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ATIL YUNLERDEN KERATIN ELDE ETME
YONTEMLERININ ARASTIRILMASI

Meliha Oktav Bulut!, Hasan Sinan?,ibrahim Ucgiil*,Kadri Ak¢alr®
! Siileyman Demirel Universitesi, Miihendislik Fakiiltesi, Tekstil Miihendisligi Boliimii,32100, ISPARTA
?Isparta Uygulamali Bilimler Universitesi, Teknik Bilimler Meslek Yiiksekokulu, Tekstil, Giyim, Ayakkabi ve
Deri Boliimii, 32100, ISPARTA
8 Bartin Universitesi, Ulus Meslek Yiiksekokulu, Tekstil, Giyim, Ayakkab1 ve Deri Boliimii, 74600, BARTIN
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Kiiresel 1sinma ve iklim degisikligi diinyayr ve dolayisiyla insanligi tehdit eden ¢evre sorunlarinin basinda
gelmektedir. Tarim, orman, temiz su kaynaklari, hava kalitesi, biyogesitlilik ve insan sagligi iizerindeki olumsuz
etkileri ile son yillarda insanligin geleceginin yadsinamaz tehdidi olmustur. Cevre bilimciler ve aragtirmacilar,
yasanan salginla birlikte tiim sektorlerde kullanilan hammadde, sentetik kokenli kimyasal ve yardimc1 maddeler
yerine alternatif yesil” tirlinlerin ikamesi tizerine ¢aligmalarini yogunlastirmiglardir. Bu ¢alismada atil yiinden li¢
farkli yonteme gore elde edilen hidrolizat numuneleri incelenmistir. Bu yontemler klasik alkali yontem, klasik
indirgen madde sodyum siilfiir ile yapilan indirgeme yontemi ve sodyum siilfiir yerine yesil kimyasal glikoz
kullanimui ile yapilan indirgemedir. Elde edilen numuneler kat1 madde tayini, FT-IR analizi ve SEM goriintiileri
esas alinarak karsilastirilmistir. FT-IR analizi sonuglarina gore yiin hidrolizati edesinde en etkili yontem sodyum
stilfiir ile indirgeme islemi iken, sonrasinda glikoz esasli indirgen madde kullanimiin geldigi saptanmustir. Alkali
islemin en 1liman yontem oldugu tespit edilmistir. Bu sonuglart numunelerin kat1 madde miktar1 ve SEM analizleri
desteklemektedir. Sodyum siilfiir yerine glikoz esasli madde kullanimiyla daha az lif zarar1 ve agirlik kaybi
olusmaktadir. Deney sonuglarina gore keratin eldesinde klasik indirgen olarak kullanilan sodyum siilfiir yerine
glikoz esasli g¢evreci kimyasal maddenin rahatlikla kullanilabilecegi sonucuna varilmistir. Bu hem sektor
calisanlar1 hem de tiiketici sagligi agisindan ¢ok 6nemli oldugu gibi dogal kaynaklarin korunmasi, atiklarin
azaltilmast ile doga ile uyumlu bir {iretim gergeklestirilmesi acisindan ¢evreyi en fazla kirleten sektorlerin baginda
gelen tekstil sektorii i¢in iyi bir 6rnektir. Caligmada Atil durumdaki yiin kullanilmistir. Depolama sirasinda
cikardigt metan gaziyla kiiresel i1sinmaya yol agabilen yiiniin keratin eldesi ile ekonomiye kazandirarak
biyomateryal, tarim tekstilleri, koruyucu giysiler, jeotekstiller, akilli materyaller, tibbi tekstiller ve yalitim
sistemleri gibi teknik uygulamalarda kullanilabilen diisiik maliyetli ve biyouyumlu ve biyogevrimli, siirdiiriilebilir
materyal kaynagi iiretimi gerceklestirilmistir. Cok boyutlu ve yikict etkileme giiciine sahip kiiresel iklim
degisikliginin sorunun ¢6ziimii diinya genelinde ¢evre bilincinin yayginlastirilmasi, dayanisma ve isbirligine
baglidir. Bunun i¢in de tiim sektorlerde temiz iiretim esastir. Bunun i¢in de tiim sektorlerde temiz tiretim esastir.

Anahtar Kelimeler: Yiin, keratin eldesi, indirgeme yontemi, stirdiiriilebilirlik

INVESTIGATION OF KERATIN PRODUCTION METHODS
FROM WASTE WOOLS

Extended Abstract

Global warming and climate change are the leading environmental problems that threaten the world and therefore
humanity. Agriculture, forestry, clean water resources, air quality, biodiversity and its negative effects on human
health have become an undeniable threat to the future of humanity in recent years. After the epidemic,
environmental scientists and researchers have concentrated their studies on the substitution of alternative 'green’
products in raw materials, synthetic origin chemicals and auxiliary substances used in all sectors. In this study,
hydrolysate samples obtained from waste wool by using three different methods were examined. These methods
are the classical alkaline method, the reduction method with sodium sulfur as a classical reducing agent and the
reduction method using green chemical glucose instead of sodium sulfur. The samples obtained were compared
on the basis of weight loss determination, FT-IR analysis and SEM images. According to the FT-IR analysis
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results, it was determined that the most effective method in obtaining wool hydrolysate was reduction with sodium
sulfur, followed by the use of glucose-based reducing agents. These results are supported by the weight loss of the
samples and SEM analysis. Less fiber damage and weight loss occur with the use of glucose-based substances
instead of sodium sulfur. According to the results of the experiments, it was concluded that glucose-based
environmental chemical substance can be used easily instead of sodium sulfur used as the classical reducing agent
in keratin production, which is not only very important for sector employees and consumer health but also a good
example in terms of protection of natural resources, reduction of wastes and production compatible with nature
for the textile and chemical industries that are two of the most polluting sectors. With the production of keratin
from waste wool which causes global warming with its releasing methane gas during storage, low-cost,
biocompatible and bio-cycle sustainable material source which is used in agricultural textiles, bio-material,
protective clothes, geotextiles, smart materials, medical textiles and insulation materials is achieved. To solve the
problem of global climate change which has multi-dimensional and destructive impact depends on the
dissemination of environmental awareness, solidarity and cooperation all over the world. Hence, cleaner
production is essential in all sectors.

Key Words: Wool, keratin production, reduction method, sustainability
1. Girig

Dogal lifler igerisinde yiin, sahip oldugu essiz 6zellikleri nedeniyle oldukg¢a degerli bir liftir. (Duran vd., 2008;
Ozel, 2013; Johnson vd., 2003). Yiiksek nem ¢ekme ve 1s1 yalitinu dzellikleri yaminda; yumusaklik, esneklik, koku
tutmazlik, antimikrobiyel dayanim, gii¢ tutusurluk, nefes alabilirlik gibi essiz 6zellikleriyle geleneksel kullanim
alanlart yaninda biyomateryallerin, tarim tekstilleri, koruyucu giysiler, jeotekstiller, akilli materyaller tibbi
tekstiller ve yalitim sistemleri gibi teknik uygulamalarda da kullanim yeri bulmaktadir.

Yiin lifleri makropeptid makromolekiillerden olusmaktadir. Yiinii olusturan protein keratin olarak adlandirilir.
Keratin, sag, yiin, tilyler, tirnak yapisinda bulunur ve memeli, siiriingen ve kuslarin boynuzlari gibi dis kaplama
saglayan ana yapisal lifli proteindir. Yapisinda birgok ¢esit alfa aminoasit bulunmaktadir (Simpson & Crawshaw,
2008, Akcali & Oktav Bulut, 2012). Yiin lifleri diger tim dogal ve yapay liflerden daha fazla ¢esitte
molekiillerarasi ¢ekime sahiptir. Bunlar; kovalent baglar, tuz baglari, hidrojen kopriileri ve apolar baglar olarak
gruplandirilabilir (Seventekin, 2004). Keratin, protein yapida olan aminoasitlerin yan yana gelip birleserek
olusturduklart polipeptitlerden meydana gelmistir. Keratin, disiilfid sistin amino asidinin molekiiler arasi
baglanmasi ve yiiksek stabilite ve ayirt edici fiziksel 6zelliklerinden sorumlu olan polar ve polar olmayan amino
asitlerin inter ve molekiil i¢i baglanmasi ile birbirine baglanan ii¢ boyutlu polimerler olarak kabul edilir
(Cardamone, 2010). Yiiniin kimyasal reaktifligi biiyiik 6l¢iide sistin aminoasitine baghdir. Sistin, okside olabilir,
miktar1 azaltilabilir ya da hidrolize olarak gesitli karmasik reaksiyon tiriinleri verebilir. Sistin bir diaminoasittir ve
komsu polipeptid zincirleri disiilfiir baglar1 ile baglamaktadir. Bu keratin yapist yiin lifinin fiziksel ve mekanik
ozelliklerine katkida bulunmaktadir (Eslahi vd., 2013).

Tekstil iiretimi i¢in yeterli kalitede olmayan ham yiin biyopolimer i¢in dnemli kaynak olugturmaktadir. Bu kolay
ulagilir protein kaynaginin geri doniisiimii ve keratin eldesi biyogevrimli ve biyouyumlu materyal eldesi i¢in
onemli bir kaynaktir. Son yillarda kozmetik, geri gevrilebilir kompozit, tasimacilik, medikal membranlar, tarim ve
kaplamada kullanilabilmektedir. Yerli yiinlerin genellikle kalin ve kisa olusu, giysilik kumas {retiminde
kullanilmasina engeldir (Soysal & Ozkan, 2019). Hali sektoriiniin de giderek azalmasi bu yiinlerin kullanimini
azaltmis, materyal ancak depoda bekler hal almistir (Wuliji vd., 2019). Atil durumdaki yiin dogada ¢oziinebilir
olmasi nedeniyle ortaya ¢ikan metan gazi nedeniyle kiiresel 1sinmaya sebebiyet verebilmektedir. Bu nedenle atil
halde depoda bekleyen yiiniin degerlendirilmesi/geri kazamilmasi (Ren, 2000; Fletcher, 2008) hem iistiin
ozelliklere sahip, diisiik maliyetli materyal eldesi, hem kaynaklarin optimum yararlanilmast hem de ¢evrenin
korunmasi agisindan biiyiik 6neme sahiptir (Eser vd., 2016; Wang, 2006; Lu & Hamouda, 2014).

Keratin eldesinde kullanilan temel yontemler; indirgeme, yiikseltgeme yontemi, alkali ve enzimatik hidrolizdir.
Kullanilan oksidasyon ve indirgen kimyasallar hidroliz sirasinda proteinin temel yapitasi olan disiilfit ve peptid
baglarini pargalamakta ve bunun sonucu keratinin yapisi degistirilmektedir. Yiiksek sicakliklara uzun siire maruz
kalan veya ¢ok yiiksek ya da diisiik pH’larda ekstrakte edilen keratin tamamen pargalanmaktadir. Indirgeme ile
hafif sartlar altinda hidroliz yapildiginda protein liflerinin disilfir baglarii etki etmeksizin keratinin mikro
yapisinin bozulmadig1 goriilmektedir. BU proseslerde kullanilan indirgen veya oksitleyici maddelerin pek ¢ogu
zararlidir. (Tonin vd., 2006). Sodyum siilfiir(Na,S, zirnik) ve sodyum hidrojen siilfit (NaHS) yliksek etkinligi ve
disiik fiyat1 nedeniyle tekstil ve kimya sektdriinde kullanilan en 6nemli indirgen maddelerdendir. Bircok iilkede
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atik suda yarattig1 yiiksek siilfiir miktari, iglem giivenirliginin az olmasi, kotii kokusu, toksik ve korozif etkisi ve
su aritimini zorlastirmasi nedenleriyle kullanimlari yasaklanmistir(Tchobanoglous & Burton, 1991; Celik, 2018).
Enzimatik hidroliz, nispeten yumusak aritma kosullar1 ve hidroliz iiriinlerinin fonksiyonel 6zelliklerinin korunmast
sebebiyle dikkat ¢ekicidir (Gupta & Ramnani, 2006; Khardenavis vd., 2009).

Keratin eldesi ve tekstilde kullanimu ile ilgili birgok ¢aligma bulunmaktadir. Kalayoglu, 2010 yaptig1 ¢alismada
tavuk titylerinden keratin elde etmeyi ve bunu tekstil lifi olarak kullanmay1 amaglamistir. (Kalayoglu, 2010). Bu
amacla tiiylerdeki yag bilesenleri diklormetan gibi organik bir ¢oziicliyle ayrilmistir. Daha sonra tavuk tiiyleri
NaOH ve/veya Na2S veya NaOH ve EDTA sulu ¢ozeltilerinde ¢oziiniirlestirilmistir. Olusan ¢ozelti asetik asitle
pH 4.2'de ¢oktiiriilmiistiir. Elde edilen keratin spektral analizlerle dogrulanmustir. ikinci adimda keratin, lif
olusturmak amaciyla akrilonitril monomeriyle kopolimerlestirilmistir. Baslatict ¢ifti olarak amonyum
persulfat/sodyum metabisiilfit kullamilmistir. Keratin-graft-poliakrilonitril olusumu FT-IR ve 1HNMR
analizleriyle dogrulanmustir.

Xu vd. (2012), yaptiklar1 ¢alismalarinda; yiinden elde ettikleri keratini ince bir tabaka seklinde olusturmuslardir.
Saf yiin kece 5 g olacak sekilde, 1,5 mL tiyoglikolik asit mevcudiyetinde amonyum hidroksit ve su igeren 100 mL
¢ozelti icinde azot gazi atmosferi altinda 4 saat 50 santigrat derecede islenir. Elde edilen hidrolizat, 10 dakika
boyunca 4000 G’de santrifiijlenir ve daha sonra ¢oziiniir keratin igeren iist faz toplanmaktadir. Yiinlii kumaslar %1
sulu keratin ¢ozeltisine %1 epiklorohidrin varliginda emdirilmistir. AF 100 %’diir. Yikanan numune 5 dakika
140°C'de kurutulur. CI Asit Mavi 203 kullanilarak 6n islemden gecirilmis yiin kumas numunelerinin
boyanmasinda kullanilan boyarmadde boyama sicakligina bagli olarak 5-30 dakika i¢inde neredeyse tamamen
alimin gerceklestigi gdzlenmistir. Bu sonug keratinin yiin polipeptit zincirleriyle kalici ¢apraz baglar olusturma
yetenegiyle agiklanmustir.

Eslahi,vd. (2013) ¢aligmalarinda; enzimatik hidroliz ve indirgen madde ile yiin ve tily atiklarindan keratin
ekstraksiyonu arastirmislardir. Enzimatik hidrolizin optimize edilmesi igin farkli parametrelerin, enzim
miktarinm, flotte oraninin ve yiizey aktif maddenin, hidroliz siiresinin ve indirgeyici madde konsantrasyonunun
etkileri incelenmistir. Maksimum keratin ekstraksiyonu i¢in optimal kosul, 8,6 ve 6,4 g/L sodyum hidrojen siilfit
ile birlikte 1 g/L sodyum dodesil siilfat (yiizey aktif madde) ve %2,6 proteaz (savinaz) kullanilarak saglanmustir.

Reddy vd. (2013), calismalarinda; tekstil endiistrisinde keratini hasil olarak kullanarak ¢evre kirliligini azaltmay1
amaglamislardir. Tekstil endiistrisi, diinyanin en biiyiik su tiiketicilerinden biridir. Hasillama ve hasil sokme gibi
tekstil stirecleri, onemli miktarlarda su, enerji ve kimyasallar tilketmekte ve ¢ogunlukla tekstil fabrikalarindan
¢evreye salinan zehirli atiklardan sorumludur. Tavuk titylerinden elde edilen keratin, polyester ve pamuk ipliklerini
hagillamak i¢in kullanilmistir. Biiyiikliikk, hazirlik kosullarinin ve boyutlarinin kopma ve ipliklerin ¢ekme
ozelliklerine ve aginma direncine etkileri incelenmistir.

Zhu & Mao (2014), ¢alismalarinda; P, N ve Cl sinerjik etkileri ile kimyasal modifikasyonlar yoluyla 6nemli 6l¢iide
gelistirilmis termal 6zelliklere sahip yiin keratin polimerleri rapor etmektedir. Keratin polimerlerinin kimyasal
bilesimlerinin islem dncesi ve sonrasi degisiklikleri, Fourier Kizilétesi Doniistimii (FT-IR), 3 1P Niikleer Manyetik
Rezonans (31P-NMR) ve Enerji Dagitict X-ray (EDX) teknikleri kullanilarak karakterize edilmistir. Termal
ozellikleri Termo Gravimetrik Analiz (TGA) ve Diferensiyel tarama Kalorimetresi (DSC) ile incelenmistir.
Muamele edilen keratin polimerleri, TGA'da piroliz islemi sirasinda muamele edilmemis keratin
polimerininkinden daha az kiitle kayb1 ve daha fazla miktarda kémiir kalintis1 gdstermistir. Islenmis keratin
polimerlerinin, gelistirilmis alevlenme geciktirici 6zelliklerin avantajlarina sahip olmasi 6ngoriilmiistiir.

Shavandi, vd. (2017), calismalarinda; yiinden keratin ekstraksiyonu ile biyopolimer uygulamasi i¢in kimyasal
yontemler incelenmistir. Farkli ekstraksiyon yontemlerinin toplam protein ve ekstraksiyon verimleri belirlenmistir.
2-merkaptoetanol ile indirgeme yontemi ile en yiiksek keratin ekstraksiyon verimi (% 53) elde edilmis ve bunu
takiben Siilfitoliz yontemi (% 41) takip etmektedir. Oksidasyon yontemi ile elde edilen keratin diisiik verime
ragmen bu ydntemin avantaji, keratin numunelerinin performansla veya perasetik asitlerle karistirildiginda,
keratinin , a, B ve y farkli ¢dziiniirliikklerine gore fraksiyonlarina ayrilabilir olmasidir.

Cevre bilimciler ve aragtirmacilar, yasanan pandemi ile birlikte dogal hammadde ve tekstil terbiye islemlerinde
kullanilan sentetik kokenli kimyasal ve boyarmaddeler yerine alternatif ‘yesil’ {riinlerin ikamesi {izerine
caligmaktadir. Bu hem sektdr calisanlart hem de tliketici sagligi agisindan ¢ok Oonemli oldugu gibi; dogal
kaynaklarin korunmasi, atiklarin azaltilmasi ile doga ile uyumlu siirdiiriilebilir bir tiretim gerceklestirilmesi,
kirletici sektorlerden biri olan tekstil sektori icin zorunludur. Bu ¢alismada hali sektoriinde kullanilan ancak azalan
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tiretimle birlikte tireticinin deposunda bekleyen, atil yiinden keratin hidrolizat1 elde etmektir. Bu amagla alkali
hidroliz, pekg¢ok iilkede yasakli oldugu halde iilkemizde kullanilan klasik indirgen sodyum siilfiir (Na,S) ve ¢evre
dostu, yesil kimyasal glikoz esasli indirgen (Reducing D Powder, Archroma, 90% glikoz)) kullanilarak elde
edilen numuneler, kati madde miktari, FT-IR analizi ve SEM ylizey goriintiileriyle degerlendirilmistir (Sinan,
2019).

2. Materyal ve Metod

Caligma kapsaminda 28 mikron inceliginde 40 mm - 60 mm lif uzunluguna sahip ham yiin lifleri kullanilmigtir.
Yiin lifi, safsizliklarindan arindirmak ig¢in 60° C'de 30 dakika siireyle sodyum karbonat i¢eren sulu bir ¢dzelti
icinde Gyrowash yikama makinesinde yikanmis, durulanmig ve kurutulmustur. Yagh maddeyi ve safsizliklari
uzaklagtirmak igin 3 saat boyunca petrol eteri ile soxylet (J.P.Selecta) ekstraksiyonuna tabi tutulmugtur. Numuneler
degismez agirhiga gelene kadar standart atmosfer sartlarinda (20°C + 2°C sicaklik, %65 + 2 bagil nem)
kondisyonlanmustir.

2.1. Keratin eldesinde kullanilan yéntemler
2.1.1. Alkali hidroliz

10 g. agirhigindaki yikanmis, temizlenmis ve kondisyonlanmis yiin lifleri 1-2 mm boyutlarinda kisa parcalara
ayrilmig, hidroliz i¢in hazir hale getirilmistir. Yiin numunesi (10 g) agirlik¢a % 1,2 NaOH (38° Be) (pH 13.4-
13.7) 1:25 flotte oraninda muamele edilmistir ve liflerin tamamen ¢6ziilmesi i¢in GyroWash yikama makinesinde
80° C'de 4 saat islem gormiistiir. Cozeltinin pH ayar1 (pH 5) hidroklorik asit (HCI) ile yapilmstir.

2.1.2. Na;S ile Siilfitoliz indirgeme yontemi

10 g agirhigindaki yikanmis, temizlenmis ve kondisyonlanmis yiin lifleri 1-2 mm boyutlarinda kisa parcalara
ayrilmis indirgeme icin hazir duruma getirilmistir. 1:25 flotte oraniyla 250 mL saf su ile bir beherin igerisinde
tamamen 1slatilmigtir. Yiin numunesi (10 g) agirlik¢a % 1,2 NaOH ( Riedel-de Haen) (pH 13.4-13.7) ve agirlikga
% 1,2 Na,S ile (Sigma-Aldrich) muamele edilmistir. Liflerin tamamen ¢6ziilmesi i¢in GyroWash yikama
makinesinde 80° C 'de 4 saat galkalanmstir. Cozeltinin pH ayar1 (pH 5 hidroklorik asit (HCI) ile yapilmistir.

2.1.3. Reducing D Powder ile indirgeme yéntemi

Bu yontemde 10 g agirligindaki yikanmis, temizlenmis ve kondisyonlanmis yiin lifleri 1-2 mm boyutlarinda kisa
pargalara ayrilmig 1:25 flotte oraniyla 250 mL. saf su ile bir beherin igerisinde tamamen islatilip Reducing D
Powder ile (Archroma Agent D Powder, 90 % glikoz) isleme tabi tutulmustur. Yiin numunesi (10 g) agirlik¢a %
1,2 NaOH (pH 13.4-13.7) ve agirlikca % 1,2 Reducing D Powder ile muamele edilmistir. Liflerin tamamen
¢ozlilmesi i¢cin GyroWash yikama makinesinde 80° C'de 4 saat islem gormiistiir. Cozeltinin pH ayar1 (pH 5) HCI
ile yapilmistir.

2.2. Goktiirme iglemi
Coziilme iglemi tamamlanan ¢6zelti ortam sicakligina sogutulduktan sonra (20+2 C) Rotafix 32 santrifiij cihazinda

10 000 rpm / dak. Devir ile 10 dakika igleme tabi tutulmustur. Bu islem tamamlandiktan sonra bir huni yardimiyla
Whatman No:42 siizgec kagidi kullanilarak dipteki katt madde siiziilmesi saglanmistir.

2.3. Gozeltinin diyaliz iglemi
Coktlirme iglemi tamamlanan ¢ozelti 3 giin boyunca giinde 5 litre damitilmis suya kars1 diyalize edilmistir. Bu

adim i¢in Diyalizoér (Baxter Dicea.130G 66 kPa ¢alisma basingli) kullanilmistir. Elde edilen ¢dzeltiden alinan
numune sabit agirliga gelinceye kadar 105° C de 4 saat kurutulmustur.

2.4. Kati Madde Miktar Tayini
Kat1 Madde Miktar1 British Standart BS 2471:2005’e gore yapilmustir:

Denklem (1) %Agirlik kaybr : (Wo — Wt )/ (Wo x 100)
Wo: Numunenin baglangic agirligy;
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Wt: Numunenin igslem sonu agirligi

2.5. FT-IR Analizi

Caligma kapsaminda kumaslarin FT-IR analizi Perkin Elmer 400 FT-IR/FT-IR Spectrometer Spotlight 400

Imaging System cihazinda 400 ile 4000 cm™ frekanslarinda, 32 tarama sayisinda ve 2 cm? ¢oziiniirlikkte oda

sicakliginda yapilmustir.

2.6. SEM Yiizey Goriintiileri

Elde edilen keratin yapilarinin yiizey goriintiileri SEM (Scanning Electron Microscobe) cihazi Tescan Vega II
LSU ile alinmustir.

3. Arastirma Bulgulari
3.1. Kati Madde Miktar Tayini

Ven (Wisd) Fuzzy Control System, model WOV 30, Korean vakumlu etiiv yardimiyla gergeklestirilmis ve tablo
1°deki sonuclar elde edilmistir.

Tablo 1. Elde edilen karigimlarin su gegirgenlik oranlart.

Numune Kat1 madde orani (%)
Reducing D Powder ile indirgeme 3,10
Na,S ile Siilfitoliz indirgeme 3,32
Alkali Hidroliz 2,99

Tablo 1°de goriildiigii iizere en fazla katt madde oran1 %3,32 ile Na2S ile yapilan sodyum siilfiir ile indirgeme
yonteminde elde edilmistir. Ardindan %3,10 kati madde orani ile Reducing D Powder ile gerceklestirilen yontemi
gelmektedir. En disiik kati madde orani ise %2,99 ile alkali hidroliz indirgeme yonteminde elde edilmistir.
Bilindigi gibi asitlere karst mukavim olan yiin, alkali ¢ozeltilere karsi hassastir. Sodyum hidroksit gibi kuvvetli
alkalilerin sulu ¢ozeltileri yiiksek sicakliklarda ¢ok hizli bir sekilde yiine zarar verir ve tamamen ¢6zebilir. Bu
¢oziicii etki, bazlarin makro molekiiller arasindaki tuz kopriileri, hidrojen baglari ve disiilfiir kopriilerini ve peptid
baglarin1 kopararak makro molekiillerin par¢alamasindan kaynaklanmaktadir (Simpson & Crawshaw, 2008).
Ayni kosullarda sodyum hidroksitle birlikte klasik bir indirgen olan sodyum siilfiir kullaniminda saglanan ¢oziicii
etki artmaktadir. Sulu ortamda indirgen maddeler makro molekiiller arasindaki tuz kopriileri ve hidrojen
kopriileriyle birlikte fibriller arasindaki disiilfiir kopriilerini de parcalamakta; agirlik kaybi artmaktadir. Bu
sonuglara gore klasik bir indirgen olan Na,S’in yaninda glikoz esasli invert seker de iyi degerler vermektedir.
Yiiksek sicaklikta (80°C ve lizerinde) ve pH (13,4-13,7) glikozun verdigi indirgeme potansiyeli NayS’ile elde
edilen degerlerle yaklasik olarak ayni oldugu daha 6nceki ¢calismada tespit edilmistir (Oktav Bulut, & Celik, 2020;
Blackburn & Harvey, 2004). Elde edilen keratin yapilar1 sekil 1, 2 ve 3’te verilmektedir.

Sekil 1. Alkali hidroliz yontemi sonucu elde edilen keratin yapist.
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Sekil 2. indirme yontemi sonucu elde edilen keratin yapisi.

Sekil 3. Siilfitoliz indirgeme yontemi sonucu elde edilen keratin yapisi.

3.3. FT- IR Analizi Bulgulari

Farkli yontemler kullanilarak elde edilen keratin hidrolizatlarin ve islem gérmemis yiiniin FT-IR analizleri sekil

4.’de goriilmektedir.
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Sekil 4. Frekans Araligiyla Tiim Yapilarin FT-IR Analizi.

Islem gérmemis yiinde sekil 4°de goriildiigii gibi 3500-3200 cm™ bolgesindeki meydana gelen gerilmeler N-H ve
O-H baglar1 arasindaki valans ¢ekiminden olusmaktadir. Bu titresimler peptid baglarindan kaynaklanmaktadir.
Bunlar, Amid A I, I, IIl’tiir. Amid A | 3282 cm! civarina diiser ve N-H titresiminden olusan ¢ekimdir. 3000-
2800 cm™’e tekabiil eden bolge ise C-H ¢ekim kuvvetlerinden kaynaklanir. C- O arasindaki ¢ekim nedeniyle
olusan pik ise 1700-1600 cm™ e diiser. Amid A II ise 1580-1480 cm™ N-H egilme titresimine ve C-H itme
titresimine denk gelir. Amid A III bandi ise 1300-1220 cm™ C-N ve N-H egilme gekimlerinden kaynaklanir
(Eslahi vd. 2013). Sekil 3.4, islem goérmemis yiin lifinin FT-IR analizi incelendiginde de peptid baglarindan
kaynaklanan ¢ekim kuvvetleri 3433 cm™ de goriilmektedir. 2924-2872 cm* bandinda C-H ¢ekim képriileri, 1700-
1600 cm de yogun olarak (1736, 1700, 1636 cm™) C-O ¢ekim kopriileri goriilmektedir. 1580-1480 cm* bandinda
belirgin olarak (1559, 1541, 1508 cm™ ) N-H egilme titresimine ve C-H itme titresiminleri goriilmektedir. Amid
ITI band1 olarak 1300-1200 cm™ (1229 cm™) C-N ve N-H egilme ¢ekimlerinden kaynaklanmaktadir. 1639 cm™
arasinda bulunan pik alfa helikse karsilik gelmektedir. Di siilfiir kdpriileri 423-408 cm* bandinda bulunmaktadir.

Sekil 4°de verilen Islem gérmemis yiin lifi ile klasik indirgen NaS ile indirgeme islemi gormiis keratin yapist FT-
IR spektrumu karsilastiginda islem gérmemis yiinde 3433 cm™ dalga sayisinda goriilen pikin daha az belirgin
oldugu goriilmektedir. Islem gérmemis yiinde 2872-2924 cm™ band araliginda gériilen molekiiller aras1 hidrojen
bagi, yine bu islem gormiis keratin yapisinda goriilmemektedir. Ayrica igslem gérmemis yiinde mevcut 1700-1600
cm! bandindaki C- O arasindaki ¢cekim nedeniyle olusan ve 1580-1480 cm™ N-H egilme titresimine ve C-H itme
titresimine karsilik gelen pikler Na,S ile islemi gérmiis numune yapisinda rastlanilmamigtir. Yiin yapisinda 423-
408 cm* bantlarinda gerilme titresimleri goriilen en dnemli baglardan biri olan disiilfiir baglar1 da NayS ile islemi
gormiis numunede goriilmemektedir.

Islem gérmemis yiin lifi ile NaS yerine glikoz esashi Reducing agent D ile indirgeme islemi gérmiis numunenin
FT-IR spektrumu karsilastiginda yiiniin 1700-1600 cm? e C- O arasindaki gekim nedeniyle olusan pik ve 1580-
1480 cm? de olusan gerilmenin bulundugu gozlemlenmistir. Yiinde 2872-2924 cm band araliginda goriilen
protein yapilarindaki molekiiller arasi hidrojen baginim Reducing agent D ile indirgeme islemi gérmiis numunede
nispeten korundugu goériilmektedir. Yiin yapisinda 423-408 cm™ bantlarinda gerilme titregimleri goriilen disiilfiir
baglarina Reducing agent D ile indirgeme islemi gérmiis numune yapisinda da rastlanilmamustir.

Islem gormemis yiin lifi ile alkali hidroliz islemi gérmiis keratin yapis1 FT-IR spektrumu karsilastiginda yiinde
3433 cm dalga sayisinda gériilen pikin aynen korundugu goriilmektedir. Yiinde 2872-2924 cm™ band araliginda
goriilen protein yapilarindaki molekiiller arast hidrojen bagi alkali hidroliz islemi gormiis keratin yapisinda da
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goriilmektedir. Yiiniin 1700-1600 cm™? de C- O arasindaki ¢ekim nedeniyle olusan pik ve 1580-1480 cm™ N-
bantlarmna alkali hidroliz islemi gérmiis numunede nispeten rastlanilmistir. Ayrica yiin yapisinda 423-408 cm?
bantlarinda gerilme titresimleri gortilen distilfiir baglarina alkali hidroliz islemi gérmiis numunede de goriilmedigi
tespit edilmistir.

Sekil 4.’e gore sodyum siilfiir ile indirgeme, diger indirgeme sekillerine gére daha etkindir. Alkali indirgemede
2924-2872 cm? bandinda C-H c¢ekim kuvvetleri, sodyum siilfiir ile yapilan indirgeme isleminde
gozlenmemektedir.

Sekil 4’iin incelenmesi ile sodyum siilfiir ile islem géren numunede yeni baglarin olustugu da goriilmektedir. 1000-
1016 cm™ bandinda olusan zayif yeni baglarin bunte tuzu kalintilarindaki simetrik S-O c¢ekim kuvvetlerinden
kaynaklanmaktadir. Bu bag islem gérmemis yiinde bulunmamaktadir. Sodyum siilfiir ile iglem sirasinda sistin
disiilfit baglari, sodyum siilfiir tarafindan pargalanarak sistein tiyol,ve bunte tuzu (S siilfonat anyonuna) parcalanir.
Sekil 5’de reaksiyon goriilmektedir.

AN
W—H O
/ AN
'D=L// MN—H G=C1\ N—H
oH-Cla-s-s-CHu-cl + S0 —> CH-CHr$-805 + S-CHr CH

.-""f'Jj\\
Z
:
o
4

AN

N AN
H-N =0 H-N =0
\C—G H—N/ \C—-D H —N/
/ AN /

Sekil 5. Poli peptid keratin zincirleri arasinda kirilan di stilfid baglari.

3.4. SEM Yiizey Goriintiileri

Farkli yontemler kullanilarak elde edilen keratin hidrolizatlarin SEM Yiizey Goriintiileri 500X, 1000X, 2000X,
5000X ve 10000X biiyiikliiklerde incelenmis, en iyi goriintiilerin elde edildigi 500X biiyiitme oranina sahip SEM

gorintiileri sekil 6, 7, 8 ve 9°da verilmistir.

Sekil 6. islem gérmemis yiine ait SEM yiizey gériintiisii (500X).
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Sekil 9. Na:S ile Siilfitoliz indirgeme islemi gérmiis keratin yapisi1 SEM yiizey goriintiisii (500X).

Sekil 6, 7, 8 ve 9°da islem gérmemis yiin ve farkli yontemlere gére elde edilmis hidrolizatlarin yiizey gériintiileri
SEM taramali elektron mikroskobu yardimiyla 500 biiylitmede incelenmistir. Elde edilen goriintiiler
incelendiginde sekil 6°da yer alan yiiniin lif yapis1 agik¢a goriilmektedir. Sekil 7°de verilen alkali hidroliz islemi
gormiis keratin yapisinin yiizey goriintiisiinde daha homojen bir yap1 gézlemlenirken diger yontemlerin verildigi
sekil 8 ve 9°da Reducing agent D ile indirgeme islemi gérmiis keratin ile Na,S ile indirgeme iglemi gérmiis keratin
yapilarinda homojenligin bulunmadig1 gézlemlenmistir.
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4. Sonug ve Oneriler

Kimya ve tekstil sanayide indirgen madde olarak siklikla kullanilan sodyum siilfit, proses ve atik suyun siilfiir
yiiklemesini arttirmasi, istenmeyen kokusu, kanserojen ve korozif etkisi ve atik suyun temizlenmesinde yarattig
giicliikler yaninda iglemsel giivenilirligi de azdir. Sodyum siilfit yerine kullanilan ekolojik ve yesil {iriin glikozun
daha giivenli ve siirdiiriilebilir tiretime imkan taniyarak ¢evrenin korunmasina katki saglayacagi bu calismada elde
edilen en 6nemli ¢iktidir. Kozmetik, biyomedikal, tekstilde boyarmadde alimini arttirma ve gii¢ tutusurluk bitim
isleminde kullanilan keratin hidrolizat sodyum siilfiir yerine glikoz kullanimryla daha iliman ve gevreci bir proses
gergeklestirilebilir. Calismada Atil durumdaki yiiniin kullanimi bir diger ekolojik boyutudur. Depolama sirasinda
cikardigr metan gaziyla kiiresel 1sinmaya yol agabilen yiiniin ekonomiye kazandirilarak biyomateryal, tarim
tekstilleri, koruyucu giysiler, jeotekstiller, akilli materyaller, tibbi tekstiller ve yalitim sistemleri gibi teknik
uygulamalarda kullanilabilen diisiik maliyetli ve biyouyumlu ve biyogevrimli, siirdiiriilebilir iiretim adimlar1
gerceklestirilmigtir. Kiiresel iklim degisikliginin ¢ok boyutlu ve yikici etkileme giicii, sorunun ¢éziimiinde diinya
genelinde c¢evre bilincinin yayginlastirilmasi, dayanigma ve igbirligine baglidir.
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TRANSFORMATORLERIN YAKLASIK OMUR
BEKLENTILERININ ANALIZI

Yildirim Oziipak

Dicle Universitesi, Silvan MYO, Elektrik ve Enerji Boliimii,21640, Diyarbakir, Tiirkiye

Oz

Ug fazli dagitim transformatérleri elektrik dagitim sistemlerinde, genel olarak nominal frekansta ve dogrusal yiikte
kullanilmak tizere tasarlanirlar. Dogrusal olmayan yiiklerden dolay1 elektrik gii¢ sisteminde harmonikler meydana
gelmektedir. Bir AC gii¢ sistemindeki harmonik bilesen, sistemin temel frekansinin tam say1 katina esit bir
frekansa sahip periyodik bir dalga formunun siniizoidal bileseni olarak tanimlanir. Bu harmonikler, nominal
calisma sartlar1 i¢in tasarlanan transformatérlerin farkli bir ¢alisma performans: sergilemesine neden olurlar.
Transformatér 6mrii kaybi tahmini, yalittim malzemeleri ile elde edilen bozulma oranina dayanmaktadir. Bir
transformatoriin dmiir kaybinin yaklasik %50'si dogrusal olmayan yiik akiminin rettigi termal gerilmelerden
kaynaklanir. Dogrusal olmayan yiiklerin kullanimlarinin artmasi ile birlikte ortaya c¢ikan harmonik yiikler,
transformatériin daha fazla isinmasina ve diisiik gii¢ kalitesine yol agar. Harmonik bozulma sebebiyle gereksiz
sargi kaybi ve sicaklik artis1 da meydana gelmektedir. Bu ¢alismada, Sonlu Elemanlar Yontemine (SEY) dayanan
ANSYS@Maxwell programi ile gercek degerler kullanilarak dogrusal olmayan yiik altindaki dagitim
transformatoriiniin kayiplarinin analizi ve degerlendirilmesi sunulmaktadir. Burada, birim basina, naminal gii¢ ve
akim degerlerinin, sirasiyla sinlizoidal uyarim altinda transformatoriin nominal yiik kayb1 ve transformatoriin
primer tarafinin nominal akimi olarak sec¢ildigine dikkat edilmelidir. Yiik kayiplar1 ayrica gercek yik ve
harmonigin etkileri dikkate alinarak hesaplanir. Toplam girdap akimi kaybi ve diger kagak kayiplar da girdap
akimi kaybi1 i¢in harmonik kayip faktorii ve diger kacak kayiplar i¢in harmonik faktor kullanilarak belirlenir. Ayn
Ayrica, harmoniklerin neden oldugu ek kayiplar ve transformatoriin omrii yaklagik olarak belirlenmistir. Bu
¢alismada yiik altinda galisan transformatérlerin harmonik bozulmalarin neden oldugu kayiplarin verimli dmiirleri
iizerindeki etkileri incelenmis ve transformatorlerin faydali ¢alisma Omiirleri yaklasik olarak belirlenmistir.
Simiilasyondan elde edilen sonuglar analiz edildiginde, elektrikli cihazlarin tirettigi akim harmoniklerinin neden
oldugu yiikler ne kadar fazla olursa transformator 6mriiniin o kadar diisiik olacagimi goriilmustiir. Harmonik
bozulmadaki artisin, transformatoriin kayiplarini artiracagini ve dmriinii kisaltacagini gostermektedir. Kullanilan
yontem tasarlanan ve analiz edilen transformatdriin sonuglarini dogrulamigtir. Bu durum bu yontemin tasarim ve
analiz konusunda kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Transformator, harmonik yiik, 6miir kayb1, manyetik akim

ANALYSIS OF APPROXIMATE LIFE EXPECTATIONS OF
TRANSFORMERS

Extended Abstract

Three-phase distribution transformers are designed for use in electrical distribution systems, generally at nominal
frequency and linear load. Harmonics occur in the electrical power system due to non-linear loads. The harmonic
component inan AC power system is defined as the sinusoidal component of a periodic waveform with a frequency
equal to an integer multiple of the fundamental frequency of the system. These harmonics cause transformers
designed for nominal operating conditions to exhibit a different operating performance. Transformer life loss
estimation is based on the rate of deterioration obtained with insulating materials. About 50% of a transformer's
life loss is caused by thermal stresses generated by the non-linear load current. Harmonic loads that occur with the
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increasing use of non-linear loads cause the transformer to overheat and lower power quality. Due to harmonic
distortion, unnecessary winding loss and temperature increase also occur. In this study, analysis and evaluation of
the losses of the distribution transformer under nonlinear load using the ANSYS @ Maxwell program based on
the Finite Element Method (FEM) are presented. It should be noted here that the nominal power and current values
per unit are selected as the nominal load loss of the transformer under sinusoidal excitation and the nominal current
of the primary side of the transformer, respectively. Load losses are also calculated taking into account the effects
of actual loads and harmonics. The total eddy current loss and other stray losses are also determined using the
harmonic loss factor for eddy current loss and the harmonic factor for other stray losses. Also, additional losses
caused by harmonics and the life of the transformer are approximately determined. In this study, the effects of
losses caused by harmonic distortions on the productive life of transformers operating under load have been
examined and the useful working life of transformers has been determined approximately. When the results
obtained from the simulation are analyzed, it is seen that the more the loads caused by the current harmonics
produced by the electrical devices, the lower the transformer life will be. It shows that the increase in harmonic
distortion will increase the losses of the transformer and shorten its life. The method used verified the results of
the transformer designed and analyzed. This shows that this method can be used in design and analysis.

Keywords: Transformer, harmonic load, loss of life, magnetic flux

1. Girig

Son yillarda lineer olmayan yiiklerin artmasisiyla gii¢ sistemindeki harmonikler 6nemli 6l¢iide artmistir. Dogrusal
olmayan yiiklerin gii¢ sistemindeki varligi, transformatorlerde yiiksek kayiplara ve transformatérlerin kullanim
omriinde kisalmaya neden olur. Harmonik bozulma nedeniyle artan kayiplar, transformatorde beklenmedik
sicaklik artigina neden olabilir. Beklenmedik sicaklik degerleri transformatdriin verimli ¢alisma Omriinii
kisaltmaktadir. Bu durum, transformatoriin beklenen 6miir beklentisinde azalmaya ve ekonomik kayiplara neden
olmaktadir.

Harmonik yiik i¢erigini tahmin etmenin ii¢ yontemi vardir. Bunlar, tepe faktorii, harmonik faktor (toplam harmonik
bozulma yiizdesi -% THD) ve K-Faktoriidiir. ilk iki yontem en yaygin kullanilan harmonik tahmin yontemleri
olmakla birlikte bazi sinirlamalari vardir. Clinkii bu yontemlerde harmonik frekanslar dikkate alinmaz. K faktorii
ile harmonik tahmini etkili bir yontemdir fakat K faktoriiniin hesaplamalar1 ¢ok karmagiktir (Oziipak & Mamis,
2019). Bir transformatoriin harmonik bozulma bileseninin artmasi, ek sicaklik kayiplarina, yalitm malzemesinin
bozulmasina, transformatdriin verimli ¢alisma Omriiniin kisalmasina, daha yiiksek sicaklik degerlerine, gii¢
faktoriiniin azalmasina, transformatorde giic kayiplarina ve performans eksikligine neden olabilmektedir (Sadati
vd., 2008). Bu sorunlar1 onlemek igin, dogrusal olmayan yiikii besleyen transformatoriin nominal kapasitesi
azaltilmahidir (Muthanna vd., 2006). Dagitim transformatorii treticileri, harmonik yiik akimlarinin etkilerine
dayanabilen bir tasarim olan K-Faktorii adl1 bir derecelendirme sistemi geligtirmislerdir (Lee vd., 2010). Harmonik
gerilim, manyetik ¢ekirdekteki kayiplar1 arttirmaktadir. Harmonik akimlar ise transformatoriin sargilarindaki
kayiplar1 arttirmaktadir.

Genel olarak, harmonik kayiplar, sargilardaki artan 1s1 dagilimindan meydana gelir. Bunlarin her ikisi de rms
akiminin karesinin yani sira girdap akimlari ve g¢ekirdek kayiplarimin bir fonksiyonudur. Meydana gelen ek
sicaklik, transformatdriin yalitim malzemesinin dmriinii azaltmada dnemli bir etkiye sahip olabilir. Siniizoidal
olmayan bir yiik akimi tarafindan tiretilen artan girdap akimi kayiplari, anormal sicaklik artisina ve dolayisiyla
asir1 sargl kayiplaria neden olabilir. Harmoniklerin, gii¢ transformatdrlerinin verimli dmiirlerine etkisi lizerine
birgok ¢alisma yapilmistir (Soh vd., 2013). Bu ¢alismada harmonik limitleri standartlar1 dikkate almmusgtir.
Harmoniklere bagli olarak transformatoriin kayiplar: ve dmiir kayiplar1 SEY ile incelenmistir.

2. Harmonik Yiik Kayiplar ve Omiir Kaybi

Bir AC gii¢ sistemindeki harmonik bilesen, sistemin temel frekansinin tam say1 katina esit bir frekansa sahip
periyodik bir dalga formunun siniizoidal bileseni olarak tanimlanir. Ana harmonik kaynaklar, ii¢ ekipman
kategorisindendir; gii¢ sistemi ekipmanlari, endiistriyel yiikler ve konut yiikleri. IEEE 519: 1992 ile tanimlanan
harmonik kaynaklar arasinda gii¢ doniistiiriiciileri, ark firinlari, statik VAR kompansatdr, daginik iiretim
invertdrleri, giiciin elektronik faz kontrolii, anahtarlamali mod gii¢ kaynaklar1 ve darbe genisliginde modiilasyonlu
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stiriiciiler bulunmaktadir (IEEE 519, 1992). Bu standart, yeni harmonik kaynagin dl¢iim ve detayli modelleme ve
simiilasyon ¢aligmalari ile degerlendirilmesi 6nerisiyle sona ermektedir.

Transformatorler, temel frekansta minimum kayipla bagh yiiklere gerekli giicii verecek sekilde tasarlanmustir.
Transformatdr kayiplari, denklem (1)'de gosterildigi gibi genellikle yiiksiiz kayip ve yiik kaybi olarak
siiflandirilir.

Pr = Py, + Py, (Denklem 1)
Burada P; toplam kay1p, Py; yiiksiiz durumdaki kayip ve Py, ise yiik altinda meydana gelen kayiplardir.

Yik kaybi veya uyarma kaybi, g¢ekirdegin gerilim uyarimi, manyetik histerezis ve girdap akimlarindan
kaynaklanan kayiplardir. Yiik kayiplart veya empedans kaybi, sargilar, niive, niive kelepgeleri, manyetik kalkan,
muhafaza veya tank duvarlarinda meydana gelen kayiplardan olugsmaktadir. Elektromanyetik akinin neden oldugu
IR kayb1 ve basibos kayip olarak alt béliimlere ayrilmistir. Boylece, toplam basibos kayip, sargilar disindaki
bilesenlerde sargi basi kaybi ve basibos kaybi olarak alt boliimlere ayrilir. Sargilarin basibos kaybi, sarmallar veya
paralel sarg1 devreleri arasindaki dolagim akimlarindan kaynaklanan sargt iletken kordonu kaybini igerir. Toplam
yiik kayb1 su sekilde ifade edilebilir:

P, = Pp2g + Poc + Posy, (Denklem 2)
Burada P,z bakir kayiplarini, Pz eddy kayiplarini, Pyg; ise diger kacak kayiplar temsil etmektedir.

Baslangi¢ durumunda primer ve sekonder nominal akimlari su sekilde hesaplanmaktadir:

__ S(kvA)

L —ratea = v (Denklem 3)
S(kvA)
I —ratea = V3V, (Denklem 4)

Eger I?R yerine yazilirsa;
Pi2p_ratea = Klli—ratea’ Ri + lr—ratea’R7] (Denklem 5)
Burada K

tek fazli transformatérler i¢in =1
ti¢ fazli transformatorler i¢in =1.5 alinmaktadir.

Pri—ratea = Pr2p_ratea T Prsi-ratea (Denklem 6)
Prsi—ratea = Pec-ratea + PosL-rated (Denklem 7)
Burada,

|; = transformat6riin birincil tarafindaki akim,
I, = transformatoriin sekonder tarafindaki akim
R1 = birincil dc direnci

R, = ikincil dc direnci

PtsL = toplam basibos kayiptir.

Yagl tip transformatorler i¢in IEEE Standardina gore, girdap akimi kaybinin toplam kagak kayiplarin yaklasik
0.33' oldugu varsayilir (IEEE Guide for Loading Mineral-Oil-Immersed Std C57.91 1995).

Pgc—ratea = 0-33Prsy—ratea (Denklem 8)

Posi-ratea = Prsi—ratea — Pec-ratea (Denklem 9)
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3. Harmonik Kayip Faktorii

Harmonik kayip faktorii, F, sargi girdap kaybir ve diger kagak kayiplar {izerindeki mevcut harmonik etkinin
onemli bir gostergesidir. Harmonik kayip faktori, temel veya rms akimina normallestirilir.

Sargi girdap akimu i¢in Fui, harmoniklerden kaynaklanan toplam girdap akimui kayiplarinin gii¢ frekansindaki
girdap akimi kayiplarina oranidir. Fyi.str, harmonige baglh diger kacak kaybin giic frekansindaki diger kagak
kayiplara oranidir. Girdap akimi kaybi, bir Fy faktorii kadar arttirilir ve diger kacak kayip, harmoniklerin
varliginda bir Fn-str faktorii ile artar. Sinlizoidal olmayan durumdaki transformatériin yiik kayiplart denklem (10)
'da gosterildigi gibidir;

Pr, = Pr2g_ratea t FurPec-ratea + Fur—strPosL-rated (Denklem 10)

Bu faktor asagidaki denklemlerle hesaplanir.

2
Zh:hmaxl_h h2
Fyp = ———1 in z (Denklem 11)
h=hmax[In
Zhot [H

h=h n7?

B thlmax[ﬁ] po8 "

Fyp-str = T Ahmanl (Denklem 12)
h=1 [H

Burada Fy; girdap akimlari harmonik kaybini, Fy;_srg ise diger kayiplar i¢in harmonik faktorii ifade etmektedir.
4. Transformatoriin Yagam Kaybi Hesaplamasi

Transformatér 6mrii kayb1 tahmini, yalittim malzemeleri ile elde edilen bozulma oranmna dayanmaktadir. Bir
transformatoriin dmiir kaybinin yaklasik %50'si dogrusal olmayan yiik akiminin irettigi termal gerilmelerden
kaynaklanir (Samesime vd., 1995). En sicak nokta sargi sicakligi su sekilde hesaplanir;

Pri—c+Pyn; \*®
Or0 = Oro-rated (—) (Denklem 13)
PLL-ratedtPNL

0.8
0y = (O — Oro—ratea) (1 + LECratedon) o p (Denklem 14)
9 1+Pgc-ratedpu P

En sicak nokta sicakligs;
Oy =00 +06,+06, (Denklem 15)
seklinde olur.

Burada;

010 = yag sicaklig1 yiikselmesi,

Ow = sargi sicaklig1 artisi,

0a = ortam sicakligi

6y = en yiiksek yag sicakliginin iizerinde en sicak nokta iletken yiikselmesi,
O = sicak nokta sicakligi

Bir transformatoriin bagil yaslanma faktorii, yagsam kaybi1 ve gercek yasam su sekilde ifade edilebilir [14];

15000 15000
Fyy = exp( e 9H+273) (Denklem 16)
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WLOL = ——4axtx100 (Denklem 17)

normal_yalitim_omri

15000 )

Life(pu) = 9.8 X 10‘18e(9H+273 (Denklem 18)

Transformatériin gergek émrii = Omiir(pu) x normal yalitim émrii = normal yalitim dmrii (y1l)/F aa

Burada,

Faa = bagil yaslanma faktorii

% LOL = yiizde olarak dmiir kayb1
t = verilen zaman araligidir.

5. Transformatoriin Modellenmesi ve Analizi

Transformatdr Sonlu Elemanlar Yontemi ile ANSY S@Maxwell ortaminda modellenmistir. Modelleme igin tiim
degerler program ortaminda tamtilmistir. Analiz i¢in veriler, 0.05sn araliklarla kaydedilmistir. Kaydedici; frekans,
gerilim, akim, toplam harmonik bozulma, aktif gii¢, reaktif gii¢, gdriinen gii¢, gerilim harmonigi, akim harmonigi,
gercek giic faktorii ve yer degistirme gii¢ faktorii gibi biiyiikliikleri 6lgmek iizere ayarlanmuistir. Tablo 1°de
transformatoriin 6zellikleri verilmistir. Sekil 1’de tasarlanan transformatériin 3-D modeli sunulmustur.

Tablo 1. Transformatore ait dzellikler.

Primer Gerilimi 33.000 V
Sekonder Gerilimi 11.000 V
Yiiksiiz Kayip 12.500 W
Yiik Kayiplar 97.000 W
YG Sargi Direnci 1.7Q
AG Sarg1 Direnci 40 mQ
YG Faz Akimu 152 A
AG Faz Akimi 785 A
lo % 0.44
Normal Izolasyon Omrii (y1l) 23
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Sekil 1.Transformatdriin 3-D modeli ve ag orgiisii.
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Modellenmis transformatoriin sarg: ve niive kayiplari bir alt harmonik ile iist liste getirilen birincil faz-nétr anma
siniizoidal gerilimleri altinda yiiksiiz durum igin analiz edilir. Verilen harmonikli uyarma gerilimleri asagida
verilmigtir.

V, =2V, cos(2nf,t) + V2/2 Vg cos(100mt) (Denklem 19)

Vp = V2V cos (2nfyt +Z) + V2V cos (1007t + ) (Denklem 20)

= 2V, cos (anst - —) + 2V cos (1001rt - 2?”) (Denklem 21)

Burada, Vy temel bilesen, yani incelenen transformatoriin faz-nétr geriliminin nominal degeridir. V; harmonikli
gerilimin rms degeri, f; harmonik frekansidir. Burada ii¢iincii, besinci ve yedinci harmonikler incelenmistir.

Bu analiz i¢in V;/Vg oran1 %0.25 ile %1 arasinda degistirilmektedir. V;/Vg =%]1 i¢in, niivenin maksimum aki
yogunlugunun 1,97 T civarinda oldugunu géstermektedir. Tablo 2’de harmonik analizlerden elde edilen sonuglarin
normal ¢alisma kosullarindaki sonuglarla ve teorik sonuglarla karsilagtirilmasi verilmistir. Sekil 2’de

Transformatoriin birim basina diisen giinliik yiikii verilmistir. Sekil 3’te Her harmonik dalgasi igin bakir kayiplari
verilmistir.

25.00
20.00 T
i 15.00 —
[7s] 4
7]
8 ]
-}
3 ]
S 10.00
(5]
5.00
U_UU T T T T | T T T T | T T T T | T T T T | T T T T |
0.00 0.20 0.40 0.60 0.80 1.0
Time [s]
Sekil 2. Transformatoriin birim basina diisen dalgal yiikii.
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Sekil 3. Transformatériin harmoniklerli yiik kayiplari.
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Belirtilen her durum i¢in modelin analizi gergeklestirilmistir. Elde edilen tiim sonuglar Tablo 2°de verilmistir.

Tablo 2. Sonuglarin karsilastirilmasi

Ve/ Vg
%1 %0,75 %0,5 %0,25
Nive kaybi 12.44 12.432 12.42 12.418
(kw)
Harmonikli 120.01 103.14 90.86 82.63
bakir kaybi
(kw)
Harmoniksiz 97.5
bakir kaybi
(kw)

V;/Ve % 0.25'ten % l'e kadar cikarilmasiyla, sargi kayiplari artmus, ¢ekirdek kayiplari ise neredeyse hig
degismemistir. Burada, birim basina, naminal gii¢ ve akim degerlerinin, sirasiyla siniizoidal uyarim altinda
transformatoriin nominal yiik kayb1 ve transformatoriin primer tarafinin nominal akimi olarak secildigine dikkat
edilmelidir. Yiik kayiplar1 ayrica gergek yiik ve harmonigin etkileri dikkate alinarak hesaplanir. Toplam girdap
akimi kayb1 ve diger kagak kayiplar da girdap akimi kayb1 i¢in harmonik kayip faktorii ve diger kagak kayiplar
i¢cin harmonik faktor kullanilarak belirlenir. Sonug, harmonik yiik akiminin gii¢ transformatérii iizerinde zararlt
olabilecegini gostermektedir. Bu durum, harmonik mevcut oldugunda kayiplarin artacagini gostermektedir. Birim
yiikleme miktar1 arttigi zaman yaslanma hizlanma faktorii de artar. Bu, transformatdr 6mriiniin normal émriinden

daha az olacagi anlamina gelir. Sicakligin referans degerlerinin araliginda olmamasiyla yaglanma daha da hizli
olacaktir. Transformatoriin yaslanma egrisi Sekil 4’te sunulmustur.

25 T T T T T T
X:0.28 X 0.73
¥: 20,55 ¥: 3055
20| - N !
|
|
= 15¢ | i
E: | X:075
- ¥:11.72
= -
g 1of | 1
|
|
5h II i
I|
1
0 L 1 1 ll\' L 1
li] 0.2 0.4 0.6 0.8 1 1.2 1.4
Load(pu)

Sekil 4. Transformatoriin yiike gére 6miir kaybi (Said vd., 2010).
6. Sonug

Bu ¢alismada yiik altinda c¢alisan transformatérlerin harmonik bozulmalarin neden oldugu kayiplarin verimli
Omiirleri tizerindeki etkileri incelenmis ve transformatdrlerin faydali c¢alisma Omiirleri yaklagik olarak
belirlenmistir. Simiilasyondan elde edilen sonuglar analiz edildiginde, elektrikli cihazlarin drettigi akim
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harmoniklerinin neden oldugu yiikler ne kadar fazla olursa transformator 6mriiniin o kadar disiik olacagim
goriilmiistiir. Daha yiiksek THD, transformatdr kayiplarinin ve sicak nokta sicakliginin artmasi nedeniyle
transformat6riin Omriinii de kisaltir.

Harmonik standart, harmonik akimin izlenmesi gerektigini gosterir. IEC TR 61000-3-4: 1998 Standardina karsilik
gelen bu maksimum MS 1555: 2002 sinirlari, olabilecek gii¢ sistemi ekipmanini korumak icin en yiiksek toplam
harmonik bozulma ile karsilasan hem miisteri hem de tedarikgiler i¢in bir kilavuz olarak kullanilmalidir. Yiiksek
harmonik akimlardan etkilenene transformatoriin giic kaynagiin kalitesini diigiirdiigi goriilmiistiir. Ayrica
harmonklerin transformatdriin yalitim malzemesine zarar verdigi ve bu nedenle transformatdriin verimli ¢aligma
omriinii de azalttig1 goriilmiistiir.
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Abstract

It has been known that synthetic zeolites as a cracking catalyst can increase aromatic hydrocarbon amount by
providing deoxygenation of pyrolytic bio-oil. However, deactivation of zeolite because of coke deposition has
been a serious problem. In this study, Ni and Co metals which was impregnated to ZSM-5 were used as catalyst
for co-pyrolysis of Spirulina—Polystyrene and Spirulina-Polyethylene. The yields of bio-oils were compared to
each other. The bio-oils which formed from catalytic co-pyrolysis were analyzed via GC-MS. Amounts of target
aromatic compounds which were benzene, o-xylene, naphthalene in the bio-oils were determined. Coke amounts
on the catalysts were computed. Regarding coke deposition (11%) and bio-oil yield (55%), it was determined that
Ni-ZSM-5 was an effective catalyst for co-pyrolysis Polystyrene and Spirulina. For Spirulina and Polyethylene, it
was obtained that bio-oil yield and coke deposition were 50% and 14% for Ni-ZSM-5.

Key Words: Bio-oil, ZSM-5, metal impregnation, GC-MS, green chemical production
1. Introduction

Synthetic zeolites as an important microporous crystalline material, have been used in industrial catalytic
applications (Kakiuchi et al., 2019). Researchers have made modifications on synthesis methods of synthetic
zeolites. In this way, it can be possible to change property and structure of synthetic zeolites (Peng et al., 2019).
Framework of a zeolite is composed of iterative cornered units. These units occur from connection of SiO4 and
AlO4 compounds to each others in a specific rate and geometry. Si/Al ratio in the unit have to bigger than 1. Each
zeolite has different framework structure and pore size because of different geometries of that units. Pore size of
zeolites generally are not under 1 nm. There are 230 different zeolites with respect to framework structure. Si/Al
ratio of each zeolite can be varied in a framework structure. The most using zeolite types in industrial catalytic
applications can be classified as MFI (H-ZSM-5 etc.), BEA (Zeolite Beta etc.), MOR (Mordenite etc.), FAU
(Zeolite Y etc.) and FER (Ferrierite etc.). These zeolites have been utilized especially in petrochemicals production
which are aromatic hydrocarbons like gasoline, propylene, ethylbenzene and cumene. Each of them have different
physical and chemical properties however some desired features are mutual for them such as high density because
of the strong oxygen bond between Si and Al and thermal stability up to 800 °C (Fan & Jiao, 2019).

Nowadays, it has been known that fossil fuel using causes climate change. Therefore, researchers have widely
worked on reducing fossil fuel addiction (Choo et al., 2020). So, these well-known zeolites can be used in
renewable energy applications such as biomass conversion (lisa et al., 2020), fuel cells (Nagar et al., 2019),
removing volatile organic carbons (formaldehite etc.) (Suarez et al., 2019) and NOx gases (Khivantsev et al.,
2019), water purification (Fanta et al., 2019; Ozcakir, 2020) as well. Researchers have believed that the zeolites
are important to produce renewable fuels (Cao et al., 2020) and green chemicals (Liu et al., 2019). Zeolites as a
cracking catalyst can increase biofuel quality by providing deoxygenation of pyrolytic bio-oil (Ibarra et al., 2019).
Moreover, zeolites can be used in catalytic cracking of plastic wastes to produce invaluable chemicals by providing
depolymerization of pyrolytic liquid (Lin et al., 2019).

However, deactivation of zeolite because of coke deposition has been a serious problem for both biofuel and
chemical production (Hita et al., 2019). There have been several ways to prevent coke deposition on zeolite. One
of them is changing Si/Al ratio of zeolite (Eschenbacher et al., 2020). Adding mesoporouses in the structure and
metal doping form another ways (Srivastava et al., 2006; Gurdeep Singh et al., 2020). It has been known that
obtaining hierarchical structure can change the zeolite acidity (Palizdar & Sadrameli, 2020). Besides that, aromatic
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yield can not change in bio-oil on that way. And, coke deposition can increase because of large mono-aromatics
on the catalyst surface by using that route. High acidity, low Si/Al i.e., can lead to decrease oxygen amount and to
increase aromatic amount in bio-oil. Besides that, it can prevent coke deposition on catalyst. Metal doping on
zeolites, includes two steps. Firstly, proton takes the place of cation in zeolite. Then, metal impregnation on zeolite
occurs. In that way, the metal forms active sites on to the zeolite (Serrano et al., 2018).

In literature, many research was found about the effect of metal doping on zeolite for coke minimization. Li et al.
(2020) recorded with metal loading on ZSM-5 bio-oil yield decreased. However, they said that Fe and Co metal
doping increased Mono Aromatic Hydrocarbon (MAH) yield 2.5 times. Besides that, they determined that Fe
doping decreased coke content significantly (Li et al., 2020). Zheng et al. (2017) determined that Ga, Zn, Ni, Co,
Mg or Cu doping on ZSM-5 increased gas yield, while it decrased liquid yield. They obtained maximum bio-oil
yield and minimum coke deposition as 26% and 22% respectively for Ga-ZSM-5 between metal doped catalysts.
Also, they concluded that Co-based catalyst increased indene formation, however Ni-based catalyst increased
benzene formation (Zheng et al., 2017). Du et al. (2013) recorded that Zeolite Y and ZSM-5 gave the positive
results for aromatic production in bio-oil. They declared that the most suitable Si/Al ratio was 80 to maintain
aromatic yield at the highest level and coke at the minimum. They obtained that Cu and Ga doping on catalyst
which had that ratio increased aromatic yield (Du et al., 2013). However, some researches in the literature have
defended the opposite opinion on the metal doping effect. For example, Persson et al. (2019) determined that Fe
or Ni loading on ZSM-5 led to form coke on catalyst. They determined that Ni or Fe loading on ZSM-5 increased
MAMH yield. Ni-ZSM-5 increased naphtalene yield also (Persson et al., 2019).

It has been known that Spirulina (SP) as a kind of microalgae can be cultivated barren fields, wastewater with fast
growth rate. It has high protein content (74 %). During its pyrolysis, proteins degrade to nitrogenous and
oxygenated components in bio-oil. When ZSM-5 is used in its pyrolysis, these components convert to aromatic
compounds (Chagas et al., 2016). It has been known that plastics has high hydrogen content. Thus, they increase
bio-oil yield in co-pyrolytic studies. In addition, it has been thought that plastics improved aromatic compounds
in bio-oil (Elsayed & Eseyin, 2016).

Among the other metals, Ni and Co promote deoxygenation reaction more efficiently, reduce coke formation and
increase aromatic hydrocarbon yield (Zheng et al., 2017). Thus, in this study, Ni and Co metals were impregnated
to ZSM-5. H form, Ni and Co loaded form of ZSM-5 were synthesized. For catalytic testing, co-pyrolysis of SP
and Polystyrene (PS), SP and Low Density Polyethylene (LDPE) were carried out. Yields of target aromatic
compounds were determined via Gas Chromatography-Mass Spectrometry (GC-MS). Coke amounts on the
catalysts were compared to each other.

2. Materials and Methods
2.1. Materials

Spirulina sp. Microalgae in powder form was bought from a local herbalist. Its elemental analysis and particle size
were described in our previous research (Ozcakir & Karaduman, 2019). According to the results , average particle
size of the sample was detected 37 um. Specific surface area was detected as 0.468 m2/g. Also, it was detected
that Spirulina had carbon content nearly 50% by mass.

PS foam was provided from a hospital as a blood collection tube tray in the form of waste. It was sliced to small
fragments. Then, its air was removed in furnace at 125 °C during 4 hours. LDPE whose type of F2-12 was provided
from Petkim Petrokimya Holding A.S.

ZSM-5 powder in ammonium form was purchased from Zeolyst International. Ni(NO3)2.6H20 and
Co(NO3)2-6H20 were supplied from Acros Organics and Surechem Products.

2.2 Catalyst Synthesis

Catalytic co-pyrolysis was done with three type catalysts which were H-ZSM-5, Ni-ZSM-5 and Co-ZSM-5. In
catalyst synthesis, the study of Giileg et al. was applied (Giileg et al., 2018). For Ni-ZSM-5 and Co-ZSM-5, metal
was doped 10% of total mass. The steps for metal doping were summarized in Fig 1. Calcination was made in
Nabertherm GmbH brand and LV 5/11/P320 model furnace. According to calcination program which was shown
in Fig 2, 550 °C was chosen to remove ammonium in commercial form of ZSM-5. H-ZSM-5 powder after
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calcination was pressed under 10 tonnes to obtain the form of pellet. Ni and Co doping to H-ZSM-5 were made
by using wet impregnation method. To obtain Ni-ZSM-5 which had 10% by mass Ni, adequate amount of
Ni(NO3)2.6H20 was weighed and mixed with H-ZSM-5. After 20 mL pure water adding to that mixture, the
solution was obtained by dispersing in ultrasonic bath whose model was Elma T310. Then, the solution was held
at room temperature during 24 hours. After then, the solution which became slurry form was dried at 120 °C
during 4 hours. Lastly, the calcination program was used again. 350 °C in calcination program was chosen for
nitrate removing in the metal salt. To obtain Co-ZSM-5 which had 10% by mass Co, the same route was applied.
Brunauer-Emmett-Teller (BET), Scanning Electron Microscope (SEM) and X-ray fluorescence (XRF) analysis
of the catalysts were given in the previous research (Ozgakir & Karaduman, 2019). According to BET analysis,
it was determined that surface area and total pore volume of H-ZSM-5 were 280 m2g-1 and 0.263 cm3g-1.
However, loading metals to the zeolite was reduced surface area and total pore volume compared to the non-
doped one. In addition to that, it was found that whole catalysts belonged to microporous class with respect to
average pore size (2 nm). According to SEM analysis, it can be understood appearently that there are no important
difference between the morphology of metal loaded ones and non-loaded one. According to XRF analysis, it was
calculated that Si/Al molar ratio of all catalysts was in the range between 60 and 70. Besides that, it was confirmed
that the desired ratio of metal loading on the catalysts was reached.

I . : .
; NH-ZSM-5 | H-ZSM-5 I Solution preparation |
; calcination ! > | (10 % Ni or Co, 90 % H- !
X ! I' ZSM-5, 20 mL pure water) |
"""""" L e e e e m i
Room
temperature.
24h
........... LT v
Pellet preparation

o frm e ememm o,
calcination i Drying of slurry

D — | (120°C.41h) !

) -

(Diameter: 13 mm,
height: 1 mm)

Temperature, °C

Figure 2. Calcination programme.

2.3 Catalytic Testing

All glass equipment and feedstock were weighed via Shimadzu UX420H brand analytical balance before the
experiments. Whole runs were carried out 15 g of feed, 25 mL/min Nitrogen flow, 10 °C/min heating rate. For
catalytic runs, catalyst bed in the middle of reactor was used to put the catalyst pellets. Glass equipments were
linked to each other safely. Aluminium foil and rock wool were used to prevent heat loss from the setup. Ethylene
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glycol whose temperature was adjusted at 0 °C was circulated in expermental setup during the experiments.
Paratherm brand PID Temperature controller was used to adjust and follow the furnace temperature. Temperature
in reactor were followed with Elimko 2000 brand digital indicator. After the experiments, whole glass equipment
except from reactor was weighed again to compute bio-oil yield. Because the reactor was full with only solid
residue after the runs. Gaseous products was not collected. Semi batch experimental setup was shown in Fig 3.

The runs were started with thermal pyrolysis of SP which was carried out at 570 and 520 °C. Then effect of PS
and LDPE adding to the SP was investigated. In our previous study, we have obtained maximum liquid yield for
LDPE at 520 °C, for PS at 570 °C (Ozgakir & Karaduman, 2020a). Because of this, co-pyrolytic experiments were
carried out for SP/PS at 570 °C and for SP/LDPE at 520 °C. Individually PS and LDPE were added to the feed at
the ratios of 33, 50 and 67%. Then, the SP/PS and SP/LDPE feeds which gave the maximum bio-oil yields were
tested to the existence of 0.5, 1 and 1.5 grams H-ZSM-5. Lastly, the SP/PS and SP/LDPE feeds with suitable
dosage of H-ZSM-5 which was obtained the maximum bio-oil yields were tested with Ni and Co loaded catalysts
at the same dosage.

=~ L1111
S O

1 Nitrogen bottle 2 Regulator 3 Needle valve 4 Flow meter 5 PID Temperature Controller
6 Thermocouple for furnace 7 Thermocouple for reactor 8 Furnace and reactor system 9 Condenser
10 Phase separator

Figure 3. Pyrolysis setup (Celikgogiis & Karaduman, 2015).
2.4 GC-MS Analysis

The bio-oil products were analyzed by utilizing Thermo Finnigan brand DSQ 250 model GC-MS equipment.
Capillary column which was inside the instrument was Zebron Brand. The column had 0.25 mm inner diameter
and 60 m length. Temperature of the column was arranged prior to automatic injection of the sample. To begin
with, the sample was held at 45 °C for 4 min. Then, temperature was increased to 280 °C with 3°C/min heating
rate. After that, temperature was preserved at that temperature for 20 min. Total analyzing time was specified as
nearly 100 min.

2.5 Determination of coke amount

Firstly the procedure which was included drying in furnace at 200°C during 2 hours and holding at 25 °C during
0.5 hours was applied to the used catalysts in the co-pyrolysis experiments. After the catalysts had constant weight
value which was symbolized to ms, the procedure was finished. Then, temperature programme which was shown
in Fig 4 was fixed to the furnace and coke removing was started. After then, the same procedure was applied till
the weight of the catalysts did not change. That weight was symbolized as m,. Coke amount on the catalysts was
computed by taking the difference between mj and ms.

3. Results and Discussion

3.1 Catalytic co-pyrolysis of SP and PS

Effect of PS adding in feed on bio-oil amount was shown in Fig 5. Considering the results, it was concluded that
PS adding caused to the increase in bio-oil yield on a regular basis. It was an expected result. Shadangi & Mohanty

have also found that polystyrene adding to the feed increased bio-oil yield from approximately 30 to 60 wt./wt.
% at 550 °C (Shadangi & Mohanty, 2015). Maximum yield for SP and PS co-pyrolysis was obtained as 67.2% at
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570 °C and the ratio of 1/2 SP/PS. Chemical composition of this bio-oil was given in Tab 1. It was found that PS
and SP pyrolytic bio-oil comprised of nitrogenous compunds like pyrrole, indole and amide, oxygenated
compounds like m-cresol, palmitic acid, nonadecanol and aromatic hydrocarbons which had high peak area
percentage. Area percentage of Benzene-Toluene-Ethyl benzene-Xylene (BTEX) fraction and Styrene derivatives
were obtained as 11.4 and 76.41 respectively in the bio-oil. In our study in 2020, area percentage of BTEX fraction
of microalgae have been found as nearly 2 at 520 °C (Ozgakir & Karaduman, 2020b). Regarding this result, it can
be concluded that PS adding to the feed rose BTEX fraction yield.

Temperature, °C

Time, h

Figure 4. Coke removing steps.
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Figure 5. Change in bio-oil amount for SP and PS at 570 °C.

Table 1. Components in bio-oil of SP1PS2 that was obtained at 570 °C.

Retention time, min Component Formula Peak area, %
6.83 benzene CeHs 0.16
9.26 pyrrole C4HsN 0.13
10.19 toluene C7Hg 7.16
14.38 Ethylbenzene CsHio 4.05
14.83 o-xylene CsH1o 0.03
16.43 styrene CsHsg 63.88
17.66 cumene CoH12 0.31
20.63 Alpha-methylstyrene CoHio 6.44
22.68 Benzene, 2-propenyl- CoH1o 0.2
24.91 m-cresol C7HgO 0.1
30.36 naphthalene CioHs 0.05
36.43 Palmitic acid C16H30, 0.07
36.93 octadecane CigHss 0.03
39.04 3-methyl-1H-indole CoHgN 0.03
40.85 nonadecanol C1gH400 0.06
45.26 bibenzyl C1aH14 0.5
53.32 Styrene dimer CisHas 6.09

67.28 hexadecanamide C16H3sNO 0.04
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Catalytic experiments were carried out with the feed which had the ratio of 1/2 SP/PS at 570 °C. Firstly, effect of
H-ZSM-5/Feed ratio on bio-oil yield was tested. After then, the metals (Ni/Co) was loaded on H-ZSM-5 and their
effectiveness on bio-oil yield was tested by using that ratio. As shown in Fig 6, it was deduced that up to 1 g of
the catalyst did not affect the bio-oil yield and above 1 g catalyst, bio-oil yield decreased. This was an expected
result. Mo et al. have also found that H-ZSM-5 using almost did not change Spirulina’s bio-oil yield under
Nitrogen atmosphere (Mo et al., 2020). Another study have shown that Silica-Alumina catalyst decreased bio-oil
yield of Spirulina up to 10% at 550 °C (Jamilatun et al., 2020). The maximum yield was obtained as 63.5% for
1/15 H-ZSM-5/Feed ratio. As shown in Fig 7, Ni or Co loading on catalyst decreased the bio-oil yield under that
yield. But, nearly same amount of bio-oil was obtaining both Ni (56.3%) and Co (55%).
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Figure 6. Effect of H-ZSM-5 on bio-oil yield for SP and PS co-pyrolysis at 570 °C.
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Figure 7. Effect of metal loading on H-ZSM-5 on bio-oil yield for SP and PS co-pyrolysis at 570 °C.

Benzene, o-xylene and naphthalene peak areas in the bio-oils were converted to mass values by multiplying theirs
MS detector mass response factors which was given in Tab 2. Then, mass values of the components were summed.
And then, mass percentage value of each component was obtained in the bio-oil. It was assumped that bio-oils
comprised of only that components, because the response factors of other components in bio-oil were not found

in the literature.
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Table 2. Detector response factors for some aromatic compounds in bio oil (URL-1, 2015).

Aromatic compound MS detector mass response
Benzene 1.135
o-xylene 1.138
naphthalene 1.860

As shown in Fig 8, H-ZSM-5 catalyst using led to increase of naphthalene amount in bio-oil. In addition,
naphthalene amount increased with increasing catalyst amount. The amount of o-xylene did not affect from catalyst
using. Benzene amount tended to increase when catalyst amount increased from 1 to 1.5 g. As shown in Fig 9,
metal loading on catalyst did not affect the amount of selected aromatic component in the bio-oil significantly.
Che et al. have examined the effect of Zn, Fe, Ca, Ce and La loaded ZSM-5 on benzene and xylene yield during
biomass pyrolysis. They concluded the result that excessive metal loading (10%) can cause to decrease diffusion
ability and acidity of ZSM-5 (Che et al, 2019). It was thought that same situation can also happen our study for Ni
and Co metals so benzene and o-xylene yield did not change. When it was used 1 g Ni-ZSM-5, it was obtained
minimum amount of 0-xylene (0.06%) and benzene (0.30%). For naphthalene, minimum amount was obtained by
using Co-ZSM-5 (0.47%).
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Figure 9. Effect of metal loading on H-ZSM-5 on some aromatic compounds yield for SP and PS co-pyrolysis at
570 °C.

Coke percentage was obtained as 13.602 in case of HZSM-5 catalyst using for SP and PS co-pyrolysis. Ni-ZSM-
5 affected on coke minimization (10.784 %). Co-ZSM-5 did not change coke percentage importantly (13.251 %).
Javaid et al (2015) have reached that benzene and xylene caused to coke on H-ZSM-5 in their study (Javaid et al.,
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2015). As mentioned before, the minimum xylene and benzene amount was obtained when Ni-ZSM-5 was used.
It can be thought that Ni help degradation of benzene and xylene on the catalyst surface during the co-pyrolysis.

3.2 Catalytic co-pyrolysis of SP and LDPE

Effect of LDPE adding in feed on bio-oil amount was shown in Fig 10. Regarding the results, low LDPE adding
as 5 g to the feed caused to a little bit decrease in bio-oil yield from 36.3% to 29.1%. Then, it was concluded that
LDPE adding which was more 5 g to the feed caused to the increase in bio-oil yield regularly. Maximum yield for
SP and LDPE co-pyrolysis was obtained as 54.1% at 520 °C and the ratio of 1/2 SP/LDPE. Chemical composition
of that bio-oil was given in Tab 4. It was found that LDPE and SP pyrolytic bio-oil comprised of nitrogenous
compunds like pyrrole, oxygenated compounds like palmitic amide and straight chain/cyclic alkanes and alkenes
which had high peak area percentage. The amount of total aromatic hydrocarbon fraction which included benzene,
ethylbenzene, styrene, cumene and naphthalene was found as 1.28%.
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Figure 10. Change in bio-oil amount for SP and LDPE at 520 °C.

Catalytic experiments were done with the feed which had the ratio of 1/2 SP/LDPE at 520 °C. The route for
SP/LDPE was applied on the same way with SP/PS. As shown in Fig 11, it was deduced that 0.5 g of the catalyst
affected the bio-oil yield significantly. Minimum bio—oil yield was taken as 43% at that catalyst amount. For other
ratios, it was said that catalyst amount did not affect the bio-oil yield importantly. The maximum yield was
obtained as 51.2% for 1/10 H-ZSM-5/Feed ratio. As shown in Fig 12, Ni or Co loading on catalyst reduced the
bio-oil yield under that yield. But, nearly same amount of bio-oil was obtaining both Ni (50.4%) and Co (48.9%).
lliopoulou et al. have samely declared that bio-oil yield decreased when Ni and Co metals doped to ZSM-5. As a

reason of this situation, they have put forward that yield of gaseous product especially hydrogen and saturated
hydrocarbon increased (lliopoulou et al., 2012).
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Figure 11. Effect of H-ZSM-5 on bio-oil yield for SP and LDPE co-pyrolysis at 520 °C.
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Benzene, o0-xylene and naphthalene peak areas in the bio-oils were converted to mass values on the same way with
SP/PS. As given in Fig 13, H-ZSM-5 catalyst using led to increase of benzene amount in bio-oil significantly. The
amount of o-xylene did not affect from catalyst using. In addition, o-xylene amount increased with increasing
catalyst amount slightly. Naphthalene amount tended to increase when catalyst amount increased from 0.5 to 1.5
g. As shown in Fig 14, metal loading on catalyst did not affect the amount of selected aromatic component in the
bio-oil significantly. Yao et al. have also declared that benzene, o-xylene and naphtalene yield did not change
importantly with Ni loading for LDPE and biomass co-pyrolysis (Yao et al, 2015). Veses et al. have clarified the
reason of this situation. They have claimed that metal incorporation can come right on top of ion states of the
cation form zeolite. Because of this reason, acid sites of the zeolite can decreased and aromatic yield nearly did
not change (Veses et al., 2016). When it was used 1.5 g H-ZSM-5, it was obtained minimum amount of o0-xylene
(15.836%) and benzene (17.915%). For naphthalene, minimum amount was obtained by using Co-ZSM-5
(8.484%). It was obtained nearly the same amount by using Ni-ZSM-5 (8.59%).

Table 4. Components in bio-oil of SP1ILDPE2 that was obtained at 520 °C.

Retention time, min Component Formula Peak area, %
4.6 Cyclobutane, methyl- CsHio 0.61
5.18 Cyclopentene CsHs 0.11
5.62 1-hexene CeH12 1.82
6.77 benzene CeHs 0.21
7.43 cyclohexene CeHio 0.19
7.81 1-heptene C7H1a 2.34
8.15 Hexane, 3-methyl- C7H1s 1.48
8.83 Cyclohexane, methyl- C/Hua 0.27
9.22 pyrrole CsHsN 0.41

10.51 Cyclohexene, 4-methyl- C/Hw 0.38
14.29 ethylbenzene CsHio 0.12
14.55 o-xylene CgHio 0.2
15.75 styrene CsHs 0.64
17.02 nonane CoHazo 1.53
17.53 cumene CoH12 0.15
19.17 Cyclopentene, 1-butyl- CoHie 0.17
20.66 1-hexene, 2-methyl- CsH1a 0.27
21.34 1-decene CioH20 0.26
22.3 decane CioH22 1.36
23.13 cyclodecene CioHas 0.21
27.49 undecane CuH2 1.61
30.37 naphthalene CioHs 0.08
34.46 cyclododecene Ci2H2 0.22
36.6 1-pentadecene CisHaso 2.86
37.09 pentadecane CisHs2 1.52
41.49 nonadecane Ci9Ha0 1.55
41.9 1-nonadecene CioHss 0.2
45.23 1-octadecene CisHss 2.97
45.64 octadecane CigHsg 1.78
46.03 cyclopentadecane CisH3o 0.15
49.17 1-docosene Ca2Hus 2.67
49.95 1-eicosene CaoHao 0.17
52.92 heptadecene Ci7Hz 2.55
53.28 eicosane CaoHaz 1.88
56.47 hexadecene Ci6Hs2 2.49
56.79 hexadecane Ci6H3a 1.55
60.15 heneicosane C21Haa 1.54
63.07 9-nonadecene CioHss 1.99
63.36 eicosane CaoHa2 1.52
67.33 Palmitic amide Ci16H33sNO 0.15
69.32 Pentacosane CasHs 1.27

74.76 octacosane CasHss 0.74
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Coke percentage was obtained as 12.550 in case of HZSM-5 catalyst using for SP and LDPE co-pyrolysis. Both
Ni (13.645 %) and Co (17.149 %) increased coke deposition. Relatively, Ni-ZSM-5 had less coke. That situation
can be explained on the same way with SP/PS. Besides that, popular wisdom which was metal using prevented
coke formation on ZSM-5 for bio-oil production fell into decay with that result.
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Figure 12. Effect of metal loading on H-ZSM-5 on bio-oil yield for SP and LDPE co-pyrolysis at 520 °C.
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4. Conclusion

For SP and PS co-pyrolysis, maximum bio-oil amount was obtained as 67.2% by weight at 570 °C and 1/2 ratio
of SP to PS. 1 g of H-ZSM-5 catalyst and Ni-ZSM-5 using decreased that amount in the proportion of almost 4%
and 11% by weight respectively. At a result of the catalytic co-pyrolysis of SP and PS on H-ZSM-5, it was found
that PS and SP pyrolytic bio-oil comprised of nitrogenous compunds like pyrrole, indole and amide, oxygenated
compounds like m-cresol, palmitic acid, nonadecanol and aromatic hydrocarbons which had high peak area
percentage.Area percentage of Benzene-Toluene-Ethyl benzene-Xylene (BTEX) fraction and Styrene derivatives
were obtained as 11.4 and 76.41 respectively in the bio-oil. It was also determined that metal loading on the
catalyst did not affect the amount of selected aromatic components which were benzene, toluene and naphthalene
in the bio-oil significantly. The coke amount of the catalysts were found as 13.602% for H-ZSM-5, as 10.784%
for Ni-ZSM-5 and as 13.251% for Co-ZSM-5. For SP and PS co-pyrolysis, it was obtained that Nickel doping
was the effective way in coke minimization.

For SP and LDPE co-pyrolysis, maximum bio-oil amount was taken as 54.1% by weight at 520 °C and 1/2 ratio
of SP to LDPE. 1.5 g of H-ZSM-5 catalyst and Ni-ZSM-5 using decreased that amount in the proportion of almost
3% and 4% by weight respectively. At a result of the catalytic co-pyrolysis of SP and LDPE on H-ZSM-5, it was
determined that bio-oil comprised of nitrogenous compunds like pyrrole, oxygenated compounds like palmitic
amide and straight chain/cyclic alkanes and alkenes which had high peak area percentage. The amount of total
aromatic hydrocarbon fraction which included benzene, ethylbenzene, styrene, cumene and naphthalene was
found as 1.28%. It was also determined that metal loading on the catalyst increased benzene and o-xylene amount
while it decreased naphthalene amount in the bio-oil. The coke amount of the catalysts were found as 12.550%
for H-ZSM-5, as 13.645% for Ni-ZSM-5 and as 17.149% for Co-ZSM-5. For SP and LDPE co-pyrolysis, it was
found that Nickel was the most effective metal in coke minimization.

Acknowledgement

We would like to thank Ankara University Coordinatorship of Scientific Research Projects for financial support
(Project Number: 17L0443014).

References

1. Cao, Z., Niu, J., Gu, Y., Zhang, R., Liu, Y., & Luo, L. (2020). Catalytic pyrolysis of rice straw: screening of
various metal salts, metal basic oxide, acidic metal oxide and zeolite catalyst on products yield and
characterization. Journal of Cleaner Production, 122079. https://doi.org/10.1016/j.jclepro.2020.122079

. Celikgogiis, C., & Karaduman, A. (2015). Thermal-catalytic Pyrolysis of Polystyrene Waste Foams in a Semi-
batch Reactor. Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, 37(23), 2507-2513.
https://doi.org/10.1080/15567036.2011.626492

3. Chagas, B. M., Dorado, C., Serapiglia, M. J., Mullen, C. A., Boateng, A. A., Melo, M. A., & Ataide, C. H.

(2016). Catalytic pyrolysis-GC/MS of Spirulina: evaluation of a highly proteinaceous biomass source for
production of fuels and chemicals. Fuel, 179, 124-134. https://doi.org/10.1016/j.fuel.2016.03.076

4. Che, Q., Yang, M., Wang, X., Yang, Q., Williams, L. R., Yang, H., & Chen, H. (2019). Influence of

physicochemical properties of metal modified ZSM-5 catalyst on benzene, toluene and xylene production from
biomass catalytic pyrolysis. Bioresource technology, 278, 248-254,
https://doi.org/10.1016/j.biortech.2019.01.081

5. Choo, M.-Y., Oi, L. E., Ling, T. C., Ng, E.-P., Lee, H. V., & Juan, J. C. (2020). Conversion of Microalgae

Biomass to Biofuels. In Microalgae Cultivation for Biofuels Production (pp. 149-161). Elsevier.
https://doi.org/10.1016/b978-0-12-817536-1.00010-2

6. Du, Z.,, Ma, X., Li, Y., Chen, P, Liu, Y., Lin, X., Lei, H., & Ruan, R. (2013). Production of aromatic

hydrocarbons by catalytic pyrolysis of microalgae with zeolites: Catalyst screening in a pyroprobe. Bioresource
Technology, 139, 397-401. https://doi.org/10.1016/j.biortech.2013.04.053

7. Elsayed, 1., & Eseyin, A. (2016). Production high yields of aromatic hydrocarbons through catalytic fast

pyrolysis of torrefied wood and polystyrene. Fuel, 174, 317-324. https://doi.org/10.1016/j.fuel.2016.02.031

8. Eschenbacher, A., Andersen, J. A., & Jensen, A. D. (2020). Catalytic conversion of acetol over HZSM-5

catalysts — influence of Si/Al ratio and introduction of mesoporosity. Catalysis Today.
https://doi.org/10.1016/j.cattod.2020.03.041

9. Fan, X., & Jiao, Y. (2019). Porous materials for catalysis: Toward sustainable synthesis and applications of

zeolites. In Sustainable Nanoscale Engineering: From Materials Design to Chemical Processing (pp. 115-

N




OZCAKIR & KARADUMAN Bartin University International Journal of Natural and Applied Sciences
JONAS, 2021, 4(1): 20-32

137). Elsevier. https://doi.org/10.1016/B978-0-12-814681-1.00005-9

10. Fanta, F. T., Dubale, A. A., Bebizuh, D. F., & Atlabachew, M. (2019). Copper doped zeolite composite for
antimicrobial activity and heavy metal removal from waste water. BMC Chemistry, 13(1), 1-12.
https://doi.org/10.1186/s13065-019-0563-1

11. Gurdeep Singh, H. K., Yusup, S., Quitain, A. T., Abdullah, B., Ameen, M., Sasaki, M., Kida, T., &
Cheah, K. W. (2020). Biogasoline production from linoleic acid via catalytic cracking over nickel and copper-
doped ZSM-5 catalysts. Environmental Research, 186, 109616. https://doi.org/10.1016/j.envres.2020.109616

12. Giileg, F., Ozen, A., Niftaliyeva, A., Aydin, A., Simsek, E. H., & Karaduman, A. (2018). A kinetic study
on methylation of naphthalene over Fe/ZSM-5 zeolite catalysts. Research on Chemical Intermediates, 44(1),
55-67. https://doi.org/10.1007/s11164-017-3090-5

13. Hita, 1., Cordero-Lanzac, T., Bonura, G., Cannilla, C., Arandes, J. M., Frusteri, F., & Bilbao, J. (2019).
Hydrodeoxygenation of raw bio-oil towards platform chemicals over FeMoP/zeolite catalysts. Journal of
Industrial and Engineering Chemistry, 80, 392—400. https://doi.org/10.1016/j.jiec.2019.08.019

14. Ibarra, A., Hita, 1., AzKkoiti, M. J., Arandes, J. M., & Bilbao, J. (2019). Catalytic cracking of raw bio-oil
under FCC unit conditions over different zeolite-based catalysts. Journal of Industrial and Engineering
Chemistry, 78, 372-382. https://doi.org/10.1016/j.jiec.2019.05.032

15. lisa, K., Kim, Y., Orton, K. A., Robichaud, D. J., Katahira, R., Watson, M. J., Wegener, E. C., Nimlos,
M. R., Schaidle, J. A., Mukarakate, C., & Kim, S. (2020). Ga/ZSM-5 catalyst improves hydrocarbon yields
and increases alkene selectivity during catalytic fast pyrolysis of biomass with co-fed hydrogen. Green
Chemistry, 22(8), 2403-2418. https://doi.org/10.1039/c9gc03408k

16. lliopoulou, E. F., Stefanidis, S. D., Kalogiannis, K. G., Delimitis, A., Lappas, A. A., & Triantafyllidis, K.
S. (2012). Catalytic upgrading of biomass pyrolysis vapors using transition metal-modified ZSM-5 zeolite.
Applied Catalysis B: Environmental, 127, 281-290. https://doi.org/10.1016/j.apcatbh.2012.08.030

17. Jamilatun, S., Suhendra, Budhijanto, Rochmadi, Taufikurahman, Yuliestyan, A., & Budiman, A. (2020).
Catalytic and non— catalytic pyrolysis of Spirulina platensis residue (SPR): Effects of temperature and catalyst
content on bio-oil yields and its composition. AIP Conference Proceedings, 2248(1), 060003.
https://doi.org/10.1063/5.0013164

18. Javaid, R., Urata, K., Furukawa, S., & Komatsu, T. (2015). Factors affecting coke formation on H-ZSM-5
in naphtha cracking. Applied Catalysis A: General, 491, 100-105. https://doi.org/10.1016/j.apcata.2014.12.002

19. Kakiuchi, Y., Tanigawa, T., Tsunoji, N., Takamitsu, Y., Sadakane, M., & Sano, T. (2019). Phosphorus
modified small-pore zeolites and their catalytic performances in ethanol conversion and NH3-SCR reactions.
Applied Catalysis A: General, 575, 204-213. https://doi.org/10.1016/j.apcata.2019.02.026

20. Khivantsev, K., Jaegers, N. R., Kovarik, L., Prodinger, S., Derewinski, M. A., Wang, Y., Gao, F., &
Szanyi, J. (2019). Palladium/Beta zeolite passive NOx adsorbers (PNA): Clarification of PNA chemistry and
the effects of CO and zeolite crystallite size on PNA performance. Applied Catalysis A: General, 569, 141
148. https://doi.org/10.1016/j.apcata.2018.10.021

21. Li, X., Dong, W., Zhang, J., Shao, S., & Cai, Y. (2020). Preparation of bio-oil derived from catalytic
upgrading of biomass vacuum pyrolysis vapor over metal-loaded HZSM-5 zeolites. Journal of the Energy
Institute, 93(2), 605-613. https://doi.org/10.1016/j.joei.2019.06.005

22. Lin, X., Zhang, Z., & Wang, Q. (2019). Evaluation of zeolite catalysts on product distribution and synergy
during wood-plastic composite catalytic pyrolysis. Energy, 189, 116174,
https://doi.org/10.1016/j.energy.2019.116174

23. Liu, S. N,, Cao, J. P, Zhao, X. Y., Wang, J. X., Ren, X. Y., Yuan, Z. S., Guo, Z. X., Shen, W. Z., Bai, J.,
& Wei, X. Y. (2019). Effect of zeolite structure on light aromatics formation during upgrading of cellulose fast
pyrolysis vapor. Journal of the Energy Institute, 92(5), 1567—-1576. https://doi.org/10.1016/j.joei.2018.07.017

24. Mo, L., Dai, H., Feng, L., Liu, B., Li, X., Chen, Y., & Khan, S. (2020). In-situ catalytic pyrolysis upgradation
of microalgae into hydrocarbon rich bio-oil: Effects of nitrogen and carbon dioxide environment. Bioresource
Technology, 314, 123758. https://doi.org/10.1016/j.biortech.2020.123758

25. Nagar, H., Badhrachalam, N., Rao, V. V. B., & Sridhar, S. (2019). A novel microbial fuel cell incorporated
with polyvinylchloride/4A zeolite composite membrane for kitchen wastewater reclamation and power
generation. Materials Chemistry and Physics, 224, 175-185.
https://doi.org/10.1016/j.matchemphys.2018.12.023

26. Ozgakir, G. (2020). Adsorption of Cu(ll) from agueous solution by using pyrolytic bio-char of Spirulina.
Journal of the Institute of Science and Technology , 10 (1) , 73-83. https://doi.org/10.21597/jist.599528

27. Ozcakir, G., & Karaduman, A. (2019). Obtaining Hydrocarbon Rich Bio-Oil Via Catalytic Co-Pyrolysis of
Plastic Wastes And Spirulina Sp. Microalgae. International Journal of Research in Engineering and Science,
7(4), 12-22. http://www.ijres.org/papers/VVolume%207/Issue-4/C0704011222.pdf

28. Ozcakir, G., & Karaduman, A. (2020a). Chemical recovery from polystyrene waste and low density




OZCAKIR & KARADUMAN Bartin University International Journal of Natural and Applied Sciences
JONAS, 2021, 4(1): 20-32

polyethylene via conventional pyrolysis. Eskisehir Osmangazi Universitesi Miihendislik ve Mimarlik Fakiiltesi
Dergisi, 28(2), 155-163. https://doi.org/10.31796/ogummf.734475

29. Ozcakir, G., & Karaduman, A. (2020b). Detecting chemicals with high yield in pyrolytic liquid of spirulina
sp. microalgae via GC-MS. International Journal of Energy Applications and Technologies, 7(4), 107-114.
https://doi.org/10.31593/ijeat.772113

30. Palizdar, A., & Sadrameli, S. M. (2020). Catalytic upgrading of biomass pyrolysis oil over tailored
hierarchical MFI zeolite: Effect of porosity enhancement and porosity-acidity interaction on deoxygenation
reactions. Renewable Energy, 148, 674-688. https://doi.org/10.1016/j.renene.2019.10.155

31. Peng, C., Liu, Z., Yonezawa, Y., Yanaba, Y., Katada, N., Murayama, I., Segoshi, S., Okubo, T., &
Wakihara, T. (2019). Ultrafast post-synthesis treatment to prepare ZSM-5@Silicalite-1 as a core-shell
structured  zeolite  catalyst. ~ Microporous and  Mesoporous  Materials, 277,  197-202.
https://doi.org/10.1016/j.micromeso.2018.10.036

32. Persson, H., Duman, 1., Wang, S., Pettersson, L. J., & Yang, W. (2019). Catalytic pyrolysis over transition
metal-modified zeolites: A comparative study between catalyst activity and deactivation. Journal of Analytical
and Applied Pyrolysis, 138, 54-61. https://doi.org/10.1016/j.jaap.2018.12.005

33. Serrano, D. P., Melero, J. A., Morales, G., Iglesias, J., & Pizarro, P. (2018). Progress in the design of
zeolite catalysts for biomass conversion into biofuels and bio-based chemicals. Catalysis Reviews - Science
and Engineering, 60(1), 1-70. https://doi.org/10.1080/01614940.2017.1389109

34. Shadangi, K. P., & Mohanty, K. (2015). Co-pyrolysis of Karanja and Niger seeds with waste polystyrene to
produce liquid fuel. Fuel, 153, 492-498. https://doi.org/10.1016/j.fuel.2015.03.017

35. Srivastava, R., Choi, M., & Ryoo, R. (2006). Mesoporous materials with zeolite framework: Remarkable
effect of the hierarchical structure for retardation of catalyst deactivation. Chemical Communications, 43,
4489-4491. https://doi.org/10.1039/b612116k

36. Suarez, S., Jansson, 1., Ohtani, B., & Sanchez, B. (2019). From titania nanoparticles to decahedral anatase
particles: Photocatalytic activity of TiO 2 /zeolite hybrids for VOCs oxidation. Catalysis Today, 326, 2—7.
https://doi.org/10.1016/j.cattod.2018.09.004

37. URL-1 (2015). https://solutions.shimadzu.co.jp/an/n/en/gcms/sio216012.pdf

38.Veses, A., Puértolas, B., Lopez, J. M., Callén, M. S., Solsona, B., & Garcia, T. (2016). Promoting
deoxygenation of bio-oil by metal-loaded hierarchical ZSM-5 zeolites. ACS Sustainable Chemistry &
Engineering, 4(3), 1653-1660. https://doi.org/10.1021/acssuschemeng.5b01606

39. Yao, W, Li, J., Feng, Y., Wang, W., Zhang, X., Chen, Q., & Wang, Y. (2015). Thermally stable phosphorus
and nickel modified ZSM-5 zeolites for catalytic co-pyrolysis of biomass and plastics. RSC Advances, 5(39),
30485-30494. https://doi.org/10.1039/C5RA02947C

40. Zheng, Y., Wang, F., Yang, X., Huang, Y., Liu, C., Zheng, Z., & Gu, J. (2017). Study on aromatics
production via the catalytic pyrolysis vapor upgrading of biomass using metal-loaded modified H-ZSM-5.
Journal of Analytical and Applied Pyrolysis, 126, 169-179. https://doi.org/10.1016/j.jaap.2017.06.011



https://solutions.shimadzu.co.jp/an/n/en/gcms/sio216012.pdf

Research Article Bartin University International Journal of Natural and Applied Sciences
Arastirma Makalesi JONAS, 4(1): 33-39 e-ISSN: 2667-5048
31 Temmuz/July, 2021

CERTAIN PHYSICAL PROPERTIES OF THE BUILDING
STONES FROM ELAZIG-TUNCELI-ERZINCAN-BAYBURT
PROVINCES

Ayse Bicer
Department of Bioengineering, Malatya Turgut Ozal University, 44210, Malatya-Turkey

Abstract

In this study, certain physical properties of Korpe Stone (Elazig), Karakocan Stone (Elazig), Hozat (Tunceli),
Erzincan andesite (Erzincan) and Bayburt stones found in four provinces and used as building construction
materials are subjected to analysis. These stones are used as building elements in the region, while also being
praised by the public for their ease of processing and their thermal properties. The objective is to determine the
kind of properties the stones that are used in the region actually have as building elements. In order to determine
the physical properties of the stones, samples were taken from two separate quarries for each stone. Following the
tests carried out on the samples, The thermal conduction coefficients of Karakocan Stone (0.44 W/mK), Korpe
Stone (0.71 W/mK) and Bayburt Tuff (0.74 W/mK) were lower than the others, whereas the pressure stresses of
Korpe Stone (52.6 MPa) and Erzincan Andesite (62.8 MPa) were higher than the others and compared with similar
building materials.

Keywords: Korpe stone, Karakocan stone, Hozat stone, Erzincan andesite, Bayburt tuff, building material

1. Introduction

Energy costs, price increases in building materials and the increase in the need for housing can render it rather
more effective to use local stones as building materials. Stones are generally used as carrier elements, while on the
other hand rarely used as a filling element. In this context, the following stones can be shown as examples: Ahlat
stone of Bitlis province, Malazgirt stone of Mus province, Karacadag stone of Diyarbakir, Urgup stone of
Nevsehir, "karga sabunu" stone of Sanliurfa province (Bicer, 2019-a, b, ¢). From an economic point of view, it
can be concluded that using stone at certain distances from the quarry is more suitable than fabricated building
elements such as block brick, perforated brick, and briquette. Stones can be easily cut with a saw just as a piece of
wood due to the moisture in their growth when they are newly extracted from the quarry. In addition, these stones
can be drilled, and carved with hard objects.

A number of studies have been carried out on building blocks. These studies can be summarized in two groups.
The first group consists of studies on the formation, deterioration and protection of stones. The example studies
carried out in this context can be shown as follows: Gevrek & Kazanci (1991), ignimbrite formation; Kazanci &
Gurbuz (2014), the geological formation of the natural stone of Turkey; Pivko (2003), the historical formation of
stones in the world. In addition, Akilli (1987), carried out studies on the factors that cause the destruction of stone
artifacts. Gurdal (1982), carried out researches on the deterioration and protection of natural stones used in
monuments and buildings. The studies conducted by Akin vd. (2014), within the scope of "the sensitivity of Ahlat
Stone under atmospheric effects” can be shown as an example in this context.

The second group consists of studies on the use of stones as building materials. In this context, the following
studies can be shown as examples: Bakis vd. (2014), the use of the Ahlat stone with a geological heritage quality
in the construction sector; Bicer (2019-a) Ahlat & Malazgirt stones; Bicer (2019-b), building blocks used in
Southeastern Anatolia Region provinces; Bicer (2019-c), thermal and mechanical properties of stones used as
building materials in Elazig, Malatya, Adiyaman and Nevsehir provinces.

*Sorumlu Yazar (Corresponding Author):

Ayse Bicer, Department of Bioengineering, Malatya Turgut Gelis (Received) : 06.01.2021
Ozal University, 44210, Malatya-Turkey Kabul (Accepted) : 03.03.2021
e-mail: ayse.bicer@ozal.edu.tr Basim (Published) : 31.07.2021


mailto:ayse.bicer@ozal.edu.tr

BICER Bartin University International Journal of Natural and Applied Sciences
JONAS, 4(1): 33-39

In this study, certain physical properties of the following stones were subjected analysis: Korpe stone used in the
center of Elazig province; Karakocan stone located in Karakocan district of Elazig province; Hozat stone located
in Hozat district of Tunceli province; Andesite stone found in Erzincan province and Bayburt tuff located in
Bayburt province (Fig. 1). Stones have been used as a structural element in regional structures for many years and
have been accepted as a reliable building element by the public. Erzincan andesite stone, on the other hand, was
mostly used as pavement and building siding material in the region. It is unclear whether the stones are actually a
durable building material or they are used because of its affordability and ease of supply. This study has been
carried out to shed light on this matter.
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Figure 1. Location of provinces in the East Anatolia Region of Turkey

2. Material and Methods
2.1. Material

The samples of 150x60x20 mm? for thermal tests and 100x100x100 mm? for compressive strength and abrasion
tests were prepared from block masses taken from two different quarries of each region under investigation (Fig.
2).

Korpe Stone: The quarries are located in the village of Korpe, with a distance of 15 km to Elazig province, and
possess enriched reserves. The stones are used as minarets, stairs, tombstones and cobblestones, especially in
building constructions.

Karakocan Stone: It is located in Karakocan district of Elazig province. This stone is a white colored limestone.

Hozat Stone: Located in the town of Hozat in Tunceli province, the stone is in the organic sedimentary stone
class. It has a whitish color.

Erzincan Andesite Stone: The quarries are composed of external igneous andesite stone formed by volcanic lavas
located in the Karatepe locality of Erzincan province. In this region, it is used in a wide range from sidewalks to
curbs, from mosque fountains to siding and decorative construction works.

Bayburt Stone (Tuff): Itis located in the province of Bayburt and known in terms of widespread use in different
areas and having large reserves. Stones can be used as wall-covering and surface covering as well as restoration,
bridge, mosque fountain.




BICER Bartin University International Journal of Natural and Applied Sciences
JONAS, 4(1): 33-39

d) €)
Figure 2. Samples stones a) Korpe, b) Karakocan, ¢) Bayburt tuff, d) Hozat, e) Erzincan andesite stone

2.2. Testing Methods

Thermal conductivity, specific heat capacity and thermal diffusivity tests:

The measurements were made with the "Isomet 2104" brand device, which measures in transient mode and works
with the hot wire method. With this device, which takes the measurements as per the DIN 51046 norm, the thermal
conductivity coefficient was measured at 22-25 °C and from 3 different points on each sample. Then, the arithmetic
mean of these 3 values was taken, accordingly. The device performs the measurement process with the following
parameters: the measurement of the heat transfer coefficient with an accuracy of 5% in the range of 0.02-6 W/mK
- the volumetric specific heat capacity with an accuracy of 15% in the range of 4.0x10%- 4.0x10° J/m®K (Isomet
2104, 2011), (Vysmauskas & Zikas, 1988). Measurement results are given in Table 2.

Unit weight test:
The dry weights of the samples were measured on a scale with an accuracy of 1% and unit weight parameters
were identified by determining the sample volumes.

Compressive, tensile strengths and volume abrasion tests:

The strength tests were performed on the samples in accordance with TS 699 standard (TS 699/T1, 2016). The
compressive strength tests of the samples were carried out with the "Ele International” branded device with 3000
kN loading capacity, equipped with a digital control panel, having adjustable loading speed and bearing the ability
to apply force in one axis. Compressive strength results are converted into tensile strength according to TS 500
with the following Eq. (1) (TS 500, 2000).

fou = 0,35.Vfck 1)

In here, f: compressive strength (MPa) and feu: tensile strength (MPa)

Water absorption test:

The purpose of this test is to investigate the presence of a dry volume in which the ice crystals formed in the
freezing process of the building materials that are in direct contact with water can have the opportunity to expand
(TSE 4045, 1984), Dincer vd. (2012). This property provides assurance against freezing in the material. The dry
weight (W) of each sample was determined, accordingly. Then, the water level was gradually raised in a water
bowl where the samples were placed. Additionally, water was added to the container so that all the samples were
in water, as deemed required. The change in the weight of the samples against time can be seen in Figure 3. After
the samples were kept in water for 48 hours, they were removed from the water and wiped. Then, the water-
impregnated weights (Wg) of the samples were determined, and the water absorption rate was calculated by Eq. 2.
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Water absorption percent = % .100 (2)

Drying ratio:

The objective of the drying rate test is to investigate the breathability presence of samples (Giirdal, 1982). After
the samples were kept in a water container for 48 hours, they were removed from the water and wiped with a wet
cloth and then left to dry naturally at 22 °C room temperature. The rates were calculated with Eq. (3) for a drying
period of 24 hour. Since drying is ensured through evaporation from the surface of the material, we can see the
movement of water from the material depth to the surface through capillary channels. In other words, moisture is
drained from the body by means of its vapor permeability resistance, thus drying in this direction

. . _ wd-Wk
Drying ratio = wa .100 ?3)

3. Results and discussions

The following results were obtained in this study, carried out to investigate the thermal and mechanical properties
of certain stones that are used in the center and districts of Elaz1g, Tunceli, Erzincan and Bayburt provinces located
in the Eastern Anatolia Region, while also having large reserves. The chemical analysis results of the stones can
be seen in Table 1.

Table 1. The chemical composition of the samples, (%)
Component  SiO2 AlkOs Fe:03 CaO MgO Lossof Undefined

Material ignition

Korpe (Elazig) 505 031 030 5234 0.82 40.84 0.34
Karakocan (Elazig) 4946 12.77 2.1 6.10 1.33 5.66 2.58
Hozat (Tunceli) .0.33 - - 5475 1.07 42.11 1.74
Andesite (Erzincan) 63.42 1045 481 8.06 2.88 9.24 1.21
Bayburt tuff (Bayburt)  69.08 12.10 .1.38 233 0.88 13.4 1.03

Korpe stone is extremely resistant to cold and heat. During the removal from the furnace, the moisture content is
conferred to be high, and it is easy to process. The strength increases after the moisture is removed from its body.

When Table 2 is examined, it can be seen that Korpe stone with a 0.71 W/mK average thermal conductivity
coefficient and 2.54x10°" m?/s thermal diffusivity coefficient, it looks better than similar materials as can be seen
in Table 3 within the scope of both continuous and time dependent regimes. Moreover, considering 52.6 MPa
compressive and 5.4 MPa tensile strength, it presents values close to high strength natural building stones. Also,
it has approximately equivalent strength with artificial materials such as concrete briquette, brick, and aerated
concrete. With volume abrasion ratio of 1.2%, it shows that it can be used as a construction element subject to
excessive wear such as stairs and parquet (Table 4).

Table 2. Thermal properties of stones

Unit Thermal Specific heat ~ Thermal
Material weight  conductivity capacity diffusivity
(kg/m®) (W/mK) Cp(J/kgK)  a.10”(m?s)
Korpe 2390 0.71 1038 2.54
Karakocan 1280 0.44 1027 3.36
Hozat 2200 1.80 884 9.25
Erzincan 2650 1.65 1112 5.20

Bayburt 2173 0.74 1045 3.25
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Table 3. The physical properties of some building materials and natural stones (Toksoy 1998].

Unit Thermal Specific heat Thermal

Material weight conductivity capacity diffusivity

(g/cm®) (W/mK) Cp(J/kg°C)  a.107(m?s)
Concrete 1906 0.814 879 491
Granite 2643 1.73-3.98 816 13.15
Limestone 2483 1.16 906 5.68
Common brick 837 0.692 837 5.16
Sandstone 2235 1.855 712 11.65
Marble 2603 277 808 3.94

Table 4. Mechanical properties of stones

Compressive Tensile Water Volume

Material strength strength  absorption  abrasion
(MPa) (MPa) (%) (%)
Korpe 52.6 2.54 1.55 1.2
Karakocan 8.2 1.00 17.5 4.9
Hozat 21.0 1.60 5.54 6.9
Erzincan 62.8 2.77 1.58 0.36
Bayburt 29.1 1.89 7.95 1.4

Karakocan stone looks better than concrete, granite, limestone, marble and plain brick with its heat conduction
coefficient and thermal dissipation value (0.440 W/mK, 3.36x107 m?/s) (Table 2). It is a great advantage that stone
can be easily processed compared to many building elements, while also being able to be opened, drilled, cut,
carved, and allowing the use of nails and screws in electrical and plumbing channels.

In terms of energy saving, Hozat stone ((with 1.80 W/mK (Thermal conductivity), 884 Cp(J/kgK) (Specific heat
capacity) was not found to have significant superior values compared to similar building materials. However, the
compressive and tensile values (21 MPa, 1.60 MPa) are approximately equivalent to artificial materials such as
briquette, brick and aerated concrete. In terms of abrasion resistance, Hozat stone does not possess the required
strength (6.9%) (Table 4). Based on this reason, it prevents the same from being used as a structural element
subject to excessive wear such as stairs and parquet. The fact that the stone is easy to obtain, with a high
affordability characteristic, seems to be the reason for preference.

Erzincan andesite stone looks better with its 1.65 W/mK average thermal conductivity coefficient compared to
granite, sandstone and marble from similar materials as can be seen in Table 2 and Table 3. With volume abrasion
of 0.36%, these stones are used extensively in the facade of the building and as pavement and road covering, also
for curbstone.

Bayburt tuff, with its thermal conductivity value of 0.74 W/mK, is better than granite, sandstone, marble and
limestone and close to concrete values, while it has lower values compared to these materials in terms of diffusion
coefficient (3.25x107 m?/s) (Table 2).

In the water absorption experiments performed on the samples, the water absorption rates that are slightly different
were obtained. However, the results are well below 30% critical value (Table 4). Considering the climatic
conditions of the region, there is no cracking of the materials, dusting on the surface and crusting or dispersion of
the total mass due to freezing. The time-based weight changes of the samples can be seen in Fig. 3.
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Figure 3. Mass change of samples in water absorption

In the drying experiment, the change in weights of the samples against time can be seen in Figure 4. Examining of
the Fig. 4, it can be seen that the stones have limited respiration ability.
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Figure 4. Mass change of samples in the drying test

The preference reasons for using Erzincan andesite stone can be summarized as follows: The low cost of stones;
convenient accessibility of stones; rich reserves of stones; energy saving advantages; the use of stones as partition
load-bearing elements in buildings instead of bricks or briquettes; being used as building exterior, road and paving
stone thanks to its strength values

4. Conclusions

It has been accepted as a reliable building material by the local people. Following the research and tests carried
out on the stones used, based on the following reasons;

v’ These stones are rich in reserves and can be used for many years.

v’ The accessibility of stones are convenient, while also being within a high affordability range,
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v’ Karakocan, Korpe and Bayburt stones possess low thermal conductivity coefficient (0.44 W/mK, 0.71
W/mK and 0.77 W/mK). Use of the same instead of bricks in building exterior walls is of importance in
terms of energy saving.

v Examining the stones, it can be seen that Korpe stone (52.6 MPa, compressive strength, 1.2% volume
abrasion rate), Bayburt stone (29.1 MPa compressive strength, 1.4% volume abrasion rate), Hozat stone
(21 MPa compressive strength) and Erzincan andesite stone (62.8 MPa compressive strength, 2.36%
volume abrasion rate) in particular prove that they can be used as load-bearing wall materials, as well as
wear-resistant flooring material.

v' The stones can be used in humid environments thanks to their water absorption rate of less than 30%.
They also possess breathability characteristics, albeit it is relatively low.

These stones are preferred to be used as building materials in the region and neighbouring provinces based on the
reasons as mentioned above.
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KURLENME VE KURUTMA FIRINI BACA GAZI ATIK ISISI
GERI KAZANMA SISTEMLERI VE ORNEK BIR
UYGULAMA

Sezgin Cavusoglu!, Mustafa Atmaca®”
1 Marmara Universitesi, Teknoloji Fakiiltesi, Makine Miihendisligi Boliimii, 34730, ISTANBUL
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Enerjinin ekonomik ve sosyal refahin 6nemli belirtilerinden biri oldugu ve hayat kalitesinin artirilmasinda 6nemli
bir rolii oldugu bilinmektedir. Ozellikle gelismekte olan iilkelerde artan niifus, sanayilesme ve teknolojik
gelismelerden dolayi enerjiye olan talep giderek artmaktadir. Bu artis ile iilkeler enerjiye kolay, ucuz ve kesintisiz
bir bicimde ulagmak istemektedirler. Bu nedenle iilkeler alternatif enerji kaynaklarina ve enerjiyi daha verimli
kullanabilecekleri sistemlere yonelmislerdir. Ulkemizde de bu tip sistemler i¢in uygulamalar yayginlasmaktadir.
Ozellikle enerji tiikketimi fazla olan sanayi sektoriinde enerjiyi daha verimli kullanmak igin baca gaz1 atik 1s1sinin
geri kazanimi bu uygulamalarin baginda gelmektedir. Bu ¢aligmada otomotiv sektériinde kullanilan boyahane
tesislerinin boya kurutma ve kiirlenme firin1 atik 1sisindan yararlanarak enerji verimliligini artirmak ve sicak su
kazaninin enerji tiiketim yiikiinii azaltmak i¢in kullanilabilecek enerji geri kazanim sistemleri degerlendirilmis ve
uygun bir 1s1 doniistiiriicii sistemi tasarlanmistir. Sistemin getirecegi faydalar hesaplanmustir.

Endiistriyel toz boya tesislerinde boyanmasi istenen metal pargalar, boyama sathasina gelene kadar bir¢ok iglem
gormektedir. Par¢anin boyanabilmesi i¢in dncelikle pargalar yag alma banyolarindan ge¢gmektedir. Sonrasinda
metal ylizey iizerinde boyanin tutunabilmesi igin ¢inkofosfat ile kimyasal tepkime sonucu yiizey asindirma
gerceklestirilmektedir. Tepkime sonlandirilmasi i¢in pasivasyon banyosundan gecen pargalar DI (deiyonize) su ile
yikanmaktadir. Boyama iglemine tiim parcalar tamamen kuru girmesi gerektiginden dolay1 boya iglemi 6ncesinde
pargalar kurutma firmnindan gegcirilerek tizerinde kalan su kurutulmaktadir. Bu sekilde boya kabininden gecen ve
boyanan pargalar mamul hale gelebilmesi igin kiirlenme firinindan gegerek toz boyanin pismesi saglanmaktadir.
Son olarak firin ¢ikigsinda kiirlenme operasyonunda pargalar {izerine transfer olan 1smin desarj edilmesi icin
sogutma boliiminden gegerek montajlamaya uygun hale gelmektedir. Bu proseste bahsi gegen kurutma ve
kiirlenme firin1 baca gazlarindaki atik 1s1, 1s1 doniistiiriicii ile geri kazanilarak ¢inkofosfat banyosundan ¢ikan ve
dogalgaz kombisine tekrar 1sitilmak tizere dénen su borularina 1simin transfer edilmesi amaglanmaktadir. Bu sayede
kombi giris ve ¢ikist arasindaki AT miktarint diistirmek ve bu yontem ile dogalgaz tiiketim miktarini azaltarak
enerji kullanim verimliligini artirmak amacglanmaktadir. Sistem dogal kaynaklarin daha az kullanimi ve enerji
verimliligini artirmanin diginda ¢evre kirliligi konusunda da karbon salinimini azalttig1 i¢in daha temiz bir dogaya
katkida bulunacaktir.

Anahtar Kelimeler: Is1 doniistiiriicii, atik baca gazi, atik 1s1, enerji tasarrufu, enerji kazanimi, yenilenebilir enerji

CURING AND DRYING OVEN CHIMNEY GAS WASTE HEAT
RECOVERY SYSTEMS AND A SAMPLE APPLICATION

Extended Abstract

It is known that energy is one of the important signs of economic and social welfare, and it has an important role
in increasing the quality of life. Demand for energy, especially due to increased population, industrialization and
technological developments in developing countries, is increasing steadily. With this increase, countries want to
achieve energy in an easy, cheap and uninterrupted manner. Thus, countries have shifted to alternative energy
sources and systems where they can use energy more efficiently. In our country, applications for such systems are
becoming widespread. Especially in the industrial sector, where energy consumption is high, recovery of the waste
gas waste heat is at the beginning of these applications in order to use energy more efficiently. In this study, in
order to increase energy efficiency of powder coating facilities, energy recycling systems researched and an heat
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exchanger system has been designed to utilize the paint drying and curing oven waste to heat water then systems
results and benefits was investigated.

Parts which are requested to be painted by industrial powder coating facility must have several steps to be able to
paint. First of all oil is eliminated from metal by passing inside of oil eliminating baths. To provide good paint
sticking onto metal surface, chemical reaction is actualized with zinc phosphate to receive corroded surface. For
finishing of the reaction parts go inside of passivation bath. Parts are washed with DI (deionized) water to remove
chemicals from part. All parts must be totally dry before entering to paint booth therefore one drying oven is used
to provide good parts. After painting parts go inside of the curing oven to get final shape. Curing oven cooks the
powder and parts go out by passing inside of cooling zone for discharging of transferred heat inside of curing oven.
The drying and curing ovens mentioned in this process contains waste heat inside of their chimneys. Aim of this
project is decreasing AT of zinc phosphate bath central heating boiler’s input and output values by using occurred
waste heat in oven chimneys. This heat will be transferred to central heating boiler input water pipe and ought to
this heat transfer boiler efficiency will be improved.

Keywords: Heat exchanger, waste heat, waste chimney gas, energy saving, energy gaining, recyclable energy

1. Girig

Atik 1sidan enerji geri kazanimu sistemleri, baca gazi vb. gibi atmosfere birakilan isilarin sicak su besleme
sistemlerine geri kazandirilmasina olanak saglamaktadir. Atik 1silarin kazanilabilecegi farkli ortam ve sartlara gore
1s1 geri kazanim sistemleri gesitlilik gostermektedir. Atik 1s1 geri kazanim sistemleri kurulmadan 6nce uygun olan
sistem dogru analiz edilmeli ve segilmelidir. Dogru se¢im, daha fazla enerji kazanimi ve daha kisa siirede
amortisman saglamaktadir (Gurbuz, 2009).

Enerji kaynaklarini; kullaniglarina, doniistiiriilebilir olmast ve ikincil enerji kaynaklari parametrelerine gore
ayrilmaktadir. Digaridan miidahale edilmemis, bdylece hi¢bir degisime ugramamis enerji tiirii birincil enerji olarak
adlandirilmaktadir. Genel olarak baslica enerji kaynaklari; komiir, petrol, dogalgaz, giines, riizgar, hidrolik,
niikleer, biokiitle ve dalgadir. Birincil enerji kaynagina digaridan bir miidahale ile degisime ugratilmasi, boylece
farkli enerji cesidine doniismesiyle olusan enerji tiirii ikincil enerji olarak adlandirilmaktadir. Tiikenir enerji
kaynaklart belli bir rezerv diizeyi olan ve gelecek siiregte tiikenecegi ongoriillen enerji kaynaklarini ifade
etmektedir. Bunlar baglica fosil kaynakli baglik adi altinda komiir, dogalgaz, petrol olarak parametrelere
ayrilmaktadir. Tilkenmez enerji kaynagi ise uzun gelecek vaat eden, daimi kullanima agik olan dogal yollar ile
elde edilen yenilenebilir enerji anlamina gelmektedir (URL-1, 2020).

Ozellikle fosil kaynaklar yoniinden fakir olan AB iilkeleri ve sanayisi gelismis uzak dogu iilkeleri ile enerji
tilketimi devasa bir agsamada olan ABD bu kaynaklarin gelistirilmesi ve yayginlastirilmasi alanlarinda liderlik
etmislerdir (Yilmaz, 2012). Diger bir husus ise gelecek nesiller igin fosil yakitlardan, komiiriin yaklagik 250 yil
petroliin ise en fazla 50 yil sonra tiikenecegi bilindigine gore bunlara ikame olarak yeni enerji kaynaklarinin
bulunup degerlendirilmesinin ne kadar 6nemli oldugu ortaya ¢ikmaktadir (Bahar, 2005).

Ulkemiz mevcut enerji kaynaklar1 dikkate alindiginda kendi kendine yetebilen bir iilke olmadigi ortaya
citkmaktadir. Ancak Tiirkiye, stratejik bir cografi konumda oldugu i¢in enerji potansiyeli agisindan birgok iilkeye
gore sanslt oldugu sdylenebilir. Tiirkiye, son zamanlarda bu énemli konumunu kullanarak sagladigi ekonomik
biliyiimeye ile birlikte diinyanin en hizli biiyiiyen enerji piyasalarindan biri olmustur. Cin’den sonra enerji talebi
artig1 en fazla iilke olan Tirkiye’nin enerji tiiketiminde fosil kaynaklardan; komiir, petrol ve dogalgazin pay1
oldukgea yiiksektir.

Petrol fiyatlar: cok yiiksek degerlere ¢iktiktan sonra hizli bir diisme gosterse de bu degerler bile enerji kullaniminda
“Verimlilik” kavraminin 6nemini azaltmamustir. Verimli olmayan enerji kullanimimin kiiresel 1sinmaya sebep
oldugunu bugiin ilkokuldaki 6grencilere bile hatirlatiyor olmasi, sektdrde calisan miihendislerin ve teknik
elemanlarin konunun énemini anlamasina énemli katkis1 olacagi kaginilmaz bir gergektir.

Yogusmali dogalgaz kazanlar1 disinda tiim yakma sistemlerinde baca gazi sicakligi elde edilen sicak su, buhar,
kizgin yag sicakligimin 50 °C - 100 °C iizerinde olmasi proses geregidir; Demek ki baca gazi sicakliklar1 180 °C-
400 °C arasinda degismesi kaginilmazdir. Bu enerji israfidir. Enerji tasarrufu, enerji ekonomisi, lilkemizdeki
toplam enerji tikketiminin % 40’indan fazlasini tiiketen sanayimiz i¢in mutlaka ele alinmasi gereken konularin
basinda gelmektedir. Burada bacadan atilan enerjilerin geri kazanimu i¢in kullanilan bazi sistemlere deginecegiz.
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Baca gazlarinda her 20 °C’ lik sicaklik diisiisiiniin % 1 verim artis1 sagladigi ongoriilmektedir. Bacadan atilan
“Atik Is1” kullanilabilir bir enerjidir. Burada “kalite” miktardan ¢ok daha 6nemlidir ¢ilinkii kullanilan yakittan ¢ok
ciddi tasarruf yapilabilmektedir.

Genel olarak tesislerde baca gazi (atik gaz) sicakliklari; metal ve cam iiretim tesislerinde 1000 °C — 1500 °C,
Cimento sanayinde 700°C, Yakma tesislerinde 650 °C — 1000 °C, Buhar tesislerinde 230 °C — 480 °C, Gaz
tiirbinlerinde 370 °C-540 °C, Gaz motorlarinda 230 °C — 600 °C, Kurutma firinlarinda 230 °C — 650 °C olmaktadir
(URL-2, 2020).

2. Materyal ve Yontem

Sekil 1’de gosterilen 6l¢iim cihazlari ile toz boya tesisinin kurutma, pisirme firin1 bacalar1 ve kombi tesisatt sicak
su ¢ikis / soguk su doniis hatlart belirli peryotlar ile ultrasonik ve termal olarak dl¢tilmiistiir.

Sekil 1. Ultrasonik ve termal 1s1 8l¢im cihazlart

Sekil 2°de enerji geri kazanim potansiyeli oldugu igin 6l¢lim yapilan noktalar tesisin minyatiir goriiniisii iizerinde
kirmiz1 oklar ile gosterilmistir. Cikan 6l¢lim sonuglarina gore tesisin fiziki durumu ele alinarak uygulanabilecek
atik baca gazindan enerji kazanimi sistemleri degerlendirilmistir.
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Sekil 2. Baca gaz1 ve kombi giris ¢ikisinda sicaklik dl¢limii yapilan tesisin sematik gosterimi

2.1. Is1 Doniisturiiculer
2.1.1. Rekiiperatorler

Rekiiperator, havadan havaya 1s1 transferi saglayan 1s1 geri kazanim sistemidir. Rekiiperatorde giren ve ¢ikan hava
akimlar1 bir cidar ile birbirinden ayrilir. iki hava akiminin sicaklik degerleri birbirinden farkli oldugu siirece, daha
sicak olan hava akimindaki 1s1, cidar iizerinden daha soguk olan hava akimina transfer edilir. Rekiiperatorler
yiiksek sicakliklarda kullanima uygundur. 600 °C ve izeri sicakliklarda kullanilan bu ekipmanlar, metalik
rekiiperatdrler ile 1000 °C ye, seramik rekiiperatérler ile 1500 °C ye kadar olan sicakliklarda kullamilabilir. Ornek
bir rekiiperator sisemi Sekil 3’te gosterilmistir (URL-3, 2020), (URL-4, 2020).

53 C Yakma Havasi >

<3 102 C ( Degazdrden)
=

120,5 C (Kazana)

Sekil 3. Ornek bir Rekiiperatdr Sistemi
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2.1.2. Rejeneratorler

Sicakligin dogrudan ve hemen bir tiir bdlme duvarindan yapilmadigi, her ikisi de esanjérden ayni anda akan ve
sicak bir akigkandan soguk bir akigkana aktarim yapildigi sistemlerdir (Shah & Sekulic, 2003), (Bell, 1981),
(Tsuzuki vd., 2007), (Kays & London, 1984). Rejeneratorlerde, sicak ve soguk sivilar ayni anda ancak farkli bitisik
kanallardan gecer (Altinigik, 2004). Bu tip 1s1 degistiricilerde 1s1 aligverisi dogrudan olmayip, genellikle 1s1 6nce
sicak akigkan tarafindan bir ortamda muhafaza edilir, daha sonra soguk akigkana verilir. Sematik olarak gésterimi
Sekil 4°te verilmistir.

Cooled Cold Cooled
Gas Qut  Gaslin Gas Out

ff) Valve openiclosed
4 valve closedfopen
] Hot period

[F Cold period

Heated Hat Heated
Gas Out Gas In Gas Out

Sekil 4. Sabit Yatak Yenileyici Sistemi

Rejenerator icinde 1sinin depolandigi elemanlara ise dolgu maddesi veya matris adi verilir. Ist bu dolgu
malzemesinden gegen akiskana verilir. Is1 6nce sicak akiskan tarafindan depolanmakta, daha sonra soguk akigkana
verilmektedir. Bu tip 1s1 degistiricilerde akigkanlar birbirleriyle temas etmezler (Altimisik, 2004).

2.1.3. Ekonomizerler

Ekonomizer ile 1s1, buhar veya gii¢ {iretim tesislerinde kazanlardan/firinlardan ¢ikip bacaya giden sicak duman
gazlar1 iizerinde bulunan 1smin bir bolimiini geri kazanarak kazan veya tesis veriminde % 3 ile % 15 arasinda
verim artig1 saglanir. Verim artisina bagh olarak yakittan tasarruf elde edilir (URL-5, 2020). Ekonomizerler,
firinlardan ¢ikarak bacadan atilan gazlarin sahip oldugu 1sinin bir kismini, kendi iistlerine alarak suya iletmek,
enerjiyi geri kazanmak amaciyla kullanilirlar. Sekil 5°te genel bir ekonomizer yerlesim sekli verilmistir. Geri
doniistiirtilen 1s1, kazan besleme suyuna aktarilabilir veya isletmede 1sitma, banyo, yitkama, vb. i¢in kullanilan suya
da aktarilabilir. Ekonomizer sisteminin bir diger avantaji ise suyun 1sitilmast esnasinda, kazanda kirlilige yol
acacak yabanci maddelerin ¢okmesine ve kazana gitmeden sudan ayrismasi saglar. Ekonomizerde geri
doniistiirtilebilecek 1s1 miktari, kazan baca gazi ¢ikis sicakligina ve duman gazinin ekonomizerden ¢ikis sicakligina
baglidir. Kazandan duman gazi ¢ikis sicakligi, kazandaki 1s1l verime, kazan rejimine, kazan-briilér uyumlulugu ve
yakit cinsiyle iligkilidir. Ekonomizer gaz ¢ikis sicakligi da, yakit tipi ve 1smin aktarilacagi akiskanin calisma
sartlar ile iligkilidir. Yani bir ekonomizerde geri kazanilabilecek 1sinin biiylikligii, kazan duman gazi ¢ikis
sicakligina bagli oldugu gibi duman gazinin ekonomizerden ¢ikis sicakligina da baghdir diyebiliriz.
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Sekil 5. Genel bir ekonomizer uygulamasi yerlesim sekli

Ekonomizere giren ve ¢ikan duman gazlari sicakliklarinin farki ne kadar biiyiik olursa verim artis1 da o derece
biiyiik olur. Ancak ekonomizer gaz ¢ikis sicakligi belli bir sicakligin altina indiginde korozyona sebep olabilecek
asit gazlar1 yogusmaya baslamaktadir. Bunu 6nlemek adina atik gazlarin sicakliklarinin belli bir derecenin altina
indirilemeyecegi gdz Oniine tutulmalidir. Bir duman gazi 1s1 geri kazanim sisteminde ulasilabilecek baca gazi
sicakliginin minimum seviyesi, kullanilan yakitin cinsine baglidir (URL-6, 2020).

Bu sicakliklar:

*  Fuel oil yakitli kazanlarda 180°C, %1 Kiikiirtli 150°C.

*  Motorin yakith kazanlarda 150°C.

* Dogal gaz ve LPG yakitli kazanlarda 110°C’ye kadar distiriilebilir.

* Dogal gaz yakitli kazanlarda 50- 60°C ye kadar yogusmali sistemlerde diigiiriilebilir. Bu durumda
ekonomizer paslanmaz malzemeden imal edilmelidir.

* Daha az yakilan yakit ile dogaya daha az CO» emisyonunu salinmaktadir. Daha ¢evreci sistemler
olusturulabilmektedir.

*  Bir ekonomizerde, duman gazi giris sicaklifinin dogalgaz ve benzeri gaz yakitli kazanlarda 140°C,
motorin, fuel oil ve komiir yakitli kazanlarda 220°C ve daha biiyiik sicakliklarda ekonomik olarak
yararlanmak miimkiindiir.

+  Ekonomizer uygulama alanlar1 oldukga genistir. Onemli olan, sistemden geri kazanilan 1sinin, sistemin
caligma siiresi boyunca kullanilmasidir (Shah & Sekulic, 2003).

3. Analiz

Materyal ve yontem baglig1 altindan incelenen 1s1 geri kazanim sistemleri yontemleri i¢inden boyahane i¢in en
uygun sistem olarak ekonomizer sistemi tercih edilmis ve Sekil 6’da gdsterilen ekonomizer yapisi tasarlanmastir.
Sekil 2°de gosterilen tesisin bacalarina yerlestirilen ekonomizer sistemi ile yiizey iglem banyolarma sicak su
saglayan sistemdeki geri doniis suyu 1sitilarak kombinin suyu 1sitma aralig1 azaltilmig ve atik 1sidan enerji geri
doniisiimii saglanmustir (Unlii, 2020).
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Sekil 6. Atik 1s1 bacalarina uygulanan ekonomier sistemi sematik gosterimi

Ekonomizer sistemi adaptasyonu sonucunda iiretim alanindaki sicak su tesisatinin ve tesisin son durumu Sekil
7’de gosterilmistir.
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Sekil 7. Ekonomizer ile enerji geri kazanim sistemi uygulanan tesisin sematik gosterimi

4. Bulgular ve Tartisma

Tasarlanan ekonomizer sisteminin ve boyahane tesisindeki enerji verimliligine etkisi asagidaki gibi
hesaplanmustir.

4.1 Isitma yuki hesaplamalari

Suyun 1s1l kapasitesi (Cp) 0-80 °C sicaklik araliginda 1 % olarak kabul edilmistir.

AT=T,—T,=569—542=27"°C

Anlik 1sitma yiikii asagidaki gibi hesaplanmistir (sicak su sirkiilasyon debisi dl¢iimler sonucu 68500 kg/h olarak
Ol¢iilmiistiir).

. kCal
Q=m- Cp AT = 68500x1 - 2,7 = 184.950T

Isitma yiikiiniin genel ortalamasi i¢in isletme dogalgaz tiiketim degeri kullanilmistir. Dogalgaz, firin briilorleri
disinda bagka su ve ortam 1sitmasinda da kullamlmaktadir. Isletmenin 2019 yili ay bazindaki dogalgaz tiiketim
degerleri Tablo 1’de verilmistir.
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Tablo 1. 2019 dogal gaz tiiketimleri

kWh TL
Ocak 053.727 80.809,15
Subat 1.170.346 99.242,79
Mart 897.470 76.196,25
Nisan 800.397 68.068,37
Mayis 643.419 54.748,57
Haziran 508.852 43.318,18
Temmuz 402.339 34.262,41
Agustos 438.798 37.375,90
Eyliil 338.823 28.861,18
Ekim 352.607 30.045,10
Kasim 582.060 49.615,64
Aralik 758.782 64.686,74
kWh
Ortalama 653.968
En disik 352.607
Yaz ort. 466.446

JONAS, 4(1): 40-52

Boyahane yillik ¢aligma siiresi ortalama 300 giin/yil olarak kabul edilmistir. Aylik ¢alisma siiresi ortalama 600

saat/ay olarak hesaplanmustir.

Tablo 1’e gére mevsimsel degisikliklerindeki degiskenlikler ve iiretim miktarlarindaki degiskenlikler g6z 6niinde
bulundurularak 300.000 kW-ay degeri alinmistir.

Bu durumda, anlik ortalama tiiketim=300.000 - 860 / 600 = 430.000 kcal/h = 499,227 kW olarak hesaplanir.

Bu tiiketimin de yaklasik %45°1 sicak su kazanina gitmektedir. Bu deger 430.000 - %45 = 193.500 kcal/h =224,67

kW olarak hesaplanir.

Sonug olarak debi ve sicaklik 6l¢erek yapilan bu hesap 184 950 kcal/h=214,74 kW, dogal gaz tiikketiminden giderek
yapilan hesap 193.500 kcal/h =224.67 kW vermektedir. Bu iki degerin ortalamasi olan 189.225 kcal/h=219,711
kW 1s1 enerjisi, bu tasarruf projesinde kazanilmasi beklenen kism1 olusturmaktadir. Tablo 2 ve Tablo 3 ile toplam

potansiyel tasarruf hesaplanmustir.
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Tablo 2. Boya kurutma firini enerji geri kazanim hesap tablosu

Tasarim Parametreleri Kisaltma Deger Birim
Sf/ ( E'(znii)% - 630kW Saatlik yakit miktar1 Bnk= B 62,5 kg/h
e, T N
Baca Gazindaki O Orani (%) Yk 11,86 %

Hava Fazlalik Katsayis1 re 2,3

Ozgiil baca gaz1 hacmi Vigk 22,83 Nm’/kg
Baca gaz1 debisi Vpg=BnVbg Vbgk 1.416 Nm?*/h
Ekonomizer Verim Ne 0,95

Isitilacak su giris sicaklig: Tkg 55 °C
Isitilacak su ¢ikis sicakligt: Tie 75 °C
Isitilacak su debisi: gk 1.200 kg/h
Baca gazi 1s1 miktar1 (Qbgk(eorik) * Me ) Qbgk 34,821 kw
Sicak su kazani giris ¢ikis sicaklik farki ATigkg 20 °C

Baca gazi sicakligt Thgk 190,8 °C
Atmosfere atilabilecek baca gazi sicakligi Tmin 120 °C
Ortalama sicaklik Tort=(Tug+ Tmin)/2 Tortk 154,2 °C

Ort. Sicaklikta baca gazi 1sinma 1sis1 Cp 0,326 kcal/Nm*°C
Baca gazi1 18181 Qgk=Vig-Cp* (Tbg-T min) Qbgk 36,653 kw
Ekonomizere Baca Gazi Giris Sicaklig1 Tiggk 190,8 °C
Ekonomizerden Baca Gazi Cikis Sicakligi Tagek 120 °C
Ekonomizere Su Girig Sicakligt Tasgk 55 °C
Ekonomizerden Su Cikis Sicakligi Tasck 75 °C
Logaritmik Sicaklik Farki ATmk 84,9 °C

Is1 Transfer Katsayisi (iletim ile) K 0,0232 W/m>C
Ist Transfer Yiizey Alani Ax 18,6 m?
Yanma verimi Nk 90 %
Yakit alt 151l degeri (Dogalgaz) Hu 8.250 kcal/Sm?®
Geri kazanilan 1s1 Saok 31,046 kw
Saatlik yakit tasarrufu Gk 4,18 mé/h
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Tablo 3. Boya pisirme firini enerji geri kazanim hesap tablosu

Tasarim Parametreleri ‘ Kisaltma Deger Birim ‘
i?ll(ttl:ll;l glh?;f QE?j(Ii_il\llJ ];]75 850kW Saatlik yakit Bhy 80 kg/h
Baca gaz1 15181 Qug= Vbg'Cp* (Thg-Tmin) Qbgk 56,85 kw
Baca Gazindaki O, Orani Yo 1,86 %

Hava Fazlalik Katsayist 3 1,1

Ozgiil baca gaz1 hacmi Vibgp 11,45 Nm?/kg
Baca gazi debisi Vig= B * Vg Vbgp 916 Nm?*/h
Ekonomizer Verim MNe 0,95

Isitilacak su giris sicakligi: Ty 55 °C
Isitilacak su ¢ikis sicakligt: Tie 75 °C
Isitilacak su debisi: Ty 1.861 kag/h
Baca gaz1 1s1 miktari Qbg 54,017 kw
Sicak su kazani giris ¢ikig sicaklik farki ATigkg 20 °C

Baca gazi sicakligt Thgp 306 °C
Atmosfere atilabilecek baca gazi sicakligi Tmin 120 °C
Ortalama sicaklik Tort = (Tbgp +Tmin) / 2 Tort, p 202 °C

Ort. sicaklikta baca gazi 1sinma 1si1s1 Cp 0,326 kcal/Nm3*°C
Baca gaz1 15181 Qgp=Vbgp " Cp* (Togp~Tmin) Qux 56,85 kw
Ekonomizere Baca Gazi Giris Sicakligi Tiggp 306 °C
Ekonomizerden Baca Gazi Cikis Sicaklig Taeep 120 °C
Ekonomizere Su Girig Sicakligt Tasgp 55 °C
Ekonomizerden Su Cikis Sicakligt Tasep 75 °C
Logaritmik Sicaklik Farki ATmp 121,5 °C

Is1 Transfer Katsayisi (iletim ile) K 0,0232 W/m>C
Is1 Transfer Yiizey Alan Ap 20,1 m?
Yanma verimi Nk 90 %
Yakat alt 1s1l degeri (Dogalgaz) Hy 8.250 kcal/Sm?
Geri kazanilan 1s1 Sap 61,32 kw
Saatlik yakit tasarrufu Gp 7,11 mé/h

Gelecek durum semasina gore Toplam Enerji Tasarrufu ve Yatirirm Amortismani hesaplamalart su sekilde
yapilirsa;

Sekil 6’da gosterilen iki firin ekonomizerinde;
Toplam 52.280 + 31.046 = 83.326 kcal/h=96,75 kW enerji kazanilir.

Bu enerji geri kazanimi sayesinde dogalgaz yakitli sicak su kazani gaz tiiketiminden;
7,11 + 4,18 = 11,29 Sm% tasarruf saglanmaktadir.

Dogal gaz alt 1s1l degeri 8.250kcal/Sm? igin; 11,29 - 8.250 / 860 = 108,3kWh 1s1 geri kazamlmaktadr.
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2019 Ocak ay1 i¢in KDV harig birim kWh maliyeti 0,129 TL/kWh’ tir.

Bu degere gore saatlik tasarruf 108,3 - 0,129 = 13,97 TL/h edilmektedir.
Bu durumda yillik tasarruf da 300giin - 24 saat olarak tanimlanur.
Bu degerlerle yillik kazang 13,97 - 300 - 24 = 100.590 TL/Y1l olacaktir.

Bunu da USD dolar cinsinden, 1 USD yi 6,50 TL kabul ederek (27 Mart 2020 TCMB kuru), 15.475 USD/Y1l
olarak hesaplayabiliriz.

Bu isin yaklasik yatirim maliyeti 45.000 USD olarak hesaplanmistir. Yukaridaki tasarruf hesabina gore
amortisman siiresi 45.000 / 14.475 = 2,90 y1l olarak hesaplanmustir.

5. Sonuglar ve Oneriler

Yapilan ¢aligmalar ve hesaplamalar sonucunda, atik 1sidan enerji kazanimi uygulamasinin yapilacagi kisim boya
kurutma firin1 ve pisirme firint olarak tespit edilmistir. Atik 1s1 geri kazanimi uygulamasinin yapilmasina karar
verildikten sonra, 1s1 degistirici tiplerinden ekonomizerin kullanilmasi, ilk yatirim maliyetinin diisiik olmast ve
amortisman siiresinin buna bagli olarak kisa olmasindan dolayr daha uygun bulunmustur. Bunlara ek olarak da
kullanilacagi yer agisindan en uygun 1s1 degistirici tipi ekonomizer olup sanayide yaygin olarak bulunmasindan
dolay1 bakim onarim faaliyetleri daha kisa siireli ve diisiik maliyetlidir.

Bu 6l¢iimlerden ve hesaplamalardan elde edilen sonuglara gore; kurutma firinindan saatlik 4,04 m3 yakit tasarrufu,
pisirme firinindan ise saatlik 6,27 m3 yakit tasarrufu saglanacagi hesaplanmstir. Uygulanacak 2 ekonomizer ile
toplamda elde edilen 10,31 m3 saatlik yakit tasarrufu sayesinde tesisin dogalgaz tiikketiminin %10-12 arasinda
azalacagi ve yatirimin amortisman siiresinin 2,76 yil olacagi hesaplanmustir.

Buradan da goriilecegi gibi hangi tiir icin hangi sistem kullanilirsa kullanilsin giiniimiizde enerji fiyatlarinin
durumu nedeniyle 1s1 geri kazanimi i¢in harcanacak yatirimlarin kisa siirede kendini amorti edip devaminda kazang
saglayacag asikardir.

Ayrica bu tarz tasarruf projelerinin ¢evre konusunda da etkileri olmaktadir. Dogaya salinan atik gazlarin
sicakliginin %50 ye varan oranda azaltilacak olmasi 6zellikle kiiresel 1sinma kavraminin giindemden diismedigi
giiniimiizde olduk¢a olumlu bir durumdur. Ayrica kapsaminda dogalgaz tiiketiminin belirtilen oranda azalmasiyla
birlikte dogaya salinan CO2 miktarinin da %10-12 arasinda azalacagi goriinen bir gergektir.

Bu tarz enerji geri doniisiim ¢aligmalari; gerek maliyetlerin azaltilmasi gerekse de ¢evre konusunda salinimlarin
azaltilmasi bagliklarinda etkili sonuglar elde edilecek galismalardir.

Yapilacak olan bu ekonomizer uygulamasimi takiben, yine enerjinin verimli kullanilmasi noktasinda asagidaki
oneriler sunulmustur;

e Boyahane pisirme firinina 1s1 yalitimi uygulamasi yapilmalidir. Bu sayede briilorlerin ¢aligma
frekansi diisecek ve dolayisi ile dogalgaz tiiketiminde azalma saglanmis olacaktir.

e Sicak su kazanina giren ve kazandan ¢ikan suyun sicaklik farkinin arttirilarak, yani AT’nin
biiyiitiilerek kazan veriminin artmasini saglamaktir. Burada su debisinin de etkisi g6z ardi
edilmemelidir.

e Pigirme firm briilériinden ¢ikan atik baca gazi ile elde edilen sicak havanin, par¢a kurutma
bolgesinde kullanilmasi durumunun analiz edilmistir. Bu sayede kurutma firininda mevcutta bulunan
briildriin iptalinin saglanmasi ya da ¢alisma frekansinin azaltilmasi ile tasarruf saglanabilir.
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Abstract

TiO; is one of the compounds that researchers especially material scientists have studied most recently. Due to
some of its extraordinary properties, for example, it can be used in photocatalysis, dye-sensitive solar cells and
biomedical devices, are important parameters that make TiO, curious. Synthesis, researches and new discoveries
made in this direction have always been remarkable. In this study, a low cost and easily prepared surfactant
supported hydrothermal method was used to determine the effect of different surfactants on morphology and
crystallinity. Three surfactants were selected, including anionic, sodium dodecyl sulfate (SDS), cationic,
cetyltrimethylammonium bromide (CTAB) and nonionic (TritonX-100), respectively. Addition of surfactant
produced more dispersed and stable TiO; in the aqueous suspension. 0.5%, 1%, 1.5%, 2% and 2.5 % by weight of
all types were added and 2% surfactant was found to produce the most stable suspension with high turbidity and
measurable particle size. CTAB was found to provide a more stable TiO; suspension than SDS and triton x
attributed to electro-steric.

Key Words: TiO», surfactant assisted synthesis, SDS, CTAB, triton-x

1. Introduction

New nano-sized materials and particles are used in very important studies in technology, especially in engineering,

due to many improved properties compared to their counterparts. Nanotechnology has the ability to transform the
specific properties of most man-made objects and activities by producing nano-sized materials and particles of
specific size, shape, and crystal configuration (Mansoori,2005). Titanium dioxide nanoparticles are widely used,
as the production and application of nanoparticles produced in commercially available products is increasing very
effectively. Nano-TiO, has been applied as a pigment in paints, papers, plastics, cosmetics and nanofibers and is
used in many fields thanks to its great photo-stability, porosity, ion exchange capacity and characterized superior
properties [Hoffman et al.,1995; Wiesner et al.,2006; USEPA,2007). Titanium dioxide or titania (TiOy) It was first
produced commercially in 1923 using various ores (Liu et al.,2012).

TiO; has 3 different crystal forms. These; Anatase, Rutile and Brokite crystal structures. Anatase TiO> has been
used in very wide areas recently, some of them; heterogeneous catalysts, photocatalysts, solar cells, gas sensors
and waste water treatment systems. Rutile TiO; has the highest refractive index among these three phases
compared to anatase and brookite. Therefore, it is generally used in paint raw materials and cosmetics industry.
The anatase crystal form shows the highest photocatalytic activity among the other crystal forms. Hence, Anatase
TiO, constitutes the majority of the studies. However, there are studies that show higher photocatalytic
performance than pure Anatase in different ratios of Anatase and Rutile mixture. Commercially used TiO;
nanoparticles called Degusa P-25 consist of a ratio of 3:1 (Anatase to Rutile). Apart from the effect of different
ratios in the crystal structure on photocatalytic activity, changes in the size of TiO; particles also have serious
effects on photocatalytic performance. Degusa P-25 consists of nanoparticles between about 25-85 nm (Ohno et
al.,2001; Kim et al.,2005; Wang et al.,2014; Lu et al., 2016; Zhao et al.,2017; Dokan and Kuru ,2020). Normally,
TiO; particles are very little toxic and insoluble in water (Hygienists,1986). Therefore, the control material is used
as a "negative control" in the artificial environment "in vitro" and "in vivo" toxicological studies (Zhao et al.,2009).
However, in addition to these features, in previous studies, it is known that there is progression in lung tumor in
experimental mice exposed to these particles at high doses and for at least 2 years (Lee et al.,1985). There are
studies on different diseases seen in experiments on different animals (Shi et al.,2013). Although it is known that
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TiO; particles do not react chemically (inert), changes in inert properties have begun to be observed with the
reduction of the size of the particles and their reduction to nano size. As a result of the decrease in particle size,
the surface areas of the particles increase and become more active. In 2006, the International Agency for Research
on Cancer-lARC re-evaluated the carcinogenic degree of TiO on the grounds that there is sufficient evidence in
animal experiments, although TiO nanoparticles do not have sufficient data in human experiments (lafro ,2006).
As a result of this evaluation, TiO2 nanoparticles were included in the group of materials with "possible
carcinogenic effects in humans". As a matter of fact, findings supporting this decision of IARC have been obtained
in studies conducted in recent years. It is not entirely clear in which regions TiO, nanoparticles show carcinogenic
effects in humans and animals (Lavicoli et al.,2012). In addition, studies are ongoing on the exposure time and
size of these particles. For example, in a study by Lin et al., It was observed that the model bacterium Escherichia
coli (E. coli) caused damage to the cell walls in direct proportion to the reduction in the size of Anatase TiO»
nanoparticles varying between 10-50 nm (Lin et al.,2014). As shown in these studies, separating the nano-sized
particles from the water as much as possible at the end of the treatment of polluted water is very important for
human and environmental health.

When the literature studies are examined, because of all these reasons, TiO; synthesis varies according to the place
of use. For whatever purpose it will be used, its synthesis should be planned accordingly (Livage et al.,1988; Look
and Zukoski ,1992; Look and Zukoski ,1995; Vorkapic and Matsoukas,1998; Zeng et al.,1998 Sugimoto et
al.,2003; Sugimoto et al.,2003). In this study, we examined the synthesis of TiO, with 3 different surfactants in
different concentrations with a new approach. The changes in crystal properties and surface morphologies after
treatment with these surfactants were investigated.

2. Materials and Methods
2.1. Synthesis of TiO, With Different Surfactants

In the first part of this study, it was aimed to synthesize pure TiO>. In this study, the Hydrothermal method was
applied by evaluating the literature studies because small-sized powders with homogeneous distribution cannot be
obtained by sol-gel and other common methods. The temperature vapor pressure chosen for the synthesis we have
developed should be preferred to be higher than the boiling point of water to reach a saturated value. The formation
of TiO, microspheres can only occur with hydrothermally distilled water and titanium agents. Precipitates are
formed by adding 0.5 M absolute ethanol C2HsOH to a solution of titanium (1V) butoxide (C16H3s04Ti) in distilled
water and then peptizing in tetra ammonium hydroxide ((CH3)sN(OH)) at 80° C for 2 hours. The occurred
precipitate filtered and subjected to a temperature of 200°C for 2 hours to obtain a powdery material. The powder
washed several times in distilled water and ethyl alcohol, then dried at 80°C. The powder particles were heated at
600°C for 4 hours to obtain pure TiO>. In the second part of the study, we tried to obtain TiO,, which we managed
to obtain in pure form, with different surfactants this time and made various analyzes to observe their effects the
synthesis process was repeated using a saturated solution to prepare high surface area mesoporous TiO; materials
with modified hydrothermal (Yuenyongsuwan et al., 2014), respectively. For this, we added surfactants to the
environment in the first stage (0.5 M absolute ethanol C;HsOH) +titanium (1V) butoxide (CisH3604Ti) of the
synthesis. In Fig. 1, the experimental steps of samples produced by the surfactant supported hydrothermal methods
are given.
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Figure 1. Schematic illustration of TiO, synthesis by surfactant assisted hydrothermal method.

3.Results

Stability of samples in aqueous solution was determined by using UV- VIS. For this, T% values relative to time
were measured. Crystal properties and phase changes of all samples were examined by X-Ray Diffraction Method
(XRD, Pananalytic Imperial). XRD measurements of synthesized samples were made using 0.02° step angle at 40
kV and 40 mA, in the range of 2 © = 10-90°. We also investigated effect of different surfactant on the calculated
crystallite size values. We correlate the data with field emission scanning electron microscopy the surface
morphology of all samples was investigated by Field Scanning Electron Microscope (FE-SEM, Zeiss) and surface
area measurements were characterized by N adsorption / desorption measurements (micromeritic-Gemini 1V).

3.1. Surfactant Effect on Phase and Size Controlled TiO

The % T was converted into the turbidity value using the equation using Beer Lambert's Law as specified in
Equation 1.

Turbidity =100 -% T (Eq.1.)

% Transmittance data were recorded 1 hour after the redistribution time. Figure 2 shows the haze trend as a
function of surfactant concentration for all surfactants used in the test. In this study, the turbidity value was used
to determine the ability of TiO2 particles to remain dispersed in suspension. High turbidity reflects the distribution
of the powders in the suspension, while low turbidity indicates that most particles precipitate to the bottom of the
suspension. Among all surfactants, CTAB shows the highest turbidity while triton X is the lowest. In contrast,
SDS and triton X show less turbidity in surfactant <1.5% by weight than the control sample. All TiO; and surfactant
suspensions show that 2% by weight of the surfactant concentration has the highest turbidity, ie about 40-50. The
turbidity starts to decrease at 2.5% by weight for CTAB and SDS, but increases slightly for triton X. As a result
of the analysis given in the characterization section, it was chosen that the optimum surfactant amount.
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Figure 2. Turbidity of TiO2 suspensions as a function of surfactant concentration.
3.2.XRD Analysis

The XRD measurements of TiO2, which we synthesized with different surfactants, are shown in Figure 3. The
phase structures of samples were investigated by X-ray diffraction (XRD, Pan analytic Imperial) measurements
on a diffractometer operated at 40 kV and 40 mA using CuKa radiation in the 20 range of 10°-90° with a scan rate
of 0.02°. The XRD graph of samples is given in Fig.1. The resulting spectrum belongs to the pure phase, identified
by PDF number 01-071-1167. XRD patterns were indexed using Diffrac Plus and Win-Metric programs and unit
cell parameters were calculated. As can be seen from the XRD patterns, pure anatase peaks are obtained.
Differences in surfactant usage were not observed from XRD spectra. In order to examine the changes made by
surfactants in crystal sizes, we calculated the crystal sizes from equation Debye-Scherrer. The crystal size of the
synthesized samples was calculated from the XRD pattern using the debye-scherrer equation given in Equation 2
(Yuenyongsuwan et al., 2014).

0942

Where X is the wavelength of the x-ray, 0 X-ray diffraction angle, and P is the width of the half-peak height in
radians. The half-peak height width (FWHM) value, B was calculated from the XRD pattern using the Topas
program.From Figure 3 and table 1, they were shown that the diffraction pattern peak intensity of the TiO changes
with the type of surfactant. These results suggested that the choice of surfactant is critical in the synthesis of TiO..
The presence of sodium dodecyl sulfate (SDS) anionic, cetyltrimethylammonium bromide (CTAB) cationic, and
nonionic (TritonX-100) in TiO, suspensions leads to the change of crystal size. The electrostatic interaction could
occur between the OH- groups of TiO, with the cetrimonium(hexadecyltrimethylammonium) cations of CTAB.
These results are in agreement with previous studies done by HAK Che et al. Suspension containing SDS although
show higher Crystal size than CTAB (Rohaida et al., 2018). This is also supported by the larger particle size for
TiO, added with SDS than CTAB. SDS is an anionic surfactant with sulfate groups as the active site for
interactions. (Pandey et al., 2013). The goal of this work is the preparation of mesoporous TiO, materials with
high specific surface area via optimized hydrothermal process. Thus, this study suggests TiO, particles suspension
is stabilized better by the repulsive forces from excess cationic attributed from electrostatic interaction between
TiO, and CTAB and also from steric repulsion of CTAB (Safaei-Naeini et al., 2012) With the addition of Triton
X, the crystal size decreased, the most important reason for this may be that crystal growth was prevented by
ensuring more homogeneous distribution of the particles during synthesis (Greenwood and Kendall ,1999).
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Figure 3. XRD patterns of the TiO, materials with different surfactant additives a) sodium dodecyl sulfate (SDS)
b) cetyl trimethyl ammonium bromide (CTAB), and c) nonionic (TritonX-100) in TiO, suspensions.
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Table 1. Crystalline characteristics of samples.

] Particle Size
sample Average crystallite Bet Surf‘m‘a area (nm)
size, D (nm) m?/g_Pore Size(nm)
TiO; 130 30_63 150-200
TiO(CTAB %2,5) 85 66_367 130-170
TiO,(SDS%2,5) 90 41_183 120-200
TiOx(TRITON X%2,5) 95 92 107 130-200

3.3.FESEM Analysis

Particle morphologies of were also assessed through examining their surface morphology the samples were
observed by scanning electronic microscopy (FE-SEM, Zeiss), and images are shown in Figure 3 and 4. As can
easily be seen in Figure 3 and also table 1, the particle size of pure TiO; is average 200 nm. When FESEM pictures
were examined and particle sizes were calculated, it was found that it was related to the crystal sizes calculated
from XRD patterns.

While agglomerations were observed in the particles of TiO, synthesized without the addition of surfactant, it was
not observed in those with surfactant added. Considering the homogeneity according to the variety of surface
materials, the most homogeneous distribution was observed in TiO2, which was synthesized by adding triton x. In
addition, the most porous structure was observed in the sample in which CTAB was added.
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Figure 4. FESEM images of a) pure TiO, b) TiO,+ sodium dodecyl sulfate (SDS) c) TiOz+cetyl trimethyl
ammonium bromide (CTAB), and d) TiOz+nonionic (TritonX-100).

Figure 5. Particle size representation of a) pure TiOz b) TiO,+ sodium dodecyl sulfate (SDS) c) TiO,+cetyl
trimethyl ammonium bromide (CTAB), and d) TiOz+nonionic (TritonX-100).
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These results could significantly contribute to all other studies with TiO,. Structural changes of samples
synthesized by the influence of surfactants include two aspects. On the one hand, the surface area of
nanocomposites increases, which plays an important role in increasing absorption. On the other hand, the porosity
increases and this will be the light for many studies (Zhang et al., 1998; Xu et al., 1999; Maira et al.,2000;
Stepanov,2012; Stevanovic et al.,2012).

3.4. Porosity—N» Adsorption/Desorption Analysis

The specific surface area was estimated by applying the Brunauer -Emmett-Teller (BET) equation to the
experimental Nz isotherms using a micromeritic-Gemini IV analyzer. 25 mg of each sample was degasificated for
5 h at 150°C, and nitrogen adsorption-desorption isotherm was analyzed through the BET method. When the
isotherms given in Figure 6 and the pore size distributions obtained by BJH method are examined, the shape of
the isotherms can be defined as type 3 with hysteresis loops (type H3) characteristic for mesoporous materials
(Sing et al.,1985). They also show the mesoporous structure of the sponge-like porous powders, which are very
clearly observed in FESEM images. The specific surface area of the samples varies from 60 to 120 m?/g depending
on the presence and type of surfactant.
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Figure 6. N adsorption/desorption isotherms and pore size distribution of a) pure TiOzb) TiO,+ sodium dodecyl
sulfate (SDS) c) TiO,+cetyl trimethyl ammonium bromide (CTAB), and d) TiO»+nonionic (TritonX-100).

4.Conclusions

Here we have optimized the TiO synthesis using different surfactants and as a result determined the most accurate
surfactant ratio and the most effective surfactant. As a result of the analysis, TiO. synthesized by using 2.5%
CTAB, both surface area and porosity were determined as the best material. In addition, in general, high surface
area and porosity were found in materials synthesized with other surfactants. CTAB shows better dispersion and
stability of TiO, than SDS and Triton X.




KILIC DOKAN Bartin University International Journal of Natural and Applied Sciences
JONAS, 2021, 4(1): 53-61

References

1. Dokan, F. K. & Kuru, M. (2021). A new approach to optimize the synthesis parameters of TiO 2 microsphere
and development of photocatalytic performance. Journal of Materials Science: Materials in Electronics, 32(1),
640-655.

2. Greenwood R. & Kendall K. (1999). Selection of suitable dispersants for aqueous suspensions of zirconia
and titania powders using acoustophoresis, J. Eur. Ceram. Soc., 19, 479-488.

3. Hak, C.R.C,, Fatanah, D.N.E., Abdullah, Y. & Sulaiman, M.Y.M. (2018). The effect of surfactants on the
stability of TiO2 aqueous suspension. International Journal of Current Research in Science, Engineering &
Technology, 1, 172.

4. Hoffmann M.R., S.T. Martin, W.Y. Choi & Bahnemann D.W. (1995). Environmental applications of
semiconductor photocatalysis, Chemical Reviews, 95 (1), pp. 69-96.

5. Hygienists, A. (1986). Documentation of the threshold limit values and biological exposure indices, American
Conference of Governmental Industrial Hygienists.

6. lafro, C. (2006).Titanium dioxide group 2B. IARC Monographs on the Evaluation of Carcinogenic Risks to
Humans, 93:193-214.

7. Kim, T.K., M.N. Leg, S.H. Lee, Y.C. Park, C.K. Jung & J.H. Boo. (2005). Development of surface coating
technology of TiO2 powder and improvement of photocatalytic activity by surface modification. Thin Solid
Films 475: 71-177.

8. lavicoli, I, V. Leso & Bergamaschi A. (2012). Toxicological Effects of Titanium Dioxide Nanoparticles: A
Review of In Vivo Studies. Journal of Nanomaterials ,2012: 36.

9. Lee, K.P., H.J. Trochimowicz & Reinhardt C.F. (1985). Pulmonary response of rats exposed to titanium
dioxide (TiOy) by inhalation for two years.Toxicology and Applied Pharmacology, 79 (2): 179-192.

10. Lin, X., J., Li, S., Ma, G,, Liu, K., Yang, M., Tong & Lin, D. (2014). Toxicity of TiO, Nanoparticles to
Escherichia coli: Effects of Particle Size, Crystal Phase and Water Chemistry.PLOS ONE 9 (10): 110247.

11. Liu, L., H. Zhao, J. M. Andino & Li Y. (2012). Photocatalytic CO, Reduction with H,O on TiO;
Nanocrystals: Comparison of Anatase, Rutile, and Brookite Polymorphs and Exploration of Surface
Chemistry.ACS Catalysis ,2 (8): 1817-1828.

12. Livage, J., Henry, M. & Sanchez, C. (1988). Sol-gel chemistry of transition metal oxides, Prog. Solid State
Chem. 18, 259-341.

13. Look, J.L. & Zukoski, C.F. (1992). Alkoxide-derived titania particles: use of electrolytes to control size and
agglomeration levels, J. Am. Ceram. Soc., 75: 1587-1595.

14. Look, J.L. & Zukoski, C.F. (1995). Colloidal stability of titania precipitate morphology: influence of short-
range repulsions, J. Am. Ceram. Soc., 78, 21-32.

15. Lu, X,, X. Li, J. Qian, N., Miao, C., Yao & Chen, Z. (2016). Synthesis and characterization of CeO2/TiO;
nanotube arrays and enhanced photocatalytic oxidative desulfurization performance.Journal of Alloys and
Compounds ,661 (Supplement C): 363-371.

16. Maira, AJ., Yeung, K.L., Lee, C.Y., Yue, P.L. & Chan, C.K. (2000). Size Effects in Gas-Phase Photo-
oxidation of Trichloroethylene Using Nanometer-Sized TiO, Catalysts, Journal of Catalysis ,192, 185-196.
17. Mansoori G.A. (2005). Principles of Nanotechnology Molecular-Based Study of Condensed Matter in Small

Systems,World Scientific Publishing Co, Singapore .

18. Ohno, T., K. Sarukawa, K. Tokieda & Matsumura, M. (2001). Morphology of a TiO, Photocatalyst
(Degussa, P-25) Consisting of Anatase and Rutile Crystalline Phases. Journal of Catalysis, 203 (1): 82-86.
19. Pandey, M., Mishra, P., Saha, D. & Islam, S.S. (2013). Polymer optimization for the development of low-

cost moisture sensor based on nanoporous alumina thin film, J. Adv. Ceram., 2 ,341-346.

20. Safaei-Naeini, Y., Aminzare, M., Golestani-Fard, F., Khorasanizadeh, F. & Salahi, E. (2012). Suspension
stability of TiO, nanoparticles studied by UV-Vis spectroscopy method, Iranian J. Mater. Sci. Eng., 9, 62-68.

21. Sing, K.S.W., Everett, D.H., Haul, R. A.\W., Moscou, L., Pierotti, R.A., Rouquerol, J. & Siemieniewska
T. (1985). Reporting Physisorption Data for Gas/Solid Systems with Special Reference to the Determination
of Surface Area and Porosity, Pure and Applied Chemistry, VVol. 57, No. 4, pp. 603-619.

22. Shi, H., R. Magaye, V. Castranova & Zhao, J. (2013). Titanium dioxide nanoparticles: a review of current
toxicological data.Particle and Fibre Toxicology, 10 (1): 15.

23. Sugimoto, T., Zhou, X. & Muramatsu, A. (2003). Synthesis of uniform anatase TiO, nanaoparticles by the
gel-sol method. 3: Formation process and size control, J. Colloidal Interface Sci. 259 (2003) 43-52.

24. Sugimoto, T., Zhou, X. & Muramatsu, A. (2003). Synthesis of uniform anatase TiO, nanaoparticles by the
gel-sol method. 4: Shape control, J. Colloidal Interface Sci. 259 ,53-61.




KILIC DOKAN Bartin University International Journal of Natural and Applied Sciences
JONAS, 2021, 4(1): 53-61

25. Stepanov, A.L. (2012). Applications of ion implantation for modification of TiO,. Rev Adv Mater Sci 30:150—
165 http//: ejournals/RAMS/n023012/04.

26. Stevanovic, A., Biittner, M., Zhang, Z. & Yates, J.T. (2012). Photoluminescence of TiO,: effect of UV light
and adsorbed molecules on surface band structure. J Am Chem Soc ,134(1): 324-332. d0i:10.1021/ja2072737.

27. USEPA (2007). Nanotechnology White Paper. Prepared for the U.S. Environmental Protection Agency by
Members of the Nanotechnology Workgroup, a Group of EPA's Science Policy Council Science Policy
Council, U.S. Environmental Protection Agency, Washington, DC.

28. Vorkapic, D. & Matsoukas, T. (1998). Effect of temperature and alcohols in the preparation of titania
nanoparticles from alkoxides, J. Am. Ceram. Soc. 81, 2815-2820.

29. Wang, Y., S. Zhu, X. Chen, Y. Tang, Y. Jiang, Z. Peng & Wang, H. (2014). "One-step template-free
fabrication of mesoporous ZnO/TiO, hollow microspheres with enhanced photocatalytic activity." Applied
Surface Science ,307 (Supplement C): 263-271.

30.Wiesner, M.R., Lowry, G.V., Alvarez, P., Dionysiou, D. & Biswas, P. (2006). Assessing the risks of
manufactured nanomaterials, Environmental Science & Technology, 40 (14) pp. 4336-4345.

31. Xu, N., Shi, Z,, Fan, Y., Dong, J., Shi, J. & Hu, M.Z.C. (1999). Effects of particle size of TiO; on
photocatalytic degradation of methylene blue in aqueous suspensions, Industrial & Engineering Chemistry
Research ,38, 373-383.

32.Yuenyongsuwan, J., Nithiyakorn, N., Sabkird, P., Edgar, A.O. & Pongprayoon, T. (2018). Surfactant
effect on phase-controlled synthesis and photocatalyst property of TiO, nanoparticles, Materials Chemistry
and Physics,2014,330-336.27.

33. Zeng, T., Qiu, Y., Chen, L. & Song, X. (1998). Microstructure and phase evolution of TiO2 precursors
prepared by peptization-hydrolysis method using polycarboxylic acid as peptizing agent, Mater. Chem. Phys.,
56 ,163-170.

34. Zhang, Z., Wang, C.C., Zakaria, R. & Ying, J.Y. (1998). Role of Particle Size in Nanocrystalline TiO.-
Based Photocatalysts, Journal of Physical Chemistry B ,102, 10871-10878.

35. Zhao, J., Bowman, L., Zhang, X., Vallyathan, V., Young, S. H., Castranova, V. & Ding, M. (2009).
Titanium dioxide (TiO2) nanoparticles induce JB6 cell apoptosis through activation of the caspase-8/Bid and
mitochondrial pathways. Journal of Toxicology and Environmental Health, Part A, 72(19), 1141-1149.

36. Zhao, W., N. Liu, H. Wang & Mao, L.(2017). Sacrificial template synthesis of core-shell SrTiOs/TiO;
heterostructured microspheres photocatalyst., Ceramics International, 43 (6): 4807-4813.




Review Article Bartin University International Journal of Natural and Applied Sciences
Derleme Makale JONAS, 4(1): 62-71 e-ISSN: 2667-5048
31 Temmuz/July, 2020

SOLUCAN GUBRESININ CAYCUMA ILCESINDE TARLA
KOSULLARINDA DOMATES (Solanum lycopersicum L..)
BITKIiSININ VERIMI UZERINE ETKILERI

Lale Goksu Tiirkmen?, Siiheda Basire Akgaz, Hatice Nur Akilli!, Ers6z Gonca®”
1Zonguldak Biilent Ecevit Universitesi, Fen Bilimleri Enstitiisii, ZONGULDAK
2Zonguldak Biilent Ecevit Universitesi, Caycuma Gida Tarirm MYO, ZONGULDAK
3Zonguldak Biilent Ecevit Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji Béliimii, ZONGULDAK

0z

Calismamizin amaci, solucan giibresinin Zonguldak ili Caycuma ilgesi tarla kosullarinda 2018 vejetasyon
periyodunda domates (Solanum lycopersicum L.) verimi iizerine etkisini aragtirmaktir. Caligma bes grup ii¢
tekerriirde tarla kosullarinda yapildi. Bes farkli giibre uygulamasinin etkisi arastirildi. Gruplar; 1.) Kontrol, II.)
Ciftlik giibresi (2.5 t/da), III.) Ciftlik giibresi + kimyasal giibre-tam doz (%100) N:P:K (18:42:16 kg/da), 1V.)
Solucan giibresi (0.5 t/da), V.) Solucan giibresi + kimyasal giibre-yar1 doz (%50) N:P:K (9:21:8 kg/da). Fi-troy
¢esidi domatesler 3 farkli hasat doneminde elde edildi. Toplam domates agirlig1 ve adetleri hesaplandi. Solucan
giibresi verilen gruplarda toplam meyve agirligy, ciftlik giibresi verilen gruplara gore anlamli artis gosterdi (P <
0.05). Solucan giibresi verilen grupta ilk hasatta elde edilen toplam meyve sayis1 ve agirligi kontrol grubuna gore
anlaml bir artig gosterdi (P < 0.05). Ciftlik giibresinin tam doz kimyasal giibre (NPK, %100) ile kombinasyonu
domates verim artigina ilave bir katki saglamadi. Bununla birlikte, solucan giibresi ile yar1 doz kimyasal giibre
kombinasyonu solucan giibresi ile elde edilen domates verimini daha da artird1 (P < 0.05). Bu sonuglar solucan
giibresinin domates bitkisinin verimini artirmada ¢iftlik giibresine gore daha etkili oldugunu ortaya koymustur.
Solucan giibresi uygulamasi tiriin veriminde erkencilik saglamaktadir. Solucan giibresinin NPK ile kombinasyonu
domates verimini artirarak daha az kimyasal giibre kullanimini saglayabilir.

Anahtar Kelimeler: Domates, solucan giibresi, ¢iftlik giibresi, NPK kimyasal giibre, verim.

THE EFFECT OF VERMICOMPOST ON YIELD OF TOMATO
(Solanum Lycopersicum L.) IN THE FIELD CONDITION
IN CAYCUMA DISTRICT

Extended Abstract

Vermicompost is an organic manure thas is produced by the mesophilic activity of the compost worms mostly
Eisenia fetida species. The usage of this fertilizers has recenly been increased in Turkey. However, a few scientific
study has conducted regarding the effect of it on the yield of crops. Our study aims to research the effect of
vermicompost on the tomato yield (Solanum Lycopersicum L.) on a field in Zonguldak city, Caycuma district in
the year 2018 vegetation period. This study was conducted in 5 groups in the field conditions with 3 replications.
The effect of five different manure application was investigated. Groups; 1.) Control, Il.) Farm manure (2.5 t/da),
111.) Farm manure + chemical fertilizers full dose (100%), N:P:K (18:42:16 kg/da), IV.) Vermicompost (0.5 t/da),
V.). Vermicompost + chemical fertilizers half dose (50%), N:P:K (9:21:8 kg/da). F1-troy variety tomato seedlings
were planted in May 2018. Tomatoes were gained in three distinct harvest periods. Total weight and its numbers
were calculated. One way variance analysis (ANOVA) with repeated measures and tukey post-hoc test were used
for statistical analyses. Total fruit weight significantly increased in vermicompost groups in comparison to farm
manure given groups (P < 0.05). In the first harvest, total fruit weight and its number significantly increased in
vermicompost given groups compared to control (P < 0.05). The combination of farm manure with the full dose
of chemical fertilizer (NPK, 100%) did not additionally increase tomato yield. However, the combination of
vermicompost with the half doses of chemical fertilizer (NPK, 50%) further increase the tomato yield obtained by
vermicompost (P < 0.05). These results have revealed that vermicompost is more effective than farm manure at
increasing the yield of tomato. Vermicompost application provides the earliness in tomato harvest. The
combination of vermicompost with NPK may increase tomato yield and provide the use of less chemical fertilizer.
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1. Girig

Diinyada ve tilkemizde artan niifusa bagl olarak besin maddesi ihtiyaci da artis gostermektedir (Midmore, 1993).
Bu ihtiyaci kargilamak i¢in tarimsal {iretimde tirlin miktarini artirmak amaciyla 1960’11 yillardan itibaren kimyasal
giibre kullanimi tiim diinyada artis gostermistir (Schuman & Simpson, 1997). Yesil devrim olarak diinyaya
onerilen verim artig1 odakli kimyasal giibre uygulamalarinin zaman igerisinde tarim topraginda olumsuz etkiler
gosterdigi ve gevresel kirlilige neden oldugu ortaya ¢ikmistir (Savel, 2012). Uzun yillar boyunca kullanilan
kimyasal giibreler topragin organik madde miktarini azaltarak pH’m1 bozmustur (Bhatt vd., 2019). Kimyasal
glibreleme ile yetistirilen tarimsal {irlinlerin insan saghgi a¢isindan giivenilirligi tartigmali hale gelmistir (Sharma
& Singhvi, 2017). Tarimsal tiretimde siirekliligin saglanmasi i¢in ¢evreye ve insan sagligina olumlu etkileri olan
organik tarim yontemlerine ve organik giibrelemeye olan ilgi artmaktadir (Badglay & Perfecto, 2007; Bellitiirk,
2016). Ulkemizde de son yillarda tiim organik giibreler ve solucan giibresinin iiretim ve kullamimi artis
gostermektedir (Bellitiirk, 2018).

Solucan giibresi, toprak solucanlar1 ve mikroorganizmalarin faaliyetleri sonucu, bitkisel ve hayvansal kaynakli
organik maddelerin mezofilik kosullar altinda ¢iiriitiilmesi ve toprak solucanlarinin sindirim sisteminden ge¢cmesi
sonucu meydana gelir (Singh vd., 2020). Bitkilere ve topraga yarayish mikroorganizmalarca zengin icerige sahip
olup, yapisinda azot, fosfor ve potasyum gibi bitki makro besin elementlerini bulunduran bir organik giibredir
(Tavug & Ozgelik, 2017). Solucan giibresi ayristirici ve azot tutan eden bakteriler bakimindan zengindir (Biabani
vd., 2020). Bu bakterilerin aktivitesi sonucu havadaki serbest azot topraga kazandirarak bitkinin kullanabilecegi
forma doniistiiriir (Demir vd., 2010). Solucan giibresinin fiziksel yapis1 gézenekli olup mikroorganizmalarin
varligi i¢in uygun bir ortam olusturur. Topragmn su tutma kapasitesini, drenajin1 ve havalandirmayi artirir
(Sisouvanh vd., 2021). Topragin organik madde miktarim artirir, pH’Sim1 diizenler. Sahip oldugu bitki besleyici
maddeler ve yararli mikroorganizmalar araciligiyla bitki biiyiimesini destekler (Arancon vd., 2003). Solucan
giibresinin bitki biiyiime ve verimi iizerine etkisini arastiran iilkemizde az sayida ¢aligma yapilmistir. Sera ve tarla
kosullarinda yapilan ¢aligmalarda, solucan giibresinin 1spanak bitkisinin boy ve yas agirligini artirdigi bildirilmistir
(Kéksal vd., 2017; Ozkan vd., 2016). Kiigiikyumuk vd. (2014) iklimlendirme odasinda yapmus olduklari calismada
solucan giibresi ile mikorizanin birlikte uygulanmasimin biberlerin bitki kuru agirliginda artis sagladigin
gostermislerdir. Dumlupinar & Kuzucu (2017) ise yapmis olduklari tarla ¢calismasinda solucan giibresinin diger
organik giibrelere gore Cengelkdy Hiyar yetistiriciliginde anlamli verim artisi sagladigini bildirmislerdir. Solucan
giibresinin domates verimini artirdig1 yapilan birgok caligmalarda bildirilmistir. Zucco vd. (2015) solucan
giibresinin domates verimini kimyasal giibreye kiyasla daha fazla artirdigini ve kimyasal giibreye alternatif
olabilecegi ileri siirmiigtiir. Kashem vd. (2015) sera kosullarinda yaptiklar1 saksi ¢aligmalarinda solucan giibresinin
domates bitkisinin gelisiminde kimyasal giibreden daha etkili oldugunu gostermistir. Wang vd. (2017) ise tarla
kosullarinda solucan giibresinin tavuk giibresi ve kimyasal giibreye gore domates verim ve kalite parametrelerini
daha fazla arttirdigini, toprak kalite parametrelerini olumlu yonde etkiledigini bildirmistir. Son yillarda iilkemizde
yapilan bir ¢aligmada ise kati solucan giibresinin domates verimini artirdig1 gosterilmistir (Durukan vd., 2019).
Kimyasal giibrelerin dozunu azaltarak organik giibrelerin uygun dozlar ile kombine uygulanmasi {iriin verimini
olumsuz yonde etkilemeden, tarimda kimyasal giibre kullanimimi azaltmak i¢in uygulanabilecek alternatif bir
giibreleme programi olabilir (Sharif vd., 2004). Son zamanlarda yapilan ¢aligmalar solucan giibresi ile azaltilmig
miktarlarda kimyasal giibre kombinasyonlarinin iiriin verimini artirdigini gostermektedir. Goswami vd. (2017)
yapmis olduklar1 tarla ¢alismalarinda solucan giibresinin kimyasal giibre NPK (Azot, Fosfor, Potasyum) ile
kombine edildiginde domates biiyiime verim ve kalitesinde artiga neden oldugunu bildirmistir. Jahan vd. (2014)
geleneksel kompost ve solucan giibresi uygulamalarinin karnabahar bitkisi verim ve kalite 6zellikleri {izerine
etkilerini arastirdiklar1 ¢alismalarinda kimyasal giibre ile solucan giibresinin kombine uygulamasinin geleneksel
kompost uygulamasindan daha iyi sonug¢ verdigini gostermistir. Mondal vd. (2017) yapmus olduklar1 tarla
caligmasinda kimyasal giibrenin (NPK %25) oraninda azaltilarak solucan giibresi ile kombine edildigi uygulamada
hardal bitkisinin verimini en yiiksek oranda artirdigini bildirmistir.

Domates sebzesi diinya genelinde patatesten sonra, ham ve islenmis gida olarak tiiketilen ikinci 6nemli bitkisel
iriindiir. Diinyada genis halk kitleleri tarafindan tiiketilen ve vitamin kaynagi bakimindan zengin bir {iriindiir.
Iceriginde beta karoten, likopen (anti kanserojen), C vitamini, flavonoidler ve hidroksisinnamik asit gibi énemli
maddeler oldugu igin tibbi bakimdan 6nem teskil etmektedir. insan sagligina pek ¢ok olumlu etkisi bulunmaktadir.
Kabizlik sorununu gidererek bagirsaklarin hareketini saglar. Safra kesesinin ¢aligmasi tizerine olumlu etkisi vardir.
Cildin geng kalmasim saglar. Ure miktarim diisiiriir. Kalp hastalar1, seker hastalari igin faydalidir. Romatizmaya




TURKMEN vd. Bartin University International Journal of Natural and Applied Sciences
JONAS, 2021, 4(1): 62-71

iyi gelir. Domatesin yapisinda bulunan likopen antioksidan 6zellige sahip olup farkl kanser ve kalp hastaliklarina
kars1 koruyucu etkisi bulunmaktadir (Imran vd., 2020; Li vd., 2020).

Caligmamizin amaci, Caycuma ilcesinde tarla kosullarinda kat1 solucan giibresinin domates bitkisinin verimi
iizerine etkilerini arastirmaktir. Bu kapsamda solucan giibresi, ciftlik giibresi ve bu giibrelerin NPK giibresi ile
kombinasyonlarinin domates verimi iizerine etkileri karsilastirilmistir.

2. Materyal ve Metod

Calismamiz, Zonguldak ili Caycuma ilgesi Kayikeilar kdyi, tarla kosullarinda 28.04.2018 ile 30.08.2018 tarihleri
arasinda gerceklestirilmistir. Calismanin yiriitildigi topragin pH’s1 7.04, iletkenlik (dS/m) 5.13, organik madde
miktar1 %1.6 toplam azot, %0.93, toplam fosfat (K>O) %1.47 ve toplam potasyum P,Os %0.60 olarak tespit
edilmistir.

Caligmamizda kullanilan solucan giibresi, igerisine 25.000 adet Eisenia fetida tiirii kompost solucani birakilan
en:boy:ylikseklik (1:2:1) metre boyutlarinda bir kutu igine her hafta 4:1 oraninda fermente inek giibresi ve bitkisel
atiktan olusan solucan yemi verilerek 3 ay siirede hazirlandi. Hasat edilen solucan giibresi 3 ay bekletilerek
olgunlagmasi saglandi. Nem oran1 %25’¢ diistiriildiikten sonra 4 mm agikliktaki elekten gegirilerek kullanima hazir
hale getirildi. Calismamizda kullanilan ¢iftlik giibresi manda giibresinin fermente edilmesi ile hazirlanmis olup
Arikan Petrol Uretim Tarim Hayvancilik Gida Ins. Ltd. Sti’den (Diizce) satin alindi. Kullamlan sivi NPK
(11:42:11) ise Avagro Tarim’dan (Antalya) satin alindi. Calismamizda kullanilan solucan giibresi ve ¢iftlik
giibresinin bazi kalite degerleri Tablo 1°de verilmistir. Domates gelisebilmesi i¢in temel makro besin elementlerine
ihtiya¢ duyan tek yillik bir bitkidir. F1-Troy ¢esiti 1 kg domatesin meyvesinin yetistirilerek hasadinin yapilabilmesi
i¢in 2.5 g azot (N), 2.5 g fosfor (P), 5.0 g potasyum (K) elementlerinin bitkiye kazandirilmasi gerekmektedir (Singh
vd., 2021). Uygulanan NPK miktar1 topragin sahip oldugu N, P ve K igerigi ve dikilen domates ¢esidinden elde
edilmesi beklenen toplam meyvenin gelisebilmesi i¢in ihtiyag duydugu toplam N, P, K miktar1 hesaplanarak tespit
edildi.

Tablo 1. Denemede kullanilan giibreler ve igerikleri.

Analiz parametreleri Solucan Giibresi Ciftlik Giibresi
pH 8.1 7.9
Iletkenlik durum Ds/m 5.2 5.7
Organik madde icerigi (%) 55.7 17
Toplam azot (%) 3.1 0.29
Toplam potasyum (P20s) (%) 15 0.17
Toplam fosfat (K 20) (%) 1.7 0.10

Denemede kullanilan bitki materyali Caycuma yo6resinin iklim kosullar1 dikkate alinarak, bolge iireticilerinin en
fazla verim aldiklari ¢esitlerden biri olarak bilinen Fi-Troy oturak domatesi olarak belirlendi (Sakata Tarim
Uriinleri ve Tohumculuk San. ve Tic. Ltd. Sti.) (Sekil 1). Denemenin, 3 tekerriirlii tesadiif bloklar1 deneme
desenine gore kuruldu. 5 farkli giibre uygulamasimin etkisi arastirildi. 1. Grup; Kontrol, 2. Grup; Ciftlik giibresi
(2.5 t/da), 3.Grup; Ciftlik giibresi + kimyasal giibre N:P:K (18:42:16 kg/da) %100, tam doz, 4. Grup; Solucan
giibresi (0.5 t/da), 5.Grup; Solucan giibresi + kimyasal giibre N:P:K (9:21:8 kg/da) %50, yar1 doz olarak belirlendi.
Solucan giibresi ve ¢iftlik giibresi dikimden 1 hafta 6nce toprak hazirlanirken ve dikim sirasinda iki esit miktarda
bitki koklerine temas edecek sekilde uygulandi. Kimyasal giibre ise sivi formda dikimden sonra belirli araliklar ile
bitki koklerine uygulandi. Deneme alanina 134 x 62 cm, sira aras1 ve sira iizeri mesafesinde her gruba 5 er olmak
tizere toplam 16 Nisan 2018 tarihinde 75 adet domates fidesi dikildi.

Caligmamizda 4 aylik siire igerisinde 3 ayr1 hasat alindi (23 Temmuz 2018, 4 Agustos 2018, 20 Agustos 2018).
Her gruptaki fidelerden toplanan domateslerin toplam say1 ve agirliklar1 ayri ayr1 hesaplandi. Veriler GraphPad
Prism 5 (GraphPad yazilimi, versiyon I, La Jolla, Kaliforniya) kullanilarak analiz edildi. Verilerin istatiksel analizi
igin tekrarli dlgimlerde tek yonlii varyans analizi (ANOVA) ve tukey post-hok testi kullanildi. Sonuglar ortalama
+ standart hata olarak ifade edildi.
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Sekil 1. Denemenin yaplldlgl tarlada solucan giibresi grubuhda hasat éncesi 6rﬁntﬁlenén domates meyveleri.

3. Bulgular

Sekil 2, giibre uygulamalarinin tiim hasatlar sonucu elde edilen fide basi toplam domates agirligina etkisini
gostermektedir. Caligma sonunda, bir fideden elde edilen toplam ortalama meyve agirligi tiim gruplarda kontrol
grubuna gore anlamli artig gosterdi (P<0.05). Solucan giibresi (SG ve SG + NPK/2) verilen gruplarda ise toplam
ortalama meyve agirlig1 ¢iftlik giibresi ve ¢iftlik giibresi + NPK (%100) gruplarina gore anlamli artis gosterdi
(P<0.05).

Solucan giibresi + NPK/2 (%50) (SG + NPK/2) verilen grupta tiim hasatlar sonucu elde edilen fide basi toplam

meyve agirligi sadece solucan giibresi verilen (SG) gruba gére anlamli bir artig gosterdi (P<0.05), (Tablo 2), (Sekil
2).
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Sekil 2. Giibre uygulamalarinin domates verimi iizerine etkileri. SG: Solucan giibresi, NPK: Tam doz kimyasal
giibre (N: azot, P: fosfor, K: potasyum), NPK/2: Yar1 doz kimyasal giibre. “P < 0.05: Kontrole gore; “P
< 0.05: Ciftlik giibresi verilen gruplara gére; 4P < 0.05: SG’ye gore.

I1k hasatta elde edilen toplam fide bas1 meyve sayis1 ve agirh@: solucan giibresi verilen gruplarda (SG ve SG +
NPK/2) kontrol grubuna gore artig gosterdi (P < 0.05), (Sekil 3), (Tablo 2).

Toplam Domates Agirhd (grifide)
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Sekil 3. Giibre uygulamalarinin ilk hasatta elde edilen toplam meyve agirligina etkisi. SG: Solucan giibresi, NPK:
Tam doz kimyasal giibre (N: azot, P: fosfor, K: potasyum), NPK/2: Yar1 doz kimyasal giibre. "P < 0.05:

Kontrole gore.

Solucan giibresi + NPK/2 ve Ciftlik + NPK gruplarinda tiim hasatlar sonucu elde edilen fide basi ortalama domates
meyve sayist kontrol grubuna gore anlamli bir artis gosterdi (P < 0.05). Solucan giibresi + NPK/2 grubunda
domates meyve sayisi ¢iftlik giibresi grubuna gore daha fazla bulundu (P < 0.05) (Tablo 2).

Tablo 2. Giibre Uygulamalarinin fide bag1 meyve sayisi ve agirligina etkisi
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Parametre Meyve sayisi (/fide) Meyve agirhg (g/fide)
Olgiimler 1.Hasat Toplam hasat 1. Hasat Toplam hasat
Kontrol 0.13+0.08 3.82+0.63 23+15 535+ 83
Ciftlik 0.20+0.13 5.93+0.6 47 +£29 1285 + 58"
Ciftlik+NPK 0.33+0.18 8,40 + 0.50" 77+42 1101 £ 96"
Solucan giibresi 1+0.17" 7.86 + 1.27 190 + 42° 1511 + 56™#&
Solucan giibresi+NPK/2 1+0.22 10.53 +0.48" 178 + 48" 1821 + 56" #&df

“P < 0.05: Kontrole gore

#P < 0.05: Ciftlik giibresi verilen gruplara gore
&P < 0.05: Ciftlik + NPK’ya gore

P < 0.05: Solucan giibresine gore

4.Tartigsma ve Sonug

Calismamizda ciftlik giibresi verilen grupta toplam ii¢ hasat sonucu elde edilen fide basi toplam domates agirlig
kontrol grubuna gore anlaml artig gésterdi. Calismamiz ile benzer sekilde farkli zamanlarda Aslan vd. (2013) ve
Goktekin & Unlii (2016) yapmis olduklari tarla galismalarinda giftlik giibresinin domates bitkisinin gelisimi ve
verimini arttirdigini bildirmislerdir. Calismamizda giftlik giibresinin yani sira, solucan giibresi ve bu giibrelerin
kimyasal giibre NPK ile kombinasyonlarindan olusan gruplarda yapilan giibreleme kontrol grubuna gére domates
veriminde anlamli bir artiga neden olmustur. Bu sonuglar ¢aligmanin yapildig: tarla topragimin tarimsal tiretimin
yapilabilmesi i¢in gerekli ideal kosullara sahip olmamasi ile agiklanabilir. Domates tariminda, yeterli biiyiime ve
gelismenin saglanabilmesi igin topragin gerekli pH diizeyi 5.5 ile 7.0 degerleri arasinda olmalidir (Aybak, 2015).
Calismamizin yapildig tarla topraginin pH’s1 ise 7.04 olarak ol¢iilmiistiir. Bu deger olmasi gereken degerlerin
disinda kalmaktadir. Saglikli bir tarim topraginda organik madde miktarimin en az %3 olmas: gerektigi
bildirilmistir (Gerke, 2018). Caligmanin yapildig1 tarla topraginin organik madde miktar1 ise %1.6 olarak
Olciilmiistlir. Bu deger topragin organik madde miktariin zayif oldugunu gostermektedir. Ayrica toprakta dlciilen
N, P ve K miktarlar (sirastyla, %0.93, %1.47 ve %0.60) domatese kazandirilmas1 gereken miktarin altindadir. Bu
Ol¢iimler topragin yapisinin domates gelisimi igin yeterince uygun olmadigint ve ¢alismanin yapildig tarla
topraginda domates yetistiriciligi i¢in giibrelemenin gerekliligini ortaya koymaktadir.

Caligmamizda 0,5 ton/da miktarinda solucan giibresi verilen grupta hasat edilen toplam domates agirligi kontrole
gore anlamli artig gosterdi. Benzer sekilde, Durukan vd. (2019) solucan giibresinin domates verimi tizerine etkisini
arastirdigl 3 kg’lik saksilarda yaptiklar1 caligmada %10°luk solucan giibresi verilen grupta saksi basi domates
agirliginin anlaml artig gosterdigini bildirilmiglerdir. ABD, Cin, Vietnam, Banglades iilkelerinde yapilan solucan
giibresinin domates verim ve kalitesine etkisinin arastirildigi tarla ¢aligmalart da sonuglarimizi destekler
niteliktedir. Thuy vd. (2017) yapmus olduklari tarla ¢alismasinda 1 ile 3.5 ton/da arasi degisen miktarlarda solucan
giibresi uygulamalarinin, artan dozlarda domates verim ve kalitesini arttirdigini 3.5 ton/da yapilan uygulamada ise
en fazla verimin alindigim bildirmislerdir. Benzer sekilde Kashem vd. (2015) ve Wang vd. (2017) ise yapmis
olduklari saksi ¢alismalarinda solucan giibresinin sirasiyla 3 ton/da ve 4 ton/da uygulamalarinin domates meyve
kalitesi, verimi ve toprak kalitesinde anlamli artigsa neden oldugunu géstermislerdir. Yapmis oldugumuz ¢aligmada
benzer galigsmalarda Onerilen miktardan farkli olarak daha az miktarda, 0.5 ton/da solucan giibresi domates
verimini artirmada etkili bulunmustur. Zucco vd. (2015) ise yapmus olduklar1 saksi ¢alismalarinda solucan
giibresinin kumlu toprakta killi ve 6zlii topraga gore domates biiylime ve gelismesini daha fazla arttirdigi
gosterilmislerdir. Bu arastirmacilar solucan giibresinin kumlu toprakta diger toprak tiplerine gore daha etkili
olabilecegini bildirmislerdir. Calismamizda denemenin yapildigi tarla topraginin tipi kumlu toprak olarak
belirlenmistir. Bu topragin yapisiin solucan giibresinin etki gdstermesi i¢in uygun olmasi kullanilan solucan
giibresi miktarinin benzer ¢alismalarda tavsiye edilen miktardan farkli olarak daha az uygulanmasina ragmen etkili
olmasini saglamis olabilir.

Calismamizda solucan giibresi uygulanan gruplarda elde edilen toplam domates agirlig ¢iftlik giibresi gruplarina
gore daha fazla bulunmustur. Bu sonug solucan giibresinin domates yetistiriciliginde ¢iftlik giibresinden daha etkili
bir giibre oldugunu gostermektedir. Chatterjee vd. (2014) yapmus olduklari benzer ¢aligmada domates
yetistiriciliginde solucan giibresinin ¢iftlik giibresinden daha etkili bir giibre oldugunu bildirmislerdir.
Calismamizda solucan giibresinin domates verimini artirmasi sahip oldugu bircok etkiye bagli olabilir. Solucan
giibresi bitki gelisimi i¢in gerekli N, P ve K makro besin elementlerine sahiptir (Agawal, 1999). Biinyesinde
bulundurdugu mikroorganizmalar ve sahip oldugu enzimatik aktivite topraktaki organik maddelerin
mineralizasyonu saglamaktadir (Edwards & Bohlen, 1996). Boylece organik maddeleri bitki biinyesine
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alinabilecek uygun bir forma doniistirmektedir. Topragin pH’sin1 tamponlayarak bitki gelisimi i¢in uygun pH
diizeyini topraga kazandirmaktadir (Maheswarappa vd., 1999). Durukan vd. (2019) kati solucan giibresi
uygulamasinin domatesin besin maddesi alimin artirdigini bildirmislerdir.

Calismamizda fide dikiminden 45 giin sonra gerceklestirilen birinci hasat ile elde edilen domates meyve say1 ve
agirlig1 solucan giibresi uygulanan gruplarda kontrole gore anlamli artis gostermistir. Son yillarda yapilan bir tarla
calismasinda, benzer sekilde 1.5 ton/da verilen solucan giibresinin domates hasadinda erkenciligi sagladig
gosterilmistir (Mengistuet vd., 2017). Calismamizda solucan giibresinin domates hasadinda erkencilik saglamasi,
solucan giibresinin sahip oldugu bazi biyolojik etkilerine bagli olabilir. Solucan giibresi kullanimi domates
fidelerinin koklerinde yararli mikroorganizmalarin sayisi ve enzimatik aktiviteyi artirarak erkenciligi saglamis
olabilir (Atiyeh vd., 2001). Icermis oldugu bitki biiyiime hormonlar1 ve humik asit domates hasadinda erkenciligin
olas1 nedenleri arasinda sayilabilir (Singh vd., 2008; Nikbakht vd., 2008).

Bitkisel iiretimde kimyasal giibre kullaniminin su, hava ve toprak kirliligine neden olarak, tarimsal iiretime
olumsuz etkileri tartisilmaktadir (Banerjee vd., 2011; Garai vd., 2014). Son yillarda kimyasal giibre ile organik
giibre kombinasyonu uygulamalarinin kimyasal giibre kullanimini azaltarak ¢evre dostu ve daha ekonomik bir
¢dziim yolu olabilecegi iizerine ¢aligmalar yapilmaktadir. Solucan giibresi ile inorganik giibre kombinasyonunun
bezelye ve hardal verimi, amont siis bitkisi gelisimi iizerine olumlu etkiler sagladigi farkli ¢aligmalarda
gosterilmistir (Preetha vd., 2005; Mondal vd., 2017; Armin vd., 2016). Calismamizda solucan giibresinin kimyasal
giibre ile kombine edilmesi hasat edilen toplam domates agirligint sadece solucan giibresi verilen gruba gore
anlamli artirdig1 gosterilmistir. Son zamanlarda yapilan ilgili ¢aligmalar sonuglarimizi desteklemektedir(Prativa &
Bhattarai, 2011; Chatterjee vd., 2014; Goswami vd., 2017; Mengistu vd., 2017). Calismamizda 0.5 ton/da solucan
giibresi kimyasal giibrenin yar1 dozu ile kombine edildiginde en fazla oranda domates verimini arttirmistir. Benzer
sekilde, Chatterjee vd., (2014) ve Mengistu vd. (2017) ¢aligmalarinda sirasiyla 0.75 ton/da ve 0.5 ton/da solucan
giibresi kimyasal giibre NPK ile kombine edildiginde domates bitki biiylimesi ve verimini arttirdigi
gostermislerdir.

Calismamizda kimyasal giibrenin NPK (%100) ciftlik giibresi ile kombine edilmesi ¢iftlik giibresinin domates
verimi lizerine etkisini degistirmemistir. Ancak yar1 miktarda daha az kimyasal giibre solucan giibresi ile kombine
edildiginde solucan giibresinin domates verimi iizerine etkisini artirmistir. Solucan giibresi bitki besin
maddelerinin toprakta ¢6ziinebilirligini arttirarak bitkinin NPK (azot, fosfor, potasyum) minerallerini almasini
kolaylagtinr (Mahmud vd., 2020). Bu etki solucan giibresinin ¢iftlik gibresinden farkli olarak yararh
mikroorganizmalar yoniinden zengin olmasina bagli olabilir (Maltag vd., 2017). Toprak ve bitki koklerinde
bulunan yararli mikroorganizmalarin bitkinin besin alimini artirdigi birgok ¢alisma ile gosterilmistir (Belimov vd.,
2020; Rana vd., 2020).

Calismamizda domates yetistiriciliginde solucan giibresinin bir organik giibre olarak verim artiginda ¢iftlik
giibresinden daha etkili oldugu gosterilmistir. Solucan giibresi uygulamast {iriin veriminde erkencilik
saglamaktadir. Bu c¢alisma sonuglar1 kimyasal giibre NPK’nin solucan giibresi ile kombine uygulanmasinin, daha
az kimyasal giibre kullanimi ile domates verimini artirarak, kimyasal giibre kullanimini azaltabilecegini ortaya
koymaktadir.
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Abstract

As a result of the depletion of natural resources, the destruction of green, the damage of the ecosystem, and having
less habitable areas each passing day, the concept of sustainability has become an important parameter at every
stage in the architecture field, from decisions related to planning and design to practice of those. All these reasons
have led the way to establish green building standards and green building certification systems to reduce the
negative implications of buildings on the natural environment through sustainable design. Today, green building
evaluation systems have some practical problems. Recently, the increase in the tendency towards making green
buildings with the purpose of advertising through the effective use of social media channels and the transformation
of tendency into green building sector itself and into greenwashing strategies is the most important discussion
point of the study. In the study, the concepts of sustainability, green building and green building certification
systems were examined in detail, green building projects and certification systems that claim sustainability were
discussed, and a theoretical perspective on green building certification systems as a greenwashing strategy in the
field of architecture was introduced by referring to the evolution of environmental activist movements. Within the
scope of this study, it was aimed to measure the consistency of the criteria of the green building evaluation systems
that evaluate the green status of buildings on certain criteria such as LEED and BREEAM, which are becoming
widespread on a global scale, by examining these systems in detail.

Key Words: Architecture, green building, green building certificate system, greenwashing, LEED, BREEAM.
1. Introduction

Consisting only one part of the natural environment, human beings started to produce their own buildings for
protection, shelter, and some other needs within this environment. When we consider the concept of sustainability
from an architectural point of view, buildings inhabited by human beings throughout their lives, highly using
natural resources and also causing environmental pollution to a significant extent stand out. Today, the building
sector increases its carbon emission, taking the lead among other sectors (Erten, 2011). Operations conducted
within all stages of buildings such as building, occupancy, and maintenance cause 50% of the greenhouse gases
causing global warming, 40% of the drinking water pollution, 24% of air pollution, and 50% of harmful CFC
(Chlorofluorocarbon) and HCFC (Hydrochlorofluorocarbon) emissions (Y1ilmaz, 2014). Furthermore, the need for
new buildings constantly increases. Therefore, the environmental implications of the building sector are expected
to increase further compared to its current situation. USGBC (The U.S. Green Building Council) predicts that in
the next 25 years, carbon dioxide emissions caused by buildings will increase much faster than other sectors with
a rate of 1.8% per year (Erten et al., 2009). In addition, the construction sector is consuming 40% of resources,
12% of potable water reserves, 55% of forestry products, 40% of raw materials on a global scale for the
construction or use of the buildings, while producing 45-65% of waste globally (Siizer, 2015). The rapid increase
in the threats against the world such as consumption of water, material, resource and energy as well as carbon
dioxide and greenhouse gas emissions has become a global issue. All around the world, notably in developing
countries, energy consumption is increasing each day in proportion to the population. The share of the building
sector in the total energy consumption also tends to increase in a continuous manner. As a result of improved living
standards caused by economic growth (including the increased use of heating, cooling and ventilation alongside)
and a notable increase in building quantity, the energy demands of residential units have tripled since 1990 (BAKA,
2013). The increase in energy consumption negatively affects the natural environment and disrupts the natural
balance. The most important reason for these is the greenhouse effect. Fossil fuels used to meet energy needs cause
a large amount of carbon dioxide emissions, which creates a greenhouse effect on the world. There are also other
gases besides the carbon dioxide, which create a greenhouse effect, and these gases are called greenhouse gases
(Ozdemir, 2013).
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As a result of the depletion of natural resources, the destruction of green, the damage of the ecosystem, and having
less habitable areas each passing day, the concept of sustainability has become an important parameter at every
stage in the architecture field, from decisions related to planning and design to practice of those. All these reasons
have led the way to establish green building standards and green building certification systems to reduce the
negative implications of buildings on the natural environment through sustainable design (WBDG, 2019). Green
building certification systems measure and evaluate the sustainability level of buildings within the scope of the
established standards. These systems formed by the definition of green building standards are called certificate
systems, evaluation systems, and rating systems in the literature. In this study, all of the aforementioned systems
will be included as green building certification systems. Green building certification systems have been developed
to measure the green building sustainability level and to provide the best practice experience for the highest
certification level. The aim of green building certification systems is to make the future more sustainable with
technology, by addressing issues that affect the environment and humankind. However, even though these systems
seem sensitive to the issues related to environment and humanity, their sincerity can be questioned. In this study,
in order to make this questioning, the sustainability criteria of green building certification systems and the ideal
design process of a sustainable building in the building sector will be examined. In light of the data obtained, green
building certification systems widely used around the globe will be examined.

However, green building certification systems have started to turn into a means of advertising developed to
increase resource consumption in some cases due to its structure open to interpretation, its current values and the
lack of sufficient audition. Green building certification systems consist of three branches namely economic, social,
and physical. These systems have been used as an element of greenwashing and popular culture to make projects
stand out and become preferable by consumers, except for the architectural designs that successfully practice green
building requirements.

In the study, the concepts of sustainability, green building and green building certification systems were examined
in detail, green building projects and certification systems that claim sustainability were discussed, and a
theoretical perspective on green building certification systems as a greenwashing strategy in the field of
architecture was introduced by referring to the evolution of environmental activist movements.

2. Methodology
2.1. Purpose and Scope

Common concepts such as sustainability, ecological architecture and green building have become an element of
fashion and a marketing tool. In this study, the concepts of sustainability and green building in the field of
architecture are examined and evaluated. Then, after a general definition of the concepts, the green building design
process, sustainability criteria, and the green building certification systems were examined in detail. In order to
practice sustainability criteria, green building certification systems play a guiding and encouraging role. As a result
of the examinations within the scope of the study, the positive and negative sides of these widely used systems
were introduced in terms of evaluation criteria.

Today, green building evaluation systems have some practical problems. The transformation of the green building
concept into a rating-based standardization has always been a matter of discussion. Recently, the increase in the
tendency towards making green buildings with the purpose of advertising through the effective use of social media
channels and the transformation of tendency into green building sector itself and into greenwashing strategies is
the most important discussion point of the study.

Within the scope of this study, it was aimed to measure the consistency of the criteria of the green building
evaluation systems that evaluate the green status of buildings on certain criteria such as LEED and BREEAM,
which are becoming widespread on a global scale, by examining these systems in detail. The purpose of this study
is to evaluate the established criteria of green building evaluation systems in terms of different scales, conceptual
structure and resource utilization levels of its design, and to determine the consistency of systems with these areas.
In this study, the knowledge and experience of all actors about greenwashing, and how these actors use green
building certification systems as a greenwashing strategy have been introduced.

At the same time, it has been considered that the findings of this study will raise awareness in this field and lead
the way to future studies.
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2.2. Methodology of The Study

For this study, the subjects that will help to measure the consistency in green building, green building criteria,
green building production process and resource utilization were examined and the content of this study was
determined accordingly. First of all, a literature review was made through current national and international
articles, theses, books and websites on the concepts of sustainability, green buildings, green building certification
systems (BREEAM and LEED) and greenwashing. The knowledge and experience obtained from master's
education and studies on the related subjects were effective in the choice of subject and method.

In this study, the concepts of sustainability and green building are examined and defined in the historical process
in line with the literature reviews on global-scale policies for issues related to resource consumption and
environment. The concept of green building is expressed as the reflection of the sensitivity to resource
consumption and environmental issues on the building sector. In this study, the fundamental principles on which
this understanding is based are explained with its reasons. Green building certification systems developed in line
with these principles for evaluating the sustainability of buildings have been examined in terms of their historical
processes and evolution, and different classification systems reached through the sources reviewed have been
introduced. The infrastructure and operation principles of BREEAM and LEED, the two most common methods
of evaluation and certification methods based on worldwide standards, have been examined in detail, paying
attention to accessing up-to-date information about these systems from the internet addresses where these methods
are put into practice. The official website of the United States Green Building Council (USGBC), which includes
the records of all projects that have applied for and been granted LEED certification, has also been used.

And following the research and examination process on green building certification systems, theses and articles
written on comparisons were evaluated. In addition, the studies in which criticisms were made on the practice of
green building certification systems and their deficiencies were evaluated were examined in detail.

3. Literature Review
3.1. Sustainability

In the first years of the industrial revolution that started with the invention of steam machines, with the effect of
rapid development in technology, factories were established in city centers and the population in cities started to
increase in the same rapid manner. Although mass production and urbanization, which occurred as a result of
unplanned and unlimited industrialization and population growth, was initially considered as very important in
terms of economic development, it was observed over time that they caused environmental problems that
negatively affect human life and the natural environment. Factors such as the rapid reduction of unconsciously
used natural resources, toxic wastes spreading to the environment, air and environmental pollution, the marketing
race that encourages consumption, the increasing need for energy, the deterioration of ecological balance, the
concreting of green areas are the most notable environmental problems caused by the rapid production and new
technological developments in factories. The negative effects of these continuously increasing environmental
problems caused global warming and climate change. The increase in greenhouse gas ratio of the atmosphere
particularly causes seasonal shifts and sudden floods. The built environment and the building industry play an
important role in climate change. However, the built environment is contributing resource consumption and
greenhouse gas generation each day, which continues to negatively affect this situation (Gokgen, 2020). The
increase in global human population causes more built environment to be formed.

Therefore, the concept of sustainability has emerged as a result of the efforts to solve these issues. Since the 19th
century, the fact that global warming has become a threat to all people has made the concept of sustainable
development gain importance instead of the economic development process that was effective until then.
According to its most general definition, sustainability is the continuation of a product, the operation or use of a
resource without being depleted or permanently damaged (Madge, 2009). Another definition of sustainability is
as follows: An environmentalist world view that aims to use environmental and natural resources by taking into
account the rights and benefits of today's people as well as future generations, thus ensuring social and economic
development (Akgiil, 2014).

Sustainability, as in many sectors, is among the frequently used concepts of the last century in the field of
architecture and continues to be used more. As a social and economic sector, building sector has a significant
impact on the ecological environment. The holistic approaches towards the concept of sustainability in the field




KURNAZ Bartin University International Journal of Natural and Applied Sciences
JONAS, 2021, 4(1): 72-88

of architecture, which is directly related to the development of human societies, is of great importance for the
subject. Hence the concept of sustainable architecture has gained importance with the concept of sustainable
development. The concept of sustainable architecture was defined as all activities of building structures by taking
into consideration future generations in its current conditions and in every period of its existence; it gives priority
to the use of renewable energy resources, is environmentally sensitive, uses energy, water, materials and space
effectively, protects the health, psychology and comfort of people (Sev, 2009) The concept of sustainable
architecture consists a type of design that focuses on mediation with the ecological environment, respects natural
resources, and embraces cultural and historical differences. Sustainable architecture is not only a kind of building
construction process consisting of technical, architectural, social or financial restrictions, but also an
understanding that aims to provide solutions that will support the importance given to long-term perspectives that
consider the future today (Ozmehmet, 2005).

After the oil crises of the 20th century, the issue of reducing dependency on other countries for energy resources
came to the agenda, and with the increasing interest in environmental problems alongside, the concept of
sustainability in the field of architecture and the importance of energy resources gradually became prominent.
Saving systems for increasing the energy efficiency of buildings, reducing their carbon emissions and minimizing
their negative effects on the natural environment are spreading rapidly around the world. According to its most
general meaning, energy efficiency is the utilization and recycling of energy losses in many different forms such
as heat, gas, steam, compressed air, electricity and all kinds of waste, and reducing the energy consumption
through developing technology and preventing social welfare without decreasing its generation (Kavak, 2005).
The International Energy Agency has announced that the energy consumption has increased approximately 1.5
times on the global scale since 1990s, and that this consumption will increase even more rapidly by 2030 and
beyond. These figures prove the necessity of sustainability and energy efficiency movement in the field of
architecture (TMMOB, 2008). In the past, the fact that any feature of a building was environmentally friendly
meant that the building was sensitive to nature and the environment. However, today, in order to define a building
as a sustainable building, there are many sustainability criteria that need to be designed and applied from micro
to macro scale such as its environmental, social, economic, regional and global effects (Ozmehmet, 2007).

The USGBC states that there are many definitions and concepts on green building design due to the spread of
trends and innovations in sustainability principles globally. Among these, the terms green buildings, high
performance buildings, sustainable buildings stand out as synonymous words, same concepts that are used as
alternatives to each other in this sense. These terms are frequently used as acknowledged terms in the fields of
architecture, engineering and construction industry in the 21st century with the increasing sensitivity to global
climate changes and environmental changes in the world (Korkmaz et al., 2009).

3.2. Green Building

Buildings have extensive direct and indirect effects on the environment. Buildings use energy, water, raw
materials, produce wastes, and emit potentially harmful atmospheric emissions during their processes such as
construction, residence, renovation, reuse, and demolition (Gegim, 2018). Increasing sensitivity to global
warming, water-scarce, environmental pollution, intensive resource consumption, waste production, and
environmental problems caused by building construction and operation has affected the building sector as well
and has resulted in the search for sustainability in construction processes (Agikel, 2019). Buildings, with the rapid
increase in their number as a result of urbanization, are responsible for 40% of all greenhouse gas emissions. The
fact that more people will live in cities in the future has made the concept of sustainable architecture and
construction an obligation for today's world. Green just became a popular word in the 1980s. As the public
awareness on environmental issues started to increase and the concept of green policy started to become prominent
in developed countries, especially in Europe, "green" has turned into a symbolic word covering all environmental
issues. Books about green products, packaging, and design rapidly spread all over the world. Green is actually a
term coined in the field of politics; however, the field of design has adopted and embraced the term green more
over time (Madge, 2009).

The buildings, which are increasingly demanded all over the world and designed with an understanding of
sustainable thinking, are referred to by many names such as green building, environmentally friendly building,
healthy building, ecological building, high performance building and environmentally sensitive building.
CEDBIK (Environmentally Friendly Green Buildings Association) defines these buildings as follows: buildings
that are considered within the framework of its entire life cycle starting from the selection of land, designed with
a holistic approach as well as social and environmental responsibility understanding, applicable in accordance
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with the climate data and local conditions, consuming only needed amounts, oriented towards renewable energy
resources, using natural, non-wasteful materials, sensitive to ecosystems (Sur, 2012). California's Department of
Resources Recycling and Recovery (CALRECYCLE) defines green building as follows: “These are structures
designed, constructed, renovated, operated or reused in terms of ecological and resource efficiency. Green
buildings are designed to meet specific goals such as increasing employee productivity, using energy, water and
other resources more efficiently, and reducing the overall impact on the environment in order to protect the health
of their users" (Kubba, 2012). The main purpose of green buildings is to produce less waste by using fewer
resources while the buildings and their products are being produced, used and demolished, and to minimize their
damage to the health of the building users and the ecological system (Dar¢in et al., 2016). Green building focuses
on increasing the utilization of land, energy, water, materials and resources by reducing the negative effects of
buildings caused by their design, construction, operation, maintenance and demolition on the human health and
environment within their life cycle as much as possible. Green buildings should be designed and operated to
reduce the overall impact on humanity and environment. The green building is designed and built in a way that
minimizes the harms caused by the building and its users to nature, climate, and human health throughout the life
cycle of the building. In addition, these buildings are designed to minimize water and energy consumption while
increasing the recyclability of the materials used (Yudelson, 2008).

In order to reduce the environmental impact of buildings and to design green buildings, detailed definitions of
such buildings should be made first. Only in this way can the average building and higher performance buildings
be evaluated, and then a road map may be created to increase the performance of the current buildings. In order
for a building to be defined as green, it must meet certain standards for areas such as sustainable land planning,
water and energy, ecological material use, indoor air quality, user health and comfort, transportation and waste
control, acoustics, and pollution. The purpose of these areas is to use resources efficiently and to reduce the
negative impact of the building on the environment during its design and construction processes (Candemir et al.,
2012).

Due to the fact that buildings consume a significant amount of energy over long periods of time and they cover a
wide range of products and services, they are considered to be a priority area in policies and programs for
increasing energy efficiency and climate change. Increasing energy efficiency for buildings is the leading action
to reduce the effects of climate change in all developed countries. With the development of ecological and
sustainable awareness, many studies have been and still are carried out in the building sector to reduce the negative
effects of buildings on the environment. The building sector has turned towards environmentally friendly and
ecological building construction to reduce the negative effects of buildings.

As a result of these practices, the evaluation of the criteria and applications related to the ecology, energy and
environment of the buildings came to the agenda. Therefore, green building evaluation systems have been
developed to evaluate the buildings within the scope of sustainable criteria (Yetkin, 2014).

3.3. Green Building Certificate Systems

As interest in green building projects increased, developed countries established green building certification
systems to rate and certify the environmental impacts of these buildings, provide reference to other projects,
accelerate practice processes and encourage the rest of the world about green buildings. Certified with certain
standards, green buildings have created a new trend and a whole new sub-sector in the building sector as more
valuable, sustainable, environmentally friendly, ecological, comfortable buildings that reduce energy
consumption (Yonar, 2009). Green building certification systems are a means to fulfill the environmental agenda.
They guide the project managers, design team and building owners by creating standards to be referenced. In
particular, they create strategies to construct buildings that respect the natural environment (Cole, 2003). Green
building certification systems are based on criteria, can be easily applied, and can easily evaluate buildings
according to their location. The environmental effects of the buildings can be understood via these systems (Sev
& Canbay, 2009). It is possible to measure the green qualification of a building in general. In this framework,
green building certification systems attempt to provide a measurable reference to evaluate the effects of buildings
on the environment, their sensitivity in protecting natural resources, and the energy efficiency they provide with
practices (Akca, 2011). These certification systems are based on criteria in which the sustainability criteria of the
building are examined through certain main and sub-headings and the environmental effects of the buildings are
questioned (Agikel & Taygun, 2018). They consist of the criteria required to be met by buildings in order to be
considered sustainable buildings. The evaluation process is carried out by examining the information collected
and reported during the design and construction of the building separately according to each criterion and scoring
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as a result of this examination. The total score obtained as a result of the evaluation is acknowledged as an
indicator of the green level or sustainability of the building (Kobas, 2011). There are many green building
certification systems developed to measure the sustainability of buildings all around the world. Countries have
developed certification systems in accordance with the climate conditions they have, local regulations they apply,
and local construction traditions, materials and building types.

Certification systems have been created by experts from different specialties related to the construction industry,
such as architects, civil engineers, mechanical and electrical engineers, to determine the definition of green
building with a measurable standard (Erten, 2011). The first green building certification system was introduced
in 1990 by the Building Research Establishment (BRE). This established certification system is called BREEAM
(Building Research Establishment Environmental Assessment Method) and was established in England, where
the industrial revolution started, and therefore, environmental problems were seen the most. Following the
introduction of this system, LEED (Leadership in Energy and Environmental Design) was established by the
USGBC in 1998. There are many other systems today, namely SBTool (Sustainable Buildings Tool) in Canada,
HK-BEAM in Hong Kong, GREEN STAR in Australia, and CASBEE (Comprehensive Assessment System for
Built Environment Efficiency) in Japan. Apart from these, some countries have also developed certification
systems in accordance with their own standards. All systems have basically emerged for the same purpose, but
have differences in methodology. BREEAM and LEED are the most acknowledged and preferred green building
certification systems around the world. More than 2.2 million buildings have been registered with BREEAM for
evaluation since 1990, and its market share in Europe is 80%. Although it was established after BREEAM,
approximately 1.4 billion square meters of projects in 160 countries and in its region have been certified by LEED
(Doan et al., 2016). Figure 1 shows the commonly used green building evaluation systems in the world.

s : United
BREEAM 1990 BRE - Building Research Establishment ) s
Kingdom
LEED 1998 USGBC - U.S. Green Building Council USA

1 -1 i | Initiative f
SBTool 1996 S.SBEE n?ernatl.ona nitiative c.)r a Cnada
Sustainable Built Environment Establishment

HK-BEAM 1996 BEAM - Building Enwronrhnen‘tal Assessment Hong
Method Institution Kong

GREEN STAR 2003 GBCA - Green Building Council of Australia Australia
CASBEE 2004 JSBC - Japan Sustainable Building Consortium Japan

Figure 1. Commonly used green building evaluation systems in the world.

Green building certification systems are practiced in many countries to fight against climate change. Until today,
the demand for green buildings has increased rapidly; thus, green buildings now have a rapidly developing active
market in the building sector. As a result, green building evaluation systems are rapidly developing worldwide
and their use is becoming widespread each day. Green building certification systems are methods that emerged
on a voluntary basis to measure the environmental performance levels of buildings. The fact that sustainability
and green building concepts are becoming a trend and an effective marketing strategy leads the way to question
these concepts as well as the green building certification systems that evaluate and rate these concepts.

3.4. Greenwashing

Concepts such as sustainability, green marketing, environmental awareness, and protection of nature have
attracted attention since the 1990s, but they have attracted greater attention especially in the last decade. In
particular, the concept of sustainability, which has become increasingly popular in recent years, has encouraged
businesses to new pursuits. Social responsibility projects and green policies have turned into a new marketing
weapon to strengthen the brand image and brand value, rather than being a public service duty of businesses to
the society, and it also have become a powerful marketing communication tool. Today, environmental issues on
a global scale have also caused an increase in social awareness on issues such as protecting the environment and
nature. With this increase in environmental awareness, consumers have deliberately or unintentionally forced
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businesses to embrace green strategies with the social pressure they create. Businesses have included their
environmental claims in their marketing communication activities, advertising campaigns, and even on the
package of their products in accordance with the new green strategies they have developed to keep consumers
loyal to them and gain a competitive advantage against their competitors (Leblebici & Delice, 2017).

Presenting a product, brand, or organization as if it is environmentally friendly and protecting nature, broadcasting
misleading advertisements based on untrue environmentalist claims, and engaging in marketing communication
activities with these claims are called greenwashing (Tarak¢1 & Goktas, 2019). Greenwashing was first mentioned
in the Oxford Dictionaries as “Greenwash” in 1999, it was defined as the wrong and misleading information
provided by the organizations that want to establish a social image as if they were socially responsible for the
environment. It is also referred to as green sheen, painting green or green whitewash in the literature. In this study,
this concept has been used as greenwashing. Greenwashing may be defined as the dissemination of incorrect or
incomplete information by an organization to appear environmentally responsible before public opinion (Furlow,
2010). It refers to the situations where a product does not actually have the promised features despite the claim
that it is an environmentally friendly product (Hasan & Ali, 2015). The concept has also been defined by
Greenpeace. Greenpeace defines greenwashing as follows: activities of companies to protect and expand their
market by presenting themselves as environmentally friendly and leaders in the fight against poverty (Karliner,
1997). Greenwashing is the presentation of a positive environmental image by using selected positive information
without any negative information. Greenwashing is literally a superficial or insincere display of environmental
sensitivity by an organization.

The statements such as environmentally sensitive, environmentally friendly or energy efficient written on the
labels of products with commercial concerns have become a great marketing strategy for companies to sell their
products or services faster and more than their competitors. Furthermore, most of the time, consumers buy
products without looking whether the products can meet the features they claim. Such information pollution that
misleads consumers in this way is an example of greenwashing activities. Greenwashing creates a perspective for
the company, making it appear more environmentally friendly than it actually is. Greenwashing is a despicable
term that is often used in industry. It was created by environmental activists to define the efforts of organizations
to show themselves as environmentally sensitive. Greenwashing is an action that misleads consumers about a
company's environmental practices (business-level greenwashing) or the environmental benefits of its products
and services (product-level greenwashing) (Delmas & Vanessa, 2011). The term greenwashing has been used for
construction companies, building materials, green buildings, and green building certification systems especially
in recent years.

4. Examination of Greenwashing Activities in terms of Green Building Certificate Systems

Due to the emerging and widespread environmental activist movement as well as environmental awareness among
consumers, companies use activities defined as greenwashing to influence the consumers to choose their products
and services, to cover up the environmental negativities caused by or may be caused by their products and services,
to avoid creating a negative image for society regarding the problems they cause, or to make the risks they cause
more acceptable to the society (Ozel, 2015). Due to the impact of the environmental activist movements on
consumers, companies have seen it as a requirement to respond to this environmental trend with environmental
events and activities. As a result of the awareness, which started in the second half of the 20th century in the USA
and focused on issues such as the future of the world and the rapid depletion of resources, the green consumer
class emerged. And these consumers, worrying about the environmental effects of products and services they
consume and purchase, turned their attention towards green products and services (Zinkhan & Carlson, 1995).
Especially in the early 1990s, the trend of green claims was used by many companies in a short period of time
(Furlow, 2010). Today's consumer society depicts a consumer profile that is conscious, that research, questions,
and effectively uses internet and social media channels. Due to the consumer profile that is environmentally
friendly, aware of social responsibilities, and sensitive to sustainability practices, companies and brands have
begun to search for means to show themselves as green, and thus, influence consumers.

Companies benefit from greenwashing, green marketing or green advertising means and tactics, and allocate a
significant amount of budget for such activities to attract environmentally sensitive consumers and to avoid
creating a negative image for the society about the environmental issues they cause. Companies appear to be green
to attract environmentally sensitive people and promote the value of their products. Companies often make
environmentally friendly claims that are in fact uncertain and sometimes untrue in order to attract green
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consumers. As a result, greenwashing has become an ordinary, cliché, and preferred approach in the market
(Furlow, 2010).

Especially, most companies operating in the building sector allocate much larger budgets for greenwashing
activities than they allocate to environmentally friendly or sustainable production/activities (Nakajima, 2001).
Greenwashing has a significant potential to cause loss of credibility for the green building industry and the market
in general (Kubba, 2012).

It can be said that architecture and urban design are suffering from a green dream or illusion (Akkaya, 2019).
Sustainable and green buildings, futuristic ecological cities, vertical aquaponics farms across the sky attempt to
compensate the sins of modern cities and promise that nature will have its inhabitants back. These eco-cities
promise a stylish, comfortable, green future with a low carbon footprint. Such approaches are far from examining
the root causes of environmental issues, on the contrary, they just declare that they have solved these issues for
good. Most of these ideas and images are nothing more than examples of greenwashing.

4.1. Target Score Categories for Green Building Certificate Systems

One of the most criticized points of the green building concept is that it has become a trend as well as a
greenwashing strategy by becoming a means of marketing. For some investors, the brand value of the green
building certification system is more important than the sustainability value of their projects. This situation causes
green building certification systems to become a means of marketing. As a result, investors ignore some of the
certification criteria, although they are important in terms of sustainability, on the grounds that they increase the
cost, and attempt to collect points from easier criteria to raise their score. Even if a building fails to score on key
environmental factors such as energy efficiency, it can achieve its overall target score by scoring high on other
criteria that are less important or necessary to the environment, and be granted a green building certificate
(Curwell, 1996). BREEAM, LEED, CASBEE, SBTool and GREEN STAR, among the green building
certification systems widely used by many countries around the world, have been examined within the scope of
the research. All of the systems are methods created to evaluate the performance of the buildings. The five green
building certification systems that have been researched are compared over the evaluation criteria in the Figure
2. Also, Figure 3 shows the percentage distribution chart of the criteria of the LEED green building certification
system, and Figure 4 shows the percentage distribution chart of the criteria of the BREEAM green building
certification system.
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Figure 2. Comparative analysis of the five green building certification systems examined over the evaluation
criteria (Gegim, 2018).
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Figure 3. Percentage distribution of the criteria of the LEED green building certificate system (Gegim, 2018).
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Figure 4. Percentage distribution of the criteria of the BREEAM green building certificate system (Gegim, 2018).

Considering that the main goal of an investor is financial return, the positive contribution of green buildings in
marketing increases the interest of investors in this issue. Certificate systems are well-aware of the increasing
market value, the brand value they attempt to bring and the added value in marketing have caused the certification
systems to spread to such a great extent (Celik, 2009).

We can present an example for this issue with the LEED certified Gebze Site project of Siemens company. In this
project, bicycle parking areas, showers and changing rooms were built within the site for the personnel coming
from close regions in order to reduce the use of cars. Furthermore, in order to reduce fuel consumption and carbon
dioxide emissions, special areas are reserved in the parking lot for vehicles that can carry many people as well as
vehicles with low emission and high fuel efficiency (Yaman, 2009). Such practices receive points in the LEED
system. However, when examined more carefully, it can be seen that the site where this project is carried out is a
difficult area in terms of public transportation and is not suitable for the use of bicycle. In addition, low-emission
vehicle use is not common in our country, which is another notable point in terms of the applicability of the project
(‘Yaman, 2009). In other words, many of the criteria applied in the project cannot actually be used fully, de facto,
they were made only to collect the required score for the certificate. Furthermore, it can be observed that some
materials are imported from abroad to comply with LEED criteria. It can also be said that this situation will cause
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pollution due to longer periods or more effort required for transportation, therefore it conflicts with the criterion
of locality. Many green building certified projects such as Gebze Site project of Siemens owe their certificates to
these easy points such as bicycle parks and employee showers.

Itis clear that green building certification systems give a good momentum to the building sector in terms of raising
environmental awareness. However, the fact that green building consultancy firms provide consultancy for too
many projects at the same time causes lack of supervision; therefore, insecurity caused by the building sector
itself. In addition, the fact that green building certification systems ignore such applications made for scoring only
seriously threatens the reliability of the market. Investors also carry out greenwashing activities through green
building certification systems, by pre-determining the categories in which they will have difficulty in obtaining
green building certificates, and preferring to get points from other easier categories accordingly.

4.2. Implications of Preferences on LEED and BREEAM Certification Systems in Different
Countries

The reason for the existence of green building certification systems is that countries desire improving their
building standards. The purpose of the certification systems was to create a unique system for each country
considering its local standards, climatic data and living conditions of citizens. Later, as the LEED and BREEAM
certification systems gained an international identity and became acknowledged, companies in countries that did
not yet have their own evaluation system and companies that did not prefer the certification system in their country
used these two certification systems (Arslan, 2015).

The fact that the criteria of LEED and BREEAM green building certification systems do not vary much for
different regions and countries is one of the important problems for the consumers of those projects that want to
obtain these certificates (Erten et al., 2009). The scoring system of the LEED certificate was created according to
the local conditions, geographical and climatic characteristics of the USA, while the scoring system of the
BREEAM certificate was created according to the local conditions, geographical and climate characteristics of
the UK. The emergence and application of LEED and BREEAM green building certification systems in different
countries negatively affect sustainability as a result of the different state policies, regional priorities and climates.
Taking into account the climate conditions, geographical features, economic and social structure, the legal system,
materials, and regional differences may provide better results; however, choosing the same system in different
countries creates difficulties in achieving these results (Erdede et al., 2014). If LEED and BREEAM certification
systems are to be used in different countries, they should be shaped according to the standards and living
conditions of those countries. Requesting the same certificates used in the USA and the UK in other countries
puts the applicability of the system in a difficult situation and it makes people think that there are other reasons
behind this choice. In fact, since these certificates are of American and British origin, they comply with the
legislation and regulations and even increase the cost of project construction.

It can be said that making an assessment based on certain criteria and scoring methodology ensures the system to
be transparent and easy to apply. However, in LEED and BREEAM certification systems, similar scores are
defined for most of the criteria, making it unrealistic to evaluate in countries with different conditions. For
instance, while saving potable water resources comes first for some countries, for some countries issues such as
energy saving, land use, and public transportation are more important issues. Being another example, while LEED
and BREEAM systems support public transportation, the CASBEE green building certification system applied in
Japan does not even address public transportation and the use of fuel-efficient vehicles. If national and regional
priorities can be prioritized with the application of weighting coefficients in evaluation systems, better results
may be obtained through systems (Sev & Canbay, 2009). In addition, bringing materials from abroad to find
certified materials in order to get scores from certain criteria in the system increases the carbon footprint. This
does not comply with the green building concept either.

To sum up, the companies all around the world and in Turkey mostly prefer and widely obtain LEED and
BREEAM certificates for green building certification. The reason behind this situation is that the scoring system
of LEED and BREEAM certification systems is more marketable and easier to meet than other global and local
certificates. As a result, many construction companies prefer these popular certification systems for their projects
due to their greenwashing and green marketing activities, although it increases the cost of their projects and
requires strategies that are not suitable for the green building concept.
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4.3. Reasons to Apply for Green Building Certificate Systems

Certain decisions to be taken in green building construction should be made at the early stages of the design
process and should be planned in accordance with the green building standards. Green building principles ignored
in the design process will significantly increase the usage costs in the future. For this reason, after the decision of
construction of a building, decision makers should choose at the early stages which sustainability criteria in the
certification systems can be met and which certification system should be preferred. Thus, the project can be
shaped accordingly. Apart from all these, regardless of which certification system the green building candidate
project is applied for, the design processes should be well understood and prioritized.

LEED and BREEAM certification processes are carried out online and carried out in English. For the countries
that do not commonly use the English language, this process causes additional costs and requires working with
staff who have foreign language knowledge as well as their own expertise. Companies work with LEED and
BREEAM consultants in the projects to ensure a smooth process. This also means additional costs compared to
usual projects. Due to additional costs such as certificate application fees and consultant fees, investors usually
think that investment and construction costs of green buildings are quite high compared to traditional projects,
which cause a bias against green buildings in advance. In fact, even if it is determined at the design stage whether
a building will be a green building or not, the investment cost increases by 10% on average compared to other
traditional buildings (WBDG, 2019).

Unfortunately, many investors today aim to receive these certificates for advertising purposes, although the costs
are higher, and the designers are often excluded from the process. If needed, green building certification
requirements are being adapted to designs later. However, when it comes to green building projects, these
certification systems should be used not for greenwashing purposes but as a means to design an environmentally
sustainable building. With the rising green building trend, many investors attempt to improve their green buildings
and update their green building certification systems, which they did not prefer due to the costs at the beginning
of their projects, just to obtain certificates that will enable them to do better marketing for their projects. At this
point, for the sustainable building development process, which is an interdisciplinary integrated process, the most
significant duties alongside the responsibility belong to the designers of such projects.

4.4. Use of Green Building Certificate Systems as Marketing Strategy

The reason why green design is applied in all these investments is the interest and care of people, users, about the
concept of green building. When a conscious user wants to purchase a residence or office from a project, projects
with green building certification stand out as an option. Therefore, a green design, moreover, a design documented
to be green with an acknowledged certificate, is more preferred than other equivalents. The reasons such as low
energy and water consumption throughout the life cycle of green buildings, easy waste management, minimizing
the implications of projects on the ecosystem, and increasing the use of environmentally friendly materials make
these green buildings more attractive for the investors (Pulaski et al., 2006). Today, with the increasing demand
for energy and material resources, many business owners seek to obtain one of the sustainable design ratings for
their projects in order to manage their operations accordingly (Molenaar et al., 2009).

Advantages of green building certification systems can be listed as follows: for designers, increase of basic
knowledge on this subject, development of corporate identity and effective project management, improved
customer satisfaction, reduction of capital costs with environmental materials; for investors, increased
marketability, positive feedback on investment (URL-1, 2020). Although certification systems increase the
economic value of projects, they can provide the desired results only when sufficiently understood and adopted
by the team. Companies in many countries also benefit from tax reliefs and exemptions through these certificates
besides the advantage of easy marketing of projects with green building certificates to consumers. They recover
their budget by gaining more from these tax reliefs and exemptions than they spend on green building.

There are many reasons behind obtaining a green building certificate for a project. Green building certified
projects are more prestigious than other projects for environmentally conscious investors and users, and are more
privileged in terms of marketing. It is also an encouraging method for project owners and designers to develop
and promote sustainable construction practices (Ddnmez, 2018). For all these reasons, a company whose primary
aim is not a sustainable environment or green buildings for their projects, organizes its projects to be qualified
enough to obtain one of the green building certification systems with minimum cost, aiming to make their
marketing easier and more preferable for people, and greenwash for easy marketing.
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4.5. Differences Between Planned and Applied Designs of Green Building Projects

For conceptual clarification, the life cycle of a building can be divided into two phases as the pre-construction
phase and the post-build phase. These stages are intertwined, and thus the boundaries between them are not clear.
These phases may occur as life cycle design strategies that focus on minimizing a building's environmental impact.
Analyzing the building processes in each of these two phases allows us to better understand how the design,
construction, operation, and demolition of a building affects the ecosystem (Kim & Rigdon, 1998).

For example, trees have become an inseparable part of high-rise building projects, skyscrapers in particular. To
make a skyscraper more attractive for people, roofs, terraces, balconies, facades, and all other eye-catching corners
are decorated with big trees and plants. However, detailed solutions need to be provided for the trees in the visuals
to keep them alive at those heights and to ensure maintenance and sustainability for them (Chant, 2013). In this
context, images do not seem realistic when examined in terms of their soil values as well. Because trees becoming
ornamental elements in the visuals actually need soil depth at certain heights in order to survive, but this situation
is ignored during the generation of such images. Furthermore, the cancellation of the applicable solutions related
to the soil-load relationship due to budget restrictions during the project process is not reflected in the promotional
images of the projects.

One of the biggest criticisms towards LEED and BREEAM certificates so far is that the necessary examinations
are not made after the construction is finished and when the building is used. But these certificates are obtained
on the assumption that the building will meet the criteria exactly as it was designed. The evaluations show that
many projects fail to achieve their intended performance defined at the certification stage, in fact, green buildings
can show much less environmental performance than non-certified buildings (URL-2, 2020).

Especially through the comparisons made between the green building certification systems, the USA originated
LEED certificate and Energy Star certificate, it has been revealed that approximately one-third of the buildings
with LEED certification is actually not energy efficient, and the Energy Star certificate is more appropriate in
terms of energy efficiency criteria. Based on these facts and the intense criticism on the subject, the obligation to
report the energy and water consumption of the buildings that received LEED certification for 5 years was put
into practice in 2009. What matters is not just obtaining a certificate, but building truly sustainable and energy
efficient buildings (Tatlidamak, 2010). Actually, the biggest reason for this negative situation is that green
building certification systems such as BREEAM and LEED reward projects and companies not by proving that a
building saves energy, but by predicting that it will.

Green skyscrapers have risen over the past few years as people learn that buildings emit more carbon dioxide than
any other single source. People have also seen an increase in green washing by companies that acknowledge the
market value of green and make false claims to fit the category. In an exemplary meeting of these two trends, a
building in Mumbai calling itself the greenest of all buildings will be examined. Regarding this issue, Antilia
Tower in Mumbai, designed by Perkins+Will, is one of the most controversial examples of greenwashing. When
the three-dimensional renderings prepared in the design process of the Antilia Tower are examined, they give the
impression that the project has a sustainable perspective. There are alive walls, ivy plants, and green roofs on all
facades of the Antilia tower. The designers have announced that the tower will fight against the urban heat island
effect of Mumbai through its vegetative covered walls (URL-3, 2020). The real life reflection of the sustainable
perspective used in the promotions of the project caused intense discussions alongside. Because the 27-story tower
was designed as a residential project that would belong to one family alone. And the photographs of the project
after its completion in 2010 showed that there were no alive walls or green roofs (Figure 5). And the absence of
the project on the website of Perkins+Will proves that the criticisms have a point. The fact that the green roofs
and alive walls used in the promotional images of the project were not applied in real life shows that the existence
of green and soil, their quality and application techniques were ignored during the design process (Akkaya, 2019).
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Figure 5. Application of Antilia Tower Project and 3d imagerf the initial project (Akkaya, 2019).

5. Conclusion

The sustainable design approach for building designs has emerged due to damage caused to the environment and
human health as a result of the increase in construction, and uncontrolled energy and resource consumption. The
sustainable and environmentally friendly design approach is an understanding related to the construction, use, and
maintenance activities of a building, with the aim of minimizing its effects on the environment and users and
maintaining this result in the long term. Factors such as global climate change, depleted water resources,
environmental and air pollution, and the rapid depletion of natural resources have made it inevitable to use
environmentally friendly and sustainable green buildings in the building sector. Green buildings can also be
referred to as sustainable buildings or as energy efficient buildings. Green buildings use energy efficiently, use
water and other natural resources without harming them, and provide a safe, comfortable and healthy place. These
buildings aim to cause minimum damage to the environment in terms of energy and resource utilization, and to
keep user health and employee productivity at the highest level (Altun, 2016).

Today, green buildings have created a whole new sector within the building sector as buildings that are more
valuable, environmentally friendly, ecological, comfortable, and energy efficient in terms of consumption
(Ozmehmet, 2005). In this study, a detailed literature review has been provided on the concept of green building.
First of all, the definitions of the concepts of sustainability and green building, which are among the most
important concepts of recent years, have been given in advance. Then, the international green building
certification systems that play a guiding role to access these concepts have been examined, and the relationship
of these systems with greenwashing activities has been examined in detail. In accordance with the determined
facts, the result of this study has been presented with a critical point of view towards the applications of the
examined systems.

Although green building and green building certification systems have a very important and positive impact on
the construction sector as a whole, issues such as the liability risk and greenwashing cause considerable
inconvenience, which requires much careful consideration (Kubba, 2012). Green buildings can be defined as
buildings focused on green building certification systems. Certain fundamental principles of the green approach
cannot be met within these green building certification systems. Therefore, certain aspects of this issue are
neglected by the companies. The issue of certification is important, but it can be risky if it becomes the target
itself instead of a means to achieve targets. In the report prepared by the Institute of New Buildings (NBI), LEED
certified buildings were compared in terms of energy performance as the design and pre-design phases with the
post-construction phase. The average savings estimated by energy modeling in LEED presentations made during
the design phase for 121 buildings is 25%. The energy saving data measured for these buildings in the post-
construction phase were entered in Figure 6. Some buildings have performed much better than their savings value.
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However, according to the table in the report prepared, many buildings could not meet the 25% savings estimated
in the design phase (Turner & Frankel, 2008). In fact, according to the data, some buildings created a loss instead
of savings.
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Figure 6. Measured versus proposed savings percentages (Turner & Frankel, 2008).

One particular example of a neither highly efficient nor energy intelligent LEED building for this topic previously
mentioned is Antilia in Mumbai, India. This building is excessively large and consume tremendous amounts of
energy, yet have been granted LEED certification due to point distributions. So, Antilia is an example of a building
whose design does not fit category of energy efficiency building. This table shows that even if the buildings receive
LEED certification, these buildings do not contribute to sustainability and were included in green building
certification systems for the purpose of green laundering. It is possible for a building to become LEED certified,
and yet benefit the environment very little (URL-3, 2020).

In addition, there are countless projects that did not obtain a certificate, did not even apply for it, but fulfilled all
the criteria for being an environmentally friendly building. Actually, it is not a true manner to say that these projects
are not green buildings just because they did not obtain a certificate. There is a cost for obtaining certification, and
one should know that not every business can afford this cost burden or need certification.

Certificate systems evaluate the performance of all buildings under the same criteria. Green building evaluation
systems of some countries may be preferred within the scope of greenwashing activities by countries due to their
easy criteria and prestige. However, the criteria should vary depending on the needs, location, climate, and
ecosystem of the regions to which they are applied. In this case, evaluating the criteria based on country or region
differences is important in order to ensure more accurate sustainability conditions and to prevent greenwashing.

Some of the green buildings and certification systems have been criticized for being over-commercialized.
However, it should not be ignored that even today these certificate systems are not static and are constantly
renewed. It would be beneficial for those concerned to provide solutions regarding the neglected aspects of this
issue, without allowing greenwashing.

To sum up, in order to minimize the damages to the environment, it is necessary to raise the awareness of the
building sector and its users, to raise awareness on the concept of sustainability, and to truly apply criteria related
to sustainability. The concept of sustainability should be evaluated with a holistic perspective instead of looking




KURNAZ Bartin University International Journal of Natural and Applied Sciences
JONAS, 2021, 4(1): 72-88

from a narrow perspective on the issue. In their early years, green buildings were costly applications. Even today,
green buildings continue to develop as financially costlier buildings. In order for green buildings to become
widespread and permanent in the sector, they must be more budget-friendly financially, and countries as well as
the building industry should support their development in this direction.

Especially in the 21st century, environmental issues caused by the building sector show that green building
construction is not an alternative but a necessity. Therefore, in order to minimize the damage of the building sector
to nature and humanity, the demand for green buildings should increase on a global scale. In order to raise
awareness about energy efficient buildings, educational activities should be encouraged at all levels of education,
and green building activities should be supported by countries with necessary tax reductions, grants and similar
practices. Within the scope of green building, all units (architect, contractor, electrical, mechanical and civil
engineers) should work in coordination and an integrated design should be provided for all. And of course, while
all these developments are supported, the misuse of green building and green building certification systems as well
as the greenwashing activities should be prevented.

References

1. Acikel, D. & Taygun, G. T. (2018). Platin LEED NC 2009 sertifikas1 almis endiistriyel yapilarin i¢ ortam
kalitesi kredileri baglaminda irdelenmesi, I. Uluslararasi Miihendislik ve Teknoloji Yonetimi Kongresi,
Istanbul, 24-25 Aralik 2018.

2. Acikel, D. (2019). BREEAM ve LEED’de I¢ Hava Niteligine Yonelik Olgiitlerin Endiistri Yapilari
Baglaminda Irdelenmesi, Yiiksek Lisans Tezi, Yildiz Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.

3. Akca, S. (2011). Leed Yesil Bina Degerlendirme Sistemi Olgiitlerinin Tasarim Olgekleri, Kavramsal
Kademelenme ve Kaynak Kullanimi Diizeyinde Tutarliliginin Olgiilmesi Uzerine Bir Arastirma, Yiiksek
Lisans Tezi, Y1ldiz Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.

4. AKkgiil, G. (2014). Tiirk insaat Sektdriindeki Proje Paydaslarinin Siirdiiriilebilirlik Algis1, Yiiksek Lisans Tezi,
Istanbul Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.

5. Akkaya, R. H. (2019). Peyzaj ve Toprak Analizinin Ge¢mis Analizi, Gliniimiiz Goriintiisii ve Gelecek
Ongérﬁsﬁ Uzerinden Incelenmesi, Yiiksek Lisans Tezi, Istanbul Teknik Universitesi, Fen Bilimleri Enstitiisi,
Istanbul.

6. Altun, A. F. (2016). Ulusal ve Uluslararas1 Yesil Bina Sertifikasyonlarinin Enerji Performansi A¢isindan
Degerlendirilmesi, Yiiksek Lisans Tezi, Bursa Uludag Universitesi, Fen Bilimleri Enstitiisii, Bursa.

7. Arslan, N. C. (2015). Yesil Bina Projelerinde Tasarim Siireci i¢in Bir Yaklasim: LEED V4 Sertifikalandirma
Siireci Modeli, Yiiksek Lisans Tezi, Istanbul Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.

8. Bati Akdeniz Kalkinma Ajans1 (BAKA). (2013). Antalya’nin Karbon Ayak izi Envanteri ve Siirdiiriilebilir
Enerji Eylem Plani, Antalya.

9. Candemir, B., Beyhan, B. & Karaata, S. (2012). Insaat Sektériinde Siirdiiriilebilirlik: Yesil Binalar ve
Nanoteknoloji Stratejileri, TUSIAD Yayin No: TUSIAD-T/2012-10/533.

10. Chant, T. D. (2013). Can We Please Stop Drawing Trees on Top of Skyscrapers? Access date: 09.06.2020:
https://www.archdaily.com/346374/can-we-please-stop-drawing-trees-on-top-of-skyscrapers

11. Cole, R. J. (2003). Building Environmental Assessment Methods: A Measure Of Success. ISBN 1-886431-
09-4.

12. Curwell, S. (1996). Specifying For Greener Buildings. The Architects’ Journal, say1. Ocak, s. 38—40.

13. Celik, E. (2009). Yesil Bina Sertifika Sistemlerinin Incelenmesi Tiirkiye’de Uygulanabilirliklerinin
Degerlendirilmesi, Yiiksek Lisans Tezi, Istanbul Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.

14. Dar¢in, P., Taygun, G. T. & Vural, M. (2016). Evaluation of LEED ‘Water Efficiency’ case study:
Diyarbakir Turkey, 11th Conference on Sustainable Development of Energy, Water and Environment
Systems Proccedings Book, Lisbon, 4 — 9 Eyliil 2016, syf. 210-1 - 210-12.

15. Delmas, M. A. & Vanessa, C. B. (2011). The Drivers of Greenwashing, California Management Review,
54(1), 64-87.

16. Doan, D. T., Ghaffarianhoseini, A., Zhang, T., Rehman, A. U., Naismith, N., Tookey, J. &
Ghaffarianhoseini, A., (2016). Green Building Assessment Schemes: A critical comparison among
BREEAM, LEED, and Green Star NZ, International Conference on Sustainable Built Environment (SBE),
Seoul, Korea. Access date: 09.06.2020.
https://www.researchgate.net/publication/311821810_ Green_Building_Assessment_Schemes_A _critical_co
mparison_among_BREEAM_LEED_and_Green_Star_ NZ

17. Donmez, 1. S. (2018). Tiirkiye’de LEED V3 ve V4 Sertifikast Alan Binalarin En Diisiik Puan Aldiklari
Kategorilerin Incelenmesi, Yiiksek Lisans Tezi, Y1ldiz Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.




KURNAZ Bartin University International Journal of Natural and Applied Sciences

18.

19.

20.

21,

22,

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

JONAS, 2021, 4(1): 72-88

Erdede, S. B., Erdede, B. & Bektas, S. (2014). Siirdiiriilebilir Yesil Binalar ve Sertifika Sistemlerinin
Degerlendirilmesi. 5.Uzaktan Algilama-CBS Sempozyumu, 14-17 Ekim 2014, istanbul.

Erten, D. (2011). Yesil Binalar, Siirdiiriilebilir Uretim ve Tiiketim Yayinlar1, Cevre ve Sehircilik Bakanlig
Arastirmasi, Yayin No:34988, Ankara.

Erten, D., Henderson, K. & Kobas, B. (2009). Uluslararas: Yesil Bina Sertifikalarina Bir Bakis: Tiirkiye
Icin Bir Yesil Bina Sertifikas1 Olusturmak Icin Yol Haritasi, Proceedings of Fifth International Conference
on Construction in the 21st Century (CITC-V), Collaboration and Integration in Engineering, Management
and Technology , Istanbul, 20-22 Mayzs.

Furlow, N. E. (2010). Greenwashing in the New Millennium,Journal of Applied Business & Economics,
10(6), 22-25.

Gecim, G. (2018). Yap1 Yasam Dongiisiinde Siirdirilebilir Yapt Degerlendirme Sistemlerinin
Karsilastirilmasi, Yiiksek Lisans Tezi, Yildiz Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.
Gokgen, T. (2020). Yesil Bina Sertifikasyon Sistemlerinde Yapt Malzemesi Alt Kategorisinin Arastirilmasi
ve Tirkiye’deki Durum, Yiiksek Lisans Tezi, Bursa Uludag Universitesi, Fen Bilimleri Enstitiisii, Bursa.
Hasan, Z. & Ali, N. A. (2015). The Impact of Green Marketing Strategy on the Firm’s Performance in
Malaysia. Procedia Social and Behavioral Sciences, 463-470.

Karliner, J. (1997). The Corporate Planet, San Francisco, Sierra Club Books.

Kavak, K. (2005). Diinya’da Ve Tiirkiye’de Enerji Verimliligi Ve Tiirk Sanayiinde Enerji Verimliliginin
Incelenmesi, DPT Iktisadi Sektorler ve Koordinasyon Genel Miidiirliigii, Ankara.

Kim, J. J. & Rigdon, B. (1998). Sustainable Architecture Module: Introduction to Sustainable Design,
National Pollution Prevention Center for Higher Education, Michigan.

Kobas, B. (2011). Olusturulmakta olan Tiirk yesil bina degerlendirme sisteminin malzeme kategorisi igin
BEEAM ve LEED orneklerinin incelenmesi, Yayimlanmamus Yiiksek Lisans Tezi, Istanbul Teknik
Universitesi Fen Bilimleri Enstitiisii, Istanbul.

Korkmaz, S., Erten, D., Syal, M. & Potbhare, V. (2009). A Review of Green Building Movement Timelines
in Developed and Developing Countries to Build an International Adoption Framework, Fifth International
Conference on Construction in the 21st Century (CITC-V) “Collaboration and Integration in Engineering,
Management and Technology”, istanbul, 20-22 Mayzs.

Kubba, S. (2012). Handbook of Green Building Design and Construction: LEED, BREEAM and Green
Globes, Butterworth-Heinemann, USA.

Leblebici Koger, L. & Delice, T. (2017). Yesile Boyama Ve Yesil Giiven Arasindaki iliskide Algilanan Yesil
Riskin Ve Algilanan Tiiketici Siipheciliginin Aracilik Rolii. Erciyes Universitesi iktisadi ve Idari Bilimler
Fakiiltesi Dergisi, 50, 1-25.

Madge, P. (2009). Ekolojik tasarim: yeni bir elestiri; Ruhnaz Ustiiner, Mimarist, say1 32, pp. 50-52.
Molenaar, K., Gransberg, D., Korkmaz, S. & Horman, M. (2009). Sustainable High Performance Projects
and Project Delivery Methods, A State-of Practice Report, The Charles Pankow Foundation and Design-Build
Institute of America, Claremont, Kalifornia.

Nakajima, N. (2001). Green Advertising and Green Public Relations as Integration Propaganda, Bulletin of
Science, Technology & Society, 21(5), October, 334-348.

Ozdemir, G. (2013). Konut Disi Binalarda Enerji Verimliligi ve Yenilenebilir Enerji Kaynaklarin Kullanimu,
Yiiksek Lisans Tezi, Istanbul Teknik Universitesi, Istanbul.

Ozel, A. P. (2015). Cevresel Aktivizm, Halkla iliskiler ve Yesil Aklama Uzerine Kuramsal Bir Bakis. Selguk
Iletigim, 8 (4): 73-89.

Ozmehmet, E. (2005). Siirdiiriilebilir Mimarlik Baglaminda Akdeniz iklim Tipi i¢in Bir Bina Modeli Onerisi,
Doktora Tezi, Dokuz Eyliil Universitesi, izmir.

Ozmehmet, E. (2007). Avrupa ve Tiirkiye’deki Siirdiiriilebilir Mimarlik Anlayisina Elestirel Bir Bakis,
Journal of Yasar University, 2(7): 809-826.

Pulaski, M., Horman, M. J. & Riley, D. R. (2006). Constructability Practices to Manage Sustainable
Building Knowledge, ASCE Journal of Architectural Engineering.

Sev, A. & Canbay N. (2009). Diinya Genelinde Uygulanan Yesil Bina Degerlendirme ve Sertifika Sistemleri,
Yapi1 Dergisi Yapida EKkoloji Eki, (312):42-47.

Sev, A. (2009). Siirdiiriilebilir Mimarlik, Yem Yaynlari, Istanbul.

Sur, H. (2012). Cevre dostu yesil binalar, Yesil Binalar Referans Rehberi.

Siizer, O. (2015). A comparative review of environmental concern prioritization: LEED vs other major
certification systems, Journal of Environmental Management, 154:266-283.

Tarake, I. E. & Goktas, B. (2019). Pazarlamanin Yeni Rengi: Yesil Aklama. Ugiincii Sektor Sosyal
Ekonomi Dergisi, 54(3) 2019 1095-1113.




KURNAZ Bartin University International Journal of Natural and Applied Sciences

45.

46.

47.

48.
49.

50.

51.

52.

53.

54,

55.
56.
57.

JONAS, 2021, 4(1): 72-88

Tathdamak, G. (2010). Yiiksek Performansli Siirdiiriilebilir Binalar mi1, yoksa Yalnizca Sertifikali Binalar
mi1? Yesil Bina Dergisi, 2:50-51.

TMMOB Makine Miihendisleri Odasi. (2008). Diinyada ve Tiirkiye’de Enerji Verimliligi Oda Raporu,
Ankara Makine Mithendisleri Odasi, Ankara.

Turner, C. & Frankel, M. (2008). Energy Performance of LEED for New Construction Buildings, Final
Report, New Building Institute (NBI), Prepared for: U.S. Green Building Council.

URL-1 (2020). www.bre.co.uk, Access date: 09.06.2020.

URL-2 (2020). http://www.usgbc.org/resources/summary-changes-leed-2009-v4-bdc, Access date:
09.06.2020.

URL-3 (2020). https://inhabitat.com/sites-residence-antilia-green-tower-in-mumbai/, ~ Access date:
09.06.2020.

Whole Building Design Guide (WBDG). (2019). Green Building Design Guide and Certification Systems.
Access date: 09.06.2020 https://www.wbdg.org/resources/green-building-standards-and-certification-
systems

Yaman, C. (2009). Siemens Gebze Tesisleri Yesil Bina, IX Ulusal Tesisat Miihendisligi Kongresi, 6-9 May1s
2009, Izmir.

Yetkin, E. G. (2014). Mevcut Yapilar Kapsaminda Yesil Bina Sertifika Sistemleri Enerji Kriterlerinin
Belirlenmesi i¢cin LEED, BREEAM ve DGNB Sistemlerinin Kargilastirmali Analizi, Yiiksek Lisans Tezi,
Istanbul Teknik Universitesi, Istanbul.

Yilmaz, D. i. (2014). Yiiklenici Firmalar i¢in Siirdiiriilebilir Yapim Kilavuzu Olusturulmas: ve LEED
Uygulamalarinda Karsilasilan Zorluklarin Incelenmesi, Yiiksek Lisans Tezi, Istanbul Teknik Universitesi,
Fen Bilimleri Enstitiisii, Istanbul.

Yonar, O. (2009). Yasam Dongiistinde Enerji Analizi ve Yesil Binalar.

Yudelson, J. (2008). The Green Building Revolution, Island Pres.

Zinkhan, G. M. & Carlson, L. (1995). Green Advertising and the Reluctant Consumer, Journal of
Advertising, XXIV( 2), 1-6.




Research Article Bartin University International Journal of Natural and Applied Sciences
Arastirma Makalesi JONAS, 4(1): 89-94 e-ISSN: 2667-5048
31 Temmuz/July, 2021

EFFECT OF SLOPE ON REPRODUCTION MORPHOLOGY
AND QUALITY IN NATURAL REGENERATION OF
BRUTIAN PINE

Giilnur Saba Ertugrul®, Nebi Bilir?*
! Isparta University of Applied Sciences, The Institute of Graduate Education, ISPARTA
2 |sparta University of Applied Sciences, Faculty of Forestry, Department of Forest Engineering ISPARTA

Abstract

In this study, effect of slope on reproduction morphology (called also as seedling in this study) in natural
regenerations of Brutian pine (Pinus brutia) to contribute natural regeneration and other forestry practices was
examined based on seedling height and root-collar diameter by data collected from four years old natural seedlings
sampled over slope ranges (S) at end of growth period of 2020.

Averages of seedling height were 97.7 cm for upper (5>40%), 96.7 cm for middle (30%<S<40%) and 106.3 cm
for low (S<30%) slopes, while averages of root-collar diameter were 24.0 mm, 23.8 mm, and 24.6 mm,
respectively. The results showed that lowest slope had higher growth performance than others. There were large
differences within slope, and among slopes (p<0.05) according to results of analysis of variance for the
characteristics. Relations between seedling height and root-collar (r=0.67, 0.70, and 0.76) were positive (p<0.05)
in each slope and polled slopes (r=0.81). All seedlings of low slope were in first seedling quality class of Turkish
Standard Institute, while it was 93.6% for upper slope and 96.6% for middle slope.

Key Words: Brutian pine, correlation, growth, variation.
1. Introduction

Forest is an ecosystem included many biotic and a-biotic elements, and their interactions. Forest tree species which
cover human demand to wood and non-wood, and also other unmesaureable forest products such as clean water
and air, recreation and erosion control. In covering of this demand, natural regeneration is one of important forestry
practices. For instance, 33438 ha forest area was regenerated according to latest Turkish forestry inventory
(Anonymous, 2020). The practice has also a role for sustainable forestry based on balancing between supply and
demand. However, advantages and disadvantages, and their future effect of natural regeneration and plantation
practices, and their combination can not been estimated well because of climate change. It is known that there
could be many environmental (i.e., edaphic and climatic factors, altitude, year) and biological (i.e., species, seed
year, density of seed tree) factors effective on success of natural regeneration practices estimated by growth
performance and numbers of reproductions/seedling, while they could be provenance, seed quality, type of seed
source, quality and type of seedling for plantation practices. Determination of effectiness has important role in
natural regeneration practices of Brutian pine (Pinus brutia Ten.) because of its commercial wood production and
largest distribution in Turkey by 5.74 million ha natural distributions of which 38.6% (2.16 million ha) to be
unproductive (Anonymous, 2020), and also its resistance to arid area and different ecological conditions. The
advantages is getting importance of the species for sustainable forestry. However, while many studies were carried
out on seed source (Ugler et al., 2000; Dilaver et al., 2015; Bilir and Cetinkaya, 2018), seedling quality and
morphology (Yilmazer and Bilir, 2016; Ozel et al., 2018; Bilir, 2019), there were limited studies on growth
performance (e.g., Sirlak, 1987; Cifcioglu, 1998; Catal et al., 2017; Cetinkaya, 2019; Yazici, 2021), and effect of
environmental factors (Cif¢ioglu, 1998; Yazici, 2021) in natural regeneration. In these studies effect of slope in
natural regeneration of Brutian pine has not been studied, yet.

In the present study, effect of slope on growth performance in natural regeneration of Brutian pine was estimated
for comparision by cultural seedling to contribute silvicultural and other forestry practices of the species.

*Sorumlu Yazar (Corresponding Author):

Nebi BILIR; Isparta University of Applied Sciences, Forestry Faculty, Department Gelis (Received) :24.03.2021
of Forest Engineering, Kabul (Accepted) :06.04.2021
Isparta-Turkey. Basim (Published) :31.07.2021



ERTUGRUL & BILIR Bartin University International Journal of Natural and Applied Sciences
JONAS, 2021, 4(1): 89-94

2. Material and Methods

Studied populations were sampled from natural regeneration which was 4 years old at southern part of Turkey of

Brutian pine (Figure 1) based on slope (S) ranges classified as upper (S>40%), middle (30%<S<40%) and low (S

<30%) in the study (Table 1).

Table 1. Location of studied populations.

Slope Latitude (N) Longitude (E) Altitude (m)
Upper (5>40%) 37°41'36" 30°5028" 1064
Middle (30%<S<40%) 37°41'37" 30°50'29" 1051
Low (S<30%) 37°41'36" 30°50'28" 1047

Figure 1. Sampled areas (upper, middle and low from left) in the study.

Regeneration areas were sampled randomly as 100 m? (10x10 m) for each slope class given above from 4 years
old natural regeneration area at same location of Brutian pine at end of growth period of 2020. Height of
reproduction called also seedling in this study (SH) and root-collar diameter (RCD) of each natural reproduction
were measured. The following linear model of variance analysis was performed for comparison of the growth
characteristics according to slope groups:

Yij =u+C, + €; "

where Yij is the observation from the jth reproduction of the ith slope group, u is general mean, Pj is the

random effect of the ith slope group, and ejj is random error.

Homogenous groups of slope classes were estimated by Duncan’s test (Duncan, 1955) for the SH and
RCD.Correlation between SH and RCD was estimated by Pearson’s correlation using SPSS statistical package
program in each and polled aspects.

The seedlings were classified according to quality classes of Turkish Standard Institute (TSI) (Anonymous, 1988,
Table 2).

Table 2. Seedling classes for four years seedling of TSI.

Quality classes SH (cm) RCD (mm) SH+RCD
First class 70<SH 2<RCD 70<SH + 2<RCD
Second class 70> SH >60 - 70>SH >60 + 2<RCD
Cull 60>SH 2>RCD 60>SH + 2>RCD
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3. Results and Discussion
3.1. Growth characteristics

Averages of SH and RCD were 97.7 cm, 96.7 cm and 106.3 cm, and 24.0 mm, 23.8 mm, and 24.6 mm for upper,
middle and low slopes, respectively (Table 3, Figure 2). Annual seedling height and root-collar diameter were 24.4
cm, 24.2 cm, 26.6 cm, and 6.0 mm, 6 mm, and 6.2 mm, respectively. They were 8.9 cm and 1.7 mm in advanced
regenerations of seven stands of the species (Cetinkaya, 2019). Averages of aspectual seedling height were ranged
from 10.1 cm to 14.4 cm, and root-collar diameter varied between 11.2 mm and 11.3 mm (Yazici, 2021). Averages
of seedling heights were higher than averages of early studies, while root-collar diameter was changed. The results
showed importance of local condition and practices. Averages of seedling height and root-collar diameter were
18.4 cmand 4.9 mm in one year bare-root seedlings, and 14.8 cm and 4.6 mm in one year containerized seedlings,
respectively (Yilmazer and Bilir, 2016). They were 8.2 cm and 4.0 mm for 1+0 year bareroot seedlings; while they
were 16.5 cmand 5.8 mm 1+1 years containerized seedlings (Bilir, 2019). It could be said that growth performance
of natural reproduction was higher than cultural seedling. However, there could be many environmental effect on
growth performance of seedlings such as nursery ptartices, nursery conditions, growing media and year. Mother
tree of natural regeneration was more adaptive for the area. It emphasized importance of local seed source.

As given in Table 3, large differences among individuals within slope for the characteristics were also found. For
instance, individual seedling height and root-collar diameter were between 70 cm and 200 cm, and 23.0 mm and
27.9 mm, respectively in low slope (Table 3). Low slope showed also highest variation for both SH and RCD
(Table 3). Large differences were also reported within stand (Cetinkaya, 2019) and within aspect (Yazic1, 2021)
natural reproductions in Brutian pine.

Table 3. Averages, ranges, and standard deviation of the characteristics for the slopes.

Characteristics

Slope SH (cm) RCD (mm)
Average Min. Max. St. Dev.  Average Min. Max. St. Dev.
Upper (47)*  97.78" 63.00 154.00 19.8 24.0% 23.1 25.9 .73
Middle (58) 96.8% 55.0 150.0 221 23.8% 22.3 26.3 .81
Low (57) 123.1° 70.00 200.00 27.4 24.6 23.0 27.9 .97
Total 106.3 55.0 200.00 26.5 24.2 22.3 27.9 91

*; Number of seedlings measured per sampled area in the parenthesis; **; the same letters show similar groups.
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Figure 2. Averages of SH and RCD in the slopes.
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Large differences among slopes and within slope were well accordance with by results of variance analysis (Table
4). Variance analysis results showed statistically significant (p<0.05) differences among aspects for the
characteristics (Table 4). Similar results were also reported among stands (Cetinkaya, 2019), and among aspects
(Yazict, 2021). They were also reported for seed source (Ugler et al., 2000; Dilaver et al., 2015; Bilir and
Cetinkaya, 2018), and for seedling type (Yilmazer and Bilir, 2016; Ozel et al., 2018; Bilir, 2019) in cultural
seedlings of the species. Low slope was different from upper and middle slopes by Duncan’s multiple range test
(Tables 3 and 4).

Table 4. Results analysis of variance for the characteristics.

Characters Source of Sum of Degrees of Mean of F value P
variation squares freedom squares
SH Between groups 24679.27 2 12339.636 22.313 .000
Within group 87929.29 159 553.014
Total 112608.56 161
RCD Between groups 21.561 2 10.780 15.115 .000
Within group 113.400 159 713
Total 134.961 161

There could be many environmental and biological factors could be effective in growth performances of
reproductions, and cultural seedlings. Yazic1 (2021) found that aspect was an important environmental factor on
seedling height in natural regeneration of the species. Cifgioglu (1998) reported that altitude, aspect, and location
on the slope were effective at different levels on the generation success and height growth and, also differences
according to the years in Brutian pine. Effect of seed sources and seedling types were also reported in the species
(Bilir and Cetinkaya, 2018; Y1lmazer and Bilir, 2016; Ozel et al., 2018; Bilir, 2019).

3.2. Seedling quality

The natural juvenility called also seedlings in the present study were classified according to quality classes of TSI
given in Table 2 (Anonymous, 1988), although the classification was prepared for grown seedlings at the nursery
practices.

All seedlings of low slope were in first quality, while it was 93.6% for upper slope and 96.6% for middle slope for
SH according to seedling quality classes of Turkish Standard Institute (Table 5). All seedlings of slope groups
were in first quality for RCD according to the quality classes (Table 5).

Table 5. Distribution (%) of seedlings to quality classes for the slopes.

Slopes SH RCD
First class Second class Cull First class

Upper 93.6 6.4 - 100.0

Middle 96.6 1.7 1.7 100.0

Low 100.0 - - 100.0

Total 96.9 2.5 0.6 100.0

Percentages of cull seedlings were 67.6% for SH and 37% for RCD in one year old natural juvenility of Brutian
(Cetinkaya, 2019). It could be said that quality of natural juvenility could be change for many environmental (i.e.,
edaphic and climatic) and biological (i.e., age, density) factors. New studies were suggested to estimate effect of
different ecological factors such as temperature, rainfall, altitude, and their interactions by Cetinkaya (2019).
However, cultural seedlings had higher quality seedlings than natural reproductions (Dilaver et al., 2015; Bilir and
Cetinkaya, 2018; Yilmazer and Bilir, 2016; Ozel et al., 2018; Bilir, 2019).

3.3. Correlation
Significant (p<0.05) and positive correlations were estimated and between SH and RCD for upper (r=0.67),

middle(r=0.70), low (r=0.86), and polled (r=0.81) slopes (Figure 3). Positive and significant correlations between
SH and RCD were also reported in natural regeneration (Cetinkaya, 2019; Yazici, 2021) of the species.
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Figure 3. Relations between SH and RCD in the slopes.

Positive and significant relations between seedling height and root-collar diameter were reported in cultural
seedlings of brutian pine (Dilaver et al., 2015; Cer¢ioglu and Bilir, 2016; Yilmazer and Bilir, 2016; Bilir and
Cetinkaya, 2018). It colud be used for natural reneneration and nursery practices in the species.

4. Conclusions

Variation in the characteristics based on slope showed importance of selection of local natural regeneration
method. Significant differences among slopes the characteristics could be used for different purposes in
silvicultural practices such as selection of seed collection areas. Correlation between the characteristics could be
used in thinning out practices at juvenile age in the species.

This study was carried out to estimate effect of slope on growth performance in limited areas of the species. New
studies should be organized for different ecological factors such as climatic and edaphic characteristics and their
interactions suggested as different studies. Results of the study should be compared by results of artifical
regeneration practices based on new studies.
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Abstract

In this study the essential oil component of Salvia officinalis which was grown in Afyonkarahisar/Turkey were
analyzed by GC-MS/FID. According to results, the major components of essential oil were a-thujone 19.89%,
camphor 15.72%, borneol 12.86%, 1,8-cineole 12.06%. The total phenolic content of the plant leaves was
calculated as 0.324g 100g-1 in terms of caffeic acid. According to DPPH analysis of the inhibition value of 0.01
g ml-1 sage methyl alcohol extraction was reported as 76.91%. In addition, while the refined sunflower oils
induction period was 1.36h at rancimat conditions at 120 °C, it was 2.17h when 2% S. officinalis was added and
waited one week. In other words, sage increases the oxidation stability of refined sunflower oil and extends shelf
life. For this purpose, it is concluded that sage can be used as natural antioxidant for refined sunflower oil.

Key Words: DPPH, essential oil, oxidation stability, phenolic content, rancimat, Salvia officinalis
1. Introduction

The 20, molecule reacts with lipid radicals and causes autooxidation called free radical chain reaction. The
formation of hydroperoxides by the reaction of unsaturated fats with oxygen is called free radical chain. While
hydroperoxides formed in the first step of oxidation are stable at room temperature and in the absence of metal, in
the presence of high temperature or metal, transforms into secondary reaction components such as ketone,
aldehyde, carboxylic acid.. (Choe & Min, 2006). In the Rancimat device, the so-called induction period is the time
until the formation of volatile acids, which are secondary reaction products. The induction period refers to the
oxidation stability(Gertz & Kochha, 2001) The formation of primary and secondary oxidation products in oils is
not desired, but it reduces the quality of the oil by changing the physical and chemical properties of the oil. This
phenomenon is catalyzed by some external factors such as heat, light temperature. Antioxidants (AH) cause
interruption of the chain reaction by interfering in the initial or development phase of the reaction (Frankel,
1985)For this reason, the use of artificial and natural antioxidants or substances with similar effects in oils and
studies on this subject are quite common(Diraman & Baydir, 2017; Duman et al., 2015; Yang et al., 2016). This
situation guided and inspired our work.

Due to the disadvantages of synthetic antioxidants, there is increasing interest in scientific studies on the use of
natural antioxidants in foods. In these studies, plant extract, extract or pure powder form can be used directly.
Salvia officinalis (common sage) is an aromatic plant from the Labiatae / Lamiaceae family that is unique to the
Middle East and Mediterranean regions and is currently produced all over the world. In folk medicine, S. officinalis
has been used in the treatment of various disorders.(Ghorbani & Esmaeilizadeh, 2017). Carnosol, oleanolic acid
and ursolic acid are some of the compounds found in the leaves. The gastrointestinal activity of the hydroalcoholic
extract of S. officinalis is reported to be effective in the ethanol-induced gastric lesion model due to its carnasol
content (Mayer et al., 2009). S. Officinalis plant is quite rich about phenolic acids and flavonoids. (Farhat et al.,
2014)(Martins et al., 2014) (Khiya et al., 2019).. S. officinalis has been reported to compensate for learning and
memory deficiencies caused by diabetes due to the rosmarinic acid content (Hasanein et al., 2016). Sage leaves
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used as herbal tea, medicine and spices are reported to have anti-inflammatory effect (Li et al., 2019). The essential
components found in essential oil have been recorded as 1,8-cineole, viridiflorol, camphor, borneol, a-humulene,
trans-thujone (Hassan et al., 2019; Hassiotis, 2018; Verma et al., 2015) Essential oil has been shown to exhibit
anticandidal activity against all strains of C. albicans(Sookto et al., 2013). The antimicrobial effect of essential oil
on Bacilus subtillis and Staphylococcus epidermidis bacteria has also been reported (Wei et al., 2018).. The
presence of valuable compounds such as a-thujone, B-thujone, camphor and sesquiterpenes in the essential oil
cause this plant to exhibit anticancer properties and makes the studies related to this plant attractive (Russo et al.,
2013). The antioxidant properties of S. officinalis are mentioned, but there are no studies on how they affect
oxidation stability in edible oils. This is one of the original values of our study. Furthermore, since the percentages
of the compounds in the plant content have been reported to vary depending on environmental factors, examination
of sage which growing in Afyonkarahisar also adds a distinctive specificity(Russo et al., 2013).

2. Material and Method
2.1 Plant Material

S. officinalis plant material was obtained from the scientific project carried out in Afyonkarahisar Medicinal and
Aromatic Plants Center in 2018. S. officinalis leaves dried by cabin dryer at 37 °C for 72 h. and then it was ready
for analysis.

2.2 % Radical Scavenging Activity

Radical scavenging activity was determined according to the DPPH method with some modifications (Brand-
Williams et al., 1995; Locatelli et al., 2009). 1 ml of 0.01g / ml methyl alcohol extracts of sage mixed with 0.5 ml
of 0.02g / 100ml dpph methyl alcohol solution and 15 minutes kept in the dark. The absorbance at 517 nm was
read. 1 ml of methyl alcohol and 0.5 ml DPPH solution mixed and at 0. minutes 517 nm absorbance value was
read and recorded as a control.

2.3 Phenolic Analysis

Phenolic analysis was performed according to folin-ciocelteu method. Methyl alcoholic solution of 1-0.5-0.25-
0.125mg ml? caffeic acid was prepared, distilled water, 10% Na,COs and 0.5N folin reagent were added and
incubated for 30 minutes. 0.5 g of sage was extracted with 10 ml of methyl alcohol. Distilled water, 10% Na,COs
and 0.5 N folin reagent were added to the extraction solution and kept for 30 minutes and the absorbance value
was read at 760nm. Using the equation of the standard calibration curve caffeic acid equivalent was calculated.

2.4 Isolation of Essential Oils

S. officinalis leaves were dried by cabin dryer at 37 °C for 72 h. Then, 50 gr of leaves with distilled water (1:10)
were subjected to hydro-distillation by using a Clevenger type apparatus for three hours.

2.5 GC-MS/FID Analysis

To identify the components of the extracted essential oils, a gas chromatography (GC) system (Agilent
Technologies, 7890B) equipped with a flame ionization detector (FID) and coupled to a mass spectrometry (MSD)
detector (Agilent Technologies, 5977A) is used. An HP-Innowax column (Agilent 19091N-116: 60 mx0.320 mm
internal diameter and 0.25 um film thickness) was used for the separation of the compounds. Samples are analyzed
with the column held initially at 70 °C (after injection with 5 min hold time), and then increased to 160 °C with 3
°C min heating ramp. Finally, temperature was raised to 250 °C with 6 °C min™ heating ramp with 5 min hold
time by using helium (99.999% purity) as carrier gas at 1.3 mL min™flow with 1 pl injection volume (20 pL
essential oil was solved in 1 mL n-Hexane) and 8.20 min solvent delay time. The injection was performed in split
mode (40:1). Detector, injector and ion source temperatures were 270 °C, 250 °C and 250 °C, respectively (Figure
2). MS scan range was (m/z): 35-450 atomic mass units (AMU) under electron impact (EIl) ionization (70 eV).
Identification of the essential oils compounds area done by computer library search database of US National
Institute of Standards and Technology (NIST), Wiley libraries.
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2.6 Rancimat Analysis

Rancimat analyses were performed with the help of rancimat 743 device according to the standard rancimat
method. In this method, the temperature is 120 °C, the sample amount is 3 g, the air flow is 20 L h, the water
amount is 60 mL. 0.055 us ultra-pure water was used in the experiments. Refined sunflower oil produced in 2018
was used as oil. Since these plants are not used as an antioxidant in edible oils, 2% and 5% grams were added to
sunflower oil and kept for 24 hours and one week. Rancimat analysis results were compared in their pure form.
The experiments were performed in three replicates and the average of the test results was given.

3. Results

3.1. % Radical Scavenging Activity

Percentages calculated from the radical scavenging activity = (A_Control-A_Sample) / A_Sample x100 equation.
According to the results of the experiment, the inhibition value of methyl alcohol extraction was reported as
76.91%.

3.2. Phenolic Analysis

The standard calibration curve obtained for phenolic analysis is given in Figure 1. The absorption value of sage
was recorded as 0.5750. When the absorption value of sage extraction is written instead of y, the result is

recalculated considering the dilution factor. The total phenolic content of sage was calculated as 0,324 g 100 g*
in terms of caffeic acid.

0,4
y = 0,3303x + 0,0387

=03 R2=0,9621
S
2
50,2
3
<01

0

0 0,5 1 15

Concentration mg/ml
Figure 1. Calibration curve of caffeic acid standard

3.3. GC-MS/FID Results
The essential oil components of sage obtained by GC-MS/FID are given in Table 1.

Table 1. S. officinalis GC-MS/FID analysis results (RI: retention index, Pct total: % amounts)

RT Compound (%)
8.808 a-Pinene 4.01
9.843 Camphene 4.10
10.931 B-Pinene 1.86
13.769 dI-Limonene 1.59
14.146 1,8-Cineole 12.07
22.729 a-Thujone 19.89
23.473 B-Thujone 5.20
26.580 Camphor 15.72
28.949 Bornyl acetate 3.31
29.664 Caryophyllene 3.70
32.434 a-Humulene 3.19
33.464 Borneol 12.86
47.540 Veridiflorol 4.21

58.886 Epimanool 1.01
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3.4. Rancimat Analysis Results

The induction periods obtained under the rancimat conditions of refined sunflower oil and %2 and %5 sage
added refined sunflower oils are given in table 2.

Table 2. Induction periods average of sunflower oil samples, %2 and %5 sage added and waited different times
of refined sunflower oil samples

IP (h)(24 hour waited) IP (h)(one week waited)
RSO 1.36
2% sage added 1.58 2.17
5% sage added 1.75 2.05

4.Discussion and Suggestions

A study done showed that natural products can improve the stability of rapeseed oil, especially when it is in a
matrix rather than an extract or a pure compound. When the changes in induction time were tested at the end of
one day and 1 week by adding some vegetable powders such as 1 gram beet, broccoli carrot celery, spinach tomato
pea to 20 ml rapeseed oil, it was observed that it increased the induction time successfully (Tundis et al., 2017). It
has been confirmed in another study that the sumac thyme mint nettle extracts increase the antioxidant properties
and shelf life of refined corn oil. In this study, schaal oven test method was used instead of ransimat
method(Bastiirk et al., 2018). Another study showed that grape seed extract up to 600-800 ppm inhibited lipid
oxidation in a similar way to BHT and could be used as a potential natural extract to improve the oxidative stability
of sunflower oil (Poiana, 2012). Mulberry (Morus indica L.) leaves and powder compared to BHT rice bran oil
has been tested in another study to be effective in inhibiting lipid oxidation (Roy et al., 2010). The Schaal oven
test indicated that rosemary extract delays lipid oxidation of flaxseed oil (Wang et al., 2018). These studies inspired
and guided our work.

The major components of essential oil were a-Thujone 19.891%, Camphor 15.717%, borneol 12.856%, 1.8-
cineole 12.065%.In addition, camphene 4.103%, a-pinene 4.007%, B-thujone 5.2%, veridiflorol 4.209% are also
in remarkable amounts. in a study done a-Thujone has been tested as the main component of sage and it is
consistent with the results of our study(Moura-Alves et al., 2020). The highest antioxidant and phenolic contents
of salvia officinalis were detected during the flowering period, and rosmarinic acid and phenolic diterpenes are
highly abundant components(Farhat et al., 2014). The total phenolic content of sage was calculated as 0.324 g /
100g in terms of caffeic acid. The effects of natural antioxidant sources alternative to synthetic antioxidants, such
as ginger turmeric powder, on the shelf life of oils have been investigated in scientific studies and give positive
results(Diraman & Baydir, 2017; Tinello & Lante, 2020). According to the results of the rancimat analysis, the
average induction period of refined sunflower oil was 1.36h and the induction period when 2% sage added and
waited 24 hours is 1.58. the induction period 2% sage added and waited one week is 2.17. The induction period
5% sage added to sunflower oil and waited one day and one week respectively are 1.75 and 2.05 . Shelf life under
rancimat conditions increase when added sage as powder . Here, we can state that sage increases refined sunflower
oils shelf life and oxidation stability and can be used as a natural antioxidant for this purpose.

5. Conclusion

In this study, the total antioxidant, phenolic properties and the essential oil composition of the s officinalis plant
grown in Afyonkarahisar were determined. In addition, the positive effect of dried plant leaves on the oxidation
stability of sunflower oil was confirmed by the Rancimat method and it was concluded that it can be used as a
natural antioxidant source. In subsequent studies, it is thought that the antioxidant effect can be investigated by
adding different amounts of plant powder or essential oil to different cooking oils at different holding times.
Sensory analysis of the oil with added antioxidant source can also be planned. This study proves the accuracy of
the conclusion that foods containing antioxidants slow down or prevent oxidation in edible oils. Our study is a
guide for scientists doing research on natural antioxidants or s officinalis.
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Evrensel tasarim yaklasimi ile tasarlanmig i¢c mekanlar, her yas, boyut ve yetenekteki bireylerin erisebilecegi,
kullanim kolaylig1 saglayan ve hayatlari boyunca kendi evlerinde basta olmak iizere bu mekanlarda bagimsiz
olarak yasamlarin1 devam ettirebilecekleri ve cevrelerindeki sosyal etkinliklere saglikli, giivenli katilimlarina
olanak saglamalidir. Evrensel tasarim denince kisilerin fiziksel ve psiko-sosyal tiim gereksinmeleri gdz Oniine
almmalidir. Bu baglamda evrensel tasarim kavramini yalnizca engelliler i¢in degil, yasli ve gocuk kullanicilar i¢in
de disiiniilmektedir. Glinlimiizdeki yasam geklinin ¢ogunun sehir yagamina evrildigini goriilmektedir. Bunun bir
sonucu olarak en degerli varliklarimiz olan ¢ocuklarimiz artik sokaklarda degil, daha giivenli ve saglikli oldugu
diistiniilen 6zellestirilmis ¢ocuk oyun alanlarinda vakit gecirmekteler. Cocuk oyun alanlar1 dig mekanda biiytik ve
kiictik kent parklar1 olarak ortaya ¢iksa da; i¢c mekanda da ¢ok sayida cocuk oyun alanina da rastlanmaktadir.
Bunlardan en yaygin olanlarindan biri Aligveris Merkezleri (AVM) igerisinde bulunan ¢ocuk oyun alanlaridir. Bu
calisma kapsaminda farkl: sirkiilasyon tipolojilerindeki neredeyse her AVM’de bulunan bu alanlarin sirkiilasyon
ozellikleri agisindan evrensel tasarim dlgiitlerini ne dl¢iide karsiladiklar: arastirilmis ve Forum Istanbul Aligveris
Merkezi FUNLAB cocuk oyun alani {izerinde detayl inceleme yapilmustir.

Anahtar Kelimeler: Evrensel tasarim, ¢ocuk kullanici, ¢ocuk oyun alanlari, sirkiilasyon alanlari, aligveris
merkezleri.

ACCORDING TO SHOPPING MALL TYPOLOGIES AN
INVESTIGATION OF CIRCULATION IN CHILDREN’S
PLAYGROUND IN TERMS OF UNIVERSITALITY CRITERIA

Extended Abstract

The concept of universal design, which has come to the fore frequently in recent years and is an integral part of
the design, is based on the principle of individuals of different gender, culture, age and physical abilities to perform
physical activities without outside help. Not only disabled individuals, but also the elderly and children should be
evaluated within this scope and their spaces should be designed considering universal design criteria. Undoubtedly,
a significant portion of the population in our country consists of children aged 1-12. For this reason, it has become
important that the spaces designed for them are well thought out. The increase in the preference for indoor
children's games in recent years with urbanization has made it necessary to consider universal design principles in
these spaces. Features Playgrounds in the shopping mall are used extensively. Both the routes from the entrance
to the shopping mall to the children's playground and the areas reserved for circulation in the playground should
be arranged in a way that allows children to pass safely. In the general circulation of the shopping mall, the
entrances and exits to the playground and the location of the playground within the shopping mall and its proximity
to the WCs should be accessible. Stairs that provide horizontal and vertical circulation on the specified routes
should allow safe use of children in both material and dimensional aspects in elevators and corridors. In addition
to the general circulation areas, it is very important to safely design the circulation areas in the playground. The
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materials used on the floor should be soft, non-slip and easy to clean, as well as the dimensions of the circulation
areas and the safe passages between the equipment.

Interiors designed with a universal design approach should allow individuals of all ages, sizes and abilities to
access, provide ease of use and allow them to live independently in these places, especially in their own homes
throughout their lives, and enable healthy, safe participation in social activities around them. When it comes to
universal design, all physical and psycho-social needs of individuals should be taken into consideration. In this
context, we should consider the concept of universal design not only for the disabled but also for elderly and child
users. We see that most of today's lifestyle has evolved into urban life. As a result, our children, who are our most
valuable assets, are not spending time on the streets but spending time in customized children's playgrounds that
are considered safer and healthier. Although children's playgrounds appear as large and small urban parks
outdoors; we also come across many children's playgrounds indoors. One of the most common of these is the
children's playgrounds in the shopping malls. Within the scope of this study, the extent to which these areas in
almost every shopping mall in different circulation typologies meet the universal design criteria in terms of
circulation characteristics has been investigated and a detailed examination has been made on Forum Istanbul
Shopping Center FUNLAB children's playground.

Keywords: Universal design, child user, children playgrounds, circulation areas, shopping centers.
1. Girig

Ozellikle son yillarda sik¢a duyulan evrensel tasarim yaklasimi tasarim uygulamalarini degistirmekte ve sonug
olarak, yapilandirilmis g¢evrenin verimliligi ve iiretkenligi arttikca, glivenli ve saglikli yasam kosullari da
artmaktadir. (Demirkan, 2015). Cinsiyet, yas, kiiltiir farkliligi, bedensel durum farklilig1 gézetmeden herkesin
farkli ihtiyaglarini kargilayan tasarim anlayist olan evrensel tasarim; herkes tarafindan kolay anlagilabilen, kolay
kullanilan, kullanimda segenekler sunan, kimseye ayr1 ve 6zel ¢oziim liretmeden tasarimlar yapmay1 amaglamistir
(Duman, 2017). Bu baglamda ortaya ¢ikmis olan evrensel tasarim prensipleri tasarimlara yansitilmaya baglamisgtir.

Olguntiirk (2007)’e gore, evrensel tasarim herkese uyum saglayabilen, algilanabilen, giivenli ve konforlu yasam
alanlar1 olusturmayi hedeflemelidir. Tasarimlar herkes tarafindan esitlik¢i bir yaklasimla en genis Olgekte
kullanilabilir olmalidir. Uslu ve Giines (2017)’in de belirttigi gibi evrensel tasarimin en 6nemli 6zelligi esit olanak
imkanimi herkese sunuyor olmasidir. Engelli, yasli, cocuk, sigman, hamile kisa boylu ya da uzun boylu fark
etmeksizin tiim kullanicilara yonelik tasarimlar yapilmalidir.

Evrensel tasarim prensipleri sadece engelli kullanicilar igin degil farkli fiziksel ve psiko-sosyal kullanici
gereksinmelerine ihtiyag duyan yash ve ¢ocuk kullamcilar igin de olduk¢a &nemlidir. Ozellikle gocuk
kullanicilarin belli yag araliklarinda farkli fiziksel yetilere sahip olmalari, onlar ig¢in olusturulan ¢ocuk oyun
mekanlarinin tasarlanmasinda evrensel tasarim ilkelerinin daha 6nemli olmasina sebep olmaktadir. Cevremizde
gordiigiimiiz gocuk oyun mekanlar1 dis mekanlarda farkli 6lgekteki kent parklart iken; i¢ mekan ¢ocuk oyun
alanlarindan en yogun kullanilanlart AVM i¢inde bulunan gocuk oyun alanlaridir. Cesitli yas gruplarindaki ¢ocuk
kullanicilarin ayni mekanda vakit gegirmesi igin kurgulanan bu mekanlar ¢ocuklarin giivenligi i¢in belli kriterleri
asgaride karsilamalidir. AVM ig¢i ¢ocuk oyun alanlarinda giivenlik agisindan en hassas olan alanlardan biri gerek
AVM genelindeki gerekse ¢ocuk oyun alanlarindaki sirkiilasyon alanlaridir. Bu baglamda AVM’ler tipolojik
olarak sirkiilasyon diizenlerine gore siniflandirildiginda en karmasik sirkiilasyon sistemi olan dallanma tipi
sirkiilasyon agina sahip AVM’lerden biri olan Forum Istanbul AVM icindeki FUNLAB cocuk oyun alam
sirkiilasyon 6zellikleri evrensel tasarim dlgiitleri agisindan incelenecektir.

2. Evrensel Tasarim

En basit tanimiyla Evrensel tasarim, miimkiin oldugunca cok kisi tarafindan kullanilabilen {iriinler, yapilar veya
ortamlar tasarimidir (Bayraktaroglu ve Biike, 2015). Tanimdan da anlasilacagi iizere evrensel tasarim prensipleri
g0z ontinde bulundurularak tasarlanan her tiirlii mekan, tiriin ve yapi, ¢esitli kullanici tipinin yardim almadan
kullanacaklar1 sekilde iiretilmelidir. Yani sadece belli 6zellikleri tagiyan bireyler i¢in degil herkes i¢in uygun
olmalidir. Bu baglamda 1997 yilinda Kuzey Karolina Tasarim Okulu tarafindan 7 temel evrensel tasarim prensibi
tanimlanmistir. Bu prensipler su sekildedir (NARIC, 2008):
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o Egsitlikei kullanim: Tasarim, farkli yeteneklere sahip insanlar igin kullanilabilir olmalidir.

e Kullanim esnekligi: Tasarim, kisisel tercihlere ve farkli yeteneklere uyum saglayabilmelidir.

e Basit ve sezgisel kullanim: Kullanicinin deneyimi, biligsel seviyesi, dil becerileri veya o an odak noktasi ne
olursa olsun, tasarimin anlasilmasi kolay olmalidir.

e Algsal bilgi: Cevresel kosullar ve kullanicinin duyusal yeteneklerinden bagimsiz olarak tasarim, gerekli
bilgilerin iletilmesini saglamalidir.

e Hata toleransi: Tasarim, istenmeyen sonuglar olasilifini ve kaza sonucu eylemler ve kaza riskini en aza
indirmelidir.

¢ Diisiik fiziksel ¢aba: Tasarimin kullanimi rahat ve etkili olmali ve miimkiin oldugunca az kisisel ¢aba olmalidir.

e Yaklagim ve kullanim igin alan ve biiyiikliik/6l¢ii: Kullanicinin viicudu, durusu veya hareketliliginden
bagimsiz olarak tasarim, erigim, ulagim ve ydnetim i¢in uygun bir alana ve boyuta sahip olmalidir.

Evrensel tasarim her iilkede degisik kavramlarla ifade ediliyor olsa da tiim kullanilan kavramlarin anlam olarak
birbirne yakin oldugunu gérmekteyiz. Tiirkiye’de kapsayici tasarim, yasam boyu tasarim, herkes i¢in tasarim ve
evrensel tasarim gibi farkli ifadeler kullanilmaktadir (Tandogan, 2017). Evrensel tasarima tarih boyunca
baktigimizda ilk olarak 1950°lerde literatiire kazandirildigini1 gérmekteyiz. Ancak ilk donemlerinde “engelliler i¢in
tasarim” olarak ortaya ¢ikmustir. II. Diinya Savasi’ndan sonra 6zellikle Japonya ve ABD’de yapili ¢evrede fiziksel
engelliler i¢in sorunlarin ortadan kaldirilmasi i¢in gesitli yontemler diisiiniilmiis ve “engelsiz tasarim” anlayist
gelistirilmistir. Bu yaklasimda fazlasiyla engelliler aynistirilmis ve ozellikle hareket kisitlamasinin ortadan
kalkmasi i¢in ulagim konusunda iyilestirmeler yapilmaya ¢alisilmigtir (Dostoglu vd., 2009).

Evrensel tasarim kavraminin temel amaci; temel kullanici gereksinimlerinin (fiziksel ve psiko-sosyal kullanici
gereksinimleri) farkli yas grubu ve fiziksel yeterliliklere sahip kullanici gruplari i¢in ayri ayr1 tanimlanmasi ve her
gereksinimi karsilayan kapsayici ¢oziimler iiretmektir (Akyildiz Hatirnaz, 2019). Kullanici tipinden g¢ocuk
kullanicilar toplumsal hayatta en sik rastladigimiz kullanicilar arasindadir. Tiirkiye Istatistik Kurumu’na (TUIK),
2019 yilsonu itibariyla Tiirkiye niifusu 83 milyon 154 bin 997 kisi iken bunun 22 milyon 876 bin 798’ini gocuklar
olusturmaktadir. Ayrica Sekil 1°de de goriildiigii gibi toplam niifusun yiizdesi olarak Tiirkiye'nin ¢ocuk niifusu
AB-28 iiye iilkelerinin ortalamasinin ¢ok iistiindedir (TUIK, 2019). Tiim bu sayisal verilere bakildig1 zaman
iilkemizde c¢ocuk kullanicilar i¢in tasarlanan mekéanlarin {izerinde daha 6nemle durulmasi gerektigi sonucuna
varilmaktadir.
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Sekil 1. Tiirkiye ve AB-28 iiye iilkelerin cocuk niifusunun toplam niifus igindeki oram, 2019 (TUIK, 2019).

Milli Egitim Bakanlig1 2016 yilinda 1-12 yas aras1 donemi, ¢ocukluk dénemi olarak tanimlamistir. Bu dénem
fiziksel ve psikolojik ozelliklere gore 3 evreye ayirmustir. Bunlar: Oyun ¢ocuklugu donemi, okul dncesi donem ve
okul ¢ag1 donemidir. Bu dénemlerin 6zellikleri agsagidaki gibidir:

e Oyun cocuklugu donemi; buna &zerklik, anal veya tuvalet egitimi donemi de denir. Cocuklarin
bagimliliktan kurtulmaya basladig1 yas aralig1 1-3 yas arasindadir. Bu asamada ¢ocugun yiiriime ve
kavrama gibi motor fonksiyonlar1 gelisir. Kendini, bedenini, yetenegini ve ¢evresini anlamaya ¢aligir.
Basit ciimlelerle konusmaya baglar.
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e  Okul 6ncesi donem; 3-6 yas, bu, sporun ve zekanin en hizli gelistigi donemdir. Bu yasta ¢ocuklar dil
gelisimleri nedeniyle dogru kelimeleri konusup karmasik ciimleler kurabilirler ve resimli kitaplara ¢ok
ilgi duyarlar. Akranlariyla oyun oynamayi sever, merakla &grenir ve soru sormaya devam ederler.

e Okul ¢ag1 donemi; Cocuklarin 6-12 yaslar1 arasinda disg diinyaya agik olduklari ve sosyal gevreye
katildiklar1 donemdir. Bu agamada ¢ocugun biiylime hiz1 yavaslar ve ifadesi el hareketleri ve jestleri ile
iyilesir. Bu donemde 6grenme, bagar1 ve sorumluluk ¢oziliir ve iyiyi kotiiden ayirt etmeye baslarlar.
Soyut fikirleri kavramaya baslarlar.

3. Evrensel Tasarim ve Gocuk Oyun Alanlari

Cocuk oyun alanlarinin evrensel tasarim ilkelerine gore diizenlenmesi sadece fiziksel ve zihinsel beceriler
acisindan degil, yas gruplari ve kiiltiirel 6zellikler agisindan da farklilik géstermektedir. Farkli ihtiyaglari olan tim
cocuklarin bu alanlardan esit olarak yararlanmalar1 da dnemli ve gereklidir. Bu sebeple cocuk oyun alanlari
tasarlanirken her 6zellikteki ¢ocuklarin giivenligi i¢in diisiiniilmesi gereken kriterler sdyledir (Uslu ve Shakouri,
2012);

e  Zemin kaplamasi dayanikli olmal,

Uzun, ¢ok agir ve ¢ok yiiksek 6geler kullanilmamali,
Grup oyunu odakli olmali,

Esneklik saglanmali,

Yasa uygun 6geler igermeli,

Tercih olanag verilmeli,

Her ¢ocuga 6zel olabilecek aktivite alternatifi verilmelidir.

Cocuk oyun alanlarim1 dis mekan cocuk oyun alanlar1 ve i¢ mekén ¢ocuk oyun alanlar1 olarak 2 kategoride
inceleyebiliriz. Erdem Kaya (URL-1, 2020)’ya gore dis mekan ¢ocuk oyun alanlari: geleneksel oyun alanlari,
macera oyun alanlari, hayali oyun alanlari, ¢agdas oyun alanlar1 ve orman okullar1 olarak siniflandirilmistir. Cocuk
oyun alanlart {izerine yapilan arastirmalar ¢ogaldik¢a bu alanlarin kapsayici olarak tasarlanmasi da onem
kazanmaya baglamistir (URL-1, 2020). Bu baglamda Harrisonburg, Virginia’da evrensel tasarim yaklagimi ile
tasarlanmig olan ¢ocuk oyun alani 3 donimliik arazide Nisan 2010°da agilmistir (Sekil 2). Oyun alani, farkl
becerilerdeki gocuklarin kapsayict bir ¢evrede oynamalari ve etkilesim iginde bulunmalart i¢in birgok etkinlik
sunmaktadir. Alanda farkli yas gruplarina hitap eden renkli oyun 6geleri ve engelli ¢ocuklar i¢in tasarlanmig
salincaklar yer almaktadir.

Sekil 2. Evrensel pafk tasarimi (URL-2, 2020).

Daha o6nce de bahsedildigi gibi ¢evremizde gordiigliimiiz ¢ocuk oyun alanlar1 dig mekanlarda farkli 6lgek ve
nitelikteki kent parklari, bahgeler iken; i¢ mekan ¢ocuk oyun alanlarindan en yogun kullanilanlari AVM iginde
bulunan ¢ocuk oyun alanlaridir. Ciinkii gliniimiizde artan tiiketim olgusu ile sehirlerde yapi tiirii olarak ¢ok sayida
AVM ile karsilasilmaktadir ve bu yapilarin son yillarda sadece tiiketim amaciyla degil vakit gegcirme amaciyla da
kullanildigimi gézlemlenmektedir. AVM’leri eglenme amaciyla kullanan bireylerin azimsanmayacak bir kismi da
stiphesiz ¢ocuklardir. Gerek sinema, tiyatro gibi aktivitelerin yaninda 6zellikle AVM iginde bulunan oyun ve
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eglence merkezleri i¢in ¢ok sayida ¢ocuk kullanict AVM’leri ziyaret etmektedir. Bu sebeple AVM igi ¢ocuk oyun
alanlar1 tasarlanirken, her yas, cinsiyet ve fiziksel yetideki ¢ocugun giivenli bir sekilde vakit gegirebilecegi sekilde
olmasina 6zen gosterilmelidir.

AVM’lerin ¢ocuklar i¢in giivenligini tartisirken siiphesiz en 6nemli konulardan biri sirkiilasyon alanlaridir. Genel
olarak dolasim halinde olunan bu mekéanlarda yetigkinlerin oldugu kadar ¢ocuklarinda giivenli bir sekilde bir
mekandan digerine gitmesi saglanmalidir. Ozellikle ¢ocuklar icin tasarlanan mekanlar olan cocuk oyun
alanlarinda ise sirkiilasyon giivenligi birincil dncelik olmalidir.

AVM’ler sirkiilasyon tipolojilerine gore dallanma, dumb-bell ve kartezyen olarak 3 kategoride incelenmektedir
(Verdil, 2007). Sekil 3’te de goriildiigi gibi dumb-bel (halter) ve Kartezyen tipi AVM lerde sirkiilasyon akisi
daha diizenli olup 6zellikle yonlendirme agisindan daha avantajlidir. Ancak dallanma tipi sirkiilasyon agina sahip
AVM’lerde sirkiilasyon ve yonlendirme ¢oziimleri daha 6nemli hale gelmektedir. Bu sebeple bu calisma
kapsaminda dallanma tipine ait bir AVM ve ¢ocuk oyun alani ele alinacaktir.

0000000
0000000
0000000

DALLANMA DUMB-BELL KARTEZYEN
Sekil 3. Sirkiilasyon sekline gére AVM tipolojileri (Verdil, 2007).

4. Avm Tipolojilerine G6re Cocuk Oyun Alanlarindaki Sirkiilasyonun Evrensellik Olgiitleri
Acisindan Incelenmesi

Calisma kapsaminda incelenecek olan dallanma tipi sirkiilasyon agina sahip AVM Forum Istanbul Alisveris
merkezi ve i¢inde bulunan FUNLAB oyun alanidir (Sekil 4). AVM iginde bulunan ¢ocuk oyun alaninin AVM
genelindeki ve kendi i¢ mekanindaki sirkiilasyon 6zelliklerinin malzeme, boyut, konum, yénlendirme konusunda
daha 6nceki boliimlerde de ortaya konan ve Erisilebilirlik izleme ve Denetleme Formu’nun (2017) bina ici yatay
ve dikey dolasim kriterleri evrensellik 6l¢iitleri acisindan incelenecektir:

e  Cocuk oyun alaninin AVM genel sirkiilasyonuna gore incelenmesi;
o Oyun alammin konumu: giris ve ¢ikislar, gevresindeki magazalar, tuvaletlere yakimlig
o Oyun alanina ulagimda kullanilan yatay ve diisey sirkiilasyon elemanlarimin 6zellikleri:
malzeme ve boyut 6zellikleri
e  Cocuk oyun alanlarinin i¢ mekan sirkiilasyonuna goére incelenmesi;
o Oyun alani i¢ dolagim sirkiilasyon elemanlarinin 6zellikleri: malzeme ve boyut 6zellikleri

= TN 2 | & e
- {

Sekil 4. Forum Istanbul Alisveris Merkezi sirkiilasyon semas1 (URL-3, 2020).
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4.1 Cocuk oyun alaninin AVM genel sirkiilasyonuna gore incelenmesi

Oyun alaninin konumu (giris ve ¢ikislar, ¢cevresindeki magazalar, tuvaletlere yakinligi): 2 katli olan AVM’de
FUNLAB ¢ocuk oyun alan1 AVM’nin en iist kat1 olan 2. katta bulunmaktadir. Biiylik bir kismi yeme icme
mekanlarina ayrilmis olan bu katta; oyun alaninin hemen yaninda bir fitness merkezi ve sinema da bulunmaktadir.
Genel olarak ¢ocuklarin yogunlukla bulundugu katlardan biri olarak oyun alaninin bu katta bulunmasi dogal bir
yonlendirme saglayacagindan uygun bulunmustur (Sekil 5).
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Sekil 5. FUNLAB oyun alan1 kat1 (URL-3, 2020).

Oyun alaninin 2 adet girisi bulunmakta ve bu girislere ait 5 farkli rota gdzlemlenmektedir. 1. Girig kapis1 2. Kattan
diizayak girilirken; 2. Girig kapisi1 1. Kattan direkt baglayan bir yiiriiyen merdiven bulunmaktadir. Bu baglamda
1. Giris ebeveyn kontrolii gerektirmeden g¢ocuklarin alana girisi igin uygunken; 2. Girise sadece yiiriiyen
merdivenler ile ulagilmasi ebeveyn kontrolii olmadan oyun alanini girisi zorlastirmistir. Oyun alani 2. Katta

bulunan tuvalet alanina yeterli uzaklikta bulunmaktadir, ayrica alan iginde bir tuvalet alamina ihtiyag
duyulmamistir (Sekil 6).

Sekil 6. Oyun alanina ulagim rotalar1 ve we lerin konumu (URL-3, 2020).

Oyun alanina ulagimda kullanilan yatay ve diisey sirkiilasyon elemanlarinin 6zellikleri (malzeme ve boyut
ozellikleri): Sekil 7°de de goriildiigii gibi AVM igerisinde oyun alanina giden rotalar {izerinde 2 adet asansor alant
(2’ser kabinli) ve 2 adet yiiriiyen merdiven bulunmaktadir. Dikey sirkiilasyon elemanlarinin yani sira kullanilan

koridor ve meydanlarda zeminde kaygan olmayan malzemeler kullanilmis ve yeterli genislik saglanmistir (Sekil
8).
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Sekil 7. Dikey sirkiilasyon elemanlari ve konumu (URL-3, 2020).

Sekil 8. Koridor, asansor ve yiirityen merdivenler (Duman, 2017).

4.2 Gocuk Oyun Alaninin i¢ Mekan Sirkiilasyonuna Gére incelenmesi

Oyun alan1 i¢ dolagim sirkiilasyon elemanlarimin 6zellikleri (malzeme ve boyut dzellikleri): Forum Istanbul AVM
icerisinde bulunan FUNLAB oyun alanit MEB’in tanimladig1 1-12 yas arasindaki ¢ocuk kullanicilarin hepsine
uygun ekipmanlari barindirmaktadir. Bu sebeple farkli yas aralig1 ve buna bagl olarak farkl fiziksel yeterliliklere
sahip ¢ocuklarin ayn1 mekanda giivenli bir sekilde vakit gegirmeleri saglanmalidir. Oyun alani igerisinde gerek
ana dolagim aksi, gerekse ekipmanlar arasi ge¢is olduk¢a 6nem kazanmaktadir. Dolagim aksinda kullanilan
malzemelerden, aks boyutlarina kadar her seyin diistiniilmiis olmas: gerekmektedir. Sekil 9°da oyun alanina ait
fotograflardan da anlasilacag iizere sirkiilasyon alanlarinda yumusak, kolay temizlenebilir ve kayman ozellikte
PVC doseme kaplama malzemesi kullanilmistir. Ana sirkiilasyon akslar1 ve ekipmanlar aras1 mesafe ise yeterli
seviyede tutularak ¢ocuklarin giivenli bir sekilde dolagsmalarina imkan tanimmustir.
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Sekil 9. FUNLAB oyun alani i¢ mekan goriintiileri (URL-4, 2020).
5. Sonug ve Oneriler

Son yillarda sikca giindeme gelen ve tasarimin ayrilmaz bir pargast olan evrensel tasarim kavramu, farkl: cinsiyet,
kiiltiir, yas ve fiziksel yetideki bireylerin digaridan yardim almaksizin fiziksel aktivitelerini gergeklestirmeleri
esasina dayanmaktadir. Yalniz engelli bireyler degil, yaslilar ve ¢ocuklar da bu kapsamda degerlendirilmeli ve
onlara ait mekanlar evrensel tasarim Olgutleri diigtiniilerek tasarlanmalidir. Siiphesiz lilkemizde niifusun 6nemli
bir kismint 1-12 yas arasi gocuklar olusturmaktadir. Bu sebeple onlar i¢in tasarlanan mekanlarmn iyi diistiniilmiis
olmasi 6nemli hale gelmistir. Sehirlesmeyle birlikte son yillarda i¢ mekan ¢ocuk oyunlarinin tercihinin artmasi,
bu mekanlarda da evrensel tasarim ilkelerinin g6z éniinde bulundurulmasini zorunlu kilmustir. Ozellikler AVM igi
oyun alanlar1 yogun olarak kullanilmaktadir.

Gerek AVM’ye giristen ¢ocuk oyun alanina varincaya kadarki rotalar gerekse oyun alani igerisinde sirkiilasyon
icin ayrilan alanlar ¢ocuklarin giivenli bir sekilde gecislerine imkan saglayacak sekilde diizenlenmelidir. AVM
genel sirkiilasyonunda oyun alanina giden giris ¢ikislar ve rotalar ile oyun alaninin AVM igerisindeki konumu ve
tuvaletlere yakinlhigi ulasilabilir olmalidir. Belirlenen rotalar {izerinde yatay ve diisey sirkiilasyonu saglayan
merdiven asansor ve koridorlarda hem malzeme hem boyutsal agidan ¢ocuklarin giivenli bir sekilde kullanimina
olanak saglamalidir. Genel sirkiilasyon alanlarinin yani sira oyun alani igerisinde bulunan sirkiilasyon alanlarinin
da giivenli bir sekilde kurgulanmasi oldukg¢a dnemlidir. Zeminde kullanilan malzemelerin yumusak, kaymayan ve
kolay temizlenebilir olmasinin yaninda dolagim alanlarinin boyutlar1 ve ekipmanlar arasi mesafelerde giivenli
gecisleri saglayacak sekilde olmalidir.
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Abstract

In this study, a 15-years of observation period is examined and modelled by means of using meteorological data
and climate parameters such as pressure, temperature, humidity, wind speed, sunshine duration and solar radiation
level of 13 provinces in the Eastern Anatolia Region of Turkey. Linear regression analysis was used in modeling
climate parameters. With the use of the determined models, it has been determined that i) it can help the studies to
be carried out on the effects of climate conditions on the environment and energy, ii) predictions can be made
regarding the climate structures of the said provinces for the coming years, iii) solar energy stands out as an
alternative energy potential for the cities studied.

Key Words: East Anatolia Region, climatic parameters, meteorological data, energy, temperature

1. Introduction

The need for energy is directly related to climate and weather conditions. It is a need for the climate and
meteorology data to be known and analyzed in detail in order to determine the recent and present energy potential
and problems of any settlement as much as possible, to carry out studies to improve the potential, as well as to find
solutions to problems and to suggest alternatives (Bakirci et al., 2006); (Cobanyildizi & Yuksel, 2013). Climate
data can be used in the following scopes: in designing buildings, planning agricultural production, heating houses
and industrial areas in cold weather, cooling in hot weather (HVAC systems), solar collectors, solar cells,
greenhouses, power plants and cooling towers, are dependent on weather variables like solar radiation,
temperature, humidity, wind speed, etc. Global warming, population increase in provinces, green areas,
industrialization and lakes or ponds created later lead to changes in climate structures (Bicer, 2019). For this
reason, climatic parameters must to be updated over time.

A number of studies have been carried out on the subject and it is possible to divide these studies into two groups.
The first group of studies are studies on the climate structures of the region. Some examples of these studies are
given below.

Bakirci et al. (2006) conducted energy studies for Erzurum province using meteorological data. Turkey's climate
classification structure, was conducted by Turkey State Meteorological Service (TSMS, 2017). Akpinar & Akpinar
(2004) investigated the wind energy potential of Elazig province in their study. Akpinar et al. (2005) investigated
the weather conditions and wind power of some provinces in the Eastern Anatolia Region. Akpinar & Akpinar
(2010) conducted the modeling study of climatic parameters of Elazig Province and neighboring provinces. Emiroglu et al.
(1996), Ozkan (1996), Sengun (2007) and Tonbul (1986) investigated the effect of Keban Dam Lake on the climate structure
of Elazig in their studies. Bicer (2019) modeled the temperature and humidity parameters of the provinces in the Euphrates
Basin using meteorological data. Bicer (2020-a) researched the climate parameters of Tunceli, Bingol and Mus provinces by
means of using the related meteorological data. Bicer (2020-b) carried out the modeling study of temperature and humidity
parameters of Malatya province. As similar to these studies, there are also studies carried out on the effects of dam lakes at
the climate structures of provinces in different regions. Some of these studies are briefly mentioned below;

Studies on the effect of Atatiirk Dam Lake on the climate structures of the Southeastern Anatolia Region were
carried out by Bicer & Yildiz (1994), Yesilata et al. (2004) and Ekici (2008). Bacanli & Tugrul (2016) examined
the effect of Gokpinar Dam Lake on the climate structure of the provinces of the region. Gyau-Boakye (2001)
carried out a study on the effects of Akosombo dam on environmental climate change. Ozturk et al. (2015)
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examined the climate structure of the Mediterranean Basin. Apaydin et al. (2011) investigated the topographical
and geographical effects using certain climate parameters in the Central Anatolia region of Turkey. Bai et al.
(2014) investigated the effect of the Three Gorges Dam on the climate structure in the regions near in Japan.

Cobanyilmaz & Yuksel (2013) gave the Ankara example by examining the damages that cities can suffer from
climate change. Fujihara et al. (2008) Seyhan River Basin in Turkey studied the effects of climate change on water
resources. Geymen & Dirican (2016) analyzed sea level changes due to climate change. Apple et al. (2006) and
Sen (2007) developed weather forecast models using meteorological values. Al-Garni et al. (1999) examined the
climate structures of the eastern regions of Saudi Arabia and modeled the wind power of the region. Sahin (2007)
developed a new formulation for solar radiation and sunshine duration prediction. Degu et al. (2011) investigated
the effects of large dams on the climate and rainfall patterns of the surrounding provinces.

In this study, the climate parameters of the provinces Elazig, Malatya, Bingol, Tunceli, Erzincan, Erzurum, Kars,
Agri, Ardahan, Igdir, Mus, Van and Bitlis in Eastern Anatolia Region of Turkey, (pressure, temperature, humidity,
wind speed, sun intensity and sunshine duration), meteorological measurement results were updated and analyzed
thus being modelled for 15 years (2006-2020) observation period (TMSD, 2020). Here, the objective is to predict
the climate structures of the provinces for the coming years.

2. Geographical Location of the Eastern Anatolia Region

Eastern Anatolia Region of Turkey to the east of the country with a field of 164,000 km? surface area covers 21%
(Fig. 1). Turkey ranks first among geographical regions in terms of the size of the square measurement. It covers
the largest area in the north-south direction. The lowest point of the region is Igdir Plain (850m) and its highest
point is Ardahan with an altitude of 2200 m (Table 1). The mountains in the region extend in the east-west direction
and in three rows. In terms of the diversity of minerals and reserves, Eastern Anatolia region is richest region in
Turkey. There are a number of dam lakes built on rivers in the west of the region. Through these dams major part
of Turkey's electricity is generated in this region. The reservoirs formed later also affected the climate structure.
Table 1 shows the names and locations of important meteorological stations in Eastern Anatolia. Eastern Anatolia
region of Turkey has a typical highland climate, often cold in winter, hot in summer and there are significant
temperature differences between night and day. In order to make the climatic structures of the cities in the Eastern
Anatolia region more conveniently, the region was divided into 3 Zones (Fig. 2). Daily observed parameters at the
measurement stations of the provinces in each zone are as follows: pressure, temperature, relative humidity, wind
speed, sunshine duration and solar radiation. Measurements were performed by the Turkish Meteorological State
Department (TMSD) with conventional meteorological instruments. The Department produces monthly
summaries of this data. The data for the present study is obtained from the summaries of 2006 to 2020.
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Figure 1. Geographical districts of Turkey ((URL-1, 2021)

Located in the Eastern Anatolia Region of Turkey's, 13 provinces are divided into three zone and climate structures
were investigated accordingly. The first zone includes Elazig, Malatya, Bingol, Tunceli and Erzincan, the second
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zone includes Erzurum, Kars, Agri, Ardahan and Igdir, and the third zone includes the provinces of Mus, Van, and

Bitlis (Fig. 2).
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Figure 2. Cities in the Eastern Anatolian Region (URL-2, 2021)

3. Climate Parameters of Region Provinces

3.1. Pressure

The results of pressure parameter measurement obtained during the 15-year observation period (2006-2020) for
the provinces of the Eastern Anatolia Region are shown in Figure 3 by years. In this process, the annual average
pressure values are in the following range on provincial basis: Malatya 906,3-908,7 mbar, Elazig 902.3-903.3
mbar, Tunceli 903.1-904.6 mbar, Bingol 885.6-888.8 mbar, Erzincan 877.6-878.9 mbar, Erzurum 822.4-824.0
mbar, Kars 819.9-822.6 mbar, Agri 833.6-837.0 mbar, Ardahan 816.5-819.6 mbar, Igdir 915.9-918.5 mbar, Mus
868.1-870.9 mbar, Bitlis 840.7-841.9 mbar and Van 830.9-832.1 mbar.
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Figure 3. Change of pressure parameters of provinces by years

3.2. Temperature

Annual average temperature parameter in a 15-year observation period (2006-2020) of the provinces of the Eastern
Anatolia Region is shown in Figure 4. During the observation process examined, the annual average temperature
values were observed in the following range on a provincial basis: Malatya 11.5-15.1 °C, Elazig 10.3-13.8 °C,
Tunceli 10.2-14.2 °C, Bingol 9.5-13.5 °C, Erzincan 8.4-12.8 °C, Igdir 10.0-13.5 °C; Agri 3.6-7.6 °C, Erzurum 2.4-
6.3 °C, 2.9-6.3 °C for Kars, Ardahan 1.7-5.4 °C, Mus 6.6-12.0 °C, Bitlis 7.4-10.6 °C, Van 7.6-10.8 °C.
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Figure 4. Change of temperature parameters of provinces by years

3.3. Relative Humidity

The relative humidity parameters for the provinces of Eastern Anatolian Region measured within an observation
period of 15 years are shown in Figure 5. As can be seen in Figure 5, the annual average relative humidity for the
period between 2006-2020 are as follows on provincial basis: Erzincan 59-66%, Tunceli 51-67%, Elazig 51-63%,
Bingol 50-61%, Malatya 47-59%, Erzurum 61-71%, Kars 69-79%, Agri 61-80%, Ardahan 63-77%, Igdir 41-58%,
Mus 58-68%, Bitlis 61-74%, Van 49-67%.
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Figure 5. Change of humidity parameters of provinces by years

3.4. Wind Speed

Wind speed is shown in Figure 6 during a 15-year observation period of the provinces of the Eastern Anatolia
Region. Wind speeds in the region are as follows on provincial basis: Elazig 2.3-3.0 m/s; Malatya 1.6-2.1 m/s;
Erzincan 1.4-1.6 m/s; Tunceli 1.1-1.3 m/s; Bingol 0.8-1.5 m/s; Erzurum 2.4-3.2 m/s; Kars 2.2-2.9 m/s; Ardahan
1.7-2.1 m/s; Agri 0.9-1.9 m/s; Igdir 1.0-1.6 m/s, Mus 0.9-1.5 m/s, Bitlis 1.4-2.5 m/s and Van 2.2-2.9 m/s
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Figure 6. Change of wind speed parameters of provinces by years

3.5. Sunshine Duration

The variation of average sunshine duration during a 15-year observation period for the provinces of the Eastern
Anatolia Region is shown in Figure 7. If the figure is examined, the average sunshine duration of the provinces in
the region is as follows: Malatya 7.2-8.4 h, Elazig 7.2-8.2 h, Tunceli 6.9-7.9 h, Bingol 6.2-7.5 h, Erzincan 5.0-6.7
h, 1gdir 5.7-7.1 h, Kars 5.7-7.0 h, Agri 5.7-6.9 h, Erzurum 6.1-6.8 h, Van 7.8-8.9 h, Mus 6.3-8.3 h, Bitlis 5.0-6.3
h.
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Figure 7. Change of sunshine duration parameters of provinces by years

3.6. Solar Radiation

The average annual solar radiation variation during a 15-year observation period for the provinces of the Eastern
Anatolia Region is shown in Figure 8. If the figure is examined, the sunshine duration variation of the provinces
in the region is as follows:

Tunceli 366.45-407.98 cal/cm?, Malatya 344,31-396,29 cal/cm?, Elazig 350.57-378.33 cal/cm?, Bingol 345.46-
383.77 cal/cm?, Erzincan 289.24-381.43 cal/cm?, Erzurum 331.73-410.08 cal/cm?, Kars 325.02-374.51 cal/cm?,
Igdir 320.36-367.95 cal/cm?, Agri 284.82-368.86 cal/cm?, Van 420.01-469.44 cal/cm?, Bitlis 303.12-358.16
cal/cm?, Mus 284.02-372.63 cal/cm?.
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Figure 8. Change of solar radiation parameters of provinces by years

4. Results and Discussions

Examining the Figure 3, it can be seen that the change of annual average pressure values for the observation period
determined in all of the provinces examined remains almost constant. The province with the highest pressure value
in the region is Igdir (915.9-918.5 mbar) and the smallest is Ardahan (816.5-819.6 mbar).

As can be seen in Figure 4, it is seen that the slopes of the curves consisting of annual average temperature values
are increasing, albeit very small. Especially the dams and lake fields (Keban Dam reservoir area and Karakaya
Dam and lake area) established on the Firat River affected the climate of Elazig, Malatya, Bingol and Tunceli
provinces, causing the temperature parameter to rise significantly in winter and cool slightly in summer. Igdir
province is the smallest city in the region and its climate is close to the Mediterranean climate. Therefore, the
annual average temperature values are high. There is a slight increase in the average temperatures of the other
cities studied. It can be said that the reason for this increase is due to the global warming of the world under the
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greenhouse effect. The province with the highest annual temperature averages in the region was determined to be
as Malatya (11.5-15.1 °C), and the smallest one Ardahan (1.7-5.4 °C).

Examining Figure 5, the temperature increase caused by the dam lakes especially in the provinces in the 1st zone
caused the annual relative humidity averages to decrease slightly in the winter season and increase in the summer
season. In brief, as the annual average temperature values of the provinces increase, the annual average relative
humidity rates decrease. The province with the highest annual humidity averages in the region was determined as
Kars (69-79%) and the smallest as Igdir (41-58%).

As can be seen in Figure 6, the region is not strong in terms of wind speed. The province with the highest annual
wind speed averages in the region was determined as Erzurum (2.4-3.2 m/s) and the smallest was Bingol (0.8-1.5
m/s). It has been determined that wind power is almost negligible in provinces of Tunceli, Bingol, Agri, Igdir and
Mus. In Erzurum, Kars (2.2-2.9 m/s), Elazig (2.3-3.0 m/s), and Van (2.2-2.9 m/s), it has been determined that it
can be used for pumping water and for meeting the electricity needs of small businesses.

Examining Figure 7, it can be seen that Eastern Anatolia Region provinces are quite suitable for solar energy
applications in terms of sunshine duration, especially Tunceli, Malatya, Elazig, Van and Mus provinces. The
province with the longest sunshine duration in the region is Van (7.8-8.9 h) and the shortest one is Bitlis (5.0-6.3
h). As the sunshine duration time increases, the temperature increases, as well. Temperature values are high due
to the long insolation period in summer. Again, the fact that the highest temperatures during the day are not exactly
at noon but a few hours in the afternoon is related to the sunshine duration time. At night, on the other hand,
cooling is observed as no energy is taken from the sun. Therefore, the coldest moment of the day is the moment
before sunrise in the morning.

In the provinces of the Eastern Anatolia Region, the solar radiation was highest in Van, Tunceli, Malatya and
Elazig, but it was found to be high in all provinces (Fig. 8). When the 15-year average values of insolation intensity
were calculated, it was determined that Van province (420.01-469.44 cal/cm?) had the highest value and Agri
province (284.82-368.86 cal/cm?) had the lowest average value.

The monthly and annual air parameters change of the regional provinces are shown in Figure 9, Figure 10 and
Figure 11. In the provinces, sunshine duration and solar radiation as well as wind speed values has the minimum
in winter and maximum values in summer. It shows an increasing trend from spring to summer, and a decreasing
trend from autumn to winter.

The main sources of income in the Eastern Anatolia Region are agriculture and animal husbandry. A number of
agricultural products are grown in this region. Most of these products, which are consumed fresh during the
production period, are dried. With the development of the ready-made food production industry, the demand for
dried products is increasing day by day. Due to the potential of the region for solar energy, it is possible to use
renewable energy sources such as the sun as an energy source in dryers designed to dry agricultural products in
closed systems. In addition, it will be possible to use solar energy for heating water, houses and greenhouses. Solar
energy can be used to obtain the necessary cooling for both air conditioning and the preservation of products such
as foodstuffs and medicines without deterioration.

The models of climate parameters of the studied provinces were determined on the computer together with linear
regression correlations in Excel and are shown collectively in Table 2. With these models, it will be possible to
predict the climate parameters of these provinces in the coming years and to determine the effects of these predicted
weather conditions on the environment.
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Figure 10. Monthly and yearly change of weather parameters of province in Zone-2
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Figure 11. Monthly and yearly change of weather parameters of province in Zona-3

Table 2. Regression equations of climate parameters of provinces

Climate parameters

City | Pressure | Temperature | Relative humidity | Wind speed [ Sunshine duration | Solar radiation
Zonel
Malatya | P=-0,07*Y+105 | T=0,097*Y-179 | RH=0,127*Y+307,63 | V=0084*Y+69 | SD=0,0107*Y-13,681 | SR=1078*Y-177
R?=0,9472 R?=0,4641 R?=0,4456 R?=0,3936 R?=0,4142 R?=0,7538
Elazig P=0,01*Y+882 | T=0,004*Y-173 | RH=-0,3832*Y+822,8 | V=0,039*Y+80 | SD=0,0289*Y-50,176 | SR=-0,11*Y+579
R?=0,9514 R?=0,3763 R?=0,5262 R?=0,4041 R?=0,4238 R?=0,7623
Tunceli | P=0,011%Y+727 | T=0,073*Y-133 | RH=0,218*Y+48525 | V=0073*Y-121 | SD=0,0165*Y -26,458 | SR=0,657*Y-101
R?=0,9278 R?=0,2736 R?=0,5146 R?=0,4033 R?=0,4026 R?=0,6738
Bingol | P=0,063*Y+62 | T=0,078*Y-128 | RH=0,0425*Y - 34,5 | V=0,018*Y+35 | SD=0,0123*Y - 1857 | SR=0,176*Y+744
R?=0,9342 R?=0,4838 R?=0,4631 R?=0,3928 R?=0,3937 R?=0,4930
Erzincan | P=0,09*Y+638 | T=0,104*Y-197 | RH=0,2165*Y-36893 | V=0,0023*Y+6 | SD=0,1*Y-193,71 SR=4545*Y-873
R?=0,9715 R?=0,2139 R?=0,6141 R?=0,4022 R?=0,3822 R?=0,4641
Zone 2
Erzurum | P=-0,017%Y+85 | T=0,074*Y-144 | RH=-0,499*Y+1062,2 | V=-002*Y+43 | SD=-0,0034*Y+13,2 | SR=-4,1%Y+8612
R?=0,9415 R?=0,3827 R?=0,4827 R?=0,2033 R?=0,4140 R?=0,6836
Kars P=0,09*Y+638 | T=0,086*Y-166 | RH=-0,314*Y+7004 | V=-0,04*Y+84 | SD=0,0571*Y —107 | SR=-1,5*Y+3359
R?=0,9527 R?=0,2323 R?=0,4035 R?=0,2326 R?=04038 R?=0,6012
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Agri P=0,045*Y+74 | T=0,0396*Y-72 | RH=-1,3955*Y+2859 | V=-0,05*Y+10 | SD=0,0216*Y-36,78 SR=0,265*Y-203
R2=0,9478 R2=0,1538 R2=0,5138 R2=0,2138 R2=0,4228 R2=0,7033

Ardahan | P=-0,034*Y+88 | T=0,086*Y-168 | RH=-0,1811*Y+433,8 | V=-0,07*Y+17 - -
R2=0,8777 R2=0,1827 R2=0,3742 R2=0,3926

Igdir P=0,012*Y+89 | T=0,134*Y-254 | RH=-0,1723*Y+395,4 | V=0,028*Y-54 | SD=0,0384*Y-70,063 | SR=0,057*Y+225
R2=0,9515 R2=0,2033 R2=0,3521 R2=0,2522 R2=0,4023 R2=0,7122

Zone 3

Mus P=0,057*Y+97 | T=0,094*Y-220 | RH=0,0898*Y-145,69 | V=0,024*Y-38 | SD=-0,0046*Y+16,35 | SR=154*Y- 2002
R2=0,9617 R2=0,2039 R2=0,4952 R2=0,2036 R2=0,4631 R2=0,4238

Bitlis P=0,032*Y+78 | T=0,056*Y-102 | RH=0,0572*Y-46,505 | V=0,07*Y+157 | SD=-0,0814*Y+168 SR=-2,82*Y+597
R2=0,9813 R2=0,2742 R2=0,3846 R2=0,3926 R2=0,5150 R2=0,6822

Van P=0,005*Y+82 | T=0,074*Y-137 | RH=1,1951*Y -2329,8 | V=0,033*Y+68 | SD=0,0041*Y+0,2117 | SR=2,388*Y-432
R2=0,9839 R2=0,2928 R2=0,4752 R2=0,2837 R2=0,4542 R2=0,7020

5. Conclusions

In this study, the Eastern Anatolia Region of Turkey's meteorological data available for the 15-year observation
period of 13 provinces in the Eastern Anatolia Region of Turkey was used. Accordingly, the climate parameters
of the provinces were examined and the following results were obtained by determining the change models.

v" While Malatya province is the warmest region of the entire period, Ardahan city is the coldest region.
During this period, Kars province was determined as the one with highest humidity and Igdir province
with the least humidity. Highest wind speed values are in Erzurum and the lowest in Bingol and Mus.
The pressure is the highest in Igdir and lowest in Ardahan. The highest values of direct sunlight were in
Tunceli and the lowest values were in Agri. The insolation duration is the highest in Van and the lowest
in Bitlis.

v Regression models for the thirteen provinces in the 2006-2020 period on the weather data for the Eastern
Anatolia region of Turkey is presented. With these models, it will be possible to predict the climate
parameters of these provinces in the coming years and to determine the effects of these predicted weather
conditions on the environment.

v" Climate parameters are to be updated, both due to the dam lakes created in the region and global warming.
This study will surely help update the climatic parameters of the provinces, on which the related studies
are carried out.

v" Such meteorological studies will be a guide in the use of renewable energy sources. With this study, solar
energy use comes to the forefront when temperature, insolation duration and solar radiation parameters
are considered as an alternative energy source for the provinces of the region. Therefore, it will be able
to benefit from solar energy as an energy source for hot water production, residential and greenhouse
heating, and drying of agricultural products in technical dryers in the region. The wind energy potential
of the provinces of the region is almost nonexistent.
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Ulkemizin énemli kaynaklarindan olan ormanlarimiz bircok biyotik ve abiyotik etmenlerin tehdidi ile karsi
karsiyadir. Biyotik etmenlerin basinda orman zararlis1 bocekler gelmekte ve bunlarin neden oldugu zarar orman
yangmlarindan ¢ok daha fazla olmasi dolayisiyla dumansiz yangin seklinde ifade edilmektedir. Orman
kaynaklarimizin korunmasi ve siirdiirebilirliginin saglanmasi hayati 6neme sahiptir. Bu nedenle bu zararlilarin
baginda gelen kabuk bocekleri ile dogaya uygum miicadele edilmesi gerekmektedir. Giiniimiizde kimyasal
miicadele yerine dogaya uyumlu farkli yontemler kullanilmaktadir. Zararli boceklerle miicadele amaciyla en genis
kullanim alanina sahip olan yontem feromon tuzak sistemleridir. Feromon tuzaklari kabuk bocekleriyle de
miicadele kullanilan en basarilt yontemlerden biridir. Bu yontemin en biiylik avantaji tiire 6zgii olusu ve dogaya
dost olmasidir. Miicadelenin bagarisimi etkileyen en onemli faktoér uygulama esaslarina dikkat edilmesidir. Bu
caligmada arazide farkli yillarda ve bolgelerde yapilan arazi calismalarinda, feromon tuzagi uygulamalarda
kargilagilan hata ve eksiklikler verilmeye c¢alisiimistir.

Anahtar Kelimeler: Kabuk bécekleri, Feromon, Feromon tuzaklari, Hata.

MISTAKES AND DEFICIENCIES IN THE USAGE OF PHEROMONE
TRAPS AGAINST BARK BEETLES

Extended Abstract

Forests, which are one of the important resources of Turkey, are faced with the threat of many biotic and abiotic
factors. Forest pest insects are the leading biotic factors and the damage caused by them is much more than forest
fires, so it is expressed as smokeless fire. It is of vital importance to protect our forest resources and ensure their
sustainability. For this reason, it is necessary to controlling tothe bark beetles, which are the leading pests, in
accordance with the nature. Today, different methods compatible with nature are used instead of chemical control.
The most widely used method for pest control is sexual pheromone trap systems. Pheromone traps are one of the
most successful methods used to controlling the bark beetles. The biggest advantage of this method is that it is
specific to the species and is nature friendly. The most important factor affecting the success of the struggle is the
attention to application principles. The selection of the insect species and the specific pheromone preparation is
very important in the establishment of pheromone traps. In addition, it is of great importance that natural enemy
species that fall into traps are released back into nature by regular checks. The pheromone preparations should be
hung on the traps 2 weeks before the target species flying time. Traps should be hung securely in forest openings
or on the edges of stands, taking into account the prevailing wind direction. In order not to lose the effectiveness
of unused / to be used later preparations, they should be stored in suitable temperature conditions. For this reason,
taking into account the number of personnel, assignments for these works will ensure that more accurate and
accurate results are obtained, and this will contribute to our struggle. In this study, it was tried to give mistakes
and deficiencies encountered in pheromone trap applications in the field studies carried out in different years and
regions in the field.

Key Words: Bark beetle, pheromone, pheromone trap, deficiencies
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1. Girig

Cok 6nemli degerlere sahip ormanlarimiz birgok biyotik ve abiyotik etmenlerin tehdidi ile karsi karsiyadir. Biyotik
etmenlerin baginda orman zararlis1 bocekler gelmekte ve bunlarin neden oldugu zararin orman yanginlarindan ¢ok
daha fazla olmasi dolayistyla ve bu zarar dumansiz yangin seklinde ifade edilmektedir.

Bocek zararlarindan dolay: iilkemiz ormanlarinda artim ve biiyiimenin azalmasimn yanimnda, yillik 350.000 m?3
arasinda olaganiistii etalar alinmakta ve bu miktar bocek epidemilerinin yogun oldugu zamanlarda 1.000.000 m®’ii
geemektedir. Bu baglamda 2009 yilinda ormanlarimizda bécek zararindan dolay1 1.108.968 m® orman emvali zarar

gormiistlir (Emin, 2012; Eroglu, 2017).

Ormanlarimiza ciddi ekonomik anlamda zarar veren tiirlerin baginda kabuk bocekleri gelmektedir. Kabuk
bocekleri 6zellikle igne yaprakli orman agaglarinda nemli zararlara sebebiyet vermektedir (Bag ve Selmi, 1990;

Oymen, 1992; Laz, 2001; Donmez, 2006; Sade, 2007; Sarikaya, 2008; Ozcan, 2009; Yildirim, 2011; Yildiz, 2012;
Yigit, 2017).

Ulkemizde kabuk béceklerine karsi ilk feromon denemeleri 1982 yilinda Trabzon-Magcka’da ladin ormanlarinda
zarar yapan Ips sexdentatus’a karsi Prof. Dr. Mehmet Serez tarafindan yapilmistir. Daha sonra farkli kabuk bocegi
tiirlerinde de denemeler yapilarak olumlu sonuglar alinmis ve ruhsatlanma galigmalar: yiiriitiilmiistiir. Gliniimiizde
orman zararlis1 kabuk bdceklerine karsi feromon tuzaklar1 basari ile kullanilabilmektedir (Serez, 1983; Serez,
1985; Serez, 1987; Oymen, 1989; Selmi, 1998; Arslangiindogdu, 1999; Laz, 2001; Serez ve Ziimreoglu, 2001;
Sade, 2007; Varl ve Sever, 2013; OGM, 2016).

2. Materyal ve Metot
Tirkiye ormanlarinda kabuk bocekleriyle miicadelede kullanilan feromon tuzaklari ile kitlesel yakalama

calismalari sirasinda feromon tuzaklari, preparatlar, asilma, kontrol ve toplama vb. durumlarda karsilanan eksikler
ve hatalar verilmistir.

3. Bulgular ve Tartisma

3.1. Toplama kaplanyla ilgili kargilagilan hatalar

3.1.1. Asilmadan o6nce eksik yapilan kontroller

Feromon tuzaklari bir maliyet olusturdugundan her yil yenileri alinmayarak ge¢cmis yillarda kullanilan tuzaklar
kullanilmaktadir. Bu sekildeki feromon tuzaklari asilirken kontroller yapilmali uygun olmayanlar asilmali ve

yenileri ile degistirilmelidir. Sekil 1.’de de goriildiigii gibi toplama kabinin altindaki delik tuzaga diisen boceklerin
buradan yeniden dogaya donmesine neden olacaktir.

Sekil 1. Toplama kaplarin alt kisimlarinda olugan delikler (Foto: Y. YILDIZ)
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3.1.2. Toplama kaplarinin imal edilirken yapilan hatalar

Feromon tuzaklarinin imal edilmeleri asamasinda toplama kaplart ile ilgili bazi kisimlar hatali yapilabilmektedir.
Kabin alt kisimlarindaki tahliye delikleri bocek biiytikliigline ve suyun tahliyesine uygun yapilmalidir. Aksi
takdirde giren bdcek geri ¢ikacak ve toplanan su tahliye edilmeyecektir. Diger yandan suyun tahliye edilmemesi
ve icerisine diisen bdceklerin zamanla kokmasi feromon preparatinin kokusunu da baskilayacak ve bu durum
tuzaga diigen zararli bocek/hedef tiir miktarini da etkileyecektir (Sekil 2).

Sekil 2. Hatal1 yapilan tahliye kisimlari neticesinde toplama kaplarinda biriken sular (Foto: Y. YILDIZ)

3. 2. Asilma yeri hususunda yapilan hatalar
3.2.1. Konumun o6zellikleri

Feromon tuzaklar: asilirken yer secimi 6énemlidir. Nitekim (Serez ve Ziimreoglu, 2001) kabuk boceklerine karsi
kullanilacak tuzaklarin fazla giines almayacak yerlere asilmalarini bildirmektedir. Buna ilave olarak hem kokunun
yayilmasini engelleyecek sekilde hem de kontroliinii/ulagsmayi aksatacak sekilde otsu bitki ortiisiiniin bulunmast
tuzagin etkinligini azaltan nedenler olarak diisiiniilmektedir. Goktiirk vd. 2010, diri 6rtiiniin bulundugu alanlarda
1,5 metrenin altindaki yiiksekliklerde asilan tuzaklarin zamanla otlar arasinda kaldigi ve etkinlilerini tam
gostermedikleri bildirmektedirler. Farkli yiikseltilere asilan tuzaklarda en diisiik bocek sayist 1m’ye asilanlarda
bulunmustur. Ayrica evcil hayvanlarin yogun olarak bulundugu/otlatildig1 alanlara asilan tuzaklar ve asildig:
siriklar zarar gormekte feromon tuzaklari islevini yapamamaktadir (Sekil 3).
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Sekil 3. Yogun otsu bitki ortiisii arasinda kalan Vehayvan etkisi sonucu zarar goren feromon tuzklar1.F0t0: Y.
YILDIZ)

3.2.2 Asilma yeri / sekli

Kabuk bdceklerine kars1 kullanilacak tuzaklar, iki sirik arasina ve en yakin agaca 10 m olacak sekilde asilmalidir
(Serez ve Ziimreoglu, 2001). Buna ragmen siklikla tuzaklarin agag dallarina asilmis olduklar1 goriilmektedir (Sekil
4). Bunun nedenin sirik dikim isinden/masrafindan kagmak oldugu diistiniilmektedir.

Sekil 4. Agag dalina asilan feromon tuzagi (Foto: Y. YILDIZ)
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3.3. Eskimis / Kullaniimig Feromon Tuzaklari

Feromon tuzaklar1 maliyetleri nedenleriyle tek kullanimlik olmayip sonraki senelerde kullanilmaktadir. Fakat
dogal kosullarda iklim sartlarinin da etkisiyle kullanilan malzeme eskimekte ve kirilabilmektedir. Yapilan bocek
kontrollerinde toplama kabi giines altinda kalmasi ve asir1 gevremesi sonucu kirilmaktadir (Sekil 5).

Sekil 5. Toplama kabi kirilmig feromon tuzag: (Foto: Y. YILDIZ)

3. 4. Feromon preparatinin yirtilmasi / agilmasi

Bazen uygulamacmin eksik/hatali bilgisi sonucu feromon preparatlarinin iginde bulundugu naylon poset/kap
yirtilarak asilmaktadir. Yahut bazen de disardan kisiler tarafindan merak nedeniyle posetler yirtildigi durumlar
gozlenmektedir (Sekil 6). Bu durum etken maddenin kisa siirede etkisini yitirmesine ve hava sartlarina bagl olarak
yagmur sularmin posete girmesi sonucu preparatinin bozulmasina neden olmaktadir.

Sekil 6. Ambalaj1 yirtilmig feromon preparati (Foto: Y. YILDIZ)
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3. 5. Zamaninda yapilmayan / yapilamayan kontroller

Feromon tuzaklari asildiktan sonra 7-10 giin araliklarla periyodik olarak kontrol edilmelidir. Bu siirenin uzamast
ve bazen iklim kogullar1 da dikkate alindiginda olumsuzluklarla karsilasilmaktadir. Soyle ki uzun siire kontrol
edilemeyen tuzaklarda yagisin etkisi ile de diisen bocekler 1slanmakta ve birbirleriyle birleserek kotii kokmaktadir.
Ayrica yine kontrol edilmeyen tuzaklara diisen yaprak, ibre vb. maddeler toplama kabinin tahliyesini kapatarak
yagmur suyu dolmasina neden olmaktadir. Bu durum sayim sayilmasini engelleyerek popiilasyon takibini
giiclestirecegi gibi hedef tiirle beraber tuzaklara diisen dogal diismanlarin da 6liimiine neden olmaktadir. Tam tersi
olarak ge¢ kalindiginda predator tiirler bocekleri yiyerek veya pargalayarak yine dogru sayim yapilamamasina
neden olmaktadir. Bazen de insanlarin tuzaklara sigara vb. yabanci maddeler atarak tuzaklara zarar verdigi
gorilmistiir (Sekil 7).

Sekil 7. Zamaninda kontrol ve temizligi yapilmayan feromon tuzagi toplama kaplari (Foto: Y. YILDIZ)

3.6. Bocek tiirii teshisi / Feromon preparati ve hedef disi tiirler

Feromon tuzaklarinda kitlesel yakalamanin basarisi her seyden 6nce zararli bocek tiirliniin dogru teshisine ve
dolayisiyla uygun feromon preparatinin segilmesine ve de bocegin biyolojisi ile ilgili olarak ugma zamanin dogru
tespit edilmesine baglidir. Zararlinin ugma zamani bélgeden bolgeye degisebilecegi gibi yiikselti farkliliklart da
dikkate alinarak feromon tuzaklari tesis edilmelidir. Yanlis tiir se¢imi durumlarinda hedef tiir tuzaklara
diismeyecek ya da istenilen diizeyde yakalama olmayacaktir. Yine uygun u¢ma zamani belirlenemedigi
durumlarda 6nce asilanlarda feromon preparatin etki siiresinden gidecek veya geg asildiginda ise katli generasyona
sahip olan tiirlerde bazi generasyon dénemlerinin kagirilmasina neden olunabilecektir. Feromon her ne kadar tiire
0zgii olsa da basta dogal diismanlar1 olmak iizere farkli gruplardan birgok canli tuzaklara diismektedir. Dogal
diisman tiirlerin 6lmeden dogaya birakilmasi1 dnemlidir. Fakat bazen de daha farkli bir canlinin (fare vb.) tuzaga
diismesi ve 6lerek kotii koku yaymasi feromon kokusunu baskilamaktadir (Sekil 8).
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Sekil 8. Feromon tuzagina diisen fare (Foto: Y. YILDIZ)

4. Sonug ve Oneriler

Feromon tuzaklarinin kurulmasinda bdcek tiiriiniin ve de 6zgii feromon preparatinin segimi ¢ok 6nemlidir. Yine
her sene kullanilan feromon tuzaklarinin bakim ve onarimi yapilarak araziye asilmasi lazimdir. Ayrica diizenli
kontroller yapilarak tuzaklara diisen dogal diisman tiirlerin yeniden dogaya salinmasi biiyiik 6nem arz etmektedir.
Feromon preparatlarinin hedef tiirin ugma zamanindan 2 hafta once tuzaklara asilmalari gerekmektedir.
Tuzaklarin iki aga¢ arasina hakim riizgar yonii de dikkate alinarak saglam bir sekilde orman i¢i agiliklara veya
mescere kenarlarina asilmalidir. Kullanilmayan/daha sonra kullanilacak olan preparatlarin etkinliginin
kaybolmamasi i¢in uygun sicaklik kosullarinda muhafaza edilmelidirler. Bu nedenle personel sayisi da dikkate
almarak bu isler i¢in gorevlendirme yapilmasi daha titiz ve dogru sonuglarin alinmasii saglayacak bu da
miicadelemize katki saglayacaktir. Yoksa yukarida da bahsedilen hata ve eksiklikler sebebiyle her sene
ormanlarimizda ciddi ekonomik kayiplara neden olan kabuk boceklerine karsi miicadele kesintiye ugrayacak
saglikli sonuglar alinamayarak harcanilan para ve emek zayi olacaktir.
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