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ABSTRACT

Catalytic fast pyrolysis is known as a process for converting solid biomass
into high quality bio-oil with reduced oxygen content. Nevertheless, rapid
deactivation of traditional catalyst like ZSM-5 is a crucial problem to be solved. In
this work, two-stage catalytic fast pyrolysis was applied by using a primary low-cost
catalyst as a first stage and a typical ZSM-5 catalyst as a second stage catalyst bed.
Several types of catalysts were screened using a micro-reactor pyrolysis-GC/MS
system. Subsequently, selected catalysts were tested in a continuously-feeding fast
pyrolysis unit based on bench-scale bubbling fluidised-bed (BFB) reactor with and
without product gas circulation. In the two-stage catalyst screening test, CoMo/Al,04
and CaO showed equivalent potential for hydrocarbon production in comparison
with ZSM-5 catalyst. In the bench scale study, only CoMo catalyst was selected as
candidate primary catalyst. The result showed that for non-catalytic pyrolysis without
the gas circulation, the bio-oil, char and gas yields were 75, 17 and 8 wt%,
respectively. When applying the gas circulation, the bio-oil yield was decreased to 64
wt% with the increase of gas yield to 18wt%, whereas the char yield remained
unaffected. When applying catalysts, the bio-oil organic-rich fraction was separated
into heavy and light phases. By using only ZSM-5 in the bench-scale unit, the heavy
bio-oil was increased from 5.3 wt% to 6.2 wt% when applying product gas
circulation, but the light fraction slightly decreased from 3.3 wt% to 2.9 wt%. When
applying two-stage catalytic process in the BFB reactor, the heavy bio-oil remained

around 5.2-5.4 wt%, whereas the light fraction reduced significantly to merely 0.4-0.5



wt% for both with and without product gas circulation.

Keyword : Rubber Wood, Catalyst, Fast Pyrolysis, two-Stage Catalyst, bubbling

fluidised-bed reactor, Gas Circulation
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pandlaumuazUSinamalavadlulosssdas



1.2 IngUuszasAvansive

1.2.1 wiomaduresiussufiseuvuaestuneudeiniedlnlsladanialasu
Insnail/uuaaalnsiives

1.2.2 Wefnwinavesgunainlilunszuiunsinlsladauaz nsisefizeves
FuseufAteeuTinunaliuazandivedlulosssdiudnainliforamisluedes fnsal
WaBladiuanuunes

1.2.3 iilemaduresiassl fisendmiulslunisinlsladauuuiilagldiss
UfRsouvuansiuneuiidsmalivimamalduazan iivedlulosssdffiganisliveuiund
Anuiluedesufnsalvigdladiunuuumes

1.2.4 eAnwmaveansliufandndusimuulunssuiumsinlsladauuuiivie
iU uuvansiuneuseiinunaliuarautfivesiuloossaiinananlionamsly

iwsesUfnsalvigdladiuauwuunas
1.3 YAUWAVBINTITY

a o 1 I 1 & dl' a [3%
YAULIANITIFYWUIDDNTIU 2 drufanisnnasdtutaIadnlsladawialasuilng
ns/uuaaUalnsiimesuazinsasunsalvigdladiuanuunes Inelistvavidundssialuil
1.3.1 w3nalnlsladawialasunsnsil/wuaalalnsiwmos

1.3.1.1 sfuUsau

1. nslddnssufisewuunistuneu ldun Seadulnd, wueviduidag,
Faroanles, relilaseanlus/dsdeanlyd, Twadulninszduselow, nmdeulasenlyd
euwma), mnifleulasenlyn, Innmfeulaeenled (lnd), lavean/luduady,
Auvraledy, Auuulnlud, fuasin, Ialalud, siudla, weslan, wesiiglad, Lesliglas
nszAuMmEnIa, Flolad wasuraldeueanlen
2. Msldisauiseruuuanstunou Inetunoulsnldnisaufisen laua
I3 YN a & '3 s fa & s I3 a1 P
Wuevfnuilay, Bereenled, redileiean/laddedeanled, Feadulniiniunisnsedu
meled, mnilleulaeenled (ewwma), nmnllvuleesnlea, nndllvuleesnlea (5lnd),
lavean/lududvy, Auviialedy, Autuwlnlug, Auasni, Tlalalus, Wulld, washay,
ca ¢ & a ¢ ~ I3 a ¢ ' & a Yo 1
weilalan, esiinlavinaunse, Blelad uavwaalousenled wazdiutunaunaedldiiise

UfAseToaoula



3. 9RIIEIUTENINAUTUATEN ZSM-5 wasdiuda 2:1 3:1 way 41
1.3.1.2 MuUseny
1. 9AUTENDUNMNLALIVDINANITITFLT

1.3.1.3 fuusauny

1. lWensmnswuineynia 0.075-0.150 fiadkuns

2. 9p31EuTEnINEL TS asINa 2:1

3. gaunniilnlslada 500 ssrwades

4. peduil Ultra-alloy capillary column (30 m - 0.25 mm - 0.25 pum)

5. pruAugMgiianeufl 45 ssmiwaidea 1Wuan 4 und winen 45 1Ju
300 esAALTea M8n31n151%ANTeU 6 D walTaadeunT Snwigungdl 300
asrwaed [Wuan 5 widl

6. 8nnsivauiagidenyiiiu 1 anssdeunii

1.3.2 insesuinsaimgdladiuauuumies

1.3.2.1 fanusau

1. mslgsaseufizendsznoulumenislddussufisenuunistunaulas
WUUERITUR DU
Y a Y & 6V 1% 1 a Y & &y
2. nMsldudndaunuiausenaulumsnisuyuinnas vy uiundndueiuia
ndva gl

1.3.2.2 fUsny

1. YSuaumaldvesndnfaaildannnszuiunislinlsladawuuiia
Taun luleosgauasaudinin

2. auUAv89a1UTIN N oA ATNEIUANNSaRLaTUSHIMNALANIaNE Y

3. guvdvedlulennsd Iaun USuimin (water content) AnA11u¥euy
(heating value) N1531A5183R 5 AU U (CHNO) wazn1siinsiziesdusznouniuai
(GC/MS)

1.3.2.3 fudsauny

1. Wensmnswuineynia 0.212-0.600 fiadkuns

2. §rsmslouingiv 160-170 n3usedalus

3. gaumgilnlsladauaziseUisen 500 asrnaides

a. nanildlunisneass 90-100 W9



5. dnnsivaveuialulasauluddowtinuis 4 Gasseund

6. snsnshravesuialulasiaulueuinsal 6 aasseui

7. nefifluuneynia 0.250-0.425 fadluns

8. Usnamseglumunsalvigdladiuauuunas 150 nsu

9. negniETigamail 575 sarniwaldea Wuan 4 alug

10. 8p5ausEnIdBIU e uastawiiy 2:1

11. Mm3U3T 0.28-0.30 Falae?

12. gungivivdeiduganivuiudlguiUssanm 2530 esrusalfoa
U 1 9

a

13. gamrundudlsuIndauisnauuadlvuiguugiuszuia -70

Y

DIFNVALTEE FIUIU 6 Y9
1.4 wanlasu

1.4.1 ny1uisesdusznauiaivenszuiunisinlsladaluiniednlslada
wAalasulnsns i/ uuaaalnsiines

1.4.2 nsuiimsdadduresinissujitedmadenisinujizelunisinlslada
wuualnensldfisaufseuuuaestuneuluedesinlsladaufalasunlnsns il uaaiun
nsiwes

a

1.4.3 n510isan1zvesiIuUsTimanzauvesgungiinisinlsladauazomngd
Maswiioanllomnnderiinamaldgaazantiveslulosssdnimnnusougs

1.4.4 vswiinsdadifuresiissuiteidmarenisiinuiiselunsinlslada
wwualesmsldisaiisouuuassiuneulueiesufnsaingsladiuauuunes

1.4.5 ansondnlulesssdniiuinamnalivazautinfnmsldsussujisewuy
aostumeulnsnavauuuAaniualdlyalluedesfnsaigBladiuauuunes

1.4.6 losussdnnuaudininenmiazaudaniuniivewdnsioe

1.4.7 annsathesdanuiildlsesenlunuidesioly

1.4.8 unauIToduNsausuluseAUUTSINANS D TEAULIUITA



1.5 Jenudnianie

1.6.1 nszurunsinlsladauuuida (fast pyrolysis) ManefeansguIuNITAAIERINY
Aueuiguvgil 400-600 sAwaldea InsusiAainoendiaunaziinainaogved
Lolnlsla@atioundn 5 i

1.6.2 in3naUfnsaingdladiuauuumes (bubbling fluidized-bed reactor) vaneis
wissufnsainldlunszviunisinlsladanuuiwmaglinseduidislouaudouis
dnwauymsiedeuivesiinarsangleunnufoundenaseinie

aaa

1.6.3 #139U{ATe1 (catalyst) nunsfsansfivagissujaseveslelnlslada

£
=

ilgnsnsinUisenindulasUSuUgsaudRvandnsioe

1.6.4 §139UAT8UVADITUMBY MU18DIN15ITAILIULATe 2 vl
lusosnsaliiariuaudfivedlulosssduazannisdenaninvasiatssiizen

1.6.5 n1snyuIuRdndugiLia (gas circulation) nungdienisulelnlslagaain
nszuunsilianunsanusiulaunnyuunduinldlussuudness InegldUugayayinie

a o ¢ =% a ayy =~ % 2 '

1.6.6 nansinan vunefiedantaainnszuiunsinlslafaUsenoume veawdasendy
1 a a 1 I3 6V
g1utinn vesmasunilulosssd wasuia

1.6.7 luleeaud (bio-oil) nu188998UNaINAINNAITAIVRUUAIBUILAE
gamuuuumglihadavedlelnlsladalidnuazduveanaimilagen

1.6.8 61U (char) MangfadiuIafgnaalgiInienusaulunszuIung
TnlslaGauuuiifidnvazilurowidm

1.6.9 ufanluaiursanivudula (non-condensable gases) nueislolnlslada

Nlianunsamuwiusistuavyamuidumgliiatiola



1.6 LHUNITANLUIIY

mMaviideiiununsandunuegluniaseun 1/2562 Sannaieuil 1/2563 iy

3 NASEULAELSIYALLREAAINNGIE 1

AN519 1 HUNITABLUNITANEN

LAUIUITY

1/62

2/62

1/63

- WYL

0.A.

u.a.

LN,

N.A.

..

0.A.

1. I LAnlAsInendnus

2. @9UNLASIINGIRNUS

3. Anwinavesgunginlyly

nszUIUNSInLslada

A

v

4. Anwinavesgunginldlunis

R IRREEY

A

v

5 ANWINANITIAAINUAILT S

UAseuwuuanatunau

v

6. ANYINAVDINITUYUIULAA

NANAUN

7. a3UuALIATIEINANITNAREY

8. 1 WEUINYTNUS

v

9. ADUINYUNUS

10. LYLNIHNAIIUIVY




1.7 uUssuad

a o IS I Yo dy (% 6 1 = 14
Nuidedenldanelunisyedaguazaunsalsng q weldlunisvnaass
2

Tneds19aLLdunRINIG

AN519 2 uUsTInantgluanulve

U FIANFDUULE 57U
$16013 .

(Me) (V) (U m)
wPaNeaaa 95 Wasidu 20 dns 1 1,600 1,600
Asalfnsen 1 4,540 4,540
oxqlau 95 Wesidu 2.5 ans 1 1,020 1,020
187 1/2 i 3 75 225
NIALIINU 1 800 800
Naiisae 2 300 600
UDRDVNBIARDIA NN 2 40 80
one way 1@ 1 520 520
yansasauintiUiunsedua 1 600 600
Yoroaean 1/2 i 12 30 360
Tou 10 10 100
18879 50 RS 1/2 i 1 730 730
Juagyanie 1 2,200 2,200
UIUIA
(60 cm x 100 cm x 2.5 cm) \ o 70
faileens 5 100 500
FNUnayN 5 45 225

EREY 15,000
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1.8 @01UNALUIIUIFY

1.1 qudeiviguinnssundsnuazoiauazduwindsy (mun.) an1dulde
enmaniuazmaluladuisszmelng (37.)
1.2 NguATETULUIMINAIUNITUENAR18TFINIAMILAUTOU AUYIAINTTUAEAS

UPINYIRYURIFITAN



UNi 2

Usvirdianansdaya

NuITelfnwvTuanalauazautiveslulesssanlaainnszuiunisinlslada
Frawuusilegldiisjiewuvasstuneuniinsnyuiuiazlivyuiundadueiuia
navinldniluesesufnsaingdladiuanuunles FeldvinnsAinwAuaimgufineideaiie

T ludeyanigliveuvniuide lnefieazdondweluil
2.1 ¥wa

F118A0a 1T UNTIM I ULNAIN NLAUNTNIUIIN WA NATIABHIUNTZUIUNTT

v
=< a =

FUATIEAULALAZANTULDININFTTUTIR F9a1usavunlddudeindanlondsnuainu

v a U v & ) = a ~ A v PP = '3 Ao W
Foudnnsdudundinunyuisusianidaimlanusssuwd Feunalesdusenaundfy
fasaluil

2.1.1 99PUsENaUALYITINIA

aefUsznaundnvesdinlawuseanilu 3 ¥da laun waglad (cellulose)

(%
a

wilwaglaa (hemicellulose) wagdniiu (lignin) Aanmusenau 1 [12] isvazidenswialuil

T T A9, T
o D o BT
o o oh M 4o o OH
HO OH HO OH
o E@’"N "% @JHM
HO o M o OH
o HO OH

HO
N 27 NS LT
HO g8 no on M

AMNUsENoU 1 1Assas19ve9a9nlsenauTiuna
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2.1.1.1 waglaaifunodusansls (polysaccharide) Usgnousethmaliana
Aenvilafiende nglaa (glucose) Useuay 50,000 latana Wousotuluaelndes
(polymer chain) uazdnisasiegrndussfoudenindsenau 1 Feinlifianadundnas
Wuszdanuudausiiazaarefdinineliwaglaa Jgnsvnaniiveavaglaafo (CoHy O,
il m Aesziuvesmedimelsiudu [13] waglaadesaaeiigamnil 240-350 sarvalTya
[12] Wesannsaanedaiduujisenuuganduniiufou (endothermic) a1ansaaais s
nanevlule (volatilization) yililUsuua I mTee

2.1.1.2 wiiwaglaafunedugaailsindrefumaglaa wivsznauseiina
Imaqmﬁmmmwﬁm loun nglea (glucose) nuantna (salactose) wuulua (mannose)
lalaa (xylose) o¥519ua (arabinose) lassainsluianaidonseifuasenn usazansaziFes
yuusanmuszney 1 yilvidnvazidudule Jetuseianuudusadesisiedenisedos
aangfmnenueu dgnsnaniveseliwaglaafa (CsHgOy)y, [13] Laﬁmaqiaa&iasamaﬁ
gl 130-260 e waided [12] wasidunszuiunismeninuiau (exothermic) Adneiu
andiu TnewdunszuiunsvdnivinliiAnanuganm

2.1.1.3 anfluPusdugiu (amorphous) FaideuofUIsBULUUIIIUN (cross-
link resin) Wulassaislinueuiifsiuduania Yssnoulusmeldluanaveseanddium

waTllalwsinu (oxygenated phenyl propane) anfiutdudruusynevluniasaasiuiu

' '
= S

waglad weillwaglaa uazdiuusznaumaiu (pectin) Faudousalaiiiwaglaamyiuszlan

& < dll 1 | a < s 1 [ o Y @ ¢ =Y
wuilun1sigoudaluUs19unveInadudnalsandeiy MIiKdueadud s @ud
ANUIENBU 1 ansnIuailvesdniuae [CoHyOs (OCHs) 1 7], [13] Andlugasaansil
gauuQil 280-500 asrwaltya [12] anfluduisliwaglaaiinufisenuunieninusouinig

'
a a =

as1ausylnddnalnusunuaudinwiudulaganizaniu F9lasaas19nUsenaunie

299¢15UNANYINABDNITAANYHINIIAILS DU
2.1.2 audRnugIuYesIIg
va = I3 2 dy o [ o a I~ [

audAvesdinlaludeyaiugiudviunisirdivtauuvandundanu

(conversion process) tipsanautatuiduigiglunisidennssuiunisulastnaiu

Y] ~ ~ wa =~ P a & - a %

wasumanrauiian neaudRvesdiuiausenauniy Ysuiuanuduniedsuiaii

(moisture content) @155¢4e (volatile content) A1sUauAen (fixed carbon) 181 (ash) wag

ANMINNSaU (calorific value) H518azidensanalul
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2.1.2.1 Ysnruanudunievsinadnludediuiegludiuiaseumtn ves

£
=2

Frnanaous FadurneilifnUsinaeuiuiitatuanniswasuslamwesanimernia
Usunamnuduluandaiiinasenszuiunisudasihuradundinu noenizegied
nszuruMsklasnasulaglgnIuieu (thermal conversion process) Mndauiaiiusuie
muunndwaliiiaugeum (lower heating value)

2.1.2.2 arsszmefegludiuna WegnviliFeuiigamgliasduuiliunatedule

=

naungnN g TUVUEREINUNINTINIATATTEREAINTEUIUNISH LY LA LA R

Y

gudinm audadiinadeniseanwuukaznishinusauvenasesnsal

=]

2.1.2.3 m15upumemduguiuuveand sl (chemical energy) igniiulilu

Y

£%
v

Frunauazyia Faduriifianuddylunstintuanautazsinaisuamdanulneisnis
wnlndvisom syl duuia

2.1.2.4 iduesiimdonnnszuiunsitldanansawnivdldvieusununisuay
flsiansngesaatsliniadanan (nonbiodegradable carbon) Jufutladediddaytadonds
Tun1seanuuuiaiesufnsal

2.1.2.5 Ararufewdulsunaainudoudiinainniswalug (combustion)
IfﬂﬁﬁalﬂﬁiWﬂaﬂu%auLLamﬂ,ugﬂsuaaﬂ‘%mmmm%’awiauﬁwmaﬁmﬁfﬂw‘%wﬁwmﬂﬂ%mm
WU MJ/ke dmSureaudsuasueavial way MJ/CM? dusuinia AranuSeuntseandu 2
sUnuUl#uA A1adeuga (higher heating value) iumamideuiivaosmnannsiunl
LLazimﬁ’ummm%’auummmmiﬂmEJLﬁulaﬁwaamm%uﬁaeﬂu%ama WaAAINLSa U
(lower heating value) A1A1uSoufivassoonuiainniswalndi@intainalaenseiu
A [14]

2.1.3 fnenndnalulssinelng
Useinalnedondninumsnssugs Tuudasdduiinanaosldfiddyanuanie

nsineAsAe Tanumaeldn1insinynIvseannswlsgy 1w et unau nindey gy

d1Ugnd wazundundiu Wudiu USnadhmavietaguieldluudazUazulsiunazve

Y

AUUSUIUNANARNINITINYASVBIUSELNARIRISIE 3 [15]



A15719 3 Anenndiulaveslsemnalned 2560

R Gnaihly | Ui | gy
a Namam = ;% L4 = 124 a
wiln . e | ldUsglewd | wawmdeld | zgyx | 971989
(lwneaw) o o
(lngeu) Gunzaw) | (My/ke)
Y UDBY 0.126 8.399 6.43
908 28862 |gaauay [16]
0.131 8.716 6.82
Tu
. LNav 0.186 5.808 12.85
U1 25.236 » [17]
W97 0.361 11.277 8.83
141 .
4.655 a1nu 4.185 0.47 14.98 [18]
gNS)
Alnkay
11U - 0.095 2.719 13.38
. .| 30940 |waen [19]
d1denag »
LANN 0.529 15.162 10.61
Ngaly
. 0.677 6.390 16.44
wan
Unda 1y 0.233 2.199 16.19
Y 14.916 [20]
UL Nan 0.077 0.728 17
Tu 4.119 8.848 7.97
AU 0.369 3.479 14.86
o oy 21,
Y1ILNA 4.892 | 499717le 0.288 1.220 16.63
22]
U 109.501 11.376 75.415

*eaufousi (lower heating value, LHV)
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2.2 Fauangluauivy

1378191157 (rubber wood) Fan19inem1ans Hevea brasiliensis wulsiduduinil

L4 A aa A 1

918Usea0 20-25 U mnugauszanad 30-40 wuflins arufillenytiesiudenidideus

9

= & - 2 ' o s s o = -~ a !
WieongannTudenidudimiseu i waztinna dienslldnuazdviviemdeseynigly
= o a o PR ] O a v ‘Yo A
Wienlfuazanmnsasuninendlanusonguseinn 5-6 U iethenasudesasaulidueinia
ArUngesnwmIndusedaunazignivi Wenswignlauindilsudesiaulsuiluviou

dnsulidulifngiuwusguidumesiiaes nszuiunsdesldendidmumionnnisides 2

P o

41U AetAnysan nUsenau 2 @) wazUnldntulavuiadeninusznau 2 (0) [23]

Tuduvestidosth U dudema st lidmsvoulilulsanuiiotioussndandany dw
wivlduazUnlinnlundadullida Jagdulafinisinldersnisuiwdasaninlanenisly
nszuaunslnlsladafiowdswdululosssd [5] ﬁﬁﬂ'wmm%auqaLLawiflmm%ausﬁviﬁU
225 uag 21.2 Mi/kg muanstu saduldonansidudnnimnadoniievunlduanndsanu

NALNUNI1ERUSIN s duswazidulinsdeFawindau

()

anUsenau 2 Unldl (n) wazdidesldens ()
2.3 nszuaunsinlsladanuuisa

Inlslada (pyrolysis) Aonsyulrunisuenaatenisaiuseuluniizilifiesndiau
= 1 4 . A & A a a [ ¢ a
Faunni199 N5 tngl (combustion) Aunsuenaatgluanngniesndiau uanduand
ldduagiuaniigveinssuiunisuazausalfonuandudlaainnisuiuaniizves
NIEUIUNITAINITI 4 aguanuunns1svesnseuiunisinlsladaluuwdazaniizves

NIEUIUNSHATUSUNUNA LPUBINAR AU
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2.3.1 vilavesnszuiunsinlslada
Tunszuaunsinlslada Seumgiinldsuazinainseguiwiilidnnadiulng
naneifudnu widleumgfiigananilovesinlsladaeeluszuuuiuasyilinansasidi
Ty ildReufa Mldgamapivunarsuaznailelwlsladaogluszuutiosasililaiuinm

VBANAIGITIUALLDEARINT 4 [1]

AT 4 ANLLANANTBINTEUIUNTINLSladauuueig 9

USununale

NILUIUNT annglunszuiums (Fovazlabain)

RN/ GU’ENLL%Q wha

. . | Wemuwvgfivszuau 500 eemwalBya
Inlsladanuusn , . 75 12 | 13
wanAsegvatlayszinm 1 Ui

. Tdgunaiiuseuas 500 sea gl
Inlsladauuunans , . 50 25 | 25
wanasegvatleyszuna 10-30 Juil

. .| Meuvgfivseuin 400 eeAlwaLTya
Inlslafauuuth 30 35 | 35

VaAegeIUB U Falussie Ty

LAATALATY TYanunniiuseunns 750-900 parwaLded 5 10 80

9 Y

. Idgaungiiuszuin 290 aerwaliyd
NoIUWNNYU , B 3 5 80 15
IANAIBEYBIVDIUTIUTEIM 1-60 U

2.3.2 gUnsaivian

2.3.2.1 8aWnYIUIa

Farafiwseuligninluiiuliluduin@auna (hoppen) ludsindauianss
< v 1A a v v A = °o v - = !
Juussemanlddoandiau Mysenwuuiaingiuiaiinnuddgilioniniinasenislou
=~ = o I ) = o o
P8 Fawragnafesiiuyndeudiuranseanianies (screw feeder) lngnaluas
sanuuuliigadoutuiasgisdes 2 9a gausniluganruausnsitouvesdmiadunis
andedlaglfangniaanuslunisyuti (slow screw) datunisesnuuuansiiaiuddsy

= = o g v ) A o o d' a '
NWﬂLu@QQWﬂﬂqi{]@u 71'33J'3@%81/]'11%33UUQ®@U LN@SU’JZJ’JaQﬂa']LaENN']ENaﬂEV] 2 Lﬁﬁﬂ'ﬂﬁﬂz
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137 (fast screw) Fanagnadsaduaiesfnsal (reactor) pgnTIniLazszozIaid
wasgluansit 2 dunnuiietestunininufasendeunduandsans?t 2 enslissuuvdefu
(cooling jacket) s¥wi19ans#t 2 wariadasufnsal Tneduvioarsianubuegluse
meveniilessuisamnuieulivieddssdama [24]
2.3.2.2 \3eaUfnsal
ww3esUfnsal (reactor) A4 lunszurunislnlsladadvarevin lag
seanBeavesiineiecujnsalldosuielumdedaly wdesufnsaliuiinifidielouanu

4 (% a N £ d‘ a L4 IS 1 {
5QUﬂU@Hﬂ’]ﬂGU']3J’JaV]§]ﬂ{]GUL“U’1 I@Uﬂ?ﬁliumiaﬁﬂgﬂim"\]%NW} nanerielunisanalouning

o

v | =~ a ¢ a ¢ a e v Y A a
SOU LYU LﬂiaaﬂgﬂimwQalmsszumLL‘U‘U‘V\ImmaLLuwymuﬂwmaL‘Uumﬂmq GFRNIRIRERY

a

Juvsnauiialjisenlnlsladawuuss desuyniadrnadiunluusnuniogugiias

9 Y Y

(Uszunau 500 paraided) Tantagnaatedieganiaiiinateiluaiuuazdiuiaiign

v & 1A o o - a ¢ v Y =~ | < 9
aaedudududinmazgnadeseanatniasesunsainfourulelulsladastgesimsalugs
golalaau Fudlyalglnauetiades 2 gn yai 1 \Hugalelaauinfivualvgiowsnaiudianin
vurnluguazya 2 galelaaundvuindaniiosenaudinmidauindnasanainle
lolnlslaganuenaudinmesnuimtugnandesigansedle lnedleuiedneluganses
lovililelnlslaganlaazenn [24]

2.3.2.3 gasnululoseed

a

nseundulelnlsladadesilnsngn lneliguugivedlelnlsladaanas

Y

9619390157 gamuniulaeiluuuseandu 2 Ussian Taeuszand 1 Aenisliaudu
aeusnlagliinsdudaiulelnlslada (indirect content) wasUssany 2 Aenislviaay
Wududadulelnlsladalaense (direct content) Felunsdlusnldgunsalmiuinios

waniasuauSeuLuUioaestu (double pipe heat exchanger) ansfldlunisviaeifiuena
1 [

< S a v A ! [ 1 PN Y a '
Juiigumgivieswsearsvaeidu diuuseani 2 lnenalisenivenaeidu (quench

column) Beiin1sawusdansyiglunsmvwiuliiinsdudadiulelnlslafaniigungiawinli

9 U

Hudiatedasatsy arsildlunisasdenaduansilunausululesssansesiaazinlule

208aN MUNUIMLUIUHIUTNAIRN Fen150onKkUUYAAIULLNTAMUEIAY NN mINL

¥

aunsamusiulelnlsladals vinliusununalaveslulessudivsunuilsy [24]

I~ v @

gunsalildlunisdndulelnlsladadnagrandrdny Aeyndndulelnlslada

q

aelnilnadin (electrostatic precipitator) n1sarukuulagnsiiaudueialiainisa

mvkdulenun Wesnlelnlsladasglusuvedlenivewnainausdisenit azeatasy
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(aerosol) fatunisldlniadinaiusatiesineyninvetazsessasslisiudiiunarendu

a

o v % < v . aa
VDILNAT LLazENﬂJ‘ﬁmﬂ')'ULLuu@')EJu’WLLGUQLL‘WQ (dry—lce condenser) NUDMMANUITUU -70

9 Y

v v Y

psrneaifea ynihudaiedniiauuiulelnlsladailiannsadniudegadniudae
ifhadnld Fansmuuiudeiudustsdastlsuzmags 2]
2.3.3 vdnmsvhadluszuulnlsladauuuss
szuulnlsladauvuifignlimmdeusevaainmnuiou Mauuiuiedesiy

<

a o Y e & a % .:4' a ¢ A
nsgadeninudou lneldufalulasnuluniandunadiluluniesufnsel Wedwaa

[

uifatunsrefiduiinarsansleunnuieunifigumgigsilmaalelnlsladarw ynlelaay
uazyansedledeuimihidndveynaduimwitelilolnlsladaaveraieunivuiulag
YPATULLL Fegnaauuiuazysznaulude auktudetivaeidu (water-cold condenser)
sqmmuLL‘Li‘uéhsJm%amnmnaulﬂﬂmam (ESP) sqmmmniué’am}mfﬁmﬁa (dry-ice
condenser) wazgninglolnlsladaildainnszuiunisezsiuyansesdidgnudesesng
UTI8NIA [24]
2.3.0 MIVYUIULAH

nsilelnlsladadiliauisamuniuldnduuildlnadlunssuiunis iilean
Uinamsldufalulasiau uenandsheiisinunaldvemaniasilulesesd 91nanuide
audu Tuunu uazamy [18] wuilduTnalulosssddesay 56.47 uazilovhwdndusiufia

nduilgludvinlilelulesssdiiududusosas 65.9
2.4 wsadlnlsladanialasuninsnsaW/wugadnlnsiwas

w3adlnlsladauialasunlnsnsi/uuaaninsiives (Py-GC/MS) aunsaiinsiz
sinesfusznavluaisidedisuiiug vanainidiauisadaszilanadasua
(quantitative analysis) wazigeAMAIN (qualitative analysis) fifinnsansamiasinlslada
(pyrolyzen Taufuspiosudalasunlnsnsil/uuaanivsines (sas chromatograph/mass

spectrometer, GC/MS) fanmusznau 3
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AnUsenau 3 wasealnlstadawialasuninsnai/wuaaninsiwes

wsaslnlsladaaiuisadmszvideg1amiduveude vosudananal wazvanad

)=

Ingldfegsludisussyioegaasgniuassasanvwininidgumaiias vilideg1ain

9 U

a

nslnlsladafuarssemedgindeanieaufalasunlnsnil/unaaninsimesiile
AR

ndnnsveuveaiosufalasuninsnafuuaanlnsiimnesAonisuen
psAUszneUYDsEnINaL Tngeduannuunninsresdninisiadeuiivesusaredusznauted
answaNuLansd (stationary phase) meldinismiveanaiadoud (mobile phase) d1usu
inseaufalasanininiil Janansiifeasiiegmelunoduiuaziandouifoufasiden e
uiafidesnmsinneiiuiiginiosufalasunininsfluazdiuuiagnnidngaoduiiaouia
8oy Janieslureduiaziinnisuenalsuay (separation) lngedenisiiujazen
(interaction) iswdﬁaniﬁagﬂﬂaiuﬂaé’mﬁ (stationary phase) uagiiia mﬂﬁ?ﬂmaqaman
asdaferazgrmiingidesuuaaiunlnsiines (mass spectrometer)

asiBafeningindeuaanlnsiines luanavesasidadenladfundsauain
duasBlinnseundanugadien 70 Binnseulaad WevlmAnnisunndeglusulseq
W5und1 “molecular ion, M* 158 M™” wazdisukuunisunndlivedusazluianad
aNYATLANIE L3831 “mass spectrum” laBLaAIN1TWANAY (fragmentation) Tusuves

“mass to charge ratio (m/z)”



20
2.5 wilavauasasunsalngdladiun

2.5.1 i3esuinsalngdladiuauuuries
insesUfnsaingdladiunuuusies (bubbling fluidised-bed) fisinsiAn§A5en
lunsrurunsinladauuuisilaannmsdudaseninadslasaziinaislunisaelauminusou
falaerilufinaldmaefiognieluadonfnsaifunszneiiidnvazadenedngliufados
Uaagd1a1uaeandan1nlsenou 4 [3, 6] ﬂ'EJ‘lJL%ii,JﬂizU’JumiVIS’IEJLLﬁSLLﬁﬁLS@SQﬂIﬁﬂ’N@J%@u

Uszana 500 esAlalea Litelvidiulangnandsadinluaiesdjnsaluasdudan

o ' i% a aaa IS 1 <
minaslunisaielaunnuseuinuiselnlsladantneiniia

Condenser
Electrostatic Precipitator

| Cyclone

) ﬁLADry-ice Condenser
Fast Pyrolysis ‘ a
Reactor
= e ~5, Gas Vent
Char Pot [)j | -
Bio-oil 1 Bio-o0il 2, 3

MwUsenau 4 wesesfnsaingdladiuniuunas

2.5.2 \sosUfnsainigdladiunuuuvyiu
\n3eaUfnsalngdladiuauuumyuan (circulating fluidised-bed reactor) finn3
UaogeandiauinluluszuuiiieliiAnnsiwlung dudinmiindevivessananaieley
audeuiiiiumsldnuvaneenandunuiunduuldll Weliinatsdrelouanuiou
Fansuszansamlunisaieleundnuiouluiniesujnsaingdladiunuuunyuiu
Fanmusznev 5 [2) FuaTesunsaifituidununarnisesnuuuiidudeulsimunzdmsy
vioaaass Jududosufnsalfilifesnnntnuasidiensiouisuiuiniesfnsningsladiun

wuUNeIUSuaumalavaslulossdliunnaneiu
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pr——m—m——n— — Water-Couoled
. ,\\Colftdcnscr

Dry Ice/Acetone
\( Condenser
/

) Vent

Biveel E_S Gas

o Analysi

Potz o
. A | S | =4
Bio-oil Cotto
Pot3 Waool Filter

FC1 FC2
1.5 L/mint! [} 4 L/min

AmUsEneu 5 wseslnsaingdladluniuuntuiy
2.6 lulegaws

ATEITINIAUEIUNTZUIUNITRENAAEFIEANNSDUDEIITIALSINS BN TLUIUNTS

<

Inlsla@auwuulsa (fast pyrolysis) aglandndmeinanas lulesswd (bio-oil) lnenaluid
Pmaudasnianwazninadaiginfuei Wuldewd avarfatuisatunlndundaau
v & oA 9 v v 8 W fal v a <
AMUSoU TaliAanuseulnaireaiuinduen luleeesdnlsainnszuiunisinlsladanuusn
~ wa A | ) a a Y &
TauTanuansnenulnedisvazdennsnaluil
2.6.1 audRvaalulosssd
ey lvuagrunldlunsmaasvantfvedlulosssdagulinimsne 5 [25] Tny
wa g Yo P = ' v a H & |
auUAnldusuantianuninveslulaesedfe Aruseu Usina anuvile Anumuiwly

USHNUUDILTe LazA e [Wudy
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A5 5 WnsgIunsnaaeua AN muazniaiivedlulesesd

auiR Wnsvedeu

@i”lm’m%auzjﬂ (gross heat combustion) ASTM D240
AUSNauh (water content) ASTM E203
AUSHIAEITs (solid content) ASTM D7579
auviinaa 7 40 esrwaidea (kinematic viscosity) | ASTM DA45A
AVNALNLLL 71 20 91 walded (density) ASTM D4052
USunauinuzay (sulfur content) ASTM 4294
USuaulan (ash content) ASTM D482
AAUdunsa-lug (pH) ASTM E70
992Ul (flash point) ASTM D93-B
galuawm (pour point) ASTM D97

2.6.2 msihluleuselovd

J X P Y o (Y] 3 & a 2/
ﬂ'ﬁﬂ’]‘IﬁUWllWﬁi;ﬁsWUﬂ@QIUI@@@Ua%umqL‘WEJIGUE,’VWITULiJULGIIEJL‘WﬁQI‘L!ﬂ'ﬁLN’]IMN

MINNINTFIU ASTM D7544-12 ¢19m1319 6 [25] awnsailulesssdluldudmdundeu

AuTau nsvkaliin waziandanlylueunivue Insntugunsaligu wdelau (boiler)

LA3898UA (engine) B9 (turbine) wazansANlAENIUNTZUIUNTANANI DI ULATEN

Al tlesanluleessdusznaumsailsiainalssia nindesnisuiluleessaluldidy

WomaseunmvugAesunTEUIuMSUTUURaMA MIneUsInMUsENaU 6 [26]
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M54 6 TonmuauasgIuvediulosssdainnszuiunsinlslada (ASTM D7544-12)

AuUn

ANANNAUA

A1AI1UTBUGS (gross heat combustion)

laisnan 15 wingga/Alansy

ANUSUNaUUN (water content)

ligendnFosas 30 lasana

ANUSUAUBITe (solid content)

ligandnferay 2.5% s 0.25%

AMUNIRAaL 71 40 BsAwaLTYE (kinematic viscosity)

ladgendn 125 wwudaland

AUNUINUU 71 20 BerwalTed (density)

1.1-1.3 Alansu/gnuiAfiuns

USunauniugay (sulfur content)

ligeninSesay 0.05 lngwaa

Usuauan (ash content)

ldgeninSevay 0.25% w3 0.15%

AAudunsa-Lug (pH)

FEIU

39Ul (flash point)

laifnnI1 45 asAwaLTya

ﬁ;ﬂl‘viam (pour point)

laigendn -9 samawalgya

vanewme: *nsdllfiluomdansa G dwsummngainnssy

*nsdlldilwdamannsa D @m5uwmmIgaa M IIu/ATan YN

' <

ABINITIDLNAINLA1VDILVILATZLAIAN

lulenawa

o =1
NITUIUNTTANANSD

Cl «
MR URA

flaviy
w

ANUSaY Aszualnvia

v _ i
v_ v
wifadt

o
ASZUIUN ﬁsﬂmﬂgmmmw
Wamasitliluguwmus iRy

o o EnEy =
mﬂgniﬂﬂmu

anusenau 6 nsihluldauvealulessed [26]
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2.6.3 Ugmnifendoauazisnisuile

luleeesdaiuisaldlumignavnssuadiaiuiidumi wi deliAianusouniy
° a1 o R o Aa v I a o
AuANIRsgIuNdamInIdunnlidiaufeudssuin 42 wngganenlansy
! = ¢ | a Y o )
Aaunilnveslulessydegludiavilad 1 uar 2 vesteimuauinsguiiduniuazlule

fw A 1 2 o (% 1 a 2/ = ) (2 % C% Y Y o

pogddalimUSunumuzauligaiuiosar 0.05 FuflsuiuinfiumwdiiivennununsgIu
udiuensiian 1-4 denivueliiuiesas 2.0 wagyian 5 daligaiuiesas 0.5 vl
nsululosssdlinuninanitunduenlusudainden uiegdlslulesssddadiiusum
’oj a 1Y [ = o I | Y [ :.: 4 o L3
wnfunIerimuaiinsgudsimunliainiifesas 30 [24] dslunindesnisiilulesssd
Wlnulildvainnanetudndudesiluusuugautd Jsaunsaenszauldlaenisldmis

UAsen laun n1sensziunasnszuiunisnanwazenszaulunszurunisudn laenisiden

'
aaa o

gnseaulunszuIun1sNanIududsnvinladewaziidunoun idudeumniloutunisanseau

a v

PAINTZUIUNISHERN TI9MNWITeNEULINUNIsEnseaululeessdlunszuiunsuaniaaly

14
13

MsaUnten dwaliusunaanasilvlulesesdiiniainuseuiiina@unazdeyleiy

USunaerlsundntalasasueu [6, 27]

2.7 f3aUfizen

FigsUfA3en (catalyst) Aoansusznoumaniiidaessufiselmanisadu (28] gn
thuldlunszuiumsinlsladauvuduiielilulesssdfinunnguilafisuiunseuiunns
Inlsladauuulildfuiswiiten vdmnssufiseduserliifansasuauaglidily
Hudrunilsvesmdadue nisidenldiusafitendaiianudidnessdddunisuiulss
auawwandeifildainnszuaunisinlsladauvudaieliflantBamdenis mslddise
UfAselunszuiumsinlsladauuuidsansavilalaglasuasivlufnaisiniuiounse
Tngiu feanansaldasiuluduvinevesneiosufnsal vieeralimsaiaaiesfnsaldnintes
ugneenaniazesunsailnlsladaifiolfiiuedesunsaldmivinisufzelunisusulse
annwvadlulesssdildannszuiunsinlsladauvuiia [29] massUfisenannsonts

panledu 2 viasssalul
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2.7.1 fusauisenenius

& o ' aaa Aa a Y v v o aaa 1 1 1 [y
LUHW’JL?QUQﬂiEJ’W]lIﬂﬂ’]USLﬂEJ’Jﬂ‘lJﬂUG]’W]’]'U{]ﬂiEJ’]LLﬁﬂalﬂh‘Jﬂ’]iLﬁ\‘iLLﬁﬂm’]\‘iﬂu

a a

fUURATETAsWUS (heterogeneous catalyst) IngUnAfaissufisenfitiioideafuianis
avaneludivinazanefiangas wu fedrmiwesiuis fAseiifidoanieafuiuda
azantlosaulslasiaululeameiveansanifuendande UfATuiviliAnudaesdnnain
NIALBTANLAZIUNIUDA

o [

2.7.2 M3 nseIIswus

' 1%
I 0 ¥ o ! IS

WunisissUfasenfiarsdedunazdansalifgaiaiiniiuunnsiefiu

a 1A

(heterogeneous catalyst) Ufin3e133swusarulng donlddnssmduvasudelunisisg

o

o

Ufisenflansasiuegluipnauiansevesvaiduinufiseniuniivesiuisendfey
LazgnavnIsuNanansatiazln1ssufisenTisnus wu msduasieiwenlutle n1nEe

a a Y] [l o =l <3 4
nsalunsnLazNIsHAnALTIAnlatdedudu
2.8 9UIYNNYIVD9

2.8.1 9AdeNNevaInunszuIunshnlslada

Akeem M. Azeez uazany [30] Anwinisinlslagavesdnluiwaglaadiuiame
wiasbnlslagaudalasuilnsns/uuaadnlnsimeswazinsosunsaingdladiun
a ‘:‘I 124 v v = v Y v a 1 Y v ‘NI a
Faanldusznoudls duly duau LWdnuenini anudeu wazdat1ilne Ngungl
Inlslad@a 470 ssmuwadoa lunIesunsaingdladiun nudlausunalulessedviniy
Seuay 62.7, 62.7, 50.6, 54.7, 56.2 anua1au d@rutaseslnlsladauialasuilnsnsai/
wUAAUNINTNLHDS NUAITOARLER ALAU LUNUDD LINTENTDLTFAR LM bIATDNTLINTLINY

a v A I3 Y Y aa a a = | r-:’ll <

warAITaRlan ANUTUTUTRINIABEERANLALINSALANANINDY 4 N UanaNTAUTUNTA
vatlulepsedanunsaanaslasignismunuumallunsAIukiy

Mohammad Amir Firdaus Mazlan [5] @nw1gaungiinidlunszuiunisinlsla
~ = v A % A a & a oA a
Fawuulsd laeldidesldonamislunsesdfnsaluvuiunis wudnfaumgil 550 097
waldea lnusualulesssdiesay 33 dusuuiigslundniusilulosssduasiivsuiu
HAR T INNNGINN

Adilah Shariff uazae [31] Anwrgaumgiinldlunszurunisinlslagauuudn
Tnelg3u7aldenans1NTn15IesERaudRlakn N15IASIEITUAUUTLNBUAIIAINUTUS DY

az 4.13 ansazmeievay 86.3 li1Seuay 0.6 AITUBUAINITRLAY 13.10 N1TIATIENTUES
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Usgnaunigmsuausavay 44.33 lalasiauseuay 6.26 lulpsausesay 19.31 Muzdusay
az 0.31 Uaveandiauiosay 29.79 AAuTouguviniu 22.5 wnggasdeanlaniy Aruseu
AU 21.2 lwnzasenlansy 1 27 asriwaigea warAIAMUTUNIAWINAY 6.83 WUl
gaungilinlslada 500 esrwalfua IUSuanalavesiulesssdiovay 25.14 n5uinishy
lslenannsrianudiaulamsisduiinsdodsnnasulasiiuSuaius dus
a faaa = a faly v ¥

1UAS 29PASINGN azAMe [6] Anwinisnanlulesssdnlsainlukassandesly
ﬂizmumﬂwiﬂa%mwuL§31ul,ﬂ§aqﬂ§ﬂiaiw§§1msﬁl,umLLUUV\I@& Wuifaumg 500
asrnwaled Jusunanaldlulesssdsiugegniovar 62 wiseenilululesssdniiniovay
42 uazluloeseaiunsesar 20 Weldaumngingludwmalvdinlanwazauiininaaiedi
Q' da{ I 5% ) Y a %
WndunaneuwAavinliusununalaanas

Keyoon Duanguppama kagamg [2] Anwdninavesgaumgiilnlsladaves
d' &J % % LY | [ % d‘ a I3 al 4 a 1 d‘
WesUwdaumetnduusiazveulsagldiniesnsalngdladiuauuunyuilou wuiii
aaunQil 500 aarwalded dUSualulessudsesas 67 d1useuay 18 uavuianliaiuise
muwdulAsesas 15

2.8.2 yAdemnetesiunislddussfisenlunszuiunisinlslada

algius winudnn wazany [32] Anwinan1suidssufizen ZsM-5 snldln
Tunszurunistnlsladanvuirvesliinszdudng nuinnisnisiidasanduunldiniuaveq
Uunaunalavesiulesssdildsunlandntesaglutisiosay 38.1 anawndeosay 29.2
USuunalaveaiassuay 46.8 nan1sitAs1zdafeuantnLazinauvedlulosnsdiian
5 kag 3 euansu Ysunanlululesssdveananinwasinauniniuiesay 6.7 wag 2.9
AUAIAU

=~ fana = ~ 2 P =
1URT ARSI wazANE [33] Anwinsbnlsladawuutsivedtutazeonoaan

a

aaunil 500 asrngaidea Iaglidusauisen Talalud Auvialefiu uag ZSM-5 wuuaes

<

TUABUNIENTIAIUMIITIUTTEW0TINIa 1:1 AIGIUTHN 0.3 h' uazgunilisafisen
600 asrgallua nuinnsldrusaujaselalaludduiigieady ZsM-5 Tusuamnaldves
Toluene Wag o-Xylene $o8az 30.8 uag 7.4 MUAIGU

insfad yyaudd wazame [27] AnwInaventsauAsensssumflaunn
= (3 a (3 a a = <@ Y o
Flaladsssuwd ineslas wazfuvrnaledu lunszuiunisinlsladauuuiiiveanitdu
dvgnddlunosufnsaluvunndase wuiUSununalavedlulessudasgalaelalyfise
Ufisefiandudesas 62 Fuitsuviiulnanalidmdsnuiosay 46 uaziiaauou

1Al a o !

guvinfiu 15.8 lwnggadeilandu Neaumgil 400 esmwaldea waznsalidsaufisenld

Y
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aaa

gaunnfivesiasafAzerasiivindu 500 ssmiwaldua wuirdussu Ao mnuindanali
Unamaliuazsidmdsuveslulesssdanas luussadiseujiseniidnwinislisise
UfAseAurnialodumnganiian daluinanaldvedlulesesdiosay 46 waziBandsany
Sovay 20 uonnimeudoufiidifutudu 195 wneqasenlaniy

a

UURT WARTINGT Lazaue [6] Anwdansaufisenlalaludsiensesuiunis
nlslada Tnglilunazeendesluiniesfnsaingdladiuauuumes wuirdusafiselala
ludenmaiise §Azeuazqumgiilnlslada 500 osrnwadoa fiumanaldlulossdsm
Yowaz 43.6 aifingnngiiseufisendu 550 esmwadoa dnadeusuianaldiiana
vaslulososdiunanas Lesniinmsuandveslolnlsladaduufailiannsaruuuls
Meesuk Sirimirin wazang [34] Anwinansenuveanisiwesinlslada iy
usTenALAa FussfAendenisdsunuasanfueuveaunauLaresdUsznaures
luleessdluaiesufnniuvugdladiun wuiiinaesndiauluisuinmanasesnaiiu
¥ esnnlalasasuendifioondiudmaliiinnisiesveni asueulaeenled uas
sususuenled \ledisaAtegninanliviinueendiauresiiululesesdanasain
Sowar 31.1 \ufosay 2591 26.51 uay 10.1 lneinifansezgliloneanled lalalud waz

1 a a

lavealududdusesvgiilonsanlenniuaidu Fevilidrainudeuasiukaz aglsundn

Y
¥

lalasmsuauliingu

Donghoon Ro wasAne [35] Anwnsldfasanuvassunaulunsyuiunis
Inlslagauuvuiilueiosufnsaluvuiuais Tagldfussufizonvulnluivuiunm 50 niu
nanfudanaadnfiuludnstdiu 1:1 lweunsaluagldins sl fizen zsm-5 Tuwn
Ufnsaliseufisenfigumgil 500 ssrwaidea wuindumnamaldvedlulesssiesas 27
nsldmsaiisensaamadenanmuazdiannsailunseduiotdissuiizen zom-
5 ndunldlalléds 5 ada

Donghoon Ro wazane [36] Anwinszuaunsinlsladauuuidrveniiiulidy
Tnefussufisenvulnluiuaslalaludifieuiu ZsM-5 Agumgll 500 ssriwaidealuindos
Ufnsaluuuiuais nuiilulesssdildarniuulnlu Talalud way ZsM-5 fusiafesas
33, 32 Way 31 MuARU asdUszneuaaiiveseslsindnlalasasueudildaniuulvlus
lolalud wae ZSM-5 IUsunauiavas 1.0, 1.5 ua 40.4 auaau

Linlin Yi waganuz [37] Anvinszuaunisinlsladauvuiialueiesufnsaluvy
wails Tngld¥ana 16un winaye wWaend dadnlnauazviudes Felinislisise

UfAsenuvasstuneu laglduradousenlediluditieEiy ZSM-5 nuinnisldunaiday
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oonladdaniu Nano-zsM-5 Tinadfigelundvesezlsndnlalasasueuiiiuinnaeendiau
i unaldouoenledvisanuIuineendiululelnlsladaneuiagiiu Nano-zsM-5 7
mesopore Wag acid site TIRILONVBIFAIININNTT ZSM-5

Mingfa Yang wazanz [38] Anwinszuaunisinlslafauuuiilueiosuinsal
wuiueidliTnnawaglaadinslimuswjisouuvasstuney Tagldfusfasen cao
FAU ZSM-5 wudnnslaaasesujisen Cao dwmalilausunaloaflumauniosas 5.59
wagerlsuinouay 13.42 laalidnsidiudisesufjizensenine Ca0 wag ZSM-5 Wi
15:85

2,83 MAdeiifetostumevuiundnsnsiuianduanldll

ANdY Tuwy wavaue [18] Anwinslduianywiulunsguiunisinlsladauuy
$avesliinszdudndluiadesujnsalngdladiua wuitnislnlsladaiguugd 500
ssmwaidea liUTunaluloossdosay 56.47 wazidevnanstamiufanduanldlvslyinile
Tulooesdifindudusosay 65.9

Su-Hwa Jung wazamy [39] Anwinisnanlulesssdannrhsiuastides il
senszuaumsinlsladauuiiluniesfnsaingdladiuanazszuunendiu wuirgumgd
fomnganlunisnanlulessdogseving 440-500 sarwaldoa lunsdveaisdnuaziides
LilWldgungd 405 uay 440 ssrwalfea auadu dUsuunalavedlulosssdgegn
Usznaui¥esay 72 Sannslitunaiivuadniiussavsnmlundnlulosssdiilesniniing
fewauFouiin nsiwansusiudanduinliduraefiuuinunalduediulosesduasdian
ANuTaugeUsEIn 19 winvgasieflansy

Hyeon So Heo wazAmy [40] Anwiguugiifmuizaudimiunisuan
luleeesdveaunavlundssujnsaingdladiua wuirgumgiilnlsladadimunzanegszning
400-450 pariwaLdea nsiiushnslvaresufauardnsniseudaualigedulilddma
selulesaydeesilfoddny drunsvyuiundnfusiufadediinuinunaldvedulooosd
Mndsznadosay 50 Wntulszunuiesas 60

Mehmet Pala waganig [41] Anwimsmyuiundndasiufalagldliauluedos
Ufnsalngdladiun ddldufamilsunlulngiou Biden wazersnou nuinmsldusunauian
Yovaz 75 way 90 flanumgil 430 uaz 500 ssrnwaldea Weldnsvuiundndusiufanyii

(% 6

Usunaunalonazauifvaanansunian laimnanu
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2.8.4 @yl
Mnuidenisinlslagadmauvuiiluedesujnsaingdladiuainisld
qmm:ﬁﬁ 500 A LEALTYd [2, 6, 33] ﬂ?ﬂ%j{;f’lLﬁﬂﬂﬁﬁ%ﬁ’]LLUUﬁ@ﬂ%ﬁ@@Uﬁ’]ﬁJ’]iﬂﬁ@ﬂ’]i
FouanmuewniaftenarmainufAzefeendiaiuduiniinisldiasafizeuuy
fumewdien (33, 35] dwalwlulesosddaeudoutigs Usumie uasufaiilianns
muntuldTiUSinnge [32] Ssaenndestunuidofidnunmsuiundnfusiufanliamise

muwiulanteanUsuansldwialulasaundewdiluluniasufngad [9]



una 3

A5ALIUN15IY

nsdnwnisinlsladadaunawuusilagldiissuiiseuuvassdunouninismyu

Juuazlinyuiundaduuianduinldinilueiesujnsavigdladiuanuurles fivunauns

7RaIwAYII8asLsnGIna lUT
3.1 NISLATIUBATNITIATISAANUAVDITINTA

= A av & o o AV Yo o a o
GU'JN’JaVIIGmsUQ']U'JQ?Jﬂ@ ‘lllEJ']\‘i‘W']ﬁ']ﬂ\iﬂ']WUi%ﬂ@'U 7 WlﬂiUﬂqiﬂUUﬁHUQqﬂUs‘UV]

nuataglulamwiiies 91da Saian1uausninniwazdulvtvuisan Wislilmnuazainga

]

AsTALAULALNISVUAY UanANTFain1seSeuTnlalviiaumuizani ovun Tl

nszvuNsinlslada Tnelisngasdennsmaluil

AwUsENaU 7 Ienanis

3.1.1 MIWIEUTRA
Funagnildlannutulas msnnuenuszanm 48 $2lus antutiluuedae
\n3osuAnEIURInTNUsENOU 8 (1) AefelATosunaziBafannUsznou 8 (1) wazuen
valaglfiniossounnsgiuauin 0.212-0.600 famuszney 9 Mt ingAviiiuns
wenuualuaufigamgil 105 ssmwaldoa Wunan 24 $2lus fewmmfanimuszney 10

Aoululgu
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ANUSENBU 8 LASBIUANEIU (N) LATLASDIUAALLDEA (V)

AMUTENBU 9 LATOITBUNINTTIULALAZUNT

AWUTENBU 10 LW
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3.1.2 MyIATIZELTRT097108
NMTIATIERaNTRYRITIWIE T AUTUILLULAZN1TIATIERLUUUTEU
Feflreazdendoellil
3.1.2.1 N1SAIATIEALUUUTZNN 0 (proximate analysis) Wunisimsizvinn
USinaunnnaiy anssee 1 waza1ueuasi d9lnsigiainanuuanssiiuasusdasly
Tneiiseasidoadsioluil
Ui utunaannsg i ASTM 871-82 Tasmsvnaedlddanasetg 1-
2 n3u ladensudosduiminudasufindr thluaufigamgd 105 ssauwaibea uan 24
Flus valuides 9 sunsetehminvesdnafmedalasuulamiesnia 0.2 Feiwmini
melReUsinanuty
USU1M @155 unIUUIATTIU ASTM E 872-82 Llagn15uM

1%
[

17anTtd N 1 03y Tdasludienszilosardadinin nTUUNLI AN AN

D

gaungll 950 asrwaded Wuan 7 uiil antudaslidu dhdunaiiniuniseuudy

9
[% Y
Y o Y

Pin Fahmdnamelufeansseive

Ysuraanludiuaviildniuuinsgiu ASTM E 1755-01 Taeni15uiane

nszilesmntunsunismansszelddilvlummnfionmgll 575 esmeadea Wuan 3
Il Whienssileswananwviiniaduna 1 9 wazidhndudunfgungll 575

Y

(%
Y

psmawalded [Wuan 1 9alus dhdedwnasenannmundaiminuazyinigl o aunsens
UmlNU99TIIaNinn15auAINluge 0.3-0.0003 N5
3 A ) Y  aa = PN ° Y 1Y
Asvauanlulassassinnueaiesngn annsadwinlaniesazaiy

LANANNAIANNTT 3.1

Fixed carbon (%) = 100 — Moisture — Volatile — Ash (3.1)
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3.2 dsauisennldlunimaaag

TunudseldvinsAnudissujiseniluussssud awnsameldieuasd
510190 ieandunulunuifeuasinwiuszansamnsiselfizen IneflsvaviBonveq
FussUfRse el
3.2.1 ¥ilnveeislfnsen
Tumsneaosildfasesufisen 19 wda ldun foadulnd Buesiduiday
fefeenled aeuedoanluddsdonnles foadulnifimnisnszduielod lnmidey
lnoanlys (eunna) Inndevlasenled nnitleulneenlen (5lnd) laveadlududtdy Au
917 eledu Auuulnluyl #uAsin alalud Wulla eslan nesialay nesialavinaunsa
Folad uazuaaiousanled deilsgadondatolud
3.2.1.1 Hoadulili
Froaudululi (zsm-5) Wudissufisendldannisdunsgidanindsenoy
11 7ifl 3 duneufie n1smIouodyg1uaa Hydrothermal treatment wag Calcination
hydrothermal treatment LHunissifiunisniglfan1izaumninazanudugs Junoudld
nanufgadeifisuiuniseisuedygiuaa nswikaznsndndleladvindieaidullu
fiifudsesnamilimufouresgumniidu 2 92 dud gamgiitiusnuazgumniivas

was drumsldeamgimelivsunadleladgegauasnaniladandinanmeninasiaiign

il
i yl.'.l,ll,vﬂll.ll-hl'

nUsznau 11 eudulnd
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3.2.1.2 Wuerinuday
WuevAduidag (non-hydrodewaxing catalyst, NHDW) Lﬂuﬁ’uiﬂﬂﬁﬁ%ﬂﬁ
wanuanFondulnidinmdszneu 12 ieldfunszuiunisudaslunntlnsidenlls
ihifufwafifandonudsiuazuandidiuidise fisemiadoonuuvanldfuihauia
yualuanalvg dsenvaenndesiudnvauzvedlelnlsladaludrufifluanalung Janiadn

Y ]

aaa a & ] aaa = = v = vy wa
fsauisensiiadanunsasauiseniiewtasanwluanalelnlsladalmananiiolidau s

Ao ] a a s
1/1ﬂ‘U‘lﬂuLL\‘]‘YJ'E]\‘]"’LJ?N']N’E]@ﬂ%LQULLagﬁqiﬂigﬂ@"UVLﬁIﬂiﬂ'ﬁ‘U@u

amlszneu 12 Wulevdnuiday

3.2.1.3 Fspsenlan
Fefoanled (ZnO) dyuratduriugudnatsszin 5 1afiuns ALY
Uszuna 10 dadwns fanmdseneu 13 Tnevrluildnvasifunsdailiavaistiuas
gnihnldiluansiuudduianuasndndugiuinuig wu 819 warafin wsain wii Jwud

o & L9 dyv o IS ~ < Y ! aaa
wazkunnosusy wanantfanusatunldlunssuiunisinlslagame dudaissujizen
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AnUsENau 13 feraenlan

2.2.1.4 apdiaseanlan/dsRoantun

raUtlaseanlan/Fereanles (CuO/ZnO) anndsenau 14 T9n1s

a1 a

Fumsznlaeldislva-1aa [42] HaruNauvasdan 5.3247 nsu ansaulnarea 25 Tadans

1ndu 25 f888nT LaznIATnsn 6.3 nsu Mudunal 1 9lus st lunauduasUles

=

Fawanaunnil 60 asrwadea Wual 3 9alue wiulunilndn 48 97lua wazin Ui

9 U

a

aaunnd 120 peALwawed [43]

9 Y

R e e R TR
1|J 'zlw ;’llll;l '5|’ el U el

& 1 2 ‘ 3 4
.|.l.|'|.l.l.|‘ln.l.I‘o..|||'u,|...| i.‘l,,!‘,:-v B syt m"

anwUsenau 14 aedileseanlusn/deraanlan



36

3.2.1.5 Headufiiunsnszdudelen
Boadulnignnszdudeletifanmdsenou 15 Insfiindnniseletilva
rufssuRAseniiseu eleddudatuiisiisendudisfuoondaululasaiieves
fussufzesiliiRansilndive s unieduiiegneluld uazautfiveslulososdls
mnmsldiEURseTHumsnszdudeloth wuihlauiRfaninsldsusefasedll

HIuNINsesumelaun [44]

amUsznau 15 Feadulninnunisnseduiigleun

3.2.1.6 lnmndllsulneanlaneuina
. & P \ P ca
wauwma (TiO, anatase) Wunildluarusuuvureausinniteylaseanlend
[ < I3 a [ 1 %’ S a a 6
Anwaugtdunavunnaniies 20 wiluuns fanndsenau 16 ldavatednisaansndunse

LAZLIDANAS
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anUsenau 16 lnmdleulaeanlanouina

3.2.1.7 lnmdlsulaeanlen
Tnllsulaeenlan (TIO,) AATUANNSITIUYIRTUIRIA Ilmenite Rutile wag
Anatase fn1sldauninarnunangdrulngfiunumlugnainnssuemis Tanvauzidundu

fannUsenau 17 15nau sadm wagAfiteviniy 7.5

AnUsenau 17 mdleulaeanlas
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3.2.1.8 nndlewlneenlunsing
slnd (10, rutite) Wundsluarugvuvvveslnnifoulanoenledd
AmUsEneu 18 ntunusssumalulsinandntosnuluiusaiuasiuuls msluldanu
wu Wudwlssneulunmsindeuinaindon msdeudvenaiestiuium msiedeu wasilu

A1INTLAUNYS

amdsznev 18 nndleulasenled slnad

a Ao

3.2.1.9 lausanludusty

laveadlududdy (CoMo) vufiesiuaraiiug Jvuiaduniuaudnany

Y

[

Uszanad 2 Haduns ANe1UsEann 15 Jaains aaninusenau 19 laedlauidendnem
[34] wuinduseufisenlavead/luduatduaiunsoanuiuiusendiaulululesssduasiiiy

a1sUsznaulalnsasvanlundnsusnidusslsundnlalnsasusudnaie
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AMnUsznau 19 lausan/duauny

3.2.1.10 fiunualedu
Aurraeledu (kaolin) inannnisviunuiuvesiuguiln Sanwaziludvn
Aanmusenau 20 Tdmuszneunan 9 1uusfungu Kaolinite Auvniialeduegnatevile
uaneefuly ssuvasieguuilanuissnuuvassuindniidugumieunasazauiiislud
a1 druvszneulnevhluvesiviazdszneuluse exgiilensenlud daneulneenlud
wazth lushsdaufunnafunsiiui aursauldduasBaniglunsdaanesifis

UfAzenld

AMNUsEnau 20 AUINLALEAL
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2.2.1.11 wulnlun

wulvluni (bentonite) iWuiiugulninasuluduiefudnmdszneu 21

= (3

aglunguusiadalng (smectite) niouousnesalatuy (montmorillonite) Mdussdusznay

18N @1UUSTNOUTOIAIUIAD Tanoy aqﬁu'w WIAN WARALTEY A9SN washunilRey

a

drulsgnausetaunfe ameu oalitun madn weaden aresn wazuuniddew wulnluvily

v

nsaedunnLardadunduredy

AwUsenau 21 wulnlui

3.2.1.12 A3M

a

AusTINVIRAIAT (kiriga) HUszAnSammnaznaulaiii annisiianselasin

[

aundu Ysuansaanslidudinans Sgnguasisnimusenau 22 Breduiuns ilufiegende

Y 9 Y

a

YauAAsy uwssneliilueded wazliarsuszneu Calcium montmorillonite clay

Ng8L3IN L3 YLAule
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(T TR
AT
4 5

Nt

1
{ ‘n’AP.I.].v;':IJJI.Iullylﬁd;w:‘:' L N R |

ANUSTNBU 22 AN

3.2.1.13 lalalud
wselanevsousgramnssufidnvauzadrefiuyuuisassonanudundngy
A = gy & < & | | & = N ad LA
awdeuvulenyu waslidnwausiludaiowiulivanalusundnivasdudnnuiosfed
2191 gnsninaivadlalalud (dolomite) Aa CaMg (CO,), 3 Ca0 30.4 % MgO 21.7%
way CO2 47.9% wavanuausiaulidvIounasfiumainnyssnau 23 fussuiisenviini
Waiiugaungilnlsladaunduites q dwalvvsunauvesluleesydias i1udinimanas us

wAALNNTULAENSNTuTadAatdsal A alalasauuIuae

anUsenau 23 tatalus



a2

3.2.1.14 Wuild

Auiufiavsenlud (pumice) WuAug lfinaINNIaeNazaI8veIaIN

wazudnindusndlasdunduiutusiniataznesoinia (lunsdllvaasdl) JsnsusiuiIu

Y 9
LY <

wnAeneInINa sazfianimaseuszanundiiuanuduanenawaziiuiudadu
Aou Winlwaswaggngudwinummainuaundiassuila dandniu LagkisInuInuny

AanNINUsENDU 24

AUIENOU 24 NuLd

3.2.1.15 weslav

LY ad a Y a @ aa = v
TansssuvAninannsaateivesiugliluddndvreumlaunain
a1veslil Watiuduneslan (perlite) NdAruvuIkiuUszanm 95-145 Alansusie
anuIAfWAS dAnuansalun1sulIkarsEuIeaInalaf Weaveneduaddiaiesnng
finsguites vuadauszaa 5-10 dadlns danmusznau 25 faussdjiseneslan
anUSuunalavenia Wesnnsgaduaisusenauuialulassaieniignuegazden

VBRI NTEN
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AwUsENau 25 weshan

3.2.1.16 wesiiglavi

wesiiglav (vermiculite) Tdnwasiduuruuig 9 Beashdouriufududu o
fanmuszneu 26 esfiglaiaudliminzaudesiuwnieliuiuozgiTudaing
(alumino-silicate) fideuiufuvetseanidonnszuaunisidinisvngaeenifuuny
(exfoliation) A unuIKIUTINARAWMFRUSEIN 95-145 AlanSudegnuiAfiuns V81867
Judleldsuanusou Wevsnemvhliihminuwasiuiiseondusnasdumunisden
Aferldliazaeindauauisauanidsuissquangs Tunesfiglavidsmlnunadeu
wuni@on wazuaa@eufiaiuisaslduselovild defansssuviAnniliiteuas

= L3 PN [y Y & LY ! aaa
fipadusznauvessgimunziumslaluiisa]ize

AmUsEnau 26 wesiialan
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3.2.1.17 wesiialaninsedusiensa
nsduas1enesialansedualunsa (acid-pretreated vermiculite) 14
a1siadl Faneulnoenlus exgfidlensenlus wazuuniiBeusenles Avuineyna 22.75
lulasiuns naufisnsidiu 10 fadans denefialasi 1 nfu wazniuaisiiguunil 95
pameadya WWuna 4 $alus mnduilunaunsadaiininuaznsaneansin dlunsoudio
wonvaunaluazvosndslnglifuagmyinia iliuislaeninilveufiguvgd 105 asen

wawea 1Wunan 24 92lus nandusalasanindsenau 27

LT ERTT L
! I z' | 31"‘

| .‘I il l‘,i,',lf

amUsenau 27 neslialavinseduiiensa

3.2.1.18 @lalas
a & . . . a = K . =t
Flolas (clinoptilolite) Ugnan19Ad (Na,K,Ca),5AL(ALSI),Si; 3056:1,H20 @3
ARAINNSIEUFILarANNANYaIRUMaLMaIN IaTuLUURlan s alnaN1lanaInNN1ssEiin
Yol JvhbidnwaznsiinvesiuguunlniidnvaugniileAunasiden ins186ns1n1s
< Ly} = a I~ | < a < a <
Wuswazanuanvasiunasumalduluagreainsi auanwaaduiunds ain wWsig wn

saa o

= 1 J = ~ & v & a ' |3 LY I &
LLaZQJEWEuVLN‘VIUG]EJﬂﬂiﬁﬂ TLUANUSLUUNINNUULSDAANUN ﬂLLisUU’]@LﬁﬂUu3’JEJﬂUEJQ1ULUQ

Y o w

JawaridluasanInlseney 28



a5

bt

AnUsenau 28 Flaladsssuvnd

3.2.1.19 upa@eusanlyn
waawdeneantyadgnsviaall CaO Tanvauzilunsdanisenindsznau 29
ASHAALARLTBNBBNLYA LAAIENISINILAALTEUAISUBLA CaCO; iaRen1supUlnaenlayn
[ 3 = 6 Y% [l nz{' o aaa U 4 6 d{' 1<
90N Mtuwaa@eneenlenludusiiamsaiuinsenduaisueulaeenlediionatendu

LAALTYUASUDLUAA LA

AmUsgneu 29 uraldeusanlyn
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3.2.2 MIMIENAILTIUGATEN
ausesufisennldlunszurunisinlsledananun 19 vle laun Foaoulnd
< qAu a a ¢ I3 s s ,a ¢ ¢ I sal v v
Wuleviduilag Fereenled AeUieioenlud/dwreenlen Fieadulwiiniunsnssdume
Lo lnmilleulaeeanlad (euwna) lnnilleulasenled Inmleulasenled (lnd)

lavead/lududty Auvnaaledu Auuulnluy Auasn talalud Wulda weslan 1esliglas

ca ¢ Y = s = s = = o
animﬂlaﬂﬂigﬂu@jﬂﬂiﬂ %I@‘lam LLagLLﬂaLGUEJN@@ﬂISUW YIUTYALLDYARNIFITI 7

M5 7 MINTEAUANSIUGNTEN

ALsaUfisen ] .
(o9 LwaLded) | (Talua)
Froawouli 550 5
Tnwideulaoanles (uma) 180 q
Tnwdeulaeonlys 200 6
Inndledlaoanled (3lnd) 180 4
Tavoas/Iuauatiy 550 q
Auraloau 750 4
Auuulnlu 550 3
AUATA 550 4
Faneonlun 350 4
poUilosoonlun/Asreanlyn 350 4
Buevinuiday 550 4
FroadulwiTunisnsedudele 550 4
Talalud 900 3
Wdla 750 4
wesla 500 4
esiiglan 600 5
wesiialarinsydumense 550 4
FoladsTTuyd 550 4
waalguenlyn 900 3




a7

N9RNTEAUMLS RIS eNdTunauUNINTEAUMETsNISuINA BT ATe e
azydau1vitnisAnuenduiiludusonioulnen13sousiuin3edsouNINggIU 1NTULN
AaLseiilaunldnyuganunsovuanmgigenldlunismiwasdidinun vinsaagumngin
Mnsgauansadazviin 1dR1ntudIRusUJisefidunseudaLendusnasinay

RIRT KRR,
3.3 JUABUNITNAADY

msnaaadnlsladadunawuusiusznoulusne nsinseidendeslnlslada
uRalasunlnsnsil/unaaUalnsiwes nmswdsuniofnsaingdladiuauuumies senuuy
nsneaes warmstufinnantsnaaes lnedseazduassioluil
3.3.1 wsealnlsladautalasuvsnsi/uuaaalnsives
fheussginesdanmdsenou 30 e ludsimiindeedosds 4 dumisds
awUsznau 31 wasihdelddnlvluededlnlslada (PY20201D/Frontier) ideusiefuin3os
wialasurnsns W/ /uuaadalnsimeos (GC/MS) (agilent technologies 7820a/5975) #14
A muszneu 32 lagldaaduil Ultra-alloy capillary columm (30 m - 0.25 mm - 0.25 pm)
ﬁﬁmimuamqmmﬁmmuﬁ 45 gamwada WJunan 4 wadl Winen 45 10y 320 e
waldea fsnsnslimnuieu 6 esmwaleaieund Snuigumgll 300 ssrwaidoa Ly

1281 5 W9 WaLenTINIS Makfasideuyiniu 1 ansaauni

AnUsznau 30 orednsuldsingns



anUsenau 32 wiaeknlsladawdalasuinsnsil/wuaalalnsimes

a8
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3.3.2 insesufnsaingdladiunuuumnes
3ot nsalngdladiuawuunesdumiosiildlunssuiunisinlsladawuuiian
lneilsazidunvesgunsaliig q fadl

3.3.2.1 datau

o [

fatlou (hoppen) yihmihilussyTngavdmiudoudrginuinsel datlouri
NnvivozAIanlaiauvLT 5 fadluns FuindusuAuINaIYIn 17 Iwufluns wazgs
16 wuRwns anansanvandnsdeuvesingiulilaguiuausiseuveduenes (motor)
fdaRnAulunau (stirer) dmsuninneynirvesingividgnuinsallavsnuvieteuingiv
Tneviedouliduriugudnans 5 Tadluns A3Ne17 50 Wi wasivied miunasidurie
Houdnansiuiifiduruaudnats 1 wae 2 wufiues Tngldornaieudalulnao el
Tagaulasuanueugrwiiinnisaatedineudgwnugnsallnlslada

332.2 esUfnsal

a a

- a L3 < ! o o a o Y Y <
w3esUfnsal (reactor) \udiudrdg vl ingauiinnisaaisdinatedu

9

lolnlslada vinanwmanndldatunfiaumun 1.2 Tadwns vuindudiugudnata 5

[ v 1

URALUAT Lagilan1ues 40 wudwes lnengluussanmeidudinasaiglouniiuiou

v
N v A I

Uszana 150 n3u Wingaundewdilvlunsesufinsal uenanlideliynguuialulasaunyiy
< i | i a ¢ A Y 9 v a a ¢ -
ngnindnagludiuasanvaanunsaiiielesiuliliaamgianslumuinsalanasde

Uauialulasiauingsyuy

3.3.2.3 lalaau

lalaau (cyclone) vinifiwenayninvesaudinimesnantelnlslada
J = = v & 1 = o < v Y a v
drungninissanastuludufuaudinim (char pot) lelaawinainmanndnlatusidnvee

1% 1 6

LﬂuviamqmwaﬂﬁﬁLaumu@usﬂammzmmm 2 [ufiung WeusefunsieRiiduniy
AUGNANAIUUY 2 WURAIAT WAZATUEY 1 WURIAT AIINE1IVDINTIY 3 LURlURT dudl
AUaIUTININTVUIAAIUNTIY 10 WURWAST A1181Y 5 IURWLAT LAZAIINET 31
LYURLUAT
3.3.2.4 gansaslesou
yansasloFou (hot filter) fuunawiuirdosufnsallnlslada neluganses

lofouussglowiuszana 10 n3u dwiunsessynmanuiinmuunadnivgauaintelaay
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diellelnlsladausandunntu lunsdifléiissjisegansedlodouruihiidmiuussg
AissUisenussana 400 nu dwsurinufisendulelnlslada
33.2.5 gaeuituse

sqmmwﬁuéhaﬁﬂ (water-cooled condenser) fidnuazifuviaassdui
sihieuuiilelnlslafafigungivssanm 25-30 esmigadea Tneduusnifuredifidusi
AUONANI 2 Leufing ATue 40 wuRias dwsulilelnlsladalvaniu dutuiiaesdidu
duAuna1e 5 wuRues A1uen2 30 wuhwes dviuldimvdedulvaniiu vl
lolnlsladainnsmundunataiduvesne

3.3.2.6 yadndumgliiihaiio

v o

yannause lviaiin (electrostatic precipitator, ESP) udniideudeny

3
£% '

YAAIULUUMEUIRININUsENaY 33 vimthndndulelnlsladailuaiunsanivuwiuiieunle
[ N I A ¢ a a = a o DRV
Jurienfiduniugudnans 5 wufuns A31uas 50 wuwes negluiununvinanldiueiae
amaneauasdmivaiausiulni wdndueinldanyeavudumeduazyadniumielni
atnfe luleesedmaniiailvaunsiwegluviniululesssduunn 60 fadans

3.3.2.7 YAAIULLUMIELENIULA

YAAIUUUUNIELONIUDA (ethanol-cooled condenser) Aviun 2 Y Nl
gaumiUsEuIY -20 asrwallea imthidnduleurassuiiulelnlsladanewdnly
AvkUumsyanIuseliinadinsialy

3.3.2.8 Yneuiumeuduiimauwedln

YAmURUUTIBLTLRHEALLeTLNY (dry-ice/acetone condenser) Tianue

=

6 yanignumgiuszana -70 esmgadid innihnauudulelnlsladanliaunsanaiuvudy

9

14
o v el <,

mgtuazyadndumelninade nandusnladululesssdmaiuvsomaialnlunsainly
LY [ aaa [l lej o Y Ao < :.’/ 6’5 I~ 1 AoV v
LU N8 YAAIUVUULUNIAINUNINAAN BT UNIZIUIsd0ITU Tnetuksniudruniiy
o [ | 9; @ v = [l g."/ a <3 1 1 o [y a | ) Y a

dusuldinndarianautadinug drutunasadudesinsdnsulvlelnlsladalwaniuyinliin
n1smvkdy waglelnlslagaliaunsaauuiulagnnsesnieyansesand (cotton wool

filtter) AanmUsenau 33 neuddeeiislugusseinianiguen
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Flow meter

Pressure gauge Regulator

&N Vacuum pump
N, Valve 3 ° SFf—Ety valve I!‘ ﬂ

Stirrer

! Activated carbon
. Vent«— el

: -

ey Catalytic reactor ) checkvalve e

ey TC Water-cooled

cooled _ [T Je)
feeding tube T —¢Z, _condenser ESP Ethanol-cooled . Valve 2
el condenser Dry ice/acetone %) Valve 1
\ | condenser ; _,
| T ( ) i Jf‘ Safety valve
bisr ] 1 | |
= ] i3 | |
e h = " | | g Cotton wool
Manometer | — ‘ ar pOCataL 1 Glass wool ! | | ‘ filter
Fast pyrolysis Pre-heater 4 - ][ -
reactor 6 \5 J
Bio-oil pot 1 Big-oil . Bio- 0|L pots a9 o B
pots 2-3

AMUTENBY 33 unun1maIesUnsalvgsladiuauuurles

3.3.2.9 Yanyuruuia

YAnyuIULAa (gas circulation) vimntivyuiulelnlslaganliaiuise

miukdulanduinltlussuudnasedenindsenau 34 Tasldduagyinie (vacuum pump)

v o

ntngalolnlsladaniuiinsesdaiienso9a2009U99U1TUND1INGABONNIN

Y

Tugeyyinia ndsanwusansesdialolnlsladaluaniuindqiisde (safety valve) Fadu

[ g

calo

gunsalisnwiuseiulussuy lngndignidaiiossungussiudiuniuniiiinuaseniiie
JosiugunsalvTandndadidenis antulvaniumniasriuautseiu (pressure regulator)
Mdugunsalmuauussiuliianumunzauiunisidausezinainanudiu (pressure gauge)

JugunsalildlunsiaussiuwazUaeslognszuiunsdnasds

Flow meter

b ‘ Pressure gauge Resgulator
1A Stirrer rommmm— l ——————— fauge __ Re gulator ___________________ E

! ik Vacuum pump
| \ i ° . Safety valve

I Valve 3 1

il @

|
|
I
. — 7 Activated carbon }
o - "
5 e Catalytic reactor | Check valve! o }
____ r— (1c) ,TC Waterd‘(‘_anEd,,,,,,,,,,,,,,,77777777777777777777777777— . }
- : -/  condenser i
feedmg tu be : ‘ ‘ — ESP  Ethanol-cooled } [ Valve 2 \
IXTRR \ . d condenser Dry ice/acetone [ Valve ‘1
: i condenser ; . \%’ent
b il |
By & i { 2 1 [ 1 Safety }valve
i s i i | d 'y
A % | g Cotton wool
Manometer 1 - filter
Fast pyrolysis Pre-heater ¥
reactor : g K
\/
Bio-ocilpot1  Bjo-oil BIO oil pots 49

pots 2-3

AWUTENBU 34 YAMYUIULAGA
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33.3 difutunoUNIIMIARDY
1. thgunsaliniessng q liun dsleou ia3esufnsal lalaau yansosledou
YaAULLUGIET gamuidudglniiadauazgnauuiudiediuduandaimgnm
Umnaudietudingn

a

2. YT unafikiuniseuifieaneutuiigungi 105 esaneadea unan 24
s wnldadluiadoudnnauazihludadmin

3. Usznevgunsaiiaiesufnsaliindeiu aseseuszuuliiiiennulasnse
wazdulimnusoulnsldnseudlaii 220 Tad Wunananufoudigamndnudifedls

a. degamaiiai Budalulasioudgvieddosesdsdnasesnsinsiva
4 Fnsviounit uvuvesdsloudanaifiotieduunaaduriedidedddsnsnisiva 4 dns
soundt uavyngululasiaulddnsnisiva 7 dasdeudt iiellvidoeondiauluszuy

5. L%%quyﬁyﬁﬂWﬁLﬁaﬁﬂm5mﬁm%uﬁ”aﬁﬂdaaﬁqﬁmé’umhﬂuizuu Yp11an
Udesufaiuarndlulasaudenniulandudigssuu lnetmuaarudlussuuliagd
Uszannl 0.2 U1s

6. Fulaueineiniudunalilvaiuvedndsslugniesufnsal Fennsld

[y

dasnslvavestulnsiau 6 Ansdewit inlimedeglurdesujnsaiindeuiuuumeuay
dudaiudrwraiinnisatglaundnuseudiuduiavviialalnlslaga lolnlsladauay
FaunaigndesaaelvaniulslaawhliAnusanisdunaigndosaaslrimnadugiuiv
dudrinm lelnlsladaluaingiedosufnsald 2 uag 3 snunsviufsendingynaiuuy
Fretiifiguugiuszana 28-35 ssmneaifea ioligunniiveslelnlsladannasedis
asniulradigeannaznaudielifiain dnlelnlsladailiannsonuuiuldla
dlugsamuuiudeiuduimandowodlnuitonmgd -70 esmwaldea uaylviasion
qummﬁﬁLﬁaﬁﬂlaﬁwdauﬁfﬂwﬁﬂﬂﬁf]uqiy;yﬂmml,a3ﬁ1LLﬁ”aﬂé’wﬂsﬁuizw

7. dlensunainisnaassfininuadaszuunisliaiiueudielniiuay
Huaayanie

8. solviiadesunsalifundrnongunsaising 9 1éud 1ndeaufnsal lelaau
fufudimdinin ganseslefou gaanagnoudieler wazliihadaudaiminiiion
Unasaldvomwdnsamifldannmmaas

9. hgunsalluavinmnuazeinasruvesiulesssdmeianiueaiazinluinlv
I8

10. Whgunsalivhanuazenudinwisunieudmsunisnaaswsioly
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11. thluleosedildnnssuiunmsumageudinzinisnen nwaznnaadl
3.3.4 NNSPINLUULNUNITNAADS
mMsneaesudseandu 2 dau laud duusnidumsmeasduniosinlsladauia
TasunInsnsil/uaaininsiivesuazdrufiaeamaasduinissjnsaingdladiunuuusios
FaflsrwaziBonsasoluil
33.4.1 myvaassluasesinlsladausalasunlnsnsfl/waadnvsines

msnmadlnlsladanuusleasldldonanislulSuim 1.5 fadnsu Adlvuin

Ao ! ' Y

aun1A 75-150 lulasiuns Addnmdiuseniedseljiseuasinamihu 2:1 gungdl

'
aaa !

Inlsla@awindu 500 esmwaded duseuiisenildliun Feadulnd, wuevdsuidag,
Fervanlys, AeliUasoanluddedaanled, Boadulniiniunisnssduiiegleu, lnmidey
lpoanled (eunna), mndlsulaesnled, nndaulaeanled (§nd), lnveadlududdy,
Auvraledy, Auuulnlud, fuasin, lalalud, siudla, meslan, wesiiglay, nesiiglas
a 2 a 12 ‘#! Y 1 aaa gj Y o |
naunsn, Flolad wazuaa@eusanlyd F9n1519A59URATE MUY 2 TunsulaufILgg
UfAseninanutssulndudussujiseoradun 1 wazldmussufisendeaoulniiiu

ALSUATENERUTN 2 A MUsENaU 35 FaNN1sVaaaesiinmaaeded1atiey 2 91

ZSM-5
Catalyst
Quartz wool 4 Quartz wool Catalyst 1
Biomass 4= Biomass

(n) (%)

ANUTLNBU 35 WHUNIMNNITINAIRUADEIIU8WUU (N) NSTURBULAY (V) @D9TUNDU

3.3.4.2 mnaaesluasosunsaingdladiuniuunes

N13NARBILUIDDN 3 dIU F1FULINNARBIANYIHAVDIRUNN TN WA

Y

USinamalanavaudiveslulesssdlunsyuiumslegldaamgilinlslafauazgaumnlivesio

n399la5auwiniu 500 way 380 PIANGALTEAAINAIAU THEATINSIaYDILAAlUlASIUY
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yogululpsian iedudes fuvudafviunaniiiu 6 1 wee 3 Ansdeund mudiy saas
svuuwihiy 10 ansdeund Tudnl 2 Anvwanisldimisaiasewvunisduneu Tneld
F3URATEN ZSM-5 uay CoMo uazuuudastuneuldiussufAsen Como dwiufl 1 uae
FusaURA3e1 ZSM-5 Hugduf 2 uazdaud 3 AnwimsldiisaRseuuuassiunou Tae
wiafssufAzeneenduaesdiu druusnlifuseufiien Como uagluduitaadddnge
UFA3e1 ZsM-5 Felunsazdruiinsvsuundnsusiufandualdlunssuinnsinsfnuis
wuuladlddssiiseuarldduseiiten iessudiisunamanass dvldtuagagine
Dudelunisvyuau Imamuauﬂ%mmﬁwmmuaﬁLmﬂﬁ’agﬂuizé’ummé’umsmmﬁ
3.3.5 manudaya
USunaundnsadt (vield) Aandndmeifildannszsuiunsinlsladauuuiduus
ponilu 3 dnldun dwiiduresvmelulosssd duiifuveaudedoduinm wagdiu
fliannsnauuinldfouda fandadusiiomaamisamuiuialdnnaunamia (mass
balance) Tnsnsdaindndamaa dafloutauna wiosfnsel lelaau dafuudann
Toun yansedlofou yamuuiy wazduiululesssd vinstuiinnaneutazndinisvaaes
windarifidululosssdazedlugmeuniudei gannaznoudaelifiiadin (ESP) fafuda
178 uazgamuuLufstuuimanoding wasUiinavewudsegludmvonaosfnsal
lelau uazgansedle dundnufariliansomuiiuldduiualfnnaanuunndises
WAn ST saunsrelud
mMsfunUTINuTunaily
USunadhuadld = dwidndunaneunismaass - twdndanandmnimaaes (3.2)
NsANUSIMNALAYBIUBAT
Yovarlulonewd = (Uamdnfusivesvad/Usinadunaild) x 100 (3.3)
MR UVD VDD
Sovarmudiniw = (Winawdnsamivoadsydinadnnaild) x 100 (3.4)
nsAuUsINURalavauia
Jowaviiia = 100 - Seuazlulooawd - Souaza TN (3.5)
3.3.6 MINATIEVELTRVINGNT U
3.3.6.1 Uuan
MsaTIzinUnan (water content) Tululesesdauanmnsgiu ASTM
£203 #aiadesfiofauurmu uuuUsiuinsdve Metrohm §u 890 Titrando

FHININUTENBU 36 LI5N1SMmsawuuAIalues (karl-fisher titration) Iaeld Medium K
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uanslmmsauay Composite 5 1uansazane luduneunisneasdlulesssdgnioudily

WINPT IZY

AMNUTLNBU 36 LATDIILATITIIUSUILN

3.3.6.2 AMNANUANIUTOU
N15ILATITRAIAINSBU (heating value) Tneldia3es Bomb Colorimeters
MIUNINTFIU ASTM D-7582 D-5373 D-4239 Uag D-5865 a1u1sniAseilaanislaniogns
aslulugn Bomb 11gn Bomb TdluluiA3es Bomb Tassou 7 gn Bomb axditiiinaugy
oyl insewhanulasnsyadnliiiewnlusidnesnmuauysaiuaglinimdeusenun sl
arwdounrinszangluduiilegseu 1 gn Bomb intesmnainnisivdsuulamesgungiit,
wazAnaeanuLdusmdnuauiou
3.3.6.3 USunaumalaniandsanu
MMTAATIENMIAIUSHIUNA LA NSNS 19U (energy yield) vpsndnsiuailulossd
annsaduldaumsiwiolud
USUUnalaneana 91U (%) = Mass yield x HHVproguct /HHVRow material (3.8)

3

We  Mass yield AaUsunaunalavssndnsioum

v 6

HHVpro0uc ARANAINNTOUGIVDINERNS 0T

(%
a v v

HHV R material ABAIAINTDUGIVDITROAUATAY

3.3.6.4 myiacfugulululesssd
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n3AsIERuUULENs 9 (CHNO) Tagldiadesiinsevinifiugiu Truspec
CHN/CHNS MicroCarbon/Hydrogen/Nitrogen/Sulfur/Determinators 1ag®annisn1syiieu
youdasilomUInaessmiensnlniegssinia (flash combustion) LilelUaewusg
fLiunsdusznovvesansdunislufedraldeuduufaiduiusiusadu  4ddndon
wiusu Wy sinlulpsiaugnivdsudunialulasiou sinansueugnidsuduuia
afuaulneanled uarsglelasiaugniuisuduledr mndussnufananoonaniuiien
YSunauunaurazvile [45]

3.3.6.5 MTAATIwIAUTENBUNINAL

nsineiesddsznevveslulesssdlagliiniesuialasuilnns i
(gas chromatograph) Agilent technologies 34 7820A wagihuaaiyn msiines
(mass spectrometer) Agilent technologies Ju 5975 flan1wusenay 37 Taeld ultra-alloy
capillary column (30 m-0.25 mm-0.25 \m) fifinsmuangumgiliand 45 esmiwaldea
Wunan ¢ undl dingamgdl 45 10U 300 ssrniwaidea fisnsnslianuieu 6 ssrmiwaldea
sounfinazmuANUmMIAT 300 ssmwaldea iunan 5 uid Snsinsivavesdiden 14
Adnsrowil uasthanailddmiuingatrnasuie 40-550 m/z tnefitumeunsvaaes
fio ihluleserdfilsinnnszuiumsinlsladauuuiiwanseenusaiidnsau 50 sio 950
mirglulasans wiefevar 5 ldadluvanlinea (vial nesetegnnsesiunsesluaouiil

yung 0.2 llasiuns neuvhnmsaadgesediinsey

SATREPS

ANUTENBU 37 LATBILNALASININNT I/ wudaninstiwas
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3.3.6.6 MIAATIHUAA
w3Baualasulnns Wl (gas chromatograph, GC) Agilent Technologies 5u
78908 den1nUszneou 38 lddmiudnsizvinduuesaisusenaudunidssineladine

(volatile organic compounds, OCs) hagsziralaurunany (semi-volatile organic

compounds) Tnewiunialdniruzussquiiauaziundadnnies

AMNUTLNBU 38 LATBILAALATUN NN
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NaN1533uazaNUsI8Na

n1sAneinisinlsladadauranvuiiilaelddssujisernvuassdunoudil
n1svyuInkazlinyguiundnduduianduanldlniluaissjnsaivgsladiuauuunles

wUsaanidu 4 deseluil

4.1 duUAYRITINIA

Fruranldlunuidenelderanisiiladsunisaduayuainvsgnnuanlasy
Tulomes 2010 3173 FalAUIUINIUNTZUIUNITUA ARYUIAT 0.212-0.600 Hadwung

1 :glj & o a L3 wa IS (%
LLﬁ%E]‘UIﬁﬂ']’]lI“UU "iﬂﬂuuwﬂﬂﬁLﬂ’i']g‘WW]ﬁiJUG]GUENGU']lI'JGWWYWN 8

A1579 8 auURveeldenanis

Mohammad Mazlan

o

nsaeszisuuyssna (Gesaglasuniin, gruden) uided
wazAtly [5]  uazAe [46]

AT (moisture) 8.07 4 43
#@135zem8 (volatile matter) 77.01 79.3 79.8
AsueuAsil’ (fixed carbon) 13.87 15.4 14.1
101 (ash) 1.05 1.3 1.8
nsleTeiuuuLenstg (Gevazlnsiuiin, gruden)
AsUU () 47.18 46.60 44.2
lalasiau (H) 6.71 7.10 7.2
Tulasiau (N) <0.001 0.30 0.3
20N%LAU (0) 45.06 46.00 48.3
dnsdusyrinalalasiausonisueu (H/C)* 1.71 1.81 1.94
IRIIEIUTEIINDONTLAUADASUBU (O/C)* 0.72 0.74 0.82

asAUsznaunugy (3esazlasunniin, gnulen)
idiwadglaa (hemicellulose) - - 34.6
\waglad (cellulose) - - 18.3

anilu (lignin) - - 25.5
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Amassuauiou (MJ/kg)

' [ £

ANAINUANTOUES (HHV) 17.32 19.4 18.89
AmdsuAuSous (LHY) 15.89 15.91 15.24

AMuRUILLY (kg/m?)
AIUAULUUTIY (bulk) 163.75 - -

AMUNUILUUUTING (apparent) 1070.7 - -

o

*ansluanaved CH, 0,7, W8l
Y ] . .

4.2 nsinlsladalunsasinlslagauialasunlnsnsai/wuaauninsimas
msanwInisinlsladalueses GC/MS Taelgliionanwisiusunu 1.5 Hadnsy A4
y1neun1A 75-150 lulasuns gaumgillnlslada 500 esrwaidoa Tdmeduil Ultra-alloy
capillary columm (30 m - 0.25 mm - 0.25 pym) Ain1sATUANEUNYTLA1BUN 45
parwaea Wulian 4 uadl wWinann 45 1y 320 asrwawdiua nensinisirniusou 6

IS

peAwallanaud Snwiaunad 300 esruwaided Wwaan 5 uil wardnsinisivauisa

9 Y

a 1 =

530Uy 1 faddnsround Prsnafilddmiuiinsiaiauiasiufe 40-550 m/z Fauus
soniiu 2 FupeuiiseazBundasolll
4.2.1 nslwlslagauuudunouien
wam'ﬁlwiﬂa%aLLUUL%’Jﬁﬁmﬂ%’é’mwﬁauéhLiﬂﬂ;’jﬁ%mﬁa%ama Tawn 2:1, 3:1
way 4:1 nunfisnsdiu 2:1 way 3.1 sasnsiaveseslsundnlslasaisveudialndifes
fu ileldensndau a:1 wuieglsundnlelasaduouiiviuuindeUsyann 3 wh Fennsle

mseufiseniududmaliiianisissljisenlannituazdesldnunuainiianieuluiis

[
a

iswgenans faiunsdenlddnndin 21 Sudusulsiuaneaniianlunuided

wan1sinlslagauuunisdunoudisinies Py-GC/MS Wud1 ZSM-5, TTZSM-5
waz NHDW duUsunalalasaisueuiosay 39, 22 uay 17 auaisuuasiuSuiaeandiauiun
£9uay 21, 23 LAY 28 AINAIFU B9 ZSM-5 18RI a0N e UUTY Ingdu wavledu

Seway 2.30, 2.36 way 0.01 AuanusInIwUsEnay 39



60

~—~
XX 100
N~—
>
=
=
" e il of o - o o o o ol -
g o
K] & & o 0 @ & & & & @ N & & O & & O 9 [¢)
S S & P & P F IS S oA O
n & 0 & KS) \o(Q R R M) Q\)@ < e‘é N S /\/00 A S
& of ¢ & s & &
L VR R\
4 L
& R
¢

[l Hydrocarbons | Oxysgenates

AnUsENaU 39 Nsinlsladawuuniatunau

AseUfAsen ZsM-5 dusunauuduy (benzene) ngdu (toluene) wazlodu
(xylene) 11nn318tseUfAse lanzoanlan (metal oxides) LazlIssIuBIA (natural
minerals) 391U FATen ZSM-5 Fnoglunguvestlolad (zeolite) MiUszansamly
mswdsudniunaviwagleaduerlsindnlelasasuou [47]

4.2.2 m3ilwlslafauvuansiunon

nslnlsladauuudafifinsldssuisemuuassiuneuluedos Py-GC/MS
Taoidonld zsM-5 Wusssufisemdnaiiusnalalasansusugaannmaasauuunils
fumeu drudusaiisefiiviinalelasensueumnit zsm-5 thundusvsiaduiiean
nsdeuan nvesiuseURAen ZSM-5 wamaamﬂ%’ﬁaLéaﬂﬁﬁ%muwaaa%umau WUINIT
T¥fnseU A1 CoMo way CaO HuTualalasarsuauiasay 37.4 wag 37.1 Aua1Ry
IndiAsafunisldiisalfizen Zsm-5 Ailusunnlalasaiveufesas 39.3 fnmuszneu
40 33 CoMo fsns1nsideniAnveauuduiesas 2.78 Ingdufesas 5.02 uazleduiovas
1.16 uaz Cao fignsnisideniavesuuduiosas 1.00 uansbiiiuinduseufiser Co/Mo
ey CaO trwannisidenaninuazUTuiunislddussufiterves Zsm-5 wayiluTum
lelnsmfueulndiAssiu aenadesiuauideuss Ratnasari [48] AinslddisalfAzeuuy
aostumou Wisllumanavunlngjveslelnlsladaunndlvdvuinidnas lnesudluds
FaseufAserdgnguniuiasendu zms tiiewdsuifuleailuuay
oglsunAnuazaAdedves Linlin Yi [37] ld@ussUfisen Cao HrvanuTnmeandiauly

lolnlslada



61

Selectivity (%)

[l Hydrocarbons il Oxygenates

AnUsENau 40 nsinlsladanuuanatunoy

asunanisinlsladaluiaias Py-GO/MS wudnnaslddasesujasen Zsm-5
wuutuneuflivsnalalasasueugeiian Weldfiswfiseivuasstunay nuinsly
ML3aUATE CoMo uay Cal YrvannisidenaninuasUsuianisldfsauisen Zsm-5

[38] anxnsathluseganluntesdfnsaingdladiuauuunedludusald
4.3 mslnlsladauuuiialuesesufnsaingdladiuauuunias

Anwinavesgumaiinisinlals@a 400-600 ssrwadoa Fansifingumai 400-
500 ssmnwaldea wiuldiuiunanaldvesaiuianmuazuiaanas dwaliusunanale
voslulesedifindu Welfiuguvgli 500-600 esrsailsa Uuawaldveadiudinin
warlulenesdananuazfivsuiaufaiugedu 2] Fedueuifediadengungd
nslnlsladauuuisivl 500 ssmwaldea sninislvavesufalulasiou 10 dnsrouni
dasnistiou 180 ndusetalug

nslnlsladanvuislurieanissfnsalgdladiuanuunesutsesniiu 2 dwu
ud nslnlslafanuuldldiissuiise waznuuldissujasen Tnevaesdauduiinns
ey laivaaundndasiufandualdlussuy Sadinessdoadetelud

4.3.1 nshnlsladawuuidn

andaTvanannssuiunsinlsladauwuudileglilddns s fiseneamal

500 aeAnwalded dnandugniausznaulumendniunvandanss aruTdinwiuiminmd
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uavdnwadmfanmusznou 41 fassluiulolnlsladariuyalelaauiiiousnduganmls
anlegludafuduiinmuazyansedledouiietesiudiudinmingasnanyalelaay
wdnfusiveanavielulesssdddmatuiaiuarinuniings dauiddmdesdu
Fanmusznov 42 fildannisarvuiudagdn Tiihade wasdudimauuediny

WALKANS IWAEN k@S UNSaAIULUULS

| f'ﬂl;l‘llﬁl‘lif‘rlr};m:‘ﬁ‘ ot i R A
<A L e T T e e T uﬁunhlu‘ﬁl
v 9 =10 1

@ove T2 30 F 4 G g g

ANUTENOU 41 aUFINN

agueous Heavy

andsenau 42 luleeeudnlaannnssuiunisinlslada
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Usunaunalavealulenaudasiu (total bio-oil) anudinw (char) wagwianlianuiss
Aukiula (gas) winduseway 75, 17, 8 auaisussn musenau 43 Jelulessyasiuiug
sonilu 2 dau leun wanidn (heavy phase) Sosaz 40 wazufitinanujisen (aqueous

phase) Sowaz 35 funmdszneu 44

80

70

60

50

40

30

Product yield (wt%)

MNNNNNNN

20

10

Total bio-ail Char Gas

ENon-cat B Non-cat (gas circulation)

AMNUSENOU 43 USunanalavananduaiannnssuiunishnlslada

Sonmyuundnsusiufandunldlussuy wuhinanaldvenianaminiesas
35 194 26 wazuiaiutudosaz 8 1u 18 Fanaiilduansreainauiteres Mehmet Pala
[41] léAnwmsnyuundnsusiuiaiulidesaroUsinanaldvessdnsusideioutumsld
whalulnsiau Wesandnsdeuufansaedinuaniriundndusiufafsnsnisia 2 dns
AauNTIldgIzuUAIY High Performance Liquid Chromatography Pump famnsamun
Snsnslnalvieed Selunuitedlifuayarmelunismuoy dwaliiugaufaduiulusi
Wlelnlsladaldanunsanrvuiuldnamuavi lfiauiadudinauazuiadildaunsa
muuiuldgnilewdngsrutlaeituiifleanainiy nmamuundnsusiufadeniouiiout
nsldufalulasion wuisinalalanausasfinudiutu duliinuaiveulaeenlefuas

Asuautauanlenanad [49] Fsnsuyuiundnduriuiarigannisiduialulasaulussuy
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38.3

40

35

30
25
20
15
10

Bio-oil yield (wt%)

Non-cat Non-cat (gas circulation)

B Organic M Reaction water

AwUsEnau 44 Usunamalevesluleassdsiuainnssuiunsinlslada

4.3.2 mslnlsladauwuuisalagldfiseujizen
nslnlsladauuuiildgamgiiseufisend 500 ssmiwadoa Anusigd
0.3 H1lus’ wagdnsdrusznineduseufizeedauna 2:1 udnsusiildusenouldae
d1uTanm 1én Tulesssd uazufailiamnsaniuuuuld luleessdildannnszuiunissuls
sonlu 3 diu leun iaviin (heavy phase) fidnwuzds nilng wazliinauiur e
(light phase) fdnwarlawaruenduiuiad (aqueous phase) AsAINUTENBU 45

mslnlsladauvusileagldiusaufiseeentu 2 diu lneliseazdeadwoluil

Aqueous

nndsznau 45 Tulesesdnlaannssuiunisinlsladalagldiisesufizen
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4.3.2.1 HareIn1slafLssuisewuuniladunau

AsaufAzeniildne ZsM-5 lngldusunudiise 600 ndu Inewennufnsal
o 1 aaa I (% a 14 I3 v
Ansesufisereenilu 2 1 w1az 300 nfu Usuianalsveslulesssdsiuiesas 9 1o
wlsdulaminuazaiunsosas 5.5, 3.5 aud1su USunalandesas 7.5 Usunaumalaves
wAanazuiuTuLINNIINszuIunsldlgiasUfAzensesas 43, 31 990 4, 24 anuadu
Wesanlelnlsladanduaisusznausendiauvujisendudnsaufisensenin
a aa o . = a a [ 123 s 3
ApanTALutu (deoxygenation) Feeandiauaiuisailasuanindunianisveaulneenlan
AgUisendecarboxylation uiiaasusuneuanlennieufize decarbonylation wazi
U3 dehydration [50]

n1snyuINKanduLAaniifaanssljizen nuinvsuanaldvesiiudy
Jouaz 38 910 31 uazufidganasTeuas 36 310 42 AININUTENOU 46 FINTNYUIUNERS N

& A a s 3 = ) ° v 4 s o
wiadivsunalalasiauuazasveulaeanlenunn Wevywiunduuvilinisueulnesnlesii
Ufnsenlunszuiunsuasiinufisenfesndduduiuduseufizen
4.3.2.2 NaveIn1slEisufAzeuuvasItunou

AL39UfAS81M088AINLATEY Py-GC/MS Aia ZSM-5 Lag CoMo lag
wenwuinsaldassljizereendu 2 w1 lumufnsaldnssufiseusald CoMo wae
Juiaasld ZSM-5 Tagldusunudusausazaiia 300 ndu 573y 600 nfuden1sNAaas
nuIUsunanalaveslulesssawmaniniesas 5.6 luana1eiuiunsIgAILsLUUTURDU
Wensesay 5.5 uwiludiuveanaiuianaiaindevay 3.5 Wy 0.5 dewaliusunanindiuduain
1% & v ) Y ¢ & aAa Yo aaa
Jowaz 31 Uudeuar 34 Asnmusenau 46 manyuIuRdnduawianinisldfusaugiizen
WUUERITURDU NUUSuNalavesingusoy 42 910 34 Lavuidanasioyay 36 310 41

AanInudsenau 47
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459 458
38.7 san
380 36.0
32.5 32.4
1
. 4.
7.0
Z5M-5 ZSM-5 (gas CoMo + ZSM-5 CoMo + ZSM-5
circulation) (gas circulation)

@ Total bio-cil WChar MGas M Coke

46 Usunaumalavesdndusiainnszuiunisinlsladaleslddissljize

40.1
36.9
A
33.1
o/
53 6.2 54 5.2
] 3.3 2.9
0.5 0.4
Z5M-5 ZSM-5 (gas CoMo + ZSM-5 CoMo + ZSM-5
circulation) (gas circulation)

W Heavy Phase M Light Phase Aqueous phase
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agunsinlsladauvuiluniesujnsaingdladiunuvunesnaveanislddaiss
UATeN ZSM-5 fu3unamalaveslulesssduusoandu 2 wia leud waniniosas 5.5 uaz
waunfesay 3.5 Usunanaldvesaiudininuazlandasas 17 uag 7.5 A1uaiy
Uhinusaldvesufauaziniuinnniwansueiflaldise §isesosas 43, 31 900 4, 24
pmddu 1iesnnsliFuseufisowihuAzendeenddiudu nsmsuiundndueinfad
Unanaldvoninfintudosas 38 910 31 uazufaanasiosas 36 910 42 mslnlslada
wuudalaeldiisefaseuuuaestuneulneidonlddussuijfisen CoMo uaz ZSM-5
wuIUTinamaldveslulesssdinaniinuaziaiuniesay 5.6 uay 0.5 muddu Lievsuiu

NANAUALAFNUINUSL U NLTUSDEaE 42 970 34 Lazuwdaanadisuay 36 970 41
4.4 N1SIAIITANANNIN

a o  cavy = < i I3 ' = s
nandunlaannszuaunsinlsladanvuidmvsesndu arutinmuazlulessa
Tngihlunsgvaudieng ¢ lsvazidunnseluil
4.4.1 auURvoInIuTINN
i = ay v = < 44' a ¢ al ¢
drutinmnlaannnszuiunsinlsladauvuislunsessunsalngdladiuaiuy

WoshfiArmudougs 26 wnzgadenlaniufinisne 9 Taanunsahlulddugemdslimiy

Y

] (% ]
¥ 1 aa A aa

Jou drudinmdlvguseneumesganivsuniinuiiiaazanansagadululasiaumuin

= J a

a a . = [ [ ) o v
FeouFINMAUTUIUFNTU (microporosity) LudwuNN wenanddaunsatlulduny
Yefigaainiiuil ussnm wazanaudunsavesiu denensnsdiulvgihadaninluld

\ansnuastitoanyIunanslede

M1579 9 AUURVDINIUTININ

a ¢ % H o o
N132LAS1ZNLUUUTS U (iaﬂa:ﬁiﬂ gUINRUN, g']‘IJLLW\'i)

m’m%yu (moisture) 5.12
g@195¢ime (volatile matter) 28.00
m%uaumﬁ (fixed carbon) 57.67

101 (ash) 9.22




NNFAATIELUULENSTY (Sauaslaguviln, §IUw)

AsUBU (C) 72.13
lalasiau (H) 4.20
101 (ash) 9.22
291U (O) 14.29
H/C* 0.70
o/Cc* 0.15
ATNAIIUAIUSDU (MJ/ke,)
ANEIIUALTOUES (HHV) 26.05
ANEIILAUSEUAT (LHY) 25.16
USIaunalan1awaseu (%) 23

* ' 181
%W]'ﬂll Lﬁqa CH1 4304 75 VDIDTUIINN

4.4.2 auvaLazasrusenaunaeivadlulessyd
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luleesediilaannisnaassluinsesunsaingdladiuawuunes Ingurly

a ¢ v 4' a ¢ a ¢ ¢ o v
UWAITTWLUULYNTIAAIYLATIIILATISH CHNO wagitas1evaInlsenauLlAinle

LASILNALASUN NS NI/ wuaardlUAlnsimes tnelisneazidunnanaludl

4.4.2.1 wansesizviauvfveslulenesa

nan1nsztuleessdnuinnisinlsladawuuldlddns s fasendemalvd

Usunamalaveslulessuauauidosuinwasnisldassujisen CoMo iU ZSM-5 dina

Tlausunamlantdniosunn mMsvyuiundaduuiadwalilsunuainiuiauanas n1slyd

AseUiTen CoMo sy ZSM-5 dewalriusunueiniiuseugeanaiioiguiunsy

AILFIUHATE ZSM-5 LileeTunauLfefiinisng 10
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A1519 10 audRvedlulessya

Bio-oil
Heavy phase Light phase
Properties
Non cat ZSM-5 ZSM-5 ZSM-5+CoMo
Non cat ZSM-5 ZSM-5 ZSM-5+CoMo
(gas)* (gas)* (gas)* (gas)*

Ultimate analysis (wt%)

Carbon 47.6 34.5 81.5 71.9 88.5 88.1 87.3 61.9

Hydrogen 7.02 8.2 7.38 7.71 8.97 8.95 8.87 9.51

Nitrogen 0.24 0.11 0.04 0.07 0 0 0 0

Oxygen* 45.14 57.19 11.08 20.32 2.53 2.95 3.83 28.59
Heating value (MJ/Kg)

High heating value 19.92 17.02 29.72 27.24 32.76 32.64 32.36 25.63

Low heating value 16.18 12.65 25.79 23.13 27.98 27.87 27.63 20.56
Energy yield (%) 51.06 42.12 9.10 9.70 6.32 5.38 0.79 0.69
Water content (wt%) 22 51 <0.002

(gas)* Gas circulation, *Calculateed by difference

navoslulossudldmissufjisen ZSM-5 uuseandu 2 diu loun waniin

a1 vV 1 al U 1 ¥ 1 al U ‘ﬂl
UAIAIUTDUGY 29 LMﬂzQamaﬂIaﬂiu WAZIWALUIAIAINTOUEY 32 Lngamﬂiamu LD
a o ¢ & ' v a1 £% < a £ 1
myuIuNdnduuianuiwantdndmanuiougananlu 27 uazwlauniidrausougaly
LANE1931INNS by uIuNERSuYLAE nansldduTsufisewuy 2 tuneu lagld Co/Mo
WAy ZSM-5 wuinluleesgdimaiuniiAininuiouas 32 wnzgadenlansu waziilenyuiu
Wandusunadwalidinuiouganaunde 25 wnzasenlandu Fensldasaufisen

dealiunanlululeesden
4.4.2.2 namnszissnusznounsaivedlulossyd

I3 d sav v =~ av v
HavassnUsznaumaniivedlulossyantnannssuiunisinlsladauazila

INNTEUIUNMIVYUIURERS LNl aeLuuiuSevay 2.3 uag 14.6 AMUEIAU KANTS
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MEAsaU)Aze ZSM-5 wudnwlawndusunauuduwasingdusosay 17.8 uag 52.2
i devsuaundefasiufadmaliuiinasuudu Ingdu waelvdufiatuduovay
19.4, 53.6 4ay 15.3 Aua19U Nan15kfsau AsemuY 2 dupou Tneld Co/Mo uaz
ZSM-5 wudaudUsnanuudy ngdu wazleSusesar 24.6, 55.1 wag 12.1 Audsu
Senyuaundndasiufadawaliviunvudulazingduanaaiufesay 21.8 way 55.2

AUAINUAINITIE 11

A1519 11 a9rUsznaumaiivesiuleoansd

Peak area (%)
Heavy phase Light phase
RT name Non
CoMo+
Non cat ZSM- ZSM-5 ZSM-5 CoMo+
ZSM-5 ZSM-5
cat (gas) 5 (gas)* (gas)* ZSM-5
(gas)*
*
Acids 12.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.8751 Acetic acid 12.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3.7116 Propanoic acid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Propanoic acid, 2-oxo-, methyl
5.0419 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ester
Aldehyde 1.24 2.12 0.66 0.24 0.00 0.00 0.00 0.00
4.6302 3-Hydroxypropanal 0.49 0.10 0.00 0.00 0.00 0.00 0.00 0.00
4.8705 Butanedial 0.74 0.18 0.00 0.00 0.00 0.00 0.00 0.00
6.1958 3-Furaldehyde 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00
Benzaldehyde, 4-hydroxy-3,5-
26.0967 0.00 1.69 0.00 0.00 0.00 0.00 0.00 0.00
dimethoxy-
38.3965 Benz[alanthracene 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00
40.0694 Benz[alanthracene, 7-methyl- 0.00 0.00 0.04 0.04 0.00 0.00 0.00 0.00
Benz(a)anthracene, 4,7-
41.5112 0.00 0.00 0.31 0.20 0.00 0.00 0.00 0.00
dimethyl-
Benz(a)anthracene, 8,12-
41.8037 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00
dimethyl-
Alkene 0.00 0.89 0.00 0.00 0.00 0.00 0.00 0.00
6.8519 2-Butanone 0.00 0.89 0.00 0.00 0.00 0.00 0.00 0.00
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Peak area (%)
Heavy phase Light phase
RT name Non
CoMo+
Non cat ZSM- ZSM-5 ZSM-5 CoMo+
ZSM-5 ZSM-5
cat (gas) 5 (gas)* (gas)* ZSM-5 (a9)"
M

Cycloalkene 0.00 0.00 0.00 1.27 0.00 0.00 0.00 0.00
11.4261 D-Limonene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
29.8168 Hexane, 3-methyl- 0.00 0.00 0.00 1.27 0.00 0.00 0.00 0.00
Furans 0.00 0.00 1.11 1.68 0.00 0.00 0.00 0.00
6.1392 Furfural 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8.5710 2(3H)-Furanone 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9.1547 2(5H)-Furanone, 5-methyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10.6261 Benzofuran 0.00 0.00 0.05 0.02 0.00 0.00 0.00 0.00
13.3893 Benzofuran, 7-methyl- 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00
13.6556 Benzofuran, 2-methyl- 0.00 0.00 0.03 0.04 0.00 0.00 0.00 0.00
16.1864 Benzofuran, 4,7-dimethyl- 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00
23.0741 Dibenzofuran 0.00 0.00 0.65 0.46 0.00 0.00 0.00 0.00
25.6169 Dibenzofuran, 4-methyl- 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00
33.7143 Benzo[b]naphtho[2,3-d]furan 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
35.2809 11H-Benzol[blfluorene 0.00 0.00 0.23 0.29 0.00 0.00 0.00 0.00
42.4566 Benzo[klfluoranthene 0.00 0.00 0.00 0.69 0.00 0.00 0.00 0.00
43.4538 Benzo[e]pyrene 0.00 0.00 0.07 0.08 0.00 0.00 0.00 0.00
47.2122 Benzo[ghilperylene 0.00 0.00 0.05 0.02 0.00 0.00 0.00 0.00
Hydrocarbons 8.49 1.54 1.94 1.94 4.25 3.40 2.39 0.33
2.8151 1,3-Cyclohexadiene 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00
4.3341 1,3,5-Cycloheptatriene 8.49 1.54 1.21 1.20 372 2.64 2.36 0.00
11.5986 Indane 0.00 0.00 0.65 0.60 0.49 0.74 0.00 0.29
11.9146 Indene 0.00 0.00 0.00 0.00 0.02 0.00 0.03 0.00
15.5997 Azulene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
36.8031 o-Terphenyl 0.00 0.00 0.08 0.14 0.00 0.00 0.00 0.00
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Peak area (%)

Heavy phase Light phase
RT name Non
CoMo+
Non cat ZSM- ZSM-5 ZSM-5 CoMo+
ZSM-5 ZSM-5
cat (gas) 5 (gas)* (gas)* ZSM-5
(gas)*
*
Indenes 0.26 0.43 8.41 1.75 0.00 0.11 0.00 0.05
1H-Indene, 2,3-dihydro-5-
14.3705 0.00 0.00 1.15 0.84 0.00 0.05 0.00 0.05
methyl-
14.6632 2-Methylindene 0.00 0.00 0.22 0.00 0.00 0.05 0.00 0.00
1H-Inden-1-one, 2,3-dihydro-3-
16.7242 0.00 0.00 0.06 0.05 0.00 0.00 0.00 0.00
methyl-
1H-Indene, 2,3-dihydro-1,6-
17.1472 0.00 0.00 0.29 0.23 0.00 0.00 0.00 0.00
dimethyl-
17.2815 1H-Indene, 1,3-dimethyl- 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00
1H-Indene, 2,3-dihydro-4,7-
17.9107 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
dimethyl-
20.0583 1,2,3-Trimethylindene 0.00 0.00 0.64 0.63 0.00 0.00 0.00 0.00
20.1969 1H-Indene, 1,1,3-trimethyl- 0.00 0.00 559 0.00 0.00 0.00 0.00 0.00
21.7999 1,2,3-Trimethoxybenzene 0.26 0.43 0.00 0.00 0.00 0.00 0.00 0.00
24.0272 1H-Phenalene 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00
Ketone 2.67 6.19 0.33 0.38 0.05 0.08 0.00 0.00
2.7282 Cyclopentane, methyl- 0.00 0.00 0.00 0.00 0.02 0.03 0.00 0.00
2.8910 Cyclohexene 0.00 0.00 0.00 0.00 0.02 0.04 0.00 0.00
3.1361 2-Propanone, 1-hydroxy- 2.56 2.40 0.00 0.00 0.00 0.00 0.00 0.00
3.3464 Cyclopentene, 1,5-dimethyl- 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00
4.5621 1-Hydroxy-2-butanone 0.00 0.62 0.00 0.00 0.00 0.00 0.00 0.00
6.1432 2-Cyclopenten-1-one 0.11 0.17 0.00 0.00 0.00 0.00 0.00 0.00
7.0994 2-Propanone, 1-(acetyloxy)- 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00
2-Cyclopenten-1-one, 2-
8.1181 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
methyl-
8.3834 Butyrolactone 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2-Cyclopenten-1-one, 3-
9.8810 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
methyl-
2-Cyclopenten-1-one, 2-
11.9332 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
hydroxy-3-methyl-
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Peak area (%)

Heavy phase Light phase
RT name Non
CoMo+
Non cat ZSM- ZSM-5 ZSM-5 CoMo+
ZSM-5 ZSM-5
cat (gas) 5 (gas)* (gas)* ZSM-5
(gas)*
*
2-Cyclopenten-1-one, 2,3-
11.9693 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
dimethyl-
Ethanone, 1-(4-hydroxy-3-
22.8837 0.00 0.94 0.00 0.00 0.00 0.00 0.00 0.00
methoxyphenyl)-
2-Propanone, 1-(4-hydroxy-3-
23.5351 0.00 0.95 0.00 0.00 0.00 0.00 0.00 0.00
methoxyphenyl)-
26.0566 Chamazulene 0.00 0.00 0.33 0.38 0.00 0.00 0.00 0.00
Ethanone, 1-<(4-hydroxy-3,5-
27.5262 0.00 0.92 0.00 0.00 0.00 0.00 0.00 0.00
dimethoxyphenyl)-
Monocyclic aromatic hydrocarbons 2.40 14.62 | 20.47 1.27 7151 90.20 92.29 77.41
2.8914 Ethylidenecyclobutane 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.9896 Benzene 2.32 14.60 0.25 0.29 17.82 19.40 24.66 21.89
4.4457 Toluene 0.00 0.00 0.06 0.00 52.29 53.63 55.06 55.27
6.6243 Ethylbenzene 0.05 0.01 0.02 0.00 0.90 1.15 0.37 0.03
6.8735 Benzene, 1,3-dimethyl- 0.01 0.00 0.89 0.74 0.00 0.00 0.00 0.00
6.9591 p-Xylene 0.01 0.00 0.00 0.00 0.00 15.31 12.11 0.00
7.5439 o-Xylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9.3187 Benzene, propyl- 0.00 0.00 0.00 0.00 0.36 0.47 0.00 0.00
9.5758 Benzene, 1-ethyl-3-methyl- 0.00 0.00 0.00 0.01 0.11 0.11 0.10 0.00
9.7578 Benzene, 1,2,4-trimethyl- 0.00 0.00 0.19 0.00 0.00 0.00 0.00 0.00
10.0508 Benzene, 1-ethyl-4-methyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20
10.4516 Benzene, 1,2,3-trimethyl- 0.00 0.00 0.00 0.00 0.03 0.12 0.00 0.00
12.9017 Benzene, 2-ethyl-1,4-dimethyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
12.9675 Benzene, 1-ethenyl-3-ethyl- 0.00 0.00 0.24 0.06 0.00 0.00 0.00 0.00
12.9835 Benzene, 1-ethenyl-4-ethyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13.0171 Benzene, 1-ethyl-2,4-dimethyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13.9163 Benzene, 1,2,3,4-tetramethyl- 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
13.9349 Benzene, 1,2,3,5-tetramethyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Peak area (%)
Heavy phase Light phase
RT name Non
CoMo+
Non cat ZSM- ZSM-5 ZSM-5 CoMo+
ZSM-5 ZSM-5
cat (gas) 5 (gas)* (gas)* ZSM-5
(gas)*
*
14.6715 Benzene, 1-butynyl- 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00
17.8849 Benzene, pentamethyl- 0.00 0.00 18.81 0.00 0.00 0.00 0.00 0.00
Benzene, 1,2,3-trimethoxy-5-
23.3188 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
methyl-
Naphthalenes 0.00 0.00 12.56 8.42 0.00 0.00 0.00 0.00
Naphthalene, 1,2,3,4-
14.9221 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
tetrahydro-
15.6176 Naphthalene 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
18.3249 Naphthalene, 1-methyl- 0.00 0.00 4.76 0.00 0.00 0.00 0.00 0.00
20.4619 Naphthalene, 1-ethyl- 0.00 0.00 3.57 4.69 0.00 0.00 0.00 0.00
20.7759 Naphthalene, 2,6-dimethyl- 0.00 0.00 0.12 0.10 0.00 0.00 0.00 0.00
21.0576 Naphthalene, 2,3-dimethyl- 0.00 0.00 1.11 1.10 0.00 0.00 0.00 0.00
21.3090 Naphthalene, 2-ethenyl- 0.00 0.00 0.00 0.49 0.00 0.00 0.00 0.00
21.4729 Naphthalene, 2-ethyl- 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
21.5209 Naphthalene, 1,7-dimethyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22.4445 Naphthalene, 1-propyl- 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00
Naphthalene, 2-(1-
22.6069 0.00 0.00 0.53 0.00 0.00 0.00 0.00 0.00
methylethyl)-
22.7837 Naphthalene, 1,4,6-trimethyl- 0.00 0.00 0.58 0.55 0.00 0.00 0.00 0.00
22.9209 1-Isopropenylnaphthalene 0.00 0.00 0.62 0.00 0.00 0.00 0.00 0.00
23.9723 Naphthalene, 1,6,7-trimethyl- 0.00 0.00 0.00 0.41 0.00 0.00 0.00 0.00
24.7266 Naphthalene, 1-(2-propenyl)- 0.00 0.00 0.56 0.40 0.00 0.00 0.00 0.00
Naphthalene, 1,2,3,4-
26.3345 0.00 0.00 0.24 0.22 0.00 0.00 0.00 0.00
tetramethyl-
31.2867 Naphthalene, 2-phenyl- 0.00 0.00 0.16 0.15 0.00 0.00 0.00 0.00
Naphtho[2,1,8,7-
39.3428 0.00 0.00 0.22 0.28 0.00 0.00 0.00 0.00
kimn]xanthene
Polycyclic aromatic hydrocarbons 0.00 0.00 4.90 9.29 0.00 0.00 0.00 0.00
20.1750 Biphenyl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Peak area (%)

Heavy phase Light phase
RT name Non
CoMo+
Non cat ZSM- ZSM-5 ZSM-5 CoMo+
ZSM-5 ZSM-5
cat (gas) 5 (gas)* (gas)* ZSM-5
(gas)*
*
22.3847 Acenaphthene 0.00 0.00 0.45 0.49 0.00 0.00 0.00 0.00
22.5820 1,1'-Biphenyl, 4-methyl- 0.00 0.00 0.00 0.76 0.00 0.00 0.00 0.00
23.6626 4,6,8-Trimethylazulene 0.00 0.00 0.05 0.41 0.00 0.00 0.00 0.00
24.3966 Fluorene 0.00 0.00 0.06 0.02 0.00 0.00 0.00 0.00
24.8656 1,1-Biphenyl, 2-methyl- 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00
[1,1-Biphenyl]-4-
25.4163 0.00 0.00 0.14 0.12 0.00 0.00 0.00 0.00
carboxaldehyde

25.7099 9H-Xanthene 0.00 0.00 0.15 0.12 0.00 0.00 0.00 0.00
26.1620 Anthracene, 9,10-dihydro- 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00
26.5416 9H-Fluorene, 1-methyl- 0.00 0.00 0.27 0.20 0.00 0.00 0.00 0.00
26.9025 9H-Fluorene, 2-methyl- 0.00 0.00 0.32 0.46 0.00 0.00 0.00 0.00
27.3545 9H-Fluorene, 9-methyl- 0.00 0.00 0.74 1.37 0.00 0.00 0.00 0.00
27.5357 9H-Fluorene, 4-methyl- 0.00 0.00 0.00 1.74 0.00 0.00 0.00 0.00
28.2654 Phenanthrene 0.00 0.00 0.06 0.14 0.00 0.00 0.00 0.00
28.2709 Anthracene 0.00 0.00 0.13 0.06 0.00 0.00 0.00 0.00
30.3117 Phenanthrene, 2-methyl- 0.00 0.00 0.12 0.15 0.00 0.00 0.00 0.00
31.1527 Anthracene, 9-methyl- 0.00 0.00 0.11 0.09 0.00 0.00 0.00 0.00
31.9128 Phenanthrene, 3,6-dimethyl- 0.00 0.00 0.38 0.00 0.00 0.00 0.00 0.00
32,0056 Phenanthrene, 2,5-dimethyl- 0.00 0.00 0.10 0.22 0.00 0.00 0.00 0.00
32.0947 Phenanthrene, 1,7-dimethyl- 0.00 0.00 0.05 0.05 0.00 0.00 0.00 0.00
32.4090 Phenanthrene, 2,7-dimethyl- 0.00 0.00 0.18 0.18 0.00 0.00 0.00 0.00
32.5994 Phenanthrene, 2,3-dimethyl- 0.00 0.00 0.05 0.04 0.00 0.00 0.00 0.00
33.1541 Phenanthrene, 2-ethyl- 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00
33.2058 Phenanthrene, 4,5-dimethyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33,5586 Pyrene 0.00 0.00 0.06 0.16 0.00 0.00 0.00 0.00
33.8033 Anthracene, 9-ethenyl- 0.00 0.00 0.36 0.39 0.00 0.00 0.00 0.00
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Peak area (%)

Heavy phase Light phase
RT name Non
CoMo+
Non cat ZSM- ZSM-5 ZSM-5 CoMo+
ZSM-5 ZSM-5
cat (gas) 5 (gas)* (gas)* ZSM-5
(gas)*
*
Phenanthrene, 2,3,5-
34.1509 0.00 0.00 0.35 0.46 0.00 0.00 0.00 0.00
trimethyl-
35.3363 Pyrene, 1-methyl- 0.00 0.00 0.22 0.40 0.00 0.00 0.00 0.00
36.7291 Pyrene, 1,3-dimethyl- 0.00 0.00 0.22 0.17 0.00 0.00 0.00 0.00
38.4024 Triphenylene 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00
38.5509 Chrysene 0.00 0.00 0.10 0.13 0.00 0.00 0.00 0.00
39.8408 Chrysene, 1-methyl- 0.00 0.00 0.01 0.03 0.00 0.00 0.00 0.00
40.3985 9H-Cyclopentalalpyrene 0.00 0.00 0.05 0.06 0.00 0.00 0.00 0.00
Phenols 0.71 1.23 0.00 0.25 0.00 0.00 0.00 0.00
12.4739 Phenol, 2-methyl- 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
12.4748 Phenol, 4-methyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13.1012 Phenol, 3-methyl- 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00
13.2459 Phenol, 2-methoxy- 0.14 0.12 0.00 0.00 0.00 0.00 0.00 0.00
13.7034 Phenol, 2,6-dimethyl- 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
15.7103 Phenol, 3,5-dimethyl- 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00
16.0817 Phenol, 2-methoxy-4-methyl- 0.02 0.12 0.00 0.00 0.00 0.00 0.00 0.00
17.9848 Phenol, 4-ethyl-2-methoxy- 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00
18.9268 2-Methoxy-4-vinylphenol 0.04 0.08 0.00 0.00 0.00 0.00 0.00 0.00
19.6617 Phenol, 2,6-dimethoxy- 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00
19.8115 Eugenol 0.14 0.14 0.00 0.00 0.00 0.00 0.00 0.00
19.9286 Phenol, 2-methoxy-4-propyl- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
209174 Vanillin 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Phenol, 2-methoxy-4-(1-
20.9341 0.15 0.03 0.00 0.00 0.00 0.00 0.00 0.00
propenyl)-, (E)-
Phenol, 2-methoxy-4-(1-
21.7654 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00
propenyl)-
23.4760 5-tert-Butylpyrogallol 0.09 0.18 0.00 0.00 0.00 0.00 0.00 0.00
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Peak area (%)

Heavy phase Light phase
RT name Non
CoMo+
Non cat ZSM- ZSM-5 ZSM-5 CoMo+
ZSM-5 ZSM-5
cat (gas) 5 (gas)* (gas)* ZSM-5
(gas)*
*
Phenol, 2,6-dimethoxy-4-(2-
26.6714 0.06 0.07 0.00 0.00 0.00 0.00 0.00 0.00
propenyl)-
28.3043 Desaspidinol 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Other Hydrocarbon compounds 0.02 0.16 0.66 0.35 0.00 0.00 0.00 0.00
24.2164 3',5-Dimethoxyacetophenone 0.02 0.16 0.00 0.00 0.00 0.00 0.00 0.00
27.0867 (E)-Stilbene 0.00 0.00 0.19 0.13 0.00 0.00 0.00 0.00
4-Phenanthrenol, 1,2,3,4-
28.6672 0.00 0.00 0.11 0.13 0.00 0.00 0.00 0.00
tetrahydro-4-methyl-
36.2115 2H-Phenanthro[9,10-b]pyran 0.00 0.00 0.36 0.09 0.00 0.00 0.00 0.00
Identifide peak area 28.05 27.18 | 51.04 26.84 75.82 93.78 94.69 77.79
Unidentifide peak area 71.95 72.82 48.96 73.16 24.18 6.22 531 2221

(gas)* Gas circulation
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