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The rapid increase in the use of plastic packaging around the world caused concern
about the management of plastic packaging waste. This research aims to study the catalytic
pyrolysis of plastic packaging waste in a 3-L semi-batch reactor by using activated carbon and an
Fe-dolomite catalyst to achieve the highest fraction of kerosene by using the central composite
design (CCD) and response surface method (RSM) to optimize the process operating conditions.
Furthermore, the synergistic effects of polyethylene/polypropylene and activated carbon/Fe-dolomite
were also investigated. The product distribution and chemical analyses of the liquid product were
carried out using a simulation distillation gas chromatograph (Sim-DGC), according to the
ASTM-D2887 standard, a gas chromatography/mass spectrometry (GC/MS) and Fourier transform
infrared (FT-IR) spectroscopy were performed. The response surface method showed that the
optimal process conditions of 440 °C and N, flow rates of 50 mL/min and 5% loading of activated
carbon as a catalyst resulted in the highest liquid yield and kerosene fraction of 81.86 wt.% and
22.74 wt.%, respectively. The influence of each variable was investigated, and it was found that the
optimal conditions were consistent with the response surface method. The synergistic study
illustrated the positive effect of blending polyethylene with polypropylene at a ratio of 0.2:0.8, while
the use of an activated carbon catalyst and Fe-dolomite had neither positive nor negative synergistic
effects. The catalytic pyrolysis of plastic packaging waste involves the thermal degradation of
long-chain polymers into middle-hydrocarbon chains and further bond arrangement and further
secondary cracking at high temperature into smaller hydrocarbons. Consequently, both the pore
structure and the number of acid active sites in the catalyst improved the arrangement of

medium-hydrocarbon chains into aliphatic hydrocarbons in the C, - C,. carbon range.

Keyword : Waste plastic packaging, Pyrolysis, Factorial design, Central composite design, Kerosene
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2.2.3 wadlillanaalsn
a a & | | a dl dl a
waa lailanaalss (polyvinylchloride, PVC) ilunanafiniaiunsailasuaniis
Tnenisldarsimnuderinlinedlafianaalsmiduntanuazlduanlugnaiunssnau o
1 v 1
NINNINgRAINIINUTIaiet Tnavialldinlduanrieunlsvi usidanedlolianaalss
ldansmnusasinanasihnnanduatela WanEanuenenmng wiunsziliasns £y
THzwanamin Uses wnu wazmilaiien sanlivvietlsziln naqeasas uazdndaiunaniued

AINNIELIUNNTT LIRS (MTEC Autimalulatilanzuazianuitstng, 2557)

[
] o

2.2.4 WaRLANAUAMNUAWILUUA

= 1

a a aa é =K A dl v 1

dunatafinyszinnnade NauiANMUILULAT R9NANNUNIUNTENIN

nupnFauldnn Apanlavazguantdfitasfags Suninuvinduilaninouanenis
o & s =3 dl o o = a o ¥ Q’/ A o
ussqistanuiuaunsifiiu dearnnsnuindunnz loAaiugenn gedeilts viedeas
(MTEC autimalulatilanzuazianuiais, 2557)
2.2.5 WaANTANAU
1 4
unanaindssinminasiunanainvisanaiainnaiunsntugilineldmnuien

al goJ o dl a a aa a o al a 1 dl
anRuminunngalumasiunatann nednseNautaniing AalunaeLUAmes

0eus NIEEMILUNTL uazaw ) (MTEC Audinalulatilanzuazianuiens, 2557)



2.2.6 WaRA LAY
= & = g v o = 1 o a a
HuauamesalazuiuaisaesiudngilFaatuiiunaiafinaisezlsunsin
a a dg/d a Y o 1 ] A ' dgl ! =2 1
wanafnaiaii A ntanldiuetunsnataidnng sl Wailsny uazuandng a9l
a o a dsj a o & 1 dl = 4
fandnarafndssnniuinamduussqiuaiaasnacsng o wesaindlantauanls
daunnargnunun ez lagdlugiuuusesinuussqeinisasdunminiug 1Wesain
Trseafrvresiniinedalsuegiiesdasas 2 - 5 Nideiduanianunsnaglugedng uay
° o = a % o & P A ¥ o = P
arunsadInauniTlaAalaidulduaiuiae naesinte liussin wievesldau 7
. = o | a a = o ¥ a
(MTEC Ausinatulatilanzuazianuiaang, 2557) weda lssuannisnaiuunls 2 odin
1. Expanded polystyrene (EPS) waaa lssuntinliluaniuansnaiuisana i
peneFaanuiiunaesiiy dosldiuetnauinifiasainiaminun
a = dl o [ o a
2. Extruded polystyrene (XPS) wada lasuninluuaniuansanstesiunisin
Tuazaenasn asilguantisuleun dnfuauic nusean ngRainiAdn iy
1 o v
AU EN T LR HEG
2.2.7 AU
fqldlAszysaanmwizuaz i ldnananinyia 6 atia Tudresiu wsidunanasin
Nirunaanludenafluldvianadarfuaiun (polycabonate, PC) IanadLasdinas

(copolyester %@ Tritan) uaz@w < (MTEC Autimalulatianzuazdanuiens, 2557)

A1979 1 wian19nig Malsslemiuaananamin

9o/ o e bnﬁm o 1 @]mﬁ‘ o % s
tyanwod _ Pintla 5 amslaana vl ldszTamd
WANARN [GENG RN
1
UIALATAI AN
NOALD PET NTULUI WA

é\ PAWNLEN 13D L,WWO/‘} (C10H,0,), Wuladusuiaaci

f1an  PETE GEGNGI

v I
TR UAZEY ]




AN 1 (piD)
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[ e Oﬁam o/ ] a‘;mj\ ] % c
doyanwol _ qein 5 anslauana  nasvn b4 s e
WANGERN IGENGERN
WAALD 29/ UIN VB URIAL
aa H 1 20’ o =K
N\, nauAIN | W UIRUN U
&2 . HDPE C_C (C2H4)n '
« NUILLLY I Ill NILANURNLLEN
n ° o i v
4N ANFUNINDATIN
Miaszunain gl
n, Wodloa Gl angiaLdia e
LS _ PVC c—C (C,H,C), .
P AaB b3s . NIALNUIFING
H H],
A
nezillesyvu
WAALA ATULLTIY 1IAEDY
aa H H P o =
N, nauAN L UERRITANE LI Dt
24 ~ LDPE C—C (C,H,), B r
i boa anugLlresgiinsnl
' n
AN GNIRIEIEh
T 3
_ 213AUNAN EN29m
N, WOANTD CHs
LS o 2 (C,Hy), N1TUTUTIIRIUNT
PR A .
n A
naamAL
_ ATULLTIFRINNT
/ﬁ\, WA
&‘J - PS H (CgHy),, AUIUDIANT WA
Lo ¢—¢ o
HoH Ussqn nuaTLAgas 1 i
Fudoudiannsating
. dunnnslnasas
Waga o [(CH,),C(CiH, . -
L/?\' ) PC 00)1 WU N9RAAL
PR AFLIALLA . OH)], 3}

TaNA [HUARNUWARAT

a

Al
AR

11 (Wang et al., 2021)
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2.3 nisniaraslinsiagn

1. noun19eBunTe (inorganic theory) nyuiinanadnidulaniinann

= & . . aid ya di o
WARLTENANFLUA (calcium carbide) ARag N nu1en 18 ldRqTan Wagnaanasalag

u

%
a

o aaa [ % v a 24 aal GV dgj [ o o al
mﬂgmmﬂuuﬂmwumummﬂmLﬂumewﬂmu (acetylene) LLﬂﬁu’ﬂW@QﬂﬂNNulﬁlﬂ’]WN@

a . dl = 16) va [ Y ey o o ¥ aaa a o o Y a
18im o particle T9dag lAtaTanyin lWuAasauiiudsadlJisewedme laidusinldiia
lalasarfuauniuanaluniiuEes o augavinanataiduirdusuag ldnqalan wand

v q a

q

¥ 1 v
aAds v = o =K

avuayunERisnimeassivnaulneituaadsnaslusunaaafaetin luiamaaeg

feuenanazlufaesisfiduudanuindesuiriufatuiniesetiane noufilaqu

Tdiduntenilesannldenaesunasngnisaliig o anvaiaeteld wanainiideaiuayu

yufffdesun bifludnguiiazundraddlfifeae anlame laene, 2555)

%
a ¥ o a a 6

= G L aa a o a a
2. N BHNINDLNTE (organic theory) NOBHULTNANNITNINAUNTELANNUTIUAN

PRPR PN = )

dunqudndepeninteieqege Wnastidnaninaaaudaulnngdeluddunisnouiia

a co

Tlasnenaeslingdenanszay lusrazusnaunsddngnundnszanaag luliuauaiu fu

= o

WHET N9IA NI UATAZNBUAZIBEABYY NANTazaNTaiLoNnelfan 19z Ni AN
v a = rdl o v dl 1 2// dld a 1 a

ANFRL UazqAuEE i lsnsdasuaanaisluantaendaandianuas lddeaandiau

winlalasiaunazaisuauat lugiassdunssdngaasudeanianududaunisniuiniie

Az mmﬂlumwumm anluiuiuauinalnlunisudasanstiluyinsiurteufiua uany

v
o a 2% o

szwinatesinetesuRiuieduiidenududn fuduinila (source rock) szazinmN

a

a a e A = dl 3'/ a 1 13 o v
ansauyistviTalllnsasuaslARaUaanaMNTURKIUIZINNITLASA ANNAYN WATAINTAU

a v

o a A a - A = A A
L°ﬂ’11ﬂ1uﬂum?qﬂuﬁﬂﬂuﬂq?u’ﬂLumV]NgWﬁ;uuﬂ:ﬁsﬁNNquim@lﬂﬁ“ﬂﬂ NITEAXNBDUNITNUURNU

a o/ <

nila ldeagafiuiniiu (Reservoir Rock) @enaini1sanawiiiaqsiu sxezgavineilaiusiy

[ %

AmeaNnsaiuinAuLannanaasundalhiduilinsasus unssuauni e ldiunn e
I o dl dl :l/ dl o Z’/ a dl = 1 v v = a v
wda n1gAaauN luATINda9azaaniUtuiunga N1 TNdulsdasaain L lasa 59

v
ANALLENEU (Reservoir Trap)
Tudaqiuiivdangiuniessmdinetsznavduduld wmgnngu]

a = Yo dl A IS4 o ] [ d” ¢
NeBurIElATUANTen e NIIzRTaaTLaywsng | Asil (Jentune e, 2555)

'
A o

a % o ' = ; A
1. Iuﬂ’]?"JLﬂ?qgﬂuqmu@ﬂq\iﬂﬁmﬂ@ﬂ?qﬂg"J"]‘W‘Lm']?VIN@ﬂEmgLﬂu@q?ﬂﬁzﬂ@U‘V]N

aa a o A a . . dl . dld
@mmmummﬂmﬂ@mmﬂmw (optically active compound) T4 UANHUEANNIZURIRINH

dpasiiunisativayudiduiaaInn AT

alal

IFIEI@EIZQZWHIG‘IEILL‘LIFWIL?EI
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2. A ziunduansuanlszinnainesiaazaasiiuaanu latlunistueuan

1 4
Aaa aa

PsufaanAAINRINTARNRA17U e nauNING

o o

3. indiuAudansdsznaupesiinedu uinsay uazeandauetlulalnsansuau
o 1 o o QI aaa a dl a al Aaa o
ﬁ’]&]‘ﬂ\?ﬂ@’]')Lﬂuﬁqﬂ@qﬂmmﬂﬂmﬂﬂﬁj']m naannienidsauludalainazaaamoiiu

nenazilu Avazdasaanasaliiduiuydu lulnsey wazeandiau auiludaaivayy

v 1
o a Aaa

MhdWAAaINAINTI6
5 o oa A , a S o a = . =
4. drdunuiuslanziluey Tansinuninlmidu Ae uiRes (vanadium) @9as
IS I v & ai & 1 [~3 A =
Heagludndnvianduesddssnalussuuminangyuazusnanluiaanau n1IwL RN

uwnuynusunistiududnindusiasnandninzia

2.4 lnsiaannu

1
A o Y s 1

Y o . , : o

Wsullnsideusy (crude oil) Wluasnanndudenzesasatsznaudaulunngn
A s ' ZJ/ ' <1 <2 1 i IS a a e—dld
Ao lalnsAnfuauiszinnsing o seudluanadngaaunsiuanalugl sonvisiansgunseny
muziu eandiau lulnsau ansdsznaulancunsatin uaranadufiaazantat AnwuzLay
AnsaNtFresiduRLwAnsainszdndauredlalnsaiueulszinnsng - unnsineiu
Toudqusinan eduEeednAtyTun1enuuaAUAI a9 T URAENS LATNILLIUNINART

winnzanlun1snausalil

oy

N199AIZYMIAANTEs NN UALBE WAz IREANENIILBIALTTNaL uATATIANLTR

v 1
29989Up19 ] TduAY n19dinan wazesslsznauresuiandegAedsmadia

4 o ]

wialasuninnein (Gas Chromatograph) wasundndunnauusnidudiutes 7
=
Y

=< =

TudeannaaalnelfiaTesnaudalnananiiaanng uisa lunfsuanwindiunanadun e
a dl 1 a dl o U A v oa dl ul/ 2//

NN Wedngaumnnyandnladuqainenuiasaresansaanindueaninluanietiu

FENININAUNAARBAGDLLBI8EINIWTAZ (True Boiling Point Distillation) {lunnsnatuen

Panysnd (Uentunel laenat, 2555) A9p1319 2
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£19149 2 ﬂ’]ﬁ‘ﬂﬁuﬁ]’mﬁ’mﬂﬂﬁﬂﬂ

NARA DT C-atom qALRABA (B4ATALTRE)
WU C,-C, IBP - 200
\A e C,-Ci. 200 - 250
ALTA C,.—Cs, 250 - 370
Nt > C,, 370 - FBP

UNNEILAR): IBP = initial boiling point kae FBP = final boiling point

2.5 nszuaunIsinls lada

= = A4 o : Y
nszusumslasundamiaeilunisunnaaiaesaisdsznay visadansing o fo
AN SR UUIUNA19T 500 - 800 avAndaL@aa (Fusysnd n1a9a9snd, 2563) lunazls

aandiau iunalasuslaanisedvuuldaiunsadaunauls lagiianainniIsuaAnaas

wusrluanaluanaldlalnspfueunidudngivsssulinanaflulalaspnfueuaiadu

q

[ '
S a

AN1a9ALTZNALANTUDUTLILNALLTIWLN ALTANAY UNNAIUAILLLL AN 8 A LILLN &S

[ %

YT URR AN LZARTE1NTY Nezuaung In s lataauunuans ety 3 annuy
% 1 dld e Y gol o [~1 A I ' a o r:j/ a (2]
Ioun 1eamatninuaniRadneindl reudiFed e diduna@ndneidulgugi uazuia
sznavusiaafuaulaaanlas Arfuautanuantas lalasiau §nu amnu Wudu Ine
UFNULAZENINEINLINAAA UITUUTETUAIN A TP QEUNR 8M3IN13IRAINTRU AaLsa

Unizen wazdszinmimndnsal wlusi (Lord & Pfannkoch, 2012)
nszuauntsnislaialuduneunsnaziialfAseuansaaesansaasiullidy
2179208l (devolatilization) 11N 489LT1WANTLANFIUDIAIALTENALANIHIAUNAINTD
o 9/@5 dl o [ %3 o a < a o’ ?/ % <
wansalanningniiasaniiunisiaziianisuansaaasaisaesuiiuluananuinianas
ANNGUUNNUTOIZZIIATANAUNNT AUNIZAURANITUANFITUANYIDIIDIANTAIAY
a 1 :I/ 1 o dg/ 1 o/ Z// £ 1y A Y o a dl
Tnsanuuniusacdunauunnaeaiuauegiuasaems widin1sldn1ae A iun1ngule
duntsldaanfon uazsrazinataniiunisguiull enadenaliansssimanlaann
o 3’/ U (% 1 a o rdl Y [~ a a
NNTUANFURYANTRIRLLANF2sa I uNAR A uain ldfasnisiduaaudsdumianfani
P o Y o o A o 4 - a P
giinsalvaustiuansassiulaznIazatunsdenld wazunaassanadnisfinlatnvise

lalasauidlunszusunisinisladaiiatlagunisnszanafouas 197 d9ualen

a o r%’ o A a é’ di a % o
NARNUNUINUNAIMNLANLTNINUU LummﬂLmuiﬂuﬂuﬂ?mmmmmmuﬂulumnma
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203N3TLIUNNIAINAF AN AN AW AT UNszaun eI I Rna LR AT uaadlnaladne
d? = a a aaa a o a dl
NINTY mummiLmuiaTmmu%iumum?mmﬂgmm@@ﬂmmumn@ﬂﬂsﬁmeﬂu
. Y
avAlsznauYevansFiamu (3308 Tuuenszna, 2562)
2.5.1 Uszianaaanszuaunisinlslada
nsztnung inlslagauiiseanidu 5 dszinmnan @aains a13A3 wazAEIAE,
2563) laun

1. s lagauuudn

1
a = o

nszuaunginislagauuudn (slow pyrolysis) IWATNITAUANAQNUINA

U

wdegdldlunnsnanduannlyd e liguuniinoanfauinaued1ed - luninzaiiunis

uunRANLszNNM 400 - 600 asALtaEad (gt Tuuenszna, 2562) Hansinslinau

o

¥ o

FAUANFE8MI 3 - 10 avANEALELaAa U TN lfaanTaunazldinaiuinngn

24 9Tu4 Tun128a18F139ANFauN 8 11e9A LN ALURITINIALNA LN N LA NS DU 1101

a

nflueaudazaniuans dinszuaunisinisladauuudifinaunniazaniunisanmg g

U
Tnaddnsinislimainfaut1vsesneguuniined azlinandnsivicluglequfia
ArgniUaeseanguastInIA 18MALA YT IINATLANNIT UL WA ATUAg N AN

walpaNFaud ganalmianIug I FInIuLAd1usunszU2un1g In Tz lagauuudin

Tddasnislilamdunaniusiaasuds dnaziniazaniiunisnguugi 500 - 600
eI E e finnusuLssannna uazldinan i 1 9alu
2. Inislagauuiida
nszuqunsinisladanuyiia (fast pyrolysis) funszuauninlasuulas

a al dl al 2 a o o= = o/ a o &
AR N7 A8 UTINIA AN AT U AR A T TINTNUATAURLNANTTUNAN WAL AR DL

gasudadniaeluninzlfeeniian nguugdliunans 400 - 650 a9AEALTHE FTEZIAT

veslaneluareslnanidutlszains 0.5 - 3 3U1% (Huo et al., 2020) T9HMUIANGUNH

a

Mdumdigaiuidy wazmdlenianuduientuudrlesziaainnisaanefalfiinnng

NAUAALTUIRINADLN9TIA1EY NARA TN UT N W aeAlsznataaedntlalasansuay

a

LAZUN NITNITAEATededAtlsrnausig o ludnduaneyiuslinresdanaa uaz

!
a Y a o ol

nnazaliunisdy d1a1dunisnguugdgeunniiullinaslduandusinduuia

doundndusiresudsaveglugdaiuss vacnaniusiufianvasagdaiuuia

Aladarursomundulaauisnun il iduniaTaunauvraui g manasdn niuliipnuian
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wizasdgneadlnislata tnavinlddndiufesazualindnimusiidugionindssuan

Faaay 60 — 75 Tasinuiin dnuanflseunnudasas 15 — 25 Ineninuin wazuianlidanunsn

v
o v oA ] %

pouwinlatlszaniasas 10 — 15 Tnadmiin dagaussduinasadeaazua lHnansuaiAg
P o o o § v v = c A o . A a a prp &
FavidaNaaNnN s azHauALANYTeAINGT 3 HaAWAT ToNaNNANTUgIaTan
FNnA AN NTBNNNUTIN N dauTianaaaua lugjazdnaaenistnamauiauau
i llgnasulasudanaailianysal dndiuaanntesdlszneunidouar laifdoanunsnld
= [ % % % Y o da’ = aa a A
ansallunisanaundulanell Al nTResd@nn asd@lnu Wwni1uea waznsanesin
\usiu
3. unlatlnislada
nezuaunsunatinislada (flash pyrolysis) Adnaiunszuaunisinislada
LULEY Aa HNN9zAHuNI9et i 400 - 600 a9AEaLTea 39dmIn9liAnEan
1 = A = 1 = a aaa
NINNT1 100 24AEAEEAFA03 U WAAzHIan lunIsiAndJizenvesansssively
dl a Y :j/ a = A v 1 U o a dgj
wradLfjnsnifasszeznandunnn (Uszann 1 3w visedeandn) Inanielsiniazanidiuniil
Wesaznalanansusiaaamatannisinisladadssunnfesas 70 - 75 Inaudn uas
v v (<1 A J ca v
faaazna lnaesudautan e fina lwlFuiuiles
4. lalaslnlslada
nszuaunistalasinislada (hydro pyrolysis) ilunnsdanefaldanIusaL
= (2] a}d o o 1 % o a a; a $
199198 Tuntzuialalasiauninisdaninusu waldnizanBiunisnauungden
szunnd 150 - 220 aeAEa@ad nanduaiainnszuaunsialasinlslagaaziindu
1aamadlnanisindnselalnsaiuduredanyadase (free radical) MAATUTTHINNNIS
o a o v a al al o 1 = dl
aanafiaastaNga M liiiaAuEanasLasinissanAdud u Tl unanas
A %’ o a 2 & Adld QOJ o
waamatvzeuiuannszuaunislalasinilslagalsenevudae lalasanfueunuimin
Tuanatiasndnundulnlsladaiszinnauy (Ding et al., 2020)
5. lansalnlslata
nezuaunislansalnislada (hydrous pyrolysis) lun1saane FaLE
v = o dl %’ ¥ o o o Y a a aaa
AN FauaasTaNga luAInaemidulnfaudamindu inlidaasuniaiadjisen

lalaslada sandudfisennisaaradodennnuiauresionns lWnandnsiannszuaunig

lansalnlslataduinduniasrdsenauiugnsdsznauainanaandialum viralaandiay
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Huasdlszney Wesanieendiauaininanazeindauiidnsenlussudnanszuaunis

wislada (McCollom et al., 1999)
2.5.2 dszianiasasidfinsailnislada
dl a a Y o [ a % o a a
waastnsadlnislagalddniunisunnaaiaidiiacinieusesingivuaziio
nnsuanssaesanssyie i iflunandneiluglaeuia 1aiman uazaeauds ilaqiiudnis
o dl a ¢ o ! dld ¥ ¥ vl o ¥ ¥
Waneasljnsnldnmnising o Alnslipanien lnaeenuuuliiidnsnisliannuiau
= a dl a a‘d‘ ' o dl wWM v °
fn1saauaNguni wazan lueTesdnsainunnsieiu e lild Aauainazaes
HARSTWTRINIRn sz AN lde
1. wresdgnsnduuune (batch reactor) waziasesdgnenluuunne
. dl a s d} a Z’/ ¥ = a o 1
(semi-batch reactor) tAgestjnsnfuuufanzilluszurila ansssuviTenand st laifingg
¥ A dl o o a aaa dl Yy a A v Z\J/ ¥ dll a el
Twadviseluaeanluwaneiiduindjisen deden Ae naslianssssiuluesesljnenld
dl dg/ o ana o v a o [ dl ZJ/ ¥ 4
sreznauuNInIRlun Ui Az IR andusia NN asuul aeansssiuls
d?/ (- a A a o o‘ndl v a ' o a dl
493U widalde Ae nandusinldlAcannainvanadednsinisnanuilane
£ ] = a dld | dl a & dl
Py URIsURaNTge wazanenlunisanlusinandawin g wsesdfnsaiuvuunang
dl a Z’/ % ¥ dl a s o a o |3 dl a
auisafaziinasssuderesdinend uaziinandusieanainezesdijnendlaly
= o KX A A 1 a z £ dl d?j =2 ¥ v 1=
waAEiuAsiANuE angulunfRNasAsAunnauunIuR L ude ldnzey
Tunisidensanizrelisen doudeides Ae AusIugIRamNIziazinluanadn -
nslnlsladaluasestjnsalununzuaziuunanzasldguugilunisviadgizen
300 - 800 aeAmaLiea auiunisldfasaliseuarlildfasalfazenluntsinlslada
v ! 1 il
Tnevinnsuansdadaljisendduansseiuudalddnllluaresdjnenl urwaseanies

Ufjnsniinsfinsagnsnllunisnau
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reactant 1
—

—ﬂ
reactamzw‘
SIS
control valves <”" ") / —
B to vent
i) b % system
= Ul
Al | o

floor level ||

coolant—=

AR

1\
slirrer
product

outlet l

v
a o

= a - = A
ﬂ’]‘Wﬂﬁfzﬂ'ﬂ‘]_l 3 meﬂgﬂ?muum\‘m:‘wum@mmmi‘umu
AN (The Essential Chemical Industry, 2013)

2. Lm%qﬂﬁﬂmﬁmmumﬁq (fixed bed reactor) Lmzm%aﬂﬁﬂmﬁmu

1
a o ]

Wadladiun (fluidized bed reactor) wrzatfinsaluuuiunaad Fadalfasendnazes lugy
=3 v o 1 QI dl a o dﬂl ' 1y o o ¥ ]
reafinuazdnsuinlunile inresdnsaluuuilazeenuuudrauaiidadninunede 1w
waraanfteudn Hauineuniauazgienliadaneyinliia oy lunszuaunistau
gauvanIaNiAEeInIadgnseuunuinedududaesiaded Jisen uae
1 1 1 v 1
Tuuentaziezesdnsaluvu ansildiduwnsesdinealnlslagadunfand Wesann
a o o‘d‘ v :j/ n; 4 ] dl a 6 a d” Y dl v
AR A nduusnatnisanaziaudginresdgneaintailidnedazsznaudan

YAIUVRILAZUNA
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R
products and
unreacted materials
to separation

| catalyst on
support

reactants
—

nwtlszney 4 esesdnsaliunile

31 (The Essential Chemical Industry, 2013)

'
1 1

2.5.3 ilaqandanananszuruns inlslada

'
[ o =

TadadiAundenanalssdansninvasnszuaunisinislaga 8eail

o

(szia3y Bruieaiasty, 2562)

7

1. 29ALIENALURIAN T
3’/ ¥ dld” A a = [ ' a dl
An9rasulunil e wanain Aadndrdnysensyuaunisinislagaiiasann
Uszinnaasnaainusazilszinnilesslsznaunanwns g snasooaesguun i lunng
v
WANARNEEY FINDNENHARaaALszNaLaRIdduTeHA A TN LN laTa 2090 Las
whaNaznAI
2. grungi unszuaunisinlslada
v
TutaausNg UM ANADENNINABNNTUANAA LT IATAIS UrTaaN e T
6 dl o v Y o a o [ 1 a g J
lalnsrnsueunazdngUiluiasazua Wnandneising o Inedesesgun)idinaseyzunm
ralasyinanazasAlsznauanslassine naslnlsladauiivaanle 3 499 Aa daeusni
grUnNNHNIEUdN9 200 - 300 avAgalded avilunisszieaaesinNeguunuinresaynIa
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2.9 AUNNNUR

1 o o ¢

duiudus (activated carbon) Aa WuAagadUAIFUAUNASIATIZHAINTAR

AFUAUNHLBNUANTIaUGS HBNNaudnsn (Ngu, 2024) Ailsannistnanulinsedusiae
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aa = a 2 dl o % v 1
TannfEnINuTean A naun1sldIwiNen lilaseaiianianianIneesniu
Masasuanvzagnguluszatnlumasiaunisldeu diuindusignuaIuulniazdag

WnlszansnnlunisgeduTuanauaanlaunngady (2399904, 2562) Asnwilsznaw 5

Small and large
organic molecules

Carbon
Matrix Wiy
‘-‘ Pores available
‘4— to both small
and large
molecule
adsorption

Pores available
only to small

| =———— molecule

adsorbtion

nwdsenay 5 wuuRiaeslaNaiensgAdULesauAN s
N (Vayo, 2565)

2.9.1 Uselagiuainunuue
NATNUANHUR (powdered activated carbon) Hanldlunisuanea1snelsm

N19a79EN 1uansgadu (Okoniewska et al., 2008) I lunsuenuia wazinliuiauigns

1 14
A o

NalERINSUNIINITAAIINTUAINUAR AANANHULALANIALULAAGIINTNG ANTU

24 [

wianrfuaulaaanlafainnismalugd (Sircar et al., 1996) lilugnaivnssuvzaniazau

[ o

PriaeniaviniuANLTgENINTY warindnnaulineLsraas

2.9.2 NISHARDIUN NN UG
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o 1y @ A ¥ & A A _ad o = a
NEATHNENTI 1N LASLNAANT Lﬂumu FINTLUIUNITHARNN 2 95 (RAVTTOU LNINNN, 2562)
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1. ﬂ’]i‘m‘zﬁqu\mWﬂ’]W (physical reactivation) Hansdunau luduusnidu
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grUNNAFING1 700 - 1,000 asAgaiea aunldgnisutlsanmdunfaunedouaesdiu

U

1
[J

o Y a % 1 Ql dej aa ¥ 4 [ s
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(Pallarés et al., 2018)
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2. N13NTEFUAAEAITIAN (chemical activation) lun1sUAdRnALAIFUTLAYE

AN9IARNAZNIZAUNNINNNNY U Inunadanlaasanlasd Gefaanlas uaznsanaanasn
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v 1
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NIFUNUIBINIZUIUNITUATNANINENNEAT8S (Pallarés et al., 2018) TuuN9ATINIINIZAY
b aal o 1 1 v al b 1 o/ s v b
e AaAINAa289ua I LdN AR AN AN WA N lean Aol
2.9.3 szl nNUaIa I UN NNUAATNANHUZNINIENTN
1. duiuduALLURES (powdered activated carbon) anuin sk TugLiLL
AILANABIDNUMNILAUNITAN IdID9 A A ATININNINNTANA e waaldaaa
1 | al 1 7 1 U al A o 1
wias lanuReau aziiunisannisgaidarsauladnandt deide Ae laqiiuldaunm
unaunldg11l8 (Newcombe, 2006) NfianldluTaqiiulaasialdfidudugudnans
0.15 - 0.25 HaaLNmAT
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waziuianiguenidnnin sandamisinldansiemdananlifelszasfnunsadou
oUANS UL ARIIANGINI MU LIENL ST AR DAY wiAINNTnUNNAUNN 1 Tna
nsldtuindusuuudailunszuaun1suan lun s RauYEEIRY SaNDeNANHIUIALAN
(Brandt et al., 2017) Hi&uenuAudNany 0.2 -5 Aadwmns

3. ANUANTUR LU ALY (extruded activated carbon) WN1Zd1UFUNIINTB
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o 23 = [ a = | A o
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AU uALEINAIS 0.81 — 45 HaawmAg

4. tnuinsusindaLeRNIA (impregnated carbon) fuANNUANIANANTRTLN
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5. tnuAnduAReUNeALNeT (polymer-coated carbon) tinufindusgniinlyl

" [y a o ¥ oy = . . o g va 1 A ~
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doatlfuArarnuiiunsalufuuazin aannsadlusinamissaszarasn liunia Ly wesann
Tnlalusmanwuzniaaiidusing astiausianldlunisliuan wanlunuinianisinemnsy

Fanidlunaa i auT WAL NNy

2.11 N192anltUUNITNAANDY
2.11.1 N19RANLULNNSNARBILLLLNNNALTER

MseanuLLEswnnaFaallunnsAnE NaaadTadt (factor) faws 2 TTadeaiwlil

dld a a a = =2 a a dl
Wﬂdﬂizﬂﬂﬁﬂqwz‘ﬁl\i@‘ﬂﬂ@\‘m’]ﬁ‘@ﬂﬂLLT_IT_IL?]\?LLV\IT'WI@L‘J‘EIZ\] NN NTNARDINNATTEUINAN
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o
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dl 1 o dl ¥ o o d’l £ a =S
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= o &

ey C nansznuminnliuansauents 3 tssinm Asil (Uselnes gvimd o agsen, 2551)
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1. NaNTENLUNANVTaNansznULiaseAeg (main effect)
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2. NANTENLTINIENIN 2 11ase (Two-Factors %38 2-ways interactions)
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3. uansznUdaN 3 tTade (Three-Factors %58 3-ways interactions)
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1) mwm@@uw\lﬂmﬁéﬂmﬁugﬂ (Full Factorial Experiment) {{1n13naa84
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1 v v 1 1 1
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1 o
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Tdsunsnazdqsluniseanuuun1meaedliisazinanlun1maaaanduae daalszudn
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a

1. W Talalust 50 ndu ldluantuyaunn 1,000 18863 WAdLANNEIA TWLLA

unlulammdasay 5 Tnevinuin wnsnauldlal3uang 800 Radans dasl

a

2. thannaungnuuni 80 avAmaisa Wuan 6 4alue udailinges
3. hanseulamanuaungounnil 105 asemadea unan 4 49Tug

4. ihanshlnnanmni 400 asaetad@aa unad 4 4olus

u

3.3.4 NN7RANLULNITNANDI

v
o o

AN 11911

a

ARUURIANHINTLUIUNITIUNITRDAULLUNIZARUNNT
~ o ’ ~ \

Awnnzaulneld Ease Design-Expert 114n1988nuUN1INAa LA NNBEFYALL LAY
1szannany Tun13uNnzANEuUN M IMNIZANAfER SN LR RaLduadNa L lasatasuale

TudaepuqathaniiiuiaTsduriza i dumawaseIn ALY

R34 4 Tadenavsvsivasiadanldlun1means

. TEAL
FvAURN (-1) TLALUNAN (0) eALga (1)
grun)ilunisinlslad 440 460 480

(RAANTALTEIR)

fn3nsivazesniglulnsian 50 75 100
(RARAR/UT)
ERUERE PIESTRREER 10 125 15

(Tagnnuin)
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2lFINIS) N1788NULLNURARaLAReSae Az kA lAa2911TU TRaN1988NLLLIN1INARBILLL

Avulgzannans

Aakilg

std  guugilunisinislad  dnsnishuazesufalulnsan  Feaazsiagelisen

(RAANTALTEIZ) (HaRaM7/U17) (Tmﬂﬁwﬁﬂ)
1 440 50 10
2 480 50 10
3 440 100 10
4 480 100 10
5 440 50 15
6 480 50 15
7 440 100 15
8 480 100 15
9 426.36 75 12.5
10 493.64 75 12.5
11 460 32.96 12.5
12 460 117.04 12.5
13 460 A 8.3
14 460 75 16.7
15 460 75 12.5
16 460 75 12.5
17 460 75 12.5
18 460 75 12.5
19 460 75 12.5

20 460 75 12.5
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17719 6 N17ARNLLUNITNANR WAMINANIINNNIUFINAUTRINANG AN N ANTAN AU
a aa o dlddl ! ¥
NRALANAL Iﬁﬁlu’]ﬂWQZ'ﬂ@‘VI@‘ﬁ”’ﬂﬂﬂ’]?ﬂﬂﬂLL‘LI‘LIﬂ’]?‘Vlﬁ@ﬂQLLUU@QHﬂ?Z@Nﬂ@’]\?NWIﬁT

Tun1mnaag

ANTIHIUTENTN
WaANTANAU waalayau
1 0
0.8 0.2
0.6 04
0.5 0.5
0.4 0.6
0.2 0.8
0 1

FINgNS 7 mi@ﬂﬂLmumimmmLﬁmmm@msﬁwméwﬁummﬁQLéqﬂﬁﬁ?mdmﬁuﬁum‘ﬁu

a

Tnlalusmnaaudsdoamanaanlas Taginn10siaNgAAINNITEANLLLINNTNAABILLIL
dautszannany uazlddnsdaureana1afiniangan lAaann1seanuuLUNITMAAeY

INAUINANIIN WU T UIBINA AR NNaANIaRAUTLNA AN AUN 1T 1N 1IN AADY

ARINRIUIZUIN

Ac 5% Fe-DM
1 0
0.8 0.2
0.6 04
0.5 0.5
04 0.6
0.2 0.8

0 1
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3.4 TUABUNITNINITNAADY

1 v

1. finnsdeinutinaasnanafiniiiunssn 250 nin antiuiildussqaslugon
A e e ua ey o d oy o L
wnsnl wazyinnsdutienliuiuialasiunisialig

2. inasdszneudimasesdgneniuazainsnl Inasevianiaaaduuiuann

1
! 1 oA o !

PFRIINIANNE TR Iafiula Al uieNseat fudiwATasl gnend 1ivevinnag
ArLuUuasszmeaInnszusuniginlslada vinnnssevieufialulnsaudniuesesdnend
d‘ 1oy a dld 1 v dl Y o 3 d‘ o
Weldufgeandiauniedluszuy uazadesateniuilunawdiiunewes ievinnisnau
VEENANAANVOUTLE Inis

3. innesaguun i wazdiudnsnisiuazecuialulnsiaumniuniszauiiunig

o

dl o o :J/ I3 a dl a e’d‘ v aa
NNMUARIANTI 5 AnduinnsidalrTesdnsalngnAILANLLLARYA
dl o a dl a 91&‘ o o o = d‘ o K !
4. Wenin1aidaazeqdjnsadiiTurineu viin1sdunann < 5 Wi ietiunne
gaunginielumdnsal guugiizeunasieen (gas out) §RINTBLNYUTLI LAY LAY
sunnnis luazesingu

5. iwagauunin e lwednaniegniszunn 300 asmaidsaliGudanawmes

o

lunoungganiuAnLULAATA LavilaguuundtesuiaatNilszuins 70 avAmaLias

q
v

WENnaALT wazyinsdainnainisvazesinsiugn < 5 Wil

o A

6. launduENMasanu1dasndt 1 AadanT 119U 3 ATY Dad1Augn

6

¢

o a :j/ IS dl a dl 4 aa o ! 4
n1safiunimaaes andulapTesdnsalngrantuauuuusaia daesli
wjnsnlifiulnedipataufalulnsaunaanioan

! v 1
7. innsdeinninussqdnieinldussqreanas wazaesudaneunismaaes

dl a & o [~3 < ol/ 901 o o z dl %
Wawmlnsaiidiu iniafvreswdsndainin uaztihaesnasiauaildainnimeaass
Tudasinmin

8. vnAnuazeamUinenl uazluniumeesginug

a

9. thaasudanlamdgaunguugi 105 asamaidas uaad 8 dalus

a

10. N1TAUN SRt LA lauaHARS TR ATRAnnTzuaun1g s laga e

AIANNNT 3.1 — 3.3

Y v m e e a e . (niw)
SRR A NARA DT IR ARA DUaTIRaMan (%Yield Liquid) = ——————— x100  (3.1)
W'wmmﬁn (ﬂ%’“)

Saenenaldnans i Wan el (%Yield Solid) = ———————=x100  (32)
Wiianain (i)
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Y a o [

SesaznalaNARAIIaILAa (%Yield Gas) = A G R C RN A (Iaeingu) —

Sasaznalanansugiesnde(lnansy) (3.3)

1 v
o

= W _ o a o o «:iVLy
LN Rnfrney = WIMHNIBSHARAUTIURUUAIN LARINNINARD
goJ o a o " < dl v
W - immans, = Wniinaesuaniusiaaudsnlaainnismases

W, e = Whuinaeswanaini g lunimaaas

11. YN0 NANGARINNIIBANULLLNITNARBIULLUA UL SZANNANN (A1979 5)
U 1IN AR BIUNANIHANITN N IUIIN A UIBINAGANNAALANAUNLNAANTAN AL
AIFITIN 6

12, WN9NANAAAINNITa8NULILINIINAABILLLIAUTzaNNaNY (11979 5) UaY
. o dad ¥
ARINEIUIBINANARNNATGARINNITNAADY (11319 6) W1 ldlunImAaesNeuINanIg
o 1 % o 1 aaa 1 o o 6 o rai A U < 6o
Vinudannuaesdausal jisediusiuiiulalalusmenaeusamaneenlasdfsneg 7

v v

13. AngzviasAlsznausinaisuau lalasau lulnsauassindidulnislata
v d' a I's dl c a a ¢
patiATaddlAIzaaiuasAlsenauesasaume

v 1

14. Aipsziaasszaunitaaiaasuindulnisladasaepzasuialasuninnen
wHaglATnslmes wasiArasfanalatuniginsun nng v

15. BipgznaziudulaseafrsuasnyderduaesindulnlslaGadqe
wsaayFsaunafuaunssnaninsiimas

16. AtAsrzdn1A TN AU A 1N Fauaaau T ulnlsladasqepTaq

UaNLARETRNLART
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uni 4
NANTSANEN

=] o

AN FnulsNi namasasazua leaadalsdu tann ARTE1uIasnaNdRNNaaNTaN AL

=

Aunedieiiau gaungi unisnislad dnsnisluaresuialulnaay Piuinsadelfisen

q a

wazdnadoudaiddjaseduinduiiumanunlnlalud e lilifenazualiaas

nanAuai@amnasludasauqahanaeialstuniaun dusanasg1uiuan A 1w

Ao

annmzaiiunangaluasestnsaiuuunens

4.1 MSIAIATIEUANLANINILNTNLARNTRINAERAN
4.1.1 NSAAFITUANTANINAMNSAUARINAFAN
N193LATIETENTANI9AINY SO ULRINANEAN A LATAIALATI LI UL
WaFluNg13umAIN (Thermogravimetric analysis, TGA) Lﬂ%\ﬁmiq:ﬁmmLmﬁmmﬁm

Faen139A NIl asunlassimiinaasansludosamnal 40 - 800 adA LA LHE A

9 u

' =

£ [ dl o a aa o 4 %
ﬂ’]ﬁll[ﬁ]ﬂ’]’JtLLﬂﬁiuI[ﬂ?L@uW‘ﬂF‘]ﬁ"?ﬂ’]?iﬂ@ 50 HaddansAauny anaanisliAluiau

|
o = A 1 a

10 29ANIALTEAFDUNT NUI19ANHANTUNINNGARETNgUANRNHNITLANEANE

a 1% dl =X ¥ = o a
L‘INﬂ'ﬁ’]ll?@HLL@Zﬂ’]ﬁ‘Lﬂ@ﬂuLLﬂ@\iNQ@@j\‘]@‘ﬂ agldnnsnunldlunisaniiunisnisaanuuy

nmeanalpaningildlunisaaniuunimeasanraniazildlunisaiunisinlslada

1 a v

ladAndnauydienanain Andsznau 14 wusweaeiaulfesaznisilaaunilag
90J o 1 a = a aa IS4 dl 95 o
dminlugaegnunnil 435 - 500 e9ATATaS WaANTaNAUNTREAzN1T AW At UTIn
Tugaegrungi 410 - 500 S9ATALTEA WATTIIENAIARNLITIAAUTNFRaaEN TR LAY
wandnludaeguund 395 - 505 avAn@atdaa N l9inauquu)aNwNIray
FANITHANAAELTIAINTDUABINAAFNUAALTHA

¥ dl 9; % A a aa %’ o

fagazninilasuilaciinidnasmaeveansedieiau 0.29 Inauin

Aniilu 0.035 Radnsu Faaazn1alasunlasu i ninAdiaaIaInaanIanau 0.14

a o v

v ] v
Tagnuiin Aslu 0.016 HaANTH Fagarn 1 AsunlA9UI NN AN ARURIUL ENAVRAN

a o v

v 1 ¥
U799s70u97 3.46 Inarinuiln Aaldu 0.392 Hadniu Faaazniaulasunlasiininaamae
a aa o a aa A v o ] a o el dl
YeINTeALaNAUALNDAN TN AU A INALALNY daurtznataRnussaiusildoutsznaun
Wunanainuazlaildnarasniiuesdlsenauivenavauasingiseasdnisldandonalid

SuaznanlasuilasinuninAsnasgand manafnyiaaesaiia
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TG /% DTG /(%/min)
100 ++ P e e e e s Bio
-5
80
-10
60
Mass Change: -99.71 % =12
40 1 +-20
F-25
20
12 PE ngp-a5 4 -30
64 == ota Peak: 475.4 °C i ; 21
. . r . : . . --35
100 200 300 400 500 600 700
Temperature /°C
a % a aa
ﬂ’]Wﬂ?iﬂ‘ﬂ‘Ll 14 (ﬂ) NITLANRANLLTIAINHTAUUBNNAN LN AL
TG /% DTG /(%/min)
100 4 e ———— —Hlo
80 - =
-10
60 -
Mass Change: -99.86 % T
40 1
+-20
20 -
F-25
ol - Peak: 465.0 °C Al , Bt oo
100 200 300 400 500 600 700

Temperature /°C

ANUIENAL 14 (A1) NFWANFATEITIAINNFAUIBINAANTDNAL



53

TG /% DTG /(%/min)

100 + =

80 - L.5

60 -
r-10

| Mass Change: -96.54 %

40 A
=15

20 1

I ing wasts
== Peak:4781°C Y '. 1)

100 200 300 400 500 600 700
Temperature /°C

N szneu 14 (A) NITUANRANELTIANTBUIBNTE TNAIARAN LTI T

ANU3EnaL 14 (1) NNTUANAAHTNAIINSDLAAINDALD AL
(1) NTBANFATEITIAINNFRUIDINDANTDN AL

(A) NITUANAAIETIAYINFRUIBILTWAAFN LTI W

4.1.2 N153ATITURLLILENEIRAVDINATEAN
a I's . . a d” £
N193LATIT UL UL sEN104 (proximate analysis) 1HRN193LATIEA IULT AR Y
dl dal v 6 dl ] 6 z v
WANILTNIUUBIANNTY 41552018 18 BazTNANTUeY etauanadAlsene LMY
AaeAaN13 ASTM D7582
NM99LATITWILLLLENGTE (ultimate analysis) 1uN193IAIIzIMNduLsznay
pa95718uan leun Arfueu lalasau lulnsiay waraandiay vinn1s3LAsIciluLILEN DI
FneAEN1T ASTM D5373
N133LAT1LHUIAIAINNFRU (heating value) AremARALaNL Aa8RTN1s

ASTM D5865
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M13713 8 ﬂ’]ﬁ‘aLﬁi"ﬁ‘:ﬁﬁr@\iﬁrﬂiiﬁﬂfﬂuLL‘LI‘LILLEIﬂﬁ’]GA?J@GGIIEI‘Z‘W@’]@ﬁﬂ[ﬂ’]&lﬂ’]&]?ﬁ’]uéj’ma\‘i

nTMeAAaaL

— I . PP PE packaging waste

ANTANNNLAINWLLIDIAU
plastic (PWP)

NNTAATIELLLILTE NN
(?@ﬂ@:imﬂﬁwﬁn)
AN99x118l (volatiles matter) 97.24 96.13 92.28
ATUBUAIAY (fixed carbon) 2.76 3.87 2.89
21 (ash) n.d. n.d. 4.83
NNIAITHULLLILENETA
(%’ﬂmzimﬂﬁwﬁﬂ)
A1TUAL (C) 84.11 83.24 83.35
laTasiau (H) 15.89 16.76 14.73
Tulmngia (N) n.d. n.d. n.d.
2ANTLAU (O)* n.d. n.d. 1.92
H/C (Tua/Tua) 2.27 2.42 2.12
0/C (Tua/lua) n.a. n.a. 0.02
ANANSRL (heating value) (MJ/kQ) 41.82 42.85 39.08

NNNEILYB: n.d. Af not detect aY n.a. A8 not applicable

AINRA1919 8 uansdulsznaufieresnatainfuan ldlunimaaes

NRANTANAUILATI LWL UL Tz U WudNUssnausqgassvasasay 97.24 Taguiuiin

6 o Y %’ o 1 dy % a 6 % [
ANTURLANARSataY 2.76 Taailinuiin 1NWU°HLDW UATIATIEMLLLLENUTENAUALANTLAU

v v
Faaay 84.11 Tpeninviin lalasiausasay 15.89 aaunmin lunululnsiau ldwuaandiau

Inadmnsgouandlalasiausan1fuausasay 2.27 Inguiuiin §M14911099003121A

At e wazAranFau 22,31 wnzqaseilaniu innsaaszinadianan

ANAzAnUulssuInUInlsznaumae a197ednafasay 96.13 Tnauniin AsUaL

o Y %’ o 1 dgj ¥ a o v [
pasnfasay 3.87 laaunniin 13~I‘W‘L|°l|m’1 LL@S’JLﬂ?’]ﬁi‘ViLL‘]_I‘]_ILLEIﬂﬁ’W!‘]J?%ﬂ’ﬂ‘LI@QEIﬂ’]?‘LIﬂu

Fasay 83.24 Tneninvin lalasiausasas 16.76 Iaaunmin lunululnsau ldwuaandiau
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snadiuradlalasauseaniueudasay 2.42 Inahwin dasdiuteseandiausienfiay
Wl 1 wazAAuiau 23.28 wnzqasailaniu dounesassnatafinussasinat
Frsiuuutlazannmudntaznaudaagnssmednadanas 92.28 Inarinuiin Aoy
paFafenas 2.89 laguiiniin 11815euas 4.83 lagianidn WATAATIEWULLUEN SR
Usznaudasanfuaufesay 83.35 lnauaviin lalasiaufesay 14.73 Inguiwiin
Tinululnsiau Tinueendiau sasdauaedlalasiaudennfueuiaaas 2.12 Inavnmiin
daureseendiauseniiuauiesas 0.02 lagrimin uazAnauen 20.45 WNZYARD

a a

AlanfuasznatafinussqiusiiAIANFauAINIINANARNIININNEANTONALUAE
Wadefiau e InnaNaRnusqsinet SnvinainesdlsznauaeanaanniiesAlsznay
i’/ a aa a aa = Y o ! A o a oﬂl
1e9ianeanseNaunarnedieiaulngazin1slimadszaudunitvisedannedinesau

Tunnstssaunang@fin N AN AU LA L LTI LIRS

4.2 NM5AATIZRANLAUDIALF LT EN
421 n1sAsnzvasAlsznauaased fasenldlunisinislada

AELNATANISLALALLIUARISIRLANT

AC
—5%Fe-DM
calcined dolomite
€ (Ca(C0O); @ MgO
4 MgxFe,O mFe,0O4

Intensity (a.u.)
*

Rl
%

L o
> Wt *Pie

@
P . **.‘“ “Q.Q Q’..
0 20 40 60 80
26 (degree)

ds/ o al o o 1 aaa ' L4 ¢ ¢
nwsznau 15 g‘]JLLU‘].IﬂW?L@EI’JL‘LIM‘H@QN@Lﬂﬂsﬁﬂ‘ﬂﬁﬁl%?\‘iﬂgﬂ?ﬂ’] DTUNNNUB Iﬂt@iiﬂﬂ

wazianuulnlalusiasas 5 Inetinuwin
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n1sdAsizAadel JATeadtemalianisiaediuuaeafedend

[ % o

(X-ray diffractometer: XRD) arnnwilsznay 15 ilugiinisaliaaaumuaesididnduassais

o o |

ﬂﬁﬁ?‘mﬁ%’muﬁ% W drufusfudnudnnisassuueesfadienduudiuiudus
TUnNUR ARN Uz UAN NUR e AT AN HIENE1e 2 AT 2 theta WAL 20° - 30° WAL
2 theta Wil 40° - 45° uaznaladeufuuULdanaas 5%Fe(No), 9H,0 uulnlalusf wuda
wanslarsaiaiiarnnnedautslanzimanuueslalalus udavinlilaseairandnil
uansngannuaa lmilalalus@alsznandas Ca(CO), haz MgO Fafluaarlsznaumdnaes
T8 lus LazwuN1IRALE9 Mg.xFexO 7t 2 theta NfiL 365 42.5° 61.4° 73.4° 77.6 "
LATWUNATDY Fezoﬁ‘i 2 theta WinfL 23.5°31.4 °36.5°42.5°61.2° 744  uar 78.8 "
Laenud iR Augndlaaierasuaalnilalalufm ss A ungaany (intensity) ARPTA
Gefinsindeudedalanzidneenlofuansindanisndeuids 5%Fe(No), 9H,0 Uy
Talaluslivnlilasaaisuasnsdnaesasadlassairalnlalusiddsuuasl

4.2.2 n1smsnziasAlsznauaased fasenldluntsinislaia
AaEnAlAENTLTENgRaLTALEUS

n1sdwmsneesAdsrneudadead Jaseanldluntslnislada

potmallalanTstlganisarus (X-Ray Fluorescence spectrometry: XRF)

1974 9 n1sdiAazesAtlsznausiadelfazannldluntsinislagadoawmaiinengise

NQaaLTaLTus
concentration (wt.%)
element compound activated 5% 10%
dolomite
carbon Fe-dolomite Fe-dolomite
Al ALO, n.d. 0.19 0.22 0.18
Si SiO, 0.08 0.39 0.67 0.55
Ti TiO, n.d. 0.06 0.06 n.d.
Na Na,O 0.42 0.33 0.41 0.83
Mg MgO 0.16 33.01 31.82 31.72
P PO, 0.02 0.02 0.02 n.d.

K K,O 0.54 n.d. n.d. n.d.
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M99 9 (Fid)

concentration (wt.%)

element compound activated 5% 10%
dolomite
carbon Fe-dolomite Fe-dolomite
Ca CaO 0.08 59.82 54.85 53.19
S SO, 0.03 0.06 0.11 0.11
Fe Fe,O, 0.01 0.23 5.82 9.14
other Other 1.91 5.89 6.02 428

NP n.d. A8 not detect
4.2.3 MaAanzianuaNTiANaNgurasiadal §Agenildlunisinlslads
nsiAszviRuantRdaLalfAsena N Tnlalusd uaziwdnuulnlalusd
Faeay 5Usznausog ﬁvuﬁﬁqgw;u%\mum (SBET) d3n1m33W3U (pore volume) LAY
YUIAZWIU (pore size) ArenARA Brunauer Emmelt Teller: BET Faflurlads auiTR was

N385 NATAINAR BN TUAN AR AL FEN

a

F11979 10 WUNRY U3N1m9 wazauingnguessogeljisenldlunimaaes

Y T

A aa AdaA
o e WUNNILAN InAsgNgU IUIAFNTU
ALl Ten 3 y B
(AINWAINTN)  (QRUIAREUANAINTN)  (W1Tums)

ONUANT UG 830.77 0.05 2.37
Talalus 19.95 0.10 18.79
wianuulalalus 18.77 0.10 19.46

v
Saea 5 IAstnun

o a

A1NA1919 10 duinsusiiuiae 830.77 Asnaimmssenin UTNmIgngu
0.05 NUIATIUALNATAINTHN LATIUIAZNTY 2.37 W luung TalalasfliNuiian 19.95 ane
WAIABNTN UINIMTINGU 0.10 gAUNATIURAINATABNTN UWATIWIAINIYW 18.79 W llums
wazmanuulslalusiesas 5 lngtimin #uiifa 18.77 amsramassiensa Usumsgngu
0.10 gNUAAMLEUANATABNTN LATIUIATWIU 19.46 UNTUINAT TUIATWIUTBIAILTN

dfisennldiauinelugdos 2 - 50 witumns Saugnguauianane (mesoporous)
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4.3 MIANHIANENALALHNAUDIAILLTANS ) NANARDSDEAENA LAUDINARAUT
NIINARAILLILLNNNE YA LazN190ankULdIUlszaNnane INa3LATIZITAN

|
aa

ANLU T TINaRedaqaF ] NRAuLIRaUAWeY (response) 2 AQuLls A9 Saeazua e
NARAUTUadNA AT U 1a9uasiusesazua lANA A9 LAlITUAINNITUANF 2
sy gnsenresssnandmnussqAaiuuAselfasenauiudus lnasouls

'
a al

ldlunisinen Ao qruugdnldlunisinislad dasanisluanesuialulngau
& o ] ana
Forazsiadalizen

4.3.1 nsAnENANENALAzNATRIAILLTANS o NNARasaaazHA LAY

NAANDNUDINAD

A19719 11 Ferazna lavaananiuaiaaauasannszuauniginisladavaznanasn

o dl = - =
‘]_Iﬁ‘ﬁ‘"]‘ﬂmmﬂuLﬂﬁ“ﬂﬂﬂ{]ﬂﬁ‘mLLUUﬂﬂﬂz

SRaasNa IOHA NS U

FauLls
(%wt.)
std gaunilunig dmsnsivares  Fesazdiau
. . - kerosene
Tnislad wialulmaian Uffsen  liquid yield
- A 1 1 y fraction

(DNALTALTEIA) (NARARRT/UN) (Tagiudnutin)
1 440 50 10 82.47 24.04
2 480 50 10 64.63 17.03
3 440 100 10 75.37 21.25
4 480 100 10 68.76 19.02
5 440 50 15 75.11 24.03
6 480 50 15 59.18 18.15
7 440 100 15 72.36 22.27
8 480 100 15 67.45 20.45
9 426.36 75 12.5 86.37 22.52
10 493.64 75 12.5 54.63 19.57
11 460 32.96 12.5 53.15 20.72
12 460 117.04 12.5 67.64 19.93
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A1 11 (51B)

¥ Y a o [
a‘ﬂmwaimmmmm

AauLls
(%wt.)
std qmuqmuma 8m31117 a1 R LIEN,
B . o kerosene
Tnislad whalulmaian Ufisen  liquid yield
. o 5 y fraction
(DNALTALTEIA) (NAaaamg/1n) (Imersdnutin)
13 460 75 8.3 70.68 19.54
14 460 75 16.7 71.93 21.25
15 460 75 12.5 71.31 20.92
16 460 75 12.5 72.04 21.27
17 460 75 12.5 71.63 21.34
18 460 75 12.5 71.68 20.87
19 460 75 12.5 72.02 20.91
20 460 75 12.5 71.56 20.88

ﬂ’]i‘V]ﬂ@@\‘ILL‘].I‘LILLWﬂ‘V]@L?‘H@ LL@Zﬂ’]?‘ﬂ‘ﬂﬂLL‘]_I‘]_I@I"JM‘IJ?S’&NTW@’NLﬁ‘ﬂﬁmﬁ?’]zﬂr
! o ] aid Y ¥ a o o o
ArANNNLL s uaRsTaq g ] vmm@mm@ﬂ@m@v{,msﬂmm@mmmmmm@’mmmmnm
a o 1 aaa a o o 1 o o dl a & dl
L‘I]\‘][FVJLﬁ‘\‘]ﬂ{]ﬂ?ﬂ’m‘ﬂ\‘]"ﬂﬂgV\l@W@ﬁlﬂ‘]_l??f‘ﬁ.ﬂmsﬂuuﬂquﬂmﬂuﬁﬂum?‘ﬂﬂﬂgﬂ?ﬂALL‘LI‘LIﬂ\‘]ﬂZZ
1319 11 wansnafauaznalanesnaniusiaasmanadlutasiesay 53.15 - 86.37
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A1919 12 NNTNARBLLLULAIABIANNITNATINANGI489289N17Ra L AU TUNARA U

EIRANINZIA
Source Sum of Mean p-value
df F value
Squares Square Prob > F

Mean vs Total 97995.8 1 97995.8
Linear vs 782483653 3 260.8279 10.349045 0.0005 Suggested
Mean
2Fl vs Linear 72.5218375 3 2417395 0.950212 0.4450
Quadratic vs 2FI  169.705159 3 56.56839 3.5130755 0.0570 Suggested
Cubic vs 120.887397 4 30.22185 4.5180281 0.0504 Aliased
Quadratic
Residual 40.1350088 6 6.689168
Total 99181.5331 20 4959.077
AN94 13 NNINAABL lack of fit TeINI1TRaUaUeLIUNEANTUTIIRUUAY
Source Sumof  df Mean F value p-value

Squares Square Prob > F
Linear 402.854669 11 36.62315  463.89738 < 0.0001 Suggested
2FI 330.332831 8 41.2916 523.03163 < 0.0001
Quadratic 160.627673 5  32.12553  406.92705  <0.0001 Suggested
Cubic 39.7402755 1 39.74028 503.3813 < 0.0001 Aliased
Pure Error 0.39473333 5 0.078947
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A1319 14 LULA1ARUNIZAN189N1IRaL AL TR AR 918 91a2a1N3 8N TRNILIL

NIINARBNLLLLIZANNANS

Std. Dev.  R-square Adjusted Predicted Press
Source
R-Squared R-Square
Linear 5.02026769 0.659916 0.5961497 0.38772 726.0006 Suggested
2FI 5.04386577 0.721078 0.5923441 0.2288908 914.3297
Quadratic 4.01275972 0.8642 0.7419802 0.0279299 1218.85 Suggested
Cubic 2.58634262 0.966152 0.8928138 6.3884238 8760.698 Aliased

nasasizvigdunuaeannisnmuizaniaaldniseanuuy

ﬂﬂiﬂﬂ@'ﬂﬂLLUUT’]’]?‘VIM@@\?LL‘].IULLV\IT'WI@G‘EZ\] LaZNI7RANUULAIULTZaNN AN Lﬁfaﬁmmzﬁ

A1ANLLTUsINLR9TAd AN 7] AINANII9 12 LARNNNTNAGELILILAae Il ReLdueu

nandusirediasiduzduuunimaaeduuy Linear U Quadratic THHaN1sUAA4

N13AIUITUAINAT p-value Nid A1 probability > F Yaend1 0.05 Nadngiluuusinanad

pnsmNIzaNiudeys InaEudusatn1madey Lack of Fit a1nA1319 13 wudngluuy

nafnA1ansnTUsunsuuuzintlugluuy Linear il Quadratic WAIATIAABLLLILANADY

AAMNUNITANAINAFN 14 NULIAT R-square squared 284 Quadratic ARANNINTAZA

q

1RUANANHIMNIZAN UNUIIIDIULILIAI1A99 WLANENNS Quadratic HAMNANIZANNNTIEA

M1319 15 N1396ATITUANN KL 7199 ULRINIINDLAUBINITUANAANENANAANL AT U

luidurasiman

Source Sum of df Mean F p-value
Squares Square value Prob>F
Model 1024.711 9 113.857 7.0709 0.0026 significant
A-temperature 712.887 1 712887 442725 < 0.0001
B-N, flow rate 53.061 1 53.061 3.2952 0.0995
C-%catalyst 16.536 1 16.536 1.0270 0.3348
loading
AB 61.883 1 61.883 3.8431 0.0784
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Source Sum of df Mean F p-value
Squares Square value Prob>F

AC 1.629 1 1.629 0.1012 0.7570

BC 9.010 1 9.010 0.5596 0.4717

A 1.455 1 1.455 0.0904 0.7699

B 152.678 1 152.678 9.4818 0.0117

c’ 5.229 1 5.229 0.3248 0.5813

Residual 161.022 10 16.102

Lack of Fit 160.628 5 32.126  406.9271 < 0.0001 significant

Pure Error 0.395 5 0.079

Cor Total 1185.733 19

Std. Dev. 4.013 R-Squared 0.864

Mean 69.999 Adj R-Squared 0.742

CV. % 5.733 Pred R-Squared -0.028

PRESS 1218.850 Adeq Precision 10.246

A1319 15 N199LATIEHAINLLT1991 (ANOVA) IUNITATIRE DL wWIaa kil

IULILAADINITALTEAATYNINATA 0.05 gilutunisaanuuunisaaasiuguuni g

a
|

ANTUAAINITAIUITIANNAN p-value TITIAN probability > F ffaandn 0.05 teuandtiiaula
1933tununImasesiinNg Aty waziadevesguuniidugninadiAtysiedenazuala
NARADITIR9UAY WaZAN Lack of Fit IAN probability > F $aendn 0.05 LNUanqnduns
onnasildiudesyaianumuizaniudayaiiaomdeiufenas 95 suiern R-square

tsuandnfauuuatinfansia i zaniutayafanas 0.864
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Mormal Plot of Residuals
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Residuals vs. Run
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FTUINNIITLAAT 2 Fin LazN1adansasusasniTlines nealdaunisliunanaessia
(code) LazinengasAailuLAasn M Tme g snvnuns faaaznisinisladaves
pegwaafinussqiuatliiduaediman auasy
liquid yield (%wt.) = 71.593 - 7.225A + 1.971B - 1.100C + 2.781AB +
0.451AC + 1.061BC + 0.318A” - 3.255B” + 0.602C°

3D Surface
3D Surface

factr Codrg Aceal

3D Surface
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4.3.2 N1FANHIANBNAUATNAUDIAILLSAY ) NANAADsRERENA AT
NARAUTLALTTY

NIINARBIUULLNNNAITEA LATNII0NUULAIULTLANNAINNIINAAD
wunuvinnaizaa wazniseanuuudtulszannataiediaziA1Alsuaesiady
] aid ' g ¥ a v = v A o ' aaa
e ] Nnasefesarualiresnandniialsiuainnisunnsodeiaiig jasenaes
2 EWANARN U uaTunt AN Ud luATeslnsnluuuiang m191e 11 wansnaieras
e lnaasnandusialsiueludasdasas 17.03 - 24.04 Tneniin wazldnadimazrinig

anAa1n Ease Design-Expert AamalLlil

AT 16 ﬂ”l?‘V]W&'ﬂ‘]_lLLUU&W@@\?@Wﬂ?)dﬁN@?QNﬁWﬁ/ﬂ@‘ﬂ\‘l"ll‘ﬂﬂﬂ’]ﬁ‘[ﬁ]@‘]_l’&u‘ﬂ\‘]Lﬂu‘ﬂ\‘]ﬂrﬂﬁ%ﬂﬂu

TudagpruqamenuAlsmy

Source Sum of df Mean F value p-value
Squares Square Prob > F
Mean vs Total 8651.136 1 8651.136
Linear vs Mean 38.340 3 12.780 11.990 0.0002
2Fl vs Linear 10.289 3 3.430  6.590 0.0060 Suggested
Quadratic vs 2FI 1.072 3 0.357  0.628 0.6135
Cubic vs 5.313 4 1.328 20.925 0.0011 Aliased
Quadratic
Residual 0.381 6 0.063

Total 8706.531 20 435.327
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FI1379 17 NIMAAeYL lack of fit 7ean1smevauasuesrlsznanluiwsniuqaineninlsmu

Source Sum of df Mean F value p-value

Squares Square Prob > F
Linear 16.826 11 1.530 33.504 0.0006
2FI 6.537 8 0.817 17.898 0.0028 Suggested
Quadratic 5.465 5 1.093 23.941 0.0017
Cubic 0.153 1 0.153 3.341 0.1271 Aliased
Pure Error 0.228 5 0.046

AN919 18 LULRNANNNILANIa9N17AaUdUadLTuasAlsznatsa nanAlsduaNniaanig

AANLLLNNIMARBILLLLTZANNAN

Source Std. Dev.  R-square Adjusted Predicted Press

R-Squared R-Square

Linear 1.032 0.634 0.435 31.299 1.032 Suggested
2FI 0.721 0.821 0.539 25.5657 0.721

Quadratic 0.755 0.805 0.243 41.942 0.755 Suggested
Cubic 0.252 0.978 0.387 33.958 0.252 Aliased

mﬁl,m']::u’mgﬂ LLUU%@\?@Nﬂ’]?ﬁ wnnzanlnglin1seenuLLNN AR RILLIL

|
A a

NN9INAABIULLLNANAEEHA LAZN1TaaNLLLAULsdNNANNeAATIZITAN AN LT 991
1248989 ] AINAT 16 LAANNIINARALLLUANAAINNADUA U UNANA U
o o = . [ % v
asAlsznavananialsguilugduuunismmaaesuuy Linear AU 2F1 IWNANITUAAINIS
ATUATUAINAN p-value NH AN probability > F aandn 0.05 Nad13Uuuuaeinans
Hpaumunzaniudaya Inatudusaanismaaay Lack of Fit a1nA1319 17 Wuangluwi
=) o‘d‘ o v o dl
nupaAIansldsunsuiusndugliuy 2F KAIRIIRABLLLLA1AINIAIIHINNIZAN
ANFN9I9 18 WLF1AN R-square squared 484 2F1 NHAININTAGALNLANAIININNIZAN

LHUENTBIULLIANABY WLINANNIT 2F] HANIMNNZANNINNAA
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M1319 19 N139LATITUAINN UL TL99ULBINIINDLAUBINITUANGANENANGANL AT U

TuliflamTaa

Source Sum of df Mean F value p-value
Squares Square Prob > F
Model 48.630 6 8.105 15.574 < 0.0001 significant
A-temperature 35.123 1 35.123 67.489 < 0.0001
B-N, flow rate 0.185 1 0.185 0.355 0.5615
C-%catalyst 3.033 1 3.033 5.828 0.0312
loading
AB 9.768 1 9.768 18.770 0.0008
AC 0.296 1 0.296 0.570 0.4639
BC 0.224 1 0.224 0.431 0.5228
A 6.766 13 0.520
B’ 6.537 8 0.817 17.898 0.0028 significant
c* 0.228 5 0.046
Residual 55.395 19
Lack of Fit 48.630 6 8.105 15.574 < 0.0001 significant
Pure Error 35.123 1 35.123 67.489 < 0.0001
Cor Total 0.185 1 0.185 0.355 0.5615
Std. Dev. 0.721 R-Squared 0.8779
Mean 20.798 Adj R-Squared 0.8215
CV. % 3.469 Pred R-Squared 0.5386
PRESS 25.557 Adeq Precision 14.1168

M1979 19 AATIEUAINKLTLIIU (ANOVA) 1HIUN19RT9R 40U uNAIETULL 9
LUANaeINsEAUTad1AynIeaia 0.05 SUUULNI99DNULLUNNINAAEY QIUUYH LAY
2 o 1 aaa v o 1 dlal 1 e
Fagavsalfelgnsen IMnan1suaAIn12AIUIUAINAT p-value NHAY probability > F

aandn 0.05 thuandiNeulaesgluuunimasesdnnugAty uaziladaaasgmuniiily
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Residuals vs. Aitemperature (oC)
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433 ATUINIIENNNISANADSDUASHALAUBINARNN U A28

Ease Design-Expert

£1919 20 AU ATBINITUNNZANIUN TN AN

Name Goal Lower limit Upper limit Unit
Temp is in range 440 480 °C
N, is in range 50 100 mL/min
Catalyst is in range 10 15 % wit.
Liquid yield maximize 53.15 86.37 % wit.
Kerosene yield maximize 17.03 24.04 % wit.

A1379 21 NANITANKIIN1EA RNz aNannTLsunsa Ease Design-Expert

liquid kerosene
temp N,flow  catalyst
Number yield yield Desirability
(°C) (mL/min) (% wt.)
(%wt.)  (%wt.)
1 440.00 50.00 10.00  79.91 23.51 0.86 selected
2 440.00 50.27 10.00  79.96 23.50 0.86
3 440.00 50.00 10.02  79.87 23.51 0.86
4 440.00 50.00 10.05  79.83 23.51 0.86
5 440.00 51.59 10.00  80.19 23.42 0.86
6 440.02 51.27 10.00 80.12 23.44 0.86
7 440.00 51.83 10.00  80.23 23.41 0.86
8 440.00 50.06 10.09 79.78 23.51 0.86
9 440.00 52.45 10.00  80.33 23.38 0.86
10 440.00 52.64 10.00 80.36 23.37 0.86
11 440.00 50.00 10.13  79.72 23.52 0.86
12 440.20 50.01 10.00  79.80 23.48 0.86
13 440.00 53.99 10.00  80.56 23.29 0.86




A9 21 (51B)
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liquid kerosene
temp N,flow  catalyst
Number yield yield Desirability
(°C) (mL/min) (% wt.)
(Yowt.) (Yowt.)
14 440.00 54.74 10.00  80.67 23.25 0.86
15 440.19 52.86 10.00  80.29 23.33 0.86
16 440.00 50.01 10.39  79.33 23.53 0.86
17 440.59 50.00 10.00  79.58 23.43 0.85
18 440.00 57.95 10.00  81.05 23.07 0.85
19 440.00 52.31 10.56  79.51 23.41 0.85
20 440.00 50.00 10.67  78.93 23.54 0.85
21 440.00 58.69 10.00 81.13 23.03 0.85
22 440.00 58.89 10.00 81.14 23.02 0.85
23 440.00 50.00 10.84  78.70 23.55 0.85
24 440.00 60.12 10.00 81.25 22.95 0.85
25 440.00 60.53 10.00  81.28 22.93 0.84
26 440.00 60.95 10.00  81.31 22.90 0.84
27 440.00 50.33 1147  78.33 23.55 0.84
28 440.00 50.00 11.23 78.17 23.57 0.84
29 440.00 50.00 1190 77.35 23.60 0.83
30 440.00 50.00 12.00 77.24 23.60 0.82
31 440.00 52.11 12.08  77.59 23.50 0.82
32 440.00 57.99 11.88 78.78 23.19 0.82
33 440.00 67.18 10.00  81.56 22.56 0.82
34 440.00 68.05 10.00 81.56 22.51 0.82
35 440.00 54.27 12.63 77.44 23.42 0.82
36 440.00 57.85 12.58  78.09 23.25 0.82
37 440.00 51.49 12.64 76.88 23.56 0.82




A9 21 (51B)

75

liquid kerosene
temp N,flow  catalyst
Number yield yield Desirability
(°C) (mL/min) (% wt.)
(Yowt.) (Yowt.)
38 440.00 50.01 12.66 76.53 23.63 0.81
39 440.00 55.11 12.88 77.37 23.40 0.81
40 440.00 59.72 12.74 78.21 23.17 0.81
41 440.00 52.68 13.06 76.73 23.52 0.81
42 440.00 57.70 13.12 77.61 23.29 0.81
43 440.00 58.42 13.15 77.70 23.26 0.81
44 440.00 54.56 13.23 76.97 23.44 0.81
45 440.00 59.87 13.09 77.95 23.18 0.81
46 440.00 54.59 13.36 76.87 23.45 0.81
47 440.00 62.82 12.71 78.59 23.01 0.81
48 440.00 54.97 13.38 76.92 23.43 0.81
49 440.00 56.85 13.46 77.21 23.35 0.81
50 440.00 57.61 13.47 77.33 23.31 0.81
51 440.00 57.02 13.58 77.15 23.35 0.81
52 440.00 55.19 13.55 76.84 23.43 0.81
53 440.14 63.13 12.94 78.38 23.00 0.80
54 440.00 57.67 14.10 76.92 23.35 0.80
55 440.00 57.81 14.18 76.89 23.35 0.80
56 440.00 59.19 14.45 76.98 23.31 0.80
57 440.00 59.89 14.44 7710 23.28 0.80
58 440.00 61.06 14.46 77.26 23.23 0.80
59 440.00 59.85 14.56 77.03 23.29 0.80
60 440.00 58.98 14.57 76.88 23.33 0.80
61 440.00 61.31 14.52 77.27 23.22 0.80




A9 21 (51B)

76

liquid kerosene
temp N,flow  catalyst
Number yield yield Desirability
(°C) (mL/min) (% wt.)
(Yowt.) (Yowt.)
62 440.00 59.17 14.66 76.87 23.32 0.80
63 440.00 59.67 14.67 76.95 23.30 0.80
64 440.00 59.98 14.68 77.00 23.29 0.80
65 440.00 61.01 14.68 77.16 23.25 0.80
66 440.00 61.89 14.55 77.34 23.20 0.80
67 440.00 59.79 14.75 76.94 23.30 0.80
68 440.00 59.91 14.77 76.95 23.30 0.80
69 440.00 60.14 14.91 76.92 23.30 0.80
70 440.00 61.19 14.89 77.10 23.25 0.80
71 440.00 60.48 14.99 76.95 23.29 0.80
72 440.02 60.90 14.99 77.01 23.27 0.80
73 440.00 62.11 15.00 7719 23.22 0.80
74 440.00 64.03 15.00 77.45 23.14 0.80
75 440.02 68.75 15.00 77.91 22.94 0.79
76 440.00 74.03 10.00 81.36 2218 0.79
77 440.00 70.83 15.00 78.05 22.86 0.79
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HaRA e ludnsdoudadeljisenwanuulnlalusdiasas 5 Inauimin Ngudsdunsaiy
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% Y a o o‘d‘ 1 o 1 [ < 1 [
fouaznalananiusinag lunisdnglanaldlalnsafuauauiadanludaeasusueznay

C, - C,, unz@nasived ldanunsnmauuiuls

4.5 MaaTedaNTARAR uTLazasslsznattihulnlslada
451 Mmslasziuunuensinasiaiulnlslads
N193LATEHULLILENE16A2835N19 ASTM D5373 LAZN193LAINZUUIAN
AYNNFaU (heating value) AReARALaNL] ALedan1s ASTM D5865 gaqrnsiulnlslada’ls
wAlAN1IIAIsiadmlsenay Afuen lalasiay Tulnsian wazeandiay LandAan1sng 23

WAL 24

= o

R34 23 NaAgIziesAlsznevassindulnislaiasaunisimasiuuuuansnsfoe

1
6

wrasdisnzdsniduesdlsznauaesasaunsd nguuganldlunasinislad 440

3

' =

adAIAEeE 9R3077 lataalRa lulngau 50 RaAARIFHAUIT

k2 2
fatazTneninuinuasNans aindua NN n s lada

NNIIAITHULILLENER)

Y non catalyst 5% catalyst 5% catalyst
(Feaazlngtinuun)
PP:PE 0.5:0.5 PP:PE 0.5:0.5 PP:PE 0.2:0.8
ANTLAL (C) 82.43 82.38 82.48
lalngia (H) 14.11 13.95 14.03
Tulmaiau (N) n.d. n.d. n.d.
aanTLaL (0)* n.d. n.d. n.d.
H/C (Tna/Tua) 2.05 2.03 2.04
0/C (Tua/lua) n.a. n.a. n.a.
ANANERL (heating value)(MJ/kg) 44.27 42.84 44.73

NG n.d. Af not detect 4a¥ n.a. AB not applicable

{ | &

RINFITY 23 hAANAIUWUTENALFING d gasuduInlslaga nudnAIAFuRL

v
' =

lalngiau anggaulalnsiausaAIfuan LaLAIAIINFaUURIA2aE 19U UIA N7 AN

Inaaeniy wazlinup lulnsiauuayaandiauynsanting
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1

1974 24 NTATIzesAlsznevaevindulnislaiadauntsinasviuuuuensiniae

o a ad

rsasdiAszianiiueslsnauaesaisdursdndnsdqunaansaNauiunealeiau

)}

' o ]

0.2:0.8 Ineinuidn dnsnisluazeuialulngian 50 Hadanssdauli fadeljisen

druinduduazimanuuinlalusd 0.2:0.8 Ingsirwidn Welddusedjitenfesas 5

Theminmsin
N139ATIZAULLILENETP) fernzlpeniviinesanaurinduanmeinlslata
(%’@mximﬂﬁmﬁﬂ) 440 (°C) 460 (°C) 480 (°C)

A1TUBL (C) 82.19 82.36 84.21
laTasiau (H) 14.00 14.07 14.11
Tulnaiau (N) n.d. n.d. n.d.
aanTLaL (0)* n.d. n.d. n.d.
H/C (Tna/1ua) 2.04 2.05 2.05
0/C (Tua/IN]) n.a. n.a. n.a.
ANANNT L (heating value) (MJ/kg) 44.10 45.10 47 .61

NG n.d. A8 not detect LAY n.a. A8 not applicable

! ' &

AINFENTN 24 LARIAI1UTZNaLANS I gasunduinislaga nudnAIAIFuRL

v
' =

lalngiau 6n3142ulalnsausaAITUAY LAY ATAIN I UIRIAQDE 19U TUNIA 1N T AN

a

Indpasiusudsldnua lulnsauuazasndiauynsaatg uaznazaiunisnguug

u

480 B9ANIALTEA HANANTLBUGIEATIABAAABINITAIAINTDUGIAR
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4.5.2 Jipszruasiudulaseadrsuazuywenduaasiiad

dnulnisladanas
saeyiFasnsunasnaunsusasilnlnsinas
C=0 stretching / |\ N 'C-H bending
C-H bending =—— 11| / _
C=C stretching / | | C-H bending
/] / C-H bending
C-H bending | C-H bending
C-H ben ding: | C-O stretching

C—O stretching

— Pyrolysis oil

karosens

nilsznau 35 Tanaiaastingulnislata nanmannldlunisinlslad 500

q u

ANANTALTEIE SRIINITINaRIUAE IATIAL 75 B

AaAAMNIFAUN
o 1 aaa 1 [ % o oY % o
wazFaUizeuindusiFear 10 Taanimein

NnsEney 35 LARINIIIATITULATIATIIUAE MY AT T U IFDEIN91NTY

nislaganuinlsgu ananuansliifiudunaesiiuinlslagaligaunnusludouaeg

as A 901 o a al v o as = a; d; oI/
wnmisun aunduinlslagalaanulnalAasiuunniisunaneaalsiunanume gy
%

7ReUNT 93.7

1 v
;1379 25 vyjileriduaasinduinlslata

; paeing
A o 1 o =
AHENIARY Wuay wylaridu v wAleTu
VQEGH!
721.08 cm” C-H bending Tuluaszlsnnmn v v
809.91 cm’’ C-H bending azlannsin v
lalafansuan
887.97 cm Uar 965.41 cm”  C-H bending Wy uaanY v
1162.50 cm’’ C-O stretching LAANAFRARRENH v
1217.16 cm’” C-Ostretching  hilawawmesdegly v/

(asymmetric) mﬁm@{
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A19149 25 (FiR)

y . N FIIBEN .
ANNENIAAL WU iy aridu v AleTu
1n3iid
1377.54 cm” uay C-H bending i iaTuneaaw v v
1457.48 cm” (symmetric and
y
asymmetric)
1642.54 cm’’ C=C stretching vajuaany v
1738.83 cm’” C=0 stretching amesingly v
wyAsueila
2852.53 cm’' 2921.68 cm”’ C-H stretching C-H wuuEinaeq v v
WAz 2956.57 cm’ (symmetric and wyLnaauly
asymmetric) LAALAY

= o

v
nstas s ulnlslatasiawmaiingFusmounasudunsisaanining
HnafuanINaNITIA I AaFUAIA1919 23 WudmgieriduteueaALLATLEAALLTA
nisuansagesansdsenaulalasaifuendaiuesdlsznaundnaassnanafinuazaay
wanaAnussaituet udousesnymiueliauazames enaninanlilawamesisiu navive
a A dl dl QI a Aa ¥ dl ! :// a6
anseil iy o el ndss@nanmilunsltan waviduansmentsraussnineiuil anmnia

moLlezasA nnslfauussq@udnudeduiingauiiesaniimadanedulsznauae ey

wanaRnUssasTridndugsls
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453 n1satas1ziiadrdsesnavrasiiNulnislaianrainaiia
wAalAsI NN NuNagilalnsiinas

A13149 26 WAANNANITILATIZasALlsenataasgnsdsenaudunadainundulnisladalu
niazaiiuni1g1dlungInislad 440 asdmadeas ananisinazasnialulngau 50
a aa 1 al o ] a aa [ % a aa 9‘; o 1 Y
AARAMTADUN LAZEATNRIUNAALDNAUTLUNAANTIANAY 0.5:0.5 Iasitinuiin Toeluld

o/ 1 aaan Y o ! aan ! o o (3% %’ o % a &Y
rmLﬁ?\‘lﬂgm‘mmﬂmmLiqﬂgmmmuﬂuuum@mz 5 Tnetinutin Aosmatiauialasunn

neundalalngwss
Area%
R.T Molecular
non 5% Name of compound
(min) formula

catalyst catalyst

1.43 0.252 2-Butene C,Hq
1.576 1.444 Pentane CH,,
1.629 0.206 2-Methyl-1-butene CHypo
1.689 0.057 1,4-Pentadiene C.Hyq
1.755 0.120 Cyclopentene C.Hg
1.795 0.556 Pentane, 2-methyl- CeH,
1.896 7.283 1-Pentene, 2-methyl- CeHis
1.897 1.593 1-Pentene, 2-methy!- CeHis
1.944 0.441 n-Hexane CeHis
2.001 0.698 2-Butene, 2,3-dimethyl- CeHis

2.09 0.073 2-Pentene, 3-methyl- CeHys
2.144 0.248 Cyclopentane, methyl- CeHis
2.207 0.276 2,4-Hexadiene, (E,E)- CeHig

2.24 0.258 Cyclopentene, 1-methyl- CeHio

2.28 0.350 1-Pentene, 2,4-dimethyl- C,H,,
2.349 1.007 2,4-Dimethyl 1,4-pentadiene C,H,,
2.538 0.055 Hexane, 3-methyl- C,Hyg

2.605 0.195 Cyclohexene CeHio
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Area%
R.T Molecular
non 5% Name of compound
(min) formula
catalyst catalyst
2674 0.163 1-Hexene, 2-methyl- C,H,
2.708 1.223 1-Heptene C,H,
2.804 0.892 Heptane C,Hyg
2.857 0.819 1,4-Hexadiene, 5-methyl- C,H,,
2.95 0.065 1,4-Hexadiene, 5-methyl- C,H,,
2.983 0.179 Cyclopentene, 1,5-dimethyl- C,H,,
3.056 0.147 Cyclopentane, 1-methyl-2-methylene- C.H,,
3.096 0.493 Cyclohexane, methyl- CH,,
3.245 0.206 Cyclopentane, ethyl- C,H,,
3.325 0.270 Cyclohexene, 3-methyl- C.H,,
3.361 0.252 2,4-Hexadiene, 2-methyl- CH,,
3.547 0.173 Cyclobutane, (1-methylethylidene)- C,H,
3.58 0.755 Cyclopentane, ethylidene- C,H,,
3.736 1.508 Heptane, 4-methyl- CgHig
3.739 7.973 Heptane, 4-methyl- CgHig
3.782 0.408 Cyclohexene, 1-methyl- C,H,,
3.935 0.180 3-Methylenecyclohexene C,H,y,
4.048 0.174 1-Heptene, 2-methyl- CgHig
4.124 1.451 1-Octene CeHig
4.21 0.326 1,4-Pentadiene, 2,3,3-trimethyl- CgHyy
4.267 1.016 Octane CgHig
4.409 0.678 2,2-Dimethyl-3-heptene trans CoHig
4.638 0.303 Hexane, 2,3,5-trimethyl- CqoH,p
4.668 0.321 1-Methyl-2-methylenecyclohexane CgHyy
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Area%
R.T Molecular
non non Name of compound
(min) formula
catalyst catalyst
4.794 1.493 Cyclohexane, 1,2,4-trimethyl- CoHig
4.877 1.615 2,3-Dimethyl-2-heptene CoHig
4.891 13.115  2,3-Dimethyl-2-heptene CoHig
5.037 4.779 2,4-Dimethyl-1-heptene CoHig
5.043 22.695  2,4-Dimethyl-1-heptene CoHig
5.139 0.278 1,3-Hexadiene, 3-ethyl-2-methyl-, (Z)- CoHie
5.239 1.946 8.134 Cyclohexane, 1,3,5-trimethyl- CoHig
5.491 0.520 1,3-Heptadiene, 2,3-dimethyl- CoHig
5.65 0.228 6,6-Dimethylhepta-2,4-diene CoHyg
5.876 1.540 1-Nonene CoHig
5.912 0.462 Cyclopentane, 1,2,3,4,5-pentamethy!- C.oHy
6.025 1.014 Nonane CyHyo
6.121 0.374 Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, CioHig
[1S-(1.alpha.,2.beta.,5.alpha.)]-
6.261 0.234 1,6-Octadiene, 2,5-dimethyl-, (E)- CioHis
6.317 0.246 Cyclopentene, 1,4-dimethyl-5-(1- CioHig
methylethyl)-
6.845 0.264 Cyclohexane, (1-methylethylidene)- CoHig
7.206 0.217 Mesitylene CoH,,
7.402 0.122 Benzene, 1-ethyl-2-methyl- CoH,,
7.508 0.318 5-Decene, (E)- C,oHao
7.628 2.084 8.964 1-Decene CoHao
7.677 0.409 2-Decene, 7-methyl-, (2)- C,H,,
.77 1.234 Decane C,oHy
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Area%
R.T Molecular
non non Name of compound
(min) formula
catalyst catalyst

7.85 0.248 cis-4-Decene C,oHu
7.923 0.813 Nonane, 2,6-dimethyI- C,H,,
7.993 0.891 Decane, 2-methyl- C,H,,
8.49 0.116 1-Decene, 5-methyl- C,H,,
8.779 0.569 2-Decene, 2,4-dimethyl- C,,H,,
8.839 0.528 3-Decene, 2,2-dimethyl-, (E)- C,,H,,
8.968 0.151 1-Isopropyl-1,4,5-trimethylcyclohexane C,,H,,
9.087 1.439 5-Ethyl-1-nonene C,H,,
9.157 1.433 1-Decene, 2,4-dimethyl- C,,H,,
9.28 1.721 1-Undecene C,H,,
9.409 1.204 Undecane C,Hy,
9.476 0.144 5-Undecene C,H,,
9.714 0.172 1H-Naphthalen-2-one, 3,4,5,6,7,8- C,,H,,O

hexahydro-4a,8a-dimethyl-
9.784 0.308 Bicyclo[3.1.1]heptan-2-one, 6,6-dimethyl-, C,H,,0
(1R)-

9.834 0.306 Cyclooctane, 1-methyl-3-propyl- C,H,,
10.202  0.877 (2,4,6-Trimethylcyclohexyl) methanol C,H,,0
10.242  0.326 Cyclohexane, (2,2-dimethylcyclopentyl)- C,.H.,
10.378 0.201 1-Isopropyl-1,4,5-trimethylcyclohexane C,,H,,
10.813  1.795 1-Dodecene C,,H,,
10.935  1.386 Dodecane C,Hye
10.992  0.288 2-Dodecene, (E)- C,,H.,
11.446  0.204 Dodecane, 4,6-dimethyl- C..Hy,
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Area%
R.T Molecular
non non Name of compound
(min) formula
catalyst catalyst

12.044  0.599 Cyclopentadecane C.sHy
12.15 0.484 Cyclopentadecane C,sHy
12.249  1.765 1-Tridecene C.3Hye
12.253 10.292  1-Tridecene C,3Hye
12.369  1.697 Tridecane C.3Hyg
12.475 2420 2-Isopropyl-5-methyl-1-heptanol C,,H,,0
12.479 10.866  2-Isopropyl-5-methyl-1-heptanol C,H,,0
12575  1.345 2-Isopropyl-5-methyl-1-heptanol C,H,,0
12.701 1.981 1-Octanol, 2-butyl- C,,H,,O
12.704 10.678  1-Octanol, 2-butyl- C,,H,,O
13.003  0.353 (2,4,6-Trimethylcyclohexyl) methanol C,oH,,0
13.404  0.671 Cyclododecanemethanol C,3H,60
13.6 1.755 1-Tetradecene CHy
13.699 1.384 Tetradecane C,Hyo
14.867  1.796 1-Pentadecene C.sHy
14.967  1.242 Pentadecane CsH,,
156.266  0.908 1-Decanol, 2-hexyl- C,eH3,0
16.378  0.365 1-Decanol, 2-hexyl- C,¢H,,0
15.591 0.767 1-Decanol, 2-hexyl- C,eH3,0
16.069  1.871 Cetene C.eHa,
16.168  2.169 Hexadecane CeHay
17.204 1.543 1-Nonadecene CoHag
17.287  1.511 Heptadecane C,,Hyg
17.389  0.412 1-Decanol, 2-hexyl- C,eH3,0
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Area%
R.T Molecular
non non Name of compound
(min) formula
catalyst catalyst
17.731 1.239 1-Decanol, 2-hexyl- C,eH3,0
18.037  0.956 1-Decanol, 2-hexyl- C,6H,,0
18.286  1.615 1-Octadecene C.gHae
18.368  1.554 Octadecane CigHag
19.311 1.356 1-Nonadecene CioHyg
19.384  1.431 Nonadecane CioHuo
19.935  0.791 1-Dodecanol, 2-octyl- C,,H4,0
20.297  1.304 1-Eicosene C,H,0
20.36 1.868 Eicosane CooH,,
20.655  0.556 n-Nonadecanol-1 C,oH,00
21.292 1.225 Heneicosane C,Hy,
22185  1.016 Docosane C,oHye
22.982  0.486 1-Tricosene (O3 o
23.035 0.848 Tricosane CoiHyg
23.812  0.442 1-Tetracosene C,Hyg
23.855  0.669 Tetracosane C,Hy
24.645 0470 Pentacosane C,H.,
25405  0.431 Hexacosane CoeHs,
26.139  0.223 Heptacosane C,Heg
26.846  0.154 Octacosane C,egHeg
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A13149 27 WAANNANITILATIZasAlsznavaasgnsdssnaudunadainuidulnisladalu

n1azaniiunnsldlunsinislad 440 asdgadad an1n17aradnialulngiau

50 HARAATAAUIN LALTATIEIUNAANTANAUTUNARLAAAU 0.2:0.8 Iaeuiniln

wazfaalizedudusiusiesar 5 uay 10 Inenidn Asamaiiauialasuninnem

unAgLATNIINET

Area%
RT Molecular
5% 10% Name of compound
(min) formula
catalyst catalyst
1.895 5.744 1-Pentene, 2-methyl- CeHi,
4.997 8.265  2,4-Dimethyl-1-heptene CoHig
5.01 11.341 2,4-Dimethyl-1-heptene CoHig
5.879 9.393  1-Nonene CoHig
5.883  9.231 1-Nonene CoHig
7.634 9.323  1-Decene C.oHy
7641 11.518 1-Decene C.oHy
9.283 9.518  1-Undecene C,H,,
9.29  10.446 1-Undecene C,H,,
10.819 10.028 1-Dodecene C,,H,,
10.829 10.961 1-Dodecene C,,H,,
12.259 10.322  1-Tridecene C3Hy
12.263  11.234 1-Tridecene C.3Hye
13.613 10.736 1-Tetradecene CHy
13.723 10.727  Tetradecane C..Hy,
14.881  9.282 1-Pentadecene C.sHy
14.987 10.435 Pentadecane CsH,,
16.076  9.507 Cetene C.eHa,
16.178 11.075 Hexadecane CeHay
17.31 10.914  Heptadecane C,;Hyg
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A13149 28 LAAGHANITAATIZRdALsenataasanslsenaudunTeainunduinlsladalu
o a 9Lt & = o
nmzaniuni1ldlunsinlslad 440 460 uay 480 avAEALTHE fMTIN191AUR
wAATUINTIAY 50 RARAATIAAUIN LALANIIRIUNAALANAUTUNAANTIANAY 0.2:0.8
Tngsdruwidn dagedJazendaudnduiiumannedeudedqemdnesnlafieuas 5

Tpeinuin ludmnsgdnu 0.2:0.8 Inetinutin aaamatiauialnsunnna vunaglalnsiuess

Area%
R.T Molecular
440 460 480 Name of compound
(min) formula
(°C)  (°C) (°C)

1.377 0.116 Propene C,Hq
143 0.145 0.631 2-Butene C,Hy
1.53 0.044 Butane, 2-methyl- C.H,,
1.576  1.303 1.887 Pentane C.H,,
1.629 0.169 0.271 2-Methyl-1-butene CH,,
1.649 0.162 1,3-Pentadiene, (2)- C.H,
1.689 0.055 0.106 1,4-Pentadiene C.H,
1.7556 0.145 0.215 Cyclopentene C.Hg
1.792 0.507 0.558 Pentane, 2-methyl- CeH,,
1.855 0.037 Pentane, 3-methyl- CeHi,
1.858 0.030 Pentane, 3-methy!- CeHiy
1.897 1511 1.697 1-Pentene, 2-methyl- CeHis
1.945 0.807 0.869 1-Pentene, 2-methyl- CsHi,
1.998 0.820 0.769 2-Butene, 2,3-dimethyl- CH,,
2.041 0.201 1,3-Pentadiene, 3-methyl-, (2)- CeH.o
2.044 0.148 2-Hexene CsHi,
2.087 0.083 0.083 2-Pentene, 3-methyl- CeHys
2144 0.316 0.355 Cyclopentane, methyl- CsHi,
2.203 0.151 0.168 2,4-Hexadiene, (E,E)- CiH,o

2236 0.186 0.193 Cyclopentene, 1-methyl- CsHio
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Area%
R.T Molecular
440 460 480 Name of compound
(min) formula
(°c)  (C)  (°C)
228 0.284 0.257 1-Pentene, 2,4-dimethyl- C,H,
2.336  0.918 0.939 Cyclopentene, 1-methyl- CsHio
2.535 0.068 0.061 Hexane, 3-methyl- C,Hyg
2.601 0.201 0.198 Cyclohexene CeHig
2.706 1.594 1-Heptene CH,,
2.708 1.618 1-Heptene C,H,,
2.807 1.383 1.249 Heptane C,Hy
2.854 0.762 0.597 1,4-Hexadiene, 2-methyl- C,H,,
2.89 0.166 0.147 (Z2)-2-Heptene CH,,
2946 0.075 0.070 1,4-Hexadiene, 5-methyl- C.H,,
2.983 0.272 0.242 Cyclopentene, 1,5-dimethyl- C,H,,
3.056 0.189 0.206 Cyclopentane, 1-methyl-2-methylene- C.H,,
3.096 0.683 0.660 Cyclohexane, methyl- C,H,,
3.245 0.312 0.280 Cyclopentane, ethyl- C,H,,
3.321 0.252 Cyclohexene, 3-methyl- C.H,,
3.325 0.253 Cyclohexene, 3-methyl- C,H,,
3.361 0.337 0.309 2,4-Hexadiene, 2-methyl- C,H,,
3.544 0.237 0.204 Cyclobutane, (1-methylethylidene)- C.H,,
3.573 0.715 0.649 1-Ethylcyclopentene C,H,,
3.729 1.456 1.317 Heptane, 4-methyl- CeHig
3.779 0.569 0.517 Cyclohexene, 1-methyl- C,H,,
3.932 0.193 0.151 3-Methylenecyclohexene C,H,,
4.124 1.935 1-Octene CgHig

4128 2.103 1-Octene CeHig
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Area%
R.T Molecular
440 460 480 Name of compound
(min) formula
(°c)  (C)  (°C)
4.207 0.253 1,4-Pentadiene, 2,3,3-trimethyl- CgH,y
421 0.264 1,4-Pentadiene, 2,3,3-trimethyl- CgH,,
4.267 1.465 Octane CgHig
4274 1.611 Octane CeHiq
4.366 0.140 2-Octene, (2)- CeHyg
437 0.167 2-Octene, (2)- CgHg
441 0.518 0.439 2,2-Dimethyl-3-heptene trans CoHig
4.499 0.136 Cyclopropane, (2,2-dimethylpropylidene)- CgH,,
4.632 0.397 Hexane, 2,3,5-trimethyl- CoH,g
4.635 0.498 Hexane, 2,3,5-trimethyl- CoHyo
4.662 0.284 0.295 1-Methyl-2-methylenecyclohexane CgHyy
4.788 0.798 0.753 Cyclohexane, 1,2,4-trimethyl- CoHig
4.821 0.316 0.255 Cyclohexane, ethyl- CeHig
4.867 1.061 2,3-Dimethyl-2-heptene CoHig
4.874 1.654 10.759 2,3-Dimethyl-2-heptene CoHig
5.007 2.864 3.160 2,4-Dimethyl-1-heptene CoHiq
5.013 18.467 2,4-Dimethyl-1-heptene CoHig
5.07 0.134 1-Propylcyclopentene CgHyy
5123 0.181 0.185 1-Methyl-2-methylenecyclohexane CgHyy
5222 1.245 1.240 Cyclohexane, 1,3,5-trimethyl- CoHig
5312 0.151 0.116 Ethylbenzene CgHio
5.468 0.340 1,3-Heptadiene, 2,3-dimethyl- CoHig
5.644 0.109 6,6-Dimethylhepta-2,4-diene CoHig
5.647 0.116 6,6-Dimethylhepta-2,4-diene CoHig
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Area%
R.T Molecular
440 460 480 Name of compound
(min) formula
(°c) () (0
5.866 8.519 1-Nonene CoHig
5.873 2.178 1-Nonene CoHig
5.879 2.500 1-Nonene CoHig
5.909 0.311 2,4,6-Trimethyl-3-heptene C,oH,
5916 0.333 2,4,6-Trimethyl-3-heptene C.oHy
6.029 1.521 Nonane CoHypo
6.035 1.827 Nonane CoHy
6.118 0.423 Cyclohexane, 1,2,3-trimethyl- CoHig
6.125 0.508 Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, CioHig
[1S-(1.alpha.,2.beta.,5.alpha.)]-
6.317 0.269 Cyclopentene, 1,4-dimethyl-5-(1- CioHig
methylethyl)-
6.841 0.285 Cyclopentene, 1-butyl- CoHie
6.845 0.392 Cyclopentene, 1-butyl- CoHie
7.087 0.409 Benzene, 1-ethyl-4-methyl- CgH,,
7.09 0.415 Benzene, 1-ethyl-4-methyl- CyH,,
7.203 0.300 0.214 Benzene, 1-ethyl-3-methyl- CoH,,
7.399 0.211 Mesitylene CyH,,
7.402 0.293 Mesitylene CgH,,
7.508 0.338 5-Decene, (E)- CioHa0
7.618 10.031 1-Decene CioHy
7.631 2.792 1-Decene C.oHy
7.641 3.080 1-Decene CioHy
7.774 1.662 Decane C,oH,,
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Area%
R.T Molecular
440 460 480 Name of compound
(min) formula
(°C)  (°C)  (°C)

7.784 1.887 Decane CioHa
7.85 0.313 2-Decene, (2)- CoHa
7.853 0.341 4-Decene C.oHy
7.916 0.526 Nonane, 2,6-dimethyl- C,H,,
7.92 0.565 Nonane, 2,6-dimethyl- C,H,,
7.986 0.666 Decane, 2-methyl- C,H,,
7.989 0.738 Decane, 2-methyl- C,H,,
8.139 0.323 Benzene, 1,2,3-trimethyl- CoHy,

8.776 0.199 2-Decene, 2,4-dimethyl- C,H,,
8.779 0.637 2-Decene, 2,4-dimethyl- C,H,,
8.832 0.137 3-Decene, 2,2-dimethyl-, (E)- C,Hoy
8.839 0.680 3-Decene, 2,2-dimethyl-, (E)- Ci,H,,
9.074 0.806 1-Undecene, 7-methyl- C,H,,
9.283 2.462 1-Undecene C,H,,
9.293 3.087 1-Undecene C,H,,
9.416 1.739 Undecane C,H,,
9.419 2.219 Undecane C,H,,
9.476 0.242 2-Undecene, (2)- C,H.,
9.482 0.447 2-Undecene, (2)- CiiH,,
9.605 0.163 Cyclopentane, 1,2-dipropyl- C,Ho,
9.781 0.215 Bicyclo[3.1.1]heptan-2-one, 6,6-dimethyl-, CgH,,0

(1R)-
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Area%
R.T Molecular
440 460 480 Name of compound
(min) formula
(°C) (¢ (0
9.788  0.341 Bicyclo[3.1.1]heptan-2-one, 6,6-dimethyl-,  C,H,,0
(1R)-
10.799 8.908 1-Dodecene C,,H,,
10.816 2.371 1-Dodecene C,H,,
10.826 2.767 1-Dodecene C,,H,,
10.939 1.837 Dodecane C,H,e
10.952 2.097 Dodecane CHye
10.992 0.323 2-Dodecene, (2)- C,Hoy
10.999 0.351 2-Dodecene, (2)- C,,H,,
12.047 0.657 Cyclopentadecane CisHy
12.14 0.538 6-Tridecene, (2)- CaHe
12.143 0.584 4-Nonene, 5-butyl- C3H,e
12.239 8.816 1-Tridecene C3Hy
12.253 2.573 1-Tridecene C3Hue
12.266 3.042 1-Tridecene C3H,e
12.372 2.077 Tridecane C3H,e
12.382 2.491 Tridecane CisHog
12.458 8.842 2-Isopropyl-5-methyl-1-heptanol C,H,,0
12.462 1.500 1-Decanol, 2-methyl- C,H,,0
12.468 1.060 1-Decanol, 2-methyl- C,H,,0
12.568 0.805 2-Isopropyl-5-methyl-1-heptanol C,H,,0
12.684 7.446 1-Decanol, 2-methyl- C,H,,0
13.474 0.634 1,9-Tetradecadiene CHy
13.587 7.771 1-Tetradecene CH,g
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Area%
R.T Molecular
440 460 480 Name of compound
(min) formula
°c)  (°C)  (°CQ)

13.603 2.642 1-Tetradecene CHu
13.613 3.039 1-Tetradecene CiiHas
13.706 2.068 Tetradecane C.Hy
13.719  2.449 Tetradecane C.Hgg
13.749 0.313 7-Tetradecene CH,g
13.756  0.489 2-Tetradecene, (E)- C,Hy
13.875 0.183 3-Tetradecene, (E)- C,H,g
13.879 0.229 1-Pentadecene CisHs
14.874 2.416 1-Pentadecene CisHso
14.881 2.527 Pentadecane CisHs,
14.974 1.980 Pentadecane CisHa,
14.984 2.291 Pentadecane CisHan
16.072 2.436 Cetene CieHa
16.075 2.716 Cetene CieHss
16.168 2.682 Hexadecane CieHay
16.175 2.716 Hexadecane CieMas
17.2  1.881 1-Heptadecene C;Hs,
17.207 2.521 1-Heptadecene C,,H,,
17.297 2.419 Heptadecane C;Ha
17.3  2.571 Heptadecane CHy
17.725 0.491 1-Decanol, 2-hexyl- C,eH,,0
18.027 0.353 Heptadecane, 3-methyl- CgHag
18.276  1.365 1-Octadecene CieHae
18.289 1.887 1-Octadecene CieHag




107

A9 28 (51B)

Area%
R.T Molecular
440 460 480 Name of compound
(min) formula
(°C)  (°C)  (°C)

18.372 2.462 Octadecane CieHae
18.375 2.004 Octadecane CieHae
19.298 0.958 1-Nonadecene CioMag
19.314 1.891 1-Nonadecene CioHag
19.387  2.109 Nonadecane CioMag
19.397 2.291 Nonadecane CioHyo
20.277 0.694 1-Eicosene CooMag
20.357 1.793 Eicosane CooH,,
20.36 10.441 Eicosane CyoHa
20.37 2.263 Eicosane C,oH,,
21.283 1.384 Heneicosane C,Hy
21.299 1.911 Heneicosane C,Hy,
22172 1.043 Docosane CooHie
22.189 1.640 Docosane CoHye
23.025 0.706 Tricosane CosMag
23.042 1.450 Tricosane CoHye
23.808 0.343 1-Tetracosene C,uH,g
23.845 0.451 1.131 Tetracosane C,,Hs,
23.858 0.306 Tetracosane C,,Hsgo
24.635 0.979 Pentacosane CosHs,
25.395 0.197 Hexacosane CoeHsy
25.405 0.735 Hexacosane C,eHs,
26.132 0.128 Heptacosane C,Hgs

26.139 0.512 Heptacosane C,,Heg
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440 460 480 Name of compound
(min) formula
(°C)  (°C) (°C)

26.842 0.080 Octacosane CoeHeg
26.846 0.401 Octacosane CoeHeg
27.529 0.268 Nonacosane CooHego
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Area%
R.T Molecular
25 75 Name of compound
(min) formula
(mL/min)  (mL/min)

1.377  0.017 0.064  Propene C,Hq
1.43 0.297 0.548  2-Butene C,Hq
1.526 0.027 0.034 Butane, 2-methyl- C.H,,
1.576 1.561 1.993  Pentane C.H,,
1.629  0.217 0.288  2-Pentene CsHyq
1.649 0.178 1,3-Pentadiene CgHg
1.689 0.075 0.117 1,3-Pentadiene, (E)- C.H,q
1.755  0.174 0.222  Cyclopentene CgHg
1.792 0.557 0.564  Pentane, 2-methyl- CeHs
1.855 0.035 0.064 Pentane, 3-methyl- CeHis

1.897 1.601 1.952 1-Pentene, 2-methyl- CeHis
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Area%
R.T Molecular
25 75 Name of compound
(min) formula
(mL/min)  (mL/min)
1.945 0.867 1.048  n-Hexane CeH.,
1.998 0.875 0.894  2-Butene, 2,3-dimethyl- CeH,
2.034 0.274 1,3-Pentadiene, 3-methyl-, (Z)- CsHio
2.044 0.163 3-Hexene CeH,
2.087 0.095 0.136  2-Pentene, 3-methyl- CeHis
2.14 0.351 Cyclopentane, methyl- CeHi,
2.144 0.466  Cyclopentane, methyl- CeHis
2.203 0.192 0.244  2,4-Hexadiene, (E,E)- CsHio
2.236 0.232 0.308  Cyclopentene, 1-methyl- CeHio
2.276 0.348 0.358 1-Pentene, 2,4-dimethyl- CH,,
2336 1.048 2,4-Hexadiene CeHo
2.336 1.268  Cyclopentene, 1-methyl- CeHio
2.535 0.066 0.059  Hexane, 3-methyl- C,Hy
2.601 0.221 0.2563  Cyclohexene CsHio
2.708  1.705 1.898  1-Heptene CH,
2.804  1.421 1568  Heptane C.Hy
2.854 0.764 0.774 1,4-Hexadiene, 2-methyl- C,H,,
2.89 0.181 0.195  (2)-2-Heptene CH,
2.946 0.079 0.096 1,4-Hexadiene, 5-methyl- C,H,,
2.98 0.308  Cyclopentene, 4,4-dimethyl- C,H,,
2.983 0.280 1,4-Pentadiene, 3,3-dimethyl- CH,
3.053 0.211 0.308 Cyclopentane, 1-methyl-2-methylene- C.H,,
3.096 0.723 0.861 Cyclohexane, methyl- C,H,,
3.242 0.329 0.358  Cyclopentane, ethyl- C,H,,
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Area%
R.T Molecular
25 75 Name of compound
(min) formula
(mL/min)  (mL/min)
3.321 0.259 0.296  Cyclohexene, 3-methyl- C,H,,
3.361 0.378 0.461 Cyclohexene, 4-methyl- C.H,,
3.54 0.251 0.258  Cyclobutane, (1-methylethylidene)- CH,,
3573  0.742 0.924  Cyclopentane, ethylidene- C.H,,
3.729  1.481 1.507  Heptane, 4-methyl- CgHig
3.779  0.603 0.696  Cyclohexene, 1-methyl- C.H,,
3.932  0.165 0.220  3-Methylenecyclohexene C,Hy,
4128 2144 2.258  1-Octene CgHis
4207 0.279 1,4-Pentadiene, 2,3,3-trimethyl- CgH,,
4.21 0.328 1,4-Pentadiene, 2,3,3-trimethyl- CgHyy
4.27 1.658 1.741  Octane CgHig
4366  0.156 0.197  2-Octene, (2)- CgHis
4.41 0.491 0.572  2,2-Dimethyl-3-heptene trans CoHig
4.499 0.155 0.159 Cyclopropane, (2,2-dimethylpropylidene)- CgH,,
4.635  0.503 Hexane, 2,3,5-trimethyl- CoHy
4.662  0.349 0.428 1-Methyl-2-methylenecyclohexane CgH,,
4.788  0.853 0.956  Cyclohexane, 1,2,4-trimethyl- CoHig
4821  0.338 0.345  Cyclohexane, ethyl- CgHis
4.867 1.132  2,3-Dimethyl-2-heptene CoHg
4.871 1.628 2,3-Dimethyl-3-heptene CoH g
5.003  3.054 2,4-Dimethyl-1-heptene CoHiq
5.01 3.742  2,4-Dimethyl-1-heptene CoHig
5.07 0.207 0.150 1-Propylcyclopentene CeH,,
5.123 0.242 0.253 Methyl ethyl cyclopentene CgH.y
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Area%
R.T Molecular
25 75 Name of compound
(min) formula
(mL/min)  (mL/min)
5.222 1.295 1.5614  Cyclohexane, 1,3,5-trimethyl- CoHig
5312  0.152 0.106  Ethylbenzene CgH,o
5469  0.376 1,3-Heptadiene, 2,3-dimethyl- CoHig
5644  0.145 0.118  Cyclohexene, 3,3,5-trimethyl- CoHig
5.737  0.369 2,4,6-Trimethyl-3-heptene C.oHy
5783  0.226 0.241 Cyclohexane, 1,2,3-trimethyl- CoHig
5879  2.598 2562  1-Nonene CoHig
5912  0.355 0.337  Cyclopentane, 1,2,3,4,5-pentamethyl- C.oHy
6.032  1.760 1.772  Nonane CoH,g
6.121 0.511 1-Ethyl-4-methylcyclohexane CoHig
6.121 0.528 Cyclohexane, 1-methyl-4-(2-hydroxyethyl)- CoH, ;O
6.314  0.399 0.373  Cyclopentene, 1,4-dimethyl-5-(1- CioHig
methylethyl)-
6.443  0.254 0.215 Cyclohexene,1-propyl- CoHie
6.529  0.209 Cyclohexane, propyl- CoHig
6.53 0.303  Cyclohexane, propyl- CoHig
6.841 0.397 Cyclohexane, (1-methylethylidene)- CoH,s
6.845 0.388  Cyclohexane, (1-methylethylidene)- CoHie
7.087  0.525 0.489 Benzene, 1-ethyl-4-methyl- CgH,,
7.203  0.360 0.241 Benzene, 1-ethyl-3-methyl- CoH,,
7.399  0.265 0.167  Mesitylene CyH,,
7508  0.372 0.439  trans-4-Decene CioHag
7.638  3.277 1-Decene CioHy
N 1.957  Decane CioHa,
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R.T Molecular
25 75 Name of compound
(min) formula
(mL/min)  (mL/min)

7.78 1.934 Decane C,oH,
7.85 0.350  2-Decene, (2)- CoHao
7.853 0.366 2-Decene, (2)- CioHao
7.916 0.589  Nonane, 2,6-dimethyl- C,H,,
7.92 0.585 Nonane, 2,6-dimethyl- C,H,y,
7.986 0.735  Decane, 2-methyl- C,H,,
7.989 0.756 Decane, 2-methyl- C,H,,
8.779 0.619 2-Decene, 2,4-dimethyl- C,,H,,
8.835 0.686 3-Decene, 2,2-dimethyl-, (E)- C,,H,,
9.287 3.140 1-Undecene C,H,,
9.29 2.869 1-Undecene C,H,,
9.419 1.918 2.112 Undecane C,H,,
9.479 0.275 0.280  2-Undecene, (2)- C,H,,
10.823 3.223  1-Dodecene C,,H,,
10.826  2.789 1-Dodecene C,,H,,
10.942 2.190  Dodecane CoHy
10.949  2.118 Dodecane C,Hye
10.995 0.353  2-Dodecene, (2)- C,,H.,
10.999  0.359 2-Dodecene, (2)- C,,H,,
12.14 0.751 4-Nonene, 5-butyl- C.3Hye
12.259 3.2656  1-Tridecene C3Hy
12.263  3.023 1-Tridecene C.3Hye
12.379  2.490 2.439  Tridecane C.3Hy
12.465  0.980 1-Decanol, 2-methyl- C,,H,,0
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25 75 Name of compound
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(mL/min)  (mL/min)

12.681 0.930 1-Decanol, 2-hexyl- C,eH3,0
13.49 0.818  5-Tetradecene, (2)- C,,Hog
13.61 2.994 3.259  1-Tetradecene C.Hyg
13.709 2.381 Tetradecane C,.Hy,
13.716  2.399 Tetradecane C..Hy,
13.753  0.395 0.389  2-Tetradecene, (E)- C,,Hog
14.877  2.429 2.720  1-Pentadecene C.sHy
14.974 2.187  Pentadecane C.sHy,
14.98 2.192 Pentadecane C.sH,,
16.069  2.750 Cetene CeHs,
16.072 2.845  Cetene C.eHa,
16.168 2.936  Hexadecane CieHay
16.172  2.870 Hexadecane CeHay
17.2 2.116 1-Heptadecene C,,H,,
17.204 2.276 1-Heptadecene C,,H,,
17.293 2.480 Heptadecane C,Ha
17.297  2.709 Heptadecane C,Hyg
18.272 1.625 1.682 1-Octadecene CgHag
18.279  2.501 1-Octadecene CisHs6
18.365 2.291 Octadecane CigHsg
18.369  0.932 Octadecane CgHag
19.298 1.141 1-Nonadecene CoHag
19.301 2.015 1.934  1-Nonadecene CloHag

19.381  0.930 Nonadecane CioHao
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R.T Molecular
25 75 Name of compound
(min) formula
(mL/min)  (mL/min)
20.35 1.518 1.652  Eicosane C,oHy,
21.213 0.477  Henicos-1-ene C,H,,
21.276 1190 Heneicosane C,H,,
22.165 1.197  Docosane C,,Hyg
23.018  0.871 0.794  Tricosane C,sHyg
23.838  0.536 0.436  Tetracosane C,.He,
24632  0.348 0.299  Pentacosane C,sHs,
25.392  0.260 0.175  Hexacosane C,eHs,
26.129  0.144 0.109  Heptacosane C,,Hy
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Regular Two-Level and the center point. If categoric factors are added, the central composite design will be duplicated for every

. combination of the categorical factor levels,
Min-Run Characterize

Min-Run Screen

Multilevel Categoric Mumeric factors: 3_ - @2tas0) O Horizontal @ Enter factor ranges in terms of 1 levels
Optimal (Custom) Categoricfactors: 0 = (Ote 10) ) Vertical () Enter factor ranges in terms of alphas
> Miscellanecus —
» Split-Plot | Mame | Units | Low | High | -alpha | +alpha
~ 7+ Response Surface A [Numeric] |temperature | C 440 480 493.636
~ Randomized E [Numeric] |NZ flow rate mL/min 50 100
Central Composite C [Numeric] |% catalyst | %wt 10 15
Box-Behnken
Optimal (Custom) Type: Full  ~ Blocks: 1
Definitive Screen (DSD) Paoints
> Split-Plot Mon-center points: 14

> an Mixture Center points: 6

~ [T Custom Designs
Optimal (Coembined)
Blank Spreadsheet
Import Data Set

User-Defined

alpha= 1.68179 = Options... 20 Runs

Simple Sample

Cancel <+« Back Mext == Finish

nwsenau 1.1 m1319691Ls Central Composite Design
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2. Mngiananuausallsnauauesludas response udaldzaasludas Name

WA Ia9RqLlInaLALed lTae Unites a1n1wna finish

~ %% Standard Designs
~ [H Factorial
~ Randomized
Regular Two-Level
Min-Run Characterize
Min-Run Screen
Multilevel Categoric
Optimal (Custom)
> Miscellaneous
> Split-Plot
~ 4 Response Surface
~ Randomized
Central Composite
Box-Behnken
Optimal (Custom)
Definitive Screen (DSD)
> Split-Plot
> an Mixture
~ [ Custom Designs
Optimal (Combined)
Blank Spreadsheet
Import Data Set
User-Defined

Simple Sample

Central Composite Design

© Horizontal

(1o 999)
() Vertical

Responses: 2 |2

wt

liquid yield
kerosene yiel %wt

Cancel

<< Back

Mext >>

nnsznal 1.2 A139ARLLRaLAUAY Central Composite Design

3. hdayanlaainnimesedldadlanisnalinsudou

Navigation Pane

Finish

7 Design (Actual)
Information
# MNotes
= summary
|+# Graph Columns
4, Evaluation
[ Constraints
Analysis [+]
[ liquid yield (Empty)
[ kerosene yield (Empty)
Optimization
Design Properties
=/ Run 20

Comment

Row Status Normal

Factor 1 Factor 2 Factor 3 ‘ Response 1 ‘ Response 2
Std | Run | Atemperature B:M2 flow rate C:% catalyst liquid yield kerosene yield
- C mL/min Fowt Fowt Sewt
7 1 440 100 15 7236 22.27
8 2 480 100 15 67.45 2045
9 3 426.364 75 125 86.37 22.52
6 4 480 50 15 59.18 18.15
3 5 440 100 10 75.37 21.25
n 6 460/ 32,9552 125 53.15 20.72
14 7 460 75 16.7045 71.83 21.25
20 8 460 75 125 71.56 20.88
1 9 440 50 10 8247 24.04
5 10 440 50 15 7511 2403
19 n 460 75 125 72.02 20.91
2 12 480 50 10 64.63 17.03
15 13 460/ 75 125 71.31 20.92
4 14 480 100 10 68.76 18.02
13 15 460/ 75 8.29552 70.68 18.54
17 16 460/ 75 125 71.63 21.34
10 17 493.636 75 125 54.63 19.57
12 18 460 117.045 125 67.64 19.93
16 19 460 75 125 72.04 21.27
18 20/ 460 75 125 71.68 20.87

nl9znau 1.3 ANTINN1INAARNAN Ease Design-Expert ANENITRANLLILINIINARBILLIL
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Information
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= Sumenary
| Graph Columns.

« Evolustion

Constrmets

Analysis [+]
) lquid yeld (Anshzed)
3 berosene yield (anshyzed)
Optimization
- Meamerica

© Guaphical
Post Analysis.
9 Point Prediction
@ Confemation
I Coetficients Table
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4. N/ Analysis AR liquid yield WaE kerosene yield Wa3LAInZa ANOVA

B Contigue [7] Fesummury (@) Model [ ANOW [T Diagoestes o Model Grphs
A s of acsnce

ANOVA for Quadratic model
Response 1: liquid yield

souwce [ S| | M0 | e e |
odel WzaT 9 11386 7070008 skt
Atampestrs | 71209 1 71289 4427 < 00000
Nfowrse | 5300 1 3300 330 ooms
Cactiytlosdng | 1634 1 63 103 034

9
1

1

1

6188 1 6188 384 00784
1183 0102 arsr0
1 901 0306 oamy
1 146 00904 07609
1 15268 948 ooy
23 1| s23 osaee| osen
10 1610
5| 3213 40693 < 00001 signéicant
Pure Error s oorsy
Cor Total 1873 19

factor cading is Coded.
Sum of squares i Type Il - Partisl

The Model F-value of 7.07 imphes the model i signficant. There is only 3
0.26% chance that an Fvalue this large could ocaur due 10 noise.

P-values 35 than 0.0500 indicate model terms are significant.in this case

A 8 are significant model terms. Values greater than 0.1000 indicate the

‘madel terms are nat signfiant, Ifthere are many insignificant model terms
hiecarchy),

mprove your model

‘The Lack of Fit F.value of 406,93 implies the Lack of F# is signficant, Thers
5 only 3 0,01% chance that a Lack of F F-vakue this karge could occur due
u s bad .

@ rusueic « () eslCompaion sstisis

L3 08642
Adjusted R 07420
Predicted R® 00279
Adeq Precision 102459

peedictor of your respon n
some cases, a higher arder model may also predict bettr.
‘Adeq Precision measures the signsi o naise ratio. A rtio
greater than 4 is desivabie. Your ratio of 10.246 indicates an
adequate signal. Thes model can be used 10 navigate the design
space.

FiCodficents + @ Coded bquition @) Actus Eaution

Coefficients in Terms of Coded Factors

Coeficien| [ Standard| 95% G1| 65% 0
[ e aPaar e w |
Eltarvet T 1 e e1es 7ol
| temperature 722 1 109 954 481 10000
o2 fow rate 197 1 109 0483 439 10000
|cmcataistioading | 110 1 109 352 132 10000
s 278 1 142 03199 594 10000
Siac I T R I TR
lc 106 1 142 210 422 10000
| o3 1 106 204 267 102
e 325 1 106 -1 0897 102
Cles 06024 1 106 175 296 102

The cosffcient astimate reprasents the expected chang in response per
it change in factor vakve when all remaining factors are held constant.
3l response of

allthe runs. o

nndsenau 9.4 Han13iaz ANOVA
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Mavgation Pane.
T Design tactual)
Information
7 Motes
= Sumenary
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 Erustion
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= bty (anssed)
[Ep———
Optimization.
- merca
 Graphical
Post Anatysic
r—
& Confemsation
I Corfficets Table

LARAN

B cortgure [ Fasumenory Q) Mode ] AOUA [ Dingroticr e el Gaph:

| Vormat Pt -

Cook's Datance 25" Levermge

DFFTS [ orBETAS

iquid yield

Color paints by value of
liguid yieid:

21 [ o527 Normal Plot of Residuals

Normal % Probability

e va Pred.« | Resid. s, Run e va Fector i f Bonton

Tiqid ield

Color points by value of

iy .
o1 | 57 Residuals vs. Predicted

>z

600

414579

-200— =]
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g
q

400 -414579

600
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6. NA optimization WadAT1z¥NMzANRUMTIwNNzaN Iaen1TANuARl goal

PRIAILLINDUAUBINIABIFLTIU maximize WasAaLLTNMUAAY goal WU in range waana

Solutions

Navigation Pene
T Design st
Information
7 e
= Sumenary
o EnpiCabues
X Eraion
Constaets
Analysis [+]
(S ——
(& rosene yld hnatosd
Optimization
Er—
Goaphica
Post Analysis
D Peit Prediction
& Confematicn
I Couicents Table

Hagation Pasa
I Diesign (actual)
Information
7 MNotes
= Summary
L Graph Colurmns.

4 Evaluation
[
Analysis [+]
(& iguid yield (Anatyzed
(& keroseneyied idnahyced)
Optimization
- Numencal
Geaphicsl
Past Analysis
2 Paim Prediction
& Corfirmation
T Coefficients Table

EENCE

Ademperature

Optiom

17.03

uboms 7 Graphs

kerosene yield

Analyis kerosene yiekd

Gook mavimize

[T

Uitz 1743

Wieghts 1

Imponance  ~ee

kerosene yield

e =
Useinterca {ome-sidet)

T

2404
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Salutions

&7 Salutians fount

F Soutions - 0. Staring Paiss

"l

= p—— oo =
EP L —
[ Comsmets —
oo 1w
Constraints
o D
Lawer| Uppes | Lower uppg.l
IR —
[rwmpranre  snore o w0 1 >
__|Eraz flow rate s i range 0 00 1 3 B2l rate
_|C:scatalyst loading i in range it 15 1 3 .
__|liquid yield maximae 5315 8637 i} 3 atabyst L.
[larossne ied | maimize 170 24041 3 i

Wamber temperature | N2 flo rae | scatayst oading bt yeld | kerasene oo | Dosirabilty |
1 440 000 50.000

L 10000 79906 8512 0.86) Selected
O 2 w000 sezzz 000 7em7 Zams owes
N 3 440000 soo01 00 7ee74 R
0 4 440000 soees 10015 80005 zars_ oaez
N 5 440000 51241 0000 60128 EP T
N 6 440000 50001 0050 7eses 254 o
0 7 a0000  szum 10000 50268 3% 061
O B 440066 50815 10000 80085 [Tl
L 9 440000 seeo1 o0z 7a7st [Tl
N 0 as0000]  sz6a3 10000 80360 LY
1 as1s0] 50001 1000 7ese LT
12 as0000) 54108 10000 80580 oase
1 a3 50000 1000 7a7 as?
1 as0000) 55320 10000 80745 oase
15 as0a74| 50000 1000 7as oase
16 420000 50001 04z 79278 oase
17 a0 ssam 0150 80526 oase
18 as06d0 50000 10000 7esst st
19 as000  seizs 10000 81.07 aso
0 as0000  soo001 008 7amz caso
1 as000]  snooo ors  7esry cadg
22 as000]  seoes ora Tered Py
2 as000  seses 0382 80408 (T
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NANUIN 9.
NM5ILASIZWAINISNTEZANYAIURIDIA LT NALNAR AN U U1N U

AINATLAALAARA (Boiling Distribution)

¥
o A

NUARLRLANINFATILTAINITNTZAN A IR9R9 AL T L NA LN AR DT U UR N

1 4
G A

m‘ufﬂmﬁ'ﬂm InelflATReNe Simulated Distillation Gas Chromatography ?J'ad@uﬂfl,%mwad

LATNAIIUAINTINAG ARNAINTINUIINGNAY FBNI19IATN ASTM D2887 TN 184
4

wirnadiawiu

Open tubular column cappiraly columns: RTX 2887

GLIV BRI 40 BIANTALTHIE
HrUUNNARTINe 350 °C
TUAFIATIAUN FID detector
P LN 0.1 UL
WAGFAINT helium

fm31N13 AR 10 °C /min

HANI9ILANzILans TugNINLARIAN % Recovery aa9nARAnssiinsiunguuni
5119 7] T9ANNITONINIIANUIUMMN LTI B98I AL sENa UNARA U UAIN ALY ALR R

294N1531A91ZIMIARNINLENEUAL (Crude oil Evalutaion) lelu
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250 — 300 A9ANLTALTEE = L RREG,
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a

370 — HuuRgATNE = nninsiu

a
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150101 gas oil NEUaNNNIIN D%

AU % gas oil IAINARTUTIUINGW W niu = DxW

100

131014 long residue N81uannaW E%
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100
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Simulated Distillation Report .
Percentage Yield Percentage Yield Table
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Simulated Distillation Report "
Percentage Yield Percentage Yield Table
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Simulated Distillation Report

Percentage Yiekd Percentage Yield Table
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parameter response (%wt.)

std  run é 2 - 5 5 ) %
A B C = ga = 2 2, g ot

2 Z ) = ge

1 9 440 50 10 82.47 0.7 16.83 50.2 24 24.8 1
2 1 480 50 10 64.63 1.7 33.67 46.7 17.1 32.8 3.4
3 3 440 100 10 7537 118 2345 425 213 33.8 2.4
4 10 480 100 10 68.76 193 29.31 40.6 19 36.1 4.3
5 14 440 50 15 7511 117 23.72 439 24.2 30.4 1.5
6 20 480 50 15 59.18 2.64 38.18 44 18.2 31.7 6.1
7 7 440 100 15 7236 2.33 2531 428 2227 32.53 2.4
8 18 480 100 15 67.45 3.08 2947 424 20.5 31.6 5.5
9 11 426.36 75 125 86.37 095 1268 495 2252 26.8 1.18
10 5 493.64 75 125 5463 1.05 4432 33.9 19.6 35.5 11
11 6 460 32.96 1256 5315 149 4536 46.7 20.7 30 2.6
12 15 460 117.04 125 6764 211 3025 35.1 19.9 39.8 5.2
13 17 460 75 8.3 70.68 0.91 2841 431 19.5 35.1 2.3
14 4 460 75 16.7 71.93 3.4 24.67 42.8 21.3 32.8 3.1
15 12 460 75 125 7131 286 2583 435 21 33.6 1.9
16 8 460 75 125 7204 253 2543 41.7 21.3 34.6 2.4
17 13 460 75 125 7163 273 2564 424 21.4 34 2.2
18 2 460 75 125 7168 1.22 271 43 20.9 33.5 2.6

19 19 460 75 125  72.02 2.5 2548 429 20.9 33.2 3
20 16 460 75 125 7156 1.66 26.78 42.1 20.8 35.3 1.8
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A1919 2.2 FAUALHA A HARST U UM N AN AL UL A48 T4 UURINAIRAN

wadeRauAUNaANIaNAUNGUNYN 440 avAmaEad ansnIg nasasuialulnsiau
50 Haqansfeui way Aaisadiienduinsiuiiesas 5 Inaiwin
Gl
NANEFN agAlszney (Fasazlnguinuin)
n3 y
(Ine1inmiin)
NAADY
<3 Y = a ﬂr]ﬂ
PP PE 28amad 2eaids  wAa  wudyn wlsu hes oy
Wl
1 1 0 85.44 1EO6 58,51 ¥ d 173 279 2.7
2 0.2 0.8 76.77 117 22.06 42.6 23.5 32.8 1.1
3 04 0.6 78.62 1.37  20.01 49.5 214 285 0.6
4 05 0.5 77.46 1.24 21.3 51.6 211 26.7 0.6
5 0.6 0.4 76.44 118  22.37 52.7 19.8 26.6 0.9
6 0.8 0.2 78.9 1.08  20.02 S 19.9 27.3 1.1
7 0 1 75.44 1.28  23.28 41.4 23.1 34.1 1.4
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% Y a o c dld dl o ] o ' aaa
711379 2.3 Feaazua lananiusfesmaaninislasuulasdnsdouaeasiaid Ujasen
drudududiumanuulalaludndnsndouresnatafnwadieiauny
WOANWIANAY 0.2:0.8 TALUNUIN QUUNH 440 9ANTALTUA LAZEAINNITINATDY

uhalulngiaw 50 NARARIFARUNN

ARTVEIU
FafaLnsen asAlszney (Fagazlaglinumin)
N9 .
(Ieisinin)
NARDY
5% ) . L. NN
AC  289wad 299ule  wAd  wunWn  welsEu e .
Fe-DM U
1 1 0 79.15 1.64 19.2 47 21.9 30.2 0.9
2 0.2 0.8 76.22 1.52 22.26 46.2 23 29.7 1.1
3 0.4 0.6 77.05 212 20.83 48 22.7 28.5 0.8
4 0.5 0.5 7713 2.33 20.54 47 .2 22.3 29.6 0.9
5 0.6 0.4 77.81 1.33 20.86 48.2 22.5 28.5 0.8
6 0.8 0.2 78.47 214 19.12 477 22.3 29.3 0.7
7 0 1 77.22 2.45 20.33 45.3 22.2 31.5 1




148

MARNUIN .

a d eV = a d a [ %4 o
ﬂ']%")Lﬂ‘i’]zﬁLLﬂﬂTﬂiN’ﬁﬂ‘iﬂi"W\lLLN'&’&L‘L' ﬂ‘iwsumamamnmm

ann1sinislada
x10 8 | tEI TIC Scan sample1.d
5.037
1; I *12.475
; 1'3973.736" 7628 10813 | 20.360

0.8 | . | W | |\ |

! WAL LA

' | | | A]/\l "kl‘mlﬂl‘ ','I.l-lhl

Oi ‘ I“ l&mh ll,,;ll;, _-'l'l \:l‘Jh"d"'-"L'.’ {J|-.w!lil.-‘v. ] Hﬁh L “-.JM \.1 ei “J| _,‘,_ W .[ L I. L

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Counts vs. Acquisition Time (min)

nlsznay 2.1 Tasunnnsnaslsynasaasansisznavaunadaininsiulnls lagalu
nazaiiunisldlunisinislad 440 asdmaidss ann17 MaIa9LA & lingLaL
50 NAAAAIAAUNN LATERIEUNARRNAUTLNAANTANAU 0.5:0.5 Taetinuiin Taeladld

FasaLfisademetiauialasunmnswuuaanlalngiuss
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R.T. Molecular
Area% Name of compound
(min) formula
1.43 0.252  2-Butene C,Hg
1.576 1.444  Pentane C.H,,
1.629 0.206  2-Methyl-1-butene CHyp
1.689 0.057  1,4-Pentadiene C.Hyq
1.755 0.120  Cyclopentene C.Hg
1.795 0.556  Pentane, 2-methyl- CsHiy
1.897 1.693  1-Pentene, 2-methyl- CeH,s
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R.T. Molecular
Area% Name of compound
(min) formula
1.944 0.441  n-Hexane CeHo,
2.001 0.698  2-Butene, 2,3-dimethyl- CeH,,
2.09 0.073  2-Pentene, 3-methyl- CsHi,
2.144 0.248  Cyclopentane, methyl- CsHi,
2.207 0.276  2,4-Hexadiene, (E,E)- CeHio
2.24 0.258  Cyclopentene, 1-methyl- CsHio
2.28 0.350  1-Pentene, 2,4-dimethyl- C.H,,
2.349 1.007  2,4-Dimethyl 1,4-pentadiene CH,
2.538 0.065  Hexane, 3-methyl- C,Hig
2.605 0.195  Cyclohexene CsHio
2.674 0.163  1-Hexene, 2-methyl- C,H,,
2.708 1.223  1-Heptene C.H,,
2.804 0.892  Heptane C,He
2.857 0.819  1,4-Hexadiene, 5-methyl- C,H,,
2.95 0.065 1,4-Hexadiene, 5-methyl- C,H,,
2.983 0.179  Cyclopentene, 1,5-dimethyl- C,H,,
3.056 0.147  Cyclopentane, 1-methyl-2-methylene- C,H,,
3.096 0.493  Cyclohexane, methyl- C,H,,
3.245 0.206  Cyclopentane, ethyl- C.H,,
3.325 0.270  Cyclohexene, 3-methyl- C,H,,
3.361 0.252  2,4-Hexadiene, 2-methyl- C,H,,
3.547 0.173  Cyclobutane, (1-methylethylidene)- CH,,
3.58 0.755  Cyclopentane, ethylidene- C,H,,
3.736 1.508  Heptane, 4-methyl- CgHig
3.782 0.408  Cyclohexene, 1-methyl- C,H,,
3.935 0.180  3-Methylenecyclohexene C,H,,
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R.T. Molecular
Area% Name of compound
(min) formula
4.048 0.174  1-Heptene, 2-methyl- CeHie
4124 1.451  1-Octene CgHis
4.21 0.326 1,4-Pentadiene, 2,3,3-trimethyl- CgH.y
4.267 1.016  Octane CgHig
4.409 0.678  2,2-Dimethyl-3-heptene trans CoHig
4.638 0.303  Hexane, 2,3,5-trimethyl- CoHy
4.668 0.321  1-Methyl-2-methylenecyclohexane CgH.y
4,794 1.493 Cyclohexane, 1,2,4-trimethyl- CoHig
4.877 1.615  2,3-Dimethyl-2-heptene CoHig
5.037 4.779  2,4-Dimethyl-1-heptene CoHig
5.139 0.278  1,3-Hexadiene, 3-ethyl-2-methyl-, (2)- CoH,s
5.239 1.946  Cyclohexane, 1,3,5-trimethyl- CoHig
5.491 0.520  1,3-Heptadiene, 2,3-dimethyl- CoHug
5.65 0.228  6,6-Dimethylhepta-2,4-diene CoHig
5.876 1.540  1-Nonene CoHig
5.912 0.462  Cyclopentane, 1,2,3,4,5-pentamethyl- C.oHy
6.025 1.014  Nonane CoHyo
6.121 0.374  Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, [1S- CioHig
(1.alpha.,2.beta.,5.alpha.)]-
6.261 0.234  1,6-Octadiene, 2,5-dimethyl-, (E)- CioHis
6.317 0.246  Cyclopentene, 1,4-dimethyl-5-(1-methylethyl)- CioHis
6.845 0.264  Cyclohexane, (1-methylethylidene)- CoHie
7.206 0.217  Mesitylene CoH,,
7.402 0.122  Benzene, 1-ethyl-2-methyl- CoHy,
7.508 0.318  5-Decene, (E)- CoHao
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R.T. Molecular
Area% Name of compound
(min) formula
7.628 2.084  1-Decene C,oHy
7.677 0.409  2-Decene, 7-methyl-, (2)- C,,H,,
.77 1.234  Decane CoHas
7.85 0.248  cis-4-Decene C.oHy
7.923 0.813  Nonane, 2,6-dimethyl- C,H,,
7.993 0.891  Decane, 2-methyl- C,Hy,
8.49 0.116  1-Decene, 5-methyl- C,H,,
8.779 0.569  2-Decene, 2,4-dimethyl- C,,H.,
8.839 0.528  3-Decene, 2,2-dimethyl-, (E)- C,,H.,,
8.968 0.151 1-lIsopropyl-1,4,5-trimethylcyclohexane C,,H,,
9.087 1.439  5-Ethyl-1-nonene C,H,,
9.157  1.433  1-Decene, 2,4-dimethyl- C,,H,,
9.28 1.721  1-Undecene C,H,,
9.409 1.204  Undecane C,H,,
9.476 0.144  5-Undecene C,H,,
9.714 0.172  1H-Naphthalen-2-one, 3,4,5,6,7,8-hexahydro-4a,8a- C,,H,,0
dimethyl-
9.784 0.308  Bicyclo[3.1.1]heptan-2-one, 6,6-dimethyl-, (1R)- CyH,,0
9.834 0.306  Cyclooctane, 1-methyl-3-propyl- C,,H,,
10.202  0.877  (2,4,6-Trimethylcyclohexyl) methanol C,H,,0
10.242  0.326  Cyclohexane, (2,2-dimethylcyclopentyl)- C,.H,,
10.378  0.201  1-Isopropyl-1,4,5-trimethylcyclohexane C,,H,,
10.813 1.795  1-Dodecene C,,H,,
10.935 1.386  Dodecane C,Hy
10.992  0.288  2-Dodecene, (E)- C,,H.,,
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R.T. Molecular
Area% Name of compound

(min) formula
11.446  0.204  Dodecane, 4,6-dimethyl- C,Hyo
12.044  0.599  Cyclopentadecane CsHyo
12.15 0.484  Cyclopentadecane C,sHy,
12.249  1.765  1-Tridecene C.3Hye
12.369 1.697  Tridecane C3H,g
12475 2420  2-Isopropyl-5-methyl-1-heptanol C,H,,0
12575  1.345  2-Isopropyl-5-methyl-1-heptanol C,,H,,0
12.701 1.981  1-Octanol, 2-butyl- C,,H,0
13.003  0.353  (2,4,6-Trimethylcyclohexyl) methanol C,oH,0
13.404  0.671  Cyclododecanemethanol C,;,H,60

13.6 1.755  1-Tetradecene C,.Hyg
13.699 1.384  Tetradecane C,Hyo
14.867 1.796  1-Pentadecene C.sHy
14967  1.242  Pentadecane C.sH,,
16.266  0.908  1-Decanol, 2-hexyl- C,eH,,0
16.378  0.365  1-Decanol, 2-hexyl- C,eH3,0
15.591 0.767  1-Decanol, 2-hexyl- C,eH,,0
16.069 1.871  Cetene C.eHa,
16.158  2.169  Hexadecane CeHay
17.204 1.543  1-Nonadecene CloHag
17.287 1.511  Heptadecane C,Hys
17.389  0.412  1-Decanol, 2-hexyl- C,eH,,0
17.731 1.239  1-Decanol, 2-hexyl- C,eH3,0
18.037  0.956  1-Decanol, 2-hexyl- C,eH,,0
18.286 1.615  1-Octadecene CigHas
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R.T. Molecular
Area% Name of compound

(min) formula
18.368 1.654  Octadecane CgHag
19.311 1.356  1-Nonadecene CoHag
19.384  1.431  Nonadecane CioHuo
19.935  0.791  1-Dodecanol, 2-octyl- C,,H4,0
20.297  1.304  1-Eicosene C,,H,0
20.36 1.868  Eicosane C,oHu,
20.655 0.556  n-Nonadecanol-1 C,oH, 0
21.292  1.2256  Heneicosane C,H,,
22.185 1.016  Docosane C,oHye
22982 0.486  1-Tricosene C,oHye
23.035 0.848  Tricosane C,sHyg
23.812  0.442  1-Tetracosene CoHyg
23.855  0.669  Tetracosane C,.Hs,
24645 0.470 Pentacosane C,sHs,
25405 0.431 Hexacosane CoeHs,
26.139  0.223  Heptacosane C,Heg
26.846  0.154  Octacosane CogHsg
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R.T. Molecular
Area% Name of compound

(min) formula
1.896 7.283  1-Pentene, 2-methyl- CeHi,
3.739 7.973  Heptane, 4-methyl- CgHig
4.891 13.115  2,3-Dimethyl-2-heptene CoHig
5.043  22.695 2,4-Dimethyl-1-heptene CoH g
5.239 8.134  Cyclohexane, 1,3,5-trimethyl- CoHig
7.628 8.964  1-Decene CioHag
12.263  10.292  1-Tridecene C3H,e
12.479  10.866  2-Isopropyl-5-methyl-1-heptanol C,H,,0

12.704  10.678 1-Octanol, 2-butyl- C,,H,.0
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R.T. Molecular
Area% Name of compound
(min) formula
1.895 5.744  1-Pentene, 2-methyl- CeHi,
5.01 11.341  2,4-Dimethyl-1-heptene CoHiq
5.883  9.231  1-Nonene CoHig
7641 11518 1-Decene CioHao
9.29  10.446 1-Undecene CiiHy,
10.829 10.961 1-Dodecene C,H,,
12.263  11.234 1-Tridecene Ci3Hz
13.613 10.736  1-Tetradecene CoHag
14.881  9.282  1-Pentadecene CisHao
16.076  9.507  Cetene CeHa,
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R.T. Molecular

Area% Name of compound

(min) formula
4.997 8.265  2,4-Dimethyl-1-heptene CoHig
5879  9.393  1-Nonene CoHig
7.634  9.323  1-Decene CioHz
9.283  9.518  1-Undecene CiiHy,
10.819 10.028 1-Dodecene C,,H,,
12.259 10.322 1-Tridecene CsHy
13.723  10.727 Tetradecane CiiHyo
14.987 10.435 Pentadecane CisHs,
16.178  11.075 Hexadecane CieHag

17.31 10.914 Heptadecane C,,Hyg
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R.T. Molecular
Area% Name of compound

(min) formula
1.43 0.145  2-Butene C,Hyq
1.576 1.303  Pentane CH,,
1.629 0.169  2-Methyl-1-butene CHyp
1.689 0.055 1,4-Pentadiene C.Hyq
1.755 0.145  Cyclopentene C.Hg
1.792 0.507  Pentane, 2-methyl- CeH,,
1.858 0.030  Pentane, 3-methyl- CsHiy
1.897 1.511  1-Pentene, 2-methyl- CeHis
1.945 0.807  1-Pentene, 2-methyl- CeH,s
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R.T. Molecular
Area% Name of compound
(min) formula
1.998 0.820  2-Butene, 2,3-dimethyl- CeH,,
2.044 0.148  2-Hexene CeH,,
2.087 0.083  2-Pentene, 3-methyl- CsHi,
2.144 0.316  Cyclopentane, methyl- CeHi,
2.203 0.151  2,4-Hexadiene, (E,E)- CeHio
2.236 0.186  Cyclopentene, 1-methyl- CsHio
2.28 0.284  1-Pentene, 2,4-dimethyl- CH,
2.336 0.918  Cyclopentene, 1-methyl- CsHio
2.535 0.068  Hexane, 3-methyl- C,Hig
2.601 0.201  Cyclohexene CsHio
2.708 1.618  1-Heptene C.H,,
2.807 1.383  Heptane C,He
2.854 0.762  1,4-Hexadiene, 2-methyl- C,H,,
2.89 0.166  (2)-2-Heptene CH,
2.946 0.075  1,4-Hexadiene, 5-methyl- C,H,,
2.983 0.272  Cyclopentene, 1,5-dimethyl- C,H,,
3.056 0.189  Cyclopentane, 1-methyl-2-methylene- C,H,,
3.096 0.683  Cyclohexane, methyl- C.H,,
3.245 0.312  Cyclopentane, ethyl- C,H,,
3.321 0.252  Cyclohexene, 3-methyl- C,H,,
3.361 0.337  2,4-Hexadiene, 2-methyl- C.H,,
3.544 0.237  Cyclobutane, (1-methylethylidene)- CH,,
3.573 0.715  1-Ethylcyclopentene C.H,,
3.729 1.456  Heptane, 4-methyl- CeHig
3.779 0.569  Cyclohexene, 1-methyl- C,H,,
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R.T. Molecular
Area% Name of compound
(min) formula
3.932 0.193  3-Methylenecyclohexene C,H,,
4.128 2.103  1-Octene CgHis
4.21 0.264 1,4-Pentadiene, 2,3,3-trimethyl- CgH.y
4.274 1.611  Octane CgHig
4.37 0.167  2-Octene, (2)- CgH g
4.41 0.518  2,2-Dimethyl-3-heptene trans CoHig
4.635 0.498 Hexane, 2,3,5-trimethyl- CoH,g
4.662 0.284  1-Methyl-2-methylenecyclohexane CgH.y
4.788 0.798  Cyclohexane, 1,2,4-trimethyl- CoHig
4.821 0.316  Cyclohexane, ethyl- CgHig
4.874 1.654  2,3-Dimethyl-2-heptene CoHig
5.007 2.864  2,4-Dimethyl-1-heptene CoH g
5.07 0.134  1-Propylcyclopentene CgHyy
5.123 0.181 1-Methyl-2-methylenecyclohexane CgHyy
5.222 1.245  Cyclohexane, 1,3,5-trimethyl- CoHig
5.312 0.151  Ethylbenzene CgHyo
5.468 0.340  1,3-Heptadiene, 2,3-dimethyl- CoHie
5.647 0.116 6,6-Dimethylhepta-2,4-diene CoHug
5.879 2.500  1-Nonene CoHiq
5.916 0.333  2,4,6-Trimethyl-3-heptene C.oHy
6.035 1.827  Nonane CoHypo
6.125 0.508  Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, [1S- CioHis
(1.alpha.,2.beta.,5.alpha.)]-
6.317 0.269  Cyclopentene, 1,4-dimethyl-5-(1-methylethyl)- CioHig
6.845 0.392  Cyclopentene, 1-butyl- CoHig
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R.T. Molecular
Area% Name of compound

(min) formula
7.09 0.415  Benzene, 1-ethyl-4-methyl- CyH,,
7.203 0.300  Benzene, 1-ethyl-3-methyl- CyH,,
7.402 0.293  Mesitylene CyH,,
7.641 3.080  1-Decene C.oHy
7.784 1.887  Decane C,oH,
7.853 0.341  4-Decene C.oHy
7.92 0.565 Nonane, 2,6-dimethyl- C,H,,
7.989 0.738  Decane, 2-methyl- C,H,,
8.139 0.323  Benzene, 1,2,3-trimethyl- CoH,,
8.779 0.637  2-Decene, 2,4-dimethyl- C,,H,,
8.839 0.680  3-Decene, 2,2-dimethyl-, (E)- C,,H,,
9.293 3.087  1-Undecene C,H,,
9.419 2.219  Undecane C,H,,
9.482 0.447  2-Undecene, (2)- C,,H,,
9.788 0.341 Bicyclo[3.1.1]heptan-2-one, 6,6-dimethyl-, (1R)- CyH,,0
10.826 2.767  1-Dodecene C,,H,,
10.952  2.097  Dodecane CoHy
10.999  0.351  2-Dodecene, (Z)- C,,H,,
12.047  0.657  Cyclopentadecane CsHyo
12143  0.584  4-Nonene, 5-butyl- CsHog
12266  3.042  1-Tridecene C.3Hye
12.382 2491  Tridecane C3Hog
12.468 1.060  1-Decanol, 2-methyl- C,,H,,0
12.568  0.805  2-Isopropyl-5-methyl-1-heptanol C,H,,0
13.613  3.039  1-Tetradecene C,.Hyg
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R.T. Molecular
Area% Name of compound

(min) formula
13.719 2449  Tetradecane C,Hyo
13.756  0.489  2-Tetradecene, (E)- C,Hog
13.879  0.229 1-Pentadecene C,sHy,
14.881 2.527  Pentadecane C.sHy,
14984 2291 Pentadecane C,sH,,
16.072 2436  Cetene C,H,,
16.175 2716 Hexadecane CieHas

17.2 1.881  1-Heptadecene C,;H,,

17.3 2.571  Heptadecane C,Hys
18.027  0.353  Heptadecane, 3-methyl- CigHag
18.276  1.365  1-Octadecene C.gHas
18.372 2462 Octadecane CgHag
19.298  0.958  1-Nonadecene CioHyg
19.387 2109  Nonadecane CioHyo
20.277  0.694  1-Eicosene CooHy
20.357 1.793  Eicosane C,oHy,
21.283 1.384  Heneicosane C,Hy,
22172  1.043  Docosane CooHug
23.025 0.706  Tricosane CooHg
23.845  0.451  Tetracosane C,Hy
24635 0.306 Pentacosane C,H.,
25.395 0.197 Hexacosane CoeHs,
26.132  0.128 Heptacosane C,Heg
26.842  0.080 Octacosane CogHeg
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R.T. Molecular
Area% Name of compound
(min) formula
1.377  0.116  Propene CiHq
1.43 0.631  2-Butene C,Hg
1.63 0.044  Butane, 2-methyl- C.H,,
1.576 1.887  Pentane CH,,
1629 0271  2-Methyl-1-butene C.H,,
1.649 0.162  1,3-Pentadiene, (2)- C.H,g
1.689 0.106  1,4-Pentadiene C.Hg
1.755 0.215  Cyclopentene C.Hyq

1.792 0.558  Pentane, 2-methyl- CeHuy
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R.T. Molecular
Area% Name of compound

(min) formula
1.855 0.037  Pentane, 3-methyl- CeH,,
1.897 1.697  1-Pentene, 2-methyl- CeH,s
1.945 0.869 n-Hexane CeHiy
1.998 0.769  2-Butene, 2,3-dimethyl- CeHi,
2.041 0.201  1,3-Pentadiene, 3-methyl-, (2)- CeHio
2.087 0.083  2-Pentene, 3-methyl- CeHis
2.144 0.355  Cyclopentane, methyl- CsHi,
2.203 0.168  2,4-Hexadiene, (E,E)- CeHio
2.236 0.193  Cyclopentene, 1-methyl- CsHio
2.28 0.257  1-Pentene, 2,4-dimethyl- CH,
2.336 0.939  Cyclopentene, 1-methyl- CsHio
2.535 0.061 Hexane, 3-methyl- C,He
2.601 0.198  Cyclohexene CsHio
2.706 1.594  1-Heptene C.H,,
2.807 1.249  Heptane C,Hi¢
2.854 0.597  1,4-Hexadiene, 2-methyl- C,H,,
2.89 0.147  (2)-2-Heptene CH,
2.946 0.070  1,4-Hexadiene, 5-methyl- C,H,,
2.983 0.242  Cyclopentene, 1,5-dimethyl- C,H,,
3.056 0.206  Cyclopentane, 1-methyl-2-methylene- C,H,,
3.096 0.660  Cyclohexane, methyl- C.H,,
3.245 0.280  Cyclopentane, ethyl- C,H,,
3.325 0.2563  Cyclohexene, 3-methyl- C.H,,
3.361 0.309  Cyclohexene, 4-methyl- C,H,,
3.544 0.204  Cyclobutane, (1-methylethylidene)- CH,,
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R.T. Molecular
Area% Name of compound
(min) formula
3.573 0.649  1-Ethylcyclopentene C,H,,
3.729 1.317  Heptane, 4-methyl- CeHig
3.779 0.517  Cyclohexene, 1-methyl- C.H,,
3.932 0.151  3-Methylenecyclohexene C,Hy,
4.124 1.935  1-Octene CgHig
4.207 0.253  1,4-Pentadiene, 2,3,3-trimethyl- CgH.y
4.267 1.465  Octane CgHig
4.366 0.140  2-Octene, (2)- CgHig
4.41 0.439  2,2-Dimethyl-3-heptene trans CoHig
4.499 0.136  Cyclopropane, (2,2-dimethylpropylidene)- CgH,,
4.632 0.397  Hexane, 2,3,5-trimethyl- CoHy
4.662 0.295  1-Methyl-2-methylenecyclohexane CgH.y
4.788 0.763  Cyclohexane, 1,2,4-trimethyl- CoHig
4.821 0.255  Cyclohexane, ethyl- CgHig
4.867 1.061  2,3-Dimethyl-2-heptene CoHig
5.007 3.160  2,4-Dimethyl-1-heptene CoHig
5.123 0.185  Cyclohexene, 1,2-dimethyl- CgH,,
5.222 1.240  Cyclohexane, 1,3,5-trimethyl- CoH g
5.312 0.116  Ethylbenzene CgHyo
5.644 0.109  6,6-Dimethylhepta-2,4-diene CoHie
5.873 2178  1-Nonene CoHig
5.909 0.311  2,4,6-Trimethyl-3-heptene C.oHy
6.029 1.521  Nonane CoHyp
6.118 0.423  Cyclohexane, 1,2,3-trimethyl- CoHig
6.841 0.285  Cyclopentene, 1-butyl- CoHig
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R.T. Molecular
Area% Name of compound

(min) formula
7.087 0.409  Benzene, 1-ethyl-4-methyl- CyH,,
7.203 0.214  Benzene, 1-ethyl-3-methyl- CyH,,
7.399 0.211  Mesitylene CyH,,
7.508 0.338  5-Decene, (E)- CioHao
7.631 2.792  1-Decene C,oHu
7.774 1.662  Decane C,oHy,
7.85 0.313  2-Decene, (2)- CoHao
7.916 0.526  Nonane, 2,6-dimethyl- C,H,,
7.986 0.666  Decane, 2-methyl- C,H,,
8.776 0.199  2-Decene, 2,4-dimethyl- C,,H,,
8.832 0.137  3-Decene, 2,2-dimethyl-, (E)- C,,H,,
9.074 0.806  1-Undecene, 7-methyl- C,,H,,
9.283 2462  1-Undecene C,H,,
9.416 1.739  Undecane C,H,,
9.476 0.242  2-Undecene, (2)- C,H,,
9.605 0.163  Cyclopentane, 1,2-dipropyl- C,H,,
9.781 0.215  Bicyclo[3.1.1]heptan-2-one, 6,6-dimethyl-, (1R)- C,H,,0
10.816 2.371 1-Dodecene C,,H,,
10.939 1.837  Dodecane C,Hy
10.992  0.323  2-Dodecene, (Z)- C,,H,,
12.14 0.538  6-Tridecene, (Z)- CaHo
12253 2,573  1-Tridecene C3Hy
12372 2.077  Tridecane C3Hyg
12.462 1.500  1-Decanol, 2-methyl- C,H,,0

13.474  0.634  1,9-Tetradecadiene CiaHze
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R.T. Molecular
Area% Name of compound

(min) formula
13.603  2.642  1-Tetradecene CHo
13.706  2.068  Tetradecane C,Hyo
13.749  0.313  7-Tetradecene C,.Hyg
13.875  0.183  3-Tetradecene, (E)- C,H,g
14874 2416 1-Pentadecene C,sHy,
14974  1.980 Pentadecane C.sHy,
16.075 2.716  Cetene CieHa
16.168  2.682 Hexadecane CieHas
17.207 2521  1-Heptadecene C,,H,,
17.297 2419 Heptadecane C,;Hyg
17.725  0.491  1-Decanol, 2-hexyl- C,eH3,0
18.289 1.887 1-Octadecene CgHag
18.375  2.004  Octadecane CigHyg
19.314 1.891  1-Nonadecene CioHyg
19.397 2291 Nonadecane CioHyp
20.37 2.263  Eicosane C,oHy,
21.299 1.911  Heneicosane C,Hy,
22.189  1.640 Docosane CooHug
23.042 1.450  Tricosane CoHyug
23.808 0.343  1-Tetracosene C,Hyug
23.858 1.131 Tetracosane C,.He,
24.645  0.979 Pentacosane C,eH.,
25.405 0.735 Hexacosane C,eHs,
26.139  0.512 Heptacosane C,,Hgg
26.846  0.401  Octacosane C,gHeg
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Area% Name of compound
(min) formula
27529  0.268 Nonacosane CooHeo
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R.T. Molecular
Area% Name of compound

(min) formula

4.874 10.759  2,3-Dimethyl-2-heptene CoHiq

5.013 18.467  2,4-Dimethyl-1-heptene CoHig

5.866 8.519  1-Nonene CoH g
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R.T. Molecular
Area% Name of compound
(min) formula
7618  10.031 1-Decene CioHag
10.799  8.908  1-Dodecene C,H,,
12239 8.816  1-Tridecene (7 o PN
12.458  8.842  2-Isopropyl-5-methyl-1-heptanol C,H,,0
12.684  7.446  1-Decanol, 2-methyl- C,H,,0
13.587  7.771  1-Tetradecene CH,g
20.36 10.441 Eicosane C,oH,,
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R.T. Molecular
Area% Name of compound

(min) formula
1.377  0.017  Propene CoHe
1.43 0.297  2-Butene C,Hq
1.526 0.027  Butane, 2-methyl- C.H,,
1576 1561 Pentane CsHy,
1.629 0.217  2-Pentene CeHyp
1.689 0.075 1,3-Pentadiene, (E)- CHy
1.755 0.174  Cyclopentene CeHq
1.792 0.557  Pentane, 2-methyl- CeHi,
1.855 0.035  Pentane, 3-methyl- CeHiy
1.897 1.601  1-Pentene, 2-methyl- CeHis
1.945 0.867 n-Hexane CeH,,
1.998 0.875  2-Butene, 2,3-dimethyl- CeHi,
2.044 0.163  3-Hexene CeHys
2.087 0.095  2-Pentene, 3-methyl- CsHi,
2.14 0.351  Cyclopentane, methyl- CeHys
2203 0.192  24-Hexadiene, (EE)- C.H,y
2.236 0.232  Cyclopentene, 1-methyl- CsHio
2.276 0.348  1-Pentene, 2,4-dimethyl- C,H,,
2.336 1.048  2,4-Hexadiene CsHio
2.535 0.066  Hexane, 3-methyl- C,Hi¢

2.601 0.221  Cyclohexene CsHio
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R.T. Molecular
Area% Name of compound

(min) formula
2.708 1.705 1-Heptene C,H,,
2.804 1.421  Heptane C,H,g
2.854 0.764  1,4-Hexadiene, 2-methyl- CH,
2.89 0.181  (2)-2-Heptene CH,
2.946 0.079  1,4-Hexadiene, 5-methyl- C.H,,
2.983 0.280  1,4-Pentadiene, 3,3-dimethyl- C,H,,
3.053 0.211 Cyclopentane, 1-methyl-2-methylene- C.H,,
3.096 0.723  Cyclohexane, methyl- CH,
3.242 0.329  Cyclopentane, ethyl- C,H,,
3.321 0.259  Cyclohexene, 3-methyl- C.H,,
3.361 0.378  Cyclohexene, 4-methyl- C,H,,
3.54 0.251  Cyclobutane, (1-methylethylidene)- CH,,
3.573 0.742  Cyclopentane, ethylidene- C,H,,
3.729 1.481  Heptane, 4-methyl- CgHig
3.779 0.603  Cyclohexene, 1-methyl- C,H,,
3.932 0.165  3-Methylenecyclohexene C,Hy,
4.128 2.144  1-Octene CgHig
4.207 0.279  1,4-Pentadiene, 2,3,3-trimethyl- CgHyy
4.27 1.658  Octane CgHig
4.366 0.156  2-Octene, (2)- CgH 6
4.41 0.491  2,2-Dimethyl-3-heptene trans CoH g
4.499 0.155  Cyclopropane, (2,2-dimethylpropylidene)- CgH,,
4.635 0.503  Hexane, 2,3,5-trimethyl- CoHyp
4.662 0.349  1-Methyl-2-methylenecyclohexane CgH,,
4.788 0.853  Cyclohexane, 1,2,4-trimethyl- CoHig




A9 2.8 (F|)

171

R.T. Molecular
Area% Name of compound
(min) formula
4.821 0.338  Cyclohexane, ethyl- CeHie
4.871 1.628  2,3-Dimethyl-3-heptene CoHig
5.003 3.054  2,4-Dimethyl-1-heptene CoHg
5.07 0.207  1-Propylcyclopentene CgH.y
5.123 0.242  Methyl ethyl cyclopentene CgH.y
5.222 1.295  Cyclohexane, 1,3,5-trimethyl- CoHig
5.312 0.152  Ethylbenzene CgHyo
5.469 0.376  1,3-Heptadiene, 2,3-dimethyl- CoHig
5.644 0.145  Cyclohexene, 3,3,5-trimethyl- CoHig
5.737 0.369  2,4,6-Trimethyl-3-heptene C,oHu
5.783 0.226  Cyclohexane, 1,2,3-trimethyl- CoHig
5.879 2.598  1-Nonene CoHig
5.912 0.355  Cyclopentane, 1,2,3,4,5-pentamethyl- C.oHy
6.032 1.760  Nonane CoHyp
6.121 0.528  Cyclohexane, 1-methyl-4-(2-hydroxyethyl)- CoH,,O
6.314 0.399 Cyclopentene, 1,4-dimethyl-5-(1-methylethyl)- CioHis
6.443 0.254  Cyclohexene,1-propyl- CoHie
6.529 0.209  Cyclohexane, propyl- CoHig
6.841 0.397  Cyclohexane, (1-methylethylidene)- CoH,g
7.087 0.525  Benzene, 1-ethyl-4-methyl- CyH,,
7.203 0.360  Benzene, 1-ethyl-3-methyl- CoH,,
7.399 0.265  Mesitylene CyH,,
7.508 0.372  trans-4-Decene C,oHy
7.638 3.277  1-Decene C.oHy
7.78 1.934  Decane C,oHy
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R.T. Molecular
Area% Name of compound

(min) formula
7.853 0.366  2-Decene, (2)- CoHsp
7.92 0.585  Nonane, 2,6-dimethyl- C,Hy,
7.989 0.756  Decane, 2-methyl- C,H,,
8.779 0.619  2-Decene, 2,4-dimethyl- C,,H,,
8.835 0.686  3-Decene, 2,2-dimethyl-, (E)- C,,H,,
9.29 2.869  1-Undecene C,H,,
9.419 1.918 Undecane C,H,,
9.479 0.275  2-Undecene, (2)- C,H,,
10.826  2.789  1-Dodecene C,,H,,
10.949 2118 Dodecane CHye
10.999  0.359  2-Dodecene, (Z)- C,,H,,
12263  3.023  1-Tridecene C3Hy
12379 2490  Tridecane C.Hyg
12465  0.980 1-Decanol, 2-methyl- C,H,,0
12.681 0.930  1-Decanol, 2-hexyl- C,eH,,0
13.61 2.994  1-Tetradecene C,.Hyg
13.716  2.399  Tetradecane C,Hyo
13.753  0.395  2-Tetradecene, (E)- C,Hog
14.877 2429 1-Pentadecene CsHyo
14.98 2.192  Pentadecane CsH,,
16.069  2.750  Cetene CieHs,
16.172  2.870 Hexadecane CeHay
17.2 2.116  1-Heptadecene C,,H,,
17.297  2.709  Heptadecane C,,Hyg

18.272 1525  1-Octadecene CigHas
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R.T. Molecular
Area% Name of compound

(min) formula
18.365 2.501 Octadecane CgHas
19.298  0.932  1-Nonadecene CoHas
19.381 2.015  Nonadecane CioHyo
20.35 1.518  Eicosane CooH,,
21.276 1190 Heneicosane C,H,,
22165  0.871 Docosane C,oHye
23.018  0.536  Tricosane C,iH,g
23.838  0.348  Tetracosane C,H.,
24632 0.260 Pentacosane C,Hs,
25.392 0.144  Hexacosane C,eHe,
26.129  0.099 Heptacosane C,Heg
x10 8 | *El TIC Scan sample9.d

1.2 5010 7638 10.823 13610

S| 1897 ‘ | ‘
| \

0.8 ‘ ‘ [l | | | |

0.6 | \ ‘

oa| ||l J 'i\ { L L |

o2| [Id] I J( il ! e T T M | } . . o

0 Jhll\\mﬂ’l Ux;l.\lhn" IR TR J "-l'-"' i, plx Ll 28190~
4 6 8

10 12 14

16

18 20 22
Counts vs. Acquisition Time (min)

24

26 28 30 32 34

v
Alsznall 2.9 LAMKANITILATITaYALsynaLraIA s senatauizsanntndwinislada

Tun1qzeifiungldlunng nlslad 440 asAmal@as dnsn17 avaduia lulngia

75 NARARIFADUNT LAZEAINEIUNAALANAUTLNAANIANAY 0.2:0.8 Tagtinuiin

I
@

o ' aaa 1 v o oo A ¥ < (3% gol o
mmﬂ{]mmmuﬂmumnu WANNLARALINY ﬂ’lﬁlLWﬂﬂ‘ﬂﬂiﬁﬁ?ﬂﬂ@ﬁi 5 Tnaiinmiin

118m91491 0.2:0.8 Tasl

v
o o %

WIUUN AN AL

a

Awnalasun NI NuNdal AN es



174

A1374 2.9 WAAYHANITIATIZasALs NauTaddslsenaudunTeainundulnls lada lu
nazaiiun1g 18 lun s Inlslad 440 aadmadas ansnslnazasnialulngau 75
JARAMIAAUIN LALAMINEIUNDALDNAUNUNDANIANAU 0.2:0.8 Insii1un
o 1 aaa 1 %3 %3 6 o/ [~ dl A v [~ Y goJ o
Aol Asenduindudivwmannnaeudesamasanladiauas 5 Tnauauiin

Wudma49u 0.2:0.8 Tasinuiin sramaiaLdalrsut NI nuuagilansws?

R.T. Molecular
Area% Name of compound

(min) formula
1.377 0.064  Propene C,Hq
1.43 0.548  2-Butene C,Hq
1.526 0.034  Butane, 2-methyl- C.H,,
1.576 1.993  Pentane C.H,,
1.629 0.288  2-Pentene, (E)- C.H,,
1.649 0.178  1,3-Pentadiene C.H,q
1.689 0.117  1,3-Pentadiene, (E)- C.H,
1.755 0.222  Cyclopentene C.Hg
1.792 0.564  Pentane, 2-methyl- CeHiy
1.855 0.064 Pentane, 3-methyl- CeHiy
1.897 1.952  1-Pentene, 2-methyl- CeHis
1.945 1.048 n-Hexane CeHiy
1.998 0.894  2-Butene, 2,3-dimethyl- CeH,,
2.034 0.274  1,3-Pentadiene, 3-methyl-, (2)- CeHio
2.087 0.136  2-Pentene, 3-methyl- CeHys
2.144 0.466  Cyclopentane, methyl- CeHys
2.203 0.244  2,4-Hexadiene, (E,E)- CsHio
2.236 0.308  Cyclopentene, 1-methyl- CeHyo
2.276 0.358  1-Pentene, 2,4-dimethyl- C.H,,
2.336 1.258  Cyclopentene, 1-methyl- CeHyo

2.535 0.069  Hexane, 3-methyl- C,Hi
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R.T. Molecular
Area% Name of compound
(min) formula
2.601 0.263  Cyclohexene CeHio
2.708 1.898  1-Heptene C,H,,
2.804 1.568  Heptane CHy
2.854 0.774  1,4-Hexadiene, 2-methyl- C,H,,
2.89 0.195  (2)-2-Heptene CH,,
2.946 0.096  1,4-Hexadiene, 5-methyl- C,H,,
2.98 0.308  Cyclopentene, 4,4-dimethyl- C.H,,
3.053 0.308  Cyclopentane, 1-methyl-2-methylene- C.H,,
3.096 0.861  Cyclohexane, methyl- C,H,,
3.242 0.358  Cyclopentane, ethyl- CH,
3.321 0.296  Cyclohexene, 3-methyl- C,H,,
3.361 0.461  Cyclohexene, 4-methyl- C.H,,
3.54 0.258  Cyclobutane, (1-methylethylidene)- CH,,
3.573 0.924  Cyclopentane, ethylidene- C,H,,
3.729 1.507  Heptane, 4-methyl- CgHig
3.779 0.696  Cyclohexene, 1-methyl- C,H,,
3.932 0.220  3-Methylenecyclohexene C,H,,
4.128 2.258  1-Octene CgHug
4.21 0.328  1,4-Pentadiene, 2,3,3-trimethyl- CgH,,
4.27 1.741  Octane CgHig
4.366 0.197  2-Octene, (2)- CgHis
4.41 0.572  2,2-Dimethyl-3-heptene trans CoHig
4.499 0.159  Cyclopropane, (2,2-dimethylpropylidene)- CgH,,
4.662 0.428  1-Methyl-2-methylenecyclohexane CgH.y
4.788 0.956  Cyclohexane, 1,2,4-trimethyl- CoHig
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R.T. Molecular
Area% Name of compound

(min) formula
4.821 0.345  Cyclohexane, ethyl- CeHie
4.867 1.132  2,3-Dimethyl-2-heptene CoHig
5.01 3.742  2,4-Dimethyl-1-heptene CoHig
5.07 0.150  1-Propylcyclopentene CgH.y
5.123 0.253  Methyl ethyl cyclopentene CgH.y
5.222 1.514  Cyclohexane, 1,3,5-trimethyl- CoHig
5.312 0.106  Ethylbenzene CgHio
5.644 0.118  Cyclohexene, 3,3,5-trimethyl- CoHig
5.783 0.241  Cyclohexane, 1,2,3-trimethyl- CoHig
5.879 2.562  1-Nonene CoHg
5.912 0.337  Cyclopentane, 1,2,3,4,5-pentamethyl- C.oHy
6.032 1.772  Nonane CoHyo
6.121 0.511 1-Ethyl-4-methylcyclohexane CoHig
6.314 0.373  Cyclopentene, 1,4-dimethyl-5-(1-methylethyl)- CioHis
6.443 0.215  Cyclohexene,1-propyl- CoHig
6.53 0.303  Cyclohexane, propyl- CoHig
6.845 0.388  Cyclohexane, (1-methylethylidene)- CoHie
7.087 0.489  Benzene, 1-ethyl-4-methyl- CoH,,
7.203 0.241  Benzene, 1-ethyl-3-methyl- CoHy,
7.399 0.167  Mesitylene CyH,,
7.508 0.439  trans-4-Decene CioHag
r.a7r7 1.957  Decane C,oH,,
7.85 0.350  2-Decene, (Z)- CioHao
7.916 0.589  Nonane, 2,6-dimethyl- C,H,y
7.986 0.735  Decane, 2-methyl- C,H,,
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R.T. Molecular
Area% Name of compound
(min) formula
9.287  3.140  1-Undecene CiiHy,
9.419 2.112  Undecane CiHy
9479  0.280 2-Undecene, (2)- CyHy,
10.823  3.223  1-Dodecene C,H,,
10.942  2.190 Dodecane CioHag
10.995  0.353  2-Dodecene, (Z)- C,H,,
12.14 0.751  4-Nonene, 5-butyl- CiHo
12.259  3.255  1-Tridecene CisHyg
12.379 2439  Tridecane CisHy
13.49 0.818  b-Tetradecene, (2)- C,Hy
13.61 3.259  1-Tetradecene CiiHog
13.709  2.381  Tetradecane CiHy
13.753  0.389  2-Tetradecene, (E)- C,H,g
14.877  2.720  1-Pentadecene CisHy
14.974 2187  Pentadecane CisMa,
16.072  2.845 Cetene CieMa,
16.168  2.936 Hexadecane CieHay
17.204 2276  1-Heptadecene C,H,,
17293 2480 Heptadecane CiHy
18.279  1.682  1-Octadecene CigHzs
18.369 2291  Octadecane CigHag
19.301  1.141  1-Nonadecene CigHas
19.381 1.934 Nonadecane CioHyo
20.35 1.652  Eicosane CooHa,
21.213  0.477  Henicos-1-ene C,H,,
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R.T. Molecular
Area% Name of compound

(min) formula
21.279  1.197  Heneicosane CoHy,
22165  0.794  Docosane CpoHye
23.018 0.436  Tricosane CpHag
23.838 0.299 Tetracosane C,Hs,
24632 0.175 Pentacosane C,H.,
25.392  0.109 Hexacosane CoeHe,
26.129  0.061  Heptacosane C,-Heg
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