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“gsdhadudaziia _

1.3.3 ’;mmwmauwamammaaﬂgmmmﬂauammmammmnmuwmmwwvlm'mms

-"Lw’[_ﬂ'asmn:mﬂmwmuu

1.4 dselamiflasy _
1.4.1 Remawinalulafifienmhisgfassnldiduionfunywioudmivnimda "

fuon, tmnes wazazdlaw adeidss@nTnw

'
&

4.2 Euumnnnenmsuitymnisiniaves R wansiaduiifioaglas, iafiioaglag wez
a _aAa I3 6 .
andiuluasatsznay

14.3 samsiawinaluladuaznmbidiagduandsdseind



FnwmufadiToaesumuasuuaiisslfnionassiia wuinmuaaiuwi liuilfewds -
LLﬂﬁvLaIﬂiLﬁva@\‘l’TEl
P

ﬂmumﬂmmwsJmUmmsmaaumiﬂiuﬂmamwmm‘lw‘[s"lasnamﬂn mmmﬂml"n
mmﬂgmm@ﬁ'“ﬂamaﬂaan"l,sm 2] wmﬂmmﬂgmmmmymmmmnmﬂamw (copreci-
pitation) wﬂswa‘nﬁmwmmﬁmLsaa_lgﬂsmmmzmmmﬁ impregnation lagsansarilidimimn
wu@aaﬂﬂi‘”ﬂaulumwuvlwiivlama@m lummwmﬂ@mimmamm % nInesdae, a8l
Wuoa: %w w LRE wmﬁmuﬂ{lumimﬂgnsm (ammu AT, contact time 484) WA
mlﬂ”’lﬂwammmmmﬂﬂimammﬂmanuﬁmw SaumIas umumﬂgmmu“’[ﬂlmmmn
-3 ﬁi /el a v L l:l a Qs JO

Wi alaimassnanuRudulinszuawnsiin iU Tomtldase mt.ﬂumaammmaa&a

punarmaailiasduvesl §azen



UNN 3

n1INaaad

3.1 sriadl wazgunsafnls
3.1.1 nM1snadauiljnsg1289 model compound

- uwlulasian (99.995%, Prax Air)

- LUMHER

- naezdhe

- BElan

- fiuas

- thndu

Cdawlnlslags

- mmaauﬂgmm (ﬁj‘ﬂ 3.1)

3.1.2 msn@aauﬂgnsyvﬂaauﬂwulwfa‘la%’anzmﬂmw

- uARInlaT1a% (99.995%, Prax Air)

- ndu

- ﬁ@VLWIEVLa‘ITﬁﬂ za11ad (iﬂ‘i’l 3.2)

- m;\Juwvlmmﬂmi"l,w“['ivl,asnan”mmmm 500°C e 1 m‘[m.

- mmaauﬁgmm (i‘].]‘ﬂ 3.9)

3.1.3 MPBareasdsenaudanaiesiinsedufalasalanam

- wiadasu (carrier gas)

-uialalasian

- gmeda

_LMUOR (internal standard) _ ,

- farenaiudalasunlanWiifsaaeiauuy  FID  (Shimadzu  GC-17A)  wiad
CP-PoraPLOT Q capillary column uazdufinaaefdmiuiianzvisygimen GC-17A
E%w%'umﬁLﬂi’]:ﬁwﬁmﬁmfﬁmaamm

- Lﬂ%{a\ﬁLﬂﬁzﬁLLﬁﬁIﬂi&hI@lﬂﬁ’lWﬁﬁﬁ?@]i’]ﬁﬁmwu FID (Shimadzu GC-17A) wiau
Porapak Q column uszBufiinnaeidmiviensidynimein GC-17A dmiums, |
';L@mmNamnmfmma"l,ﬂmmsuau

- Lﬂiad’JLﬂi’lw‘ﬁLLﬂﬂIﬂi&l’]T@ﬂ‘ﬁWﬂN@l’J@i’lﬁ]’mLL‘U‘U TCD (Shimadzu GC-8A) Uaz active

| “carbon  column ufinTeofniuiienesifya nen GC17A  Fmiunylanzy

Na@mmsm nudafilalslalasansuon
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3.‘2_-n'15m'%‘ﬂuﬁ'flt'idﬂﬁﬁ'%m

mmﬂgmm ZrO,-FeO, \IUNA8AT coprempltatlon lagshanas el ZrO(NO3), 2H;0
URz Fe(NOg)y9H,0 ananaznaulagldaiazaisuanluiily (ammonium solution 25%, Merck,
Germany) laadnwineliaaisslfisendl zro, Sasaz 7.7 Towdmin  shoasudefilalonusked
383 LARI% W% 24 g2la uazthlivin calcination mﬂ'l,@mﬁmnfmmmﬂlmmauwammm 773.
1A Wit 4 Talug ﬁnﬂuummLsaﬂgﬂimnﬂﬂﬁlﬂmuiﬂ ue uazdauwaliarlugag 300-850

Talasiuas.

3.3 menadavudjnaen
- 3 3.1 miﬂﬂﬂaﬂﬂgﬂiﬂ’mad model compound _
mi%mmﬂgmm‘lmmaaﬂgmm (51]1’] 3.1) 'memammmeﬂgﬂ‘mﬁnﬂ heater aud

A
a Q ana

'ammmm'muammmmﬂg 31 Tondonlulaneudasdanmslng 15 om’rmin” memao

-3 = a

Ufnsnfanaaiim L;Jamamwgmmmmmaumia §18989817628£19 model compounid” L
az7ia (methanol acetic acid, acetone, phenol) AMUTNTY 10% Iml‘m%uﬂ memaaﬂgmm
I@Ummmlﬂamﬁmivlma“uaommmummmnu 0.5 niudadalus vdeslinAasusiildaan
mmmmﬂgmmmuLLuuLﬂuﬂJaamm‘luLmsﬂ (el 273 1ARIW) Uss Tt Ly YL YT
Tnasenlumueglungaiouis (U 3.1) Auasmas fnamaudfizen fo gompll 573673
aadn waz W/F 05-6 Talas  nasanvhd fisenuan 60 wfl mmmimamamﬂuvl,@ﬂuamm
ypamatuazufalUiieneidueiasiianziuialasunlanswuuy FID uas TCD
33.2 msnmaaﬂﬂgnsvaaaukulwfﬁ'laﬁa

Lmﬂum TRTIMWINNE mmawmmﬂ,m a3 Inlsladaea ﬂ‘*ﬁ@vl,wiivlasﬁamamlmﬂw

© 3.2 Buenkhnzaihduuauiizie 500- 850 Vl,sﬂmmm win 20 N3 ’Lamlumiaaﬂgmmm B

'Lmavlui@mﬁmvl,mmumnamﬁmﬂvxa 50 cm’-min " amnni 773 LA dadanslnlslads
wa@nmsmmmmwnmmﬁ"l,uimwquaaﬂmﬂmﬂmuuwa\‘lmsmﬂgmmuamﬂ%muLmulu
unstflgungd 273 1eaiu L;JaLaiaaunwvl,wkvl,amaﬁ]amm’m:mmaammwvl,@ﬂuumﬂmm@
ﬂﬂumimaauﬂgmmmw
mi‘maamJgﬂsmmaauwuvl,wiivl,asnam‘lfmﬁmaa\‘jmemnmlﬁum‘smaauﬂgmm
~ 289 model compound T,@mJaumuwmmww”Lm*mmﬂwHLasnanumﬂ’mmmmmaqﬂgmmﬂ
139909 210, FeO, melu Taatmualisanmslwavssiiulnlsladaasfiviniu
05 niudatalug waaumﬂaummmmmﬂgmm‘lummummamuuvl,wiivlasnmmﬂu 2:1
AMuAENIIL maauﬂgmm Ao guwpl 623-723 LARIW usz W/F 0.5-10 Falud nasanrh
UjATewn 60 w1l mmmimasm‘*nLﬂu”l,ﬂm’l,uanﬁwuﬂmawaamm”l,ﬂ'umﬂmmmmao

FanziudalasanlanTviuy TCD uae FID



3.4 mﬁm‘mvmaﬂﬂsvnawaawamnmm

| Na@mmmw%mnmsmﬂgmmummmaamm uits wazveauds aedUnouMsas TINm
maomimaﬂ InpRanmusiuadnaIlazie ammm%U‘L‘mmamLmﬂmLLﬂﬂTﬂsmImﬂﬁWLmu
FID usz Tob lumsiiarezdindasimsiuaanaide FID Idamuasidu interal standard #1m3U

' ﬂ‘%mmmawa_mmmﬂu carbon residue mmmvl,@a’mmiqaw'mmsl,l,aw@]‘a*[-ammiuau

3.5 N15ILASIERIARNAAHAS
3.5.1 'Jmﬁzwaa%wamammsmmﬂgnsmﬂad model compound
ﬂ’]ﬁLﬂi’]“’Wﬂﬂ%Wﬂﬂ’]ﬁ@]i’ﬂ@d model compound Lmaaﬁu@mi@mwmsmzmwammmw‘
anmnmmas] mwmsmmmumamim@ﬂgnim (reaction path) mnumamaaummﬂnmaa
I@UmmaummahamiiauLmaaﬂgmm LAy mmmmmnﬂaUuuﬂmﬂsmmmaamimaG] i
7wumm~mmﬂgmm Lwawmimmwaa@ﬂaawaamamimmmwvlmnﬂLaumamimﬂﬂgmm '
: A»‘YIE‘IEJ&JWIJ% AUNANITNARDS ( , o |
| _ auﬂﬁiﬂaiuaaﬁiiauLmadﬂgmmaﬁwuuuammmm (1)‘ Lﬂ‘%ﬁ@@ﬂf}ﬂifﬁﬂﬁﬂ@dml,l,uu‘
aﬂ,mmm\‘m (2) Lmaaﬂgﬂimwwqmnﬁmmu pseudo-homogeneous L& n'ﬁvl,m*’uamﬂamalu‘
- fuluy plug flow (3) mmﬁmuuumaaLma‘lmmmﬂgmmwmmw 4) ﬂgmmmﬂmwﬂj
ﬂgﬂimmuﬂgmmmmu (elementary reaction) Aeudy 1 ﬁnﬂmJmmmﬂmamumm‘lﬂ

ﬁ'm’ﬁﬂﬂlEmﬁ&lﬂ'ﬁ(ﬂahlaiﬂumiadﬂgﬂim“ﬂﬂx‘iﬁ’]‘i iz LLGIﬂw"E%GIVLQGNﬁNﬂTE'ﬂ 41-43

R = —Cﬁ_ 4.1)
AQV 1 F) -

L= €X 3)

=P RT ‘ _ _.( )

o 1 { o T L aaa ] 5‘: t:il al A/ e
LLaZﬁ.’]ﬁJ-’ﬁﬂﬂ’]W}M?ﬂﬂ\‘iﬁFJG]T]LLEQZWE&\N’]%T‘]SZG}WHBﬂﬂgﬂ‘iﬂ’umﬂzﬂluﬂm@%%vl,@
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3.5.2 Sianseannamansnininlfisevasssivlnlslada

A ) gl Qr o 9 ' [ a o v 1aaa A a

dlosnnihdulnlsladslsznavdsmsenaylalasmfveunasriiar iy jiinade
a o g =4 ) ¢ A [Y) aaa & o A oo | & o
fanududau midnmeanwamaniiiasduvasdjitefeilesfenashfiogiduiinmnn
A8 wmwea, ninazdan, azdlan uaziuea wudu model compound LaRTWILTUAIUNY

v & a S 6 o A v & a oA Y a @ AW o

ypssanaged, n1edunid, Alau ussRuasuazenius silas1es Adlwhiulnlsleds Taysnld
snnInasaulfizenues model compound grihanlEiduiiugiulunisitasei reaction paths
A a T o aana ;‘,’ s a
Afialunsviugsanesshdulnlsleds

iUz mdasfaaunamanivas e (@asfidan uasndsnunszgw) veadjnsen

1w
[

Aa X o ¥ a ° [y ol a a ) = o
Ainadurvihiulnlsladarlessiasumsgaluamsseuialas jnraluvauufigawdwdsony
fasllumsAiensfasunamanininiaylfiiu1ves model compound
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UNN 4

HAN13398 N1SILATITHLAZINTIUNE

4.1 nMsnadauariasziaannamansilnisa12e9 model compound
4.1.1 Ugnservanianiuaa
Lﬁ'aﬁﬂﬂﬁﬁ%mmaammuaamﬂﬁam’mm‘j numMnUasuilaIn1inizaenaa i mei
Juty WIF uas am%nmma@almﬂﬂ 4.1 awdwiudewnueardfionine: Ln@miuauvlﬂ-'
aan%@nnﬂm_mﬂuﬂimmmn‘[mvlwwumsuaumaummmﬂgmm (residue)  WONANFL
wlalasawAndudnnansntessudldlduaadlsnmorm  mziivinatanuaslud
rinddsuitlaslFnadidies o | o
mnmauammﬂmﬂgmmiwamm"umLumuaauummﬂgmm Zn(TiO,, CuZnAIO [4- 5]‘-' B
._emﬁmﬂmaumamim@ﬂgmmmaum‘m 41 - 4.2 mmawsJ@mumﬂgﬂsmmﬂmual"ﬁmm" .
UARFN Zr0,. FeO, s s 4-1-4.2 Iﬂﬂﬁﬂﬁ“ﬂm'mﬂwﬂﬁﬂ 4.2-b \inuTaiFannds
IR lny (CH,),0 lundanmusinde

CHsOH + H O —> CO,+ 3H, (4.1)

2 CHyOH ———>  (CHghO+H,0 (d2-a)
(CH3)O + 2 H, — > 2 CH, + Hy0 @42-b)

mﬂwamimaaaLLaJuauamﬂa’nmm‘mmLauaLaumamsm@ﬂgmmmaqLumuaama :
"L’ﬁmL‘Nﬂgmmmaﬂaan"l,m“'l,@ml,t,amlmﬂﬂ 4.2 '

memmmnﬂayuuﬂmﬂimmmaammuaa asuaulasanlod ussiiny Toeldums
aaluamidafiabingluinds 3.4 wmwmaumsmmsnaﬁmanﬂmmmsmamuuﬂmﬂimm
81399 "lmmmal"ﬁmmimma'mmm s Tooramsduaniias smnilieeifiafige (" R
0.70) uaalilugud 4.3 ua M9 4. g ‘anuseiy ' |

A2



' Comoposition [%Cl - - - .

Composition %€

"l 4.1 dnBwavas WIF sdemafinufftenzeuniueafigamal (n) 300°C (2) 350°C U8z (@)«

©400°C () méthanol, (#) COy, (I1) GHy -
o . N Y SR R
- ‘ﬂﬂJ’]UWWi H: Lﬂf@]?J%LWU\?’Laﬂuﬂﬂﬁ]ﬁvl;«'&lwflnﬁmrl

5 6 wrkl

a

U



| Cco,

CH,

JUN 4.2 Wunemafindassnvesunues

TR 4.1 Anasieaunamaaiuaslfidenlawniuearidjisenui

sep | kols1 | EalkJmol]
1 3.34%10° 4744
2 6.64x10° 86.85
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100

Composition [%C]

100 #

Composition [%C]

o \\ =1 2 3 4 5 6 WIF [h]

1004

Composition [%C]

o1 2 3 4 5 . 6 WIE [b)

iﬂ‘}’l 4 3 L‘]_I‘SEHJL‘Y]Elllﬂ’ﬁﬂ?‘“\ﬂUN&@]ﬂm‘ﬂﬂﬂm%ﬁN@’N‘] Ylﬂ’]%’vaL@(i]’lﬂJ model ﬂUNE\m’]inG]aE!\‘l

(A, ---—-) methanol, (#, —) CO, (O, =) CHa: amaﬂwmmuwamsmaama i

LRAINANITHIWITE
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4.1.2 Yfjifzasnsnos yDAA

LaJamﬂgmmmaanmawmmﬂmﬂlmamamwcj arnumsasulaanansznoRanoed
Awiu- WIF uaz am%nmummlmﬂ‘n 44 9z mmmnam‘vmwmmsmaaamam@awwﬂm
ﬂgmmfﬂ m@awfﬂ@uw Taglwge WiF mﬂsmma*«ﬂmmwmumu WIF AiRnduaudsemnile
niudififomesieny W lutedl wiF Sengs fnfundadmeifluanafivwadn
§un fo uszanfuaniiszsusguuduialjion (residue 38 coke) wfivsinoufindudaiias
au WE Tidisdu namsaneUfiTenveanInesdfounduisuiinlanzunaisesiy
panlodufinsnig [6-8] \T% PYCeZrO, NilALOs; NilLa,Os wuhnInesdaaUanminozdlau
Tanifinruu AT ketonization muufften 4.3 launinazffaua: sordlaufifiadudisnunsa
fARSEn steam reforming leiRndmifuwunlalenon uas senfuonlasanlad aufizen
44 sz 4.5 ﬁnﬂmauamnm'maﬁmaNamimamlmﬂw 4.4 "L@muaﬂmawmﬂmﬂgmm
Futhanfaufauas avsﬂmu T,@smawsﬂmumm*mmﬂgmmmvl,ﬂna’]sJLﬂmma"l,@ uanINHLs
WUﬂ’]'E‘UE)'LL&»ﬁ&JU%@I’JL‘S\‘lﬂgﬂimﬂnﬂm&l’m Fadeanmasspsameanufeniulalasani-

UOUADI U S (HCs) e E"(ﬂ’]U@Q@lﬂﬂ@’?tﬂﬂ%ﬂ’ﬁuElWlJE]Gﬂ'i@]E] TAAURYDE ‘IIIGM @Gﬂgﬂiiﬂ‘ﬂ.

4.6-47
2 CH,COOH ——  (CH3),CO + H,0 + CO, - (4.3)
CH3COOH + 2H20 TR 4H2 i ZCOZ ( )
(CH3)200 + 5H20 Y 1 8H2 + 3C02 ( ) .
CH3COOH or (CH3)2CO ——> HCs (C2H4, CzHG, C3H4, . ) coke (4 6)

HCs ——> coke - 4.7

mﬂNami‘maaaLLa;’uamamnmamsmnmLsmaLaumamsm@ﬂgmmaanwavmmua
1°nmLsaﬂgﬂimmaﬂaanvl.m@‘“'l,@ml,l,amlmﬂw 45 |
Lmammmmsmawuﬂaaﬂsmmwaam@a“m@m adlau, miuauvl,ﬂaanvl.m LLnavLaI@s-"
ASUauAS residue I@]Ell‘ﬁﬁ&lﬂ'li@ﬂI&Jﬂﬁ’ﬁ@NﬂﬂﬁU’]EJI%WJ‘UE] 3.4 wuhzasunssunInaing
| wqmmwmﬂﬂauuuﬂaqﬂsmmmima6] "meua’lmmwwmumammm g lauHanIfwIL

LL&Zﬂ’]W’ﬁ’W&]L@Siﬂ@‘ﬂE‘I@ (ﬂ’] R = 0.76) LLﬁ(ﬂ\‘ivL’ﬂugﬂY] 4.6 LLSWG]’TS’N‘Y] 4.2 usau
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dwnnoayana N nasveunmmIAngz:

[%C]

Composition

0 ] 2 3 4 5 6 W/F [h]

[%C]

Composition

W/F [h]

Composition [%C]

0 1 2 3 4 5 6 W/F [h]

gﬂﬁ 4.4 3nwaey WIF denaifiaufisenvasninezddnnigumnd (n) 300°C (1) 350°C uaz
(A1) 400°C; (A) acetic acid, (<) acetone, (#) CO,, (O) HCs, (m) residue

a J a 53 v A
RUNBIAG: Hy LNATUN paldnitordgliRTon

115531 Vo



k, ks
?|HCs gas|
. / -
e ’
P Ik —— k?

CH}COOH — CHBCOC_H3 —>| Coke
N Qi
- kZ : > C02

H,0. .

3 45 Gurmamaifiad §iTevesnseazGae

a1 4.2 drnsfiaaunamaniras§izelaninezBfarlfisennui

Cstep | kol | Ealkdmol]
1| 300%x10° 55.20
2 | 159x10° | 4355
3 | 312x10 | 2504
4 | 218x10° 12.13
5 745 x 10" | 24.92
6 374 x10° | 35560
7 100 x 10° | =~ 01.68
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807

[%C]

 Composition

Composition [%C]

Composition [%C]

3 4.6 WBrufsumansenerianmaingunniidns g Adwamldain model AUNANTNAREY

(A, --) acetic acid, (O, — —) acetone, (¢,—) CO,, (O, —) HCs gas, (m, ---+) residue

FANHOUNUNANTTNAREILAZLFULAAINANITATHI,
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4.1.3 UfASeuasasflan
mamﬂgnsmmaaaaﬂmmzﬂmnn f4g @z wunaAsuulasnsnzanonaasiui
%un}u WIF Lmzqmmuwmuamlugﬂw 4.7 wfuiriasaeimanfitiedwanmahy it de
sstsznaulalasenuanamueuta  (HCs),  asusulasenlod  wazeifueumsauunaaLid
1IAf3eN (residue %38 coke) Taod Hos fUSuawRuiuadnetry e WiF uml,wmulwmm
WIF Hdnvas udiile WiF ummmr@mmﬂsmm HGCs 2zaaaieny WIF fiudn Tandn wWiF
ﬂmlmﬂuﬁmﬂamﬂma uma@aomaamﬁnumﬂgmmmw (W/F = 6 h\dla T = 300°C, W/F
=3 h Lua T = 350°C uszr W/F = 1 h il T = 400°C) dwiuensvanlesanladeziitianm

aaa

LWJJ‘JJ%GHSJ WIF 'YILWN‘D%E]U’N@]BL%BG Y ﬂi@J’m,L residue NLL%QI%NR@QGLNBGMﬂﬂNYl’]ﬂ{b]ﬂTU.’I

4 aw
ﬁ\']"llva Naﬂ'ﬁ'ﬂ@]aaﬂ@ﬁﬂaq'ﬁ‘fﬂ@ﬂaﬂ\jﬂllLﬁ%‘ﬂ’lﬂﬂ’]iLﬂ@ﬂgﬂ'ﬁﬂqﬂquﬂgﬂiﬂ’lﬂ 4.8 - 4.10 lrD\‘]NN

=2

s Emiumaiadjisenves axflauundaiss s lansuudnsasiudsnneg

(NUALO,, PUALO;, PA/ALO;, RNALO; PUCeZIO,, PdICeZrO; R/CeZiO, ) [8, 9] GREatabls
a LY} asna a a & 1% 1Y = a & 4 ; A a
aﬁmyvlmwﬂgmmmaoaz‘nT@uLﬂ@muvlﬂaaaLauwwﬂammﬂumsuau"l,@aaﬂvlmm%ﬂmamam@
fu HCs Renaniisaandladaonarsduafuenlasenladniaanfuenazay

(CHg),CO + 5 H,0 —> 8 H, +3CO; : (4.8)
(CH3),CO ——>  HCs (CoHa, CoHe, CsHa. ...), coke (4.9)
HCs ——> coke : (4.10)

mﬂwamsmaaaLm.xuauamnmammmmmumaumamim@ﬂgnsmmaoawniwma‘lm '
mLioﬂgﬂiﬂ%ﬁﬂﬂaaﬂ‘lsm‘"l,ﬂmt,t.amlmﬂﬂ 48 |

SagmnmnaaswussSinawesezdlow, ea1sveulasenlod, Lma"l,aimssmuauuaw
residue I@UlﬁﬂNﬂ’]i@}ﬂINﬂﬂ’]i@dﬂaﬁU’lUlu‘ﬁ’JﬂJE] 3.4 W‘].I’J’]“Ig@mm’]iﬁ'l&l’liﬂﬂ‘ﬁU’lUWf}_@]ﬂii&l.
madApuuasUSinman g Igadaldenmnmfeoilmanzay LAUHANIFIWITAAS
@hwdﬁﬁma{ﬁﬁﬁq@ (1 R’ = 0.82) me"l,i‘lugﬂ?i 4.9 UAZANTIT 4.3 ANAGL
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Comp osition [%CI

Composition Twel L

- Composi-tion. .V[%C]‘ B -. _ R

a

U

L anar ANBWaVDY ‘W/F’_@ianﬂs-LﬁZQﬂgﬁﬁ%UW-a’qa:sﬂmuﬁqmﬂnu () 3'00".’6"(‘,“11)' 350°C uag (M) B

© 400°C; () acetone, (#) COy, (0) HCs, (M) residue
o . . a & a & v A VA )
S ANNHIAG: H,y WNATUWEIENUS p39ldRI T

219-



k,
: CO,
H,0 4
k4
i HC
CH,COCH, —> § gas
: :
k
: Coke

gUi4s dwmamafiad iTonaasesdlan

it 4.3 asfisauwnamaaivss fiediaasFlawiny jizeniuty

step kis'T | El kdimol
1 8.16 X 10" 122.75
2 456 %10 | 5322
3 100 10" |  2.58
4 319x 10° | 6160
5 180 % 10 3.37
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Composition [%C]

Composition [%C]

W/F [h]
=
=X
: o
S
:‘é
£
g
o
@)

0 1 2 3 4 5 6 WI/Fh] -

a P

Ui 4.9 WisufgunInszHRa Uy g N6 9 AdwItklaay model NUNANIINARDY

(0, = =) acetone, (¢, —) CO,, (0, —) HCs gas, (W, ) residue ATYANWOILTUNANTT

NAFBILRZLFUUIFAINANTAIW IO

23



4.1.4 1/5 Sg1209inoa |
(Wav qﬂgmmmmwuaaﬂﬂﬂgmmmamwmwmanuay (conversion < 3%) @8AAT

sampiiinageulfizen wss lwumSuangzruURaILTI TN aaa‘;ﬂ"l,@m\luaaum'}manm
Gi e

dodussfisoniidandrags uasilafieUfisoneznaniuuis

4.2 msﬂmaauu,az"?msn:ﬁaaﬂwamam%ﬂﬁﬁ%‘m‘ﬂaa‘vf’laﬁ'u»lwfﬂa%amnn;:mﬂﬁaj
Hoiwhiulnlslsdsnnnzsfusmaseuy JiTenfiannzeneg wuhmalfsuwma
MnTAngRAa e Ry WiF Lm:qmﬂgﬁﬁﬁﬂwmé’oLLamlugﬂﬁ 4.10 ﬂszﬂ'auﬁuiagaﬁvlﬁ
lwiadfe 4.1 Samsmundpwdunmunfedjizmaeshiulnlsladaduaasluglf 4.11
riniuderissunsgaluadsfiedisluinte 34 Haduimmnudsuudaaiinamas
amwiawﬁmi‘iaﬁﬁﬂg‘jﬁ%mi@ﬂé’mﬁaLéfumqﬂmﬁ@ﬂﬁﬁ%mﬁ-awﬁ%ﬂmﬂﬁ 410  Wuhga
aumssansaasuennAnsTunaA s s s sjvl,mmalﬁmww:ﬁmmasmﬁm GHY
 Tagmansfwanuaz mvmmmaimwamamvli’lmﬂw 4.12 uazeni1afl 4.4 enadey
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Composition [%C]

| Composmon[%C] . “ :'I

20{

Composition 4C]

10

o0 - 0.5 1 1.5

o fe IL

2.5 W/F(h]

4 §‘1Jﬁ>4,1.o dnwazas WIF damnﬁmﬂﬁﬁ%mmaan:mﬂﬂﬁuﬁqmﬁgﬁ (n) 350°C (2)400°C wse (A) 450°C.

~ (== ) methanol, (=0~ ) dcetone, (—A- ) acetic acid, ( —e— ) ethylacetate, ( <a-) phenol

(= )others, (—#=)gas
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rxn2, k | rxn8 :
' a.acetic acid s >+ fothers -
rXn6, kg
rxn3, k; rxnd, ks 5
d.ethylacetate ) b.acetone g. gas rXno, £s
rxal, by rxn7, ks
c.methanol '

e.phenol

U4 m”m_ﬁoﬂﬁl,ﬁmﬂf]ﬁ‘%mLﬁ’ﬂl%ﬁwiTuv-Lw’[iVLas?iammzmﬂ,ﬁﬁmﬂumjﬁqé’ui' ,

v
8’ o b

319N 4.4 mmﬁaauwaﬂﬁami‘mEmJf]‘ﬁ%mLﬁalmmu"l,wiﬂa%amﬂnzmma’uL*‘ﬂumsﬁaﬁu'

step ko [s '] E, [kd/mol]
1. methanol — gas 942 x 10° | - 3.08
5 acetic acid — ethylacetate |  4.50 X 10 51.3
3. effiylacetate — acetone 151x10° | 2545
| 4, acetone —> gas N DA TP
5. phenol — others - 3.33 X 10° 70.19
6. ofheis —> gas ’ 3.92 X 10° 41.36
7. phenol — gas 7.05 X 10° 63.88
8. others — acetic acid 242 % 10° 46.49
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’:ethanol (9< --.-) ethylacetate (A ---) ace’uc ac e

)others (0 ——) gas o

L ”ry ﬂwml,muwamimaaaLLavLauLLamwamsmmm
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unn 5

agﬂwanqsﬁﬁﬂ

mmfawﬂﬂmaauwamamwaamsm@ﬂgmmﬂmﬂsoamwmuu”LwTﬂamaw%mnn A

_1@U’L°ﬁ@1'al.soﬂgﬂ5m Zi0yFeO, mmmﬁ,@mﬁ copregipitation I@mmmmswmsm- '

‘5ﬁmuwama@maaaﬁ°ﬁu@magLﬂuﬂsmmuﬁﬂLm mmﬁaUuLLﬂaaﬂimm,mﬂwamqmwmw
mﬂgmmﬂiuﬂnamw Idun lwnmuen, ninazdfe, axdlan LLaquaa ﬁrmmimaauﬂgmm'
 -_zmaaammaaﬁu@mlwswmw _, ‘
(yfiarmuesin jitune cdsmuensuanleeanlodiuding o
(2)L3Jaﬂma,fmﬂmﬁgﬂsmﬁl silauwnasdlon, miﬂi*“ﬂau"l,aimmiuaml,ﬂa (HCs) LLa‘”_

msuauvlmaaﬂvl,m@ T,@zlawsﬂmumminmﬂgmmmaﬂmmﬂu HCs; miuauvl,@aaﬂvlsn@- o
e msuaumauuummﬂgmm §m3U HCs ﬂmmmmﬂgmm@aﬂmmﬂummau- L
| avauuumLiaﬂgmm"l,m"nmmmnu | |

(3)maa~fﬂ@umﬂgﬂ‘ima wlaemndln BCs, msuau"lmaaﬂ"l,m e msuauawawumm»

ﬂgmm usz HCs mmmmﬂgmm@aﬂmzJLﬂumﬁuaumawuumLsaﬂgnsmvl,@
;mnuumma;Jaﬂ"l,éﬂﬂlﬂuemqLLUmnammsmﬂﬂgmmmaq‘mwﬂw‘[ﬂammnmmﬂﬂaummlu

(4 )Wuaaummam‘mama‘mﬁgm‘ma LﬂaauLﬂuLLna"lmwmmnuaﬂ (converS|on < 3%

g i ~‘1§Ual,l,ll‘1_|Lll(ill_li‘fi"i]LL&“’@]"I‘WJﬂi»‘r']']il,‘]_‘fﬂ El‘H;LL'ﬂﬁG Nﬂ@mm‘]’l’ﬂLﬂGI“UWIme%’IN%VLWIiVLﬂ‘IIE‘mﬂ

ﬂﬂ;lLLWﬂﬂ%?@W%ﬁWﬂlﬁ] R” = 0.80)
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. ABSTRACT

The catalytic decomposition of acetic acid, acetone and methanol was ,s_e_p’a’ratglyi e e

- Investigated over a zirconia supporting: iron oxide catalyst in’ order to: obtain”

i © useful information for predicting the performance of catalytic upgrading of bio-

~-oil. The reaction was performed using a fixed bed reactor. The temperature was:
~ in the range of 573-673 K and the time factor (W/F) was in the range of 0.5-10

+ h. Acetic acid produced acetone, CO, and solid carbon deposited on the catalyst.
“Acetorie mainly produced CO,, small hydrocarbon gases and solid carbon. Only -

. methanol was mainly converted to CH; and CO, without carbon deposition, -
- Effect of the time factor on product distribution were employed to 'inv§Stigation .

of the preliminary kinetics of each model compound.

- The bi'o.}o'il“dbtaiﬁé;i from fast pyrolysis of biomass coﬂfa,ihs_'s’é?eral oxyg’éhat_'éd‘ .

A hydrocarbons. (fe. carboxylic acids, alcohols, ketones, aldehydes and: phenolic

~ . compoun

ds). The bio-oil is considered as.a renewable-resource of these valuable: PEIRE

. chemicals. However, this-oil is acidic and highly viscousfluid with low thermal . =~ -

"s't_abili'ty';_'fThe,’refOre,_,, upgrading: process is required before its' utilization-[Yaman.

-, 'S.,2004]. Numerous work's have been reported on catalytic reaction of bic-oilin -~ -+ .-
.- the literature (Williams, P: T, 1995, Vitolo 8., 1999): Use.of HZSM-5 catalyst . - .

gives high yiéid_..fof‘_éitomatic"hydrbcarbc_m‘s‘ whereas use of HY and Si0,-ALO;
- prefers production.of aliphatic hydrocarbons. Adjaye investigated the kinetics-of
. ‘catalytic upgrading of bio-oil and found that several reactions occur-during the - -

process’ (i.e. oligomerization, polymerization,»d'eoxygenation, gasification and - R
cracking) (Adjaye J. D. et al, 1995). This causes the difficulty in prediction of -

product composition and reactor design. Investigation of the' reaction of each.
. model compound, main.component in bio-oil, should provide useful inforration . -




© 780

to describe th'g: 'p:roduct: distribution. Takanabe and co-workers investigated the

" reaction of acetic ‘acid' over Pt/ZrO,. They found that Pt is the active species for

the-steam reforming and ZrO, is necessary to activate H,O molecule (Takanabe
et al, 2004). It is well known that acetic acid can be converted to acetone over
metal oxide such as alumina, titania, ceria etc. which have proper redox and acid-
base properties (Rioche et al, 2000). The reaction of other chemicals which exist

. in‘bio oil were also studied especially reaction of alcohols. Among of alcohols, .. B

-+ methanol has been widely studied because it is a high potential: source for'Hy . .
- production. (LiY.,2008).. - - AR\

e ~ In our previous work reported that ZrO FeOx stiowed a- g;’)édipérfthé.née :fdr'" -
- recovery useful hydrocarbon such as acetic acid, methanol, acetone and phenol-.

- process. ¢

"+ froth biomass derived-oil [D.Na-Ranong et al, 2008). Therefore, the reaction of - R

/ § these useful chermical was investigated in order to obtain the information about .

its reaction: pathway ‘including the suitable parameters (k and £,). The.qbtéi;{éd‘
“data will be- used fo.predict the product distribution in the. bio oil ‘upgrading

. EXPERIMENTAL

- Materials and Catalyst - - \ AL L MWD U - | -
. Acetic acid, acetone and methanol (99%) were obtained from Merck Germany.
Each model compound was diluted in deionized water to obtain an agueous
solution with concentration of 10 wi% (carbon basis). An aqueous solution of
-~ ZrO(NO3); and Fe(NQ;)s was co-precipitated with NH; solution in order to

~ obtain a catalyst containing 7.7 wt% of ZrO,. Surface area and crystal structure
‘of the catalyst were characterized using BET (Autosorb 1C, Quantachrom) and -
XRD (D8 Advance, Bruker AXS) techniques. :

‘Reaction tests

ZrO; FeOx (300 — 850 pm) waslpacked in a'reacto:x.‘..made. from stamlesssteel . o
- Reactant was introduced intothe reactor by using'a syringe pump with a constant™ " .7 LT

- flow rate of 0.5 g™, The outlet product was condensed in a series of ice-trap and - -

-~ non-condensable- gas was collectéd in a gas pack.- Composition -of the products -

 was analyzed using GC with TCD. and FID detectots. The reaction expetiment: -

~ 'was conducted in the temperatirre range of 573-673 K and the time factor (W/F)  ~~
.- rangeof 0.5-10h. - o R

. Catalyst characterization ‘ - ; 4 o
- The' BET surface area of the obtained ZrO, FeO, was 57 m®g™". The XRD pattern
in Figure 1 shows that the crystalline structure of iron oxide in ZrOz-Fer_i_s-'

a3

. RESULTSANDDISCUSSIONS - - -~ .~ ..
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hematite phase. This phase is an active phase for the catalytic' decomposition of
tar and sewage sludge derived oil [Uddin-et al, 2008 Fumoto et al 2006]

100 1.0

X hemaute A magneute D ZrO, ‘ R a Ymuama R :

K - -gq| - acetone . ~los

. — i q =+~ CO; :
& | m s o 0 w o»ommomm & 60| coke X P
g ] 0.6 g :
K- . a a s s :g [ .

i = : g 4 04 &
. g 153 -

M ! PN PY S 2 02

20 30 Zeldeg 60. 70 473 523 Tcmpe?zl?lre K] 62. 67?

FIGURE 1 XRD pattern of ZrOz FeOx F IGURE 2 Effect of temperature
~ Onthereaction of -
acetic (W/F 4 h)

= Reactron Of Acetic Acid. : ; : ,
" Figure 2 shows that.the. decomposrtron of acetic acid starts. at the temperature -
above 523 K and it completely occurs at 673 K. The main products were acetone " |
- and CO.. Insrgmﬁcantly amount of hydrocarbon gases was: produced and wasnot -+ ... L0
~‘shown in Figure 2. Large amount of carbon was. dep051ted on the- catalyst s, oo
:f."coke Frgure 3 shows that the effects of W/F on product drstrrbutron at’573,623 N
| _.j,and 673 K ate. srmrlar Thie yield of acetone increased with i mcreasmg of W/EBto oo
- the" maximum, value and gradually decreased . with increasing: of W/F after - . - -
reaching the maximum value. The y1eld of CO, increased with i increasing of - -
W/F. These results imply that acetone is an intermediate and CO; is the final - °
‘product. According to the experimental results, the reaction of acefic acid may‘
occur as follows (Basagranms A. etal, 2006, Martinez, R. 2004) ' :

Steam reforming; - CH;COOH +2H;0 —>4H,+2C0, = - (1)
Thermal decomposrtlon CH;COOH —> C3Hi, CoHg, CsH,, coke; . )
- » 2CH;COOH~——> (CH,),CO + H,0 + COz (3
ASteam reformmg of acetone CH;COCH3 + 5H20—-—> 8H2 + 3C02 A (4) S

I ’_React1on Of Acetone ' : : o
.i_'v_Frgure 4 shows the effect: of W/F on: product drstrrbutron durmg reactlon of.'_; _
- acetone.. COj- and. hydrocarbon gas were mainly produce as. well as coke - SR
" " formation. The yield of CO, increased with the increasing of W/F.. Theyieldof = =" -
"--;-'hydrocarbon gas shghtly increased with W/F when value of W/F was. low and
‘decreaséd at the higher W/F. Itis possible that the decomposmon of.dcetoneinto’ -
~ lower molecules. and further oxidized to CO; was occurted. The decreasmg of ... .
.coke formation was observed. as the reaction temperatire increased, whereas co; ..
srgmﬁcantly increased with the i increasing of temperature '
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Reaction Of Methanol

_ o Figure 5-shows effect of W/F on product dlstnbutxon Gas products ie. CH4
. co, and CO were produced as followmg reaction [szan F.et aI 2006]

CH30H+H20 —> o, 38, - (5)}_; L

CHOH 77 CO+2H, PO
CO+H20 =="C0,+H,: - (7).::._,._:_1 L

- Furthermore the small amount of H2 was detected H, y1eld wasnt showed) o

' implying that H, was used to reduce CH;OH into CH, . ..
~ Based on the. experimental results. of each compotund, the reactlon pathways
o were proposed as showed in Fig.6. The first order reactron was assumed to use
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for estimation the kinetics parameters. :
showed in Table 1. The result shows the low activation. energy for coke . .
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The estimated kinetics parameters -

- formation during the reaction of acetic acid and acetorie indicated that the process
+ for coke production doesn’t depend on the reaction temperature. In contrast;,
* steam reforming reaction strongly depended on the temperature according to the

continuously increased of CO, production.
required to.increase the yield of useful chemi

~ also to reduce the coke formation.

. Composition [%C]

The optimum temperature was - |
cals (acetone and methanol) and
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. TABLE 1 Kinetics parameters for each step.

" Step aceticacid =~ acetone methanol -

kO(S-]) _ E, ko(s-l) . E, kO(S_.l) . E -
v (kJ/mol) (kJ/mol) . (kJ/mol) .
1 3.00x10° 5520  8.16x10%  122.75 - -
2 1.59x10° 4355 , N L
.3 31.19 2384\| [/ /4~ ~ - NG P
4 218 12:13 e A \\
S 7152 2492 . 048 - 3.37 A\ U
6. 573,741 73560 " 756¢10° 5322 ..
o 0.01 1.68 0.10 2.58 T
8 - - 3.19x10*  61.60 - \\ - -
9 i - £ - 7.47x10% - 131.90°
10 - r s - 3.80x10°> . 48.52
11 - - ¢ i 1.04x10°  51.68-
CONCLUSIONS

The reaction pathway. with kinetics parameters for decomposition of the model .

compounds over ZrO,FeOx ‘was obtained. It was found that the reaction of - -

* -model ‘compounds is a combination of several reaction i.e. steam reforming,

- therthal decomposition and ketonization. The reaction temperature. and W/F has a -
' _strong influerice on the product distribution, The operating’ conditions may.be .

. ': " "adjusted for the recovery of useful chemiicals from bio oil process..
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