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On Soz

Miihendislik bir tilkenin kalkinmasinda ve gelismesinde ¢ok 6nemli rol
oynayan disiplinler aras1 ortakligin meydana getirdigi bir iist bilim dalidir.
Miihendislik, matematiksel ve dogal bilim dallarindan, ders galiyma, deney
yapma ve uygulama yollart ile kazanilmig bilgileri akillica kullanarak, doganin
kuvvetleri ve maddelerini insanoglu yararma sunmak iizere ekonomik olan
yontemler gelistiren bir meslektir.

Ciinkii miithendislik yaklagimz; igi sorun ¢6zmek olan insan yaklagimudur.
Miihendislik  yaklagimi iginde bulunan ¢alisanlar, goriilmeyeni gorerek,
diigiiniilmeyeni bularak, optimum ¢6ziimleri hedefleyip durumdan maksimum
faydayi ¢ikarmayt bilirler. Diger taraftan miihendislik nedir, sorusu ile aklimiza
¢ok genis ve detaylh bir tamimlama gelse de genel olarak miihendislik,
problemleri ¢ozebilmek icin gerekli olan bilim ve matematigin
uygulanmasidir diyebiliriz. Miihendisler, bir seylerin nasil ¢aligtigini anlar ve
bilimsel kegiflerin pratik hayatta kullanimi i¢in yontemler bulur.

Yayinlanan bu kitap; gesitli miihendislik dallarinda  hocalik  yapan
akademisyenlerin sunmug oldugu gerek kendi 6zgiin ¢aligmalar1 ve gerekse
literatiirden aktarilan derleme galiymalarin bir araya getirilmig sunumlarindan
meydana getirilmigti. Burada amag konuyla ilgilenen miihendis ve
akademisyenlerin  6nemli sayillacak miihendislik ¢alismalarini  bir arada
bulmalaridir. Dolayisiyla kitabmn 6nemli bir boglugu dolduracagr ve geng
aragtirmacilara faydali olacagi kanaatindeyim. Bu baglamda; kitaba bilimsel katki
sunan, kitab baskiya hazirlayan kisacas: emegi gecen herkese tesekkiir ederiz.

Yayimlanan bukitabin gerek miithendislere ve gerekse geng akademisyenlere
faydali olmasmni diler, tiim miihendis ve gen¢ akademisyenlere basarilar
dilerim.

Prof. Dr. Kamil KAYGUSUZ
Karadeniz Teknik Universitesi
Tiirkiye Bilimler Akademisi Asli Uyesi
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Bolum 1

Yiiksek Atik Miknatis Igerikli NdFeB
Alagimlarinda Manyetik Ozelliklerin Degisimi

M. Fatih Kiligaslan'
Umit Yilmaz?

Bekir Akgiil®

Ozet

Caligma kapsaminda, bir tiir hizli katilagtirma yontemi olan ve gerit seklinde
amorf ve/veya yar1 kristalin yapiya sahip alagimlarin iiretilmesini miimkiin

kilan Eriyik egirme (melt spinning) yontemiyle iiretilen NdFeB esash

kalict miknatis alagimlarinin tretimini kapsamaktadir. Ayrica manyetik
ozelliklerine 680 ve 710 °C sicakliklarda 10 dakika siireyle 290 K/s lik gok
hizli 1sitma ve sogutma hizlart kullanilarak gerceklestirilen flag tavlama
1s1] 1gleminin etkisini incelenmistir. Caligmamizda kullanilan NdFeB esash
kalic1 miknatis alagimina, agirlik¢a %30 oraninda hurda miknatis eklenerek
yeni alagim elde edilmistir. Caliymamiz 181l islemin etkisine ek olarak bir

diger amaci da atik miknatislarin tekrar kullanilmasi ile atik miknatislardan

nadir toprak elementlerinin geri kazanilmas: amaglanmigstir. Artan 1s1l iglem
sicakligi ile birlikte, kalict manyetikligi ortaya koyan, ozellikle manyetik
koerzivitede 16546 Oe’den 2349 Oc’ye, maksimum enerji iirtiniinde, 136
kJ/m®ten 10 kJ/m¥e, manyetik remenansta ise 56 emu/g’dan 22 emu/g’a
dogru bir diisii goriilmiistiir. Doyum manyetizasyonunda ise hatirt sayilir

bir degisim olmamakla birlikte 93 emu/g’dan 90 emu/g’a dogru hafif bir

artig gorilmiigtiir.
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1. GIRIS

NdFeB esasli kalict manyetik malzemeler, sahip olduklar iistiin sert manyetik
ozellikleri olan manyetik koerzivite (H ) ve maksimum enerji iirtinii ((BH)
) Sayesinde, elektronik endiistrisi, bilisgim, medikal, hibrit elektrik araglar ve
rlizgar jeneratorleri gibi bircok alanda yaygin bir sekilde kullaniimaktadir [ 1-
3]. Bugiin teknolojik olarak ileri seviyede olan bir¢ok toplumlarda kullanilan
elektrik, elektronik ve elektro-mekanik bilegenlerin vazgeg¢ilmez unsurudur
[4]. NdFeB kalict miknatislar; marg motorlari, bilgisayar disk siiriiciileri,
manyetik rezonans goriintiileme (MRI) cihazlar1 nispeten diigiik sicakliklarda
yiiksek mukavemetli miknatislarin kullanildigr diger uygulamalarda kendine
yer bulmaktadir [5]. Ayrica giigli NdFeB miknatislar otomotiv marg
motorlari, servo ve diger motorlar, bilgisayarlar, el tipi taginabilir aletler gibi
bir¢ok uygulamalar i¢in daha kiiglik ve daha etkili miknatislarin tiretimine
olanak saglamigtir. NdFeB miknatislar, manyetik ayiricilar, askeri ve havacilik

sistemlerinde ve seyir hizinin yiiksek oldugu demir yolarinda yaygin olarak
kullanilmaktadir [6].

NdFeB miknatislar, diigiik sicaklikta kararli olduklar: i¢in oda sikliginda
yiiksek performansa sahip olabilmektedirler [7]. Ne yazik ki, bu tiir kalict
manyetik malzemelerin nispeten yliksek sicakliklardaki performansi tatmin
edici degildir [8]. Dahasi, uygulama alanlarindaki artiga bagl olarak ytiksek
koerzivite ve yiiksek sicaklikta kararliliklarinin artirilmasi bu malzemelerin
gelistirilmesi gereken en ©6nemli Ozelliklerindendir [7,9]. Bu noktada,
kullanilacak iiretim yonteminin se¢imi ve daha sonraki agamalarda 1s1] iglem,
tane sinir1 difiizyonu prosesi (GBDP) gibi ikincil islemlerin uygulanmasi
olduk¢a Onemlidir. Kiigiik tane boyutu ile yiiksek performansli NdFeB
muknatislar elde edilebilmektedir. Tane boyutunu kiigiiltmek, Dy gibi pahal
agir nadir toprak elementleri olmadan koerziviteyi etkili bir sekilde artirabilir
[10]. Uretim yontemleri arasinda bir tiir hizl katilagtirma prosesi olan eriyik
egirme prosesi ile oldukga yiiksek soguma hizlarina eriserek amorf ve/veya
yar1 amorf mikroyapr ile birlikte tistiin manyetik Ozelliklerin elde edilmesi
miimkiindiir [11-13]. Ayrica, baz1 1s1l islemler ile NdFeB kalict miknatislarin
manyetik performanslarinin iyilestigi bilinmektedir [8].

NdFeB kalict miknatislar, agirlikga yaklagik %32 oraminda nadir toprak
elementi igermektedir [14]. Nadir toprak elementlerinin geri doniigiimii
hem ¢evresel agidan hem de kaynaklarin etkili kullanimi agisindan 6nemlidir.
Rita Schulze ve arkadaslar1 yaptiklar1 NdFeB miknatislarinin geri doniigiim
potansiyeli tahmini galiymasina gore %18 Nd malzemesinin 2020-2030
yillar1 arasinda geri doniigiim yolu ile elde edilecegini 6n gérmiislerdir [15].
Bu amag ile galigmamizda kullanilan NdFeB alagimina agirlikga %28 Nd



M. Fatil Kilaslan | Umit Yilmaz | Bekir Akgiil | 3

yani nadir toprak elementi igeren agirlik¢a %30 oraninda hurda miknatis
cklenerek yeni bir alagim elde edilmigtir.

Tiim bunlar goz oniine alindigl zaman, eriyik egirme yontemi ile yari
amorf bir yap1 elde edilmeye ¢ahigilmistir. Ayrica alagim igerisinde % 30
oraninda atik miknatis kullanilarak atik miknatislarin etkin bir gekilde geri
kazanimi konusunda cesaret verici bir sonu¢ ortaya konulmustur. Atik
muiknatislarin geri kazanimi sayesinde piyasa degeri oldukga pahali olan fakat
NdFeB miknatislar i¢in nerdeyse vazgegilmez olan Dy ve Pr gibi agir nadir
toprak elementlerinin alagim igerisine dogrudan kazanilmas: saglanmistir.
Caligma kapsaminda uygulanana flag tavlama iglemi ile yar1 amorf yapidan
nanokristalin bir yapiya gegisin saglanmasi hedeflenmistir.

2. MATERYAL VE YONTEM

NdFeB esashi gerit alagimlarinin iretilmesinde birinci adim  olarak
yaklagitk 10* mbar’lik yiiksek bir vakumun yami sira 590 mbar kismi
basingtaki argon atmosferi altinda silindirik, ingot seklindeki alagimlar
vakum indiiksiyon ergitme (VIM) firminda {iretilmigtir. Alagimlarin
nominal kimyasal kompozisyonu agirlikga %30 Nd, %67 Fe ve %3
B seklinde ayarlanmigtir. Ayrica her bir ingot alagimina agirlik¢a %30
oraninda ve kimyasal kompozisyonu agirlikca %28 Nd, %64 Fe, %1 B,
%3 Dy, %3.5 Co ve %0.5 Pr seklinde olan atik miknatis dahil edilmigtir.
Elementel homojenligin istenilen seviyede saglanabilmesi agisindan ingot
alagimlarindaki ergitme iglemi 3 kez tekrarlanmistir. Her bir ingot alagimu,
yaklagik 250 g’lik bir agirliga sahip olacak sekilde tiretilmistir. Daha sonra bu
ingotlardan yaklagik 25 g’lik numuneler kesilerek, Eriyik egirme isleminde
kullanilmak tizere hazirlanmugtir. Eriyik egirme prosesi ile NdFeB esash serit
alagimlar tiretmek igin vakum altinda, ergitme islemine tabi tutulan ingot
alagimlari, 1x10 mm®lik bir kesit alanina sahip noziil vasitasiyla eriyik halde
yaklagik 30 m/s hizla donen bakir bir disk itizerine 260 mbar piiskiirtme
basinci ile puskiirtiilmistiir. Bakir disk ile noziil arasindaki mesafe 0.6 mm
olacak gekilde ayarlanmugtir. Sonugta, tiniform bir kalinlik (yaklagik 30 pm)
ve yaklagik 10 mm genislige sahip NdFeB esash gerit alagimlar: tiretilmigtir.
Uretilen serit alagimlarin bir kismina 290 K/s lik ok yiiksek 1sitma ve
sogutma hiz1 kullanmak suretiyle, 680 ve 710 °C lik sicakliklarda 10 dakika
stireyle flag tavlama 1s1l islemleri uygulanmustir. Bilindigi gibi, bu sicakliklar
NdFeB esasli miknatis alagimlarinin yeniden kristallesme sicakligina yakindir
[16].

Alagimlardaki amorf ve kristalin bolgeleri ortaya ¢ikarmak igin X-151n
difraksiyon (XRD) analizi (Cu-Kao radyasyonu ile) 2°/dakika tarama hizinda
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gergeklestirilmigtir. Manyetik davraniglarin belirlenmesi amaciyla titregimli
numune manyetometri (VSM) analizi yapilmugtir. NdFeB esash alagimlarin
kristalizasyon sicakliklarinin belirlenmesi amaciyla, her bir alagima diferansiyel
taramal1 kalorimetri (DSC) analizi gergeklestirilmistir.

Tablo 1. Isd islem wygulanmamas ve 680 ve 710 °C swcaklikta 10 dakika boyunca flas
taviama 1sil islemine tabi tutulmus eviyik egivme yontems ile tivetilen NdFeB esasl
alasumlarm tanumlanmast.

Eriyik Egirme Yontemi ile Uretilen
Tanimlama
Alasimlarmn Kodu
Eriyik egirme yontemi ile tiretilmis,
NDO -
1s1l iglem uygulanmamug
Eriyik egirme yontemi ile tiretilmis,
-1 .
ND680-10 680 °C ta 10 dakika flag tavlanmig
Eriyik egirme yontemi ile tiretilmis,
D710-1 .
ND710-10 710 °C ta 10 dakika flag tavlanmig

3. BULGULAR

Sekil 1, de eriyik egirme yontemiyle tiretilen, 1s1l iglem uygulanmamus ve
680 ve 710 °C ta 10 dakika boyunca flag tavlama 1s1] islemine tabi tutulmug
NdFeB esash serit alagimlarinin XRD paternleri gosterilmigtir. Buna gore,
her bir alagimin XRD paterninden biiyiik 6lglide amort bir yapinin yani sira
eser miktarda kristalin bir yap1 olusumu goze garpmaktadir. Amorf yapinin
olusabilmesi, eriyik egirme yonteminde kullanilan hizli sogumanin (yaklagik
107 °C/s) etkisi ile agiklanabilmektedir [17]. Isil igleme tabi tutulmamug
alagimmn XRD paterni incelendiginde, NdFeB alagimina dahil edilen atik
muknatis igerisindeki Dy ve Pr agir nadir toprak elementleri (HREE) nin
etkisiyle, yaklagik 26=30° ve 20=45° civarinda sirasiyla kristalin yapida sert
manyetik (Nd, Dy, Pr),Fe ,B ve yamugak manyetik o-Fe fazlarina ait piklerin
goriilmektedir. 680 ve 710 °C sicakliklarda 10 dakika boyunca uygulanan flag
tavlama 1s1] iglemi sonucunda yar1 amort yapidan kristalin yaprya dogru bir
doniisiim meydana gelmis olup, bu durum sert ve yumugak manyetik fazlara
ait daha fazla kristalin pikin ortaya ¢tkmasiyla kendini gostermektedir [18].
Daha yiiksek sicaklhikta gergeklestirilen flag tavlama 1s1l iglemi ile birlikte de
sert ve yamugak manyetik fazlara ait piklerde artiy goriilmistiir. Bu durum,
artan sicaklikla birlikte alagimdaki atomlarin amorf bir yapidan kristalin bir
yapiya gegigini kolaylagtirmasr ile agiklanabilir [19].
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ND710-10

ND630-10

Intensity (a.u.)

A (Nd, Dy, Pr):Fe.B

* o-Fe
I " I N 1 " 1 " I

20 30 40 50 € 70 80
2 Theta (Degree)

Sekil 1. Eviyik egivme yontemiyle sivetilen NdFeB esasl sevit alasunlarm s islem
wygulanmamas ve 680 ve 710 °C swcaklikta 10 dakika boyunca wygulanan flas taviama
w5l islemi sonvasmdnki XRD paternleri.

Sekil 2 ve 3’te, Eriyik egirme yontemiyle iiretilen, 1s1l iglem uygulanmamug
ve 680 ve 710 °C’lik sicakliklarda 10 dakika boyunca flag tavlama 1s1l iglemine
tabi tutulmus NdFeB esashi alagimlarin titregimli numune manyetometri
(VSM) analizi sonucunda elde edilen demanyetizasyon egrileri ve
demanyetizasyon egrilerinin ikinci ¢eyrek (second quadrant) kisimlar
gosterilmigtir. Gortldiigii gibi, 1s1l iglem uygulanmamig alagimda, sirastyla
manyetik koerzivite (H ) 16546 Oe, maksimum enerji tirtinii ((BH)__ ) 136
kJ/m?*, manyetik remenans (B ) 56 emu/g ve doyum manyetizasyonu (B ) 93
emu/g dir. 680 °C’ta 10 dakika boyunca flag tavlama 1s1l iglemine tabi tutulan
alagimin sirastyla manyetik koerzivite (H.) 13360 Oe, maksimum enerji
triini ((BH),_ ) 97 kJ/m? manyetik remenans (B) 55 emu/g ve doyum
manyetizasyonu (B ) 91.5 emu/g dir. 710 °C’ta 10 dakika boyunca flag tavlama
1s1l iglemine tabi tutulan alagimin ise sirasiyla manyetik koerzivite (H ) 2349
Oe, maksimum enerji tiriinii ((BH)_ ) 10 kJ/m? manyetik remenans (B,)
22 emu/g ve doyum manyetizasyonu (B ) 90 emu/g dir. Burada, uygulanan
flag tavlama 1s1] iglemin sonucunda yumusak o-Fe fazi ile sert (Nd, Dy,
Pr),Fe ,B manyetik fazlarinin daha fazla ortaya ¢tkmasi ile kalict manyetik

ozellikleri belirleyen H_ve (BH)_ ’m artmasi beklenir [20]. Ancak, H_ ve

.
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(BH),_ ’ta diisiis meydana gelmesi, uygulanan flag tavlama 1s1l iglemindeki
sicaklik ve siirenin etkisiyle daha ¢ok o-Fe yumugak manyetik faz ve Nd,Fe . B
sert manyetik fazin ortaya ¢ikmasina sebep olmustur. Bununla birlikte bu
manyetik fazlarin kristal boyutundaki kabalagmaya bagli olarak, aralarindaki
kalict manyetik 6zelligi ortaya koyan degisim eglesmesi (exchange coupling)
mekanizmasinin istenen derecede ger¢eklesmemis olmasina atfedilebilir
[21]. Ciinkii kalici manyetik karakteri ortaya koyan manyetik 6zellik olan
H, sert ve yumugak manyetik fazlar arasindaki degisim eslesmesi (exchange
coupling) mekanizmas ile kendini gosterir [22]. Uygulanan flag tavlama
isleminde tane boyutunun beklenmedik bir sekilde artarak sert manyetiklik

ozelligine zarar verdigi anlagilmaktadir.

— NDO

1004 —— ND680-10
@ | =——ND71010
3
£ w
m
E /
g /
=
2
D -50 -
c
o
1]
=

-100

I i I ' I ' 4 I T I 4 I
-30000 -20000 -10000 0 10000 20000 30000
Magnetic Field, H (Oe)

Sekil 2. Eviyik efirme yontemiyle tivetilen NdFeB esasl sevit alasunlarmn isil islem
wygulanmamas ve 680 ve 710 °C swcaklikta 10 dakika boyunca wygulanan flas taviama
asil islemi sonvasindaki VSM egrileri.

Ayrica, NdFeB alagimina dahil edilen atik miknatisin igerdigi Dy ve Pr
agir nadir toprak elementleri (HREE)nin, olugturduklar1 (Nd, Dy, Pr),Fe ,B
sert manyetik fazi igerisinde, a-Fe fazi ile antiferromanyetik degisim
eslesmesi (exchange coupling) mekanizmasinin da H_ ve (BH),_ 1 artirmasi
beklenir [9]. Ancak burada, boyle bir durum gergeklesmemistir. Doyum
manyetizasyonunda meydana gelen hafif bir artig, uygulanan flag tavlama
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1s1l iglemi sonucunda a-Fe yumugak manyetik fazin miktarinda meydana
gelen artiga atfedilir [23] ki bu da alagimlarin XRD paternlerinden agik¢a
goriilmektedir. Bilindigi gibi o-Fe yumugak manyetik fazi yumugak manyetik
bir fazdir ve NdFeB sert manyetik alagimlarinda miknatis 6zelliklerinin zarar
gormesi sebep olmaktadir.

——NDoO

——ND680-10
1——ND710-10
50

60 -

40 4

304

20

10 +

Magnetic Moment, B (emu/g)

T — 1 — 1 L L
-18000 -16000 -14000 -12000 -10000 -8000 -6000 -4000 -2000 O
Magnetic Field, H (Oe)

Sekil 3. Eviyik egivme yontemiyle vivetilen NdFeB esasl sevit alasunlarm s islem
wygulanmamas ve 680 ve 710 °C swcaklikta 10 dakika boyunca wygnlanan flas taviama
sl islemi sonvasmdaki VSM egrilevinin ikinci ceyrek (second quadvant) kisumlar.

Sekil 4’te, eriyik egirme yontemiyle iiretilen, 1s1l iglem uygulanmamug ve
680 ve 710 °C ta 10 dakika boyunca flag tavlanmig NdFeB esasli alagimlarin
diferansiyel taramali kalorimetri (DSC) analizinden elde edilen egriler
gosterilmektedir. Buradan her bir alagima ait kristalizasyon sicaklik degerleri
sirastyla 364.3, 366 ve 372 °C olarak olgiilmiistiir. Uygulanan 1s1l iglemle
birlikte kristalizasyon sicakligi hafif bir sekilde artma egiliminde olmustur.
Isil iglem uygulanan numunelerde 1s1l islemin etkisi ile yar1 amorf yapida bir
miktar kristalisyon olustugu igin kristalizasyon sicakliklar hafif bir sekilde
artmigtir.



8 | NdEeB Esash Kalco Manyetik Alasimiarin Manyetike Ozelliklevine Uygulanan Isl Islem...

5| ——NDO
| ——ND860-10
, | ——ND710-10

T =372°C

Exothermic —
=
1

1 4

-2 4

\ T =364.3°C
) T =366 °C

T T T
300 400
T.(°C)

Sekil 4. Eviyik egirme yontemiyle ivetilen NdFeB esasly sevit alasumlarm isi islem
wygulanmamas ve 680 ve 710 °C swcaklikta 10 dakika boyunca wygulanan flas taviama
w5l islemi sonvasmdaki DSC egrileri.

4. SONUCLAR

Sonug olarak, Eriyik egirme yontemiyle iiretilen NdFeB esash gerit
alagimlarin manyetik 6zellikleri, 1s1l iglem uygulanmamig ve 680 ve 710
°C’lik sicakliklarda 10 dakika boyunca 1si1l igleme tabi tutulmus durumda
kargilagtirilmigtir.  Alagimlarin XRD paterni, yart kristalin bir yapiy1
gostermigtir. Uygulanan flag tavlama 1s1l islemine baglh olarak, a-Fe
yumugak manyetik ve (Nd, Dy, Pr) Fe B sert manyetik kristalin fazlarda
artiy gozlenmigtir. Alagimlarin kalict miknatishik 6zelliklerini belirleyen
manyetik koerzivite (H ), manyetik remenans (B ) ve maksimum enerji
urtinit ((BH)
birlikte diisiiy meydana gelmigtir. Flag tavlama 1si1l iglemi ile birlikte
ozellikle (Nd, Dy, Pr),Fe B sert manyetik kristal fazinin daha fazla ortaya
¢tkmaktadir. Fakat a-Fe yumugak manyetik faz ve (Nd, Dy, Pr),Fe B

) Ozelliklerinde, uygulanan flag tavlama 1sil iglemi ile

max

sert manyetik fazlarin kristal boyutlarindaki kabalagma dolayisiyla kalict
manyetik davranigi belirleyen degisim eglesmesi (exchange coupling)
mekanizmasinin istenen seviyede gergeklesemedigi diigtiniilmektedir.
ve B_gibi
manyetik Ozelliklerin azalmasma yol agtigr diigtintilmektedir. Flag

Boylece kalici manyetik davranist ortaya koyan H_, (BH)

max



M. Fatilh Kilaslan | Umit Yilmaz | Bekir Akgiil | 9

tavlama 1s1l igleminde artan sicakliga bagl olarak B de meydana gelen
hafif bir artigin da a-Fe yumugak manyetik fazin miktarindaki artigtan
kaynaklandig1 sonucuna varilmugtir.
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Chapter 2

Design and Fabrication of Nonwoven Fabrics for
O1l/Water Separation Applications

Giilgin Baysal'

ABSTRACT

Considering that oil spills and oil-containing wastewater seriously damaged
to marine life ecosystems, sustainable, environmentally friendly, and
efficient oil/water separation technology has become an inevitable trend
for environmental pollution prevention. Fabric materials are accepted
in the class of environmentally friendly materials for water treatment
processes due to their low cost and good degradability. fabrics with natural
hydrophilic/oleophilic properties provide super-wettable surfaces in the
separation of oil/water mixtures and complex emulsions consisting of
different components. Among the fabric types, nonwoven fabrics form a
basis to produce superhydrophobic nonwoven fabrics due to their short
production processes, low costs, high mechanical properties, and three-
dimensional porous structures. Superhydrophobic nonwoven fabrics are
among the functional nonwovens researches due to their selective properties
against water and oil, as well as their resistance to water and pollution,
antibacterial activities, and self-cleaning properties. In this review, firstly the
theories of wettability and separation mechanisms depending on specific
wettability are explained, and the effects of nonwoven fabric structure
on superhydrophobicity are presented. Subsequently, nonwoven-based
functionalized surfaces for oil-water separation applications reported in
the literature are explained in detail and lastly, in the conclusion section
the challenges and expected future research directions are indicated.
Considering the recent interest in studies in which nonwoven fabrics are
used as a base surface and the increase in publications, it is thought that
this review will benefit researchers as a guide that systematically presents
the current situation to guide the development of functional structures that
separate oil/water.

1 Eskischir Technical University Rectorate Iki Eylul Campus, Tepebast 26555, Eskischir, Turkey
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1. INTRODUCTION

Inrecentyears, as the increase in oil production due to the rapid development
of industries using oil resources and the accidents in the transportation
process cause oil spills, and in addition, industrial wastewater poses threats
to the ecosystem, all these situations threaten the sustainable development
of humanity[1-10]. Oil spilled into the sea causes environmental and
ecological damage by threatening marine life, biodiversity and affects
human health due to decomposition of oil into harmful chemicals[11-14].
Accordingly, the selection of the method to be used to separate the oil
from the water is very important. Various approaches have been developed
and used for oil/water separation, such as gravity separation, in situ
incineration, electrolysis, chemical dispersion flotation, and centrifugation.
However, in general, disadvantages such as non-recyclability in general,
high cost and environmental pollution, and low efficiency emerge with
the use of these methods[10],[15]. Porous materials, which have recently
been preferred in both commercial applications and research studies, are
frequently used in the fields of self-cleaning, stain sensor, tissue scaffolds
and oil/water separation'®?’. For these reasons, there is a need for the
development of sustainable, environmentally friendly, new materials that
are efficient for water/oil separation. Especially in the last two decades,
wettability materials with superhydrophobic (SHB) surface properties
have been proposed as functional materials for the separation of oil/water
mixtures and emulsions, and many scientific articles have been published in
this context(Fig.1)". There is a need for higher requirements on separation
techniques for the purification of oils in emulsified form. Therefore, it
is important to search for high-efficiency, low-cost and environmentally
friendly separation techniques'. Particularly recently, the focus has been on
bio-inspired SHB materials with high selectivity for oil separation from
water!617,

The functional surfaces of materials with high absorbency are expected
to effectively filter oily wastewater'®!7-?!. SHB surfaces can be obtained by
modifying the surface chemical composition and surface microstructure.
Foams, polymeric membranes, sponges, metal nets, and woven/non-
woven fabrics are the preferred SHB porous materials to be used for oil/
water separation'>!*2? and a schematic representation of the typical material
used for oil/water separation was given in Fig.2. Among them, membrane
separation is considered the most efficient base substrate based on its unique
advantages such as environmentally friendly, energy saving, simple process,
easy operation, and low maintenance cost**2%.
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Fabrics, which are widely used as porous materials, have flexible, rough
structure and hydrophilic/oleophilic properties. Therefore, these properties
facilitate the creation of efficient wetting surfaces for the controlled and
effective separation of complex emulsions consisting of oil/water mixtures
and other different components. Differentiating from other porous materials
with these properties, fabrics serve as promising efficient, environmentally
friendly and comprehensive platforms for water treatment due to the many
advantages they offer: (1) fabrics in woven structure improve mechanical
properties; (2) fabric structures can offer micro/nano level roughness
structure; (3) fabrics have a porous structure to facilitate the movement of
liquids; and (4) and in terms of sustainability, the fabrics are degradable,
accessible and inexpensive. On the other hand, fabrics show low resistance
to heat, chemicals, and wrinkling. Because of these properties, fabrics
present both opportunities and challenges, for the design and manufacture
of superimpregnated fabrics in the preparation of oil/water separation
systems'.

Showing hydrophobic and oleophilic properties as soft and porous
materials, non-woven fabrics (NWFs) have become an economical and
readily available material for oil separation from oil/water mixtures and
emulsions?®*”. NWFs are considered as random sheets/webs of fibers which
can be composed of single or different fiber compositions produced by
bonding or clamping fibers together by chemical, mechanical, thermal or
solvent methods'®. NWFs are widely used in industrial, agricultural, medical
and decoration fields thanks to their environmental friendliness, highly
flexible structures, affordable costs and low-density properties. In addition,
NWZEs have enough space to grow micro and nanostructures and contact
water and oil drops from different angles, due to their irregular and multi-
layered network structure?.
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Figure 1. Numbers of avticles and citations of oil/water separation indexed in Web of
Science by the title of “oil/water separvation”.

For these reasons, different approaches have been adopted for the
design and fabrication of superwetting NWFs to achieve efficient oil/water
separation performance's and in literature there are limited studies related
to NWFs design for oil/water separation applications. Table 1 provides
the materials and methods used to fabricate the superhydrophobic NWFs.
The use of environmentally unfriendly chemicals and high costs in these
complex and expensive manufacturing processes indicate that NWFs may
not be practical for large-scale applications. For this reason, studies on the
use of sustainable materials and low-cost production methods are being
conducted. Hydrophobic and oleophilic NWEFs have superior properties
such as random three-dimensional networks of fibers forming the fabric
structure, good wetting behavior and flexibility. However, the fibers in the
structure of non-woven fabrics produced by conventional methods have
smooth surfaces that result in low wettability and oil absorption. Therefore,
the development of superior micro/nano fabric structures for oil/water
separation has become a prominent issue in fibrous materials research.
Since the surface roughness of the fibers is a determining feature of the
wettability capacity of the materials, there are many studies in the literature
about the topographic structure of the surface and the application of micro/
nano fabrics. Inspired by porous materials found in nature, such as very
tine-pored meteorites and micro-grooved cactus, fibers with a rough surface
have recently been studied to further improve liquid wettability. It has been
tound that the nanopores formed on the surface of the fibers greatly increase
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the fiber surface roughness, resulting in a superior level of oil adsorption
efficiency®.

Within the scope of the studies carried out, important research data were
obtained by combining the advantages of membrane separation and special
superwetting fabrics for the central optimization experimental design.
Fabrics with high separation capacity and SHB/ superoleophilic (SOL)
and superhydrophilic (SHL)/superoleophobic (SOB) surface properties
are designed by producing fabrics with micro/nano structure surface and
adjusting the surface energy of these materials. Fabrics with SHB/SOL
properties that separate oil from oil/water mixtures or emulsions are defined
as “oil-removing” materials (Fig. 3)"*. Fabrics with SHL/SOB properties
on the surface are defined as “water-removing” materials. On the other
hand, fabrics with SHL/underwater super oleophobic (SHL/UWSOB)
and UWSOB/underoil super oleophobic (UWSOB/UOSHB) properties
are also being developed. In particular, janus and smart fabrics have the
potential to be used in the separation of oily wastewater and oil spills, as
they have a switchable wettability and can reverse switch between the “oil-
removing” and the “water-removing” state. Janus fabrics have asymmetrical
wettability with unique unidirectional and non-uniform properties. They
can exhibit self-cleaning, self-healing and photocatalytic properties with
special applications, while providing a sustainable separation of heavy oil/
water mixtures in smart fabrics®. In addition, some fabrication methods like
sol-gel approach, chemical etching method, polymer grafting and plasma
assisted vapor deposition are important to facilitate the development of
superwetting fabrics’.

* Porous Media

« Powder/Particles
Absorbent o

Materials « Nano Composites

Filtration * Membranes

. = Filters
Materials i

uonesedas 1218\ /|10

Figure 2. Schematic vepresentation of the typical material used for oil/water
sepavation®.
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Although progress has been made in recent years with varying degrees
of success, practical application of oil/water separation has limited the
efficiency of the structure due to oil contamination on the membrane
surface. Because of this problem, a membrane with a low probability of
contamination is desired from the membrane to be used. In particular,
the superwetting membrane with SOB and SHL properties exhibits high
affinity and selectivity behavior. While the hydration layer formed on the
SHL surface passes water, it prevents the passage of oil content. SHB, on
the other hand, may cause the opposite effect of oil accumulation on the
membrane surface and preventing the passage of water. For these reasons,
superwetting materials separate oil/water mixtures more efficiently and
separation problem with surface contamination problem may not arise. In
this case, the SHL membrane surface structure is suitable for gravity-driven
oil/water separation than SHB membrane323.

In a wettability-related approach, Tsuteja et al. described the operation
of oil/water separation membranes with moisture sensitive surfaces
using fluorodecyl polyhedral oligomeric silsesquioxane (F-POSS), which
performs both SHL and SOB in air and underwater. This ‘water-removing’
material enables selective separation because the SOB surface structure
allows only water to pass through in the mixture, so it is not affected by
oil contamination and an interface is not formed that inhibits or slows
the passage of water®*. However, despite the design and development of
water removing materials, the negative effects of fluorinated chemicals on
the environment and complex synthesis steps limit their application areas
and prevent their widespread use®. In recent studies, to overcome these
problems, the structure of fish scales has been studied and other types of
wettability surfaces that exhibit both SHL and UWSOB have been designed
as water-removing, oil/water-separating materials®®. These special surfaces
do not create oil pollution and do not form a barrier to prevent water
passage due to their UWSOB and SHL properties. However, although the
use of these surfaces is advantageous, there are some difficulties because
these surfaces are easily chemically attacked and degraded by aqueous
environments with high or low pH in salty sea water as well as variable
temperatures®.
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Figure 3. Schematic vepresentation of SHB/SOL behavior for oil/water sepavation.

Microfiltration and  ultrafiltration membranes developed from
polyethersulfone (PES), polypropylene (PP), polysulfone (PSF) and
poly(vinylidene fluoride) (PVDF) materials for separation oil/water mixtures
or emulsions have been extensively investigated for their superwetability
surface behavior®**. However, most membrane separation materials are
complex, costly, unsustainable, petroleum-based, do not degrade and are
difficult to recycle therefore leading to environmental pollution*. Generally,
contaminated separation materials are directly disposed of or incinerated
after use, causing secondary pollution to the environment. Therefore, it is
very important to use environmentally friendly, sustainable green materials
in the production of membranes used for oil/water separation ¥. For these
reasons, it is very important to be able to produce membrane materials that
are easy, low cost and environmentally safe*. In recent years, polylactic acid
(PLA), which is obtained from plant sources such as corn and cassava, has
been approved for use in human biomedical and pharmaceutical applications
by the Food and Drug Administration as an environmentally friendly
polyester material due to its biocompatibility, high mechanical properties,
and compostable properties. In this direction, in recent years, researchers
have studied the suitability of PLA fiber-containing NWEFs produced from
PLA polymer for oil/water separation applications***%. PLA materials
have a hydrophilic structure due to the ester group, hydroxyl group and
carboxyl hydrophilic groups in their structures. Therefore, it is very difficult
to create a superhydrophobic surface by modifying PLA-based materials. It
has been reported that a superhydrophobic PLA surface is obtained for oil/
water separation by using many methods such as three-dimensional (3D)
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printing, layer-by-layer coating, electrospinning and phase separation®.
However, a versatile and easy approach is still lacking, which can be seen as
a systematic descriptive and technical basis for the preparation of PLA-based
separation material exhibiting effective and efficient surface wettability and
high mechanical stability for use in large-volume practical applications®”.

In this review, it was focused on the recent trends on NWF designed for
oil/water separation applications. Within this scope, firstly, the fundamental
theory of wettability is discussed then, the effects of structure control,
interface fabrication, and nonwoven’s self-structure on superhydrophobicity
are prospected. These were followed by recent studies in literature related to
nonwoven-based functionalized surfaces for oil-water separation application.

2.MODELS OF WETTING BEHAVIOR

Surfaces with SHB properties are defined by their high water contact
angles (WCA> 150°)* and low roll-off water sliding angles (WSA <
10°)15243940" The amount of oil in emulsions with high water content is
more effectively separated by SHB and superoleophilic (SOL) surfaces that
repel water and absorb oil content. In this context, methods such as chemical
vapor deposition, dip coating, so-gel, spray coating and polymer grafting
are used in the development of SHB and superoleophilic (SOL) surfaces.
Surfaces with a water contact angle of less than 90° or nearly 0° are called
superhydrophilic (SHL) and were first reported in 1995. As explained by
Young’s equation, the surface tension of these surfaces is higher than that
of water. However, it is very difficult to develop super hydrophilic surfaces
with this property, since there is no special material that has both a surface
energy higher than water and lower than oil droplets. The structure of
these special surfaces was solved by examining fish scales, which have the
characteristics of SHL in air and SOB in water. Since the fish have a SHL
interface, they show the feature of being hydrophobic under water. A three-
phase oil/solid/water system Where y,,, ., and v, explain the interface

tension of water-air, oil-air, and oil-water while 6 and 0, shows the

war Bon
water-air, oil in the air, and oil in water contact angles in Young’s equation
was used to explain underwater oleophobicity (Equation (1)). The other
equation (2) is to explain the oil contact angle in air, and according to this
equation, it states that hydrophilic surfaces in air can behave oleophobic in
water, which can improve the increase in surface roughness. According to
these explanations, the main parameters of underwater oleophobic surfaces
are rough surface and chemically hydrophilic composition. Fig. 4 shows the

schematic representation of hydrophilic and hydrophobic surfaces?.
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Fig. 4: Schematic illustration of supevhydrophic and superhydvophiic suvfaces, adapted
from Ali et al., %,

Surface phenomena related to the wetting behavior of solid and liquid
materials in each other are explained within the scope of surface chemistry.
For example, these wetting behaviors are used to effectively separate
hydrophobic and oleophilic (oil-loving), hydrophilic and oleophobic (water-
loving) oil/water emulsions. In emulsions rich in water content, effective
separation of water can be achieved by hydrophilic/oleophobic materials.
In the membrane separation process, the materials that allow the oil to
pass through by blocking the water are defined as hydrophobic/oleophilic,
on the other hand, the materials that block the oil and allow the water to
pass through are defined as hydrophilic/oleophobic. Therefore, efficient
separation of oil/water emulsions can be achieved with smart surfaces
and using special materials with high wetting performance. Due to these
needs, material designs and productions with super-wetting properties are
important in terms of achieving the desired efficiency in oil/water separation
processes*!. Accordingly; in this section, theories of wetting and mechanisms
of oil/water separation based on special wettability were given. Wettability
is a property of the surface that depends on both the chemical composition
of the material and the surface morphology. The internal character of the
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material is the chemical polar/nonpolar composition that determines the free
energy of the surface. If the wetting surface is a rigid, chemically insoluble
and non-reactive smooth solid surface, Young’s equation (Equation (3)) is
used to describe the typical wetting mechanism!®.
YSV_¥SL

cosfhy = - (3)

In this equation, surface tension or free energy determines the wetting
behavior'?. Briefly, Young’s angle (6,) is a result of the thermodynamic
balance of free energy at the solid-liquid-vapor interface and is related
to the interface energies between solid-vapor (v, ), solid-liquid (y,, ) and
liquid-vapor (y,,,) (Fig. 5a). In the past decades, researchers have focused on
understanding of the “lotus effect” with their experimental and theoretical
studies on superhydrophobic surfaces. Wenzel and Cassie models proposed
in the 1840s are generally used to explain the relationship between surface
roughness and contact angle”*.

In the Wenzel model, it is stated that the increase in surface roughness
increases the surface area of the solid material. In the case of Wenzel, the water
forms a continuous contact with the solid surface it comes into contact with,
and the contact angle changes depending on the surface roughness. Cassiee
Baxter model suggested that small air pockets form at the bottom of water
droplets on rough surfaces, thus providing superhydrophobicity by forming
a composite surface. In this case, it can be said that hydrophilic materials
can exhibit hydrophobic behavior with appropriate roughness. According
to both Wenzel and Cassie models, water droplets can form high contact
angles on rough surfaces, but because the adhesion properties of water
droplets are different, it determines the superhydrophobic properties of the
surface together with its topographic feature and chemical component. At
the same time, Cassie found that the porous material structure had an effect
on the hydrophobicity, which in turn increased the porosity and thus the
hydrophobicity?”. In the Wenzel model, the liquid droplet completely fills
the surface as in Fig. 5b and the associated Wenzel contact angle is explained
by Equation (4)". The “r” factor, which is the ratio of the actual surface area
to the apparent area of the rough surface, is used to describe the wettability

of a solid rough material surface.
¥SV —¥SL

cosfy =rcosfy = TT (4)
Hydrophobicity (0, > 90°) or hydrophilicity (0, < 90°) is related to
the degree of surface roughness as specified in Equation (2). Increasing the
surface roughness in this way leads to wetting and non-wetting conditions
of the surface. When solid surfaces are rough and porous, the Wenzel model
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was limited in explaining this, and the Cassie model was proposed, in which
the heterogeneities of surface chemistry were explained. As shown in Fig. 5c,
air pockets are assumed to form under the liquid droplet and the apparent
contact angle is explained by Equation (5)".

cosfe = —1+ f(cosfy +1) = —1 +f5(r$ +1) (5)
The f, and [, specified in Equation (5) represent the solid and vapor field
(F + IV = 1). Also, the r factor, which is the degree of roughness of the solid

surface areas in contact with the liquid, can be explained by giving Equation
(6) to indicate the contact angle of the solid surface.

cosf, = —1+ fs(rcosfy + 1) = —1 +f5('r % +1) (6)

(a) (b) (c)

. L
(d) (e) ®
Yow

X: 8,
Yw ow(Y) yis

Figure 5. Schematic representation of the wetting models for water droplets (a-c) and oil
droplets (d-f) on solid surfices, adapted from Lin et al, with permission from John Wiley
and Sons Publishing Group .

2.1. Basic theories of oil-water separation

Superwetting surfaces have been developed in different combinations in
air, under water and under oil such as SHB-SHL, SOL-SOB and SOL-SOB,
respectively. Surfaces showing SHB and SHL properties according to the
contact behavior of water droplets on solid surfaces correspond to oil-based
SOL and UWSOL properties, respectively, and surfaces with these properties
were used for the design of super-wetting membranes, which are aimed to
use oil-water separation. Normally a SHL surface in air shows SOB surface
behavior underwater. In addition, extended wettability under water or oil
depends on the micro/nano scale structure and chemical composition of the
surface. In particular, the different anti-wetting properties of oil droplets on
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fish scales compared to water droplets led to research on UWSOB surfaces.
surface!™?.

Yov €0SBpy — Yy COS By (7)

Yow

cosbpsy) =

The underwater oil contact angle (6,,,,,,) in the Young’s model is also
related to the oil-vapor (y,), water-vapor (y,,), and oil-water (y,)

interfaces interfacial tension or energies. 6, and 0,y represent the contact

ov
angles of oil and water droplets in the air, respectively. From Equation (7)

subtract UWSOB (6, > 90° or cos 6,(Y) < 0) in Equation (8).

Yow

co58qy < Yy COS By (8)

It rough solid or porous membrane surfaces with micro/nano-scale
structural features are included in an oil-water-solid system, the modified
Cassie state in Fig. Se is obtained and this model is described by Equation

9).
cos Ggwc) = frosbBow iy +F—1 9)

Here, the underwater oil contact angle in the Cassie model is denoted by
Oow(c; While fis the area fraction of the rough solid surface. Here, if the surface
roughness f approaches 0, 6, ., will be closer to 180° (superoleophobicity),

which is shown in Fig. 5 1.

2.2. Effects of nonwoven fabric structure on superhydrophobicity

In recent vyears, researchers have investigated the theory of
superhydrophobic surfaces and carried out theoretical and experimental
studies in this direction, and they have carried out the design, simulation, and
fabrication of superhydrophobic nonwovens by adding superhydrophobic
structures to nonwoven fabrics by chemical or physical processes. Compared
to woven and knitted fabrics, non-woven fabrics are 3-dimensional structures
due to their superior porosity of 90-95% and the positions of randomly
placed fibers. This 3D structure not only keeps the air on the surface, but
also stores the materials. Superhydrophobic fabric surfaces can be created
by creating nanoscale holes and particles on the surfaces of the fibers that
make up nonwoven fabrics. In this direction, researchers have carried out
theoretical studies to examine the fabric structure by using different types
of non-woven fabrics as base material. The structural design of these fabrics
can be accomplished by introducing fiber fineness and micro-nano structure.
It is known that fiber fineness affects the superhydrophobicity of nonwoven
fabrics. Research results showed that fibers with smaller fiber fineness
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produced higher apparent contact angle and thus superhydrophobic fabrics
could be produced. On the other hand, with chemical applications, in recent
years, many researchers have reported micro-nano hierarchical structure on
the surface of nonwoven substrate to obtain superhydrophobic nonwoven
fabrics by impregnation method, spraying method, layer-layer self-assembly
and other methods 7.

3. NONWOVEN-BASED FUNCTIONALIZED SURFACES
FOR OIL-WATER SEPARATION APPLICATIONS

Non-woven fabrics are a kind of fabric consisting of regular or randomly
arranged fibers with high porosity, excellent oil absorption performance.
Superhydrophobic nonwovens find use in filtration, corrosion resistance, self-
cleaning and oil/water separation systems. Non-woven fabrics have attracted
attention in the development of oil/water separation filters, especially with
their three-dimensional fiber structure. However, unmodified nonwoven
fabrics do not show much selectivity in oil/water separation processes.
Therefore, in order to improve the web/water selectivity of these fabrics,
superhydrophobic structures have been placed on their surfaces and high
oil/water selectivity surfaces with high repulsion against water have been
developed to some extent. The structure of superhydrophobic fabrics must
meet a combination of surface chemistry and surface roughness. Domestic
and foreign researchers are working on combination of surface chemistry
and surface roughness at the micro and/or nanoscale. The first is to replace
the low surface energy material, and the other is to create a rough structure
on the low surface energy surface. According to the Wenzel and Cassie
Baxter model, the rougher a surface, the more effective superhydrophobic
behavior. The preparation methods of these superhydrophobic fabrics
include dip coating method, electrospinning method, deposition method,
spraying method, sol-gel method, etc?”*2.

An overview of nonwoven-based oil/water separation application is given
in Table I, and several examples of their structures are displayed in the Fig.
6-7. There are limited studies conducted so far to design nonwoven-based
functional surfaces for oil/water separation applications??*#57:1214-17.18-26_Pogt
processing of functional superhydrophobic materials developed for effective
oil/water separation is problematic as they are not biodegradable and easily
contribute to secondary contamination. For example, in one study, Chen
et al., developed an ecofriendly biodegradable superhydrophobic PLA
nonwoven fabric using a one-step spraying method. The as-prepared PLA
fabric showed superoleophilic and superhydrophobic surface behavior
with water contact angle of 161 + 2" and an oil contact angle of 0° and
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it was obtained efticient oil separation capacity (>97.5%) as well as high
oil flux ranging from 2239 L-m~>-h~! to 59.713 L-m~2-h~!. In this study,
an environmentally friendly method is proposed for the development of
biodegradable separation materials®. In another study, Gu et al. reported
a biodegradable PLA nonwoven fabric with rough and porous structure
that can be used efficiently for oil/water separation (Fig. 6(I)). In this
study, dopamine, a self-polymerizing biomimetic molecule in an alkaline
environment, was first used as a modifying agent for the modification of
PLA nonwoven fabric. Hydrophobic polystyrene (PS) microspheres and
silica oxide (Si0,) nanoparticles were deposited on the polydopamine (PDA)
modified PLA NWF surface to impart superoleophilic and superhydrophobic
surface behavior for a gravity driven oil—water separation (Fig.6(II)).
The modified PLA NWF exhibited a permeation flux of =6.000—12.000
Lm~h~". The SiO,/PS/PLA non-woven fabric prepared within the scope of
the study both separated the oil/water mixtures efficiently and preserved its
superhydrophobicity after friction and stretching tests, so it has been shown
to be a suitable candidate for separation processes®”.

Ong et al. used the block copolymer strategy to prepare nonwoven
tabric and polyurethane sponge surfaces that exhibit super-oleophilic and
super-oleophobic behavior in aqueous media, and for this purpose, a block
copolymer containing pH-sensitive poly (2-vinyl-pyridine) and oleophilic/
hydrophobic polydimethylsiloxane (i.e., P2VP-b-PDMS) blocks is preferred.
The P2VP block provides controllable and modifiable access of oil by the
oleophilic PDMS block by changing the wettability and conformation
through protonation and deprotonation according to changing pH values
in the aqueous medium, and this results in a smart surface with varying oil
wettability behavior®™. Zhu et al. modified PLA NWFs with stereocomplex
crystals using the solvent-free phase separation method (Fig. 6(III)). The
modified PLA NWFs showed inlet pressure of 11.78 kPa and were found to
be suitable for separation of water/oil mixtures with separation efficiencies
and permeability fluxes of =10* L m™ h™! and >97%, respectively*. In
another study, NWF embedded with PLA microparticles was prepared by
Yuan et al. using a multi-step procedure (Fig. 6(IV)), and fabrics modified by
immersion in super hydrophobic polyester Triphasic solution for water/oil
separation. The prepared NWF showed high permeability flux in the range of
20,000—-30,000 Lm~*h~!, a water contact angle of 153°(Fig.6(V)), >97%
separation efficiency, and poor inlet pressure of 0.216 kPa. Moreover, the
fluxes of different organic solvents were also tested, which were distributed
in the range from 17 to 27 m®m—h~' %
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Abu-Thabit et al. presented a simple, efficient, fast and green two-
step production method for preparing superhydrophobic/superoleophilic
polyacrylonitrile (PAN) NWFEF for oil/water separation applications. In
the first step, hydrophilic PAN NWF converted to the hydrophobic fabric
structure by in situ deposition of iron hydroxide nanoparticles (NPs) on
the fabric surface, then iron/palmitic acid micro/NPs were deposited on
the surface to reduce the surface energy (Fig.6(VI)). The resulting PAN
NWEF showed good oil absorption capacity, high permeability flow and high
separation efficiency. It also exhibited stable performance for 20 separation
cycles and superhydrophobic behavior with WCA >150° and WSA <5°
(Fig.6(VII))®. In another study, Zhang et al., developed groove-like PP/
polyester (PP/PET) micro/nanofiber surface with a three-step tailored process
of blending, drawing, and etching. Additionally, nonwovens including the
groove-like fiber showed efficient oil wetting capability for separating oil
and water mixtures and hydrophobic behavior with high water contact
angles of 150.45° and a separation efficiency of 99% was obtained®. In
another study, Yuan et al. used a thermally induced phase separation method
to develop polyurethane (TPU) microspheres for use in superhydrophobic
dip coating of nonwoven fabric for oil/water separation. The solution-coated
nonwoven fabrics containing the microspheres showed superhydrophobicity
with a water contact angle of 153°!¢. Superhydrophobic nonwoven fabric
with hydrothermal and modification process was designed by Zhang et al.
tfor oily wastewater treatment. The developed non-woven fabric provided
a high separation efficiency of over 95.0%, showed effective performance
after 10 cycles in strong acids and bases environments and retained its
superhydrophobic properties throughout the entire pH range**. Zeng et al.
proposed an easy and effective method for developing superhydrophobic
and magnetic poly (lactic acid) (SMPLA) nonwoven fabric, consisting of
three stages of preparation (Fig. 7(I)). First, polydopamine was formed on
the fabric surface by dopamine polymerization, then iron oxide (Fe304)
particles were immobilized on the polydopamine to provide surface
roughness and give the fabric a magnetic feature. In the last step, coating
with poly (vinylidene fluoride-co-hexafluoropropylene) was applied to
reduce the fabric surface energy. A water contact angle of 151.7° and oil-
water separation efficiency reaching 99.5% were obtained in the resulting
SMPLA fabric99.5%*.

In another study, a nonwoven fabric produced from PP/low melting
point polyester (LPET) fibers with hydrophilic-underwater superoleophobic
behavior for oil/water separation was successfully produced by Sun et al. The
fabrics were dip coated with poly(N-isopropylacrylamide) (PNIPAM) to
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obtain hydrophilic-underwater superoleophobic property. Underwater super
oleophobicity was achieved with a high oil contact angle of 150°, while the
water contact angle of the PNIPAM coated fabric was between 80° and 0°
(within 8 s). Moreover, modified nonwove fabrics showed high penetration
flow (~21850 Lm~*h') and high separation efficiency (~99%)*.

Ahmad et al. have produced hydrophilic chitosan-graphene oxide-
modified sustainable non-woven fabric-based sieve membranes (NWF®@
Cs/Gx) and the performances of these fabrics have been studied in terms
of protein rejection, antifouling and oil-water emulsion separation studies.
The hydrophilicity of these membranes was investigated by examining water
uptake studies, which shows water flow up to 165 Lm>h". Separation of
multigrade oil/water emulsions with fabrics produced was achieved with an
efficiency of 98%, and these studies have shown that formulated membranes
can find applications in the environment and petroleum-based industries*’.
A surface functionalization method for nonwoven fabrics with no selectivity
of water/oil mixture reported by Xiong et al. Nonwoven fabrics membrane
was produced via hydro-thermal growth of ZnO hierarchical nanorods on
the ultrathin layer. The functionalized nonwoven membranes were obtained
with both underwater oleophobicity and under oil hydrophobicity surface
behavior. Nonwoven membranes efficiently separated water/oil mixtures
and it was shown that these functionalized nonwoven membranes may find
application against separation systems including complex components®.
In another study, Brindha et al., reported the effects of needling density,
blend proportion and fabric weight of nettle and polypropylene (PP)
based nonwoven fabrics by using Box and Behnken experimental design
to determine the performance of fabrics on diesel engine oil and crude oil
sorption. From this study, it is concluded that nettle/PP (30/70) needle-
ounched nonwoven fabrics can be efficiently used for separation oil/water
systems®. Sharma et al. investigated and reported the oil-water separation
of diesel soot (Ds) coated nonwoven fabrics, as well as the adsorption of
dyes, detergents, and pharmaceuticals. In this context, separation efficiency
of over 95% was achieved with coated nonwoven fabrics, while it was found
to be hydrophobic with a contact angle of 140° (Figure 7 (II))%°.

In another study, Peng et al. developed a sandwich structured filter
using non-woven fabrics for oil/water separation application. Spunbond-
meltblown-spunbond (SMS) nonwoven fabric, which is coated using
hydrophobic silica and fluorine resin, is used as the top layer of this
structure. Citrate impregnated spunlaced viscose (VS) was used for the
interface and spunbond PP nonwoven fabric was used for the lower surface.
This three-layer laminated structure was strengthened in an ultrasonic
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sealing machine and tested for oil-water separation. After 15 recycling of
the prepared laminated three-layer nonwoven structure, the water contact
angle decreased from 150° to 135°. Thanks to the SMS layer of the filter
structure, a connection was ensured with the water in the mixture, a water
channel was created on the substrate by gravity and capillary action, and new
information was obtained on oil/water separation systems with this study®'.
PP non-woven fabric/ZIF-8 composite film was prepared by Yang et al.
ZIF-8 is a metal organic framework (MOFs) formed by the complexing
of zinc ions with imidazolium salts. In the PP nonwoven fabric/ZIF-8
composite film, the contact angle was obtained up to 137.45° when the
ZIF-8 loading amount was 0.85 g-g—1. The gasoline adsorption capacity
of the resulting composite was up to 3612% by mass and retained a high oil
absorption capacity even after 43 reuses. In this study, it has been shown that
a good recyclable oil/water separation material can be obtained with woven
fabric/ZIF-8 composite film®2. In another study, Pakdel et al. used carbon
fiber waste to produce a functional nonwoven fabric for use in oil/water
separation applications. Within the scope of this study, waste carbon fibers
were formed into fabrics by carding and needling nonwoven production
method, and surface modification was achieved by covering them with
fluorine-free coatings containing polydimethylsiloxane (PDMS) and zeolite
imidazole frame-8 (ZIF-8) particles. The resulting fabric was investigated
for the absorption of organic solvents/oils and oil-water separation. The
results showed that PDMS application initially increased the contact angle,
but excessive coating application reduced the superhydrophobicity and
absorbent capacity of the fabrics. The sample coated with PDMS/ZIF-8
exhibited superhydrophobicity with a water contact angle of 153.5°. This
research presented a sustainable approach to the development of carbon fiber
nonwoven fabric with oil-water separation capability from waste materials®?.
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Figure 6. (I) Schematic illustration of the prepavation of SiO,/PS/PLA nonwoven fabric, (II):
Water contact angles of A) PLA nonwoven fabric, (B) PDA@ PLA nonwoven fabric, and (C)
§i0,/PS/PLA nonwoven fabric. (D) A PLA nonwoven fabric with water droplets on the surface.
(E) 8iO,/PS/PLA nonwoven fabric with water dvoplets on the surface (dyed with KMnO,,
CuS0,, and FeCl,, vespectively). (F) Image of a water column looks on the SiO2/PS/PLA
nonwoven fabric, adapted from Gu et al., with permission from ACS Publishing Group¥. (III):
(a) Image of PLLA nonwoven fabvic with the SC crystal. ESEM and AFEM imayes of the vaw
and modified PLLA nonwoven fabric (b—d) and (e—y), respectively adapted from Zhu et al.,
with permission from ACS Publishing Group *. (IV): Schematic figuve of PLA with different
water contents, (V): SEM images of o, b)) NWF and c, d) PLA/NWF adapted from Yuan et al.,
with permission fiom John Wiley and Sons Publishing Group*. (VI): Schematic illustration
for the fabrication of NWE, (VI1): (a) Schematic illustration for the ve-ovientation of the PAN
chains; (b—d) corvesponding digital imayges for the neat and modified PAN fabvics and water
contact angles, adapted from Thabit et al., with permission from ACS Publishing Group *.
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from Sharma et al., with permission from Springer Nature *°

4. CONCLUSIONS AND FUTURE PERSPECTIVES

As a result of years of studies, researchers have created advanced
functional fabrics that reveal the advantages and application potentials of
textile surfaces. However, in recent years, although working on simple,
environmentally friendly, highly efficient textile surfaces to achieve oil/
water separation, many difficulties remain in practical applications. In the
last decade, studies on superhydrophobic non-woven fabrics, especially
developed using biomaterials, have increased. This review examines the latest
developments in the application of superhydrophobic nonwoven fabrics. The
preparation of these fabrics includes either a two-stage (to make hydrophobic
after pre-etching) or a single-stage coating to hydrophobic fabrics. Among
the production methods, dip coating and electrospinning method attract
attention in terms of being easy and common. The common difficulty is
the low interface strength between the coating material and the nonwovens.
To obtain effective results, adding micro-nano particles, adjusting fiber
morphology, and combining fibers of different fineness in fabric structure
to achieve a greater WCA can lead to positive results. The in-situ growth
of nanoparticles on the fiber surface is expected to be effective in obtaining
superhydrophobic nonwovens in the future. In current studies, the interfacial
strength between coating materials and non-woven fabrics is increased in
two ways: 1) achieving high adhesion between non-woven fabrics and
coating by using bio-environmentally friendly adhesives, 2) creating strong
chemical bonds or cross-linked structures between fabric and coating. These
methods will change the SHB structure of the fabric surface. Apart from
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these, it is possible to obtain high strength superhydrophobic non-woven
fabrics with the use of micro/nano fine fibers that exhibit hydrophobic
behavior. In the current state of the research, polymers containing fluorine-
silicone continue to be used for superhydrophobic behavior. However,
these polymers are not economical and cause environmental pollution
due to their toxic properties. Nowadays, inorganic nanoparticles, metal
organic framework, two-dimensional carbon nanomaterials, etc. are used
to modify fabric surfaces but the strength properties of these materials are
low. Therefore, high performance superhydrophobic nonwoven fabrics with
modified eco-friendly biomaterials will be one of the future development
directions. Despite the limitations in their application, it is a fact that the
development prospects of fabrics in the field of oil/water separation are
bright and promising, and the trend in future work is expected to be to
develop green and sustainable oil/water separation materials.
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Chapter 3

Eftect of Sodium Alginate Coating Enriched
With Stevia Rebaudiana on Quality of Fresh-Cut
Apples
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Abstract

This study focused on determining the quality changes of fresh-cut apples
coated with sodium alginate (SA) edible film and stevia combinations under
modified atmosphere packaging (MAP) conditions. Cube-shaped pieces of
apples were separated into three main groups: control (C, without coating),
SA, and a combination of SA + stevia (SAS), and stored under passive-
MAP (polypropylene-PP, 30 um) conditions at 1 + 2 °C for 3 days, and
the effects of the film coatings on some quality properties of the apples
were investigated. For this purpose, the polyphenol oxidase (PPO) activity
and microbiological (total psychrophilic aerobic bacteria (TPAB), total
mesophilic aerobic bacteria, and total yeast-mold capacity), total phenolic
content (TPC), total antioxidant capacity (TAC), O,%—CO,%, and pH
analyses were performed. As a result, it was determined that the stevia was
effective in restricting enzyme activity and increasing the TPC and TAC. In
addition, it was determined that the number of TPAB was <2 log cfu/g.

1. Introduction

Sodium alginate (SA), a polysaccharide, has begun to be evaluated in many
areas, particularly in the food, pharmaceutical, and cosmetic industries
because of its appropriate colloidal characteristics and adequacy to supply
intense gels in aqueous solutions [1]. SA is also capable of forming a strong
molecular chain and a good film [2]. Therefore, it can be used as an edible
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film or as an encapsulation agent to limit the dehydration of meat, fish,
and fruit [3]. On the other hand, because it is non-toxic, biodegradable,
biocompatible, and low-cost, it is seen as an important component in the
production of edible film [4].

SA-based edible films improve the tissue, reduce water loss, and maintain
physicochemical, microbiological, and antioxidant features in melon, papaya,
and minimal processed apples [5,6,7]. SA-based films may also be a carrier
of various additives, such as antioxidants, antimicrobials, and colorants [8].

Stevia extracts originating from South American have been used as a
calorie-free, natural sweetener for many years in Japan, China, Korea,
and Brazil [9]. Moreover, it was stated in the literature that stevia has
antimicrobial and antioxidant properties, as Stevia contains a high amount
of phenolic substances, vitamin C, carotenoids, and chlorophyll [10].

In this study, it was aimed to evaluate the changes in the enzyme
polyphenol oxidase (PPO) activity and antioxidant properties, such as the
total phenolic content (TPC) and 2,2'-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid (ABTS) radical cation and microbiological quality of fresh-cut
apples coated with SA edible film enriched with stevia (SAS) under passive-
modified atmosphere packaging (MAP) storage at 1 °C for 3 days.

2. Material and methods

2.1. Material

Medium viscosity SA (2000 cP, 2%, Sigma, Germany), glycerol (Sigma,
Germany), ascorbic acid (1.65 g/cm3, Tito, China), and dried stevia leaves,
which were provided by a regional dealer (Tokat, Turkey), were used as
the formulation materials. The packaging material used for the MAP was
polypropylene (PP-30 um). The film-applied apples (Malus domestica) were
of the Amasya variety (Tokat, Turkey). The Amasya variety apple is the most
important local apple cultivar in Turkey, and has high economic value.

2.2. Preparation of sodium alginate and sodium alginate-stevia film

For the production of the SA film, 1.25% (w/v) SA was dissolved in
45 °C of pure water. As a plasticizer, 10% (v/v) glycerol was used, and as
antioxidant agent, 2% ascorbic acid was added to it. The formulation was
mixed for 1 h at 45 °C and placed in an ultrasonic bath (Elmasonic S 100
(H), Elma, Germany), and then subjected to degassing for 30 min. For the
production of the film in the SAS group, the concentration was added to
the SA film formulation until reaching a volume of 2.5%. The extract was
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obtained by adding 100 mL of distilled water at 100 °C to the dry leaves of
8.33 g of Stevia rebaudiana and maintaining it there for 30 min. This ratio
was chosen according to that in previous studies [11].

2.3. Coating and packaging

Before processing, the apples were cleaned with tap water, dried, and cut
into cube-shaped pieces with a laboratory knife (1.8 X 1.8 x 1.8 cm3). Then,
the apples were quickly dipped into the film formulation without enzymatic
browning for 30 min. The apple pieces were removed from the film, kept
on perforated plates for 20 min, and then dried for 120 min in a drying
oven (Memmert 100-800, Schwabach, Germany) at room temperature.
Then, to ensure passive MAP conditions, the uncoated and coated samples
were sealed via heat sealing (Packtech, impulse sealer FS 400 for PP/PE)
by cutting them into appropriate sizes (20 X 30 cm?), placing them into
the packing material (PP), and storing them (Capri, CSS 501, 138 m3 +2,
Turkey) under passive MAP conditions (gas composition beginning at: 21%
02,0.03% CO2, etc.) at 1 = 1 °C and at 80%-90% relative humidity for 3
days. The analyses were carried out every 24 h.

2.4. Analysis methods

2.4.1. PPO activity

For the PPO activity, all of the samples were stocked at —80 °C until
analysis. The apple samples (5 g) and cold distilled water (5 mL) were
homogenized using ultraturax (IKA T18 Basic, Germany) for 1 min, and
then the samples were centrifuged at 6000 rpm for 30 min at 4 °C (Hettich
EBA 21, Germany). After centrifugation, the clear portion in the tubes was
analyzed by filtration with double coarse filter paper. Activity measurement
was performed using a spectrophotometer (PG T80 + UK) in 2.6-mL tubs,
at a wavelength of 420 nm. For the substrate solution, 0.5 M of catechol
solution was used as the model substrate. Next, 2000 uL of distilled water
and 500 uL of substrate solutions were added into the cuvette (3 mL)
in the blank preparation stage. For the sample measurement, 2000 uL of
distilled water, 100 ul. of substrate solution, and 500 uL. of raw extract
solution were added to another cuvette and the absorbance was measured
at 420 nm. During the measurements (3 min), the absorbance values
were recorded every 30 s. The 0.001 units of change that occurred in the
absorbance per 1 mL of enzyme solution in 1 min was used as the activity
unit [12].
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2.4.2. Total phenolic content and total antioxidant capacity

The samples (20 g) were crumbled homogeneously in ultraturax and
then mixed with methanol (20 mL, 70%). After this step, the samples were
placed in an ultrasonic bath for 2 h and strained through filter paper. The
prepared extract was used for the TAC and TPC analyses. The phenolic
substance content analysis of the apples was conducted according to the
spectrophotometric method defined by Franke et al. [13]. The TAC values
were determined according to the spectrophotometric method that was
presented by Re et al. [14]. The dilutions were considered for both analyses.
Detailed information about the analysis procedures were provided by
Karago6z and Demirdoven [15].

2.4.3. 02%-C0O2% and pH value

The O2 and CO2 percentage of packages were measured using a Gaspace
2 (England) gas analyzer [16]. The pH values were measured via a pH-
meter (WTW Inolab pH Level-1, Germany) [17].

2.4.4. Microbial load

The sample (10 g) and peptone (Biomark, India) water (90 mL) were
placed in a stomacher (IUL 707/470 Instruments, Spain), in a sterile
stomacher bag. Then, the sample-peptone water mixture was homogenized
at 200 rpm for 60 s (10-1). Decimal dilutions of peptone water (0.1%)
were prepared from the obtained homogenate. The prepared dilutions were
cultured busing the plate spread method on petri dishes that contained plate
count agar (PCA, Orgamik, OM-HB250) to determine the total mesophilic
aerobic bacteria (TMAB) and total psychrophilic aerobic bacteria (TPAB),
and on petri dishes that contained potato dextrose agar (PDA, Orgamik,
OM-HB265) to determine the total yeast-mold (TYM), and then incubated
(TMAB; 2 days at 35 + 2 °C, TPAB; 10 days at 6 + 2 °C, TYM; 5 days at 25
+ 2 °C, Binder, BD23, Germany). At the end of the incubation, the results
were stated as log cfu/g [18]-20].

2.4.5. Statistical analysis

One-way ANOVA was applied to determine the differences between the
samples and the effects of the storage time. SPSS Statistics for Windows
16.0 (SPSS Inc., Chicago, IL, USA) was used for the statistical analyses.
Data were evaluated using the Tukey multiple comparison test. p < 0.05 was
accepted as statistically significant [21].
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3. Results and discussion

3.1. PPO activity

The PPO activity results for the C, SA, and SAS samples are given in
Figure 1. The data from the beginning and the end of the storage were
19.032 and 25.272 U/g min for the C samples; 15.600 and 17.192 U/g min
for the SA samples; and 13.104 and 13.260 U/g min for the SAS samples,
respectively. Considering the data during storage, the SA and SAS samples
had lower enzyme activity (p < 0.05). In other words, the film coating
suppressed the enzyme activity. This was thought to be due to the ascorbic
acid, an antioxidant agent that was added to the film, and/or the film acting
as an oxygen barrier.

In fruits and vegetables, browning occurs via mechanical damage, such
as impact, cutting, peeling, and slicing. This reaction, called enzymatic
browning, is mainly due to the relationship between phenols and PPO in the
presence of oxygen, and is closely related to their concentration [22]. Olivas
et al. [5] stated that the browning of apple slices was delayed by alginate
coating and explained this protective effect by the presence of calcium
chloride in some cases, which is defined as anti-browning agents and the
coatings acting as a barrier against oxygen.
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Figure 1. PPO enzyme activity values of the coated (SA and SAS) and uncoated (C)
fresh-cut apples
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When the effect of the storage time on samples was examined, there
were no statistical differences between the SA and SAS samples (p > 0.05).
However, the PPO activity of the control sample increased significantly
during the storage period (p < 0.05). Rojas-Graii et al. [23] and Oms-
Oliu et al. [6] also made similar statements. They stated that alginate film
coatings containing N-acetylcysteine and calcium chloride protected pear
slices for 14 days and apple slices for 23 days in storage without enzymatic
browning. Hui-Min et al. [24] mentioned that three types of edible coatings
(carrageenan, carboxymethylcellulose, and SA) and their combinations
prevented PPO activity in fresh peaches stored at 5 °C and reduced the
degree of enzymatic browning.

Ascorbic acid is an important antioxidant that is used in the food
industry, which can be categorized as primary (chain-breaking) antioxidants
and secondary (inhibitor) antioxidants. The primary antioxidants react
with peroxyl radicals to prevent them from reacting with unsaturated lipid
molecules. The secondary antioxidants delay the chain initiator reactions,
and the effect is the binding of metal ions, oxygen capture, ultraviolet
absorption, and inactivation of singlet oxygen. The secondary antioxidants
have been reported as antioxidant synergists. Therefore, tocopherols (primary
antioxidants), phospholipids (proton donors), ascorbic acid (oxygen traps),
and flavonoids (primary antioxidants and metal chelates) are combined to
provide a stronger protection [25]. However, the usage of ascorbic acid in
this study may have had a synergistic effect by the presence of increased
phenolic substances with stevia. It was also reported that stevia contains
antioxidant and antimicrobial compounds, such as phenolics, vitamin C,
carotenoids, and chlorophylls [10]. According to this study, it was observed
that the films with the stevia extract decreased the enzymatic activity (p
< 0.05). This may have been due to the antioxidant agents (phenolics)
contained in the stevia, and the synergistic effect of the phenolics in stevia
with the ascorbic acid.

3.2. Total phenolic substance

The TPC decreased in the C, SA, and SAS samples during storage (p
< 0.05) because these compounds were exposed to oxygen and light as a
result of cutting, and the polyphenolic enzyme activity, such as PPO, caused
destruction [8]. In addition, this effect has also been seen in other studies
using apples as material [26].

Generally, the phenolic content of the coated samples was higher than
that in the C samples (p <0.05). In a study on the effect of SA coating, it was
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found that coated cherries exhibited higher TPC and TAC when compared
to the uncoated samples [27]. Furthermore Rossle et al. [8] stated that the
coating of apple slices with alginate generally provided better protection of
polyphenolic compounds.

Table 1. Total phenolic substance and antioxidant capacity values of the conted (SA and
SAS) and uncoated (C) firesh-cut apples

Total phenolic substance (GA mg/L) Antioxidant capacity (umol TE/g)
Samples  Storage time (day) Storage time (day)
0 1 2 3 0 1 2 3
C 689.50 = 675.22 = 618.66 = 641.16 = 3.9201 £ 3.5468 = 2.8134 = 3.1169 =
50 76 644 1034 0.2%4 0.2:4 0.7:4 0.24
2126.16 1522 «+ 12017 + 1678.66 28.9909 17.3018 16.7734 14.2508
SA + + + + + +
1223[7]5 28531‘ i
255cB SObLB l_sbB 3.5AB 7nB 2.9313
2544+ 2702+ 2200+ 2023 + 36.1588 24.8842 21.8409 19.1615
SAS + + + +

67254 35C102C L oo s -

n =4, (x standavd deviation), »" < 0.05 vepresents the diffevences in the same column,
4BC < (.05, vespectively, on the same line.

During storage, the highest TPC (Table 1) was evaluated in the SAS
samples (p < 0.05) because of the high phenolic content of stevia. However,
the TPC values of the C, SA, and SAS samples at the beginning and at
the end of storage were 689.50 and 641.16, 2126.16 and 1678.66, and
2544.67 and 2023.102 GA mg/L, respectively. The results showed that the
film coating had a positive effect on the TPC (p < 0.05). In the literature,
Oms-Oliu et al. [6] and Rossle et al. [8] stated that the addition of anti-
browning agents to alginate-based coatings preserved the TPC and TAC
better than in uncoated pears. Additionally, edible alginate coatings have
been shown to have a positive impact in obtaining higher concentrations
of total phenolics and antioxidant activity in control group cherries due to
excessive maturation and aging processes [27].

3.3. Total antioxidant capacity

At the end of the storage, a decrease was observed in the TAC of the SA
and SAS samples (p < 0.05) (Table 1). The coated samples (SA and SAS)
had a high TAC when compared to the C samples and the difference between
them was statistically significant (p < 0.05). This result was thought to be
due to the addition of ascorbic acid. Similarly, Robles-Sdnchez et al. [28]
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stated that the rate of TAC of fresh cut mangoes coated with 2% alginate
+ 1% ascorbic acid was significantly higher than in the control mangos or
those coated with only 2% alginate. They attributed these differences to the
antioxidant properties of ascorbic acid. In another study, however, it was
reported that antioxidant activity was high and did not change significantly
during the experiments [29].

The storage-end TAC values of the C, SA, and SAS samples were 3.1169,
14.2508, and 19.1615 mM TE/g, respectively. According to these results, the
coating increased the TAC (p < 0.05). Moreira et al. [30] added apple fiber
and inulin to polysaccharide-based (alginate, pectin, and gellan gum) edible
coating formulations (with the addition of ascorbic acid) and evaluated the
effects of fresh apples on the quality characteristics and noted that a notable
increase was seen in the antioxidant activity of the fresh apples immediately
after the coating process.

3.4. 0,% and CO,% values

At the end of the storage, the O, concentrations (Figure 2) of all of the
samples were decreased (p < 0.05) and the amount of CO, was increased
in the packages (p < 0.05), as was expected, because fruits and vegetables
consume oxygen and produce carbon dioxide while in respiration. During
the storage period, the changes in the O,% and CO,% concentrations was
highest between days 0 and 1 of storage in the packages. In other words,
the maximum changes in respiration were seen between these days. In the
following days, the increase in the amount of carbon dioxide and the decrease
in the amount of oxygen slowed the respiration of the samples.

The CO, ratio of the C samples was higher than the SA samples at the end
of the storage, but there were no statistically significant differences between
the SAS and C samples (p > 0.05). Similar results were published for
chitosan- and alginate-based edible coatings, which decreased the respiration
rate of minimally processed mango and papaya [31],[7].

3.5. pH value

On the third day of the storage, an increase was observed in the average
pH (Figure 3) of the film-coated and C samples. However, this increase
was not statistically significant in the C samples, but it is significant in the
tilm-coated samples (p < 0.05). In fact, Maftoonazad et al. [32] reported
that at any time during storage, their control samples had higher pH values
than the coated peaches and it was identical to the results of previous
studies [33].
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There are other studies in the literature indicating that the increase in the
pH values in control samples was higher than that of the coated fruit [34].
The coated samples (SA and SAS) had lower pH values than the C samples
(p = 0.05) because of the ascorbic acid content of the film. Moreover, it was
seen that the SA and SAS samples had a higher rate of change than the C
samples on day 1.

3.6. Microbiological analysis results

The TMAB counts of the C, SA, and SAS samples at the beginning of
storage were under 2 log cfu/g (Table 2). In the SA and SAS samples, the
total mesophilic aerobic bacteria count was determined on day 1 and in
the C samples on day 2. However, at the final stage of storage, there were
no statistical differences between the total mesophilic aerobic bacteria
counts of the three samples (p > 0.05). This result was similar with the
study of Guerreiro et al. [29]. The aerobic mesophilic microorganism
count was determined as 3.81 log cfu/g for the control samples, 3.74 log
cfu/g for the 1% SA + 0.3% citral samples, and no difference was stated
between them. However, Moreira et al. [30] stated that gellan gum films
applied on fresh-cut apples had an impact on reducing the mesophilic and
psychrophilic counts when compared to uncoated, alginate-coated, and
pectin-coated apples. According to the data obtained from the storage
of the C, SA, and SAS samples, the total psychrophilic aecrobic bacteria
count was <2 log cfu/g (Table 2). Considering the initial storage values,
the yeast-mold counts in the SA samples were higher than in the C and
SAS samples (p < 0.05) (Table 2). However, the SAS samples showed
lower loads than the SA samples (p < 0.05). The SA data were expected
to be much lower at the end of storage. As is known, molds are acrobic
microorganisms, and the film coating acts as an oxygen barrier. However,
it was determined that there were no differences between the C and SAS
samples or the SAS and SA samples at the final stage of the storage (p >
0.05).

During the storage period, mold growth was observed in the C and SAS
samples and the difference between them was statistically significant (p <
0.05). In this case, the SAS samples were different than the expected, which
suggested that the SAS film increased the growth of the mold. This may
have been associated with the hydrophobic property of SA. As the result of
all these evaluations, it would not be correct to make clear statements about
the behavior of SA. Indeed, the effect of SA on microorganisms is a matter
of debate. Ragaert et al. [35] stated that alginate coatings do not have an
inhibitory effect that is greater than the shelf-life limit of the fresh-cut fruits



Seydn Oztiirk | Aslhan Demirdiven | 51

and vegetables. In contrast, Rojas-Graii et al. [23] showed that alginate
coated fresh-cut apples showed lower values than control samples.

Table 2. Microbiological analysis (log cfir/g) of the coated (SA and SAS) and uncoated

(C) firesh-cut apples
Total 'mcsophl'hc Total . psychrophlllc Total yeast and mold
aerobic bacteria acrobic bacteria ’
Samples Storage time (day) Storage time (day) Storage time (day)
0 1 2 3 0 1 2 3 0 1 2 3
2.54 = 331 = 258+ 321+ 312+ 344 =
aA aA aA aA aA aA
¢ <202 gsm gore <2 S2Y S2M <2W g 0w 005k .01 023
292 + 3.14 + 327 + 3.72 + 3.73 + 3.70 = 3.86
aA aA aA aA aA
SA =2 gaom 023w pas <20 <2 <2 <2 g00c 0gc 0090 0150
2.71 + 3.08 £ 3.54 + 3.06 + 345 + 375+ 3.72 +
aA aA aA aA aA
SAS <2 0'221715 OVZObCA 0.28CA <2 <2 <2 <2 0.121\3 0.6.le 0,27[)“ 0'23bAB

n =4, (£ standavd deviation), »" < 0.05 vepresent the differences in the same column, *
BC < 0.05, vespectively, on the same line. <2 was below the detectable amount.

4. Conclusion

When compared to the C samples, the PPO activity and pH values of the
coated samples were low, and the TAC and TPC values were high. The stevia
enriched coatings showed low PPO activity, and high TPC and TAC when
compared to the SA samples at storage end. Additionally, the difference
between the TMAB counts of the C, SA, and SAS samples was not statistically
significant. Nevertheless, the load of mesophilic aerobic bacteria increased in
the whole samples during storage. However, the total psychrophilic acrobic
bacteria count in the C, SA, and SAS samples was under the detectable limit
(<2). When the TYM results of the C, SA, and SAS samples were evaluated,
it was found that the SA and SAS samples showed higher values than the
C samples. However, there was no difference between the SA and SAS
samples. In addition, the values in the C and SAS samples increased during
storage. In conclusion, it has been specified that these film coatings have a
wide potential for usage in business corporations, such as hotel kitchens,
catering companies, etc., to keep products fresh during the day. Additionally,
better outcomes can be acquired by adding active supplementary to the
films (CaCl, etc.) to improve the quality features or use active modified
atmosphere packaging.
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Bolum 4

Yiiksek Mukavemetli S960 Celiginin
Frezelenmesinde Strdiirtlebilir Sogutma/
Yaglama Kogullarinin Kargilagtiriimasi

Serhat Sap!

Ozet

Talagh imalatislemlerinde takim 6mrii ve i parcasinin ylizey biitiinliigii oldukea
onem arz etmektedir. Bu nedenle bahsedilen islenebilirlik parametrelerinin
tyilestirilmesinin tiretime kayda deger bir etkisi oldugu sonucuna varilmaktadr.
Hizli takim aginmasinin en énemli nedenlerinden biri takim-talag arayiiziinde
meydana gelen sicakliklardir. Kesme bolgesinde olusan yiiksek sicakliklarin
azaltmak amaciyla takim-talag ve takim-i§ pargasi arayiizlerinde sogutma/
yaglama etkisi saglayan geleneksel kesme sivist kullanilmaktadir. Geleneksel
kesme swvilar yiiksek maliyet, ¢evre ve insan saghigma zararh etkilerinden
dolay1 bazi sorunlara neden olabilmektedir. Bu olumsuz kosullarin bertaraf
edilmesi amaciyla ¢evre dostu ve ekonomik alternatif sogutma/yaglama
stratejileri giin gegtikge daha popiiler olmaktadir. Bu ¢aligmada yiiksek
mukavemete sahip $960 geliginin siirdiiriilebilir sogutma/yaglama kogullar
ve farkli iglenebilirlik parametreleri altinda frezlenmesi arastirilmigtir. Bu
baglamda kriyojenik-LN, ve minimum miktarda yaglama (MMY) ortamlari
karsilagtirilmistir. Kesme hizlar1 125-250 m/dak ve ilerleme hizlar1 0,15-0,25
mmy/dev olarak se¢ilmigtir. Frezeleme sirasinda bir termal kamera yardimiyla
kesme sicakliklar1 6lgiilerek sonuglar kayit altina alinmugtir. Daha sonra takim
aginmasi ve yiizey piiriizliiligii analizleri gergeklestirilmistir. Elde edilen
bulgulara gore yiizey piiriizliiliigii ve kesme sicakliginda en iyi ortamin kriyo-
LN,, takim yan aginmasinda ise en iyi ortamun MMY kesme ortamui oldugu
belirlenmistir.

1. Giris

Yiiksek mukavemete sahip S960 ¢eligi, diger normal mukavemetli geliklere
kiyasla yaklagik ti¢ kata yakin mekanik mukavemet sergileyebilen verimli bir

1 Ogr. Gor. Dr.), Bingol Universitesi ORCID: 0000-0001-5177-4952, ssap@bingol.edu.tr

© O d | Jps://doi.ony/10.58830/0zgurpub60.c263 57



58 | Yiiksek Mukavemetli S960 Celigsinin Frezelenmesinde Siivdiiriilebiliv Sogutma/Yajflama...

irtindiir. Ustiin 6zelliklere sahip bu ¢elikler birgok makine pargasi yapiminda
ve kaldirma ekipmanlarinda bagaril bir gekilde kullanilmaktadir [1]. Yiiksek
dayanimli bu gelikler spesifik martensitik-ferritik mikro yapilara sahip oldugu
igin iiretim sirasinda bazi 1s1l iglemler uygulanabilmektedir [2]. Bu gelikler
miikemmel mukavemet, stineklik ve tokluk gibi iistiin 6zellikleri bir arada
sunabilmektedir.

$960 geliginin iglenebilirligi ile ilgili yapilan galigmalar sinirl kalmaktadhr.
Ozellikle yiiksek mukavemete sahip bu geliklerin siirdiiriilebilir kosullar altinda
islenebilirliginin aragtirilmast 6nem arz etmektedir. Yiiksek mukavemete
sahip geliklerin islenmesi sirasinda kesme bolgesindeki sicakliklar oldukga
yiiksek seviyelere ¢ikabilmektedir [3, 4]. Bu yiiksek sicakliklar hem malzeme
yiizeyine hem de kesici takima zarar vermektedir. Bu yiizden isleme sirasinda
kesme bolgesinin sogutulmasi gerekmektedir. Talagh imalat sirasinda halen
daha kullanilmakta olan geleneksel kesme sivilart karbon bazli yaglar ya
da emiilsiyonlardan olugmaktadir [5]. Bu geleneksel kesme sivilart {iretim
stireglerinde oldukea yaygin olarak kullanilmaktadir. Sogutma sivist igleme
sirasinda talaga yapigir ve bu yiizden geri doniigiim iglemi yapilmasi gerekir [6].
Geleneksel sogutma sivilar tagkin sogutma seklinde yapildigi i¢in maliyetleri
oldukga yiiksektir ve atelyede tehlikeli madde olarak siniflandirilmaktadir [ 7].
Karbon bazli sogutma yaglarinda yiiksek sicakliklarda meydana gelen duman
kansere sebep olabilmektedir. Tiim diinyada kesme sivilart kullanilmasi
sebebiyle birok insanda deri hastaliklariyla ilgili sorunlar ortaya ¢ikmaktadir
[8]. Geleneksel kesme sivilart ile ilgili tiim bu olumsuz nedenlerden dolay1
talagh imalat siireglerinde siirdiirtilebilir alternatif sogutma teknikleri
gelistirmek igin bir¢ok aragtirmaci farkli ¢aligmalar yapmaktadir.

Siirdiirtilebilir sogutma/yaglama tekniklerinden biri olan minimum
miktarda yaglama (MMY) teknolojisi son yillarda oldukga ilgi gormektedir.
MMY sisteminde kesme bolgesine gonderilen sogutma sivist basingli ve
piilverize bir sekilde aktariimaktadir [9]. Boylece sis bulutu seklindeki kesme
sivist kesme bolgesinin her noktasina niifuz ederek hem sogutma hem de
vaglama islemi gergeklestirmektedir. MMY sisteminde aktarilan sogutma
swvist gok az miktarda oldugu igin maliyet agisindan da oldukea verimlidir.
Bu yontem bir¢ok aragtirmacinin dikkatini ¢ekmistir. Ondin ve ark. [10]
PH 13-8 Mo paslanmaz geliginin iglenmesi sirasinda farkli sogutma/yaglama
kosullarini aragtirmiglardir. MMY ortaminin kuru ortamda iglemeye nazaran
daha iyi sonuglar elde ettiklerini bildirmiglerdir. Hegab ve ark. [11] Inconel
718 siiperalagiminin iglenmesinde siirdiiriilebilir nano sivilarla desteklenen
MMY stratejisini kullanmiglardir. Abbas ve ark. [12] AISI 1045 geliginin
islenmesinde MMY teknigini kullanarak cevresel etki, gii¢ tiiketimi ve
ylzey piiriizliiliigii parametrelerine odaklanmuglardir. Gurraj ve ark. [13]
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evrimsel algoritmalar kullanarak saf titanyum alagimlarinin MMY destekli
tornalanmasinda isleme 6zelliklerini aragtirmislardir.

Talagh imalat sektoriinde kriyojenik sogutma teknigi son yillarda oldukea
ilgi gormektedir. Bu teknikte sivi halde bulunan azot basingh bir tankta
muhafaza edilmektedir. Basinglikaptan birhortumyardimiyla kesme bolgesine
gonderilen buhar formundaki azot yaklagik -196 ° sicaklig1 sayesinde ortami
hizli bir gekilde sogutabilmektedir [14]. Mitkemmel sogutma kabiliyeti ile
kriyojenik teknigi kesici takim ve malzemenin mukavemetini diigiik 1silarda
tutmak suretiyle uygulanan yeni bir yontemdir [15]. Bu sogutma teknigi ile
islemeden sonra kesme bolgesinde ve talaglar tizerinde herhangi bir kalinti
bulunmamaktadir. Bu yoniiyle ¢evre ve insan saghg iizerinde etkili olan birgok
olumsuz durumu bertaraf edebilmektedir. Kriyojenik sogutma yontemini
kullanarak yapilan bir¢ok galigma bulunmaktadir. Danish ve ark. [16] Inconel
718 siiperalagiminin kriyojenik destekli sert isleme oprasyonunun gevresel,
teknolojik ve ekonomik yonlerini aragtirmiglardir. Dhar ve Kamruzzaman
[17] AISI-4037 ¢eliginin kriyojenik kogullar altinda tornalanmasinda kesme
sicakligy, takim aginmasi, yiizey piiriizliiliigii ve boyutsal sapma yonlerini ele
almiglardir. Hong ve ark. [18] Ti-6Al-4V ve AISI 1018 yumusak geliginin
islenmesinde kriyojenik sogutma teknigi kullanarak stirtiinme katsayisini
deneysel olarak degerlendirmislerdir.

Bu galigmada yiiksek mukavemetli S960 geligi farkli kesme parametreleri
ve strdiiriilebilir sogutma/yaglama kogullar1 altinda frezelenmistir. Bu
dogrultuda yiizey piiriizliiligi, takim yan aginmast ve kesme sicakligi
analizleri yapilmistir. Bu analizlerin temel amaci, yalnizca isleme performansi
gostergelerini degil, aym1 zamanda siirdiiriilebilir imalat hususlarini da
dikkate alarak her bir sogutma yaklagiminin etkinligi hakkinda net bir fikre
sahip olmaktir.

2. Deneysel boliim

Ticari olarak temin edilebilen $960 geligi 50x50x5 mm boyutlarinda
kesilerek deneylerde kullanilmak iizere numaralandirimistir. S960 ¢eliginin
kimyasal bilesimi Tablo 1.’de goriilmektedir.

Tiblo 1. S960 geliginin kimyasal bilesimi

C Si Mn Cr Mo P S Ni Cu
(mak. | (mak. | (mak. | (mak. | (mak. | (mak. | (mak. | (mak. | (mak.
%) %) %) %) %) %) %) %) %)

0,20 0,50 1,60 0,80 0,70 | 0,020 | 0,010 2,0 0,30
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Frezeleme deneyleri DAHLIH MCV-860 model ii¢ cksenli bilgisayar
kontrollii bir takim tezgahinda yapilmugtir. AITiIN kaph ISO 13399 kodlu
karbiir kesici uglar kesici takim olarak kullanilmistir. Frezeleme parametreleri
olarak iki kesme hizt (125-250 m/dak), iki ilerleme hiz1 (0,15-0,25 mm/dev)
ve tek kesme derinligi (0,50 mm) segilmigtir. Segilen parametreler tiretici
tirma tavsiyeleri ve 6n deneyler goz 6nitinde bulundurularak belirlenmistir.
Tablo 2°de deney tasarimi goriilmektedir.

Tablo 2. Ful deney tasarun

Deney numarast Kesme hiz1 Tlerleme hiza Kesme ortami
(m/dak) (mm/dev)
1 125 0,15 Kriyo-LN,
2 125 0,25 Kriyo-LN,
3 250 0,15 Kriyo-LN,
4 250 0,25 Kriyo-LN,
5 125 0,15 MMY
6 125 0,25 MMY
7 250 0,15 MMY
8 250 0,25 MMY

Frezeleme sirasinda ig pargasi ile kesici takim arasinda olugan sicakliklarin
azaltilmast amaciyla kriyo-LN, ve minimum miktarda yaglama (MMY)
stratejileri  uygulanmugtir.  Cevre dostu sogutma/yaglama  tekniklerinin
iglenebilirlik  Gizerindeki  etkileri  aragtirlmigti,. = MMY  ortaminda
potansiyometre kontrolliit Werte Micro Stn-15 model bir cihaz kullanilmugtir.
Bu cihazda kesme sivist olarak Cuttex Syn 5 tercih edilmistir. Piilverize hale
getirilen kesme sivist bir kompresor yardimiyla basingh olarak takim-talag ara
yiizeyine aktarilmaktadir. MMY cihaz: iiretici firma tavsiyeleri dogrultusunda
kesme bolgesinden yaklagik 50 mm uzaklikta konumlandirilmugtir. Sekil 1’de
deneysel kurulum verilmistir.
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Sekil 1. Deneysel kurulum

Kriyojenik sogutma/yaglama ortaminda kullanilan sivi azot yaklagik -196
°C sicakliga sahiptir. 50 litre dolum kapasitesine sahip Taylor Wharton LD-
50 tankinda sivi azot depolanmugtir. Siv1 azot tankindan kesme bolgesine
aktarim 2 metre uzunlugunda gelik bir hortum vasitasiyla saglanmugtir. Celik
hortum ucuna 5 mm ¢apinda bir nozul eklenerek sistem, kesme bolgesine
yaklagik 20 ¢cm uzaklikta konumlandirilmugtir. Frezeleme isleminden sonra
deney numunelerinin yiizey biitiinliiglinii 6lgmek amaciyla TIME3200
model bir ylizey piirtizliiliikk cihazi kullanilmistir. Kesme bolgesinde olugan
sicakliklar1 tespit etmek amaciyla Testo871 model bir termal kamera
yardimiyla Olgiimler alinmigtir. Takim yan aginma oOlglimleri bir optik
mikroskop cihaz1 yardimiyla yapilmistir.

3. Sonuglar ve tartigma

S960 geliginin iki kesme hizinda (125-250 m/dak), iki ilerleme hizinda
(0,15-0,25 mm/dev) ve iki siirdiiriilebilir sogutma/yaglama kosulu (kriyo-
LN,, MMY) altinda frezelenmesiyle elde edilen yiizey piiriizliiliigii, takim
yan aginma ve kesme sicakliklar1 analiz edilmig olup sonuglar kayit altina
alinmistir.
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3.1. Yiizey piiriizliligi

Yiizey piirtizliiliigii malzeme yiizeyinin tribolojik davranislarini etkileyen
onemli parametredir [19]. Yiizey piiriizliiligii, takim aginmasi, takim
kirilmasi, takim arizalari vb. igleme sirasinda i pargasinin ylizey piiriizliiliik
profiline yansimaktadir. Optimum parga kalitesini elde etmek amaciyla
imalat sonrasinda yiizey, istenen piriizliilik limitleri arasinda kalmalidir
[20]. Piiriizlilik oram yiiksek olan yiizeyler daha hizli aginabilmektedir.
Piiriizsiiz yiizeylerde siirtiinme daha az meydana gelmektedir. Islenmis bir
yiizeyde olugsan diizensiz piiriizliiliikler ¢ekirdeklenme bolgeleri olusturma
egiliminde olabilmektedir. Cekirdeklenme bolgesinde meydana gelen kirilma
ve korozyon gibi olumsuz kosullar malzemenin daha fazla aginmasina
neden olabilmektedir. Sekil 2°de farkli kesme hizlarinda sogutma/yaglama
kosullarinin yiizey piiriizliliigli tizerindeki etkilerini gosteren iki boyutlu
grafikler gortilmektedir.

@ (®)
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Sekil 2. Farkly kesme zlarmda sogutma/yaglama kosullavinin yiizey piiriizliiliigii
vizerindeki etkileri; o) 125 m/dak, b) 250 m/dak.

Yiizey grafikleri incelendiginde kriyo-LN, sogutma ortaminda yiizey
piiriizliliigiiniin MMY ortamina kiyasla daha diigiik oldugu tespit edilmistir.
Kesme bolgesinde siirtiinmeden kaynakli yiiksek 1s1 meydana gelmektedir.
Yiiksek 1s1 kesici takimda daha fazla aginmaya yol agabilmektedir.
Dolayh olarak asginan kesici takim, yiizey piiriizliliiglinii olumsuz yonde
etkilemektedir. Kriyo-LN, sogutma teknigi ile kesme bolgesi daha fazla
sogutuldugu igin kesici takim aginmasi azalmakta ve dolaysiyla yiizey
piiriizliiliigii de azalabilmektedir. Ilerleme hizinin yiizey piiriizliiliigiine
etkisine deginilecek olursa; tiim kesme hizlarinda, ilerleme hizi arttikga
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ylizey piiriizliiliigiiniin arttigr goriilmektedir. Kesme hizinin 125 m/dak’dan
250 m/dak’ya ¢tkmasiyla yiizey piiriizliiliigtintin azaldig: tespit edilmistir.

3.2. Takim yan aginmasi

Bir¢ok makine elemanmin iiretiminde son gekil verme islemi talagh
imalat yontemleri ile yapilmaktadir. Uygun bir yontem segimi parganin
geometrisine, boyutsal hassasiyetine ve yiizey Ozelliklerine bagh
olabilmektedir [21]. Bilgisayar sayisal kontrollii (CNC) takim tezgahlari,
bilgisayar destekli tasarim ve bilgisayar destekli imalat (CAD/CAM)
teknolojilerinin yani sira yiiksek isleme tekniklerinin geligmesiyle frezeleme,
vazgegilemez bir igleme operasyonu olarak 6ne ¢tkmaktadir. Talagh imalat
stirecinde kesici takimlarin geometrisinde ve ig pargast lizerinde birtakim
degisiklikler meydana gelebilmektedir [22]. Takim aginmasina yol agan
tribolojik siiregler genel olarak kesici takimin st ve yan yiizeylerinde
olugmaktadir. Takim yan aginmast kesici takimin yan yiizeyi ile ig pargasi
yiizeyi arasindaki siirtiinmeden kaynaklanmaktadir [23]. Bu durum yan
aginmanin yaninda kesme kenarmnin kopmasina da neden olabilmektedir.
Gelencksel isleme agamalarinda takim aginmasimin {i¢ temel agamasi
bulunmaktadir. Bu asamalar; ilk hizli aginma, kademeli ara asinma ve ¢ok
hizli aginma (katastrofik aginma) olarak siralanabilmektedir. Takim aginmasi
kritik degere ulastiginda kesici takim, yiiksek gerilimler ve artan stirtiinme
kuvvetlerinin neden oldugu termal 1s1 degigimleri nedeniyle olumsuz
etkilenebilmektedir [24]. Bu olumsuz durumu bertaraf etmek amaciyla
kesici takim, kritik sinira ulagmadan degistirilmelidir. Sekil 3’te farkli kesme
hizlarinda sogutma/yaglama kosullarinin takim yan aginma tizerindeki
etkilerini gosteren iki boyutlu grafikler goriilmektedir. Sekillerden
goriildiigii gibi MMY kesme ortaminda kriyo-LN, kesme ortamina
kiyasla takim yan aginmasinin azaldig: tespit edilmigtir. MMY ortaminda
sogutma/yaglama sivisi kesme bolgesine basingli ve piilverize bir gekilde
aktarildigy igin kesme bolgesi hem sogutulmakta hem de yaglama yapilarak
stirtiinme azaltilmaktadir. Boylece takim aginmasi azaltilarak kesici takimin
omri artmaktadir. 125 m/dak ve 250 m/dak kesme hizlarinda, ilerleme
hizlarinin artmasiyla takim yan aginma degerlerinin azaldig goriilmektedir.
Ayrica kesme hizinin 125 m/dak’dan 250 m/dak’ya ¢ikmasiyla takim yan
aginmasinin arttig1 gozlemlenmigtir.
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Sekil 3. Farkly kesme bizlavindn sogutma/yagglama kosullavimm takun yan asmmase
vizevindeki etkileri; o) 125 m/dak, b) 250 m/dak.

3.3. Kesme sicakligs

Talagli imalatiglemlerinde malzeme kaldirma giiciindeki artig kesici takimin
yan kenarlarinda yiiksek sicakliklara neden olmakta ve kesme stireglerinde
titketilen giicin biyiik bir kismi 1siya doniigmektedir. Kesme bolgesinde
olusan yiiksek 1s1 kesici takim, i§ pargasi, talag ve kesme sivisi ilizerine
dagitilir [25]. Bu nedenle kesici takimin kabul edilebilir aginma oranlarinda
yiksek sicakliklar kontrol altinda tutulmalidir. Normal sartlarda kesici
takimda meydana gelen yiiksek sicakliklar isleme hizini sinirlayabilmektedir.
Bu yiizden kesici takimlar igin yiiksek sicaklik sartlarina dayanakli yeni
malzemelerin gelistirilmesi hiz kazanmaktadir. Ayrica, frezeleme gibi darbeli
kesimin oldugu bazi islemlerde, kesici takim bir termal dongiiye ve mekanik
soka dayanmali ve yiiksek kesme hizlarini desteklemek igin iyi bir tokluga
sahip olmalidir. Baz1 talagh imalat iglemlerinde kullanmilan kesme sivilari
kritik 6Gneme sahiptir ve gogu zaman kesme sivis1 olmadan verimli bir igleme
yapilamamaktadir [26]. Kesme sivisinin gorevi kesici takimu, i pargasini
ve takim tezgahini sogutmaktir. Ayrica bagka bir gorevi de kogullara bagh
olarak takim-talag arayiiziinde yaglayic1 ozelligi gostermesidir. Sekil 4’te
farkli kesme hizlarinda, sogutma/yaglama kosullarinin kesme sicakhigi
tzerindeki etkileri gosterilmektedir. Kriyo-LN, ortaminda tiim kesme ve
ilerleme hizlarinda yapilan frezelemede kesme sicakliginin oldukea azaldigi
goriilmektedir. Bunun sebebi kriyojenik sogutmada kullanilan sivi azotun
ok diigiik sicakliklara (~ -196 °C) sahip olmasina atfedilmektedir. Kesme
hizinin 125 m/dak’dan 250 m/dak’ya ¢tkmasiyla kesme sicakliklarinin arttigy
gozlenmistir. Ayrica tim kesme hizlarinda ilerleme hizlarinin artmasiyla
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kesme sicakliklarinin azaldigr tespit edilmistir. Sonug olarak kriyojenik
sogutma yontemi ile kesme sicakliklarinin oldukga azaltilabilecegi ortaya
ctkmaktadir. Sekil 5 ve Sekil 6°da farkli kesme ortamlarinda yapilan isleme
sirasinda termal kamera yardimiyla elde edilen goriintiiler gosterilmektedir.
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Sekil 4. Farkly kesme hizlavindn sogutma/yaglama kosullavinin kesme swaklyp
tizerindeki etkilevi; a) 125 m/dak, b) 250 m/dak.

Kesme hiza; 125 midak
Herleme hue: 0.15 mmidev

Kesme hiz: 250 midak Resme hizi: 250 m/duk
Tlerleme hizi: 0.15 mmddev Tlerleme hai: 025 mm/dev

Sekil 5. Kviyojenik sogutma ovtamnda yapilan deneylevin tevmal kamera ile cekilen
rvesimleri
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Kesme hizi : 125 m/dak Kesme huzi : 135 midak
{lerleme huzi ; 015 mm/dev Ilerteme hizi & 0.25 mm/dev

0 m/dak

Sekil 6. MMY sojutma ovtammndn yapian deneylevin termal kamera ile gekilen
vesimleri

4. Sonugclar

Bu galigmada yiiksek mukavemete sahip S960 ¢eliginin farkli kesme ve
ilerleme hizlarinda ve siirdiiriilebilir kesme kogullar1 altinda frezelenmesi
aragtirilmugtir. Bu baglamda yiizey piiriizliliigii, takim yan aginmasi ve kesme
sicakligr analizleri gerceklestirilmistir. Elde edilen sonuglar asagidaki gibidir.

Yiizey piiriizliiliigii agisindan degerlendirildiginde, kriyo-LN, ortaminin
daha verimli oldugu sonucuna varilmugtir. Tiim kesme hizlarinda, ilerleme
hiz1 arttikga ylizey piriizliiliigiiniin arttig1 tespit edilmigtir. Ayrica kesme
hizinin 125 m/dak’dan 250 m/dak’ya ¢ikmasiyla yiizey piiriizliiliigii MMY
ortamina kiyasla azalmugtir.

MMY kesme ortaminda, kriyo-LN, kesme ortamina kiyasla takim yan
aginmasinin azaldig belirlenmigtir. 125 m/dak ve 250 m/dak kesme hizlarinda,
ilerleme hizlarinin artmasiyla takim yan asginma degerlerinin azaldig: tespit
edilmigtir. Kesme hizinin 125 m/dak’dan 250 m/dak’ya ¢tkmasiyla takim yan
aginmast artig gostermistir.
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Kriyo-LN, ortaminda tiim kesme ve ilerleme hizlarinda yapilan
frezelemede kesme sicakliginin olduk¢a azaldigy tespit edilmigtir. Kesme
hizlarinin artmasiyla kesme sicakliklarinin arttign gozlenmigtir. Ayrica tim
kesme hizlarinda ilerleme hizlarinin artmasiyla kesme sicakliklarinin azaldig:
belirlenmigtir.
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Chapter 5

Effect of Heat Treatment on Microstructural
Properties of AA7075 and AA7020 Alloys'

Ugur Biiyiik?
Emin Cadirls®
Hasan Kaya*

Erkan Ustiin®

Abstract

AA7075 and AA7020 alloys were prepared using a vacuum melting furnace
and a casting furnace. Microstructural properties of the alloy samples were
examined in both as-cast and heat-treated conditions. In order to investigate
the effect of heat treatment, various designed AA7075 and AA7020 samples
were homogenized in two steps (300 °C/12h+475 °C/12h) and then aged
under different regimes. The effects of heat treatment on the microstructures
were studied using optical microscopy (OM), scanning electron microscopy
(SEM)/energy-dispersive X-ray (EDX) elemental analysis, transmission
electron microscopy (TEM), and X-ray diffraction (XRD) analysis. The
microstructural properties of both alloy systems (AA7075 and AA7020)
were compared both within themselves and with each other, depending
on how they were exposed to heat treatment. The analysis of EDX and
XRD patterns reveal that the aged AA7075 and AA7020 alloys contain
a-Al matrix phase, MgZn, and ALCuMg intermetallics, with the MgZn,
IMC phase being the only one detected in the aged AA7020 alloy sample,
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which is evident from the TEM micrographs showing polyhedral shaped
Al CuMg particles about 30-50 nm in size and spherical shaped MgZn,
particles about 10-30 nm in size dispersed in the eutectic phase and at the
grain boundaries.

INTRODUCTION

The remarkable properties of aluminum have made it an essential material in
numerous areas of engineering. With its low density and strength-to-weight
ratio, it is widely used in construction and in the manufacture of structural
parts of vehicles such as automobiles, engines and aircrafts. Furthermore,
its recyclability and energy-efficiency render it a sustainable material.
To maximize the potential of aluminum, research is being conducted on
its alloys, heat treatment and forming technologies. Of all heat-treatable
aluminum alloys, 7xxx series is the most significant. Age hardening has
been found to dramatically enhance its properties (Hatch, 1984; Rometsch,
Zhang & Knight, 2014). Thus, this alloy is often preferred in applications
requiring high strength.

Aging of the alloy brings about better mechanical properties due to the
hindrance of dislocation motion caused by the precipitates formed from
the heat treatment. This procedure is made up of three stages: solution,
quenching and aging. During the solution step, the material is heated to
a temperature high enough to create a single-phase solid-solution with
abundant alloying elements. The quenching process follows, in which the
material is cooled rapidly to maintain the supersaturated microstructure at
room temperature. The last step is aging, in which the alloy is stored at a
particular temperature for a certain period of time, resulting in the formation
of a secondary phase in the structure. In order for the aging heat treatment
to take place, one or more alloying elements in the alloy must be completely
or highly soluble in the matrix (Mouritz, 2012). The aging ability of 7xxx
alloys is due to the high dissolution of the Zn and Mg elements they contain
(Chinh et al., 2014). With the sudden decrease in temperature during
quenching, the solubility of the matrix decreases. Zn and Mg dissolved in
the matrix are pushed out of the lattice and aggregate to form a secondary
phase. Since these secondary phases make the dislocation movement difficult
during deformation, an increase in the strength of the material occurs. If
this situation is expressed in more detail, Zn and Mg atoms dissolved in
the supersaturated solid solution () after quenching due to the effect of
aging temperature come together and form regions compatible with the
matrix crystal lattice. These regions are called Guinier—Preston (GP regions)
regions. In the subsequent aging stages, with the increase of atoms clustered
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in the GP regions, the second phase, which is meta-stable with the matrix
crystal lattice and expressed as n’, is formed. In the following aging stages,
the n’ phase precipitates as a stable n’-MgZn, secondary phase, which is
incompatible with the matrix crystal lattice (Berg et al.,, 2001). The usual
precipitation sequence of the 7xxx alloys can be summarized as follows
(Berg et al., 2001; Ogura, Hirosawa & Sato, 2004; Polmear, 1958; Ringer
and Hono, 2000; Dellah et al., 2013; Shaa and Cerezo, 2004; Starink and
Wang, 2003; S. Liu ez al., 2015; Wang, Yin & Sun, 2007; Liu et al., 2010;
Orovcik et al., 2016; Lapin, Marecek & Kursa, 2006; Chen et al., 2009; Wu
et al., 2010);

supersaturated solid solution (a—Al) - GP zones >metastable n'->stable
n (MgZn,).

Two distinct GPZs, GPI and GPII, exist in aged Al-Zn-Mg alloys, with
their structures differing from each other. GPI zones are coherent with the
aluminum matrix and are formed across an ample temperature range, from
room temperature to 140-150°C, regardless of the quenching temperature
(Shaa and Cerezo, 2004 ). GPII zones are Zn-rich layers and can be created
upon quenching from a temperature higher than 450°C, followed by aging
at temperatures over 70°C (Berg et al., 2001; Shaa and Cerezo, 2004).
In most cases, GPI or both GPI and GPII zones act as precursors to the
metastable n’ phase. This metastable hardening precipitate is formed directly
from the solid solution at temperatures higher than 100-120°C (Berg et al.,
2001). The main hardening precipitate n’ is a metastable hexagonal phase
that is semi-coherent with the aluminum matrix. During the later stages of
precipitation, the n’ phase undergoes a transformation into its stable n form.
The equilibrium phase, n, can be generated right from the solid solution.
As per the peak aged condition (T6), the predominant precipitate phases
are a mixture of n’ and stable n (Starink and Wang, 2003). Subsequently,
this paper aimed to evaluate and compare the microstructural and ductility
properties of AA7075 (Al-5.5Zn-2.5Mg-1.5Cu wt.%) and AA7020 (Al-
4.57n-1.2Mg-0.15Cr-0.15Zr wt.%) alloys after being subjected to a
succession of heat treatments, including homogenization and aging. This
particular research has not evaluated the effects of heat treatment on the
microstructure of the two alloys in a comparative manner. Therefore, the
microstructures and ductility of the alloys were inspected to discern the
effects of the heat treatment.
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EXPERIMENTAL PROCEDURES
Preparation of the AA7075 and AA7020 cast alloys

High purity (99.99%) Al, Zn, Mg, Cu and minor metals (Cr, Zr)
were utilized to manufacture the AA7075 and AA7020 cast alloys (all
compositions are indicated in wt.% unless otherwise stated). The Al was
put in a graphite receptacle (L:170 mm, OD: 40 mm, ID:30 mm) and
melted in a vacuum furnace. After the Al had been completely dissolved, the
requisite amount of Zn was laid beneath the surface of the molten Al. Then
the Al-Zn amalgam was stirred three times with a five-minute interval and
the necessary amount of Mg was encased with pure thin Al foil and within a
graphite cage that had numerous perforations (Fig. 1a) and placed beneath
the surface of the liquid Al-Zn alloy to prevent Mg burning on the surface of
the melt. Finally, copper and other trace metals (chromium and zirconium)
necessary for the specific alloy were added to the crucible and heated until
melted. To ensure homogeneity of the alloy, the molten metal was melted
again in a vacuum furnace and the billet was then inverted. After stirring and
allowing sufticient time for homogenization, the alloy was poured through
a funnel into a graphite crucible connected to alumina molds (180 mm in
length, 9 mm OD, 6 mm ID) that were placed in the casting furnace (Fig.
1b and c). The furnace was set to temperatures of approximately 50 °C
and 100 °C above the melting point of the alloy in the upper and lower
heaters, respectively. Each sample was stirred with a fine alumina rod and
then solidified from the bottom up using a water-cooled stainless-steel
reservoir in order to obtain a completely mixed and directionally solidified
homogeneous sample.

The samples of two alloys, namely AA7075 and AA7020, were produced
in the necessary quantities for microstructure analysis in this research. The
average cooling rates observed in the directionally solidified samples varied
from 8 to 2 K/s, depending on the position relative to the reservoir. As
part of the sample preparation process, experiments were repeated until
the desired number of suitable samples were obtained. Subsequently,
the 10 mm upper and lower regions of the sample, which may contain
casting defects, were removed and excluded from the mechanical testing.
The remaining parts of the samples were then prepared for microstructure
examination, mechanical evaluation, and quantitative analysis. The samples
were then subjected to a homogenization process consisting of two stages;
300°C/12h followed by 475°C/12h. Afterwards, they were quenched in
water at room temperature. In order to compare the alloy samples with
those in as-cast form, two of the samples were preserved in a freezer at
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-18°C, thus avoiding natural aging of the alloy at room temperature. The
other 10 samples were split into five subgroups, with one group left as
only homogenized, while the remaining four were exposed to various
aging regimes. Four distinct subgroups were exposed to a T6 artificial
aging process under various conditions, identified as regime 1-regime 4.
To ensure reliable data, two specimens were allocated to each subgroup. A
Protherm PLF 110/45 model muffle furnace was utilized to perform the
solution heat treatment (T6). This process initially involved keeping the
samples at 300°C for 12 hours, followed by 475°C for 12 hours and then
quenching in water at room temperature for supersaturated solid solution
a—Al. Subsequently, an artificial aging process was done with four regimes:
regime 1 (120°C/24h), regime 2 (150°C/24h), regime 3 (120°C/12h
+150°C/12h) and regime 4 (150°C/12h +180°C/12h). A summary of the
heat treatment conditions for both solution treatment and aging process is
presented in Table 1.
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Table 1. Heat treatment processes of the AA7075 and AA7020 alloys

Name of Process Status

sample

WHT Without heat treatment ~ As-cast

OH Only Homogenization 300 °C/12h+475 °C/12h (two-step)

Regime 1 H+artificial aging 300 °C/12h+475 °C/12h->120°C/24h (one-
step)

Regime 2 H+artificial aging 300 °C/12h+475 °C/12h->150°C/24h (one-
step)

Regime 3 H +artificial aging 300 °C/12h+475 °C/12h->120 °C/12h+150

°C/12h (two-step)

Regime 4 H +artificial aging 300 °C/12h+475 °C/12h=>150 °C/12h+180
°C/12h (two-step)

Microstructure characterization and identification of phases

Sections from each sample were fashioned with cold molding
material (e.g. epoxy resin) before undergoing the process of mechanical
grinding, polishing and etching with Keller’s reagent (2 mL HE 3 mL
HCI, 5 mL HNO, and 190 mL water) for 10 seconds. Subsequently,
the microstructures of all the samples were examined using an inverted
Nikon Eclipse MA 100 optical microscope as well as a Zeiss-Gemini 500
FESEM coupled with an energy dispersive X-ray (EDX) spectrometer and
a computer-controlled image system. This enabled the composition of the
matrix and intermetallic compound (IMC) phases in the specimens to be
determined with the help of EDX analysis at 20 keV using X-ray lines.
Additionally, X-ray diffraction (XRD) analysis was employed to verify the
accuracy of the data obtained from EDX analysis. XRD measurements
were carried out with a diffractometer (Rigaku Ultima IV) utilizing Cu-Ka
radiation (k=1.5405 A®) at an accelerating voltage of 40 kV. Subsequently,
the diffracted beam was scanned in steps incrementing by 0.01° across a
20 range of 30-90°.

The morphology of aged AA7075 and AA7020 samples were
investigated using transmission electron microscopy (TEM) (JEOL SEM-
100S8X), operating at a voltage of 300 kV and a double-tilt stage. To this
end, TEM foils were made from the aged samples. Subsequently, 3 mm discs
were cut from the foils and then thinned to perforation by using twin-jet
electropolishing with a 10 wt.% perchloric acid in methanol solution, at
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a voltage of 20Vdc. The outcomes of the EDX/mapping, XRD and TEM
analyses, along with comments, are provided in the following section.

RESULTS AND DISCUSSION

Heat treatment

As-cast specimens usually feature dendritic microstructures composed of
both a-Al solid solution and non-equilibrium phases that settle on grain
boundaries and the interdendritic regions during solidification. During
this process, there is an uneven distribution of a-Al solid solution and
intermetallics, which can cause composition segregation. Moreover, variations
of cooling rates, temperatures, and inclusions of impurities, metallic or
non-metallic components can lead to inhomogeneous microstructures and
properties (Wang et al., 2014). To improve the as-cast microstructures, heat
treatments such as homogenization and aging, as well as solutions of non-
equilibrium phases, can be applied (Wang ez /., 2014). If heat treatments
are employed, it should be noted that the temperature should not exceed the
lowest melting point of the phase in the sample (Nayan ez /., 2009). This
will cause dendritic segregation to decline gradually and unstable phases
to transform into stable ones. In conclusion, heat treatments can eliminate
inhomogeneities of alloys, thus improving the performance and quality of
the products.

Microstructure characterization

The mechanical characteristics of the material are predominantly
determined by the microstructures; therefore, OM, SEM and TEM were used
to assess the composition of the phases, and EDX/elemental mapping and
XRD were used to identify their chemical composition. The corresponding
OM and SEM microstructures of the WHT and HT samples of both the
AA7075 and AA7020 alloys are demonstrated in Figures 2-3.
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(a) WHT (A st) (b) Only homogenization (e) Regimed
(300°C/12h+475 °C/12h)

Figure 2. Typical optical and SEM micrographs for the AA7075 alloy (a) As-cast
(WHT) (b) Only homogenization (c) Regime 2 (d) Regime 4 (e) Regime 4 (SEM imaye)

(a) WHT (As ) (b) Only homogenization
(300°C/12b+475°C/12h)

Figuve 3. Typical optical and SEM micrographs for the AA7020 alloy (a) As-cast
(WHT) (b) Only homagenization (c) Regime 2 (d) Regime 4 (e) Regime 4 (SEM imayye)

As can be seen from Figs.(2a-3a), dendritic structures in the casting
sample are seen for both alloys. Although the dendritic structure is coarsened
in both structures, eutectic structures are occasionally observed between the
coarsened dendrite arms, especially for the AA7020 alloy (Fig. 3a). As can
be seen from Figure 2b-3b, for both alloys, dendritic structures disappeared
and grain boundaries became coarser in solution treated samples (only
homogenization). Figures 2(c-d)-3(c-d) show the structures in the one-step
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and two-step aging process applied after homogenization. While incomplete
grain boundaries were observed in AA7075 alloys that had undergone these
aging processes (regimes 2 and 4), more distinct grain boundaries and
completed hexagonal cells were observed in AA7020 alloys. This is more
clearly seen in the SEM images given in Figures 2e-3e.

As can be seen in Fig. 4, chemical results of the heat treated alloys (regime
4) are given in the EDX spectrum and elemental mapping analysis. The
microstructures observed in the samples analyzed for both alloys (region
4) mainly consist of the main phase and the secondary phases containing
intermetallic compounds. As can be seen from the table values given in
the EDX spectrum (Fig. 4a), the composition values for the aged AA7075
sample (regime 4) were determined as 91.90 Al, 4.66 Zn, 2.34 Mg and 1.10
Cu (wt.%). As seen from the EDX spectrum given in Figure 4b, composition
values of 93.50 Al, 3.83 Zn, 1.61Mg, 0.67 Zr and 0.39Cr (wt.%) were
determined for the aged AA7020 sample (regime 4). These composition
values determined for both alloy samples aged in the same regime (regime
4) are very close to the nominal compositions. However, for the AA7020
alloy, the Cr and Zr values were slightly higher than the nominal values.
As well as the presence of a-Al matrix phase, for the AA7075 and AA7020
samples that aged at regime 4, MgZn, and Al,CuMg intermetallics were
observed in the grain boundary and small eutectic regions. While both
MgZn, and Al,CuMg IMC phases were detected in the aged AA7075 alloy
sample (regime 4), only the MgZn, IMC phase was detected in the aged
AA7020 alloy sample (regime 4).

Similar results were found by Deng et al. (Deng et al., 2012) and Gonzales
et al. (Gonzales et al., 2003). In the mapping analysis given in the spectrum
on the right part of the same figure (Fig. 4), the distribution of each Al,
Zn, Mg, Cu, Cr and Zr elements within the measurement regions was
obtained with different colors. The constituent phases in the aged AA7075
and AA7020 alloy samples were determined with XRD analysis. The XRD
patterns of the aged alloys are shown in Fig. 5.

As indicated, the presence of a-Al (matrix-phase), MgZn, (n-phase)
and AlLL,CuMg (S-phase) is confirmed due to the high number of peaks
corresponding to these matrix phase and IMC phases, respectively. Both
EDX analysis (Fig. 4) and XRD pattern (Fig. 5) strongly indicate that
there are three phases (a-Al, MgZn, and ALLCuMg) for the aged AA7075
alloy (regime 4) and two phases (a-Al, MgZn,) for the aged AA7020 alloy
(regime 4).
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The TEM micrograph in Figure 6 of aged AA7075 and AA7020
samples (regime 4) after being homogenized (300°C/12h+475°C/12h)
clearly shows that ALLCuMg (S-phase) and MgZn, (n-phase) precipitates
(IMCs) have formed. In the micrograph, these particles were identified
as polyhedral shaped and spherical in shape, respectively. Additionally, the
precipitates showed different shapes, including the bigger, dark polyhedral
Al CuMg particles and the smaller, open spherical MgZn, particles. The size
of AI2CuMg particles was determined to be 30-50 nm, while the size of
MgZn, particles ranged from 10-30 nm and were dispersed throughout the
eutectic phase and at the grain boundaries.

o)

Figure 4. EDX spectrum and elemental mapping analysis for studied alloys (a) AA7075
alloy (Regime 4) (b) AA7020 alloy (Regime 4)
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Figure 5. XRD patterns obtained from the aged samples (Regime 4) of the AA7075 and
AA7020 alloys

300.0 kV x60K 100 nm

Figuve 6. (a) TEM micrograph of MgZn., (blue arvow) and Al,Cully (ved arrow)
precipitates in the AA7075 sample agred with the aging vegime 4 (150 °C/12h +180
°C/12h) after the homogenization (12 h at 300 °C+12 h at 475 °C) (b) TEM micrograph
of MygZn., (blue avrow) precipitates in the AA7020 sample aged with the aging vegime 4
(150 °C/12h +180°C/12h) after the homogenization (12 h at 300 °C+12 b at 475 °C). The
o-Al phase, which is the matvix phase for both alloys, is shown with a white arrow.
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CONCLUSION

AA7075 and AA7020 alloys were produced using the vacuum furnace
and the casting furnace. Microstructure properties of as-cast and heat-treated

samples were investigated. The key findings are given as follows:

1.

1l.

1ii.

1v.

The microstructures of AA7075 and AA7020 alloys in their as-cast
state include both dendritic a-Al solid solution and non-equilibrium
phases that tend to form along grain boundaries and in the
interdendritic spaces during solidification.

Although the dendritic structure is coarsened in both structures,
eutectic structures are occasionally observed between the coarsened
dendrite arms, and more distinct grain boundaries and completed
hexagonal cells are observed in AA7020 alloys after aging processes.

The analysis of EDX and XRD patterns show that the aged AA7075
alloy has three phases (a-Al, MgZn, and AL,CuMg) while the aged
AA7020 alloy has two phases (a-Al, MgZn,).

The presence of a-Al matrix phase, MgZn, and Al CuMg
intermetallics in the grain boundary and small eutectic regions were
detected in the aged AA7075 and AA7020 samples, with the MgZn,
IMC phase being the only one detected in the aged AA7020 alloy
sample.

The TEM micrograph showed that AL,CuMg and MgZn, precipitates
have formed in the aged AA7075 and AA7020 samples, with
polyhedral shaped Al,CuMg particles about 30-50 nm in size and
spherical shaped MgZn, particles about 10-30 nm in size dispersed
in the eutectic phase and at the grain boundaries.
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Chapter 6

Mining Twitter Content for Discovering Open
and Distance Education Trends in Turkey

Burcu Yilmazel!

Ali Yiirekli?

Abstract

Social media, which has become an active communication tool in today’s

education, constitutes a fast and easy alternative to share information by

bringing students and educational institutions together. Although the

interaction between these participants could provide implicit feedback on

education services, there is only limited research on identifying the trending

topics about open and distance education. This study examines Twitter

content to reveal the primary topics of social media conversations related to

open and distance education in Turkey. An experimental research is conducted

on a collection of 20,010 unique tweets matching #aof and #agikogretim

hashtags. The user tweets in this collection, which consist of hashtags
and actual tweet texts, are analyzed by two statistical inference methods.
While the most frequently preferred hashtags in the education domain
are determined by co-occurrence modeling, Latent Dirichlet Allocation is
employed to extract the core topics of actual tweet texts. The performed
analyses reveal that social media interactions in open and distance education

are gathered around semantic clusters such as exams, registration periods
bl b

course materials, and exam results. Consequently, social media can be utilized
to understand students’ problems and demands better, and thus the quality of

distance education services can be enhanced.

INTRODUCTION

In recent years, the rapid growth in the use of social networking services has

radically affected the general perception of communication in the education
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domain (Poellhuber et al., 2011). Social platforms like Facebook, Twitter,
and Instagram are frequently used as alternative channels to traditional
communication methods. Almost all educational institutions own and
manage their official social media accounts (mostly, an institution has more
than one account due to the variety of popular platforms) to interact with
the community. These accounts are commonly utilized as broadcast tools
(Kimmons et al., 2017) that constitute an easy and fast way of information
sharing (e.g., announcements, events, advertisements, and course materials).

Especially in the field of open and distance education (ODE), the use of
social media for communication is of special importance. Although ODE
systems help eliminate obstacles in education for several reasons, such as
economic or geographical limitations, students may still study in an isolated
environment, which causes them to be deprived of necessities like person-
to-person contact and faculty support (Muilenburg & Berge, 2001). Social
media can be regarded as a practical option to alleviate this isolation problem
since it serves as a unifying factor that brings the ODE community (i.e.,
students, instructors, and educational institutions) together (Ozmen &
Atci, 2014). In this context, it becomes essential to perceive which topics
related to ODE in social media are frequently encountered and what public
opinion these topics form on the users. Knowing what students are talking
about and understanding their problems is highly valuable to improve the
overall quality of education services.

In this study, we investigate the primary topics in social media related to
the Turkish ODE system. We focus on user tweets from Twitter concerning
the Open Education Faculty (OEF) of Anadolu University?, one of the
global pioneers of distance education that serves over one million students
(Latchem etal., 2000). Firstly, we collect the relevant social media content by
searching #aof and #agikdgretim (i.e., the abbreviation of OEF and spelling
of open education in Turkish, respectively) hashtags on Twitter. Then, we
perform a hashtag co-occurrence analysis on the acquired tweet collection
to gain insights about the trending hashtags in Turkish ODE. Afterward,
we analyze the actual tweet texts and extract the core topics of social media
conversations about ODE in Turkey by building a Latent Dirichlet Allocation
(LDA) model (Blei et al., 2003). Based on these core topics, we explain
and illustrate how students use social media for information sharing and
community support. Briefly, the performed analyses on user tweets search
for an answer to the following research questions (RQ):

3 https://www.anadolu.edu.tr/acikogretim
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* RQ 1: Under which hashtags do social media conversations about the
Turkish ODE system take place?

* RQ 2: What are the primary topics related to the Turkish ODE system

1n social media conversations?

* RQ 3: In line with the primary topics of ODE conversations, how do
users utilize social media for communication in education?

The remainder of the chapter is organized into three main sections. Firstly,
the adopted methodology and techniques used to carry out this research are
described. Secondly, the findings and discussions of the performed analyses
are presented. Finally, conclusions are drawn and future work is pointed out.

METHODOLOGY

In this study, we apply two statistical models to identify significant
hashtags and topics in the Turkish ODE system: (z) co-occurrence model for
hashtags and (%) topic model for tweet texts. After describing the collection
procedure of the data used in the study, we explain these models in more
detail, respectively.

Data Collection

Hashtag usage is a convenient way of organizing information in social
media. Simply, a hashtag is a string of characters proceeded by the hash
(#) character. In terms of Twitter interactions, hashtags typically indicate
the context, main topics, and core ideas of the tweets (Tsur & Rappoport,
2012). Users can follow the field of interest and participate in discussions
by these searchable metadata tags. Accordingly, it is possible to explore the
topics in social media by querying relevant hashtags.

Since this study focuses on social media conversations about the Turkish
ODE system, we choose #aof and #agikdgretim hashtags as the related query
terms. In a prior study, Ozturk et al. (2017) perform sentiment analysis for
the Turkish ODE system on a set of tweets gathered by these hashtags and
some of their variations (i.e., alternative spellings as a consequence of the
special characters in the Tarkish alphabet). Similarly, we collect the tweets in
the Turkish language that contain our target hashtags using the Search APT*
provided by Twitter. Having collected 21,718 tweets in total, we observe
that the performed queries may occasionally retrieve some tweets more
than once, which results in duplicate social media entries. By interpolating a

4 https://developer.twitter.com/en/docs/twitter-api
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deduplication step to the data collection process, we obtain 20,010 unique
tweets matching our filtering criteria.
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Figure 1. The number of tweets collected according to #aof and #agikogretim hashtogs
by years

As presented in Figure 1, user entries in the tweet collection span a time
period between 2010 and 2020 (limited by the last date of querying, which
is mid-February, 2020). Notably, #aof has been preferred more frequently
than #agikogretim as a hashtag pointing the conversations in Twitter related
to the Turkish ODE system.

Hashtag Co-occurrence Modeling

Hashtags are well-indicators of underlying topics in tweets. Since
Twitter allows its” users to include multiple hashtags in a tweet, the hashtags
correlated with each other may appear together in the same tweet. This co-
occurrence relationship can be utilized to gain insights about tweet topics
(Steinskog et al., 2017). Eventually, the understanding and visualization
of hashtag dynamics is a reasonable starting point to investigate the social
media trends of a particular subject.

In order to identify the prominent hashtags about ODE conversations
on Twitter, we first apply textual normalization on the hashtag terms as an
initial step. Employing lower casing, deASCllfication, and lemmatization
filters consecutively, all hashtags are converted to much common forms.
While deASCllfication restores accented letters in hashtag terms (Arslan,
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2016), lemmatization helps group together the inflected forms of a hashtag
term (Akba et al., 2014). In brief, the primary purpose of this pre-processing
procedure is to singularize hashtags that mean the same or close, even though
they are written in different forms.

The application of the abovementioned pre-processing step results in
a set of # unique hashtags. Using this set, a co-occurrence matrix can be
constructed to present how many times a hashtag appears together with
another hashtag. As the relationship between two hashtags is direct, co-
occurrence counting forms a natural statistic for the relatedness or closeness
of the corresponding terms (Bullinaria and Levy, 2012). In Figure 2, we
illustrate the resulting matrix obtained by data pre-processing and co-
occurrence counting. Formally, the co-occurrence matrix of hashtags is a
square 7 x # matrix where 7 corresponds to the number of unique hashtags
in the tweet collection. In this context, a cell ij denotes the number of times
hashtag 4, appears together with hashtag /. It should also be noted that the
upper and lower triangles of the matrix are identical as co-occurrence is a
symmetric relation (Lin, 2008). In another saying, f; is equal to f; for the
two hashtags 4, and /7.

h1 h2 h3 e o @ hn
h1 f11 f12 f13 fin
ha fo1 foo f23 fon
h3 f31 fa2 fa3 fan
L ] L ] . L L ]
L ] . . L ]
L ] . . L ]
hn fn1 fh2 %] LA fan

Figure 2. A visualization of the co-occurvence matvix of hashtags in the tweet collection

As described in the data collection section, we use #aof and #agikogretim
hashtags as primary query terms when searching Twitter content related
to OEF and the Turkish ODE system. Accordingly, all of the collected
tweets contain at least one of these two hashtags, highlighting a sub-
region of the co-occurrence matrix as a critical region in terms of overall
hashtag preference. Theoretically, the projection of rows (or columns, since
the matrix is symmetric) having #aof and #agikogretim terms as indices
can reveal under which hashtags social media conversations take place (as
questioned in RQ 1).
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LDA Topic Modeling

In the context of social media, understanding the characteristics of
conversations is critical for various tasks, such as semantic analysis and
triend recommendations (Alvarez-Melis and Saveski, 2016). The reviews,
comments, and feedbacks of users may positively or negatively affect other
users’ opinions, and the resulting interaction can be utilized to provide better
services to the community. This mutual approach can also be applied in the
tield of ODE. Analyzing the trending topics of social media conversations
about ODE can be a guide on how to improve the quality of education by
revealing the issues that students care about or have problems with.

A frequently used technique to discover hidden structures in text
collections is topic modeling. Given a set of text documents, topic modeling
aims to extract abstract topics by learning meaningful patterns of words
(Dieng et al., 2020).

In this study, we build a Latent Dirichlet Allocation (LDA) model to
identify the main topics of social media conversations related to the Turkish
ODE system. LDA is an unsupervised machine learning technique that views
documents as bag-of-words. In simple terms, LDA generates a mixture of
latent topics from a document collection, in which each document is modeled
as a distribution over topics, and the topics are represented as a distribution
over words (Blei, 2012). Weng et al. (2010) define the generative process
in LDA as follows:

1. For each document in the collection, a topic is chosen from the
document’s distribution over topics.

ii. A word is sampled from the distribution over the words related to
the chosen topic.

iii. The process is repeated for all words in the document.

B ¢

a

Figuve 3. The graphical model vepresentation of the LDA model (Weny et al., 2010)
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The graphical model representation of the LDA model is illustrated in
Figure 3. Using the analogy of tweet collection as documents, the notations
in the model can be expressed as follows:

* D represents the tweet collection.

* T represents the set of topics to be sampled.

* o is the hyperparameter of per-tweet topic distributions.

* P is the hyperparameter of per-topic word distribution.

* 0 is a multinominal distribution over topics.

* ¢ is a multinominal distribution over words.

* N, is the total number of words in tweet 4.

* zis the sampled topic from the distribution 0 associated with tweet 4.
* w is the sampled word from the distribution ¢ associated with topic z.

When building the LDA model, we initially associate each tweet in the
tweet collection D with 0, and each topic in the topic set T with ¢. These
multinominal distributions are interpolated with two hyperparameters, o
and f, respectively. Then, for each word (or term) in a tweet 4, we sample
a topic z from 6 associated with tweet 4. Subsequently, a word w is sampled
from ¢ associated with topic z. We repeat this procedure N, times in order
to form tweet 4.

FINDINGS AND DISCUSSIONS

In this study, a collection of 20,010 unique tweets is analyzed to
understand the main topics in social media conversations related to the
Turkish ODE system. The findings of the analysis are presented according
to the aforementioned research questions, respectively.

Analysis of Hashtags

When we analyze the tweet collection in terms of hashtag usage, we
observe that a total number of 50,615 hashtags (6,616 unique terms) have
been used as the descriptors of conversations. Roughly estimating, it can be
said that users prefer 2 to 3 hashtags (approximately 2.53 terms on average)
tor each tweet in the dataset.

Before building the hashtag co-occurrence matrix, we apply a textual
normalization (containinglower casing, deASClIlfication, and lemmatization)
on the hashtag terms. Aiming to reduce data dimensionality, this procedure
results in a condensed set of normalized hashtags having 5,641 unique terms
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(with a compression ratio of 15%). Although this set can be considered quite
large in terms of semantic content, not all the terms have equal significance
when pointing to a specific subject (Lijttijt et al., 2016). In Figure 4, we
present a semantic word cloud (Xu et al., 2016) of the most frequent
hashtags obtained after the normalization process. As expected, while #aof
and #agikogretim hashtags stand out in the data distribution, many terms
related to ODE (e.g., #smnav, #anadoluiiniversitesi, and #0sym) are also
included in the word cloud.

#aodfsonuglariagiklansin #istanbulmatematik
#aofdyanlis1dogrukaldirisin #adalet #ingilizce #acikogretimortaokulu
#ilahiyat #istanbul #sondakika #idari
#S;“_ Hisans #murategitimmerkezi ~ #matematik Hikiisat
isemezunu ; .. #gaziantepmurategitim
#oumartesi*ai  #lise #aciklise 9 P 9

#tyt #izmir #lisediplomasi #matakademi
#6grenci

Faoinalzeeinive  H@Nadoluliniversitesi #vok
fadis #sma #smavadogru #final

#haftasonu
#kpps #eskisehir

#giinesli #gunaydin #egltl

; oyt #ales snisans #murategitim

. ; .

sataast HViZ e #ygs #aksamlisesi #sosyoloj
#anadolu ani i

Hemeimatemati #hadisiserif #lys  winversie

#hadisise

#acikogretimfakultesi #Osym #s #aol #myap #auzef #kpss  #isletme
#haber #gaziantep #a I ko retl m #ankara
#finaller #konuanlatim g g #ders i\f;‘e’
#giindem o #a|68k#li£3u #h Hiyk gs #acikogretimlisesi #2015lys
#bedenegitimiogretmenligi 7030t #adi " =" ydggkursy #hakimiic
#kpsskursu #diploma #sosyalhizmetler
#kamuyonetimi eyt #pazar #adf1sinif
#ikinciliniversite #bakirkdy #kpssgtincel

#blylkgekmece

Figuve 4. The most frequent bashtags after textual normalization (move common terms
appear larger)

Eliminating the hashtags that occur only once after textual normalization,
we build the hashtag co-occurrence matrix to identify the significant terms
concerning the Turkish ODE system. The projection of rows by the target
hashtags (i.e., #aot and #agikogretim) reveals the terms which form the
basis of social media conversations about OEF and the Turkish ODE system.
In Table 1, we provide a list of remarkable terms that commonly co-occur
with the target hashtags.
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Table 1. A list of hashtags that commonly co-occur with #aof and #agikogretim terms

Category Hashtags Description
= #anadolu Hashtags, which are directly pointing
Anadolu =  #anadoluiiniversitesi  Anadolu University, are commonly
University = #eskisehir used in
= Aal ODE tweets.
. #egitim
= #tercth Terms of educational terminology,

. #sinav
- #sinavadogru
= #final

= fvize

Educational
Terminology

. #ogrenciigleri
. #sonug
= #savsonuglari

such as

examination, student affairs,
examination

results, are frequently mentioned as
hashtags

of tweets.

= Hlys
= #ygs
= Aales

Nationwide =  #kpss
Examinations = #tyt

= Fayt
= #oOabt
= #dgs

This category includes the hashtags
Indicating the abbreviations of
nationwide

examinations in Turkey, such as KPSS
(Kamu

Personel Se¢me Sinavi) and DGS
(Dikey Gegis

Sinavi).

= Figletme

= #kamuyonetimi
= #iktisat

= #matematik

= #sosyoloji

= #webtasarim

= #ingilizce

= Zhukuk

= #ilahiyat

Courses in
OEF

The names of major courses offered
by OEF

(e.g., Economics, Public
Administration, and

Web Design) are frequently used as
hashtags

of tweets.

As presented in Table 1, the prominent hashtags in the hashtag co-
occurrence matrix can be grouped into four categories, namely, “Anadolu

3«

University”, “Educational Terminology”, “Nationwide Examinations”, and

“Courses in OEF”.

t. Anadolu University: Being a pioneer and worldwide brand in ODE,
Anadolu University has been commonly mentioned in Turkish social

media conversations.
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u. Educational Terminology: Generic hashtags related to ODE (e.g.,
#sinav for examinations, #vize for midterms, #sonug for results,
and #ogrenciigleri for student affairs) can be reviewed under
educational terminology.

ui. Nationwide Examinations: In Turkish higher education, central
examinations applied throughout the country have an important
place, especially for university entrance and future career planning.
The abbreviations of these nationwide examinations (e.g., #kpss
for “Kamu Personeli Se¢me Sinavi”) have been frequently used as
hashtags.

. Courses in OEF: The Facebook groups of particular ODE programs
with higher employment opportunities are more active in social
media (Firat et al., 2017). Similarly, the major courses offered by
OEF have been often used as the hashtags of Twitter content.

The performed hashtag analysis reveals that hashtags can be effectively
used to gain insights about educational topics in social media. As a concluding
remark on RQ 1, it can be stated that the conversations take place around a
set of particular terms, which can be investigated in four primary categories
described above.

Analysis of Tweet Texts

When searching for primary topics about the Turkish ODE conversations,
we examine 20,010 user entries from Twitter. In addition to the pre-processing
procedure (lower casing, deASCllfication, and lemmatization) previously
described in hashtag co-occurrence modeling, stop word elimination for
Turkish is also applied to these tweets. The main purpose of this additional
step is to remove common Turkish words that do not carry significant
meaning (e.g., “ve”, “sey”, “baz1”, “sunu”, “kadar”, “ile”, and “buraya”)
(Gakir and Giildamlasioglu, 2016). The elimination of insignificant terms is
beneficial to focus on the important words instead.

>
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Table 2. The eight topics extracted using the LDA model and their associated terms

Topic # Associated terms Possible topic interpretation
final, giris belgesi, vize, Communication upon the
T1 yayinlama, aof, sinav yeri, determination of exam buildings
agiklama, telefon, kampiis, and the announcement of exam
tiklama. entry documents
aligmak, sabah, ders, stres . .
§USAT, ’ L Study-themed dialogues in the
T2 uyku, son gece, soru ¢bzme, .. -
: pre-examination period
kitap, konu, basarili.
sinav, yarin, sonug, belli, bugiin, ~ Communication upon the
T3 agiklama, ne zaman, haydi, announcement of examination
sistem, agikogretim. results
tinaydin, basarilar, haftasonu . .
SUnAyan, basaias ’ Wishes for success in exams
T4 sinav, cumartesi, dileme, herkes,
S among ODE students
aof, ogrenci, final.
video, sinav, aof, ¢tkmis soru, Sharing of course materials,
T5 matematik, cevap, konu, examination questions and their
anlatim, ders, Ozet. solutions
aof, sonug, dort yanhs, bir Discussions and opinions about
To6 dogru, zor, gotiirme, sistem, the change in exam evaluation
neden, agikogretim, dogru. criteria
final, mutluluk, {i¢ ders, Exchange of information and
T7 biitiinleme, mezun, mezuniyet, news on correlated topics,
diploma, tek ders, ingallah, sene.  including graduation, diploma,
and make-up exams
yenileme, harg, giiz, bahar, Sharing information about
T8 donem, kayit, ne zaman, ticret, registration renewal periods and

son giin, dikkat.

tuition fees

As a generative probabilistic model, LDA wuses a specified topic number
when allocating words to topics. Thus, the effectiveness of LDA is highly
dependent on the number of topics parameter chosen during model
generation. Empirically, we create different LDA models using all the values
between 4 and 10 as the number of topics parameter. Best observations (in

terms of semantic topic decomposition) are attained by choosing eight as
the number of topics. In Table 2, we present the eight topics extracted using
the corresponding LDA model. For each of the topics, we also provide a
list of associated terms and a possible interpretation of the word clusters.
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As a response to RQ 2, the performed analysis exhibits that these eight
topics (T1, T2, T3, T4, T5, T6, T7, T8) form the basis of social media
conversations related to the Turkish ODE system.

When we analyze the primary topics of ODE-related social media
conversations, we observe that these topics can be reviewed in two categories
concerning the intended communication purpose of users:

i. Information Sharing: The vast majority of conversations about
ODE on social media occur for the purpose of information
sharing. The official announcements about ODE made by Anadolu
University (T1, T3, and T8) are based on information sharing.
Users commonly share important dates and information with each
other, including registration renewal periods, tuition fees, exam
locations, and exam results. In addition, students also frequently
share auxiliary materials related to courses and exams (T2 and
T5), such as topics summaries and past examination questions and
answers. These facts promote social media as a significant source of
information for students.

u.  Community Support: Notably, social media has been frequently used
as a communication channel where students share their problems
and future expectations, discuss various issues, and wish each other
success, especially for examinations (T4). Study motivation and stress
for exams, assessment and evaluation system of ODE, graduation
and diploma expectations, semester tuition fees (T2, T6, T7, and
T8) are the main topics of student discussions. With the help of
social media, an individual student in ODE finds the opportunity
to share his thoughts and experiences with people who are going
through similar processes.

In order to summarize how students utilize social media communication
(that is questioned in RQ 3), we present Table 3, which is a mixture of
primary topics discovered using the LDA model and the two purposive
categories (i.e., information sharing and community support) mentioned
above.
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Table 3. The purposes of social media communication in ODE in the perspective of
information sharing and community support

T1 | T2 | T3 | T4 | T5 | T6 | T7 | T8

Announcements v v v

Exam dates v v

Exam entrance
documents

Exam locations v

Exam results v vV

Information | Registration renewal
Sharing periods

Tuition fees v

Course materials

Topics summaries v v

Exam questions and
answers

Lecturing v

Make-up exams v

Graduation

Stress vV
Self-expression v v vV |V

Community
Wishes of success v

Support

Study motivation v v

Assessment and
evaluation critics

Diploma v

CONCLUSION

The widespread use of social media platforms and applications promotes
social media as one of the most effective communication tools of the modern
age. As in many other fields, social media has been frequently preferred as an
alternative way of communication in education.
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In this study, we investigate what users talk about ODE on social media
and how they utilize this emerging communication tool in education. On a
collection of user tweets from Twitter (collected by #a6t and #agikogretim
hashtags), we analyze the hashtag usage and primary topics of conversations
by building two independent statistical models. The co-occurrence
relationship among hashtags reveals a set of prominent terms that can be
associated with four main categories (i.e., Anadolu University, educational
terminology, nationwide examinations, and courses in OEF). Although
these common hashtags are structurally short and concise, they can procure
preliminary information about ODE in social media. On the other hand, the
actual tweet texts are richer in content and provide more insights about the
primary topics of the Turkish ODE system. The LDA topic model employed
in our experiments exhibits eight major topics (i.e., T1 to T8) forming the
base of social media conversations. These semantic clusters point out that
the ODE participants mostly utilize social media for information sharing
and community support.

This study shows that social media, an effective alternative in modern
communication, handles many different subjects in the field of education.
Following the core topics in social media paves the way for directly perceiving
students’ problems and demands. In this way, social media can be utilized to
increase the quality of education services.

The natural next step of this study is the application of sentiment analysis
on the primary topics of ODE, which are attained by topic modeling.
Several studies have performed sentiment analysis on Twitter content related
to the Turkish ODE (Ozturk et al., 2017). However, examining the positive,
negative, or neutral attitude of users on a topic-by-topic basis may also
provide interesting inferences.

Another possible research direction is the extension of performed analyses
to include time dimension. It can be investigated how the interaction of
users on social media changes over time, as well as how the primary topics
are shaped according to the academic calendar.
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Bolum 7

Stirdiiriilebilirlik Cergevesinde Yesil Betona Bakig
Uzerine Bir Arastirma

Ibrahim Pinarci?

Ozet

Bu calisma kapsaminda kiiresellesmekte olan diinyada niifusla paralel
olarak giin gegtik¢e artan ve artmaya devam eden konut ihtiyacina bagh
beton tiiketimi ve ¢imento {iretim prosesinden kaynakli olarak meydana
gelen karbon emisyonu artist ve enerji tiiketiminin yiikselmesi sebebiyle
stirdiiriilebilir yasama olumsuz yansimalarin ¢6ziimii noktasinda bir bakis agis1
sunulmustur. Hali hazirdaki bu durumun ilerleyen periyotta biiyiiyerek devam
edecegi 6ngoriisii ile yesil beton perspektifinde hem mevecut hammaddelerin
ckonomiye kazandirilmas: hem de bahsi gegen sorunlara ¢oziim olabilecek
hammaddelerin {iriine déniigtiiriiliip kullanilmas: ile goriilebilecek pozitif
gelisimlerin derlenerek ortaya koyulmas: saglanmugtir. Giiniimiizde ingaat
sektoriinde degeri ve 6nemi hizla artan ve talep gormeye baglayan yesil
betonun, iiretiminde kullanilan malzemeler ve bunlarin geleneksel betona gére
kazandirdigy art1 6zellikler detayh bir sekilde irdelenmigtir. Bunlara ilaveten
gerl donlisim triinlerin ingaat sektorii iginde kullanim sekilleri ve olast
sonuglar1 hakkinda genel bilgiler verilmistir. Elde edilen tiim bilgiler 1s181nda
yesil beton tiirliniin aragtirilmasi, tartistimasi, gelistirilmesi, siirdiiriilebilirlik
ve geri doniisiim noktasinda kamu bilinci olugturulmasi amaglanmugtir.

1. GIRIS

Beton kullanimi giin gegtik¢e artmakta, bununla birlikte diinyada {iretim
sisteminden kaynakli olarak karbon emisyonunu ve enerji tiiketimini
katlamaktadir. Bu oranlar baz alindiginda sektor, diinya karbon emisyonunun
%8ini meydana getirirken, toplam enerjinin %3 iinii tiiketmektedir.

Soz konusu bu yiiksek oranda tiiketim siirdiiriilebilir yagama olumsuz
yansimaktadir [1], [2]. Bununla birlikte baglayic1 olarak kullanilan beton,

1 Ogr Gor. Dr., Bilecik Seyh Edebali Universitesi, Pazaryeri Meslek Yiiksekokulu, Endiistri
Urtinleri Tasarimi Boliimii, Bilecik, Tiirkiye. ibrahim.pinarci@bilecik.edu.tr, ORCID: 0000-
0002-9318-4325
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azalmakta olan igme suyu ve agreganin en yiiksek tiiketicilerindendir [2]-
[4]. Olugan mevcut bu durumun ileride katlanarak artacagi ongoriildiigiinde
kaynaklar daha hizli tiikenecek ve gevre agisindan olugturacagy zararh
etkilerde artacaktir [5], [6]. Dolayist ile yesil betonun kullanimi kaginilmaz
hale gelmektedir. Yesil betonu konvansiyonel betonlardan ayiran en
onemli ozellik daha az enerji sarfiyat: ile eldeki farki malzeme ve atiklarin
kullanimiyla dretilmesidir [7]. Giiniimiizde konvansiyonel betonlarin
cksikliklerinin giderilme gabasi ve buna kargilik yesil beton ile gelen birgok
avantaj nedeniyle yesil betonlar ingaat alaninda popiilerligini hizla arttirmaya
devam ettirmektedir. Bu avantajlar siirdiirtilebilirlik, zararli gaz emisyonu
diigiiriilmesi, mevcut kaynaklarin kullanilabilmesi gibi siralanabilmektedir.
Yesil betonlarin kullanilirhginin artmasindaki ana sebep tiretilis yontemine
gore, daha iyi dayanim giicii eldesi, dig etkilere ve iklim sartlarina gore
daha fazla dayaniklilik saglama, rotre ve asit saldirilarina dayanim, tagima,
yerlestirme ve sikistirma gibi islemlerde kolaylik saglama, seri tiretim, bakim
maliyetlerinde diismesi ve daha uzun siire hizmet vermeye devam etmesi
seklinde Ozetlenebilir. Yesil betonlar, mevcut kaynaklarin siirdiirtilebilirlik
gergevesinde inovatif bir gekilde kullamilmasina kapi agar. Bu baglamda
gelismekte olan bu beton tiirtiniin aragtirilmasi, tartigtlmasi, gelistirilmesi ve
kamu bilinci olusturulmast gerekmektedir. Bu ¢aliymada siirdiiriilebilir bir
gevre i¢in alternatif beton tiretimi incelenip degerlendirilerek, sektore farkl
bir bakig agis1 kazandirmak hedeflenmektedir.

2. YESIL BETONDA URETIMI VE YAYGIN KULLANILAN
MALZEMELER

Gelisen diinyada belki de en 6nemli sorunlarda bir tanesi kiiresel
isinmadir. Toplumlar ekonomik ve sosyal olarak geligirken endiistrilesme,
sehirlesme ve poptilasyondaki artiglar gibi sebeplere baglh olarak tiiketim
ve gevre kirliligi gibi problemlerde de artig goziikmektedir. Dolayist
ile birbirine bagl olan bu sebep ve sonuglar siirdiirtilebilirlik sorununu
giindeme getirmistir [8].

Beton bilesenlerinden bir veya birkag1 atik malzeme olarak tasarlanan veya
imal edilirken ¢evreye zarar vermeksizin elde edilen betonlar, yesil beton olarak
tanimlanmaktadir [9]. Bir betonun yesil beton olarak nitelendirilebilmesi
i¢in kullanilan ¢imento igerisindeki ikame orani, tiretim siireci, sonugta
beklenen beton performans:t ve gevresel siirdiiriilebilirligine katkisinin
degerlendirilmesi gerekir. Bu betondan beklenen gevreci bir ozellige sahip
olmasidir. Yesil beton iiretim tekniginde tekrar kullanma ve doniigtiirme
esastir. Sonugta amaglanan sera gazi olusumunu azaltmak, kiregtags, kil, kum
ve dogal malzemelerin tiiketimini diistirerek atik malzemelerin kullanilmasi
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ile ¢evrenin kirletilmesinin azaltilmasidir. Boylece dogal kaynaklara zarar
vermeden siirdiiriilebilir bir gevre eldesi saglanabilecektir [10].

Beton teknolojisinde yaygin olarak dogal, endiistriyel, tarmmsal ve
doniistiirtilebilir atiklardan olugan malzemeler kullanilir. Bunlar $ekil 2.1” de
grafiksel olarak gosterilmigtir. Yesil beton iiretiminde genellikle malzemeler
gesitli karigim yontemleri ile aktif hale getirilerek kullanilmaktadir.

Sekil 2.1. Yoygmn kullandan yesil beton malzemeleri [2]

2.1. DOGAL MALZEMELER

2.1.1. Pomza

Pomza volkanik olaylar sonucu meydana gelmis dig etkilere kars:
dayanikli, gok gozenekli camsi organik bir kayagtir. Olusmasi esnasinda,
yapisindaki gazlarin biinyeyi ani bir gekilde terk etmesi ve hizla sogumasindan
dolay1 boyutlart birbirinden farkli bir¢ok gozenek meydana gelmektedir.
Bu bogluklar birbirinden bagimsiz oldugu igin kaliciligy, 1s1 ve ses yalitimi
oldukga iyidir. Tiirk standartlarina gore birbirine baglantisiz bogluklu,
stinger goriiniimlii silikat esasl, birim hacim agirhigi genelde 1gr/cm®den
kiigiik, sertligi Mohs skalasina gore yaklagik 6 olan ve cams1 doku gosteren
volkanik bir madde olarak tanimlanmugstir [11][12].

Pomza kirma islemlerinden gegirilerek ingaat sektoriinde degisik sekillerde
kullanilmaktadir. Son yillarda ingaat alaninda yesil betonun deger bulmasr ile
hizla kullanimi artmaktadir. Bunun bir¢ok sebebi vardir. Bunlardan bazilar
ucuz ve bol miktarda bulunmast, kolay sekil verilebilmesi, 1s1 ve ses iletimini
sinirlandirmasi - sayilabilir.  Yogunlugunun normal kuma gore yaklagik
tigte biri kadar olmasi konvansiyonel betonlara kiyasla pomza ile yapilan
betonlarin daha hafif olmasini saglamaktadir. Bu durum deprem yiikiiniin
azaltilmasimi ve elemanin elastikiyetinin azaltilmasim saglarken, ingaat
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maliyetinin de ciddi oranda azalmasina yardimc olmaktadir. Bunun yaninda
1s1 iletkenlik katsayist bakimindan normal betona gore 6 kat izolasyon
saglayarak enerji tasarrufuna katki saglayabilir. Cimento igerisinde puzolonik
aktivite bakimindan en uygun malzemelerden birisi olarak tanimlanir. Tiim
bu 6zellikleriyle ingaat sektoriinde yesil beton tarzinda yapilan imalatlara en
yiiksek destegi veren malzemelerden birisi olarak 6nemini arttirmaya devam
etmektedir [12], [13].

2.1.2. Diatomit

Diatomit bir¢ok alanda endiistriyel hammadde olarak kullanilmaktadir.
Volkanik olaylarin yogun goriildiigii bolgelerde su igerisinde fotosentezin
aktif olarak bulundugu s1g derinliklerdeki tek hiicreli diatome iskeletlerinin
ve kil, kum, volkanik kiil gibi diger dogal kalintilardan meydana gelen bir
kayagtir. Sertligi mohs 6lgegine gore 4,5-6 arasinda degisen kirilgan bir
yapiya sahiptir. Bogluk hacmi %95 civarindadir. Bu 6zelligi ile agirhginin
ti¢ katina kadar su emebilir. Kimyasallarin ¢oguna kars1 direnglidir. Dogada
renk agisindan beyazdan griye kadar bir gerceve icerisinde goriilebilir.
Igerigindeki elementlerin gesit ve miktarina gore beyazdan siyaha kadar
tarkli renklerde bulunabilir. Diatomitleri endiistride dogal, kalsine ve beyaz
kalsine diatomit ismiyle temin etmek miimkiindiir. Kullanim alanlarina
gore genellersek filtre malzemesi, dolgu malzemesi, izolasyon malzemesi,
hafif yap1 malzemesi, refrakter malzemesi, silika kaynag olarak siralanabilir
[13], [14].

Cimento tiretim teknolojisinde su igeriginin dengelenmesinde kullanilir.
Beton iiretiminde ise kisithh miktarda kullanimi basing ve ¢ekme dayanim
degerlerinde kayda deger artiglar meydana getirdigi yapilan galigmalarda
goriilmektedir. Ingaat teknolojisinde gimento ile ikame edilerek ses ve 1s1
i¢in izolasyon malzemeleri tiretiminde kullanilmaktadir. Yiiksek sicakliklarda
izolasyon malzemelerinin olusumundaki bosluklar yiiksek oranda radyasyon
olugturur. Hava bogluk hacmi ne kadar fazlaysa radyasyonda ayni oranda
artar. Bu durum iri taneli diatomitlerle bertaraf edilir. Bir diger kullanim
alan1 hafif yapt malzemesi ve refrakter tugla iiretimidir. Ozgiil agirhginin
diigiikliigii ve silisyum oraninin yiiksekligiyle ¢imento veya kiregle ikame
edildiginde hafif yap1 malzemesi iiretimini saglarken, isiya dayaniklilik
ozellikleri ile yangina dayanikli eleman iiretiminde kullanilmaktadir [13],

[14].

Tim bu oOzellikleri ile yapr sektoriinde birgok alanda faydali olan ve
yesil beton kavramimna tam uyum saglayan bu dogal kayacin kullaniminin
arttirilmasi her anlamda olumlu sonuglar getirecektir.
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2.1.3 Tras

Yapr iiretiminde belki de en 6nemli malzeme ¢imentodur. Artan yapi
ihtiyaci ¢imentoya olan talebi de artirmaktadir. Bu sebeple maliyetleri
diisiirmek ve talebi karsilamak igin yeni kaynak arayisi devam etmektedir.
Tras puzolanlarin genel ismi olmasina ragmen ilkemizde 6zel bir tiir
dogal kaynag: isimlendirmektedir. Ayrica %19’un iizerinde dogal puzolan
bulunduran ¢imentolar da trash ¢imento olarak anilmaktadir. Tras volkanik
tif olarak bilinen dogal bir kaynaktur. Yalmz iken baglayicilik 6zelligi
bulunmaz fakat ¢imento ve kireg ile karigtirilip su ile reaksiyona girdiginde
baglayici duruma gelir. Béylece puzolanik bir malzeme kategorisinde yer alir

[15].

Cimento igerisinde tras ikamesi ile bir¢ok avantaj elde edilir. Bunlardan
bazilar1 hidratasyon 1sisinin  diigiiriilmesi, alkali agrega reaksiyonunun
azaltilmasi dolayist ile genlesmede azalma, siilfath topraklara karg
mukavemet, karbonatlagmaya karst direng, gegirimliligi sinirlandirarak
donatiyr korozyona karsi korumak seklinde siralanabilir. Dolayist ile yap1
kiitlesinin dayanim ve dayaniklilik Ozelliklerini arttirmaktadir. Tiim bu
ozellikler gergevesinde tilkemizde bol miktarda bulunan bu kaynagin puzolan
olarak kullanim1 hem iilke ekonomisine hem de yesil beton sektoriine katki

saglayacaktr [15].

2.2. ENDUSTRIYEL ATIKLAR

Cimento iiretiminde gok fazla enerji tiiketilmesi bununla birlikte ¢evreye
verilen zararlarin boyutunun azimsanmayacak kadar fazla olmasi sebebiyle
endiistriyel atik malzemeleri kullanilarak ¢imento iiretiminde azalma
saglama ¢abasini giindeme getirmektedir. Bu anlamda yapilan ¢aligmalarin
birgogunda kullanilan silis dumani, ugucu kiil ve yiiksek firin ctirufu dikkati
¢ekmektedir.

2.2.1. Yiiksek Firin Curufu (YFC)

Curuflar ¢esitli metalurji fabrikalarindan elde edilen, endiistriyel atik
seklinde degerlendirilen, yapay puzolan olarak smiflandirilmaktadir.
Kimyasal yapilar1 ve 6zellikleri, temin edilen sanayi kuruluglarinin kullandig:
temel tretim yontemine gore birbirlerinden farkliliklar gosterebilmektedir
[16].

Yiiksek firin ctirufu (YFC), demir imalati1 esnasinda ortaya ¢ikan atik bir
triindiir [17]. Bu iretimde kayda deger miktarlarda YFC atig1 olugmaktadir
[18]. YFC esas itibariyle silis, kalsiyum aliimina silis ve bazik esasl bilegikler
igeren ve firinlarda demir {iretimi sirasinda ergimis halde elde edilen bir
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atik triindiir [19]. Amorf yapiya sahiptir ve yiiksek oranda SiO, ve ALO,
igermesi nedeni ile puzolanik 6zellik gostermektedir [18]. Tane boyutu ve
karakteristikleri ile cams1 madde bilegimi ve orani, puzolanik aktivitelerinde
etkin olan temel faktorlerdir [16].

Yapisinda kil ve silt bulunmamasi, iyi derecede siirtiinme Ozelligi
bulunmasi ve piiriizlii bir yiizey yapisina sahip olmasi nedeni ile aderans:
yiiksektir. Bununla birlikte donma-¢oziilmeye karsi gosterdigi direng de
oldukga fazladir. Sahip oldugu yogunluk, diisiik su emme orani ve ogiitiiliip
ikame edildiginde baglayiciligr artirmasi gibi avantajlari, ciirufun malzeme
bilesimlerinde kullanilabilirligi agisindan 6nemlidir. Bu artilart ile ingaat
sektoriinde yesil beton tiretiminde agrega ve puzolan olarak tercih edilmesine
sebep olmaktadir. Sektorde kullanilabilirligi tizerine birgok ¢aligmalar vardir
ve mevcut iretim prosesinde “Ciiruflu Cimento” olarak tiretimi oldukga
yaygindir [16]

YFC kullanilmas: ile betonun kimyasal etkilere karsi performansi
ve iglenebilmesi artarken, gecirimliligi azalmaktadir.  Tirkiye’de
kullanimi yayginlagtirlmalidir. YFC kullanimu ile endiistriyel bir atigin
degerlendirilmesinin yaninda iilke ekonomisine katki saglanmig ve ayni
zamanda ¢evre Kkirliligi onlenmig olacaktir [20]. Yiiksek miktarlarda
kalsiyum oksit igerigi ile YFC, kendiliginden de bir miktar baglayic1 6zelligi
bulunmaktadir. Ogiitiilmiis curuf, taze betonun islenebilirligini artirirken
terlemeyi azaltmaktadir [16].

2.2.2. Ugucu Kiil (UK)

Ucgucu kiil toz big¢imine getirilen komiiriin termik santrallerde yakilmas:
ile olugan agirlikla kiire bigiminde camsi pargacikli oldukga ince ve gri renkte
bir endiistriyel atik malzemesidir. Egzoz gazlari igerisinde asili durumdayken
aniden katilagmaktadir bu durum kiire geklinde kalmasina sebibiyet
vermektedir. Olugan {iriin elektrostatik gokelticiler ya da filtre torbalarinda
toplanarak elde edilmig olur. Beton sektoriinde {iretilen malzemenin
dayanim ve dayanmikliik 6zelliklerine verdigi pozitif katkilarindan dolay1
ikame malzemesi olarak kullanim sahasi bulmaktadir. Bu sayede enerjiden
tasarruf ve karbon dioksit saliniminda azalma hedeflenmistir [6][21]. Ugucu
kiillerin gevreye zarar verdigi bilindigi i¢in bu malzemenin bertaraf edilmesi
i¢in bir¢ok ¢aliyma yapilmig ve yapilmaya devam edilmektedir. Bu sekilde
driiniin geri kazanilip doniistiiriilmesi ile hem {ireticiye hem de tiiketiciye
tayda saglayacaktir [22]. Yapilan ¢aliymalara gore UK ikameli betonlarda
standartlara uyuldugunda %30 civarlarina kadar ikame yapilabilmekte ve
referans betonlara gore beklenenden daha fazla iglenebilirlik, daha diisiik
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hidratasyon 1s1s1, uzun priz siiresi, daha az ayrigma ve terleme saptanmustir.
Buna kargin az bir miktar basing dayamimu diigiikliigii gostermistir. [8].
UK ikamesi erken yaglarda hidratasyonu katkis1 yavastir ancak ileri yaglarda
puzolonik aktivitesi devam ettigi i¢in dayanim kazandirmaya devam
etmektedir [23], [24]

2.2.3. Silis dumani

Silis dumani silikon ve silikon tiirevi iriinlerin iiretimi sonucunda
olusan bir yan atik iiriindiir. Elektrik ark firinlarinin galigmast ile iiretilen
ve neredeyse ¢imentodan yiiz kat daha ince yapida kristal yapis1 olmayan
silikon dioksittir. Birim hacim agirligi 200-250 kg/cm? olan silis dumaninin
yogunlugu 2,2 gr/cm®tiir [25].

Silis dumani ingaat teknolojisinde kullanimi olan bir malzemedir. Daha
¢ok puzolan olarak kullanilmasinin yaninda dolgu malzemesi olarak kullanimi
bulunmaktadir. Cimentonun hidratasyonu ile agiga ¢ikan hidratasyon
triinleri ile reaksiyona girebilmekte ve dayanima katki saglamaktadir [26].
En onemli 6zelliklerinden bir tanesi macunsu hale gelen yapisi sayesinde
¢imento hamuru ile agrega arasindaki bag1 kuvvetlendirmekte, ince yapistyla
bogluklar1 doldurmaktadir

Silis dumani yiizey ozelliklerine, dayanim ve dayaniklihk getirdigi
i¢in ¢imentoda puzolan ikame malzemesi olarak kullanimi {izerine birgok
caligmalar yapilmaktadir. Bu gekilde hem ¢evreye hem de ekonomiye fayda
saglanmaya galigilmaktadir. Elde edilen faydalar degerlendirildiginde betonda,
daha yiiksek basing ve egilme dayanimu, yiiksek elastiklik modiilii, daha hafif
beton, daha az gegirimlilik gibi gelistirici 6zellikler sayilabilmektedir [27].

Bahsi gegen bu oOzellikleri agisindan beton sektoriinde kullaniminin
arttirtlmasi ile hem gevreye katki saglanacak hem de atik bir malzeme bertaraf
edilebilecektir. Dolayisi ile iilke ekonomisine katki saglanmig ve yesil beton
desteklenmis olacaktir.

2.3. TARIMSAL ATIKLAR

Tarimsal atiklar tiretimlerinden sonra ortada kalan kabuk, yaprak ve sap
gibi kisimlardir. Bu iiriinlerin degerlendirilmesi ve ¢evreden yakma digindaki
yontemlerle uzaklagtirilabilmesi igin birgok bilimsel ¢aligmalar yapilmaktadir.
Bunlardan en gok ragbet gorenlerinden bir tanesi ¢gimento igerisinde sinirli bir
miktarda ikame edilmeleridir [24], [28]. Piring, Findik, Fistik kabuklarinin
kiilii ve Miusir kogani kiilii bagta olmak tizere birgok tarimsal atik puzolonik
ozellikleri sebebiyle kullanilmaktadir.
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Piring kabugu silika minerali bakimindan olduk¢a zengindir. Bu tiir
atiklarin yakma derecesi degisken olmakla beraber 400 °C - 900 °C araliginda
degisim gostermekte ve hizla sogutularak amorf bir yapi elde edilip puzolan
olmas1 saglanmaktadir. Ayrica ozgiil agirlikta ve yiizey alaninda diigme
oldugu i¢in hem yesil hem de hafif beton elde edilmektedir. [29].

So6z konusu atiklar ¢evre sorunu olugturmasinin yaninda depolama
sorunlar1 da meydana getirmekte ve ek maliyetler ortaya ¢ikarmaktadir.
Bu sebeple birgok atik iiriin ozelligine bakilmaksizin ortadan kaldirilmaya
caligtimaktadir. Ancak atik malzemelerin de bir degeri vardir ve atiklar katma
degeri yiiksek tirtinlerin elde edilmesinde kullanilabilir [30]. Son zamanlarda
ABD. ve Kanada bagta olmak iizere bir¢ok iilkede aga¢ tozu dolgulu
kompozit malzemelerin kullanimi artmaya baglamugtir [31].

Yillik bitkilerden elde edilen kabuklar ya da atiklar, ingaat sektorii igin
yeni triinlere dontstiiriilerek ekonomik deger elde edilebilir ve bir kaynak
olugturulabilir. Dogal kaynaklarin giin gegtikge azalmaya bagladigi bu
donemde, tarmmsal atiklarin kullanimi ile iirtin gesitliligine, hammadde
sayisinin arttirilmasina ve gevre kirliliginin azaltilmasina yarar saglanacaktir
[32].

Findik, fistik, hindistan cevizi gibi bitkilerin kabuklarinin kullanimi ile
konut agig1 problemi elbette ¢oziilemez ancak konutta zamanla olugabilecek
yapi fizigi sorunlarinin ¢oziimiinde basarili, nitelikli, birim hacim agirhig:
diisiik, 1s11 direnci yiiksek, mekanik mukavemetleri yeterli diizeyde olan,
ekonomik, kolay uygulanabilen, iiretim siireci kisa kompozit malzeme
iiretmek miimkiin olabilir [32].

Tarimsal atiklar bu ¢ergevede degerlendirildiginde puzolonik 6zellige
sahip olduklarindan beton igerisinde ikamesi ile dayamim, dayaniklihik
ve islenebilme oOzelliklerinde iyilesme goriilmiis, dolayist ile alkali silika
reaksiyonu, gegirimlilik, kimyasal saldirilara direng artmugtir [29].

2.4. DONUSTURULEBILIR ATIKLAR

2.4.1. Cam

Geligmekte olan ingaat sektoriinde  siirdiiriilebilirligin -~ devamu
igin alternatif geri doniigiim iiriinlerinin  gelistirilmesi galigmalar1 hiz
kazanmigti.  Auk malzemeler degerlendirildiginde genel toplamin
vaklagik %4 {inii cam atiklar olugturmakta ve bunun ¢ok az kismi geri
doniisiim olarak degerlendirilmektedir. Bu nedenle mevcut bu oranin
arttirlmasinin ekonomiye ve gevreye g¢ok biiyiik pozitif etkileri olacaktir.
Cam doniistiirtldiigiinde kalitesinden herhangi bir taviz vermeyen 6zellige
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sahiptir. Doniigtiiriilmiiy camlar birgok alanda kullanilabilir. Bunlardan
bazilar1 cam ve agindirici imalatinda hammadde olarak, ¢imento igerisinde
puzolonik katki maddesi olarak, ulagim ve park alanlarinda fiberglas
hammaddesi olarak, yol gizgilerinde yansitic1 geklinde siralanabilir. Camin
ana hammaddeleri kum, silika ve kirectagidir. Bunlarin dengeli bir sekilde
bilegimi ile iiretimi gergeklestirilir. Bu kombinasyonun igerisine kirint1 denen
doniistiiriilmiis cam da ilave edilebilir. Ancak cam toplama alanlarina gelen
malzemenin karisik 6zellik ve renklerde olmasi stabil bir 6zellik ve renkte
yeni iiretimin yapilmasini sinirlandirmaktadir. Bu yiizden atik camin betonda
veya ¢imentoda ikame iiriinii olarak kullanilmast daha uygun goriilmektedir
[33], [34].

Camin beton teknolojisinde kullanimi Alkali-Silika Reaksiyonuna sebep
olabilmekte boylece betonun kalicihigina ve buna bagli olarak da dayaniminda
deger diigmelerine sebep olabilmektedir. Yapilan galigmalar ikame oraninin
maksimum %20 seviyelerinde tutuldugunda ve ¢ap1 1 mm. iizerinde cam
agregasi kullanildiginda bu sorunun nispeten ¢oziildiigiinii gostermektedir
[34].

Buanlamda cam doniigiim tiriinlerinin yesil beton tiretiminde kullanilmas:
hem ekonomik hem de ekosistem agisindan biiyiik faydalar saglayabilecegi
goriilmektedir.

2.4.2. Plastik ve Kagit

Kiiresel diinyada atiklarin gesitliligi, artan miktar1 ve bunlarin bertaraf
edilmesi konusunda arayiglar giindeme gelmis bu sebeple akademide
bir¢ok ¢aligma yapilmaya baglanmistir. Bu anlamda kagit ve plastik gibi
doniistiirtilebilir atiklarin, yesil yapr temali projelerde kullaniimasi giin
gegtikge Onemini arttirmugtir [35].

Ingaat sekeorii icerisinde ozellikle yesil bina mantiginda imal edilen
yapilarda, kagit ve plastik kullanim alani bulmaktadir. Bunlardan bazilart
geri doniistiiriilmiis kagit ve algidan elde edilmis paneller, gatida kiremitlerin
tiretiminde plastik, kagit ve kumag gibi evsel atiklarin kullanimi, pencerelerde
provinil igerikli 6giitiilmiig isleme tabi camdan elde edilmis i¢ tarafi bogluklu
estetik elemanlar, yapinin drenajini saglayabilmek igin kullanilan borularda,
dogeme ve kaplama sistemlerinde kullanilan kauguk iiriinlerde, politiretan
kopiik ile tretilmis bolme duvarlarindaki kullanimlar sayilabilir. Ayrica
yapida ahgap ile ilgili {iretimin biiyiik bir kisminda kullanilan mdf” de geri
doniisiim malzemelerden tiretilmektedir [36].
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3. SONUC VE DEGERLENDIRMELER

Caligma sonuglar1 degerlendirildiginde yesil beton ve dolayzst ile yesil bina
dretiminin giin gectik¢e diinya ¢apinda yayginlagtigi ve ciddi anlamda 6nem
kazandigr goriilmektedir. Dogal, tiretim artig1 veya geri doniigiim tiriini
olarak elde edilen bu kaynaklar nasil elde edildigi ve iiretim yonteminden
bagimsiz olarak kullanimi her gekilde {ilkelerin ekonomilerine fayda
saglayacagr agikga goriilmektedir. Elde edilen bilgiler 11ginda agagidaki
sonuglara ulagimigtir.

e Pomza, diatomit ve tras gibi dogal olarak elde edilen malzemeler
ile yiiksek firin ciirufu, uqucu kiil, silis dumani gibi endiistri artig
tirtinlerin ¢imento teknolojisinde ikame veya agrega malzemesi olarak
kullaniminin betonun dayanim ve dayanikhlik 6zellikleri tizerinde
bir¢ok olumlu getirisini oldugu goriilmektedir.

e Tarimsal atiklarin ortadan kaldirilmasi, yakilarak yada ciiriitiilerek
gergeklesmektedir. Ancak bu atik veya kabuklarin aslinda ekonomik
bir degeri olan silis igerdigini yapilan galigmalar gostermektedir. Bu
anlamda bu malzemelerin ekonomik degere doniistiiriilmesi her ne
kadar ¢ok fazla sektore arti getirmeyecegi diistiniilse de yesil tiretim
teknolojisi bakimindan dontstiiriilerek degerlendirilmesi noktasinda
az bir miktarda olsa ¢imento tiretimi ve enerjiden tasarruf saglanacagi
diistintilmektedir.

* Cam, plastik ve kagit atk iriinler karigtk toplanip doniigiim
merkezlerinde igleme alnmaktadir. Bu sebepten sabit bir iiriin
kalitesi elde edilememesine ragmen cam {riinlerin silisyum kaynagi
olmasindan dolay: beton iiretiminde kullanildig1 ve olumlu dayanim
sonuglar1 elde edildigi goriilmiigtiir. Plastik ve kagittan elde edilen
bir¢ok iriiniinde yesil bina konseptine uygun olarak kullanildigt
bilinmektedir.

Busonuglar gergevesinde ismi gegen atik veya dogal tirtinlerin kullaniminin
sinirh oranda olsa da ¢imento tiretimini azaltabilecegi, enerjiden tasarruf ve
tilke ekonomisine destek saglayabilecegi ayrica yesil bina teknolojisine katma
deger olugturacag: diigiiniilmektedir. Sonug olarak ingaat teknolojisinde bu
tiirde kullanimlarin desteklenerek ¢evreye dost iiretimlerin gerceklestirilmesi
yerinde olacaktir.
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Bolim 8

Cok Atlamali Mobil Tinelleme Aglar’nda
Kullanilan Yonlendirme Algoritmasinin Ag
Verimine Etkisi

Barbaros Preveze!

Ozet

Giiniimiizde siirekli olarak artig gosteren mobil cihaz ve kullanict sayist ile
birlikte daha yiiksek hizli ag yapilarina olan talep te ayni 6lgiide artmaktadir.
Bu nedenle, literatiirde paket iletimlerinde 6ncelik saglama 6zelliginden dolay:
yaygin bir kullanima sahip olan birgok tiinelleme protokolii bulunmaktadur.
Bununla birlikte, tiinelleme aglarinda bagtan belirlenen bir rotanin mevcut
ag kosullarina gore sonradan giincellenmesi gerektiginde, bu durum ekstra
bir yeniden rota olusturulma (Route Reconstrution (RRC)) zamanina neden
olacaktir. Sonradan olugan bu tiir ekstra yeniden rota olugturma gereksinimleri
ckstra gecikmelere de neden olarak sistem veriminin yiikseltilmesi yerine
diistiriilmesine neden olabilecektir. Buna bagh olarak, bir agda kullanilmakta
olan yonlendirme algoritmasinin rotay1 giincelleyerek, daha iyi bir rotaya
gegis ile saglayacagi zaman kazanci, bu degisimin gergeklesmesi igin harcanan
ekstra zamandan daha aza olmamalidir.

Bu kitap boliimiinde, literatiirde mobil ¢ok sekmeli tiinel aglarinda rota
omriinii uzatarak sistem verimini artirmak amaciyla yapilan bir ¢aligma esas
alinarak, s6z konusu galigmada; 6nerilmis olan Optimum Yol Yonlendirmesi
(Optimum Path Routing (OPR)) isimli yonlendirme algoritmasinin
gelistirilme sekli ile farkli yonlendirme algoritmalarinin ag verimi (bps
saniyedeki bit sayist) agisindan nasil degerlendirildigi agiklanmig, performans
artirrmi amactyla 6nerilmig olan OPR yonlendirme algoritmasi ile Fastest
Path (En Hizli Yol) yonlendirme algoritmasi isimli algoritmalarin ag verimi
tizerinde sagladiklar1 performanslarin kiyaslamasi ile OPR kullaniminin RRC
gecikmesine ve sistem performansina sagladig iyilestirme incelenmistir.

1 Gankaya Universitesi Elektrik ve Elektronik Miihendisligi, ORCID: 0000-0003-4108-0150,
b.preveze@cankaya.edu.tr
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1. GIRIS

MPLS (Multi Protocol Label Switching) gibi en bagta baglantinin
saglanarak, tiim paketlerin aym rota fiizerinden gonderildigi paket
anahtarlamali tiinel aglarinda amag, paketlerin sahip olduklar1 6nceliklerle
engellerle karsilagmadan hedeflerine ulagmasini saglamak ve gecikmeyi
azaltmak suretiyle ag verimini artirmaktir. Ancak, gevrimigi oyun, video
konferans, yiiksek kalite gereksinimi olan videolar vb. yiiksek hizli baglanti
gerektiren uygulamalarin ihtiyaglarini kargilamak igin belirlenecek olan
rotanin miimkiin olan en az sayida RRC ile en uzun rota yagam siiresini
saglamasi gerekir. Bu gereksinimden dolayi literatiirde rota yagam siiresini
uzatarak ag performansini iyilestirmeye ¢alisan ¢ok sayida g¢aligma
bulunmaktadir.

Referans [2]’de ABR, AEABR ve ATAABR olarak adlandirilan ti¢ uzun
omiirlii yonlendirme algoritmasi igin rota giivenilirligi ve yagam stireleri
agisindan karsilagtirmali bir galigma yapilmistir. Ayrica, referans [3]’de araglar
arast uzun Omiirlii bir iletigim saglayabilmek igin yeni bir yonlendirme
algoritmasi 6nerilmistir. Caligmanin sonucunda ise, 6nerilen bu algoritmanin
AODV (Ad-Hoc on Demand Distance Vector)’den daha giivenilir bir
yonlendirme saglayabildigi gosterilmistir. Referans [4]’te yazarlar, MANET
(Mobile Ad-Hoc Network) ¢ok yollu yonlendirme problemini aragtirmak
amaciyla, alternatif yollar kullanan bir yonlendirme problemini analiz ederek,
diigiimlerin hizlari, bagariyla teslim edilen paketlerin kayip paketlere orani
ve kullanilan yonlendirme algoritmast nedeniyle olusan ek yiikiin, ortalama
gecikme tizerindeki etkilerini incelemiglerdir.

Ote yandan referans [5]’ te yapilan ¢alismada, énerilen bir yonlendirme
algoritmasi ile ag tizerindeki en hizli yolun saptanarak gecikmenin minimize
edilmesi amaglanmig ve [6]” da bu algoritmanin verim performansi bilinen
bagka yonlendirme algoritmalari ile kiyaslanmugtir. Bu kiyaslama sonucunda,
Fastest Path yonlendirme algoritmasinin bir MPLS ag igin verim agisindan,
kargilagtirmaya alinan diger tiim algoritmalardan daha iyi sonuglar verdigi
gosterilmigtir. Ayrica, referans [1]’de; 6nerilen OPR algoritmasinin verim
performansi, MATLAB iizerinde gergeklestirilen bir mobil MPLS ag
simiilasyonu iizerinde, [5, 6]’da bagka algoritmalar ile kiyaslamaya alinarak
aralarinda en 1iyisi oldugu gosterilmis olan Fastest Path yonlendireme
algoritmasinin performanst ile karsilagtirilmistir. Bu sirada, [1]° de bagta rota
yeniden yapilandiriimasi (RRC) sirasinda istem digi olarak eklenmis olan
ckstra gecikme miktar1 olmak tizere tiim faktorlerin sistem gikt1 performansi
tizerindeki etkileri dikkate alinmustir. Calismada daha sonra, MPLS iizerinde
Fastest Path ve OPR yonlendirme algoritmasinin simiilasyon sonuglarinin
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teorik hesaplama sonuglariyla da ortiistiigii gosterilmistir. Sonug olarak,
caligmada oOnerilen OPR algoritmasinin, [6]” da en 1yi olarak belirlenen
Fastest Path yonlendirme algoritmasma gore bile daha yiiksek ag verim
performanst sagladigr gosterilmistir.

Bes kisimdan olugan bu kitap boliimiinde, boliim 2°de, [1]’de gelistirilen
OPR algoritmasinin MPLS (Multi Protocol Label Switching) tiinelleme
protokolii iizerinde uygulanma yontemi ile bu ama¢ dogrultusunda
simiilasyonda uygulanan algoritmalarin detaylart verilmistir. Boliim 3’te
ise, soz konusu algoritmanin referans [1]’ de elde edilen teorik ve deneysel
sonuglarimin Egitlikler (5 -16) kullanilarak yapilan hesaplama yontemi
anlatilmig, hem OPR yonlendirme algoritmasi hem Fastest Path yonlendirme
algoritmasi i¢in elde edilen teorik ve deneysel sonuglar 4. boliimde Tablo
2°de [1] verilmistir.

2. YONLENDIRME ALGORITMALARININ MPLS AGI
UZERINDE UYGULANMASI

a. MPLS Ag simiilasyonu

Gelistirilecek olan bir metodun MPLS ag1 performansi iizerindeki
etkilerinin gozlemlenebilmesi igin oncelikle bir MPLS tiinelleme ag1
tiim detaylariyla simiile edilmelidir. Boylelikle onerilen metodun bu ag
tizerindeki davraniglar1 gozlemlenebilecektir. Tasarlanacak olan bu MPLS
ag simiilasyon programi; ayri ayri tiim kaynak noktalarinda olusturulan
paketler, ag {izerinde iletilen paketler, kayip paketler, arabelleklerde bulunan
paketler ve nihai olarak hedefe bagariyla ulagan ortalama paket sayisi
degerlerini tutmalidir, bu sayede elde edilecek olan ag verimi gozlenecek
ve bu sekilde ag performans: degerlendirilebilecektir. Bu esnada tiim
diigiimler, her bir iterasyonda iizerlerinden gegerek iletilen paket sayisinin
da kaydmi tutar. Simiilasyonda ve teorik hesaplamalarda kullanilmasi
gereken parametreler ve bu parametrelerin kullanilan degerleri Tablo 1°de
listelenmigtir.
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Tablo 1: MPLS agj1 igin kullanilan parametreler ve degerleri [1]

Diigiim sayis1 (N)

6 diigiim

Hareket Alan (x, y)

(100 piksel x 20m/piksel) x (100 piksel x
20my/piksel) =4km?

Diigiimlerin Bagil Hiz Araligi

5 lem/s -30 /s avass (vastgele fakat sabit)

Kullanilan mobilite modeli

Rastyele yol noktast haveketlilik modeli [10]

Paket boyutu (PS)

1 Kbayt [11]

Tletim ortamu

Bos Alan (a=2)

Tletim giicii (P) w
Giiriiltii giicii (Py) 1mW
Sinyal Frekanst (f) 1 GHz
Verici Anten Kazancr (G;) 1

Alic1 Anten Kazana (Gy) 1

RRC zaman maliyeti

Hazly Yeniden Yonlendivme (FRR)
kullamilarak 50 ms/RRC [12]

Isik hizi (c)

3x10° m/sn

Iterasyon Sayist (NOI)

2000 yineleme

Simiilasyon Adim Dénemi (SSP)

30 saniye/yineleme[13]

Rota yeniden yapilandirma araligt (RUT)

Her yinelemede (30 saniye) [13]

Simiilasyon Caligma Siiresi (SRT)

2000 yineleme x her bivi 30 saniye = 16,66
saat.

Paket Gruplar1 Bagina Paket Sayis1 (PPG)

Paket grubu bagima 1000 paket

Tletilen toplam paket sayst (TP)

6 diigiim x 2000 paket grubu/diigiim x
PPG Paketlers/ Paket grubu

En Hizh Yol i¢in HC (HC

EN HIZLI)

1,72 sekme [1]

OPR igin HC (HC

OPR)

1,68 sekme [1]

Bu esnada, MPLS agin1 uygulamak igin her bir diigiimiin kullanmas:
gereken algoritma ise Sekil 1’deki gibidir
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ederek sirala
v

Arabellekten alinan
bir sonraki paketi ag
v

Alman paketin
basligin incele

Yeni bir MPLS
etiketi {ireterek eskisi
ile degistir

Arabellegi analiz

Arabellekte kalan |

et

Zaten bu diigiime
gonderilmis olan

paketler var m1 ? buffer

Receive and remove
the packets from the

Increase the
number of

paketleri analiz et [

v

Gonderilecek bir
sonraki paketi se¢

v

MPLS etiketini
alip agarak analiz
et

succesfully
received packets

* I Yémdrndi

‘me

fitrpaljrada -

reak olam tlé
Dbelirlenedek rotay:.

Hayir
Rota énceki ile
ayni mi?

Giincellenmis

»  MPLS etiketini
yapstir

Calculate the overall
throughput of the
system and update the
graphs all the current
states

Gonderime ¢ikan pake
grup sayisi 12000'e (12 x
10°%) ulagtimi ?

Simalasyonu
sonlandir

4
onderilecek olan

paketi belirlenen
rotadaki bir
sonraki diigiime

Sekil 1: MPLS simiilasyonundn tiim diigiimler tavafindan kullanidan algovitma [1]
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b. MPLS agq iizerinde performans artirimi saglamak amaciyla yeni
bir yonlendirme algoritmasimun gelistirilme teknigi

Bir agin performansinin en belirgin ve somut Olgiim parametresi ag
verimidir (Throughput). Ag verimi, paket {iretim yogunlugu, bant genigligi,
sekme sayisi, paket kayip orani, gecikme ve gecikme degiskenligi gibi birgok
parametreye baglidir. Bu nedenle, tiim bu parametrelerin anlik degerlerine
sebep olacak olan rota se¢iminin yani yonlendirme algoritmasinin galigma
prensibinin ag verimi {iizerindeki etkisi ¢ok biiyiiktiir. Bir yonlendirme
algoritmasi, kaynaktan hedefe dogru saptanacak olan rota {izerinde,
miimkiin olan en az sekme sayist ve en az trafik yogunlugu olan rotay1
sectiginde, paket kayip orani ve gecikme de otomatikman azaltilmig olacak
ve ag verimi de buna bagl olarak artirilmig olacaktir. Bu amagla referans [17]
de OPR (Optimum Path Routing) adli yeni bir algoritma 6nerilmig ve bu
yonlendirme algoritmasinin ag tizerinde uygulanmasi ile ag performansinin
sadece yonlendirme algoritmasinin degistirilmesiyle bile yiiksek oranlarda
artirildigr gosterilmistir.

S6z konusu, OPR algoritmasinin ana fikri, kaynaktan hedefe dogru
iletisimin bagindan kurulacak olan rotanin uzun omiirlii olmasi ve daha az
RRC gerektirerek zamandan tasarruf etmek suretiyle toplam gecikmenin
azaltilmasidir. Uzun 6miirlii rotalarin belirlenebilmesi igin kullanilan mantik
ise, diger alternatif diiglimlere gore birbirine gore minimum bagil hizlari
olan, yani belirli bir siire boyunca birbirinden uzaklagarak kopma olasilig
en diigiik olan diigtimler serisinden olusturulacak bir rota se¢imi yapmaya
caligmaktadir. Diigtimler arasindaki bagil hizlarin hesaplanabilmesi igin ise,
her bir diigiim, diger diigtimlerden artarda alinan son 2 sinyal giiciinii ayr1
ayr1 kaydetmeli ve bu gii¢ degisimlerini esitlik 1-4 [1] aras1 verilen esitlikler
tizerinde kullanmahdir. Bu hesaplamalarin yapilmasinda Tablo 1’ de verilen
varsayilan degerler kullaniimaktadir.

c ’ (1)
P, =PxG, xG, x| ————
dxx fxd
P 2
d= —XGtXGrX ; (2)
P Axmx f
d..—d .
VR :| simdiki onceki (3)
T;imdiki - ]:'J‘nceki



Bu esitliklerde, d
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L><Gt><Gr><

r_simdiki

c P

4x px f

xG,xG, x

r_onceki

2
¢
4><p><fj

simdiki

onceki (bir onceki sinyal alim periyodunda) mesafe, V

diigiimlerden gelen
paketlerin sinyal

tiglerini Ggren

Gonderilecek olan bir
sonraki paketi arabellekten
alarak a¢

v

Paketin MPLS
etiketinden hedef
digimini 6gren

v

simdiki ~ * énceki

Diger

R

123

(4)

iki diigiim aras1 mevcut mesafe, iki diigiim arasi
ise bu iki
diigtimiin birbirlerine gore bagil hizlar1 anlamindadir. MPLS simiilasyonu
tizerinde yonlendirme algoritmast olarak kullanilmasi 6ngoriilen OPR
algoritmasinin akig semasi Sekil 2°de verilmistir.

OPR tablosundan herbir diigiimiin digerlerine gore

sahip oldugu bagil hizlar1 6gren

Tiim rota i¢in, diigtimleri aras1 minimum ortalama
bagil hizlara sahip ve her sekmeyi menzili iginde
igerecek sekilde diigiimlerden olusan ugtan uca en

iyi rotayi belirle.

Ayni diigiimden bir sonraki sinyal
alindiginda, o diigiim i¢in C degerine
simdiki olarak kaydedilmis olan sinyal
giictinii P (6nceki) degerine kopyala ve
su an alman degeri C {izerine kaydet

Belirlenen ugtan uca rotaya gore
paketin gonderilecegi bir sonraki
digiimii belirle ve gondericiyi
bilgilendir

A 4

SON

OPR TABLOSU

Mevcut gondericiye diger N-1

» diigiimden gelen sinyal giiglerini C

(simdiki) degeri olarak kaydet

N-1 diigiimiin meveut
diigiime gore bagil hizlarim
hesapla ve OPR tablosuna
kaydet

Sekil 2: OPR algoritmasman, diigiimler iizevindeki calisma prensibi [1]

Sekil 2° de verilmig olan bu algoritmanin kullanimu ile ag tizerindeki
tiim diigiimler diger diigiimlere gore sahip oldugu bagil hizlar1 kendi OPR
tablolarinda tutarak, kaynak hedef arasi minimum bagil hiz ortalamasina
sahip rotalar segme yetenegine sahip olacaktir. Bu esnada, daha iyi bir
rota bulunmasi durumunda rota yeniden yapilandirmas: (RRC) yapilacak
ancak bu rotanin giincellenmesi sirasinda, gerekecek olan rota yeniden
yapilandirilma gecikmesinin sistem verimi {izerindeki negatif etkisi ile
yapilacak olan rota yeniden yapilandirmasinin saglayacagi pozitif etki birlikte
goz oniinde bulundurulacaklardir. Bir yonlendirme algoritmasinin daha az
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RRC gecikmesi gerektirmesi, o algoritmanin daha uzun Omiirlii olmasi
anlamina gelir, yani bir rotanin Omriiniin sonu yeni bir rotaya gecilme
anidir. Bu nedenle, kullanilan bir yonlendirme algoritmasi igin beklenen
rota yeniden yapilandirma olasiligi, diger yonlendirme algoritmalariyla
kiyaslanarak, RRC sayis1 bakimindan daha uzun émiirlii olup olmadiginin
degerlendirilmesinde etkin bir faktordiir.

3. BEKLENEN SONUCLARIN TEORIK HESAPLAMALARI

a. Farkli yonlendirme algoritmalarmin kullanim durumlarinda
beklenen RRC Olasiliginin (P, ) hesaplanmasi

Bir ag tizerinde, herhangi bir rota yeniden yapilandirma araliginda
(RUI), kullanilan farkli yonlendirme algoritmalar1 igin rota kopmasi ya
da daha iyi alternatif bir rotanin bulunmasi durumunda, yeni bir RCC
gereksinimi olabilecektir. Bu durumla kullanilan yonlendirme algoritmasina
gore farkl sikliklarla kargilagilacagy asikardir. Fakat herhangi bir yonlendirme
algoritmasinin kullaniminda RRC gereksiniminin RUI iginde tam olarak
ne zaman olacagini 6nceden kestirmek zordur. Bu nedenle bu gereksinimin
ortalama olarak RUI zamaninin tam ortasinda olacag varsayildiginda, bu
stirenin yarisinda paketlerin bagarili bir sekilde gonderilecegi, diger yarisinda
gonderilmesi gereken paketlerin ise sonraki yonlendirmenin belirleyecegi
rotadan gonderilmek tizere bekleyecegi varsayilmig olacaktir.

Esitlik (5)te agin beklenen veriminin teorik hesaplanmasi igin
kullanilmas: gereken formiil verilmigtir. Bu hesaplama igin, tiim iterasyonlar
stiresince hedeflere ulagtirilan toplam bit sayisinin, tiim iterasyonlarin toplam
stiresine oran1 bulunmaktadir. Esitlik (5)’te, RRC gereksinimleri nedeniyle
galgtirilacak olan ekstra iterasyonlarin sayisi bu nedenle “NOI/2 x P, .”
olarak verilmistir.

kilobit

Thr = Tiimiterasyonlarda hedeflerine ulagtirilan toplam bitsayist (TP )x (PS x 8x 1024)

Tiimiterasyonlarda gegen toplam siire

NoI + NS’ <. | (5)

e ——)
Muhtemel RRC gereksinimi
olasiligina bagl olarak gerekli
olacak ekstra iterasyon sayist

Ancak bu hesabin yapilabilmesi igin P

wre degerinin de kargilagtirmaya

alinacak tiim yonlendirme algoritmalart igin ayri ayri hesaplanmasi
gerekecektir.
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P, hesaplamalari, Egitlik (6) ve Esitlik (7)’deki hesaplamalarda, En
hizli yol (Fastest Path) yonlendirme algoritmas: ve OPR algoritmalar1 igin

hesaplanarak, sirasiyla Py orper V€ Prpe opy Olarak gosterilmigtir [1].

HC

PRRCFASTEST - 1 (PsrﬂLFASTEST )

Tek bir sekme i¢in
ayni diigiimiin yeniden segilme olasiligi

Kullanimda olan rotanin hi¢bir boliimiiniin degistirilmeme olasilig1

Kullanimda olan rota iizerinde en az bir diiglimiin degistirilme olasilig

PRRCOPR =1- (PsrﬂLOPR ) " 7)

5\,_—/
Tek bir sekme igin
ayn1 diiglimiin yeniden se¢ilme olasilig1

Kullanimda olan rotanin higbir béliimiiniin degistirilmeme olasihigi

Kullanimda olan rota iizerinde en az bir diigiimiin degistirilme olasilig1

Bir ag tizerinde birbirine baglantili halde bulunan iki diigiim arasindaki
baglantinin kopmas: sadece diiglimlerden birinin, digerinin menzilinden
digartya dogru hareket etmesine ve hizinin da ayni iterasyon igerisinde o
iletim menzilinden (R,) ¢ikmasma yeterli olacak biiyiikliikte olmasina
baghdir. Diigiimler aras1 bu muhtemel kopma, diigiimlerden birinin hareket
edebilecegi 8 yiinden ( Dogu, Kuzey Dogu, Kuzey, Kuzey Bati, Bati,
Giiney Bati, Giiney, Giiney Dogu) sadece 3’ ile (daire seklindeki menzilin
digina dogru ve kaynaktan uzaklagacak sekilde) ve 3/8 olasilikla miimkiin
olabilecektir. S6z konusu diigiimiin, hareket edebilecegi 8 yon igerisinde,
menzil disina dogru olan bu 3 yonden birine dogru hareket ediyor olma
olasiligr ise 3/8 dir.

Bu bilgiler 1g1¢1nda, sirasiyla Fastest Path yonlendirme algoritmasini ve
OPR yonlendirme algoritmasini kullanarak ag verim diigiikliigiine neden
olan bir sekmedeki diigiimden vazgegtikten sonra yine ayni diiglimii segme
olasiliklarinin hesaplamalar1 Esitlik (8) ve (9) da verilmistir [1].

Fastest Path yonlendirme algoritmasinin kullaniminda, rota belirlenirken,
diigtimlerin hareketliligi ve bagil hizlar1 dikkate alinmadigindan, Esitlik
(8) ‘de P, pisresr i6in yapilan hesaplamada odaklamlan diigiimiin de tiim
diigtimlerin sahip oldugu ortalama hiza sahip oldugu varsayilmaktadir.

Ortalama hizin, iletim menziline oraninin digar1 dogru hareket etme olasilig
(3/8) ile carpimindan elde edilen deger bize bu diiglimiin menzil digina
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¢tkma olasiligini, yani baglantinin kopma olasiigini verirken, bu degerin
I’den ¢ikarilmasi baglantinin ayni diigiim tizerinden devam etmesi olasiligini
verecektir. Burada N, simiilasyon alanindaki verici dahil tiim diigtimlerin
toplam sayisidir.

Hareket eden tiim diigiimlerin ortalama hizlari
——

N
S, (8)
i=1

P 1-8 N

st FASTEST — 17
- R

T

Ancak, OPR algoritmasi diigiimlerin hareketliligini de dikkate aldigindan
P . opr i6i0 esitlik 9da yapilacak olan hesaplama daha farkli olmaktadir.
Burada, en uzun 6miirlii rotaya karar vermek igin kaynak ve hedef arasinda
bulunan diigtimler arasinda ve o anki gondericinin menzili igindeki minimum

bagil hiza sahip olan diigiim segilecektir.

Tiim diigiimler i¢indeki en diisiik bagil hiz
——

. . g X mln(vhag'll) (9)

stfh_OPR -
- R

T

Ote yandan, vericinin iletim araligt (R,) ise, esitlik 10 [1, 4] kullanilarak
hesaplanmaktadr.

gondericinin kapsama alam

2
1

R, = p (10)
P xe"-1

Gondericinin menzili [4]

[1] de, esitlik 8 ve 9* da elde edilen P, ve P, opg degerleri

srfh_ fastest K

srastyla egitlik 6-7°de kullamlarak  Pepee ve Prge
edilmektedir. Daha sonrabu FBpe ve Bpe  degerleri esitlik 5teki P

yerine kullanildiginda Fastest Path yonlendirme algoritmasi igin elde edilen

degerleri elde

ag verim degeri (Thr,, . ..) ve OPR yonlendirme algoritmasi kullamlarak
elde edilen ag verim degeri (Thr,,) sirasiyla Esitlik (11) ve Esitlik (12)’de

verilen formiillerle hesaplanabilecektir.
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Thr _ Tiimiterasyonlarda hedeflerine ulastirilan toplam bit sayis1 (TP) x(PS x8x1024)
Faset = Tiim iterasyonlarda gegen toplamsiire v €]
2
i=1
Nor+ MLy o 37N
(1)
P n
x| ———
Pyxe’-1
Thr Tiimiterasyonlarda hedeflerine ulastirilan toplam bitsayis1 (TP)x (PSx8x1024)
ore = Timiterasyonlarda gegen toplam siire He
3 min(v, ) 12
bagil
vor + MO 1 -5 = (12)
P @
TX [
H Pyxe"-1 ] }

b. En Hizli Yol Algoritmas: ve OPR Algoritmas1 kullanilldiginda
olusacak olan ekstra RRC gecikmelerinin hesaplanmasi

Elde edilen simiilasyon sonuglarinin dogrulugunun teyidi igin P, .degeri
alternatif olarak Egsitlik (13)’deki gibi, ekstra RRC gecikme miktari(Time
kullanilarak ta elde edilebilir.

RRC)

Diigiim basina ekstra RRC sayisi
—

Timey,,.
RR Ctime_cost
N
Frac = Time,. (13)
RR Climefcost 4 ﬂ
N RUI

S —
Diigiim bagina ekstra RRC sayisi ~ SRT sirasinda olagan olarak gergeklesen
diigiim basina rota giincellemesi sayist

Time, . degeri, Esitlik (13)den gekilerek esitlik (14)deki gibi

RRC
hesaplanabilecektir.
SRT
RRC. x NxP,
) time_cost RRC R U] j ( 1 4)
Timepp. =
1- PRRC

Son olarak, Esitlik (14)’de gegen P, degerini, yine Esitlik (6) ve (7)
ile hesaplanan B ve Pye oppile degigtirdigimizde sirasiyla Fastest
Path yonlendirme algacv;erﬂltmam kullanildiginda olusacak ektra RRC gecikmesi
(Timegpe pysresr) Ve OPR yonlendirme algoritmast  kullanildiginda
olugacak ektra RRC gecikmesi (Timepy. opz ) degerleri sirasiyla Esitlik
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(13) ve Esitlik (14) teki gibi hesaplanabilecektir ve bu degerler ag veriminin
hesaplanmasinda kullanilacaktir.

[ HC
N
3 ZEV"
—x=
RRCtime costXNX 1-11- 8 N . ><SRT
7 . RUI
[roe)
x o
PNXe -1 (15>
T imeRRCﬁFASTEST = B -/ |
N
Vi
>
N
1-11-|1- —
P a
X
(PNXe“-lj
3><min(v ) "]
Q bagil RT
RRC, . o XN x| 1= 1_8 ><S
7 Ry RUI
TimeRRC70PR= /| »

3 min(v, ;)
1|1-f1-8

T

c. En Hiuzli Yol ya da OPR Algoritmalar1 kullanildiginda beklenen
ag verimi degerinin teorik olarak hesaplanmasi

Hesaplanmasi hedeflenen Thry, ... ve Thr,. degerleri sirastyla Esitlik
(15) ve Esitlik (16)°da verilen formiiller ile, ve bu formiillerde Tablo 1°de
verilen degerler (N = 6, TP = 6 nodes x 2000 packet groups/node x 1000
Packets/ Packet group, PS = 1kB and NOI = 2000 tekrarlama) kullanilarak

[1]°de Esitlik (17) ve Egitlik (18)’deki gibi hesaplanmugtir.

Th”m,m _ (6><2000><1(;(())(()))0>< (I1x8x1024) — 41.93Mb/s <17>
(2000+Tx0.3441)
Thr :(6><2000><1000)><(1><8x1024): 46.84 Mb | s 18
2000 (18)

(2000 + 5 X 0.0986}
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Elde edilen bu ag verimi teorik degerlerin teyidi, Sekil (1) ve Sekil (2)’
de verilen algoritmalarin MATLAB iizerinde gergeklestirilmesi ile elde edilen

deneysel simiilasyon sonuglar ile 4. Boliimde kiyaslamasi ile yapilmuistir.
4. DENEYSEL SONUCLAR VE ANALIZ

a. En hizl1 yol ve OPR algoritmalari i¢in deneysel sonuglar

Fastest Path ve OPR algoritmalari igin deneysel sonuglarin elde edilmesi
amactyla Referans [1]” de gelistirilmig olan MATLAB simiilasyonunda, 2
km x 2 km’lik bir alanda Rastgele Yol Hareketlilik Modeli [10] kullanan
altt mobil diigiim, stirekli olarak paketler tiretmekte ve bu paketleri rastgele
tanimlanmug varig noktalarina iletmeye ¢aligmaktadir. Bu iletimler sirasinda,
MPLS protokolii igletilerek hedeflerine dogru iletilen paketlerin kullandig:
ortalama hop sayis1 (HC) sistemin verim performansini etkilemektedir.
Simiilasyonda, her iki yonlendirme algoritmasi igin (ve N=6 igin) elde
edilen hop sayist neredeyse esit olarak elde edilmigtir.

b. Deneysel olarak elde edilen simiilasyon sonuglarinin teorik
hesaplamalarla dogrulanmasi

Referans [1]’de MPLS agy, ag verimi performansinin degerlendirilmesi
amacryla, sirasiyla Fastest Path yonlendirme algoritmasinimn kullanildigr ve
OPR algoritmasinin kullanildig1 durumlar igin ayr ayr1 simiile edilerek, bu
algoritmalarin sagladig1 verim iyilestirmeleri simiilasyon iizerinde deneysel
olarak kiyaslanmuistir.

Simiilasyon, Fastest Path yonlendirme algoritmasi ve OPR yonlendirme
algoritmasi ile ayr1 ayr1 ¢ahistirilarak, her iki durum igin de diigiim bagina
2000 paket grubu olmak {iizere, 6 diiglim i¢in toplam 1200 paket grubu
gonderilene kadar ¢aligtirmigtir. Simiilasyondan [1]” de elde edilmig olan
teorik ve deneysel sonuglar Tablo 2’ de 6zetlenmistir.

Tablo 2’ de verilen sonuglar gostermektedir ki, her iki durum igin de
simiilasyon sonuglar1 teorik hesaplama sonuglariyla % 95 iizerinde oranlarla
Ortligmuigtiir.
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Tablo 2: Fastest Path ya da OPR kullanilavak MPLS aju igin [1]° de elde edilen teorik

ve deneysel sonuglar

Kullanilan yonlendirme algoritmasi Fastest |OPR
Path

Iterasyon sayisi 2000 2000
Diigiim Sayisi (diigiimler) 6 6
SSP (sn) 30 30
RUI (sn) 30 30
Toplam gonderime ¢ikan paket sayist 12000 | 12000
Diigiimlerin arabelleklerinde bulunan toplam paket sayist 10 20
Tiim digiimlerin hedeflerine ulastirdiklar: toplam paket sayis 11972 | 11958
Link hatast nedeniyle olusan toplam paket kayip sayist 18 28
RRC nedeniyle deneysel olarak olugan ekstra gecikme miktar: (ms) | 408 65
HC (sekme sayist) 1,72 1,68
RRC nedeniyle hesaplama ile beklenen ekstra gecikme miktar1| 314,77 | 65,63
(ms)
Hesaplanan RRC ekstra gecikmesi ile deneysel olarak olugan ekstra | %77,1 | % 99,99
RRC gecikmesinin ortiigme orani
Hesaplamalardan elde edilen teorik Ag verimi degeri (Mbps) 4,193 | 4,084
Simiilasyondan elde edilen deneysel Ag verimi degeri (Mbps) 4,070 | 4,890
Hesaplama sonuglar: ile Simiilasyon sonuglarmin ortiisme| % 97 | % 95,7
yiizdesi
Fastest Path Yonlendirme algoritmasma gore saglanan Ag| %0 %11
verimi teorik artirim orani
Fastest Path Yonlendirme algoritmasma gore saglanan Ag| %0 %20

verimi deneysel artirim orani

5. Sonug

Bir tiinelleme aginda, ugtan uca iletigim baglamadan 6nce olugturulan rota
tizerindeki diigiimler aras1 baglantilarin kopmadan devam etme siiresi rota

omriinii vermektedir. Bu ¢aligmada, Referans [1]’deki galigma esas alinarak,
bir agda kullanilmakta olan yonlendirme algoritmasinin teorik ve deneysel
sonuglarinin nasil elde edilebilecegi, bu algoritmanin nasil gelistirilebilip

uzun rota émriiniin yan sira, daha uzun siire en iyi performansa sahip rota

olarak kalmasini saglamanin ag verimi tizerinde nasil bir etkiye sahip oldugu

incelenmistir. Sonuglar sadece yonlendirme algoritmasinin gelistirilmesi ile
bile % 20 ag verimi artirimi saglanabildigini gostermektedir.
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Bolim 9

Baraj On Yiizii Gegirimsiz Beton Yiizeyinde
Yeralt1 Suyu Basinct Kaynakli Olugan
Deformasyon ve Onarimi

Murat Can!

Temel Temiz?

Ozet

Biiyiikkumla Deresi iizerinde Igme suyu amagh olarak inga edilen Biiyiikkumla
Baraji; Bursa Tli, Gemlik Tlgesi sinurlari igerinde olup 2012 yilinda ingaatina
baglamilarak 2022 yilinda tiim imalatlar tamamlanarak su tutmaya baglamustir.
Barajin memba ve mansap batardolar1 giizergahi boyunca yapilan gegirimsiz
perdeler ile baraja mansap ve memba bolgesinden gelecek olan yeralti
suyunun engellenmesi amaglanmugtir. Ancak mansap bolgesi sol sahilden
gelen yeralt1 ve yiizeysel akig etkisi nedeniyle mansap batardosu ile gévde
dolgusu arasinda hapsolan su govde iginde su seviyesinin yiikselmesine
neden olmugtur. Yiikselen su seviyesi nedeniyle olugan hidrostatik basing
etkisine bagh olarak 6nyiiz gegirimsiz beton plakta bulunan 15,16 ve 17
numarali anolar da 5-10 cm deplasman gergeklegmistir. Bu deformasyana
bagli olarak mansaptan membaya dogru ortalama 8 It/sn sizma gergeklestigi
dlciilmiistiir. On yiiz betonu anolarinin tamirati igin govde igerisinde biriken
suyun tahliyesi amaciyla baraj govdesi mansap sevi ile mansap batardosu
arasinda kalan bolgede 2 derin su kuyusu agilmustir. Bu iglem sonrasi govde
igerisinde hapsolan su bogaltilarak membadaki su kotunun diistirtilebilecegi
goriilmiigtiir. Sonrasinda 6nyiizii betonda olugan deformasyonun tamirine
yonelik gelistirilen metodoloji uygulanarak baraj govdesinde gegirimsizlik
yeniden saglanmigtir. Sonug olarak bu galigmada, Biiylikkumla Barajinin
mansap batardosu ile gévde arasinda yer altisu seviyesinin yiikselerek, gévde
memba tarafindan hidrostatik basing etkisi ile 6nyiiz gegirimsiz beton plakta
deformasyona neden olmast ve olugan bu deformasyonun tamir edilerek
barajda yeniden ge¢irimsizligin saglanmasi irdelenmistir.

1 Dr., Devlet Su i§lcri 1. Bolge Miidiirliigii, muratcan@dsi.gov.tr

2 Dr., Yalova Universitesi, Ingaat Mithendisligi Boliimii, temel.temiz@yalova.edu.tr
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1. GIRIS

Insanoglu ge¢misten giiniimiize meveut su kaynaklarini daha fazla
kullanabilmek igin birgok teknik ile depolama amaglamiglardir. Depolama
bagarinin 6n plana ¢iktigt en Onemli yapilarda Dbarajlardir.  Ayrica
barajlar ¢ok iglevli olmalar1 bakimindan da en 6nemli yap: tiplerinin
baginda gelmektedirler.[1] Ana amaci depolama olan barajlardaki govde
gegirimsizligi ise baraj glivenligi i¢in en Onemli etkenlerin baginda
gelmektedir. Baraj govdesinde gegirimsizligi tehdit eden herhangi bir
etkenin ortadan kaldirilmamasi halinde o6liimctil ve yikici sonuglar
doguracag: bilinmektedir.[2] Bu nedenle, olasi yikilma senaryolarinda
biiyiik yitkim ve kayiplarin yaganabilecegi baraj yikilmalarinin onlenmesi
oncelikli konulardandir. Bu caliymada Bursa Ili Gemlik Tlgesi simirlari
igerinde yer alan igme suyu amagh olarak ingaa edilen 6nyiizii beton kaph
barajda gegirimsizligini saglayan onyiiz betonda olusan deformasyonun
nedenleri ve onarilmasina ait siire¢ incelenmigtir.

2. CALISMA ALANI

Caligma alani, Bursa ili, Gemlik ilgesinin 9 km kuzey batisinda yer alir.
Baraj yerine ulagim; Bursa ilinden 31 km asfalt yol ile Gemlik ilgesine, buradan
8 km asfalt yol ile Kumla’ya devlet karayolu ile, Kumladan da Biiyiikkumla
deresi boyunca 2,5 km stabilize yol ile saglanir (Sekil 1). Baraj govdesinin
ingaa edildigi Biiylikkumla deresi Marmara denizine desarj olmaktadir.

Baraj govdesi ile Marmara denizi arasinda kalan dere yatagi uzunlugu
2 200 m olup baraj temel kazilarinda ortalama -15 m. kotuna kadar govde
alti temel kazis1 yapilarak ana kaya bolgesine ulagilmistir. Bu nedenle
Marmara denizinden ve/veya mansap kisminda bulunan mevcut gelmesi
muhtemel yer alt1 suyunun engellenerek gévde imalatlarinin kuru ortamda
inga edilmesi igin bu barajda mansap batardosu ingaa edilmis ve batardo
kret giizergah1 boyunca slurry trench (gegirimsizlik perdesi) uygulamasi
yapimigtir.
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Sekil 1. Biiyiikkumla Bavaji konum haritas

Baraj govdesinin oturdugu zeminin jeolojik yapist genel itibariyle gist
olmakla birlikte dere yatag: giizergahinda baraj aks1 altinda bulunan aliivyon
tabaka -15 m. kotlarina kadar indigi goriilmektedir [3].

Baraj govdesinde ise gegirimsizlik baraj gévde memba gevi yiizeyine
yapilan Onyiizii beton kapli tabaka ile saglanmasi planlanmisti. Bu
amagla baraj govdesinin memba gevinin tamamim kaplayan betonarme
imalatlar 16.10.2019 tarihinde tamamlanmistir. Ancak Onylizii beton
kaplama igleminin bitiminden kisa bir siire sonra 03.11.2019 tarihinde
plaklarinin alt bolgelerinde mansaptan membaya basingh su ¢ikist meydana
gelmigtir. Govde dolgusu igerisinde biriken su nedeniyle olugan i¢ basing
yliziinden barajin 6n yiiz betonu BP-15,16 ve 17 numaral anolarinda farkli
miktarlarda deplasmanlar olugmustur. Bu deformasyonlarin govde arkasi
rezervuar alaninda su tutulmasina engel olmamast igin deformasyon alaninin
onarilmasina yonelik bir metodoloji gelistirilerek gévde memba yiizeyinde
yer alan betonarme plak tekrar gegirimsiz hale getirilmistir [4].

3. MATERYAL VE YONTEM

Biiyiikkumla barajimin  gévde dolgusunun tamamlanarak ardindan
baraj govdesinde gegirimsizligi saglayan Onyiizii beton imalatlarin
tamamlanmasinda kisa bir siire sonra baraj govdesi igerisinde hapsolan
suyun yarattig1 i¢ basing sebebiyle kirilma ve gatlama geklinde 6n ylizde yer
alan betonarme yiizeye ait BP-15 ve BP-16 anolarda deformasyona olustugu
tespit edilmistir. Baraj yerinde yapilan incelemeler ile uygulama projeleri
incelendigin de; barajin talveg kotu ile temel kazisinin topuk plagi beton
kotu arasinda 33.00m’lik kot farkinin bulundugu goriilmektedir (Sekil 2).
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Sekil 2. Biiyiikkumla Baraji Onyiiz Goriindisii ve Ano Yerlesim Izleri Plans [5]

Uygulama projeleri geregi barajin ingaati doneminde dere yatag: talveg
kotundan (memba tarafinda +21 m. mansap tarafinda +19,00 m.) ¢ok
derinde bulunan goévde alt1 temel kazilarinda; projesine gore deniz seviyesi
kotundan agag: kotlarda memba tarafinda — 11,05 m. mansap tarafinda
-20,00 m. kotuna kadar kazilar yapilmugti. Bu kazilar sirasinda gerek
memba tarafindan gerek mansap tarafindan yer alt1 ve yer {stii su akimini
kesmeye yoOnelik yapilan memba ve mansap batardolar: ile bu batardolarin
kret glizergahindan temel kazi kotu altina kadar slurry trench (gegirimsizlik
perdesi) uygulamalar1 yapilmugtir (Sekil 3).

Mansap Balgesi Giizlem
ve Drenaj Kuyusu

Sekil 3. Barajr Govdesi ve Temel Kazisy Enkesiti

Slurry trench (gegirimsizlik perdesi) [6-8] uygulamalarinin nasil
yapilacagina dair barajin yapimi oncesinde hazirlanan kati proje agamasinda
gerek govde alti gerekse temel kayamin tagima giiciinii belirlemeye



Murat Can ) Temel Temiz | 137

yonelik 7 adet kuyuda 112 adet pressiyometre deneyi yapilmistir. Yapilan
degerlendirmelerde “plint plag: ve govde altindaki aliivyonun tamaminin
kaldirilmas1” ile menba ve mansap batardolari igin Slurry trench (bulamag
hendegi) onerilmigti. Bu 6neri dogrultusunda barajin yapimi sirasinda
memba batardosu ve mansap batardosu tizerinde slurry trench (gegirimsizlik
perdesi) imalatlart 15.04.2015-28.08.2015 tarihleri arasinda yapilmustir.
Yapilan uygulama ile ana kayaya en az 1 m soketleme yapilarak Slurry trench
(gecirimsizlik perdesi) ile gegirimsizlik perdesi olusturulmustur (Sekil 5).

Memba batardosu slurry trench hatti uzunlugu 210,61 m olup, 39
adet 3,13 m uzunlugunda Birincil (P) anolar ve 3,13 m uzunlugunda 38
adet Tkincil (S) anolar1 olmak iizere toplamda 77 ano bulunmaktadir. Ano
derinlikleri 6,00-32,50 m arasinda degismektedir.

Mansap batardosu slurry trench hatti uzunlugu ise 270,65 m olup,
0+000 — 0+104,65 metreler aras1 3,13 m uzunlugunda 19 adet P anosu ve
bu P anolarmi kesen 19 adet 3,13 m uzunlugunda § anolari, 0+104,65 —
0+269,92 metreleri aras1 2,80 m uzunlugunda 35 adet P anosu ve bu anolar1
sagindan ve solundan 0,40 m kesen 34 adet S anolar1 olmak iizere toplamda
107 ano bulunmaktadir. Ano boylart 4,00-40,00 m arasinda degismektedir
(Sekil 5.)

Govde altindaki bulunan aliivyon zonun tamamen kaldirilmas: igin
memba-mansap batardosu olarak slury trench (gegirimsizlik perdest)
imalatlarinin tamamlanmas: beklenmigtir.

Sekil 4. Bisyiikkumla Bavaji Slurry Trench (Gegivimsizlik Perdesi) Uygulamase
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Slurry Trench imalatlarinin hem memba hem de mansap batardolar:
tizerinden tamamlanmasi sonrasinda baraj ana govde dolgu imalatlarina
baglanilmas1 i¢in govde alti kazilarina baslanilarak -15 kotuna kadar
olusturulan bir temel gukuru ile bu bolgede yogun olarak yer alan aliivyon
(yer yer bloklu ¢akilli-kumlu siltli kil) tabaka kazilmistir (Sekil 4).

Sekil 5. Biiyiiklkumla Bavaji Govde Swywrma Kazr Alana

Kazilan bu kisimdan dolguya uygun olan kisimlar ayristirilarak daha
sonra dolguda kullanilmak iizere depo edilmistir. Kazi iglemleri sonrasinda
baraj govdesi kaya dolgu olarak teskil edilmis ve 30.04.2018 tarihinde
baraj govde dolgular1 tamamlanarak barajin oturma stireci takip edilmigtir.
Barajda gegirimsizligi saglayacak olan baraj onytiizii beton kaplama zonunun
insaat1 16.10.2019 yilinda tamamlanmustir. On yiizii beton tabakanin ingaat:
sonrasinda memba-mansap batardolar1 ve gévde temel gevleri arasinda kalan
bolge geri dolgu ile doldurularak govde imalatlart tamamlanmugtir (Sekil 4).

Sekil 6. Biiyiikkumla Bavaji Govdesi
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Baraj govdesi Onyiizii beton kaplama igleminin bitiminden kisa bir siire
sonra 03.11.2019 tarihinde betonarme anolarin alt bolgelerinde mansaptan
membaya basingli su ¢ikigt meydana gelmigtir. Govde dolgusu igerisinde
biriken su nedeniyle olusan basing nedeniyle barajin 6n yiiziinde BP-15,16
ve 17 numarali anolarda farkli miktarlarda deplasmanlar olusmugtur.

Mansapta olugan su basinct nedeniyle haraket eden Onyiizii beton
anolarinin onarimi igin iki asamalt bir yontem izlenmistir. Tk asamada govde
iginde membaya dogru olugan su akigt 6nlemek igin gerekli drenaj kuyusu,
gozlem kuyusu ve tahliye kanali imalatlar1 yaptirilmigtir. Sonrasinda meveut
hapsolan su tamamen bosaltilarak govde igi basing yok edilmis ve ortam kuru,
caligmaya elverigli hale getirilmistir. Son agamada ise deformasyon olugan
anolarda deplasmanin seviyenin yaklagik olarak 2 m ftizeri roper alinarak
beton anolar kesilerek kirilacak, mevcut donatilar kesilerek uzaklagtirilmus,
beton alt1 temizligi yapilarak onayli yapim projesinde gosterildigi sekilde ve
tiirde donatilar yeniden yerlestirilerek ve ano aras1 derzlerde yeniden tegkil
edilmistir.

4. BULGULAR VE IRDELEME

Barajin govdesinde gegirimsizligi saglayan onyiizii beton imalatlarin
tamamlanmasindan hemen sonra baraj govdesi igerisinde hapsolan suyun
yarattig1 i¢ basing sebebiyle olusan 6n yiizde yer alan betonarmede kirilma ve
catlama geklinde deformasyonlar olugmustur (Sekil 7). Bu deformasyonlarin
BP-15 ve BP-16 anolarinda gergeklestigi ve olusan haraketlerin yerinde
yapilan olglimler neticesinde 13 cm. seviyesinde oldugu belirlenmistir (Sekil
8). Deformasyona ugrayan anolarin talveg bolgesinin akiga gore sag tarafinda
oldugu tespit edilmistir. Bu tespit bize; mansaptan memba ’ya dogru ilerleyen
su basincinin bu anolarda maksimum seviye ulagtigini gostermektedir.

Anolarda olusan deformasyon nedeniyle govde iginde ve mansap
kisminda biriken su basingl bir gekilde kendiliginden tahliye olmug ve su
basinci diigerek kendiliginden bilegik kaplar kanununa uygun sekilde stabil
duruma gelmistir. Oncelikle govde bolgesi altinda kalan bu suyun tahliye
edilerek govdede su seviyesinin diigiiriilmesi gerekmektedir. Bu amagla
Govde iginde sikigan su basincinin ortamdan uzaklagtirilmasi igin gerekli
tahliye islemlerinin yapilmasina yonelik olarak 1 adet gozlem ve 1 adet
tahliye kuyusu agilarak pompa marifetiyle suyun ortamdan kontrollii bir
sekilde uzaklagtirilmasi saglanmistir (Sekil 3). Mansap sev dibinde yapilan
tahliye kuyularindan pompa ile disar1 atilarak diigiiriilen su seviyesi onyiiz
betonunda deformasyon onarimi igin yapilacak kirma iglemi ile beton
anolarda ve derz aralarinda yapilacak onarima yonelik is ve islemlerin
uygulanmas: igin gerekli ortam olusturulmugtur. Ayrica mansap bolgesine
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agilan bu iki kuyu ile hem su tutma siirecinde hem de barajin isletilmesi
doneminde baraj govdesi iginde olugmasi muhtemel hidrostatik etki takip
edilerek kontrolsiiz bir kaldirma kuvveti etkisi ile yeniden olugacak ano
deformasyonlarinin oniine gegilecektir.

et e e

Sekil 8. Barajm Onyiizii Beton Anolarmda Deforme Olan Haraket

GoOvde memba yiiziinde yapilacak onarim isleri ile govde mansap tarafinda
yapilacak iglemler olarak iki baglik altinda galigmalar yapilmistir. Oncelikle ilk
agamada mansapta agilacak iki kuyu ile ortamda bulunan suyun tahliyesi ve
ortamin kuru tutulmas: gerekmektedir.
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Sekil 9. Barajm Mansap Kismmnda Acilan Tabliye Kuynlar:

Barajin onyiizii beton anolarinda olugan deformasyonun tamirati igin
govde igerisinde sikigan suyun ortamdan uzaklagtirilmasi i¢in barajin mansap
kaya dolgusu ile mansap batardosu arasindaki random dolgusu iizerinden
2 adet sondaj kuyusu (zaiyat dolgu+10 m kaya dolgu+2 m temele girecek
sekilde) agilmugtir (Sekil 9 ve 10).

Birinci kuyunun agilirken kuyu logu (Sekil 10)’da goriildiigii gibi govde
(kaya) dolgusunda 2,0 m ve ana kayada 2,0 m gegilerek sekilde delgi yapilmistir.
Bu iglemden sonra membadaki biriken suyun tahliyesini yapan gegici pompanin
oldugu yerdeki su kotlar ile kuyu agzindan okunan yeralt1 su seviyesindeki
kotlar tespit edilmistir. Sonrasinda kuyuda mekanik dalgic pompa techizi,
graniilometrik malzeme ile filitrasyon yapilmasi ve 20 1/s ile pompa tecriibesi
yapimugtir. Tahliye sirasinda kuyudaki su kotu plint kotunun 5,0 m kadar altina
indirilmig ve membada su seviyesinde diisiis yagandigr tespit edilmigtir.

Govde icinde biriken suyun bu sekilde tahliye edilmesi ile birlikte diigen
yer alt1 su seviyesi nedeniyle kuruya ¢ikan memba tarafinda yer alan ve
deplasmanin olugtugu betonarme anolarin onarilmasi iglemlerine baglanmaya
hazir hale gelinmigtir.

Sekil 10. Bavajmm Mansap Kismmnda A¢dan Tahliye Kuynlar: Kesiti
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Sekil 11. Bavajm Onyiizii beton Anolarmda Tamivat Igin Yopian Hazorlk.

Hidrostatik etki nedeniyle deformasyon gosteren anolarin ve bu anolar
arasinda mevcut bakir su tutucularin bulundugu bolgelerde onarim
islemlerine basglanilmadan 6nce igyerinde yapilan olgiimlerde, BP-15,16 ve
17 numarali anolarda deplasmanin sifirlandig1 kotun 2m iizerine kadar 6n
ylizii betonunun iki parga halinde kesilmistir. Kesilen betonarme pargalar
ve donatilar1 ortamdan uzaklagtirilmugtir (Sekil 11). Bu agamadan hemen
sonra uygulama projesinde bulunan betonarme anoya ait tiim detaylar Sekil
12°de goriildiigii sekli ile derz arasi tedbirlerin alinmasi kaydiyla yenilenerek
onarimustir.
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Sekil 12. Onarvum Yapidan Anolava Ait Betonarme Kesit Detay:

Bu onarim esnasinda su tutucularin bulundugu bolgelerde onarim
islemleri yapilirken Sekil 14. ve $ekil 15. de bulunan kesitlere ait detaylara
dikkat edilmigtir. Kesilerek tabani agig1 ¢ikan anonun agagiya kaymasini
engellemek igin Sekil 14°de gosterilen sirali olarak, 6nce 1 nolu kesit daha
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sonrasinda 2 nolu kesitin bulundugu ano kirilmugtir. Anolar arasi biiziilme
derzi uygulamasi yapilarak govde i¢ine dolu rezervuardan su girisi olma
ihtimali engellenmigtir. Kesilen bu anolara Sekil 12 de yer alan donati
detaylarina uygun donatilari yerlestirilerek beton dokiimii gergeklestirilmistir.
Ancak 1 nolu anoda yapilan tamir sonrast betonun priz siiresi olarak yedi
giin beklenilmis ve sonrasinda 2 nolu ano igin ayni iglemler yapilmugtir.

Bu onarimlar $ekil 13 ve 14°de buluna kesitlerde gosterilen sizdirmazliga
ait detaylara dikkat edilerek derz aralari yapilirken Poliiiretan ve Epoksi
Bazli Derz Gegirimsizlik Enjeksiyonu iglemi yapilmistir. Betonarme anolarin
tamiri tamamlandiktan sonra prizini anolar arasina Esnek Poliolefin (FPO) su
tutucu derz bandi uygulamasi yapilmistir. Bu bantlart korumak igin tizerine
Takviyeli Siyah Lastik Bant kaplama uygulamasi yapilmistir. Bu kaplama

uygulamasi 50 cm ara ile 12 mm’lik paslanmaz diibeller ile sabitlenmistir.
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Sekil 14. Onarim Yapilacak Her Anoda Uygulanacak Tipik Detaylar (Boykesit)

Onarimlar sirasinda olumsuz bir durum yaganmamast igin memba
ve mansapta bulunan pompalar imalatlar tamamlanana kadar hazirda
bekletilmigti. Memba batardosu ile govdenin Onyiizii beton plaklar
arasinda kalan boglukta random dolgu imalat1 18.50 kotuna gelene kadar
mansapta bulunan sondaj kuyular1 aktif ¢alistirilarak goévde igindeki su
seviyesi hep diisiik tutulmustur. Onyiizii beton anolarda yapilan tamiratlarin
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tamamlanmasin miiteakip sondaj kuyularinda bulunan dalgic pompa ile
yeralt1 suyunun tahliye iglemleri durdurulmugtur.

5. SONUCLAR

Biiyiikkumla Baraji 6nyiizii beton kaplh kaya dolgu tipinde bir baraj
olarak ingaa edilmis olup kaya dolgu barajlarda govdeyi tegkil eden degisik
caplarda ki kayalardan olugan zonlarinin sikigtirilmasi sirasinda  teknik
sartnamesi geregince kaya malzeme igerisine piiskiirtiilen sular ile yikanarak
sikigtirilmaktadir. Yikanan kaya dolgu malzemesi tizerinde yer alan toprak ve
kiigiik daneli ince malzemeler ile birlikte alt kotlara ilerlemektedir. Ancak bu
su miktar1 ¢ok yliksek hacimlerde olmamakla birlikte govde i¢i zonlarda ki
tarkli ¢aplardan tegkil olunan tabakalar arasinda aderansinda giiglii olmasini
saglamaktadir.

Baraj temel kotu talveg kotundan ¢ok agag1 kotlara kadar inmeyen ve
styirma kazist derinligi fazla olmayan baraj ve golet dolgularinda bu iglem
veya yeralti suyu haraketleri nedeniyle gévdenin temeli iginde su basinci
olusmamaktadir. Bu durum govde stabilitesini bozmamakta ve yapilan
imalatlar giivenli tarafta kalmaktadir. Ancak Biiylikkumla baraji gibi
onylizii beton kapl barajlarda gévdenin oturdugu zemin altinda aliivyon
derin bir bant olmas1 halinde ve siyirma kazis1 derinliklerinin fazla oldugu
durumlarda govde iginde mansapta olusan yeralti suyu basinct tehlike
olugturabilmektedir. Barajlarin menba ve/veya mansap kismina yapilan
batardolar, enjeksiyonlar ve slury trench (bulamag hendegi) gibi uygulamalar
baraj govde igine yeriistiinden ve yeraltindan gelen sular1 engellemekte ancak
govde bolgesine etki eden ylizey ile yanal yamaglardan gelme ihtimali olan
sular1 6nleyememektedir.

Govde igerisinde biriken sular zamanla i¢ basing olusturmakta ve
ortamdan uzaklagtirlmadig: takdirde 6zellikle 6nytizii beton kapli barajlarda
oldugu gibi yapilan imalatlara hasar verebilmektedir. Biiyiikkumla Barajinin
govde dolgusu igerisinde biriken sularin 6nyiiz beton imalatlara zarar verdigi
gibi homojen dolgu barajlarda ise borulanma ve sivilagma seklinde govde de
etki yapabilme ihtimali tagimaktadir. Bu nedenle baraj govdesinin 6zellikle
mansap kisminda agilacak su kuyular1 yardimui ile yeralti su seviyeleri takip
edilmeli ve gerekir ise tahliye edilmelidir. Ayrica gévde igerisinde biriken
sularin tahliyesi igin farkli yontemler denenmelidir. Ornek olarak uygulanan
yontem ise menbadan plint topuk betonundan govde igerisine egimli
sondalar agilarak suyun tahliye edilmesi seklindedir.

Soz konusu agilacak kuyular; barajda su tutulmasi ve igletme agamasinda
gozlem su seviyesi diisiirme vb amaglari i¢in mutlaka muhafaza edilmelidir.
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