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## 5372359923 : MAJOR CHEMICAL TECHNOLOGY
KEYWORDS : CATALYTIC REFORMING / DUAL-BED GASIFIER / GASIFICATION /
SYNGAS
SUKRIT PAKAVECHKUL : EFFECT OF CATALYTIC REFORMING ON SYNGAS
PRODUCTION FROM SAWDUST IN DUAL-BED GASIFIER. ADVISOR : ASSIST.

PROF. PRAPAN KUCHONTHARA, Ph.D., 99 pp.

A dual-bed gasifier was developed to produce syngas from biomass via gasification for
power generation or chemicals production. According to previous literatures, syngas produced
from the dual-bed gasifier had higher heating value than that produced from other typical
gasifiers. However, considering the syngas as precursors for methanol/DME synthesis, it was not
suitable due to its relatively low H,/CO ratio. A way to increase H,/CO ratio of the syngas is
catalytic reforming of CH, in the syngas. In this research, Catalytic reforming was studied to be
incorporated in the syngas production from the dual-bed gasifier in order to improve yield of
carbon monoxide and hydrogen, and also H,/CO ratio.

The experiment was divided into two parts. The first part was to find a suitable catalyst
and operating temperature for catalytic reforming of methane using a lab-scale fixed-bed reactor.
Ni/Al, Ni-Mo-Al and NiO/MgO/Al,O, were employed as catalysts in this part. The second part
was to study the effect of catalytic reformer on gas product obtained from the dual-bed system
using the selected catalyst from the first part. The results from experiment part 1 showed that the
effective catalyst was Ni/Al and the optimum temperature of catalytic reforming of methane was
700°C. The results from the other part indicated that the produced syngas after catalytic reforming

had lower CH, and higher H,/CO ratio comparing to the syngas before catalytic reforming.

Department : Chemical Technology

Field of Study : . Chemical Technology

Academic Year: 2012
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P slow pyrolysis F fast pyrolysis
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319 2.4 uHUN N C-H-0 TuATZUIUMTUAF AT
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(M1 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555 : 118)

2.6 N3ZVIUMSUNTBIATY (Gasification process)
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' 9 Y v
nszuaumiundinguTaoia lagilu lamuaiuaeuaegdail (aaaluzli 2.5)

- TRV (Preheating and drying)
-5 la%e (Pyrolysis)
- unFMAFUVD9IF (Char Gasification)

- gn3enduanl (Combustion)
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Gasses
(CO, Hz,
CHy, H20)

Liquids Gas-phase reactions CO. Hz, CHs,
(tar, ail, »H,0, CO,,

naphtha) (C’ac“li)”gvt,'efo":ﬁf't‘)g- cracking +5%
i ' ; combustion, shi oduct
Drying (o Pyrolysis Oxyenated procucts

compounds
(phenols, acid)

. S . CO, Hy, CHg,
Solid Char gasrﬁc‘atlc?n reac’tlons— H,0, COs,
(char) (gasification, unconverted

combustion, shift) carbon

{ g an o a o 4
519 2.5 VUADUVOIUNTNIATULAZNAANUNIINATZUIUMS

U

(111 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555: 119)
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CnHmOp(Biomass)ﬂ)z CVH}:OZ +Z C H,0, +HZO+C (char) (2.2)
- gas

liquid

InTsladavesdinravzutiailu 2 Uszian de Inlsladauund (slow pyrolysis)
uagInlslagauuuisa lunsaived Inlslagauuud low pyrolysis) deinand ey
voauvans e s iundn Tuvarei lnlslagauuuisa (fast pyrolysis) Waasaain lavziiu

msdsznovlalasmiveunegluzlveurannnni

2.6.3 unFINTY (Gasification)

a 1

UNFWIATY (gasification)  VLLINAADIINNIT N 15 Ladd (pyrolysis) 1ae
dy A [ AaAan =\ 1 I'4 dy a %,'
nszuaumMsiazinernulgnsermiuaiisenitelelasaisuouludomas Toin
4 4 1 = o a aan aA ' 2]
amsvou laven'lya (o, naglalasiou (H,) swdsinumsimnalfnseuaiiougsgrinund
A a ds! Aany o D 0 w ] = @ s A 9 a
mnavulunszuaums ungiinsuvesnindinasuRenu minwaa ldvnnlnlslagaves
= 1o & Y I 4 a £ = 14 o & Ao
Fana hisuiluazdeailumivounigns uadsii lalasasveusmaunilenil laTasiou (1)
a I 4 1Y Aaan Y 9 A a 49!
uazoan®au (0,) 1luesnisznevedals Tasifnsogannuiounazaeanuiouiinaiu

g’/ dyd aan ] aan 4 . aan %’ (%]
“lumuﬁeuuuwmﬂﬂ;]ﬂim YU ﬂ;]ﬂiﬁﬂ‘ﬂnﬂﬁﬂ (Boudouard reaction) ﬂ;]ﬂimuﬂlﬁ&tﬂﬁ
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a { so‘ I (9 . . Aaan a
(Water-gas reaction)fjnsenlasuiuiluune (Water-gas shift reaction) Ugnsenisnaimy

. a sa Y H 3 ) 9 ~
(Methanation) LLﬁzﬂQﬂSEﬂ Wosiadneloin (Steam reforming reaction) aaanaluaunsi

o

[ ]

Y v
(2.3)-(2.7)1@18@@1!14@% msmmuﬂcmmcﬁ’umzagwﬂizmm 500-900 DF Ly aLF e

Radiative and G?S
convective
heat \
Thermal ==
‘boundary ™/ Liquid
layer [/
I
|
N > Tar » Char
Conduction >
and pore |
convection Gas
- \\&’/1, 3
Nz
Primary decomposition Gas-phase secondary
reactions tar-cracking reactions

519 2.6 nazuaums luls laauesdiuia

U

(M1 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555: 68)

aan J
ﬂ;]ﬂileiJW’Jﬂ”liﬂ (Boudouard reaction)

C+C0O2<>2C0O +172 MJ / kmol (2.3)
ﬂﬁﬁ% EJ”II%HLLE]%LLT%”?{ (Water-gas reaction)

C+H2O(—)CO+H2 +131 MJ / kmol 2.4)
ﬂﬁﬁ% EJ”IL‘]J?%EJH&H?JHLL%E‘T (Water-gas shift reaction)

CO+H,04>CO,+H,  —41MJ/kmol 2.5)



UnNTe1nN5IAANMY (Methanation)
C+2H, <>CH, —75 MJ | kmol

a A %’ . .
ﬂ;]ﬂiﬁlﬁ“l/\l’e)iuwg]jﬂﬁlulfJNW (Steam reforming reaction)

CH,+H,06>CO+3H,  +206MJ/kmol

2.6.4 Ugn3enduani) (Combustion)

16

(2.6)

2.7

Ugnsenlunszvrumsundindudm Inapilunuugannudon lumsiee

I landsnuanuioudmsulinsagannudouaisa wu nseuuis (Drying) Iwlsla

oy’ . = G4 [ = o & aan @ A X )
Fel (Pyrolysis) LazunTWIATY (Gasification) AU UHA381FUAM (Combustion) il

Aaan o ° ) Aan o o aaa
Ufnsermeanuiou Jelinnusududmsunszurumsungiingu Tasnaluudr1gnse

o an o I aaa
duan (combustion) lunszuIUMITUAFHATY (gasification) vziiulfAsoum Tugdae

a A 14 a = ~ A o aan 2]
DONHLIIU (02) Wﬁf]@1ﬂ“‘;ﬁl@\‘]%”]5%1ﬂllcwIﬁvla“]fﬁGUfNG]f'Jll'JaVl!Tia@ﬂWﬂﬂ’]iﬂ’]ﬂaﬂifﬂl!agllﬂﬁ

w1 TaT Idunaritian Iaainnszuiuns dauaadluaunsn (2.8)-(2.12)

ﬂf] nsenduanl (Combustion or oxidation reactions)

c+o0, —co, —394 MJ / kmol
1
c+-0,—>co —111 MJ / kmol
2
1
co+—0, = co, — 284 MJ / kmol
2

CH,+20, ¢>CO, +2H,0  —803 MJ | kmol

1
H,+—=0,—>H,0 —242 MJ | kmol
2

(2.8)

(2.9)

(2.10)

(2.11)

(2.12)
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Y

aan v A I aan { A o
Ugnsennariiilulgnsemennudou anwiouganmatuaszgniila el

Y

aan 4 aa aan o 4 ]
Ufnsengannuioudunlunszuiums guuginldlul§nserduailvesmnsuazunemn

Y

Tnaiouaszunas 850-1300 eernsaiieoa
2.6.5 unFnF B u591l{03en (Catalytic gasification)

Yo 1 anan 9 = =
M3 lydusalgnienlunszuiumsuilsziniennuieuvesdiniaeiaiay
o AA a o s o A 9 an L= 14 = a 43!
suilulunsaiiwdadusiunan ldannszurumsungilinduiinsuaglimu(CH,) Hatugs
o ] ) [ o a @ J & I 4 (% oA
W ldmugdmsumsiwaasusiuna Wiluunadunsigdinilelasou 1) uag
)

4 4 I J o 1 Y a @ 1
asvouNauen lug (Co) iussnilsznounan dnnsdineliinatlyigaduvesszuvuds

2] A @ 4
UNTFIUBDINNNITYAAUVDINIG

A a [ s & A A @ l aan =
iWorAadMAMUNAIAAUNHIUDUOUNIAYDIAISIUGNT81 N1THT B
14 o aan o ¥ 4 4 a
asisznevlaTasamiveusziiilfnsenulermiensveulacenlea (co,) vuiIves
o 1A 4 < s % Aaan sa s
ansaionlasuilulalasou (H,) taz miveuweusnled (conlgnsersestvesmsaie

Torvhuaaaluaumsn (2.13)-(2.14)

an =) 9

a Ia 2 J :
Ufnseswesinele1 190913 (Steam reforming of tars)

catalyst

CH, '|'}1H20—)(n-|'m/2)H2 +nCO (2.13)

an =) 9

a Ia o 4 o
ﬂgﬂiﬂ1 WﬂiﬁNﬂ?lﬁlm'i‘uE)uvlﬂf)f)ﬂ"l%mlmﬂﬁ(Carbon dioxide or dry reforming of tars)

catalyst

CH, -|'nC02—)211(?0-|'(111/2)H2 (2.14)

{ 7 s { <
NNAUNIN (2.13)-2.14) minsemsilsznenlalasmivovazgnulasuiy
[ dal a 9 49! 1 = Ja a 1 ann Aanan g’/ I Aaaa 9
unaremas Idnniuimisestususwlfnsen Ugnsesaeuiluignsogannuounas

o 4 (<] 4 4 a (% J
Tasm lmsansouandadluunayomnasldaemaaa1un 850U (Thermal cracking) U@
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=

A Yo & Y o A ] = " A Yo 1 aaa 1
qmwguﬂﬁm%wﬂumwm UNYNFINIT 1100 DIAHALTYE LL@]!N@i“ﬁ@]?LﬁQﬂQﬂiﬂ?i?ﬂJ

Q

9 ana a Y A o v =
mﬂﬂgﬂimmmmmﬂ"lmnQmwgmmmw (800-900 DIAUHALFHT)

a A g J 1 a o J & an @
umu (CH,) MiluesnilsznoveglunannuiunaaINnszUIUMINTHIATY

o q ¥ Yy A sa a 1 (asa oA o ) Yo Ay
aunsnnlnasadldmesveituFusalfsouswdeinums seisuldnulunsaindesns

a o ¢ O AAo ' 1 s 7 Lo A
NammmuﬂﬁwmﬂﬁmuizwawUlaTmmuuazmmaumiauaﬂulcm (HZ/CO ratio) NUWIZTUY

Y
~

dmfumah st unsadunsigd (syngas) lulfazeiivesiisdelotveslimu limusy

Y
= Y

an v ﬂo‘ a 3 1 aan 1 a
hignsennulerhuumivesdnsalfnsenlugiegurgil 700-1100 eeruasaidod Hazaniy

(Y

v 4
wildsulhiiluafueunouenled (o) uazlalasiou (1) UfAsertidenlFiuedis

(Z 1

9 a = = @ aan Ad Aa 9 A
nheunelugaamnssumsnaa lalasmunniimu yeausal§nseriidlunton]s Ao dus

Ugnsentlszan Tangina

a Ia 9°/ = \
Ufnseswesineg leriveedimi (Steam reforming of methane)

catalyst

CH,+H,0—"">CO+3H, +206MJ/kmol (2.15)

=

aaa Ia J J
Ufnsetivesidemienisuoulaoen Tedueaiinu (CO, reforming of methane)

[IR~] 'Q LY Aaan dAa %’ .
LiduntenlFlugaavnssuminminulfnseisvesdeaae 1ot (Steam  reforming  of

I

1 (aaa da 4 1 [24
methane) ualfnsotsvesiadrenmivenlasen laaidon Ao amisosreaaunaisounszan

4
an A A

Y 14 4 = Y a aan = =K A
]’lﬂlclf‘l.l ﬂﬁﬂﬁuulﬂ@@ﬂul“]fﬂ (COz) HaguIny (CH4) ﬂ’JEJ‘]J{]ﬂiEI"I‘L!LWEN‘l];]ﬂiEﬂL@EJ’J WUAIY

-—

9
o 12 = a o 1 (aaa I aan
mimzdmsuns lfaadsuamiveulasen lod lundasusiuda ual §aseniiiluiljnse

~ Y

9 d'si o 1 Aaan Ia %’ =2 9 o aan dyd' a
ﬂﬂﬂ’ﬂlli’ﬂuﬂ@]@ﬂﬂWi‘Wﬁ\‘l\ﬂuq\‘]ﬂ’NﬂQﬂiﬁﬂi“l’\lﬂﬁil\iﬂ’)ﬁlulE]HW %Q@]ﬂﬂﬂTﬂaﬂiﬂWHﬂQﬂ!ﬁ{]N

gan7 uaz ldwasaunn a1 (A Basu, 2555 : 129)
ﬂﬁﬁ“%aﬁﬂa%ﬁqﬁ’wﬂﬁmu"lﬂaaﬂ"lmﬁmmﬁmu (dry or CO, reforming of methane)

CH,+CO,—>2CO0+2H, +247 MJ/kmol (2.16)
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2.7 thasiiinanenszuiumsund ATy (Factors affecting to gasification process)
2.7.1 ANUTUUDUYDINAS (Moisture content in solid fuel)

dy = ] o Y o 1 d" a (24 49! 1
anuruludiiasierilddadiuvesleTasnuluromaunagaiu ua

dy o Y a A a (2 1 9 A 9 dy =
ﬂ'J'liJ%u%ZﬂWﬂlﬁ‘lJigﬁﬂ’ﬁﬂTWsll’éJ\‘lLGI']WEW]L&ﬂﬁllﬁ%ﬂ?ﬂ?'miﬂuﬂ]lﬂﬁﬂaﬂ AIMUFUUDIFIVIA

[

é’ a = A ~ 1 o a %3 ,ﬂy a
suuaqﬂuwmawmammmmﬂuazmimwmmwmum"lﬂwammm%mwaq

2.7.2 mmﬂmmﬁamaq (Particle size of solid fuel)

4
a o a [ a 4 a
YYD UFIINAIIZINanUMsianNuauaanielumlnsaid unan 1w
o A a o q Y9 Y o o 9 WAy Y
auaanielunseanmnulszinlidedldndsnulumsihoimenduazwnnan ldesnain
A o I 9 = A 1% g
91310 19398 UAT U UABINUIIGANINNBNIZIDIFUEANVAUANVYDITEUUNIHUA TUNI
= v v W dy AAa dy a ) = A I Y A (9 A 49! Aa
nouHoImemsduRanuNuRAIveurewas N iga e 19 1AUSuaunmnuiunazing
vg A 2 a [ (=1 v & a 1 a a
n3zIUMs 1a52897u lumedaunaviaaniinlfgyomasvuialvaimnu lezinadym
9 9 a A a Aana X g a 9 o 3 =
Mo Indfuusnainal §asogailuauavosmsmnadinasuaniuveuranniion
F) dy Aa A 1 Aa A ~ o a ¢ A Y 9 dy a
mazduvemastivue lvginu llileeutusnamlfnssidow Tududadomase: Tna

[

] (K] s}d'd " [ Y 1 =3 da' a
%Nulllﬁgﬂﬂﬂlla3113J1’luﬂ‘Ufni!Wfl“ﬁil“l/]llf)'lﬂWWLﬂWLﬂiJ@@]iWﬂﬁTJEJUEﬂﬂWﬁGIE)‘IJﬁﬂﬂlLGBE]LWQ\‘]

v
a A

= dﬂg [ 9 = = = A A o Y a
%Qgﬂﬂ]ﬂﬁﬂﬂﬁiﬁ@ﬂ!ﬁﬂﬂLWNgﬁﬂﬂ 2000 f’J\WHL“IfaL‘ﬁfﬁlﬁ“ﬁ\iQ\iWﬂﬂ%gLﬂuﬂ'JHWGlﬁlﬂﬂﬂWiﬂaﬂiJ

U

k4 1
a A =

v Y YR o Y A A o Y a A alzzldgg
mmmu,m"lﬂmmim1Mwmwmmumwwammzmamﬂwﬂizﬁmﬁmwm’mmimﬂwmmu
2.7.3 MINITAYVUIA (Size Distribution)

¥ a H [ (% a 4 H 1 [ Zy 1
wonaen ldadedgm dnuml asaldedivuanminuaduaueli
1 o Y v @ %] 1 1 1 { a
HANANAUINITNING 1ZHINVUIALANA NN UNINDINFaz R a2 TharuaINFeI I ing
dy a ] < o 9 = = 9 1 a < @
nnemasvualuguazian s ldususnadinmaen Indyuns vy nadudiaaas

v o 1 o 9y a R Y .
p1vaaunu lunatmeu I lviinanmsvasunuilunou (clinker)
2.7.4 Y3A51 MUY (Bulk Density)

J z:i [ J A ds’ a g’/ U A d' 1 dy a
’ﬂTﬂllﬁﬂ\‘]aﬂ‘Hﬂ!gﬂ1§1‘b’ﬂﬁil'mﬁsll@\1LGI)"E]!WQQuuﬂa’]')ﬂf)!ﬂJ@iﬁ@Hﬂ’]ﬂl%@!Wﬁﬂ
a & A 4 ' & a a 2 ' 1 ' Ada
ﬂﬁﬂJTmﬁuﬂaﬂiuﬂVﬁu3ﬂ$N‘B’EN'J'Nigﬁ'l'l\‘]f)igﬂ']ﬂell@\uﬂfﬂlwa\i!ﬂﬂ‘llu FONINLHATUNY

Wuasunu i ldanurunniulagsiudiag
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2775« 153zmgluyenas (Volatile Matter in Solid Fuel)

@13521Me (Volatile matter) Nlaveponiszrinifnioramisaniuminla
~ A ~ = 1o & sy A a A o q ¥ Aa
Nguwgdl 100 - 500 AT FIIENDANTUMID UFBINAINATIZHENINO 1 1IN

4 14 @ v 1 o
Yam1d ilesmnminnumezdaiuumistsdeaensonnouiilyIdau
2.7.6 W1 (Ash)

Y a 1 A J [ dﬂl a v W a
eI sIgnuaivlsznouludemas ANV BN FII UV LM
Y o U Y dy a = 1 o a dY o 1 Y dy a A
Tnddaavveud luremasazinasemsiauveumilfnsaindadrud luromadiin
< o Y [ da' a Aa Y ° da' A g 9 da!
genvzmlindsnuvena¥amatanadazinilinisidosdiseulienN 0 ININT LA

9 % = 9 o o
‘ﬁ’]ﬂlﬂ’]‘ﬁaf]ilﬁ']ﬂzllﬂiyﬁ’liuﬂWﬁLW’]hlﬁiJLlagﬂ’]ﬁﬂ’mﬂ

an U a J
2.8 NITUINMSUNTN AT u“lmmﬂg_]nsm (Gasification Processes in the Reactors)

a oA Ay @ a ] o
wlfnsainldlunszurumsundilindu Ao nwdauna(Gasifier) Tasd1ALV0INT
a aaa an o 2 X 1o a o o
alnsowndilinduvesdiniasziuegnulszinnuazmoenuumlnsal lagna i
a o a (24 { an Y v @
udunfnsainsemwanund(Gasifier) 1% 1unszurumsunailinduiogaren 3 Uszian
v A a 4 A2 - a 4
wan Ao w1 Pnsalnuuuatia (Moving or fixed-bed reactor) taUfnssinuvveslva
a 4 1 < a 44 1
(Fluidized-bed reactor) uazmwﬂgﬂsmuuu"lwamu (Entrained-flow reactor) FAUAHAAUN AL

a @ [ Y o o a aan {0 [ 9
agG]SuﬂENLL‘INaﬂymzﬂlﬂﬂﬁ1ﬂﬂﬂ1ilﬂﬂﬂ§]ﬂﬁ8131811&!%TﬁﬁNﬂuﬁ11J§1‘1JLL‘1J‘]Jﬂ1§]1°ViaélJ’E)\‘]LLﬂﬁ

dy a o 9
LUASLBDINAIDNAIY
a d q' . .
2.8.1 nmﬂ{]nimuummm (Fixed or Moving Bed Reactor)

a o A . = 19y o A a 24
mT]J;]ﬂiﬂl&LU‘U!‘lJﬂHQ (Fixed-bed reactor) N@8AYNU 2 LUU AD HNAAUNT

U

Y
a (2
uuu Ivaau (Updraft gasifier reactor) UASNAALUNTLU lviaaq (Downdraft gasifier reactor)

7 ¥

é a dald 9 1 % 9 o @ a aan
Fuanlgnsaniaewuuulveuanalnu luaiuvessiduveInmsnalgnse
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Fuel

_ Produt =

Dry fuel (char and volatiles)

C+C0O;=2CO

e C+HO=CO+H;
girozco W,

C+H2=C 4

C+0502=C0
C+02=C02

Air/steam 0 3200 600 000 1200
Temperature (°C)

o w a

A aaa any @ a (2] dsg .
57 2.7 draumanalgasowndiasuluawdaunauoulvadiu (Updraft gasifier)

(ﬁﬂﬂ Biomass Gasification and Pyrolysis Practical Design and Theory, 2555 : 131)

a (%) 3 < ¥ a
wHdaunauDy el u(Updraft  gasifier reactor) Iagn liixomasozgn
a (9] a 1% s &

Hourdn lneduuuveumnaaune taznansuaiun Tz 1MaoonINNIAIULUYD AT
a (%] @ o aan a %’ 1 9 Y 1 d' 9y
naaund @1v1URnse1 (e1m1d eondau wazleih) wwassqgnlianuiounounivzdign
a 9] 9 1 . A Y a 9 @ v @ P 1
HAAUNAN19AIUAI (Combustion zone)lipo1MIFIANFIAINAAINAIAE FURAN U Nog U
1 [ a (7] a aan @ I'4 ~ ) Aaan
dauanvoumnaaunauazinalnsoduayesnsueu (@umsi 2.8-2.9) Fuilulgnzen

Y 9 A 1 g 9 ~ < [} 1 [
meanuiou aAnwiounvdaosesniezassiuamuuluvuz Nvewdsazanasgaiuaaund
I'4 o J J d‘ a aan [ 901
miveoulaoenlea (CO,) tazgmsuounouen lag (CO) Mnannlgaseduaiuas lorhag

A d‘g 9 Y 11 an Y . . g}J o aan [ sy ¥
Ao UNIUMUUIANFAIUUNT AT (Gasification zone) 3MnUUTNIATOIN DTN Id0 10 T
a dy a Y I 24 dy a A @ 1 a Ay o
Tslagavousrsmas lauunai¥onas (@uni1sn 2.3-2.7) 899 10aUUAFHIATY
Y

a X 1 I 1 { A @
(Gasification zone) Ao 115 la%e (Pyrolysis zone)¥ @il uaiuinanisaalsdInianny

] A a a a & @ ! ¢ 7 Yy o
3@1!1’?5@11/\115”1@‘]5@1‘1]@\1%3“3'@ Lﬂﬂlﬂullﬂﬁiglﬁﬁlﬁ%‘]‘] MITUASHIT NUUUNTILINYITADY
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49! 9 A < 4 19 1 1 a (2 dyd U
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‘Vla'afleuull15]mﬁ’meuamﬂ«mmﬂmuaﬂwiﬂa%ﬁ mivanusulusiviananisseive

b4 v
ponlugiues o awanslugii 2.7

a 9 ] 1 aan

wnaaunauuy lvaaq (Downdraft gasifier reactor) ﬂﬁl!ﬂNﬁ’Juﬂgﬂifﬂ
a o ! A 2 . ¥

melugnaaungzuanaannaaunauuy lvavu (Updraft gasifier reactor) loii uaz
A A Y Y 1 ' Aa [2J = 9 Y A
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Gas, lar «— 200-500 °C
Tar + H,0
500-700 ‘C
C+ O) -- CO;
Air ] 10001400 *C
C+CO,—-2C0
C+H0 - CO+H,

Temperature

[

A o a anan an o a (24 .
gﬂ‘l/l 2.8 01 umimﬂﬂgﬂsmuﬂcwdm%uﬂlummammmmu"lwam (Downdraft gasifier)

(M1 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555 : 132)
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2.8.2 !mﬂ&jns a‘inmmmmm"lm (Fluidized-Bed Reactor)

v
a

Y
wnaaunaved lvauunesoIn1f(Bubbling fluidized bed) L%mmﬁgﬂ

1 a 4 [ 1 <3 1 @ o aan
Yowdhginignsaivznauiusdsianineluwavesva (U7 2.9) avinlfnsen (e
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v
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unauuuaved IvaTasna lliu @emdwwewdsrasnngnilewd gl §nsaise due

De
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NUIUAUDILUINT DU NNUUILINANTITBULNA (Drying) ulWIiulﬁ“]Sﬁ (Pyrolysis) UDUFDINA
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—» Gas

Biomass

Gasification Height

N
Combustion \‘ P

-

3

250 500 750 1000
'L Temperature (°C)

Steam, air,
or oxygen

~ a ana an % a %) .. .
gﬂ‘lfl 2.9 ﬂmﬂﬂﬂgﬂimuﬂmwgmmclmmwammmmmmmm"l,wa (Fluidized-bed gasifier)

(M1 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555 : 133)

a [ I @
WaALNaLUUUAYe 11a (Fluidized-bed gasifier) (UAVDILUIVENANNY
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pganeluailfnsal unaveslva @vhgasen gl gnssineaiuaisazosn

o
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nnaImeaIuuY lusgnieidildgaseudigiandfnssiniediuais oondauas
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(M1 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555 : 135)
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2.9 MIVBNUVVIMHAAUATVDIFINIA (Design of Biomass Gasifiers)
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(M1 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555 : 169)
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2.9.1 INHAAUATUUVIUANY (Fixed-Bed/Moving-bed Gasifiers)
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(M1 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555 : 171)
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(M1 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555 : 173)
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2.9.1.3 imwaaufauunlvatin (CrossdraftGasifier)
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(M1 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555 : 176)
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2.9.2 IEaAUD AUV via (Fluidized-Bed Gasifiers)
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(M Wikipedia, 2555 : online)

2.9.2.2 iINWaauRanyuYeUalianyuIey (Circulating  Fluidized-Bed
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2.9.3 imwaaudanuylviasiny (Entrained-Flow Gasifiers)
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(M1 Biomass Gasification and Pyrolysis Practical Design and Theory, 2555 : 188)

2.9.4 iIMWaAUNINUVILAR (Dual-Bed Gasifier)
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(11 Woei Saw HazamL, 2012 : 93)
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