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Bu calismada, binek araglarda oldukga yaygin kullanilan spoylerin arac lzerindeki aerodinamik etkileri
ve bunlarda kullanilan malzemerin mekanik 6zelikleri analiz edilmistir. Glinimiz imalat sireglerinde

yeni Urlnlerin optimum tasarim kriterlerinin belirlenmesinde 6zellikle otomotiv gévde ve pargalarinda
sonlu elemanlar yontemi yaygin olarak kullaniimaktadir. Analizde elde edilen tasarim kriterleri imalat

Anahtar Kelimeler slircinde anahtar rol oynar. Spoylerin fonksiyonu aracin aerodinamigi bununla birlikte yiiksek hizlarda

Carbon Fiber; Spoyler;

ANSYS; Mechanical . - . "
s . hizlanmasi sonucunda olusur ve bu etki aracin yere daha iyi basmasini saglar. Bu durum araci yiksek
Analysis; Compression

Test; Torsion Test; hizlarda daha guivenli hale getirir. Arag agirliklari da dikkate alindiginda bunlarin oldukga hafif ve yliksek

stabiliteye sahip olmasi otomobil icin énemlidir. Spoylerin uyguladigi tersine basma kuvveti aracin

Tensile Test dayanima sahip karbon fiber malzemelden imal edilmesi 6nemli tercih sebeplerindendir. Bu ¢alismada
celikten ¢ok daha hafif ve dayanmi yiksek olan karbon fiber malzeme arastiriimistir. ABS plastik ile
karbon fiber malzemeden spoyler tasarimi yapilarak tasarim analizleri ANSYS yazilimi kullanilarak
degerlendirilmistir. Sonlu elemanlar yontemi ile gekme, basma ve burulma analiz verileri nimerik olarak
hesaplanmistir. Yapilan analizler sonucunda karbon fiber malzemeden Uretilmis spoylerin daha Ustin
Ozelliklerde oldugu tesbit edilmistir

Analysis of ABS and Karbon Fiber Materials in Spoiler Design
Abstract

In this study, the aerodynamic effects of spoilers, which are widely used in passenger cars, on the
vehicle and the mechanical properties of the materials used in them are analyzed. In today's

manufacturing processes, the finite element method is widely used, especially in automotive bodies
and parts, in determining the optimum design criteria of new products. The design criteria obtained in

keywords the analysis play a key role in the manufacturing process. The function of the spoiler is important for

Carbon Fiber; Spoyler;
ANSYS; Mechanical
Analysis; Compression

Test; Torsion Test;
Tensile Test of the important reasons for preference that they are manufactured from very light and high-strength

the car's aerodynamics as well as its stability at high speeds. The reverse downforce applied by the
spoiler occurs as a result of the acceleration of the vehicle, and this effect allows the vehicle to press
the ground better. This makes the vehicle safer at high speeds. Considering the vehicle weights, it is one

carbon fiber materials. In this study, karbon fiber material, which is much lighter and more durable than
steel, has been investigated. Spoiler design made of ABS plastic and karbon fiber material, and the
design analyzes were evaluated using ANSYS software. Tensile, compression and torsion analysis data
were calculated numerically with the finite element method. As a result of the analysis, it has been
determined that the spoiler made of karbon fiber material has superior features.

© Afyon Kocatepe Universitesi



1. Giris

Gunlimuzde dretilen arag¢ cesitliliginin  artmasi
GrGtim teknolojisindeki gelismelerle
tanimlanmaktadir. Bu gelisme ayni zamanda

kullanilan malzeme 06zelliklerini de ©6n plana
¢ikarmaktadir. Malzeme seg¢iminin yaninda arag
tasariminda aerodinamik ara¢ govde tasariminin
iyilestirilmesi  lzerinde c¢alisiimistir.  Otomotiv
endistrisinin esas ilgilendigi konulardan bir de
sayisal yontemlerle siiriikleme katsayisini azaltmak
icin tasit tasarimi aerodinamiginin iyilestirilmesi
Ozellikle

yliksek hizli otomobillerde aerodinamigin 6nemi

Gzerinde bir c¢cok c¢alisma yapilmistir.

spoyler ve hava kanallari tararimlarini 6n plana
¢cikarmistir. Clnkl yiksek hizlarda spoylerin yere
uyguladigi  basma kuvveti sonucunda yere
tutunmayi saglamakta ve bu tir araglar yiksek

daha givenli hale

SOLIDWORKS®'te

hizlarda getirmektedir.

Literatlirde tasarlanan arag

modelleri Gizerinde ANSYS® CFX yazilimi (k-epsilon

Ug-boyutlu  SAD
Dinamigi) hava akis

modeli) kullanilarak (Sayisal
Akiskanlar

uygulamalari arastirmacilar tarafindan calisiimistir.

similasyonu

"CFX-mesh" te ag yapisi sonlu elemanlar yontemi
kullanilarak olusturulur ¢linkl teorik olarak, aracin
govdesinin aerodinamik seklini etkileyen arac
Gzerindeki yapilar yakit tiketimini azaltabilir ve
aracin hizini engelleyen kuvvetleri en aza indirebilir.
Bilgisayar destekli modellemelerde ara¢ durma
Uzerindeki

mesafesini azaltabilmek icin arag

spoylerin acisal oryantasyonu Uzerinde
cahsmislardir (Arulshri, Kumar, Nesalingam, 2021).

GUnUmizde arag¢ govdelerinde yaygin kullaanilan
karbon fiber takviyeli ya da glclendirilmis plastik
plazemeler celik kadar hatta ondan daha yiiksek
dayanimda olmasi bununla birlikte bu tiir kompozit
daha hafif

cazibesini arttirmistir. Arag Uzerindeki spoyler ve

malzemelerin olmalari  kullanim

benzeri parcalarin tasariminda karbon elyaf

takviyeli polimer matrisli kompozitler kullanmistir
(zhang, Wang, 2002).

Chanyang Kim ve ark. spoyler modellemesinde

sogutma performansini karsilastirmak ve
gelistirmek icin dogrudan temash hava sogutmall
bir sisteme dayanan ¢ farkh tasarim (zerine
calismislar. Ayrica, tasarlanan modeli dogrulamak
icin bir akli sogutma testi gerceklestirmislerdir.
Arastirma sonucunda, spoyler modelinin
maksimum pil sicakhgini yaklasik %16 oraninda
azalttigini ve spoyler icermeyen geleneksel bir
sogutma  yontemiyle karsilastirildiginda,  pil
hicresinin sicaklik dagilimini yaklasik %65 oraninda
etkili bir sekilde iyilestirdigi yazilmistir (Chanyang,
Jaeyoung, Seokmoo, 2022).

Nomura ve arkadaslari Kompozit malzemlerdeki
takviye fazlarinin matris fazi icindeki dagilimi ve
bunlarin Urin imalatinda kullaniimasiyla olusan
yaplyl U¢ boyutlu tasarim yodntemini kullanarak
Urin Gzerindeki etkileri Uzerinde calismislardir.
Tasarim  yontemindeki  degiskenleri  topoloji
optimizasyonuna dayali olarak formiile etmislerdir.
Bu imalat yontemini, bir CNC Tezgah makinesinin
preform olarak hazirladigi 6zel elyaf yerlestirme
teknolojisine dayandigini bildirmislerdir. Preform
Uranlerin, fiber yollarini optimize ederek istege
bagl yonlendirme dagitimi ve vakum destekli
recine transfer kaliplama ile olusturuldugu ifade

edilmistir (Nomura, lwano, Kawamoto, Yoshikawa,

2022).
Yizyihn teknolojisi olan yapay zeka (Al) ve bunun
otomobil  sektorliindeki  ¢esitli  uygulamalari

dordiincli sanayi devriminin (Endustri 4.0) ¢caginda,
Uretim, kalite ve karlari maksimize etmek igin
kullanilan akillh teknolojiler sayesinde endistriler
daha da karmasik hale geldigi ve israfi, zamani ve
Uretim maliyetlerini en aza indirildigi belirtilmistir.
Yapay zeka, Modern araglari akilh, glvenli ve
otomobil

glvenilir hale getirmek i¢in bunlar

endistrisinde kullanmayl amaglamaktadir. Ayni

zamanda, sdricileri otomatiklestirmeye c¢alisir,

boylece el emegini azaltir, verimliligi artirir ve
insanlari siradan, tekrarlayan gorevleri yerine
getirmekten kurtarir. Polimer kompozitler, karbon

fiber ve ylksek mukavemetli celik gibi gelismis
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malzemeleri otomobil endistrisinde uygulanabilir
kilan c¢esitli faktorleri ve bu ileri malzemelerin
otomobil endistrisindeki uygulama yéntemlerini ve
alanlarini tartismislardir (Kamran 2022).

Yeni bir Grlintin gelistirilmesi icin alanin gelecekteki
yonliini arastirmak sirdurulebilirlik icin tasarim
ilkelerini  ve mevcut literatliri  birlestirmeyi
bakildiginda

surdurlebilirlik yontemlerinin tasarimi,

amaclamak gerekir. Bu agidan
ekoloji,
ekonomi ve sosyal yapi bakimindan siirdirilebilirlik
fikri altinda olusturulabilir oldugunu belirtmislerdir
(Riza, Esyraf, 2022).

Gilnlmizde, kompozit malzemelerin uygulanmasi
savunma, otomobil, havacilik, spor, ev Urinleri ve
bulmaktadir.

tibbi  ekipmanlarda genis yer

Kompozit malzemeler; maris faz ve takviye
fazlarinin durumlarina goére; karbon fiber, aramid
fiber, fiber

kompozitlerdir. Her iki

E-cam seklinde  adlandirilan

fazin  kombinasyonu,
malzemenin hafif olmasini ve daha genis alanlarda
uygulanabilmesi icin ylksek mukavemetli olmasini
saglar. Kompozit malzemelerin ¢ogu, sentetik ve
dogal bazli malzemeler olup ticari olarak temin
edilebilir (Sapuan, ilyas ve Asyraf 2021).

Genel olarak, yapisal malzemeler igine polimer
kopugin merkeze konuldugu ve CFRP (karbon fiber
takviyeli polimer) veya GFRP (Cam fiber takviyeli
polimer) gibi heterojen bir malzemenin polimer
koplgiun tek veya her iki tarafina uygulandigi kopuk
0zIU sandvi¢ kompozitleri, hacim, agirlik ve titresim
sonimleme 6zellikleri agisindan daha uygun oldugu
ifade edilmistir. Bu nedenle, kopik 6zli sandvig
kompozitlerin esas olarak nakliye alaninda
kullanilmakla birlikte cesitli alanlarda uygulamalari
vardir. Calismalarinda bir otomotiv spoylerinde
ABS/PC (Akrilonitril Butadien Stiren / polikarbonat)
ile geleneksel kullanilan spoylere kiyasla, kopuk
0zl CFRP sandvi¢c kompozitinin uygulanmasinin
agirligi azaltildigi bu islemi kopuk 6zlG CFRP sandvig
karbonun laminasyon
Daha

kopik ozli CFRP sandvic kompozit spoyler ile

kompozitinde o6rilmus

tasarimi ile gerceklestirmislerdir. sonra,
geleneksel ABS/PC spoyleri sonlu elemanlar analizi
ile mekanik davranislari karsilastirmislardir (Lee ve
ark. 2020).

Wafi ve ark.. (2021); yiksek hiz yapan vyaris

arabalarinda meydana gelen kaldirma kuvvetinin

aracin stabilitesini, cekisini ve hizini kaybetmesine
neden oldugunu bu nedenle, kaldirma kuvvetini
azaltmak ve araci daha kararl hale getirmek icin bir
yaris arabasina bir spoyler monte ederek calisma
yapmislardir. Calismalarinda, spoyler boyutunun
UniART FSAE yaris otomobili tizerindeki slirtinme
kuvveti ve basma kuvveti degeri lzerindeki etkisini
similasyon yazilimi kullanarak arastirmiglar ve daha
blyuk bir spoyler boyutu, diger boyutlara kiyasla en
yliksek basma kuvvetini verdigini ve yere basma
kuvvetinin spoylerin alani ile  dogru orantili
oldugunu tespit etmislerdir.

Hava kanallarinin dogru akis analizi (CFD) icin agin
kalitesi 6nem arz eder. Ozellikle gercek hayattaki
uygulamalarda yaygin olarak karsilasilan tirbilansli
akisla ugrasirken buyik onem tasimaktadir. CFD
calismalari icin gerekli olan agin kalitesini artirmak
icin  farkh  araclarin  kullanildigi
bulunmaktadir (Akilah ve ark.. 2018).

Sivakumar ve ark. (2019); bir aracin performansini

calismalar

aerodinamik 6zellikleri etkilendiginden bahsederek,
spoylerin c¢alisan bir aerodinamik cihaz oldugunu,
araci

yavaslatmak ve hava toplamak icin

kullanildigindan bahsetmistir. Ayrica bir arag

(spoyler)
Uzerinde analizler elde

modelinde arka rizgarlk olmadan

tasarlanmis  model

etmislerdir. Calismasinda farkli akislari incelemek

icin ANSYS—FLUENT yazilimini kullanarak
aerodinamik etkiyi arastirmislardir.  Spoylerin,
sirtinmeyi  onemli  Olcide  azalttigini  da

belirtmislerdir.
Hesaplamali akiskanlar dinamigi, optimum tasarimi
elde etmek, zaman ve maliyetleri azaltmak igin
otomobillerin tasariminda yaygin olarak kullanilir.
Arag tasarimi, araclarin satin alma kararinda 6nemli
anahtardir. Otomobil Ureticilerinin ¢ok zor bir
gorevi var. Bu gorev; tasarimiyla potansiyel alicilari
cezbedecek, otomobilin aerodinamigini bozmayan
veya ylksek hizlarda stabiliteye sahip bir otomobil
insa etmektir. Otomobilin yiiksek hizlarda dengesini
artirmak icin arka spoyleri ara¢ govdesine eklemek
gerekir (Sitojonovic ve ark. 2020 ve Vasamsetti,
2020).
katsayilarinin belirlenmesi
14.5/Fluid  Flow CFX
aerodinamik sirtinme katsayisinin, arka spoyler
hafifce (%3,4),

strikleme ve kaldirma
ANSYS

moduli

Aerodinamik

yazilimi
kullanilarak
ancak

sabitlendiginde arttigi

3
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aerodinamik kaldirma katsayisi degerinde onemli
bir azalma oldugunu (%32) calismalarinda tespit
etmislerdir (Sitojonovic, Vasamsetti, 2020).

Spoylerin daha yuksek hiz icin araca asagl dogru
hareket
etmesini saglayan bir otomotiv kaporta sisteminin

basma kuvveti olusturarak dengeli
bir pargasidir. (Nor ve ark. 2015).
Otomobillerdeki riizgarlik stirtinmeyi azaltmak igin
kullanilan aerodinamik bir bilesen oldugu Daniel ve
arkadaslari (2021), tarafindan ifade edilmistir. Ayni
kisiler spoylerinin birincil islevinin aerodinamik
slirtlinmeyi azaltarak ve dengeyi arttirip aracin yol
tutusunu saglamak oldugunu belirtmislerdir (Maji
ve Mustaffa, 2021).

Binek karayolu tasitlarinin korumasiz alt gévdedeki
sirtinmeyi azaltmak i¢in yaygin olarak dikey
deflektorlerin - kullanilmakta oldugu ve bunlarin
aerodinamik olmayan alt gévde boyunca akis hizini
azalttigini ve boylece yiliksek hizlarda govde alti
yapan
sirtinmeyi azaltan bir etkisinin oldugunu ifade
etmislerdir (Patil, 2015).
Arastirmacilar modelledikleri cesitli

hava akisinda bu ¢ikinti bilesenlerin

rizgarliklar
otomotiv govdeleri Uzerindeki hava direnclerinden
kaynaklanan basinglarin akis analizini
incelemislerdir (Cho, 2016).

Otomobillerde performans; glivenlikten, manevra
kabiliyetinden, motordan, lastiklerden,
aerodinamik yapidan ve tasarim ergonomisi gibi
cok disiplinli faktorlerden etkilenir. Son yillarda sera
gazinl azaltma talepleri ve akaryakit fiyatlarindaki
azaltma otomobil

enflasyon talepleri,

aerodinamiginin 6nemini yeniden ele almak
gerektigini gostermistir. Aracin govdesi, sehir igci
sirliste direncinin Ustesinden gelebilmek icin
yaklasik %3 yakit kullanirken, otoyol siiriislerinde
%11 yakit tlketmektedir. Otoyoldaki strislerde
dikkate deger

minimum tasarim degisiklikleri kullanilarak aracin

yliksek vyakit tlketimi degeri,

aerodinamigini  gelistirmek  bircok  tasarim
muihendisinin ilgi odagi olmustur. Bununla birlikte,
otomobillerdeki hiz artislarinin da beklenmedik
kazalara neden olusturdugu bilinmektedir. Bunun
icin harici ekipman kullanma fikrini gelistiren

¢alismalar vardir. Bunlardan biri de govdeyi

degistirmeden mevcut araca takilabilen gelistirilmis
spoyler tasarimlaridir. Bunlar araglari aerodinamik

olarak daha cekici hale getirmistir. Arka riizgarliga

etki eden kaldirma, silrikleme ve basing
dagihmlarinin etkisi, Autodesk Simulation (CFD)
yazihm ile arastirilarak raporlanmistir (Chandra ve
Riyad, 2017).

Bu c¢alismamizda kompozit malzemeden ve
plastikten Uretilen spoyler calisilmistir. Binek bir
otomobil icin bir spoyler tasarimi yapilarak sonlu
elemanalar yontemiyle kullanilacak iki malzeme
fiber  takviyeli
ile ABS plastik

malzeme analiz edilerek sonuglar sayisal degerlerle

analiz  edilmistir. Karbon

malzemeden vyapilan spoyler

belirlenmistir.

2. Malzeme ve Yontem
2.1 Spoyler igin Malzeme Segimi

Bir spoyler (retiminde en o6nemli 06zellik
kullanilacak malzemesi ve arag¢ govdesine uygun
tasarimidir. Bu galismada tasarimi yapilan spoyler
Sekil 3'de ve spoyler malzemelerinin mekanik

ozellikleri ise Cizelge 1 ve 2'de verilmistir.

2.2 Sonlu Elemanlar Analizi ve Malzeme Atamasi

Calismada sonlu elemanlar analizi ANSYS paket

IM

programinda “statik structural” modulu kullanilarak

yapilmistir.
Cizelge 1-2'de verilen malzemelerin mekanik
ozellikleri ANSYS Engineering Data modiliine

tanimlanmistir.

Cizelge 1. Karbon Elyafin Mekanik Ozellikleri [25].

Ozellikler Deger Birim
Cekme 3421 MPa
Dayanimi
Elast'l.s1"te 230 GPa
Modiilii
Yogunluk 1,76 g/em’
Uzama 1,8 %
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Karbon elyaf epoksi recine icinde 6rgii formunda
yatirma teknigi ile Uretilmis olarak modellenmistir.

Gizelge 2. ABS malzemenin Mekanik Ozellikleri

Ozellikler Deger Birim Metot
v X ASTM D
Yogunluk 1,04 g/em
1895
Rockwell
110
B Sertlik
Akma ASTM D
51 MPa
Dayanim 638
Cekme
Dayanimi ASTM D
42-50 MPa
Max 75 638
‘'c
ASTM D
Uzama 30 %
638
Egilme ASTM D
2750 MPa
Modiilii 790

2.2.2 Yer Cekimi etkisi

Spoyler, araglarda aracin hareketi sirasinda etkisini
gosterdiginden ve analiz degerlerinin ideal sartlara
uygun analiz
parametrelerine yer ¢ekimi etkisi de goruldigu gibi
tasarimi dikkate alinarak tanimlanmistir (Sekil 2).

olmasi distndldugi icin

000 15000 300,00 (mm)
—— e

7500 22500

Sekil 2. Yer gekimi etkisinin gdrinimi

2.2.3 Baglanti noktalar:

Spoylerin ara¢ govdesi (zerinde rijit durumda
olmasindan dolayl baglanti noktalari Sekil 3’de
goraldugu gibi Spoyler aracin
govdesine iki noktadan baglanti saglandigi icin bu
noktalardaki

tanimlanmistir.

olusacak c¢ekme, basma kuvvet

degerleri alinmistir.

2.2.1 Ag (Mesh) Yapisinin Olusturulmasi

Tasarimi yapilan spoylerin ANSYS’te geometrisi
Gzerinde ag vyapisi olusturulur (Sekil 1). Analiz
sonuglarinda gercege yakin verilere ulasabilmek
icin geometrik yapi Gizerinde homojen bir ag yapisi
olusturulmustur. Bu ag yapisinda 28120 digim
noktasi ve 13611 eleman sayisi bulunmaktadir.

000 10000 20000 (mm)
—

Sekil 1. Spoyler tasarimi ve geometrinin mesh
yapisl

zzzzzz

Sekil 3. Spoylerin ankastre mesnet bolgesi
2.2.4 Kuvvet noktalarinin secilmesi

Spoyler analiz ¢alismasinda tasarimi yapilan parga
Uzerinde c¢ekme, basma ve burulma testleri
yapilacagi icin cesitli kuvvet ylklemeleri Sekil 4 ve

6’de verilmistir.



Spoyler Tasariminda ABS ve Karbon Fiber Malzemelerin Analizi, Cakmakkaya ve Soylu.

A Static Structural
force

Time:1,5
120520220116

B e sn
B ez 3N

000 15000 30000 ()

7500 2500

Sekil 4. Spoyler cekme kuvveti

A StatleStructural
force

Time:1,s
120520220047

A foxez 678110
Bl fore 678110

‘ =

0% 15000 30000 ()
[ S— E—]

Sekil 5. Spoyler basma kuvveti

A Static Structural
Moment

Time:1,5
120520220111

A Vorent 1,17566+005
B Vorent 2 117568-006 mm

0o 15000 30000 ()

7500 2500

Sekil 6. Spoyler burulma momenti
2.2.5 Degerlendirme ve Sonuclar
Karbon fiber ve ABS plastik malzeme
kullanilarak tasarimi yapilan spoylerin ¢ekme,
basma ve burulma testi sonuglar1 ANSYS
verileri degerlendirilerek uygunlugu
aragtirllmistir. Analizlerde her iki malzemenin
akma dayanimlari referans alinarak maruz
kalabilecekleri  maksimum  yiikler analiz

edilerek en diisiik 2534,7 MPa ve en yiiksek
2622,9 MPa degerleri belirlenmistir.

3. Sonuglar

Karbon fiber malzemenin kullaniimasi ve bu
malzemeye cekme testi uygulandiginda maksimum
62635 N c¢ekme kuvveti

degerlendirilmistir.

kritik nokta olarak

Diger ABS malzemede ise

cekme kuvvetinin maksimum 823,8 N olabilecegi

hesaplanmistir. Analiz sonucunda elde edilen

degerler ve gorseller ve sekil degistirme dagilimlari
Sekil 7-10’da gosterilmistir.

A Stae Structural

Equialent Stess

Type:Equbalent fvon Mises)Stress
Unit MPa

Time:1
120520220117

2600 Max
any
223
17334
W4H
1557
86684
57797
x911
023931 Min

060 15000 30000 (mm)

7500 2500

Sekil 7. Karbon fiber malzemenin ¢ekme analizi
sonucu ve gerilim degerleri

A StaticStructural
Equivalnt Easic St
Tyoe: Equialent Estic S
Unit: mm/mm

Time:1

12052022 01:17

Q57773 Max
051355
04493
03517
032089
02563

019261

012843

0064239
51975 Min

-

000 15000 30060 (mm)

7500 2500

Sekil 8. fiber
deformasyon degerleri

Karbon malzemenin plastik
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A SteticStractral

il Sress

Tyse Equiclont o Mise) Sress
Jrit Mpa

Te:1
120520220119

2,60 Max
24391
T
134
152
1216
| g1
[1:3
3494
000060916 Min

0w 2000 43000 i)

]
05 30000

Sekil 9. ABS malzemenin ¢ekme analizi sonucu
olusan gerilme degerleri

A Statc Structural
Equivclet Easti train
Type:Equivalent Eastic tain
Unit:mimm

Tine:1

120520220119

0017646 Max
0015685
001375
001764
0009803
00078428
00058622
00039216
00011
4164167 Min

o

000 2000 40000 (mm)

10000 0000

Sekil 10. ABS malzemenin ¢ekme analizi ve plastik
deformasyon degerleri

3.2 Basma Analizi Sonuglari

Karbon  fiber = malzemeye basma  analizi

uygulandiginda maksimum 62668 N degerine kadar
kullanilabilecegi gorilmektedir. Benzer sekilde bu
durum ABS malzemede ise maksimum 857,1 N
olabilecegi degerlendirilmistir. Bu analiz sonuglari
Sekil 14-17’de gosterilmistir.

8

A Statc Structural

Equialent Stress

Type:Equivalent fon-ise)Sess
Urit: Pa

Tine: 1
120520220108

2600 Max
E s
2223

[ 174

o 1445

11857

! o570

B

2906
019504 Min

000 15000 300,00 (i

7500 250

Sekil 11. Karbon fiber malzemenin basma analizi
sonucu gerilme degerleri

A staic Structural
Equivalet Hastc Sain
Type: Equivalnt Elastc Stain
Unit; mm/mm

120520220108
057776 Max
051357
0o

5479165 Min

00 15000 30000 )

70 2500

Sekil 12. Karbon fiber malzemenin basma analizi
sonucu plastik deformasyonu ve degerleri

1
120520220105

27,48 Max
239
230
18293
15204

3001
000026352 Min

L-..

o 15000 30000 (mm)
—

750 2500

Sekil 13. ABS malzemenin basma analizi sonucu
gerilme degerleri

120520220105

oarressax
B s
e
[y
oomess

 oorss
ossass

s
g e

2661307 Min

-,

00 15000 30000 o)
— — |

Sekil 14. ABS malzemenin basma analizi sonucu
plastik deformasyon degerleri



Spoyler Tasariminda ABS ve Karbon Fiber Malzemelerin Analizi, Cakmakkaya ve Soylu.

3.3 Burulma Analizi Sonuglari

Equialent tress
Type:Fivalnt o Misg Stess
Unit: MPa

Time: 1

1205.202201:14

27,44 Max
1 U392
H 22

18285

Spoylerin arag Uzerindeki montaj bolgelerinde arag
hizi ve cevresel faktorlere bagl olusan burulma

mesnet degerleri hesaplanarak Sekil 15-18'de ”
verilmistir. Karbon fiber malzemeden vyapilan -
spoylerin burulma test sonucunda maksimum 2600

MPa degerine kadar plastik deformasyon I;
olusabilmektedir. ABS malzemenin burulma test '

000 200 40000 ()

sonucunda maksimum 27,44 MPa degerinde plastik oo i

deformasyona izin verebilecegi belirlenmistir. . , ..
4 & ? Sekil 17. ABS malzemenin burulma analizi sonucu

gerilme degerleri

Time: 1
120520220112

Rt
2111
H s
T
e ReStaticStuctural
11555 Equialent et Stain
f o Type: Euialent Eastic Stiin
s7181 Unit
w9
0037405 Min

Tine:1
120520220114
0017833 Max

op15852
" opr3ert

001183
00099091

[ 00079282

; 00050473

00030683
00019854
4465406 Min

000 200 40000 (mm)

10000 30000

Sekil 15. Karbon fiber malzemenin burulma analizi I;
sonucu gerilme degerleri '

000 2000 4000 ()
— 1
10000 3000

A Static Structural
Equivalent Bstic Strzin
Type:Equivalent Elastic Stain
Ui mmmm

Sekil 18. ABS malzemenin burulma analizi sonucu

1205202201112

o plastik deformasyon degerleri

4. Tartisma ve Sonug¢

, Tasarimi yapilan ve kati modelleme vyapilarak
Il.z ANSYS analizi ile degerlendirilen ABS ve karbon

fiberden malzemlerin mekanik analiz sonuglari

- degerlendirildiginde karbon fiber yaklasik olarak

Sekil 16. Karbon fiber malzemenin burulma analizi akma ve burulma mukaveti maksimum 2600 MPa
sonucu plastik deformasyon degerleri kadar dayanim gosterebilecegi belirlenmistir. Bu

malzemedeki  %uzama  (deplasman) degeri
maksimum 0,2559 degerinde olustugu gorilmiistir
(Cizelge 3-6).

ABS malzeme analizlerinde maksimum akma ve
burulma mukavemeti 27,44 MPa degerinde
olusmustur. Bu malzemeye ait % uzama
(deplasman) degerleri maksimum 0,5777
degerinde oldugu tespit edilmistir. Mukavemet
ozellikleri olarak karbon fiber kullanimi uygun
gorilirken maliyet ve Uretim kolayligl acisindan
ABS plastiklerin kullanilmasinin daha uygun olacagi
soylenebilir.
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Cizelge 3. Karbon Elyaf Akma Dayanimi

Malzeme Ozellik
AKkma izelge 5. ABS mal in Akma Muk ti
. %% Uzama Cizelge malzemenin Akma Mukavemeti
Mukavemeti _
(MPa) (mm) Malzeme Ozellik
2600 0,5135
Akma % Uzama
2311,2 0,4493 Mukavemeti (mm)
ABS (MPa)
Karbon Elyaf 20223 0,3851 Malzeme
27,44 0,0176
17334 0,3209
24,391 0,0137
1444,6 0,2568
21,342 0,0128
1155,7 0,1926
18,294 0,0117
866,84 0,1284
15,245 0,0098
12,196 0,1926
Cizelge 4. Karbon Elyaf Burulma Dayanimi
9,1471 0,0078
Malzeme Ozellik
Burulma % Uzama
Mukavemeti (mm) Cizelge 6. ABS malzemenin Burulma Mukavemeti
(MPa)
2600 0,2559 Malzeme Ozellik
23111 0,2275 Burulma % Uzama
2022.12 01990 Mukavemeti (mm)
Karbon Elyaf (MPa)
17334 0,1706 27,44 0,0178
1444.6 0,1422 24,92 0,0158
1155,7 0,1926 21,34 0,0118
’ ’ ABS
866,69 0,1137 18,29 0,0099
Malzeme
15,24 0,0077
12,19 0,0059

9,15 0,0039
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A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

1205.2022 01:17

2600 Max
23112
20223
17334
14446
1155.7
866,84
57797
289,11
0,23931 Min

0,00 150,00 300,00 {mm}
I 2 ..

75,00 225,00

Sekil 19. Karbon fiber malzemenin ¢ekme analizi gerilim degerleri

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

12.05.202201:19

27,44 Max
24,391

21342

18,294

15,245

12,196

91411

6,0983

3,0494
000060916 Min

000 200,00 400,00 {mm})
B

100,00 300,00

Sekil 20. Karbon fiber malzemenin ¢ekme analizi plastik deformasyon degerleri

10
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A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit MPa

Time: 1

1205.202201:19

27,44 Max
24,391

21,342

18,294

15,245

12,19

91471

6,0963

3,0404
0,00060916 Min

0,00 200,00

100,00

Sekil 21. ABS'nin ¢cekme analizi gerilme degerleri

A: Static Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm

Time: 1

12.05.2022 01:19

0,017646 Max
0,015685
0013725
0,011764
0,0098034
0,0078428
0,0058822
0,0039216
0,001961
4,1641e-7 Min

0,00 200,00

100,00

400,00 (mim)

300,00

400,00 (mm}

300,00

Sekil 22. ABS'nin ¢cekme analizi plastik deformasyon degerleri

Tasarimi yapilan pargalarin, Sonlu Eleman Analizi
(FEA)
anlamda firmalar icin 6nem arz etmektedir. Bu

uygulamalari ve sektorel c¢oziimleri her

yontem nimerik analiz tabanh ¢6zliimler sunarken
ilk olarak analizi yapilacak herhangi bir karmasik
sekli, cok sayida diizenli / basit seklin (dikdortgen,
lcgen vb.) toplamiyla degistirmek suretiyle ¢6zliime
gider. Bu sekiller daha sonra orijinal parcay! dogru
bir sekilde modellemek icin birlestirilir. Bu daha

kiicik, daha basit sekiller sonlu elemanlar olarak
adlandirilir, cinki bu tar her sekil orijinal, karmasik
sekil icinde sonlu bir alt alani kaplar. Ornegin, bir
motoru, ucagl, bir makine bilesenini veya iskeleti
daha kigulk, daha basit bilesenlerden olusan sekilde
gorsellestirmek daha kolaydir. Sonlu elemanlar
modellemeyi kolaylastirir (Kigtik ve ark. 2018).
Sekil 19’da
gerilmesi

karbon fiber malzemenin c¢ekme

degerleri verilmistir. Buna gore bu

11
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malzemeden yapilan spoylerin dayanim degerleri

acisindan oldukca vyeterli oldugu soylenebilir.

Bunun yaninda basma ve burulma test degerleri de

karbon fiber malzememin ABS den daha
mukavemetli oldugu gorilmektedir. Bununla
birlikte otomobil (reticileri mukvetin yerine

gorseligi yani aracin albenisini daha o6n plana
¢cikarmaktadirlar. Genellikle musterilerin otomobil
Uzerindeki gorsellik ve estetik hissini 6n plana
cikardigl yapilan arastirmalarda gorilmustir (Arli,
N. B 2022). Otomobil satislarinda gorsel kaygilardan
dolay! satis rekabeti 6n plana ¢ikmaktadir. Bu
durum otomobil fiyatlarinin arttigl son zamanlarda
firmalarin satacaklari otomobilleri olabildigince hizl
ve estetik gostermeye calisiyor olmalari rekabeti
daha 6n plana c¢ikarmistir. Son yillardaki musteri
memnuniyetinde otomobillerin gbévde tasarimi
belirgin olarak kendini gostermektedir. Ozellikle
Ureticiler otomobillerin spor gorintisiini spoyler
kullanarak 6ne c¢ikarmayi hedefliyor olmalari goze
carpmaktadir. Bununla birlikte spoyler diger bir adi
ile kanat neredeyse her binek otomobil igin
aksesuar olarak satin alinabilmektedir. Bu c¢alisma
spoyler Uretiminde kullanilacak malzeme tiiri ve
tasarimi glin gectikce 6nemini arttirmasi nedeni ile
arastirma  konusu olarak

secilmistir.  Spoyler

malzemesi ile birlikte buna verilecek estetik
gorinim dayanimla birlestiriimesi muhendislik

acisindan olduk¢ca 6nem kazanmaktadir.

ABS malzeme, miihendislik malzemelerinden olup

enjeksiyon  yontemiyle Uretimi seri olarak
gerceklestirilebilmektedir. Karbon elyaf malzeme
ise uygun bir recine ile beraber katmanli olarak el
isciligi
uretilmektedir. ki

gerektiren  bir Uretim  teknigi ile

malzeme arasinda ylksek
mukavemet farklari olmasi ham madde ve lretim
maliyetleri dikkate alinarak degerlendirilmelidir.
Yiksek hizlarda araglarda aerodinamik etkilerin
artmasi ile

yliksek mukavemetlere ihtiyac

duyulmaktadir. Bu tiir araglarda karbon elyaf
hafif binek

otomobillerde ve ticari araclarda ABS malzeme

malzeme icerigi tavsiye edilirken,

spoyler Uretiminde uygun bir malzeme olarak

dustintlebilir.

KAYNAKLAR

Aris M.H.M., Darlis N., Ishak I.A., Sulaiman S., Jaat N.,
Abdul Fathul Hakim A.F., 2021. CFD Analysis of Rear
Spoiler Activity in Malaysian National Speed Limit
Sedan, Journal of Automotive Powertrain and
Transportation Technology.

Arh, N. Arli, B., Oztirk, M.,Oztirk, U., Umut S., 2022.
Kansei mihendislik modeli ile otomobil siriicl
koltugunun tasarimi, Bursa Uludag Universitesi
Sosyal Bilimler Enstitiisii, (doktora tezi)

Arulshri, K.P., Kumar S.S., Nesalingam, R., 2021. Analysis
Of Automobile Rear Dynamic Spoiler, International
Journal of Aquatic Science, 12(3), 519-525.

Chanyang, K., Jaeyoung, H., Seokmoo H., 2022. Air-
Cooled Valuation of Spoiler Model at smooth
Lithium-lon Battery Pack temperature, Proceses,
10(3), 505.

Cakir M., 2012. CFD Study On Aerodynamic Effects Of A
Rear Wing/Spoiler On A Passenger Vehicle, Santa
Clara University, Mechanical Engineering, Master of
Science.

Evlen H., Erel G., Yilmaz E., 2018. Acik ve Kapali
Sistemlerde Doluluk Oraninin Parca Mukavemetine
Etkisinin incelenmesi, Politeknik Dergisi, 21(3), 651 -
662.

Guda N.T., Surisetti B.V., Kolla S.R.C.,, Vasamsetti S.,
2020. Increasing the Aerodynamic Performance of a
HatchBack Model Passenger Car Using Ansys Fluent
Software, Mukt Shabd Journal,, Vol IX, Issiu V.

Han M.W., Rodrigue H., Cho S., Song S.H., Wang W.,
2016. Woven type smart soft composite for soft
morphing car spoiler, Composites Part, 86, sayfa 285-
298.

Isiktas A., 2019. Aliminyum Karbon Elyaf Sandvic
Levhalarin Bitkme islemi Sonrasi Geri Esnemelerinin
incelenmesi, Trakya Universitesi Fen Bilimleri

Enstitisii, Doktora tezi.

2022,

Chitosan, Chitosan Blends and Their Nanocomposites

llyas R.A., et al, Natural-Fiber-Reinforced
for Various Advanced Applications, Polymers , 14(5),
874.

Kamran, S.S., Haleem, A., Bahl,S., Javaid, M., Prakash,
C., Budhhi, D., 2022, Automotive Al and advanced
hardware, applications and perspectives, Materials
Today Proceedings, 62(6), 4207-4214.

Kurec K., Remer M., Mayer, T., S Tudruj S., 2019. Flow
control for a car-mounted rear wing, International
Journal of Mechanical Sciences, 152, pp 384-399.

Kurec K.,, Remer M., Mayer T., S Tudruj S., 2019. Flow
Analysis Based on Automotive Spoiler Configuration,

12



Spoyler Tasariminda ABS ve Karbon Fiber Malzemelerin Analizi, Cakmakkaya ve Soylu.

International Journal of Mechanical Sciences, 152,
March, pp 384-399.

Kyei, S.M., Composite Car Rear Spoiler, Degree Thesis,
Arcada University, Helsinki, 2014

Lee, J.-C.,. Park, D.-H,. Jung, H.-S, Lee, S. H., Jeong, W. Y.,
Kim, K.-Y., Lim, D. Y., 2020. Design for Carbon Fiber
Lamination of PMI Foam Cored CFRP Sandwich
Composite Applied to Automotive Rear Spoiler,
Fibers and Polymers, 21(1), 156-161.

Mansor M.R., Sapuan S.M., Hambali A., 2015. Kenaf
Polymer Composite Automotive Spoiler Conceptual
Design Using TRIZ and Morphology Table Methods,
Applied Mechanics and Materials Vol. 761.

Patil S., Lietz R., Woodiga S., Ahn H., Larson L., Gin R.,
2015. Fluid Structure Interaction Simulations Applied
to Automotive Aerodynamics, SAE 2015 World
Exibition, 1-5.

Sanjay D. Patil, Vikas T. Mujmule, Ajay P. Mahale, Suhas
A. Jagtap, and Ganesh S. Patil. 2022. “Effects of
Vortex Generators on Aerodynamic Drag Force in the
Hatchback Type Car”. ARAIl Journal of Mobility
Technology, 2 (2)183-191.

Sarkar S.,, Thummar k., Shah N., Vagrecha V., 2019, CFD
Analysis of Passenger Car from Various Rear-end
Spoiler Perspectives, International Research Journal
of Engineering and Technology, (6)1

Sapuan S.M., lyas R.A. and Asyraf M.R.M., 2021.
Potential of Natural Fiber Reinforced Polymer
Composites in Sandwich Structures: A Review on Its
Mechanical Properties, Polimers pp. 15-33

Sivakumar P., Rajalakshmi N., Shalini M., Malath N.,
2019. Vehicle Aerodynamic Analysis, IRJET, 6 (4).

Stojanovi¢ N., Miloradovi¢ D., Abdullah O., 2020. Effect
of Rear Spoiler Shape on Car Aerodynamics and
Stability, New Technologies, Development, and
Applications, s.340-347.

Ugar M.F., Yasar M., 2018. Yeni Bir Araba Arka Spoyler
Tasarimi, Ara¢ Uzerine Uygulanmasi ve Yakit
Ekonomisine Katkisi 14th International Combustion
Sysmposium (INCOS2018)

Wafi, A., Basha, M H., Tasyrif, M., Hamid M F., 2021.
Aerodynamics Analysis of UniMAP Automotive
Racing Team Formula SAE race car spoiler via
simulation: Effect of Spoiler Size Journal of Physics
Conf Ser, 2051.

Zhang WX., Wang YZ., 2002. Production of Carbon
Fibers from CoSO4 Maumellated Polyacrylonitrile
Precursors, Journal of Applied Polymer Science, 85(1),
153-158.

13



Afyon Kocatepe Universitesi Uluslararasi Miihendislik Teknolojileri ve Uygulamali
Bilimler Dergisi

Afyon Kocatepe University International Journal of Engineering
Technology and Applied Sciences

AKU 1JETAS Cilt 6(1) (2023) Haziran (14-24 s) AKU 1JETAS Vol 6(1) (2023) June (14-24 pp)

DOI:10.53448/akuumubd.1187051

Arastirma Makalesi / Research Article
e-ISSN 2667-4165 (https.//dergipark.org.tr/akuumubd

Akrilik Orme Kumaslarda Renk Degisimi ve Desen Degisiminin
Performans ve Isil Ozelliklerine Etkisinin incelenmesi

Edanur Turgut'*, Ziileyha Degirmenci® & Muhammed idris Aktas >

! Gaziantep University, Department of Textile Engineering, Gaziantep/Turkey.

zBoyar Kimya San. ve Tic. A. S. Gaziantep/Turkey.

e-mail: 1eda.alpsln@gmail.com ORCID ID:0000-0003-3113-0222, 1 degirmenci@gantep.edu.tr ORCID ID:0000-0002-
8669-4968, Zidris. aktas@gmail.com ORCID ID: 0000-0002-7141-7984.

Anahtar kelimeler
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Bu arastirmada kullanilacak numuneler, iplikler 35/2 Nm %100 akrilik olacak sekilde Gretilmistir. iplikler
[%40 Akrilik (2.75 dtex), %60 Akrilik (2,2 dtex)] karisim oranlarindan olusmakta ve bu liflere tow
boyama islemi uygulanmistir. Bu elyaf boyama isleminde 2 grup olusturularak 2 agik renkli elyaf, 2 orta
renkli elyaf, 2 koyu renkli elyaf ve 2 sliper koyu boyali elyaf Uretilmis ve toplam 8 boyali iplik elde
edilmistir. Elde edilen ipliklerden ribana ve diiz 6rgii kumaslar Uretilmistir. Elde edilen on alti numune
Uzerinde kalinlik, hava gegirgenligi, termal direng, patlama mukavemeti ve iplik mukavemeti testleri
yapilarak sicaklik ve boyama siirelerinin boyama regetelerine etkisi arastiriimistir.

Investigation of The Effect of Colour Variation and Pattern Change on Performance
and Thermal Properties of Acrylic Knitted Fabrics

Keywords
“Acrylic; Thermal
Absorptivity; Bursting
Strength; Air
Permeability; Yarn
Strength.”

Abstract

Samples that are going to be used in this research are produced in such a way that the threads are 35/2
Nm 100% acrylic. The yarns consist of [40% Acrylic (2.75 dtex unrelax), 60% Acrylic (2.2 dtex relax
pilling)] mixing ratios and tow dyeing process has been applied to these fibers. In this fibre dyeing
process, by creating 2 groups, 2 light colored fibers, 2 medium-colored fibers, 2 dark colored fibers and
2 super dark dyed fibers were produced and a total of 8 dyed yarns were obtained. Rib and plain knit
fabrics were produced from the yarns obtained. The effects of temperature and dyeing times on dyeing
recipes were investigated by performing thickness, air permeability, thermal resistance, bursting
strength and yarn strength tests on sixteen samples obtained.
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1. Introduction

The textile industry mainly consists of companies
covering vyarn, knitting, weaving, nonwovens,
dyeing and finishing processes. Dyeing and
finishing processes are significant in textile
enterprises. Dyeing processes have a wide variety
of methods. Among these, there are methods that
are actively used in many stages such as fiber
dyeing, printing dyeing, bobbin dyeing, fabric
dyeing. Operations differ in each dyeing method.
Among these methods, tow dyeing method, which
is among the fiber dyeing methods, is the most
common dyeing methods. If considered the tow
dyeing (fiber) method, it is a high temperature and
high-pressure dyeing method that takes place in
large dye boilers, which is a type of dyeing in which
tonnage dyeing takes place depending on the
demand. There are many things that differ from
the temperatures of the dye boilers to the dyeing
times.

Dyeing processes and chemicals differ for each
fiber type. Each fiber has different dye recipes, and
they are processed in different ways. Acrylic fibers,
which are among the synthetic fibers, require
dyeing because they are colourless (Jiang et al.
2021). Acrylic fiber is one of the most popular
synthetic fibers and its annual production was ~2.2
million tons/year in 2010. [(David and Geoffrey,
1990), (Kamel et al. 2010), (Tiyek and Bozdogan,
2005)]. Acrylic fiber, which has high strength
values, is resistant to abrasion, and has a
widespread use in the clothing industry due to its
extraordinary physical and chemical properties
[(Tiyek and Bozdogan, 2005), (Sadeghi and Tehrani,
2015)]. Due to the extraordinary properties of
acrylic fiber and the demand for this fiber, the
demand for acrylic dyeing is also remarkably high.

It is quite difficult to dye 100% acrylic fibers. The
reason for this is that the crystalline regions form a
tight fiber structure in fibers produced from 100%
acrylonitrile and there is no functional group to
which the dyestuff can attach. In order to
penetrate the dyestuff into the small amount of
amorphous region sufficiently, it is necessary to
exceed 100 °C. Although it is predicted that the
temperature increase in dyeing will increase the
speed of the dyeing process, chemical ratios are
also important at this point. If the retarder rate is

not as high as it should be, it can be clearly seen
that it affects the dyeing speed (Sadeghi and
Tehrani, 2022). Acrylic fibers are brittle, hard or
cannot be dyed with any dye due to the absence of
reactive regions, and they are heat-hardening
fibers. Often acidic comonomers are added
because acrylic fibers are mostly dyed with basic
dyes (Tung, 2012).

When dyeing acrylic fibers, it is necessary to know
the properties of dye baths. Dye bath temperatures
are especially important at this stage. In the
dyebath cooling process, controlled cooling should
occur until it drops below average 70°C and the
material should be in a still state. Besides, it should
not be exceeded above average 120°C. Above this
temperature, the fiber becomes shorter and
wrinkled. The importance of auxiliary chemicals, pH
value, softening chemicals and similar active
substances during dyeing is of immense
importance in dyeing processes (Sacak, 2007).

The aim of this study is to get to know acrylic fiber
closely and to analyze its behavior towards dyeing
procedures. The optimization of the dyeing recipes
was achieved by evaluating the temperature and
time, with particular emphasis on the effects of
thermal performance on acrylics.

2. Materials and Methods
2.1. Materials

35/2 Nm 100% Acrylic yarns were used in the
samples. This yarn consists of mixtures of [40%
Acrylic (2.75 dtex unrelax), 60% Acrylic (2.2 dtex
relax pilling)]. In addition, the reason for providing
such a mixing ratio in acrylic yarns is to obtain a
voluminous yarn structure. High volume yarns are
obtained by providing a mixture of relax and
unrelax in acrylic yarns. The fiber dyeing of the
yarns used in the trials was as follows; By creating 2
groups, 2 colored dyed fibers, 2 medium-colored
fibers, 2 dark colored fibers and 2 super dark dyed
fibers were produced and a total of 8 dyed threads
were obtained. These products are both plain knit,
and rib knit. A total of sixteen samples were
obtained. The effects of temperature and dyeing
times on dyeing recipes were investigated by
performing air permeability, thickness, unit weight,
bursting test and yarn strength tests on the
samples obtained.
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2.1.1. Dyeing Chemicals

In auxiliary chemicals, acetic acid (Gr/It 0.8),
leveling (Sasol HK- 250: Gr/lt 0.5), Fiber protective
(Migrasit ACM: Gr/lt 0.3), Retarder (it is given
according to dye 4 types of chemicals are used.

Softening chemicals are given 3 different softening
chemicals: acedic acid (Gr/It 0.8), Imidazoline (Ak
Soft SD-16: 1.5%), Polyethylene Dispersion (Akpol
A4:0.2%).

In acrylic dyeing, the dye ratios vary according to
the color tone. In acrylic dyeing, the ratios of
auxiliary chemical and softening chemicals recipes
were applied as standard in light, medium, dark,
and super dark dyeings.

2.1.2. Dyeing Procedure

While auxiliary chemicals and softening chemicals
are kept constant in the dyeing process, dyeing
temperature and dyeing times may vary according

130
120

to the lightness and darkness of the color. To give
an example of this situation, in acrylic dyeings, the
dyeing time can take between 3 and 4 hours in
dyeings in which the light color coil dyeing method
is used, while it can take an average of 5 hours in
tow dyeing methods. The reason for this may vary
depending on the amount of yarn or fiber and the
tone of the product dyed. In addition to the effect
of dyeing in yarn or fiber form on the dyeing time,
the duration and temperatures for each of them
vary in light, medium, dark and super dark dyeing.
As stated during the dyeing process, many factors
are calculated, and dyeing is done.

There are some points mentioned in the chart
below. At these points, auxiliary chemicals in
dyeing are given at the temperature and time at
point A. The dyestuff is given at the temperature
and time at point B. At point C, softening chemicals
are given at temperature and time.

110
100 /

90 v~

80

70

60

50

40

30

20

10

TEMPERATURE (C°)

0-10 20 30 50 60 70 80 90
min  min  min min min Mmin. Mmin  min

100
min

\ A4
\ A4
\ A4
\ A4
\ A4
\ A4
vy

v

200 300
min  min

310 360 370 400 420 430 450 460
min  min  min  min min Mmin. Mmin min

TIME (min)

—  —p

Figure 1.Temperature and time graph in acrylic dyes.

The dyeing start temperature is 60°C for all colors.
In acrylic tow dyeing, super dark and dark colors
are dyed longer and at higher temperatures than
light and medium colors. In other words, it is
observed that as the color darkens, the
temperature and time increase.

The reason for these high temperatures in super
dark dyeing is generally black and navy-blue tones
of dark-colored products and it is because these
colors have to reach very high temperatures in
order to fully absorb the dyes into the fiber.
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2.1.3. Knit Fabric

Two types of knitting patterns were used for yarns
numbered 35/2. Knitting models are determined as
plain knitting and rib. Sample knitting machines
were knitted in a manual sample knitting machine
with a size of E12 for flat knitting and a manual
sample knitting machine with a number of E10 for
rib knitting.

2.2. Methods
2.2.1. Yarn Strength

While testing the samples, Jasmes Heal Titan
Universal Strength Tester device was used for yarn
strength test in accordance with EN I1SO 2062 (250
mm 250mm min) standards. The test was carried
out by taking 20 measurements for each sample.

2.2.2. Bursting Strength

In bursting tests on samples using a James Heal
TruBurst bursting strength tester were determined
by the standard of TS 393 EN ISO 13938-2. For the
bursting test, 50 cm test material was used and 3
measurements were taken from each fabric
sample.

2.2.3. Air Permeability

For the air permeability test, the samples were
applied in the M 021A air permeability test device
of SDL-Atlas company, based on the TS 391 EN ISO

Table 1. Fabric structural properties.

9237 "Determination of air permeability in textile
fabrics" test standard, with a pressure drop of 100
Pa and an area of 20 cm?.

2.2.4. Alambeta

The thermal conductivity, thermal absorbance and
thermal resistance parameters of the fabrics were
determined by measuring with the ALAMBETA
tester. Each sample was carried out by taking 3
measurements from the fabric.

2.2.5. Fabric Structural Properties

The samples were tested with the DM 2000
thickness gauge and tested in accordance with ISO
4593 standards. It was tested by taking
measurements from 10 different points of each
sample. In Table 1, the thickness, unit weight, WPC
(number of rod loop/cm) and CPC (number of row
loop/cm) values of rib (It is a type of fabric
obtained by knitting technique with 2x2 and 1x1
two rows of straight and two rows of reverse
loops.) and plain knit fabrics (It is a type of knitting
made with a single yarn without creating any
pattern) are indicated.

2.2.6. Statistical Analysis

Statistical analyzes were applied to the test results
obtained. Test results were analyzed and
interpreted with DESIGN EXPERT 13.

Samples Name of Samples Fabric Types Thickness, (mm) Unit weight, WPC CPC
(g/m”

Light Color 1 LC1 plain 1,08 196 13 15
ribana 2,1 341 12 18
Medium Color 1 MC1 plain 0,97 163 13 15
ribana 2,04 367 13 18
Dark Color 1 DC1 plain 1,05 167 13 15
ribana 2,01 350 12 19
Super Dark Color 1 SDC1 plain 1,22 167 12 15
ribana 2,1 367 12 19
Light Color 2 LC2 plain 0,83 183 12 15
ribana 2,03 338 12 18
Medium Color 2 MC2 plain 0,86 179 12 15
ribana 2,02 354 12 18
Dark Color 2 DC2 plain 0,93 165 12 15
ribana 2,02 330 12 19
Super Dark Color 2 SDC2 plain 0,91 181 13 15
ribana 1,98 355 12 19

17



Investigation of The Effect of Colour Variation and Pattern Change on Performance and Thermal Properties of Acrylic Knitted Fabrics, Turgut et al.

3.Result and Discussion
3.1. Yarn Strength

In Figure 2, the yarn endurance test results in the
yarn strength test are given.
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o
=
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Figure 2.Yarn tenacity test results.
It is observed that the yarn strength test results are In from Figure 3, the yarn extensibility values in the

close to each other. SDC2 gives better results with yarn strength test can be seen.
slight differences compared to other colors.
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Figure 3.Yarn extensibility test results
When the yarn extensibility values are examined, be observed that the lowest extensibility value is in
the highest extensibility is observed in SDC1. It can LC1 color

3.2. Bursting Test

18



Investigation of The Effect of Colour Variation and Pattern Change on Performance and Thermal Properties of Acrylic Knitted Fabrics, Turgut et al.

In Figure 4, the bursting strength test results are seen.
performed for each plain knitted and rib sample
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Figure 4. Bursting strength test results.

According to Figure 4, color variations is not stronger than plain fabrics which are lighter and
decisive on bursting strength while pattern is highly thinner than the ribana ones according to Figure 4.
effective. Additionally, it is thought that ribana is

3.3. Air Permability

In Figure 5, air permeability test values for rib and
plain knit fabrics can be observed.
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Figure 5.Air permability test results.

When looking at Figure 5, it can be observed that plain fabrics are examined in themselves, it is
the knitting pattern is an effective parameter on air observed that the highest air permeability value is
permeability, while it is observed that color in the LC2, and the lowest air permeability is in the
variation has no effect on air permeability. When color SDC1. When the rib fabrics are examined
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within themselves, their air permeability results are
close to each other.

In the air permeability test, a significant difference
is observed between plain, and rib knit fabrics in
general. The reason for this is that as the thickness
of the knitted fabrics increases due to the

3.4. Thermal Conductivity, Thermal Absorptivity
and Thermal Resistance

Thermal conductivity test results are given in Figure
6.

structural differences of the fabric, it is observed
that it becomes difficult for the air to pass over the
fabric. Therefore, it is seen that the air permeability
values are higher because plain fabrics have a
thinner and more hollow structure than rib knit
fabrics. (Turksoy, Ustiintag ve Carkit, 2017)
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Figure 6.Thermal conductivity test results.

In the thermal conductivity test results in Figure 6,
it is observed that the highest thermal conductivity
is in SDC1 and the lowest thermal conductivity is in
LC2 among rib fabrics. It has been obtained that
the highest thermal conductivity in plain fabrics is
in LC1, unlike rib fabrics, and the lowest thermal
conductivity is in LC2.

Rib and plain fabrics should not be compared with

each other in thermal conductivity, thermal

absorbency, or thermal resistance tests. Because
the void structure ratio or density ratios in plain
fabric are not the same as rib fabric, it is necessary
to compare these fabrics within themselves.
(Uyanik ve Kaynak, 2018)

Thermal absorptivity test results are given in Figure
7.
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Figure 7.Thermal absorptivity test results.

When the thermal absorptivity test results are
examined, it is observed that the highest thermal
absorptivity value is in LC1 plain and SDC1 rib fabric
is in the second place. It was concluded that the
color and knitting pattern did not have effect on
the thermal absorptivity.

The results show that even though the changes
(thickness, weight, stitch density) caused by dyeing
on the structural properties of the fabrics cause
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change on the thermal absorbance of the fabric,
since the specific heat values of all fabrics are
between 1.46-2.16 J/g-°C and the thermal
conductivity is between 0.187-0.209 W/m-K.
thermal results were close to each other.

Thermal resistance test results can be seen in

Figure 8.
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plain

ribana
plain

ribana

LC2 MC2

Colors

Figure 8.Thermal resistance test results.

In the thermal resistance results, it was obtained
that the highest thermal resistance in plain fabrics
was SDC1, while the lowest thermal resistance was
in MC2. In rib fabrics, it is observed that the highest
thermal resistance is in DC1 color and the lowest
thermal resistance is in SDC2.

The thermal transmittance value of acrylic fibers is
200 mW/m*K and the thermal transmittance value
of still air is known as 25 mW/m*K. There is an
inverse relationship between thermal
transmittance and thermal absorptivity. In
addition, as the fabrics get thicker, the air in the
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fabric also increases. Therefore, the thermal
permeability of the air in the pores of the stitch
causes a decrease in the thermal absorption values
of the fabrics. As is known, the specific heat value
of acrylic fiber is (1.46-2.16 J/g-°C). Higher thermal
permeability, specific heat, and lower thickness of
fabrics result in lower thermal absorption.

(Degirmenci and Celik, 2016)
4. Statistical Analyses

Statistical analyses of the study is carried out by
Design Expert 13.0 package programme. And one
way ANOVA test results are presented in Table 2.

Table 2.Statistical analyses.

Pattern and color variations are the dependent
variables and bursting strength, air permeability,
thermal absorptivity, thermal resistance, thermal
conductivity, thickness, unit weight and stitch
density are the responses. According to this table if
the P-values less than 0,0500 indicate model terms
are significant. In this case This parameter is a
significant model term. Values greater than 0.1000
indicate the model terms are not significant. If
there are many insignificant model terms (not
counting those required to support hierarchy),
model reduction may improve your model.

Source Sum of Squares df Mean F-value  p-value
Square
Bursting Model 35066,25 8 4383,28 36,37 <0.0001 Significant
strength Pattern  33306,25 1 33306,25 276,32 <0.0001 Significant
Colour 1760,00 7 251,43 2,09 0,1765 Not significant
Air Model 1,805E+06 8 2,256E+05 45,37 < 0.0001 Not significant
permeability o 1,736E+06 1 1,736E+06 349,14  <0.0001  Significant
Colour 68584,44 7 9797,78 1,97 0,1955 Not significant
Thermal Model 291,28 8 36,41 0,7676 0,6430 Not significant
absorptivity  “p_ it 25,83 1 2583 0,5446 04845  Not significant
Colour 265,45 7 37,92 0,7995 0,6124 Not significant
Thermal Model 2231,33 8 278,92 25,42 0,0002 Significant
resistance Pattern  2172,73 1 2172,73 197,99 <0.0001 Significant
Colour 58,60 7 8,37 0,7629 0,6349 Not significant
Thermal Model 115,15 8 14,39 25,55 0,0002 Significant
conductivity 5 iern 106,76 1 106,76 189,50  <0.0001  Significant
Colour 8,39 7 1,20 2,13 0,1703 Not significant
Thickness Model 4,55 8 0,5694 106,87 <0.0001 Significant
Pattern 4,46 1 4,46 837,64 <0.0001 Significant
Colour 0,0921 7 0,0132 2,47 0,1278 Not significant
Unit weight Model 1,234E+05 8 15422,75 73,67 < 0.0001 Significant
Pattern 1,227E+05 1 1,227E+05 585,99 <0.0001 Significant
Colour 706,94 7 100,99 0,4824 0,8215 Not significant
Stitch density Model 5940,00 8 742,50 19,41 0,0004 Significant
Pattern 5402,25 1 5402,25 141,24 < 0.0001 Significant
Colour 537,75 7 76,82 2,01 0,1889 Not significant

According to Table 5 except thermal absorptivity
pattern is a significant model term on all responses

while colour is not a significant factor.
Consequently, it is concluded that color is not a
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selective parameter on air permeability, thermal
conductivity, bursting strength and structural
parameters of knitted sample fabrics wheras
pattern is effective on these properties.

4.1.0ptimization

In this study by using Design Expert statistical
software optimization is applied. Used yans in this

study are generally used in winter season.
According to the seasonal preferences constraints

are determined and given in Table 3.

The importance level of the criterias are selected as
five for the parameters determined as maximum or
minumum others are selected as three for the
parameters determined as in range.

Table3. Constraints of the samples according to winter season

Name Goal Lower Upper Limit Lower Upper Importance
Limit Weight Weight

Pattern isinrange LevellofA  Level2of A 1 1 3
Color isinrange LevellofB Level 8 of B 1 1 3
Bursting maximize 209 347 1 1 5
strength
Air minimize 488 1373 1 1 5
permeability
Thermal minimize 92,33 119 1 1 5
absorptivity
Thermal maximize 24,26 54,8 1 1 5
resistance
Thermal minimize 41,43 49,6 1 1 5
conductivity
Thickness maximize 0,83 2,1 1 1 5
Unit weight isin range 163 367 1 1 3
Stitch isin range 180 234 1 1 3
density

Table 4. Solution of the optimization constraints.

Numb Patt Color Burstin  Air Thermal Thermal Thermal Thickne  Unit Stitch Desirabili

er ern g permeab  absorptivi resistan conductivi  ss weight density ty

ility ty ce ty
1 Riba  SDC2 317,12 651,063 100,324 50,583 46,663 1,958 348,06 216,37 0,714 Select
na 5 3 5 ed

Table 4 shows that ribana pattern and SDC2 sample
is the best fabric type for winter season with 0,714
desired value.

5.Conclusion

As a result of this study when examining the effect
of color difference and pattern change on the
performance and thermal properties of acrylic
knitted fabrics, the colors preferred by people
according to seasonal differences are different.
This is because dark colors store the heat they
absorb from the sun. In this study, it was

investigated whether this theorem gives a result in
direct proportion to the thermal comfort
properties, but it was found that the variations in
colors did not cause a significant effect on both
thermal properties and air permeability. The
strength results also confirm the thermal comfort
results. Serious differences are observed between
rib and plain fabric in the bursting test, because the
flexibility due to the double needle bed causes
more elongation in the stitches and this elongation
increases the bursting strength of the fabrics, but
the color change does not have a significant effect
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on the bursting strength. When the air
permeability of the fabrics is considered, the closed
air and space structure inside the loops of the rib
fabric is more than the plain fabric. Therefore, due
to the structural differences in terms of low
thickness, unit height and static air inside the
ribana fabric, the air permeability of the plain
fabric is higher than the air permeability of the rib
fabric. On the other hand, color differences
between samples had no significant effect and air
permeability static analyzes corrected the tested
results. Therefore, it has been decided that the
pattern is a more effective parameter than the
color on the performance of the fabric produced
from the same raw material. Within 16 samples the
most convenient sample is selected as ribana and
SDC2 one with 0,714 desired value according to
determined constraints which are important for
winter season.
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Artan nufusla birlikte tarimsal alanlarda verim artisini saglamak amaciyla, organik giibre kullanimi

giderek yaygin hale gelmektedir. Organik giibre yapiminda kullanilan en verimli kaynagin leonardit
Anahtar kelimeler oldugu bilinmektedir. Leonarditten potasyum hidroksit (KOH) ile alkali li¢ yapilarak, humat adi verilen
Leonardit; Hidrosiklon,  himik asit ve filvik asit igerikli organik giibre tretilmektedir. Bu calismada, Usak il sinirlari igerisinde
Alkali lig; Himik asit;  pulunan ve 6zel bir sirket tarafindan isletilen leonardit yataklarindan alinan temsili numuneler tizerinde
Organik guibre. karakterizasyon galismalari yapilmis ve kil igerikli safsizliklarin hidrosiklon ile uzaklastiriimasindan sonra
KOH ortaminda humat tretimi gergeklestirilmistir. Li¢ 6ncesi kil mineralleri olarak bulunan safsizliklarin
giderilmesinde hiimik asit kazaniminda %11.5’e varan artislar belirlenmistir. Bununla beraber li¢ dncesi

safsizliklarin uzaklastiriimasinin organik glibre tretim prosesinde birgok kolaylik saglayacagi agiktir.

The Effect of Leonardite Preconcentration by Hydrocyclone on Alkaline
Extraction of Humic Acid
Abstract

With the increasing population, the use of organic fertilizers is widesreading in order to increase

productivity in agricultural areas. It is known that leonardit is the most efficient source used in organic

Keywords fertilizer production. By alkaline leaching of leonardite with potassium hydroxide (KOH), organic

Leonardite; fertilizers containing humic acid and fulvic acid, called humate, are produced. In this study,

Hydrocyclone, Alkaline ~ characterization of representative leonardite samples obtained from deposits, located in Usak (Turkey)

province and operated by a private company, were carried out. After removing the clay-containing

impurities from samples by hydrocyclone, humate production was carried out in KOH medium. It was

determined that the removal of impurities before leaching increased the humic acid recovery up to

11.5%. It was also seen that removing impurities before leaching facilitated the organic fertilizer
production process.

leaching; Humic acid;
Organic fertilizer.
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Leonarditin Hidrosiklon ile 6n Zenginlestirilmesinin Alkali Lic Verimi Uzerine Etkisi, Bentli ve Demir.

1. Giris

Kémiur, biyokimyasal ve jeokimyasal asamalardan
gectikten sonra olusan fosil enerji yakitidir. Maruz
kalmis olduklari bu asamalara goére, kalite sirasiyla
turba, linyit, tas kdmirl ve antrasitler olusmaktadir
(Kemal ve Arslan 2010). Leonardit ise ozellikle
turba ve linyit yataklarinin dis kisminda ve ylzeye
yakin en st kademesinde bulunmaktadir (Olivella
vd. 2002, Aylen vd. 2000, Piccolo ve Mbagwu
1989).

Leonard

ABD’nin  kuzey Dakota eyaletinde Dr.

tarafindan kesfedildigi icin bu isim
verilirken ve bazi llkelerde humat, organik humat
veya humus olarak da isimlendirilmektedir (Young

ve Frost 1963).

Leonardit ve komir arasindaki en bilytk fark,
leonarditin ylksek orandaki oksijen ve poroziteye
ve vyakit olarak kullaniminin az
1991).
yataklarinin kenarlarinda bulunan leonarditler ticari

sahip olmasi

olmasidir (Kural Blytuk yumusak linyit
olarak, kati halde toprak kosullandirici ve organik
sivi (Humat) elde edilerek degerlendirilmektedir.
(Piccolo vd. 1997). Verimli topraklarda bulunan
humat, biyolojik aktivasyon sonucu hiimik ve fulvik
asitlere donlismektedir. Himik asit, kimyasal bir
bloke

maddelerini ¢ozerek kendi biinyesine almakta ve

iletisimci  gibi toprakta olmus besin

ortam kosullarina ayak uydurmaya yardimci

olmaktadir. Fulvik asit ise c¢ozlinen bu besin
maddelerinin bitkiler tarafindan kolayca alinmasini
saglamakta, bitkinin gelisimine yardimci olmakta,
toprag beslemekte ve topragin fiziksel ozelliklerini
iyilestirmektedir. Himik asit ile yapilan tarla ve sera
deneme (retimlerinde, bitki verimlerinde artis,
toprakta nem kaybinda azalma ve topragin tarima
elverisli hale getirilmesinde iyilesmeler
saptanmistir (Karaca vd. 2006, Turgay vd. 2011,
Kolay vd. 2016, Namli vd. 2017, Namli vd. 2019).
Son vyillarda (lkemizde, cesitli linyitlerden himik
asit  Uretimi, karakterizasyonu ve kullanim
alanlarinin belirlenmesine yonelik c¢alismalar one
¢ikmaktadir (Lobartini vd. 1992, Demirbas 2002,
Demirbas 2003, Francioso vd. 2003, Giannouli vd.
2009, Zara vd. 2017). Literatiirde toprak dizenleyici

ve glbre olarak kullanilmak (izere Arguvan (Birinci

ve Sentiirk 2021), Malkara ve Yatagan (Ozkan ve
Ozkan 2017) linyitleri ile alkali li¢ calismalarindan
olumlu sonuglar alinmistir. Baska bir calismada
Elbistan (Yildirim
2001) ve nitrik asit (HNO3) ile reaksiyonundan sonra

linyitlerinin  oksidasyonundan

amonyum hidrohliimat veriminin %80’lerin Uzerine
ciktigl tespit edilmistir (Yildirm ve Ozbayoglu
1997). Firat vd. (2016)
Leonarditlerinden alkali li¢c ile %33’e kadar himik

ise Elbistan Gidya-

asit elde edebilmistir. Ayrica Konya (Beysehir, ligin
ve Ermenek) linyitlerinden himik asit Gretilmis ve
katyon degistirme kapasitesinin yiksek olmasi
nedeniyle agir metal adsorplama calismalarinda
kullanilmistir (Pehlivan ve Arslan 2006).

Leonarditin baslica kullanim alanlari literatlirde Ay
(2015), Engin ve Cocen (2012), Demir ve Bentli
(2011) tarafindan ayrintih
Ancak en 6nemli kullanim alanlari tarimda toprak

olarak anlatilmistir.

diizenleyici ve alkali lig ile organik sivi (hlimik-fiilvik
kalitede
leonardit bulunmasina ragmen genel kabul gérmis

asit) Uretimidir. Piyasada c¢ok cesitli
kalite standardi Cizelge 1’de verilmektedir.

Cizelge 1. Leonarditin piyasada kabul gérmis kalite
cesitleri (Engin ve Cocen 2012).

Kompozisyon Diisuik Orta Yiiksek
Kalite Kalite Kalite
Humik asit icerigi (%) 35-50 50-65 65-85
Organik madde mikt. (%) <35 <50 <65
pH degeri 6,5+1 5,51 4+1
Karbon/Azot (C/N) 21+1 19+1 171
Ozgiil agirlik (gr/cm3) 1,4+0,1 1,2+0,1 0,8%0,1
Bazik sollisyonda ¢6zuinirlik Dusuk Orta Yiksek

Literatliirde leonarditin 6n zenginlestirilmesinin
himik asit verimine etkisini ortaya koyan bir
arastirmaya rastlanmamistir. Bu ¢alismada Tirkiye-
Usak bolgesinde cikarilan leonardit cevherinden,
Kreulen yodntemiyle humat Gretiminde safsizlik
olarak bulunan kil minerallerin hidrosiklon ile

uzaklastinildiktan  sonraki potasyum hidroksitli
(KOH) ortamda li¢ verimleri arastirilmistir. Burada
hedef, zaten ekonomik olarak liretimi yapilabilen
yatagin daha da ekonomik hale getiriimesine

yoneliktir.
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2. Materyal ve Metot
2.1 Materyal

Deneysel c¢alismalarda, Usak ili ilyasl ilgesinde bir
madencilik sirketine ait tesiste hazir o6gutilmis
leonardit numunesi kullanilmistir. Laboratuvarda
yapilan vyas elek analizinde, tane boyutunun
%80'nin 300 mikrondan daha
belirlenmistir.

ince oldugu

Lic isleminde kullanilan leonarditin mineralojik
Rigaku RadB-DMAX Il XRD cihaziyla
belirlenmistir. Numunenin XRD pikleri Sekil 1’'de

analizi

gosterilmektedir. Sekil 1’e gore leonarditle beraber
safsizlik olarak montmorillonit (kil minerali),

halloysit (kaolinit minerali), kuvars (SiO,), kiregtasi

(CaCO3) ve hematit  (Fe,0s) mineralleri
bulunmaktadir.
200
o Q - Kuvars (SiO,)

Kret - Kiregtagsi (CaCO;)

Hmt -—-Hematit (Fe,0;)

Mont --- Montmorillonit

150 M*(Al,Mg),5i;0,,(OH),nH,0
Hlys --- Halloysit (Al,Si,05 (OH),)

100

siddet (A°)

50

0
10 15 20 25 30 35 40 45 50 55 60 65 70 75
2-Teta (°)

Sekil 1. Alkali lig islemi ile humat Uretimi akim semasi.

Montmorillonit smektit grubu kil minerallerinden
10 kata
bilinmektedir.

olup, blinyesine kadar su alarak

sismeleriyle Montmorillonit  piki
olarak belirlenen nontronit minerali ultrabazik
kayaclarda demirli minerallerin ayrismasi sonucu
olusmaktadir. Felsdpatlarin ayrisma Urlinid olan
halloysit minerali ise kaolinitin su iceren seklidir
(Kurt ve Arik 2007). XRD pikleri demirli mineral

olarak hematiti isaret etmektedir.

Kullanilan leonarditin XRF Spectro X lab 2000
analiz ve ASTM
standartlarina gore gerceklestirilen kisa analiz

model ile o&lctlen kimyasal

sonuglari  Cizelge 2’de verilmistir. Elementel
analizler LECO marka CHNC-932, isil degeri IKA C1
cihazinda olg¢llmastiir. Cizelge 2’de ham leonardit
numunesinin kimyasal analiz sonucundan, %39,87
oraninda organik kisim icerdigi belirlenmistir.
Leonarditin kisa analizinde ugucu madde ve sabit
karbon toplaminin %38,6 olmasi da bu durumu
desteklemektedir. Numunenin kil miktarinin
%50,72 gibi ylksek bir deger icermesi, leonarditle
birlikte

gerektigini

bulunan safsizliklarin  uzaklastiriimasi

gostermektedir. Numune igerisinde
%6,65 Fe,0; bulunmasi, XRD sonuglarina gore
hematit mineralinden gelmektedir. Ayni sekilde
kimyasal analizde yliksek silikat ve allimina
bulunmasi da kil mineralleri olan montmorillonit ve

halloysit ile uyum icerisindedir.

Cizelge 2. Leonarditin havada kuru baza gore kisa analiz

sonuglari.

ierik

Kul (%) 50,72
Nem (%) 8,83
Ugucu madde (%) 13,75
Toplam Kukdart (%) 1,89
Sabit Karbon (%) 24,81
AID (kcal/kg) 1970
Si0, (%) 31,39
Al,O3 (%) 10,48
Fe,0; (%) 6,65
Ca0 (%) 0,59
MgO (%) 0,87
Na,O (%) 1,86
K,0 (%) 0,80
SO; (%) 4,06
P,0s (%) 0,06
Diger (%) 3,35
Organik kisim (%) 39,87

2.2 Metot

Ticari hiimik asit tGretiminde, ekonomik olmasindan

dolayr Kreulen ve Macar yontemleri tercih
edilmektedir. Bu calismada alkali li¢ yontemi olarak
Kreulen yontemi kullaniimistir. KOH endistriyel
boyutlu humat (retiminde tercih edilen bir
alkalidir.

sekliyle karsilanabilmektedir. Deneysel ¢calismalarda

Topragin ihtiyaci olan potasyum bu

kullanilan KOH Merck marka olup kimyasal
safliktadir. Leonarditten himik asit Uretiminde
bundan onceki vyapilan c¢alismada %20 kati
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oraninda, 0,5M KOH ile oda sicakliginda (23°C), 60
dk karistirma suresi ve 750 dev/dk karistirma
%62,5
miimkin oldugu belirlenmistir (Bentli vd. 2015). Bu

hizinda icerikli himik asit alinmasinin
yonteme goére 0,5 It beher icerisinde %20 kati

konsantrasyonunda hazirlanan ¢ozelti-leonardit
karisimina, pH:9 olacak sekilde 0,5M KOH ¢ozeltisi
yavas yavas ilave edilerek, manyetik karistiriciyla
belirli

tutulmustur.

sicakhk ve silirelerde li¢ islemine tabi

islem sonrasinda leonardit-¢ozelti
karisimi ince filtre kagidi kullanilarak stzilmis ve
hiimik asit iceren stzlntld ayrilmistir. Stzilen
¢Ozeltiye pH:3 olacak sekilde HCI ilave edilerek
himik asitin ¢okmesi saglanmistir. Bu c¢okelek
etlvde kurutmakta, tartiimakta ve elementel
analizi yapilmak Gzere ayrilmaktadir. Bu agirhik ilk
loenardit miktarina oranlanarak hiimik asit verimi
(%) hesaplanmaktadir. Stzillen ¢ozeltiye HCI ilave
edildikten sonra ¢cokmeden kalan sivi kissimda filvik
asit bulunmaktadir. Genellikle fllvik asit miktari en
fazla %10 oldugundan analizi yapilmamaktadir.
Suizgec kagidi Gzerinde kalan kati hiimin (eksrakt)
ise etlivde diisiik sicaklikta sabit tartima gelene
kadar kurutulmakta ve tartilmaktadir. Agirlikca
numunesi  miktarina
oranlanarak yizde himin (ekstrakt) verimi
hesaplanmaktadir (Ozkan 2007, Ozkan ve Ozkan
2017, Birinci ve Sentlrk 2021).

analizinde yukarida anlatilan gravimetrik yontem

baslangictaki  leonardit

Humik asit

disinda, sert komiurlerde hiimik asit analizine dayali
TSE 5896 sayih titrimetrik ve kolorimetrik olmak

lzere (¢ yontem bulunmaktadir. Himik asit
tayininde uluslararasi dlizeyde kabul gérmis
standart bir yontem bulunmadigl, Uluslararasi

Hamik Maddeler Birligi (IHSS)'nin metodunun ise
hassas olmasina karsin zor, pahali ve uzun zaman
alan bir yontem oldugu bildirilmektedir (Kalinbacak
ve Madenoglu 2012). Lamar ve Talbot (2009),
Kalinbacak ve Madenoglu (2012) hiimik asit analiz
istatistiki
bulmuslardir.

yontemleri arasinda birbiriyle olarak

uyusmayan sonuglar Lamar vd.

(2014) bu durumu o6nlemek amaciyla hiimik ve
falvik asit analizi i¢in standart bir yOontem
onermektedir. Literatirde endustriyel kullanimi icin
sadece himik asit veriminin énemli olmadigi, ayni
zamanda

kromatografik ve  spektroskopik

yontemlerle hiimik asit karakterizasyonun da

yapilmasinin gerekli oldugu aciklanmaktadir (Ricca
vd. 1993, Olivella vd. 2002, Allard ve Derenne 2007,
Agacayak 2019, Sarlaki vd. 2020).

Bu calismada, leonardit icerisinde safsizlik olarak
bulunan montmorillonit ve kaolinit icerikli kil
minerallerinin hidrosiklon ile uzaklastirilmasi ile
humat ve hiimin (eksrakt) verimlerinin arttirilmasi
amaclanmistir. Boylece daha az alkali kullanimi,
himik asit iceriginde artis ve degerli li¢ ¢ozeltisinin
zorluklarin

stizilmesinde aslimasi

hedeflenmektedir. HiUmik asit tesislerinde en
onemli sorun, alkali li¢ isleminden sonra ¢6zeltinin
jel olusturmasi ve c¢okeltinin ¢ok ince boyutta
olmasi nedeniyle filtreyi tikayarak kati-sivi ayirimda
zorluklar yasatmasidir. Tasarlanan bu yontemle li¢
oncesi filtreleri  tikayan kil  minerallerinin
uzaklastiriimasi sayesinde tesiste yasanan sorunlara
¢O6zim getirilmesi hedeflenmistir. Calismada takip

edilen yol Sekil 2’de gosterilmektedir.

Ogutilmis Leonardit
(0,3 mm alti)

Ust ak
staxm Kil icerikli
Killerden Uzaklastirma Atik

Hidrosiklon ile

Alt akim

Alkali Li¢ (0,5M KOH ile,
%20 kati, pH:9, 750 dev/dk, 23 °C)

Kati-Sivi Ayirimi gtiivde kurutma Kat Ekstrakt

(Filtreleme) St
veya Himin (%)
HClile pH:3 f
Hiimik Asit P E'lf?minﬁt\e!t/xinal!f -Vi/
Konsantresi ~ Soktlirme timik Asit Icerigi (%)
Fulvik Asit
(Sivi kisim)

Sekil 2. Alkali lig islemi ile humat Uretimi akim semasi.

3. Bulgular
3.1 Hidrosiklon zenginlestirmesi

Leonardit icerisinde safsizlik olarak bulunan
montmorillonit tipi kil minerallerin hidrosiklon ile

uzaklastiriilmasi amaciyla AKW tipi pilot Olgekli
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hidrosiklon Unitesi kullanilmistir. %30 kati orani
sabit tutularak 25 mm, 50 mm ve 75 mm c¢apinda
hidrosiklon ile farkli basinglarda elde edilen organik
Sekil 3'de
organik malzeme

malzeme  kazaniminin  degisimi

gosterilmistir. Hesaplamada
orani, Urinlerdeki kil iceriklerinin ¢ikarilmasiyla
hesaplanmistir. Organik malzeme kazanma verimi

(%) ise asagidaki formiille hesaplanmistir.

_ K+(100—Kiilg)

%o = B(100— ilg) 100 (1)
K : Hidrosiklon alt akim miktari (%)
Kl : Hidrosiklon alt akiminin kalt (%)
B : Besleme miktari (%)
Kilg  :Beslemenin kali (%)
\Y : Organik malzeme kazanma verimi (%)

100-Kil: Organik malzeme (%)

el i ==

90 - - 90 —

X

80 - B —t a 80 E

g 70 0 ¢

@ - ©

£ 60 60 E
° @:@>@

N 50 A 50 &
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Hidrosiklon Basinci (Bar)

Sekil 3. Farkli hidrosiklon ¢ap ve basinglarindan elde
edilen organik kisim kazanimi degisimi.

Sekil 3’e gore en yilksek organik malzeme orani 75
mm ¢apli hidrosiklon ile elde edilirken, organik
kissm kazanma verimi nispeten disiik kalmistir.
Siklon
bulundurarak, optimum 50 mm ¢apli siklon ve 1,4

basinci ve kapasitesini goz o6nilinde
Bar basincinda organik malzeme ve kazanimi elde
edildigi anlasiimaktadir. Bu ¢alisma kosulunda %53
organik kisim %94,2 oraninda kazanilmaktadir.
Hidrosiklon ile kilinden uzaklastirilan bu 06n
leonardit konsantresi, KOH ile ayni sartlarda alkali

li¢ islemine tabi tutulmustur. Hidrosiklon disinda kil

uzaklastirmanin mekanik karistirma+siniflandirma
(Kalayci vd. 2021) ve ozellikle flotasyon (Firth ve
1981)
faydalar gérilmektedir.

Nicol yontemleriyle karsilastiriimasinda

3.2 Alkali lig islemi

Ham leonardit ve hidrosiklon yapildiktan sonra elde
edilen leonardit konsantresinin daha dnce belirtilen
sabit sartlarda,
%HUmik  asit

gosterilmektedir.

KOH derisimine bagli olarak
Sekil 4’de
4'de goruldigu gibi

kazanim  degisimi

Sekil
hidrosiklonla kil safsizliklarinin uzaklastiriimasinin
himik asit kazanimi Uzerine, tim
konsantrasyonlarda %5-11,5 arasinda iyilestirme
sagladigi belirlenmistir. HUmik asit veriminde
iyilestirmenin nispeten sinirh kalmasina ragmen,
tesiste saglayacagl faydalarin iyi etit edilmesi
Sekil 5’de kil

uzaklastiriimasinin ekstrakt verimini arttirdigi, diger

gerektigi aciktir. minerallerinin
filtrelemeyi kolaylastiracagi
KOH ile

Uretiminde literatlirde agiklanan kaotik karistirma

bir deyisle

anlasilmaktadir.  Ayrica himik asit

sistemlerinin  denenmesinde ve diger kil

uzaklastirma yontemleriyle karsilastirmanin

yollarinin aranmasinda faydalar goriilmektedir.
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Sekil 4. Ham leonardit ve hidrosiklon konsantresiyle
KOH derisimine bagh olarak himik asit

kazanimi.
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Sekil 5. Ham leonardit ve hidrosiklon konsantresiyle KOH
derisimine bagli olarak ekstrakt verimi degisimi.

Organik glibre elde etmek amaciyla gerceklestirilen
calismalarin sonuglar, Sekil 6'da akim semasi

Uzerinde verilmektedir.

Ogitilmis Leonardit Himik 62,5

(0,3 mm alti) Asit(%)
C (%) 24,8
H (%) 3,2
N(%) 1,3

Hidrosiklon ile Kil icerikli Atik

Killerden Uzaklastirma

Humik 6,3
Asit(%)
Alt akim C(%)—9,7
H (%) 1,2
S N(% 0,3
Alkali Li¢ NG 03

(%20 kati, pH:9, 750 dev/dk, 23 °C)

Himin(%) 35,5

H (%) 1,8
Kati-Sivi Ayirimi T ON®%) 09

(Filtreleme) —— Kati Himin
veya Ekstrakt(%)

Himik 70,9

. Asit(%)
Hiimik Asit —». Elementel A.nalff,‘“z C%) 325
Konsantresi Humik Asit Igerigi (%) H (%) 27
N(%) 1,9

Sekil 6. Alkali lig islemi ile humat tretimi akim semasi.

Sekil 6’dan anlasilacag lizere, alkali li¢ yapilan ham
%62,5 humik asit ve
bunun elementel analizinden %24,8 C, %1,3 N ve
hesapla C/N= 19,1 elde edilmistir.
Cizelge 1’e gore orta kaliteli (%50-65 hiimik asit ve

leonardit numunesinden

Bu durumda

18<C/N<20) bir organik sivi tiretilmistir. Hidrosiklon

ile kili uzaklastirilan leonardit konsantresinin alkali
lic islemiyle %70,9 himik asit, %32,5 C, %1,9 N’a
yukseltilmis ve C/N=17,1 olarak hesaplanmistir. Bu
sonuca gore hidrosiklon ile 6n zenginlestirilen
leonardit konsantresinden yiiksek kaliteli (%65-85
himik asit ve 16<C/N<18) organik sivi Gretilmistir.
Humik asit iceriginde C/N oraninin 20,6’dan 17,1’e
diismesi ve hiimik asit igeriginin %62,5den %70,9’a
ylkselmesi onemli bir bulgudur. Bu
degerlendirmelerin sadece hiimik asit icerigine

gore yapildigl, az miktarda (maksimum %10) da

olsa fulvik asit iceriginin de ilave edilerek
yorumlanmasi gerektigi unutulmamalidir.

4, Tartisma ve Sonug

Ticari olarak organik gilibre Uretilen leonardit

hammaddesinin daha ekonomik ve kaliteli hale

getiriimesi  amaciyla  bir  dizi arastirmalar
gerceklestirilmistir.  Karakterizasyon calismalari
sonucunda leonarditle beraber kil mineralleri

olarak montmorillonit ve kaolinit minerallerinin

bulundugu ve Uretiminde slizme sirasinda
sorunlarin bundan kaynaklandigi disliniilmektedir.
Kil minerallerinin hidrosiklon ile
uzaklastiriilmasindan sonra, KOH ile himik asit

kazaniminda tiim konsantrasyonlarda %5 ile %11,5

arasinda artislar tespit edilmistir. Ayrica kilin
uzaklastiriimasiyla  stizme sirasinda filtrelerin
tikanmasi da o6nlenmis olacaktir. Himik asit

iceriginde topraga faydal olan azot oranindaki artis
onemlidir. Hidrosiklon disinda diger kil uzaklastirma
yontemlerinin, himik asit ve ekstrakt verimini
arttirict arastirilmalarin ve himik asit kalitesini

belirleyen analizlerin yapilmasi gerektigi

anlasiimaktadir.
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Dogal taslar, insanlarin barinmadan silaha kadar vazgecilmez unsurlarindan bir tanesidir. Bu tas tirleri
icerisinde mermerler ve mermer tirevli Grlinler banyodan mutfaga, bahge tasarimindan kiigtik dekoratif

Anahtar kelimeler ev slslerine kadar insanlarin siirekli tercih ettigi objelerdendir. Mermerler gikarildiklar bolgelere gére

isimlendirilirken bu alanda uzman olarak nitelendirilen kisiler tarafindan goézleme dayali olarak tirleri ve
kaliteleri siniflandinimaktadir. Uzman kisilerin gozleme dayali yaptigi bu siniflandirma ekonomik

Mermer; Derin
Ogrenme; Makine

o o anlamda risk tasimakta, is yikinG arttirmakta ve hata orani yiksek olabilen zorlu bir siregtir. Bu
Ogrenmesi; Goruntu

siireglerin hizli, kolay ve dogruluk orani yiksek bir dijital donlsiime ihtiyaci bulunmaktadir. Bu
¢alismada mermerlerin tlr siniflandirmasinda derin 6grenme kullanilarak 6zellik ¢ikarimi yapilmistir.

isleme

Cikarlan o6zellikler makine 6grenme teknikleri kullanilarak siniflandirma uygulamasi gergeklestirilmistir.
28 ayri ture ait 3703 mermer ve mermer tiirevli dogal tas imgesinden olusan veri seti ile yapilan
uygulamanin test sonucunda DenseNet derin 6grenme modeli ve K-En Yakin Komsu metodu ile
%99,7’lik siniflandirma basarimi elde edilmistir.

Classification of Marble Types Using Machine Learning Techniques

Abstract
Natural stones are one of the indispensable elements of people from shelter to weapons. Among

these stone types, marbles and marble-derived products are among the objects that people always
prefer, from bathroom to kitchen, from garden design to small decorative home decorations. While

Keywords the marbles are named according to the regions where they are extracted, their types and qualities

Marble; Deep are classified based on observation by people who are qualified as experts in this field. This

classification, which is made by experts based on observation, carries risks in economic terms,
increases the workload and is a difficult process with a high error rate. These processes need a fast,

Learning; Machine
Learning; Image

Processing easy and highly accurate digital transformation. In this study, feature extraction was done by using

deep learning in the species classification of marbles. The extracted features were classified using
machine learning techniques. As a result of the application made with the data set consisting of 3703
marble and marble-derived natural stone images belonging to 28 different species, a classification
success of 99.7% was obtained with the DenseNet deep learning model and the K-Nearest Neighbor
method.

© Afyon Kocatepe Universitesi

33



1. Introduction

Throughout their lives, people use products that
they either produce themselves or that they obtain
from the resources that nature offers them. While
people sometimes use nature-based products to
meet their individual needs, they sometimes prefer
them in the design of the environments they live
in. Due to its aesthetic structure and durability,
natural stones are frequently preferred by people
in environments where they live, such as the
environment, home or work area. This frequency of
use also brings about an increase in natural stone
production. Technology plays an important role in
the manufacturing sector. With Society 5.0, it is
expected that artificial intelligence will take place
more in our lives. These breakthroughs in
technology also bring advantages in the production
sector. The reason for this is that Industry 5.0
requires the design of the product according to the
needs of the person. As a result, a personalized
product will be prepared and this product will be
both high quality and optionally produced at low
cost (Doyle-Kent and Kopacek 2020).

Apart from technology, people also use the
resources offered by nature to beautify their living
spaces and the environments they live in. The most
valuable parts of this beautification are made of

natural stones due to its durability and aesthetics.

Marble and marble types (Granite, Travertine,
Onyx, etc.) come first in terms of use of natural
stones. Marble is a type of natural stone that is
widely used in decoration, monuments and
sculptures, ornaments and souvenirs, especially in

the construction industry.

Tiurkiye has approximately 40% of the world's

natural stone reserves. According to the
researches, there are approximately 650 types of
marble in color and texture in our country (IntRes.

1).

Marble production in Tirkiye started 4000 years
ago on the Marmara Island. Currently, Turkey
exports 2 billion dollars worth of marble and
natural stone to 179 countries (IntRes. 2).

Most of Tirkiye's marble reserves are located in
Western Anatolia and Thrace. Afyon, Canakkale,
Mugla, Tokat, Denizli, Bilecik, Eskisehir, Bursa,
Balikesir and Burdur provinces are at the top of the
collective reserve provinces in our country. In
addition to these provinces, there are marbles
unique to our country such as Eldzig Cherry,
Aksehir Black, Milas Lilac and Sipren in the
international market.

Marbles are classified according to their types or
quality. There are many studies on marble
classification in the literature.

In the industrial application of Martinez et al., a
data set with 3 classes and 30 samples was
classified. K-means clustering algorithm was used
in classification, and textural features such as mean
variance, contrast, entropy were included in the
classification process. 98.9% texture accuracy has
been achieved (Martinez-Alajarin et al. 2005).

In the study of Selver et al., classification from the
surface images of 1158 marble slabs was studied
using Hierarchical Neural Networks. 99% success
was achieved in the study, which revealed that the
Radial Based

industrial

Hierarchical Function Network
(HRBFN) for

successful results (Selver et al. 2009).

applications produced

In the adaptive marble slab classification study of
Topalova and Tzokev, the classification of marble
slabs with similar textures was made. It was stated
that the data given turbidity and different lighting
produced an accurate result between 87% and 96%
with 100 samples with 6 classes as a result of the
test (Topalova and Tzokev 2011).

Torun et al (2019) performed a classification using
AlexNet and Local Binary Patterns (LBP) methods in
their study. At the end of the classification
performed by taking 600 marble images belonging
to 3 different classes from a company producing
marble in Sivas province, a classification success of
99.8% with LBP+DVM and 99.2% with AlexNet was
achieved.

In their studies, Pence and Cesmeli used

Convolutional Neural Networks to classify marble
slabs using 80 different marble images and various
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architectures and algorithms. A 75% success rate
was achieved in the study without any data
augmentation (Pence and Cesmeli 2019).

In the study of Canayaz and Uludag, who used
images of 28 different types of marble, marble
classification was realized with deep neural
networks. The system tested with VGG16, ResNet
and LeNet models showed a 97% success rate with

the VGG16 model (Canayaz and Uludag 2020).

The work done by Karaali and Eminagaoglu for

quality classification was carried out using
convolutional neural networks. A data of 2100
samples obtained from a marble company serving
in the province of lzmir was used. As a result of
various algorithms, the system achieved a success
rate of 71.5% in the test data. By augmentation the

data, this rate was obtained as 92% (Karaali and

transfer learning. He prepared a data set consisting
of 21120 marble and 3360 granite images in total
by taking 240 images from 16 different plates for
each type of 88 marble and 14 granite types. With
data augmentation, 171360 images were obtained.
Data was trained with 7 pre-trained convolutional
neural networks. With the ResNet-50 model, it
achieved a success rate of 97.4%.

In this study, marble type classification was carried
out using deep learning architectures in the
MATLAB (2020a version) environment. The data set
consists of 3703 marble images belonging to 28
types of marble classes. In the application, feature
extraction was done with 8 deep learning models.
24 different methods were tried to classify each
model. The cross validation value was chosen as
10. With the study, a 99.7% success rate was

D e obtained with the DenseNet201 model and

Eminagaoglu 2020). ) C
Weighted KNN classification method.
Elmas (2022) carried out a study on the
classification of marble and granite varieties with
Table 1. Literature review summary table
Author Number of Method Succes Rate
Sample
Martinez-Alarjin et al. 30 K-Means Clustering 98,9%
Selver et al. 1158 Hierarchical Radial Basis Function Network 99%
Topalova and Tzokev 100 MultiLayer Perceptron Between 87% - 96%
Torun et al. 600 AlexNet and Local Binary Patterns 99.8%
Pence and Cesmeli 80 Convolutional Neural Networks 75%
Canayaz and Uludag 3073 VGG16 97%
Karaali and Eminagaoglu 2100 Convolutional Neural Networks 92%
Elmas 171360 ResNet-50 97.4%
In the first part of the publication, various studies figures and tables. Finally, in the Conclusion
on marble and marble classification were section, an explanation was given about the
examined. In the second part of the study, contribution of the study.
information about the data set used, feature .
] o ! 2. Material and Method

extraction and classification methods are
mentioned. In the third part, the results of the  1he process steps and components of the

application are presented with the support of

application method are given in Figure 1.
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Figure 1. Components of the Application Method

The applied method consists of a 4-stage process.
In the first step of the process, marble images are
taken and resized to 224x224 pixels. In the second
stage, separate features of the images are
extracted for 8 Deep Learning models and stored in
separate matrix files. The names of the models
used are given in Table 2 as column names. In the
third stage, the extracted features are classified
with the machine learning module of MATLAB. In
classification, 24 different Classification Learner
tools of MATLAB were used. The names of the
vehicles used are given in the Classification Type
column in Table 2. The cross-validation value was
kept constant at 10 in the classification. In the
fourth and final stage, classification is finalized

according to 28 marble types.

The CPU of the computer used is Intel Core i7 —
8750H series and has a processor speed of 2.20
GHz. The computer has 16GB of RAM and a 4GB
memory display adapter with NVDIA GTX 1050Ti
chipset.

2.1. Data Set

A total of 3703 marble images from 28 species
using OpenCV-sourced Convolutional Neural
Network were used as the dataset of the study
(Canayaz and Uludag 2020).

images of 28 species that make up the data set and

The marble sample

the number of samples used for that species are
given in Figure 2.
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Capuchino Diabase Dolce Vita Equator
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Figure 2. Sample images and sample numbers of each
species in the data set used

2.2. Feature extraction methods

Deep learning models are used for feature
extraction. Different performance results were
obtained for each model and each algorithm.
Today, applications that behave like humans or try
to think like humans are increasing. Essentially,
these applications mean that there is a human

phenomenon in engineering applications. This is

known as machine learning (Goldberg and Holland
1988)

Machine learning applications have been
developed by utilizing the working logic of neurons
in the human brain. An artificial neuron model has
emerged. This model was developed over time and
started to be used frequently in machine learning
studies. Machine learning has started to be used in
many fields such as medical and security (Hinton

and Salakhutdinov 2006).

Deep learning is a type of artificial neural networks.
It has also had success in areas such as natural
language processing or sound (Masters and Luschi
2018).
extraction

Since the preprocessing and feature

processes are automatic in deep
learning, multiple processes are performed and
at the

convolutional neural network, feature extraction is

finalized same time. In the deep
determined within the network and the features
belonging to the structure to be detected are
determined within the layers (Dogan and Tirkoglu

2019).

The MobileNet model has been developed for use
in embedded systems and mobile applications,
image processing and classification studies. It has
higher efficiency because it uses decomposable
convolutions. A fast and small network is formed
network can be
With the
development of the model, accurate results were

by decomposition. This
implemented on mobile devices.
obtained in applications such as object recognition,
facial features, geolocation (Howard et al. 2017).

The VGG model was developed by the Visual
Geometry Group formed by Simonyan and
Zisserman from Oxford University in 2014. VGG
showed a successful performance with an error
rate of 7.3% in the ILSVRC (The Imagenet Large
Scale Visual Recognition Challenge) competition
held by ImageNet in 2014. There are 6 different
architectural models. These models consist of 11,
13, 16 and 19 convolution layers (Simonyan and
Zisserman 2015).

ResNet architecture, which achieved an error rate
of 3.6% in the ILSVRC competition held by
ImageNet in 2015, consists of 152 layers. This
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architecture, unlike other architectures, is formed
by including the blocks that feed the residual
values to the next layers into the model (Kizrak and
Bolat 2018).

Inception, which is defined as a network within a
network; It is an architecture based on performing
simultaneous filtering and pooling operations in
the convolutional layer. Operations are carried out
in modules. In the InceptionV3 model, additional
modules are used as batch normalization in the
network and as an auxiliary classifier in the fully
connected layer (Szegedy et al. 2016).

The Xception network, which is basically an
evolving network by building on the InceptionV3
network, has been successful with differences in
the convolution layer. This model offers two
different approaches in the convolution layer as
depth

convolution. In the smart depth approach, it

smart convolution and smart point
processes only one channel, not every channel, and
reaches the result. This approach causes loss of
features and largely unsuccessful results. Smart dot
convolution obtains the result by applying a
classical convolution in the form of 1x1xChannel
Number to the image obtained as a result of the

single channel processing (Chollet 2017).

DenseNet, another pre-trained network, is similar
to ResNet. The difference from ResNet is that the
value added to a system in 2 layers is added to all
subsequent layers in order to train the network
more easily. Thus, the dysfunction problem of
many networks is also

layers in high-layer

optimized (Huang et al. 2017).

2.3. Classification Methods

Machine learning algorithms were used for
in the

algorithms are structures that learn the structure

classification study. Machine learning
and function of the data and make predictions
about the data set. They work as structures that
take input data and make a database-based

prediction and decide (Kononenko 2001).

In this study, Support Vector Machine, Separation

Analysis, K Nearest Neighbor Classification,

Decision Trees, Naive Bayes Classifier and

Ensemble Learning classifier were used.

Decision trees consist of a node representing the
properties and branches representing the value
that this node can take (Giiltepe 2019). It is a
machine learning algorithm that divides the
independent variables existing in the data into
nodes according to the information gain during the
prediction and specifies the average in the interval
learned during the training during the prediction

(Duda et al 2001).

Classification is discriminant analysis, which aims to
divide the independent variables of the data into
homogeneous groups. It processes each data by
calculating the probability of belonging to that
group for each group and assigning it to the highest
scoring group (Sayilgan et al. 2021).

Naive Bayes classifier is a simple probabilistic
classification method based on Bayes theorem. It
uses existing classified data and calculates the
probability of the new data falling into which class.
Features are evaluated separately from each other.
In this classification, the value of one attribute does
not have information about the value of another
attribute. (Karakoyun and Hacibeyoglu 2014).

Support Vector Machines are used to optimally
separate data belonging to two or more classes
using hyperplanes (Lotte et al. 2018). It performs
the classification through a linear or non-linear
function. SVM’s are based on estimating the best
fit function while separating the data (Ozkan 2013).

K Nearest Neighbor (KNN) makes an estimation by
utilizing sample data for which class it belongs to
beforehand for classification. The distance of the
newly added element to the other elements in the
data set is calculated. Distance functions such as
Euclidean, Manhattan are used in this calculation.
After these operations, k neighbors are checked.
The element is included in the class of the nearest
neighbor (with the lowest distance) (Sayilgan et al.
2021).

Ensemble Learning is formed when more than one
weak learning algorithm combines to form a
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stronger learning algorithm (Freund and Schapire

MobileNet, ResNet, DarkNet, Xception, VGG16,

1999). DenseNet, Inception and InceptionResNet were

3. Results and Discussion used for feature extraction. Input images were
taken at a resolution of 224 x 224 pixels.

The application is prepared in MATLAB

environment. Deep learning models such as The results obtained in the classification study are
given in Table 2.

Table 2. The results of applying the model on 3703 images

Siniflandirma Turi MobileNetV2 Resnet50 Darknet53 Xception VGG16 Densenet201 Inceptionv3 Inceptionresnetv2

1 FineTree 55,9 75 70,3 52,1 60,6 76,4 56,5 59,9

2 Medium Tree 35,9 52,8 44,3 38,5 38,7 54,3 36,1 42,4

3 Coarse Tree 19,5 25,5 25,2 22 21 28,3 19,4 23,6

4 linear Discriminant 90 93,5 93,7 89,6 89 94,9 90,9 91,6

5 Quadratic Discriminant F F F F F F F F

6 Naive Bayes - Gaussian F F 93,1 83,1 F 93,8 89,1 86,4

7 Naive Bayes - Kernel 80,8 87,8 93,7 70,3 81,1 95,5 89,3 86,3

8 Linear SYM 94,5 97,3 97,8 93,5 94,4 98,3 95,7 94,8

9 Quadratic SVM 97,2 98,9 98,9 96 97 99,4 97,6 97

10 cubic SYM 97,4 98,9 98,9 96,6 97,2 99,4 97,7 97,2

1 Fine Gaussian SVM 10,2 14,1 12,2 10,1 11,3 14,2 9,9 11,7

12 Medium Gaussian SYM 9,3 97,9 98,1 93,9 95,5 99,2 97 96

13 coarse Gaussian SVM 88,8 92,6 93,7 84,7 88,8 95,2 90,6 89,5

14 Fine KNN 98,2 99,3 99 97,1 97,6 99,6 99,2 97,5

15 Medium KNN 96,3 98,3 98,1 94,3 95,5 99,6 98 95,5

16 coarse KNN 78,2 82,7 84,3 77,5 77,8 86,7 79,5 78,3

17 Cosine KNN 9,5 98,5 98,2 9 95 99,4 97,8 95,2

18 cubic KNN 96,1 98,3 97,9 93,3 95,2 99,4 97,8 94,9

19 Weihgtd KNN 97,6 99,1 98,5 96,2 96,7 99,7 98,4 96,7

20 Boosted Trees 55,4 70,5 62,7 49,9 58,3 71,6 50,1 58,1

21 pagged Tree 87,1 95,7 92,9 81,7 87,5 97,6 90,9 88,1

22 gubspace Discriminant 88 92 92,5 86,6 88,5 93,7 89,1 89,4

23 gubspace KNN 98,3 99,4 99,1 97,4 98 99,6 99,3 97,6

24 pusBoosted Trees 51,3 67,3 65 51,5 57,8 67,1 64,7 59,3

F : Classification Error (Fail)

As a result of the application, it has been observed
that the achievement performance of DenseNet,
one of the deep learning models, is higher than the
other models.

In the machine learning phase, the highest
performance was obtained with KNN (Weighted
KNN).

The Complexity Matrix of the classification result
with the highest performance result in Figure 3; In
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Figure 4, the distribution of the highest performance result is given.
Model 1.19 (Weighted KNN)
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Figure 3. The Complexity Matrix for the Most Successful Classification

The complexity matrix of the classification is given images in Afyon Black and Karacabey Black species,
in Figure 3. As can be seen in the figure, 12 images and 4 images in other species. All remaining images
belonging to only 4 species could not be classified. were classified correctly and a classification success
Among the unclassifiable images, there are 8 of 99.7% was achieved.
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4. Conclusions

In this study, the features of a data set consisting of
3703 marble images were extracted using deep
learning models, and then it was classified by
machine learning. The highest performance was
obtained with the KNN classification architecture
(Weighted KNN) of the DenseNet deep learning
module, with cross-validation at 10 and 99.7%. This
than the
performance of the resource owner from whom we

rate is approximately 2% higher
obtained the data set. Unlike other studies, despite
the high number of species (28 types of marble),
the high performance result is an advantage of the
study. The study was tested on two computers
with different technical specifications and very
close results were obtained.

The study was prepared in MATLAB environment
and 8 different deep learning architectures were
applied. With deep learning, 1000 features of each
image are extracted. While extracting the features,
the error rates were calculated and the features
with the least errors were kept as a matrix. After
feature extraction, machine learning classification
models such as DVM, Naive Bayes, and KNN were
tested on these matrices at once and sequentially,
and classification was performed. In this way, the
classification results of each model were seen
simultaneously, thus shortening the intermediate
processing time. In addition, since the application is
made in MATLAB environment, image processing is
provided to be more efficient. Since the system
processes all deep learning modules at once, it
worked for an average of 8-9 hours. Classification
processes also took an average of 25 minutes for
each deep learning module matrix. This extra time
causes an increase in the processing time of the
system.
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0z
Beyin bilgisayar arayizl c¢alismalari, temel olarak beyin sinyallerini toplamayi, analiz etmeyi ve
kullanilmak Uzere komutlara g¢evirmeyi amaglamaktadir. Beyin sinyallerinin kontrol komutlarina

cevrilmesinde elektroensefalogram (EEG) bir olanak saglamaktadir. Denege 6zgl ve duragan olmayan
yapisi nedeniyle EEG sinyallerinin siniflandiriimasi zorlu gérevlerdendir ve farkh yaklasimlarla ¢alismalar

Anahtar kelimeler yapilmaktadir. Bu g¢alismalarin bir bolimi motor hareket hayali igeren beyin aktivitelerinin analizini

BBA, EEG, motor
gorintiisu, egricik

kapsamaktadir. Bu makale, egricik donlsim ayristirmasini kullanan iki sinifli bir motor gorintisi
siniflandirma algoritmasi sunmaktadir. Onerilen algoritma, BBA yarismasi IV veri kiimesi lla kullanilarak
déniisiimi, k-NN. gergeklestirilmistir. 22 kanaldan olusturulan veri kiimesinden, segilen Ug¢ kanala (C3, Cz ve C4) ait EEG
sinyalleri uygulamada kullaniimaktadir ve kanal sinyallerine 9-30 Hz frekans araligi igin egricik
donlisimi uygulanmaktadir. Elde edilen doénlsim katsayilari Gzerinden standart sapma, ortalama
deger ve log-varyans degerleri hesaplanarak o6zellik vektorleri olusturulmaktadir. Dogrudan ozellik
vektorleri  lzerinden ve Ozellik secimi vyapilarak karsilastirmali  siniflandirma  islemleri
gerceklestiriimektedir. Ozellik secimi igin t-test yéntemi kullanilmakta, siniflandirma islemi k-NN

siniflandiricisi kullanilarak gergeklestirilmistir.

Classification of Two-Class Motor Imagery EEG Signals Using Curvelet
Transform Decomposition

Abstract

Studies on brain computer interfaces primarily attempt to gather, analyze, and transfer brain signals

into usable commands. The electroencephalogram (EEG) gives researchers the chance to convert brain
signals into control instructions. Due to its subject-specific and non-stationary character, classification
of EEG signals is a difficult issue, and research are being undertaken using methodological approaches.

Keywords Analysis of the brain's activities, including motor imagery, is part of some research that have been done.
BCl, EEG, motor This article presents a two-class motor imagery classification algorithm using curvelet transform
imagery, curvelet decomposition. The proposed algorithm is carried out using the BCI competition IV dataset Ila. EEG
transform, k-NN. signals of the three selected channels (C3, Cz and C4) from the data set composed of 18 channels are

used in practice. Curvelet transform is applied to the selected channel signals for the 9-30 Hz frequency
range. The feature vectors are created by calculating the standard deviation, mean and log-variance
values over the obtained transform coefficients. Comparative classification processes are carried out
over feature vectors with and without feature selection. The t-test method is used for feature selection,
and the classification process is carried out using the k-NN classifier.

© Afyon Kocatepe Universitesi
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1. Giris

Beyin Bilgisayar Arayiizii (BBA, BCI brain—computer
interface), insan beyni ile dogal bir iletisim ve
kontrol olanagl saglayarak beyin aktivitesini oOlger
ve ardindan beyin ve bilgisayar arasinda dogrudan
bir etkilesim kurmak icin Olglilen aktiviteleri
anlasilir hale getirmeye calisir (Guger vd. 2014,
Vallabhaneni vd. 2005). EEG tabanli veriler, cerrahi
islem gerektirmeyen vyapisi, disik maliyeti ve
nedeniyle BBA c¢alismalarinda
alternatiflerinden daha yaygin olarak
kullanilmaktadir (Constantin vd. 2007, Curran vd.

2003). Yapilan BBA galismalarinin bir bélimi motor

goreceli basitligi

gorinta bilgilerini iceren EEG tabanli veriler Gzerine
farkh
gorintilerin nasil ayirt edilecegine odaklanmis ve

odaklanmaktadir. Bu c¢alismalar, motor
basarili sonuglara ulasmak igin cesitli algoritmalar
Onerilmistir (Wang vd. 2004, Ramoser vd. 2000,
Garrett vd. 2003).

Zhang vd. (2017), motor gorintileri iceren EEG
sinyallerini siniflandirmak icin seyrek Bayesian
frekans bantlar

0grenme yontemini

kullanmaktadir. Ozellik verileri, ortak uzamsal
(CSP:
algoritmasi kullanilarak ham EEG verilerine birden
bantli  bir filtre

edilen kiimesinden

oruntdler Common spatial pattern)

fazla ortlisen alt bankasi
uygulanarak elde sinyal
Uretilmektedir. Seyrek Bayesian 6grenme, en etkili
ozellikleri o6zellik kimesinden ayirt etmek icin
kullanilmaktadir. Wang vd. (2016), ayirt edici kararh
durum gorsel uyarilmis potansiyel (SSVEP: steady-
state visual evoked potentials) ozellikleri elde
etmek icin ¢ok degiskenli dogrusal regresyon (MLR:
Multivariate linear regression) yontemi iceren
zaman-uzaysal 6zellik ¢tkarimi kullanan bir yaklasim
sunmaktadir. MLR, boyutu kiictltiilmis EEG egitim
verilerine ve en uygun ayirt edici alt alanlari bulmak
etiket

uygulanmaktadir. Zhang vd. (2018), motor gorinti

icin olusturulan bir matrisine

EEG sinyallerini siniflandirmak icin ¢ok c¢ekirdekli
asiri 6grenme makinesine (MK-ELM: Multi-kernel
extreme learning machine) dayali bir ydntem
kullanilmaktadir. iki farkh cekirdek fonksiyonunun
(Gauss ve polinom) ELM performansi Uzerindeki
etkileri arastiriimistir. MK-ELM yontemi, EEG motor
verilerini daha siniflandirma

orinti ylksek

dogrulugu ile siniflandirmak icin bu cekirdeklerin

cok cekirdekli bir 6grenme stratejisi ile
birlestirilmesiyle olusturulmaktadir.
(2017),

siniflandirma dogrulugunu iyilestirmeyi ve motor

Yang vd. ¢ok sinifli EEG sinyallerinin
gorlintl verilerine dayali olarak BBA sisteminde
ihtiya¢ duyulan EEG kanallarinin sayisini azaltmayi
amaclamaktadir. Denege 6zgl 6zellikleri ¢ikarmak
icin en uygun zaman-frekans alanlarini arayan bir
yontem sunulmak amaclanmaktadir. Baali vd.
(2015), dogrusal tahmine dayal tekil deger ayrisimi
(LP-SVD:

decomposition) adi verilen o6zellik ¢ikarimi icgin

linear  prediction singular value
donlisim
LP katsayi

filtresi darbe yanit matrisinin sol tekil vektorleri

sinyale bagl bir ortogonal

kullanmaktadir. Donlsim, eslemeyi
olarak tanimlayarak elde edilen ozellikleri bir

lojistik aga¢c tabanli  model siniflandiriciya
sunmaktadir. Chaudhary vd. (2019), motor gorinti
EEG sinyallerini siniflandirmak igin derin evrisimli
sinir aglarina (DCNN: Deep convolutional neural
networks) dayali bir ydntem sunmaktadir. Onerilen
frekansi  (T-F)

uygulayarak  EEG

yontem ilk olarak zaman

yaklasimlarini sinyallerini
gorintilere donustiirmekte ardindan elde edilen
gorlintllere DCNN uygulanmaktadir. Burada T-F
yaklasimlari, kisa sireli Fourier donisimu (STFT:
Short-time-Fouriertransform) ve siirekli dalgacik
(CWT:
Gedik (2022)
yarismasi |l veri seti llla’ya ait EEG siniflandirmasi
icin ham EEG
bolinmekte ve her

dontstmadir Continuous-wavelet-

transform). calismasinda BBA

sinyalleri 4 frekans bandina

frekans araligina egricik
donlisim{ uygulanmaktadir. Dontsim katsayilar
kullanilarak  6zellik verisi olusturulmakta ve
siniflandirici olarak SVM ve k-NN kullaniimaktadir.
Gedik (2022),

verisi olusturulma

Diger bir calismasinda, onceki

calismasindaki ozellik
asamasinda degisiklik yapmakta ve dalga-atom
donlisimi kullanmaktadir. Yine Gedik (2022) baska
bir calismasinda, BBA yarismasi Il veri seti llla’ya
ait EEG sinyalleri 2 frekans bandina ayirmakta ve
her frekans

araligina dalga-atom dontsimi

uygulanmaktadir. Elde edilen doénisim
katsayilarindan ortalama, standart sapma, entropi,

medyan, maksimum deger, basiklik, carpiklik ve

44



Classification of two-class motor imagery EEG signals using curvelet transform, Gedik.

log-varyans degerleri hesaplanarak siniflandirma
basarilari incelenmektedir.

Bu calismada, cok olgekli analiz yontemi olan
egricik donlstimu kullanilarak BBA yarismasi IV veri
seti lla’ya ait motor Orintli EEG sinyallerinin
siniflandiriimasi  gergeklestirilmektedir.
C4 ve Cz

sinyallerinin 9-30 Hz

Egricik
dontsimi, C3, kanallarina EEG
frekans araligina
uygulanmakta ve donlslime ait katsayilar elde
edilmektedir. Bu katsayilardan, ortalama, standart
hesaplanarak
farkh

kombinasyonlarda siniflandiriciya sunularak basari

sapma ve log-varyans degerleri

ozellik vektorleri Uretilmekte ve
oranlari analiz edilmektedir. Siniflandirma islemi k-
NN algoritmasi kullanilarak gergeklestirilmektedir.
Uygulama i7-8700 CPU @ 3.20 GHz 8 GB ram
MATLAB ortaminda

ozellikli  bilgisayar ile

gergeklestirilmigtir.

2. Materyal ve Metot

Motor gorintli EEG verileri, BBA yarismasi IV veri
kiimesi lla'dan elde edilmistir. Veri seti dort sinif
motor gorintl sinyali (sol el, sag el, ayak ve dil)
icermektedir. Bu calismada, sag ve sol el gorinti
EEG sinyallerinin siniflandirilmasina odaklaniimistir.
Bu dogrultuda, ilk islem olarak sag ve sol motor
gorintld bilgisini iceren sinyaller veri setinden
Ardindan,
sinyallerden de literatiirde siklikla tercih edilen C3,

ayristirilmaktadir. ayristirilan
C4 ve Cz kanallarina ait sinyaller (Yang vd. 2017)
cikarilarak EEG  veri seti  olusturulmustur.
Olusturulan veri setine Butterworth filtresi 9-30 Hz
frekans aralig i¢in uygulanmakta ve ardindan
egricik donlisimu uygulanarak dontstim katsayilari
elde edilmektedir. Katsayilar Uzerinden (¢ farkl
farkli

sunularak

ozellik  kiimesi  olusturulmakta ve

kombinasyonlarla siniflandiriciya
basarilari degerlendiriimektedir. Ozellik vektorleri
ve siniflandirma kombinasyonlari: 1-) Filtrelenmis
EEG sinyallerine uygulanan egricik donlsiim
katsayilarindan ortalama, standart sapma ve log-
varyans degerleri hesaplanarak (¢ 6zellik vektori
(F1, F2, F3 sirasiyla) olusturulmasi ve ayri ayri
siniflandirilmasi, 2-) F1, F2 ve F3 ozellik verileri
birlestirilerek siniflandirmanin gergeklestirilmesi,3-)

birlestirilen 6zellik vektor kiimesine t-test ile 6zellik

secimi uygulandiktan sonra siniflandirma yapilmasi.
Yonteme ait akis semasi Sekil 1'de gosterilmektedir.

2.1 Veri kiimesi

BBA  vyarismalari, veri analiz  tekniklerinin
dogrulanmasini saglamak ve BBA teknolojisinin
gelisimini tesvik etmek icin dizenlenmektedir. Her
yarismada cesitli veri setleri internet Uzerinden
herkesin kullanimina sunulmakta ve her bir veri seti
BBA teknolojisinde

laboratuvarlarda hazirlanmis beyin sinyallerinin bir

deneyimli ve lider

kaydidir. Bu kayitlar iki bolimden olusur: etiketli

veri boliumi ("egitim seti") ve etiketlenmemis veri
("test

yarismasi |V'te dort sinif motor goriinti verisini

bélimi seti"). Onerilen yéntem, BBA

iceren veri kiimesi lla kullanilarak
gerceklestirilmistir (Intkyn 1). Veri kiimesi dokuz
denege ait sag el, sol el, ayak ve dil bilgilerini
icermektedir. Kayitlar, 22 kanal Uzerinden her bir
denek icin 6 calisma ve her ¢alismada 48 deneme
yapilarak toplanda 288 deneme (her bir motor
gorantd icin  72) sonucunda olusturulmustur
(Intkyn 2). Calismada, sag ve sol el gorintli EEG
sinyallerinin  siniflandirmasina odaklanildigi icin
egitim ve test veri seti 144’er EEG sinyal verisinden

olusmaktadir.

EEG veri seti (C3, Cz, C4)

(9-30Hz) Filtreleme
N
Egricik Dontstimi
N
Standart sapma
(F1)
F1+F2+F3
F1 F1+F2+F3 d
F2
F3

k-NN

Sekil 1. Uygulamaya ait akis semasi.
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2.2 Egricik doniisiimii

Egricik donlisimli Candes ve Donoho tarafindan
2000'da (Candes ve Donoho 2000) ilk versiyon
olarak ve 2006'da (Candés vd. 2006) ikinci versiyon
olarak tanrtilmistir. ilk versiyon olan Siirekli Egricik
Donlslimu, bir gorintinidn radon dénidsiminiin
sirtcik analizini iceren kompleks dizi adimlarini
nedeniyle

icermektedir. Olduk¢a yavas olmasi

algoritma glincellenmis ve hizli ayrik egricik
donlsimi olarak tanimlanarak ikinci versiyon
olusturulmustur. Egricik donisiimi, konum, 6lgek
ve yon parametreleriyle indekslenen cerceve
elemanlarina sahip ¢ok dlcekli bir donisimdir ve
ayni zamanda c¢ok yiksek derecede yonlilik ve
anizotropi gostermektedir. Verilen bir f fonksiyonu
icin, egricik donlisimi bir i¢c ¢carpim olarak Esitlik

1’deki gibi tanimlanmaktadir.

CULI) ={f, 00, LK)) = [ fCOPjxdx (1)

burada, ¢(j, [, k) egricik temel fonksiyonunu temsil
ederken j, 1,k sirasiyla olgegi, yoni ve konum
parametrelerini temsil etmektedir. Ayrik egricik
dontsimii ise Esitlik 2’de tanimlanmaktadir.

CPG,Lk) = ZOle,y1<nf[x1»3’1]¢jD,z,k[x1'3’1] (2)
burada, cj)jD,l,k[xl,yl] ayrik egricik dalga formunu

temsil etmektedir.

3. Bulgular

C3, C4 ve Cz kanallarina ait EEG sinyalleri 9-30 Hz
frekans araligi icin filtreledikten sonra egricik
donidsimi  uygulanmakta ve egricik katsayilar
Uzerinden bes farkli 6zellik verisi olusturulmustur.
verisi (F1, F2, F3)

katsayilarindan sirasiyla ortalama, standart sapma

ilk Gg ozellik egricik

ve log-varyans hesaplamalar gerceklestirilerek
olusturulmustur. Doérdinci ozellik kiimesi elde
edilen ¢ Ozellik kimesinin birlestirilmesiyle
(F1+F2+F3) olusturulmustur. Son olarak birlestirilen
ozellik kiimesine t-test yontemiyle oOzellik segimi
uygulanmis ve yeni bir Ozellik kimesi
Ozellik

siniflandiriciya sunulmus ve siniflandirma sonuglari
Cizelge

olusturulmustur. kiimeleri ayri  ayn

karsilastirmali olarak degerlendirilmistir.

1'de ilk dort oOzellik kiimesine ait siniflandirma
dogrulugu degerleri sunulmaktadir.

Cizelge 1. Olusturulan ilk dort ozellik kimesi icin
siniflandirma sonuglari.

Ozellik verisi k-NN k
Denek 1 55.55556 23
Denek 2 62.5 a1
Denek 3 56.94444 3
Denek 4 50 5
FL Denek 5 54.16667 7
Denek 6 51.38889 35
Denek 7 54.86111 21
Denek 8 53.47222 3
Denek 9 59.72222 7
Denek 1 60.41667 37
Denek 2 56.94444 5
Denek 3 81.94444 21
Denek 4 58.33333 17
F2 Denek 5 56.25 39
Denek & 59.72222 7
Denek 7 54.86111 29
Denek 8 57.63889 7
Denek 3 82.63889 41
Denek 1 60.41667 7
Denek 2 54.16667 39
Denek 3 61.80556 41
Denek 4 58.33333 15
F3 Denek 5 56.94444 23
Denek 6 57.63889 25
Denek 7 56.25 11
Denek 8 52.08333 3
Denek 9 62.5 37
Denek 1 59.02778 17
Denek 2 55.55556 3
Denek 3 77.08333 25
Denek 4 63.19444 13
FL+F2+F3 Denek 5 54.86111 5
Denek 6 56.94444 15
Denek 7 56.94444 23
Denek 8 59.72222 7
Denek 9 81.94444 39

Elde edilen en basarili siniflandirma sonuglari F1
ozellik verisi i¢in 62.5 %, F2 Ozellik verisi icin 82.64
% ve F3 ozellik verisi igin 62.5 % dir. Bu degerler
sirasiyla denek 2 ve denek 9’a ait EEG verisinden
onlinde

elde edilmistir. Bltlin denekler goz
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bulundurularak ozellik kiimesi basarisina
bakildiginda F1 06zellik verisi icin ortalama
siniflandirma sonucu 55.4 %, F2 igin 63.2 % ve F3
icin 57.8 % olarak elde edilmistir. Birlestirilen
ozellik verisi icin  (F1+F2+F3) en basaril
siniflandirma sonucu denek 9’a ait EEG verisi ile
81.94 % olarak elde edilmis, birlestirilen o6zellik
verisi i¢cin  bltin deneklere ait ortalama
siniflandirma  degeri ise 62.81 % olmustur.
Siniflandirma degerleri goz onlinde
bulunduruldugunda en basarili sonuglar F2 o6zellik
verisi ile elde edilmektedir.

t-test yontemiyle gercgeklestirilen 6zellik se¢imine
ait  siniflandirma  sonuglari  Cizelge  2'de
gosterilmektedir. Birlestirilen 06zellik verisi t-test
yontemi ile siralanmis ve bu siralanmis veri 5 gruba
ayrilarak her bir grubun siniflandirma basarisina
bakilmistir.  Gruplar olusturulurken en yiksek
siralama degeri ve en disuk siralama degerinin
farki bese boliinerek grup adim araligl elde
edilmistir. Her adimda (esikte) siralanmis o6zellik
verisinin boyutu kigllmekte ve siralama degeri
esikten buylk olan ozellik verisi siniflandirmada
kullaniimaktadir. Yapilan siniflandirma islemlerinde
ozellik seciminin genel olarak siniflandirma
dogrulugunu iyilestirdigi gézlenmistir. Elde edilen
en basarilh siniflandirma sonucu 84.72 % olarak
denek 2 ye ait EEG verisinden elde edilmistir. t-test
ozellik secimi lzerinden elde edilen siniflandirma
sonuglarinin degisimi Cizelge 2’'de gosterilmektedir.
Denekler Uzerinden ozellik kiimeleri
degerlendirildiginde en basarili sonuclar, denek 1
icin F2 ve F3 ozellik kiimesiyle 60.42 % olarak,
denek 2 icin F1 oOzellik kiimesiyle 62.5 % olarak,
denek 3 igin F2 6zellik kiimesiyle 81.94 % olarak,
denek 4 icin F1+F2+F3 ozellik kiimesiyle 63.19 %
olarak, denek 5 icin F3 ozellik kiimesiyle 56.94 %
olarak, denek 6 igin F2 6zellik kiimesiyle 59.72 %
olarak, denek 7 icin F1+F2+F3 0Ozellik kiimesiyle
56.94 % olarak, denek 8 icin F1+F2+F3 ozellik
kiimesiyle 59.72 % olarak ve denek 9 i¢in F2 6zellik
kiimesiyle 82.63 % olarak elde edilmistir.

Cizelge 2. t-test yontemiyle yapilan o6zellik segimi

Uzerinden gerceklestirilen siniflandirmaya ait

sonuglar.
Ozellik verisi k-NN k
Denekl
59.02778 17
59.02778 17
59.02778 17
59.02778 17
57.63889 35
Denek2 55.55556 3
55.55556 3
54.16667 3
54.16667 3
53.47222 3
Denek3 77.08333 25
80.55556 9
84.72222 5
77.08333 7
59.02778 9
Denek4 63.19444 13
57.63889 27
56.94444 15
56.25 15
57.63889 27
Denek5 54.86111 5
55.55556 9
(F1+F2+F3)+t-test 57.63889 7
57.63889 7
57.63889 7
Denek6 56.94444 15
62.5 31
61.11111 3
61.11111 3
59.02778 23
Denek?7 56.94444 23
58.33333 23
57.63889 11
57.63889 11
51.38889 5
Denek8 59.72222 7
63.19444 9
58.33333 15
62.5 25
63.19444 23
Denek9 81.94444 39
81.94444 39
81.94444 39
82.63889 37
81.94444 37
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Sekil 2. Her bir denek igin t-test 6zellik secimi tGizerinden
elde edilen siniflandirma sonuclari ve degisimi.
4. Sonug

Bu calismada, sag ve sol el hareket hayali bilgilerini

iceren motor  gorinti EEG sinyallerini
siniflandirmak i¢in alternatif bir calisma sunulmakta
ve egricik donldsimiin basarisi arastiriimaktadir.
Belirli ¢ kanaldan elde edilen EEG verisi 6n
islemden sonra egricik donlisimi uygulanarak (g
ozellik vektori elde edilmistir. Elde edilen o6zellik
vektorleri G¢ farkli siniflandirma islemine tabi
tutularak basari oranlari degerlendirilmistir. Ozellik
vektorleri ayri ayri degerlendirildiginde, egricik
katsayilar Uzerinden standart sapma
hesaplamasiyla olusturulan 6zellik verisi en basaril
sonucu (82.63 %) denek 9’a ait EEG verisi lizerinden
Ozellik

siniflandirma

vermektedir. vektorleri  birlestirilerek
t-test

isleminin

yapilan islemlerinde,

yontemiyle vyapilan 0Ozellik segimi

siniflandirma basarisini genel olarak iyilestirdigi
(84.72 %) gozlemlenmistir.
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Calismada, yalitim malzemesinin farkli gomulu enerjisine (tretim enerjisine) bagh farkl yalitimsiz duvar
isil direncine bagh yahtim kalinligi hesaplanmistir. Son yillarda binalarda kullanilan, yapi ve yalitim
malzemelerinin baglangigtan, ham madde halinden ve kullanimina kadar olan tiim enerjileri kapsayan,

Anahtar kelimeler goémiilii veya Uretim enerjileri bina enerji tiiketim incelemelerinde &nemli &lgiide dikkate alinmaya
GoEmiili enerji; baslanmistir. Isil atalet indeksi yapr kabugu yalitim kalinhiginin ile birlikte bina enerji tasarrufu
Uretim enerjisi; analizlerinde dikkate alinmasi gerekli 6nemli parametrelerdendir. Calismada ek olarak, yalitim
Yalitim kalinhig; malzemesinin kalinligina ve farkli zaman dilimleri icin 1sil atalet indeksi degerleri tespit edilmistir. Isitma
Isil atalet indeksi; sisteminde dogal gaz ve kdmir kullanildigi kabul edilmistir. Yalitim malzemesi olarak poliliretan

alinmigtir. En ylksek yalitim kalinhgi, 250 isitma giinde 2.0 m>.K/W sil direngte 30 MJ/kg gomiuli
enerjide, 0.064 m olarak hesaplanmistir. En disiik yalitim kalinhigi ise 100 isitma glinde 2.0 mZ.K/W isil
direngte 150 MJ/kg gébmdli enerjide, 0.006 m olarak bulunmustur.

The Thickness of Insulation to be Applied on The External Walls of
Buildings Depends on Embodied Energy and Thermal Atalet Index

Abstract
In the study, the insulation thickness was calculated depending on the different embodied energy
(production energy) of the insulation material and the wall thermal resistance. In recent years,

keywords embedded or production energies, which cover all the energies used in buildings, from raw materials to
Embodied energy; building and insulation materials, have begun to be considered in building energy consumption reviews.
Production energy; The thermal atalet index, together with the insulation thickness of the building envelope, is one of the

Insulation thickness; essential parameters to be considered in building energy-saving analysis. In the study, thermal atalet

Thermal ataletindeX;  jndex values were determined depending on the thickness of the insulation material for different
periods. Natural gas and coal are assumed to be used in the heating system, and Polyurethane was
taken as insulation material. The highest insulation thickness was calculated as 0.064 m for 250 heating
days, 2.0 m”.K/W thermal resistance and 30 MJ/kg embodied energy. The lowest insulation thickness
was 0.006 m for 100 heating days with 2.0 mZ.K/W thermal resistance 150 MJ/kg embodied energy.
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1.Girig

Mevcut yapi stokundaki isitma ve sogutmasi igin
enerji tiketiminin azaltilmasi, giinimiizde kiresel
surdurulebilirlik icin bir zorluktur ve binalarin
zarflarinin glclendirmesi ana konulardan biridir.
Mevcut binalarin zarflarinin ¢ogu disik yalitim
seviyeleri nedeniyle yliksek isil kayiplara sahiptirler
(Aste v.d. 2015). Mevcut iklimde, 1si yalitimi,
binalarda 1sitma veya sogutma icin enerji tiketimini
azaltmak, yapilarin ve yapi elemanlarinin émrini
uzatmak ve insan konforunu artirmak igin cok
onemlidir (Malka v.d. 2022).

Mimari  enerji  tiketimine iliskin  kapsamli
degerlendirme yapildiginda, binalarin ic asamaya
ayrilabilen tim yasam dongisini dikkate almaldir.
Bunlar kullanim 6ncesi asama (gomillu enerji),
kullanim asamasi (isletme enerjisi) ve kullanim
sonrasi asamadir (yikim veya olasi geri donlisim ve
yeniden kullanim) (Huberman ve Pearlmutter
2008). Bina eneriji verimliligine yonelik arastirmalar,
esas olarak bir binanin sdrekli kullanimi igin
gereken enerjiye odaklanirken, lretimde, gomuli
veya Uretim enerjisi genellikle gbz ardi edilir. Bu tir
bir yaklasim, son vyillarda bir binanin termal

performansini iyilestiren, ancak yuksek
somutlastirilmis enerji malzemelerine ve (riinlerine
dayanan stratejilere yol agmistir (Huberman ve
Pearlmutter 2008). Ozellikle 2100 yilina kadar 2 °C'
kiiresel sicakhk artisi nedeniyle, gomili veya

Uretim enerji kullaniminin gelecekteki politika
hedeflerine dahil edilmesi 6nemlidir (Koezjakova
v.d. 2018). Operasyonel enerji kullanimi diistikge,
somutlastirilmis enerjinin genel tiketimi en aza
indirmedeki rolinin giderek daha belirgin hale

gelmektedir (Huberman ve Pearlmutter 2008).

Geleneksel olarak, bina kabugu bilesenlerinin enerji
verimliligi ozellikleri, yalitim kapasitesinin yalnizca
insaat  malzemelerinin  termal iletkenligine
dayandigi sabit durum kullanilarak belirlenir. Bina
kabugu bilesenlerinin termal ataletini kontrol
ederek, bina termal, enerji verimliligi ve yangin
performansi gibi bina performansinin temel yonleri
bitlinctl bir sekilde degerlendirilebilir, boylece

birbirini etkilemeden dengeli tasarim c¢oziimleri

elde edilir (Soret v.d., 2021). Enerji bilincine sahip

bina tasarimi, bina zarfinin  termofiziksel
ozelliklerinin, dncelikle termal gecirgenlik (1s1 gecis
degeri) gibi kontrol edilmesinden olusur. Bununla
birlikte, 1s1 gecis degerinin yani sira, zarf termal
ataleti de dikkate alinmalidir. Ayrica, termal atalet
etkilerinin, diger enerji tasarrufu oOnlemleri ve
kullanimi ile

verimli bir bina birlestirilmesi

durumunda arttigi gésterilmistir (Aste v.d., 2009).
literatlri

Cahsma ile ilgili inceledigimizde,

koezjakova ve arkadaslari calismalarinda,
Hollanda'daki konuttaki en yaygin malzemelerin
somutlastirilmis enerji kullanimini iceren Gomuli
(EEDMS)
kullanilarak 1si talebi ile enerji kullanimi arasindaki
(Koezjakova v.d. 2018).

ve arkadaslari, yaptiklari

Enerji Veri Tabani YoOnetim Sistemi

iliskiyi arastirmiglardir
Amiri calismalarinda,
izlanda'da bulunan beton binanin, istege bagh g
yap!l malzemesi senaryosu (optimize edilmis beton,
hibrit beton-ahsap ve ahsap binalar) i¢in yasam
dongislii degerlendirmesini kullanarak kullanim

oncesi  somutlastirilmis  emisyonlara iliskin

degerlendirmeler yapmislardir (Amiri v.d., 2021).
Zhang ve arkadaslari ¢alismalarinda, geri 6deme
yaklasimini kullanarak yasam dongusi
degerlendirmesi ve yasam donglsii maliyet analizi
Hollanda ve isveg icin

kullanilarak, ispanya,

prefabrike beton eleman sisteminin ener;ji
tasarrufu, karbon azaltimi ve maliyet dislirme
yasam donglsi performansini incelemislerdir
(Zhang v.d., 2021). Huberman ve Pearlmutter
calismalarinda, giiney israil'in Negev ¢6l bdlgesinde
hem de

bir binada hem somutlastiriimis

operasyonel enerji tlketimini analiz ederek,
binanin (kltle, yalitim ve kaplama malzemeleri)
enerji gereksinimlerini 50 yillik yasam doéngisi
boyunca optimize edebilecek yapi malzemelerini
olasi alternatiflerini belirlememislerdir (Huberman
2008).

calismalarinda, Sidney, Avustralya bir bina icin,

ve Pearlmutter Chen ve arkadaslari

malzeme tipini ve kalinhgini g6z Onlnde
bulundurarak yalitim sisteminin toplam gomdali
enerjisi ile bina kabugunun termal performansi
arasindaki dengeyi bulmak icin ortak bir yazilim ve

uzantisini kullanan BIM tabanh bir zarf yalitim
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optimizasyon tasarimini énermektedirler (Chen v.d.
2020). Soret ve arkadaslari ¢alismalarinda, yangina
tepki performansini tahmin etmek icin bina
bilesenlerinin termal ataletini ve termal yalitim
parametrelerinden elde etmek icin sayisal bir
model kullanan bdtinclil  bir degerlendirme
yontemi onerilmisledir (Soret v.d. 2020). Xiao and
Zhang calismalarinda, konutlarin bina zarfi termal
performansinin sicak-yaz ve soguk-kis alanindaki
degerlendirme yontemi, soguk kuzey bodlgelerinin
yonteminde de termal atalet endeksinin bina
zarfinin termal performansi (zerindeki etkisi de
dikkate alinarak, duvarlarin ve c¢atilarin termal
performansinin isi transfer katsayisi veya termal
direng ile belirlenmemesi gerektigini
belirlemislerdir (Xiao ve Zhang 2013). Yang and
Tang yaptiklar ¢alismada, Almanya'da yeni insa
edilen bir dairenin enerji tiketimi Gzerindeki farkl
mineral elyaf, poliliretan ve vakum yalitim panelini
iceren Ug¢ farkli dis duvar yalitim malzemelerinin
etkisi

Uretimi ve bina alani i1sitmasi icin birincil enerji

arastirlmistir.  izolasyon malzemelerinin
kullanimini incelemek icin bir enerji analiz modeli
olusturulmustur. Béylece, her bir yalitim malzemesi
¢ vyalitim malzemesi igcin optimum vyalitim
kalinliklari ve tlirG icin en dislk toplam enerji
tiketimini elde edilmistir (Yang ve Tang 2017).
Reddy ve Jagadish calismalarinda, Hindistan’daki
binalarda, temel yapi malzemelerinin (cimento,
celik vb.) Uretiminde enerji tiketimi ve insaatta
farkl

malzemelerinin

kullanilan malzeme tirleri i¢in  yapl

somutlasmis enerjileri
incelenmistir. Calismada somutlasmis enerjisinin,
enerji verimli/alternatif  yapi malzemeleri
kullanildiginda %50 oraninda azaltilabilecegi
gosterilmistir (Reddy ve Jagadish 2003). Asdrubali
ve arkadaslari ¢alismalarinda duvar bloklari ve
beton paneller gibi duvar yapi Urlinlerinin yaklasik
180 Cevre Uriinleri

etmislerdir.

Beyani kullanarak analiz

Birincil enerji  (yenilenebilir ve

yenilenemez) ve kilresel 1sinma potansiyeli ile ilgili
veriler bina blok dizeyinde karsilastirilmistir.
Boylece tasarimcilarin ve (reticilerin erken tasarim
asamasinda duvar (rlnlerinden kaynaklanan
etkileri hakkinda bilgi vermisledir (Asdrubali v.d.

2023).  Grazieschi ve arkadaslari yapi yalitim

malzemelerinin somutlasmis enerjisi ve karbonu
hakkinda, 223 Cevresel Uriin Beyan’indan alinan
156 degerin kapsamli incelemesi yapmislardir.
Yenilik¢i ve gelismekte olan yalitim malzemelerine
dikkat edilerek

2021). Roh ve arkadaslari calismalarinda, Gilney

incelemislerdir (Grazieschi v.d.
Kore’deki 443 apartman binasinin tasarim ve

malzeme listeleri analiz edilerek yapl

malzemelerinin somutlasmis cevresel etkilerini
dikkat alarak, binalarin ¢evresel etkilerinin azaltmak
amaciyla kullanim émri iceren bir yasam dongusi
senaryolarina gore alti tip ana yap! malzemelerinin
(hazir beton, donati celigi, beton tugla, cam, yalitim
ve alcitasi) analizlerini yapmislardir (Roh v.d. 2018).
Nearing ve arkadaslari, toprak ytlizeyinin yakininda
Isinin homojen 1-D diflizyonunu varsayarak toprak
termal ataletini tahmin etmek icin glnlik
radyasyon ve spesifik nemine bagli iki giinlik ylizey
sicakligi 6lcimi kullanmislardir (Nearing v.d. 2012).
Aste ve arkadaslari g¢alismalarinda, farkl dinamik
ozelliklere sahip birkacg dis duvar sistemi i¢in termal
ataletin rollind artiran parametreleri
arastirmislardir (Aste v.d. 2009). Aste ve arkadaslari
calismalarinda, italyan daki bir ofis binasi icin bina
(catu, farkh

glclendirme senaryolarina bagh dinamik termal

zarfinin duvarlar ve zeminler)
ozelliklerinin 1sitma ve sogutma enerijisi talebi

Uzerindeki etkisini degerlendirmislerdir (Aste v.d.

2015). Stéphan ve arkadaslari calismalarinda,
ylksek gozenekli kirectasi eski binalarda yalitimin
yaz termal ataletini Gzerine etkisi

degerlendirmislerdir. Calismada, yalitimindan 6nce
ve sonraki verilerinin kullanilarak, termal ataleti
incelemislerdir (Stéphan v.d. 2013). Gagliano ve
arkadaslari calismalarinda, Katanya'da (italya) Villa
San Saverio'da bulunan buylk bir binanin dogal
havalandirma ve termal ataletin kombinasyonu ile
termal davranisinin incelenmisledir. Calismada
sonug olarak, dogal havalandirma ile yiksek termal
atalet kdtlesinin asiri 1Isinma olaylarini énledigini ve
binalarda iyi konfor seviyeleri sagladigini ve yaz
doneminde sogutma sistemlerinin ihtiyaclarini
azalttigini gostermektedir (Gagliano v.d. 2014).
Bellahcene ve arkadaslari ¢alismalarinda, degisen
iklim kosullarinda dort konfiglirasyona sahip c¢ok
duvarin  termal

katmanli  bir davranisini
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incelemislerdir. Termal atalet, 06zellikle katman
sicakliklari Gzerindeki etkisini anlamak icin sayisal
bir  similasyon  kullanilmistir.  Calisma,  bir
(CFD) kodu

kullanilarak 2D kararsiz durumda 1si transferinin

hesaplamali  akiskanlar dinamigi
modellenmesi kullanilmistir (Bellahcene v.d. 2017).
Acharya ve arkadaslari calismalarinda, kaldirim
yapiminda kullanilan iki 6nemli kaplama malzemesi
olan asfalt ve beton icin hesaplamal akiskanlar
(CFD)

boyutlarda ve ayni ortam kosullarinda albedo ve

dinamigi analizleri  kullanilarak  ayni
termal atalet degerlerinin degisimi incelenmistir
(Acharya v.d. 2021). Kon ve Caner galismalarinda,
tas kapli ve toprak kaplh kullanilan ve kullanilmayan
diz cati tipleridir t¢ farkh diiz ylizey icin optimum
yalitim kalinliklari  hesaplanmistir. Dis ortam
sicakhigl, kisin ayi icin en soguk olan ocak ayinin
degeri ve yazin en sicak ay olan temmuz ayinin
degeri ile glines radyasyonu kullaniimistir. Diiz ¢at
ylzeyler tas kapli ve toprak kapli siyah boyali ile
mermer ve izolasyon malzemesi olarak ekstriide
polistiren (XPS) kabul edilir (Kon ve Caner, 2023).
Kon ve Yiksel yaptiklari calismada, Tirkiye'nin
kuzeybati kesiminde yer alan Balikesir Universitesi
rektorlik binasinin optimum yalitim kalinhgina
sahip dis duvara icin binanin enerji tiiketimi, 1sitma
+ sogutma (yillik) donemlerinde teorik ve pratik
olarak belirlenmislerdir (Kon ve Yiiksel, 2019). Kon
ve Yiksel yaptiklari diger bir ¢calismada, 7 kath bir
tek kath bir

matbaadan olusan 6rnek binanin g¢atisi, zeminleri

ana bina ve ana binaya bagh

ve dis duvarlari i¢cin isitma, sogutma ve
Isitma+sogutma periyotlari icin optimum kalinlik,
tuketimi tasarrufu ayri ayn

yakit ve yakit

hesaplanir. izolasyon malzemesi icin ekstriide
polistiren kullanilir; elektrik sogutma sistemi igin
kullanilirken, dogal gaz isitma sistemi icin yakit
olarak kullaniimistir. Hesaplamalar derece-giin
yontemine ve yasam donglsi-maliyet analizine
gore yapilmistir. Hesaplamalar yapilirken, isitma
merkezine yerlestirilir ve 1 yil boyunca olglimler
kullaniimistir (Kon ve Yiksel 2016). Anh ve Pasztory
calismalarinda, bazi yaygin, alternatif ve yeni ileri
yalitim malzemeleri icin 1sil iletkenlik katsayisini
yaygin
faktorler nem igerigi, sicaklik farki ve yogunluk ve

etkileyen faktorler incelenmistir. En

bunu disinda hava akis hizi, kalinlk, basin¢g ve
diger faktorler
Pasztory 2021).

calismalarinda

malzeme yaslanmasi gibi baz
dikkate
Axaopoulos  ve

alinmistir  (Anh ve
arkadaslari
Yunanistan'in Atina sehri deki 6rnek binada hem
Isitma hem de sogutma periyodu icin g farkl
duvar tipi ile yalitim malzemesi ve yondeki dis
yalitim  kalinliklari

duvarlar icin  optimum

hesaplanmistir (Axaopoulos v.d. 2019). Liu ve
arkadaslari yaptiklari ¢alismada, toprak ve su faz
degisiminin etkisi olan ve olmayan iki farkli Nelder-
Mead algoritmasi kullanan iletken 1s1 transfer
modelinin kullanmiglardir. Bu model ile gomilu
borularin  donmasindan korunmak icin dolgu
malzemeleri, geometri, toplam uzunluk, yalitim
kalinhgi, boru ve yaltim arasindaki mesafe ve
borunun gémme derinligi gibi farkli faktorlerin isil
performansi Uzerindeki etkilerini incelemislerdir.
Calismada, faz degisimi sirasinda acgiga c¢ikan gizli
Isinin 1si transfer siirecini 6nemli 6lglide etkiledigi
ve faz degisiminin yalitim tasarimi (zerindeki

etkisinin g6z ardi edilmemesi gerektigi tespit
edilmistir (Liu v.d. 2019). Aytac¢ ve Aksoy yaptiklari
calismada, Elazig ili icin, bes farkh yakit tiri
(kdmiir, dogalgaz, fuel oil, LPG, elektrik) ve iki farkh
yalitim malzemesi (expande polistiren, tasyini)
icin optimum yalitim kalinliklari hesaplanmistir. Bu
hesaplamalar distan yalitimh ve sandvi¢ duvar
olmak uzere iki farkli duvar modeli Uzerinde
yapilmistir (Ayta¢ ve Aksoy, 2006). Axaopoulos ve
arkadaslari  yaptiklari calismada Yunanistan'in
Atina’daki hem isitma hem de sogutma siiresini ve
razgar hizini ve yonini dikkate alarak, farkh bilesim
ve yondeki dis duvarlar icin optimum yalitim
kalinigini  belirlenmistir. U¢ tip kompozit, 1si
yalitimli duvar secilmistir (Axaopoulos v.d. 2016).
Malka ve

Arnavutluk'taki farkl bina icin Mathcad yazilimini

arkadaslari ¢alismalarinda,
kullanarak dort farkl yalitim malzemesi (yani, EPS
Grafit, EPS, GW ve RW) ve bes eneriji (elektrik, dizel,
dogal gaz, sivilastiriimis petrol gazi ve biyokitle)
icin  optimize  edilmis  yalitim kalinhklari

hesaplanmislardir (Malka v.d. 2022).

Calismanin amaci, yalitim malzemesinin 30, 50, 70,
100, 150 MJ/kg gbmula
enerjisine) bagh farkl yalitimsiz duvar isil direncine

enerjisine (liretim
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bagh yalitim kalinhigini tespit etmektir. Ek olarak,
yalitim malzemesi kalinhgina ve 60 saniye (1
dakika), 3600 saniye (1 saat) ve 86400 saniye (24
saat) icin atalet indeksi degerleri bulunmustur.
Yalitim malzemesi olarak politiretan kullaniimistir.
Isitma sisteminde dogal gaz ve komur kullanildigi
kabul edilmistir. Literatiirde genel olarak duvarlar
icin dGmir maliyet analizine dayall optimum yalitim
kalinhg hesaplamalari yapilmistir. Bu c¢alismada
yalitim malzemesinin gomlli enerjisine (lUretim
enerjisine) bagh yalitim kalinhg hesaplanmistir.
Bununla birlikte yalitim malzemesinin termal atalet
indeksi tespit edilmistir. Bu iki parametreyi birlikte
hesaplanmasi ve incelenmesi ile literatlire katki
saglanmis olacaktir.

2. Materyal ve Metot

Yillk toplam isitma enerji yukd, isitma yiaka ile
yalitimin gémli  enerjisine bagh enerji degeri
toplamina esittir. Yalitim malzemesinin gdmuli
enerjisine bagh enerji yik{, yogunluga, 1si iletim
katsayisina ve gomdullu enerjiye baghdir. Isitma
sistemi yukli dis duvarin isi transfer katsayisina,
Isitma gilin sayisina, 1sitma sistemi verimine baghdir
[Yang ve Tang 2017].
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Burada, U tim duvarin 1si transfer katsayisi

(W/m?K), a; (0.13 m2.K/W) ve ays (0.04 m2.K/W) ic
ve dis ortam yuzeysel isil direncgleri, GE yalitim
malzemesinin  gdmill  enerjisini veya (liretim
enerjisi (MJ/Kg), Nstma I1SItMa sistemi verimini, ISG
Isitma glin sayisini, N yalitim malzemesinin émriini
(calismada 10 yil alinmistir), Ryuar Yalitim disindaki
duvar malzemelerinin  toplam 1sil  direncini
(m%.K/W), Aaiwm Yalitim malzemesinin (politiretan)
1st iletim katsayist (W/m.K), Egima ISItMa sistemi
enerji ihtiyacini, Eyzm Yalitim malzemesinin Gretim
enerjisini, Er,, toplam enerji tiiketimini ve Xyaitm
yalitim kalinhgini gostermektedir. Bazi farkli yalitim
malzemelerinin gomilli veya (retim enerjileri
ornek verilecek olursa; ekspande polistiren i¢in 115
MJ/kg, ekstride polistiren icin 113 Ml/kg ve
mineral yunt 23 MJ/kg dir [Koezjakova v.d. 2018].
Calismada, politiretan yalitim malzemesi referans
olarak alinarak hesaplamalar yapilmistir. Buna gore
yalitim malzemesinin gomali enerji veya lretim
enerji degerleri farkh alinmistir. Boylece, yalitim
malzemesinin gomill enerji veya Uretim enerjisi
30, 50, 70, 100, 150 MJ/kg alinarak gomili veya
Uretim enerjiye bagh yahtim kahnhginin nasil

degisecegi incelenmistir.

_ 2TL}‘yaIltlm‘Cyalltlm~py—,,||t|m
syalltlm - T (8)

D= 2{1:1 R.S (9)

Burada, duvardaki her bir katmanin S isi koruma
kapasitesi (W/m?.K), A yalitim malzemesinin isi
iletim katsayisi (W/m.K), C o&zgil 1s1 (J/kg.K), p
yalitim malzemesinin yogunlugu (kg/m?®) ve T
zaman (saniye) gostermektedir. D termal atalet
indeksi ve R duvardaki her bir katmanin 1sil direng
(m2.K/W) dir [Xiao ve Zhang 2013].
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Tablo 1. Hesaplamalarda kullanilan Parametreler
(Yang ve Tang 2017, Kon ve Yiksel 2016,
Aytac ve Aksoy, 2006)

Parametre Yogunluk Istiletim Gomiili Spesifik
(kg/m?®) Katsayisi Enerji Enerji
(W/m?K)  (Uretim  (J/Kg.K)
Enerijisi)
(MJ/kg)
Politretan
Yalitim 30 0.025 134 1400
Malzemesi
Isitma Sistemi Kémdir igin % 65 Dogal Gaz igin % 93
Verimi

3. Sonuglar ve Tartisma

Yakit olarak dogal gaz kullanildiginda, 100 giin
Isitma yapildiginda gémali enerji (Uretim enerjisi)
30 MJ/kg, 0.6 m> K/W 1sil direngte 0.005 m, 50
MJ/kg, 0.8 m?. K/W 1sil direngte 0.004 m, 70 MJ/kg,
0.9 m?. K/W 1sil direngte 0.001 m, 100 MJ/kg, 1.1
m’. K/W 1sil direncte 0.001 m, 150 MJ/kg, 1.4 m®.
K/W sl direncte 0.001 m hesaplanmistir. 150 giin
Isitma yapildiginda gémali enerji (Uretim enerjisi)
30 MJ/kg, 0.5 m> K/W 1sil direngte 0.008 m, 50
MJ/kg, 0.6 m?. K/W 1sil direngte 0.002 m, 70 MJ/kg,
0.7 m?. K/W 1sil direngte 0.001 m, 100 MJ/kg, 0.9
m’. K/W isil direncte 0.002 m, 150 Mi/kg, 1.1 m*.
K/W isil direncte 0.001 m hesaplanmistir. 200 giin
Isitma yapildiginda gémali enerji (Uretim enerjisi)
30 MJ/kg, 0.4 m* K/W 1sil direngte 0.005 m, 50
MJ/kg, 0.5 m?. K/W 1sil direngte 0.001 m, 70 MJ/kg,
0.6 m?. K/W 1sil direncte 0.001 m, 100 MJ/kg, 0.9
m’. K/W 1sil direncte 0.004 m, 150 MJ/kg, 1.0 m*.
K/W isil direncte 0.003 m hesaplanmistir. 250 giin
Isitma yapildiginda gémali enerji (Uretim enerjisi)
30 MJ/kg, 0.4 m* K/W 1sil direngte 0.014 m, 50
MJ/kg, 0.5 m?. K/W 1sil direngte 0.008 m, 70 MJ/kg,
0.6 m?. K/W 1sil direncte 0.007 m, 100 MJ/kg, 0.7
m’. K/W 1sil direncte 0.004 m, 150 MJ/kg, 0.8 m®.
K/W 1sil direncte 0.001 m hesaplanmistir. Bu
degerler ve diger yalitim kalinlklar Sekil 1'de
Yakit olarak dogal gaz
kullaniminda a) 100 isitma gind, b) 150 isitma

verilmistir.  Sekil 1.
glnq, ¢) 200 1sitma giind ve d) 200 isitma glni
icin yalitim malzemesinin goémili enerjisine bagh
yalitim kalinligi degisimi grafikleri gosterilmistir.

Yakit olarak komdir kullanildiginda, 100 giin i1sitma
yapildiginda gdmli enerji (lUretim enerjisi) 30
MJ/kg, 0.5 m?. K/W 1sil direngte 0.007 m, 50 MJ/kg,
0.6 m”. K/W isil direncte 0.001 m, 70 MJ/kg, 0.8 m°.
K/W 1sil direncte 0.004 m, 100 MJ/kg, 0.9 m>. K/W
isil direngte 0.001 m, 150 MJ/kg, 1.1 m> K/W sl
direncte 0.001 m hesaplanmistir. 150 glin isitma
yapildiginda gdomli enerji (lUretim enerjisi) 30
MJ/kg, 0.4 m?. K/W 1sil direngte 0.008 m, 50 MJ/kg,
0.5 m®. K/W 1sil direncte 0.004 m, 70 MJ/kg, 0.6 m°.
K/W 1sil direngte 0.003 m, 100 MJ/kg, 0.7 m>. K/W
isil direngte 0.001 m, 150 MJ/kg, 0.9 m>. K/W sl
direncte 0.002 m hesaplanmistir. 200 glin Isitma
yapildiginda gdmili enerji (lUretim enerjisi) 30
MJ/kg, 0.4 m?. K/W 1sil direngte 0.020 m, 50 MJ/kg,
0.5 m®. K/W 1sil direncte 0.012 m, 70 MJ/kg, 0.5 m°.
K/W 1sil direncte 0.002 m, 100 MJ/kg, 0.6 m>. K/W
isil direngte 0.001 m, 150 MJ/kg, 0.8 m>. K/W isil
direncte 0.003 m hesaplanmistir. 250 glin Isitma
yapildiginda gdmli enerji (lUretim enerjisi) 30
MJ/kg, 0.3 m?. K/W 1sil direngte 0.009 m, 50 MJ/kg,
0.4 m®. K/W 1sil direncte 0.008 m, 70 MJ/kg, 0.5 m°.
K/W 1sil direncte 0.009 m, 100 MJ/kg, 0.6 m>. K/W
isil direngte 0.007 m, 150 MJ/kg, 0.7 m>. K/W sl
direncte 0.003 m hesaplanmistir. Bu degerler ve
diger yalitim kalinhklari Sekil 2’de verilmistir. Sekil
2. Yakit olarak dogal gaz kullaniminda a) 100 isitma
gind, b) 150 1sitma glinl, c) 200 isitma glinli ve
d) 200 isitma glnd icin yalitim malzemesinin
gomullu enerjisine bagh yalitim kalinhgl degisimi
grafikleri gosterilmistir.

Isitma glin sayisi ve duvar isil direng artisi ile yalitim
kalinhginin artisi dogru orantilidir. Isitma gilin sayisi
ve isil direng arttik¢a yalitim kalinligi artmaktadir.
Fakat gomdill enerji (Uretim enerji) artisi ile yalitim
kalinhginin artisi ters orantilidir. Gémali enerji
(retim  enerji)  arttikca  yalitim  kalinhg
azalmaktadir. Yalitim kalinliginda i1sitma giin sayisi,
duvar 1sil direnci ve gémlu enerji (Uretim enerjisi)

onemli parametrelerdir.

Yakit olarak dogal gaz kullanildiginda 60 saniyede (1
dakikada) 1sil atalet indeksi 100 1sitma giini i¢in 30
MJ/kg gomili enerjisine bagli olarak 0.6 m”.K/W
istl direng icin 2.096, 70 MJ/kg gébmuli enerjiye
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bagl olarak 0.9 m%.K/W 1sil direng icin 0.419, 150
MJ/kg gdmiili enerjiye bagh olarak 1.4 m>.K/W sl
direng icin 0.419 hesaplanmistir. 150 i1sitma gini
icin 30 MJ/kg gomull enerjisine bagh olarak 0.5
m>.K/W 1sil direncg icin 3.354, 70 MJ/kg gomiili
enerjiye bagh olarak 0.8 m%K/W 1sil direng icin
0.419, 150 MJ/kg gbmuli enerjiye bagh olarak 1.1
m>.K/W 1sil direng icin 0.419 hesaplanmistir. 200
Isitma gind icin 30 Mi/kg gomili enerjisine bagh
olarak 0.4 m*K/W 1sil direng icin 2.096, 70 MJ/kg
gdmili enerjiye baglh olarak 0.6 m>.K/W isil direng
icin 0.419, 150 MJ/kg gomull enerjiye bagh olarak
0.9 m”K/W 1sil direng icin 0.042 hesaplanmistir.
250 1sitma guinG icin 30 MJ/kg gémuli enerjisine
bagh olarak 0.4 m2.K/W sil direng icin 5.869, 70
MJ/kg gdmiili enerjiye bagh olarak 0.6 m>.K/W sl
direnc igin 2.934, 150 MJ/kg gébmiili enerjiye bagl
olarak 0.8 m~K/W sl icin  0.419
hesaplanmistir. Bu degerler ve diger degerler Tablo

direng

2 de verilmistir. Tablo 2’de dogal gaz yakit icin,
Isitma gin sayisi, gobmila enerjisi, dis duvar sl
direncine bagli 60 saniye (1 dakika) icin Isil atalet
indeksi gosterilmistir. 3600 saniyede (1 saatte) 1sil
atalet indeksi 100 isitma ginu icin 30 MlJ/kg
gébmullu enerjisine bagl olarak 0.6 m2.K/W sil
direng icin 0.271, 70 MJ/kg gébmliu enerjiye bagh
olarak 0.9 m%.K/W isil direng icin 0.054, 150 MJ/kg
gdmili enerjiye bagh olarak 1.4 m>.K/W isil direng
icin 0.054 hesaplanmistir. 150 1sitma gini icin 30
MJ/kg gomili enerjisine bagl olarak 0.5 m%.K/W
isil direng icin 0.433, 70 MJ/kg gobmillu enerjiye
bagl olarak 0.7 m%.K/W 1sil direng icin 0.054, 150
MJ/kg gdmilt enerjiye bagh olarak 1.1 m%.K/W sl
direng icin 0.054 hesaplanmistir. 200 isitma gind
icin 30 MJ/kg gébmllu enerjisine bagl olarak 0.4
m2K/W 1sil direng icin 0.271, 70 MJ/kg gomiili
enerjiye bagh olarak 0.6 m>.K/W 1sil direng icin
0.054, 150 MJ/kg gébmilu enerjiye bagh olarak 0.9
m2.K/W 1sil direng icin 0.005 hesaplanmistir. 250
isitma guind icin 30 MJ/kg gomili enerjisine bagli
olarak 0.4 m*K/W 1sil direng icin 0.758, 70 MJ/kg
gdémuli enerjiye bagh olarak 0.6 m%.K/W isil direng
icin 0.379, 150 MJ/kg gbmuli enerjiye bagh olarak
0.8 m%.K/W 1sil direng icin 0.054 hesaplanmistir. Bu
degerler ve diger degerler Tablo 3 de verilmistir.
Tablo 3’te Dogal gaz yakit igin, Isitma giin sayisi,

gomull enerjisi, dis duvar 1sil direncine bagh 60
dakika) igin Isil
gosterilmistir. 86400 saniyede (1 glinde) isil atalet

saniye (1 atalet indeksi
indeksi 100 isitma giniu icin 30 MJ/kg gomili
enerjisine bagl olarak 0.6 m%.K/W 1sil direng icin
0.055, 70 MJ/kg gomulu enerjiye bagl olarak 0.9
m2.K/W 1sil direng icin 0.011, 150 MJ/kg goémiilii
enerjiye baglh olarak 1.4 m“K/W 1sil direnc icin
0.011 hesaplanmistir. 150 isitma gund icin 30
MJ/kg gomili enerjisine bagli olarak 0.5 m?.K/W
istl direng icin 0.088, 70 MIJ/kg gébmuli enerjiye
bagl olarak 0.7 m%.K/W isil direng igin 0.011, 150
MJ/kg gdmiilii enerjiye bagl olarak 1.1 m*.K/W sl
direnc icin 0.011 hesaplanmistir. 200 1sitma gini
icin 30 MJ/kg gbmll enerjisine bagh olarak 0.4
m2.K/W 1sil diren¢ icin 0.055, 70 MJ/kg gomiilii
enerjiye baglh olarak 0.6 m“K/W 1sil direnc icin
0.011, 150 MJ/kg gbmili enerjiye bagh olarak 0.9
m2.K/W 1sil direng igin 0.001 hesaplanmistir. 250
Isitma gind icin 30 MJ/kg gomull enerjisine bagh
olarak 0.4 m%K/W isil direng icin 0.155, 70 MJ/kg
gbmlu enerjiye bagh olarak 0.6 m2.K/W 1sil direng
icin 0.077, 150 MJ/kg gomull enerjiye bagh olarak
0.8 m%.K/W 1sil direng icin 0.011 hesaplanmistir. Bu
degerler ve diger degerler Tablo 4 de verilmistir.
Tablo 4 dogal gaz yakit icin, Isitma gilin sayisi,
gomull enerjisi, dis duvar 1sil direncine bagh 60
dakika) igin Isil indeksi

saniye (1 atalet

gosterilmistir.

Yakit olarak komir kullanildiginda 60 saniyede
(1 dakikada) isil atalet indeksi 100 isitma gilini igin
30 MJ/kg gbmula enerjisine bagh olarak 0.5
m2.K/W 1sil direnc icin 2.034, 70 MJ/kg gomiili
enerjiye bagl olarak 0.8 m“K/W 1sil direnc icin
1.677, 150 MJ/kg gomili enerjiye baglh olarak 1.1
m>.K/W 1sil direng icin 0.419 hesaplanmistir. 150
Isitma gind icin 30 MJ/kg gébmull enerjisine bagl
olarak 0.4 m%K/W isil direncg icin 3.354, 70 MJ/kg
gomiili enerjiye bagh olarak 0.6 m>.K/W isil direng
icin 1.258, 150 MJ/kg gomull enerjiye bagh olarak
0.9 m“K/W sil direng icin 0.838 hesaplanmistir.
200 1sitma gunl icin 30 MJ/kg gémull enerjisine
baglh olarak 0.4 m%..K/W 1sil direng icin 8.384, 70
MJ/kg gdmiili enerjiye bagl olarak 0.5 m*.K/W sl
direnc icin 0.838, 150 MJ/kg gomull enerjiye bagli
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olarak 0.8 m%K/W 1sil 1.258
hesaplanmistir. 250 1sitma ginl icin 30 MJ/kg

diren¢ igin

gémili enerjisine bagh olarak 0.3 m’.K/W sil
direng icin 3.773, 70 MJ/kg gomilu enerjiye bagh
olarak 0.5 m%.K/W isil direng icin 3.773, 150 MJ/kg
gomiili enerjiye bagh olarak 0.7 m*.K/W 1sil direng
icin 1.258 hesaplanmistir. Bu degerler ve diger
degerler Tablo 5 de verilmistir. Tablo 5'te komiur
yakit icin, Isitma glin sayisi, gdbmulG enerijisi, dis
duvar 1sil direncine bagl 60 saniye (1 dakika) igin
Isil atalet indeksi gosterilmistir. 3600 saniyede (1
saatte) isil atalet indeksi 100 isitma glni igin 30
MJ/kg gomuli enerjisine bagli olarak 0.5 m%.K/W
isil direng icin 0.379, 70 MJ/kg gomull enerjiye
bagl olarak 0.8 m>.K/W isil direng igin 0.216, 150
MJ/kg gdmili enerjiye bagh olarak 1.1 m%.K/W isil
direng icin 0.054 hesaplanmistir. 150 i1sitma ginu
icin 30 MJ/kg gomull enerjisine bagh olarak 0.4
m2K/W 1sil direnc icin 0.433, 70 MJ/kg gomiili
enerjiye bagl olarak 0.6 m“K/W 1sil direnc icin
0.162, 150 MJ/kg goébmll enerjiye bagh olarak 0.9
m2.K/W 1sil direng icin 0.108 hesaplanmistir. 200
Isitma gind icin 30 MJ/kg gomull enerjisine bagh
olarak 0.4 m*.K/W isil direnc icin 1.082, 70 MJ/kg
gémill enerjiye bagh olarak 0.5 m“K/W isil direng
icin 0.108, 150 MJ/kg gébmili enerjiye bagh olarak
0.8 m“K/W 1sil direng icin 0.162 hesaplanmistir.
250 isitma ginu icin 30 MJ/kg gébmilu enerjisine
bagl olarak 0.3 m>.K/W 1sil direng icin 0.487, 70
MJ/kg gdmiili enerjiye bagl olarak 0.5 m*.K/W isil
direng icin 0.487, 150 MJ/kg gomuli enerjiye bagh
olarak 0.7 m%K/W sil 0.162
hesaplanmistir. Bu degerler ve diger degerler Tablo

diren¢ igin

6 da verilmistir. Tablo 6’da kém{ir yakit igin, Isitma
glin sayisi, gdmdill enerijisi, dis duvar 1sil direncine
bagh 60 saniye (1 dakika) icin Isil atalet indeksi
gosterilmistir. 86400 saniyede (1 glinde) isil atalet
indeksi 100 isitma ginu icin 30 MJ/kg gomili
enerjisine bagl olarak 0.5 m%K/W 1sil direng icin
0.077, 70 MJ/kg gomulu enerjiye bagl olarak 0.8
m>.K/W 1sil direng icin 0.044, 150 MJ/kg goémiilii
enerjiye bagh olarak 1.1 m“K/W 1sil direnc icin
0.011 hesaplanmistir. 150 isitma gund icin 30
MJ/kg gomuli enerjisine bagli olarak 0.4 m”.K/W
isil direng icin 0.088, 70 MJ/kg gomull enerjiye
bagl olarak 0.6 m%.K/W isil direng icin 0.033, 150

MJ/kg gdmiili enerjiye bagh olarak 0.9 m>.K/W sl
direng icin 0.022 hesaplanmistir. 200 1sitma gini
icin 30 MJ/kg gomull enerjisine bagh olarak 0.4
m2K/W 1sil diren¢ icin 0.221, 70 MJ/kg gomiili
enerjiye bagh olarak 0.5 m%K/W 1sil direng icin
0.022, 150 MJ/kg gbmuli enerjiye bagh olarak 0.8
m2.K/W 1sil direng icin 0.033 hesaplanmistir. 250
Isitma gind icin 30 Mi/kg gomili enerjisine bagh
olarak 0.3 m*K/W 1sil direng icin 0.099, 70 MJ/kg
gomuli enerjiye bagh olarak 0.5 m%K/W isil direng
icin 0.099, 150 MJ/kg gomull enerjiye bagh olarak
0.7 m*.K/W 1sil direng icin 0.033 hesaplanmistir. Bu
degerler ve diger degerler Tablo 7 de verilmistir.
Tablo 7 de komir yakit icin, Isitma glin sayisi,
gomulla enerjisi, dis duvar isil direncine bagh 60
atalet indeksi

saniye (1 dakika) i¢in Isil

gosterilmistir.

TUm 1sitma gin degerleri ve her iki yakit tird igin
yalitim malzemesinin gomull enerjisi artmasi ile
daha yilksek duvar isil direnglerinde 1sil atalet
indeksi degeri hesaplanmaya baslamaktadir. Tim
zaman dilimleri icin (1 dakika, 1 saat ve 1 glin) tiim
Isitma glin sayilarinda ayni duvar sl direng
degerlerinde 1sil atalet indeksi tespit edilmistir. Isil
atalet indeksinde zaman diliminden c¢ok yalitim
malzemesinin gémillu enerjisi (liretim enerjisi)
etkili parametredir.

100 Gun
0.040
0.035 L
e L4 b

E 0030 s ®30Ml/kg
= 50 MJ/k
= 002 SOMI/ke
= 70 Mi/kg
T 002
£ : 100 Mi/kg
£ o015 o @ 150 Mi/kg

0.010 ®

0.005 ° oo ®

0.000 ..............

0.0 0.5 1.0 15 20
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Sekil 1. Yakit olarak dogal gaz kullaniminda a) 100

Isitma gind, b) 150 isitma gind, c) 200 i1sitma
ginii ve d) 250 isitma gind igin yalitim
malzemesinin gdmilu enerjisine bagh yalitim
kalinhgi degisimi grafikleri
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Sekil 2. Yakit olarak kémir kullaniminda a) 100 isitma

gini, b) 150 isitma glnd, c¢) 200 i1sitma gini ve
d) 250 isitma glind igin yalitim malzemesinin
goémulu enerjisine bagl yalitim kalinhigi degigimi
grafikleri
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Tablo 4. Dogal gaz yakit icin, Isitma glin sayisi, gomuli

Tablo 2. Dogal gaz yakit igin, Isitma gin sayisi, gomuli enerjisi, dis duvar 1sil direncine bagh 86400
enerjisi, dis duvar 1sil direncine bagh 60 saniye saniye (1 glin) icin Isil atalet indeksi
(1 dakika) icin Isil atalet indeksi
Isil Isitma Giin Sayisi
1sil Isitma Giin Sayisi Dziren; 100 giin 200 giin
Direng 100 giin 200 giin (m”.K/W) Gomiilii Enerji
(m%.K/W) Gomalu Enerji 30 70 150 30 70 150
30 70 150 30 70 150 86400 saniye
60 saniye 0.1
0.1 - — - o o - 0.2 - - - - - -
0.2 - — - o o - 0.3 - - - - - -
0.3 0.4 0.055
0.4 — o — 2.096 — o 0.5 - - - 0.199 - -
0.5 7546 0.6 0.055 0.287 0.011
0.6 2.096 10.899  0.419 0.7 0.121 0342 0.077
0.7 4.611 12.995  2.934 0.8 0.166 0397 0132
0.8 6.288 o — 15.091 5.030 o 0.9 0.210 0.011 - 0.442 0.166 0.001
0.9 7.965  0.419 16.768  6.288  0.042 1.0 0243 0.044 0475 0199 0.033
1.0 9.222 1677 18.026  7.546  1.258 11 0.265  0.066 0497 0221  0.055
1.1 10.061  2.515 18.864 8384  2.096 1.2 0.287  0.088 0519 0243 0.077
1.2 10.899 3.354 19.702  9.222  2.934 13 0298 0.110 0530 0254 0.099
1.3 11.318 4.192 - 20.122 9.642 3.773 1.4 0.320 0.121 0.011 0.552 0.276 0.110
1.4 12.157 4.611 0.419 20.960 10.480 4.192 15 0331 0132 0022 0563 0.287 0.121
1.5 12.576 5.030 0.838 21.379 10.899 4.611 16 0342 0144 0033 0574 0.298 0.132
1.6 12.995 5450 1258 21.798 11.318 5.030 1.7 0353 0155 0044 058 0309 0.144
1.7 13.414 5.869 1.677 22218 11.738 5.450 1.8 0364 0166 0055 059 0320 0.155
1.8 13.834 6.288 2.096 22.637 12.157 5.869 19 0364 0177 0055 0.596 0.331 0.166
1.9 13.834 6.707 2.096 22.637 12.576 6.288 2.0 0375 0188 0066 0.607 0.342 0.177
2.0 14253 7126 2.515 23.056 12.995 6.707
Tablo 5. Komir yakit igin, Isitma gin sayisi, gomill
Tablo 3. Dogal gaz yakit igin, Isitma gin sayisi, gomuli enerjisi, dis duvar isil direncine bagli 60 saniye
enerjisi, dis duvar 1sil direncine bagl 3600 (1 dakika) i¢in Isil atalet indeksi
saniye (1 saat) icin Isil atalet indeksi
Isil Isitma Giin Sayisi
Isil Isitma Giin Sayisi Dirf“‘:' 100 giin 200 giin
Direng 100 giin 200 giin (m”.k/ GOmiili Enerji
(m%K/W) Gomiilii Enerji w) 30 70 150 30 70 150
30 70 150 30 70 150 60 saniye
3600 saniye 0.1
0.1 - - - - - - 0.2 --- --- --- --- - ---
0.2 — - - - — — 0.3 - - - - --- -
0.3 0.4 8.384
0.4 0.271 0.5 2.934 13.414 0.838
0.5 0.974 0.6 6.288 16.768  4.611
0.6 0.271 - - 1.407 0.054 — 0.7 8.803 - - 19.283  6.707 -
0.7 0.595 1.678 0379 0.8 10.480 1.677 21379 8.803  1.258
0.8 0.812 - - 1.948 0.649 - 0.9 12.157 3.354 --- 22.637 10.061 2.934
0.9 1.028 0.054 - 2165 0.812 0.005 1.0 13.414  4.611 --- 23.894 11.318 3.773
1.0 1.191 0.216 - 2327 0974 0.162 1.1 14.253 5.450 0.419 24,733  12.157 5.030
1.1 1.299 0.325 - 2.435 1.082 0271 1.2 15.091 6.288 0.838 25.571  12.995 5.869
1.2 1.407 0.433 - 2.544 1.191 0.379 1.3 15.510 6.707 1.677 26.410 13.834 6.288
1.3 1.461 0.541 - 2.598 1.245 0.487 1.4 16.349 7.546 2.096 26.829 14.253 7.126
1.4 1.569 0.595 0.054 2.706 1.353 0.541 1.5 16.768  7.965 2.515 27.248 14.672 7.546
1.5 1.624 0.649 0.108 2.760 1.407 0.595 1.6 17.187 8.384 2.934 27.667 15.091 7.965
1.6 1.678 0.704 0.162 2.814 1.461 0.649 1.7 17.606  8.803 3.354 28.086 15.510 8.384
1.7 1.732 0.758 0.216 2.868 1.515 0.704 1.8 18.026  9.222 3.773 28.506 15.930 8.384
1.8 1.786 0.812 0.271 2.922 1569 0.758 1.9 18.026  9.222 4.192 28.925 16.349 8.803
1.9 1.786 0.866 0.271 2.922 1.624 0.812 2.0 18.445 9.642 4.611 28.925 16.768  9.222

2.0 1.840 0920 0.325 2977 1678 0.866

59



Binalarin Dis Duvarlarinda Uygulanacak Yalitimin Gémiilii Enerjisine Bagh Kalinhii ve Isil Atalet indeksi, Kon.

Tablo 6. Komir yakit igin, Isitma gin sayisi, gomuli
enerjisi, dis duvar 1sil direncine bagh 3600
saniye (1 saat) igin Isil atalet indeksi

Isil Isitma Giin Sayisi

Direng 100 giin 200 giin

(m’.K/ Gomilii Enerji
W) 30 70 150 30 70 150

3600 saniye

0.4 1.082
0.5 0.379 1.732 0.108
0.6 0.812 2.165 0.595
0.7 1.137 2.490 0.866
0.8 1.353 0.216 2.760 1.137 0.162
0.9 1.569 0.433 2.922 1.299 0.379
1.0 1.732 0.595 3.085 1.461 0.487
1.1 1.840 0.704 0.054 3.193 1.569 0.649

1.2 1.948 0.812 0.108 3.301 1.678 0.758

13 2.002 0.866 0.216 3.410 1.786 0.812

1.4 2.111 0.974 0.271 3.464 1.840 0.920
1.5 2.165 1.028 0.325 3.518 1.894 0.974
1.6 2.219 1.082 0.379 3.572 1.948 1.028

1.7 2.273 1.137 0.433 3.626 2.002 1.082

1.8 2.327 1.191 0.487 3.680 2.057 1.082

1.9 2.327 1.191 0.541 3.734 2.111 1.137

2.0 2.381 1.245 0.595 3.734 2.165 1.191

Tablo 7. Komir yakit igin, Isitma gin sayisi, gomuli
enerjisi, dis duvar 1sil direncine bagh 86400
saniye (1 glin) icin Isil atalet indeksi

Isil Isitma Giin Sayisi
Direng 100 giin 200 giin
(m’.K/ Gomiilii Enerji

w) 30 70 150 30 70 150

86400 saniye

0.1 - - - - - -
0.2 --- --- - --- - ---
0.3 --- --- - --- - ---
0.4 --- --- - 0.221 - ---
0.5 0.077 - - 0.353 0.022 -
0.6 0.166 - - 0.442 0.121 -
0.7 0.232 --- - 0.508 0.177 ---
0.8 0.276 0.044 - 0.563 0.232 0.033
0.9 0.320 0.088 - 0.596 0.265 0.077
1.0 0.353 0.121 - 0.629 0.298 0.099
1.1 0.375 0.144 0.011 0.651 0.320 0.132
1.2 0.397 0.166 0.022 0.673 0.342 0.155
1.3 0.408 0.177 0.044 0.696 0.364 0.166
14 0.431 0.199 0.055 0.707 0.375 0.188
1.5 0.442 0.210 0.066 0.718 0.386 0.199
1.6 0.453 0.221 0.077 0.729 0.397 0.210
1.7 0.464 0.232 0.088 0.740 0.408 0.221
1.8 0.475 0.243 0.099 0.751 0.420 0.221
1.9 0.475 0.243 0.110 0.762 0.431 0.232
2.0 0.486 0.254 0.121 0.762 0.442 0.243

4. Sonug

Istma gln sayist arttikca yalitim  kalinlig
artmaktadir. Isil direng arttikca yalitim kalinhg
artmaktadir. Yalitim malzemesinin gomuli enerji
arttikca yalitim kalinhgl azalmaktadir. Dogal gaz
yakiti kullaniminda; en yiksek yalitim kalinligi, 250
isitma giinde 2.0 m“K/W 1sil direngte 30 MJ/kg
gomiulu enerjide, 0.064 m olarak hesaplanmistir. En
disuk yahtim kalinligi ise 100 i1sitma glinde 2.0
m2.K/W 1sil direngte 150 MJ/kg gémiili enerjide,
0.006 m olarak bulunmustur. Koémir yakiti
kullaniminda; en yliksek yalitim kalinhgi, 250 1sitma
giinde 2.0 m>.K/W 1sil direngte 30 MJ/kg gomilii
enerjide, 0.079 m olarak hesaplanmistir. En distk
yalitim kalinligi ise 100 isitma giinde 2.0 m2K/W 1sll
direncte 150 MlJ/kg gomili enerjide, 0.011 m
olarak bulunmustur. Isitma amacgh komir yakiti
kullaniminin, dogal gaz kullanimindan daha yiksek
yalitim kalinhigi degerler hesaplanmistir.

Zaman dilimi arttikca 1sil  atalet indeksi
azalmaktadir. Dogal gaz yakiti icin 250 1sitma gunu
icin 2.0 m%.K/W duvar 1sil direncinde 60 saniyede
Isil atalet indeksi 7.965, 3600 saniyede isil atalet
indeksi 1.028 ve 86400 saniyede 0.210 olarak
hesaplanmistir. Kémir yakiti icin 60 saniyede isil
atalet indeksi 10.899, 3600 saniyede 1sil atalet
indeksi 1.407 ve 86400 saniyede 0.287 olarak
hesaplanmistir. Komir yakiti kullaniminda dogal
gaz yakitina gore yalitim malzemesine bagh sl
indeksi

atalet daha vylksek degerlerde tespit

edilmistir.

Isitma amach komir yakiti kullaniminda, dogal gaz
yakitina gore yalitim malzemesine bagli 1sil atalet
indeksi daha yiksek degerlerde tespit edilmistir.

ilerideki
malzemeleri

farkli
malzemelerinin

calismalarda  hem yalitim
ve hem de vyapi
gomiull veya Uretim enerjileri dikkate alinarak yapi
kabugunu olusturan dis duvar, déseme ve tavan
icin  yalitim  kalinhginin nasil  degisecegi
incelenecektir. Buna bagli olarak isil atalet indeksi
atalet indeksinin

hesaplamalari yapilarak, sl

degisimi arastirilacaktir.
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Bu calismada, kolesterol amperometrik tayini igin Prusya mavisi (PB) temelli amperometrik

biyosensorler hazirlandi. Bu amagla, jelatin ve gluteraldehit iceren ortam kullanilarak ¢apraz baglama

. teknigi ile PB ve kolesterol oksidaz (COy) enzimi screen-printed elektrotlarin (SPE) ylizeyine immobilize
Anahtar Kelimeler . L N . .
edildi. SPE/PB/COx elektrotlarin kolesterol tayini igin uygun olduklari gozlendi ve optimizasyon

Amperometri;
Biyosensér; Enzim cahigmalari bu enzim elektrotlari kullanilarak yapildi. SPE/PB/COy enzim elektrodu igin optimum jelatin
elektrot; Kolesterol. miktari, gluteraldehit orani, PB derisimi, tampon cinsi, tampon derisimi, sirasiyla fosfat tamponu; 0,002

g, % 0.5, 0.02 M, 0.05 M; pH:7,5 olarak belirlendi. Enzim elektrodun, kolesterol igin dogrusal ¢alisma
arahigl 2x106-2x10> M, gozlenebilme sinir 2x10-¢ M, cevap siresi 50 s ve raf dmru yaklasik bir ay olarak
bulundu. SPE/PB/COx kolesterol biyosenséri hazirlanmasi optimizasyonu basarili bir sekilde elde edildi.

Development of Biosensors for Cholesterol Determination

Abstract

In this study, for the determination of cholesterol amperometric Prussian blue (PB) based

amperometric biosensors were prepared. For this purpose, the cross-linking techniques using
glutaraldehyde medium containing gelatin and PB and cholesterol oxidase (COx) enzyme was

Keywords immobilized on the surface of the screen-printed electrode. SPE / PB / COx was observed that the

Amperometry; electrodes are suitable for the determination of cholesterol and optimization study was performed

Biosensor; Enzyme using the enzyme electrodes. SPE / PB / COx enzyme optimum amount of gelatin to the electrodes,
glutaraldehyde ratio of concentration, buffer type, buffer concentration, respectively, in phosphate
buffer; 0.002 g, 0.5%, 0.02 M, 0.05 M; pH was set at 7.5. The enzyme electrode linear operating range
for cholesterol, 2 x 10-62 x 10> M, observed ability to limit 2 x 106 M, response time of 50 h and shelf-

life was found to be about a month. Optimization of SPE/PB/COx cholesterol biosensor preparation was

electrode; Cholesterol.

successfully achieved.
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1. Giris

Biyosensorler ilk olarak 1950’li yillarda Clark’in
Cincinnati Hastanesinde (Ohio, ABD) ameliyat
esnasinda kanda bulunan O, derigimini
kullandigi bir elektrotla takip etmesi ile ortaya
cikmistir. Clark ve Lyons Glukozoksidaz (GOD)
enzimini O; elektronu ile birlestirerek kandaki
mevcut glikoz miktarini 1962 yilinda tespit
edebildiler. Bu sekilde yeni bir analitik sistem
olustu ve bu sistem ile birlikte hem fiziksel
sistemin (elektrot) tayin uyarhihg hem de
biyolojik kismin yilksek spesifikligini (enzim)
birlestirilerek genis spektrumlu bir uygulama
olanagl meydana gelmistir. Klasik elektrokimya
sistemi ile sadece katyon ve anyonlari élgebilen
sensorler, su anda biyomateryalin de sisteme
dahil olmasi ile bircok maddenin tayinine olanak
tanimistir.  Biyosensorler; bakteri ve virls
teshisi, tarim ve veterinerlik, biyomedikal
sektér, maden isletmelerinde zehirli gaz
analizleri gida Uretim ve analizi, ila¢ analizi,
askeri uygulamalar siire¢ kontroll, c¢evre
koruma ve kirlilik kontroll, klinik teshis,
biyoreaktor kontrolli, tarim ve veterinerlik,
endustriyel atik su kontroll gibi uygulamalarda
kullanim alani bulmaktadir. Gelisen teknolojik

calismalarla biyosensorler kullunilarak
hastanelerde, gida alaninda enzim
biyosensorleri kullanilmaktadir. Ayrica,

gidalardaki yabanci maddeler gibi tazelik ve
aroma analizindeki karisik parametreler igin de
biyosensorler  kullanilabilir.  Uyusturucu ile
miicadelede ve ilaglarin kotli amagla kullanimi
gibi konularda biyosensorler
kullanilabilmektedir (Telefoncu, 1999).

1975’ten itibaren kalorimetrik tayinle serumdaki
serbest kolesteroliin belirlenmesinde kolestrol
enzimi kullanilir (Fujishiro vd. 2002; Singh vd.
2004; Isobe vd. 2003)

Serum igindeki toplam kolesteroliin belirlenmesi
klinik tespitler acgisindan ©6nemlidir. Yiksek
kolesterol miktari cesitli damarlarin

duvarlarinda toplanarak damarlarin
kapanmasina, tiroit bezinin biraz calismasi
sonucu tiroit bozukluguna, seker rahatsizligina

ve sariliga neden olur (Coulombe vd., 2001).

Kolesterol oksidaz farkli mikroorganizmalardan
saflastirilarak elde edilen iki basamakli bir
enzimdir. Bu enzim merkezde iki reaksiyonu
katalize eder. Kolesterolin ilk tepkimede
yukseltgenmesini, ikinci tepkimede ise olusan
ylkseltgenme Urlnlniln kolesterol-4- en-3-on’a
dontsimini olusturur ve H,0, aciga cikar
(Bailey vd. 1986; Nishiya vd. 1999).
Amperometrik kolesterol biyoalgisi amaciyla
polianilin film Gzerine poli(stiren-ko-akrilik asit)
manyetik mikroklreler ve kolesterol oksidaz
enzimini kovalent olarak immobilize etmislerdir.
PANI/Fe304/PSA-ChOy elektrodunun algilama
ozellikleri

doénisimlu voltametri ve

kronoamperometri  tekniklerini  kullanilarak
cahsilmistir. Optimize edilmis deney kosullari
altinda biyosensor genis dogrusal ¢alisma araligi
0.2-1.8 mM (R% =0.9901), diisiik tayin siniri (0.02
mM), kisa cevap siresi (5-10 s) gibi mikemmel
Ozellikleri gostermistir (Huy vd. 2013). Serum
numunesindeki kolesterol miktarini belirlemek
icin kolesterol oksidaz enzimi, platin elektrot
Uzerinde olusturulmus poli(2-
hidroksietilmetakrilat/polipirol) kompozit
membrani icine  tutuklanarak biyosensor
gelistirilmistir. Standart yontemlerle, elde edilen
sonuglar karsilastirildiginda 0.998’den biyiik bir
korelasyon elde edildigi belirtilmistir (Brahim
vd. 2001).

filmine kolesterol oksidaz enzimini hapsetme

Platin-/polipirol-polivinilsilfonat

yontemiyle immobilize edilmistir. Kolesterol
tespiti,  olusturduklari  enzim  baglanmis

elektrodun yiizey tabakasinda meydana gelen
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enzim reaksiyonu ile hidrojen peroksitin
+0.4V'da
yapilmistir. immobilize enzimin en uygun pH

ylkseltgenmesi esas  alinarak
degerini 7.25 ve en uygun sicaklik degerini 35 °C
(Yildinmoglu, 2009).
kolesterol

bulunmustur

Amperometrik biyosensori
gelistirmek amaciyla, genelde platin, altin ve
karbon elektrot materyalleri polianilin, polipirol,
poli(o-fenilendiamin), poli(vinilferrosenyum)
gibi polimerik filmler ile kaplanmis ve bu
modifiye elektrotlar Uzerine gesitli teknikler
kullanarak kolesterol oksidaz enzimi tek basina
ya da kolesterol esteraz enzimi ile birlikte
immobilize edilmistir (Singh vd. 2006a, Solanki
vd. 2007a, Ozer vd. 2007). Kolesteroliin kandaki
yuksek seviyeleri, kalp hastaliklari, yiliksek
tansiyon, damar sertligi, kroner kalp hastaliklari,
beyin trombozu gibi hastaliklarla iliskilidir. Bu
sebepten, kanda kolesteroliin hizli ve kolay bir
sekilde tayini, bu gibi durumlarin teshisinde ve
onlenmesinde olduk¢a 6nemlidir (Kumar vd.
2011, Basu vd. 2007). Genel olarak, kolesteroliin
tayini spektrofotometri Uzerine
temellenmektedir. Ancak, bu yodntem karisik
islemleri icerir ve her analizde pahali enzimler
kullanildig icin yontem maliyetlidir.
Amperometrik enzim elektrotlar yiiksek ¢alisma
kararlihgina, segcicilige, hizli cevaba ve distk
maliyete sahip olduklarindan kolesterol tayini
icin spektrofotometrik yontemlere onemli bir
alternatiftir (Bokoch vd. 2001, Nishiya vd. 2008,

Solanki vd. 2009).

Kolesterol  tayininde  glinimizde  ¢esitli

kolorimetrik, polarografik, kromatografik,
spektrofotometrik yontemler kullaniimaktadir.
Ancak bunlar genel olarak zaman alici ve pahali
sistemlerdir. Bu nedenle kolesterol derisiminin
daha kisa sirede, daha disiik maliyetle daha
dogru olglim yapan sistemlerin gelistiriimesi

olduk¢a oOnemlidir. Bu c¢alisma kapsaminda

kolesterol derisiminin daha hizli ve daha ucuz
Olctimine olanak saglayan SPE/PB/COy modifiye
biyosensor gelistirildi.

Bu calismada kolesterole duyarli yeni bir Prusya

mavisi  esasli  amperometrik  biyosensor
hazirlandi. Bu amag¢ dogrultusunda capraz
baglama yontemi kullanilarak screen printed
elektrodun vyiizeyine kolestrol oksidaz enzimi
immobilizasyonu saglandi. Hazirlanan enzim
elektrod kolestrol 6rnegine daldirildi. Kolestrol
tayini enzim reaksiyonlari sonucu olusan
hidrojen peroksitin +0.65 V’da ylikseltilmesi
prensibine dayanilarak yapildi. Hazirlanan
biyosensérin  en iyi calisma  kosullar

belirlenmesi ve  performansini  etkileyen

faktorlerin incelendi.

2. Materyal ve Metot

SPE/PB/COy elektrotlarin kolesterol tayini igin
kullanilan kolesterol, kolesterol oksidaz ve tim
¢Ozeltiler Sigma Aldrich firmasi tarafindan temin
edilmistir. Bu calismada, kolesterol tayini igin
prusya mavisi film temelli amperometrik enzim
elektrotlarin  hazirlanmasi amaglandi. Bunun
icin, PB iceren ¢ozeltiler kullanilarak hazir alinan
SPE’lar lizerine, kolesterol oksidaz (COy)
enzimleri  ¢apraz baglama yontemi ile
immobilize edildi. Enzim elektrotlarin uygun
¢alisma sartlari ve performans faktorleri yapilan

¢alismalarla belirlendi.

PB olarak adlandirilan potasyum ferrik
(KFe"Fe"(CN)s), kararh
elektrokimyasal redoks davranislar ve iyi

hekzasiyanoferrat

elektrokromik  performans  gdsteren  bir
elektrokromik malzemedir. Asagidaki denkleme
gore mavi durumdan renksiz duruma degisen

bir anodik renklendirme sergiler.
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KFelFel (CN)s (PB, mavi) + K* + ¢~ 2 KoFelFel{CN)¢ (ES, renksiz)

PB, biyosensorler, iyon segici elektrotlar,
batarya ve elektrokromik ekran gibi cesitli
uygulamalar icin iletken tabakalar Uzerine ince
filmler olarak c¢okeltilebilir. Renklendirme /
agartma siresi ve renklenme verimliligi gibi
PB'nin elektrokromik ozellikleri, uygulamalar
icin dnemli bir husustur ve bir¢ok arastirma bu
elektrokromik ozelliklerin gelistirilmesine
odaklanmistir (Lin vd. 2014).

Amperometrik calismalar Dropsens-stat400
elektrokimyasal analiz cihazi ve homemade-ev
yapimi hiicre standi ile birlikte gerceklestirildi.
Calismadaki ¢ozeltilerin pH’lart ORION marka
912600 numarali kombine cam pH elektrodu
kullanilarak ORION 720A cihazi vasitasiyla
saglandi. Yikama islemlerinin yapiimasinda (Tip
Il kalitesinde) ve ¢ozeltilerin (18.2 MQ-cm @ 25
°C-Tip | kalitesinde) hazirlanmasinda kullanilan
su, Merk-Millipore marka ultra saf su sistemi ile
elde edildi. Cozelti eklemeleri icin Gilson marka
mikro pipetler kullanildi. Cozeltileri karistirmak
icin coklu manyetik karistirici olarak Jeiotech
marka manyetik karistirici ve IKA marka vortex
kullanildi. Kimyasallarin tartilmasinda Denver
marka hassas terazi kullanildi.

2.1 Elektrokimyasal Hiicre ve Elektrotlar

Amperometrik  6lgim  ¢alismalar,  kendi
icerisinde bulunan calisma elektrodu, referans
elektrot ve karsit elektrottan ibaret olan 4 mm
capinda 0.12 cm? alanli screen printed elektrot
(SPE) ve Sekil 1’ de verilen o6lgme sistemi

kullanilarak yapildi.

Sekil 1. Dropsens Olgim sistemi

2.2 Kullanilan Cozeltiler

Bu yontemde Prusya mavisi ince film tek
¢Ozeltinin damlatiimasi ile kimyasal olarak SPE
altaslari-substratlari depozitlenmisgtir.
Cozeltilerden biri 0.1 M Fe,(SQ4)s, digeri ise 0.1
M Ka[Fe(CN)g] ¢ozeltisidir. Kullanilan ¢ozeltilerin
hazirlanmasiyla ilgili hesaplar ayrintilari ile
asagida verilmistir;

0.1 M (Fe;SO4); kaplama c¢ozeltisi: Oncelikle
3.998 g Fe,(S04)s bilesigi 100 mL su icerisinde
Fe,(S0a4)s

asagida  vyazilan

¢ozilerek 0.1 M ¢ozeltisi
Ardindan

kimyasallarin ultrasonik karistirma ile ¢ézlinmesi

hazirlanmustir.

saglanarak kaplama ¢ozeltisi elde edilmistir.

15 ml 0i1 M Fe,(SO4)s ¢ozeltisi

90 ml saf su

0.5 g EDTA

10 ml HCI (3 M)

0.1 M K4[Fe(CN)s] kaplama c¢ozeltisi

Oncelikle 4.1234 g K4[Fe(CN)e] bilesigi 100 mL su
icerisinde ¢ozilerek 0,1 M Ka[Fe(CN)e] ¢ozeltisi
hazirlanmistir.  Ardindan  asagida  yazilan
kimyasallarin ultrasonik karistirma ile ¢c6zinmesi

saglanarak kaplama ¢ozeltisi elde edilmistir.
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15 ml 0,1 M K4[Fe(CN)g] ¢oOzeltisi

90 ml saf su

10 ml HCI (3 M)

Toplam fosfat derisimi 0.05 M olacak sekilde
sodyum dihidrojenfosfat dihidrat ve disodyum
monohidrojenfosfat  heptahidrat’tan  belirli
oranlarda tartildi ve saf suda ¢o6zildd.
Hazirlanan ¢ozeltilerin pH’lari 0.10 M NaOH ve
0.10 M HCI ¢ozeltileri ile birlikte pH degerleri
ayarlandi. Ayrica, optimum tampon derisimini
belirlemek amaciyla, toplam fosfat derisimi 0.10
M; 0.15 M ve 0.20 M olan fosfat tamponlari
yukaridaki ile ayni bicimde hazirlandi. Tampon
cozeltiler kullanildiktan sonra bozulmamalari
icin buzdolabinda +4 °C’de sakland.

Derisimi 0.05 M olan TRIS tampon c¢ozeltisi

hazirlamak  amaciyla, gerekli miktarda
tris(hidroksimetil)aminometan tartildi ve pH
degeri 1.0 M HCI ¢ozeltisi kullanilarak istenilen
pH degerine belirlendi. Ayrica derisimi 0.10 M
olan TRIS tampon ¢o6zeltiside yukaridaki sekilde

hazirlandi.
2.2.1 Hiicre Olgiim Cézeltisi

Amperometrik Olglim ¢alismalari icin
kullanacagimiz hiicre icerisine (toplam hicre
hacmi 1 mL) 0.05 M pH:7.5 fosfat tamponundan
885 puL, 0.1 M potasyum klorir (KCI)
¢Ozeltisinden 100 puL, 5 mM potasyum
ferrosiyanit (Ks[Fe(CN)g]) ¢Ozeltisinden 10 L ve
5 mM potasyum ferrisiyonit (Ks[Fe(CN)e])
¢Ozeltisinden 5 plL alinarak koyulmasi ile hiicre

Olglim ¢ozeltisi hazirlandi.

Amperometrik Ol¢iimler icin kullandigimiz SPE
Olcim hiicresi Sekil 2’de gosterilmistir.

Sekil 2. Amperometrik SPE 6lgim hiicresi

2.2.2 Enzim Coézeltisi

Kolesterol oksidaz (COx-5 U/mg) enzimi,
derisimi 1 mg/mL olacak bicimde 0.05 M pH 7.5
fosfat tamponunda ¢o6ziildii. Hazirlanan enzim
kullanilmadiginda -20 %C'ta
buzdolabinda saklandi.

¢Ozeltisi

2.2.3 Kolesterol Cozeltisi

Derigimi 2.0x10° M stok kolesterol ¢ozeltisi
hazirlamak igin, metil B-siklodekstrin igeren
suda ¢ozenebilen kolesterolden uygun miktarda
tartildt  ve saf suda ¢Ozilme islemi
gercgeklestirildi. Ayni sekilde stok kolesterol
cozeltisi  kullanilmadigi  zaman +4 °C'de

buzdolabinda korundu.
2.2.4 Girisim Calismalarinda Kullanilan Cozeltiler

Serumda olabilecek elektroaktif farkli gesitlerin

enzim elektrodun yanitina etkisinin
bulunmasinda kullanilacak c¢o6zeltiler asagida

belirtildigi sekillerde hazirlandi:

L-Askorbik asit, glukoz ve lire stok ¢ozeltileri her
birinin derisimleri 1.0x10% M olarak kati
malzemelerin tek tek saf suda c¢ozilmesi ile
hazirlandi.
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Girisim  calismalarinda, yukarida  verilen
maddelerin fizyolojik konsantrasyonu, stok
¢Ozeltilerin belli oranlarinin elektrokimyasal

hlcreye eklenmesiyle saglandi.

2.3 Kolesterol Tayini Igcin Enzim Elektrotlarin
Hazirlanmasi

Kolesterol tayininde kullanilabilecek enzim
elektrotlarin hazirlanmasi igin, satin alinan SPE
elektroda kolesterol oksidaz (CO4x) enzimi
immobilize edildi. Bunun igin;

Belirli miktarda jelatin tartilarak ependorf tlp
icerisine konuldu. Uzerine 50 pL 0.05 M pH:7.5
fosfat tamponu ilave edildi. 15 dk beklenildi.
Sicak su igerisinde 1-2 s bekletilerek jelatin
sisirildi  ve vortekslendi. Sisirilen jelatin
¢Ozeltisinden 11.5 pL alinarak farkli bir ependorf
tlp igerisine koyuldu. Belli Ginitede enzim iceren
enzim c¢ozeltisinden 4 pL alinarak jelatin
bulunan ependorf tiipe koyuldu. Bu ¢o6zeltinin
tizerine 2.5 puL PB ¢ozeltisi eklendi. Ug ¢dzeltinin
oldugu ependorf tiip igerisine 2 pL % 25’lik
glutaraldehit (GA) ilave edilerek iyice karismasi
saglandi. Hazirlanan bu ¢ozeltiden 10 pL
alinarak screen printed elektrot ylizeyine enzim
immobilizasyonunun  gerceklesebilmesi icin
yarim saat oda sicakhiginda 3-4 saat
buzdolabinda +4 °C ’de bekletildi. Hazirlanan
enzim elektrot (Sekil 3) SPE/PB/CO« olarak
adlandirildi.

Sekil 3. Hazirlanan enzim elektrotlar

Hazirlanan SPE/PB/COyx enzim elektrotlarin
kolesterole duyarliklarini belirlemek icin enzim
elektrotlar ayri ayri hazirladigimiz hiicre ¢ozeltisi
icerisine farkli potansiyelde kararh hal akimlari
elde edilene kadar tutuldu. Calisma potansiyel
degeri belirlendi. Ayrica, calisma ortamina belli
derisimde stok kolesterol ¢ozeltisinden ilaveler
yapildi ve her ilave sonrasi amperometrik
cevaplar belirlendi. Kolesterol derisimine karsi
hesaplanan akim farklari grafige gecirilerek
enzim elektrotlarin  calisilan  derisimlerde
kolesterole duyarlklari ve dogrusal c¢alisma
araliklari bulundu.

3. Bulgular ve Tartisma

Bu c¢alismada, kolesterol tayini igin enzim
elektrot hazirlamak amaciyla SPE kapli
elektrotlar Uzerine, COx enzimi immobilize
edildi. Bu
elektrodun cevabina jelatin miktari, GA orani,

¢alismada  hazirlanan  enzim
tampon cinsi, tampon derisimi gibi cesitli
parametrelerin
kolesterole duyarligi, cevap sliresi, tekrar

etkisi, enzim elektrodun
kullanilabilirligi ve dretilebilirligi, omri gibi
performans  faktorleri
hazirlanan enzim

incelendi.  Ayrica,
elektrodun  serumda
bulunabilecek ve girisim yapabilecek tiirlere

cevabi belirlendi.
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3.1 SPE/PB/COx Enzim Elektrotlarin Kolesterole
Duyarhidi

Kolesterol enzim elektrodu hazirlamak amaciyla,
SPE elektroda, COyx enzimi immobilize edildi.
Elde edilen SPE/PB/COy enzim elektrodu, hicre
Olglim ¢ozeltisi icerisinde +0.65 V’da kararli hal
akimlari elde edilme slresince bekletildi ve
daha sonra Dbelirlenen  konsantrasyonda
kolesterol ¢ozeltisi eklenerek amperometrik
cevaplar belirlendi. Elde edilen cevap akimlari
kolesterol derisimine karsin grafige gecirildi

(Sekil 4).
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Sekil 4. SPE/PB/COx enzim elektrodun kolesterole
duyarliligr (0.05 M pH 7.5 fosfat tamponu,
+0.65 V, oda sicakligi)

3.2 SPE/PB/COX Enzim Elektrodun Optimum
Sartlari ve Performans Faktorleri

3.2.1 Jelatin Miktari

SPE/PB/COx enzim elektrodun hazirlanan
biyosensoriin  amperometrik cevap akimi
Uzerine jelatin miktarinin etkisini arastirmak
amaciyla jelatin 0.0005; 0.001; 0.002 g olarak
farkh kitlelerde hazirlandi. Bu bes farkh jelatin
miktarlari ile SPE/PB/COx enzim elektrodlar
hazirlandi. Hicre igine hazirladigimiz ¢ozelti 1
mL eklendi. Biyosensor bu ¢ozeltide +0.65 V'da
dengeye getirildi. Sonra pH’si 7.5 olan fosfat

tampon  ¢ozeltiyle  hazirlanan  kolesterol
¢cOzeltisinden, calisma ortamindaki kolesterol
konsantrasyonu 2x10° M olacak sekilde calisma
kabina eklendi. Daha sonra +0,65 V sabit
potansiyelde

Olclldi. Benzer islevler farkl jelatin miktarlari

amperometrik  cevap  akimi

ve 2x10° M kolesterol c¢ozeltileri icin de
yinelendi. Farkli jelatin miktarlardaki her bir
elektrot icin +0.65 V sabit potansiyelde
belirlenen amperometrik yanit akimlari jelatin
miktarina karsin grafige (Sekil 5) gecirildi ve
grafikten biyosensoriin en iyi oranda calisma
jelatin miktari 2 mg olarak belirlendi.
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Sekil 5. SPE/PB/COx enzim elektrodu cevabi Gzerine
jelatin miktarinin etkisi (0.05 M pH 7.5 fosfat
tamponu, +0.65 V, oda sicakhgi)

3.2.3 Gluteraldehit (GA) Orani

Hazirlanan biyosensoriin amperometrik cevap
akimi Gzerine GA oraninin etkisini incelemek igin
GA % 1; % 0.5, % 0.2; % 0.1 olarak farkh
oranlarda hazirlandi. Bu 4 farkli GA miktarlari ile
SPE/PB/COx enzim elektrodlari hazirlandi. Hiicre
icine hazirladigimiz ¢ozelti 1 mL ilave edildi.
Biyosensér bu c¢oOzeltide +0.65 V'da denge

saglandi. Sonra o6l¢lim hiicresindeki kolesterol
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derisimi 2x10° M olacak sekilde hiicreye ilave
edildi. Daha
potansiyelde
belirlendi. Benzer islemler farkli GA miktarlari ve
2x10° M
tekrarlandi. Farkl jelatin miktarlardaki her bir

sonra +0.65 V degismeyen

amperometrik  cevap  akimi

kolesterol ¢Ozeltileri icin de
elektrot icin +0.65 V sabit potansiyelde 6lcllen
amperometrik cevap akimlari GA miktarina karsi
grafige (Sekil 6)
biyosensorin optimum calisma GA miktari %
0.5 olarak belirlendi.

gecirildi  ve grafikten
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Sekil 6. SPE/PB/COx enzim elektrodu cevabi lizerine
GA miktarinin etkisi (0.05 M pH 7.5 fosfat
tamponu, +0.65 V, oda sicakhg)

3.2.4 Tampon Cinsi

Enzim elektrotlarda ortamda bulunan tirlerin
elektrot cevabina etkisinin 6nemli oldugu
bilinmektedir. Bu ¢alismada

cinsinin de belirlenmesinin  uygun

nedenle, bu
tampon
olacagl dislinildi. En uygun tampon cinsinin
bulunmasi amaciyla, 0.05 M pH 7.5 fosfat ve
TRIS SPE/PB/COx
elektrodun derisimde

tamponlarinda enzim
belli

eklemeleriyle gozlenen amperometrik cevaplari

kolesterol

kolesterol konsantrasyonuna karsin grafige

aktarldi (Sekil 7 a ve b).
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Sekil 7. SPE/PB/COx enzim elektrodun cevabina
tampon cinsinin etkisi (a) 0.05 M pH 7.5
fosfat tamponu, (b) 0.05 M pH 7.5 TRIS
tamponu (+0.65 V, oda sicakligi)

Bu grafiklerden elde edilen duyarlik degerleri ve
fosfat
elektrodun

¢alisma araliklari  karsilastinildiginda,

tamponu kullanildiginda enzim
kolesterole duyarhginin TRIS tamponu ile elde
edilene gore yaklasik 2 kat daha ylksek oldugu
ve c¢alisma araliginin da daha genis oldugu
gorildi. Bu nedenle, daha sonraki deneylerde,
¢alisma olarak fosfat
kullanildi.

polimer temelli

tamponu tamponu

Kolesterol tayini ile ilgili yapilan
pek cok calismada calisma
tamponu olarak fosfat tamponu kullanildigi
goruldla (Singh vd. 2006a, Solanki vd. 20074,
Basu vd. 2007). TRIS tamponu kullanilarak elde
edilen duyarhgin disiik olmasinin nedeni, tam
birlikte, pHyI
ayarlamak icin kullanilan HClI'den gelen CI

olarak  acgiklanamamakla

iyonlarinin  etkisiyle prusya mavisi filmin

azalmasindan
Grafik
elde

kaynaklandigi
fosfat
TRIS
tamponunda elde edilen duyarliktan daha
fosfat
tamponunda nispeten daha genis bir dogrusal

iletkenliginin

soylenebilir. incelendiginde,

tamponunda edilen duyarhgin

yiksek  oldugu gorildi. Ayrica,

¢alisma araligl elde edildi. Bu sebepten, daha
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sonraki calismalar fosfat tamponu kullanilarak
yapildi. Kolesterol tayinine yonelik daha 6nceki
¢ahismalarda genellikle fosfat tamponu ¢alisma
tamponu olarak kullanilmistir (Shan vd. 2009,
Kochana vd. 2008, Fan vd. 2007, Tembe vd.
2006, Rajesh vd. 2004, Vedrine vd. 2003).

3.2.5 Tampon Derisimi

SPE/PB/COx enzim elektrodun cevabina tampon
derisiminin etkisini gérmek ve uygun tampon
derisimini belirlemek amaciyla, 0.05 M; 0.10 M;
0.15 M ve 0.20 M konsantrasyonlarinda
hazirlanan tamponlarda, SPE/PB/COX enzim
elektrodunun kolesterol eklemelerine karsi
amperometrik cevaplari belirlendi ve elde
edilen kalibrasyon grafiklerinden vyararlanarak
bulunan duyarlik degerleri tampon derisimine
karsi grafige gecirildi (Sekil 8). Grafikten de
gorilebilecegi lGizere, enylksek duyarlik 0.05 M
tampon derisiminde elde edildi. Bu derisimin
Gstlindeki fosfat derisimlerinde duyarligin
azaldigr gorilmektedir. Bu sebepten, daha
sonraki ¢alismalarin 0.05 M tampon derisiminde
yapilmasinin uygun olacagina karar verildi.
Ayrica, pek cok calismada, en uygun tampon
derisimi olarak 0.05 M tampon derisiminin
kullanildigr goriildi (Singh vd. 2006a,b, Ozer vd.
2007, Solanki vd. 2007a). Bu agidan calismada
elde edilen sonucun literatir bilgileriyle uyum
icinde oldugu soylenebilir. Tampon kapasitesi
disik olmasi nedeniyle daha dislik tampon
derisimlerinde ¢alisma yapilmadi.
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Sekil 8. SPE/PB/COX enzim elektrodun cevabina
tampon derigsiminin etkisi (pH 7.5 fosfat
tamponu, +0.65 V, oda sicakhg)

3.2.6 Cevap Siiresi

SPE/PB/COx enzim elektrodun kolesterole
cevabi, 1.0x10°® M ve 1.0x10™> M olan iki farkl
kolesterol konsantrasyonu igin belirlendi.
Zamana  karst cevap akimlari  grafige
gecirildiginde iki degisik konsantrasyonda
egrilerin  birbiriyle ayni  oranda  gittigi
gozlemlendi (Sekil 9). Enzim elektrodun
cevaplarinin  belirlenmesi  igin  akimlarin
neredeyse sabit kaldigi 150 s’lik sirelerin
alinabilecegi distnildi. Ancak, batin 6lglimler
50 s sonunda yapildiginda da uygun kalibrasyon
egrileri bulundugundan c¢alismalar 50 s sonraki
akimlar belirlenerek yapildi. Clinkd bir analizin
dogru bir sekilde ve oldukg¢a kisa bir siirede
yapilmasi  (6zellikle  klinik  uygulamalarda)
oldukga 6nemlidir. Literatiirde cevap stiresi 30 s
(Solanki vd. 2007a), 40 s (Singh vd. 2006b), 150
s (Turkaslan vd. 2009), 240 s (Singh vd. 2006a),
2 dakika (Chauan vd. 2011) olan calismalar
vardir. Bu c¢alismada belirlenen cevap siiresi,
makul ve kisa sirede analiz yapmak icin uygun

bir degerdir.
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Sekil 9. SPE/PB/COx enzim elektrodun cevap siiresi.
(a) 1.0x10™> M kolesterol ve (b) 1.0x10°° M
kolesterol (0,05 M pH 7.5 fosfat tamponu,
+0.65 V, oda sicakligi)

3.2.7 Tekrar Kullanilabilirlik ve  Tekrar
Uretilebilirlik

Yapilan deneyler sonunda belirlenen
amperometrik cevap akimlari 6lgme sayisina
karsi grafige gecirildi (Sekil 10). Enzim
elektrodun 15 olgcim sonucunda baslangig
aktivitesinin  yaklasik %89.9’unu  korudugu

gozlenmistir. Biyosensorin belli slire zarfinda

aktivitesinin  pek degismemesi  kullanilan

immobilizasyon metodunun uygun ve

kullunilabilirligini gostermektedir.
Tekrarlanabilirlik biyosensorler igin etklili olup
defalarca deneme

hazirlanan biyosensorle

yapabilecegimizi  gbstermektedir.  Devaml
yaptigimiz analizlerde tek oOlgmede kullanilan
kitler ekonomik bakimidan pahal olduklarindan
dolayi bu sekilde hazirlanan bir biyosensér daha
uygun ve kullanishdir. Bulunan 6lgiim sonuglari
literatir ile kiyaslandiginda hazirlanan
biyosensorin tekrar kullanilabilirliginin mimkin
olabilecegi soncuna varilabilir (Singh vd. 2009,

Kumar vd. 2011, Wang vd. 1999) .
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Sekil 10. Enzim elektrodunun tekrar

kullanilabilirliginin incelenmesi (0,05 M
pH=7.5 fosfat tamponu, 25 °C)

3.2.8 Girisim Yapan Maddeler

Calisma elektroduna yiliksek bir anodik
potansiyel uygulanmasiyla kanda bulunan baz
maddeler (Urik asit, L-askorbik asit, glukoz vb.)
ylkseltgenirler. Bu durum amperometrik cevap
akiminin artmasina dolayisiyla kolesterolin,
kandaki gercek degerinde daha vyiksek bir
degerde bulunmasina sebep olur. Hazirlanan
biyosensoériin amperometrik cevap akimina L-
askorbik asit, glukoz girisim etkileri incelendi ve

bulunan veriler cizelge 1'de verildi.

Cizelge 1. Biyosensor Uizerine girisim yapan
maddeler ve girisim etkileri

Girigim Yapan Cahigilan Toplam Girigim Girigim
Maddeler derisimler cevap yapan yapan
(M) akimi maddenin maddenin
(nA) cevap akimi cevap
(nA) akiminin
Toplam
akima orani
(%)
Glukoz 102 0,0636 0,0162 25,5
Glukoz 5x1073 0,0486 0,0064 13,2
L-Askorbik 104 0,7240 0,6150 84,9
Asit (Kanda)
L-Askorbik 10 0,4240 0,1910 45,0
Asit
L-Askorbik 10® 0,0353 0,0107 30,3
Asit
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4. Sonuglar

Sonu¢ olarak bu hazirlanan
SPE/PB/COx kolesterol biyosensoriniin;
Kolesterol derisimi dogrusal calisma aralig
2x10°-2x10° mM olarak bulundu. Bu aralikta
dogrusalligin cok iyi oldugu ve bu aralgin
kantitatif
soylenebilir. En iyi calisma jelatin miktari 2 mg
olarak bulundu. En iyi GA orani % 0.5 olarak

bulundu. En iyi calisma sicakhgl 25 °C olarak

calismada

analizlerde kullanilabilecegi

alindi. Kolesterol biyosensoriin cevap verme
suresi 50 s olarak bulundu. En iyi g¢alisma
tamponu fosfat tamponu 0.05 M pH:7.5 olarak
bulundu. Tekrar kullanilabilirligi iyidir (15 6lcme
89.9
oraninda korudugu gorutlmistir). Calismalarin

sonunda biyosensoriin  aktivitesini %
beklenen sonuclari elde edilmesi c¢alismanin
basarili oldugunu gdstermektedir. SPE/PB/COx
kolesterol hazirlanmasi

sekilde

biyosensori

optimizasyonu  basarili  bir elde

edilmistir.
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Oz
Elektrige bagli olan her ev aletinin akim/gerilim karakteristigi farkli oldugundan, bu cihazlarin her birinin
sebekeden gektigi gliciin 6zelligi farkh olmaktadir. Bu nedenle sebekeye bagli olan cihazin tipinin tespiti
Anahtar kelimeler cihazin sebekeden ¢ektigi harmonigin tespit edilmesinde ve de dizeltilmesinde 6nemli rol
LSTM, Bi-LSTM, ev oynamaktadir. Bu galisma kapsaminda farkl derin 6grenme teknikleri kullanilarak “ACS-F2 Elektrikli Ev
aletleri, akim/gerilim, Aletleri Veri Seti” Gzerinde siniflandirma gergeklestirilmistir. ACS-F2 veri setinde toplamda 15 farkl sinif
icin 225 cihaz bulunmasina karsin, ¢alisma kapsaminda yapilan 6n islemler ile veri setindeki sinif sayisi
14’e indirilmistir. Sonrasinda LSTM, FeedForwardNet, ¢ift yonli LSTM( Bi-LSTM) ve parametreleri
genetik algoritma tarafindan optimize edilmis Bi-LSTM kullanilarak siniflandirma yapilarak
siniflandiricinin performanslari karsilastiriimistir.  Yapilan galisma kapsaminda parametreleri optimize
edilmis siniflandiricinin diger yontemlerden daha basarili sonuglar elde ettigi gozlenmistir.

genetik algoritma

Classification of Electrical Appliance Devices Using —Bi-LSTM and Genetic

Algorithm
Abstract
Since the current/voltage characteristics of each electrical appliance are different, the power
Keywords consumption of devices are specific. Therefore, determining the type of electrical appliance connected

LSTM;Bi-LSTM; to the network is crucial for the detection and correction of the device based harmonics. In this study,

. . . the classification of electrical appliances is carried out on the "ACS-F2 Electrical Appliances Dataset"
Electrical Appliances;

using different deep learning algorithms. Although there are 225 devices for 15 different classes in the
ACS-F2 data set, the number of classes in the data set has been reduced to 14 with the pre-
processesing step. The LSTM, FeedForwardNet, Bi-LSTM and Ga+Bi-LSTM, models are then built to
classifiy electrical appliances. It is observed that the GA+Bi-LSTM classifier, which has %94 classifiaction
accuracy, overcomes among the models.

Current/voltage;
Genetic Algorithm.

© Afyon Kocatepe Universitesi

1. Giris verimliligi (cihazlarin normalden fazla
Ginimiizde elektrik enerjisine baglh olan cihaz kullanilmasinin tespiti) saglanabilecegi gibi hem de
cihazlardaki arizalarin tespiti saglanabilir (Howell
2007, Patel et al. 2007, Hart 1997, Kuruppu and.
Kulatunga 2012).

Elektrikli cihazlarin yiik karakteristikleri Vrm, Irms,

sayisi ve buna bagl olarak da eneriji ihtiyaci gittikce
artmaktadir.  Bu cihazlar arasinda elektrikli ev
aletleri daha az eneriji tilketmesine karsin toplamda

daha fazla sayida oldugundan dolayi, bu cihazlarin
aktif glg, reaktif glc ve gorlinir glic gibi

parametreler kullanilarak belirlenmektedir.  Bu
baglamda faz acisi elektrikli cihazlarin  yik

enerji  karakteristiginin  gbzlenmesi ve bu
karakteristigin belirlenmesi enerji tiketimlerinin
azaltiimasinda 6nemlidir. Bu sayede hem eneriji
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karakteristiginin  belirlenmesinde en  onemli
parametre olarak karsimiza g¢ikmaktadir. Elektrikli
cihazlar, faz acgisina gore rezistif, kapasitif ve
endiktif olarak siniflandiriimaktadir. Su isiticlari gibi
elektrikli isiticilar rezistif bir davranis gosterirken,
indlksiyon motorlari ve floresan lambalar enduiktif,
tekrar sarj edilebilen bataryalar da kapasitif
davranis gostermektedir. Bircok durumda elektrikli
cihazlar aktif ve reaktif giic degerleri kullanilarak
birbirinden ayrilabilir (Armel et al. 2013). Olciimler
genellikle binalarin/ evlerin giris noktasindan (ana
giris noktasindan) bir akilli saya¢ yardimiyla
yapilmasina karsin bu yontem her bir cihazin akim
gerilim karakteristigi farkli oldugundan dolayi dogru
bir yontem degildir. Bunun yerine her bir cihazin
akim/gerilim karakteristiginin belirlenmesi
gerekmektedir.

Ridi ve arkadaslari yaptiklari calismada elektrikli ev
aletlerinin karakteristiklerini belirlemek i¢in bircok
farkh elektrikli ev aletlerinden veri toplayip elde
ettikleri veri setini ACS-F2 ismiyle paylasmislardir
(Ridi et al. 2014). Yazarlar veri setini elde ederken
cihazlarin normal c¢alisma kosullarinda olmasina
dikkat

cihazlardan toplarken asagidaki rutinleri ozellikle

ozellikle etmislerdir.  Yazarlar verileri
uygulamislardir.
Mekanik Fanlar : Fanlar Gg farkli calisma moduna
iken (kesim, bekleme modu ve c¢alisma modu)
veriler

toplanmistir. Calisma modunda veriler

toplanirken mekanik fanlarin  bitlin hizlarda
dénmesi saglanmistir.

Elektrikli Su Isiticilan : icerisinde farkli seviyede su
eklenerek calistinlmis ve veriler bu sekilde
toplanmustir.

Monitorler: Monitorlerden veriler toplanirken her
biri farkl cihazlara (masa Ustl bilgisayar, laptop)
Farkli

monitorlerden veriler toplanirken,

baglanmistir. cihazlardaki bagh olan
kullanicilarin
dogal davranmalari istenmis ve de veriler dogal bir
sekilde toplanmistir. Buna ek olarak ekran
parlakhginin degisiminin etkisi de alinan verisetinde
incelenmistir.

Tras Makineleri: Bu cihazlardan veriler toplanirken
blatin modlar (calisma modu, bekleme modu) goz
ontine alinmistir. Calisma modunda ise bigaklarin
bltin donius hizlari ve tork degerleri géz oniine

alinarak veriler toplanmistir.

Emir ve arkadaslari yaptiklari calismada ACS-F2

veriseti  Uzerinde rastgele orman, Bayes
siniflandirici ve de Hoeffding agaci siniflandirma
algoritmasi olmak tzere g farkli siniflandirma
2016).

Yazarlar 6z-nitelik olarak glictin, faz agisinin, akimin

algoritmasi denemislerdir (Emir et. al

istatistiksel ~parametrelerini (standart sapma,
maximum ve minimum degerleri, basiklik, carpikhk)
kullanmislardir. Yazarlar yapilan ¢alismada egitim
veri seti lizerinde %93.67 dogruluk elde etmelerine
karsin, test veri seti (izerinde elde ettikleri dogruluk
%68.67 seviyesinde kalmistir. Samira ve arkadaslari
ACS-F2  veri
siniflandiriimasi i¢in Rastgele orman, k-NN, SVM ve
GMM modellerini

Rammohan 2018). Yazarlar dort farkl senaryoya

yaptiklari  galismada setinin

kullanmiglardir (Samira and
gore her bir modelin elde ettigi dogruluk seviyesini

karsilastirmislardir. ~ Yazarlar  rastgele orman
algoritmasinin %75.65 ile en yilksek dogrulugu elde
ettigini belirtmislerdir.

Long Short Term Memory (LSTM) yapilari Recurrent
Neural Network(RNN)'lerin ozellestirilmis bir hali
olarak ilk olarak 1997 yilinda Hochreiter tarafindan
onerilmistir (Hochreiter and Jurrgen 1997). O
giinden sonra LSTM’ler esnek vyapisi sayesinde
zaman serisi tahminleme basta olmak lizere, bircok
fakli siniflandirma algoritmasinda basarih  bir
sekilde kullanilmistir (Pulwer and Lyu, 2017). Fakat
LSTM’lerin parametrelerinin ayarlanmasi da dnemli
bir sorun olarak karsimiza ¢ikmaktadir. Genellikle
probleme gore degismekle beraber, bu
parametrelerin optimal bir sekilde belirlenmesi bir
optimizasyon problemi olarak karsimiza
Cift yonli LSTM’ler (Bi-LSTM) de
basari Ustlinllikleri nedeniyle bircok farkh alanda
kullanilmistir (Jiajun Li et. al 2022).

ACS-F2  veri seti

kullanilarak elektrikli ev aletinin siniflandiriilmasi

cikmaktadir.

Bu c¢alisma kapsaminda,

gerceklestirilmistir. Bu amacla, oncelikli olarak

veriler Gzerinde bir on-eleme islemi
gerceklestirilmistir. Bu 6n-eleme islemi sonucunda
hatali 6lciim oldugu belirlenen veriler elenerek veri
setinden silinmistir. Sonrasinda, genetik algoritma
tarafindan optimize edilmis Bi-LSTM, Bi-LSTM,
LSTM ve Feed-Forward NET olmak tizere dort farkli
siniflandirici siniflandirma

kullanilarak islemi

gerceklestirilmistir. Gelistirilen Genetik algoritma
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destekli Bi-LSTM modelinin her bir sinif igin %85
tizerinde bir dogruluk elde ettigi gdzlenmistir. Ote
yandan diger siniflandiricilarin ortalama dogrulugu
sirasiyla %81, %77, %33 olarak hesaplanmistir.
Gelistirilen GA destekli Bi-LSTM siniflandiricinin
elde ettigi sonuglar, istatistiksel olarak literatiirde
diger c¢alismalarla

yapilan karsilastirilmis  ve

literatlirde yapilan c¢alismalardan daha (stin
oldugu gozlenmistir. Gelistirilen bitln algoritmalar
GPU destegi ile MATLAB

ortaminda gelistirilmistir.

olan bir bilgisayar
2. Materyal ve Metot
2.1 Veri Kiimesi ve On islemler

Bu calisma kapsaminda “ACS-F2 Elektrikli Ev Aletleri
Veri Seti”’den elde edilmistir. ACS-F2 veri seti
verilen baglantidan .xml uzantil olarak indirilebilir.
(https://icosys.ch/acs-f2) Veri setinde toplamda 15
icin 225 farkli
toplanmistir. Bu 15 sinif sirasiyla: Kahve makinasi,

farkh sinif cihazdan ornekler
bilgisayar, vantilator, buzdolabi, ses sistemi, su

isitici, floresan lamba, akkor lamba, laptop,
mikrodalga, cep telefonu, monitor, yazici, tras

makinasi, televizyon olarak belirlenmistir.

Bu veri setinde gelistiriciler tarafindan temel
frekans (fe), faz agisi, goérinir glic (S), reaktif glic
(Q), akim ve gerilimlerin RMS degerleri cihazlardan
100 ms'lik periyotlarla toplanmistir. Sonrasinda bu
toplanan degerler ile alti elemanh 6znitelik
vektorleri olusturulmustur. Bu calisma kapsaminda
xml formatindaki bu veriler bir matris haline
getirilerek MATLAB ortaminda islenmistir. Matrisin
son sdtunlarinda cihazin  gercek sinif degeri
tutulmustur. Bu sayede elde edilen veri setinin

boyutlari 161108*7 olmustur.

Veriseti Uzerinde gerceklestirilen incelemede ACS-
F2 veri setinin birinci stGtunda bulunan temel
frekans degerinin alinan 6rnekler boyunca sabit
kaldigi gozlenmistir. Bu nedenle, bu frekans degeri
hem siniflandiricilarin  performansini  azaltmakta
hem de hesapsal yikiu arttirdigindan dolayi
Oznitelik vektérinden cikartilmistir.  Yine yapilan
on incelemelerde bazi hatali 6lcim verileri tespit
edilmistir. Ornegin akimin (I) RMS degeri “0” olarak
Ol¢lilmUs olmasina karsin, bir gértnir glic degerinin
(S=Vims*lims) hesaplandigl gézlenmistir. Bu nedenle
hatali

Olcimleri tespit eden ve bu degerleri

oznitelik veri kiimesinden elimine eden bir rutin
gelistirilmistir.

Yapilan o6n islemler sonucunda 6 numaral sinifa
yani su isiticisina ait veri kalmadigi gézlenmistir. Bu
nedenle sinif sayisi 15’den 14’e dislrilmastir. Bu
on islemler sonucunda veri matrisinin boyutu
161108x6’dan 90495x5’e dlsurilmustdr.

Detayli bir sekilde agiklandigi gibi veri seti (izerinde
gerceklestirilen 6n islemlerden sonra veri setindeki
bazi elemanlar elendiginden dolayi her bir siniftan
esit sayida veri bulunmamaktadir. Bu nedenle, 6n
islemlerden sonra, egitim ve test verilerinin
oranlarini belirlemek igin her bir sinifta toplamda
kac adet verinin kaldigl tespit edilmis ve veri
setinde dengesizlik olmamasi i¢in veri sayisinin en
az oldugu sinifa gore egitim ve test verilerinin sayisi
belirlenmistir. Tablol’de yapilan 6n islemlerden

sonra her bir sinif icin kalan veri sayisi verilmistir.

Tablo 1. On eleme sonrasinda siniflarda kalan
eleman sayilari

Sinif Eleman Sayisi
1 7580
2 10037
3 4466
4 4882
> 9789
6 0

7 6159
8 1776
° 10151
10 6020
1 625
12 9605
13 7074
14 1950
1 10391

Kalan veriler incelendiginde model gelistirilirken,

veri setinde dengesizlik olmamasi igin tim
siniflardan esit sayida 6rnekler alinarak egitim ve
Tablo 1

incelendiginde en az verinin 11 numarali sinifa yani

test  kimeleri  olusturulmustur.

cep telefonuna ait oldugu gézlenmistir. Bu nedenle
kullanilacak olan test ve egitim verilerinin sayisi bu

degerden az olmalidir. Bu nedenle egitim verisi
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olarak 625 elemanin %80’i yani, her bir siniftan

rastgele olarak 500 eleman secilerek egitim

gerceklestirilmistir.  Hesapsal yukd  azaltmak

amaciyla, kalan 125 elemandan rastgele secilen 50
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Sekil 1: Ozniteliklerin siniflara gére dagilimlar a:
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2.2 LSTM tabanli siniflandirma

Long short term memory (LSTM) ilk olarak 1997
yilinda Hochreiter & Schmidhuber
gelistirilmis bir Recurrent Neural Network (RNN)

tarafindan

modelidir. RNN modellerinde de tutulan gec¢mis

bilgilere ait gradyenler egitim sirasinda yok
olabilmektedir. Bu problem de aglar arasindaki
katsayilarin ¢ok biliylik veya cok kiicik olmasina
neden olur. Bu sorunlarin Gstesinden gelmek igin
yapisi olan LSTM

kullanilmaktadir. LSTM, gizli katmanlarda tutulan

tekrarlayan bir ag

bilgilerin hangi c¢iktiya ve gelecekte hangi gizli
katmana gidecegini kontrol etmek icin ek kapilar

tanesi gelistirilen modellerin test edilmesinde

kullanilmistir.

Her bir sinifa gore Oznitelikleri dagilimlari
kullanilarak Sekil 1'de verilmistir.
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kullanir.  LSTM, hiicre durumunu kullanilan bu ek
kapilarla bir sonraki hiicreye bilgi ekleme veya

silme seklinde iletebilirler.

Sekil 2’de bu calisma kapsaminda kullanilan LSTM
yapisi LSTM'ler
sayesinde goriintl siniflandirma basta olmak lzere

gosterilmistir. esnek yapisi
zaman serisi tahminleme, siniflandirma gibi bircok
farkli alanda basarili bir sekilde uygulanmistir. Bu
elimizde
LSTM’ler

calisma kapsaminda da sinyallerden

cikartilmis  oldugundan, siniflandirma

amach olarak kullaniimistir.
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Sequence LSTM L Fully

Input Connected SoftMax N Classification

L
1

Sekil2: Kullanilan LSTM yapisi

Bu calisma kapsaminda LSTM’ler sinyal siniflandirici
olarak kullanilacagindan, giris olarak 06znitelik
vektori verilmistir. Bu nedenle giris katmaninda
sequence input bulunmaktadir. Benzer sekilde Bi-
Directional LSTM’de de benzer sekilde bir yapi
LSTM  tabanl

Tablo 2'de

kurulmustur. Gelistirilen

siniflandiricilarin ~ parametreleri

verilmistir.

Tablo 2: LSTM siniflandirici parametreleri

Parametre Degeri
MiniBatch 5
Epoch 5
Gizli Katman Sayis1 100
Aktivasyon Fonksiyonu SoftMax

2.3 Genetik Algoritma
Sezgisel algoritmalardan biri olan, genetik
algoritma temelde Darwin’in evrim teorisine

dayanmaktadir. Bu nedenle, gen, dogal secilim,
mutasyon gibi kavramlar genetik algoritmanin
temellerini olusturmaktadir. Ozellikle ¢aprazlama
ve mutasyon islemleri ile lokal ekstremum
noktalarindan kurtulabilmesi genetik algoritmanin

en buylk avantajlarindan biridir. Bu sayede,

genetik algoritma birgcok farkh optimizasyon
¢alismalarinda basarili bir sekilde kullanilmistir
(Dehzen and Kail 2008). Ozellikle makine

ogrenmesi ve de derin 6grenme modellerinde

modelin parametrelerinin optimizasyonunda
sikhkla kullanilmaktadir.

Bu c¢alisma kapsaminda da siniflandirmada
kullanilan Bi-LSTM derin 6grenme modelinin hiper-
parametrelerinin optimizasyonu saglanmistir. Bu
calisma kapsaminda batch size, epoch size, gizli
katman sayisi ve aktivasyon fonksiyonu optimize
edilmistir. Siniflandiricinin dogruluk degeri genetik
uygunluk olarak
belirlenmistir. Genetik

yontem oldugundan her bir ¢alisma sirasinda farkli

algoritmanin fonksiyonu

algoritma sezgisel bir
bir ¢6ziim elde edebileceginden dolayi, gelistirilen

algoritma 100 defa calistirilarak elde edilen

sonuclarin ortalamasi alinmistir.  Yapilan ¢alisma

sonucunda optimal parametrele Epoch,

MiniBatch, Gizli katman boyutu, ve aktivasyon
fonksiyonu igin sirasiyla, 5,3,100 ve SoftMax olarak
bulunmustur.

3. Bulgular

Bu ¢alisma kapsaminda kullanilan veriseti lizerinde
gelistirilen her bir siniflandiricinin  siniflandirma
Tablo 3
incelendiginde Gelistirilen GA tarafindan optimize

dogrulugu Tablo 3’de verilmistir.

edilmis Bi-LSTM Modelinin monitér hari¢ kalan
siniflar icin en ylksek siniflandirma dogruluguna
sahip oldugu gozlenmistir.  Her bir sinif icin
siniflandirma dogrulugunun %76’in (zerinde ve
ortalama dogrulugun da %94 oldugu gozlenmis
olup, bu degerin de literatirde vyapilan
calismalardan daha Gstiin oldugu Tablo 4’de diger

yapilan ¢alismalarla karsilastirilarak gosterilmistir.

Tablo 3: Siniflandiricilarin dogruluklari

Simf GA+BiLST BiLST LST FeedForwardN
M M M et
Kahve 1 0.98 0.98 0.22
makinast
Bilgisayar 1 1 1 0.12
Vantilator 1 1 0.28 0.15
Buzdolab1 1 1 1 0.27
Sessistemi 0.98 0.98 0.98 0.37
Floresan 0.98 0.98 0.68 0.23
lamba
Akkor 1 0.98 1 0.28
lamba
Laptop 0.76 0.56 0.52 0.05
Mikrodalg 0.86 0.74 0.64 0.09
a
Cep 1 1 0.98 0.33
telefonu
Monitor 0.78 0.88 0.88 0.34
Yazici 1. 1. 0.98 0.41
Tras 0.88 0.8 0.96 0.35
makinast
Televizyo 0.95 0.9 1 0.29
n
Ortalama 0.94 0.91 0.25
0.84

Yapilan calisma kapsaminda gelistirilen GA destekli
Bi-LSTM derin 6grenme modelinin elde ettigi basari

orani Tablo 4’de literatiirde bulunan diger
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yontemlerle karsilastiriimistir. Tablo 4: Gelistirilen
Modelin Literatlirdeki yontemlerle karsilastiriimasi

Model Ortalama dogruluk
Emir %67
Ridi %73
Samira %68
Onerile Model (GA+BiLSTM) %94
4. Sonug

Bu calismada, kapsaminda elektrikli ev aletlerinin
sebekeden cektikleri akim/gerilim karakteristigine
gore siniflandiriimasi icin metotlar gelistirilmistir.
ACS-F2 veriseti
Gelistirilen ybntemlerden genetik
destekli Bi-LSTM  modelinin
yontemlerden c¢ok daha yiksek

Gelistirilen metotlar Uzerinde
denenmistir.
algoritma diger
siniflandirma
dogrulugu(%94) elde ettigi gbdzlenmistir. Calisma
kapsaminda o6nerilen modelin literatiirde yapilan
¢alismalardan ¢ok daha basarili sonuclar elde ettigi

gozlenmistir.

5. Kaynaklar

Howell E.K. 2007. How switches produce electrical
noise,” |EEE Transactions on Electromagnetic
Compatibility, no. 3, pp. 162-170,

Patel S.N., Robertson T., Kientz J.A., Reynolds M.S.
Abowd., G.D, 2007. At the flick of a switch: Detecting
and classifying unique electrical events on the
residential power line, 9th international conference
on Ubiquitous computing, Springer-Verlag, pp. 271-
288.

Hart G. W., 1992, Nonintrusive appliance load
monitoring," Proceedings of the IEEE, vol. 80, pp.
1870-1891,

Kuruppu S., Kulatunga N. A., 2012.Smart meter based
non-intrusive appliance detection algorithm for local
real time feedback purposes," in Innovative Smart
Grid Technologies-Asia (ISGT Asia), 2012 IEEE, , pp. 1-
5.

Armel K. C., Gupta A., Shrimali G., Albert A., 2013.Is
disaggregation the holy grail of energy efficiency?
The case of electricity," Energy Policy, 52, pp. 213-
234,

Ridi A., Gisler C.,, Hennebert J.,, 2014. A survey on
intrusive load monitoring for appliance recognition,
22nd  International Conference on  Pattern
Recognition (ICPR),

Salihagic E., Kevric J., Dogru N., “Classification of ON-
OFF states of Appliance Consumption Signatures” XI|
International Symposium on Telecommunications.
2016.

Samira G., Rammohan M., 2018. Significance of Classifier
and Feature Selection in Automatic Identification of
Electrical Appliances IEEE International Conference
on Systems, Man, and Cybernetics,

Hochreiter S., Jurgen S., 1997. Long Short Term Memory
N. Journal of Neural Computation, 9(1), 1735-1780.

Pulwer A., Liu S., “LSTM with working memory” N.
International Joint Conference on Neural Networks
(IJCNN)

Jiajun L., Huazhu S., Jun L., Kaituo M., “Comprehensive
analysis and classification of natural language
questions based on Bi-LSTM-CRF” IEEE International
Conference on Advances in Electrical Engineering
and Computer Applications (AEECA)

Dezhen Z., Kai Y., 2008. Genetic Algorithm Based

Optimization for AdaBoost, International Conference
on Computer Science and Software Engineering,

80



Afyon Kocatepe Universitesi Uluslararasi Miihendislik Teknolojileri ve Uygulamali

Bilimler Dergisi

Afyon Kocatepe University International Journal of Engineering
Technology and Applied Sciences

AKU IJETAS Cilt 6(1) (2023) Haziran (81- 94) AKU IJETAS Vol 6(1) (2023) June (81-94 pp)

Derleme Makalesi / Review Article
e-ISSN 2667-4165 (https://dergipark.org.tr/akuumubd

Pankreas Kanserinin Erken Evrelerde Teshisi icin Yapilan Biyosensor
Calismalan

Zikriye Ozbek®", Nursah Giir?

University of Canakkale Onsekiz Mart, Faculty of Engineering, Department of Bioengineering, Canakkale, 17100,
Turkey

2Arven Pharmaceutical Company, Department of Biotechnology Quality Control, Kirklareli, 39000, Turkey
*e-mail: zikriye@comu.edu.tr, ORCID: 0000-0002-9112-1478

e-mail:nursahgur8@gmail.com, ORCID: 0009-0008-7753-3581

The arrival date:12.05.2023 ; Date of Acceptance: 24.05.2023

0z

Pankreas kanseri, kot prognoza ve ylksek 6liim oranina sahip bir kanser tiiridir. Agresif bir kanser
tirl olan pankreas kanserinin erken tespit edilmesi olduk¢a zordur ve genellikle ileriki evrelerde kesin
olarak teshis koyulmaktadir. Teshis konulan hastalarda 5 yillik sagkalim orani ortalama % 6’dir. Bu

Anahtar Kelimeler ylzden, pankreas kanserinin erken teshis edilmesi, erken miidahale sonucu sagkalim oranini arttirmada
Pankreas Kanseri; ve Oliim oranlarini azaltmada 6nemli bir role sahiptir. Pankreas kanserinin teshis edilmesinde geleneksel
Pankreas Kanseri yontemler olarak biyopsi, ultrason, manyetik rezonans gibi goriintileme teknikleri kullanilir ancak bu

Belirtileri; teknikler pahali, cok zaman almakta ve dogru, kesin sonuclar alabilmek icin alaninda uzman kisiler

Biyobelirtegler;

; N tarafindan yapilmasi ve analiz edilmesi gerekmektedir. Bu nedenle daha kolay ulasilabilen, ucuz, herkes
Biyosensorler.

tarafindan kullanilabilme 6zelligine sahip ve dogru sonug¢ verme olasiligl ylksek araglar olan
biyosensorler, pankreas kanserinin teshisinde kullanilmasi 6nerilmistir. Bu g¢alismada pankreas
kanserinin varliginda aciga ¢ikan miRNA, protein gibi biyobelirteglerin tespitine yonelik biyosensér
¢alismalarina yer verilmistir.

Biosensor Studies For The Diagnosis Of Pancreas Cancer In Early Stages

Abstract

Pancreatic cancer is a type of cancer with a poor prognosis and high mortality rate. Pancreatic cancer,
which is an aggressive type of cancer, is very difficult to detect early and is usually diagnosed in later

stages. The 5-year survival rate in diagnosed patients is 6% on average. Therefore, early detection of

Keywords pancreatic cancer has an important role in increasing the survival rate and reducing mortality rates as

Pancreatic Cancer; a result of early intervention. Imaging techniques such as biopsy, ultrasound, and magnetic resonance

Pancreatic Cancer are used as traditional methods in the diagnosis of pancreatic cancer, but these techniques are

Symptoms; expensive, take a lot of time and need to be performed and analyzed by experts in the field in order to
Biomarkers; obtain accurate and precise results. For this reason, biosensors, which are more accessible,
Biosensors.

inexpensive, can be used by everyone, and have a high probability of giving accurate results, have
been suggested to be used in the diagnosis of pancreatic cancer. In this study, biosensor studies for
the detection of biomarkers such as miRNA and protein, which are revealed in the presence of
pancreatic cancer, are included.

© Afyon Kocatepe Universitesi
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1. Introduction

Pancreatic cancer (PC) is a type of cancer that
depends on genetic and environmental
conditions (Abe et al. 2021). The risk of
developing pancreatic cancer in individuals with
a first-degree relative with pancreatic cancer
[9.0 (95% CI, 4.5-16.1)] is higher than in
individuals without a family history of
pancreatic cancer [2.4 (95% Cl, 0.06-13.5)]
(Klein et al. 2004). Smoking is the biggest
environmental factor that causes pancreatic
cancer (Rulyak et al. 2003). Pancreatic cancer is
a fatal disease involving highly aggressive
pancreatic ductal adenocarcinoma (PDAC),
accounting for 85-95% of all pancreatic
malignancies, with a 5- year survival rate of 1.2-
6% (Conroy et al. 2016). PDAC is a
heterogeneous type of cancer that includes
endocrine and exocrine pancreatic cancers and
accounts for more than 90% of all pancreatic
tumors (Quian et al. 2019). PDAC does not arise
directly; however, it is known to arise from non-
invasive precursor lesions that undergo
histological and genetic progression resulting in
invasive neoplasia. The most common
premalignant precursors of PDAC are pancreatic
intraepithelial neoplasms (PalNs) (Previdi et al.
2016). Early detection of pancreatic cancer is
extremely difficult, and most patients are not
detected until the disease has spread (Foley et
al. 2016). The most common symptoms of
pancreatic cancer are pain, jaundice, and weight
loss. Jaundice is caused by a disproportionate
increase in bilirubin and alkaline phosphatase
levels in the blood as a result of obstruction of
the gallbladder due to tumor shown in Table 1
and table 2 (Freelove et al. 2006). The color of
the urine is dark due to the high level of
conjugated bilirubin and the absence of
urobilinogen, while the color of the stool is pale
due to the lack of stercobilinogen. Severe

itching, which causes jaundice, may also occur
with increased bilirubin levels. As observed in
pancreatic cancer and other cancer types, the
cause of pain is usually pain signals sent from
the celiac plexus (Ambai et al. 2021). Sensory
nerve endings are located in the pancreatic
parenchyma, and these nerves pass through the
celiac ganglion without synapses, thus causing
pain in pancreatic cancer (Dobosz et al. 2016).
With the neurolysis of the celiac plexus, the
nerves are damaged. The patient is prevented
from feeling pain, or the pain is temporarily
blocked by blocking the celiac plexus (Dobosz et
al. 2016, Cornman-Homonoff et al. 2017)

Table 1. Formed Cancer of The Head Pancreas

Symptoms Diseases (%)
Weight Loss 92
Jaundice 82
Pain 72
Anorexia 64
Dark Urine 63
Light Color Stool 62
Nausea 45
Vomiting 37
Fatigue 35
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Table 2. Formed Cancer of The Neck and Tail of
The Pancreas

Symptoms Diseases (%)
Weight Loss 100
Pain 87
Nausea 43
Weakness 42
Vomiting 37
Anorexia 33
Constipation 27
Food Intolerance 7
Jaundice 7

Diagnosis of solid pancreatic mass is made by

transabdominal ultrasound, endoscopic
ultrasound (EUS), multi-detector computed
tomography (MDCT), magnetic resonance
imaging (MRI) and positron emission
tomography/computed tomography (PET/CT),
and cross-section imaging methods (Pietryga et
al. 2015). Early diagnosis of cancer, which is
increasing rapidly nowadays, plays a vital role.
Active in the body, especially in pancreatic
cancer disease designing a biosensor for the
determination of biomarkers that are known to
increase It is important and very advantageous.
Molecular biomarkers, particularly cancer
initiation and progression for strategies to be
developed for early detection of cancer it will
be useful. Trace of proteins found in serum that
are specific to certain types of cancer
determination of the amount of tumor, such as
carcinoembryonic antigen and alpha-

fetoprotein

started with the development of determinants.
Immunodiffusion and then RIA and ELISA The
use of these techniques has led to the discovery
of many serum tumor markers, many of them
have come into routine use. However, the
disadvantage of such determinants is limited
their specificity and sensitivity. In recent years,
serum or with the understanding of tumor-
specific molecular changes in their plasma,
cancer a new era begins in diagnosis. Molecular
biomarkers, especially cancer finding those
associated with initiation and progression is
essential for early detection of cancer. It will be
useful for developing strategies.

With the discovery of biological molecules that
increase in the presence of pancreatic cancer, it
is aimed to detect pancreatic cancer at an early
stage with the development of biosensors that
detect these biomarkers (lbanez-Redin et al.
2015). Looking at the literature, HSP70 protein
in urine bladder urothelial cancer, prostate
cancer, pancreatic cancer, breast cancer,
endometrial it has also been used as a
biomarker in cancer types such as cancer and
liver cancer (K. Dutta et al. 2012) .

Biosensors are devices that detect the change
that occurs due to a biological or biochemical
reaction and can detect the presence/absence
of a biological element by converting this
change into a series of signals (Szunerits et al.
2018, Cesewski et al. 2020). A biosensor
comprises three fundamental components: a
biological recognition element (bioreceptor), a
converter that converts the change caused by
the response into a signal, and a measuring
device that detects the signal's strength (Aydin
et al. 2019). Biosensors are classified according
to the type of bioreceptor or transducer.
Different sensors are created with biomolecules
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such as enzymes, antibodies, cells, aptamers, or
single-stranded DNA. The target recognizes the
analyte and binds specifically (Aydin et al. 2019,
Strehlitz et al. 2008). According to the type of
converter; It is divided into electrochemical
systems (amperometric, impedimetric,
potentiometric, voltammetric, ion charge or
field-effect  transistors), optical systems
(interferometry, luminescence, etc.), mass
change sensing systems, magnetic systems,
thermal systems and piezoelectric systems
(Torequl Islam, 2017, Piroozmand et al. 2020).
Biosensors should have features such as high
sensitivity, selectivity, reproducibility, stability,
and correct post-processing results (Cornman-
Homonoff et al. 2017). The biological
recognition element must remain immobile on
the surface of the biosensor. This process is
called immobilization. The immobilization
process is carried out by creating hydrogen
bonds, van der Waals interactions, hydrophobic
forces, or ionic forces that may occur between
the surface and the biological recognition
element (Ahmadi et al. 2020).

2. Biomarkers Helping Early Diagnosis of
Pancreatic Cancer

It is of great importance to illuminate the
pathways that play a role in the initiation and
progression of pancreatic cancer. By detecting
the molecules produced by cancer cells, the
presence and severity of cancer can be
measured (Moschovis et al. 2016). The main
ones of these molecules are; long noncoding
RNAs(IncRNAs) (Ghafouri-Fard et al. 2021),
MUC1 (Cao et al. 2017, Yokoyama et al. 2016,
Sierzega et al. 2016), MUC4 (Yokoyama et al.
2016, Sierzega et al. 2016), MUCS5AC (Sierzega
et al. 2016), miR-21 and miR-155 (ldeno et al.
2020), alpha-enolase (Sun et al. 2017), CCT8 (Liu

et al. 2019), CTSL (cathepsin L) (Singh et al.
2014), CEACAM (Simeone et al. 2007),
osteopontin (Simeone et al. 2007), macrophage
inhibitor cytokine-1 (MIC-1) (Koopmann et al.
2004), fucosylated haptoglobin (Fuc-Hpt)
(Miyoshi et al. 2016), carbohydrate antigen 19 -
9 (CA19-9) (Li et al. 2021) and alteration of the
microbiome in the pancreas (Goonetilleke et al.
2007). Appropriate biosensor studies that
enable pancreatic diagnosis can be performed
with this biomarker. It aims to detect cancer at
an early stage.

2.1. Biosensors for Detection of Pancreatic
Cancer

The health system aims to increase the
quality of life of individuals by identifying
diseasespecific markers. Therefore, a cost-
effective and functional method is needed (Ye
et al. 2017). Enzyme-linked immunosensor
testing (ELISA) is widely used in the detection of
biomarkers (Ye et al. 2017, Li et al. 2017). ELISA
is a method that is based on signal generation
using biological enzymes such as horseradish
peroxidase (HRP) or alkaline phosphatase (ALP)
and provides quantitative measurement by
detecting the color change resulting from
interaction (Ye et al. 2017, Khodashenas et al.
2019). A study was conducted to detect Fuc-
Hpt, a marker of pancreatic cancer, by ELISA. In
this study, a molecule called Aleuria aurantia
lectin (AAL), which recognizes all kinds of
fucosylation, and AAL-antibody and AAL-
reactive structures were used to detect the
presence of Fuc-Hpt. It has been determined
that Fuc-Hpt is produced ten times more in
patients with pancreatic cancer, according to
the ELISA test performed on patients with
healthy people (Miyoshi et al. 2016). However,
molecules such as enzymes (Ye et al
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2017)/antibody and antigen (Zhao et al.
2019)/protein (Gunawan et al. 2018) used in the
ELISA method can be easily degraded due to
external factors (Li et al. 2017). Therefore,
standard ELISA is insufficient for detecting
complex and very small molecules, especially
cancer markers (Li et al. 2017). The first method
used in the diagnosis of pancreatic cancer is
ELISA, however, this method is not sensitive and
cannot detect proteins in the later stages of
cancer. Therefore, one-step devices that can
provide faster results, are cheaper and detect
even small amounts of markers are preferred
(Wang, 2006). Devices such as biosensors play
an important role in the early detection of
pancreatic cancer and other cancers because
detecting cancer at an early stage allows for
improving the treatment of the disease and the
mortality rate (Blum et al. 2014). CA19-9 is the
only biomarker specifically recommended for
pancreatic cancer by the National
Comprehensive Cancer Network guidelines
(Meng et al. 2017). However, approximately
20% of people with pancreatic cancer have little
or no expression of the CA19- 9 marker (Luo et
al. 2017). The reason for this is that people who
do not have the Lewis gene, which constitutes
the Lewis (-) blood group system, do not secrete
CA19-9 at all or very little (Luo et al. 2017, Tsai
et al, 2020). Although this situation creates a
negative situation for CA19-9, CA19-9 plays an
important role in the detection of pancreatic
cancer. Various biosensor studies have been
carried out for the detection of CA19-9.

2.2 Immunosensors for Diagnosing Pancreatic
Cancer

An immune sensor consists of a sensing
element and a transducer. Detection is achieved
by immobilizing antigen-antibodies on the

biosensor surface. The transducer detects the
interaction of antibodies with antigens and
converts it into a measurable signal. According
to the
immunosensors are divided into several classes,

biosensor  transducer, optical

such as electrochemical immunosensors
(Justino et al. 2016, Zhu et al. 2019).
Electrochemical immunosensors are
immunosensors in which the interaction of the
antibody and antigen immobilized on the
electrode surface is converted into an
electrochemical signal. Its major advantages are
high specificity and good stability against small
amounts of the analyte (Justino et al. 2016).
Optical immunosensors have low signal
detection and remote signal capture. An optical
signal (fluorescent or colored) is produced due
to antibody-antigen interaction in optical
immunosensors, and the medium's optical
properties are changed. Optical changes that
occur after antibody-antigen interaction are
detected by a photodetector and converted into
an electrical signal (Justino et al. 2016). CA19-9,
a pancreatic cancer marker, has been detected
using immunosensors (Soares et al. 2018). In a
study, immunosensors were created using a
simple film architecture to detect CA19- 9
biomarkers  using  electrical impedance
spectroscopy. The designed electrode surface
has a single layer coated with active anti-CA19-
9. Serum samples from patients successfully
determined CA19-9 levels. Thus, it has been
proven that pancreatic cancer can be detected
quickly and simply with high sensitivity (Soares
et al. 2018). Screen-printed electrodes modified
with nanostructured carbon nano-onion films
have been developed that can detect CA19-9
even at low concentrations (Ibanez-Redin et al.
2019). Carbon nano corms (CNOs) are from the
fullerene family and consist of hemispherical,
polyhedral graphite layers close to each other
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(Mykhailiv et al. 2019). Besides showing high
compatibility with protein-derived biomolecules
such as peptides, glycopeptides, and proteins, it
may also allow their use as intracellular carriers
(D’amora et al. 2019). For the detection of
CA19-9, CNOs, silver (Ag) screen-printed nested
electrodes (SPIDEs) modified with graphene
oxide (GO) films were prepared and an
immunosensor was formed with them (lbanez-
Redin et al. 2019). It has been a simple,
reproducible detection method that detects
CA19-9 with high specificity (Ibanez-Redin et al.
2019)

Materials from natural sources such as
nanomaterials, graphene (Xie et al. 2011),
carbon nanotubes (CNTs) (Huang et al. 2015),
metallic nanoparticles (Anik et al. 2016),
chitosan (El-dib et al. 2014) that can be used in
immunosensors serve as a matrix to immobilize
biomolecules and increase the sensitivity by
increasing the measured signal (Soares et al.
2017). Since gold nanoparticles (AuNPs)
generate higher electric current, they provide
more active sites in a single recognition reaction
and are used to amplify the analytical signal
(Cao et al. 2011). An immunosensor has been
developed in which polymer nanofibers
modified with AuNPs are used as the matrix for
the immobilization of anti-CA19-9 antibodies
using electrochemical impedance spectroscopy
(Soares et al. 2017). It showed high sensitivity in
detecting CA19-9 at different concentrations
and binds irreversibly to CA19-9 with high
sensitivity, selectivity, and antigen-antibody
interaction (Soares et al. 2017).

Electrochemiluminescence (ECL) allows
electron transfer on the electrode surface and
creates excited states that emit light while
electron transfer reactions occur (Richter,

2004). The resulting light signal is converted
into an electrical signal via a photomultiplier
tube (PMT) and then recorded in a computer.
There are many application areas such as
electrochemiluminescences, DNA detection
(Wei et al. 2019), microRNA detection (Liu et al.
2018), and fingerprint detection (Wei et al.
2019). Another method used to differentiate
between different types of cancer by exosomal
protein marker profiling is high sensitivity ECL. It
can distinguish even small differences between
other high-sensitivity exosomal protein markers
(Wei et al. 2019). An ECL immunosensor was
established to detect exosomes by interacting
AuNPs loaded on the metal-organic framework
(MOF) and various conjugated polymer dots
(Pdot). Also, the ECL immunosensor can detect
exosomes produced by PANC -1 cells at low
concentrations. The biosensor has good
potential for clinical diagnosis (Wei et al. 2019).
PEAK1, another marker of pancreatic cancer, is
found at high rates in malignancies and leads to
the growth and metastasis of PDAC (Kelber et
al. 2020). This immunosensor design developed
an electrochemical biosensor using gold
nanoparticles labeled anti-PEAK1 probes. With
the developed biosensor, a low-cost and
successful PEAK1-specific immunosensor was
designed for the early detection of pancreatic
cancer (Prasad et al. 2020).

2.3 Aptasensors for Diagnosing Pancreatic
Cancer

Aptamers are single-stranded DNA
(ssDNA), RNA, or modified nucleic acids that
have the ability to bind with high affinity and
high specificity to various ions, large proteins,
living cells and small organic molecules (Kaur et
al. 2018, Shangguan et al. 2006). Aptamers are
target tools for early cancer detection with
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many advantages such as high tissue
penetration, rapid production process, low
synthesis cost, low immunogenicity, thermal
stability, and ease of labeling. So, they are
potential molecules to overcome PDAC therapy
and diagnosis challenges (Li et al. 2020). As
aptamer-based biosensors, aptasensors show
excellent specific binding properties for
selecting  target
aptasensors are preferred over antibody-based

molecules. Therefore,

biosensors (Sharma et al. 2022).

When aptamers bind to target
molecules, their conformation changes. This
property has played a key role in target
identification. Aptasensors can have
electrochemical, optical, and calorimetric
properties (Li et al. 2016). A SERS calorimetric
bimodal aptasensor has been developed for the
detection of MUC1, a marker of pancreatic
cancer (Li et al. 2020). In this aptamer-based
MUC1-specific
functionalized nanobeads were wused. It

biosensor, aptamer
detected MUC1 in a mixed molecule
environment using gold-silver  core-shell
nanoparticles in SERS. Calorimetric SERS probes
were used to report signals simultaneously. The
designed aptasensor can determine the level of
MUC1 in serum samples. It has high sensitivity
and allows quantitative measurement of MUC1
(Li et al. 2020). Aptamer-based biosensors are
non-invasive devices for early diagnosis of PDAC
(Li et al. 2020).

2.4 SERS Biosensors in the Diagnosis of
Pancreatic Cancer

Raman spectroscopy relies on inelastic light
scattering on the sample. Natural fingerprint
vibration information is created on the sample
with factors such as Raman spectrum
components, symmetry, and environment (Zong

et al. 2018). Raman spectroscopy determines
chemical elements, molecular structure,
conformations, and intermolecular interactions
and shows very good results (Zong et al. 2018).
Raman spectroscopy is a promising technique
with very good chemical properties and
specificity to identify the analyte in mixtures of
various substances. It has poor signal
transmission in water and can be easily studied
in aqueous solutions (Zong et al. 2018,
Ambartsumyan et al. 2020). To increase the
sensitivity of Raman spectroscopy, surface-
enhanced Raman spectroscopy (SERS) has been
developed on Ag metal surfaces and has greatly
increased the sensitivity of Raman spectroscopy
(Li et al. 2016). A dual SERS biosensor has been
designed to detect microRNAs in exosome and
blood plasma residues in the diagnosis of
pancreatic cancer (Thind&Wilson, 2016).
MiRNAs that increase in the presence of
pancreatic cancer, such as miR-21, and miR-155
(Ideno et al. 2020), or in the presence of other
cancers, are an important part of exosomal
transport (Pang et al. 2019). Tumor miRNAs
transmitted by exosomes stimulate the
microenvironment and cause tumor progression
through angiogenesis (Thind&Wilson, 2016).
Therefore, miRNAs are also important
biomarkers for the early detection of cancer
(Ma et al. 2018). Compared with free miRNAs in
serum and exosomal miRNAs, exosomal miRNAs
are not inhibited by RNase and are more stable
in peripheral blood (Pang et al. 2019). A single-
step biosensor study was conducted to detect
miRNAs, and a DSN-supported dual SERS
biosensor was used in this study (Pang et al.
2019). A biosensor with a DSNsupported
recycling signal supported by a dual SERS
biosensor with Fe304 Ag-SERS assembly, which
can detect the analyte even at very low
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concentrations, has been created (Pang et al.
2019).

2.5 Electrochemical Biosensors for the Diagnosis
of Pancreatic Cancer

Proteases carry out proteolysis, which is one of
the biological catalytic reactions. It also controls
hysiological processes essential for life, such as
proteolysis, digestion, apoptosis, wound
healing, and protein and organelle recycling
(Eatemadi et al. 2017, Gurumallesh et al. 2019,
Turk et al. 2012). There are six protease groups,
namely serine, cysteine, glutamic acid (Yang et
al.  2009),
metalloproteases (Eatemadi et al. 2017, Turk et

threonine,  aspartate, and
al. 2012), Based on the nature of the key amino
acid in the active site of the protease and the
cleavage mechanism of the peptide bond, and
on different catalytic mechanisms (Eatemadi et
al. 2017, Turk et al. 2012). In proteolysis, the
peptide bond at the carbonyl group of the
peptide is hydrolyzed and proteases have a
wide range of enzymes (Li et al. 2020). Trypsin is
in the serine protease group (Olsen et al. 2004)
and is produced by the pancreas (Yang et al.
2009). Trypsin hydrolyzes peptide bonds at the
C-terminus of arginine or lysine (Olsen et al.
2004). Trypsin is produced in the pancreas in
the form of trypsinogen, if it was not produced
in the form of trypsinogen, it could cause
serious damage to the pancreas. Therefore,
detection of trypsin in serum or urine can be
presented as a simpler, useful, and safe method
for inhibitor screening (Lin et al. 2019). The
presence of trypsin in pancreatic cell lysates
plays an important role in the diagnosis of
chronic pancreatic diseases (Wu et al. 2014).
Binary fluorescent isothiocyanate (FITC) and
biotin-modified peptides were immobilized on
the surface of magnetic microbeads. Mbs were

captured by a magnetic field on the screen-
printed electrode surface. The biosensor is
based on enzymatic labeling of MB's with the
Fab region of the anti-fluorescein antibody
conjugated with HRP. In the presence of the
HRP enzymatic substrate labeled to MBs, Ag
showed amperometric results against the
reference electrode. The detection of trypsin in
the cancerous pancreatic site with high
selectivity and sensitivity has been quantified
(Munoz-San Martin et al. 2020).

There are many types of miRNAs that occur in
the presence of pancreatic cancer. miR-196b is
found at high levels in blood serum in the
presence of pancreatic cancer. It has been
found to cause differentiation and metastasis of
cells. Also, miR-196b is an important biomarker
in pancreatic cancer (Wang et al. 2017). To
detect miR-196b, a biosensor with an
isothermal, dual-signal amplification strategy
was developed to convert the signals into
electrochemical signals. A polypodamine-gold
nanoparticle composite modifier was used as a
disposable screen-printed

electrode (Jain et al. 2008). A sensitive
biosensor that can detect even very small
amounts of miR-196b with high specificity has
been developed and shows promise in the
diagnosis of pancreatic cancer (Chen et al.
2021).

2.6 Highly Specific Plasmonic Biosensors for
Detection of Pancreatic Cancer

The strongly enhanced surface plasmon
resonance of noble metal nanoparticles at
optical  frequencies makes the noble
nanoparticles  excellent  scatterers  and
absorbers of visible light (Jain et al. 2006). This
is called localized surface plasmon resonance
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(LSPR) oscillation, and this electronic oscillation
creates an intense electric field around the
metal particle. It can simply be visualized as a
photon limited by the size of the nanostructure
2006).
biosensors have been produced for the label-

(Jain et al. Solid-state  plasmonic
involved in
2014). A
constructed by
miRNAs  with
DNAs
functionalized to the surface of gold nanoprisms

free detection of microRNAs
(Joshi
biosensor was
PDAC-related
single-stranded

pancreatic cancer et al
plasmonic
hybridizing

complementary

attached to the glass substrate and monitoring
the LSPR dipole peak. By adding RNA duplex
cleavage enzymes, the sensor can be re-sensed.
Therefore it is a biosensor with high

reproducibility (Joshi et al. 2014).

3. CONCLUSIONS

With the early detection of other types
of cancer, such as pancreatic cancer, the
survival time of patients increases significantly.
This study
detection of pancreatic cancer and biosensor

includes biomarkers for early
studies conducted in recent years. There were
many biomarkers as markers of pancreatic
cancer. Many different biosensor studies have
been and continue to be done to detect these
types,
electrochemical and optical biosensors showed

biomarkers. Among the biosensor
much greater sensitivity. The analyte detection
limit of the developed biosensors is slightly
higher than the samples taken from the
patients. Therefore, sometimes accurate results
may not be obtained from biosensors due to
insufficient analyte. Although CA19-9 is the best
known pancreatic cancer biomarker, it is
increased even in the presence of other cancer
types. Therefore, it is not a very specific
biomarker for the early detection of pancreatic

cancer. In future studies, biosensor studies to
detect more specific molecules such as miRNAs
and exosomes that occur in the presence of
pancreatic cancer may yield more sensitive and
specific results. Since more clear results can be
obtained in biosensor studies that can detect
more than one biomolecule released in the
presence of pancreatic cancer, it is expected
that studies on this subject will increase.
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