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The awareness and perception of climate change and carbon neutrality has led to
interest in the research and development of alternative energy sources, such as the conversion of
agricultural waste/residual waste into clean energy and valuable chemicals. This research aimed to
study the catalytic pyrolysis of woody and non-wood biomass such as eucalyptus sawdust, algae,
and coffee grounds, in order to determine the optimal operating conditions for the catalytic pyrolysis
of biomass and residual biomass to produce bio-oils and valuable chemicals in a fixed-bed reactor
using a dual acid-base heterogeneous catalysts by varying the process operation conditions:
temperature (500 — 600 °C), nitrogen flow rate (25 — 75 ml/min), reaction time (45 — 75 min), catalyst
loading (3 — 10%wt. to the feedstocks) and investigated the synergistic effects of blending Fe-
dolomite with Cu-ZSM-5, which was also achieved by wet impregnate method. The results found that
the optimum operating condition for pyrolysis biomass and waste to bio-oil production at a
temperature of 550 °C, a nitrogen flow rate of 50 ml/min and time of reaction 45 minutes when using
the ratio of Cu-ZSM-5 and Fe-Dolomite of 0.5:0.5 at 5% catalyst loading with the feedstock obtained
the highest bio-oil from algae at 40.61%wt., coffee grounds at 26.50%wt., and eucalyptus sawdust
at 20.19 wt.%. The chemical properties of bio-oil from algae were analyzed using a Fourier Transform
Infrared Spectrometry (FT-IR) and a Gas Chromatography/Mass Spectrometry (GC/MS). The
percentage of area peak intensity divided the composition of bio-oil into four categories: aliphatic
(24.51%), aromatic (22.89%), polyaromatic hydrocarbon (26.72%) and oxygenated compounds
(25.88%).
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Adl dl a = a o a‘d‘ v 1
mmfazmLuumimmuquﬂi:mm 300-650 ANANLIALTEA mmmmwim wiiaantily

)

3 AD1UY AD VDILTY UDINAT LATLAA NARAUFINITL AuNanA s N duradaazi

% v v 1
ANHULARTELNTUITAUNTUTINNW UNSTUNT LazuAnTusmiiuaasuds Tondu anuans
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nalaniaiindfiseninislada eTanaaldsuatnniauaziinnisunnaaiends
v & = dl v dld o = ) ¥

pwFauaedasAlsznaunaludians I9AuFaunInAsuNesWe axinldansssmegn
antaagaanainipnraiivaesdionag naluudan ldaruiramuniulspanis wazing

@ A & | dl 1 1 Vo v dl o v a % a
iWurasudematng douansszivalidaruiiuazlasuauiaunni liiAnn124a1e 60T
ANNTAU LaziANITAYLILLLIINITTUARA T lugUresmauasn1fuNedauinnsuen
daneidannnsanldlunianldaauudu

nszununisinlslatautsaanitly 5 Uszinnuan laun

1. nislagauundn

nszuqunsinisladauuudn (slow pyrolysis) lunsELUN1TAALANTDN

a

o dl a 1 v v a % QI d? 1 ¥ o a

uWNWLLﬂﬁ‘gﬂLW'ﬂN@mmﬁu‘MﬂiN Imﬂl‘w'ﬂqmﬂqmﬂ@’]ﬁ\liﬂumwﬂuﬂﬁl’]\‘m’]“‘] Sluﬂﬁqzm’]muﬂ’]?
Ao =~ P > P = ) a

@qmu@lﬁ\lﬁﬁﬂizmﬂm 400 aNANLTEALTeIA ﬁ')ﬂ@ﬁl?’]ﬂﬁﬂﬁﬂ’)’miﬂu 3-10 9ANLTALTEUAFBRUN

TunnzlFaandiawainiawas ldinaiuinndn 24 daluslunisaanasaimanainianunialy

|
o

& = = n=| a ] dl < = 1 -2 a o v
AL TLNALLBITINIANA NN NAAA U Mg U T utesudsvsan 1 ugg Inadansnig L

¥ ¥ A o a6 v dl Y a o e‘zjx 24 o
mmi@ummmﬂwmmunﬂumw Az lNAR mmmiugﬂm@um@ WBIVRNILASTIT YN

a

12 |

1
£ a o o

Y a = 2 v £ ] Y a 1
m‘]_lQumzmumﬂmﬂmumﬂmuqu 1 WATNERAIINIT M AINTaRT 1Az dINa IRATNY

Kl

1
=

F1FUINTULAFUSUNTzUaUng In s laga uuud N ldAaans 1 g una A g aaaud

' '
A a

dnarianiazanfiunnsNgungil 500-600 avAdading NAausuusseniA wazldinan
Tadiis 1 dalua
2. 1nislaga 59

nszuaunisinislafauniuiia (fast pyrolysis) lunszuaunisiigninunld

Y a o

Tunisudsgi@annaia i lsuaniusiludsuniduaasivas viatrdanan Tnanisliacnu

led o =

Fauntinaganfanieldgumgininisaanasingegaundonnaluaninzlfeandiau/meinia

a o o‘dl v a (3 dl a &
nandusinlaainnisinlslagauuuifonglugldaesivan delesdlsznauaesans
. ¥ - Y L 4o X . .
lalasanfuen wazdn lnadTunandudan niiiaTuuaznisnszanefiredesAlsznay

AN
3.unazlnislada
nrzuaunisunazinislada (flash pyrolysis) wieuiunszuaunisinisla
a [~ A = a |dl = 1 = a aaa
FauuLis An HgnamnReth 400-600 asaaTad uwaaziinalunisialfisenaesans

-di a cY :’/ a a A ¥ 1 ¥
?SLMHIMLﬂ?‘ﬂQﬂQﬂ?MQQH?SHZLQ@W@‘HN”Iﬂ (ﬂa?::mm 19U UTBUBLNIN) Inanelsining
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o a a’l’ ry g a 1% c a A 1%
piiunsilifasaznaliresnansnaiaaamaisainniginislagailszunnisesas 70-75

aly v [~3 A 1 A ‘421 v
wazifasavualaaeg 1asndazadiuanfinalululFunnsias

4 \aTnslnlslada
nszuaunnslalnsinislada (nydro pyrolysis) iunisaanafaiananuian

= 2 tzlld o o 16) & o a dl a
B3t TuussEnAreLialalasiauninisdnauau uldnazaniiunisngumng
tl) = a o I a a
AN1sTNy 150-220 a9 ial@ad Nandugiannnszuaunislalaslnislagaazinaiu
1aamaslnaniaialfisenlalnsaiuduaecanyadase (free radical) MAAIUITHIN9NTT

o = o Y a = = o 1 a2 tdl
ARLAITAITINIA YN IFAAAMNLAD ST Lazinisausadun g fulTuunanas

%

A 901 o a v & dlal %7/
10amavTauniuaInnszuaunstalasinislagalsznaudan latnspnfueannduimin
Tuanatieandnyszinnan

5.landalnlslads

nszuqunslanialnlslada (hydrous pyrolysis) ilun138a18 QL EIAIN
1% = o dl 96) % [ o o Y a a aaa a
Fourestonsa udanawiiduifaudnacndu vinlidadsunisindfisen lalnslata
fanfulAzen1saafalapaINTauYesTNga LARARTWTA NN szuauns landa nlsla
. ¥ o Ao - ° = o4 =
daidulndfuniesdlszneuiduaisdszneusdinaneendiaiun vreleandiauiu
GNGEIE LM
2.8 AaLgalfjngen

fowgarizen (Catalyst) iuansiiAnadldTudfAzeudn vinliinadfaze1di5q

v
= A o

1 e lidnsInIafnl AT RNaN tae sl fRsanenaasinasensind jisen

% 1 o

1 A & v |dl : aaa aaa 1 dy ¥ = ' a =
ﬁQﬂﬂ?@1Nﬂ1®LLWLN@@uQﬁﬂQﬂ?H’] [FI'JL?\‘]ﬂ{]ﬂ?ﬂ’]LV@’]H@%W@QN@N’]MLVNL@N LATHANLRA

1
o Y A 0 o

WHAUABVENAU TINTININLNLTER31159 TUN TN AUTALANDANURINUF LA LN D LA N

Y a o [ v

Ysnnnuuazaourulilinaniusiianizausanis Insetinaesdadaljizeniuainism

-3

wiielAidu 2 Uszinn Toun siadadAsenuunianiug (homogeneous catalysts) WAZAALN

3

UfAseuuLA38Wug (heterogeneous catalysts)

P

2.8.1 pdelfiseuuuiensiug

3

6 a 6

AqiTetATeuLLLenWug (homogeneous catalysts) (WWAN Ry Tezsiund,

3

v
o

1 v 1
2556) AafaaUATENegan uz naaiuaIsAIRuLAsNARA T FearnnsnidulaY
[<3 A o/ | aaa [ 6 o dld o 1 dl ] dl %
1eaudvzaremian fasalfisanuuy wnwniuginduluananiauwnnudueune 1

Aaniadadisanldetednauuas somdq sanliedesianisdineg esainnisansed
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A13lunszLauNIgane] arsazanevinladnadaeldmatianisalnineaind fowenlazen
o -3 dIQ o 1 v ‘ﬂl % o ! aaa
wunieniugilunileniuettandrernauaziflunaulalusendransziasad ey

lnugRANAINNsnluNNTIABNTI4Y (Selectivity) uazdaslariants iindisen Tnaanis

a

dpfseniunisaaannien wideiduaessaaljAseuuLieniiig Aeian1saanesn

q

A dll v dl a o =2 a o . o '
2l L’&ﬂﬁ\l’&ﬂWWVLﬁ\?’]EIsLuﬂW%W‘QMVQNLL@ZV’W’]NWI«LQ\T ?QNiﬂﬂﬂﬂ’]?LLﬁlﬂN@ﬁmm"W LA SAILIN

Ufisentiurinlaenn

2.8.2 AL AT ULUIIIARUG

-

FRLTUN NI LUAIEWUT (heterogeneous catalysts) (WAAN Beydseiiund,

)

o ]

A aaa dl 1 ' o ZJ/ ¥ A a o c 1 :j/ v dl
2556) ABAINUNNILINRELANUE UANANALATTAIAUVTAH AR 1TU anssianuindu
109uds uisdaLgisenazsdeaily sesmaiieuiia Inssaideal Jizeuunatoiugian 4

TUNGNYAANMNITHAININ TaNEAY Wasa Nl JiseuuLddsnugidureudeinoy

WISUIUTINANA NUNUFABGUINYRUAZAIINAUGY UazdianTauensadalisen Ing

wuuAdsiugaaulnnazilsenaulisng 2 asAdsznauvan laun daunvinlmiianisdesly

1
a o

219917580 wardounaesnesinsasdy AnANuNNge T AANTe daela udunasags
Ufisenanaarliiendaunyinliiinnisdeclazesljisen e Uisenddsiugudadu

2 1szinn sasalun

A o ' o [

« Al izauuLiad (bulk catalyst) weasaise sz luidifasess

[ o 6

(unsupported) \wsaiselfisaaniesAtlsznaumisaiviimdusumdaindusingzany
aglu TassaF1euzanan 1w TiO, ZnO, Ca0 uay MgO lusu fasamailaifigngu nelu

Taseasne AauiuRaamne laigerin

o

o/ | aaa a;d o o/ | aaa d”
- At N3N NNA27895 (supported catalyst) Adifaiizaniszinnil

o ' =~

sznavsag Taneindudnizanaiat uunNuRae9629895U (support) 1 Pt/ ALO,, Pt/

u

1
v a

C uaz MoS/ ALO, e Taneinsusuinmidaljiseuan (main reaction) dausnsasiuni
dgj dla o g al = [ % Y o o a 1 o
WunEoaNIzgs Tuuenstldqaivaatasnan seslans dudus e fasasiuunsmfiamusa
o a . o o ¥ dl ! aaa Yy =] ¥ o o o !
909509HiANIA (acid support) Saviuing el fizenladasasgnldidudasesiuaessoig

Ufjisenaesntinfi(bifunctional catalysts)
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2.9 MeLAENALSI AT UULIITRUE

-8

3BN19wmTENAYIeUAFEuLLATsWUS (heterogeneous catalysts preparation)
(UimN Reydsziiund, 2556) zdam@ﬁiﬂ@mﬁmamﬂmwLLazmﬁmmrﬁTfaLéqﬂﬁﬁ?ﬂﬂﬁLm?ﬂmié’
Tnedl 233wan seselulil
2.9.1 NM9ARUEYFINNIUIAL

n1aAAeLHeTaN1s UL (impregnation) ABAENNINTEANELNNIANHTUFLIY

v
1 o ¥

fuRnzesiasessy iesannlifiduneunisnsesuaznisdneas Tausmng funswiesais
Uifizen Tnaanssadulavziuduifasazansldaluiiesvnazansiu I fmanzan
FumsuazANdnduresasazaelanzdanase mémﬂ‘lﬁ@mﬁﬁmuuﬁwmﬁw@ﬁu
e ldinuntiunsesansazanei $dindidos sudsunnsgnguaesiaseciuiive st
Taverusfusiameluansazanediaiunielugngu wedGanaaisnaumsniuduuunidan
WeA (Incipient wetness impregnation) 9937 mmmuz&’mﬁ*umiwmmué’qﬁ%ﬁ
2.9.2 NIANAENEY

N1IANAZNAL Lﬂuf‘fﬁmiW@ﬂﬂquI@mﬁmﬁuﬁﬁ@:mﬂiuﬁfmmwmmm@\mu

Aasasiulaavinlilesauaaslansiududnnaznanaglugdiavzlansanlasd (metal

hydroxide) #3alanzAsuaLun (metal carbonate) H11n13U5UAINIA-lwaa09 szuy Ty
a A o A @ A ¥ A P '

wanzanlaeAnararaneiualan ezt unaiTalafiiwnsauwiaizanisn e la

ANTLLAzAsd R aueanuan Unldnaunauiuansazatainae laveiudusmnlildaes

v
HANULIUABE (SIUrry) AMNUUABE IWTEUEAAIATATLLARILLAUAINIA-LLATDITBINEAN
ng dl ¥ :I/ 2% o/ s dl o <

geiuleaavaasianznlfifluansassiuazanaznaunielugnguaesdosesd ieuivesuds

ldeuufanalasiaratauazinivedansinaelanenznaulaveiudusasulsan wiily

Tavzaanladuufasessy TelinaudAyuiniilasainleaauuneadafnanAneluaaigs

Ujiseninazanan linsdszasAunsogel §ise s

2.10 N15NTEAUAILTILNFEN

Y o ' aaa as = dl 1 Y v Y o 1 ¥ o 1
NMINTTHAURN Lﬁ\?ﬂ{]ﬂ?ﬂ’] Qﬁﬂ”lﬁ‘Llﬂ?ﬂN‘V]ﬂ@’]’lLL@Q“II’Nﬁluﬂﬂ1ﬂWﬁ’ﬂNu’11ﬂ1"ﬂuﬂ’ﬁLN

1
A !

UizetesaInuatsaie 1 weulaeeuanAveguufaseedl anuzeandinduues

o oo

Tanyiusudsaldmnnzanninnalanzaanlaauaunilnseasruanizaas ldwaaaunany

o 6

usfge vive senisiuantRdnazesiasalfiseAmiuanufeiinszuaunisnssiu

fFadvdiseiandsanan wisewlasulansAusius Wklaseafreviseasdlsznaunig iafl
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b4
o o a K o

TuguuuniAndunn ngeannisnszfuiadalfasendeinldnaneisauiuaiinue
Tanzinsdus Benwutes laun nswnsedu nssandu
2.10.1 NMTHINTLEY
N3HINTEAU (calcination) unisldaanuFeudfuaninsaseljizanluniay

dld A 24 a di dl Z// ¥ o = o ]
3 2 navizeluusse N AresuiaTiingy < Baduduneugainenasainnissse Nl
Ufnsen waznismnszsudaduiunaudAyresniamsansisesiuiazdanresudang
d’lj aia e A dldv . o ] aaa = o d”
NunageuazanRmdnanadngszasdresnisi sl Jiseninanatsznie Asie il

» ANNFAUAINNNTENTE AR 8 LU OBBUAINANIFIFU ANANLLANTBI
= o 1 aaa a :j/ o 1 o [ A o % o U a
viramaaLgnsen anvisdataanidnansiastuinlignsuanuuninaelulasaairaineen

- n1awnznaulansluainiminliansdsznaulanzudsanmidulany
aanlasts iulasaaiamaeniindresenissnaduaznisda indilulansindusilugl lave
szqauel (zero valence metals) wazlavzdalnsniuansu

o & [ o 1 aaa a tdld a

- dgnameanlafsasfuuaz Aol jizeuseiania e snnudl sau
arunnH (metastable phase) Aasldpauiauiiusanseiuasaziinlassaiislanzaanlasm
%
Nl

* N1FINITAUATIAANITAcL LRI AT UsEA 8 lunznauTans W3anns

v o @ q v £ o v & A = . N
sondoiuaes aunarwaan ik nauIn IR lanansesun1andawalug) waziuaay
[ a Y o 1% o ! aaa :J/ o =2 o dall a o
wladanaliiulasadisressiaal Jisen uanannidunnbilanstinduuunuiazeass
[ 14 o dl < dg/ dl 1 Ql = ¥ ¥ 1o ' aaa

7095UAIENUSENUTIUINTUTITI AN AN TN INN AN TR U UA A9 TN

avAlsznaunazinseaianasdlalas

o

2.10.2 N153PNTU

'
a o

v 1
nMAngdu (reduction) Wudumaunaniulunisiasugliavzeanladvse

naeneui il dlaneinduiludasedfisen ldnanadulavsnianuzeendinduniy
£ a o A 1 aaa ¥ dl = a o . .
siaan1s Inelanzuanaalinuansanimidasalfisen il elaniuzeandindu (oxidation
state) luUfjizen CuO + H, — Cu” + H,0
nszuauntssandudunisliasnfeudusadedlizen luusseiniAreuiia

-

a0 ulalasiau Amfueauuauanlas uiadanef wasdanlas (formaldehyde) viga
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lama@u (hydrazine) tnelalnsiaudusogen duduwen o wesainaasiduiissiandiuas
d” U Y aa aﬂi 2 o 1 £ = a Qo‘ = a (2] o I's
s lideuiasactau] lnaufadainaiafesl AvNLFqnageuntl eandiau uiadamas
dgl 6 = [ o 1 ?/ o v oa Qo‘l dl % o
pway warlalnsansuauiaeiluegfasinly inudunaunisinliusgraneuaslduannis
nisgadusaasiagaduaiingne wu Tanand aWldduiunisgaduncinmu n1siidn

uwiadaasldnisandunan zno Wiy Fen1g wanldguugiauiuatiauaziEunnnes

a

Tany

2.11 aasadfisendlalas

oA

el isenalelas HandAnmuizannaialsznig dlaladainisanulansly

897NT1AUAZAINNIARATvIIE e lasm ldann1sdan sz iaza N snAILANTUIALAY

[ %

Tassainanseanisld Tnaandenisaaupunszinunsdunsz (Asys aaamnn, 2556) At

o

mﬂm‘iﬂimmummmmmmmiﬂi”ﬂnmﬂlﬂu@mmumwﬂimmwmm Ae nalludanny
memwmqmqm@u@;q (Mohammadparast et al., 2015)
1. paAdsznavnazinsaaieuasdielas

= c a aa 3 e dl IS 1% aa

Hlalas iluarsagitudains (aluminosilicate) F9lIAs9aFI9ULLANNTA
Maanamnes ([Sio,]") waz agiua ([AI0,17) N imansaiulntp uyNaaaanTLau 19 4

dl o o ¥ = & a 6 o = a oI/

aznan INednEensalulassadenesalalas (afind drnqT, 2560) wazignaviall A
TA39254 Aa M, (AlO,) (SiO,) Lm n m@ﬂr%mim@umn M, A9 ANUIUNURE LB

nIzEnTRARaNUILITAd v/x ARSRINEIL STAI uilstulaan 1 g

M" M’
\/\/\/\/\/\/

/\ /\ /\ /\ /\ /\

- “ . .
M™ = Charge balancing cations

nwsznau 5 Tasassuanuasdlalast

(MN": aviseT SFngT, 2560)
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2. autiRuesdlalast
= o= a a dJ = = dl o
HlalasNagilondadumnsyinsas dacnuatniisnlunisuanilasuiuy
d v . e 0y M . 4 y
laaauuanauls asanuisnunnUsuldanulauainiane Wi aunsavanilasulaaaie

nliAndwiumiiidadloselfisanilelas dlaseadadaiugnguaninidniinliifianis

1% [
a o

o Y e ad A = o ° o o o o =
gadulan wananigadnuiiannanunziunisiinndudansesfudmiu nswses
o 1 aaa al :l/ dl 1 o d?l [ a = o\ o v &
AU ATeN anisruiagngunwanseiu @uegiuaiinvesale las) vnlvalelasdidu
o ' aaa A A o ! ! A :j/ ¥ =
Aalal)izen visedladnaniieglinluanagelnaainisaiaenansfieiuLariauin
winnzand lndisen anandmdenans vinlidle ladianimnmuzandmiunig
i Midusagelisen

=

3. Usgleminasilalas ilaqiiudlalasilssloniiarunumlugnainnssy
nanesu Al
1) Miduasnadu (adsorbent) Tun1suanuaznaliusgnaluauaunisg
GAAUNITNN AN
2) Midugnssasalisen (catalyst) Twamanvnssnmnee) wiu Mdusias
Ufisendmiuntsunn aanelasaainanssznevlalnsansueanliiduetnem
3) Milusuanasulaaau (ion exchange) Wiu wananslaliini
.3TUn 93 (radioisotope) Annnnuaads nnanLen i luinne Andnanslanzuin by
pznia wan Usen wuannila 14idu detergent builder iufuiiinsanndle lasivanasiin
= % dl 1 v [ 1 a KR A md‘ 12 1 [
wazilassaFrenuansnaii Tlaladusavainaeilgaaniianmuns lunisldeouuansieiu
o z dl o 73 % =X =K o/ v 1 dl v % %
petindetn ) 1dulusulaasasAnmAuantdd i zaunew e liainim Tdenuls

gnFasuasllscAvBnInNgeqn (4l a1dnienna, 2556)

2.11.1 Fadetinsen rediles/alalas
nnnsesazianzaeiileseguusadaliisenalalas andsnisedes
= . . o Y v o o =
wuudladlan (wet impregnation) waEyNN1INITAUAIENTTLUNNTTANTWIWA T ARIWgY
Tavzeanlasd Widulaneniaauuigns neudildldludnsen nelauzaetulesy
pmaNngn lunasssljisenlunisgedusendiauuazhslalnsiaueanainaisisznay
a = rdlal ] a2 s =< = 19 !
sunseingeendiawiduesdszney sannadasulaseaseniudunss wuizuinig

4
=]

v !
il lunsdfuaninsasinduinn wldlgunwneau
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2.12 aasalnsenlalalum
Inlalusl (uian Foydezsiunyd, 2556) Wuusuunii@auvredndanilaiFandn

= al a I al A . U
AR N ILNNULEN ANTLALUR mgmimaqa Aa CaMg(CO,),) 7 (MgCO, CaCO.,) N5kt
Tnlalusidwindadfizenlunng ldfuanuaulannaslalalus Anduiiuansuen Inegl
nldaedinlaludazdslianmnsnin iy dadedgisanliiae Aeeddiunszuaunismn
] A o v a a - Y] ¢ I o A
newerinliglresuaaiden unniidasesuaiualaevalulalaludiiosrusznaunaniiuen
A291NN15HILAT waadeusenlys (Ca0) 30%, wunilil@uusonlaf(MgO) 21%,
Asuaulneanlen(CO,) 45% uaziiosrUsenau du 9 Bniilaudniiay 1wy SO, Fe,05 Way
AL,O; Urdueg

1. andRvaluaaelalalust

Ialalumar AN HUZNINNIEAN TIUNNHATY Hslllq i auLA9 N LaS

ANWAN Uge10s 3.5 T4 4 AINEAWNANIZALT 2.82 DN 2.95 LAY ANNTUET 8.6 UAL

kYl 9

o

= A a o jaaa A A ol
HANUANWNLAN AR @']N']?ﬂLﬂﬂﬂ’ﬁmqﬂgﬂ?ﬂqihmﬁ‘ﬁLﬂ@ﬂV]L"V@"Q'Nvme

nnisznay 6 Ausadisantalalusd

Iaengaursanunsinlalusleviall lunanassudpaasisemalne lunie

o o [N o [ % 1%

51197 LU NAmile wundamdnuddedaau AandAmeee Sandnung Sandnainu Sands

1
o a & [

1 uazdmdngnsfnd udu Tunianans nuNAsUdnuAsassd Aauinasvis uazdands

q

o [ o o o

= v o dl = =
anys Wusu lun1ansdunn nunaem ATALT INUIAAUNLT

[ %

ANTATZURY WAZAINTA

o o o

Usauys Wudu uarluniald nundwmdn Samdnasaan Aamdnimnge uazdandnnis

¥

232!
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2. Uszlemiaasinlalust
< dflufiuegnld diugranssuriaaieilddmsuaeneunin e
YuFiuinusenising uiasdecitllfianssmanfiununanes dae tmenzazin s
UFFFenIalalusifniadenannlding
. T%Lﬂumﬁ?ﬁL%@slu@qmmum@mqﬂmﬁﬂ dedusasdaniusenila
- dsuAarsunsaiaussAwRouiAu o ld
« Mlugaavnssuialdnet du dlaledinan infaunntiman « T4l

gravnssuimaing uanssudannuacuiay

2.12.1 el isanmdn/inlalus

1
= 1 [

£ 19 (=3 o ' aaa as A
AnwiFnnndesarlanzsmdnieguusaisalisenlnlalusd aandsnisieae

o

5 ) \ o Y = o ~
wuudaden (wet impregnation) WAEVINN1INIEAUAENITLIUNNTIANTWIUATILAE UL

Tavzeanled viveinaelanzindudludaselgisenlinanadulansnianuzeandindu
pnsiaeng neuln 1 lunnslnislada nalaneuaisaiouansantimidasalisen e

= a o L 5
HAN1UraangLlATti (oxidation state)

2.13 NMNFANHNANENANITLATNNUNITAUNANINUY

N1IUNBNENALATNAUNTANN AU (synergistic study) 289d151Tau (feedstock)

v v o a

2 905 ARTALALNA LAUDINARSTUTT UTDNIIUIBNTNALAFUATUNTANN A9 NFLAEILRY
1 1 a dl k2 1 a o/ [ 1 dl v o a
FLNINANA TN LFRINNIINARDIUDIA AR AUABNA NS UITAUAIA LAAINNNTAIUQ LT

e T lAanannis (Ba et al., 2023)

y = (Wi + x,W5)

A A 1 =
bNB y AR AN INNE) 1)
A o ! %’/ ¥ a dl
X1 AR ARAVULBNATFANFAVUTUAN 1
A o ! :J/ % a dl
X9 AR ARAVULBANRATFNAUWTUAN 2

v v 1
W, fs  dwinaesassesusiian |

A %; o 3 % a dl
W, ma  dwinassansseduaiian 2
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2.14 UIIENLN D
= o H

ahmad (2022) ANHIAUANHUZURIUNUTIN1NA LA NT1USRY Saccharum

q
% 1

barberi ot ilusihdanan saniusasalizen dlelasainan zsM Ngoungd 500
BIANTALTHA LAsERIIN19ITANNTRY 50 BNAEA LU A/UNN 1IN199LAI1EYUNT
dl 95 v A v . J a aaa Yy
wasuulasinmini@ananiauees Saccharum barberi wudnaaglaadyfisanlidasas
dl % o v I a A Y al % % dl
nswasunlasininaeuaueslduinndantu lnanudnfasaznisgo @ ningd
AUNNNAIUE 251 avALtad@aa 19 390 avAaadaa Tiunsdudanniiulsunuaes
[ o ! dl ! v o o

arfuauuazlalasauludndiuings uazAesudrenuiBunmaesniusduuarlulnaauly
UFanaudaeuin

(Kumar et al., 2022) Anwanasinislagalag diasesdjneniuuuiuniis Tneldly
uazeanteddaauazyinlidunsdonas IneANgI89TINIG 4-16 LTURLNAT TWIABLNA
0.180-0.710 HafLuA3 §031N19 1A INTEY 15-30 DIAILTALTIA/MIT WazgnInnH 350-650
a9ALaLTea Inan10sNaNgaARe §ruNN RN 550 9AIAITNA ARINEITBITINGG 16
LR LNAT TUIABYKNA 0.18-0.3 NH. ARTINI1FITAINTEY 25 agA@a@aa/ N 16
HARATWITEIARBIUNTUTINN 44.7% ANTTININ 36.67% UATANWTININ 36.82%

(Hematkhah et al., 2023) AnwurduionwNalunasumauny Tneldiaes
dfnsafuuuinislaganfidudnuguengns 7.8 WuRmmAs 49 23 IURAWATINAT AINT 1
ang uaziAraslneniimasiiue MAAURIUAUEINANY 5.4 IEURANAT §9 20 LIURLNAT AT
AN 0.45 Ang naeen1sldfaseliisentaueasinaadedle laviuaz uunld 4o
UTen an10e NI zangmFUN1TNANUNNUTININGIAARLYIUNNHN 468 BIATALTEA
dnanistaasiing windu 0.31 wazdnsinis A uFeuwindy 14.4 esaaaldoa n9iF
Aoded fATenaziinAinanFeuguaznanan windy 34.43 uazdmiunisinislada
Tnamsepa 27.22 dndiudanminlaainarudrainanonas nisladauansrinnuiaugean
(HHV)

(Li et al., 2023) N3y B uraauanfaemanusas (HTL) wWudanddssansnanly
nsasuamssrnaaniloniumemnas adnslsfinu uidululaduain HTL Tnamsed

a ¥

AN ARENdTamAmeata InaUnfudoniaseljisenlalnsdmduarldluntsdwines

I
aAa v

biocrude usiaudasldlalasauniifuyuginazlusadugs lun1sAneil biocrude Ay

q

AN HTL aasdnudnainaganaslasunisdninsaciunissadjiseninlslatalos 14
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'
al

Fe-HzSM5 \usindadjisenlddlalnsian nananresiduganmnlafunisdwinsnag)
! =< v a o ! aaa = s ! ¥ = 4?

LU 75% D4 86% AENITRANAINUNNTEN UTuiANTUaULAT AR TR UNEITU
- 5 o oo Y o =

(HHV) P3unauansuen lalasiay waz HHV sestinsiudanmilasunisdwinsnpe 78.89%,

10.51% WAz 40.8MJ/Kg. N19uun)il 320 a9 aiTaa AMNAIAL 89AUsznauaedinduy

= Ay ve o v o & A ==

Fananitlasunisdnineaslafunistfuyeamunin nuniaresanstszneuiniluinsiau

ARRI 50% luanueNNuNA A lalnrANTUau LN T UTIN NN LASUN 28NN TANSAN FLG

©

dffsanduasaminzes@eiu lu biocrude A AaisaUfsefansAsn1slgnaugetngld
1d9a1n 5 904 Usnane HHV wazlulnsiauaesindudonind dudaaguninudoegh

41.52MJ/Kg. Uaz 0.39% AINANAL

v
o

Varma et al. (2019) n1siaaaisiidqasannnainadne nlslataaeqdiaan 1y

wisasdgnsaiuuuieuund wardiadnsnaresnislmafnazuaunisinisladaniise

[ %

HanARIaINARA T an1azlunszuaunisinislada i auugi dnsinaslianufen

|
=

dnsnsivazesiulngiau wazauineyninrestiaes liunnsn9iun 350-650 a4A0

SaLTad, 10 WAy 50 B9ANTALTEA/MNT, 50-200 HARARATHOUNT LAZBLITNINN 0.25-1.7

1
a

HARLNAT ANNAIAL NANARUNSTUTINNGIAnDETN 44.16 % Taeinuin Ngnangd 500 a9An

a a

A TYA BATINTNNANNTEU 50 B9ANTATEE/ANT LazERTINIT ara9lulngiail 100 N4
AN/UINANNTUT9IUIABYNIA 0.6 - 1 HAAALNAS ﬁﬁmﬁmiﬁ:u’%ugmm Wi
Wasuaunssadilninslimes (FT-IR), wialasunlans w-unagdilninsalnd (GC-MS) uaz
Hapasfuunudnelaluudanninsimes('H NMR) Qﬂﬁmﬂﬁﬁmmﬁﬂwmzmwﬁmm

UUIIN N dqaihentedlulasesdetszidie 63 D9 360 asp@aiTad oruTININLAL

VYo

= :j/ a a aa = a a as a
ﬁQNQ@@\‘]LﬂNVL UN199LATIZULALATLANNILNIN INATINNINILNFTN LAZIENNTIATIZU LA

o 4 1

ldiasasiandudan My naasqanssAdaiannsauluuaununIslansfadnAauIy

(FESEM) waziAzesinnisiaeaiuuiadiand (XRD)

Charusiri and Vitidsant (2017) Ansnaslddageliizeninislatasesmnedas Tu
%; v a o‘d‘ dl al a a a 9oJ o
wdudannuazaslaeldlalalusmmivedindsz@ninannisudnuniudanan n1s
naaeslanuiiunisluasestjnsaluuuvia $S316 NaF1eauduiivay an1azninmilnla

a [ %

TusMuansingii aouuna (400-600 asALTALTEA) dRsnistiaudianea (0.3-1.2 Alaniusia

a

F9lu4) dme1n19luauadtng (80200 AAAAMT/AIN) LALUWIALRAL (250-1,000

TuTATLNAT) HANITITEINUIN ﬂ?:ﬂquﬂﬂﬁ‘iwtﬁ‘i@%@LL‘]_I‘LIL?'Qﬂﬁﬁ?EI’] Tnananuedan 36.15
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% TALIUNVLIN NANARNNT 52.09 % TAeN1in WAZHALARTDILTY 11.76 % Tagiinmin We
ANNNHUUNH 450 avAEmaliea, SrsnInistTaudionaa 0.6 Alanfusadalus, A lulnsiay
a aa = = o o '3
80 Na@aans/U M wazau1ATqnaa 500 luiaswms anuatsy lnalnlalusian 10% las
wwin tnlalusenianinasdedautlsznauresiiiudaninaindjisanifuetiaiadi
] % % o Yo o =
waznIsuAndanradlasyine wazdenaliindudonwldsunisdfudeaunniaad
UFHNUeaNT AU ANAYINTBUIINETL
(Rijo et al., 2021) AnuInlslataves nnnunuaza i lduaaNansuzenizlne
a al dl o 6 a 6 a
maflunI AN Ten uuaedrlsnavunardssiiuaauA1dansuaslnisladdaues
dautlsznaumenanluaaglaausdaziouazinlsladlurresdnsaluuuiunasi nangnd
inglagilszanmuaainuazdnasnunseaulnislagagandidoatinaninniun 1 673 K 161

PN UTININ 42% NINTINAANAASTLTTIRILAAL LA LNES 18% Wi TadAulaAuLEuo

1
=

dl dg/ o L% o o a2 d?/ o & [ dl k4 o ]
Liaglaangaauuaznaunszsuduiuinlslagangau dann lardansuaiunildiiugais

a

dfisennlslagayinlvinsudanaadnsmduigvisefiamon sy Ineinisuantingu

o o

~ | o K —1 | A ) 1y Y o = ~
TBAINTNAA R LLWQJ’]W?@NﬂUﬂW?LWNﬂu@ﬂqﬂmuﬂ@qﬂmlu@qumﬁzLﬂﬂiﬂm@\juqﬂuﬂ'gﬂ’]wm

NABI



<
uUnN 3

aa o a Qs

AEN1TANLUUNUIAE
° a a o agl/ di =2 o a dlddl a d”dﬁl
nsaiuAdeilieAnen1azaiiunangalunszusunisinislagaga
wasannwnligadlea amseallgann uazninniun Taald dlalast uay nlalus Wy
FaweljiTenad i ingn-lwa uuATasl nsnlluLiuATe UATANULULNIINAABIARERD

Univariate Experimental Design gaiflunigseanuuunImaaes inaAnenazilaqs Tnad

4
a o o A

RE R INING B LTS
3.1 AngAuuarasARAldlunismanas

1. 3vna Wur Tidesanarlfyanalsa awseallza wazninniuw

2.LLﬁ”zﬁ1uImwm7'imwu?zgm'%amx 99.99 (UM UWnandufawEaaia anrin,
szimndlne)

3 sasedfjisenalalas a1nL3En SIGMA-ALDRICH, Useinaanigassna

4.6 Léﬂﬂﬁﬁ?m‘ﬂmiaimm‘(@wﬂ%@m?ﬁLL@:W@T\mumﬂ%ma a4, Usemealne)

5N aTAluLen (Ferric nitrate, Fe (NO,),"9H,0) a1n U3 " CARLO ERBA
Reagents SAS BP, UszimnaABnna

6. Aaililasluinsn (Copper nitrate, (Cu (NO,),3H,0) a1nUTHN SIGMA-
ALDRICH, UszimAaunigaiaani

7.0 EW 1NIANTIAN AINUTEW LaTsuliia AinsialiAa aniin

8.8 1A 1NIAALATIEY (CH,COCH,) AN1EN Merck A17in
3.2 inFasfauazailnsninldlunisnaaas

3.2.1 wieailedldlunimenas
1. Lm?:mﬂﬁm‘mimmﬁa (Fixed bed reactor) NNyt T RPT T PAIC RYNAY

founaziianisunnsazesansseme lidundniusiluglaesuia 1eaman uazaaauds
nelweEnsUUieinaInmAannamiien $S304 dukugudnatsnieluy 1.5 il Aana
219 120 VIURALNAT ﬁﬁluﬂmmmgmuqﬁzﬂqLL@zﬁ‘gmmumgmuqﬁLLUU%%&T@ GRUEST
AILANERIINITIHAYINTAULAL DN HUBILAT

2. fauanfaulLUdWaaN e BINDER §1 FD 115

3. 1AFatanAtian 4 Aumis B METTLER TOLEDO §u ML-SERIES
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4..AT84U A ¢ 8 8 Cutting Mill (HSIANGTAI MACHINERY INDUSTRY CO,
Uszimnalandn)
5.1A3INIUANT 21 JOANLAB 314 MHS4Pro (Joan Lab Equipment Co., Ltd.

1lsvinAan)

wesluauila

w3eeinonsinisluavesuia

mnaUSulssRuLAE

1304 Gas Chromatograph

s Nk

WAEFINT

=
BINIR

HZSM-5

T e 5 3 <
Talalue wsiindlwiues

Ice bath —

nwtlszney 7 nEsuandeTeslnIniuuLu AT
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3.2.2 wzasien i lunnsamsed
1. .A3099AAITNT U (Moisture Analyzer) & %@ METTLER TOLEDO

1 HX204 THEm3UAATeiAINTUTID9T NS

tﬂl A o d”
Ansznay 8 LrTadHadAAINTY

2. A3 HaIAL S NAUULILLNEIRBIUNNUTININAILLATENALATIZWE ]
(CHN Analyzer %8 Leco 31 CHN628) Tneivinniswsiseuungiudionan 0.5 ndu w14 Tin

foil nasaNi AmsnziisaaLeAsasiingnziians (CHN Analyzer 8aLeco 14 CHN628)

NgEnen 9 ATENTATIEWRNALISTNALLLILLENGIR)
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a o

3. ispauRalasun i fuduuuasilatnsfines (Gas chromatograph
Mass Spectrometer, GC-MS) Tneiaiasufalasuninnail de SHIMADZU 14 GC-2010
Plus LLazLﬂ??'mLLNML‘}J@TV}?ﬁLmﬁu GCMS-QP2020 Aasufaiia Capillary column &¥a
J&W Scientific §1 DB-HT-SIMDIS 111 5 11A5 Wue1uAnENa19 0.530 HaaLums bd
FmsAinneaadlsynaunnsataesing Tnasinnssiessngiudanin sldazanodas
prfueuladalns niaanniuussqadlones 1 1.5 adans ndsanduianisaadn

1A3R4 GC nauazidnganuasas MS

nlsznay 10 wirasuialasNn NI NN ULNdA aTnsina s
dl = O‘dsj dIQ .
4. IATANAATICUNUNHIDALINIU (Surface Area and Porosity Analyzer, BET)

I Ry D TR B T T A R B EA LB Py NS TN PTESM T Pl
_ .

NNUsENeU 11 NABN9ANTIAUBLANATRULLILARINTA
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5. LATAYTAAIAIINTAL (Bomb calorimeter &8 Leco 71 AC500) Hqmgzsf

ANANHN I URNUNTUTIN N AL TN T

MWLsEnau 12 rrasinAIAINTaY

= o

6.Lﬂdﬁ"@\iﬁL’imVI?’luW@{NEuWi’]Lj‘mﬁLﬂﬂIﬂiﬁLr}lﬂ‘f(Fourier Transform Infrared

b

¥

Spectrometer, FT-IR) ei1® PerkinElmer Scientific ﬁju Spectrum Teo FT-IR Spectrometer

Fa1usudarsiasmlsznaunielasa ANt LmIN N

ndsznay 13 NAeNRaNIIAIBLANATBULLILARINIIA
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7. 1ATR93LAT1EY X-Ray Diffractometer (XRD) a8 ufiuanwuslssinnues

FaLfaLnzen

AnUsEnay 14 LATMRLATIER X-Ray Diffractometer
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3.3 AUABUNITANLUWINUIRE
3.3.1 N1SLATENAIDENITINIR

o dgl dl v a o 1 a ‘dl
1. dnadeaana i alsa andaallsaun uazninniun Nsausas
¥ o val [~3 ¥ 2 dl o = [~3 o :J/ ¥
v liRauadnasdoanisldindassnuuulsnizaanniiage uasanniunsassioy
AZLNTNUUNA 0.25-0.45 NARLNAT

v
a

o ° jd‘ v a o 1 dl
2. Qqﬂuuu’]“ﬂL@’ﬂﬁl’s\ﬂﬂmi‘_‘f'lﬁ\l%ﬁ’]@ﬂﬁm AnNAIN Lmzmmwzﬂﬂg@m N

¥ a

Hauntsnsedudaliauuianguugi 105 asamaidaa AulIuEnALn nasantuiiuly
o rdla a aaa v 1 d‘ Y o o 1
ussi i atintaaddatiaaag e lddmiunimasassialil
a ' L = d” dl dgj dl v a o
3.3.2 M9wzdaNTANNNIEN NN L83 R oA NTRe A nLAE Iy AAL AR
amsaalilgaun wazninniun
= tdydl v a o/ 1 a dl 1
1. wirenTineanianlleaalia amdaallganl wazninniu Ak
N17LA ALLH WAZRINNIINTAILAD NINNTAATIEHLLILLTZ010 (Proximate analysis)

dl [ o dl ¥ d” ¥ a o .
WNarIANTUALAFD asiszne e MW LAZIEN LAYNITILAIETLILLENETR (Ultimate
analysis) e Usunmasueu lalasay Tulnnau wazeandiau faewAsas CHN analyzer

a [ . .
2. NMNTATIEMLLLLTENUL (Proximate analysis)
a 'S d’l o ) dydll [ a % |
n3dAsIziANINTL Ml Tnennsinadasannis lle aalsa armsea
Tig@un wazninniu Aeunissizanliudaaindain 1 unnldluniadaana Ing
AAZHANNTUAILLATES Moisture analyzer LAZNINNIIAINZININNA 3 T1 MaIaNThL
WA A L A uaninIAI A NTg 1A (Dry basis)
a s dl %
- MTATEanI sz LA
- NNFILAIIZULN
- NIULATIZUANTLAUAIAN
3. NM9LAITIRLLLENEIR (Ultimate analysis) ¥nTiaaaainiAsldepn
alda anusraalilgdun wazninniud Anaunisesanldudaaindes 1 ldasluneas

a

a a v a o 6 o/ 1 3’/ 1 & a a dl o
Qe WRIUNANEANUNANILATIEERYaS mﬂuuﬁlmwlﬂﬂnguLuﬂmﬂwqmwww

u 9

NNIAATITUALILAINZWADILATDIIATIZYWE1E CHN analyzer
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3.3.3 NsLAsENAILTIUNFEN
1. NawisNAaLIaLTeN Cu-ZSM5 Aqedanisimdeudeuuuitan
sl Azen3 lelas HzsM-5 fiaReuddannatlules fadnwm
Uszaninmaesanandunsauazannadasiaaesnisilavenesuns duiuiine s
ol isendlelas vinlalnaniswsenmetiteslumnlaslamen CuNO,), 3H,0 Tu
Ysunnufesay 15 uax 10 ImﬂﬁmﬁmmﬁQLiqﬂﬁﬁ?ﬂﬁIﬂimm’ [ e RN e B LIRS
UfFendlalasT HzSM-5 flaziaReutlsdas patuleslumsn aslainem Yeras 5 a1mnsn

Y o

e lgadl

thwminvesilelasazisiaen 10 N5y ﬁmﬁﬂiumqmm Cu(NO), 3H,0 Wiy
241.6016 nfurialua ﬁwﬁﬂ‘ﬂmmqmmmmum Winfiu 63.5460 niwsialia FaunnawsEes
5%Cu-ZSM5 10 nin arwnsnmsunnipatieslumsalnslamsn fidaclddansg
Uffisen aan 100 nin dlalas § nesuas 5 N3

10 nfu Tlalas Anasund 0.5 N5 viTe 0.5 g /63.5460 g mol”

v 1
o o v o/

AeUARES Cu(NO,), 3H,0 winril 7.868 x 10° mol %39

7.868 x 10° mol x 241.6016 g mol" = 1.900 g

[

azangpatitaslumgm Inslawmenniudduiunnivue luinldseainlaany

11313704 80 AaAamT LazANT lalas HZSM-5 1inudn 10 nsu wanlsfidiulagnisnouNa

[ % a

ANEILATENNIUNANARLANGIUUYHN 19ATIN1TNIU 600 §9LIABWT AN 60 BANTALTEA

a

QI/ o 3// Y o 1 aaa v ¥ 901 dl a
uaan 2 49lus uadsanntiutindasalfasen ldevludeuanfeussmeiiesaniigumng

1
a a

110 89ANLEALTE AT N AL mni’fuﬁﬂﬂLm@VLenu“LuLmLm@qmmm@;w 550 a9A AT 11
snsmsifnanudeu 1.10 esdsadeasieund aufiegmungi 550 asrnaidos aaniiu
upaloigumgi 550 asATadea unan 3 dalue avnduindlelasfiedeudada
Tavznasunslniindaneressalinuuslansedn wdariunue wazsaurnumsunseag

40 mesh
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2. M3wireNFaigeljisen Fe-Dolomite AaeRanisiaaulauuLidlen
= o/ 1 aaa [-3 & vaa] A =
niaesanaaalgasemanuuiatalusd 1435n1siedeudeuuuidan
1 al o =l = o 1 aaa dl = a a
UREAALNITATEN NISITENANLNTEN Cu-ZSM5 iNeAn®LUseANnEn1naedAw
1 a [~3 dgl dl 1 o o 6 o [ e ©
Wunsanazandaslhaasnsdlansmanitununnedususuusaseesuiala lusd vnlalae
nswresasinluwmsn luunlawmsn Fe(NO,), 9H,0 Tuilunmfanas 15 uaz 10 tnw

wninaessasesiuinla ludmadudadel jisendon Tnasaatnanisszan fogeljisen

o

Inlalupiazindautanins wasnlwmsn W lawmen Seaaz 5 aunsawmranlanad
wninaeslalalusnazsizas 10 nfu WininTuanases Fe(NO,), 9H,0

Winiu 403.997 niNsalua dminluianaeaman wiariy 55.845 niusialua Aviiunig

¥

WI3eIN 5%Fe-dolomite 10 NN @ N170unaasnasan lumes [ lamsn Aeasldimaeas
fadadisen amn 100 i Talalus 8 widn 5 ndw

10 niu Ialalus Jwdn 0.5 NS ¥i38 0.5 g /55.845 g mol”

v
o o

AaAeEs Fe(NO,), 9H,0 Wil 8.953 x 10° mol viza

8.953 x 10”° mol x 403.997 g mol" =3.617 g

azatenasnlumes Tuunlawes auNtcununnivua lusndsdann

laaauilFunn 80 Naaans wastininlalus Wiuiin 10 ndu nanliddulnan1snoIuNg s

[ % a

ANEILATENNIUNANARLANGIUUNHN NSRIIN1TNIU 600 $9LABUNT HEUUNE 60 BANLTALTEA

a

v 1
= a

uaan 2 d0lue antduiidadadjisenlleavlugeuanfeussivatiteannguugi 110

q a

=

= ¥ A 2 o P o
ANANTA LT RAUTNAL @WﬂuuuﬂﬂLLﬂ@vLsﬁuﬁluLMWLNWQMMQNQQVI 650 ANANLTALTEEA sLuﬁﬂ[;]?’]

n3liAnnFen 1.05 aermaiEaasou AUl 650 avA@amEad AantiuLaa lail

a

Nguuni 650 asAmadea Wwnad 2 4ol antiuinTnlalusnaeudedas Tanzmdn

a

ludnidinseprasdaiauUUlaATaan LANLNNILALAZIAUENUAZLNTIUUIA 40 mesh
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3.3.4 N19aANLULNITNAADY

SUARBRNINNTRRNULLNINAABIALEAE Univariate Experimental Design GR

A = a o A o o &
Lﬂuﬂq?@@ﬂl,l,‘]_lllﬂq?mﬁﬂﬂ\‘] WWaANEINazilaay IﬁﬂNWQLLﬂ?WQmﬂ1ﬂu

| 1
aAaa

1. ﬁﬂ‘iﬂ’]ﬂ@‘ﬂ@ﬂﬁﬂl wdsiannan1azn1sANIUN1IN mmmiumzmumﬂw

Tslagavneaaniawldigaadsia aruieallgdyn wazninniuwd lwesesdnsaiuuu

DN
= a asad
1.1 ANTIYIUNNYNN 500-600 ﬂ\‘]ﬂ']lfﬁ@lfﬁﬂ@ wammu HNANgm Tag
dl o= A o 24 a aa ] dl A
anen MrAneN A 'ﬂ[?l?’]ﬂﬁﬁ‘vl,ﬁ@‘ﬂ‘ﬂ\‘]LLﬂ’&vLqu}"]ﬁ‘L@u 50 N@@ZW]?W@LL’W] AZLINTN 60 UN

1.2 An1emsn1guavesnialulngsiaui 25-75 NadansAauin lag

1
aa

=g o = s = [y = ~
anazi AN Ae Un)RnNs DT3P TPl 1.1 Uazi9a19 60 WA
1.3 Anwaanii 45-75 undt Iananngiilddneia guuniifiafigaann
= 3 A o o A = 3 A
nsAnwdain 1.1 uazdnanisiazesuialulnaaunangaainnisAndein 1.2
1.4 Anmfasazrevmisalisandesay 3-10 Inaswmiin Tneaniaz

=] A ddd‘ tdldtdl
lAne Aa FEUNDHNA Vl@'ﬁ@’]ﬂﬂ’]ﬁ‘ﬁmfﬂﬂ’ﬂ 1.1 'am']mﬂmmmLmzﬁ”l,uimmum NYAAN

b,

nsAnedan 1.2 uaznainangaainda 1.3

2. ﬂﬂ'i:f’]'ﬂ‘l’lﬁ‘l"l@ﬂ‘ﬂ\‘]mw\‘]ﬂ{]ﬂ?ﬂﬁ Cu-ZSM5 Lag Fe-Dolomite ﬁ TRENS

3-10 taeiinuidn

3.4 TUAAUNITNARDY

1.1 nnsfainineynIALeanIAvAuINIA 0.25-0.45 Radawmms 1miin 10 nfu

Z// = a o ! dll a e o 1 ¥ 23

antuussqasriadonalaqninlluseq ludewazasdjneal innaslaenniadaauiia
lulnsian udvanndudediminfadeljisen Cu-ZSM5 uaz Fe-Dolomite ANNANIIE
ANLTLNNINANAUA

2. ldasindlnwesasluwedestinenl ieduanssaateld il ludau
pouniuleszwe duiuindaljisenazussqasluiiuaunuag Tnelmaindlniues
so9iu i lnanAuanssetng

o a ZJ/ ! A a c c o oA o ! a c
3. nnnsiasedauiATeslinsaiuarginsal lnanviedonqaduiednsad

v v
naaanTuld i 1Ulum e (Tube Furnace) 1adanniduninislsudmnsnisinavaduia
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o

Tulnsaunraufiasaniainaninzatunininue eatsaeduialulnsaudniuinses
dfneal welaufaeendiaundedluszuuresnresdneal ndvanniusdediudou
pouudulaszmanilsznauldfrsmqagtanninussaacdlnuldauou 3 900 wazluaon
v aa v dl d’j
AAVNEIU9ITANIAE WBAARIINTY
4. vnsiasemasiudlidasedniuasesdineal iadngunninialueses

a

Ufjnsnl vin1essgunnRnunnMuauazinnIalawesedamn (Tube Fumnace)

U

a U o

dl dl a =R ai a) & 1
5. WegauugiatgluaTesdjnsalnaniasinsesnis innasdlanasviedonag
4o e d a2 o - d
e ianssnet emnasun Tulezealnsal LasENaunaImINATATELATAN LA
4ﬂl o aaa o a nﬂl v a v b :
6. Wanrunaminddisen ludfugamgiezeaninas iduguunvies uaais
Tisiulpasanatlaudalulnsiaunaanioan
7. insdeianinussadneineunimaases Wawsesdizeduas viansiiu
dl % 1 1 dIQ dl a c v a = &
raamaiifandaunuwinlassiauazazatsing luesesdnsalfaaesilauasinnes
8. 11199 NAMNTLUININIAIAILNTZANNTAY LLIBF40 naaantiuinliszie azd

a

T el ldaaariuundiy nasanniuin lilsvieseuuasasinauien gaumni 60
= o qI/ %’ o
aaATATed wazynlddarinmin
o dl ] ¥ % ¥ n; a =
9. WNgszAENIaNTiIuN T NaUARtfauaNFau MU 105 asAATA
wnan 30 w1 uasanthei luldadimin
10. MNsAUSeEazua s (vield) 289uansainiaTuanszuaunsinisla

Fauazun 1A AN LN RUaN AR T BIN1TANL UL FHIUHA NS TUTT UB9UAD LAZLAA

o 1 al
WAPNAIANNIFD b T
o o o~ o o a o 1 Whiansinefeamvan
- SReazNe IANAAN IR ARAUTIIAT (%Liquid yield) = ” x100
Waiquaa
o o o~ o e . e e Weansiuafaauds
- Saaavia ANARA DT RSH AR DTS (%Solid yield) = T Wom x100
AININ

- Foanzualananinsianuia (%Gas yield) = 100 - (W2« orowman - Wedmitostigads)

g W o o — Yurinaesn AR T IeIaTldaNnNIImAAeY (N3L)
NARNUNUBRILURD

W,

NARAT IR

v 1
= Ynuiinaasuans et laannnimaaaa (NSu)
v

W, = yhurinaesdanaai I lunnmaaes (nF)
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NANITNARDILAZIANTUNANITNARDY

a o o = o

NUARERINIANEINzAEuNANgaTunszuaunig Inlslatadanas lu iy
%’ o v o/ 1 aaa aa o 6 dl a c al
udugnIneqe sl ise3 e usinandszinn nea-ua lwasesdgnsaliuaileuuy
ij/ al dld =8 a a % dl 1 1 v 2 o
TURBULAL NHANTANEIANTNATDIF WS NANafasasazNalALazadAlsYNa LD
a o rdl ¥ a A o dld ¥ a o
nanAnEmlsannszuaunsnislatadonas TnasulshAnsilsnausiay quugil 6n9n
(2] da/ v =8 a a o 1 aaa
nsliateufialulngiauuazioan uananilainisdAnsansnaeFunnfaseljisen
dszinnnen Ae 3lalas (H-ZSM5) wardsuindasel fasentssinn wa Ae alalus
(Dolomite) AaBRauNgatiananEiaNTTRvaINARTWTINATY
a o s a J L Jd‘ %4 a L%
4.1 PMIFAATIESUANURNIINIENINLANL LB UTRITRDEAN AL g A AL AF
ausedlilsaul wazninniun
a ' s = tﬂ” v d”dl ¥ a o/ 1
N193ATIEANTREN NN BN NLARLTAUT 0T Re A LA [Ty ARLEE avdaa
Tisaun wazninniu Airsiziiinumatia nsdissdantRnisaaiesianisaniausae

WALAWMATINNIITN AT (Thermogravimetric analysis, TGA/DTG) N1991ATILW LU L

Uszanni(Proximate analysis) WA¥ATN1TATIZHLLLLENGTA (Ultimate analysis)
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4.1.1 PMIFAATIUNITRANLAIM AN N UIITRDEANLAR LB A AL

ausedlilsaun uazmnmun ArEmAliAmasansNATN

DTG /(%/min)

TG /%
Mass Change: -5.53 %
100 | e B bl Y
o T i e
~ 7
90 \ /
Peak: 67.9°C | -2
80 1 !
|
70 f 4
60 f
| Mass Change: -75.89 % -
] i l 6
\ !
50 \ I
t o\
40 |
q -8
30 y 4
. . !
201 —--wm Pea: 3s3.1°C__\ -10

100 200 300 400 500 600 700
Temperature /°C

al

o o o ! =) % o o
nwisznau 15 ANNANNUDITEUINNNTYELAEIUIUUN (TGA) LASRATINNTYEYLAL

1uidn (DTG) 1933@eangAaLsalun1azdnsnisianinian 10 evrmaiiaasany

nelslulnsau
TG /% DTG /(%/min)
Mass Change: -6.37 ¢
100 {+< it s il [ O
|\\»é:,- S "/,,
90| “\_~ \\ 7 .
< \ ~ . -
g
80 Peak: 748 °C \ \ I
1 -
\\_ \ ,// -2
701 Y K
L\ J
\ \ / o) ’ -3
60 \ \ / Mass Change: -69.13 °
“ &
50 \ \/\ -4
' ]
\
40 \ /, -
X |
30 e L o
Peak 9°C \‘l ‘_"\;‘ -6
20 . ; :
100 200 300 400 500 600 700

Temperature /°C

al

nnisenau 16 ANANRUSIEMINNTqrYIALNMIIN (TGA) wazdnsnisgoyLde
wuin (DTG) revanuiealigatnlun1azdnsnisliaauian 10 asrmaldsaseuy

maldlulngsiau



TG /%

Mass Change: -4.69 %
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DTG /(%/min)

ro

Mass Change: -45.45 %

100 -

e T it

90 ‘
Peak: 76.2 °C
80 1 )
70
60

50

401 .\ / Mass Change: -24.87 %

< 101! [ N
Peak: 296.8 °C \y

20

400 500 600 700
Temperature /°C

100 200 300

o o 'S 1 al %’ o o al
nndsEnal 17 ANANRUEIETU9NN3gaUAEnnin (TGA) azensInisgoyLae
1 (DTG) 2aIn 1NN 1N1IEERIINT AN 10 avAEaLdadsAauh Anels

lulpgiay

AMNAMNLTENALN 15-17 WARINITANEINITARNFININAN TR LTS TIADLS

% '

AL ausaalilzdun uazninniunsaamatiamasiungdwesn (TGADTG) Tuanag

1
= a

EHLL LI Rt

[ %

50 A9ANLTALTEAAUNN 750 a4AEALTaaNanI N7 TR NSaU 10 A9AD

= . = ¥ P o XA >
wadaasiaun neliantnglulngau lnenwudigasnisaanafazes Tiaesannaeliyan
ausa aglitaegungi 67.9-353.1 aaAmaTaa NguuRNnIsaaIafENAWYNGY 67.9
BIANTALTHE UAYHIUN)NNNTARIEAIEIA 353.1 aamaidaa THansssmeduinaInnig

ARNLFAITIANTBULDY LaHTaglad imaglas wazAniiy

andiealigaun oglidosguunnil 74.8-313.9 asAmadaa N9uannHnIg

a

a o

ANEFRENFAWVINGY 74.8 a9A AT LATAMNNITAREA494A

u

313.9 A9A"IALHeA

nannaun wudnludeusninisasundandsnoangunnil 76.2 a9A1

= =

v v 1
sadss Aiauarnisgaidstaauinin Inauinin 4.69 % dailludaenisaanasfiaaes

4 v 1
=

ANINTUNTAUN TALNAUUNR 296.8 agAEALEaa 1A MaTURNAAINNITAANLFILT

Q u

ANNFBULATERIINNTAANLAAIAANGIUNNN 383.6 DA

9 a
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4.1.2 m'a‘fiLﬂ'a‘ﬁzﬁmﬁﬂsznauLmuﬂfa‘zmmumuuuLmnmaﬁnmigﬂﬂmn
waelaigadlaa suseallsfun uwasninnuw
N19AIELILLITZNN U (Proximate analysis) Lﬁﬂuﬁmuu"ﬁmamﬂmwmm%q
A bon mm%u A1992118 ANTLAUAYAN LL@z??TLﬁW 1A8NNN133LATIZA UL UL TZNN RN
3% (ASTM D3302-D7582) LLMLL@:mﬁmmw’uummnﬁm (Ultimate analysis) Lﬁl‘ﬂﬂ’]
avALsENauIaIAITLAU (C) laTnsian (H) lulnsian (N) 2anTLai (O) wazdamas (S) Ing
MIN193ATITAULILLENEGFNNED (ASTM D 4239-D5373) 1a4d 34 lilgatin nannau
Lmzﬁﬁﬂﬂqmaﬂﬁ@ Lmzmmmmﬁﬁmw%’@ugq (High heating value, HHV) azA1AI1d

5a1An (Low heating value, LVH) TA8AIUIMAINANNNTT 4-1 BAT 4-2

33.82><C+1442.8><(H—%)

HHV (MJ/kg) = 560 (4-1)

LHV (MJ/kg) = HHV — (0.218 X H) (4-2)



44

FNTI9 1 NANITIATIEVHLLLITENI0L WULLANETR LAaZAIANNTaUTeT Rt A NLA L]

grdLda avdaalilsaun uazninniuw

N13ATIEU Sasazlasinuin®
wuuLlsziand  AdengAnalsia amsaalilgaiin NN 35013
AN 9.13 7.64 5.24
angszine 72.37 74.75 72.85 ASTM D7582
Ofta 253 5.83 4.37
ANFUDUANFD  15.97 12.23 17.54
N3ATIEU Fasazlngvinvn®
WULUEINET6] ERREERGH amdeallgayn  nannaun 35n13
ANTLAY (C) 47.50 50.73 44.51
VLEIiﬁ?L@u (H) 7.41 7.02 6.51 ASTM D5373
Tulmngiass (N) 10.90 2.71 0.28
"ﬁ/@LWﬂﬁ{(S) 0.71 0.12 0.02 ASTM D4239
AANTLAY (O)** 28.10 35.05 46.15 Calculation
H/C (lwa/lua)  1.87 1.66 1.75 Calculation
o/C (Wua/lua)  0.44 0.52 1.29 Calculation
AIAIINTDUL

21.69 20.96 16.12 Calculation
(MJ/kg)
ANAIHNSDUAN

20.07 19.43 14.70 Calculation
(MJ/kQ)
ANAINNSAU

17.40 20.83 20.98 ASTM D5865
(MJ/kQ)

WNAEWE]: *MANaN9BauuLLTen (As received), **ATUIUAILATHARNN (by different)

andays A19799 1 wandesALsTnausiued

¥
= o
1

iaangAalaa amsiealilgann

4
= %

LALNINAWN LHAALATIZLULL s N N LINU T2 NaUse ANNTY Fasay 9.13, 7.64 LAY
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5.24 TagnvinANETL @12ssie Satas 72.37,74.75 WAy 72.85 TaeinminanuasL
118 Yesas 2,53, 5.83 uar 4.37In8umnANANTL uazAIFUauAIRY Sataz 15.97,
12.23 uay 17.54 IAgtminATNa L Fapnad 1 LL@ZLfIIfrJ?JLﬂ?ﬁtﬁLLUULLﬂﬂﬁWﬁlWUd’]ﬁ
3uNuANFUe N Faaay 44.51, 47.50 Waz 50.73 Taeiminauansu Psunadlalasian
Ytz 6.51, 7.41 uae 7.02 Inevivminenuandy tFunadulnsiay fesas 0.28, 10.90 uax
2.71 Tagniminanugndu sannifames asay 0.02,0.71 LAz 0.12 Taemin A EGL
wazlTuntueendial Saaas 46.15, 28.10 WAL 35.05 Tnetnminaud sy fAnAnusan
17.40, 20.83 uA¥ 20.98 MJ/kg ANNAIAL HA1ANFAUGS (ATUIUAINANNIT 4-1) 16.12,
21.69 Uaz 20.96 MJ/kgﬂmq%Lﬁ'ﬂﬂquﬂﬁm amdeallzann uazninniun aNasu A0
AN SR (AMUITUATNANNNS 4-2) 14.70, 20.07 LAz 19.43 MJ/kg m@q%lﬁ@ﬂgmaﬂﬁ@
amdaaliganin memnmwall,mmiﬁiﬁudﬂuﬁ?{@ﬂgmaﬂﬁm amdeallgdui uaznn
i Usznausag a133eiue luesAUsznaunan
4.2 M3IATIUANLRUDIAT LT EN

nan1sAsIzAaeUf Az lalalus wasdlelas sanluneEnswasessnin
mandnlaluanas 1,5 uaz 10 Inatminsesdelalus wazretlesdlelafanas 1,5
unz 10 Taeiwiinaeddlela m‘r‘Emﬂr;TfsLéqﬂﬁﬁ?mﬂzqﬂﬁmew‘mumcﬂﬁﬂmﬁLmﬁxﬁﬁuﬁ
quwqu%wummﬁqLéqﬂﬁﬁ?mﬁwmﬁmmw’ﬁmgmﬁmmﬁm anasel AL INg (X-
ray Diffractometer, XRD) hazinaiiaugung lauwmmnyiianinaiaas (Brunauer Emmett Teller,

BET)
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4.2.1 mMsAsziasnlsznavuaaslalalufnau-nadwaa lal Lasuadn1s

. [ a
vaRaavele (Impregnation) tanuulalalus wazaaililasuudlalasnqanaiia
vantsaanuWsngw (X-ray diffractrometer, XRD)

@ca (CO),
W mgo
AMgEeQ

Dolomite

DM + Fe 5%

° o
° o0
- o ® o)L O oPsm o gaam

DM + Fe 10%

2Theta

A wlsznew 18 XRD pattern 284 Inlalusl uas wan/lalalus

[ %

1 v
annndsznaud 18 uginisaliagaiuuaesidendues Inlalusiaznisipae
deuuinileanaes 5% way 10% Fe (NO,),-9H,0 unlalalus wudiuans Tassafreidarinig
wwaaudslavemdnuuaaslalalus ugavinlilassasrananalduanssainnisuaaloilala

lusfiailsznausag Ca(CO), uaz Mgo Tuifluasilsznaunanaasialalus uazwunisia

1
=

2189 Mg.xFexo 71 2theta Wi 36.5° 42.5° 61.4° 73.4° 77.6° WATWUNA 183 Fe,0, 7

2theta WINT 23.5° 31.4° 36.5° 42.5° 61.2° 74.4° UAY 78.8° LAAII1 15n19LAARLEN 5% Fe
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(NO,),*9H,0 uulnlalus laivinlilassadrsuarnisdnFassanealaseaiialnlalus

wasuulacly

@H-25M5
W cuo
D H-Z5M5
_)I _:I J_.\,._._ aal ;ll,-l'uuu_..t_J.,.LIl,.'_J Jll‘.\_ﬁll—‘lw-utm,a_\k_h—J\_A._\..-.,——. S U — |
[ ]
=]
H-ZSM5+Cu 1%
[ ]
=]
[ ]
Iy i
_z'v'i._h_ TV TP I S T S S
[ ]
=
H-Z5M5+Cu 3%
e
=]
-
N = ]
e I_A.,__._.i_,ul_,l.h,lilb__n)‘.,_,\_.}al.__\ful (LN PO 1 S S ST WU S
[ ]
=]
H-Z5M5+Cu 5%
8
[
m e
L |
|, W LA VL ot M —
0 10 20 30 40 50 &0

nwlseney 19 XRD pattern 189 Tl las wa aatlidesalelast

ANAINUTEnaL 19 WARIANELY pattern Usziny wazaiauesdie las nudn
H-zSM5 Tsaesll&T intensity Peak FneLtNTIR R UAL Na-Y zeolite uaziiiasianas
nazfudaalanzuu H-ZSM5 faanisaaeudeuuindanuda wudi XRD pattern 299 x%Cu-
HZSM-5 1il x Ae fesazaadlansivnmisinaeudelluumainanaas H-2SM5 1 Intensity
Peak laiumnsneriy pattern H-ZSM5 uansliiinduazaanisnszsudasianzaaiidesas
11 parent H-ZSM5 aoililafaziAnnisunufisuniareslilsnauy parent H-ZSM5

lalasduazlinnliilnseasng wazanavasilalasidasuilasllainey
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v
d

a ia & > 1 aaa a (% [~3
422 mmm'a‘ﬁwﬁuﬁmgw&‘umuummmmL'a‘aﬂgn'a‘mﬁ”'mmﬂuﬂugm% AN

Q

LNNVILAZLNALADS (Brunauer Emmett Teller, BET)

HANNTAATZRAEINATIA BET LAAIHANITILATI LIRS N ZLav B AT
gnguressagalsenglalasd H-ZSM5 uaz Aadalfinsennetiles/amlalas (CuH-ZSM5)
TutBunnmedansnesua Wi unaeslansaetiles ifind asvinldRuTRasmA
ARAY ARAARBINANITIATIZY XRD @1:nnesunelaan n1swnaeudalanzeanloalsnno
dnddetlidenadenisaauuadlasaironsna LLﬁiﬁqﬁlﬁﬁuﬁEqLmzﬂ?mmgwg‘ummﬁq
99951 13D %T@”L@ﬁ@muﬁ@qmﬂLﬁmmmmﬁugwgummmLﬁmzﬁuiuimm{mmﬁqL'a“'\i
disendlelas wazdasasiueraiianisaaiamizesipsaainannanisaeususnreslany

o o

aan ks ludunaunisuaa liinguunige aeinwudn azvinliiian sgafugnguaass

a Q

FYaNERll

4
oy

slumm:ﬁmﬁmmwwuﬁﬁﬁﬁL‘WﬂzLLmﬂ?mmgwqummﬁqmﬂﬁﬁ?mimia
e wazdndadAsenman/inlalus (Fe/DM) faedgnisirdeudauuuidenluliues
Tanzaniuans1anu Wuanimeaaailavanasanlumnge lwunlawsm Saaas 1 Ine
Y . N 4 de o o e A
ntin WHAN19ImMAaeIL BN UNUNRIR W ZNanad auATesgngun uajawdnies in
annistanzeanlasmi liinuannagszuuuazessasel e talalus azidiudinug
a o o o = Y =2 9
Rnaaun lana sl N iR Nau uaalvanasan lunee Tuullawmsn sagay 5 DeFasay
10 Tnaimtinazlinavesiasedizen Fe/DM duldlusianiaumnaaiulng vinlinunia
LAz THNIATINIUTBIAR9995UAARILUBNANNINAN FgARUINIUIUIANA N AL T NE S04
el jisenialalus uazdasesiuenaiinnisaanasaresinseainafinnisnaausanea

waslanzaanlad udunaunisuaaloignugiag
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dsj dla o o ] aaa = o‘d‘ A v
AT 2 ‘Wu‘ﬂ&l’mqLW’]&LL@Z‘HH’]@EW@H‘H@QW)Lﬁ‘ﬂﬂ{]ﬂﬁ‘ﬁl’]eﬂ'ﬂi@IFW]LWZ\]@Uﬁ\‘]WJ Tanznaguad

dl ] o o ] aaa o‘d‘ A v [~3 dl ] o
NEANANNU LA [51’3L?ﬂﬂ{]ﬂ?ﬁlﬂiﬁt@bmE]‘VILﬂ@ﬂ‘]JﬁT\‘iWJﬂI@‘VIZLM@ﬂVILLGIﬂL‘l’]\‘]ﬂu

2 T
a

FoldeUisen Wi BET UTNRTINgY PUIAINTU

(MINNATABNTH)  (QNUIATTURWAIAENTN)  (ENansaw)

HZSM-5 333.2 0.255 5.9
1%Cu/HZSM-5  331.6 0.249 6.4
5%Cu/HZSM-5  318.2 0.244 6.9
10%Cu/HZSM-5  306.5 0.208 8.3
dolomite 14.87 0.087 99.4
1%Fe/dolomite ~ 14.73 0.082 92.7
5%Fe/dolomite  13.77 0.074 86.3

10%Fe/dolomite  12.31 0.069 67.6
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4.3 Anwnavasdaudlsang g AifluasasasasnalAraiwAniusilaaNnszIIUNG
Inlsladaideaiseassmdaalilsiun mnnu wastieagaduda daass
Upnseuanilssian nsma-tua °lum'%‘mﬂﬁnsfﬁmmﬁatmuﬁv’umutﬁm
4.3.1 uarasrasdulsiinnaiadasazaal ArasnAnAuwiRlaaINNszUIUNG
Inlsladaidesaiseaiinnanaalia
4311 narasaaupRiniinaasasssnalfuRINAR W

narRsuisasataznalaraInAnn uviTasllAaegAR L Ad

48.73
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43.19
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;g 40

@

< 30 25.9

é 22.7 23.2 O 2ea1ua2
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WWaN1eAn NEMIIN17IaTaduia l1ulnglan 50 NaaaRTAawIN Maan 60 w1 1dFaL9
Uf)i5en Cu/H-ZSM5 sz Fe/DM e 5 Iaeniwndin uazdmadiusendnasisealisen

0.56:0.5

1
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AMNNINLIENaU 20 LARNKATIYUNNFBSatasNa lAIRINAR W IHAN

22le

D
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wasgA1aUAa Ineian1ImMeaesNg )i 500-600 B9ANALTAITHA WaN1ITAIT NERT

! =

nsluazesufialulnsian 50 Aadanssaunl Auan 60 wn Ldaseljsen CuH-ZsM5

1
P a

WAz Fe/DM Faeaz 5 Inedviln wazensdaussndnamiaisalasen 0.5:0.5 WU g

Kl a

550 aeAgadad HARANTWTan ngIgaieaay 18.94 Tnsinwin uaslAuamsiein
duufaliaruuiuienas 43.19 Taatiinuin wudleANfaugaIun19aae @A uion

azunauasuie A ulegmninisuniacnieu i lldmanna lAuinaufianisaans fia

'
val o A

Fapnnfauldn tuRelAseAiANTan LasiiAuaN 99T mENAINITDATLLUBNALNN
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Wunandaiinduion wlaunay wiiiedingningiidu 600 a9 EalTea nand el
wduianInanasanfasas 18.94 1flu 17.84 Tnauin Tuanehfsunnufanldnouui
Wintwilufenay 48.73 Tearnnsnasunaladn An1araiunsgun)gaNdaudnATyating

' v a ¥ 5 = ¥
N’mﬁl@ﬂqﬁ‘@@’]ﬂﬁl’]Lmﬂﬂ%’]ﬁ\l’j"ﬂu“ll’ﬂ\‘lﬂ\‘iﬂﬂﬁ‘:ﬁﬂ@ﬂﬂ’]ﬁliuﬂqﬂmu’lﬂiﬂ Lﬂu@%‘ﬁ‘:ﬁm%ﬂﬂ LA

1
o < A

lasuansnasesguundvinliiinnisuansosaliiiunialalasarfuauauinani b

1
a

ALLUY LHagaINENENaTesguunlgetaa liialsandunaesresansssiven iy

a

answaanaufanludeusnliidulesesansssmanariind iz anedinelsadu

. . d! Y ey I A Y ai 1 1 a d? o
(depolymerization) geazlFutalalnsarsueuiun wsauianldaruuduiinzuwduanuau

1
=

1 Qd‘dd %% v %” o dl A Qd‘
N Imﬂmmmugwm'wzﬁmﬂmmmwaimmmmuumquammm FIUNHAN 550 234AN

q

=
VIALTYA
4.3.1.2 HAUBIDATINS LUATDILAR LULASLAUNN NHAADSREAENA LAUDY
a a 4
NARNTUN
NAUBIDASINIS IATRILA A bUlASIAUARS R ASHA LAUDINA AN INUD
IO REEER TR
. 49.08 4795 49.44
s
40
&
=
‘€ 30
Z O aaswan
&
= 20 @ 209uds
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O uia
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(4
TREURN

¥
[ g

25 50 75

angnsinarasundlulnsiau (Raddnsnauni)

Alsznal 21 NAIAIERIINITINaTaNLAA lulRTlAuAasat Az LA tAIa9 AR
gAALAE WaN19zA Ngungd 550 adA@aldea 19a1 60 Wi wazldiasenlisen

Cu/H-ZSM5 waz Fe/DM Fasiay 5 Ineninmiin 2RTNEIUTENIAISLNTEN 0.5:0.5
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annIndsenay 21 wansuaredans luareuia lulsieunafesazualaueg

a [ % 6 o

nanAUsT lfanamegAaLsa Tnainnimaaesndnsnisluasesuialulngau 25-75

|
' a A a

Hafanssaun Wan19zAsh Mgyl 550 asAaaiiea Maad 60 w1l TdraseLlisen

Cu/H-ZSM5 Ay Fe/DM Faeay 5 taeinnin wazanIdausEndnasagelnsen 0.5:0.5

wuanansnIsaresuialulngiau 50 dadanssauni lanaaiusiiniuianingigaias
az 18.95 Tneinuiin wazlanamninsidunialuanunsuiasay 47.25 lnsvinvdnusiie
Wuans NI naraanialuinsautly 75 1aaansfau? NaARA UL TUTININAARIAN
Fasuay 18.95 1w 16.14 Taatinniin luanseNcunainian ldarunduindwiufaaas
49.44 asualadiladnanignaredlulngseauuiniuilcuaunan e e anag
d‘ 24 = v dl 24 o . dl a A !
dasannuia luinseuiminduuiasang (Carrier gas) N8 17701 LaeaR AN19AB NS
v e . ] 4o X
ANNFRULN Ak uIeaa171TaTad9a (Heat transfer) WATWIRITIL LN AAUAINNIT
o ¥ = o % 1 1 o
ARNEAIMN9TaU 299TN98 (Mass transfer) Tdellfdsgaaruuiuuazaruuiunauunlugyl
a o I's d; al v a o 6 F 7 di o
NARSUTIAY 1He W aulFuI it A uesHa NS UTTIaY AaladEasnsniglia
QI d? v 1 = [~ a o v o a v
18911 IRTR WA NTUNINIANNFaR At TN a3 ARl 198 AN F T AN R
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4.3.2.5 NATDIBNEWANITLASNNUUTDUNAINUADIAFILUHAFEN Cu/H-
ZSM5 uaz Fe/DM NilkasasasazNa la1aananimi
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4.4 N5NASIZRANTANARN U WAazRIALsTNaUARI U N UTIN N

4.4.1 MSIATIBRBLLLENEE (Ultimate analysis) 1BIUNSWTINWALIARIN

nsinlslada ARaagaddas avsieallsdul wazninniun
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WAANNINLFZNAL 38-40 ATHANAL

C=C stretching

C=C bending
C-H bending

o] / C-H stretching \ -"
O-H stretching

it {1 ‘."- )
N C=0 stretching \/ | ./ C-H bending

/ /
\J/

) C=C stretching ‘C o o ‘
C-O stretching stretching

C-H bending
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1514.60 cm™' WAT 1606.74 cm™  C=C stretching Wy UaAAY

1701.56 cm” C=0 stretching aama et luny
A1TLATA

2935.99 cm’’ C-H stretching C-H uuLEATaMy
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O-H stretching
C-H stretching
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1659.99 cm’” C=C stretching Wy UaAAY
2854.18 cm” WAy 2924.75¢cm”  C-H stretching C-H LLUUﬁWﬂmmﬁ:
a A
LNVI@ZQLLILLL@@LV’YLL
3198.10 cm’’ O-H stretching LAANBERRLAY
an9usznaunuean
C-H bending
N
C-0 stretching
— ~
C=0 stretching \ C-O stretching ¢-H bending
C-H stretching C-H bending
C=C stretching
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4.4.3 N1591ASIZIRIALSENALARIUINUTININAEN AT ALNALATN NN A
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wNAFLUATNSHLARS
P3N 7 WARNNANIIATITRsAsENauTa9anssenauauvEtasin@anInaIndiaass
AALAE lun1azafiunisngoingil 550 asAmaided §n9n1siiateuiialulngian 50
1 =

aRAAIARWIN 1981 45 Wi tneldldinded iz uazldindal fAsen siadel §asen

u/H-ZSM5 waz Fe/DM 5aaaz 5 Iaetinuiin fn3dur89F9TeLl])ATEN 0.5:0.5 Lavh

O 22

' =

gounH 600 e9ALIALEad §R9N17 Inazeduiialulngian 50 Haaanssauil 1Al 45 wid
waldraaljAzen Al i) Cu/H-ZSM5 uay Fe/DM Faeaz 5 Tagsinuiin uaz 7

U 550 avALal@aa ansnisinazeduialulngiay 50 HaaanIsawdd 19an 60 W
&

a
%

uwaglfisalisenmasatiisen Cu/H-ZSM5 uay Fe/DM Fatiay 5 Ingvinniin

Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min) (°C)

2.432 0.235 2-Propanone, 1-hydroxy- C,H0,
3.762 1.187  Acetic anhydride C,H0,
3.772 0.621 1,2-Ethanediol, monoacetate C,H,0,
3.772 0.462 1,2-Ethanediol, monoacetate C,H,0,
3.772 0.457 1,2-Ethanediol, monoacetate C,H,0,
3.905 0.715 Succindialdehyde C,H0O,
3.911 0.441 Succindialdehyde C,H.0,
3.915 0.475 Succindialdehyde C,H0O,
3.918 0.319 Succindialdehyde C,H0O,
4.223 0.249 3-Penten-2-one, 4-methyl- CeH,,0
4.230 0.136 3-Penten-2-one, 4-methyl- CgH,,0
4.237 0.057 3-Penten-2-one, 4-methyl- CgH,,0
4.814 0.231 2-Cyclopenten-1-one CH.O
4.821 0.150 2-Cyclopenten-1-one CH,O

4.946 0.936  2-Pentanone, 4-hydroxy-4-methyl- CH,,0,




AN 7 (piD)

Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)

4.957 0.502 2-Pentanone, 4-hydroxy-4-methyl- CH,,0,
4.963 0.309 2-Pentanone, 4-hydroxy-4-methyl- CH,,0,
4.963 0.2256 2-Pentanone, 4-hydroxy-4-methyl- CsH,,0,
5.218 0.412 2-Hexanone, 3-methyl- CH,,0
5.229 0.266 2-Furanmethanol C.HO,
5.232 0.281 2-Furanmethanol C.HO,
5.441 0.213  2-Propanone, 1-(acetyloxy)- C,HO,
5.454  0.099 2-Propanone, 1-(acetyloxy)- C,HO,
5.454 0.106 2-Propanone, 1-(acetyloxy)- C,H,O,
6.174 0.319  Butyrolactone C,H0O,
6.184 0.167 Butyrolactone C,H0O,
6.184 0.154 Butyrolactone C,H0,
6.184 0.111 Butyrolactone C,H0O,
6.204 0.928  2(5H)-Furanone C,H,0,
6.214 0.497 2(5H)-Furanone C,H,0,
6.217 0.397 2(5H)-Furanone C,H,0,
6.221 0.426 2(5H)-Furanone C,H,0,
6.413 0.196  1,2-Cyclopentanedione C.HO,
6.416 0.097 1,2-Cyclopentanedione C.HO,
6.423 0.151 1,2-Cyclopentanedione C.HO,
6.423 0.101 1,2-Cyclopentanedione C.HO,
6.671 0.113  2(5H)-Furanone, 5-methyl- C.HO,
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)
6.682 0.068 2(5H)-Furanone, 5-methyl- C.H.0,
6.682 0.060 2(5H)-Furanone, 5-methyl- C.H0,
6692 0078 2(5H)-Furanone, 5-methyl- C.H.O,
6.724 0.085 2,5-Furandione, 3-methyl- C.H,0,
6.728 0.080 2,5-Furandione, 3-methyl- C.H,0,
6.732 5100 2,5-Furandione, 3-methyl- C.H,0,
6.732 2,5-Furandione, dihydro-3-
0.071 methylene- C.H,0,
7108 0.739 2-Cyclopenten-1-one, 3-methyl- C.H,0
7116
0.356 2-Cyclopenten-1-one, 3-methyl- CH,O
7.120 0.374 2-Cyclopenten-1-one, 3-methyl- CH,O
7.123
0.205 2-Cyclopenten-1-one, 3-methyl- CH,O
7.345 0.263  2(5H)-Furanone, 3-methyl- C.H.O,
7.355 0.087 2(5H)-Furanone, 3-methyl- C.H.0,
7359 0.135 2(5H)-Furanone, 3-methyl- C.H.0,
7.359 0.128 2(5H)-Furanone, 3-methyl- C.H.O,
7424 1394  Phenol C.H.0
7432 508 Phenol CH.O
7432 0.555 Phenol C,H.O
7.432 0.263 Phenol C.H.0
7.736 0.172  2-Furanone, 2,5-dihydro-3,5-dimethyl CsH,0,
7.740 0.150 2-Furanone, 2,5-dihydro-3,5-dimethyl CsH,0,
7.740 0.089 2-Furanone, 2,5-dihydro-3,5-dimethyl C.H.0O
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)

7.743 0.104 2-Furanone, 2,5-dihydro-3,5- CsH 0,
dimethyl

8.191 2.340 2-Cyclopenten-1-one, 2-hydroxy- CsH 0,
3-methyl-

8.194 3.977 2-Cyclopenten-1-one, 2-hydroxy- CsHg0,
3-methyl-

8.195 2.285 2-Cyclopenten-1-one, 2-hydroxy- CsHg0,
3-methyl-

8.198 2.481 2-Cyclopenten-1-one, 2-hydroxy- CsH 0,
3-methyl-

8.373 0.273 2-Cyclopenten-1-one, 2,3- C,H,,0
dimethyl-

8.377 0.097 2-Cyclopenten-1-one, 2,3- C.H,,0
dimethyl-

8.380 0.167 2-Cyclopenten-1-one, 2,3- C.H,,0
dimethyl-

8.380 0.150 2-Cyclopenten-1-one, 2,3- C.H,,0
dimethyl-

8.44 0.996 3-Methoxy-3-methylbutyl acetate CgH, .0,

8.443 0.783 3-Methoxy-3-methylbutyl acetate CH, .0,

8.443 0.607 3-Methoxy-3-methylbutyl acetate CgH,s0,

8.447 0.650 3-Methoxy-3-methylbutyl acetate CgH, .0,

8.639 0.956 Phenol, 2-methyl- C,H,O

8.639 1.556  Phenol, 2-methyl- C,H,O

8.642 0.484 Phenol, 2-methyl- C,H,O

8.643 0.721 Phenol, 2-methyl- C,H,O

8.977 3.050 p-Cresol C,H.O
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)
8.978 1.482 p-Cresol C,H,O
8.981 1.405 p-Cresol C,H,O
8.981 0.955 p-Cresol C,H,0
9.196 1.673  Phenol, 2-methoxy- C,H,0,
9.197 1.471 Phenol, 2-methoxy- C,H,0,
9.197 1.5648 Phenol, 2-methoxy- C,H,0,
9.197 1.262 Phenol, 2-methoxy- C,H,0,
9.250 1.548 6-Oxa-bicyclo[3.1.0]hexan-3-ol CH;0,
9.2563 1.189 6-Oxa-bicyclo[3.1.0]hexan-3-ol CH.0,
9.253 1.249 6-Oxa-bicyclo[3.1.0]hexan-3-ol CH;0,
9.253 1.209 6-Oxa-bicyclo[3.1.0]hexan-3-ol CH;0,
9.571 0.325 Maltol CH.0,
9.578 0.306 Maltol CH.0,
9.578 0.243 Maltol CH.0,
9.578 0.274 Maltol CH.0,
9.674 0.673 2-Cyclopenten-1-one, 3-ethyl-2- CH,,0,
hydroxy-
9.681 0.518 2-Cyclopenten-1-one, 3-ethyl-2- CH,,0,
hydroxy-
9.681 0.565 2-Cyclopenten-1-one, 3-ethyl-2- CH,,0,
hydroxy-
9.681 0.605 2-Cyclopenten-1-one, 3-ethyl-2- CH,,0,
hydroxy-
10112 0.814 0.699  0.540 Phenol, 2,6-dimethyl- CgH, .0
10.118 1.445  Phenol, 3,5-dimethyl- CH,.0
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)

10.220 0.462 1,3-Dimethyl-3,4,5,6-tetrahydro- CH,,N,0
2(1H)-pyrimidinone

10.225  0.399 1,3-Dimethyl-3,4,5,6-tetrahydro- CeH,,N,O
2(1H)-pyrimidinone

10.228 0.433 1,3-Dimethyl-3,4,5,6-tetrahydro- CH,,N, 0
2(1H)-pyrimidinone

10.387 0.754  Benzenegthanol, 4-hydroxy- CgH, .0,

10.388 0.434 Phenol, 4-ethyl- CgH,,0

10.42 1.142  Phenol, 3,5-dimethyl- C,H, 0

10.421 0.580 Phenol, 3,5-dimethyl- CH, 0

10.421 0.430 Phenol, 3,5-dimethyl- CgH,,0

10.424 0.607 Phenol, 3,5-dimethyl- C,H, .0

10.795 2.641  2-Methoxy-5-methylphenol CgH,,0,

10.796 2.624 2-Methoxy-5-methylphenol CgH,,0,

10.796 2.563 2-Methoxy-5-methylphenol CgH,,0,

10.796 2.401 2-Methoxy-5-methylphenol CgH,,0,

10.905 1.878 Catechol CsHgO,

10.911 1.290 Catechol CH.0,

10.915 1.712 Catechol CH.0,

10.925 1.126 Catechol CsHgO,

11.055 1.169 1,4:3,6-Dianhydro-.alpha.-d- CsH0,
glucopyranose

11.065 0.861 1,4:3,6-Dianhydro-.alpha.-d- CsH0,
glucopyranose

11.068 1.143 1,4:3,6-Dianhydro-.alpha.-d- CsH0,

glucopyranose
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)
11.297  0.499 1,6-Octadiene, 3-ethoxy-3,7- C,,H,,0
dimethyl-

11.356 0.418  2-Isopropoxyphenol CH,,0,
11.357 0.357 2-Isopropoxyphenol CH,,0,
11.360  0.448 2-Isopropoxyphenol CH,,0,
11446 0.284 Phenol, 3-ethyl-5-methyl- C,H,,0
11.446 0.140 2,4-Dimethoxytoluene C,H,,0,
11.446 0.491  Phenol, 3-ethyl-5-methyl- C,H,,0
11.449 0.221 Phenol, 3-ethyl-5-methyl- C,H,,0
11.808 2.207 1,2-Benzenediol, 3-methoxy- C,H,0,
11.808 1.568 1,2-Benzenediol, 3-methoxy- C,H,0,
11.811 0.918 1,2-Benzenediol, 3-methoxy- C,H,0,
11.811 1.317  1,2-Benzenediol, 3-methoxy- C,H,0,
11.861 1.252 4-Methoxybenzene-1,2-diol C,H,0,
11.864  1.655 4-Methoxybenzene-1,2-diol C,H,0,
11.864 1.372 4-Methoxybenzene-1,2-diol C,H,0,
11.867 1.848 4-Methoxybenzene-1,2-diol C,H,0,
11.970  2.160 Hydroguinone CsHgO,
11.977 2.225 Hydroquinone CsHg0,
11.982 1.635 Hydroguinone CsHgO,
11.984 1.426 Hydroguinone CsHgO,
12.046 2.325  Phenol, 4-ethyl-2-methoxy- CH,,0,
12.047  2.485 2.306  2.569 Phenol, 4-ethyl-2-methoxy- CH,,0
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)
12.534  0.630 0663 0.545 0.658 2-Methoxy-4-vinylphenol CH,,0,
12,933  9.808 Orcinol C,H;0,
12.936 1.269 1.652  Orcinol C,H,0,
12.943 1.190 Orcinol C,H,0,
13.038 8.627  Phenol, 2,6-dimethoxy- CgH,,0,
13.039  9.808 Phenol, 2,6-dimethoxy- C.H,,0,
13.042 10.716 Phenol, 2,6-dimethoxy- C,H,,0,
13.045 11.97 Phenol, 2,6-dimethoxy- CgH,,0,
13.128  0.849 Eugenol C,,H.,0,
13.131 0.990 0.989 1.024 Eugenol C,oH:,0,
13.178 1305  0.874  0.462 Phenol, 3,4-dimethoxy- C,H,,0,
13.178 0.709  Phenol, 2,6-dimethoxy- C.H,,0,
13.261 0.745 0.674 0.788 0.594  Phenol, 2-methoxy-4-propyl- C,oH1.0,
13.686  1.602 Vanillin C,H,0,
13.689 1.605 Vanillin C,H O,
13.689 1.702  1.743 Vanillin C H 0,
13.795  0.973 Phenol, 2-methoxy-4-(1-propenyl)-,  C,H,,0,
(2)-
13.795 0.966 Phenol, 2-methoxy-4-(1-propenyl)-,  C,H,,0,
(2)-
13.798 1.092  Phenol, 2-methoxy-4-(1-propenyl)-,  C,H,,0,
(2)-
13.799 0.964 Phenol, 2-methoxy-4-(1-propenyl)-, ~ C,H,,0,

(2)-




AN 7 (piD)

Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)

13.885  0.528 1,4-Benzenediol, 2,6-dimethyl- CgH,,0,
14.286  6.159 3,5-Dimethoxy-4-hydroxytoluene C,H,,0,
14.286 4.602  3,5-Dimethoxy-4-hydroxytoluene CoH,,0,
14.290 6.789 3,6-Dimethoxy-4-hydroxytoluene C,H,,0,
14.290 7.783 3,5-Dimethoxy-4-hydroxytoluene C,H,,0,
14.332 3.587  trans-Isoeugenol C,H1.0,
14333  4.470 trans-Isoeugenol C,oH:.0,
14.336 4.565 trans-Isoeugenol C,oH:.0,
14.336 3.902 trans-Isoeugenol C,oH1.0,
14.804 1.357 Apocynin CoH,,0,
14.804 1.237 Apocynin CoH,,0,
14.804 0.919 1.349 Apocynin C,H,,0,
15.076  0.349 0.344 2,4-Di-tert-butylphenol C,,H.,,0
156.079 0.514  2,4-Di-tert-butylphenol C,,H,,0
0 2
15.080 0.739 2,4-Di-tert-butylphenol C,,H.,,0
16.272  3.847 4-Ethyl-2,6-dimethoxyphenol C,oH:1.0,
15.272 2.122  4-Ethyl-2,6-dimethoxyphenol C,oH:1.0,
156.275 4.127 4-Ethyl-2,6-dimethoxyphenol C,oH:1.0,
156.275 5.956 4-Ethyl-2,6-dimethoxyphenol C,oH:.0,
16.348  1.332 2-Propanone, 1-(4-hydroxy-3- C,oH:.0,
methoxyphenyl)-
15.348 1414 0.855 2-Propanone, 1-(4-hydroxy-3- C,oH:0,

methoxyphenyl)-
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)

15.352 1.270 2-Propanone, 1-(4-hydroxy-3- C,oH:0,
methoxyphenyl)-

15.733  2.100 Phenol, 4-ethenyl-2,6-dimethoxy- C,oH:.0,

15.736 1.941 1.642 1.386 Phenol, 4-ethenyl-2,6-dimethoxy- C,oH1,0,4

15.966  0.367 0.188 1-Propanone, 1-(4-hydroxy-3- C,oH:0,
methoxyphenyl)-

15.968 0.293  1-Propanone, 1-(4-hydroxy-3- C,oH:0,
methoxyphenyl)-

15.969 0.325 1-Propanone, 1-(4-hydroxy-3- C,oH10,
methoxyphenyl)-

16.181 2.663 Phenol, 2,6-dimethoxy-4-(2- C,H,,0,
propenyl)-

16.184 3.330  3.246 2.418 Phenol, 2,6-dimethoxy-4-(2- C,H,,0,
propenyl)-

16.261 1.145 2,6-Dimethoxy-4-propylphenol C,,H,s0,

16.264 1.267 1.677 0.562 2,6-Dimethoxy-4-propylphenol C,,H,0,

16.745  3.112 3.342 2-Butanone, 4-(4-hydroxy-3- C,H,,0,
methoxyphenyl)-

16.745 3.493 2-Hydroxy-4-isopropyl-7- C,,H,,0,
methoxytropone

16.745 2.447  2-Butanone, 4-(4-hydroxy-3- C,,H,,0,
methoxyphenyl)-

16.848 2.895 2.964 2.951 2.575 Benzaldehyde, 4-hydroxy-3,5- CH,,0,
dimethoxy-

17.299 5.386 (E)-2,6-Dimethoxy-4-(prop-1-en-1- C,,H,,0,
yl)phenol

17.300 6.853 (E)-2,6-Dimethoxy-4-(prop-1-en-1- C,.H.,O

yl)phenol

1177143
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)

17.303 7.168  7.954 (E)-2,6-Dimethoxy-4-(prop-1-en-1- C,H,,0,
yl)phenol

17.668  3.392 3.358  3.196 2.483 Ethanone, 1-(4-hydroxy-3,5- C,oH:,0,
dimethoxyphenyl)-

18.066  3.732 2.280 Syringylacetone C,,H.,0,

18.070 4.010  4.591 Syringylacetone C,,H,,0,

18.308 0.553  Octadecane CieHag

18.315  0.240 2-Allyl-3,6-dimethoxybenzy! C,,H,s0,
alcohol

18.561  0.461 trans-Sinapy! alcohol C,,H.,0,

18.564 0.435 cis-Sinapyl alcohol C,,H,,0,

18.564 0.436 trans-Sinapy! alcohol C,,H.,0,

18.574 0.481  Isopropyl myristate C,;H,,0,

18.630  1.444 1-Propanone, 1-(4-hydroxy-3,5- C,,H,,0,
dimethoxyphenyl)-

18.630 1.326 1-Propanone, 1-(4-hydroxy-3,5- C,,H.,0,
dimethoxyphenyl)-

18.633 1.294  1-Propanone, 1-(4-hydroxy-3,5- C,,H.,0,
dimethoxyphenyl)-

18.634 1.261 1-Propanone, 1-(4-hydroxy-3,5- C,,H,,0,
dimethoxyphenyl)-

18.892 2.441  Caffeine CgH,oN,O,

18.893 0.483 Caffeine CgH,N,O,

19.334 1.033 Dihydrosyringenin C,,H,0,

19.335  1.037 Dihydrosyringenin C,,H,0,

19.341 1.302 Dihydrosyringenin C,H.0

171674
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)
19.357 0.872 Dihydrosyringenin C,,H,:0,
19.911  0.302 n-Hexadecanoic acid C,6H10,
19.915 0.467  0.443 n-Hexadecanoic acid C,eH3,0,
19.924 1.3256 n-Hexadecanoic acid C,6H1,0,
20.203  0.639 0.742 3,5-Dimethoxy-4- C,H,,.0,
hydroxycinnamaldehyde
20.203 0.689 trans-Sinapaldehyde C,,H,,0,
20.203 0.747  trans-Sinapaldehyde C,,H,,0,
21.976 0.326 0.333 0.509 Hexadecanamide C,sH5,NO
23.539 2.056 9-Octadecenamide, (2)- C,gH,NO
23.542 2.336  2.371  4.720 9-Octadecenamide, (Z)- C,sH,NO
25.859  0.604 (E)-3,3'-Dimethoxy-4,4'- C,sHi60,
dihydroxystilbene
25.863 0.603 0.717 (E)-3,3'-Dimethoxy-4,4'- C,6H160,
dihydroxystilbene
25.866 0.418 (E)-3,3'-Dimethoxy-4,4'- C,6H160,
dihydroxystilbene
26.048 0.285 3',4'-Dimethoxyflavonol C,;H,,0,
26.380  0.752 0.880 0.986 Phenol, 4,4'-methylenebis[2,6- C,,H,,04

dimethoxy-
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Area%
R.T Molecular

5% 60 600 Name of compound
(min) formula

catalyst (min) — (°C)
2.415 0.068 0.064  0.093 Benzene CH,
2.817 0.171  Propanoic acid C,H,0O,
2.840 0.186 Propanoic acid C,H.O,
2.843 0.243 Propanoic acid C,H,0O,
2.956 0.060 2-Propanamine, N-(1-methylethylidene)- C,H,N
3.351 0.091 3-Penten-2-one, (E)- C,H,O
3.354 0.172  3-Penten-2-one, (E)- C,H,O
3.371 0.111 2-Pentene, 4-methyl-, (E)- CH,,
3.487 0.038 0.053 0.073  5-Hexen-2-one CH,,0
3.835 0.188  Propanoic acid, 2-methyl- C,H,0,
3.849 0.060 Propanoic acid, 2-methyl- C,H,0O,
3.865 0.943 0.797 Acetamide C,HNO
3.912 0.913  Acetamide C,H,NO
3.938 0.708 Acetamide C,HNO
4.164 0.035 Butanoic acid C,H,0,

3.351 0.091 3-Penten-2-one, (E)- CH0




M99 8 (Fid)

93

Area%
R.T Molecular

5% 60 600 Name of compound
(min) formula

catalyst (min)  (°C)
3.354 0.172  3-Penten-2-one, (E)- CH0
3.371 0.111 2-Pentene, 4-methyl-, (E)- CH,,
3.487 0.038 0.063  0.073  5-Hexen-2-one CH,.0
3.835 0.188  Propanoic acid, 2-methyl- C,H,0,
3.849 0.060 Propanoic acid, 2-methyl- C,H,0,
3.865 0.943 0.797 Acetamide C,H,NO
3.912 0.913  Acetamide C,H,NO
3.938 0.708 Acetamide C,H,NO
4.164 0.035 Butanoic acid C,H,0,
4.217 0.665 3-Penten-2-one, 4-methyl- C,H,,0
4.220 0.481 0.606  3-Penten-2-one, 4-methyl- C,H,,0
4.953 0.531 0.602 0.677  2-Pentanone, 4-hydroxy-4-methyl- CeH,,0,
5.166 0.224  Butanoic acid, 3-methyl- C.H,,0,
5.209 0.467 Butanoic acid, 3-methyl- C.H,,0,
5.216 0.498 Butanoic acid, 3-methyl- C.H,,0,
5.325 0.132  Pentanoic acid, 4-methyl- CgH,,0,
5.358 0.617 Butanoic acid, 2-methyl- C.H,,0,
5.362 0.395 Butanoic acid, 2-methyl- C.H,,0,
5.421 0.364  Propanamide C,H,NO
5.445 0.354 3-Octanamine CgH N
5.451 0.699 Propanamide C,H,NO
5.474 0.442  3-Octanamine CgH N
6.191 0.251 Propanamide, 2-methyl- C,H,;NO
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Area%
R.T Molecular

5% 60 600 Name of compound
(min) formula

catalyst (min)  (°C)
6.198 0.126 Propanamide, 2-methyl- C,H,NO
6.211 0.130  Propanamide, 2-methyl- C,H,NO
6.970 0.139  Pentanoic acid, 3-methyl- CsH,,0,
6.987 0.147 Pentanoic acid, 3-methyl- CeH,,0,
7.011 0.692 3-Amino-5-tert-butylpyrazole C.H,N,
7.047 0.648  Pentanoic acid, 4-methyl- CeH,,0,
7.077 0.848 Pentanoic acid, 4-methyl- CeH,,0,
7.186 0.181 Dimethyl trisulfide C,H,S,
7.189 0.105  Dimethyl trisulfide C,HS,
7.193 0.344 Pyrrole, 1-methyl-3-(1,1-dimethylethyl)- C,H, N
7.329 0.380 1-Methyl-2-tert-butylpyrrole CoH, N
7.349 0.219 Pyrrole, 1-methyl-3-(1,1-dimethylethyl)- C,H,N
7.379 0.436 Phenol, 4-(ethylamino)- C,H,,NO
7.432 4.264  Phenol C,H,O
7.442 5.322 Phenol CH.O
7.449 4.672 Phenol C,H,O
7.591 4.341 Pyridine, 2,4,6-trimethyl- CSHMN
7.598 2.305 Pyridine, 2,4,6-trimethyl- CgH, N
7.611 0.768  Pyridine, 2,4,6-trimethyl- CgH, N
7.750 1.434 Butanamide, 3-methyl- C.H,,NO
7.757 1.863 1.576 Butanamide, 3-methyl- C.H,,NO
7.860 0.287 2-Aminopyridine C.HN,
7.863 0.197 2-Aminopyridine C.H.N

5 6 2
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Area%
R.T Molecular

5% 60 600 Name of compound
(min) formula

catalyst (min)  (°C)
7.880 0.128  2-Aminopyridine C.HN,
8.643 1.151 Phenol, 2-methyl- C,H,O
8.646 0.796 0.849  Phenol, 2-methyl- C,H,O
8.713 0.248 2-Amino-4-methylpyrimidine C.H,N,
8.875 1.200 Pyridine, 2-ethyl-4,6-dimethyl- CoH N
8.878 0.546 Pyridine, 2-ethyl-4,6-dimethyl- C,H,.N
8.911 4143  4-tert-Butylpiperidine CgH N
8.912 1.724 2-Propen-1-amine, N,N-bis(1- CgngN

methylethyl)-

8.915 1.028 4-tert-Butylpiperidine CoH N
8.984 6.055  p-Cresol C,H,O
8.985 6.369 p-Cresol C,H,O
8.988 5.715 p-Cresol C,H,O
9177 0.130 2,5-Pyrrolidinedione, 1-methyl- C.H,NO,
9.353 0.150 2-Pyridinamine, 3-methyl- CgHgN,
9.465 1.111  Hexanamide CH,,NO
9.469 2.802 2.040 2-Ethyl-6-isopropy! pyridine C,oHieN
9.621 5.792  4-Piperidinone, 2,2,6,6-tetramethyl- CyH,,NO
9.625 2.556 3.350 4-Piperidinone, 2,2,6,6-tetramethyl- CgH,,NO
9.794 1.173  Succinimide C,H.NO,
9.804 0.989 Succinimide C,H.NO,
9.811 0.973 Succinimide C,H.,NO,
9.966 0.622  Phenol, 2-ethyl- CgH,,O
9.967 0.803 Phenol, 2-ethyl- CH, O
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Area%

R.T Molecular
5% 60 600 Name of compound

(min) formula
catalyst (min)  (°C)

9.968 0.699 Benzyl nitrile CgHN
10.112 2.055 2.237  Phenol, 2,4-dimethyl- CH,.0
10.123 1.762 Phenol, 2,4-dimethyl- CgH,,0
10.358 0.991 1-Methyl-1H-imidazole-4-carboxamide C.H.N,O
10.358 1.444  2-Methylpyrazole-3-carboxamide C.H.N,O
10.365 0.893 2-Methylpyrazole-3-carboxamide C.,H,N,O
10.404 1.990 Phenol, 4-ethyl- CH, .0
10.408 1.605 Phenol, 4-ethyl- CH,.0
10.415 1.524 Phenol, 4-ethyl- CgH, 0
10.611 2.759 2-Ethyl-3,5-dimethylpyridine C,H,;N
10.796 1.173 Pyridine, 2,4,6-trimethyl- CgH,,N
11.042 3.165 Pyrazolo[1,5-a]pyridine, 3,3a,4,7- CoHi6N,

tetrahydro-2,3,3-trimethyl-, (3aS)-

11.211 0.685 Spiro[5.5]undec-8-en-1-one C,H,:O
11.304 0.178  Phenol, 2,4,5-trimethyl- C,H,,0
11.307 0.316 Phenol, 2-ethyl-4-methyl- CH,,0
11.311 0.256 Phenol, 2,4,5-trimethyl- C,H,20
11.370 0.422 0596  0.771  1H-Pyrrole-2,5-dione, 3-ethyl-4-methyl- C,H,NO,
11.480 1.385 1.521 Benzenepropanenitrile CgHGN
11.483 1.064  Benzenepropanenitrile CoHGN
12.259 5.277  Indole CgH;N
12.260 5.450 6.485 Indole CgH,N
12.558 1.168 1,2,4-Cyclopentanetrione, 3-(2- C,oH:.0,

pentenyl)-
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Area%
R.T Molecular
5% 60 600 Name of compound
(min) formula
catalyst  (min)  (°C)
13.520 2.902 3.029  1H-Indole, 2-methyl- CgHGN
13.521 3.592 1H-Indole, 2-methyl- CoHGN
14499  0.854 1,4-Benzenediol, 2,3,5-trimethyl- C,H,,0,
14742 0.668 3-Ethyl-1H-indole C,H, N
14.745 0.627  3-Ethyl-1H-indole C,H, N
15.083 0.652 0.915  2,4-Di-tert-butylphenol C,,H,,0
15.084  0.485 2,4-Di-tert-butylphenol C,,H,,0
15.163  0.952 0.755  0.715  Phenylpropanamide C,H,,NO
15.405  0.640 2(4H)-Benzofuranone, 5,6,7,7a- C,,H,60,
tetrahydro-4,4,7a-trimethyl-, (R)-
15.405 0.540 2(4H)-Benzofuranone, 5,6,7,7a- C,H,:0,
tetrahydro-4,4,7a-trimethyl-, (R)-
15.408 0.486  2(4H)-Benzofuranone, 5,6,7,7a- C,,H,0,
tetrahydro-4,4,7a-trimethyl-, (R)-
15.727 1.950  3-(4-Hydroxyphenyl)propionitrile C,HNO
15.734 1.106 3-(4-Hydroxyphenyl)propionitrile C,HNO
15.737 0.872 3-(4-Hydroxyphenyl)propionitrile C,H,NO
17.221 3.234 Heptadecane CHa
17.223 3.044  Heptadecane CHa
17.224 3.577 Heptadecane CHy
17.399 1210  3-Methyl-2,3,6,7,8,8a- C,H,,N,0,
hexahydropyrrolo[1,2-a]pyrazine-1,4-
dione
17.400  0.512 3-Methyl-2,3,6,7,8,8a- C,H,,N,0,

hexahydropyrrolo[1,2-a]pyrazine-1,4-

dione
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Area%
R.T Molecular
5% 60 600 Name of compound
(min) formula
catalyst (min)  (°C)
17.400 1177 Uric acid C.H,N,O0,
17.869 0.637  Pyrrolo[1,2-a]pyrazine-1,4-dione, C,H,N,O,
hexahydro-
17.871 1.080 Pyrrolo[1,2-a]pyrazine-1,4-dione, C,H,,N,O,
hexahydro-
17.871 0.821 Pyrrolo[1,2-a]pyrazine-1,4-dione, C,H,,N,O,
hexahydro-
18.717 2.728 2288  Neophytadiene CyoHse
18.718 0.668 Neophytadiene CoHag
18.793 2.483  Cyclo(L-prolyl-L-valine) C,oHsN,O,
18.794 2.722 Cyclo(L-prolyl-L-valine) C,oHieN 0,
18.797 2.497 Cyclo(L-prolyl-L-valine) C,oHsN,O,
19.156 2.231 Linoleyl methyl ketone C,oH,,0
19.158 1.240  Linoleyl methyl ketone C,oH,,0
19.341 1.426 Hexadecanenitrile C,eHaiN
19.344 4.720  Hexadecanenitrile C,eHaiN
19.345 4.750 Hexadecanenitrile C,eHsN
19.673 4.291 Pyrrolo[1,2-a]pyrazine-1,4-dione, C,,HgN,O,
hexahydro-3-(2-methylpropyl)-
19.679 0.866  Pyrrolo[1,2-alpyrazine-1,4-dione, C,,HN,O,
hexahydro-3-(2-methylpropyl)-
19.780 0.896 Octahydrodipyrrolo[1,2-a:1',2'- C,oHuNLO,

d]pyrazine-5,10-dione-, (5aR,10aR)

(isomer 2)
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R.T Molecular
5% 60 600 Name of compound
(min) formula
catalyst (min) °c)
19.782 1.884  Octahydrodipyrrolo[1,2-a:1",2'- C,oH1NO,
d]pyrazine-5,10-dione-, (5aR,10aR)
(isomer 1)
19.783 1.848 Octahydrodipyrrolo[1,2-a:1',2'- C,oHNO,
d]pyrazine-5,10-dione-, (5aR,10aR)
(isomer 1)
19.995 8.721  n-Hexadecanoic acid C,eH1,0,
20.002 1.5643  9.153 n-Hexadecanoic acid C,6H1:,0,
20.165 5.237 9H-Pyrido[3,4-bJindole C,,HgN,
20.174 0.658  9H-Pyrido[3,4-bJindole C,,HgN,
21.993 0.683 14.337 Hexadecanamide C,sH5,NO
21.997 156.124 Hexadecanamide C,sH5,NO
23.539 4.767  9-Octadecenamide, (Z)- C,gH;NO
23.540  10.501 9-Octadecenamide, (2)- C,sH,NO
23.543 4.334 9-Octadecenamide, (2)- C,gH;NO
23.735 0.905  Octadecanamide C,gH,,NO
23.736 3.983 0.779 Octadecanamide C,gH,,NO

18" 37
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst  catalyst (min) (°C)

2.415 0.056 0.047 Benzene CH,

2.418 0.032 0.093 Benzene CH,

2.793 0.051  Propanoic acid C,H0O,
2.797 0.082 Propanoic acid C,H0O,
3.490 0.031 5-Hexen-2-one CeH,,0
4.124 0.094  Butanoic acid C,H,0,
4.154 0.113 Butanoic acid C,H,0,
4.227 0.087 0.215 3-Penten-2-one, 4-methyl- CeH,,0
4.233 0.104 3-Penten-2-one, 4-methyl- CgH,,0
4.237 0.037 3-Penten-2-one, 4-methyl- CgH,,0
4.953 0.467 2-Pentanone, 4-hydroxy-4-methyl- CH,,0,
4.957 0.344  2-Pentanone, 4-hydroxy-4-methyl- CH,,0,
4.963 0.359 2-Pentanone, 4-hydroxy-4-methyl- CH,,0,
4.966 0.126 2-Pentanone, 4-hydroxy-4-methyl- CH,,0,
5.224 0.421 2-Furanmethanol C.HO,
6.181 0.200 Butyrolactone C,HO,
6.924 0.039  Pentanoic acid, 4-methyl- CH,,0,
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R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)
6.957 0.118 Pentanoic acid, 4-methyl- CH,,0,
7127 0.195 2-Cyclopenten-1-one, 3-methyl- CH,O
7.422 5.048 Phenol CH,O
7.425 1.770 Phenol CH.O
7.428 1.894 Phenol CH.,O
7.429 6.632 Phenol CHO
7.621 0.863  Pyridine, 2,4,6-trimethyl- CeH N
7.634 0.246 Pyridine, 2,4,6-trimethyl- CgH, N
7.637 0.139 Pyridine, 2,4,6-trimethyl- CgH,,N
7.640 0.049 Pyridine, 2,4,6-trimethyl- CgH, N
7.780 0.164 Butanamide, 3-methyl- C.H,,NO
7.969 0.125 Piperidine, 2,3-dimethyl- CH,N
8.185 0.662 0.590 2-Cyclopenten-1-one, 2-hydroxy- CsH 0,
3-methyl-
8.188 0.207 2-Cyclopenten-1-one, 2-hydroxy- CsH 0,
3-methyl-
8.377 0.164 2-Cyclopenten-1-one, 2,3- C.H,,0
dimethyl-
8.387 0.020 2-Cyclopenten-1-one, 2,3- C.H,,0
dimethyl-
8.639 0.597 Phenol, 2-methyl- C,H,O
8.640 2.079 Phenol, 2-methyl- C,H,O
8.643 0.058 0.519 Phenol, 2-methyl- C,H,O
8.915 1.702 1,2,3-Trimethylpiperidin-4-one C.H,.NO
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catalyst catalyst (min)  (°C)
8.915 2.074  2-Propen-1-amine, N,N-bis(1- CoH N
methylethyl)-
8.921 0.674 2-Propen-1-amine, N,N-bis(1- CoH N
methylethyl)-
8.925 1.848 2-Propen-1-amine, N,N-bis(1- CoH N
methylethyl)-
8.978 1.922 p-Cresol C,H,O
8.981 1.831 p-Cresol C,H,O
8.985 4.825 1.765 p-Cresol C,H,0
9.037 0.637 Heptanoic acid CH,,0,
9.058 0.416 Heptanoic acid CH,,0,
9.193 5.222 Phenol, 2-methoxy- C,H,0,
9.194 0.524 Phenol, 2-methoxy- C,H,0,
9.479 0.156  2-Ethyl-6-isopropy! pyridine C,oHiN
9.529 0.566  3-Pyridinol C,H,NO
9.542 0.559 3-Pyridinol C,H,NO
9.552 0.266 3-Pyridinol C.H.NO
9.565 0.487 3-Pyridinol C,H,NO
9.621 1.389 4-Piperidinone, 2,2,6,6- C,H,,NO
tetramethyl-
9.622 1.929  4-Piperidinone, 2,2,6,6- CyH;NO
tetramethyl-
9.625 0.323 4-Piperidinone, 2,2,6,6- CyH;NO
tetramethyl-
9.674 0.683 2-Cyclopenten-1-one, 3-ethyl-2- CH,,0,

hydroxy-
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(min) formula
catalyst catalyst (min)  (°C)

9.675 0.539 2-Cyclopenten-1-one, 3-ethyl-2- CH,,0,
hydroxy-
9.678 0.239 2-Cyclopenten-1-one, 3-ethyl-2- CH,,0,
hydroxy-
9.771 0.301  3-Pyridinol, 6-methyl- C,H,NO
9.797 0.602 3-Pyridinol, 6-methyl- C,H,NO
9.798 0.498 3-Pyridinol, 6-methyl- C,H,NO
9.807 0.211 3-Pyridinol, 6-methyl- C,H,NO
9.956 0.317 Phenol, 2-ethyl- C,H, 0
9.956 0.903 Phenol, 2-ethyl- CH, .0
9.957 0.898 0.281  Phenol, 2-ethyl- C,H, 0
10.073 0.266 Glutarimide C.H.NO,
10.079  0.093 Glutarimide C,H,NO,
10.080 0.164 Glutarimide C.H.NO,
10.113 1.612 Phenol, 2,4-dimethyl- C,H, .0
10.113 0.543  Phenol, 3,5-dimethyl- CgH, .0
10.116  0.662 Phenol, 3,5-dimethyl- C,H, .0
10.332 0.305  3-Pyridinol, 6-methyl- C,H,NO
10.388 1.011 Phenol, 4-ethyl- CgH, .0
10.391  0.511 Phenol, 4-ethyl- CH,.0

10.418 2.756 1.050 Phenol, 3,5-dimethyl- CgH,,0
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10.424  0.966 Phenol, 3,5-dimethyl- CgH,,0
10.425 2.161 Phenol, 3,5-dimethyl- CgH,,0
10.498 0.102  Octanoic acid CgH,0,
10.560 0.313 Phenol, 2,3-dimethyl- CgH,,0
10.564 0.508 0.180  Phenol, 2,3-dimethyl- CgH,,0
10.567  0.110 Phenol, 2,3-dimethyl- CgH, 0
10.617 0.074  3,4-Pyridinedimethanol, 6-methyl- CgH,,NO,
10.789 1.413 Phenol, 3,4-dimethyl- CgH,,0
10.792  0.495 Phenol, 3,4-dimethyl- C,H, 0
10.793 1.021 Phenol, 3,4-dimethyl- CgH,,0
10.803 0.590 Phenol, 3,4-dimethyl- CgH,,0
10.889 0.175  0.243 4-Pyridinamine, 2,6-dimethyl- C,H,oN,
10.892 0.085 4-Pyridinamine, 2,6-dimethyl- CH, N,
10.948 0.313 Catechol CsHgO,
10.954  0.110 0.482 Catechol CH.0,
11.198 0.086 Phenol, 2-propyl- CyH,,0
11.201 0.190 0.243 Phenol, 2-propyl- CyH,,0
11.204 0.085 Phenol, 2-propyl- CyH,,0
11.291 0.323 0.090 Phenol, 3-(1-methylethyl)- C,H,,0
11.293 0.110 Phenol, 3-(1-methylethyl)- CyH,,0
11.347 0.105 Phenol, 2-ethyl-4-methyl- CyH,,0
11.350 0.114 0.339 Phenol, 2-ethyl-4-methyl- CyH,,0

11.390 0.556 Patulin C.H.0,
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11.443 0.416  0.544 0.184 Phenol, 3-ethyl-5-methyl- C,H,,0
11.446 0.195 Phenol, 3-ethyl-5-methyl- CyH,,0
11.503 0.616  1.262 Phenol, 2,4,5-trimethyl- C,H,,0
11.506 0.305 Phenol, 2,4,5-trimethyl- C,H,,0
11509  0.191 Phenol, 2,4,5-trimethyl- C,H,,0
11.745 0.826  19.32 0.504 Phenol, 2,3,5-trimethyl- CH,,0
11.748  0.442 Phenol, 2,3,5-trimethyl- CyH,,0
11.969 7.889 Hydroguinone CsHgO,
11.970 0.729 Hydroquinone CsHg0,
11.975 5.182 Hydroquinone CsHgO,
11.977 6.774 Hydroquinone CsHgO,
12.256 0.324 Indole CgH,N

12.293 0.559 Naphthalene, 1-methyl- C,iHio

12.528 0.406 2H-Inden-2-one, 1,4,5,6,7,7a- C,,H,,0

hexahydro-7a-methyl-, (S)-

12.950  0.483 Orcinol C,H,0,
13.520 1679 0.621 1H-Indole, 2-methyl- CoHGN
13.526 0.662 1H-Indole, 2-methyl- CoHGN
13.637 0.678 Tetradecane C,Hy
14.742 0.421 3-Ethyl-1H-indole C,,HyN
14.744 0.463 3-Ethyl-1H-indole C,,HyN
14.745 0.238  3-Ethyl-1H-indole C,oHiN
14748  0.248 3-Ethyl-1H-indole C,,HyN

14.854 0.162 1H-Indole, 5,7-dimethyl- C, H.N
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Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)

14.900 1.123 Pentadecane C,sH,,
14.901 2.233 0.519 Pentadecane C,sH,,
14904  1.136 Pentadecane C,sHa,
156.070 0.888 2,4-Di-tert-butylphenol C,,H,,0
156.073 1413  0.562 2,4-Di-tert-butylphenol C,,H,,0
15.076  0.637 2,4-Di-tert-butylphenol C,,H,,0
16.092 0909 1424 0.375 Hexadecane CieMas
16.095  0.495 Hexadecane CieMas
17.144 0.765 1-Heptadecene C,H,,
17.224 2.151 1136 Heptadecane C,Hys
17.226 1.003 Heptadecane C,Hys
18.299 0.652 0.332 Octadecane CieHae
18.305  0.386 Octadecane CeHag
18.949 39.05 Caffeine C.H,N,O,
18.972  40.588 Caffeine CgH,oN,O,
19.351 3.793 2.538 2-Heptadecanone C,;H,,0
19.357  2.654 2-Heptadecanone C,;H,,0
19.684 1.145 Hexadecanoic acid, methyl ester C;H,,0,
19.587 0.652 Hexadecanoic acid, methyl ester C,;H,,0,
19.689  0.779 Hexadecanoic acid, methyl ester C,;H,,0,
20.015 25.603 18.13 n-Hexadecanoic acid C,6H10,
20.024  19.3562 n-Hexadecanoic acid C,6H1,0,
20.303 1.957 Eicosane C,,H
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M99 9 (Fi|)

Area%
R.T Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)

21.027 1.299 Z-8-Methyl-9-tetradecen-1-ol Ci6H300,
formate
21.030 0.686 Z-8-Methyl-9-tetradecen-1-ol Ci6H,,0,
formate

21.242 0.567 Heneicosane C,H,,

21.306 1.201 Octadecanenitrile C,gHaN
21.309  0.690 0.676  Octadecanenitrile C,gHaN
21.488 7.144 Methy! stearate CioH560,
21.489 0.303 Methy! stearate CioH460,
21.494  0.199 Methyl stearate C,oH4560,
21.592 1.617 9,12-Octadecadienoic acid (Z,2)- C,sH,,0,
21.595 1.031  9,12-Octadecadienoic acid (Z,2)- C,sH,,0,
21.601  1.664 9,12-Octadecadienoic acid (Z,2)- C,sH,,0,
21.604 5.662 9,12-Octadecadienoic acid (Z,2)- C,sH,,0,
21.641 3.362 Oleic Acid C,sH,,0,
21.644 2.472  Oleic Acid C,H.,0,
21.647 2,504 Oleic Acid C,sH,,0,
21.654 7.086 Oleic Acid C,sH,,0,
21.691 2.197 cis-Vaccenic acid C,eH,,0,
21694  1.985 1.457  cis-Vaccenic acid C,eH,,0,
21.697 4.261 cis-Vaccenic acid C,eH,,0,
21.840 2.803 Octadecanoic acid C,gH4360,
21.844 1.804 Octadecanoic acid C,sH30

18" 362
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Area%
RT Molecular
non 5% 60 600 Name of compound
(min) formula
catalyst catalyst (min)  (°C)

21.846  2.484 Octadecanoic acid C,eH460,
21.850 4.597 Octadecanoic acid C,eH460,
22.006 2.351 Hexadecanamide C,cH3,NO
22.010 3.171  Hexadecanamide C,sH5,NO
22012 1.494 Hexadecanamide C,sH5,NO
22.016 1.598 Hexadecanamide C,eH5,NO
22.139 3.728 Docosane C,,H,e
23.543 3.891 9-Octadecenamide, (2)- C,sH,NO
23.546  1.611 7.560 3.308 9-Octadecenamide, (Z)- C,gHNO
23.742 0.924 1.011  Octadecanamide C,gH,,NO
23.745  0.560 2.061 Octadecanamide C,gH,,NO
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1.N119ATIZULLLLUTZHNL (Proximate analysis)
nnsaAIziesAlsnautLUl sz aadunsueN e ALsZNa LR 1NNE ANNTD LN
aaniily 4 ngu laun
1.1 NN9FAATIZY UIMTBANNTL LB A1TTELUE LATANTLDLAIA
ada a s dglj vaa a v
TEn13TATEiANTUALTEIENN5IATTYRE NI U (Standard Test
Methods for Proximate Analysis of Coal and Coke by Macro Thermogravimetric Analysis:
ASTM D7582) #28ILA3a493LAT1ZWN14 AL FAINIGANNNFAUAENATRANDFINNFIFLNATA

(Thermogravimetric analysis, TGA/DTG) §1 TGA701 aMnU3HN LECO anfima@ld i
TaqiiuiduiAresdadinsnsiiaaIN1TnnI ALY ANTY 1N A1995ME LATANTLBUAY
Faaanu lAviun AINNM9IRAINITgIYIALENMIN UATNNTRAEFRTRIANNTY ANTAYIFE LAY

AN UNMITNIR9A1TaunTeM IlaaneiasanANsa L

aunsad
dl a '8 s v ¥ a a a
1. meqmﬂwmmmammqﬂmm@umamﬂuﬂm@ﬂuﬂmqmmn
(Thermogravimetric analysis, TGA/DTG) §1 TGA701 AINLU3EN LECO a1rin
2. teiAgdLla

57
3. InAAINNTY

3BN1INARDY

1 fnnenagidalwaenfiguundl 750 asaaaidaaidunan 1 4alug vy
@@ﬂmﬁﬂmsﬁuﬁlu‘im@mmm%u

2. 1dﬂg%l,ﬁmﬂum?l@ﬁmew’mmmaﬁqm\imw?ﬂuﬁwmﬂﬁmm@ﬂumfﬁ
INFITNNTR ﬁmm”mﬁmﬁﬂm”fmﬂg%@mlﬁqﬁuﬁﬂm

3. M%Lﬁﬂﬂgmaﬂﬁ@ anviealilgann M‘?fﬂﬂﬁﬂﬂ’nmiuﬂﬁL‘]’j@@ﬂumﬁl@ﬁLﬂﬁ"]:ﬁ‘vir
nsaanefane AasdeudaemaliamesiunsAmesn Usznns 1 nsi wiasdufinimin

4. waAngmsnslinasdewit 10 evraadeaseud nmuldussannidlulnsiau
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grsn1sAuanluATasanzinIsaaafaniIaaniausatmnatiamasiungd
LNFIFN
Moisture = ((W+W,)-W,)/W x 100
Tnes Moisture A fagiaz 81 THNMAINTY
A 90J % a a 1% a [
W, Af muunmmmgmmwmwﬁm (NTX)
W, Aa Wmtineesagdidiasuiuininaesdanaaindslilugoes 0-120
= o
ANTALTLR (NTH)

A 901 o =l o
W AR UINUNUBNTANIA (NTH)

Ash = (W, x W,)/W x 100
Imel Ash A Seeazu3l3NnauEn
W, Ag ﬁwﬂmjmﬂﬁ@mwﬁuﬁmﬁﬂ 0N (N33)
W, Ae 5ﬁuﬁﬂ°ﬂ®aﬂg%l,ﬁaw§’@utlﬂﬂm (n§N)

A %’ o = o
W AR UINUNLBANTAINIA (NTH)

Volatile matter = (W xW,)/W x 100
Imel Volatile matter Aa Fo81az 1891 5HLA"TTvME
W, A ﬁmﬁnmmﬂgﬁLﬁmquﬁuﬁwﬁﬂ%qmm@mm (n5N)
W, A winzesagiidanfenhilafuuindaunandan (n5)

W A8 WNiinesdinng (nSN)

Fixed carbon = 100 - Moisture - Ash - Volatile matter

A %

Imgl  Fixed carbon Af FR8AZUBNLTNIANTUALASAA

Moisture A9 FAUAZIRILFNIUAINNTU
Ash A9 fasaraaILTNInLaN

Volatile matter Ag $a8aza89LFu1Ua1972me
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1.2 Mawzdiunusnaslsznauasueu lalasiau lulnsau uavdamas

FBnnaeiBunusgeslsznauafuau lalasiau lulnsiay uazdamas
( Standard Test Methods for Determination of Carbon, Hydrogen and Nitrogen in
Analysis Samples of Coal and Carbon in Analysis Samples of Coal and Coke: ASTM
D5373) é’qmﬁ%ﬁmmzﬁm@ CNH uaz S (CHN and S analyzer) aanu3Em LECO a1fin
FRBENNATYNUADN meldannzussannARfufaeendiaunie lumvae Ui
W1 (Induction furnace) Tnedamasazgnilaewldetluglaastameslnaanlad (S0,)
LATANTLBUAZYN Wasuliiluansdsznauensueunauenlas (CO) wazensuaulagan'las
(CO,) ©a9aN Funaunsrlust LLﬁ”mzLﬁumqmuﬁqmmr:iuuzvzqmmm‘%u@@ﬂ e
fnau3qna uniu luduneuselida weslaeanlasazgninfigansasudyoyrouuy
AunI9a (Infrered cells) 1pa04 wasaINNIsiaAIdames uiansuaunauanlEfaygn
pandndu luutannsueulasenlas warutadamleslneanladilanwdudamesing

o o

aanlaMFunasuanazgnasadadnyumaaaa UL

1.3 MIVATITHANANNTEY
AFN19AIANANFaU (Standard Test Method for Gross Calorific Value
of Coal and Coke: ASTM D5865) m”fml,m%amumm@@?ﬁmﬂ{(Bomb Calorimeter) §1
AC500 AN 131 LECO a1fin Auannisvinanu Inaldsaatieaslilugnuanil eI A
Aaat1agniugd liaanFeuaann mw%’ﬂmm’wmﬁlﬁ’ﬁuﬁﬁﬁﬁ@mauqﬂumﬁ
meflufimesidninaia azdnnisnlAsugnmnfizesti uazmeaunas ndwuaufeu
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4 1

2 MsAnEanasTimanzansentsuantsudan mannsinlsladatidesann
weldeaalsa arvsealigdun uaznanniu

ANNsANEan R zangTsLNTzLaunsAmiTEanmannasn

T@i@%mn%tﬁ@mmLﬂﬂﬁqmﬁﬂﬁm anudea g LL@zmnmLW\Ié’wLﬂ?;mﬂﬁﬂmi

WLILLUATI AZUAASHANITNARRIAIAITINN N.1 N.2 N.3 N.4 LAz N.5

F1979 1.1 HaTesgung)seiasaza lnvesuanineiiaatiminainnisinislaia

aeeanliyaadsia armdealilsaun uaznanniun

GV AL E ATV ST FaT VC BT Fa oV AT T2 Fa oW )

(RAANTALTEIZ) YRILNAT SIS WAA 1134340

NATRNRIUUYHFeFat Az A IRTenAR s ne NN T et AALEE

500 13.93 22.75 48.36 14.96
550 18.94 23.23 43.19 14.64
600 17.84 25.99 48.73 7.44

nATRNg U NFaiasazNa lnTenARi e Iaemina namseallgatn

500 39.30 14.38 10.76 35.57
550 39.57 17.81 28.46 33.93
600 31.21 13.19 28.46 27.14

v
HATDInIN e fatarNa lArasNARAaTTaenuInaINN NN

500 24.38 32.10 31.58 11.93
550 24.56 33.19 30.91 11.34
600 20.88 29.39 37.46 1217
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A1379 N.2 Naaaduia luinsausrefesazualaaesndansuaiingnuinainnisn

Tslagatiaeaanldfyadilda amsaalilsaui wazninniu

8907 aTRILAA NARHEUT NARNH LT NARADLST  NARATUST
Tulnsiau YRILUARA URI I WNa 1194340
(HadaRTAaLIN)

NATA9ERINTT IMAaTaILn g T IngaL Aafasazua leaadNanS e latNMInaIna

L?]Ifaﬂqmﬁﬂﬁ@
25 12.47 21.27 49.08 17.18
50 18.95 22.11 47.25 11.70
75 14.82 21.42 49.44 14.31

HATSERIINNT MATRILA A LU INTIAY Aasatazia bhIadNARS M lAtINMINAIN

amsealilganin
25 28.35 19.29 30.24 22.12
50 39.41 18.59 7.88 34.12
75 26.65 15.06 36.84 21.45

HAYRIBFATINNT MAaTadLAA luInTay Aasasazua lauasu AN s lagLnMinan

ANNILLN
25 23.13 30.29 3517 11.41
50 24.42 34.31 30.17 11.10

75 24.36 24.15 38.78 12.71
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F1379 1.3 HaTesgung)Nreiasazua lnvesuandineiiaaiminainnisinislaia

aasanlgaalsia arudealilgann uazninnium

. pARADY  WARAWT  WARAMYT  WARsTTWY®
IR (W) o o ¢
UBIUNAT SNILIN g il

Y v a o %’ % dp dl a o
NZ\]‘IJ@QL'MN’WD‘l’ﬂ?@ﬁl@ﬁﬂ@iﬂﬁl'ﬂ\?N@lﬁmm"ﬁiﬂﬂuq%uﬂ@qﬂ%L@’ﬂﬂﬂuﬁ’]@ﬂﬁl@

45 20.16 22.52 45.55 11.77
60 18.78 22.54 47.41 11.27
75 16.89 24.05 48.72 10.34

HaTRnasadatavka laenAninsTaeiiminanaiusaligdn

45 39.82 16.17 8.47 35.53
60 35.79 14.11 19.33 30.78
75 34.20 22.50 14.09 29.20

NATAIIANFRIDEALHNA LAUBINARST T AL MTNANAIANUN

45 26.29 34.38 27.44 11.88
60 24.56 34.74 29.19 11.51
75 22.40 29.87 34.42 13.30
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F139 N.4 naresfesazaaalisanseiesarna lAraduandnEiiaginuinan

nstnlslagatiaesanldeaassa aruiealilgdun uazninnium

Forpvdadalfisen  wAednel  wdRdmeel e@ednuel edaduedui

(Tagdnutin) YRILNAY YR WAA

% o 1 aaa Y k% a o % % d” d‘ a o
N@‘H'ﬂ\ﬁ"ﬂﬂﬂtﬁl']Li\?ﬂgﬂ?ﬁl’]ﬁ]ﬂi‘@ﬁl@:ﬁ&l@VLﬂﬂlﬂQN@ﬁlﬂm‘Vﬁ:ﬂﬁlu’muﬂ@’mmL@ﬂﬁlﬂ“ﬂ’]@ﬂﬁl@

(RN REY 16.73 23.57 47.65 12.04
3 19.09 22.81 46.13 11.77
5 20.19 24.33 44.93 10.56
10 18.81 22.87 49.90 8.42

navasfararidaliseseieuasnaldvesnandusilagiminainaminealigaun

TRz 33.96 25.68 13.73 26.63
3 37.45 14.78 14.78 32.99
5 40.61 17.59 7.06 34.74
10 39.44 16.93 8.15 35.48

HaTesFREaAaLL]) Tiensefeaazha lAresndnisilaguaminainninniug

TdAdsad Az 20.71 35.50 24.02 19.76
3 21.97 30.23 36.20 11.97
5 26.50 34.38 27.66 11.46

10 21.01 28.71 39.08 11.20
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FN979 1.5 HAe8RdInaesiaiURse e fenazna lhaasnanduailng

wninanmsinlslatatiaesanldaaalda amdaalilsaun uazninniun

ARIVAIUTRIFILI NARA DI NARADT  NARADI NARA UL WYIN
Unnsen UBILNAY 20444 uia

v o/ 1 aaa 1 % v a o 96’ o/ di/ dl a o/
N@m‘ﬂ\‘lﬁ“ﬂﬂ@zﬁ]ﬂ)Lﬁ‘\‘i‘ﬂ{]ﬂ?ﬁl’]ﬁl‘ﬂﬁ‘@ﬁl@:ﬁm@LLﬁmﬂQNZW]ﬂmeVﬁﬂilu’]ﬂuﬂ@WﬂsﬂL@ﬂﬂﬁlﬂﬂ’]@ﬂ[ﬂ@

0:1 18.50 22.97 46.04 12.50
0.2:0.8 19.18 22.45 44.59 13.78
0.4:0.6 17.36 23.65 47.51 11.47
0.5:0.5 20.19 24.33 44.93 10.56
0.6:0.4 15.42 23.19 46.68 14.71
0.8:0.2 17.30 22.54 49.69 10.48

1:0 18.41 21.82 50.47 9.31

navesferariusalisesefeuarnaliveuaniusilnainainamiealigaun

0:1 44.88 17.49 3.96 33.66
0.2:0.8 28.86 18.27 30.70 22.16
0.4:0.6 32.14 14.29 28.26 25.32
0.56:0.5 40.61 17.59 7.06 34.74
0.6:0.4 34.10 22.09 16.26 27.55
0.8:0.2 33.15 14.32 25.03 27.51

1:0 38.82 11.79 16.69 32.70

navesiatavAsaLisesefeaazka lfesnanusilaaumina nnInn I

0:1 21.70 28.56 38.04 11.71
0.2:0.8 20.74 31.87 35.44 11.95
0.4:0.6 21.72 30.94 35.86 11.48
0.5:0.5 26.50 34.38 27.66 11.46
0.6:0.4 21.51 28.65 38.23 11.61
0.8:0.2 23.38 29.85 34.56 12.21

1:0 21.88 28.88 37.59 11.65
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NIANUIN U
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ANANUAN A
NANIILATIZH GC-MS
a rgoj o a agljdl a o 1 a
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AN A1 LAPNEANIIILATIZYadAL seNa 189477 s nauaunaeIa9tindudanInann

g a o o a
AaasgAALFRN12EAHUNNTE

U

50 HadanssianIf a1 45 wi teelaldragel §isen

Q

A 550 avAaaiiag dnsinisinavasuialulngian

R.T Molecular
Area% Name of compound
(min) formula
2432 0.235 2-Propanone, 1-hydroxy- C,H.0,
3.772 0.621 1,2-Ethanediol, monoacetate C,H.0,
3.915 0.475 Succindialdehyde C,H,0,
4.963 0.309 2-Pentanone, 4-hydroxy-4-methyl- CH,,0,
5.232 0.281 2-Furanmethanol C,H0,
5.454 0.099 2-Propanone, 1-(acetyloxy)- C,H,0,
6.184 0.167 Butyrolactone C,H.0,
6.221 0.426 2(5H)-Furanone C,H,0,
6.423 0.151 1,2-Cyclopentanedione C.HO,
6.692 0.078 2(5H)-Furanone, 5-methyl- C.HO,
6.732 0.100 2,5-Furandione, 3-methyl- C,H,0,
7.120 0.374 2-Cyclopenten-1-one, 3-methyl- CeH,O
7.359 0.135 2(5H)-Furanone, 3-methyl- C.HO,
7.432 0.528 Phenol C,H,O
7.740 0.150 2-Furanone, 2,5-dihydro-3,5-dimethy CeH,0,
8.191 2.340 2-Cyclopenten-1-one, 2-hydroxy-3-methyl- C,H,0,
8.380 0.167 2-Cyclopenten-1-one, 2,3-dimethyl- CH,,0
8.443 0.783  3-Methoxy-3-methylbutyl acetate C,H,,0,
8.639 0.956  Phenol, 2-methyl- C,H,O
8.978 1.482  p-Cresol C,H,O
9.197 1.471  Phenol, 2-methoxy- C,H,0,
9.250 1.548 6-Oxa-bicyclo[3.1.0]hexan-3-ol C.H,0,
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R.T Molecular
Area% Name of compound

(min) formula
9.578 0.306 Maltol CsHeO4
9.681 0.518 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy- C,H,,0,
10.112 0.814  Phenol, 2,6-dimethyl- CgH100
10.225 1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-

0.399 pyrimidinone CeHN,O
10.421 0.580 Phenol, 3,5-dimethyl- CgH100
10.796 2.624 2-Methoxy-5-methylphenol CeH,00,
10.905 1.878 Catechol CeH:O,
11.055 1.169 1,4:3,6-Dianhydro-.alpha.-d-glucopyranose C,H:0,
11.297 0.499 1,6-Octadiene, 3-ethoxy-3,7-dimethyl- C,,H,,0
11.360 0.448 2-lsopropoxyphenol CoH,,0,
11.446 0.284 Phenol, 3-ethyl-5-methyl- CoH,,0
11.808 2.207 1,2-Benzenediol, 3-methoxy- C,H,O,
11.864 1.5655 4-Methoxybenzene-1,2-diol C,H,O,
11.970 2.160 Hydrogquinone CsHsO,
12.047 2.485 Phenol, 4-ethyl-2-methoxy- C,H,,0,
12.534 0.630 2-Methoxy-4-vinylphenol CoH,,0,
12.933 1.451  Orcinol C/H0,
13.039 9.808 Phenol, 2,6-dimethoxy- CaH1004
13.128 0.849 Eugenol CyoH,0,
13.178 1.305 Phenol, 3,4-dimethoxy- CeHi00;
13.261 0.745 Phenol, 2-methoxy-4-propyl- C,oH1.0,
13.686 1.602 Vanillin CgHeO5
13.795 0.973  Phenol, 2-methoxy-4-(1-propenyl)-, (2)- CioH120,
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RT Molecular
Area% Name of compound

(min) formula
13.885 0.528 1,4-Benzenediol, 2,6-dimethyl- CyH,,0,
14.286 6.159 3,5-Dimethoxy-4-hydroxytoluene CoH,,0,
14.333 4.470 trans-lsoeugenol C,,H,,0,
14.804 1.357  Apocynin CoH,,0,
15.076 0.349 2,4-Di-tert-butylphenol C,,H,,0
15.272 3.847 4-Ethyl-2,6-dimethoxyphenol C,,H,.0,
15.348 2-Propanone, 1-(4-hydroxy-3-

1.332 methoxyphenyl)- C,oH1.0,
15.733 2.100 Phenol, 4-ethenyl-2,6-dimethoxy- C,.H,,0,
15.966 1-Propanone, 1-(4-hydroxy-3-

0.367 methoxyphenyl)- C,oH:,0,
16.181 2.663 Phenol, 2,6-dimethoxy-4-(2-propenyl)- C,H,,0,
16.261 1.145  2,6-Dimethoxy-4-propylphenol C,H,:0,
16.745 3.112 2-Butanone, 4-(4-hydroxy-3-methoxyphenyl)-  C,.H,,O,
16.848 2.895 Benzaldehyde, 4-hydroxy-3,5-dimethoxy- CoH,,0,
17.300 6.853 (E)-2,6-Dimethoxy-4-(prop-1-en-1-yl)phenol  C,,H,,0,
17.668 Ethanone, 1-(4-hydroxy-3,5-

3.392 dimethoxyphenyl)- C,oH:,0,
18.066 3.732 Syringylacetone C,H,,0,
18.315 0.240 2-Allyl-3,6-dimethoxybenzyl alcohol C,,H,s0,
18.561 0.461 trans-Sinapyl alcohol C,H,,0,
18.630 1-Propanone, 1-(4-hydroxy-3,5-

1.444  dimethoxyphenyl)- C,,H..0,
19.335 1.037 Dihydrosyringenin C,H,0,

17 716
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R.T Molecular
Area% Name of compound
(min) formula
19.911 0.302 n-Hexadecanoic acid C,H1,0,
20.203 0.639 3,5-Dimethoxy-4-hydroxycinnamaldehyde C,,H,,0,
23.539 2.056 9-Octadecenamide, (2)- C,;H,:NO
25.859 0.604 (E)-3,3'-Dimethoxy-4,4'-dihydroxystilbene C.eH1s0,
26.380 0.752 Phenol, 4,4'-methylenebis[2,6-dimethoxy- C,H,,0,
<10 7 |+EI TIC Scan No,2_KL.d

5 13.042

& *17.303

3

2 R SN

1 8.198 * 10.796 | b1 * 23|.542 26.380

* I N . | I ‘ 21.976 . _!L' A
0l 4_957¢| ui.L;..LDiull-l-J s .f‘u.-.. LLLLd b S0 8 s

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Counts vs. Acquisition Time (min)

Ailsznatl .2 TasunTnanswesrmlsznasaasgansilsznaudunasaastindudoninann

v 1

AaatgARLFANNZAEUNIAMNR 550 B9AIEATd dRsnIgliasesuiialulngiau
1 al

50 HadaMIFaNIN 1981 45 W1 WIN AaLIaLATEN Cu/H-ZSM5 uas Fe/DM $eas 5

Tneniwmin ansndauaessaialijisen 0.5:0.5
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AN A.2 LAPNKANIIILATIZYRdALseNa 1189477 nataunaeua9tindudanInann

%Lgﬂﬂﬂuﬂﬂaﬂﬁ@ﬂﬂ:ﬁﬁﬂ [HuNN3RUUNH 550 avAmaiiaa dnsinisinavasuialuingian
50 HARARTAEUIN 1981 45 W7 AL AT Cu/H-ZSM5 uas Fe/DM Fasaz 5
Tneiomin fnTEULRIAaLNL TN 0.5:0.5
R.T Molecular
Area% Name of compound
(min) formula
3.772 0.462 1,2-Ethanediol, monoacetate C,H:0,
3.918 0.319 Succindialdehyde C,H.0,
4.230 0.136 3-Penten-2-one, 4-methyl- C,H,,0
4.821 0.150 2-Cyclopenten-1-one C,H,O
4.957 0.502 2-Pentanone, 4-hydroxy-4-methyl- C,H,,0,
5.229 0.266 2-Furanmethanol C,H0,
5.454 0.106 2-Propanone, 1-(acetyloxy)- C.H.O,
6.184 0.154 Butyrolactone C,H0,
6.214 0.497 2(5H)-Furanone C,H,0,
6.423 0.101 1,2-Cyclopentanedione C.H,O,
6.682 0.068 2(5H)-Furanone, 5-methyl- C,HO,
6.732 0.071 2,5-Furandione, dihydro-3-methylene- C.H,0,
7.116 0.356 2-Cyclopenten-1-one, 3-methyl- C,H,O
7.359 0.128 2(5H)-Furanone, 3-methyl- C.HO,
7.432 0.555 Phenol C,H,O
7.743 0.104 2-Furanone, 2,5-dihydro-3,5-dimethy CeH,0,
8.198 2.481 2-Cyclopenten-1-one, 2-hydroxy-3-methyl- CeH,0,
8.380 0.150 2-Cyclopenten-1-one, 2,3-dimethyl- C.H,,0
8.447 0.650 3-Methoxy-3-methylbutyl acetate C,H,,0,
8.643 0.721  Phenol, 2-methyl- C,H,O
8.981 1.405 p-Cresol C,H,0




AT A.2 (61R)

136

R.T Molecular
Area% Name of compound

(min) formula
9.197 1.548 Phenol, 2-methoxy- C;H0,
9.253 1.189  6-Oxa-bicyclo[3.1.0]hexan-3-ol C.H,O,
9.578 0.243 Maltol CeHqO;
9.681 0.565 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy- C,H,.,0,
10.112 0.699 Phenol, 2,6-dimethyl- CeHi O
10.228 1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-

0.433 pyrimidinone CgHi.N,O
10.388 0.434 Phenol, 4-ethyl- G400
10.424 0.607 Phenol, 3,5-dimethyl- CgH1o0
10.796 2.563 2-Methoxy-5-methylphenol CeH,00,
10.915 1.712 Catechol CH:O,
11.065 0.861 1,4:3,6-Dianhydro-.alpha.-d-glucopyranose C,H:0,
11.357 0.357 2-lsopropoxyphenol CoH120,
11.449 0.221 Phenol, 3-ethyl-5-methyl- CgH,,0
11.808 1.568 1,2-Benzenediol, 3-methoxy- C,H.0,
11.864 1.372  4-Methoxybenzene-1,2-diol C,H,O,
11.982 1.635 Hydroquinone CeHgO,
12.047 2.306 Phenol, 4-ethyl-2-methoxy- CoH1,0,
12.534 0.663 2-Methoxy-4-vinylphenol C,H,,0,
12.936 1.269 Orcinol C;H,0,
13.042 10.716  Phenol, 2,6-dimethoxy- CgH1004
13.132 0.990 Eugenol C,oH:,0,
13.178 0.874 Phenol, 3,4-dimethoxy- CeH,,0,4
13.261 0.674 Phenol, 2-methoxy-4-propyl- C,oH1.0,
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R.T Molecular
Area% Name of compound

(min) formula
13.689 1.605 Vanillin C,H,0,
13.799 0.964 Phenol, 2-methoxy-4-(1-propenyl)-, (2)- CyoH:,0,
14.290 6.789 3,5-Dimethoxy-4-hydroxytoluene CoH,,0,
14.336 4,565 trans-lsoeugenol C,.H,,0,
14.804 1.237  Apocynin CoH,,0,
15.076 0.344 2,4-Di-tert-butylphenol C,,H,,0
15.275 4127 4-Ethyl-2,6-dimethoxyphenol C,,H,,0,
15.352 2-Propanone, 1-(4-hydroxy-3-

1.270 methoxyphenyl)- C,oH1.0,
15.737 1.941  Phenol, 4-ethenyl-2,6-dimethoxy- CyoHy,0;,
15.969 1-Propanone, 1-(4-hydroxy-3-

0.325 methoxyphenyl)- C,oH1.0,
16.185 3.330 Phenol, 2,6-dimethoxy-4-(2-propenyl)- C,H,,0,
16.264 1.267  2,6-Dimethoxy-4-propylphenol C,H,s0;
16.745 3.342 2-Butanone, 4-(4-hydroxy-3-methoxyphenyl)-  C,.H,,O,
16.848 2.964 Benzaldehyde, 4-hydroxy-3,5-dimethoxy- CoH,,0,
17.303 7.168 (E)-2,6-Dimethoxy-4-(prop-1-en-1-yl)phenol  C,,H,,0O,
17.668 Ethanone, 1-(4-hydroxy-3,5-

3.358 dimethoxyphenyl)- C,oH:.0,
18.070 4.010 Syringylacetone C,H,,0,
18.564 0.435 cis-Sinapyl alcohol C,H,,0,
18.634 1-Propanone, 1-(4-hydroxy-3,5-

1.261 dimethoxyphenyl)- C,,H..0,
18.893 0.483 Caffeine CeH,N,O,
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RT Molecular
Area% Name of compound

(min) formula
19.334 1.033  Dihydrosyringenin C,H,0,
19.915 0.467 n-Hexadecanoic acid C1eHs,0,
20.203 0.689 trans-Sinapaldehyde C,H,,0,
21.976 0.326 Hexadecanamide C,eH3,NO
23.542 2.336 9-Octadecenamide, (2)- C,gHiNO
25.863 0.603 (E)-3,3'-Dimethoxy-4,4'-dihydroxystilbene C.6H160.
26.380 0.880 Phenol, 4,4'-methylenebis[2,6-dimethoxy- C,;H,,04
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AN A.3 LAPNKANIIILATZYRdALseNa 1189477 nataunTeIa9tindudanInann
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Ufaninzaiiunisguuugil 550 asAmaiiaa dnsnisinateuiialulnsian

! P

50 NARARIFDLNN

1981 60 W1 FALNLATEN Cu/H-ZSM5 uaz Fe/DM §aeiay 5

Tneniwtin dmsndouaassinisel])isen 0.5:0.5

R.T Molecular
Area% Name of compound
(min) formula
3.772 0.457 1,2-Ethanediol, monoacetate C,H:0,
3.911 0.441 Succindialdehyde C,H,0,
4.237 0.057 3-Penten-2-one, 4-methyl- C,H,,0
4.963 0.225 2-Pentanone, 4-hydroxy-4-methyl- CeH,,0,
6.184 0.111 Butyrolactone C,H,0,
6.217 0.397 2(5H)-Furanone C,H,0,
6.416 0.097 1,2-Cyclopentanedione C.HO,
6.682 0.060 2(5H)-Furanone, 5-methyl- C.HO,
6.728 0.080 2,5-Furandione, 3-methyl- C.H,0,
7123 0.205 2-Cyclopenten-1-one, 3-methyl- CeH,O
7.355 0.087 2(5H)-Furanone, 3-methyl- C.HO,
7.432 0.263 Phenol C,H,O
7.740 0.089 2-Furanone, 2,5-dihydro-3,5-dimethy! C,H,0,
8.195 2.285 2-Cyclopenten-1-one, 2-hydroxy-3-methyl- CeH,0,
8.377 0.097 2-Cyclopenten-1-one, 2,3-dimethyl- C.H,,0
8.443 0.607 3-Methoxy-3-methylbutyl acetate CyH, 0,
8.642 0.484 Phenol, 2-methyl- C,H,0
8.981 0.955 p-Cresol C,H,O
9.197 1.262  Phenol, 2-methoxy- C,H,0,
9.253 1.249  6-Oxa-bicyclo[3.1.0]hexan-3-ol C.H,0,
9.578 0.274 Maltol C,HO,
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R.T Molecular
Area% Name of compound

(min) formula
9.681 0.605 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy- C.H,,0,
10.112 0.540 Phenol, 2,6-dimethyl- CgH100
10.220 1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-

0.462 pyrimidinone CgHiN,O
10.421 0.430 Phenol, 3,5-dimethyl- CgH10
10.796 2.401 2-Methoxy-5-methylphenol CeH,00,
10.925 1.126 Catechol CeHO,
11.068 1.143 1,4:3,6-Dianhydro-.alpha.-d-glucopyranose C,H:0,
11.446 0.140 2,4-Dimethoxytoluene C,H,,0,
11.811 0.918 1,2-Benzenediol, 3-methoxy- C,H,O,
11.861 1.252 4-Methoxybenzene-1,2-diol C,H,O,
11.984 1.426 Hydroquinone CsHsO,
12.047 2.569 Phenol, 4-ethyl-2-methoxy- C,H,,0,
12.534 0.545 2-Methoxy-4-vinylphenol CoH,,0,
12.943 1.190 Orcinol C,H0,
13.045 11.970 Phenol, 2,6-dimethoxy- CeH100;4
13.132 0.989 Eugenol C,oH:.0,
13.178 0.462 Phenol, 3,4-dimethoxy- CeHi00,
13.261 0.788 Phenol, 2-methoxy-4-propyl- C,oH1.0,
13.689 1.702  Vanillin CgHeO5
13.795 0.966 Phenol, 2-methoxy-4-(1-propenyl)-, (Z)- CioH120,
14.290 7.783 3,5-Dimethoxy-4-hydroxytoluene CH,,0,
14.336 3.902 trans-Isoeugenol CyoH:20,
14.804 0.919 Apocynin CoH,,0,
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R.T Molecular
Area% Name of compound

(min) formula
15.080 0.739 2,4-Di-tert-butylphenol C,,H,,0
15.275 5.956 4-Ethyl-2,6-dimethoxyphenol CyoH.,0,
15.348 2-Propanone, 1-(4-hydroxy-3-

1.414  methoxyphenyl)- C,H:,0;4
15.737 1.642 Phenol, 4-ethenyl-2,6-dimethoxy- C,.H,,0,
15.966 1-Propanone, 1-(4-hydroxy-3-

0.188 methoxyphenyl)- C,oH1.0,
16.185 3.246 Phenol, 2,6-dimethoxy-4-(2-propenyl)- C,H,,0,
16.264 1.677  2,6-Dimethoxy-4-propylphenol C,H,0,
16.745 3.493 2-Hydroxy-4-isopropyl-7-methoxytropone C,,H,,0,
16.848 2.951 Benzaldehyde, 4-hydroxy-3,5-dimethoxy- CoH,,0,
17.303 7.954  (E)-2,6-Dimethoxy-4-(prop-1-en-1-yl)phenol  C,,H,,0O,
17.668 Ethanone, 1-(4-hydroxy-3,5-

3.196 dimethoxyphenyl)- C,oH:,0,
18.070 4.591 Syringylacetone C,H,,0,
18.564 0.436 trans-Sinapyl alcohol C,H,,0,
18.630 1-Propanone, 1-(4-hydroxy-3,5-

1.326 dimethoxyphenyl)- C,,H..0,
19.341 1.302 Dihydrosyringenin C,,H,:0,
19.915 0.443 n-Hexadecanoic acid C.sHs,0,
20.203 0.742  3,5-Dimethoxy-4-hydroxycinnamaldehyde C,H.,0,
21.976 0.333 Hexadecanamide C,sH3,NO
23.542 2.371 9-Octadecenamide, (2)- C,gH:NO
25.863 0.717  (E)-3,3"-Dimethoxy-4,4'-dihydroxystilbene C,H,0,
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R.T Molecular
Area% Name of compound
(min) formula
26.048 0.285 3',4'-Dimethoxyflavonol C,;H,,0
26.384 0.986 Phenol, 4,4'-methylenebis[2,6-dimethoxy- C,;H,,04
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AN A4 LAPNEANITILATIZYRdAL 2eNa L9417 s nataunae a9t udanInann

o

AaatgARLFAN Nz AEBNIAMNR 550 B9ALTATd dRsnIgiiasesuiialulnsiay

1 al

50 HadanIFauIT 1981 60 WIN AL ATEN Cu/H-ZSM5 uas Fe/DM $asias 5

Toeniwmin ansndouressaialiisen 0.5:0.5

R.T Molecular
Area% Name of compound
(min) formula
3.762 1.187 Acetic anhydride C,HO,
3.905 0.715 Succindialdehyde C,HO,

4.223 0.249 3-Penten-2-one, 4-methyl- C,H,,0
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R.T Molecular
Area% Name of compound
(min) formula
4.814 0.231 2-Cyclopenten-1-one CsHsO
4.946 0.936 2-Pentanone, 4-hydroxy-4-methyl- C.H,,0,
5.218 0.412 2-Hexanone, 3-methyl- CH,O
5.441 0.213 2-Propanone, 1-(acetyloxy)- C,H0,
6.174 0.319 Butyrolactone C,H:0,
6.204 0.928 2(5H)-Furanone C,H,0,
6.413 0.196 1,2-Cyclopentanedione C.H.0,
6.671 0.113 2(5H)-Furanone, 5-methyl- C.HO,
6.724 0.085 2,5-Furandione, 3-methyl- C.H,0,
7.106 0.739 2-Cyclopenten-1-one, 3-methyl- C,H,O
7.345 0.263 2(5H)-Furanone, 3-methyl- C.HO,
7.424 1.394 Phenol CeHsO
7.736 0.172  2-Furanone, 2,5-dihydro-3,5-dimethy! C,H,0,
8.194 3.977 2-Cyclopenten-1-one, 2-hydroxy-3-methyl- CeH,0,
8.373 0.273 2-Cyclopenten-1-one, 2,3-dimethyl- C,H,,0
8.44 0.996 3-Methoxy-3-methylbutyl acetate CgH,0,

8.639 1.556 Phenol, 2-methyl- C;H0
8.977 3.050 p-Cresol C,H;0
9.196 1.673  Phenol, 2-methoxy- C;H:0,
9.253 1.209  6-Oxa-bicyclo[3.1.0]hexan-3-ol C.H,0,
9.571 0.325 Maltol CeH O,
9.674 0.673 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy- C,H,,0,

10.118 1.445  Phenol, 3,5-dimethyl- CgH,0
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R.T Molecular
Area% Name of compound
(min) formula
10.387 0.754 Benzeneethanol, 4-hydroxy- CgH,00,
10.42 1.142  Phenol, 3,5-dimethyl- CgH100
10.795 2.641 2-Methoxy-5-methylphenol CeH,,0,
10.911 1.290 Catechol CHO,
11.356 0.418 2-Isopropoxyphenol CoH,,0,
11.446 0.491 Phenol, 3-ethyl-5-methyl- CeH,,0
11.811 1.317 1,2-Benzenediol, 3-methoxy- C,H,0,
11.867 1.848 4-Methoxybenzene-1,2-diol C,H,O,
11.977 2.225 Hydroquinone CeHgO,
12.046 2.325 Phenol, 4-ethyl-2-methoxy- CoH1,0,
12.534 0.658 2-Methoxy-4-vinylphenol C,H,,0,
12.936 1.552 Orcinol C,HO,
13.038 8.627 Phenol, 2,6-dimethoxy- CgH,,0,
13.131 1.024  Eugenol C,oH:,0,
13.178 0.709  Phenol, 2,6-dimethoxy- CaH1004
13.261 0.594 Phenol, 2-methoxy-4-propy!- C,oH1,0,
13.689 1.743 Vanillin CgHg O,
13.798 1.092 Phenol, 2-methoxy-4-(1-propenyl)-, (2)- C1oH1,0,
14.286 4.602 3,5-Dimethoxy-4-hydroxytoluene CoH,,0,
14.332 3.587 trans-Isoeugenol C,oH1,0,
14.804 1.349 Apocynin CgH 40,4
15.079 0.514 2,4-Di-tert-butylphenol C,,H,0

15.272 2.122 4-Ethyl-2,6-dimethoxyphenol CoH1,0;4
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RT Molecular
Area% Name of compound

(min) formula
15.348 2-Propanone, 1-(4-hydroxy-3-

0.855 methoxyphenyl)- C,,H:,0,4
15.736 1.386 Phenol, 4-ethenyl-2,6-dimethoxy- C,,H,,0,
15.968 1-Propanone, 1-(4-hydroxy-3-

0.293 methoxyphenyl)- C,oH:.0,
16.184 2.418 Phenol, 2,6-dimethoxy-4-(2-propenyl)- C,H,,0,
16.264 0.562 2,6-Dimethoxy-4-propylphenol C,,H,0,
16.745 2.447 2-Butanone, 4-(4-hydroxy-3-methoxyphenyl)-  C,.H,,O,
16.848 2.575 Benzaldehyde, 4-hydroxy-3,5-dimethoxy- CoH,,0,
17.299 5.386 (E)-2,6-Dimethoxy-4-(prop-1-en-1-yl)phenol ~ C,,H,,0,
17.668 Ethanone, 1-(4-hydroxy-3,5-

2.483 dimethoxyphenyl)- C,oH:,0,
18.066 2.280 Syringylacetone C,H,,0,
18.308 0.553 Octadecane CeHa
18.574 0.481 Isopropyl myristate C,,H,,0,
18.633 1-Propanone, 1-(4-hydroxy-3,5-

1.294 dimethoxyphenyl)- C,,H..0,
18.892 2.441 Caffeine CeH,N,O,
19.357 0.872 Dihydrosyringenin C,,H,:0,
19.924 1.325 n-Hexadecanoic acid C.sHs,0,
20.203 0.747 trans-Sinapaldehyde C,H.,0,
21.979 0.509 Hexadecanamide C,sHsNO
23.545 4.720 9-Octadecenamide, (2)- C,sHyNO
25.866 0.418 (E)-3,3-Dimethoxy-4,4'-dihydroxystilbene CsH:s0,
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Tnendwidn dnsndinaesdigeliisen 0.5:0.5

R.T Molecular
Area% Name of compound

(min) formula
2.415 0.068 Benzene CeHs
2.840 0.186 Propanoic acid C,H0,
2.956 0.060 2-Propanamine, N-(1-methylethylidene)- CeH N
3.371 0.111 2-Pentene, 4-methyl-, (E)- CeHis
3.487 0.038 5-Hexen-2-one CeH1oO
3.849 0.060 Propanoic acid, 2-methyl- C,H,0,
3.865 0.943 Acetamide C,H,NO
4.217 0.665 3-Penten-2-one, 4-methyl- C,H,,0
4.953 0.531 2-Pentanone, 4-hydroxy-4-methyl- C.H,,0,
5.216 0.498 Butanoic acid, 3-methyl- C.H,,0,
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R.T Molecular
Area% Name of compound

(min) formula
5.362 0.395 Butanoic acid, 2-methyl- CH,,0,
5.445 0.354 3-Octanamine CgHigN
6.198 0.126 Propanamide, 2-methyl- C,H,NO
7.011 0.692 3-Amino-5-tert-butylpyrazole C,H,.N,
7.193 0.344 Pyrrole, 1-methyl-3-(1,1-dimethylethyl)- CoH, N
7.329 0.380 1-Methyl-2-tert-butylpyrrole CoH,:N
7.379 0.436 Phenol, 4-(ethylamino)- CgHNO
7.449 4.672 Phenol CeHgO
7.591 4.341  Pyridine, 2,4,6-trimethyl- CgHiN
7.750 1.434 Butanamide, 3-methyl- CsH;NO
7.860 0.287 2-Aminopyridine CsHgN,
8.646 0.796 Phenol, 2-methyl- C/HO
8.875 1.200 Pyridine, 2-ethyl-4,6-dimethyl- CoH N
8.915 1.028 4-tert-Butylpiperidine CoHigN
8.988 5.715 p-Cresol C;H0
9.469 2.802 2-Ethyl-6-isopropy! pyridine CyoHyN
9.625 2.556 4-Piperidinone, 2,2,6,6-tetramethyl- CH,;NO
9.811 0.973 Succinimide C,H.NO,
9.968 0.699 Benzyl nitrile CgH/N
10.123 1.762  Phenol, 2,4-dimethyl- CgH,00
10.365 0.893 2-Methylpyrazole-3-carboxamide CsH,N,O
10.415 1.524  Phenol, 4-ethyl- CgH,,0
10.611 2.759 2-Ethyl-3,5-dimethylpyridine CoHyaN
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R.T Molecular
Area% Name of compound

(min) formula
10.796 1.173  Pyridine, 2,4,6-trimethyl- CgHiN
11.042 Pyrazolo[1,5-a]pyridine, 3,3a,4,7-tetrahydro-

3.165 2,3,3-trimethyl-, (3aS)- C,oHi6N,
11.211 0.685 Spiro[5.5]undec-8-en-1-one C,H,sO
11.311 0.256 Phenol, 2,4,5-trimethyl- CgH,,0
11.370 0.422 1H-Pyrrole-2,5-dione, 3-ethyl-4-methyl- C,H,NO,
11.480 1.385 Benzenepropanenitrile CoHgN
12.263 5.450 Indole CgHN
12.558 1.168 1,2,4-Cyclopentanetrione, 3-(2-pentenyl)- C,oH:,04
13.521 3.592 1H-Indole, 2-methyl- CoHoN
14.499 0.854 1,4-Benzenediol, 2,3,5-trimethyl- CgH,,0,
14.742 0.668 3-Ethyl-1H-indole CioHyN
15.084 0.485 2,4-Di-tert-butylphenol C,,H,,0
15.163 0.952 Phenylpropanamide CgHyNO
15.405 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-

0.640 4,4, 7a-trimethyl-, (R)- C,H;s0,
15.737 0.872 3-(4-Hydroxyphenyl)propionitrile C,H,NO
17.221 3.234 Heptadecane CiHz
17.400 3-Methyl-2,3,6,7,8,8a-hexahydropyrrolo[1,2-

0.512 alpyrazine-1,4-dione CgH,,N,O,
17.871 1.080 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-  C,H,,N,0O,
18.718 0.668 Neophytadiene CooHag
18.794 2.722  Cyclo(L-prolyl-L-valine) CioHisN,0,
19.156 2.231 Linoleyl methyl ketone CioH3,0
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RT Molecular
Area% Name of compound
(min) formula
19.341 1.426 Hexadecanenitrile C Hy N
19.673 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-
4.291  3-(2-methylpropyl)- C,,HsN,O,
19.780 Octahydrodipyrrolo[1,2-a:1',2'-d]pyrazine-
0.896 5,10-dione-, (5aR,10aR) (isomer 2) C,oH..N, O,
20.002 1.543 n-Hexadecanoic acid C,H,,0,
20.165 5.237 9H-Pyrido[3,4-b]indole C,H:N,
21.993 0.583 Hexadecanamide C, H,NO
23.540 10.501  9-Octadecenamide, (2)- C,;H,NO
23.736 3.983 Octadecanamide C,;H,,NO
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A9 A.6 LARSKNANTTILATZReAU sTNaL e Tl sznaLBuRE eI Inan
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Tneniwtin dmsndouaassinisel])isen 0.5:0.5

R.T Molecular
Area% Name of compound
(min) formula
2.415 0.064 Benzene CeHg
2.843 0.243 Propanoic acid C,HO,
3.351 0.091 3-Penten-2-one, (E)- CsHO
3.487 0.053 5-Hexen-2-one CeH,,0
3.865 0.797 Acetamide C,HNO
3.938 0.708 Acetamide C,HNO
4.164 0.035 Butanoic acid C,H0,
4.22 0.481 3-Penten-2-one, 4-methyl- CeH,,0
4.953 0.602 2-Pentanone, 4-hydroxy-4-methyl- C.H,,0,
5.209 0.467 Butanoic acid, 3-methyl- CsH,00,
5.358 0.617 Butanoic acid, 2-methyl- C.H,,0,
5.451 0.699 Propanamide C;H,NO
6.191 0.251 Propanamide, 2-methyl- C,H,NO
6.987 0.147 Pentanoic acid, 3-methyl- CeH,,0,
7.077 0.848 Pentanoic acid, 4-methyl- CeH,,0,
7.186 0.181 Dimethy! trisulfide C,H:S,
7.349 0.219 Pyrrole, 1-methyl-3-(1,1-dimethylethyl)- CoH N
7.442 5.322  Phenol CeH:0
7.598 2.305 Pyridine, 2,4,6-trimethyl- CyH, N
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R.T Molecular
Area% Name of compound

(min) formula
7.757 1.863 Butanamide, 3-methyl- CgHNO
7.863 0.197 2-Aminopyridine CsHeN,
8.643 1.151  Phenol, 2-methyl- C;H,O
8.713 0.248 2-Amino-4-methylpyrimidine C,H.N,
8.878 0.546 Pyridine, 2-ethyl-4,6-dimethy!- CoH N
8.912 1.724 2-Propen-1-amine, N,N-bis(1-methylethyl)- CoHiN
8.985 6.369 p-Cresol C,H0
9.177 0.130 2,5-Pyrrolidinedione, 1-methyl- C,H,NO,
9.353 0.150 2-Pyridinamine, 3-methyl- CeHgN,
9.469 2.040 2-Ethyl-6-isopropyl pyridine C,oH, N
9.625 3.350 4-Piperidinone, 2,2,6,6-tetramethyl- CyH,;NO
9.804 0.989 Succinimide C,H.NO,
9.967 0.803 Phenol, 2-ethyl- CgH,,0
10.119 2.055 Phenol, 2,4-dimethyl- CgH, 0
10.358 0.991 1-Methyl-1H-imidazole-4-carboxamide C,H,N,O
10.408 1,605 Phenol, 4-ethyl- CgH 0
11.307 0.316 Phenol, 2-ethyl-4-methyl- CeH,,0
11.37 0.596 1H-Pyrrole-2,5-dione, 3-ethyl-4-methyl- C,H,NO,
11.48 1.521 Benzenepropanenitrile CoHgN
12.26 6.485 Indole CgHN
13.52 2.902 1H-Indole, 2-methyl- CoHoN
15.083 0.652 2,4-Di-tert-butylphenol C,,H,,0
15.163 0.755 Phenylpropanamide CoH,;NO




A1919 A.6 (A1)
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R.T Molecular
Area% Name of compound

(min) formula
15.405 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-

0.540 4,4,7a-trimethyl-, (R)- C,,H,.0,
15.734 1.106  3-(4-Hydroxyphenyl)propionitrile CyHNO
17.224 3.577 Heptadecane CiHzg

17.4 1.177  Uric acid C,H,N,O,

17.871 0.821 Pyrrolo[1,2-alpyrazine-1,4-dione, hexahydro-  C,H,,N,O,
18.717 2.728 Neophytadiene CooHag
18.797 2.497 Cyclo(L-prolyl-L-valine) CioHi6N,0,
19.345 4.750 Hexadecanenitrile CieHaiN
19.783 Octahydrodipyrrolo[1,2-a:1',2'-d]pyrazine-

1.848 5,10-dione-, (5aR,10aR) (isomer 1) C,oH1.N,O,
20.002 9.153 n-Hexadecanoic acid C.eH3,0,
21.997 15.124 Hexadecanamide C16HyNO
23.543 4.334 9-Octadecenamide, (2)- CigHsNO
23.736 0.779 Octadecanamide C1gHyNO
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nwsznau A.7 Tasun s nasAlsenataadanslssnauaunaeiaaundudoninann

amsealilsarininzaniiunisgnmnd 600 asata@ad dnsnagiuasesuialulasiau

50 HadanIFauIN 1IA1 45 W1 WIR ARL3aLAEEN CuH-ZSM5 uas Fe/DM $etas 5

Tneniwidn dnsdiuaesdaigelisen 0.5:0.5

AN A.7 LAPNEANIIILAIZYadAL 7o Na 189477 s nataunaeuadtindudanInann

amsealilsarininzaniiunisgnmnil 600 asAtetamad dnsnagiuasesuialulasiau

50 HaAARIABUNT 1981 60 WIN FaieLjTen Cu/H-ZSM5 uaz Fe/DM $aeay 5

Tneniwin ensndiuressaigalijisen 0.5:0.5

R.T Molecular
Area% Name of compound

(min) formula
2.415 0.093  Benzene CeHs
2.817 0.171  Propanoic acid C,H,0,
3.354 0.172  3-Penten-2-one, (E)- CsHgO
3.487 0.073  5-Hexen-2-one CeH,,O
3.835 0.188  Propanoic acid, 2-methyl- C,H;0,
3.912 0.913  Acetamide C,H;NO
4.220 0.606  3-Penten-2-one, 4-methyl- CgH,,O
4.953 0.677  2-Pentanone, 4-hydroxy-4-methyl- CeH,,0,
5.166 0.224  Butanoic acid, 3-methyl- C.H,,0,
5.325 0.132  Pentanoic acid, 4-methyl- C.H,,0,
5.421 0.364

Propanamide

C,H,NO




AN A.7 (619)
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R.T Molecular
Area% Name of compound
(min) formula
5.474 0.442  3-Octanamine CgHioN
6.211 0.130  Propanamide, 2-methyl- C,H,NO
6.970 0.139  Pentanoic acid, 3-methyl- CeH,,0,
7.047 0.648  Pentanoic acid, 4-methyl- CeH,,0,
7.189 0.105  Dimethyl trisulfide C,HgS;
7.432 4.264  Phenol CeHsO
7.611 0.768  Pyridine, 2,4,6-trimethyl- CeHiN
7.757 1.576 Butanamide, 3-methyl- CsH,,NO
7.880 0.128  2-Aminopyridine CsHeN,
8.646 0.849  Phenol, 2-methyl- C,HgO
8.911 4143 4-tert-Butylpiperidine CoHigN
8.984 6.055 p-Cresol C/HO
9.465 1.111 Hexanamide CeH sNO
9.621 5.792  4-Piperidinone, 2,2,6,6-tetramethyl- CoH,;NO
9.794 1.173  Succinimide C,HNO,
9.966 0.622  Pnenol, 2-ethyl- CgH,0
10.112 2.237  Phenol, 2,4-dimethyl- CgH100
10.358 1.444  2-Methylpyrazole-3-carboxamide CsH,N,O
10.404 1.990  Phenol, 4-ethyl- CgH,0
11.304 0.178  Phenol, 2,4,5-trimethyl- CoH,,0
11.370 0.771  1H-Pyrrole-2,5-dione, 3-ethyl-4-methyl- C,H,NO,
11.483 1.064  Benzenepropanenitrile CoHgN
12.259 5.277 Indole

CgH,N




AN A.7 (619)
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R.T Molecular
Area% Name of compound

(min) formula
13.520 3.029  1H-Indole, 2-methyl- CoHgN
14.745 0.627  3-Ethyl-1H-indole C,,;H; N
15.083 0.915 2 4-Di-tert-butylphenol C,,H,0
15.163 0.715  Phenylpropanamide C,H,,NO
15.408 0.486 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-

4,4, 7a-trimethyl-, (R)- C1iH160,
15.727 1.950  3-(4-Hydroxyphenyl)propionitrile C,H,NO
17.223 3.044  Heptadecane CiHse
17.399 1.210 3-Methyl-2,3,6,7,8,8a-hexahydropyrrolo[1,2-

alpyrazine-1,4-dione CgH,,N,O,
17.869 0.637  Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-  C.H, N,O,
18.717 2.288 Neophytadiene CaoHas
18.793 2.483 Cyclo(L-prolyl-L-valine) CioHisN,0,
19.158 1.240  Linoleyl methyl ketone C1eH3,0
19.344 4.720  Hexadecanenitrile CieHyN
19.679 0.866 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-

3-(2-methylpropyl)- C,H N0,
19.782 1.884 Octahydrodipyrrolo[1,2-a:1',2"-d]pyrazine-

5,10-dione-, (5aR,10aR) (isomer 1) C,H1aN,0O,
19.995 8.721 n-Hexadecanoic acid C.6H5,0,
20.174 0.658  9H-Pyrido[3,4-blindole CiH:N,
21.993 14.337 Hexadecanamide C,6HNO
23.539 4.767  9-Octadecenamide, (2)- C1gH3sNO
23.735 0.905  Octadecanamide

C,gH;,NO
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nilsznau A.8 TasunTnanswaslsynasaadgnssznatduyaeaastindudoninann
nInnWHNNREAHWNTgUNNE 550 aAEaLTad §RgIn17iuateuialuingian 50

Naaanssiawnn 1an 45 wih T ldeasaizen

AN914 A.8 LAANKANIIIATIZYadAL s nataa9dnslsynatauaeiaaun T uianInann
nnNUNNIEAHUNNI MR 550 avAnmaliea ansanisinavasuialulngian 50

Nananssiawn 1an 45 wii Tdldsasa)nsen

R.T Molecular
Area% Name of compound
(min) formula
2.418 0.032 Benzene CeHe
4.237 0.037  3-Penten-2-one, 4-methyl- CgH,,O
4.966 0.126  2-Pentanone, 4-hydroxy-4-methyl- CsH,,0,
7.425 1.770  Phenol CeHsO
7.64 0.049  Pyridine, 2,4,6-trimethyl- CgHiN

8.188 0.207  2-Cyclopenten-1-one, 2-hydroxy-3-methyl- CeHgO,
8.387 0.020  2-Cyclopenten-1-one, 2,3-dimethyl- CH,,0
8.639 0.597  Phenol, 2-methyl- C,H;0
8.921 0.674  2-Propen-1-amine, N,N-bis(1-methylethyl)- CoH N
8.981 1.831  p-Cresol C,H;0
9.565 0.487  3-Pyridinol C,H,NO
9.678 0.239

2-Cyclopenten-1-one, 3-ethyl-2-hydroxy-

C7H1OO2




A1919 A.8 (A1)
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R.T Molecular
Area% Name of compound
(min) formula
9.807 0.211  3-Pyridinol, 6-methyl- CeH,NO
9.956 0.317 Phenol, 2-ethyl- CgH,,0
10.079 0.093  Glutarimide C.,H,NO,
10.116 0.662  Phenol, 3,5-dimethyl- CgHi O
10.391 0.511  Phenol, 4-ethyl- CgH,,0
10.424 0.966  Phenol, 3,5-dimethyl- CeH,,0
10.567 0.110  Phenol, 2,3-dimethyl- CgHi O
10.792 0.495  Phenol, 3,4-dimethyl- CeH,,0
10.892 0.085  4-Pyridinamine, 2,6-dimethyl- C,H, N,
10.955 0.110 Catechol CeHsO,
11.204 0.085  Phenol, 2-propyl- CH,,0
11.293 0.110  Phenol, 3-(1-methylethyl)- CgH;,0
11.350 0.114  Phenol, 2-ethyl-4-methyl- CoH,,0
11.446 0.195  Phenol, 3-ethyl-5-methy!- CH,,0
11.509 0.191  Phenol, 2,4,5-trimethyl- CeH,,0
11.748 0.442 phenol, 2,3,5-trimethyl- CoH,,0
11.977 6.774  Hydroquinone CeHs0,
12.950 0.483  Orcinol C,H,0,
13.526 0.662  1H-Indole, 2-methyl- CgHoN
14.748 0.248  3-Ethyl-1H-indole C,.H, N
14.854 0.162  1H-Indole, 5,7-dimethyl- CioH 1IN
14.904 1.136  Pentadecane CisHa,
15.076 0.637

2,4-Di-tert-butylphenol

C14H22O




A1919 A.8 (A1)
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R.T Molecular
Area% Name of compound
(min) formula
16.095 0.495 Hexadecane CieHa,
17.226 1.003  Heptadecane Ci7Hae
18.305 0.386 Qctadecane CiaHse
18.972 40.588 (Caffeine CeHoN,O,
19.357 2.654  2-Heptadecanone C7H;,0
19.589 0.779  Hexadecanoic acid, methyl ester C,,H.,0,
20.024 19.352  n-Hexadecanoic acid C,H2,0,
21.030 0.686 Zz-8-Methyl-9-tetradecen-1-ol formate CisH300,
21.309 0.690  Octadecanenitrile CigHasN
21.494 0.199  Methyl stearate C,H3:0,
21.601 1.664 9 12-Octadecadienoic acid (Z,2)- C,sH3,0,
21.647 2.504  QOleic Acid C,H,,0,
21.694 1.985  cis-Vaccenic acid C.sH4,0,
21.846 2484 Octadecanoic acid C,H30,
22.012 1494 Hexadecanamide C16HyNO
23.546 1.611  9-Octadecenamide, (Z)- C1gHysNO
23.745 0.560  Octadecanamide

C,sH;,NO
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nwtsznay A.9 Tasuninsnsmesdlsenauaasanstsenauguvsdaesinduioninain
nINNIWHNNREAHEWNTgUNNE 550 a9AEaITad §Rg1n17ateuialuingian 50
NaAaRIAauIN 1987 45 WA W ez Cu/H-ZSM5 uaz Fe/DM Fatiaz 5

Tendmin ensndinaesdaialiisen 0.5:0.5

AN A.9 LAPNKANITLATIZYRdALIeNa L9417 s nauaunTe a9t udanInann
nINNWHN1EAHNNTgUNNE 550 avAEaEad §R9In17ateduiialuingian 50

Nananssiawn 1an 45 uii T ldsaadieen

R.T Molecular
Area% Name of compound

(min) formula
2.415 0.056 Benzene CeHs
2.797 0.082  propanoic acid C,H:0,
4.154 0.113  Butanoic acid C,HO,
4.227 0.087  3-Penten-2-one, 4-methyl- CeH,,0
4.953 0.467 2-Pentanone, 4-hydroxy-4-methyl- CsH,,0,
5.224 0.421  2-Furanmethanol CsHeO,
6.181 0.200 Butyrolactone C,H:0,
6.957 0.118  Pentanoic acid, 4-methyl- CeH,,0,
7.127 0.195  2-Cyclopenten-1-one, 3-methyl- CeHgO
7.429 6.632  Phenol CeHsO
7.634 0.246

Pyridine, 2,4,6-trimethyl-

C,H,N




A1919 A.9 (F])
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R.T Molecular
Area% Name of compound
(min) formula
7.780 0.164  Butanamide, 3-methyl- C,H,,NO
8.185 0.662  2-Cyclopenten-1-one, 2-hydroxy-3-methyl- C,H:0,
8.377 0.164  2-Cyclopenten-1-one, 2,3-dimethyl- CH,,0
8.640 2.079  Phenol, 2-methyl- C,HgO
8.925 1.848  2-Propen-1-amine, N,N-bis(1-methylethyl)- CoH N
8.985 4.825 p-Cresol C.H,O
9.058 0.416 Heptanoic acid C,H,,0,
9.194 0.524  Phenol, 2-methoxy- C,H;0,
9.542 0.559  3-Pyridinol C,H,NO
9.625 0.323  4-Piperidinone, 2,2,6,6-tetramethyl- CqgH;,NO
9.675 0.539  2-Cyclopenten-1-one, 3-ethyl-2-hydroxy- C,H,,0,
9.798 0.498  3-Pyridinol, 6-methyl- CgH,NO
9.957 0.898  Pnhenol, 2-ethyl- CgH,0
10.080 0.164  Glutarimide C,H,NO,
10.113 1.612 Phenol, 2,4-dimethyl- CgH100
10.388 1.011 Phenol, 4-ethyl- CgH,,0
10.425 2.167  Phenol, 3,5-dimethyl- CgH, O
10.564 0.508  Phenol, 2,3-dimethyl- CgH, 0
10.793 1.021 Phenol, 3,4-dimethyl- CgH,,0
10.889 0.175  4-Pyridinamine, 2,6-dimethyl- C,H,N,
10.954 0.482 Catechol CeHgO,
11.201 0.190  Phenol, 2-propyl- CoH,,0
11.291 0.323

Phenol, 3-(1-methylethyl)-

CyH,,0




A1919 A.9 (F])
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R.T Molecular
Area% Name of compound

(min) formula
11.350 0.339  Phenol, 2-ethyl-4-methyl- CoH1,0
11.443 0.416  Phenol, 3-ethyl-5-methyl- CoH,,0
11.503 0.616  Phenol, 2,4,5-trimethyl- CeH,,.0
11.745 0.826  Phenol, 2,3,5-trimethyl- CeH .0
11.969 7.889  Hydroquinone CeH:O,
12.293 0.559  Naphthalene, 1-methyl- CiiHio
12.528 0.406 2H-Inden-2-one, 1,4,5,6,7,7a-hexahydro-7a-

methyl-, (S)- CioH:,0
13.637 0.678 Tetradecane CisHso
14.742 0.421  3-Ethyl-1H-indole C,,HN
14.901 2.233 Pentadecane CisHa,
15.070 0.888 2 4-Di-tert-butylphenol C,,H,0
16.092 0.909 Hexadecane CieHa,
17.144 0.765 1-Heptadecene CiHs,
17.224 2151 Heptadecane CiHse
18.299 0.652  QOctadecane C.gHass
19.351 3.793  2-Heptadecanone C/H3,0
19.584 1.145  Hexadecanoic acid, methyl ester C,;H3,0,
20.015 25.603 n-Hexadecanoic acid C6H3,0;
21.027 1.299  7-8-Methyl-9-tetradecen-1-ol formate C.6H100,
21.306 1.201  Octadecanenitrile CigHasN
21.489 0.303  Methyl stearate CoH550,
21.592 1.617 9 12-Octadecadienoic acid (Z,2)- C,H2,0,
21.641 3.362  Qleic Acid

C18H3402
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A1919 A.9 (F])

R.T Molecular
Area% Name of compound

(min) formula
21.691 2.197  cis-Vaccenic acid CigH3,0,
21.840 2.803 QOctadecanoic acid CigH30,
22.006 2.351  Hexadecanamide C,6H3NO
23.543 3.891  9-Octadecenamide, (2)- CigH3NO
23.742 0.924  Octadecanamide CH3NO
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A1319 A.10 LAAINANNTILATERIALszNauTasdNsUsznaudurTduasinadi@aninann

nnnunARzANTEuNIgUNYR 550 avAnEaLTd Sn9Iniguateufialulngian 50

NaAARIFaWIN 19A1 60 WP FiageljiFen CuH-ZSM5 uaz Fe/DM faeias 5

Tneniwtin dmsndouaassinisel])isen 0.5:0.5

R.T Molecular
Area% Name of compound
(min) formula
2.418 0.093 Benzene CeHs
4.233 0.104  3-Penten-2-one, 4-methy!- CeH,,0
4.963 0.359 2-Pentanone, 4-hydroxy-4-methyl- CeH,,0,
7.422 5.048 Phenol C,H:O
7.637 0.139 " Pyridine, 2,4,6-trimethyl- CgHiN
8.185 0.590  2-Cyclopenten-1-one, 2-hydroxy-3-methyl- CeHgO,
8.643 0.058  Phenol, 2-methyl- C,H,O
8.915 1.702 1 2 3-Trimethylpiperidin-4-one CgH,sNO
8.978 1.922  pCresol C,H;0
9.037 0.637 Heptanoic acid C,H,0,
9.193 5.222 Phenol, 2-methoxy- C,H;0,
9.552 0.266  3-Pyridinol C,H,NO
9.621 1.389  4-Piperidinone, 2,2,6,6-tetramethyl- CoH,;NO
9.674 0.683 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy- C,H,,0,
9.797 0.602  3-Pyridinol, 6-methyl- CgH,NO
9.956 0.903  Phenol, 2-ethyl- CgH,,O
10.073 0.266  Glutarimide C.H,NO,
10.418 2.756  Phenol, 3,5-dimethyl- CgHi O
10.560 0.313  Phenoal, 2,3-dimethyl- CgH1 0
10.789 1413 Phenol, 3,4-dimethyl- CgH1 0
10.889 0.243

4-Pyridinamine, 2,6-dimethyl-

C7H1ON2




m1919 A.10 (F)
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R.T Molecular
Area% Name of compound
(min) formula
10.948 0.313 Catechol CeH:O,
11.201 0.243  Phenol, 2-propyl- CoH,,0
11.390 0.556  Ppatulin C,H:O,
11.443 0.544  Phenol, 3-ethyl-5-methyl- CoH,,0
11.503 1.262  Phenol, 2,4,5-trimethyl- CeH,,0
11.745 19.324  Phenol, 2,3,5-trimethyl- CeH,,0
11.970 0.729 Hydroquinone CgHeO,
13.520 1.679  1H-Indole, 2-methyl- CoHoN
14.744 0.463  3-Ethyl-1H-indole C,oHN
14.900 1.123  pentadecane CisHa,
15.073 1.413 2 4-Di-tert-butylphenol C,,H,0
16.092 1424 Hexadecane CieHa,
20.303 1.957 Eicosane CooHs
21.242 0.567 Heneicosane CoHy,
21.488 7144 Methyl stearate C,H40,
21.604 5.662 9 12-Octadecadienoic acid (Z,2)- C,sHs,0,
21.654 7.086  Qleic Acid CsH3,0,
21.697 4.261  cis-Vaccenic acid C,eH1,0,
21.850 4.597  QOctadecanoic acid C1sH360,
22.016 1.598  Hexadecanamide CieH5NO
22.139 3.728 Docosane C,oHue
23.546 7.560  9-Octadecenamide, (Z)- C1gHasNO
23.745 2.061  Octadecanamide

C,gH;,NO




165

x10 8 |tEI TIC Scan No,3_coffee.d
1 18.949
0.8 \
0.6
0.4 |
| *22.010 * 28988
0.2 *8.915 *11.975 17.224 | | o
4 6 8 0 12 14 16 18 20 22 24 26 28 30 32 34

Counts vs. Acquisition Time (min)

nilsznau A.11 Tasun s nasmilsznataedanslsenauauyizeiaatinudanInann

nINNWHNNREATEWNTgUNAH 600 avAEAEad §A91n17ateuialuingiaw 50

NadansAauIN 1987 45 WA W el jisen Cu/H-ZSM5 uaz Fe/DM Fatiaz 5

Tnend i nsndiuaessaiialijisen 0.5:0.5

AN A.11 LAPNKANITILATI Y RIAL sena 1994179 naudunseIaItindudanInann

nINNIUNANIEANHLNNIY U 600 avAmaliaa ansinsinarasuialulnsiay 50

NaRANIABUT 1981 45 WIW ALNLGATEN Cu/H-ZSM5 uaz Fe/DM $ataz 5

Tnendamin ansndinresdaigaliisen 0.5:0.5

R.T Molecular
Area% Name of compound

(min) formula
2.415 0.047 Benzene CeHs
2.793 0.051  Propanoic acid C,H0,
3.490 0.031  5-Hexen-2-one CeH,0O
4.124 0.094  Butanoic acid C,HgO,
4.227 0.215  3-Penten-2-one, 4-methyl- CH,,O
4.957 0.344  2-Pentanone, 4-hydroxy-4-methyl- C,H,,0,
6.924 0.039  pentanoic acid, 4-methyl- CeH1,0,
7.428 1.894  Phenol CeHsO
7.621 0.863

Pyridine, 2,4,6-trimethyl- Cs

H, N




AT N A.11 (pi9)
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R.T Molecular
Area% Name of compound

(min) formula
7.969 0.125  Piperidine, 2,3-dimethyl- C HisN
8.643 0.519  Phenol, 2-methyl- C,H,0
8.915 2.074  2-Propen-1-amine, N,N-bis(1-methylethyl)- CoH N
8.985 1.765 p-Cresol C,H;0
9.479 0.156  2-Ethyl-6-isopropy! pyridine CoHisN
9.529 0.566  3-Pyridinol C,H,NO
9.622 1.929  4-Piperidinone, 2,2,6,6-tetramethy!- CqgH;,NO
9.771 0.301  3-Pyridinol, 6-methyl- CgH,NO
9.957 0.281  Phenoal, 2-ethyl- CgH,,0
10.113 0.543  Phenol, 3,5-dimethyl- CgHi O
10.332 0.305  3-Pyridinol, 6-methyl- CgH,NO
10.418 1.050  Phenol, 3,5-dimethyl- CgHiO
10.498 0.102  Octanoic acid CgH,0,
10.564 0.180  Phenol, 2,3-dimethyl- CeH,00
10.617 0.074 3 ,4-Pyridinedimethanol, 6-methyl- CgH,;NO,
10.803 0.590  Phenol, 3,4-dimethyl- CgHi O
11.198 0.086  Phenol, 2-propyl- CH,,0
11.291 0.090  Phenol, 3-(1-methylethyl)- CqgH,,0
11.347 0.105  Phenol, 2-ethyl-4-methyl- C,H,,0
11.443 0.184  Phenol, 3-ethyl-5-methyl- CoH,,0
11.506 0.305  Phenol, 2,4,5-trimethyl- CoH,,0
11.745 0.504  Phenol, 2,3,5-trimethyl- CoH,,0
11.975 5.182

Hydroquinone

CeHs0,
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R.T Molecular
Area% Name of compound
(min) formula
12.256 0.324  Indole CgH;N
13.520 0.621  1H-Indole, 2-methyl- CoHoN
14.745 0.238  3-Ethyl-1H-indole C,,HN
14.901 0.519  Pentadecane CisHa,
15.073 0.562 2 4-Di-tert-butylphenol C,,H,,0
16.092 0.375 Hexadecane CieHas
17.224 1.136  Heptadecane CiHse
18.299 0.332 QOctadecane C,gHass
18.949 39.050 Caffeine CgH,oN,O,
19.351 2.538 Hexadecanenitrile CieHaiN
19.587 0.652  Hexadecanoic acid, methyl ester C,,H;,0,
20.015 18.131  n-Hexadecanoic acid C,H2,0,
21.309 0.676  Octadecanenitrile CigHasN
21.595 1.031 9 12-Octadecadienoic acid (Z,2)- C,sH3,0,
21.644 2472 Qleic Acid C,H,,0,
21.694 1.457  cis-Vaccenic acid C.sH4,0,
21.844 1.804  Octadecanoic acid C,H30,
22.010 3.171  Hexadecanamide CieHyNO
23.546 3.308  9-Octadecenamide, (2)- C1gHysNO
23.742 1.011 Octadecanamide

C,gH;,NO
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