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EMG SINYALLERININ ELDE EDILMESI VE SINIFLANDIRILMASI iCiN FPGA
KARTI ILE DEVRE TASARIMI

Dr.Ogr.Uyesi Can Biilent FIDAN
Karabiik Universitesi, Miihendislik Fakiiltesi, Mekatronik Miihendisligi Boliimii
cbfidan@karabuk.edu.tr

OZET

Protez caligmalarinda nihai amag; ger¢ek anlamda ayn1 gorevi listlenebilecek bir cihaz ortaya
koyabilmektir. Protez kontrolii {izerine bugiine kadar oldukc¢a degisik calismalar yapilmis
olmasina karsin myoelektrik isaretler lizerinde yapilan ¢alismalar ve giinlimiizde gelisme
gosteren yiiksek hizli ve paralel islem yapabilme 6zelligi olan CPU’ lar sayesinde gercek
zaman uyumlu iiriinler ortaya konabilmektedir. Ozellikle DSP ve FPGA’ larin gelismesiyle bu
tirden calismalar artik daha rahat yapilabilmektedir. Bilindigi gibi kas yorgunlugu arttik¢a
EMG isaretinin frekans spektrumu diisiik frekanslara dogru bir yigilma gostermektedir. Bu
nedenle ¢alismamiz kiiglik bir zaman dilimindeki analizleri i¢ermektedir. Deri yiizeyinden
algilanan elektromiyografik (EMG) isaretler, kas liflerinin kasilmasi sonucu olusan ¢ok sayida
aksiyon potansiyellerin birlesimidir. Kaslardan tretilen her bir EMG isaretinin Oriintiisii
hareketin yonii ve eylemin hizi hakkinda bilgi igerir. Bu oriintiilerin siniflandirilmasinda

kullanilan 6znitelik vektorlerini bulmak icin degisik isaret isleme teknikleri mevcuttur.

Bu ¢alismada 6n kol yana kaldirma, 6n kol yandan indirme, dirsek agma ve dirsek kapama
hareketlerini tanimlayabilmek icin 6n kol ylizeyinden algilanan EMG isaretleri kullanilmistir.
Bu hareketleri saglayan ii¢ farkli kas grubuna elektrotlar baglanmistir. Hareketlere ait EMG
sinyalleri denegin sol kolunda bulunan ii¢ farkli kas toplulugundan es zamanli olarak
almmistir. Her bir hareketten 125 olmak {izere, toplamda 500 kayit alinmistir. Yiizey
kaslardan algilanan bu EMG isaretlerine ait 6zellikler ¢ikarilmadan once elde edilen EMG
sinyalleri dijital filtrelerden gegirilerek hem isareti bozan etkilerden armndirilmis hem de
isarete ait olmayan diger bilesenlerin ¢ogu filtrelenmistir. Daha sonra filtrelenen isaretin
zaman donemine ait farkli 6zellikleri tespit edilmistir. Siniflandirma agamasinda Yapay Sinir
Aglar1 (YSA) kullanilmistir. Yapay sinir agi, Hatanin Geriye Yayilmasi (Back- Propagation)
algoritmasina sahiptir.

Anahtar Kelimeler: Miyoelektrik Isaretler, EMG, Yapay Sinir Aglar1 (YSA), Dijital Filtre,
Ozellik Cikarma
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CIRCUIT DESIGN WITH FPGA CARD FOR ACQUISITION AND
CLASSIFICATION OF EMG SIGNALS

ABSTRACT

The ultimate goal in prosthetic studies; To be able to produce a device that can actually take
on the same task. Although many studies have been carried out on prosthetic control so far,
real time compatible products can be produced thanks to the studies done on myoelectric
signals and the CPUs which have high speed and parallel processing capability which are
developing today. Especially with the development of DSP and FPGAs, such studies can be
made more comfortable. As is known, as the muscle fatigue increases, the frequency spectrum
of the EMG signal shows an accumulation towards low frequencies. For this reason, our study
includes analyzes in a small-time segment. Electromyographic (EMG)signals markings from
the skin surface are a combination of multiple action potentials resulting from the contraction
of muscle fibers. The pattern of each EMG signal produced from the muscles contains
information about the direction of movement and the speed of action. Different signal
processing techniques are available to find the feature vectors used to classify these patterns.

In this study, EMG signs detected from the forearm surface were used to define forearm
abduction, forearm adduction, elbow extension, elbow flexion movements. The electrodes are
connected to three different muscle groups that provide these movements. The EMG signals
of the movements were taken simultaneously from three different muscle populations of the
left arm of subject. A total of 500 records have been received, 125 from each movement.
Before extracting features of signals the characteristics of the EMG signals detected from the
surface muscles, the resulting EMG signals were passed through the digital filters and both
the signal-disrupting effects were cleared and most of the other non-marking components
were filtered. Then, different characteristics of the filtered sign were determined. Artificial
Neural Networks (ANN) were used in the classification stage. Artificial neural network has
the error back propagation algorithm.

Keywords: Miyoelectric Signals, EMG, Atrtificial Neural Network (ANN), Digital Filter,
Feature Extraction

1.GIRIS

II. Diinya savasindan beri viicudun dis giigleri olan uzuvlarin (kol ve bacak gibi) hasara
ugradiginda tekrar kullanmaya yonelik yapay protez cihazlar1 imal etmek i¢in birtakim
caligmalar yapildi. Bu konudaki ilk sayilacak ¢alismalarda, viicudun zedelenmis kaslarindan
gelen elektromiyografik (EMG) isaretlerinden yararlanildi. [1, 2, 3, 4]. Yapilan arastirmalarin
¢ogu ana parcanin iizerinde 6zel ¢alisma veya efor gerektiren ya hep ya hig bigimi tek hareket
kontrolleri seklinde olmustur. Ilk myoelektrik kontrollii protez; kavrama/birakma gibi tek bir
fonksiyonu gerceklestirmeyi amaglamistir. Gelisen bilgisayar teknolojisinin, EMG isaretleri
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lizerinde daha detayli isaret isleme ve analiz imkanlarmi saglamasiyla protezler iizerinde
hareket kontrollerini daha miimkiin hale getirdi. Parmak kapama (flexor) ve agma (extensor)
kas gruplarindan elde edilen EMG isaretlerini kullanan arastirmacilar isaretleri dogrulttuktan
sonra genliklerini karsilastirmis, hangisi daha biiyiikse onun temsil ettigi hareketin istendigine
karar vermistir. [5,6]. Buna gére parmak sikici veya agici roleler galistirilarak elin kavrama ya
da birakma hareketini yapmasi saglanmistir. Ayni c¢alisma ilkesi glinlimiizde de tek
fonksiyonlu yapay ellerde kullanilmaktadir. Ancak daha gelismis isaret isleme yontemleriyle

kavrama hiz ve giiciinii kapsayan oransal kontroller artik miimkiin olmaktadir.

Dorcas ve Scott, birden fazla serbestlik derecesini kontrol edebilmek i¢in bir noktadan ol¢iilen
EMG isaretinin etkin degerini ayrik bdlgelere bolme yontemini gelistirmistir.[7]. Daha
sonralar1 ayn1 kasin degisik diizeylerdeki kasilmalari farkli hareketlere kars1 diistiriilmiis EMG
isareti hangi araliga giriyorsa o araligin belirttigi hareket protezde gerceklestirilmistir.
Zamanla bir¢ok noktadan 6lgiilen EMG isaretlerinden faydalanilmasi diisiiniilmis ve 10 tane
elektrot, belli hareketlerin gergeklestirilmesinde etkin olan kaslarin iizerine yerlestirilmistir.
Elektrotlarla edinilen EMG ol¢limleri matris halinde dizilmis ve bilgisayarda incelenmistir.
Inceleme sonucunda elde edilen siiflama islemleri daha sonra EMG 6l¢iimlerinin sinanarak
degisik hareket siniflarina ayrilmasinda kullanilmistir. Cok elektrotlu myoelektrik kontroliin
farkli bireylere uygulanmasi iizerinde ¢alisan Lyman,’6grenme’ ve ‘caligma’ olarak iki ayri
asama tanimlamustir.[8]. Ogrenme sirasinda dziirlii kisi, saglikli koluyla hayali kolunu paralel
olarak hareket ettirirken bilgi-islemci EMG oriintiileri ile kol hareketleri arasindaki bagintiy
saptar ve bdylece normal c¢alisma sirasinda, oziirliiniin irettigi EMG egitim siiresinde elde
edilenlerle kiyaslanip en fazla benzeyen oOriintii saptanir. Sonra o Oriintiiye ait hareketi
amacladigina karar verilir. (en yakin komsu algoritmasi) Yontemin, (paz1 kemigi) dondiirme,
dirsegi agma/kapama ve Onkolu dondiirme fonksiyonlarimin kontroliinde basarili oldugu
bildirilmistir. Ayn1 teknigi uyarlayan Isvegli arastirmacilar, “Isve¢ Eli” olarak bilinen
caligmalarinda, kavrama/birakma, oOnkolu dondirme ve bilegi asagi/yukari biikkme
hareketlerini denetlemislerdir.[9]. Ayrica sistemde mikroislemci kullanilarak protezin oransal
kontrolii saglanmistir. Baska bir calismada ise dirsekten omuza kadar olan kemigi (pazi
kemigi) kesilen veya fel¢ olan sahsin biceps (kolun tist kismindaki kaslar-iki baslit kas) ve
triceps (li¢ baslt kas)’ kaslarindan alinan EMG isaretlerinin istatistiksel analizini yapti.
Istatistiksel isaret tanima algoritmalari, kolun birlesik ilk hareketleri ve muhtemel isaretlerinin
her birine cevap veren isaretleri siniflandirmak i¢in kullanildi. Bu ¢alismada; kol kemigine
veya omuza ait i¢/dig donme, dirsek agma/kapama ve bilegi asagi/yukar1 biikme hareketleri
denetlenmistir. El kavramasi hareketi siniflandirmaya katilmamustir.[10].

Ozellikle Graupe’nin ¢alismasindan faydalanarak, Kelly, Parker ve Scott ilk olarak YSA
(Hopfield algoritmasi1) kullanarak myoelektrik isareti siniflamaya dayali ¢ok fonksiyonlu
kontrol tasarimini gergeklestirdiler. [5,6]. Daha sonra bu ilk ¢alismadan yararlanarak Hudgins,
Parker ve Scott tarafindan yine YSA kullanilarak ¢ok fonksiyonlu bir myoelektrik kontrol
calismasi gelistirildi.[11]. S6z konusu ¢alismalar, biceps ve triceps kaslardaki elektrotlardan
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alman isaretlerin zaman serisi parametreleri ¢ikartilarak dort hareketin siniflandirilmasi
gerceklenmistir. Bu Oncii ¢aligmalarin verdigi umut, bu igle ugrasmak isteyen bilim adami ve
miithendisleri oyle etkilemistir ki, bugiin artik yiizlerce arastirmaci ¢ok daha ileri tekniklerle
EMG isaretlerini elde edebilmekte ve istatistik, isaret isleme, yapay zeka gibi pek ¢ok bilim
dalimi birlikte kullanarak yeni analiz yontemleri gelistirebilmektedirler. (Bulanik Mantik,
Genetik Algoritmalar, Yapay Sinir Aglari, Dalgacik Doniisiim Algoritmalari, Temel Bilesen
Analizi... gibi onlarca degisik yontem)

Bu c¢alismamizda esas olarak; EMG isaretlerinin elde edilmesine yonelik bir elektronik
devreden bahsedecegiz. Bu devre pek c¢ok alt devreden ve pargadan olusmakta. Bu devreyi
olustururken biyolojik bir isaret olan emg isaretinin Ozelliklerini (genlik, frekans bandi...
gibi) g6z ardi edemeyiz. Tibbi amacghi uygulamalar i¢in bugiin artik oldukca profesyonel
cihazlar mevcut. Fakat arastirmaci miihendisler igin higbir zaman higbir olay tamamen bitmis
sayllmaz. Bu yiizden gelisim siirekli devam edecektir. Bu amagla; kullandigimiz ve temiz veri
elde edebildigimiz bir devrenin parcalarini ve tasarimini bu calismada anlatmayr uygun
buldum.

2. MATERYAL VE YONTEM

Genel olarak baktigimizda biyolojik dlgmeleri; Klinik ve Arastirma Olgmeleri diye iki ana
kategoriye ayirabiliriz. Bu ana yaklagim altinda olusturulan bir 6l¢iim diizeni; 6l¢ii cihazi ve
tizerinde olgiim yapilacak obje, diye iki temel birimden olusmaktadir diyebiliriz. Biyolojik
Oleme diizenlerinde obje tamamen insan veya insandan alinan bir doku Ornegi olabilir.

Objenin 6l¢limii igin dinamik ve statik drnekleme yontemleri kullanilir.

a) Dinamik Ornekleme: Fizyolojik parametreler viicuttan bir doniistiiriicii yardimiyla
algilanir. Dinamik 6rnekleme de 06l¢ii sistemi; Ol¢iim parametrelerindeki ani degismelere
cevap verebilecek niteliklere haiz olmalidir. Dinamik Ornekleme, direkt ve dolayli olmak
iizere iki sekilde yapilir. Direkt Ornekleme de elektrot ve ceviriciler deri yiizeyine veya
viicut i¢ine yerlestirilmistir. Hasta icin tehlike icermesine karsin tasarimi ve kullanimi
kolaydir. Dolayli Ornekleme de doniistiiriiciiler objeyle temas etmez. Giivenli olmalarina

karsin kullanim agisindan karmasiktir.

b) Statik Ornekleme: Olgiim yapilacak obje canli sistemden almmustir. Laboratuvar

ortaminda gerekli analizler yapilabilir. Ornegin, parmaktan alinan kan vs...
2.1. EMG Isaretinin olusumu

Biyolojik isaretlerin olusumunda hiicre i¢inde ve hiicreler arasindaki biyokimyasal iligkilerin
bilinmesi &nemlidir. Insan bir hareket yapmak istediginde beynimizden sinir hiicrelerine
aksiyon potansiyeliyle emir génderilir ve sinirlerden de kasa iletilen bir aksiyon potansiyeli
sayesinde yapmak istedigimiz hareketi gerceklestirmis oluruz. Canli hiicrelerin
membranlarinin iki yanindan yapilan ol¢iimlerde elektriksel potansiyel farki saptanabilir.

Hiicre tipine gore degisen ve dinlenme potansiyeli adini alan bu fark kas ve sinir hiicrelerinde
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hiicre i¢i negatif olmak iizere 50-100 mV kadardir. Dinlenme potansiyeli iyonlarin hiicre
membraninin i¢ ve dig ylizeyleri arasinda esit olmayan dagilimindan kaynaklanir. Aktif
transport yoluyla sodyumun siirekli hiicre disina ve potasyumun hiicre igine pompalanmasi
sonucu sodyumun hiicre disindaki konsantrasyonu igeriye gore 20 kat fazlalagir. Hiicre i¢inde
ise potasyum konsantrasyonu hiicre disina oranla 35 kat fazladir. Bu kimyasal transport
sirasinda bir biyopotansiyel ortaya ¢ikar.[12]. Ortaya ¢ikan bu biyopotansiyel uygun sensorler
vasitasiyla elektriksel akima doniistiirtilebilir.

2.2. EMG Isaretinin elde edilmesi

Biyoelektrik potansiyelleri 6lgmek i¢in iyonik potansiyel ve akimi, elektrik potansiyel ve
akima ceviren transdiiserlere (ceviriciler) ihtiya¢ vardir. Boyle bir gevirici 2 tane elektrot
ihtiva eder. Bu elektrotlar olgiilecek iyonik potansiyel noktalarina yerlestirilir. Hareket
potansiyeli birden c¢ok hiicreden gelen toplam sinyal olacagindan herhangi bir hiicrenin
hareket potansiyelini 6lgmek oldukc¢a zordur. Bunun i¢in hiicreye ¢ok hassas bir sekilde
elektrotlarin yerlestirilmesi gerekir. Bundan dolay1r ¢ok sayidaki hareket potansiyelinin
derideki birlesik etkisi Olgiiliir veya birden fazla elektrotu adalenin ¢esitli yerlerine
yerlestirerek 6lgme yapilir. Bu potansiyellerin deri yiizeyine ulasma metodu kesin olarak
heniiz bilinemiyor. Baz1 olaylar1 agiklayan bir¢ok teori olmasina ragmen olaylara tam uyum
saglayan herhangi bir teori olusturulamamustir. Bilhassa iyonik akim ile deri yiizeyinde olusan
elektrik alan 6rnekleri arasindaki bagintt hususunda ¢ok degisik kabuller vardir. Bu degisik
goriigleri bir yana atarak, deri ylizeyine yerlestirilen elektrotlarla yapilan Olgmeler bize
biyoelektrik sinyaller hakkinda genis bilgiler vermektedir.

Ozellikle tibbi incelemelerde, bir takim kas hastaliklar1 ve hareket bozukluklarini tespit igin
veya bir hareket mekanizmasinin temel yapisini anlamak adina hastane ortaminda igne
elektrotlar kullanilabilmektedir. Ince telli elektrotlar, Basmajian ve De’Luca ‘nin kas
davraniglarini incelemek tizere gelistirdikleri ve simdi de onlarin bu tanimlamalarina sadik
kalinarak tiretilen bir elektrot ¢esididir. Tel elektrotlar1 yapmakta ki genel prosediir, iki uzun
telin birer uglarini 1sitarak birlestirilip giizelce kaplanip minelenir. Bosta kalan diger uglar1 2 —
3 mm kalacak kadar kesilir. Boylece lif halindeki iki ug, kas i¢ine uygulanabilecek igne
elektrot olarak kullanima hazir hale gelir.

Sekil 1. Igne elektrotlar ve uygulamasi
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Yiizeydeki kaslarin faaliyeti altta kalan bilgileri 6rtecegi i¢in daha derinlerdeki 6zel bir kas
lifinin faaliyetlerini incelemek adina tek kutuplu, cift kutuplu veya c¢ok kutuplu igne
elektrotlar kullanilmaktadir. Protez kontrolii ve robotik uygulamalar gibi miihendislik
uygulamalarinda ise yiizey elektrotlarinin se¢imi daha pratik olacaktir. Zira hi¢ kimse koluna
batirilmis bir igne ile rahat hareket imkani bulamayacaktir. Yiizey elektrotlar1 da pasif ve aktif
elektrot olmak tizere temelde ikiye ayrilmaktadir.

L pe"d?
,w:#"”“ j‘“"‘"
e ,,,

Sekil 2. Pasif Yiizey Elektrot ve Aktif Yiizey Elektrot

Yiizey elektrotu ile yapilan Olcliimlerde genis bir alandan elde edilmis bir elektrik
potansiyeline sahip olundugu unutulmamalidir. Yiizeyden dlgiilen bu toplam potansiyel yilizey
altindaki bireysel aksiyon potansiyellerinin aslinda 1. Tirevlerinin toplamidir. Yiizey
elektrotlarinin kas demeti iizerine nereye konulmasi gerektigi de ol¢iillecek EMG isareti igin
onem arz etmektedir. Sekil 3 te goriilecegi tlizere bir kas demetinin iizerine yerlestirilmis
elektrot ciftinin konumu algilanan sinyalin zaman ve frekans ekseninde degismesine sebep

olmaktadir.

-

-

Genlik (mV)
Frekans Spekturumu
o

-

Zaman (5) 5 0 Frexams@z 900

Sekil 3. Kas demetinin farkli noktalarindan EMG etkisi.[14].
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Algilama yiizeyleri arasindaki mesafe de EMG isaretinin band genisligine ve genlik degerine
etki etmektedir. Eger ¢ok kii¢lik bir mesafe se¢ilirse; EMG sinyalinin band genisligi yiiksek
frekanslara kaymakta genligi ise azalmaktadir. Bu yiizden optimum bir mesafenin bulunup
uygulanmasi gerekmektedir.

3. BULGULAR

EMG sinyalinin alinmasi sirasinda, sinyalinin yapisini etkileyen iki durum vardir. Birincisi
sinyal enerjisinin giiriiltii enerjisine oranidir (SNR). Genel olarak giiriiltii, EMG sinyalinde
istenmeyen elektriksel sinyallerdir. Diger bir durum ise EMG sinyaline, sinyalin
karakteristigini degistiren farkli frekans bilesenlerinin katilmasidir. EMG sinyali stokastik
(rastlantisal) bir yap1 gosterir ve Gausian dagilim fonksiyonuyla tanimlanir. EMG sinyalinin
genligi 0 ile 10mV (tepe noktalari arasi) ya da 0 ile 1,5mV (RMS) arasinda degisir.[15].
Kullanilabilen sinyal enerjisi 0 ile 500Hz frekans araliginda olup baskin enerji 0 ile 200Hz
arasinda degisir. Kullanilabilen sinyaller, elektriksel giiriiltii seviyesinin {izerinde bir enerji
tasirlar. Sekil 4’te ham EMG sinyaline ait frekans spektrumundan isaretin baskin oldugu
frekanslar goriilebilmektedir.

Ham EMG Sinyaline ait FFT "u

| _ " A o _ , T il
0 50 100 150 200 250 300 350 400 450 500
Frekans(Hz)

Sekil 4. Ham EMG sinyaline ait frekans spektrumu.

Yaptigim ¢aligmada, onceden belirlenen hareketlere ait EMG sinyalleri goniillii deneklerin sol
kolunda bulunan ti¢ farkli kas toplulugundan es zamanh olarak alinmistir. Bunun i¢in her bir
kas topluluguna bir aktif elektrot olmak {iizere, toplamda ii¢ elektrot baglanmistir. Sinyallerin
alindig1 kaslar ve baglanan elektrotlarin isimleri ile ilgili bilgi Cizelge 3.1° de belirtilmistir.
Ayrica Sekil 5’te elektrotlarin bagli oldugu kaslar gosterilmistir. Referans noktasi olarak ¢ene
altinda, boyun ile gogiis kafesinin birlestigi noktada kas bulunmayan bolge secilmistir. Her bir
hareketten 125 olmak iizere, toplamda 500 kayit alinmistir. Her bir harekete ait EMG sinyali
kas topluluklaria bagl olan {i¢ aktif yiizey elektrottan es zamanli olarak bilgisayar ortamina
kaydedilmistir.[16].

March 21-23, 2019 ANTALYA-TURKEY Page 7



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

Cizelge 3.1. EMG sinyalinin alindig1 kaslar ve kaslara baglanan elektrotlar.

Sinyalin Alindig1 Kas Grubu

Kas Grubuna Baglanan EMG Elektrotu

Biceps EMGL1
Triceps EMG2
Flexors EMG3

EMG1 -Biceps

EMG3 -Flexors

EMG?2 -Triceps

Sekil 5. EMG sinyalinin alindig1 kas gruplart.

EMG isaretini alabilmek igin kas yiizeyinde referans noktaya gére olusmusg potansiyel gerilim
farki sezinlenip bir fark kuvvetlendiricisine giris yapilir. Fark kuvvetlendiricisinin girislerine
EMG isaretiyle birlikte gelen elektriksel giiriiltiiler elimine edilerek ¢ikisa sadece EMG isareti
ulastirilmis olur. EMG gibi karmasik bir analog sinyal kaydedilirken bazi temel faktorler
hesaba katilmalidir. EMG sinyali algilanirken ve kaydedilirken sinyalin orijinalligine etki
edecek iki ana konu vardir. ilki isaret-giiriiltii oramidir. Genellikle giiriiltii olarak EMG
sinyalinin bir pargasi olmayan elektriksel giirtiltiiler kastedilir ve EMG isaretine bulagsmalar1
istenmez. Diger bir 6nemli nokta isaretteki bozulmalardir (distortion). Bu bozulmalar, ger¢cek
isaretin bazi frekans bilesenlerinin bozulmasi veya yok olmasi anlamina gelmektedir. EMG
sinyali genelde rastlantisal (stokastik) bir isaret olmakla birlikte makul bir yaklagiklikla Gauss
Dagilim Fonksiyonu gibi goriilebilir.[15]. Asagida Sekil 6°da fark kuvvetlendirici devresi
olarak ta caligsan bir enstriimantasyon yiikseltici devresi goriinmektedir.

Vi +.- --.__‘_‘.H
1o EE—
I e ! Ra
[ uﬁz I [
*
|
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Sekil 6. Enstrumantasyon yiikselteci devresi
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Enstrumantasyon yiikseltecinin ¢ikisi su sekilde formiile edilebilir.

Ve = Mx%x(vz — ) 3.1)
3

Ry

Bu devre ile isarette hem bir kuvvetlendirme (kazancg) elde edilebilir hem de isaret-giiriiltii
orani gibi belli giirtiltiiler fark kuvvetlendiriciler sayesinde elimine edilmis olur. Devrede
kullandigim aktif yiizey elektrotlar da ayrica 10-3000 Hz band gegiren analog bir filtreye
sahiptir. Tim bu yiikseltme, filtreleme islemleri i¢in ¢alismada segilen yiizey EMG elektrotlari
icin tasarlanan B&L Engineering firmasma ait 6 kanalll EMG Electrode Interface Box
kullanilmigtir. EMG Electrode Interface Box girisine gelen diisiik genlikli EMG sinyallerini
icerdigi Enstriimantasyon devreleri sayesinde hem belli oranda giiriiltiiye kars1 filtreleme islemini
hem de 900 mV’a kadar kuvvetlendirme islemini gergeklestirmektedir.

Sekil 7. EMG Electrode Interface Box.

EMG Electrode Interface Box ¢ikisin1 bir ADC devresine uyguluyoruz. Bu ADC devresi
Analog Device firmasinin AD7606 ADC si igin iretilmig 8 kanalli bir ADC gelistirme
kartidir. Bu kart1 segmemin amaci es zamanl olarak 8 kanal birden 6rnekleme yapabilmesidir
(Simultaneous Sampling). Bu sayede 8 adede kadar EMG analog isaretini es zamanli olarak
sayisal degere cevirebiliriz. ADC kartinin sayisal ¢ikislart da yine Analog Device firmasi
tarafindan tretilmis EVAL CEDI1Z FPGA gelistirme kartina aktarilmistir. Elde edilen
sistemin tamami1 Sekil 8’de toplu halde gosterilmektedir.

AD7606 Evaluation software

!

EMG
elektrode
interface

box

EMG aktif
ylzey
elektrotlan

Bilgisayar

Sekil 8. Ham EMG sinyallerinin bilgisayar ortamina kaydedilmesi i¢in olusturulan sistem.
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Asagida dirsek agma hareketine ait ii¢ kastan es zamanli olarak alinan EMG sinyalinin genlik
(ADC Kodu)-zaman grafigini gosterilmektedir. Sekil 9°da bulunan ham EMG sinyalinin
FFT’si alindiginda, sinyalin frekans-gii¢ grafigi Sekil 10°daki gibi olur. Grafik incelendiginde
ham EMG sinyalimizin baskin genliginin 0-200 Hz arasinda oldugu rahatlikla
goriilebilmektedir.

600

200

Sekil 9. Ug kas toplulugundan alinan dirsek agma hareketi icin ham EMG sinyalleri.

Ham EMG Sinyaline ait FFT 'u

Frekans(Hz)

Sekil 10. Sekil 9’da gosterilen ADC3_EMG3 ham EMG sinyalinin FFT grafigi.

4 TARTISMA, SONUC ve ONERILER

Es zamanli Ornekleme yapan ADC kullanarak tam Ol¢iim aninda ilgilendigimiz tiim
noktalarda neler oldugu bilgisini es zamanli olarak 6grenmis oluyoruz. Es zamanli 6rnekleme
yapilmayan bir devre ile ¢oklu elektrotlu bir 6rnekleme yaptigimizda ise aslinda birbirinden
biraz sonraki anlarin potansiyel degerleriyle analiz yapiyoruz demektir. Bu da kritik anlardaki
baz bilgileri kagiracagiz anlamina gelecektir. Kas demetlerinin sinirlerden gelen uyariyla
kasildigi an ki degerleri degil de her bir kasilan kas demetinin birbirlerini etkiledikleri sonraki
anlarin degerleriyle ilgileniyor olacagiz.

Sistemde FPGA kart1 kullanmam yliksek hizda analiz yapabilmek ve bdylece elde edilen
EMG isareti i¢in 0z nitelikler ¢ikarabilmek ve degisik siniflama algoritmalariyla bu isaretleri
siniflayabilmektir. Tim bu islemler yazilim olarak FPGA yapisinin igerisine
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gomiilebilmektedir. Yukarda anlattigim devre ile 3 farkli kas demeti iizerinden es zamanl
ornekler alip, bu isaretlerin uygun sekilde filtrelenmesi, kuvvetlendirilmesi, sayisal isarete
cevrilerek bu bilginin bilgisayarda saklanmasi veya FPGA kart yazilimlariyla analizlerinin
yapilmast ve siiflandirilmasi iglemleri gerceklestirilmistir. Bu ¢aligmada bu analizlerden ve
yapay sinir aglariyla olusturulan siiflama sonuglarindan bahsetmeyecegim. Esas amacim;
EMG c¢alismalar1 hakkinda bugiine kadar yapilmis belli ¢alismalara isaret etmek, rahat ve
giivenilir isaret alabilecegimiz bir devre tasarimini ortaya koymaktir. EMG calismalarina yeni
baslayacak olan veya halen bununla mesgul olan meslektaslarima bir yaklasim sunabilmektir.
Isaret elde etme ve analiziyle ugrasan tiim miihendisler icin en 6nemli husus giivenilir ve
kolay veri elde edebilmektir. Bu ugurda yapilan tiim tasarimlar ve analizler bir arastirmaci
icin igin olmazsa olmazidir. Elimizde giivenilir veri elde etme sistemleri varsa bugiine kadar

gelistirilmis pek ¢cok analiz yontemi denenebilir ve yenileri gelistirilebilir.
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OZET

Bu calismada 1s1min ile 1s1 transferinin 1sitma sistemlerinde etkileri arastirilmus, literatiirdeki
deneysel calismalar géz dniinde bulundurularak 1s1ma kalkanin 1sitma sistemlerindeki 1g1nim
ile 1s1 transferine etkisi incelenmistir. Fiziksel model olarak 60/50 °C isitma devresine ait
panel radyator dikkate alinmistir. Calismada, kalkansiz ve kalkanli olmak iizere iki durum ele
alinarak 1s1 transfer hesaplari yapilmistir. Sonu¢ olarak, 1smma kalkani kullanimin 1s1
kayiplarin1 % 3 civarinda azalttig1 tespit edilmistir.

Anahtar Kelimeler: Isima kalkani, Is1 kaybi, Isitma sistemi.
ABSTRACT

In this study, the effects radiative heat transfer on the heating systems are investigated on the
basis the experimental data conducted in the literature. In this aim, the effect of the radiation
shield on the radiative heat transfer in the heating systems was investigated. As a physical
model, a radiator used in the heating circuit with 60/50 °C was taken into account. In the
study, two cases such as with radiative shielded and non-shielded were handles and heat
transfer calculatios were performed for this aim. As conclusion, it was conducted that, using
the radiatvie shield decreases the heat losses in a rate of 3%.

Keywords: Heat losses, Heating system, Radiation shield.
1. GIRiS

Elektromanyetik dalgalar seklinde veya fotonlar vasitasiyla gergeklesen 1s1 transferi sekline
isinimla (radyasyonla) 1s1 transferi denir. Elektromanyetik dalgalarin veya fotonlarin
ilerlemesi i¢cin maddesel bir ortama ihtiyac yoktur. Bazi 1s1 transferi problemlerinde 1sinim ile
1s1 transferi ihmal edilebilmektedir. Fakat sicak bir borudan ¢evreye olan 1s1 transferinde
1simimla olan 1s1 transferi tasinim yoluyla olan 1s1 transferine esit olabilmektedir. Bunun gibi
durumlarda 1s1nim1 ihmal etmek biiylik hatalara neden olmaktadir. Bu nedenle, miihendislik
hesaplarinda, duruma gore 1sinimla olan 1s1 transferini de hesaba katmak, ihmal etmemek
dikkate alinmasi gereken bir konudur.

Saedodin vd. (2010), i¢ i¢e gecirilmis iki silindir arasindaki 1s1 transferine 1g1ma kalkaninin
etkilerini inceleyen deneysel bir ¢alisma yapmistir. Deney i¢in kurulmus fiziksel modelde dis
silindir soguk, i¢ silindir sicaktir. Deney siiresince 1s1ma kalkani olarak bakir,aliiminyum ve
celik materyal kullanilmistir. Cevre basincinin 1 atm ve 0.2 atm oldugu iki farkhi kosul i¢in
1sima kalkanlarmin performansi 6l¢iilmistiir. Yapilan bu ¢alismaya gore radyasyonla 1sima
kayib1 , yayilim katsayist (£) degerinin artmasi ile birlikte artmakta, ¢evre basincindaki her
hangi bir degisimde ihmal edilebilecek seviyede 1stma kaybi olusmaktadir.Basincin
azaltilmas1 tagmim ile 1s1 transferine etki ettiginden, yapilan c¢alismada diisiik basing

March 21-23,2019 ANTALYA-TURKEY Page 13


mailto:okayapinarsamsung@gmail.com
mailto:oguz.arslan@bilecik.edu.tr

MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

altinda,toplam 1s1 kayib1 azalmigtir. Deney sonucunda bakirin diisiik ¢ degerinden dolay1
aliminyum ve ¢elik 1s51ma kalkanina goére daha verimli oldugu, diisiik & degerinin 1s1ma
kalkani i¢in belirleyici bir 6zellik oldugu sonucuna ulagilmistir. Sadegh vd. (2015) yaptiklar
caligmada, bakir, aliminyum v ¢elik olmak ti¢ farkli materyalden yapilmis 1s1ma kalkani igin
1s1 kayiplarimi gozlemlemigler ve bakir kalkanin digerlerine gore daha olumlu sonuclar
verdigini tespit etmislerdir. Guenther ve Jurandir (2012) yilinda yaptiklari ¢alisma ile su
icerisinde kismen yiizen baglant1 kablolarindaki 1s1 dagilimini modellemislerdir.Is1 transferini
modellemek amaciyla Fluent yazilimi kullanilmistir. Riizgar hizi,hava sicakligi, giines 1s1mnimi1
ve kablonun 1s1 yayma oran1 bu ¢aligsma i¢in belirleyici kisimlar olarak belirlenmistir. Yapilan
caligmaya gore su lizerinde kalan kablo kismi sicak ¢evre sartlarindan ve giines 1s1nimindan
etkilenmektedir. Cevresel kosullardaki minimal degisimlerin, kablo igerisindeki 1s1ma
kalkanmnin dis ylizeyinde biiylik sicaklik diisiimiine neden oldugu belirlenmistir. Ibrahim vd.
(2012), yaptiklar1 deneysel ¢alisma ile bir pisirme firini i¢in ag sunum yontemini kullanarak
1stnim ile 1s1 transferini modellemislerdir. Deneysel ¢alismada ele alinan firin £=0.5 degerine
sahip olup, firin modelinde ayn1 zamanda sicaklik 6lgiimleri yapilmistir. Calisma sonucunda,
bir pisirme firini i¢in 151ma ile 1s1 transferinin ag sunum modeli olusturulmustur.

Bu calismada, konutlarda 1sitma amagh olarak kullanilan radyatorlerden 1sil 1sinima baglh
olarak gerceklesen 1s1 kayiplari hesaplanmis, radyator arkasi 1sinim kalkani kullanilmasi
durumunda gergeklesecek 1s1 kayiplarindaki degisim arastirilmstir.

2. MATERYAL ve METOT

Calismada, 60/50 1sitma devresi igin ortalama yiizey sicakligi Ty,q = 55 °Colan ev tipi bir
radyator ele alinmis ve ¢alismanin fiziksel modeli (kontrol hacmi) olusturulmustur Calismada,
ele alinan kontrol hacmi sadece radyatdr alani kadar isinimin etkili oldugu bolge olarak
belirlenmis olup, fiziksel model kalkanli ve kalkansiz olmak iizere Sekil 1°de verildigi gibidir.

(1) Dis sva (Kireg harch) (1) D1 swva (Kireg harh)
(2) Yahtm levhas: (XPS) (2) Yahtm levhas: (XPS)
(3) Tugla duvar (3) Tugla duvar
(4) Tc sva (Algt hargl) (4) Ig siva (Algt hargly)
9 Ismma kallkcam
Qkayp
Qkayp

Sekil 1. Fiziksel model; a) Kalkansiz ve b) Kalkanli.

Ele alinan fiziksel model igin oda sicakligmin 22 °C oldugu kabul edilmis ve radyatdrden
gerceklesen 1s1 transferinin 1ginim ve tasinim olmak tizere iki temel mekanizmadan
gerceklestirdigi dikkate almmistir. Fiziksel modelde kullanilan yap1 bilesenlerine ait
termofiziksel 6zellikler Tablo 1°de verildigi gibidir.
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Tablo 1. Yapi bileisenlerine ait fiziksel 6zellikler (TSE, 1998; Yiincii ve Kakag, 1999).

Bilesen

No Ozellik | Birim Deger
1 k W/mK 0,87
| m 0,03
) k W/mK 0,03
| m 0,05
3 k W/mK 0,45
| m 0,19
4 k W/mK 0,87
| m 0,02
Paslanmaz Dokme
Kalkansiz | Aliiminyum | Kalay Bakir Celik Demir
lkaplama | M - 0,01 x10°® ]0,01x10°%]0,01x10°| 0,01 x10° 0,01 x10°
5 Kiaptama | W/mK - 164 64 386 16,3 51,9
levha | M - 0,002 0,002 0,002 0,002 0,002
Kievha | W/mK - 0,04 0,04 0,04 0,04 0,04

Siirekli rejim kabuliiyle, ele alinan fiziksel modele ait enerji dengesi en genel haliyle Esitlik
(1)’de verildigi gibidir;

Qtsn + QL;n = Qkaylp 1
Burada, Qn; radyator arkasinda dogal tasinimla radyatorden gergeklesen 1s1 transferini, Q,g;
radyator arkasindaki 1smimla 1s1 transferini, Qiayp; toplam 1s1 kazancii tamiduvardan
gerceklesen 1s1 kaybini tanimlamaktadir Is1 tasinim ifadesi en genel haliyle;

Qtagmm = h . A. AT 2

ifadesi ile tanimlanir. Burada; A ve AT terimleri sirasiyla 1s1 transfer alan1 ve sicaklik farkini
tanimlamakta olu, h ise 1s1 tasinim katsayisidir ve agagidaki gibi verilir;

h=E.Nu 3
L

Nu (Nusselt) sayis1 boyutsuz 1s1 transfer katsayisi olup, ele alinan problem igin asagida verilen
baginti ile hesap edilmistir (Yiincii ve Kakan, 1999).

Nu = (C-Ra;)™ 4
Burada,. Ra; Rayleigh sayis1 olup asagidaki olup;

— gB (Tradz_Toda)'L3 . Pr 5
v

Ra;,

esitligi ile verilmektedir. Tiirbiilansh akis durumu igin C ve m degerleri sirasiyla 0,1 ve 1/3
olarak hesaplamalara dahil edilmistir. Pr; Prandtl sayisini, v; Kinematik viskositeyi ve
termal genlesme katsayisini tanimlamakta olup ideal gaz kabuluyle hava i¢in literatiirdeki
degerler dikkate alinmistir Isinim ile gerceklesen genel 1s1 transfer bagintisi ise;
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4 4
_ U'A'(Trad_Tyﬁzey,duvar) 6
len = T 1 1

€rad Ey1"1zey,duvar

ifadesi ile tamimlanir. Burada, ¢ yaymim katsayisini, o; Stefan-Boltzman sabitini
tanimlamaktadir. Matematiksel model’de kullanilan ve hesap edilen degerler Tablo 2’de
verildigi gibidir. Duvar yiizeyin kaybolan 1s1 ise Esitlik 7 ile verilen ifade kullanilarak
hesaplnmais olup, duvar ylizey sicaklikliklari, matematiksel model sonucu elde edilen agik
ifadenin deneme yanilma yoluyla ¢oziimiiyle elde edilmistir.

_ A'(Tyiizey,duvar_Tm;) 7
Qkaylp Tl 3l 51
ki kz k3 ks ks hgg

Tablo 2. Matematiksel modele ait hesap degerleri (Yilmaz ve Bulut, 2001; Yiincii ve Kakag,
1999).

Parametre Birim Deger
Toda K 295,15
Trad K 328,15
T K 267,75
Ist transfer alam m? 45
Knava W/m?K 2,57 x10°
v m°/s 15,11x10°
Pr - 0,713
B 1K 3,39x10°
Nu - 301,96
Ra, - 2,75x10°
hic W/m?K 12,93
N W/m’K 25,00
Kalkansiz | Aliiminyum | Kalay | Bakir | Paslanmaz Celik | Dokme Demir
E itzey, duvar - 0,95 0,039 0,043 | 0,018 0,074 0,21
Erad - 0,95
3.BULGULAR ve TARTISMA

Isima kalkani kullanimi ile Sekil 1’de gosterilen fiziksel model igin 4 farkli kplama
malzemesinin ele alindig1 kalkan kullanimi dikkate alinmis, ve kalkansiz duruma gore 1s1
kayiplarindaki degisim incelenmistir. Kalkan malzemesi, 0.002 m kalinliginda poliiiretan
kopiik iizerine 0,01 x10° m kalinliginda aliminyum, paslanmaz celik, kalay, dokme demir ve
bakir kaplamadan olusturulmustur. Sekil 2°de kalkanli ve kankansiz durumlar i¢n olusturulan
alt1 farkli modele ait yiizey sicakliklarinin degisimi verilmektedir.
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327

326,8
g 326,6
§326,4

var

§326,2

326

325,8
325,6

yiizey,du

Sekil 2. I¢ duvar yiizey sicaklik degerleri.
Sekil 2 incelendiginde, duvar yiizey sicakliklarinin 326,1 K ile 326,8 K arasinda degistigi
goriilmektedir. Maksimum sicaklik degisimi 0,7 K olarak hesap edilmis olup ihmal
edilebilecek diizeydedir. Ancak, 1s1 kaybi hesaplarinda bu durumun dikkate alinmasi
gerekmekte ve ihmal edilip edilemeyecegi karar1 bu dogrultuda verilmelidir. Buna gore, ele
alman model i¢in 1s1mMim ve tasinima bagl olarak gergeklesen 1s1 transferleri Sekil’de
verilmektedir.

= Qisn
H Qtsn

Sekil 3. Isinim ve tasinimla gergeklesen 1s1 transferleri.

Sekil 3’e gore, kalkansiz durum icin gerceklesen tasinimla 1s1 transferi 79,97 W olarak hesap
edilmis, bu deger 1s1mimla 1s1 transferi igin 44,45 W olarak hesaplanmistir. Bu degerler,
aliminyum, kalay, bakir, paslanmaz ¢elik ve dokme demir kaplama durumlar i¢in sirasiyla
117,6-2,8 W, 117,3-3,1 W, 119,0-1,3 W, 115,2-52 W ve 107,1-13,7 W olarak hesap
edilmistir. Buna gore, ele alinan model i¢in duvardan gergeklesen 1s1 kayiplar: hesaplanmig ve
sonuclar1 Sekil 4’de verilmektedir.
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Sekil 4. Duvardan gergeklesen kayip 1s1 miktarlari.

Sekil 4’e gore, kalkan kullanilmasi durumunun kalkansiz duruma gore kayiplar1 azalttig
goriilmektedir. Kalkansiz durum igin gergeklesen 1s1 kayb1 124,52 W olarak hesap edilmistir.
Bu degerler, aliiminyum, kalay, bakir, paslanmaz celik ve dokme demir kaplama durumlari
icin sirastyla 120,38 W, 120,37 W, 120,31 W, 120,46 W ve 120,76 W olarak hesaplanmaistir.
Kalkansiz duruma gore 1s1 kayiplarindaki degisim % 3,02 ile % 3,38 arasinda gergeklesmistir.

4. SONUC

Yapilan bu ¢alisma ile ele alinan fiziksel model i¢in 1s1ma kalkani kullanimin 1s1 kayiplarina
etkisi belirlenmistir. Kalkan kullanilmasi durumunun tasimimla gerceklesen 1s1 transferini
atrirmasina  ragmen, 1simimla gerceklesen 1s1  transferini Onemli Olglide diisiirdiigi
goriilmektedir. Gergeklesen 1s1 kayiplarinda ise % 3 civarinda bir azalmanin gergeklestigi
tespit edilmis olup, bu deger ayni oranda kazang anlami tasimaktadir.

Kalkanli durumlar ele alindiginda, 1s1nma bagl 1s1 transferinde ve 1s1 kayiplarindaki degisimin
cok kii¢iik miktarlarda gergeklestigi ve ihmal edilebilir oldugu anlasilmaktadir. En uygun
durumun belirlenmesi agisindan durumun maliyet analiziyle birlikte deglerlendirilmesi
gerekmektedir.
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ABSTRACT

One of the best model is nuclear shell model for investigation of nuclear structure. In order to
describe the low-lying spectra of nuclei, the model has been used successfully. In this study,
the energy levels of Ne isotopes have been calculated in the scope of the nuclear shell model
by using KShell computer code. In the calculations, *°O inert core were considered and dss,
S1/2 and dsp, single particle orbitals have been used as model space in which all of the sd
nucleons are active. Different interactions existing in the literaure which is used for the sd
model space have been taken for two-body interactions. Excited state spin, parity and energy
values have been obtained for Ne isotopes. Also, reduecd electric transtion probabilities
(B(E2)) have been calculated. The results have been compared each other and the
experimental values in the literature. The closest result to the experimental values was
determined.

Keywords: Shell Model, energy levels, sd shell, Ne, KShell code

1.INTRODUCTION

As in the case of electron shell model of atom, atomic nucleus is also assumed to be
composed of shells. Nucleons, protons and neutrons, fill the shells from lowest energy level
by increasing energy values with obeying quantum mechanical restrictions. The shells for
protons and neutrons are independent of each other. The nuclear shell model is a quite
successful model for understanding of atomic nucleus [1-7]. In the model, a core nucleus is
considered as inert. Only valance nucleons outside the inert core are active in considered
model space. According to the large shell gaps which corresponds to nuclear magic numbers
(2, 8, 20, 28, 82 and 126), there are several core nuclei such as *He, *°0, “°Ca, *°Ni, etc.

lidentification of the spin, parity and energies of nuclear levels are important way in order to
investigation of the nuclear structure properties. By this purpose, usage of nuclear shell model
is one of the most featured and successful nuclear models. In this paper, the excited level
energies, spins and parities of even-even Ne isotopes and reduced quadrupole transition
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probabilities from 0" to 2* have been calculated. Doubly magic °O has been considered as
inert core. The nucleons in the core with J=0 do not move from the core. Additional two
protons and zero to ten neutrons which correspond to **Ne to ?Ne isotopes have been
separetely treated as valance nucleons. The model space contains ds;, Si2 and ds;, single
particle orbits whose short name is sd-shell model space. USDB [8] effective interaction has
been handled for the two-body interaction between nucleons. In the calculations, Kshell shell-
model computer code has been operated [9]. The Kshell code enables us to perform nuclear
shell-model calculations with M-scheme representation with the thick-restart Lanczos
method. The code is used on a Linux operating system with a many-core CPU and OpenMP
library. It is also used on a state-of-the-art massive parallel computer with hybrid
MPI+OpenMP parallel programming. It can compute energy levels, spin, isospin, magnetic
and quadrupole moments, E2/M1 transition probabilities and one-particle spectroscopic
factors. If enough memory is available on the computers, up to tens of billions M-scheme
dimension is capable.

2. THEORETICAL FRAMEWORK

Valance nucleons move in a finite number of j-orbits. The Hamiltonian of the valance
nucleons is given by
H=FEy+ Z gafaj + 12 ;ﬂﬂﬂkl}ut aj ayay

where Ej is the energy of the inert core, ¢; is the single particle energies of the valance orbits
and <ij|V|kI> term is two-body interaction matrix elements of residual interaction amongst
the valance particles. The last terms (a* and a) are particle creation and annihilation operators.
In the calculations, single particle energies for daj,, ds;2 and sy, orbitals are +1.647, -3.948 and
-3.164, respectively. The USDB interaction is a standard interaction for sd model space
covering nuclei from mass number A=18 to A=38. The interaction Hamiltonian is defined by
63 two-body matrix elements.

Reduced quadrupole transition probability (B(E2)) values are in particular importance in
nuclear structure studies. The values are a key measure of collectivity in nuclei. B(E2)
includes nuclear information about energy of low-lying levels of nuclei. The first excited
states of the even-even nuclei are 2*. The transition from this state to the 0" ground state is
highly related to nuclear quadrupole deformation parameter (), mean lifetime (1) and electric
quadrupole moment (Qo). The B(E2) values of the nuclei have been compiled by Raman et al.
[10].

3.RESULTS and DISCUSSION

Nuclear energy levels, nuclear spins (J), nuclear parities () and reduced quadrupole transition
probabilities (B(E2)) of even-even neon isotopes have been calculated by Kshell computer
code with USDB interaction. First then positive parity states have been obtained in the
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calculations but only values whose exist in the literature have been given. As can be seen in
the Table 1 that the calculated results are close to the available experimental values.

In case of stable ®Ne isotope, only for levels have been compared. The maximum and
minimum differencse between calculated and experimental energy values are 151 keV for 4"
state and 3 keV for 0, state. Fort he next stable isotope *°Ne, these maximum and minimum
are 231 keV for 6+ and 27 keV for 0," states. In the last stable isotope of neon, *’Ne, ten states
have been compared and maximum deviation from experimental values is 238 keV. For this
isotope, 4" state energy has been calculated exactly as 3357 keV. The next even-even isotope
is #*Ne which is an unstable isotope of neon with 3.38 min half-life. The excited energy states
have been obtained with 195 and 13 keV maximum and minimum deviations. “®Ne isotope is
radioactive, too, with 197 ms. Them maximum and minimum deviations of calculated values
from experiment are 77 and 7 keV, respectively. Spin and parities of only 0" and 2" states are
exact in the literature. The next states are unambigously determined as (3*,4%), (2%), (0%) and
(3%,4%), respectively. In our calculations, we have theoretically estimated them as 4*, 2*, - and
3", Fort he last isotope which we have investigate, again, only first two states spins and
parities assigned ambigously. The next two states have been given as (4") and (4"). In our
calculation we have calculated them as 4" and 2*. The maximum and minimum deviations in
energies are 319 and 20 keV.

We have also calculated B(E2) values from ground state to first 2+ excited state for the neon
isotopes (Figure 1). As is seen in the figure, the calculated values are not so close to the
adopted data. Only for “°?°Ne, the data are close with each with the calculated and
experimental values of 0.034 and 0.030 for “’Ne and 0.0228 and 0.0249 for **Ne.

0.036
0.034 | v v Experimental
0.032 - 4  SM calculation
:_Q 0.030 A A
@ 0028 4
= 0026 et 4
i 0024 4 4 .
@ 0022 ” v a
0.020
0.018 A
0016 ; , : . : :
16 18 20 22 24 26 28 30

Atomic mass of Ne

Figure 1: The calculated reduced electric quadrupole transition probabilities B(E2) of Ne
isotopes in comparison with literature adopted values.

B(E2) value reach the maximum for ®Ne isotope in both calculation and adopted data. After
this isotope, it starts to decrease according to the our calculations and takes its minimum is for
8Ne. In adopted data, after maximum value it decreases and takes the minimum for *Ne and
then start again to increase.

Table 1. Experimental and calculated energy levels of even-even Ne isotopes
Nuclear Energy Level (keV)
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J,n Experimental SM calculation Difference
18Ne
0, + 0 0 0
2, + 1887 1998 -111
4, + 3376 3527 -151
0, + 4590 4593 -3
ZONe
0, + 0 0 0
2, + 1634 1747 -113
4, + 4248 4175 73
0, + 6725 6698 27
2, + 7421 7543 -122
6, + 8778 8547 231
4, + 9990 9945 45
4, + 10553 10493 60
22Ne
0, + 0 0 0
2, + 1275 1363 -88
4, + 3357 3357 0
2, + 4456 4284 172
2, + 5363 5125 238
4, + 5523 5367 156
1,+ 5329 5404 -75
3, + 5641 5461 180
2, + 6119 6175 -56
6, + 6311 6244 67
24Ne
0, + 0 0 0
2, + 1982 2111 -129
2, + 3868 3748 120
4, + 3972 3985 -13
0, + 4767 4962 -195
2, + 5575 5547 28
ZGNe
0, + 0 0 0
2, + 2018 2063 -45
(3,4), 4, + 3517 3510 7
(2),2, + 3690 3767 =77
(3,4), 3, + 5360 5367 -7
ZBNe
0, + 0 0 0
2, + 1304 1623 -319
4), 4, + 3010 2990 20
4), 2, + 3904 3988 -84

4. SUMMARY

In the scope of nuclear shell-model calculations, the nuclear structure properties of even-even
Ne isotopes have been studied. The nuclear excited energy levels, nuclear spins and parities
and reduced quadrupole transition probabilities of these isotopes have been obtained and
compared with available experimental data. It should be noted that the calculated results of
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B(E2) have not been as to be close to the literature data except several isotopes. However, for
the energies, spins and parities, the calculated results are found to be in agreement with
available experimental data.
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ABSTRACT

Reduced quadrupole transition probability of nuclei B(E2) is an important phenomenon for
determination of deformation for nuclei in its ground state. There can be found many
experimental efforts to determination of B(E2) values through wide region of nuclidic chart.
However, experimental determination B(E2) values of nuclei close to neutron rich and proton
rich side of Segre chart is not easy task because production rate of this nuclei may not provide
statistically enough data. Therefore theoretical predictions of BE(2) values for nuclei close to
proton and neutron drip-lines are welcome. In this study, we have carried out theoretical
predictions of even-even magnesium isotopes starting from mass number A=20 to A=40 by
means of covariant density functional theory with density dependent PC1 interaction.
Magnesium (Mg) isotopes have been considered as axially symmetric and both prolate and
oblate shape configuration of magnesium nuclei have been taking into account. By using
obtained electric quadrupole deformation parameters of Mg nuclei, B(E2) values for Mg
nuclei have been calculated. Furthermore ground-state binding energies, nucleon separation
energies and rms charge radii of even-even Mg nuclei have been calculated and discussed in
detail by using available experimental data and other nuclear model results.

Keywords: Deformation, ground state, B(E2), covariant density functional theory, Mg

1. INTRODUCTION

Investigation of deformation and shape of nuclei is a hot topic in nuclear physics research.
There can be found many excellent works on deformations and shape of nuclei theoretically
and experimentally. Also, recent introducing of new symmetries related with shape phase
transition of nuclei triggered studies on this topic (Casten and McCutchan, 2007). Studies on
deformation of nuclei are required spectroscopic knowledge of nuclei interested. Transition
energies and reduced transition probabilities B(E2) are important tools for determination of
deformation of nuclei. By means of B(E2) there can be found limited number of available
data (Raman et al. 2001) and any theoretical works can insight into more knowledge about
deformation of Mg isotopes. From theoretical side, there are many compatible nuclear models
for describing nuclear properties of nuclei such as macroscopic, microscopic and algebraic
(Greiner and Maruhn, 1996). One of the successful nuclear models for predictions of nuclear
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properties of finite nuclei is relativistic mean field (RMF) model (Bayram ve Yilmaz, 2013
and references therein).

In the present study, RMF model with density-dependence has been employed to study on
deformation and B(E2) values of even-even Mg isotopes between mass number A=20 and
A=40. Nuclear ground-state properties of considered Mg isotopes such as binding energies,
root mean square (rms) charge radii and quadrupole deformation parameter have been
calculated and compared with available experimental data together with other nuclear model
results. By using calculated deformation parameter in a semi empirical formula, B(E2) values
of Mg isotopes have been carried out.

2. THEORETICAL FRAMEWORK

There can be found many nuclear model for calculating ground state properties of nuclei
(Greiner W. and Maruhn J. A, 1996). One of the most successful nuclear models is relativistic
mean field (RMF) model and it has been used for studying of nuclear structure of nuclei
during last forty years (Bayram, T. and Yilmaz A. H., 2013). An excellent review on RMF
model can be found in the book (Meng, J., 2016) and reference therein. On the other hand the
RMF model has different type of versions by means of handling interaction i.e. non-linear,
density-dependent and point coupling methods. In the present study we have considered
density dependent point coupling version of RMF model and therefore we restrict ourselves to
giving details about only density dependent point coupling version of RMF model.

The RMF mean field model is a microscopic phenomenological nuclear model because it
starts with nucleon-nucleon interaction by using various mesons exchanges between nucleons
as well as it covers free nucleon and mesons. The starting point of RMF model is a
Lagrangian density given by

L = (iy.0)p
= as(P) () — 2 av (D) (v ) (yh) — 5 arv (B) (v ) (hiy,p) (1)

_7155(51;1/31/))(5”#,)1#) —ey. A %lp_

This equation covers the isoscalar-scalar, isoscalar-vector and isovector-vector four-fermion
interactions (Niksic, T. et al., 2008). The Lagrangian density given by Eq. (1) can be
transformed two coupled set of equations after application of variation principle. Therefore,
Dirac like equation for fermions and Klein-Gordon like equations for mesons called RMF
equations can be obtained and they can be solved iteratively for obtaining ground state
nuclear properties of nuclei in mean field formalism. Details of solution of RMF model and
numerical prescription which is fallowed in the present study can found in the study of Niksic
et al. (Niksic, T. et al. 2014). It should be noted that DD-PC1 density-dependent interaction
(Niksic, T. et al., 2008) for our RMF calculations have been considered in the present study.
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3. RESULTS AND DISCUSSION

In the present study we have employed RMF model calculation by using DD-PC1 interaction
for carrying out ground-state properties of Mg isotopic chain. First we have obtained binding
energies of Mg isotopes. In Figure 1, the calculated binding energies per nucleon (BE/A) for
Mg isotopes are shown. Also the results of RMF+NL3* (Bayram, T. and Yilmaz A. H.,
2013), non-relativistic Hartree-Fock-Bogoliubov (HFB) with Sly4 parameter set
(Dobaczewski, J., 2004), Finite Range Droplet Model (FRDM) taken from the study of Moller
et al. (Mdller, P., 1997) and experimental data (Wang, M. et al., 2011) are shown for
comparison. As can be seen in the Figure 1, general tendency of all theoretical predictions for
BE/A of Mg isotopes are found as in agreement with experimental data. It should be noted
that RMF+DD-PC1 calculation results are closer to experimental data more than those of
RMF+NL3* calculations. The best agreement with experimental data is coming from FRDM
results but this model is fitted with many parameters for perfect match of binding energies for
experimental data.

8.6
84 & - @® This Work
- a 3 ® RMF+NL3*

; ® v v HFB+SLy4
8.0 |- f A FRDM

<~ 7801 i m  Experiment

> &
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w
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68~ @ 5
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Figure 1: The calculated binding energies per nucleon (BE/A) with RMF+DD-PC1 model for
Mg isotopes as in comparison with other model predictions and available experimental data.

As it is well known nuclei can have different shape in its ground state such as spherical,
prolate and oblate shape. Prolate and oblate shapes are deformed shapes for nuclei. Electric
quadrupole deformation parameter () is related with deformation of nuclei. In the case of
spherical nuclei B, value is close to zero. If nuclei have magic neutron or proton number, we
called this type of nuclei as stable nuclei in its isotopic chain because it has lowest energy
when it is compared with other nuclei in its isotopic chain. It has spherical shape. Magicity of
nuclei is related with its having closed shell for neutrons or protons. In the case of Mg
isotopes, it has 12 protons. One can expect that 2°Mg and **Mg nuclei have spherical shape
because it has 8 and 20 magic neutron numbers, respectively. it’s 3, value should be close to
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zero in these neutron numbers. These discussions are clearly visible in the Figure 2 for Mg
and **Mg nuclei. All model predictions for B, value has general tendency for going to zero
starting from mass number A=24 to A=32 and starting to have bigger value from A=32 to
A=40. Except Mg and **Mg nuclei, the calculated and observed data shows that Mg isotopes
have higher deformation parameters values and they are highly deformed in their f-ground
states.
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Figure 2: The calculated electric quadrupole deformation parameters (j3;) with RMF+DD-PC1
model for Mg isotopes as in comparison with other model predictions and available
experimental data.

Furthermore, mean field formalism has capability to correct prediction for size of nuclei.
Because there is no possibility to direct measuring the size of nuclei, one of the observable for
size of nuclei root mean square (rms) charge radii. In Figure 3, the calculated rms charge radii
of Mg isotopes are shown in comparison with the results of RMF+NL3* (Bayram, T. and
Yilmaz A. H., 2013), HFB+Sly4 (Dobaczewski, J., 2004) and small numbers of available
experimental data (Angeli, I. and Marinova, K. P., 2015). As one can expect that adding of
neutrons increases the rms charge radii of Mg isotopes starting from *Mg.
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Figure 3: The calculated root mean square charge radii with RMF+DD-PC1 model for Mg
isotopes as in comparison with other model predictions and available experimental data.

Nuclei can exhibit different type of shapes in their ground state such as spherical, deformed
(prolate and oblate) and gamma-soft shape. These geometrical shapes can be interpreted by
means of symmetries having nuclei. An excellent review can be found in the study of Casten
and McCutchan. Experimental nuclear spectroscopic knowledge for nuclei such as transition
energies for different levels of nuclei and reduced electric quadrupole transition rates are
useful for der-termination of deformation of nuclei. Reduced quadrupole transitions can be
determined from life-time measurement by using Doppler Shift Method (Dewald, A. et al.,
2012). On the other hand there is a small number of available experimental data on reduced
electric quadrupole transitions B(E2) on Mg isotopes. In mean field formalism direct
calculating of B(E2) cannot be possible but predictions of B(E2) values by using calculated 3,
values can be used in a semi empirical module which was introduced by Raman et al.
(Raman, S. et al., 2001). In the present study, for calculating of transition probability from
ground-state to firs-excited 2" state of Mg isotopes we have used the semi empirical formula
given by

4
B = (52 [BED) 1/€2)1/2 0
where B(E2) is in units of e’b? and Ry=1.2A"3. The calculated B(E2) values in the present
study together with experimental data are listed in the Table 1. Even if there is some close
results to available experimental data for A=26 and A=28, mean field formalism produced
small value of deformation parameter in the region of closed shell nuclei. Therefore the
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agreement with experiment at A=30 and A=32 cannot be seen in Table 1 for both RMF and
HFB approaches. On the other hand, it should be noted that higher B(E2) values are predicted
when adding neutrons starting from A=32.

Table 1: The calculated reduced electric quadrupole transition B(E2) of Mg isotopes obtained
from RMF+DD-PC1 model calculations as in comparison with other model predictions and
available experimental data.

Mass This Work | RMF+NL3* | HFB+SLy4 FRDM Experiment
Number (e°b?) (e°b?) (e’b?) (e?b?) (e?b?)
20 0.00 0.00 0.00 0.00 -
22 0.09 0.04 0.02 0.02 -
24 0.10 0.06 0.00 0.03 -

26 0.04 0.02 0.00 0.02 0.03
28 0.02 0.01 0.00 0.02 0.04
30 0.00 0.00 0.00 0.01 0.03
32 0.00 0.00 0.00 0.00 0.04
34 0.02 0.00 0.00 0.05 -
36 0.05 0.03 0.00 0.02 -
38 0.05 0.04 0.01 0.02 -
40 0.06 0.04 0.00 0.01 -
4. SUMMARY

The nuclear structure properties of Mg isotopes starting from mass number A=20 to A=40
have been studied by using covariant density functional theory (RMF+DD-PC1). The nuclear
binding energy per nucleon, charge radii and quadrupole deformation parameters of
considered nuclei have been carried out and compared with other model predictions. The
results are found as to be in agreement with available experimental data. From calculated
deformation parameter of Mg isotopes, the ground state shape evolution of these isotopes has
been carried out and high deformations in their ground states for these isotopes have been
predicted. By using the calculated deformation parameter in a semi empirical formula the
reduced electric transition probabilities of even-even **Mg nuclei have been calculated and
tabulated in the present paper.
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OZET

Eldeki veriler dogrultusunda ileride olusmasi muhtemel degerlerin tahminlerini yapmak
insanoglu i¢in yiizyillardir siiregelen bir arastirma konusudur. Zamana bagli veri tahmini
finanstan meteorolojiye kadar pek cok bilim dalinda yaygin olarak kullanilmaktadir. Nehir
debisinin hesaplanmasindan turistik yolcu sayilarinin 6ngoriilmesine kadar farkli konularda
¢oziim tretilmesinde faydalanilmaktadir. Tahminlerin dogrulugunun artirilmas: pek ¢ok
uygulama i¢in hayati 6neme sahiptir.

Finans sektori i¢in ele alindiginda doviz paritesi ve hisse senedi fiyatlarinin veya emtianin
gelecek donemlerde alacagi degerleri dogru ongorebilmek bu alanla ugrasan herkes igin
vazgecilmez bir ihtiyagtir.

Literatiirde zamana bagli olarak degisen verilerden tahmin yapmak tizere gelistirilmis pek ¢ok
yontem bulunmaktadir. Calismamizin konusu sonraki degeri onceki degerlerinden etkilenen
ve rastlantisallik igeren brownian noise sinyallerinin zaman serisi seklinde ele alinmasi ve bu
zaman serilerinin gelecek degerlerini tahmin eden yaklasimlarin performanslarinin
karsilastirilmasidir.

Bu amacgla MATLAB yazilimi ve python kiitiiphanelerinden faydalanilmis ve 2000 elemanli 3
farkli zaman serisi iiretilmistir. Bu zaman serilerinin ilk 1900 degeri {izerinden katsayilar
belirlenmis ve buna gore geriye kalan 100 deger tahmin edilmistir.

Gelecek degerlerin tahmin edilmesinde agirlikli olarak Autoregressive integrated moving
average (ARIMA) teknigi kullanilmis ve bu teknik i¢in birbirinden farkli 6 model
olusturulmustur. ARIMA yaklasiminda belli bir t anindaki degerin kendisinden 6nce gelen
degerlerin belli bir katsay: ile ¢arpilmis hallerinin toplami oldugu varsayilmaktadir. Bunun
icin t anindaki deger ile onceki degerler arasindaki iligski incelenir ve baglant1 katsayilari
hesaplanir. Calisma kapasaminda belirlenmis olan 6 tahmin modelinden elde edilen sonuglar
R degeri, Mean Square Error, Root Mean Square Error, Peak signal-to-noise ratio ve Mean
Absolute Percentage Error performans kriterlerine gore tablo ve grafiklerle karsilastirilmis ve
yorumlanmugtir.

Anahtar Kelimeler: ARIMA tahmin modeli, zaman serisi analizi, cok adimli tahmin,
kestirim.
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ABSTRACT

Estimating the possible future values in line with the available data is a research subject for
humanity for centuries. Time-dependent data estimation is widely used in many disciplines,
from finance to meteorology. From the calculation of the river flow to the forecasting of the
number of tourist passengers, it is utilized in the production of solutions in different subjects.
Increasing the accuracy of forecasts is vital for many applications.

When considered for the financial sector, it is an indispensable need for anyone who is
engaged in this field to be able to foresee the values that will be taken in the future periods.

There are many methods developed in the literature to estimate the time-dependent data. The
subject of our study is the time series of brownian noise signals which are affected by their
previous values and randomness, and we compared the performance of approaches that
predict future values of these time series.

For this purpose, MATLAB software and python libraries were used and 3 different time
series with 2000 values were produced. The coefficients were determined over the initial 1900
value of these time series and the remaining 100 values were estimated.

Autoregressive integrated moving average (ARIMA) technique was used to estimate future
values and 6 different models were created for this technique. In ARIMA approach, it is
assumed that the values before a certain time value are the sum of the previous values
multiplied by certain coefficients. For this purpose, the relationship between the value at the
time and the previous values is examined and the connection coefficients are calculated. The
results obtained from the 6 prediction models determined in the working capacity are
compared and interpreted with the tables and graphs according to the performance criteria of
the R value, Mean Square Error, Root Mean Square Error, Peak Signal-to-noise ratio and
Mean Absolute Percentage Error.

Keywords: ARIMA forecasting model, time series analysis, multi-step prediction, forecasting.
1. GIRIS

Zaman serileri zamana bagli olarak degisen tiim Glglimler ve veriler i¢in kullanilabilen, tiptan,
finansa, meteorolojiden robotik bilimlerine kadar pek ¢cok sahada uygulama alani 1 bulan genis
bir c¢alisgma konusudur. Gilinlimiizde gelistirilen yontemler sayesinde, zamana bagh
olmamasina ragmen bir seri seklinde ifade edilebilen tiim veriler igin zaman serisi analiz
metotlar1 uygulanabilmektedir (Islamoglu, 2015; Kaynar & Tastan, 2009; Khandelwal,
Adhikari, & Verma, 2015; Vergil & Ozkan, 1997; Yunus, Thiringer, & Chen, 2016).

Zaman serilerinin analizi sonucunda ulasilmak istenen hedef, bilinmeyen gelecek degerlerin
en diigiik hata ile tahmin edilebilmesidir. Bu amagla serinin gecmis degerlerine bakilir ve
bunlar arasinda bir ilinti olup olmadig: tespit edilmeye calisilir. Bu amagla, oncelikle varsa
veri igerisindeki egilim (trend) ve mevsimsellik (sessionality) bilesenleri bulunur. Bu
parametreler gelecek degerlere ait en genel yonelimi gosterirler.
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Biitiin tahmin metotlar1 kendi iclerinde hata parametresi barindirirlar. Hata parametresinin
sinirlarinin tespit edilebilmesi ve hata dagiliminin normal dagilima uymasit son derece
onemlidir. Aksi takdirde yapilan tahminde hataya kars1 bir egilim goziikecektir.

[statistiksel tahmin metotlar1 igerisinde yaygin olarak kullanilan metotlarin basinda ARIMA
yaklagimi gelmektedir. Calismanin ikinci boliimiinde c¢alismanin konusu olan brownian
giriiltii  kavrami agiklanmis ve bu tliir zaman serilerinde kullanilabilecek ARIMA
parametreleri gosterilmistir. Calismanin t¢lincli ve son boliimiinde ise elde edilen model
basarim Olgiitleri bir tablo halinde detayli olarak verilmis ve farkli zaman serileri i¢in model
basarimlar1 kiyaslanmastir.

2. MATERYAL VE YONTEM

Iliskisiz tektip giiriiltii sinyallerinde (uncorrelated uniform noise) seri igerisinde yer alan
degerler onceki ve sonraki degerlerden tamamen bagimsizdir. Ancak Brownian giriiltii
¢esidinde her bir deger 6nceki deger ile rastlantisal bir degerin toplami seklindedir. Brownian
ifadesi Brownian hareketinden (Brownian motion) gelen bir analojidir ve genellikle rastgele
yiirliylis (random walk) ile aciklanir.

Brownian hareketi siklikla, adimlar arasindaki mesafenin rastgele bir dagilim ile karakterize
edildigi bir yolun matematiksel bir modeli olan rastgele bir yiiriiyiis kullanilarak tanimlanir.
Tek boyutlu rastgele yiiriiyiiste, parcacik her adiminda rastgele bir miktarda yukar1 veya asagi
hareket eder. Zaman iginde herhangi bir noktadaki pargacik konumu onceki adimlarin
toplamidir (Downey, 2014).

Brownian giiriiltlisii baz1 metinlerde brown noise olarak ge¢mekle birlikte litretiirde kirmizi
glirtiltii (red noise) olarak da adlandirilir. Bu giiriiltii, beyaz giiriiltiiniin gegici entegrasyonu
ile tretilebilir (“Brownian noise,” 2019). dW(t) beyaz giirliltiiyli temsil ettiginde, beyaz
giiriiltiiniin integrali Brownian hareketini verir. ilgili denklik denklem 1 de verilmistir.

dVZ(’) dt (1)

w =

Bu giiriiltiiniin gii¢ spektrum yogunlugu sabittir ve Fourier doniisiimii F ile gosterildiginde
denklem 2 esitligini verir.

dw (t)
de

So= 7| ](w)|2 = sabit @)

Brownian giiriiltiiniin gii¢c spektrum denklemi ise denklem 3’te verilmistir.

S
Sw) = FIW®IW)I? =— ©)
Calisma kapsaminda 3 adet 2000 oOrnekten olusan brownian giriltiilii zaman serisi
{iretilmistir. Uretilen zaman serilerine iliskin temel istatistik verileri tablo 1’de verilmistir.
Seriler arasinda benzerlik olmamasina dikkat edilmistir. Boylece daha adil bir kiyaslamanin

yapilmast amaglanmistir.
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Tablo 1. Calismada kullanilan zaman serilerine iliskin agiklayici istatistik verileri.

Seri 1l Seri 2 Seri 3
Ortalama -2.87 5.51 25.39
Standart sapma 8.38 6.37 18.49
En yiiksek 20.15 20.44 66.69
En diisiik -26.74 -9.29 -12.98
Medyan -2.04 5.58 25.60
Mod -26.74 -9.29 -12.98
Varyans 70.20 40.60 341.91

ARIMA modeli, Box-Jenkins yaklasimi olarak da bilinen karma otoregresif biitiinlesik
hareketli ortalama hesaplama islemini ifade eder ve temel olarak 4 temel bilesenden
olugmaktadir. Bu bilesenlerden ilki otoregresif siireci ifade eden AR filtresidir. Bu filtre uzun
vade hareketi temsil etmektedir. Ikinci bilesen, hareketli ortalama filtresidir ve MA ile ifade
edilir. Tahmindeki rolii kisa vade hareketleri kestirmektir. Uciincii filtre stokastik egilimi
temsil eden tiimlestirme filtresidir ve I harfi ile gosterilir. Son bilesen hata terimlerini ifade
eder ve beyaz giiriiltii seklinde olmalidir (Kirbas, 2016; Kirbas & Kerem, 2016).

Otoregresif siireg, AR(p) seklinde ifade edilirken hesaplamak icin denklem 4 kullanilir.
Burada p ifadesi otoregresif siirecin derecesini gosterir. Burada y,_;, gézlem degerlerini a;
gozlem degerleri icin katsayilar1 ve &, ifadesi de hata terimini temsil etmektedir (Kirbas,
2018).

AR(p) = Z?:l aiye—i t & (4)

Hareketli ortalama siireci sapma degeri hesaplamasinda mevcut sapma degeri daha onceki
sapma degerlerine baglhidir. q degeri hareketli ortalama isleminin derecesini belirtmektedir.

q
MAQq) = & = Zﬂist—i 5)
i=1

Modelin genel gosterimi ARIMA(p,d,q) seklindedir. Burada q ifadesi otoregresif modelinin
derecesini, d ifadesi fark alma derecesini, q ifadesi ise hareketli ortalama modelinin derecesini
ifade etmektedir. Genel ARIMA(p,q,d) modeli denklem 6’da verilmistir.

Ve = P1Ye-1F P2Vi—2+ F OpYip+ 6+ & — 0161 — 0365 — - — 464 (6)

Sekil 1°de zaman serisi 1’ in tiim elemanlar1 ¢izilmistir. Son 100 eleman kirmizi ile
gosterilmistir. Gelistirilen 6 farkli ARIMA modeli son 100 elemani tahmin etmis ve ayni
grafikte sonuglar {ist liste ¢izilerek goriintiilenmistir.

March 21-23, 2019 ANTALYA-TURKEY Page 35



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

ARIMA Model Forecasts for serial 1
T T T

o 200 400 B0 B0 1000 1200 140 1600 1600 2000

Sekil 1. Zaman serisi 1’in tiim verileri ve ARIMA model tahminleri.

Sekil 2°de ise tahmin edilen son 100 eleman ve gergek degerler gosterilmistir. Kirmiz ile
verilen grafik gerg¢ek degerleri temsil ederken, diger renkler karsilik gelen ARIMA modelinin
rettigi tahmin verilerini gostermektedir.

ARIMA Model Forecasts for seral 1

T T T T T T T T T
8 Pl —
——— ARIMA{1,00)

ARIMA{T,0,1)
ARIMAALE1)
6 Y| ——aRrmsizom|_

——ARIMA2,0.1)
{ ARIMAZ,1 2)

W I,f\f’ =

|
1510 1820 1830 1840 1850 1860 1870 1880 1980 2000

Sekil 2. Zaman serisi 1 i¢in gercek deger ve ARIMA model tahminleri.

Sekil 3 ve Sekil 4’de zaman serisi 2’ye ait gercek veriler ve model tahminleri goriilmektedir.
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ARIMA Model Forecasts for serial 2
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Sekil 3. Zaman serisi 2’in tiim verileri ve ARIMA model tahminleri.

ARIMA Model Forecasts for serial 2
T T T T T T

Reaal
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Sekil 4. Zaman serisi 2 i¢in ger¢ek deger ve ARIMA model tahminleri.

Sekil 5 ve Sekil 6’da zaman serisi 3 i¢in gercek veriler ve model tahminleri ¢izilmistir.
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ARIMA Model Forecasts for serial 3
T T T
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Sekil 5. Zaman serisi 3’in tiim verileri ve ARIMA model tahminleri.

ARIMA Model Forecasts for seral 3
T I I

Sekil 6. Zaman serisi 3 igin gergek deger ve ARIMA model tahminleri

Calisma kapsaminda gelistirilen tahmin modellerinin basarimlarinin daha net ve adil olarak
kiyaslanmasi i¢in yedi farkli performans o6l¢iitlinden yararlanilmistir (Kerem, Kirbas, &
Saygin, 2016). S6z konusu performans kriterlerine ait denklemler Tablo 2’de listelenmistir.
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Tablo 2. Model performans kriterleri

Model Performans Kriteri Denklem
MSE Lo
MSE=— ) (¥,—Y,)’
T
i=1
MAX
PSNR PSNR = 20log,, (:f)
vMSE
RMSE —  [on .
55E _ (¥, —¥.)-
RMSE = || - || 2oy )
+ T N T
EMSD
NRMSE NRMSE —
max sz’:z
MAPE 100 n }-; _ ?J
MAPE = ® Z
n Y,
i=1
SMAPE 200 V. — }’r‘
SMAPE = — X —
n Y +7,

3. TARTISMA VE SONUCLAR

Istatistik verileri birbirinden farkl1 {ic zaman serisi iizerinde yapilan tahmin calismasinda alt1
farkli ARIMA modeli gelistirilmistir. Modellerin basarimlarin1 6lgmek amaciyla yedi farkl
performans o6l¢iitiiniin 6lglimii yapilmig biitlin modeller bu olgiitlere gore kiyaslanmstir.
Tablo 3’de zaman serileri ve ARIMA modelleri basarim skorlarina gore detayli olarak

listelenmektedir.
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Tablo 3. Calismada kullanilan zaman serilerine iliskin ARIMA modelleri ve tahmin
performanslari.

MSE PSNR R RMSE NRMSE | MAPE SMAPE | ARIMA
60.466 |30.316 |0.465 7.776 0.559 53.229 |82.576 |(1,0,0)
-;: 57.902 |30.504 |0.488 7.609 0.547 51.819 |79.374 |(1,0,1)
E 25.531 |34.060 |0.774 5.053 0.363 34.384 |42.868 |(1,1,1)
é 57.914 |30.503 |0.487 7.610 0.547 51.824 |79.387 |(2,0,0)
S | 57.946 | 30.501 |0.487 7.612 0.548 51.840 |79.425 |(2,0,1)
26.172 |33.952 |0.768 5.116 0.368 34.599 |43.547 |(2,1,2)
49.200 |31.211 |0.894 7.014 0.782 30.110 |36.413 |(1,0,0)
; 51.800 |30.988 |0.888 7.197 0.802 30.936 |37.629 |(1,0,1)
é 5.642 40.617 |0.988 2.375 0.265 8.053 8.393 (1,1,1)
E 51.758 |30.991 |0.889 7.194 0.802 30.923 |37.610 |(2,0,0)
g |51.578 |31.006 |0.889 7.182 0.801 30.867 |37.526 |(2,0,1)
5.784 40.508 |0.988 2.405 0.268 8.074 8.460 (2,1,2)
13.598 |-11.335 |0.852 3.688 0.403 33.397 |41.415 |(1,0,0)
; 14741 |-11.685 |0.839 3.839 0.419 35.212 |44.153 |(1,0,1)
E 5.968 -7.758 0.935 2.443 0.267 22.158 |23.700 |(1,1,1)
& |14.704 |-11.674 |0.840 3.835 0.419 35.156 |44.067 |(2,0,0)
5 16.015 |-12.045 |0.825 4.002 0.437 37.128 |47.121 |(2,0,1)
5.950 -7.745 0.935 2.439 0.266 22.294 |23.528 |(2,1,2)

Veriler incelendiginde her ii¢c zaman serisi i¢in de en basarili modelin ARIMA(1,1,1) oldugu
gortilmektedir. Ondan sonra gelen en basarili model ise ARIMA(2,1,2) olmustur. Bu iKi
modelin basarim seviyesinin diger modellere gore daha iistiin olmasinin en 6nemli sebebinin
ARIMA modelinin d parametresi oldugu goriilmektedir.
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IMAGE ANALYSIS OF SIZE DISTRIBUTION ON COMPRESSED AGGREGATE
FACE - REGRESSED MODEL
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Abstract

Image analysis of concrete mixture aggregates produced in two different forms in
regular size and sieved form. One type of highly uniform distribution crushed in roll was
in granular size and easily be evaluated in industry for concrete grading and scavenge
ring.

The non uniform distribution and other irregular form type may be evaluated as less
filling materials in finer size and so soft as which collected following solid-fine
separation sieving. That waste in finer size may deteriorate picture near cognition blurred
form as discharge of photos and control of form contrast in picture streams was
compulsory and calibration patterns were used. Beneficiate from that finer marble
aggregate in picture coloring controlled the analysis during analysis can efficiently be
made. However, to avoid this disturbing contrast rake up manner of that fine material,
dark color were used in picture. But post two stage processing capturing for image were
widely used. 40%, 60% and 80% tine material and mid size content containing gray color
was activated round third stage processing forms were used in our test experiments at 1-2
mm sized distributions and finer materials.

in this article, we obtain some new complex analytical solutions to the nonlinear
Gaussian equation which seems in the field theory, weakly nonlinear dispersive water
waves and nonlinear functions by using improved exponential sub-equation function
method.

Keywords: Gaussian equation, improved Bernoulli function method; nonlinear dispersive
waves; Complex exponential distribution.
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IMAGE ANALYSIS OF CRACKS ON MARBLE FACE -
REGRESSED MODEL

Yildirim ismail Tosun '

1 Department of Engineering, Sirnak University, Sirnak

yildirimtosun@sirnak.edu.tr,

Abstract

Image analysis of concrete mixture aggregates produced in two different forms in
regular size and sieved form. One type of highly uniform distribution crushed in roll was
in granular size and easily be evaluated in industry for concrete grading and scavenge
ring.

The non uniform distribution and other irregular form type may be evaluated as less
filling materials in finer size and so soft as which collected following solid-fine
separation sieving. That waste in finer size may deteriorate picture near cognition blurred
form as discharge of photos and control of form contrast in picture streams was
compulsory and calibration patterns were used. Beneficiate from that finer marble
aggregate in picture coloring controlled the analysis during analysis can efficiently be
made. However, to avoid this disturbing contrast make up manner of that tine material,
dark color were used in picture. But post two stage processing capturing for image were
widely used. 40%, 60% and 80% fi.ne material and mid size content containing gray color
was activated mid third stage processing forms were used in our test experiments at 1-
2mm sized distributions and finer materials.

in this article, we obtain some new complex analytical solutions to the nonlinear
Gaussian equation which seems in the field theory, weakly nonlinear dispersive water
waves and irregular distribution by using improved exponential sub-equation function
method.

Keywords: Gaussian equation, Improved Gaussian function , exponential regression
method; nonlinear dispersive waves; Complex exponential distribution.
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MIDYAT KALKER TASININ GEOTEKNIK OZELLIKLERI -
HAFIF AGREGALI ASFALT URETIMI

Yildirim ismail Tosun !
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Abstract

Significant quantities of Midyat limestone are produced as building out-cover stone pile/
inner wall pile as decorative purpose in Southeastern Anatolian Region. Although it can be
used as an lightweight blocks or aggregates, it is sent to mortar fill for sound and heat
isolation. The porous structure of Midyat limestone occupies a significant portion of
isolation and protects against many serious environmental problems. This study aims to
investigate the feasibility of utilizing lightweight aggregates in Stone Matrix and Stone
Matrix Asphalt mixtures for road pavement. The results show that the use of Midyat
limestone as the coarse portion of aggregates can enhance Marshall Stability, bending and
shear strength, resistance to freeze-thaw and compressibility of SMA mixtures.

Keywords: Limestone, Stone-asphalt, bending, shear deformation, compressibility
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OPTO-MEKANIK ISIK MODULATORU GELISTIRILMESI
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OZET

Pyroelektrik materyal dizinlerinden olusan sogutmasiz termal veya KO gériintiileme
sistemleri bir ortamdaki ¢esitli nesnelerin termal 1sinimindaki farkliliklart algilar. 8-12 um
spektral araliginda g¢alisan termal dedektorler, 1sinimdaki bu farkliliklar: elektriksel sinyale
doniistiirerek ortamin gorsel bir goriintiisiine doniistiiriir. Dedektdr dizinlerinin siirekli KO
1s1nima maruz kalmasi sonucu olusan termal etki nedeniyle giiriiltii oran1 artar ve dedektdriin
gorlintii kalitesi azalir. Harici sogutma tankinin olmadigi, sogutmasiz dedektorlerde bu
istenmeyen 1sil etki 15181n modiilasyonu ile 6nlenebilmektedir. Cesitli tiplerde iiretilebilen ve
151k kiyicr (chopper) da olarak adlandirilan 151k modiilatorlerinden biri, ilgili spektral bolgede
isinim1 - geciren malzemeden dretilen ve 1smimi azaltan bolgelere sahip opto-mekanik
modiilatorlerdir. Modiilator belirli bir frekansta dondiiriilerek, goriintii kalitesini bozmayacak
sekilde 15181in dedektdr dizinleri {izerini siniizoidal olarak diismesini saglamalidir. Bu
calismada, aktif malzeme olarak Ge ve Si ince dilimlerin kullanildigi 151k kiyict diskler
gelistirildi. Disklerin yiizeylerinde KO 1sinimi modiile etmek amaciyla, es odakli iki
Archimedean spiral egrinin sinirladig1 yiizey tasarimi gelistirildi. Modiilator diskleri, bu spiral
yilizey bolgesinin alt1 kdseli geometride, 1s1l yayiciligr yliksek metal reflektdr malzemesinin
kaplanmasi ile olusturuldu. Reflektor dizinlerinin agik ve kapali alanlarinin orani ve dizinlerin
kalinliklar1 10 um 1s1mim dalgaboyu dikkate alinarak belirlendi. Gelistirilen disklerin yiizeyi,
yansima Onleyici metal-oksit ince film ile kaplanarak, 8-12 um’de dedektor dizini iizerine
diisen 151n1m siddeti uygun aralia yiikseltildi. Ozgiin tasarimla prototip olarak gelistirilen
opto-mekanik 151k modiilatoriiniin  Ge ve Si modiilator disklerinin optik ve termal
verimlilikleri belirlendi. Yapilan testler sonucunda, ucuz iiretim teknigi ile gelistirilen opto-
mekanik KO 151tk modiilatorlerin  sogutmasiz termal kameralar icin uygun oldugu
degerlendirildi.
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ABSTRACT

Non-cooled thermal detectors or IR imaging systems consisting of pyroelectric material arrays
detect the differences in the thermal radiation of various objects in an environment. Thermal
detectors operating in the 8-12 um spectral range convert these differences in radiation into
electrical signals and transform them into a visual image of the environment. The image
quality of the detector is reduced due to the thermal effect caused by the IR light dropping
over the detector arrays. In uncooled detectors without external cooling tank, this unwanted
thermal effect can be prevented by modulation of light with a ligth modulator. A kind of the
light modulators, called chopper, which can be produced in various types, is opto-mechanical
modulators which are produced from the radiation-permeable materials in the respective
spectral region and have radiation-reducing zones. The modulator should be rotated at a
specific frequency to ensure that the light drops sinusoidally onto the detector arrays so as not
distorting the image quality. In this study, light chopper discs were developed as active
material using Ge and Si thin slices. In order to modulate the IR radiation, a region on the
surface was designed by two Archimedean spiral curves. The modulator discs were fabricated
by coating of the metal reflector material having high emissivity onto this region with s
hexagonal geometry. The ratio of the open-closed areas of the reflector arrays and the
thickness of the arrays were determined by considering the 10 nm radiation wavelength. The
optical and thermal efficiencies of the Ge and Si modulator discs of the opto-mechanical light
modulator developed as prototype. As a result of the tests, it was evaluated that opto-
mechanical IR light modulators developed with cheap production technique were suitable for
uncooled thermal imaging applications.
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YONTEMLER VASITASIYLA DEGERLENDIRILMESI
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Ozet

Organik atiklarla ilgili olarak daha siki diizenlemeler ve yenilenebilir kimyasallara ve
yakitlara olan talep, maliyet etkinligini artirmak ve miisterilerin talebini karsilamak igin
imalat endiistrisini daha yliksek siirdiiriilebilirlige dogru itmektedir. Atik degerlendirme; atik
materyalleri kimyasallar, malzemeler ve yakitlar dahil olmak iizere daha kullanisli son
triinlere doniistirme islemidir. Hizla artan diinya niifusu ile birlikte artan gida talebi,
takibinde de tlkelerin gelismislik seviyesine bagli olarak ortaya g¢ikacak olan gida atik ve
kayip miktarinda da artma gergeklesecektir. Gida kayb1 ve gida atig1 iiretimi gevresel, sosyal
ve ekonomik diizeyde farkli etkiler yaratmaktadir. Cevresel agidan degerlendirildiginde, gida
kayip ve atiklari, atik depolama alanlarinda bertaraf sirasinda atik metan gazi olusturarak sera
gazi emisyonlarina katkida bulunmaktadir. Ayrica, gida iretimi, islenmesi, nakliyesi,
depolanmas1 ve dagitim ile ilgili faaliyetlerde de aynmi sonuglar gozlenmektedir. Gida kaybi
ve atigr ile iligkili diger cevresel etkiler, dogal kaynaklarin tilkkenmesi ve topragin, besin
maddelerinin, suyun ve de biyojenik dongiilerin bozulmasi olarak da siralanabilirler. Gida
kayip ve atiklarinin sosyal etkileri ise kiiresel gida giivenligi kurallari igerisinde etik ve ahlaki
boyutlara baglanabilir. EKonomik etkileri ise gida israfina iliskin maliyetlerden ve bunlarin
ciftcilere ve tiiketicilere olan etkileri olarak siiflandirilmaktadir.

Son yillarda, gida atiklarinin ¢op alanlarma biriktirilmesi sonucu ortaya g¢ikan problemlerin
artmasi ile birlikte bilim insanlar1 organik madde orani ¢ok yiiksek olan bu degerli atiklarin
degerlendirilmesi amaciyla yenilik¢i arayislar igerisine girmislerdir. Birinci nesil gida atik
isleme teknolojileri olarak isimlendirilen bu yenilik¢i teknolojiler, atik-enerji doniigiimii,
katma degerli iiriin tiretimi, kompostlama ve hayvan yemi iretimini icermektedir. Evsel gida
atiklarinin organik fraksiyonu 6n muamele islemlerini takiben biyomolekiil, biyoplastik,
biyoyakit v.b. katma degerli son {iriinlerin iiretimi i¢in hammadde olarak kullanilabilmektedir.
Bu nedenle sunulan bu ¢alismada; bu degerli hammaddeden son {iriin {iretiminde kullanilan
biyolojik degerlendirme yontemleri ve bu yontemler vasitasiyla elde edilen son {iriinlerin
biyoekonomik degerleri tartisilmaya calisilmistir.

Keywords: Biyoatik, Gida Atigi, Sirdiiriilebilirlik, Atik Degerlendirme, Enerji, Katma
Degerli Uriin

March 21-23,2019 ANTALYA-TURKEY Page 47


mailto:mine@kocaeli.edu.tr

MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

VALORIZATION of ORGANIC FRACTION of MUNICIPAL SOLID WASTE By
BIOLOGICAL APPLICATIONS
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Abstract

Increasingly tighter regulations regarding organic waste, and the demand for renewable
chemicals and fuels, are pushing the manufacturing industry toward higher sustainability to
improve cost-effectiveness and meet customers’ demand. Waste valorization is the process of
converting waste materials into more useful end-products including chemicals, materials, and
fuels. Rapidly increasing world population and increasing food consumption with a same
level will mean that the demand for food will increase for at near future all over world.
According to this, meeting of the increasing food demand according to the level of
development of countries will lead to increase in the amount of food waste (FW) and loss
(FL). FL and FW generation produces an impact at environmental, social and economic level.
From an environmental point of view, FL and FW contribute to Green House Gas emissions
during final disposal in landfills. Additionally; same results are observed during activities
associated with food production, processing, manufacturing, transportation, storage and
distribution. Other environmental impacts associated with FL and FW can listed as natural
resource depletion and disruption of soil, nutrients, water and biogenic cycles. Social impacts
of FL and FW may be ascribed to ethical and moral dimension within the general concept of
global food security. Economic impacts are due to the costs related to food wastage and their
effects on farmers/consumer incomes. In recent years, problems associated with the disposal
of food waste to landfills lead to increased interest in searching for innovative alternatives due
to high proportion of organic matter in food waste. First generation food waste processing
technologies include waste to energy, value-added product, composting, and animal feed.

Therefore, in this study; the biological evaluation methods used in the production of the final
product from this valuable raw material and bioeconomic values of the end products obtained
by these methods has discussed.

Keywords: Biowaste, Food Waste, Sustainability, Waste Valorization, Energy, Value-added
Product
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Ozet

Yasadigimiz ¢agda gezegenimizde var olan en onemli temel sorunlardan bir tanesi de tim
diinyada hizla ortaya c¢ikan kat1 atik problemidir. Kati atiklarin bertaraf edilmeleri sirasinda
yasanan beseri ve gevresel problemler sebebi ile bu atiklarin ya kaynakta azaltilmasi ya da
degerli bilesenlerinin siirdiiriilebilirlik kapsaminda atilmadan katma degerli son iirlinlere
dontistiiriilmesi son yillarda biyoekonomik siiregte benimsenen uygulamalardan bir tanesi
olmustur. Belediye kati atiklari sinifinda yer alan ve belediye kati atiklarmin organik
fraksiyonu (OFMSW) olarak isimlendirilen gida atiklari (FW), sehir kat1 atiklarinin en 6nemli
bilesenlerinden bir tanesidir. Gida ve Tarim Orgiiti'ne (FAO) gore, taze sebze, meyve, et,
unlu mamuller ve siit iriinleri de dahil olmak tizere yaklasik 1.3-1.6 milyar ton gida, gida
tedarik zinciri boyunca kaybolmaktadir. Giiniimiizde Hindistan, Cin, Tayland, Sri Lanka,
Tiirkiye, vb. gibi gelismekte olan iilkelerde, gida atiklarinin atik bertarafi amaciyla gémme,
yakma ve kompostlama gibi geleneksel yontemler ile zararsizlastirilmasi ¢ok yaygin olarak
kullanilan yontemlerdir. Bununla birlikte, anilan uygulamalar, organik besin maddesi icerigi
yoniinden zengin bilesimi nedeniyle gida atiklarinin bertarafi i¢in uygun degerlendirme
yontemleri degillerdir. Teorik olarak, gida atiklari biyoekonomik siiregte katma degerli
materyallerin iiretiminde yararli bir kaynak olarak kullanilabilirler. Strdirilebilir ekonomi
cergevesinde gelecek yillar igerisinde gerek enerji gerekse diger degerli {riinlerin
yenilenebilir kaynaklardan elde edilmesi insan ve g¢evre sagiligina katti§i kazang agisindan
diistintildiigiinde oldukga biiylik 6nem tagimaktadir.

Bu nedenle sunulan bu ¢aligmada; belediye kati atiklarinin organik fraksiyonundan kimyasal
velya termokimyasal yontemler vasitasiyla elde edilebilecek katma degerli tirtinlerin yarar ve
degerlerinin irdelenmesi yapilmaya caligilmistir.

Anahtar Kelimeler: Biyoekonomi, Belediye Kati Atiklari, Mutfak Atiklari, Biyoenerji,
Biyolirtin,
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Abstract

One of the most important fundamental problems that existed in our planet in our age is the
solid waste problem that is rapidly emerging all over the world. Human and environmental
problems during the disposal of solid wastes are experienced. Therefore, the reduction of
these wastes at the source or the conversion of the valuable components into value-added end
products without being sustained in the scope of sustainability has been one of the
applications adopted in the bioeconomic process in recent years. Food waste (FW), which is
named as municipal solid waste and organic fraction of municipal solid waste (OFMSW), is
one of the most important components of city solid waste. According to Food and
Agricultural Organization (FAO), about 1.3 and 1.6 billion tons of food, including fresh
vegetables, fruits, meat, bakery and dairy products, are lost along the food supply chain. FWs
are currently landfilled, incineration and composting are very common and mature
technologies for waste disposal in developing countries e.g., India, China, Thailand, Sri
Lanka, Turkey. However, the aforementioned applications are not suitable for the disposal of
food wastes due to their organic nutrient-rich composition. Theoretically, food waste can be
used as a useful source of value-added products in the bioeconomic process. Within the
framework of sustainable economy, obtained both energy and other valuable products from
renewable sources like food waste in the years to come are important in terms of gain to both
human and environmental health.

Therefore, presented in this study; it is to evaluate the the benefits and values of value-added
products that can be obtained by using chemical and/or thermochemical methods from the
organic fraction of municipal solid wastes.

Keywords: Bioeconomy, Municipal Solid Wastes, Kitchen Waste, Bioenergy, Bioproduct
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Ozet

EPDM (Etilen Propilen Dien Monomer) kaugugunun sentetik kauguklar i¢inde kullanimi hizli
bir sekilde biiyiimeye devam etmektedir. EPDM kaugugunun kullanimi oldukg¢a genis alanlara
sahiptir. Kullanim alanlar1 iginde en 6nemli yeri ara¢ sizdirmazlik profilleridir. Bunun sebebi,
EPDM kauguklarin dis hava kosullarina ve ozona karst miikemmel dayanimidir. Ayrica,
EPDM kaugugunun Sertlik araligt 40 ile 95 ShA arasinda degisebilmektedir. EPDM
kaugugunun iiretiminde hamur karistminda petrol kokenli parafinik ve naftanik yaglar
yumusatict (plastifiyan) olarak kullanilmaktadir. Bu ¢alismada, sizdirmazlik profili
iiretiminde kullanilan kauguk hamuru formiilasyonunda petrol kokenli parafinik yag yerine
bitkisel kokenli ve yenilenebilir Aygigek, Misir ve Keten Tohumu yaglarinin formiilasyonda
kullanilabilirligi aragtirllmistir. Elde edilen kauguk hamurunun Reolojik 6zellikleri; MDR
(Moving Die Rheometre), Mooney Viskosite, Mooney Scorch ve RPA (Rubber Proses
Analizor) ile belirlenmistir. Elde edilen kaucuk orneklerinin yaslanma 6ncesi ve sonrast (4
giin 90 °C) mekanik ozellikleri (sertlik, kopma mukavemeti, kopma uzamalari, yirtiima),
yogunluk ve kalici deformasyonlari incelenmistir. Ayrica, numunelerin termal &zellikleri
TGA (Termo Gravimetrik Analiz) analizleri ile karakterize edilmistir.

Anahtar Kelimeler: EPDM, Bitkisel Yag, Kauguk
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Abstract

EPDM (Ethylene Propylene Diene Monomer) usage synthetic rubbers has been continuously
increasing. EPDM is being used in different sectors and it is widely used in automotive
weatherstrip production due to its resistance to weather conditions and ozone. In addition,
EPDM compounds hardness range can be vary between 40 to 95 ShA. Petroleum based
paraffinic and naphtanic oils are used as plastifiers in rubber compounds. In this study, the
possibility of using vegetable based renewable oils (sunflower, corn and flax seed) instead of
petroleum based paraffinic oil in the weatherstrip rubber compounds were investigated. The
rheological properties of compounds were analysed with Mooney Viscosity, Mooney Scorch,
MDR (Moving Die Rheometer) and RPA (Rubber Process Analyzer). The mechanical
properties of compounds such as hardness, elongation at break, tensile strength before and
after aging ( 4 days at 90 °C) were analysed. Compression set and density were also
measured. Besides, the thermal properties of compounds were characterized with TGA
(Thermogravimetric Analysis).

Keywors: EPDM, Vegetable Oil, Rubber
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Abstract

In this work, Nb,Os thin films with attractive transparant and wide band gap for
electro-optical device applications were deposited on flexible ITO/PET substrate at 25, 50, 75
and 100 nm thickness at room temperature with reactive DC magnetron sputtering method.
Coatings were carried out using a metallic Nb target of 99.9% purity of 2 inches in diameter,
with a processing gas of 10 mTorr and a power of 100 W. Oxygen (O,/(O,+Ar)) gas was used
for the reactive sputtering. Structural, optical and morphological properties of the films were
evaluated by SIMS, UV-Vis spectrometer and AFM analysis. It was determined by SIMS
analysis that the atomic species O and Nb distributed homogeneously throughout the film
depth. The band gaps of the films were 3.5 eV and the optical transmittance at the visible
region was around 70%. In addition, the optical reflectance in the range of 400-1000 nm
decreased by about 5% on average with increasing the thickness of Nb,Os thin film. It was
seen from the surface images scanned in the 3x3 um? area that the films had smooth surface
morphology and the calculated RMS roughness values increased with the film thickness. This
can be associated with coarse grain on the surface. The obtain results show that Nb,Os film of
all thicknesses has been successfully deposited on flexible substrate by reactive magnetron
sputtering technique.

Key Words: Magnetron Sputtering, Thin Film, Nb,Os, Flexible ITO/PET Substrate
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Ozet
Bu c¢alismada farkli emiilgatorler kullanilarak emiilsifikasyon yontemi ile organo silikon
destekli hidrofilik silikon tekstil yumusatici elde edilmesi amaglanmistir. Polieter fonksiyonel
gruplar1 ve diger geleneksel kimyasal maddeler igeren dogrusal bir blok silikon kopolimerinin
farkl1 emiilgatorler, kivamlastirict ve ph dengeleyici kullanilarak su ile emiilsifikasyonu
sonucu hidrofilik silikon tekstil yumusatic1 eldesi amaglanmistir. ilk olarak hidrofilik silikon
tekstil yumusaticisi , kopolimerin tridecyl alcohol 6EO etoxylated emiilgatorii varliginda su
ile emiilsifikasyonu sonucu elde edilmistir. Burada tridecyl alcohol 12 EO etoxylated
yardimcr emiilgator , butil karbitol kivam arttirict ve asetik asit ph diizenleyici olarak
kullanilmistir. Calismanin ikinci kisminda farkli emiilgatorler ile hidrofilik silikon tekstil
yumusatici elde edilmistir Ve sonuglarin kiyaslamasi yapilmistir. Emiilgator olarak C12-C14
Alcohol polyethylene glycol ether , C12-13 Pareth-9, C12-C14 Alcohol polyethylene
glycol ether ve C12-13 Pareth-9 kanisinu , Laureth-7 | tridecyl alcohol 12 EO etoxylate
kullanilmigtir. Bu calismalar sonucunda FTIR, goriiniis, vizkozite, ph test sonuglari
dogrultusunda kullanilan emiilgatorler ile uygun sonuglar elde edilmistir.
Calismalar sonucunda tridecyl alcohol 6EO etoxylated emiilgatorii ve yardimer olarak tridecyl
alcohol 12 EO etoxylate ile yapilan ¢alismanin FTIR , goriiniis, vizkozite, ph test sonuglar
dogrultusunda diger emiilgatorlere kiyasla daha iyi sonuclar verdigi gozlemlenmistir.
Burada emiilsifikasyon c¢aligmalar1 oda sicakliinda ve 30 rpm karisim ortaminda
gerceklestirilerek berrak gortintimlii ve FTIR test sonuglart dogrultusunda referans {iriin ile %
98 oraninda uyumlu bir hidrofilik silikon tekstil yumusatict elde edilmistir. Emiilsiyon, genis
bir PH araliginda, yiiksek sicaklikta veya yliksek tuz konsantrasyonlarinda asir1 kararhidir. Bu
islemin sonunda mikro emiilsiyon elde edilmistir.
Anahtar Kelimeler: Emiilsifikasyon, Emiilgatér, Hidrofilik, Konsantrasyon, Mikro
emiilsiyon
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Abstract
In this study, it is aimed to obtain hydrophilic silicone textile softener with SUPPORT OF
organo silicone by emulsification method using different emulsifiers. Hydrophilic silicone
textile softener is intended as a result of emulsification of a linear block silicone copolymer
containing polyether functional groups and other conventional chemicals with water using
different emulsifiers, thickeners and ph stabilizers. First, the hydrophilic silicone textile
softener was obtained by water emulsification of the copolymer in the presence of tridecyl
alcohol 6EO etoxylated emulsifier. In this section, tridecyl alcohol 12 EO etoxylated auxiliary
emulsifier, butyl carbitol thickener and acetic acid were used as pH regulator. In the second
part of the study, hydrophilic silicone textile softener was obtained with different emulsifiers
and the results were compared. C12-C14 Alcohol polyethylene glycol ether, C12-13 Pareth-9,
C12-C14 Alcohol polyethylene glycol ether and C12-13 Pareth-9 mixture, Laureth-7, tridecyl
alcohol 12 EO etoxylate were used as the emulsifier. FTIR, appearance, viscosity, ph test
results were showed that studied emulgators have similar results with market products.
As a result of the studies, it was observed that the study with tridecyl alcohol 6EO etoxylated
emulsifier and tridecyl alcohol 12 EO etoxylate was found to be better than other emulsifiers
according to FTIR, appearance, viscosity, ph test results.
Emulsification studies were carried out at room temperature and 30 rpm in a mixed medium.
A hydrophilic silicone textile softener was obtained in accordance with the 98% of the
reference product according to FTIR test results. The emulsion is extremely stable at a high
pH range, high temperature, or high salt concentrations. Micro emulsion was obtained at the
end of this process.
Keywords : Emulsification, Emulsifier, Hydrophilic, Concentration, Micro emulsion
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OZET

Biyobozunur ve yenilenebilir kaynaklardan iiretilmis polimerler, cevresel kaygilar ve
stirdiiriilebilirlik sorunlar1 nedeniyle biiyiik ilgi gormektedir. Poli (laktik asit) (PLA), laktik
asitten olusan tekrarlayan birimlere sahip alifatik polyesterler grubuna ait bir polimerdir.
Misir ve bugday gibi nigasta yoniinden zengin bitkisel kaynaklardan iiretilen biyobozunur ve
kompostlanabilir bir termoplastik polimer olmasi en Onemli ozelliklerden biridir. Poli
(kaprolakton) (PCL), yiiksek kristallesme ve hidrofobik karaktere sahip sentetik bir alifatik
polyesterdir ve halka agma polimerizasyonu ile {iretilir. Metal organik cerceveleri (MOF'ler),
genellikle ¢ok yiiksek gozeneklilik ve ylizey alan1 olan metal iyonlarindan veya iyon
kiimelerinden olusan karbon bazli organik baglayict malzemelerdir. Gozenekli yapisi
sayesinde CH,;, CO,, H, gibi gazlarin depolanmasini saglar. Bu g¢alismanin amaci, metal
organik ¢erceveli PLA ve PCL bazli biyonano-kompozit filmlerin ¢ozelti dokiim yontemi ile
hazirlanmasi1 ve bu filmlerin karakterizasyon ¢alismalariin yapilmasidir. Solvo-termal
yontemle sentezlenen Cu ve Zn bazli MOF nanokristalleri, polimer c¢ozeltilerinde
dagitilmistir. Karisgimlar, ince bir film elde etmek i¢in bir dokiim bigagi kullanilarak
dokilmistir. Biyo-kompozit filmlerin  mekanik, optik, kimyasal, fiziksel, termal ve
morfolojik yap1 analizlerini ~ Gloss-Haze, berraklik, FTIR, XRD, SEM mikroskobu
yaptlmistir. MOF'larla hazirlanan PLA ve PCL biyonanokompozit filmlerin mekanik
ozellikleri cekme uzama testleri ile degerlendirildi. MOF igeriginin, PLA harman filmlerinin
termal stabilite, mekanik ve antibakteriyel Ozellikleri lizerindeki etkileri arastirilmis ve saf
filmler ile karsilastirilmistir. Ek olarak, elde edilecek filmlerin gida ambalaji olarak uygun
olup olmadigini incelemek igin antibakteriyel testler yapilmistir. Bu projede iiretilen
biyobozunur filmler, ambala;j endiistrisindeki gelismis mekanik 6zellikler ve diisiik maliyetler
acisindan beklentilerin gerceklestirilmesinde yararli olacaktir.

Anahtar Kelimeler— Biyobozunur filmler, nanokompozitler, MOF, Polilaktik asit,
Polikaprolakton

March 21-23,2019 ANTALYA-TURKEY Page 58



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

BIYO BAZLI VE PETROKIMYASAL POLIOL KARISIMLARINDAN
POLIURETAN FILMLERIN SENTEZI VE OZELLIKLERI

'Seda Turpeu, 'Sennur Deniz !, Sevilay Nigar', Firat Yilmaz', Tugba incirkus’

'Y1ldiz Teknik Universitesi, Kimya Miihendisligi Boliimii, Davutpasa cd, 34210,
Esenler-istanbul, Tiirkiye,
sedaturpcu@hotmail.com , deniz@yildiz.edu.tr

OZET
Ham petrol fiyatlarinin artmasi ve g¢evre dostu yaklasim nedeniyle, alternatif yenilenebilir
kaynaklardan polimerler gelistirilmektedir. Seliiloz, protein, dogal yag, lignin, nisasta ve seker
benzeri bazi yenilenebilir malzemeler alternatif yenilenebilir kaynaklar olarak diistiniilmektedir.
Bunlarin arasinda bitkisel yaglar en avantajli olanidir, ¢linkii ekonomik, siirdiiriilebilir, ¢evre
dostu ve kolay temin edilebilir 6zelliktedirler.
Poliiiretanlar, iyi mekanik ve yilizey 6zellikleri, bakteriyal enzimlere kars1 hidrolitik direng, diisiik
sitotoksitite ve iyi hemouyumluluk nedeniyle, geleneksel olarak kopiik, elastomer, film,
kaplama, yapistiric, vernik ve biyomalzeme olarak kullanilirlar.
Farkli zincir uzunluklarindaki trigliseritlerden olusan bitkisel yaglar bazi polimerizasyon
prosesleri i¢in uygundurlar. Bunlardan bir tanesi de soya yaglaridir.
Bitkisel yaglarin reaktif gruplari, bitkisel yaglardan yiiksek molekiil agirlikli polimerler tiretmek
icin daha reaktif hidroksil, epoksi veya karboksil islevlerine doniistiirtliirler.
Bu yaklasim, bitkisel yaglarin polimer sentezinde ana malzeme olarak kullanilmasina
yenilenebilir bir yaklasim getirmigtir. Bu 0Ozellikler bitkisel yag bazli poliliretanlar1 sentez
kolaylig1 ve cesitli alanlarda potansiyel uygulamalarindan dolayr 6nemli hale getirmistir. Bu
uygulamalara; medical, ayakkabi, ambalajlama, otomobil, boyama ve kaplama uygulamalari
ornek olarak verilebilir.
Politiretan  sentezinde hammadde olarak kullanilan izosiyanat hammaddesi tiirli doku
biyouyumlulugu i¢in 6nemlidir. Ciinkii izosiyanatlarin kendiliginden hidrolizi sirasinda eser
miktarda da olsa zehirli etki meydana gelmektedir.
HDI, H12MDI veya TMDI gibi alifatik diizosiyanatlardan elde edilen poliiiretanlarin mekanik
ozellikleri, MDI ve TDI olarak en popiiler aromatik diizosiyanatlardan sentezlenen
poliliretanlardan daha zayiftir. Yine de alifatik diizosiyanatlardan elde edilen politiretanlar
digerlerinden daha uygundur.
Bu ¢alismada; bitkisel bazli poliollerin 6zellikleri ve sentezini, esnekpoliiiretan filmler tiretmek
icin bitkisel bazli poliollerin ve bu poliollerle petrokimyasal bazli poliollerden olusan
karigimlarin, esnek poliiiretanlarin elde edilmesinde kullanilmasi agiklanmaktadir. Bu ¢aligmanin
baglangicinda, halka agma reaksiyonlari ile biyo bazli poliol sentezi i¢in epokside soya fasulyesi
yag1 (ESO) ve farkli substituentler reaksiyona sokulmustur. Biyo bazli poliol sentezi sirasinda
optimum reaksiyon kosullar1 belirlenmistir.
Biyo bazli politiretan filmlerin sentezi i¢in poliol olarak, polipropilen glikol (PPG425),
polikarbonat poliol (PC), politetrametilen glikol (PTMG1000) ve bu petrokimyasal bazl
poliollerin epokside soya fasulyesi yagi bazli poliollerle karisimlari kullanilmistir. Hekzametilen
diizosiyanat (H12MDI) ve izoforon diizosiyanat (IPDI) izosiyanat kaynaklar1 olarak
kullanilmigtir. Sentezin etkinliginin degerlendirmesinde poliiiretan filmlerin mekanik 6zellikleri
onemli rol oynamaktadir.
Sentezlenmis ESO bazli polioller ve PU filmler Fourier doniisiimii kizilotesi spektroskopisi
(FTIR), spektroskopi ve mekanik 6zellikleri ile karakterize edilmistir.
Anahtar Kelimeler- Bitkisel yag bazh poliol, Politetrametilen glikol, Epokside soya yagi,
Biyo-bazh poliiiretan film
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A COMPUTATIONAL AND MOLECULAR DOCKING STUDY ON
3-(BENZYLOXY)PENTA-1,4-DIENE-1,5-DIYL)DIBENZENE DERIVATIVES
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% Department of Chemistry and Chemical Processing Technologies, Kocaeli Vocational
School, Kocaeli University, e-mail: taner.erdogan@kocaeli.edu.tr

Abstract

Chalcones and their derivatives are important compounds in organic and pharmaceutical
chemistry. They can act as anticancer, antitubercular, antiviral, antifungal, antibacterial agents
etc. In the present study, some novel 3-(benzyloxy)penta-1,4-diene-1,5-diyl)dibenzene
derivatives have been investigated computationally via DFT calculations. Geometry
optimizations, frequency analyses, frontier molecular orbitals, molecular -electrostatic
potential maps and NMR calculations have been performed at DFT/B3LYP level of theory
with the use various basis sets, including 6-31G(d), 6-31G(d,p), 6-311+G(d,p) and 6-
311+G(2d,p) basis sets. The general structure of the title compounds is given in Figure 1.

Figure 1: General structure of the title compounds and MEP map of compound 5a.

In the second part of the study, molecular docking calculations have been performed on the
title compounds. Binding affinities of the investigated compounds have been determined for
several enzymes, including cholinesterase enzymes, ACHE and BCHE, and heat-shock
protein N-terminal domain, HSP90A. All calculations have been performed using Gaussian 09
Rev.D01 and Avogadro 1.1.1 program packages. GaussView 5 was used for the visualization
of the computational results. AutoDock Vina, UCSF Chimera and Discovery Studio
Visualizer program packages have been used in the molecular docking calculations.

Keywords: computational chemistry, DFT, molecular docking, chalcone, benzyl ether

March 21-23,2019 ANTALYA-TURKEY Page 60



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

A DFT STUDY ON THE REACTIONS OF 5-PHENYL-1,3,4-OXADIAZOLE-2-THIOL
WITH VARIOUS 2-BROMO-1-ARYLETHAN-1-ONE DERIVATIVES

Taner ERDOGAN"
% Department of Chemistry and Chemical Processing Technologies, Kocaeli Vocational
School, Kocaeli University, e-mail: taner.erdogan@kocaeli.edu.tr

Abstract

Nitrogen containing heterocyclic compounds, including 1,3,4-oxadiazole compounds, are
important organic compounds and have various applications in the field of pharmaceutical
and agriculture industries. 2-Mercapto-1,3,4-oxadiazoles and their derivatives also possess a
wide range of biological activities such as antimicrobial, anti-inflammatory, anti-HIV,
antiparasitic, fungicidal, anticonvulsant etc.

In this study, it was aimed to investigate the reactions between 5-phenyl-1,3,4-oxadiazole-2-
thiol and various 2-bromo-1-arylethan-1-one derivatives, computationally. For this purpose,
detailed density functional theory (DFT) calculations have been performed on the chemical
species which take place in the investigated reactions and the results have been compared
with the experimental data obtained from the literature. All calculations have been performed
at DFT B3LYP level of theory with the use of various basis sets. Calculations have been
performed both at gas phase and solution phase, and various solvents have been examined. In
the solution phase calculations IEFPCM solvation model was used. In the computational
studies, Gaussian 09 Rev. DO1. Avogadro 1.1.1 and GaussView 5.09 program packages have
been used. Investigated reactions are given in Figure 1.

(e} (0]
Br HS e) S o)
O O O
N-N N-N
1a-d 2 3a-d
Comp. R
1a, 3a H
1b, 3b 4-Cl
1c, 3¢ 4-Br
1d, 3d 4-OCHg

Figure 1: Investigated reactions
Keywords: Computational chemistry, DFT, phenacyl bromide, 1,3,4-oxadiazole-2-thiol
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Abstract

Chalcones and their derivatives are important compounds in organic and pharmaceutical
chemistry. They can act as anticancer, antitubercular, antiviral, antifungal, antibacterial agents
etc. The main objectives of this study are: (1) to investigate chalcone derived benzyl ethers
computationally via DFT calculations and (2) to perform molecular docking calculations on
the investigated molecules. For these purposes, in the first part of the study some DFT
calculations have been performed on the title compounds. The general molecular structure of
the investigated molecules and a sample molecular docking representation are given in Figure

L

Ahalcone-based benzyl ethers and sample

Figure 1. General molecular structure of the
docking results.

In the second part of the study, binding affinities of the title compounds for cholinesterase
enzymes and heat-shock protein have been determined via molecular docking calculations. In
DFT calculations Gaussian 09 Rev.D01, GaussView 5 and Avogadro 1.1.1 program packages
have been used. Molecular docking calculations have been performed with the use of
AutoDock Vina, UCSF Chimera and Discovery Studio Visualizer program packages.
Keywords: computational chemistry, DFT, chalcone, benzyl ether, molecular docking
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Abstract

Thiadiazole heterocycle bearing compounds are important molecules in organic and
pharmaceutical chemistry. Thiadiazole derivatives display a broad spectrum of biological
activities comprising antimicrobial, antituberculosis, anti-inflammatory and anticancer. The
study consists of two parts: In the first part of the study some 1,3,4-thiadiazolethiol
substituted benzyl ethers have been investigated computationally via DFT calculations.
Geometry optimizations, frequency analyses, molecular electrostatic potential map
calculations, frontier molecular orbital calculations and NMR spectral analyses have been
performed on the investigated compounds. Calculations have been performed at DFT B3LYP
level of theory with the use of various basis sets. In the second part of the study, molecular
docking calculations have been performed on the investigated compounds for several
enzymes and proteins. The general molecular structure of the investigated molecules and
sample molecular electrostatic potential map are given in Figure 1.
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Figure 1: General molecular structure of the thiadiazolethiol substituted benzyl ethers and
sample calculated molecular structure.

In DFT calculations Gaussian 09 Rev.D01, GaussView 5 and Avogadro 1.1.1 program
packages have been used. Molecular docking calculations have been performed with the use
of AutoDock Vina, UCSF Chimera and Discovery Studio Visualizer program packages.
Keywords: computational chemistry, DFT, 1,3,4-thiadiazole thiol, benzyl ether, molecular
docking
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Allura red (FD&C Red 40) is a popular food dye used worldwide. Annual production in 1980
was greater than 2.3 million kilograms. Adsorption is one of the several techniques that has
been successfully used for food dyes removal. Adsorption of allura red food dye onto
multiwalled carbon nanotubes in aqueous phase at various temperatures and adsorbent dosage
were studied. The adsorption studies include both equilibrium adsorption isotherms and
kinetics. The experimental adsorption equilibrium data were compared to the Langmuir,
Freundlich, Temkin and Dubinin-Radushkevich (DR) isotherm models and the isotherm
model parameters were determined. Langmuir adsorption isotherm constant corresponding to
adsorption capacity, Qp, was found to be 151.3 mg/g at 30 °C. The Kinetic of adsorption was
investigated using pseudo first order and pseudo second order kinetic models. The mechanism
of the adsorption process was also described from the intraparticle diffusion model. The
results indicate that multiwalled carbon nanotubes could be employed as a effective adsorbent
for the removal of the allura red dye from effluents.

Keywords: Multiwalled carbon nanotubes, dye adsorption, allura red, food dye, adsorption
isotherms, adsorption kinetic.

ADSORPTION OF CO,; AND CH4 GASES ONTO FE/MCM-41, FEIMWCNT AND
FE/ZEOLITE COMPOSITES
Fatma OGUZ ERDOGAN
Department of Chemistry and Chemical Processing Technologies, Kocaeli Vocational School,
Kocaeli University, Kocaeli, Turkey.
foerdogan@gmail.com

Climate change refers to the rise in average surface temperature on Earth. Climate change is a
global problem, the result of increasing the greenhouse gases (CO,, CH4, N,O, HFCs and Fg)
emissions. In the response to this status, the capture and storage of carbon dioxide and
methane gases will be necessary. Adsorption is the most commonly used method for the
capture of CO, and CH, because of the low cost and the high adsorption capacity. Zeolites are
microporous and crystalline aluminium silicates that are used extensively as adsorbents in
many chemical reactions. After the discovery of carbon nanotubes and MCM-41, much
attention has been devoted to their potential applications, such as the possible storage of CH,4
and capture of CO,. Composite materials have found widespread application in various fields.
In this study, composites were prepared from iron and multiwalled carbon nanotubes, MCM-
41 or zeolite. BET, BJH and t-plot methods were used for the characterization of the
composite samples based on N, adsorption-desorption data obtained at 77.4 K. CO, and CH,4
adsorption-desorption isotherms of the composite samples were measured by using a static
volumetric apparatus. The equilibrium experiments were conducted at 25 °C and at pressure
values up to 900 mmHg. The adsorption data were evaluated by several isotherm models such
as Freundlich, Langmuir, Temkin, Dubinin-Radushkevich (DR) and Harkins-Jura (HJ)
isotherm models.

Keywords: CH4 and CO, adsorption, composite, iron, multiwalled carbon nanotubes, MCM-
41, zeolite.
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OZET

Yasadigimiz ¢agda, degisik tiirde hastaliklar, kanserler goriilmekte olup bunun sonucunda
Olim oranlarinin giderek arttigr goézlemlenmistir. Kanser ve diger o6limciil hastaliklarin
yetigkinlerde goriilmekle beraber, ¢ocuklarda da sik goriilmeye baslamasi sonucunda Palyatif
bakima/Hospise olan ihtiya¢c artmistir.  Palyatif bakim, hayat1 tehdit eden,
hastaliklardan/fizyolojik etkilerden kaynaklanan sorunlar ile hastalarin ve hastanin
yakinlarimin yasamlarini, genel olarak tehdit eden sorunlarin tespit edilmesinde ve etkili
degerlendirmeler yapilarak, yasam kalitesini en iyi asamaya getirmeyi amaglar. Palyatif
bakimin yapildigi kurumlar ‘Hospis’ lerdir. Hospislerde, yasamin son evrelerinde destekleyici
bakimin verildigi kurumlardir. Tiirkiye’ de yeni yeni gelismekte olan palyatif bakim ve
hospise uzun donem gereken Onem gosterilmemistir. Terminal dénemde olan cocuklara
kaliteli bakim ve yasam kalitesini arttirmaya yonelik eylemler yapilmamaktadir. Cocuklarda
yetiskinlere oranla daha hassas davranilmasi ve multidisipliner bir anlayisla adim atilmasi
gerekmektedir. Arastirmanin  Orneklemini 365 pediatri alaninda ¢alisan hemsire
olusturmustur. Verilerin toplanmasinda “Yasam Sonu Doénemde Cocuk Hospisin/ Palyatif
Bakimin Onemini Tanmmlayict Soru Formu” ve “Pediatri Alaninda Calisan Hemsirelerin
Cocuk Hospislerine iliskin Gériislerinin Belirlenmesine Yénelik Olgegi” kullanilmustir.
Tiirkiye’de Cocuk Hospisi lizerine heniiz bir ¢alisma ve gelisme mevcut olmayip, Cocuk
Hospis tanimlanmasini, diizeyini, bakimini, hemsireleri c¢ocuk Hospisi konusunda
bilgilendirmek ve yapilacak ¢aligmalar hakkinda tanimlayict olarak yapilmistir. %82.19° u
hospisin ne anlama geldigini, ayrica hemsirelerin %95.62” si Tiirkiye’ de Hospis kurumlarinin
kurulmasi yoniinde olumlu olduklar1 goriilmiistiir. Tiirkiye’de saglik hizmetlerinin iyilesmesi,
kamu hastanelerindeki yogunluk, cocuk oliim oranlarinin azalmasi, 6liimciil hastaliklarin
etkilerinin kontrol altina alinmasi gibi konularda biiytik ilerlemeler kat edilecek ve saglik
hizmetleri konusunda gelismis iilkeler arasinda yerini alacaktir.

Anahtar kelimeler: Palyatif bakim, Hospis, Cocuk hospis, Terminal donem, Tiirkiye
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ABSTRACT

In our age, different types of diseases and cancers have been observed and as a result, it has
been observed that death rates are increasing gradually. Although cancer and other fatal
diseases are seen in adults, the need for palliative care / hospice has increased. Palliative care
aims to improve the quality of life by making life-threatening, life-threatening, health-related /
physiological-related problems, and the lives of patients and their relatives, and by making
effective evaluations. The institutions where palliative care is performed are ‘Hospices yapil.
Hospices, in the last stages of life are given supportive care institutions. Turkey was also
shown the importance of palliative care and hospice newly emerging long-term needs.
Children who are in terminal period are not undergoing quality care and quality of life.
Children should be treated more sensitive than adults and steps should be taken with a
multidisciplinary approach. The sample of the study consisted of 365 pediatric nurses. Ir
Descriptive Questionnaire for the Importance of Child Hospice / Palliative Care in the End of
Life Period “and“ The Scale for Determining the Opinions of Pediatric Nurses About Child
Hospices elik were used. Children's Hospice in Turkey is not yet available on a work and
development, Children's Hospice identification, level, care, nurses are conducted as a
descriptive study to inform children about the Hospice and to do. 82.19% 'u get hospice what
it means, as well as 95.62% of the nurses' Turkey have been seen to be positive towards the
establishment of the Hospice organization. improvement of health services in Turkey, the
intensity of public hospitals, reduction of child mortality, on issues such as controlling the
impact of deadly diseases to be covered great progress and take its place among the developed
countries in health care.

Keywords: Palliative care, Hospice, Child hospice, Terminal period, Turkey
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OZET

Cocuk isciligi, sokakta calisan ve yasayan ¢ocuk diinyadaki en dnemli sosyal problemlerin
basinda gelmektedir. Ulkemizde yoksulluk, muhtaglik, issizlik, siginmaci gdgii, bolgeler arasi
ic gog, kentlesme siireci dogrudan veya dolayli olarak toplumun tiim niifus gruplarmi
etkilemektedir. Ozellikle ¢ocuklar toplumsal, ekonomik ve kiiltiirel alanda meydana gelen
hizli degisimler sonucu cesitli risk ve tehlikelerle karsi karsiya kalmaktadir. Koruyucu ve
Onleyici saglik hizmetleri g¢ercevesinde sokakta calisan cocuklarda karsilasilan saglik
sorunlar1, hemsirelerin bu c¢ocuklara yonelik tutumlari ve saglik hizmetleri sunumunda
iistlendikleri rollerin belirlenmesidir. Aragtirma i¢in sokakta c¢alisan 22 c¢ocuk ile genel
goriisme yapilmis ve ikamet ettikleri mahalleler belirlenmistir. Sokakta calisan c¢ocuklarin
ikamet ettikleri mahallelerdeki aile sagligi merkezlerinde calisan 20 hemsire ile anket yontemi
kullanilarak veriler toplanmistir. Veriler frekans, ortalama, standart sapma degeri analizleri ile
degerlendirilmistir. Sokakta ¢alisan ¢ocuklarin bir¢ok bulasici hastalik riski ile kars1 karsiya
olduklari, diizenli saglik kontrollerinin, asilarinin yapilamadigr bundan dolayr hastaliklarin
ilerleyen safthalarinda tedavi i¢in basvurduklar1 bulgusu edinilmistir. Sokakta ¢alisan ¢ocuklar
ile ilgili yoksul ve muhta¢ ailelere mensup olduklari, gecekondu ve kenar mahallelerde
yasadiklar1 egitim, saglik gibi hizmetlere erisim zorluklarinin oldugu bulgusu edinilmistir.
Arastirmada hemsirelerin sokakta calisan cocuklar ile ilgili bircok bilgiye sahip olduklar
bulgusu edinilmistir. Sokakta ¢alisan cocuklar ile ilgili diger kurum ve kuruluslar arasinda
koordinasyon sorunlariin oldugu belirlenmistir. Sokakta c¢alisan cocuklarin saglik sorunlari
ile ilgili hastaliklar ilerledikten sonra saglik kuruluslarina basvurdugu, bu durumun ise
onleyici ve koruyucu saglik hizmetlerinin islemesini engelledigi, ikinci basamak saglik
hizmetlerinde bir y1g1lmaya neden olabilecegi sonucuna ulagilmistir.

Anahtar Kelimeler: Sokakta Calisan Cocuk, Hastalik, Hemsirelik.
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ABSTRACT

Child labor, working in the street and living children are the most important social problems
in the world. In our country, poverty, neediness, unemployment, refugee migration, inter-
regional migration, urbanization process directly or indirectly affect all population groups of
the society. Especially children are exposed to various risks and dangers due to rapid changes
in social, economic and cultural areas. In the framework of preventive and preventive health
services, health problems encountered in children working on the streets, attitudes of nurses
towards these children and determining the roles they play in the provision of health services.
22 children working on the street were interviewed for the study and their neighborhoods
were identified. Data were collected using 20 nurses working in family health centers in the
neighborhoods where children were working in the streets. Data were evaluated by frequency,
mean and standard deviation. It has been found that children working in the street face many
infectious diseases risks, regular health checks and vaccinations cannot be done and therefore
they apply for treatment in the later stages of diseases. It was found that there were difficulties
in accessing services such as education and health in the slums and suburbs where they belong
to poor and needy families about the children working in the streets. In the study, it was found
that nurses had a lot of information about children working on the street. It has been
determined that there are coordination problems between the children working in the streets
and other institutions and organizations. It has been concluded that children working on the
street apply to health institutions after advancing diseases related to health problems;

Keywords: Children Working in The Streets, Disease, Nursing.
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ASCORBIC ACID DETERMINATION IN SOME FRUIT VIA CONDUCTING
POLYMER-SUPPORTED METAL OXIDES ELECTRODES

Siikriye Ulubay Karabiberoglu
Ege University, Faculty of Science, Chemistry Department, [zmir, Turkey
e-mail: sukriye.karabiberoglu@ege.edu.tr

ABSTRACT

Ascorbic acid is consumed on a large scale as an antioxidant agent in food, drinks and
medicines, due to its importance in several enzymatic reactions and in the defense against
oxidative stress. In addition, ascorbic acid has been used for the prevention and treatment of
common cold, mental illness, infertility, cancer and AIDS. The increased knowledge of the
role of vitamin C has necessitated the development of accurate and specific methods for its
determination [1-2].

The aim of this study was investigation of ascorbic acid redox behavior and determination on
metal oxide-conducting polymer modified glassy carbon electrode by cyclic and differential
pulse voltammetry. The formation of metal oxide- conducting polymer films (poly-
eriochrome black-T) on a glassy carbon electrode surface was characterized by scanning
electron microscopy, and X-ray photoelectron spectroscopy. The parameters such as solution
pH, polymerization scan rate, monomer concentration and polymerization cycle number were
optimized for poly(EBT) modified glassy carbon electrode. Under optimized conditions, the
linear determination range is 1.00-200.00 pmol L ' with a detection limit of 0.81 pmol L™" .
The selectivity of the modified electrode was examined in the presence of metals, inorganic
ions, and organic substances. Moreover, the proposed method was successfully used for the
assessment of ascorbic acid contents in commercial food products with satisfactory results.
The developed method was applied to ascorbic acid content assessment in strawberry, orange,
lemon and apple.

Keywords: Ascorbic acid, conducting polymer, metal oxide, modified surface.
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FOLIC ACID DETERMINATION AT METAL NANOPARTICLES MODIFIED
CARBON BASED ELECTRODES
Cagri Ceylan Kogak™
*Bergama Vocational School, Dokuz Eyliil University, Izmir, Turkey
E-mail: ceylan.kocak@deu.edu.tr

Folic acid (N-[p-{[(2-amino-4-hydroxy-6-pteridinyl) methyl] amino}benzoyl]-L-glutamic
acid), commonly known as vitamin By, is a water soluble component. Its deficiency cause ¢
neural tube defects in newborns, anemia, mental and cardiovascular disorders (Xiao et al.,
2008). Therefore, it’s important to find suitable electrode material for folic acid
determination.

Carbon based materials have attracted tremendous interest due to their special physical and
chemical properties. They have wide application field such as sensing, pharmaceutical
industry and fuel cells (Salmanipour et al., 2013). Also, metal nanoparticles are one of the
most studied electrode materials because of their high electron transfer ability, large surface
area and catalytic capability (Kenarkob, 2019). Fabrication of the composite electrode surface
with carbon based material and metal nanoparticles provide enhanced peak currents, good
stability and selectivity with high sensitivity (Shahrokhian 2018).

In this study, composite electrode was fabricated by two step preparation technique. Firstly,
treated carbon nanotubes (tCNT) modified on glassy carbon electrode (GCE) surface by drop-
dry technique. Secondly, modified electrode (tCNT/GCE) was immersed in palladium
containing acidic solution and nanoparticles were formed electrochemically by cyclic
voltammetry technique. Resulting electrode was characterized with electrochemical
impedance spectroscopy and scanning electron microscopy. PAACNT/GCE was used for folic
acid determination in pH 7 phosphate buffer solution. pH, cycle number and concentration of
metal nanoparticles and effect of treatment on CNT on folic acid behavior was investigated.
Differential pulse voltammetry was studied under optimized conditions and folic acid peak
was found in linear relationship with its increasing concentrations between 0.4 uM and 40
uM. Limit of detection was calculated as 0.26 uM (S/N=3). Interferants were also studied and
selectivity of the electrode was confirmed. In conclusion, Pd/tCNT/GCE is a selective,
sensitive and stable sensing platform for folic acid determination.

Key words: Folic acid, Metal nanoparticles, Carbon based materials, VVoltammetry
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THE CHARACTERISTIC FEATURES OF NATIONAL IDENTITY IN THE
BAKHTIYAR VAKHABZADE 'S WORKS: THEMATIC AND IDEOLOGICAL
PARALLELS IN MODERN UZBEK POETRY

Prof. Dr.Terane HESHIMOVA
Azerbaijan National Academy of Sciences

ABSTRACT

The paper is about the effect of the great Azerbaijanian Bakhtiyar Vahabzadeh's (1925-
2009) creation, works and literary translation activity to the Uzbek literary
environment, and his role in the public opinion of the Uzbek people during the Soviet
period. Bakhtiyar Vavabzadeh's poetry has great importance both in translation and in
idea-theme parallels from the point of view of harmony, in Uzbek literature. Bakhtiyar
Vahabzadeh, Rauf Parfi, Jamal Kamal, Abdulla Aripov, Khalil Rza Uluturk, Erkin
Vahidov are poets who play important role in awakening of national spirit, in protection
of the homeland from the effects of the known system, and in strengthening of national
identity by the poems. B. Vahabzadeh and the well-known representatives of the 1960°s
Azerbaijan and Uzbekistan, in the 80s poets™ works with the same theme, content, idea
works, parallels and soundings in national themes reveal the artistic effect of Bakhtiyar
Vahabzadeh creation. These parallels have combined the evolution of the poetry of the
Azerbaijani and Uzbek peoples, and have led to the awakening, liberation of literature in
general literature. These parallels by the combining the common developmental
featuresof the poetry of the Azerbaijani and Uzbek peoples, led to the awakening, and
the liberation stage of the common turkish literature.

Keywords: Azerbaijan, Uzbek, literary links, national, Bakhtiyar Vahabzadeh
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AJIMIIEP HABOUI WKOJUJIATH YIIYFBOP IVCTJAUKHUAHT SIKUH KYIITHA
JABJIATJIAP MATBYOTUIA UHBUKOC OTHUIIN

Typcynxxon KapumoBa, PaBiian YcaHos,

akageMuk boooxxon Fadypos Homunaru

XyxaHj 1aBiat yHuBepcuTeTu Aouentiapu (ToxukucTon),

tdancada pannapu HomM30ATApPH,

Canmxon KopuxoHoB,

akagemuk boboxon Fadypos

HOMHJIaTH XY>KaH][ JIaBJIaT YHUBEPCUTETH YKUTYBUHCH (TOXUKHUCTOH)

ravshan-usanov@mail.ru

Toxwuk Ba ¥30€K XaJIKJIapUHUHT Ky KUPpaIu ajloKanapu 0ol TaxxpuOa Ba Tapuxuil kapaéHia
MIaKJUTaHTaH a3aJinii ¥3apo MyHocabaTiapra TasHaIu.

Omomanit Paxmon

TOXMKHCTOH Ba Y30EKHCTOH pecryOIMKanapy YpTacHaaru IyCTIHK MyHOCA6aTIapy XaKuaa
ran KeTraHja, MKKd OMpojap - TOXKMK Ba Y30€K XaJlKjiapu ajJoKaJJapUHHUHT acpiiap Kabpura
00pu0 TyTallyBUM Tapuxu Ky3 YHrUMU3Ja rapaanaHagu. Arap ymOy Tapuxra uOpar Ky3u
OwIaH Kapaiaurad Oyicak, YpTajgaru MyHOCA0ATJIApHUHT SHT XN Ba 0aXTiau gamiapu Oy -
XalKJap ¥3apo THHWINTY IYCTIMK XamJa MEXpHOOHJIUTY XaWpXOXJMKIa sIllaraH OHJapu
OYNTraHIUTUHU KYPUILIUMHU3 MYMKUH.

Hadakar, xanxmap Ttapuxu, Oaqku HJIM, MaJaHUIT, UKKA XaJIKHUHT OYyIOK a)KIOJUIapu
ypTacuaaru ayCcTOHa MyHocabaTiap Tapuxu Xam OYT'YHTH aBJOJ YIyH HOpaT HaMyHACHJIHP.
MaremaTHka, aCTpOHOMHUSIIaH TOPTHO dasicada-1o pyXIIyHOCTUKKAaYa OYIraH KYNnriuHa aHuK
¢danmap coxacuia MHHTaKa OJIMMJIApd ¥3 3aMOHAacH WJIMH YYyH XHU3MaT KHJIMO, YHUHT
MycTaxkaM TMoiiieBopuHu sipatud® Oepumiran. MasioHo AOmypaxmoH Xomuit Ba Mup
Anumep HaBouii ypracunaru OMpoiapiuK, yCTO3-IIOTHPAIUK, ¥3apo FOKCAK 3XTHPOM HMKKH
KYIIHU XaJIK AYCTIMTMHUHT onui HamyHacunup. LlyHuHraex, ymoy AYCTIMK UKKU TOMOH
y4yH XaM MaH(aar KeaTupuO, MUJUIaTIapapo WM, alabUET Ba MaJaHUAT, CUECAT PUBOKUTA
CaJIMOKJIM XHCca KYIIIH.
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Nunnap ytumm Ounan OyroKJIap TOMOHUJAH KYWHJITaH MYCTaxKaM IOWAEBOP TYCTIMKHUHT
MyXTalllaM KaCPUHU SHTHJIaH OYHEN STHII JTO3UMITUTHTA YHIAIH.

2018 jiunHuHT MapT oitnna V36ekucton Pecriy6nukacu Ipesunentu lllaBkat Mup3uéeBHUHT
Toxukucronra pasnat Tampudu Ba Toxukucron Pecnybnmukacu Ilpesuaentu Myxrapam
Omomanu PaxMoHHMHT aBryct oiuaa TomkeHTra pacMuii Tampudu YOFUAATH MYJIOKOTY
My30Kapajapd WKKH MamJjakaT IYCTINTy OMpOJApIUTMHUHI SHTH TapUXHAa KyBOHWIN Ba
YHYTWJIMAac BOKealapra ailanau. MwuwuaT nemBocH MyxTapaM OMmoManud PaxMOHHMHT
HYTKHJa MKKA MamylakaT MyHocabaTiapuiard yMuILIH yQKiaap ouyuiaaéTraHd TabKuaaad
VTUIau: «XaJIKJIapuMU3HA KYI acpivK AYCTIWK, SXIIW KYINIHUYWIUK Ba Y3apo 3XTHUPOM
aHbaHanapu OOFNad Typamu. Y30ekucToH Pecry6imkacu GHIaH XaMKOPIMK TOXHKHCTOH
PecryOnukacu Tamky cCMECATUHUHT YCTYBOp MyHANUIUIaApUAaH Oupu canananu. bynuob yrran
My30Kapanap jkapa€HuAa OSPUIIMITAaH KeIUIIYyBIapUMHU3 3Ca, KYI JKUXATOaH TapuxXui
Xycycusatra sragup. Yiap TOKHKHCTOH-Y3GeKHCTOH MyHOCAGATIAPUHM OGOCKHUMA-GOCKMY
SIHTY JIapa)kara KyTapulll y4yH acoC Ba UILIOHYWIH ITOHAEBOP sIpaTaamn».

WNkku Oupomap MamiakaT OPE3UACHTIAPUHUHT Xap OHp c¥y3uaa SXTHPOM, HIIOHY Ba
CaMUMMIIIUK 30Xup 37u: «bru3 CU3HMHT MyHMITapakjIuKIaru IYCTIUK Ba caMapail MyXUTHH
saparunl Oopacuaaru TanmaOOyCHMHTM3HU CaMUMUN KaOyn KWIIWK. 3epo, yinap OW3HHMHT
MaKca/JlapuMu3ra TYIuK MyBOGUKAUp», - neau ToxukuctoH Pecnybnukacu IlpesunenTtu
MyxTapam OMoManu PaxmMoH.

Toxuky §30eKk Xankinapu IYCTINK aJOKATAPUHUHT SIHTY MyHANIUIAQ JaBOM 3THUILIU Ba YHUHT
MaTOyoT/a EpUTHUIIMIIMHUHT KaTTa CUECHM, MaJaHWMl Ba WXTUMOUN axaMmusaTu Oopaup.
XakukaTnaH XaMm Oy HMKKM XallK ypTacuaard MyHOCAaOaTJIIapHUHT >KOHJIAHMIIM YHIOy
JaBnaTiapaa SAmaérrad  oJaMIIapHM  XypcaHa KuwinO 1o0opau. YIapHUHT LIOUIUTH
TeJEeBUJICHUE Ba MaTOyOT OpKaJIM KeHI EpuTwigu. TaHuKIu onumiiap, €3yBUmiap Ba
CaHbBaTKOpJIap TOMOHMJIaH OepWJIraH MHTEPBBIO, Cyx0aT Ba €3wiraH Maxkojanapjaa 0y MKK{
XaJIK TYCTIUTY TapaHHYM dTUIIIH.

Toxuxiap Ba y30exsap anabuii amokajiapu, XaJKJIapUMHU3HUHI MyHOca0aTH, MyoMaia Ba
SKUH TYCTJIMIH WIAU3Iapu 4yKypaup. MasinoHo A6nypaxmoH XKomuii Ba MaBnoHo Anuniep
HaBouii ypracujga xapop TONraH IYCTIMK, SIKHHJIUK, YCTO3Y IIOTUPIUIMK TOXHMK Ba Y30eK
XIKJIAPUHUHT ~ JTYCTIMTH ~ pamM3ura  anjgaHud  KeTraHu  XakuKaT Ba  IOKOpHJa
TabKUJIATAHUMU3Ia Xap BaKT MAYCTIMK Xakuga Ccy3 KeTraHaa, OeuxTuép aHa Iy
NYCTIMKHUHT UKKU HIOXCYTYHH €1ra OJMHAAHW. by MKKM yJIyFBOp IIAXC - YCTO3Yy WIOTHPJ
OYCTIWTHU Ty KajJap 3W4 Ba MyCTaxkaMm OYyJIraHkd, MaHa opajaH Oern acpiaH KYMpOK BaKT
yTran Oyica xaM caMHMUSAT, HHCOHMH MyXab0aT, aauOnuk tumconu O0ynub kenmoxnaa. by
O6opaga ¥30ek Twapuaa Hamp STHIAETTaH TOXUKUCTOH XyKyMaTH HaIIpusicH «Xajk
0Bo3u» Ba CyFJ BWIOATH JaBlIaT XOKUMUATH WOKpoMsl opraHu Hampuscu «CyFI XaKuKaTh»
raserajapy 3HT (aoJ razeranapiaH XucoOIaHuO, UKKU JYCT XaJlKJap FOSICMHU KaTTa MUKECAA
EpUTMOKA.

«XankK oBO3W» raszeracujna 4yomn dtuiarad «Kapmonumk Ba AYCTIMKHMHT KYHTHJIOYap
caxuganapu» (2018 #umauHr 11 okT6pu conn) Homm Makonaga 2018 dnnaunr 7-8 aBrycr
kyHnapu TomkeHTaa «Y30€K MyMTO3 Ba 3aMOHaBUH aqa0METHHU YPraHUII Ba TAPFUO KUITUTIT
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Macananapu» Oyitnua Y36eKHCTOH &3yBUMIap MTTH(GOKMHHHT GUPHHYM KOH(pEPEHIHUSCH 1A
KatHamran ToxukucToH €3yBumiap WTTHQOKM paucu Hwuszom KocuM uwmkuin Kuiranu
Oopacuna myHaai neitmnann: «Toxukaap Ba Y30€KIapHUHT TYCTIMK aHbaHATapy Ba aga0uit
alloKajmapu TYFpUCHAA CY3 Kerap 9KaH, nactaBBan MasinoHo AoOmypaxmon JKomuii Ba
Magnono Anumep HaBouit HOMUHHM TWira OJMIIAAM Ba Oy YHMHIAH XaM YPUHIHAIHD.
XaKuKaTaH XaM IyHaai. by ukku Oyrok cuitMo EpKUH Ba yumac WYIIuu JIy3ap Kadu OJuc
3aMOHJIapAaH XaIKJIapUMH3 Ba YIIKaTapUMHU3HU MaHTy XaMAWUINK Ba XaMOacTalIuKKa XUI0ST
9THO Typaau. JIekuH nryHu aiTHil Kepakku, 0y WKKU YIyF CHMMO MyoMaia Ba MyHOcaOaTH
(hakaTrMHA TOXKMKJIAPHUHT Y30eKnap OwWiaH SKMHJIWTHHU 3Mac, OalkM MHUHTaKaJaru OOIIKa
Typk3aOOH XalKjiap OWjiaH XaM KaJAuMJaH SKUH dKAaHJIUTUHU udonanaiau. Arap myHaai
Oynmaranga, Oy Kajap yJIyFIuk kKamid stMaran Oymyp »au. HaBowil yimyr yCTO3WHU COAHMK
dap3apaumai yp30371ap, XypMaT Kujdap Ba Kymiuad caMUMUU caTpiapHU yHra OaruIlIaraH
sau. KKH THII-TOXKHK Ba Y30€K THIUAA WXKOA Kiui XxaM HaBouiinan Gonutanrad. YyHoHyH,
yi0y MacalaHUHT MyMTO3 TaHKUAYUCU AOmynraHu MUpP30€BHUHI TabKH]UIAlINYa, XO0Ka
Xoduznunr Maenono Hapowuiira tabcupu 11y Japakafa Kyw@wid OYJIraHku, Fa3all KaHPUHU
y30ek amabuéruaa ycTyBop kaHp cudaTuia MaK/UIAaHUIIK Y4yH 3aMUH sipatrad Ba HaBowuit
TOXXHUK-(QOpPC [EBOHM OpKalld Fa3zajicapo MLIOWpJiap KaTopuiaH YpuH onrad. TaHUKIN
aKkaJeMUKHUHT ¢ukpuya, Anumep Hapouit Oyrok anabuér Bakunu cudarujarviHa sMac,
Oamku amabu€T Ba CaHBAT AXJIMHUHT XUMOSYUCU Ba |5 acpHUHT WKKHHYU SpMUIA
MoBapoyHHaxp, XypocoH Ba DpoH xankinapu ¢(anu, agabuértu Ba CaHBATHHHUHT
PUBOXKJIAHUIIMTA MYHOCHMO 3aMuH Talépnamra Karra xucca Kymrad, AOaypaxMoH
XKomwuitnan keinH, (opc-TOKUK Fa3aJHaBUCIApU OpacHuja HSHI MelIKajgamiapiaH Oupu
cudaTtuaa anabuéTUMu3 TapUXUTa KUPraH maxciaapaad OupUIup».

lazerama wom oTwiran «YI raBXxapu SKTOAyp...» (2018 #mmauar 31 aBryctu) HOMIH
Makonana (Mmyamind, ToXUKHUCTOH Maopud abIoYuCH, ONUM Tondanu agabuér YKUTYBUUCH
Maspydxon XKypaeB) mynnail puxprap 6op: «Mup3o TypcyH304aHUHT KaApAOH AYCTH
akagemuk moup Fadyp Fymom Oy mkkm axoin6 xankHu «VKku Tuiaga cys3nanryBuu Oup
XallK», Jeranja Tyjaa Xakiu 3au. Anbarra, Oy xakaa kyminad éum mymkuH. Kynra xamam
OJIMILZAH acoCUil Makcas Oy MybKa3rMHa MakoJiaja aHa 11y UKKH OYIOK XaJKHUHT JYCTIUK
TaMmaJl TOIIWHU KyWraH ynyfr ¢ap3anmpiapu Adoaypaxmon Xomuii Ba Anumep HaBouiHUHT
¥3apo AycTOHa MyHocabaTiaapu, WKOAUM XAMKOPJIMIM XakKuaa QUKp FOPUTHUILIUD.
Abnypaxmon JKomuil yinyF TOXHK HIOMPH Ba MyTaQakKUpuaup. Y TOXKHUK agaOuétu
FOKCAJIMIINTa YJIKaH XUcca KyIraH ajiomaaup. ToXMK mowupiapuaaH Xwionuil, buxnoui,
Xotuduit, Ocaduii, ¥36ex mounpiaapuaan Jlyrduii, Anumep HaBowuii, XycalHUIIapHUHT 3HT
SAKMH MacllaXaT4ucu Ba ycTo3W 31u. AltHukca, KomuitHuar Mup Anumep HaBouii O6unan
MyHOCa0aTH JUKKATIra ca30BOPIHP.

XKomuit y3uHMHT akcap acapiapuHu HaBOMIHMHI MaciaxaTh Ba WITUMOCH OuslaH &3raH.
Ennapu Ypracuna dapk kyn 6yiuimmra Kapamaii, yap MabHaBHi KUXATAaH 5Ky/1a SKUH IYCT
saunap. JKomuit HaBouiiHMHT oTa mapaxacujaru ycro3u, HaBouil 3ca, C€BHKJIM HIOTHUPIU
5au. YnapHUHT Oy Aapakaia SKUHIMTH Xakuaa KOMUMHUHT ¥3u OMp mebpuaa Kyduaaruya
M30XJIaraH du.
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Henwnap: Oy uurut dhap3anamu cusra?

E morupa, kapunjom, 1ua6anaMu cusra?
HenuMm: MyK, y TYPKIAHP, MEH 3Ca TOXKHUK,
AMMO KapHHJIOIIMHU3 KYTI SKUH-HA3/IUK.

Komwmit y3ununr «Xupamgnoman HWckamnmapuity Ba «tOcyd Ba 3ymaiixo» moctoHmapuaa
HaBowuitnu xypmar 6unan twira onaau. HaBouit xam «Xamcayaaru nocronnapuja Kommuiira
Maxcyc 0o0map Oarmmnmaau. XKomui BagoTHIaH KeWHMH 3ca, ycTo3ura Oaruimiad, «XamcaT
yia-myTtaxaiiitnpun» («be xaiipaT») HOMIU Maxcyc acap sipaTau».

Toxukucron Xank moupw, Pynakuit mHomumparm JlaBmat mykodortu naypeatn, Kamon
Hacpymnonunar «Jlycrnuknan kummnap tonraid caoxart...» (2018 #wmaumar 30 wronm)
MaKoJacu AaWHHMKCAa JUKKATra Ca3oBOpAMpP. YHAA KenTtupuiaumuya, «MKkm Xxank
IOYCTIAUTUHUHT EPKUH MUCOIU OYIOK aXKJ0/TapuMuU3 - MaBlIoHO AGnypaxmon XKomuit Ba Mup
Anumep HaBouit Tumconnaa HamMo€H Oynmaau. YIyF aXIOAJapUMH3 acoC COJTaH AYCTIMK
O6oruma XX acplla MKKM XaJKHUHT OKWI (ap3aHaiapd, 3aMOHAHUHT TaHUKIU CUECHUI
maxciapu bo6oxon Fadypos Ba Hlapod Pammmosnap xam ¥3 mapaxtiapuHu YTKazuo,
napBapull KWiuiap Ba yjiap y3 camapacuHu Oepau.

Toxukucron Pecnybnukacu IIpesupentu [lymanbe maxpununr bex3zon kydacuaa
xoimamran "Enutukauar 50 fwumurn" 6orura Husomuamuna Anumep HaBouit HOMHMHH
Oepumn xamaa ymoOy Oornma Hypumnun AOmypaxmon JXomuit Ba Huzomumnun Anwmiiep
HaBowuii xalikanuHu YpHATUIUIIN UKU XaJIK XypCaHI4MINK OuaH KaOys KU .

Toxukncron Muiumii yHUBEpPCUTETH pPEKTOpH, akaiaemMuk, Myxammaatocyd Mmomsona,
¢unonorus ¢annapu HOM3OAM, IOLEHT. Mypraso 3alHUAIMHOBIAPHUHT «DUKpPIOLUIHK
TAPUXUHUHT >KOHJIAHUIN» (2018 MMIHUHT 5 MIOHM) MakKojacHAa TOXKHUK Ba y30ek amaOuii
aloKaIapu KeHr Eputwirad. QOUKpIapMMH3HM MakoJjlaja KEINTUPWIraH KyWHJaru
Mynoxasanap udonanaiau: «Toxuk Ba y30ek xankjaapu amgabuérumard OyHIal SKUHIHK
UKKH Oyrok cuiiMo - Masnono A6aypaxmon XKomuit Ba Mup Anumep HaBowuii ypracunaru
AYCTIUK, OUPOJApIMK, MUPY MYPLIMUIMK Ba YCTO3-HIOTMPAJIMK MyHOcabaTiapuaa SKKOJ
Ky3ra TalulaHaIy.

Yeroz Campunaun AvHuit "Toxuk amabuérn HamyHanapu" acapujga (opc moupiapu
Karopuna Anumep HaBouitnu xam €nra onu0, ¢opc Tunuaa mebp €3umga yHUHT "Kymuad
¢dopc mouprnapu OuWSaH TEHIJalla OJMIIM, KOJIaBepca, YCTYHJMIH'HU XaM aJjoxuiaa
TabKH1a0, popcya anrbopuiaH HaMyHajIap KeJITUpPraH.

Keitnnuamuk CaapuaauH AWHUN MIOMPHUHT TOXKUK TUIUAA &3raH IIebpiapH, TapKUMau
XOJIM, YHUHT acapiiapu Ba IIebpiapuiard JyFaTiap IIapXWHUA Yolra Taiépramiga KarTta
3axmar 4ekuO, "Anumep HaBouii Ba Toxuk amabuértu" makosnacu Ba "Amummep Hasowuit"
MoHorpadusicuau €3aau. by Owian TOXHK Ba y30eKk Xalkimapu agabuii ajoKaJTapUHHHT
TapUXU{ WITU3IapUHU UcO0TNIa0, HABOMMIIYHOCIMK WIMHHUHT aMajlil puBOKUTa MyHOCHO
XUCCa KYIIIM.

March 21-23,2019 ANTALYA-TURKEY Page 75


http://www.khalkovozi.tj/siyosat/1906-d-stlikdan-kishilar-topgaj-saodat
http://www.khalkovozi.tj/siyosat/1850-fikrdoshlik-tarikhining-zhonlanishi
http://www.khalkovozi.tj/siyosat/1850-fikrdoshlik-tarikhining-zhonlanishi

MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

Toxukucton &yBumnap UTTU(GOKH ab3ocu, CynaitMOoH DpMaTOBHUHT «Yerapasap O4YHK...
yexpaigap OuMK...» (2018 #wimnuar 31 wmailiu) HOMIM Makojacu TAHUKIM E3yBUMHHUHT
V36exucronra cadapy EpuUTHIAAM Ba YHIA IIyHIall catpiap 6op: «Yira KyHn Y36eKncToH
Xank moupu AsuMm CyronHuHr 70 ¥Huumdrura OarvnuiaHTaH TagOMp YTKa3uaaéTraH SKaH.
TanTananu Hurmmmgad appayi CaMapKaHIHUHT KOK MapKa3uJa TOXXKHK Ba Y30€K XalKJIapu
OYCTIUTUHUHT pam3u cudaruna ypHatuiran AoOmypaxmon Komwmii Ba Anmmep Hapowit
Xailkany moiiura ryn Kyiumm Mapocumu OynuG yrmu. Y3GekuctoH PecryGnukach caHbat
apOo0M, aTOKJIM Tap>)KMMOH, TAHUKJIM aaubd Ba 3ykko MyHakkua Mopoxum Fadypos Toxuk Ba
¥30eK XaJKJapu JAYCTIUTHra TaMaja TOIIWHU KYWraH UKKH OYIOK 30T - AGaypaxmon YKommii
Ba Anumiep HaBouitHUHT OyrOK XU3MaTIapuHU 3Cra onub, Oy IYCTIUK JapaxTH XO3Hp Xam
rypkupad ycaéTraniuruay y3rada Oup XasHkoH OuiaH cy3nad oepam».

«JIyctnap auimopuaa oMk Myxkaccam» (2018 dwmnuar 19 maiin) HOMJIM MakoJjanaa
KypHATHCTIAp FEKyOkoH AOGDymMaHOH307a Ba 3yXpHIIMH YMapoBiap MYIITAapaK
MaKCa/JIapHu Ky3jaraH Jelieranus Xabatu 3axupuaauH Myxamman boOyp Homuparu
AnmmxoH JlaBmaT yHUBEPCHUTETHHUHT MPO(eccop-YKUTYBUMIIApU: WIMHNA uuuiap Oyinda
popekTop, Tapux (anmapu qoktopH, npodeccop baxtuép Pacynos, ¢punonorus paxynreTu
y30ek TwimyHocnuru kadeapacu myaupu, ¢uionorus ¢daHiapu JOKTOpU, mpodeccop
Junopo Habuesa, ncuxomnorus kadeapacu MyaupH, ICUX0JI0OTHs (haHIapyu HOM30/IU, TOIICHT
Marmpaboii XanumoBa, Xaakapo ainokanap 0ynumu oouuturu @apxon AnuMosiapaad ubopar
rypyx Omnan mynokoT 0aén stuiran makonaaa JKomuii Ba HoBowmil agabuii anokanapu KeHr
EpUTHIAIN.

Ounonorust angapu HOM30AM, AoueHT baxtuép daizymnoes, «Typkuryi mowupiap ycro3
Attt Huroxuaay (2018 iiwnaunr 10 maiin) makonacuaa yctosz Caapuanus AitHui y30ek Ba
TOXMUK anadu€TuHuHr XX acpliard TakpopjaHMac MCTEBhAOUIM BaKWIW JAEHHUIaAM Ba yHa
myHaail ¢ukprap OGop: “Toxuk anaOuéTm HamMyHajapu’Ja TYpPKUTYH IIoupiap —
Cynronxamun uOHM Muponmox uOuu Amup Temyp, AOGynkocum boOypmups3o uOHU
boiicankyp, Husomugaun Anumepu Hasouii, AGaymioxoH-Bonun byxopo, IMoMKynuxoH-
Bosmun  byxopo, Kocumxon ubuum XycpaBxoH, AOnynasusxoH-sonuu  byxopo,
CyOxoHkynuxoH-Boiuu byxopo, boGopaxum Mampabu Hamanronuit, Cydu Amioxépu
Karrakypronuii, Honupan Anavxonuii, Amup ¥YmapxoH-ponuu @aproHa, Mup300CcTOHAKYI
Habupu Karrakypronuit, MyxamMmmaasbkyd uOHuM Amup Jlonuén nOHM Manfut kabuiap
Xa€Tu Ba KO XaKu1a KUMMATIN MabJIlyMOTJIap Oepuiira.

Taskupagaru MyxuM MabiIyMoTiapAaH siHa Oupu Anumep HaBouit mwxoan 6unan GOFIUKIUD.
Vuna A.HaBomii Tyruiran Ba Badot 3traH cananapu (1441-1501) #tun xypcatunud, cyHr
HIOWPHUHT Qopcuiinarn Mmamxyp Kacunanapuaan oupu “Tyxdar yn adkop” (“Dukprap
Tyx(acu”)aan 13 Gaift kentupuiarad. YHu JaBnaTiiox acapuaH OJMHTAHINIY XaM KypcaTtuo
YTUITaH.

Ycro3 Ailinuii HaBouitHuHr ¢opcuit tunga &unran “Tyxdar yn adxop” (“Pukpnap
TyX(dacu) Kacumacura >bTHOOp Oepraniuru Oexu3 sMac 31u. Maskyp Kacuma Hapowid
WKOAMIA MYXUM anabuii-doCTeTHK KuMMatra sra 0ymm0, y ycrosum AOmypaxmon JKomwiira
OarvIIaHTaH €TYK WKOJl HaMmyHanapunaH Oupu xucobOnmanamu. Illy Owman Owupra,
Komuitauar “Jlyxoxatr yn acpop” (“Cuprnap AeHrH3MHMHT TyOW”) Kacupacura TatabOyb
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cudarnga é3miaran >ad. SHama aHMKpPOK aiftranma, ymoOy kacuma Amup XycpaB (1253-
1325)uunr “Hapéu abpop” (“Sxmm kummiap napécu’”) Ba JXOMUHHHHT OKOpHAA THIITA
OJIMHTaH Kacujacura TaTad0yb SKaHIUTH HABOMUITYHOCIHMK/A KAl STHITaH».

CyFI BWIOSTH JaBjaT XOKHUMHSATH WXpoust opraHu Hampusicd «CyFa XaKHKaTh
ra3eracd XaM MKKU XaJK OyCTIIMTMHU TapaHHYM STYBUYM Makojajiap YOIN 3TUIIIA SHT (aoi
HaIpiIapaaH XUcoOIaHuO, TyCTIMK MaB3ycuaaru xap Oup makona Aomypaxmon JKomuii Ba
Amumiep HaBowii nyctnuru xakuaaru ¢ukpiap ounan Oommanaau. Macanan, «kkucu Oup
Kyli-Fazangany» (TaHukIM xypHaaucT . K§uKkopoB Myammuduk KuiraH), aToKJIu KypHaAIHCT
boboxxon MkpoMoBHHHT «JIYCTIMK YaMaHMHUHT OYNOy/UIapu», TaHUKIH XYPHAIHCT Ba
XxakBHUTOp OramHazap CoxuOHa3apoOBHUHT «JIYCTIHMK anokaimapu MycTaxkam OYiIaBepCHH»
HOMJIM MakoJiajap/ia Iy IyCTJIMK Tapuxu OyrYHTH KyH HyKTau Ha3apuJaH EpUTHIIAIIN.

2018 iiun anpen oiinga Y36ekucton PecrnyOnukacu mabHaBuAT-Mabpudar Mapkasu, HaBouii
BUJIOATH Xokumiury, Onuii Ba ypTa Maxcyc TabjuM Basupiaurd, HaBouil naBnaT neparoruka
MHCTHTYTH, TOLIKEHT JaBjar y30€eK THIM Ba anabMéTH yHUBEPCUTETH, Y30EKUCTOH
Pecniybnukacu ®annmap Axagemuscu Y30eK T, anabuétd Ba (OJNKIOPH HMHCTUTYTH
xamKopauruga “Anumep HaBoult wxonuii MEpPOCHHUHI yMyMmOamapusT MabHaBUMA-
Mabpuduil TapakKUETUIArY YpHU MaB3ycuja 2-aHbaHaBUH XaJKapo UIMUHN KOH(pEpeHLus1a
KaTtHamraH TOXHUKUCTOHIMK oiuMiap akagemMuk boboxxon Fadypor mHommparm Xykann
JaBiaT yHUBEpCUTETH y30ek (uionoruscu dakynretn npodeccopu, ¢unonorus (anmapu
nokropu AOnycaniom AOaykonupoB Ba 1y (axynrer aoneHtd baxtuép daiizyminoeBnap
Oounan cyxOarnamradn «CyFa XakukaTtw» raseracu Oom myxappupu Papxox XKypaes
«HaBomiiHN aHriam caojaTé» MakKoJiacHla MHCOHUSAT MabHAaBHATHIA TYCTIMK TYLIyHYacH
MYXHUM YpHUH TYTUIIH, JYCTIMK KUIIWIAPp YPTacCHAArd aXWUTMK Ba SKMHIMKHU OWITUPUIIH, Y
MaH(paaTIapHUHT YMYMUWIIUTH Ba §3ap0 UIIOHYra acocaaHnO, KMILIMIApHUHT Oup-Oupapura
Oynran MyHocabaTu1a HAMOEH OYIMIIMHU alTUO YTHO, TOXKHUK Ba y30€K XaJakiaapu KaauMiaH
Oup-Ouprnapura sSIKMH XyAyZAJa Ba XaTTO apajiall Xojja sllaralivukiapy, MaHpaaTaapUHUHT
OMp XWUIMIH, yph-OJaTIApUHUHT YXINANLIUTH, MEXHAT Xamja silail Tap3JapUHUHT
MYILITapaKIUTy TyFpucuaa GUKp ropuTud, Oy MKKK KapJoll XalK ypTa-cuJaaru AYCTIUK Xap
KHUXATAAaH MYCTaxkaM OYJIWIIM JIO3MMJIMITMHM TabKuaiaald, TOXKHMK Ba ¥Y30eK XalKiapu
anabuéruaaru OyHJal SIKHHIMK UKKH OyroK cuiimo - Masnono A6aypaxmon XKomuii Ba Mup
Anumep HaBouit ypracugaru nycTiauk, OMpoaapiuk, NUpy MYpIIHUIMK Ba YCTO3-IIOTUPTHK
MyHoOca0aTnapua SKKOJ Ky3ra TaluiaHaau, 1es XyJaoca YuKapau.

Mwmii Oupnuk Ba THHWIMK acocurcH, Mwumnar [lemBocu. Toxxukucron PecnyOnmkacu
[Ipe3unentu Omomanu Paxmon ¢ukpuua, Komuit Ba HaBouii aycTiauru, yarapHUHT yCTO3 Ba
morup cudaTuaa XaMKOpIUKIapy HIy Kagap caMUMUN Ba MycTaxkaMm 3auku, JKomuit ¥3
acapnmapugad Oupuaa HaBowiinm Bado Ba camokar HamyHacH, fAes araiau. Jlapxakukar
Anumep HaBowii mwxoamii mMepocu yMmymOamapusT MabHaBUH-MabpuHil TapakKuETHIa
KarTa ypuHra sra. Mkku xajik AYCTIMTH XaKuaa cy3 opuTtap 3kaHMu3, oenxtuép TuHuwink Ba
MUWUIMKA Oupiuk acocurcu - Munar nemBocH, Toxukucton Pecnybnukacu Ilpesunentu
MyxTapam OMoManu PaxmonuuHr: "Toxuk Ba y30ek ayctiuru XyaoBaHI aMpu OWJIAHAUDP.
Wkku XanK qyCTAUTUHUHT 3WI0J Oynoru  Oommaa MKk Oyrok cuitmo - AGaypaxMoH JKomuit
Ba Amummep HaBouil TypraHmuru HWKKM XalK IYCTIMTH pam3uaup. buz Oy aycrauk
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OynoruHUHT Mycaddo cyBiaapura aciao rapj IOKTUpMaiMu3, YHU KY3 KOpauyuFuIeK aBailinad-
acpaiimu3. By cyBHUHT Mycaddo ro3amapuma xa3oH Oapriapu smac, Huiydap ryuiapu
KUUAFOC OYMIINO, Cy31u0 IOPUIIMHYU HCTAaliMK3. ..",- TeraH o0pasiu cy3mapu éara Tymau. 30TaH,
OMomann PaxmMoH naBmatumu3 capBapu OyiraH KyHAaH Oomnuiad, 11y KarTa OWJIAHWHT
MeXpuOOH maaapu cudaruga UKKH XalK - TOKUK Ba Y30CKIApHUHT IYCTIMTHHH TE3-TE3
scinatud kenmokaa. lly Gouc, MKKM XalnK OYCTINTHM KyHAAH-KyHra OmuO OOpANTHUKH, Xeu
KaHya KamailraHu HyK. by HAYCTIMKHUHT cuécarina, MaJaHUsITAa, WXKTUMOUNW XAETHHUHT
MYXTUM KHUCMH Oyiran mMarOyoTAa MHBHUKOC ATHIMIIM 3Ca KEHI UMKOHUSTIAPHU KEeNTUPHO
YUKapau.

AnbGarra, Oy nayctaukHUHT acocujga AoOmypaxmon JKomuit Ba Anumep Haowuit
Xa3paTIapuHUHT TYPUIIH TUJIapra Xy3yp Oaruiuianu.

OOUJIATTAHWIT AH AJABUETJIAP PYUXATH:
1. «Xank oBo3m» razeracu. — Jyman6e: 2018.

2. «CyFrna xakukaTh» razeracu. — Xyxxann: 2018.
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YbIHIT'bI3 AMTMATOBIYH UbBITAPMAJIAPBIHJIAT'BI K93 EUP
DOPA3ZEOJIOTUAJBIK BUPAUKTEPAUH KbIPT'bI3, OPYC 5)KAHA AHI'JIUC
TUWJINHAEI'N AHAJIU3AU

HazapakynoB ©OmypOek Y COHOBHY, OKYTYy4dy
Our ryMaHuTapIbIK-TIEIarOTUKAIBIK HHCTUTYTY
AHHOTAIUSA
B nanHOIi cTaThe aHATM3UPYIOTCS NIEPEBOBI (PPA3EONIOTHUSCKUX SIUHHUI] C KBIPTHI3CKOTO
sI3bIKa Ha aHTJIMHCKUM, OToOpaHHBIX M3 moBecTH U.AitmatoBa «['ymcapat». Ilpu sTom
pyccKkue nepeBoibl (PpazeoornuecKux eIUHUL] BBIMOTHIIOT POJIb KOPPEISIIHH.
KuaroueBbie cioBa: ®pazeonoruueckue cpamieHue, (¢(pa3eoJoruyeckue eIuHCTBa,

(dpaszeonorndeckue coueTanus, (pa3eoqoOrnIeCKUe BHIPAKCHUS.

AHHOTAIIUSA

byn wmakanaga UYsiHrei3 AitmatoBayH «['yiacapar»  ublrapmachlHaH aJIbIHIaH
(bpazeosnorusIbIK OMPIUKTEPANH KBIPTHI3 TWIMHEH AHTJINC THIUHE OPYC THJIM apKbUTyy
KOTOpYJlyyCy Kapajras.

AYKBIY  c0316p:  (pa3eoNoOTUANBIK  IIUperMe,  (pa3eo’OrHsIbIK  OUPIUK,

(hpazeonorusIIbIK aikaiil, (pa3eoIoTHsIIBIK CO370p (TEPMUHIED).
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TYKAEBJIAPHBIH JJUHU hoM MOIOI'bPU®OTYEJIEK JIINY9HJIEI'E
(BAIIKOPTCTAH PECIIYBJIMKACHI CTOPJIEBAIII PANOHBIHBIH
CTOPJIEBAIII ABBLJIbI MO/IPOCOCE TAPUXBIHHAH)

Hypuoa Hacwvuiioynnuna

dunonozua ¢pannape kanouoamaol

Tartapcran OIHHOP aKaIEMHUACCHEH

I'. U6pahumoB uc. Ten, omobusat hom coHraTh HHCTUTYTHI

nasibullina.nur@yandex.ru

AnHoTauus: Llenbio maHHOM pabOTHI SABISAETCS aHAIN3 KYJIbTYpHO-TIPOCBETUTENIBCKOM,

00pa3oBaTEeNbHON JEATETBHOCTH MeIpece W TPYAOB IperoaaBaTesiell KOH(PECCHOHATBLHOTO

yueObHoro 3aBeneHus cena CrepaubameBo. Oco0oe BHHUMaHHME YAENSeTCd aHAIU3y

0J1arOTBOPUTENIBHOTO, NI€JarOrH4ecKoro Haciuenus nuHactuu TykaeBblx (Hurmatyniausbeix) u

OCO3HAHMIO MCTOPUYECKOW POJM Menpece B OOMIECTBEHHO-AYXOBHOM Pa3BUTHU TaTapCKOTO,

OaIIKUPCKOTO, KUPTU3CKOTO W Ka3axCKoro oodmiectBa. Dcrapiedam Tebdore OOpBIHTBHIAAH

Morepudatiie K OyiraHbl TapUXbIObI3ra SAXIIBl MOTBJIYM. OcTopieball Moapacace Y3

BAaKbITHIH/IA JIOHBSKYJIOM MOCEJIMaH XaJIbIKJIapblH arapTyJa MehUM ypbIH TOTa, UH AAHJIBIKIIBI,
uH Momhyp yKy HopTiapbIHbIH Oepce OyJIbIl TaHbLIA.

KiroueBble cjoBa: o00pa3oBaHue, MeApece, peNurus, HcjiaM, MeTOoAuYecKas

ACATCIIbHOCTD, BBIJAOIIUCCA THNYHOCTH.
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BOJIAINAK MY3bIKA MY¥TAJIIMIHIH 9CTPAJIAJIBIK OH AUTY JAFY IBIJIAPBIH
KAJIBIIITACTBIPY ) KOJJIAPBI M.O. CmaryJioB

1. XKancyripoB atbiHars! JKeTicy MEMIIEKETTIK YHUBEpCUTETI TasibIKOpFaH Kajlachl
(Kaszakcran)

miras.net@mail.ru

AHJIATIIA

JKorapber OimiM Oepy JKyHECiH >KaHFBIPTY KaXKETTUIIr Ka3ipri 3aMaHfbl, TyOereim
e3repMelli KOFaMHBIH JKaJIIlbl )KOHE KOCiOM MOJICHUETTIH *KOFaphl JCHICHIHE Me MaMaHIap bl
nasipiiaygaarbl KaKeTTiriHe HerizaenreH. OcbiFad OalIaHbICTHI OOJIalIak My3bIka MYFaIMiHIH
KOCiOM TalbIHBIFbIHA, OHBIH MY3bIKAJIbIK-TICIarOrMKaJIbIK AaspJIblFbIHA KOMBUIATHIH TajamnTap
apTeIll Kenexai. My3blka MYFaJIiMiHIH BOKaJJIBIK-TICIarOTUKANIBIK MOJICHHETIH 013, JKeKe
TYJIFaHBIH HMHTETPATUBTI Camachl PETiHAC TYCIHEMI3, OHBIH KypaMblHa Op TYpJIi OHIITIK
KBbI3MET, KYHJIBUIBIK KapbIM-KaThIHAC, BOKAJBIK IE€JarordKa CajlachIHIAFbl KY3BIPETTUIIK,
JKEKE  BOKAJIIBIK-OPBIHAAYIIBLIBIK  [IEOCPIIiK, COHJAM-aK  BOKAJJIBIK-TICarOrUKaJIbIK
KBI3METTET1 IIBIFAPMAIIBUIBIK OCJICEHAUTIKTEpP A€ Kipei. 3aMaHayy IelarornKaHbIH MaHbI3 bl
MIHJETEePiHIH O0ipi My3bIKAIBIK OLTIM Oepy yIepiCiH MaKcaTThl )KOHE JOHEKTI €Tyre MYMKIHJIIK
OepeTiH jKaHa YHJIeCIMIl XKYHeH1 Kypy OoJibin TaObu1aael. Makanana Oosaimiak My3bIKa ITOHI
MYFaTIMICPIHIH BOKAIIBIK-3CTPAJIATBIK OH alTy KaOUICTTEpiH JAMBITy YIIiH aTKapbUIAThIH
JKYMBIC TIC€H JKATTBIFYJapJblH HETI3rl Ke3eHJepl alKbplH cumartananasl. Kasipri 3amaHFbl
ACTPAJANIBIK BOKAJIBIK OHEpl ©31HIH omicTepi MeH (OpMaNapbhIHBIH Op TYPJIUIri caHara,
cesiMre, TalFamMra, OOJIMBICKA JCTCTHKAJBIK KO3KApacThl KaJBINITACTBIPYFa, TYJIFAHBIH
HIbIFApMAIIbUIBIK KaCHUETTEPIH JaMBITYFa YJIKEH ocep eTeTiHl aHblKTanaabl. COHIBIKTaH Ja
OoJjamak My3bIKa MYFaIIMIHIH BOKaJJBIK KaOUICTIH JaMBITyJa OJCTPaJajblK oOH aWTy
JAFIbUTAPbIH  KAJIBINTACTBIPY, PYXAHHWIBIKKA TopOueney, ©31H-031 JaMbITy KOHE ©31H-031
JAMBITY MAceJeci 03€KT1 KOHE MaHbI3/IbI KOKEHKECT1 cayanaapabiH 0ipi 60ibIT TaObLIa b1

Tyiiin ce3aep: My3blka MyFalliMi, 9H alTy, 3CTpajajblK BOKajl ©HEpl, BOKAJIBIK
Kabiner
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ABSTRACT

In this study we developed three different nonlinear autoregressive network models to
investigate their multi-step prediction performance over certain time series. Within the scope
of the study, we selected three unlike time series with different numbers of sampling and
shapes then future values were estimated by looking at the past values. The results obtained
from the different prediction models determined are compared and interpreted with the tables
and graphs according to the performance criteria of the R value, Mean Square Error, Root
Mean Square Error, Peak Signal-to-noise ratio and Mean Absolute Percentage Error. Thus,
the reader can compare the evaluation results and evaluate the advantages and disadvantages
of the prediction models clearly.

Keywords: Nonlinear autoregressive artificial neural networks, time series analysis, multi-
step forecasting, prediction.

1. INTRODUCTION

Neural networks can be classified into two parts static and dynamic networks. Static networks
have no feedback elements and contain no delay element; the output is calculated directly
from the input through feedforward connections. Dynamic networks work differently, and the
output of the neuron depends not only on the current input to the network, but also on the
current or previous inputs, outputs, or states of the network. Thus, dynamic networks have
memory; they can learn sequential or time-varying patterns (Kirbas & Kerem, 2016).

This type of dynamic networks can be used to prediction in financial markets, channel
equalization in communication systems, phase detection in power systems, fault detection in
control systems and speech recognition (Khandelwal, Adhikari, & Verma, 2015; Kirbas,
2017). Time delay neural networks (TDNN) only have feed-forward connections. In each
layer of the network, time is encoded by buffering the input in tap-delay lines. They can be
trained by standard backpropagation method (Kirbas, 2018a).

NAR (Nonlinear autoregressive) networks also can learn to predict one time series given past
values of the same time series, the feedback input, and another time series, called the external
or exogenous time series (Al-Sbou & Alawasa, 2017; Kerem, Kirbas, & Saygin, 2016; Kirbas,
2016, 2018b).

In this study we developed three different nonlinear autoregressive network models to
investigate their multi-step prediction performance over certain time series. The results
obtained from the different prediction models determined are compared and interpreted with
the tables and graphs according to the performance criteria of the R value, Mean Square Error,
Root Mean Square Error, Peak Signal-to-noise ratio and Mean Absolute Percentage Error.

March 21-23,2019 ANTALYA-TURKEY Page 82



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-IV

Thus, the reader can compare the evaluation results and evaluate the advantages and
disadvantages of the prediction models clearly.

2. METHOD

Within the scope of the study, we selected three unlike time series with different numbers of
sampling and shapes then future values were estimated by looking at the past values.

There are many statistical methods developed for time series estimation and the ARIMA
approach is the leading one. Correlation coefficients are determined by determining the
correlation between the values in ARIMA approach. In our study, a special kind of time
delayed neural networks (Nonlinear autoregressive networks) were used for multi-step
prediction (Buitrago, 2017; Caswell, 2014; Dietz, 2010; Pucheta et al., 2011; Shen & Chang,
2013).

Time-delayed neural networks evaluate d-past values to estimate the future value and estimate
according to the relationship determined (Thielbar & Dickey, 2011). To predict series y,
given d past values of y,, equation 1 can be used.

Ve = fOVee1,Ve—2s ooor Ye—a) (Equation 1)

The network with 40 lags (delay) has been created and trained in open loop form as shown in
Figure 1.

4 NAR Neural Network (vie O P

Hidden Qutput

y(®)

Figure 1. Open loop architecture of the artificial neural network.

Training with open loop (single-step) prediction is more efficient than with closed loop
(multi-step) prediction because it allows us to supply the network with correct feedback inputs
even as we train it to produce the correct feedback outputs.

After training, the network may be converted to closed loop form that the application requires.
Closed loop architecture of the nonlinear autoregressive network is shown in Figure 2.
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4\ NAR Neural Network (view) =i El b

Figure 2. Closed loop architecture of the artificial neural network.

Ten neurons were used in the artificial neural network. The Levenberg-Marquardt method
was selected as a training function. 70% of the time series data were used for time-delay
network training, 15% for validation and the remaining 15% for testing.

The descriptive statistical data of the chosen time series are given in Table 1.

Table 1. Descriptive statistical data for 3 different serials.

Time Series 1 Time Series2 | Time Series 3
Sample Size 72 422 500
Max 11317 14338 6047
Min 6892 1254 2524.31
Standart deviation | 958.34 3487.08 1144.16
Variance 918411.75 12159753.80 | 1309095.73
Mean 8787.74 6068.67 4062.22
Median 8728.50 5629 3707.11

In the upper left corner of Figure 3, all of the time series 1 is drawn with a solid blue line.
Dashed lines belong to the last 12 data to be estimated. The 12-step estimation of the delayed
artificial neural network in the lower right corner is delayed with 40 delayed at the top right
corner of the figure and delayed 20 at the lower left corner. The blue line shows the real value
and the dashed red line shows the estimated artificial neural network model.
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12 Steps Prediction, Lag:40

12 Steps Prediction, Lag:10

Figure 3. Time series 1 and multi-step predictions for different lag values.

Similarly, figure 4 shows the actual and model prediction values for time series 2 and figure 5
also depicts for time series 3.

Real Values i ant 12 Staps Pradiction, Lag:40
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Figure 4. Time series 2 and multi-step predictions for different lag values.

Time series 1 is a periodic signal and has a strong seasonality while time series 2 has an
obvious trend component and represents the rising trend line.
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Figure 5. Time series 3 and multi-step predictions for different lag values.

Time series 3 has a rising trend between the 200th and the 400th sample when the raising
trend line it is not shown in the first 200 samples. Afterwards, the trend line is horizontal

again.

MSE performance criterion is often considered to compare the performance of models with
different delay values. Accordingly, the model with lower MSE value has lower error rate and
higher success rate than the others. We have chosen 7 different performance criteria for our
study. The equations that is used for model performance criteria are given in Table 2.

Table 2. Model performance criteria

Model Performance Criteria

Equation

Mean Squared Error

n

1 L ¥
M5E = — Y. =¥~
-/ 1)

i=1
: P : MAX
Peak signal-to-noise ratio PSNR = 20log,, (_f)
VMSE

Root-mean-square error

[sg_ |,

EMSE = |
TN "
: - - RMSD
Normalized Root-mean-square error NEMSE =
max sz’?z
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Mean Absolute Percentage Error

100 N[ —F)
MAPE = X Z
n Y;
i=1
Symmetric Mean Absolute Percentage Error 200 |y —F
SMAPE = —X Z —
n L+l

3. RESULTS AND DISCUSSION

The comparisons of time series according to seven different performance criteria are given in
table 3. The best values are written underlined.

Table 3. Comparison of the performance metric values for different lags.

Perf. Metric Lag 40 Lag 20 Lag 10
MSE 102042.804 | 259520.967 | 588865.309
— PSNR -1.957 -6.011 -9.569
g R 0.999 0.997 0.992
» RMSE 319.441 509.432 767.376
£ NRMSE 0.089 0.142 0.214
= MAPE 2.843 4.701 7.252
SMAPE 2.880 4.692 7.500
MSE 297533.716 | 153175.839 | 563465.843
~ PSNR -6.605 -3.721 -9.378
2 R 0.998 0.999 0.997
» RMSE 545.467 391.377 | 750.644
£ NRMSE 0.226 0.162 0.311
= MAPE 3.753 2.698 5.264
SMAPE 3.842 2.738 5.239
MSE 3958.029 | 27458.264 | 122755.592
™ PSNR 12.156 3.744 -2.760
g R 1.000 0.999 0.996
» RMSE 62.913 165.705 350.365
£ NRMSE 0.113 0.299 0.632
- MAPE 0.869 2.480 4.491
SMAPE 0.865 2.523 4,509

According to the calculations and comparisons, it is obviously seen that the models developed
are very successful in predicting the future value. For the 3 different time series where the
future value estimation is difficult to perform, the forecasting can be made with low error
rates.

March 21-23,2019 ANTALYA-TURKEY Page 87



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-IV

However, there are many parameters that affect the result when predicting multi-step future
value estimation. The number of delays is at the beginning of these. The high number of lags
doesn't always guarantee the best solution, but because of more information about the
sequence, it gives good results. In all three-time series, the lowest performance was shown
with the lowest latency model (lag 10). The number of neurons used in the artificial neural
network, the training function of the network and the training parameters also affect the result.

For future studies, the network training method, the number of neurons and prediction steps
can be changed and their effects on different time series can be investigated.
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OZET

Bu ¢alismada, elektro-optik aygit uygulamalari i¢in ilgi ¢ekici transparant genis bant aralikli
Nb,Os ince filmleri esnek ITO/PET alttas lizerine reaktif DC magnetron piiskiirtme yontemi
ile oda sicakliginda 25, 50, 75 ve 100 nm kalinliklarda kaplandi. Kaplamalar 2 in¢ ¢apinda
9%99.9 saflikta metalik Nb hedef kullanilarak Ar islem gazi ile 10 mTorr basingta ve 100 W
giicte gerceklestirildi. Reaktif kaplama igin %20 oraminda Oksijen (O2/(O2+Ar)) gazi
kullanildi. Filmlerin yapisal, optik ve morfolojik 6zellikleri SIMS, UV-Vis spektrometre ve
AFM analizleri ile degerlendirildi. O ve Nb atomik tiirlerin film derinligi boyunca homojen
olarak dagilim gosterdigi SIMS analizleri ile belirlendi. Filmlerin yasak enerji araliklar 3.5
eV ve goriiniir bolge optik gegirgenlikleri %70 civarinda bulundu. Bununla birlikte, 75 nm
kalinlikli Nb2Os ince filmin optik yansiticilik degerinin 400-1000 nm araliginda ortalama %10
civarina distiigli belirlendi. Ayrica, 3x3 umz’lik alanda taranan yiizey goriintiilerinden bu
filmin diizgilin yiizey morfolojisine ve 1.2 nm RMS piiriizliiliik degerine sahip oldugu goriildii.
Elde edilen sonuglar, ozellikle 75 nm kalinlikli Nb,Os filminin esnek alttas tizerine reaktif

magnetron pliskiirtme teknigi ile basarili olarak biiyitiildiigiinii géstermektedir.

Anahtar Kelimeler: Magnetron Piiskiirtme, Ince Film, Nb;Os, Esnek ITO/PET Alttas

ABSTRACT

In this work, Nb,Os thin films with attractive transparant and wide band gap for electro-
optical device applications were deposited on flexible ITO/PET substrate at 25, 50, 75 and
100 nm thickness at room temperature with reactive DC magnetron sputtering method.
Coatings were carried out using a metallic Nb target of 99.9% purity of 2 inches in diameter,
with a processing gas of 10 mTorr and a power of 100 W. Oxygen (O2/(O2+Ar)) gas was used
for the reactive sputtering. Structural, optical and morphological properties of the films were

evaluated by SIMS, UV-Vis spectrometer and AFM analysis. It was determined by SIMS
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analysis that the atomic species O and Nb distributed homogeneously throughout the film
depth. The band gaps of the films were 3.5 eV and the optical transmittance at the visible
region was around 70%. In addition, 75 nm thick Nb,Os thin film’s optical reflectance in the
range of 400-1000 nm decreased by about 10%. It was seen from the surface images scanned
in the 3x3 umz area that the film had smooth surface morphology and the RMS roughness
value calculated as 1.2 nm. The obtain results show that especially 75 nm thick NbyOs film
has been successfully deposited on flexible substrate by reactive magnetron sputtering

technique.

Key Words: Magnetron Sputtering, Thin Film, Nb,Os, Flexible ITO/PET Substrate

1. GIRIS

Esnek ince filmler cam, silisyum, safir, kuvars gibi alttaglar {izerine gelistirilen filmlere gore
daha hafif, daha kiigiik hacimli, kolay tasinabilir ve katlanabilir olma 6zelliklerine sahiptirler.
Glintimlizde siv1 kristal ekranlar, plazma ekran panelleri, elektronik kagit ekranlar, 11k
dedektorleri, gaz sensorleri, dokunmatik paneller, diiz panel ekranlar, fotovoltaikler, organik
151k yayan ledler gibi bir ¢ok opto-elektronik cihaz uygulamalarinda metal oksit malzemeye
dayali esnek filmlerin kullanim yayginligi artmistir (Fortunato vd. 2008).

PES, PEN, PI, PET ve ITO/PET gibi esnek alttasglar tizerinde metal oksit film elde etmek i¢in
sol-gel, PVD, MOCVD, DC ve RF magnetron piskiirtme gibi c¢esitli yontemler
kullanilmaktadir (Kao vd. 2008, Wang vd. 2012). Bu yontemler igerisinde piiskiirtme
(sputtering) teknigi en ¢ok tercih edilen yontemlerden birisidir. Piiskiirtme tekniginde ince
film kaplanirken piiskiirtme basinci, ortamdaki gaz dagilimi, kaplama giici, alttag sicaklig1 ve
ince film kalinlig1 gibi Onemli kaplama parametrelerinin kontrolii kolay bir sekilde
yapilabilmekte ve bu sayede metal oksit ince filmler yiiksek kalitede iiretilebilmektedir (Lin
vd. 2004). Ayrica, pliskiirtme teknigi iiretim hizi ve tretim maliyeti agisindan 6ne ¢ikan

teknikler arasinda yer almaktadir.

Son zamanlarda, genis yasak enerji aralikli (>3.2 eV) goriiniir bolgede yiiksek gegirgen metal
oksitler arasinda TiO, ve ZnO gibi en bilinenlere kiyasla Ta;Os ve Nb,Os gibi metal oksitlerin
arastirilmasi yayginlasmistir. Bu metal oksitlerin elektrokromik, fotoelektrik ve fotokatalitik
aktivite gibi Ozellikleri nedeniyle 6zellikle esnek alttas iizerine gelistirilerek esnek elektro-

optik cihaz gelistirilmesi oldukg¢a popiilerdir (Feng vd. 2017).
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Niyobyum oksidin yapis1 farkli formlarda olabilir. En az i¢ kararli niyobyum oksit vardir:
NbO, NbO; ve Nb,Os. Bu formlar igerisinde Nb,Os, termodinamik olarak digerlerinden daha
stabildir. Sunulan bu ¢aligmada reaktif DC magnetron piiskiirtme yontemi ile esnek ITO/PET
alttaslar lizerine farkli kalinliklarda (25, 50, 75 ve 100 nm) kaplanan NbyOs ince filmlerin
yapisal, morfolojik ve optik Ozellikleri sirasiyla SIMS, AFM ve UV-Vis spektrometre

Olctimleri ile incelendi.

2. YONTEM

Nb2Os ince filmler esnek ITO/PET alttaslar tizerine reaktif DC magnetron piiskiirtme yontemi
(Nanovak, NVTS-500) ile kaplandi. Kaplamalarda 2 ing. ¢apinda %99.9 saflikta metalik Nb
hedef kullanildi. Tiim kaplamalar oda sicakliginda, 10 mTorr Ar gaz basincinda 5 rpm
dondiirme hizi ile yapildi. Reaktif kaplama i¢cin %20 oraninda Oksijen (O2/(O2+Ar)) gazi
kullanildi. ince film kalinlig1 degisiminin kaplamaya olan etkisini anlayabilmek amaciyla, 25,
50, 75 ve 100 nm kalinliklarda sirasiyla CTS-1032, CTS-1034, CTS-1035 ve CTS-1036
olarak isimlendirilen numuneler elde edildi. Filmlerin kalinliklar1 biiyiitme siiresince igeride
bulunan kalinlik sensorii ile takip edildi ve numuneler disart ¢ikartildiginda kalinliklar
Dektak 150 profilometre cihazi kullanilarak teyit edildi. Elde edilen Nby,Os ince filmlerin
yapisal, optik ve morfolojik analizleri sirasiyla SIMS, UV-Vis Spektrometre ve AFM
Olgtimleri ile arastirildi. SIMS &lglimlerinde Nb kiitlesinin takibi i¢in O, (oksijen) ve O
kiitlesinin takibi i¢in ise Cs (Sezyum) iyon tabancalari kullanildi. O, tabancasi i¢in, 4000 V
iyon enerjisi ve 350 nA 1sin akimi; Cs tabancasi i¢in 5 keV iyon enerjisi ve 30 nA 1sin akimi
ayarlandi. ikincil iyonlar ise kiitle spektrometresi yardimi ile 100-1000 pm? merkezi krater
alanindan toplandi. AFM ol¢timleri 3x3 umz tarama alanindan alindi. Gegirgenlik ve yansima
Olciimleri 200-1100 nm dalgaboyu araliginda alindi. Ek olarak, elde edilen sogurma

spektrumundan filmlerin yasak enerji araliklar1 da belirlendi.

3. BULGULAR

Sekil 1’de esnek ITO/PET alttaslar tizerine 25, 50, 75 ve 100 nm kalinliklarda kaplanan
Nb2Os ince filmlerin SIMS derinlik profilleri goriilmektedir. Nb,Os ince filmlerin hedeflenen
film kalinliklarinda basarildig1 ve film kalinlig1 boyunca diizgiin Nb ve O atomik dagilimina
sahip oldugu goriildii. En diizgiin dagilima sahip numune CTS1035 (75 nm) kodlu numunedir.
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Sekil 1. Esnek Nb,Os filmlerin SIMS derinlik profilleri

Sekil 2’de UV-Vis gegirgenlik 6lgiim verileri kullanilarak ¢izilen Gegirgenlik-Dalgaboyu ve
(o*hv)’Foton Enerjisi grafikleri goriilmektedir. Numunelere ait gecirgenlik grafigi
incelendiginde, 75 nm kalinlikta olan esnek Nb,Os ince filminin 400-700 nm dalgaboyu
araliginda %70 optik gecirgenlige sahip oldugu goriilmektedir. Filmin sogurma
spektrumundan yasak enerji aralif1 (Egap) yaklasik 3.5 eV olarak belirlendi. Belirlenen yasak
enerji araliginin literatiirle uyumlu oldugu goriildi (Shimizu vd. 2005).
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Sekil 2. Esnek Nb,Os filmlerin UV-Vis gegirgenlik spektrumu ve sogurma egrisi

Sekil 3’de UV-Vis yansima 6lglim verileri kullamilarak ¢izilen Yansima-Dalgaboyu grafigi
goriilmektedir. SIMS analizlerinden bilindigi gibi en diizglin atomik dagilima sahip olan
CTS1035 (75 nm) kodlu numunenin optik yansiticilik degerinin 400-1000 nm araliginda

ortalama %10 civarina diistigli goriilmektedir. Yiizeyi kaplanmamis Si ve GaAs alttaslarin
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400-1000 nm araliginda ortalama optik yansiticilik degerinin %46 oldugu bilindigine gore, bu
calismada gelistirilen ince filmin yansima Onleyici olarak kullanilabilir oldugu

anlagilmaktadir.
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g 38
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Sekil 3. Esnek Nb,Os filmlerin UV-Vis yansima spektrumu

Sekil 4’de en kaliteli oldugu belirlenen CTS1035 (75 nm) kodlu numunenin 3x3 um?® lik
alanda alman 3D AFM goriintiisii sunuldu. Goriintiideki yiikselti yiizeyin yapisindan degil,
yiizey lizerindeki toz partikiillerinden kaynaklidir. Nb,Os ince filminin yiizeyinin homojen
oldugu ve yiizeyde herhangi bir derinlik defekti goriilmemektedir. Ayrica, bu film 1.2 nm gibi
oldukca diisiik bir RMS degerine sahiptir.

0.0

Sekil 4. CTS1035 (75 nm) kodlu esnek Nb,Os filmin 3D AFM goriintiisii

4. SONUC

Plskiirtme Teknigi ile esnek ITO/PET alttaslar tizerine 25, 50, 75 ve 100 nm kalinliklarda
kaplanan Nb,Os ince filmlerden 75 nm kalinlikta biiyiitiilen numunenin en iyi yapisal ve optik
ozelliklere sahip oldugu goriildii. 75 nm kalinlikli NbyOs ince filmi 400-700 nm’de %70
gecirgenlige, 400-1000 nm’de %9 dolayinda yansiticiliga, 3.5 eV yasak enerji araligina ve 1.2
nm RMS’e sahiptir. Esnek alttag lizerinde kalinlik optimizasyonu yapilan NbyOs filminin

opto-elektronik uygulamalar i¢in kullanilabilir bir malzeme oldugu goriildii.
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Abstract

In this study, the net power outputs, energy and exergy efficiencies of the Organic Rankine cycle was
investigated for different operating parameters and working fluids. The geothermal resource
temperature and mass flow were accepted as 406.15 K and 462 kg/s, respectively. The geothermal
re-injection temperature was changed between 335.15 K and 353.15 K. The R 1233zd, R 600, R 245 fa
and R 236 fa were used as a working fluid for the different operating parameters of geothermal
powered ORC. As a result of this study, the exergy efficiency of the system was increased with the
decrease of the heat exchanger outlet flow temperature and the inlet pressure of turbine and
increase of the outlet pressure of the turbine. The energy efficiency and the net power output of the
system were increased with the increase of the heat exchanger outlet flow temperature and the inlet
pressure of turbine and decrease of the outlet pressure of the turbine. The R 600 was identified as
the most effective working fluid in terms of exergy efficiency. In terms of energy efficiency, the most
effective working fluids were determined as R 600 for turbine inlet pressure higher than 1500 kPa
and R 1233zd for low pressures. The maximum net power output of the system was determined as
33329.61 kW.

Keywords: Organic Rankine Cycle, Energy, Exergy, Geothermal.

1. Introduction

Low-temperature geothermal heat resources are used with binary cycles because of the electricity
conversion efficiency of the steam power plant is low at low well enthalpies (Valdimarsson, 2011).
The ORC is the one type of the binary cycle which is used an organic working fluid (Walraven et. al.,
2013). In literature, the ORCs are investigated according to the energy, exergy and economic analysis
for different design parameters working fluids.

Fiaschi et. al. (2017) investigated the performance of Kalina Cycles and ORC according to the energy
and exergo-economic analysis for low and medium temperature geothermal heat resources. Also,
they compared the ORC for different working fluids and working parameters. It is mentioned that the
highest exergy efficiency obtained for the ORC with n-octane/n-pentane mixture for high
temperature resources. In the other hand, they determined the Kalina cycle more effective than ORC
for low temperature heat resources (Fiaschi; 2017). Radulovic (2014) evaluated the thermal
efficiency, exergy efficiency and net power output of super critical ORC with different working fluids.
The R-134a was determined the most effective working fluid for supercritical ORC according to the
exergy efficiency (Radulovic; 2014). Sadaghiani et. al. (2018) investigated the performance of
combined ORC and Kalina cycle which was powered with geothermal resource and LNG. Some
modifications were done as a result of the energy and exergy analysis of the combine system. After
the modifications, the exergy efficiency of each power unit increased from 13,25% to 26,13%
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(Sadaghiani et. al.; 2018). Han et. al. (2017) investigated the effect of superheating, working fluids
and the design parameters on the thermodynamic and economic performance of regenerative ORC
which was powered with waste flue gas at 160°C. According to the thermodynamic and economic
analysis, the most effective working fluid was determined as butane at the optimal evaporation
temperature of 100°C (Han et. al.; 2017).

In this study, the net power outputs, energy and exergy efficiencies of the geothermal powered
Organic Rankine cycle is investigated for different operating parameters and working fluids according
to the thermodynamic analysis. Determination of working fluid is important for the design of the
optimum cycle parameters because of critical temperature and pressure of the working fluids. The R
1233zd, R 600, R 245 fa and R 236 fa are used as a working fluid for the different operating
parameters of geothermal powered ORC.

2. Materials and methods
2.1. System description

Flow diagram of geothermal powered ORC system was given in Fig. 1. As seen in Fig. 1, the working
fluid enters the heat exchanger (H.E.) and takes the heat of geothermal fluid. Then, the working fluid
enters to the turbine where power is produced. It enters the air-cooled condenser and leaves as
saturated liquid. The R 1233zd, R 600, R 245 fa and R 236 fa are used as a working fluid in ORC. The
ORC parameters are designed parametrically according to the geothermal energy heat source
temperature. The geothermal resource temperature and mass flow were accepted as 406.15 K and
462 kg/s, respectively. The geothermal re-injection temperature was changed between 335.15 K and
353.15 K. The properties of the system units are given in Table 1. The thermodynamic properties of
R 1233zd, R 600, R 245 fa and R 236 fa are determined by Reference Fluid Thermodynamic and
Transport Properties Database (REFPROP).

Figure 1. Flow diagram of geothermal powered ORC.
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Table 1. Properties of system units (Arslan; 2008).

nr Isantropic efficiency of turbine 0.85

NG Efficiency of generator 0.99

np Isantropic efficiency of pump 0.90
NHE Efficiency of heat exchanger 0.98

wf Working fluid R-1233zd, R-600, R-245fa, R-236fa

2.2. Thermodynamic modeling
Several assumptions are used to simplify the thermodynamic analysis of the geothermal energy
powered ORC;

e The geothermal energy powered ORC is under steady-state conditions
e Pressure drops in components and pipes are neglected.
e Kinetic and potential energy effects are negligible
e The reference state is 298 K and 101.325 kPa.
The governing energy equations of the geothermal powered ORCs are obtained as follows.

The power output of the turbine;

Wr = 1y, - (hop — hag) (1)
The electric power of the generator;

Ws =16 Wr (2)
The power consumption occurring in the pump;

Wp = 1« (haq — hae) (3)
The energy of the geothermal heat exchanger;

Qgr = myr - (hip — hug) * Mg = s * (haq — hog) (4)
The net power output of the system is given as;

Wnet = WG - WP (5)
The energy efficiency of the system calculated as;

77 — Wnet
ng
The exergy balance equation for steady systems is given by the following equation:

EXheat - Exwork + EXm,i - EXm,o = EXdest (7)

where the exergy terms occurred by heat, work, solar radiation exergy and mass flow are given as
following:
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Btpoar = Z(1-72) - Qi (8)
Ywork = W (9)
Ex,,; = %1y i (10)
Ex,, , = X1, ", (11)

here 1 indicates the physical exergy term and given as:

Y=(h—hy) =Ty (s—5p) (12)

where h is enthalpy, s is entropy, and the subscript zero indicates properties of fluids at the dead
state.

The exergetic efficiency of system is then calculated by the following equation;

Wnet

i — 1
€= Gy Gh1a—¥15) (13)

3. Results and Discussion

According to the energy analysis of the geothermal powered ORC, energy efficiencies of the system
for different working fluids were determined. Handling the operating parameters as P,,=1000 kPa,
T14,=353,15 K, T;,=406,65 K, the change of the energy efficiency with different working fluids
temperatures at heat exchanger outlet was obtained as seen in Fig. 1.

Figure 1. The variation of n versus T,,.
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As seen in Fig. 1, the energy efficiency values of the geothermal powered ORC increase by the
increase of the working fluids temperatures at heat exchanger outlet. The energy efficiency of the
purposed system ranges between 0,01 and 0,05. The highest energy efficiency was calculated for the
working fluid R-600. Handling the operating parameters as P,,=400 kPa, T;,=353,15 K, T;,=406,65 K,
the change of the energy efficiency with different working fluids pressures at turbine inlet was
obtained as seen in Fig. 2.
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Figure 2. The variation of n versus P,,.
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As seen in Fig. 2, the energy efficiency values of the geothermal powered ORC increase by the
increase of the working fluids inlet pressures of turbine. The energy efficiency of the purposed
system ranges between 0,03 and 0,11. The highest energy efficiency was calculated for the working
fluid R-600 for turbine inlet pressure higher than 1500 kPa and R 1233zd was the highest energy
efficiency for low pressures than 1500 kPa. Handling the operating parameters as P,,=1600 kPa,
T1,=353,15 K, T,,=406,65 K, the change of the energy efficiency with different working fluids
pressures at turbine outlet was obtained as seen in Fig. 3.

Figure 3. The variation of 1 versus Pyy,.
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As seen in Fig. 3, the energy efficiency values of the geothermal powered ORC increase by the
decrease of the working fluids pressures at turbine outlet. The energy efficiency of the purposed
system ranges between 0,01 and 0,14. The highest energy efficiency was calculated for the working
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fluid R-1233zd for turbine outlet pressure of 150 kPa. Handling the operating parameters as
T,,=398,15 K, P,,=1000 kPa, T;,=406,65 K, the change of the energy efficiency with geothermal fluid
temperature at heat exchanger outlet was obtained as seen in Fig. 4.

Figure 4. The variation of n versus Tyy,.
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Fig. 4 shows that the energy efficiencies of the geothermal powered ORC constant with the change of
the geothermal fluid temperature at heat exchanger outlet for same working fluid. The energy
efficiency of the purposed system ranges between 0,02 and 0,06. The highest energy efficiency was
calculated for the working fluid R-600. Taking the P,,=400 kPa, T,,=353,15 K, T,,=406,65 K constant,
the change of exergy efficiency with temperature of working fluids at turbine outlet was obtained as
seen in Fig. 5.

Figure 5. The variation of € versus T,,.
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As seen in Fig. 5, the exergy efficiency values of the geothermal powered ORC increase by the
increase of the working fluids temperatures at heat exchanger outlet. The exergy efficiency of the
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purposed system ranges between 0,02 and 0,16. The highest energy efficiency was calculated for the
working fluid R-600. Handling the operating parameters as P,,=400 kPa, T,,=353,15 K, T,,=406,65 K,
the change of the exergy efficiency with different working fluids pressures at turbine inlet was
obtained as seen in Fig. 6.

Figure 6. The variation of € versus P,,.
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As seen in Fig. 6, the exergy efficiency values of the geothermal powered ORC increase by the
increase of the working fluids pressures at turbine inlet. The exergy efficiency of the purposed
system ranges between 0,10 and 0,35. The highest exergy efficiency was calculated for the working
fluid R-600 for turbine inlet pressure higher than 1500 kPa and R 1233zd was the highest exergy
efficiency for low pressures than 1500 kPa. Handling the operating parameters as P,,=1600 kPa,
T14,=353,15 K, T;,=406,65 K, the change of the exergy efficiency with different working fluids
pressures at turbine outlet was obtained as seen in Fig. 7.

Figure 7. The variation of € versus Psy,.
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As seen in Fig. 7, the exergy efficiency values of the geothermal powered ORC increase by the
decrease of the working fluids pressures at turbine outlet. The exergy efficiency of the purposed
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system ranges between 0,02 and 0,44. The highest exergy efficiency was calculated for the working
fluid R-1233zd for turbine outlet pressure of 150 kPa. Handling the operating parameters as
T,,=398,15 K, P,,=1000 kPa, T;,=406,65 K, the change of the exergy efficiency with geothermal fluid
temperature at heat exchanger outlet was obtained as seen in Fig. 8.

Figure 8. The variation of € versus Tyy,.
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Fig. 8 shows that the exergy efficiencies of the geothermal powered ORC increase by the decrease of
the geothermal fluid temperature at heat exchanger outlet. The exergy efficiency of the purposed
system ranges between 0,08 and 0,26. The highest exergy efficiency was calculated for the working
fluid R-600. Taking the P,,=400 kPa, T,,=353,15 K, T;,=406,65 K constant, the change of net power
output of the system with working fluids temperature at turbine outlet was obtained as seen in Fig.
9.

Figure 9. The variation of W,.; versus T5,.
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As seen in Fig. 9, the net power output values of the geothermal powered ORC increase by the
increase of the working fluids temperatures at heat exchanger outlet. The net power output of the

March 21-23, 2019 ANTALYA-TURKEY Page 103



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-IV

purposed system ranges between 1114,38 kW and 1338,38 kW. The highest net power output was
calculated for the working fluid R-600. Handling the operating parameters as P,,=400 kPa, T,,=353,15

K, T1,=406,65 K, the change of net power output with different working fluids pressures at turbine
inlet was obtained as seen in Fig. 10.

Figure 10. The variation of W, versus P;,.
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As seen in Fig. 10, the net power output values of the geothermal powered ORC increase by the
increase of the working fluids inlet pressures of turbine. The net power output of the purposed
system ranges between 6278,43 kW and 22924,03 kW. The highest net power output was calculated
for the working fluid R-600 for turbine inlet pressure higher than 1500 kPa and R 1233zd was the
highest net power output for low pressures than 1500 kPa. Handling the operating parameters as
P,,=1600 kPa, T;,=353,15 K, T,,=406,65 K, the change of the net power output with different working
fluids pressures at turbine outlet was obtained as seen in Fig. 3.

Figure 11. The variation of W, versus P,y,.
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As seen in Fig. 11, the net power output values of the geothermal powered ORC increase by the
decrease of the working fluids pressures at turbine outlet. The net power output of the purposed
system ranges between 1198,85 kW and 28470,68 kW. The highest net power output was calculated
for the working fluid R-1233zd for turbine outlet pressure of 150 kPa. Handling the operating
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parameters as T,,=398,15 K, P,,=1000 kPa, T;,=406,65 K, the change of the net power output with
geothermal fluid temperature at heat exchanger outlet was obtained as seen in Fig. 12.

Figure 12. The variation of Wy, versus Ty,.
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Fig. 12 shows that the net power output of the geothermal powered ORC increase by the decrease of
the geothermal fluid temperature at heat exchanger outlet. The net power output of the purposed
system ranges between 5211,67 kW and 17183,09 kW. The highest net power output was calculated
for the working fluid R-600.

4, Conclusion

The most effective system parameters were determined as T;,=353,15 K, T,,=398,15 K, P,,=150
kPa and R 1233zd as a working fluid. The energy and exergy efficiencies of the geothermal powered
Organic Rankine Cycle was calculated as 0,14 and 0,44, respectively. The net electrical energy
production of the geothermal powered Organic Rankine Cycle was calculated as 28470,68 kW.

The highest net power output, energy and exergy efficiencies were calculated for the working fluid R-

600 for turbine inlet pressure higher than 1500 kPa and R 1233zd for low pressures than 1500 kPa.

Nomenclature

Ex Exergy (kW)

h Specific enthalpy (klkg™)
m Mass flow (kgs™)

0 Heat energy (kJ s™)

T Temperature (K)

|14 Power (kJ s™)

€ Exergy efficiency

1) Specific exergy (kJ kg™)
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Vi Energy efficiency
Subscripts

G Generator

gf Geothermal fluid
m, i Inlet mass flow
m,o Outlet mass flow
P Pump

wf Working fluid

T Turbine
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OZET

Pyroelektrik materyal dizinlerinden olusan sogutmasiz termal kameralar veya KO
goriintiileme sistemleri bir ortamdaki cesitli nesnelerin termal 1s1nimindaki farkliliklar algilar.
8-12 um spektral araliginda ¢alisan bu dedektorler, 1sinimdaki bu farkliliklarr elektriksel
sinyale dontistiirerek ortamdaki nesneleri gorsel bir goriintiiye doniistiiriir. Dedektor aktif
alan1 lizerindeki sicaklik degisimi, payroelektrik etki olarak bilinen, elektriksel kutuplanmaya
neden olur; bu sinyal dedektériin calisma prensibini olusturur. Dedektér ¢ipi iizerinde KO 1s1l
degisim, 151g1n modiilasyonu ile saglanabilir. Pyroelektrik etki i¢in 15181in modiilasyonu, opto-
mekanik 151k modiilatorleri (OMIM) veya 151k kiyicr ile saglanabilmektedir. Cesitli tiplerde
iretilebilen ve 151k kiyict (chopper) da olarak adlandirilan 151k modiilatorlerinden biri, ilgili
spektral bolgede 1s1n1m1 gegiren malzemeden iiretilen ve 1g1n1m1 azaltan bdlgelere sahip opto-
mekanik modiilatorlerdir. Modiilator belirli bir frekansta dondiiriilerek, goriintii kalitesini
bozmayacak sekilde 1s181n dedektor dizinleri {izerini siniizoidal olarak diismesini saglamalidir.
Bu caligmada, aktif malzeme olarak Ge ve Si ince dilimlerin kullanildig1 151k kiyier diskler
gelistirildi. Disklerin yiizeylerinde KO 1sinimi modiile etmek amaciyla, es odakl iki
Archimedean spiral egrinin sinirladig1 yiizey tasarimi gelistirildi. Modiilator diskleri, bu spiral
yiizey bolgesinin alt1 koseli geometride, 1s1l yayiciligr yliksek metal reflektér malzemesinin
kaplanmasi ile olusturuldu. Reflektor dizinlerinin agik ve kapali alanlarinin orani ve dizinlerin
kalinliklar1 10 um 1s1mim dalgaboyu dikkate alinarak belirlendi. Gelistirilen disklerin ylizeyi,
yansima Onleyici metal-oksit ince film ile kaplanarak, 8-12 um’de dedektor dizini tizerine
diisen 151n1m siddeti uygun araliga yiikseltildi. Ozgiin tasarimla gelistirilen opto-mekanik 151k
modiilatorii i¢in Ge ve Si modiilator disklerinin optik verimlilikleri belirlendi. Yapilan testler
sonucunda, ucuz iiretim teknigi ile gelistirilen opto-mekanik KO 1sik modiilatorlerin

sogutmasiz termal kameralar i¢in uygun oldugu degerlendirildi.
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Anahtar Kelimeler: Pyroelektrik, Sogutmasiz termal kamera, Istk modiilatérii, KO, Ince
Film

ABSTRACT

Un-cooled thermal detectors or IR imaging systems consisting of pyroelectric material arrays
detect the differences in the thermal radiation of various objects in an environment. Thermal
detectors operating in the 8-12 um spectral range convert these differences in radiation into
electrical signals and transform them into a visual image of the environment. The temperature
changes on the detector active area causes electrical polarization, which is known as the
pyroelectric effect, and this generated signal constitutes the working principle of the detector.
The IR thermal change on the detector chip can be achieved by modulating the light.
Modulation of light to generate the pyroelectric effect can be achieved by opto-mechanical
light modulators (OMLM) or light chopper. A kind of the light modulators, called chopper,
which can be produced in various types, is opto-mechanical modulators which are produced
from the radiation-permeable materials in the respective spectral region and have radiation-
reducing zones. The modulator should be rotated at a specific frequency to ensure that the
light drops sinusoidally onto the detector arrays so as not distorting the image quality. In this
study, light chopper discs were developed as active material using Ge and Si thin slices. In
order to modulate the IR radiation, a region on the surface was designed by two Archimedean
spiral curves. The modulator discs were fabricated by coating of the metal reflector material
having high emissivity onto this region with a hexagonal geometry. The ratio of the optically
open-closed areas of the reflector arrays and the thickness of the arrays were determined by
considering the 10 um wavelength. The optical efficiencies of the developed Ge and Si
modulator discs of the opto-mechanical light modulator were determined. As a result of the
tests, it was evaluated that opto-mechanical IR light modulators developed with cheap
production technique were suitable for uncooled thermal imaging applications.

Key Words: Pyroelelectric, Uncooled termal detector, Light modulator, IR, Thin films
1. GIRIS

Optik kiyicilar veya modiilatorler, 151k 1sinlarini diizenli-sabit zaman aralikli veya diizensiz
olarak degistirmek ve kesmek i¢in kullanilan cihazlardir. Optik modiilatorlerin tasarimi,

kullanilan teknolojilere bagli olarak siv1 kristal optik kesici, doner diskler, hareketli paletler
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i

seklinde olabilmektedir. Optik modiilatériin frekansindaki degisimlere baglh olarak modiile
edilen 1smimin frekansi degisebilmektedir [Giraldo vd. 2017; Duma vd. 2017). Ayrica,
dedektorde giiriiltii oran1 da modiilasyon frekansina bagli olarak optimize edilmelidir (Pintilie
vd. 2017). Optik modiilatorler bir¢ok elektro-optik uygulamada sistemlerin temel bilesenleri
arasinda yer almakta ve giincel olarak gelisimi de devam etmektedir. Isik modiilatérlerinin
kritik teknolojiler arasinda yer alan sogutmasiz pyroelektrik termal kameralarda kullanimi
ayr1 bir éneme sahiptir (Hu vd. 2010). Ayrica KO 151k modiilatdrleri, otomotiv endiistrisi,
medikal Ol¢iim sistemleri, yiliksek sicaklik endiistriyel prosesler, uzay ve savunma
sistemlerinde uygulama alan1 olan mikro-bolometre KO dedektorlerde de kullanilmaktadir
[Sumesh vd, 2013]. Uzerine diisen KO 1smnimin siddetinin degismesi diger ifade ile 1s11 etkinin
degisimi pyroelektrik malzemenin dielektrik sabitini ve elektriksel polarizasyon durumunu
degistirir (Jayalakshmy vd. 2014). Bu sicaklik degisimi belirli bir frekansta gerceklestiginde,
malzeme lizerinde bir DC sinyal meydana gelir. Bu sayede olusan elektriksel kutuplanma ve
polarite degisimi oda sicakliginda ¢alisan sogutmasiz pyroelektrik dedektorlerin temel ¢alisma
prensibini olusturmaktadir. Nesneden yayilan KO 1smimin termal kamera ciplerinin iizerine
modiile edilerek distiriilmesi, dedektor ylizeyine isinimin farkli siddetlerde ulagsmast 11k
kiyict bir optik diskin dénmesi seklinde olusturulan opto-mekanik 151k modiilatorii (OMIM)
ile saglanmaktadir (Pintilie vd. 2017). Yiizeyi KO 1s11im i¢in seffaf (agik) ve yari-seffaf (yari-
acik) nitelikte olan optik disk bir hassas motor ile dondiiriilerek, dedektor iizerinde periyodik
151 (ya da KO 1smmm) farklihg olusturmasi gergeklesmektedir. Disk altma yerlestirilen
dedektor cipi, diskin belirli frekansta donmesi ile optik acik/kapali (veya yar1 agik) bolgeler
sayesinde farkli KO 1sintma maruz kalacak ve bu farklilik cip iizerinde termal degisim
olusturacaktir. Bu degisim dedektoriin, pyrolektrik Ozellik gostererek elektriksel
kutuplanmasima ve goriintiiye doniisebilecek sinyal iiretmesine imkan verecektir. Isik
modiilatorii lizerindeki kapali diger ifade ile optik gecirgenligi diisiik bolge, dedektor ¢ipinin
disk altinda olabilecegi pozisyon dikkate alinarak optik ve geometrik tasarimi
gerceklestirilmelidir. Literatiirde bu bolge i¢in cesitli geometriler ve bolge yilizeyinde farkli
tasarimlarla olusturulmus 151k yolu yapilar1 bulunmaktadir. Geometrik tasarimlardan en
yaygini Archimedian spiral egrilerin siirladigi  alan seklindedir. Uretilen diskleri
farklilagtiran, bu bolgenin farkli geometrik sekli, ylizeyde olusturulan desen, desenin

geometrisi ve desenleme i¢in kullanilan malzeme farkliliklaridir.

Bu calismada, KO bolgede c¢alisan sogutmasiz termal kameralar igin 151k modiilatorii

gelistirme ¢alismalarina baslangi¢ teskil eden 6zgiin bulgular sunuldu. Si ve Ge dilimler

il
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iizerinde 15181 modiile etmek amaciyla iki Archimedian egriyle sinirlandirilmis spiral alan
tasarlandi. Diskin her iki yilizeyi 8-12 um spektral bolge i¢in yansima dnleyici malzeme olarak
TiO, ince filmi ile kaplandi. Optik olarak kismi kapali bolge seklinde tasarlanan yiizeyi KO
1sinim1 kismen yansitacak/gecirecek sekilde altigen geometride metalik maske iiretildi. Optik
olarak yaklagik yari agik olan bu alan KO yansiticih@ yiiksek Ag filmi ile kaplandi.
Gelistirilen optik modiilator diskinin 2-15 pm araliginda optik gegirgenligi FTIR
spektrometresi ile belirlendi.

2. YONTEM

KO 1s1n1m modiilatorii diski, optik agik bolge fiziksel olarak acik ya da fiziksel kapali ancak
ilgili spektral 1s1mim1 geciren bir bolge; kapali (ya da yar1 kapali) bolge ise fiziksel olarak
kapal1 ancak yiizeyinde olusturulan kaplama nedeniyle KO 1s1nimm bir kismin1 gegiren bolge
olacak sekilde tasarlandi: 8-12 um bélgesinde calisan KO dedektorler icin 151k kiyicr disk
malzemesinin, bu bolgede %45°den biiylik optik gecirgenliklerinden dolayi, 70 mm ¢apli Sb
katkili Germanyum ve katkisiz Silisyum kristallerinden segildi. Kristallerin yiizeyinde
Sekil.1a’da gosterilen spiral egrilerle sinirlandirilmis bdlgenin tasarimi, diskin belirli bir
frekansta dondiiriilmesi sayesinde diskin altina yerlestirilecek dedektor ¢ipinin spiral alan
(yan seffaf) altindan seffaf alandan gelen 1ginimdan etkilenmesi dikkate alinarak yapildi. Bu
bolgenin, KO 151810 %40-50 oraninda gegirmesine imkan verecek sekilde altigen geometriye
sahip Sekil 1b’de goriilen desenler tasarlandi. Bu desenler, lazerle islenerek 1 mm kalinlikli

paslanmaz gelik iizerine aktarilarak metal maske tiretildi.

(b)

Sekill. (a) Spiral egrilerle sinirlandirilmis metalik maske (b) altigen geometride tasarlanmis

yari-gecirgen desen.

Si ve Ge dilimler iizerindeki Archimedyan spiral alan iizerine, gelistirilen metakik maske

konarak, termela buharlastirma sistemsinde 8 pum kalinliginda Ag filmi kaplandi. Dilimlerin
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her iki yiizeyine, yansima Onleyici olarak 300 nm kalinlikli TiO2 ince filmleri RF magnetron
puskiirtme yontemi (Nanovak, NVTS-500) ile kaplandi. Kaplamalarda 2 ing. ¢apinda %99.99
saflikta TiO2 hedef kullanildi. Tiim kaplamalar oda sicakliginda, 30 mTorr Ar islem gazi
basincinda ve 5 rpm alttas dondiirme hiz1 ile gergeklestirildi. Hedef alttag aras1t mesafe 11 cm
olarak sabitlendi. TiO2 filminin kalinlig1 biiyilitme siiresince igeride bulunan kalinlik sensorii
ile belirlendi. Gelistirilen modiilatér disklerinin KO bélgede optik gecirgenlikleri FTIR
(Vertex-80, Bruker) ile 6l¢iildii.

3. BULGULAR
Sekil 1’de gosterilen altigen desenlerden olusturulan Acrhimedian spiral geometrideki maske
kullanilarak yontem kisminda tarif edilen siireglerle ylizey kaplamalari yapilan Ge ve Si

kristal dilimler kullanilarak, KO modiilatér diskleri Sekil 2°de gosterildi.

Sekil 2. Gelistirilen Ge ve Si KO 151k modiilator diskleri

Ge ve Si dilimler kullanilarak gelistirilen KO modiilator disklerinin optik gecirgenlikleri Sekil
3’de gosterildi. Disklerin desensiz (optik olarak acik) ve desenli (Archimedyan spiral)
bolgelerinin ortalama optik gegirgenlik degerleri 8-12 um araliginda Ge igin, sirasiyla, %72
ve %40 olarak elde edildi. Si modiilatér diski i¢in bu degerler, sirasiyla %70 ve %30

dolayinda oldugu goriildii.
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Sekil 2. Gelistirilen modiilator diskinin KO optik gecirgenlik spektrumu

Gelistirilen Ge modiilatoriiniin optik gecirgenlik degerinin 10-12um araliginda bir miktar
azalmasi, kaplanan TiO; filminin kalinlg: ile iliskilidir. Film kalinhig: artirilarak KO termal
kameralarin ¢aligma bolgesi olan 8-12 um’de optik gecirgenlik degeri homojen olarak elde
edilebilir. Oda sicakliginda kaplanan TiO2 filminin anataz fazda oldugu bilinmektedir.
TiO2’nin kirllma indisi 10 um’de 1.4 dolayindadir. Si tek-kristalinin bu dalgaboyundaki
kirllma indisinin 3.42 oldugu dikkate alindiginda, TiO2 filminin Si ig¢in yansima onleyici
olarak kullanimi, kirilma indisi 4.0 civarinda olan Ge’a gore daha uygundur. Ge diskin
yiizeyinin kirilma indisi 10 pm’de 2.20 olan ZnS filmi ile kaplanmasi halinde 8-12 um
araliginda  %90’in  lizerine c¢ikarilmast miimkiindiir. Isitk  modiilatorii  acisindan
degerlendirildiginde hem Ge hem de Si disklerin spiral bolgesinde KO 1sinmmi 8-12um
araliginda %45 civarinda azalttig1 goriilmektedir. Bu degisim, pyroelektrik dedektor iizerinde
AC  sinyal olusturabilecek  yeterli  elektriksel  kutuplanmayr  saglayabilecegi

degerlendirilmektedir.

4. SONUC

Bu calismada, sogutmasiz pyroelektrik termal kameralar igin KO 151k modiilatérlerinin
gelistirilmesi kapsaminda yapilan o6n ¢alismalar sunuldu. Bu dogrultuda, sogutmasiz
pyroelektrik termal kameralarda, pyroelektrik etkiyi olusturmak amaci ile KO 15181 modiile
edebilecek modiilator diskleri 6zgilin tasarim ve kaplamalar ile gelistirildi. Bir baslangic
calismasi olarak iiretilen modiilatér disklerinin 8-12um araliginda KO optik gecirgenliklerinin

desensiz ve desenli bolgedeki %45 dolayindaki farkliliklari, gelistirilen Ge ve Si
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modiilatorlerin sogutmasiz pyroelektrik dedektorler igin uygun olabilecegi Onerilmektedir.
Calismalarimiz, modiilatdr diskleri iizerindeki KO 1smim icin yari-agik bdlgenin litografik
stireglerle gelistirilerek sogutmasiz dedektor ile dogrulama testlerinin yapilmasi hedefli olarak

devam etmektedir.

Tesekkiir:
Bu ¢alisma Alkan Teknoloji Elektronik San.Tic.Ltd.Sti. tarafindan desteklenmistir.
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ABSTRACT

In the present study, some novel 3-(benzyloxy)penta-1,4-diene-1,5-diyl)dibenzene derivatives
have been investigated computationally. The study consist of two parts. In the first part of the
study, some Density Functional Theory (DFT) calculations have been performed on the
investigated compounds. Geometry optimizations, frequency analyses, frontier molecular
orbitals and molecular electrostatic potential map calculations have been performed at
DFT/B3LYP level of theory with the use various basis sets, including 6-31G(d), 6-31G(d,p),
6-311+G(d,p) and 6-311+G(2d,p) basis sets. In the second part of the study, molecular
docking calculations have been performed on the title compounds and various proteins
including AChE, BChE and HSP90A N-Terminal domain. Binding affinities have been
determined and results showed that title compounds exhibit good binding affinity especially
for HSP90A N-terminal domain.

Keywords: computational chemistry, DFT, molecular docking, chalcone, benzyl ether,
AChE, BChE, HSP90A

INTRODUCTION

Chalcones and their derivatives are important compounds in organic and pharmaceutical
chemistry. They can act as anticancer, antitubercular, antiviral, antifungal, antibacterial agents
etc. [1-13] Chalcones can be synthesized via the Claisen-Schmidt condensation between a
ketone and an aldehyde. A typical chalcone structure is given in Fig.1.

O

T
Fig. 1. A typical chalcone structure.

In this study, 3-(benzyloxy)penta-1,4-diene-1,5-diyl)dibenzene derivatives, which are the
benzyl ether forms of 1,5-diphenylpenta-1,4-dien-3-one have been investigated
computationally. General structure of the investigated chalcone and its benzyl ether
derivatives are given in Fig. 2.
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‘ N = O Comp. Ar
1 phenyl

1,5-diphenylpenta-1,4-dien-3-one 2 2-chlorophenyl
3 4-chlorophenyl
Ar 4 2-bromophenyl
I\O 5 4-bromophenyl
6 2-fluorophenyl
O N ~ ‘ 7 4-flucrophenyl
8 2 ,4-dichlorophenyl
3-(benzyloxy)penta-1,4-diene-1,5-diyl) 9 3,4-dichlorophenyl

dibenzene derivatives
Comp. 1-10
Fig.2. General structure of the investigated chalcone and its benzyl ether derivatives.

10 2,6-dichlorophenyl

THEORETICAL CALCULATIONS

DFT calculations have been performed on the title compounds at DFT/B3LYP level of theory
with the use of 6-31G(d), 6-31G(d,p), 6-311+G(d,p) and 6-311+G(2d,p) basis sets. In this
part, geometry optimizations, single point energy calculations, frequency analyses, frontier
molecular orbital calculations and molecular electrostatic potential map calculations have
been performed. Before performing geometry optimizations, conformer search calculations
have been performed and the obtained structures have been used as initial geometries. All
calculations have been performed using Gaussian 09 Rev. D01. [14] Avogadro 1.1.1 [15]
software was used for the conformational searches and GaussView 5.09 [16] was used for the
visualization of the computational results. Optimized geometries of the compounds 1-10 are
given in Fig.3. Single point energies of the title compounds have been calculated and are
given in Table 1.

Table 1. Single point energies of the investigated compounds.
Comp. SPE (hartree) Comp. SPE (hartree)

1 -1003.2722 6 -1102.5433
2 -1462.8985 7 -1102.5435
3 -1462.8974 8 -1922.5225
4 -3576.8121 9 -1922.5176
5 -3576.8113 10 -1922.5186
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A comp.10

Fig. 3. Optimized geometries of the investigated compounds at DFT/B3LYP 6-311+G(2d,p)
level of theory.

Frequency analysis were also carried out at DFT B3LYP level of theory using 6-31G(d), 6-
31G(d,p), 6-311G(d,p) and 6-311+G(2d,p) basis sets and calculated IR spectra of compound 1
at DFT/B3LYP 6-311+G(2d,p) level of theory is given in Fig. 4.
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Fig. 4. Calculated IR Spectra of Comp.1

Molecular electrostatic potential (MEP) maps give information about the electron rich and
electron deficient parts of the investigated molecules. MEP maps were calculated at DFT
B3LYP/6-31G(d), B3LYP/6-311G(d,p) and B3LYP/6-311+G(2d,p) levels of theory.
Calculated MEP diagram of Comp. 1 is given in Fig. 5. It can be seen from Fig. 5 negative
charge was dominantly located on the oxygen atom.

Fig. 5. MEP map for Comp.1

Lowest unoccupied molecular orbital (LUMO) and the highest occupied molecular orbital
(HOMO) energy calculations were carried out at DFT B3LYP level of theory using 6-31G(d),
6-31G(d,p), 6-311G(d,p) and 6-311+G(2d,p) basis sets. HOMO and LUMOs of Comp.1-10
calculated at the B3LYP/6-311+G(2d,p) level of theory are given in Figs. 6 and 7.
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Fig. 6. HOMO and LUMOs of compounds 1-5.
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Fig. 7. HOMO and LUMOs of compounds 6-10.
Molecular Docking Calculations
Molecular docking calculations have been performed for three different receptors,

acetylcholinesterase (AChE), butyrylcholinesterase (BChE) and heat shock protein
(HSP90A). The structures of the proteins have been obtained from RSCB Protein Data Bank.
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[17] PDB codes are 3QDD for HSP90A, 5EI5 for AChE and 4BDS for BChE. In molecular
docking calculations, AutoDock Vina [18], UCSF Chimera [19] and AutoDock Tools [20-21]
program packages were used. Discovery Studio Visualizer [22] was used for the
representation of the results. Binding affinities of the investigated compounds are given in
Table 2 and Fig. 8, and receptor — ligand interactions have been represented in Figs.9, 10 and
11.

Table 2. Binding affinities of compounds 1-10.
Binding Affinities (kcal/mol)
Comp. AChE BChE HSP90A

1 111 9.8 -12.3
2 -11.4 9.8 -12.2
3 -11.0 9.9 -12.4
4 -11.2 9.8 -11.9
5 -11.0 9.9 -11.8
6 -11.3 9.9 -12.6
7 -11.6  -10.0 -12.4
8 -11.2 9.8 -13.3
9 -11.7 9.9 -12.2
10 114 -10.0 -12.0
-13.5
]
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Fig. 8. Binding affinities of the investigated compounds 1-10.
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Fig. 9. Receptor — ligand interactions between compound 9 and AChE.
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TYR332

. TRP231
Fig. 10. Receptor — ligand interactions between compound 10 and BChE.
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Fig. 11. Receptor — ligand interactions between compound 8 and HSP90A.
RESULTS AND DISCUSSION

In this work, DFT and molecular docking calculations have been performed on the title
compounds. Results showed that investigated compounds exhibit good binding affinity

March 21-23, 2019 ANTALYA-TURKEY Page 121



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1IV

especially for HSP9OA N-terminal domain. The binding affinities for HSP9OA were found to
be in the range of 11.8-13.3 kcal/mol. On the other hand, substitutions on the phenyl ring
affect the binding affinity considerably. For HSP90A, the highest and the lowest binding
affinities were obtained for 2,4-dichlorosubstituted derivative and 4-bromosubstituted
derivative, respectively. For cholinesterase enzymes, binding affinities were found to be quite
close to each other. The values obtained for AChE and BChE were found to be in the range of
11.0-11.7 kcal/mol and 9.8-10.0 kcal/mol, respectively.
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ABSTRACT

In this study, it was aimed to investigate the reactions between 5-phenyl-1,3,4-oxadiazole-2-
thiol and various 2-bromo-1-arylethan-1-one derivatives, computationally. For this purpose,
detailed density functional theory (DFT) calculations have been performed on the chemical
species which take place in the investigated reactions and results have been compared with
the experimental data which was obtained from the literature. All calculations have been
performed at DFT B3LYP level of theory with the use of various basis sets, including 6-
31G(d), 6-31G(d,p), 6-311G(d,p) and 6-311+G(d,p) basis sets. Calculations have been
performed at both gas and solution phase, and various solvents, including toluene,
tetrahydrofuran, ethanol and acetonitrile, have been examined. In NMR calculations both
CSGT and GIAO methods have been used. In the second part of the study, molecular docking
calculations have been performed on the 1-phenyl-2-((5-phenyl-1,3,4-oxadiazol-2-
yl)thio)ethan-1-one derivatives and three different proteins (AChE, BChE and HSP90A).

Keywords: Computational chemistry, DFT, molecular docking, 2-bromo-1-arylethan-1-one,
5-phenyl-1,3,4-oxadiazole-2-thiol, AChE, BChE, HSP90A.

INTRODUCTION

Nitrogen containing heterocyclic compounds, including 1,3,4-oxadiazole compounds, are
important organic structures and have applications in various fields, including pharmaceutical
and agriculture industries. [1-6] 2-Mercapto-1,3,4-oxadiazole and its analogues also possess a
wide range of biological activities such as antimicrobial, anti-inflammatory, anti-HIV,
antiparasitic, fungicidal, anticonvulsant etc. [6-16]

In this study, the reactions of 5-phenyl-1,3,4-oxadiazole-2-thiol with various 2-bromo-1-
arylethan-1-one derivatives for the synthesis of some known 1-aryl-2-((5-phenyl-1,3,4-
oxadiazol-2-yl)thio)ethanone derivatives have been investigated computationally. The
investigated reactions are given in Fig. 1.
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Fig. 1. Computationally investigated reactions.
THEORETICAL CALCULATIONS

All calculations have been performed using Gaussian 09 Rev. DO1. [17] Avogadro 1.1.1 [18]
software was used for the conformational searches and GaussView 5.09 [19] was used for the
visualization of the computational results. Calculations have been performed at DFT B3LYP
level of theory with the use of various basis sets, including 6-31G(d), 6-31G(d,p), 6-
311G(d,p) and 6-311+G(d,p). The calculations have been performed at both gas and solution
phase. In the solution phase calculations IEFPCM solvation model was used and four
different solvents, toluene, dimethylformamide, tetrahydrofuran and ethanol have been
selected. In the second part of the study, molecular docking calculations have been performed
on the 1-phenyl-2-((5-phenyl-1,3,4-oxadiazol-2-yl)thio)ethan-1-one derivatives and three
different proteins, AChE, BChE and HSP90A. Protein structures have been obtained from
RCSB Protein Data Bank [20]. Pdb codes are 5ei5, 4bds and 3qdd, respectively. In the
molecular docking calculations, AutoDock Vina [21] UCSF Chimera [22] and Autodock
Tools [23-24] software packages have been used. Discovery Studio Visualizer [25] was used
for the representation of the molecular docking results.

Prior to geometry optimizations, a conformer search has been performed and obtained
geometry was used as an initial geometry for each optimization. Optimized geometries for the
chemical species which take place in the investigated reactions are given in Fig. 2. Single
point energies of the compounds 1a-d, 2 and 3a-d are given in Table 1.
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Fig. 2: Optimized geometries of the compounds 1a-d, 2 and 3a-d

Table 1. Single point energies of the compounds 1a-d, 2 and 3a-d
Comp. SPE (hartree) Comp. SPE (hartree)

la -2958.54883409 3a -1275.29657808
1b -3418.17354775 3b -1734.91937116
1c -5532.08718639 3c -3848.83891999
1d -3073.11247852 3d -1389.85027129
2 -891.50882899

To confirm that the geometry optimized structures are true minima, a frequency analysis was
performed for each structure and vibrational spectra were obtained for all compounds. For
instance, infrared spectra of compound 3b is given in Fig. 3.
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Fig. 3. IR spectra of the compounds 3b calculated with 6-311+G(2d,p) basis set at gas phase.

0

Nuclear magnetic shield tensors have also been computationally determined at B3LYP level
of theory with the same basis sets. In NMR calculations both CSGT and GIAO methods have
been used. The calculated values have been compared with the experimental data.
Experimental data have been obtained from the literature. [15] For compound 3b, calculated
and experimental data are given in Table 2 and absolute errors are given in Fig. 4.

Table 2. NMR data for compound 3b

Exp.[15 | CSGT1 | CSGT2 | CSGT3 | CSGT4 | GIAOL | GIAO2 | GIAO3 | GIAO4
Protons b c q a b c q

6.82 7.32 8.35 8.67 8.73 8.82
6.82 7.32 8.35 8.67 8.73 8.82
6.81 7.13 8.22 8.33 8.41
6.81 7.13 8.22 8.33 8.41
6.40 6.57 7.34
6.40 6.57 7.34
6.40 6.58 7.33
5.73 6.20 7.13 7.34
5.73 6.20 7.13 7.34
2.78 3.42 4.30 4.46 4.46 4.53
2.78 3.42 4.30 4.46 4.46 4.53

26-31G(d); ° 6-31G(d,p); ¢ 6-311G(d,p); ? 6-311+G(d,p)
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Fig. 4. Absolute errors for calculated calculated 1H NMR spectrum of compound 3c.

Molecular electrostatic potential (MEP) map calculations have also been performed on the
investigated structures and are given in Fig. 5.

Frontier molecular orbital (FMO) calculations have been performed at the same level of
theory. FMOs for compounds 1a-d are given in Fig. 6.

Condensed Fukui functions provide information about which atoms have larger tendency to
accept or lose electron. Condensed Fukui function for compounds 1a-d have been determined
and are given in Tables 2 and 3.

Molecular docking calculations have been performed for compounds 3a-d. Binding affinities
for acetylcholinesterase (AChE), butyrylcholinesterase (BChE) and heat shock protein
(HSP90A) are given in Table 5 and Fig. 7. Receptor — ligand interactions are given in Figs. 8,
9 and 10.
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Fig. 5. MEP maps for compounds la-d, 2 and 3a-d (B3LYP/6-311+G(2d,p)).
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Fig. 6. HOMO, LUMO and HOMO-LUMO gaps of compound 1a-d.
Table 3. Condensed Fukui functions for compounds la-d
Toluene Tetrahydrofuran
la 1b 1c 1d la 1b 1c 1d
1C -0.351 -0.352 -0.349 -0.350 -0.362 -0.358 -0.356 -0.363
2C 0.628  0.632 0.616  0.676 0.698 0.673 0.663 0.769
4C 0.106  0.107 0.107  0.120 0.103 0.103 0.103 0.120
5C 0.061 0.053  0.054  0.055 0.064 0.056 0.056 0.057
6C 0.095 0.105 0.106  0.115 0.099 0.109 0.110 0.126
7C 0.069  0.001 0.035 -0.194 0.073 0.003 0.035 -0.184
8C 0.099 0111 0.111  0.146 0.102 0.111 0.112 0.144
9C 0.075 0.065 0.066  0.060 0.074 0.066 0.065 0.063
Table 4. Condensed Fukui functions for compounds la-d
Acetonitrile Ethanol
la 1b 1c 1d la 1b 1c 1d
1C -0.367 -0.362 -0.362 -0.211 -0.366 -0.362 -0.361 -0.211
2C 0.728 0.703 0.699 0.241 0.719 0.699 0.696 0.241
4C 0.103  0.102 0.101  0.116 0.103 0.102 0.101 0.116
5C 0.066  0.057 0.057  0.084 0.065 0.057 0.057 0.083
6C 0.102 0.111 0.112  0.096 0.101 0.111 0.112 0.096
7C 0.077 0.004 0.036 -0.181 0.076 0.004 0.036 -0.181
8C 0.102 0.111 0.113 0.134 0.102 0.111 0.112 0.134
9C 0.076 0.066  0.066  0.065 0.074 0.066 0.066 0.065
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Table 5. Binding affinities for AChE, BChE and HSP90A

AChE BChE HSP90A
Comp.3a -10.2 -9.3 -9.5
Comp.3b -10.3 -9.5 -9.5
Comp.3c -10.2 -9.6 -9.4
Comp.3d -10 -9.3 -9.1
-104
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Fig. 7: Binding Affinities for compounds 3a-d.
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Fig. 8. Receptor — ligand interactions between comp. 3b and AChE.
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Fig. 9. Receptor — ligand interactions between comp. 3c and BChE.
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Fig. 10. Receptor — ligand interactions between comp. 3b and HSP90A.
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RESULTS AND DISCUSSION

In this study, the reactions between 5-phenyl-1,3,4-oxadiazole-2-thiol and 2-bromo-1-
arylethanone derivatives have been investigated. As can be seen from Tables 3 and 4, the
highest values have been obtained for 2C atom of the 2-bromoethanone derivatives and it
means that the 2C atom is the reactive site for a nucleophilic attack. On the other hand,
considering solvent alternatives, except compound 1d, the highest values obtained for
acetonitrile.

In NMR calculations, it can be seen from Table 2 and Fig. 4, GIAO method is more
successful than CSGT method. In Table 2, green color corresponds to more successful results
while the red color corresponds to the worst. In Fig. 4, it can be seen that, absolute errors
obtained with GIAO method are smaller than the errors obtained with GIAO method.

In molecular docking calculations, the binding affinities were found to be in the range of 10.0-
10.3 kcal/mol for AChE, 9.3-9.6 kcal/mol for BChE and 9.1-9.5 kcal/mol for HSP90A. It can
be said that the investigated compounds exhibit good to moderate binding affinity for AChE,
BChE and HSP90A.
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OZET

Organik atiklarla ilgili olarak daha siki diizenlemeler ve yenilenebilir kimyasallara ve
yakitlara olan talep, maliyet etkinligini artirmak ve miisterilerin talebini karsilamak ic¢in
imalat endiistrisini daha yiiksek siirdiiriilebilirlige dogru itmektedir. Atik degerlendirme; atik
materyalleri, kimyasallar, malzemeler ve yakitlar dahil olmak {izere daha kullanighi son
triinlere doniistiirme islemidir. Hizla artan diinya niifusu ile birlikte artan gida talebi,
takibinde de tilkelerin gelismislik seviyesine bagli olarak ortaya g¢ikacak olan gida atik ve
kayip miktarinda da artma gergeklesecektir. Gida kayb1 ve gida atigi liretimi gevresel, sosyal
ve ekonomik diizeyde farkli etkiler yaratmaktadir. Cevresel agidan degerlendirildiginde, gida
kayip ve atiklari, atik depolama alanlarinda bertaraf sirasinda atik metan gazi olusturarak sera
gaz1 emisyonlarma katkida bulunmaktadir. Ayrica, gida iretimi, islenmesi, nakliyesi,
depolanmas1 ve dagitim ile ilgili faaliyetlerde de ayni sonuglar gozlenmektedir. Gida kayb:
ve atif1 ile iliskili diger cevresel etkiler, dogal kaynaklarin tiikenmesi ve topragin, besin
maddelerinin, suyun ve de biyojenik dongiilerin bozulmasi olarak da siralanabilirler. Gida
kayip ve atiklarinin sosyal etkileri ise kiiresel gida giivenligi kurallari icerisinde etik ve ahlaki
boyutlara baglanabilir. EKonomik etkileri ise gida israfina iliskin maliyetlerden ve bunlarin
ciftcilere ve tiiketicilere olan etkileri olarak siniflandirilmaktadir.

Son yillarda, gida atiklarinin ¢op alanlarma biriktirilmesi sonucu ortaya g¢ikan problemlerin
artmasi ile birlikte bilim insanlar1 organik madde orani ¢ok yiiksek olan bu degerli atiklarin
degerlendirilmesi amaciyla yenilik¢i arayislar igerisine girmislerdir. Birinci nesil gida atik
isleme teknolojileri olarak isimlendirilen bu yenilik¢i teknolojiler, atik-enerji doniigiimii,
katma degerli {irlin tiretimi, kompostlama ve hayvan yemi iiretimini igermektedir. Evsel gida
atiklarinin organik fraksiyonu 6n muamele islemlerini takiben biyomolekiil, biyoplastik,
biyoyakit vb. katma degerli son iiriinlerin {iretimi i¢in hammadde olarak kullanilabilmektedir.
Bu nedenle sunulan bu ¢aligmada; bu degerli hammaddeden son {iriin iiretiminde kullanilan
biyolojik degerlendirme yontemleri ve bu yontemler vasitasiyla elde edilen son iirlinlerin
biyoekonomik degerleri tartisilmaya calisilmistir.

Anahtar Kelimeler: Biyoatik, Gida Atigi, Sirdiiriilebilirlik, Atik Degerlendirme, Enerji,
Katma Degerli Uriin

March 21-23,2019 ANTALYA-TURKEY Page 136


mailto:mine@kocaeli.edu.tr

MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

ABSTRACT

Increasingly tighter regulations regarding organic waste, and the demand for renewable
chemicals and fuels, are pushing the manufacturing industry toward higher sustainability to
improve cost-effectiveness and meet customers’ demand. Waste valorization is the process of
converting waste materials into more useful end-products including chemicals, materials, and
fuels. Rapidly increasing world population and increasing food consumption with a same
level will mean that the demand for food will increase for at near future all over world.
According to this, meeting of the increasing food demand according to the level of
development of countries will lead to increase in the amount of food waste (FW) and food
loss (FL). FL and FW generation produces an impact at environmental, social and economic
level. From an environmental point of view, FL and FW contribute to Green House Gas
emissions during final disposal in landfills. Additionally; same results are observed during
activities associated with food production, processing, manufacturing, transportation, storage
and distribution. Other environmental impacts associated with FL and FW can listed as
natural resource depletion and disruption of soil, nutrients, water and biogenic cycles. Social
impacts of FL and FW may be ascribed to ethical and moral dimension within the general
concept of global food security. Economic impacts are due to the costs related to food
wastage and their effects on farmers/consumer incomes. In recent years, problems associated
with the disposal of food waste to landfills lead to increased interest in searching for
innovative alternatives due to high proportion of organic matter in food waste. First
generation food waste processing technologies include waste to energy, value-added product,
composting, and animal feed.

Therefore, in this study; the biological evaluation methods used in the production of the final
product from this valuable raw material and bioeconomic values of the end products obtained
by these methods has discussed.

Keywords: Biowaste, Food Waste, Sustainability, Waste Valorization, Energy, Value-added
Product

1. GIRIS

Kat1 atik bertaraf ve yonetimi, artan niifus ve hizla gelisen sehirlesme dolayisiyla tiim
Diinya’nin kars1 karsiya kaldig1 en énemli ¢evresel problemlerden bir tanesidir. Bu problem
ile bas edebilmenin en etkin yolu ise stirdiiriilebilir ¢oziimler iireterek atig1 yerinde azaltmak
ve ortaya cikan atigi kullanighh son iirlinlere cevirerek biyoekonomik dongliye sokmaktan
gecmektedir (Nair vd., 2006). Kat1 atik, insan veya hayvan kullanimi sonrasi ortaya ¢ikan
istenmeyen kati/yari-kat1 materyal olarak isimlendirilmektedir. Kullanici tarafindan tiiketilmis
ve degerini kaybetmis forma doniismiis kati atik olarak isimlendirilen sehir atiklari ise
toplumlarin tiiketim aligkanliklarina gore organik ve inorganik formda olan ticari degerini
kaybetmis materyallerdir. Bu atiklarin uygun olmayan depolama alanlarinda ve sartlarinda
bekletilmesi ve depolanmasi, hava, toprak ve su gibi yasayan c¢evre lzerinde Onemli
problemlere sebep olurken bu cevrede yasayan insan sagligi lizerinde de hayati riskler
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olusturmaktadirlar. Atiklar ile yasanan bu depolama ve bertaraf problemleri gelismekte olan
iilkelerde gelismis lilkelere gore daha ciddi tehditler yaratmaktadir. Kat1 atiklar, ticari, evsel,
endiistriyel ya da tarimsal aktivitelerden kaynaklanan orijinine bagl olarak ortaya ¢ikan atik
formlar1 seklindedirler (Mukherje vd., 2016).

Giliniimlizde atiklarin  degerlendirilmesi ii¢ zorlu siirdiiriilebilir  siire¢ {izerinden
gergeklestirilmektedir; birincisi atiklardan yakit ve enerji iiretmek ki bu takdirde atiklar su
anda yaygin olarak kullanilan fosil yakit kaynaklari ile yer degistirebilecek Siirdiiriilebilir bir
kaynak olarak kullanilabilecektir, ikincisi yiiksek kullanim degerine sahip Kimyasallar ve bu
kimyasallardan kullanish iirlinler elde etmek, {igiinciisii ise yine atiklardan icerisinde siiksinik
asit (SA), furfural ve furanlar, fenolik bilesikler ve bioplastiklerin de yer aldig1 katma degeri
yiiksek tirtinlerin tiretilmesidir (Arancon vd., 2013).

Atik bertaraf etme yontemleri incelendiginde gelismekte olan {ilkeler tarafindan daha c¢ok
gomme, yakma ve kompostlama gibi geleneksel teknolojiler tercih edilirken, gelismis iilkeler
cogunlukla teknolojik yontemleri kullanarak atiklarin faydali son {iriinlere doniistiirildiigii
modern prosesleri kullanmaktadirlar. Geleneksel teknolojiler, metan gazi ve kotii koku
olusumu, yiiksek enerji tiiketimi ve yavas reaksiyon kinetigi ve en 6nemlisi bozunma siireci
sonunda katma degere sahip bir iirlin olusmamasi gibi sebepler ile organik atiklarin bertaraf
edilmesi i¢in uygun teknolojiler degillerdir. Giiniimiizde yapilan galigmalar, gida atiklart gibi
degerli bilesenler igeren atiklarin terk edilmesi veya bozunmasi yodntemlerinin yerine
biyoetanol veya biyodizel gibi kullanisli ve katma degerli tiriinlerin {iretilmesi amaciyla enerji
kaynag1 olarak kullanilmasinin iizerine odaklanmistir (Arancon vd., 2013). Gida atiklan
icerdikleri yiiksek organik madde ve nem igerigi dolayisiyla hem toplanmasi, taginmasi ve
saklanmas1 zor hem de gerekli tedbirler alinmaksizin bertaraf edilmeleri durumunda ciddi
cevresel kirlilige neden olan atiklardir (Nair vd., 2006).

Kiiresel olarak yillik 1.3x10° ton gida atigi atik sahalarma terk edilmekte bu suretle de
3.3x10° ton CO,-es/yil sera gazi emisyonu gerceklesmektedir. Yapilan tahminler 2025 yilina
kadar siirdiiriilebilir karbon (¢evrimsel) ekonomisinin gergeklestirilebilmesi igin, olusmasi
durdurulacak, azaltilacak, geri kazanilacak ve islenecek ~ 2.5x10° ton gida atiginin kiiresel
olarak ortaya cikacagimi gostermektedir. Gida atiklarinim geri doniistiiriilmesinin ekonomik
faydalar1 kisaca asagidaki sekilde siralanabilir;
e (ida atiklarinin biyoenerji ve biyoyakitlara doniistiiriilmesi fosil yakit ihtiyacini
azaltacak ve yakit/enerji liretim maliyetini indirgeyecektir
e (ida atiklarinin biyogiibre olarak degerlendirilmesi toprak kalite ve stabilitesini
arttiracak ve fosil yakit bazli ticari giibre liretim/ihtiya¢ oranini azaltacaktir
e (Gida atiklarinin yeni biyomalzemeler ve endiistriyel biyokimyasallar (pigmentler,
biyoplastikler vd.) iretimi i¢in kullanilmas1 fosil yakit ihtiyacin1 ve temel kimyasal
kullanimin azaltacaktir.
e (ida atiklarinin hayvan yemi olarak degerlendirilmesi hayvan ve balik beslenmesi igin
kullanilan ekilebilir tarim arazisi ve su kullanimini azaltacaktir.
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Sonug olarak; gida atiklarinin geri doniistiiriilmesi yeni is imkanlar1 sunmasinin yaninda sera
gazi emisyonunu indirgeyerek, atiklarin bertaraf maliyetini azaltmakta, olumsuz gevre
etkilerini azaltarak siirdiiriilebilir atik yonetimini biyodoniisiim uygulamalari c¢ergevesinde
desteklemektedir.

2. GIDA ATIKLARININ GENEL OZELLIKLERI

Belediye atiklarimin organik fraksiyonu olan mutfak atiklari heterojen bilesime sahiptirler.
Icerdigi ana elementler ve kimyasal bilesimi; C, H, N, O, S ve Cl, sirasiyla % olarak, 46.11,
6.89, 3.19, 37.80, 0.29 ve 0.21 seklindedir (Li vd., 2016). Bu bilesim iilkeden iilkeye
degismekle birlikte ayni iilkede farkli sehirlere ve/veya ayni sehirde farkli yerlesim
bolgelerine gore de farklilik gosterebilmektedir. Mutfak atiklari, karakteristik olarak piring,
tahil, sebze ve meyve artiklarindan olugsmakta ve yliksek miktarda organik ve biyolojik olarak
pargalanabilen bilesenler barindirmaktadirlar. Igerdigi organik bilesenlerinin yaklasik % 60’1
¢Oziiniir ya da polimerik formdaki karbohidrat polimerleri (nisasta, seliiloz ve hemiseliiloz), %
20’si protein, % 10’u yag ve diger organik maddeler (asitler vb.) ve daha kii¢iik inorganik
karakterli kalintilardan olusmaktadir (Gwak vd., 2018, Hafid vd., 2017, Vavouraki vd., 2014).

Mutfak atiklar1 sahip olduklari bu kullanigh bilesim sebebiyle, igerisinde metan, hidrojen,
etanol, enzimler, organik asitler, biyopolimerler ve biyoplastiklerin de bulundugu katma
degerli son iiriinler olarak isimlendirilen ¢esitli biyotiriinlerin iiretilmesi amaciyla mikrobiyal
besiyeri olarak kullanilabilirler. Biyoteknoloji miihendisligi ve uygulamalarmin da siireg
icerisinde gelismesi, mutfak atiklariin endiistriyel uygulamalarda ham madde olarak
kullanilmasinin yollarin1 gelistirerek yeni katma degerli iiriinlerin {iretilmesini miimkiin
kilacaktir (Ugkun Kiran vd., 2014).

3. GIDA ATIKLARINDAN ENERJIYE

Biyokiitle, farkli prosesler kullanilarak enerjinin kullanighh formlarma donistiiriilebilir.
Doénitistim prosesi seciminde etkili olan faktorler ise; biyokiitle miktar1 ve tipi, istenen enerji
formu, son kullanim gereksinimleri, ¢evresel standartlar, ekonomik kosullar ve projeye ait
spesifik faktorler seklinde siralanabilirler. Bazi durumlarda ise gerekli olan enerji tiirli prosesi
ve gidisini belirleyerek miimkiin olan biyokiitle miktar1 ve se¢imini yaptirir.

Biyokiitle, iki tanesi enerji ile ilgili olmak iizere ii¢ ana iirline doniistiiriilebilir; 1) giic/enerji
iiretimi, i1) ulagim yakatlari, ii1) kimyasal hammadde. Biyokiitlenin enerjiye doniisiimiinde ise;
biyokimyasal/biyolojik ve termokimyasal yontemlerin kullanildig: siirecler olmak iizere iki
ana teknoloji kullanilir. Mekanik ayristirma ise kolza tohumundan kolzatohumu metil ester
biyodizeli (esterifikasyon ile) gibi yakitlarin iiretildigi ve biyokiitleden enerji iiretiminin
miimkiin oldugu bir {igiincii teknolojik yontemdir. Gilinlimiizde maliyeti sebebi ile biyodizel
iretimi, fosil yakitlardan dizel {iretimi ile rekabet edemese bile sehirlerdeki hava kalitesinin
iyilestirilmesi gibi artan cevresel baskilar nedeniyle gelecekte bu durumun degisecegi
asikardir.
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Termokimyasal doniisiim; yakma, piroliz, gazlastirma ve sivilastirma olmak tlizere dort ana
proses lizerinden gerceklestirilirken, biyokimyasal/biyolojik doniisiimde digeston (biyogaz
iretimi, karistm ana miktar olarak metan igerirken karbondioksiti de barindirir) ve
fermentasyon (etanol iiretimi) olmak tizere iki ana teknoloji kullanilir (Peter McKendry,
2002). Gida atiklarindan enerjiye doniistim teknolojileri ve triinlerinin 6zetlendigi sekil 1
asagida verilmistir (Pham vd., 2015).

Sekil 1. Gida Atiklarindan Enerjiye Dontisiim Teknolojileri

Anaerobik By
pargalanma YO
Bivolojik
Fermentasyon Biyoetanol/CO,
Gida Atifa
Yakma [s1/Elektrik
Proliz & Syngaz/Bio-
Termokimyasal yna
¥ Gazlastirma oil/Char
e Hidrochar/Gaz
karbonizasyon

3.1. BIYOLOJIiK DONUSUM TEKNOLOJILERI
3.1.1. Anaerobik Parcalanma (AD)

Depolama alanlarinda kontrolsiiz sartlarda bekletilen organik atiklar, biogaz olarak
isimlendirilen ve ana miktarda metan (CH4) ve yaninda karbondioksit (CO;) iceren eser
miktarlarda da azot (N,), oksijen (O2) ve hidrojen siilfit (H,S) bulunduran atik gazlari
atmosfere c¢evre kirletici olarak serbest birakirlar. Ayni siire¢, kontrollii kosullar altinda ve
oksijensiz ortamda, organik atiklar1 biyoyakit (biogaz) ve toprak iyilestirici ve giibre gibi
besin maddesi agisindan zengin icerige sahip kullanish son {iriinlere doniistiirme potansiyeline
sahiptir. Pilot ve ticari AD reaktorlerinin tasarimi 1950’lerin baslarinda baglamig ve organik
atiklarin oksijensiz ortamda pargalanarak yararli iirlinlere doniistiiriilmesi diinya capinda
dikkat toplamistir. AD’nin yenilenebilir enerji liretimi, besin dongiislinii miimkiin kilmas: ve
atik hacmini indirgemesi gibi baz1 avantajlar1 da vardir (Pham vd., 2015, Peter McKendry,
2002).

AD proses siireci sonunda iiretilen Im? biyogazin 21MJ enerjiye esit oldugu ve 2.04 kWh’e
karsilik gelen elektrik iiretilebildigi rapor edilmistir (Pham vd., 2015). Ad siirecinin problem
olan kismi mikrobiyal reaksiyonun genellikle 20-40 giin araliginda gergeklesmesidir. Bu
sebeple, azot igerigi yiliksek protein bilesiklerinin parcalanmasi sonucu ortaya ¢ikan yiiksek
konsantrasyondaki serbest amonyak (NH3) metajonik bakterilerin spesifik aktivitesini
etkileyerek AD siireci lizerinde ciddi problemler yaratmaktadir. Gida atiklar1 yliksek miktarda
organik bilesikleri icerdikleri icin AD prosesinde alternatif enerji iiretimi i¢in oldukga
uygundurlar. Ancak, gida atiklarin igerdigi yiiksek tuz konsantrasyonu, sodyum, potasyum,
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kalsiyum ve magnezyum gibi katyonlarin varligi AD siirecini inhibe etmektedir. Sayilan bu
problemlerin ¢oziimii diisik azot ve lipid iceriine sahip gida atiklarinin da stirece dahil
edilmesinden ge¢mektedir. Boylelikle yiiksek amonyak konsantrasyonlarinin olusumu ve
ucucu bilesiklerin ara {iriin olarak birikmesinin Oniine gecilmis olmaktadir. Yapilan bir ¢ok
calisma gida atiklarimin sehir atiklart ile birlikte AD silirecinde yer almasinin biogaz
olusumunu yalniz gida atiklarinin AD siirecine alinmasina gére %40-50 oraninda arttirdigini
gostermistir (Pham vd., 2015).

AD prosesinde birgok reaktor tasariminin kullanilmasina ragmen ii¢ temel sistem; kesikli,
siirekli tek-basamakli ve siirekli iki-basamakli reaktorler en ¢ok tercih edilenlerdir. Bu
reaktorlere siirekli karigtirmali tank reaktor (continuously stirred tank reactor, CSTR), tiibiiler
reaktor (tubular reactor), oksijensiz siralama kesikli reaktor (anaerobic sequencing batch
reactor, ABSR), yukar1 akisli oksijensiz camur battaniyesi (upflow anaerobic sludge blanket,
UASB) ve sabit film reaktorii (fixed film reactor) (Pham vd., 2015). AD prosesi kullanilarak
biyokiitlenin doniistiirildiigi tipik bir AD akis semasi sekil 2°de verilmistir (Peter McKendry,
2002).
Sekil 2. Biyokiitlenin dontistiiriildiigii AD akis semasi
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3.1.2. Etanol Fermentasyonu

Biyogaz iiretimi ile karsilagtirildiginda, gida atiklarindan etanol iiretimi atiktan enerjiye
doniisiim siirecinde farkli bir yaklagim gerektirir. Biyoetanol olarak da bilinen yakit etanoliin
fermentasyon vasitasiyla iiretimi Diinya toplam etanol {iretiminin %60’1n1 olusturur. Etanol,
sera gazi ve karbondioksitin ¢evreye zararh etkilerini indirger ve tasima yakitlarina alternatif
temiz bir ¢evre dostu yakittir. Etanoliin yanmasindan elde edilen enerji petrol yakitlarin
yanmasindan elde edilen enerjiden kayda deger bir sekilde diisiik (7% 68) olmasina ragmen
etanol yanarken siilfiir dioksitin de i¢inde bulundugu toksik maddelerin %80 daha az
yayinimina neden olmak vasitasiyla karbon emisyonunu indirger. Biyoetanoliin yakit olarak
kullanilmasinin yaninda etilen esasli polietilen plastiklerin iiretiminde, igecek endiistrisinde,
ilag ve kozmetik endiistrisinde kimyasal hammadde olarak ve asetaldehit, biitadien, etil asetat
ve asetik asit tiretiminde de hammadde olarak kullanilmaktadir (Hafid vd., 2017).

Biyoetanol iiretiminde kullanilan hammaddeler ii¢ kategori altinda toplanabilirler. Birinci
sinifta herhangi bir 6n muamele islemi gerektirmeden mikroorganizmalar tarafindan direkt
olarak biyoetanole doniistiiriilebilen melas ve seker gibi sekerli hammaddeler. Ikinci sinif
substratlar kategorisinde yer alan ve hammaddenin fermente edilebilen sekerlere
dontistiiriilebilmesi i¢in bir enzimatik hidroliz asamasina ihtiya¢ duyulan misir, bugday ve
aralarinda diger tahillarin da yer aldig1 sekerli hammaddeler. Ugiincii sinif ise fermentasyon
stirecinde biyoetanol iiretimi i¢in hammadde olarak kullanilacak maddenin fermentasyonda
kullanilabilmesi icin asit ve/veya enzimatik hidroliz muamelelerine ihtiyacin duyuldugu
lignoselliillozik hammaddelerin yer aldigi hammadde grubudur. Anilan bu hammaddelere
alternatif ve biyoetanol iiretiminde kullanilabilecek potansiyele sahip bir baska hammadde
grubu da evsel atiklar ya da mutfak atiklar1 olarak da isimlendirilebilen gida atiklaridir (Hafid
vd., 2017). Muz kabuklari, seker pancari kiispesi, ananas atiklari, narenciye atiklari, patates
kabugu atiklarmin yaninda kantin-kafeterya atiklari, evsel mutfak atiklari gibi atiklar da
biyoetanol Ttretimi icin degerlendirilebilen gida atiklar1 arasindadir. Gida atiklarinin
lignoseliilozik bilesenlerinin kompleks yapilari nedeniyle bu atiklari etanol {iretim prosesinde
kullanilabilir hale getirmek amaciyla; asidik, alkali, termal ve enzimatik n muamele islemleri
kullanilarak atiklarin dogal yapisinda bulunan seliilozik yapinin mikroorganizmalar tarafindan
kullanilabilirliginin arttirilmas1 amagclanir. Gida atiklarindan etanol iiretiminde en yaygin
olarak kullanilan 6n muamele islemi enzimatik hidrolizdir. Asidik veya alkali kosullarda
gerceklestirilen 6n muamele islemi ki 6zellikle bu islem alkali varliginda ve agir kosullarda
yapilmis ise ¢Oziiniir sekerler parcalanarak furfural gibi ¢esitli inhibit6rlerin olusumuna neden
olurlar (Pham vd., 2015).

Biyokiitlenin kaynagina bagh olarak, mutfak atiklari hidrolizati tipik olarak glukoz, fruktoz,
sukroz ve maltoz sekerlerini bulundururken diger kaynaklardan elde edilen lignoselliilozik
hirdolizatlar glukoz, ksiloz, arabinoz, galaktoz, mannoz, fruktoz ve ramnoz sekerleri ile
karakterize edilirler. Bu sekerler, maya ve bakteriler tarafindan biyoetanol fermentasyonunda
substrat olarak kullanilirlar (Denklem 1).
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CeH 1,0 == 2C,H;0H + 2CO, (1)
Seker Etanol Karbondioksit
(glukoz)

Teorik olarak fermentatif mikroorganizmalar 1 kg sekerden, ozellikle de glukoz, 0.51 kg
etanol ve 0.49 kg karbondioksit tiretirler (Hafid vd., 2017). 26.9 MJ/kg enerji igerigi etanol
esas alinarak gida atiklarindan iiretilen etanol icin ortalama 8.3-11.6 kJ/g TS degerinde bir
enerji igerigi tahmin edilebilir (Pham vd., 2015).

Biyokiitleden biyoetanol iiretiminde kullanilacak ideal bir mikroorganizma; yiiksek miktarda
etanol tiretebilme yetenegine ve genis bir substrat kullanim yelpazesine sahipken, hidroliz
basamaklarinda olusan inhibitorlere kars1 direncli, yliksek seker ve etanol konsantrasyonlarini
tolere edebilen ve yiiksek sicakliklarda kararli, ayn1 zamanda da diisiik pH’da biiyiiyebilen,
minimum miktarda yan-iiriin olusturan ve ortam gereksinimleri de en az da olan bir
mikroorganizma tiirii olmalidir. Endiistriyel biyoetanol iiretimi i¢in uygun mikroorganizmalar,
teorik olarak %90’dan fazla iirlin liretebilmeli, biyoetanol tolerans: 40g/L’den, biyoetanol
tretkenligi ise 1g/L.h’den yiiksek olmalidir. Saccharomyces cerevisiae, Escherichia coli,
Zymomonas mobilis, Candida shehatae, Kluyveromyces marxianus gibi bazi native/vahsi tip
mikroorganizmalar bioetanol fermentasyonunda kullanilirlar. Geleneksel olarak endiistriyel
biyoetanol iiretimi fermentasyon siirecinde tercih edilen mikroorganizma tiirii
S.cerevisiae’dir. Bu mikroorganizma heksoz sekerleri bulunduran farkli tipte biyokiitle
hidrolizatlarinda giiglii biiyiime yetenegi ile karakterize edilmis bir tiirdiir.

Mutfak atiklarindan biyoetanol iiretiminde 6n muamele yontemleri (fiziko-kimyasal ve
enzimatik hidroliz) ve fermentasyon siireci mutfak atiklarinda siirdiiriilebilir biyoetanol iiretim
slirecinin anahtar belirleyicisidir. Biyokiitleden etkin bir biyoetanol iiretimi i¢in ii¢ tip proses
tanimlanmistir: 1) Ayr1  hidroliz ve fermentasyon, (SHF: seperate hydrolysis and
fermentation), ii) es zamanli sekerlendirme ve fermentasyon, (SSF: simultaneous
saccharification and fermentation), iii) birlestirilmis biyo-doniisiim, (CBP: consolidated
bioprocessing). Geleneksel olarak SHF prosesi biyoetanol iretiminde kullanilan biyo-
doniisiim siirecidir. Hidroliz reaktoriinden alinan biyokiitle hidrolizati seker fermentasyonu
reaktoriine almarak etanol {reten fermentasyon bakterileri tarafindan biyoetanole
doniistirtiliir. Fermentasyon sonunda karigim distillenerek tiretilen biyoetanol fermentasyon
ortamindan ayrilir. Ancak bu uygulama, bir reaktdr icerisinde SSF ve CBP gibi farkli
tekniklerin fermentasyon ve enzimatik hidroliz ile kombinasyonunu igerir. Baglantili
doniisiim teknolojisi, SSF ve CBP, hidroliz ve fermentasyon basamaklarini tek bir reaktor
icerisinde gergeklestirmeyi hedefler. SSF'in anahtari, fermentasyon ortamindaki sekerleri hizli
bir sekilde biyoetanole dondiistiiriilerek ortamda birikmesini 6nlemektir. Bu da enzimatik
hidroliz ve fermentasyonun tek basamakta ve aymi reaktorde gergeklestirilmesi yoluyla
basarilmaktadir. Adi gecen bu lic biyodoniisiim teknolojisi arasinda CBP halen kurulus
asamasinda olan bit stratejidir. Yapilan ¢aligmalar CBP teknolojisinin gelecekte uygulanabilir
bir yontem olacagini gostermektedir. CBP yapilanmasinda, hidrolitik enzim iiretimi,
enzimatik hidroliz ve biyoetanol fermentasyonu tek bir reaktdr icerisinde ve mikrobiyal
toplulukla birlikte gergeklestirilmektedir. Her asamanin tek bir reaktor igerisinde
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gergeklestirilmesi bu teknolojiyi digerlerinden ayiran 6zelliktir. Bu farklilik ise bu yonteme
diger yontemlere gore enzim iiretiminin de biyoetanol iiretimi ile ayni reaktdr igerisinde
gerceklesmesi nedeni ile yontemin maliyetini diislirmesi agisindan farklilik kazandirmaktadir.
Biyokiitleden biyoetanol iiretimi i¢in kullanilan biyolojik doniisiim siirecleri sekil 3’de
verilmistir.

Sekil 3. Biyokiitleden biyoetanol fermentasyonu (SHF: ayr1 hidroliz ve fermentasyon, SSF:
es zamanl sekerlendirme ve fermentasyon, CBP: birlestirilmis biyo-doniisiim)

SHF SSF CBP
Biyokiitle Biyokiitle Biyokiitle
On Muamele :" ]_5 '7"-"-! On Muamele : "-]-_:"-‘"""i On Muamele
(fiziksel i& kimyasal) ; firetimi 1| (fiziksel & kimyasal) E Giretimi i (fiziksel &lemyas al)
maya
Enzimatik hidroliz hiicreleri Enzimatik hidroliz Enzim iiretimi
I maya 1
Fermentasyon Fermentasyon Enzimatik hidroliz
l l L maya hiicreleri
Biyoetanol Biyoetanol Fermentasyon
Biyoetanol

Biyoetanol fermentasyonunun tamamlanmasinin ardindan biyoetanoliin distillenerek geri
kazanilmasi takip eden asamadir. Biyetanoliin fermentasyon ortamindan alinmasi kati-sivi
ekstraksiyonunu gerektiren bir islemdir. Kati-s1v1 ekstraksiyonu i¢in en iyi se¢im santrifiij ve
filtrasyon islemleridir. Siipernatant doner buharlastiriciya gonderilerek hidrolizattaki su
miktariin azaltilmasi yoluna gidilir. Bu ilk basamagin ardindan , biyoetanol iceren konsantre
surup destilasyon tinitesine gonderilerek biyoetanol ¢ 78°C) ve su (100°C) igeriginin
kaynama noktas1 farkliliklarina gore ayrilmasi saglanir. Su ile karigik olan seyreltik
biyoetanol karisimi >%95 biyoetanol igerecek sekilde konsantre edilir.

4. SONUC

Gida atiklarindan enerji elde edilmesinde anaerobik parcalanma ve fermentasyon literatiirde
etkili biyolojik prosesler olarak tanimlanirlar. Anaerobik parg¢alanmanin birincil avantaji 1)
gida atiklarmin farkli substratlar ile birlikte oksijensiz parcalanmaya tabii tutularak hem
hedeflenen tirlinlerin iiretimi yapilirken hem de atik yonetiminin gerceklestirilmesidir, ii) bu
yontem ile gerceklestirilen diisikk maliyetli biyogaz iiretimi gelecekteki enerji ihtiyacini
karsilamak i¢in hayati onem tagimaktadir. Ancak; reaktor tipleri, yardimeci substratlarin
bilesimi ve kalitesi, pH ve sicaklik gibi proses kontrol faktorleri ve mikrobiyal dinamikler
anaerobik par¢alanmanin etkinligine katkida bulunurlar ve bu teknolojiden maksimum fayda
saglanams1 agisindan optimize edilmeleri gerekmektedir. Gida atiklarindan biyoetanol
iretiminde kullanilan fermentesyon siireci ile enerji eldesi ise karbon ayak izini diisiirmesi,
gida atik miktarin1 indirgemesi ve gida bitkilerinin kullanimini azaltmasi ile kullanilabilen
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faydali bir bagka teknolojidir. Ancak prosesin toplam faydasi degerlendirildiginde, gida
atiklarindan biyoetanol iiretim maliyetini indirgeyecek caligmalarin gerceklestirilmesinin
gerekliligi goriilebilmektedir.
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Abstract
Image analysis of concrete mixture aggregates produced in two different forms in regular size
and sieved form. One type of highly uniform distribution crushed in roll was in granular size
and easily be evaluated in industry for concrete grading and scavenge ring.
The non uniform distribution and other irregular form type may be evaluated as less filling
materials in finer size and so soft as which collected following solid-fine separation sieving.
That waste in finer size may deteriorate picture near cognition blurred form as discharge of
photos and control of form contrast in picture streams was compulsory and calibration
patterns were used. Beneficiate from that finer marble aggregate in picture coloring controlled
the analysis during analysis can efficiently be made. However, to avoid this disturbing
contrast make up manner of that tine material, dark color were used in picture. But post two
stage processing capturing for image were widely used. 40%, 60% and 80% fi.ne material and
mid size content containing gray color was activated mid third stage processing forms were
used in our test experiments at 1-2mm sized distributions and finer materials.
in this article, we obtain some new complex analytical solutions to the nonlinear Gaussian
equation which seems in the field theory, weakly nonlinear dispersive water waves and
irregular distribution by using improved exponential sub-equation function method.

Keywords: Gaussian equation, Improved Gaussian function , exponential regression method;
nonlinear dispersive waves; Complex exponential distribution

1. INTRODUCTION

An image of a fern which exhibits affine self-similarity In geometry, an affine transformation
or affine map or an affinity (from the Latin, affinis, "connected with") between two vector
spaces (strictly speaking, two affine spaces) consists of a linear transformation followed by a
translation Affine transformation In the finite-dimensional case each affine transformation is
given by a matrix A and a vector b, satisfying certain properties described below.
Geometrically, an affine transformation in Euclidean space is one that preserves 1. The
collinearity relation between points; i.e., three points which lie on a line continue to be
collinear after the transformation 2. Ratios of distances along a line; i.e., for distinct collinear
points , , , the ratio is preserved In general, an affine transformation is composed of linear
transformations (rotation, scaling or shear) and a translation (or "shift"). Several linear
transformations can be combined into a single one, so that the general formula given above is
still applicable. In the one-dimensional case, A and b are called, respectively, slope and
intercept.
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Ordinary vector algebra uses matrix multiplication to represent linear transformations, and
vector addition to represent translations. Using an augmented matrix, it is possible to
represent both using matrix multiplication. The technique requires that all vectors are
augmented with a "1" at the end, and all matrices are augmented with an extra row of zeros at
the bottom, an extra column—the translation vector—to the right, and a "1" in the lower right
corner. If A'is a matrix, is equivalent to the following This representation exhibits the set of all
invertible affine transformations as the semidirect product of Kn and GL(n, k). This is a group
under the operation of composition of functions, called the affine group. Ordinary matrix-
vector multiplication always maps the origin to the origin, and could therefore never represent
a translation, in which the origin must necessarily be mapped to some other point. By
appending a "1" to every vector, one essentially considers the space to be mapped as a subset
of a space with an additional dimension. In that space, the original space occupies the subset
in which the final index is 1. Thus the origin of the original space can be found at (0,0, ... O,
1). A translation within the original space by means of a linear transformation of the higher-
dimensional space is then possible (specifically, a shear transformation). This is an example
of homogeneous coordinates. The advantage of using homogeneous coordinates is that one
can combine any number of affine transformations into one by multiplying the matrices. This
device is used extensively by graphics software.

An affine transformation is invertible if and only if A is invertible. In the matrix
representation, the inverse is: The invertible affine transformations form the affine group,
which has the general linear group of degree n as subgroup and is itself a subgroup of the
general linear group of degree n + 1. The similarity transformations form the subgroup where
A is a scalar times an orthogonal matrix. If and only if the determinant of A is 1 or —1 then the
transformation preserves area; these also form a subgroup. Combining both conditions we
have the isometries, the subgroup of both where A is an orthogonal matrix. Affine
transformation Each of these groups has a subgroup of transformations which preserve
orientation: those where the determinant of A is positive. In the last case this is in 3D the
group of rigid body motions (proper rotations and pure translations). For any matrix A the
following propositions are equivalent: « A — 1 is invertible « A does not have an eigenvalue
equal to 1

« for all b the transformation has exactly one fixed point

« there is a b for which the transformation has exactly one fixed point

» affine transformations with matrix A can be written as a linear transformation with some
point as origin If there is a fixed point, we can take that as the origin, and the affine
transformation reduces to a linear transformation. This may make it easier to classify and
understand the transformation. For example, describing a transformation as a rotation by a
certain angle with respect to a certain axis is easier to get an idea of the overall behavior of the
transformation than describing it as a combination of a translation and a rotation. However,
this depends on application and context. Describing such a transformation for an object tends
to make more sense in terms of rotation about an axis through the center of that object,
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combined with a translation, rather than by just a rotation with respect to some distant point.
As an example: "move 200 m north and rotate 90° anti-clockwise", rather than the equivalent
"with respect to the point 141 m to the northwest, rotate 90° anti-clockwise". Affine
transformations in 2D without fixed point (so where A has eigenvalue 1) are:

* pure translations

* scaling in a given direction, with respect to a line in another direction (not necessarily
perpendicular), combined with translation that is not purely in the direction of scaling; the
scale factor is the other eigenvalue; taking "scaling” in a generalized sense it includes the
cases that the scale factor is zero (projection) and negative; the latter includes reflection, and
combined with translation it includes glide reflection.

* shear combined with translation that is not purely in the direction of the shear (there is no
other eigenvalue than 1,

it has algebraic multiplicity 2, but geometric multiplicity 1

Affine transformation of the plane

To visualise the general affine transformation of the Euclidean plane, take labelled
parallelograms ABCD and A” B” C” D’ . Whatever the choices of points, there is an affine
transformation T of the plane taking A to A” , and each vertex similarly. Supposing we
exclude the degenerate case where ABCD has zero area, there is a unique such affine
transformation T. Drawing out a whole grid of parallelograms based on ABCD, the image
T(P) of any point P is determined by noting that T(A) = A” , T applied to the line segment AB
is A” B” , T applied to the line segment AC is A” C” , and T respects scalar multiples of
vectors based at A. [If A, E, F are collinear then the ratio length(AF)/length(AE) is equal to
length(A” F’ )/length(A” E’ ).] Geometrically T transforms the grid based on ABCD to that
basedinA” B” C” D’ .

Affine transformations don't respect lengths or angles; they multiply area by a constant factor

areaof A” B C” D’ /areaof ABCD.

A given T may either be direct (respect orientation), or indirect (reverse orientation), and this
may be determined by its effect on signed areas (as defined, for example, by the cross product
of vectors).

The following equation expresses an affine transformation in GF(2) (with "+" representing
XOR): where [M] is the matrix and {v} is the vector
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For instance, the affine transformation of the element {a} = x7 + x6 + x3 + x = {11001010} in
big-endian binary notation = {CA} in big-endian hexadecimal notation, is calculated as

{rIJ:» Mial+ 4w},

1000 1 1 11
L1000 11 |
1110001 1
L1 110001
11111000
001111100
00111110
00011111
=
!
0
0
0
1
1
_:'J_.

follows:
Thus, {a’ }=x7+x6+x5+x3 +x2+1={11101101} = {ED}.

* The transformation matrix for an affine transformation

* Affine geometry

* Homothetic transformation

« Similarity transformation

* Linear transformation (the second meaning is affine transformation in 1D)
* 3D projection

* Flat (geometry)

Affine transformation 70

A geological map of the provinces of Sirnak and the surrounding area has been identified
geotechnical engineering unit of surface features (Anonymous, 2012). The slope, was one of
the first large-scale topographic maps of the bottom preparation work in the region on the
geological map processing. The determination of the engineering properties of slope, is
intended to draw attention to the critical importance of geotechnical and municipal
development plans in the future in the construction field.

Often, it is more useful to use homogeneous coordinates, since translation cannot be
accomplished with a 3-by-3
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matrix. To scale an object by a vector v = (vx, vy, vz), each homogeneous vector p = (px, py,
pz, 1) would need to be multiplied with this scaling matrix:

As shown below, the multiplication will give the expected result:

The scaling is uniform if and only if the scaling factors are equal. If all scale factors except
one are 1 we have

directional scaling.

(v, 0 0 0]
{0 v, 0 0
v = 0O 0 2o, 0
0 0 0 1]
(v, 0 0 0] _pa,_ _vmpx_
10 vy 0 Of [py|  |vypy
Sop = 0 0 v, Of|p.| [|v.p-
0 0 0 1)]1] 1

Since the last component of a homogeneous coordinate can be viewed as the denominator of
the other three

components, a scaling by a common factor s can be accomplished by using this scaling
matrix:

1 000
010 0
S5e=19 0 1 0
000 %
10 0 0] [p.] [p.l
_0100 Pyl | Py
SP= g 0 1 0 .|~ |p.
000 S]|1f [5]

For each homogeneous vector p = (px, py, pz, 1) we would have
which would be homogenized
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2. METHOD
Image conversion and analysis fopr size distribution were made by pixel counting as shown in
Figure 1.2 and 3.

X U2 -0 Ko oy ~-?5!'f‘!.‘-,‘y

!
Size Analysis of Rock Specimen for Precision of Image Analysis with
comparison of Size test on site

it

Ii)

Figure 1. Crack
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Figure 3. Crack Size Analysis of WHITE/BLACK Rock Specimen for Precision of Image
Analysis with comparison of Size test on site

Image conversion and analysis for marble face crack size distribution were made by pixel
counting as shown in Figure 4.5 and 6.
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Figure 4. Marble Crack Size Analysis of Rock Specimen for Precision of Image Analysis
with comparison of Size test on site

Figure 5. Marble Crack Size Analysis of Methyl Blue Colored Rock Specimen for Precision
of Image Analysis with comparison of Size test on site
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Figure 6. Marble Crack Size Analysis of Black/WHITE Colored Rock Specimen for
Precision of Image Analysis with comparison of Size test on site

2.1.Newton Regression model
Pixel solute diffuses from the internal matrix and gets from three dimension to two
dimensional pixel picture on the surface, which further travels to the crack regression. The
Newton model is presented in the following form,(1-3)

Y=Ye.t(K +t) (1)
where Y is % extraction yield (w/w), Y¢and K are constants (Y is the yield at infinite time).
The size dependence of the error coefficient is governed by an Gaussian equation as follows
3.

K =Koexp(—Error(y)) (5)
where E is the error function, Ko is the pre-exponential coefficient constant.

Principle of selective Crack Analysis

The mining operation may be evaluated over the images created and processed by operators
and specialist by binary correlation duruing the production. As seen in Figure 1, coal mining
made over the cracked rock formations which may be deteriorated by human made or
naturaly.The principle of selective analysis through the investigation surface was managed.
The two dimensional stereonet material and on the rose rate of the cracks are shown in Figure
7.
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Figure 7. Stereonet example: at different crack pattern in regional locations.

The driving force needed to separate cracks is achieved by means of a partial density gradient.
as seen in Figure 5

4 CONCLUSIONS

Sirnak was investigated by urban areas close to border regions participating in the colliery
images of rock samples taken from four different slopes of slope stability and geotechnical
properties of the unit field studies and laboratory experiments. the results of the slope stability
calculations were discussed with risk maps and risk section of program GEO5 and Matlab
regression analysis programs are succesfully used.
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IMAGE ANALYSIS OF SIZE DISTRIBUTION ON COMPRESSED AGGREGATE
FACE - REGRESSED MODEL
Dr. Yildirim Ismail Tosun
Swrnak University, Department of Mining Engineering, Strnak, Turkey
yildirimismailtosun@gmail.com
ABSTRACT
Image analysis of concrete mixture aggregates produced in two different forms in regular size
and sieved form. One type of highly uniform distribution crushed in roll was in granular size
and easily be evaluated in industry for concrete grading and scavenge ring.
The non uniform distribution and other irregular form type may be evaluated as less filling
materials in finer size and so soft as which collected following solid-fine separation sieving.
That waste in finer size may deteriorate picture near cognition blurred form as discharge of
photos and control of form contrast in picture streams was compulsory and calibration
patterns were used. Beneficiate from that finer marble aggregate in picture coloring controlled
the analysis during analysis can efficiently be made. However, to avoid this disturbing
contrast rake up manner of that fine material, dark color were used in picture. But post two
stage processing capturing for image were widely used. 40%, 60% and 80% tine material and
mid size content containing gray color was activated round third stage processing forms were
used in our test experiments at 1-2 mm sized distributions and finer materials.
in this article, we obtain some new complex analytical solutions to the nonlinear Gaussian
equation which seems in the field theory, weakly nonlinear dispersive water waves and
nonlinear functions by using improved exponential sub-equation function method.

Keywords: Gaussian equation, Improved Gaussian function , exponential regression method;
nonlinear dispersive waves; Complex exponential distribution

1. INTRODUCTION

An affine transformation is invertible if and only if A is invertible. In the matrix
representation, the inverse is: The invertible affine transformations form the affine group,
which has the general linear group of degree n as subgroup and is itself a subgroup of the
general linear group of degree n + 1. The similarity transformations form the subgroup where
A is a scalar times an orthogonal matrix. If and only if the determinant of A is 1 or —1 then the
transformation preserves area; these also form a subgroup. Combining both conditions we
have the isometries, the subgroup of both where A is an orthogonal matrix. Affine
transformation Each of these groups has a subgroup of transformations which preserve
orientation: those where the determinant of A is positive. In the last case this is in 3D the
group of rigid body motions (proper rotations and pure translations). For any matrix A the
following propositions are equivalent: « A — | is invertible < A does not have an eigenvalue
equal to 1

« for all b the transformation has exactly one fixed point

March 21-23,2019 ANTALYA-TURKEY Page 156



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-IV

» there is a b for which the transformation has exactly one fixed point

» affine transformations with matrix A can be written as a linear transformation with some
point as origin If there is a fixed point, we can take that as the origin, and the affine
transformation reduces to a linear transformation. This may make it easier to classify and
understand the transformation. For example, describing a transformation as a rotation by a
certain angle with respect to a certain axis is easier to get an idea of the overall behavior of the
transformation than describing it as a combination of a translation and a rotation. However,
this depends on application and context. Describing such a transformation for an object tends
to make more sense in terms of rotation about an axis through the center of that object,
combined with a translation, rather than by just a rotation with respect to some distant point.
As an example: "move 200 m north and rotate 90° anti-clockwise", rather than the equivalent
"with respect to the point 141 m to the northwest, rotate 90° anti-clockwise". Affine
transformations in 2D without fixed point (so where A has eigenvalue 1) are:

* pure translations

* scaling in a given direction, with respect to a line in another direction (not necessarily
perpendicular), combined with translation that is not purely in the direction of scaling; the
scale factor is the other eigenvalue; taking "scaling™ in a generalized sense it includes the
cases that the scale factor is zero (projection) and negative; the latter includes reflection, and
combined with translation it includes glide reflection.

» shear combined with translation that is not purely in the direction of the shear (there is no
other eigenvalue than 1,

it has algebraic multiplicity 2, but geometric multiplicity 1

Affine transformation of the plane

To visualise the general affine transformation of the Euclidean plane, take labelled
parallelograms ABCD and A” B” C” D’ . Whatever the choices of points, there is an affine
transformation T of the plane taking A to A” , and each vertex similarly. Supposing we
exclude the degenerate case where ABCD has zero area, there is a unique such affine
transformation T. Drawing out a whole grid of parallelograms based on ABCD, the image
T(P) of any point P is determined by noting that T(A) = A” , T applied to the line segment AB
is A7 B” , T applied to the line segment AC is A” C” , and T respects scalar multiples of
vectors based at A. [If A, E, F are collinear then the ratio length(AF)/length(AE) is equal to
length(A” F’ )/length(A” E’ ).] Geometrically T transforms the grid based on ABCD to that
basedinA” B” C’ D’ .

Affine transformations don't respect lengths or angles; they multiply area by a constant factor

areaof A” B C” D’ /areaof ABCD.

A given T may either be direct (respect orientation), or indirect (reverse orientation), and this
may be determined by its effect on signed areas (as defined, for example, by the cross product
of vectors).
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The following equation expresses an affine transformation in GF(2) (with "+" representing
XOR): where [M] is the matrix and {v} is the vector

For instance, the affine transformation of the element {a} = x7 + x6 + x3 + x = {11001010} in
big-endian binary notation = {CA} in big-endian hexadecimal notation, is calculated as

{r;’:» Mia}+{v}.

1000 1 1 11
L1000 1 1 |
11100011
L1 110001
11111000
001111100
00111110
00011111
=
!
0
0
0
1
1
_[-J_.

follows:
Thus, {a’ }=x7 +x6+x5+x3 +x2+1={11101101} = {ED}.

* The transformation matrix for an affine transformation

* Affine geometry

* Homothetic transformation

* Similarity transformation

* Linear transformation (the second meaning is affine transformation in 1D)
* 3D projection

* Flat (geometry)

Affine transformation 70

A geological map of the provinces of Sirnak and the surrounding area has been identified
geotechnical engineering unit of surface features (Anonymous, 2012). The slope, was one of
the first large-scale topographic maps of the bottom preparation work in the region on the
geological map processing. The determination of the engineering properties of slope, is
intended to draw attention to the critical importance of geotechnical and municipal
development plans in the future in the construction field.
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Often, it is more useful to use homogeneous coordinates, since translation cannot be
accomplished with a 3-by-3

matrix. To scale an object by a vector v = (vx, vy, vz), each homogeneous vector p = (px, py,
pz, 1) would need to be multiplied with this scaling matrix:

As shown below, the multiplication will give the expected result:

The scaling is uniform if and only if the scaling factors are equal. If all scale factors except
one are 1 we have

directional scaling.

v, 0 0 0
10 v 00
v = 0O 0 o, 0
0 0 0 1]
(v, 0 0 0] _pw_ _vmp$_
10 vy 0 Of [py|  |vypy
Svp = 0 0 v, Of|p.| |vsps
0 0 0 1)]1)] 1

Since the last component of a homogeneous coordinate can be viewed as the denominator of
the other three

components, a scaling by a common factor s can be accomplished by using this scaling
matrix:

1 00 0
0100
Se=19 0 1 0
000 L
1 0 0 0] [p.] [p.]
f_OlOO Pyl By
SP=10 0 1 0 .| = |n.
oo o0 1] [L

For each homogeneous vector p = (px, py, pz, 1) we would have
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which would be homogenized

SPx
SPy
SP

2. METHOD
Image conversion and analysis fopr size distribution were made by pixel counting as shown in
Figure 1.2 and 3.
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Figure 1. Particle Size Distribution Analysis of Sand Specimen for Precision of Image
Analysis with comparison of laboratory screen test
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Figure 2. Line Size Distribution Analysis of Sand Specimen for Precision of Image Analysis
with comparison of laboratory screen test
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Figure 3. Particle Size Distribution Analysis of Sand Specimen for Precision of Image
Analysis with comparison of laboratory screen test
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Figure 4. Particle (Methyl Blue Indicator Sorbed Color) Distribution Analysis of Sand

Specimen for Precision of Image Analysis with comparison of laboratory screen test
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2.1.Size Distribution Model: Gaudin Model

From the observation of the two figures and the corresponding linear correlation coefficient,
one deduces that the RR model provides a better fit to the experimental PSD curve than GGS
does. The resulting distribution and density functions obtained by application of RR model
are given by the following expressions:

y = 100*(x/k)’

where y = cumulative % passing.
x = particle size,
k = s1ze modulus. and
a = distribution modulus.

log(y) = a*log(x) + (2 — a*log(k))

The application of these expressions to the PSD curve allows one to extrapolate (for
estimation purpose only) the percentage of material smaller than a certain particle diameter
(p) at points that do not correspond to the sieving classification system used, thus obtaining
information at the extremes of the particle size diagrams.
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The size dependence of the error coefficient is governed by an Gaussian equation as follows
3,

K =Koexp(—Error(y)) ®)
where E is the error function, Ko is the pre-exponential coefficient constant.

4 CONCLUSIONS

Sirnak was investigated by urban areas close to border regions participating in the colliery
images of rock samples taken from four different slopes of slope stability and geotechnical
properties of the unit field studies and laboratory experiments. the results of the slope stability
calculations were discussed with risk maps and risk section of program GEO5 and Matlab
regression analysis programs are succesfully used.
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EVSEL GIDA ATIKLARI: SURDURULEBILIR BiR GELECEK iCiN
BiYOEKONOMIK SURECTE UMUT VEREN YENILENEBILIR HAMMADDE

Dr. Mine Nazan KERIMAK ONER

Kocaeli Universitesi, Kosekdy Meslek Yiiksekokulu,
Gida Isleme Teknolojileri Béliimii,

41135, Kartepe-Kocaeli/TURKIYE
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OZET

Yasadigimiz cagda gezegenimizde var olan en 6nemli temel sorunlardan bir tanesi de tim
diinyada hizla ortaya c¢ikan kat1 atik problemidir. Kati atiklarin bertaraf edilmeleri sirasinda
yasanan beseri ve g¢evresel problemler sebebi ile bu atiklarin ya kaynakta azaltilmasi ya da
degerli bilesenlerinin siirdiiriilebilirlik kapsaminda atilmadan katma degerli son iirlinlere
donistiiriilmesi son yillarda biyoekonomik siirecte benimsenen uygulamalardan bir tanesi
olmustur. Belediye kati atiklart smifinda yer alan ve belediye kati atiklarimin organik
fraksiyonu (OFMSW) olarak isimlendirilen gida atiklar1 (FW), sehir kat1 atiklarinin en énemli
bilesenlerinden bir tanesidir. Gida ve Tarim Orgiiti'ne (FAO) gore, taze sebze, meyve, et,
unlu mamuller ve siit {irlinleri de dahil olmak {izere yaklagik 1.3-1.6 milyar ton gida, gida
tedarik zinciri boyunca kaybolmaktadir. Giliniimiizde Hindistan, Cin, Tayland, Sri Lanka,
Tiirkiye, vb. gibi gelismekte olan iilkelerde, gida atiklarinin atik bertaraf edilmesi amaciyla
gémme, yakma ve kompostlama gibi geleneksel yontemler ile zararsizlastirilmasi ¢ok yaygin
olarak kullanilan yontemlerdir. Bununla birlikte, anilan uygulamalar, biyoekonomik
perspektiften bakildiginda organik besin maddesi igerigi yoniinden zengin bilesimi nedeniyle
gida atiklarinin bertaraf i¢in uygun degerlendirilme yontemleri degillerdir. Teorik olarak, gida
atiklar1 biyoekonomik siirecte katma degerli materyallerin iiretiminde yararli bir kaynak
olarak kullanilabilirler. Siirdiiriilebilir ekonomi cergevesinde gelecek yillar igerisinde gerek
enerji gerekse diger degerli tirlinlerin yenilenebilir kaynaklardan elde edilmesi insan ve ¢evre
sagiligina kattig1 kazang agisindan diisiiniildiigiinde oldukga biiyiik 6nem tagimaktadir.

Bu nedenle sunulan bu ¢alismada; belediye kati atiklarinin organik fraksiyonundan kimyasal
ve/ya termokimyasal yontemler vasitasiyla elde edilebilecek katma degerli tirlinlerin yarar ve
degerlerinin irdelenmesi yapilmaya caligilmistir.

Anahtar Kelimeler: Biyoekonomi, Belediye Kati Atiklari, Mutfak Atiklari, Biyoenerji,
Biyoiiriin,
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HOUSEHOLD FOOD WASTE: PROMISING RENEWABLE RAW MATERIAL in
BIOECONOMIC PROCESSES for SUSTAINABLE FUTURE

ABSTRACT

One of the most important fundamental problems that existed in our planet in our age is the
solid waste problem that is rapidly emerging all over the world. Human and environmental
problems during the disposal of solid wastes are experienced. Therefore, the reduction of
these wastes at the source or the conversion of the valuable components into value-added end
products without being sustained in the scope of sustainability has been one of the
applications adopted in the bioeconomic process in recent years. Food waste (FW), which is
named as municipal solid waste and organic fraction of municipal solid waste (OFMSW), is
one of the most important components of city solid waste. According to Food and
Agricultural Organization (FAO), about 1.3 and 1.6 billion tons of food, including fresh
vegetables, fruits, meat, bakery and dairy products, are lost along the food supply chain. FWs
are currently landfilled, incineration and composting are very common and mature
technologies for waste disposal in developing countries e.g., India, China, Thailand, Sri
Lanka, Turkey. However, the aforementioned applications are not suitable for the disposal of
food wastes due to their organic nutrient-rich composition. Theoretically, food waste can be
used as a useful source of value-added products in the bioeconomic process. Within the
framework of sustainable economy, obtained both energy and other valuable products from
renewable sources like food waste in the years to come are important in terms of gain to both
human and environmental health.

Therefore, presented in this study; it is to evaluate the benefits and values of value-added
products that can be obtained by using chemical and/or thermochemical methods from the
organic fraction of municipal solid wastes.

Keywords: Bioeconomy, Municipal Solid Wastes, Kitchen Waste, Bioenergy, Bioproduct

1. GIRIS

Gelisen Diinya ile birlikte ortaya ¢ikan hizli sehirlesme, hizla artan niifus ve artan niifusa
paralel olarak da artan bilingsiz gida tiiketimi mutfak atiklarinin iiretim hizin1 giin gectikce
arttirmaktadir. Organik igerigi bakiminda oldukca zengin ve kiymetli olan ve piring, et, sebze,
meyve, firncilik ve giinliik siit {iriinlerini iceren bu atiklar ev, restaurant, kafeterya, gida
endiistrisi ve hazir 6glinlerden kalan tliketilmemis gida atiklarimi icermektedir. Ekonomik
giiclin artmas1 da mutfak atiklarinin miktarindaki artisin sebeplerinden bir tanesidir. Mutfak
atiklarindaki bu artis hem gelismis hem de gelismekte olan iilkeler i¢in gdz 6niine alinmasi
gereken problemlerden bir tanesi haline gelmistir. Icerdigi yiiksek miktardaki biyolojik olarak
parcalanabilen organik bilesikler nedeni ile kotii koku olusumu, hagere ¢gekmesi ve toksik gaz
salinimi1 nedeniyle rahatsiz edici sorunlar yaratmaktadir (Hafid vd., 2017, Mohan vd., 2016).
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Kiiresel olarak yillik 1.3x10° ton gida atig1 bertaraf sahalarina terk edilmekte bu suretle de
3.3x10° ton CO,-es/yil sera gazi emisyonu gergeklesmektedir. Yapilan tahminler 2025 yilina
kadar siirdiiriilebilir karbon (¢evrimsel) ekonomisinin gergeklestirilebilmesi i¢in , olusmasi
durdurulacak, azaltilacak, geri kazanilacak ve islenecek ~ 2.5x10° ton gida atigmin kiiresel
olarak ortaya ¢ikacagini gostermektedir.

Belediye atiklarimin organik fraksiyonu olan mutfak atiklar1 heterojen bilesime sahiptirler.
Icerdigi ana elementler ve kimyasal bilesimi; C, H, N, O, S ve Cl, sirasiyla % olarak, 46.11,
6.89, 3.19, 37.80, 0.29 ve 0.21 seklindedir (Li vd., 2016). Bu bilesim iilkeden iilkeye
degismekle birlikte ayni iilkede farkli sehirlere ve/veya ayni sehirde farkli yerlesim
bolgelerine gore de farklilik gosterebilmektedir. Mutfak atiklari, karakteristik olarak piring,
tahil, sebze ve meyve artiklarindan olugsmakta ve yliksek miktarda organik ve biyolojik olarak
pargalanabilen bilesenler barindirmaktadirlar. Igerdigi organik bilesenlerinin yaklasik % 60’1
¢Oziiniir ya da polimerik formdaki karbohidrat polimerleri (nisasta, seliiloz ve hemiseliiloz), %
20’si protein, % 10’u yag ve diger organik maddeler (asitler vb.) ve daha kii¢iik inorganik
karakterli kalintilardan olusmaktadir (Gwak vd., 2018, Hafid vd., 2017, Vavouraki vd., 2014).

Mutfak atiklar1 sahip olduklari bu kullanish bilesim sebebiyle, igerisinde metan, hidrojen,
etanol, enzimler, organik asitler, biyopolimerler ve biyoplastiklerin de bulundugu katma
degerli son iiriinler olarak isimlendirilen ¢esitli biyoiirinlerin iiretilmesi amaciyla mikrobiyal
besiyeri olarak kullanilabilirler. Biyoteknoloji miihendisligi ve uygulamalarinin da siireg
icerisinde gelismesi, mutfak atiklarinin endiistriyel uygulamalarda ham madde olarak
kullanilmasiin yollarin1 gelistirerek yeni katma degerli iiriinlerin {iretilmesini miimkiin
kilacaktir (Ugkun Kiran vd., 2014).

2. MUTFAK ATIKLARINDAN ENERJIYE

Biyokiitle, farkli prosesler kullanilarak enerjinin kullanighh formlara donistiiriilebilir.
Doniistim prosesi se¢iminde etkili olan faktorler ise; biyokiitle miktar1 ve tipi, istenen enerji
formu, son kullanim gereksinimleri, ¢evresel standartlar, ekonomik kosullar ve projeye ait
spesifik faktorler seklinde siralanabilirler. Bazi durumlarda ise gerekli olan enerji tiirii prosesi
ve gidisini belirleyerek miimkiin olan biyokiitle miktar1 ve se¢imini yaptirir.

Biyokiitle, iki tanesi enerji ile ilgili olmak {izere {i¢ ana liriine doniistiiriilebilir; 1) gii¢/ener;ji
iiretimi, i1) ulasim yakitlari, ii1) kimyasal hammadde. Biyokiitlenin enerjiye doniisiimiinde ise;
biyokimyasal/biyolojik ve termokimyasal yontemlerin kullanildig: siiregler olmak {izere iki
ana teknoloji kullanilir. Mekanik ayristirma ise kolza tohumundan kolzatohumu metil ester
biyodizeli (esterifikasyon ile) gibi yakitlarin iiretildigi ve biyokiitleden enerji {iretiminin
miimkiin oldugu bir {i¢iincii teknolojik yontemdir. Termokimyasal doniisiim; yakma, piroliz,
gazlastirma ve sivilagtirma olmak tizere dort ana proses lzerinden gerceklestirilirken,
biyokimyasal/biyolojik doniisiimde digeston (biyogaz iiretimi, karistm ana miktar olarak
metan igerirken karbondioksiti de barindirir) ve fermentasyon (etanol {iretimi) olmak iizere iki
ana teknoloji kullanilir (Peter McKendry, 2002). Gida atiklarindan enerjiye doniisiim
teknolojileri ve trtinlerinin 6zetlendigi sekil 1 asagida verilmistir (Pham vd., 2015).
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Sekil 1. Gida Atiklarindan Enerjiye Dontigiim Teknolojileri

2.1. TERMAL/TERMOKIMYASAL DONUSUM TEKNOLOJILERIi

Biyokiitlenin termokimyasal doniisiimii isleminde, iki daha az tercih edilen segenek ile

birlikte ii¢ ana proses kullanilir. Termokimyasal doniisiim sonucu olusan ara enerji tasiyicilar

ve son enetji iirlinlerinin de gdsterildigi ana iiretim prosesleri sekil 2°de gosterilmistir.

Biyokiitle
Hammadde
Termokimyasal e .
Praics Yakma Gazlastuma Piroliz
Ara Uriin [ | | | ‘
Prosesi Sicak gazlar s | 1
Diisiik enerji gaz Orta enerji gaz Komiir Hidrokarbonlar
! J
qDl'l L Buthar Proses Dahili VAt Gl Syn sivilar Akal_}-'akn
Urlin Is1 Yamma Maria Metanol ve
Elekirik Makineleri Gaz yag Distilatlar

Sekil 2. Biyokiitlenin termokimyasal dontistimiindeki ana siirecler, ara enerji tastyicilart ve

son enerji lirtinleri

2.1.1. Yakma

Depolama

alanlarinda kontrolsiiz sartlarda bekletilen organik atiklar, biogaz olarak

isimlendirilen ve ana miktarda metan (CH,) ve yaninda karbondioksit (CO,) igeren eser
miktarlarda da azot (N;), oksijen (O2) ve hidrojen siilfit (H,S) bulunduran atik gazlari
atmosfere ¢evre kirletici olarak serbest birakirlar (Pham vd., 2015, Peter McKendry, 2002).
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Yakma, atik materyallerin yanma suretiyle 1s1 ve enerjiye doniistiiriildiigii eski ve geleneksel
bir yontemdir. Yanma prosesinden elde edilen 1s1, enerji iiretimi i¢in buhar tribiinlerini
calistirmak ya da endiistride proses akiglarini arttirmak i¢in kullanilan 1s1 esanjorleri igin
kullanilir. Yakma firinlart kati atik hacmini % 80-85 oraninda indirgeyebilir boylelikle de
bertaraf edilecek atik miktar1 da dikkate deger bir sekilde azaltilabilir. Kat1 atiklarin yakilarak
azaltilmasi eski bir teknoloji olmas1 sebebiyle bazi Avrupa Birligi Ulkeleri tarafindan atik
yonetimi amaciyla tamamiyla onaylanmamaktadir. Baz1 {ilkelerin atiklarin yakilmasina karsi
duyduklar giivensizlik yakma sirasinda kullanilan alet ve teknolojinin eski olmasi nedeniyle
dioksinleri ve agir metalleri igceren gazlarin havaya birakilmasindan kaynaklanmaktadir.
Ayrica, yakma sonrasinda geriye kalan yakilamayan kiil genellikle konsantre inorganik
atiklar1 igerdiginden bu atiklarin da uygun bir sekilde bertaraf edilmesi zorunludur.

Literatiir calismalar1 incelendiginde, gida atiklarindan yakma yontemi ile enerji geri
kazaniminda gida atiklarinin yiiksek miktarda nem ve yakilamayan bilesenler igermesi
sebebiyle tek baslarina yakildiklarinda bertaraf yontemi agisindan kotiiniin iyisi olarak
degerlendirilmektedirler. Tipik olarak, mutfak atiklar1 sehir ¢opleri ile birlikte ayni siiregten
gecirilerek yakma yontemi ile 1s1 ve enerjiye cevrilirler. Gida atiklart kurutulmalarinin
ardindan sehir copleri ile birlikte 850°C ile yaklasik olarak 1100°C’a kadar yakilirlar.
Kurutma igin ortalama elektrik tiiketimi 649 kWh’tir ki bu miktar bir ton gida atigindan elde
edilecek 27920 MJ enerjiye esdegerdir. Yakma ile yapilan deneylerden elde edilen sonuglar 1
g TS’in kurutularak yakilmasindan 37.7 kJ 1s1 elde edildigini gostermektedir (Pham vd.,
2015). Biyokiitle olarak kullanilan mutfak atiklarinin igerdigi nem oranmnin <%50 olmasi

durumunda atiklarin  kurutulmadan yakilmas: uygulanabilir karli bir yontem olarak
degerlendirilebilir (Peter McKendry, 2002).

2.1.2. Piroliz ve Gaz Haline Getirme (Gazlastirma)

Piroliz ve gazlastirma her ikisi de termal proseslerdir. Piroliz, gida atiklarini oksijensiz
ortamda syngas (CO+H,) ve kat1 biyo-komiir ile birlikte ana iiriin olarak biyo-yakit haline
dontstiiriir. Pirolizden elde edilen enerji tirtinleri sekil 3’de gosterilmistir.

J

1
Manzal komitrii 235" varan verim
i =~ =) (Karbenizasyon, vavas pireliz)

Bivo-vakt 2650'e varan verim

© varan ve
{llash pirolic. divsik sizaklik)

Piroliz ! .{

1 Vakit Gaz 280'c varan verim
—I\ Ak piodie. dinik sicaklik)

Sekil 3. Pirolizin enerji tirtinleri

Doniisiim prosesi ile ilgili problemler ve iiretilen yakitin sahip oldugu zayif termal stabilite ve
asindiricilik gibi 6zellikleri halen istesinden gelinmesi gereken proses sorunlarindandir.

March 21-23, 2019 ANTALYA-TURKEY Page 169



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

Hidrojenasyon yoluyla alkalilerin giderilmesi ve oksijen igeriginin diisiiriilerek biyo-yakitin
gelistirilmesi baz1 uygulamalar i¢in gerekli olabilmektedir (Peter McKendry, 2002).

Gaz haline getirme, biyokiitlenin yiliksek sicakliklarda, tipik olarak 800-900°C arasinda, kismi
oksidasyonu vasitasiyla yakilabilir gaz karisimi haline déniistiiriilmesidir. Uretilen diisiik
kalori degerine sahip gaz (4-6 MJ/Nm3) direkt olarak yakilabilir ya da gaz motorlarn ve gaz
tribiinleri i¢in yakit olarak kullanilabilir. Uriin gazi1, metanol gibi kimyasallarim {iretiminde de
hammadde (syngas) olarak kullanilabilir (Pham vd., 2015, Peter McKendry, 2002).

Gazlagtirma ve piroliz proseslerinin her ikisi de gida atiklari i¢in uygun atik degerlendirme
yontemleri olarak degerlendirilebilirler. Her iki proses de ana bileseni CO ve H, (%85) olan
ve kiiciik bir miktarda da CO; ve CH, bulunduran syngaz: iiretirler. Piroliz prosesinde 1sitma
degeri 17MJ/kg civarinda olan biyo-yakit %80’¢ varan verim ile firetilebilir. Ancak
gazlagtirma prosesinin performansini etkileyen birgok faktér vardir. Gazlastirma prosesinde
atik-enerji doniisiimiinde kullanilacak olan atiklarin elementel bilesimi, diisiik 1sitma degeri,
kiil icerigi ve bilesimi, nem igerigi, ugucu madde igerigi, diger kirleticiler (N, S, Cl, alkaliler,
agir metaller vb.), yogunluk ve boyut cok Onemli karakteristik oOzelliklerdir. Yapilan
aragtirmalar gida atiklarinin her iki termal proses i¢in de uygun bir biyokiitle-enerji doniisiim
hammaddesi oldugunu gostermistir (Pham vd., 2015, Peter McKendry, 2002).

2.1.3. Hidrotermal Karbonizasyon (HTC)

Hidrotermal karbonizasyon 0zellikle yiiksek nem igerigine (%80-90) sahip atiklarin
doniistiiriilmesi amaciyla kullanilmaya baslanmis ve arastirmacilarin dikkatini ¢ekmis bir
termal dontisiim teknolojisidir. HTC, 1913 yilinda ilk kez seliillozdan komiir eldesi amaciyla
denenmistir.

HTC, otojen basing altinda ve nispeten diisiik sicakliklarda (180-350°C) yemek atiklarini
degerli enerji kaynaklarina dontistiiren 1slak prosestir. Biyolojik proseslerde kullanilan diger
atiktan enerjiye doniisim prosesleri ile karsilastirildiginda, HTC daha az islem atigi, daha
biiyiik atitk hacmini indirgemesi ve proses ile ilgili kotii kokulara sebep olmamasi gibi
avantajlara sahiptir. Ayrica giinlerden aylara kadar uzayabilen biyolojik proseslere gore
sadece birka¢ saatte tamamlanmasi diger tekniklere karsi sahip oldugu bir baska avantajdir.
HTC’nin yiiksek sicakliklarda gergeklestirilmesi patojenleri elimine ederken diger potansiyel
organik kirleticilerinde inaktivasyonuna neden olur. HTC prosesi sonlandiginda steril,
hijyenik, kolayca depolanip tasiabilen enerjice zengin bir kaynak elde edilmis olur. Benzer
sekilde HTC proses sivisindan da enerjinin geri kazanilmas: da olasidir. Kullanim/yeniden
kullanim i¢in bazi kimyasallarin HTC islem suyundan geri kazanilmasi olasiligi vardir. HTC
prosesi ile iliskili diger bir avantaj ise azot tiirlerini igeren besinlerin sivilardan geri
kazanilmasi yoluyla giibre olarak kullanma potansiyeli ile ilgilidir. HTC prosesi sirasinda
islak hammadde igerisinde dekarboksilayon, dehidrasyon, kondenzasyon ve hidroliz
reaksiyonlarinin da bulundugu bir seri kendiliginden gerceklesen reaksiyona maruz kalir. Tim
bu reaksiyonlar sonucunda enerji icerigi linyit komiiriine esdeger ve yliksek miktarda
karbonize olmus enerjice yogun materyal olusur. Uretilen kdmiir, yiizey islevsellestirilmesinin
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ardindan, zararl kirleticiler i¢in bir adsorban olarak faydali son {iriin kullanim uygulamasina
tabii tutulabilir. Ayrica, son firiin olarak iretilen komiiriin karbon yakit hiicreleri igin
hammadde ve toprak iyilestirme (piroliz / gazlastirma isleminden elde edilen komiire benzer)
gibi faydali son kullanim uygulamalarinda kullanilmasi da miimkiindiir (Pham vd., 2015,
Peter McKendry, 2002).

3. SONUC

Stirdiiriilebilir bir toplum ve paralelinde saglikli bir ¢evre ve gelecek i¢in yapilmasi gereken
en 0nemli ataklardan bir tanesi de yenilenebilir ve siirdiiriilebilir enerji kaynaklarint miimkiin
oldugunca hizli bir sekilde kullanima gecirmektir. Hizla artan niifus ile birlikte hizla artan
enerji ihtiyacinin yaninda tiiketim ile birlikte gelen atik birikiminin de tehditkar boyutlara
ulagmasi giiniimiiz toplumlarinin en énemli problemlerinden biri olmaya devam etmektedir.

Enerji ihtiyacinin karsilanmasi amaciyla fosil yakitlarinin kullanimda oldugu giiniimiizde bu
yakitlarinda yakin gelecek de tiikenecek olmasi tiikkenmeyen ve yenilenebilir enerji
kaynaklarini daha da kiymetli hale getirmistir. Son zamanlarda atiklar ile yapilan ¢aligmalarda
gida atiklar1 gibi zengin icerige sahip sehir atiklarin yenilenebilir kaynaklar arasina girmesi bu
alanda yapilan ¢alismalar1 daha da hizlandirmistir.

Biiyiik metropoller ve sehirler i¢in depolanmasi ve bertaraf edilmesi problem haline gelmeye
baslayan sehir atiklar1 ve bu atiklarin organik fraksiyonu olarak tanimlanan mutfak atiklar da
son zamanlarda atiktan enerjiye doniisiim teknolojilerinin kullanilabilirliginin miimkiin
oldugu ortaya ¢ikan organik atik materyaller arasinda degerlendirilmektedirler. Bu sebeple bu
atiklarin yenilenebilir kaynak olarak degerlendirilmesi hem var olan atik yOnetimi
miicadelesinde basarili olmamizi saglamasinin yaninda hem de atik materyallerden enerji elde
edilmesi dolayisiyla sehirlerin yenilenebilir kaynaklardan kendi enerji santrallerini
olusturmalarini saglayarak akilli sehirler kurma yolunda ilerleyen Diinya {ilkelerine entegre
olmamiz1 da saglayacaktir.

KAYNAKLAR

Gwak, Y.R., Kim, Y.B., Gwak, I.S., Lee, S.H. 2018. Economic evaluation of synthetic
ethanol production by using domestic biowastes and coal mixture. Fuel, 213, 115-129.
https://doi.org/10.1016/j.fuel.2017.10.101

Hafid, H.S., Rahman, N.A.A., Md Shah, U.K., Baharuddin, A.S., Ariff, A.B. 2017. Feasibility
of using kitchen waste as future substrate for bioethanol production: A review.
Renewable and Sustainable Energy Reviews. 74, 671-686.
https://doi.org/10.1016/j.rser.2017.02.071

McKendry, P. 2002. Energy production from biomass (part 2): conversion technologies.
Bioresource Technology, 83, 47-54. PIl: S0960-8524 (01)00119-5

Mohan, S.V., Nikhil, G.N., Chiranjeevi, P., Reddy, C.N., Rohit, M.V., Kumar, A.N., Sarkar,
0. 2016. Waste biorefinery models towards sustainable circular bioeconomy: Critical

March 21-23,2019 ANTALYA-TURKEY Page 171


https://doi.org/10.1016/j.fuel.2017.10.101
https://doi.org/10.1016/j.rser.2017.02.071

MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-IV

review and future perspectives. Bioresource  Technology, 215, 2-12.
https://doi.org/10.1016/j.biortech.2016.03.130

Pham, T.P.T., Kaushik, R., Parshetti, G.K., Mahmood, R., Balasubramanian, R. 2015. Food
waste-to-energy conversion technologies: Current status and future directions. Waste
management, 38, 399-408. https://doi.org/10.1016/j.wasman.2014.12.004

Ucgkun Kiran, E., Trzcinski, A.P., Ng, W.J., Liu, Y. 2014. Bioconversion of food waste to
energy: A review. Fuel, 134, 389-399. https://doi.org/10.1016/j.fuel.2014.05.074

Vavouraki, A.l., Volioti, V., Kornaros, M.E. 2014. Optimization of thermo-chemical
pretreatment and enzymatic hydrolysis of kitchen wastes. Waste Manegement, 34, 167-
173. https://doi.org/10.1016/j.wasman.2013.09.027

March 21-23,2019 ANTALYA-TURKEY Page 172


https://doi.org/10.1016/j.biortech.2016.03.130
https://doi.org/10.1016/j.wasman.2014.12.004
https://doi.org/10.1016/j.fuel.2014.05.074
https://doi.org/10.1016/j.wasman.2013.09.027

MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V
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CHALCONES: ACOMPUTATIONAL AND MOLECULAR DOCKING STUDY
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ABSTRACT

In this study, DFT and molecular docking calculations have been performed on some novel
chalcone based benzyl ether derivatives. In the first part, density functional theory (DFT)
calculations have been performed on the investigated molecules. Geometry optimizations,
frequency analyses, frontier molecular orbital calculations and molecular electrostatic
potential map calculations have been performed at DFT/B3LYP level of theory with the use
of 6-31G(d), 6-31G(d,p), 6-311G(d,p) and 6-311+G(d,p) basis sets. In the second part,
molecular docking calculations have been performed for acetylcholinesterase,
butyrylcholinesterase and heat shock protein. Results show that investigated compounds show
good binding affinity especially for cholinesterase enzyme.

Keywords: DFT, computational chemistry, molecular docking, AChE, BChE, HSP90A,
chalcone, benzyl ether

INTRODUCTION

1,3-diphenyl-2-propenones (chalcones) and their derivatives are important structures in
organic and pharmaceutical chemistry. They have anticancer, antitubercular, antiviral,
antifungal, antibacterial activity etc. [1-13] Fig. 1 represents the structure of investigated
compounds.

Comp.1-10
Comp. Ar Comp. Ar
1 phenyl 6 2-fluorophenyl
2 2-chloropheny! 7 4-flucropheny!
3 4-chlorophenyl 8 2 4-dichlorophenyl
4 2-bromophenyl 9 3,4-dichlorophenyl
5 4-bromophenyl 10 2,6-dichlorophenyl

Fig. 1. Structures of the investigated compounds 1-10.
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THEORETICAL CALCULATIONS

All calculations have been performed using Gaussian 09 Rev. D01. [14] Avogadro 1.1.1 [15]
software was used for the conformational searches and GaussView 5.09 [16] was used for the
visualization of the computational results. Optimized geometries of the compounds 1-10 are
given in Fig. 2. Single point energies of the title compounds have been calculated and are
given in Table 2. In the first part of the study, some DFT calculations have been performed on
the title compounds. DFT calculations performed at B3LYP level of theory with the use of
various basis sets including 6-31G(d), 6-31G(d,p) and 6-311+G(d,p) basis sets.

Conformer search calculations have been performed on the title compounds prior to geometry
optimizations. After geometry optimizations, frequency calculations have been performed on
the title compounds to verify the obtained structures are global minima. Optimized geometries
obtained with 6-311+G(d,p) basis set are given in Fig. 2.
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Fig. 2. Optimized structures of the investigated compounds 1-10.

Single point energies (SPEs) of the investigated compounds calculated at DFT/B3LYP 6-
311+G(d,p) level of theory are given in Table 1.
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Table 1. Single point energy calculations of compounds 1-10.
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-1042.6135297
-1502.2372564
-1502.2390061
-3616.1505177
-3616.1528946
-1141.8847986
-1141.8849814
-1961.8296918
-1961.8278433
-1961.8586843

Table 2. HOMO and LUMO energies and HOMO-LUMO gaps of compounds 1-10.

0.1980

0.1960

0.1940

0.1920

0.1900

0.1880

0.1860

@
o
;=
@
s
(]
o
@
)
o)
=
=
=
(]
=
o
o

0.1840

Comp HOMO LUMO HOMO-LUMO
' (hartree) (hartree) Gap (hartree)
1 -0.03771 -0.23374 0.19603
2 -0.03722 -0.23111 0.19389
3 -0.04031 -0.23660 0.19629
4 -0.03796 -0.23159 0.19363
5 -0.04046 -0.23666 0.19620
6 -0.03625 -0.23088 0.19463
7 -0.03978 -0.23597 0.19619
8 -0.04382 -0.23373 0.18991
9 -0.04225 -0.23882 0.19657
10 -0.04463 -0.23236 0.18773
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Fig. 3. HOMO — LUMO Gaps of compounds 1-10.

Higher HOMO — LUMO gaps correspond to more stable molecular structure, so it can be said
that compound 9 is the most stable compound among compounds 1-10.

A frequency analysis after geometry optimization have been performed to verify that the
optimized geometry correspond to a real minimum. Calculated IR spectra of compound 1 at
DFT/B3LYP 6-311+G(d,p) level of theory is given in Fig. 4
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Fig. 4. Calculated IR spectra of compound 1.

In molecular docking calculations, optimized structures of the compounds have been used to
calculate binding affinities and to determine possible receptor — ligand interactions between
investigated compounds and the selected receptors, AChE, BChE and HSP90A. The
structures of the proteins have been obtained from RCSB Protein Data Bank [17]. PDB codes
of AChE, BChE and HSP90A are 5ei5, 4bds and 3qdd, respectively. Molecular docking
calculations have been performed with the use of AutoDock Vina [18], UCSF Chimera [19],
AutoDockTools [20-21] and Discovery Studio Visualizer [22] program packages. Binding
affinities of the investigated compounds 1-10 are given in Table 3 and Fig. 5. Results show
that investigated molecules exhibit good binding affinity for BChE and especially for AChE.
Additionally it can be said that the binding affinities for HSP90A are slightly lower than those
of the BChE.

Table 3. Binding affinities

Compounds AChE BChE  HSP90A
1 -12.1 -11.6 -9.6
2 -114 -11.8 -10
3 -12 -10.7 -9.7
4 -114 -11.8 -9.8
5 -11.9 -10.7 -9.7
6 -12 -11.7 -10
7 -11.7 -11.3 -9.9
8 -11.8 -10.6 -9.8
9 -12.1 -10.8 -9.9
10 -11.4 -11.5 -10.2
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Binding Affinity (kcal/mol)

1 2 3 4 5 6 7 8 9 10
BAChE @BChE ®EHSP0A
Compounds

Fig. 5. Binding affinities.
Receptor — ligand interactions are represented in Figs. 6, 7 and 8.

TYR121

TRP84

Fig. 6. Receptor — ligand interactions for comp. 9 and AChE.
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SER19
HIS438

TRP231

Fig. 7. Receptor — ligand interactions for comp. 4 and BChE.

MET98

LYS58

LEU107

TRP1

Fig. 8. Receptor — ligand interactions for comp. 10 and HSP90A.
RESULTS AND DISCUSSION

In this study, DFT and molecular docking calculations have been performed on the benzyl
ethers derived from chalcones. Results showed that investigated compounds exhibit good
binding affinity especially for AChE. The binding affinities of compounds were found to be in
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the range of -11.4 — 12.1 kcal/mol. The highest binding affinities for BChE and HSP90A were
found to be -11.8 kcal/mol and -10.2 kcal/mol, respectively.

In FMO calculations, since the higher HOMO-LUMO gap correspond to more stable
structure, it can be said that compound 9 is the most stable compound among compounds 1-
10.
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ABSTRACT

In the present study, some novel 1,3,4-thiadiazolethiol substituted benzyl ethers have been
investigated computationally via density functional theory (DFT) and molecular docking
calculations. In the first part of the study, geometry optimizations, frequency analyses,
molecular electrostatic potential (MEP) map calculations, frontier molecular orbital (FMO)
calculations have been performed on the title compounds at DFT B3LYP level of theory with
the use of various basis sets. In the second part of the study, AChE, BChE and HSP90A were
selected as receptors and the binding affinities of the investigated molecules against these
proteins have been determined. Results show that the compounds exhibit good to moderate
binding affinity for investigated proteins.

Keywords: thiadiazole, computational chemistry, DFT, molecular docking, AChE, BChE,
HSP90A

INTRODUCTION

Thiadiazole compounds are important structures in organic chemistry. These heterocycles and
their derivatives can act as antimicrobial, antituberculosis, anti-inflammatory, anticancer,
antihypertensive and anticonvulsant agents and a-glucosidase and cyclooxygenase-2
inhibitors. In recent years, there has been intense investigation of different classes of
thiadiazole compounds. [1-6] In this study some DFT and molecular docking calculations
have been performed on 1,3,4-thiadiazolethiol substituted benzyl ethers. The structures of the
investigated molecules are given in Fig.1.

U
(@]
S._-S
T )—NH,
N~-N
Comp.1-10
Comp. Ar Comp. Ar
1 phenyl 6 2-fluorophenyl
2 2-chlorophenyl 7 4-fluorophenyl
3 4-chlorophenyl 8 2 4-dichlorophenyl
4 2-bromophenyl 9 3,4-dichlorophenyl
5 4-bromophenyl 10 2,6-dichlorophenyl

Fig.1. Investigated molecules
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THEORETICAL CALCULATIONS

In the first part of the study, some DFT calculations have been performed on the title
compounds. DFT calculations performed at B3LYP level of theory with the use of various
basis sets including 6-31G(d), 6-31G(d,p), 6-311+G(d,p) and 6-311+G(2d,p) basis sets.

All calculations have been performed using Gaussian 09 Rev. DO1. [7] Avogadro 1.1.1 [8]
software was used for the conformational searches and GaussView 5.09 [9] was used for the
visualization of the computational results.

Prior to geometry optimizations, conformer search calculations have been performed on the
title compounds. Then, geometry calculations, frequency analyses, frontier molecular orbital
calculations and molecular electrostatic potential map calculations have been performed on
the investigated compounds. Optimized geometries obtained with 6-311+G(d,p) basis set are
given in Fig.2
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Fig.2. Optimized geometries of the investigated compounds.

Molecular electrostatic potential (MEP) map calculations have been performed at DFT
B3LYP level of theory with the use of 6-31G(d), 6-31G(d,p), 6-311+G(d,p) and 6-
311+G(2d,p) basis sets. For instance MEP map of compound 1 is given in Fig.3.
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Fig.3. MEP map of compound 1 calculated with 6-311+G(2d,p) basis set.

In Fig.4., vibrational spectrum of compound 1 is given. The spectrum has been obtained at
DFT/ B3LYP 6-311+G(2d,p) level of theory.

T T

80

40

Transmittance (%)

| L L L L | . L L L | L L L .
3000 2000 1000 0
Wavenumber (cm™)

Fig.4. IR spectra of compound 1 calculated with 6-311+G(2d,p) basis set.

HOMO and LUMOs of the investigated molecules are calculated at DFT B3LYP level of
theory with the use of same basis sets. Calculated HOMO and LUMO energies and the
HOMO-LUMO gap values, calculated with 6-311+G(2d,p) basis set are given in Table 1.
Since higher HOMO-LUMO gap correspond to most stable compound, it can be seen that
compound 6 is the most stable compound.
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Table 1. HOMO and LUMO energies of the investigated molecules.

LUMO (hartree) HOMO (hartree) HOMO-LUMO
Gap (hartree)
Comp.1 -0.03837 -0.22737 0.18900
Comp.2 -0.03724 -0.21809 0.18085
Comp.3 -0.03478 -0.22441 0.18963
Comp.4 -0.03810 -0.22258 0.18448
Comp.5 -0.03539 -0.22466 0.18927
Comp.6 -0.03378 -0.22462 0.19084
Comp.7 -0.03588 -0.22667 0.19079
Comp.8 -0.03833 -0.22486 0.18653
Comp.9 -0.03990 -0.22549 0.18559
Comp.10 -0.04228 -0.22599 0.18371

Molecular docking calculations have been performed for cholinesterase enzymes and heat
shock protein. The structures of the proteins have been obtained from RCSB Protein Data
Bank [10]. PDB codes of AChE, BChE and HSP90A are 5ei5, 4bds and 3qdd, respectively.
Molecular docking calculations have been performed with the use of AutoDock Vina [11],
UCSF Chimera [12], AutoDockTools [13-14] and Discovery Studio Visualizer [15] program
packages. Binding affinities are given in Table 2 and Fig.5.

Table 2. Binding affinities of the investigated compounds.
Binding Affinities (kcal/mol)

AChE BChE HSP90A
Comp.1 -9.8 -8.9 -8.9
Comp.2 -10.2 -9.2 -9.0
Comp.3 -10.3 -8.8 9.1
Comp.4 -10.2 -9.4 -9.0
Comp.5 -10.2 -8.7 -9.0
Comp.6 -10.1 -9.2 -9.0
Comp.7 -10.3 -9.2 -9.1
Comp.8 -10.6 -9.1 -9.0
Comp.9 -10.5 -9.1 -9.2
Comp.10 -9.8 -9.3 -9.1
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Fig.5. Binding affinities of the investigated compounds.

HE290

PHE330

Fig.6. Receptor — ligand interactions between compound 6 and AChE.
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| PHE329

mwassz

Fig.7. Receptor — ligand interactions between compound 4 and BChE.

TRP162

AL186

Fig.8. Receptor — ligand interactions between compound 9 and HSP90A.
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RESULTS AND DISCUSSION

Results show that investigated compounds exhibit good binding affinity for AChE.
Compound 8 which is the 2,4-dichloro substituted benzyl ether derivative, exhibit the highest
binding affinity for AChE. On the other hand investigated compounds exhibit average binding
affinity for BChE and HSP90A.

According to frontier molecular orbital calculations, the highest HOMO-LUMO gap was
obtained for compound 6 and so it can be said that compound 6 is the most stable compound
among compounds 1-10.
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ABSTRACT

Allura red (FD&C Red 40) is a popular food dye used worldwide. Annual production in 1980
was greater than 2.3 million kilograms. Adsorption is one of the several techniques that has
been successfully used for food dyes removal. Adsorption of allura red food dye onto
multiwalled carbon nanotubes in aqueous phase at various temperatures and adsorbent dosage
were studied. The adsorption studies include both equilibrium adsorption isotherms and
kinetics. The experimental adsorption equilibrium data were compared to the Langmuir,
Freundlich, Temkin and Dubinin-Radushkevich (DR) isotherm models and the isotherm
model parameters were determined. Langmuir adsorption isotherm constant corresponding to
adsorption capacity, Qp, was found to be 151.3 mg/g at 30 °C. The Kkinetic of adsorption was
investigated using pseudo first order and pseudo second order kinetic models. The mechanism
of the adsorption process was also described from the intraparticle diffusion model. The
results indicate that multiwalled carbon nanotubes could be employed as a effective adsorbent
for the removal of the allura red dye from effluents.

Keywords: Multiwalled carbon nanotubes, dye adsorption, allura red, food dye, adsorption
isotherms, adsorption kinetic.

1. INTRODUCTION

Carbon nanotubes can be classified into two broad categories: single walled carbon
nanotubes and multiwalled carbon nanotubes. Multiwalled carbon nanotubes are widely used
carbonaceous nanomaterials. They are pure carbon molecules consisting of sheets of carbon
atoms in hexagonal arrays. Multiwalled carbon nanotubes with different diameters would
have different BET surface area, which would affect their adsorptive properties [1-4].
Multiwalled carbon nanotubes showed high affinity for dyes, heavy metals and phenolic
pollutants. Most of the dyes used to give color to several products in food, textile, plastic and
automotive industries, can accumulate in the environment and have high toxicity to human
health. The discharge of colored wastewater from these industries causes many
environmental problems. For the removal of dyes from wastewater, adsorption methods are
economical, efficient and successful [5, 6].

This work conducted a study of allura red dye removal from aqueous solutions using
multiwalled carbon nanotubes. The equilibrium data and kinetic data were analyzed so that
we can understand the adsorption mechanism and different models were applied to fit the
experimental data.

March 21-23, 2019 ANTALYA-TURKEY Page 190



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

2. MATERIALS and METHODS
Adsorbate

Allura red dye (AR) purchased form Sigma-Aldrich, was used without any further
purification. The chemical structure of AR (C1gH14N20gS,Nay, molecular weight 496.4 g/mol,
C.I. 16045, Anax=500 nm, pKa=11) is shown in Scheme 1[7,8]. Distilled water was used to
prepare all solutions. A stock standart solution of 1000 mg/L was prepared by dissolving an
appropriate quantity of the solid in distilled water and diluted to the desired initial
concentration.

Na* O _O
o 1T I |
N=N— )—S-0" Na*
o ©

Scheme 1. Chemical structure of allura red dye.

Batch equilibrium studies

To study the effect of parameters such as contact time, solution temperature and adsorbent
dose for the removal of AR on multiwalled carbon nanotubes, batch experiments were
performed in a set of 60 mL volumetric flasks that contain a definite volume (30 mL in each
flask) of fixed initial concentrations of AR dyes solution. The flasks were kept in a
thermostated water bath shaker (GFL 1086) at a constatnt speed of 100 rpm and different
temperatures (30, 35 and 40 °C). After adsorption, the sample solutions were filtered and the
concentrations of AR in the supernatant were determined by spectrophotometry (LaboMed) at
500 nm. The amount of adsorbate adsorbed at equilibrium condition, g. (mg/g), was
calculated by the following equations:

_(G-C NV
¢ W
where Cy and C are the initial and equilibrium dye concentrations (mg/L), respectively. V is
the volume of solution (L) and W is the mass of adsorbent used (g) [6].

Adsorption isotherms

Adsorption isotherms describe how the adsorbate interacts with adsorbents, and give a
comprehensive understanding of the nature of interaction. The parameters obtained from the
different isotherm models provide important information on the surface properties of the
adsorbent and its affinity to the adsorbate. The equilibria were simulated using the Langmuir,
Freundlich, DR and Temkin isotherm models in this study.

The Langmuir isotherm assumes monolayer adsorption may only occur at a finite number of
localized sites that are identical and equivalent. A well-known linear expression for the
Langmuir isotherm is represented as:
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where Qo (mg/g) and K. (L/mg) are Langmuir constants related to adsorption capacity and
adsorption energy, respectively. The values of K_ and Qg can be determined from the slope
and intercept of the linear plot of 1/ge versus 1/C.. The results of essential characteristics of
Langmuir isotherm expressed in dimensionless separation factor R, calculated for all
adsorbent dosage at various temperatures investigated revealed that the entire adsorption
processes were favourable since their values were in the range of 0 < R < 1. The R equation
IS given by:

1
R =——_~—
C(1+K.Cy)

where K is the Langmuir constant, and Cy the initial dye concentration mg/L [6].

The Freundlich isotherm is an equation assuming that the adsorption process takes place on a
heterogeneous surface through a multilayer adsorption mechanism and adsorption capacity is
related to the concentration of dye at equilibrium. The well-known linear form of Freundlich
is given by

Ing, =InK +£InCe
n

where Kg and 1/n are the Freundlich adsorption and a measure of adsorption intensity,
respectively. The values of Ke and 1/n were calculated from the intercept and slope of the plot
of In ge versus In C, [9].

The Temkin isotherm assumes the heat of adsorption of all molecules in the layer decreases
linearly with surface coverage rather than logarithmically due to adsorbent-adsorbate
interactions. The linear form of Temkin isotherm is expressed as:

g. = B, InA+ B, InC,

where B1=RT/b, b (J/mol) is the Temkin constant related to heat of adsorption, A (L/g) is the
equilibrium binding constant, R (8.314 J/mol K) is the gas constant, and T (K) is the
temperature. The corresponding parameters were calculated from the slope and intercept of a
linear plot of ge versus In C. [4, 10].

The Dubinin-Radushkevich (DR) model is a more general model in which assumption is not
based on homogeneous surface or constant adsorption potential, it gives insight into the
porosity as well as the adsorption energy. The linear presentation of the DR isotherm equation
is as follows:

Inqe =0 _BSZ
where g is the amount of AR dye molecules adsorbed on per unit weight of
adsorbent (mol/L), go is the maximum adsorption capacity mol/g; B is the activity coefficient
related to adsorption mean free energy mol?/J%; and « is the Polanyi potential given by

e=RT |n(1+ij
Ce
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The adsorption mean free energy, E (kJ/mol) is given as:

1

25

The mean free energy (E) of adsorption specifies the adsorption mechanism whether its
physical or chemical. Physical adsorption process occurs if the value of E < 8 kJ/mol while 8
< E < 16 kJ/mol describes chemical adsorption mechanism [10].

Adsorption kinetics

The kinetics of adsorption is important because this is what controls the efficiency of the
process and the equilibrium time. It also describes the rate of AR dye uptake on multiwalled
carbon nanotubes. The uptake of AR dye at time t, g; (mg/g) was calculated by:

_ (Co _Ct )V
' W
where Ct (mg/L) is the liquid-phase concentration of dye at time t (min). The pseudo-first-
order kinetic model can be presented by the following Lagergren rate equation:

K,
lo —q,)=loggq,———t
9(d.—0) =logd.——— -
where g and q; are the amounts of adsorbate adsorbed (mg/g) at equilibrium and at contact
time t (min), respectively and k; is the pseudo-first-order rate constant (min™). The values of
ge and k; for the pseudo-first-order kinetic model were determined from the intercepts and the

slopes of the plots of log (ge - ;) versus t, respectively [6].
The pseudo-second-order kinetic model can be represented in the following form:
t 1 1

— =t
qt kzqe qe

where k; is the rate constant of pseudo-second-order adsorption (g/ (mg min)). The values of
k. and g for the pseudo-second-order kinetic model were determined from the intercepts and
the slopes of the plots of t/qt versus t, respectively [6].

As the above kinetic models (pseudo-first-order and pseudo-second-order models) were not
able to identify the diffusion mechanism, thus intraparticle diffusion model based on the
theory proposed by Weber and Morris was tested. According to this theory:

q = kpitl’2 +C,

where ki (Mg/g min'/?), the rate parameter of stage i, is obtained from the slope of the straight

line of g, versus t“2[9].

3. RESULTS AND DISCUSSION
Effects of adsorbent dosage and contact time

The adsorptive properties of the multiwalled carbon nanotubes to the AR food dye were
examined. Figure 1 presents the adsorption isotherms of the AR dye as the relationship
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between the amount of dye adsorbed per unit mass of a given MWCNT and time. These
experiments reveal that an increase in the mass of MWCNT from 0.005 to 0.02 g leads to an
increase of AR dye removal from 66.2% to 97.26%. Conversely, adsorbed AR dye (mg/g)
decreased from 71.342 to 26.208 mg/g when the mass of MWCNT increased from 0.005 to
0.02 g, at 30 °C. When the mass of the MWCNT increases, the amount of AR dye molecule is
reduced per unit of the adsorbent dosage, due to the unsaturation of active adsorbent sites. A
similar observation was previously reported for removal of sunset yellow dye from aqueous
solution by MWCNT and MCM-41 [4, 11 ]. Figure 3 also shows rapid adsorption of AR dye
in the first 30 min for all adsorbent dosage, and thereafter, the adsorption rate decreases
gradually till it reaches equilibrium. The higher adsorption rate observed before 100 min of
process for adsorbent dosage of 0.005 and 0.01 g at 30 °C can be explained by the greater
number of active sites available on the surface of the adsorbents for the adsorption of AR dye
molecules and then it is reduced after the adsorption process. Hameed [12] reported that
equilibrium time of 120 min was enough for the adsorption of methylene blue dye by spent
tea leaves at 30 °C.
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Figure 1. Effect of adsorbent dosage and contact time on the adsorptive uptake of allura red
dye onto MWCNT.

Effects of the solution temperature on dye adsorption

The influence of the temperature on the adsorption of AR dye using MWCNT was determined
in three different temperatures (30, 35 and 40 °C) at the optimal values of the adsorbent
dosage and reaction time. Figure 2 presents the adsorption capacity of AR dye onto MWCNT
at temperatures from 30 to 40 °C. The result shows that the equilibrium adsorption capacity of
AR dye decreased while increasing the solution temperature from 30 to 40 °C. This decrease
may be due to weakening of the bonds between the dye molecules and the active sites of
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MWCNT. Similar phenomena have been observed in the adsorption of sunset yellow [4] and
methylene blue [13] dyes onto MWCNT and orange peel adsorbent.
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Figure 2. Effect of solution temperature on the adsorption of the allura red dye onto
MWCNT.

Adsorption isotherms

The equilibrium data are essential to the practical design and optimization of the adsorption
process. The equilibrium isotherms in this study were analyzed using the Langmuir,
Freundlich, Temkin and DR isotherms. All the correlation coefficients, R? values and the four
isotherm models are summarized in Table 1. The DR isotherm model gave the highest R?
values, showing that the adsorption of AR dye onto MWCNT was best described by this
model. Langmuir adsorption isotherm constant related to adsorption capacity, Qo, was found
as 151.3 mg/g. The result revealed that the adsorption of AR dye on MWCNT was described
by the Langmuir isotherm, indicating homogeneous and a monolayer was present. The R.
values between 0 and 1 indicate favorable adsorption. The value of RL was found to be 0.062,
which further confirmed that the Langmuir isotherm was favorable for the adsorption of the
AR dye on the MWCNT. The values of the Freundlich equilibrium coefficients K¢ and 1/n
were generated form the plot of adsorption data. The parameter 1/n (0.346, in this study) is a
measure of adsorption intensity or surface heterogeneity with values between 0 and 1
becoming more heterogeneous as the value gets closer to zero. The DR isotherm model,
further supported the monolayer mechanism which was physical in nature as the values of
mean free energy E, were less than 8 ki/mol. In Temkin isotherm, R? value was found as
0.885, which is lower than two other isotherms (Langmuir and DR isotherms).The adsorption
energy, b, is positive and was obtained as 155.01 J/mol.
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Table 1. Adsorption Isotherm Constants for Adsorption of Allura Red onto MWCNT at 30 °C.

Isotherms Constants

Freundlich | Kg (mg/g)(L/mg)™" 1/n R?
40.714 0.346 0.790

Langmuir Qo (Mmg/g) K. (L/mg) |R®
151.3 0.751 0.912

Temkin A (L/g) b (J/mol) R
15.095 155.01 0.885

DR gs (Mg/g) E (k/mol) | R?
75.560 1.946 0.987

Adsorption kinetics

The results of the equilibrium time experiments were used to calculate pseudo-first order and
pseudo-second order models, as the widely used kinetic models. The k1 values, correlation
coefficient values (R%) and q. values (experimental and calculated) are summarized in Table
2. The correlation coefficients for the pseudo-first order model changed in the range of 0.782-
0.999. The linear plot shows a good agreement between the experimental and the calculated g
values. It suggests that the kinetic of AR dye adsorption onto MWCNT follow the pseudo-
first order kinetic model and hence a diffusion-controlled phenomena. The higher regression
coefficients indicated that the pseudo-first order model was a better fit than the pseudo-second
order model.

Table 2. Kinetic model parameters for the adsorption of allura red dye onto MWCNT at
different adsorbent dosage and temperatures.

Adsorption Conditions Pseudo first order Pseudo second order
T(°C) ?;3“5 Geep(MP/Q) | Ka(min)" | Geca(molg) | R? k(g/mgmin) | deca(mg/g) | R®
0.005 |71.342 0.0302 88.373 0.911 | 7.74E-7 1045.7 0.046
30 0.01 51.149 0.0871 71.531 0.865 | 3.07E-4 151.332 0.440
0.02 26.208 0.0223 28.915 0.782 | 4.85E-4 18.622 0.268
0.005 | 58.677 0.0104 52.751 0.980 |1.57E-4 72.674 0.988
35 0.01 48.476 0.0122 48.467 0.999 |1.21E-4 66.313 0.904
0.02 26.876 0.0183 30.122 0.994 | 2.85E-4 35.311 0.914
0.005 |63.462 0.0242 66.836 0.987 |0.0830 10.666 0.811
40 0.01 49.179 0.0201 49.187 0.989 |0.0111 10.310 0.660
0.02 25.680 0.0307 32.545 0.973 |0.0378 5.490 0.668
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It is known that the mechanism of adsorption process is usually demonstrated by two rate
controlling steps: transport of adsorbate ions from the boundary film to the external surface of
the adsorbent, and transfer of ions from the surface to the intra-particle active sites [9]. In this
study, intraparticle diffusion model was used to analyze the adsorption mechanism of AR dye.
The intraparticle diffusion kinetic parameters of the adsorption of AR dye are shown in Table
3. It was found that all the plots exhibited multi-linearity, and could be divided into two
separate straight line regions, indicating that more than one diffusion steps took place during
the adsorption of AR dye. The slope of the linear portion represented the rate of the
adsorption process. The initially steeper linear portion could be attributed to the external
resistance to AR dye mass transfer surrounding the particles, while the second linear portion
was the gradual sorption stage in which intraparticle diffusion dominated.

Table 3. Intraparticle diffusion kinetic parameters for the adsorption of allura red dye onto
MWCNT at different adsorbent dosage and temperatures.

Ci (mg/g) Kgi (Mmg/g min'?)

T(OC) Mags (9)
C, G, K1 Rlz Kiz Rzz

0.005 | -16.371 -38.390 8.006 0.973 10.728 | 0.827

30 0.01 | -20.476 -35.018 10.527 0.986 8.232 0.945

0.02 | -12.429 - 4.986 0.768 - -

0.005| -9.970 7.597 5.304 0.996 2.408 0.932

35 0.01 | -9.614 1.234 4.479 0.994 2.241 0.842

0.02 | -6.117 12.547 2.825 0.994 0.692 0.975

0.005 | -18.588 44.353 8.888 0.989 1.191 0.928

40 0.01 | -12.512 29.012 6.322 0.992 1.254 0.946

0.02 | -9.332 17.569 3.782 0.976 0.506 0.911

4. CONCLUSION

The results obtained show that the multiwalled carbon nanotubes can be used for the removal
of allura red food dye from aqueous solution. The equilibrium data were fitted to Langmuir,
Freundlich, Temkin and Dubinin- Radushkevich isotherm models and the equilibrium data
were best described by the DR and Langmuir isotherm models. The maximum monolayer
adsorption capacity of AR onto MWCNT was 151.3 mg/g at 30 °C. Kinetic data were tested
using the pseudo-first order and pseudo-second order kinetic models. The kinetics of the
adsorption process was found to follow the pseudo-first order kinetic model with a multi-step
diffusion process.

March 21-23, 2019 ANTALYA-TURKEY Page 197



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

ACKNOWLEDGEMENTS

The author acknowledges the financial support provided by Kocaeli University Scientific
Research Projects Unit. (Project No: 2017/57 HD and 2019/011 HD).

REFERENCES

[1] Boukhalfa, N., Boutahala, M., Djebri, N., Idris A., 2019. Kinetics, thermodynamics, equilibrium
isotherms, and reusability studies of cationic dye adsorption by magnetic alginate/oxidized
multiwalled carbon nanotubes composite. International Journal of Biological Macromolecules 123,
539-548.

[2] Denghani, M. H., Kamalian, S., Shayeghi, M., Yousefi, M., Heidarinejad, Z., Agarwal, S., Gupta,
V. K., High-performance removal of diazinon pesticide from water using multiwalled carbon
nanotubes. Microchemical Journal 145, 486-491.

[3] Wang, J., Wang, F., Yao, J., Guo, H., Blake, R.E., Choi, M.M.F., Song, C., 2013. Effect of pH and
temperature on adsorption of dimethyl phthalate on carbon nanotubes in aqueous phase. Analytical
Letters 46, 379-393.

[4] Erdogan, F.O., 2018. Comparative study of sunset yellow dye adsorption onto cornelian cherry
stones-based activated carbon and carbon nanotubes. Bulgarian Chemical Communications 50, 4, 592-
601.

[5] Ferreira, G.M.D., Ferreira, G.M.D., Hespanhol, M.C., Rezende, J.P., Pires, A.C.S., Gurgel, L.V.A.,
Silva, L.H.M., 2017. Adsorption of red azo dyes on multi-walled carbon nanotubes and activated
carbon: A thermodynamic study. Colloids and Surfaces A 529, 531-540.

[6] Erdogan, T., Erdogan, F.O., 2016. Characterization of the adsorption of disperse yellow 211 on
activated carbon from cherry stones following microwaveiassisted phosphoric acid treatment.
Analytical Letters 49, 7, 917-928.

[7] Erdogan, F.O., 2018. Preparation and characterization of activated carbon from Turkish green
plum stones by chemical activation with LiOH for allura red dye adsorption. Uluslararast Hakemli
Miihendislik ve Fen Bilimleri Dergisi 13, 60-72

[8] Erdogan, F.O., 2019. Comparison of activated carbon produced from carob stones with 4A zeolite
for allura red AC dye adsorption. The Online Journal of Science and Technology 9 (1), 75-79.

[9] Li, Y., Du, Q., Liu, T., Qi, Y., Zhang, P., Wang, Z., Xia, Y., 2011. Preparation of activated carbon
from Enteromorpha prolifera and ist use on cationic red X-GRL removal. Applied Surface Science
257, 10621-10627.

March 21-23, 2019 ANTALYA-TURKEY Page 198



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-IV

[10] Boukhalfa, N., Boutahala, M., Djebri, N., Idris, A., 2019. Kinetics, thermodynamics, equilibrium
isotherms, and reusability studies of cationic dye adsorption by magnetic alginate/oxidized
multiwalled carbon nanotubes composites. International Journal of Biological Macromolecules 123,
539-548.

[11] Erdogan, F. O., Erdogan, T., 2018. Adsorption of sunset yellow FCF onto MCM-41. The Online
Journal of Science and Technology 8 (1), 16-20.

[12] Krishni, R. R., Foo, K.Y., Hameed, B. H., 2014. Adsorption of methylene blue onto papaya
leaves: comparison of linear and nonlinear isotherm analysis. Desalination and Water Treatment 52,
6712-6719.

[13] Kumar, P.S., Fernando, P. S. A., Ahmed, R. T., Srinath, R., Priyadharshini, M., Vignesh, A. M.,
thanjiappan, A., 2014. Chemical Engineering Communications 201, 1526-1536.

March 21-23, 2019 ANTALYA-TURKEY Page 199



MAS INTERNATIONAL CONFERENCE
ON MATHEMATICS-ENGINEERING-NATURAL&MEDICAL SCIENCES-1V

ADSORPTION OF CO; AND CH4 GASES ONTO FE/MCM-41, FE'IMWCNT AND
FE/ZEOLITE COMPOSITES

Fatma OGUZ ERDOGAN

Department of Chemistry and Chemical Processing Technologies, Kocaeli Vocational School,
Kocaeli University, Kocaeli, Turkey, foerdogan@gmail.com

ABSTRACT

Climate change refers to the rise in average surface temperature on Earth. Climate change is a
global problem, the result of increasing the greenhouse gases (CO,, CH4, N,O, HFCs and Fg)
emissions. In the response to this status, the capture and storage of carbon dioxide and
methane gases will be necessary. Adsorption is the most commonly used method for the
capture of CO, and CH, because of the low cost and the high adsorption capacity. Zeolites are
microporous and crystalline aluminium silicates that are used extensively as adsorbents in
many chemical reactions. After the discovery of carbon nanotubes and MCM-41, much
attention has been devoted to their potential applications, such as the possible storage of CH,4
and capture of CO,. Composite materials have found widespread application in various fields.
In this study, composites were prepared from iron and multiwalled carbon nanotubes, MCM-
41 or zeolite. BET, BJH and t-plot methods were used for the characterization of the
composite samples based on N, adsorption-desorption data obtained at 77.4 K. CO, and CH,4
adsorption-desorption isotherms of the composite samples were measured by using a static
volumetric apparatus. The equilibrium experiments were conducted at 25 °C and at pressure
values up to 900 mmHg. The adsorption data were evaluated by several isotherm models such
as Freundlich, Langmuir, Temkin, Dubinin-Radushkevich (DR) and Harkins-Jura (HJ)
isotherm models.

Keywords: CH4 and CO, adsorption, composite, iron, multiwalled carbon nanotubes, MCM-
41, zeolite.

1. INTRODUCTION

In the last years the high atmospheric concentration of greenhouse gases, particularly carbon
dioxide (CO,) and methane (CH,), and their implications in climate change became a matter
of concern for scientist, policy makers and general public. Some of the current ways to reduce
carbon dioxide emissions are the efficient conversion of fossil fuels, the use of low carbon
fossil fuels, the use of renewable energy and carbon capture and storage [1-4]. One of the
major priorities for carbon capture and storage is to develop the efficient and cost effective
CO; capture techniques such as absorption, adsorption and membrane separation. Activated
carbon, carbon nanotubes, zeolites and MCM-41 have emerged as promising adsorbents due
to their good affinity towards CO, and CH,4 gases [5-8]. Recently, in order to improve the
adsorption capacity of the adsorbents and their interactions with the CO, and CHj, gases, the
adsorbents are chemically modified by using different reagents. The surface modification of
adsorbents has been meanly conducted via two ways: metal impregnation/doping or group
functionalization [9]. In this connection, this paper presents the results from experimental
studies on the adsorption of CO, and CH,4 on zeolite, multiwalled carbon nanotubes and
MCM-41 modified with transition metal Fe.

2. MATERIALS AND METHODS

Multiwalled carbon nanotubes were provided by CNT CO., LTD (Korea). Zeolite and MCM-
41 were purchased from Sigma-Aldrich (St. Louis, MO, USA).
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CO; and CH,4 adsorption measurement

CO; and CH4 adsorption-desorption isotherms of the composite samples were measured using
a Micromeritics TriStar 11 3020 instrument, which is a static volumetric apparatus. The
equilibrium experiments were conducted at 25 °C and at pressures up to 900 mmHg. The CO,
and CH, adsorption capacities were determined using the values of the quantity adsorbed at
900 mmHg. The adsorption data were fitted into Langmuir, Freundlich, Temkin, Harkins-Jura
and DR isotherms. Adsorption isotherms describe the interaction between gases (CO, and
CH,) and the porous adsorbents.

3. RESULTS AND DISCUSSIONS
Textural characterization

The surface textural properties of the composite adsorbents were characterized with an
automated gas sorption apparatus using nitrogen as adsorbate at 77 K. Figure 1 shows the
isotherms of the Fe/MCM-41. It can be seen that, the Fe/MCM-41 composite possessed a
combination of type | and type IV isotherms according to IUPAC classification [10-12].
Appearance of hysteresis loop indicates the presence of mesopores (2-50 nm). The pore
structure of the composite samples were calculated by using the t-method analysis from the
N adsorption isotherm.
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Figure 1. The nitrogen adsorption-desorption isotherms of Fe/MCM-41 composite at 77 K.

The nitrogen adsorption-desorption isotherms of the Fe/Zeolite composite is shown in Figure
2. Appearance of hysteresis loop indicates the presence of mesopores.
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Figure 2. The nitrogen adsorption-desorption isotherms of Fe/Zeolite composite at 77 K.

Figure 3 shows the isotherm of the Fe/MWCNT at 77 K. It can be found that this composite
possessed type V isotherm according to the IUPAC. The desorption isotherm of Fe/MWCNT

exhibited H3 type hysteresis loop [13, 14].
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Figure 3. The nitrogen adsorption-desorption isotherms of Fe/MWCNT composite at 77 K.
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Table 1 gives the values of the BET surface areas, Langmuir surface areas, total pore
volumes, t-Plot micropore volumes and average pore widths which were calculated by using
the nitrogen adsorption-desorption data obtained at 77 K.

Table 1. Textural Parameters of Activated Carbon Sample s.

Properties Fe/MCM-41 | Fe/Zeolite | Fe/MWCNT
BET surface area (m“/g) 187.29 363.94 213.26
Langmuir surface area (m°/g) 258.60 502.70 290.88

Total pore volume (cm®/g) 0.150 0.448 0.861

t-Plot micropore volume (cm®g) | 0.00007 0.006 0.0259
Average pore width (nm) 3.204 4.422 14.022

CO; and CH4 Adsorptions

CO; and CH, adsorption-desorption isotherms were obtained on composite samples at 25 °C.
Figure 4 represents the CO, adsorption-desorption isotherms of the Fe/MCM-41, Fe/Zeolite
and Fe/MWCNT samples at 25 °C. The CO, and CH, adsorption capacities of these
composite adsorbents are shown in Table 2. As shown in Table 2, the CO, adsorption
capacities of the Fe/MCM-41, Fe/Zeolite and Fe/MWCNT were 0.676, 0.523 and 0.436
mmol/g, respectively.
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Figure 4. The Carbon Dioxide Adsorption-Desorption Isotherms at 298 K for the Composite
Samples.
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Figure 5 represents the CH,4 adsorption-desorption isotherms of the composite samples at 25
°C. All of them are also Type II isotherms according to IUPAC classification. As shown in
Table 2, the CH,4 adsorption capacities of the Fe/MCM-41, Fe/Zeolite and Fe/MWCNT were
0.0363, 0.0623 and 0.0594 mmol/g, respectively.
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Figure 5. The Methane Adsorption-Desorption Isotherms at 298 K for the Composite

Samples.

The highest CH,4 adsorption capacity at 25 °C was found with the Fe/Zeolite sample. The
composite samples can be ranked according to their CH,4 adsorption capacities as follows:
Fe/Zeolite > Fe/MWCNT > Fe/MCM-41. The relationship between the CH, adsorption
capacities and the BET surface area in these activated carbon samples show a proportional

relation.

Table 2. CO,and CH, adsorption capacities of porous adsorbents.

Samples CO; adsorption capacities | CH, adsorption capacities
(mmol/g) (mmol/g)
Fe/MCM-41 0.676 0.0363
Fe/Zeolite 0.523 0.0623
Fe/MWCNT 0.436 0.0594
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Carbon dioxide and methane adsorption isotherms were obtained on these three composite
porous adsorbents at 25 °C. The adsorption data were fitted into Freundlich, Langmuir,
Temkin, DR and Harkins-Jura isotherms. The parameters obtained from the five isotherm
models were represented in Table 3 for CO, adsorption. As shown in Table 3, the values of
linear regression coefficient (R?) are situated within the range of 0.996-0.999, demonstrating
that the experimental data fitted well with the Freundlich isotherm equation. Freundlich
isotherm constant 1/n can be used to calculate the adsorption capacity and to explore the
favourability of the adsorption process. The 1/n value indicates the type of sorption process to
be irreversible (1/n=0), favorable (0<1/n<1), unfavorable (1/n>1) [8]. For the adsorption of
CO; on these composite adsorbents, it can be seen from Table 3 that the values of 1/n are
situated in the range of 0-1, demonstrating that it is favorable for the carbon dioxide
adsorption process. These results prove that the CO, adsorption on the composite adsorbents
follows the Freundlich model and adsorption process mainly occured on the heterogeneous
surface of the porous adsorbents.

Table 3. The Freundlich, Langmuir, Temkin, DR and Harkins-Jura isotherm parameters for
CO; adsorption.

Parameters Adsorbents
Fel “ij' Fe/Zeolite | Fe/MWCNT
Freundlich isotherm model
Kr
(mmol/g)(l/mmHg)“” 0.087 4.6E-3 0.0105
1/n 0.298 0.694 0.540
R° 0.996 0.999 0.997
Langmuir isotherm model
Wy, (mmol/g) 0.742 0.871 0.570
K. (1/mmHg) 7.19E-3 1.43E-3 2.55E-3
R 0.981 0.882 0.914
Temkin isotherm model
A (1/mmHg) 0.231 0.036 0.053
b (kd/mol) 21.0 19.73 26.0
R® 0.933 0.838 0.858
DR isotherm model
Qor (mmol/g) 0.589 0.383 0.329
Kor (mMol*/J) 0.0014 0.0026 0.0022
E (J/mol) 18.83 13.79 15.22
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R 0.736 0.712 0.695
Harkins-Jura isotherm model

A 6.698 6.365 6.563

B 0.164 0.017 0.027

R 0.888 0.759 0.858

As shown in Table 3, it can be seen that the values of R? are in the range of 0.882-0.981,
suggesting that these experimental data fitted well with the Langmuir isotherm model.
Langmuir model adsorption capacities, Wr,, were found as 0.742, 0.871 and 0.570 mmol/g for
Fe/MCM-41, Fe/Zeolite and Fe/MWCNT adsorbents, respectively. The highest value of Wy,
was found as 0.871 mmol/g for the Fe/Zeolite sample. These results indicate that carbon
dioxide adsorption on the three composite adsorbents follow the Langmuir monolayer
adsorption. As summarized in Table 3, it can be seen that the values of R? are in the range of
0.838-0.933, revealing that the experimental data fitted well with the Temkin isotherm model
for composite adsorbents. The adsorption energies, b, are positive for all composite
adsorbents and were obtained 21.0, 19.73 and 26.0 kJ/mol for Fe/MCM-41, Fe/Zeolite and
Fe/MWCNT, respectively.

In DR isotherms, R? values were found in the range of 0.695-0.736, which are lower than all
other isotherms. Moreover, it is reported that when the value of E is below 8000 J/mol, the
adsorption process can be considered as the physical adsorption. As it can be seen from Table
3 that the obtained values of E are limited within the range of 13.79-18.83 J/mol. These
results indicate that the adsorption of carbon dioxide on the composite adsorbent samples
follow physisorption process. In Table 3, the values of R? are in the range of 0.759-0.888 for
Harkins-Jura isotherm model. The R? values calculated for the Langmuir isotherm model are
higher than those calculated for the Harkins-Jura isotherm model. These results reveal that
carbon dioxide adsorption on samples Fe/MCM-41, Fe/Zeolite and Fe/MWCNT are against
the rule of multilayer adsorption.

Adsorption isotherms describe the interaction between CH, and these three composite
adsorbents. The parameters obtained from the five isotherm models were represented in Table
4 for composite adsorbents. Table 4 shows that three isotherms described the adsorption
mechanism very well with 0.993 < R? < 0.999, 0.921 < R? < 0.987, 0.788 < R? < 0.879 for
Freundlich, Langmuir and Temkin isotherms, respectively. For the adsorption of CH,4 on these
composite adsorbents, it can be seen from Table 4 that the values of 1/n are situated in the
range of 0.792-0.959, demonstrating that it is favorable for the methane adsorption process.
The Kk is found to be primarily related to the capacity of the adsorbent for the methane. The
K followed an order of Fe/MWCNT> Fe/Zeolite> Fe/MCM-41. These results prove that the
CH, adsorption on the composite adsorbents follows the Freundlich model and adsorption
process mainly occured on the heterogeneous surface of the porous adsorbents.

The correlation coefficient of Fe/MCM-41 for Langmuir isotherm model was found to be
lower than the other composite adsorbents. Langmuir model adsorption capacities, Wr,, were
found as 0.112, 0.184 and 0.432 mmol/g for Fe/MWCNT, Fe/MCM-41 and Fe/Zeolite,
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respectively. These results indicate that methane adsorption on the composite adsorbents
follow the Langmuir monolayer adsorption. The R? of the Fe/Zeolite adsorbents for Temkin
isotherm model was found to be lower than the other two composite adsorbents. The
adsorption energies, b, are positive for all composite adsorbents and were obtained as 269.6,
156.4 and 159.7 kJ/mol for Fe/MCM-41, Fe/Zeolite and Fe/MWCNT adsorbents,
respectively.

In DR isotherms, R? values were found in the range of 0.736-0.797, which are lower than
three other isotherms. From Table 3, it can be seen that the obtained values of E are limited
within the range of 11.69-13.11 J/mol. These results indicate that the adsorption of methane
on the carbonaceous porous adsorbent samples follow physisorption process. It can be noted
in Table 3 that the values of R? are in the range of 0.662-0.696 for Harkins-Jura isotherm
model. The R? values calculated for the Langmuir isotherm model are higher than those
calculated for the Harkins-Jura isotherm model. These results reveal that methane adsorption
on composite samples are against the rule of multilayer adsorption. Notice that, by comparing
the values of R? of the examined five isotherm models, it can be concluded that the
Freundlich, Langmuir and Temkin isotherm models gave much better fitting than the DR and
Harkins-Jura isotherm models.

Table 4. The Freundlich, Langmuir, Temkin, DR and Harkins-Jura isotherm parameters for
CH, adsorption.

Parameters Adsorbents
Fel I\ﬁ:M- Fe/Zeolite | Fe/MWCNT
Freundlich isotherm model
(mmol/g) g/meHg)l’” 6.45E-5 | 9.53E-5 3.08E-4
1/n 0.935 0.959 0.792
R® 0.999 0.999 0.993
Langmuir isotherm model
W, (mmol/g) 0.184 0.432 0.112
K. (L/mmHg) 2.70E-4 1.88E-4 1.26E-3
R® 0.921 0.979 0.987
Temkin isotherm model
A (1/mmHg) 0.0254 0.0250 0.034
b (kJ/mol) 269.6 156.4 159.7
R® 0.793 0.788 0.879
DR isotherm model
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Qor (Mmol/g) 0.025 0.043 0.048
Kor (Mol’/J?) 0.0036 0.0037 0.0029
E (J/mol) 11.82 11.69 13.11
R 0.738 0.736 0.797
Harkins-Jura isotherm model
A 6.249 6.245 6.304
B 2.58E-5 7.10E-5 1.84E-4
R® 0.665 0.662 0.696

CONCLUSION

We have investigated the adsorption process for CO, and CH,4 on three composite adsorbent
materials with different texture, surface area and porosity. The CO, and CH, adsorption
isotherms are modeled using five isotherm models. The adsorption of CO, and CH,4 on
composite samples followed the Freundlich, Langmuir and Temkin isotherm models.
Langmuir adsorption isotherm constants related to adsorption capacity, Wy, were found as
0.742, 0.871 and 0.570 mmol/g for Fe/MCM-41, Fe/Zeolite and Fe/MWCNT adsorbents,
respectively for CO, adsorption. The correlation coefficients descended in the order of
Freundlich > Langmuir > Temkin > Harkins-Jura > DR for CO, adsorption. The adsorption
heat calculated from Temkin isotherm model was restricted within 19.73-26.0 kJ/mol for CO,
adsorption. The CO; adsorption capacities of the Fe/MCM-41, Fe/Zeolite and Fe/MWCNT
were 0.676, 0.523 and 0.436 mmol/g, respectively.

Langmuir adsorption isotherm constants related to adsorption capacity, Wy, were found as
0.184, 0.432 and 0.112 mmol/g for Fe/MCM-41, Fe/Zeolite and Fe/MWCNT adsorbents,
respectively for CH, adsorption. The correlation coefficients descended in the order of
Freundlich > Langmuir > Temkin > DR > Harkins-Jura for CH,4 adsorption. The adsorption
heat calculated from Temkin isotherm model were obtained as 269.6, 156.4 and 159.7 kJ/mol
for Fe/MCM-41, Fe/Zeolite and Fe/MWCNT adsorbents, respectively for CO, adsorption.
The CH, adsorption capacities of the Fe/MCM-41, Fe/Zeolite and Fe/MWCNT were 0.0363,
0.0623 and 0.0594 mmol/g, respectively.
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