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Oz

Bu calismada, Diyarbakir ilinde bulunan bir giivenlik¢i kabininin giines enerjisinden yararlanilarak isitilmasi
amaglanmustir. Kabin igi sicaklik, referans sicakligi olan 21°C nin altina diistiigiinde 1sitma islemi yapilmistir. Imal edilen
giines enerjisi depolamali bir 1sitma sisteminde iki adet diizlemsel havali giines kolektorii, 1s1 deposu kullanilmigtir. Giines
enerjisi, icerisinde 260 adet 1.5 1t’lik su sisesi bulunan ahsap duvarli ve polietilen kopiigiiyle yalitilmis bir 1s1 deposunda
depolanmaktadir. Isitma ihtiyaci oldugunda, 1s1 deposundan ¢ekilerek kabinin 1sitilmasi saglanmaktadir. Bu ¢aligmada,
bu sistemin enerji ve ekserji analizi yapilmistir. Is1 deposunda depolanan giinliik ortalama 1s1 ve ekserji miktarlari sirastyla
2.15 kW ve 386 W elde edilmistir. Ortalama giinliik net enerji ve ekserji verimlerinin sirasiyla %83 ve %55.3 olarak
bulunmustur. Ayrica, 1s1 deposundan geri kazanilan ortalama giinliik 1s1 ve ekserji miktarlari sirastyla 2.25 kW ve 725 W
olmustur.

Anahtar Kelimeler: Isi1 depolama, konut 1sitma, enerji analizi, ekserji analizi

Experimental Investigation of a Heating System with Air Solar Collector

Abstract

In this study, it is aimed to heat a security cabinet in Diyarbakir by using solar energy. Heating was performed when
the cabin temperature fell below the reference temperature of 21°C. In a solar energy storage heating system, two flat
plate solar collectors and a heat store were used. Solar energy is stored in a heat storage with wooden walls and insulated
with polyethylene foam. 260 plastic water bottles, each 1.5 | were lined horizontally into the storage tank. When there is
a need for heating, the cabin is heated by withdrawing heat from the heat storage. In this study, the energy and exergy
analysis of this system was made. The average daily rate of the heat kept inside the heat store was 2.15 kW and thermal
exergy rate was 386 W. The average mean energy efficiency and exergy efficiency were obtained as 83% and 55.3%,
respectively. The average daily heat rescued from the heat store was defined as 2.25 kW and thermal exergy was 725 W.

Keywords: Heat storage, building heating, energy analyses, exergy analyses

GIRIS

Giintimiizde, ozellikle artan enerji talebinin
bliytik olgiide fosil yakitlardan karsilanmaktadir.
Bunun sonucu olarak, kiiresel 1sinma ve ¢evre kirliligi
sorunlart ortaya ¢ikmaktadir. Bu sorunlar1 azaltmak
ve fosil yakitlarin gelecekte tiikenecegi diisiincesi,
yenilenebilir enerji kaynaklar ile etkin ve ucuz 1st
depolama sistemlerinin gelistirilmesi ¢alismalarinin
yayginlagsmasina neden olmustur.

Mevsimlik 1s1 depolamali bir giines enerjisi
destekli 1s1 pompali sistemler 6nceki g¢alismalarda
incelenmistir (Pahud, 2000; Ucar ve Inalli, 2005;

Yumrutas ve Unsal, 2012; Zhang vd., 2007). Giines
enerjisi destekli 1s1 pompasi sistemlerinin bazi
avantajlar1 daha 6nce belirtilmis ve bu sistemler konut
1sitma ve sogutma i¢in en temiz, enerji agisindan en
verimli ve uygun maliyetli sistemler olarak kabul
edilmistir (Wang ve Zhao, 2005). Oztiirk (2005), 180
m? alanh bir serada, faz degistiren malzeme (FDM)
olarak parafin mumu kullanarak, mevsimlik 1s1
depolamali bu sistemin performansini aragtirmistir.
Sistem verimliligini degerlendirmek i¢in enerji ve
ekserji analizlerini uygulamistir. Hazami ve ark.
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(2009), yeni tasarlanmig bir 1s1 depolama sisteminin
performansini arastirmiglardir. Sistemleri esas olarak,
5 m® boyutunda bir tahta kasadan olusan bir 1s1
depolama {initesinden, giines kollektorii ve aciklikli
bir polipropilen kapiler 1s1 esanjorii agindan olusur.
Ozgener ve Hepbasli (2005), 50 m dikey U-biikiimlii
bir 1s1 esanjoriine sahip bir giines enerjisi destekli
toprak kaynakli 1s1 pompali sera sisteminin
performans analizini incelemislerdir. Badescu
(2002), giines enerjili destekli 1s1 pompal1 bir 1sitma
sisteminin termodinamigin birinci ve ikinci yasa
analizini  inceledi. Calismasinda, Fotovoltaik
sistemin, 151 pompast kompresoriinii ¢calistirmak igin
gereken tiim enerjiyi sagladigini gérmiistiir. Dikici ve
Akbulut (2008), diiz plakali giines kollektorlii bir
giines enerjili destekli 1s1 pompali bir 1sitma
sisteminin performansini arastirtirdilar.

Isil sistemler i¢in Termodinamigin ikinci yasasi
veya kullanilabilirlik analizi olarak da bilinen ekserji
analizi bir¢ok arastirmaci tarafindan incelenmistir
(Ashouri ve arkadaslari, 2018; Gholami ve
arkadaslari, 2018; Mirzaei ve arkadaslar1 2018;
Naseri ve arkadaslar1 2017).

Bu calismada, Mart ve Nisan aylarinda
Diyarbakir ilinde bulunan bir giivenlik¢i kabininin
1sitilmasi amaciyla imal edilen bir diiz plakali giines
kollektorlii 1s1 depolama sisteminin performanst
incelenmistir.  Isitma  sisteminin  verimliligini
degerlendirmek igin enerji ve ekserji analizleri
yapilmustir.

MATERYAL VE METOT
Deney Diizenegi

Bu c¢alismada incelenen giines enerjisi
depolamali 1sitma sistemi, giines kolektori, 1s1
deposu ve 1sitilacak mahal olmak iizere {i¢ kisimdan
olugmaktadir. Sistem, giines kolektorii ile giinesten
saglanan 1s1 enerjisi 1s1 deposuna aktarilmaktadir. Ist
deposu igerisinde bulunan siseler igerisindeki 390
litre suya bu 1s1 depolanmaktadir. Daha sonra bu 1s1
enerjisi, 1sitma ihtiyaci oldugu saatlerde giivenlikgi
kabininin 1sitilmasinda kullanilmaktadir. Sekil 1’de
giines enerjili bir 1sitma sisteminin prensip semast
verilmektedir.

Deney  diizeneginde, glines  1gmiminin
toplanmasi i¢in iki adet havali diizlemsel giines
kolektorti kullanilmig olup, bu kollektorlerin yiizey

[JPAS

jpas@munzur.edu.tr
ISSN: 2149-0910

alan1 3.36 m? ve 0.89 mx1.89m boyutlarindadirlar.
Kolektorlerin her biri 34.36°’lik optimum egim
acistyla ve giineye bakacak sekilde kurulmuslardir.
Sekil  2’de  diizlemsel giines  kolektorleri
gosterilmektedir.

Is1 deposu, 3.15 cm kalinhiginda ahsap bir
malzemeden yapilmistir. Depo, 0.6336 m* hacminde
olup, 2.4 cm kalinliginda polietilen kopiik 1s1 yalitim
malzemesi ile yalitilmigtir. Is1 deposu igerisinde
depolama materyali olarak 260 adet iist iiste ve yatay
bir sekilde dizilmis 1.5 litrelik plastik su sisesi
kullanilmigtir. Deponun dlgiileri ve goriiniimii Sekil
3’ de verilmektedir.

FAN FAN ISITILACAK
t f t g
KOLLEKTOR
ISI DEPOSU
| ——
Sekil 1. Giines enerjili bir 1sitma sisteminin prensip
semast

Sekil 2. Diizlemsel giines kolektorleri
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hava gikigi

su gigeleri

A 0,6m —2

[JPAS
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Sekil 3. Is1 deposu detaylari

Bu c¢alismada, bir giivenlik¢i  kabini
isitilmaktadir.  Giivenlik¢i kabinin taban Olgtileri
1.38mx1.48m olup, 2.36 m yiksekligindedir.
Kabinin tavanmi ve duvarlarinda 18 mm kalinliginda
PVC lambri kullanilmistir. Kabinin zeminde, 75 mm
kalinliginda donatisiz beton ve 8 mm kalinliginda
polietilen kopiik kullanilmigtir. Sekil 4’de giivenlikei
kabinin ayrintili 6l¢iileri gosterilmektedir.

f—————— 138 —b\

x
67 35
— 65
182
-
148 75 148
1,8 76
¥y | - LA
. I L
64 |ﬂ
76 76
138 ——————»

Sekil 4. Kabinin iist gériiniisi

2014 yilmin Mart ve Nisan aylarinda deneyler
yapilmistir. Kollektoriin giris ve ¢ikisindaki hava
sicakliklari, kollektor boyunca hava akisinin hizi ve
kollektor tizerindeki giines 1smmimi  her deney
sirasinda Ol¢iilmistiir. Kolektoriin giris ve ¢ikisindaki
hava sicakliklar1 ile 1s1 deposu ve ortam sicaklig
termometreler (20,  +120°C)  kullanilarak
oliilmiistiir. Tki giines kolektorii, 313 m®/s debisinde
ve 120 W giice sahip radyal bir fan ile birlestirilmistir.

HESAPLAMA YONTEMIi
Kabinin Isil Kayiplar

Bir konutun 1s1 ihtiyaci, TS 825 Binalarda Is1
Yalitim Standardina gore, binanin duvar tipi, yalitim
durumu ve gilines 1smmmmi1 durumu gibi yapisal
ozellikleri ile iklim kosullan gibi bir¢ok faktore bagl
olarak hesaplanmaktadir. Bir konuttan olan 1s1
kayiplari ii¢ sekilde olmaktadir. Iletim ve tasinim
yoluyla meydana gelen 1s1 kaybi:

Qi,t = Z-AU-(Tig _Tdi;) 1)
hesaplanmaktadir. Burada U toplam 1s1 transfer
katsayisidir. Z degeri,

2=1+%Z,+%Z, +%Z, )

esitligi ile hesaplanmaktadir. Z, degeri %15,

Z, veZ, degerleri 0 olarak alinmistir. Kap1 ve
pencerelerden sizinti ile meydana gelen 1s1 kayiplari,

Qs = 3—16 [¥(a.DR.H.AT.Z,)
3)

Burada; R oda durum katsayisi ve a sizdirganlik
katsayisidir. a degeri plastik tek camli pencere i¢in
2.0 m*/mh olarak, R degeri 0.9 olarak, H degeri 2.43
kJ/m?K olarak ve Z. degeri ise her iki dis duvarinda
pencere olan odalar i¢in 1.2 olarak alinmistir.
Havalandirma yoluyla meydana gelen 1s1 kaybs;

Q, =n.pV.c, AT (4)

ile hesaplanir. Burada n degeri, hava degisim
sayisidir.
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Enerji ve Ekserji analizi
Giines kolektdriin i¢in faydali 1s1 enerjisi
miktart Q,

Qu=m Ayl ()
veya

Qk =m, 'Cp'(Tkog _Tkog) (6)
esitlikleriyle hesaplanmaktadir. Giines

kolektorleri igin birinci yasa verimi, kolektérden
saglanan faydali 1s1 miktarimin giines kollektor
yiizeyine diisen toplam giines 1simimina orantyla
bulunur:

_ mhcp (Tkog _Tkog)

Al (7)

Giines kolektdriinden 1s1 deposuna aktarilan 1s1
transfer miktar1 (Ucar ve Oral, 2021),

M

Q) =y, pc [T, -T, )] ®)

Glines kollektoriinden 1s1 deposuna aktarilan 1s1
transfer miktar1 ile 1s1 deposundan olan kayip 1s1
transfer miktar1 arasindaki fark, 1s1 deposunda
depolanan 1s1 miktarim vermektedir (Oztiirk and
Bascetingelik, 2003):

Q1) =Q1)-Q ()
©)

Is1 deposundan kayip olan 1s1 transfer miktart,

Q) =UA[T, ) -T, )] (10)

Enerji verimi, 1s1 deposuna giren 1s1 transfer
miktarinin 1s1 deposundan kaybolan 1s1 miktarina
oranidir ve asagidaki esitlikten hesaplanir,

M

() ==
71 tota ® 3, (1)

(11)
Is1 deposundan ¢ekilen 1s1 miktari,

Qq (t) =m,pc [T, -T,(®)]

(12)

[JPAS
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Giines kollektoriinden 1s1 deposuna aktarilan
ekserji miktar1 (Dincer and Rosen, 2001),
. . T.
Ex() = O (t)-Tomypc, n 18 3)
T, (1)

Is1 deposuna aktarilan ekserji miktar1 ile 1s1
deposundan kayip olan ekserji miktar1 arasindaki
fark, 1s1 deposunda tutulan ekserji miktarini
vermektedir ve

Ex, (t) = Ex, (t) — Ex, (t)

(14)

hesaplanmaktadir. Sistemin 1s1

kaybolan ekserji miktari,

EXI (t) = Q| (t>|:

deposundan

1@} 15)

T, (1)

bulunmaktadir. Ekserji verimi,
EX, (t)

Ex, (1) (o

ﬂexergy,net (t) =

BULGULAR VE TARTISMA

Onceki boliimlerde sunulan enerji ve ekserji
analizi ile ilgili hesaplamalar MATLAB programi
kullanilarak ¢oziilmiistiir. Sekil 5’de giines kollektor
yiizeyindeki giines 1siniminin Diyarbakir i¢in egim
acist ile aylik degisimi gosterilmektedir. Mart ve
Nisan aylarma ait her bir giin igin kolektoriin
optimum egim agist bulunmustur ve 1 Mart ile 30
Nisan tarihleri arasinda c¢alisan sistemimizde
ortalama optimum egim agis1 34.36° olarak
belirlenmistir. Kolektér tarafindan alinan giines
1sinimi bu aylarda bu optimum egim agisinda
maksimum degere ulagsmaktadir.

nt L
I
ot |
Divarbakir igin ‘ H
o optimmum agt !
g gof N '
5 8 ‘ | Diyarbalar ifinin enlemi
B 7
3 -
& B
sl \
\
50 \
\
4 1 1 Il : L 1 L L
10 o 0 a0 &0 &0 70 o

Egim agisi (deg)
Sekil 5. Kollektor yiizeyindeki giines 1siniminin
Diyarbakir igin egim agisi ile aylik degisimi
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Sekil 6. Yatay ve egik ylizeye gelen giines 1ginim
degerlerinin degisimi
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Sekil 7. Sicaklik ve giines 1ginimi1 siddetinin
zamanla degisimi

Sekil 6’da yatay bir yiizeye ve optimum egim
acisinda monte edilmis bir yilizeye gelen giines
isinmminin -~ saatlik  degisimleri  gdsterilmektedir.
Kollektor yilizeyine gelen gilines 1sinimi miktarinda
yatay konuma gore yaklasik %13 oraninda bir artig
oldugu goriilmektedir. Sekil 7°de sicaklik ve giines
1S1in1mi siddetinin zamanla degisimleri
gosterilmektedir. Giines 1ginimi1 siddeti ve dig ortam
sicakliginin yiliksek oldugunda giivenlik kabininin
giris ve cikisinda hava sicakliklarinin daha yiiksek
oldugu goriilmektedir.

Sekil 8’de depolama siiresince 1s1 deposunda
depolanan enerji ve ekserji miktarlarinin giinliik
degisimi gosterilmektedir. Is1 deposunda depolanan
1s1 miktart 1.03 ile 2.76 kW arasinda degisirken, 1s1
depolama iinitesinde depolanan ekserji miktari ise 80
W ile 535 W araliginda degismektedir. Maksimum
enerji ve ekserji degerleri saat 14:00'te elde edilmistir.
Ortalama saatlik enerji ve ekserji verimlerinin
zamanla degisimi Sekil 9'da gosterilmistir. Saat 09:00
ve 17:00 arasinda enerji verimliliginin %73 ila 88
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arasinda degisirken, ekserji verimi ise %42 ile %61
arasinda degismektedir. Enerji ve ekserji verimleri
maksimum degerlerine saat 13:00'de ulagmaktadir.
Ortalama giinliik enerji ve ekserji verimliliklerinin
sirastyla %83 ve % 55.3 olarak hesaplanmistir.
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Sekil 8. Depolama siiresince 1s1 deposunda
depolanan enerji ve ekserji miktarlarinin giinlikk degisimi

Sekil 10 ve Sekil 11°de 1s1 deposuna aktarilan,
depolanan ve kaybolan enerji ve ekserji miktarlarinin
giinlik degisimi gosterilmektedir. Is1 deposuna
akatarilan ve depolanan ginliik ortalama enerji
miktarlar sirasiyla 3 ve 2.67 kW olarak bulunmustur.
Is1 deposunda kaybolan enerji miktarlari ise 0.38-0.42
kW araligindadir. Sekil 11°de 1s1 deposuna aktarilan,
depolanan ve kaybolan ekserji miktarlarinin giinliik
degisimini gostermektedir. Is1 deposunda depolanan
ekserji miktar1 170-675 W araliginda bulunmustur.
Is1 deposunda aktarilan ve depolanan ortalama giinliik
1s1l ekserji miktari sirasiyla 512 ve 433 W olmustur.
Is1 deposunda giinliik ortalama ekserji kaybr ise 79.1
W bulunmustur.
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Sekil 9. Sistemin enerji ve ekserji verimlerinin
saatlik degisimi
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Sekil 10. Is1 deposuna aktarilan, depolanan ve
kaybolan enerji miktarlarinin giinliik degisimi

800
- S & Alktanlan
%1 § ._ @ Depolanan
o 600 - \ ._ f: O Kaybolan
=4 .; f: :f -
g 300 f: :f f: §
NN R N N
B a0 ] NN N N \
I N N N N N NS
g N NN NN N N
w2 \ NN NN N N
: ‘EE B EER
AR ER R
LN \
L= \
NE N N E
00 00

05:00 1000 11:

12:00 13:00 14:00 15:
Zaman (saat)

Sekil 11. Is1 deposuna aktarilan, depolanan ve
kaybolan ekserji miktarlarinin giinliik degisimi

Is1 deposunun giris ve cikisindaki 1s1 transfer
akiskaninin sicaklik farkinin, enerji ve ekserji
verimlerinin deneysel ve teorik degerlerine etkisi
Sekil 12'de gosterilmistir. Sekilden deneysel ve teorik
sonuglarin uyumlu oldugu goriilmektedir. Sicaklik
farki arttikca enerji ve ekserji verimleri de
artmaktadir. Baslangicta, 1s1 deposunun giris ve
cikisindaki 1s1 transfer akiskaninin sicaklik farki
kii¢iik iken zamanla artmaktadir.
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Sekil 12. Is1 depolama sisteminin deneysel ve teorik
verimi tizerinde sicaklik farkinin etkisi
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Sekil 13’de 1s1 deposundan ¢ekilen 1s1 ve ekserji
miktarlarinin zamanla degisimi verilmektedir. Ist
deposundan ¢ekilen 1s1 miktar1 2 kW ve 2.5 kW
arasindadir. Is1 deposundan ¢ekilen ekserji miktar1 ise
550 W ile 900 W arasinda degismektedir. Ortalama
giinliik 1s1 ve ekserji miktarlari sirasiyla 2.25 kW ve
725 W olarak bulunmustur.
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Sekil 13. Is1 deposundan ¢ekilen 1s1 ve ekserji
miktarlarmin zamanla degisimi
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Sekil 14. Giivenlik kabinin toplam 1sitma ihtiyact ve
1s1 deposundan aktarilan 1s1 miktarinin zamanla degisimi

Giivenlik kabinin toplam 1sitma ihtiyaci ve 1s1
deposundan aktarilan 1s1 miktarinin zamanla degisimi
Sekil 14’de verilmektedir. Kabinin 1sitma ihtiyaci
0.85 ile 2.97 kW arasinda degismekte iken, 1s1
deposundan ¢ekilen 1s1 miktar1 81 W ile 1.02 kW
arasindadir. Kabinin ortalama giinliik 1s1 ihtiyact 1.96
kW ve 1s1 deposundan ¢ekilen 1s1 miktar1 577 W
olmaktadir. Kabinin toplam 1s1 ihtiyacinin 1s1
deposundan karsilama orani yaklasik %60 oldugu
tespit edilmistir.
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SONUC

Bu calismada, Tiirkiye’deki bir 1s1 depolamali
bir 1sitma sisteminin 1s1l performansi incelenmistir.
Is1 deposunda depolanan 1s1 ve ekserji miktarlariin
giinltik ortalama degerleri sirasiyla 2.15 kW ve 386
W olarak bulunmustur. Sistemin enerji verimi %73
ile %88 arasinda degismektedir. Sistemin ekserji
verimi ise %42 ile %61 arasindadir. Sonuglar, enerji
ve ekserji miktarlar1 arasindaki farkin Gnemli
oldugunu gostermislerdir.

Ekserji analizi, termal enerji depolama
sistemlerinin uygun maliyetli tasarimi ve isletimi i¢in
gereklidir. Bu nedenle, miimkiin olan en yiiksek
termodinamik verimlilige sahip termal enerji
depolama sistemlerini tasarlamak i¢in ekserji analizi
kullanilmalidir. Is1 deposundan ¢ekilen 1s1 miktar
577 W iken, kabinin ortalama giinliik 1s1 ihtiyac1 1.96
kW olmaktadir.

CIKAR CATISMASI BEYANI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catigsmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu calismanin arastirma ve yayin etigine
uygun oldugunu beyan eder.

Semboller
Ay : Kolektor ylizey alan1 (m?)
le : Egik yiizeyin birim alanina gelen
giines 151n1mi (kJ/m?)
A% : Hava akis hiz1 (m/s)

Cp : Ozgiil 1s1 (kJ/kg °C)

m : Akiskanin debisi (m%/s)

Ti : Akigkan girig sicakligi (°C)
Ti : I¢ sicaklik (°C)

Tas : D1s ortam sicaklig1 (°C)

Tuag : Is1 deposu giris sicakligi (°C)
Tae : Is1 deposu ¢ikis sicaklig (°C)
Tkog : Kolektor giris sicakligr (°C)
Tiog : Kolektor ¢ikis sicakligi (°C)
Tkg : Kabin giris sicakligi (°C)
T : Kabin ¢ikis sicakligi (°C)

Tm : Is1 deposu malzemesinin sicaklig1
sicakligi (°C)

To : Akiskan ¢ikis sicakligt (°C)

Tos : D1s referans sicakligi (°C)

Ts : Kabin i¢i ortalama sicaklik (°C)

p : Akigskanin yogunlugu (kg/m?)

Ny : Kolektor verimi (%)
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Abstract

The study was aimed to determine the effects of macerated sesame oil (MSO) and cold pressed sesame (Sesamum
indicum L.) oil (CPSO) on antioxidant enzyme activities, hematological parameters, nitro blue tetrazolium (NBT) activity
and proximate composition of rainbow trout (Oncorhynchus mykiss, Walbaum, 1792) at high stocking density. Fish
(55.89+2.05 g) were fed diets supplemented with same concentration (%2) of MSO and CPSO for 21 days. It was
determined that the values of mean corpuscular hemoglobin (MCH), platelet (PLT) values of the CPSO and group and
the corpuscular hemoglobin concentration (MCHC), platelet (PLT), mean platelet volume (MPV), platelet-large cell ratio
(PLCR), granulocyte (GRAN), nitro blue tetrazolium (NBT) levels of the MSO group were increased. It was found that
glutathione peroxidase (GPx) and catalase (CAT) activities of CPSO groups were rised. The results were statistically
significant at P< 0.05 level. In the study, the dry matter ratio increased in each experimental group compared to the control
group, the moisture, ash and protein ratio did not change, the fat ratio decreased compared to the control group. Both
macerated sesame oil and cold pressed sesame oil could be recommended to alternative food additives.

Keywords: Blood parameters, fish feeding, immune biomarkers, oxidative stress.

Masere ve Soguk Pres Susam (Sesamum indicum L.) Yaginn, Yiiksek
Yogunlukta Stoklanmms Gokkusagi Alabahiklar1 (Oncorhynchus mykiss,
Walbaum, 1792)’min Antioksidan Enzim Aktiviteleri, Hematolojik
Parametreleri, Nitro Blue Tetrazolium (NBT) Aktivitesi ve Et Verimi Uzerine
Etkileri

Oz

Bu ¢aligmanin amaci, masere susam yagi (MSO) ve soguk pres susam (Sesamum indicum L.) yagimin (CPSO) yiiksek
yogunlukta stoklanmig gékkusagi alabaligi (Oncorhynchus mykiss, Walbaum, 1792)’nin antioksidan enzim aktiviteleri,
hematolojik parametreler, nitro mavi tetrazolium (NBT) aktivitesi ve yaklagik kompozisyonu {izerine etkilerinin
belirlenmesidir. Baliklar (55.89+2.05 g) 21 giin boyunca ayni konsantrasyonda (%2) MSO ve CPSO iceren yemlerle
beslendi. CPSO ve gruba ait ortalama korpiiskiiler hemoglobin (MCH), trombosit (PLT) degerleri ile korpiiskiiler
hemoglobin konsantrasyonu (MCHC), trombosit (PLT), ortalama trombosit hacmi (MPV), trombosit-biiyiik hiicre oran
degerlerinin oldugu belirlendi. MSO grubunda (PLCR), graniilosit (GRAN), nitro blue tetrazolium (NBT) seviyelerinin
artt1ig1, CPSO gruplarinin glutatyon peroksidaz (GPx) ve katalaz (CAT) aktivitelerinin arttig1 belirlendi. Sonuglar P<0.05
diizeyinde istatistiksel olarak anlamli bulundu. Aragtirmada her deney grubunda kontrol grubuna gére kuru madde orani
artmig, nem, kiil ve protein oran1 degismemis, yag orani ise kontrol grubuna gore azaldig1 tespit edildi. Alternatif gida
katki maddeleri olarak hem masere susam yagi hem de soguk sikim susam yagi tavsiye edilmektedir.

Anahtar Kelimeler: Balik besleme, immiin biyobelirtegler, kan parametreleri, oksidatif stres.
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INTRODUCTION

Fish obtained from sea, fresh waters and
aquaculture facilities have an important and nutritious
place in our diet. Many aquatic products are an
excellent source of vitamins and minerals for human
nutrition. Among the protein sources, seafood with a
high degree of digestibility is quite low in terms of fat
when compared to other high protein foods. In
addition, seafood is the only source of ®»-3 series
polyunsaturated fatty acids with proven health
benefits (Turan et al., 2006). The nutritional content
of cultured fish meat depends on several factors such
as species, season, diet, habitat and age (Drazen 2007;
Tuna Kelestemur and Ozdemir, 2013). Food scientist
is interested in making fish foods high protein foods
while providing the best quality taste, color, smell,
texture and safety that can be obtained with maximum
nutritional value (Mohamed et al., 2010). For these
reasons, knowledge on the chemical composition of
freshwater fish in general is valuable to nutritionists
interested in food sources that are readily available,
such as most low-fat and high-protein freshwater fish
(Mozaffarian et al., 2003; Foran et al., 2005).

Feed additives are indispensable components of
fish diets. In the fish diet, feed additives play an
important role for the aquaculture and immunity of
animals. Feed additives are substances that are added
to the fish diet in small amounts and act as
preservatives. Some authors found that the feed
additive is antimicrobial, anti-oxidant, growth-
promoting,  and immune-enhancing  (Tuna
Kelestemur, 2011; Yadav et al., 2021).

Plants and herbal products are used as feed
additives in fish farming. These additives are added
to improve blood and antioxidant values. These
substances are made by adding oil, hydrosol
(Altinterim et al., 2012; Kiiciikgiil et al., 2013;
Altinterim et al., 2018a; Tuna Kelestemur et al.,
2021), herbal extracts (Kilig et al., 2007) or plant
ingredients obtained in powder form to the feed. Cold
pressing and heat treatment applications are generally
used to obtain herbal oils. Maceration is an another
technique which has been used in many fields
including alternative medicine in Southeast Asia
since ancient times (Hsu et al., 2013; Kantawong et
al., 2017), although it has not been used much in
aquaculture studies. In recent studies, it has been
observed that there are positive improvements in the
health of fish fed by macerated oil added into feed.
(Altinterim et al., 2018b; Altinterim et al., 2018c).
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Sesame (Sesamum indicum, L.) has been
cultivated in various ecological regions of Turkey.
Sesame seed oil has anti-inflammatory, anti-bacterial,
hypolipidemic and antitumor effects (Anilakumar et
al., 2010; Ozdemir et al., 2018). It includes mono and
polyunsaturated fatty acids, proteins, minerals, many
compounds such as phytosterols, tocopherols, mainly
oleic and linoleic, sesamol, sesaminol, sesamolinol,
pinoresinol, matairesinol, lariciresinol and
episesamine (Yamashita et al., 1995). Sesame seed oil
is highly strong to oxidation (Budowski 1964) and its
biochemical mixture also makes this oil one of the
most resistant seed oils against oxidation. Sesamol, an
antioxidant, was detected only in cold pressed sesame
oil (CPSO). Sesamin and sesaminol have anti-
mutagenic, anti-oxidant and anti-inflammatory
effects and free radical scavengers (Shakoori et al.,
1990; Osawa et al., 1995). These antioxidants were
determined to have inhibitory effects on lipid
peroxidation (Kang et al., 1998). Sesame oil inhibits
the formation of reactive oxygen and free radicals.
Natural antioxidants in sesame oil are aforethought
useful for the prevention of oxidative damage (Das
2000). Non-enzymatic antioxidants in sesame oil
could act to overcome the oxidative stress (Maree et
al., 2009). Sesame oil was experimented on the
various hematologic and oxidative stress parameters
in animals and humans (Sankar et al., 2006; Namiki,
2007; Saleem et al., 2012). The role of the antioxidant
defense system, which includes glutathione
peroxidase (GPx), glutathione reductase (GR),
catalase (CAT), superoxide dismutase (SOD) and
malondialdehid (MDA) in protection against
oxidative insults is well characterized (Huang et al.,
1994).

In this study, it was aimed to investigate the
effect of adding sesame oils obtained by maceration
and cold pressing methods to rainbow trout feed on
some blood parameters, nitro blue tetrazolium (NBT)
and antioxidant values and proximate composition.

MATERIAL AND METHODS
Fish material and experimental design

This study was carried out in the Fisheries
Department of Malatya Turgut Ozal University.
Average weight of trouts was 55.89+2.05 g. prior to
the starting of experiments, fish were subjected to
acclimation for two weeks. Sesame seeds were waited
in sunflower oil (1/10) for 15 days to obtain
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macerated sesame oil (MSQO). CPSO was purchased
from a local store (Kirkambar Co., Elazig, Turkey)
and these pressed oils were added to trout feed at %2
rate. In intensive stocking trial groups, 50 fish were
stocked in 250 L tanks. 300 rainbow trout were
divided into 3 groups (CPSO, MSO and control
groups) and each group consisted of two tanks (two
replicates). Fish were fed 2% of the weight of fish
twice a day (morning and night) for 21 days.
Blood sampling of fish and analysis

The fish were anesthetized with an anaesthetic
matter [Benzocaine (ethyl 4-aminobenzoate 99%,
Sigma Aldrich Co, USA) 30 mg/L] before blood
samples collection (Altinterim and Aksu 2020).
Blood samples were taken from tail veins of the
anaesthetized fish and transferred to
ethylenediaminetetraacetic acid (EDTA) tubes. The
NBT activity (total oxidative radical production of
neutrophils) was determined by spectrophotometric
method from blood samples with EDTA.
Hematologic analyze was also performed with Fully
Auto Hematology Analyzer PROCAN PE-6800VET
(Shenzhen Prokan Electronics, Guangdong, China).
The blood samples were waited one day at 4 °C and
then centrifuged at 1000 g for 15 min to obtain
plasma. Antioxidant enzymes activities including
CAT, GPx, GR and MDA levels were measured with
detection Kits (Shanghai YL Biotech Co., Ltd., China)
by using DR-200Bc Microplate Reader (Shenzhen
Prokan Electronics, China).
Proximate composition

The proximate composition of fish samples in
terms of moisture, fat, total proteins and ash were
carried out according to AOAC (1990). Moisture was
measured by using a gravimetric method by drying
the sample at 105 °C until it reached constant weight.
Crude protein content was calculated by Micro
Kjeldahl method (6.2 x N). The amount of total lipid
was obtained by extracting (Soxhlet system) with
light petroleum ether, and the solvent was removed
by distillation. The ash was determined from the
residue after burning in a muffle furnace at 550 °C for
about 20 hours.
Statistical analysis

In this study, ANOVA multivariate Duncan test
was applied using SPSS Statistics 25.0 package
program. The Kruskal Wallis test was used for the
values of normal spreads and non-homogeneous
variances. The results were expressed with the letters
“a, b, ¢” (Cimen 2015).
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RESULTS AND DISCUSSION

The values proximate compositions of control
and experimental groups were not statistically found
different in the durations (P>0.05) (Table 1). The
MCH, PLT values of the CPSO group and the
MCHC, PLT, MPV, PLCR, GRAN, NBT levels of
the MSO group were statistically found different in
the durations (P<0.05) (Table 2). In the present study,
it was found that GPx and CAT activities of CPSO
group were statistically found different in the
durations  (P<0.05) (Table 3). Proximate
compositions in current study are in agreement with
Ozpolat (2020). There are many studies involving the
addition of various forms of sesame plants to rainbow
trout feed. However, studies using MSO could not be
found. A study was conducted on the evaluation of
sesame (Sesamum indicum, L.) seed instead of
soybean in rainbow trout (Oncorhynchus mykiss,
Walbaum, 1792) feed (Dernekbasi et al., 2017).
According to this study, moisture and ash were
reported as 76.07% and 1.49%, respectively which is
consistent with the data obtained in our study. On the
other hand, Dernekbasi et al. (2017) stated that fat and
crude protein were 3.39% and 10.52%, respectively.
The reason for the inconsistency of fat and protein
values with the present study (Table 1) may be due to
different brands of feed and the different content of
these feeds. The difference in the size of the fish used
in the studies may also have an effect on this. Sesame
cake and meal were used in other studies, while MSO
was added into fish feed in this study and it was
pruposed to investigate the effect of this oil mostly on
blood and antioxidant parameters. Another study
(Nang et al., 2011) was conducted on rainbow trout
fry with a body weight of 1.42 g. In the experiment,
the effect of adding sesame oil cake (SOC) to the
feeding ration of the juveniles at different rates was
investigated. When SOC protein was added to 0%,
13% and 26% feed gradually, it was observed that it
had a significant contribution on the enlargement and
development of rainbow trout fry. This oil
supplement also increased feed requests and
increased SOC nitrogen holding capacity. The data
obtained showed that there is no need for extra amino
acid supplementation in rainbow trout fry, which are
carnivorous.

In another study, sesame oil was added to diets
instead of fish oil (Olude et al., 2019). Native male
tilapia fish were fed with these diets and their effects
on growth, food utilization and muscle fatty acid
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composition of these fish were considered. At the end
of the experiment, positive results were obtained and
it was stated that sesame seed oil should be used
instead of fish oil in feeds. This study shows that the
use of sesame oil as a feed additive has beneficial
effects on fish with different diets.

In another study, it was determined that a
decrease in the RBC, HGB and HCT levels, but an
increase in the WBC, lymphocyte (LYM) and
monocyte (MID) counts for European sea bass
(Dicentrarchus labrax) (Saleh, 2020). Igbal et al.
(2022) showed that sesame oil had beneficial
influence on hemoglobin level in rabbit. Moradi et al.
(2013) reported that experimental diets (sesame oil
cake and corn gluten) caused a reduce significant
difference in hematocrit and hemoglobin levels of
treatments respect with control group, no significant
differences were found in WBCs, RBCs of groups in
carp (Cyprinus carpio). Contrary to our study, these
experiments show that sesame oil contains substances
that stimulate blood production, but its sesame cake
and meal do not.

Although macerated oils are used in many
production areas, but they are not widely used as fish
feed additives. Apart from MSQO, there are studies on
other macerated plants. In these studies, blood
parameters and NBT were examined as in our study.

Altmterim and Aksu (2020) studied the addition
of macerated oils of Tunceli garlic (Allium
tuncelianum, Koll.) and garlic (Allium sativum L.) to
the feeds of high stocked rainbow trout
(Oncorhynchus mykiss, W.). It was observed that the
values of MCH, platelet large cell ratio (P-LCR),
plateletcrit (PCT), platelet count (PLT) and mean
platelet volume (MPV) were significantly better in
the groups given macerated garlic than control group.
No significant difference was found in WBC, MID,
LYM, HCT, RBC, red cell distribution width-
standard deviation (RDW-SD), HGB, MCV, MCHC,
platelet distribution width (PDW) and red cell
distribution width-coefficient of variation (RDW-
CV) parameters between groups. It was observed that
the NBT levels of trout fed with macerated garlic oil
were significantly reduced. This shows that the active
ingredients of garlic reduce oxidative stress in cells
(Altinterim and Aksu 2020). The effect of macerated
fenugreek (Trigonella foenum graecum L.) oil mixed
to trout feed at different rates was investigate on
blood parameters and NBT values of rainbow trout.
All blood parameters except MCHC increased
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numerically in the experimental groups. Although
this increase was a little bit, a statistically significant
difference was observed only in MID values. At the
end of the study, there were an increase in NBT
values compared to pre-experimental values, which
are thought to increase NBT activity due to water-
soluble phenolic compounds in fenugreek and are not
important (Altinterim 2019a). In another study, the
effects of macerated and cold pressed wheat germ
(Triticum vulgare, L.) oils added to feeds at different
rates on NBT and hematological values of rainbow
trout were investigated. Another study showed that a
significant difference was found in PLT, RBC, HCT,
HGB and WBC values. It was observed that there was
no difference between NBT levels (Altinterim and
Aksu, 2019b). In the study with rainbow trout stocked
at high density, the effect of macerated tomato
(Lycopersicon esculentum, L.) and carrot (Daucus
carota, L.) oils was investigate on the hematological
parameters of the fish. Significant difference was
found in MCH, RBC, HGB, HCT, LYM and NBT
values. High levels of both macerated carrot and
macerated tomato oils have been found to stimulate
the non-specific immune system. In particular, it has
been determined that macerated carrot oil is more
effective than macerated tomato oil (Altinterim and
Aksu, 2019c). This affects the blood parameters of
biological differences in the life stages of other living
things. This effect was also seen in rainbow trout fish
(Altinterim et al., 2018d).

The data obtained in other studies and this study
show that macerated oils obtained from plants have
significant effects on the blood values of trout. In
addition, some studies show different values in the
NBT results, while NBT levels are found similar in
some studies, they may be different in others. The
reason for the differences in blood values may be due
to the different effects of the substances in the
contents of different plants. The reason why MSO in
NBT values give different results than oils obtained
by control and other methods is due to the fact that
different substances in the plant's content pass into the
oil during the maceration stage. Also in some studies
mentioned above, it has been determined that the
effects of MSO are more than CPSO.

In the present study, the increase in GPx and
CAT levels of CPSO group showed that these oils
increased the antioxidant capacity of the trout. The
antioxidant values in our experiment coincided with
the values in similar studies (Richardson et al., 1975;
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Epp et al., 1983). Shenoy et. al. (2011) reported that
sesamolin preventing the oxidative degradation.
These findings indicated that sesame ingredients
exhibit antioxidant and anti-inflammatory activities
(Kose and Yildiz, 2013). Mitsiopoulou et al. (2021)
found that the SOD and CAT activities were
increased, but MDA content declined in blood plasma
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of goats. Cao et al. (2020) determined that sesamolin
treatment attenuated the production of reactive
oxygen species (ROS) and oxidative stress and the
increase of CAT and SOD activities in zebra fish
exposed to fluoride.

Table 1. Proximate compositions of control and experimental groups

Groups Dry matter (%0) Moisture (%0) Ash (%) Fat (%0) Protein (%)
Control 21.97+0.02°2 77.51+£0.607 1.26+0.342 5.14+1.542 16.44+0.228
CPSO 22.72+0.46" | 77.02+0.54° | 1201083 [ 457086 | 16.18x084° |
MSO 22.3140.03° 77.18+0.742 1.23+0.622 4.64+1.32° 16.06+0.492
*CPSO: Cold pressed sesame oil, MSO: macerated sesame oil).
Table 2. Hematological parameters and NBT value

Groups Control CPSO MSO

WBC (10%/uL) 57.48+3.40° 51.83+2.222 53.80+1.432

RBC (10%/uL) 1.74+0.142 1.95+0.152 1.90+0.042

HGB (g/dl) 9.11+0.69% 9.73+0.732 9.90+0.27°

HCT (%) 22.90+1.65% 22.80+1.742 21.83+0.682

MCV (fL) 133.36+2.652 117.46+2.482 114.93+0.932

MCH (pg) 52.38+0.81° 49.03+0.80° 51.90+0.36°

MCHC (g/dI) 39.71+0.772 42.98+0.42% 45.30+0.36P

PLT (103 /uL) 11.83+0.60° 17.16+1.10P 34.33+0.42°

MPV (fL) 13.10+0.328 13.10+£0.272 11.60+0.29°

PDW (%) 14.51+2.702 13.11+2.142 9.30+0128

PLCR (%) 41.66+1.532 43.70+2.222 32.23+1.79°

LYM (%) 91.80+0.45% 92.75+0.352 93.03+0.082

MID (%) 5.16+0.212 4.73+0.192 4.63+0.062

GRAN (%) 3.134+0.302 2.68+0.092 2.2340.04°

NBT 0.78+0.032 0.77+0.042 1.0040.04°

*CPSO: Cold pressed macerated oil, MSO: Macerated sesame oil, WBC: White blood cell, LYM: Lymphocyte, RBC: Red blood
cell, HGB: hemoglobin, HCT: hematocrit, MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean
corpuscular hemoglobin concentration, PLT: Platelet, MPV: Mean platelet volume, PDW: Platelet distribution width, PLCR:
Platelet-large cell ratio, LYM: lymphocyte, MID: Monocyte, GRAN: Granulocyte, NBT: Nitro blue tetrazolium.

Table 3. The values of GPX, CAT, GR, SOD and MDA levels of experimental groups

Antioxidant Parameters and

MDA levels Control CPSO MSO

GPx (units/mg protein) 11.41£0.452 15.60+1.80° 13.03+0.56®
CAT (units/mg protein) 12.24+0.582 15.46+0.65° 13.78+0.48%
GR (units/mg protein) 15.83+1.172 17.34+0.962 15.72+0.882
SOD (units/mg protein) 11.28+0.222 12.16£0.672 11.18+0.382
MDA (nmol/mg protein) 12.95+1.01°8 17.42+1.222 14.07+0.982

*CPSO: Cold pressed macerated oil, MSO: Macerated sesame oil, GPx: Glutathione peroxidase, CAT: Catalase, GR: Glutathione
reductase, SOD: Superoxide dismutase, MDA: Malondialdehyde.
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CONCLUSION

It can be concluded that CPSO could be used to
improve the oxidative stress caused by high stocking
density. Using CPSO on high stocking density
reduced its negative effects on most of the antioxidant
parameters and this may be referred to the therapeutic
role of sesame oil as antioxidant. The sesamolin and
sesamin in sesame oil have been the high oxidative
stability. CPSO is a good source of anti-oxidants,
omega-3 and omega-6 fatty acids. CPSO prepared by
soaking in oil showed a stronger effect than MSO.
This effect is thought to occur due to the fact that
sesame contains more oil-soluble components. In our
study proved the beneficial effect of CPSO that
significantly recovered the reverse free radical
generative influence of stress than control and MSO.
Especially, it was determined that MSO decreased
lipid peroxidation level. Interestingly, significant
increase was found in the MDA levels for treatment
with CPSO compared to the control. It is thought that
this difference was due to the more intense transition
of substances such as sesamol and sesamin to CPSO.
MSO was significantly increased blood profile:
MCHC, PLT, MPV, PLCR, GRAN and immunity
NBT level of rainbow trouts. On the other hand,
CPSO and MSO treatments did not cause any
different effect on the nutritional values of the fish.
Macerated oils were found to be more effective than
press oils on hematological values and NBT activity.
This effect was thought to occur due to the transition
of oil-soluble substances of plants and the blood
production mechanism of fish were stimulated by
these substances.
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Oz

Teknolojinin gelismesiyle birlikte 6zellikle polimer esash saf haldeki malzemelerin yetersiz kalmasindan dolay1
kompozit malzemeler gelistirilmis ve zamanla kullanim alanlar1 ¢ogalmistir. Son yillarda artan ¢evre bilincinin getirdigi
iretimde siirdiiriilebilirlik ve yenilenebilir, ¢evre dostu kompozitlerin kullanimmi giderek yayginlagmaktadir.
Icerigindeki malzemelerden en az birisinin dogal olmasi ile tanimlanan biyokompozitlerin, alternatiflerine kiyasla cok
daha ¢evre dostu olmalarina karsin, hidrofilik yapida olmalar1 ve mekanik 6zelliklerinin zayif olmasi sebebiyle sanayide
kisitl alanda kullanilmaktadir. Bu ¢aligmada takviye malzemesi olarak kullanila bilirligini ortaya koymak igin jiit, keten
ve kenevir den olusan dogal lif takviyeli epoksi kompozitlerin (NFRC) mekanik ve metalografik agidan ortaya koydugu
farkindaliklar incelenmistir. Uretim yéntemi olarak vakum destekli regine transfer kaliplama (VDRTK) metodu
kullanilmistir. Metalografik olarak inceledigimizde; dogal liflerin yapi igerisinde yer almasi ve epoksinin ara yiizeylere
niifuziyeti agisindan problem olusturmadigi gorilmistir. Cekme testleri, kompozitler arasinda farkli mekanik
davranislari ortaya ¢ikarmistir; keten kompoziti en yiiksek ¢gekme mukavemetini (75,56 MPa) jiit ve kenevirin ise ketene
kiyasla diisilk cekme mukavetine sahip oldugu goriilmektedir. Endiistriyel olarak iiretilen yapay elyaflara (Cam elyaft)
kiyasla mekanik ve mikro yap1 agisindan zayif goriinse de 6zellikle karmasik yapili parcalarin iiretiminde niifuziyet ve
ara bolgelere yerlesebilecek olmasindan kaynakli daha kullanigh oldugu ortaya ¢ikmustir.

Anahtar Kelimeler: Dogal elyaf, epoksi, mekanik 6zellikler, gekme mukavemeti

Mechanical and Metallographic Investigation of Natural Fiber Reinforced (Jute-
Linen-Hemp) Composite Materials

Abstract

With the development of technology, especially due to the inadequacy of polymer-based pure materials, composite
materials have been developed and their usage areas have increased over time. In recent years, the concern for
sustainability and renewability in production brought about by increasing environmental awareness has made the use of
environmentally friendly composites increasingly widespread. Although biocomposites, which are defined by the fact
that at least one of the materials in their content is natural, are much more environmentally friendly compared to their
alternatives, they are used in limited areas in the industry due to their hydrophilic structure and poor mechanical
properties. In this study, the mechanical and metallographic properties of natural fiber reinforced epoxy composites
(NFRC) consisting of jute, flax and hemp were investigated to demonstrate their suitability as reinforcement materials.
Vacuum assisted resin transfer molding (VDRTK) method was used as the production method. When we examined
metallographically; it was seen that the natural fibers were not a problem in terms of the presence of natural fibers in the
structure and the penetration of epoxy into the interfaces. Tensile tests revealed different mechanical behaviors among
the composites, with flax composite having the highest tensile strength (75.56 MPa) and jute and hemp having low tensile
strength compared to flax. Although it seems to be weaker in terms of mechanical and microstructure compared to
industrially produced man-made fibers (glass fiber), it has been revealed that it is more useful in the production of complex
structured parts due to its ability to penetrate and settle in intermediate regions.

Keywords: Natural fiber, epoxy, mechanical properties, tensile strength
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GIRiS

Son yillarda diinyamiz1 kiiresel 1sinma ve ¢evre
kirliligi etkilerinden korumak i¢in bir¢ok {ilkenin
harcadig1 ¢caba daha etkili hale gelmeye basladi. Bu
nedenle c¢evre dostu malzemelerin endiistride
kullanimi 6nem arz etmektedir. Bu yondeki
cabalardan bir tanesi de bilim insanlarmin iizerinde
calistign her alanda sik¢a kullanilan kompozit

malzemeleri icermektedir[Selmi ve ark., 2022;
Habibi ve ark., 2018]. Kompozit malzemeler
bilinyesinde, dogal elyaf takviyeli kompozitler

(NFRC'ler), malzemelerde hafiflik ve ¢evreye daha
az zararh etkilerinden dolayr metaller ve sentetik
elyaf takviyeli kompozitlere alternatif olarak cok
fazla ilgi gormektedir (Wilson, 2017). Dogal elyaf
bazli malzemeler teknik alanlara uygun mekanik
ozellikler sergilerler (Shinoj ve ark., 2010).
Geleneksel kompozit malzemelerin yerini alan,
biyokompozitler gibi daha ¢evre dostu ve daha hafif
malzemeler 6n plana ¢ikmaktadir. Arastirmacilarin
dogal liflerle giiclendirilmis kompozit malzemelere
odaklanmalarinin nedeni, bu kompozitler, diisiik
yogunluga sahip olmalarinin yaninda sahip olduklar1
iyi mekanik 6zelliklerdir (Abu-Sharkh ve ark., 2004;
Ak, 1994; Pradhan, 2022). Bitki liflerinin kompozit
malzemelerde takviye olarak kullanilmasi otomotiv
sektorii gibi cesitli faaliyet alanlarinda giderek
artmaktadir (Sassoni ve ark., 2014; Baley ve ark.,
2005).

Aramid, karbon gibi sentetik takviyeli kompozit
malzemeler ve cam elyaflari, otomobil, insaat ve
havacilik dahil olmak iizere c¢esitli alanlarda ¢ok
sayida uygulamaya sahiptir (Tanzi, 2019). Bu
malzemeler arasinda cam elyaflar, benzersiz mekanik
ozellikleri ve diigiik iiretim maliyetleri nedeniyle en
popiiler olanidir.  Ancak sentetik elyaflarin
kullanilmasi insan sagligina ve ¢evreye zarar vererek
cilt alerjileri ve akciger kanseri gibi sorunlara neden
olabilir. Bu sorunlara ¢oziim olarak dogal elyaflar
gibi ¢evreye duyarli malzemeler kompozit
endiistrisinde giin gectikce popiilerlik kazanmistir
(Tahir, 2011; May-Pat ve ark., 2013).

Dogal lifler, bitkiler de dahil olmak lizere ¢esitli
kaynaklardan elde edilebilir (keten, kenevir, jit ve
pamuk gibi), hayvanlar (yliin ve ipek gibi) ve
mineraller (asbest gibi) (Karthi ve ark., 2020).

Bitki bazli NFRC'lerin performansi sinerjik bir
etkiyle belirlenir. Daha 6nce anlatilan dogal elyafin
bliylik potansiyeli, takviye elyafinin 6zelliklerinden
tiretilen faktorlerin kombinasyonu, baz matrisi ve
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fiber ile matrisin arayiizey etkilesiminin (0.
mekanik kilitleme, fiziksel yapisma, kimyasal
baglanma) aksine, birgok dogustan gelen dogal elyaf
Ozellikleri  Onemli  teknik  engeller  ortaya
koymaktadir. Yiiksek performansli kompozitlerin
iiretimi ve uygulamalari i¢in, bu zorluklar, heterojen
oOzellikleri igerir. Dogal lifin  hiicre duvan
yapisindaki, bilesimindeki ve geometrisi
kullanilabilir takviye malzemesi olmasi yoniinde
bircok olumlu  ve olumsuz ozelligiyle
karsilagilmaktadir. Dogal liflerde uyumsuzluga yol
acan hidrofiliklik ve hidrofobik polimer matrisinde
toplanma egilimi, yiiksek su emilimi, diisiik termal
stabilite ve ipliklere zor islenebilirlik cam elyaflarla
karsilastirildiginda ciddi zorluklar olarak karsimiza
cikmaktadir (Naskar ve ark., 2016; V ais“anen ve
ark., 2017; Fortea-Verdejo ve ark., 2017).

MATERYAL VE METOD

Jiit, keten, kenevir ve cam elyafi yerel piyasadan
satin alinmis olup Sekil 2'de gdsterilmektedir. Epoksi
regine olarak GEN680 marka regine kullanilmuistir.
Jellesme siiresi 250 g karisim i¢in 23°C'de ve %50
nemde 30 dakikadir. Yogunlugu 1,03 £ 2 g/ml'dir.
Matris malzemesi 100gr epoksi i¢in %40 sertlestirici
kullanilarak hazirlandi.

Sekil 1°de vakum destekli recine infiizyon
yontemi ile elde edilen numunelerin islem akig semasi
goriilmektedir.

Sekil 1.Akis semasi
Tablo 1’de iiretilen numunelerin bilesimleri ve
takviye tiirleri goriilmektedir.
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Tablo 1. Test Numunelerimin Siniflandirilmast

Numune Matris malzemesi Takviye
malzemesi
Epoksi + Sertlestirici ~ Jiit
Epoksi + Sertlestirici  Keten
Epoksi + Sertlestirici ~ Kenevir
Epoksi + Sertlestirici  Cam elyafi

Kompozit plakalar, vakum destekli recine
transfer inflizyonu (VARTM) yontemi kullanilarak
uretildi (Demircan ve ark.,, 20219. Kompozit
malzemelerin iretimine baslamak icin takviye
kumaslar1 istenilen ebatlarda kesildi. Isleme
baglamadan Once tezgah ylizeyi iyice temizlenerek
her tiirlii kir ve tozdan arindirildi. Daha sonra bir
ayirict film dikkatlice yerlestirildi ve sizdirmazlik
bantlar1 kullanilarak c¢alisma tezgahina sabitlendi.
Kesilen takviye elyaflar1 daha sonra bu c¢alisma igin
35cm x 35cm boyutlarinda hazirlanan dogal

JUT LiFi KETEN LiFi

s KENEVIR LIFI
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kumaglarla ayiric1  film iizerine katmanlandi.
Kompozit yapiy1 daha gii¢lii hale getirmek i¢in dort
kat kumas katmani kullanildi. Daha sonra yine uygun
boyutta kesilmis soyma kumasi katmanli takviye
malzemesinin {izerine yerlestirildi.

Infiizyon siirecini baslatmak i¢in, malzemelerle
uygun hizalama saglanacak sekilde soyulan kumagin
iizerine bir recine dagitict film yerlestirildi. Spiral
hortumlar, havanin ¢ekilebilecegi ve reginenin
emilebilecegi yanlara stratejik olarak yerlestirildi.
Daha sonra dogru boyuta gore uyarlanmis bir vakum
torbast tim kurulumun iizerine yerlestirildi,
sizdirmazlik macunuyla giivenli bir sekilde tutturuldu
ve dis ortamdan etkili bir sekilde izole edildi. Regine
aktarimi i¢in kurulum hazir oldugunda, sisteme hava
girmesini Onlemek igin hortumlarin izerindeki
vanalar kapatildi. Kompozit malzeme iiretim
tezgahinin sicakligir 70 °C'ye ayarland1 ve kompozit
malzemeler 8 saat vakum altinda kiirlenmeye
birakildi. Uretim yontemi Sekil 3'de gosterilmektedir.

CAM ELYAF

Sekil.2. Kullanilan dogal elyaf takviye elemanlarinin islem basamaklarma ait goriiniim [URL-1].
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Sekil 3. Vakum Destekli Regine Transfer yontemiyle vakumlama Islemi genel goriiniimii.

TARTISMA VE SONUC
Bu galismada kullanilan numuneler jiit, keten,
kenevir ve cam elyafi takviyeli olarak vakum destekli

recine transfer inflizyonu (VARTM) yontemi
kullanilarak her biri 4mm kalinliginda olacak sekilde
iretilmis olup N1,N2,N3,N4 seklinde
numaralandirtlmistir.

Epoksi matrisli ve jiit takviyeli N1 numunesinin farkli
biiytitmelerdeki (35X- 75X- 150X) Sem goriintiileri
Sekil 4 de incelendiginde; jiit liflerinin kompozit
icerisinde yogun bir sekilde yer aldigi, epoksinin
iiretimde kullanilan vakum dan kaynakli ara bolgelere
cok iyi niifuz ettigi goriilmektedir. Kompozit N1
numunesi biinyesine jiit elyafinin, daha gii¢lii bir
yapinin elde edilebilmesi i¢in farkli yonlerde
yerlesmis oldugu da kesitte goriilmektedir. Jiit
takviyeli numuneden aldigimiz Mepping
goriintiilerini ve EDS analizlerini Sekil 5 de
inceledigimizde ise; Karbon esasli epoksinin yap1

icerisinde homojen bir sekilde dagildig1 tespit
edilmisgtir.

N2  numunesinde kullanilan keten liflerin,
malzemenin kesiti igerisindeki durumunu Sekil
6’deki farkli biyiitmelerdeki SEM goriintiilerinde
inceledigimizde; Matrisi olusturan epoksinin yapi
icerisinde diizenli bir dagilim gostermedigi, keten
elyaflardan bagimsiz hareket ederek kendine 6zgii
akis kanallar1 olusturdugu goriilmektedir. Ketenin
iretim asamasinda, numune igerisine diizenli
yerlestirilmesine  ragmen, epoksinin  sicaklik
degerlerinden ve vakumun etkisiyle farkli yonlerde
ve sekillerde hareket ettigi goriilmiistiir. Ozellikle
epoksinin yapr icerisinde bloklar halinde yer aldigini
Sekil 7 da verdigimiz Mapping analizinde de
gormekteyiz.
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Epoksi Matris €

3.00kV 8.1mm x35 SE

C Kal 2

O Kal

<L

Sekil 5. N1numunesinden alinan Mapping ve EDS analiz sonuglari.
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1.00mm

3.00kV 12.0mm x150 SE

Sekil 6. N2 numunesi igin 35x, 75x, 150x bilyilitmelerde alinan SEM mikroyapi goriintiileri

C Kal_ 2

O Kal

<

Sekil 7. N2 numunesinden alinan Mapping ve EDS analiz sonuglari.

N3 numunesini Sekil 8’deki farkli biiylitmelerdeki
SEM goriintiilerinden inceledigimizde; dogal kenevir
liflerinin epoksi igerisinde diizenli bir sekilde yer
aldig1, diizensiz gorillen bolgelerin ise kenevir
liflerinin ~ farkli  yonlerde  yerlestirilmesinden
kaynaklandig1 diisiiniilmektedir. Epoksinin ise hem
aralara niifuz ettigi hem de kenevir lifleri arasinda
tabakalar halinde yer aldig1 gorilmektedir. Sekil 9 de
gorilen mapping analizinde de epoksinin yap1
icerisine homojen dagildig: goriilmektedir.

Sekil 10 da verilen cam fiber takviyeli N4
numunesine ait farkli  biyiitmelerdeki SEM
goriintiilerini inceledigimizde; Cam elyafin dogal
elyaflara kiyasla biinyesine epoksi almamasi,
epoksinin reaksiyon sicakligindan etkilenmemesi,
ignemsi diiz bir yapiya sahip olmasindan kaynakli
kompozit yapisi daha diizenli bir goriinim
sergilemigtir. Sekil 11 da goérdiigiimiiz elementer
dagilim1 veren mapping analizinde de diizenli yap1
goriilmektedir.
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Kenevir Lifi

3.00kV 13.2mm x35 SE 1.00mm

3.00kV 13.1mm x150 SE

Sekil 8. N3numunesi i¢in 35x, 75x, 150x biiylitmelerde alinan SEM mikroyap1 goriintiileri

Sekil 9. N3 Numunesinden alinan Mapping ve EDS analiz sonuglari.
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Epoksi Matris

1y
1

3.00kV 8.2mm x35 SE

1.00mm

3.00kV 8.4mm x150 SE

Sekil 10. N4 numunesi i¢in 35x, 75x, 150x bilylitmelerde alman SEM mikroyap1 goriintiileri

Sekil 11. N4 Numunesinden alinan Mapping ve EDS analiz sonuglart.

Dogal elyaf takviyeli li¢ numune ve kiyaslamak
icin ilave ettigimiz bir cam elyaf numunemiz Once
standart Olcililerde bir sablon ¢ikartilmis, kesici
takimlarin yardimiyla kesilerek ¢ekme testi i¢in hazir
hale getirilmistir. Cekme testi ASTM D638
standardina gore 100KN kapasiteli SHIMADZU
¢ekme cihazinda gergeklestirildi. Sonuglarini Tablo 2
de inceledigimizde; x ve y eksenlerinde yerlestirilen
dogal elyaf takviyeli numuneleri arasinda
degerlendirdigimizde, Jiit ve Kenevir den olusan

kompozitlerin ¢ekme sonuglarinin keten takviyeli N2
numunesine kiyasla ¢ok diisiik oldugu goriilmektedir.
Uzama oranlarma baktigimizda ise kenevir igerikli
N3 numuesinin Keten takviyeli N2 numunesine yakin
bir uzama gosterdigi tespit edilmitir. Yapay elyaf
igerikli (Cam elyaf) N4 numunesini Jiit-Keten-
Kenevir takviyeli numunelerle kiyasladigimizda; cam
elyaf takviyeli kompozitin ¢ekme degerlerinin iki
katindan fazla oldugu Sekil 12’deki ¢ekme egrisinde
goriilmektedir.
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Tablo 2. Numunelerin Cekme Deneyi Sonug¢lart

Numune No Maksimum Maksimum Cekme Maksimum Maksimum
Kuvvet (N) Dayanimt (MPa) Uzama(%) Uzama(mm)
N1 1921,88 ' 44,7990 232696 2,6760
N2 2259,38 75,5644 5,60957 6,4510
N3 856,25 43,0493 5,64435 6,4910
N4 5015,63 175,3720 3,94870 4,54100
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Sekil 12. N1, N2, N3, N4 numuneleri ve bu humunelere ait Cekme egrisi

DEGERLENDIRME

Bu c¢aligmanin amaci, dort farkli takviye
malzemesi (jiit, keten, kenevir lifi ve cam elyafi)
kullanan dogal ve yapat elyaf icerikli epoksi matrisli
kompozitlerin (NFRC’ler) metalografik ve mekanik
ozelliklerine iliskin kapsamli bir ¢alisma yapmaktir.
Bu amaca ulagsmak i¢in vakum destekli regine transfer
infiizyonu (VARTM) teknigi kullanilarak kompozit
plakalar {iretildi. Kompozit numuneler arasindaki
farkliliklar, Sem goriintiileri, Mepping, EDS
analizleri ve ¢cekme testleriyle belirlenmistir.

Metalografik olarak numunelerin mikro yapi
goriintiileri incelendiginde, dogal elyaf takviyeli
kompozitlerin vakum destekli regine transfer

inflizyonu (VARTM) teknigiyle tiretiminin miimkiin
oldugu soylenebilir. Dogal elyaflar olarak
adlandirdigimiz jiit, keten, kenevir liflerinin iiretim
asamasinda numune igerisine diizenli
yerlestirilmesine ragmen, epoksinin reaksiyon
sicakligindan ve vakumun etkisiyle farkli yonlerde ve
sekillerde hareket ettigi goriilmiistlir. Dogal liflerin
kullanilmadan once belirli islemlerden (kurutma,
ayirma, tarama) gecirilmis olmasi, kompozit
plakalarin {iretimini kolaylastirdig1 ve yapisal olarak
avantaj sagladig1 disiiniilmektedir.

Cekme testi sonucglari, NFRC'lerin mekanik
davranigina  iligkin  degerli  bilgiler sagladi.
Kompozitler arasinda gerilme mukavemeti, gerinim
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ve elastisite modiiliinde gozlenen farkliliklar, onlarin
farkli mekanik profillerinin altin1 ¢izmektedir. Keten,
75,56 MPa ile dogal elyaflar igerisinde en yiiksek
gerilme mukavemetini sergiledi ve bu da onu saglam
mekanik Ozellikler gerektiren uygulamalar igin
birinci smif bir se¢im haline getirdi. Uzama
oranlarina baktigimizda ise kenevir takviyeli
kompozit plakanin Keten takviyeli plakaya yakin bir
uzama gosterdigi tespit edilmitir. Yapay elyaf icerikli
(Cam elyaf) plakanin ise, Jiit-Keten-Kenevir takviyeli
numunelerle kiyasladigimizda; cam elyaf takviyeli

kompozitin ¢ekme degerlerinin dogal elyaf
takviyelilere kiyasla iki katindan fazla oldugu
goriilmektedir.

Sonug olarak dogal elyaf olarak adlandirdigimiz,
jut, keten, kenevir liflerinin kompozit plakalarda
yapisal ve tiretile bilirligi agisindan kullanila bilecegi.
Yapay elyaflarin mekanik agidan avantajli bir
malzeme olarak goriinse de maliyeti uygulana
bilirligi agisindan dogal elyaflarin daha avantajli
oldugu sdylenebilir.

CIKAR CATISMASI
Yazarlar bu makaleyle ilgili herhangi bir ¢ikar
catigsmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu calismanin arastirma ve yayin etigine
uygun oldugunu beyan ederler.
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Abstract

In today's world, quartz-core fibers are extensively used in scientific studies due to their high radiation resistance.
Thanks to the quartz core's ability to generate Cherenkov photons and propagate these photons, as well as those entering
the fiber from outside, it is frequently studied in the context of high-energy and nuclear physics for detector designs. In
this paper, a detailed simulation was developed using the Geant4 simulation application, focusing on the photon
production and propagation capabilities of quartz-core fibers. Molex's recently developed FBP (FBP600660710)
broadband quartz-core fibers were integrated in the simulation environment. The production and propagation of
Cherenkov photons were tested by having a charged particle pass through a specific impact point and angle on a quartz-
core fiber. Based on the obtained data, reflectors were integrated onto the open end surface of the fiber to reduce photon
losses, and tests were conducted again. The effects of fiber length on the photon-carrying capacity of the fiber were also
tested.

Keywords: Quartz fibers, Cherenkov photons, photon propagation, geant4 framework.

Kuvars Cekirdekli Fiberlerde Cherenkov Fotonlarinin Uretimi ve iletimi
Uzerine Geant4 Simiilasyon Calismasi

Oz

Glintimiizde kuvars cekirdekli fiberler hem iletisim hem de yiiksek radyasyon direngleri sayesinde bilimsel
caligmalarda yogunlukla kullanilmaktadir. Fiberin kuvars ¢ekirdegi Cerenkov fotonu iiretebilme ve iiretilen bu fotonlar
yada disaridan fiber igerisine giren fotonlar: iletebilme kabiliyeti sayesinde yiiksek enerji fizigi ve niikleer fizik
alanlarinda dedektor tasarimlarinda siklikla kullanilmaktadir. Bu ¢alismada, kuvars ¢ekirdekli fiberlerin foton {iretimi ve
iletimi tizerine Geant4 simiilasyon uygulamasi kullanilarak detayli bir simiilasyon gelistirilmistir. Geant4 simiilasyon
ortamida Molex firmasimin son donemlerde gelistirmis oldugu FBP(FBP600660710) genis bant kuvars cekirdekli
fiberleri kullanilmistir. Bir kuvars ¢ekirdekli fiber {izerine belirli garpma agilarinda ve fiber tizerindeki belirli ¢arpma
noktalarina yiiklii par¢aciklar goénderilerek, fiberin Cerenkov fotonlart {iretimi ve iletimi incelenmistir. Elde edilen
verilere dayanarak, foton kayiplarimi azaltmak amaciyla fiberin agik ucuna yansitict entegre edilerek testler tekrar
gerceklestirilmistir. Fiber uzunlugunun fiberin foton tagima kapasitesi iizerine etkileri de incelenmistir.

Anahtar Kelimeler: Kuvars ¢ekirdekli fiber, Cerenkov fotonlari, foton tiretimi ve iletimi, geant4 simiilasyon uygulamasi.

INTRODUCTION

Quartz-core fibers are wused in global widely applied in scientific research. As shown in

communications infrastructures that can transmit data
over photons with minimal loss. Figure 1 illustrates
the improvement of photon transmission in optical
fibers over the years. Quartz-core fibers are not only
used in communication infrastructure but are also

Figure 1, the photon transmission capability of
Quartz-core fibers has improved over the years,
making them more suitable for scientific research
(Wandel, 2005). These fibers are used in high-energy
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physics for both detector development and data
transmission.
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Figure 1. Evolution of optical fiber loss reduction over the past decades, starting from 1965 (Wandel, 2005)

In addition to its use in high-energy and nuclear
physics, another important factor in the use of Quartz-
core fibers is their high resistance to radiation
(Cankocak et al., 2019; Girard et al., 2019; Hagopian,
1999; Kharzheev, 2019; Thomas, 2024). The Large
Hadron Collider (LHC) is engineered to achieve a
center-of-mass energy of 14 TeV in proton-proton
collisions every 25 ns. However, now the LHC is
being upgraded to High Luminosity Large Hadron
Collider (HL-LHC), which will operate at 5 times
higher luminosity (L = 5-103*cm™2-s7) and is
likely to reach (L = 7.5-103*cm™2 - s7!) , enabling
new physical discoveries. With the advent of HL-
LHC, detectors operating at higher luminosity values
and the currently used wavelength shifter (WLS), and
other fibers will be exposed to higher radiation. Their
high radiation resistance will make Quartz-core fibers
more suitable for use in detectors and devices at HL-
LHC that operate at higher luminosities. We have
extensively  discussed the development and
optimization of Geant4 simulations for the geometry
of a tungsten quartz fiber luminometer designed for
application in the CMS experiment during the HL-
LHC era (Selivanova et al., 2020; Sunar Cerci et al.,
2023).

When relativistic charged particles pass through
the Quartz-core fibers, they generate Cherenkov
radiation and propagate the photons. Quartz-core
fibers are valuable in detector designs for detecting
charged particles in the environment. The fibers are
usually used so that one end is integrated into a
converter plate or scintillator in the detector and the
other end is connected to a photodetector for photon
readout. Not only for the propagation of photons but

also for the generation and capture of Cherenkov
photons, the impact angles, and locations of charged
particles on the fibers are of critical importance.
These impact angles and impact points of charged
particles on Quartz-core fibers determine the number
of photons the fiber generates and propagates.
Similarly, the refractive indices and the dimensions
of the core and cladding of the fiber determine the
number of photons generated and propagated.

In this study, investigations of the generation and
propagation of Cherenkov radiation in Quartz-core
fibers were performed using the Geant4 simulation
toolkit. As the impact angles and impact points of
charged particles on Quartz-core fibers change, the
number of photons generated and propagated by the
fiber, as well as their motions within the fiber, were
studied and analyzed.

MATERIAL AND METHODS
Properties of Quartz Fibers

Quartz-core fibers are manufactured worldwide
for various purposes. Molex is one of the companies
that manufacture various fibers, and the fiber used in
this study is the Quartz-core FBP broadband fiber
(FBP600660710) manufactured by Molex.

The quartz core fiber used in this study has a core
diameter of 600 micrometers, a cladding diameter of
660 micrometers, and a buffer diameter of 710
micrometers (Figure 2). Due to the low content of OH
in its structure, it exhibits high radiation resistance.
The wavelength range of photon transmission is
between 275 nm and 2100 nm as shown in Figure 3.
It can successfully transmit photons in the UV and
NIR regions. The core is made of quartz material with
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a chemical structure of SiO2, while the cladding is
made of doped silica. These fibers can operate at
temperatures between -65 and +300 degrees Celsius.

Molex Quartz
Fiber
FBP600660710

. Sci. 9(2);250-260 (2023)
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Cladding
660 pm
Buffer
710 pm

Figure 2. Cross-section of the FBP fiber (the core is blue, the cladding is green, and the buffer area is orange.)
(Polymicro Molex, 2023)

The numerical aperture between the cladding and the
core is 0.22 (Polymicro Molex, 2023).

Cherenkov Photon Production and Propagation in
Fiber

The refractive indices of the core and cladding of
the fiber are crucial for photons to propagate in the
fiber. A photon entered the fiber from outside or
generated inside the fiber propagates inside the fiber
by hitting the cladding at certain angles. In this study,
the propagation of Cherenkov radiation generated
inside the quartz-core fiber was investigated.
Cherenkov radiation forms at a certain angle in a cone
shape.

There is a relationship between the refractive index
and this angle called the Cherenkov relation (Béjar et
al. 2020; Polymicro Molex, 2023). The opening angle
of the Cherenkov cone is defined as:

9_1 v
_ﬁn’ ﬁ_c

where 0 is the Cherenkov angle as shown in Figure 4,
B is the rate constant, and n is the refractive index of
the medium

250 15
1,45
= 200
& 14
< 150 135 E
= 13 2
= Q
< 100 1,25 8
S Q
£ 12 &
< 50
115
0 11
0 500 1000 1500 2000 2500

Wavelength (nm)

— FBP Fiber Attenuation
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Figure 3. Wavelength-dependent properties of the FBP600660710 Quartz-core fiber are detailed in the graph. The
orange curve represents the refractive index of the fiber core (Malitson, 1965), the gray curve indicates the refractive
index of the fiber cladding (Malitson, 1965), and the blue curve outlines the fiber's attenuation (Polymicro Molex, 2023)
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Figure 4. Side cross-sectional view of a three-layered Quartz-core fiber. When a charged particle passes through the
fiber, it produces Cherenkov photons, whose movement is shown within the fiber

The Cherenkov angle, at which the Cherenkov
photons are produced, depends on the refractive index
of the medium within the fiber. The refractive indices
as a function of wavelength for quartz material are
shown in Figure 3. After the Cherenkov photons are
generated in the fiber, they must exceed the critical
angle (Bahaa and Malvin, 1991).

For a Cherenkov photon to propagate inside a
quartz-core fiber, both the critical angle and the
Cherenkov angle are significant and interrelated
(Wolfenden et al., 2023). In Figure 4, the Cherenkov
and critical angles are shown on a plane. However,
the Cherenkov angle has a conical structure, and the
fiber has a cylindrical shape. The variation of
refractive indices with wavelength, the changes in the
Cherenkov and critical angles depending on the
refractive indices, and the photon propagation tunnel
in the cylindrical structure of the fiber make the
calculation process of photon transmission quite
complex. Therefore, tests can be conducted through a
simulation tool, and the photon transmission
capabilities of the fiber under various impact angles
can be examined. In this study, Cherenkov photons

generated by a charged particle impacting at 11
different angles (15°, 30°, 45°, 60°, 75°, 90°, 105°,
120°, 135° 150° 165°) and impacting 7 different
points on the fiber (0 pm, 50 pm, 100 pm, 150 pm,
200 pm, 250 pm, 300 pm) were investigated, as well
as their propagation. Moreover, to prevent photon
loss, a reflector was integrated into the open end of
this fiber, and tests were conducted again.

Geometric Structures and Geant4 Simulation
Details

The Geant4 Simulation toolkit, developed by the
European Council for Nuclear Research (CERN), is
frequently used in branches of physics such as high-
energy and nuclear physics (Agostinelli, 2003; Chen,
Hu, Zhong, 2022; Geant4, 2023; Geant4
Collaboration, 2023). In this study, a simulation for a
Quartz-core fiber was prepared using the Geant4
simulation toolkit. The geometry was integrated into
the Geant4 simulation toolkit as shown in Figure 5,
and the experimental data for this geometry,
presented in Figure 3, was added with their detail.

Fiber Length e

Photo Detector

T4
Impact Angle: 6 \/'

_,.,
=3
0]
S e
Open End

#
z’q}a&
&

d

Figure 5. The design and placement geometry of a quartz-core fiber in the Geant4 simulation space is illustrated in the
figure. The charged particle (beam) impacts the fiber's open end or its coated end, 5 cm before the open end of the fiber,
from a distance of 2 cm and at an impact angle 6

253



Int. J. Pure Appl. Sci. 9(2);250-260 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1375196

Buffer; 710um
Core: 600um

Cladding: 660um

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

Figure 6. Cross-sectional view of a three-layered Quartz-core fiber is illustrated in the figure. Within the Geant4
simulation space, a particle is configured to impact seven different points on the fiber

The three-layered fiber structure presented in
Figure 2 extends homogeneously along the fiber. One
end of the fiber is connected with a photodetector,
while the other end is left open (Open End). Electrons
with an energy of 10GeV are directed towards the
fiber at an impact angle of 8, 5 cm away from the open
end. The electron is directed 2 cm from the impact
point on the fiber.

As seen in Table 1, the simulation has been
repeated for a total of 770 different combinations with
4 different parameters. Firstly, the open end of the
fiber has been touched to the air. Due to this, some of
the photons escape from the open end, while some
reflect back. If a Tyvek reflector is integrated at the
open end, most of the photons no longer escape and
move back toward the photodetector. The second
parameter is the change in the length of the fiber. The

manufacturer's experimentally obtained attenuation is
presented in Figure 3 has been integrated directly into
the simulation. As the length of the fiber changes in
the simulation, the absorption of the photons also
changes. The third parameter is the angle at which the
particle impacts on the fiber. The effect of the impact
angle on photon generation and propagation to the
photodetector can be observed with this simulation.
The part where photons travel inside the fiber is the
core, thus the photons generated in this section are
crucial. The final parameter is the point at which the
particle impacts the fiber, which is changed at regular
intervals from the center of the fiber's core to its
outermost part. Since the fiber has a cylindrical
structure, when a particle impacts different points, the
propagation of the resulting Cherenkov photons will
differ due to the critical angle.

Table 1. The setup parameters of the Geant4 simulation for a Quartz-core fiber

Simulation Parameters

1 End of Fiber
2 Length of the Fiber
3 Impact Angle

4 Impact Point

With Tyvek Reflector , Without Reflector
5m, 10 m, 20 m, 50 m, 100 m, 200 m, 500 m, 1 km
15°, 30°, 45°, 60°, 75°, 90°, 105°, 120°, 135°, 150°, 165°

0 pm, 50 um, 100 pm, 150 pm, 200 um, 250 um, 300 um

RESULTS AND DISCUSSION

The Geant4 simulation for the FBP Fiber, as
presented in Table 1, was conducted using varied
values of four distinct parameters. Using the Geant4
Particle Generator, electrons with an energy of 10
GeV are directed towards the fiber. Upon impacting
the fiber, these electrons produce Cherenkov photons,

which then propagate towards both ends of the fiber.
Efficiency values are determined by taking the ratio
of the number of Cherenkov photons produced within
the fiber to the number of photons that reach and
reflect from its ends. These values are crucial for
understanding the quantity of photons that
successfully propagate within the fiber. Our goal is to

254



Int. J. Pure Appl. Sci. 9(2);250-260 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1375196

understand the mechanism through which the fiber
produces Cherenkov photons and transmits them. The
results of this study will ensure more efficient
utilization of FBP fibers in detector designs.

In detector systems, charged particles can impact
any point on the fiber at any given impact angle.
Figure 7 shows the distribution of the number of
photons produced inside the fiber by particles
impacting at 7 different points, based on their impact
angles. The impact points are illustrated in Figure 6.
Cross-sectional view of a three-layered Quartz-core
fiber is illustrated in the figure. Within the Geant4
simulation space, a particle is configured to impact
seven different points on the fiber. Tests were
conducted by increasing the distance by 50
micrometers from the center of the fiber outward at
each step. According to the simulation results, the
highest photon production occurs at the center, and
the number of photons decreases as we move outward
from the center. The fewest photons were measured
at the core boundary of the fiber, which is 300
micrometers. The maximum photon production for all
impact points is observed at 15° and 165°. This value
decreases from 15° to 90° and then increases again
from 90° to 165°. The reason for this is that charged
particles travel a longer distance inside the fiber at 15°
and 165°. The longer a charged particle travels within
the core of the fiber, the more Cherenkov photons it
will produce.
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Since one end of the fiber is inside the detector
systems, it can be used with an open, closed, or
reflective coating. When charged particles pass
through the fiber, the Cherenkov photons produced
move within the fiber in both directions. The
Cherenkov photons produced inside the fiber, upon
reaching the open end, either reflect back depending
on the medium's refractive index or exit from the open
end into the detector's environment. By applying a
reflective coating in front of the fiber's open end, a
large portion of the photons can be made to reflect
back into the fiber, directed towards the
photodetector. When using a reflector, if the impact
angle ranges between 0° and 90° then, due to the
Cherenkov angle (as illustrated in Figure 4), the
Cherenkov photons will reflect back into the fiber
from the open end. Figure 8 shows the effective
values of photons that reflect back into the fiber from
the open end for simulations both with and without a
reflector. In this graph, it is observed that the
simulations using a reflector reach a maximum
photon count when the impact angle is between 0° and
90°. However, in systems without a reflector, more
photons leak from the open end, indicating photon
loss in the system. The Cherenkov photons moving in
the direction of the photodetector follow a similar
trajectory.

Produced Photons

—@— Center —@—50 um

100 pm —@— 150 pum

200 pm 250 um —@=—300 um

1000
N
100 =
10

Number of Photons

0,1
0 15 30 45 60 75

/

) W

90 105 120 135 150 165 180

Particle Impact Angle (Degree)

Figure 7. Number of photons plotted as a function of the particle's impact angle on the fiber, as seen in Figure 5. The
graph shows simulation results for 7 different impact points on the fiber, as illustrated in Figure 6
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Photon Efficiency (Reached and Reflected Photons, L=10m)

—&— Reached Photons (With Tyvek Reflector) —&=— Reached Photons (Without Reflector)

Reflected Photons (With Tyvek Reflector) —@= Reflected Photons (Without Reflector)

100,000%
10,000%
1,000%
0,100%

0,010%

Photon Efficiency (%)

0,001%

0,000%

15 30 45 60

75

90 105 120 135 150 165 180

Particle Impact Angle (Degree)

Figure 8. Distribution of Cherenkov photons generated within the fiber based on their impact angles for four different
scenarios and their ratios (Photon Efficiency) reaching the photodetector and reflecting from the open end. The red and
gray curves represent the photons that impact the photodetector and those reflecting from the open end within the fiber,
respectively, when a reflector is used. Conversely, the orange and black curves represent the photons that impact the
photodetector and those reflecting, respectively, in cases where no reflector is used

Since one end of the fiber is inside the detector
systems, it can be used with an open, closed, or
reflective coating. When charged particles pass
through the fiber, the Cherenkov photons produced
move within the fiber in both directions. The
Cherenkov photons produced inside the fiber, upon
reaching the open end, either reflect back depending
on the medium's refractive index or exit from the open
end into the detector's environment. By applying a
reflective coating in front of the fiber's open end, a
large portion of the photons can be made to reflect
back into the fiber, directed towards the
photodetector. When using a reflector, if the impact
angle ranges between 0° and 90° then, due to the
Cherenkov angle (as illustrated in Figure 4), the
Cherenkov photons will reflect back into the fiber
from the open end. Figure 8 shows the effective
values of photons that reflect back into the fiber from
the open end for simulations both with and without a
reflector. In this graph, it is observed that the
simulations using a reflector reach a maximum
photon count when the impact angle is between 0° and
90°. However, in systems without a reflector, more
photons leak from the open end, indicating photon

loss in the system. The Cherenkov photons moving in
the direction of the photodetector follow a similar
trajectory. It is evident that across all impact angles,
systems using a reflector capture more photons inside
the fiber compared to those without, directing them to
the photodetector.

The distributions of efficiency values of photons
reaching the photodetector based on their impact
angles are illustrated in Figure 9 and Figure 10. In
both figures, a charged particle impacting the fiber
from 7 different points has been considered. It is
observed that the number of photons reaching the
photodetector increases around 45° for a fiber whose
open end is coated with a reflector. This value has
risen by over 1% around 45° for all impact points.
Another noteworthy observation in these graphs is
that, in the range where the impact angle is between
60° and 120°, as we move further from the center of
the fiber outward, the efficiency increases. The reason
for this is that, even if the charged particle travels a
shorter distance inside the fiber, due to the cylindrical
structure of the fiber, Cherenkov radiation can
produce photons that exceed the critical angle,
thereby directing more photons to the photodetector.

256



Int. J. Pure Appl. Sci. 9(2);250-260 (2023) IJPAS

jpas@munzur.edu.tr

Research article/Arastirma makalesi ISSN: 2149-0910
DOI:10.29132/ijpas. 1375196
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—@— Center —@—50pym —@—100pum —@—150pum —@—200um —@—250um -—@=—300 pum

100,00%
10,00%
S
>
(@)
S 1,00%
]
&=
w
c  0,10%
o
S
o
ey
[a
0,01%
0,00%

15 30 45 60 75 90 105 120 135 150 165 180

Particle Impact Angle (Degree)

Figure 9. Distribution of the ratios of Cherenkov photons generated inside the fiber to the photons reaching the
photodetector (Photon Efficiency) based on their impact angles, for a charged particle impacting 7 different points on

the fiber without a reflector, as seen in Figure 6

Reached Photons to Detector (With Tyvek Reflector, L=10m)
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Figure 10. Distribution of the ratios of Cherenkov photons generated inside the fiber to the photons reaching the
photodetector (Photon Efficiency) based on their impact angles when a charged particle impacts 7 different points on

the fiber, as illustrated in Figure 6, with a reflector in use
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The distributions of efficiency values of photons
reaching the photodetector based on their impact
angles are illustrated in Figure 9 and Figure 10. In
both figures, a charged particle impacting the fiber
from 7 different points has been considered. It is
observed that the number of photons reaching the
photodetector increases around 45° for a fiber whose
open end is coated with a reflector. This value has
risen by over 1% around 45° for all impact points.
Another noteworthy observation in these graphs is
that, in the range where the impact angle is between
60° and 120°, as we move further from the center of
the fiber outward, the efficiency increases. The reason
for this is that, even if the charged particle travels a
shorter distance inside the fiber, due to the cylindrical
structure of the fiber, Cherenkov radiation can
produce photons that exceed the critical angle,
thereby directing more photons to the photodetector.

Figure 11 shows the changes in the efficiency
values of photons reaching the photodetector for 8
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different lengths of the fiber based on their impact
angles. Since the wavelength graph corresponding to
the attenuation provided in Figure 3 has been
integrated into the Geant4 simulation, the geant4
simulation calculates how far the photons can travel
within the fiber. This study is primarily based on the
experimental data of the attenuation values (Figure 3)
provided by the fiber manufacturer[8]. As shown in
Figure 11 and Figure 12, in a system using reflectors,
more photons reach the photodetector at a 45° impact
angle compared to a system without reflectors. At
135°, that is, the angle at which the photons move
toward the photodetector inside the fiber, the
transmission of photons to the photodetector has
decreased in both cases with and without reflectors as
the length increases. The number of photons
produced that reach the photodetector has fallen
below 5% when a fiber longer than 20 meters is used.
When fibers longer than 500 meters are used, these
values have dropped below 1%.

Reached Photons to Detector (No Reflector, Impact Point:Center)
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Figure 11. When a charged particle passes through the fiber with a reflector in use for 8 different fiber lengths, the
figure presents the distribution of the ratios of Cherenkov photons generated inside the fiber to the photons reaching the
photodetector (Photon Efficiency) based on their impact angles without a reflector in use
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Reached Photons to Detector (With Tyvek Reflector, Impact
Point:Center)
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Figure 12. When a charged particle passes through the fiber with a reflector in use for 8 different fiber lengths, the
figure presents the distribution of the ratios of Cherenkov photons generated inside the fiber to the photons reaching the
photodetector (Photon Efficiency) based on their impact angles with a Tyvek reflector in use

CONCLUSION

In this study, the ability of the Molex FBP
(FBP600660710) fiber representing Quartz core
fibers to produce and transmit Cherenkov photons
was tested in the Geant4 Simulation environment.
Quartz core fibers, frequently used in scientific
research and development areas such as high-energy
physics and nuclear physics, can detect charged
particles with Cherenkov photons. Simulation tests
were conducted with one end of the open-ended fiber
integrated into the photodetector, and the other end
either left open or coated with a reflector. According
to the simulation results, Cherenkov photons
produced within the quartz core fiber reach the
photodetector with the highest efficiency at 135°. The
open end, whether a reflector is used or not, has
caused some of the photons to remain captured within
the fiber, and photons have reached the photodetector
at impact angles of around 45°. Using a reflector also
increased the number of photons reaching the
photodetector at impact angles of around 45°
Charged particles pass through the fiber not only at
different angles but also at different points of the
fiber. Charged particles impacting the center of the
fiber produce the most photons, and this value
decreases as the impact point moves toward the outer

coating of the fiber. One of the most crucial factors
affecting the photon transmission of the fiber is the
length of the used fiber. Up to a length of 20 meters,
the fiber can transmit 5% of the Cherenkov photons
produced within it, but as this length increases, the
transmission will drop below 5%. This study shows
that the fibers to be used in detector designs should be
placed within the detector at specific angles and
positions. The significance of the environment in
which the fiber is located for the open ends of the
fiber was also determined in this study.
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Abstract

Instead of blending two polymers to make a blend, a "ternary polymer blend" is typically created by adding a third
polymer. In recent years, triple polymer blends have found a wide field of study in order to improve and change the
properties of traditionally obtained binary blends. In this study, a blend was created by adding Polyhydroxy Alkanoate
(PHA) polymer to Polylactic Acid (PLA) and Polyethylene Glycol (PEG) polymers, which are known to be compatible
with each other. The aim of this study is to examine the effect of changing PHA amount on the blend of the triple shape
memory alloy. The thermal properties, shape memory and scanning electron microscope (SEM) images of this blending
were examined. It was investigated which of the samples prepared with three different percentages would give the most
ideal results. Although the thermal analysis results are generally close to each other, differences were observed in the
shape memory of the material due to the change in the amount. In particular, it can be said that the decrease in the
percentage of Polytactic Acid (PLA) polymer, which has binding properties, causes a delay in shape transformation.

Keywords: Ternary polymer blends, shape memory polymers, polylactic acid, polyethlene glycol, polyhyroxy
alkanoate

PLA-PEG-PHA Uclii Polimer Karisimlarinin Termal, Mikroyap: and Sekil
Hafiza Davramslarinin Incelenmesi

Oz

Bir karigim olusturmak i¢in iki polimeri karistirmak yerine, tipik olarak ii¢iincii bir polimer eklenerek "iiglii bir
polimer karigimi" olusturulur. Geleneksel olarak elde edilen ikili karigimlarin &zelliklerinin iyilestirilmesi and
degistirilmesi amaciyla son yillarda ii¢lii polimer karigimlar: genis bir ¢aligma alan1 bulmustur. Bu ¢aligmada birbiriyle
uyumlu oldugu bilinen Polilaktik Asit (PLA) and Polietilen Glikol (PEG) polimerlerine Polihidroksi Alkanoat (PHA)
polimeri eklenerek bir karisim olusturulmustur. Bu ¢alismay1 yaparken {iglii sekil hatirlamali alagimin, degisen PHA
miktarmin blend tizerindeki etkisini incelemektir. Bu karigimimn termal Gzellikleri, sekil hafizas1 and taramali elektron
mikroskobu (SEM) goriintiileri incelenmistir. Ug farkli yiizdeyle hazirlanan &rneklerden hangisinin en ideal sonucu
verecegi arastirildi. Termal analiz sonuglar1 genel olarak birbirine yakin olsa da miktar degisikligine bagli olarak
malzemenin sekil hafizasinda farkliliklar gézlemlenmistir. Ozellikle baglayici 6zellige sahip olan Politaktik Asit (PLA)
polimerinin yiizdesindeki azalmanin sekil doniisiimiinde gecikmeye neden oldugu sdylenebilir.

Anahtar Kelimeler: Uclii polimer karisimlari, sekil hafizali polimerler, polilaktik asit, polietilen glikol, polihidroksi
alkanoat

INTRODUCTION
It is the process of combining at least two

Polystyrene/Polymethyl Methacrylate (PS/PMMA)
and Polypropylene/ Polystyrene (PP/PS). It is

polymers under suitable conditions and obtaining a
new material, known as polymer blend. It is desirable
to choose one of the polymers as the compatibilizer
when obtaining the blend. The most famous polymer
blends that have been studied extensively in the last
decade are; Polypropylene/Polyamide (PP/PA) is

available in our previous shape memory polymer
blend works (Koulic et al.,, 2001; Tomic and
Marinkovic, 2019; Wang et al., 2011). It is not
preferable to combine the blend, which is generally
preferred in pairs, and triple or more polymers. The
reason for this is that it is thermodynamically
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immiscible and the technological difficulty of
combining polymers harmoniously. Since the word
"polymer blend" refers to the combination of two
polymers, the term "ternary polymer blend" is used
for triple blends. Although increasing the number of
polymers while obtaining the blend causes various
complications, it is an area that needs to be studied
and developed. It is thought that adding various
properties to the traditional polymer blend material
and the desire to obtain higher performance products
will increase the popularity of such materials
(Adedeji et al., 2001; Folkes and Hope, 1993;
Macosko et al., 1996; Sperling, 2005).

Debolt and Robertson tried the ternary polymer
blend in their study and made complex polymers
compatible with each other using compatibilizers. It
was investigated whether nylon 66 and styrene-block-
ethylene-co-butylene could be harmonized with each
other and polypropylene was used as compatibilizer
(DeBolt  and Robertson, 2006). Sprenger and
Walheim explains in their study that when there are
three liquid phases, the two most incompatible
components completely or partially wet the interface.
They stated that by changing the balance of the three
liquid-liquid interface energies, the morphology of
the intervening fluid should also change. In particular,
they expected a significant change in the structure of
the polymer blend during wetting (Sprenger et al.,
2003). V.N. Kuleznev and Yu. P. Miroshnikov et al.
in their study demonstrated that some ternary polymer
blends were not miscible based on their phase
morphology (Kuleznev and Miroshnikov, 2016).

The aim of this study is to examine the
differences in the structure and physical properties of
the ternary polymer blend by adding Polyhydroxy
Alkanoate (PHA) in different proportions and under
appropriate conditions to Polyactic acid (PLA), which
has a good shape memory feature, and to
Polyethylene Glycol (PEG) blend, which is
frequently used in the health sector but is fragile.

MATERIAL AND METHODS
Materials

Polyactic acid (PLA) and Polyhydroxy alkanoat
(PHA) was supplied by ABG filament company in
Ankara, Turkey. Polyethylene glycol (PEG) with
M;=6000 g/mol* and anhydrous chloroform (99.9%
purity) were purchased from Sigma Aldrich.
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Preparation of PLA/PEG/PHA Blend Film By
Solvent Casting Method

Polylactic acid, Polyethylene glycol and
Polyhydroxy alkanoate were prepared in 1:1:1 ratio in
separate magnetic stirrers, each from 0.15 grams to a
total of 0.45 grams in chloroform. The ratio of PHA
was changed by keeping the ratio of PLA and PEG
constant and not changing the total mass. PHA was
added in amounts of 0.05 g, 0.15 g and 0.25 g (11%,
33% and 55% in weight). PLA and PEG in 5 mL
chloroform were mixed in a separate mixer and PHA
was mixed in a separate mixer for 1 hour and then
completely homogenized. The homogeneous
solutions were combined and stirred for 1 more hour.
Then, the solution poured into the petri dish was kept
in the etuv at 40 °C for 24 hours.

RESULTS AND DISCUSSION
Thermal results

Differential Scanning Calorimetry (DSC)
measurement was performed to examine the thermal
properties and melting/crystallization behavior of the
blend obtained by mixing PLA-PEG-PHA ternary
polymer. DSC results are given in Fig. 1. The glass
transition temperature of PLA is around 65 °C, which
is supported by both our previous studies and the
literature (Ozen Oner et al., 2022; Qader et al., 2022;
Yilmaz at al., 2023). It is known that the melting
temperature of PEG roughly coincides with the glass
transition temperature of PLA. When the DSC graph
is examined, the reason why the first peak is quite
obvious is that the melting temperature of PEG and
the glass transition temperature of PLA are almost the
same values. The second peak seen in the DSC graph
is the melting temperature of PLA (177 °C). As we
have confirmed in our previous studies, since the
DSC curves are almost the same, they have similar
peaks (Matumba, Motloung, Ojijo, Ray and Sadiku,
2023; Sheth, Kumar, Davé, Gross and McCarthy,
1997; Zhang, Wang, Qiao and Li, 2016). Unlike other
polymers, PHA has a wide range of melting
temperatures. It is known that the melting
temperature of PHA is 170 °C, it is almost the same
as the melting temperature of PLA, as seen in the
graph. According to the DSC measurement results, it
was observed that the melting temperatures and
crystallization temperatures increased before 50%
PHA ratio and also the enthalpy values of the peaks
increased. After the PHA ratio exceeded 50%,
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melting and crystallization temperatures and enthalpy
values were found to decrease.

Thermogravimetric analysis results are given in
Figure 2. Thermal degradation of PVC and PEG
polymers occurs in two stages. The first
decomposition temperature occurs at 275 °C, and the
second decomposition temperature occurs at 375 °C.
It has been determined that the thermal stability of the
polymer composite material decreases slightly
depending on the changing PHA amount.

SEM images

SEM images and EDAX results of 11PHA,
33PHA and 55PHA samples are given in Fig. 3, Fig.
4 and Fig. 5, respectively. When the SEM images are
examined, it is seen that the porous structure is
formed. It is known that the polymer forming the
porous structure originates from PEG, and it is seen
that PEG causes an increase in chain movement and
the formation of voids in the polymer structure.
Similar results were obtained in our previous study
(Yilmaz et al., 2023). Chen et al. suggested that PEG
infiltrates the PLA chains, increasing the particle size.
Darabian et al. stated that the hydrogen bond is
formed between the carbonyl group in PLA and the
hydroxyl group in PEG (Chen et al., 2014).
Therefore, PLA and PEG are suitable polymers for
blending. The biggest reason for being a suitable
polymer is the bond formation between them. Based
on our previous studies, it is examined what changes
occur in the structure of the polymeric material by
keeping the PLA and PEG ratios constant and adding
PHA at certain ratios. When the EDAX results are
examined, it is seen that carbon and oxygen amounts
are encountered. It is known that the content of
polymeric structures is based on carbon and oxygen
bonds. For this reason, it is expected to be reflected in
the EDAX results.

Shape memory effects

Fig. 6 shows the shape memory effect of 11%,
33% and 55% samples of PLA-PEG-PHA ternary
polymer blend. The shape memory properties of
PLA-PEG-PHA polymer blends prepared with three
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different percentages were examined. Shape memory
polymers are materials that can change their
properties such as shape and color with external
factors. To observe the shape memory effect, the
glass transition temperature of the polymers is taken
into account. Above the glass transition temperature,
the material is given a temporary shape and then it is
expected to maintain its temporary shape by
providing suitable conditions. The polymeric
material, which retains its temporary shape, returns to
its original shape by rising above the glass transition
temperature again. Similar results were obtained as in
previous studies (Ozen Oner et al., 2022; Pekdemir et
al., 2023; Pekdemir, Oner, Kok and Qader, 2021;
Pekdemir, Qader, et al., 2021). In this study, it is
investigated how PHA, which varies by 11%, 33%,
and 55%, will have an effect on the material. In order
to make a correct interpretation between the three,
comparisons were made at the same time and in the
same environment. The materials were cut in the
same dimensions and immersed in hot water.
Polymers softening in hot water were temporarily
formed and then immersed in cold water (below the
glass transition temperature). It is observed that the
polymeric material, which is observed to retain its
temporary shape, returns to its original shape in a
short time after being immersed in hot water. If three
materials are compared, it is seen that 33% sample is
difficult to form. In addition, it can be said that the
time to return to its former shape is longer than the
others and its structure is more opaque than the
others. Since the proportions of the 33% sample are
equal, it can be interpreted that the amount of PLA
polymer acting as a binder is low. On the contrary, it
is seen that the high PHA ratio in the 55% sample
neutralizes the low amount of PLA. That is, PEG,
which does not have the ability to memory and is
fragile. It can be interpreted that the binder of the
polymer is PHA.
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Figure. 1. Differential Scanning Calorimetry (DSC) result of samples
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Figure. 2. Thermogravimetric analysis (TGA) result of samples

Figure. 3. SEM-EDAX results of 11PHA Sample
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Figure. 5. SEM-EDAX results of 55PHA Sample
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Figure. 6. Shape memory effect behavior of samples

Table.1. Weights of polymers in ternary blends

Sample codes 11 33 55
Polymers § = PHA PHA PHA
PLA 0.20 0.15¢g 0.10¢g
g
PEG 0.20 0.15¢g 0.10¢g
g
PHA 0.05 0.15 0.25¢
g
CONCLUSION graph was examined, it was observed that thermal
The aim of the study is to examine the effect of  stability decreased slightly as the PHA ratio
triple  polymer blend and shape memory increased. The fact that the melting temperatures of

transformation. Different proportions of PHA were
added to PLA and PEG polymers, which are known
to be compatible with each other. When the thermal
analysis results were examined, it was seen that the
values were very close to each other. When the TGA

PHA and PLA are very close, caused the peak to be
intertwined. When SEM images were examined, it
was supported by literature data that the porous
structure originated from PEG. This feature of the
samples with shape memory feature was examined.
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PLA is known to be a good shape memory polymer.
Due to the fact that PEG has a more fragile structure,
a very good shape memory effect was observed in the
samples with a high percentage of PLA. It was
determined that the duration of the shape memory
effect was prolonged in the 33% sample with equal
proportions compared to the others.

ACKNOWLEDGMENT
The author would like to thank the financial
support provided by the Management Unit of the
Scientific Research Projects of Firat University
(FUBAP) (ADEP.23.02).

CONFLICT OF INTEREST
The Author reports no conflict of interest relevant to
this article.

RESEARCH AND PUBLICATION ETHICS
STATEMENT

The author declares that this study complies with
research and publication ethics.

REFERENCES

Adedeji, A., Lyu, S. and Macosko, C. W. (2001). Block
copolymers in homopolymer blends: Interface vs
micelles. Macromolecules, 34(25), 8663-8668.

Chen, B.Y.,Wang, Y.S., Mi,H. Y., Yu, P, Kuang, T. R.,
Peng, X. F. and Wen, J. S. (2014). Effect of poly
(ethylene glycol) on the properties and foaming
behavior of macroporous poly (lactic acid)/sodium
chloride scaffold. Journal of Applied Polymer
Science, 131(23).

DeBolt, M. A. and Robertson, R. E. (2006). Morphology
of compatibilized ternary blends of polypropylene,
nylon 66, and polystyrene. Polymer Engineering and
Science, 46(4), 385-398.

Folkes, M. and Hope, P. (1993). Polymer blends and alloys:
Springer.

Koulic, C., Yin, Z., Pagnoulle, C., Gilbert, B. and Jérome,
R. (2001). Premade wversus in situ formed
compatibilizer at the PS/PMMA interface:
contribution of the Raman confocal microscopy to the
fracture analysis. Polymer, 42(7), 2947-2957.

Kuleznev, V. and Miroshnikov, Y. P. (2016). Phase
morphology and properties of ternary polymer
blends. Encyclopedia of Polymer Blends: VVolume 3:
Structure, 335-400.

Macosko, C., Guegan, P., Khandpur, A. K., Nakayama, A.,
Marechal, P. and Inoue, T. (1996). Compatibilizers
for melt blending: Premade block copolymers.
Macromolecules, 29(17), 5590-5598.

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

Matumba, K. I., Motloung, M. P., Qjijo, V., Ray, S. S. and
Sadiku, E. R. (2023). Investigation of the Effects of
Chain Extender on Material Properties of PLA/PCL
and PLA/PEG Blends: Comparative Study between
Polycaprolactone and  Polyethylene  Glycol.
Polymers, 15(9), 2230.

Ozen Oner, E., Pekdemir, M. E., Ercan, E., Say, Y., Kok,
M. and Aydogdu, Y. (2022). Novel of (PLA/PCL
blend)/Gd203 rare earth oxide nanocomposites:
Shape memory effect, thermal, magnetic, and
mechanical properties. Polymer Composites, 43(5),
3096-3103.

Pekdemir, M. E., Kok, M., Kanca, M. S., Ozen Oner, E.,
Pekdemir, S., Inci, S., Tatar, B. (2023). B203
reinforced polylactic acid/thermoplastic polyethylene
glycol shape memory composites. Polymers for
Advanced Technologies, 34(2), 605-612.

Pekdemir, M. E., Oner, E., Kok, M. and Qader, I. N.
(2021). Thermal behavior and shape memory
properties of PCL blends film with PVC and PMMA
polymers. Iranian Polymer Journal, 30, 633-641.

Pekdemir, M. E., Qader, 1. N., Oner, E., Aydogmus, E.,
Kok, M. and Dagdelen, F. (2021). Investigation of
structure, mechanical, and shape memory behavior of
thermally activated poly (e-caprolactone): azide-
functionalized poly (vinyl chloride) binary polymer
blend films. The European Physical Journal Plus,
136, 1-14.

Qader, I. N., Pekdemlr, M. E., Coskun, M., Kanca, M. S.,
Kok, M. and Dagdelen, F. (2022). Biocompatible
PLA/PCL blends nanocomposites doped with
nanographite:  Physico-chemical, and thermal
behaviour. Journal of Polymer Research, 29(7), 264.

Sheth, M., Kumar, R. A., Davé, V., Gross, R. A. and
McCarthy, S. P. (1997). Biodegradable polymer
blends of poly (lactic acid) and poly (ethylene glycol).
Journal of Applied Polymer Science, 66(8), 1495-
1505.

Sperling, L. H. (2005). Introduction to physical polymer
science: John Wiley and Sons.

Sprenger, M., Walheim, S., Budkowski, A. and Steiner, U.
(2003). Hierarchic structure formation in binary and
ternary polymer blends. Interface Science, 11(2),
225-235.

Tomic, N. s. Z. and Marinkovic, A. D. (2019).
Compatibilization of Polymer Blends by the Addition
of Graft Copolymers. Compatibilization of Polymer
Blends: Micro and Nano Scale Phase Morphologies,
Interphase Characterization, and Properties, 103.

Wang, D., Li, Y., Xie, X.-M. and Guo, B.-H. (2011).
Compatibilization and morphology development of
immiscible ternary polymer blends. Polymer, 52(1),
191-200.

Yilmaz, M., Pekdemir, M. E. and Oner, E. O. (2023).
Evaluation of Pb doped Poly (lactic acid)(PLA)/Poly
(ethylene glycol)(PEG) blend composites regarding

268



Int. J. Pure Appl. Sci. 9(2);261-269 (2023) IJPAS

jpas@munzur.edu.tr
Research article/Arastirma makalesi ISSN: 2149-0910
DOI:10.29132/ijpas.1376645

physicochemical and radiation shielding properties.
Radiation Physics and Chemistry, 202, 1105009.

Zhang, J., Wang, S., Qiao, Y. and Li, Q. (2016). Effect of
morphology designing on the structure and properties
of PLA/PEG/ABS blends. Colloid and Polymer
Science, 294, 1779-1787.

269



Int. J. Pure Appl. Sci. 9(2);270-273 (2023) IJPAS
ijpas@munzur.edu.tr

Research article/Arastirma makalesi ISSN: 2149-0910

DOI:10.29132/ijpas.1381836

Ultra-Slow-roll Inflation Dynamics in f(R, ¢, X) Gravity

Ali Thsan Keskin
Batman University, Besiri OSB Vocational School, Department of Electrical and Energy, Batman, Tiirkiye
aliihsan.keskin@batman.edu.tr
Received date:26.10.2023, Accepted date: 21.11.2023

Abstract
In this study, we apply the ultra-slow-roll condition to a model containing mixed terms in the background
of f(R, ¢, X) gravity. After the field equations are setting according to the model considered, the slow-roll indices of the
inflation field are calculated. It is observed that the ultra-slow-roll inflation field comes to the fore for this case where the
phenomenological mixed term is dominant. The inflation observables (the spectral index parameter and the tensor-to-
scalar ratio) that occur in the background of gravity in the high-energy era of the universe are calculated, and we determine
that the results are in agreement with Planck 2018 data.

Keywords: f (R, ¢, X) gravity, scalar field, ultra-slow-roll inflation, high energy, cosmology

f(R, ¢, X) Kiitlecekiminde Ultra Yavas Doniislii Enflasyon Dinamikleri

Oz
Bu calismada f(R, ¢, X) yercekiminin arka planinda karisik terimler igeren bir modele ultra yavas yuvarlanma
kosulunu uyguladik. Ele alinan modele gore alan denklemleri olusturulduktan sonra enflasyon alaninin yavas yuvarlanma
endeksleri hesaplandi. Fenomenolojik karma terimin hakim oldugu bu durumda ultra-yavas yuvarlanma enflasyon
alanmin 6n plana ¢iktig1 goriilmektedir. Evrenin yiiksek enerji ¢aginda yercekiminin arka planinda meydana gelen
enflasyon gozlemlenebilirleri (spektral indeks parametresi ve tensor/skaler orani) hesaplandi ve sonuglarin Planck 2018
verileriyle uyumlu oldugunu tespit ettik.

Anahtar Kelimeler:f (R, ¢, X) kiitlecekim, skaler alan, ultra-yavas donme enflasyonu, yiiksek enerji, kozmoloji

INTRODUCTION

Despite its enormous success, the typical Big
Bang cosmology in General Relativity (GR) has
certain well-known problems, like the horizon
problem and the flatness problem (Guth 1981; Linde
1982) Adding an accelerating expansion phase in the
early stage of cosmic development, before the start of
the standard big bang cosmology, is one promising
solution to these problems (Bardeen, 1983; Linde
1983). The mechanism to seed the current large-scale
structure of the universe and the correctly measured
anisotropy in the cosmic microwave background is
also provided by the early accelerating expansion,
called inflation (Guth 1981, Linde 1982; Linde 1983).
The single-field slow-roll models are the most
straightforward of all the inflationary models, and
research into them is still ongoing (Chowdhury et. al.
2019).

The tensor-to-scalar ratio ~r, one of the
inflationary observables, is severely constrained by

the recently revealed BICEP/Keck data (Ade et al.,
2021) and Planck 2018 observations (Akrami et al.
2020). Several single-field inflationary models, like
chaotic inflation and the original version of natural
inflation, are already ruled out by the severely
limited. In reality, a workable inflationary model
must not only predict a tiny enough tensor-to-scalar
ratio but also produce enough e-folds to fit within
empirical limitations.

In this study, in high energy era of the universe,
we applied the ultra-slow-roll condition to a model
containing mixed terms in the background of gravity
f(R, ¢, X) (Odintsov and Oikonomou, 2019; Hwang
and Noh, 2005; Tsujikawa, 2007; Keskin 2018;
Korunur, 2016; Bahamonde et al., 2015; Yerzhanov
et al., 2021; Wu, 2021; Kaczmarek and Szczesniak,
2020; Salti et al., 2016). We found that the inflation
observables that occur in the background of gravity in
the high energy era of the universe with an
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exponential scalar potential are in agreement with
Planck 2018 data.

In the second title, the field equations of the
f(R,¢,X) gravity theory and the inflationary
parameters (the spectral index parameter and tensor-
to-scalar ratio parameters) related to the gravity
theory are given. In the third title, the calculations of
the observation parameters in the ultra-slow-roll field
are made within the framework of the model, where
the results are compared with Planck 2018 data. The
findings are summarized in the conclusion section.

f(R, ¢, X) Gravity And Ultra Slow-Roll
Condition Setup

To begin, we have the following gravitational
action (Odintsov and Oikonomou, 2019)

§=[d'x /=g [;f R $.5)] @)

Here, R is Ricci scalar, ¢ shows the scalar field
and X is the Kinetic term of the scalar field. we
consider the following gravity model that includes a
mixing term,

fR,$,X) =5 = 2aX = 2V($) —ypX, (2)

where we take @ = 1 in this study. Note that « = —1
corresponds to the phantom type scalar field.

1 . .
However, k? = 7 1S reduced Planck mass and y is a
14

free parameter of the model.
following FRW metric

According to the

ds? = —dt? + a(t)?(dx? + dy? + dz?), 3

where a(t) is the scale factor (expansion rate of the
universe). From the variation of the action integral
given by (1) with respect to the metric tensor and
scalar field, respectively, we have the following
equations (Odintsov and Oikonomou, 2019)

= (X + L= 3HP), (@)
—2H—3H2—F( R”+F+2HF) (5)
(@ ¢f) +fp = 0. (6)

Herein, the upper dot shows differentiation with

respect to the cosmic time and F = Z—}C,fx = g—;. Also,

[JPAS

jjpas@munzur.edu.tr
ISSN: 2149-0910

12
metric (3) gives X = —%.

(2) we can write

According to the model

3H? = K% (—aX + V(¢) - 125, 7
—2H — 3H? = Kk2(aX — V(qb) - V%X), (8)
(¢ +3H¢p)(—2a+y¢) — 2V, —yX = 0. 9)

However, the inflationary parameters are given as
follows,

H ¢ F

—, €, =—, €3 =——, €, = 10
H2’ "2 T g’ 3 7 2mp 4 (10)

_ £
€1 = 2HE’
where E = — % (Xfy + 2X?f,). The ultra-slow-roll

condition (Martin et al., 2013) is associated with the
second parameter. This condition is given as follows.
¢ =0cH¢, (11)

with ¢ = —3. This case states the existence of a flat
potential, Vg = 0. Therefore, from eq. (9) we obtain
the velocity term,

(P ,/4V0n¢ 2

'yZ

, (12)

with power-law potential given by (Linde, 1983)

V(g) = Vo™, (13)
where V, is a constant parameter. To measure
inflation amount we use the number of e-foldings N
given by

N = [, 2dg, (14)
where ¢; and ¢, indicate the initial and the final
value of the scalar field. Note that the inflation of the
universe occurs at the horizon crossing point, so the
value of the initial scalar field can be started at this
point, ¢; = ¢.. However, ¢ can be found from the
equation €;(¢ps)~1. On the other hand, the spectral

index parameter and the tensor-to-scalar ratio are
given by (Hwang and Noh 2005)

2€1—€x+€E3—€,
1+61

ng=1+2 : (15)
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F(g) ‘/—4’\/ —2a+y¢ )2
r(+ey)zee J2v(g)

which must be calculated at the horizon crossing
point.

r =4( (16)

The Inflation of the Universe from the Ultra-Slow-
Roll Perspective

From the slow-roll approximation ¢? <« V(¢)
equation (7) and (8) turn into the forms,

3H2 = K2V (¢9),

H=x?*(—aX — yfx)

(17
(18)

Using egs. (17), (14) and (12) we obtain the
scalar field value at the horizon crossing point as
follows,

2 2
(2\/_]/2712)( 3NV12n)3 _ A3
e = 7 2 1 =722z1 (19)
23K3y3 23k3y3

Therefore, the leading terms of the slow-roll
parameters are obtained as follows

61=%62=—3 €3 = 064—412(:2. (20)
Y2

Here, we assume the condition y>>a and we will
check whether this assumption is true. As a result,
inflationary observables were found as follows:

4 21 22 441
28A3+6023y3mc3A3 2+/12n23k3y6
S 4 T2 2 2 ) (21)
4A3+12ny3K323A3
8véenr
r= 4( ( ))2 (22)

r(3)

The Planck 2018 data show the following
constraint for the inflation phase (Akrami, et al. 2020)
ng = 0.9649 + 0.0042, r < 0.064. (23)

We proceed by investigating from the point of
the phenomenological of our model given by equation
(2). Note that the tensor-to-scalar ratio depends only
on the power term of the potential. Since it is assumed
the condition y > a given below eq. (20), the tensor-
to-scalar ratio produces the range 0 < n < 0.00029
for n. So, by using n = 0.0028 into n, given by (21)
we obtain y = 4.6782 x 101°, which is coincided
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with the condition y > a, where ¢ = 1. As a result,
the spectral index parameter is found in the range of

the observational data (Akrami et al. 2020), as
follows,

ng = 0.964. (24)
CONCLUSION

In this work, we investigate the ultra-slow-roll
condition in the early high-energy era of the universe.
For this purpose, we take the phenomenological
model of f (R, ¢, X) gravity theory given by (2). We
obtained results in which the mixed term is fully
dominant, that is, condition y >» a. Under this
condition, we calculated the tensor-to-scalar ratio and
the spectral index parameter. It is observed that the
results are in good agreement with Planck’s
observation data. On the other hand, we can write the
state of equation parameter w from equations (7) and

(8). From the expressionw = —1 — %we obtain the

equality w = Z—: If we write the value n = 0.00028

into the equality, we obtain w = —0.99944, which
corresponds to the de Sitter-like phase. This is an
expected value for the ultra-slow-roll inflation.
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Abstract

By training computers with machine learning technique, patients can be prevented from being exposed to
unnecessarily difficult examinations. In recent years, machine learning-based disease assessment approach has gained
importance in terms of the benefits it provides to clinical methods. There is a remarkable increase in studies in this
direction. There are a limited number of clinical guiding parameters in predicting some types of cancer, and this limitation
pushes the patients under treatment to a very frustrating process. For this reason, apart from ordinary procedure of the
traditional medicine, an alternative approach to predict the any type of cancer is making a computer-based evaluation that
has become a highly studied method in recent years. In this study, a machine learning (ML) approach will be used to
evaluate prostate cancer, which is the second most common cancer-related death in men worldwide. For this purpose,
the K-Nearest Neighbor (KNN) algorithm based on ML will be used with feature selection, which is a dimension reduction
technique. An open source data science platform, Kaggle, was used for the evaluation. The accuracy value of the used
algorithm was obtained as 88%. Thus, the performance of the algorithm developed for predicting prostate cancer has an
effective value. This result is above the acceptable accuracy limits of the approach followed in predicting the disease,
based on studies in the literature. Additionally, in our ML approach, identifying and excluding trivial parameters used in
diagnosis also increased the efficiency of our prediction model.

Keywords: Prostate cancer, machine learning, feature selection kKNN.

Prostat Kanserinin Makine Ogrenimi Yoluyla Degerlendirilmesi

Oz

Bilgisayarlarin makine 6grenimi teknigi ile egitilmesi ile hastalarin gereksiz yere zor tetkiklere maruz kalmasi
engellenebilir. Son yillarda makine &grenimi tabanli hastalik degerlendirme yaklasimi, klinik yontemlere sagladigi
faydalar agisindan 6nem kazanmistir. Bu yonde yapilan ¢aligmalarda dikkat c¢ekici bir artis vardir. Bazi kanser tiirlerini
ongormede sinirli sayida klinik yol gosterici parametre vardir ve bu kisitlilik tedavi goren hastalar1 oldukga yipratici bir
stirece itmektedir. Bu nedenle, geleneksel tibbin aligilagelmis prosediirlerinden farkli olarak, herhangi bir kanser tiiriinii
tahmin etmede alternatif bir yaklasim, son yillarda tizerinde ¢ok calisilan bir yontem haline gelen bilgisayar tabanli
degerlendirme yapmaktir. Bu calismada, diinya ¢apinda erkeklerde ikinci en yaygin kansere bagli 6liim olan prostat
kanserini degerlendirmek i¢in bir makine 6grenimi (ML) yaklagimi kullanilacaktir. Bu amagla bir boyut kiigiiltme teknigi
olan 6znitelik se¢imi ile ML i¢in K-En Yakin Komsu (kNN) algoritmasi kullanilacaktir. Degerlendirme igin agik kaynakli
bir veri bilimi platformu olan Kaggle kullanilmistir. Kullanilan algoritmanin dogruluk degeri %88 olarak elde edilmistir.
Boylece prostat kanserini tahmin etme icin gelistirilen algoritmanin performansi etkili bir degere sahiptir. Bu sonug,
hastalig1 tahmin etmede izlenen yaklasimin, literatiireki calismalar esas alindiginda kabul edilebilir dogruluk sinirlarinin
iizerinde bir degerdir. Ayrica ML yaklasimimizda, tanida kullanilan 6nemsiz parametrelerin belirlenerek diglanmasi
ongoérme modelimizin verimini de arttirmistir.

Anahtar Kelimeler: Prostat kanseri, makine 6grenimi, 6zellik se¢imi, KNN.

274


https://orcid.org/0000-0002-1108-8947
https://orcid.org/0000-0001-5906-3143

Int. J. Pure Appl. Sci. 9(2);274-281 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1382974

INTRODUCTION

Prostate cancer (PCa) is the most common type
of cancer in men and the second leading cause of
cancer-related deaths. The prostate is a glandular
organ in men that produces various secretions for
reproductive activities. PCa occurs when some cells
that make up the prostate tissue form abnormal tumor
structures. While some responsible gene groups have
been identified for the causes of PCa, obesity and
tobacco use are also risk factors among the causes of
PCa. Delay in the diagnosis and treatment of PCa may
cause the cancer to spread to neighboring organs and
tissues. Involvement may be seen in nearby lymph
nodes, bones, and adjacent organs. Currently, there is
no early diagnosis method that can reveal that a
healthy man will have PCa. With the use of some
advanced  technological methods (such as
Multiparametric magnetic resonance (MR), MR-
Ultrasound Fusion Biopsy), it is often diagnosed with
a PSA (Prostate Specific Antigen) test, which is
examined with a blood sample, or by prostate biopsy
(Mydlo et al., 2016; Anand et al., 2023). However, the
PSA test can cause pointless, expensive and painful
needle biopsies. Multiparametric magnetic resonance
imagining (MRI), which is used in radiological
settings and depends on diffusion-weighted magnetic
resonance imaging (DWI), has become a standard
technique that is increasingly applied in the diagnosis
of PCa, but still creates various problems due to the
differences in the variables seen among patients (Yoo
etal., 2019).

The lack of clear rules in the evaluation of PCa
symptoms and the inadequacy of current diagnostic
methods to predict the disease made us think that ML
methods may be effective in predicting the disease in
addition to medical methods. The ML is a field of
artificial intelligence (Al) based on the idea that a
computer system uses data from a large pool of data
to learn a model and make decisions or predictions on
new data. Conventional feature engineering relies on
extracting countable imaging features such as shape,
odor, color, volume, density from a raw data from
imaging data and then using an ML classifier such as
Support Vector Machines (SVM), Adaboost, and
Decision Trees (DT). In recent years, deep learning
methods have yielded important results for various
medical imaging tasks, including histopathological
image processing in computer-based vision with
various stages such as segmentation, classification,
and object detection (Coiture et al., 2018; Qaiser et
al., 2019).
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Computer-based deep convolutional neural networks
(CNNs) (Bektas, 2022) have achieved significant
success in the processes such as object detection and
segmentation, as well as imaging and evaluation of
objects with a computer, making them one of the
indispensable methods in the detection of difficult
diseases such as cancer. For this reason, more
attention has been given to the development of
computer-based evaluation algorithms for medical
imaging in recent decades and there are increasingly
studied different CNN architectures in this direction
(Yoo et al., 2019).

It is thought that a system in which the computer
can make decisions based on various data obtained
from the patient may be more successful in predicting
cancer. From this point of view, the aim of this study
is to use the kNN method, which is a single-
supervised machine learning algorithm, to predict
PCa. Using data from Kaggle, he will be able to
predict the diagnosis of the disease by learning the
relationship between PCa-specific parameters of his
system. In this way, there will be no need for some
wearing processes that the patient will be exposed to
during the diagnosis process.

The paper is organized as follows. In section 2,
we review the related works that have tried to
estimate PCa. Section 3 explains the methodology
and selected data pool. In section 4, we give the
results and related remarks. In section 5, we discuss
the obtained results and compare them with the
literature. Finally, we give conclusion of the study in
section 6.

PREVIOUS STUDIES

ML prediction has been applied to classify PCa
using different medical datasets (Goldenberg et al.,
2019). In astudy performed by Wang et al. (Wang et
al., 2022), they compared the "diagnostic
performance" of their ML studies with MRI to
construct a ML prediction model for PCa using
transrectal ultrasound video clips of the prostate
gland. They selected 14 features and used SVM and
random forest (RF) algorithms to generate radiomic
models based on these features. In addition, they
proposed a machine learning model assisted
diagnosis algorithm (MLAD) consisting of SVM, RF
and MRI-based diagnosis of radiologists to evaluate
the performance of ML models in computer-assisted
diagnosis (CAD) and evaluated MRI-based
radiologist diagnosis. Srivenkatesh (Srivenkatesh |,
2020) used ML to predict PCa using the Kaggle
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dataset. In his study, he proposed a model to predict
PCa. He compared the accuracy of the algorithms of
SVM, Random forest, Naive Bayes (NB) classifier
and logistic regression (LR) on the dataset from
Kaggle. Yoo et al. were used (Yoo et al., 2019)
diffusion-weighted data from 427 patients for the
detection of clinically significant PCa. They
developed an automated CNN-based pipeline using
magnetic resonance imaging (DWI) images. The
performance of their method when applied to an
independent test data outperformed other studies that
introduced CAD tools using CNNs for the detection
of PCa. In a study performed by Valero et al., (Valero
et al., 2022) they present an automatic system for
evaluating multi-parametric MRI images by using
Deep Learning. The system performs localization,
segmentation and GGG estimation of PCa lesions
from prostate multi-parametric MRIs. They use a
specific instance detection and segmentation network
called as the 3D Retina U-Net27 for this study.
Zhang et al. developed a new approach for diagnosing
the PCa through magnetic resonance imaging (Zhang
et al., 2021). They studied with advenced GrowCut
algorithm for segmentation of the questionable cancer
area and the combined ML algorithms like kNN,
SVM and MLP (Multilayer perceptron) in the
combined learning system to determine PCa. They
have obtained the accuracy of ensembled methods has
improved nearly 20% compared to traditional
methods.

Araujo et al. proposed a new method to identify
patients at risk of PCa. The method, which is
developed by using various medical records of the
patient, was tested via machine learning algorithms
such as SVM, NB, kNN, DT and ANN and the
presence of PCa were evaluated based on the
available parameters and determined that the best
performance was achieved through the linear SVM
model (Araujo et al., 2023).

Urologists use Partin tables based on LR to
evaluate PCa. For this purpose, the pathological stage
estimates given in these tables are used. Coudert et al
adapted Partin tables to patients in the UK. They also
compared the performance of various classifiers with
each other using the same data (Coudert, 2012).
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MATERIAL AND METHODS

We present an algorithm to predict the PCa from
the data obtained at Kaggle that includes well
documented and good quality datasets. In line with
the results obtained from the correlation table,
interrelated features were removed from the dataset.
Then, the KNN classifier working with the wrapper
framework is run for this reduced dataset. The flow
diagram of a such procedure can be summarized by

Fig. 1.
o o

l Search Strategy
Separate Training and Test Data
I ]

Test Data Training/Data Semed All Features =24

Wrapper Framework

Classification
Algorithm

Evaluate Mode| Lo Build Model e Best Feature Subset
<D

Figure 1. Schematic diagram of the classification
process of PCa based on ML.
Dataset

In the process of the classification of dataset to

diagnose of the PCa, a dataset is retrieved from the
Kaggle (Sajid, 2018).

Separating an image into smaller parts that form it, as
close to its true value as possible, is one of the most
important stages of the process. The fact that the cells
that make up the data are heterogeneous and that their
size, format and image density properties vary greatly
makes this process even more difficult. One of the
approach is a quasi-automatic segmentation
procedure that is known as snakes. Starting with an
approximate boundary as an initialization, the snake
points the actual boundary of the cell nucleus.
Contrary to other segmentation methods, snakes can
approach boundaries even in areas of little or no gray-
scale contrast.

In order to evaluate the cancer existence,
pathologists try to identify the size, shape and texture
of the cell nuclei. There are ten variables computed
for the dataset (radius, texture, perimeter, area,
smoothness,compactness,  symmetry, fractal
dimension, diagnosis_result and ID) (Street et al.,
1993). The dataset belongs to 100 patients and data-
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types of attributes are “numerical” except the
“diagnosis result” which is categorical.

Framework of the analysis

The class asymmetry is a case which requires to
be handled carefully in data mining studies.
Commonly, the classification algorithms achieve
investigation by accepting that the raw data has been
tuned, but this is not the usual case. While some of
the classes in the data set have enough elements, some
may have very few elements. In these cases, incorrect
predictions may be made as a result of the algorithm
because the classification algorithm will be
inadequately trained for elements for which it has
limited characteristic information. The aim of
classification algorithms is to boost the useful
estimation rate. For this reason, we need to tune the
distribution of aspects in a convenient way.
Therefore, in Fig. 2, we discuss distribution of the
results given in the repository of Kaggle and see that
the number of “Benign (B) ” cases is much higher
than the “Malignity (M)” ones. This status can affect
adversely the performance of approach; thence we
need to generate new “Malignity” situations via a
satisfactory Python 3.6 package to cancel this issue.

M B
Diagnosis

Figure 2. The number of “Benign” and “Malignity”

cases.

The most commonly used data classification
algorithms based on the ML can be sorted as the
Decision Trees (DTs), Linear Regression (LR),
Logistic Regression (LoR), Support Vector Machines
(SVM), Naive Bayes Classifier (NBC), Neural
Networks (NN), Instance-based Learning (IBL) and
the k-Nearest Neighbors (KNN). Among them, a
widely known method of machine learning algorithm
to predict treatment approaches and outcomes for
disease using various medical data is the KNN method
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and can be used to classify various data. The “k-
means” clustering approach is an unsupervised
algorithm that iteratively divides data into k-
numbers”. Here k is the number of repetitions. Each
point in the feature space is given an identifier
corresponding to the k-center number that is spatially
closest to it. In the next stage, a new mean is
determined for each cluster and the locations of the
centroids of each cluster are changed to be consistent
with the new mean. The process of assigning and
renewing centers continues until no changes occur.
Thus, the number of classes forming a cluster is
denoted by the letter k. The most important thing to
keep in mind when using the KNN method is that it
always produces the same results, even when using
the same learning data (Anand, 2023).

The large number of variables to be used in the
analysis process negatively affects the algorithm in
the decision-making process and also increases the
compilation time of the process. One method to
address this issue is the feature selection (FS)
approach. In this way, the negative features that most
affect the decision-support mechanism can be
determined and removed from the dataset. For this
purpose, we will use the "wrapper based supervised
FS (WBS-FS)" method in this study. In this method,
"feature subsets" are created in the first stage, then the
results of each selected subset are compared with
random selections from the feature space (Elkhani,
2017). The analysis will be performed by Sequential
Forward Selection (SFS) wrapper in which a
universal attribute pool is generated by adding the
attributes one by one to the dataset.

Visualization of Data

As mentioned above, an unbalanced data set
creates serious weaknesses in the performance of the
algorithm being studied at the decision-support stage.
There are two ways to fix this problem: under-
sampling and over-sampling. For this purpose, we can
use the SMOTE (Synthetic Minority Oversampling
TEchnique) approach (Torgo,2013).
Depending on the case presented in Fig. 2, we create
sufficient synthetic “Benign” cases for the attribute
“Diagnosis” with the help of the SMOTE. After this
task, we plot Fig. 3, which shows that number of
“Benign” and “Malignity” cases are now balanced.
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count
¥ 8 8

8

M B
Diagnosis

Figure 3. The number of “Benign” and ‘“Malignity”
cases after the SMOTE.

Correlation between features is also one of the
factors that reduce the performance of the analysis.
The correlation table consists of rows and columns in
which the variables of the data set are represented. If
the correlation between any two features is in the
range of [-1,-0.5] then it is labeled as negative
correlation. Also, positive correlation between any
two attributes requires the correlation coefficient in
the range of [0.5, 1]. Correlation coefficients have the
value 1 on the main diagonal. In this case, it is
understood that each variable always has a perfect
correlation with itself, but the other correlation values
are not correlated. Fig. 4 is provided to show the
positive and negative correlations between the
features of our dataset. The performance of the
algorithm still remains in the desired state, since the
attributes are unrelated.

Figure 4. The correlation coefficients for all features.
By using WBS-FS approach, the features

negatively affecting the analysis were removed from

[JPAS

ijpas@munzur.edu.tr
ISSN: 2149-0910

the data set for cases where the positive correlation
was greater than (0.5) and the negative correlation
was less than (-0.5). In this case, the correlation table
of the remaining features is given by Fig. 5.

'
radius smoothness

i
texture. perimeter

Figure 5. The correlation coefficients for important
features.

To see how the averages of the remaining
parameters change relative to each other depending
on whether the cancer is benign or malignant, the
value ranges of these parameters are given in Fig. 6,
along with their standard deviations.

24 26

22 24

20 2
wle ® 20
3 g
216 &8

14 | 15

12 14

10 12

M B
Diagnosis

160

10

g 120

M [ ™M B
Diagnosis Diagnesis

Figure 6. The dynamic of remaining features versus
diagnosis.

When the four situations given in the graph are
examined, it is clearly seen that the averages of each
feature are different from each other for benign or
malignant tumors. The algorithm uses the difference
when evaluating.
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RESULTS AND DISCUSSION
Results

When we started the analysis, we had Kaggle

dataset for 100 patients. This number of data was
increased to 124 after the SMOTE process. Therefore,
analysis was carried out with a total of 124 data. Of
the 124 data of patients counted in this study, 30%
data of the patients (which belongs to 38 data) was
used randomly for testing and 70% (belongs to 86
data) for training to verify classification accuracy and
performance.
The confusion matrix (CM) is a measure for the
performance evaluations of the methods used for
binary and multiclass classification (Kulkarni, 2020).
It gives counts from predicted and actual values. The
popular metric criteria for performing classification is
accuracy. The accuracy of a model (through a CM) is
obtained by using the following formula:

TN+TP

Accuracy = ——
y TN+FP+FN+TP

)
The abbrevations TN means True Negative (gives the
number of negative examples classified accurately),
TP is for True Positive (and presents the number of
positive examples classified accurately), FP stands
for False Positive value (the number of actual
negative examples classified as positive) and FN
means a False Negative value (the number of actual
positive examples classified as negative).

As seen in the “Accuracy” plot from Fig. 7., the
algorithm shows a success rate of detecting malignant
tumors at a level of 88% .

1 2 3 4 5 6 7 8 9 10
Number of Nearest Neighbors
Figure 7. Number of nearest neighbors used in the

classification.
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The algorithm is run for the test data by selecting
the optimized number of nearest neighbors as five,
and the resulting CM matrix is given as Fig. 8.

Actual Data

Negative
(0
TP FN
=
g 13 2
=
2
o= re N
=] @
@ -
R
& _ 3 20
z <

Figure 8. For the binary classification, the framework
of the CM is presented.

Discussion
The public Kaggle PCa dataset is available

online since 2018 and has been used by some studies
in the literature (Erdem, 2020). We also used this data
for a ML investigation of PCa prediction. The dataset
belogs to 100 patients. Since the small number of data
may reduce the prediction performance of the
algorithm we aim to develop, the number of data was
increased with the help of SMOTE before creating
our model. SMOTE can balance the class ratio by
creating new samples from existing data.

Moreover, in our study, we evaluated which
clinical features used to differentiate PCa were more
meaningful. According to the data we obtained as a
result of the examination, radius, perimeter,
smoothness and texture were the most important
features in the evaluation of PCa.

After obtaining the convenient data rate, the
classification is performed by using KNN algorithm.
We obtained the accuracy rate for trained data as %88
and %87 (according to usage of CM table in Eq. 1)
for the test data. According to this result, it can be
thought that if the computer is trained based on the
information obtained from the patient, the developed
algorithm will be useful to clinicians in predicting
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cancer. With the help of this method, patients will not
need to undergo some tiring medical procedures.

After obtaining the cross validation (CV) reports
of the remaining 4 features, the average accuracy
score is 0.826 only for perimeter feature. Even if
radius and smoothness are added to this situation, the
average accuracy value remains the same. When the
texture feature is included in these features, the
success rate drops to 0.802. Therefore, it is clear that
the perimeter feature alone is sufficient for decision
making. The reason for this is that the shape of the
benign tumor is symmetrical, while the shape of the
malignant tumor is asymmetrical.

The Kaggle dataset we used in this study was
also used in another study (Erdem, 2020). However,
in that study, the unbalanced data set was not
converted to balanced data using SMOTE.
Additionally, the feature selection method was not
used and they have used 10 parameters in the
analysis. However, as we stated in this study, 6 of
these 10 parameters negatively affect accuracy
performance. The authors ignored this situation.
Additionally, when we look at the CM produced in
this study, it is understood that we worked with 200
data in total. However, it was stated that 100 data
were taken from Kaggle in the study. While an 83%
accuracy rate was achieved, confusion arose about
how much data was used in total. As a result of
SMOTE and WBS-FS processes, the classification
rate accuracy value for our study was obtained as
88%, while in that study this value was obtained as
83%. The important thing to consider here is the
numbers in the data set. In that study, the authors also
used 10 ML algorithms. In some of the algorithms,
they achieved very high values. However, as we
mentioned above, when SMOTE and WBS-FS are
applied to other methods other than kNN, different
and meaningful values will be obtained for these
accuracy values.

Finally, we can say that if the obtained 4 features
with the correlation approach are used as input data
in the developed algorithm, an online PCa risk
assessment can be made with this model. An online
risk calculation model has also been developed by
Wang et al. (Wang et al., 2022).
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CONCLUSION
PCa is one of the most common causes of death

in men in later ages. When cancer is diagnosed early,
starting the treatment process as soon as possible will
increase the patient's chance of survival. Medical
technologies that have developed in recent years are
widely used to detect the disease in the light of expert
evaluations. However, when traditional approaches
are used, the objective evaluation of the process
creates difficulties in some areas, as the medical data
evaluated can vary widely between patients. For this
reason, in recent years, computer-aided diagnosis
attempts have been made to evaluate complex data in
the medical field. Therefore, developing a model to
predict PCa with the help of ML based on clinical data
is very important to generate low-cost medical
expenses and increase early diagnosis rates.

In this work we put our attention to develope a
ML model for predicting the PCa by using the Kaggle
dataset. We used the kNN method to obtain the
accuracy performance of the model. With the
algorithm developed in this study, a PCa prediction
rate of 88% accuracy was achieved.
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Abstract
In this work, a discontinuous boundary value problem with retarded argument is studied. At the discontinuity point
there is a transmission condition that contains a parameter. Asymptotic properties of eigenvalues and corresponding
eigenfunctions of the boundary value problem are studied.

Keywords: Retarded argument, transmission condition, eigenvalue, eigenfunction, boundary value problem

Gegis kosulunda Ozdeger Parametresi Iceren Ge¢c Kalan Argiitmanh Bir
Simir Deger Problemi
Oz
Bu calismada, siireksizlik igeren ge¢ kalan argiimanli bir sinir deger problemi ele alinmistir. Siireksizlik noktasinda
parametre iceren bir gecis kosulu vardir. Ele alinan siir deger probleminin 6zdeger ve 6zfonksiyonlarinin asimptotik

ozellikleri incelenecektir.

Anahtar Kelimeler: Geg kalan argiiman, gegis kosulu, 6zdeger, 6zfonksiyon, sinir deger problemi

INTRODUCTION

Differential equations with retarded argument
becomes the popular branches of functional
differential equations. After the development of
control systems in engineering retarded equations
become important. Before that scientists were aware
of this type of delays in the control systems but there
was not enough theory about this subject. Because of
that this type of affects were ignored in the models.
Delays have an important role to explain complex
models mathematically and it also has important
affects.

Standart problem in this area was given in 1956
by Norkin (Norkin,1956). And in 1958 Norkin
studied the same equation with more general
boundary conditions(Norkin, 1958). Most of the
work done in this area is seperated into two parts as
continuous and discontinuous problems. Continuous
problems have either standart boundary conditions or
eigenparameters at the boundary conditions (Norkin,
1972; Bayramoglu, Kokli, Baykal 2002; Koparan
2019) Discontinuous problems varries as having
eigenparameter at the boundary condition and having

transmission conditions at the discontinuity points
(Sen, Bayramov 2011; Sen, Bayramov 2011b; Yang
2012; Aydin Akgun, Bayramov, Bayramoglu 2013;
Sen, Seo, Araci 2013, Hira 20017). There is only one
work done about the problem that has eigenparameter
at the transmission condition (Sen, Bayramov 2013).
Applications of differential equations with retarded
argument is given in the book by Kolmanovskii, and
Myshkis (Kolmanovskii and Myshkis, 1999).

In this work, below differential equation with
retarded argument will be studied. Here the problem
has discontinuity and at the discontinuity point
transmission conditions have eigenparameter.

y" () + 22y (x) + q(x)y(x — A(x)) = 0, x €
03U G e
y(0) + ay’(0) =0, )
y(m) =0, 3)
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and the transmission conditions
(E+0) -2 - z
y(E+0) =y (o) g

where g(x) and A(x) = 0 are real valued functions
continuous in [O, g) U (g‘rr] and have finite left and

right limits at each side of g if x € [OE) then x —

Ax >0, if xe(g,n] then x—szg, A s an

eigenparameter and o,8 += 0 are arbitrary real
numbers.

Consider the solution of equation (1) on [Og)
such that it satisfies the initial conditions

w,(0,)=a 00,21 =—-1. (6)

These initial conditions (6) define a unique solution
of equation (1) on [0, g) (Norkin,1972). By
transmission conditions, solution of equation (1) on
(gn] can be defined in terms of w;(x,1). w,(x, 1)

can be written as

o 5.7) =20 (22) ™
a(2.2)=2w (52) ®

These initial contions (7) define a unique solution of
. T
equation (1) on (5, n].
Now, we can define the function w(x,1) on
T T
[O, 5) U (E'“] such that
wq(x,A), xE[O%)

wy(x,A), xE(gn] '

w(x,A) = { (9)

This function is a solution of equation (1) on

[O, g) U (gn] that satisfies left boundary condition

(2) and both transmission conditions (4) and (5).
Lemma 1: Let w(x, 1) be a solution of equation (1)

and A > 0. Then w,(x,4) and w,(x,1) have the
following forms:
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SsinAx
A

w1 (x,A) = acoshx —

+1 ¥ q(@sin Alx — Dy (T - A®), Ddx,

(10)

wy(x,A) = ;fm (g,k) cosk(x —g) +

6 ,m ] T
+ V! (E,?\)sml(x—z) +

+ 5 Jr q(@sin A(x = ) (r — AD), Ddr.

(11)

Proof: By differentiating w;(x,1) and w,(x, 1)
twice and applying integration by parts we see that
(20) and (11) satisfy equation (1).

Theorem 1: The eigenvalue problem (1)-(5) have
only simple eigenvalues.

Proof: Let A be an eigenvalue of the problem (1)-(5)
and

%(x 1), xe[0F)

T

~ ,i _
u(x ) ﬁz(x,i), xE(En]

be a corresponding eigenfunction. Then from (2)
and (6) it follows that the Wronskian

w(0,1) «a

W[ﬁl(O,/i),al(o'i)]z i (0 j) -1 -
1\Y,

Then it means that @, (x, 1) and @,(0,1) are
linearly dependent on [Og). Similarly it can be
proved that fi,(x,4) and @,(0,4) are linearly
dependent. Consequently, it follows that w(x, 1) is an
eigenfunction for the boundary value problem (1)-(5)
and all the eigenfunctions to this problem

corresponding to A are linearly dependent. Hence
eigenvalues of the problem are simple.
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MATERIAL AND METHODS

The function w(x,A) defined by (10) is a
solution of equation (1) satisfying left boundary
condition (2) and transmission conditions (4) and (5).
Writing w(x, 1) into (3), characteristic equation is
obtained.

F(A) = w(m,A) = wy(m,A) = 0.
(12)

Theorem 1 guarantees that the set of eigenvalues
of the boundary value problem (1)-(5) coincides with
the set of real roots of equation (12).

Lemma 2:
1. LetA > 2q,. Then w,(x, 1) given by
equation  (10) satisfy the following
inequality:
lwq(x, )] < qiw/4qfa2 + 1.
1
(13)
2. Let A>max{2q,2q,}. Then

w4 (x, A1) given by equation (10) satisfies the
following inequality:

418]

< —
02 )] < 307

4q2a® + 1. (14)

Proof: Let By, =max[03] |wy(x,A)|. Then from
2

(10), it follows that for every A > 0, the following
inequality holds:

1 1
Bll < ’0(2 +)\_2+XQ1BU"

For A = 2q4, (13) is obtained. Differentiating
(10) with respect to x,

(15)

w1 (x,1) = —aAsinAx — cosAx —
- f;cq(r)cos Ax — Dw,(t — A(7),)dt  (16)

is obtained. From (13) and (16), for A = 2q4, we have
lw} (6, V)] < VaZA? + 1+ /4q2a? + 1.
Hence for A > 2¢,, and x € [0 g)

—"”1';"‘”' < qi 4q2a% + 1.
1

(17)
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Let By, = max[gn] |w, (x, A)|, then from (10),

2
(13) and (17), for A = 2q,, the following inequality
holds:

215 1
By, < )\—qlw/4q12a2 +1+ 20282

Hence for A > max{2q,, 2q,}, (14) is obtained.

Theorem 2: Eigenvalues of the problem (1)-(5) form
an infinite set of positive real numbers.

Proof: Differentiating (10) with respect to x,

wz(x, A1) = 6w, (g?\) sin (x — g) +
;a)i (%,7\) cosA (x - g) +
+ %fgx q(t)cos A(x — T)w, (t — A7), DdT.
(18)

Writing (10), (11), (16) and (18) into the
characteristic equation (12), we obtain,

ad )
h CcoSAm — Fsm/ln +
2
+ = i q(t)sin A(mr — t)w, (t — A(7),)dt

+%J:Tq(7:)5in Al — T)(‘OZ(T — A7), dt = 0.

2

(19)

For a # 0 and sufficiently large 4, by (13) and
(14) equation (19) may be written as

AcosAmt + 0(1) = 0. (20)

Clearly there are infinitely many real numbers 1
that satisfy (20).

Asymptotic Formulas for Eigenvalues and
Eigenfunctions

Now we will study the asymptotic behavior of
eigenvalues and eigenfunctions. From now on we will

assume A is sufficienly large. On [0 g) from (9) and
(13)

w1(x, 1) =0(1).
on (3], from (10) and (14)

(21)
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wy(x,2) = 05). 22)

Derivatives of of w,(x,4) and w,(x,1) with
respectto A on x € [0 g) and x € (g 7] respectively,

exist and are continuous for |A] < oo by Norkin
(Norkin, 1972).

Lemma 3:
'120x,2) = 0(1), for x € [0,3], (23)
W'y (x, ) =0 G), forx € [n, g], (24)

Proof: Differentiating (9) with respect to A and by
(21),

W' (60 = 3 [ q@sinAlx — Do’ 13(T -

A(T)) A)d'l' + K(x' A’)I (lK(x; A)l < KO) (25)
LetCyy = max[o o |w’15(x, A)|. The existence
2

of C; ; follows from the continuity of derivative for
x € [Og] From (25)

1
Cip = Z%Cl/l + Ky

is obtained. So for A = 2q,, C1; <2K,. Therefore
(23) is proved. Similarly (24) may be proved.

Theorem 3: Let n be a sufficiently large natural
number. Then there is only one eigevalue of the

problem (1)-(5) around n + % .

Proof: First consider the 0(1) term in equation (20)

— —sinAm +
a

T

1 (=
+ Efzq(r)sin Al — T)w, (T — A7), Adt +

0
+ % - q(0)sin A(m — T)w, (T — A(T), ) dt

2

From (21)-(24), this expression has bounded

derivative with respect to A. It is clear that for 4 big
enough roots of equation (20) are located close ton +
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%. We need to show that there is only one solution of

(20) around each n + %

Consider the function F(A) = AcosAnt + 0(1).
Its derivative F'(1) = cos At — AwsinAm + 0(1) is
equal to zero for A close ton + % for sufficiently large

n. Consequently by Rolle’s Theorem proof is
completed.

From equation (20) eigenvalues of the
boundary value problem (1)-(5) are obtained as:

In=n+3+0(x) (26)
From equation (10), (16) and (21)

w1(x,A) = acoskx + O G) (27)

w'(x,1) = —aisinAx + 0(1), (28)

From equation (11), (22), (27) and (28),

w,(x, ) = ?cos Ax+0 (/%2) (29)

Hence eigenfunctions u, (x) have the following
asymptotic representation.
T

acos(n+%)x+0(%), x € [O’E)

un(x) =35 1 1 T
—acos (n+5)x+0 (ﬁ),x € (E’”]
RESULTS AND DISCUSSION (Main title)

Under additional assumptions we can improve
these formulas for the eigenvalues and the
eigenfunctions.

Improved Asymptotic Representations for the
Eigenvalues and Eigenfunctions

Theorem 4: Assume that q'(x) and A" (x) exist, are

bounded on [0,%) U G"T] and have left and right

limits at Z, on [o,g) U (g 7], A(x) <1, A0) = 0

and lim A(x) = 0. Thenforn — o, eigenvalues of
X—>E+0

the problem (1)-(5) are as follows:

_ 1, aB(mnA(r))-1 1
/1n—n+ E+T+O(ﬁ) (30)
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Proof: It is clear that from (27) and (29)

w1(t—A(1),4) = acosA(t —A(r))+ O G) (31)
wy(t —A(1),A) = %SCOS At —A(@)+0 (%z) (32)

Writing these expressions into the equation (19)
we obtain

Aad cos Am — 6 sin Am+
T 1
+a6f q(t)sin Anz [cos A(T)
0
+ cosA(2t — A(1))]d

) fon q(7)sin /11% [sin AA(T) +sinA(27 —

A@)]dr +0(3) =0. (33)
Defining

A(x,4,8(0) =3 [ q(D)sind At)dr,

B(x,4,A(0) = 2 [ q(r) cos A A(T)dr, 34

and the Lemma 111.3.3 in (Norkin,1972),

[y (@) cosA(2t - A(T)) dr = 0(3), -

[Fa@sina(2r-A@)dr=0(3).

Using (34) and (35), equation (33) can be written
as

Aad cos Amr — 6 sin A +
ad sin AnB(m, 4, A(T)) — ad cos A A(m, 2, A(T))
1
+0 (Z) =0.
Hence

1- aB(n, A, A(T)) N

()
al A2)

WritingA =4, =n+ % + §,, into above

cotAm =

equation
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aB(m,n,A(T) — 1 1
&
ant n
nd
1 aB(mnA(r))—1 1
hy= g 3+ EEREO) L (L
2 anm n

are obtained.

Theorem 5: Under the same hypothesis of Theorem
4 eigenfunctions of the boundary value problem (1)-
(5) are as follows:

U, () =all1- A(X+A(TD> cos (n + %)x
B (aB(m,n,A(t)) — Dx 1

- sin (n + E) X
+ (—aB(x'n;lA(T)_ 1) sin (n + %) x+ 0 (%)

Uyp(x) = %5 <1 — A—(x, nr'lA(T)l) cos (n + %) x
B 6(aB(m,n,A(T)) — Dx sin (n N 1) .
n2m

+wsin(n+%)x+ 0(%)

n2

(36)

@37)

Proof: From (10) and (31) we obtain

sinAx

w1(x,A) = acosix —

+%f0x q(t)sin A(x — 1) cos A(t — A(t)) dt +
+0 (35).

Using (34) and (35),

w1(x,N) =a (1 — %‘A(TD) cosAx +

+ (—aB(x'A'A(T)) _1) sinix + 0 (%2) :

; (39)

Replacing A with 4,, and using (30),
A(x,n, A(T))) ( 1

U, (x)=a - cos(n 3 x

B (aB(m,n,A(t)) — Dx sin (n 4

nm
+ (—aB(x’nf(T)_ 1) sin (n + %) X+ (ni) .
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Writing (10), (16), (31) and (32) into the
equation (11), we have

a sinAx
wy(x,A) = TCOS}\X By

ad (* ]
Ttz f q(r)sinA(x — 1) cos A(t
0

—A(r))dt+ 40 (%)

Using (34) and (35),

w,(x,\) = %8(1 — %’A(TD) cosAx +
—aB(x‘/l}‘é(T))_l) sinix + 0 (%3)

Replacing A with 4,, and using (30),

Upp(x) = %8 <1 _AGen A1 A(T)1> cos (n | 1) x

+6 ( (39)

n 2

6(aB(m,n,A(t)) — Dx . 1
— > sSin (n + —) X

6(aB nA7(r N-—1) 1 1
+ (@Bx,n Az sin(n+—)x+ 0(—)

n2 2 n3

is obtained.
CONCLUSION

Eigenvalues and eigenfunctions of the (1)-(5)
boundary value problem have the following
asymptotic representation:

_ 1, aB(mnA(@)-1 1
To=n+ 2+ 28000 4 o ()

Ui (%), x € [0, g)
Up(x) = -
Uypy (), X € (E,n]

here u,,(x) and u,,(x) are given by the equation
(36) and (37) respectively.
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Oz

Glines enerjisinden faydalanma yontemlerini temelde 1s1l uygulamalar ve elektrik iiretimi olarak iki kategoriye
ayirmak miimkiindiir. Her iki kategoriyi de kapsayan dnemli bir uygulama sekli ise Giines bacalaridir. Giines bacalarin
esas kullanim amaci elektrik {iretimi olmasmna karsin atil durumda olan ortii alanlarinda kurutma yapilabilirligi
diisiilmektedir. Kurutma bir iiriin i¢erisinde bulunan nemin iiriinden ayrigtirtlmasi islemi olarak tanimlamaktadir. Kurutma
igslemi {iriin igerisindeki suyun uzaklastirilarak {irlindeki su seviyesinin belirli bir seviyede tutulmasi amaglanmakta, bu
sekilde tiriinlin ¢ilirlimesine, bozulmasina neden olan mikroorganizmalarin liremesi engellenerek {iriiniin raf dmriiniin
uzatilmasi saglanir. Ayrica iiriindeki kiitle kaybi nedeniyle tagima, depolama kolayligi saglar.

Bu calismada Giines bacasinda elektrik {iretiminin yani sira atil halde bulunan sera ortii alanlarinin kurutma islemi
icin ideal bir ortam oldugunu gostermek hedeflenmistir. Giines bacasinda elektrik tiretimi yapilirken atil durumdaki sera
ortii alaninda belirli kalinliklarda (3mm, Smm,7mm) ve belirli bolgelere (4 yonde 12 farkli noktada) yerlestirilmis ¢ilek
orneklerinin kurutulmasi gergeklestirilmistir. Kurutma deneylerinde kurutma noktalarindaki hava sicakligi, hava hizi,
kuruma zamany, kiitle degisimleri, nem oranlar1, dis ortam sicakli1 ve anlik giines 1smn1mi dlgiimleri yapilmistir. Olgiimler
sonucu elde edilen verilerle sicaklik-zaman, giines 1s1nimi-zaman, kuruma hava hizi-zaman, kiitle degisimi — kuruma
zamanli, ylizde nem igerigi — kuruma zamani, nem oran1 (MR) — kuruma zamani, nem igerigi — kuruma zamani, kuruma
hiz1 — kuruma zamani, kuruma hizi — nem orani grafikleri elde edilmistir. Yapilan ¢aligma sonucunda atil halde bulunan
sera Ortii alanmin kurutma islemi igin elverisgli oldugu goriilmiis, ayrica kurutma islemi i¢in en ideal yoniin Giiney yonii
oldugu ve kurutma i¢in en uygun bélgenin baca giris bolgesi oldugu tespit edilmistir. Giines bacasinda yapilan kurutma
isleminin siiresinin giineste (dogal) kurutma siiresine gore yaklasik % 58.6 daha kisa oldugu tespit edilmistir.

Anahtar Kelimeler: Giines Bacasi, giines enerjisi, kurutma, Sason Cilegi, yenilenebilir enerji.

Sason Strawberry in Solar Chimney Greenhouse Cover Field
Analysis of Drying Performance

Abstract

The methods of utilizing solar energy can be basically divided into two categories as thermal applications and
electricity generation. An important form of application covering both categories is solar chimneys. Although the main
use of solar chimneys is electricity generation, drying feasibility is deducted in the inactive cover areas. Drying is defined
as the process of separating the moisture contained in a product from the product. The drying process aims to keep the
water level in the product at a certain level by removing the water in the product, thus prolonging the shelf life of the
product by preventing the growth of microorganisms that cause the product to rot. In addition, it provides ease of
transportation and storage due to the loss of mass in the product.

In this study, it is aimed to show that in addition to electricity production in the solar chimney, idle greenhouse cover
areas are an ideal environment for the drying process. While electricity is being produced in the solar chimney, the
strawberry samples placed in certain thicknesses (3mm, Smm,7mm) and in certain regions (12 different points in 4
directions) were dried in the idle greenhouse cover area. In the drying experiments, air temperature, air velocity, drying
time, mass changes, humidity ratios, outdoor temperature and instantaneous solar radiation measurements were made at
the drying points. Temperature-time, solar radiation-time, drying air velocity-time, mass change - drying time, percent
moisture content - drying time, humidity rate (MR) - drying time, moisture content - drying time, drying speed with the
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data obtained as a result of the measurements. — drying time, drying rate — humidity rate graphics were obtained. As a
result of the study, it was seen that the idle greenhouse cover area was suitable for the drying process, and it was
determined that the most ideal direction for the drying process was the South direction and the most suitable area for
drying was the chimney entrance area. It has been determined that the drying time in the solar chimney is approximately

58.6% shorter than the (natural) drying time in the sun.

Keywords: Solar chimney, solar energy, drying, Sason Strawberry, renewable energy.

GIRIS
Giines bacalari, sera Ortiisii altinda 1sman
havanin yiikselerek baca igerisindeki tiirbinin

dondiiriilmesi ile elektrik enerjisi lireten yenilenebilir
enerji sistemlerine bir Ornektir (Schlaich, 2005).
Glines bacalarmin sera ortii alanlar1 herhangi bir amag
icin  kullanilmamaktadir.  Giines  bacalariin
karakteristik yapilarindan dolay1 sera ortii alanlart
cevrelerine gore daha sicak olmaktadir. Bu nedenle
Glines bacalarinda elektrik iiretiminin yaninda sera
ortli alanlarindaki 1s1 enerjisi kullanilarak tarim
tiriinlerinin kurutulmasi gergeklestirilebilir.

Kurutma, maddelerin icerisinde bulunan suyun
uzaklastirilmast  olarak  tanmimlanabilir.  Madde
icerisinde  bulunan su, mikroorganizmalarin
cogalmasini  sagladigindan  maddelerin  ¢abuk
bozulmasina, raf Omriinin ve dayanakliginin
kisalmasina neden olmaktadir. Bu nedenlerden dolay1
tarim {riinlerindeki nemin belirli bir seviyede
tutulmast amaclanir. Ayrica maddelerdeki su
miktarinin  azalmas1  ile  birlikte maddenin
agirhgindaki azalmadan dolayr tasima kolayligi
saglamaktadir. Kurutulan {iriin sayisindaki artis ve
kurutma teknolojilerinin geligsmesi ile her tiirlii
maddenin kurutulabilir hale gelmesi kurutma
sektoriiniin ~ olusmasim1  saglamistir.  Kurutma
isleminin yapildigi ortamin fiziksel kosullar1 ve
kurutulan iriin o6zelliklerine bagli olarak pek cok
farkli kurutma yontemleri gelistirilmistir. Kurutma
yontemlerinin  en Onemli gideri ise enerji
maliyetleridir. Bu nedenle enerji maliyetlerinin
azaltilmasi i¢in Giines enerjili kurutma sistemleri
yayginlagsmistir. Glines enerjili kurutma sistemleri
enerji maliyetlerinin ve yatirim maliyetlerinin diisiik
olmasi gibi avantajlarindan dolay1r diger kurutma
yontemlerinden ayrilirlar (Yagcioglu, 1999).

Aragtirmacilar ¢ilek ve tarim {riinlerinin
kurutulmasinda giines enerjili sistemlerin yaninda
birgok farkli kurutma yoéntemi ile ilgili ¢alismalar
yapmuistir.

Johnson ve Al Mukhaini (2016), deneysel
caligmalarinda laboratuvar 6lgekli tepsili kurutucuda
kurutma islemine tabi tuttuklar1 cilek ve seftali

ornekleri icin farkli kurutma sicaklik ve hava
hizlarinda en wuygun modelin Page modelinin
oldugunu belirtmislerdir.

Yogurtgu (2016) halojen kurutma metodu ile
haslanmamis bugdayin kurutma parametrelerini
incelemistir. Farkli sicakliklarda yapilan deneylerin
haslanmig bugdaym kuruma verilerine olan etkisi
belirlenmistir. Yapilan calismada Weibull
Distribution modelin kuruma egrilerine en yakin
model oldugu belirlenmistir.

Adak ve ark. (2017), kizilotesi kurutma
isleminde farkli kurutma kosullarinda ¢ilegin
ozelliklerindeki degisimler ve ¢ilek kurutulmasi igin
en uygun kosullarini tespit etmeye c¢aligmisladir.
Calismalar1 sonucunda 200W, 100°C sicaklik ve 1.5
m/s hava hizinda cilek 6rneklerinin besin degerlerinin
en iyi oldugunu tespit etmislerdir.

Amami ve ark. (2017), ultrasonik osmotik
dehidrasyon islemine tabi tuttuklari ¢ilek 6rneklerinin
kurutma performanslarini BBD (Box-Behnken
tasarimi) ile arastirmislardir. Arastirma sonucunda su
kayb1 ve agirlik azaltma degerleri verilerini
kullanarak kriter sayisi fazla olan bir optimizasyon
olusturmuslardir.

Can (2017), piiskiirtmeli kurutma kosullarinda
tepki yiizey metotlari kullanarak c¢ilek ve yaban
mersini Ozlerini kurutmustur. Calismasi neticesinde
meyve tozu liretiminde en 6nemli degiskenin 6zkiitle
degisiminin oldugunu, c¢ilek tozu iiretiminde
verimliligin % 72.62 olarak gergeklestigini tespit
etmistir.

Prosapio ve Norton (2017), kurutma islemi
oncesinde uygulanan osmotik rehidrasyon isleminin
ETUV ve dondurarak kurutma islem verimliligine
etkisini ¢ilek Orneklerini kullanarak incelemistir.
Caligsmalar1 neticesinde 6n islemin ¢ilek 6rneklerinin
Ozelliklerinin korunmasmi sagladigi ve kurutma
stiresini kisalttigini belirlemislerdir.

Arastirmacilar kurutma amaciyla gilines enerjisi
ile c¢alisan bircok farkli kollektér tasarimi
gergeklestirmistir (Giilgimen, 2008; Bilgig, 2014;
Bayrak, 2021). Yapilan tasarimlar ile kollektorlerin
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1s1l verimlerinin artmasi saglanarak tarimsal tirtinlerin
kurutulmasinda  glines  enerjili  kurutucularin
kullanim1 yayginlagmustir.

Cankurtaran (2018), tasarladigi Giines enerjili
kurutma diizeneginde 3 mm kalinliktaki ¢ilek
orneklerinin  kurutma  &zelliklerini  incelemistir.
Kurutma deneylerinde 51°C sicaklikta ¢ileklerin
kuruma siirelerinin 6-8 saat olarak belirlemis ve
tasarladigr kurutma sisteminin ¢ilek Orneklerinin
kalitesine olumlu bir yonde etkisi oldugu tespit
etmistir.

Cakmak (2019), cilek kurutulmasi i¢in en uygun
kurutma yontemini tespit etmek icin ¢aligma
yapmuistir. Calismast sonucunda kurutma siireleri baz
alindiginda laboratuvar tipi konvektif kurutucuda
70°C’ de 4.5 saat ile en kisa siirede kurudugunu ve
dogal kurutmada bu siirenin 52 saat oldugunu tespit
etmistir.

Demir (2021), farkli biiytikliikteki tas ve metal
parcalarindan olusan enerji depolamali bir Giines
enerjili kurutma sisteminde c¢ilek Orneklerinin
kurutma performansimi arastirmigtir. Farkli fan
hizlarinda yaptig1 deneyler sonucunda 1.5 m/s hava
hizinda ¢ilek 6rneklerinin 31 saatte kurudugunu tespit
etmistir.

Jiahui Jiang ve arkadaglari (2021), ¢ilek
orneklerinin 6zelliklerini cesitli gilicte mikrodalga
kurutucusunda kurutarak karsilagtirmislardir.
Caligmalar1 sonucunda USOD(Ultrasonik Ozmotik
Dehidrasyon) isleminin diisiikk seker oranina sahip
cilekler i¢in elverisli oldugunu, bu islemin
mikrodalga ile kurutma iglem siiresini %45 civarinda
azaltigini  ve  kurutma  orammi  artirdigini
belirlemislerdir.

Fauzi  (2020), c¢alismasinda 2m  baca
yiiksekligine ve 4.05m? kolektor alanina sahip giines
bacast prototipini kullanarak seftali ve muz
meyvelerinin  kurutulmast  igin en  uygun
matematiksel modelin segilmesi {izerine ¢alisma
yapmistir. Dogrusal olmayan regrasyon caligmast
neticesinde muz Ornekleri i¢in en uygun modelin
Midilli ve Kiigiik modelinin, seftali 6rneklerinin
kurutulmasi i¢in en uygun modelin Verma ve ark.
Modeli oldugunu tespit etmistir.

Chueaprasat ve ark. (2020), yaptiklan
calismalarinda Gilines bacasi ile tarim {irinlerinin
kurutulmasimi incelemis ve nem giderme oranina
baghi bir matematiksel model gelistirmislerdir.
Gelistirdikleri modelin deneysel sonuglar ile uyumlu
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oldugunu ve 6zel bir kurutma kapasitesi tasariminda
kullanilabilecegini belirtmislerdir.

Bu calismada ise Giines bacasi sera ortii alaninda
farkli boyutlarda dilimlenmis ¢ilek o6rnekleri
kurutularak Gilines bacasi sera ortii alanlarinin tarim
triinlerinin ~ kurutulmast  agisindan  uygunlugu
irdelenmistir. Ayn1 zamanda Giines bacasi sera Ortiisii
altindaki kurutma islemi ile dogal kurutma
performanslari karsilastirilmistir ve sera ortii alaninda
en ideal kurutma bolgesi arastirilmistir (Cetinbas,
2022).

MATERYAL VE YONTEM

Deneysel calisma Batman Universitesi Bati
Raman yerleskesi igerisinde yer alan Gilines bacasi
prototipinde gergeklestirilmistir. Caligmanin
gerceklestirildigi Batman ili 41°10' - 41°40' dogu
boylamlart ile 38° 40' - 37° 50' kuzey enlemleri
arasinda yer alan, 550 m rakima sahip bir sehirdir.
Genel olarak yaz aylarinin ¢ok sicak ve kurak gectigi,
karasal iklim Ozelliklerinin hiikkim siirdiigii ve
Thornthwaite iklim smiflandirmasina gore de yari
kurak, 3. Derece mezotermal (D,B"s,b'?) olarak
nitelendirilen iklim 6zelliklerine sahiptir (Anonim,
2022).

Deneylerimizde Batman ilinin Sason ilgesine
ozgii olan ve 2018 yilinda AB Cografi Isaret Tescil
Belgesine sahip, nem orani yaklasik %89 olan Albion
cinsi ¢ilekler kullanilmigtir. Bu tiir ¢ilekler dayanikli
olmasi, tagima ve depolama kolaylig1 nedeniyle ¢okca
tercih edilen ve yiiksek rakimli bolgelerde yetistirilen
bir ¢ilek tiiriidiir.

Deneysel Yontem

Deneysel calisma Sekil 1. (a) ‘da gosterilen
105.68 m? kolektor alanina, 11.5 m baca uzunluguna
sahip  Gilines bacast  prototipi  kullanilarak
gerceklestirilmistir. Glines bacasi kolektdr alaninda
kurutma iglemi gergeklestirilmeden 6nce en ideal
kurutma bolgesi se¢cimi igin Giines bacasi kolektor
alam1 4 farkli yone ayrilmistir. Ayrilan her yonde
belirlenen ve Sekil 1. (b)’de gosterilen 12 farkl
noktada 3mm, 5mm, 7mm kalinliktaki ¢ilek dilimleri
ve biitiin halde gilekler kurutulmustur. Kurutma
islemleri boyunca belirlenen noktalarda kurutma
hava sicakliklari, kurutma hava hizlari, kurutulan
cileklerin kiitle degisimleri ve giines radyasyonu
Ol¢iimleri yapilmustir.
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Ust Goriiniis
(b)
Sekil 1. (a): Calismanin yapildigi Giines Bacasi
(b): Giines bacas ortii alaninda 6l¢iim alinan noktalar

Kurutma isleminde kullanilacak ¢ilekler sabah
erken saatlerde toplandiktan sonra saplarindan
arindirilarak temizlenmistir. Daha sonra temizlenen
gilekler belirli kalinliklarda (3mm, 5mm, 7mm)
dilimlenmis ve kurutma yapilacak olan her noktaya
1000gr ¢ilek ornekleri Sekil 2.’de gosterildigi gibi
konumlandirilmigtir. Kurutma iglemine etki eden en
onemli etkenlerden biri olan kurutma hava hizindan
en iyi sekilde yararlanabilmek ve homojen kurumayi
gergeklestirebilmek i¢in hazirlanan ¢ilek Ornekleri
Sekil 2.°de gosterildigi gibi farkli yiikseklikte
konumlandirilmistir. Ayrica ¢ilek 6rnekleri toz ya da
boceklerden etkilenmemek ve homojen bir hava
sirkiillasyonu saglamak amaciyla file iizerine
brrakilmustir.

Kurutma iglemleri Agustos ayinda 10.00-20.00
saatleri arasinda global giines radyasyon degerlerinin
birbirine ¢ok yakin oldugu dort giin boyunca her
kalinhiktaki  ¢ilek Ornekleri i¢in ayr1 ayn
gergeklestirilmistir. Yaklasik ayni boyutta biitiin ¢ilek
orneklerinin kolektor alaninda kurutuldugu giin ayni
zamanda giines bacasinin yaninda giineste (dogal)
kurutma da gergeklestirilmistir. Kurutma islemleri
boyunca her 30 dakikada bir alinan Ol¢limler
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kaydedilmistir. Kurutulan ¢ilek 6rneklerinin kiitleleri
110gr’a distiigiinde, kiitle degisimleri neredeyse
durma noktasina geldiginden dolayr kurutma
islemleri sonlandirilmistir.

I 32,5¢m

a=3Im
Sekil 2. Cilek drneklerinin kolektor alaninda
konumlandirilmasi

Hesaplama Yontemi

Kurutma isleminin temelinde kurutulacak {irtin
icerisindeki suyun uzaklastirilmasi oldugundan {iriin
icerisindeki suyun yani nem miktarinin degisimi
onemlidir. Uriin igerisindeki nem igerigi hesaplama
bagintis1 Esitlik 1.’de, ylizdellk nem degisimi
hesaplama bagintisi ise Esitlik 2.”de gosterilmistir.

Nem icerigi = (m; — m,)/m, (1)
Nem Degisimi(%) = — x 100 = —=-"¢ x 100
Mmik sTMe
(2)
Kurutma deneylerinde hesaplanan bagka bir

parametrede nem orani (MR)’dir. Nem oram
kurutulan iriin igerisinde belirli bir andaki nem
miktarimin  kurutma {iriiniiniin ~ baglangic nem
miktarina orani olarak ifade edilir ve Esitlik 3.’te
gosterildigi gibi hesaplanir.

Nem Orani (MR) = (m; —me)/(Myx —me)  (3)

Denklemlerde m;;;, kurutulan triiniin ilk kiitlesini
(kg), m, kurutulan iiriin igerisindeki su kiitlesi (kg),
m; herhangi bir t anindaki iriin kiitlesini (kg), m,
kuru triin kiitlesini (kg) ifade etmektedir.

Kurutma islemlerinde 6nemli bir gosterge olan
kurutma hizi {riin igerisindeki nem miktarinin
uzaklagtirma hiz1 olarak tanimlanabilir ve Esitlik 4.’te
gosterildigi gibi hesaplanabilir.
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Kuruma Hizt = (N; — Ngyae)/ Ne 4)

Kuruma hizi denkleminde N; herhangi bir t
aninda {riiniin kuru baza goére nem igerigini
(kgow/kgran), Npyap ise belirli bir siire sonra yapilan
Ol¢lim aninda iriiniin kuru baza gdére nem igerigini
(kgsw/kgran) ifade etmektedir (Glilgimen, 2008).

BULGULAR VE IRDELEME

Deneysel calisma Batman ili iklim kosullarinda
kurulu olan ve 1s1 birikiminin artirilmasit amaciyla
kolektor alanm1 siyah boya ile boyanmis, zeminden
sicak su gegirilen glines bacasi prototipinde
gerceklestirilmisti.  Deneylerde kullanilan ¢ilek
orneklerinin nem miktar1 %89 olarak belirlenmistir.
Kurutma deneylerinde kullanilan Sason ¢ileklerinin
kurutma Oncesi ve kurutma sonrasina ait gorseller
Sekil 3.’de gosterilmistir.

Sekil 3. (a) : Dilimlenmis yas ¢ilek drnekleri
(b) : Kurutulmus ¢ilek drnekleri
(c) : Biitlin halde Kurutulmus ¢ilek
ornekleri
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Sicaklik 6l¢iim verileri incelendiginde (Sekil 4.);
-3 mm ¢ilek Ornekleri icin yapilan
deneylerde gilines bacasi sera alani sicakliginin
27.3 °C - 53.5 °C araliginda oldugu ve en yiiksek
sicaklik noktast G3 noktasinda sicakligin
ortalama 49.1 °C oldugu goriilmiistiir (Sekil 4.a).
-5 mm ¢ilek Ornekleri i¢in yapilan
deneylerde giines bacasi sera alani sicakliginin
28.2 °C — 54.4 °C araliginda oldugu ve en yiiksek
sicaklik noktast G3 noktasinda sicakligin
ortalama 50.1 °C oldugu goriilmiistiir (Sekil 4.b).
-7 mm ¢ilek Ornekleri i¢in yapilan
deneylerde giines bacasi sera alani sicakliginin
27.9 °C —54.1 °C araliginda oldugu ve en yiiksek
sicaklik noktast G3 noktasinda sicakligin
ortalama 49.8 °C oldugu goriilmiistiir (Sekil 4.c).
- Biitlin haldeki ¢ilek ornekleri i¢in yapilan
deneylerde giines bacasi sera alani sicakliginin
29.3 °C — 55.5 °C araliginda oldugu ve en yiiksek
sicaklik noktast G3 noktasinda sicakligin
ortalama 51.2 °C oldugu goriilmiistiir (Sekil 4.d).
- Biitlin haldeki ¢ilek 6rneklerinin agik ayni
giinde acik alanda kurutuldugu dogal kurutmada
hava sicakliginin 11.7 °C ile 42 °C arasinda
degistigi ortalama hava sicakliginin ise 31.9 °C
gOriilmiistiir.

Ayrica 1smmim  giddeti  degerlerinin  sabah
saatlerinde 620-1050 Wm™ arasinda degistigi, 6gle
saatlerinde ise 1050-1165 Wm™ ile en yiiksek
degerlere ulastigi aksam saatlerinde ise giines
radyasyonunun azaldig1 tespit edilmistir.

Sekil 4.’te gosterilen grafiklerde kurutmanin
gerceklestigi  zamanlarda en yiiksek sicaklik
degerlerinin 210-360 dakikalar arasinda oldugu
1sinim degerinin en yliksek oldugu zaman araliginin
ise 120-210 dakikalar arasinda oldugu goriilmektedir.
Gilines 1ginmminin giines bacasi sisteminin kolektor
alanma dahil olmasi zaman aldigindan en yiiksek
1isimim ve sicaklik zaman araliklarmin birbirinden
farkli olmasina neden olmaktadir.
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Sekil 4. Kurutma deneylerinin yapildig1 noktalara ait Sicaklik- Kuruma zamani grafigi
(a): 3 mm ¢ilek 6rneklerinin kurutuldugu durumda
(b): 5 mm gilek &rneklerinin kurutuldugu durumda
(¢): 7 mm gilek drneklerinin kurutuldugu durumda
(d): Biitiin cilek 6rneklerinin kurutuldugu durumda
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Sekil 5. Kurutulan ¢ilek 6rneklerinin Kiitle degisimi- Kuruma Zamani grafikleri
(a): 3 mm ¢ilek drneklerinin kurutuldugu durumda
(b): 5 mm ¢ilek 6rneklerinin kurutuldugu durumda
(c): 7 mm g¢ilek 6rneklerinin kurutuldugu durumda
(d): Biitiin ¢ilek 6rneklerinin kurutuldugu durumda

Kurutma deneyleri ¢ilek orneklerindeki kiitle
degisimlerinin durma noktasina geldigi ana kadar
devam ettirilmistir. Sekil 5.’te goriildiigii gibi 3 mm
kalinligindaki cilek orneklerinin kiitle degisimleri
210. dakikaya kadar, 5 mm kalinligindaki ¢ilek
orneklerinin kiitle degisimleri 240. dakikaya kadar, 7
mm  kalinligindaki ¢ilek  Orneklerinin  kiitle
degisimleri 270. dakikaya kadar, biitin halde
kurutulan ¢ilek Orneklerinin kiitle degisimleri 300.
dakikaya kadar hizli bir sekilde azalirken bu
dakikalardan sonra kurutma isleminin durma noktasi
olan 110 grama yaklastik¢a kiitle degisimleri nispeten
daha diisiik bir degisim gostermistir.

Tim ¢ilek 6rneklerinde (3mm, Smm, 7mm ve

biitiin) yapilan deneylerde giiney yoniindeki baca
girig bolgesi kuruma zamanlarinin daha diisiik oldugu
goriilmustiir. Biitiin noktalardaki kuruma zamanlari
Tablo 1.’de detayli olarak verilmistir.
Yas cilek 6rneklerindeki nem igeriginin kuru ¢ilek
orneklerindeki nem miktarina oram1 8.09 olarak
hesaplanmistir. Sekil 6.’da goriildiigii gibi ¢ilek
orneklerindeki nem miktar1 belirli bir zamana kadar
siirekli azalmakta ve ¢ilek ornekleri denge nemine
ulastiklarinda ise nem igerigi sifira inmektedir.
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Nem Teerigi (kg /keyau)
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Sekil 6. Kurutulan cilek drneklerinin Nem I¢erigi- Kuruma Zamani grafikleri

Nem Orani (MR)

Nem Icerigi (k. /kep.)
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[0 Dogal Kurutma

(a): 3 mm cilek drneklerinin kurutuldugu durumda
(b): 5 mm ¢ilek 6rneklerinin kurutuldugu durumda

(¢): 7 mm g¢ilek 6rneklerinin kurutuldugu durumda

(d): Biitiin ¢ilek drneklerinin kurutuldugu durumda
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Sekil 7. Kurutulan ¢ilek 6rneklerinin Nem Orani1 (MR) - Kuruma Zamani grafikleri
(a): 3 mm cilek drneklerinin kurutuldugu durumda
(b): 5 mm g¢ilek 6rneklerinin kurutuldugu durumda
(¢): 7 mm g¢ilek 6rneklerinin kurutuldugu durumda
(d): Biitiin ¢ilek 6rneklerinin kurutuldugu durumda

Boyutsuz bir kavram olan nem oram1 (MR),
kurutulan Orneklerde herhangi bir andaki nem
miktariin baslangi¢c nem miktarina oranlanmasiyla
elde edilir. Sekil 7.’de de goriilecegi iizere 3 mm
kalinliktaki 6rneklerde 180. dakika 6ncesinde, 5 mm
kalinliktaki 6rneklerde 210. dakika oncesinde, 7 mm
kalinliktaki 6rneklerde 270. dakika 6ncesinde, biitiin
seklinde kurutulan ¢ilek 6rneklerinde ise 270. dakika
oncesinde nem orani siirekli azalmakta, sonrasinda
ise MR degisiminin azaldig1 goriilmektedir.

Uriinlerin ~ kurutulmas1 islemlerinde ~ dikkat
edilmesi gereken en 6nemli degiskenler kurutma hava
hizi ve hava sicakhigidir. Cileklerin kurutulmasi
sirasinda Sekil 8.’de de goriilecegi lizere kurutma
hizinda degisiklikler goriilmektedir. Bu degisikligin
baslica nedeni kurutma islemi boyunca kurutma hava
sicaklig1 ve hava hizinin gilines 1s1n1imina bagh olarak
degiskenlik gostermesidir. Yapilan hesaplamalar
sonucunda kurutma hizi en yiksek 0.1008
kgs/Kgran.dak.! olarak 3 mm kalinhktaki ¢ilek

301

orneklerinin kurutulmasi sirasinda Giiney yoniiniin
baca giris bolgesindeki noktada olclilmiistiir. Ayrica
yapilan tim Ol¢limlerde her tiirli kalinliktaki cilek
orneklerinde kuruma hizi en fazla giiney yoniiniin
baca giris bolgesindeki noktada Olglilmiistiir.
Kurutma islemlerinde belirli siirelerden sonra
orneklerin barmdirdig1 nem igeriklerinin birbirlerine
esit olacagindan dolay1 kurutma hizlari da birbirlerine
esit oldugu gorilmektedir. Ayrica her kalinliktaki
gilek oOrneklerinde en fazla olan kurutma hizlari
karsilastirildiginda bu degerlerin 3 mm g¢ilek
ornekleri i¢in 0.1008 kgs/kgkan.dak.” oldugu, 5 mm
cilek ornekleri igin 0.093 kgsw/kgkau.dak.” oldugu, 7
mm g¢ilek o6rnekleri igin 0.055 kga/kgkau.dak.™!
oldugu, biitiin halde kurutulan ¢ilek ornekleri igin
0.065 kga/kgan.dak.! ve biitiin halde giineste (dogal)
kurutulan ¢ilek 6rnekleri i¢in 0.040 kgo/kgkan.dak.”!
oldugu tespit edilmistir. Maksimum kuruma hizlari
karsilastirildiginda kalinlik artikga kuruma hizinin
azaldig goriilmektedir.
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Sekil 8. Kurutulan ¢ilek 6rneklerinin Kuruma Hizi - Kuruma Zaman grafikleri
(a): 3 mm cilek drneklerinin kurutuldugu durumda
(b): 5 mm g¢ilek 6rneklerinin kurutuldugu durumda
(¢): 7 mm g¢ilek 6rneklerinin kurutuldugu durumda
(d): Biitiin ¢ilek drneklerinin kurutuldugu durumda

Sekil 8.’deki kuruma hizinin kuruma zamanina
gore degisimini gosteren grafik ile Sekil 9.’daki
kuruma hizinin nem oranina gore degisimini gosteren
grafikler birlikte degerlendirildiginde kurutma hava
hiz1 ve sicakligindaki artiga paralel olarak kurutma
hizinda da artis gozlenmistir. Daha sonrasinda ise
cilek drneklerinde bulunan nem miktarinin azalmasi
hava sicakligi ve hava hizindan daha etkin bir
parametre haline geldiginden kurutma hizinda bir
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diisiis gerceklesmistir. Kurutma isleminde sistem
dengeye ulastiginda ise sicaklik ve hava hizi
tekrardan daha etkin bir parametre haline geldiginden
kurutma hizinda tekrardan bir artis s6z konusu
olmustur. Kurutma isleminin sonlaria dogru ise hem
kurutma hava sicakligt ve hizi hem de ¢ilek
orneklerindeki nem miktarinin giderek azalmasindan
dolay1 kurutma hizinda azalmalar olmustur.
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Sekil 9. Kurutulan ¢ilek drneklerinin Kuruma Hizi

— Nem Oran1 (MR) grafikleri

(a): 3 mm cilek drneklerinin kurutuldugu durumda
(b): 5 mm g¢ilek 6rneklerinin kurutuldugu durumda
(c): 7 mm g¢ilek 6rneklerinin kurutuldugu durumda
(d): Biitiin ¢ilek 6rneklerinin kurutuldugu durumda

Tablo 1.” den 6lgiim alinan noktalardaki ¢ilek
orneklerinin kuruma siirelerine bakildiginda 6l¢iim
alinan noktalar icerisinde giiney bdlgesinin baca giris
bolgesi (G3) kuruma siirelerinin 6l¢iim alinan diger
noktalara gore daha kisa kuruma siiresine sahip
oldugu anlagilmaktadir. Ayrica aym1 giin kurutma
islemi yapilan ve 6l¢iim alinan biitiin haldeki ¢ilek

ornekleri ile giineste dogal olarak kurutulan ¢ilek
orneklerinin kuruma siireleri karsilastirildiginda G3
noktasindaki kuruma siiresi baz alindiginda Giines
bacasi sera oOrtli alaninda kurutma stiresinin dogal
kurutmaya gore yaklasik %58.6 daha az oldugu
goriilmektedir.

Tablo 1. Kuruma siirelerinin 6l¢iim alinan noktalara gére degisimi

Kuruma Noktas1 D1 D2 D3 B1 B2 B3

KI K2 K3 Gl G2 G3 Dogal Kurutma

3 mm 330 300 240 390 360 300 390 360 300 300 270 210
5 mm 330 300 270 420 360 330 420 390 360 300 270 240
7mm 420 390 330 540 480 450 510 480 450 420 360 270
Biitiin 510 450 390 540 510 480 570 540 480 450 390 360 870
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SONUC VE ONERILER
Sonuclar

Batman ili iklim  kosullar altinda
gerceklestirdigimiz deneylerde 1s1 tutma kapasitesi
artirllmig glines bacasi prototipinde cografi isaretli bir
tiriin olan Albion tiirii Sason ¢ileklerinin kurutma
performansi aragtirilmaistir.

Yapilan aragtirma sonuglarina gore giines
1sinimina bagli olarak artan kurutma hava sicakligi
kurutma stiresini kisalttig1 belirlenmistir. Ayrica
kurutulan ¢ilek Orneklerinin  kalinliklar1 artikca
kuruma stiresinin de arttigi, kuruma hizinin azaldig
tespit edilmistir.

Giines  bacas1 sera  Orti  alanlarinda
gergeklestirilecek olan kurutuma islemleri i¢in en
uygun cografi yoOniin giney yonii oldugu tespit
edilmistir. Ayn1 zamanda kurutma iglemi yapilan ve
Olclim alinan 12 farkli nokta igerisinde kuruma
stiresinin en az, kurutma hizinin en fazla oldugu nokta
baca giris bolgesi olan 3. nokta oldugu saptanmustir.
Glines bacasi Ortii alan1 altinda yapilacak olan
kurutma islemi i¢in en ideal bdlge Giiney bolgesi

baca giris noktasi olan G3 noktast oldugu
anlasilmustur.

Ortii alam altinda yapilan biitiin ¢ileklerin
kurutma iglemi ile dogal kurutma islemi

karsilastirildiginda Giines bacasi ortii  alanindaki
kurutma siiresinin dogal kurutma siiresinden daha az

bir siire oldugu bu nedenle de Giines bacasi sera oOrtii
alaninda kurutma islemi yapilabilecegi
gorilmektedir.

Giines bacast sera Ortii alanlarinda kurutma
islemi igin ekstra bir enerji kaynagina ve kurutma
alanina ihtiya¢ duyulmamasi, sadece giines enerjisi
kullanildigindan gevreye zarar vermeyen ve kurutma
isleminin kuruma siiresi dogal kurutmaya gore daha
kisa olmasi bakimindan Giines bacasi sera oOrtii
alanlar1 kurutma islemi igin elverisli bir alan oldugu
anlasilmaktadir.

Oneriler

Giines bacalarinin yapisal 6zelliklerinden dolay1
sera Ortii alanindaki sicaklik ¢evre sicakligindan daha
yiiksek olmasindan dolay1 ortii alanlarina giris ¢ikisg
yapilabilmesi, iriinlerin yerlestirilmesi ve gerekli
Ol¢iimlerin alinabilmesi ¢esitli zorluk ve sikintilar
olusturabileceginden friinlerin yerlestirilmesi ve
gerekli oOlciimler igin kullanilacak hareketli bir raf
sistemi yapilabilir.
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Yapilan deneysel c¢alismalar farkli tarimsal
triinler kullanilarak tekrarlanabilir, farkli iklim

kosullarinda deney tekrarlanabilir, bu deneysel
calisma farkli kurutma yontem ve teknikleri ile tekrar
edilerek elde edilen deneysel sonuglarin
karsilastirilmasi yapilabilir.

Semboller ve Kisaltmalar

AB Avrupa Birligi

B1 Bati1 yoniindeki 1. Nokta

B2 Bat1 yontindeki 2. Nokta

B3 Bat1 yoniindeki 3. Nokta

D1 Dogu yoniindeki 1. Nokta

D2 Dogu yoniindeki 2. Nokta

D3 Dogu yoniindeki 3. Nokta

dak Dakika

Gl Gliney yoniindeki 1. Nokta

G2 Gliney yoniindeki 2. Nokta

G3 Giliney yoniindeki 3. Nokta

gr Gram

K1 Kuzey yoniindeki 1. Nokta

K2 Kuzey yoniindeki 2. Nokta

K3 Kuzey yoniindeki 3. Nokta

kg Kilogram

kW Kilowatt

mm Milimetre

MR Nem Orani
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Oz

Bu calismada, Munzur Universitesi Kampiis alaninda bulunan hizmet binalar1 giic kalitesi yoniinden
incelenmistir. Calisma kapsamida Munzur Universitesi kampiisiinde bulunan hizmet binalarindan kesintisiz gii¢ kaynag1
ve kompanzasyon sistemi bulunduran bir hizmet binasi, yalnizca kompanzasyon sistemi bulunduran bir hizmet binasi ve
hem kesintisiz gii¢ kaynagi hem de kompanzasyon sistemi bulundurmayan bir hizmet binasi olmak iizere toplamda 3
hizmet binas1 secilmistir. Secilen hizmet binalarina ait akim, gerilim, gii¢, frekans, gii¢ faktorii, gerilim dengesizligi, akim
ve gerilim harmonikleri uluslararasi standartlar kapsaminda incelenmistir. incelenen hizmet binalar igin elde edilen
sonuglar, secilen hizmet binalarinin tamami igin gii¢ kalitesi parametrelerinden sadece akim harmonigi problemleri
oldugunu gdstermis ve bu problemlerin giderilmesiyle ilgili ¢6ziim 6nerileri calismada sunulmustur.

Anahtar Kelimeler: Munzur Universitesi, akim, gerilim, gii¢, gii¢ kalitesi, harmonikler

Investigation of Munzur University Service Buildings in terms of the Power
Quality

Abstract

In this study, service buildings in Munzur University campus area were investigated in terms of power quality.
Three different service buildings were selected among the service buildings in the campus area within the scope of our
investigation: the first one contains an uninterruptible power supply as well as compensation system, the second one
contains only a compensation system, finally the third one is a service building without both an uninterruptible power
supply and compensation system. we first measured the corresponding current, voltage, power, frequency, power factor,
voltage imbalance, current as well as voltage harmonics of the structures. Current, voltage, power, frequency, power
factor, voltage imbalance, current and voltage harmonics of selected service buildings were examined within the scope
of international standards. The data obtained for the power quality parameters for the examined service buildings showed
that all of the selected structures only contain current harmonic problems and suggestions for solutions to the related
problems are presented in the study.

Keywords: Munzur University, current, voltage, power, power quality, harmonics

GIRIS

Insanlarin giinliik yasamlarinda ihtiyac1 oldugu
en Onemli kaynaklardan biri elektrik enerjisidir.
Teknolojinin giin gectikge ilerlemesi ve niifus artist
elektrik enerjisine olan talebi arttirmistir. Elektrik
enerjisinin  kullanicilara  kaliteli bir  bigimde
sunulmas1 ulusal ve bolgesel kalkinmaya onemli
katkilar saglamaktadir (Kaymaz ve ark., 2017).

Uretilen elektrik enerjisinin son kullanictya
ulastirilmasinda dikkat edilecek en Onemli nokta
iiretilen enerjinin en az kayipla, giivenli ve kaliteli
sekilde dagitiminin saglanmasidir. Ancak iretilen
elektrik enerjisinin karakteristigi ile son kullaniciya

dagitilan elektrik enerjisi karakteristigi arasinda,
elektrik enerjisine olan talebin artmasi, elektrik
enerjisine olan talepteki artisa ragmen elektrik iiretim,
iletim ve dagitim altyapisinin  aym  hizla
gelisememesi,  gelisen  teknolojiyle  birlikte
mikroislemei ve yar1 iletken tabanhi yiiklerin
kullaniminin yiik karakteristiklerinin degisimine yol
acmasi, degigken liretim karakteristigine sahip giines
ve riizgar gibi yenilenebilir enerji {retim
sistemlerinin elektrik sebekelerine niifuz etmesi,
elektrik enerjisinin iiretiminden dagitimina kadar
kullanilan kablonun uzunlugu, kesit alan1 ve
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malzemenin direnci ile sebekede kullanilan trafo
merkezleri, dagitim merkezleri, dagitim
transformatorleri, orta ve algak gerilim hatlarinin
kullanilmasi gibi nedenlerden dolayr farkliliklar
meydana gelebilmektedir (URL-1).

Elektrik enerjisinin karakteristiginde
degisimlerin ortaya ¢ikmasi nedeniyle giic kalitesi
kavrami 6nem kazanmaktadir. Giig¢ kalitesi denilince
akla ilk olarak gerilim kalitesi gelmesine ragmen, son
kullanict yiiklerinin veya elektrik sebekesine bagl
ekipmanlarin 6nemli bir performans ve omiir kaybi
yasamadan, istenilen sekilde ¢alismasini saglayan bir
dizi elektriksel parametreler ve limitler olarak da
tanmimlanmaktadir (URL-1). Elektrik giic Kkalitesi
elektrik enerjisinin devamliliginin saglanmasi, akim
ve gerilim dalgalarinin siniizoidal formda olmasi, giig
carpani diye bilinen cos @ degerinin 1’e yakin olmasi,
frekansin siir degerleri arasinda kalmasi, gerilim
dengesizliginin belirlenen siir degerini agsmamasi,
benzer sekilde akim ve gerilim harmonikleri igin
belirlenen siir degeri asmamasi Vv.b. ifadeleri
kapsamaktadir (Biiyiik ve ark., 2017a).

Gili¢ sisteminde belirtilen sartlarin  yerine
getirilememesi durumunda o sistemde giic kalitesi
sorunlar1 ortaya ¢ikar (Biiyiik ve ark., 2017b). Glig
kalitesi sorunlart elektrik enerjisi ile ¢aligan
techizatlarin veriminin diigmesine, hatali ¢aligmasina
veya arizalanmasina sebep olur (Karadeniz, 2022).
Bu durum ise techizatlarin kisa Omiirlii olmalar1
yaninda nitelik bakimindan diisiik nitelikli bir enerji
kullanim1 s6z konusu olarak maliyetleri yiikseltir
(Latran ve Teke, 2014).

Gii¢ kalitesi {izerine yapilan c¢aligmalarda
incelenen parametreler genellikle Gerilim Diismesi,
Gerilim Yikselmesi, Gerilim Dengesizligi, Frekans
Sapmasi, Harmonikler ve Harmonik Bozulmadir.

Gerilim diigmesi gerilim degerinin %10 ile %90
degerleri arasinda bir degere gelmesi olayidir (EI-
Avrini ve ark., 2006).

O’lpu < Vsebeke <09py (1)

Gerilimin yiikselmesi gerilimin tepe degerinin
%110 ile %180 degerleri arasinda bir degere
ylikselmesi olayidir (Edomah, 2009).

1alpu < Vgebeke < 1'8 Pu (2)
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Siniizoidal dalga formunda olan gerilim i¢in her
faz arasinda 120°lik faz farki olmasi gerekirken
cesitli  sebeplerden dolay1 sebekede olusan
bozulmalar sonucunda fazlar arasindaki a¢inin 120°
olmamasi durumunda gerilim dengesizligi diye
adlandirilan gii¢ kalitesi problemleri meydana
gelmektedir (Jouanne ve Banerjee, 2001). TS EN
50160 standardina gore gerilim dengesizlik degerinin
maksimum %2 smirinda olmasi gerekmektedir
(URL-2).

TS EN 50160 standardina gore giic kalitesi
parametrelerinden  biri  olan  gerilimin  anma
frekansinin = 49,5-50,5 Hz araliginda olmast
gerekmektedir (URL-2).

Her ne kadar ideal durumlarda gerilim dalga
seklinin tam siniizoidal olmasi gerekirken sistemde
nonlineer yiiklerin ¢ektikleri akimdan dolay1
sinlizoidal dalga formunda bozulmalar meydana
gelmektedir (Yurduseven, 2020). Farkli frekans
degerinde akimlar {ireten anahtarlamali giig
kaynaklar1 ile gerilim ¢Okmelerine neden olan
elektrik motorlar1 ve ark firinlar1 gibi nonlineer yiikler
gii¢ kalitesi problemlerinden onemli bir parametre
olan harmonikleri ortaya ¢ikarmaktadir (Biitiin,
2021).

Sekil 1’de harmonik igeren sistemin dalga formu
verilmistir.

¥ =f

0 0.005 0.01 0.015 0.02
Zaman (saniye)

Sekil 1. Harmonik igeren sistemin dalga formu (Acarkan,
2006)

Toplam harmonik bozulma, harmonik bilesen
iceren bir sistemde, temel frekans disindaki tiim
harmonik  bilesenlerin  genliklerinin  karelerinin
toplaminin, temel frekansin genliginin karesine
oraninin karekokili olarak ifade edilir ve ylizdesel
olarak hesaplanir. Gerilim i¢in toplam harmonik
bozulma (THBy) Denklem 3’te, akim igin toplam
harmonik bozulma (THB;) Denklem 4’te verilmistir
(Oztura, 2015).
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Z?l?: VT%

THBy = V—fz (3)
0 2

THB, = an=_22’n @)

1

G kalitesi problemleri tizerine yapilmis birgok
calisma vardir. Universite hizmet binalarmin gii¢
kalitesi yoniinden incelenmesi Yalova Universitesi
icin (Giiven ve Yoriikeren, 2019), Kahramanmarag
Siit¢ii Imam Universitesi i¢in (Sar1, 2017) ve Bolu
Abant Izzet Baysal Universitesi icin (Y1ldiz, 2019)
tarafindan yapilmistir. Bu makale, secilen 3 hizmet

binas1 {izerinden Munzur Universitesi hizmet
binalarinin gli¢ kalitesini belirlemeyi
amaclamaktadir.

MATERYAL VE METOT

Munzur Universitesi hizmet binalarinin giic
kalitesini belirlemek amaciyla secilen 3 hizmet
binasinin enerji dl¢limleri, 7 giin boyunca uluslararasi
standartlarda (URL-2) belirtildigi gibi 10’ar dakika
araliklarla Hioki 3196 Marka Gii¢ Kalitesi Analizorii
ile yapilmstir. Yapilan 6lgimler sonunda elde edilen
verilerin analizleri, ulusal ve uluslararasi gii¢ kalitesi
standartlart gbz Oniine alinarak yapilmistir.
Incelemesi yapilan 3 hizmet binasmin segiminde
Tablo 1'de wverilen kompanzasyon sistemi ve
kesintisiz glic kaynagi varhigi/yoklugu dikkate
alinmustir.

Tablo 1. Olgiimii yapilacak hizmet binalarinin segim

kriterleri
Hizmet Kompanzasyon | Kesintisiz Gii¢
Binalan Sistemi Kaynagi
Is1t Merkezi Yok Yok
Idari Bina Var Yok
Ar-Ge Lab. Var Var

Hioki 3196 Giig¢ Kalitesi Analizoriiniin klamp ve
problari, 6l¢lim yapilacak binalarin elektrik ana giris
panosuna Sekil 2’de gosterildigi gibi baglanarak
gerilim dengesizligi, frekans, akim ve gerilimin etkin
degerleri, akim ve gerilim igin harmonik bozulma
degerleri, aktif giic ve glg¢ faktorii (PF) verileri
almmustir.
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Sekil 2. Baglanti semasi (URL-3)

BULGULAR VE TARTISMA
Giic Kalitesi Olciimleri ve Sonuglar:

Ol¢iim noktalarindan alinan veriler grafik ve
tablo haline donistirilip, ilgili standartlara gore
belirlenen sinir degerlerine goére yorumlanmasi bu
kisimda gergeklestirilmistir. Olgiim sonuglar gerilim,
akim ve gii¢ olmak tizere 3 kategoride incelenmistir.
Gerilim Olglimleri; her bir faz igin gerilimin etkin
degerindeki degisimleri, frekanstaki degisimleri,
gerilim dengesizligi, gerilim i¢in toplam harmonik
bozulmanin degisimleri ve gerilim harmonik
derecelerini icermektedir. Akim Ol¢limleri; her bir faz
i¢in akimin etkin degerindeki degisimleri, akim igin
toplam harmonik bozulmanin degisimleri ve akim
harmonik derecelerini icermektedir. Gii¢ Ol¢iimleri
ise; her bir faz i¢in aktif glic ve gilic faktorii
degerindeki degisimleri igermektedir. Elde edilen
Olgtimlerdeki gerilim dengesizligi ve frekans
degerleri Tablo 2°de verilmis ve yorumlanmistir. Bu
iki parametre disindaki gerilimin etkin degeri, gerilim
icin toplam harmonik bozulma, akimin etkin degeri,
akim i¢in toplam harmonik bozulma, aktif giiciin
etkin degeri ve giic faktdrii Tablo 3’te verilmis ve
yorumlanmustir. Ayrica THBYy i¢in bireysel harmonik
derecelerinin yiizdelik degerlerinin ortalamalar
Sekil 3’te, akimin etkin degerindeki degisimler
Sekil 4’te, THB; i¢in bireysel harmonik derecelerinin
yiizdelik degerlerinin ortalamalar1 Sekil 5’te, aktif
giiciin etkin degerindeki degisimler Sekil 6’da ve gii¢
faktoriindeki degisimler Sekil 7’de verilmis ve
ayrintili olarak yorumlanmustir.
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Gerilim dengesizligindeki degisimler

Tablo 2’de calisma kapsaminda incelenen 3
hizmet binas1 igin gerilim dengesizligi degerlerinin
minimum (Min.), maksimum (Mak.) ve ortalama
(Ort.) degerleri verilmistir. Tablo 2'den de gortildigii
tizere elde edilen degerlerinin  tamaminin
TS EN 50160 standardinda belirtilen %2 smir
degerini asmadig1 gozlemlenmistir.

Frekans degerlerindeki degisimler

Tablo 2’de caligma kapsaminda incelenen 3
hizmet binasi i¢in frekans degerlerinin minimum,
maksimum ve ortalama degerleri verilmistir.
Tablo 2'den de gorildigii tlizere elde edilen
degerlerinin tamaminin TS EN 50160 standardinda
belirlenen 49,5-50,5 Hz. sinir degerleri araliginda
kaldig1 gézlemlenmistir.
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Gerilim etkin degerlerindeki degisimler

Tablo 3'te ¢alisma kapsaminda incelenen 3
hizmet binasinin R,S,T fazlarinin gerilim etkin
degerlerinin - minimum, maksimum ve ortalama
degerleri verilmistir. Tablo 3'ten de goriildiigii tizere
bu degerlerin tamaminin TS EN 50160 standardinda
gerilim icin belirtilen 207-253 volt smir degerleri
araliginda kaldig1 gézlemlenmistir.

THBy degerlerindeki degisimler

IEEE 519-2022 standardina goére THBy
degerinin % 8’i agmamasi gerekmektedir (URL-4).

Tablo 3'te g¢alisma kapsaminda incelenen 3
hizmet binasinin R,S,T fazlarinin THBy, degerlerinin
minimum, maksimum ve ortalama degerleri
verilmistir. Tablo 3'ten de goriildiigii izere THBy
degerlerinin  tamaminin smir deger olan %8’i
asmadig1 gézlemlenmistir.

Tablo 2. Hizmet binalari i¢in gerilim dengesizligi ve frekans parametrelerinin min, mak. ve ort. degerleri

Hizmet Deger Gerilim Frekans
Binalart Dengesizligi (Hz)
(%)
Ar-Ge Min. 0,33 49,886
Laboratuvar1 | Mak. 0,64 50,086
Ort. 0,48 49,994
Min. 0,38 49,9
[dari Birimler | Mak. 0,85 50,1
Ort. 0,59 50,001
Min. 0,46 49,927
Is1 Merkezi Mak. 0,79 50,079
Ort. 0,6 50,005
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Tablo 3. Her bir faz igin hizmet binalarmmn gii¢ kalitesi parametrelerinin min., mak. ve ort. degerleri

Hizmet Faz Deger | Gerilim THBy, Akim THB; P PF
Binalar1 | Sirasi (V) (%) (A) (%) (kW) (cos @)
R Min. 224,76 1,41 5,5 7,63 1,2 0,9507
Fazi F\ak. 236,55 2,4 29,68 | 28,73 6,7 0,9966
Ar-Ge Ort. 228,35 1,88 9,88 17,65 2,2 0,9765
Lab. S Min. 222,49 1,44 4,05 11,35 0,88 | 0,9501
Fazi  vak. 234,32 2,39 15,08 | 3447 3,39 | 09912
Ort. 227,75 1,88 6,14 24,21 1,35 | 0,9611
T Min. 224,32 1,4 3,43 10,58 0,74 | 0,9504
Fazi vak 236,39 2,5 22,29 42,61 498 | 09913
Ort. 229,42 1,87 7,31 26,16 1,62 | 0,9597
R Min. 223,27 1,21 8,25 3,88 1,83 | 0,9537
Fazt - M\ak. 233,16 2,68 97,39 21,41 | 22,11 | 0,9989
idari Ort. 228,53 1,84 25,36 12,77 574 | 0,9859
Birimler S Min. 220,96 1,24 8,01 4,33 1,77 | 0,9608
Fazt - M\ak. 229,63 2,6 8548 | 27,75 | 18,94 | 0,9980
Ort. 225,28 1,83 24,93 13,11 555 | 0,9878
T Min. 223,52 1,19 9,63 5,32 2,16 | 0,9642
Fazi - Mvak 233,02 2,62 61,67 18,14 | 13,88 | 0,9983
Ort. 2279 1,75 20,1 11,80 454 | 0,9878
R Min. 223,15 1,26 1,33 18,82 0,29 | 0,9307
Fazi  Mvak 232,6 2,29 82 56,76 | 17,92 | 0,9806
Is1 Ort. 228,03 1,89 53,16 27,6 11,55 | 0,9534
Merkezi S Min. 220,69 1,17 1,35 6,02 0,29 | 0,9137
Fazt  M\ak. 229,55 2,42 95,43 34,85 | 20,59 | 0,9768
Ort. 225,24 1,99 61,08 | 2563 | 12,92 | 0,9435
T Min. 222,97 1,14 1,1 16,30 0,24 | 0,9056
Fazt  M\ak. 232,1 2,3 92,9 58,32 | 20,06 | 0,9575
Ort. 2275 1,89 61,2 29,69 | 12,96 | 0,9309

Incelenen ii¢ hizmet binasi igin Sekil 3'te verilen
ve THBy,; olarak isaretlenen bdlge saat 00:00-08:00
araligina, THBy;, olarak isaretlenen bolge saat 08:00-
17:00 araligina, THBy3; olarak isaretlenen bolge ise
saat 17:00-24:00 araligina karsilik gelmektedir.

THBy icin bireysel harmonik derecelerinin
yiizdelik degerlerinin ortalamalari

IEEE 519-2022 standardinda, bireysel her
gerilim harmonik derecesinin %5’1 geg¢meyecek
sekilde olmas1 gerektigi belirtilmistir (URL-4).
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Sekil 3. @) Ar-Ge Laboratuvari hizmet binast i¢in gerilim harmonik derecelerinin ort. degeri
b) Idari Birimler hizmet binasi i¢in gerilim harmonik derecelerinin ort. degeri
¢) Is1t Merkezi hizmet binasi i¢in gerilim harmonik derecelerinin ort. degeri
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Sekil 3.a' ya gore her {i¢c bolge igin harmonik
derecelerinin ortalama degerleri incelendiginde 5. ve
7.  harmonik  derecelerinin  diger harmonik
derecelerine gore daha yiiksek oldugu, Sekil 3.b' ye
gore her ii¢ bolge ic¢in harmonik derecelerinin
ortalama degerleri incelendiginde 3., 5. ve 7.
harmonik derecelerinin diger harmonik derecelerine
gore daha yiiksek oldugu, Sekil 3.c'ye gore her iig
bolge i¢in harmonik derecelerinin ortalama degerleri
incelendiginde 5., 7., 11. ve 13. harmonik
derecelerinin diger harmonik derecelerine gore daha
yiiksek oldugu goriilmiistiir.

Uc hizmet binas1 igin &lgiilen tiim bireysel
harmonik  derecelerinin  yiizdelik  degerlerinin
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ortalamalarinin IEEE 519-2022 standardinin tist sinir1
olan %5’i gegmedigi ve standartlar iginde kaldigi
gOrilmustir.

Akimin etkin degerindeki degisimler

Akimm etkin degeri ile ilgili bir standart
olmayi1p, beslenilen yiikiin biiyiikliigiine bagl olarak
¢ekilen akimlarin ve toplam yiikiin her bir faza
olabildigince esit bir sekilde dagitilmasi saglanarak,
hem elektrik hattinin 1sinmasinin, hem de gerilim
diistimii ve gerilim dengesizliginin dniine gegilmesi
dolayl1 olarak saglanabilir.
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Sekil 4. a) Ar-Ge Laboratuvar hizmet binasi i¢in akimin etkin degeri degisimi
b) Idari Birimler hizmet binasi i¢in akimin etkin degeri degisimi
c) Ist Merkezi hizmet binasi i¢in akimin etkin degeri degisimi
Sekil 4.a ve Sekil 4.b incelendiginde mesai ortalama degerlerinin, Idari Birimler hizmet

saatlerine denk gelen zaman araliklarinda kullanici
sayisindaki artis ve buna bagli olarak kullanilan
cihazlarin sayisindaki artistan dolay1 akimin etkin
degerinin arttig1, mesai saatleri disinda ve hafta
sonuna denk gelen zaman araliklarinda kullanici
sayisindaki diisiis ve buna bagli olarak kullanilan
cihazlarin sayisindaki azalistan dolayr mesai
saatlerine denk gelen zaman araliklarina gore her ii¢
faz i¢in akimin etkin degerinin diistiigii, birbirine
yakin degerde oldugu ve akimin etkin degerinde giin
icinde fazla bir degisimin olmadig goriilmektedir.
Sekil 4.c incelendiginde Munzur Universitesi kampiis
alanindaki hizmet binalarinin 1sinmasi i¢in ¢aligtirilan
pompalarin ¢alistigi zaman diliminde c¢ekilen akimin
etkin degerinin maksimum seviyeye ulastig1, 1sitma
sisteminin kapatildigi ve pompalarin g¢aligmadigi
zaman araliklarinda ¢ukurluklarin olustugu, ¢ekilen
akimin etkin degerinin minimum seviyelere diistiigii
goriilmektedir. Sekil 4.a, Sekil 4.b ve Sekil 4 c.'de her
ne kadar fazlar arasinda akim dengesizliginin oldugu
bolgeler s6z konusu olsa da, bu dengesizlikler bir
tasarim hatasindan ileri gelmeyip, her bir faza bagl
cihazlarin sayist ve tikettikleri akimdan ileri
gelmektedir.

THB; degerlerindeki degisimler

IEEE 519-2022 standardina goére THB; degerinin
%20’yi agmamasi gerekmektedir (URL-4).

Tablo 3'te ¢alisma kapsaminda incelenen tig¢
hizmet binasinin R,S,T fazlarinin THB; degerlerinin
minimum, maksimum ve ortalama degerleri
verilmistir. Tablo 3'ten de goriildiigii tizere THB;'nin

binasinda tiim fazlar i¢in sinir degeri olan %20'yi
agmadigl, Ar-Ge Laboratuvari hizmet binasinda
sadece R fazi i¢in sinir degerini agmadigi, Is1 Merkezi
hizmet binasinda ise tiim fazlar igin sinir degerini
astig1 gézlemlenmistir.

THB; icin bireysel harmonik derecelerinin
yiizdelik degerlerinin ortalamalari

Belirlenen ti¢ hizmet binasi i¢in Sekil 5'te verilen
ve THB;; olarak igaretlenen bolge saat 00:00-08:00
araligina, THB;, olarak isaretlenen bolge saat 08:00-
17:00 araligina, THB;; olarak isaretlenen bolge ise
saat 17:00-24:00 araligina karsilik gelmektedir.
Incelenen 3 hizmet binasi i¢in elde edilen bireysel
akim harmonigi derecelerinin yiizdelik degerleri,
IEEE 519-2022 standardinda belirlenen akimin
bireysel harmonik dereceleri i¢in sinir degerleri olan
2 <h < 11 aralig1 i¢in maksimum %15, 11 <h <17
araligl i¢in maksimum %7 yiizdelik degerleri ile
kargilagtirilmigtir.
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Sekil 5. a) Ar-Ge Laboratuvari hizmet binast i¢in akim harmonik derecelerinin ort. degeri
b) Idari Birimler hizmet binasi i¢in akim harmonik derecelerinin ort. degeri
c) Ist Merkezi hizmet binast i¢in akim harmonik derecelerinin ort. degeri
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Sekil 5.a'ya gore Ar-Ge Laboratuvari hizmet
binasinda akim i¢in toplam harmonik bozulmanin
degerinin  biliylik ¢ogunlugunun 5. harmonik
derecesinden kaynaklandigi, her faz i¢in 5., 7. ve 9.
harmonik derecelerinin diger harmonik derecelerine
gore daha yiiksek oldugu, oOzellikle 5. harmonik
derecesinin toplam harmonik bozulma degerinin
IEEE 519-2022 standardinda belirlenen sinir degerini
astigt ve her faz icin diger bireysel harmonik
derecelerindeki toplam harmonik bozulmanin IEEE
519-2022 standardina uygun oldugu, Sekil 5.b'ye
gore Idari Birimler hizmet binasinda akim igin toplam
harmonik bozulmanin degerinin biiyiik
¢ogunlugunun 3. harmonik derecesinden
kaynaklandigi, her faz i¢in 3. harmonik derecesinin
diger harmonik derecelerine gore daha yiiksek oldugu
ve her faz i¢in tiim bireysel harmonik derecelerindeki
toplam harmonik bozulmanin IEEE 519-2022
standardina uygun oldugu, Sekil 5.c'ye gore Is1
Merkezi hizmet binasinda akim i¢in toplam harmonik
bozulmanin biiyiik ¢ogunlugunun 5. ve 7. harmonik
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derecesinden kaynaklandigi, 5., 7., 11. ve 13.
harmonik derecelerinin diger harmonik derecelerine
gore daha yiiksek degerde oldugu, sinir degerini astigi
ve her faz icin diger tiim bireysel harmonik
derecelerindeki  bozulmanin IEEE  519-2022
standardina uygun oldugu gorilmiistiir.

Aktif giiciin etkin degerindeki degisimler

Aktif giic, kullanilan teghizatlarin ¢ektigi toplam
akimin, gerilimin etkin degeri ve gili¢ carpamiyla
orantili oldugundan, Universite hizmet binalarinin
elektrik projeleri hazirlanirken yukarida belirtilen ii¢
faktore gore talep giicii hesabi yapilmistir. Munzur
Universitesi 1. Etap Hizmet Binalarinin Elektrik
Uygulama Projeleri’'nde calisma  kapsaminda
incelenen 3 hizmet binasi i¢in talep giigleri sirasiyla
Ar-Ge Laboratuvari icin 661.97 kW, Idari Birimler
Hizmet binasi i¢in 299.89 kW ve Is1 Merkezi igin
335.97 kW olarak hesaplanmistir. Calisma
kapsaminda elde edilen Aktif Gii¢ verilerinin analizi
ilgili talep giicleri gbz oniine alinarak yapilmistir.
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Sekil 6. @) Ar-Ge Laboratuvari hizmet binasi i¢in aktif giiciin etkin degerinin degisimi
b) Idari Birimler hizmet binasi i¢in aktif giiciin etkin degerinin degisimi
¢) Is1t Merkezi hizmet binasi i¢in aktif giiciin etkin degerinin degisimi

Sekil 6.a ve Sekil 6.b incelendiginde mesai
saatlerine denk gelen zaman araliklarinda aktif giiciin
etkin degerinin arttig1, mesai saatleri diginda ve hafta
sonuna denk gelen zaman araliklarinda her {i¢ faz
icinde aktif giicin etkin degerinin birbirine yakin
degerde oldugu ve giin iginde fazla bir degisimin
olmadig1 gorilmektedir. Sekil 6.c incelendiginde
Munzur Universitesi kampiis alanindaki hizmet
binalarmin 1sinmast igin ¢aligtirllan pompalarin
calistig1 zaman diliminde g¢ekilen aktif giiciin etkin
degerinin maksimum seviyeye ulastigi, 1sitma
sisteminin kapatildigi ve pompalarin g¢alismadigi
zaman araliklarinda ¢ukurluklarin olustugu, ¢ekilen
aktif giiciin etkin degerinin minimum seviyelere
diistiigi goriilmektedir. Sekil 6.a, Sekil 6.b ve Sekil 6

c.'de her ne kadar fazlar arasinda gii¢ dengesizliginin
oldugu bolgeler s6z konusu olsa da, bu dengesizlikler
bir tasarim hatasindan ileri gelmeyip, her bir faza
bagli cihazlarin sayis1 ve tiikettikleri giicten ileri
gelmektedir.

Gii¢ faktorii degerindeki degisimler

Reaktif Giic Sinir Degerleri baghiginda EPDK
tarafindan verilen karara gore reaktif gii¢ faktoriiniin
minimum degeri yaklasik 0,9889, kapasitif gii¢
faktortiniin minimum degeri yaklagik 0,9806 olarak
hesaplanmigtir. Caligma kapsaminda incelenen 3
hizmet Dbinasinin  ve merkezi kompanzasyon
sisteminin gii¢ faktorii degerleri yukarida belirtilen
degerlere gére yorumlanmustur.
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Sekil 7. a) Ar-Ge Laboratuvart hizmet binasi igin gii¢ faktorii degerinin degisimi
b) idari Birimler hizmet binasi igin giic faktorii degerinin degisimi
c¢) Is1 Merkezi hizmet binast i¢in gii¢ faktorii degerinin degisimi
d) Merkezi Kompanzasyon sistemi i¢in gii¢ faktorii degerinin degisimi
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Sekil 7.a ve Sekil 7.b incelendiginde mesali
saatlerinde elektrik tliketiminin artmasina paralel
olarak gii¢ faktdriiniin de artig gosterdigi, ideal durum

olan 1 degerine yaklastift ve kompanzasyon
sisteminin  etkin  olarak  devrede  oldugu
gorilmektedir. Mesai saatleri disinda elektrik

tilketiminin ¢ok disiik seviyelere inmesi nedeniyle
glic faktorii degerinin azaldigl, ideal durum olan 1
degerinden uzaklastigi ve kompanzasyon sisteminin
islevini tam olarak yerine getirmedigi gortilmektedir.
Sekil  7.c  incelendiginde  Ist  merkezinde
kompanzasyon sistemi olmadigindan gii¢ kalitesi
analizoriinden okunan gii¢ faktorii degeri, kullanilan
techizatlarin tiikettigi aktif ve reaktif gilic degerlerine
bagli  olarak  degismektedir. =~ Kompanzasyon
sisteminin bulunmadigi Is1 Merkezi hizmet binasi giig
faktorii degerlerinin tamaminin EPDK tarafindan
belirlenen minimum sinir degerlerinin altinda oldugu
gorilmiistiir. Sekil 7.d incelendiginde Merkezi
Kompanzasyon sisteminin gii¢ faktorii degerlerinin
EPDK tarafindan belirlenen minimum  sinir
degerlerin iizerinde ve ideal deger olan 1'e ¢cok yakin
oldugu goriilmistir. Bu durum ise Merkezi
Kompanzasyon sisteminin gérevini yerine getirdigini
gostermektedir.

SONUC

Gerilim kalitesi parametrelerinin incelendigi
Munzur Universitesimin 3 hizmet binas1 igin,
gerilimin etkin degeri, frekans ve gerilim dengesizligi
degerlerinin EN 50160 Avrupa giic kalitesi
standartlarinda belirtilen simir degerleri arasinda
oldugu gorilmistiir. Calisma kapsaminda gerilim
kalitesi i¢in elde edilen degerler, Y1ldiz (2019) ve Sari
(2017)nin  ¢alismalarindaki  gerilim  kalitesi
parametreleri i¢in elde ettikleri sonuglarla benzerlik
gostermektedir.

Gilic  kalitesi parametrelerinin  incelendigi
merkezi kompanzasyon sistemi i¢in, glic faktorii
degeri EPDK tarafindan belirlenen minimum sinir
degerinin iistiinde ve ideal deger olan 1'e ¢ok yakin
oldugu gériilmiistiir. Munzur Universitesi kampiis
alanimnin  yiik dagilimi incelendiginde, trafolar
arasinda enerji dagitimimin 3,4 km XLPE kablo ile
yapilmast nedeniyle kapasitif yiikiin fazla oldugu
goriilmektedir. Hizmet binalarinin ilk kompanzasyon
projesi yapildiginda XLPE kablo kullanimindan ileri
gelen kapasitif yiik dikkate alinmamis ve hizmet
binalarinda sadece kapasitif yik kompanzasyonu
yaptlmistir. Benzer kapasitif yiilk sorunlariin ele
alindig1 Yildiz (2019) galismasinda Bolu Abant izzet
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Baysal Universitesi Merkez Kampiisiinde yaklasik 5
km’lik XLPE kablo hattinin bulunmasindan dolay1
kapasitif yiikiin fazla olmasma ragmen endiiktif
kompanzasyon sistemi yapilmasi gerekirken sadece
kapasitif kompanzasyon sisteminin kuruldugunu
belirtmigtir.

Calisma  kapsaminda incelenen = Munzur
Universitesi’nin 3 hizmet binasimn tiikettigi toplam
aktif giice bakildiginda, hizmet binalarinin tiikettigi
aktif giiciin talep giicline gore ¢ok diisiik oldugu
sonucuna ulasilmig ve benzer durumun Yildiz (2019)

ve Sar1 (2017)’'min c¢alismalarinda da oldugu
goriilmiistir.  Bunun  nedeni; proje  hazirhik
asamasinda  hizmet binalarimin  talep  giicii

hesaplanirken es zamanlhilik faktdriiniin yiiksek
secilmesidir. Bu durum ilk yatinrm maliyetinin
yiiksek olmasina sebep olmaktadir. Proje asamasinda
talep gilicliniin dogru hesaplanmasi ve ihtiyaca
yonelik sistem tasarimi yapilmasinin, ekonomik ve
teknik verimlilik bakimindan daha faydali olacag:
diistintilmektedir.

Incelenen her 3 hizmet binasi i¢in IEEE 519-
2022 standardina gére THBy; degerlerinin tamaminin
%8 smir degerini asmadig1 gorilmiistir.

IEEE 519-2022 standardina goére THB;
degerlerinin  %20'yi asmamas:1  gerekmektedir.
Calisma kapsaminda incelenen 3 hizmet binasindan,
Idari Birimler hizmet binasinda tiim fazlar igin %20
sinir degerinin asilmadigi fakat Ar-Ge Laboratuvari
hizmet binasinda S ve T fazlar1 igin siir degerinin
asildigi, Is1t Merkezi hizmet binasinda ise tiim fazlar
icin sinir degerinin asildigi gdzlemlenmistir.

Munzur Universitesi kampiisiiniin gii¢ hesaplari
yapilitken es degerlilik katsayilarinin  yiiksek
secilmesinden dolay1 binalarin trafo giigleri ¢ok
yiiksek degerde olmakta ve bunun bir sonucu olarak
yiiksiiz durumda trafo kayiplarinda artis meydana
gelmektedir.  Giiven ve  Yorikeren (2019)
calismalarinda belirttigi gibi trafolarin bosta ¢alisma
akimi, demir kayiplarina ait akim ile harmonik
bilesenler igeren miknatislanma akiminin
toplamindan ileri gelmekte olup, bosta caligsan trafo
yiiksiiz olmasina ragmen miknatislanma akimi
nedeniyle  harmonik  bilesen igeren  akim
iretmektedir. Incelenen hizmet binalarinda, mesai
saatleri i¢inde techizat kullaniminin artmasina bagl
olarak yiikiin artis1 ile daha az harmonik bilesenin
ortaya ¢ikacagi, giinlin erken saatlerinde sistemdeki
yiikiin az olmasi, gerilimin yiiksek olusu ve agiri
uyarmanin meydana gelmesiyle birlikte daha ¢ok
harmonik bilesenin ortaya ¢ikacagi beklenmektedir.
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Hizmet binalarnin  akim harmonik dereceleri
incelendiginde Idari Birimler hizmet binasi igin 3.
harmonik derecesinin, Ar-Ge Laboratuvari ve Isi
Merkezi Hizmet Binasi igin ise 5. ve 7. harmonik
derecelerinin  yiiksek  oldugu  gOrllmiistir.
Uluslararasi standartlarda belirtilen sinir degerleri
gbz oniinde bulunduruldugunda THB; degerlerinin
sinir degerlerini astigi durumlar goriilmiis ve bu
yiiksek harmonik bozulmanin zamanla kondansator
patlamasina, elektronik kartlarin ve bilgisayar gibi
cihazlarin  arizalanmasmma  sebep  olabilecegi
diistiniilmektedir.

Munzur Universite kampiisiinde yer alan hizmet
binalar1 arasinda se¢ilen 3 hizmet binasinin giig
kalitesi ~ yOniinden  birbiriyle karsilagtirilmasi
yapildiginda THB; degerleri diginda kalan gii¢ kalitesi
parametrelerinden gerilimin etkin degeri, gerilim
dengesizligi, frekans, THBy degeri ve gerilim igin
bireysel harmonik dereceleri ilgili standartlarda
belirlenen sinir degerleri araliginda oldugu goriilmiis
ve 3 hizmet binasimin da sonuglarimin birbiriyle
benzerlik gosterdigi goriilmiistiir. THB; degeri ve
bireysel harmonik dereceleri  incelendiginde,
kompanzasyon sisteminin oldugu, dogrusal olmayan
ylik olarak bilinen ve harmonik iireten kesintisiz gii¢
kaynaginin olmadig1 Idari Birimler hizmet binasimin
gii¢ kalitesi standartlarina uygun olmakla birlikte gii¢
kalitesi yoniinden en verimli hizmet binasi oldugu
sOylenebilir. Kesintisiz giic kaynagina sahip Ar-Ge
Laboratuvar1 hizmet binasinda THB; degerinin sinir
degerini astigit  gorilmiistiir.  Kesintisiz ~ gii¢
kaynagmin elektrik kesintilerinde veri kaybinin
Oniline gegmesi, ani gerilim yiikselmelerini regiile
etmesi gibi avantajlarindan dolay1 hizmet binalarinda
kullanilmasina ihtiya¢ duyuldugundan harmonik
probleminin meydana geldigi kaynagin ¢ikisina pasif
filtre  baglantisinin ~ yapilmast  harmoniklerin
giderilmesi igin gerekli olmaktadir. Hem kesintisiz
glic kaynagi hem de kompanzasyon sistemi
bulunmayan Is1 Merkezi hizmet binas1 incelendiginde
1sinma i¢in kullanilan techizatlardan kaynakli THB;
degerlerinin simir degerinin ¢ok istiinde oldugu ve
kompanzasyon sisteminin bulunmamasindan dolay1
da gii¢ kalitesi yoniinden verimliliginin diisiik oldugu
sOylenebilir. Isinma ig¢in kullanilan teghizatlarin
cikisina bireysel pasif filtre baglantisinin yapilmasi
oOnerilir.
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Abstract

This paper describes a methodology for studying the energy spectrum and characteristics of Silicon Carbide (SiC)
semiconductor materials, utilizing various harmonics for two-photon absorption (TPA). The approach involves
developing theoretical models to simulate the energy levels and transitions of SiC, based on the TPA process. By
analyzing the resulting spectra obtained by varying the harmonic order, the energy spectrum, and properties of SiC are
explored. In this work also includes a comparison of the energy spectrum and properties of SiC for single and two-
photon absorption, providing insights into the distinctive features of SiC under these conditions. In particularly
absorption co-efficient of the material was calculated from optical transmittance and reflectance measurements at room
temperature (300 K) in the wavelength range of 200 -900 nm. In addition, Gaussian functions centered at different
energies were modeled using TPA in SiC materials and their contribution to the Harmonic Generation (HG) signal was
calculated.

Keywords: Nonlinear optic, two photon absorption (TPA), single photon absorption (SPA), harmonic order, harmonic
generation (HG), SiC

SiC’ iin Enerji Spektrumu ve Ozellikleri: Farkh Harmonikler icin
Iki Foton Emilimi Kullanma

Oz

Bu makale, Silikon Karbiir (SiC) yariiletken malzemelerin enerji spektrumunu ve karakteristiklerini incelemek igin
iki-foton emilimi (TPA) ve gesitli harmonikler kullanarak bir metodolojiyi agiklar. Bu yaklagim, TPA siirecine dayali
olarak SiC' iin enerji seviyelerini ve gegislerini simiile etmek i¢in teorik modellerin gelistirilmesini icermektedir. SiC'
in enerji spektrumu ve 6zellikleri, harmonik derece degistirilerek, arastirildi. Ayrica bu ¢alismada, tek ve iki-foton
emilimi i¢in SiC' iin enerji spektrumu ve Ozelliklerinin karsilagtirmast yapilarak, SiC' iin bu kosullar altinda farkli
ozellikleri hakkinda bilgi verildi. Ozellikle malzemenin absorpsiyon katsayisi, oda sicakliginda (300 K) 200-900 nm
dalga boyu araliginda optik gecirgenlik ve yansima Ol¢iimlerinden hesaplandi. Ayrica, SiC malzemelerinde TPA
kullanilarak farkli enerjilerde merkezlenmis Gauss fonksiyonlar1 modellenerek, bunlarin Harmonik Uretim (HG)
sinyaline katkilar1 hesaplandi.

Anahtar Kelimeler: Dogrusal olmayan optik, iki foton emilimi, tek foton emilimi, harmonik derece, harmonik iiretim,
SiC

INTRODUCTION

Nonlinear optical phenomena have received
significant attention in recent years due to their
potential applications in a wide range of fields,
including microscopy, imaging, sensing, and data
storage (Ganeev, 2013; Lin et al., 2007). Two-
photon absorption (TPA) is one of the most studied
nonlinear  optical processes, which involves

simultaneous absorption of two photons of lower
energy to excite an electron to a higher energy level.
Silicon carbide (SiC) has been shown to exhibit
significant TPA in the visible and near-infrared
spectral range, making it an attractive material for a
variety of TPA-based applications in material
science, bio-photonics, and quantum information
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processing (Shenai et al., 1989; lvanov et al., 1992;
Casady et al., 1996; Nordquist et al., 1996;
Hornberger et al., 2004; Wright et al., 2007,
Litchinitser et al., 2008; Victor, 2013; Gong-Ru et
al., 2015; Wellmann, 2018; Castelletto, 2021).

In addition, SiC-based semiconductor TPA
materials could also be used in the field of optical
data storage, where high-resolution and high-speed
data writing and reading are essential. The high TPA
coefficients of SiC could enable the development of
high-density and high-speed data storage devices
with reduced crosstalk and thermal effects. Despite
the potential of SiC-based TPA materials, there are
still challenges that need to be addressed. These
challenges include improving the material quality
and developing advanced processing techniques for
large-scale production of high-quality SiC-based
TPA devices. Furthermore, a deeper understanding
of the TPA mechanism in SiC is needed to optimize
the material properties and excitation conditions for
specific applications (Mitchel et al., 2004; Ganeev et
al., 2010; Hettler et al., 2012; Mbaye et al., 2013;
Zhang, 2015; Syu et al., 2018; Burk et al., 2021;
Harmon et al., 2022).

Recent studies have focused on exploring the
TPA spectra of SiC for different harmonics, which
can provide important insights into the material's
nonlinear optical properties and enable the
development of more efficient TPA-based devices.
Harmonic generation is a nonlinear optical process
that involves the conversion of the incident photon
energy into higher harmonics, resulting in the
emission of photons at integer multiples of the
incident frequency. Furthermore, experimental
studies, theoretical calculations have also been
performed to understand the TPA spectra and
harmonic generation in SiC. These calculations can
provide insights into the underlying physics of the
nonlinear optical processes and guide the design of
efficient TPA-based devices (Kempf et al., 1999;
Cui et al., 2001; Kim et al., 2011; Nalda et al., 2011;
Shcherbakov et al., 2014; Ismail et al., 2017; Yi et
al., 2017).
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In summary, the study of TPA-induced
harmonic generation in SiC has attracted significant
interest in recent years, owing to its potential
applications in a variety of fields. In this article, we
will establish a theoretical approach to recent
developments in the study of TPA-induced harmonic
generation in SiC, focusing on experimental
observations and theoretical calculations of
harmonic spectra for different harmonics. We will
also discuss the opportunities for future research in
this exciting field, including the optimization of the
material properties and excitation conditions for
specific applications and the exploration of new
applications for SiC-based harmonic generation
materials.

SiC Properties: Single Photon and Two Photon
Absorption
Silicon carbide (SiC) is a material that exhibits

an exceptionally wide optical energy gap ranging
from 2.0 eV to 7.0 eV (Bhatnagar et al., 1993). This
characteristic makes it an ideal candidate for the
development of UV detectors, which are essential
for a variety of applications (Wherrett, 1984;
Bhatnagar et al., 1993; Weitzel et al., 1996;
Skromme et al., 2000; Brodyn et al., 2012; Lu et al.,
2014; Wang et al., 2014; De Leonardis et al., 2017;
Perevislov et al., 2020).

In our study, graphs will be produced by means
of mathematical calculations for the theoretical
determination of the energy spectrum and properties
of SiC materials by using various harmonics for
two-photon absorption. The code will be designed to
be flexible and easily modifiable, allowing the SiC
to probe its properties with different laser parameters
and harmonics. In order to validate our method, we
compare our theoretical results with experimental
data and find good agreement. Our method provides
a powerful tool for predicting the energy spectrum
and properties of SiC wunder various laser
parameters, and it could have significant
implications for the design and optimization of SiC-
based optoelectronic devices.
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Firstly, we calculate the temperature dependence
of the electrical conductivity of a semiconductor
material with a theoretical modeling by writing code
in the Mathematica program. The data are calculated
using the theory of electron transport in a
semiconductor under the assumption of a constant
scattering time.

The conductivity is also strongly dependent on
temperature, with a characteristic curve shape that
reflects the behavior of the density of states and the
thermal excitation of carriers. At low temperatures,
the conductivity is dominated by impurity scattering,
which leads to a decrease in conductivity with
decreasing temperature. At higher temperatures, the
thermal excitation of carriers dominates, leading to
an increase in conductivity with increasing
temperature (Streetman et al., 2000; Rusheng et al.,
2013).

Theoretically used "Drude-Sommerfeld
conductivity equation™ describe the electrical
behavior of semiconductors. It was first derived by
Paul Drude in 1900 and later modified in 1928 by
Arnold Sommerfeld to account for the effects of
guantum mechanics (Garcia et al., 2006). The
electrical conductivity of SiC material was
calculated as a function of temperature and Fermi
energy using this semi-classical model, and the
results are shown in the following graph.
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Figure 1. It shows three curves characterizing the Fermi
level of the SiC for single photon absorption (SPA)
material and the nearby energy band edges. It is the

change in conductivity of charge carriers at Fermi energy

levels (Ef) with temperature.

This graph is plotted on a log-log scale to
emphasize the exponential dependence of
conductivity on temperature. The legend shows the
corresponding values of the Fermi energy for each
curve, and the curves indicate the different values of
Fermi energy. The data is calculated for a
semiconductor material with a specific set of
parameters, including the effective mass of the
charge carriers and the density of states at the band
edges. As the temperature increases, the
conductivity increases initially and then reaches a
plateau at higher temperatures. This behavior is a
characteristic of semiconductors, where thermal
excitation of charge carriers increases the
conductivity up to a certain point, beyond which the
number of available charge carriers becomes
saturated, and the conductivity becomes constant.
The Fermi energy level determines the threshold
temperature beyond which the conductivity
saturates. At higher Fermi energy levels, the
saturation temperature is higher, indicating that the
material can operate at higher temperatures while
maintaining its conductivity.

In SiC material, the conductivity density is
directly related to the number of free charge carriers
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available for conduction. In TPA, two photons with
the same frequency combine to excite an electron
from the valence band to the conduction band,
creating a free charge carrier. The probability of this
process increases with the intensity of the incident
light, which is proportional to the square of the
electric field amplitude. Fig. 2 clearly shows that
neglecting the TPA term in the interaction between
femtosecond pulsed laser and SiC would result in an
order of magnitude underestimation of the
conduction band electron density. This emphasizes
the significant contribution of TPA and harmonics to
the overall interaction process and highlights the
necessity of considering this effect in the analysis of
laser-material interactions (Alan et al., 2007; Lee, et
al., 2010; Ghimire et al., 2011; Attaccalite et al.,
2015; Johnson et al., 2018; You-Zhao Lan, 2018).
The incident laser power is 100 mW and the sample
thickness is 50 pum. The two-photon absorption
cross-section, initial electron density, absorption
coefficient, and carrier lifetime are 3x10%° cm?/s,
10 cm®, 4 x 10 cm™?, and 1 ns, respectively.
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Figure 2. The evolution of conduction band electron
density after irradiation as a function of the laser
influence beam with a wavelength of 800 nm, taking into

account two-photon absorption (TPA) in the second and
third harmonics.

In TPA process where two photons are
simultaneously absorbed by a molecule or material
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to excite it to a higher energy state. This process can
generate higher-order harmonic frequencies of the
incident light, which can be used to probe the
electronic structure of the material. In the case of
SiC, using different harmonic frequencies for TPA
can provide information on the binding energy of
electrons in the material. This is because the TPA
cross-section depends on the density of states of the
material, which is related to the binding energy of
the electrons in the material. By measuring the TPA
cross-section at different harmonic frequencies, we
can obtain information about the energy levels and
the bandgap of SiC (Hamadi et al., 2005)

Furthermore, the TPA process is also sensitive
to defects and impurities in the material, which can
lead to changes in the electronic structure and affect
the TPA cross-section. Therefore, TPA spectroscopy
can also be used to study the defects and impurities
in SiC and other materials.

Norm. Intensity
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Figure 3. Single photon absorption (SPA) binding energy
spectrum of SiC.

Fig.3 contains three distinct peaks shown by the
black line. These peaks represent the binding
energies of different elements in SiC. The first peak
belongs to carbon at around 285 eV. The second
peak belongs to silicon at around 110 eV. The third
peak belongs to oxygen at around 535 eV. This
graph can be used to determine the binding energies
of different elements in SiC. Additionally, such
spectra are important in many techniques used to
determine the chemical and structural properties of
materials.
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The TPA SiC material peaks are modeled as
Gaussian functions centered at different energies,
and their contribution to the Harmonic Generation
(HG) signal is calculated by summing the intensities
of the individual peaks. The peak positions are
determined by finding the maximum values of the
individual peaks in the spectrum. The plot shows the
squared normalized intensity of the HG signal as a
function of photon energy. The squared intensity is
proportional to the HG signal strength, and the peak
positions in the plot correspond to the energies of the
individual SiC peaks. The black line indicates the
overall HG signal strength from the SiC peaks.

In Fig. 4.a samples are excited with a
fundamental frequency of 3 eV and the other signal
is produced at a frequency of 6 eV.
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Figure 4. TPA SiC material's normalized intensity plot of
different harmonic signals in 800 nm.
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Written with these theoretical codes is used to
model X-ray photoelectron spectroscopy (XPS) data
of SiC material. This semiconductor materials that
can withstand high temperatures and high powers.
XPS is a technigue used to determine the chemical
bond structures and compositions of elements on the
surface of a material. The code simulates the XPS
spectrum of the SiC material and attempts to identify
the peak positions of the 1st, 2nd and 3rd harmonics
to find the corresponding frequency and energy
levels. It also includes the normalization of the
generated spectrum and includes the 4th and 5th
harmonic peaks. The graph shows the intensity of
the SiC two photon absorption spectrum normalized
to energy in the 0-3eV range (Figure 4b) and
includes black line indicating the locations of the
identified that 1st harmonic (4.4 eV), 2nd harmonic
(3.0 eV), 3rd harmonic (2.4 eV), 4th harmonic (2.0
eV), and 5th harmonic. (1.6 eV) peaks.

In SiC, the absorption coefficient increases
when it absorbs two photons compared to one-
photon absorption. This means that more light is
absorbed by the material, resulting in a higher
degree of light attenuation. On the other hand, the
transmittance of SiC decreases when it absorbs two
photons, indicating that less light is able to pass
through the material. This reduction in transmittance
is due to the increased absorption of light as a result
of the TPA process. The changes in transmittance
and absorption coefficient that occur when SiC
absorbs two photons have important implications for
various optical applications. For example, the strong
TPA in SiC can be used to develop optical limiters
and switches that operate at lower power levels and
with faster response times. Additionally, SiC's TPA
properties can be exploited in photovoltaic devices
to improve their efficiency.
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Figure 5. Transmittance versus wavelength graph of SPA
and TPA.

Fig. 5 shows the transmission spectrum of SiC
material in the wavelength range of 300-750 nm,
which can be analyzed into three distinct regions,
comparing them for SPA and TPA. In the ultraviolet
(UV) range, the transmittance for single-photon
absorption increases rapidly for SiC, with maximum
absorption occurring within the 300-400 nm range.
The visible range (400-700 nm) exhibits a slower
increase in transmittance, and the cut-off wavelength
remains within this range. In this region, SiC
absorption is primarily determined by its thickness,
as defined by the Beer-Lambert law (Beer, 1852;
Lambert, 1892). Beyond 700 nm, the SiC thin film
exhibits minimal absorption and is nearly
transparent to infrared (IR) wavelengths, making it a
desirable material for optical applications. In
contrast, in TPA, SiC typically has a higher
transmittance in the UV range compared to single-
photon absorption. This is because TPA is a non-
linear process that requires simultaneous absorption
of two photons, each with half the energy required
for single-photon absorption. As a result, the two-
photon absorption threshold is lower than that of
single-photon absorption, allowing SiC to transmit
more light in the UV range.

The probability of absorption coefficient with
incident photon wavelength in SiC depends on the
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type of absorption process involved (De Leonardis et
al., 2017). For SPA (Lohrmann et al., 2017; Linlin et
al.,, 2019) and TPA, the absorption coefficient
decreases with increasing wavelength due to the
decreasing energy of the incident photons until a
certain cutoff wavelength is reached, beyond which
TPA becomes negligible. This cutoff wavelength is
determined by the energy of two photons being
equal to or greater than the bandgap energy of the
material. This is because the energy of two photons
needs to be greater than or equal to the bandgap
energy of the material for TPA to occur, and longer
wavelength photons have less energy. The cutoff
wavelength for TPA in a given material is
determined by its bandgap energy.

T

DP (cm/GW)

400 500 600 700
Wavelength (nm)

Figure 6. Probability of absorption coefficient with
incident photon wavelength of SiC. The cut-off
wavelength region (dash line) in SPA and TPA.

Fig. 6. represents the relation of probability
absorption coefficient with photon wavelength in
SPA and TPA. The single atom absorption
coefficient drops rapidly within the range (300-600)
nm assigning the minimum at about 450 nm (Lin et
al., 2019) which represents the cut-off wavelength
(Acutoff) measured theoretical. On the other hand,
with TPA’s cut off wavelength is around 550 nm.

Therefore, examining the behavior of the
absorption coefficient using different harmonics will
allow us to gain more optical properties information
about this material (Ganeev et al., 2015). Generally,
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the graph starts (Fig. 7) with a high absorption
coefficient at shorter wavelengths and decreases at
longer wavelengths. The absorption coefficient for
two-photon absorption in SiC reaches its highest
values in the 400-500 nm range and reaches
minimum levels around 800 nm. This is important
for some applications where SiC is used for two-
photon absorption, particularly in laser processing
and imaging. The optimum wavelength for these
applications is close to the peak value in SiC's
absorption spectrum.

15
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Figure 7. Absorption coefficient with incident photon
wavelength of SiC for different harmonics.

Second harmonic generation (SHG) (Zhang et
al., 2020) is a method used to produce a second
beam of light with twice the frequency of the
primary laser beam. The SHG efficiency reaches its
highest values in the 400-450 nm range and reaches
minimum levels around 800 nm. Therefore, for the
best SHG efficiency, the primary laser wavelength
should be in the 400-450 nm range (Yamada et al.,
2014). Similarly, for third harmonic generation
(THG) efficiency of SiC also varies with
wavelength. The THG efficiency reaches its highest
values in the 150-250 nm range and reaches
minimum levels around 700 nm (Fig. 7).
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CONCLUSION
In this paper, we have presented a method to

model the TPA-induced energy spectrum and
properties of SiC using different harmonics. Our
method provides insights into the underlying physics
of TPA in SiC and can guide the design of TPA-
based devices. The results of our study can also
contribute to the development of new applications
for SiC-based materials in nonlinear optics. Future
work can focus on further improving the accuracy
and efficiency of the modeling method and
exploring new applications for SiC-based materials
in TPA-based devices.

At room temperature (300 K), the absorption
coefficient, probability absorption of SiC material
was investigated utilizing two-photon absorption
through analysis of optical transmittance and
reflection properties within the wavelength range of
200-900 nm. The obtained results exhibited good
agreement with the experimental findings reported
in the literature. Additionally, a comparative
analysis of the same data was performed for single
photon absorption.

In an effort to address the existing gap in the
literature, this study aimed to provide
comprehensive information regarding the Two-
Photon Absorption (TPA) cross-section, energy
levels of SiC, and the band gap characteristics under
harmonic frequencies at 800 nm. Consequently, the
energy intensities of distinct harmonic signals within
the energy spectrum of SiC material were accurately
determined.

Future work can focus on improving the
accuracy and efficiency of the modeling method.
This can be achieved by incorporating more
sophisticated models and techniques, such as higher-
order  harmonics or quantum  mechanical
calculations. Furthermore, new applications for SiC-
based materials in TPA-based devices can be
explored, such as high-power laser systems, optical
switching, and frequency conversion. Overall, the
study highlights the potential of SiC in nonlinear
optics and the importance of developing accurate
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and efficient modeling methods to fully understand
its properties and potential applications.
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Abstract
For vector bosons with spin-1, scattering state solutions have been attained by considering the Duffin-Kemmer-
Petiau equation with the Sun interaction field. Based on the obtained solution, relations for phase shift and scattering
amplitude have been derived. Furthermore, the bound state energy eigenvalue relation has been derived by taking the
scattering amplitude to infinity. The results obtained through the Mathematica software program are presented
graphically and numerically. In addition, the effects of the variables in the interaction function on the obtained results
are discussed.

Keywords: Scattering states, bound states, Duffin-Kemmer-Petiau equation, sun potential

Sun Potansiyel ile Etkilesen Vektor Bozonlarinin Sacilma Durumu Coéziimleri

Oz
Spini-1 olan vektor bozonlar i¢in Sun potansiyeli varliginda Duffin-Kemmer-Petiau denklemi ele alinarak sagilma
durumu ¢oziimleri elde edilmistir. Elde edilen ¢ozlimler kullanilarak faz kaymasi ve sagilma genligi icin bagintilar
tiretilmistir. Ayrica sacilma genligini sonsuza gotiirerek bagli durum enerji 6zdegerleri denklemi elde edilmistir.
Mathematica yazilim programi aracilifiyla elde edilen sonuglar grafiksel ve niimerik olarak verilmigtir. Bunlara ek

olarak etkilesme fonksiyonunda yer alan degiskenlerin elde edilen sonuglara olan etkileri tartisilmustir.

Anahtar Kelimeler: Sagilma durumlari,

INTRODUCTION

The Duffin-Kemmer-Pettiau (DKP) equation
defines scalar (spin 0) and vector (spin 1) bosons on
the same basis and is a first-order relativistic
equation (Kemmer, 1939; Duffin, 1938; Petiau,
1936). This equation is of great importance of these
various applications in nuclear physics, particle
physics, quantum chromo dynamics (QCD) and
cosmology. For instance, in QCD theory it can be
used to investigated deuteron-nucleus elastic
scattering (Kozack, Clark, Hama, Mishra, Mercer
and Ray, 1989; Gribov, 1999). This equation is a
Dirac-type equation (by replacing the algebra of the
gamma matrices with beta matrices) and can be
expressed by different matrices that follow different
commutative rules and represented by five and ten
component representations that work for spin-0 and
spin-1 bosons, respectively. Under a vector
potential, the scalar boson representation of the DKP
equation has the same mathematical structure as the
Klein-Gordon (KG) equation, and the vector boson

bagli durumlar,

Duffin-Kemmer-Petiau denklemi, sun potansiyeli

representation has the same mathematical structure
as the Proca equation. However, the DKP equation
is more comprehensive than the KG and Proca
equations due to its more complex structure (Nedjadi
and Barrett, 1993; Nedjadi and Barrett, 1994;
Nedjadi and Barrett, 1994)

Scattering and bound state solutions to the wave
equation are of great importance in quantum
mechanics because the wave functions obtained
from these solutions contain all the information
needed to describe the entire quantum system.
Therefore, there are many studies using different
methods on physical potentials related to the
relativistic and the non-relativistic particle equations
(Tas and Havare, 2017; Tas, Aydogdu, and Salti,
2017; Tas and Havare, 2018; Tas, Aydogdu and
Salt1, 2018; Yanar, Tas, Salt1 and Aydogdu, 2020;
Edet, Amadi, Okorie, Tas, Ikot and Rampho, 2020;
Okorie, Tas, Ikot, Osobonye and Rampho, 2021). In
recent years, many studies have been conducted to
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consider different interaction types for various
representation of the DKP equation (Tas, 2021;
Hassanabadi, Forouhandeh, Rahimov, Zarrinkamar
and Yazarloo, 2012; Hamzavi and Ikhdair, 2013;
Zarrinkamar, Rajabi, Yazarloo and Hassanabadi,
2013; Bahar, 2013; Bahar, and Yasuk, 2013; Bahar
and Yasuk, 2014; Onate, Ojonubah, Adeoti, Eweh
and Ugboja, 2014; Ikot, Molaee, Maghsoodi,
Zarrinkamar, Obong and Hassanabadi, 2015;
Zarrinkamar, Panahi and Rezaei, 2016; Oluwadare
and Oyewumi, 2017; Oluwadare and Oyewumi,
2018). However, when the existing literature is
examined, it is seen that most of the research is on
the spin-0 representation of the DKP equation. This
is mainly due to the mathematical resemblance of
the DKP equation with the KG equation under a
vector potential. Since the form of this equation for
vector bosons has a more complex structure and is
much more difficult to solve. For this reason, it has
not been discussed extensively (Hassanabadi,
Yazarloo, Zarrinkamar and Rajabi, 2011). The first
goal of this study is to obtain the scattering state
solutions of vector bosons interacting with the Sun
potential field, which have been previously
described in the literature and are successful in
describing many diatomic structures, and to obtain
the phase shift equation, scattering amplitude and
bound state energy eigenvalues, respectively,
through these solutions. Its other goal is to
investigate the effect of the parameters in the
interaction field on the physical quantities obtained.
This paper is planned as follows: first, the
properties of the DKP equation will be given in the
material method section. In the result and discussion
section, scattering state solutions of the DKP
equation in the (1+3) dimension will be obtained for
vector bosons in the presence of the Sun potential.
Phase shift and scattering amplitude relations will be
derived by using scattering state solutions in the
same section. Additionally, the singular points of the
scattering amplitude will be discussed and through
this feature, the bound state energy eigenvalues
relation will be attained. Finally, in the conclusion
section, phase shift and bound state energy
eigenvalues for different quantum states will be
calculated numerically and expressed in tables using
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the Mathematica software program. Besides, the
influence of the variables in the interaction field on
the physical quantities obtained will be presented
graphically.

MATERIAL AND METHODS

The DKP equation for a ‘U interaction with m,
field is given in the following form (A =c=1)
(Kemmer, 1939; Duffin, 1938; Petiau, 1936).

(ip#6, —me—U)¥ =0 (1)

p# are DKP matrices of 5x 5 for spin-0 and
10 x 10 for spin-1. These matirces satisfy the
following commutation relation:

BHBYB + BABVBH = gHB* + g p* @

B matrices for spin-1 are given as

0 000
ﬁozﬁTOIO

0" 1 0 0f

0" 0 0 0

D
o

. or —iS;
g = (_Z,T l \ ©
\o

Here S;, I, and O are spin-1, idthity and zero
matrices, respectively. The matrices 0 and e; are
defined as follows:

o © Ol

oo o
o o
\

—iS;

el - (1, 0,
33 - (0, 0,

0), e,a=(0, 1, 0),
1), 0=(0, 0, 0) (4)

The general form of the interaction potential in
Eqg. (1) is given as follows:

U = ST + PS,(r) + BV, (1) + BEPVp, (1) (5)

This expression takes the following form under
rotational invariance and parity conservation for an
elastic scattering
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U=S()+PS, () + BV({r) + BOPVp(r) (6)

Each term in this equation has Lorentz
character. Under rotational invariance and parity
conservation, the two Lorentz vectors f# and PBH*
can be written, so that the projection operator is P =
(B*B, — 2) = diag(1,1,1,1,0,0,0,0,0,0). Thus,
there are four admissible representation of interplay
potential expressed as follows:

U= PS(r) + B°PV(r) (7
U =S(r) +poV(r) (8)
U=PS(r)+pV(r) (9)

U=ST)+p°PV(r) (10)
These states are concerted for the study of
different physical systems. For instance, Eq. (8) is
connected with the investigation of deuteron-nucleus
scattering (Kozack, Clark, Hama, Mishra, Mercer,
and Ray, 1989). In this study, Eq. (7) will be used as
the interaction potential. (Molaee, Ghominejad,
Hassanabadi and Zarrinkamar, 2012; Bahar, and
Yasuk, 2014). The DKP equation is written as
follows in the presence of the interaction potential
defined in Eq. (7):
[ip#5, — my — B°PV(r)|¥ =0 (11)
Here ¥ is a ten-component spinor describing
the dynamics of spin-1 particles. To get time-
independent solutions, the solution of Eq. (11) is
suggested as follows:
W (x,y,2,6) = ey (x,y, 2) (12)
For spin-1 representation, ten-component wave
function is written as:

1 2 3 4 5
Yhiey2) = (057,05 05, 0%, 0%,

© (7 (8 (9 (10)

Crir Pn,1r Prir Ptr Pyt ) (13)
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Writing the wave functions expressed in
Equation (14) as follows:

1) _ @ 3 @
Pni = l¢n.l' ((pnl'(pnl'(pnl)

&) 6 ® 0 10
((pnl'(pnl'(pnl) ((pnl'(pnl'(pnl) (14)

and by substituting these functions in Eg. (11) and
performing the necessary intermediate operations,
the following ten coupled equations are obtained.

i (ag—? - ag—;(?) = moHS), (15)
i (a ;Z('ll) - a;_f}) = moH®, (16)
i (‘7;;(7? - ag_é}) = moHY, (17)
N T
EniGD 1 i <a :;(33 9 ;1;(33 ) oY, (19)
EniG +i <a :;(J? _ a:f?) = moF®, (20)
En (G +i<a:—?—6:—51)) = moF.y, (21)
[Eny = VOIED +22 = myGY, (22)
[Eny —VOIED +22 = my62), (23)
[Eny = VOIED +22 = myG3). (24)

Combining the above ten equations, we get
(25)

(26)
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En,G + iV x H = myF, (27)

[En,l - V(T)]ﬁ + v)qhn,l = m051 (28)

and thus, using the above equations, we arrive at the
following expression

{En l[ (T)] g}ﬁ
~V x (V xF)+V(V.F)=0 (29)

If the following identity for the term V x
(V x F) is used in this expression as

) =V(V.F) - v*F =

(ﬁ) (arz rar_%)ﬁ

X
T

vV x (V

~

<l

(30)

we get the following differential equation

(£, 24

dar2 ' rar

+ E2,—E,,V(r) — m} l““)}ﬁ 0

(31)

This equation formally has the same structure

as the Proca equation (Castro and De Castro, 2014).

In order to remove the first derivative in this
expression, the wave functions recommended as

F=r"1R
(2) ()
(pnl Rn,l
€) N I 3)
qDnl =r ! Rn,l
4) 4
(pnl Rnl
@) _ pB® _ p® _
(Rn,l) - Rn,l) - Rn,l) - Rn.l) (32)
and if Eq. (31) is rearranged, we gain
a2z 1(1+1)
{ﬁ + Eq —En V() —m§ — = }Rn,l(r) =0
(33)
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RESULTS AND DISCUSSION

The Sun interaction field describing
diatomic molecules is defined as follows (Sun,
1999):

2o eapy2 3 2Dge "7 (1)

D,
Vsun(r) = -

(e Y 9

1-2e )"

where D, indicates the dissociation energy, r,
indicates the equilibrium bond length, « and A are
two dimensionless variables. This function can be
reduced to the Tietz function with appropriate
selection of parameters (Jia, Wang, He and Sun,
2000; Liang, Tang and Jia, 2013). It will be
sufficient to use Eq. (33) to find the scattering state
solutions of spin-1 vector bosons interacting with
this field function.

By substituting Eq. (34) into Eq. (33), the
following expression is obtained

Dee_z(%)r(e”‘—/l)2 _

—= + Eni—En, o
<1—Ae Te )
2Dee_(%)r(e“—l) 5 L(I+1)
= —mg == Ry =0 (34
1—ze ) r

For the term 1/72 in this expression, a Pekeris-
Type approach is applied as (Pekeris, 1934)

(B g
Frg| Dot P e P | (39
¢ 1-2e ‘e (1_,1@‘(3)r>

If this equation is expanded to the Taylor series,
the Dy, D, and D, coefficients in the expression

are calculated as follows:
Dy = 1 +%(3 —3a—6le %+
312724 + 2ae™® + A2ae2%)
2
D, = ?(9/1 —31a —3e % + 2ae™% —91%e™¢

+ 323e72% + 13qe~2%)
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1

D, = ?(1812 —122e% + 3e2%* + 2Aae® — ae?®
—1223e7% + 31724 — 223qe™¢

+ Atae~?%)
(37)
The suitability of this approach can be seen in
Figure 2. By substituting Eq. (36) into Eg. (35) and
defining a new variable in the form n=1-

ay -1
(1 -2 e_(ﬁ)r)

obtained

the following expression is

_ danz(n)
n(l—mn) a2 T (1

[=¥1 + v2n — v3n?1Rm(m) = 0

dRni(n)

n(1-m) (38)

where

_ (m(% —Ex )
Y1 = T
[(e® —2)? + 2(e®
+ a?i?

l(l + 1) (DA% — D1+ D)
a2)2 ’
2[(e® — )2 + (€% — DD AEp 12
Y2 = a2 )2

A)D /1] n, lre

L 10+ DD, - DD
ZAZ 4

_ (e¥-A)2D Enr¢ | 1(1+1)D,
3= a?)2 a1z

(39)
In order to remove the singularity at the points

n=0and n =1 in Eqg. (39), the wave functlon is

proposed again as Ry (n) =1 (1—n)" « Fry(n)
and when the necessary operations are carrled out,

we reach

2~7:'nl

n(1- n)
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dFp
+los — (01 + 02 + DI m =0 (40)
Where

a
ﬁ:\/y—: k:r_\/yz—)’3—)’1;

e
=5 TH4ys, e =f-"ttao+y

ikre 1

@=f-——-0+5, e3=1+28 (41)

Using the property of the Gauss Hypergeometric
equation (Fliigge, 1999), the solution for Eq. (40)
becomes:

Frum) = Ay 2F;(01,02,03,1)

+A,;n'7% ,F (04 —03t1,2—037).

(42)

—03+1,0;

Thus, we get:

ikre

Ry =AmPA—-n)" o

Te

X oF1(01,0203m) + A F(1—n)~

—o03+1,2—031n) (43)

To gain a regular solution of the Eq. (43) and

derive the relations that give the necessary physical
guantities describing the scattering states, we have to
consider the behavior of wave functions at their
boundary points (Fliigge, 1999):
i) If r = 0, the R,,;(n) must be get finite value. With
the applying first condition, we conclude that the
normalization coefficient A, =0, so the wave
functions is found as:

lk
Ry =AmP(1—n)" « ,Fi(01,02,037) 44)

ii) If r - oo, the attitude of the R,;(n) at infinity
smust be as follows (Landau and Lifshitz, 1977)

X oFi(e1 —e3t+1,0;

Te

Ry (00) = 2 sin(kr — I + ¢) (45)
where ¢ is the phase shift. Under this condition, Eq.
(44) takes the following form
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Ry (r = ) -

ikre

N\« 1
Aq (_ z) e F1(01,02,05, 1 —

—“)r)

1-Ae _(5
(46)

We can write the recurrence relation given for the
Hypergeometric function in this equation (Fligge,

1999) and taking ,F;(01,02,03,0) =1 for r — oo,
we get

T—00
2F1(01,02,803,1) —

r(e3—02—01)
Ir(es—e1)r(es—ez)
r'(o3) 2ikre 47)
+ (_ l) « —2ikr F'(@1+t02—03)
A r(e1)r(ez)
When the following relations are used
2ikT, .
01t 02 —03=— Lar = (03 — 02 —01)",
iKkT, 1 *
93—91=ﬁ+lae—0+5=(02) )
ikte 1 *
03— 0 =B +—=+0+>=1(e1) (48)
and required calculations are taken, we find
T—00
2F1(01,02,03,1) —
_ikre
1"(@3—@2—@1)(—%) @
ikre r(ez—e.)r(es—ez)
1N\« N
rees)(-3) ke
4 o-2ikr F(ea—ez—el)(—;)
r(ez—e)r(es—e2)
(49)

By using relations below

I'(os — 0, — 01)
I'(ez — o)l (03 — 02)
_ I'(os — 02 — 01) it
I'(es — 01)I' (03 — 02) '
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ikre ikre
(_ 1)_7 _ (_ 1)_7
A - A

and inserting these expressions in Eq.(49), we have

ez (50)

ikre
r—o0 1\ « —ikr
2F1(01,02,03,1) — 2I'(03) 2 e
_ikre
F(Q3—92—91)(—%) *
r(es—e01)r(es—ez)

sin(kr +9; + 9, + g)

(51)
The replacement of the Eq.(51) into the Eq.(46)
yields
_ikre
r(es-ez-e1)(-3) ©
r(es—e.)r(es—ez)

r—o00
Ry (r) — 24T (e3)

X sin(kr +9; + 9, +7) (52)

Matching the Eq. (52) with the Eq. (45), we get:
( 1)ikre
1 r(es—01)r(es—02) 3 “
Ay = r(es) r(ez-ez2—01) (53)
¢ =+ Dm+argl (o3 — 02— 01) —
arg I’ (03 __le) —argl (g3 —02) +
1 - ae

arg (— 5) (54)

If the scattering amplitude goes to infinity (4, —
o), continuum states occur and thus we can obtain
bound state energy eigenvalues. By using the
following property of Gamma functions as

F(X) _ r(x+1) _ r(x+2)

x  x(x+1)
_r&+3) —0
= oo = X 0,-1,-2,-3, ... (55)
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One can easily obtain the singular pole points Eq.
(53) as @3 —o; =n or g3 —p, =n. Hence, the
condition becomes
ikre 1

,B—T—O'-l'zz—n (56)
By using these equation and definition given in
Eq.(39) and Eg. (41), the energy eigenvalues is

found as follows:

CONCLUSION

The DKP equation with Sun interaction field
model is discussed for the first time in this study.
Scattering state solutions of vector bosons were
obtained. The suitability of the approach used for
centrifugal term is given in Figure 1. By using the
wave function, the phase shift equation and
scattering amplitude relation were derived. In
addition, by using scattering amplitude relation, the
relation giving the bound state energy eigenvalues
was directly obtained. Phase shift and energy
eigenvalues were calculated numerically through the
Mathematica software program.

— Pekens - Type Approximation

Centrifagal Term

00 05 10 15 20 25 30 35

Figure 1. Graphical representation of the
approximation applied to the centrifugal term for a=2,
r e=1 fm and A=0.1.

[JPAS

jjpas@@munzur.edu.tr
ISSN: 2149-0910

2 2 En‘l(e“—/l)(e“—/1+2)De
Eqyp—mg — 2 -

(CoA2—C1A4C,)1(1+1)
A2r2

«?
+—|(1+2n+
472

a2A2+41(1+1)Co+4Ey (€% —2)2D 12
a??
2

2\/l(l+1)/12c0+((15,21_l—m§)/12—213,1,1(eot—,l)(,l—1)De)re2
- a2A?

0
(57)

These results are presented in Table 1. and
Table 2.  As seen in Table 1, if the angular
momentum eigenvalues increase, phase shift values
increase. Also, the same situation applies if the alpha
parameter increases. It can be easily seen in Table 2
that the energy eigenvalues increase if the n and |
values increase.

Table 1. Calculated phase shift values for D, =
2fm Y a=2r=08fm !, m=1fm1! 1=
05E=3651fm landh=c=1

Il ¢p(a=16) Pp(a=2) ¢Pp(a=24)
1 1.03030 1.82089  8.63096
2  2.62303 3.41576  10.2273
3 4.22675 5.02269  11.8364
4 584148 6.64172  13.4584
5 7.46728 8.27289  15.0932
6 9.10419 16.1994  16.741
7 10.7523 17.8551  18.4017
8 124116 18.3186  22.3612
9 16.326 20.0368  25.8844
10 21.586 28.8247  34.9442
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Table 2. Calculated energy eigenvalues for D, =
2fmt a=2r=08fm !, m=1fm!, 1=
05andha=c=1

n |l Ey(fm™) n | E,(m™?
1 0 0.129231 5 0 1.91933
2 0 0.377758 5 1 2.03664
2 1 0.487010 5 2 2.26547
3 0 0.754972 5 3 259785
3 1 0.867171 5 4 3.02697
3 2 1.079500 6 0 3.54854
4 0 1.26622 6 1 2.84562
4 1 1.38089 6 2 3.08231
4 2 1.60201 6 3 3.42908
4 3 1.91954 6 4 3.88014

The effects of the parameters in the interaction
field on the energy values are shown in Figure 2 and
Figure 3. If the drawings in Figure 2 are examined
carefully, Energy values increase for values of the a
parameter in the range 1 < a < 1.22, and decrease
for values in the range 2.22 < a. This situation
becomes more evident as large n and | values
increase. In addition, for values of the alpha
parameter in the range a < 1, the energy values for
all quantum states approach each other and go to
zero. In the other drawings, it is seen that if the 7,
values increase, the energy values decrease. While
the difference between the energy values
corresponding to different quantum states is large at
small values of the r, parameter, for r, > 1 fm~!
the difference decreases and the energy values
approach zero. Looking at the drawings in Figure 3,
it is very easy to say that the D, parameter behaves
like the , parameter, but the opposite is true for the
A parameter. If the lambda parameter increases, the
energy values increase and the energy values for
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different quantum states diverge. For 4 < 0.2, it is
seen that the energy values decrease and go to zero
for each quantum state.

30

o-n=21=1

25 m-n=3,1=2

& n=4, 1=3

20}

A & h--w 4

A ~A
B 15F A

10 A it Sl CEPY |

Figure 2. Variation of bound state energy eigenvalues
according to a parameter for D, = 2 fm™1, r, =
08fm™, m=1fm™!, 1=05,and r, parameter for
D.=2fmY, a=2, m=1fm™1, 1=05.
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o-0=21=1
o a-0=3,1=2
& 0=4 1=3
3
Eyj 4
n
N \
A
“a. "
s x> .
1 - _ & .
L R A
--N--_m-__m
0 i

&-n=21=1

=n=3,1=2

& n=4,1=3

Figure 3. Variation of bound state energy eigenvalues
according to D, parameter forA = 0.5, a =2, 1, =
0.8 fm™1, m =1 fm™! and A parameter for D, =

2fm™t, a=2,1,=08fm™, m=1fm™.

This study will be benefical for researchers
working in this field as the Sun potential has
successfully described many diatomic structures and
there has been no previous study for vector bosons
in the presence of this model.
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Abstract

Copper oxide (CuO NPs) nanoparticles were synthesized by green synthesis and characterized by UV-Vis
spectroscopy, FT-IR spectroscopy, SEM and EDX analysis. The shape of the CuO nanoparticles obtained is
approximately spherical and their particle sizes range from 40 to 85 nm. According to the experimental results, two
peaks at 305 and 318 nm in the 270-400 nm range in the UV-Vis absorption spectrum and one peak at 536 cm in the
FT-IR spectrum confirm the presence of copper oxide nanoparticles. In addition, the presence of biomolecules in
aesculus hippocastanum(horse chestnut) extract on the surface of the copper oxide nanoparticles synthesized by green
synthesis was determined by the peaks seen in the range of 3300 cm™ - 1000 cm™ in the FTIR spectrum. The images,
shape and size of the copper oxide nanoparticles were determined by SEM, and the weight percent of the elements were
determined by EDX. PC3 prostate cell lines were used in the study. After measuring the cytotoxic effect of the agents
used in the study on prostate cancer cells, the apoptotic effect of this effect was determined by Hoechst/propidium
iodide (HOPI) staining. Graphpad prism program was used to compare all parameters between groups, and "one-way
analysis of variance" (one-way ANOVA) method and dunnet's test were applied to test whether there was any
difference between at least two groups. It has been determined that the drug obtained from copper oxide nanoparticles
has a cytotoxic effect on PC3 prostate cancer cells and this effect occurs through the apoptosis pathway.

Keywords: Green synthesis, copper oxide nanoparticle, prostate cancer, PC3 prostate cell

Bakir Oksit Nanopartikiillerinin Prostat Kanseri PC3 Hiicreleri Uzerindeki
Etkisi

Oz

Bakir oksit(CuO NP'ler) nanopargaciklari, yesil sentez yolu ile sentezlenmistir ve UV-Vis spektroskopisi, FT-IR
spektroskopisi, SEM ve EDX analizi ile karakterize edilmistir. Elde edilen CuO nanopargaciklarinin sekli yaklasik
olarak kiireseldir ve pargactk boyutlari 40 ile 85 nm arasinda degismektedir. Deneysel sonuglara gore, UV-Vis
absorpsiyon spektrumunda 270-400 nm araliginda 305 ve 318 nm'de goriilen iki pik ve FT-IR spektrumunda 536 cm-
bde bir pik, bakir oksit nanopartikiillerin varligmi dogrulamaktadir. Ayrica, yesil sentez yolu ile sentezlenen bakir oksit
nanoparg¢aciklarmin yiizeyindeki aesculus hippocastanum(at kestanesi) ekstraktindaki biyomolekiillerin varligt FTIR
spektrumunda 3300 cm™ - 1000 cm™ araliginda gériilen pikler ile belirlenmistir. Bakir oksit nanopargaciklarmim
goriintiileri, sekli ve boyutu SEM ile, elementlerinin yilizde agirlik oranlari ise EDX ile tespit edilmistir. Calismada PC3
prostat hiicre hatlart kullanilmistir. Caligmada kullanilan ajanlarin prostat kanseri hiicreleri lizerindeki sitotoksik etkisi
oOlciildiikten sonra bu etkinin apoptotik etkisi hoechst/propidium iodide(HOPI) boyamasi ile belirlenmistir. Gruplar
arasinda tiim parametrelerin karsilastirilmasinda graphpad prism programi kullanilmistir ve en az iki grup arasinda
herhangi bir farkliligin olup olmadigini test etmek igin “tek yonlii varyans analizi” (one-way ANOVA) yontemi ve
dunnet’s testi uygulanmistir. Bakir oksit nanopartikiillerinden elde edilen ilacin PC3 prostat kanseri hiicreleri lizerinde
sitotoksik etkiye sahip oldugu ve bu etkinin apoptoz yolu ile gerceklestigi belirlenmistir.
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INTRODUCTION

Nanotechnology examines the properties and
applications of structures in nanoscale. The
structures with sizes between 1 nm and 100 nm are
generally described as nanostructures (Willems,
2005). The nanostructures are used in various fields
such as disease diagnosis, disease control, and
microelectronics (lravani, 2011; Thakkar et al.,
2010). Metal nanoparticles, which are among the
nanostructures, can be produced by various methods.
These methods are physical, chemical and biological
methods (Iravani, 2011; Mittal et al., 2013). Physical
and chemical methods used in nanoparticle synthesis
are disadvantageous due to their high cost, toxic
effects and high energy needs (Danhalilu et al.,
2019). Recently, environmentally biological
methods such as microorganism, enzyme and plant
extract are recommended as an alternative to
chemical and physical methods to synthesize
nanoparticles. In biological methods, fungi, algae,
bacteria and plants are used to synthesize of the
nanoparticles (Iravani, 2011; Erdogan et al., 2022;
Thakkar et al., 2010). The use of plant extract for the
synthesis of nanoparticles is more advantageous than
other biological methods. It can also be scaled for
large-scale syntheses and produced quickly
(Kharissova et al., 2013). Nanoparticles synthesized
using plant extract are defined as "green synthesis".
In green synthesis, plant extracts obtained from the
leaves, roots, fruits, shells and seeds of plants are
used (Iravani, 2011; Omer et al., 2021; Kharissova et
al., 2013). The factors such as the structure of the
plant extract, metal concentration, pH, temperature
can affect the production and other properties of
metal nanoparticles (Danhalilu et al., 2019). The
reason for using plants in the synthesis of
nanoparticles is the presence of reducing and
stabilizing molecular structures such as amino acids,
proteins, polyphenols, aldehydes and ketones in
plant extracts (Mittal et al., 2013). The copper oxide,
which is among the metal nanoparticles, is a p-type
semiconductor with 1.2 ev band gap (Nethravathi et
al., 2015). In particular, CuO nanoparticles have
been characterized due to their antimicrobial effects,
and their antimicrobial effects have been
investigated (Das et al., 2013; Nethravathi et al.,
2015; Sivaraj et al., 2014). Furthermore, it is very
sensitive to prokaryotes and eukaryotes compared to

other metal nanoparticles (Tri et al., 2019). The
copper oxide nanostructures have a wide range of
applications including optical and electrical devices
(Aruna et al., 2015), sensors (Wang et al., 2016),
anode material for lithium-ion batteries (Wang et al.,
2011), catalysis (Zaman et al., 2012), nanocomposite
films (Shankar et al., 2017), solar cells (Sharma et
al., 2015) and antibacterial materials (Nethravathi et
al., 2015).

Copper oxide nanoparticles have gained
importance due to their versatile use in industry and
medicine. These nanoparticles have been shown to
have an inhibitory effect against many bacteria and
microorganisms (Das et al., 2013). Also, the CuO
nanoparticles can act as anticancer agents, as they
reduce the development of cancer cells. The current
chemotherapy drugs used in the treatment of cancers
have serious side effects and are disadvantageous as
they significantly affect the quality of life of patients
(Gnanavel et al., 2017). For this reason, it is
necessary to search new ways of treatment and to
develop alternative therapies in the treatment of
cancers. One of the alternative ways at this stage is
to use nanoparticles in this field and try to get
results. For this purpose, the effects of copper oxide
nanoparticles synthesized by green synthesis on
cancer cells were studied. In the literature, it has
been determined that the copper oxide nanoparticles
synthesized by this method affect and destroy cancer
cells such as human breast cancer cell (MCF-7)
(Jeronsia et al., 2016; Rehana et al., 2017; Sivaraj et
al., 2014), human lung cancer cell (A549)
(Kalaiarasi et al., 2018; Rehana et al., 2017; Sankar
et al., 2014), human colon cancer cell (HCT-116)
(Gnanavel et al., 2017), cervical (HeLa) (Nagajyothi
et al., 2017; Rehana et al., 2017), epithelioma (Hep-
2) (Rehana et al., 2017), normal human dermal
fibroblast (NHDF) cell (Rehana et al.,, 2017),
epithelioma (Hep-2) (Rehana et al., 2017), MDA-
MB-231 human breast cancer lines (Yugandhar et
al., 2017), HL-60 cell line and PC3 (prostate cancer)
(Naz et al., 2020).

In this study, we synthesized copper oxide
nanoparticles for the first time using the extract of
aesculus hippocastanum(horse chestnut) leaves and
determined that these nanoparticles have a cytotoxic
effect on PC3 prostate cancer cells. We
characterized the structure and properties of copper
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oxide nanoparticles synthesized by UV-Vis
(Ultraviolet and visible region spectroscopy), FTIR
(Fourier transform infrared spectroscopy), EDX
(Energy  diffusion X-ray diffraction), SEM
(Scanning electron microscopy). The cytotoxic
effect of copper oxide nanoparticles on prostate
cancer cells was investigated by MTT test.
Apoptosis measurement was determined by HOPI
staining.

MATERIALS AND METHODS
Materials

Aesculus  hippocastanum  (horse  chestnut)
leaves were collected from the garden of Ulubath
Hasan Anatolian High Schools, Bursa, Turkey.
Copper(Il) sulfate pentahydrate (CuSO45H:0,
99.5%) was purchased from Sigma-Aldrich.

The preparation of Aesculus Hippocastanum
(Horse Hhestnut) Leaf Extract

5 g of leaves collected from the aesculus
hippocastanum tree in the garden of Ulubatli Hasan
Andolu High School were firstly washed with
deionized water and left to dry for 24 hours. To get a
better extract, we cut the leaves into small pieces
and put them in the erlenmeyer flask with 165 g of
deionized water. We then extracted the leaves by
heating this erlenmeyer at 80 °C for 20 minutes.
Finally, the leaf and extract mixture in the
erlenmeyer was filtered with the help of filter paper
and the extract was obtained.

The synthesis of Copper Oxide Nanoparticles

20 mL of copper(ll) sulfate pentahydrate (100
mM) solution was added to a 200 mL beaker. While
this solution was also mixing in the magnetic stirrer,
20 mL of liquid aesculus hippocastanum extract was
added dropwise and stirred at room temperature for
20 minutes. The resulting chemical solution was
centrifuged at 10000 rpm and then the pellet was
washed with distilled water and ethanol to remove
organic residue. Nanoparticles obtained in powder
form were kept at room temperature for further
study.

Characterization of Copper Oxide Nanoparticles

The absorption spectrum of copper oxide
nanoparticles and aesculus hippocastanum extract
was recorded at room temperature in the range of
190-1100 nm by Ultraviolet-visible(UV-Vis)
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spectrophotometer(SCINCIO - NEOSYS200). The
presence of functional groups of plant biomolecules
on copper oxide nanoparticles was characterized by
fourier transform infrared(FT-IR) spectroscopy
(Nicolet - iS50) in the range of 400-4000 cm™. The
properties and structure of the surface of copper
oxide nanoparticles were determined by Scanning
Electron Microscopy(Zeiss / Gemini 300-SEM). The
elemental compositions of the obtained copper oxide
nanoparticles were analyzed by EDX (Zeiss /
Gemini 300).

Cell Culture and MTT Assay

In this study, the toxic effect of copper oxide
nanoparticles on prostate cancer cells was
investigated. Androgen-independent PC3 prostate
cell lines were used in the study. After the cells were
removed from nitrogen, they were dissolved in a
water bath. Then, medium containing 10% FBS
(Fetal bovine serum), 1% L-glutamine and
penicillin-streptomycin was added and centrifuged at
800 rpm for 5 minutes. After centrifugation, the
supernatant was discarded and the growth and
proliferation of cells was ensured in 75 flasks by
adding fresh medium. After the cells reached 80-
90% occupancy, they were removed with trypsin-
EDTA and transferred to 15 falcon tubes. It was
centrifuged at 800 rpm for 5 minutes and then the
supernatant was discarded. After the addition of
fresh medium, the cells were counted with a thoma
slide and 105 cells per ml were planted in 48 well
plates and kept in an incubator with 5% CO; at 37
°C for 24 hours. After 24 hours, copper oxide
nanoparticles at different concentrations (5, 10, 20,
40 uM) were added to the cells and left to stand in
the same conditions in the incubator for 24 hours.
Then, 40 pl of (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide dye was added to each
well and left in the incubator for 4 hours. Then 100
pl of DMSO was added to each well and the
spectrophotometer at 560-620 nm' viability was
measured.

Determination of Apoptosis

After measuring the cytotoxic effect of the
agents used in the project on prostate cancer cells,
the effect of this effect on the apoptotic pathway was
determined by Hoechst/propidium iodide(HOPI)
staining. In this context, cells were seeded into 24-
well plates and incubated for 24 hours. After
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incubation, 10 uM concentration of drug was added
to the cells and allowed to incubate again for 24
hours. After 24 hours, cells were lifted with trypsin-
EDTA and transferred to Eppendorf tubes. Then,
after centrifugation at 800 rpm for 5 minutes, the
supernatant was discarded and HOPI dye mixed with
50 pl of fresh medium was added to the tube at a
ratio of 1:1. The cells were then incubated for 30-60
minutes and then examined under a fluorescence
microscope.

Statistical Analysis

In the comparison of all parameters between the
groups, using the Graphpad Prism program, "one-
way analysis of variance” (one-way ANOVA)
method and Dunnet's test were applied to test
whether there was any difference between at least
two groups, and all data were compared with the
control group. P<0.05 was considered statistically
significant in the evaluations. All numerical values
are expressed as arithmetic mean =+ standard error.

RESULTS AND DISCUSSION
UV-Vis Spectra Analysis

The presence of CuO nanoparticles in the liquid
solution was investigated by taking UV-Vis
absorption spectra in the wavelength range of 200-
1000 nm. The UV-Vis spectrum the solution
containing CuO nanoparticiples and the extract of
aesculus hippocastanum leaf is given in Figure 1.
The broad maximum peak around 365 nm in UV-
Vis spectrum originates from biomolecules
belonging to extract of Aesculus hippocastanum leaf
(Figure 1). The shift in the peak towards high
frequency in this spectrum occurred with the effect
of CuO nanoparticles. This shift supports the
formation of the copper oxide nanoparticles. It also
explains CuO nanoparticle formation the color
change (light green) observed in the mixture of
extract (brown) and copper sulfate (blue). The peaks
appearing at 305 and 318 nm in the UV-Vis spectra
are characteristic absorption peaks of copper oxide
nanoparticles. The maximum two peaks seen at 305
and 318 nm indicate that synthesized copper oxide
nanoparticles are formed. The UV-Vis absorption
peaks of CuO NPs overlap with previous studies. In
previous studies, similar peak values such as 285 nm
(Sankar et al., 2014), 275 and 372 nm (Nethravathi
et al., 2015), 380 nm (Das et al., 2013), 220 and 235
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nm (Rehana et al., 2017), 291 and 355 nm (Reddy,
2017) were found.

3,5~
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CuO NPs
— Leaf extract
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Figure 1. UV-Vis spectrum of synthesized colloidal CuO
NPs and leaf extract of aesculus hippocastanum

FT-IR spectra analysis

FTIR  spectroscopy measurements  were
performed to identify the biomolecules of the extract
of aesculus hippocastanum leaf attached to the
surface of the copper oxide nanoparticles. In
addition, FT-IR spectroscopy is used to determine
the Cu-O stretching vibrations of the CuO
nanoparticles. Biomolecules ensure the stability of
copper oxide nanoparticles and also change the
properties of the surface. In this case, the extract of
the leaf produces a significant effect on the CuO
nanoparticles and causes it to acquire different
properties. As seen in Figure 2, the peaks at 3284,
2926, 2849, 2638, 2287, 1710, 1591, 1436, 1351,
1267, 1056 and 536 cm™ have supported the
presence of biomolecules that bind to the surface of
the CuO nanoparticle. It can be thought that these
peaks are caused by functional groups in the extract
of the leaf such as -O-H, -C-H, -C=0, -C=C, -C-
N. The broad absorption band, which gives a peak at
approximately 3284 cm™ between 3600 and 3000
cm? in the FT-IR spectrum of the copper oxide
nanoparticle, belongs to the —O-H group, which has
a hydrogen bond. This absorption band can be
caused by water molecules, alcohol or phenol. The
absorption band seen in the range of 3000-2840 cm'*
is attributed to the aliphatic —C — H groups. The peak
observed at 2287 cm? belongs to the —C=N
stretching in the triple bond region. It is attributed to
carbonyl group (—C=0 stretching) the peak appeared
at 1710 cm™?, but it is possible that this peak belongs
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to carboxylic acid, an amide or a ketone. The
multiple bands around 1591 cm™ are due to
stretching vibration of the —C=C group or bending
vibration of the —-O-H group. The bands in the
range of 1460-1360 cm™ correspond to —C-H
bending peaks. The absorption peaks observed at
1351 and 1267 cm can be attributed to —-C-N and —

C-O stretching vibrations. The peak at 1056
cm* can be due to aliphatic fluoro (C-F stretching)
or —C-O-C stretching vibration. The results of FT-
IR

analysis show that the surface of copper oxide
nanoparticles is covered by biomolecules found in
the leaf extract of the aesculus hippocastanum and
remains stable for a long time. In the FT-IR spectra,
the peaks found between 400 and 600 cm™ are
caused by Cu-O stretching vibrations (Reddy, 2017;
Rehana et al., 2017). The Cu-O stretching peak at
536 cm™ belonging to the synthesized copper oxide
nanoparticles appeared as multiple absorption band.
This peak confirmed the presence of CuO in the
CuO nanoparticle. Similar peak values were also
found in previous studies (Jeronsia et al., 2016; Padil
and Cernik, 2013; Rehana et al., 2017; Sivaraj et al.,
2014).

100 -

%T

20 T T T
4000 3500 3000 2500 2000 1600 1000 500

Wavenumbers (cm™)

Figure 2. FTIR spectrum of CuO NPs synthesized using
extract of aesculus hippocastanum leaf

SEM analysis

Structural and morphological properties of
copper oxide nanoparticles were determined by
SEM analysis. SEM images of copper oxide
nanoparticles obtained at different magnification
rates are given in
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Figure 3. The copper oxide nanoparticles from the
SEM images given in Figure 3 are quite small in
size, gray, bright, and approximately spherical
regions. The sizes of these nanoparticles range from
40 nm to 85 nm.

Figre . SEM images of CO nnoparticles at different
magnification rates

EDX analysis

EDX analysis was performed to determine the
presence of copper oxide nanoparticles. The EDX
spectrum is given in Figure 4. As seen in Figure 4,
there are other elements besides the presence of
copper in the spectrum. These elements that appear
in EDX analysis are C, O, S, Au, Pd and Si (Table
1). It is estimated that the source of these elements is
due to the biomolecules of the extract of the aesculus
hippocastanum leaf on the surface of the copper
nanoparticles. In addition, the plastic (centrifuge
tube surface) substrate used for the EDX data is
thought to cause an increase in the amount of carbon
and oxygen elements. The elements found in the
EDX analysis are given in Table 1.

348




Int. J. Pure Appl. Sci. 9(2);344-351 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1304265

% 0.001 cps/eV

a

i
i
B
i
H
5007}
1
|
H

4003 ,m A
18 € § e
3001AmA | e
] f"
2004 | £

!
1M
]

100 {418

700

600

Energy [keV]

Figure 4. EDX analysis of CuO nanoparticles obtained
through green synthesis. Additionally, the plastic
substrate used for obtaining EDX data has increased the
amount of carbon and oxygen elements

Table 1. Percent weight ratios of the elements obtained
from CuO nanoparticles as a result of EDX analysis. In
addition, the plastic (centrifuge tube surface) substrate
used for the EDX data is thought to cause an increase in
the amount of carbon and oxygen elements

Element Weight (%)
Carbon (C) 48.77
Oxygen (O) 23.33
Copper (Cu) 19.10

Gold (Au) 541

Sulfur (S) 1.61
Palladium (Pd) 1.02

Silicon (Si) 0.77

Investigation of the Activity of Copper Oxide
Nanoparticles in Prostate Cancer PC3 Cells
Cytotoxicity Measurement

The cytotoxic effect of copper oxide
nanoparticles on prostate cancer cells was
investigated by the MTT test and the results are
shown in Figure 5. Accordingly, after 10 puM
concentration, the cytotoxic effect of the drug was
found to be around 50%. However, it was observed
that the toxic effect of the drug increased with
increasing drug concentration. The cytotoxic
activities of CuO NPs have been determined in
previous studies (Jeronsia et al., 2016; Rehana et al.,
2017; Sivaraj et al., 2014).
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Figure 5. Cytotoxic effect of the drug obtained from
copper oxide nanoparticles applied at different
concentrations to prostate cancer cell line PC3 cells
(*p<0.05, **p<0.01, ***p<0.001).
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Apoptosis Measurements

Apoptosis measurement was determined by
HOPI staining. After the MTT test, a concentration
of 10 uM was determined to be appropriate and
apoptosis measurements were made at this
concentration. Figures and graphics obtained as a
result of HOPI staining are shown in Figure 6.
Accordingly, it was determined that the number of
apoptotic cells in the drug administered group
increased significantly when compared to the control

group.

% Apoptosis

o
o4

C,
0’”3-,, "

(c)
Figure 6. a) HOPI images of control and b) drug groups
and c) apoptosis rates of these groups (**p<0.01).
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CONCLUSIONS

In this study, the structure, size, shape and
morphological  properties of copper oxide
nanoparticles obtained through green synthesis were
characterized by UV-Vis, FT-IR, SEM and EDX
techniques. It supported the presence of copper
oxide nanoparticles two peaks that appeared at 305
and 318 nm in the UV-Vis spectrum. FT-IR
spectroscopy ~ confirmed  the  presence  of
biomolecules on the surface of copper oxide
nanoparticles and Cu-O bond. The CuO NPs
synthesized from SEM images were determined to
have a spherical shape and size in the range of 40-80
nm. Elements of biomolecules (C, O, Au, S, Pd and
Si) of leaf extract found on the surface of CuO
nanoparticles and copper element have been
identified with EDX analysis.

Considering the data obtained in this study, in
which the toxic effect of copper oxide nanoparticles
and the possible mechanism of apoptosis in PC3
cells, which are the prostate cancer cell line, were
examined, it was determined that the drug obtained
from the aforementioned copper oxide nanoparticles
had a cytotoxic effect on prostate cancer cells and
this effect was realized through the apoptosis
pathway.
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Oz

Emaye; yiizeyde camsi yapi olusturan inorganik bir kaplama malzemesidir. Olusan kaplamanin kimyasala
dayanimi yiiksektir. Emaye kaplamalar giiniimiizde siis esyalar1, mutfak esyalar: gibi bir¢ok alanda kullanilirlar. Fakat
emayelerin yiyecekler ile temas eden yiizeylerinde yapismazlik 6zelligi iyi degildir. Bu ¢alisma yapismazlik 6zelliginin
gelistirilmesi i¢in yapilmistir. Calismada islatma agisini en fazla etkileyecek 4 siire¢ girdisi frit oranlari, korund miktart,
pisirme sicakligi, pisirme siiresi olarak sebep sonu¢ matrisi ile belirlenmistir. Siire¢ girdileri i¢in 3 farkli seviye
belirlenmistir. 4 sitire¢ girdisi ve 3 seviye i¢in gerekli denemeler Taguchi yontemi ile tespit edilmis ve uygulanmstir.
Islatma agisini arttiracak 3 frit formiiliize edilmistir. Bu fritlerin oranlar1 kendi arasinda degistirilerek farkli miktarlarda
korund ve sabit degirmen katkilari ile belirlenen siire boyunca aliimina degirmenlerde 6giitiiliip uygulama yapilip
belirlenen sicaklik ve siirelerde pisirilerek sitrik asit, kolay temizlenebilirlik (ETC) testi, renk, parlaklik degerleri,
kaplama kalinliklari, 1slatma acilar1 6l¢iilmiistiir. Yapilan analizleri kiyaslamak adina ETC emaye kapli plakaya 6l¢iim
yapilmis ve 1slatma acist degeri 33° dlgiilmiistir ve calismalarda agi degerinin 75 “nin {izerine ¢ikarilmasi
hedeflenmigtir. Islatma agisinda en iyi sonucu 2, 5, 8 numarali denemeler vermistir. Aralarindaki en yiiksek 1slatma
acist degeri 2 numarali deneyde 78,1 © Olglilmiistiir. Fakat 5 numarali deneyin kimyasala dayanimi yiiksek ve bu
degerlere gore frit kullanim oranlarinin en etkili sonu¢ verdigi goriilmiis ve B fritinin kullanim oran1 arttiginda islatma
acisinin arttigi sonucu ¢ikarilmistir.

Anahtar kelimeler: Emaye, emaye kaplama, frit, islatma agis1, temizlenebilirlik

Improving the Non-Stick Feature of Enamel Coatings by Increasing the Wet
Angle

Abstract

Enamel is an inorganic coating material that creates a glassy structure on the surface. The resulting coating has
high chemical resistance. Today, enamel coatings are used in many areas, such as ornaments and kitchenware.
However, the non-stick properties of enamels on surfaces that come into contact with food are not good. This study was
carried out to improve the non-stick property. In the study, the four process inputs that will affect the wetting angle the
most were determined by the cause-and-effect matrix as frit rates, corundum amount, cooking temperature, and cooking
time. Three different levels have been determined for process inputs. The necessary trials for four process inputs and
three levels were determined and applied by the Taguchi method. Three frits have been formulated to increase the
wetting angle. The ratios of these frits were changed among themselves, and different amounts of corundum and fixed
mill additives were ground in alumina mills for a specified period of time, applied, and cooked at the specified
temperature and time, and citric acid, easy-to-clean (ETC) test, color, gloss values, coating thicknesses, and wetting
angles were measured. In order to compare the analyses made, measurements were made on the ETC enamel-coated
plate, and the wetting angle value was measured at 33°. It was aimed to increase the angle value above 75° in the
studies. Trials 2, 5, and 8 gave the best results in terms of wetting. The highest wetting angle value among them was
measured at 78.1° in experiment number 2. However, it was seen that the chemical resistance of experiment number 5
was high, and the frit usage rates according to these values gave the most effective results, and it was concluded that the
wetting angle increased when the use rate of the B frit increased.
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GIRIS

Emaye, metal saclara ya da dokiim pargalara
kaplanarak kaplandigi malzemeye estetik Ozellik
saglayan, kimyasal dayanimini arttiran inorganik
yapidaki kaplama malzemeleridir (Holcomb, 1967;
Evcime, 2007; Harry ve ark., 1966; Russo ve ark.,
2021; Majumdar ve ark., 2021)

Kaplama islemlerinde, kaplama kalitesini
kaplama islemi 6ncesi kaplanacak yiizeye uygulanan
on islemler ile kaplama prosesi parametreleri olan
cozeltisi, bilesen oranlari, kaplama c¢ozeltisi
sicakligl, siire, akim degeri ve mesafe
belirlemektedir (Ayyildiz ve ark., 2022). Bu sebeple,
farkli 6zellikteki emayelerin icerikleri birbirlerinden
farkli oOzellikler gostermektedir. Emayeler, aside
kars1 dayanikli, kolay temizlenebilir, buhara karsi
dayanikli, yag emme Ozeligine sahip olabilirler.
Istenen 6zelligi saglamak icin emayelerin icerisinde
kullanilan  fritlerin ~ formiilasyonu  degistirilir
(Kunshan ve ark., 2022; Sahin, 2019).

Emayeler, uzerlerinde bakteri
toplamadiklarindan 6zellikle mutfak egyalarinda
kullanilacak ~ saghkli kaplama malzemeleridir.
Mutfak egyalar1 yiyecek ile temas ettiklerinden
kullanilan emayelerde genellikle asit dayanimi,
kolay temizlenebilirlik (Easy To Clean - ETC)
Ozelligine sahip olmasi beklenir. Son zamanlarda
emayeli ylizeylerde yiyecegin ylizeye yapigsmamasi
artan talepler arasindadir (Sahin, 2019; Ay, 2023;
Evele, 2000; Rossi ve ark., 2021).

Yiizeylerin yapismazligin1 saglayabilmek i¢in
islatma agisinin  yliksek olmasi gerekir. Emaye
kaplamalar camsi1 malzemeler oldugu camlarin ve
Gida ile temas eden diger kaplama malzemesi olan
PTFE’nin yiizey yapismazlik 6zelligi incelenmistir.
Camlarin su ile yaptig1 1slatma agis1 deger 37°°dir.
PTFE malzemelerin yapigmazlik dzellikleri oldukca
iyidir ve bu kaplama malzemesinin arastirma
sonucunda  1slatma  agisimin @ 110°  oldugu
bulunmustur. Emaye kaplamanin yapigmazlik
0zelligini arttirmak i¢in PTFE kaplamanin 1slatma
acisina yakinlastirmak hedeflenmistir (Ersoy ve ark.,
2022; Zhao ve ark., 2021).

Bu calismada emayelerin yapismazlik 6zelligini
arttirmak icin ¢esitli formiilasyona sahip emayeler
ile farkli pisirme sartlarinda denemeler yapilmistir.
Yapigmazligin artmasi igin yiizey ile sivinin yaptigi
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1slatma agisinin  artmasi gerekmektedir. Emaye
kaplamalarinda 1slatma agis1 degerleri ortalama
olarak 35-50° arasindadir. Bu c¢alismada bu
degerlerin arttirilmasi amaglanmastir.

Literatlir =~ arastirmalarina  gére, emayenin
iyilestirilmesi amacgh yapilan c¢alismalarda esas
olarak ii¢ farkli yaklasim olarak sunlar belirtilebilir:
frit bilesimi, hafif alagimlarda oldugu gibi sert
takviye elemanlari kullanimi (potasyum feldispat,
zirkonyum silikat, silisyum karbiir, aliimina, gibi),
grafit gibi yaglayici takviyelerin ilavesi (Ayyildiz ve
ark., 2021; Russo ve ark., 2022; Russi ve ark.,
2014). Mekanik olarak emayelerde ¢izilme, aginma
gibi testlerle destelenmistir. Yapismazlik 6zelliginin
iyilestirilmesine yonelik yapilan ¢ok fazla ¢aligma
olmadig1 tespit edilmistir.

Calismada 1slatma agisin1 en fazla etkileyecek
parametreler ve yapismazlik 6zelligini ne derece
etkiledikleri belirlenip sebep sonu¢ matrisine gore
puanlanmistir. Puanlama sonucuna gore yapismazlik
ozelligini en cok etkileyen 4 siire¢c girdisi frit
oranlari, korund miktari, pisirme sicakligi, pisirme
stiresi olarak belirlenmistir. Sebep sonu¢ matrisinde
diisitk puan alan diger degerler sabit tutulmustur.
Yapismazlik 6zelligini etkileyen 4 siire¢ girdisi igin
3 farkli seviye belirlenmistir gerekli denemeler
Tagucchi yontemi ile tespit edilmis ve
uygulanmistir. Islatma agisini arttiracak 3 yeni frit
formiiliize edilmistir. Frit oranlar1 laboratuvar
ortaminda denemeler yapilarak belirlenmistir. Fritler
farkli miktarlarda korund ve sabit degirmen katkilari
ile  daha  Onceki  laboratuvar  ¢aligmalari
degerlendirilerek belirlenen siire boyunca aliimina
degirmenlerde 6giitiiliip uygulama yapilip belirlenen
sicaklik ve siirelerde pisirilerek sitrik asit, ETC testi,
renk, parlaklik degerleri, kaplama kalinliklar,
1slatma agilar1 6lglilmiistiir.

Bu calismada emaye kapli pisirme gereglerinde
1slatma acis1  arttirilarak  yapismazlik 6zelliginin
arttirllmasi amaglanmugtir.

MATERYAL VE METOT

Calismada ilk olarak kullanilacak olan 3 fritin
seger formiilii belirlenmistir. Belirlenen segere gore
fritlerin oksidik kompozisyonlar1 hesaplanmistir,
degerler Tablo 1’de gosterilmistir. Fritlerin tartim
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receteleri  laboratuvar  tipi  pota  firinlarin
kapasitelerine uygun olarak 1500 grama gore
ayarlanmis ve gerekli hammaddeler ile tartimlari
hassas terazilerde yapilmistir. Hazirlanan hammadde
karigimlart pota tipi firmda 1200 °C’de 1 saat siire
ile ergitilmistir. Soguk suya dokiiliip soklanarak
boncuk fritler elde edilmistir.
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elenmistir. Emayelerin yogunlugu 1.65-1.67 g/cm3
arasindadir. Yas sprey olarak uygulanmaya hazirdir.

Emayelerdeki yapismazlik ozelligini
etkileyebilecek oOzellikler olarak temizlenebilirlik,
parlaklik, renk, ylizey, yapisma ve sitrik asit
dayanmimi  belirlenmistir. Bu  6zelliklerin  etki
dereceleri ve sonrasinda bu ozellikleri etkileyecek
stire¢ girdileri tespit edilmistir. Gerekli hesaplamalar
sebep sonu¢ matrisi kullanilarak yapilmis, burada
yiiksek c¢ikan degerlere odaklanilmis ve 1slatma
acisini etkileyen en onemli stire¢ girdileri, frit Orani
(A/B/C), korund miktari, pisirme sicakligi, pigirme
siiresi  olarak  belirlenmistir. Bu  0Ozellikler
calismadaki degisken parametrelerdir. Caligsmada
tim denemelerde sabit tutulan parametreler ise
degirmen katkilari, Ogiitme inceligi, uygulama
kalinlig1 ve uygulama seklidir.

Belirlenen 4 siire¢ girdisi i¢in 3er farkli deger
belirlenmistir.  Emayeler  hazirlanirken  sabit
degirmen katki formiilii kullanilmis, hazirlanan
emayelerin bayer degeri 0,5 - 1,0 Bayer araligi,
uygulama sekli yas sprey uygulama, uygulama
kalinligi ise 200-250 mikrometre (astar+ikinci kat)
olarak belirlenmistir.

Calismalarda kullanilacak korund miktarlari,
pisirme dereceleri ve pisirme siireleri daha onceki
laboratuvar ~ c¢aligmalarindan  yola  ¢ikilarak
belirlenmistir ve degerler Tablo 2’de verilmistir.

Tablo 2. Deney tasarimi igin kullanilacak faktor ve

Oksidik % icerik
Bilesen A B c
FRIT FRITI FRIT
NaO0 8095 160172  7.1-10.0
KO 95105 3039 3.0-5.2
BaO  5.9-6.7 0.0-3.0 0.0
Zno 0-0.2 15-3 0.0
B.O:  0.0-1.0 3152  152-175
AlLO; 0516 300450  05-12
Si0, 14153 0020  50.2-56.3
Ti0,  59-7.1 1.83.0 0.0-0.2
F 1.0-25 0-0.5 1.0-15
710, 27.0-29.0 0.2 0.1-2.0
P,Os  23.0-249  32.0-46.0 0.0
MnO  0.0-05 0.1-0.9 6.0-8.5
Sh,0;  0.0-05 0.1-0.6 0.2-2.3
Termal
Genlesme
Iiaésg%“ 352.9 452.9 226.0
(.10-8 K-
1)

Tablo 1. Kullanilan Fritlerin Oksidik Oran Aralig
ve Termal Genlesme Katsayilar

Tagucchi yontemine gore karigim regeteleri 100
grama goOre belirlenmis ve tartimlart yapilmistir.
Igerisine % 40 oraninda su katilip aliimina yas
degirmende 10 dk &giitiiliip tane boyutu 150 mesh
elekte 0.5-1 Bayer’e gore ayarlanmistir ve yapilan
tim karisimlarm tane boyutu ayni aralikta
tutulmustur. Yas emayeler 40 mesh elekten

seviyeleri
FAKTOR SEVIYE
Sicaklik (°C) 820 835 850
Frit Karigim
40/40/20  50/30/20 30/50/20
(A/B/C)
Korund Orani
1 5 10
(%)
Pisme Siiresi
3 4 5
(dk)

Belirlenen dort stire¢ girdisi ile tiger farkh
seviye icin yapilmasi gereken karigim ve pisirme
durumlar1 Taguchi deney tasarim yoOntemine gore
belirlenmis ve Tablo 3’te belirtilmistir. Bu tabloya
gore 9 farkli deneme yapilmustir.
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Tablo 3. Yapilacak Denemelerin Frit ve Korund
Oranlari ve Pigme Sartlart

DENEY Sicakik v Korund Pisime
NO (°0) Karistmi  Miktart  Siiresi
(A/BIC) (%) (dk)
1 820 40/40/20 1 3
2 820 50/30/20 5 4
3 820 30/50/20 10 5
4 835 40/40/20 5 5
5 835 50/30/20 10 3
6 835 30/50/20 1 4
7 850 40/40/20 10 4
8 850 50/30/20 1 5
9 850 30/50/20 5 3

Calismada kullanilan sabit degirmen formiilii
Tablo 4’te yer almaktadir, bu degerler 9 denemede
de sabittir.

Bilesen % Agirlikca Oran

Pigment 4

Kil MT 510 7
Bentonit 0.1
Potasyum Karbonat 0.2
Boraks 0.2
Sodyum Nitrit 0.3
Rodophol 0.07
Bentone 0.1

Tablo 4. Sabit Degirmen Katki Oranlari

Taguchi yontemine gore belirlenen 9 karisimin
tartim1 yapilmistir. Karigimlar 300 gr’lik aliimina
degirmenlerde, degirmenin igerisine %40 su
eklenerek 10 dk boyunca dgiitiilmiistiir. Ogiitiilen
karisimlarin tane boyutu 150 mesh elekte 0,5-1
Bayer’ e gore ayarlanmistir ve yapilan tiim emaye
karigimlariin tane boyutunun hepsi ayni araliktadir.
Tane boyutu ayarlanan yas emayeler 40 mesh
elekten elenmistir. Emayelerin yogunlugu 1,65-1,67
g/cm® arasinda tutulmustur. Tane boyutu ve
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yogunlugu ayarlanan emayeler yas sprey olarak
uygulanmaya hazirdir.

Hazirlanan yas emayeler ikinci kat emaye
ozelliginde oldugu icin astar kapli plakalarin iizerine
uygulanmalidir. Bu nedenle oncelikle altlik
elektrostatik toz siyah emaye ile ¢ift tarafli olarak
kaplanmustir, laboratuvar tipi Protherm marka kutu
firnda 820°C’ de 4 dk pisirilmistir. Uygulama
kalinlig1 100—120 mikrometre araligindadir.

Hazirlanan yas emayeler, astar kapli plakalara
yas tabanca ile tek yonlii olarak uygulanmistir. Her
karisim kendi i¢in belirlenen Tablo 3’teki sicaklik
derecesi ve siiresinde pisirilmistir. Plakalarin
hepsine yiizey kontrolii, renk ol¢iimii, kalinlik
Olclimi, parlaklik Olglimii, 1slatma agis1 Ol¢iimii
yapilmus, sitrik asit testleri uygulanmistir.

Renk Ol¢iim Analizi

Emaye kapli plakalarin  renk degerleri
COLORAIO marka renk cihazi ile 6l¢ililmiistiir. Bu
cihazda L degeri agiklik - koyulugu, a degeri +
tarafta kirmiziligi, - tarafta yesilligi, b degeri +
tarafta sariligl, - tarafta maviligi gostermektedir.
Koordinatin merkezi akromatiktir. Tablo 5’te
yapilan denemelerin renk Olglim degerlerine yer
verilmistir.

Parlaklik Ol¢iim Analizi

Emaye kaplamalarin parlaklik degeri 3nH
glossmetre cihazi ile l¢iilmiistiir. Bu cihazda 3 acili
Olciim yapilabilmektedir.  20°°deki deger mat
plakalar i¢in kullanilir, 85°°deki degerler ise
genellikle parlak kaplamalarda kullanilir. Ama
genellikle 60°’deki degerlere bakilir. Diigiik degerler
mathg, yiiksek degerler ise parlakligi gosterir
(ASTM - D523,2014). Bu ¢alismada her ti¢ deger de
almmustir.

Sitrik Asit Analizi

Sitrik asit testi [SO 2722:1997 standardina gore
yapilir. %10 derisime sahip soguk sitrik asit ¢ozeltisi
hazirlanmis, plakalarin iizerine damlatilarak 15 dk
bekletilmistir. Siire sonunda plakalar yikanmis ve
sitrik asit ylizeyden temizlenmistir. Islak yiizey
kurulanip yiizeydeki asinma kontrol edilmistir. Eger
yiizeyde asinma yok ise AA degerini alinir, asit izi
gozle goriiniiyorsa A degerini, eger beyazlama var
ise B degerini alir.
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ETC Testi

Sitrik asit testi uygulanan plakalarin asit yapilan
bolgelerine lityum nitrat koyulmustur. Plaka 320°C
firnda 15 dk tutulduktan sonra firindan c¢ikarilip
lityum nitratin oldugu kisim yikanip kurulanmistir.
Lityum nitratin yapildigir alana ketcap damlatilip
320°C’lik firnda yarim saat bekletilmistir. Siire
dolduktan sonra plakalar firindan alinmis ve ketcap
damlatilan yer yumusak bir ylizey yardimiyla
plakadan  temizlenmistir.  Plaka  ylizeyindeki
asinmaya gore ETC testinden gecer ya da kalir.
ETC’den kalan emayelerin gida ile temasi uygun
degildir. Sekil 1’de ETC testinin yilizeydeki asinma
durumu gdsterilmistir.

Sekil 1. (a) ETC yiizeyde asinma yok (b) ETC yiizeyde

aginma var
Islatma Acist Olciimii
Hazirlanan deney plakalarin 1slatma agilan
Olciilmiistir. Emaye kapli plakalar tablaya

yerlestirilmis ve lizerine su damlatilmistir. Olusan su
damlasiin goriintiisii alinmis ve su ile plaka
yiizeyinin arasindaki temas agis1 6lgiilmiistir.

Yumurta Pisirme Testi

Kimyasal dayanimi kuvvetli, 1slatma agist
yilksek emaye iizerinde bu test uygulanmustir.
Emaye kapl parca ocaga koyulur ve iizerine 1 adet
yumurta kirilir, 3 dk boyunca yumurta yiiksek ateste
pisirilir. Siire dolduktan sonra yumurta emaye
iizerinden spatula yardimi ile kaldirilir ve ylizeyde
kalan parca kontrol edilir. Eger yiizeyde pismis
yumurta pargast kalmadiysa emayenin yapismazlik
0zelligine sahip oldugu belirtilir.

BULGULAR VE TARTISMA
Renk Ol¢iim Analizi

Hazirlanan 9 farkli emaye ile kaph plakalarin
renk Ol¢iim sonuglarina Tablo 5°te yer verilmistir.
Sonuglara bakildiginda kaplamalarimn L ve a
degerlerinde belirgin farklilik yoktur. B degerlerinde
ise farklihk goriilmektedir. Olgiilen tiim renk
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degerleri ¢alisma i¢in uygundur.

Tablo 5. Yapilan 9 Denemenin Renk Olgiim

Sonuglart
Deney No L a b
1 25.34 -0.31 -2.17
2 25.41 -0.21 -2.08
3 25.75 -0.21 -2.54
4 26.00 -0.17 -1.27
5 25.26 -0.24 -1.8
6 26.14 -0.37 -2.43
7 26.54 -0.56 -1.02
8 26.27 -0.24 0.48
9 25.59 -0.31 -2.13

Parlaklik Ol¢iim Analizi

Bu ¢alismada parlaklik 6l¢timleri 20, 60, 85°’de
yapilmistir ve Tablo 6’da degerler verilmistir.
Kaplama sektoriinde dl¢timler yaygin olarak 60°°de
yapilir bu sebeple bu derecedeki sonuglar
degerlendirilmistir. En mat kaplama 5, 2, 8 numarali
denemelerdir. Bu denemelerin degirmen
formiillerine bakildiginda ortak o6zelliklerinin frit
oranlari oldugu goriilmektedir. A fritinin igerisindeki
ZrO; bileseni kaplama malzemesinin opaklagmasina
sebep olmaktadir. Bu sebeple bu fritin yiiksek
kullanildig1r formiillerde o6l¢iim sonuglari en mat
sonuglart vermistir. En mat olarak 5 numarali
deneyin olmasinin sebebi ise icerisindeki korund
miktarinin en fazla olmasidir. Korund miktar
arttikca emayenin parlakligi azalmaktadir. En parlak
kaplama ise 6 numarali deneyde elde edilmistir. Bu
denemenin degirmen formiilii ve pisme kosullarina
bakildiginda A  fritinin oraninin  en  diisiik
kullanildig1 karisimlardan biri oldugu goriilmektedir.
Ayrica degirmen katkist olarak kullanilan korund
miktarmin da az olmasi ve en yiiksek sicaklik ve
siirede pistiginden dolayr da parlakliginin yiiksek
muhtemeldir.
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Tablo 6. Deneylerin Parlaklik Olgiim Sonuglart
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Tablo 8. Deney plakalari iizerine yapilan ETC test

Deney No 20° 60° 85° sonuglart
1 6.7 34.5 19.6 Deney Lityum Nitrat .
2 2.6 16 18.3 No Testi Ketoap Test
3 75 36.7 52.7 1 Yizeyde asinma Yiizeyde aginma
4 5.8 303 39.5 yok yok
5 1.7 121 9.7 > Yiizeyde asinma  Yiizeyde aginma
6 9.4 42.8 60.8 var var
7 6.9 35.4 50.6 3 Yiizeyde asinma  Yiizeyde aginma
8 5.4 28.1 36.7 yok yok
9 7.8 37.9 53.3 4 Yiizeyde asinma  Yiizeyde asinma
yok var
Sitrik Asit Analizi 5 Yiizeyde asinma  Yiizeyde aginma
9 farkli deneyin asit testleri yapilmis ve yok yok
sonuglar1 Tablo 7°de yer almaktadir. Yapilan tiim 6 Yizeyde asinma  Yiizeyde asinma
kaplamalarin sitrik aside dayaniminin yiiksek oldugu var yok
goriilmektedir. 7 Yiizeyde asinma Yiizeyde asinma
var var
Tablo 7. Deneylerin Sitrik Asit Degerleri 2 Yiizeyde asinma  Yiizeyde aginma
Deney No Sitrik Asit Degeri yok var
1 AA 9 Yiizeyde asinma  Yiizeyde aginma
2 AA var var
3 AA
4 AA Yapilan 9 farkli deneyin sonuglar
5 AA incelendiginde 2,5 ve 8 nolu deneylerde 1slatma
6 AA acisinin yiiksek oldugu goriilse de 2 nolu deneyde
7 AA yapilan ETC testinde hem lityum nitrat hem de
8 AA ketcap testi sonuglari olumsuz sonuglanmustir.
9 AA Ayrica 8 nolu deneyde lityum nitrat olumlu
sonuclansa da ketcap testi sonucu olumsuzdur. Bu
ETC Testi sebeple bu iki deneme bu ¢aligma igin uygun sonucu

Kaplamalara lityum nitrat ve ketcap testleri
uygulanmig ve yiizeydeki aginma sonuglari Tablo
8’de verilmistir. Tabloya bakildiginda ETC
Ozellikteki emayeler 1, 3, 5 denemeleridir. Bu
emayelerin kimyasal dayanimlart yiiksektir. Bu
calismada gida ile temas eden ETC o0zellikte
kimyasal dayanimi  olan emaye  kaplama
hedeflendigi i¢in diger emaye kaplamalar1 bu
calisma icin uygun degildir.

Deney sonuglarina bakildiginda A frit
miktar1 arttiginda 1slatma  acgisinin - ylikseldigi
goriilmektedir. A fritinde bulunan ZrO; bileseni
emayenin kimyasala dayanimini arttirmig, P2Os
bileseni ise emayenin 1slatma acisinin artmasina
sebep olmustur.

vermemistir.5 nolu deneyde bulunan sonuglarin
kimyasal dayaniminin kuvvetli ve islatma agisinin
75°’nin iizerinde oldugu anlasilmaktadir. Gida ile
temas eden emayeler oldugu i¢in kimyasala
dayamimlar kuvvetli, yapismazlig1 arttirmak i¢in de
1slatma acgisinin 70°’nin {izerinde olma sartlarini 5
no’lu deney karsilamustir.

Islatma Acis1 Ol¢iimii

Tiim kaplama plakalarinin 1slatma agilan
Ol¢iilmiistiir. 1 den 9’a kadar yapilan tiim deneylerin
1slatma agist degerleri Sekil 2’de verilmistir. Islatma
acist en yiiksek olan denemeler 2, 5, 8 numaral
denemelerdir. Bu emayelerde kullanilan frit oranlari
1slatma agisini arttiran etki gostermektedir. Fritlerde
P.Os oran1 %20’nin {izerinde oldugunda 1slatma
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acis1 artmaktadir. Ayrica ZrO, miktar arttiginda da
emayenin kimyasal dayamimi arttign icin bu iki
bilesenin orani yiiksek oldugunda hem kimyasal
dayanimi yiiksek hem de 1slatma agis1 yiiksek emaye
kaplama elde edilmistir.

Yapilan analizlerde en iyi sonucu 2, 5, 8
numarali denemeler vermistir. Aralarindaki en
yiiksek sonug 5 numarali deneyde 77.8° dlglilmiistiir.
Bu degerlere gore frit kullanim oranlarinin en etkili
oldugu gorilmiis ve B fritinin kullanim oram
arttiginda  1slatma  agisimin arttigit  sonucu
¢ikartlmistir.

Deney no 7

Deney no 1 Deney no 4

Deney no 2 Deney no 5

Deney no 8

Deney no 3 Deney no 6

Deney no 9

Sekil 2. 1-9 nolu deneylere ait 1slatma agilari.
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Yumurta Pisirme Testi

5 numarali denemenin 1slatma agis1 76° olarak
digerlerinden yiiksek ve kimyasal dayamimi iyi
oldugu icin yumurta pisirme testi bu kaplama
iizerinde yapilmistir. Yumurta pisirilip ylizeyde
biraktigi kalinti kontrol edilmistir ve ylizeyde
kalintiya rastlanmamistir. Bu durum emayenin
1slatma acisinin yiiksek oldugunu ve yapismazlik
ozelliginin saglandigim gostermistir.

Bu calismada piyasada kullanilan mevcut
emaye kapli mutfak gereclerinin yapismazliginin
arttirilmast hedeflenmistir. Yapismazligin
saglanmas1 igin 1slatma acisinin 90°’nin tizerinde
olmasi gerekmektedir. Bu 6zelligi saglamak i¢in frit
formiilleri, degirmen recetesi, sicaklik ve pisirme
stireleri degistirilerek denemeler yapilmis, 1slatma
acilar1 Ol¢iilmistiir. Islatma agilarmin yani sira
kaplama ylizeylerinin diizgiinliigii, kaplamalarin
sitrik asit direnci, ETC ve renk degerleri de
Olciilerek optimum nokta yakalanmigtir. Her ne
kadar 90° 1slatma acis1 hedeflense de normal
emayelerde 35 — 50 arasinda bulunan 1slatma agisi
degeri bu calisma ile 80°’e kadar ¢ikarilmistir.

SONUC

Deney sonuglarina bakildiginda A frit miktar
arttiginda 1slatma agisinin yiikseldigi goriilmektedir.
A fritinde bulunan ZrO, bileseni emayenin
kimyasala dayanimini arttirmig, P,Os bileseni ise
emayenin islatma agisinin artmasina sebep olmustur.

Yapilan 9  farkli  deneyin  sonuglan
incelendiginde 5 nolu deneyde bulunan sonuglarin
kimyasal dayaniminin kuvvetli ve islatma agisinin
75%nin iizerinde oldugu anlasilmaktadir. Her ne
kadar 2 ve 8 nolu deneylerde de islatma acgisinin
yiiksek oldugu goriilse de 2 nolu deneyde yapilan
ETC testinde hem lityum nitrat hem de ketcap testi
sonuclart olumsuz sonuglanmistir. Ayrica 8 nolu
deneyde lityum nitrat olumlu sonuglansa da ketcap
testi sonucu olumsuzdur. Bu sebeple bu iki deneme
bu ¢aligma i¢in uygun sonucu vermemistir.

5 nolu deneyde olumlu netice alinan
parametrelere gore hazirlanmig plaka iizerinde
yumurta pisirme testi yapilmistir. Bununla birlikte

islatma agis1 40° olan normal bir emayenin
ylzeyinde aym1 test yapilmis ve sonuglar
karsilagtirilmigtir.  Buna gore 40° 1slatma agisina

sahip parca iizerinde yumurta yapismis 5 numaral
parca iizerinde yumurtanin yapismadigi
gozlenmistir. Bu sonugta 5 nolu deney ile emayede
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yapismazligin saglandig1 goriilmektedir.

Bu ¢alisma ile 30-40° olan emaye 1slatma agisi
80%ye kadar cikarilmistir. Bu deger hedeflenen
degerin altinda olsa da emaye kaplama
malzemelerine gore 1slatma agist degeri 2 katina
kadar ¢ikarilmstir.

Yapilan denemeler sonucunda 5 numarali deney
parametreleri kullanildiginda emayenin
yapigmazliginin saglandigi tespit edilmistir.
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0Oz

Insaat, ekonominin lokomotif sektdrlerinden biridir ve sektdr yiiksek risk ve diisiik kar marj1 tasimaktadir. Kur
riski, ozellikle nakit akislarinda farkli para birimleri olan yapim projeleri i¢in hayati bir éneme sahiptir. Yapim
projelerinin oynak kur ortamindaki kar kaybi ve maliyet degisimleri, kur riskinin 6lgiilmesini ve bu riskin varliginin
tespit edilerek rasyonel bir sekilde yonetilmesini 6nemli hale getirmistir. Genel olarak, bu ¢alismada, Monte Carlo
simiilasyonu kullanilarak doviz kurlarindaki dalgalanmalarin yapim projelerinin nakit akisi ve proje tamamlanma bedeli
iizerindeki etkisi arastirilmaktadir. Hesaplama ve sonuglarin gorsellestirilmesinde Matlab kullanilmistir Yapilan ¢alisma
sonucunda, kur riskinin proje nakit akislar1 iizerindeki etkisinin degisken oldugu ancak yillar i¢inde gittikce artan
oranda ve son derece onemli etkileri olabilecegi elde edilen bulgular arasindadir. Bulgular, fizibiliteden ingaata ve
tamamlanmaya kadar projenin yasam dongiisii boyunca kur riski yonetiminin 6nemini vurgulamaktadir. Kur riskinin
etkisiyle projenin karliliginin ne kadar dalgalanabileceginin bilinmesi bu risk etkisinden korunacak biitcenin
belirlenmesi agisindan 6nemlidir. Kur degisikliklerinin maliyetler {izerindeki etkilerini dnlemek i¢in tiim proje ve ingaat
asamalarinda kur riski yonetimi yapilmalidir.

Anahtar Kelimeler: Finansal risk, yapim projeleri, nakit akis1 yonetimi, proje yonetimi, risk yonetimi, kur riski

Currency Risk Analysis on Construction Cash Flows

Abstract

The construction industry is one of the locomotive sectors of the economy and operates with high risk and low
profit margins. Currency risk, has a vital importance especially for the construction projects which have different
currencies at their cash flows. The profit loss and cost changes of construction projects at volatile currency atmosphere,
have made it important to measure the currency risk and to manage it rationally after determining the existence of this
risk. Overall, this study highlights the importance of measuring and analyzing currency risk in construction projects.
The findings reveal that currency risk has a considerable impact on construction project profitability. The study also
highlights the importance of currency risk management throughout the project's lifecycle, from feasibility to
construction and completion. It is important to know how much the project’s profitability can fluctuate with the effect
of exchange rate risk to determine the budget to be protected from this risk effect. Currency risk management have to be
done during the all project and construction phases to prevent the effects of currency changes on the costs.

Keywords: Financial risk, construction, cash flow management, project management, risk management, currency risk
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GIiRiS

Doviz kuru riski, 1970’1 yillarin baslarinda
Bretton Woods Sistemi’nin terk edilmesinden sonra,
uluslararas: finansin en Onemli konularindan biri
haline gelmistir. Bu sistemin uygulamasinin son
bulmasi sonucunda, iilkeler paralarin1 dalgalanmaya
birakmis ve kurlarin gelecekte alacagi degerlerin
tam olarak bilinememesi basli basina bir risk unsuru
haline gelmistir. Degisen doviz kurlari, firmalarin
nakit akiglarim1 kaginilmaz olarak etkilemektedir.

Bu calismada yapim projelerinde doviz kuru
etkisinin proje nakit akislar1 iizerindeki etkisi Monte
Carlo simiilasyonu ile analiz edilmis ve sonuglar
ilerleyen boliimlerde aktarilmistir. Literatiirde ingaat
firmalarinin  kur riskinden etkilendigini gosteren
caligmalar olmakla birlikte bu durumu sayisallastiran
caligmalara rastlanmamaktadir.

Risk ve Kur Riski

Risk  genellikle beklenmeyen  sonuglarla
karsilagsma olasilig1 olarak karsimiza ¢ikar. Bir diger
tanimiyla risk, “beklenen deger ile gerceklesen deger
arasindaki olumlu ya da olumsuz farktir (Donaldson,
2000).

The Journal of Portfolio Dergisinin kurucu
editorii Peter L. Bernstein, “Modern zamanlarla
karanlik gecmis caglar arasindaki devrimci fikir,
insanin riski kontrol altina alarak ona hiikmetmeyi
ogrenmesidir’ *demektedir (Bernstein, 2006).

Kur riski, “kurun degerindeki dalgalanmalara
bagh olarak, varliklar ve yiikiimliiliklerde ortaya
cikabilecek zarar veya kar etme ihtimali’’ olarak
tammlanir (Bolgiin ve Akgay, 2005). Gilinimiizde
yapim  projelerini  iistlenen ingaat firmalari
bilangolarinin aktifinde bulunan doviz varliklari,
doviz cinsinden olan alacaklari, pasifinde bulunan
doviz kredi borglan ve diger doviz borglart ile dig
ticaret iglemlerinden dogan tiim bor¢ ve alacaklari
Oonemli boyutlara ulagabilmektedir. Tiim bu varlik ve
ylkiimliiliklerin farkli para birimleri cinsinden
olmasi doviz kuru riskinin kaynagidir. Bu risk,
kiiresellesme olgusu ile ortaya c¢ikan uluslararasi
ticaretin artan hacmiyle birlikte etkisini eskiye
nazaran daha fazla hissettirmektedir.

Artarda gelen ekonomik krizler (Tablo 1), risk
yonetimi kavraminin ortaya ¢ikmasina neden olmus,
kiiresellesme sonucu diinyanin herhangi bir yerinde
ortaya cikan bir krizin etkisinin eskisinden daha
fazla hissedilir olusu, s6z konusu risklere duyarlilig
ve risk  yOnetiminin  Onemini  arttirmistir.
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Operasyonel riskler gibi finansal riskler de ingaat
sektoriinde en sik karsilagilan ve yoOnetilmesi
gereken riskler arasinda géze ¢arpmaktadir.

Tablo 1.’den da izlenebilecegi gibi, finansal
risklerin  ¢esitliligindeki artiglar, portfoylerdeki
bliylimenin  katlanarak  artmasi  ve finansal
entegrasyon ile gelen global kriz sikliginin artmasi
aktif pasif yonetimi ve risk yonetimi ihtiyacim1 daha
da arttirmigtir

Yapim Projelerinde Kur Riski

Insaat sektorii, Gayrisafi Milli Hasila i¢indeki
payi, diger sektorlerle arasindaki girdi-¢ikti iligkisi
ve yapisal Ozellikleri sebebi ile diger sektorlerden
farkli bir sektordiir. Bu farkliliklart da insaat
projelerinin ¢ok ¢esitli risklere maruz kalmasina
sebep olmaktadir(Tiiz ve Ebesek, 2013).

Yapim projeleri, isverenin talep ettigi siire
sinirlamalarinin yam sira, yiiksek belirsizlik ve risk
faktorlerinin olusturdugu sartlar nedeniyle karmagik
ve dinamik  bir ¢evrede baslamaktadirlar
(Mulholland ve Christian, 1999).

Bu sebeple yapim sektoriindeki projelerde,
planlama siirecinde 6n goriilen bircok konunun,

uygulama asamasinda  beklenenden farkll
gergeklestigi ve yeniden planlama gereksinimi
ortaya ¢ikardigi  bilinir.  Planlamanin  diger

asamalarina oranla belirsizliklerden etkilenme ve
devamli izlenme ihtiyaci finansal planlamada cok
daha fazladir. Ciinkii finansal planlamanin aksamasi
Ozellikle projenin siliresinde bitmesi, planlanan
kalitede imali, planlanan biit¢ede tamamlanmas1 gibi
diger tiim planlama hedeflerini de etkileyecektir.
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Tablo 1. Ekonomik Krizler (Altash ve Isik,2017)

Ekonomik Krizler

Yillar Kriz Ad1

1929 Biiyiik Buhran (Diinyanin en biiyiik ekonomik daralma krizi)
1948 Ikinci Diinya Savasi Sonrast Tiirkiye Devaliiasyon Krizi
1954 Serbest Piyasa Ekonomisine Gegis (Tiirkiye Enflasyon Krizi)
1958 IMF istikrar Programi ( Tiirkiye Devaliiasyon Krizi)

1969 IMF Istikrar Programu ( Tiirkiye Devaliiasyon Krizi)

1974 I. Petrol Krizi (Tiirkiye)

1978 Dis Bor¢ A¢igr (Tiirkiye)

1979 11. Petrol Krizi(Tiirkiye)

1980 Latin Amerika Bor¢ Krizi Meksika’da baglamistir.

1986 24 Ocak Kararlar1 Krizi (Tiirkiye Devaliiasyon)

1987 Kara Pazartesi Kaldiragh Satin Almalar, M&A s

1988-1989 | Stagflasyon Krizi (Tiirkiye)

Birlesik Devletler Konut Finansmani Sirketleri Krizi (Savings & Loan)

1989-1991 Yetersiz Bankacilik Diizenlemeleri

1990 Japonya Aktif-Balon Ekonomisinin Cokiisii (Asset Price Bubble) Mali Kriz
1991 Tiirkiye Finansal Kriz (Korfez Krizi)

1994 Tiirkiye Finansal Kriz (Cari A¢ik)

1994-95 Meksika Ekonomik Krizi Devaliiasyon ve Borglanma

1997-98 Asya Finansal Krizi Asya Genelinde Devaliiasyon, Bankacilik Sisteminde Cokiis
1998-1999 | Rusya Finans Krizi Devaliiasyon ve Borg¢lanma

2000-2001 | Arjantin Ekonomik Krizi Bankacilik Sisteminde Cokiis (Bliyiik ¢okiis)

2001 Tiirkiye Krizi

Global Finans Krizi
2007 ABD Subprime Krizi ile baslayan ve tim diinyaya yayilan Likidite ve Giiven Sorunu

2009 Kiiresel Kriz

2008

2018- Tiirkiye doviz ve borg krizi
2020-2022 | Covid 19 Pandemik Kriz
2022- Rusya Finans Krizi
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Cesitli caligsmalar, uluslararast insaat
firmalarinin doviz kuru, enflasyon, kredi ve diger is
riskleri gibi karmasik risklere maruz kaldiklarini
desteklemektedir (Lee ve Waiters, 1989; Han, 1999).
Uluslararas1 insaat projelerinde ekonomik risk
faktorleri arasinda en &nemlilerinden biri olarak
maliyet asimi riskine neden olan ve Kkarlilig1
etkileyen doviz kuru riski sayilabilir (Wiswanathan,
2020; Yousri ve ark., 2023). Giinhan ve Arditi’nin
2005’ te yaptig1 calismada, enflasyon ve doviz kuru
dalgalanmasi faktorleri birlikte degerlendirilmis ve 7
Oonemli genel faktoriin iginden %13,30 agirlikla
uluslararasi ingaati etkileyen iiglincii faktor olmustur
(Giinhan ve Arditi, 2005). Claudio Loderer ve Karl
Pichler’in, 1996 yilinda yaptigi anket sonuglarina
gore, ankete katilan firmalarin, firmanin doéviz kuru
riski profilini bilmedigi, hatta yarisindan fazlasinin
proje nakit akim tablolarindaki doviz kuru risk
profilini bile bilmemekte oldugu ortaya ¢ikmuistir.
Ankete katilanlar bu konuyu bilmeleri gerektigini de
diisiinmiiyorlardir ve bildigini sOyleyenler de ¢ok
kaba saba bir bilgiye sahiptir, sadece 12 ay civarinda
bir wufka odaklanmiglardir ve daha Otesini
diistinememektedirler. Proje yapim siirelerinin 12
ayla sinirlt olmadigimi diistinlince durumun vahameti
ortadadir. Firmalarin neden hi¢ 6nlem almadigina
dair olast sebepler arastirildiginda ise, firma risk
profillerini 6l¢menin Onemini anlamakta zorluk
cektikleri igin risk agiklarinin 6nemsiz ve siradan
olduguna inanmak gibi bir sebebe sahip olduklari
ortaya ¢ikmaktadir (Loderer ve Pichler, 2000).

Shin ve Soenen, “doviz kuru dalgalanmalari
uluslararas: faaliyetleri olan firmalarin performansi
lizerinde, yurtici ve yurtdisi drilinlerinin goreceli
fiyatlarm1  ve doviz cinsinden  sabitlenmis
ylkiimliiliklerini etkilemek suretiyle Oonemli bir
etkiye sahip olabildigini belirtmektedirler (Shin ve
Soenen, 1999).

Philpot 2019°da, “Brexit’in ardindan poundun
giiclindeki dalgalanmalarin Birlesik Krallik ingaat
endiistrisinin biiylik dlglide ithal mal ve hizmetlere
dayanmasi sebebiyle projeler iizerinde, oOzellikle
iscilik ve malzeme maliyeti agisindan ¢ok dnemli bir
etkiye sahip olabilecegini belirtmistir (Philpot, 2019).

Dogu Asya’da doviz kuru dalgalanmalar1 biitge
asimina sebep olan en kritik faktdrlerden biri olarak
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bulunmustur (Chua ve ark., 2003). Yapilan baz
diger calismalarda ise doviz kuru
dalgalanmalarindan  ortaya ¢ikan risk, ortak
girisimler i¢in degisen oranlarda ama hep Onemli
bulunmustur (Bing ve ark., 1999; Shen ve ark.,
2001).

Shibani ve diger arastirmacilarin 2022 yilindaki
yapilan calismalarinda belirtildigi iizere, biiyiik
insaat projeleri, 6zellikle yurtdist projeler veya farkl
para biriminde uygulanan projeler, planlarken,
dikkate alinmasi gereken en Onemli ekonomik
risklerden biri kurun dalgalanmasidir. Insaat
projelerinde etkili bir risk yonetimi plan1 6zellikle
Liibnan gibi yiliksek kur dalgalanmasi riski tasiyan
bir iilkede ingaat silirecindeki kayiplart en aza
indirecektir (Shibani ve ark., 2022).

2022 de Misir’da yapilan bir ¢alismada konut
projelerin planlama asamalarinda maliyet risklerini
etkileyen faktorler arasinda en Onemli risk
faktoriiniin - déviz kuru riski oldugu sonucuna
ulasilmistir (Badawy ve ark., 2022).

Ameyaw ve Chan’mn 2015°te gelismekte olan
iilkelerde yaptiklar1 calismada, Kamu- Ozel-
Ortakligi su temini projelerinde 40 risk faktori
icerisinde oOngorillemeyen doviz kuru riski birinci
sirada yer almistir (Ameyaw ve Chan, 2015).

Doviz kuru degiskenligi, ihracatc1 veya ithalatci
olmasi farketmeksizin yabanci para cinsinden varlik
ve ylkiimliilikleri olan firmalar ile yurt disinda
faaliyet gosteren firmalar i¢in bir nakit akisi riski
kaynagidir. Bunun yanisira, yabanct para cinsinden
gelirleri, maliyetleri veya faaliyetleri olmayan
firmalar da, yabanci rekabet veya daha genis makro-
ekonomik kosullar iizerindeki etkisi yoluyla doviz
kuru degisikliklerinden dolayli olarak etkilenebilir
(Parsley ve Popper, 2002).

Yapim Projelerinde Nakit Akisi

Nakit akigi bir igletmenin belirli bir donem
itibar1 ile elde ettigi nakit girisleri ve bu siire
zarfinda gerceklesen nakit ¢ikislaridir. Nakit akim
tablosu, bir isletmenin belirli bir hesap doneminde
ortaya ¢ikan nakit akiglarini, kaynaklar1 ve kullanim
yerleri bakimindan gosteren tablodur. Insaat
projesinin nakit girisinde, hakedis gelirleri, isveren
avanslari, teminat kesintisi  iadeleri, kredi
kullanimlar1 vardir. Nakit c¢ikisinda ise, iscilik,
ekipman ve malzeme alimlari, taseronlara yapilan
O0demeler, tasima giderleri, vergi, kredi geri
odemeleri ve genel giderler goriiliir (Tiiz, 2013).
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Yapim projelerinin finansal planlamasi, teklif
hazirliklariyla baslar. Imalat1 yapilacak projenin is
programi olusturulur ve taahhiit maliyeti, teklif fiyati
ve 0deme plani belirlenir. Ancak, imalat siirecinde
O0deme planlar1 degisebilir. Stirecteki degisiklikler ve
imalat siiresinin uzun oldugu i¢in maruz kalinan
riskler sebebiyle yapim projelerinin nakit akist
tahminleri diger sektorlere gore daha belirsizdir,
Yapim projelerinde nakit ¢ikiglart yiiksek ve biiyiik
malzeme alimlar1 tek seferdedir. Bu biiyiik
miktardaki nakit c¢ikislart genellikle zamana
yayilamadig1 i¢in nakit akim tablolarinda biiyiik
nakit cikiglar1 ya da girigleri olusur. Nakit akim
tablolar1 zaman igindeki dalgalanmalar1 6nceden
tahmin etmeyi ve dnlemler almay1 saglar.

Nakit akis1 tablolari, projenin finansmaninin
bilinmesi ve her asamasinda planlanmasi agisindan
kritik Oneme sahiptir. Projenin genel maliyet
performansin1 6lgmek, izlemek, kontrol etmek ve
yonetmek igin kullanilir. Maliyet ¢izgisi, biitgenin
zaman araliklarmma boliinmiis halini gosterir ve
donemler i¢in tahmin edilen maliyetlerin toplanmast
ile olusturulur. Bu ¢izgi genellikle Sekil 1’deki gibi
S-egrisi seklindedir (Kenley ve Wilson, 1986). S
egrisinin yatay ekseninde siire, diisey ekseninde ise
parasal degerler izlenebilir. S egrisi genellikle
herhangi bir andaki nakit akisinin hizlica tahmininde
kullanilabilir. Maliyet ¢izgisi proje yonetim planinin
bir pargasidir (PMBOK, 2021).

Yiiklenici

Harcamalari
(Nakit
Cikist)

Tutar

Yiiklenici
Harcamalari
(Nakit Cikist)

2 3 4 5 B 7 8 8

o1 Siire
Nakit Girisi ve Nakit Cikist |
Sekil 1. S Egrisi (PMBOK,2021)
MATERYAL VE METOT
Bu calismada, doviz kurlarindaki
dalgalanmalarin yapim projelerinin nakit akis1 ve
proje tamamlanma bedeli {izerindeki etkisi

arastirllmaktadir. Kur riskinin nakit akisina etkisi
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Olciilirken Monte Carlo simiilasyon teknigi,
hesaplama ve sonuglarin  gorsellestirilmesinde
Matlab kullanilmistir. Elde edilen degerler kur riski
etkisi ile karliligin ne kadar dalgalanabilecegini
gostermektedir ve kur riski etkisinden korunmak i¢in

olusturulacak biitgenin belirlenmesinde
kullanilabilir.
Modelin Kavramsal Kurgusu

Yapim projelerinde doviz kuru riskinin

degerlendirilebilmesi icin, ig¢inde birden c¢ok para
birimi barindiran projelerin nakit akisi bilgileri ve
proje  donemindeki doviz  kurlart  degerleri
bilinmelidir.

Proje nakit akislarin1 ve doviz kurlarinin nakit
akiglarina etkisini simiile etmek i¢in kullanilan
baslica veriler proje siiresi (Ay), S egrisinin formu,
doviz miktar1 agirliklari, proje baslama tarihi ve
doviz kurlaridir.

Bu calismada Monte-Carlo simiilasyon teknigi
kullanilmigtir. Monte Carlo simiilasyon teknigi,
deneysel ve istatistiksel problemlerin ¢oziimiine,
rastgele sayilarla yaklagimlara verilen genel bir
isimdir. Monte Carlo teknigi yardimiyla rastgele
sayilardan yararlanarak defalarca benzetim yapilip,
elde edilen yaklastk sonuglarin  dagilimi
degerlendirilir. Calisma kontrol, kullanim ve sunum
kolayligt ve kabiliyetleri nedenleriyle Matlab
(Mathworks) ortaminda gergeklestirilmistir.

Modelin Simirlamalari ve Varsayimlar

Projenin nakit girisleri Tiirk Lirasi, Euro veya
Amerikan Dolar1 olarak segilebilir. Bu calismada
sozlesmelerin genelde tek para biriminde olmasi
sebebiyle nakit giriglerinde tek para birimi olarak
Tirk Lirast kullanilmistir. Nakit ¢ikislart  Tiirk
Lirasi, Euro, Amerikan Dolar1 para birimlerinin
cesitli agirliklardaki kompozisyonu ile iiretilebilir.
Tarihi  kur verileri Ocak 1999-Haziran 2023
araligindadir. Nakit giris ve ¢ikislarinin ayni1 para
birimi olmasi durumunda da olusabilecek dolayli
doviz kuru etkileri ihmal edilmektedir. Yapim
projelerinin  nakit  akiglarinda, sadece  kur
degisiminden kaynaklanabilecek risklerin analizi
amaclanmis olup, diger risk yonetim alanlar1 ve
bunlarm kur riskine dolayli etkileri kapsam dist
birakilmistir.

Model yapim projelerinde nakit akiglarimin S
egrisi biciminde oldugu kabulii ile ¢alistirtlmistir ve
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projelerde nakit girisleri ve ¢ikislarinin her ay ayni
giin oldugu kabul edilmistir.

Model

Nakit ¢ikigt verilen min. deger ile max. deger
arasinda kalarak segilen adim biiyiikligi ile doviz
agirliklart toplami 100 olacak sekilde hesaplanir.
Kullanilan degerlere bagli olarak yapilan agirlikli
nakit cikislar1 tablosu asagidaki verilmektedir.

Tablo 2. Nakit Cikisit Agwrliklar: Tablosu

usD EURO TL
MIN 0 0 0
MAX 100 100 20
STEP 10 10 10

Simiilasyon sirasinda ger¢ek hayata uygunlugu
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6. 10° Aylik Nakit Dalgalanmasi Histogrami
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Sekil 3. Aylik nakit dalgalanmasi histogrami

Tablo 3. Histogramlardaki gorsel verilerin sayisal

olasilk

simiile etmek i¢in nakit akis1 dagilimi, saga ve sola gosterimi
carpiklagsmaktadir. Z
Monte Carlo simiilasyonu ¢evrim sayisi Olasilik Dag'"m" Tablosu - X
100,000 olarak segilmistir. Olasilik  Bitig Aylik
Simiilasyonda kullanilan doviz kurlar1 Avrupa 1 0 0 0
Birligi Merkez Bankasi veri setlerinden alinmistir 2 00500 091432 08977
(ECB). . N 3 0.1000 09448  0.9291
Bu model c¢alistirilarak, doéviz kuru riskinin 4 =
. A . .. . e - 0.1500 0.9694  0.9529
yapim projeleri iizerindeki etkisi analiz edilmistir ve 5 -
analiz sonuglari Sekil 2 ve Sekil 3° de 02000, 0.9935 0.9684
sunulmaktadir. 6 0.2500 1.0172 0.9840
Sekil 2, Bitis farklar1 histogrami, proje bitisinde 7 0.3000 1.0389  1.0012
kur farklarinin etkisiyle olusan bitis bedelini 8 03500 1.0604  1.0193
gostermekte, Sekil 3, aylik nakit dalgalanmasi 9 0.4000 1.0810 1.0387
hist‘og'raml, aylik nakit . cikisinda “kur farklar}nln 10 04500 11011 10595
etkisi ile olusan aylik nakit ¢gikigini géstermektedir. 1 05000 11208  1.0818
B , 12 05500 1.1415  1.1051
Bitis Farklar: Histogrami
Ho00 R . 13 0.6000 1.1625  1.1313
8000 §o° 14 0.6500 1.1845 1.1584
7000} o= 15 07000 1.2097  1.1863
6000 L 4 0.7 16 0.7500 1.2477 1.2218
. 5000 1°° 17 0.8000  1.3028  1.2766
- . 1°° 8 18 0.8500  1.3664  1.3653
s 104 19 0.9000 14646 15164
o3 20 0.9500 1.7154  1.9099
2000 {02 21 1 24388  4.6697
1000 [ 0.1
0 R T T T ' Bulunan . sonuglar s.egi'len parame?re se?tinin
fark simiilasyonu ile elde edilmiglerdir. Proje bitis ve

aylik dalgalanma histogramlar1 ve tablosu asagidaki
yaklagimla yorumlanabilir:
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Ornekte projelerin  sadece %25’i planlanan

tamamlanma  bedeline  esit veya  altinda
gergeklesmis, geri  kalan  %75’1  planlanan
tamamlanma bedelini asmustir. Projelerin - %5’

planlanan tamamlanma bedelinin 1,75, %10’u 1,46,
%15°1 1,36 kat1 ve lstiine tamamlanmugtir.,

Ornekte projelerin nakit ¢ikislarmin sadece
%30’u planlanan aylik nakit c¢ikis bedellerini
agsmamis, esit veya altinda gergeklesmis, geri kalan
%70’ planlanan aylik nakit c¢ikist bedellerini
asmistir. Projelerin %5’1 planlanan aylik nakit ¢ikis
bedellerini 1,90, %10’u 1,51, %151 1,36 kati
asmuistir.

Olasiligin %5 lik adimlarla degisimine
karsilik gelen proje tamamlanma bedelleri ve aylik
nakit ¢ikis bedelleri Tablo 3’de sunulmaktadir

TARTISMA VE SONUC

Calismada elde edilen degerler kur riski etkisi
ile yapim projeleri karliliginin zaman zaman ne
kadar ¢arpici dalgalanabilecegini gostermektedir.
Ozellikle son yillarda siklig1 artan ekonomik krizler
ve globallesme sebebiyle farkli para birimleriyle
caligmak finansal risklere maruz kalma olasiligini
artirmaktadir.  Projelerin nakit akisi, projenin
baslangicindan tamamlanma asamasina kadar her
asamasinda etkin bir sekilde takip edilmeli ve bu
stirecte olas1t aksakliklara kars1i gerekli uygun
onlemler zamaninda alinmalidir. Bu yaklagim,
yapim projelerini bir dizi kritik riskten koruyacaktir.
Doéviz kuru riski de, projelerin maruz kalabilecegi
olasi riskler arasinda yer almaktadir. Cesitli nakit
akis1 tahmin teknikleri yapim projelerinin finansal
pozisyonu anlamak ve firmalarin iflas riskinden
kurtulmasi i¢in kullanilabilir.

Analiz araciligiyla kur riskinden dolay1
olusabilecek  zarar veya karlari gormemiz
saglanmaktadir. Is ne kadar dogru yapilirsa yapilsin,
sadece kur riskinden dolay1 planlanan biitgenin ¢ok
iizerinde tamamlanabilir. Bu biitce asimi tlim kar1
eritebildigi gibi zarara da yol acabilir. Dalgalanan
aylik nakit akiglart ve bitce asimlart isin
tamamlanmasini engelleyebilir. Tam tersi agidan
bakilirsa kurun nakit akislarindaki pozisyonu
destekledigi durumlarda elde edilen kar spekiilatiftir.
Bu karliligin yapilan isle hicbir ilgisi yoktur dyle ki
sadece doviz pozisyonu tutularak aym kar elde
edilebilir.

Proje  tamamlanma  bedeli, nakit giris
cikislarinin farkli kurlardan olmasi ve kurlardaki
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oynakligin etkisine bagli olarak, biitgelenen
bedelden farklilasabilir. Proje sonunda, kur
oynakliginin tamamlanma bedelinde bir farklilik
yaratmamig olmast durumunda bile, aylik nakit
akimlart oynakligin etkisi altindadir. Bu durumda
olan insaat firmalar1 yeterli finansal yOnetimi
yapmamislarsa zarar edebilecekleri gibi projenin
devamim da riske atarlar. Firma, nakit akimlarinin
oynak durumda kalmasi yiiziinden ek kaynak
yaratmak ve elindeki fazla kaynagi degerlendirmek
arasinda dalgalanir. Firma iflas riski yasayabilir.

Calismadan elde edilen veriler kur riski
etkisinden korunmak i¢in olusturulacak biitgenin
belirlenmesinde kullanilabilir.

Kur riski yonetimi tiim proje siireglerinde analiz
edilerek  kesintisiz ~ olarak  siirdiiriilmelidir.
Dalgalanan kurlar proje tamamlanma bedelini ve
aylik nakit akiglarin1 dinamik olarak etkilemektedir.

Takip edecek calismalarda yapim projelerinde
kur riski etkisinden korunma amagcli alinabilecek
onlemler ve korunma yontemleri ele almabilir, kur
riski etkisinden korunma amagli yonetim ig¢in
geleneksel yontemlere ek olarak, yeni ve inovatif
finansal stratejiler arastirilabilir.
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Abstract

The purpose of this article is to examine systematic literature reviews and scientific maps on the subjects of
Ecological architecture, eco-architecture, and ecological architectural design. The method of this research is bibliometric
analysis, one of the quantitative research methods. The data of the research are publications in the Scopus database
between 2000 and 2023. For the analysis, graphics from the Scopus database and the Biblioshiny software program were
used. Research findings offer a comprehensive overview of theories, concepts, trends, and publications in the field of
ecological architecture, eco-architecture, and ecological architectural design. Additionally, the concepts that stand out in
the publications are ecology, sustainable architecture architectural design, environment, green building, design, energy
efficiency, architecture design, green architecture, experimental simulation, sustainable design, landscape, nature,
sustainable design, thermal design, architectural education, climate change, construction, ecological architecture design.
The significance of this research lies in its provision of a conceptual foundation for future studies in the intersection of
ecology and architecture. For future research, it is recommended to conduct studies using various databases such as Web
of Science, ProQuest Dissertations & Theses Global, etc., at different intervals over the years.

Keywords: Ecological architecture, eco-architecture, ecological architectural design, bibliometric analysis, systematic
literature review

Ekolojik Mimarhk ve Eko-Mimari Uzerine Sistematik Literatiir Taramasi ve
Bilimsel Haritalar

Oz

Bu makalenin amaci Ekolojik mimari, eko-mimari, ekolojik mimari tasarim konularinda sistematik literatiir taramasi
ve bilimsel haritalart incelemektir. Bu aragtirmanin ydntemi nicel arastirma yontemlerinden biri olan bibliyometrik
analizdir. Arastirmanin verileri Scopus veri tabaninda 2000-2023 yillar1 arasinda yapilan yayinlardir. S6z konusu analiz
icin Scopus veri tabani ve Biblioshiny yazilim programinin grafikleri kullanilmistir. Aragtirma bulgular1 ekolojik mimari,
eko-mimari ve ekolojik mimari tasarim alanindaki teoriler, kavramlar, egilimler ve yayinlara iligskin kapsamli igerik
sunmaktadir. Ayrica, yayinlarda 6ne ¢ikan kavramlar ise ekoloji, siirdiiriilebilir mimari mimari tasarim, ¢evre, yesil bina,
tasarim, enerji verimliligi, mimari tasarim, yesil mimari, deneysel simiilasyon, siirdiiriilebilir tasarim, peyzaj, doga,
stirdiiriilebilir tasarim, termal tasarim, mimari egitim, iklim degisikligi, insaat, ekolojik mimari tasarim. Bu arastirmanin
alana katkisi ise ekoloji ve mimarlik tizerine gelecekteki arastirmalar i¢in kavramsal bir temel sunmasidir. Gelecekte
yapilacak diger arastirmalar i¢in farkli veri tabanlarinda (Web of Science, ProQuest Dissertations & Theses Global vb.)
farkli y1l araliklarinda arastirma yapilmasi onerilebilir.

Anahtar Kelimeler: Ekolojik mimari, eko-mimari, ekolojik mimari tasarim, bibliyometrik analiz, sistematik literatiir
incelemesi

INTRODUCTION

The rapid increase in population, the the impact of human activity first became the subject
unconscious overproduction of natural resources, the  of the 1987 report of the World Commission on
universal dimensions of the environmental crisis, and  Environment and Development on Sustainable
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Development Strategies. In order to address this
situation, which led to the development of ecological
architecture, the field of architecture should prioritize
healthy and environmentally friendly building design.
The challenges posed by ecological architecture in
sustainable building design are examined under
important headings: sustainable design principles,
economic architectural artificial environment design,
building material selection, air conditioning systems,
waste management, building shell design, building
geometry, and space organization. Ecological
architecture is the process of designing and producing
buildings while considering all living and non-living
elements within the ecosystem. Efforts are being
made to minimize the impact of artificial
environments on natural systems (Porteous, 2013;
Téniik, 2001).

The necessity of preserving the ecological
balance and using alternative resources instead of
natural resources leads architects, designers, and
investors to produce new ideas and take new
measures, which accelerates the construction of
buildings that take into account the principles of
ecological sustainable design (Brebbia & Pulselli,
2014). Ecological architecture and interior design
make use of natural materials. Ecological building
design should prioritize environmental friendliness,
adhere to sustainable principles, and promote a
healthy ecological cycle while optimizing resource
usage.

During the ecological architectural design
process by the designer, it is necessary to consider
ecological principles in detail in design, architecture
and planning. These principles are alternative energy
use in buildings (solar, wind, geothermal, biomass,
biogas, biodiesel, etc.), reuse of wastewater,
rainwater collection, use of composted fertilizer, use
of environmentally friendly materials and renewable
landscaping elements (Demet, 2003).

In this research, the publications that can be
accessed from the literature research on ecological
architecture, eco-architecture, and ecological
architectural design are as follows: ecological
architecture (Crowther, 1990; Lau, 2005; Uffelen,
2009; Kwak et al., 2009; Grupta, 2012; Schropfer,
2012; Porteous, 2013; Muller, 2014; Brebbia &
Pulselli, 2014). Also sustainable design (Williams,
2007), socio-environmental impact (Ibrahim, 2010),
and additionally environmental strategies (Bielek &
Bielek, 2012). Additionally, ecological buildings:
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new strategies for sustainable architecture (Lucas,
2021), influence of the green economy (Semenyuk,
2017), green roofs (Konyuhov et al., 2019), eco-
architecture and the design of energy-efficient
buildings (Semenyuk et al., 2018); sustainable
mobility (Garcia, 2014), passive and active solar
systems (Zareba, 2022), eco-architecture and
revolution (Marangoni & Mucci, 2023), aesthetics
artworks (Ardiani, 2022).

Also ecological architecture design method
(Lan, 2011; Wu et al., 2011); biomimetic approaches
(Krivenko et al.,, 2021); educating ecological
architecture—ecological educational architecture
(Costa Sontos et al., 2010); and science fiction,
sustainability, and architecture design studio
(Troiani, 2012). In this article, a systematic literature
review and scientific mapping of ecological
architecture and eco-architecture were conducted,
and the analyses were evaluated.

%H ,ni““ %

Figu}e 1 Ecological Buildings (Lucas, 2021)

MATERIAL AND METHODS

This research is a systematic literature review
and scientific mapping method. The systematic
literature review is the process of collecting data in
the Scopus database between August 15, 2023, and
September 15, 2023. During the data collection
process of the research, publications between 2000
and 2023 were included in the research, and
publications from other years were excluded from the
Scopus database.

Scopus database was searched with the words
title-abs-key ("ecological architectural design™) or
title-abs-key (“ecological architecture™) or title-abs-
key (“eco-architecture™) or title-abs-key ("ecological
architecture building") or title-abs-key (“ecological
architecture education™)). The graphs visualized in
the Scopus database after this search is as follows;
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documents by year, document by subject area,
document by affiliation, and documents by country or
territory.

In this research, we analyze images of
Biblioshiny software created for bibliometric analysis
and scientific mapping. Massimo Aria and Corrado
Cuccurullo developed Bibliometrix software in 2017
(Aria & Cuccurullo, 2017). The analyses visualized
in this article were created in Biblioshiny software:
most relevant words, trend topics, word clouds, co-
occurrence network analysis, multiple
correspondence analysis, and factorial analysis/words
by cluster visuals.

RESULTS AND DISCUSSION
A search in the Scopus database yielded 255

documents with the keywords title-abs-key
("ecological architectural design™), title-abs-key
("ecological architecture™), title-abs-key (“eco-
architecture™)  or  title-abs-key  (“ecological

architecture building") or title-abs-key (“ecological
architecture education™)) 255 documents results
between 2000 and 2023. The research results were
evaluated under two headings: firstly, the results from
the Scopus database, and secondly, the results from
scientific maps.
Results of Scopus Database

As seen as Figure 2 document by year (2000-
2023) in the chart, it started to increase rapidly after
2009 and was at its peak with 28 publications in 2011.
There are also 24 publications in 2021 and 20
publications in 2021 in the Scopus database (Figure
2).

Documents by year

Documents

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

Year

Figure 2 Documents by year (2000-2023)
(Copyright © Elsevier. All rights reserved. Scopus®)
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As seen in Figure 3, documents by subject
area are: “Engineering” 141 document (31,5%),
“Environmental Science” 76 document (17,0%),
“Social Sciences” 56 document (12,5%), “Arts and
Humanities” 34 document (7,6%), and “Computer
Science” 34 document (7,6%). Additionally, “Earth
and Planetary Sciences” 24 document (5,4%),
“Energy” 21 document (4,7%), “Materials Science”
14 document (3,1%), “Agricultural and Biological
Sciences” 13 document (2,9%), and “Mathematics” 8
document (1,8%) (Figure 3).

Documents by subject area

Other (5.8%) \

‘. Engineering (31.5%)

™ Environmental ... (17.0%)

Mathematics (1.8%)
-(2.9%)

Materials Scien. 31/)
Energy (4.7%) ~
Earth and Plane... (5.4%)

Computer Scienc... (7.6%) ~

Arts and Humani... (7.6%)

Social Sciences... (12.5%)

Figure 3 Documents by subject area
(Copyright © Elsevier. All rights reserved. Scopus®)

As seen in Figure 4, the following documents
show affiliation: “Xi'an University of Architecture
and Technology" (7 documents), “Chang'an
University" (5 documents), “Polytechnic University
of Madrid" (4 documents), “Bina Nusantara
University" (4 documents), and “L.N. Gumilyov
Eurasian National University" (4 documents).
Additionally, “Southeast University" has 3
documents, “Krakow University of Technology" has
3 documents, “Seoul National University" has 3
documents, and “Wuhan University of Technology"
has 3 documents (Figure 4).
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Documents by affiliation @

y

1 2 3 4 5 6 7

Documents

Figure 4 Documents by affiliation
(Copyright © Elsevier. All rights reserved. Scopus®)

As seen in Figure 5, documents by country or
territory: China has 78 documents, the United
Kingdom has 21 documents, Indonesia has 13
documents, South Korea has 12 documents, the
United States has 11 documents, the Russian
Federation and Turkey have 10 documents, Italy has
9 documents, and Spain has 8 documents (Figure 5).

Documents by country or territory
Compare the document counts for up to 1 "

5
s
8

40 50

Documents

Figure 5 Documents by country or territory
(Copyright © Elsevier. All rights reserved. Scopus®)

Moreover, filter by keyword number of
results: “ecological architecture” (116), “ecology”
(88), “architecture” (86), “architectural design” (62),
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“sustainable development” (59), “design” (30),
“sustainability” (24), “eco-architecture” (21), “civil
engineering” (18), “energy efficiency” (17), “urban
planning” (16), “planning” (16), “building materials”
(16), “housing” (15), “building” (15), “energy
conservation” (14), and “environmental protection”
(12) in the Scopus database.

Results of Scientifics Maps

In this phase of the research, we utilized
Biblioshiny software to generate the most relevant
words (Figure 6), trend topics (Figure 7), co-
occurrence network analysis, multiple
correspondence analysis (Figure 8), and factorial
analysis/word by cluster (Figure 9). As shown in
Figure 6, the most pertinent words are listed based on
their occurrence in the Scopus database. The words
"ecological architecture™ (59), "eco-architecture"
(21), "sustainable development™ (19), "sustainability"
(13), and "architecture” (11) are shown in Figure 6.

Moreover, the figure illustrates the frequency of
keywords in the field of architecture and ecology,
with "ecology" (10), "sustainable architecture" (8),
"architectural design" (6), "environment" (6), "green
building” (6), "design™ (5), "energy efficiency" (5),
"architecture design" (5). Additionally "green
architecture”" (4), "experimental simulation" (4),
"sustainable design" (4), "landscape" (4), "nature"
(4), "thermal design™ (4), "architectural education"
(3), "climate change" (3), "construction" (3), and
"ecological architecture design" being the most
frequently occurring terms. Figure 7 shows a word
cloud map of ecological architecture research created
by the Bibliosiny software program. According to the
word cloud, the terms "ecological architecture,"
"architecture,” "ecology," "architectural design," and
"sustainable development".
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Most Relevant Words
eco-architecture 121
sustanabiity _ &
arhibature @
ecology ———®
sustainable archilesture 9
architectural design —0
@
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Eerwnrreru —0
& green buiding Em— )
w
5 desig —0
£
3 energy effciency - ]
green archizecturs —
architecture design o
experimental simulation —
landscape. 0
nafure — o
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o 20 40 &0
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Figure 6 Most relevant words (Created by authors using R Studio- Bibliometrix Biblioshiny software)

Trend Topics
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Figure 7 Trend topics (Created by authors using R Studio- Bibliometrix Biblioshiny software)
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Table 1 Results of trend topics analysis
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item freq year_ql year_med | year g3 item freq | year_ql | year_med | year_q3
1 | ecological 99 2011 2014 2018 | 17 | Structural 8 | 2011 2016 2018
architecture design
2 | architecture 81 2011 2013 2018 | 18 | €cological 8 2018 2020 2021
buildings
3 | ecology 80 2011 2013 2018 19 | ecosystems 7 2013 2015 2016
4 322?;5“””' 64 2010 2014 2018 | 20 | construction | 7 | 2014 2017 2018
g | Sustainable 56 2011 2014 2019 | 21 | Construction |51 o546 2018 2020
development industry
6 | design 26 2011 2011 2014 | 22| climatology | 6 | 2012 2015 2016
7 |emvil 18 2011 2011 2012 | 23 | computer 6 2013 2016 2017
engineering architecture
g | building 16 2011 2012 2012 | 24 | desion 6 | 2012 2016 2016
materials method
9 | planning 16 2011 2012 2016 | 25 | 9reen 6 | 2012 2018 2020
architectures
10 | urban planning | 16 2011 2013 2020 |26 ig‘n'tsfc:?“ 6 | 2015 2020 2021
11 | sustainability 15 2010 2012 2015 | 27 | Eurasia 5 | 2006 2006 2006
12 | housing 15 2014 2017 2020 | 28 | Europe 5 | 2006 2006 2010
13 | conference 12 2010 2010 2010 | 29 | &0 5 | 2006 2009 2011
proceeding architecture
14 | buildings 10 2006 2010 2012 | 30 | Puilt 5 | 2014 2017 2019
environment
15 f;‘gggt“me”ta' 10 2010 2011 2019 | 31 | roofs 5 | 2018 2019 2019
16 | eco design 9 2017 2018 2021

4

~archi ectural design

ecologlcal ﬁ‘?@l‘?ﬂéctu Eﬁstamable development

Figure 8 Co-occurrence network analysis
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Table 2 Results of co-occurrence network analysis created by authors using Biblioshiny software

Node Cluster Betweenness Closeness PageRank
energy efficiency 1 9,747137449 | 0,013157895 0,023619047
sustainability 1 2,661973197 | 0,011764706 0,015540089
building 1 1,010748967 | 0,011494253 0,011877353
conference proceeding 1 0,098039216 | 0,010989011 0,008949448
environmental impact 1 0,712724614 | 0,011494253 0,011036683
ventilation 1 2,750454858 | 0,012195122 0,013417923
emission control 1 0,132993707 | 0,011111111 0,006966254
biodiversity 1 0 0,010638298 0,005756445
ggwapm”ﬁ'ona' fluid 1 0 0,010869565 | 0,005183503
ecological architecture 2 260,0710949 | 0,019230769 0,118590206
ecology 2 136,543863 0,01754386 0,10072709
design 2 6,915798388 | 0,013513514 0,030266038
civil engineering 2 2,443172667 | 0,012345679 0,026082943
building materials 2 1,061599412 | 0,012195122 0,023248113
planning 2 2,439799596 | 0,012345679 0,024206338
housing 2 0,485444071 | 0,011627907 0,012986181
energy utilization 2 0,683004444 | 0,012048193 0,015157453
architecture designs 2 0,020408163 | 0,011494253 0,011244698
ecological buildings 2 0,58423536 0,011627907 0,012361901
ecological environments 2 0 0,011235955 0,010818239
historic preservation 2 1,533394269 0,0125 0,015697559
rural areas 2 0 0,010989011 0,007961742
construction 2 0 0,011111111 0,007518604
construction industry 2 0,216303355 | 0,011494253 0,010401579
ecosystems 2 0 0,010869565 0,006698656
construction.equipment
3
3 [ S civil engineering materials. handling
g curasigustainability o histosiggreservation
3 IGOE oo B RURRREIRUT scotogicaemyionmesisionmaate ol
E T Wy e R
g e B% Eﬁl-?ﬁi?ﬁé‘é}iiﬁﬁf&vﬁlu,lugy
oSERMANARR bdlings PR
b céﬁ‘r%%',ﬁ*m B
regionial.planning
< 5 i 0 2 3
Dim 1 (35.67%)

Figure 9 Multiple correspondence analyses
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[JPAS

jjpas@munzur.edu.tr
ISSN: 2149-0910

Words Dim.1 | Dim.2 | cluster | Words Dim.1 | Dim.2 | cluster
ecological architecture 053 | -0,26 1 |ecological buildings 0,52 | -0,84 1
architecture 0,22 01 1 |ecological environments 1,23 | 0,69 1
ecology 067 | -0,28 1 | historic preservation 1,66 | 1,35 1
architectural design -029 | -0,03 1 lintelligent buildings -0,11 | -0,12 1
sustainable development 037 | -0,27 1 |rural areas 0,46 | -0,71 1
design 0,63 0,37 1 |structural design 0,18 | -1.2 1
energy efficiency -076 | 0,07 1 |sustainable architecture -0,11 | 0,63 1
civil engineering 1551 1,63 1 | construction -0,22 | -0,55 1
building materials 1,66 1,62 1 | construction industry 0,89 | 0,11 1
planning 123 | -0,73 1 |ecosystems 0,27 | -0,73 1
urban planning -0,11 | -0,18 1 | natural environments 15 | 0,02 1
housing -024 | -046 1 | climatology -0,46 | -0,29 1
sustainability -1,17 | 131 1 | computer architecture 0,6 -1.4 1
building -133 | 0,73 1 | design method -0,39 | 0,11 1
energy conservation 0,16 0,78 1 | economic and social effects 0,71 | -0,94 1
environmental protection 0,5 1,04 1 | emission control -1,08 | 041 1
conference proceeding -134 | 0,59 1 | green architectures 03 | -0,72 1
buildings 036 | -0,03 1 | green building design 0,63 | 0,16 1
energy utilization 079 | -0,19 1 |technology 0,38 | 051 1
environmental impact -122 | 0,69 1 | basic concepts 1,47 | -0,39 1
eco design -0,03 | -1,28 1 | built environment 057 | -1.3 1
houses 024 | -0,29 1 | construction equipment 23 | 335 1
ventilation -1,07 | 0,37 1 |eco architecture -0,53 | 0,66 1
architecture designs 106 | 0,65 1 | environmental management | -0,11 | -0,1 1
climate change -0,47 04 1 |environmental pollutions 2,22 | 061 1
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Figure 10 Word cloud map of ecological architecture researchs’

(Created by authors using R Studio- Bibliometrix Biblioshiny software)

In this research, comprehensive concepts,
frequencies, and cluster analyses related to ecological
architecture have been created. These analyses are
detailed in figures and tables. Trend topics (Figure 7)
and results of trend topics analysis (Table 1), co-
occurrence network analysis (Figure 8), and
additionally results of co-occurrence network
analysis created by authors using Biblioshiny
software (Table 2), multiple correspondence analyses
(Figure 9) and factorial analysis/word by cluster
(Table 3). The results of this analysis are important in
terms of contributing to the field. It contains
important data for researchers in the field of
ecological architecture and eco-architecture to
understand the concept, theory, and density.

In this research, the publications related to
ecological architecture that can be accessed are:
Setiawan, 2020; Chen, 2021; Hsiao, 2021; Sipahi and
Kul6zii-Uzunboy, 2021; Lavrentyev, 2022; Liao et
al., 2022; Olga et al., 2022; El-Hitami et al., 2023;
Zhang, 2023; Pratiwii 2023; Durak and Ayyildiz,
2023 in the Scopus database. Additionally,
publications in the Scopus database are limited to
Turkey: Canan et al., 2006; Eyiice, 2007; Sar1 et al.,
2011; Beyhan and Erbas, 2013; Bicer, 2016; Danaci
and Kavas, 2016 in the Scopus database.

A thorough examination of these publications,
comparing their aims, methods and findings provides
an important literature for clarifying the issue of
ecological architecture and for future research. In
recent  years, eco-architecture, ecological

architecture. The number of researches on green
buildings, sustainable building and sustainable cities,
sustainability in interior design, sustainable furniture
and interior architecture, ecological materials in
interiors is increasing. The increase in the number of
these publications and more research in the field is a
positive development.

CONCLUSION

In architecture, it is necessary to create a healthy
combination of the natural environment, society, and
artificial environment. For this purpose, it is
recommended to develop ecological awareness and
encourage practices in this field. In addition,
architectural applications should be shaped in line
with ecological principles. Research conducted in line
with these recommendations is important, and they
represent the contribution of this study to the field.
This article is to examine a systematic literature
review and scientific maps on the subjects of
ecological  architecture, eco-architecture, and
ecological architectural design. The method of this
research is bibliometric analysis, one of the
guantitative research methods. The Scopus database
had results with the words ecological architectural
design, ecological architecture, eco-architecture,
ecological architecture building, and ecological
architecture education in 255 documents between
2000 and 2023. The results of the research were
evaluated under two headings: firstly, the results of
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the Scopus database, and secondly, the results of
scientific maps.

Promote energy efficiency, environmental
awareness and  responsibility  towards the
environment by incorporating ecological architecture
and eco-architectural and interior practices into
design. A better, sustainable future should be built by
following sustainable design principles and reducing
negative environmental impacts. Appropriate
architectural and interior solutions should be
designed by the team in collaboration with architects,
employers and managers, maintaining a good balance
of cost, environmental, social and human benefits.
The originality of this article and its contribution to
the fields of architecture, design, and planning are
important in terms of contributing to ecological
architecture research, undergraduate and graduate
education courses and curricula, seeing the trend of
existing studies, and providing ideas about concepts.
Additionally, although bibliometric analysis studies
in the field of architecture have increased in other
scientific fields in recent years, they are limited in
number in the field of architecture. This study will
increase the visibility of the scientific mapping
method. As a recommendation to researchers, the
scientific mapping method SciMat, Citespace, or
VOSviewer software can be used.

Finally, the concepts that stand out in the
publications are ecology, sustainable architecture,
architectural design, environment, green building,
design, energy efficiency, architecture design, green
architecture, experimental simulation, sustainable
design, landscape, nature, sustainable design, thermal
design, architectural education, climate change,
construction, and ecological architecture design. It
provides a conceptual foundation for future research
in the fields of ecology and architecture. It is
advisable to consider conducting research in
alternative databases at various intervals over the
years.
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Abstract

The widespread use of devices connected to Android systems in various areas of human life has made it an attractive
target for bad actors. In this context, the development of mechanisms that can detect Android malware is among the most
effective techniques to protect against various attacks. Feature selection is extremely to reduce the size of the dataset and
improve computational efficiency while maintaining the accuracy of the performance model. Therefore, in this study, the
five most widely used conventional metaheuristic algorithms for feature selection in the literature, such as Genetic
Algorithm (GA), Particle Swarm Optimization (PSO), Simulated Annealing (SA), Ant Colony Optimization (ACO) and
Differential Evolution (DE), was used to select features that best represent benign and malicious applications on Android.
The efficiency of these algorithms was evaluated on the Drebin-215 and MalGenome-215 dataset using five different
machine learning (ML) method including Decision Tree (DT), K-Nearest Neighbour (KNN), Naive Bayes (NB), Random
Forest (RF) and Support Vector Machine (SVM). According to the results obtained from the experiments, DE-based
feature selection and RF classifier are found to have better accuracy. According to the findings obtained from the
experiments, it was seen that DE-based feature selection and RF method had better accuracy rate.

Keywords: Android, feature selection, malware detection, metaheuristic algorithms, optimization

Geleneksel Metasezgisel Algoritmalar ile Android Tabanh Uygulamalarin
Tespiti

Oz

Android sistemlere bagli cihazlarin insan yagaminin gesitli alanlarinda yaygin olarak kullanilmasi, onu kotii aktorler
icin cazip bir hedef haline getirmistir. Bu baglamda, Android zararli yazilimlar1 tespit edebilen mekanizmalarin
gelistirilmesi, gesitli saldirilara kars1 korunmada en etkili teknikler arasinda yer almaktadir. Ozellik segimi, performans
modelinin dogrulugunu korurken veri kiimesinin boyutunu azaltmak ve hesaplama verimliligini artirmak i¢in son derece
onemlidir. Bu nedenle, bu calismada Genetik Algoritma (GA), Pargacik Siirii Optimizasyonu (PSO), Tavlama
Simiilasyonu (SA), Karinca Kolonisi Optimizasyonu (ACO) ve Diferansiyel Evrim (DE) gibi literatiirde 6zellik se¢imi
icin en yaygin kullanilan bes klasik meta-sezgisel algoritma, Android’deki iyi huylu ve kotii amagli uygulamalari en iyi
temsil eden 6zellikleri segmek i¢in kullanilmistir. Bu algoritmalarin verimliligi Drebin-215 ve MalGenome-215 veri seti
iizerinde Karar Agaci (DT), K-En Yakin Komsu (KNN), Naive Bayes (NB), Rastgele Orman (RF) ve Destek Vektor
Makinesi (SVM) olmak iizere bes farkli makine 6grenme (ML) yontemi kullanilarak degerlendirildi. Deneylerden elde
edilen bulgulara gore, DE tabanli 6zellik se¢imi ve RF yonteminin daha iyi dogruluk oranina sahip oldugu goriilmiistiir.

Anahtar Kelimeler: Android, 6zellik se¢imi, zararli yazilim tespiti, meta-sezgisel algoritmalar, optimizasyon
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INTRODUCTION

Android is widely regarded as one of the most
prevalent operating systems utilised in a variety of
smart  devices like  smartphones, tablets,
smartwatches, and other mobile devices (Masum and
Shahriar, 2019). Android is widely favoured by a
significant portion of global users due to its attributes
of being cost-effective, user-friendly, easily
accessible, and open source (Islam et al., 2023). As of
June 2023, the Android operating system has had d a
dominant market share of 70.8% (Statista, 2023).
However, despite the global significance of the
pervasive use and popularity of the Android platform,
the number of cyber security attacks against Android
devices has increased rapidly. As a result, the security
of Android-based devices is regarded as an essential
research topic (Chakravarthy, 2021).

Android malware is a malicious application that
accesses sensitive data without the user's knowledge
or does actions that the user has not authorised
(Albakri et al., 2023). Attackers subject users to a
range of attacks pertaining to the domains of
reliability, finances, and business processes and
operations. These attacks encompass the exposing of
personal data and privacy, the theft of identification
and credit card information, as well as the
manipulation of device functionality such as device
locking, displaying advertisements, and unauthorised
utilization of device resources (Senanayake et al.,
2021). In order to mitigate the risks posed by these
attacks, a range of effective security measures have
been implemented. These measures include the
utilization of firewalls, antivirus software, encryption
protocols for safeguarding sensitive information, the
implementation of biometric authentication systems
for user verification, and the construction of
dedicated teams specialising in malware analysis
(Tahtac1 and Canbay, 2020). On the other hand, the
security mechanism of Android, which is reliant on
permissions, and the insufficient security scanning
(Daglioglu and Dogru, 2019) conducted by Google,
persistently contribute to the proliferation of malware
(Albakri et al., 2023). Hence, the development of a
contemporary, rapid, proficient detection system
capable of discerning between legitimate software
and malicious apps is of utmost significance.

Feature selection (FS) refers to the task of
identifying the most optimal subset from the original
feature collection in order to achieve the highest
accuracy in prediction (Sahin, 2022; Akinola et al.,
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2022). Consequently, FS is regarded as an NP-hard
optimization problem. Its objective function
primarily relies on two elements. minimising the
number of features while maintaining maximal
classification precision (Kareem, 2022). Since the
1970s numerous feature selection algorithms have
been proposed to acquire the most informative
subsets that yield superior results. Metaheuristic
algorithms are prevalent in the domain of feature
selection (Dokeroglu et al., 2022). These algorithms
are highly effective and efficient at locating the
optimal subset of a dataset. This work primarily
emphasises the application of metaheuristic
algorithms in addressing feature selection difficulties,
owing to their robustness and efficacy (Akinolaetal.,
2022). Nevertheless, it is important to note that not all
algorithms exhibit comparable effectiveness when it
comes to tackling various problems. Additionally, it
is important to note that every algorithm possesses its
own set of constraints (Niyomubyeyi et al., 2020).
Therefore, a substantial contribution to the literature
can be made by comparing the efficacy of
metaheuristic algorithms with statistical analyses.
The study proposes a methodology that centres on
wrapper-based feature selection techniques in order
to ascertain the significant aspects for the purpose of
detecting Android malware. The wrapper techniques
involve evaluating the performance of different
subsets of features and integrating a metaheuristic
algorithm with a classifier. In recent years, many
researchers have worked on various metaheuristic
algorithms in the field of feature selection to improve
performance and efficiency in Android malware
detection. However, there is no comparative study
that considers the metaheuristic algorithms proposed
in this study together. The proposed methodology
involved the utilization of metaheuristic algorithms to
pick the most appropriate feature set for representing
the data related to Android-based malware.
Subsequently, machine learning techniques were
employed to detect instances of Android malware by
using the selected features.
This study provides the following contributions

to the literature:

» This paper presents a comparative study of
widely used conventional — metaheuristic
algorithms and ML methods in Android malware
detection problems.
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» The results provide a comprehensive view of
how each algorithm performs in detecting
Android malware in various scenarios based on
two different datasets (Drebin-215 and
MalGenome-215) and two different (the dataset
is split into 70:30 and 10-fold cross)
experimental validation applications.

The article's structure comprises the following
sections: The focus of Section 2 is on related works.
Section 3 includes the Material and Methods. Section
4 consists of the experimental results and discussion.
Section 5 contains the conclusion.

LITERATURE REVIEW

Lee et al. (2021), uses permissions and API calls
and tries GA in the feature selection process. The
features are subsequently passed to various ML
algorithms, including J48, DT, RF, and NB. Using
6000 Android samples in total, the highest achieved
accuracy was approximately 97%. Wang et al.
(2021), proposed a novel genetic algorithm-based
approach for the detection of Android malware. The
proposed algorithm is evaluated against the existing
genetic algorithm using the UCI dataset. The SV-GA
achieves a level of accuracy of 93.6%. Meimandi et
al. (2020) demonstrated enhanced performance by
integrating the GA and SA technigues with a
classification method. Fatima et al. (2019) aimed to
validate the performance of SVM and neural
networks using a GA approach. Waleed (2019)
introduced a method for enhancing SVMs with
evolutionary boundary algorithms in order to improve
Android malware detection. The optimisation issues
were resolved by means of PSO and GA tools which
served to improve the performance of the SVM and
enhance the accuracy of Android virus detection.
Droid-HESVMPSO exhibited a testing accuracy of
96.0%, while Droid-HESVMGA achieved a value of
96.9%. Yildiz and Dogru, (2019) conducted a study
in which they examined the Android permission.
They employed a feature selection technique based on
genetic algorithms and evaluated the performance of
this approach using DT, NB, and SVM. Bhattacharya
et al. (2019) employed the PSO metaheuristic
algorithm as a method for selecting features in order
to detect Android malware based on permission
analysis. Ling et al. (2019) employed XGboost to
detect certain properties, including permissions,
intents, APIs, and smali files. They further enhanced
the performance of the XGboost model by utilising an
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ACO. Firdaus et al. (2018) proposed a method for
detecting Android malware using genetic selection,
which involved the application of a GA.

MATERIAL AND METHODS

The present work employed wrapper based
metaheuristics feature selection techniques in order to
improve the accuracy of Android malware detection.
The Drebin-215 and MalGenome-215 datasets were
employed for evaluating the proposed feature
selection techniques. PSO, DE, SA, GA, and ACO
are used to select important features from the relevant
dataset. Then, the obtained feature sets were given as
input to DT, KNN, NB, RF and SVM ML methods.
For experimental validation, 70:30 (Model-1) and
ten-fold cross-validation (Model-2) were applied to
the relevant dataset to reveal the performance of the
feature selection techniques used in the study. N
represented the population size, while T represented
the utmost number of iterations. Every algorithm was
executed 30 times. Table 1 shows all of the
parameters for each algorithm. The experiments were
conducted on a Windows 10 Intel(R) Core (TM) i7-
8565U CPU 1.80 GHz with 16.0 GB RAM and
NVIDIA GeForce MX250 2GB GDDR5. The
experiment was conducted using MATLAB R2018a
(MathWorks, Natick, MA 01760-2098, USA).

Dataset

All studies were conducted using two datasets,
namely Drebin-215 (Arp etal., 2014) and Malgoneme
-215 (Zhou and Jiang, 2012). There are 215 features
in both datasets. The Drebin-215 dataset has 15,036
samples of apps, of which 9,476 are benign and the
other 5,560 are malware. The MalGenome-215
dataset has a total of 3,799 application samples.
Among these examples, 2,539 are classified as
benign, while the remaining 1,260 are classified as
malware. This dataset was obtained from the Android
malware genome project.

Background of the Conventional Metaheuristic
Algorithms

This section provides a concise overview of the
conventional metaheuristic algorithms analysed in
the present study. During the selection process for
these metaheuristics, we prioritised the number of
citations, promising results, computational
performance, accuracy of prediction, and their
primary contributions (Dokeroglu et al., 2022).
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Ant Colony Optimization (ACO)

Ant Colony optimization is a metaheuristic
approach that draws inspiration from the foraging
behaviour of ants in order to address intricate
optimization problems (Dorigo et al, 2006). The
algorithm employed in this study is rooted on
communication-based strategies utilised by ants to
establish trail markers and identify optimal pathways.

Differential Evolution (DE)

Differential Evolution is an evolutionary
optimization algorithm based on vectors (Storn and
Price, 1997). The objective of this algorithm is to
identify the optimal solution inside intricate and
extensive solution spaces by employing a population-
based methodology. DE minimises or maximises the
functions that need to be optimised by generating new
vectors from vector differences.

Genetic Algorithm (GA)

Genetic Algorithm is an optimization and search
algorithm that operates by using the concepts of
natural selection and genetic variation (Goldberg and
Holland,1988). The objective of this method is to
address intricate optimization problems using the
emulation of biological evolution mechanisms. The
GA employs genetic operators to evolve solution

Table 1. Algorithm

ypas@munzur.edu.tr
ISSN: 2149-0910

candidates and facilitates the process of identifying
the optimal solution.

Particle Swarm Optimization (PSO)

Particle Swarm Optimization is a natural adaptive
meta-heuristic algorithm inspired by the movement
and cooperation behaviour of bird flocks (Kennedy
and Eberhart, 1995). This algorithm aims to solve
complex optimization problems by aiming to model
the movement of particles and their strategies to find
the best solution.

Simulated Annealing (SA)

Simulated Annealing is an optimization process
that employs a heuristic approach, drawing
inspiration from the thermal equilibrium states
observed in physical systems (Van Laarhoven and
Aarts, 1987 ). Using energy functions, this algorithm
attempts to solve complex optimization problems by
approving or rejecting potential solution candidates.
SA initially focuses on exploring the solution space
with a high acceptance rate at elevated temperatures,
but its objective is to ultimately identify superior
solutions at lower temperatures.

parameter settings

PSO DE SA GA ACO
T=100
N=ioy | T=100| T=100 | T=100 N0
i N =100 | N=100 | N =100 etTa‘_ .
G-y | Cr=091c=093| cr=08 -1
oo | f=05 | To=100 | mr=001 B=01
rho=0.2

Background of the Machine Learning Methods

In this section, we provide a concise overview of
the prevalent ML techniques employed by wrapper
feature selection algorithms.

Decision Tree (DT)

The Decision Trees are a widely employed
machine learning algorithm utilised for the purpose of
solving classification and regression difficulties. The
classification model is constructed using a tree
structure via a technique called binary recursive

partitioning. It generates a tree consisting of decision
nodes and leaf nodes, with decision nodes containing
two or more branches and leaf nodes assigning a class
or decision (Cihan et al., 2020).

k-Nearest Neighbour (KNN)

The k-Nearest Neighbour approach is a machine
learning technique commonly employed in the
context of classification and regression prediction
problems. This approach is a classification method
that relies on assessing the similarity between a new
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sample to be categorised and previously labelled
samples, depending on their distance (Dinler et al.,
2021).

Naive Bayes (NB)

The Naive Bayes algorithm is a classification
technique that operates on probabilities and is derived
from Bayes' theorem. The classification of the test
data in this algorithm is defined by its inclusion in the
class set that yields the highest value, which is
obtained by a sequence of probability calculations
performed on the training set (Hailat et al., 2021).

Random Forest (RF)

The Random Forest approach is a commonly
employed data mining model for addressing
classification and regression challenges. This
approach involves conducting training using decision
trees that are generated by randomly training
numerous distinct subsets. The ensemble of decision
trees generated using this approach is commonly
referred to as RF. In the context of this classification
model, an unidentified test sample is allocated to a
certain class based on the decision tree that possesses
the highest value. One of the primary benefits
associated with the RF model is its ability to
effectively address issues related to overfitting and
outliers (Ullah et al., 2021).
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Support Vector Machine (SVM)

The Support Vector Machine algorithm is widely
recognised as a robust and effective machine learning
technique employed for the purpose of addressing
classification and regression difficulties (Khan et al.,
2023). The fundamental premise of this approach is
to categorise the samples inside the feature space
using a hyperplane. SVM projects features into high-
dimensional space in order to identify the hyperplane
that provides the most effective separation (Cihan,
2021).

Proposed Model

The proposed methodology for performing the
experiments is given in Figure 1. Two datasets of
Android applications Drebin-215 and Malgoneme-
215 were used for training and testing purposes. To
identify significant features, a random subsample of
the relevant dataset is provided as input to the
wrapper-based feature selection method in this study.
In this method, five well-known traditional
metaheuristic algorithms are wused for feature
selection. The selected features are then given as
input to five different classification algorithms with
two different validation options.

Accuracy

Precision

Specifity

B0

Number
of Feature
VM Selection

Computing
——n Time

Figure 1. System architecture

385



Int. J. Pure Appl. Sci. 9(2);381-392 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1382344

RESULTS AND DISCUSSION
This section presents and discusses the
experimental results.

Performance Measures

A range of evaluation approaches were employed
to assess the efficacy of the Conventional
Metaheuristic ~ Algorithms. The aforementioned
metrics are commonly employed to assess the
performance of a classifier, encompassing measures
such as accuracy, precision, recall, specificity, and
F1-score Equation 1-5.

TP+TN

Accuracy (Acc) = TP+FPLFNTTN (1)
o TP
Precision = (2)
TP+FP
TP
Recall = (3)
TP+FN
. . . TN
Specificity = TN+FP (4)
F1 — Score = Z*Pre.Ci.Sion*Reca” ()
Precision*Recall

where TP, TN, FP, and FN are true positive, true
negative, false positive, and false negative,
respectively.

Average Accuracy (AVGacc): This metric is employed
to compute the accuracy of data classification.

Due to the fact that each procedure is repeated
30 times (r=30), the average accuracy is computed as
following Equation 6:

1
AVGypee = 7"_t £t=1ACC§est (6)

Average Number of Features (AVG|FSBest|): This

metric is employed to assess the efficacy of a
technique in reducing the quantity of features
throughout a certain number of iterations. Its
computation is as following Equation 7:

1
AVG|FSBest| = ;2?:1 |FS§est | @)

Average Computation Time (AVG;): This metric is
utilised to determine the mean CPU time (s), as
depicted in the following Equation 8:

[JPAS
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1
AVGer = e ;t:1 Ctllgest (8)

Experimental results and performance analysis
were conducted using a training set including 70% of
the dataset and a test set comprising 30% (Model -1).
Additionally, a 10-fold cross-validation strategy (as
Model -2) was employed. This study employed five
distinct conventional metaheuristic algorithms
(namely PSO, DE, SA, GA, and ACO) as feature
extraction techniques. The algorithms were assessed
using two widely recognised Android malware
datasets and five ML classification techniques. The
average accuracy, average precision, average recall,
average specificity, average F1-Score, average
number of selections, and average computational time
are displayed in Tables 2 through 8 sequentially. The
top results are highlighted in bold.

Table 2 illustrates a comparison of all
algorithms' average accuracy results. When
comparing several algorithms, it was found that the
DE-based feature selection and RF classifier
performed the best in two models (Model-1 and
Model-2) on the Drebin-215 dataset. Additionally, in
Model-2 on the MalGenome-215 dataset, it also
earned the highest mean results. The second
important indicator is that the average accuracy value
of GA-based feature selection and KNN classifier
outperforms other algorithms in Model-1 in the
MalGenome-215 dataset.

Table 3 presents the mean precision values for
all  algorithms.  The experimental findings
demonstrate that the SVM has superiority in both
datasets and models.

The average recall values for all algorithms are
presented in Table 4. Experimental results show that
DE and KNN are superior in Model -1 for Drebin-215
dataset and Model -2 for MalGenome-215 dataset.
Moreover, DE and RF are superior in Model-2 for the
Drebin-215 dataset and in Model-1 for the
MalGenome-215 dataset.

Table 5 presents the mean specificity values.
Based on the analysis of the outcomes, it can be
inferred that the SVM classifier yielded the most
favourable outcomes in both the Drebin-215 and
MalGenome-215 datasets, as well as in the two
models, namely Model-1 and Model-2, with respect
to average specificity. When compared to other
outcomes, DE with GA based feature selection in
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Drebin-215 dataset for Model-1; DE based feature
selection in Drebin-215 dataset for Model-1; PSO
based feature selection in MalGenome-215 Model -1;
and DE with ACO based feature selection in
MalGenome-215 for Model -2 attained the highest
average specificity.

The mean F1 — Score of the comparing all
algorithms are presented in Table 6. For F1 — Score
employed in this investigation, the DE-based feature
selection and RF classifier produced the best results
in two datasets (Drebin-215 and MalGenome-215)
and two models (Model-1 and Model-2).

Table 7 presents the mean value of the chosen
features. Based on an analysis of the findings
presented in Table 7, it can be inferred that the feature
selection technique based on GA demonstrated
superior performance in terms of the average number
of selected features. This was observed in two
datasets, namely Drebin-215 and MalGenome-215,
as well as in two models, specifically Model-1 and
Model-2, which were utilised in the present study.

Table 8 presents the mean computational
duration of the comparative methods. For Model -1 in
both datasets, the GA based feature selection and DT
classifier is the quickest and requires the least amount
of processing effort. The PSO-based feature selection
and NB classifier used to the Drebin-215 datasets, as
well as the GA-based feature selection and NB
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classifier employed for the MalGenome-215 dataset,
exhibit the shortest computing time and highest speed
when compared to alternative approaches for Model-
2.

Table 2. The performance of the average accuracy (%) of all algorithms in Android detection datasets

Drebin-215 MalGenome-215
CMA DT KNN NB RF SVM DT KNN NB RF SVM
ACO | 0.94639 | 0.97962 | 0.93337 | 0.98302 | 0.9372 | 0.97021 | 0.98311 | 0.95733 | 0.98657 | 0.94343
< | DE |0.94722 | 0.98201 | 0.9324 | 0.98438 | 0.93159 | 0.97457 | 0.98718 | 0.96049 | 0.99064 | 0.92959
% GA | 0.94542 | 0.98117 | 0.93098 | 0.98293 | 0.93159 | 0.96986 | 0.99071 | 0.95552 | 0.98721 | 0.9602
S | PSO | 0.94576 | 0.98035 | 0.93221 | 0.98168 | 0.94663 | 0.97275 | 0.98581 | 0.95435 | 0.98724 | 0.94267
SA | 0.94024 | 0.97524 | 0.97524 | 0.97962 | 0.94496 | 0.97006 | 0.98171 | 0.95195 | 0.98443 | 0.94496
ACO | 0.94701 | 0.98234 | 0.93337 | 0.98825 | 0.94763 | 0.97396 | 0.98665 | 0.95452 | 0.98874 | 0.94344
N | DE |0.94635| 0.984 | 0.9324 | 0.9898 | 0.93744 | 0.97684 | 0.98987 | 0.96067 | 0.99098 | 0.94321
% GA | 0.94518 | 0.98379 | 0.93098 | 0.98428 | 0.9515 | 0.97476 | 0.98667 | 0.95498 | 0.98862 | 0.96564
S | PSO | 0.94212 | 0.98258 | 0.93221 | 0.98395 | 0.95276 | 0.97477 | 0.98684 | 0.95714 | 0.98873 | 0.95624
SA | 0.94131 | 0.97789 | 0.92639 | 0.98118 | 0.95333 | 0.97158 | 0.98507 | 0.95358 | 0.98763 | 0.94925
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Table 3. The performance of the average precision (%) of all algorithms in Android detection datasets

Drebin-215 MalGenome-215
CMA DT KNN NB RF SVM DT KNN NB RF SVM
ACO | 0.93346 | 0.97374 | 0.88875 | 0.98632 | 0.99881 | 0.95316 | 0.97653 | 0.92106 | 0.9881 | 0.99939
- DE 0.9384 | 0.97791 | 0.88494 | 0.98777 | 0.99911 | 0.95737 | 0.98177 | 0.92144 | 0.99182 | 0.99936
g GA | 0.94097 | 0.97753 | 0.8974 | 0.9883 | 0.99911 | 0.95705 | 0.98132 | 0.93303 | 0.98667 | 0.99774
S | PSO | 0.94017 | 0.97638 | 0.89775 | 0.98677 | 0.99814 | 0.95708 | 0.97951 | 0.92348 | 0.98726 | 0.99989
SA ] 0.93782 | 0.96817 | 0.88116 | 0.98291 | 0.99673 | 0.95702 | 0.97265 | 0.91322 | 0.98802 | 0.99673
ACO | 0.93607 | 0.97721 | 0.88875 | 0.98904 | 0.99826 | 0.99154 | 0.98168 | 0.9205 | 0.98921 | 0.99965
o DE | 0.93578 | 0.97978 | 0.88494 | 0.99195 | 0.99959 | 0.99469 | 0.98635 | 0.92346 | 0.99322 | 0.99964
% GA | 0.94009 | 0.98071 | 0.8974 | 0.9879 | 0.99875 | 0.98771 | 0.98209 | 0.93141 | 0.98788 | 0.9981
S | PSO | 0.93365 | 0.97859 | 0.89775 | 0.98799 | 0.99804 | 0.98983 | 0.98191 | 0.92482 | 0.98998 | 0.99916
SA |0.93716 | 0.9716 | 0.88195 | 0.98475 | 0.99649 | 0.96195 | 0.97852 | 0.91598 | 0.98951 | 0.99944
Table 4. The performance of the average recall (%) of all algorithms in Android detection datasets
Drebin-215 MalGenome-215
CMA DT KNN NB RF SVM DT KNN NB RF SVM
ACO | 0.92108 | 0.9711 | 0.93736 | 0.96753 | 0.8312 | 0.95767 | 0.97257 | 0.95406 | 0.97125 | 0.83007
- DE | 0.91807 | 0.97336 | 0.93963 | 0.96976 | 0.81577 | 0.96667 | 0.97963 | 0.96323 | 0.97989 | 0.78836
% GA | 0.90987 | 0.97144 | 0.9188 | 0.96528 | 0.81577 | 0.95212 | 0.97743 | 0.93307 | 0.97469 | 0.8821
S | PSO | 0.91233 | 0.9704 | 0.92197 | 0.96339 | 0.85731 | 0.96129 | 0.97778 | 0.94065 | 0.97416 | 0.82734
SA | 0.89875 | 0.96481 | 0.92144 | 0.96165 | 0.854 | 0.95282 | 0.97231 | 0.94577 | 0.96481 | 0.854
ACO | 0.91986 | 0.97498 | 0.93736 | 0.9754 | 0.85989 | 0.92942 | 0.97802 | 0.94489 | 0.97672 | 0.82976
o DE | 0.91829 | 0.9769 | 0.93963 | 0.97718 | 0.83116 | 0.93516 | 0.9831 | 0.96127 | 0.9795 | 0.82907
% GA | 0.90983 | 0.97536 | 0.9188 | 0.96936 | 0.86993 | 0.93556 | 0.97768 | 0.93317 | 0.9777 | 0.89812
= | PSO | 0.90874 | 0.97423 | 0.92197 | 0.96836 | 0.87398 | 0.93354 | 0.97837 | 0.94807 | 0.97593 | 0.86881
SA | 0.90255 | 0.96853 | 0.92505 | 0.96404 | 0.8769 | 0.95212 | 0.97643 | 0.9473 | 0.97302 | 0.84746
Table 5. The performance of the average specifity (%) of all algorithms in Android detection datasets
Drebin-215 MalGenome-215
CMA DT KNN NB RF SVM DT KNN NB RF SVM
ACO | 0.96124 | 0.98461 | 0.93102 | 0.99212 | 0.99941 | 0.97643 | 0.98835 | 0.95896 | 0.99417 | 0.99974
- DE | 0.96433 | 0.98709 | 0.92816 | 0.99295 | 0.99957 | 0.97849 | 0.99093 | 0.95913 | 0.99597 | 0.99974
% GA | 0.96628 | 0.98688 | 0.93812 | 0.99328 | 0.99957 | 0.97867 | 0.99071 | 0.96667 | 0.99343 | 0.99899
S | PSO | 0.96538 | 0.9862 | 0.93821 | 0.99241 | 0.99905 | 0.97845 | 0.98979 | 0.96115 | 0.99374 | 0.99996
SA | 0.96459 | 0.98136 | 0.92655 | 0.99017 | 0.99834 | 0.97862 | 0.98638 | 0.95502 | 0.99417 | 0.99834
ACO | 0.96294 | 0.98665 | 0.93102 | 0.99463 | 0.99911 | 0.99606 | 0.99093 | 0.93233 | 0.99471 | 0.99985
N DE | 0.96282 | 0.98817 | 0.92816 | 0.99606 | 0.9998 | 0.99752 | 0.99324 | 0.96036 | 0.99668 | 0.99985
% GA | 0.96592 | 0.98874 | 0.93812 | 0.99304 | 0.99936 | 0.99421 | 0.99114 | 0.9658 | 0.99404 | 0.99915
=S | PSO | 0.96171 | 0.98749 | 0.93821 | 0.99309 | 0.99899 | 0.99523 | 0.99104 | 0.96164 | 0.99509 | 0.99963
SA | 0.96404 | 0.98338 | 0.92718 | 0.99124 | 0.99818 | 0.98124 | 0.98935 | 0.95669 | 0.99488 | 0.99976
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Table 6. The performance of the average F1-score (%) of all algorithms in Android detection datasets

Drebin-215 MalGenome-215
CMA DT KNN NB RF SVM DT KNN NB RF SVM
ACO | 0.92702 | 0.97241 | 0.91234 | 0.97682 | 0.90716 | 0.95526 | 0.97983 | 0.937 | 0.97957 | 0.90647
A DE | 0.92785 | 0.97562 | 0.91139 | 0.97868 | 0.89812 | 0.96192 | 0.98067 | 0.9418 | 0.98578 | 0.88114
% GA | 0.92494 | 0.97446 | 0.90777 | 0.97665 | 0.89812 | 0.95446 | 0.97932 | 0.93297 | 0.9806 | 0.93619
S | PSO | 0.92553 | 0.97336 | 0.9096 | 0.97493 | 0.92224 | 0.95906 | 0.97861 | 0.93183 | 0.98064 | 0.90521
SA |0.91748 | 0.96647 | 0.90047 | 0.97215 | 0.91974 | 0.95478 | 0.97243 | 0.92895 | 0.97624 | 0.91974
ACO | 0.92773 | 0.97609 | 0.91234 | 0.98216 | 0.92381 | 0.95945 | 0.97983 | 0.93233 | 0.98292 | 0.90674
N DE | 0.92676 | 0.97834 | 0.91139 | 0.98451 | 0.90761 | 0.96399 | 0.98471 | 0.94191 | 0.9863 | 0.90633
% GA | 0.92465 | 0.97802 | 0.90777 | 0.97854 | 0.92987 | 0.9609 | 0.97987 | 0.93218 | 0.96129 | 0.94536
S | PSO | 0.92065 | 0.9764 | 0.9096 | 0.97808 | 0.93185 | 0.96084 | 0.98012 | 0.93621 | 0.98289 | 0.92936
SA | 0.91916 | 0.97005 | 0.90287 | 0.97428 | 0.93283 | 0.95695 | 0.97747 | 0.93124 | 0.98119 | 0.91713
Table 7. The performance of the average the number of selection of all algorithms in Android detection datasets
Drebin-215 MalGenome-215
CMA DT KNN NB RF SVM DT KNN NB RF SVM
ACO | 141.866 139.5 | 135.454 | 134.2 128.8 96.3 92.033 | 110.833 | 105.033 | 102.466
| DE 155.8 156.8 | 159.454 | 156.966 | 156.866 | 147.1 | 146.066 | 150.5 | 149.066 | 141.7
% GA 102.6 86.266 | 89.545 | 87.545 | 156.866 | 45.033 | 44.166 | 43.766 43.7 45.133
= | PSO 103.5 100.666 | 98.733 98.5 100.769 80.6 80.433 | 80.066 | 81.666 106
SA 111.411 112.3 | 107.733 | 110.133 | 111.411 | 107.1 107.3 | 109.333 | 107.233 | 111.411
ACO | 102.428 139.5 | 135.454 | 113.375 | 122.363 | 105.6 | 102.366 | 104.8 | 103.866 | 131.375
f DE 154.437 156.8 | 159.454 | 126.25 | 160.818 | 145.733 | 148.166 | 150.6 | 146.366 | 133.5
§ GA 84.8571 | 86.266 | 89.5455 | 86.090 | 86.2667 | 43.7667 | 67.625 | 45.733 | 45.2333 | 45.133
= | PSO | 101.357 | 100.666 | 98.733 | 102.454 | 100.666 | 79.733 101 86.633 | 79.466 | 79.266
SA 107.366 | 112.033 | 112.3 | 109.733 | 108.266 | 106.233 | 108.766 | 108.933 | 106.933 | 106.966
Table 8. The performance of the average computational time (sec) of all algorithms in Android detection datasets
Drebin-215 -215 MalGenome-215 -215
CMA DT KNN NB RF SVM DT KNN NB RF SVM
ACO | 0.13026 | 0.13659 | 0.47612 | 0.65864 | 1.5592 | 0.01862 | 0.03057 | 0.02187 | 0.2052 | 0.38998
- DE 0.1126 | 0.13026 | 0.50467 | 0.67379 | 1.3738 | 0.02205 | 0.02779 | 0.02614 | 0.21755 | 0.32752
% GA | 0.04144 | 0.09715 | 0.37099 | 0.6338 | 1.7092 | 0.01164 | 0.02653 | 0.01635 | 0.17633 | 0.3655
S | PSO | 0.04161 | 0.107 | 0.35276 | 0.62313 | 2.4899 | 0.01470 | 0.02676 | 0.01848 | 0.19593 | 0.42445
SA 0.0619 | 1.2369 | 0.05483 | 0.57432 | 4.3565 | 0.02139 | 0.05212 | 0.03296 | 0.15981 | 2.5294
ACO | 0.45712 | 2.628 | 0.47612 | 1.5684 | 1.5007 | 7.2624 | 0.26941 | 0.15259 | 1.8842 2.698
N DE | 0.88607 | 1.5989 | 0.50467 | 1.5899 | 1.0723 | 8.1392 | 0.31717 | 0.16622 | 2.0189 | 2.6978
% GA |0.36529 | 1.1871 | 0.37099 | 1.5114 | 1.0109 | 6.0411 | 0.16524 | 0.11991 | 0.96129 | 2.2608
S | PSO | 0.50274 | 1.6035 | 0.35276 | 1.4924 | 1.5029 | 6.9175 | 0.21679 | 0.13789 | 1.7848 | 2.7103
SA 0.5135 | 3.1926 | 0.39199 | 6.0261 | 24.5547 | 0.14551 | 0.22721 | 0.15286 | 1.5579 | 2.5168
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Results of the Performance Analysis of the
Datasets

According to the experimental results in Table 2,
Drebin-215 and Malgoneme-215 datasets have the
highest accuracy rate with 98.98% and 99.09%
respectively with the combination depending on DE
+RF+Model-2. In addition, in Tables 3-8 it is
observed that the Drebin-215 and Malgoneme-215
DE+RF+Model-2 technique offers an AVGp, of
99.19%, AV G, 0f 97.71%, AVGs, of 99.60%, AV Gy
of 98.45%, AVGiFsg,q, of 126.25 and AVG(; of

1.5899; AVGp, of 99.32%, AVGp, of 97.95%, AVGs,
0f 99.66%, AV Gy, 0f 98.63%, AV Girs,.., 146.3 of and

AV G, of 2.018, respectively.

The second highest accuracy is the combination
of RF+Model-2 with ACO for the Drebin-215 dataset
and KNN+Model-1 with GA for the Malgoneme-215
dataset.

Results of the Performance Analysis of the Models

According to the experimental results in Table 2-8,
Model-2 has the highest accuracy, specifity, and F1-
Score for the two datasets, while Model-1 has the
highest precision and specificity for the two datasets.
In addition, it is seen that Model-1 generally takes
less number of features and less computation time
than Model-2.

Results of the Performance Analysis of the ML
Methods

Upon analysing the findings of the Drebin-215 and
Malgoneme-215 datasets, it is observed that the
performance of DT, KNN, NB, RF, and SVM
algorithms exhibits both enhancements and declines.

CONCLUSION

This study aims to build a method for detecting
Android malware by utilising a comprehensive set of
criteria to determine the malicious or benign nature of
an Android application. The identification and
mitigation of Android malware has emerged as a
significant issue, including not just individual users
but also business entities and governmental
organisations.

This study aims to explore the performance and
usefulness of conventional metaheuristic algorithms,
which are commonly employed, in addressing the
challenge of identifying Android malware. The
evaluation of the outcomes was conducted by
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employing diverse performance metrics for each
method, including but not limited to the accuracy,
precision, recall, specificity, F1-Score, number
of selections, and computational time. It is evident
that studies conducted in this particular domain will
yield substantial contributions towards addressing
challenges across several disciplines. Further studies
will investigate the performance and effectiveness of
the most widely used recent metaheuristic algorithms
in solving the Android malware detection problem.
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Abstract
In this study, we present a description of Arf numerical semigroups with multiplicity eight and given conductor.

Keywords: Arf numerical semigroups, conductor, embedding dimension, Frobenius number, multiplicity, numerical

semigroups.

Kathhig 8 Olan Arf Sayisal Yarigruplari

Oz

Bu calismada, belirli ileticili ve katlilig1 sekiz olan Arf sayisal yar1 gruplarinin tanimlamasini sunuyoruz.

Anahtar Kelimeler: Arf sayisal yarigruplari, iletici, ggmme boyutu, Frobenius sayisi, katlilik, sayisal yarigruplar.

INTRODUCTION

A numerical semigroup S is a subset of N =
Z* u {0} such that S is closed under addition, 0 € S
and N\S is finite (i.e. S has finite complement in N).
It is known that every numerical semigroup S is
finitely generated; that is, there exist some elements
Ug, -, U, ES(p EZT) such that S
(ug, -+, up) = uyN + -+ + u, N (Barucci, Dobbs and
Fontana, 1997; Froberg, Gottlieb and Hdggkvist,
1987; Rosales and Garcia-Sanchez, 2009). Moreover,
gcd{uy, -, up} = 1since this is equivalent to that
the semigroup S has a finite complement in N where
gcd the abbreviation for the greatest common divisor
(Froberg et al., 1987).

The set A = {uy,*-,u,} is called the minimal
system of generators for any semigroup S, if S = (4)
and no proper subset A generates S. It is known that
every numerical semigroup S has a unique minimal
system of generators and the cardinality of the
minimal system of generators of Sis called the
embedding dimension of S, denoted by e(S). The
least positive integer in S is called the multiplicity of
S, denoted by m(S). It is known that the minimal
system of generators of S must contain m(S), and that

e(S) < m(S) (Garcia -Sanchez, Heredia, Karakas,
and Rosales, 2017; ilhan and Siier, 2017). Moreover,
a numerical semigroup S is a numerical semigroup of
maximal embedding dimension if e(S) = m(S).
Another notable element of a numerical semigroup is
the ratio. The ratio of S, denoted by R(S) (in short R),
is defined as the least positive integer greater than the
multiplicity of S in the minimal system of generators
of S.

The greatest integer not in S is known as the
Frobenius number of S, denoted by F(S), through in
the literature it is sometimes replaced by the
conductor of S, denoted by C(S) (in short C which is
the least integer x such that x + n € S for all n € N.
It is easy to see that F(S) = C — 1. If S is different
from N, it is traditional to denote the elements of S
that are less than or equal to C by s5=
0,51,*,Sp—1,5, = C with s;_; <s;for each 1<
i <n,and write

S={s=0,581,"**,Sp-1,5, = C, >}
where “— ” means that every integer greater than C
belongs to the set. The elements s = 0,54, ", 5,1
are called the small elements of S. Note that the first
non-zero small element is s; = m(S), the multiplicity
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of S, and n=n(S) =[S n {0,1,...,F(S)}| is the
number of small elements of S (|A| denotes the
cardinality of any set A).

If S is a numerical semigroup and a € S\ {0},
the Apéry set of S with respect to a is the set
Ap(S,a) ={s €S :s—a €& S}. Itiseasy to see that
Ap (S,a) = {wy = 0,wy,- ,We_1} Where w; is
the least element of S such that w; = i (mod a) for
each1 <i < a—1. Moreover, (Ap(S,a)\{0}) U
{a} generates S and max(4Ap(S,a)) =F(S)+a =

C(S)+a—1forany ka € S\ {0} (Rosales, 2005;
Rosales and Garcia -Sanchez, 2009). Thus, if S is a
numerical semigroup with multiplicity m, then S has
maximal embedding dimension if and only if
(Ap(S,m) \ {0} U {m} is the minimal system of
generators for S.

Arf Numerical Semigroups

A numerical semigroup S is called Arf if x +
y—zeSforall x,y,z€ S where x >y >z This
definition was first given by C. Arf in 1949, and
therefore, the condition in this definition is known as
the Arf condition. For all x,y,z € S such that x >
y=zand x = C, clearly x + y—z > Cand so x +
y —z € S. Therefore, to check if a numerical
semigroup is Arf, it is enough to check the Arf
condition for only the small elements. There are many
equivalent conditions to the Arf condition, one of
them is specified as “a numerical semigroup is Arf if
and only if 2x —y €S where x = y” (Garcia—
Sanchez at al., 2017).

Any Arf numerical semigroup has maximal
embedding dimension. Thus, if S is an Arf numerical
semigroup with multiplicity m, then S is minimally
generated by (Ap(S,m) \ {0}) U {m}.

A class of numerical semigroups Arf, the
multiplicity of which is a p prime number, is given in
(Celik, 2022). However, Garcia—Sanchez at al., in
2017 show that Arf numerical semigroups with
multiplicity up to seven and given conductor are
described parametrically. In this work, we obtain a
description for Arf numerical semigroups with
multiplicity eight, which is similar to the work in
(Garcia—Sanchez at al., 2017). We now recall some
results that we will frequently use throughout the
paper.

Lemma 1 [Garcia—Sanchez at al., 2017, Lemma
11] Let S be an Arf numerical semigroup with
multiplicity m and conductor C. Let Ap (S,m) =
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{fwog = 0,wy, -+ , W1} For each
2,3, ,m—1, we have

(a)Wj_l <w;= CSWJ—l

(b) W] < Wj_1 = C < Wj—l'

Lemma 1 shows that for each j = 2,---,m — 1,
at least one of w;_; or w; is not less than C.

Let S be a numerical semigroup with multiplicity
m and conductor C. As every non-negative multiple
of misinSand C—1 ¢S5, it follows that C #
1 (mod m). The following lemma shows that w; and
w,,,—, are completely determined by the multiplicity
and the conductor in any Arf numerical semigroup.

Lemma 2 [Garcia—Sanchez at al., 2017, Lemma
13] Let S be an Arf numerical semigroup with
multiplicity m and conductor Cwhere C =
k (modm)andk € {0,2,--- ,m —1}. Then

a

(_)C+1 ifk=0(C = 0 (modm))

e _{C—k +m+1 ifk#0(C % 0(modm))

O)wp_,=C—k+m-1

Lemma 3 [Garcia—Sanchez at al., 2017, Lemma
15] Let S be an Arf numerical semigroup with

multiplicity m > 2. Forany t € Nwitht < = we
have w,; < wy +tand wy,_o < Wy +m —t.

j:

Arf Numerical Semigroups With Multiplicity 8

Let S be an Arf numerical semigroup with
multiplicity eight and conductor C. Then C =
0,2,3,4,5,6 or 7 (mod 8). Recall that the ratio R of
S is the least element larger than the multiplicity in
the minimal system of generators for S. It can be
easily seen that

R<C+1ifC =0(mod8),R < CifC %
0 (mod 8).

Remark 1 As a result of Lemma 3, if S is an Arf
numerical semigroup with multiplicity eight and
Ap (§5,8) = {wy = 0,wy, -+ ,w,}then we have

@wg < wg+ 3 b)w, < wy+ 2

C©wy, < ws +5 dw, < wg + 6.

Theorem 4 Let S be a numerical semigroup with
multiplicity eight and conductor C where ¢ > 8 and
C=0(mod8). Then S is an Arf numerical
semigroup if and only if S is one of the followings:
8,C+1,C+2,C+3,C+4C+5C+6C+7);

(8,8u+2,8u+48u+6C+1C+3C+

5C+7)foreachl< u < %;

(8,C—=5C—2C+1,C+2,C+4C+5C+7);
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(8,8u+4,8t+2,8t+6,C+1,C+3,C+
5C+7)foreachl < u <t < =
(8,8u+4,8t—-2,8t+2,C+1,C+3,C+
5C+7)foreachl < u <t < =

8,C—3,C+ 1,C+ 2,C+ 3,C+ 4C+ 6,C
+ 7

(8,8u+6,8u+10,8u+12,C+1,C+3,C+
5C+7)foreachl < u < %

Proof (Necessity) Let S be an Arf numerical
semigroup with multiplicity eight and conductor C
where € > 8 and C = 0 (mod 8). It can be obtained
from Lemma 2 thatw; = C +1landw, = C +7.
In addition, the largest element of the set Ap(S, 8) is
w, = C +7 which can be obtained from the
equality of max(A4p(S,8)) = F(S) + 8. So the other

elements of the Apéry set must be smaller than w, =
C +7 . Inother words, w; <C+7 foreachi €
{0,1,2,3,4,5, 6}. In this way, the ratio of S, R, is one
of the elements wy, w,, w3, w,, ws or wy .

(i) If R = wy, then it is obvious that
S =(8C+1C+2,C+3,C+4C+5C+6,C

+ 7).

(i) If R = w,, then w, < C — 6. Consequently,

wy, = 8u+2, where 1 < u < % Since w, <

wsz, C + 1 < ws.Thenby Lemma 1, we have ws
C + 3. Because we know that w, < w,and w,
w, + 2 given in Remark 1, we get wy, = w, + 2
8u + 4. The inequality w, <wsg vyields the
inequalityw, =w, +2 < wg. Then ws can be
obtained from Lemma 1 to be C + 5. Finally, we
have 2w, —w, = 8u + 6 € S by the Arf condition,
which wg < 8u + 6. Since w, = 8u + 2 < wg,
we get wg = 8u + 6. It follows that
§=(88u+28u+48u+6C+1C+

3,C+5,C+7)foreach1 < u <=2

(iii) If R = w3, thenw; < € — 5. Since R =
ws, w, and w, can be found from Lemma 1 as w, =
C + 2andw, = C + 4, respectively. In order see
to that C+4=w,<wg+6 <w3+9 <
C + 4, we use Remark 1 (d) and (a), respectively.
Accordingly, wegetw; = € —5andwg = C — 2.
Since R = w3 and max(4p(S,8)) = C + 7, we can

obtain C — 5 = wy3 < wg < C + 7. Thus, wg =

C + 5. Hence,

S =(8C—-5C0C-2C+1,C+2,C+4C+5,C
+ 7).

@ |0

10
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(iv) If R =wy, thenw, < C — 4. Asaresult
of this, w, is equal to 8u + 4 for the interval of u

indicatedby 1 < u < % . Then by Lemma 1, we

have w; = C + 3 and ws = C + 5. The inequality of
wy < w, + 2isgivenin Remark 1 (b), and so w, +
2 € S. Therefore, 2(w, +2) —w, =w, +4 € Shy
the Arf condition. This implies that wg < w, + 4.
Under these conditions, there are two cases: w, <
Wy, < Wg 0rwy < wWeg < Wy,

If w, <w, < wg then w, = 8t + 2and
wg = 8t + 6, for some t € N. Since w, < wg and

we <C+7,wehavel <u <t s%.ltfollows

that
S =(88u+48t+28t+6C+1,C+

3,C+5C+7)foreachl < u <t S%.

IfW4, <W6<W2,thenW2:8t+2andW6:
8t — 2for some t € N. Sincew, <w, and w, <

C+7,wehavel <u <t S%. It follows that
S =(88u+48t—-2,8t+2,C+1,C+
3,C+5C+7)foreachl < u <t S%.

(v) If R = ws, then ws < C — 3. We can obtain
wy,=C+4 and wg =C + 6 by using Lemma 1.
From Remark 1 (a), (b) and (c), respectively, we have
C+6 =wg<w3z + 3, C+4=w, < wy +
2and w, <wg + 5. Accordingly, we can calculate
wy3=C+3,w, =C+2 and wg=C—-3. As a
result,

S =(8C-3C+1,C+2,C+3,C+4C+6C
+ 7).

(Vi) IfR = wg, thenwg < C —2.Sowg = 8u +

6forl <u< % By using Lemma 1, we can

calculate wg = C + 5. By the Arf condition, 2wy —
8u =8u+ 12 € S.Therefore, w, < 8u + 12.
Thisyieldsw, = 8u + 12duetowg = 8u + 6 <
wy (R = wg). In addition, by the Arf condition
again, we obtain 2(8u+8)— (Bu+6) =8u+
10 € S, and so w, = 8u + 10. Furthermore, since
we < wsz, Wwe can write 8u+ 11 < ws;, which
implies that w, = 10u + 10 < wy . Hence,

S =(88u+68u+10,8u+12,C+1,C+

3,C+5C+7)foreachl < u S%.

(Sufficiency) The definition of Arf numerical
semigroup given in the Section 2 shows that each
semigroup given in  Theorem 4  satisfies
the Arf property.
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Theorem 5 Let S be a numerical semigroup with
multiplicity eight and conductor C where C >
10 and C = 2 (mod 8). Then S is an Arf numerical
semigroup if and only if S is one of the followings:

8,8u+2,8u+48u+6C+1,C+3,C+

5,C+7)foreachl < u < 2

(8,8u+4,8t+2,8t+6,C
5,C+7)foreachl < u< t<

(8,8u+4,8t—-2,8t+2,C+1,C+3,C+
5C+7)foreachl < u< tg%;
(8,C—-5,C,C+1,C+2,C+4C+5C+7)

(8,8u+6,8u+10,8u+12,C+1,C+3,C+

5,C+7)foreachl < u < %

Proof (Necessity) Let S be an Arf numerical
semigroup with multiplicity eight and conductor C
where € > 10 and C = 2(mod 8). We can calculate
wy = C + 7 and w, = C +5 by using Lemma 2.
We can see that the largest element of the set Ap (S, 8)
isw; = C + 7 by using max(4p(S,8)) = F(S) + 8.

Thus, the other elements of the Apéry set must be
smaller than w; = C + 7, i.e. w; < C + 7 for each
i €{0,2,3,4,5,6,7}. Note that w; must be bigger
than C. Otherwise, ifw; < C,thenC —7 € S.ltcan
also be found from Lemma 1 w,=C+2. In
addition, by respectively using Remark 1 (d), (a), the
following inequalities can be obtained C + 2 =
Wy S Wg+6 Sws+9 <C+2.Thus, wg =C —
4. Accordingly, by the Arf condition 2(C —4) —
(C—7)=C—1 € S.Thisisacontradiction. For this
reason ws is equal to C + 1. Under this condition the
ratio of S, is one of the elements w,, w,, ws or w.

(i) If R = wy, then w, < C.w, must be 8u + 2
for the interval of u indicated by 1 < u < %
Thus, we can get 2w, — (8u) = 8u + 4 € S by using
the Arf condition. Therefore, w, < 8u + 4. This
shows w, = 8u + 4 as w, = 8u + 2 < w,. The Arf
condition also gives w, + w, — (8u) =8u+6 €S,
which yields wg = 8u + 6. We can see that C +
1,8u+4 and 8u + 2 €S through information
given above. There are two situations: In the first, if
C+1>8u+4>8u+2 then(C+1)+ (8u +
4) — (Bu + 2) = C + 3 € S can be obtained by the
Arf condition. In the second, if 8u+4>C+1>

Bu+2,thenu = = and 2(8u +4) — (C+1) =

2(C+2)—(C+1)=C+ 3 € Scanbeobtained by
the Arf condition. Hence, ws = C + 3 and

[ee]
oS4 ..

1,C+3,C+
2

)

® |
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S=(8,8u+28u+48u+6C+1,C+3C+
5,C+7)foreachl < u < %

(if) If R = wy, then w, < C — 6. In this case,
w, = 8u + 4 for the interval of u indicated by 1 <

u < %. It can easily be calculated by using

Lemma 1 that w3 = C + 1 and ws = C + 3. On the
other hand, w, < w, + 2 is given in Remark 1 (b).
Therefore, 2(w, +2)—w, =w,+4 € S can be
obtained from the Arf condition. We obtained that
we < w, + 4. Under these conditions, there are two
cases: wy < wy, < Wwg OF wy <wg <w,. If w, <
wy, < wg, then w, = 8t + 2 and wy = 8t + 6 for
some t € N. Since w, <wg and wg < C + 7, we

havel < u< t< % It follows that

S=(8,8u+48t+28t+6C+1,C+
3,C+5,C+7)

foreachl < u < tg%.

If w, <wg <w,, thenw, =8t+ 2 and wg =
8t — 2 for some t € N. Since w, < w, and w, <

C+7,wehavel < u<t< % It follows that

§=(8,8u+48t—-2,8+2,C+1,C+
3,C+5C+7)foreach1 < u< t<=2

(iii) If R =ws, then ws < C—5. We can
calculate by usig Lemmalthatw, = C + 2 and wg =
C + 4. By respectively applying Remark 1 (b), (a)
and (c),wecanwriteC+2 =w, <w,+2,C+4 =
we <wz+3 and C =w, <ws+5. As a result,
wy = C,wy = C +1andws = C — 5. Hence,
§=(8,C—-5CC+1,C+2,C+4C+5C+7).

(iv) If R = wg, then wg < C — 4. In this case,
wg = 8u + 6 for the interval of u indicated by 1 <

u < % . By using the Arf condition, we can write

2wg —8u =8u+12€S. Thus, w, < 8u + 12.
Since R =wg, wg=8u+ 6 <w,. These
situations yield w, = 8u + 12. The Arf condition
also gives 2(8u+8)— (Bu+6)=8u+ 10 €S,
which yields w, = 8u + 10. Furthermore, it can
easily be seen by Lemma 1 that wg =C + 3.
Moreover, 8u+ 6 <wsz since wg < ws. This
implies that w, < ws. Under these conditions, w; =
C + 1 by using Lemma 1. It is follows that
§$=(8,8u+6,8u+10,8u+12,C+1,C +

3,C+5C+7)foreachl < u < %

(Sufficiency) The definition of Arf numerical
semigroup given in the Section 2 shows that each
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semigroup given in  Theorem 5 satisfies

the Arf property.

Theorem 6 Let S be a numerical semigroup with
multiplicity eight and conductor C where C >
11and € = 3 (mod 8). Then S is an Arf numerical
semigroup if and only if S is one of the followings:

8,C,C +1,C +2,C +3,C +4C+
6,C + 7);

(8,8u + 4,C,C + 2,C + 3,C + 4,C +
6,C + 7)foreachl < u < %

Proof (Necessity) Let S be an Arf numerical
semigroup with multiplicity eight and conductor C
where € > 11 and € = 3 (mod 8). Then, we can get
wi;=C+ 6 and w, = C+4 by using Lemma
2.We can see that the largest element of the set
Ap(S,8) is w, = C + 7 by using max(Ap(S,8)) =

F(S) + 8. So the other elements of the Apéry set must
be smaller than w, = C+ 7, ie. w; < C +7 for
eachi € {0,1,3,4,5,6,7}. If wg < C, then C -5 €
S.We alsohave C —3 € S,andso 2(C —3) — (C —
55=C—-1€Sby the Arf condition. This
contradicts with the fact that C is the conductor of S.
Therefore, wg must be bigger than C. This means that
we = C + 3. By respectively using Remark 1 (a)
and (c) weseethat C +3 = wg < wy+3andC +
7 = w, < ws + 5. Thus, these results yield w; =
C and ws = C + 2. Accordingly, the ratio of S, R,
is one of the elements w; = C or wy.

(i) If wy = C, thenitis clear that
S$=(8,C,C+1,C+2,C+3,C+4C+6,C+7).

(i) If R=w, ten w,<C-7.
Consequently w, = 8u + 4, for the interval of u
indicatedby 1 < u < % It follows that

S=(88u+4CC+2C+3C+ 4C+
6,C+7)foreach1l < u < %

(Sufficiency) The definition of Arf numerical
semigroup given in the Section 2 shows that each
semigroup given in  Theorem 6 satisfies
the Arf property.

Theorem 7 Let S be a numerical semigroup with
multiplicity eight and conductor C where C > 12 and
C=4(mod8). Then S is an Arf numerical
semigroup if and only if S is one of the followings:

(8,8u+2,8u+48u+6C+1C+3C+
5C+7)foreachl < u < %;
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(8,8u+4,8t+2,8t+6,C+1,C+3,C+
5,C+7)foreachl <u<t< %;

(8,8u+4,8t—-2,8t+2,C+1,C+3,C+

5,C+7)foreachl <u<t< %;

(8,8u+6,8u+10,8u+12,C+1,C+3,C+
5C+7)foreachl < u < %

Proof (Necessity) Let Sbe an Arf numerical
semigroup with multiplicity eight and conductor C
where € > 12 and C = 4(mod 8). We can calculate
w; = C + 5andw; = C + 3 by using Lemma 2. The
largest element of the set Ap(S,8) isw; = C + 7 due
to the fact that max(Ap(S, 8)) F(S) + 8. So the other

elements of the Apéry set must be smaller than w; =
C+7, e wi< C+7 for each i€
{0,1,2,4,5,6,7}. Note that wg > C. Otherwise,
ws < C which implies that ws < C — 7 € S. Then
C—4€S as well, and so 2(C—4)—-(C—-7) =
C —1€ S by the Arf condition. This is a
contradiction. Therefore, ws > C and ws = C + 1.
Thus, the ratio of S, R, is one of the elements
Wy, Wy OT Wg.

(i) If R = w,, then w, < C — 2. Consequently,
w, = 8u + 2 for the interval of u indicated by 1 <

u < %. The Arf condition gives 2w, —8u =

8u + 4 € S. Therefore, w, < 8u + 4. Since 8u +
2 =w, <w,. The Arf condition also gives w, +
w, —8u= 8u+6€S. This yields wg =8u+6
due to w, = 8u + 2 < wg. Hence,

S =(88u+28u+48u+6C+1C+

3,C+5,C+7) foreach1 < u < ==,

(ii) If R = wy, then w, < C. As a result, w, =
8u + 4 for the interval of u indicated by 1 < u <
%. Note that w,, + 2 € S since w, < w, + 2. Then
the Arf condition gives2(w, + 2) —w, =w, + 4 €
S. Thisimplies wg < w, + 4. As a result, we get two
cases: wy <w, < wgand w, <wg<w, are
considered. If w, < w, < wg, thenw, = 8t + 2 and
we = 8t + 6 for some t € N. Since w, < wg and
We< C + 7,wehavel<u<t< %. It follows
that

S =(88u+48t+28t+6C+1C+

3,C+5C+7)foreachl<u<t< %.

IfW4<W6<W2,then W2=8t+2 and Wg =
8t — 2 forsome t € N.
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Since wy, <w,and w, < C+ 7, we have 1 <

u<ts< %. It follows that

S=(8,8u+48t-28t+2,C+1,C+

3,C + 5, C+7)foreach1<u<t<%

(iii) If R = wg, then wg < C — 6. Accordingly,
we = 8u + 6 for the interval of u indicated by 1 <

u < ﬂ .Wecangetws = C +1byLemmal.On

the other hand, w, < wg + 6 is given in Remark 1
(d). Since wg < w,, We getw, = wg + 6 = 8u + 12.
By the Arf condition, we also get 2(8u + 8) — wg =
8u+ 10 € S. This implies w, < 8u + 10. Since
We = 8u + 6 < wy,, w, must be equal to 8u +
10. It follows that

= (8,8u+6,8u+10,8u+12,C+1,C +

3,C+5C+7) for  each 1<u €1z

< —
8
(Sufficiency) The definition of Arf numerical
semigroup given in the Section 2 shows that each
semigroup given in Theorem 7 satisfies
the Arf property.

Theorem 8 Let S be a numerical semigroup with
multiplicity eight and conductor € where € > 13 and
C=5(mod8). Then S is an Arf numerical
semigroup if and only if S is one of the followings:

8, —2,,C+1,C+2,C+4C+5,C+7);

8,C,C+1,C+2,C+4C+5C+ 6,C+7).

Proof (Necessity) Let S be an Arf numerical
semigroup with multiplicity eight and conductor C
where € > 13 and € = 5(mod 8). It can easily be
calculated from Lemma 2 that w; = C + 4 and
w; = C + 2. The largest element of the set Ap(S, 8)
isw, = C + 7 due to the fact that max(4p(S, 8)) =

F(S) + 8. So the other elements of the Apéry set must
be smaller than w, = C+ 7, ie. w; < C+ 7 for
each i€{0,1,2,3,56,7}. Using respectively
Remark 1 (b), (d), (c) and (a), we see that C + 7 =
wy<w, +2=>w, =C+5, C+7=w, <
We +6=>wg=C+1, C+5=w,<wg +5=
ws=>C and C+1=wg < w3 +3=> wy; >
C — 2. According to the values obtained above, R =
w3 =C—20R = wy = C.

() IfR =w3 =C — 2,then

=(8,C—-2CC+1,C+2C+4C+

5C+7).

(i) If R = wg = C, then

S =(8CC+1,C+2,C+4C+5,C+
6,C+ 7).
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(Sufficiency) The definition of Arf numerical
semigroup given in the Section 2 shows that each
semigroup given in  Theorem 8 satisfies
the Arf property.

Theorem 9 Let S be a numerical semigroup with
multiplicity eight and conductor € where C > 14 and
C=6(mod8). Then S is an Arf numerical
semigroup if and only if S is one of the followings:

(8,8u+2,8u+48u+6C+1,C+3,C+

5C+7)foreachl1 < u < %

(8, —-3,,C+1,C+3,C+4C+6C+7)

(8,8u+4,8t+2,8t+6,C+1,C+3,C+

5,C+7)foreachl1< u <t <%,

(8,8u+4,8t—-2,8t+2,C+1,C+3,C+

5,C+7)foreachl< u <t <%,

(8,8u+6,8u +10,8u + 12, C+1C+3 C+

5C+7)foreachl1 < u < %

Proof (Necessity) Let Sbe an Arf numerical
semigroup with multiplicity eight and conductor C
where € > 14 and C = 6 (mod 8). We get w; =
C+3 and w, =C+1 by using Lemma 2. The
largest element of the set Ap(S,8) isws = C +7
due to the fact that max(4p(S,8)) = F(S) + 8. So

the other elements of the Apéry set must be smaller
than ws=C+7, ie. w; < C+7 for each i €
{0,1,2,3,4,6,7}. Therefore, the ratio of S, R, is one
of the elements w,, w3, w, Or wg.

(i) If R = w,, then w, < C — 4. Accordingly,
w, = 8u + 2 for the interval of u indicated by 1 <

u < %. wy < w, + 2 isgiven in by Remark 1 (b)

and due to fact that w, = 8u + 2 < w,, we get w, =
8u + 4. By using the Arf condition, 2w, —w, =
8u + 6 € S which implies wg < 8u + 6. Since w,
=8u+ 2 <wg, wg must be equal to 8u + 6. It follows
from Lemma 1 that w3 = C+ 5. Under these
conditions, S can be written as follows:

= (8,8u+28u+48u+6C+1C+

3C+5 C+7)foreach1 < u <%.

(i) If R=w;, then w; < C—3.We can
evaluate from Lemma 1 that w, = C +6and w, =
C+4. As given in Remark 1 (d), C+6 =w, <
we + 6. Therefore, wg = C. On the other hand,
we < ws+ 3isgivenin Remark 1 (a). Thus, w; =
C — 3. So, S can be written as
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S =(C-3CC+1,C+3,C+4C+
6,C+ 7).

(iii) If R = wy, then w, < C — 2. Accordingly,
w, = 8u + 4 for the interval of u indicated by 1 <
u < % By using Lemma 1, we can getw; = C +

5.w, <w, + 2isgiven in Remark 1 (b). By using
the Arf condition 2(w, + 2) —w, =w, +4 € S.
This implies that wg < w, + 4. As a result, we get
two cases: w, <wy, < wgand wy < wg < w,.
Ifw, <w, < wg, thenw, =8t + 2 and wg =
8t + 6for some t € N. Since w, < wg and wg <

C+7,wehavel<u<t< % . It follows that

S=(88u+48t+28t+6C+1C+
3,C+5C+7)foreach1<u <t <=2,

If wy, < wg < wy, then w, =8t + 2 and wg
8t — 2 forsome t € N.
Since wy, <w, and w, < C + 7, we have 1 <

u<tc< % It follows that

S =(88u+48-28t+2,C+1,C+
3,C+5C+7)foreachl< u <t < %

(iv) If R = wg, then wg < C. As aresult, wg =
8u + 6 for the interval of u indicated by 1 < u <
S

% . In this case, 2(8u+8) —wg =8u+ 10 €

by the Arf condition. Thus, w, < 8u + 12. On the
other hand, we know that wg = 8u + 6 < w,. Thus,
w, must be equal to 8u + 12. Furthermore, wg <
w3= 8U+ 6 <w; = w,<wz. SOws=C+5 s
obtained by using Lemma 1. Hence,

S =(88u+68u+10,8u+12,C+1,C+

3,C+5C+7)foreach 1< u < %.

(Sufficiency) The definition of Arf numerical
semigroup given in the Section 2 shows that each
semigroup given in Theorem 9 satisfies
the Arf property.

Theorem 10 Let S be a numerical semigroup
with multiplicity eight and conductor C where C >
15 and € = 7(mod 8). Then S is an Arf numerical
semigroup if and only if S is one of the followings:

(8,8u+4,C,C+2,C+3,C+4C+6C+

7)foreach1 < u < 6;7;

8,C—2,C,C+ 2,C+3,C+4C+5,C+
7)

8,C,C+2,C+3,C+4C+5C+6,C+7).

Proof (Necessity) Let S be an Arf numerical
semigroup with multiplicity eight and conductor C
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where € > 15 and C =7 (mod 8). Under these
conditions, we can calculatew; = C +2andw, = C
by using Lemma 2. The largest element of the set
Ap(S5,8) is wg=C+7 due to the fact tha
max(Ap(S,8)) = F(S) + 8. So the other elements

of the Apéry set must be smaller than wg = C + 7,
ie.w; < C+ 7foreachi €{0,1,2,3,4,5,7}. Using
Remark 1 (a), we get w3 = C + 4. Note thatw, > C.
Otherwise, if w, < C, thenw, < € —5 € §. Thus,
by the Arf condition we get 2(C —-5)—(C—-7) =
C—3€S, and 2(C-3)—(C—-5)=C—1€S.
This is a contradiction. Therefore, w, = C + 3.
Besides, C + 3 = w, < wsg + 5is given in Remark
1 (c). This implies that wg > C — 2. Therefore, the
ratio of S, R, is one of the elements w,, ws = C — 2
orw, =C.

(i) If R = wy, then w, < C — 3. Accordingly,
w, = 8u + 4 for the interval of u indicated by 1 <
u < % . We can write wg =C + 6 by using
Lemma 1. Hence,

S=(88u+ 4CC+2C+3,C+4C+

6,C+7)foreachl < u < %

(i) IfR =wg = C — 2, then

S =(8,C—-2CC+2C+3C+4C+
5C+7).

(iii) If R = w, = C, then

§=(8,(CC+2C+3C+4C+5C+
6,C+ 7).

(Sufficiency) The definition of Arf numerical
semigroup given in the Section 2 shows that each
semigroup given in Theorem 10 satisfies
the Arf property.

For any rational number x, the greatest integer
less than or equal to x is denoted by |x]. We denote
the set of Arf numerical semigroups and the number
of Arf numerical semigroups with multiplicity eight

and conductor C, where [%J > 1, by Syrr (8,C) and

N4rr (8, C), respectively. The above theorems can be
used to calculate the number of Arf numerical
semigroups with multiplicity eight and given
conductor.

Corollary 11 Let C be a positive integer such

that [%J>1. The number of Arf numerical
semigroups with multiplicity eight and conductor C is
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if C = 0 (mod 8),

if C = 2 (mod 8),

if C = 3 (mod 8),

if C = 4 (mod 8),

Narr (8,C) = (C—4)(C+43+(C—4)_1
2

if C = 5(mod 8),
C—-6 2
(T+ 1) if C = 6 (mod 8),
c-7
—+2 if C = 7 (mod 8).

Proof We give the proof for the case C =
0 (mod 8) where [§J>1. The proofs of the

remaining cases are similar. By Theorem 4, there are
seven types of semigroups in Syrr (8, C) Following
the order in Theorem 4, there is exactly one single
semigroup of the first type, while there are precisely

% semigroups of the second type. Similarly, there is

one single semigroup of the third type, one single

semigroup of the sixth type; there are precisely

1

> (g - 1) (g) semigroups of the fourth type, precisely

l(5—1) (g) semigroups of the fifth type, and

2 \8
precisely % semigroups of the seventh type. Thus

the number of elements in Syrr (8,C) is
c-8 1/C C
Nprr (8,0) =1+ (T) +1 +5(§— 1)(5) +

6@+ 1+(5)- () + @01

Example 1 There are two Arf numerical
semigroups with multiplicity eight and conductor 53:

(8,51,53,54,55,57,58,60) =
{0,8,16,24,32,40,48,51,53, -},

(8,53,54,55,57,58,59,60) =
{0,8,16,24,32,40,48,53, -}.

There are two Arf numerical semigroups with
multiplicity eight and conductor 853, too:

(8,851,853,854,855,857,858,860) =
{0,8,16,24,32,40,48,...,840,848,851,853, -},

(8,853,854,855,857,858,859,860) =
{0,8,16,24,32,40,48,...,840,848,853, -}.

Example 2 Let's find all Arf numerical
semigroups with eight and conductor 47.

Foru =1,2,3,3,5and C =47 = 7(mod 8) we
write five different semigroups as follows:

(8,12,47,49,50,51,53,54) =
{0,8,12,16,20,24,28,32,36,40,44,47, >},
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(8,20,47,49,50,51,53,54) =
{0,8,16,20,24,28,32,36,40, 44,47, -},

(8,28,47,49,50,51,53,54) =
{0,8,16,24,28,32,36,40,44,47, -},

(8,36,47,49,50,51,53,54) =
{0,8,16,24,32,36,40,44,47, -},

(8,44,47,49,50,51,53,54) =
{0,8,16,24,32,40, 44,47, -}.

In addition, two different Arf numerical
semigroups with eight and conductor 47 can be
written, these are as follows:

(8,45,47,49,50,51,52,54) =
{0,8,16,24,32,40,45,47 , -},

(8,47,49,50,51,52,53,54)={ 0, 8, 16, 24, 32, 40,
47,—1}.

CONCLUSION

In this study, all Arf numerical semigroups with
multiplicity 8 were characterized when given a
specific conductor. In addition, the number of all Arf
numerical semigroups with conductor C and
multiplicity 8 were formulated. In the continuation of
this study, Arf numerical semigroups with certain
multiplicities will be obtained, and it will be an
important resource for those working in the field of
numerical semigroup applications.
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Oz

Bu ¢alismada savunma sanayide mithimmat {iretiminde kullanilan CuZn30 ve CuZnl0 piring alasimli malzemeler
farkli 1s1l islem parametreleriyle hazirlanmistir. Hazirlanan numunelerin mikroyapilart ve mekanik &zellikleri
incelenmistir. CuZn30 igin; 1s1l islemsiz, 400°C ve 670°C’de tavlama islemi yapilmistir. CuZnl0 piring alasiml
numuneler ise 1s1l islemsiz, 400 °C, 600°C ve 650°C de tavlama islemi uygulandiktan sonra farkli 6zelliklere sahip dort
grup olarak incelenmistir. Yapilan tim kontrol ve incelemeler sonucunda CuZn30 piring alagimli malzemenin 670°C
sicaklikta 1 saat tavlama sonucunda yiizey sertlikleri 60-64 HV10 olarak 6l¢lilmiis ve mekanik 6zellikleri bakimmdan
tiretime en uygun hale geldigi tespit edilmistir. CuZn10 piring alagimli malzemenin ise 650°C 1 saat tavlama sonucunda
yiizey sertlikleri 55-60 HVS olarak 6l¢iilmiis ve optimum degerlere ulastigi tespit edilmistir.

Anahtar Kelimeler: Savunma sanayii, CuZn30, CuZn10, mikroyap1, mekanik 6zellikler

Effect of Different Heat Treatment Parameters on Microstructure and
Mechanical Properties of CuZn30 and CuZn10 Brass Alloys Used in the Defense
Industry

Abstract

In this study, CuzZn30 and CuZn10 brass alloy materials used in ammunition production in the defense industry were
prepared with different heat treatment parameters. The microstructures and mechanical properties of the prepared samples
were examined. For CuZn30; Without heat treatment, annealing was done at 400°C and 670°C. CuZnl10 brass alloy
samples were examined in four groups with different properties, without heat treatment and after annealing at 400 °C,
600 °C and 650 °C. As a result of all the controls and examinations, the surface hardness of the CuZn30 brass alloy
material was measured as 60-64 HV 10 as a result of annealing at 670°C for 1 hour, and it was determined that it was most
suitable for production in terms of its mechanical properties. As a result of annealing at 650°C for 1 hour, the surface
hardness of the Cuzn10 brass alloy material was measured as 55-60 HV5 and it was determined that it reached optimum
values.

Keywords: Defense industry, CuZn30, CuZn10, microstructure, mechanical properties

GIRIS

Piring malzemeler gegmisten gliniimiize kadar iyi
derecede
iletkenlik gibi birgok essiz 6zellige sahip oldugundan
dolayr miihendislik alaninda
malzemedir. Ayrica
doniisiimiiniin olmas1 ekonomik agidan biiyiik 6nem

islenebilirlik, korozyon dayanmmi ve

vazgecilmez  bir
piring malzemelerin  geri

arz etmektedir ve bu da bu konuda yapilan
caligmalarin Onemini gozler Oniine sermektedir
(Brady, 2009). Ayrica uygun kimyasal bilesimdeki
bakir ve ¢inko alasgiminin seg¢ilmesi ile istenilen
mukavemet, siineklik, sertlik, sekillendirilebilirlik,
asinma dayanimi ve farkli renklere sahip malzemeler
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elde edilebilmesi yine bu malzemelerin {stiin
Ozellikleri  arasindadir.  Piring  malzemelerin
ekstriizyon, kaliba dokme, ¢ekme, haddeleme, sicak
veya soguk sekillendirme gibi birgok tiretim yontemi
mevcuttur. Uretim yontemlerinin fazla olmasi da
uygulama alanlarinin giin gegtikge artmasina sebep
olmustur. Miizik aletleri, g¢esitli borular, baglanti
elemanlar1 ve hafif silah mithimmat kovam bagta
olmak {izere c¢ok genis bir uygulama alanina
sahiptirler. Tim bu {stiinlikklerinin yaninda piring
malzemeler maliyet agisindan secilebilecek ucuz
malzemelerdir (Cakmak ve Akyiiz, 2022).

Tavlama islemi genel anlamda bir malzemenin
belirli bir sicaklikta belirli bir siire bekletilmesi ve
daha sonra sogutulmasi olarak tanimlanir. Bu iglem
esnasinda tavlama parametrelerine bagli olarak
malzemenin tane yapisi degisime ugrayabilir ve bu da
malzemenin mekanik ozelliklerinin
degistirilebilmesine imkan saglar. Farkli tavlama
sireleri ve farkli sicakliklar farkli sonuglar
dogurabilir. Son olarak malzemenin kontrollii bir
sekilde sogutma islemine tabi tutulmasiyla yap kalici
hale gelir ve malzemenin mekanik 6zellikleri
istenilen dogrultuda degisir. Bu islem malzemenin
mekanik 6zellikleri {izerinde olumlu etkiler yarattig
igin miihendislik uygulamalarinda ve oOzellikle
savunma sanayisinde vazgecilmez bir yere sahiptir
(Delikanli ve ark., 2021).

Piring malzemeler genellikle 580-700° C
sicaklikta tavlanmakta ve tavlama siireleri 1 saat
olarak ayarlanmaktadir. Bu malzemeler istenilen
ozelliklere gore islendikten sonra da
tavlanabilmektedir (Chandler, 1996). Tavlamadan
once yapilacak olan sekillendirme miktar1 yeniden
kristallestirme  sicakliginin  azalmasina  sebep
olacaktir. Bakir alagimli malzemeler genellikle %35
deformasyon oraniyla tavlanmaktadirlar. Fakat bazi
uygulamalarda bu oran %50-60 seviyelerine
cikabilmektedir. Bu yiizden malzemede istenilen tane
boyutunu elde edebilmek icin tavlama kademeli
olarak yapilmal1 ve her kademe sonrasinda
deformasyon orani azaltilmalidir (ASM Handbook,
1990). Soguk sekillendirme yontemiyle islenmis
piring malzemelerin i¢ yapisinda olusan gerilimi
giderebilmek amaciyla genellikle 250°C sicaklikta
tavlama uygulanmaktadir. Bu uygulama malzemenin
yapisinda olusabilecek gerilmeli korozyonu da
onlediginden dolay1 biiyiik Oneme sahiptir
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(Mindivan, 2001; Ersiimer 1976). %15’ ten fazla
¢inko iceren piring alagimlarda malzemenin ig
yapisinda gerilim kalintis1 goézlemlenmektedir. Bu
ylizden 250°C sicaklikta uygulanan tavlama islemi
korozyon direncinin yaninda malzemenin boyutsal
kararliligim1 da artirmaktadir (Vilarinho ve ark.,
2005). Piring alasimlarda %32-37 ¢inko miktar1 beta
fazin1 temsil etmektedir. Bu faz hacim merkezli kiibik
kristal yapidadir. Alagim igerisinde CuZn bilesikleri
yer almaktadir. Bu fazdaki piring malzemelerin sicak
isleme kabiliyeti diger piring malzemelere gore daha
yiiksektir (Seungman ve Kang 2002; Fontaine ve
Keast, 2006).

Bu konu ile alakali yapilan literatiir ¢aligmalari
incelendiginde; Bilge Seda Sentiirk (2007) yaptigt
caligmada piring iriinlerin imalinde meydana gelen
hatalarin tespitini aragtirmistir. Yapilan ¢aligmalarda
pirincin izabesinde ikincil hammaddeden gelen demir
empriiritesinin 6nemli hatalara yol agtig1 ve MS58
kalitesindeki piringte demirin agirlikca %0,3'ten fazla
olmasinin ¢ekilmis iirlinleri kullanilamaz hale
getirecek derecede hataya sebep oldugu gozlenmistir
(Sentiirk, 2007). Oguzhan Akgin (2000) yaptigi
calismada; CuZn39Pb3 piring alagiminin laboratuvar
tipi bir indiiksiyon ocaginda 900-1100°C sicakliklar
arasinda ergitilmesi sirasinda flakslamanin etkileri
deneysel olarak incelenmistir. CuZn39Pb3 piring
malzemeye ait alagim elementleri olan bakir, ¢inko,
kursun ve demir metal dagilim katsayilarinin tespiti
ile dagilim katsayisi-sicaklik grafikleri ¢izilmistir.
Ozgenur Kahvecioglu (2002) yaptigi calismada;
onemli miktarda ¢inko ve bakir igeren piring
kiillerinden, ¢inkonun karbotermik rediiksiyon
yontemiyle eldesini ve ayni1 zamanda bakirin ergimis
metalik  fazda  toplanmasim ~ kapsamaktadir.
Literatiirde yapilan ¢aligmalar 1s1ginda bu konu ile
alakali calismalar oldugu fakat farkli sicaklik
parametrelerinde 1s1l islem uygulanmasi konusunda
eksiklikler oldugu goriilmektedir. Ayrica bu
calismanin cesitli borular, baglanti elemanlar1 ve
atesli silah kartusu muhafazasi basta olmak tizere
bircok alanda yapilan imalat islemlerine katki
saglayacag disiiniilmektedir.

Yapilan deneysel ¢alismanin amaci; uygun 1sil

islem  parametreleriyle  {iretimin  yapilmasini
saglamak ve (driinlerin derin ¢ekme islemleri
sirasindaki  yapisal ~ deformasyon  hatalarini

engellemektir.
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DENEYSEL CALISMALAR

Deneysel caligmalarda kullanilan Cu-Zn piring
malzemelere ait mevcut literatiirden alinan denge
diyagrami Sekil 1°de goriilmektedir (Yalgin, 2014).
Bu diyagram dikkate alinarak 1sil islem parametreleri
(Tablo 1) belirlenerek Sekil 2’deki is akis semasina
gore islemler gerceklestirilmistir. Bu calismada;
ekonomik bir yaklasimla en uygun 1sil islem
parametreleri belirlenerek, 1s1l islem sicakliklarinin
sistematik olarak degistirilmesi ile en uygun
mikroyapt ve mekanik o&zelliklerin belirlenmesi
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Sekil 1. Cu-Zn Denge Diyagrami (Yalgin, 2014).
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amaglanmaktadir. Ayni1 zamanda hafif silah, piyade
tiifekleri, muharebe tanklari gibi bir¢ok savunma
sanayi Urliniiniin kalitesini dogrudan etkileyen bir
islem olan 1s1l islemin etkin ve ekonomik bir sekilde
yapilmast hayati Onem tasimaktadir. Bu amag
dogrultusunda CuZn30 ve CuZn10 numuneleri Tablo
1’de verilen parametreler dogrultusunda 1s1l isleme
tabii tutuldu. Malzemeler 1 saat siireyle 15°C’de su
ile temas ettirilen tamburun i¢inde soguma islemine
tabii tutuldu. Malzemelerin su ile temasi olmamakla
birlikte sadece tambura temas eden su 15 °C’dir.

CuZn30 ve CuZnl0 piring alasimh
numunelere farkl sicakliklarda 151l
islem uygulandi.

Numunelerin sertlik degerleri
dlculdi.

Numunelerin mikro yapi incelemesi
yapildi.

- ~
Derin cekme islemi yapilarak farklisil
islem parametrelerinin numuneler
tzerindeki etkileri incelendi.

Sekil 2. Deneysel Calismalara Ait Is Akis Semasi

Tablo 1°de sertlikleri ve 1sil islem parametreleri
verilen  deney  numunelerinin  metalografik
incelemesi yapilip sonrasinda derin c¢ekme
operasyonuna tabii tutulmustur.
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Tablo 1. Numunelere Ait Isil Islem Parametreleri
Isil Islem

Parametre Sertlik. Tane

Numune Adi . Degeri  Boyutu
leri (Vickers)  (um)

(°C/saat) K

1 Numarali CuZn10 Isil 146-150 37,51
Mermi Yiiksiik Islemsiz HV5 pm

2 Numarali CuZn10 400°C / 72-73 44,07
Mermi Yiiksiik 60 dk HV5 pm

3 Numarali CuZn10 600°C / 61-69 59,37
Mermi Yiiksiik 60 dk HV5 pm

4 Numarali CuZn10 650°C/ 55-60 75,63
Mermi Yiiksiik 60 dk HV5 pm

1 Numarali CuZn30 Isil 200-210 37,71
Kovan Yiiksiik Islemsiz HV10 pm

2 Numarali CuZn30  400°C/ 74-78 44,07
Kovan Yiiksiik 60 dk HV10 pum

3 Numarali CuZn30 670°C / 60-64 75,64
Kovan Yiiksiik 60 dk HV10 pum

7,62 mm mithimmata ait CuZn10 mermi yiiksiik
ve CuZn30 kovan yiiksiik numunelerinde yapilan
incelemeler sonucunda 1sil islem parametrelerinin
sertlik ve tane boyutu degerlerini etkiledigi
goriilmektedir. Tim numunelerden 5 farkli yerden
sertlik degeri alinmistir ve minimum ve maksimum
degerler Tablo 1°de verilmistir. Bu durumun
malzemenin islenebilirligini de etkiledigi tretim
denemelerinde goriilmiistiir.

CuZn10 Mermi Yiiksiik Numuneleri Sertlik Grafigi
— B ¥ 1 Numaral CuZn10 Mermi Yiksik
¥ 2 Numarall CuZn10 Mermi Yiksik
™ 3 Numarali CuZn10 Mermi Y iiksiik

M 4 Numarall CuZn10 Mermi Y tikstk

Sekil 3. CuZn10 Mermi Yiiksiik Numuneleri Sertlik
Grafigi
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CuZn30 Kovan Yiiksiik Numuneleri Sertlik Grafigi

1 Numarali CuZn30 Kovan Yiksiik
™ 2 Numarall CuZn30 Kovan Yiiksiik

m 3 Numarali CuZn30 Kovan Yiksiik

Sekil 4. CuZn30 Kovan Yiiksiik Numuneleri Sertlik
Grafigi

Numunelere ait sertlik grafikleri Sekil 3 ve Sekil 4’te
verilmistir. Numunelerin sertlik degerleri goz
oniinde bulunduruldugunda her iki alasim i¢in de en
yiiksek sertlik degerinin 1s1l islemsiz numunelere ait
oldugu goriilmiistir. Bunun sebebi 1s1l islemin
malzemenin tanecik yapisinda biiylime saglamasidir.
Bu da islenebilirligi kolaylastirmaktadir. Isil islem
sicakliklar1 artarken sertliklerin azaldig1 tespit
edilmistir. Bu durum numunelerin tane boyutunun
homojen olmasina olumlu etki saglamistir. Aym
zamanda optimum 1sil islem parametrelerinin
bulunmasinda etkili olmustur.

BULGULAR
1 Numarali CuZn10 Mermi Yiiksiik

Malzemeye herhangi bir 1s1l islem yapilmadan
sertlik Olciimii ve metalografik tane yapisi
incelemesi yapilmistir. Isil islemsiz numunenin
sertlik ol¢iimii yapilarak malzemelerin yiizeylerine
uygulanan 5 kg yik sonucunda 146-150 HV5
degerler goriilmistiir (Sekil 5).

42,50 L}

35,93 p

Sekil 5. Isil Islemsiz CuZn10 Mermi Yiiksiik Numunesi
Mikroyap1 Incelemesi
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Malzemeye uygulanan parlatma ve
metalografik daglama islemleri sonrasi tane sinirlari
belirginlestirilerek mikroyapi incelemesi yapilmistir.
Yapilan incelemeler sonucunda ortalama tane
boyutu 37,51 um olarak Sl¢iilmiistiir. Numune derin
¢ekme islemine tabii tutuldugunda malzemede
kopmalar meydana geldigi gortlmiistiir (Sekil 6).

Sekil 6. Isil Ilemsiz CuZn10 Mermi Yiiksiik
Numunesinin Derin Cekme Operasyonundaki Durumu

2 Numaral CuZn10 Mermi Yiiksiik

400°C sicaklikta 1 saat boyunca tavlama yapilan
numuneye sertlik 6l¢timii ve mikroyap: incelemesi
yapilmistir. Malzemenin  metalografik  yapist
incelendiginde tane boyutu 44,07 um olarak
Ol¢iilmiigtiir (Sekil 7).

Tk e D

Sekil 7. 400°C de 1 Saat Tavlanmis CuZn10 Mermi
Yiiksiik Numunesi Mikroyap1 incelemesi

Vickers yontemiyle 5 kg yiik altinda yapilan
sertlik ol¢limlerinde malzemenin yiizey sertligi 72-
73 HVS olarak Olgiilmiistir. Malzemenin derin
¢cekme isleminde plastik sekil alma kabiliyetinin
disik oldugu  gorilmiigtir. Mermi  dolum
makinesinde yliksiik derin ¢ekme iglemiyle ucu sivri
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form alarak sekillendirilmelidir. Fakat numunenin
son istasyonda uygun sekilde uzamadigi goriilmiistiir
(Sekil 8).

Sekil 8. 400°C’de Tavlanmis CuZn10 Mermi Yiiksiik
Numunesi Derin Cekme Sonrasi Boy Uzamast

3 Numaral CuZn10 Mermi Yiiksiik

600°C de 1 saat tavlama islemi yapilan
numunenin  sertlik  Ol¢limlerinde  malzemenin
yumusamasindan kaynakli sertlik degerlerinde
degisim gozlemlenmistir. 5 kg yik uygulanan
malzemelerin sertlik degerleri 61-69 HV5 olarak
Ol¢iilmiistiir. Yapilan metalografik tane boyutu
incelemesinde  malzemenin  tane  sinirlarinin
genigledigi ve tane boyutunun arttig1 tespit edilmistir
(Sekil 9 ve 10).

Sekil 9. 600°C de 1 Saat Tavlanmig CuZn10 Mermi
Yiiksiik Numunesi Mikroyap1 incelemesi
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"

Sekil 10. 600°C CuzZn10 Mermi Yiiksiik Numunesi
Derin Cekme Sonras1 Boy Uzamasi

4 Numaral CuZn10 Mermi Yiiksiik

650°C de 1 saat tavlama islemi yapilan
numunenin  sertlik  Ol¢iimlerinde  malzemenin
yumusamasindan kaynakli sertlik degerlerinde
degisim gozlemlenmistir. 5 kg yik uygulanan
malzemelerin sertlik degerleri 55-60 HV5 olarak
Olciilmiigtiir. Yapilan metalografik tane boyutu
incelemesinde  malzemenin  tane  sinirlarinin
genisledigi ve tane boyutunun arttifi tespit
edilmistir. Yapilan 6l¢iimlerde tane boyutunun 75,63
um olarak belirlenmistir. Malzemeye derin ¢ekme
islemi uygulandiginda bir dnceki numunelere gore
daha kolay sekillendirilebildigi ve makine sarf
malzemelerinin  Omriine daha uygun oldugu
gorilmistiir. (Sekil 11 ve 12).

- oy
Sekil 11. 650°C CuZn10 Mermi Yiiksiik Numunesi
Derin Cekme Sonrast Boy Uzamasti
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Sekil 12. 650°C de 1 Saat Tavlanmls_ CuZnl10 Mermi
Yiiksiik Numunesi Mikroyapi Incelemesi

1 Numarah Isil islemsiz CuZn30 Kovan Yiiksiik
Malzemeye herhangi bir 1s1l iglem yapilmaksizin
sertlik Olciimii ve metalografik tane yapisi
incelemesi yapilmistir. Yapilan incelemelerde 10 kg
yiik altinda bakilan sertlik degerleri 200-205 HV10
olarak Ol¢iilmistiir. Numunelere 100 tonluk preste
derin ¢cekme islemi uygulanmis ve uygun uzama
islemi ger¢eklesmemistir. Numune pim ve kalip
omriini olumsuz etkilemistir (Sekil 13 ve 14).

Sekil 13. Isil islemsiz CuZn30 Kovan Yiiksiik Numunesi
Derin Cekme Islemi

Numune eksantrik preste yapilan deneme
imalat sirasinda sertlik ve mikroyap1 degerleri imalat
prosesine uygun olmadigindan kaliba sikismis ve
pim — kalip 6mriinii olumsuz etkilemistir.
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e < SR 5 g3+ R
Sekil 14. Isil Islemsiz CuZn30 Kovan Yiiksiik Mikroyap1
Incelemesi

2 Numaralh CuZn30 Kovan Yiiksiik

400°C sicaklikta 1 saat tavlama prosesi
uygulanan numunelerin 1sil islem sonrasi sertlik
6l¢timleri ve mikroyap1 analizleri
gergeklestirilmistir. Tavlama sonrasi sertlik degerleri
10 kg yiik altinda 74-78 HV10 olarak 6l¢iilmistiir.
Yapilan metalografik tane boyutu analizlerinde
ortalama tane biyiikligi 44,07 pm olarak
Olcililmiigtiir. Daha sonra numuneye derin ¢ekme
islemi uygulanmistir. Bu iglem sonucunda
numunelerde catlama ve yirtilmalar meydana
gelmigtir (Sekil 15 ve 16).

Sekil 15. 400°C Sicaklikta 1 Saat Tavlanan Cuzn30
Kovan Yiiksiik Mikroyap1 Incelemesi
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Sekil 16. 400°C Sicaklikta 1 Saat Vlanan CuZn30
Kovan Yiiksiik Derin Cekme Islemi

3 Numarah CuZn30 Kovan Yiiksiik Numunesi

670°C sicaklikta 1 saat 1s1l islem goren
numunenin dretim sonrast sertlik ve mikroyapi
analizlerine bakildiginda tavlama prosesindeki
degisiklik nedeniyle sertlik degerlerinde ve tane
boyutunda biiylime gozlemlenmistir. Vickers
yontemiyle yapilan sertlik dl¢timlerinde 10 kg yiik
altinda malzemenin yiizey sertlikleri 60-64 HV10
olarak 6l¢iilmiistiir. Mikroyap1 analizlerinde ise tane
boyutu 44,07 um olarak 6l¢iilmiistiir. Derin ¢ekme
isleminde numunelerin uygun sekilde uzadig
gbzlemlenmistir (Sekil 17 ve 18).

Sekil 17. 670°C 1 Saat Tavlanan CuZn30 Kovan Yiiksiik
Mikroyapi Incelemesi
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Sekil 18. 670°C Sicaklikta 1 Saat Tavlanan CuZn30
Kovan Yiiksiik Derin Cekme Islemi

SONUC VE TARTISMA

Savunma  sanayi mihimmat Uretiminde
kullanilan CuZnl0 ve CuZn30 alasimlarinin 1sil
islem parametrelerinin uygulanan derin ¢ekme
prosesleri iizerine etkileri arastirilip iretim esnasinda
yasanan c¢atlama, yirtilma, kopma, zimba kirilmasi
ve kalip aginmas1 hatalar1 engellemek amaciyla her
iki alagima farkli sicakliklarda tavlama prosesleri
uygulanmistir.

e Yapilan uygulumalar sonucunda 1sil islem
parametreleri uygun seviyeye getirildiginde tane

boyutlarindaki degisimler malzemenin
islenebilirligini olumlu yonde etkiledigi
gorilmistiir.

o Sertlik ve tane boyutu uygun olmayan
malzemelerin derin ¢cekme islemini
tamamlayamadigi tespit edilmistir.

e CuzZn10 (MS90) numunelerine uygulanan derin
cekme islemlerinde en uygun 1sil islem prosesi
650°C 1 saat olarak belirlenmistir.

e CuzZn30 (MS70) numunelerine uygulanan derin
cekme islemlerinde en uygun 1sil islem prosesi
670°C 1 saat olarak belirlenmistir.

e Parametreler belirlenirken {irlinlerin iiretimi
esnasinda sarf malzeme israfi ve ekonomik
tasarruflarin yani sira uluslararasi kalite standartlari
da dikkate alinmustr.

eBu calismanin ¢esitli borular, baglanti
elemanlar1 ve hafif silah mithimmat kovanmi basta
olmak iizere bir¢ok alanda yapilan imalat islemlerine
katki saglayacag diistiniilmektedir.

eBu calismadan elde edilen verilerden
faydalanarak ve sicaklik parametreleri ve tavlama
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siireleri degistirilerek gelecekte yapilacak olan
caligmalara 151k tutacagi diisiiniilmektedir.

CIKAR CATISMASI BEYANI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catismasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu ¢alismanin arastirma ve yayin etigine
uygun oldugunu beyan eder.
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Abstract

In this study, pure and 1%, 2% and %3 In-doped CdS thin films were produced by spray pyrolysis method. CdS is
an n-type (11-V1 group) semiconductor material and used as a buffer layer in solar cells. By doping In into CdS thin film,
it was investigated how optical and crystalline behavior of thin film are changed. Using Moss and Herve&Vandamme
and Ravindra relations, refractive indices and dielectric coefficients were investigated depending on the band gap of the
obtained CdS sample. It has been observed that In element decreases the band gap of CdS thin film, improved its crystal
structure and reduced its roughness. Therefore, 3% In doped CdS has gained a more ideal feature for use as an n-type
semiconductor in solar cells. CIGS/In doped CdS solar cell was modelled and analysed by SCAPS-1D simulation program
by using the physical parameters of the semiconductor layers that make up solar cells as imputs of program. Photovoltaic
parameters of solar cell based on donor defect density, the neutral interface defect density and Auger electron/hole capture
coefficient which were calculated by using In %3 doped CdS thin film, which has the most ideal n-type semiconductor
properties.

Keywords: CdS, metal doping, simulation program, refractive indices

In Katkih CdS Yar1 iletkenine Dayah Olarak Modellenen Ince Film Giines
Pilinin Sayisal Analizi

Oz

Bu ¢aligmada katkisiz ve %1, %2 ve %3 In katkili CdS ince filmleri sprey piroliz yontemiyle tiretildi. CdS, n tipi
(I1-VI grubu) bir yar iletken malzemedir ve giines pillerinde tampon katman olarak kullanilir. CdS ince filmine In
katkilanarak, elde edilen ince filmin optik ve kristal 6zelliklerinin degisimi incelendi. Moss, Herve&Vandamme ve
Ravindra bagintilar1 kullanilarak elde edilen CdS filmlerinin bant araligina bagl olarak kirtlma indisleri ve dielektrik
katsayilar1 arastirildi. In katkisi sonucu CdS ince filmin bant araligi azaldi, kristal yapisi iyilestirildi ve pirizliligi
azaltildi. Bu nedenle %3 In katkili CdS, giines pillerinde n tipi yari iletken olarak kullanim i¢in daha ideal bir 6zellik
kazanmistir. SCAPS-1D simiilasyon programi kullanilarak CIGS/In katkili CdS giines pili, giines pillerini olusturan yar1
iletken katmanlarin fiziksel parametreleri modellenmistir. Giines pilinin dondr kusur yogunlugu, nétr ara yiizey kusur
yogunlugu ve Auger elektron/hol yakalama katsayisina dayali fotovoltaik parametreleri, en ideal n-tipi yari iletken
ozelliklere sahip %3 In katkili CdS ince filmi kullanilarak hesaplanmaistir.

Anahtar Kelimeler: CdS, metal katki, simiilasyon program, kirilma indisi
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INTRODUCTION

A variety of applications of thin film
polycrystalline semiconductors in electronics and
optoelectronics technologies have been attracted
great interest as wel as explored over this industrial
area. The optoelectronic property of cadmium
sulphide (CdS) makes it very useful material for
futured applications (Patida et. al.,, 2006). A
polycrystalline device's low production cost is
primarily responsible for its technological appeal. In
solid state technology and fundamental research, thin
films play an increasingly important role. CdS
polycrystalline thin film is a representative
semiconductor from the I1-V1 group of periodic tables
of elements and it has been significantly studied as a
window layer for application of thin film solar cells,
due to its wide optical energy band gap of about
2.45eV, a high electrical resistivity and high
transmittance value.

CdS films have four different crystalline
orientations. Three of these orientations, hexagonal
rock salt, cubic distorted and cubic undistorted rock
salt with zinc blended, are the most commonly met
(Ziabari and Ghodsi, 2012). Among all these, the
hexagonal crystalline structure is the most common
and thermodynamically most stable of these changed
crystalline orientations. It is possible to obtain a
metastable phase of CdS with cubic structure (Rittner
and Schulman, 1943). Additionally, it can be said that
the cubic structure forms at room temperature. It is
thought that CdS is a metastable phase, while
hexagonal is a stable, and thermal annealing may
often result in a phase formation from cubic to
hexagonal structure (AlKhalifah et. al., 2020) The
important fact for this formation of phase is
understood to be around 300 °C (Zelaya-Angel et. al.,
1994) Rock salt phase formation exists only in
hydrostatic pressures ranging between 60 and 68 GPa
(Ziabari and Ghodsi, 2012). Of these four different
crystal orientations, it is evident that the undoped CdS
sample exhibits the creation of distinct polymorphic
phases (cubic and hexagonal). These phases are
polycrystalline structure, and crystallinity of CdS
films upsurges in response to varying annealing
temperatures (Xu et. al., 2016). Xu et al. indicated
that the main peaks in X-ray diffraction spectra of
fabricated CdS film with In doping element can be
indexed to the shape of hexagonal phase (Xu et. al.,
2016). Kaur et al. (Kaur et. al., 1980) have proved that
the homogenous samples with the production of
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cubic, hexagonal, or mixed of cubic and hexagonal
phases are made of the results of the ion-by-ion
method.

Fabrication procedures and related constraints
have important impacts on nucleation and growing of
samples and their crystallite and optical properties.
Various physical and chemical methods including
thermal evaporation (Sahay et. al., 2007), sol-gel spin
coating (Seon et. al., 2009), the successive ionic layer
adsorption and reaction (Sankapal et. al., 2000),
MOCVD (Yoon et. al., 2006), electrostatic spray
assisted vapor method (Su and Choy, 2000), and
ultrasonic spray pyrolysis (Baykul and Balcioglu,
2000) have already been applied to produce such thin
films. Ultrasonic spray pyrolysis relies on the thermal
breakdown of the solution of source after it is sprayed
on the thermally heated surface of substrate. Large-
scale deposition of thin films can be achieved by
adding elements to aqueous solutions (Bang et. al.,
2007). Additionally, there is no need for a vacuum
and no need for high-quality targets with this method.
By regulating the spray settings, it is simple to
manage the film deposition parameters and this
technique is used in this work to grown undoped and
In doped CdS samples on the soda lime glass because
of its ease of use and adaptability. Computation of
these applied photovoltaic (PV) parameters of solar
cells can be performed by inputting specific physical
factors of layers that comprise the solar cell into the
SCAPS-1D algorithm. It is well noticed that the
characteristics parameters of deposition and
production process as well as layers produced, such
as donor or acceptor defect densities, interface
densities, operating temperatures, etc., have a great
influence on the efficiency of layers in solar cells and
can be used for performing calculations (Burgelman
et. al., 2016; Tripathi et. al., 2020). Researchers can
operate more safely and confidently thanks to the
useful information these theoretical efficiency
calculations for solar cells provide regarding the
potential performance of solar cells to be created.

The effects of several factors such as annealing
time, thickness of thin film, and metal doping ratio
have been examined so far. These deposition
parameters have improved the physical properties
including crystallite parameters, and optical behavior
of obtained films, and this has led the researchers to
improve the physical properties of CdS films to be
obtained by using doping metals. While the physical
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characterization of CdS film have been studied by
groups (Ashour, 2003; Petrus et. al., 2020; Sahay et
al., 2007). SCAPS 1-D calculations of undoped and
In:CuO films using USP method to confirm and to
calculate the effect of various features on solar cells
have not comprehensively  been  studied.
Therefore, both theoretical and experimental
calculations are essential to better identify the impact
of In-doping on the physical behavior of the undoped
CdS film.

MATERIAL AND METHODS

The first of all, the undoped and In doped CdS
films have been deposited on SLG substrate using
USP method. Before fabrication, SLG as a substrate
was washed to ensure high-quality CdS samples on
cleaned surface. Five stages were used for substrate
cleaning process: For the first step, substrates were
boiled for 20 minutes at 120 degrees Celsius in a
solution of deionized water (H.O), ammonia (NHs),
and hydrogen peroxide (H:0.), followed by 20
minutes at 120 degrees Celsius in a solution of H,0,
H»0O,, and hydrochloric acid (HCL). Then, it was
ultrasonicated in acetone and distilled water for 3
min, respectively.

After the cleaning process, these substrates dried
in N2 gas. A stoichiometric amount of 0.01M Cd
(C4HsCdO4) and 0.01 M thiourea (CH4N2S) as
sources of cadmium and sulphur ions in distilled
water were used to prepare homogenous CdS films
due to the environmentally friendly solvent. Indium
chloride (InCls) was used for In doping with
concentration (1, 2, and 3 at % In). Using an
ultrasonic nebulizer with a 125 kHz frequency, the
prepared solution was atomized onto SLG. The
obtained homogenous solution was sprayed using this
technique onto substrate heated at around 275 °C at
for 30 minutes constantly immovable nozzle—
substrate separation of around 9.5 cm. The nozzle of
USP was worked at 125 kHz during spraying process.
50 cc of obtained homogenous solution was sprayed
onto cleaned SLG about 50 min. Flow metering was
used to maintain a 1 mL/min flow rate of solution
with N2 gas being transported to the substrate to avoid
oxide formation. The mechanized nozzle of USP was
continuously shifted in the x-y directions at 15 mm/s
to give homogeneous insurance. Undoped and In:CdS
samples were annealed at 500 °C in N to investigate
the In doping impact on solar cells parameters.
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The structural properties of the obtained film on SLG
were achieved using X ray diffractometer (XRD) with
Cu ko radiation (A=1.542 A). The change in band gap
change and absorbance of the obtained samples to
investigate the optical properties of samples was
determined in UV-Vis  spectrophotometer
measurement system in the wavelength range of 300—
1100 nm. In addition, CdS thin film based solar cell
is modelled by SCAPS-1D software. The effects of
various contacts i.e. Ni, Ag, Cu, Mo, and Au on the
formed solar cells’ efficiency have been studied.

RESULTS AND DISCUSSION
Structural Properties

Fig. 1 (a) displays XRD patterns of undoped and
In:CdS films compound of 11-VI group formed by
USP at different doping ratio. The XRD pattern of
undoped and In:CdS samples annealed in N2 ambient
at 500 °C reveal polycrystalline nature. Undoped CdS
film, annealed at 500 °C, indicates the presence of
three peaks around 25.68°, 26.77° and 44.00°
corresponding to (100), (002) and (110) planes of
both hexagonal and cubic structures. Three main
peaks in XRD spectrum for In:CdS clearly
demonstrate the polycrystalline character of the
material, and their diffraction angles are
approximately  25.50°, 26.66°, and 44.00°
corresponding to (100), (002), and (110) planes of
hexagonal structures, respectively. In all films, the
peak about 26.66° shows the most preferred
orientation along the (002) plane of structure of
hexagonal, indicating its better crystalline nature and
suitability for photocatalysis (Gao et al., 2019). Perna
et al. (Perna et al., 2004). have indicated that XRD
spectra consist of a peak placed at around 26.5°
corresponding to the preferred orientation of the pure
CdS lattice rising in a hexagonal structure. The
intensity of the preferred orientation improved with
increasing In concentration and the intensity of all
CdS peaks increased as the In concentration ratio of
thin films increased and In:CdS peak becomes
narrower compared to undoped CdS film. In general,
one can conclude that the introduction of In into CdS
promotes the crystallization process. Atay et al. (Atay
et. al., 2003) have indicated that the angular width
value of the peak at the full width at half maximum
(FWHM) are increasing and crystallite size (D) are
decreasing with In doping when compared with
undoped CdS sample because of the fact that
crystallinity is worsen and a reduction in the (002)
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plane with a decreased crystallite size value was
noted with the In ratio.
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Fig. 1a) XRD pattern and b) Behavior of the In:CdS films'
crystallite size and dislocation density

The crystallite size (D) is calculated related to 8
value using the Debye—Scherrer Formula.

0.941
- BcosB (1)

where A is the wavelength of X-Ray output of
diffractometer, with Cu ko radiation (1=1.542 A), 6
is the Bragg diffraction angle, g is the FWHM value
in radian. The calculated D values of these films are
given in previous study and depicted in Fig. 1(b); The
calculated grain sizes of (002) growth of CdS film
were radically increased as increasing In doping ratio
in CdS. It can be said that the crystallite size of
undoped CdS film changed with In doping. As In
doping rati increases from 0% to 3%, the diffraction
peaks of CdS films become sharper due to the fact that
the crystals inosculate more easily and subsequently
resulting in larger crystals. The dislocation density
value (&) of these films, which point to the density of
defects in the lattice, was determined related to D
value via the following calculation:
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1
§=—; )
The micro-strain (&) of the films was calculated
as follows:

Estr = ﬁ (3)
The dislocation density in the film changed
related to In doping ratio and seen in table 1. The
lowest dislocation density value and highest D value
has gained for 3% In:CdS film at 500 °C. Some
decrease in the dislocation density of the obtained
sample related to In doping gives fixed crystalline
structure. The imperfections number in CdS films
clearly decreases as In doping increases in Cd
solution. Table 1 displays that as D value increases,
micro-strain in the obtained samples decreases and
this gives a high-quality crystalline films, which was
calculated in previous study (Baturay, 2017). In fact,
the large number of In atoms does not significantly
damage CdS lattice; this confirms its good structural
quality. It can be said that micro-strain plays an
important role in determination of the physical
properties of obtained thin. This increase in the
crystallite size may have caused lattice micro-strain
that resulted in the decrease observed in the energy
band of doped films grown at 500 °C N, ambient.

414



Int. J. Pure Appl. Sci. 9(2);411-421 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1377054

Tablel. Crystallite values of the In:CdS films

Sample 20 FWHM D A) €
Pure CdS 25.68 3.219 26.5 0.78
26.77 1.091 82.0 0.27
44.00 0.984 86.7 0.23
1% In:CdS 25.07 0.38 237.8 0.09
26.66 0.65 140.0 0.16
43.93 0.51 187.6 0.12
2% In:CdS 25.07 0.28 117.4 0.07
26.63 0.77 167.3 0.19
43.96 0.54 166.3 0.13
3% In:CdS 25.07 0.25 367.1 0.06
26.61 0.67 134.8 0.16
44.00 0.18 489.5 0.04

The optical properties of the In:CdS thin film

— 1%In doped CdS
« |~ 2%in doped cds
72| — 3%In doped CdS

= L 52 25 25 2% 3 35 35 3%
Energy (eV)

a0 500
Wavelength (nm)

Fig. 2a) The absorbance and b) Tauch Plots of In:CdS
film

The optical behaviors of the obtained CdS films
were comprehensively analyzed to determine the
effect of In doping on the energy band gap (E,) and
the absorbance value at room temperature. UV-Vis
spectroscopy was used for calculation of these
measurements over the wavelength range of 300-
1100 nm. In UV-Vis region weren’t seen any other
peaks. Therefore, it is said that the obtained CdS thin
films were uncontaminated, uniform, and of high-
quality crystal structure. According to Fig. 3, all of
these films show a strong absorption drop at the
central absorption band edge as well as weak
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absorption value, which is related to electron
excitation from the valence band (VB) to the
conduction band (CB).

It is the difference in In dopant that causes the
observed changes in optical absorption. Another
words, it can be understood that the absorbance value
of non-doped CdS sample is changed due to the
different crystallinity and the roughness (Baturay,
2017). The optical behavior of CdS sample with
different In doping were evaluated to investigate the
effect of doping ratio on the E;. UV-Vis
spectroscopic measurement system was used for this
measurement. Figure 2b shows the optical E; value
of CdS thin samples at room temperature. For such
semiconductor materials, optical absorption theory
displays the absorption coefficient (a) of the film and
incident photon energy (hv) behaves as follows:

ahv = A(hv-E )" (4)

where A is an energy-independent constant related to
the material. A graph of ahv? vs. photon energy (hv)
for CdS samples as given in Fig. 2b indicates the
effect of In doping on the energy band gap. The
calculated E, value of CdS with In doping from this
graph is changed from 2.53 to 2.47 eV, which point
to that In doping could be used to adjust the optical
E, value of CdS samples. The following equation
(Eq. (5)) is used to calculate the absorption coefficient
(ar) of the obtained samples (Mustafa, 2013):

a = 2.303(A/T) (5)

A is absorption and T is thin film thickness.
Similar to the absorption spectrum, 1% In doped CdS
thin film has shown the highest absorption
coefficient, while 3% In doped CdS thin film has
presented the lowest. All non-doped and In doped
CdS thin films have exhibited some higher absorption
coefficients in UV region, as do n-type
semiconductors. Accordingly, 2% and 3% In doped
CdS thin films offer more ideal optical properties for
use as transparent n-type semiconductors in thin film
solar cells.

In second generation solar cells, n-type
semiconductors must be highly transparent and have
low refractive index (n) in order to transmit light
directly to p-type absorber semiconductor without
more absorption. The refractive index of the non-
doped and In doped CdS thin films can be calculated
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by Moss relation expressed in Eqg. (6) (Gezgin and
Kilig, 2022) and have been given in Table 2.

Egn* =k (6)

where, k, is a constant indicated to 108 eV.
According to the values obtained from Moss relation,
thin films have low refractive index, and especially
the refractive indices of 2% and 3% In doped CdS thin
films are even lower than others. The fact that these
thin films have a lower absorption coefficient causes
their refractive index to be lower.

Table 2. Refractive index, high frequency dielectric
constant and static dielectric constant of the non-doped
and In:Cds thin films

Static

E;  Moss relation Dielectric

Herve&Vandemme Ravindra

Samples

(V) " Eax " En " En Constant, £,
N""C";g“d 253 255 65 250 626 201 404 1073
1%1(1:13;;"3(1 250 256 657 251 631 203 414 10.82
Pelndoed 247 257 66l 232 63 206 4 1091
3%'33;‘"“1 247 257 661 252 637 206 44 1091
Herve&Vandamme  have revealed the

relationship between n and E; using Eq. (7) (Gezgin,
2022).

1+ (Eg’: B)Z )

A and B are numerical constants having values of 13.6
eV and 3.4 eV, respectively. According to Table 2,
the refractive indices obtained using Moss and
Herve&Vandamme relations are very close to each
other. Thence, the accuracy of both relations has been
ensured. The refractive index increases with
decreasing band gap.

Ravindra has used n and E, in the different
relation shown in Eg. (8) and expressed the
relationship between them (Ravindra et. al., 2007):

n =4.16 — 0.85E, (8)
As seen in the Table 2, Ravindra's relation has given

results in a slightly lower value of refractive index
compared to other relations. This is due to the
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numerical relationship used in Ravindra relation
being slightly less adequate.

The electrical field formed by photo-excited
charge carriers formed in the side of the depletion
region of solar cell is determined by the dielectric
constant of thin films. The high frequency-dielectric
constant (e4) and the static-dielectric constant (s,)
which were expressed by Eg. (9) and Eg. (10),
respectively:

£ = N? 9)

g, = 18.52 — 3.08E, (10)

The high dielectric coefficient prevents the
recombination of charges within the semiconductor
and allows charges to reach the boundary of the
depletion region without undergoing recombination
within traps and defects. As seen in Table-2, 2% and
3% In doped CdS thin films indicated higher
dielectric constants. The fact that the crystal
structures of these thin films are more developed
indicates that they have more defects and traps and
that the life time of the charge carriers can be longer.
This is consistent with their high dielectric constant.

The modelling of Au/CIGS/In doped CdS/i-
ZnO/AZO solar cell

[ Au back contact

Fig.3. The schematic image of Au/CIGS/In doped CdS/i-
ZnO/AZO solar cell modeled with the SCAPS

Possible performances of thin film solar cells
consisting of different semiconductor layers can be
determined with SCAPS-1D program. PV parameters
can be calculated by entering the physical parameters
of the layers such as band gap, electron affinity,
electron/hole mobility, the shallow donor/acceptor
density, etc. into the simulation program (Burgelman
et. al., 2016; Tripathi et. al., 2020). 3% In-doped CdS
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thin film with 2.47 eV band gap is the most ideal
semiconductor to be used as a buffer layer in solar
cells, with its larger grain size and advanced crystal
structure. In this study, the band gap, film thickness,
dielectric coefficient and absorption coefficient files
of the experimentally produced 3% In doped CdS thin
film were entered into the simulation program as
imput and Au (back contact)/CIGS (absorber)/In
doped CdS (buffer) /i-ZnO (window) /AZO (front
electrode) solar cell was modelled. PV parameters of
the modeled solar cell were calculated depending on
the interface neutral defect density, shallow donor
defect density, and Auger electron/hole capture
coefficient. The physical parameters of the layers
forming the modelled In doped CdS/CIGS solar cell
are presented in Table 3.

Table. 3. The physical parameters of the layers
forming the modeled In:CdS/CIGS solar cell

3% In doped

Layers AZO i-Zn0O CIGS

cds

Band Gap (eV) 3.3 3.3 2.47 1.15

Electron affinity (eV) 4.6 4.6 4.2 4.6

Dielectri ittivity 13.6
eleciric permittvity 9 9 10.91 K]

(relative)

CB effectivedensity of ) )pv10%  220x10%  220x10%  220x10%

states (cm™)

VB effective density of .
clective Censity 01 80x10®  1.80x10®  1.80x10  1.80x10%

states (em™)

Electron/Hole thermal , , , ,
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Fig. 4. a) The band gap and b) generation vs distance of
CIGS, In:CdS, i-ZnO and AZO

According to the band diagram of solar cell
shown in Fig. 4a, spike like conduction band is
formed between CIGS and In:CdS semiconductors.
The spike like conduction band results in favorable
charge transition in the depletion region and prevents
the recombination of electron and hole charge carriers
in traps and defects near the interface (Gao et. al.,
2019; Gansukh et. al., 2020; Ghorbani, 2020). The
spectrum in Fig. 4b shows the distance-dependent
charge formation in semiconductors. Accordingly,
maximum charge generation occurs inside CIGS
semiconductor (close to the depletion region). While
the charge in 6.05x10%° (1/cm?3s) formed at the border
(2,0001 um) of the depletion region of In doped CdS,
the charge in (2x10% (1/cm?®s) occurred in the contact
region (2,35um) with i-ZnO semiconductor. Since the
light comes from the upper region, highly photo-
excited charge carriers are formed at the first entrance
through In doped CdS the thin film. However, when
the In doped CdS thin film is highly transparent, less
charge generation occurs at the deflection limit
because light is transmitted in higher amounts
(Abderrezek and Djeghlal, 2019; Niane et. al., 2018).
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The photovoltaic properties of CIGS/In doped
CdS solar cell based the shallow donor density
(Ng4) of In doped CdS thin film
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The shallow donor defects are a factor that
determines the n-type electrical property of the
semiconductor. Increasing the shallow donor defect
density (N;) increases the n-type electrical
conductivity of thin film and can improve the
performance of the solar cell (Candan et. al., 2022).
According to graphs repsented in Fig. 5a, when Ny
was increased from 101" cm=to 1028 cm®, V. value
of solar cell first decreased from 0.565 mV to 0.563
mV and then stabilized. The Jg. value showed a
parabolic rise, increasing from 41.0936 mA/cm? to
41.3522 mA/cm?. When N, value increased from
1x10Y cm® to 1.5x10% c¢cm3 FF and n values
enhanced significantly and then increased slightly
(Ng=1.5x10"Y cm™ to 1x10*8 cm®). This case shows
that no significant change was observed in PV
parameters of solar cell after N;= 1.5x10%" c¢cm?,
According to literature, N; = 1.10"8 cm is accepted
for n-type semiconductor and if this situation is taken
as a reference, PV parameters of CIGS/In doped CdS
solar cell are V,-=0.563 mV, J5-=41.3522 mA/cm?,
FF=74.33%, n=17.33%. In J —V characteristics in
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Fig. 5e, there was a slight change in the curve with
some rise of Nj.

The photovoltaic properties of CIGS/In:CdS solar
cell based the neutral interface defect density
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In heterojunction solar cells, defects at the
interface in the depletion region cause the
recombination of electron and hole charge carriers
(Candan et. al., 2023). Properties, mismatch band
alignment between p and n-type semiconductors, film
resistance of these semiconductors, pinhole
formations in the semiconductor and their surface
roughness, number of grain boundaries in the film
may cause the defects at the interface. These defects,
which act as recombination points, cause
deterioration in the performance of solar cell
(Pindolia et. al., 2022; Srivastava et. al., 1990). For
neutral interface defect density; N,=1x10" cm= and
1x10¥cm=and N,=1x10% cm=and 1x10%” cm. The
parameters of solar cell, are almost constant and the
operating performance is not affected. However, as
N;is increased from 1x10% cm= to 1x10%! cm3, solar
cell efficiency drops significantly. This change can
also be observed in J—V shown in Fig. 6e.
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Therefore, in order to prevent decrease in the
efficiency of solar cell, N; value should not exceed
1x10*% cm’3.

The Auger electron/hole capture coefficient on the
photovoltaic properties of CIGS/In:CdS solar cell
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Auger capture refers to a non-radiative
recombination event (Hausser et. al., 1990; Strauss et.
al., 1993). That is, high amounts of energy are
released by the recombination of electron and hole
charges. Electrons and holes in the same band are
excited by this energy and transition to a higher
energy level. This event is called as Auger
electron/hole capture. While there was no change in
the values of PV parameters until Auger electron
capture coefficient was 102® cm®/s, there was a
noteworthy decrease in Vi, Js¢, and FF values after
1027 cm®s. Auger electron capture coefficient of In-
doped CdS semiconductor, which has an electron
majority charge carrier, is quite low and should not
exceed 10" cm®/s to avoid a decrease in efficiency of
the solar cell.

In-doped CdS thin film, which has a hole
minority charge carrier, has a higher Auger hole
capture coefficient as seen in Fig. 8. There was a
significant decrease in Vy¢, Jsc, and n parameters
between 102° cm®s and 106 c¢m®/s. Therefore, as
long as Auger hole capture coefficient does not
exceed 10% cm®/s, there will be no decrease in the
efficiency of the solar cell.
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CONCLUSION

The pure and 1%, 2% and 3% In doped CdS thin
film was produced by spray pyrolysis method. The
doped In element increased the grain size of CdS thin
film reduces the band gap and improved its crystal
structure. Using Moss and Herve&Vandamme and
Ravindra relations, the refractive indices and
dielectric coefficients of semiconductors were
calculated. With decreasing band gap, the refractive
index and dielectric coefficients increases. 3% In-
doped CdS thin film in 2.47 eV band gap that is the
most ideal semiconductor to be used as a buffer layer
in solar cells, with its larger grain size and advanced
crystal structure. Mo/CIGS/In  doped CdS/i-
ZnO/AZO solar cell was modeled with the SCAPS-
1D program using an experimentally obtained
physical parameters of 3% In doped CdS
semiconductor. PV parameters of this solar cell were
calculated depending on the neutral interface defect
density, the donor defect density and Auger
electron/hole capture coefficient. As a result, PV
parameters of the optimized solar cell were
determined as Vyp=0.563 mV, J;-=41.3522,
FF=74.33% and n=17.33%.

ACKNOWLEDGMENT

Authors would kindly like to thank to Selcuk
University, Scientific Research Projects (BAP)
Coordination Office for the support with the number
15201070 and 19401140 projects

419



Int. J. Pure Appl. Sci. 9(2);411-421 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1377054

Selcuk University, High Technology Research and
Application Center (IL-TEK) and SULTAN Center
for infrastructures

Dr. Marc Burgelman’s group, University of Gent,
Belgium for providing permission for us to use
SCAPS-1D simulation program.

CONFLICT OF INTEREST
The Authors report no conflict of interest relevant to
this article.

RESEARCH AND PUBLICATION ETHICS
STATEMENT

The authors declare that this study complies with
research and publication ethics.

REFERENCES

Abderrezek, M. and Djeghlal, M. E. (2019). Contribution
to improve the performances of Cu,ZnSnS, thin-film
solar cell via a back surface field layer. Optik, 181,
220-230.

Al-Douri, Y., Khasawneh, Q., Kiwan, S., Hashim, U., Abd
Hamid, S. B., Reshak, A. H., Bouhemadou, A,
Ameri, M. and Khenata, R. (2014). Structural and
optical insights to enhance solar cell performance of
CdS nanostructures. Energy Conversion and
Management, 82, 238-243.

AlKhalifah, M. S., El Radaf, I. M. and El-Bana, M. S.
(2020). New window layer of Cu,CdSnsSg for thin
film solar cells. Journal of Alloys and Compounds,
813, 152169.

Ashour, A. (2003). Physical properties of spray pyrolysed
CdS thin films. Turkish Journal of Physics, 27(6),
551-558.

Atay, F., Bilgin, V., Akyuz, I. and Kose, S. (2003). The
effect of In doping on some physical properties of
CdS films. Materials Science in Semiconductor
Processing, 6(4), 197-203.

Bang, J. H., Han, K., Skrabalak, S. E., Kim, H. and Suslick,
K. S. (2007). Porous carbon supports prepared by
ultrasonic spray pyrolysis for direct methanol fuel cell
electrodes. The Journal of Physical Chemistry C,
111(29), 10959-10964.

Baturay, S. (2017). Indium doping on the structural,
surface and optical properties of CdS thin films
prepared by ultrasonic spray pyrolysis method.
Balikesir Universitesi Fen Bilimleri Enstitiisii
Dergisi, 19(2), 264-274.

Baykul, M. C. and Balcioglu, A. (2000). AFM and SEM
studies of CdS thin films produced by an ultrasonic
spray pyrolysis method. Microelectronic
Engineering, 51, 703-713.

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

Burgelman, M., Decock, K., Niemegeers, A.,
Verschraegen, J. and Degrave, S. (2016). SCAPS
manual. University of Ghent: Ghent, Belgium.

Candan, 1., Gezgin, S. Y., Baturay, S. and Kilig, H.S.
(2023). Production of CuzSnSs thin films depending
on the sulphur flow rate and annealing temperature
time. Journal Of Optoelectronics and Advanced
Maternals, 25(3-4), 191-202.

Candan, I., Gezgin, S. Y., Baturay, S. and Kilic, H. S.
(2022). Structural, Morphological, Optical Properties
and Modelling of Ag Doped CuO/ZnO/AZO Solar
Cell. Journal of Coating Science and Technology, 9,
26-37.

Gansukh, M., Li, Z., Rodriguez, M. E., Engberg, S.,
Martinho, F. M. A., Marifio, S. L., Stamate, E.,
Schou, J., Hansen, O. and Canulescu, S. (2020).
Energy band alignment at the heterointerface between
CdsS and Ag-alloyed CZTS. Scientific Reports, 10(1),
18388.

Gao, H., Wang, F., Wang, S., Wang, X., Yi, Z. and Yang,
H. (2019). Photocatalytic activity tuning in a novel
Ag2S/CQDs/CuBi20s composite: Synthesis and
photocatalytic mechanism. Materials Research
Bulletin, 115, 140-149.

Gezgin, S. Y. (2022). Modelling and investigation of the
electrical properties of CIGS/n-Si heterojunction
solar cells. Optical Materials, 131, 112738.

Gezgin, S. Y. and Kilig, H. S. (2022). The Effect of Ag and
Au Contacts on the Efficiency of CZTS/n-Si Solar
Cell: The Confirmation of Experimental and
Theoretical Results by SCAPS Simulation. Brazilian
Journal of Physics, 52(4), 148.

Ghorbani, E. (2020). On efficiency of earth-abundant
chalcogenide photovoltaic materials buffered with
CdS: the limiting effect of band alignment. Journal of
Physics: Energy, 2(2), 025002.

Hausser, S., Fuchs, G., Hangleiter, A., Streubel, K.
andTsang, W. T. (1990). Auger recombination in bulk
and quantum well InGaAs. Applied physics letters,
56(10), 913-915.

Kaur, I., Pandya, D. K. and Chopra, K. L. (1980). Growth
kinetics and polymorphism of chemically deposited
Cds films. Journal of the Electrochemical Society,
127(4), 943.

Mustafa, F. A. (2013). Optical properties of Nal doped
polyvinyl alcohol films. Physical Sciences Research
International, 1(1), 1-9.

Niane, D., Diagne, O., Ehemba, A. K., Soce, M. M. and
Dieng, M. (2018). Generation and Recombination of
a CIGSe Solar Cell under the Influence of the
Thickness of a Potassium Fluoride (KF) Layer.
American Journal of Materials Science and
Engineering, 6(2), 26-30.

Patidar, D., Sharma, R., Jain, N., Sharma, T. P. and Saxena,
N. S. (2006). Optical properties of CdS sintered film.
Bulletin of Materials Science, 29, 21-24.

420



Int. J. Pure Appl. Sci. 9(2);411-421 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1377054

Perna, G., Capozzi, V., Ambrico, M., Augelli, V., Ligonzo,
T., Minafra, A., Schiavulli, L. and Pallara, M. (2004).
Structural and optical characterization of undoped
and indium-doped CdS films grown by pulsed laser
deposition. Thin Solid Films, 453, 187-194.

Petrus, R. Y., lichuk, H. A., Kashuba, A. ., Semkiv, I. V.,
Zmiiovska, E. O. and Honchar, F. M. (2020). Optical
properties of CdS thin films. Journal of Applied
Spectroscopy, 87, 35-40.

Pindolia, G., Shinde, S. M. and Jha, P. K. (2022).
Optimization of an inorganic lead free RbGels based
perovskite solar cell by SCAPS-1D simulation. Solar
Energy, 236, 802-821.

Ravindra, N. M., Ganapathy, P. and Choi, J. (2007).
Energy  gap-refractive index relations in
semiconductors—An overview. Infrared physics &
technology, 50(1), 21-29.

Rittner, E. S. and Schulman, J. H. (1943). Studies on the
Coprecipitation of Cadmium and Mercuric Sulfides.
The Journal of Physical Chemistry, 47(8), 537-543.

Sahay, P. P., Nath, R. K. and Tewari, S. (2007). Optical
properties of thermally evaporated CdS thin films.
Crystal Research and Technology: Journal of
Experimental and Industrial Crystallography, 42(3),
275-280.

Sankapal, B. R., Mane, R. S. and Lokhande, C. D. (2000).
Deposition of CdS thin films by the successive ionic
layer adsorption and reaction (SILAR) method.
Materials research bulletin, 35(2), 177-184.

Seon, J.-B., Lee, S., Kim, J. M. and Jeong, H.-D. (2009).
Spin-coated CdS thin films for n-channel thin film
transistors. Chemistry of Materials, 21(4), 604-611.

Srivastava, A., Dua, P., Lenka, T. R. and Tripathy, S. K.
(2021). Numerical simulations on CZTS/CZTSe
based solar cell with ZnSe as an alternative buffer
layer using SCAPS-1D. Materials Today:
Proceedings, 43, 3735-3739.

Strauss, U., Rithle, W. W. and Kohler, K. (1993). Auger
recombination in intrinsic GaAs. Applied Physics
Letters, 62(1), 55-57.

Su, B. and Choy, K. L. (2000). Microstructure and
properties of the CdS thin films prepared by
electrostatic spray assisted vapour deposition
(ESAVD) method. Thin Solid Films, 359(2), 160-
164.

Tripathi, S., Lohia, P. and Dwivedi, D. K. (2020).
Contribution to sustainable and environmentally
friendly non-toxic CZTS solar cell with an innovative
hybrid buffer layer. Solar Energy, 204, 748-760.

Xu, J., Quan, S., Zou, Z., Guo, P, Lu, Y., Yan, H. and Luo,
Y. (2016). Color-tunable photoluminescence from In-
doped CdS nanowires. Chemical Physics Letters,
652, 216-219.

Yoon, S. H., Lee, S. S., Seo, K. W. and Shim, I. (2006).
Preparation of CdS thin films through MOCVD

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

method, using Cd-S single-source precursors.
Bulletin-Korean Chemical Society, 27(12), 2071.

Zelaya, A.O., Alvarado-Gil, J. J., Lozada-Morales, R.,
Vargas, H. and Ferreira da Silva, A. (1994). Band-gap
shift in CdS semiconductor by photoacoustic
spectroscopy: Evidence of a cubic to hexagonal
lattice transition. Applied Physics Letters, 64(3), 291-
293.

Ziabari, A.A. and Ghodsi, F. E. (2012). Growth,
characterization and studying of sol-gel derived CdS
nanoscrystalline  thin  films incorporated in
polyethyleneglycol: Effects of post-heat treatment.
Solar energy materials and solar cells, 105, 249-262.

421



Int. J. Pure Appl. Sci. 9(2);422-433 (2023) IJPAS
pas@munzur.edu.tr

Research article/Arastirma makalesi ISSN: 2149-0910

DOI:10.29132/ijpas.1364307

Tunceli (Pertek ve Cemisgezek) ile Elazig (Keban ve Sivrice) Ilcelerinde Bahk
Tiiketim Ahskanhklarmin Arastirilmasi ve Karsilastirilmasi

Muhammet Kiirsat Durnal, Engin Seker?, Nermin Karaton Kuzgun®*
"Munzur Universitesi, Su Uriinleri Fakiiltesi, Yiiksek Miihendis, Tunceli, Tiirkiye
2Munzur Universitesi, Su Uriinleri Fakiiltesi, Yetistiricilik Boliimii, Tunceli, Tiirkiye
SMunzur Universitesi, Su Uriinleri Fakiiltesi, Avlama ve Isleme Teknolojisi Boliimii, Tunceli, Tiirkiye
mkdurna06@outlook.com“=, enginseker@munzur.edu.tr'™", *nerminkaraton@hotmail.com
Makale gonderme tarihi:04.10.2023, Makale kabul tarihi:28.12.2023

Oz
Bu arastirma, Elaz1g ili Keban ve Sivrice ilgeleri ile Tunceli ilinin Pertek ve Cemisgezek ilgelerinin balik tiikketim
aliskinliklarii tespit etmek i¢in yapilmistir. Bu arastirma, anket uygulamasi ile yapilmistir. Anketler, 2021 yilinin
Nisan-Haziran aylarinda yiiz yiize gorlisme ve online anket metoduyla yapilmistir. Arastirma sonuglarina gore, bu
calismanin katihimcilar1 en ¢ok Pertek ilgesinden, en az Cemisgezek, ilgesinde bulunan katilimcilardan olusmustur.
Ankete katilan katilimeilarin en gok kesimi kirmizi eti, en az kesimi baliketini tercih ettikleri tespit edilmistir. En fazla
balik tiiketimi, Pertek ve Keban ilinde oldugu gézlemlenmistir.

Anahtar Kelimeler: Balik, tiiketim tercihi, anket

The Research and Comparison of Fish Habits of Consumption in Tunceli
(Pertek and Cemisgezek) and Elazig (Keban and Sivrice) Districts

Abstract
This research was carried out to determine the fish consumption habits of Elazig province's Keban and Sivrice
districts and Tunceli province's Pertek and Cemisgezek districts. This study was conducted in 2021 using a
questionnaire. The surveys were conducted using interviews methods with online and face-to-face on April-June month
of 2021 year. According to the research results, the participants of this study were the most in Pertek district, the least in
Cemisgezek district. It was determined that the participants in the study preferred the most red meat, the least fish meat.
It was observed that the highest fish consumption was in Pertek and Keban districts.

Keywords: Fish, habits of consumption, questionnaire

GIRIS

Saglikli bir yasam saglayabilmek, beyinsel,
zihinsel ve biiyiime faaliyetlerin siirdiiriilebilirligi ve
dengeli beslenme ile iliskilidir. Beslenme; yasamin
saglikli, biliylime, gelisme, basarili ve mutlu bir
sekilde siirdiiriilebilmesi i¢in en temel yapi
taslarindan biridir (Ozden ve ark., 2008; Karaton
Kuzgun ve Kirbag, 2020). Beslenme ve saglik
kavramlar1 birbirlerini tamamlayic1 nitelige sahip
konulardir. insanlarin dengeli ve yeterli beslenmeleri
icin gerekli olan protein, enerji, mineral ve vitamin
gibi ihtiyaglarinin karsilanmasinda hayvansal gidalar
on siralarda gelmektedir. Bu hususta en oOnemli
hayvansal gidalardan biri olan su iriinleri, diinyanin

cogu yerinde geg¢misten giiniimiize kadar insan
beslenmesinin ¢ok kiymetli bir hayvansal kaynakl
protein olarak degerini korumaya devam etmektedir
(Sarica, 2003). Balik, insan viicudu icin gerekli
neredeyse tiim gerekli besin kaynaklarin1 en uygun
oranda ve miktar igermektedir. Ayrica balik,
dengesiz ve yetersiz beslenme  meselesinin
¢oziimlenebilmesinde O6nemli bir sekilde durulmasi
gerekli hayvansal protein kaynaklarindan birini
teskil etmektedir (Varlik ve ark., 2004). Ulkemizin
hayvansal protein ihtiyacin1 karsilayabilecek balik
kaynaklar1 bakimindan zengin olmasma karsin,
halkimizda su {irlinleri tiiketim aligkanligi yaygin
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olmadigi i¢in iilkemiz bu kaynaklar yeterli anlamda
kullanamamaktadir. Genel anlamda da Tirkiye’de
kisi bast balik tiiketim miktarlar1 gelismis iilkelerin
oldukca gerisindedir. Diinya toplam su {iriinleri
dretimi 2020 yilinda 177.768.543 ton olarak
gerceklesmis olup bu oran Tiirkiye’ de aym yil
785.822 ton olarak belirlenmistir (FAO, 2022).
Diinya’da ortalama olarak balik tiiketim orani kisi
bast 20,5 kg/yil olarak 2019 yilinda belirlenmigtir
(FAO, 2022). Tirkiye’de kisi basina balik tiiketimi
2000 yilinda 8 kg iken bu rakam 2020 yilinda 6,7 kg
seviyesine gerilemistir (TUIK, 2022). Balik tiiketimi
ile ilgili iilkemizde pek ¢ok il ile ilgili aragtirma
mevcuttur (Yiksel ve ark.,, 2011; Aydin ve
Karadurmus, 2013; Balct ve ark., 2016; Olgunoglu
ve ark., 2014; Cigek ve ark., 2014; Yildirim, 2020;
Saka ve Bulut, 2020; Giiler ve ark., 2021).

Saglik bakimindan oldukga biiyiik 6neme sahip
olan baligin tikketim miktarlarinin artirilmasi iizerine
yapilacak arastirmalar gelecek nesiller iizerinde
pozitif yonde etkilesim olacagi bir gergektir. Bu
arastrma da balik tilketim miktarinm Tunceli
ilindeki Pertek ve Cemisgezek ilceleri, Elazig ili
Keban ve Sivrice ilgeleri iizerindeki etkisinin ne
diizeyde oldugunu belirlemek amaciyla yapilmistir.

MATERYAL VE METOT

Aragtirma, Elazig ili Keban ve sivrice ilgesinde,
Tunceli ili Pertek ve Cemisgezek ilgesinde
tilketicilerden anket yoluyla elde edilen verilerden
olusmaktadir. Ilgeler de yasayan tiiketicilere
uygulanan ankette sunulan balik tiiketimi konularini
iceren 41 soru sorulmustur. Anketler, 2021 yilinin
Nisan-Haziran aylarinda yiiz yiize goriisme ve
online anket metoduyla yapilmigtir. Bu arastirma
nicel yontem ile tasarlanmig olup, tekil tarama
modelinin benimsendigi bir aragtirmadir.

Anket Sahasi

Anket sahast Tunceli ilinin Pertek ve
Cemisgezek ilgeleri ve Elazig ilinin Keban ile
Sivrice ilgeleridir. Ilgelerde  bulunan devlet

kurumlar1 ve &zel ticarethanelerde anket calismasi
yliz yiize ve online anket formu kullanilarak
tiketiciye ulagim saglanmistir. Anket sahamiz yiiz
ylize anket metoduyla ilge merkezlerini kapsarken
online anket metoduyla ilgenin tamamini kapsayacak
sekilde gerceklestirilmistir.

Anket sorulari olusturulduktan sonra calismaya
konu olan ilgelerin merkezlerinde ve kdylerinde su
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iirlinlerinin tiiketimi arastirilmaya baglanmigtir ve
ankete katilim ilce niifuslan baz alindiginda
beklenen sayidan fazla oldugu da anlagilmaktadir.

Anket Formunun Hazirlanmasi ve Uygulanmasi

Anket iki bolim ve toplam 22 sorudan
olusturulmustur.  Birinci  bdliimde  bireylerin
demografik 6zelliklerine iliskin 14 soru yer almistir.
Ikinci boliimde ise balik tiiketim egilimlerini
tespitine yonelik 33 soru yer almistir. Balik ve balik
irtinleri tiiketimine iligskin agik ve kapali u¢lu sorular
iceren ve anketi yanitlayan kisilerin demografik
ozelliklerini (cinsiyet, yas, il, ilce, aylik bireysel
gelir durumu ve ailenin sosyo-ekonomik gostergeler)
belirlenmesi amaciyla; ikinci boliimde anketorlerin
tiketim aligkanliklarini tespit etmeye yonelik sorular
kullanilmustir.

Elde edilen Verilerin Degerlendirilmesi

Bu calismadan elde edilen degerler SPSS®22
istatistiksel olarak bilgisayar paket programinda
degerlendirmeye almmustir. SPSS paket
programinda frekans dagilimlar1 alinarak ¢apraz ve
frekans tablolar meydana getirilmistir. Kategorideki
veriler arasinda ki iliskinin anlaml1 olup olmadiginin
tespiti i¢in Ki-kare Bagimsizlik Testi (Capraz tablo
analizi) gergeklestirilmis ve istatistiksel anlam
diizeyi p<0,05 olanlar anlamli olarak kabul
edilmistir (Ozdamar, 2001).

BULGULAR

Demografik o6zellikler, hane halkinin ve
bireysel tiiketicilerin objektif belirleyicileridir.
Uriin  piyasalar;, tiiketicinin  demografik
karakterlerinin dogrudan etkilemekte ve bu
ozelliklerin  her biri hedeflenen pazarin
belirlemesinde kullanilmaktadir (Asseal, 1992).
Tablo 1 incelendiginde, arasgtirmamizda 500
katilimer tiim sorulara cevap vermistir (Sorularin bir
kismina cevap veren katilimer sayisi ise 950 kisidir)
ve bu katilmcilarin  %48,8’i erkek, 9%51,2’s1
kadinlardan olusmaktadir. Caligmada katilimcilarin
%064°1 bekar, %35,5°1 evlilerden olusmaktadir.

Besin  degeri acisindan olduk¢a yiliksek
degerlere sahip olan baligin kirmizi etten daha
saglikli oldugunu bilmekteyiz. Su {iriinlerini hangi
siklikla tiikettiklerini  sordugumuzda aldigimiz
cevaplar ise soyledir (Sekil 11); %41,9’u ayda
yalnizca bir defa balik tiketmekte, %12,9’u ise
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haftada bir defa balik tiilketmekte oldugu seklinde
cevaplar alimmistir. Bu verilerle yapilan arastirmada
sosyo-kiiltiirel yapinin balik tiiketimini etkilemekte
oldugunu aileden gelen yeme kiiltiiriinde baligin ¢ok
fazla tiketim kaynagi olarak yer almamakta
oldugunu gostermektedir. Katilimcilara
yonelttigimiz bir diger soru ise; Su iiriinlerinin temin
edildigi yerler hakkindaki cevaplarin yiizde oranlari
Sekil 12’de sunulmustur. Buna gore cevaplar
sirastyla soyle olmustur; %40’1 balik hallerinden,
%26’s1 Treticilerden, %24’ marketlerden temin
edilmektedir. Katilmcilara yonelttigimiz  balik
avliyor musunuz sorusuna %77’lik bir kisim hayir
olarak yanit vermekte ve %10’luk bir kesim sadece
evet olarak cevap vermislerdir (Sekil 13). Bu veriler
1s181nda hobi olarak yapilan balik avciligimin ¢ok az
oldugu anlasilmaktadir. Bunun i¢in yapilabilecekler
gerekli tanitim ve reklamin yapilmasi ve adaylarin
gerekli egitim ile donatildiktan sonra bolgede hobi
balikgiligmin  artisa  tesvik  edilecegi  ile
gerceklesmesi kaginilmaz bir olgudur. Ankete cevap
veren katilimeilara sorulan bir diger soru ise ‘Baligin
taze oldugunu nasil anlarsiniz?’ sorusuydu. Verilen
cevaplara gore %40’lik bir kesim solungaclarina
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baktigini, %23’liik bir kismi1 bilmedigini, %13’liik
kisim ise derisine parmagimi bastirarak derinin
elastikiyetini kontrol ettigini belirtmis ve %24’1 ise
saticinin  beyaninin yeterli oldugunu belirtmistir
(Sekil 14). Sekil 15°de goriildiigii gibi bayanlarda
hamilelik doneminde; %47’si balik tiiketmedigini,
%20’si ayda bir, %20’si ayda iki veya daha fazla,
%13’1 ise haftada bir balik tiikettigini bildirmistir.
Sekil 16°de bayanlarin emzirme siireci igeresinde
%401 ayda bir veya iki, %20’si yilda bir veya iki
olurken %40°1 balik tiiketmedigini bildirmistir. Sekil
17°de yer aldigi gibi, katilimcilarin %60°1 balik
avciligim farkli yontemlerle yaparken, %26,7’si olta
ile balik avladigimi, %13,3’1 ise ag kullanarak balik
aveiligt  yaptigim  bildirmigtir.  Sekil  18’de
katilimcilarin  ilgenizde su  triinleri  tiiketiminin
artirllmasina yonelik bir 6neriniz var mi? sorusuna
%350’si tamtimimin yapilmasi, %25’i faydalarinin
anlatilmasi ve %?25’ise fiyatlarinin ucuz olmasi
seklinde cevap vermislerdir.

Tablo 1. Demografik ozelliklerin balik tiiketimine etkisi

Demografik 6zellikler Su iiriinleri (Balik)

tiketimi

CINSIYET ERKEK 244 %48,8

KADIN 256 %51,2
MEDENI EVLI 98 %62
DURUM BEKAR 101 %28
18-24 104 %40
25-31 111 %15
YAS GRUBU 32-38 102 %25
39-45 87 %10
46-55 93 %12

Caligmada et tiikketim aliskanligi incelendiginde;
katilimcilarin %14°1 yalnizea balik, %21’si yalnizca
kanatli hayvanlar, %65’1 yalnizca kirmizi et
tilkettiklerini belirtmislerdir. Sekil 2. de goriildiigi
gibi, anketorlerin ilgelere gore katilim diizeyini
incelendiginde, Pertek ilgesinin katilim orani %45;
Cemisgezek ilgesinin katilim orami %15; Sivrice
ilgesinin katilim oran %20, Keban ilgesinin katilim
orani %20; olup katilim oranlar1 belirlenmistir. Sekil
3 incelendiginde, katilimcilarin ailelerinin birey
sayilar1 incelendiginde %35,5’1 dort kisilik ailede
yasarken, %25,8’1 {i¢ kisilik ailede yasamakta,

%12,9’u iki kisi ile yasamakta olup %16,1’1 ise alt1
kisilik ailede yasamaktadir. Sekil 4’de katilimcilarin
yas durumu incelendiginde %28’1 45-60 yas
araliginda, %24’ 35-45 yas araliginda, %16°s1 25-
35 yas araliginda, %12’si 15-25 yas araliginda,
%12’si 12-15 yas araliginda ve %81 65 yas ve lizeri
oldugu belirlenmistir. Sekil 5’de belirtildigi gibi,
katilimcilarin gelir diizeyini inceledigimizde yiiksek
bir kitlenin (%61 ile) gelir diizeyinin nispeten
yiiksek oranlara sahip oldugu anlasilmakta gelir
diizeyi daha dar olan kitlenin ise azinlikta oldugu
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belirlenmistir. Sekil 6’da Katilimcilarin  %46,4’1
ogrenci, %28,6’st memur, %14,3’ti mithendis ve
geriye kalam1 ise serbest meslek oldugu
gozlemlenmistir (Sekil 5). P(3*>>0.000)=285 ve H=1
olarak kabul edilmistir. Sekil 7 incelendiginde,
katiimcilarin en ¢ok tiikettigi kabuklu-yumusakga
su driinlerinden %58 midye, %26 kalamar, %11
1stakoz ve %S5 ile yengeg tiiketimi gozlemlenmistir.
Istatiksel agidan énemli bir farklilik tespit edilmistir
(p>0,05). Sekil 8 incelendiginde, katilimeilarin
ailelerinde su tiriinleri sektoriinde ¢alisan aile bireyi
var mi1? Sorusu yoneltilmis ve %74 hayir, ve %26 ise
evet cevabini vermistir Istatistiksel agidan énemli bir

EBalhk = Kanath hayvanlar = Kirmiz et

Sekil 1. Katilimcilarin Et tiiketim tercihi

LN

mjki = U¢ =Dort =Bes = Altx

Sekil 3. Katilimcilarin ailelerinin birey sayist
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fark  bulunmustur.  (p>0,05). Sekil  9°da,
katilmcilarin su Trilinleriyle ilgili arastirmalariin
durumu incelendiginde %50’sinin evet
aragtirmalarim  oldu, %36’simin  gida  bazh
aragtirmalarinin =~ oldugu, %14’G ise avlanma
becerisini  gelistirmek i¢in  arastirma  yaptigi
gbozlemlenmistir.  Baliketinin  tiiketim  seklinin

yonetildigi soruya aldigimiz cevaplar ise sOyledir.
(Sekil 10); %42°1 kizartma yaparak, %22’°si mangal
yaparak baliketini tiikettigini belirtmis olup %29’u
ise 1zgara yaparak baliketini tiikettigini beyan

etmektedir.
%45 |‘

= Cemisgezek = Keban = Sivrice = Pertek

Sekil 2. Katilimcilarin ilgelere gore katilim orant

<y

m12--15 m 15-25 = 25-35 = 35-45 m 45-60 = 65 ve iizeri

Sekil 4. Katilimcilarin yas durumu
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g

= 2000-3000 = 3000-4500 =4500-6000 = 6000 ve iizeri = Memur = Miihendis = (")grenci = Serbest Meslek

Sekil 5. Katilimcilarin gelir diizeyi Sekil 6. Katilimcilarin meslek bilgileri

= Midye =Yenge¢ =Istakoz = Kalamar

= Evet = Hayir

Sekil 7 En ¢ok tiiketilen Kabuklu-Yumusakga su iriinleri Sekil 8. Katilimcilarin ailelerinde su iiriinleri sektoriinde
calisan bir birey var m1?

A

&

= Evet arastirmalarim oldu

= Avlanma becerimi gelistirmek i¢in arastirma yaptim = Tuzlama = Izgara = Mangal = Konserve
= Gida bazh arastirmalarim oldu

Sekil 9. Katilimcilarin su iiriinleriyle ilgili daha 6nce Sekil 10. Su iiriinleri tiiketim tercihi
bir aragtirmasi oldu mu?
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Besin degeri agisindan olduke¢a yiiksek degerlere
sahip olan balgin kirmizi etten daha saglikh
oldugunu bilmekteyiz. Su firiinlerini hangi siklikla
tiikettiklerini sordugumuzda aldigimiz cevaplar ise
soyledir (Sekil 11); %41,9’u ayda yalnizca bir defa
balik tiikketmekte, %12,9’u ise haftada bir defa balik
tiikketmekte oldugu seklinde cevaplar alinmistir. Bu
verilerle yapilan aragtirmada sosyo-kiiltiirel yapinin
balik tiiketimini etkilemekte oldugunu aileden gelen
yeme kiiltlirlinde baligin ¢ok fazla tiiketim kaynagi
olarak yer almamakta oldugunu gostermektedir.
Katilmecilara yonelttigimiz bir diger soru ise; su
driinlerinin  temin edildigi yerler hakkindaki
cevaplarin ylizde oranlar1 Sekil 12°de sunulmustur.
Buna gore cevaplar sirasiyla sdyle olmustur; %40°1
balik hallerinden, %26’s1 lreticilerden, %24’
marketlerden temin edilmektedir. Katilimcilara
yonelttigimiz balik avliyor musunuz sorusuna
%77°1ik bir kistm hayir olarak yanit vermekte ve
%10’luk bir kesim sadece evet olarak cevap
vermiglerdir (Sekil 13). Bu veriler 1s13inda hobi
olarak yapilan balik avciliginin ¢ok az oldugu
anlasilmaktadir. Bunun i¢in yapilabilecekler gerekli
tanitim ve reklamin yapilmast ve adaylarin gerekli
egitim ile donatildiktan sonra bdlgede hobi
balikgiligimin ~ artiga edilecegi  ile

tesvik

%10

= Aydaiki = Ayda bir = Haftada bir
Hergiin = Tiiketmiyorum

Sekil 11. Su iirlinleri tiiketim siklig1
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gerceklesmesi kaginilmaz bir olgudur. Ankete cevap
veren katilimcilara sorulan bir diger soru ise ‘Baligin
taze oldugunu nasil anlarsiniz?’ sorusuydu. Verilen
cevaplara gore %40’lik bir kesim solungaglarina
baktigini, %23’likk bir kismi bilmedigini, %13’lilk
kisim ise derisine parmagimi bastirarak derinin
elastikiyetini kontrol ettigini belirtmis ve %24’ ise
saticinin  beyaninin yeterli oldugunu belirtmistir
(Sekil 14). Sekil 15°de goriildiigii gibi bayanlarda
hamilelik doneminde; %47’si balik tiketmedigini,
%20’si ayda bir, %20’si ayda iki veya daha fazla,
%13’1 ise haftada bir balik tiikettigini bildirmistir.
Sekil 16°de bayanlarin emzirme siireci igeresinde
%401 ayda bir veya iki, %20’si yilda bir veya iki
olurken %40’1 balik tiiketmedigini bildirmistir. Sekil
17°de yer aldigi gibi, katilimecilarin %60°1 balik
avciligim farkli yontemlerle yaparken, %26,7’si olta
ile balik avladigini, %13,3’1 ise ag kullanarak balik
aveiligt  yaptigim  bildirmigtir.  Sekil  18’de
katilimcilarin  ilgenizde su {riinleri tiiketiminin
artirllmasina yonelik bir Oneriniz var m1? sorusuna
%350’si tamtimmin yapilmasi, %25’i faydalarinin
anlatilmas1 ve %25’ise fiyatlarinin ucuz olmasi
seklinde cevap vermislerdir

= Ureticilerden

» Marketlerden

» Balik hallerinden = Temin etmiyorum

Sekil 12. Su iiriinlerinin temini
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= Solungaclarina bakarim
= Dersisine bakarim

= Hayir = Kesinlikle Hayir = Evet = Kesinlikle Evet = Saticinin beyanina itibar ederim
= Bilmiyorum

Sekil 13. Balik avliyor musunuz? Sekil 14. Katilimcilarin baligin taze oldugunu anlama
metotlari

= Haftada bir = Ayda bir _ e . -
= Ayda iki veya daha fazla = Tiiketmedim : ?ﬁgztllﬁle:{%a ki = Yilda bir veya iki
Sekil 15. Bayanlarda hamilelik doneminde Sekil 16. Bayanlar emzirme siireci igerisinde
ne siklikla balik tiketiyor? ne kadar siklikla balik tiiketti?

= Olta

# Tanitim yapilmasi

= Fiyatlarinin ucuz olmasi

Sekil 17. Katilimcilar balik avlarken hangi aletleri Sekil 18. Ilcenizde su iiriinleri tiikketiminin artirilmasina
kullantyor? yonelik bir 6neriniz var m1?

= Olta mAg = Diger yontemler
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Sekil 19’de gorildigt tizere; Katilimcilarin
yillik su Griinleri tiketimi; %11°1 1 kg, %331 2 kg,
%11°1 3 kg, %33’1 5 kg, %11°1 6 kg ve daha fazla
balik tiikettigini bildirmislerdir. Ancak istatistiksel
acidan degerlendirilmesi uygun goriilmemistir. Sekil
20°da katilimeilarin en ¢ok begendigi ve en fazla
tilkettigi Deniz baliklarnin %23’ hamsi, %18’si
palamut, %13’0 levrek, %2371 ¢ipura, %9’u somon,
%1471 ise istavrit olarak belirlenmigtir. Sekil 21°de
katilimcilarin en ¢ok begendigi ve en fazla tiikettigi

)/

m] ®m2 =3 =5 =m@6veiizeri

Sekil 19. Katilimeilarin yillik su iiriinleri tiiketim miktar1

= Dogal Alabahk
= Sazan

= Kiiltiir Alabahg:
= Turna

Sekil 21. En ¢ok begendiginiz ve en fazla tiikettiginiz
tatlt su baliklar1?
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tatli su baliklarinin %55°1 dogal alabalik, %12’si
palamut, %?21’i turna, %12’si sazan olarak
belirlenmistir. Sorumuzda yer alan diger balik
tiirlerini ise katilimcilar tercih etmemektedir. Sekil
22’de illere gore balik tiketimi karsilagtirilmis ve
katihmcilarin verdigi cevaplar istatistiksel olarak
degerlendirilmistir. Yiizdesel olarak bakacak olursak
%44 Elazig ve %56 olarak Tunceli balik tiiketimi
yoniinden istatistiksel olarak dogru bir egriye
sahiptir.

= Levrek
= [stavrit

= Palamut
= Somon

= Hamsi
= Cipura

Sekil 20. En ¢ok begendiginiz ve en fazla tiikettiginiz
deniz baliklar

= Tunceli

= Elazig

Sekil 22. illere gore balik tiiketim aliskanliklarmnin
karsilastirilmast
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Ankete Katilan Bireylerin 11 ve ilcelere gore Ki-
kare (X?) Test Sonuclar

Elazig ve Tunceli illerine bagl ilgelerde
yasayan katilimcilarin en ¢ok tercih ettigi et tiird
incelenmigtir. Tablo 2 incelendiginde, Pertek
ilgesinde baliketi %7,5, tavuk eti %25,9 ve kirmizi et
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95,9, tavuk eti %36,5, kirmiz1 et %47,1; Sivrice
baliketi %13,2, tavuk eti %42,1 ve kirmizi et %28,9;
oraninda bulunmustur. Buna gore farkli ilgelerde
yasayan bireylerin et tercihleri tavuk eti en yiiksek
oranda oldugu gdriilmesine ragmen, bireylerin et
tercihlerine iliskin gorislerinde istatistiksel olarak

ise %38,1; Cemisgezek ilcesinde baliketi %7,5, onemli farkhliklar — gostermistir  (X°=112,532,
tavuk eti %59,7 ve kirmizi et %20,9; Keban baliketi  p<0,05).
Tablo 2. Ankete katilan bireylerin farkly ilcelere gore en ¢ok tercih ettikleri et tiirii
Bolge En ¢ok tercih ettiginiz et tiirii Toplam
Balik Tavuk Kirmizi Et Hepsi
Pertek f 39 135 199 149 522
% |75 25,9 38,1 28,5 100,0
Cemisgezek f 15 120 42 24 201
% |75 59,7 20,9 11,9 100,0
Keban f 5 31 40 9 85
% |59 36,5 47,1 10,6 100,0
Sivrice f 5 16 11 6 38
% 13,2 42,1 28,9 15,8 100,0
Total f 67 338 322 223 950
% |71 35,6 33,9 23,5 100,0
X?=112,532
df=18
p=0.000
TARTISMA ve SONUC sirastyla kirmizi et (%38), tavuk eti (%56) ve
Calismada et tiikketim aligkanligr  baliketi (%35) oraninda oldugunu belirlemistir.

incelendiginde; katilimcilarin %141 yalnizca balik,
%21’si yalnizca kanatli hayvanlar, %65’1 yalnizca
kirmiz1 et tiikettiklerini belirtmislerdir. Kirmizi et
tiketim oranmin diger seceneklere gore yiiksek
olusu, bu yorelerdeki ankete katilan kisilerin damak
zevki ve kiiltlirel aligkanliklar1 neticesinde oldugu
diistiniilebilir. Arastirmalarda; Colakoglu ve ark.
(2006)’nin  galismasinda  sirasiyla beyaz  eti
(%47,50), baliketini (%29,90), kirmizi eti ise
(%22,10) tiikettiklerini belirtmislerdir. Sen ve ark.,
(2008)’nin ¢alismada sirasiyla baliketini %74
oraninda tiikettigini, kirmiz1 etin %69 oraninda ve
tavuk etinin %49 oraninda tiikettigini saptamiglardir.
Oguzhan ve ark. (2009), calismasinda kirmizi eti
(%56), tavuk eti (%37,30), baliketi (%06,70)
tiikettiklerini tespit etmistir. Yiiksel ve ark. (2011),
Tunceli’de yaptig1 ¢alismada kirmizi et tiiketimini
%40, tavuk eti tiiketimini %38 ve baliketi tiiketimini
%22 olarak tespit etmislerdir. Olgunoglu ve ark.
(2014), Adiyaman’da et tiketim aligkanliginda

Anketorlerin ilgelere gore katilim diizeyini
incelendiginde (Sekil 2), Pertek ilgesinin katilim
orani %45; Cemisgezek il¢esinin katilim oran1 %15;
Sivrice ilgesinin katilim oran %20, Keban il¢esinin
katihm  oramt  %20; olup katiim oranlan
belirlenmistir. Bu veriler degerlendirilecek olursa,
Pertek ilgesinde anket sorularin1 cevaplamaya
yonelik daha destek¢i halk yapisinin  oldugu
neticesine varilabilir. Sekil 3 incelendiginde,
katilimeilarin ailelerinin birey sayilari
incelendiginde %35,5°1 dort kisilik ailede yasarken,
%25,8’1 ¢ kisilik ailede yagamakta, %12,9’u iki kisi
ile yasamakta olup %16,1’i ise alt1 kisilik ailede
yasamaktadir.  Sekil 5°de  belirtildigi  gibi,
katilimcilarin gelir diizeyini inceledigimizde yiiksek
bir kitlenin (%61 ile) gelir diizeyinin nispeten
yiiksek oranlara sahip oldugu anlasilmakta gelir
diizeyi daha dar olan kitlenin ise azinlikta oldugu
belirlenmistir. Balikk ve ark., (2013) yaptig:
calismada ise 500-2000 TL gelir araliginda
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cogunlugun oldugunu belirlemislerdir.

Baliketinin tiiketim seklinin yonetildigi soruya
aldigimiz cevaplar ise sOyledir. (Sekil 10); %42’i
kizartma yaparak, %22’si mangal yaparak baliketini
tilkettigini belirtmis olup %29’u ise 1zgara yaparak
baliketini tiikettigini beyan etmektedir. Besin degeri
acisindan oldukca yiiksek degerlere sahip olan

baligin kirmizi etten daha saglikli oldugunu
bilmekteyiz.
Su drlinlerini  hangi siklikla tiikettiklerini

sordugumuzda aldigimiz cevaplar ise soyledir (Sekil
11); %41,9’u ayda yalmizca bir defa balik
tiketmekte, %12,9°’u ise haftada bir defa balik
tiketmekte oldugu seklinde cevaplar alinmistir. Bu
verilerle yapilan arastirmada sosyo-kiiltiirel yapinin
balik tiiketimini etkilemekte oldugunu aileden gelen
yeme kiiltiiriinde baligin ¢ok fazla tiiketim kaynagi
olarak yer almamakta oldugunu gostermektedir.
Anket katilmecilarmin = balik  tiiketim  sikligt
incelendiginde; haftada bir kez %42,20’si haftada iki
kez %28,30’i, ayda iki-li¢ kez %15,10’1, ayda bir
kez %10,80’ni, iki li¢ ayda bir kez %:2,00’si
tikettiklerini goriilmistiir. Tiiketicilerin aylik balik
tiketimi ise; %24,30’u 2 kg ve alt1, %35,50%1 2-4 kg,
%26,70°1 4-6 kg, %12,70’1 6 ve iistii kg balik olarak
belirlenmistir. Yapilan c¢aligmalarda ise; Arslan
(2015) ¢alismasinda en az 2 kez, Colakoglu ve ark.
(2006), calismasinda Canakkale’de, 4 kez, Orhan ve
Yiksel (2010), Burdur ilinde gerceklestirmis
olduklar1 c¢aligmalarda ayda 4 kez, Hatirh ve ark.,
(2004)’nin Isparta’da gerceklestirdikleri
caligmalarinda 1 veya daha fazla balik tiikettiklerini
beyan etmislerdir. Bu oran bizim mevcut ¢aligmanin
oranlarindan daha yiiksektir. Sebep olarak su
iiriinlerine Canakkale ilinde Tunceli ve Elazig
ilindeki ilgelerine ulasma imkanindan daha kolay
olmasidir. Ek olarak baliga taze olarak ulagma
imkdn1 Canakkale’de daha fazla oldugunun alt1
cizilebilir.

Balat ve Cevher calismasinda katilimcilarin
%37’si 2-4 kez, %51°1 ayda 1 kez, %9’u 5 kez ve
iizerinde balik tiiketirken %3’linlin ise hi¢ balik
tiketmedigi belirlenmigtir. Arastirmamizda ankette
balig1 tercih etme nedenlerine verilen cevaplar
incelendiginde; besleyici ve lezzetti olmasi
nedeniyle %97,50’1 tercih ettigi goriilmiistiir. Cadir
(2012), yapmis olduklarn c¢aligmalarinda Keban
Baraj Golii Ova Bolgesi’nde balik tiiketim oraninin
incelenmesi ~ amactyla  yaptigi  arastirmada,
katihmeilarin =~ %61,20°si  baliketini  severek
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tiikettiklerinin altin1 ¢izmislerdir.

Katilimcilara  yonelttigimiz ~ balik  avliyor
musunuz sorusuna %77’lik bir kistm hayir olarak
yant vermekte ve %10’luk bir kesim sadece evet
olarak cevap vermislerdir (Sekil 13). Bu veriler
15181inda hobi olarak yapilan balik aveiliginin ¢ok az
oldugu anlasilmaktadir. Bunun i¢in yapilabilecekler
gerekli tanitim ve reklamin yapilmasi ve adaylarin
gerekli egitim ile donatildiktan sonra bdlgede hobi
balikgiligmin  artisa  tesvik  edilecegi  ile
gerceklesmesi kaginilmaz bir olgudur.

Su iiriinlerinin temin edildigi yerler hakkindaki
soruya verilen cevaplarin yiizde oranlar1 Sekil 12°de
sunulmustur. Buna gore cevaplar sirasiyla soyle
olmustur; %40’1 balik  hallerinden, %26’s1
treticilerden, %241 marketlerden temin
edilmektedir. Bu sonu¢ Caylak (2013),’lin yaptigi
caligmalarla da benzerlik gostermistir, bir calismada
su {riinlerinin satis oranini yiiksek bulanlarin orani
Fatsa’da %53,10 ve Aybasti’da %58,10 olarak tespit
edilmistir.

Baligin  taze oldugunu nasil anlarsiniz?
sorusunu yonelttigimizde %40’k  bir kesim
solungaglarina  baktigimmi, %23’lik bir kismi

bilmedigini, %13’lik kisim ise derisine parmagim
bastirarak derinin elastikiyetini kontrol ettigini
belirtmis ve %24’ ise saticinin beyaninin yeterli
oldugunu belirtmistir (Sekil 14). Ancak balik
avlanma asamasindan tezgadha gelinciye kadar
herhangi bir 1s1l islemden geg¢medigi icin tazelik
oldukca Onemli bir konu olmakta ve tiiketicilerin
korktugu noktada burast olmaktadir. Erdal ve
Esengiin (2008) Tokat’ta yasayan ailelerin balik
satin aldiklarinda en fazla belirli balik saticilarini
(%85) tercih ettikleri ifade etmislerdir. Arastirmaya
katilan katilimcilarin bali§i temin ederken nelere
dikkat ettigini Ozellikler incelendiginde; %31,73’i
solungaglarina, %37,35’1 gozlerine, %12,05’1
kokusuna dikkat ederek 52 satin aldiklar1 veya temin
ettiklerini  belirtmiglerdir.  Tiiketicilerin  temin
ettikleri baligin  %42,97’si tazeligine, %37,35’1
ortam hijyenine, %11,24’si avlanma yeri bakarak
temin ettiklerini belirtmislerdir. Katilimcilar, temin
ettikleri baliginin  temin yerinden 9%70,28si
memnun olduklarim1 belirtirken %29,72°’1 memnun
olmadiklarini belirtmislerdir.

Sonug¢ olarak, Elazig ve Tunceli illerine bagh
belirli ilgelerde su irinleri ile ilgili yapilan anket
calismasinda katilmeilarm su {riinleri tiikketimi,
Tirkiye ortalamasiyla paralellik arz etmektedir.
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Katilimcilarin ortalama balik tiiketimi 6,2 kg olarak
belirlenmistir. Bu oran bdlgesel olarak farlilik
gostermistir. En fazla balik tiiketimi, Pertek ve
Keban ilgelerinde oldugu goézlemlenmistir. Bu
sebeple Cemisgezek ve sivrice ilgelerinde balik
tiketimine olan ilginin arttirilmasi i¢in tanitim ve
bilgilendirme ¢aligmalar1 yapilmalidir. Yapilan bu
calisma diger balik tiiketimi hakkinda yapilacak olan
caligmalara kaynak teskil edecektir.

TESEKKUR

Bu c¢aligma yiiksek lisans tez ¢alinmasindan
iretilmistir.

CIKAR CATISMASI BEYANI

Yazar/ Yazarlar bu makale ile ilgili herhangi bir
¢ikar ¢atigmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazar/Yazarlar bu g¢alismanin arasgtirma ve yayin
etigine uygun oldugunu beyan eder.
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