kontrol
modeli, gercek bir dagitik sistem (zerinde
uygulanmis, boylece farkli fiziksel ortamlarda
saklanan verilere kim tarafindan ve hangi erisim izni
ve dizeyi ile erisebilecegine yonelik hesaplamalar
yapilmistir.

Onerilen modelin sundugu deneysel sonuglari
degerlendirdigimizde, ©nerilen modelimiz gergek
hayattan alinmis Ug farkli sektore ait veri setleri
Uzerine uygulanmis ve modelimizin performansi
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gercek sistem uygulamalarinda cok sik rastladigimiz
Rol Tabanli Erisim Kontroli (RBAC) ve Geleneksel
Erisim  Kontroli  (MAC/DAC) modelleri ile
karsilastirilmistir. Onerdigimiz modelin her (g veri
setinde de %90 ve Uzerinde dogru erisim izni ve
erisim dizeyi sundugu ve diger modellere kiyasla
her Ug sektor icin de olgeklenebilir sekilde basarih
sonuglar verdigi test edilmistir. Calismanin artisi
olarak, oOzellikle dagitik sistem uygulamalarinda
siklikla karsilasilan problemler ele alinmis, 6nerilen
modelin dagitik sistemlere genisletilebilir ve
Olgeklenebilir olmasi ve vyetkilendirmede daha
tutarl sonuglar vermesi amaglanmistir.

Calismanin  devaminda, ©6nerdigimiz  model
gelistirilerek tasariminda erisim slresini, erisim
yerini ve kullanicinin davranislarini da esas alan yeni
bir cerceve sunulacaktir.
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Abstract

In this paper, a novel frequency selective absorber surface (FSAS) is designed for electromagnetic and
radio frequency interference reduction and for to use in stealth technology in X-band (8-12 GHz). At

Keywords the proposed FSAS, minimum 10 dB reflection loss is achieved for the incidence angles up to 30 degrees.
Frequency Selective Lumped resistors are inserted into periodic conduction geometries to achieve absorption frequency
Surface; FSS; Absorber;  behavior. Equivalent circuit model of periodic geometries is used in the design and optimization stages.
Periodic Structures The main advantage of the design is its resonance frequency can easily be optimized by one parameter
which controls the equivalent capacitance. In order to achieve this goal, a novel FSAS geometry has
been designed in which equivalent capacity is dominant in determining the resonant frequency of the

surface.

Eniyilemesi X-Bandinda Kolaylikla Gergeklestirilebilen Frekans Segici
Sogurucu Yiizey Tasarimi
0z

Bu ¢alismada, X-bandinda (8-12 GHz), elektromanyetik ve radyo frekansi girisim etkilerini azaltma ve
gorinmezlik teknolojisinde kullanilmak Gzere yeni bir frekans segici sogurucu yiizey (FSSY) tasarimi

Anahtar kelimeler anlatilmaktadir. Periyodik geometrilerin toplu parametreli direnglerle beraber kullanmasi ile sogurucu
Frekans Secici Yiizey;  Yuzey davranisi elde edilmigtir. Onerilen FSSY geometrisi 30 derecelik kadar gelis acisina kadar iizerine
FSY; Sogurucu gelen elektromanyetik dalgalari minimum 10 dB zayiflatarak yansitmaktadir. Esdeger devre modeli
Ylzeyler; Periyodik tasarim ve eniyileme asamalarinda etkin bir sekilde kullaniimistir. Onerilen FSSY geometrisinin rezonans
Yapilar frekansinin eniyilemesi sadece bir parametresinin degerinin degistirilmesi ile X-bandi icinde kolaylkla

gergeklestirilebilmektedir. Bu 6zellik, esdeger devre kapasitesi rezonans frekansi tizerindeki etkisi gli¢gli
olan bir tasarim ile gergeklestirilmistir. Tasarimlarin benzetimi Ansoft HFSS v.19.1 yazilimi ile
gergeklestirilmistir.

© Afyon Kocatepe Universitesi

1. Introduction were introduced. A resistant layer is placed at a
height of quarter wavelength of the conductive
ground in Salisbury absorbers. Multi-layered
resistive sheets over a conductive layer are used in

Nowadays, there is an increasing attention to radar
absorbing materials due to the growing demand for
stealth technology. Studies are going on intensively
for the thin absorber surfaces with a wide Jaumann absorber designs. Jaumann absorbers are
bulky, despite having a larger bandwidth than

absorption frequency band. Absorber materials are
Salisbury absorbers (Munk 2000, Munk et al. 2007).

also used for EMI (Electromagnetic Interference)
and RFI (Radio Frequency Interference) reduction.
Absorber designs go back to the early 1940s, where
Salisbury (Fante and Mccormack 1988) and
Jaumann (Du Toit and and Cloete 1996) absorbers

With the use of periodic conducting geometries
(named as frequency selective surfaces) in place of
resistive sheets, the thickness of the absorbers, their
resonance frequencies, and the absorption


mailto:dokenb@itu.edu.tr

An Easily Optimizable Frequency Selective Absorber Design for X-Band, Déken

bandwidths can be optimized appropriately (Munk
2000). In Zadeh and Karlsson (2009), periodic
conducting geometries are used in a multilayered
structure to achieve an ultra-wideband frequency
selective absorber surface (FSAS). In Panwar (2015),
fractal frequency selective surface (FSS) in a
heterogeneous composite is proposed for a thin
absorber in the X-band. Absorption intensity and
bandwidth are  both
significantly by using magnetic substrates with
resistive FSSs (Lopatin et al. 2008; Sun et al. 2012).
To achieve wideband absorption, the use of resistive

operating increased

periodic geometries between plasma and dielectric
layers is suggested in Joozdani (2016). Dielectric
ceramic coating usage is introduced in Yang (2017)
for broadband absorption in an FSS structure with
two layers.

A novel FSAS geometry design has been carried out
in this work for X-band (8-12 GHz) with a minimum
10dB (|S21/=0, |S11|<-10 dB) of reflection loss.
Lumped resistors are inserted into periodic
conduction geometries to achieve absorption
frequency behavior. Since it is used extensively in
many applications like military purposes, satellite
communication, weather monitoring, air traffic
control, marine traffic control, X-band was chosen

as the desired frequency band in this study.

The contribution of this work is a miniaturized X-
band FSAS design that can be easily optimized.
Almost none of the FSAS designs claim a simple
optimization stage in the literature. To achieve this
goal, a novel FSAS geometry has been designed in
which
determining the resonant frequency of the surface.

equivalent capacity is dominant in
The resonance frequency of the proposed design
can easily be optimized between 8.62 GHz and
11.2 GHz frequencies by only one parameter of the
design. The thickness of the design is only 1.6
millimeters and the miniaturized structure of the
design enables stable frequency response up to 30
degrees of incidence angles at TE and TM

polarizations.

The equivalent circuit (EC) model of the proposed
FSAS is used at the design stage to define the

relationship between the FSAS geometries and their
frequency responses. (Costa et al. 2009, Ghosh et al.
2014, Langley and Parker 1982, Lee and Langley
1985). Ansoft HFSS v.19.1 software is used to
simulate the proposed FSAS surfaces.

2. Design & Simulation

Surface impedances of FSSs depend on their
periodic element geometries, parameter values of
these geometries, and substrate on which they are
2011, Munk 2000).
Therefore, the selection of an appropriate FSS

printed on (Taylor etal.

element geometry is very important. In this work, in
the first stage of design, “Four-Legged Loaded"
(Fig.1) is used due to having stable frequency
responses, and insensitivity to polarization. (Munk
2000). FSAS (Fig.1) is formed by printing “Four-
Legged Loaded” FSS geometry on the other side of
the 1.6mm FR4 (g,=4.4, tan §=0.02) substrate
coated with a conductor. Lumped resistors are then
inserted at the end of each leg of the FSS geometry.
1.6 mm FR4 substrate is selected to easily perform
prototype fabrication at the design. Flowing induced
currents through the Ilumped resistors cause
absorption behavior at the design. For this reason,
"Four-Legged Load" is a very suitable FSS geometry,
since the majority of induced currents flow through

resistors.

(a) I

G d
(b) B cor;gzgtor

Figure 1. Unit cell geometry of the FSAS (a) Top view (b)
Perspective view.

137



An Easily Optimizable Frequency Selective Absorber Design for X-Band, Déken

An EC model (Fig.2) of the design (Fig.1) is shown in
Figure 2. In this model, FR4 substrate is modeled
with a 1.6 mm long (d) transmission line. The
characteristic impedance of free space is indicated
with Zp. R is the resistance of lumped resistor. As
shown in Figure 3, equivalent capacitance (Coc%) is
defined by the width of the gap (w) and by the gap
(g) between periodic element geometries, while

equivalent inductance (Loc%) is defined by the

length (d), and the width (w) of the current path.

Figure 2. Equivalent circuit model of the FSAS.

Figure 3. Sample FSS and its EC parameters.

Input impedance of a short-circuited transmission
line having a length of d is

zi=j =tan (%) = jz, &

where ¢, is the speed of electromagnetic wave in
FR4 substrate. The surface impedance of the FSAS is
then derived as below:

= (oL + 1o/ /2 2)

Zy*( R— w?RLC+ jwL )
Z1 + wL+ j( w?RLC+ wCRZ; —R)

Zin = (3)

As shown in Eqg.2-3, surface impedance (Zy) is
affected by the substrate parameters (thickness and

permittivity) and by the FSS geometry. According to
(Eq.4), Zin
impedance value must be between 195 Q and 725 Q
to achieve target absorption level (|S11|<-10dB).

the reflection coefficient equation

Zin=Zo
Zin+Zy

S11 = (4)

Subsequently, for an optimizable and miniaturized
FSAS design,
modified by widening the end of the legs as shown

“Four-Legged Loaded” geometry is

in Figure 4. “T” shaped conductors are then inserted
to the end of each leg of the FSS geometry to
increase and control the equivalent capacitance
value. As can be revealed from Figure 4, the
equivalent capacity “C” is as dominant as the
inductance “L” on the
it is expected that the

resonance frequency of this FSS geometry can easily

equivalent resonance

frequency. Therefore,

be adjusted by “e” and “f’ parameters of the “T”
shaped geometry.

Proposed final FSAS and its parameters are depicted
in Figure 4. The thickness of the FR4 substrate (h) is
1.6 mm. Other dimensions (in mm) are a=0.7, b=1.4,
¢=0.4, d=0.25, e=0.2, f=0.8, g=0.2, s=0.25, r1=1.38,
r2=0.3, m=0.98, n=0.3, and p=5.38.

p

+«——econductor

resistor

(a)

'—— conductor

(b)

Figure 4. Unit cell geometry of the final FSAS (a) Top view
(b) Perspective view.
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Analysis of the proposed design was carried out by
executing Ansoft HFSS software. The analysis of the
infinite periodic structure is accomplished by
analyzing the unit cell of the design. As shown in
Figure 5, periodic boundary conditions (master,
slave) are applied on the sidewalls of the unit cell.
Floquet port is assigned on the top boundary and
bottom boundary is grounded by perfect electric
conductor (PEC).
modeled with “Lumped RLC” boundary. According
to the Floquet theory, Floquet modes are planar

Resistors in the design are

waves whose propagation direction is determined
by the periodic structure's frequency, phase, and
geometry. Due to the nature of the multilayer
design, besides to the specular modes, two
attenuating Floquet mods are also included in the

simulations of the proposed FSS.

Floquet Port — |

S| /,/'/'Vs/lxa[%ie 1/ /

FR4 s
~PEC
o

i

Figure 5. Ansoft HFSS model of the FSS.

According to the simulation results, the capacitance
between the “T” shaped geometry and the end of
the legs of “Four-Legged Loaded” geometry” affects
the resonance frequency, as shown in Figure 6-7.
Resonance frequency of the FSAS can simply be
optimized between 8.62 GHz and 11.2 GHz by
changing the value of parameter “e”. The resonance
frequency of the FSS can be decreased by increasing
the equivalent capacity value without changing the
unit cell size. Therefore, it is seen that the FSAS is
miniaturized by adding the “T” shaped conductors.
“0” isthe incidence angle with respect to FSS surface
normal in simulation results.
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Figure 6. Simulation results for different “e” values (TE
polarization, 6=0°).
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Figure 7. Simulation results for different “e” and “f”
values (TE polarization, 8=0°).

The effects of lumped resistor values (R) on the
frequency response of FSAS is investigated in
Figure 8. As expected from Figure2 and Eq.2-3,
lumped resistor values lead to change on the
reflection coefficient (S11) of FSAS. The resistance of
“R” is chosen as 1300 Q in this work.

0 Eﬁ‘__“-&:{ - — L - .‘__”_‘_...g‘»—_-.—:
-5 N S S~/ ™ ot S
10 R i A
515 [~ “oo Py Frt i
220 peseo YT
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35 L. R=1300" I ; ; ;
-40 i i 1 1 ol T | i
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50 58 66 74 82 90 98 10,6 11,4
Frequency (GHz)

Figure 8. Simulation results for different resistor values
(TE polarization, 6=0°).

Stability of the frequency response of FSAS to the
deviations of incidence angles is investigated in
Figure 9-10 for TE (Transverse Electric) and TM
(Transverse Magnetic) polarizations, respectively.
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Figure 9. Simulation results for different incidence angles
(B) at TE polarization.
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Figure 10. Simulation results for different incidence
angles (6) at TM polarization.

According to the achieved simulation results in
Figure 9-10, proposed FSAS has a stable frequency
response up to 30° of incidence angles for all
polarizations.

3. Conclusion

A novel FSAS has been presented for EMI and RFI
reduction and the stealth technology in X-band. At
the proposed FSAS, achieved reflection loss for the
incidence angles up to 30 degrees is a minimum of
10 dB. The resonance frequency of the design can
be easily optimized to the desired frequency within
the X-band. In order to obtain this feature, a novel
geometry design has been realized, which enables
the equivalent capacity (C) to determine the
resonance  frequency. Periodic  conductive
structures must have a minimum number of cells in
exhibit
behavior. The miniaturized unit cell size (5.38 mm)

order to frequency-selective surface
and the thickness (1.6 mm) enables the design to
use for EMI and RFI reduction in industry. By
inserting PIN diodes where the "e" parameter of the
proposed design indicates, the design can be

converted into an active FSAS, whose resonance

frequency can be adjusted by controlling the DC
supply voltage, and this design can used in stealth
technology. The proposed design is also compared
designs in Tablel in terms of
bandwidth, thickness, and number of layers. The

with similar

number of layers in the design can be a decisive
parameter in terms of ease of manufacture.
Thickness is a very important parameter in absorber
designs. As the thickness of the absorber designs
decreases, it becomes very difficult to obtain a wide

absorption band.

Table 1. Comparison of the design with similar works
[R=Resonance Frequency (GHz), FBW= (-10 dB reflection
bandwidth) / R, H=Thickness (mm), N=Number of layers]

Ref. R FBW H N
This work 8.28 10.94% 1.6 1
(Sohrab ve Atlasbaf 2013) 10 53% 3 3
(Kong vd. 2015) 4.1 24% 5 1
(Panaretos, Brocker, ve Werner 11 36% 2 2
2015)

(Schuchinsky vd. 2014) 10 34% 3 2
(Costa, Monorchio, ve Manara 7.6 23% 2.4 1
2010)

As can be seen in Table 1, the proposed design
features a simple structure and the thickness is
small if it is compared with similar works. However,
the proposed design has a narrower absorption
bandwidth.
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Bu galismada, Cok Kriterli Grup Karar Verme ile ilgili karar vericilere bagli olarak dilsel belirsizligi iceren
problemleri ele almak igin genisletilmis sezgisel bulanik SAW (GrSB-SAW) yéntemi énerilmistir. Onerilen

Anahtar kelimeler yontem farkli 6nem dizeylerine sahip karar vericilerin bir arada degerlendirilmesine de imkan
Grup karar verme; saglamaktadir. GrSB-SAW yonteminin gegerliligini test etmek amaciyla sezgisel bulanik TOPSIS yontemi
Sezgisel bulanik kime;  jle kiyaslamalar yapilmistir. Literatiirde yer alan bir tedarikgi secim probleminin ¢éziimiinde her iki

SAW; Duyarlilik analizi;  ygntemden elde edilen siralamalarin birbirine benzer oldugu gorilmustir. Ayrica kapsamli duyarhlik

Sezgisel bulanik TOPSIS  analizleri ile iki yontem bulgulari istatistiki acidan analiz edilmis ve GrSB-SAW yonteminin givenilirligi
ortaya koyulmustur. Sonug olarak ¢alisma kapsaminda, Cok Kriterli Karar Verme problemlerinin ¢6zimu
icin farkli 6nem duzeylerine sahip grup karar vericilerin dilsel tanimlarina imkan saglayan kullanisli ve
yalin bir arag sunulmustur.

Extension of Intuitionistic Fuzzy SAW Method for Multi-Criteria Group
Decision Making Problems

Abstract
In this study, the extended intuitionistic fuzzy SAW (GrSB-SAW) method is proposed to address
problems involving linguistic ambiguity by decision-makers related to Multi-Criteria Group Decision

Keywords

- Making. The proposed method also allows for the evaluation of decision-makers with different levels
Group decision

. N of importance. In order to test the validity of the GrSB-SAW method, comparisons were made with the
making; Intuitionistic

fuzzy set; SAW;
Sensitivity analysis;

intuitionistic fuzzy TOPSIS method in the literature. In the solution of a supplier selection problem in
the literature, it has been observed that the rankings obtained from both methods are similar to each

T other. In addition, the obtained findings from two methods were analyzed statistically with
Intuitionistic fuzzy

TOPSIS comprehensive sensitivity analysis and the reliability of GrSB-SAW method was demonstrated. As a

result, in the scope of the study, a useful and lean tool was presented to enable the linguistic definitions
of group decision-makers with different levels of importance for the solution of Multiple Criteria
Decision-Making problems.

© Afyon Kocatepe Universitesi.

1. Giris surecinde elde edilecek sonuglar; bireyle, grupla,

Bireylerin veya isletmelerin, belirli amacg ve hedefler organizasyonla veya karanin herhangi bir konuyla

dogrultusunda birden fazla alternatif arasindan iliskili olmasina gore farkhlik gosterir. Siradan karar

. . verme durumundaki bireyler, bu sireg icerisinde
secim yapma durumu karar verme olarak ifade

edilir. Bir problemin karar problemi olabilmesinde genellikle sezgisel yaklagimlar kullanirken, - bir

birden fazla davranis yolunun bulunmasi, her bir isletme ya da bir grubu ilgilendiren durumlarda

davranis sonuglarinin birbirinden farkli olmasi ve sezgisel yaklagimlardan ziyade bilimsel temellere

gerceklestiriimek istenen c¢esitli amaclarin  yer dayandirilan streglerin dikkate S

almasi gerekmektedir (Tekes 2002). Karar verme gerekmektedir (Uludag ve Dogan 2016). Kriterlerin

ve kriter agirliklarinin belirlenmesi, bir veya birden
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fazla uzman gorisiiniin alinmasi, uygun yéntemin
secilmesi gibi durumlan kapsayan bilimsel karar
verme siirecinde rasyonellik ve etkinlik igin akilci bir
sekilde hareket etmek gereklidir. Bu nedenle,
mantik ve karar arasindaki iliski gecmisten bugiine
glincelligini koruyan bir alan olarak karsimiza
¢ctkmaktadir (Nalkiran 2020).

Karar vermenin temel
kendi
vermelerine destek olmaktir. Bu destegi saglayan,

amaci, insanlarin veya

isletmelerin stratejilerine  gore karar
karar vermenin Yoneylem Arastirmasi sinifina ait
olan bilimsel yontemi Cok Kriterli Karar Verme ICKKV
yontemleri, alternatif ve kriter sayilarinin fazla
oldugu durumlarda karar verme mekanizmasini
kontrol ederek hizli ve kolay bir sekilde sonuca
CKKYV,

kriterlere gére modelleyerek karar vericinin slreg

ulasmayl saglamaktadir. karar slrecini
sonunda elde edecegi faydayr en biyukleyecek
sekilde analiz etmeye odaklanir. Diger bir ifade ile
CKKV yaklasimlari, birbiri ile gelisen birden fazla
kriteri karsilayan mimkin olan en iyi ¢6ziime
ulasmaya calisir. MUmkin olan en iyi ¢6ziim karar
sireci sonucunda alinacak karar ile faydanin en
blyik ya da maliyetin en kiiclik olmasini ifade
etmektedir. Karar vericiler, karar problemlerinin
CKKV
faydalanarak daha etkin kararlara ulasabilmektedir
(Yildirim ve Onder 2015).

CKKV yontemleri karar vericilerin yargilarini dikkate
stbjektif,
algoritmaya dayali olmalari bakimindan objektif

Ustesinden  gelmede yontemlerinden

almasi  bakimindan matematiksel

analiz yontemleri olarak degerlendiriimektedir
(Cakir ve Pergin 2013). Karar vericilerin stbjektiflik
ihtimalini azaltmasi bakimindan grup kararlari tercih
edilmektedir (Sahin Zorluoglu 2020, Burnaz ve Es
2021). Grup karar verme, birden fazla karar vericinin
bireysel tercihlerinin birlestirilerek ortak bir kararin
surecidir.

elde edilmesi Grup karar verme

siirecinde, tek bir karar bagimli
daha

edilebilmektedir. Ayrica karar verme problemlerinin

vericiye

olunmadigindan dogru sonuclar elde
karmasik ve belirsiz oldugu durumlarda grup
kararlari, daha ¢ok bilgi, durum ve alternatifin es
zamanli olarak degerlendirilmesini saglayarak alinan
kararlarin benimsenmesini ve glglendirilmesini
saglamaktadir. Hem bu sayede kararlarda ortaklarin

da etkisinin oldugu gosterilerek sinerji faktorl

yakalanmis olur. Bununla birlikte grup karar verme
siireci zaman alici ve maliyetli olabilmektedir (Ecer
2006). Birden fazla karar vericinin oldugu grup karar
vermede, karar vericilerin degerlendirmelerini bir
takim operatorlerle birlestirmek gerekir. Bununla
birlikte klasik karar verme sireci, belirsiz ve kesin
olmayan durumlari ele almada yetersiz kaldigindan
bu gibi durumlarda bulanik kime
onerilmektedir (Kabak ve Erdebilli 2021).

Bulanik kiime teorisi 1965 yilinda Lotfi A. Zadeh
tarafindan

teorisi

belirsizligi agiklayabilmek
ortaya atilmistir (Zadeh 1965). Bulanik kiime teorisi,

gunlik konusma dilinde gegen sozel belirsizlikleri

amaciyla

dikkate alma imkani saglamaktadir. Bir karar
mekanizmasi icerisinde belirsiz, bulanik ve kesin
olmayan durumlar var ise uygun bir karara varmak
durumlarin

s6z konusu olmayabilir. Bu tdr

Ustesinden gelmek amaciyla dilsel degiskenler
kullanilabilir. Karar vermede dilsel degiskenlerin
kullanimi  igin  klasik kiime teorisi yetersiz
kaldigindan, daha saglikli kararlar verebilmek igin
bulanik kiime teorisi tercih edilir (Kabak ve Erdebilli
2021). Bulanik kiime teorisinde dilsel belirsizliklerin
bulundugu, ifade edilemeyen veya idrak edilmesi
zor durum ve kavramlara Uyelik derecesi atanarak
belirlilik kazandinlir. Béylece matematiksel olarak
ifade edilebilir sire¢  CKKV
problemlerine uyarlanabilir (Nalkiran 2020, Es vd.
2017).

CKKV yontemlerinde karmasik ve belirsiz siireclerle

anlam kazanan

basa c¢ikabilmek icin farkh bulanik kimeler
kullanilmaktadir. Aralik tipi bulanik sayilar, LR (Left-
Rigth) tipi bulanik sayilar, Gg¢gen bulanik sayilar,
yamuk bulanik sayilar, gauss ve Ustel bulanik sayilar
bunlara 6rnek verilebilir. Ayrica son donemlerde
bazi noktalarda yetersiz olan klasik bulanik kiime
yerine, sezgisel bulanik kiime, teredditli bulanik
kiimeler, bipolar bulanik kiimeler kullaniimaktadir.
bulanik

kiimeler ile gerceklestirilen calismalar su sekilde

Bu kapsamda son donemlerde farkli

orneklendirilebilir.
Zhang vd. (2017) calismalarinda buhar tirbini ariza
teshisinde belirsiz veri analizi ve grup karar verme ile
sunulan sorunlari ¢cozmek icin aralik degerli tereddiit
bulanik kiimeleri kaba kiime ile birlestiren yeni bir
model kullanmiglardir. Nirmala ve Uthra (2019)
tedarikgi daha

seciminde once yapilmis bir
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uygulamada sezgisel bulanik AHP vyaklasimini
kullanilmistir. Yapilan ¢alismada Uggensel sezgisel
bulanik sayilar, belirsizligi ifade etmede glclu
oldugundan yontemin Analitik Hiyerarsi Prosesi
(AHP), Bulanik AHP ve Sezgisel Bulanik AHP’den
daha fazla avantajli oldugu savunulmustur. Tolga vd.
(2020) sonlu aralik Tip-2 (FIT2) Gauss bulanik sayilari
ile genisletiimis TODIM (TOmada de.

Interativa Multicriterio) yontemini kullanilarak tibbi

Decisao

cihaz segim sorununun gergcek bir ekonomik
degerlendirmesine entegre edilmistir. Tip-2 bulanik
kiimesi bircok alan icin karmasik problemlerdeki
belirsizligi karakterize etmek igin daha gii¢lii bir arag
oldugundan buradaki segim probleminde
kullanilmistir. Gao vd. (2020) askeri alanda tehdit
siniflandirma sonuglari Uretebilen ve otomatik
olarak savas icin oncelikli hedefler saglayabilen bir
yonteme ihtiya¢c duymaktaydi. Bu nedenle, sezgisel
bulanik ¢cok 6zellikli karar verme ortaminda yeni bir
hedef tehdit degerlendirme yéntemi énermislerdir.
Her hedefin kosullu olasiligi ve karar esikleri sezgisel
bulanik TOPSIS ile degerlendirilmistir. Onerilen
yontem dinamik belirsiz durum bilgileri ile etkili bir
(2020)

calismalarinda sezgisel bulanik sayilarla VIKOR (Vise

sekilde basa ¢ikabilmektedir. Zeng vd.
Kriterijumsa Optimizacija | Kompromisno Resenje)
yontemine dayanan yeni bir¢ok 6zellikli karar verme
yontemi 6nermektedirler. Onerilen degistirilmis
VIKOR yontemi, sadece her bir alternatifin en yakin
ideal degerini hesaplamakla kalmaz ayni zamanda
her bir alternatifin en uzak (en kotl) degerini de
hesaplar. Ayrica alternatifleri siralamak icin TOPSIS
(Technique for Order Preference by Similarity to
Ideal Solution) yontemini kullanmaktadirlar. Zhang
L. vd. (2020) gercek diinya verileri ile bir dizi kriterin
agirhgini elde etmek icin 6rtme tabanh degisken
hassas sezgisel bulanik kaba set (CVPIFRS: covering-
based variable precision intuitionistic fuzzy rough
set) modeline dayanan etkili bir yontem
sunmaktadirlar. CVPIFRS modelini TOPSIS fikriyle
birlestirerek karmasik ve degistirilebilir kemik nakli
secimlerini etkili bir sekilde ¢ézmek icin bir karar
verme ydntemi dnermektedirler. Onerilen yéntemin
yaklasimin  olduk¢ca esnek

hassasiyet analizi,

oldugunu ve farkh sezgisel bulanik mantiksal
operatorlerin secimi ile sezgisel bulanik degisken

hassasiyetinin degerlerini ayarlayarak cok cesitli

ortamlara uygulanabilecegini gostermektedirler.
Ayrica bulanik sayilarin kullanildigi grup karar verme
de su sekilde

verilebilir: Efe vd. (2015) ergonomik driin konsept

¢alismalarindan bazi  6rnekler
secimi icin SB TOPSIS yéntemini kullanmiglardir. Ug
kisiden olusan farkli uzmanlk diizeyine sahip karar
vericilerin ergonomik tasarim kriterlerini
degerlendirerek cep telefonu icin en uygun Urin
konsept secimi gergeklestirilmistir. Qin vd. (2017)
TODIM yontemini aralik tip-2 bulanik kiimeler
baglaminda ¢ok krterli grup karar verme
problemlerini ¢dzmek igin genisletmisler ve yesil
tedarikgi se¢im problemine uygulamisladir. Ayrica,
TOPSIS

karsilagtirmali analiz yardimiyla bir duyarlilik analizi

granliler hesaplama ve teknigi ile
yapmislardir. Akram vd. (2020) bipolar bulanik
PROMETHEE (The Preference Ranking Organization
Method for

Kapsaminda Yesil Tedarik¢i Secimi igin yeni bir

Enrichment Evaluation) Sdreci

yaklasim gelistirmislerdir. Onerilen yaklasimin

gecerliligi icin farkli tipte tercih fonksiyonlan
kullanilarak analizler yapilmistir. Cok Kriterli Grup
Karar Verme Ozcelik ve Nalkiran (2021) EDAS
(Evaluation Based on Distance from Average
Solution) yontemini Cok Kriterli Grup Karar Vermede
bulanik

Bu kapsamda, tip

kullanilabilecek sekilde yamuk bipolar
sayilar ile genisletmislerdir.
fakiltesi tibbi biyoloji béliminde hiicre kiltiri
calismalarinda kullanilmasi en ¢ok arzu edilen cihaz
seciminde onerdikleri yaklasimi kullanmislardir.

Ayrica rassal olarak 24 farkli kriter agirliklan
kullanarak duyarlilik analizleri gerceklestirmislerdir.
Bununla birlikte dnerdikleri yontemi bilinen yamuk
VIKOR ve TOPSIS

kiyaslamislardir. Bu galismalardan hareketle, CKKV

bipolar yontemleri ile
yontemlerinin farkh tdrlerdeki bulanik sayilar ile
belirsizliklerin Ustesinden gelmek amaciyla birlikte
karar siirecini

kullanildigir  ve grup verme

gerceklestirebilmek Gzere genigletildigi
goralmektedir.

Kaur ve Kumar (2013) catisan kriterler icin karar
vericinin bilgisinin kararsiz ve belirsiz oldugu
durumun (stesinden gelmek amaciyla Sezgisel
Bulanik SAW (Simple Additive Weighting) yontemini
onermistir. Sezgisel bulanik kiimeler (intuitionistic
fuzzy set), karar vericinin kriterlerin goreceli

6neminin belirlenmesinde yasayabilecegi kararsizlik
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sebebiyle belirlemesindeki
zorlugu ortadan kaldirmaya yardimci olmaktadir.
Ancak Sezgisel Bulanik SAW (SB-SAW) birden fazla
karar oldugu
vermemektedir. Ayrica Kaur ve Kumar (2013)
tarafindan onerilen SB-SAW yonteminde, CKKV

problemi maliyet kriterini barindirdiginda islem

Uyelik  derecesinin

vericinin durumlara  cevap

adimi tanimlanmamistir.  Bu nedenle maliyet
kriterinin bulundugu problemde, yéntem sonuca
ulasmada vyetersiz kalmaktadir (Kaur and Kumar
2013).

Bu galismada SB-SAW yontemi, grup karar vermeye
imkan saglayacak sekilde genisletilmis ve Grup Karar
Vermede SB-SAW (GrSB-SAW) yontemi olarak
GrSB-SAW

yontemi farkh uzmanliktaki karar vericilerin farkl

isimlendirilmistir. Ayrica gelistirilen
onem agirhg ile degerlendirilmesini de mimkin
kilmaktadir. GrSB-SAW yonteminin

gecerliligini gostermek amaciyla literatlirde daha

Gelistirilen

onceden bilinen grup karar vermeye imkan saglayan
Sezgisel Bulanik TOPSIS yontemi ile kiyaslanmistir.
Ayrica onerilen yontemin farkli kriter agirliklarina
gore sonuglarinin degisimi incelenerek kapsamli bir
duyarlilik analizi yapilmistir. Calismada takip edilen
sureg Sekil 1’de sematize edilmistir.

Sezgisel Bulanik {_ ____________ I
Kiimenin Tanit O
iimenin Tamitimi I P—— !
I Yéntemi I
" A
L 4 _._I I
| |

Grup Karar |
SB-TOPSIS '
Vermede Karar I . ) |
- | Yontemi |
Vericilerin i I

|

Degerlendirilmesi

Karar Probleminin
Degerlendirilmesi

!

‘ Duyarlihk Analizi ‘

Grup Kararniile

Kriter Agirhklarin

Belirlenmesi

Sekil 1. Uygulama akisi.

kalan sekilde
GrSB-SAW

yonteminin adimlari, Uglincli bolimde yontemin

Calismanin  geri kismi  su

planlanmaktadir; ikinci  bolimde

gecerliligini gdéstermek amaciyla niimerik uygulama

ile  yontemin glvenilirligini artirmak amaciyla
duyarhlik analizi, son bollimde ise sonug ve Oneriler
yer almaktadir.

2. Materyal ve Metot

Bu bolimde grup karar verme yonelik olarak
genigletilen SB-SAW yontemi agiklanmistir. SB-SAW
yonteminin genisletilmesi igin ilk asamada sezgisel
bulanik kiimeler, karar vericilerin degerlendirilmesi,
grup karariile kriter agirliklarin belirlenmesi asamasi
yer almaktadir. Bu silireclerden sonra GrSB-SAW
yonteminin adimlan tanitilmistir.

2.1 Sezgisel Bulanik Kiime

X bos olmayan bir kiimeyi ifade etmektedir. X'teki
sezgisel bulanik kiime Denklem 1’de tanimlanmistir.

A=[{x,us(x),v4(x)} x € X] (1)

pa(x); x
elemaninin ait olma derecesini, v,(x); ait olmama

Sezgisel bulanik kiime teorisine gore

derecesini  ve  m,(x); kararsizhk  indeksini
belirtmektedir. Bulanik kiime teorisine gore ait olma
ve olmama derecelerinin toplami Denklem 2’de
ifade edildigi lzere [0,1] araligindadir (Atanassov

1986).
0<ps(x)+ va(x) <1 (2)

Denklem 3’teki kararsizlik indeksi x elemaninin A
kiimesine ait olup olmadigini belirleyen kararsizlik
derecesidir.

ma(x) =1 — pys(x) — va(x) (3)

Kararsizlik indeksi ne kadar kiigiikse x elemanina ait
kesinlik o kadar nettir. Eger kararsizlik indeksi
blylkse x elemanina ait bilgi kesin degildir
(Atanassov 1986).
2.2 Grup Karar

Vermede Karar Vericilerin

Degerlendirilmesi

Karar verme gruplari [ adet karar vericiden olusmus
olsun. Her biri farkli olan karar verme gruplari icin
karar vericinin nisbi 6nemi farkhdir. Bazi karar
vericilerin deneyim, tecriibe ve uzmanlklar farkli
olabildiginden 6nemleri daha az veya daha fazla
olabilir. 2 = {44,1,, ...
vektorind ifade eder.

,A;} karar vericilerin agirhk

Karar vericilerin 6nemi, sezgisel bulanik sayilarda
ifade edilen dilsel terimler ile belirlenmistir. D), =
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(U, Vi, T8, k. karar vericinin
derecelendirilmesindeki  sezgisel sayiyr ifade
etmektedir. Karar vericilerin agirliklari, belirlenen

dilsel
yardimi ile hesaplanir (Boran vd. 2009);

agirhik degerleri kullanilarak Denklem 4

<#k+7Tk ”k,, )
(ets) =0 k=12,..

Ak = —u
)

AXiA =1 (4)

2.3 Grup Karari ile Kriter Agirliklarinin Belirlenmesi

Karar problemlerinde  kriter agirliklan  esit
olmayabilir. Her karar verici igin kriterlerin 6nem
dereceleri farkh olabilir. Karar vericilerin kriter
Onemini ifade etmesi icin sezgisel bulanik degerler
kullanilir.

m _ (, &) (k) (k)
v (”J VT

karar vericinin j. kriteri icin belirledigi degeri ifade

) sezgisel bulanik sayisi k.

eder. Karar vericilerin 6nceki asamada belirlenen
agirhklari dikkate alinarak kriter agirliklari Xu (2007)
IFWA
yani Sezgisel

tarafindan oGnerilen (Intuitionistic  Fuzzy
Bulanik Agirhik

Denklem 5

Weight Average),

Ortalamasi operatori araciligiyla

hesaplanir.

1 1
—IFWA ( (1) ]( )""'Wj())= /11‘4/]()® /12W;2) @

- @ = [1 ~Mies (1-

(k)) Hk 1( (k)) Hk 1(1_ (k))

— =1 (vi(k))lk ]

(5)

Karar vericilerin kriterlere vermis oldugu dilsel
degerler ve her bir karar vericinin belirlenen agirhg
dikkate alinarak bdtinlestirilmis kriter agirlklan
hesaplanarak, kriter bazinda agirlik degerleri w; =
(wjpvpm) G =12, .,
Boylece karar vericilerin 6nem dereceleri ve

n) seklinde elde edilir.

degerlendirmelerine  gore  kriter agirliklarina
Denklem 6’daki sekliyle ulasilr.
W = {wy, wy,ws ... ....Wj}, j=1.2,..,n (6)

2.4 GrSB-SAW

SAW (Simple Additive Weighting) yontemi 1954
yilinda Churcman ve Ackoff tarafindan literatiire
kazandiriimistir. Literatirde Agirlikli Toplam Model
(Weighted Sum Model) olarak da bilinmektedir

(Omirbek vd. 2016).
dogrusal kombinasyon veya puanlama yontemi veya

SAW vyontemine agirlikl

agirlikh toplam yontemi de denir. Uygulanmasi basit
bir yontemdir ve cogunlukla ¢oklu ozellik karar
teknigi ile birlikte kullanilir. SAW yénteminin temel
alternatifin

mantig, tim  ozelliklerde her

performans derecelendirmelerinin agirhkl
toplamini elde etmektir (Tapre et al. 2016).
A, A5, As .

oldugunu varsayalm. K;, K5, K5 ... ....

.A,, olmak lUzere m adet alternatif
K, seklinde n
adet kriter belirleyelim.

GrSB-SAW igin islem adimlari asagidaki gibidir:
matrisinin

Adim 1: bulanik  karar

olusturulmasi

Sezgisel

R = (ri(.k))mxn k. karar verici igin karar matrisini

ifade ederken, rlgk) = (,ul(]k), l(]k), (k)) ise k. karar

vericinin i. alternatifi j. kriterine gore ifade ettigi

sezgisel bulanik degerdir. 1 () . karar vericiye gore

i. alternatifin j. kritere ait olma derecesini, v(k) k.

karar vericiye gore i. alternatifin j. kritere ait olmama

. k) .
dEFECESInI, T[i(j) 1se

alternatifin j.

k. karar vericiye gore i.

kritere ait kararsizlik indeksini
belirtmektedir. Eger problemde maliyet kriteri var
ise kriterin aitlik degeri ait olmama degerine, ait
olmama degeri ise aitlik degerine donustdrdalir. Bu
donistirme islemi ile maliyet kriteri fayda kriterine
donlismis olmaktadir. Boylece SB-SAW yonteminde
islem adimi icin bir

ifade edilmeyen ¢6zlim

onerilmistir. Bu islem icin Atanassov (1986)'un
onerdigi bulanik kiime islemlerinde timleyen islemi
kullanilmistir. Sezgisel bulanik kiimenin tiimleyeni

Denklem 7’de tanimlanmistir (Atanassov 1986).
A = [{x,v4(x), s (x)} x € X] (7)

Denklem 7’den hareketle maliyet kriterinin fayda

kriterine donlsimi saglanmis olur. Bu nedenle
maliyet  kriteri olmasi  durumunda rlgk)
(v L(jk),ul(jk) , T (k)) donistimu yapilarak k. Karar verici
icin  Denklem 8'deki gibi karar matrisi
olusturulmahdir.

() (x)

n rln
RO = : -~ (8)

(k) (k)

Tmi " Tmn
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Adim 2: Karar vericiler tarafindan alternatifler igin
yapilan degerlendirmeleri birlestirerek birlegtirilmis
karar matrisinin olusturulmasi

Grup karar alma silrecinde tim karar vericilerin
karari grup distincesini yansitmak Uzere herhangi
bir bilgi
Birlestirme

kaybina firsat vermeden birlestirilir.

islemi icin Denklem 9’daki IFWA

operatori kullanihr.

r;j = IFWA, (r(l) r® ,rig.l)) = rig.l)ll (43} rig.z)lz D .. D

0= [1 = e (1= )™ Mhca (o) T (1 -
1) = Mo (o)™ | (9)

v = (Wipvipm;) (=12, ,mj = 1,2,...,n),
birlestirilmis R karar matrisinin elemaniniifade eder.
Birlestirilmis karar matrisi R Denklem 10’daki gibi
elde edilmis olur:

(11, V11, T11) (a2, V12, T42) (H1n> V1ns 1)

R = (B21, V21, M21) (a2, V22, T23) (Mzn Vo) T2n) —
(#mlv Umlv T[ml) (Mmzv Umzr T[mz) (anr Umnr nmn)
1 Tz T
21 T2 " Ton (10)
Tmi Tmz *° Tmn

Adim 3: Agirlikh birlestirilmis karar matrisinin elde
edilmesi

Denklem 11 kullanilarak, grup karari ile belirlenen
kriter agirliklari (W), birlestirilmis karar matrisi (R)
ile carpilarak agirlikh birlestirilmis karar matrisi
R'elde edilir. Agirlikli birlestirilmis karar matrisini
elde ederken kararsizlik indeksi Denklem 12’'deki
islemler ile elde edilir.

R'=RQ@W = (uij,vi) = {x, pij.pjp vij +vj =
vij.vj| xe X'} (11)

Tl.'l-’j:l— vij_vj_.u'ij'.u'j-l_vij'vj (12)

i = (ulfj,v{j,ni’j) (i=12,...mj=12,..n),
Denklem 13’te ifade edilen agirlikhi birlestirilmis

karar matrisinin elemani 7;; ile temsil edilir.

R =

(1m0 Vin T1n)
(H2n Vo) T2m)

(U141, v11,111) (U2, V15, T15)
(Up1,V21,T21) (U, V32,T27)

4

L (U1, Vit 1) (Bnzs Vinzs Toma) (Umns Vimns Tmn)

r ! ! !
1 T2 " Tin
! ! !
21 T2 " Ton (13)
! ! !
"m1 ™Tm2z " Tmn

Adim 4: Alternatiflerin skorlarinin hesaplanmasi ve
siralanmasi

Elde edilen agirlkli birlestirilmis karar matrisi ile
alternatiflerin skorlari Denklem 14-16 kullanilarak
hesaplanir (Kaur and Kumar 2013). Denklem 14 ile

hesaplanan skorlara gbre siralama yapilhr.
Siralamada en yiiksek skor en iyi alternatif olarak
tercih edilir.

S(Al) = MAL' - vAi (14)

pa; = [Quix + piz — Wiz 1)) © [(uiz + pig —
(Wia- 1)) @© - @ [(tigj—1) + iy = Wij-n)- 1iy)]

(15)
vy, = iz, vi; (16)
3. Bulgular
Bu calismada GrSB-SAW yonteminin

uygulanabilirligini géstermek amaciyla literatiirde
yer alan bir tedarik¢i secim problemi ele alinmistir
(Boran et al. 2009). Bu problem GrSB-SAW yoéntemi
ile benzer amagclar icin kullanildigindan tercih
edilmis  olup  Onerilen  yéntem  adimlar
uygulandiktan sonra yontem gecerliligi mevcut
SB-TOPSIS

kiyaslanmistir. Gr-SB SAW yontemine nazaran daha

calismada sunulan yontemi ile
fazla islem adimi barindiran SB-TOPSIS yonteminde
agirhkli birlestirilmis karar matrisine ulasildiktan
sonra pozitif ve negatif ideal ¢ézimler elde edilir.
Daha sonra ayirma olciimleri ve goreceli yakinhk
katsayilar hesaplanarak siralama sonuglarina ulasilir
(Boran et al. 2009). Onerilen GrSB-SAW ydntemi ile
SB-TOPSIS yontemi icin 30 farkh kriter agirliklan
kullanilarak duyarlihk analizleri gergeklestirilmis ve
onerilen yontem gecerliligi sinanmistir. Ele alinan
problemde bir otomotiv sirketi i¢cin 6n
degerlendirme sonrasinda bes tedarikgci, alternatif
olarak Alternatif

saptanmistir. tedarikgileri
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degerlendirmek icin (¢ karar vericiden olusan bir
komite olusturulmustur. Degerlendirme kriterleri
ise Cizelge 1’de sunulmustur:

Cizelge 1. Tedarikgi se¢imi igin degerlendirme kriterleri.

Kriter (K) Agiklama Kriter Turi
K1 Uriin kalitesi Fayda
K2 Yakinlik iligkisi Fayda
K3 Teslim Performansi Fayda
K4 Fiyat Maliyet

3.1. Sezgisel Bulanik Kiime (Intuitionistic Fuzzy Set)
ile Dilsel ifadelerin Tanimlanmasi

Karar vericilerin agirhgini belirlemek amaciyla dilsel
terimler kullanilmistir. Bu dilsel terimler de sezgisel
bulanik sayilar ile ifade edilmistir. Bu sayilar
asagidaki Cizelge 2’'de verilmistir (Boran vd. 2009).

Cizelge 2. Karar vericilerin 6nemini ve kriterlerin 6nem

derecelerini  belirlemede  kullanilan  dilsel
terimler.
Dilsel Terimler Sezgisel Bulanik Sayilar
Oldukga Onemli (00n) (0.90; 0.10)
Onemli (0) (0.75;0.20)
_ Orta (0) (0.50;0.45)
Onemsiz (Os) (0.35; 0.60)
Oldukeca Onemsiz (00s) (0.10; 0.90)

Alternatifleri degerlendirmek icin karar vericiler
tarafindan en iyiden en kotliye olmak (izere 10 tane
dilsel ifade kullanilmis ve bu terim degerleri SBS ile
ifade edilmistir. Bu sayilar Cizelge 3’te verilmistir
(Boran vd. 2009).

Cizelge 3. Alternatiflerin degerlendirilmesinde kullanilan
dilsel terimler.

Dilsel Terimler Sezgisel Bulanik Sayilar

Asirt lyi (AD) (1.00 ; 0.00)

Cok ¢ok lyi (CCI) (0.90; 0.10)

Cok Iyi (CI) (0.80; 0.10)

Iyi () (0.70; 0.20)

Orta Iyi (01) (0.60 ; 0.30)

Orta (0) (0.50 ; 0.40)

Orta Kétii (0K) (0.40; 0.50)

Kétii (K) (0.25 ; 0.60)

Cok Kétii (CK) (0.10; 0.75)

Cok ¢ok kétii (CCK) (0.10 ; 0.90)
3.2 Karar Vericilerin Onem  Adirliklarinin
Belirlenmesi

Karar vericilerin 6nem diizeyleri Cizelge 2’de verilen
dilsel terimlerle ifade edilmistir. Nimerik ¢bziim igin
dikkate alinan karar vericilerin 6nem dizeyleri
literatlirdeki 6rnekten farkli olarak alinmis ve
Karar vericilerin

Cizelge 4’te ifade edilmistir.

belirlenen 6nem diizeylerine karsilik gelen sezgisel

bulanik sayilar kullanilarak Denklem 4’teki denklem
yardimiyla karar vericilerin agirliklari hesaplanmis ve
Cizelge 4’te sunulmustur.

(0.75+0.0522%)

A = =0.384
kvi (0.75+0.05222)+0.90+ (0.35+0.607 )
0.95 0.95
0.90
I =0.437
V2 0.75 0.35 .
(0.75+0.05522)+0.90+ (035+0.60¢> )
0.35
0.35+0.60222
( 0.95) = = 0.179

Agvs = (0.75+0.052%) +0.90+ (o_35+0.60—)

0.95 0.95

Cizelge 4. Karar vericilerin degerlendirilmesi.

KV1 KV2 KV3
Onemli Oldukca Onemli Onemsiz
0.384 0.437 0.179

3.3 Kriter Agirliklarinin Belirlenmesi

Alternatiflere yonelik yapilan degerlendirmede g
karar verici ile kriter agirliklar belirlenmistir. Grup
karar vermede kriterlerin énem dereceleri karar
vericiye gore farkhlik gosterebilmektedir. Bu
sebeple her bir karar vericinin degerlendirilmesinin
birlestirilmesi gerekir.

Problem ¢6ziimiinde yer alan Ui¢ karar vericinin
kriterlere vermis oldugu 6nem dereceleri Cizelge
2‘de tanimlanan dilsel terimler ile ifade edilmis ve
degerlendirmeler Cizelge 5te sunulmustur.

Cizelge 5. Kriterlerin karar vericiler tarafindan
degerlendirilmesi.
KV1 KV2 KV3
K1 00n 00n 0
K2 0 0 0
K3 0 0 0
K4 0 0 0
Karar vericilerin Onem agirhklari ve

IFWA
operatori ile hesaplanarak butlinlestirilmis kriter

degerlendirmeleri Denklem 5’te verilen

agirhklar elde edilmistir. Bu degerler Cizelge 6'da
verilmistir.

Cizelge 6. Karar vericiler tarafindan belirlenen kriter

agirliklar.

w (upvjom;)
wy (0.882;0.113)
w, (0.750;0.200)
ws (0.717;0.231)
w, (0.631;0.316)

148



Cok Kriterli Grup Karar Verme Problemleri icin Sezgisel Bulanik SAW Yénteminin Genisletilmesi, Es ve Hatipoglu

3.4 GrSB-SAW

U¢ karar verici alternatifleri kriterlere gére
degerlendirmek amaciyla Cizelge 3’te tanimlanan

dilsel terimleri kullanmustir.

Adim 1:
olusturulmasi

Sezgisel bulanik karar matrisinin

Karar vericilerin her kriter icin alternatifleri

degerlendirme durumu Cizelge 7’de verilmistir.

Cizelge 7. Alternatiflerin karar vericiler tarafindan kriter
bazinda degerlendirilmesi.

gibi elde edilmistir. Kararsizlik degerleri bu adimdan
sonra kullaniimadigindan agirhkli
asagidaki gibidir.

karar matrisi

Cizelge 9. Agirlikli birlestirilmis karar matrisi (y{j, v{j).
K1 K2 K3 K4
Al (0.661;0.244) (0.485;0.401) (0.546;0.335) (0.126;0.795)
A2 (0.558;0.348) (0.440;0.449) (0.460;0.429) (0.215;0.698)
A3 (0.747;0.202) (0.571;0.308) (0.563;0.318) (0.071;0.853)
A4 (0.587;0.320) (0.390;0.504) (0.533;0.349) (0.162;0.755)
A5 (0.498;0.410) (0.348;0.549) (0.491;0.397) (0.222;0.690)

Karar Vericiler Alternatifler Kriterler

K1 K2 K3 K4

Al i o ¢ I

A2 oi o0 i ol

KV1 A3 cci ¢ ¢l i

A4 oi 0 ci i

A5 0 OK i 0

Al a1 1 i

A2 i of of o

KV2 A3 ci i ci ci
A4 I 0 i oi

A5 oi 0 i oi

Al i o ¢ i

A2 0 i of oi

KV3 A3 i ¢i i I
A4 i of 1 of

A5 (o) 0 oi 0

Adim 2: Karar vericiler tarafindan alternatifler igin
yapilan degerlendirmeleri birlestirerek birlestirilmis
karar matrisinin olusturulmasi

Denklem 9’daki IFWA operatori kullanilarak karar
vericilerin agirliklari ile alternatif degerlendirme
durumlari birlestirilerek birlestirilmis karar matrisi
Cizelge 8‘deki gibi elde edilmistir.

Cizelge 8. Birlestirilmis Karar Matrisi.

Adim 4: Alternatiflerin skorlarinin hesaplanmasi ve
siralanmasi

Elde edilen agirlikh karar matrisi ile alternatiflerin
skorlari Denklem 14-16 ile hesaplanir. Elde edilen
sonuglar Cizelge 10’da verilmistir.

Cizelge 10. Agirhikli deger skorlari.

Hy; Uy, $(4;)
Al 0.931 0.026 0.905
A2 0.895 0.047 0.848
A3 0.956 0.017 0.939
A4 0.901 0.043 0.859
A5 0.870 0.062 0.809

K1 K2 K3 K4

Al (0.749;0.148) (0.647;0.251) (0.761;0.135) (0.200;0.700)
A2 (0.633;0.265) (0.586;0.312) (0.642;0.257) (0.340;0.559)
A3 (0.847;0.100) (0.761;0.135) (0.785;0.113) (0.113;0.785)
A4 (0.6650.234) (0.520;0.380) (0.743;0.153) (0.257;0.642)
A5 (0.564;0.335) (0.464;0.436) (0.684;0.215) (0.353;0.546)

Uygulama sonucunda A alternatifi en blylk degere
sahiptir. Tercih sirasi en blylkten en kiglge
siralandiginda siralama Az > Ay > A, > A, > A5
seklindedir.

Onerilen yéntemin gegerliligini test etmek amaciyla
GrSB-SAW yontemiyle elde edilen sonuglar SB-
TOPSIS yonteminden elde edilen sonuglar ile
karsilastirlmistir. Her iki yontemden elde edilen
siralama Cizelge 11’de ve grafik gosterimi ise Sekil
2’de sunulmustur. Tedarik¢i secim probleminin
GrSB-SAW ve SB-TOPSIS yontemi ile elde edilen

sonuglarin oldukga benzer oldugu gérilmektedir.

Cizelge 11. Yontem karsilastirma cizelgesi.

Yontem Siralama
SB-TOPSIS A3 > A > A, > A, > A
GrSB-SAW A > A > A, > A, > A

Adim 3: Agirlikh birlestirilmis karar matrisinin elde
edilmesi

Agirlikh birlestirilmis karar matrisinin olusturulmasi
icin Denklem 11’de ifade edilen ¢arpim operatori
kullanilmistir. Kriterlerin agirliklari ile birlestirilmis
karar matrisi bu operator araciligiyla isleme alinmis
ve agirhikli birlestirilmis karar matrisi Cizelge 9’daki

51 GrSB-SAW
B sB-TOPSIS

a4
3
E
2]
24
1
0 .
A2z A3 Ad A5

Al

Altematifler

Sekil 2. Yontemlerin karsilastirmasi.
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3.5 Duyarlilik Analizi
GrSB-SAW ve SB-TOPSIS yontemlerinden elde edilen
siralamalar karsilastirildiginda A1, A3 ve A5

alternatiflerinin ayni sirada A2 ve A4 alternatiflerinin
sirasinin birbiri ile yer degistirdigi gorilmektedir. Bu
nedenle gelistirilen yontemin farkli agirhklardaki
hassasiyetini ve dogrulugunu test edebilmek ve
yontemin glvenilirligi artirmak amaciyla 30 farkl
deneme igin her iki yontemin sonuglar analiz
edilmek istenmistir. Ayrica duyarllik analizinde
farkl kriter agirhiklan dikkate alindiginda elde edilen
alternatif siralamalarinin seyri goézlemlenmis ve iki
yontemin sonuglarinin iliski seviyesi Spearman sira
korelasyon katsayisi ile analiz edilmistir. Bu sayede
yontemlerin farkl kriter agirliklarina verdigi tepkiler
GrSB-SAW
yonteminin glvenilirligi Spearman sira korelasyon

incelenmis, hem de gelistirilen

katsayisi ile istatistiki agidan test edilmistir.

Spearman sira korelasyon katsayisi (r3), belirli bir
Olcege gore siralanmis olan iki degiskeninin iliski
seviyesini belirlemek icin kullanilan bir yontemdir

(Spearman 1987). Spearman sira korelasyon
katsayisinin hesabi asagida verilmistir.

_1__6Xd
s = n(n2-1) (17)
di =u; —p; (18)

u; birinci 6rneklemdeki i. 6lgimin sira numarasini,
p; ikinci 6rneklemdeki i. 8l¢imun sira numarasive n
ise gbzlem sayisini ifade etmektedir. Denklem 17’de,
Denklem 18 ile elde edilen sira uzakliklari yardimiyla
Spearman sira korelasyon katsayi degeri elde edilir.

Her bir karar verici igin rassal bir sekilde Urettirilen
30farkh dilsel degerlendirme sonuglari Cizelge 12'de
verilmistir. Bu degerlendirmeler neticesinde elde
edilen kriter agirliklari kullanilarak GrSB-SAW ve SB-
TOPSIS yontemlerinin siralamalari elde edilmistir.
Ayrica her bir deneme igin spearman sira korelasyon
katsaylr degerleri hesaplanmistir. Elde edilen tiim
siralamalar ve korelasyon katsayi degerleri Sekil 3'te
gosterilmistir.

Cizelge 12. Karar vericilere gore rassal olarak belirlenen dilsel kriter degerlendirme

KV1 KV2 KV3

K1 K2 K3 K4 K1 K2 K3 K4 K1 K2 K3 K4
Deneme 1 Os 00n 0 0 Os 00n 0 00s 0 Os 00s 0
Deneme 2 0 Os Os 0 00s 00n 00s 0 00n 00n Os 0
Deneme 3 Os 0 00n 00n 0 0 0 00n 0 00s 00n 00s
Deneme 4 00n Os Os 00s 00s 00n 0 Os Os 00s 0 00n
Deneme 5 00s 00n 00s 00s 00n 0 00n 00n 0 00n 0 Os
Deneme 6 0 Os 0 00n 0 0 0 00n 0 00s 00n Os
Deneme 7 0 00s Os 0 0 0 Os Os 00s 0 00n 00s
Deneme 8 00n 0 0 Os 00n 00n 00n Os 0 Os Os 00n
Deneme 9 0 00n 00n 0 00s 00n 0 Os 0 00n 00s 0
Deneme 10 00s 0 Os 00n 00n 00n 0 Os 0 00s 00n Os
Deneme 11 Os 00s 0 0 00n 0 00n 00s 0 Os Os 00s
Deneme 12 0 0 0 0 Os 00s Os 00n 0 00s 00n 0
Deneme 13 00n 0 00n 0 00n 0 0 0 0 00n 0 0
Deneme 14 00n Os 0 0 00n 0 00n Os 0 00s 0 0
Deneme 15 00s Os 0 0 Os 00n 0Os 0 00n 00s Os 0
Deneme 16 00n 00s 00n 00s 0 00n 0 0 00s 00s 0 00s
Deneme 17 00n 0 00s 00s Os Os 0 00s Os 00s 00n 00n
Deneme 18 0 0 0 00s 0 Os 00n 00s 00n 0 00n 00n
Deneme 19 00n 0 00n 00n 0 Os 00s 0Os 00s 00s 0 Os
Deneme 20 00s Os 0 0 0 Os 0 00n 0 00s 00n Os
Deneme 21 00s 00s Os 00s 00n 0 0 0 00s 00s 00n 00n
Deneme 22 0 0 0 0 0 00s 0 0 0 0 00n 0
Deneme 23 00s 00s 00n 0 00n Os 00n 0Os 0 Os 00s 00n
Deneme 24 0 0 Os Os 00s Os 0 00n 00n 00s 0 0
Deneme 25 00n Os 00n 0 00n 00n 00n 00s 00n 0 00s 00s
Deneme 26 00n 00n Os 00n 00s 0 0Os 00n 0 0 0 Os
Deneme 27 00n 00s 0 Os Os 0 0Os 00s 0 00n 00s 0
Deneme 28 0 0 00s 0 00n Os 0 0Os 0 Os 00s Os
Deneme 29 00s 0 0 Os 0 00n 0Os 00s Os 0 00n 0
Deneme 30 00s Os 0 00n 0 0 00n 00n 00n 00s 00n 00s
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Sekil 3. Yontemlerin 30 farkli denemedeki siralama ve katsayi degerler.

3.6 Tartisma

Gergeklestirilen kapsamli duyarhlik analizinde 30
denemenin 18 tanesinde SB-TOPSIS yontemi ile ayni
siralamalarin elde edildigi goriilmustir. Dolayisiyla
bu 18 deneme igin Spearman sira korelasyon
katsayisi 1 olarak hesaplanmistir. Geri kalan 12
denemenin 10 tanesinin Spearman sira korelasyon
katsayisi 0.90, sadece 2 tanesinin katsayi degeri 0.70
olarak hesaplanmistir. Genel olarak tiim denemeler
icin elde edilen Spearman sira korelasyon katsayi
degerlerinin toplami deneme sayisina
oranlandiginda elde edilen ortalama Spearmen sira
katsayr degeri 0.95 olarak

099 >r, =20.71
dogrusal iliskinin yliksek diizeyde gecerli oldugu
kabul edilir (Spearman 1987). En kiicik degerin 0.70
oldugu ve 18 tane denemeden elde edilen

korelasyon elde

edilmektedir. araligindaki

siralamalarin ayni oldugu distundldiginde GrSB-

SAW yonteminin glivenilirliginin yiksek diizeyde
oldugu soylenebilir.

Her bir denemenin her iki yontem acisindan

alternatif siralamasindaki degisimi gostermesi
Sekil 4’te Sekil 4

incelendiginde her bir denemede A3’in ilk sirada

acisindan cizdirilmistir.
A2'nin ise ikinci sirada yer aldigi goérilmektedir. Bu
bakimdan iki yontem icin en uygun secim A3
olmaktadir. Genel itibari ile degisimlerin A2 ve A4
Uzerinde gerceklestigi gorilmektedir. Her ki
yontem ayni  denemeler icin incelendiginde
genellikle A2 ve A4 kendi

aralarindaki siralamalarinin degistigi gértilmektedir.

alternatiflerinin

Bu durum Sekil 3'ten de tespit edilebilir. Dolayisiyla
gelistirilen GrSB-SAW yoénteminin énemli 6l¢lide SB-
TOPSIS yontemi ile benzer siralamalar vermesi
nedeniyle glvenilir ve saglam bir yontem oldugu
sonucuna ulastimistir.
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GrSB-SAW

SB-TOPSIS

A1 A2 A3
Alternatifler
Sekil 4. Yontemlerin 30 farkli denemedeki alternatif siralamalarinin degisim grafigi.

4. Sonug

Bu c¢alismada CKKV'de
kullanimin basit ve kolay olmasi nedeniyle 6n plana

sikhikla tercih edilen,

¢tkan SAW vyontemi grup karar vermede karar
vericilerin farkli derecede agirliga sahip olmasina
imkan saglayacak sekilde sezgisel bulanik sayi
tabanli olarak genisletilmistir. Onerilen GrSB-SAW
yontemi literatiirde yer alan tedarikci segim
probleminin ¢6zlimiinde SB-TOPSIS yontemi ile
kiyaslanmistir. Yontemin givenilirligini test etmek
amaciyla rassal olarak tlretilen 30 farkl deneme ile
kapsamli duyarhlik analizleri gergeklestirilmistir.
Analiz sonuglari degerlendirildiginde gelistirilen
GrSB-SAW yonteminin gecerli ve saglam bir yontem
oldugu sonucuna ulasiimistir. Grup karar vermede
insan duslncesinden kaynaklanan belirsizligi ele
almada etkin bir ara¢ olan sezgisel bulanik kiime
tabanli, SB-TOPSIS yéntemine nazaran daha az ¢aba
gerektiren ve kullanish bir ydntem literatiire
kazandiriimistir.

Gelecek c¢alismalarda aralik, bipolar, tereddutld
bulanik sayilar kullanilarak grup karar vermeye
dayali yeni melez yontemler gelistirilebilir. Onerilen
GrSB-SAW yontemi araciligiyla ile enerji, saglhk,
egitim, insan kaynaklari, ekonomi vb. bircok alanda

CKKV uygulamalari gerceklestirilebilir.

A5
Ad A5
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Abstract

Olive fruit is rich in various micronutrients, especially phenolics and antioxidants, which are widely
consumed as an important component of a healthy diet. In table olive production, chemical applications
applied to reduce bitterness cause quality loss, salt accumulation and wastewater. Considering all these
factors, within the scope of this study, the combined effects of sonication, freezing-thawing and drying
processes, known as unique positive and successful applications, were investigated using RSM. For this
purpose, total phenolic content (TPC), oleuropein and hydroxytyrosol content were examined while

Keywords producing dry olives from ripe Edremit (Ayvalik) olives. It was found that raw Edremit olives had TPC at
Physical Methods; 16.28+0.58 mg gallic acid equivalents (GAE)/ g dry matter (DM). Oleuropein and hydroxytyrosol content
Debittering; Table at 15.39+1.70 mg/g DM and 0.544+0.06 mg/g DM, respectively. The quadratic model was found to be

Olive; Salt Free the most accurate in modeling and identifying TPC in experimental samples. According to ANOVA

results, the most effective parameters on TPC were investigated as sonication time (A), drying
temperature (C), interactive effect of sonication time and freezing temperature (AB), sonication time
and drying temperature (AC) and the quadratic effect of sonication time (A2). It was evaluated that, the
combination of sonication, freezing and drying reduced the oleuropein content to 0.307-0.501 mg/g
DM and hydroxytyrosol content to 0.135-0.202 mg/g DM regardless of the level of parameters (p>0.05).
Consequently, it was proven that sonication, freezing- thawing and drying for desired level of TPC and
oleuropein can be provided. For further studies, consumer expectation and sensory evaluation are
required for targeted industrial applications.

Fiziksel Yontemlerin Zeytin Acilik Bilesenleri Uzerindeki Etkilerinin
Modellenmesi

0Oz

Zeytin meyvesi, saglikli beslenmenin 6énemli bir bileseni olarak yaygin olarak tiketilen, fenolikler ve
antioksidanlar basta olmak Uzere, gesitli mikro besinler agisindan zengin bir hammaddedir. Sofralik
zeytin Uretiminde aciligl azaltmak icin uygulanan kimyasal uygulamalar hem kalite kaybina hem de son

Anahtar Kelimeler Uriinde tuz birikmesine ve isleme sirasinda atik su olusumuna neden olmaktadir. Tim bu faktérler gz
Fiziksel Metotlar; Aciik  ©niinde bulundurularak, bu ¢alisma kapsaminda, benzersiz olumlu ve basarili uygulamalari oldugu
Giderme; Sofralik bilinen sonikasyon, donma-¢6ziilme ve kurutma islemlerinin birlesik etkileri, ylzey tepki yontemi ilkesi
Zeytin; Tuzsuz kullanilarak arastirilmistir. Bu amagla olgun Edremit (Ayvalik) zeytinlerinden kuru zeytin tretilirken

toplam fenolik igerik (TPC) ve daha spesifik olarak oleuropein ve hidroksitirosol igerigi incelenmistir.
Ham Edremit zeytinlerinin 16.28+0.58 mg gallik asit esdegeri (GAE)/g kuru madde (DM)'de TPC'ye sahip
oldugu tespit edilmistir. Oleuropein ve hidroksitirosol icerigi sirasiyla 15.39+1.70 mg/g DM ve
0.54410.06 mg/g DM'de olarak bulunmustur. TPC'yi modelleme ve tanimlamada kullanilan ikinci
dereceden model, deneysel verilerde en uygun olarak bulunmustur. ANOVA sonuglarina gore,
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sonikasyon siresi (A), kurutma sicakhgi (C), sonikasyon slresi ve donma sicakhiginin etkilesimli etkisi

(AB), sonikasyon stiresi ve kurutma sicakligi (AC) ve sonikasyon siresinin ikinci dereceden (A2) etkisi TPC

lizerinde en etkili parametreler olarak tespit edilmistir. Sonikasyon, dondurma ve kurutma

kombinasyonunun, parametre diizeyinden bagimsiz olarak oleuropein igerigini 0.307-0.501 mg/g

DM'ye ve hidroksitirosol icerigini 0.135-0.202 mg/g DM'ye dustrdigi tespit edilmistir (p>0.05). Sonug

olarak, sonikasyon uygulanarak, dondurularak-¢oézdirilerek ve kurutularak istenilen diizeyde TPC ve

oleuropein saglanabilecegi kanitlanmistir. Sonraki ¢alismalar kapsaminda enddstriyel uygulanabilirligi

tespit etmek igin tlketici beklentisi ve duyusal degerlendirme galismalari gerekmektedir.

1. Introduction

Olive is a fruit that belongs to the Oleaceae family
(Olea europea L.) and has a low sugar level and a
high fat content when compared to other fruits in
the species. Olives and olive products (table olives
and olive oil) are essential elements of a healthy
Mediterranean diet. A wide variety of bioactive
compounds in the composition of olives are a
remedy for many chronic and cardiovascular
diseases. Many factors such as variety, maturation
index, and method of removing bitterness affect the
phenolic content of olives. Phenolics in olive fruit,
leaves and seeds are generally grouped as a
phenolic acid, phenolic alcohols, flavonoids and
secoiridoids. Especially in fresh olive fruit, the
dominant phenolic component is defined as
“oleuropein” and since this compound is extremely
bitter, consumption of the fruit is associated with
the removal of this substance. Salt treatment and
alkaline hydrolysis are among the most common
techniques for this purpose. As a result of the
hydrolysis of oleuropein, “hydroxytyrosol”, the
phenolic compound that is mainly responsible for
the positive effect of olive on health, is formed
(Charoenprasert and Mitchell, 2012, Habibi et al.
2015, 2016, Aydar et al. 2017b).

Although oleuropein which is synthesized by the
olive fruit to protect itself, is destroyed with the
degree of ripening, it is not possible to consume
untreated olive as a table olive. Especially in the
production of table olives, different production
techniques such as Spanish style, Greek style,
Californian style have been developed to reduce
bitterness. In these methods, depending on the
variety and the desired final product, olives are
treated with chemicals (alkaline and/or salt) for 3-
120 days and fermentation is applied for about 6

months. (Charoenprasert and Mitchell 2012, Habibi
etal. 2015, 2016). Therefore, due to the fact that all
these processes take time and increase the amount
of salt in the final product, there is an increasing
interest in accelerator and salt-free methods. In
addition, the
recommended for adults by the World Health
Organization (WHO) and the British Food Standards
Agency (FSA) has been determined as 5 g/day
(~2000 mg Na/day). Studies conducted in different
countries in Europe, North America and Asia show

maximum amount of salt

that the average salt consumption per capita is 12
g/day, well above the recommended amount. In
addition to that although treatment with NaOH
solution is the most frequently used method, as a
result of this application, olives are subjected to
more than one washing process in order to remove
caustic (NaOH) from the olive, and as a result, both
caustic and waste-water are formed in the factories.
For this reason, it is extremely important for both
public health and the environment that olive, which
is an important food in daily nutrition, maintains the
rich nutritional elements at the desired level, while
being sensory acceptable and at the same time in a
salt-free form (Anon.,2016). Innovative techniques
that both reduce bitterness and preserve bioactive
compounds in olives are gaining importance. For
this purpose, techniques such as cold storage (Aydar
et al. 2019), ultrasound application (Aydar, 2020)
were used in the literature.

As a phyiscal treatment “Ultrasound (Supersonic)”
literally means sound waves that vibrate at a higher
frequency than the threshold of hearing. The range
of 20 Hz — 20 kHz has been determined for the
threshold of human hearing, and sounds in the
range of 20 kHz — 1 MHz define the commercially
(T. Mason
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1996, T. J. Mason & Lorimer 2002). In last decades,
the use of ultrasound in hydrolysis, extraction and
refining processes has gained great importance
(Kardos and Luche 2001, Mason and Lorimer 2002,
Fengs et al. 2010). In terms of extraction and partial
hydrolysis, the main effects of ultrasound are
defined as allowing the particles to absorb the
solvent and accelerating the passage of the soluble
compound from the particle to the medium. The
mechanical effect of ultrasound can be listed as
softening by hydrating, providing solvent
penetration, increasing the transfer rate, tissue
fragmentation and releasing bioactive compounds
(Hromadkova et al. 2008, Ebringerovd and
Hromadkova 2010). When it is considered as the
process of hydrolysis and extraction of oleuropein
and ensuring the transition of phenolic substances
to water in the washing process of olives, the use of
ultrasound for bitterness removal can be considered
as a good alternative. In some recent studies, it has
been determined that olives, in which bitterness
removal is applied by using ultrasound, minimize the
quality loss and provide a time advantage compared
to traditional methods. In addition, it has been
determined that ultrasound has a positive effect on
the bitterness reduction efficiency in the non-alkali
processes (Aydar 2020, Habibi et al. 2015, 2016).

It is known that the freezing-thawing process also
has some physical and biochemical effects on food
2006, Singh and
Heldman 2013). The effect of refrigerated storing

substances (Heldman et al.

Gemlik variety olives at +4°C and freezing at -18°C,
some physicochemical variations were observed on
properties of olives as pH, acidity, total phenolic
substance and oleuropein content. It was
determined that there was a statistically significant
change on the total amount of phenolic substances
on the 7th day of freezing or cold storage of olives
(p<0.05). It was

degradation was found faster at frozen olives

observed that oleuropein
compared to refrigerated stored ones (Aydar et al.
2019). Freezing process can be an alternative to
alkali application, by minimizing the amount of
waste water without using any chemicals (Aydar et
al. 2019, Aydar et al. 2018).

Olives can be consumed fresh, in the food industry
it is be used as in dried form for pizzas, salads,
sauces, and snacks. While the drying process
extends the shelf life of the product, it is preferred
in many countries due to the advantages it provides
in preserving the original taste, aroma and
nutritional elements. From this point of view, dry
olive production has a significant meaning in terms
of new product development and olive preservation
(Aydar et al. 2016, Yilmaz and Aydar 2016, icier et al.
2014, Mahdhaoui et al. 2013). During the drying
process, there will be a decrease in the bitterness
components depending on the temperature. For
this reason, the bitterness removal process in the
study also includes the effect of the drying system.
Considering that phenolic substances are sensitive
to heat, heat application is a preferable method, but
in this case, hydroxytyrosol, may be lost as well as
bitterness components.  (Charoenprasert &
Mitchell, 2012). It has been stated that heat
treatment applied to olives at 30-50°C for up to 72
hours in order to reduce bitterness has a significant
effect on bitterness, especially above 40°C, and 24-
hour treatment found to be sufficient (Garcia et al.
2001).

The goal of this study was to maximize the positive
effects of each debittering application while limiting
the negative effects, and to see if subsequent
processes have positive symbiotic effects on
removal of bitterness. Within the context of the
pattern given in the method section, first ultrasonic
washing, then quick freezing and frozen storage,
and finally drying operations were used as the
application sequence. Considering that the target
product is dried olives, it serves the purpose that the
steps are in this order.

2. Material and Methods

In this study, pitted green Edremit variety olives
were obtained from the local company. Olives used
in this
Akhisar/Manisa region during the early harvest
period of September 2020-2021 and stored at 4°C
until the analysis and process. The maturity index
(M1) of pitted olives (3.67) was determined by the

study were harvested by hand in
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method described by Aydar et al. 2017a. It was
reported that, fungal infections and physiological
damage are prevented in olives stored at 5°C for up
to 8 weeks, however, maturation index of the olives
increases, and the bitterness components are
destroyed (Yousfi et al. 2008). Therefore, maximum
1 week of storage was applied to olive samples.
Standards and chemicals such as potassium iodide,
chloroform, sodium carbonate, starch solution,
acetic acid, potassium persulfate, sodium
thiosulfate, Trolox solution, Folin-Ciocalteu reagent,
in analytical grades were obtained from Sigma-

Aldrich (St. Louis, MO, USA).
2.1. Physicochemical analysis:

Moisture content of the olive puree was determined
by dry oven method at 105°C (AOAC 971.28,1998).
The total phenolic content analysis was carried out
with the Folin-Ciocalteu method. Briefly, Folin-
Ciocalteu reagent was added to homogenized
product and reading was carried out at 765nm
wavelength in the spectrophotometer
(Danahaliloglu et al. 2018)

The phenolic fraction extracted was analyzed by
high-performance liquid chromatography (HPLC).
HPLC used in this study was an Agilent Technologies
1200 series system equipped with an automatic
injector, a column (C18, 4.6x100mm inner diameter,
2.7um particle size) and a diode array UV detector
(Agilent Technologies, Palo Alto, CA). The flow rate,
the injection volume and column temperature was
0.45 mL/min, 2 uL and 25 °C, respectively. The
mobile phase contained A:0.1% formic acid and
B:methanol. Standards of polyphenolic compounds
of oleuropein and hydroxytyrosol were purchased
from Merck and Sigma—Aldrich, respectively.

2.2. Treated dry olive production:

In ultrasound assisted washing, 400 grams of pitted
olives was sonicated in 4 L distilled water (Alex, 3245
Hz/Turkey) in an ultrasonic bath for 10, 20, 30
minutes, and the temperature data was noted using
design were represented in Table 1. The effect of
parameters as sonication time, freezing
temperature and drying temperature were K-type
thermocouples. Washed pitted olives were dried

with the help of paper and frozen at different
freezing temperatures (-20°C, -30°C, -40°C) in the
individual quick freezer (IQF) than stored at -18°C
until drying step which is less than a week. Before
the drying process, frozen products were left at
room temperature for 10 minutes to thaw. The olive
drying process was carried out in an industrial tray
dryer  (Eksis  Machine/Turkey).  Preliminary
experiments were made to determine the drying
conditions and the temperatures were determined
as 50°C, 60°C and 70°C and the air velocity was 1
m/s. The system was stopped and trays were
weighed every 30 minutes and the process was
stopped when the humidity level reached 25+2%
(dry weight), which is the most preferred level in the
preliminary studies (Aydar et al. 2016) ,and the final
products were stored at 4°C in vacuum packages
until they were analyzed (Fig. 1).

2.3. Experimental design and evaluation:

Design Expert 11 package program was used for
experimental design and data analysis. For the
most appropriate definition in a 3-parameter
design, the suitability of the quadratic (2nd Degree)
model defined in equation 1 was investigated. “Y”
is the predicted value; “a¢” is constant; The values
“ac”, ai”and “ajj” are the regression constants of
the intersection, linear, quadratic and interaction
terms.
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Removing
Olives Stones

A 4

Pitted Olives

A

Sonication
(10— 20 - 30min.)

A 4

Freezing
(-20°C. -30°C. -40°C)

A 4

Storing
(7 days at-18°C)

y

Thawing
(10 min. room temp.)

A

Drying
(50°C-60°C-70°C)

A
Vacuum Packaging

Final Product

Figure 1. Flow diagram of unsalted dried olive
processing

“X” and “X;"” indicates the levels of the independent

variables. The values of the coefficients are
determined with the analysis of variance (ANOVA)
tables.

3
Y =a,+ X (a:X) + Zizl(aiixiz) +

3
Zz=1 3 (ayXix;) (1)

The independent variable levels in equation 2 are
encoded value of the independent variable, x;, the
current value of the independent variable, xo, the

value of the independent variable at the center
point, Axi, the amount of change of the independent
variable.

p =t @)
The significance of the factors was determined by
calculating the Fisher's ratio of variance (F-value)
calculated for the confidence intervals. With this
ratio calculation, the acceptability of the regression
coefficients was determined. Surface and contour
graphs are obtained with fit polynomial equations;
The relationships between the levels of the factors
and the responses were visualized (Prakash Maran
& Manikandan, 2012). Analysis of variance was
performed to determine the matching ratio of
experimental data and predicted values. The
regression coefficient of the model (R2), the number
(MSE), root of mean square error (RMSE) and of
corrected regressions (adj-R2), the number of
estimation regressions (pred-R2), the coefficient of
variation (CV), random error variance estimator
residual error sum of squares (PRESS) values were
calculated and interpreted in the results section.
2000, 2009). The
descriptive-diagnostic tests of the selected model

(Montgomery, Myers vd.
were performed, and the independence of the
residual errors from each other and their normal
distribution were examined and interpreted.
Whether the "Leverage" value is less than 1 and the
number of middle values are also checked. (Mei et
al. 2009, Prakash Maran and Manikandan 2012,

Mili¢ et al. 2013, Elksibi et al. 2014).

3. Results and Discussion
TPC in raw olive samples was found 16.28+0.58 mg
GAE/ g DM. This value is compatible with previous
studies which were 12.92 and 18.53 mg GA/ g DM in
Edremit variety and Gemlik variety in raw form
respectively (Tokusoglu et al. 2010). In a study on a
green olive (Carolea cv.) which was harvested in
south Italy the TPC was found 13.64+0.64 mg GAE/g
DM. (Piscopo et al. 2014). In raw form there were
slight differences observable within different variety
of olive due to region, climate and maturity. TPC in
mg GAE/ g DM of the final products of experimental
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Table 1. Experimental results

Sonication Freezing Drying TPC Oleuropein Hydroxytyrosol
Run Stn. Time Temperature Temperature (mg GAE/ (mg/g DM) (mg/g DM)
order order (min.) (°O) (°0) g DM) 99 9’9
14 1 10 -30 50 7,60 0,12 2,39
10 2 20 -20 50 7,21 0,23 8,73
5 3 20 -40 50 4,71 0,04 0,58
9 4 30 -30 50 9,60 0,05 1,47
12 5 10 -20 60 8,67 0,40 20,56
15 6 10 -40 60 573 1,50 0,08
4 7 30 -40 60 9,62 0,96 0,08
8 8 30 -20 60 6,82 10,14 0,18
7 9 10 -30 70 6,40 0,61 10,40
17 10 20 -20 70 3,78 0,81 32,71
11 11 20 -40 70 6,53 0,18 5,94
6 12 30 -30 70 7,25 0,51 12,98
1 13 20 -30 60 6,32 8,41 0,19
2 14 20 -30 60 5,89 5,00 0,21
3 15 20 -30 60 6,19 4,18 0,25
16 16 20 -30 60 5,86 8,60 0,22
13 17 20 -30 60 6,26 3,02 0,13

investigated in ANOVA table (Table 2). Quadratic model was found the best to predict experimental results
compared to other alternatives by representing highest R? (>0.95), and insignificant “lack of fit” (p<0.05).

Table 2. ANOVA table of BBD Table 3 Regression coefficients of the model
Source Sum of Squares F-value vaF:;Je Parameter Value
Constant +6,10
< A-Sonication time +0,6106
Moqel ) 3691 3814 0.0001 B-Freezing temp. -0,0140
A-SOhICE.ItIOI’l time 2,98 27,74 0,0012 C-Drying temp. -0,6460
B-Freezing temp. 0,0016 0,0146 0,9071 AB 144
C-Drying temp. 3,34 31,05 0,0008 AC -0,2872
<
-1,31
AB 8,25 76,70 0.0001 B(Z: -~
AC 0,3299 3,07 0,1233 A L
< B2 -0,2741
BC 6,88 64,03 0.0001 I -0,2698
<
A2 14,86 138,17 0.0001 '
B 03162 594 01301 Therefore, developed mathematical model was
o 0’3064 2,85 0'1352 found reliable to explain responses under the
Residual 0’7527 ’ ’ identified levels of parameters. For more safe
Lack of Fit 0’5729 425 00980 prediction, diagnostic analyses were carried out as
error 0.1797 given in Figure 2 to see whether the predicted
Total 3766 values could show angle of 45°with the
Mean vs Total 770.49 experimental results at given run. Also, residuals
Linear vs Mean 6.32 08743 0.4795 were found in acceptable distance and deviations
2FI vs Linear 15,46 3,25 0,0685 were lower than 1 as given in Leverage test (Fig 2).
. <
Quadratic vs 2FI 15,12 46,89 0.0001
Cubic vs Quadratic 0,5729 4,25 0,0980
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CV.% 4,87
R? 0,9800
Adj R? 0,9543
Pred R? 0,7491
Adeq Precision 24,5760

After considering the quadratic model was safe and
reliable, regression coefficients of the coded values
were calculated as given in Table 2 and response
graphs were evaluated (Fig 3).

Normal Plot of Residuals
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Figure 2. Diagnostic graphs
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Figure 3. Surface graphs

From the Table 2, the significant parameters on total
phenolic content were the linear effect of sonication
time (A) and drying temperature (C), interactive
effect of sonication time and freezing temperature
(AB), sonication time and drying temperature (AC)
and the quadratic effect of sonication time (A?)
(p<0.05). The final equation of yield in terms of
coded significant factors (p<0.05) was found as:
TPC = 6.10 4+ 0.61064 — 0.6460C —

1.44AB — 0.2872AC + 1.884% (3)

More specifically the major phenolic

compounds in olive as oleuropein and
hydroxytyrosol were investigated both in raw and
processed olives. In this study, oleuropein and
hydroxytyrosol content of raw olives were
calculated as 15.39+1.70 mg/g DM and 0.544+0.06
mg/g DM respectively. In a olives variety Nocellera
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del Belice these values were 11.63+0.10 mg/g DM
and 0.537+0.002 mg/g DM; green California type
16.50 mg/g DM and 0.570mg/g DM (Ambra et al.
2017). Slight difference between varieties were
observable having similar reason with TPC as
mentioned above. Bitterness content oleuropein is
need to be degrade due to some ripening and
processing methods including alkali, enzymatic,
heating and non-thermal methods. As a non-
thermal application high hydrostatic pressure was
applied to raw Ayvalik and Gemlik variety olive
samples and oleuropein content was reduced to
0.5185-1.910 mg/g DM while hydroxytyrosol
content was increased up to two-fold (Tokusoglu et
al. 2010). This phenomenon was expressed by
oleuropein

degradation and  hydroxytyrosol

formation. In a study on California type olive
processing, final olives have oleuropein at 0.100
mg/g DM and hydroxytyrosol at 3.95 mg/g DM
which is 7-fold increase in hydroxytyrosol content.
Olives used in this study, were stored under
anaerobic conditions in 8% NaCl brine for 4 months,
before use. The process was continued for 3 days
with 0.5 M NaOH. During the alkali application,
water addition and aeration processes were carried
out. When the pH reaches 8.00, (5 g/l) ferrous
gluconate solution was added, and air was bubbled
for another 24 h. Then analyzes were carried out.

On the other hand, due to process severity and
variety hydroxytyrosol content was increased and
then decreased due to degradation or removal. In a
style table
hydroxytyrosol content of Nocellera del Belice

Spanish olive processing the
decreased with processing steps. In this study, olives
were kept in aqueous NaOH solution (2.9 baume
degree) at room temperature for 12 hours. Then,
olives were washed three times with water.
stored in barrels

Afterwards, polyethylene

containing 7% salt. Seven samplings were
performed during the process: time 0 (raw olives),
after 12 h of NaOH processing, after 4 and 8 days
and 1, 2 and 7 months from the beginning of the
fermentation process. (Ambra et al. 2017, Marsilio

et al. 2001).

In our study the combination of sonication, freezing
and drying dramatically effected the oleuropein and
hydroxytyrosol content at various level. For the
center point, which was 20 min sonication, freezing
at -30°C and drying at 60°C the oleuropein and the
hydroxytyrosol content were found as 5.84+2.26
mg/g DM and 0.2+0.04 mg/g DM respectively.
However, considering all experiments the
oleuropein content varies between 0.12 to 10.14
mg/g DM and the hydroxytyrosol content was found
between 0.13 to 32.71 mg/g DM. This situation
hinders to evaluate the effect of parameters on
given phenolic substances. In terms of response
surface modelling, none of the model fit to explain
the effects of each parameter on oleuropein and
hydroxytyrosol level. Negative value at predicted R?
was achieved for oleuropein prediction while only
linear model found suitable for hydroxytyrosol at
predicted R? at 0.17 with very important lack of fit
value (p<0.0001). Therefore, only experimental data
were collected to identify the level of each
phenolics, further investigations were carried out
using the TPC values of experiments. On the other
hand,
researchers, the final product developed in this

considering the results of previous
study has an appropriate level of oleuropein, but the
content of hydroxytrosol was increased by

formation or reduced due to removal or
degradation in some cases caused by sonication,
freeze-thaw, and heat treatment. For instance,
ultrasound application is a technology applied in
extraction processes as mentioned before, and
there are many studies show that the transition of
the active compound to the solvent medium is
accelerated depending on the ultrasound duration.
In a study on phenolic removal of olive fruit, the
sonication was found more effective than hot water
application by removing almost all oleuropein
(16.563 + 1.720 mg/g DM) while only half of the
oleuropein removed (9.208 + 0.317 mg/g DM) in hot
water treatment. However, hydroxtyrosol content
of the final product was found similar for all
treatments. In addition, probe-type high-energy
ultrasound represented higher efficiency in phenolic
removal compared to bath application (Jerman et al.

2010, Deng et al. 2017). In another study of phenolic
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extraction from olive leaves, several drying
temperatures and sonication were applied. It was
figured out that sonication accelerates phenolic
transition from matrix to the solution (Khemakhem
et al. 2017). Similarly, in obtaining oleuropein from
the olive leaf matrix, sonication was found to be
more effective than traditional extraction (Ahmad-
Qasem et al. 2013).

Freezing and thawing is a complex phenomenon in
where physicochemical changes observed. In this
study Gemlik variety olives were stored at +4°C cold
storage and -18°C frozen storage for 7 to 35 days.
Consequently, TPC and oleuropein decrease was
observed for each storage while freeze-thaw caused
higher decrease (Aydar, 2020). In another study
frozen storage at -18°C and -25 °C for 90 days were
applied to Gemlik variety olives. 27.35% and 31.74%
reduction in oleuropein was calculated for -18°C and
-25°C storage respectively (Kayguluoglu, 2018).
Heat treatment has dominant effect on TPC. In a
study Gemlik and Ayvalik variety olive leaves were
dried at various conditions by using various methods
as conventional hot air, microwave, and infrared
resulting in oleuropein content at 0.092-0.142 mg/g
DM (Kara, 2013). Another study on olive leaves
represented that both sonication and heat
accelerate TPC and oleuropein removal from the
leaf matrix (Khemakhem et al. 2017). In a Carolea cv
variety olives were dried at 50°C and 70°C. TPC was
calculated as 0.013 mg/g DM in raw olives, and it
was reduced to 4.54 mg GAE/ g DM for 50°C and
11.38 mg GAE/g DM for 70°C drying. Additionally,
oleuropein content was reduced from 4.161 mg/g to
0.002 mg/g DM and 0.005 mg/g DM respectively at

50°C and 70°C drying (Piscopo et al. 2014).

4. Conclusion

Physical debittering methods such as sonication,
freezing-thawing and drying were used to overcome
salt accumulation problem on the final product.
Combination effect of parameters on the phenolic
content was investigated using response surface
methodology. TPC in raw olive samples was found
16.28+0.58 mg GAE/ g DM. Major phenolic
components as oleuropein and hydroxytyrosol
content of raw olives were calculated as 15.39+1.70

mg/g DM and 0.544+0.06 mg/g DM respectively.
Quadratic model was found the best to predict TPC
content in experimentally obtained samples. The
linear effects of sonication time, drying
temperature, interactive effect of freezing and
drying temperatures and quadratic effect of
sonication were defined as the most significant
parameters on TPC. The combination of sonication,
freezing and drying reduced the oleuropein content
to 0.307-0.501 mg/g DM and hydroxytyrosol
content to 0.135-0.202 mg/g DM regardless of the
level of parameters (p>0.05). As a result, it has been
demonstrated that sonication, freezing-thawing,
and drying methods can achieve the desired level of
TPC and oleuropein in olives. In future studies,
sensory evaluations will be required in order to
apply the findings to the industry and meet

consumer expectations.
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Oz

Gevre dostu araglarin artmasiyla birlikte kentlerde kullanilan fosil yakith araglarin sebep oldugu hava ve
gurlltd kirliligi azalacak ve kentlerin strdirilebilirligini artacaktir. Bu ylzden, elektrikli araglarin
geleneksel fosil yakith araglarin yerini hizli bir sekilde almasi igin gerekli altyapinin tamamlanmasi
oldukga ©nemlidir. Elektrikli araglarin hizla yayginlasamamasina sebep olan en 6nemli altyapi
eksikliklerinden birisi yeterli sarj istasyon aginin bulunmamasidir. Bu nedenle siriicilerin ve trafik aginin
olumsuz yonde etkilenmemesi igin kentlerde iyi planlanmis bir sarj istasyon aginin kurulmasi
gerekmektedir. Cografi Bilgi Sistemleri (CBS) tabanl Cok Kriterli Karar Verme (CKKV) sistemleri uygun
yer sec¢imi gibi problemlerin ¢oziimiinde etkin bir sekilde kullaniimaktadir. Bu ¢alismada, Ankara ili
genelinde CBS tabanli CKKV yontemleri kullanilarak yeni kurulacak elektrikli arag sarj istasyon yerleri igin
uygun yer se¢iminin yapilmasi amaglanmistir. Bu amagla en uygun yerlerin belirlenmesi icin 9 veri
katmani kullanilmistir. Bu kriterler; niifus yogunlugu, ana yollara yakinlik, egim, AVM'lere yakinlik, resmi
kurumlar ve rekreasyon alanlarina yakinhk, arazi degeri, petrol istasyonlarina yakinhk, ulagim
istasyonlarina yakinlk ve otoparklara yakinlik olarak siralanabilir. Calismada kullanilan degerlendirme
kriterleri, bir CKKV ydntemi olan Bulanik Analitik Hiyerarsi Yontemi (BAHP) ile agirliklandiriimis ve
birlestirilerek uygun yer secimi haritasi tretilmistir. Uretilen uygunluk haritasindan yeni kurulacak
elektrikli arag sarj istasyon igin aday alanlar belirlenmistir.

Site Selection for Electric Vehicle Charging Station with Geographic
Information Systems and Fuzzy Analytical Hierarchy Process

Keywords
Geographic
Information Systems
(GIS); Electric Vehicle;
Charging station; Fuzzy
Analytical Hierarchy
Process (FAHP); Multi-
Criteria Decision
Making (MCDM)

Abstract

With the increase in environmentally friendly vehicles, air and noise pollution caused by fossil fuel
vehicles used in cities will decrease and the sustainability of cities will increase. Therefore, it is essential
to complete the necessary infrastructure for electric vehicles to replace traditional fossil fuel vehicles
quickly. One of the most critical infrastructure deficiencies that cause electric vehicles not to become
widespread is the lack of a suitable charging station network. For this reason, a well-planned charging
station network should be set in cities so that drivers and the traffic network are not adversely affected.
Geographic Information Systems (GIS) based Multi-Criteria Decision Making (MCDM) systems
effectively solve problems such as choosing a suitable site. This study aims to select a suitable site for
the new electric vehicle charging station using GIS-based MCDM methods throughout the province of
Ankara. For this purpose, 9 data layers were used to determine the most suitable site. These criteria
are; population density, proximity to main roads, slope, proximity to shopping malls, proximity to
official institutions and recreation areas, land value, proximity to petrol stations, proximity to
transportation stations, and proximity to parking lots. The evaluation criteria used in the study were
weighted and combined with the Fuzzy Analytical Hierarchy Method (FAHP), which is an MCDM
method, and a suitable site selection map was created. Candidate areas for the new electric vehicle
charging stations were selected from the suitability map.
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1. Giris

Gulnlmiizde yaygin olarak kullanilan fosil yakith
ulasim araclarinin neden oldugu hava kalitesinin
bozulmasi, sera gazi emisyonlari gibi bircok
cevresel problem ve buna ek olarak meydana
gelen gliriltd kirliligi sehir hayatini ciddi 6lglide
olumsuz yonde etkilemektedir. Ayrica fosil yakit
kullanimi, gevre sorunlarinin yaninda halk saghgini
da 6nemli dlgiide etkilemektedir (Bakogiannis vd.
2019, Bouguerra ve Layeb 2019). Bu nedenle,
sehirlerin strdurdlebilirligini artirabilmek ve daha
yasanabilir bir gelecek icin ulasimda cevre dostu
enerji kaynagi olan elektrik enerjisine gecis
amaciyla strateji ve politikalar benimsenmistir.
Fosil yakitli geleneksel ulasim araglarin yerine
elektrikli araglarin kullanimi ile birlikte hava
kalitesi artacak, iklim degisikliginin sebeplerinden
biri olan karbondioksit emisyonu azalacak ve
bununla beraber giirtlta kirliligi ve halk sagligi ile
ilgili riskler dusecektir (He ve ark. 2013). Ayrica
glnimizdeki en 6nemli problemlerden biri olan
kiresel 1Isinmada da %10 ila %24'liik bir potansiyel
diistslin olacagi ortaya konulmustur (Hawkins vd.
2013). Bu sebeplerden o6tiri devlet destekli
politikalar ile elektrikli araclarin sayisi her gecen
gln hizla artmaktadir.

Elektrikli aracglarin, fosil yakith ulasim araglarina
gore en onemli dezavantajlari olarak uzun sarj
suresi, yetersiz pil kapasitesi, yetersiz altyapi, daha
pahali ve daha kisa menzile sahip olmalari (sarj
istasyonu vb.) sayilabilir (Thiel vd. 2012). Enerji ve
glc sistemleri alaninda ¢alisan arastirmacilar ve
uzmanlarin bu problemlerin ¢6ziimiine yo6nelik
calismalari sayesinde elektrikli araglarin gelisimi
hizli bir sekilde ilerlemektedir. Elektrikli araglarin
daha yaygin bir sekilde kullanilabilmesini saglamak
icin bu problemlerin ¢6zlilmesi olduk¢a 6nemlidir.
Menzil, sarj siresi ve eksik altyapi problemlerinin
¢6zlimine katki saglayacak onemli kriterlerden
birisi de sarj istasyonlarinin yayginlastirilmasidir
(Huang ve digerleri, 2019). Duzensiz bir sekilde
uygun olmayan alanlara kurulacak sarj istasyonlari
elektrikli ara¢ kullanicilarini ve trafik aglarini
olumsuz yonde etkileyeceginden sarj
istasyonlarinin yer se¢imi 6nemli bir konudur (Liu,
Wen ve Ledwich 2013).

Elektrikli arag sarj istasyonu icin uygun yer se¢imi,
bircok ekonomik, sosyal, cevresel ve kiltirel
kriterin dikkate alinmasini ve biylik miktarda
mekansal verinin islenmesini gerektirmektedir
(Erbas vd. 2018, Giiler ve Yomralioglu 2020a, Kaya
vd. 2020). Buna ek olarak kriterlerin uygun yer
secimindeki ©6nem dereceleri de birbirinden
farklidir. Geleneksel yontemler ile bu ve benzeri
yer secimi ¢alismalari oldukca zor ve zaman alic
bir istir (Sadek vd. 2006, Giler ve Yomralioglu
2020b, Feng vd. 2021). Cok kriterli karar verme
(CKKV) modelleri, literatiirde birgok farkli bolgede
kentsel ve bolgesel planlama, arazi uygunluk, afet
duyarlilik/tehlike/risk bolgeleme ve yer secimi gibi
bircok farkli calismada uygulanmis ve basarili
sonuglar elde edilmistir (Orhan vd. 2020,
Bilgilioglu vd. 2021). Uygun yer segimi siiregleri de
mekansal analizler gerektiren c¢alismalardir.
Mekansal karar problemlerinin ¢d6ziimiinde hizla
gelisen Cografi Bilgi Sistemi (CBS) ile CKKV
modellerinin entegrasyonunun kullanilmasi uygun
bir yéntemdir. CBS tabanh CKKV yaklasimi uygun
yer secimi kararlarinin verilmesinde, karar
vericilere, problemin daha iyi anlasiimasi,
karsilasilacak risklerin belirlenmesi ve sonuclarin
yorumlanmasi asamalarinda o6nemli katkilar
saglamaktadir (Chen vd. 2001). CBS tabanh CKKV
yaklasimi literatiirde; gilines enerjisi santrali igin
uygun bolgelerin (Tercan vd. 2020), tarimsal
dranler igin yetistirmeye uygun alanlarin (Orhan
2021; Bilgilioglu 2021), potansiyel kentsel ve
kimyasal atik tesislerinin yer se¢iminin (Uyan ve
Yalpir 2016; Bilgilioglu vd 2021) belirlenmesi gibi
¢ok sayida yer secimi uygulamasinda kullaniimistir.
Ayrica elektrikli ara¢c sarj istasyonu uygun yer
secimi c¢alismalari incelendiginde de CKKV
modellerinin siklikla tercih edildigi gorilmektedir
(Erbas vd. 2018, Zhou vd. 2020, Giler ve
Yomralioglu 2020ab, Kaya vd. 2020, Ghosh vd.
2021, Karolemeas vd. 2021). Literatlirde farkh
bolgelere ait bircok calisma bulunmasina ragmen
Tirkiye’nin baskenti olan Ankara ili genelinde
herhangi bir ¢calisma bulunmamaktadir.

Bu c¢alismada Ankara ilinde yeni potansiyel
elektrikli arag sarj istasyonu yerlerinin belirlenmesi
icin karar vericilerin kullanimina yonelik bilimsel
bir metodoloji sunulmaktir. Bu kapsamda, CBS
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tabanli CKKV modellerinden Bulanik Analitik
Hiyerarsi Sureci (BAHP) kullanilarak elektrikli arag
sarj istasyonu kurulabilecek en uygun alanlari
tespit etmeye yonelik bir model gelistirilmistir. Bu
baglamda, degerlendirmeye alinan dokuz kriter,
bu sektorde galisan uzmanlar ile literatiirdeki ilgili
calismalar dikkate alinarak belirlenmis, BAHP
kullanilarak kriterler agirliklandiriimis ve vyeni
potansiyel elektrikli ara¢ sarj istasyonu yerleri
belirlenmistir.

2. Galisma Alani

Turkiye'nin baskenti ve Ulkenin ikinci en biylk
sehri olan Ankara’nin yizol¢iimi yaklasik 25.437
km? dir. 32° 52" dogu enlemleri ve 39° 52’ 30”
kuzey boylamlari arasinda bulunan ilin ortalama
yuksekligi 938 m’dir. 2020 yili niifus sayimina gore
il 5.663.322 nifusa sahiptir. Akyurt, Altindag,

31°|0‘E 32".0'E

Avyas, Bala, Beypazari, Camlidere, Cankaya, Cubuk,
Elmadag, Etimesgut, Evren, Golbasi, Guddl,
Haymana, Kahramankazan, Kalecik, Kecibren,
Kizilcahamam, Mamak, Nallihan, Polatli, Pursaklar,
Sincan, Sereflikochisar ve Yenimahalle olmak
Uzere toplam 25 adet ilge bulunmaktadir (Sekil 1).
Turkiye istatistik Kurumu (TUiK)'na gére
Tirkiye’de bulunan 24.144.857 tasitin 1.585.485’(i
Ankara ilinde bulunmaktadir ve bu sayl ile
Turkiye’de en ¢ok tasit olan 2. ildir (Int Kyn. 1).
ildeki mevcut toplam elektrikli arag sarj istasyonu
69 ve bu istasyonlarda bulunan toplam slot sayisi
178’dir (Int Kyn. 2, 3, 4). Aynianda sadece 178 tane
ara¢ sarj olabilecegi disundldiginde bu sayi
Tirkiye’'de hem nifus hem de arag¢ sayisi
bakimindan ikinci sirada olan Ankara ili igin
oldukca yetersiz oldugu disiiniiimektedir.

33"‘0'E

41°0'N
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Sekil 1. Calisma alani haritasi.

3. Materyal Yontem

Bu calismada Ankara ilinde vyeni potansiyel
elektrikli arag sarjistasyonu yerlerinin belirlenmesi
amaciyla t¢ temel adimdan olusan bir metodoloji

kullanilmistir. Bu adimlardan ilki, calismada uygun
yer seciminde etkili olacagl distnilen kriterlerin
belirlenmesi ve veri tabaninin olusturulmasidir.
ikinci adim BAHP yontemi ile her bir tercih
kriterine ait agirliklarin belirlenmesidir. Son asama
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ise elektrikli ara¢ sarj istasyonu igin uygunluk
haritasinin olusturulmasidir. Calismada kullanilan
kriterler literatlr ¢alismalari ve alaninda uzman
kisilerin gorisleri dikkate alinarak belirlenmistir.

3.1 Kullanilan Kriterler
Niifus yogunlugu (K1)

Nifus yogunlugu her bir birim alan icerisinde
yasayan insan sayisini ifade etmektedir.
Yogunlugun fazla oldugu yerler daha kalabalk
oldugundan bu bolgelerde daha fazla insan
aktivitesi olacak ve ulasim ihtiyaci da buna paralel
olarak artacaktir (Guler ve Yomralioglu 2020a,
Ghosh vd. 2021). Dolayisi ile elektrikli arag sarj
istasyonlarinin yer seciminde niifus yogunlugu
onemli bir kriterdir. Bu ¢alismada TUIK'in giincel
niifus verileri kullaniimistir (Sekil 2a).

Ana yollara yakinlik (K2)

Elektrikli araglarin ulasim icin kullandigi yollar sarj
istasyonu yer seciminde kritik dneme sahiptir
(Erbas vd. 2018, Kaya vd. 2020, Karolemeas vd.
2021). Elektrikli arag sarj istasyonlarinin, insanlarin
ulasimda en yogun olarak kullandigi ulasim
hareketliliginin yiksek oldugu ana yollara yakin
olmasi tercih edilmektedir. Bu c¢alismada ana
yollar 1/100.000 &lgekli gevre diizeni planindan
sayisallastirilarak elde edilmistir (Sekil 2b).

Egim (K3)

Egim, elektrikli ara¢ sarj istasyonu fizibilite
calismalarinda, insaatinda, isletmesinde ve
bakiminda ekonomik agidan énemli bir etken olup
yer sec¢imi ¢alismalarinda kullanilmaktadir (Erbas
vd. 2018, Giler ve Yomralioglu 2020ab, Kaya vd.
2020). Yer secimi calismalarinda, egimin yliksek
oldugu alanlarda insaat ve isletme maliyetleri
artacagindan daha az egime sahip veya diiz alanlar
sarj istasyonlari i¢cin daha uygun alanlar olacaktir.
Bu calismada egim kriteri icin kaynak veri olarak
12.5 m ¢o6zlnirlige sahip ALOS PALSAR sayisal
ylkseklik modeli kullanilmistir (Sekil 2c).

Aligveris merkezlerine yakinhk (K4)

Alisveris merkezleri (AVM) 6zellikle son 20 yilda
sosyal ve ekonomik hayatin en 6nemli pargasi
haline gelmis ve insan aktivitesinin yogun oldugu

alanlardir. Elektrikli ara¢ sarj istasyonlarinin
glindelik hayatin 6nemli bir parcasi haline gelen
AVM’lere yakin olmasi tercih edilmektedir (Gller
ve Yomralioglu 2020 a, b). Bu ¢alismada kullanilan
AVM’ler Ankara Biyuksehir Belediyesi ve ilge
belediyelerine ait kent bilgi sistemlerinden elde
edilmigtir. (Sekil 2d).

Resmi kurumlar ve rekreasyon alanlarina yakinhk
(K5)

Yesil alanlar, saglik merkezleri, egitim kurumlari ve
kamu binalari insanlarin hem is hayatlari hem de
sosyal ve kilturel yasamlarinda en fazla vakit
gecirdikleri  alanlardir.  Elektrikli ara¢ sarj
istasyonlarinin da insan hareketliligin cok oldugu
bu merkezlere yakin olmasi tercih edilmektedir
(Ghosh vd. 2021, Karolemeas vd. 2021) (Sekil 2e).
Bu calismada resmi kurumlar ve rekreasyon
alanlari Ankara Biyliksehir Belediyesi ve ilce
belediyelerine ait kent bilgi sistemlerinden elde
edilmistir.

Arazi degeri (K6)

Arazi degeri, elektrikli ara¢ sarj istasyonu yer
seciminde  yapim  maliyetlerini  etkilemesi
sebebiyle dikkate alinan ekonomik bir kriterdir
(Erbas vd. 2018, Giler ve Yomralioglu 2020a).
Arazi degerleri, Gelir idaresi Baskanligi tarafindan
yayinlanan arsa ve arazi metrekare birim
fiyatlarindan elde edilmistir. Calisma bolgesindeki
arazi degerleri ¢cok degiskenlik gostermekte olup
arsa degeri diisiik olan bolgeler sarj istasyonu igin
daha uygun olacaktir (Sekil 2f).

Petrol istasyonlarina yakinlk (K7)

Fosil yakith araglar icin istasyon gereksinimleri
elektrikli araglara gore farkh olsa da mevcut benzin
istasyonlarinin sik kullanilan trafik rotalarina gore
konumlandiriimasi ve insan aliskanliklari gibi
sebeplerden 6tirld bu lokasyonlar elektrikli arag
sarj istasyonlari icin de uygun yerler olarak
degerlendirilmektedir (Erbas vd. 2018, Kaya vd.
2020, Karolemeas vd. 2021, Ghosh vd. 2021) (Sekil
2g). Bu calismada petrol istasyonlari Ankara
Bliyuksehir Belediyesi ve ilce belediyelerine ait
kent bilgi sistemlerinden elde edilmistir.
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Ulasim istasyonlarina yakinlik (K8)

Sehrin farkli bolgelerini birbirine baglayan ulasim
istasyonlarina yakin bolgelerde kurulacak olan
elektrikli arag sarj istasyonlari, arag¢ sahiplerinin,
elektrikli arag sarj sliresi boyunca toplu tasima
hizmetlerinden vyararlanmasina imkan vererek
ulasim ihtiyaclarini saglayacak olmasi sebebiyle
istasyonlarin yer seciminde kullanilan dnemli bir
kriterdir (Erbas vd. 2018, Giler ve Yomralioglu
2020a, Karolemas vd. 2021) (Sekil 2h). Bu
calismada ulasim istasyonlari Ankara ulasim bilgi
sisteminden elde edilmistir.

Otoparklara yakinlik (K9)

Ara¢ sayisinin ¢ok fazla oldugu Ankara gibi
sehirlerdeki ¢ogu arag sahibinin hem barindiklari
konutlarda hem de is yerlerinde kendilerine ait
Ozel otoparki bulunmamakta ve araglarini ozel
veya kamu otoparklarina park etmektedirler.
Ayrica elektrikli araglarin mevcut sarj sirelerinin
uzun slrdtigl dasundldiginde otoparklara
yakinlik uygun yer seciminde kullanilan bir diger
onemli kriterdir (Gller ve Yomralioglu 2020ab)
(Sekil 21). Bu c¢alismada otoparklar Ankara
Blyiliksehir Belediyesi ve ilce belediyelerine ait
kent bilgi sistemlerinden elde edilmistir.

3.2 Bulanik AHP

Karar verme problemlerinde, ayni anda birden
fazla kriterin degerlendirilerek en iyi kararin
mimkin oldugu kadar hizli  ve kolay
alinabilmesine olanak saglayan ara¢ CKKV
modelleridir. Bu ¢alismadaki temel amag¢ Ankara
ilinde yeni kurulacak elektrikli arag sarj istasyonlari
icin en uygun vyerleri bir CKKV modeli ile tespit
etmektir. Bu amag dogrultusunda bir CKKV modeli
olan Bulanik Analitik Hiyerarsi Yontemi (BAHP)
kullanilmistir.

ilk olarak Zadeh (1965) tarafindan ortaya atilan
bulanik kime teorisi, Ulyelik fonksiyonlarinin
derecelendirilmesine  olanak  saglamaktadir.
Yontemin ana amaci dilsel degiskenleri
matematiksel olarak formiile etmektir (Zadeh,
1971). Uzmanlardan alinan dilsel degiskenler,
klasik kiime teorisine gore sayisal olarak ifade

edilememektedir ve bu teoriye dayanan AHP gibi

yontemler insan disinme tarzini
yansitamamaktadir. Bu problemleri ¢6zmek igin
AHP ve bulanik mantik teorisi birlestirilerek BAHP

ortaya ¢ikmugtir.

Bu calismada, CKKV problemlerin ¢dziiminde
Chang (1996) tarafindan gelistirilen ve yer segimi
¢ahismalarinda da siklikla tercih edilen mertebe
analiz yontemi kullaniimistir. Yontemin detayh
islem adimlari asagida verilmistir;

X = (X,%,,....X, ) obje kiimesi ve
U= (u,u,,..u,)amag kiimesi olarak
tanimlanir. Daha sonra her bir obje alinir ve her bir
mertebe analizi (Q;) uygulanir ve asagida
gosterildigi gibi her bir obje icin m mertebe analiz
degeri elde edilir.

Ml

1
M (9i)?

(a)" nMg, 1=12,...n

(9i)

Bir Giggensel bulanik sayi, en az olasi deger (/), en
olasi deger (m), en genis olasi deger (u)
parametreleriile (/, m, u) seklinde ifade edilir.

Asama 1: i. objeye gore bulanik sentetik mertebe
degeri (1) nolu esitlik ile tanimlanir.

1
s -Smix 35wy "
=1 im1 j-1

Daha sonra (2) no’lu esitlik ile olusturulan vektor
ile ilk asama tamamlanir.

Asama 2: M,=(,,m,u,)>M, =(l,,m,u,)

ifadesinin olasilik (3) no’lu esitlik ile belirlenir.

V (M, =M,)=hgt(M, AM,) = 4, (d)

1 if m,>m | (3)
- 0 if |, >u,
L-u, otherwise
(mz _Uz) - (ml - I1)
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Asama 3: Bir konveks bulanik sayi M’nin, k
konveks bulanik sayidan M, (i=12,....k)daha

blyiik olmasi i¢in olasilik derecesi (4) no’lu esitlik
ile hesaplanir.

V(M 2M,M,..,M,)

=V[(M =M,)and(M >M,)and,....,and (M = M, )]
=minV (M > M;)

i1=12,...,k (4)
k=12,..,n ve k=1 olmak (zere

d'(A)=minV(S, > S,)olarak farz edilir ve agirhk

vektord (5) no’lu esitlik ile hesaplanir.

A =(2,...,n)ve A, ntane bilesenlidir.

Asama 4: Normalize edilen agirlik vektorinin
belirlenmesinde (6) no’lu esitlik kullanilarak
normalizasyon islemi gerceklestirilir. Burada
hesaplanan W degeri bulanik olmayan bir sayidir.

W =(d(A),d(A),.....d(A))" (6)
4. Bulgular ve Tartisma

Elektrikli arag sarj istasyonlari uygun yer segimi igin
belirlenen  kriter  agirhklarinin BAHP ile
hesaplanmasi igin ikili karsilagstirma matrisi
olusturulmustur. Kriterlere ait olusturulan ikili

karsilastirma matrisi Cizelge 1’de sunulmustur.

W'=(d"(A),d'(A),.....d"(A)) (5)
Cizelge 1. ikili karsilastirma matrisi.
Kriterler K1 K2 K3 K4 K5 K6 K7 K8 K9
K1 (1,1,1) (1/5,1/3,1) (3,5,7) (1/5,1/3,1) (1,1,2) (1/5,1/3,1) (1/5,1/3,1) (1,3,5) (1,3,5)
K2 (1,3,5) (1,1,1) (5,7,9) (1,3,5) (3,5,7) (1,3,5) (1,1,1) (5,7,9) (3,5,7)
K3 (1/7,1/5,1/3) (1/9,1/7,1/5) (1,1,1) (1/7,1/5,1/3) (1/5,1/3,1) (1/7,1/5,1/3) (1/7,1/5,1/3) (1/5,1/3,1) (1/5,1/3,1)
K4 (1,3,5) (1/5,1/3,1) (3,5,7) (1,1,2) (1,3,5) (1,1,2) (1/5,1/3,1) (3,5,7) (1,3,5)
K5 (1,1,1) (1/7,1/5,1/3) (1,3,5) (1/5,1/3,1) (1,1,1) (1/5,1/3,1) (1/5,1/3,1) (1/5,1/3,1) (1,3,5)
K6 (1,3,5) (1/5,1/3,1) (3,5,7) (1,1,1) (1,3,5) (1,1,1) (1/5,1/3,1) (3,5,7) (1,3,5)
K7 (1,3,5) (1,1,1) (3,5,7) (1,3,5) (1,3,5) (1,3,5) (1,1,2) (1,3,5) (3,5,7)
K8 (1/5,1/3,1) (1/9,1/7,1/5) (1,3,5) (1/7,1/5,1/3) (1,3,5) (1/7,1/5,1/3) (1/5,1/3,1) (1,1,2) (1/5,1/3,1)
K9 (1/5,1/3,1) (1/7,1/5,1/3) (1,3,5) (1/5,1/3,1) (1/5,1/3,1) (1/5,1/3,1) (1/7,1/5,1/3) (1,3,5) (1,1,1)

ikili karsilagtirma matrisi, konusunda uzman
kisilerle yapilan gortismeler ve literatir calismasi
ile olusturulmustur. Kriterler igin olusturulan ikili
karsilastirmalarin  tutarli  olup  olmadiginin
anlasilabilmesi icin tutarliik analizi yapilmis ve
hesaplamalar sonucu; Tutarliik orani (TO) =
0.0287 olarak hesaplanmistir. Elde edilen TO
degeri 0.10’dan kiglk oldugu icin vyapilan
karsilastirmalarin  tutarh  oldugu anlasiimistir.
BAHP ile hesaplanan kriter agirliklari Cizelge 2’de
gosterilmistir.

Kriter agirliklari, uygun yer se¢imi asamasinda bu

kriterlerin gorece onem derecelerini
gostermektedir. Bu kapsamda ana yollara yakinlik,
petrol istasyonlarina yakinlik ve arazi degeri
kriterlerinin elektrikli ara¢ sarj istasyon vyer
seciminde daha fazla etkili oldugu, egim ve Resmi

kurumlar ve rekreasyon alanlarina yakinlik

kriterlerinin ise daha az etkili oldugu tespit
edilmistir.

Cizelge 2. Kriter agirliklari.

Kriterler Agirhklar
Nifus yogunlugu (K1) 0.105
Ana yollara yakinhk (K2) 0.183
Egim (K3) 0.028
AVM'lere yakinlik (K4) 0.139
Resmi kurumlar ve rekreasyon alanlarina

yakinlk (K5) 0.076
Arazi degeri (K6) 0.155
Petrol istasyonlarina yakinlik (K7) 0.165
Ulasim istasyonlarina yakinlk (K8) 0.073
Otoparklara yakinhk (K9) 0.077

Farkli kaynaklardan toplanan tiim veriler, UTM
(36-3) projeksiyon koordinat sisteminde 20 m
piksel boyutunda raster verilere
donilsturalmdistir. Farkh degerlere sahip kriterler
karsilastirilabilmeleri  igcin ~ “0-1”  arahginda
normalize edilmislerdir. Uygunluk indeksinin “0”
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olmasi o bolgelerin ¢ok az uygun, “1” olmasi ise o gostermektedir. Kriterlere ait haritalar Sekil 2'de
bolgelerin  ¢ok  yiksek uygun  oldugunu gosterilmistir.
a Niifus yogunlugu N b Ana yollara yakinhk N c Egim N

J < A

o
Uygunluk indeksi Uygunluk indeksi A

Uygunluk indeksi

am 10 o 10 -, mm -0
05 05 = 05 v
0.0 0.0 0.0

0 20 40 80 120 160 0 2040 80 120 160 0 20 40 80 120 160

[ = Km [ = Km | = Km

d AVM'lere yakinlik N e  Resmikurumlar ve rekreasyon N f N

A alanlarina yakinhk A Azl deger A

"

Uygunluk indeksi Uygunluk indeksi

w10 mm 10 mw 10
0.5 v 0.5 0.5

- 0.0 - 0.0 0.0

0 20 40 80 120 160 0 20 40 80 120 160 0 20 40 80 120 160

[ - Km - Km [ - Km

g Petrol istasyonlarina yakinhk }’1 h Ulagim istasyonlarina yakinlik }N\ | Otoparklara yakinhk R

) \D«

" e ’,O .-
Ll

. ‘ L S « Wgn

.
-

x
Tew
Uygunluk indeksi Uygunluk indeksi

Uygunluk indeksi

m 10 w10 (\o m 1.0 -
0.5 0.5 0.5 »

-o.o .o.o 0.0

0 20 40 80 0 20 40 80 120 160 0 20 40 80 120 160

[ - [ = Km T Km

Sekil 2. Uygun yer secimi icin kullanilan kriterler (a: nifus yogunlugu, b: ana yollara yakinlik, c: egim, d: AVM'lere yakinlik,
e: resmi kurumlar ve rekreasyon alanlarina yakinlik, f: arazi degeri, g: petrol istasyonlarina yakinlik, h: ulagim
istasyonlarina yakinlik, 1: otoparklara yakinlhk).

Elde edildikten sonra normalize edilen dokuz (weighted linear combination) bindirme analizi
kriter, Cizelge 2’de verilen agirlik degerleri dikkate kullanilarak birlestirilmis ve Sekil 3'de gosterilen
alinarak ArcGIS yazihminda agirlikh lineer toplam uygunluk haritasi Gretilmistir.
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Sekil 3. Elektrikli arag sarj istasyonu uygunluk haritasi.

Calisma kapsaminda Uretilen sonug haritasinda
gosterilen kirmizi renkli alanlar elektrikli arag sarj
istasyonlariicin cok az uygun alanlari, yesil alanlar
ise ¢ok yiksek uygun alanlari ifade etmektedir
(Sekil  3).
Yenimahalle ve Kecioren gibi merkez ilcelerin

Cankaya, Mamak, Etimesgut,

elektrikli arag sarj istasyonu kurulumu agisindan
oldukga uygun alanlar oldugu gortilmektedir. Buna
sebep olarak bu ilcelerde hem nifusun hem de
kentsel donati alanlarinin  yogun oldugu
soylenebilir.  Mevcut elektrikli ara¢ sarj
istasyonlarinin blyik bir ¢ogunlugunun da bu
bolgelerde oldugu goriilmektedir. Dolayisi ile il
genelinde yapilan bu ¢alisma sonrasinda Uretilen
sonu¢ uygunluk haritasi ile mevcut elektrikli arag
sarj istasyonlarinin karsilastiriimasi sonucunda
mevcut tim istasyonlarin uygun alanlarda oldugu
gorilmektedir. Benzer bir diger calisma olan Erbas

vd. (2018)'de de calisma, bahsedilen merkez
ilceler 6zelinde gergeklestirilmistir. Fakat, mevcut
sarj istasyonu bulunmayan ve daha oOnce
gergeklestirilen ¢alismalarda ele alinmayan ilgeler
Tuarkiye’nin 6nemli karayolu glizergahlar tizerinde
bulunmaktadir. Bu sebeple, bu calisma da ise
bolgedeki diger ¢alismalardan farkh olarak ¢alisma
alani genisletilerek elektrikli arag sarj istasyonu yer
secimi tim Ankara il sinirinda gerceklestirilmistir.
Bu galisma kapsaminda Uretilen elektrikli arag sarj
istasyonu uygunluk indeksine gore 65 adet yeni
sarj istasyon yeri 6nerilmistir.

Elektrikli ara¢ sarj istasyonu gibi yer segimi
calismalarinda, kriter secimi ve kriter agirliklarinin
belirlenmesi sonug haritasini dogrudan etkiledigi
icin oldukca O©nemlidir. Literatlirdeki diger
cahsmalardan (Erbas vd. 2018, Giiler ve
Yomralioglu 2020ab, Kaya vd. 2020) farkh olarak,
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bu calismada elektrikli ara¢ sarj istasyonu yer
secimi icin en 6nemli kriter ana yollara yakinlk
olarak hesaplanmistir. Buna sebep olarak, bu
¢alismanin hem il genelinde yapilmis olmasi hem
de Tirkiye’nin 6nemli karayolu glizergahlarinin
¢alisma bolgesinde bulunmasi soylenebilir. Egim
kriteri bu galismada disiik 6neme sahip olsa da
ekonomik agidan dikkate alinmasi gereken énemli
bir kriterdir. Fakat literatlirde bir¢ok calismada
(zhou vd. 2020, Ghosh vd. 2021, Karolemeas vd.
2021) egim kriteri dikkate alinmamustir.

5. Sonuglar

Bu galismada Ankara ili biitlintinde yeni kurulacak
elektrikli arag sarj istasyonlari icin uygun yerlerin
belirlenmesi amaci ile CBS ve bir CKKV yontemi
olan BAHP yontemleri entegre edilerek bir model
gelistirilmistir.  Bu amagla g¢alisma alaninin
ozellikleri dikkate alinarak konu ile ilgili uzman
gorusleri ve literatlir arastirmasi sonucunda dokuz
kriter secilmis ve BAHP ile bu kriterlerin agirliklari
belirlenmistir. Elektrikli ara¢ sarj istasyon yer
seciminde suricllerin seyahat icin ana yollari daha
fazla tercih etmeleri sebebi ile en yliksek agirliga
sahip kriter ana vyollara yakinlk olarak
belirlenmistir. Agirhk degerleri gbz Uniinde
bulundurularak tim kriterler birlestirme analizi ile
birlestirilerek uygunluk haritasi olusturulmustur.
Uygunluk haritasi incelendiginde uygun olan
alanlarin daha ¢ok merkez ilcelerde oldugu
gorlilmektedir. Ayrica mevcut sarj istasyonlarinin
neredeyse tamamina yakininin da merkez
ilcelerde bulundugu ve bircok ilcede sarj istasyonu
bulunmadigi  saptanmistir.  Bu  kapsamda,
olusturulan uygunluk haritasi dikkate alinarak yeni
kurulacak elektrikli arag sarj istasyonlari icin yerler
Onerilmistir. Cevre ve guriltd kirliligini ciddi
oranda duslrecek olan elektrikli araglar igin trafik
aglarini olumsuz yonde etkilemeyecek uygun sarj
istasyon yerlerin belirlenmesi calismasi,
surdirdlebilir kent yonetimi agisinda oldukga
Oneme sahiptir. Bu sebeple 6zellikle kullanilacak
kriterlerin son derece dikkatli bir sekilde ve uzman
kisilerce belirlenmesi yer se¢imi agisindan olduk¢a
onemlidir. Bu calismada kullanilan kriterlerin diger
bolgelerde vyapilacak diger ¢alismalarda da
kullanilabilecegi distintlmektedir.
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Oz
Bu ¢alismada, maden ocaginda mevcut olan farkli katmanlar, yakin resim fotogrametrisi teknigi ile tespit

edilmis ve bu katmanlarin yogunluklari hesaplanmistir. Fotograf ¢ekimi igin sirasiyla RGB, multispektral

Anahtar kelimeler ve termal bant ézelliklerine sahip ti¢ farkli kamera kullanilmistir. Daha sonra ti¢ boyutlu nokta bulutlari,
Fotogrametri; modeller ve ortofotolar olusturulmustur. U¢ ortofotodan elde edilen yedi adet bant ile farkli indeks
Acik Maden; uygulamalari ve temel bilesen analizi (TBA) gergeklestirilmistir. TBA ile elde edilen ortofoto ile beraber
Siniflandirma; toplam dért ortofoto goriintiisinde, madende yer alan farkli birimlerin tespiti icin kontrolsiiz
Hacim Hesabi; siniflandirma, termal ortofoto harig lic ortofotoda ise kontrollii siniflandirma islemi gerceklestirilmis ve
Nokta Bulutu; dogruluklan test edilmistir. Yapilan kontrolsiiz ve kontrolli siniflandirma islemlerinde en iyi dogruluk
Spektral Analiz sirasiyla %60 ve %80 oranlari ile TBA ile elde edilen ortofoto kullanilarak hesaplanmistir. Ayrica,

kullanilan indekslerin zeolitik tif tespitinde %86.67, bor tespitinde ise %80 dogruluk olusmasi, tespit
icin kontrolli siniflandirmaya gore daha iyi bir segcenek oldugu anlagiimistir. Kazi gahismalarinin yapildigi
iki bolgede hacim hesabi icin RGB kamera ile gekimler gergeklestirilmistir. Hafriyat hakedisi icin hesabin
hacim tzerinden belirlenmesinin daha dogru oldugu sonucuna ulagiimistir.

Geometric and Spectral Analysis of Open-pit Mining with
Photogrammetric Method: The Case of Bigadi¢ Boron Mine

Abstract
Within the scope of this study, the different layers which represent different rocks in the mine were

determined with the terrestrial photogrammetry technique, and the densities of these layers have been
calculated in the laboratory. Three different cameras with RGB, multispectral and thermal band

Keywords characteristics were used for taken images, respectively. After that, three-dimensional point clouds,
Photogrammetry; models, and orthophotos were created. A number of different index applications and principal
Quarry; component analysis (PCA) were performed with seven bands obtained from three orthophotos. The
Classification; unsupervised classification was carried out for the four orthophotos. Otherwise, in the supervised
Volume Calculation; classification, thermal orthophotos did not use due to low resolution. In the unsupervised and
Point Cloud; supervised classifications, the best accuracy was calculated using the orthophotos obtained with PCA,
Spectral Analysis with the rates of 60% and 80%, respectively. In addition, it has been understood that the used indices

have 86.67% accuracy in zeolitic tuff detection and 80% accuracy in boron detection. This shows us
using the indices is a better option for detection than supervised classification for this study. At the two
different stations where the excavation works were carried out, RGB camera shots took for volume
calculation. It has been concluded that it is more accurate to determine the calculation over the volume
for excavation.

Afyon Kocatepe Universitesi.



Acik Maden Ocadinin Fotogrametrik Yéntem ile Geometrik ve Spektral Analizi: Bigadi¢c Bor Maden isletmesi Ornedi, Can vd.

1. Giris

Uzaktan algilama ve fotogrametrik yontemler
kullanilarak gortntilerdeki farkl bilgilerin ¢ikarimi
icin calismalar uzun siiredir yapilmaktadir. Ozellikle
tarim ve dogal kaynaklarin tespitinde &6nemli

calismalar mevcuttur (Kéy Hizmetleri Genel
Mudurliga 2001). Gorlintlilerden otomatik ¢ikarimi
bircok sektorde islem hizlandirici
2005).

yeryliziinden goriintli almalari, yerlesim alanlarinda

bir gelisme

olmustur  (Atmaca Uydularin  sirekli

ve kiyr bolgelerindeki degisimi belirlemek igin
(Onur 2007).

siniflandirma teknikleri gelistirilmis piksel tabanlinin

firsatlar  sunmustur Zamanla
siniflandirma da
2013).

Otomatik obje c¢ikarimi icin uydu gorintileri genis

yaninda nesne  tabanh

degerlendirilmeye baslanmistir  (Ersan
bir imkan sagladigindan ¢ok farkh fonksiyonlar
kullanilarak siniflandirma islemleri devam etmistir
(Kavzoglu ve Colkesen 2010). Colkesen (2015)
yuksek ¢ozinirlikli uydu gorintileri kullanilarak
benzer spektral 6zelliklere sahip dogal nesnelerin
ayirt  edilmesine  yonelik  bir  metodoloji
gelistirilmistir. Akar ve Gungor (2012) Rastgele
banth
goruntilerin siniflandiriimasi galisilmistir. Gentle
AdaBoost (GAB), En Cok Benzerlik (ECB) ve Destek

Vektér Makineleri (DVM) algoritmalarindan elde

Orman algoritmasi  kullanilarak  ¢ok

edilen sonuglarla karsilastirilmistir.

Uydular vyeryiziinden goruntiler alabildigi icin
yeralti bilgilerine dogrudan uydu goérintileri ile
ulasmak mimkin degildir. Bu yilizden agik maden
isletmeleri kapali maden isletmelerine gore
uydularin goriintl alabilmeleri ve lzerinde calisma
yapabilmek icin ¢ok daha uygun alanlar olmustur.
Uysal vd. (2017), yaptigi calismada acik ocakli
madenlerde uydu goérantileri  kullanilarak bor
minerallerinin belirlenmesi hedeflenmistir. Ozellikle
actk maden ocaklarinin yayiliminin ve dogaya olan
etkisinin izlenmesi icin kullanilan uydu gorintileri
sayesinde cesitli analizler gergeklestirme imkani
bulunmaktadir (Tong et al. 2015, incekara vd. 2018,
Uga Avci 2019).

Goriintii elde etme seceneklerine insansiz hava

araclari  (IHA)’nin  eklenmesi, fotogrametrik
¢alismalarini ¢ok hizlandirmis ve daha kigik
alanlarda fotogrametrinin kullanilabilmesini

saglamistir. IHA ve yersel yontemler ile elde edilen
gorlntuler ortak noktalardan bindirilerek yogun
nokta bulutlarinin olusturulmasi ve Ug¢ boyutlu
modellerin elde edilmesini saglamistir (Ulvi 2020).
2019 yilinda Kun ve Giler’in yaptig ¢alismada,
maden ocaginin iHA yardimi ile Sayisal Yikseklik
Modelleri elde edilmistir. Bu modeller yardimiyla
mermer ocagina ait Uretim ve verim gibi
parametreler belirlenip bu alanda kullanilabilirligi
ele alinmigtir.

Elde edilen l¢ boyutlu modeller ile kazi alanlarindaki
hesabi

yapilabilmektedir (Erdogan, A. ve Mutluoglu 2020).

degisim takip edilebilmekte ve kibaj

Uygulanan yontemde kazi alani, kazi Oncesi ve
sonrasl olarak farkli durumlarda bindirmeli olarak
fotograflanarak, modellenir ve (¢ boyutlu model
Uretilir.  Kazi hakedislerinin en dogru yontemle
hesaplanmasi i¢in yapilan kazilarin hacimlerinin
kiibaj
olmaktadir (Oturang ve Yildiz 2014). Kun ve Ozcan

hesaplanmasi, hesaplari ile  mimkin
(2019), gelistirdigi yontemde o6rnek bir maden
sahasinda gerceklesen hacim, alan ve kabarma
faktori gibi, ozellikle agik isletme madenciliginde
planlama ve hesaplamalarda kullanilan baz
verilerin, IHA kullanimi ile hizli ve giivenilir bir
bicimde elde edilmesini konu almistir. Yakar ve
ekibinin 2009 yilinda yaptigl calismada ise, ozellikle
ulasilmasi zor bolgelerde yersel fotogrametri ve
ile hacim hesabinin

lazer tarama yontemleri

yapilabilecegi ve jeodezik Olgcmelere gore
kullanilabilir oldugu gosterilmistir (Yakar vd. 2009).
farkl

uygulanarak yapildig farkli bir calismada, yersel ve

Yine hacim  hesaplarinin yontemler
fotogrametrik olgiimlerin birbirleriyle tutarl oldugu
ve blyik alanlarda zamandan ve maliyetten tasarruf
etmek icin kullanilabilecegi gosterilmistir (Seki vd.
2017) Literatiirde yapilan galismalar incelendiginde
actk maden alanlarinda yersel 6lgcmelere dayali farkli
spektrum araliginda alicilara dayali goriintileme ile
gerceklestirilen yakin resim fotogrametrisi ile gerek
malzeme malzeme

tespitinin ve gerek bu

miktarlarinin detayli analiz edilmedigi
gorilmektedir.

Bu calisma, Balikesir Bigadic ilcesinde bor madeni
isletmesinde  gercgeklestirilmistir.  Agitk  maden
isletmesinin kapali madenlere gore kazi miktari ¢ok

daha fazla olmasi hafriyat maliyetinin ¢ok yliksek
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olmasina yol agmaktadir. Bolgedeki cevherin ¢ok
derinde ve daginik olmasi, farkli yogunluktaki kayag
turlerinde kazi yapilmasini  gerektirmektedir.
Buradaki agirhga  gore

hesaplanmasi, farkli yogunluktaki birimlerin farkl

maliyet  hesabinin
sire ve enerji harcanarak cikarilmasi sebebiyle ¢ok
dogru goziikmemektedir.

Bu calismada aclk maden ocaginda bulunan farkli
yogunluktaki kayag tirleri elektromanyetik bolgenin
gorlnir bolge disinda kalan dalga boylarinda
goriunti kaydedebilen alicilari kullanarak elde edilen
gorintiler ile fotogrametrik yontemlere dayali
hacimlerinin

malzeme tespiti ve kazi

hesaplanmasinin belirli dogruluklar ile ortaya

koymaktadir.

2. Materyal ve Metot

Bu calisma icin iceriginde gorinir renk uzayi dalga
boyu araligi olarak bilinen kirmizi, yesil ve mavi bant
sensorleri (KYM) barindiran SonyCyber Shot 14MP
kamera, Turuncu (T), Camgobbegi (C)ve Yakin Kizil
otesi (YK) olarak tanimlanan dalga boyu aralgini
algilayabilen sensorlere sahip Mapir Survey3 TCYK
Multispektral 12MP kamera ve malzeme sicakhgini
algilayabilen Optris Pl 450 382 x 288 piksel termal
kamera kullanilmistir.

Bu calismada uygulanan yontemler kigik 6lcekli ve
biyik olcekli olmak Gzere sirasiyla uzak ve yakindan
cekilen gorintilerle iki asamada ele alinmistir. Uzak
mesafeli gorintiler ile maden ocaginin genel
alaninin  cevher dagihmi arastinilmistir.  Bunu
gerceklestirmek icin siniflandirma ve indeks analizi
uzak mesafeli yersel gorintilere dayali ortofotolar
ile saglanmistir. ikinci asamada biiyiik 6lgekli daha

hassas bir fotogrametrik degerlendirme icin yakin

mesafeden kazi Oncesi ve sonrasi alinan
gorintilerle  hacim  ve  yogunluk  bilgisi
hesaplanmistir. Sekil 1'de c¢alisma vyapilirken

kullanilan is akis semasi gosterilmistir.

v

Ortofotolann
Siniflandinlmasi

Siniflandirma icin - o
{Gﬁrﬂnmlerin Eide Edimesi [ 9| Ortofotolann Uretimi ]

[ indekslerin Uretiimesi

Yodunluk Tespiti ve

Hacim Hesabi igin
Hacim Hesab

Fotograf Cekimi

>

Sekil 1. Calisma is akisi

2.1 Siniflandirma igin Gériintiilerin elde edilmesi

icerisinde bircok kayac¢ yapisi barindiran agik bor
madeni isletmesinde elde edilecek olan ortofotolar
ile, bu kayaglarin belirlenmesi beklenmektedir.
Ayrica ortofoto Uretimi igin yersel fotogrametri
kullanilmasi, alanin  ve

teknigi gorintilenen

kameranin  konumlarinin belirlenmesi isleminin
onemini fazlaca arttirmaktadir. Her bir kamera igin
cekilen  gorintilerden  ayri  bir  ortofoto
Uretildiginden kameraya bagh farkh konumlardan
gorantilerinin alinmasi gerekmektedir. Bu sebeple
kamera konumu vyaklasik 10 metrelik yatay bir
glizergah Uzerinde degiskenlik gdstermektedir. Ug
kamera ile ayni glizergah (izerinde yer degistirilerek
%80 Uzerinde ortl orani saglanacak sekilde ayni

bolgenin yaklasik 17’ser adet fotograflari alinmistir.

2.2 Ortofotolarin iiretimi

KYM, TCYK ve Termal kamera ile alinmis goriintiler
ayri ayri dosyalanmis ve bir 6n degerlendirme
neticesinde bazi gorintilerin ¢ikarilmasiyla her
kamera igin sirasiyla 11, 16, 14 fotograf secilmistir.
Daha Agisoft
yazihminda 3 farkli model olusacak sekilde isleme

sonra bu dosyalar Metashape
ahinmistir. Her bir fotogrametrik projenin 6zet

degerlendirme sonuglari Cizelge 1'de

gorilmektedir.

Cizelge 1. Fotogrametrik projenin 6zet degerlendirme

sonuglari
N 3B Ortalama
Sensor Goruntd Baglanti Noktasi  Nokta Piksel
Sayisi Sayisi K.O.H.
(Piksel)
KYM 11 3181 26371 0.795
TCYK 16 7221 41562  3.58
Termal 14 487 2639 0.597

177



Acik Maden Ocadinin Fotogrametrik Yéntem ile Geometrik ve Spektral Analizi: Bigadic Bor Maden isletmesi Ornedi, Can vd.

Goruntulerdeki  ortak  noktalar  birbirleriyle
eslestirilip kameralarin cekim konumlari
hesaplanmistir. Kamera konumlarindaki kaba

hatalar elimine edilmis ve yogun nokta bulutlar
olusturulmustur. Noktalar olusturulurken her adim
sonrasl hatali noktalar temizlenmeye calisiimis ve
ortaya hatalar elemine
edilmistir. Elde edilen modeller lizerinden KYM,

cikacak modellerdeki

TCYK ve Termal dalga boylari araliklarini kapsayan 3
farkli ortofoto Uretilmistir.

2.3 Ortofotolarin siniflandiriimasi

Ortofotolar Uretilirken lokal koordinat sisteminde
farkh
ortofotonun

gorintilerin -~ kullanilmasi,  olusan (g

boyutlarinin,  konumlarinin  ve
Olgeklerinin birbirlerinden farkli olmasina sebep
olmustur. Siniflandirmalarin  karsilastirilmasi  ve
farkh bant kombinasyonlari degerlendirmek amaci
ile bu U¢ ortofotonun o6telenerek ve Olgeklenerek
sisteminde  degerlendirilmesi
gerekmektedir. Bu sebeple, ¢cekim acilari nedeniyle
fotogrametrik goris alani en genis olan TCYK

ortofoto referans alinmis ve diger iki ortofoto 6lcegi

ayni  refererans

ve koordinatlari Agisoft Metashape yaziliminda
yaklasik 10 ortak noktanin manuel segilmesi
sonucunda Ust Uste bindirilmistir. Ortofotolarin
blytkliklerinin farkli olmasi,
gidildikge
bindirme oranini

ozellikle cergeve

kenarlarina ortofotolar  arasindaki

disirmektedir. Bu sebeple
bindirme oraninin yiksek oldugu kabul edilen orta
alan, ortak noktalarin konumlarini igine alacak
QGlIS
yazilimi kullanilarak kesilmistir(Sekil 2 - Sekil 3 - Sekil
4). Kesilen ortofotolar KYM’de Ug, TCYK'de Ug¢ ve

termalde bir bant olmak Gzere tekrar diizenlenmis

sekilde manuel olusturulan bir cerceve,

ve toplamda elde edilen 7 bant arasindaki benzer
bilgileri elimine ederek bant sayisini diistirmek igin
ayni yazihm kullanilarak Temel Bilesen Analizi (TBA)
uygulanmistir (XIE 2019). TBA’'ya girdi olarak
kullanilan 7 bant igeriginin %99.48’ini kapsayan 3
bantl yeni bir gériintl elde edilmistir (Sekil 5).

Sekil 2. Multispektral Kamera ile Elde Edilmis Ortofoto

< S
Sekil 5. TBA ile Elde Edilmis Ortofoto

TBA ile olusturulan ortofoto dahil edildiginde

siniflandirma islemi icin toplam 4 ortofoto
kullanilmistir. ilk olarak bu goriintiilere kontrolsiiz
siniflandirma islemi uygulanmis olup sinif sayisinin
burada Dbelirtiimesi gerektiginden ortofotolari
kapsaminda arazide mevcut olan kayag tirlerinin
bilgileri isletmesi

temin Yapilan

isim ve konum maden

bilirkisilerinden edinilmistir.
degerlendirmede toplam 6 sinif belirlenmis ve Erdas
Imagine yazihmi kullanilarak 15 sinifa ayrilacak
sekilde K-ortalamalari algoritmasi ile kontrolsiiz
siniflandirma islemi yapilmistir (Sinaga and Yang
2020). isleminde girdi
olarak istenen sinif sayisi, dalga boyu birbirine yakin
olan farkli siniflarin ayrilabilmesi igin belirlenen sinif
sayisindan daha fazla girilmeli ve ayni sinifta yer
almasi gereken siniflar daha sonra birlestirilmelidir.
15 sinifa ayrilan ortofoto, bilirkisi degerlendirmeleri
ve arazi gorUntileri referans alinarak, konumlarina

Kontrolsiiz siniflandirma

goére ayni malzeme oldugu edilenler
birlestirilerek 6 sinifa indirgenmis ve giincel tematik
bir harita Uretilmistir. Sinif isimleri ve renkleri,

kontrolli ve kontrolsiuz siniflandirma dahil olmak

tespit

Uzere tim ortofoto siniflandirmalarinin sonucunda
arazide yer alan malzemeler igin ayni renkler
kullanilmistir (Sekil 6). Kontrolsiiz siniflandirmalar
tematik haritalarin  dogruluk
analizleri, otomatik rastgele 40 nokta atamasi ile

sonucu Uretilen
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ilgili ~ orijinal  ortofotolardan  karsilastirilarak

gerceklestirilmistir.

B Kil Tasi
I Eor
R "arn Tas
I Zeclit Tas
] Silt Tas
[ Kireg Tagi
Sekil 6. Lejant

Sonrasinda TCYK, KYM ve TBA olmak Ulzere (g
ortofoto kullanilarak kontrolli siniflandirma islemi
Erdas
siniflandirmada

Imagine yazihminda kontrolsiiz

elde edilen 6 siifin lejant
kullanilarak gergeklestirilmistir. Burada her sinif igin
orijinal ortofotolardan ayri ayri en az 2’ser alan
cevrilmis ve daha 6nce belirtilen 6 sinif, yazilima
piksel tabanli olarak tanitiimaya calisilmistir.
Kontrolsiiz siniflandirmada yapilan dogruluk analizi
benzer sekilde kontrolli siniflandirmalar icin de

gerceklestirilmistir.

2.4 indeks iiretimi

Farkli sensorlere sahip 3 kameradan elde edilen

ortofoto gorintileri, ortak lokal koordinat
sisteminde referanslandirildigl igin ayni bdlgenin
kirmizi, yesil, mavi, turuncu, camgobegi, yakin
kizilotesi ve termal olmak Uzere 7 farkli bandi
icermektedir. Bu farkl bantlar Qgis yaziliminda bant
indeksler test

siniflarin

matematigi ileolusturulan farkl

edilerek arazide vyer alan
Ayirt

hesaplamak igin

tespiti

degerlendirilmistir. edilebilen  birimlerin

dogruluklarini kontrolsiiz
siniflandirma islemi sonucu Gretilen tematik harita
Uzerinde otomatik olarak rastgele 15 nokta

atanmistir.

2.5 Hacim hesabi igin gériintiilerin elde edilmesi

Bu calisma sirasinda acik madende yapilan kazilar, 2
bolgede yogunlasmis ve bu ylizden hacim hesabi igin
bu iki bolge degerlendirilmistir. Kil tasi ve bor
cevherinin bulundugu bu iki bolgedeki kazilan
gerceklestiren operatoérler ile yapilacak fotograf
cekimleri icin lokal kazilar planlanmistir. Buna gore
fotograf cekimi 6ncesi kazi alaninda yer alan daginik

malzeme temizlenmis ve ¢ekime hazir hale

getirilmistir. Fotograf cekimi 6ncesi kazi aracinin

calismasini engellemeyecek ve ayni zamanda
kameranin kadrajina girebilecek bir noktaya jalon
yerlestirilmistir. Hacim hesabina yonelik c¢ekim
islemi icin KYM sensorli kamera ile yakin resim
fotogrametrisi  gergeklestirilmistir. En az 3
gorintude jalon goziikecek sekilde yliksek bindirme
oranlari ile

cekim konumu her gorintiide

degistirilerek alinmistir. Cekim tamamlandiktan
sonra kazi, duseylenmis jalona dokunulmadan
gerceklestirilmistir. Burada hafriyatin yiklendigi
kamyonun numara, plaka ve yiklenme saati daha
sonra alinacak kantar bilgileriigin bir kayit edilmistir.
Kil ve bor igin sirasiyla 6 ve 4’er kamyon hafriyat, bu
kazilarda kaydedilmis olup kazi boélgesinde bu iki
malzemeden vyogunluk hesabi igin numuneler
alinmistir. Kazilarin ardindan (Sekil 7) fotograf
cekimleri kazi Oncesi vyapilan fotograf c¢ekim
teknikleri kullanilarak tekrar edilmistir. iki alanda
vapilan bu islemlerin ardindan kantar bdlgesinde
gorevlilerin nezaretinde kaydedilen bilgilerden net
agirlik bilgileri ahnmustir (Sekil 8). Kamyonlar sahaya
girmeden evvel kantarlara cikarlir ve agirliklari,
kasalari bos iken ol¢ilip kaydedilir. Sonrasinda
hafriyat ylklenmis olarak sahadan ¢ikarken tekrar
kantara cikarilir ve bu kez kasasi dolu iken agirhg
Olcllip kamyon numarasi, plakasi ve saati bilgileri
ile kaydedilir. Kantar sisteminden alinan raporlarda

barat agirliklar ve net agirliklar hesaplanmis olarak

sunulur.

Sekil 8. Kantar Alani
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2.6 Yogunluk tespiti ve hacim hesabi

Yogunluk hesabi igin sivi hacim 6lger kap igerisine bir
miktar su konulmus ve tartilmistir. Sonrasinda kil
tasi ve bor cevheri numuneleri ayri kaplardaki suyun
birakilmis ve tamaminin
Ardindan tekrar tartilmis ve su
seviyesindeki degisim ile beraber kayit edilmistir. Su
seviyesindeki degisim numune hacmini, agirliktaki

icerisine batmasi

beklenmistir.

degisim ise numune agirligini vermekte oldugundan,
kil ve bor numuneleri yogunluklarinin hesabi igin
kitle/hacim orani ayri ayri hesaplanmis ve

kilogram/metrekip birimi elde edilmistir.

Hacim hesabi icin 2 bolgeden alinmis fotograflar ayri
ayri dosyalanarak Agisoft Metashape yaziliminda
ortak noktalarindan otomatik olarak eslestirilmistir.
Kamera konumlari, bu eslestirme ile kaydedildikten
sonra yogun nokta bulutu olusturulmustur. Bu
kisma kadar her islem adimi sonrasinda fazla ve
hatali olan noktalar elemine edilmistir. Cekim
yapilmadan evvel diseylenen jalonun boyal kismi
daha 6nce 25cm 6lglilmis oldugundan boyali kismin
basi ve sonuna fotogrametrik O6l¢cli noktalar
isaretlenmistir. Jalonun boyasiz olan diger ucuna
Gglinci bir fotogrametrik nokta daha isaretlenerek
Olcek kontrollii saglanmistir. Bu olciler ile ile tim
bulutu metrik  birime

nokta Olceklemistir.

Sonrasinda nokta bulutlari  Cloud Compare
yazilimina aktarilmis ve burada hedef model alani
etrafindaki fazla noktalar temizlenmistir (Sekil 9 —
Sekil 10). Ayrica yogun nokta bulutu igerisinde ¢ok
yakin bulunan noktalar da filtrelenerek elimine
edilmis ve nokta sayisi azaltilmistir. Bor ve kil igin
kazi ©6ncesi ve sonrasi olmak {lizere 4 model
olusturulmus oldugundan, islemler her model igin
ayri projeler olarak uygulanmistir. Kil kazi 6ncesi ve
sonrasi nokta bulutlari tek pencerede acilarak iki
modelde de 6 ortak nokta isaretlenmis ve Ust Uste
bindirilmistir (Polat ve Akcay 2021). Burada iki
model arasindaki farkhlik ortaya ciktigindan hacim
hesabini etkileyebilecek kisimlar elle secilerek
silinmis ve hacim hesabi hem kil hem de bor icin

otomatik hesaplanmistir (Wrézynski et al. 2017).

Sekil 9. Hacim Hesabinda Kullanilan Kil Bolgesindeki Kazi
Calismasi Yogun Nokta Bulutu

Sekil 10. Hacim Hesabinda Kullanilan Bor Bdlgesindeki
Kazi Calismasi Yogun Nokta Bulutu

3. Bulgular

Bulgular boliminde maden ocagindaki cevher

dagilimi siiflandirma sonucu konumsal olarak
belirlenmistir. Sirasiyla kontrolsiz siniflandirma ve
bazinda
galisma

kapsaminda gelistirilen zeolitik tif indeksi ve bor

kontrolli siniflandirma malzeme

dogruluklar sunulmustur. Ayrica
indeksi ilgili malzemeyi tespit etme dogruluklar
verilmistir. Calismanin biyik 6lgekli degerlendirme
adiminda ise hesaplanan hacim ve yogunluklar

sayisal olarak karsilastiriimistir.

3.1 Kontrolsiiz siniflandirma

Dort  ortofotonun  kontrolsiiz  siniflandirmasi
sonucunda olusan tematik haritalar Erdas Imagine
yazihminda dogruluk testine tabi tutulmustur.

Multispektral kamera ile elde edilen ortofotonun
kontrolstiz siniflandiriimasi sonucu 6 renk iceren
tematik bir harita Uretilmistir (Sekil 11). Daha sonra
bu harita lzerinden dogruluk raporu alinmis ve
siniflarin  genel dogruluk oraninin %50 oldugu

gorulmustir (Cizelge 2).
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Sekil 11. Multispektral
Ortofotonun Kontrolsiiz Siniflandirmasi

Edilen

Kamera ile Elde

Cizelge 2. Multispektral kamera ile elde edilen
ortofotonun kontrolsiiz siniflandirma dogruluk
analizi.

M Uretici Kullanict
Dogr
Sinif Adi Referans Siniflandirilmig Sagylu Dogrulugu Dogrulugu
Toplami Toplam (%) (%)
Marn Tasi 7 6 4 57.14 66.67
Kil Tasi 13 8 5 50.00 71.43
Kireg Tasi 10 7 5 100.00 100.00
Silt Tagi 3 6 3 100.00 50.00
Zeolit Tag! 5 7 1 20.00 14.29
Bor 2 6 2 10.00 33.33
Toplam 40 40 20

Genel Siniflandirma Dogrulugu (%) = 50.00

Termal kamera ile elde edilen ortofotonun

kontrolstiz siniflandiriimasi  gercgeklestirilmis ve

tematik bir harita elde edilmistir (Sekil 12). Yapilan
degerlendirmeler sonucunda siniflandirma dogruluk
orani %52.50 ¢ikmistir (Cizelge 3).

s = = " - -

Sekil 12. Termal Kamera ile Elde Edilen Ortofotonun
Kontrolsiiz Siniflandirma

Cizelge 3. Termal kamera ile elde edilen ortofotonun
kontrolsiz siniflandirma dogruluk analizi.

Dogru Uretici Kullanici
Siif Ads Referans Siniflandinimig sayt Dogrulugu Dogrulugu
Toplami Toplam (%) (%)

Marn Tasi 9 6 6 66.67 100.00
Kil Tasi 12 6 5 41.67 83.33
Kireg Tas! 9 7 3 33.33 42.86
Silt Tasi 6 7 4 66.67 57.14
Zeolit Tag! 3 7 3 100.00 42.86
Bor 1 7 0 0.00 0.00
Toplam 40 40 21

Genel Siniflandirma Dogrulugu (%) = 52.50

KYM kamera ile elde edilen ortofotonun kontrolsiiz
siniflandirma islemi ile 6 sinif igeren yeni bir tematik
harita Uretilmistir (Sekil 13). Sonrasinda bu harita,
bir dogruluk analizinden gecirilmis dogruluk orani
%42.5 cikmistir (Cizelge 4).

Sekil 13. KYM Kamera ile Elde Edilen Ortofotonun
Kontrolstiz Siniflandirma

Cizelge 4. KYM kamera ile elde edilen ortofotonun
kontrolslz siniflandirma dogruluk analizi.

Dogru Uretici Kullanici
Sinif Ads Referans Siniflandiriimig say! Dogrulugu Dogrulugu
Toplami Toplam (%) (%)
Marn Tasi 7 6 3 42.86 50.00
Kil Tagt 9 8 3 33.33 37.50
Kireg Tasi 12 7 6 50.00 85.71
Silt Tasi 7 6 1 14.29 16.67
Zeolit Tag! 3 7 2 66.67 28.57
Bor 2 6 2 100.00 33.33
Toplam 40 40 17

Genel Siniflandirma Dogrulugu (%) = 42.50

TBA sonucunda elde edilen ortofoto, diger g
kontrolsliz siniflandirma
14). Ardindan

ortofoda yapildigi gibi
islemine tabi tutulmustur (Sekil

dogruluk analizi gergeklestiriimis ve sonug¢ %60
hesaplanmistir (Cizelge 5).

e 2 P T
Sekil 14. TBA ile Elde Edilen Ortofotonun Kontrolsiiz
Siniflandirmasi

Cizelge 5. TBA ile elde edilen ortofotonun kontrolsiiz
siniflandirma dogruluk analizi.

Dogru Uretici Kullanici
Sinif Adi Referans Siniflandinimig Say1 Dogrulugu Dogrulugu
Toplami Toplam (%) (%)
Marn Tasi 7 7 4 57.14 57.14
Kil Tagt 9 8 5 55.56 62.50
Kireg Tasi 9 6 4 44.44 66.67
Silt Tasi 5 7 3 60.00 42.86
Zeolit Tagi 6 6 5 83.33 83.33
Bor 4 6 3 75.00 50.00
Toplam 40 40 24

Genel Siniflandirma Dogrulugu (%) = 60.00
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3.2 Kontrollii siniflandirma

Kontrolstz siniflandirma islemleri 4 ortofoto igin
ayrica
siniflandirma islemi termal kamera ile elde edilen

tamamlandiktan sonra kontrolli

ortofoto  haric diger 3  ortofoto icin
gerceklestirilmistir.

ilk olarak KYM dalga boyu araligini algilayabilen
sensorleri icerisinde barindiran kamera ile alinan
gorintilerden elde edilen ortofotoya kontrolli
siniflandirma islemi gergeklestirilmistir (Sekil 15).
Burada olusan tematik harita lGzerinden bir dogruluk
analizi gergeklestirilmis ve genel dogruluk %72.50

cikmistir (Cizelge 6).

Kontrollu Siniflandirmasi

Cizelge 6. KYM kamera ile elde edilen ortofotonun
kontrolll siniflandirma dogruluk analizi.

Dogru Uretici Kullanici
Simif Ads Referans Siniflandiriimig Say1 Dogrulugu Dogrulugu
Toplami Toplam (%) (%)
Marn Tasi 7 7 6 85.71 85.71
Kil Tagi 11 16 10 90.91 87.50
Kireg Tas! 7 2 2 28.57 100.00
Silt Tas! 8 8 7 87.50 87.50
Zeolit Tas 4 3 2 50.00 66.67
Bor 3 4 2 50.00 66.67
Toplam 40 40 29

Genel Siniflandirma Dogrulugu (%) = 72.50

Diger elde edilmis ortofotolardan TBA s ortofoto

lzerinde kontrolll siniflandirma

islemi
gerceklestirilmis ve dogruluk analizi sonucunda
genel dogrulukta %80’e ulasilmistir (Sekil 16 -
Cizelge 7).

Sekil 16. TBA ile Elde Edilen Ortofotonun Kontrollii
Siniflandirmasi

Cizelge 7. TBA ile elde edilen ortofotonun kontrolli
siniflandirma dogruluk analizi.

Dogru Uretici Kullanici
Sinif Adt Referans Siniflandinlmig Sayn Dogrulugu Dogrulugu
Toplami Toplam (%) (%)
Marn Tasi 7 7 7 100.00 100.00
Kil Tagt 8 8 7 87.50 87.50
Kireg Tasi 7 6 4 57.14 66.67
Silt Tasi 3 7 3 100.00 42.86
Zeolit Tas! 8 6 6 75.00 100.00
Bor 7 6 5 71.43 83.33
Toplam 40 40 32

Genel Siniflandirma Dogrulugu (%) = 80.00

Son kontrolli siniflandirma islemi, TCYK dalga boyu

araligindaki sensorleri  barindiran  kameradan

cekilmis fotograflardan elde edilen ortofoto

Gzerinde gergeklestirilmistir (Sekil 17). Buradan elde

edilen tematik haritanin siniflandirmadaki dogruluk
orani %77.50 bulunmustur (Cizelge 8).

e

r - e, 2 5 T g
17. Multispektral Kamera Iile Elde
Ortofotonun Kontrollt Siniflandirmasi

Sekil Edilen

Cizelge 8. Multispektral kamera ile elde edilen

ortofotonun kontrolli siniflandirma dogruluk

analizi.
. Uretici Kullanici
Dogru " . ~ "
Sinif Adi Referans Siniflandinlmig Say1 Dogrulugu Dogrulugu
Toplami Toplam (%) (%)
Marn Tasi 6 8 6 100.00 75.00
Kil Tast 13 15 11 84.62 73.33
Kireg Tas! 9 6 6 66.67 100.00
Silt Tasi 4 5 3 75.00 60.00
Zeolit Tas! 4 1 1 25.00 100.00
Bor 4 5 4 100.00 80.00
Toplam 40 40 31

Genel Siniflandirma Dogrulugu (%) = 77.50

3.3 indeks

Yapilan indeks ¢alismasi neticesinde, denklem (1) ile
ortaya ¢ikan piksel degerleri, bor cevherini ayirt
edilir sekilde ortaya cikardig tespit edilmistir. Boru
belirgin sekilde ortaya cikaran Bor indeksi (BI),
sonugcta bor ve diger birimler olmak Gzere iki sinifa
ayrilacak bicimde kontrolstiz siniflandirma islemi
gerceklestirilmis ve daha onceki sinif rengi burada
da kullanilmistir (Sekil 18). Elde edilen tematik
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haritadaki bor sinifinin tespitinde %80 dogruluk
hesaplanmistir (Cizelge 9).

Bl = Termal Bant (1)

Mavi Bant

e .
A -
- -~

[ Diger
H o
Sekil 18. Bor indeksi Bant Orani Renklendirilmis

Cizelge 9. Termal Bant/Mavi Bant Orani ile elde edilen
goriintiniin Bor dogruluk analizi.

Dogru Uretici Kullanici
Siif Adt Referans Siniflandiriimig Say Dogrulugu Dogrulugu
Toplami Toplam (%) (%)
Diger 12 9 9 75.00 100.00
Bor 3 6 3 100.00 50.00
Toplam 15 15 12

Genel Siniflandirma Dogrulugu (%) = 80.00

Calismada diger bir indeks formuli olarak, denklem
(2) ile elde edilen bandin piksel degerlerinde gozle
gorilir  bir malzeme ayrimi  yapilabildigi
belirlenmistir. Bu malzeme orijinal ortofoto ile
karsilastirildiginda zeolit tasi oldugu belirlenmis ve
kontrolsiiz siniflandirma sonucu tematik haritasi
uretilmistir(Sekil 19). Zeolitik Tif indeksi (ZT1) olarak
adlandirilan bu indeks ile zeolitik tifli ortaya g¢ikaran
%86.67 hesaplandig

haritanin dogrulugu

gorilmastir(Cizelge 10).
7T] = Yakin Kizil Otesi Bant 2)

Turuncu Bant

[ Diger
B Zeolitik Tuf

Sekil 19. Zeolitik Tif indeksi Bant Orani Renklendirilmis

Cizelge 10. NIR Bant/Turuncu Bant ile elde edilen
goriintlinlin Zeolitik Tif dogruluk analizi.

Referan Siniflandiriimig Dogru D:g::;:lgu D':)ugl.l-?,::cglu
Sinif Adi s Toplam Sayi %) %)
Toplami
Diger 9 9 8 88.89 88.89
Zeolitik Tuf 3 6 3 83.33 83.33
Toplam 15 15 13

Genel Siniflandirma Dogrulugu (%) = 86.67

3.4 Hacim hesabi

Kantarda gerceklesen agirlik 6lgme verilerine gore
iki fotograf ¢ekimi arasinda kazilan net malzeme
agirliklari 113750 kg bor cevheri ve 210350 kg kil
topragl  seklindedir.  Laboratuvar  ortaminda
hesaplanan yogunluklar ise bor icin 1250 kg/m3, kil
icin 2000 kg/m3 seklindedir. Bu verilerden birimlerin
hacimlerine ulasmak igin agirlik/yogunluk formili
kullanilmis ve sonucunda bor igin 91 m3, kil igin
105,175 m3 Yakin

fotogrametrisi yontemi ile Cloud Compare yazilimi

hesaplanmigtir. resim
kullanilarak elde edilen hacimler ise bor icin 81,338
m3, kil igin 95 m3 seklindedir.

4. Tartisma ve Sonug

Bu calismada elde edilmis 4 ortofotoya kontrolsiiz
siniflandirma islemi gergeklestirilmis ve dogruluk
analizlerinde %42.5’a varan dusik oranlar ortaya
¢ikmistir. KYM kamera ile elde edilen ortofotonun
siniflandirma dogruluk orani, kontrolsiiz
siniflandirma dogruluk oranlarina goére en dusuk
olanidir. En yiksek dogruluk, TBA ile elde edilen
%60 oranidir.

kontrolsiiz siniflandirmaya girdi icin gerekli olan sinif

ortofotodan hesaplanan Burada
sayisi arttirilarak, ¢ikti olarak alinan bu 15 sinif

konuma gore tekrar  Dbirlestirilip 6 sinifa
indirgendiginde dogruluk oraninin belirli miktarda

artabildigi gorilmustir.

Yapilan kontrolli siniflandirma sonucu ortaya gikan
en disik oran, %72.5 ile KYM sensorlerine sahip
kameradan elde edilen ortofotonun siniflandirmasi
oldugu anlasilmistir. En yiksek dogruluk ise TBA
sonucu elde edilen ortofotonun kontrolli
siniflandiriimasi ile ortaya g¢ikan tematik haritanin

%80 dogruluk oranidir (Grafik 1).
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Grafik 1. Siniflandirma Dogruluk Oranlarinin Histogrami

Hem kontrolli hem de kontrolsiiz siniflandirmada
TBA sonucu elde edilen ortofotonun siniflandirma
dogruluk oraninin diger ortofotolarin siniflandirma
dogruluk oranlarina gore daha yiksek ¢cikmasi, acik
maden ocagindaki 6 cesit katmanin tespiti icin 3
alinan tamaminin

kameradan bilgilerin

kullanilmasinin  siniflandirma  sonucuna pozitif

yonde etki ettigi anlasilimistir.

3 ortofotoya uygulanan kontrolli siniflandirma ve

kontrolsiiz siniflandirma sonuglari

karsilastirildiginda kontrolli siniflandirma
sonuglarinin ¢ok daha yiksek dogruluk oranlarina
ulastigi gortlmistir. Bu sonug ile agik madende

kontrolsiiz
efektif  bir

siniflandirma yéntemi oldugu anlasiimistir.

kontrollt siniflandirmanin

siniflandirmaya gore ¢ok daha

Bor indeksi kullanildiginda %80 dogruluk ortaya
¢ikmis olup TBA ortofotosundan elde edilmis
kontrolli siniflandirma dogruluk analizindeki bor
Uretici dogruluk orani %71.43 ve kullanici dogruluk
orani %83.33 hesaplanmistir. Bu dogruluk oranlari
karsilastirildiginda tretilen bor indeksinin bor tespiti
icin siniflandirma dogrulugu ile tutarli sonuglar
verdigi goralmustir. Bl formuiliinde mavi ve termal
bantin bulunuyor olmasi, bor tespiti icin bu iki bant
dalga boyu araligini algilayabilecek bir kameranin
bor tespiti icin yeterli oldugu sonucuna ulastirir.

Zeolitik  tuf %86.67
hesaplanmis olup TBA ile elde edilen ortofotonun

indeksi dogruluk orani
kontrolli siniflandirma dogruluk analizinde zeolitik
tuf sinifi Gretici ve kullanici dogrulugu zeolitik tuf
indeksi performansi ile uyumlu bir sonug ortaya
koymustur. Burada ise zeolit tas! tespiti icin ZTI'de

kullanilan yakin kizil 6tesi ve turuncu bant dalga
boyu araliklarini algilayabilen bir kamera yeterli
olacaktir.

ZTl ile BI karsilagtirildiginda ZTI’'nin daha yiksek

dogruluk orani  vermesi, zeolit tasinin bor

gore daha tespit
edilebildigini yani ZTI’'nin daha iyi ¢alistigini gosterir.

minerallerine sonuclarla
Hacim hesaplarinda fotogrametri ve kantar 6lgme
verilerinden vyogunluk faktori ile hesaplanan
degerlerin iki calisma alaninda da yaklasik 10 m3
farkh ¢iktigr géralmustir. Bu farklihgin, kazi 6ncesi
ve sonraki fotograf ¢cekimleri sirasinda kazi makinesi
operatorinin cekim plani disinda malzeme alimi
nedeni ile ortaya ¢cikmistir. Farka neden olan diger
bir sebep ise fotogrametri yolu ile elde edilen farkli
zamana ait modellerin referanslandirma

hatalarindan  kaynaklandigi  distnilmektedir.
Galisma alanindaki iki farkli birimin yogunluklarinin
cok farkh oldugu, hesaplanan yogunluklardan
anlasildigindan acik maden ocaginda kazi yapan
hesabi

Gzerinden almalari yerine hacim hesabi Gzerinden

firmalarin hakedisini kantar ile agirhk
almalarinin daha dogru oldugu anlasilmaktadir.
Glnkd iki farkli bolgede yapilan kazi miktarlari ayni
olsa dahi yogunluk farki etkisi ile farkli agirlik
Olcimlerine sebebiyet verecektir. Buda yapilan is
miktarlari ayni olmasina ragmen farkl hakedisler
odenmesine yol acacaktir. Yapilan siniflandirma
sonuglarina gore hangi malzemenin hangi dalga
daha

ogrenilebilir ve sinif esik degerleri hesaplanabilir. Bu

boyu araliginda yok yansima verdigi

sayede siniflandirma otomatik olarak
uygulandiginda bu esik degerlerine gore siniflar
tespit edilecek ve oOnceden hesaplanmis olan
yogunluk degerleri ilgili malzemeye etiketlenebilir.
Mevcut kantar sistemine eklenecek bir kamera
sistemi ile kamyon kantara c¢iktigi esnada
kasasindaki malzeme uzaktan algilama yoluyla hizli
bir sekilde tespit edilebilir, yogunluk degeri bu sinifa
etiketli oldugundan kantardaki net agirlik verisi ile
hesaba alinip otomatik olarak hacim verisi de

sunulabilir.
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Abstract

Self-compacting concretes (SCC) were prepared with 10 mm and 16 mm coarse aggregate sizes and
using limestone powder (LS) and fly ash (FA) as fine material. The amount of fines in concrete, where
the amount of cement and the water / cement ratio were kept constant, was increased in 36 dm3
increments up to 108 dm3. The effect of the type and amount of fines and coarse aggregate size on
flowing, passing, segregation and blocking properties of SCCs were examined. Experimental results
indicated that slump flow increases with increasing fines content. Opposite to this, V-funnel times
increased with increasing fines content, however, they were shorter for FA than those of LS, which can
be attributed the balling and lubrication effect of the former and arching effect of the latter particles.
For both fines, higher segregation was obtained for SCCs with 16 mm than those of 10 mm. The SCCs
with low amount of fines displayed higher blocking step in general and FA-added concretes had higher
segregation than those of LS. The difference in the behaviors of LS and UK added concretes is most
probably due to the differences in the particle shape and surface properties.

o w

Ince Malzeme Miktari ve Cinsi ile iri Agrega Boyutunun Kendiliginden
Yerlesen Betonlarin islenebilirlik Ozelliklerine Etkisi

Anahtar kelimeler
KYB; Yayilma akis;
Gegme yetenegi;

Ayrisma; Blokaj; ince
malzeme

1. Introduction

Oz

Kendiliginden yerlesen betonlar (KYB), 10 mm ve 16 mm iri agrega boyutlarinda ve ince malzeme olarak
kalker tozu (KT) ve ugucu kil (UK) kullanilarak hazirlanmistir. Cimento miktari ve su/gimento oraninin
sabit tutuldugu betonlardaki ince malzeme miktari 36 dm3'lik artiglarla 108 dm?3'e kadar gikariimistir.
ince malzeme tipi ve miktarinin ve iri agrega boyutunun KYB'lerin akma, dar agikliktan gegme, ayrisma,
bloke olma gibi 6zelliklerine etkisi incelenmistir. Deneysel sonuglar, artan ince malzeme igerigi ile gokme
akisinin arttigini gdstermistir. Bunun tersine, artan ince tane icerigi ile V-hunisi streleri artmistir, ancak
UK icin KT'den daha kisa siireler elde edilmistir. UK kiiresel tanecik yapisinda oldugu icin beton karisimi
icinde yaglayici etki gosterir. Her iki ince malzeme icin de 16 mm'lik KYB'ler i¢cin 10 mm'lik olanlardan
daha yiksek segregasyon elde edilmistir. Diisiik miktarda ince malzeme iceren KYB'ler genel olarak daha
yuksek blokaj adimi sergilemistir ve UK katkili betonlar KT'ye gore daha yiiksek ayrisma gostermistir.
KT'li ve UK’li KYB’lerde g6zlenen bu farkl davranis muhtemelen tane sekli ve ylzey 6zelliklerindeki
farkhihklardan kaynaklanmaktadir.

© Afyon Kocatepe Universitesi

The innovation of self-compacting concrete (SCC)
can be regarded as a revolution in concrete
technology. SCC was originally developed in 1988, to
improve the durability of concrete structures

(Okamura and Ouchi 2003). In recent years, it has
found wide applications in construction due to its
ability to fill
production of

molds without vibration. The
SCCs

superplasticizer, usually polycarboxylate-based, as

requires a powerful
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well as a powder, mostly limestone filler (LS), fly ash
(FA), granulated blast furnace slag or silica fume, or
a viscosity modifying agent (VMA), such as
polysaccharides, or both (Shindoh and Matsuoka
2003).

The maximum aggregate size, grading, shape and
angularity are important properties of aggregates
which affect the fresh state behavior of SCC (Koehler
and Fowler 2007a). In the production of SCCs,
crushed stone, crushed gravel or uncrushed gravel
can be used as coarse aggregate (CA), and river
sand, crushed sand or dune sand (or combinations
of them) can be used as fine aggregate, in a similar
way to those used for normal vibrated concretes
(NVC). Khaleel et al. (2011) used gravel, crushed
gravel and crushed limestone as CAin SCC, obtaining
the best performance on fresh concrete with gravel,
followed by crushed gravel and then crushed
limestone because of the differences in the particle
shape and surface texture. Likewise, Kraenkel et al.
(2009) prepared SCCs by using gravel, crushed
granite or crushed basalt as CA and they observed
that the concretes with crushed aggregates had
longer V-funnel and J-ring times than those of the
former due to the difference in surface roughness.
in SCC,
compared to that of NVC, in order to obtain passing

Maximum aggregate size is reduced
ability and segregation resistance (Koehler and
Fowler 2007b). Workability properties measured as
T500, V-funnel flowing time, U-box and L-box (for
ability)
improvement for a maximum size of 10 mm
compared to that of 20 mm (Khaleel et al. 2011).
and Wallevik (2009)
rheologic properties of SCCs by using a BML

passing ability and Afilling showed

Mueller measured the
viscometer and found that, although the plastic
viscosity showed a slight change with an increase in
maximum aggregate size, the yield stress increased
significantly. Bouzian (2013) used river sand (RS),
crushed sand (CS) and dune sand (DS) as fine
aggregate in SCCs and observed that CS and DS in
binary and ternary systems with RS should be lower
than 65 and 24%, respectively, in order to obtain
sufficient flowability. Similarly, Zeghichi et al. (2014)
used DS and CS in the production of SCCs; they
observed that the addition of DS into CS lowered the
viscosity of the SCC and also improved the

flowability due to the rounded shape of the dune
particles.

The most widely used filler in SCC is LS, followed by
FA and granulated blast furnace slag (GBFS). The
grading, fineness, amount, particle shape and
surface roughness of the filler are important factors
for the performance of SCCs in their fresh state.
Skender et al. (2021) found decreased slump flows
with increasing LS content in the case of cement
substitution, while Tsgo and V-funnel flow times
increased. On the contrary, LS was used as a cement
replacement; larger amounts of filler caused lower
yield stress and, as a result, higher slump values
were obtained but plastic viscosity increased
(Varhen et al. 2016). Askarian et al. (2018) used a
natural pozzolan, pumice powder, as cement
replacement in SCCs and obtained higher SP dosage
to reach the target slump flow, however; the slump
flow retention was improved compared to the
mixtures with fly ash or slag. Barbhuiya (2011) used
dolomite powder and FA in binary and ternary
mixtures, and although the slump-flow results fell
into the SF1 class (EFNARC 2005), SCCs with a high
amount of dolomite powder showed lower spreads
than those of the latter. SCCs were designed by
using F-type FA up to 15% cement replacement;
higher slump-flow and lower T500 and V-funnel
times than those of the concrete without FA were
reported (Jalal et al. 2013). It seems that the
spherical shape of the FA particles gives more
deformability to the SCCs than the angular particles
of the cement. Class F type FA was used at cement
replacement rates of 10 to 50% and vyield stress
decreased by up to 30% (Laskar and Talukdar 2008).
Plastic viscosity showed an initial increase for the
10% rate, and then gradually decreased up to 30%
rate. Both yield stress and plastic viscosity showed
beyond the 30%
Likewise, the rheological properties, yield stress and

insignificant changes level.
plastic viscosity increased with a high-calcium FA
content (Ponikiewski and Golaszewski 2013).

In this study, 2 different fine materials (LS and FA)
were used to produce SCCs at 3 different volumes
(36, 72 and 108 dm3/m3) and with different
aggregate sizes (10 and 16 mm). The effects of
concrete composition on flowing, passing ability
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through the barriers, segregation, and blocking

were investigated.

2. Materials and Methods
2.1 Materials

CEM | 42.5 R type cement was used in accordance
with EN 197-1 (2011). Two types of fine materials,
LS (98.5% CaCO3) and FA (Its chemical composition
is given in Table 1), were employed in the
production of SCCs. The specific gravities of LS and
FA were 2.77 and 2.52, respectively. The SEM
images of the particles of both fines, LS and FA, are
shown in Fig. 1.

Figure 1. The SEM images of LS (a) and FA (b) particles

The grading curves of cement, LS and FA are
presented in Fig. 2.
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Figure 2. Gradings of fines used

Crushed stone 1, with a maximum size of 10 mm and
specific gravity of 2.72, and Crushed stone 2, with a
maximum size of 16 mm and specific gravity of 2.71,
were used as CA. Crushed stone sand and natural
sand (with specific gravities of 2.68 and 2.65,
respectively) were employed as fine aggregate.

The Fuller parabola was used to determine the
mixing proportions of the aggregates.

p; = 100 (di/Dmax)l/Z (1)

where p; shows passing percentage through a sieve,
di is a sieve size and Dmax is the maximum aggregate
size.

Polycarboxylate ether-based admixture (density:
1.03 g/cm?® was used as a superplasticizer.
Polysaccharide-based admixture with a density of
1.01 g/cm?® was employed as VMA.

2.2 Concrete Mixtures and Production

In all SCC mixtures, 350 kg/m3 cement and LS or FA
was used as filler material. Filler content was
increased by 100 kg/m?3 increments for LS (80 kg/m3
for FA) up to 300 kg/m?3 (or 240 kg/m? for FA) so that
the volume of fine material in each mixture (LS or
FA) was equal.

The water/cement ratio was 0.48 for all mixtures
and the slump-flow was maintained within the SF2-
SF3 limits (EFNARC 2005) by adjusting the
superplasticizer content. For the mixtures with a
total fines content (including cement) of 350 and
450 kg/m3 (for both 10 and 16 mm maximum
aggregate sizes), VMA was added to maintain the
flow and prevent the segregation of concrete. The
mixing proportions for both concretes are given in
Table 1. In the coding of the mixtures, the first
letters represent the type of the fines (CNT: control
mixture without fines), the numbers following the
letters show the volume of the fines (in dm3/m?3) and
max. aggregate size (mm), respectively.
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Table 1. Materials proportions of SCCs

Materials Proportions (kg/m3)

Max. Agg. Size 10 mm
Mix Codes CNT.O.10 LS36.10/ 15.72.10/
FA.36.10 FA.72.10
Fines (LS or FA) 0 36 72
volume (dm3/m?3)
Cement 350 350 350
Water 178 178 178
LS/FA 0/0 100/82 200/164
Natural sand 537 509 483
Crushed sand 513 486 461
Crushed stone 1 777 737 699
Crushed stone 2 0 0 0
Superplasticizer 5.3/5.3 6.8/5.2 7.7/5.1
VMA (LS/FA) 3.2/3.2 2.7/2.2 0/0
Total Materials 2363.5/ 2369.5/ 2378.7/
(LS/FA) 2363.5 2349.4 2340.1
W/C ratio 0.508 0.508 0.508
W/P ratio (LS/FA) 0.508/ 0.395/ 0.323/
0.508 0.412 0.346

16 mm
LS.108.10/ LS.36.16/ 1S.72.16/ LS.108.16/
CNT.0.16
FA.108.10 FA.36.16 FA.72.16 FA.108.16
108 0 36 72 108
350 350 350 350 350
178 178 178 178 178
300/246 0/0 100/82 200/164 300/246
454 537 509 483 454
433 513 486 461 433
657 389 368 348 328
0 390 369 349 330
6.5/5.4 5.3/5.3 6.8/6.5 6.7/7.7 6.3/6.0
0/0 3.2/3.2 2.7/2.6 0/0 0/0
2378.5/ 2365.5/ 2369.5/ 2375.7/ 2379.3/
2323.4 2365.5 2351.1 2340.7 2325
0.508 0.508 0.508 0.508 0.508
0.273/ 0.508 / 0.395/ 0.323/ 0.273/
0.298 0.508 0.412 0.346 0.298

For concrete production, a concrete pan mixer, with
a capacity of 500 dm3, was used. First, the
aggregates and LS or FA were dry mixed for 2
minutes. After this, 75% of the mixing water was
added and mixed for a further 2 minutes. Then the
cement was introduced and an additional minute of
mixing followed. Finally, the superplasticizer and
VMA (if necessary) and the rest of the water were
included and mixed for 3 minutes.

2.3. Testing Procedures

Slump flow and Tseo, V-funnel (VF), and J-ring tests
were carried out on fresh concrete in accordance
with EN 12350-8 (2010), EN 12350-9 (2010) and EN
12350-12  (2010),
resistance of the fresh concrete was determined by

respectively.  Segregation
using two methods: sieving and penetration tests (in
accordance with EN 12350-11 (2010) and modified
ASTM C1712 (2014), respectively). A weight of 54 g
was used in this study, as recommended in other
studies (Bui et al. 2002), but unlike the requirements

in ASTM C1712 (2014) (where 45 g is specified).
3. Test Results and Discussion
3.1. Admixture Requirements

The mixing compositions of the SCCs given in Table
1 shows that the amount of SP was increased with
the amount of LS up to 200 kg/m3 (volume: 72 dm?3)
and slightly less for 300 kg/m? (LS volume: 108 dm?3)
for both CA sizes. On the other hand, the required
SP contents for FA added mixtures with a maximum
aggregate size of 10 mm were less than those for 16
mm and less than those for the mixtures with LS.
However, for 16 mm aggregate, a similar trend was
obtained with the LS mixtures. When the SP/P ratios
are considered, all mixtures showed a decreasing
tendency with increasing the fines content, as Table
1 indicates. Similarly, in order to obtain a target
slump flow of 600 to 650 mm, an SP/P of 2.2% was

190



Effects of Fines Content and Type, and Coarse Aggregate Size on the Workability Properties of Self-Compacting..., Hilmioglu et al.

required for the added LS (25%), while it was 1.2%
for the addition of 55% (Zhu and Gibbs 2005).
Furthermore, the SCCs with FA and 10 mm
aggregate size required the lowest SP/P ratios
among the mixtures prepared in this study. The
relation between the superplasticizer dosage and FA
content was investigated and it was found that the
superplasticizer dosage necessary to obtain the
same filling property decreased with an increase in
FA content (Liu 2010). Furthermore, for the two
lower fines contents of 350 and 450 kg/m3 (or 422
kg/m3 for FA), the use of VMA was needed to
maintain the segregation resistance and flow for
both types of fines. The amounts of VMA required
for the SCCs with the higher fines content were less
than those required for lower fine contents, as
expected.

3.2. Slump Flows

Slump flows obtained for SCCs with added LS and FA
can be seen in Table 2 and Fig. 3 for both maximum
aggregate sizes. Slump flow increased slightly with
an increase in LS, although the W/C ratio was kept
constant and W/P ratio was decreased, as Fig. 3
indicates. For LS contents up to 72 dm3/m3 (550
kg/m3) the slump flows remained between 70 and
80 cm (SF2 and SF3 in accordance with EFNARC
2005) [14] and 71 to 75 cm (SF2) for the 10 mm and
16 mm CA ssizes, respectively; this shows the positive
effect of lower aggregate size on slump flow. In this
range of LS contents, the SP/P ratio showed a slight
decrease, from 1.5% to 1.4%, with an increase in
fines. However, when the LS content was increased

Table 2. Fresh state properties of SCCs

Mix \I;cs)(::qe Max. Agg. Slump Tsoo (5) Blocking V-_I;il:::el Segf:eeg‘;iion Penetration
Codes (dm?/m?) Size (mm) Flow (cm) Step (mm) (s) (%) (mm)
CNT.0.10 0 10 70 3 15 6 4 3
LS.36.10 36 10 80 2 3 13 4 6
LS.72.10 72 10 79 3 5 15 3 6
LS.108.10 108 10 87 3 3 13 10 7
CNT.0.16 0 16 72 2 14 5 11 3
LS.36.16 36 16 71 2 6 16 9 8
LS.72.16 72 16 75 3 5 17 11 9
LS.108.16 108 16 87 3 6 17 13 9
CNT.0.10 0 10 70 3 15 6 4 3
FA.36.10 36 10 70 3 12 6 3 3
FA.72.10 72 10 77 3 8 8 7 3
FA.108.10 108 10 85 2 3 9 18 8
CNT.0.16 0 16 72 2 14 5 11 3
FA.36.16 36 16 72 2 13 5 10 6
FA.72.16 72 16 73 2 11 5 7 6
FA.108.16 108 16 82 2 8 7 16 6
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from 72 dm3/m?3 to 108 dm3/m?3, a sharp increase of
slump flow from 79 cm to 87 cm and from 75 cm to
87 cm (slightly exceeding SF3 for both sizes) were
obtained for the CA sizes of 10 mm and 16 mm,
although SP/P
decreased down to 1.0%.

With the use of FA, the ratio of SP/P decreased with
an increasing amount of fine material, similar to LS,

respectively, ratio was further

as can be seen in Table 1. Fig. 3 shows that slump
flow increases with increasing FA content for the
maximum aggregate size of 10 mm, similar to the LS
mixtures. On the other hand, for the FA SCCs with
16 mm size, the slump flow does not change as FA
content increases up to 72 dm3/m?3, but it does show
an increase beyond that. The W/C ratio was kept
constant for both fine types and, also, both
aggregate However, W/P
decreased with increased fines content, from 0.48
to 0.26 for the LS and from 0.48 to 0.28 for the FA
added SCCs, respectively. Despite the decrease in

maximum sizes.

W/P and SP/P, the increase in slump flow can be
attributed to the decrease in CA volume due to the
increase in fines in the mixtures. Furthermore, it was
shown that the exchange of cement with LS powder
decreased both the plastic viscosity and yield shear
stress of the cement pastes, which was attributed to
better packing of the LS particles (Diamantonis et a/
2010). Similarly, Jalal et al. (2013) observed an
increase in slump flow for the SCCs when the
cement was replaced with FA, up to 15%, and also
when the total binder increased from 400 kg/m?3 to
500 kg/m3. The improvement obtained in the FA
containing SCCs was attributed to the reduction in

water demand (Khatib 2008) as well as its lubricant
(Liu 2010) and ball bearing (Laskar and Talukdar
2008) effects, due to its spherical particles, as can be
seen in Fig. 1. When the slump flows of LS and FA
added concretes are compared, Fig. 3 shows that
the SCCs with LS have slightly higher slump flows
than those with FA. This can be due to the slightly
higher SP/P ratios of the former mixtures (Table 1)
and the higher mass of the LS used, since the
comparison was made for an equal volume of
powder content. Likewise, lower viscosity was
reported for cement pastes with added LS (with SP)
than those with FA pastes (Felekoglu et al. 2006),
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Figure 3. Variation of slump flow with fines contents

which was attributed to the difference between the
zeta potentials of these mixtures.

3.3. T500 and V-Funnel Flow Times

During the slump flow tests, T500 was also
measured and their variations with both fines are
given in Fig. 4 for both aggregate sizes. Flow rates to
500 mm remained at 2 to 3 second levels, as can be
seen in Fig. 4. Although T500 rates are known to be
an indirect measure of plastic viscosity [14], the
results obtained here do not show any definite
trend. However, it was reported that T500 can only
be related to the plastic viscosity of concretes if they
have similar slump flows (Takada and
Tangtermsirikul 2000).

Fig. 5 indicates that V-funnel flowing times are
longer than those of the SCCs without LS but with
VMA, showing that the addition of fine material
decreases flow properties. This result is to be
expected because the V-funnel test was proposed to
measure the plastic viscosity of an SCC (EFNARC
2005) and the addition of fines increases the
viscosity of a mixture. Since the flow times obtained
for LS-added mixtures are greater than 9 s, the SCCs
are classified as VF2, however, those without fines
are VF1. Fig. 5 also shows that the flow times for 10
mm CA size were shorter than those for 16 mm. The
flow times initially increased with an increase in
fines but then returned to the level of the lowest
amount of fines added-mixture for 10 mm size
aggregate concrete. When the SCCs prepared with
16 mm CA are considered, flow times first increased
up to the fines of 72 dm? and then remained at the
same level for the next amount of fines.
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In the case of FA-added SCCs, the flow times showed
a continuous increase with increasing amount of
fine material for 10 mm aggregate size, as can be
seen in Fig. 5. For 16 mm aggregate size, V-funnel
times remained constant up to the FA content of 72
dm3/m? and increased beyond that. However, in
these SCCs, the flow times for 16 mm aggregate size
were obtained shorter than those of 10 mm, as
opposed to LS concrete. When the V-funnel times of
SCCs prepared with LS or FA additions are
compared, Fig. 5 indicates that the flowing times are
longer for the former fines than the latter for both
CA sizes. It is well known that when the maximum
aggregate size of a concrete increases, the total
surface area of aggregate particles decreases. This
results in two things; the first is a reduction in the
wetting of aggregate particles (Khatib 2008), which
increases the amount of free water; hence the
workability of concrete increases. The second effect
is an increase in the thickness of the cement paste
which coats the CA particles (Hu and Wang 2011).
Increasing the coating thickness of particles reduces
the friction between them and hence, flow
properties show improvement. As a result of this, it
is expected that when the CA size increases, the
flowing times and plastic viscosity of a concrete
should decrease. However, most studies show the
opposite of this prediction to be true; increased CA
size causes an increase in flowing times for V-funnel
testing. This result could be due to the character of
the V-funnel test. In this test, there is a funnel with
a narrow bottom outlet and during testing, concrete
should pass through this outlet. It is obvious that
flow properties, such as the friction between the CA
particles, affects the flowing time, however there is
another factor, the arching effect of coarse particles
close to the bottom outlet, which also increases the
flowing time (Su et al. 2001, Nanthagopalan and
Santhanam 2009). Furthermore, the LS particles
have an angular shape and rough surface texture,
similar to the crushed CA used in the mixture. This
may cause more arching effects as a result of
interlocking between the particles (Kwan and Ng
2010).
lubrication (Jiao et al. 2017) and ball bearing effects
(Jalal et al. 2013, Laskar and Talukdar 2008 ) due to
their spherical shape and smooth surface (Fig. 1),

However, F type FA particles, show
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Figure 4. Variation of Tseo with fines contents

which may reduce the arching effect, as a result of
which the flowing times of the SCCs with larger CA
becomes shorter than those of smaller size because
the latter have a greater surface area than the
former. Also, for the same reason, the FA-added
mixtures have either the same or slightly longer
flowing times than the control mixture without
additional fines, although the difference between
the flowing times of the LS-added mixtures and
control mixtures (and also between the former
mixtures and FA-added ones) are larger (Fig. 5).
Similarly, the V-funnel times measured on FA-added
SCCs were shorter than those of dolomite powder
(2011) and LS (Silva and Brito 2013).

3.4. Segregation Resistance

Two methods (sieving and penetration) were used
to determine the segregation resistance of SCCs and
the results are given in Figs. 6 and 7 for both
methods, respectively. These figures show that as
the maximum size of CA increases, the sieve
segregation also increases in general (except the
SCCs with maximum amount of FA).
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Figure 5. Variation of V-funnel flowing time with fines
content.
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It is known that as the maximum aggregate size of a
concrete increases,
which

between the CA particles and mortar. Because of

the specific surface area

decreases, reduces the frictional force
this, large particles can settle more than small
particles in concrete. It was suggested by using
Stokes’ Law that, the spherical particles (CAs) in a
liquid (mortar) can settle when the dimensionless
parameter Yg (Eq. 1) remains under 0.143 (Beris et

al. 1985).

3.‘50

= — 2
9  2R.l4plg 2)

where 19 is the yield stress (N/m?) of the mortar part
of SCC, |Ap|is the density difference (kg/m3)
between the CA and mortar, R is the maximum
radius (m) of the CA, and g is the gravity
acceleration. Eq. (2) indicates that when the size of
CA increases, Yg decreases, causing settlement of
the larger CA particles, which results in segregation.
Maximum limits of 10% (Khayt et al. 1999) and 8 mm
(Bui et al. 2002) were suggested for the sieving and
penetration tests, respectively. Fig. 6 shows that for
the SCCs with 10 mm CA size, the sieve segregation
test results remained under the segregation limit for
both fines, except the mixture with the highest
amount of FA content. However, for 16 mm CA size,
a considerable segregation was predicted for the
highest amount of fines; higher for that with FA than
that of LS. The high segregation obtained for the
highest FA content can be attributed to the low
viscosity of this concrete compared with that of the
LS-added concrete.

Static segregations depends on the CA size, the
density difference between the aggregate and
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Figure 6. Variation of sieving segregation with fines
content

paste, the viscosity and yield stress of the paste, the
aggregate volume fraction and grading, and the type
of cement paste (Shen et al. 2009). Fig. 6 also
indicates that segregation increases with an
increase in fines in general. For the concretes with
constant W/C ratio, increases in fines content
causes increases in paste volume, which separates
the CA particles from each other and enables them
to settle more easily (Esmaeilkhanian 2014).

The segregation results measured by the
penetration method are illustrated in Fig. 7 for both
fines. Fig. 7 shows that for the 10 mm CA size, all of
the penetration results indicated no segregation for
the LS or the FA. However, for low fines contents the
penetrations were slightly higher for LS-added SCCs
than for those of FA. When the fines were increased
to the highest level, penetration increased for both
types of fines (slightly higher for FA) but still
remained within the limits. When SCCs with 16 mm
CA are considered, penetration slightly exceeded
the segregation limit for the two highest LS
contents. Similarly, Silva and Brito (2015) reported
that the SCCs with FA are less prone to segregation
compared with those of LS. Furthermore, the
penetrations obtained for the LS were higher than
those of FA for all levels of fines, including the
highest fines content, which contradicts the results
of the sieve tests. Dynamic and static segregations
are defined as the separation of CA from mortar in
fresh concrete during transporting or placing and
respectively (El-Chabib and
Nehdi 2006). The penetration and sieve tests are

during settlement,
acceptable static segregation methods (Shen et al.

2015) however; the latter method also includes the
actions of flow, which may be the reason for the
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Figure 7. Variation of penetration segregation with fines
contents
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differences between the measured results.

3.5. J-Ring Results

In the J-ring test, concrete passes through steel bars
representing reinforcement in reinforced concrete
structures. This test measures the ability of an SCC
to flow and pass through obstacles. The difference
between the middle point inside the ring and the
average heights of four points just outside the ring
(blocking step) can be taken as a measure of the
passing ability. Variations of blocking steps in J-ring
tests, for varying amounts of LS and FA, are
demonstrated in Fig. 8 for both CA sizes. The SCCs,
without any extra fines but prepared with the
addition of VMA, showed the higher blocking step
for both maximum aggregate sizes than those of the
mixtures using LS or FA. Similarly, by using the L-box
test, the blocking of SCC was investigated by
Petersson and Billberg (1999) and it was found that
only up to 10% of SCC filler can be reduced by using
VMA. Furthermore, the blocking steps of these
concretes exceeded the limit of 10 mm (EFNARC
2002), showing that, although a concrete may have
a high slump flow, it may still show blocking.
However, the addition of 36 dm3/m3 LS into these
concretes reduced the blocking step under the limit
of 10 mm. Similarly, addition of ground stone
powder beyond 50 kg/m3 reduced the blocking step
to under 10 mm (Mueller et al. 2014). Fig. 8 also
shows that the blocking step is smaller for the CA
size of 10 mm than for 16 mm, in general, with the
exception of SCCs with fines of 72 dm?3, which have
equal steps for both sizes.

When the SCCs prepared with FA are considered
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Figure 8. Variation of blocking step with fines content.

(Fig. 8), the blocking step reduced with an increase
in FA content for both CA sizes. Besides, the greater
the aggregate size, the higher the blocking step. For
low amounts of FA, the blocking exceeds the limit
and it was necessary to include at least 72 dm3/m?3
FA for the 10 mm aggregate size but more than that
for the 16 mm aggregate size in order to remain
under the limit. Similarly, Pandurangan et al. [49]
reported that when the size of the CA was increased
from 10 to 20 mm, the blocking step increased
83.8% and 34.9% for low (40% of cement) and high
(60%) FA contents, respectively.

Fig. 8 shows that the FA-added SCCs have higher
blocking steps than those of LS for all fines contents
and both aggregate sizes, except for the 10 mm
aggregate size and the maximum amount of fines,
which are approximately equal. It seems that a
certain amount of the CA in FA-added SCCs
separates from the mortar while passing between
the bars during the J-ring test. This behavior could
be due to the low viscosity of FA-added concretes. It
is known that viscosity is related to the cohesion
between the particles in a concrete, which holds the
particles together. A concrete with a higher
viscosity, hence with a higher cohesion, can pass
between the obstacles (bars) keeping its unity and
without segregation. For this reason, the SCCs
prepared with LS showed low blocking step, owing
to the higher viscosities than those of FA-added
ones. Okamura and Ouchi (2003) explained that
highly viscous paste is required to avoid the
blockage when concrete flows through reinforcing
bars. Likewise, it was reported that the risk of
blockage could be reduced by providing adequate
viscosity, hence maintaining the solid particles in
good suspension as they pass the obstacles (Khayat
1999). Similarly, increased blocking steps were
obtained in SCCs with increased fly ash content (Liu
2010).

4. Conclusions
The following conclusions can be drawn from this
study, regarding the effects of fines type and

content as well as maximum aggregate size on the
workability properties of SCCs.
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1. Slump flow either showed a slight increase or
remained unchanged with both LS and FA additions
up to 72 dm3/m? and a large increase after this
amount of fines. SP content decreased with
increasing powder content for both types of fines
and aggregate sizes.

2. Tsoo flowing times remained at between 2 to 3
seconds and did not show a particular trend with the
addition of fines or aggregate size. However, V-
funnel times increased with the addition of LS,
probably due to the friction between the particles
and as well as arching effects. The flow times either
remained constant or increased with an increasing
amount of FA content. Additionally, V-funnel times
were shorter for the FA added mixtures than those
of LS ones, due to the differences in shape and
surface texture of the fine particles.

3. For both LS and FA fines, segregation measured
by both methods displayed higher segregation for
SCCs with 16 mm aggregate size than for those with
10 mm. By the sieving method, all the SCCs prepared
remained in the SR2 segregation resistance class in
general. The penetration method predicted
segregations either under or equal to the limit of 8
mm for the SCCs prepared with 10 mm aggregate
size, however, it slightly exceeded the limit for those

prepared with 16 mm aggregate and LS mixtures.

4. SCCs prepared with VMA but without any extra
fine material showed the highest blocking step in
the J-ring test, but the addition of LS powder of 36
dm?3/m? and above reduced the blockage below the
10 mm limit for both aggregate sizes. Fly ash-added
SCCs displayed higher segregation than those of LS.

Acknowledgments

The authors wish to thank the Scientific and
Technological Research Council of Turkey (TUBITAK) for
providing support for this study (MAG-115M483). The
authors also thank ITU. BAP (Project No. 39476) for their
support.

5. References

Askarian, M., Aval, S.F., Joshaghani, A., 2018. A
comprehensive  experimental study on the
performance of pumice powder in self-compacting
concrete (SCC). Journal of Sustainable Cement-Based
Materials, 7, 340-356.

ASTM. C1712. 2014. Standard Test Method for Rapid
Assessment of Static Segregation Resistance of Self-
Consolidating Concrete Using Penetration Test.
ASTM-C1712. West Conshohocken, PA, USA.

Barbhuiya, S., 2011. Effects of fly ash and dolomite
powder on the properties of self-compacting
concrete. Construction and Building Materials, 25,
3301-3305.

Beris, A. N., Tsamopoulos, J.A. Armstrong, R.C. and
Brown, R.A., 1985. Creeping motion of a sphere
through a Bingham plastic. Journal of Fluid Mechanics,
158, 219-244.

Bouzian., T., 2013. Assessment of fresh properties and
compressive strength of self-compacting concrete
made with different sand types by mixture design
modelling approach. Construction and Building
Materials, 49, 308-314.

Bui, V. K., Montgomery, D.,. Hinczak, I. and Turner, K.,
2002. Rapid testing methods for segregation
resistance of self-compacting concrete. Cement and
Concrete Research, 32, 1489-1496.

Diamantonis, N., Marinos, |., Katsiotis, M.S., Sakellariou,
A., Papathanasiou, A., Kaloidas, V. and Katsioti, M.,
2010. Investigations about the influence of fine
additives on the viscosity of cement paste for self-
compacting concrete. Construction and Building
Materials, 24, 1518-1522.

EFNARC 2002. (The European Federation of Specialist
Construction Chemicals and Concrete Systems)
Specification and Guidelines for Self-Compacting
Concrete. EFNARC. Norfolk, UK.

EFNARC 2005. The European Guidelines for Self-
Compacting Concrete: Specification, Production and
Use. The Self-Compacting Concrete European Project
Group. Norfolk, UK.

EN 197-1. CEN  (European Committee for
Standardization). 2011. Cement -Partl: Composition,
Specifications and Conformity Criteria for Common
Cements. Brussels, Belgium.

EN 12350-8. CEN (European Committee for
Standardization). 2010a. Testing fresh concrete - Part

196



Effects of Fines Content and Type, and Coarse Aggregate Size on the Workability Properties of Self-Compacting..., Hilmioglu et al.

8: Self-compacting concrete - Slump-flow test.
Brussels, Belgium.

EN 12350-9. CEN (European Committee for
Standardization). 2010b. Testing fresh concrete - Part
9: Self-compacting concrete — V-funnel test. Brussels,
Belgium.

EN 12350-11. CEN (European Committee for
Standardization). 2010d. Testing fresh concrete - Part
11: Self-compacting concrete — Sieve segregation
test. Brussels, Belgium.

EN 12350-12. CEN (European Committee for
Standardization). 2010c. Testing fresh concrete - Part
12: Self-compacting concrete — J-ring test. Brussels,
Belgium.

El-Chabib, H. and Nehdi, M., 2006. Effect of mixture
design parameters on segregation of self-
consolidating concrete. ACI Materials Journal, 103,
374-383.

Esmaeilkhanian, B., Khayat, K.H., Yahia, A. and Feys, D.,
2014. Effects of mix design parameters and
rheological properties on dynamic stability of self-
consolidating concrete. Cement and Concrete
Composites, 54, 21-28.

Felekoglu, B., Tosun, K., Baradan, B. Altun, A. and
Uyulgan, B., 2006. The effect of fly ash and limestone
fillers on the viscosity and compressive strength of
self-compacting repair mortars. Cement and Concrete
Research, 36, 1719-1726.

Hu, J. and Wang, K., 2011. Effect of coarse aggregate
characteristics on concrete rheology. Construction
and Building Materials, 25, 1196-1204.

Jalal, M., Fathi, M. and Farzad, M., 2013. Effects of fly ash
and TiO2 nanoparticles on rheological, mechanical,
microstructural and thermal properties of high
strength self-compacting concrete. Mechanics of
Materials, 61, 11-27.

Jiao, D, Shi, C., Yuan, Q., An, X., Liu, Y. and Li., H., 2017.
Effect of constituents on rheological properties of
fresh concrete-A review. Cement and Concrete
Composites, 83, 146-159.

Khaleel, O. R., Al-Mishhadani, S. A. and Abdul Razak, H.,
2011. The effect of coarse aggregate on fresh and
hardened properties of self-compacting concrete
(SCC). Procedia Engineering, 14, 805—813.

Khatib, J.M., 2007. Performance of self-compacting
concrete containing fly ash. Construction and Building
Materials, 22, 1963-1971.

Khayat, K. H., Hu, C. and Monty, H., 1999. Stability of self-
consolidating concrete, advantages and potential
applications.  Proc., 1st |International RILEM
Symposium on Self-Compacting Concrete, edited by
A. Skarendahl, O. Petersson, PRO 7, RILEM Pub. SARL,
Stockholm, Sweden, 143-152.

Khayat, K. H. 1999., Workability, testing, and
performance of self-consolidating concrete. ACI
Materials Journal, 96, 346-353.

Koehler, E. P. and Fowler, D. W., 2007a. Aggregate in self-
consolidating concrete. ICAR Project 108, The
University of Texas at Austin: International Center for
Aggregates Research, p. 362.

Koehler, E. P. and Fowler, D.W., 2007b. Proportioning SCC
based on aggregate characteristics. Proc., 5th Int.
RILEM Symp. on Self-Compacting Concrete, edited by
G. De Schutter and V. Boel, Gent, Belgium, 67-72.

Kraenkel, T., Lowke, D. and Schiebl, P., 2009. Effect of
coarse aggregate on properties of self-compacting
concrete. Proc., 2nd |Inter. Symp. on Design,
Performance and Use of Self-Consolidating Concrete,
SCC'2009-China, edited by C. Shi, Z. Yu, K.H. Khayat
and P. Yan, Beijing, China, 201-211.

Kwan, A. K. H. and Ng, LY.T., 2010. Improving
performance and robustness of SCC by adding
supplementary cementitious materials. Construction
and Building Materials, 24, 2260-2266.

Laskar, A. |. and Talukdar, S., 2008. Rheological behavior
of high performance concrete with mineral
admixtures and their blending. Construction and
Building Materials, 22, 2345-2354.

Liu, M., 2009. Self-compacting concrete with different
levels of pulverized fuel ash. Construction and
Building Materials, 24, 1245-1252.

Mueller F. V. and Wallevik O. H., 2009. Effect of maximum
aggregate size in air-entrained eco-concrete. Proc.,
2nd Inter. Symp. on Design, Performance and Use of
Self-Consolidating Concrete, SCC’'2009-China, edited
by C. Shi, Z. Yu, K.H. Khayat and P. Yan, Beijing, China,
664-673.

Mueller, F. V., Wallevik, O. H. and Khayat, K. H., 2014.
Linking solid particle packing of Eco-SCC to material
performance. Cement and Concrete Composites, 54,
117-125.

Nanthagopalan, P. and Santhanam, M., 2009.
Experimental investigations on the influence of paste
composition and content on the properties of self-
compacting concrete. Construction and Building
Materials, 23, 3443-3449.

197



Effects of Fines Content and Type, and Coarse Aggregate Size on the Workability Properties of Self-Compacting..., Hilmioglu et al.

Navarrete, |. and Lopez, M., 2016. Estimating the
segregation of concrete based on mixture design and
vibratory energy. Construction and Building
Materials, 122, 384-390.

Okamura, H. and Ouchi, M., 2003. Self-compacting
concrete. Journal of Advanced Concrete Technology,
1, 5-15.

Pandurangan, K., Ramakrishna, G. and Kothandaraman,
S., 2012. Effect of coarse aggregate size and shape on
the strength and flow characteristics of self-
compacting concrete. Indian Concrete Institute
Journal, 13, 1-7.

Petersson, O. and Billberg, P., 1999. Investigation on
blocking of self-compacting concrete with different
maximum aggregate size and use of viscosity agent
instead of filler. Proc., 1st International RILEM
Symposium on Self-Compacting Concrete, edited by
A. Skarendahl and O. Petersson. RILEM Pub., SARL,
Stockholm, Sweden, 333-344.

Ponikiewski, T. and Golaszewski, J., 2013. The rheological
and mechanical properties of high-performance self-
compacting concrete with high-calcium fly ash.
Procedia Engineering, 65, 33-38.

Shen, L., Struble, L. and Lange, D., 2009. Modeling static
segregation of self-consolidating concrete. ACI
Materials Journal, 106, 367-373.

Shen, L., Jovein, H. B. and Wang, Q., 2015. Correlating
aggregate properties and concrete rheology to
dynamic segregation of self-consolidating concrete.
Journal of Materials in Civil Engineering, 28,
040150671.

Shindoh, T. and Matsuoka Y., 2003. Development of
combination-type self-compacting concrete and
evaluation test methods. Journal of Advanced
Concrete Technology, 1, 26-36.

Silva, P. and Brito, J., 2013. Electrical resistivity and
permeability of self-compacting concrete with
incorporation of fly ash and limestone filler. Advances
in Concrete Construction, 1, 65-84.

Silva, P. R. and Brito, J., 2015. Fresh-state properties of
self-compacting mortar and concrete with combined
use of limestone filler and fly ash. Materials Research,
18, 1097-1108.

Skender, Z., Bali A., and Kettab, R., 2021. Self-compacting
concrete (SCC) behavior incorporating limestone fines
as cement and sand replacement. European Journal of
Environmental and Civil Engineering, 25, 1852—-1873.

Su, N., Hsu, K.-C. and Chai, H.-W., 2001. A simple mix
design method for self-compacting concrete. Cement
and Concrete Research, 31, 1799-1807.

Takada, K. and Tangtermsirikul, S., 2000. Self-Compacting
Concrete - State-of-the-Art Report of RILEM TC 174-
SCC. Edited by A. Skarendahland, O. Petersson, RILEM
Pub. SARL, 25-39.

Varhen, C., Dilonardo, I., de Oliveira Romano, R. C,
Pileggi, R. G. and de Figueiredo, A. D., 2016. Effect of
the substitution of cement by limestone filler on the
rheological behaviour and shrinkage of
microconcretes. Construction and Building Materials,
125, 375-386.

Yahia A. and Khayat, K. H.,, 2006. Modification of the
concrete rheometer to determine rheological
parameters of self-consolidating concrete. Proc., 2nd
International Symposium on Concrete through
Science and Engineering, edited by J. Marchand, B.
Bissonnette, R. Gagné, M. Jolin and F. Paradis, RILEM
Publications SARL, Canada, 375-380.

Zeghichi, L., Benghazi, Z. and Baali, L., 2014. The effect
of the kind of sands and additions on the mechanical
behaviour of S.C.C. Physics Procedia, 55, 485 — 492.

Zhu, W. and Gibbs, J.C., 2005. Use of different limestone

and chalk powders in self-compacting concrete.
Cement and Concrete Research, 35, 1457-1462.

198



Afyon Kocatepe Universitesi Fen ve Miithendislik Bilimleri Dergisi

Afyon Kocatepe University Journal of Science and Engineering

AKU FEMUBID 22 (2022) 015602 (199-206)
DOI: 10.35414/akufemubid.1025697
Arastirma Makalesi / Research Article

Anlik Gii¢ Spektrumu ile Eslestirilmis Kayitlarin Tek Serbestlik Dereceli
Sistemlerin inelastik Yer Degistirmelerine Etkisi

AKU J. Sci. Eng. 22 (2022) 015602 (199-206)

Esra ZENGIN!
L Beykent Universitesi, Miihendislik Mimarlik Fakiiltesi, Insaat Miihendisligi Bélimii, istanbul.

e-posta: esrazengin@gmail.com ORCID ID: http://orcid.org/0000-0002-6543-4526

Gelis Tarihi: 18.11.2021 Kabul Tarihi: 22.02.2022

0z

Yapinin birinci periyodundaki elastik spektral ivme (Sa(T1)) ile anlik gti¢ (IP(T1)) parametresinin birlikte
kullanilmasi, yapinin sismik tasarim ve degerlendirilmesinde yakin saha deprem kayitlarinin darbe
ozelliklerinin acgikca dikkate alinmasi ihtiyacini ortadan kaldirmaktadir. Yakin zamanda 6nerilen kayit
eslestirme algoritmasinda, yakin saha yer hareketleri hedef Sa spektrumu ve IP spektrumu ile ayni anda
eslesmektedir. Bu galisma, IP'nin kayit eslestirmedeki 6nemini yalnizca Sa ile eslestirilen kayitlardan ve
Sa ve IP ile eslestirilen kayitlardan elde edilen tek serbestlik dereceli sistemlerin dogrusal olmayan yer
degistirmelerini karsilastirarak degerlendirmektedir. Orijinal ve eslestirilen kayitlarin sonuglari arasinda
herhangi bir fark olup olmadigini ve maksimum yer degistirmeler arasindaki farkhilklarin ne 6l¢lide kayit
setlerinin IP'lerindeki farkhlklara atfedilebilecegini test etmek icin orijinal kayitlarla da dogrusal
olmayan dinamik analizler gergeklestirilmistir. Yer degistirme degerlerinin kayit setlerinin medyan IP
seviyelerine duyarli olabilecegi ve kayit eslestirmede IP parametresinin dikkate alinmasinin yakin saha
yer hareketlerine maruz kalan yapilarin performanslarinin dogru bir sekilde tahmin edilmesinde 6nemli
oldugu sonucuna varilmigtir.
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Influence of Instantaneous Power Spectrum Matched Records on
Inelastic Displacements of Single-Degree-of-Freedom Systems

Abstract
The use of Instantaneous Power (IP(T;)) together with elastic spectral acceleration at the first mode

period of the structure (Sa(T1)) alleviates the need for explicit consideration of pulse characteristics of
the near-fault records in seismic design and assessment of structures. A recently proposed record

Keywords matching algorithm can simultaneously match the near-fault records to the target Sa- and IP- spectrum.

Near-fault ground This study evaluates the influence of consideration of IP in the record matching process by comparing

the maximum inelastic displacements of single-degree-of-freedom systems obtained from Sa-only
matched records and Sa- and IP-matched records. We also consider original records to test whether

motions; pulse-like
records; Record

matching; Nonlinear there are any differences between the results of original and matched records and to what extent the

dynamic analysis differences in structural responses can be attributed to differences in IPs of the record sets. We find
that inelastic displacements can be sensitive to the median IP levels of the record sets, and that the
consideration of the IP in record matching can be important for the accurate prediction of the seismic

performance of structures subjected to near-fault ground motions.
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1. Giris hedef spektrumla uyumlu olacak sekilde

Yapilarin dogrusal olmayan dinamik analizinde Olceklendirilir ya da eslestirilir. Glvenilir ve dogru bir

tasarim yer hareketi seviyesi ile uyumlu kayitlar elde
etmek icin senaryo depreminin
parametreleri (blyuklik, mesafe, yerel zemin sinifi)
ile uyumlu secilmis yer hareketlerinin spektrumu

sismolojik

yapisal tepki tahmini igin tasarim deprem yer
hareketinin kritik yonlerini temsil edebilen kayit
secim ve Olceklendirme yontemini kullanmak
olduk¢a 6nemlidir. Abrahamson (1992) tarafindan

gelistirilen ve yer hareketinin duragan olmayan
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ozelliklerini  koruyabilen spektrum eslestirme
yontemi (RspMatch) ivme kaydina zaman tanim
alaninda dalgacik fonksiyonlari ekleyerek kayit
spektrumu ile hedef spektrum arasindaki spektrum
uyumlulugu yakalar. Spektrumu eslestirilmis yer
tepkideki

degiskenligi duslrdGgi icin dinamik analizler igin

hareketlerinin  kullanilmasi  yapisal
gerekli kayit sayisinda da azalmaya neden olur.

Ancak bu vyontem, secilen belli bir periyot
araligindaki genliklerin eglestirilmesine
dayandigi tepkiyi Olclide

etkileyen yer hareketinin diger 6zelliklerinin etkisini

spektral
icin yapisal onemli
gdz dniine almaz. Ornegin, hiz darbesi iceren yakin
saha yer hareketlerinin hiz zaman serilerinde kisa
zaman araliginda blylik miktarda enerjinin
toplandigi gdzlemlenmistir (Somerville et al. 1997).
Darbesiz kayitlara gore farkli 6zelliklere sahip olan
bu tarz kayitlarin yikici etkileri darbenin genligi ve
periyodu (T,) ile karakterize edilmistir (Alavi and
2000). Literattrdeki

darbeli yakin saha yer hareketlerinin tek serbestlik

Krawinkler bircok calisma
dereceli (TSD) sistemlerin maksimum inelastik yer
degistirme (um) taleplerini 6nemli 6lclide etkiledigini
gostermistir (Baez and Miranda 2000, Chopra and
Chintapakdee 2004, Akkar et al. 2004). Betonarme
ve celik cerceve sistemlerde darbeli kayitlarin
darbesiz kayitlara gore silineklik ve kat otelenme
taleplerini  arttirdigl literatlirde  gosterilmistir
(Bertero et al. 1978, Nakashima et al. 2000, Liao et
al. 2001, Baker and Cornell 2008).

Sismik tasarim ve degerlendirme yontemlerinde
tepkiyi
kullanilan ve yapinin temel periyodundaki elastik

yapisal tahmin etmede vyaygin olarak

spektral ivmeyle tanimlanan siddet 6l¢lisi (Sa(T1))
darbeli
Uzerindeki etkilerini yakalayamamaktadir. Zengin ve

yakin saha vyer hareketlerinin yapilar
Abrahamson (2020a) tarafindan onerilen Sa(T:) ve
anlik guigten (IP(T1)) olusan vektér siddet Slglsinin
yakin saha depremlerin yikici etkilerini verimli bir
sekilde yakaladig gosterilmistir. Onerilen bu ikincil
siddet ol¢lisinin etkilerini géz online almak igin
kayit secim ve eslestirme yontemleri onerilmistir
(Zzengin and Abrahamson 2020b, 2021a). Zengin ve
Abrahamson (2021a) ¢alismasinda, yakin saha kayit

eslestirme yontemlerinde kayitlarin IP degerlerinin

hedef
belirtilmistir.

IP degerlerle uyumlu olmasi gerektigi

Mevcut uygulamalarda siklikla kullanilan spektrum
eslestirme yontemi ile ilgili bir endise de, spektrumu
eslestirilmis yer hareketleriyle elde edilen yapisal
tepki parametrelerinin ne 6l¢lide dogru ve gercekgi
oldugudur. Bu baglamda o6zellikle medyan yapisal
tepkinin konservatif olarak tahmin edilip edilmedigi
farkli  hedef
spektrumlari, kayit setleri ve vyapisal modeller

arastirilmis, ancak  kullanilan
yapilan calismalar arasinda tutarsiz sonuglara neden
(Grant 2012).

spektrumu eslestirilmis  kayitlarin  gercekgiligini

olmustur Bu vyizden genellikle
gormek icin eslestirme dncesi ve sonrasi ivme, hiz ve
yer degistirme zaman serileri karsilagtiriimaktadir.
Darbeli yakin saha vyer hareketleri icin darbe
parametrelerinin  korunup korunmadigl kontrol

edilmektedir. Bunun yanisira, spektrumu
eslestirilmis yer hareketinin dinamik analizlerde
kullaniminin uygunlugu sahada beklenen sismik
taleple tutarh yapisal tepkinin dogru bir sekilde

tahmin edilmesiyle de kontrol edilmektedir.

Bu calisma, yakin saha yer hareketlerini hem elastik
spektral ivme (Sa) spektrumu hem de IP spektrumu
Farkli
yontemlerinin maksimum yer degistirme dagilimi

ile eslestirmektedir. kayit eslestirme
Uzerindeki etkisinin incelenmesi amaciyla farkli
periyotlara sahip TSD sistemlerin dogrusal olmayan
dinamik analizleri Sa spektrumu ile eslesen kayitlar,
Sa ve IP spektrumlari ile eszamanli eslesen kayitlar
ve orijinal kayitlar altinda yapilmistir. Kayit setlerinin
IP degerleri hedef IP degerleri ile karsilastiriimis ve

sonuglara olan etkileri irdelenmistir.

2. Kayit Eslestirme Yontemi ve Kayit Ozellikleri

Yer hareketinin tek bir bilesenin geometrik ortalama
RotD50
olusturulmus hedef spektruma eslestirilmesi kaydin

veya ortalama bileseni kullanilarak

spektral degiskenliginin yapay olarak bastiriimasina
yol agmaktadir. Bu ylzden, ortalama hedefe gore
kaydin  bileseninin  degiskenliginin  korunmasi
amaciyla Bilesen Degiskenlik Orani (BDO) Denklem 1

ile tanimlanmistir:

SaHj,kath

j— l
BDOij - SaRotDSO,kaylt (1)
i
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Yukaridaki denklemde, Sa?f"‘“y”

icin i periyodundaki

j kayit bileseni
spektral ivmeyi
gostermektedir. Daha sonra bilesene 6zgli hedef
spektrumu (Safj'he‘ief) Denklem 2 kullanilarak

hesaplanmistir:

Hjhede hed
Sa; "% = BDO;; x S} (2)
Sa?edef
karsilik gelmektedir. Bilesene 6zel IP hedefi igin

BDO'yi RotD50 vyerine
geometrik ortalama IP degerleri kullaniimaktadir.

, 1 periyodundaki hedef spektral ivmeye

hesaplarken, kaydin

Clnkd IP icin 6nerilen kosullu yer hareketi modeli,
yatay
ortalamasina gore Onerilmistir  (Zengin and
Abrahamson 2020b). Bu sekilde kaydin bilesenleri
arasindaki

kayitlarin bilesenlerinin geometrik

spektral ve IP  degiskenlikleri

korunmustur.

Bu galismada, Sa eslestirmeli kayit setleri RspMatch
programindaki yaklasimla elde edilmistir. Kayitlarin
ivme serilerine zaman tanim alaninda kosinis
dalgacik fonksiyonlari eklenerek Sa spektrum

eslestirmesi  gerceklestirilmistir. IP  eslestirmesi
yaklasiminda ise kayitlarin hiz zaman serilerine
Ricker dalgaciklari (Ricker 1953) eklenmistir. Segilen
kayit bilesenleri Denklem 2 kullanilarak elde edilen
Sa ve IP hedef spektrumlarina yakin bir eslesmeye

sahip olana kadar ardisik sekilde modifiye edilmistir.

Sa ve IP kayit eslestirmelerinde Zengin ve
Abrahamson (2021a ,b) tarafindan gelistirilen
algoritma kullanilmistir

(https://github.com/zenginesra/Sa_IPmatch).

Abrahamson vd. (2014) yer hareketi modeli
kullanilarak baydklik (My) 7.5, kirlma mesafesi
(Rrup) 10 km ve ortalama kayma dalgasi hizi (Vs3o)
400 m/sn olan bir deprem senaryosu icin 84.
ylzdelik dilimine tekabil eden hedef senaryo
spektrumu olusturulmustur. Sekil 1, RotD50 hedef
spektrumu ve Northridge-01 (My=6.69) depremi
Olive

hareketinin

Sylmar istasyonunda  kaydedilen yer

(yatay bilesen-1) bilesene 06zgi
spektrumu Denklem 2 kullanilarak elde edilmis ve
kaydin spektrumu segilen periyot araliginda bu

spektruma eslestirilmistir.

Sekil 2, kosullu IP yer hareketi modeli kullanilarak
elde edilen medyan spektrumu, bilesene 6zgili hedef
spektrumu ve Sa ve IP eslestirme yontemi
kullanilarak elde edilen eglestirilmis kayit IP
spektrumunu gostermektedir. Sa ve IP eslestirme
yontemleri secilen yer hareketinin iki yatay bileseni
gerekir.

icin uygulanmasi Boylece eslestirilmis

kayitlarin geometrik ortalamasi hedef senaryo

spektrumlarla uyusum gosterecektir.

10
——— Eslestirilmis Kayit
- - — - Bilesen Hedef
Hedef RotD50

Sa(g)

107 ¢

1
10

10

-1 0 1

10
Periyot (sn)
Sekil 1. RotD50 hedef spektrumu ve Northridge-01

(Mw=6.69) depremi Sylmar Olive istasyonundaki

10

yer hareketinin (yatay bilesen-1) bilesene 6zgi
spektrumla eslestirilmis kayit spektrumu.

10

——+—— Eslestirilmig Kayit
- - - - Bilesen Hedef
Hedef IP (Geometrik ortalama)

=
o

IP(cmZ/sl]

10

Periyot (sn)

Sekil 2. Hedef medyan spektrumu, bilesene 6zgii hedef
spektrumu ve Sa ve IP eslestirme yontemi
kullanilarak elde edilen eslestirilmis kayit IP
spektrumu.

Dogrusal olmayan analizlerde kullaniimak Uzere
eslestirilecek kayit seti hiz darbeli ve darbesiz olarak
siniflandirilmis  kayit grubundan olusturulmustur.
Bunun icin NGA-West2 kayit veritabani M, 6.5-7.5,
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Rup 0-20 km ve Vs3p 180-760 m/sn araliklarinda
sinirlandiriimis ve hedef spektruma spektral sekilleri
en yakin 11 adet yer hareketi secilmistir. Tek bir
depremin sonuglarda yanhlik yaratmamasi igin ayni
depremden en fazla 3 istasyon kaydi kullanilmistir.
Secilen kayit setinde 7 adet darbeli kayit ve 4 adet
darbesiz kayit vardir. Analizler, yer hareketinin iki
yatay bileseni icin gerceklestirilmistir. Bu ¢alismada
kullanilan deprem kayitlarin listesi Cizelge 1’ de
gosterilmistir. Bu kayitlar ayni zamanda eglestirme
icin de kullanilmistir.

Sekil 3, Sa eslestirmeli, Sa ve IP eslestirmeli kayit
setlerinin IP degerlerinin karekdklnidn (sqrt(IP)),
VIP, orijinal kayit setinin VIP degerine oranini dort
farkh periyotta gostermektedir. Orijinal kayitlar,
kayit eslestirme yodntemlerinin maksimum yer

degistirmeleri  tahmin  etmedeki  etkinligini
degerlendirmek icin kullanilmistir. Ayni zamanda, bu
kayit setinin medyan IP degeri kosullu yer hareketi
modelinden elde edilen hedef IP degerine yakin
bulundugu icin analizlerde referans kabul edilmistir.
IP siddet Olclst, yakin saha yer hareketlerini
etkileyen bir parametre oldugu igin kayit setlerinin
Urettigi yapisal tepki dagilimi arasindaki farklar kayit
setlerinin IP  degerleri arasindaki farklardan
etkilenebilir.  Sekil 3’'te goriuldugu

eslestirmeli kayit setinin Sa ve IP eslestirmeli kayit

uzere, Sa

setinden genelde daha yilksek IP degerine sahip
oldugu gorulmustir.

Cizelge 1. Analizlerde kullanilan yakin saha deprem kayitlari.

No Deprem Yil istasyon My Rrup(km) Vsso(m/sn) Ty (sn)
1 Gazli, USSR 1976 Karakyr 6.8 5.46 260 -
2 Loma Prieta 1989 LGPC 6.93 3.88 595 -

. Saratoga-
3 Loma Prieta 1989 6.93 8.50 381 4.57
Aloha Ave
Northridge- Jensen Filter
4 1994 6.69 5.43 526 3.53
01 Plant
. Rinaldi
Northridge- o
5 o1 1994 Receiving 6.69 6.5 282 1.25
Sta.
Northridge- )
6 o1 1994  Sylmar-Olive 6.69 5.3 440 2.44
Cape .
7 ) 1992 Petrolia 7.01 8.2 422 2.99
Mendocino
Chi-Chi
8 . 1999 CHY028 7.62 3.12 543 -
Taiwan
9 Duzce,Turkey 2010 Duzce 7.14 6.58 282 -
Darfield, New
10 2010 GDLC 7.0 1.22 344 6.23
Zealand
Darfield, New
11 2010 HORC 7.0 7.29 326 9.92
Zealand
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1.2
Sa eslestirilmis
T 115} e 53 ve P eglestirilmis |
5
[+
= 1.1
£
o
wy
\W
€ 105
Fy
-—u.é’r 1 i
=
i
g 095
0.9 L : . L
0.5 1 1.5 2
Periyot (sn)

Sekil 3. Sa eslestirmeli, Sa ve IP eslestirmeli kayit
setlerinin IP’lerinin karekokiiniin (sqrt(IP)) orijinal kayit
setinin sqrt(IP) degerine oraninin periyoda gore degisimi.

3. Dogrusal Olmayan Dinamik Analizler

Yer hareketine maruz TSD dereceli sistemler igin
hareket denklemi asagidaki sekilde yazilabilir:

ii(t) + 2Ewou(t) + wu(t) = —iiy (t) (3)

Denklem 3’ deki ifadelerden wqdogal frekansi,
& viskoz soniim oranini ifade etmektedir. u(t), u(t)
ve 1i(t) terimleri sirasiyla sistemin goreli yer
degistirmesi, hizi ve ivmesini gostermektedir.
iig(t) terimi ise yer hareketinin ivmesini temsil
etmektedir. TSD sistemlerinin dogrusal olmayan
davraniglarini simiile etmek icin bircok histeretik
model gelistirilmistir (Takeda 1970, lbarra et al.
2005). Ancak, tasarim prosedirini basitlestirmek
icin, modern yapisal sistemlerin davranisi genellikle
iki dogrulu (bilineer) kuvvet-yer degistirme egrisiyle
temsil edilmektedir. Dogrusal olmayan bir TSD
sisteminin bilineer kuvvet-yer degistirme iliskisi Sekil
4’te gosterilmistir.

fO ' —

uy Uo Um 'u
sekil 4. Dogrusal olmayan bir TSD sisteminin bilineer
kuvvet-yer degistirme iliskisi

Sekildeki ke parametresi elastik rijitligi, k, ise akma
sonras! rijitligi gostermektedir. Burada sistemin
elastik dayanimi fo, akma dayanimi ise f, ile
gosterilmistir. 0.5 ile 2.0 saniye arasinda dort farkli
periyoda sahip TSD sistemlerin dogrusal olmayan
davranislari, elastik dayanimin akma dayanimina
orani (fo/f,) olan dayanim azaltma faktori R= 2,4,6
ve 8 kullanilarak incelenmistir. TSD sistemlerinin
akma sonrasi peklesme orani baslangig rijitliginin
%10'u, & ise %5 olarak goz 6niine alinmistir. Bu
durumda, R=2 katsayisi elastige yakin durumu temsil
ederken, R=8 katsayisi yiliksek derece dogrusal
olmayan davranisi temsil etmektedir. Dogrusal
olmayan dinamik analizler OpenSees programinda
(Mazzoni et al. 2005) gerceklestirilmistir.

Sekil 5, TSD sistemlerin farkli periyotlarda ve farkli R

degerlerinde  eslestirilmis ve orijinal  kayit

setlerinden elde edilen Um degerlerini
gostermektedir. Sekil 5'te gorildugi Gzere T,=0.5
saniyedeki medyan degerler biitlin kayit setleri icin
hemen hemen aynidir. T;=0.5 sn iken, eslestirilmis
kayit setlerinin VIP degerlerinin orijinal kayit setinin
VIP degerine gore yaklasik %5 oraninda duslik
olmasinin (bkz. Sekil 3) sonuglar etkilemedigi
goralmastir. Ayni sekilde T;=1.0 saniye oldugu
durumda eslestirilmis kayit setleri orijinal kayit
setiyle benzer un degerlerini Uretmistir. Ancak,
R=8 oldugu
kayit setlerine goére ortalama

yalnizca Sa egslestirilmis kayitlar,
durumda diger
medyani daha vyiksek tahmin etmistir. Analiz

sonuglarina gore, kayit setleri arasindaki IP
farkhhginin uzun periyotlu sistemlerin (T:=1.5 sn ve
T,=2.0 sn) orta ve vyiksek derecede dogrusal
daha etkili

gorilmistir. Ornegin, R=2 elastige yakin davranista

olmayan davranisinda oldugu
eslestirilmis kayit setlerinin VIP degerleri orijinal
kayit setine gore %7-11 oraninda ylksek olmasina
ragmen bitlin kayit setleri icin benzer um elde
edilmistir. Ancak, R=6 ve R=8 oldugu durumda
eslestirilmis kayitlarin medyan un degerleri orijinal
kayitlara gore %10-25 oraninda daha yilksek

bulunmustur.

T1=1.5 sn ve T;=2.0 sn iken egslestirilmis kayitlar
kendi iginde kiyaslandiginda Sa eslestirilmis kayit
setinin ortalama IP degerlerinin Sa ve IP eslestirilmis
kayit setinin ortalama IP degerlerinden daha yiiksek
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oldugu goriilmektedir. Dolayisiyla, Sa eslestirilmis
IP
eslestirilmis kayit setinin Urettigi um degerlerine
gore nispeten daha yiksek cikmistir. Sekil 6, bu
¢alismada kullanilan kayit setlerinden elde edilen um

kayit setinin Grettigi un degerleri Sa ve

degerlerinin  dogal logaritmasinin  standart
sapmasini (o(In(um))) gostermektedir. Eslestirilmis
kayit setleri arasindaki IP farklarinin o(In(um))
etkiledigi

Ozellikle, yiiksek periyotlu sistemler R=6 ve 8

degerlerini  (sacilhimi) gozlemlenmistir.
durumunda iken IP kullanilarak eslestirilen kayit
setinin Sa eslestirilmis kayit setine gére daha diisik
standart sapma degeri verdigi gorilmustir. Bu
sonuclar gosteriyor ki, hedef IP degeriyle uyumlu
kayit seti daha dogru um dagilimini Gretmektedir. Bu
sonuclar ayni  zamanda, vyakin saha vyer
hareketlerinin eslestirilmesinde IP parametresinin

dikkate alinmasi gerektigini gostermektedir.

T1=0.5 sn
0.4
- — = = Orijinal
0.3 Sa eglestirilmis
— wwemeweneee 53 ve P eglestirilmis
£
—_ 0.2
£
o
0.1
0
2 4 6 8
R
T,=1.5sn
0.8
0.6f
E
—_ 04}
E
=1
0.2
0
2 4 6 8
R

4. Sonug

Bu calisma, yakin saha deprem kayitlarinin
karakteristik 6zelliklerinin (darbe periyodu ve darbe
genligi) etkisini yakalayan IP(T1) parametresinin
kayit eslestirme yonteminde goz 6nline alinmasinin
Onemini gostermektedir. Farkli periyotlardaki TSD
IP
eslestirilmis kayitlar ve orijinal kayitlar altindaki um

degerleri

sistemlerin  Sa eslestirilmis kayitlar, Sa ve

karsilastirildiginda medyan Um
farkhliklarin IP
farkhhklardan kaynaklanabilecegi

sonucuna varilmistir. Ozellikle, T:>0.5 saniyeden

degerlerindeki kayit setlerinin

degerlerindeki

blylik TSD sistemlerin yiksek dogrusal olmayan
davranislarinda IP’nin etkili oldugu gorilmustir. Sa
ve [P eslestirilmis kayitlardan elde edilen um
degerlerinin dislik standart sapma vermesi ve
medyan degerlerin orijinal kayitlarla elde edilen
sonuglarla benzer olmasi bu eslestirme yonteminin
Gelecekteki

¢alismalarda, IP’nin ve eslestirilmis kayitlarin etkileri

glvenilirligini gostermektedir.

cok serbestlik dereceli sistemler icin incelenebilir.

0.4

0.3

0.2

0.1

0.8

0.6

0.4

0.2

Sekil 5. TSD sistemlerin farkli periyotlarda ve farkli R degerlerinde eslestirilmis ve orijinal kayit setlerinden elde edilen

maksimum inelastik yer degistirme degerleri.
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T1=0.5 sn
1
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Sekil 6. TSD sistemlerin farkli periyotlarda ve farkli R degerlerinde eslestirilmis ve orijinal kayit setlerinden elde edilen
maksimum inelastik yer degistirme degerlerinin dogal logaritmasinin standart sapmasi.
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Bu ¢alisma kapsaminda matris malzemesi ginko-alliminyum (ZA40) alasim tozlari igerisine takviye olarak
silisyum karbir (SiC) tozlari katilarak malzeme Uretiminde ileri bir teknik olan toz metallrjisi (T/M)
yontemi ile ZA40/SiC kompozit numuneler tretilmistir. Takviye miktari olarak ZA40 matris igerisine SiC

Anahtar kelimeler orani agirlikga % 0-0,5-1-1,5 ve 2 olarak belirlenmistir. Uretim asamasinda tozlar gezegen tipinde bilyeli

ZA40; Silisyum karbr;
Toz Metaliirjisi;
Asinma; Surtiinme

ogutiucide 400 rpm devirde koruyucu argon atmosferi altinda, oda sicakliginda 2 saat mekanik
alagimlama islemine tabi tutulmustur. Karistirilan tozlar 600 MPa basing altinda 500 °C sicaklikta 3 saat
boyunca sicak pres (hot pres) yontemi ile sinterlenmistir. Rijit hale getirilen tozlar sertlik ve yogunluk
degerleri alindiktan sonra ball on disk asinma deney diizeneginde 200 rpm devirde 100 metre yol alarak
10 ve 20N vyiikler altinda aginma dayanimlari, agirlik kayiplari ve siirtinme katsayilari hesaplanarak

katsayisi

irdelenmistir. Asinma deneylerinden sonra numunelerin detayli SEM (Taramal Elektron Mikroskobu)
resimleri incelenip olusan hasarlara bakilarak asinma etkileri belirlenmistir. Sonuglar goére artan SiC
takviyesinin kompozitlerin fiziksel ve mekanik 6zelliklerini degistirmis olup asinma dayanimina 6nemli
katkilar sundugu gorilmustar.

Investigation of Wear Parameters of Silicon Carbide (SiC) Strengthened
Zinc-Aluminium (ZA40) Alloy

Abstract
In this study, ZA40/SiC composite samples were produced by adding silicon carbide (SiC) powders as

reinforcement into the matrix material zinc-aluminium (ZA40) alloy powders by powder metallurgy
method, which is an advanced technique in material production. As the amount of reinforcement, the

ratio of SiC into the ZA40 matrix was determined as 0-0.5-1-1.5 and 2 wt. %. In the production phase,
Keywords

ZAA40; Silicone carbide;
Powder Metallurgy;
Wear; Friction

the powders were mechanically alloyed in a planetary ball mill at 400 rpm under a protective argon
atmosphere for 2 hours at room temperature. The mixed powders were sintered under 600 MPa
pressure at 500 °C for 3 hours by hot press method. After taking the hardness and density values of the
powders made rigid, they were examined by calculating their wear resistance, weight losses and friction
coefficients under 10 and 20N loads, traveling 100 meters at 200 rpm in a ball-on-disk abrasion test
setup. After the wear tests, detailed SEM (Scanning Electron Microscope) images of the samples were

coefficient

examined and the effects of wear they were exposed to was determined by looking at the damage.
According to the results, it was seen that increasing SiC reinforcement changed the physical and
mechanical properties of the composites and made significant contributions to the wear resistance.
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1. Giris alindiginda piring, dékme demir ve aliminyumun
arasindan siyrilarak dizaynirlarin  ve tasarimci
miihendislerin  hemen dikkatini ¢ekmektedir
(Ranganath et al. 2001). Ozellikle 1960 ve 1970
yillarinda ZA8-ZA12-ZA27-ZA33-ZA40 ve ZA48 serisi

Cinko Aliminyum (Zn-Al) alasimlari uygun ekonomik
degeri basta olmak lzere diisiik ergime sicakhgi, iyi
islenebilirlik ve Ustlin tribolojik 6zellikleri dikkate
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Zn-Al alasimlar gelistirilmistir. Bu alasimlar 100 °C

Uzeri c¢alisma sicakliklarinda bazi  mekanik

ozelliklerinin bozulmasi sebebiyle sinirli
uygulamalara sahiptir. Zn-Al alasimlarin en dnemli
alasim elementlerinden biri olmasi sebebi ile degisik
oranlarda seramik esash takviye malzemeleri
katilarak ileri mihendislik 6zelliklerine sahip yeni
malzemeler Gretmek mimkiin olmaktadir (Yan et al.
2010). Silisyum karbdr (SiC) takviye malzemesi
olarak oOzellikle otomotiv ve havacilik sanayisinde
piston kollari, aks mili, yaylar, transmisyon kutusu,
kiris destek vyapitlari ve tribln kanatlar gibi
pargalarda kullanilmaktadir (Trumper 1987).

ZA27 ve SiC ile ilgili yapilan bir ¢alismada ise ZA27
matrisine agirlikca % 1,5 SiC, % 0,5 oraninda grafit
katilarak ZA27/SiC/Gr

numunelerin pin on disk asinma cihazinda 20-40 ve

olusturulan kompozit
60N yikler altinda mekanik 6zellikleri ve asinma
davranislari incelemistir. Elde edilen verilere gore;
mikro sertlik ve kopma gerilmesinde bir artis
olusmustur. Bununla birlikte asinma sonrasi olusan
agirlik kayiplari kompozitlerde matris malzemesine
gore daha az oranda ¢ikmistir (Kumar 2018). ZA27
matris alasimina hacimce % 1 oraninda grafit ve %
1,% 2,% 3 ve % 4 oraninda nano alimina (Al;Os)
ekleyerek tretilen hibrit nanokompozitlerin blok on
disk tipindeki asinma cihazinda yagsiz kosullarda 10-
15-20ve 25N yiikler altinda 100-150-200 ve 250 rpm
devirde asinma o6zellikleri arastirilmistir. Sonuclara
gbre artan alimina miktar ile hibrit kompozitlerin
asinma direncinde artis meydana gelmis en iyi
asinma direncinin % 1 grafit ve % 4 aliimina katilan
numunede oldugu gorilmastlir. Ayrica matris
mekanizmasinda
hibrit

numunelerde mikro catlaklar ve delaminasyon

alagiminin ~ asinma plastik

deformasyon gorialurken yapidaki
asinmasi gorUlmustir (Guler et al. 2018). SiC
partikillerinin AA 2014 aliiminyum matris alasimina
katilarak olusturulan kompozitlerin slirtlinme ve
asinma ozelliklerinin incelendigi bir ¢calismada en iyi
asinma direncinin % 2 SiC takviyesi iceren kompozit
numunede oldugu goérilmustir (Aksoz et al. 2014).
Son zamanlarda yapilan bir calismada toz metalrjisi
ZA27/Grafen/B4sC hibrit

nanokompozitlerin kuru yagsiz ortamda, asinma

teknigi ile Uretilmis

davranislari incelenmis ve farkli yiklerde (1, 2, 5 ve
10N) ball on disk tipi asinma cihazi kullanilarak

tribolojik testler yapilmistir. Sonuglara goére B.C
hibrit
olumlu

nanopargacik icerigindeki artisin

nanokompozitlerin asinma ozelliklerini
yonde etkileyebilecegini gostermistir (Yalgin and
Canakgr 2020). ZA27 matris malzemesine SiC ve
grafit katkisi ile olusturulan hibrit numunelerin kuru
sirtinme  ortaminda asinma  davranislarini
inceleyen bir ¢alismada, yapilan SiC ve grafit
katkisinin kompozitlerin asinma dayanimini oldukca
iyilestirdigi gorilmustir (Miloradovic et al. 2021).
Bu calismada metal matrisli ZA40 alasimina SiC
takviyesi ile kompozit yeni bir malzeme gelistirilmesi
ve Ozelliklerinin incelenmesi amaglanmistir. ZA40
sebebiyle

kullanimlarini sinirlayan en biyuk etken, yliksek

alasiminin ~ ¢inko  esasli  olmasi
sicakliklarda mekanik ve tribolojik 6zelliklerinin
istenilen diizeyde olmamasidir. Bu sebeple bu
¢alisma kapsaminda bu alasimlara farkli oranlarda
katilan SiC takviyesinin; icyapi, mekanik ve tribolojik

ozellikler tGzerindeki etkisi arastirilmistir.

2. Materyal ve Metot

Calismada matris malzemesi olarak kullanilan ZA40
alasim tozlari iki El Metal Tozlari Sanayi firmasindan,
SiC  tozlarn
edilmistir. Numuneler Cizelge 1'de belirtildigi gibi

ise Alfa Aesar firmasindan temin

kodlanmistir. Hazirlanan tozlara Retsch PM 200
marka ve modelde bilyeli 6gltiiclide (gezegen tipli)
2 saat argon atmosferi altinda 400 rpm devirde
mekanik alasimlama islemi uygulanmistir. Mekanik
alasimlama islemi; 10 mm gapinda tungsten karbur
malzemeden imal edilmis bilyeler kullaniimis olup
bilye: toz agirlk orani 5:1 olarak gerceklestirilmistir.
Cinko stearat ilavesi agirlikca % 0,5 oraninda
topaklanmayi 6nlemek i¢in kullanilmistir (Yalgin and
Canakgl 2020). Sinterleme islemi icin toz karisimlari
sicak presleme islemine tabi tutulmustur. Sicak
presleme 6ncesinde numunelere 300 MPa basincta,
1 dakika
uygulanmustir.

siirede soguk On presleme islemi

Hemen sonrasinda ileri
yogunlastirma icin 600 MPa basing altinda ve 500 °C
de 3 saat sicak preslenmeye (hot pres) tabi tutularak
farkli
Uretilmistir. Numunelerin sertlik 6lctimleri 31.25 kgf
sertlik

yogunluklari  ve

takviye oranlarinda ham numuneler

yik  kullanilarak  Brinell degeri ile

belirlenmistir.  Numunelerin
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porozite oranlari Arsimet metodu kullanilarak

hesaplanmistir.  Asinma  testlerinden Once

kompozitlerin yizeyleri parlatma islemine tabi

tutulup diz ylzeyler elde edilmistir.

dayanim testleri Sekil 1’de gosterilen ball on disk

Asinma

asinma mekanizmasinda gerceklestirilmistir.
Asindirict bilye olarak 10 mm ¢api olan H11 takim
celiginden imal edilmis bilyeler segilmistir. Asinma
testleri 10 ve 20N yiik altinda, 200 rpm hizda ve 100
metre kayma mesafesinde gergeklestirilmistir. Elde
edilen sonuglarla her bir numunenin asinan yol
boyunca slrtlinme katsayilari ve agirlik kayiplari
incelenmistir. Asinma testlerinden sonra
numunelerin SEM goriintileri Zeiss Evo LS-10 marka
model cihazda, incelenerek olusan asinma tirleri
irdelenmistir.  Numunelerin EDS analizlerinde
Oxford instrument x-act marka model cihazda
Aztecone 3.3 SP1 programi kullanilarak takviyelerin

matris icerisinde dagilimi incelenmistir.

Cizelge 1. Numunelerin kodlamasi ve takviye oranlari

Mekanik
Numune Kodu Alasimlama (h) ZA40 (%) SiC (%)
Z-0 2 100 0
Z-05 2 99.5 0.5
Z-1 2 99 1
Z-15 2 98.5 15
Z-2 2 98 2

B
- s
- -

Sekil 1. Ball on disk asinma deney diizenegi

3. Bulgular ve Tartisma

ZA40/SiC kompozit tozlarinin T/M ydOntemiyle

Uretilmesinden ve vyapilan mikroyapi, sertlik,

porozite, asinma, sdrtiinme ve asinmis ylzey
incelemelerinden elde edilen veriler asagida analiz

edilerek tartisiimistir.

3.1. Mikroyapi

Uretilen kompozit numunelerde SiC pargaciklarinin
ZA40 tozlari igerisine olabildigince homojen olarak
dagilmasi, matris igerisine gomuilmesini saglamak
icin 2 saatlik bir mekanik alasimlama stresini
2'de 2.50 K.X blytutmede
silisyum karbir (SiC) pargaciklarinin, ZA40 matris

belirlenmistir. Sekil
alasimi icerisinde gomuli olarak acik sekilde
gorilmektedir. Zn-Al alasim serisi kompozitlerde
ylksek bir performans ve iyi bir ¢alisma araligi elde
etmek isteniyorsa takviye partikillerinin matris
icerisine olabildigince homojen dagilmasi ve
bununla birlikte takviye partikilleri ve matris
arasinda iyi bir ara ylzey baginin olusturulmasi
sarttir (Yalgin et al. 2019). Sekil 3'de % 2 SiC takviyeli
Z-2 kompozitine ait SEM-EDS analizi
dagihmlar gosterilmistir. Bu icyapilara sari, kirmizi,

element

yesil ve mavi bolgeler sirasiyla C, Si, Zn ve Al
elementlerinin dagilimini géstermektedir. Sekil 2 ve
3’de gorindlgi gibi yeterli bir homojen dagilim s6z
konusu degildir. Yapilan benzer bir ¢alismada,
kompozitlerin EDS analizlerinde % 2 SiC takviyesinde
Si ve C elementlerin homojene yakin dagihm
gosterdigi fakat % 4 SiC takviyesinde ise Si ve C
elementlerinin tane sinirlari Gzerine kiimelendigi
(Aks6z and 2018).
Homojeniteyi artirmak igin mekanik alagimlama

gbzlemlenmistir Bostan
slresini artirilabilir ve bilye: toz orani, degistirilebilir
fakat bu seferde kompozitlerin mekanik ve tribolojik
ozelliklerinde duslik sertlik, iyi sinterlenememe ve
zayif asinma direnci gibi istenmeyen olumsuzluklar
olusabilmektedir (Gller et al. 2020).
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10 pm EHT =20.00kV Signal A=CZ BsPProbe = 10nA
WD=11.0mm Mag= 250KX

Karadeniz Technical University
Central Research Laboratory

Sekil 2. Z-1,5 kompozitinin 2.50K X SEM gorintiisu

25um

Zn Kat

¢ ka2

==

Sekil 3. Z-2 kompozitinin SEM-EDS analizi

3.2. Porozite ve Sertlik

Cizelge 2 ve Sekil 4’ de ZA40 ve takviyeli
kompozitlerin sertlik degerleri ve porozite miktarlari
verilmistir. Artan SiC takviyesinin porozite miktarini
artirdigi, sertlik miktarini ise dislirdtgl belirgin bir
sekilde gorulmustir. Matris malzemesinde % 7,66
Olgllen porozite miktari % 0,5 SiC takviyesiile % 9,54
degerine yukselmis % 2 SiC takviyesi ile en yiksek

deger olan % 11,57 degerine ulasmistir. Burada Z-
0,5 numunesi kompozitler arasinda en distk
porozite miktarina sahip numunedir. Buradan Z-0,5
numunesinin diger kompozitlere goére daha az
aglomerasyona
Ozellikle
aglomerasyonunu artirmis olup tane sinirlarinin

sahip oldugunu soylenebilir.

takviye miktarinin artmasi tozlarin
blylimesine yol agmistir (Akgoz et al. 2012). Burada

paketlenme faktérinin etkisinin oldugu
distnulmektedir. Sertlik degerlerini Cizelge 2 ve
Sekil 4’de inceledigimizde 127 HB olgiilen matrisin
sertlik degeri takviye oranlarinin artmasiyla dogrusal
bir sekilde azaldigi gortlmustir. SiC takviyesinin
kompozitlerin sertlik degerleri Gzerindeki etkisinin
sinterleme slresi ile dogru orantili oldugunu
soylenebilmektedir (Sap 2021). En dusik sertlik
degeri 87 HB ile takviye oraninin en yiiksek oldugu
Z-2 numunesinde gortlmistur. Sertlik degerlerinin
azalmasinda, porozite miktarinin artmasinin etkili
oldugunu acikca sdylemek mimkiindiir. Ozellikle z-
1,5 ile Z-2 numunesi arasindaki artan porozite
miktarindaki  fark, bu

degerlerindeki disis ile ters orantih bir sekilde

kompozitlerin  sertlik
acikca gorilmektedir.

Cizelge 2. Numunelerin porozite ve sertlik degerleri

Numune Kodu Porozite (%) Sertlik Brinell (HB)

Z0 7,66 127
Z-0,5 9,54 117
Z1 9,97 116
Z-15 10,18 114
Z-2 11,57 87

140 T T T 12

—e— Porozite
130

120
’****77——./

-~/
1/ \ ;

80

Sertlik Brinell
(%)anzoiod

1
Artan SiC orani (%)

o 4
N -

Sekil 4. Numunelerin sertlik ve porozite degerleri
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3.3. Asinma
Cizelge 3 ve Sekil 5 incelendiginde matris ve
kompozitlerin 10 ve 20N vyik altindaki agirlik
kayiplari
kompozitlerin

verilmigtir. Her iki yik altinda da

agirhk kayiplari matris
malzemesinden daha az olmustur. Bunun nedeni
olarak ZA40 matrisi igerisindeki SiC sert pargaciklarin
etkili oldugu

varilmistir. Yk miktarini artirdigimiz zaman agirhk

yaglayicilik  6zelliginin kanisina
kayiplari da dogrusal bir artis gdstermistir. % 2 SiC
takviyesi iceren Z-2 numunesi 10N vyik altinda
0,1238 mgile en az agirhk kaybinin geldigi kompozit
olarak belirlenmistir. SiC partikillerin ZA40 matrisi
icerisindeki dagilimi, matris malzemesi ve SiC
partikilleri arasinda olusan ara ylizey reaksiyonlari
ve baglar haricinde asinma davranislarini etkileyen
kaliteli bir unsurdur.

Cizelge 3. Numunelerin agirlik kayiplar

10N Agirhk Kaybi 20N Agirhk

Numune Kodu (mg) Kaybi (mg)
Z0 0,3392 0,6119
Z-05 0,3144 0,5243
Z-1 0,2241 0,3241
Z-15 0,2094 0,2781
Z2 0,1238 0,1357

Z-0 Z-0,5 Z-1 Z1,5 Z-2

Sekil 5. Numunelerin farkh yiklerdeki agirlik kayiplari

3.4. Siirtiinme
Cizelge 4 ve Sekil 6'da slirtlinme katsayisi degerlerini

inceledigimizde artan SiC takviyesinin
kompozitlerdeki strtlinme katsayr degerlerini
disirdigl  gortlmistir. Artan yikle birlikte

sirtiinme katsayilarinda artis gozlenmistir. Artan
takviye oranlarinda sirtiinme kuvvetinin azalmasi,
ayni sekilde azalan agirlik kayiplariyla birbirini
desteklemektedir. En disuk slirtinme katsayisi Z-2

numunesinde 10N yik altinda gergeklesmis olup
0,21 p olarak ol¢tilmustir. Her iki ylk altinda da Z-2
kompoziti en disiik srtinme katsayisi degerlerini
vermistir. Buradan matris icerisindeki sert parcacik
olan SiC takviyesinin, yaglayicihk gorevi yaptigi ve
kompozitlerin yik tasima kapasitesini artirdigini
soylemek mimkinddr.

Cizelge 4. Numunelerin Surtiinme katsayisi degerleri

10N Siirtiinme 20N Siirtiinme
Numune Kodu Katsayisi (n) Katsayisi (n)
Z-0 0,63 0,64
Z-05 0,34 0,46
Z-1 0,27 0,37
Z-15 0,24 0,33
Z-2 0,21 0,28

0,7 1

Siirtiinme Katsayisi (p)

0,0 0,5 1,0 1,5 2,0
SiC orani (%)

Sekil 6. Numunelerin farkli slirtinme

katsayilari

yuklerdeki

3.5. Asinmus Yiizey incelemeleri

Sekil 7’de ZA40 ve kompozitlerin 10 ve 20N vyikler
altinda detayli SEM gériintileri verilmistir. Ozellikle
artan yiklerdeki asinma izleri, asinmanin yonu ile
ayni dogrultuda olup daha belirgin ve ayirt edici bir
sekilde gorintilerde belirlenmistir. 10N altindaki
yuklerde tabakalama ve soguk yirtilmalar, 20N yik
de ise catlaklar ve plastik deformasyonlar
gorilmastiir. SEM gorintiilerinde 20N vyik ile
yapilan asinma testlerinde 100 m yol boyunca daha
numune ylzeylerinden daha fazla partikil kopmus
fakat

numunelerin ylizeyine kuvvetli bir sekilde yapismis

kopan  partikiller  tekrar  kompozit

ve asinma mekanizmasi iginde soguk kaynak
gerceklestirmistir. ZA40 matris alasiminda abrasif
asinma mekanizmasi oldugunu acik¢a soylemek
H11l c¢elik u¢ kendisinden daha
yumusak olan matris ylzeyinden biylk pargalar

mumkanddar.
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kopartarak asinma mekanizmasini tamamlar. Sert
bir malzeme kendisinden ¢ok daha yumusak bir
malzeme Ustlinde kuvvet uygulanarak
bastirildiginda, sert malzemedeki asindirici ylizey
yumusak malzeme Ustlinde lokalize plastik akis
1961). Ozetle

kompozitler icindeki SiC orani artis gosterdikce

olusturur (Lipson and Colwell

asinma mekanizmasi abrasif asinmadan adhesif

asinmaya dogru degisim gostermistir.

Sekil 7. ZA40 matris ve kompozitlerin 10 ve 20N
yuklerdeki asinma ylzeyleri SEM goruntuleri a) Z-0 10N,
b) Z-0 20N, c) Z-0,5 10N, d) Z-0,5 20N, , e) Z-1 10N, , f) Z-1
20N, g) Z-1,5 10N, h) Z-1,5 20N, k) Z-2 10N, ) Z-2 20N

4. Sonuglar

Bu calismada ZA40 matris malzemesine SiC ile
glclendirme yapilarak T/M ve sicak pres teknigi ile
numuneler Uretilmis olup mekanik o6zellikleri ve
asinma  parametreleri

incelenmistir.  Yapilan

¢alismanin sonuglari asagida siralanmistir.

1- Kompozit tozlarin mekanik alagimlamadan sonra
elde edilen mikroyapi sonuglari incelendiginde; SiC
parcgaciklarinin ZA40 alasim matrisi igerisinde ideal
bir sekilde dagildigi 6gltme sliresi 2 saat olarak
belirlenmistir.

2-ZA40/SiC kompozitlerin yogunluklari artan takviye
oranlari ile azalmis olup bununla birlikte porozite
degerleri artis gostermistir. En distk ZA40 matris
alagiminda % 7,66 ile olglilen porozite miktari Z-2
kompozitinde % 11,57 olglilerek en ylksek degerini
almistir.

3- Sertlik verileri takviye oranlarinin artmasi ile
azalmis olup en dislik sertlik 87 HB degeri ile Z-2
kompozitinde, en yiiksek sertlik degeri de 127 HB ile
ZA40 matrisinde OlglUlmustar.

4- Bitlin numunelerde ball-on-disk asinma deneyi
sonucunda agirlik kayiplari artan yik ile artis
gostermektedir. En ylksek agirlik kaybi; ZA40
alasiminda 20N vyik altinda 0,6119 mg. olarak
OlcUlmastar. ise Z-2
kompozitinde 10N yiik altinda 0,1238 mg. olarak
OlcUlmastar.

En dasuk agirhk kaybi

5- Bitin kompozit numunelerde ZA40 alasimina
gore daha az bir strtiinme katsayisi olgilmustir. En
ylksek sirtiinme katsayisi 20N yiik altinda ZA40
matris alasiminda 0,64 p olarak olgilirken en distik
olarak da Z-2 kompozitinde 10N altinda 0,21 p
olarak olgtlmustdir. SiC takviyesi asinma testlerinde
olusan silirtinmeyi azaltmistir.

6- Asinma sonrasinda incelen SEM gorintilerinde
asinma mekanizmasinda degisiklikler olmustur.
Ozellikle artan SiC takviyesinin asinma tirini
adhesif

degistirdigi gértlmastar.

abrasif asinmadan asinmaya dogru
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7- Calismada kompozitler igin kullanilan takviye
oranlari arasinda en iyi olan SiC takviyesinin % 2
oldugu gorulmustar.

Calismanin sonuglarindan yola cikarak; mekanik
alasimlama siresinde artisa gidilebilir fakat ZA40

matris tozlarin morfolojilerinin  ve mekanik
Ozelliklerin bozulmamasi goz onilinde
bulundurulmalidir. Metal matrisli  kompozitler

olusturmak icin daha farkl vyaglayiciik o6zelligi
bulunan baska seramik takviyeler kullanilabilinir.
Ball on disk asinma deney diizeneginde farkl yol,
yuk ve devir sayilari denenebilir. Farkli asinma deney
diizenekleri (pin on disk ve blok on disk) ile daha
farkh sonuglar karsilastirilabilir.

Tesekkiir

Bu ¢alismaya SEM goriintilerinde ve deneysel analizlerde
katkilar saglayan Karadeniz Teknik Universitesi Metalirji
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Bu ¢alismada, Ag:ZnO ve Ag-K:ZnO filmleri basit ve efektif bir tiretim teknigi olan kimyasal banyolama
teknigi ile ZnO govde tabakalar lizerine sentezlenmistir. Filmlerin yapisal 6zelliklerinin detayli sekilde

incelenmesinin yani sira ylzey purizlilik degerleri hesaplanmis ve Orneklerin Raman spektrumu
incelenmistir. Tim filmler hekzagonal wirtzite ZnO kristal yapisina sahiptir. Ag katkilamasi ile tane
buylklGgu um mertebesinden 36 nm’ye azalmis ve ZnO kristallesmesi iyilesmistir. Buna karsin, K+

Anahtar kelimeler
ince film; ikili
katkilama; Yapisal; iyonlarinin yapiya girmesiyle tane blylkligi nispeten azalmasina karsin (32 nm) ZnO kristallesmesi

Kimyasal depolama ciddi bicimde bozunmusgtur. Yiizeyde nanopargaciklarin olusumuna ve yizey purizlilik degerlerinde

yéntemi azalmaya potasyum katkilamanin etkisi oldugu gézlenmistir. Numunelerde gozlenen farkli siddette tim
zirveler, ZnO widrtzite yapisinin Raman modlarindan bazilari ile eslesme gostermistir. Elde edilen
sonuglardan, gerek tekil (Ag) gerek ise ikili (Ag-K) katkilamayla beraber, ZnO vyapisindaki kusur
yogunluklarinin artmasi ve degismesi nedeniyle, kristal yapi ve yiizey dagiliminda bozulma meydana
geldigi dustinilmektedir. Ancak potasyum atomlarinin Ag:ZnO yapisina girmesi ile fiziksel ve kimyasal

oOzellikler Uzerinde iyilestirici etkisi saptanmistir.

Investigation of Potassium Doping Effect on the Structural Properties of
Ag:ZnO Films

Abstract

In this study, Ag:ZnO and Ag-K:ZnO films were synthesized on ZnO body layers by chemical bath
technique, which can be defined as a simple and effective production method. In addition to
investigation of the structural properties of the films in detail, the surface roughness values were also
calculated and the Raman spectrum of the samples was determined. All films had a hexagonal wirtzite

Keywords ZnO crystal structure. The grain size decreased from one um to 36 nm by adding Ag ions. ZnO
Thin film; co-doping;  crystallization was also improved. However, the crystallization of ZnO was severely impaired due to the
Structural; Chemical adding K+ ions into the structure which reduced the grain size to 32 nm. It has been observed that

bath deposition potassium doping has an effect on the formation of nanoparticles on the surface and the decrease in

surface roughness values. In the samples, different peaks were observed and some of the Raman modes
were matched in the ZnO wirtzite structure. It can be concluded that the crystal structure and surface
distribution deteriorated due to the the changes in the ZnO structure, together with both single (Ag)
and double (Ag-K) doping technique. However, it was determined that the potassium atoms had a
healing effect on the physical and chemical properties in the Ag:ZnO structure.

Afyon Kocatepe Universitesi.
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1. Giris

Son yillarda, metal katkili (Cu, Ni, Co, Fe vb.) ZnO
ince filmlere olan talep pek ¢cok modern elektronik
endustri alaninda, 6rnegin 1sik-emici cihazlar (Xu et
al. 2020, Li et al. 2020), opto-elektronik cihazlar (Xu
et al. 2019) ve foto-voltaik cihazlar (Chavna et al.
2017) hizla artmaktadir. Bunun temel sebebi su
sekilde aciklanabilir; saf n-tipi ZnO ince filmler her
ne kadar yiiksek optik gecirgenlige (> %80), genis
bant araligina (~ 3.37 eV), yuksek eksiton baglanma
enerjisi (60 meV) ve dogada bol bulunmasina karsin
cihaz performanslari ve kullanim omirleri diisik
kalmaktadir. Bu soruna ¢6ziim olarak, n-tipi ya da p-
yapildiginda,
iyonlari Zn®* iyonlari ile yer degistirerek alici ya da

tipi  katkilama uygulamasi metal
verici davranisi gosterir ve elektron tasinma siirecini
ve Fermi enerji seviyesini ayarlanmasi ile ZnO
yapilarinin gerek optik o6zellikleri gerek ise
elektriksel ozellikleri iyilestirebilmektedir (Coskun
2020). Bunlar arasinda, ZnO'in Ag atomlari ile
katkilanmasi 6zellikle ilgi cekicidir. Cunki Ag?
iyonlarinin Zn% iyonlari ile yer degistirmesi, alici
seviyelerinin artmasi nedeniyle p-tipi iletkenlik
olusumuna yol agar (Gruzintsev 2003). Ancak katkih
ahicr safsizliklari, ikame alicilan telafi etmek igin
verici benzeri merkezler olusturabilir ve bunlari
elektriksel olarak inaktif hale getirebilir (Lee et al.
2006).

elementleri ile (Li,Na,K) ikili (co-doping) katkilama

Bu sorunu c¢o6zebilmek igin, I-A grubu
islemi de uygulanmaktadir (Tumbul et al. 2018).
Cizelge 1’de Ag:ZnO ve K:ZnO filmlerinin literatiirde
farkli
verilmektedir. GOrildUglu Uzere, pek c¢ok farkli

kullanim alanlari  ve ¢ikan sonuglar
kullanim alani bulunan bu filmlerin detayl sekilde
incelenmesi hala tartismali olan bu malzemeleri

anlayabilmek agisindan olduk¢a énemlidir.

Cizelge 1. Ag:Zn0O ve K:ZnO filmlerinin literatlrde
belirtilen kullanim alanlari ve bunlara ait 6zellikleri.

Film Kullanim Ozellikleri Referans
Tira Alani (Yul)
Ag:ZnO Manyetizma  Baglh manyetik (Ali et al.

polaronlarin {ist Uste
binmesi, disiik Ag-
konsantrasyonlarinda
oda sicakhginda
ferromanyetizmadan
sorumludur.

2019)

Ag:ZnO  Elektriksel

p-tipi iletkenlik,
puskirtme  yoluyla
Uretilen Ag:ZnO igin 1
saat boyunca hava
ortami altinda 350
°C'de tavlandiktan
sonra elde edilmistir.

(Liuetal.
2017)

Foto-
Ag:ZnO degradasyon

ZA25 Ornegi en dusik
band genisligine
sahip olmakla birlikte
methylene blue’nun
foto-
degradasyonunda en
yuksek verime
sahiptir.

(Sutanto
et al.
2016)

K:ZnO Optik

3.22eVand 1.9
eV’da yer alan dogal
kusur enerji
seviyeleri mevcuttur.
Artan potasyum (K)
icerigi ile yogunlugun
artmasinin, Zn2* ile
yer degistiren K *
iyon-larinin bir
sonucu olduguna
inanil-maktadir.

(1 et al.
2014)

K:ZnO Elektriksel

300°C'de olusturulan
ZnO  filmleri  igin
erimis tuz isleminden
sonra, mukemmel
gecirgenlik ve artan
mobiliteyle p- tipi
ZnO filmleri basariyla
Uretilmistir.

(Guan et
al.

2020)
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Literatlirde farkli yontemler, 6rnegin SILAR (Devi
vd. 2020), sol-gel (Ali et al. 2016), ultrasonik sprey
piroliz (Nin et al. 2011) ile Ag- ve K-katkili ZnO ince
Ancak
kimyasal depolama yontemi ile Ag-katkih ZnO

filmlerinin sentezlendigi bilinmektedir.
filmlerinin ve Ag-K filmlerinin herhangi bir ydntemle
literatirde  bizim

bulunmamaktadir.

Uretimi bilgimize  gore
Kimyasal depolama yontemi
ucuz, kurulum gerektirmeyen ve genis ylizeylere
uygulanabilen bir yontem olmasi nedeni ile
kimyasal film biyttme teknikleri arasinda oldukga
poplilerdir. Homojen ve/veya heterojen
cekirdeklenmeye bagh olarak, kimyasal banyo
depolama yonteminde biylime silireci asamalari

Sekil 1'de verilmektedir (Xu et al. 2013).

—
Siipersatiirasyon
~p
ylzeye Kinetiksel
diflizypn ontrol
yuzeyde homojen
d i .
adsQpsjyon cekirdeklenme
—
heterojen -
cekirdeklenme kristal biiylimesi
~—

Sekil 1. Kimyasal banyo depolama yonteminde kristal
blylmesi sireci.

Katkilama stireci malzemenin yapisal 6zelliklerini ve
ylzey morfolojisini ciddi bicimde degistirmektedir.
Yapisal oOzelliklerin (kristallesme, ortalama tane
boyutu, 6rgli parametreleri vb.) detayl sekilde
incelenmesi kullanildigi teknolojik alan tzerinde de
ciddi etkiye sahiptir. Bu ¢calismada Ag ve Ag-K katkil
ZnO ince filmleri kimyasal depolama yontemi ile
sentezlenmis ve yapisal 6zellikler detayh sekilde ilk
kez incelenmistir. Bunun yani sira érneklerin ylizey
topografisi ve optik fononlarin davranisina bagh
morfolojik bozukluklari sirasiyla AFM (Atomik Gig
Mikroskobu) ve Raman Spektrumu ile incelenmistir.

2. Materyal ve Metot

Sentez slirecinde alttas olarak daha Onceki
¢alismalarimizda da kullanilan 500 °C'de tavlanmis
Zn0O govde tabaka (seed layer) tercih edilmistir
(Oziitok ve Demiri 2018). Kullanilan tiim kimyasallar
Sigma-Aldrich firmasindan alinarak ilave saflastirma
prosesi uygulamadan kullaniimistir. Cinko-asetat
dihidrat (ZnC4Hs04), gimis nitrat (AgNOs3) ve
potasyum hidroksit (KOH) sirasiyla Zn-kaynagi, Ag-
kaynagi ve K-kaynagi olarak calismada kullanilmistir.
Amonyak (NHs) ise kompleks ajan olarak ¢ozeltiyi
bazik hale getirmek i¢in kullanilmistir (pH= 11). 100
ml saf su icerisinde, kaynak ¢ozelti molariteleri 0.1
M ZnC4He04, 0.1 M AgNOs ve 0.2 M KOH seklinde
ayarlanmustir. Sekil 2’de gorildiGgi gibi, manyetik
karistirici Gzerine konulan beher igindeki sulu ¢ozelti
T=8015 °C galisma sicakligi ve t= 20 dk. ¢alisma
slresi boyunca karistirilmistir ve temizlenmis camlar
sulu c¢ozeltiye daldinimistir. Bir gin boyunca
kurumaya birakilan filmler son olarak vyizey
safsizliklarini  en aza indirgemek icin hav8
ortamindaki firinda 500 °C’'de 2 saat boyunca

tavlanmistir.

Sekil 2.
kurulumu.

Kimyasal banyolama tekniginin deneysel

Sentezlenen filmlerin yapisal Ozellikleri Rigaku
SmartLab X-isini Difraktometresi ile toz metodu
uygulanarak (Acu, =1.5406 R) 26=20°-80° araliginda
incelenmistir. Orneklerin yiizey topografileri icin
Atomik Gli¢ Mikroskobu markasi Witec alpha 300 RA
olup, Olcimler kontaksiz modunda 20x objektif
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kullanilarak  5x5 pm?  boyutlari icerisinde

incelenmistir. Raman spektrumu, 780 nm lazer
cizgisi ile uyarilan Termo DXR Raman
spektrofotometresi kullanilarak 1000-200 cm'™

araliginda incelenmistir. Tim olgimler glvenilir

olabilmesi acisindan oda sicakhiginda (¢ kez

tekrarlanmistir.
3. Bulgular ve Tartisma

Sentezlenen filmlerin X-iginlari desenleri 26 = 20°-
80° araliginda Sekil 3’de gosterilmektedir. Herhangi
bir safsizhk ya da iyon (Ag* veya K') pikine
rastlanmamasi  ve  piklerin  belirgin  olusu
polikristalize kaliteli Uretime isaret etmektedir.
Ayrica, amorf Ag ya da K pikleri de 26 = 30°-40°
araliginda gézlenmemistir. Her iki 6rnek, 20 = 30°-
40° araliginda, karakteristik hekzagonal wiurtzite
Zn0 kristallenmesine ait (JCPDS Kart no: 36-1451)
(100), (002) ve (101) dizlemlerinin yansimalarina
karsilik gelen Gg belirgin kirinim zirvesine sahiptir
(Tripathi et al. 2014). Katkilama islemleri ile birlikte
20 acilarinda hafif bir kayma tespit edilmistir ki
daha fazla Ag* ve/veya K+ iyonu ya interstisyellere
(ara sitelere) vyerlesmistir ya da kimeler
olusturmustur. Kristallesmenin ZnO govde tabakasi
ile kiyaslandiginda, Ag -katkilamasi ile artmasina
karsilik Ag-K katkilamasi ile ciddi bicimde azaldig
bu da K*

girmesiyle ZnO kristallenmesinin bozuldugunu

gorulmektedir, iyonlarinin  yapiya
gostermektedir. Benzer sonuglar literatiirde de su
sekilde aciklanmaktadir; Zn?* iyonik yaricapi (0.74
R), Ag' iyonik yaricapi (1.02 A) ve K* iyonik
yarigapina (1.38 A) gore oldukga disiiktiir ve daha
biyik iyonik yaricapa sahip katki iyonlari Zn%
iyonlari ile yer degistirme yaparken c¢ok sayida
safsizlik enerji seviyesi olusturarak tuzak eneriji
seviyelerinin  artmasina sebep olabilir ve
beraberinde ciddi sekilde kullanim alanlarindaki
performanslarini etkiler [120]. Ayrica, ZnO govde
tabaka c-ekseni boyunca (002) tercihli yonelimine
sahip iken, Ag-katkili filmler (101) ve Ag-K katkili
filmler ise (100) tercihli yonelimine sahiptir. Wang
actklamistir ki; kimyasal banyolama yénteminde,
¢6zlici kompozisyonu degisiminin beraberinde en
hizli-blyliyen kristalografik yodnelimin filmlerin

tercihli yénelimini belirledigini saptamistir (Wang

et al. 2015) Buradan, film biyime siirecinin tercihli
yonelim Uzerinde bilylk etkiye sahip oldugu
soylenebilir. Bilinmektedir ki, kristal taneleri (101)
dizlemi boyunca blyirken, uzun Ug¢gen sekilli
seritler tespit edilmistir (Yong et al. 2010).

Filmlere ait vyapisal parametreler Tablo 2'de

verilmektedir. Orneklerin ortalama tane biiyukligi

Debye-Scherrer formuli ile (1) denkleminde
gosterildigi gibi;

0.94 1
" Bhiicos® (1)

Kristal kusur ve bozulmalari dikkate alinmaksizin

mikro-gerilim (g) degerleri (2) denkleminde
gosterildigi gibi;
Briicosf=4¢esinf (2)

Kristaldeki kusur miktarinin bir

dislocation yogunlugu (6)

Olclisii  olan
ise (3) formula ile
hesaplanmistir;

8=1/D? (3)

A X-1s1n1
dalgaboyu, FWHM pik genigliginin maksimumun

bu denklemlerde, radyasyonunun
yarisi ve 8 sacilma agisidir.

Orgili parametreleri a ve c, bazal diizlem altigeninin
kenar uzunlugunu ve birim hicrenin eksenel
yuksekligini sirasiyla bazal dizleme dik olarak temsil
eder. Standart JCPDS verileri icin (A=1.5406 A) 6rgii
parametreleri a ve ¢’nin degeri a=3.25 A ve c=5.20 A
(c/a=0.625) olarak verilmistir. Ag:ZnO ve Ag-K:ZnO
hekzagonal

yapilari  igin yaplya ait orgu

parametreleri a ve c su sekilde hesaplanmistir;

1 4 ( h®+hk+k? 12
= () z

a? c?

Orgli hacmi ise;

V3a?c
2

V=

(5)
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s —— Ag-K:ZnO
L, —Ag:Zn0

JCPDS :36-1451

(102 L}

103y (12)2en

Intensity (a.u.)

20 30 40 50 60 70 80
20(degree)

Ag:ZnO 36 77x10°  3.19/5. 0.62 44.98
14

Ag-K:ZnO 32 97x10°  3.19/5. 0.62 44.98
14

Sekil 3. Ag:Zn0O ve Ag-K:ZnO filmlerinin X-1sini desenleri.

Cizelge 2’'de gorildugi gibi, ZnO govde tabaka
Gzerine Ag katkilanmasi ile tane buylkIGgi keskin
bir sekilde azalirken (mikrometre mertebesinden
Ag:ZnO
yapisina girince ortalama tane biyukliginde kismi
de olsa azalma meydana gelmistir. Yang vd. (2014)
tarafindan aciklandigi lzere, tane sinirlarinda
oksijen daha buyik ZnO
olusturmak icin birlestirme islemine elverislidir ki

nanometre mertebesine), K* iyonlari

kusurlari taneleri
Ag:Zn0O orneklerinde kusurlarin daha fazla oldugu
boylece soylenebilir. Ayrica, K* iyonlari Ag:ZnO
yapisina eklenince kafes geriliminde ciddi bir
degisim olmamistir. Orgli parametreleri orani
daha oksijen
bosluklarinin ve genisletilmis kusurlarin varligini
birlikte, bulk ZnO ile
kiyaslandiginda 6rgli parametreleri a ve c’nin daha

c/a’nin  nispeten kiicik olmasi

gosterebilir.  Bununla
kictk oldugu ve bu durumun yiizey/hacim oranini

arttirmaya yoénelik calismalara, 6rnegin gaz
sensorleri ve Li-iyon pilleri vb., katkisi olacagi

ongorilebilir (Bilgili 2019).

Cizelge 2. Ag:ZnO ve Ag-K:ZnO filmlerinin vyapisal
parametreleri.

Ornek 20 (%) Tercihi FWHM  d(A) €
Yoénel (%)
m

Ag:ZnO 3675  (101)  0.1092 2.4430 5395

Ag-K:iZznO  32.27 (100) 0.2047 2.7736 6.142
Ornek D(nm) A Orgii c/a Hacim
param
(nm?) etreleri W)
(a/c)

Yk Yonlendirme parametresi olarak su sekilde

hesaplanir;

Y(hkl) = (6)

ITopLAM

Cizelge 3. Ag:ZnO ve Ag-K:ZnO filmlerinin yonlendirme
parametresi degerleri.

Ornek Yk (yonlendirme parametresi)
(100) (002) (101)

Ag:ZnO 0.16 0.17 0.31

Ag-K:ZnO 0.52 0.26 0.20

Ug belirgin ZnO piki icin hesaplanan yénlendirme
parametresi degerleri 0.16
arasinda degismektedir. Her iki 6rnek icin de (002)
diizleminin her ne kadar pik siddetleri distk olsa da

ile 0.52 degerleri

toplam pik siddetleri de bununla birlikte degiserek

sonuglari etkilemektedir. Belirli bir diizlem igin, yn)
degeri doping miktarina gore hemen hemen ayni
kalr (Parra et al. 2014). Ancak gerek Ag gerek ise Ag-
K katkisi filmlerin farkli diizlemlerinin yonini ciddi
bicimde etkiledigi goriilmektedir. Uygulamalarin

¢ogunda, ylzey purtzlGligt ve bu cihaz
bilesenlerinin  karsilik gelen dokusu, toplam
performansi dogrudan etkilemektedir. Bununla

birlikte, ZnO nano-yapisinin morfolojisinin kontrol
edilebilir sentezi, gelecekteki ZnO nano-malzeme
uygulamalari icin oldukca 6nemlidir (Kamis et al.
2019). Sekil 4’te orneklere ait ylizey topografileri 2-
ve 3-boyutlu olarak verilmistir. Ylzey pirizltlikleri
ise Cizelge 3'te verilmektedir. Acikca gorilmektedir
ki, Ag-K:ZnO o6rnekleri Ag:ZnO 6rneklerine kiyasla
parcacik biiyimesine imkan taniyan bir ylizey profili
sergilemistir.  Ancak, her ki ylzey
morfolojisinde tutarsiz yapilar géze carpmaktadir.

filmin

Kati  tarafindan  aciklandigi  Uzere;  ylizey
morfolojisindeki bu tutarsizhgin gecis metali olan
gimisten ve  ikinci  katki  potasyumdan

kaynaklandigi dusliniilmektedir. Gimus iyonlarinin
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cekirdeklenmeyi ve ZnO tanelerinin yavaslamasinin
daha fazla film blylimesini 6nlemesi nedeniyle,
plrlzsiz ylzey elde edilemeyisi film biylme
kosullarina ve blylime siirecine baghdir (Kati 2019).
Pargacik boyutlarindaki azalma yapisal
hesaplamalardaki degerler ile uyumlu olarak K*

iyonlarinin Ag:ZnO yapisina girmesi ile azalmistir.

179 nm

0nm

39.41 nm

Sekil 4. (5x5 pm?) kare alaninda a) Ag:ZnO ve b) Ag-K:ZnO
ince film yizeylerinin 2-boyutlu ve 3-boyutlu grafiklerle
verilen AFM gorintileri.

Cizelge 4. Ag:ZnO ve Ag-K:ZnO ince film ylzeylerinin
parizltluk degerleri.

Ornek SA (nm) SQ (nm)
Ag:ZnO 60.145 74.131
Ag-K:ZnO 27.247 32.795

Sekil 5’te Ag:ZnO ve Ag-K:ZnO oOrneklerinin Raman

spektrumu verilmektedir. Yogun zirveler,
muikemmel kristalize parcaciklarin  olusumuna
karsiik gelir. Genis zirveler ZnO nanokristal

parcaciklarinin varhgini dogrulamaktadir. Wiirtzite
Zn0, Brillouin bolgesinin (I noktasi) merkezinde
sekiz set karakteristik optik fonon moduna sahiptir;

M=A;+2B;+E1+2E; (7)

A;, E1 ve E; modlari Raman ve kizilotesi

spektrumlarda aktifken, B1 modlari genellikle

Raman spektrumlarinda aktif degildir ve bu nedenle

bu modlar genellikle sessiz modlar olarak bilinir
(Gavathri et al. 2015). Sentezlenen 6&rneklerin
Raman spektrumu incelendigi zaman, her iki 6rnegin
de oksijen bosluklari ve Zn ara yer durumlariyla
iliskili A1(LO) temel modunu 460 cm™ ve 582 cm™de
sergiledikleri goériilmektedir. ilging olan sudur ki,
potasyum iceren ornekler 334 cm™¥de agir Zn
sublattice ve oksijen atomlarinin varligini veren (Ex(-
y) modunu ve O atomlarinin Zn atomlariyla
titresimiyle iliskili yliksek frekans modunu (Ezu) 437
cm¥de géstermemektedir ki bu sonu¢ tane
boyutlariie ilgili yaptigimiz yorumu dogrulamaktadir
[28]. Ayrica, pik yogunluklarinin K atomlarinin girisi
ile azalmasi, X-isint  sacilim desenlerinde de
gordigiimiz ZnO'nun kristalliligindeki azalma ile

iliskilidir (Kuriakose et al. 2015, Chang et al. 2018).

——Ag:ZnO
] ——Ag-K:ZnO

T T T T T T T
200 300 400 500 600 700 800 900 1000

Raman shift (cm'w)

Intensity (a.u.)
|

Sekil 5. Ag:ZnO ve Ag-K:ZnO orneklerinin  Raman
spektrumu.

4.Sonug

Bu calismada, Ag:ZnO ve Ag-K:ZnO ince filmleri,
Gzerinde kolay blyiime imkani taniyan ZnO gévde
tabaka Uzerinde biyutllerek fiziksel ve kimyasal
ozellikleri incelenmistir. Filmlerin X-1$1NI
desenlerinden, faz ayrismasi olmadan polikristal
hekzagonal ZnO wirtzite yapisinda kristallesme ve
yapisal parametre hesaplarindan da Ag+ ve K+
iyonlarinin yer degistirme durumlarinin degisken
olmasiyla kristal yapisinin degistigi gozlenmistir
(Goktas et al. 2022). K* iyonlarinin Ag:ZnO yapisina
girmesi ile parcacik bilylmesi iyilesmis ve ylizey
pirizlilik degerleri azalmistir. Orneklere ait Raman

spektrumlari genel olarak benzerlik gosterse de
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safsizllk modlari Ag-K:ZnO 6rneklerinde tespit

edilmemistir.

Bu sonuglar i1s1ginda; ZnO filmlerinin tekil Ag- ve ikili
Ag-K katkilama siireci iki katki atomunun birbirinden
farkli ZnO film blylme siireci gbstermesiyle ortaya
¢itkan kusur seviyelerinin yapisal, morfolojik ve
kimyasal kompozisyonu blyik olclide etkiledigi
gorulmuistir.  Ylzey/hacim oranini  arttirmayi
hedefleyen gaz sensorleri ve batarya ¢alismalarinda,
ikili katkilamanin tane buyUklGglini nispeten
azaltma ve ylzeyde parcactk olusumuna katkisi

nedeni ile tercih edilebilecegi dngorulmektedir.
Cikar Catismasi Beyani
bir c¢ikar catismasi

Yazarlar arasinda herhangi
bulunmamaktadir.

Arastirma ve Yayin Etigi Beyani

Yapilan g¢alismada arastirma ve yayin etigine
uyulmustur.
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Abstract

The steady, incompressible and laminer flow of a non-Newtonian fluid that fits the Cross-fluid model

over a flat plate is investigated. Dimensionless momentum and energy equations in partial differential

form are derived to examine the variation of fluid velocity and temperature. The equations are

Keywords R . .
. ) simplified by the boundary layer theory based on the assumption that the change occurs in a narrow
Non-Newtonian fluid;

Boundary layer flow;
Lie group symmetries;
Numerical solutions; developed for the Matlab environment based on collocation methods was used for the numerical

region, then scaling symmetries are calculated. By means of symmetries, equations in a partial form are
reduced to an ordinary form by computing similarity variables and functions. The sbvp2.0 package

Heat transfer solutions of the equations. In the light of analytical approach and solutions, the heat transfer is
investigated by the Nusselt number. The study reveals that increases in Weissenberg number and
power-law index, as non-Newtonian properties, are in charge of the thinner boundary layers, thus
causing less friction and effective convection. As a result of numerical parts of the study, sbvp2.0
package is recomended for stiff equations with high nonlinearity, especially arising from boundary layer
flows.

Bir Newtonyen Olmayan Akiskanin Momentum ve Isil Sinir
Tabakalarinin Benzerlik Coziimleri: Cross Akiskan Modeli

0z

Bu calisma kapsaminda Newtonyen olmayan Cross akiskaninin sabit bir plaka tzerinde sikistirilamaz

laminer akisi incelenmistir. Kismi diferansiyel denklem formundaki boyutsuz momentum ve enerji
denklemleri ¢oziimlenerek akiskanin hizi ve sicaklik degisimleri incelenmistir. Bu denklemler akiskan hiz

Anahtar Kelimleler ve sicaklk degisiminin dar bir bolgede gergeklestigi varsayimina dayanan sinir tabakasi teorisi ile
Newtonyen olmayan; sadelestirilmistir. Sinir tabakasi denklemlerinin simetrileri 6lgekleme donlsim formdilleri ile tespit
Sinir tabakasi; edilip, bu simetriler yardimiyla benzerlik degiskenleri ve fonksiyonlar kullanilarak, kismi diferansiyel
Lie Grup Simetrileri; denklemlerin esdeger adi diferansiyel denklemleri bulunmustur. Denklemlerin sayisal ¢éziimleri igin,
Numerik ¢oziimler; siralama noktalarini kullanarak denklemlerin niimerik ¢éziimlerini bulmayi saglayan Matlab ortami igin
Ist transferi gelistirilen sbvp2.0 paketi kullaniimistir. Analitik yaklasim ve ¢ézimler 1sigiyla akiskanin isi transferi

Nusselt sayisi ile incelenmistir. Artan Weissenberg sayisi ve power-law indeksi ile sinir tabakalarinin
kalnlastigi ve bu sayede daha az slrtinme ve etkili konveksiyona sebep oldugu ¢alismadan
bulunmustur. Calismanin sayisal kisminin sonucu olarak sbvp2.0 paketi ylksek dogrusal olmayan
davraniga sahip 6zellikle sinir tabakasi akislarindan ortaya ¢ikmis denklemler igin 6nerilmektedir.

© Afyon Kocatepe Universitesi

1. Introduction

The linear relationship between the applied shear while Newtonian fluids are always viscous fluids
stress and the deformation rate of the fluid indicates with a viscosity, not all viscous fluids may be
the constant viscosity and the fluids displaying this Newtonian, i.e., non-Newtonian fluids. Although the
behaviour are called "Newtonian fluid". However, definition of non- Newtonian is mostly perceived as
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variable viscosity, many properties such as
viscoelasticity and deformation memory, i.e.,
thixotropy, etc., that are separated from the
studied by Rheology.

non-Newtonian fluid

Newtonian fluid are
Nevertheless, in most
problems, especially this study, which are related to
science and engineering, only the acceptance of
viscosity that varies with deformation rate is
sufficient. Fluids in which viscosity changes with
deformation rate obey the following "generalized
Newtonian fluid (GNA)" (Morrison 2001), shear

stress strain rate relationship.
v =n(v|)v (1)

Here T and y are tensors containing shear stresses
and strain rates in all directions, respectively. Also,
by definition, the viscosity function or apparent
viscosity 71 is the function of the norm of the
deformation tensor, i.e., |y|. In the expression
above, it corresponds to the Newtonian fluid state
of the case where n = constant. Fluids that comply
with this definition we observe in nature and have
increased viscosity with increasing deformation
speed are called shear thickening fluids, on the
contrary, those with decreasing viscosity are called
shear thinning fluids. The increase or decrease in
viscosity with increasing deformation rate
encountered here can be predicted by the power-
law formula, a generalized Newtonian fluid model

(Wan Nik et al. 2005):
7([7) =l )

where k is the fluid parameter and n is the power-
law index. For swelling fluids, i.e.,, n > 1, as the
deformation rate increases, i.e.,, y — o, the
apparent viscosity 1 of the fluid will increase and the
fluid will become more viscous. In shear thinning
0<n<1,

decrease as the deformation rate increases. Note

fluids, i.e., apparent viscosity will
that while the deformation rate increases in the
power-law fluid model, the apparent viscosity
increases or decreases depending on whether the
fluid is shear thinning or swelling. However, with
few exceptions (Galindo-Rosales et al. 2011) in
reality most fluids have a constant initial viscosity 1
at low deformation rates, i.e., y~0, as can be seen

from Figure (1). After the critical deformation rate is
exceeded, the fluid enters the power-law region
where its viscosity changes and at high deformation
rates it has a permanent 7., limit viscosity value.
Although most thinning and swelling fluids react to
increasing deformation rates in the opposite ways,
these three different regions are seen in the
experimental viscosity-strain rate graphs where the
power-law formula cannot predict plateau regions.
For example, for shear thinning fluids, in case of
y~0 , the deformation rate will be the denominator
in the formula, so the power-law formula will give
an unrealistic rather high apparent viscosity value.
Similarly, in the case of y — oo, it can be said that
the viscosity converges to zero in thinning fluids and
to infinity in swelling fluids. However, in reality the
viscosity of a fluid can be neither zero nor infinite.
As a result, although the power-law formula gives
quite acceptable
deformation rates, it is not useful at very low and

results in a wide range of
high deformation rates. Various models have been
developed by researchers that can predict end
regions where viscosity does not change where the
power-law model fails, while providing the transient
zone (Raju et al. 1993). Models of this type that try
to predict a

more complex behaviour are

computationally more laborious and require
considerably more parameters than the power-law
and Newtonian models. One of the best known of
these models is the Cross-fluid model below, which
is highly available for most thinning fluids (Cross
1965).
A o =M

nlli=n.+ 255 )
Here A is the strain rate multiplier for the Cross-fluid
model. If you pay attention, unlike the power-law
model given in Equation (2), the initial and limit
viscosity values are found in the above formula as
Mo and 714, respectively. Limit viscosity ., for shear
thinning fluids is considerably smaller than the initial
viscosity 717, shortly ny > 1. In addition, to reach
the limit viscosity value, i.e., |y| = s, high
deformation rates, A|y| > 1 are required. For these
results, the simplified Sisko fluid model (Sisko 1958)
below is preferred instead of the Cross-fluid model,

except for low deformation rates.
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n(lil)=n, + -1 (@)
ALl

However, unlike power-law and Sisko fluid, if a
model that will provide all the regions in Figure (1)
is sought, the Cross formula should be preferred. In
addition, fluid models of Carreau (Bird 1976),
Carreau-Yassuda (Yasuda et al. 1981), Williamson
(Williamson 1929) and Philippoff (Na 1994), which
have more than one parameter to be alternative to
the Cross-fluid model, can be used for GNA analysis.
Besides shear stress depending on the only shear
stress, fluid might exhibit a viscoelastic property
that GNA models cannot capture. Instead, many
constitutive equations predict such responses to
external stimuli; from literature, Burger's model
(Javaid et al. 2022), Maxwell fluid (Riaz et al. 2021),
second-grade fluid (Riaz 2021), Walters'-B fluid
(Sunthrayuth 2021), and fractional second-grade
fluid (Javed et al. 2021, Iftikhar 2021).

In this study, the flow of a viscous fluid on a flat plate
will be discussed in the Cross formula. Fluid at
uniform velocity and constant temperature has a
variable velocity profile in a very narrow area close
to the plate after it contacts the planar stationary
plate and reaches uniform velocity again as it moves
away from the plate. Also, while the plate is kept at
a constant temperature, a similar change is
observed in the temperature of the fluid. The fact
that the variations are stuck in a narrow region
makes it unnecessary to examine the entire flow
region. In light of this idea, the boundary layer
theory, in which some of the physical changes are
hierarchically ignored, was developed to analyse
only a narrow region (Schlichting and Gersten 2017).
This theory is based on a systematic simplification
approach for the executive equations valid in the
region in question and helps to derive boundary
layer equations that are easier to handle
mathematically. In the case of Newtonian flows of
this type, simplified forms using this theory instead
of Navier-Stokes equations, i.e., Newtonian
momentum boundary layer equations are generally
preferred. In addition, boundary layer assumptions
apply to momentum equations and, in some cases,

to energy and concentration equations that need to

be solved as conjugate and other boundary layer
equations related to non-momentum conservation
laws can also be obtained. As the momentum
equations of non-Newtonian fluids can be of higher
order than the Navier-Stokes equations, they
contain both more terms and more nonlinear
interactions between these terms, so simplifying
mathematical tools such as boundary layer and
perturbation theory are frequently used in analyses.
For example, Aksoy et al. applied the boundary layer
theory to Vviscoelastic Oldroyd and Maxwell
(Pakdemirli et al. 2013, Deger et al. 2011), second-
order fluid with viscoelastic and power-law
properties (Aksoy et al. 2007, Pakdemirli et al.
2008), Sisko (Sari et al. 2012), Williamson (Aksoy et
al. 2012), Powell-Eyring (Hayat et al. 2013) models
as GNA and various flow types were investigated. In
this study, momentum and thermal boundary layer
equations of Cross-fluid will be shared with the
literature for the first time and numerical solutions
for laminar flow on the plate will be presented. The
variations of dimensionless fluid velocity and
temperature obtained from numerical solutions of
boundary layer equations according to the
Weissenberg number, Prandtl number and power-
law index will be observed on the graphs. In addition
to the shear stress applied by the fluid to the plate,
a qualitative analysis of the heat transfers between
the plate and the fluid over the Nusselt number was

carried out.

2. Problem Statement and Governing Equations
2.1 Physical Construction

In Figure (2), the behaviour of the incompressible
fluid at T temperature coming with uniform Ug,
velocity after touching the stationary planar rigid
plate of length L is represented. According to the
figure, let us take any point x; on the plate and
examine how the x* component of the two-
dimensional fluid velocity u; ( x;,y") changes in the
vertical direction. After the velocity of the first fluid
layer ug contacts the plate, it is reset due to the
non-slip condition, i.e., uy = 0. However, due to the
effect of only relatively low viscous forces relative to
the solid surface interaction, the first fluid layer in
the vertical direction adjacent to this layer will have
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a relative velocity uj, i.e., uj > 0. Similarly, for a
fixed point y; the velocity of the fluid plates
continues to increase until a certain point y;" in the
vertical direction, the freestream velocity continues
to increase up to Uy, i.e., u;(x;,y* = y;) = Uk.
Now consider the point x;,, on the plate. At this
point, the fluid velocity in the vertical direction, or
the fluid velocity profile, u;,, changes similarly, but
at a higher point in the vertical direction, i.e.,
Yi+1 > Vi, the velocity of fluid layers reaches Ug,.
Therefore, the fluid will have different velocity
profiles at the x; and x;,; point and the change in
these velocity profiles will continue until a certain
point x5,. From this point on, the x* component of
the fluid's velocity u* loses its change in two
dimensions and is said to change only in the y*
u(x" > x5%,y") =uup(y™). The
resulting 8" (x™) curve

direction, i.e.,
when we connect all these
y; points on the plate is called the boundary layer.
Note that the fluid velocity is constant and UZ, at
each point in the region above the boundary layer
curve. Experimental studies using streamline
visualization techniques have shown that this region
between the boundary layer and the plate where
the fluid velocity varies is quite narrow, i.e.,
6*(x*) « 1. The very small acceptance in question
is the most important building block of the
boundary layer theory, which we will make next. As
we will see in future analysis, the theory is based on
determining the ranges of the elements of the
speed,

system that constitute all the executive equations

temperature functions and coordinate

according to the nature of the problem according to
the boundary layer thickness 8" (x*) and neglecting
small terms relative to each other. Although the
relationship with the conservation of momentum is
the velocity boundary layer we visualized in this
section, it can likewise be drawn in the thermal
boundary layer. Starting from the plate temperature
Ty, the fluid temperature inside the thermal
catch the free stream

boundary layer will

temperature T, at a certain height.

2.2 Equation of Momentum

If Newton's second law is applied to a very small
incompressible viscous fluid particle with steady and

laminar flow acceptance, the following vector

momentum  equation, independent of the

coordinate system, is obtained.

PVVV=-—VP —V.t (5)

Here p is the fluid density, v=ue; + v e, is the
velocity vector containing velocity components in all
directions, VP* pressure gradient and T is the fluid
type-dependent shear stress tensor. In addition, the
fluid velocity vector must satisfy the continuity
equation valid for the following incompressible
fluids, due to the conservation of matter.

V.v=0 (6)
The vectorial momentum equation given by
Equation (5) for two-dimensional Cartesian
coordinates can be written as:

g ) P o
PUV T ) Tax Tax Bex Tyt e (7)

R ATV I A
P o )Ty T v Ty
Continuity equation is as follows:

s v

o (8)

—t—=
ox oY

Equation (7-8) is the general equation of velocity
field in cartesian coordinates for incompressible,
laminer and steady flows, and is independent of the
fluid model. For the studied fluids, based on the
generalization of 1y > 1, we mentioned earlier,
ignoring the 1, and calculating the shear stresses in
Equation (7) from Equation (3) as follows.

-1

Y (o) (o av*zg o

r =2 gl 1eal 2| L] g D] | MM L

x'x ox o) Tl T X
N

Y (Y (o V)| [fov a) (9
T =| fy| 1+ A] 2 M| o D] M - ( )
Xy ox oy oy ox X ov
n 1
) N2 . \2\2 N
e =2 | 1Al 2 Q| 4o 2L [ &
vy ox oY oy ox oy

It should be said here that ty+y+ = Ty+x+ since the
shear stress tensor is symmetrical. If the above
shear stresses are placed in Equation (7),
momentum equations in Cartesian coordinates are
obtained for the fluid.

Cross Simplifying

225



Similarity Solutions of a non-Newtonian Fluid’s Momentum and Thermal Boundary Layers: Cross Fluid Model, Siimer and Aksoy

assumptions can be applied to momentum
equations that we will not derive in this study, and
momentum boundary layer equations can be
obtained. However, instead of this, we will obtain
the boundary layer equation from Equations (7) and
(9), which we think are easier, with the assumptions

applied.

2.3 Equation of Energy

The two-dimensional steady state energy equation
with neglected viscous heating effects for any fluid
mass in Cartesian coordinates can be written as:

*

. . .
u*fiT +v*6T*: k (07T +0T (10)
oX oy pc,

EA ARG

Here k is the thermal conductity, p is the density
and ¢, is the specific heat of the fluid. In the next
section, the boundary layer assumptions will be
applied directly to the energy equation as it contains
much less terms than the momentum equation.
Although we have made a physical definition of our
problem so far, we have not defined our boundary
conditions since we have not yet presented the
momentum and thermal boundary layer equations
that we will solve numerically. This topic will be
discussed in the

section of boundary layer

equations.

3. Boundary Layer Assumptions

Based on experimental observations in previous
sections, it was stated that the boundary layer

thickness is a very small size, e, K
1. Considering that the forces of the terms smaller
than one are listed as 53 «

6% K 6" K1« 1/6*%«1/63, letus determine
the orders of velocity, coordinate components and
temperature in the problem, in other words, what
0(6*) their magnitudes are around. First of all,
compared to the L plate length §* is quite small.
Therefore, we can say that it is on the order of 1 for
L, i.e., L~0(1). If the horizontal component of the
coordinate system is x*, it must be of the same
magnitude, i.e., order of 1, since it can represent
every point on L, i.e., x*~0(1). A similar relation
should be between vertical coordinate y* and

boundary layer thickness &* as in the relation of
order of horizontal axis x* and plate length L. Since
we will only examine the inside of the boundary
layer, the maximum value that the values of the
vertical y* coordinate can take will be &%, i.e.,
y*~0(8"). If the vertical velocity is u*, the order of
1 can be accepted as it is the velocity across the
plate, i.e., u*~0(1). When we look at our continuity
equation given by Equation (8), we should say that
the terms du*/dx* and dv*/dy* must be of the
same order. This is because, due to the conservation
of mass, the change in one term with a reverse sign
must be observed in the other term ,i.e., from
Equation (8) ou*/dx* = —ov*/dy*. Since the order
of u* and x™ in the first term is 1, it is obvious that
ou*/ox* must  also
ie, ou*/ox*~0(1). Therefore, since
dv*/dy* ~0(1) and y*~0(8"), vertical velocity
will be a term of order v*, &%, i.e., v*~0(8%). Since
the temperature must take a value outside of the

have order 1,

boundary layer, there is no reason for us not to
accept that it is on the order of 1, i.e., T*~0(1). In

summary, the orders of the fundamental
magnitudes are given in the form:
u',x veT ~0(1), (11)

Vive y" ~0(5).

The application of boundary layer assumptions to
equations consists in systematically deciding on
small terms according to their order and neglecting
them compared to large terms. For example, let us
state the order of each term in the first Tx+y+« from
the shear stress given by Equation (9) as follows.

n
2\2

. N2 . . P

T =| My 1+/128L~ +2 (’7\/‘ +8L‘+3v* i*+ﬂ
X X oY oY oX oX" oY ( 1 2)

o) o(1) o[%/\ o(s") o(s") o\\%}

First of all, let's say that the terms should be in the
same parenthesis, that is, they should not be in
multiplication with each other in order to be
compared with each other. Therefore, the highest
order term (6u*/6y*)2~0(1/8*2) is kept in the
inner parentheses and other terms are ignored.
Similarly, if the term ou*/dy*~0(1/8") in the
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outermost parenthesis is kept and the equation is
edited, with

S 1+’1[6U:J aui
Y oy oy (13)

the shear stress ty+y+ valid within the boundary
reached. After applying the
remaining statements from

layer is same
assumptions, the

Equation (9) are as follows.
N *
T :2770[1“1[6”*” ‘Zi*
»J) (14)

n\ 1t *
‘.. =2770[1+,1[ai*) ] &
yy ay ay

Since we do not have any information about the
orders of n, and 4 in the above statement, the
simplest expressions of shear stresses are like these.

Likewise, our momentum equation in the x*
direction simplifies to the following figure with the
assumption that the shear stresses are of the same

order.
el u*au*+v*a—u* :i+i* . (15)
x oy ) o ey XY

The T+« given in Equation (14) is placed in the
above expression and after some arrangements it is
written with the degrees of each term as:

n w N -1
1—nﬂ% [1+/12y‘t J
. . . -
u*ai*+v'aiuﬁ :_iwyoalfz (16)
ox oy ox oy au
— 1+ 4 |2

o) oy ’ o(i)

5 0(3)

In the above statement, the terms on the left are on
the order of 1, but are expressions of the
acceleration of the fluid particle coming from
Newton's second law. In order for these expressions
to be balanced with the expressions related to
pressure and viscous forces on the right side,
No~0(8?%) and 1~0(8) must be respectively when
P*~0(1). By calculating the orders of all boundary
layer magnitudes up to here, y* momentum

equation is reduced to the following simple form.

oP 0 (17)

From here it can be seen that P* = P*(x). In
addition, since the fluid outside the boundary layer
has a uniform velocity, the following expression is
calculated from the Bernoulli equation with the
potential flow assumption.

(18)

*

P :—%U;%constam
When we take the derivative of the above

expression once, the pressure gradient in Equation
(16) is found as follows.

Py (19)

a7 dx

*

In addition, the boundary conditions suitable for the
physical configuration of the problem are as follows:

o (20)
u™(x",0)=v"(x",0)=0, u"(x",00) =U_ and ﬁ(x*'w) =0.

Similarly, the energy equation given by Equation
(10) is reduced to the following thermal boundary
layer equation.

. . -
o O _ kT (22)

u — = =
ox oy pc, oy

*

The appropriate boundary conditions are as follows.
T°(x",0)=T,and T"(x",0) =T,. (22)
Let us propose the following new dimensionless

variables for the boundary layer equations and
boundary conditions that we have derived.

u v X y P* u’ T-T, (23)
u=—,v=yRe—,x=—,y=+/Re=,P= U, =—2and T =—-2
v rv c’ rL EYERaY T, -T

©

Here Re = pVL/n, is the Reynolds number and V
is the reference speed. In order to emphasize the
effect in the
dimensionless momentum boundary layer equation

power-law equations, the

and related boundary conditions are obtained as
follows after the A™ = A transformation;
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n 1
1onwi & | 1+ wi M
u  au du. o oy oy
oy e Ty af | ()
1+Wiau

u(x,0)=v(x,0)=0, u(x,0)=U_ and 6—u(x,oo) =0
oy

where Wi = .,/pVL/ny,AV/L is the Weissenberg
number representing the ratio of elastic forces to
Also note that the
Weissenberg number is equal to the product of the
Deborah number De = AV /L and VRe, i.e, Wi =
VRe De. For non-Newtonian fluids, the ratio of the
time taken for the applied shear stress to be

viscous forces. resulting

completely damped in the fluid and any
characteristic time in the system gives the well-
known dimensionless time Deborah number.
Accordingly, it can be said that the behaviour of a
non-Newtonian fluid with a high Deborah number
will be closer to a solid matter, or vice versa, for low
Deborah numbers the matter will be more fluid. Our
dimensionless continuity equation that needs to be
solved with the momentum equation to obtain

velocity profiles becomes

a_u+@:() (25)
ox oy
The energy equation and boundary conditions are
as follows.
TLIVLIC o

ox oy oYY (26)

T(x,0)=1and T(x,0) =0

Here Pr = pcy/k is the Prandtl number and is the
ratio of momentum diffusivity to thermal diffusivity
in the fluid, or, as we are concerned, the ratio of
momentum boundary layer thickness to thermal
boundary layer thickness. In order to eliminate the
continuity equation, let us write the fluid velocities
in terms of stream functions u = 0¥ /dy and v =
0¥ /dx. Our momentum boundary layer equation
and conditions in terms of stream functions using
subscript notation for derivatives reduced to:

-1
1-Wiw ”(1 Wi )
(w,¥ —WXWW):deUer‘PWy Wie, [ {1} I 4
dx 1+’Wi\PW\

y xy
W, (%,0)=0,¥, (x,2)=U_,¥,(x0)=0,and ¥ (X,»)=0

1 (27)

Our thermal boundary layer equation and
conditions reduced to

_ pp-l
YT, -W,T,=Pr'T,, (28)

T(x,0)=1and T(x,00) =0

Equations (27) and (28) are boundary layer
equations in partial differential form, which we will
try to reduce to ordinary form with similarity
transformations for numerical solutions in the
Although

are frequently

following  sections. ready-made

transformations used in the
literature for similarity transformations, in this
study we will refer to special transformations

obtained by using the symmetries of the equations.
4. Symmetry Analysis

If the equation does not change when some special
transformations are applied to the variables of an
equation, these transformations are called the
symmetries of the equation. Lie group theory
(Bluman and Kumei 2013) deals with all the
symmetries that a differential equation has. With
the systematic approach of Lie group theory, all
symmetries of a differential equation can be found.
If the equation dealt with by the symmetries found
is ordinary differential equation, it is reduced to the
canonical form and the solution is found, if it is a
partial differential equation, it can also be reduced
to ordinary form. In studies investigating all the
symmetries accepted by the equations using Lie
algebra, it has been observed that the boundary
layer equations generally remain invariant under
scaling transformations. Therefore, instead of a
general analysis, we will calculate the scaling
transformation that our boundary layer equations
accept. First, let us define our new variables scaled
with the following uncertain parameters as follows

Y=Y, x=e2X, y=ey, U, =e“U,, T=e“T (29)

in which € is a small parameter. By ignoring the
accents, in terms of these variables Equation (19)
takes this form:

o
1-Jen 2w w "(1+ o2 i ")
(1,0, 0.8, )y, D gy \ o (4] ol

” telerwiw, [

(30)
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where Equation (26) takes this form:

-1 j—oyta,—ag
YT, -W,T, =Prte T, (31)

Under these transformations, for Equations (30) and
(31) to be the same as (27) and (28), exponential
functions must be equal to 1, so these algebraic
equations are written:
=20, + 20, + 20, =0

-a,+a, —a;=0 (32)

o, —20,=0

The solution of the equation system «a, is arbitrary,
the value is taken as ¢ and all other unknowns are
found in terms of a5 as follows:

(33)

If Equation (21) opens to a Taylor series around € =
0, the equation

W=(1-ea,)¥, x=(1-60,)%X, y=(1-£2,)¥,U, =(1-e2,)U., T =(1—ea; )T (34)

has been found. Assuming that. d¥ = ¥ — ¥, dx =
x—x,dy =y —vy,dUy = Uy — Uy, after drawing
e from the above equation, if all expressions are
equalized, the following infinitesimal equations are

written.

d¥ _dx_dy _dT _du, (35)
2¢Y 3x y T U

By integrating the terms in the above equation in

©

groups of two, first the similarity variable then the
streamline, temperature and uniform velocity of the
fluid from the integral constants are found in order
as follows.

E=xPy, (&)=xPY, 0(&)=x""T, h(&)=x"U, (36)

Notice here that & =¢&(x,y) and Uy(x) =
x1/3h(&). However, h(§) should not have a
dependency on y since it should be Uy, = Uy (x).
Hence h(§) can be taken as constant or without loss
of generality as h = 1. From here it becomes U, =
x1/3 .1t also turns out that the reference velocity we
defined in Equation (23) is = x~1/3U%. Now, using
the computed similarity variable and functions, we
can arrive at the momentum boundary layer

equation reduced to the following ordinary

differential form.

fmynwquMnﬂf .

+=(2f £ - £7)+1=0

! 3

The conditions given in Equation (27) should also be
transformed in terms of similarity function.

¥, (x0)=0- 1'(0)=0,
¥ () =U, > f'()=L
¥, (x.0)=0 F(0)=0,

¥, (x,0) =0 f"(e0)=0.

(38)

8
o — o

A shear stress and hence drag force will arise on the
plate as a result of momentum transfer from the
viscous fluid. Therefore, although the calculation of
the shear stress on the plate surface is important,
the below can be expressed by using the similarity
transformations we have derived so far and the
dimensionless version of Equation (13).

JReC, = (1+[wi t7(0)) " £7(0) (39)

Here C; = Tx*y*/pVZ is the dimensionless surface
friction coefficient. The thermal boundary layer
equation is reduced to the following ordinary
differential equation, similar to that related to
momentum.

0”+%(2f0’—cf’6):0 (40)

The following
0(0)=x (41)

is obtained from the transformation of the
temperature condition on the plate. The value of
the constant ¢, which we left arbitrarily before, must
be taken zero for the above transformation to occur,
o)

0(0)=1 (42)

is found. The temperature condition at infinity is
easily found in terms of the similarity function as
follows:
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0(c) =0 (43)

Thermal boundary layer equation given in Equation
(40) turns into the following form with ¢ = 0.

9,,+%f9,=0 (44)

When the fluid and the plate are at different
temperatures, a continuous heat transfer will occur
between each other. It is determined by the
dimensionless Nusselt number which convection
and conduction mechanisms will be more
prominent in the heat transfer process. Therefore,
the Nusselt number is briefly defined as the ratio of
the amount of heat transferred by convection to
that of the conduction. As the Nusselt number
increases, the effect of convection mechanism
becomes dominant in total heat transfer. In
analytical terms, it is the expression related to the

temperature gradient at the surface given below.

Nu =—/Re .- (45)

hL/k y=0

It is reduced to the form of the local Nusselt number
as

Nu, =—/Re ¢'(0) (46)

in terms of similarity functions. It should be noted
that the Nusselt number given by Equation (45) is

1
defined as Nu, =hx*3/k in the similarity
transformation procedure.

5.Numerical Study

In this section, numerical solution of Equations (37)
and (44) will be obtained under the boundary
conditions of Equation (38), (42) and (43). As a
numerical solution approach, bvpsuite2.0 (Wurm
2016) package developed for Matlab environment
was used. Developed for nonlinear and implicit
boundary value problems, the bvpsuite2.0 package
can also generate valid numerical solutions for
problems with singularities in integral boundaries
(Fallahpour et al. 2018). The algorithm uses a
collocation method (Weinmuller 1986) based on the
principle of providing the differential equation of
piecewise polynomial functions at collocation points

such as Gauss-Legendre and Lobatto. Integral
interval is divided into equal solution intervals and
2-point Gaussian collocation is applied to each
interval. A predictive solution and dense mesh
structure were needed because the problem under
consideration was nonlinear and rapidly changing.
"Fast frozen Newton method" was used for the
solution of nonlinear algebraic equation system
resulting from polynomial collocation. For a
successful convergence, the Newtonian solution,
i.e., Wi =0, was given to the algorithm as the
estimated initial values and by increasing the Cross-
fluid parameters gradually, each solution was used
as the predictive solution of the next. A factor
affecting the convergence of colocation methods is
the density of the solution points, or in other words,
the mesh structure. Another feature of the program
used is that the number of mesh points can be
increased by dividing the gaps into two if needed,
thanks to a special mesh adaptation algorithm. In all
numerical procedures, the initial mesh structure
consists of 31 points equidistant from each other,
for example, there are 526 points in the mesh
structure where error tolerances are provided for
Wi =1, m = 0.5 and Pr = 1 values. In this way, in
cases where the user initially suggests insufficient
mesh points, termination of the program and the
repeated intervention of the user is prevented.
Incidentally, it should be noted that in both
nonlinear solver and mesh adaptation, absolute and
relative error tolerances are taken as E; = 107°
and E, = 1077, respectively.

In order to see the variations of all boundary layer
variables with their derivatives, the system of
equations should be reduced to the first order
ordinary differential equation system. For this, the
following new variables are defined.

f=f, f'=f,f=f0=f,0=t, (47)

In terms of these variables, Equations (37) and (44)
are reduced to the following system.
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=t
£ =1,
L-nwif (Lo wit) |
_f2 -Nn I + I
f3':_[1+2f1f3 fZJ - (48)
3 L+ Wit
£ =1,

.2
[ =—SPrif,

The conditions that these equations are subject to
are given below.

£,(0)=0, f,(x)=1, f,(x)=0, f,(0)=1, f,(0)=0. (49)

In addition to the above conditions, the condition of
the streamline function can be zero on the plate,
i.e., f1(0) = 0. Although the number of boundary
conditions more than necessary causes the system
to be overdetermined, f5(c0) = 0 condition was not
used in numerical solutions, but it was checked that
this condition was also fulfilled. Finally, the shear
stress and Nusselt number in terms of new variables
defined by Equation (47) turn into the following
states.

JReC, = (L+|wit, (o)\")f1 f,(0) and Nu, =—Re f,(0)  (50)

6. Results and Discussion

In this section, the data of the numerical results will
be plotted and the boundary layer behaviour will be
observed with the change of dimensionless fluid
parameters. Before  proceeding to the
interpretation of the graphs, it should be stated
that, by definition, the fluid velocities in the
boundary layer are related to the derivatives of the
stream function with respect to the space and the

equivalent of this in the solved equation system is

(.

In Figure 3, the change of f'({) function associated
with the momentum velocity boundary layer for
different n values according to the similarity variable
( is given. When the Cross-fluid formula given in
Equation (3) is examined, the apparent viscosity of
the fluid decreases with increasing deformation
rates, while the increase in fluid parameters will
show a multiplier effect on this decrease. This
observation is consistent with the increase in fluid

velocity and the formation of a thinner boundary
layer against increasing n values when Figure 3 is
examined. A similar situation occurs in Figure 4 with
the increase in the Weissenberg number directly
related to the other non-Newtonian fluid parameter
A. From Figure 4, it can be seen that the fluid catches
the free flow rate faster in increasing Wi numbers
after touching the plate. As this behaviour indicates
less friction, it should be said that at sufficiently
large Wi numbers the flow will completely turn into
ideal flow and the boundary layer will disappear.

In Figure 5, the shear stress applied by the fluid
resulting from the momentum transfer to the plate
is examined in terms of similarity functions, see
Equation 39, for increasing values of Wi and n.
When examining the momentum boundary layer, it
was stated that the increase in both non-Newtonian
fluid properties would bring the flow closer to the
ideal state. Consistent with this, since the shear
stress on the plate is zeroed in the ideal case, it is
obvious that the shear stress will decrease for these
increasing values. However, exceptional cases occur
with Wi <1 curves.
explained by the coefficients Wi™ in our equations

This phenomenon can be

as a result of the nondimensionalization procedure
we apply. Note that when Wi <1, Wi will
decrease for increasing n values. The effect of the
Weissenberg number on shear stress will dominate
as an increase up to a certain value of n. After this
threshold is passed, the effect of deformation rate
will become prominent and will reduce shear stress.

In Figure 6, against the increasing n values, the
change of the similarity function 8 related to the
temperature of the fluid was observed through the
similarity variable {. It should first be reminded that
1 in the y coordinate of the graph corresponds to
the plate temperature without dimension and 0 to
the free flow temperature. For this reason, as it
moves on the plate in the vertical direction, i.e., { >
0, the dimensionless fluid temperature changes
faster between these limit temperatures in
response to increasing n values. This behaviour can
be interpreted as the fluid will reach the free flow
temperature Ty more quickly along the vertical
coordinate after it contacts the plate. Therefore, a
narrower thermal

boundary layer will be
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encountered for increasing n values. In Figure 7, the
similarity function 6 along the { coordinate is
expressed in response to increasing Weissenberg
numbers. In the same conditions, a fluid with a
larger Wi reaches a dimensionless uniform
temperature T, or 8(0) = 1 much faster in the
vertical direction and thickening of the thermal
boundary layer is prevented. Note that the effect of
the increase in Wi and n values on the thermal
boundary layer for the part up to here is parallel
with the momentum boundary layer. The change of
the similarity function 8 according to the Prandtl
number, which is the ratio of momentum diffusion
to thermal dissipation, is given in Figure 8. For
effect of

momentum transfer becomes prominent in the

increasing Prandtl numbers, the
change of temperature of the fluid and the
temperature gradient in the vertical direction
increases. Thus, this increases in the rate of change
of fluid temperature leads to a narrower thermal
boundary layer. In addition, the Prandtl number and
the thickness of the momentum and thermal
boundary layers can be interpreted. Therefore, for a
constant momentum boundary layer thickness,
increasing Prandtl numbers cause thinning in the
thermal boundary layer, as seen in Figure 8. For
example, molten metal streams have low Prandtl
numbers, i.e., Pr < 1, and accordingly, have a
much thicker thermal boundary layer than the
momentum boundary layer. When looking at such
a situation from the heat transfer level, it can be said
that the conduction mechanism is more dominant
than the convection, although there is fluid motion.

High Nusselt numbers indicate that the convection
mechanism is much more effective than conduction
in net heat transfer between media. The effects that
cause the unit mass of the fluid to displace faster on
the plate will increase the convection and heat
Therefore, fluid
transport and increases the Nusselt number. In the

transfer. thinning facilitates
light of this information, Nusselt numbers versus n
curves are plotted for different Weissenberg
numbers in Figure 9. In the analyses regarding the
momentum boundary layer, it was stated that the
increase in Wi and n values thin the fluid. Therefore,
it can be seen from Figure 9 that the increase in both

values increases the transport and increases the
Nusselt number. It is observed that the effect of the
increase in the n parameter becomes more
prominent with the increase in the number of Wi
and increases the Nusselt number more rapidly.
Finally, for this graph, it should be said for values of
Wi < 1, that the exception encountered in shear
stress, i.e., the Wi™ effect, leads to decreasing

Nusselt numbers for increasing n values.

Reminding that the collocation points are taken
between two adjacent mesh points, the
approximate error of f'({) solution form = 0.5 and
Wi = 1in Figure 10 is given in total 2194 mesh and
collocation points. Initially, it consisted of 51 points
equidistant from each other for the mesh structure,
while the desired error tolerance was achieved at
732 points thanks to the mesh adaptation. In
addition, when two Gaussian collocation points are
added to each interval, the solution is calculated at
2194 pointsin total. Accordingly, if attention is paid,
in the figure the error is high in the starting regions
where the function changes rapidly, while it
Detailed
theoretical information for the approximate error

decreases in the following points.
estimation used here can be found in (Kitzhofer et
al. 2007).

7. Conclusions

Within the scope of this study, a shear thinning fluid
was expressed mathematically with the Cross fluid
formula and its boundary layer flow over the
stationary plate was investigated. The fluid was
considered to have a uniform velocity and
temperature before contacting the constant
temperature plate. Since fluid and plate are
with  different

temperatures, parts related to heat exchange were

considered as environments
added to the analysis. Considering the boundary
layer assumptions, the equations governing the
physical process are extracted with boundary
conditions in partial differential form without
dimensions. It has been shown that the direct
dimensionless Weissenberg number and n the
power-law constant specific to the Cross-fluid
model are responsible for the momentum boundary

layer equation. For the thermal boundary layer
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equation, it was expressed analytically that the
effect of these parameters came indirectly
depending on the fluid velocities and that the main
dimensionless parameter was the Prandtl number.
Then, the symmetries of the differential equations
were calculated in order to reduce them to ordinary
differential form, which is more suitable for
numerical solutions. By using these symmetries, it
has been shown that partial differential form
equations and their conditions are successfully
transformed into ordinary differential equations in
terms of similarity functions. In addition, the shear
stress and Nusselt numbers on the plate, which are
important for applied sciences and engineering, are
expressed in terms of similarity functions. The
sbvp2.0 package based on polynomial collocation
methods developed for Matlab environment was
used to solve the final equations in ordinary form.
The changes of momentum and thermal boundary
layer thicknesses were analysed under the influence
of parameters specific to the Cross-fluid formula by
means of graphs drawn using the data obtained
from the numeric scheme. The effects of the same
parameters on the changes in shear stress and
Nusselt number were interpreted again through
graphs. When the critical analytical expressions of
the study are examined, it is mentioned in the
related graphics that the numerical results are

logically appropriate.

The critical results specific to the Cross-fluid model
from the framework of non-Newtonian fluid
mechanics are summarized below.

e The increase in dimensionless Weissenberg
number and n power-law coefficient, which
are inversely proportional to the apparent
viscosity of the cross fluid, thin the fluid as
well as narrow the boundary layer and bring
the flow closer to the ideal frictionless flow.

e Similarly, as the Weissenberg number and n
values increase, the temperature gradient
on the plate becomes very large, so the
thermal boundary layer becomes thinner
and the change in fluid temperature occurs
very quickly. This increase brings the system
closer to the ideal state where the fluid has
a continuous uniform temperature, as in the
momentum boundary layer.

e The shear stress applied by the fluid to the
plate decreases with increasing
Weissenberg number and n value and the
flow becomes less viscous.

e The Nusselt number increases as a result of
the heat transfer efficiency with increased
convection according to the conduction in
the fluid versus the increasing Weissenberg
number and n value.

Finally, for stiff equations such as boundary layer
equations, where change occurs very quickly in a
narrow region, the sbvp2.0 package, where we can
control more variables than Matlab's bvp4c
command, but requires less user intervention after
running, may be preferred. Especially despite the
use of not very good predictive initial conditions and
infrequent mesh structure, when two Gaussian
collocation points and the algorithm's mesh
adaptation is used, numerical procedures are

completed quickly and successfully.
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Figure 1. Representative schematic view of an apparent viscosity varying with increasing shear rate and
confirming zones by non-Newtonian models
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Figure 2. Physical description of a boundary layer flow over a flat plate
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Figure 3. Variations of the first derivative of the similarity function f with the similarity variable & for
Various power-law index n (Wi = 1)

234



Similarity Solutions of a non-Newtonian Fluid’s Momentum and Thermal Boundary Layers: Cross Fluid Model, Siimer and Aksoy

Wi=0, 2.5, 5, 7.5, 10

0 0.5 1 1.5 2 2.5
£

Figure 4. Variations of the first derivative of the similarity function f with the similarity variable & for
various Weissenberg numbers (n = 0.5)
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Figure 5. Variations of the dimensionless shear Stress with the power-law index n for
various Weissenberg numbers
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Figure 6. Variations of the dimensionless fluid temperature with the similarity variable & for
various power-law index n (Wi = 1,Pr = 1)
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Figure 7. Variations of the dimensionless fluid temperature with the similarity variable & for
various Weissenberg numbers (n = 0.5, Pr = 1)
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Figure 8. Variations of the dimensionless fluid temperature with the similarity variable & for
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Figure 9. Variations of the Nusselt number with the power-law index n for
various Weissenberg numbers(Pr = 1)
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Figure 10. Approximate errors of a numerical solution ith respect to similarity
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Frezeleme operasyonlarinda tirlama titresimleri Uretkenligi olumsuz yonde etkileyen en 6nemli

faktorlerden biridir. Kesme parametrelerine, Tezgah/is mili-takim tutucu-takim sistemi ve/veya is
pargasi dinamigine bagli olarak ortaya ¢ikan bu titresimler Tezgah/is mili 6mrii, is parcasi ylizey ve boyut

Anahtar kelimeler kalitesi, takim asinmasi vb. gibi acilardan kritik bir 5nem tagimaktadir. Bu ¢calismada frezeleme isleminde
Tirlama; is parcasi dinamigi dikkate alinarak hem teorik hem de deneysel kararlilik analizleri yapilmistir. is pargasi

is pargasi dinamigi; frekans tepki fonksiyonu temel faktor olarak degerlendirilip, her talas kaldirma adimi igin kararhhk
Kararlihk diyagram; diyagramlari olusturulmustur. Tek serbestlik dereceli deney dizenegi Uzerinde gergeklestirilen
Frezeleme frezeleme testleriile de talas kaldirmayla ortaya gikan is pargasi dinamigi degisiminin kararlilik sinirlarina

etkisi irdelenmistir. Teorik ve deneysel calismalar neticesinde is pargasi dinamigi degisiminin kararl ve
kararsiz kesme bolgelerinin degisimine yol actigi gozlemlenmistir. Elde edilen sonuglar esnek is
parcalarinin frezelenmesin de is pargasi dinamiginin stire¢ verimliligi Gzerinde kayda deger bir oranda
etkisinin oldugunu ortaya ¢ikarmistir.

Investigation of Workpiece Dynamics Influence on Milling Stability

Abstract

Chatter vibrations are one of the most important factors that negatively affects the productivity in the
milling operations. Those vibrations, which occur depending upon the cutting parameters, the

Machine/Spindle-tool holder-tool assembly and/or the workpiece dynamics, have a critical importance
in terms of the Machine/Spindle life, the workpiece surface and dimensional quality, tool wear etc. In
this study, both theoretical and experimental stability analysis have been performed by taking into
account the workpiece dynamics during the milling process. Stability lobe diagrams have been created
for each material removal step by considering the workpiece frequency response function as a
fundamental factor. Effect of the workpiece dynamics alteration arising due to the material removal on
the stability limits has been examined with the milling tests performed on a single degree of freedom
experimental setup. As a result of the theoretical and experimental work, it has been observed that the
variation of the workpiece dynamics leads to change in the stable and unstable regions. The obtained

Keywords
Chatter;
Workpiece dynamics;
Stability lobe diagram;
Milling

results have revealed that the workpiece dynamics has remarkable influence on the process efficiency
in the milling of the flexible workpieces.

© Afyon Kocatepe Universitesi

1. Giris titresimler is pargasinda boyutlarinda hataya yol

Frezeleme operasyonlarinda Tezgah/is mili-takim acarken kararsiz bir davranis sergileyen tirlama

tutucu-takim sistemi ve/veya is pargasi frekans tepki
fonksiyonu (FTF) zorlanmis ve kendinden kaynakli ya
da tirlama titresimlerinin olusmasindaki temel
faktordir. Kararh bir yapiya sahip olan zorlanmis

titresimleri is pargasi ylizeyinin bozulmasina, takim
asinmasinin hizlanmasina, tezgdh/is milinin zarar
gormesine neden olma potansiyeline sahiptir. Rijit
yaplya sahip is parcalarinin frezelenmesinde
Tezgah/is mili-takim tutucu-takim sistemi dinamigi
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baskin
blyukliklerini

olarak ¢ctkan  titresimlerin
Fakat

parcalarinin (ince cidarli parcalar) imalati sirasinda

ortaya
belirlemektir. esnek s
yapilan frezeleme operasyonlarinda ise is parcasi
dinamik esnekligi blylk rol oynayarak sirecin
verimliligini etkilemektedir. Ayrica talas kaldirma ile
is parcasi dinamik davranisi takim yolu boyunca
surekli olarak degiskenlik sergilemektedir. Bu da
siire¢c modelleri ile elde edilen kararhlik sinirlarinin
degismesine neden olmaktadir. Literatlirde yapilan
¢alismalarda bu durumun alti cizilerek cesitli
matematiksel modelleme (analitik ve numerik
yaklasimlar ile) ve deneysel calismalar ile problemin
¢6ziimiine katkilar saglanmistir. Ornegin, Bravo vd.
(2005) tarafindan yapilan calismada Tezgah/is mili-
takim tutucu-takim sistemi ve is pargasi dinamigi
dikkate alinarak t¢ boyutlu bir kararlihk diyagrami
olusturulmustur. Kararhlik diyagraminin
olusturulmasinda Fourier serisi yaklasimi (Altintas
ve Budak 1995) kullanilirken, Tezgah/is mili-takim
tutucu-takim sistemi ve is pargasi FTF'leri cekic testi
ile Olgllmugstlr. Talas kaldirma adimlarinin dahil
edildigi UG¢ boyutlu kararhhk diyagrami deneysel
calismalar ile test edilmistir. Thévenot vd. (2006) ise
benzer bir yaklasim ile takim yolu boyunca talas
kaldirma ile ortaya c¢ikan is pargasi dinamigi
degisimini dikkate alarak Gg¢ boyutlu bir kararlihk
diyagrami ortaya ¢ikarmislardir. Sonlu elemanlar
analizi (SEA) ve deneysel calismalar ile is parcasi
FTF'leri elde edilmistir. Deneysel olarak dogrulama
sonuglarini da igeren calismada yazarlar, esnek is
parcalarinin frezeleme operasyonlarinda is pargasi
dinamiginin her talas kaldirma adiminda farklilhk
gostermesinden dolayi devir

degisken is mili

sayisinin kullanilmasinin gerektigini
vurgulamiglardir. Campa vd. (2007)'nin sundugu
¢alismada ise ince cidarli tabana sahip is pargalarinin
frezelenmesinde kararlilk analizleri yapilmistir.

Kése yuvarlamali  kesici takimin  kullanildigi
¢alismada, kesici takim ekseni boyunca takim dis
acisinin ve kesici takim helis agisina goére kesme
kuvveti sabitlerinin

degiskenlik  sergiledigi

belirtilmistir. Bu durumda kararlihk modelinin
analitik ¢ozimunu gerceklestirebilmek icin her iki
parametrenin ortalamasi alinmistir. Campa vd.
(2011) tarafindan sunulan c¢alismada is pargasi

dinamiginin takim yolu boyunca talas kaldirma ile

ortaya cikan degisimi dikkate alinarak yukaridaki
yaklasimin bir miktar daha gelismesi saglanmistir.
Calismada yazarlar is parcgasi FTF'lerini hem SEA hem
de oOlcim ile elde ederek (¢ boyutlu kararllik
diyagrami ortaya cikarmislardir. Kararlihk
limitlerinin cesitli frezeleme deneyleri ile test
deneysel

matematiksel tahminlerin %87 oraninda uyumlu

edilmesi  sonucunda sonuglar ile
oldugu rapor edilmistir. Ote yandan, ince duvarli

parcalarin kése yuvarlamali kesici takim ile
frezelenmesinde kararhlik analizleri Adetoro vd.
(2010) tarafindan gerceklestirilmistir. Calismada
kesme kuvveti sabitlerinin kesme derinligi boyunca
gosterdigi dogrusal olmayan davranis ve kesici takim
dis acisi analizlerde dikkate alinarak, ¢ boyutlu
dinamik frezeleme sisteminin karakteristik denklemi
(Altintas 2001) nlmerik olarak ¢oziilmdistir. Talas
kaldirma ile takim yolu boyunca degisiklik gbsteren
is parcasi dinamigi ise SEA ile hesaplanmistir. Cesitli
kesme parametrelerinde yapilan frezeleme testleri
ile kararhlik tahminleri dogrulanmistir. Eksioglu vd.
(2012) ise frezeleme siirecinde is parcasi ve takim
dinamigi, slire¢c sonimdi, kesici takimdaki radyal ve
eksenel salg, kesici takim helis acisi, degisken kesici
takim dis araligi vb. gibi durumlarin dikkate alindigi
genellestirilmis bir ayrik-zaman modeli
sunmuslardir. Model vasitayla yapilan similasyonlar
ile frezelemede tirlama titresimleri, is par¢asi boyut
hatasi ve kesme kuvvetleri tahmin edilebilmektedir.
Deneysel calismalar ile dogrulanan similasyon
sonuglari neticesinde, sunulan yontemin hesap
siresi uzun ve karmasik yapiya sahip olan niimerik
yaklasimlara alternatif olarak kullanilabilecegi
vurgulanmistir. Farkli bir yaklasim ile Smith ve Tlusty
(1993)

noktalarini

frezelemede kesme kuvvetlerinin tepe

kullanarak bir kararhk diyagrami

olusturmuslardir. Kesme kuvvetleri yenilemeli

kuvvet, dinamik sehim modeli (Smith ve Tlusty 1991)
temelli zaman ortami  similasyonlari ile
hesaplanmistir. Tepeden-tepeye diyagram olarak
anilan bu diyagram, bir dizi is mili devir sayisi-
eksenel kesme derinligi  kombinasyonunda
gerceklestirilen zaman ortami similasyonlari ile
meydana getiriimektedir. Bu sayede kararli ve
kararsiz kesmenin vyapilabilecegi alanlar tespit
edilebilmektedir. Ayni yaklasim Rubeo ve Schmitz
(2016)  tarafindan

esnek is  pargalarinin
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frezelenmesinde global olarak kararlilik limitlerinin
belirlenmesinde kullanilmistir. Ug kenari sabit bir
kenari serbest esnek is pargasinin frezelenmesini
konu alan galismada, is pargasi dinamiginin yani sira
dikkate
neticesinde bu

takim dinamigi de similasyonlarda

alinmistir. Deneysel c¢alismalar
yaklasimin hem lokal hem de global Olgekte hassas
yapabildigi gecen

calismaya ek olarak, ayni yazarlar zaman ortami

tahminler gordlmugstir.  Adi
similasyonuna bir kararliik metrigi tanimlayarak
kararlihk sinirlarini net olarak elde etmeye imkan
saglayan bir calisma (Rubeo ve Schmitz 2017)

gerceklestirmislerdir. Galismada zaman ortami
similasyonlari vasitasiyla hesaplanan takim-is
parcasi  bagll titresimi  frekans ortamina

aktarilirmistir ve kararliik metrigi, titresimlerin
tirlama frekansindaki genliginin takim dis gecis
frekansindaki genligine orani olarak tanimlanmistir.
Ote yandan, Dang vd. (2022) ince cidarli tabana
sahip is parcalarinin frezelenmesinde literatiirde var
olan calismalarda genel olarak sadece takim ve is
parcasinin dinamik sehimleri dikkate alinarak
calismalar gerceklestirildigini vurgulamistir. Oysaki
takim statik sehiminin de frezeleme kararliligina
ciddi oranda etkisi oldugunu belirtilmistir. Bu
kapsamda yazarlarin gelistirdigi modelde hem statik
hem de dinamik sehim degerleri dikkate alinmistir
ve kurulan modelin tahmin etme kabiliyeti statik
takim sehimini dikkate almayan modellere gore
%22.22 gelistirildigi rapor edilmistir. Wang vd.
(2022) ince cidarli pargalarin 5 eksen frezelemesinde
hem is pargasi mod sekil degimini hem de takim
oryantasyonunu dikkate alarak bir kararhlik analiz
gerceklestirmislerdir. Dikkate alinan bu iki faktor ile
karalihk limitlerinin hassas bir sekilde tahmin
edilebildigi ve sunulan kararhlik modelinin ince
cidarli pargalarin frezelenmesinde ortaya ¢ikan
tirlamanin azaltilmasi icin takim oryantasyonun
optimize edilmesinde kullanilabilecegi belirtilmistir.
Esnek bir kesici takim-is pargasi sisteminin 4
serbestlik dereceli frezeleme modeli Zhang vd.
(2022)
Yazarlar 4. serbestlik derecesini takim ve is pargasi

tarafindan literatire  kazandiriimistir.

ilerleme  yonlerinin  kombinasyonunu  olarak
tanimlamistir. Deneysel calismalar ile gelistirilen
model test edilmis ve esnek kesici takim-is parcasi

sisteminin frezeleme kararhliginin ilerleme yoniine

kayda deger oranda bagli oldugu gosterilmistir. Tim
bu modelleme calismalarina ek olarak, literatiirde
ince cidarh is parcalarinin frezelenmesinde tirlamayi
en aza indirebilmek amaciyla bir dizi isleme
mekanizmalari gelistirilmistir. Ornegin, Yuan vd.
(2021) esnek is pargasina cift tarafli bir destek yapisi
tasarimi gerceklestirerek, yapinin etkinligi hem
teorik hem de deneysel olarak incelenmistir. Teorik
ve deneysel sonuclar neticesinde, gelistirilen destek
yvapinin kullanilmasi ile tirlama titresimlerinin
onemli oranda azaldig1 gorilmastir. Li vd. (2022)
esnek is mili-takim-is parcgasi sisteminde frezeleme
esnasinda tirlamayi kontrol altinda tutmak igin iki
adet strateji sunmustur. Birinci stratejide sadece
takim saftinin deplasmani geri besleme olarak
kullanilirken, ikinci stratejide takim ucu ve is parcasi
olarak

deplasmanlarinin  farki geri besleme

kullanilmistir.  Sunulan aktif tirlama  kontrol
stratejileri ile talas kaldirma oranin blyik ol¢lide
artinldigi rapor edilmistir. Ote yandan, Wan vd.
(2022) esnek is pargalarinin frezelenmesinde ortaya
¢ikan titresimleri sénimlemek amaciyla is pargasi
icin hareketli bir destek yapisi tasarlamistir. Pratik
olarak uygulanabilen bu mekanik destek yapisi
takim yolu boyunca is parcasina temas ederek is
parcasinin  rijitligini  ve sonim  kabiliyetini
artirmaktadir. Boylece tirlama olmadan daha yliksek
talas

kihnmaktadir. Bu calismalara ilave olarak, Ma vd.

kaldirma oranlarina ulasmak mimkin
(2022) ve Jiang vd. (2022) gesitli mekanizmalar ile

esnek is pargalarinin  frezelenmesi  siirecini
gelistirmeyi hedefleyerek yiksek talas kaldirma
kaliteli is parcasi

Ayrica  esnek s

oranlarinda ylzeyleri elde

etmislerdir. pargalarinin
frezelenmesini konu alan bircok ¢alisma Fei vd.

(2020) tarafindan derleme olarak sunulmustur.

Bu calismada frezeleme isleminde talas kaldirma ile
ortaya ¢ikan is parcasi dinamigi degisiminin kararlilik
sinirlarina etkisi hem teorik hem de deneysel olarak
Literatur

incelenmistir. calismalarindan  da

gorilecegi Uzere esnek is parcgalarinin
frezelenmesinde talas kaldirma oranina bagli olarak
is parcasl dinamigi takim yolu boyunca degiskenlik
sergilemektedir. Bu durum dikkate alinarak kararlk
daha

deneysel calismalarda gercek esnek is parcasi

sinirlarini saglhkli test edebilmek adina
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kullanmak yerine esnek is pargasi dinamigini temsil
edecek tek serbestlik dereceli esnek bir dizenek
tasarlanip imal edilmistir. Dizenek esnekligi yaprak
yaylar tarafindan saglanmaktadir ve tiim deneylerde
bu yaylarin geometrisi sabit tutulmustur. Boylece
esnek is parcasinin direngenlik katsayisi tim
sabit

kaldirmadan dolay! ortaya cikan is parcasi dogal

deneylerde kalmistir.  Sadece  talas
frekans degisimi dikkate alinmistir. Bu da karahhk
sinirlarinin hassas bir sekilde test edilmesine imkan
saglamistir. Ayrica her bir deneysel galisma igin
esnek bir is parcasi imal edilmesi hem zaman
kaybina hem de malzeme sarfiyatina yol agacaktir.
Tasarlanan ve imal edilen deney dizenegi ile bu
durumunda o6niline gecilmistir. Ek olarak, deney
dizeneginde yer alan yaprak yaylarin geometrisi
(kalinlik, boy ve genislik) degistirilerek farkh is
parcasi dinamigi de elde edilebilmektedir. Boylece
imal edilen dizenek ilerleyen c¢alismalarda da

kolaylikla kullanilabilecektir.

Calismanin ilk kisminda, frezeleme operasyonlari
icin tirlama titresimlerinin matematiksel altyapisi
Ardindan,
gerceklestirildigi deney diizenegi hakkinda bilgilere

sunulmustur. deneysel calismalarin
yer verilmistir. Son olarak da deneysel calismalar
neticesinde elde edilen bulgulara ve bu sonuglar
1Isiginda is pargasi dinamiginin frezeleme sirecinin

verimligi (izerine olan etkisine deginilmistir.

2. Frezeleme Siirecinde Tirlama Titresimleri

Frezeleme operasyonlari sirasinda meydana gelen
Tezgah/is mili-takim tutucu-takim sistemi ve/veya is
pargas! titresimleri is parcasinda dalgali bir ylizey
olusmasina sebep olmaktadir. Birbirini takip eden
kesici takim dislerinin is parcasi lzerinde biraktig

dalgali ylzeyler arasinda faz kaymasi olmasi

durumunda dinamik talas kalinhgr degiskenlik

sergileyerek tirlama titresimleri ortaya ¢ikmaktadir.
Bu durum sematik olarak Sekil 1'de gosterilmistir.
Boylece, talas kesitinin bir fonksiyonu olan kesme

kuvvetleri de frezeleme sirasinda degisken

olmaktadir. Meydana gelen degisken kesme

kuvvetleri Tezgah/is mili-takim tutucu-takim sistemi
ve/veya is pargas! titresimlerini blylitmekte ve is
tekrar dalgalanmasina yol

pargasi yulzeyinin

acmaktadir. Bu durum adeta geri beslemeli bir
sistem olarak calismaktadir. Kararsiz bir yapiya sahip
olan tirlama titresimleri tirlama frekansinda Ustel
olarak biylimektedir. Tirlama frekansi ise Tezgah/is
mili-takim ve/veya s

tutucu-takim  sistemi

parcasinin baskin modunun dogal frekansina yakin
bir degere sahiptir (Altintas 2012).

Is pargasi n(t-7)

qQy qQy

Sekil 1. Esnek is parcalarinin frezelenmesinde tirlama

Bu calismada esnek is parcasi iki serbestlik dereceli
olarak Sekil 1'de gorildigi gibi degerlendirilmistir.
Tezgah/is mili-takim tutucu-takim sistemi ise rijit
olarak kabul edilmistir. Bu durumda esnek is
parcasinin frezelenmesinde takim disi j igin dinamik
talas kalinligi:

seklinde ifade edilebilmektedir (Altintas 2012).

o . Q
Esitlikte yer alan f; ilerleme, @;(t) = 26L0t zamana

bagh dis acisi, Q(dev/dak) is mili devir sayisi,
fesin@; statik talag kalinlig, n;(t) ve n;(t — ) ise
is parcasinin sirasiyla su anki ve bir 6nceki dis
periyodunda (T = ;—;\;t(s)) ylzey normali yénindeki
“n” titresimleridir. Bu titresimler, is pargasinin su
anki ve bir 6nceki dis periyodundaki x ve y-yoni
titresimlerinin “x;(t), y; (t), x;(t — 1), y;(t —1)”
ylzey normaline koordinat transformasyonu ile:

n;(t) = —x;(£) sin@;(t)—y;(t) cos B;(t)  (2)

nj(t — 1) = —x;(t — 1) sin@; (&) —y; (t —

(3)
7) cos @(t)
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seklinde elde edilmektedir. Su anki ve bir 6nceki dis
periyodunda kesim vyapan dislerin is parcasi
ylzeyinde olusturdugu dalgalarin ayni fazda (Sekil
2(a)) ve faz kaymasinin (Sekil 2(b)) oldugu durumlar

Sekil 2’de gosterilmektedir.

Sekil 2. Su anki (j.) ve bir dnceki ((j — 1).) kesici takim
disinin is pargasi ylzeyinde olusturdugu dalgal
ylzeyler: a) Yuzeyler aynifazda b) Yiizeylerde faz
kaymasi mevcut

Dalgalarin ayni fazda olmasi durumunda dinamik
talas
edilebilmektedir. Kesme kuvvetleri de dinamik talas

kalinhgindaki degiskenlik ihmal
kahnhgina bagh oldugundan, kuvvetlerde de kayda
deger bir degiskenlik olusmamaktadir. Bu durumda
is parcasinda kararli bir yapiya sahip olan zorlanmis
titresimler meydana gelmektedir (Kiran vd. 2017).
Ote vyandan, birbirini takip eden kesici takim
dislerinin is parcasi ylzeyinde biraktigi dalgalar
arasinda faz farki olmasi sonucunda dinamik talas
kayda deger
meydana gelmektedir (Sekil 2b). Dolayisiyla kesme

kalinliginda oranda degiskenlik
kuvvetlerinde de degiskenlik ortaya ¢ikmaktadir. Bu
durumda tirlama titresimleri ortaya ¢ikarak kararsiz
bir frezeleme vyapilmasina neden olmaktadir.
Frezeleme operasyonlarinda kararli ve kararsiz
kesme parametreleri analitik veya nimerik
yontemler ile olusturulan kararhlik diyagramlari ile
tespit edilebilmektedir. Bu ¢alismada esnek is
parcasinin frezelenmesi igin kararhlik diyagramlar
Altintas ve Budak (1995) tarafindan gelistirilen
Fourier serisi yaklasimi kullanilarak olusturulmustur.
Adi gecen yaklasimda frezeleme operasyonlari igin
limit eksenel kesme derinligi:

Ag

21
biim = (1

_ 2
vE L+ @)

seklinde tanimlanmaktadir. Burada, K;, N; ve Ag;
sabiti,

takimdaki toplam dis sayisi ve dinamik frezeleme

siraslyla tegetsel kesme kuvveti kesici

sisteminin karakteristik denkleminin 6z degerinin

As . .. .
gercek kismidir. k = A—S ise 0z degerin sanal kisminin
G

gercek kismina oranidir. Dinamik frezeleme
sisteminin karakteristik denkleminin karmasik 6z

degerleri ise Esitlik (5) ile hesaplanabilmektedir.

1
Ay = _Z_bo<b1 + /bf - 4bo> (5)

Esitlikte  yer A= A; +idg, by =
FTFyx_iFTFyy_i(Qxx®yy — AxyQyy) Ve b, =
AyxFTFyy_i + @y, FTF,,,_; olarak
tanimlanmaktadir. FTFyy,_; ve FTF,,,_; Tezgah/is

ve/veya s

alan

mili-takim  tutucu-takim  sistemi
parcasinin sirasiyla x ve y-yoni deplasman-kuvvet
direkt FTF'leri

Tezgah/is mili-takim tutucu-takim sistemi rijit kabul

olabilmektedir. Bu c¢alismada,

edilip, is parcasi dinamigi dikkate alindigindan adi
gecen FTF'ler is pargasina aittir. Yonsel oryantasyon
faktorleri ayy, ayy, ayy Ve @y, ise:

Axx = 1 [cos(2¢) — 2K

2 (6)
+ K, sin(2¢)]%¢
1.
@y = 5 [~ sin(29) — 2¢ o
+ K, cos( 2¢)]£§
1.
Ayx = 2 [—sin(2¢) + 2¢ ®)
+ K, cos( 2¢)]£§
1
ayy =3 [—cos(2¢) — 2K, ¢ o)

— K sin(2¢)]:

seklinde hesaplanmaktadir. Esitliklerde gorilen ¢
kesici takim dis giris agisini, ¢, kesici takim dis ¢ikis
acisini, K; ve K, ise kesme sabitlerini temsil
etmektedir. Bahsi gecen sabitler arasindaki iliski:

Ks
Kt = 3

/1+1(T2

Burada, K 6zgiil kesme kuvveti degeri, 8 ise kuvvet

1
"= rand) olarak yazilmaktadir.

acisidir.  Frezeleme icin limit eksenel kesme
derinliginin hesaplanmasinin ardindan, frekansa
bagh is mili devir sayisi ise Esitlik (10) ile elde

edilebilmektedir.
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60
Q_

= N (10)

Bu esitlikte gorilen kesici takim dis periyodu: T =
wi(£+ k.2m) (s) olarak yazilmaktadir. Ayrica, w,
(rad/s) tirlama frekansini, € = m — 21 (rad) birbirini
izleyen kesici takim dislerinin is parcasina biraktigi
dalgall yuzeyler arasindaki faz kaymasini, k =

0,1,2... (loblar)
ylzeylerin

ise disler arasindaki dalgal

sayisini  temsil etmektedir. Ayrica
Y =tan" (k) (rad) olarak hesaplanmaktadir. Sekil
3'te yukarida 6zetlenen kararhlik modeli vasitasiyla
olusturulan kararhhk diyagrami gorilmektedir.
Frezeleme operasyonlarinda kararh ve kararsiz
kesme bolgelerinin tayinine imkan saglayan bu
diyagram ile tirlama titresimlerinden kaginarak
yiksek talas kaldirma oranlarina ulasmak mumkiin

olmaktadir (Altintas 2012).

7

6!

5t

(mm)
IS

lim

b

Kararsiz

(5}

Kararh

0 " ?
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Q) (dev/dak)

Sekil 3. Frezeleme operasyonu igin 6rnek bir kararhihk
diyagrami

3. Deney diizenegi

is parcasi dinamigi dikkate alinarak olusturulan
kararlihk diyagramlarinin deneysel olarak testini
gerceklestirebilmek amaciyla Sekil 4(a)'da gorilen
tek serbestlik dereceli (TSD) deney dizenegi (Kiran
ve Kayacan 2019) tasarlanmistir. Bu diizenek temel
olarak esnek is parcasi dinamigini temsil etmektedir.
Ust ve alt plaka, baski pabuglari, is parcasi ve dort
adet yaprak yaydan meydana gelen deney diizenegi
y-yoninde bir esneklige sahiptir. Bu esneklik
diizenekte kullanilan 4 adet yaprak yay tarafindan
saglanmaktadir. Dlzenekteki alt plaka, Ust plaka ve
baski imalatinda AISI 1040 c¢elik
kullanilmistir. Yaprak yaylar ise AISI 1075 vyay
40X 96 x11 mm

boyutlarina sahip 6013-T6 aliiminyum malzemeli is

pabuclari
celiginden imal edilmistir.

parcgasi sekilde gorildigi gibi deney diizeneginin

st plakasina tutturulmustur. Deney diizeneginin y -

“«

yoni direngenlik katsayisi “k,, (N/m)” yaprak
yaylarin geometrisine ve elastisite moduliine bagli
olarak Esitlik (11) ile hesaplanabilmektedir (Smith

2000). Bu bagintida, E, wy, t, ve l,, sirasiyla yaprak

yaylarin elastise modull, genisligi, kalnhgr ve
uzunlugudur (Cizelge 1).
£\3
kyy = 4Ew, <i> (11)

Cizelge 1. Yaprak yay boyutlar ve Elastisite modiilu

l

w t E

y y y

(mm) (mm) (mm) (GPa)

15 1.5 45 200

Deney diizeneginin sénimsiliz dogal frekansi “w,
(rad/s)” ise:

k
- |y (12)
Wy m,
seklinde elde edilebilmektedir (Smith 2000).

Esitlikte yer alan m, = m, +gml esdeger kitle
olarak tanimlanmaktadir. m, hareketli parcalarin
(st plaka, baski pabuglari, baglanti vidalari ve is
parcasi) kitlelerinin toplami, m; ise yaprak yaylarin
toplam kdtlesidir.
ardindan  TSD

gerceklestirilerek Sekil 4(b)'de goérilen deneysel

Tasarim ve hesaplamalarin

deney dizeneginin  imalati

sistem  kurulmustur.  Kararlihk  diyagramlarini
olusturmak amaciyla her talas kaldirma adimindan
once ve sonra TSD deney diizeneginin deplasman-
kuvvet FTF'sinin 6lcimu sekilde gorilen ekipmanlar
vasitaslyla gerceklestirilmistir. Burada, ¢ekic (Kistler
9722A2000, Duyarlilik = 2.39 mV/N, celik ug) ile bir
kuvvet uygulanarak TSD deney dizenegi
uyarilmistir. Diizenegin bu kuvvete olan tepkisi ise
ivme Olcer (Kistler 8702B500, Duyarhlik = 10.13
mV/g) vasitasiyla olgilmistir. Bahsi  gegen
Olcimlerde CUTPRO® vyaziliminin MALTF modiili
kullanilmistir. Her bir dlgiime tepe alma yontemi ile
modal egri uydurma (Schmitz 2011) yapilmistir ve bu
FTF'ler

olusturulmustur.

kullanilarak kararhlik diyagramlari
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Is parcasi
@ Yay bask1

pabucu
4

7 Yaprak yay

Ust plaka

(a)

Sekil 4. TSD deney diizenegi: (a) Tasarim (b) imalat

is parcasi dinamigini dikkate alarak olusturulan
kararlihk diyagramlari cesitli kesme
parametrelerinde yapilan ayni yonli frezeleme ile
test edilmistir. Bu frezeleme islemlerinde tek dis
kaplamasiz 12 mm capa ve 25° helis agisina sahip
karbir parmak freze takimi kullanilmistir. Kesici
takim yaklasik 45 mm boyda isitmali takim tutucuya
(SECO E3414 5603 1290) baglanmistir. Ayrica, tiim
frezeleme deneylerinde kesme isleminin kararli ya
da kararsiz oldugunun tayinini yapabilmek amaciyla
TSD deney diizeneginin  y-yoniindeki ivmesi
OlcUlmuistir.

4. Arastirma Bulgulari ve Tartisma

Bir dizi ayni yonli frezeleme operasyonu ile is
pargasi dinamigi dikkate alinarak olusturulan
kararlik diyagramlarinin sagladigi kararhlik limitleri
test edilmistir. Daha ©ncede bahsedildigi (izere
kararlihk  diyagramlarini  olusturmadaki temel
parametre Tezgah/is mili-takim tutucu-takim
ve/veya is parcasi FTF'leridir. Dolayisiyla, her talas
kaldirma isleminden sonra TSD deney diizeneginin
y-yonunin deplasman-kuvvet FTF'si ol¢llmistir.
Olgiilen her bir FTF'ye modal egri uydurma yapilarak
kararhhk diyagramlarinin olusturulmasinda
kullanilmistir. Frezeleme islemi sonucunda kaldirilan
talas kiitlesine bagh olarak TSD deney diizenegi y-
yonlu  FTF'leri Sekil 5'te verilmistir. Deney
dizeneginin  tasariminda  kullanilan  yaprak
yaylardan dolayr modal direngenlik katsayisi tiim
deneyler boyunca sabittir. Fakat talas kaldirma ile
modal kiitlesi azalmaktadir. Bunu sonucu olarak da
Sekil 5'te goriuldigl Uzere talas kaldiriimasi ile
deney diizeneginin dogal frekans degeri artis
sergilemektedir. Kisim 2'de belirtildigi gibi kararlihk

- > ~3
- b §
Isitmal takim

e - * _— tutucu ?

42

'/ Kesici takim
;'/

Is pargasi
= TSD deney
diizenegi

“

diyagramlarinin  olusturulmasinda TSD deney
diizeneginin x-yOniine ait FTF'ye de ihtiyag
duyulmaktadir. TSD deney dizeneginin x-yoni
deplasman-kuvvet FTF'sinin genligi Sekil 6'da
gosterilmistir. Bu FTF deneylere baslamadan 6nce
bir kez 6l¢lilmis olup, diizenegin y-ydniine kiyasla
daha rijit olmasindan dolayi talas kaldirmaya bagh
olarak degisimi ihmal edilmistir.

T T
—Rm=0gr
—Rm=0.52 gr
—Rm=157¢gr
1074+ —Rm=3.14gr |
| —Rm=523gr
—Rm=7.84 gr
I\ —Rm=10.98 gr|
% 105 i Rm = 15.67 gr||
=) —Rm=16.71 gr|
= J/ \ Rm=2037 gr
2 ——Rm=22.99 gr
X —Rm=2351 gr||
Rm = 24.55 gr|
Rm=26.12 gr
~_ |—Rm=27.69 gr|
- Rm =29.26 gr| |
—Rm=31.35 gry
—Rm =35.01 gr|
—Rm =37.26 gr]|

1 I |
0 100 200 300 400 500 600 700 800
Frekans (Hz)

Sekil 5. TSD deney dizeneginin y-yoni Olgllen
deplasman-kuvvet FTF leri
10
107
Z
£
LF
£
10°%
10,9 L L L L L
0 500 1000 1500 2000 2500 3000
Frekans (Hz)
Sekil 6. TSD deney diizeneginin x-yoni olgilen

deplasman-kuvvet FTF'si
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Kararhlik limitlerini daha saglikh test edebilmek
adina kararhlik diyagramlari belirli talas kaldirma
araliklar icin olusturulmustur. ilk olarak Rm = 0-
15.67 gr talas kaldirma adimlarinda 6lgtlen FTF'ler
kullanilarak kararhlik diyagramlari elde edilmistir. Bu
diyagramlarin genel ve detay gorinimi sirasiyla
Sekil 7(a) ve 7(b)'de verilmistir.

7 T T
—Rm=0gr

@) ! e
6F —Rm=157gr [
—Rm=3.14 gr
Rm=5.23 gr
—Rm=784gr ]
—Rm =10.98 gr’
Rm = 15.67 gr|

by, (mm)
(98] B
\ :

(S}
T

1 JUL

0 I I =
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Q (dev/dak)
7 : Rm=0
(b) szz()g; gr
6 —Rm=157gr {
—Rm=3.14gr
Rm =523 gr
5r —Rm=784gr [|
——Rm = 10.98 gr
T 4 Rm = 15.67 gr|
E
£
& 3F ()
©
2F o)
o)
1F ]
(o}
O 1 . Il 1 1 I
4000 4500 5000 5500 6000 6500 7000

Q (dev/dak)
Sekil 7. Is parcasi dinamigine gére kararlilik diyagramlari:
Rm = 0-15.67 gr: (a) Genel gorunimu (b) Detay
goérinumi

Sekillerde goruldiigu tGzere TSD deney diizeneginde
talas kaldirilmasi ile ortaya ¢ikan dogal frekans
degisimi kararhlik sinirlarinin saga dogru kaymasina
yol agmaktadir. Baska bir deyisle, kararli ve kararsiz
kesme bolgeleri degisiklige ugramaktadir. Bu
degisimi test etmek amaciyla sekillerde gosterilen
noktalarda frezeleme operasyonlari yapilarak
kesme isleminin kararli ya da kararsiz oldugunun
tespiti yapilmistir. Test noktalarinda kesme derinligi
0.5 mm'lik adimlarla artirilirken diger tim kesme
parametreleri  sabit  tutulmustur. Frezeleme
testlerinde kullanilan kesme parametreleri Cizelge
2'de verilmistir. Bu kesme parametrelerinde
frezeleme islemleri ayni yonli olarak ve sogutma
sivisi kullanilmadan yapilmistir. Takim-is parcasi
ciftine ait kesme sabitleri ise K, = 677.48 N/mm?,
K, =0.1844 olarak hesaplanip kararhlik
diyagramlarinin  olusturulmasinda  kullaniimistir.
Sekil 7'de goriilen yesil noktalar kararh frezelemeyi,
kirmizi nokta ise kesme esnasinda tirlamanin
meydana geldigini belirtmektedir.

Cizelge 2. Frezeleme testlerinde kullanilan kesme
parametreleri (Rm = 0-15.67 gr)

 (dev/dak) 5500 - - - - - R

fe (mm/dig) 01 - - - - - -

bjim (Mmm) 0.5 1 15 2 25 3 3.5

a (mm) 4 - - - - - -

Frezeleme isleminde tirlama olup olmadiginin

tespiti hem is pargasinin ylizeyine bakilarak hem de
kesme esnasinda Olgilen TSD deney diizenegi y-
ydni ivme sinyali analiz edilerek yapilmistir. Ornek
olmasi adina, kararl ve karasiz kesme sonucu ortaya
cikan is parcasi ylizeyler Sekil 8'de gosterilmistir.

Sekil 8. Tirlama ve tirlama olmadan yapilan frezeleme
sonucu elde edilen is parcasi ylzeyleri

0 = 5500 dev/dak, f; = 0.1 mm/dis, a =4 mm,
bjim = 0.5 mm kesme parametrelerinde (kararli
kesme bolgesinde) gergeklestirilen ayni  yonli
frezeleme operasyonunda tirlamaya
rastlanmamistir. Bu tespit frezeleme esnasinda
Olcllen TSD deney diizenegi ivme sinyali (Sekil 9)
analiz edilerek yapilmistir. Sekil 9(b) yakindan
incelendiginde, sadece takim dis gecis frekansinda
(ftag = 91.66 Hz) ve harmoniklerinde frekans
icerikleri gorilmektedir. TSD deney dizeneginin
dogal frekansi yakinlarinda herhangi bir tirlama
frekansi mevcut degildir. Diizenek kesme esnasinda
yalnizca zorlanmis titresim yapmaktadir. Bu titregim
genlikleri ise diizenegin dogal frekansina yakin olan
takim dis gecis frekansinda veya harmoniklerinde
daha yiksek olmaktadir. Bu durumu Sekil 9(b)'de
gozlemlemek mimkindir. TSD deney diizeneginin
dogal frekansina (289.5 Hz) yakin olan takim dis
gecis frekansinin 3. Harmoniginde (yani 274.98 Hz
yer alan harmonigi) onemli oranda zorlanmis
titresim meydana gelmektedir.
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Sekil 9. Frezeleme testi sirasinda 6lglilen TSD deney
diizenegi y-yonil ivmesi: (a) Zaman ortaminda
(b) Frekans ortaminda

Diger kesme parametreleri sabit tutulurken eksenel
kesme derinligi adim adim artirilarak Sekil 7'de
gosterilen yesil noktalarda vyapilan frezeleme
operasyonlarinda tirlama ile karsilasiimamistir ve
kesme esnasinda benzer ivme sinyalleri elde
edilmistir. Fakat, 2 = 5500 dev/dak, f; =0.1
mm/dis, a=4 mm, by, =35 mm kesme
parametrelerinde yapilan ayni yonli frezelemede
tirlama ortaya ¢cikmistir. Bu deney sirasinda olgilen
TSD deney diizenegi y -yonl ivmesi zaman ve
frekans ortaminda Sekil 10'da gosterilmistir.

2000 500
(a) (b)

~ 1000 - Ao
E 0 é 300 Tirlama frekansi
2" 'E} 200 (316.5 Hz)
= 1000 =

. 100 "I

2000 0 [T

12 13 14 15 0 500 1000 1500 2000
Zaman (s) Frekans (Hz)

Sekil 10. Frezeleme testi sirasinda O6lglilen TSD deney
dizenegi y-yonl ivmesi: (a) Zaman ortaminda
(b) Frekans ortaminda

Sekil 10(a)'da gorilen zaman ortamindaki ivme
sinyali incelendiginde, sinyalin tirlama sonucunda
degiskenlik sergiledigi gorilmektedir. Ayni sinyale
frekans ortaminda bakildiginda (Sekil 10(b)) ise
takim dis gecis frekansi ve harmoniklerine ek olarak,
TSD deney dizenegi dogal frekansi (293.3 Hz)
yakininda, yani 316.5 Hz'de bir tirlama frekansi
gorulmektedir. Bu da kesme isleminin kararsiz
oldugunu belirtmektedir. Ote yandan, kararhlik
limitlerini farkli is mili devir sayisinda test edebilmek
amaciyla bir sonraki ayni yonli frezeleme testleri
Cizelge 3'de verilen kesme parametrelerinde
gerceklestirilmistir.

Frezeleme testlerinde kullanilan kesme
parametreleri (Rm = 0-31.35 gr)
 (dev/dak) 4200 - - - -
fi (mm/dis) 0.1 - - - -
biim (Mm) 0.5 1 15 2 25
a (mm) 4 - - - -

Cizelge 3.

Bir dnceki sunulan deneysel calismalarda oldugu gibi
talas kaldirma ile is pargasi dinamigi degisimi dikkate
ahinarak kararlihk diyagramlari olusturulmustur. Bu
diyagramlarin kararli ve kararsiz frezelemenin
yapildig test noktalari ile birlikte genel gorinimi
Sekil 11(a)'da, detay gorinist ise Sekil 11(b)'de
gosterilmistir.

—Rm=0gr
Rm=0.52 gr
—Rm=157gr [
|—Rm=3.14 gr
fl—Rm=523gr
—Rm=784¢gr [|

/| —Rm=10.98 gr
/ Rm =15.67 gr|
J] |—Rm=16.71 gr
/ Rm =20.37 gr
—Rm =229 gr| |
—Rm=23.51 g
Rm = 24.55 gr
Rm=26.12 gr
—Rm =27.69 gr|
Rm =29.26 gr
—Rm=31.35 g1

0 1
0 1000 2000 3000 4000

\ N
5000 6000

| 1
7000 8000 9000 10000

Q (dev/dak)

T
—Rm=0gr
Rm=0.52 gr
—Rm=157gr
—Rm=3.14gr
Rm=523gr
—Rm=7.84gr
—Rm =10.98 gr
Rm = 15.67 gr| |
—Rm=16.71 gr|
Rm =20.37 gr
——Rm=22.99 gr||
—Rm=2351 gr
Rm = 24.55 gr
Rm =26.12 gl
——Rm =27.69 gri
Rm = 29.26 gr
—Rm =31.35 grH

0 ! e | ! | = —
3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000
Q (dev/dak)

Sekil 11. Is parcasi dinamigine goére kararlilik
diyagramlari: Rm = 0-31.35 gr: (a) Genel
gorinimi (b) Detay gérinimu

Sekillerde  gorilen vyesil test noktalarinda
gerceklestirilen ayni yonli frezeleme
operasyonlarinda herhangi bir tirlamaya

rastlanmamistir. Ayrica sekillerde verilen pembe
test noktast (b, =2 mm)  kararh  kesme
bolgesinden kararsiz kesme bolgesine gegis noktasi
olarak belirlenmistir. Bu tespit, adi gegen test
noktasinda gerceklestirilen frezeleme operasyonu
sirasinda Olglilen TSD deney diizenegi y-yoni ivme
sinyaline (Sekil 12) dayanarak yapilmistir.

600 300

[
=]
=3

N

Tirlama frekans:
(314.5 Hz)

s
(=]
=]

Ivme (m/s”)
y
(=]
Ilvme (m/s™)
y

-600
11 12 13 14 15 0 500 1000 1500 2000
Zaman (s) Frekans (Hz)

Sekil 12. Frezeleme testi sirasinda olg¢lilen TSD
deney diizenegi y -yoni ivmesi: (a)
Zaman ortaminda (b) Frekans ortaminda
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Sekil 12(b) vasitasiyla olgllen ivme sinyali frekans
ortaminda incelendiginde, takim dis gecis frekansi
ve harmoniklerine ek olarak bir de 314.4 Hz'de
tirlama frekansi mevcuttur. Bu frekanstaki titresim
seviyesi oldukga dusiktlr ve ¢ok hassas olmayan
frezeleme operasyonlari icin ihmal edilebilecegi
kanaatina varilmistir. Dolayisiyla bu test noktasi
kararsiz kesme bdlgesine gecis noktasi olarak
belirlenmistir. Gegis noktasindan sonra eksenel
kesme derinligi artirilarak 2 = 4200 dev/dak, f; =
0.1 mm/dis, a =4 mm, by, = 2.5 mm kesme
parametreleri ile yapilan ayni yonli frezeleme
operasyonunda tirlama meydana gelmistir. Bu
deney sirasinda 6lgllen TSD deney diizenegi y-yonii
ivmesi zaman ve frekans ortaminda Sekil 13'de
sunulmustur. ivme sinyali frekans ortaminda
incelendiginde (Sekil 13(b)), takim dis gecis ve
frekansi (fiqg = 70 Hz) harmoniklerinin yani sira
tirlama frekans icerikleri de gozlemlenmektedir.
Ozelliklede 314.8 Hz'de kayda deger oranda tirlama
titresimi ortaya ¢ikmistir.

1200

300

(a) ‘ Tirlama frekans (b)
600 _ (314.8 Hz)
@ T2 200}
< 0 =3
2 2
s Z 100
= -600 ’ b
-I:(D(i‘ 0 :
11 12 13 14 15 0 500 1000 1500 2000
Zaman (s) Frekans (Hz)

Sekil 13. Frezeleme testi sirasinda olglilen TSD
deney dlzenegi y -yonl ivmesi: (a)
Zaman ortaminda (b) Frekans ortaminda

Yapilan deneysel analizleri bir adim daha oGteye
tasimak ve kararlilik sinirlarinin talas kaldirma ile
ortaya c¢ikan is parcasi FTF degisimine olan
hassasiyetini detayll incelemek adina, 2 = 4460
dev/dak, f; =0.1 mm/dis, a =4 mm, b, =
2, 2.5, 3 mm kesme parametrelerinde 3 adet daha
deney vyapilmistir. Bahsi gecen test noktalar
kararlihk diyagramlarn ile birlikte Sekil 14(a)'da
gosterilmistir. is parcasi dinamigi degisime gore
farkhlik sergileyen kararlilik sinirlarini daha net
gorebilmek amaciyla diyagramlarin detay gérinisi
ise  Sekill4(b)'de verilmistir. Bu  sekilden
gozlemlenebilecegi (izere, talas kaldirma ile is
parcasi dogal frekansinin artmasi neticesinde
kararlihk sinirlari sag tarafa dogru kaymaktadir.
Dolayisiyla da kararli ve kararsiz kesme bolgeleri
degisime maruz kalmaktadir. Sekilde yer alan test
noktalari vasitasiyla bu durumu teyit etmek
mUmkanddr.
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Rm=0.52 gr
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—Rm=3.14gr
Jl—Rm=523 ¢gr
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Rm = 26.12 gr||
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Rm=26.12 grl|
—Rm=27.69 gr|
Rm =29.26 gr|
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h SN

Sekil 14. s parcasi dinamigine gére kararlilik
diyagramlari: Rm = 0-37.26 gr: (a) Genel
goriinimu (b) Detay gérinimu

Baska bir deyisle, is parcasi dinamiginin degisimi
dikkate alinmadan sadece hi¢ talas kaldiriilmadan
Olcilen FTF (Rm=0 gr) ile olusturulan kararlilik
sinirlarina gére 2 mm kesme derinliginde (Sekil 14(b)
yesil nokta) yapilan frezeleme sirasinda tirlama
meydana gelmesi beklenirdi. Clink{i adi gegen test
noktasi Rm=0 gr'de oOlgilen FTF ile elde edilen
kararhhk diyagraminin kararsiz kesme bdlgesinde
yer almaktadir. Fakat bu durumun aksine, Sekil 14
'de yer alan yesil noktada kararli bir frezeleme
operasyonu yapilabilmistir. Adi gecen deney
sirasinda olgiilen ivme sinyali (Sekil 15) bu gozlemi
teyit etmektedir. Ayrica elde edilen bu deneysel
sonug talas kaldirma ile ortaya c¢ikan is pargasi
dinamigi degisiminin kararlilik sinirlari Gzerindeki
etkisini daha acik ve net bir sekilde ortaya cikarir
niteliktedir.

I
=
)
=]
=]

(b)

)
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(m 'n'jj
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=400}
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@

200

1500 o Lo i,
11 12 13 14 15 0 500 1000 1500 2000

Zama-n (s) Frekans (Hz)
Sekil 15. Frezeleme testi sirasinda olg¢lilen TSD
deney diizenegi y -yoni ivmesi: (a) Zaman
ortaminda (b) Frekans ortaminda
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Her ne kadar bu c¢alismada kullanilan deney
diizenegi farkli olsa da buraya kadar sunulan
bulgular  genel olarak  degerlendirildiginde
literatlirde yer verilen bulgular ile ortlismektedir.
Ornegin, Bravo vd. (2005), Thévenot vd. (2006), Fei
vd. (2020) ve Dang vd. (2022)'nin sundugu
calismalarda da is parcasi dinamiginin talas kaldirma
oranina bagli olarak degisimi ile kararlilik sinirlarinda
onemli oranda degiskenlik meydana geldigi
vurgulanmistir.

5. Sonuglar

Buraya kadar sunulan kararhlik analizi sonuglarina
genel olarak bakildiginda, kullanilan kararlihk
modelinin hassas bir sekilde kararl kararsiz kesme
bolgelerini tayin edebildigi gorilmektedir. TSD
deney dizenegi (izerinde gerceklestirilen bu
analizler ile, is parcgasi dinamigi degisimin kararhhk
sinirlarint kayda deger oranda etkiledigi
gdzlemlenmistir. Onceki béliimlerde detayli olarak
ele alindigi uzere, kullanilan deney dizeneginin
direngenlik katsayisi sabittir ve talas kaldirma ile
sadece dogal frekans degerinde artis meydana
gelmektedir. Beklenildigi gibi, bahsi gecen artis
kararli ve kararsiz kesme bolgelerinde degisime yol
acmistir. Ote yandan, gercek esnek is parcalarinin
(ince duvarli is parcalari) frezelemesi esnasinda talas
kaldirma oranina bagh olarak is pargasin hem
direngenlik katsayisinda hem de dogal frekansinda
degisim meydana gelmektedir (Kiran ve Kayacan,
2019). Bu durum, TSD deney diizenegine kiyasla,
kararlihk  sinirlarinin - daha fazla degismesine
sebebiyet verecektir. Dolayisiyla, kararli ve kararsiz
kesme bdlgelerini daha saglikli analiz edebilmek igin
kararhhk diyagramlarinin ig¢ boyutlu olarak ifade
edilmesi yerinde bir yaklasim olacaktir. Baska bir
deyisle, kararhlik diyagramina Uglincli bir boyut
olarak talas kaldirma ile is pargasi dinamiginin dabhil
edilmesi, bu tarz parcalarin frezelenmesinde global
Olcekte tirlama olan ve olmayan bdlgelerin tespiti
icin fayda saglayacaktir. Boylece, frezeleme siireci
Oncesinde bir islem planlamasi ve optimizasyonu
(kesme parametreleri ve takim yolu optimizasyonu)
yapilarak tirlama olmadan yiliksek talas kaldirma
oranlarina ulasmak mimkiin olabilecektir.
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Abstract

In this study, polyacrylamide/alginate (PAAm/Alg) based hydrogels have been synthesized and
investigated. The four different hydrogels produced contained different concentrations of single- or
double- network polymer: 15 wt.% single-network (SN-15), 30 wt.% single-network (SN-30), 15 wt.%
double-network (DN-15), and 30 wt.% double-network (DN-30). The tribological performance of these

Poll\:::ﬂ;:;rr:?de; synthesized hydrogels was investigated by using a custom pin-on-disc tribometer in phosphate buffered
Alginate; saline (PBS), where samples were reciprocated against a CoCrMo femoral head under an applied load
Cartilage treatment; of 50r 10 N, at an average sliding speed of 20 mms-1, and body temperature (37+1 °C). The compressive
Tribology; tangent modulus was also determined by compressing samples at a strain rate of 1 min-, while

. . submerged in PBS, at both ambient and body temperatures. The results showed that a higher polymer
Compressive behaviour

concentration or a double-network type of structure led to improved friction (lower friction co-efficient)
and wear (lower wear track area) properties. Samples also performed better when a lower applied load
used. Sample DN-30 exhibited the highest compressive modulus. These outcomes have contributed to
the understanding of the mechanical and tribological performance of PAAm/Alg blend hydrogels when

performing under certain physiological conditions.

Potansiyel Kikirdak Tedavisi icin Poliakrilamid/Aljinat Hibrit Hidrojellerin

Mekanik ve Tribolojik Analizi
Oz
Bu calismada sentezlenen poliakrilamid/aljinat (PAAmM/Alg) bazli hidrojellerin mekanik ve tribolojik

dzellikleri incelenmistir. Uretilen dért farkli hidrojel farkli konsantrasyonlarda tek veya cift ag yapili
polimerlerden olusmaktadir: agirlikca %15 tek ag yapih (SN-15), %30 tek ag yapili (SN-30), %15 cift ag
yapili (DN-15) ve %30 cift ag yapili (DN-30). Sentezlenmis hidrojellerin tribolojik performansi, 6zel olarak

Anahtar kelimeler
Poliakrilamid: tasarlanmis pin-on-disk tribometre ile, 371 °C sicaklikta fosfat tamponlu salin (PBS) igerisinde,
Aljinat; ’ ortalama kayma hizi 20 mms olan CoCrMo femur kafasinin altinda 5 veya 10 N’luk ytkler uygulanip
K|k|rdakted’avisi' lineer git-gel hareketi ile incelenmistir. Hidrojellerin sikistirma tanjant moduli, PBS’ye daldiriimis
Triboloji; ’ numunelerin hem ortam hem de vicut sicaklarinda 1 dak? gerinim hizinda sikistiriimasiyla

Basma davranis belirlenmistir. Test sonuglari daha yiksek polimer konsantrasyonu veya cift ag tipi bir yapiya sahip
olmanin hidrojellerin gelismis stirtinme (distik sirtinme katsayisi) ve asinma (disiik aginma izi alani)
Ozelliklerine sahip olmasina yol agtigini géstermistir. Hidrojellerin daha dislk yik altinda daha iyi
performans gosterdigi gdzlemlenmistir. DN-30 olarak kodlanan numune en yiiksek sikistirma modula
davranigini sergilemistir. Bu sonuglar, fizyolojik kosullar altinda PAAm/Alg karisimi hidrojellerin mekanik

ve tribolojik performansinin anlagilimasina katkida bulunmustur.

© Afyon Kocatepe Universitesi
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1. Introduction

Researchers are developing biomaterials for
cartilage treatment that can mimic the structure of
biologically,

mechanically. These biomaterials are generally

the cartilage biochemically and

categorized into three main groups: natural,
synthetic or a combination of natural/synthetic
materials. The natural materials are alginate,
collagen chitosan, agarose, hyaluronan and fibrin,
while the synthetic ones are poly (vinyl alcohol)
(PVA), polylactide acid (PLA), poly (ethylene glycol)
(PEG), polyurethane (PU), polyacrylamide (PAM)
and their derivatives. These natural and synthetic
materials can be used together in order to improve
the properties of the replacement material and
obtain a similar structure to the real cartilage
(Duarte Campos et al. 2012). Such biomaterials are
called hydrogels and that can be defined as three-
dimensional networks of hydrophilic polymers that
are ionically or covalently cross-linked. Due to the
chemical structure of hydrogels, they can absorb
large amounts of biological fluids and water without
losing their shapes. However, since hydrogels are
not water soluble materials, they are subjected to
swelling during absorption (Dragan 2014,Hoffman
2002, Peppas et al. 2000). Hydrogels can be used as
a biomaterial due to their unique features, most
notably; similarity to living tissue, biocompatibility,
biodegradability, flexibility, softness, versatility, and
their
relative softness, they possess good mechanical and
2020,

Hoffman 2002). These prominent features allow

stimuli-responsivity. Moreover, despite

tribological properties (Aswathy et al.
hydrogels to not only be used for cartilage
treatment but also contact lenses (Carnt et al.
2010), wound dressing (Basu et al. 2017), drug
delivery (Craciun et al. 2018), cosmetic applications
(Parente et al. 2015), and tissue engineering (Al-
sabah et al. 2019).

There are 2 common diseases, called osteoarthritis
(OA) and rheumatoid arthritis (RA), which require
cartilage treatment. OA is caused by aging, obesity
and traumatic injury that cause the cartilage to thin,
which in turn causes the contact surfaces of the joint
to become rougher and increasingly worn out,
leading to cartilage loss. On the other hand, RA is

brought about by a disorder of the autoimmune
system, where healthy cells are attacked by the
immune system which causes inflammation of the
joint and thickening of the synovial fluid, resulting in
cartilage loss (Tamer 2013).

In cartilage treatment applications within tissue
hydrogels are expected to
regenerate damaged tissues (Li et al. 2019, Li et al.
2012, Xiao et al. 2013) and/or replace the damaged
tissue. Hip joint is a ball-and-socket synovial joint

engineering area,

that helps to dissipate the load and enable angular
rotational motion with low friction. The joint
contains articular cartilage which separates the
femoral head and the acetabulum. Moreover, hip
joint is encapsulated by a synovial membrane which
produces synovial fluid. The fluid is stored in the
cartilage while the joint is not in motion, however
during motion, the viscous substance is squeezed
out to lubricate the contact area, reducing the
friction and circulating nutrients in the joint (Tamer
2013). The cartilage tissue is composed of abundant
extracellular matrix (ECM) consisting primarily of
collagen type Il which provides tensile strength, and
highly sulphated proteoglycans that contribute
resistance to the load (Goldring & Goldring 2007).

Hydrogels are promising substitute materials
because their toughness and strength values are
close to the corresponding values of cartilage, and
they have a lubricating mechanism that transmits
the biological fluid to the joint under load conditions
(Beddoes et al. 2016). There are several hydrogels
can be used for treatment and regeneration by
transplant into a damaged cartilage or replacement
of the whole cartilage. The polymers developed for
use in cartilage tissue engineering applications can
be listed as follows: polyethylene glycol (PEG)
(Mehrali et al. 2017), polyvinyl alcohol (PVA)
(Dashtdar et al. 2013), hyaluronic acid (HA) (Zhu et
al. 2017), alginate (Park et al. 2017), acrylamide
(Beddoes et al. 2016). Although these given
hydrogels were investigated as cartilage
substitution materials on their own, it was observed
that they are brittle, non-stretchable and possess
low mechanical properties. For this reason, research
focused on reinforcement materials, crosslinks and
hybrid structures additions that were introduced,

and indeed found to improve the mechanical
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properties of the hydrogels to be used for cartilage
treatment. For instance, it was found that the PEG
hydrogels’ strength and compression modulus can
approach those of the real cartilage structure when
itis in hybrid form —i.e. when it constitutes of a mix
of natural and synthetic materials (Liu et al. 2010,
Scholz et al. 2010). On the other hand, PVA
hydrogels
improve their tensile modulus (Grad et al. 2003).

require reinforcement materials to
Similarly, Alginate also requires additional materials
or crosslinking for an adequate compressive
strength and stiffness (Scholten et al. 2011). The
elastic and compressive moduli of Acyrlamide
hydrogels can also be improved significantly with
the addition of
crosslinkers (Zaragoza et al. 2016). Different type of

reinforcing materials and

reinforcement materials and methods such as
nanoparticle reinforcement (Yue et al. 2019), nano
fiber reinforcement (Jlang et al. 2013), multi-
functional crosslinking (Bialik-Was et al. 2021)
double network applications and hybrid structures
(Pourjavadi et al. 2020), hybrid hydrogels such as
polyacrylamide/alginate (Sun et al. 2012) have
been studied.

The aim of this study was to synthesize polymer
hydrogels with mechanical and tribological
properties approximating those of articular cartilage
under certain physiologically relevant conditions.
This was done by synthesizing single- and double-
PAAmM/Alg  hybrid

concentrations of 15 wt.% and 30 wt.%. Due to

network hydrogels at
articular cartilages contains fluid between %65 and
%80, the given concentrations were selected (Mow
et al. 1992). These hydrogels were subsequently
assessed for wear and friction properties, under
various loads and while in-vitro. The compressive
and swelling behaviours were also investigated.

2. Material and Method

2.1 Acrylamide/Alginate blend hydrogel synthesis

(AAm),
(NMBA) and ammonium persulfate (APS) were

Acrylamide N'N-methylenebisacrylamide

bought from Sigma-Aldrich (Germany), while
Alginate (Alg) and CaCl, were purchased from Merck
(Germany). Single-network (SN) and double-
network (DN) PAAm/Alg blend hydrogels were

prepared using the method described by Sun et al.

(Sun et al. 2012) with modifications. After dissolving
Acrylamide monomer (15 and 30 w/v%) in deionized
water at room temperature, alginate monomer (1.6
and 3.2 w/v%) was added to the aqueous solution.
This was followed by the addition of 0.05 w/w% of
NMBA solution and subsequently, 0.1 w/w% of APS
solution, which acted as an acrylamide crosslinker
and solution initiator, respectively. The solution was
stirred continuously using a magnetic stirrer at a
constant speed until all the substances were fully
dissolved. After pouring the solution into petri
dishes, the polymerization process was conducted
by exposing the solution to a 254 nm light source in
a UV cabinet for 2 h, thus allowing all chemical
reactions to be fully completed. Finally, the samples
were soaked in 10 w/v% CaCl, solution for 24 h to
enable the ionic crosslinking of alginate and
therefore DN hydrogels (Darnell et al. 2013, Guo et
al. 2014, Sun et al. 2012, Yang et al. 2013). At the
end of the process, the samples were washed with
deionized water to remove any unreacted
chemicals. The hydrogels synthesized at different
conditions are summarized in Table 1.

2.2 Friction and wear studies

Friction and wear experiments employing linear
reciprocating motion were conducted using a
custom pin-on-disk tribometer (Figure 1). Prior to
clamping into the testing equipment, PAAm/Alg
specimens (nominal diameter 39 mm, thickness
4.5+0.3 mm) were fully hydrated in PBS for at least
48 h, and subsequently glued onto stainless steel
discs (thickness 3 mm). The femoral head (#28 mm;
average surface roughness, R,<0.050 um), against
which the samples were tested was made of
CoCrMo. With a stroke length of 10 mm at 1 Hz, the
average sliding speed was 20 mm s, thus simulating
that experienced by the articular cartilage during
walking activities. The loads applied were 5 and 10
N, which, according to the Hertzian contact theory,
yielded average contact pressures of 0.02 -0.05
MPa, respectively. Tests were run for 1 h in PBS
(Sigma—Aldrich), and throughout the tests, the
lubricant temperature was kept constant at 37+1 °C.
The test conditions are shown in Table 2. Following
the tests, the hydrogel discs were rinsed with
distilled water and rehydrated in PBS for a minimum
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of 48 h. The resulting wear tracks were analyzed
visually for signs of surface damage, photographed
alongside a ruler to enable measurement of the

damaged area and processed using Imagel

software.

Table 1. Composition of the hydrogels prepared using various concentrations and crosslinking agents.

Polytier Aam? Alg?. NMBA3 APS? CaCl,
(w/v%) (w/v%) (w/w%) (w/w%) (w/w%)
15%-SN° 15 1.6 0.05 0.1 =
30%-SN 15 1.6 0.05 0.1 -
15%-DN® 30 3.2 0.05 0.1 10
30%-DN 30 3.2 0.05 0.1 10

Note: The explanation of the abbreviations given in the Table 1 is shown below.

! Acrylamide

2 Alginate

3 N'N-methylenebisacrylamide
4 Ammonium persulfate

> Single Network

® Double Network

Static loading

\

CoCrMo counterface Hydrogel

Test lubricant Test container

|

>

Sliding direction

Figure 1. Schematic of tribometer.

Table 2. Test conditions for friction and wear tests

Test Parameters

Load 5and 10N
Sliding speed 20 mm/s
Lubricant PBS

Test Duration 1h

Test Temperature 37+1°C

2.3 Hydrogel compressive properties

The compressive properties of the PAAM/Alg blend
hydrogels were tested by uniaxial unconfined
compression tests, performed by a mechanical
tester (AG-IS, Shimadzu Co., Japan) that was
equipped with a 50 N load cell. The tests were

conducted at both ambient temperature and body
temperature (37 £1 °C), while submerged in PBS.
11.840.3 mm,
thickness 6.620.8 mm) were pre-loaded as 0.1 N to
ensure full contact. The samples were compressed
at a strain rate of 1 min, to 40% of their original
thickness. Following the conversion of the load-

The hydrogel discs (diameter

displacement data into engineering stress-strain,
the compressive modulus was deduced as a first
derivative of stress with respect to strain at various
strain levels. Stress relaxation tests that assess the
time-dependent mechanical characteristics of the
hydrogels were conducted by holding the 0.4
compressive strain constant for 300 s, while
recording the load-time response that was
subsequently converted to compressive stress
versus time. The stress relaxation rate (SRR) was

quantified by applying the following equation:

SRR = [(0p — 0¢)/0p] * 100 (%) (1)

Where g, is peak compressive stress and o, is
equilibrium compressive stress. Each test was
performed three times and the average values were
reported.
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2.4 Swelling studies

Synthesized hydrogel (Ws) and
subsequently immersed in PBS (Sigma—Aldrich) at

was weighed

37.0£0.1 °C until equilibrium was reached. The
swollen hydrogel sample was then blotted with filter
paper to remove excess water and weighed again
(W;). Swelling degree (SD) was determined using the
following formula;

SD = (Ws — Wp)/Wp (2)

3. Results and Discussion

3.1 Coefficient of friction

Figure 2 gives the coefficient of friction (COF) with
sliding time for the articulation of PAAm/Alg
hydrogels against a CoCrMo femoral head. The
figure also illustrates how the COF behavior alters
with a change in polymer concentration (Fig 2a),
polymer network (Fig 2b) and applied load (Fig 3c).
The 30%-DN hydrogel that was worn at an applied
load of 5N exhibited a low and stable COF behavior
throughout the test. This behavior can be explained
by the formation of biphasic lubrication (Sakai et al.
2018). In all the other experiments, which involved
either at a lower polymer concentration (15 wt%), a
higher applied load (10 N) or a different polymer
chain structure (SN), the COF was observed to
increase for the first 10 min and then settle to a
steady-state condition. A lower applied load led to a
shorter transition to steady-state for SN hydrogels.
This increase in COF has been attributed to a loss of
interstitial fluid support with time (Mostakhdemin
et al. 2021).

(@

0.16 4

— 15%
— 30%

0.14 4

0.12 4

0.10

LL
o}
o 0.08
0.06
0.04
0.02 A ' I l l A " M ) A
0.00 T T T T T T
0 10 20 30 40 50 60
Time (min)
(b)
016 SN
——DN
0.14
0.12
W 0.104
o}
© s WMMWWWW
0.06
0.04
0.02 A ' ' ‘ l A " lﬂ'”
0.00 T T T T T T
0 10 20 30 40 50 60
Time (min)
(©
0164 5N
— 10N
0.14
0.12
u  0.104
o}
o 0.08
0.06
0.04
0.02 A ' H ' " 'ﬂ I A
0.00 T T T T T T
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Time (min)
Figure 2. Coefficient of friction versus time; (a)

concentration comparison for DN hydrogel
tested at 5 N, (b) network comparison for 30%
hydrogel tested at 5 N, and (c) test load
comparison for 30%-DN hydrogel.
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Table 3 depicts the mean COF values for various test
conditions. Average values for the COF were found
to be between 0.01 and 0.14. COF was observed to
increase when either a higher load was applied,
when the polymer concentration was lower or when
the structure was of SN type. Figure 3 gives an
illustrative plan view of a wear scar of a PAAmM/Alg
hydrogel, while the calculated wear track areas are
reported in Table 3. The damage area of 30%-DN
hydrogel worn at 5 N (16 mm?) was found to
increase when either polymer network changed to
SN (24.7 mm?) or test load increased to 10 N (30.1
mm?). hydrogel
concentration from 15 to 30 wt% caused a lower

Conversely, increasing

wear track area as the hydrogels became stronger.
A good correlation (R?=0.97) between the COF and
the wear track area was found.

Wear scar

Hydrogel sample

Sliding direction

Figure 3. An illustration of wear track for 30%-DN
hydrogel under 5 N.

Table 3. Mean COF and wear track area for the
hydrogels worn in PBS lubricant.

Hydrogel Tes(t'\ll;)ad Mean COF ;Ar/:aa?r:?:zl;
15%-DN 5 0.14 34.5
30%-DN 5 0.01 16.0
30%-SN 5 0.07 24.7
30%-DN 10 0.09 30.1

3.2 Hydrogel compressive behaviour

PAAmM/Alg hydrogels were compressed to 0.4 strain
at a rate of 1 min?, at both ambient and body
temperatures. A non-linear stress-strain response
(Figure 4) was observed for the hydrogels at both of
the tested temperatures. The range of compressive
modulus observed lied in between 0.016+0.001 and
0.179+0.014 MPa — with the variation being caused

by factors such as the hydrogel group, the strain
magnitude and the test temperature (Figure 5). As
the strain magnitude increased, higher compressive
moduli were reported. Similarly, increasing the
hydrogel concentration from 15 to 30%, resulted in
an increased compressive modulus for all the
hydrogel groups tested. DN hydrogels were found to
exhibit higher than the
corresponding SN group for all strain magnitudes

compressive moduli

and test temperatures. The highest compressive
modulus (0.057+0.006 — 0.179+0.014 MPa) across
all the test groups was observed for the %30-DN
samples. This result falls within the lower range of
the stiffness reported for natural articular cartilage
(0.1-1 MPa) (Davis et al. 2021). The testing
temperature affected the compressive modulus
across all the tested hydrogel groups, with a higher
testing
compressive modulus. This result was attributed to

temperature resulting in a lower

the tendency of polymer chain damage at higher
temperatures (Kabiri et al. 2008).

(a) ambient temperature

0.040
— 15%-SN
00351 |—— 15%-DN
—— 30%-SN
0030 |—— 30%-DN
‘< 0.025
o
=
& 0.020
[%]
g
¢ 0.015
0.010
0.005
0.000
0.0 0.1 0.2 0.3 0.4
Strain (mm/mm)
(b) body temperature
0.040
—— 15%-SN
00359 |—— 15%-DN
—— 30%-SN
0.0309 | —— 30%-DN
T 0.025
& 0.020
%)
g
& 0.015
0.010
0.005 -
0.000 T T T T
0.0 0.1 0.2 0.3 0.4

Strain (mm/mm)
Figure 4. Compressive stress versus strain of PAAm/Alg at
(a) ambient and (b) body temperatures.
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Figure 5. Compressive modulus of PAAmM/Alg hydrogels at

various strains at (a) ambient and (b) body
temperatures.

The stress relaxation behavior of the hydrogels was
investigated by holding the strain constant at 0.4 for
the duration of 300 s. DN hydrogels possessed a
higher stress relaxation rate (8.4 — 10.4%) compared

to SN
has

hydrogels (2.5 — 4.1%) (Table 4). This behavior
been attributed to the fluid flow and

viscoelasticity of the respective matrice (Chaudhuri

etal.

2020).

0.040

(a) ambient temperature

0.035 4

0.030

0.025

0.020 +

Sress (MPa)

0.015 +

0.010

0.005 4

—— 15%-SN
—— 15%-DN
—— 30%-SN

—— 30%-DN

0.000 T
0 50

T T T T
150 200 250 300

Time (s)

T
100

(b) body temperature

0.040

0.035

0.030

Sress (MPa)

0.015

0.010

0.005

0.000

0.025

0.020

— 15%-SN
— 15%-DN
— 30%-SN
— 30%-DN

300

T T T T
0 50 100 150 200 250

Time (s)

Figure 6. Stress relaxation versus time of PAAm/Alg

compressed at a strain of 0.4 at (a) ambient and
(b) body temperatures.

Table 4. Stress reduction rate of PAAm/Alg hydrogels.

Peak Equil.
Test compress. compress Stress
Hydrogel A " reduct.
temp. moduli moduli rate (%)
(MPa) (MPa) )
RT 0.0109 0.0106 3.0
15%-SN .
37°C 0.0100 0.0096 4.1
RT 0.0148 0.0134 9.0
15%-DN R
37°C 0.0137 0.0126 8.2
RT 0.0255 0.0249 2.5
0% -
30%-SN 37°C 0.0233 0.0226 3.0
RT 0.0381 0.0341 10.4
30%-DN
37°C 0.0345 0.0316 8.4
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3.3 Hydrogel swelling

The water absorption capacity of the investigated
PAAmM/Alg hydrogels is revealed in Figure 7. The
equilibrium swelling ratio of the hydrogels was
determined over a time period of 2 days. 30% SN
and 30% DN hydrogels exhibited a swelling degree
of about 13 (g/g) whilst 15% SN and 15% DN
hydrogels were about of 10 (g/g). This difference in
swelling degree could be attributed to the greater
pore size found in lower concentration hydrogels,
which allows water to diffuse more easily through
its structure.

I 15%-SN
I 15%-DN
I 30%-SN
I 30%-DN

14 -

[
w
1

=
N
1

Swelling degree (g/g)
S =
1 1

©
1

Figure 7. Swelling behavior of PAAM/Alg immersed in PBS
(pH 7.4) at 37.0 £ 0.1 °C for 2 days.

4. Conclusion

In this work, various PAAmM/Alg blend hydrogels
were synthesized and tested for tribological and
mechanical properties. The mechanical properties
of the hybrid hydrogel synthesized in this study have
better mechanical properties than the structure in
which each hydrogel is used individually and
synthesized (Yang et al. 2013). The best performing
hydrogel in terms of compressive moduli as well as
low friction coefficient and wear track area, was
hydrogel 30%-DN —which consisted of an acrylamide
concentration of 30% and a double network
structure. The elastic properties of the synthesized
hydrogels was found to be similar to native articular
cartilage (Guo et al. 2014). The compression
behaviour of the 30 %DN hydrogel was found to be
similar to that of the PEG hydrogels (Nguyen et al.
2012).
applied load of 5 N was 0.01 which is lower than

The COF obtained for this sample at an

PAAm-Alg included hydrogel (Liao et al. 2013) and
very comparable to that of the native articular
cartilage (Kanca et al. 2018). Thus, amongst the
synthesized and investigated hydrogels, 30%-DN
has the highest potential to be applied as a
substitute to articular cartilage, with the aim of
properties
articular cartilage. It s

restoring the functional that are

facilitated by the
recommended that further in-vitro pre-clinical
studies that implant 30%-DN in animal joints are
conducted to provide further information about the

mechanical and tribological suitability of this

synthesized hydrogel.
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