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ONSOZ

Bu rapor, Tiirkiye Bilimsel ve Teknik Aragtirma Kurumu tarafindan desteklenen
YDABCAG-141 no lu projenin galismalari sirasinda elde edilen bilgi ve sonuglar

kapsamaktadir.

Bu arastirmada bitimlii seyllerin 'proximate’ ve 'ultimate’ analizleri Maden Tetkik
ve Arastirma Enstitiisinde (MTA), diger tim deneyler ise ODTU Petrol ve Dogal Gaz
Miihendisligi Bélimii ve Petrol Arastirma Merkezindeki (PAL) ekipmanlarla

gergeklestirilmistir.
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874

Bu ¢alismada yurdumuzda dretilen ve diisiik kalorifik degerlere sahip bitimli
seyllerin yanma etkinlikleri ve kinetik analizleri arastinlmistir. Proje kapsaminda
Beypazan, Seyitdmer, Hatildag, Himmetogld, Mengen, Demirci, Saricakaya ve Can
sahalarindan alinan bitimli seyl numpneleri ASTM standartlarina gore hazirlanmis,
"proximate” ve "ultimate"analizleri gergeklestirilmis olup arastirmada kuilanllan,ﬁitﬁm}ﬁ
seyllerin ortalama iist kalorifik deger limitleri 780-1086 cal/gr; su oranlan 1.60-12.90 %;
kiil oranlari 60.50-80.50%; carbon oranlan 5.63-14.24%; hidrojen oranlant 1.30-
2.20%:oksijen-nitrojen oranlar1 3.89-10.48% ve siilfiir oranlan 0.21-1.25% arasinda

degistifi gozlenmistir.

_60 mesh clek dlgiisiinde hazirlanan bitiimli seyller {izerinde 5 °C/dak ik 1sitma
hiziyla ve 50 ml/dak. lik hava akisiyla yapilan DSC ve TG/DTG deneylerinde bitimli
seyllerde yanma reaksiyonunda etkin olan organik kistm mevcudiyetinin % 65-80

arasinda degistigi gozlenmigtir.

Yapilan DSC analizlerinde Himmetoglu bitiimlii seylinin isil degerinin yitksek
olmas1 igerdigi organik maddenin digerlerine gore daha olgun olmasindan kaynaklandig
sonucuna varilmistir. Aynica TG/DTG analizlerinden Seyitomer ve Dermirei bitiimlii

seyllerinin yitksek miktarda nem icerdigi sonucuna vanlmistir.

DSC analizlerinden varilan bir diger sonug ise Can bitimld seylli hérig: diger tiim
bitiimlii seyllerde organik madde transformasyonunun belirgin iki veya i degisik

bolgede gergeklesmesidir.



Kinetik parametrelerin tayininde en gitvenilir yontemin Coats & Redfern modeli
oldugu sonucuna varilmgtir. Coats & Redfern modeline gbre bitiimlii seyllerin
aktivasyon enerjilerinin 37.5 - 173.8 kJ/mol arasinda degistigi, reaksiyon katsayisinin ise
tiim bitiimlii seyllerde 1 oldugu yapilan analizler sonucu bulunmugtur. Isil kazamimi en
yiiksek olan Himmetoglu bitiimlii seylinin en yiiksek aktivasyon enerjisi degerine sahip
oldugu, degisik yapiya sahip bitiimlii seyllerin kinetik parametrelerininde farkh oldugu

gozlenmistir.

Anahtar Kelimeler: Bitimli$eyl, Yanma, Isisal Analiz, Kinetik, Tirevsel Taramal

Kalorimetre, Termogravimetrik Analiz
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ABSTRACT

In this research kinetic analysis and combustion efficiencies of oil shales were
investigated. Beypazar, Seyitomer, Hatildag, Himmetoglu, Mengen, Demirci,
Saricakaya and Can oil shales were prepared according to -ASTM standards, then
"proximate” and "ultimate" analysis were performed. In the analysis the following ranges
were obtained. Calorific value: 780-1086 cal/gr; Water content: 1.60-12.90 %; Ash
content: 60.50-80.50 %; Carbon content: 5.63-14.24 % ; Hydrogen bontént: 1.30-2.20 %;
Oxygen-Nitrogen content: 3.89-10.48 % and Sulphur Content: 0.214 .25'%.

DSC and TG/DTG experiments were performed at 5 °C/min. heating rate and 50
ml/min. air rate with -60 mesh size oil shale samples. It was observed that organic matter

content of oil shales were in the range of 65-80 %.

From the DSC analysis it was observed that organic matter of Himmetoglu oil
shale is more mature than others, therefore it has the highest heat capacity. Also from
TG/DTG analysis it can be concluded that Seyitémer and Demirci oil shales contains

high amount of moisture.

From DSC analysis it was secen that all oil shales has organic matter

transformation in two or three regions except Can oil shale.

vit



In kinetic analysis it was concluded that Coats & Redfern model is the most

reliable one. Activation energies of oil shales were found in the range of 37.5-173.8
kJ/mole, whereas the reaction order was 1 for all the oil shales studied. It was seen that

Himmetoglu oil shale with highest heat capacity has the highést activation energy.

Key Words : Oil Shale, Thermal Analysis, Kinetics, Differential Scanning Calorimeter,

Thermogravimetry
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1. GIRIS:

En genis anlarmyla sedimenter kayaglann biyojenik bilesenleri olarak
tanimlanabilen "Organik Madde" genellikle kayaglar iginde dissemine olarak bulunur.
Bir karsilagtirma yapmak gerekirse; diinyada bilinen kémiii rezervieri diinyada tahmin
edilen dissemine organik maddenin 1/500 'i , petrol rezervleri ise 1/16000 dir. Organik
jeokimyasal parametreler dikkate alindiginda oranik kayaglar1 olugturan organik madde
bitiimen ve kerojen olmak iizere iki grupta toplanir. Organik gbziiciilerde ¢oziinebilen
organik madde "bitimen", ¢Gziinemeyen organik madde ise "kefojen" olarak
adlandirilmaktadir. Organik kayaglari; komiirler, bitiimlii seyller (oil shale), bitiimen
ernprenye olmus kayaglar ve katranh kumlar (tar sand) olmak lizere dért grupta toplamak
miimkiindir.

Bitiimlii sist, bitiimli seyl veya petrollii seyl (oil shale) genellikle ince taneli ve yaprakh
bir yapiya sahip ve ‘kerojen’ adi verilen organik bir madde igeren ve bundan dolayi
isitildifinda sentetik petrol ve gaz iiretebilen tortul kayalardir. Bitiimlii seyl olugumu
genellikle, gol ortaminda yagayan alglerin ve buraya gesitli etkenlerle karadan taginan
spor-pollenin inorganik materyal ile birlikte ¢dkelmesi ile gergeklesir. Bitimlii seyllerin
igerdipi 'kerojen', karbon hidrojen, oksijen, azot ve kiikiirt bilesenlerinden olusan komiir
ile petrol arasinda yer alan; kloroform gibi ahsilmig petrol ¢bziiciilerde ¢oziilmeyen bir
gesit organik maddedir. Petrografik 5zelliklerine gére organik kayaglan olusturan dg tip
kerojen tanimlanmaktadir (Tissot ve Welte, 1984). Birinci tip kerojenlerin H/C oram ve
dolayst ile gaz-petrol olusturma potansiyeli de olduk¢a yiiksektir. fkinci tip kerojenlerin
H/C oram gaz-petrol olugturma potansiyeli birinci tip kerojene oranla daha digtktir ve
orta-yitksek siilfiir oranina sahiptir. Ugiincii tip kerojenlerin petrol olugturma potansiyeli
orta diizeyde olup ok derinlerde gaz olusturabilir. Organik madde karasal yiiksek
1



bitkilerden tirediginden O/C oram yiiksektir. Birgok komir bu tip kerojenlerden

olugmustur.

Bitiimlii seylin bilegenleri iki gruba aynhr. Bunlar inorganik ve organik
bilesenlerdir. fnorganik bilesenler ¢okelme ortami ve ¢okelme kosullan hakkinda énemli
bilgiler sunar. Bitimli seylin inorganik bilesenleri genellikle kil, karbonat, siilfid, siilfat,
zeolit ve evaporit mineralleri ile kuvarstan olugmaktadir. Bu mineraller iklim, canli tiri,
¢ozeltinin kimyasal karakteri ve alterasyon hakkinda bilgi verir. Organik bilesenler
¢okelme ortamim yansitmalari yaninda bitiimlii seylin kalitesinide belirler. Bitimlii seyli
olugturan kerojenlerin biiyiik bir kismu alg kalintisindan, kalan diger boliimii ise degisik
oranlarda tanimlanabilen organik kalint: ile amorf organik maddeden olusmustur.

Bitimlii geyllerin enerji hammaddesi olarak degerlendirilmesi, ton bagina seyl
petrolii eldesi, kcal’kg olarak belirtilen 1s1l giiciine veya igerdigi bitiim ylizdesine gore
yapihir. Isil giicti en az 850 kcal/kg veya daha yiiksek olanlar termik santrallarda yakit
olarak kullanilirlar. Yaklagik olarak % 10 veya daha fazla kerojen igeren seyllerden
petrol ve gaz tiretilebilir. Bitiimlii seyllerden gesitli yararlanma olanaklari vardir. Bitimli
seyller; sentetik petrol ve gaz {iretiminde, termik santrallarda kati yakit olarak, ¢imento
hammaddesi ve icerdigi nadir elementlerden yan {iriinler eldesinde, tanmda giibre ve
toprak stabilizatori, adsorban ve aktif karbon iiretiminde kullanilmaktadir.

{Jlkemizde bitimlii eyl aramalart MTA enstitiisiiniin kurulmasiyla baglamigtir.
Trakya, Orta ve Dogu Anadolu bélgeleri diginda iilkemizin birgok ydresinde bitiimli seyl
yataklari vardir (Sekil-1). flk yillarda gahgmalar sentetik petrol eldesi amaciyla
sirdiiriilmiis ancak ilkemizdeki bitiimli seyllerin biyiik bir boliimiiniin diigiik petrol
icerigine sahip oldugu belirlendikten sonra gelisen yakma teknolojileri (akigkan yatak),
endiistri sahalanna yakinhg, kurulacak termik santraller ve isletme olanaklannin
elverigliligi dikkate alinarak onemli goriilen sahalarin incelenmeleri tamamlanmugtir.

2
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Bunlar; Beypazari-Ankara, Géyniik-Bolu, Seyitémer-Kiitahya, Ulukigla-Nigde,
Bahgecik,1zmit, Burhaniye-Balikesir, Demirci-Manisa, Mengen-Bolu, Beydili-Ankara ve

Himmetoglu-Bolu sahalandir.

Bevpazan Sahasi:

Ankaranmn 130 km. batisindadir. Havzadaki bitiimlii geyler, miyosen yash golsel
formasyonlar igindeki komir zonunun yaklagik 15 m. izerinde bulupur. Bitiimli
seyllerin kalinhg ortalama 11 m. dir. Jeolojik incelemelerine ve kimyasal analizlere gore
il degeri 100-2615 kcalkg, ortalama kil oram % 65 dir.Beypazar havzasindaki
degerlendirme galigmalart komiir aramalari ile birlikte siirdiiriilmistir. Beypazari
bitiimlii seylleri iizerinde yapilan yakma deneylerinde 850 lcal/kg ve daha yiiksek 1sil
degeri olan seyller akigkan yatakh firnda kolaylikla yanmis ve finn icinde 800-850 °C
sicaklik elde edilmigtir. Bu yakma sisteminde, devamli bir yanma saglanmig ve akigkan

yatakh firmin bitiimlii seyller igin iyi bir yakma sistemi oldugu gdrilmigtir.

Goynik Sahasi:

Bitiimlii seyller oligosen yash golsel kiregtaglan ile ara katkili olarak bir
senklinalin iki kanadinda mostra verirler. Bitiimlii seyllerin onemli bir bélimiinin
kalinligs 100-150 m. arasinda degisen bir zon iginde steril tabakalarla ardalanmalidir. Isil
deger 2450 kcal/kg'a bitim yiizdeleri ise 19.6 ya kadar gikmaktadir. Sabadan alinan
gumuneler tizerinde yapilan akigkan yatakli teknolojik deneylerde diizgln bir akigkan

saglanmig ve 750 °C ile 850 °C arasinda yandig tesbit edilmigtir.

Seyitomer Sahast:

Anilan saha Kiitahya'nin kuzey-batisindadur. Bitiimlii formasyon, isletilmekte
olan linyitlerin tizerinde ve her ikiside Miyosen yaslt gdkeller icinde yeralrlar. Seyitomer

4
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sahasindaki bitimli formasyon iginde ince, yaprakli yapida seyl seviyeleri
bulunuyorsada genellikle sisti yaprakli yap:1 géstermeyen, yiiksek 1s1 degerine sahip,
yamecr 6zelligi olan marn halindedir. Sahada 125 milyon ton jeolojik rezerv
hesaplanmugtir. Bitimli marnlarin ortalama 1s1 degeri 1000 kcal/kg ‘dir. Bitimlii seyl

seviyelerinin 1s1 degeri 3850 kcal/kg'a kadar gikmaktadir.

Ulukisla Sahast:

Nigde'ye bagh Ulukisla ilcesinin 8 km. batisinda yer alir. Bitiimlii seyller tst
miyosen yash Ulukisla formasyonu iginde birkag seviye halinde bulunur. Bu seviyelerin
toplam kalinliklar1 yer yer 13 m. ye gikmaktadir. Seyllerin 1s11 degeri 630-2790 kcal’kg
arasinda olup, ortalama kiil orant % 65'dir. Ulukigla bitimli seylleri {izerinde yapilan ilk
yakma deneylerinde sinterlesmeden dolay1 olumlu sonug alinmadig igin akigkan yatakta
denenmesi gerckmektedir. Hycrude Corporation Ulukisla bitiimlii seylleri iizerinde
Hytort yontemi ile yaptigi deneyde iiretilebilcek petrol miktart 19.2 gal/ton dur. Bu

degerler on bilgiler olmakla beraber sahamn dnemli olabilecegini gostermektedir.

Bahcecik Sahast:
izmit koérfezinin giineyinde, Bahgecik bucagimin batisindadir. Bitiimli geyller

oligosen gokelleri iginde ve kahnoliklann 20-270 cm. arasinda degisen 16 seviye

. olustururlar. Bu seyllerin 1s1l degerleri 415-1875 kcal/kg arasinda degismekte, en fazla

bitiim yiizdesi 12.8, ortalama kiil oram % 70 dir. Bitiimlii geyl bantlarinin, onemli

kalinhigs olan steril tabakalarla arakatkili olusu isletmecilik agisindan olumsuz olrak

etkilemektedir.



Burhaniye Sahasi:

Burhaniye ilgesinin 1 km. dogusunda yeralan kiigik bir sahadur. Bitiimli geyller
Sarkdy formasyonu iginde yer almakta olup en fazla 4 m. kalinhiga sahiptir. Isil degerleri
200-1750 keal/kg'dir. Teknolojik testlerle sahanin ayrntili  olarak degerlendirilmesi

gerekir.

Mengen Sahasi:

Mengen bitimlii seyl sahasi Bolu ilinin 30 km. kuzey dogusundadir. Liitesiyen
yasgh birim iginde bulunfnakta olup, ince seviyeler halinde marn, kiltasi ve silttag
tabakalan ile ardalanmahidir. Bitimli geyllerin is1l degerleri 190-2800 kealkg arasinda
degismekte olup % 70 kiil kapsadig: belirlenmigtir. Bitiimlii eyl seviyelerinin genellikle
ince bantlar halinde ve steril seviyelerle ardalanmal olusu, isletmecilik agisindan bugiin

i¢in diger sahalara nazaran olumsuz gorilmektedir.

Bevdili-Saricakaya Sahasi:

Bitiimlii seyller paleosen-cosen yash golsel formasyon iginde bulunur. Steril
seviyelerle ardalanmali olan bitiimlii seviyelerin kahnliklan 10-60 m. arasinda
degismektedir. Bitimli seyllerin 151l degerleri 350-1950 keal/’kg arasinda degismektedir.
flk incelemelere gore Beydili bitimli seyl yatagmda 300 milyon ton jeolojik rezerv
meveuttur. Acik isletme ydniinden fazla bir sorun olmadigi goriigi hakimdir. Bu saha
_ Beypazarl, Seyiyomer ve Goyniitk sahalarindan  sonra sneml bir yatak olarak

gorilmektedir.
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Demirci Sahasi:

Demirci bitiimlii seyl sahasi, Demirci ilgesi dolaylaninda yer alir. Bitiimli seyl
Demirci formasyonu iginde kumtasi-gamurtast ile ardalanmali olarak

miyosen yasht
g1 3-15.6 m. arasindadir. Bitiimlit gellerin steril

bulunmaktadir. Bitiimlii seyl kalinh

tabakalarla ardalanmasi sahay: ekonmik olarak olumsuz yonden etkilemektedir.

Himmetoglu Sahast:

Anilan saha Goyniik bitiimlit seyl sahastnin 15 km. batisinda yer alir. Ortalama

kalinhig 10 m. olan bitimli seviye miyosen yash linyit zonunun iizerinde bulunmaktadir.

Isil deger 500-3500 kealkg arasinda degismektedir. sahadaki bitiimlii seyllerin halen

isletilmekte olan linyitle beraber agik isletmeye elverigli ve 1s1l giliciinlin yiiksek olusu

ekonomik olarak yararlamlacak bir kaynak olarak goriilmektedir.

Bugiine kadar yapilan caligmalar sonucunda iilkemizde 1.6 milyar ton bitlimki

seyl rezervi belirlenmis olup (Tablo-1) yukarida belirtilen sahalar arasinda Beypazari,

Goynilk, Seyitomer ve Beydili sahalari tendr, rezerv ve isletmecilik ydniinden en

snemlileri olarak goriilmektedir. Diger sahalardaki bitiimlii seviyelerin, steril seviyelerle

sik olarak ardalanmasi, bu sahalar isletmecilik yoniinden menfi yonde etkilemektedir.

Teknolojik gelismelerin ileride bu sahalardanda yararlanma imkanini saglayacagi

siiphesizdir.



Seyl Sahalarnin Rezervleri ve Isil Degerleri

Tablo-1 Tirkiye Bitlimli
Saha Rezerv (1000 ton) Ort. Is1 Degeri (kcal/kg)

:,f ;2 Beypazar 327650 966 4
§ Seyitbmer 122170 960 |
§ Hatildag 359960 774
i Himmetoglu 65970 1390
% Ulukisla 130000 851
. § Mengen 50000 | 1000 B
f Bahcecik 42000 1060
§ Burhaniye 15600 732
% Beydili 300000 1 800
% Dodurga 138000 365 J
? Celtek 90000 541 “4
; % Toplam 1641350




2. LITERATUR CALISMALARI

Bitiimlii seyllerin gelecekteki enerji tiiketimi i¢in 6neminin anlagilmasindan sonra
yanma etkinlikleri ve kinetikleri ile ilgili ayrintili galigmalar devam etmektedir. Bu
caligmalarda esas olarak tiirevsel taramali kalorimetre (DSC), termogravimetri (TG) ve
tiirevsel termogravimetri (DTG) cihazlar kullanilmaktadir.

Rajeshwar ve digerleri (1983) Colorada bitimli  seylleri ile yaptiklari
caligmalarda potensiyal yield igin gelistirilmis tiirevsel taramali kalorimetre teknigini
kullanmiglardir. Bu teknik konvansiyonel Fischer yontemine gore daha uygun olmasina
karsilik peak alanlaninin 6l¢timiinde kesin bir ¢6ziim 6ng6rmemektedir. Bununla birlikte
piroliz mekanizmasinin ¢ok komplex olmasi peak alan dlgiimlerinde 'base line'
olugturulmasinda gok dikkatli olmay1 gerektirmektedir. Bu olumsuzluklara karsin veri
analizinin basitlii ve azalmasi tirevsel taramalt kalorimetre teknigini daha avantajh
duruma getirmektedir.

Earnest (1982) Green River bitiimlii seyllerinin oksidasyon profillerini dinamik
hava atmosferinde micro-bilgisayar kontrollii thermogravimetri ile elde etmigtir.
Belirtilen bitiimli seyllerinin oksidasyon davraniglan organik maceral bilesenlerine ve
mineral madde igeriklerine yonelik olarak tartigilmigtir.

Skala ve Sokic (1992) yaptiklan caligmalar sonucunda bitiimlii seyllerinin 1sisal
analizinde kullanilan kinetik verilerin (aktivasyon enerjisi ve reaksiyon hiz sabiti)
isothermal veya non-isothermal thermogravimetri yontemiyle elde edilebilecegini
gdstermiglerdir. Bu calismada farkli bitimld seyllerinin sonuglan ve tartigilmis ve aynt
samanda isothermal veya non-isothermal thermogravimetri etkileri arastinlmigtir. Elde
edilen sonuglar yanma mekanizmasinin birden fazla basit reaksiyon igeren komplex bir

reaksiyon gemasina dayandig Sngorilmisgtur.



Skala ve arkadaslan (1999) bitimlii seyllerin piroliz kinetiklerini DSC ve TG
kullanarak non-isothermal ortamda aragtirmuglardir. Elde odilen sonuglar bitimli seyl
&rneklerinin gok basamakli kinetik modele eslendigini gbstcrm1§tlr,}31ﬁun1u seyl icin
geligtirilen modelin aynt kerojen tipindeki diger batumlu §eylierm piroliz modeﬁemesmcie
gegerli oldugu sonucuna van!migtir.

Levy ve Stuart (1984) farkh bitiimli §ey1 ve kercgen kﬁﬁsamrasysn}an icin
thermogravimetrik oksidasyon profillerini dinamik hava atmosferinde elde etmiglerdir.
Ayni galigmada 'evolved analiz' deneyleride gcrqekiﬁgtmim@ ve lineer 1sitma sirasinda
meydana ¢ikan gas tirlerinin IR bandlarmm optik emximesmdeki artigin izlenilmesi ile

elde edildigi sonucuna vanlmistir,  Kerojenin  yanmasi sonucunda  threvsel

termogravimetri profillerinde olugan iki farkl pcak‘fén ilkinin alifatik bilesenlerin

tamaminin yada famamina yakin kisminin yanarak aromatik yapt igeren 'char in aciga
gikmasini sagladig) sonucuna var11m1§t1r 7

Warne and French (1984) farkh yap;da%g bitimli seyllerin retort analizleri
{izerine aragtrmalar yapmiglar ve ‘retort’ olayinin isitma sirasindaki biitlin bitimli seyl
minerallerinin reaksiyonunu kapsadiigrr sonucuna varmislardir. Yapilan caligmada
endothernic ve exothermic reaksiyonlarin DTG ile karakterize edilebilecepi ve segilen
tsitma orani ve gaz atmosferi kosullarinda sonuqiann retort analizleri ile %)iﬁi?xs:ts
de’geﬂendmlmesmm reaksiyon tiri ve buyukl gii hakkinda bilgi vﬁm’i};imagz ﬂeri

Miron (1983) yaptig galismada Green River biﬁim&iﬁzr seyllerinin 1sisal
gbziilmesinde degisik dondurulmus nitrat tuzlarnin ctkisini aragtirmus ve nitrat igeren
bitiimld seyllerdeki agirhik kayiplarinin nitrat olmadxgl durumdaki agihik kaybindan

fazla oldufu sonucuna varmighr. En etkili nitrat tuzunun amonyum nitrat f}idug&




belirlenmis ve bitimli seyl 5meklerinin taramali elektron mikroskopu ile yapilan

deneyleri sonucuna amonyum nitratin bitiimlii seylin hem inorganik hemde organik
yapisina etkili oldugu sonucuna varmigtir.

Rajeshwar (1981) Green River bitiimlii seyl kerojeninin isiyla ayrigmasinin
kinetik ozelliklerini non-isothermal termogravimetri ile aragtirmstir. Agirhik kaybi
verileri Coats-Redfern ve Freeman-Carroll teknikleri ile analiz edilmigtir. Bu yontemlerle
elde edilen kinetik parametreler bitiimlii seyl kerojeninin 1sisal aynigmasi ile ilgili daha
6nce yapilan galismalarin sip1 altinda tartigilmstir. Isitma hizi ve gaz atmosferi gibi
kinetik verileri etkileyen faktorler incelenmis ve birinci derece kinetik modelinin Green
River bitiimlii seylin sicakhik davranislarindaki genel yonelislerin agiklanmast i¢in gegerli
oldugu sonucuna varilmigtr.

Levy (1988) DSC ve TG cihazlanyla yaptigt calismalarda bitlimli seyllerdeki
organik ve ugucu madde miktarini belirleyecek basit ve kesin bir yontem gelistirdi. Bu
yontem termogravimetri cihazi ile éncelikle nitrojen ortaminda ugucu madde miktarini
daha sonra ise oksijen ortaminda 'residual char' miktarinin belirlenmesini igerir. Sonuglar
tekrarlanabilir olup farkli yapidaki bitiimlii seyllerin Green River bitimlii seyl ile
mukayesesi amactylada kullaniimigtir.

Deepak and Thakar (1987) termogravimetri cihazi ile bitiimlii seyllerin 1sisal ve
kinetik 6zelliklerini isothermal ve non-isothermal yontemle aragtirmigtir. Non-isothermal
yontemde  kinetik analizler t¢ farkli yoOntemle aragtirilmig  olup isothermal
termogravimetri verileri integral metodu ille analiz edilmistir. Bitiimli seyllerin ardigik
iki reaksiyon igerdigi gorilmiiy  ve sonuclar literatlirdeki diger gahgmalarla

kargilagtinimigtir.

11
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Skala ve arkadaglan (1987) DSC ve termogravimetri kullanarak bitlimli seyllerin

sisal ve kinetik ozelliklerini  aragtirmislardir. Birinci dereceden kinetik model

varsayilarak termogravimetri verileri integral metoduyla, DSC verileri ise ASTM

yontemiyle analiz edilmis ve sonuglar tartigtlmig, yanma ve kinetik 6zelliklerine katalist
etkisi aragtirilmstir.

Lee ve arkadaglar (1985) bitimli seyllerin yanma etkinliklerini incelemis ve

yanma sonucunda iki reaksiyon bélgesinin olustugunu belirlemislerdir. Birinci bolgeyi

hafif hidrokarbonlarin yandifi bolge, ikinci bolgeyi ise 'char oksitlenmesi olarak

adlandirmuglardir. Bitiimlii seyllerin 1s1sal davramslanna gaz kompozisyonu ve kiitle

biiyiikligiinin etkisinide aragtirmiglardir.

Su ve Yang (1995) termogravimetri cihaziyla farkli tane boyutundaki bitiimli

a etkinliklerini ve kinetik dzelliklerini aragtirmis, piroliz reaksiyonlarinin

birinci dereceden oldugu sonucuna varmiglardir. farkli sicaklik bdlgelerinde farkli

seyllerin yanm

aktivasyon enerjisi tanimlamslardur.
Roger and Bibby (1979) farkli bitiimlii seyllerin yanma 1stlanim DTA ile

aragtirmiglar ve  dort farkli 'peak’ elde etmis ve. bu farkli 'peak’ lerin kerojen

molekiiliiniin farkh sicakliklarda oksitlenmesi sonucu olustugu sonucuna varmiglardir.

12



3. DENEYSEL EKIiPMANLAR VE YONTEM

Bu arastirma danumunelerin yanma etkinlikleti DuPont 9900 Isisal Analiz
sistemine bagh olarak ¢alisan Tiirevsel Taramali Kalorimetre (DSC-Differential
Scanning Calorimeter) ve Termogravimetri (TG/DTG-Thermogravimetric Analyser)

cihazlar kullamilmigtir.

DuPont 910 tiirevsel taramah kalorimetre (DSC) zamana ve/veya sicakliga karsi
151 akis hizim1 isothermal / non-isothermal deney sartlarinda, farkh 1sitma hizlarinda ve
degisik gaz atmosferlerinde dlger. DuPont 951 termogravimetri cihazi (TG/DTG) ise
zamana ve/veya sicakliga karsi afurhk kaybim isothermal / non-isothermal deney

sartlarinda, farkli 1sitma hizlarinda ve degisik gaz atmosferlerinde belirleme imkam verir.

Proje kapsaminda tiim deneyler tiirevsel taramali kalorimetre ve termogravimetri
cihazlanyla 20-600 °C sicaklik araliginda, 5 °C/dak.lik 1sitma hizi ve 50 ml/dak. lik hava
akig hiziyla yaklagik 10 mg numune (< 60 mesh) kullamlarak gergeklestirilmigtir.
Deneyler oncesinde tiirevsel taramali kalorimetre igin sicakhik kalibrasyonu indium
kullanilarak, termogravimetri igin sicaklik kalibrasyonu calcium oxalate monohydrate ,
buoyancy kalibrasyonu ise erime sicakhigi 960.8 °C olan giimiis kullanilarak
gerceklestirilmigtir. Tim deneyler ikiser defa yapilmis olup deneylerin tekrarlanabilirlik
oranlarinin ok yiiksek oldugu gozlenmigtir (%100 ¢ yakin).

13



4.SONUCLAR VE TARTISMA

4.1 DSC ve TG/DTG Termogram Analizleri

Proje ilk kapsaminda 6ncelikle Maden Tetkik ve Aragtirma Enstitisit (MTA)
laboratuvarlarinda numunelerin "proximate" ve "ultimate" analizleri gergeklestirilmig
olup aragtirmada kullanilan bitiimlii seyllerin ortalama st kalorifik deger limitleri 780-
1086 cal/gr; su oranlari 1.60-12.90 %; kiil oranlan 60.50-80.50%; carbon oranlari 5.63-

14.24%; hidrojen oranlari 1.30-2.20%;o0ksijen-nitrojen oranlar 3.89-10.48% ve siilfur

o e v

oranlan 0.21-1.25% arasinda degistigi gozlenmigtir. (Tablo-2).

Projenin ikinci kisminda tim numunelerin isisal analizleri tiirevsel taramali
kalorimetre (DSC) ve thermogravimetrik analiz (TG/DTG) cihazlariyla yapilmigtir
(Sekiller 2-17). -60 mesh elek Slglisiinde hazirlanan bitiimli seyller lizerinde 5 °C/dak.hk
isitma hiziyla ve 50 ml/dak. lik hava akisiyla yapilan DSC ve TG/DTG yanma,
deneylerinde termogramlar iizerinde yapilan analizlerden elde edilen niimerik degerler
Tablo-3 de dzetlenmistir. Buna gore bitiimli seyllerde yanma reaksiyonunda etkin olan
organik kisim mevcudiyetinin % 65-80 arasinda degistigi gozlenmistir. Ancak %80 Lk
deger sadece tek bir numunede (Himmetoglu) gok ug bir deger olarak gozlenmistir. Ayni
numune de gram bagina yanma sonucu tretilen 1st miktari digerlerinin yaninda gok
yitksek bulunmugtur. Bu  faktor, reaksiyonun baglama sicakhginin digik olmasi
avantajiyla (460 K) birlesince Himmetoglu bitimlii seylini en ustin ozellige
tasimaktadir. Himmetoglu bitimld seyli igin 1s1l degerin bu kadar yiiksek olmasi igerdigi

organik maddenin digerlerine gore daha olgun oldugunu gostermektedir.

14
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Tablo-2 Numunelerin "Proximate” ve "Ultimate” Analiz Sonuglari

Ust Calori | AltKalori |  Su (%) Kiil(%) C (%) H (%) O,N(%) S (%)
Beypazari 850 725 2.40 65.20 8.40 1.60 4.55 0.21
SeyMémer 1006 930 2.30 70.90 8.58 1.40 4.39 0.19
Hatildag 774 658 1.60 66.20 5.63 1.30 3.89 1.25
Himmetog, 1086 964 12.90 60.50 13.60 1.50 10.48 0.99
Mengen 850 196 9.50 68.40 10.05 1.90 7.80 0.85
Dot 780 200 10.20 70.30 9.80 2.20 9.60 1.10
Saricaka, 962 665 1.67 65.80 14.24 1.78 17.46 0.58
Can 925 185 12.40 80.50 10.10 1.95 10.06 0.98

* Ust/Alt Kalorifik Deger (cal/gr)

Gan, Mengen ve Saricakaya bitiimlii seyllerinde 1s1 miktarlan orta derecededir
(921.8, 901.8 ve 766.1 cal/gr) Can ve Mengen igin ortalama % 20 olan organik madde
Saricakaya da ortalama % 6.5 dolayindadir. Ancak bu bitimlii seyllerde toplam agirhik
kaybinin bir kismini organik madde ile olan reaksiyonun bittikten sonra, daha yiiksek
sicakhklarda meydana gelen bir diger reaksiyon olugturmaktadir. TG/DTG sonuglarinda
820 K dolaylarinda meydana geldigi gozlenen bu reaksiyon, DSC' lerde endotermik
6zellik tagimaktadir. Bu 6zelligiyle bu bitimli geyllerin 1sinma amaciyla kullaniminda
ortam 1sisin1 absorbe edici karakter tagimaktadir. Bu reaksiyon ise ilgili bitiimlii seyllerin
biinyesinde bulunan kaolin minerallerinin pargalanmasindan olugmaktadir.

Yapilan analizlerde diger bitimlii geyllerin verdikleri 1s1 miktar1 bakimindan
dugiik 6zelliklere sahip olduklari gézlenmigtir. Ayrica TG/DTG analizlerinden Seyitémer
ve Demirci bitiimlii geyllerinin yiiksek miktarda nem igerdigi sonucuna vanlmigtir.
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Tablo-3 Bitiimli Seyllerin DSC ve TG/DTG Analiz Sonuglan

Apirhik Kaybr (%) Toplam Kayip (%oh Isi Kazanim (cal/gr)

Beypazan 7.5 10 440.1
Seyitomer 12 225 4855
Hatildag 7.5 17.5 199.1
Himmetoglu 80 81 28422
Mengen 21 24 901.8
Demirci 8 16.5 279.7
Saricakaya 6.5 16.5 766.1

Can 20 27 9218

DSC analizlerinden varilan bir diger sonug ise Can bitiimlii seylli harig diger tiim

bitiimlii seyllerde organik madde transformasyonunun belirgin iki veya ii¢ degisik

bélgede gergeklesmesidir. Bu reaksiyonlar Mengen, Himmetoglu, Seyitdmer ve Demirci

bitlimlii seylerinde 590 K ile 650 K civarinda olmaktadir. Hatildag, Saricakaya ve
Beypazan igin ilk reaksiyon 600 K iizerine taginirken daha sonrakiler 700 K civarinda
(Tablo-4) olusmaktadir. Bu sdzii gegen bitiimlii seyllerde organik madde tipinin ve
olgunlugunun birbirinden farkh olmasindan kaynaklanmaktadir. Can bitiimli geylinde
ise tiim organik madde transformasyonu 472 K gibi diisiik bir degerden baglayip 617 K

de maksimuma ulagan ve olusan tiim reaksiyonlari igine alan tek bir reaksiyon

bélgesinden olugmaktadir.
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Tablo-4 Bitiimlii Seyllerin Organik Madde Degisim Sicakliklar

Bitiimli Seyller Degisim Sicakhiklan (K)
Beypazan 607.5 -739.4
Seyitomer 588.8 - 646.9
Hatildag 603.5 - 707.1
Himmetoglu. 584.0 - 684.0
Mengen 586.1 - 655.5
Demirci 589.2 - 640.5
Saricakaya 624.6 - 736.1

Can 405.5 -748.5

4.2 Kinetik Analiz Sonuclan

Isisal analiz yontemlerinin uygulanmas: ile yapilan kinetik analiz ¢aligmalarinda

temel olarak kullanilan denklem;
do/dt=k gn (1)

Burada a reaksiyona giren madde miktarini, n reaksiyon katsayisini, & ise reaksiyon oran

sabitini gostermektedir. Sicakliga bagl bir veri olan reaksiyon oran sabiti (k) Arrhenius

denklemi ile agagidaki sekilde ifade edilmektedir.
k= A exp (-E/RT) (2)

Proje kapsaminda agagida belirtilen kinetik analiz yontemleri igin bir bilgisayar programi

gelistirilmis olup tiim analizler bu programla gergeklestirilmistir (Ek-1).
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4.2.1 DSC Analizler::

DSC termogramlanmn kinetik analizlerinde Roger & Morris metodu oncelikli
olarak kullaniimaktadir. 7
4.2.1.1 Roger ve Morris Metodu (1960)

Roger ve Morris tarafindan geligtirilen yontemde yanma sonucu olugan reaksiyon
bolgesi iginde iki farkhi sicaklik noktasi ve ’béséline’ dan reaksiyona olan uzakhiklar

kullanilarak aktivasyon enerjisi asagida belirtilen denklemle hesaplanur.
-E =R {InD,-InD,) / (1/T-UT,)}

4.2.2 TG/DTG Analizleri:
Kinetik analizlerde en gok TG/DTG termogramlan kullanilmakta olup literatiirde

onbes den fazla yéntem mevcuttur. Bu proje kapsaminda kullanilan yontemler

agagidadir.

4.2.2.1 Temel Arrhenius Metodu (Kok ve Okandan, 1996)
Temel Arrhenius metodunda numunenin agirthk kaybi orami hiz sabitine,
reaksiyon sonucu kalan madde miktanina ve sicakliga bagh olarak ele alinmigtir.

Analizlerde kullanilan denklemin en son hali agagida verilmektedir.
log {(dw/dt) / w} = logA - E/2.303RT @

log {(dw/dt) / w} ye karsilik 1/T grafigi reaksiyonun olustugu aralikda lineer bir bolim
olusturacak ve egimden aktivasyon enerjisi , 'Intercept den ise Arrhenius sabiti

hesaplanacaktir.
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4.2.2.2 Coats ve Redfern Metodu (1964)
Bu yontemde farkli reaksiyon katsayilam (0.5 ile 2 arasinda) varsayilarak

numunelerin  aktivasyon enerjileri ve Arrhenius sabitleri hesaplanir. Analizlerde

kullanilan denklemin son hali agagida verilmektedir.

log {1-(1-a)\» / T2(1-n)}= log{(AR/BE) (1-2RT/E) } - (E/2.303RT) (5)

log{1-(1-o)!® / T2(1-n) ye karsihk 1/T grafigi reaksiyonun olugtugu arahkta lineer bir
bélim olusturacak ve egim = -E/2.303R bagintisindan  aktivasyon enerjisi
hesaplanacaktir. Bu aragtirmada reaksiyon katsayilann 1/2, 2/3, 1, 3/2 ve 2 olarak

varsayilmis tiim hesaplar buna gére yapilmistir.

4.2.2.3 Maximum Point Metodu ((Michelson ve Einhorn, 1970)

Uygulama agisindan en basit yontem olup kinetik parametreler reaksiyonun
maksimum noktasindaki degerler gozéniine alinarak hesaplanur. Aktivasyon enerjisi ve

Arrhenius sabiti agagidaki denklemlerden bulunmaktadir.

E =RT?/ {w(-dw/dt)} (6)
A = (BE/RT?) exp(E/RT) (7)

4.2.2.4 Ingraham ve Marrier Metodu (Kok ve Okandan, 1996)

Bu y6ntemde 1sitma hizinin etkiside analizlerde gdzéniine alinmis olup kinetik

parametrelerinin tayininde kullanilan denklemin son hali agagidaki hale gelmistir.

log(dw/dt) = logT-logf+logA-E/2.303RT (8)
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log(dw/dt)-logT+logB ye karsihk 1/T grafigi reaksiyonun olustugu aralikia lineer bir

bolim olusturacak ve egim = -E/2303R bagmntisindan aktivasyon enerjisi

hesaplanacaktir.

4.2.2.5 Horowitz ve Metzger Metodu (Beg ve Qaiser, 1990)
Bu yontemde reaksiyon katsayisi bir kabul edilmis olup kinetik parametrelerinin

tayininde kullanilan denklemin son hali agagidaki hale gelmigtir.
In [-In(1-0)] = [E/ART?)] © 9

In[-In(1-a)] ye karsilik © grafigi reaksiyonun olustugu aralikta lineer bir bolim

olugturacak ve egim = -E/2.303RT2 bagintisindan aktivasyon enerjisi hesaplanacaktir.

Kinetik analiz kisminda o&ncelikle Roger ve Morris yontemiyle (DSC
termogramlarim kullanarak ) yapilan ¢ahigma sonucu bitimli seyllerin aktivasyon
enerjilerinin 33.1-148 kJ/mol arasinda degistigi gozlenmigtir (Tablo 5). Ikinci kisimda
ise TG/DTG termogramlarimi kullanarak yapilan analizlerde (Sekiller 18-25) bes farkli
yontem kullamlmigtir. Bu ydntemlerle yapilan analizler sonucunda bitiimli seyllerin
aktivasyon enerjileri arasinda bir farkhlik gozlenmistir (Tablo 5). Bu farklilik gerek
kinetik parametrelerin tayininde kullamilan denklemlerden gerekse modellerin
olugturulmasi esnasindaki varsayimlardan olugmaktadir Gerek farkh reaksiyon katsayilari
varsayilarak analiz yapabilme ozellifi gerekse bu konuda literatiirde de yapilan
calismalar sonucu kinetik parametrelerin tayininde en giivenilir yontemin Coats &
Redfern modeli oldugu sonucuna varilmigtir. Coats & Redfern modeline gére bitlimlii
seyllerin aktivasyon enerjilerinin 37.5 - 173.8 kJ/mol arasinda degistigi, reaksiyon
katsayisinin ise tiim bitiimlii seyllerde 1 oldugu yapilan analizler sonucu bulunmugtur.
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Sekil 20 : Hatildag Bitimli Seylin Arrhenius Grafikleri
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Sekil 21 : Himmetoglu Bitimlii Seylin Arrhenius Grafikleri
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Sekil 23 : Demirci Bitiimlii Seylin Arrhenius Grafikleri
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Sekil 24 : Saricakaya Bitiimli Seylin Arrhenius Grafikleri
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Isil kazammi en yiiksek olan Himmetoglu bitiimlii geylinin en yliksek aktivasyon enerjisi

degerine sahip oldugu, degisik yapiya sahip bitiimli seyllerin kinetik parametrelerininde

farkli oldugu gézlenmistir.

Tablo-5 Bitiimlii Seyllerin Aktivasyon Enerjileri (kJ/mol)

Roger&Morr. | Arrhenius Coats&Redf. Max.Point Ingra.&Marr. | Horow.&Met.

Beypazari 61.9 43.7 64.4 71.2 40.6 91.5

Seyitémer 33.1 85.9 65.3 74.7 78.6 70.1

Hatildag 141.0 117.7 54.5 58.8 59.4 93.9
Himmetoglu. 148.0 161.5 173.8 198.1 88.9 210.1
Mengen 46.5 68.2 59.9 68.4 60.8 87.8
Demirci 62.6 16.9 48.3 52.6 12.4 543
Saricakaya 62.7 - 375 44.6 - 74.6
Can 45.0 571 61.3 68.8 50.1 63.4
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sexxx%x Kinetic Analysis Program for Thermal Analysis Methods **xxxx
322SR LSS RS &SRS SR by M. Reha Pamir LR R RS SR EE SR SRR SRS EEEEEEE R

2SR EE R EE S SRS Middle East Technical University khkhkdkhkhkhkhkhkikhkdhdrkddtx
srxxxkx+x* Petroleum and Natural Gas Engineering Department **x**x*

;tf****************************************************************

DIMENSION Temp (50),Wei(50),Derwe(50),Alpha(0:50)
Dimension Temp2 (50), Wei2 (50), Derwe2(50),Time (0:50)

Dimension tt (50), ww(50)

1 Print*, ’'Press the number corresponding to the method’
Print*,’ 1 -- Maximum Point Method ’
Print*,’ 2 -- Unity Method ’ .
Print*,’ 3 -- Coats and Redfern Method’
print*,’ 4 -- Horowitz and Metzger Method’
print*,’ 5 -- Ingraham and Marier Method’

Read*, III
IF(III.LT.1.0R.III.GT.5) GOTO 1

If (III.eqg.1l) then
Print*, ’For Maximum Point Method Reaction Order (n) is 1 and’

Print*, ‘Activation Energy (E) and Arrhenius constant (A) can

*bhe found’
Print*
Print*,’E= n*R*Tm**2/(Ym) * (-dy/dt)
Print*, A= b*E/R/Tm**2*exp(E/(R*Tm))'
Print+*,"Enter Tmax in (K), amount of material left (¥Ym) in (mg)"’
Print*, ‘rate of weight loss (-dy/dt)in (mg/K), heat rate (b)

*respectively’
read*, Tm, Ym, DYDT, b
R=8.314
E=1*r*Tm**2 /Ym* (dydt)
print*,‘e=',E

GGG = E/(R*Tm)

Print*, 'GGG =',GGG

A= b*E/R/tm**2*exp (GGG)
print*, A= ‘A

Endif

If (III.eq.2) then
Print*,’'For unity method, reaction order (n) is 1 '
Print*,'E equals - (slope of plot log(dw/dt.l1/w) vs 1/t)*R*2.333
*where Arrhenius constant (A) 1is the intercept’
print*
7 Print*,’Enter number of data steps, K’
Print*
Print*, ‘Do not enter K bigger than 50’
read* , k
print*
If(k.GT.50) goto 7

print*, 'Enter Temp (K), Weight (mg) and Derivative Values (mg/min

*) respectively

print*, ’'For every step’
do 99 I=1,k
read*, temp(i), wei(i), derwe(i)

99 Continue
do 30 1i=1,k
temp2 (1) = 1/temp (i)

30 derwe2 (i) = alog 10 (derwe (i) /wel (i
Call xxx(temp2,derwe2,k,E,A)
El=2.333*E
Print*,’'E =’ ,El
Print*, ‘A =',A

endif
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27

28

29

IF(III.eq.3) Then
Print*,’In Coats & Redfern Method reaction order (n) is assumed’

Print*,’ Activation Energy (E) & Arrhenius Constant (A) can be

*determined’
Print*

Print*,’Enter a value less than 2 for reaction order’

Read*, RO

Print¥*

If (RO.GT.2.0) goto 23

Print*

Print*,’Enter a value less than 50 for data steps ,K
Read*, K

IF(K.gt.50) goto 24

Print*

Print*,’Enter weight initial and weight final respectively’
Read* ,Wo,wt

Print*

Print*,’Enter Temp(K) & weight (mg) respectively for each step’
Do 25 I=1,k

Read*, Temp (1) ,Wei (1)

Do 26 I=1,K

Alpha(i)= (wo-Wei(i))/(wo-wf)

If (RO.EQ.1) Then

Print*, ‘Activation Energy (E) equals slope of the plot’
Print*,’"1ln(-(ln(1-Alpha))/T**2) vs 1/T"multiplied by Universal

’

*gas constant R’

pPrint¥, ‘where Alpha is the weight fraction reacted in time t’

Do 27 I=1,k

Temp2 (i) =1/temp (i)
Derwe2 (i) =Alog(-1* (Alog(1-Alpha(i)))/(Temp(i)**2))

Call xxx(Temp2,Derwe2,K,E,A)

Print*, 'E =',E
Print*, 'A =',A
BElse

Print*,’ Activation Energy (E) equals -slope of the plot '/
print*,’"In[{1-(1-Alpha)**(1-n)}/{T**2*(1-n)}] vs 1/T" multip-

*1lied by Universal gas constant R’

Print*, ’where alpha is the weight fraction reacted in time’

Do 28 I= 1,K
Temp2 (1) =1/Temp (i)
Derwe2 (i) =Alog( (1- (1-Alpha(i))** (1-RO))/{(Temp(i)**2* (1-RO)))
Print*,Derwe?Z (i)

Call xxx(temp2,derwe2,K,E,A)

Print*,’'E =’ ,E

Print*,’'A =’, A

Endif

Endif

I1f(II1.eq.4) then

Print*,’In Horowitz and Metzger Method ln(-1ln(l-alpha)) = (E / (R*

*Tm**2) ) *Teta’

Print*,’where Alpha is the weight fraction reacted in time t’
Print*,’Teta is the difference between reference temperature at the

*point of inflexion of the reaction curve and the changed variable’

Print*

Print*, ’'Enter reference temperature Tm (K)'

Read*, Tm

Print*

Print*,'Enter a value less than 50 for data steps ,K '/
Read* , K

IF(K.gt.50) goto 29

Print*

Print*, 'Enter weight initial and weight final respectively’

Read*,Wo,wt ,
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Print*

print*,’Enter Temp(K) & weight (mg) respectively for each step’
Do 32 I=1,k

Read*, Temp (i) ,Wei (1)

Do 34 I=1,K

Alpha(i)= (wo-Wei(i))/(wo-wf)

Print¥*

Print*,’ Activation Energy (E) equals -slope of the plot '’
print*, "ln(- (ln(l-Alpha))) vs teta "multiplied by Universal

xrgas constant R and square of reference temperature Tm**2‘

Print*

Do 36 I=1,k

Temp?2 (1) =Temp (1) -Tm

Derwe2 (i) =Alog(-1* (Alog(1l-Alpha(i))))
Call xxx(Temp2,Derwe2, K,E,A) :
El=E*Tm**2

Print*, 'E =',El
Print*, ‘A =’,A
Endif

Print*

If (III.eq.5) then
print*, 'For Ingraham and Marier Method, reaction order (n) is 1 7

Print*, 'E equals - (slope of plot log(dw/dT)-log(T)-log (B)) vs 1/T)

*1/T )*R*2.333 where Arrhenius constant (A) is the intercept’

40

*respectively for every step

41

42

188

200

print*

Print*,’Enter number of data steps, K’
print*

Print*, 'Do not enter K bigger than 50’
read*, k

print*

If(k.GT.50) goto 40
Print*, 'Enter heating rate , B (Temperature change /minute)

Read~*, B
print*,’Enter Temp (K), Weight (mg) and Derivative Values (mg/K)

r

7

do 41 I=1,k

read*, temp (i), wei(i), derwe(i)

Continue

do 42 i=1,k

temp2 (i) = 1/temp (i)

derwe?2 (i) = alog 10 (derwe (1)) -aloglO (temp(i))+alogll (B)
Call xxx(temp2,derwe2, k,E, A)

El=2.333*E
Print*,'E =’ ,ELl
Print*, ‘A =',A
endif

Print*

Print*, 'Would you like to do an other analysis? (¥=1,N=2)’
Read*, IYN

If(IYN.eg.1l) goto 1

If(IYN.eg.2) goto 200

If(IYN.ne.l.and.iyn.ne.2) goto 188

stop

end

Subroutine xxx(temp2,derwe2,k,E,A)
Dimension temp2 (50), derwe2(50)
x=0

y=0

x2=0

xy=0

y2=0
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Do 333 I=1,k

X= X + temp2 (1)

y= y+ derwe2 (i)

print*,x,y

xy= Xy + temp2(i)*derwe2 (i)

y2= y2 + derwe2 (i) **2

X2= X2 + temp2 (i) **2

Continue

Print*, 'x=',x,’'y=",Y, ' Xy=",Xy

Print*, 'y2=',y2, 'x2=",%x2

Print*

Print*, ‘Linear regression coefficient (slope of the line) is’
Print*, ‘multiplied by gas constant R in order to determine

*Activation Energy, E’

E=-1* (k*xy-x*y) / (k*x2-x**2)*8.314

Print*
Print*, ‘Linear regression constant term (intercept of the y-axis)

equals Arrhenius constant, (A)
A= (y*x2-x*xy) / (k*x2-x**2)
print*

print*

print*,’Square of Correlation coefficient, R"2 equals’
print*, 'R 2= ((xy-x*y/k) /sqrt ((x2-x**2/K) * (y2-y**2/k)) ) *¥*2’
RR=( (xy-x*y/k) /sqrt ((x2-x**2/k) * (y2-y**2/k)) ) **2

print*

print*,’R*2= ’,RR

Return

End
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Unity Method Coats & Redfern Method

Temp.|Weight |Der. Wei. | 1/T log (d.wiw.) F in(-{In(1-

K mg ma/min {(K) Temp (K)|Alpha (1K) alp)rr2)
520] ©.443] 0.01025] 0.001923] -2.964380 540 | 0.059791| 0.001852| -15.369375
525] 9.438| 0.01186{ 0.001905| -2.900795 545 0.074738! 0.001835| -15.156745
530| 9.432| 0.01454{ 0.001887] -2.812038 550 0.0896861 0.0018181 -14.984661
535] 9.424| 0.01837] 0.001869{ -2.710126 555 0.110613| 0.001802f -14781616
540| 9.415| 0.02053| 0.001852{ -2.661431 560 0.130045| 0.001786] -14 626801
545| 9.405| 0.02169| 0.001835{ -2.637099 565 0.149477| 0.00177] -14.494405
550 9.395| 0.02671| 0.001818 -2.5648 570 0.170404| 0.001754] -14.368804
555] 9.381| 0.02605] 0.001802| -2.556441 575 0.19432| 0.001739 -14 2409
560 9.368] 0.02613| 0.001786] -2.554507 580 O.218236l 00017241 -14 127657
565| 9.355| 0.02871{ 0.00177{ -2.513011 585 0.242152] 0.001709| -14.025976
570] 9.341| 0.02925| 0.001754| -2.504268 580 0.267564| D.001695] -13.926991
575! 9.325| 0.03682| 0.001739] -2.403565 595 0.295964| 0.001681| -13.824303
580{ 9.309| 0.03349| 0.001724| -2.4439088 600 0.333333] 0.001667, -13.69658
585! 9.293| 0.03476| 0.001709| -2.427076 605 0.369208] 0.001653]| -13.565294
590| 9.276] 0.03865{ 0.001695] -2.380211 610 0.405082] 0.001639]  -13.48213
5951 9.257] 0.04192{ 0.001681] -2.344049 615 0.440957 0.001626T -13.38534
600] 9.232] 0.06155{ 0.001667 -2.2728 620 0.476831]| 0.001613] -13.293534
605 ©.208| 0.05021 0.001653} -2.263462 625 0.5142 0.0018] -13.20129
610]  9.184| 0.05029{ 0.001639] -2.26155 630 0.547085| 0.001587{ -13.124569

635 0.578475{ 0.001575] -13.053575
640 0.608371] 0.001563| -12.987539
845 06472357  0.00155] -12.887405
650 0.681614} 0.001538| -12.818984
655 0.717489] 0.001527| -12.73496
660 O~756353] 0.001515] -12.639449
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BEYPAZARI

Tm = Horowitz & Metzger ingraham & Marier B=5

665 K ) In[- (In(1-alpha)] T(K) | weight dw/dT 1T log{dw/dT)
TK) |T-Tm (mg) (1/K) -log T +log B
540 -125 -2.786236577 520 9.443| 9.84E-04} 0.001923| -5.024126521
545 -120 -2.555173065 525 9.438] 0.001131| 0.001905] -4.967726694
550 -115 -2.364824473 530 9.432; 0.001373] 0.001887| -4.887635328
555 -110 -2.143680122 535 9.424| 0.001684| 0.001869| -4.803041691
560 -105 -1.971027683 540 9.415] 0.001908; 0.001852| -4.752845385
565 -100 -1.820754022 545 9.405| 0.002067] 0.001835| -4.722086021
570 -95 -1.677631391 550 9.395| 0.002485| 0.001818| -4.646066292
575 -90 -1.532159842 555 9.381] 0.002625| 0.001802| -4.626193671
580 -85 -1.401600521 560 9.368] 0.002548] 0.001786] -4.643018599
585 -80 -1.282752495 565 9.355] 0.002702} 0.00177| -4.621393099
590 -75 -1.166745522 570 9.341) 0.002947| 0.001754| -4.587524715
595 -70 -1.047180001 575 9.325| 0.003266] 0.001739| -4.54668166
600 -65 -0.902720456 580 9.309] 0.003204| 0.001724| -4.558765482
605 -60 -0.774837295 585 9,293} 0.003342] 0.001709| -4.544179416
610 -55 -0.655211803 590 9.276| 0.003622] 0.001695| -4.512933561
615 -50 -0.542095705 595 9.2571 0.00413] 0.001681| -4.45959691
620 -45 -0.434094693 600 9.232| 0.005049} 0.001667| -4.375975875
625 -40 -0.325787098

630 -35 -0.233129174

635 -30 -0.146324894

640 -25 -0.064602996

645 -20 0.0410958122

650 -15 0.134960778

655 -10 0.234310603

660 -5 0.345031118
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Unity Method Coats & Redfern Method

Temp. Weight | Der. Wei. 1T log (d.wiw.) Temp} Alpha [1/T In(-(In(1-

K mg mg/min (K) (K) (1/K) alp)yT"2)
480 8.774 |0.005739 | 0.002083 | -3.1843614 505 0.025285| 0.00198] -16.11389
485 8768 | 0.006934 | 0.002062 |-3.1019167 510] 0.028846| 0.001961 -16
490 8.762 | 0.007333| 0.002041|-3.0773216 515| 0.032407] 0.001942| -15.90128
495 8.754 | 0.007504 | 0.00202 |-3.0669137 520| 0.036325| 0.001923| -15.80447
500 8746 |0.009916| 0.002 | -2.945473 525| 0.040954| 0.001905| -15.70126
505 8.736 | 0.009761| 0.00198 |-2.9518183 530{ 0.04594| 0.001887| -15.60275
510 8.726 0.01079 | 0.001961 | -2.9077938 535| 0.051994| 0.001869| -15.49458
515 8.716 0.01119 | 0.001942 | -2.8914871 540{ 0.059117| 0.001852| -15.38106
520 §.705 0.01227 | 0.001923 | -2.8509242 545| 0.067664| 0.001835] -15.25985
525 8.692 0.01374 | 0.001905 | -2.801133 550| 0.077635| 0.001818] -15.13543
530 8.678 0.01619 | 0.001887 |-2.7291728 555| 0.089031| 0.001802] -15.01044
535 8.661 0.01925 | 0.001869 |-2.6531373 560| 0.102564| 0.001786| -14.87952
540 8.641 0.02295 | 0.001852 |-2.5757813 565| 0.117165| 0.00177| -14.75616
545 8.617 0.02778 | 0.001835 | -2.4916239 570| 0.133903| 0.001754| -14.63089
550 8.589 0.03238 | 0.001818 | -2.4236658 575) 0.152778| 0.001739| -14.50576
555 8.557 0.03567 | 0.001802 | -2.3800184 580{ 0.172721| 0.001724| -14.38883
560 8.519 0.04136 | 0.001786 | -2.3138081 585| 0.194801| 0.001709} -14.27263
565 8.478 0.04654 | 0.00177 | -2.260467 590| 0.218305| 0.001695] -14.16149
570 8.431 0.05123 | 0.001754 | -2.2163547 595| 0.243946{ 0.001681| -14.05137
575 8.378 0.05559 | 0.001739 | -2.1781437 600| 0.271724| 0.001667] -13.94248
580 8.322 0.06182 | 0.001724 | -2.1290987 605| 0.300926{ 0.001653| -13.83768
585 8.26 0.06644 | 0.001709 | -2.0945504 610| 0.331553| 0.001639] -13.73624
590 8.194 0.07191 | 0.001695 | -2.0567067 615| 0.365028| 0.001626| -13.63252
595 8.122 0.07719 | 0.001681 | -2.0221019 620 0.399929| 0.001613] -13.5314
600 8.044 0.0825 |0.001667 |-1.9890181 625| 0.435897 0.0016| -13.43321
605 7.962 0.08859 | 0.001653 | -1.9536375 630| 0.471866| 0.001587] -13.34022
610 7.876 0.09418 | 0.001639 | -1.922347 635] 0.508191| 0.001575| -13.25021
615 7.782 0.09877 | 0.001626 | -1.8964662 640| 0.542735| 0.001563| -13.16821
620 7.684 0.1031 | 0.001613 |-1.8723287 645 0.57443| 0.00155]| -13.09594
625 7.583 0.1049 0.0016 |-1.8590656 650| 0.604345| 0.001538| -13.02952
630 7.482 0.1038 | 0.001587 |-1.8578204 655| 0.632123| 0.001527| -12.96927
660| 0.657407| 0.001515] -12.91569
665| 0.680556| 0.001504| -12.86752
670| 0.702279| 0.001493] -12.82261
675 0.722934] 0.001481| -12.77983
680| 0.741809| 0.001471] -12.74108
685| 0.759615] 0.00146] -12.7043
690| 0.775641| 0.001449] -12.67159
695| 0.790598| 0.001439] -12.6409
700{ 0.804843| 0.001429] -12.61116
705| 0.81802| 0.001418| -12.5835
710} 0.830128| 0.001408] -12.55802
715] 0.842236| 0.001399| -12.53119
720| 0.853276| 0.001389| -12.50659
725 0.86396| 0.001379] -12.4818
730| 0.873932| 0.00137] -12.45809
735| 0.883191| 0.001361] -12.43557
740| 0.892094| 0.001351]| -12.41287
745] 0.899573| 0.001342| -12.39459




CAN

Tm= Horowitz & Metzger Ingraham & Marier B= 5

25.64 K 0 in[- (In(1-alpha)] T(K) weight dw/dT 1T log(dw/dT)
: T(K) T-Tm (mg) (1K) [-Hog T +log B
; 505 T120.64] -3.664770188 480 8774 | 0.001145|0.002083 | -4.92346575
;510 11564 -3.531179117 485 8768 |0.001273 | 0.002062 | -4.88194333
I 515 7110.64] -3.412941402 490 8762 10001401 0.002041 | -4.84478794
© 520 10564 -3.296811518 495 8754 |0.001526| 0.00202 | -4.81208066
525 ~100.64| -3.174460159 500 8746 ]0.001823| 0.002 | -4.73921333
530 0564 -3.056993066 505 8736 |0.001982| 0.00198 | -4.70721772
535 90.64| -2.930042549 510 8726 | 0.002088 | 0.001961 | -4.68886968
540 8564 -2.79792655 515 8716 |0.002137 | 0.001942 | -4.6830327
545 8064 -2.658377303 520 8705 | 0002355 | 0.001923 | -4.64504243
550 7564 -2.515597507 525 5602 | 0002672 0.001905 | -4.59435285
555 _70.64| -2.37250572 530 8678 | 0003059 |0.001887 | -4.53972639
560 6564 -2.223648369 535 8661 | 0003676 0.001869 | -4.46400827
565 6064 -2.082508375 540 8641 |0.004411]0.001852| -4.3888867
570 5564] -1.939620317 545 8617 |0.005203 ] 0.001835 | -4.32117267
575 50.64| -1.797019751 550 5530 | 0.006034 | 0.001818 | -4.26078738
580 4564 -1.662769955 555 8557 |0.007001|0.001802| -4.2001629
585 40 64| -1.529401545 560 8510 |0.007887 | 0.001786 | -4.15230618
590 35.64] -1.401243791 565 5478 10.008816| 0.00177 | -4.10780686
595 -30.64] -1.27424398 570 8431 |0.009941 ) 0.001754 | -4.05947478
600 22564 -1.148617897 575 8.378 00109 |0.001739| -4.02327134
605 2064 -1.027226285 580 8300 | 0.01187 | 0.001724 | -3.99000727
610 11564 -0.809320757 585 8.26 001281 | 0.001709 | -3.96063673
615 210.64| -0.789272368 590 8104 | 0.01384 | 0.001695 | -3.93074592
620 564| -0.671959391 595 5122 | 0.01498 | 0.001681 | -3.90003515
625 0.64| -0.55770902 600 8044 | 0.01591 | 0.001667 | -3.87751107
630 436| -0.448781738 605 7962 | 0.01681 | 0.001653 | -3.85721766
635 9.36| -0.342962798 610 7876 | 0.01805 | 0.001639 | -3.82988262
640 14.36] -0.245271221 615 5780 | 0.01912 | 0.001626 | -3.80841722
645 19.36| -0.157442073 620 7684 | 0.01988 | 0.001613 | -3.79500531
650 2436 -0.075573071 625 7.583 00203 | 0.0016 | -3.78941398
655 29.36| 5.29601E-06

660 3436| 0.068791945

665 39.36 0.13205572

670 4436 0.1919411

675 49.36| 0.249591688

680 5436 0.303104614

685 5936 0.354533204

690 64.36| 0.401797019

695 69.36] 0.446927421

700 7436| 0.491001913

705 79.36] 0.532895194

710 84.36| 0.572510168

715 89.36] 0.613377516

720 94.36] 0.651910733

725 99.36! 0.690547382

730 104.36| 0.727998193

735 109.36| 0.764171261

740 114.36] 0.800428582

745 119.36| 0.832178723
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DEMIRCI

Unity Method Coats & Redfern Method
Temp| Weight | Der. Wei. 1T log (d.wiw.) Temp - {Alpha |17 In(~(in{1-
(K) mg mg/min (K) (K) i_(m{) alp))T*2)
570 | 8.681 | 0.01397 [0.001754 | -2.793373 570 0.13342 | 0.001754 | -14.6348
575 | 8.667 | 0.01513 | 0.001739| -2.75803 575 0.151554| 0001739 | -14 5145
580 | 8.652 | 0.01601 [0.001724 | -2.732725 580 | 0.170984 | 0.001724 | -14.3999
585 | 8.637 | 0.01796 [0.001709 | -2.682057 585 | 0.190415]|0.001709| -14.298
580 | 8.619 | 0.01772 | 0.001695 | -2.686993 590 |0.213731]0.001695 | -14.1855
595 | 8.601 | 0.01803 | 0.001681| -2.678553 595 | 0237047 | 0.001681 | -14.0844
600 | 8.584 | 0.0189 [0.001667 | -2.657228 600 | 0.259067 | 0.001667 | -13.9983
605 | 8.565 | 0.01959 | 0.001653 | -2.640693 605 | 0.283679 ] 0.001653 | -13.9082
610 | 8.547 | 0.01947 | 0.001639 | -2.642448 610 | 0.306995 | 0. 01639143.8301
615 | 8.528 | 0.01977 | 0.001626 | -2.634841 615 | 0.331606 | 0.001626 | -13.7524
620 | 8509 | 0.02019 |0.001613 ] -2.624742 620 | 0.356218 | 0.001613 | -13.6795
625 | 8.489 | 0.02011 | 0.0016 | -2.625444 625 | 0382124 0.0016 | -13.6064
630 | 8.469 | 0.02095 | 0.001587 | -2.606648 630 | 0.408031 -13.5371
635 | 8.448 | 0.02176 | 0.001575 | -2.589095 635 | 0.435233]| 0001575 | -13.467
640 | 8.427 | 0.02235 [ 0.001563 | -2.576395 640 10.462435]0.001563 | -13.3998
645 | 8.406 | 0.02235 | 0.00155 | -2.575312 645 | 0.489637] 0.00155 | -13.3351
650 | 8.383 | 0.02353 | 0.001538 | -2.551778 650 0.51943 | 0.001538 | -13.2649
655 | 8.361 | 0.0236 |0.001527 | -2.549346 655 |0.547927 0.001527l -13.2001]
660 | 8.338 | 0.02334 [0.001515 | -2.552961 660 057772 | 0.001515] -13.1329
665 | 8.316 | 0.02341 [ 0.001504 | -2.550513 665 | 0606218 0.001504' -13.07.
670 | 0634715 0.001493 | -13.0075
675 |0.663212]0.001481 ~12.9448!
680 | 0.689119]0001471] -12.8886
685 |0713731] 0.00146 | -12.835 |
690 | 0.738342]0.001449 | -12.7802
695 | 0760363 0001439 -12.7311
700 0.779793 -12.6879
705 | 0.797927 -12.6469
710 | 0.814767 -12.6081
715 | 0829016 125757
720 0.84456 -12.5371
725 |0857513] -2 5053
730 | 0.870466| 0.00137 | -12.4713
735 0.88342 0.001351 -12.4347
740 |0.895078 -12.4004
745 | 0.906736 -12.3629
750 | 0.917008 | 0.001333 | -12.3278
755 | 0.927461]0.001325 | -12.2889
760 | 0.936528 | 0.001316 | -12.2524




DEMIRCI

Horowitz & Metzger Ingraham & Marier B=5
Tm = 657 0 in{- (In(1-alpha)] T (K) weight dwridT 1T log(dw/dT)
T (K) T-Tm (mg) (1K) -logT + logB
570 -87.69| -1.943509603 570 8.681 0.00269| 0.00175{ -4.627152571
575 -82.69| -1.805761151 575 8.667 | 0.002845| 0.00174 -4.60661557
580 -77.69| -1.673889111 580 8652 | 0.003017| 0.00172] -4.584882679
585 -72.69] -1.554793961 585 8.637 | 0.003366| 0.00171 -4.54107175
590 -67.69| -1.425219161 590 8.619 | 0.003506] 0.00169| -4.527070096
595 -62.69] -1.307267432 595 8601 | 0.003481| 0.00168| -4.533842938
600 -57.69| -1.204487741 600 8584 | 0.003592| 0.00167| -4.523844918
605 -52.69| -1.09773303 605 8.565 | 0.003725| 0.00165] -4.511658093
. 610 -47.69| -1.003162656 610 8.547 | 0.003748| 0.00164| -4.512560248
§ 615 -42.69| -0.909122027 615 8.528 | 0.003811] 0.00163| -4.508866163
§ 620 -37.69| -0.820084309 620 8.509 | 0.003915| 0.00161| -4.500689919] -
;i 625 -32.69| -0.730915386 625 8.489 | 0.003976| 0.0016] -4.497463637
i 630 -27.69| -0.645689029 630 8.469 0.00404| 0.00158 -4,49398918
. 635 -22.69| -0.559766763 635 8.448 | 0.004211| 0.00157 -4.47941848
§ 640 -17.69| -0.476897691 640 8.427 | 0.004286] 0.00156| -4.475157803
. 645 -12.69] -0.396554465 645 8.406 0.00435| 0.00155| -4.472100453
. 650 -7.69} -0.310906364 650 8.383 | 0.004495| 0.00154| -4.461213656
655 -2.69| -0.230781864 655 8.361 | 0.004508| 0.00153| -4.463287388
% 660 2.31 -0.14839889 660 8.338 | 0.004508| 0.00152| -4.466590024
; 665 7.31] -0.070468765 665 8.316 | 0.004434| 0.0015| -4.477055952
§ 670 12.31] 0.007052551 670 8294 | 0.004306| 0.00149| -4.493030773
. 675 17.31] 0.084619528 875 8.272 | 0.004229| 0.00148| -4.504096083
% 680 22317 0.155588754 680 8252 | 0.003972| 0.00147| -4.534529669
% 685 27.31] 0.223800814 685 8.233 | 0.003774| 0.00146] -4.559918671
. 690 32.31] 0.293204436 690 8.214 | 0.003534| 0.00145] -4.591612541
. 695 37.31| 0.356715051 695 8197 | 0.003224| 0.00144! -4.634619767
700 42.31] 0.414217436 700 8.182 | 0.002923| 0.00143 -4.68028922
705 47.31 0.46945882 705 8.168 | 0.002658| 0.00142] -4.724664136
710 52.31] 0.522441845 710 8.155 | 0.002425| 0.00141| -4.767576601
715 57.31 0.56882051 715 8.144 | 0.002312] 0.0014| -4.791348208
720 62.31 0.62137875 720 8.132 | 0.002192| 0.00139] -4.817521942
725 67.31] 0667081993 725 8.122 | 0.002036| 0.00138| -4.852590229
730 7231} 0.714817848 730 8.112 | 0.001927| 0.00137] -4.879471141
735 77.31 0.765083992 735 8.102 | 0.001893| 0.00136} -4.890166721
740 82.31] 0.812943919 740 8.093 | 0.001819] 0.00135| -4.910429016
745 87.31| 0.863867718 745 8.084 | 0.001673] 0.00134| -4.949690327
750 92311 0.912323459 750 8.076 | 0.001598| 0.00133| -4.972514484
755 97.31] 0.964559945 755 8.068 | 0.001513] 0.00132| -4.999138019
760 102.31]  1.014202707 760 8.061 | 0.001461| 0.00132] -5.017193372




PR

Horowitz & Metzger

Tm = 596 0
T(K) |T-Tm In[- (In(1-alpha)]

535 -61 -4.643782043
540 -56 -4.370338274
545 -51 -4.117206743
550 -46 -3.884556136
555 -41 -3.64697074
560 -36 -3.434813185
565 -31 -3.242831411
570 -26 -3.067260212
575 -21 -2.893813228
580 -16 -2.725149175
585 =11 -2.57948961
590 -6 -2.436103538
595 -1 -2.2961005
600 4 -2 471774277
605 9 -2.059797296
610 14 -1.962687777
615 19 -1.868531355
620 24 -1.794005679
625 29 -1.723841383
630 34 -1.661307561
635 39 -1.609075826
640 44 -1.658939327
645 49 -1.5107125
650 54 -1.467497934
655 59 -1.425674356
660 64 -1.388213378
665 69 -1.348784628
670 74 -1.307571647
675 79 -1.270381569
6880 84 -1.234160508
685 89 -1.19616576
690 94 -1.15915224
695 99 -1.120510868
700 104 -1.082850287
705 109 -1.046105041
710 114 -1.007851776
715 119 -0.968200361
720 124 -0.931752109
725 129 -0.896091764
730 134 -0.861168547

HATILDAG

Ingraham & Marier B=5 Hatildag

T(K) | weight dw/dT T log(dw/dT)
(mg) (1/K) -log T +log B |
535 9.554 8.79E-04| 0.001869! -5.085246705
540 | 9549 | 0.00116] 0.001852| -4.968965766
545 9.543 0.001369| 0.001835| -4.90102305
550 9.536 0.001586] 0.001818| -4.841089502
555 9.527 0.001827| 0.001802| -4.783584431
560 9.517 0.002101] 0.001786| -4.72679197
565 9.506 0.002385| 0.00177| -4.67558006
570 9.494 0.002641] 0.001754] -4.63513645
575 9.48 0.002922; 0.001739] -4.595017629
580 9.464 0.003175| 0.001724| -4.56271426
585 9.448 0.003439] 0.001709] -4.531753686
590 9.43 0.00378] 0.001695] -4 494300207
585 9.41 0.004013} 0.001681| -4.472077802
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HATILDAG

Unity Method Coats & Redfern Method

Temp. [Weight Der. Wei. [1/T fog (d.wiw.) Temp 1T In(-(in(1-
(K) mg mg/min  [(K) (K) Alpha (1/K) alp))/T*2)
545 9543 | 0.007367 | 0.001835] -3.112394 535 0.009575 | 0.001869 | -17.2083
550 9.536 | 0.008367 ] 0.001818 | -3.056796 540 0.012567 | 0.001852 | -16.9535
555 9.527 | 0.0098%6 | 0.001802 | -2.983496 545 0.016158 | 0.001835 | -16.7188
560 9.517 0.01144 | 0.001786 | -2.920074 550 0.020347 | 0.001818 | -16.5044
565 9.506 0.01263 | 0.00177 | -2.876594 555 0.025733 [ 0.001802 | -16.2849
570 9.494 0.01383 | 0.001754 | -2.836627 560 0.031718 | 0.001786 | -16.0907
575 9.48 0.01575 | 0.001739 | -2.779528 565 0.0383 | 0.00177 | -15.9165
580 9.464 0.01726 | 0.001724 | -2.739034 570 0.045482 | 0.001754 | -15.7585
585 9.448 0.01831 | 0.001709 | -2.712652 575 0.05386 | 0.001739 | -15.6026
590 9.43 0.01991 | 0.001685| -2.67544 580 0.063435 | 0.001724 | -15.4512
595 .9.41 0.02129 | 0.001681 | -2.645414 585 0.07301 | 0.001709 | -15.3227
600 9.39 0.0212 | 0.001667 | -2.64633 580 0.083782 | 0.001695 | -15.1963
605 9.37 0.02076 | 0.001653 | -2.654512 595 0.095751 | 0.001681 | -15.0732
610 9.351 0.02025 | 0.001639 | -2.664433 600 0.10772 | 0.001667 | -14.9656
615 9.331 0.01876 | 0.001626 | -2.696695 605 0.119689 | 0.001653 | -14.8703
620 9.314 0.01802 | 0.001613 | -2.713381 610 0.131059 | 0.001639 | -14.7896
625 9.297 0.01705 | 0.0016 | -2.736618 615 0.143028 | 0.001626 | -14.7118
630 9.281 0.01601 | 0.001587 | -2.763203 620 0.153202 | 0.001613 | -14.6534
635 9.267 0.01471 | 0.001575 | -2.799326 625 0.163375| 0.0016 | -14.5993
640 9.253 0.01413 | 0.001563 | -2.81614 630 0.17295 | 0.001587 | -14.5527
645 9.239 0.0142 | 0.00155 | -2.813337 635 0.181329 | 0.001575 | -14.5163
650 9.226 0.0137 | 0.001538 | -2.828293 640 0.189707 | 0.001563 | -14.4819
655 9.213 0.01347 | 0.001527 | -2.835033 645 0.198085 | 0.00155 | -14.4492
660 9.201 0.01351 | 0.001515| -2.83318 650 0.205865 | 0.001538 | -14.4214
665 9.188 0.01306 | 0.001504 | -2.847278 655 0.213645 | 0.001527 | -14.3949
670 9.174 0.01384 | 0.001493 | -2.821423 660 0.220826 | 0.001515 | -14.3727
675 9.161 0.014 |0.001481| -2.815815 665 0.228606 | 0.001504 | -14.3484
680 9.148 0.01445 | 0.001471 | -2.801458 670 0.236984 | 0.001493 | -14.3221
685 9.134 0.01493 | 0.00146 | -2.786601 675 0.244764 | 0.001481 | -14.2998
690 9.12 0.0154 {0.001449| -2.772474 680 0.252543 | 0.001471 | -14.2783
695 9.105 0.01553 | 0.001439 | -2.768108 685 0.260922 | 0.00146 | -14.255
700 9.09 0.01645 | 0.001429 | -2.742398 690 0.2693 | 0.001449| -14.2325
705 9.075 0.01657 | 0.001418 | -2.738524 695 0.278276 | 0.001439 | -14.2083
710 9.059 0.01698 | 0.001408 | -2.727143 700 0.287253 | 0.001429 | -14.185
715 9.042 0.01745 | 0.001389 | -2.714469 705 0.29623 | 0.001418 | -14.1625
720 9.026 0.01716 | 0.001389 | -2.720978 710 0.305805 | 0.001408 | -14.1384
725 3.01 0.01704 | 0.001379{ -2.723255 715 0.315978 | 0.001399 | -14.1128
730 8.994 0.01608 | 0.00137 | -2.747667 720 0.325554 | 0.001389 | -14.0903
725 0.335129 | 0.001379 | -14.0684

730 0.344704 | 0.00137 | -14.0473
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HIMMETOGLU

Coats & Redfern Method

Unity Method

Temp. Weight  [Der. Wei. |1/T log (d.wiw.) Temp , i

K mg mg/min  |(K) (K) Alpha K
495 9.273{ 0.007003] 0.00202} -3.1219361 495 000153 | 0.00202
5004 9.265| 0.01173 0.002] -2.8975474 500 0.00255 0.002
505 9.252 0.01741] 0.00198] -2.7254369 505 0.004208 | 0.00198
510 9.2341 0.02521{ 0.001961| -2.563817 510 0.006503 | 0.001961
515 9.207| 0.03541] 0.001942] -2.4149922 515 0.009945 | 0.001942
520 9.17| 0.04753] 0.001923| -2.2854015 520 0.014663 | 0.001923
525 9.086| 0.06518] 0.001905} -2.1442584 525 0.025373 1 0.001905
530 8.997| 0.07428] 0.001887| -2.0832258 530 0036721 0.001887
535 8.91] 0.09005] 0.001869] -1.995394 535 0.047813 | 0.001869
540 8.812 0.108] 0.001852| -1.9116507 540 0.060309 | 0.001852
545 8.697 0.1239] 0.001835] -1.8462982 545 0.074971 ] 0.001835
550 8.567 0.1376| 0.001818} -1.7942103 550 0.091547 | 6001818
555 8.427 0.1474] 0.001802{ -1.7571755 555 0.109397 | 0001802
560 8.28 0.1541] 0.001786] -1.7302277 560 0.12814 | 0.001786
565 0.14752 | 0.00177

570 0.167283 | 0001754

575 0.187046 | 0.001739

580 0.206681 | 0.001724
585 0.22567910.001709

nC(n(i-

alp))/1’'2)

-18.8908
-18 3996
-17.9179
-17 5011
-17.094
-16.7227
-16.188
-15 8315
155806
-15.3605
-15.1535
-14 9631
-14 7933
14 6427
-14 5087
14,3892
14 2834
-14.1891
-14.1067
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Horowitz & Metzger B=5 Ingraham & Marier
Tm =673 0 T (K) |weight [dw/dT [1/T log{dw/dT)
T(K) T-Tm__[in[- (In(1-aipha)] (mg) (1/K) ~tog T +1ogB
495 -178 -6.481704542 505 9.252| 0.00309] 0.00198] -4.514784744
500 -173 -5.970368041 510 9.234| 0.00452{ 0.00196| -4.353750081
505- -168 -5.468761647 515 9.207{ 0.00634| 0.00194| -4.210816473
510 -163 -5.03229091 520 9.17| 0.01186] 0.00192| -3.94294865
515 -158 -4.60567455 525 9.086] 0.01844| 0.0019] -3.755428382
520 -153 -4.215067997 535 8.91] 0.01827} 0.00187| = -3.76764523
525 -148 -3.661249196 540 8.812| 0.02147| 0.00185| -3.701591711
530 -143 -3.285768622 545 8.697] 0.02443] 0.00183|  -3.649503031
535 -138 -3.016053589 550 8.567] 0.02703] 0.00182| -3.609546639
540 -133 -2.777340666 555 8.427) 0.02888] 0.0018] -3.58472579
545 -128 -2.551937517 560 8.28] 0.02987| 0.00179 -3.5739828
550 -123 -2.343285344 565 8.128| 0.03066] 0.00177| -3.566506293
555 -118 -2.1554036
560 -113 -1.986854171
565 -108 -1.835049343
570 -103 -1.697933973
575 -98 -1.574647804
580 -93 -1.463045756
585 -88 -1.363481769
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Unity Method Coats & Redfern Method
emp| Weight | Der. Wei. 1T log (d.wiw.) Temp 1T In{=(In(1-
K mg mg/min (K) (K) Alpha (1/K) alp)/r22)
5051 9.543 |0.006449| 0.00198 | -3.170193 485 0.010497 1 0.002062 | -16.9196
5101 °9.536 |0.006566 | 0.001961 | -3.162065 490 0.011867 | 0.002041 -16.8169
5151 9.529 ]0.009399 | 0.001942 | -3.005966 495 0.014149 | 0.00202 | -16.6601
5201 9.519 0.01052 | 0.001923 | -2.956576 500 0.016431 0.002 | -16.5295
5251 9.508 0.01242 | 0.001905 | -2.883968 505 0.018713| 0.00198 | -16.4182
530 9.495 0.015 0.001887 | -2.801404 510 0.021908 | 0.001961 1 -16.2787
535 9.48 0.01903 | 0.001869 | -2.69737 515 0.025103 | 0.001942 | -16.1604
540 | 9.461 0.02096 | 0.001852 | -2.654546 520 0.029667 | 0.001923 | -16.0104
545 9.44 0.02436 | 0.001835| -2.588295 525 0.034687 | 0.001905 | -15.8706
550 |. 9.415 0.028 | 0.001818| -2.526662 530 0.040621 | 0.001887 | -15.7286
555] 9.386 0.03176 | 0.001802| -2.4706 535 0.047467 | 0.001869 | -15.588
560 9.354 0.03659 | 0.001786 | -2.407635 540 0.056139 | 0.001852 ] -15.4343
565 9.317 0.04074 | 0.00177 | -2.359255 545 0.065723 1 0.001835 | -15.2901
570 | 9.276 0.04534 | 0.001754 | -2.310879 550 0.077134 1 0.0018181 -15.1422
5751 9.233 0.05098 | 0.001739| -2.257943 555 0.09037 | 0.001802 | -14.9948
580 | 9.185 0.0551 | 0.001724 | -2.221928 560 0.104975{ 0.001786 | -14.855
585 9.13 0.05804 | 0.001709 | -2.196743 565 0.121862| 0.00177 | -14.7142
590 | 9.073 0.05966 | 0.001695 | -2.182068 570 0.140575| 0.001754 | -14.5785
55| 9.015 0.0597 | 0.001681 | -2.178991 575 0.160201 | 0.001739 | -14.454
580 0.182109 | 0.001724 | -14.3304
585 0.207211 | 0.001709 | -14.2034
590 0.233227 | 0.001695].-14.0861
595 0.259699 | 0.001681 | -13.9788
600 0.286627 1 0.001667 | -13.8793
605 0.313099 | 0.001653 | -13.7898
610 0.338202 | 0.001639 | -13.7117
615 0.363304 | 0.001626 | -13.6385
620 0.387494 | 0.001613 | -13.5724
625 0.412141 1 0.0016 | -13.508
630 0.438156 | 0.001587 | -13.4422
635 0.464628 | 0.001575 | -13.3776
640 0.492469 | 0.001563 | -13.3113
645 0.522136 | 0.00155 | -13.2417
650 0.552716 | 0.001538 | -13.1714
655 0.583752 | 0.001527 | -13.1011
660 0.615701 | 0.001515| -13.0291
665 0.648562 | 0.001504 | -12.9549
670 0.680511]0.001493 | -12.8826
875 0.712004 | 0.001481 | -12.8104
680 0.74304 | 0.001471 | -12.7376
685 0.77225 | 0.00146 | -12.6671
690 0.799635 1 0.001449 | -12.5986
695 0.825194 | 0.001439 | -12.5318
700 0.847558.10.001429 | -12.4704
705 | 0.867184 0.0014*'8’i42.41"§ﬂ




-

MENGEN

Horowitz & Metzger Ingraham & Marier B=5
Tm = 662 0 T (K] weight | dw/dT 1T log(dw/dT)
TK |T-Tm Inf- (In(1-alpha)] {(mg) (1/K) -log T + log B
485 77 -4 551347275 485 | 9.561 | 7.16E-04] 0.002062 -5.132101402]
490 172 -4.42805389 490 | 9.558 | 8.00E-04| 0.002041| -5.088244676
495 167 -4.251009676 495 | 9553 | 9.12E-04] 0.00202| -5.035640356
500 162 -4.100322169 500 | 9.548 | 0.001025 0.002] -4989276135
505 157 -3.969111032 505 | 9.543 | 0.001233] 0.00198] -4.913358207
510 152 -3.809857102 510 | 9.538 0.00143] 0.001961| -4.853264134
515 147 -3.672095515 515 | 9.529 | 0.001724] 0.001942| -4.776299963
520 142 -3.502705969 520 | 9.519 | 0.002005| 0.001923] -4.714918962
525 137 -3.343780305 525| 9.508 | 0.002411| 0.001905| -4.638992089
530 132 -3.182814227 530 | 9.495 | 0.002861| 0.001887] -4.568788007
535 127 -3.023505761 535 | 9.48 | 0.003465] 0.001869| -4.489680539
540 122 -2.851180015 540 | 9461 | 0.003919| 0.001852] -4.440248492
545 17 -2.688501225 545 | 9.44 | 0.004528] 0.001835] -4.38152008|
550 112 -2.522347616 550 | 9.415 | 0.005393] 0.001818] -4.309562265
555 107 -2.356861576 555 | 9.386 | 0.006154| 0.001802| -4.256165487
560 102 -2.199094704 560 | 9.354 | 0.006959| 0.001786| -4.206671186
565 97 -2.040592372 565 | 9.317 0.00776] 0.00177| -4.163216722
570 92 -1.887223709 570 | 9.276 | 0.008374| 0.001754]| -4.133971895
575 87 -1.745300655 575 | 9.233 | 0.009163]| 0.001739| -4.098660154
580 -82 -1.604322289 580 | 9.185 0.0103] 0.001724| -4.051620765
585 77 -1.460162354 585 | 913 0.01129] 0.001709] -4.01549192
590 72 -1.325898407 590 | 9.073 0.01142] 0.001695] -4.014215903
595 67 -1.201648491 595 | 9.015 0.01174] 0.001681] -4.005878864
600 62 -1.085446314 600 | 8.956 0.01166] 0.001667| -4.012482696
605 57 -0.979323288
610 52 -0.884805378
615 47 -0.795260429
620 -42 -0.712947883
625 37 -0.632489744
630 32 -0.550725798
635 27 -0.470334098
640 22 -0.388316198
645 A7 -0.303230148
650 12 -0.21745878
655 7 -0.131848981
660 -2 -0.04464876
665 3 0.044708345
670 8 0.131933996
675 13 0.218980881
680 18 0.306626767
685 23 0.391709089
690 28 0.474751046
695 33 0.55622625
700 38 0.631788849
705 43 0.702498358
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SRR S

Coats & Redfern Method

SARICAKAYA

Tm = 620 Horowitz & Metzger

17 In(-(in(1-
Temp (K) |Alpha (1/K) alp)y/T2)
575 0.023474| 0.001739| -16.4487
580 0.029343| 0.001724] -16.2399
585 0.035211} 0.001709} -16.0717
590 0.04108| 0.001695] -15.9316
595 0.052817| 0.001681} -15.691
600 0.058685] 0.001667| -15.5993
605 0.070423| 0.001653} -15.4274
810 0.076291] 0.001639] -15.3607
615 0.088028{ 0.001626| -15.2276
620 0.099765| 0.001613] -15.1123
625 0.111502 0.0016| -15.0107
630 0.123239] 0.001587 -14.92
635 0.1349771 0.001575] -14.8383
640 0.140845| 0.001563| -14.8081
645 0.152582| 0.00155] -14.7369
650 0.164319| 0.001538| -14.6715
655 0.170188| 0.001527| -14.6483
660 0.176056| 0.001515] -14.6262
665 0.187793| 0.001504| -14.5698
670 0.193662| 0.001493| -14.5505
875 0.199531] 0.001481] -14.532
680 0.205399] 0.001471] -14.5142
685 0.217136| 0.00146] -14.4662
690 0.223005| 0.001449] -14.4504
695 0.228873| 0.001439] -14.4353
700 0.24061| 0.001429} -14.3923
705 0.246479| 0.001418] -14.3787
710 0.252347] 0.001408] -14.3656
715 0.264085| 0.001399| -14.3266
720 0.269953| 0.001389| -14.3148
725 0.28169] 0.001379| -14.2784
730 | 0.293427| 0.00137; -14.2436
735 0.299296| 0.001361] -14.2335
740 0.311033] 0.001351| -14.2007
745 0.316901| 0.001342] -14.1914
750 0.328638| 0.001333]| -14.1603
755 0.340376| 0.001325| -14.1303
760 0.352113} 0.001316] -14.1013
765 0.36385] 0.001307| -14.0731
770 | 0.369718{ 0.001299| -14.0659
775 0.375587| 0.00129| -14.0587

0
T® | T-Tm_[In[- (In(i-aipha)]
575 45 -3.740000721
580 -40 -3.513856742
585 -35 -3.328519618
590 -30 -3.171338064
595 25 -2.913915291
600 -20 -2.805476956
605 15 -2.616951582
610 10 -2.53378251
615 5 -2.384379088
620 0 -2 252845613
625 5 -2.135180295
630 10 -2.028586146
635 15 -1.931030953
640 20 -1.885151804
645 25 -1.798413229
650 30 -1.717532075
655 35 ~1.679024562)]
660 40 -1.641686747
665 45 -1.570214453
670 50 ~1.535944754
675 55 -1.502572619)
680 60 -1.470044499
685 65 -1.407328104
690 70 -1.377053308
695 75 -1.347448686
700 80 ~1.290110991
705 85 -1.26231466
710 90 -1.235061518
715 95 -1.182080903
720 100 ~1.156305702
725 105 -1.10607735
730 110 -1.057482587
735 115 -1.033753594
740 120 -0.987352599
745 125 -0.964651281
750 130 -0.920179445
755 135 -0,876866489
760 140 -0.834622084
765 145 20,793364223
770 150 -0.773081624
775 155 -0.753018132




SEYITOMER

Unity Method Coats & Redfern Method

Temp| Weight | Der. Wei. 1/T log (d.wiw.) Temp 1T In-(n(1-
K mg mg/min (K) (K)] Alpha (1/K) alpy/iea)
520 | 9.309 | 0.00487 [0.001923|-3.2813741 520| 0.024605| 0.001923] -16.20005043
525 | 9.304 |0.005801 [ 0.001905 |-3.2051668 525] 0.027534] 0.001905] -16.10521421
530 | 9.298 [0.007642]0.001887 |-3.0851825 530| 0.031049] 0.001887]-16.002225685)
535 | 9.289 [0.009948 [ 0.001869 |-2.9702332 535| 0.036321] 0.001869] -15.86145033
540 | 9.279 | 0.01214 | 0.001852 |-2.8832825 540] 0.042179| 0.001852] -15.72749494
545 | 9.267 | 0.01485 [ 0.001835 |-2.7952127 545| 0.049209| 0.001835]-1558812303
550 | 9.251 | 0.01838 [ 0.001818|-2.7018432 550| 0.058582] 0.001818] -15.42712676
555 | 9.232 | 0.02218 [0.001802 | -2.6193343 555] 0.069713] 0.001802] -15.26539198
560 | 9.21 0.02618 [ 0.001786 | -2.54629 560] 0.082601] 0.001786] -15.10680965
565 | 9.184 | 0.03101 [ 0.00177 |-2.4715301 565] 0.097832] 0.00177]-14.94711448:
570 | 9.154 | 0.03505 | 0.001754 | -2.4169229 570| 0.115407| 0.001754] -14.78987431
575 | 9.12 | 0.03872 | 0.001739|-2.3720595 575] 0.135325] 0.001739] -14.63699498
580 | 9.083 | 0.04301 [0.001724 |-2.3246599 580] 0.157001] 0.001724] -14.49338252
585 | 9.042 | 0.0464 |0.001709 |-2.2897465 585| 0.181019] 0.001709] -14.3541887/
590 | 8.996 | 0.05069 [0.001695 |-2.2491272 590| 0.207967| 0.001695] -14.21630775
595 | 8.947 | 0.05273 [0.001681 [-2.2296197 595| 0.236673| 0.001681]-14.08620377.
600| 0.265964| 0.001667] -13 96763673

605] 0.292912] 0.001653] -13.87004226

610] 0.318102| 0.001639] -13.78696438

615| 0.340949] 0.001626] -13.71802293

620] 0.362039] 0.001613] -13.65910822

625 0.381957| 0.0016] -13.6069825

630| 0.401289] 0.001587] -13.55896595

635] 0.421207] 0.001575[ -13.51090384

640| 0.441711] 0.001563] -13.46271404

645| 04628] 0.00155]-13.41430465

650] 0.485062] 0.001538]-13.36385797

655] 0.507323] 0.001527[ -13.31472141
660] 0.529584] 0.001515] -13.26665956|

665| 0.549502] 0.001504]-13.22597073

670] 0.567663] 0.001493] -13.19063781

675| 0.582308] 0.001481[-13.16523216




SEYITOMER

Horowitz & Metzger Ingraham & Marier B=

Tm=593| 0 '
T(K) w1
520 -73 -3.692392804 1€ )
525 -68 -3 57841768
530 -63 | -3.456471836 B
535 -58 -3.29691684 001869| -4 76527
5400 | -53 -3.144356664 1673
545 l -48 -2.986551441 0.002827| 0.001835| 4
550 -43 -2.807290201 0.003444| 0.001818]
555 38 -2.627455755 0.004119] 0.001802] -
560 -33 -2.450936084] | 560 | 921 | 0.004774] 0.001786]
565 -28 -2.273463013
570 -23 -2.098601585 ;
575 -18 -1.928254901 912 | 0.007154| 0.001739| -
580 -13 -1.767326309 9.083 | 0.007877| 0.001724]
585 -8 -1.610965078 8 9.042 | 0.008625| 0.001709]

580 -3 -1.456062678 . 0.001695
595 2 -1.30908096 . 0.001681

600 7 -1.173777415
605 12 -1.059585339
610 17 -0.960046467
615 22 -0.874778386
620 | 27 -0.79866926
625 | 32 -0.731479201
630 37 -0.667526312
635 42 -0.60365384
640 47 -0.539777687
645 52 -0.475804018
650 57 -0.409913249
655 62 -0,345450937
660 67 -0.282179892
665 72 -0.226396645
670 77 -0.176082383
675 82 -0.135806777
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. Proje No: YDABCAG-141 2- Rapor Tarihi:

Projenin Baslangig ve Bitis Tarihleri: Eylul 1995 - Eylul 1996

Eylul 1996

s
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7- Destekleyen Kurulug(larin) Adi ve Adresi:Maden Tetkik ve Arama Enstitlisi (MIA)

#3- Oz (Abstract):
1674

Bu galismada yurdumuzda firetilen ve diisiik kalorifik degerlere sahip bitlimhi seylledin yanma etkinlikler ve kineiik
analizleri aragtinilmughir. Proje kapsaminda Beypazan, Seyitomier, Hahldag, Himmeloglu, Mengen, Demirci, Sanicakaya ve Can
sahalanindan alnan bitimii seyl nunmineler ASTM standaptlanna gore hazutlanmus,; “proximate” ve “ultimate"analizler
gergeklestirilmis olup atagtrmada kullanilan bitiimbi seyllerin ortalama tist kalorifik deger limitleri 780-1086 cal/er: su oranlun 1 60.
12.90 %; kil oranlan 60.50-80.50%; carbon oranlan 5.63-14.24%:; hidrojen oranlan 1.30-2 20%;0ksijen-nitrojen oranlan 3.89-
10.48% ve siilfir oranlan 0.21-1.25% arasinda degistigi gbzlenmistir -60 mesh elek Slctsiinde hazirlanan bitiimhi seyller tizerinde 5
OC/dak.lik 1sitma hyziyla ve 50 mUdak lik hava akisiyla yapilan DSC ve TG/DIG deneylerinde bitiimli seyllerde yanma
reaksiyonunda etkin olan organik kisim meveudiyetinin % 65-80 arasinda degistigi gbzlenmistic. Yapilan DSC analizlerinde
Himmetoglu bitimtli- geylinin 15l deferinin yiiksek olmagi icerdigi organik maddenin digerlerine gbre daba olgun olmasindan
kaynaklandifs sonucuna vanlmushe. Ayrica TG/DTG analizlerinden Seyitomer ve Demitci bitimit geyllerinin yiiksek miktarda nem
igerdigi sonucuna vardmistir. DSC analizlerinden vanlan bir difer sonug ise Can bitimli seylli haric diger fiim bitimhi seylicrde
organik madde transformasyonunun belirgin iki veya fig degisik bélgede gerceklesmesidir. Kinetik parametrelerin tayininde en
glivenilir ybntemin Coats & Redfern modeli oldugu somucuna vaalmighr. Coats & Redfern modeline gore bitiimhi seyllerin
aktivasyon enerjilerinin 37.5 - 173.8 k¥/mol arasinda degistigi, reaksiyon katsayisinin ise fiim bitimli seyllerde 1 oldugu yapilan
analizler sonucu buluammstyr; Isd kazanum en yiksek olan Himmetogtu bitimbi seylinin en yiiksek aktivasyon enegjisi deferine
sahip oldugu, degisik yapiya sahip bitiimlii seyllerin kinetik parametrelesininde Farkl oldufu gozlenmistir.

Anahtar Kelimeler: BitimliSeyl, Yanma, Isisal Analiz, Kinetik, Tiicevsel Taramals Kalorimetre, Termogravimetrik Analiz
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Anahar Kelimeler:

Y- Proje ile ilgili Yayin/Tebliglerle ilgili Bilgiler Bir makale (FUEL)
Bir tebli§ (Buropean Thermal Anal. Confe)
gonderilecektar,

1 10- Biiim Dalr:

| Docentlik B. Dali Kodu: 617.02.00 ISIC Kodu:
Uzmanhik Alant Kodu: 617.01.04

ti-Dagium (%) : O Sinirh & Swirsiz

12- Raporun Gizlilik Durumu : O Gizli & Gizli Degil

i*) Projenizin Sonug Raporunun ulagtirimasin: istediginiz kurum ve kuruluglar ayrica belirtiniz
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