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OZET
BiYOBOZUNUR ATIKLARDAN HIZLI PIROLIZ ILE YAKIT URETILMESI
Mona FARDINPOOR

Yiiksek Lisans Tezi, Cevre Miihendisligi Anabilim Dah
Damisman: Prof. Dr. Hasan MERDUN
Ocak 2015, 69 sayfa

Biyobozunur atiklarin olumsuz cevresel etkilerini bertaraf etmek ve bu atiklar1 enerji
kaynagi olarak degerlendirmek hem ¢evrenin korunmasi hem de yakit/biyoyakit
iretilmesi calismalarinda giiniimiizde yaygin bir sekilde ele alinmaktadir.

Bu amagla, bu ¢aligmada, biyobozunur madde olarak yemek, park-bahge ve kagit-karton
atiklar1 kullanilarak hizli piroliz yonteminin farkli parametre degerlerinin (partikiil
bliytkligt, katalizor, sicaklik ve reaksiyon/piroliz siiresi) olusan iiriin verim ve/veya
kalitesine etkileri arastirilmistir. Bu kapsamda, 3 farkli partikiil blytkligi, katalizor,
sicaklik ve reaksiyon siiresi gibi parametre degerlerinin etkileri incelenmistir.

Calisma sonuglarma gore, farkli deneyler farkli miktarlarda biyoyag, biochar ve gaz
karigimlan dretmistir. Reaksiyon siiresinin 15 dakika ve sicakligin 500°C oldugu
deneyde en yiiksek biyoyag verimi elde edilmistir. Elde edilen biyoyag 6rneklerinin
bilesenlerini belirlemek amaciyla yapilan GC-MS analizi sonucunda biyoyagin en fazla
levoglucosan bilesigi icerdigi gorilmistiir.

ANAHTAR KELIMELER: Enerji, Yenilebilir Enerji, Piroliz, Hizl1 Piroliz, Biyokiitle,
Bioyag, Biyoenerji

JURI: Prof. Dr. Hasan MERDUN (Danisman)
Prof. Dr. Faik KANTAR
Yrd. Dog. Dr. Tansel KOYUN



ABSTRACT

FUEL PRODUCTION FROM BIOMASS WASTES BY FAST PYROLYSIS
Mona FARDINPOOR

MSc Thesis in Environmental Engineering
Supervisor: Prof. Dr. Hasan MERDUN
December 2015, 69 pages

Nowadays, avoiding negative environmental impacts of biodegradable wastes and
evaluate it as an energy source either for the protection of the environment and producing
fuel / biofuel is widely discussed in scientific research.

For this purpose, in this study, food, park-garden, and paper-cardboard used as the
biodegradable waste material. Used fast pyrolysis method and impact of different
parameter values (particle size, catalyst, temperature and reaction / pyrolysis time), on
the product yields and/or on the quality was investigated. In this regard, effects of
different parameters such as particle size, catalyst, temperature and reaction time were
investigated.

Based on the results of the study, different experiments produced different
amounts of bio-oil, biochar and gas mixtures. The highest yield of bio-oil was obtained
in the experiment in which the reaction time is 15 minutes and the reaction temperature
is 500°C. In the result of GC-MS analysis made to determine the compounds of the
obtained bio-oil samples it was observed that bio-oil contained levoglucosan compound
in the highest amount.

KEYWORDS: Energy, Renewable Energy, Pyrolysis, Fast Pyrolysis, Biomass,
Bio-oil, Bioenergy
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GIRIS Mona FARDINPOOR

1. GIRIS

Enerji diinyanin ekonomik, c¢evresel ve gelisme konularmin en kritik
temellerindendir. Enerjinin temiz, verimli, kullanisl ve giivenilir olmasi1 diinyanin refahi
icin kagmilmaz unsurlardandir. Gelismekte olan iilkelerde yoksullugu azaltmak,
vatandaslarin1 sagligin1 koruyabilmek, tirtin yetistirmesini cogaltmak, rekabeti arttirmak
ve ekonomik gelismeleri saglamak i¢in, daha verimli enerji kaynaklarini kullanmak
gerekmektedir. Aancak, giincel enerji kaynaklar1 bu ihtiyaclar1 karsilamak igin yeterli
olmamaktadir. Ornek olarak enerji kaynagi olmazsa saglik klinikleri ve okullar uygun
bir sckilde islem yapamazlar, ctkili pompalama kapasitesi olmayinca temiz su ve
sanitasyona erisim zorlasacaktir ve boylece daha ¢ok fakir populasyon etkilenecektir.
Diinyada yaklagik 3 milyar insan giibre yakarak giinliik enerji ihtiyaclarimi karsilamakta
ve 1.5 milyar insan ise elektrik enerjisine erisememektedir (UNDP 2009) Bugiinlerde
¢Op yonetimi, iklim degisikligi, hava kirliligi ve insan saglhiginin 6nemi gibi sosyal
sorunlar ve bu sorunlara paralel olarak fosil yakitlarin azalmasi insanligin mevcut ve
gelecek en 6nemli sorunlarindandir (Schneider 2013). Enerji, sosyal ve ekonomik
gelismeler igin hayati bir unsurdur. Tarimsal, endiistriyel ve evsel faaliyetlerin
genellesmesine paralel, enerji talebi de carpici sekilde artmaktadir (Zhaoa 2014).
Diinyanin degisik bolgelerinde (Sekil 1.1) enerji talebi 2010°dan 2040’a kadar %56
artacak (Administration 2013) , bdylece, CO, emisyonlar1 2010°da 31.2 milyar m*’ten
2040 yilinda 45.5 milyar m*’e yiikselecektir (IEA 2009).

Digerle
Amerika;

Avrupa; 26%

B Asya M Afrika m Avrupa = Amerika | Digerleri

Sekil 1.1. Diinyada nufiis dagilimi (Igbalb 2014)

Yenilenebilir teknolojiler temiz enerji kaynagi olarak; ¢evresel sorunlarin 6nlenmesi ve
ikincil atiklarin azaltilmasinda ¢ok ©nemli bir rol oynamakta, simdiki ve gelecek
ekonomik ve sosyal ihtiyaglarin kargilamasina yardimci olmaktadir (Panwara
2011).Yenilenebilir enerji teknolojileri, zararli gaz emisyonlarinin dnlenmesinde ve
dogal enerji  kaynaklarinin  tiiketilmemesinde biiyiik  bir  strateji  olarak
tanimlanmaktadir.Yenilenebilir enerji kaynaklarimin diinya capinda iiretimlerinin
arttirilmast ve boylece maliyetlerinin distiriilmesi ¢ok 6nemli bir konudur (Zhaoa
2014). Yenilenebilir enerjiler Sekil 1.2°de goriildiigii gibi diinya enerji ihtiyacinin
%13’tinii  karsilamaktadir (UNDP 2000). Bu enerji kaynaklarmin uygun sekilde
yaygmlastirilmas ile tiretim maliyetini miimkiin oldugu kadar azaltmak ve iiretim
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verimini yiikseltmek en temel hedeftir (Igbalb 2014). Ozellikle kentlerdeki niifus
artisina bagli olarak, belediye kati atiklar1 (BKA) veya ¢6p tiretimi de artmaktadir. Gida
ve tarim orgiitiine gore (FAO 2011) yillik yemeklerin yaklagik 1.3 milyar tonu, yani
1/3’1 ¢ope gitmektedir. Cop yonetimi son yillarda diinyanin biiyiik sorunlarindan biridir.
Coplerin depolanmasi yontemi, onlar1 yok etmenin en genel yontemidir; ancak, bu
yontemin hem ¢evreye hem de yeralti sularina zararli oldugu ispatlanmistir. Ayrica,
metan gazi (CH4) emisyonlarina ve kotii kokulara sebep olmakta, ¢opleri yakma
yontemi zararli diyoksinleri havaya gondererek hava kirliligine yol a¢gmaktadir. Bu
yuzden atik ve ¢oplerin enerjiye dontisimii global olarak ¢ok onemli bir ilgi odagi
olmaktadir. Normalde atiklar fiziksel kaynaklarina goére alt1 sinifa ayrilmaktadir: yemck
atiklar1, park-bahge atiklari, kagit-karton atiklari, tekstil atiklari, plastik atiklar1 ve deri
atiklar1 (Kalbande 2008).

Municipal &

industrial waste 3%
A Other 1% point | |II|IHI\hIIII|II'|L«7 _
/| Agricultural Animal
Gas— / Hydro 10% by-products
21% / 2% point ' i | 3%
v Other wood '.‘
Nuclear 6% 20% |
7 { Agricultural
0il Renewable '.I by-products
33% 13% Biomass .I 4%
10% point Fuelwood \
67% i
Coal \\ !
20% \ \|  Energy crops
\ ! 3%
49 i
4 Ll ‘ v

Sekil 1.2. Diinyanin yakita gore enerji talebi (IEA 2012)
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2. KURUMSAL BILGILER VE KAYNAK TARAMALARI

2.1. Yenilenebilir Enerji

Biitiin enerjilerin asil kaynagmin giines olmasi (Panwara 2011), bu kaynaklarin
stirdiiriilebilir olmalarmi saglamasi agisindan bir avantaj olarak tanimlanmaktadir.
Glinesten atmosfere ve bitkilere ulasan enerji, giinden giine gelisen teknolojiler ile ¢esitli
formlara doniistiiriilmektedir; riizgardan mekanik enerji, su ve dalgadan elektirik enerjisi,
biyokiitle yakmasindan 1s1 enerjisi veya mekaniksel ve kimyasal déniisiim yontemleri ile
yakit elde etme, vb. Bu siirdiiriilebilir enerjilerden havaya salinan emisyonlar fosil
kaynakli enerjilerden salman emisyonlara gore ¢ok daha azdir. Ayrica, fosil yakitlar
stirdiiriilebilir degil ve atmosfere salinan CO> gibi zararli gazlarmm orani ¢ok daha
yiiksektir (Athanasios-Dimakis 2011). Yenilenebilir enerji kaynaklarindan biyokiitle
enerjisi karbon iiretmemesi sebebi ile CO, emisyonlarini azaltmakta, yani kiiresel
1sinmay1 Onlemeye 6nemli katki saglamaktadir (Iwasaki 2014).Yenilenebilir enerji
kaynaklarin faydalar1 ve ¢evreye katkilari;
Sera gazi emisyonlarinda azalma saglamasi,
Yerel is imkan1 yaratarak sosyal ve ekonomik acisindan degerli olmasi,
Stirdiirebilir bir enerji olarak tilkenme sikintisinin olmamasi,
Enerji kaynaklari ¢esitlendirmesini saglamasi,
Sinirli olan fosil yakitlarin ve baska yenilenebilmeyen kaynaklarm korumasi,
Fosil yakit kaynakli ¢evre kirliliginin azaltilmas1 (Biiyiikmih¢1 2003).

2.1.1. Hidrolik enerjisi

Hidrolik enerjisi ¢ok eskiden beri kullanilan bir enerji kaynagidir. Bu enerji Roma
ve Cin gibi iilkelerde su tekerlekleri yardimi ile kullanilmistir. Yillar sonra gelistirilmis
hali endiistride ve donen makinelerde kullanilmis, ancak, simdiki sugiicii/hydropower
dedigimiz enerji, biiyiikk elektrik motoru ve jeneratér ile kullanilan makinelerde
bulunmaktadir. Bu mekanizmada belli bir kiitle ve akis hizindaki suyun hareketini
elektirik veya herhangi bir enerjiye doniistiirmektedir. Bu yontemde su tiirbinleri suyun
basincint mekaniksel bir glice doniistiirmektedir. Su ¢ok farkli yonlerde akmakta, bu akis
akarsu, okyanus veya deniz gibi dogal bir ortamda, riizgar veya yergekimi ile ya da tuzlu
ve tath su arasinda olusan enerji ile ortaya ¢ikabilmektedir. Ayrica, bu enerji yapay olarak
barajlarda su akism kontorol ederek tiirbinler ile 6nce mekanik enerjiye ve sonra da
jenerator ile elektrik enerjisine doniismektedir. Son yillarda kiiresel 1snma olayr her
tilkenin ilgisini ¢ektiginden, yenilenebilir enerjiler 6zellikle hidrolik enerjisi ¢evreye
zarasiz, emisyonsuz ve ucuz oldugu i¢in bu soruna bir ¢oziim gibi gorilmektedir.
Avrupa’nin enerjisinin 2008 yilinda %11’ini bu enerji karsilamaktadir (Hwaiyu 2014).

2.1.2. Niikleer enerji

Niikleer enerji ¢ok avantajli bir enerji kaynagidir. Bu kaynak biraz masrafli ve
zaman alic1 olmasina karsin, ¢ok uzun 6miirlii bir kaynaktir ve 60 yildir dayanikli ve
kullaniglidir. Niikleer enerji ¢ok genis c¢apta ve sabit olarak elektrik enerjisi
tiretebilmektedir. CO2 emisyonu goézardi edilebilecek kadar azdir. Avrupa’nin elektrik
enerjisinin %28’1 niikleer enerjiden saglanmaktadir (Pearce 2012).
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2.1.3. Riizgar enerjisi

Riizgar enerjisinin kullanimi yillar Oncesine dayanmaktadir. Modern riizgar
enerjisi 1970’lerde baslamis ve giiniimiize kadar geliserek devam etmektedir. Riizgar,
yeryiizii bolgelerinin farkli giines enerjisi almasi sonucu degisik iklimlerin orataya
cikmasi ile olusmaktadir. Riizgar enejisi, cok eski zamanlarda, riizgar ile ¢alisan botlar ve
degirmenlerde kullanilan bir eneji kaynagi olmasina kargin; son zamanlarda tiirbin ve
donen bicaklar sistemi yardimiyla riizgar enerjisinin hizl bir sekilde elektirige ve baska
kinetik enerjiye dontisiimii ile enerji diinyasinda bir evrime sebeb olmustur. Avrupa’nin
elektiriginin %3.6’s1 riizgar enerjisinden temin edilmektedir. Bu enerji masrafsiz ve ¢ok
az COz-emisyonlu bir kaynak olmasmdan dolayi, onemli bir ilgi odagi olmaktadir
(Ozgener 2004).

2.1.4. Jeotermal enerji

Jeotermal enerji, yeryliziiniin dogal 1s1 enerjisidir. Bu enerji; temiz, yenilenebilir
ve her zaman kullanilabilen bir enerji kaynagi olup, elektirik, 1sitma amagh ve sanayide
kullanilabilmekte, ancak, enerji verimi glinliik ve mevsimlik iklim kosullarina baghdir.
Jeotermal enejinin atmosfere emsiyonu ve dolayisiyla da cevreye etkileri ¢ok azdir
(Kolditz 2013).

2.1.5. Biyokiitle enerjisi

Biyokiitle canli olan bitkiler ve hayvanlar ile bunlarin atiklari olarak
tanimlanmaktadir. Bu canlilik ya bir tohum ile (bitki) veya bir dogum ile (organizma)
baslamaktadir. Fosil yakitlarin aksine, biyokiitle enerjisinin gelismesi i¢in milyonlarca
yila ihtiya¢ yoktur. Bitkiler fotosentez esnasinda giines enerjisi yardimi ile atmosferdeki
CO2’yi metabolize ederek biiylirler. Hayvanlar ise bitkileri yiyerek biiytimeklerini
saglarlar. Fosil yakitlarin kisa siirede yeniden tiremeleri miimkiin olmamasina karsin,
biyokiitlenin bu sans1 oldugundan stirdiiriilebilir olarak tanimlanmaktadir. Fotosentez ile
atosferdeki CO: kullanilarak biyokiitle her yil yetistirilebilmektedir. Biyokiitle yalnica
atmosfere belli bir miktarda CO; salinmakta, ancak, salinan bu CO; atmosferde fotosentez
ile tekrar kullanildigindan, biyokiitle karbon-nétiir bir enerji kaynagi olarak
tanimlanmaktadir (Borjesson 2006).

2.1.5.1. Biyokiitle kaynaklar

Biyokiitle ¢cok farkli kaynaklardan saglanabilmektedir; en kii¢iik ¢cimlerden biiyiik
agaclara ve en kiiciik organizmalardan en biiyiik hayvanlara kadar ve bunlardan olusan
iirtinler de biyokiitle olarak tanimlanmaktadir (Basu 2010). Biyokiitle hem dogrudan
(1sitma ve pisirme amagli yakma) ve hem de dolayli olarak gaz ve sivi yakitlara
doniisebilmektedir (alkol ve biyogaz gibi yakitlar) (Demirbas 2001). Yenilenebilir
enerjilerden biyokiitle enerjisi hem gelisen ve hem de gelismekte olan iilkeler igin
diinyada cok yiiksek potansiyeli olan bir enerji kaynagidir (Demirbas 2001). Biyokiitle
tarim ve orman sektoriinde ¢ok ve bol olan kaynaklardan olup, tiim atiklardan da elde
edilebilmektedir. Cevreye zararsiz ve yenilenebilir olmasi alternatif enerji kaynagi olarak
yakita dontisiimii ¢ok dogru bir secim olarak gozitkmektedir (Gallezot 2008). Biyokiitle
enerjisi diinyanin dordiincii biiylik enerji kaynagi olarak diinyanin toplam enerji
ihtiyacinin %14’tinti karsilamaktadir. Yiiksek potansiyele sahip olmasi, ekonomik ve
cevre ve topluma faydali olmasindan dolayi, diinyanin 6nemli yenilenebilir enerji
kaynaklarindan sayilabilir. Biyokiitle enerjisinin 2050 yilinda diinyanin direkt yakitinin
%38 ve clektiriginin %17’sini karsilayabilecegi tahmin edilmekte (Demirbas 2002),



KURUMSAL BILGILER VE KAYNAK TARAMALARI Mona FARDINPOOR

boylece BKA enerji agisindan biiylik bir potansiyel olarak degerlendirilmis olacaktir.
Diinyada biyokiitle atiklarmdan her yil milyonlarca ton iiretilmektedir. Ornegin piring
saplari, misr kogami ve bugday copleri biyokiitle atiklarmin 6nemli bir kismini
olusturmaktadir. Her yil diinyada 400 bin ton civarinda bu atiklardan elde edilmektedir.
Bu atiklar ya direkt olarak yanma ile ya da diger yontemlerle yakitlara doniistiirilmekte
ya da yarayisli kimyasal maddelerin iiretilmesinde kullanilmakta; ancak, yapilan
aragtirmalar biyokiitlenin yakma ile enerjiye doniisiimiinin ekonomik olmadigini
ispatlanmistir. Bu atiklarin degerlendirilmesinde en etkili yontemler; piroliz, sivilastirma
veya gazlastirma islemleridir. Piroliz sonucu elde edilen s1vi (biyoyag) iirtiniin tagmmasi,
depolanmasi ve kullanilmasi petrolden elde edilen yaga benzemektedir (Yorgun 2008).
Biyokiitleden enerji (biyoenerji) elde edilmesinde ¢ok farkli biyokiitle kaynaklari
kullanilmaktadir: ahsap, sebzeler ve c¢imler (aygicek, kolza, soya fasulyesi, vb.)
karbohidratlar (patates, bugday, musir, fasulye, vb.) sucul bitkiler (Alg, su siimbiili,
yosun, vb.) kabuk artiklar1 (brang, sap, saman, kok, kabuk, vb.), hayvan giibreleri, evsel
ve endustriyel atiklar (Balkanli 2001).

2.1.5.2. Biyokiitle bilesenleri

Biitiin agaglar ve yesilliklerin yapisal materyali; yapraklari, saplari, ¢igekleri ve
hatta agac kismlarim birbirine baglayan selliilloz, hemiselliiloz ve lignin ad1 verilen bir
biyolojik maddedir. Bu ti¢ maddeye birlikte lignoselliiloz ad1 verilmekte; sert seliiloz
lifleri lignin ve hemiselliiloz baglari ile birlesmektedir (USDE 2004).

2.1.5.3. Seliiloz : Cok biiyiik polimerlerden yiizler ve binlerce gliikkoz (polisakkarid)
molekiiliinden olugmaktadir. Seliilozik fiberler/lifler odunun saglamligini artirir ve kuru
odunun % 40-50’sini olusturur. Tahta liflerin iginde olusan lineer polisakkaridler; D-
glilkoz molkiilleri 4 gelikosid ile birbirine baglanmaktadir (biyokiitlenin %41’ini
olusturur). Seliiloz 240-350°C sicaklikta ayrismaktadir (Igbalb 2014), (Sekil 2.1).

Sekil 2.1. Seliiloz bilesenleri (Igbalb 2014).

2.1.5.4. Hemiseliiloz : Polisakkaridlerin sekilsiz ve heterojen dallarindan olugmaktadir.
Seliiloz liflerini kapsamakta ve seliiloz ve lignin baglantisini saglamaktadir (biyoktitlenin
%28’1ni olusturur). Hemiseliiloz, selilloza gore daha diisiik molekiil agirligma sahip ve
daha kolay bozunan bir biyokiitle bilesenidir. Hemiseliiloz 200-260°C sicaklikta
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ayrigmakta ve piroliz yonteminde seliilozdan daha az tar/katran ve char/odun komiirt
tretmektedir (Igbalb, 2014). Sekil 2.2°de Hemiseliiloz bilesenleri gosterilmistir.

Hl
HO
[ iH

V ’
H

V. OH

CH,OH 2
Arabinose Ehcurone Acid

Sekil 2.2. Hemiseliiloz bilesenleri (Igbalb 2014).

2.1.5.6. Lignin: Karmasik bir polifenolik yapidir. Biyokiitlenin bu kism biitiin fiziksel,
kimyasal ve biyolojik saldirilara dayanakli ve biyokiitlenin enerji doniisiimiinde en
istenen biyokiitle kismidir; ¢linkii selliiloz ve hemisellitloz kisim hidroliz esnasinda
rahatca ayristirilip fermente sekere doniistiiriilebilmektedir (USDE 2004). Ligin, 3-
boyutlu komplekslerden olusan polimerler, eter ve karbon baglantilarindan olusmaktadir.
Lignin, liflerin en dis kismini olusturur ve polisakkaridleri tutma ve onlarm sertligini
saglar (biyokiitlenin %25’ini olusturur) (Stocker 2008). Lignin 280-500°C sicaklikta
ayrisabilmektedir. Ayrica, ligninin selitloz ve hemiselliiloza gore kurutulmasi daha zor ve
zaman alicidir. Ligninin pirolizinde hemiseliiloz pirolizinden daha ¢ok char
uretilmektedir (Sekil 2.3).
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Sekil 2.3. Lignin bilesenleri (Igbalb 2014).
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2.2. Biyokiitle Doniisiim Ydntemleri

Yakma harig; biyokiitleden ¢ikan alkol ve yaglarm M.O. 6000 yillarinda s1v1 yakit
olarak kullamldigir kanitlanmistir. Zamanla petrol yakitlar azalinca biyokiitle gibi
yenilenebilir yakitlara ihtiya¢ artmustir. Birinci Nesil biyoyakitlar, geleneksel teknoloji
ile daha cok seker pancar1 ve musir gibi yiyecek iirtinlerden elde edilen alkol ve siv1 yakit
gibi yakitlardir. Tkinci Nesil biyoyakitlar, lignoseliilozik biyokiitleden iiretilen
biyoyakitlardir (Alonso 2010). Ancak, Birinci Nesil biyoyakitlarin etik ve gevresel agidan
uygun olmadiklar1 kabul edilmektedir. Etik ag¢idan yiyecek tiriinlerin fiyatinda yiikselme
ve bundan dolay1 hayvan yemlerinde fiyat artis1 ve sonugta da hayvan {iriinlerinde fiyat
artigma sebep olmaktadir. Cevresel sorunlari ise, yiyecek trlinlerde giibre kullanimi
sonucu bu iriinler doniislim asamasinda azot bilesenleri gibi ¢evreye zararli gazlar
salmakta ve bu gazlar sera gazlarindan daha ¢ok c¢evreye zarar vermektedir (Gallezot
2008). Biyolojik atiklar ¢esitli proseslerden gecerek yakita dontisebilmektedir. Bu
prosesler termal, biolojik ve mekaniksel veya fiziksel yontemleri icermektedir. Tablo
3.1°de gorindiigi gibi Biyolojik yontem daha ¢ok selektif/se¢ici bir yontem olup, bu
prosesten olusan triinler ¢esitli olmamaktadir. Termokimyasal doniisiim y6temi tirtinleri
ise ¢cok kisa reaksiyon siirelerinde daha ¢esitli ve ayn1 zamanda kompleks tirtinlerdir
(Bridgwater, 2012).

Tablo 2.1. Biyokiitlenin doniistim yontemleri ve elde edilen {irtinler.

Doniisiim Prosesi Teknik Coziimler Son Uriinler
Yakma buhar, 1s1, elektrik enerjisi
Termokimyasal Prosesler Gazlastirma buhar, 1s1, elektrik enerjisi
Piroliz yakit gazi (metan),

biyokomiir, yakit gazi

Fermantasyon biyogaz, etanol, compost,
Biyokimyasal Prosesler sulama suyu
Anerobik Ciirtime
biyogaz, etanol, compost,
sulama suyu

2.2.1 Biyokimyasal déniisiim yontemleri

Bu yontemde biyokiitlenin molekiilleri enzim veya bakteri yardimi ile kiigiik
molekiillere dontigmektedir. Bu yontem termokimyasal yonteme gore ¢ok yavas bir
yontem olup, proses i¢in ¢ok enerji gerekmemektedir. Bu yontemin iki ¢egidi: Oksijenli
ve oksijensiz ayrigma ve fermantasyon. Oksijensiz ayrisma, ¢oplitklerde organik
atiklardan biyogaz tliretimi islemini igermektedir. Oksijensiz ayrigma sonucu biyogaz
(CH4-%60, CO2-%40, ¢ok az miktarda azot, oksijen ve hidrojen siilfid) ve kat1 madde
gibi trlinler olusmaktadir (Kumar 2009). Oksijenli ayrismanm iiriinleri ise CO2, sicaklik
ve kat1 maddedir (kompost). Fermantasyon prosesinde biyokiitle asit veya enzim ile 6nce
sekere ve sonra mayalar yardimi ile etanol veya baska kimyasallara doniismektedir.
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Fermantasyon prosesinin trtinlerinin hepsi sivi haldedir. Biyokiitlenin lignin kismi
biyokimyasal yontemde kullanilamamakta ve bu kisim direkt yakma ile veya
termokimyasal yontem ile enerjiye dontistiiriilebilmektedir (Basu 2010).

2.2.2. Termokimyasal déniisiim yontemleri

Bu yontem belli avantaj ve dezavantajlara sahiptir. Termokimyasal yontemin en
biiyiik avantaji prosese girdi olarak kullanilan hammaddenin ¢ok ¢esitli olabilmesidir.
Biyokiitle hammadesi her tiir biyolojik madde olabilir. BKA, endiistriyel atiklar, ciftlik
ve orman atiklari, evsel atiklar, hayvansel atiklar, vb. Bu yotemin en biiyiik dezavantaji
ise doniisim sisteminin kurulum maliyeti, igletme maliyeti (enerji girdisi) ve sistemi
temizlemenin maliyetidir. Ornek, gaz veya siv1 yakit1 katrandan ayrrma ve temizleme
islemidir. Termokimyasal doniigiim; yakma, gazlastirma, sivilagtrma ve piroliz gibi
yontemleri icermektedir (Basu 2010).

2.2.2.1. Yakma

Yakma 1sitma amaci i¢in biyokiitlenin en eski ve teknik olarak en kolay
kullanimidir. Giintimiizde Avusturya, Almanya ve Fransa gibi iilkelerde bile ev igcinde
kiigtik ocaklar ve somine gibi biyokiitle yakmas1 uygulanmaktadir. Her tiirlii biyokiitle
yanma ile enerji iretmekte, ancak, nem oram yiikselince 1s1 degeri azalmaktadir (faaij
2006). Kimyasal acidan yakma, biyokiitle hidrokarbonlar1 ve oksijen arasinda egzotermik
bir reaksiyondur. Bu reaksiyonun iirtinleri ise H2O, CO; ve 1sidir ve bu 1s1 insanlarin
onemli bir enerji tilketim kaynag1 olarak kullanilmaktadir (Basu 2010).

2.2.2.2. Gazlastirma

Gazlastrma biyolojik atiklarin yiiksek sicakliklarda (800-900°C) partikiil
oksidanlar karisimina ve yakilabilen gaza doniistiiriilmesi yontemidir (Motghare 2016).
Olusan az kaloriferik degerli CO, H», CH4 ve CO2 gazlarini icermekte; oksidanlar ise saf
oksijen, hava, buhar ve baska gaz karigimlar1 olabilir (Basu 2010). Bu gazlar direkt yakit
olarak ya da motor veya tiirbinlerde kullanilabilir; ayrica hammade olarak metanol gibi
kimyasel iirtinlerdede kullanilmaktadir. Gazlastirma prosesi birbirine bagh olan bir
diziden ibarretdir; ilk asama, ugucu nemi kurutmak nisbeten hizli bir prose ile basliyor,
ikinci agamada nisbeten hizli ama kompeleks olarak gazlastirmani engelleyen tarlarin
yiikselmesini sagliyor; piroliz yakit1 300-500°C sicaklikta oksijensiz ortamda yakma
prosesidir, bu prosenin tiriinleri ise yogunlasabilir hidrokarbonlar (tar), char ve gazlardir.
Bu iirtinlerin verimi 1sitma hizi ve son sicaklik degerine baghdir (Mackendry 2007).

2.2.2.3. Sivilastirma

Sivilagtirma, diisiik sicaklik ve yiiksek hidrojen basinci altinda, katalizor
kullamlarak gerceklestirilen bir termokimyasal doniisiim yontemidir. Bu yontemde
hidrojen gazi kullanilarak, sivi yakit (biyoyag) {retilmektedir. Sivilastirma ile
biyokiitleden, basing, sicaklik, sulu ortam ve katalizoriin uygun olmasi durumunda %2-
10 gaz karisimi, %50-80 sivi {irlin (biyoyag) ve %5-10 kati {irin (char) elde
edilmektedir(Bridgewater 1991). Sivilastirma, reaktdr ve yakit besleme siirecinin
maliyetli olmasindan dolay1 ¢cok tercih edilmemektedir (Mackendry 2002).

2.2.2.4. Piroliz
Yunanca kelimeden kaynaklanan piroliz, vakumda, inert ortamda ya da
atmosferde organik igerikli maddelerin 1s1l bozunmasi anlamindadir. Kat1 atiklarin
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pirolizi esnasinda ¢ok cesitli ve olduk¢a kompleks reaksiyonlar gerceklesmektedir
(Iwasaki 2003). Ana piroliz reaksiyonu,

CoHmOx - (m/2) Hx + k CO + (n-k) C (D)
Kismi reaksiyonlar,

C + 2Hy — CH4 2)
C + HHO - CO + Ha 3)
C + %20, —-CO 4)
C + 0, -CO )
C + CO,— 2CO ()
CO+ HO0 — CO;+H: 7

Piroliz biyokiitlenin sivi yakita doniistirmenin en umut verici teknolojilerden
birisidir (Qiang 2009). Piroliz, biyokiitlenin oksijensiz ortamda termal ayrigmasidir
(Bridgwater, 2012). Arastirmacilar 1980’lerde biyokiitleyi yiiksek 1sitma hizi ve
sicaklikta isleme tabii tutarak ondan ¢ikan buhari hizla sivilastirma ile sivi yakit elde etme
islemini kesfetmisler (Mohan 2006). Ancak, son 30 yilda hizli piroliz (500°C sicaklik ve
2 saniye reaksiyon siiresi) arastirmacilarm ilgisini ¢ekmis ve bu ilginin en 6nemli sebebi
kisa siirede ¢ok verimli (%75’e varan) oranda sivi {iriin elde edilmesidir. Bu iiriinler
dogrudan ya da dolayl olarak c¢esitli uygulamalarda kullanilabilir (Bridgwater, 2012).
Piroliz yontemin {riinleri ise sivi (biyoyag), kat1 (biochar/kat1 karbon) ve cesitli gaz
karigimlaridir (metan, hidrojen, karbonmonoksit, karbondioksit, etan, propan, vb)
(Overend 2004). Piroliz yonteminden elde edilen biyoyag elektrik enerjisi tiretiminde,
biochar ise hem elektrik enerjisi tiretiminde ve hem de giibre olarak tarimda topraklarin
verimli olmasinda ¢ok 6nemli bir rol oynamaktadir. Ayrica, biochar giibre ile karistirilirsa
tarimda topragin su tutmasini ve verimligini arttirmakta ve karbonun toprakta cok dengeli
depolamasinda yardime1 olmaktadir. Yani, piroliz yontemi sadece bir yenilenebilir enerji
kaynag1 olmayip, ayn1 zamanda ekonomik potansiyel ve ¢evresel yararlara da sahiptir.
Piroliz ve biochar enerji iiretiminde, toprakta besin tutma ve sulamanm etkinligini
arttirmada, kiiresel 1sinmay1 azaltmada ve toplamda sosyal ve ekonomik ¢evreye faydali
olmaktadir (Kung 2015).

2.3. Piroliz Cesitleri

Pirolizin ii¢ temel ¢esidi vardir (Sekil 3.2); torrefaction veya hafif piroliz, yavas
piroliz ve hizli piroliz. Bu ii¢ ¢esit sicaklik ve 1sitma hizindaki farkliliklardan ortaya
cikmaktadir. Hizl pirolizin temel tirtinii biyoyagdir, yavas piroliz tiriinleri ise biochar ve
cesitli gaz karisimidir. Hafif pirolizde biyokiitle 550-950°C sicaklikta okijensiz ortamda
biyokiitlenin lignin kismi ayrismasi ile CO2, CO, su buhari, asetik asit ve metanola
dontismektedir (Basu 2010). Biyoyag hem yakit halinde hem de bagka kimyasal iiriinlerin
(yapistiricilar, yemek aromalari, 6zel kimyasel {irlinler, giibreler, vb.)
kullanilabilmektedir (Uzun 2014).

10
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Tablo 2.2. Piroliz ¢esitleri ve parametreleri (I. Jahirul 2012, Tripathi 2016).

Yavas Hizh Ani (flash) Ara
(Intemediate)
Sicaklik (°C) 550-950 850-1250  900-1200 500-650
Dinlenme  siiresi 300-550 0.5-10 <1 0.5-20
(s)
Baski (Mpa) 0.1 0.1 0.1 0.1
Partikiil (mm) 5-50 <1 <0.5 1-5
Biyoyag (%) 30 50 75
Char (%) 35 20 12
Gaz (%) 35 30 13

Hizl pirolizin tagima yakiti i¢in diger yontemlere gére avantajlari; az maliyetli olmasi,
yiiksek 1s1 degeri, yliksek kalorifik degeri ve CO», SO« ve NOx emisyonlarmin azligi (Heo
2010). Hizli piroliz trtinlerinin oranlar1 bu sekildedir: biochar (kuru agirhigin %15°1),
biyoyag (%70) ve sentez gazy/syngas (%13) (Lehmann 2009). Yavas piroliz iirlinleri ise
%30 biyoyag , %35 biochar ve %35 syngas. Her iki yontemin friinleri de yiiksek
potansiyel yakita doniisebilmektedir.

Piroliz ve gazlastrma her ikisi de karbonlu atiklar tizerinde uygulandig: i¢in,
yemek atiklarinin enerjiye doniisiimiinde en dogru tercih olabilmektedir. Her ikisi de
%85’e varan oranlarda sentez gazi (CO, H») ve biraz da CHs ve CO» iiretmektedir.
Pirolizde %75 e varan oranlarda biyoyag iiretilmektedir (Basu 2010).

Hizli piroliz yonteminin dort esas prensibi:

1. Biyokiitle partikiillerinin (3 mm’den kii¢tik) hizl1 reaksiyona girmesi i¢in ¢ok yiiksek
1sitma hizi/1s1 transferi gerektirmesi,

2. Piroliz reaksiyon sicakliginin kontrol edilmesi, 500°C civarinda olmals,

3. Biyokiitle istenen sicakliga (500°C) 2 saniyeden daha az bir siirede maruz birakilmali
(ytksek 1sitma hiz1 gerektirmesi),

4. Piroliz sirasinda olusan buhardan biyoyag elde etmek i¢in buharin hemen sogutulmasi
gerekmektedir (Bridgwater 2012).

2.4. Piroliz Uriinleri

Pirolizden olusan iiriinler kompleks olarak kati, sivi ve gaz firiinlerdir. Bu
tirtinlerin kompozisiyonu, pirolizde kullanilan maddenin kimyasal 6zelligine ve piroliz
sicakligma baghdir (Ospanov 2015). Kati1 driin (biochar): Kiil ve doniismeyen
biyokiitleden olugmaktadir. Biocharin yapis1 ve yiizey kismi uygun oldugu zaman aktif
karbon olarak kullanilmaktadir (Yaman 2004) Sivi iiriin (biyoyag): Hidrokarbonlar,
fenoller, yag asitleri, karbonik bilesikler gibi kimyasallardan olugsmus kahverengi ve
viskoz 25% su igeren bir sividir. Sivi Uriiniin igerisindeki su, sivi 1sil degerini
distirmektedir (Tsai 2007). Gaz tirtin (¢esitli gaz karigimi): Orta 1s1l degerli bir gazdir.
Diistik sicakliklarda CO, CO», H>0O, daha yiiksek sicakliklarda ise CO, CO2, H>O, Ha,
CHa, CoHe, CsHg gibi gazlar agiga ¢ikmaktadir. Bu gazlar 1sitma islemlerinde ve giig
santrallerinde kullanilmaktadir (William 2000).

11
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2.5. Pirolizden Olusan Biyoyagin Yakit Olarak Avantajlan

Piroliz yotemin en biyiik avantaji istedigimiz sonuca gore parametrelerin
degistirebilmesidir. Ornegin, eger yiiksek miktarda biochar istiyorsak yavas pirolizi
uyguluyabiliriz veya biyoyagm verimli olmasini istersek hizli piroliz uyguluyabiliriz
(Carriera 2012). Diger avantaji ise atiklarin azaltmasi ve bu atiklar1 daha kullanigl hale
doniistiirmesidir, ayrica her tiir atik (sert, yumusak, kuru, sulu, vb.) bu ydntem
kullanilabilmektedir. Piroliz esnasinda olusan siilfiir ve NOx gibi ¢evreye zarali gazlar
¢ok daha azdir ve bu yonden ¢evre dostu bir yontem olmaktadir (Wang 2012).

2.6. Pirolizden Olusan Biyoyagin Yakit Olarak Dezavantajlari

Piroliz esnasinda olusan bioyagm cok su igermesi, yiiksek viskozitesi, zayif
ateslenmesi ve dayaniksizligi dezavantaj olarak belirlenmistir (Oasmaa 1999). Ayrica,
piroliz yag1 reaktif oksijen igerdigi i¢in dengesizdir (Bridgwater 2012). Cok su icerdigi
icin dizel ve diger s1v1 hidrokarbonlu yakitlar ile karistirilmaz haldedir (Oasmaa 2004).

12
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3. MATERYAL VE METOD

3.1. Biyokiitle Temini

Antalya Biiyiiksehir Belediyesi 2012 yil1 kat1 atik karakterizasyonu ¢aligmasinda
en yaygin bulunan organik materyaller kagit-karton, park-bah¢e ve mutfak atiklaridir.
Yapilan ilk ¢calismamizda {i¢ ¢esit biyokiitle atik olarak hazirlanmistir; park ve bahge,
yemek ve kagit atiklan toplanarak kati atiklarin inorganik kisimlar organik kisimlardan
ayrilarak biyokiitle 6rnekleri elde edilmistir; ikinci deneyimde ise sadece bahce ve mutfak
atiklart kullanmilmigtir. Biyokiitlelerden istenmis nem igerdigi olagsana kadar (%35),
modern firinda veya dogal ortamda 24 saata kadar bekletilmis; yani, mutfak atiklar
aluminyum kaplara yerlestirilen etiivde 105°C sicaklikta 24 saat kurutulmustur, bahge ve
kagit atiklar ise kurumast i¢in bir haftaya kadar bekletilmis, daha sonra ilk deney i¢in 1-
1.5 mm ve ikinci deney i¢in ise ti¢ farkli biiyiikliikte biyokiitle yani, 0.3-0.5, 0.5-1, 1-
1.5 mm partikiil buytikliikleri i¢in degirmende 6gitiilerek ilgili elek caplar1 kullanilarak
eleklerde elenmistir. Birinci deneyde {i¢ ¢esit biyokiitleden 5’er g (gram) alarak ikinci
deneyde ise bah¢ce ve mutfak atiklarindan 7.5’er g alarak iki deneyde de toplam 15 g
biyokiitle kullamilmistir. Sekil 4.1 de biyokiitlenin kurutulmus , kurutulmamis ve
ufalanmus hali gostermektedir.

3.2. Katalizor

Oksijenin uzaklastirilmasi, kalori degerinin arttirilmasi, viskozitenin azaltilmasi
ve stabilitenin arttirilmas1 gibi biyoyag kalitesini gelistirmek ve piroliz siirecini daha
verimli hale getirmek i¢in katalizér kullanilmaktadir. Literatore gore bir inorganik madde
organik madde ile karisilirsa tar iiretimi azalmaktadir (Tripathi 2015). Aktif katalitik
materyaller (Ni, Pd, Pt, vb.) ile birlikte kullanilan support materyalleri (kalsit, dolomit,
zeolit, vb.) katalizore mekanik direng, aktif katalitik materyallerin disperse olacaklari
yiizeyler ve kok (coke) olusumuna karsi direng saglarlar ve hem de katalizérde kimyasal
bir rol oynayabilirler. Bu ¢alismada, support materyali olarak dolomit ve aktif madde
olarak ise Ni, Pd ve Pt karisimlarindan elde edilen katalizorler kullanilmigtir. Birinci
deneyde kullanilan katalizor i¢in Ni, dolomit ve Pd, toplamda 3 g katalizor elde edilmistir.
Ikinci deneyde ise 7.5 g dolomit, kalsit veya zeolite kullanilmustir.

3.3. Azot gaz1 akis1

Stiriikleyici gaz akis hizi piroliz i¢in 6nemli bir etkendir. Piroliz esnasinda olusan
ucucu bilesenler, siiriikleyici gaz akisi ile sistemi daha kolay terk edebilmektedir, Ayrica,
siiriikleyici gaz akis hizinin yiiksek olmasi piroliz buharlarinin ortamdan daha hizli bir
sekilde ikincil reaksiyonlarin gergeklesmesine izin vermeden uzaklagsmasini saglar ve bu
sayede s1v1 {irtin verimi yliksek olur. Ama deneylere gore gaz akigi belli bir miktardan
yiiksek olunca olugan buharlar hizh bir sekilde sogutma sistemine gonderilir ve sogutma
sisteminde yogusmasi zorlasmaktadir. Genelde siriikliiylicii gaz olarak azot gazi
kullanilir. Caligmada her iki deneyde de azot gazi akisi, deney siiresince 300 ml/dak.
degerinde sabit tutulmustur.
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Sekil 3.1. Biyokiitlenin kurutlmamis, kurutulmus ve ufalanmis hali.

3.4. Deneysel Calismalar

Hizli piroliz deneylerini yapmak igin 6zel tasarlanmig deney sisitemi Sekil 4.2°de
verilmistir. Istenen miktarda biyokiitle &rnegi (15 g) yatagma yerlestirildikten sonra
sicaklik istenen diizeye getirilmis ve sonra biyokiitle diizenegin iist tarafindan sekilde
goriilen noktaya kadar serbest birakilmigtir. Istya maruz kalan biyokiitleden olusan
yogunlastirilabilir buhar, katalizér yatagin1 gectikten sonra yogunlastiricida biyoyag
olarak yogunlastirilmakta, yogunlagsmayan gazlar da gaz torbasinda toplanmaktadir.
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3. MATERYAL VE METOD Mona FARDINPOOR
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Sekil 3.2. Hizli piroliz deney diizeneginin iki boyutlu goriiniisii.
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Sekil 3.3. Hizli piroliz deney diizeneginin goriiniisii.

Bu calismada, hizli piroliz denemelerinde, piroliz sicakligi (450, 500, 550°C) ve
piroliz stiresi (10, 15, 20 dak.)’nin iiriin olarak elde edilen biyoyag’in verim ve kalitesine
etkileri aragtirllmistir. Her denemede, biyokiitle partikiil biiylikliigii sabit (1-1.5 mm) olan
kagit-karton, park-bahge ve mutfak atiklarindan 5’er g karistirilarak 15 g biyokiitle
ornekleri kullanilmigtir. Denemelerde, 0.30 g Ni +2.70 g dolomit, 0.015 g Pd +2.985 g
dolomit ve 0.015 g Pt +2.985 g dolomit olmak iizere toplamda 3 g katalizér kullanilmistir.
Denemelerin hepsinde, azot gazi akisi, deney siiresince 100 ml/dak. degerinde sabit
tutulmustur. Piroliz siiresi, standard 5 dakikalik deney siirecinin hemen sonra azot gazi
akist durdurulup 5, 10 ve 15 dakika beklendikten sonra yogunlastirict ¢ikarilip reaktoriin
alt kismi sokiilerek biochar alinmistir. Denemeler sonucu elde edilen biyoyag ve
biochar’a iligkin kiitle denkligi degerleri hesaplanmis ve Tablo 4.2’de sunulmustur.
Biyoyag orneklerinin miktarlari, yogunlastirici icerisinde toplanan biyoyag’in hassas
terazide tartilmast ile belirlenmistir. Hizli piroliz deneyleri sonucunda reaktoriin
sogutulmasindan sonra biochar Ornekleri hassas terazide tartilarak miktarlar
belirlenmigtir. Hizli piroliz deneylerinin yiirtitiildiigli reaktoriin hacmi ve kiitlesinin
biiylik olmasindan dolayr deneyler sonucunda olusan gaz karigimlarinin miktarlar
belirlenememistir. GC-MS analizi ile, biyoyag’in temel bilesenleri olan asitler, alkoller,
sekerler, aldehidler, ketonlar, vb. ile bunlarin alt bilesikleri (cihazin kiitiiphanesinde
taniml1 oldugu kadariyla) belirlenmistir.

3.5. Analiz

GC-MS analizi bir metod olarak, bir maddenin bireysel bilesenlerinin
ekspektrumlarinin ayiklanmasini sagliyor ve daha sonra bu ekspektrumlar hedef bilegenin
tanimlanmasi i¢in referans kiitiiphanede/library’de bagka ekspektrumlar ile karsilagtirilir
(Stein 1999). GC-MS, GC (Gaz Kromatografi) ve MS (Kiitle Spektrometresi) tinitelerinin
beraber calistig1 yapi analizi ve miktar tayininde kullanilan bir cihazdir. Bu cihaz
maddelerin teshisi, tayini ve yap1 analizi i¢in yaygimn olarak; ayrica detayli gida
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analizleri, yag analizleri, petrol analizleri ve ila¢ sektoriiniin kalitatif ve kantitatif
analizlerinde kullanilmaktadir (Sekil 4.4). Biochar ve biyoyag miktarlar1 deneylerin
sonunda hassas terazide tartilarak kiitle denkliginden bunlarin verimleri belirlenmistir.
Daha sonra GC-MS analizi ile, biyoyag’in temel bilegenleri olan asitler, alkoller, sekerler,
aldehidler, ketonlar, vb. ile bunlarin alt bilesiklerinin belirlenmsler.

Sekil 3.4. GC-MS cihazmin goriiniisii.
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4. BULGULAR VE TARTISMA

Giliniimiizde enerjiye olan talep, nufiis artis1, ulasim ve iletisim faktorlerine bagl
arttmaktadir. Biyokiitle enerjisi yenilenebilir olmas1 ve sera gazlarin olusumunda fosil
yakitlara nazaran ¢ok az etkindir. Biyokiitle ekim, yemek, atik ve endiistri ve ¢iftlik gibi
farkli ¢esitlerde mevcutdur. Bu mevcut ve ucuz biyokiitle kiiciik iilkelerde yakilarak
enerji Uretiminde kullanmaktadir, ancak; bu tiir enerji iretmek hava kirliligine ve uzun
zamanda iklim degisikligine neden olabilmektedir. Bu yiizden biyokiitle kullanarak hem
verimli hem ucuz ve hem ¢evredostu olan enerji kaynagi ihtiya¢ duymaktadir (Motghare
2016). Termokimyasal yontemler, biyokiitlenin yiiksek enerji degerli {iriinlere
doniistirtilmesi islemidir. Termokimyasal bir doniisim siireci olan piroliz havasiz
ortamda hammaddenin bozundurularak sivi, kati ve gaz trlinlere doniistiiriilmesi
islemidir. Pirolizden elde edilen sivi iiriin bio-oil olarak adlandirilir. Bio-oil; fosil
yakitlara gore kolay depolama ve tagima gibi avantajlara sahiptir. Bu calismada yemek
ve kagit ve bahge atiklart biyokiitle kaynagi olarak kullanmistir. Hizl piroliz sisteminin
tasarimi ve sistemin c¢alismasi esnasinda karsilasilan tim olumsuz etmenlere karsin, 3
farkl katalizor (Ni, Pd, Pt) ile yapilan arastirmalar sonucunda literatiir sonuglarina uygun
sonuclar elde edilmistir (Bridgwater, 2012). Hizli pirolizin avantajlarindan biri, olduk¢a
dayanikli olan lignin kism1 dahil lignoseliilozik biyokiitledeki biitiin organik maddenin
doniisiimiinii saglayabilmesidir. Ustelik, biyokiitle enerjisinin biiyiik bir kisminin (%70’e
varan) biyoyag’da tutulmasidir (Huber ve dig, 2006).

Bu ¢aligmada, 4 farkli parametre (biyokiitle partikiil bitytikliigii, sicaklik, katalizor
ve reaksiyon siiresi) incelenmistir. Iki farkli deney grubu sdzkonusu ve her deney
grubunda 27°ser adet deney yapilmistir. Bu iki deney grubunda farkli parametreler
incelenmistir (Tablo 4.1). Deney sonuglar1 incelendiginde asagidaki sonuclar elde
edilmistir. Ik 9 deneyde Ni ve dolomit katalizér olarak kullanilmistir; bu 9 deneyin ilk
3’iinde ise aym biiyiiklitkteki biyokiitle partikiilleri kullanilmis, ancak, iki farkli piroliz
stiresi ve siacaklik uygulanmistir. Sicaklik 450°C’den 500°C’ye ve piroliz siiresi de 5
dak.’dan 15 dak.’ya arttirilinca biyoyag miktar1 3.06’den 6.41’¢ yiikselmistir. Ancak, 3.
deneyde sicaklik 450°C’den 550°C’ye yiikselince ve deney siiresi 5 dak.’dan 20 dak.’ya
artinca biyoyag miktar1 3.33 g’dan 5.47 g’a diigmistiir. Bu artig deneylerin hepsinde
goriilmektedir. Sonucta sicaklik ve deney siiresi 500°C ve 15 dak.’dan fazla olunca
biyoyag verimi 6.41g’dan daha az olacaktir ve bu sonu¢ ortalama olarak deneylerin
hepsinde ayni olarak goziikmektedir. Genel olarak biyokiitle partikiil biiyiikliikleri sabit
iken, verimin en yiiksek oldugu sicakligin 500°C ve reaksiyon siiresinin ise 15 dak.
oldugu tesbit edilmistir. Ayrica, biyokiitle partikiil biyiikliigii kiigtiliince biyoyag miktart
azalmakta ve biochar miktar1 ise ylikselmektedir. Katalizor etkisi i¢in ise her 9 deneyde
farklh katalizér kullanimistir. Ortalama degerler kullanildiginda, Deney 2°deki zeolit
katalizorti kullanildiginda biyoyag veriminin daha yiiksek oldugu gozlenmistir (Tablo
4.2).

Olusan biyoyag ve biochar’a baktigimizda biyoyag miktar1 %26-42 araliginda,
biochar miktar1 ise %30-43 araliginda degismektedir. Literatiir degerlerine gore hizl
piroliz lirlin verimlerinin: biyoyag (%75’e varan kuru agirlik oraninda) ve biochar (%15)
oldugu gorilmektedir. Bu verim azligimin veya farkliliginin sebepleri arastirilmalidir.
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Piroliz stvisinin 6zellikleri biyokiitle ¢esidi, reaktor tipi ve proses durumu gibi
parametrelere baghdir (Czernick 2004). Su, alkol, asidler, aldehid, keton, furan, seker ve
lignin gibi maddeler hizh pirolizden elde edilen biyoyagin bilegenleridir (Oasmaa 2010).

GC-MS sonuglart incelendiginde, biyoyag bilesiminin 70’ten fazla bilesenden
meydana geldigi EK 1°de verilen GC-MS analiz sonuglarinda goriilmektedir. Her iki
deney grubundaki 27°ser hizli piroliz deneyi ig¢in GC-MS analiz sonuglar
degerlendirilerek elde edilen bilesenlere gére Tablo 4.3 ve 4.4 hazirlanmistir. Her iki tablo
grubu, biyoyag icerisindeki yaklasik 70 bilesenden GC-MS pik alanlar1 2.00 ve tizeri olan
bilesenleri icermekte ve bu bilesenler kullanilarak sonuglar degerlendirilmistir. Genel
olarak degerlendirme yapildiginda, her iki deney grubunda da hizli piroliz sonucu elde
edilen ana bilesigin levoglucosan oldugu gozlenmistir. Levoglucosan, seliiloz ve nisasta
gibi karbonhidratlarin pirolizi sonucu ortaya ¢ikan ana alti-karbonlu organik iiriinlerden
biridir. Yiiksek miktardaki diger bilesen ise allose; monosakarid bir seker tiirtidiir.
Levoglucosan’in biyoyagda veriminin fazla olmasinin sebebi, biyokiitle 6rnek kargiminin
%66’sm1 olusturan park-bahge ve kagit-karton atiklarindaki selilloz miktaridir.
Levoglucosan digsinda biyoyag igerisinde butanoic acid, pentanoic acid, asetik asit,
furfural ve 1,2-benzenediol gibi organik yapilar da yiiksek oranda bulunmaktadir. Analiz
sonuglar1 genel olarak degerlendirildiginde; farkl katalizor, sicaklik ve piroliz reaksiyon
stiresinin artmasi ile levoglucosan miktarinda azalma gozlenmistir. Bu azalma, artan
sicaklik ve reaksiyon siireleri ile hizli piroliz sisteminde ikincil reaksiyonlarin
gerceklesmesiyle levoglucosan’in organik yapisinin farkli organik yapilara dontismesiyle
aciklanabilir.
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Tablo 4.2. Deney Grubu 1 i¢in bilesen miktarlari.
Bilesen  Miktar1 2-5 5-10 10-15 >15
(Pik Alani)
Deney No
H4 8 2 - 1
H5 13 3 1 -
Hé6 11 4 - -
H7 10 3 1 -
HS8 11 1 - -
H9 8 3 1 -
H12 12 3 1 -
H13 11 2 - 1
H15 10 2 1 -
H16 7 5 - -
H17 9 4 2 -
H18 9 2 2 -
H19 11 3 1 -
H21 13 2 - -
H22 7 3 2 -
H23 10 3 - -
H24 13 4 - -
H25 7 2 2 -
H26 8 5 - 1
H27 9 2 2 -
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Tablo 4.3. Deney Grubu 2 i¢in bilesen miktarlari.

Bilesen = Miktann 2-5 5-10 10-15 >15
(Pik Alam)

Deney No

B1 8 7 1 -
B2 11 3 1 -
B3 8 1 1 1
B4 6 5 1 -
B5 9 1 1 -
B6 12 2 - -
B7 11 5 - -
B8 11 4 - -
B9 12 2 1 -
B10 14 1 1 -
B11 12 2 - -
B13 15 3 - -
B14 16 2 - -
B15 12 5 - -
B16 14 3 1 -
B17 9 5 1 -
B18 11 4 - -
B19 10 4 2 -
B20 8 3 - -
B21 10 2 1 -
B22 10 2 - -
B23 12 3 - -
B24 10 4 - -
B26 9 3 - -
B27 9 3 1 -
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5. SONUCLAR

Enerji ekonomik ve sosyal kalkinma i¢in en 6nemli faktorlerdendir. Artan nufis,
sehirlesme, sanayilesme ve refah artinca enerjiye talep de arttmaktadir. Fosil yakitlarin
diinyada yogun kullanimi nedeniyle olusan kiiresel 1sinma ve iklim degisiklikleri
olumsuzluklarmdan kurtulmak veya onlar1 minimize etmek amaciyla fosil yakitlar yerine
yenilenebilir bir enerji kaynagi olan biyokiitleden biyoyakit elde edilmesi konusunda tiim
diinyada yogun bilimsel ¢aligmalar devam etmektedir. Temel biyokiitle kaynaklari:
tarimsal kalintilar ve atiklar (saman, hayvan giibresi, vb.), orman ve orman atiklari,
belediye kati atiklar1 (BKA) ve kalintilarin organik kisimlari, kanalizasyon atiklari,
endiistriyel kalintilar (yiyecek ve kagit endiistrilerinden), otsu veya odunsu lignoseliilozik
bitkiler. Atiklarin enerjiye doniisiimiiniin en temel hedefi atiklar1 azaltma ve hava, yer ve
yeralt1 sularmin atiklardan dolayi kirlenmesini 6nlemek ve zararli gazlar1 azaltmaktir.

Bu amagla termokimyasal doniisiim yontemi (piroliz veya hizli piroliz) her tiirli
atig1 enerjiye doniistiirmek icin ideal bir yontemdir. Bu ¢alismada, park-bahge, kagit-
karton ve mutfak atiklarindan hizli piroliz yontemi ve laboratuvar 6lgegindeki deney
diizenegi ile atiklardan biyoyakit (biyoyag) iiretimi gergeklestirilmistir. Deneylerde
biyokiitle partikiil biiytikligl, sicaklik, reaksiyon siiresi ve katalizor gibi degisik
parametrelerin piroliz iirlin verimleri ve biyoyag kalitesine etkileri incelenmistir.
Calismanin sonuglaria gore, deneylerde en etkin parametrelerin sicaklik ve reaksiyon
stiresi oldugu gbézlenmistir. Partikiil biiytikliigii orta, 0.5-1mm ve sicaklik 500°C ve piroliz
stiresi 15 dakika olan deneylerde biyoyag veriminin en yliksek oldugu gozlenmistir.
Ayrica, zeolit ve Pt katalizorleri kullanilarak yapilan deneyde biyoyag veriminin arttigi
gozlenmistir. En kiiclik partikiil boyutunda ve en yiiksek sicakliklarda biochar miktar1
artmistir. Kalsit ve Pd katalizorleri kullanilarak yapilan deneylerde biochar veriminin
arttig1 gorilmiistiir.

Calisma sonunda elde edilen biyoyagin kalite veya bilesenlerini incelemek icin GC-MS
analizleri gerceklestirilmistir. Analizlere gore levoglucosan, selliilozlu bilesen, yiiksek
miktarda bulunmaktadir ve bunun nedeni kagit ve bahge atiklari gibi selliilozlu
partikiillerdir. Allose bir seker tiirii, diger yliksek miktarda bulunan bilesenlerdendir.
Heptanoik asid, butrik asid ve diger asidlerde yliksek rakamlar ile deney sonucunda
goziikmektedir. Literatiire gore hizli piroliz caligmalarinda kullanilan biyokiitlenin %75’e
varan oranlarda biyoyaga doniismesi beklenmektedir. Ancak, bu ¢aliymada bu oran %42
oraninda kalmistir. Hizli piroliz sistemindeki sizdirmazlik sorunu veya reaktor
icerisindeki O varligy, literatiir degerleri ile arastirma sonuglar1 arasindaki farkin sebebi
olabilecegi diisiintilmektedir. Ayrica, hizli piroliz deney diizeneginde piroliz buharmin
reaktor ¢ikisi ile yogusturucu arasinda yogunlasmasi sonucu elde edilen kati, sivi veya
gaz Uriinlerin beklenenden farkli verimlere sahip oldugu diistiniilmektedir. Ayrica,
tastyic1 gaz olarak kullanilan azot gazinin hizli piroliz sistemine verilmeden dnce 6n
1sitma iglemine tabi tutulmasi da, hizl piroliz sistemindeki doniisiimii olumsuz etkiledigi
tahmin edilmektedir. Konu ile ilgili gelecekte yapilacak ¢alismalarda, deney diizeneginin
daha da gelistirilerek veya diizenegin otomasyonu saglanarak, insan kaynakli hatalarin
minimize edilmesi suretiyle biyokiitlenin gercege yakin oranda kati, siv1 ve gaz {irlinlere
dontistiiriilmesi saglanabilecektir.
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Deney 1. Biyoyag 6rneklerinin GC-MS analizi.

Ornek Kimyasal Bilesik Alan
H4 2-cyclopenten-1-one, 1h-imidazole, 1-methyl 3.79
2-hepten-1-ol, cis-hept-2-enol 3.07
I-aminoisopropane-1-carxylic acid-d3, acetic acid, acetate, 8.04
ethanoic acid, acetasol, hydrazine, 1,1-dimethyl, as-
dimethylhydrazine, dimazin, dimazine
furfural 5.61
2-cyclopenten-1-one, 3-methyl, 1-methyl-1-cyclopenten-3- 4.57
one, 2-cyclopenten-1-one, 2-methyl, 3-methyl-2-
cyclopenten-1-one
1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2- 3.08
hydroxy-3-methyl
1, 4:3, 6-dianhydro-alpha-d-glucopyranose, 3- 244
aminopiperidin-2-one, ethyl cyclopropanecarboxylate
3-pyridinol, 4-pyridinol 2.22
2-furancarboxaldehyde, 5-hydroxymethyl, 4-mercaptophenol 2.13
1,2-benzenediol, resorcinol 3.74
d-allose, 1,6-anhydro-beta-d-glucopyranose (levoglucosan)  22.5
HS 1,1-dimethyl-2-oxydrazine, = methanamine,  n-methyl-n- 2.19
nitroso, 2nno, dimethylamine, n-nitroso-urea, metylurea,
monomethylurea, n-methylurea
2-cyclopenten-1-one, 1h-imidazole, 1-methyl 3.70
1-hydroxy-2-butanone, 2-butanone-1-hydroxy-1- 2.90
cyanoethylideneformamide, 1-cyanovinylformamide
acetic acid, acetate, ethanoic acid, acetasol, hydrazine, 1,1- 9.10
dimethyl, as-dimethylhydrazine, dimazin, dimazine
furfural 5.91
2-cyclopenten-1-one, 3-methyl, 1-methyl-1-cyclopenten-3- 4.98
one, 3-methyl-2-cyclopentenone
2-furancarboxaldehyde, 5-methyl-2-furancarboxaldehyde, 5- 2.07
methyl-imidazole, 1,4,5-trimethyl
butanoic acid, butanoate, butyrate, butyric acid, n-butanoic 2.45
acid, n-butyric acid
1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2- 3.42
haydroxy-3-methyl
phenol, 2-methylpyrazine, methyl-2-pyrolyl ketone, 2- 2.36
acetylpyrrole
1, 4:3, 6-dianhydro-alpha-d-glucopyranose, 3- 2.16
aminopiperidin-2-one, ethyl cyclopropanecarboxylate
3-pyridinol, 4-pyridinol 2.22
2-furancarboxaldehyde, 5-hydroxymethyl, 2-fluorobenzyl 2.65
alcohol
bi-1,4,7,10,13,16-hexaoxacyclononadecane, 1-1- 2.26

bi(3,6,9,12,15,18-hexaoxacyclonanodecane), tetraethylene
glycol monododecyl ether, tetraethylene glycol mono-n-
dodecyl ether, 3,6,9,12-tetraoxatetracosan-1-ol
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1,2-benzenediol 5.29
1,2-benzenediol, 4-methyl 3.40
beta-d-glucopyranose, 1,6-anhydro, anhydro-d-mannosan, 14.8
levoglucosan, 1,6anhydro-beta-d-glucopyranose-d-allose,
beta-d-allose, hexose, 3,4-altrosan
Deney 1. Biyoyag orneklerinin GC-MS analizi - (Devam).
Ornek Kimyasal Bilesik Alan
Hé6 1,1-dimethyl-2-oxohydrazine, methanamine, n-methyl-n-nitroso, 2.37
dimethylamine, n-nitroso-nitroso dimethylamine, urea, methylurea,
monomethylurea, n-methylurea
2-cyclopenten-1-one, 1h-pyrazole, 3-methyl 4.40
I-cyanoethylideneformamide, n-1-cyanoethenyl, 1- 3.37
cyanovinylformamide, 1-hydroxy-2-butanone
acetic acid, acetate, ethanoic acid, acetasol, hydrazine, 1,1- 9.14
dimethyl, as-dimethylhydrazine, dimazin, dimazine
Furfural, 3-furaldehyde 6.69
2-cyclopenten-1-one, 3-methyl, 1-methyl-1-cyclopenten-3-one, 2- 5.29
methyl, 3-methyl-2-cyclopenten-1-one
2-furancarboxaldehyde, 5-methyl 2.18
butanoic acid, butanoate, butyrate, butyric acid, n-butanoic acid, n- 2.14
butyric acid
1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2-hydroxy- 3.87
3-methyl
Phenol, 2-methylpyrazine, methyl-2-pyrrolyl ketone, 2-acetyl 2.85
pyrrole
1, 4:3, 6-dianhydro-alpha-d-glucopyranose, 3-aminopiperidin-2- 2.87
one, ethyl cyclopropanecarboxylate
3-pyridinol, 4-pyridone 2.72
2-furancarboxaldehyde, 5-hydroxymethyl, pyridine, 2-fluoro 2.45
1,2-benzenediol, resorcinol 5.76
1,2-benzenediol, resorcinol, 4-methyl 3.58
H7 nitroso dimethylamine, urea, methylurea, monomethylurea, n- 2.42
methylurea, 1,1-dimethyl-2-oxohydrazine, methanamine, n-
methyl-n-nitroso, n-nitroso
2-cyclopenten-1-one, 1h-pyrazole, 3-methyl 4.78
2-hepten-1-ol, cis-hept-2-enol, 3-heptenyl acetate, 3-hepten-1-ol, 3- 3.70
hepten-1-ol aceate, 3-hepten-1-yl aceate
acetic acid, acetate, ethanoic acid, acetasol, methylethyl ether, 8.90
hydrazine, 1,1-dimethyl, as-dimethylhydrazine, dimazin, dimazine
2-furancarboxaldehyde, alpha-furole, 2-formylfuran, 2- 5.68
furaldehyde, furan-3-carboxyaldehyde
2-cyclopenten-1-one, 3-methyl, 1-methyl-1-cyclopenten-3-one, 2- 5.50
methyl, 3-methyl-2-cyclopenten-1-one, propanoic acid, propanoate,
propionate
2-furancarboxaldehyde, 5-methyl 2.52
butanoic acid, pentanoic acid 2.24
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1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2-hyadoxy- 2.37
3-methyl
phenol, 2-methylpyrazine, 2-methyl-2-pyrrolyl ketone, 2-acetyl 2.80
pyrrole
1, 4:3, 6-dianhydro-alpha-d-glucopyranose, 3-aminopiperidin-2- 2.03
one, cyclopropanecarboxamide, n-2-methylpyropyl
1,2-benzenediol, phenol, 2-methylcarbamate 4.88
1,4,7,10,13,16-hexaoxacyclooctadecane, 1,4,7,10,13,16- 3.45
hexanoxacyclooctadecane
d-allose, 1,6-anhydro-beta-d-talopyranose, beta-d-allose, hexose, 12.98
beta-d-glucopyranose, anyhdro-d-mannosan, levoglucosan, 1,6-
anhydro-beta-d-glucopyranose

Deney 1. Biyoyag orneklerinin GC-MS analizi - (Devam).

Ornek  Kimyasal Bilesik Alan

HS8 1,1-dimethyl-2-oxohydrazine, methanamine, n-methyl-n-nitroso, 2.15
2nno, dimethylamine, n-nitroso-urea, metylurea, monomethylurea,
n-methylurea
2-cyclopenten-1-one, 1h-imidazole, 1-methyl 4.19
3-heptenyl acetate, 3-hepten-1-ol, acetate, 3-hepten-1-ol acetate, 3- 3.08
heptel-1-yl acetate, 3-heptenyl acetate
acetic acid, acetate, ethanoic acid, acetasol, hydrazine, 1,1-dimethyl, 8.48
as-dimethylhydrazine, dimazin, dimazine
2-furancarboxaldehyde, alpha-furole, 2-formylfuran, 2-furaldehyde, 4.65
2-formylfuran-3-carboxaldehyde
2-cyclopenten-1-one, 3-methyl, 1-methyl-1-cyclopenten-3-one, 3- 4.89
methyl-2-cyclopentenone
2-furancarboxaldehyde, 5-methyl 2.29
butanoic acid, butanoate, butyrate, butyric acid, n-butanoic acid, n- 2.29
butyric acid
1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2-haydroxy- 2.67
3-methyl
phenol, 2-methylpyrazine, methyl-2-pyrolyl ketone, 2-acetyl pyrrole 2.97
1,2-benzenediol, resorcinol 4.76
1,2-benzenediol, 4-methyl, 3.,4-dihydroxytoluene, homocatechol, 2.22
homopyrocatechol
d-allose, beta-d-allose, hoxose, 3,4-altrosan, beta-d-glucopyranose, 17.0
1,6-anhydro, anhydro-d-mannosan, levoglucosan, 1,6-anhydro-beta- 5
d-glucopyranose

H9 urea, methyl, methylurea, monomethylurea, n-methylurea, 1,1- 2.06
dimethyl-2-oxohydrazine, methanamine, n-methyl-n-nitroso,
dimethylamine, n-nitroso-nitroso dimethylamine
2-cyclopenten-1-one, 1h-imidazole, 1-methyl 3.46
1-hydroxy-2-butanone, 2-butanone-1-hydroxy-1- 2.62

cyanoethylideneformamide, 2,4-hexadienal
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acetic acid, acetate, ethanoic acid, acetasol, hydrazine, 1,1-dimethyl, 7.68
as-dimethylhydrazine, = dimazin,  dimazine, thiirane, 2,3-
dihydrothiirene, aethylensulfid, epithioethane
furfural, 3-furaldehyde 5.65
propanoic  acid, propanoate, propionate, propionic acid, 3.97
carboxyethane, ethanecarboxylic acid
2-cyclopenten-1-one, 2-hydroxy-3-methyl, 1,2-cyclopentanedione, 2.37
3-methyl-2-cyclopenten-1-one
1,4,7,10,13,16-hexaoxacyclooctadecane, 1,4,7,10,13,16- 2.17
hexanoxacyclooctadecane
1,2-benzenediol,  benzene 1,2-diol, 1,2-dihydroxybenzene, 9.40
pyrocatechol, o-benzenediol, o-dihydroxybenzene
1,4,7,10,13,16-hexaoxacyclooctadecane, 1,4,7,10,13,16- 3.78
hexanoxacyclooctadecane
1,4,7,10,13,16-heptaoxacyclohenicosane, 21-krone-7, 3.28
1,4,7,10,13,16-hexaoxacyclooctadecane
d-allose, beta-d-allose, hoxose, 1,6-anhydro-beta-d-talopyranose, 14.1
beta-d-glucopyranose, 1,6-anhydro, anhydro-d-mannosan, 0
levoglucosan, 1,6-anhydro-beta-d-glucopyranose
Deney 1. Biyoyag 6rneklerinin GC-MS analizi - (Devam).
Ormek  Kimyasal Bilesik Alan
H12 urea, methylurea, monomethylurea, n-methylurea, nitroso 2.34
dimethylamine, 1,1-dimethyl-2-oxohydrazine, methanamine,
n-methyl-n-nitroso, n-nitroso
2-cyclopenten-1-one, 1h-pyrazole, 3-methyl 3.81
1-hydroxy-2-butanone, 2-butanone, I-hydroxy-1- 3.20
cyanoethyliedeneformamide, 1-cyanovinylformamide
acetic acid, acetate, ethanoic acid, acetasol, thirane,, 2,3- 9.79
dihydrothiirene, aethylensulfid, epithioethane, hydrazine, 1,1-
dimethyl, as-dimethylhydrazine, dimazin, dimazine
furfural, 3-furaldehyde 7.24
2-cyclopenten-1-one,  I-methyl-1-cyclopenten-3-one,  3- 5.01
methyl-2-cyclopenten-1-one, propanoic acid, propanoate
2-furancarboxaldehyde, 5-methyl 2.54
2-furanone, gamma-crotonol actone, 2-0xo0-2,5-dihydrofuran, 2.01
gamma-hydroxy crotonoic acid lactone, alpha,beta-
crotonolactone, delta,alpha,beta-butenolide, delta,alpha,beta-
butolide
1,2-cyclopentanedione,  3-methyl-2-cyclopenten-1-one, 2- 3.67
hyadoxy-3-methyl
phenol, methyl-2-pyrrolyl ketone, 2-acetyl pyrrole, 2- 2.50
methylpyrazine
1, 4:3, 6-dianhydro-alpha-d-glucopyranose, 3-aminopiperidin- 2.13
2-one, n-2-methylpyropyl
3-pyridinol, 4-pyridinol 2.08
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2-furancarboxaldehyde, 5-hydroxymethyl, 4-mercaptophenol  2.15
1,2-benzenediol, phenol, 1-methylethoxy, methylcarbamate 3.86
pentaethylene glycol monododecyl ether, pentaethylene glycol 2.99
mono-n-dodecyl ether, 3,6,9,12,15-pentaoxaheptacosan-1-ol,
lauryl alcohol tetra ethanol, 1,4,7,10,13,16-
hexaoxacyclooctadecane
d-allose, Dbeta-d-allose, hexose, 3,4-altrosan, Dbeta-d- 17.32
glucopyranose, 1,6-anhydro, anhydro-d-mannosan,
levoglucosan, 1,6-anhydro-beta-d-glucopyranose

HI13 1,1-dimethyl-2-oxohydrazine, methanamine, n-methyl-n- 2.66
nitroso, 2nno, dimethylamine, n-nitroso-urea, metylurea
2-cyclopenten-1-one, 1h-imidazole, 1-methyl 4.40
1-hydroxy-2-butanone, 2-butanone, I-hydroxy-1-1-d2- 3.54
neopentyl chloride, 1-cyanoethylideneformamide
acetic acid, acetate, ethanoic acid, acetasol, hydrazine, 1,1- 9.63
dimethyl, as-dimethylhydrazine, dimazin, dimazine
2-furaldehyde, furan, 2-formylfurfural, 2- 5.28
furancarboxaldehyde, 2-furaldehyde, alpha-furole
2-cyclopenten-1-one, 3-methyl, 1-methyl-1-cyclopenten-3- 5.37
one, 3-methyl-2-cyclopentenone, propanoic acid, propanoate,
propionate, propionic acid, 3-methyl-2-cyclopenten-1-one, 3-
methyl-2-cyclopentenon
2-furancarboxaldehyde, 5-methyl 2.51
furfuryl alcohol, 2-methyl-2-pentenal, 2-octanol 3.06
2-furanone, gamma-crotonolactone, 2-oxo-2, 5-dihydrofuran, 2.18
gamma-hydroxy crotonic acid lactone, alpha,beta-
crotonolactone, delta,alpha,beta-butenolide, delta,alpha,beta-
butolide
1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2- 3.81
hydroxy-3-methyl
phenol, 2-methylpyrazine, methyl-2-pyrrolyl ketone, 2-acetyl 2.23
pyrrole
1, 4:3, 6-dianhydro-alpha-d-glucopyranose, 3-aminopiperidin- 2.46
2-one, ethyl cyclopropanecarboxylate
3-pyridinol, 4(1h)-pyridone 2.58
1,2-benzenediol 2.75
3,4-altrosan, beta-d-glucopyranose, 1,6-anhydro, anhydro-d-  18.3
mannosan, levoglucosan, 1,6-anhydro-beta-d-glucopyranose,
heptanoic acid, enanthic acid, n-heptanoic acid, n-heptoic acid

Deney 1. Biyoyag drneklerinin GC-MS analizi - (Devam).

Ornek  Kimyasal Bilesik Alan
H15 nitroso dimethylamine, urea, methyl, methylurea, 2.37
monomethylurea, n-methylurea, 1,1-dimethyl-2-oxohydrazine
2-cyclopenten-1-one, 1h-imidazole, 1-methyl 3.63
1-hydroxy-2-butanone, 2-butanone- 1-hydroxy-1- 3.06

cyanoethylideneformamide, 2-methyl-2,3-hexadiene
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I-aminosopropane-1-carboxylic acid-d3, acetic acid, acetate, 9.12
ethanoic acid, acetasol, urea, alphadrate, aqua care
furfural, 3-furaldehyde 6.29
1,2,3,4-octadecanetetrol, l-xylooctadecane-1, 2,3,4-tetrol, 4.82
propanoic acid, propanoate, propionate, propionic acid
2-furancarboxaldehyde, 5-methyl 2.04
2-furanone, gamma-crotonol actone, 2-oxo-2, 5-dihydrofuran, 2.25
gamma-hydroxy crotonic acid lactone, alpha-furanone,
delta,beta,gamma-butenolide, alpha,beta-crotonolactone,
delta,alpha,beta-butenolide
1,2-cyclopentanedione, = m-methyl-2-cyclopenten-1-one,  2- 4.26
hydroxy-3-methyl
phenol, 2-methylpyrazine, methyl-2-pyrrolyl ketone, a-acetyl 2.67
pyrrole
1,4:3,6-dianhydro-alpha-d-glucopyranose, 3-aminopiperidin-2- 2.28
one, ethyl cyclopropanecarboxylate
methyl acetate, benzeneacetic acid, 4-hydroxy-3-methoxy, methyl 2.03
ester, acetic acid, homovanillic acid
1,2-benzenediol, benzene-1,2-diol, 1,2-dihydroxybenzene 4.62
d-allose, beta-d-allose, hexose, 3,4-altrosan, butanoic acid, 13.40
butanoate, butyrate, butyric acid

H16 2-cyclopenten-1-one, 1h-pyrazole, 3-methyl 3.40
3-hepten-1-ol, acetate, 3-hepten-1-yl acetate, 3-heptenyl acetate, 2.68
1-cyanoethylideneformamide
I-aminoisopropane-1-carboxylic acid-d3, acetic acid, acetate, 7.77
ethanoic  acid, acetasol, hydrazine, 1,1-dimethyl, as-
dimethylhydrazine, dimazin, dimazine
2-furaldehyde, furan, 2-formyl-2-furancaboxaldehyde, alpha- 4.95
furole, 2-formylfuran
2-cyclopenten-1-one, 3-methyl-1-methyl-1-cyclopenten-3-one, 3- 4.07
methyl-2-cyclopenten-1-one
1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2- 277
hydroxy-3-methyl
phenol, 2-methylpyrazine, methyl-2-pyrrolyl ketone, 2-acetyl 3.02
pyrrole
2,6-dichlorobenzyl, 1,4,7,10,13,16-hexaoxacyclooctadecane 7.84
1,2-benzenediol, resorcinol 6.70
2-hydroxyethoxy, ethyl acetate, 2-acetyloxyethoxy 7.49
2-hydroxyethoxy, ethyl acetate, 2,7-diethyl-1-benzothiophene, 2- 4.81
propenenitrile, 2-chloro, acrylonitrile
d-allose, beta-d-allose, hexose, 1,6-anhydro-beta-d-talopyranose, 9.04
beta-d-glucopyranose, 1,6-anhydro,  anhydro-d-mannosan,
levoglucosan, 1,6-anhydro-beta-d-glucupyranose

Deney 1. Biyoyag orneklerinin GC-MS analizi - (Devam).

Ornek  Kimyasal Bilesik Alan

37



EKLER Mona FARDINPOOR

H17 1,1-dimethyl-2-oxohydrazine, methanamine, n-methyl-n- 2.52
nitroso, 2nno, dimethylamine, methyl, metylurea,
monomethylurea, n-methylurea
2-cyclopenten-1-one, 1h-pyrazole, 3-methyl 5.00
2-hepten-1-ol, cis-hept-2-enol 3.67
acetic acid, acetate, ethanoic acid, acetasol methyl ether, 10.03
hydrazine, 1,1-dimethyl, as-dimethylhydrazine, dimazin,
dimazine
furfural, 3-furaldehyde 6.24
3-methyl-2-cyclopenten-1-one, 3-methyl-2-cyclopentenon 5.59
propanoic acid, propanoate, propionate, propionic acid
2-furancarboxaldehyde, 5-methyl 2.59
butanoic acid, butanoate, butyrate, butyric acid, n-butanoic acid, 2.27
n-butyric acid
furfuryl alcohol, 2-methyl-2-pentenal, 2-octonal 2.44
1,2-cyclopentanedione,  3-methyl-2-cyclopenten-1-one, 2- 3.53
hydroxy-3-methyl
phenol, 2-methylpyrazine, methyl-2-pyrrolyl ketone, 2-acetyl 3.57
pyrrole
1,4:3,6-dianhydro-alpha-d-glucopyranose, 3-aminopiperidin-2- 2.19
one, ethyl cyclopropanecarboxylate
1,2-benzenediol, resorcinol 7.93
1,2-benzenediol, 4-methyl, dihydroxytoluene, homocatechol, 3.56
homopyrocatechol
d-allose, beta-d-allose, hoxose, 3,4-altrosan, Dbeta-d- 10.41
glucopyranose, 1,6-anhydro, anhydro-d-mannosan,
levoglucosan, 1,6-anhydro-beta-d-glucopyranose

HI18 urea, methyl, methylurea, monomethylurea, n-methylurea, 2.68
nitroso dimethylamine, 1,1-dimethyl-2-oxohydrazine,
methanamine, n-methyl-n-nitroso, dimethylamine, n-nitroso
2-cyclopenten-1-one, 1h-pyrazole, 3-methyl 4.43
1-hydroxy-2-butanone, 2-butanone-1-hydroxy-1- 3.51
cyanoethylideneformamide
l-aminoisopropane-1-carboxylic acid-d3, acetic acid, acetate, 10.28
ethanoic acid, acetasol urea, alphadrate, aqua care
2-furaldehyde, furan, 2-formyl-2furancarboxaldehyde, alpha- 5.88
furole, 2-formylfuran
2-cyclopenten-1-one, 3-methyl-2-cyclopenten-1-one, 1-methyl- 5.45
1-cyclopenten-3-one, propanoic acid, propanoate, propionate,
propionic acid
2-furancarboxaldehyde, 5-methyl 2.35
butanoic acid, butanoate, butyrate, butyric acid, n-butyric acid 2.19
1,2-cyclopentanedione,  m-methyl-2-cyclopenten-1-one, 2- 3.49
hydroxy-3-methyl
phenol, 2-methylpyrazine, methyl-2-pyrrolyl ketone, 2-acetyl 3.55

pyrrole
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1,4:3,6-dianhydro-alpha-d-glucopyranose, 3-aminopiperidin-2- 2.11

one, ethyl cyclopropanecarboxylate

1,2-benzenediol 3.95

1,6-anhydro-beta-d-talopyranose, 3,4-altrosan, beta-d- 13.98

glucopyranose, 1,6-anhydro, anhydro-d-mannosan,
levoglucosan, 1,6-anhydro-beta-d-glucopyranose

Deney 1. Biyoyag orneklerinin GC-MS analizi - (Devam).

Ornek Kimyasal Bilesik Alan

H19 nitroso dimethylamine, 1,1-dimethyl-2-oxohydrazine, 2.76
methanamine, n-methyl-n-nitroso, n-nitrosodimethylamine
2-cyclopenten-1-one, 1h-imidazole, 1-methyl 3.86
1-hydroxy-butanone,, 2-butanone, 1-haydroxy propane, 2-bromo- 3.34
2-methyl, tert-butyl-bromide, 3-hepten-1-ol
I-aminoisopropane-1-carboxylic acid-d-3, acetic acid, acetate, 10.3
ethanoic acid, acetasol urea, alphadrate, aqua care 8
furfural, 3-furaldehyde 7.85
propanoic acid, propionic acid, carboxyethane, ethanecarboxylic 5.17
acid
2-furancarboxaldehyde, 5-methyl 2.16
furfuryl alcohol, 2-methyl-2-pentenal, 2-octonal 2.35
2-furanone, gamma-crotonol actone, 2-oxo0-2,5-dihydrofuran, 2.52
gamma-hydroxy crotonoic acid lactone
2-cyclopenten-1-one, 2-hydroxy-3-methyl-1,2- 4.55
cyclopentanedione, 3-methyl-2-cyclopenten-1-one
1,4:3,6-dianhydro-alpha-d-glucopyranose, 3-aminopiperidin-2- 3.21
one, cyclopropanecarboxamide, n-2-methylpropyl
3-pyridinol,  3-hydroxypyridine, beta-hydroxypyridine, 3- 2.65
oxopyridine, pyridin-3-ol, sodium-pyridin-3-olate
2-furancarboxaldehyde, 5-(hydroxymethyl), 4-mercaptophenol 4.20
1,2-benzenediol, resorcinol 5.24
octaethylene  glycol, 1,4,7,10,13-pentaoxacyclopentadecane, 2.25
1,4,10,13-pentaoxacyclopentadecane, 15-crown

H21 2-cyclopenten-1-one, 1h-pyrazole, 3-methyl 3.24
formamide, n-cyanovinylforamide, 1-cyanoethylideneformamide, 2.78
1-hydroxy-2-butanone, 2-butanone, 1-hydroxy
acetic acid, acetate, ethanoic acid, acetasol urea, alphadrate, aqua 8.07
care, thiirane, 2,3-dihydrothiirene, epithioethane
furfural 5.79
propanoic acid, propionic acid, carboxyethane, ethanecarboxylic 4.50
acid, propanoate, propionate
furfuryl alcohol, 2-methyl-2-pentenal, 2-octanol 2.87
2-furanone, gamma-crotonol actone, 2-oxo-2,5-dihydrofuran, 2.54

gamma-hydroxy crotonoic acid lactone
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1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2- 444
hydroxy-3-methyl-2-cyclopenten-1-one
2,3-anhydro-d-mannosan, cyclopentanecarboxylic acid, 4- 3.52
hexadecyl ester, cyclobutyl ester
1,4:3,6-dianhydro-alpha-d-glucopyranose, 3-aminopiperidin-2- 2.98
one, cyclopropanecarboxamide, n-2-methylpropyl
3-pyridinol,  3-hydroxypyridine, beta-hydroxypyridine, 3- 2.57
oxopyridine, pyridine-3-ol, sodium pyridine-3-olate
2-furancarboxaldehyde, 5-(hydroxymethyl), 4-mercaptophenol 3.89
2-butanone,  3-(phenylthiol), 3-(phenylsulfanyl)-2-butanone, 2.88
benzeneacetic acid, 4-hydroxy-3-methoxy
1,2-benzenediol 471
Methyl-beta-d-ribopyranoside, phosphate trimester, beta-d- 2.36
ribopyranoside, methyl, phosphite triester
Deney 1. Biyoyag orneklerinin GC-MS analizi - (Devam).
Ornek Kimyasal Bilesik Alan
H22 2-cyclopenten-1-one, 1h-imidazole, 1-methyl 2.55
acetic acid, acetate, ethanoic acid, acetasol, hydrazine, 1,1- 4.59
dimethyl, as-dimethylhydrazine, dimazin, dimazine
furfural, 3-fualdehyde 3.61
2-cyclopenten-1-one, 3-methyl-2-cyclopenten-1-one, 1-methyl-1- 2.92
cyclopenten-3-one, propanoic acid, propanoate, propionate,
propionic acid
1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2-hydroxy- 2.03
3-methyl
ethoxy ethanol, octacthylene glycol, 3,6,9,12,15,18,21- 7.01
heptaoxatricosane-1-23-diol
1,2-benzenediol 481
ethoxy ethanol, octacthylene glycol, 3,6,9,12,15,18,21- 6.01
heptaoxatricosane-1-23-diol
ethoxy ethanol, 2,7-diethyl-1-benzothiophene, 2,7-diethyl-1- 7.16
thiaindene
2,7-diethyl-1-benzothiophene, 2,7-diethyl-1-thiaindene, ethoxy 2.22
ethyl acetate
ethoxy ethyl acetate 13.2
1

ethoxy ethyl acetate 16.6
H23 2-cyclopenten-1-one, 1h-pyrazole, 3-methyl 3.71
3-heptenyl acetate, 3-hepten-1-ol acetate, 1-hydroxy-2-butanone, 2- 2.95

butanone, 2-hydroxy

acetic acid, acetate, ethanoic acid, acetasol, hydrazine, 1,1- 8.40
dimethyl, as-dimethylhydrazine,
dimazin, dimazine

furfural, 1h-pyrazole, 3,5-dimethyl 6.74
2-cyclopentenl-one, 1-methyl-1-cyclopenten-3-one, 3-methyl-2- 5.12
cyclopenten-1-one, 3-

methyl-2-cyclopentenon

2-furancarboxyaldehyde, 5-methyl 2.25
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furfuryl alcohol, 2-methyl-2-pentenal, 2-octanol 2.50

2-cyclopenten-1-one, 2-hydroxy-3-methyl, 1,2-cyclopentanedione, 3.65
3-methyl-2-cyclopenten-
1-one

phenol, 2-methylhydrazine, methyl-2-pyrrolyl ketone, 2-acetyl 2.35
pyrrole

1,4:3,6-dianhydro-alpha-d-glucopyranose, 1-beta-d-ribofuranosyl- 4.69
1,2,4-triazole-3-
carboxylic acid

3-pyridinol, pyridin-3-ol, sodium-pyridin-3-olate, beta- 4.86
hydroxypyridine, 3-hydroxypyridine,
3-oxopyridine,

ethoxy ethanol 8.11
2-furancarboxaldehyde, 5-(hydroxymethyl), 4-mercaptophenol 4.40
1,2-benzenediol 4.44

Deney 1. Biyoyag orneklerinin GC-MS analizi - (Devam).

Ornek  Kimyasal Bilesik Alan

H24 1,1-dimethyl-2-oxohydrazine, methanamine, n-methyl-n-nitroso, 2nno, 2.43
n-nitroso, urea, methyl, n-methylurea

2-cyclopenten-1-one, 1h-imidazole, 1-methyl 4.02

2-hepten-1-ol, cis-hept-2-enol 3.25

acetic acid, acetate, ethanoic acid, acetasol, hydrazine, 1,1-dimethyl, as- 9.22
dimethylhydrazine, dimazin, dimazine

furfural 7.28

3-methyl-2-cyclopenten-1-one, 3-methyl-2-cyclopentenon, 1-methyl-1- 5.67
cyclopenten-3-one, 3-methyl-2-cyclopentenone, propaonic acid,
propanoate, propionate, propionic acid

2-furancarboxyaldehyde, 5-methyl 2.28
furfuryl alcohol, 2-methyl-2-pentenal, 2-octanol 2.52
1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2-hydroxy-3- 4.18
methyl

phenol, 2-methylpyrazine, methyl-2-pyrrolyl ketone, 2-acetyl pyrrole 3.00

2h-pyran-2,4(3h)-dione, 3-acetyl-6-methyl, hexenoic acid, 2-acetyl-5- 2.98
hydroxy-3-oxo, 2,4-dioxo-6-acetyl-6-methyl-2,3-dihydropyran,
1sovanillic acid, benzoic acid

1,4:3,6-dianhydro-alpha-d-glucopyranose, 3-aminopiperidin-2-one, 2.98
ethyl cyclopropanecarboxylate

3-pyridinol, pyridine-3-ol, sodium pyridine-3-olate, beta-hydropyridine, 2.62
3-hydroxypyridine, 3-oxopyridine

2-furancarboxaldehyde, 5-(hydroxymethyl), 4-mercaptophenol 2.48

1,2-benzenediol 8.88

octaethylene  glycol, 1,2-benzenediol, 3,4-dihydroxytoluene, 2.12
homocatechol, homopyrocatechol

octaethylene glycol, ethoxy ethanol, 1,4,7,10,13,16- 2.14
hexaoxacyclooctadecane
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H25 nitroso dimethylamine, 1,1-dimethyl-2-oxohydrazine, n-methyl-n- 2.66
nitroso, 2nno, urea, methylurea, n-methylurea
2-cyclopenten-1-one, 1h-imidazole, 3-methyl 4.60
3-hepten-1-ol, acetate, 3-hepten-1-yl acetate, 3-heptenyl acetate, 1- 3.54
hydroxy-2-butanone, 2-butanone, 1-hydroxy
I-amino1isopropane-1-carboxylic acid-d3, acetic acid, acetate, ethanoic 10.16
acid, acetasol, hydrazine, 1,1-dimethyl, as-dimethylhydrazine, dimazin,
dimazine
furfural, 3-furaldehyde 7.40
2-cyclopenten-1-one,  1-methyl-1-cyclopenten-3-one,  3-methyl-2- 5.62
cyclopenten-1-one, propanoic acid, propanoate, propionate, propionic
acid
2-furancarboxaldehyde, 5-methyl 2.44
butanoic acid, butyric acid, n-butanoic acid, n-butyric acid, butanoate, 2.37
butyrate
furfuryl alcohol, 2-methyl-2pentenal, 2-octanol 2.14
1,2-cyclopentanedione, 3-methyl-2-cyclopenten-1-one, 2-hydroxy-3- 3.65
methyl
phenol, 2-methylpyrazine, methyl-2-pyrrolyl ketone, 2-acetyl pyrrole 3.27
1,2-benzenediol, resorcinol 7.37
d-allose, beta-d-allose, hexose, beta-d-glucopyranose, 1,6-anhydro, 11.05
anhydro-d-mannosan, levoglucosan, 1,6-anhydro-beta-d-
glucopyranose, octanoic acid, ammonium caprylate, ammonium
octanoate, calcium octanoate
Deney 1. Biyoyag 6rneklerinin GC-MS analizi - (Devam).
Ornek Kimyasal Bilesik Alan
H26 2-cyclopenten-1-one, 1h-pyrazole, 3-methyl 3.67
2-hepten-1-ol, cis-hept-2-enol 2.85
acetic acid, acetate, ethanoic acid, acetasol, hydrazine, 1,1-dimethyl, as- 5.51
dimethylhydrazine, dimazin, dimazine
furfural, 1h-pyrazole, 3,5-dimethyl 5.69
2-cyclopentenl-one,  1-methyl-1-cyclopenten-3-one,  3-methyl-2- 3.87
cyclopenten-1-one, 3-methyl-2-cyclopentenon
2-furancarboxyaldehyde, 5-methyl 2.19
furfuryl alcohol, 2-methyl-2-pentenal, 2-octanol 2.28
phenol, methyl-2-pyrrolyl ketone, 2-acetyl pyrrole, 2-methylpyrazine 2.28
1,4:3,6-dianhydro-alpha-d-glucopyranose, 1-beta-d-ribofuranosyl- 2.36
1,2,4-triazole-3-carboxylic acid
3-pyridinol, pyridin-3-ol, sodium-pyridin-3-olate, beta- 2.99
hydroxypyridine, 3-hydroxypyridine, 3-oxopyridine
ethoxy ethyl acetate, 2,7-diethyl-1-benzothiophene, 2,7-diethyl-1- 6.29
thiaindene
2-furancarboxaldehyde, 5-(hydroxymethyl), 2-furaldehyde 15.3
Ethoxy ethyl acetate 6.36
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1,2-benzenediol 5.15

H27 1,1-dimethyl-2-oxohydrazine, methanamine, n-methyl-n-nitroso, 2nno, 2.29
n-nitroso, urea, methyl, n-methylurea
2-cyclopenten-1-one, 1h-imidazole, 1-methyl 3.79
1-hydroxy-2-butanone, 2-butanone, I-haydroxy-1- 3.00
cyanoethylideneformamide, 2-methyl-2,3-hexadiene
I-aminoisopropane-1-carboxylic acid-d3, acetic acid, acetate, ethanoic 8.83
acid, acetasol, urea, aqua care
furfural 6.40
2-cyclopenten-1-one,  I-methyl-1-cyclopenten-3-one,  3-methyl-2- 4.73
cyclopenten-1-one
2-furancarboxyaldehyde, 5-methyl 2.06
2-cyclopenten-1-one, 2-hydroxy-3-methyl-1,2-cyclopentanedione, 3- 3.32
methyl-2-cyclopenten-1-one
phenol, 2-methylpyrazine, methyl-2-pyrrolyl ketone, 2-acetyl pyrrole 2.79
2-furancarboxaldehyde, 5-(hydroxymethyl, 4-mercaptophenol 2.23
1,2-benzenediol, resorcinol 10.2

1

1,4,7,10,13-pentaoxacyclopentadecane, 15-crown-5 ether, ethoxy 2.57
ethanol, 1,2-benzenediol, homocatechol
d-allose, beta-d-allose, hexose, beta-d-glucopyranose, 1,6-anhydro, 10.1
anhydro-d-mannosan, levoglucosan, 1,6-anhydro-beta-d- 8

glucopyranose, 3,4-altrosan

Ikinci deney grubunda farkli parametre degerleri kullanark elde edilen biyoyagm GC-MS
analiz sonuglar1 asagida verilmistir.

Deney 2. Biyoyag 6rneklerinin GC-MS analizi.

Ornek Kimyasal Bilesik Alan
B1 Octaethylene glycol hexagol 1,4,7,10,13,16 - 13.34
hexaoxacyclooctadeclooctadec
1,4,7,10,13,16-hexaoxacylooctadeclooctadecane, 1,4,7,10,13,16 2.77
hexaoxacylooctadeclooctadecane, 1,4,7,10,13,16-
hexaoxacylooctadeclooctadecane octaethylene glycol , ethanol
1,4,7,10,13,16_hexaoxacyclooctadeclooctadec , 1,4,7,10,13,16_  5.51
hexaoxacyclooctadeclooctadec , 1,4,7,10,13,16
hexaoxacyclooctadeclooctadec, 1,4,10,13  pentaoxacyclopentadecane ,
15 crown 5,15 crown 5 ether ,ethanol
1,4,7,10,13,16_hexaoxacyclooctadeclooctadec , 1,4,7,10,13,16  9.68
hexaoxacyclooctadeclooctadec , ethanol
Oktaethylene glycol tricycleo [ 6.3.0.0(2,6)] undecan _ 10_ one, 3.95
3 _[(2_methoxyethoxy)methoxy] 2 methyl
1,4,7,10,13,16 hexaoxacyclooctadacane
1,4,7,10,13,16_hexaoxacyclooctadacane, 1,4,7,10,13,16- 5.64
hexaoxacyclooctadeclooctadec, 1,4,7,10,13,16
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hexaoxacyclooctadeclooctadec, 1,4,7,10,13,16
hexaoxacyclooctadeclooctadec
Heptaethylene glycol monododecyl ether,
3,6,9,12,15,18,21 hexaoxatritriacontan 1 01
(2_methoxyethoxy)(trimethyl)silane, silane,

(2_methoxyethoxy)trimethyl (2 methoxyethoxy)trimethylsilane

15 crown 5, 1,4,7,10,13 pentaoxacyclopentadecane, 15 crown 5 ether 4.53
1,4,7,10,13 pentaoxacyclopentadecane , 1,4,10,13
pentaoxacyclopentadecane , 15 crown 5, 15 crown 5 ether
18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane 5.42
1,4,7,10,13,16 hexaoxacyclooctadeclooctadec Octaethylene glycol
1,4,7,10,13,16 hexaoxacyclooctadacane, 1,4,7,10,13,16  2.88
hexaoxacyclooctadeclooctadec, ethanol
1,4,7,10,13,16 hexaoxacyclooctadacane, 1,4,7,10,13,16  4.65
hexaoxacyclooctadeclooctadec, 1,4,7,10,13,16
hexaoxacyclooctadeclooctadec,
18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane, bis
(3,6,9,12, 15,18 _hexaoxacyclononadecane) ethanol
Ethanol,1,4,7,10,13,16_hexaoxacyclooctadacane 1,4,7,10,13,16  5.67
hexanoxacyclooctadeclooctadec s 1,4,7,10,13,16
hexaoxacyclooctadeclooctadec s 1,4,7,10,13,16
hexanoxacyclooctadeclooctadec
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  5.54
hexanoxacyclooctadeclooctadec ,
1,4,7,10,13 pentaoxacyclopentadecane
1,4,7,10,13 pentaoxacyclopentadecane, 15 crown 5,15 crown 5 ether
18,18 b1_1,4,7,10,13,16_hexaoxacyclononadecane, Oktaethylene 8.37
glycol monododecyl
ether,18 (1,4,7,10,13 pentaoxacyclohexadec 15 yl)
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  2.35
hexanoxacyclooctadeclooctadec,1,4,7,10,13 pentaoxacyclopentadecane
, 1,4,7,10,13 pentaoxacyclopentadecane , 15 crown 5 , 15 crown 5
ether,ethanol
1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16 4.87
hexanoxacyclooctadeclooctadec
1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadeclooctadec
2 [2 ]2 [2 [2 [2 [2_[2(2_methoxyethoxy)ethoxy]ethoxy]ethoxy]ethox
yJethoxy]ethoxy]ethoxy]ethanol
2 [2 [2 [2 2 [2 [2 [2 [2 [2(2_methoxyethoxy)ethoxy]ethoxy]ethoxy
Jethoxy]ethoxy]ethoxy]ethoxy] ethoxy]ethoxy]ethanol
Octaethylene glycol , 1,4,7,10,13,16 hexaoxacyclooctadacane , 2.40
1,4,7,10,13,16 hexaoxacyclooctadacane

B2 Hydrazine , 1,1 dimethyl as dim ethylhydrazine , dimazin , dimazine = 7.39

Asetic acid , , ethanoic acid , acetate , acetasol , Thiirane |,
2,3 dihydrothurene , aethylensulfid , epithioethane
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Propanoic acid , propanoate , propionate , propinoic acid 2.88
2 cyclopenten 1 one , 3 methyl 1 methyl 1 cyclopenten 3 one ,

3 methyl 2 cyclopenten , 3 methyl 2 cyclopenten 1 one ,

3 methyl 2 cyclopenten 1 one, 3 methyl 2 cyclopentenon
2,4dimethyl 2 oxazoline 4 methanol , 2.15
2,4 dimethyl 4 hydroxymethyl 2 oxazoline , 4 oxazolemethanol,
4,5 dihydro 2 , 4 dimethyl

(2,4 dimethyl 4,5 dihydro 1,3 oxazol 4 yl)methanol , Mepivacaine
metabolite 2 pyrrolidone 5 carboxylic acid , n methyl,methyl ester

1,2 cyclopentanedione , 3 _methyl 2 cyclopenten 1 one , 2.77
2 hydroxy 3 methyl ,2 cyclopenten 1 one, 2 hydroxy 3 methyl
4 pyridinol ,3 pyridinol , 3 pyridinol 2.73
(s)_(+) 2°3" dideoxyribonolactone , 222
5 (hydroxymethyl)dihydro 2(3h) furanone

5 hydroxymethyldihydrofuran 2 one 2,3 dimethyl undec 1 en 3 ol
Tricyclo[6.3.0.0.(2,6)Jundecan_ 10 one , 2.35
3 [(2_methoxyethoxy)methoxy] 2 methyl

18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane R 1,1 bis
(3,6,9,12,15,18 hexaoxacyclononadecane) silane ,
(2_methoxyetoxy)trimethyl (2 methoxyethoxy)(trimethyl)silane
Tricyclo[6.3.0.0.(2,6)Jundecan 10 one , 2.46
3 [(2_methoxyethoxy)methoxy] 2 methyl
Isobutyric acid , tetradecyl ester , tetradecyl 2 methylprpanoate ,

1,2 benzenediol , 1,2 benzenediol , 1,2 benzenediol 8.68
Hexanoxacyclooctadeclooctadec,Tricyclo[5.2.2.0(1,5)undec 8 en 11 o 6.76
ne, 4 [(2 methoxyethoxy)methoxy] 5 methyl , octaethylene glycol

18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane , octacthylene glycol 2.14
1,4,7,10,13,16 hexaoxacyclooctadacane,

18 (1,4,7,10 tetraoxacyclotridec 12 yl)

1,5 octadiene,4,8 dibromo 3,7 dichloro 3,7 dimethyl , (3r, 4s, 5e, 3.42
7s) () (3r,4s,5¢e) 4,8 dibromo 3,7 dichloro 3,7 dimethylocta 1

, 5 diene

1,4,7,10,13,16 hexaoxacyclooctadacane , ethylene oxide cyclic hexaner ,

18 crown 6,18 crown 6 ether

1,4 benzenediol , benzene 1 , 4 diol , alpha. hydroquinone , 2.15
beta. quinol, Resorcinol, 1,3 benzenediol
Aipha. resorcinol , m_benzenediol 1,2 benzenediol , pyrocatechol ,
o _benzenediol , o dihydroxybenzene

18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane , 1,1 2.22
_bis(3,6,9,12,15,18 hexaoxacyclooctadacane)

1,4,7,10,13,16, 19_heptaoxacyclohenicosane , 21 krone 7

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadeclooctadec
D allose, .beta. d allose , hexose 10.34

.beta. d glucopyranose,1,6 anhydro  , anhydro d mannosan
levoglucosan ,1,6 anhydro .beta. d glucopyranose
3,4 altrosan
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B3 Phenol , sodium phenoxide , acid e carbolique anbesol , Phenol , sodium 3.48
phenoxide , acid e carbolique anbesol
Phenol , carbolic acid , baker’s p and s liquid and ointment , benzenol
P cresol, M cresol, O cresol 2.50
Oktaethylene glycol , 1,4,7,10,13,16_ hexaoxacyclooctadacane , , 12.84
1,4,7,10,13,16
hexanoxacyclooctadecane, 18,18 bi 1,4,7,10,13,16 hexaoxacyclononad
ecane, 1,1 bis(3,6,9,12,15,18 hexaoxacyclooctadacane)
Oktaethylene glycol , 1,4,7,10,13,16  hexaoxacyclooctadacane , 2.37
1,4,7,10,13,16 hexaoxacyclooctadacane
Oktaethylene glycol , 1,4,7,10,13,16  hexaoxacyclooctadacane , 3.48
15 crown 5
Oktaethylene glycol 3.75
Oktaethylene XC dex 4.88
glycol, 18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane ,
1,4,7,10,13,16 hexaoxacyclooctadacane
Oktaethylene glycol , 1,4,7,10,13,16 hexaoxacyclooctadacane , 3.27
15 crown 5
N _hexadecanoic acid , N hexadecanoic acid , N hexadecanoic acid 1
hexanoxacyclooctadeclooctadecane , Oktaethylene glycol 7.75
Silane ,  (2_methoxyethoxy)trimethyl ~ , (2 _methoxyethoxy)
(trimethyl)silane
d-allose, beta-d-allose, hexose, beta-d-glucopyranose, 1,6-anhydro, 22.68
anhydro-d-mannosan, levoglucosan, 1,6-anydro-beta-d-glucopyranose,
3,4-altrosan

Biyoyag 6rneklerinin GC-MS analizi - (Devam).
Ornek Kimyasal Bilesik Alan

B4

Phenol , 2_methylpyrazine , Methyl 2 pyrolyl ketone ; 2 _acetyl 2.81

pyrrole

18 (1,4,7,10,13 pentaoxacyclohexadec 15 yl) 1,4,7,10,13,16 h 3.61

exaoxacyclononadecane, 18,18 bi 1,4,7,10,13,16_hexaoxacyclon
onadecane , 1,1 bis(3,6,9,12,15,18 hexaoxacyclooctadacane)

Diethylthioacetal of aldehyde, 6.34

desoxy isostevio,Tricyclo[5.2.2.0(1,5)Jundec 8 en 11 one ,
4 [(methoxyethoxy)methoxy] 5 methyl

N_(4_methoxyphenyl) 2 hydroxyimino acetamide , Phenol , 4.90

2,6 dimethoxy 4 (2 propenyl)
Phenol , 2,6 dimethoxy 4 (2 propenyl)

2 [2 [2 [2_[2 [2 [2_[2(2_methoxyethoxy)ethoxy]ethoxy]ethox 6.47

y]ethoxy]ethoxy]ethoxy]ethoxy]ethanol , Oktaethylene glycol,
hexanoxacyclooctadecane
1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadecane

1,4,7,10,13,16 hexaoxacyclooctadacane , , 1,4,7,10,13,16  4.76

hexanoxacyclooctadecane
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18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane , 3.01
Heptaethylene glycol monododecyl ether
1,4,7,10,13,16 hexaoxacyclooctadacane
N_hexadecanoic acid , N_hexadecanoic acid , N _hexadecanoic 8.20
acid
Oktaethylene glycol , Heptaethylene glycol monododecyl ether , 2.64
15 crown 5
9 octadecenoic acid , (e) , Oleic acid , Silane , 8.95
(2_methoxyethoxy)trimethyl
1,4,7,10,13,16  hexaoxacyclooctadacane , , 1,4,7,10,13,16  5.04
hexanoxacyclooctadecane
1,4,7,10,13,16 hexaoxacyclooctadacane s 1,4,7,10,13,16
hexanoxacyclooctadecane
Heptaethylene glycol monododecyl ether , 3,6,9,12,15,18
heptaoxatritriacontan 1 ol

B5 2 cyclopenten 1 one , 2 cyclopenten 1 one , 2.69
1H imidazole,1 methyl
(3E) 3 heptenyl atate 3 hepten 1 ol , acetate , 3cetate , 2.21
3 hepten 1 ol, acetate , 3_hepten 1 ol acetate , 3 _hepten 1 yl
acetate (3E) 3 heptenyl acetate , formamide, n (1 _cyanoethenyl)
, 1 cyanovinylformamide
Hydrazine , 1,1 dimethyl , as dim ethylhydrazine , dimazin , 9.38
dimazine
Acetic acid , acetate , ethanoic acid , acetasol , Urea , (NH2)2co ,
alphandrate , aqua care
2 cyclopenten 1 one , 3 methyl , 4.45
1_methyl 1 cyclopenten 3 one , 3 methyl 2 cyclopentenone ,
3 methyl 2 cyclopenten 1 one ,
3 methyl 2 cyclopenten 1 one, methyl 2 cyclopentanon
Propanoic acid , propanoate , propionate , propionic acid
Furfuryl alcohol, 2 methyl 2 pentenal, 2 octanol 3.81
2,4 dimethyl 2 oxazoline 4 methanol , 3.71
2,4 dimethyl 4 hydroxymethyl 2 oxazoline ,
4 oxazolemethanol , 4,5 dihydro 2,4 dimethyl
(2,4 dimethyl 4,5 dihydro 1,3 oxazol 4 yl)methanol
Mepivacaine metabolite
5 methyl 2,4 hydro 3h pyrazol 3 one , 3h pyrazol 3 one,
2,4 dihydro 5 methyl ,
2,4 dihydro 5 methyl 3h pyrazol 3 one, 2 pyrazolin 5 one,
3 methyl
1,2 cyclopentanedione, 3 methyl , 2 cyclopenten 1 one, 3.96
2 hydroxy 3 methyl,2 cyclopenten 1 one ,
2 hydroxy 3 methyl
Phenol , Methyl 2 pyrrolyl ketone , 2 acetyl pyrrole 2.84
1,2 benzenediol , 1,2 benzenediol , Octanoic acid , 4.33
0 hydroxyphenyl ester
1,2 benzenediol , 4 methyl , 1,2 benzenediol , 4 methyl , 2.30

1,2 benzenediol , 4 methyl
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D allose , 1,6 anhydro , beta. d glucopyranose (levoglucosan) 12.18
, 1,6 anhydro , beta. d glucopyranose (levoglucosan)

B6 Pyridine , Pyridine , 3 hexen 1 yne, (E) 2.30
2 cyclopenten 1 one , 2 cyclopenten 1 one , 2.90
1H imidazole,1 methyl
(3E) 3 heptenyl acetate , 3 _hepten 1 ol, acetate,3 hepten 1 ol 2.79
acetate , 3 hepten 1 yl acetate 3 hepten 1 ol , acetate ,

3 hepten 1 yl acetate , 3 heptenyl acetate (3E) 3 heptenyl
acetate , 1 cyanoethylideneformamide

1 _aminoizopropane 1 carboxylic acid d3 ~, Hydrazine, 9.83
1,1 dimethyl ,as dimethylhydrazine , dimazin, dimazine

Acetic acid , acetate , ethanoic acid , acetasol

2 cyclopenten 1 one , 3 methyl , 5.51
1 _methyl 1 cyclopenten 3 one , 3 methyl 2 cyclopentenone ,

3 methyl 2 cyclopenten 1 one

3 methyl 2 cycloppenten 1 one, 3 methyl 2 cyclopentanon

2 cyclopenten 1 one ,

3 methyl 1 methyl 1 cyclopenten 3 one ,

2 cyclopenten 1 one , 2 methyl ,

3 methyl 2 cyclopenten 1 one

Butanoic acid , butyric acid ,n _butanoic acid , n_butyric acid , 2.46
Butanoic acid , butanoate , butyrate,butyric acid

Butanoic acid , butanoate , butyrate,butyric acid

Furfuryl alcohol , 2 methyl 2 petenal, 2 octanol 3.02
1,2 cyclopentanedione , 3 methyl , 2 cyclopenten 1 one , 3.28
2 hydroxy 3 methyl ,2

2 cyclopenten 1 one, 2 hydroxy 3 methyl ,2

Phenol , 2_methylpyrazine , Methyl 2 pyrrolyl ketone , 2_acetyl 4.25
pyrrole

1,4:3,6 dianhydro .alpha. _d glucopyranose , 3.11
3 aminopiperidine 2 one , Ethyl cyclopropanecarboxylate

3 pyridional , 3 pyridional , 4 pyridional 4.98
1,2 benzenediol , 1,2 benzenediol , resorcinol 4.60
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  2.08
hexanoxacyclooctadecane

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadecane , Octaethylene glycol

1,4,7,10,13,16_ hexaoxacyclooctadacane , ethylene oxide cyclic
hexamer , 18 crown 6, 18 crown 6 ether

1,2 benzenediol , 4 methyl 3,4 dihydroxytoluene , 2.79
homocatechol , homopyrocatechol

1,2 benzenediol , 4 methyl 3,4 dihydroxytoluene ,
homocatechol , homopyrocatechol

1,2 benzenediol , 4 methyl 3,4 dihydroxytoluene
homocatechol , homopyrocatechol

D allose, .beta. d allose ,hexose 10.50
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1,6 anhydro .beta. d talopyranose .beta. d glucapyranose ,

1,6 anhydro , anhydro d mannosan
1,6 anhydro .beta. d glucopyranose

b

levoglucosan

Biyoyag drneklerinin GC-MS analizi - (Devam).

Ornek Kimyasal Bilesik Alan
B7 4h_thiazolo[2,3 c][1,2,4]triazin 4 one, 6,7 dihydro 6 methylene , 5.91
6_methylene 6,7 dihydro 4h thiazolo [2,3 3][1,2,4] triazin 4 one
2 amino 1, 7 dihydro 6h purine 6 thione 2 amino 6mp
2 amino_1 , 7 _dihydro 6h_purin 6 thion ,
2 amino_ 6 mercaptopurine
Benzene, 1 ethoxy 4 nitro , 1 ethoxy 4 nitrobenzene
4 ethoxynitrobenzene , 4 nitrophenotol
Phenol , 2 methylpyrazine , Methyl 2 pyrrolyl ketone , 2 acetyl 3.27
pyrrole
P cresol, m cresol, o cresol 2.15
Octaethylene glycol monododecyl ether , 1,4,7,10,13,16  4.22
hexaoxacyclooctadacane , heptaethylene glycol
Octaethylene glycol monododecyl ether , 1,4,7,10,13,16  8.37
hexaoxacyclooctadacane , 1,4,7,10,13,16 hexanoxacyclooctadecane,
1,1 bis(3,6,9,12,15,18 hexaoxacyclononadecane)
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  3.12
hexanoxacyclooctadecane
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadecane
Octaethylene glycol ,
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadecane
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  2.52
hexanoxacyclooctadecane
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  3.95
hexanoxacyclooctadecane
2 [2 ]2 [2 [2 [2 [2_[2(2_methoxyethoxy)ethoxy]ethoxy]ethoxy]et
hoxy]ethoxy]ethoxy]ethoxy]ethanol
Octaethylene glycol , 1,4,7,10,13,16  hexaoxacyclooctadacane , 3.88
1,4,7,10,13,16 hexanoxacyclooctadecane
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadecane
Octaethylene  glycol , 15 crown 15 1,4,7,10,13,16  5.59
hexaoxacyclooctadacane
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  2.38
hexanoxacyclooctadecane
, Octaethylene glycol
Octaethylene glycol , Heptaethylene glycol monodecyl ether , 3.47
1,4,7,10,13,16 hexaoxacyclooctadacane
N hexadecanoic acid , N hexadecanoic acid , Tridecanoic acid 8.83
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Octaethylene glycol , 1,4,7,10,13,16  hexaoxacyclooctadacane , 3.25
15 crown 5
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  2.14
hexanoxacyclooctadecane
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadecane
(2_methoxyethoxy)(trimethyl)silane , silane , (2_methoxyethoxy)
trimethyl
3,3 isopropylidenebis(1,5,8,11 tetraoxacyclotridecane) 6.54
,12 [1 _methyl 1 (1,4,7,10  tetraoxacyclotridecane 12 yl) ethyl]
_1,4,7,10 _tetraoxacyclotridecane
1,4,7,10,13,16 hexaoxacyclononadecane,18 1,4,7,10 tetraoxacyclotr
idecane 12 yl ,18 (1,4,7,10 tetraoxacyclotridecane
12 yl) 1,4,7,10,13,16 hexaoxacyclononadecane

B8 Pyridine , pyridine , 3 hexen 1 yne, (E) 2.37
2 cyclopenten 1 one , 2 cyclopenten 1 one , 1h imidazole , 2.84
1 methyl
(3E)_3 hepthenyl acetate , 3_hepten 1 ol, acetate , 3 hepten 1 ol, 2.86
acetate , 3_hepten 1 ol, acetate
3 hepten 1 ol, acetate , 3 _hepten 1 yl acetate , 3 heptenyl acetate ,
3E) 3 hepthenyl acetate
1 cyanoethylideneformamide
1 _aminoisopropane 1 carboxylic acid d3, Hydrazine, 1,1 dimethyl 9.87
, as_dim ethylhidrazine , dimazin , dimazine
Acetic acid , acetate , ethanoic acid , acetasol
2 cyclopenten 1 one, 3 methyl , 1 methyl 1 cyclopenten 3 one, 5.40
3 methyl 2 cyclopentenone , 3 methyl 2 cyclopenten 1 one
Propanoic acid , propanoate , propionate , propionic acid
Propanoic acid , propionic acid , carboxyethane , ethanecarboxylic acid
Butanoic acid , Butanoic acid , pentanoic acid 2.63
Furfuryl alcohol , 2 methyl 2 pentenal , 2 octanol 3.78
Mepivacaine metabolite , 2.61
5 methyl 2,4 dihydro 3h pyrazol 3 one,3h pyrazol 3 one,2,4 di
hydro 5 methyl , 2,4 dihydro 5 methyl 3h pyrazol 3 one ,

2 pyrazolin 5 one, 3 methyl

2,4 dimethyl 2 oxazoline 4 methanol ,

2,4 dimethyl 4 hydroxymethyl 2 oxazoline , 4 oxazolmethanol ,

4,5 dihydro 2 , 4 dimethyl , (2,4 dimethyl 4 , 5 dihydro 1 ,

3 oxazol 4 yl) methanol

Amylene hydrate , 2 butanol , 2 methyl , tert pentyl alcohol , 2.82
tert_amyl alcohol

2 butanol , 2 methyl , 2 methylbutan 2 ol ,

1,1 _dimethyl 1 propanol , 2 butanol, 2 methyl 3 hexanol ,
hexan 3 ol, 3 hexano, 3 hexanol(natural)

1,2 cyclopentanedione , 3 methyl , 2 cyclopenten 1 one , 4.09
2 hydroxy 3 methyl, 2 cyclopenten 1 one, 2 hydroxy 3 methyl

Phenol , methyl 2 pyrrolyl ketone , 2 acetyl pyrrole , 3.56

2 methylpyrazine
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1,4:3,6 dianhydro .alpha. _d_glucopyranose , 3.01
3_aminopiperidin 2 one , cyclopropanecarboxamide ,
n 2 methylpropyl
Benzenecarboxylic ~ acid ,  Benzenecarboxylic  acid , 5.32
(+) dibenzoyl 1 tartaric acid anhydride
1,2 benzenediol , 1,2 benzenediol, 1,2 benzenediol 4.57
3,4 altrosan , .beta. _d rribopyranoside,methyl , .beta. 5.61
_d_rribopyranoside,methyl , .beta. d rribopyranoside,methyl ,
b d .beta. d glucopyranose , 1,6 anhydro , anhydro d mannosan ,
levoglucosan, 1,6 anhydro .beta. d glucopyranose

B9 2 cyclopenten 1 one , 2 cyclopenten 1 one , 1h imidazole , 2.29
1 methyl
Acetic acid , acetate , ethanoic aid , acetasol , methylethyl ether , 6.24
thirane , 2,3 didydrothiirene , aethylenesulfid , epithioethane
2 cyclopenten 1 one, 3 methyl , 1 methyl 1 cyclopente 3 one, 4.02
3 methyl 2 cyclopentenone , 3 methyl 2 cyclopenten 1 one
propanoic acid , propanoate , opionate , propionic acid ,
2 cyclopenten 1 onemethyl 2 cyclopenten 1 one
Furfuryl alcohol, 2 methyl 2 pentenal , 2 octanol 2.25
1,2 cyclopentanedione , 3 _methyl 2 cyclopenten 1 one , 2.17
2 hydroxy 3 methyl , 2 cyclopenten 1 one ,
2 hydroxy 3 methyl
Phenol , 2 methylhidrazine , methyl 2 pyrrolyl ketone , 2 acetyl 7.44
pyrrole
P cresol, m cresol, o cresol 3.76
Phenol, 4 ethyl, Phenol , 4 ethyl, Phenol, 3 ethyl 2.25
1,4:3,6 dianhydro . alpha. _d_glucopyranose , 2.59
cyclopropanecarboxamide , n 2 methylpropyl , 2 propenoic acid ,
2 methyl , ethyl ester
3 pyridional , 3 pyridional , 4 pyridional 4.14
1,2 benzenediol , 3 methyl , pyrocatechol , 3 methyl , 2.71
1,2 dihydroxy 3 methylbenzene , 2,3 dihydroxytoluene
1,2 benzenediol , 3 methyl , 3 methylbenzene 1,2 diol ,
1,2 dihydroxy 3 methylbenzene , 1,2 benzenediol ,3 methyl |,
1,2 benzenediol , 3 methyl , pyrocatechol , 3 methyl
1,2 dihydroxy 3 methylbenzene, 2,3 dihydroxytoluene
1,2 benzenediol, 1,2 benzenediol , 1,2 benzenediol 4.51
octaethylene glycol monodecyl ether , isobutyric acid , tetradecyl ester, 2.31
, 18;18 bi 1,4,7,10,13,16 hexaoxacyclononadecane
3,4 altrosan , d allose , .beta. d allose , hexose , heptanoic acid , 4.36
enanthic acid , n_heptanoic acid , n_heptoic acid

Biyoyag drneklerinin GC-MS analizi - (Devam).

O Kimyasal Bilesik Alan

r
n
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e
k
B 2 cyclopenten 1 one , 2 cyclopenten 1 one , 1h imidazole , 3.94
1 1 methyl

0 (3E) 3 heptenyl acetate , 3 hepten 1 ol , acetate , 3 hepten 1 yl 2.92
acetate , 3 _hepten 1 ol , acetate , 3_hepten 1 yl acetate , 3 heptenyl
acetate , (3E) 3 heptenyl acetate , formamide , n_(1_cyanoethenyl) ,

1 cyanovinylformamide

Acetic acid , acetate , ethanoiacid, acetasol , urea, (nh2)2co , alphadrate 11.5
, aqua care , urea , (nh2)2co , alphadrate , aqua care 2

2 furaldehyde , furan , 2 formyl , 2 furancarboxaldehyde , .alpha. 4.73
_furole , 2 formylfuran , 2 furaldehyde , 2 furancarboxaldehyde ,
.alpha. furole, 2 formylfuran, 2 furaldehyde

Propanoic acid , propipnic acid , carboxyethane , ethanecarboxylic acid 5.18
, propanoic acid , propanoate , opionate ,propinoic acid
propanoic acid , propanoate , opionate ,propinoic acid

2 furancarboxaldehyde , 5 methyl , 2 furancarboxaldehyde , 3.32
5 methyl , 2 furancarboxaldehyde, 5 methyl

Furfuryl alcohol, 2 methyl 2 pentenal, 2 octanol 3.13

2(5H) furanone , .gamma. crotonol aceone , 2 oxo 2 , 2.31
5 dihydrofuran(2 [SH] furanone) , .gamma. hydroxycrotonoic acid
lactone , 2(3H) furanone , .alpha. crotonol acetone , .alpha. furanone
,-beta.,.gamma. crotonolactone

2(3H) furanone , .alpha. crotonol acetone , .alpha. furanone ,
.delta.,.beta.,.gamma. butenolide

1,2 cyclopentanedione,3 methyl ,2 cyclopenten 1 one,2 hydoxy 3  3.97
methyl , 2 cyclopenten 1 one,2 hydoxy 3 methyl

2(5H) furanone , 5 (1 _methylethyl) , 5 isopropyl 2(5H) furanone , 2.34
thiophene , divinylene sulfide , furan, thio , hopkins lactic acid reagent
, thiophene , thiacyclopentadiene , furan , thio , huile hso

Phenol , 2 methylpyrazine , methyl 2 pyrrolyl ketone , 2 acetyl 3.11
pyrrole

2,6 dimethoxyphenol 2.42

1,4:3,6 dianhydro .alpha. d gluopyranose , 3_aminopiperidin 2 one, 2.09
cyclopropanecarboxamide, n 2 methylpropyl

4 pyridinol , 3 pyridinol , 3 pyridinol 3.29
1,2 benzenediol, 1,2 benzenediol , 1,2 benzenediol 4.56
3,4 altrosan , .beta. d glucopyranose , 1,6 anhydro  , 2.98
anhydro_d mannosan , levoglucosan ,
1,6_anhydro .beta. d glucopyranose , d allose , .beta. d allose |,
hexose

B 2 cyclopenten 1 one , 2 cyclopenten 1 one , 1h imidazole , 3.50

1 1 methyl

1 Furan, 2,4 dimethyl ,2,4 dimethylfuran, 2,4 dimethylfuran , furan, 2.46
methyl , 2,4 dimethylfuran, furan, methyl

Acetic acid , acetate , ethanoic acid ,acetasol , urea , (nh2)2co , 10.1
alphadrate , aqua care , urea , (nh2)2co , alphadrate , aqua care 0
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Furfural , 2 furacarboxaldehyde , 2 furaldehyde , .alpha. 2.62
_frolefuran 3 carboxaldehyde , 2 furancarboxaldehyde ,.alpha. furole
, 2_formylfuran, 2 furaldehyde

Propanoic acid , prppanoate , propionate , propionic acid , propanoic 4.85
acid , propanoate , propionate , propionic acid , propanoic acid ,
propionic acid , carboxyethane , ethanecarboxylic acid

2 furancarboxyaldehyde , 5 methyl , 2 furancarboxyaldehyde , 2.16
5 methyl ,2 furancarboxyaldehyde , 5 methyl

Mepivacaine metabolite , oxazole , 4,5 dihydro 2,4,4 trimethyl , 3.07
2,4,4 trimethyl 2 oxazoline ,

2,4,4 trimethyl deltadimethyl2 oxazoline ,

2,4,4 trimethyl 4,5 dihydro 1,3 oxazole

Monotrimethylsilyl derevative of Mepivacaine metabolite

2(5H) furanone , .gamma. crotonol aceone , 2 oxo 2 , 2.04
5_dihydrofuran(2 [5H] furanone) , .gamma. hydroxycrotonoic acid
lactone , cyclopentanone ,adipic ketone , adipin ketone , adipinketon

2(3H) furanone , .alpha. crotonol acetone , .alpha. furanone , .beta. ,
.gamma. _crotonolactone

1,2 cyclopentanedione,3 methyl 2 cyclopenten 1 one,2 hydroxy 3  3.95
_methyl ,2 cyclopenten 1 one, 2 hydroxy 3 methyl

Phenol , 2 methylpyrazine , methyl 2 pyrrolyl ketone , 2 acetyl 2.59

pyrrole

1,4:3,6 dianhydro .alpha. _d glucopyranose , 2.50
3 aminopiperidin 2 one , ethyl cyclopropanecarboxylate

4 pyridinol, 3 pyridinol , 3 pyridinol 3.52
1,2 benzenediol , 1,2 benzenediol , resorcinol 6.42

1,2 benzenediol , 4 methyl , 1,2 benzenediol , 4 methyl , 2.26
1,2 benzenediol , 4 methyl

D allose , .beta. d allose ,hexose , .beta. d glucopyranose , 8.70
1,6 anhydro , anhydro d mannosan , levoglucosan , 1,6 anhydro
.beta. d glucopyranose , 3,4 altrosam

B 2 cyclopenten 1 one , 2 cyclopenten 1 one ,1H imidazole , 2,68
1 1 methyl

3 Acetic acid , acetate , ethanoic acid , acetasol , urea , (nh2)2co , 10.0
alphadrate , aqua care , urea , (nh2)2co , alphadrate , aqua care

2 furancarboxyaldehyde  ,.alpha. furole , 2 formylfuran , 2.63
2 furaldehyde , furfural , 2 furancarboxyaldehyde , 2 furaldehyde ,
.alpha. frole 2 furaldehyde, furan, 2 formyl

2 cyclopenten 1 one , 3 methyl 1 methyl 1 cyclopenten 3 one , 3.97

2 cyclopenten 1 one , 2 methylethyl 2  cyclopenten 1 one ,
2 cyclopenten 1 one , 3 methyl 1 methyl 1 cyclopenten 3 one ,
3 methyl 2 cyclopentenon , 3 methyl 2 cyclopenten 1 one

2 cyclopenten 1 one , 3 methyl 1 methyl 1 cyclopenten 3 one ,
2 cyclopenten 1 one, 2 methylethyl 2 cyclopenten 1 one

2 furancarboxaldehyde , 5 methyl , furancarboxaldehyde, 5 methyl 2.06
, furancarboxaldehyde , 5 methyl |,
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Butanoic acid , butanoate , butyrate , butric acid , Butanoic acid , 2.59
butanoate , butyrate , butric acid , Butanoic acid , butanoate , butyrate ,
butric acid

Furfuryl aicohol , 2 methyl 2 pentenal, 2 octanol 2.79

2 pyrrolidinemethanamine , 1 _ethyl , pyrrolidine , 3.68
2 (aminomethyl) 1 ethyl ,n ethyl .alpha. aminomethylpyrrolidine ,
n_ethyl 2 (aminomethyl)pyrrolidine

2,4 dimethyl 2 oxaoline 4 methanol ,

2,4 dimethyl 2 oxaoline 4 mehanol ,

2,4 dimethyl 4 hydroxymethyl 2 oxazoline , 4 oxazolemethanol ,

4,5 dihydro 2 , 4 dimethyl

(2,4 _dimethyl 4,5 dihydro 1,3 oxazol 4 yl)methanol

Oxazole 4,5 dihydro 2 ,4,4 trimethyl , 2 ,4,4 trimethyl 2 oxazoline

, , 2 ,4,4 trimethyl deltadimethyl 2 oxazoline , 2

4,4 trimethyl 4,5 dihydro 1,3 oxazole

2(5H) furanone , .gamma. _crotonol actone , 2.36
2 oxo 2,5 dihydrofuran(2 [SH]_ furanone) , .gamma. hydroxy

crotonoic acid lactone , 2(3H) furanone , .alpha. crotonol actone
,-alpha. furanone , .delta.,.beta.,.gamma. butenolide

2(3H) furanone , .alpha. crotonol actone ,.alpha. furanone |,
.delta.,.beta.,.gamma. crotonolactone
1,2 cyclopentanedione , 3.73

3 methyl 2 cyclopenten 1 one2 hydroxy 3 methyl ,
2 cyclopenten 1 one2 hydroxy 3 methyl

Phenol , 2 methylpyrazine , methyl 2 pyrrolyl ketone , 2 acetyl 2.98
pyrrole

1,4:3,6 dianhydro .alpha. d glucopyranose , 3 aminopiperidin 2 one 2.38
, ethyl cyclopropanecarboxylate

3 pyridinol, 3 pyridinol , 4 pyridinol 3.89

2,5 pyrrolidinedione , pyrrolodine 2 , 5 dione , 2,5 dioxipyrrolidine 2.48
,2,5 diketopyrrolidine

2,5 pyrrolidinedione ,succinimide ,butanimide,sucinic
acidimide,2,5 pyrrolidinedione,succinimide,butanimide,sucinic

acidimide

1,2 benzenediol, 1,2 benzenediol, 1,2 benzenediol 9.91

1,2 benzenediol , 4 methyl , 1,2 benzenediol , 4 methyl , 3.25
1,2 benzenediol , 4 methyl

Phenol , 2 (tetrahydro 2 furanyl) , 2 (tetrahydrofuran 2 yl) phenol, 2.25
1,4,7,10,13 pentaoxacyclopentadecane ,
1,4,10,13 pentaoxacyclopentadecane , 15 crown 5, 15 crown_ 5 ether

, 15 crown 5, 1,4,7,10,13 pentaoxacyclopentadecane , 15 crown 5

ether

beta._d glucopyranose , 1,6 anhydro , anhydro d mannosan , 5.72
levoglucosan, 1,6 anhydro .beta. d glucopyranose

3,4 altrosan , haptanoic acid , enanthic acid , 1 heptanoic acid ,

1 hexanecarboxylic acid
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Biyoyag drneklerinin GC-MS analizi - (Devam).

Ornek Kimyasal Bilesik

Alan

B14 2 cyclopenten 1 one , 2 cyclopenten 1 one , 1H pyrazole , 3.

3 methyl

(3E) 3 heptenyl acetate , 3 hepten 1 ol , acetate , 3 hepten 1 ol ,

acetate , 3_hepten 1 yl, acetate 2.25

3 hepten 1 ol, acetate, 3 hepten 1 yl, acetate , 3 heptenyl acetate ,

(3E) 3 heptenyl acetate

(2E,4E) 2,4 hexadenal , 2,4 hexadenal , 2,4 hexadenal , (E,E) ,

hexa 2,4 dienal

1_aminosopropane 1 carboxilic acid d3 , acetic acid , acetate , 9.94

ethanoic acid , acetasol

Hydrazine , 1,1 dimethyl , as dimethylhydrazine , dimazin, dimazine

2 furancarboxaldehyde,.alpha. furole , 2 formylfuran, 2 furaldehyde  2.32

, 2_furaldehyde,furan, 2 formylfuran 3 carboxaldehyde

2 cyclopenten 1 one,3 methyl ,1 methyl 1 cyclopenten 3 one,3 4.49

methyl 2 cyclopentenonen methyle 2 cycloenten

Propanoic acid , propanoate, propionate, propionic acid ,

3 methyl 2 cyclopenten 1 one, methyl 2 cyclopentenon

2 furancarboxaldehyde , 5 methyl , 2 furancarboxaldehyde ,  2.15

5 methyl , 2 furancarboxaldehyde , 5 methyl

Butnoic acid , butyric acid , n_butanoic acid , n_butyric acid , butanoic ~ 2.06

acid , butyric acid , n_butanoic acid , n_butyric acid , butanoic acid ,

butanoate , butyrate , butyric acid

Furfuryl alcohol , 2 methyl 2 pentenal , 2 octanol 3.05

2,4 dimethyl 2 oxazoline 4 methanol , 4.74

2,4 dimethyl 4 hydroxymethyl 2 oxazoline , 4 oxazolemethanol ,

4,5 dihydro 2,4 dimethyl ,

(2,4 dimethyl 4,5 dihydro 1,3 oxazol 4 yl) methanol

Mepivacaine metabolite , (R) 1 ethyl 2 pyrrolidinecarboxamide

2(5H) furanone , .gamma. crotonol actone , 2 oxo 2,5 dihydrofuran  2.49

(2 _[5H] furanone) .gamma. hydroxy crotonic acid lactone |,

2(3H) furanone , .gamma. crotonol actone , .alpha. furanone .beta. ,

.gamma. _crotonolactone

.alpha.,.beta., crotonolactone , .alpha.,.beta. _ crotonolactone |,

.delta.,.alpha.,.beta. _butenolide , delta.,.alpha.,.beta. _butenolide ,

delta.,.alpha.,.beta. butolide

1,2 cyclopentanedione,3 _methyl ,2 cyclopenten 1 one,2 hydroxy 3 4.43

_methyl ,2 cyclopenten 1 one, 2 hydroxy 3 methyl

Phenol , 2 methyl pyrazine , methyl 2 pyrrole ketone , 2 acetyl  4.57

pyrrole

P cresol, m cresol, o cresol 2.20

1,4:3,6 dianhydro .alpha._d_glucopyranose , 3.01

3 _aminopiperidin_2 one , cyclopropanecarboxamide ,

n 2 methylpropyl

4 pyridinol, 3 pyridinol, 3 pyridinol 4.47

1,2 benzenediol , 1,2 benzenediol , , resorcinol 5.36
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Octaethylenglycol , 1,4,7,10,13,16  hexaoxacyclooctadacane , 2.11
1,4,7,10,13,16 hexanoxacyclooctadecane

1,4,7,10,13,16 hexaoxacyclooctadacane,1,4,7,10,13,16
hexanoxacyclooctadecane,octaethylene glycol monododecyle ether

beta. d glucopyranose , 1,6 andyro , anhydro d mannosan ,  5.05
levoglucosan , 1,6 anhydro ~ .beta. = d glucopyranose

2,5 cyclohexadiene 1,4 dione , 2,5 dichloro p benzequinone ,

2,5 dichloro, 2,5 dichloro p benzequinone

, 2,5 dichloro 1 , 4 benzoquinone , d allose , .beta. d allose ,

hexose
B15

2 cyclopenten 1 one , 2 cyclopenten 1 one , 1lh pyrazole , 2.76
3 _methyl

1_cyanoethylideneformamide , formamide ,n (1 cyanoetenyl) , 2.07
1 _cyanovinylformamide , 1 hydroxy 2 butanone , 2 butanone ,

1 hydroxy

Acetic acid , acetate , etanoic acid , acetasol , hydrazine , 8.35

1,1 dimethyl ,as dimethylhydrazine , dimazin , dimazine
Thiirane , 2,3 dihydrothiirene , aethylensulfid , epithioethane

2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one 4.13
, 3_methyl 2 cyclopentanone , 3 methyl 2 cyclopenten 1 one ,

2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one

, cyclopenten 1 one, 2 methyl

3 methyl 2 cyclopenten 1 one, 3 methyl 2 cyclopenten 1 one,

3 methyl 2 cyclopentanone

butanoic acid , butanoate , butyrate , butyric acid , butanoic acid , 2.08
butanoate , butyrate , butyric acid , butanoic acid , butanoate ,
butyrate , butyric acid

Furfuryl alcohol , 2 methyl 2 pentenal , 2 octanol 2.32
Mepivacaine metabolite , 2 pyrrolidinemthanamine , 1 ethyl ,  2.45
pyrrolodine , 2 (aminomethyl) ethyl , n ethyl ., .alpha.
_aminomethylpyrrolidine , n_ethyl 2 (aminomethyl)pyrrolidine ,
Oxazole , 4,5 dihydro 2,4,4 trimethyl ,

2,44 trimethyl 2 oxazoline , 2,44 trimethyl deltadimethyl
2 oxazoline , 2,4,4 trimethyl 4,5 dihydro 1,3 oxazole

1,2 cyclopentanedione,3 methyl ,2 cyclopenten 1 one,2 hydrox 2.93
y_3 methyl ,2 cyclopenten 1 one, 2 hydroxy 3 methyl

Phenol , 2_methyl pyrazine , methyl 2 pyrrolyl ketone , 2 acetyl 5.41
pyrrole

P _cresol, m cresol, o_cresol 2.54
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1,4:3,6 dianhydro .alpha. d glucopyranose , 2.55
3_aminopiperidin 2 one , cyclopropanecarboxamide ,

n 2 methylpropyl

4 pyridinol, 3 pyridinol , 3_pyridinol 3.98

1,2 benzenediol , 3 methyl , pyrocatechol , 3 methyl , 2.68
1,2_dihydroxy 3 methylbenzene , 2,3 dihydroxytoluene

1,2 benzenediol , 3 methyl , 3 methylbenzenr 1,2 diol
,1,2_dihydroxy 3 methylbenzene , 1,2 benzenediol , 3_methyl

3,5 _dihydroxybenzeneethanamine , 5 (2 aminoethyl) 1 |,

3 benzenediol

1,2 benzenediol , 1,2 benzenediol , 1,2 benzenediol 5.68
2 (22222 ]2 (2_hydroxyethoxy)ethoxy] 2.73

ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethanol

1,2 benzenediol , 4 methyl 3,4 dihydroxytoluene , homocatechol 5.69
, homopyrocatechol

1,2 benzenediol , 4 methyl 3,4 dihydroxytoluene , homocatechol

, homopyrocatechol

1,2 benzenediol , 4 methyl 3,4 dihydroxytoluene , homocatechol

, homopyrocatechol

.beta. d clucopyranose, 1,6 anhydro , anhydro d mannosan 6.30
Jevoglucosan, 1,6 anhydro .beta. d glucopyranose
1,6 anhydro .beta. d talopyranose , d allose , .beta. d allose ,

hexose
2 cyclopenten 1 one , 2 cyclopenten 1 one , 1h pyrazole , 2.29
3 methyl
B 2 cyclopenten 1 one ,2 methyl ,2 methyl 2 cyclopentanone , 2.18
1 2 methyl 2 cyclopenten 1 one
6 2 cyclopenten 1 one ,2 methyl ,2 methyl 2 cyclopentanone ,

[\OTN )

_methyl 2 cyclopenten 1 one
2 cyclopenten 1 one ,2 methyl ,2 methyl 2 cyclopentanone |,
2 methyl 2 cyclopenten 1 one

Acetic acid , acetate , etanoic acid , acetasol , methylethyl ether , 5.06
hydrazine , 1,1 dimethyl as dimethylhydrazine , dimazine

2 cyclopenten 1 one ,3 methyl , 1 methyl 1 cyclopenten 3 one 3.67
, 3_methyl 2 cyclopentanone , 3 methyl 2 cyclopenten 1 one ,

2 cyclopenten 1 one ,3 methyl , 1 methyl 1 cyclopenten 3 one

, cyclopenten 1 one, 2 methyl

3 methyl 2 cyclopenten 1 one, 3 methyl 2 cyclopenten 1 one,

3 methyl 2 cyclopentanone

Furfuryl alcohol, 2_methyl 2 pentenal , 2_octanol 2.03

1,2 _cyclopentanedione,3 methyl ,2 cyclopenten 1 one,2 hydroxy 2.28
3 methyl ,2 cyclopenten 1 one, 2 hydroxy 3 methyl
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Phenol , 2 methyl pyrazine , methyl 2 pyrrolyl ketone , 2 acetyl 6.67

pyrrole
P _cresol, m cresol, o cresol 4.12
Phenol , 4 ethyl , Phenol, 2 ethyl , Phenol, 3 ethyl 2.80

1,4:3,6 dianhydro  .alpha. d glucopyranose , 4 vinylphenol , 2.60
p_vinylphenol , benzofuran , 2,3 dihydro , coumaran
Dihydrobenofuran , dihydro coumarone

4 pyridinol, 3 pyridinol , 3 pyridinol 3.91

1,2 benzenediol , 1,2 _benzenediol , phenol, 2 (1_methylethoxy) , 5.34
methylcarbamate

Phenol , 2,6 dimethoxy 4 (2 propenyl) phenol , 2.92
4 allyl 2,6 d1methoxy_ , methoxyeugenol ,
2,6 dlmethoxy 4 allylphenol
Phenol 2,6 dimethoxy 4 (2 propenyl) ,
2,6 dimethoxy - 4 (2 _propenyl) phenol ,
2,6 dimethoxy 4 allylphenol
4 _allyl 2,6 dimethoxyphenol , 2,6 dimethoxy 4 (2 propenyl)
2 ,0 dlmethoxy 4 allylphenol , 4 allyl 2,6 dimethoxyphenol

12 benzenediol , 4 methyl 12_benzened101 , 4 methyl , 2.19
12 ~benzenediol , 4 methyl

n_hexadecanoic a01d n_hexadecanoic acid ,tridecanoic acid
2.03

(9E) 9 octadecenoic acid , 9 octadeconoic acid(Z)
octadec 9 enoic acid ,(9z) 9 octadecenoic acid 2.83
Oleic acid , 9 octadecenoic acid(z) .delta.(sup9) cis_oleic acid ,

cis 13 octaecenoic acid

.beta. d clucopyranose, 1, 6 anhydro , anhydro d mannosan, 2.95
levoglucosan, 1, 6_anhydro .beta. d glucopyranose

1, 6 anhydro .beta. d talopyranose, d allose, .beta. d allose ,
hexose

Biyoyag 6rneklerinin GC-MS analizi - (Devam).

Ornek Kimyasal Bilesik Alan
B17 Phenol , 2_methyl pyrazine , methyl 2 pyrrolyl ketone , 2 _acetyl 3.34
pyrrole
P cresol, m cresol, o cresol 2.16
1,4,7,10,13,16_hexaoxacyclooctadacane , 1 4 7,10,13,16_2.07

2 [2(2_methoxyethoxy)ethoxy] etho Xy] ethoxy] ethoxy] ethoxy]
ethoxy]ethoxy] ethoxyJethoxy]ethanol

18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane , 1,1 6.21
_bis(3,6,9,12,15,18  hexaoxacyclooctadacane)
Octaethylene glycol monodecyl

ether,1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadeclooctadecane

2 [2 [2 [2 [2 [2 [2_[2(2_methoxyethoxy)ethoxy]ethoxy]ethox 7.69
yJethoxy]ethoxy]ethoxy]ethoxy]ethanol
(1s,17s) 3.6.9,12,15,18,21,24,27,30 _decaoxabicyclo[15.13.0]tria

contane , icosahydro[1,4,7,10,13]pentaoxacyclopentadecino
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[2,3 0] [1,4,7,10,13] pentaoxacyclopentadecine , Octacthylene
glycol monodecyl ether

1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16 5.47
,Tricyclo[6.3.0.0.(2,6)] undecan 10 one , 3 [(2_methoxyetoxy)
methoxy] 2 methyl , Octaethylene glycol

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16 4.55

(2_methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]
ethoxy] ethoxyJethoxy]ethanol
1,4,7,10,13,16 hexaoxacyclohenicosane , 21 krone 7

1,4,7,10,13,16 hexaoxacyclooctadacane s 1,4,7,10,13,16 5.48
(2_methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]
ethoxy] ethoxy]ethoxy]ethanol

1,4,7,10,13,16 hexaoxacyclooctadacane s 1,4,7,10,13,16 2.24
hexanoxacyclooctadeclooctadecane,1 (3,6,9,12,15 pentaoxacycl
otridecanyl) 3,6,9,12,15,18 hexaoxacyclononadecane

Pentaethylene glycolmonondodecyl ether ,
3,6,9,12,15 pentaoxaheptacosan 1 ol , lauryl alcohol tetra
(oxyethylene) ethanol

Octaethylene glycol, 1,4,7,10,13,16 hexaoxacyclononadecane ,
18 (1,4,7,10,13 pentaoxacyclohexadec 15 yl) 3.48
1,4,7,10,13,16 hexaoxacyclooctadacane

N_ hexadecanoic acid , N hexadecanoic acid , N hexadecanoic

acid , 10.04
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16 2.95
hexanoxacyclooctadeclooctadecane

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16

(2_methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]
ethoxy] ethoxy]ethoxy]ethanol

9 octadecenoic acid , (E) oleic acid , 9 nonadecene
11.39

2 (22222222 3.02
(2_methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]

ethoxy] ethoxy]ethoxy]ethanol

1,4,7,10,13,16_hexaoxacyclooctadacane , ethylene oxide cyclic
hexamer , 18 crown 6, 18 crown 6 ether

(2_methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]
ethoxy] ethoxy]ethoxy]ethanol

1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16 2.23

(2_methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]
ethoxy] ethoxy]ethoxy]ethanol

B18 Toluene , Toluene , Toluene , 3.04
Phenol, 2_methyl pyrazine , methyl 2 pyrrolyl ketone , 2 _acetyl  4.64
pyrrole
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P cresol, m cresol, o cresol 2.97
Ethylene oxide heptamer , 15 crown 5 , 2.92
1,4,7,10,13 pentaoxacyclopentadecane , 15 crown 5 ether
18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane , 1,1 5.34
_bis(3,6,9,12,15,18
hexaoxacyclooctadacane),1,4,7,10,13,16 hexaoxacyclooctadacan
e , 18 (1,4,7,10,13 pentaoxacyclohexadec 15 yl) ,
18 (1,4,7,10,13 pentaoxacyclohexadecan 15 yl) 1,47,10,13,16
_hexaoxacyclononadecane
Tricyclo[6.3.0.0.(2,6)] undecan 10 one , 3 [(2 methoxyetoxy) 8.12
methoxy] 2 methyl
1,4,7,10,13,16 hexaoxacyclooctadacane s 1,4,7,10,13,16
hexanoxacyclooctadeclooctadecane,2 [2 [2 [2 [2 [2 [2 [2(2_
methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]eth
oxyJethanol
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16 3.25
hexanoxacyclooctadeclooctadecane, Tricyclo[6.3.0.0.(2,6)]
undecan 10 one , 3 [(2_methoxyetoxy)
methoxy] 2 methyl hexanoxacyclooctadeclooctadecane
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16 5.15
hexanoxacyclooctadeclooctadecane,1,4,7,10,13,16 hexaoxacyclo
octadacane , 1,4,7,10,13,16 hexanoxacyclooctadeclooctadec ,
Octaethylene glycol
Furoxan , 4 nitro 3 phenyl , 2 oxide , 2.67
4 nitro 3 phenyl 1,2,5 oxidazole 2 oxide ,15 crown 5
1,4,7,10,13 pentaoxacyclopentadecane , 15 crown 5 ether
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16 4.59
hexanoxacyclooctadeclooctadecane,2 [2 [2 [2 [2 [2 [2 [2(2_
methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]eth
oxy]ethanol
Octaethylene glycol , 2.40
18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane ,
heptaethylene glycol monodecyl ether
N hexadecanoic acid , N hexadecanoic acid , tridecanoic acid 8.72
1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16 2.76
hexanoxacyclooctadeclooctadecane,
(2_methoxyethoxy)(trimethyl)silane silane ,
(2_methoxyethoxy)trimethyl
(2_methoxyethoxy)trimethylsilane, ethanol
9 octadecenoic acid , (E) oleic acid , oleic acid 12.24
1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16 2.85
hexanoxacyclooctadeclooctadecane,2 [2 [2 [2 [2 [2 [2 [2(2_
methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]eth
oxy]ethanol
1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16 2.21

hexanoxacyclooctadeclooctadecane,1,4,7,10,13,16 _hexaoxacylo
nonadecane , 18 (1,4,7,10,13,16 pentaoxacyclohexadec 15 yl)
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18 (1,4,7,10,13,16_pentaoxacyclohexadecane 15 yl) 1,4,7,10,1
3,16 hexaoxacylononadecane

B19 P cresol, m cresol, o cresol 2.14

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16 4.45
hexanoxacyclooctadeclooctadecane,3,6,9,12 tetraoxadocosan 1
ol, decyltetraclycol , octaethylene glycol

1,2 benzenediol , benzene 1,2 diol , 1,2 dihydroxybenzene , 6.38
1,2_benzenedio

1,2 benzenediol ,  pyrocatechol , 0 benzenediol

0 dihydroxybenzene , brenzkatechin pyrocatechol

[1,2,4]triazolo[1,5 A]pyrimidinium , 4.68

1,2 dihydro 3,5,7 trimethyl 2 thioxo , hydroxide , inner salt ,
3,5,7 trimethyl

[1,2,4]triazolo[1,5 Alpyrimidinium 2 thiolate,
Tricyclo[6.3.0.0.(2,6)Jundecan 10 one,3 [(2 methoxyetoxy)
methoxy] 2 methyl

ethoxy]ethanol, octaethylene glycol , 4.14
Tricyclo[5.2.2.0.(1,5)undec_8 en 1 one ,
4 [(2_methoxyethoxy)methoxy] 5 methyl

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16 4.15
hexanoxacyclooctadeclooctadecane

y]ethoxy]ethoxy]ethoxy] ethoxy] ethanol

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16 5.82
hexanoxacyclooctadeclooctadecane

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16 5.84
N_hexadecanoic acid , N _hexadecanoic acid , tridecanoic acid 8.35

Tricyclo[6.3.0.0.(2,6)] undecan 10 one , 3 [(2 methoxyetoxy) 4.13
methoxy] 2 methyl ,18,18 bi 1,4,7,10,13,16 hexaoxacyclonon
adecane , 1,1 bis(3,6,9,12,15,18 hexaoxacyclooctadacane)

1,4,7,10, 13 16 _hexaoxacyclooctadacane , 1,4,7,10,13,16 3.68
hexanoxacyclooctadeclooctadecane, 18,18 bi 1,4,7,10,13,16 hex
aoxacyclononadecane , 1,1 _bis(3,6,9,12,15,18
hexaoxacyclooctadacane)

1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16 2.64
hexanoxacyclooctadeclooctadecane
1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16 4.34
hexanoxacyclooctadeclooctadecane

(2_methoxyethoxy)(trimethyl)silane silane
(2_methoxyethoxy)trimethyl (2 methoxyethoxy)trlmethyls1lane

3,3 _isopropylidenebis(1,5,8,11 tetraoxacyclotridecane) 4.58

12 1 methyl 1 (1,4,7,10 tetraoxacyclotridecan 12 yl)ethyl]
1,4,7,10,13,16_hexaoxacyclooctadacane
,hexanoxacyclooctadeclooctadecane

Biyoyag drneklerinin GC-MS analizi - (Devam).
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Or Kimyasal Bilesik Alan
nek
B2  Acetic acid , acetate , ethanoic acid , acetasol , urea , (nh2)2co , 3.07
0 alphadrate , aqua care , urea , (nh2)2co , alphadrate , aqua care
2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one , 2.11
2 cyclopenten 1 one2 methyl , 3 methyl 2 cyclopenten 1 one |,
2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one ,
2 cyclopenten 1 one2 methyl , 3 methyl 2 cyclopenten 1 one |,
2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one ,
2 cyclopenten 1 one2 methyl ,3 methyl 2 cyclopenten 1 one
Phenol , sodium phenoxide , acid cabolique , anbesol , Phenol , sodium 3.68
phenoxide , acid cabolique , anbesol
Phenol , carbolic acid , bakers p and s liquid and oinment , benzenol
P cresol, m cresol, o cresol 2.73
Benzoic acid , benzoate , sodium benzonate , 210 , Benzoic acid , 2.15
benzoate , sodium benzonate , 210
Tricyclo[6.3.0.0.(2,6)] undecan 10 one , 3 [(2 methoxyetoxy) 7.56
methoxy] 2 methyl
18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane , 1,1
_bis(3,6,9,12,15,18 hexaoxacyclooctadacane) , octaethylene glycol
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  10.37
hexanoxacyclooctadeclooctadecane
1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadeclooctadecane
Tricyclo[6.3.0.0.(2,6)] undecan 10 one , 3 [(2_methoxyetoxy)
methoxy] 2 methyl
Heptaethylene glycol monododecyl ether ,
3,6,9,12,15,18,21 heptaoxatritriacontan 1 ol
[1,2,4]triazolo[1,5 A]pyrimidinium , 3.13
1,2 dihydro 3,5,7 trimethyl 2 thioxo , hydroxide , inner salt ,
3,5,7 trimethyl[1,2,4] triazolo[1,5 A]pyrimidinium 2 thiolate
4 hepten 6 yn 2 one , 5 methyl 7 (trimethylsylil)  (z) ,
5 methyl 7 (trimethylsylil) 4 hepten 6 in 2 one
Tricyclo[6.3.0.0.(2,6)] undecan 10 one , 3 [(2_methoxyetoxy)
methoxy] 2 methyl
Tricyclo[6.3.0.0.(2,6)] undecan 10 one , 3 [(2 _methoxyetoxy) 3.95
methoxy] 2 methyl
18,18 bi 1,4,7,10,13,16 _hexaoxacyclononadecane , 1,1
_bis(3,6,9,12,15,18 hexaoxacyclooctadacane)
Tricyclo[6.3.0.0.(2,6)] undecan 10 one , 3 [(2_methoxyetoxy) 2.23
methoxy] 2 methyl , 1,4,7,10,13,16 hexaoxacyclooctadacane |,
15 crown 5
1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16  5.74
hexanoxacyclooctadeclooctadecane, ethoxy]ethanol
N hexadecanoic acid , N _hexadecanoic acid , tridecanoic acid 7.00
18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane , 1,1 10.26

_bis(3,6,9,12,15,18  hexaoxacyclooctadacane), Heptaethylene glycol
monododecyl ether, 3,6,9,12,15,18,21 heptaoxatritriacontan 1 ol
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1

B2  Acetic acid , acetate , ethanoic acid , acetasol , oxo(thioxo)methane , 4.62
carbon oxide sulfide (cos) , carbon monoxide monosulfide , carbon
oxide sulfide urea , (nh2)2co , alphadrate , aqua care
2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one , 2.98
2 cyclopenten 1 one2 methyl , 3 methyl 2 cyclopenten 1 one |,

2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one ,

2 cyclopenten 1 one2 methyl , 3 methyl 2 cyclopenten 1 one |,

2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one ,

2 cyclopenten 1 one2 methyl ,3 methyl 2 cyclopenten 1 one

Phenol , carbolic acid , bakers p and s liquid and oinment , benzenol 4.64

Phenol , sodium phenoxide , acid cabolique , anbesol , Phenol , sodium

phenoxide , acid cabolique , anbesol

P cresol, p methylphenyl acetate , o cresol 2.81

3 pyridinol, 3 pyridinol , 4 pyridinol 2.46

18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane , 1,1 5.65

_bis(3,6,9,12,15,18 hexaoxacyclooctadacane)

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16

hexanoxacyclooctadeclooctadecane,

hexanoxacyclooctadeclooctadecane, ethoxy]ethanol

1,2 benzenediol , pyrocatechol , 0 benzenediol , 0 dihydroxybenzene 8.71

1,2 benzenediol , benzene 1,2 diol , 1,2 dihydroxybenzene |,

1,2 benzenedio , 1,2 benzenediol , benzene 1,2 diol

1,2 dihydroxybenzene , 1,2 benzenedio

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  3.35

hexanoxacyclooctadeclooctadecane, 18,18 bi 1,4,7,10,13,16 hexaoxac

yclononadecane , 1,1 _bis(3,6,9,12,15,18

hexaoxacyclooctadacane),ethoxy]ethanol

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  4.95

hexanoxacyclooctadeclooctadecane,

hexanoxacyclooctadeclooctadecane, ethoxy]ethanol, octethylene glycol

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16  2.82

hexanoxacyclooctadeclooctadecane, 18,18 bi 1,4,7,10,13,16 hexaoxac

yclononadecane , 1,1 bis(3,6,9,12,15,18 hexaoxacyclooctadacane)

Furoxan , 4 nitro_3 phenyl , 2 oxide , 4.72

4 nitro_3 phenyl 1,2,5 oxadiazole 2_oxide

1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16

hexanoxacyclooctadeclooctadecane

1,4,7,10,13,16_hexaoxacyclooctadacane , 1,4,7,10,13,16

hexanoxacyclooctadeclooctadecane , octethylene glycol

N hexadecanoic acid , N _hexadecanoic acid , tridecanoic acid 5.60
octethylene glycol,l2 [2 [2 [2 [2 [2 [2 [2 [2 4.21

(2 _methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethox
y] ethoxy]ethoxy]ethanol
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B2 2 cyclopenten 1 one , 2 cyclopenten 1 one , 1h imidazole , 4.42

2 1 methyl
2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one , 2.62
3 methyl 2 cyclopentenone , 3 methyl 2 cyclopenten 1 one ,
2 cyclopenten 1 one, 3 methyl , 1 methyl 1 cyclopenten 3 one ,
3 _methyl 2 cyclopentenone , 3_methyl 2 cyclopenten 1 one
2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one ,
2 cyclopenten 1 one, 2 methyl 3 methyl 2 cyclopenten 1 one
Ethanimidic acid , ethyl ester , ethyl acetimidate , ethyl ethanimidoate, 10.61
Acetic acid , acetate , ethanoic acid , acetasol
Tiirane , 2,3 ddihydrothirene , aethylensulfid , epithioethane
2 cyclopenten 1 one, 3 methyl , 1 methyl 1 cyclopenten 3 one , 5.45
3 methyl 2 cyclopentenone , 3 methyl 2 cyclopenten 1 one ,
2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one ,
3 methyl 2 cyclopentenone , 3 methyl 2 cyclopenten 1 one
Butanoic acid , butanoate , butyrate,butyric acid , Butanoic acid , 2.32
butanoate , butyrate,butyric acid
2,4 dimethyl 2 oxazoline 4 methanol , 4.65
2,4 dimethyl 4 hydroxymethyl 2 oxazoline , 4 oxazolemethanol ,
4,5 dihydro 2,4 dimethyl (2,4 dimethyl 4 ,
5 dihydro 1,3 oxazol 4 yl)methanol ,
5 methyl 2,4 hydro 3h pyrazol 3 one , 3h pyrazol 3 one,
2,4 dihydro 5 methyl , 2,4 dihydro 5 methyl 3h pyrazol 3 one ,
2 pyrazolin 5 one, 3 methyl , Mepivacaine metabolite
2(5H) furanone , .gamma. crotonol aceone , 2 oxo 2 , 2.68
5 dihydrofuran(2 [SH] furanone) , .gamma. hydroxycrotonoic acid
lactone , 2(3H) furanone , .alpha. crotonol acetone , .alpha. furanone
,-beta.,.gamma. crotonolactone
2(3H) furanone , .alpha. crotonol acetone , .alpha. furanone ,
.delta.,.beta.,.gamma. butenolide
2 cyclopenten 1 one , 2 hydroxy 3 methyl , 1,2 cyclopentanedione 4.39
,3 methyl ,2 cyclopenten 1 one, 2 hydroxy 3 methyl
Phenol , methyl 2 pyrrolyl ketone , 2 acetyl pyrrole 3.62
1,4:3,6-dianhydro-alpha-d-glucopyranose , 3 aminopiperidin 2 one , 2.38
cyclopropanecarboxamide , n 2 methylpropyl
4 pyridinol , 3 pyridinol ,3 pyridinol 4.28
1,2 benzenediol, 1,2 benzenediol, 1,2 benzenediol , 5.40
3,4 altrosan , .beta. d glucopyranose , 1,6 anhydro  , 2.99
anhydro_d mannosan , levoglucosan ,
1,6_anhydro .beta. d glucopyranose , d allose , .beta. d allose ,
hexose

Biyoyag drneklerinin GC-MS analizi - (Devam).

Ornek  Kimyasal Bilesik Alan

B23

2 cyclopenten 1 one, IH pyrazole, 3 methyl, 1H pyrazole, 3 methyl 3.01

2 cyclopenten 1 one , 2 methyl , 2 methyl 2 cyclopentanone
2 methyl 2 cyclopenten 1 one

, 231
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2 cyclopenten 1 one , 2 methyl , 2 methyl 2 cyclopentanone |,
2 methyl 2 cyclopenten 1 one , furan,2,4 dimethyl

2,4 dimethylfuran

Acetic acid , acetate , ethanoic acid , acetasol , methylethyl ether ,
hydrazine ,1,1 dimethyl as dimethylhyrazine , dimazine

6.23

3 methyl 2 cyclopenten 1 one , 3 methyl 2 cyclopentenon
2 cyclopenten 1 one, 3 methyl , 1 methyl 1 cyclopentanone 3 one
, 2 _cyclopenten 1 one, 2 methyl, 3 methyl 2 cyclopentenon 1 one
2 cyclopenten 1 one, 3 methyl , 1 methyl 1 cyclopentanone 3 one
, 2 _cyclopenten 1 one, 2 methyl, 3 methyl 2 cyclopentenon 1 one

4.22

Butanoic acid , butanoate , butyrate,butyric acid , Butanoic acid ,
butanoate , butyrate,butyric acid

2.21

1,2 cyclopentanedione , 3 _methyl 2 cyclopenten 1 one ,
2 hydroxy 3 methyl ,2 cyclopenten 1 one,2 hydroxy 3 methyl

2.42

Phenol, 2 methylpyrazine , methyl 2 pyrrolyl ketone , 2 acetyl pyrrole

7.84

P cresol, m cresol, o cresol

4.28

2,6 dimethoxyphenol

2.13

1,4:3,6 dianhydro  .alpha. d glucopyranose , 4 vinylphenol |,
p_vinylphenol , 2,3 dihydro 1 benzofuran , benzofuran , 2,3 dihydro
2,3 dihydrobenzofuran 1 benzofuran

2.06

3 pyridinol, 3 pyridinol ,4 pyridinol

3.62

Tricyclo[6.3.0.0.(2,6)] undecan 10 one , 3 [(2 _methoxyetoxy)
methoxy] 2 methyl

3.02

1,2 benzenediol , benzene 1,2 diol , 1,2 dihydroxybenzene |,
1,2 benzenedio

1,2 benzenediol , pyrocatechol , 0 benzenediol , 0 dihydroxybenzene ,
brenzkatechin pyrocatechol

6.47

(2_methoxyethoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]ethoxy
] ethoxy]ethoxy]ethanol

2.19

1,4,7,10,13,16 hexaoxacyclooctadacane , 1,4,7,10,13,16
hexanoxacyclooctadeclooctadecane

yJethoxy]ethoxy]ethoxy]ethanol

2.20

B24

2 cyclopenten 1 one, 2 cyclopenten 1 one, 1H pyrazole, 3 methyl

3.11

2 cyclopenten 1 one , 2 methyl , 2 methyl 2 cyclopentanone |,
2 methyl 2 cyclopenten 1 one
2 cyclopenten 1 one , 2 methyl , 2 methyl 2 cyclopentanone |,
2 methyl 2 cyclopenten 1 one
3 heptyne, hep 3 yne, 1 ethyl 2 propylacetylene ,, n c3h7c.,.cc2h5

2.04

Acetic acid , acetate , ethanoic acid , acetasol , Hydrazine , 1,1 dimethyl
, as_dim ethylhydrazine , dimazin , dimazine
Methylethyl ether

8.52

2 cyclopenten 1 one , 3 methyl , 1 methyl 1 cyclopenten 3 one ,
3 methyl 2 cyclopentenone , 3 methyl 2 cyclopenten 1 one

5.02
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3 _methyl 2 cycloppenten 1 one, 3 methyl 2 cyclopentanon
2 cyclopenten 1 one , 3 methyl 1 methyl 1 cyclopenten 3 one |,
2 cyclopenten 1 one, 2 methyl, 3 methyl 2 cyclopenten 1 one

Butanoic acid , butanoic acid , pentanoic acid 2.92
1,2 cyclopentanedione , 3 methyl 2 cyclopenten 1 one , 2.04
2 hydroxy 3 methyl

2 cyclopenten 1 one, 2 hydroxy 3 methyl

Phenol , 2 methylpyrazine , methyl 2 pyrrolyl ketone , 2 acetyl pyrrole 6.59
P cresol, o cresol, p methylphenyl acetate 2.72
3 pyridinol, 3 pyridinol , 4 aminopyrimidine 4.35
Octaethylene  glycol , Tricyclo[6.3.0.0.(2,6)Jundecan 10 one , 2.93
3 [(2_methoxyethoxy)methoxy] 2 methyl

Silane , (2_methoxyethoxy)trimethyl , (2 methoxyethoxy)(trimethyl)

silane

1,2 benzenediol , 1,2 benzenediol , 1,2 benzenediol , 5.94
Tricyclo[6.3.0.0.(2,6)Jundecan 10 one , 3.21
3 [(2_methoxyethoxy)methoxy] 2 methyl

18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane , 1,1
_bis(3,6,9,12,15,18 hexaoxacyclooctadacane)
Tricyclo[5.2.2.0(1,5)undec 8 en 11 one,4 [(2 methoxyethoxy)methox 2.72
y]_5 methyl , ethoxy]ethanol, Tricyclo[6.3.0.0.(2,6)Jundecan 10 one ,

3 [(2 methoxyethoxy)methoxy] 2 methyl

ethoxy]ethanol, 18,18 bi 1,4,7,10,13,16 hexaoxacyclononadecane , 1,1 2.75

_bis(3,6,9,12,15,18 hexaoxacyclooctadacane),6hexanoxacyclooctadeclo
octadecane

B26

Pyridine , Pyridine , Pyridine , 2.74

2 cyclopenten 1 one,?2 cyclopenten 1 one, 1H imidazole 4.31
, 1 methyl

2 cyclopenten 1 one , 3 methyl , 3.09
1 methyl 1 cyclopenten 3 one ,
3 methyl 2 cyclopentenone ,
3 _methyl 2 cyclopenten 1 one

3 _methyl 2 cycloppenten 1 one ,
3 _methyl 2 cyclopentanon

2 cyclopenten 1 one ,
3 _methyl 1 methyl 1 cyclopenten 3 one ,
2 cyclopenten 1 one , 2 _methyl ,
3 _methyl 2 cyclopenten 1 one , furan , 2,4 dimethyl |,
2,4 dimethylfuran

Asetic acid , , ethanoic acid , acetate , acetasol , Thiirane , 9.79
2,3 dihydrothurene , aethylensulfid , epithioethane

Hydrazine , 1,1 dimethyl as dim ethylhydrazine , dimazin,
dimazine

2 cyclopenten 1 one , 3 methyl , 6.40
1 _methyl 1 cyclopenten 3 one ,
3 methyl 2 cyclopentenone ,
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3 methyl 2 cyclopenten 1 one , 2 cyclopenten 1 one |,
3 methyl , 1 _methyl 1 cyclopenten 3 one ,
3 _methyl 2 cyclopentenone ,
3 methyl 2 cyclopenten 1 one , 2 cyclopenten 1 one ,
3 methyl , 1 _methyl 1 cyclopenten 3 one ,
3 _methyl 2 cyclopentenone ,
3 methyl 2 cyclopenten 1 one
Butanoic acid , butanoic acid , pentanoic acid 3.22
Isocrotonic acid , 2 butenoic acid , (E) , crotonic acid 2.51
1,2 cyclopentanedione , 3 methyl 2 cyclopenten 1 one , 3.09
2 hydroxy 3 methyl , 2 cyclopenten 1 one ,
2 hydroxy 3 methyl
Phenol , 2 methylpyrazine , methyl 2 pyrrolyl ketone , 3.84
2 acetyl pyrrole
3 pyridinol, 3 pyridinol , 4 pyridinol 6.58
1,2 benzenediol , 1,2 benzenediol , resorcinol 4.29
3,4 altrosan , .beta. d glucopyranose , 1,6 anhydro , 2.22
anhydro d mannosan , levoglucosan ,
1,6 anhydro .beta. d glucopyranose , d allose ,
.beta. d_allose , hexose

B27

Asetic acid,ethanoic acid , acetate , acetasol , Thiirane 8.76

2

2,3 dihydrothurene , aethylensulfid , epithioethane,Hydrazine |,

1,1 dimethyl as dim ethylhydrazine , dimazin , dimazine

2 cyclopenten 1 one,3 methyl , 1 methyl 1 cyclopenten 3 one 5.48
, 3 _methyl 2 cyclopentenone , 3 methyl 2 cyclopenten 1 one ,
propanoic acid , propanoate , propionate , propionic acid |,

3 methyl 2 cyclopenten 1 one

3 methyl 2 cyclopentenon

Butanoic acid , butanoic acid , ethanimidic acid , ethyl ester 3.47
(2E) 2 butenoic acid , 2 butenoic acid , , but 2 enoic acid , 2.80
.alpha. butenoic acid

(2E) 2 butenoic acid , 2 butenoic acid , , but 2 enoic acid ,
.alpha. butenoic acid , 2_butenoic acid , (E) , crotonic acid , (E) ,
crotonic acid , (E) 2 butenoic acid

1,2 cyclopentanedione , 3 methyl 2 cyclopenten 1 one , 2.16
2 hydroxy 3 methyl , 2 cyclopenten 1 one ,

2 hydroxy 3 methyl

Phenol , methyl 2 pyrrolyl ketone , 2 acetyl pyrrole , 3.60
2 methylpyrazine

Benzenearboxilic acid , Benzenearboxilic acid , 2 chloroethyl 6.57
benzoate

Benzoic acid , 3 methyl , m toluic acid , m methylbenzoic aid , 3.16

m_toluylic acid

2 (.beta.,.beta.,.beta. trideuterioethyl)pyridine

2 cyclopenten 1 one , 2,3 dimethyl
2,3 dimethyl 2 cyclopenten 1 one
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1,2 benzenediol , benzene 1,2 diol , 1,2 dihydroxybenzene , 11.2
1,2 benzenedio , brenzkatechin , pyrocatechol, pyrocatechol , 5
0 benzenediol , 0 dihydroxybenzene

Pentaexacyclopentadecane, 15 crown 5, 15 crown 5 ether 4.45

Oktaethylene glycol , Heptaethylene glycol monododecyl ether , 2.92
1,4,7,10,13,16 hexaoxacyclooctadacane

hexanoxacyclooctadeclooctadecane , Oktaethylene glycol , 4.58
1,4 benzenediol , 2 methyl 2 methylbenzene 1,4 diol , 2.08

1,4 benzenediol , 2 methyl ,

1,4 hydroxy 2 methylbenzene,3,5 dihydroxytoluene ,
resorcinol ,

5 _methyl ,orcin,orcinol,1,3 benzenediol,2 methyl ,toluene 2,6
_diol,1,3 dihydroxy 2 methylbenzene
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EK 2: GC-MS Analiz Spektrumlar1
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