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##5070601021 : MAJOR ENVIRONMENTAL ENGINEERING
KEYWORDS : CRUDE GLYCEROL/ MICROWAVE INDUCE/ THERMAL

CONVERSION/ Ni/SiC/ SYNTHESIS GAS

YOTWADEE HAWANGCHU :SYNTHESIS GAS PRODUCTION FROM CRUDE
GLYCEROL USING MICROWAVE INDUCED THERMAL CONVENSION.
THESIS ADVISOR : ASST. PROF. VIBOON SRICHAROENCHAIKUL, Ph.D.

THESIS CO-ADVISOR : DUANGDUEN ATONG, Ph.D., 155 pp.

Production of synthesis gas from crude glycerol by thermal conversion reactions using
microwave induced was studied here. Those reactions were carried out in a fixed bed quartz reactor.
Silicon carbide was used as microwave absorber and became hot bed that reached the desired
temperature by adjust the microwave power level. Glycerol was obtained from a local biodeisel
manufacturer utilizing palm oil as raw material. The objectives were to suggest appropriate
operating parameters including total inlet gas flowrate, O,/fuel ratio, temperature, amount of catalyst
on support, catalyst pre-reduction and catalytic regeneration which would produce the highest
syngas, C and H conversion to gas product, cold gas efficiency, LHV, and H,/CO ratio. Gaseous
product was quantified by TCD-NDIR analyzer. Result showed that the optimum total inlet gas
flowrate of 1L/min which yielded the highest syngas as 1.6 L/min at 1250°C and 0.25 O,/fuel ratio.
Temperature over 900°C or microwave power of more than 440 watts resulted in complete H and C
conversion while the effect of O,/fuel ratio was insignificant. The 1%Ni/SiC was an optimum for
catalytic reaction with 3.4 times higher syngas yield than non catalytic reaction as well as 3.8 and
4.6 times greater %C and %H conversions, respectively. The catalytic reaction at 330W produced
1.8 times higher syngas than non catalytic reaction at 880W. Effect of catalytic pre-reduction and
regeneration was not conclusive. From these results, the microwave-induced heating method can be
considered as an efficient option for conversion of glycerol waste into high quality of syngas that is
not only increasing the alternative source of clean energy but also supporting the waste management

of biodiesel production manufacture.
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3199 2.1 anfanesmeanuendtyesoa (aigmMus, 2548)

Wnndimes

Molecular weight 92.09 g
Melting point 18.0°C
Boiling point (101.3 kPa) 290.0°C
Density (20°C) 1.261 g/em’
Refractive index 1.4740
Dynamic viscosity (20°C) 1.410 Pa.s
Compressibility (28.5°C) 2.1x10™ MPa”
Gravity coefficient of thermal expansion (15-20°C) 0.000615 K '
Surface tension (20°C) 63.4 mN/m




WMdnes
Heat of formation 669 kJ/mol
Heat of combustion 1665 kJ/mol

Heat of vaporization

(55°C) 88.2 kJ/mol
(195°C) 76.1 kJ/mol
Heat of fusion (18°C) 18.3 kJ/mol
Heat of solution (infinite dilution) 5.8 kJ/mol

Heat capacity

(26°C) 2.41 kJ/mol
(-80°C) 1.91 kJ/mol
(-108°C) 0.91 kJ/mol
Thermal conductivity (0°C) 0.29 kJ/mol
Diffusion coefficient of water into glycerol (20°C) 1.336x10"' m’/s
Specific electrical conductivity (20°C) 0.1 lLS/cm
Relative dielectric constant (25°C) 42.48

Flash point 177°C

Fire point 204°C
Autoignition temperature 429°C
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gﬂﬁ 2.4 ATy lagNasuFINI (Scottish Government Research, 2006)

PHOTOSYMNTHESIS

In the process of photosynthesis, plants convert radiant energy from
the sun inta chemical energy in the form of glucose - or sugar,

wialer  + carbon dioxide +

sunlight  —s  glucose + axygen
BHO +  BCO,

- radiant energy —  CH 0.+ 60,

~ o aq A Y o s
?jlh/l 2.5 W'L’N\T]ul,ﬂNalualf')ll')aulﬂi]']ﬂﬂigﬂﬂuﬂ1iﬁﬂlﬂi1gﬁuﬁﬂ

(Energy Information Administration, Annual Energy Review 2006)
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A13199 2.3 UfAsermawn Iudnugiu (qies 351914, 2546)

sl Uijfim Eﬂfus —
Ui | caemete i@mele  Buibmote
21 | C+0, —* co, - 94,410 408,632 169,938
22 | C+WD, —* CO - 27,056 123,092 48,701
23 | C+C0, = 200 + 40,298 162,448 72,536
24 |CO+40, —* CO - 67,355 285540 121,239
25 |C+HO —*CO+H + 32,454 118905 58,917
26 | C+2H,0 —pCO+H, + 24610 75,362 44, 298
27 |CO+HO —p CO+H, - 7,844 43,543 14,119
HUBLYIR
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YDUNAINUNINA
' v

) Ay % [ $
- nszvaumsnnasinduliunaniisianuseugelszneuldie co,

CH, ua¢ H, (Gaian 4agAME, 2005)
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- Combustion #9415 0, ldwaasmaT CO,, H,0 dmSuTna nszuIums
[ d' 9 1 a gll 0 Aan v a Yo A A
sazvanmsn st mAunwRasilngy vaz Inls lagaaunsaldiuduia quauifves
=S d‘ J o 1 a 1 dy a A aS Y (a zﬂy a
AsFawaiuanansus iy lundsomas Ao Fawraz 1d)sununnusu cendwu uas
A o

Telasougs daudsmand damles nag Tulasmulliuud siunerildlSnanaldves

4] 1 a 9 <o A A (Aa a =2 9 Y
UNTUASUYDAUNAIF ﬁﬁuﬂiNWmNﬂllﬂ%ﬁﬂiLW]Luﬂﬂﬁliﬂuﬂiiﬂﬂ!ﬂﬂﬂ%ﬂuq\iilﬂﬁﬂﬂ“])’

v
o s w 1

a oy d' 1 zﬂy 9 v o <R 1 Y a 1
leTasuunlumanaiiegluie1d duiudahildnaadusintioasidiulslasause
¢ Y 19 = A ~ 73 Jo 0 Yy o 1
AT VeUGININADINT uadoAvesFinia Ao nlesuadalesdwazldmsnlide

M3nAlPasen (Ryu Hazaae, 2006)

2.2.2 NEHNIZVIUMSURABTIATY (Gasification) uazTwlslaBa (Pyrolysis)
2.2.2.1 ANUTINEVR MDA TIIAT Y
@ Aany o A a 2] dy a | o A
unagiasurIomsnaaundiyomas itlunszuiumsysunlasuaislag
A A 3 A v 3 o A v A
H3aTIMIaNNTULVTIHITeveuad Ivnanaluung Tuanunineinireniniude
M3 lanuseuilessiedanunesndeamsasunlasmaniiale (Probstein and Hicks,
A I g a [} =
1982) uRad Ididundasomas wu lalasou (1) msveuneusn lud (CO) uaziimu (CH,)
& v Ao o ¥ v o ~ a " A !
Hudu Taelidrnarsvesszuuthanudeowdr ldaaewuseinlivesdiamaniuGonin
v v v v 9
pond lagauna laun low1 eondou uazeinia weillunisinalgnserszsauiuaou
A o o a o o _a v v J v
mslasuulaaiivue daamsiianisaatedlvesingaunislanniuionluduau
) ' ¥ Y v = Y 1%
(Pyrolysis) Tuaouao M IUMIasNuNAIUNIZNIDIMsUsulgesnmnimung
2222 Unseniidavulunszuiunisudadiliniy  (Watanabe 1182 Otaka,
2006)
oa/‘ o w [ M 9 1 a o
Tuaoudrnguesnszuiumsunagindulaun nslnls ladanisuou
9 [ Y o U s X ~ a [ Y ) 3’ v A Y 9
AuAEMsUAFSNIATU LS Feluvrensaloranamsunagsiiasuiniuauldondoe
a [ o [} 1 @ c?: 1 @
gungiveInszuIuMsunasThnduoglugie 800 - 1000 °C meldanuauaaszay
dgl 1 ¢ Aany ) a aaa A é’ Y @ (] 1 A
vssermaru 11 seuiemsunagilinduazinal§asnniainnaisiunseunuediaerilo
o a = ¥ a I I g a qs/’ dy 1 o w os/’ A
wldinamsasugdnngemawillidwsemawna Wiludagsreudu msnfasunia
Tunszurumsunagiinduuenninilgnsoridinga uda dliufandadusiniiauly

4 [
neYuAIe A9l 2.9



18

[

1 2.9 SrvumsnlasunlasvesmsunadilindguTaeis i)

(BTG Biomass Technology Group, 2007)

9
=

D 1aAnuFY (Drying) 1TUALATINIA MRS UANNToUIINTzUL 1Y

Q)  an o A a d? o 9}09} = g J o v A o
nszuIuMsunagingusuliguugigeiu shildhguiluesdlsenevdragiwoTaenald

u U 9

v Y Y v v
A a =2

<3| 0 a o @
Tu %amaszmmmzﬂmmﬂu"lamma@mvmmmszuuﬁwumu@mﬁaﬂmmm Tudunouil

a LY U

=< & o O an o A & 0 q Y Y 4 v
zﬂ\uﬂu‘ﬂu@]’ﬂulﬁﬂall’t]\?ﬂﬁg‘ll"]uﬂ']ﬁLlﬂﬁ“ﬁwlﬂ"]juqﬁlﬂuﬂﬁ1/]111(71?1%'3%’)@11/]!!,1’]\1

2) Twislaga (Pyrolysis) tiloFamragnitrldudeudrnzgmindrg

U

9
v

a [543 :/1 aaa a ¢ g aaa 4 o
JunoumsnaaunaiunsnlasdnsenInls laga Fuduilgasergannudemieiily 14y

¢ ' a o a ' 1
myaawesdilsznouae Tudwameldanizilioimaviosandnuegivsun od1als
< =q ¥ 4 A 0y o 9 J ' = ' a a
nauszezan 1y luduaeuiinedniosun i lvesnlseneudia Tudiwia wu aniiv

a = s A VA a o I~
magiaﬁ Lam%a’gﬁaﬁ i’)iJﬂ\?@\?ﬂ’]_li$ﬂ’l’3l'].l‘1/l§$!,1’iﬂ“lﬂ@u“] Lﬂﬂﬂ'ﬁﬁﬁ'lflﬁ’)l!,a$i$l1’iﬂﬂa']mﬂu

v A

oY ' 3’ 3‘ ! J = a a J

ufe 1w CH, co, Teur thduau a1ums waz Indlyadn oz Tsman lalasmsuou
\ 3 A 1w Y <

(Polycyclic Aromatic Hydrocarbons, PAH) muﬁumuﬁummﬁaagwmmﬂmﬁamﬂm%mﬂu

v
WINATUOU (Coke) azit Tugrausnvealfaserlnls laga uﬁauaz'leﬁngﬂﬂaaﬂ

9
a a K

ponuIneuNgungiidszuim 230 °C uansaatedledraisunadIulugisgumgil
A
1l

v Y

1 Y d‘ 9 1 d? d' ad = Q‘
400 - 800 °C mwaiwfcmmzmsJ"lﬂngaasJaJmmummmﬂqmmwawu HAZTUAN

CY U

7

a ti? QE/’ dy [ a o v o @ a 4
UNYY 800 °C sllullﬂ Gluslluﬁ@uuigﬂﬂqmﬂ{]ulﬂu{]i]‘ﬂflﬂ’lwuﬂaﬂ‘ﬂmgsllﬂ\iwﬂ@ﬂmm

=).
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a é’ 1 A aaa A o Az; Y a [ d ] ]
matu nanedgnser lnls laganguugiiding ldndasuiduveunarlasdiulvg

v o a o 7 o 5] 1 1A @ a o
Tunanduiuag ldnaasasiiunnalasduIngiszaugungiigs ananuFudouves
Y v
9 1 a A A

aaa A a 4 o a { a aaa ' @ a 2] @
Ugnseninaduih lduinuinnalgnsetsanuesnly Taun vsnaiuna Tasunduiei

]
o ﬂaaa @ J =

a ' a Y o . A
LSIQJH‘VH QﬂﬁEﬂﬂ‘]_lfﬂ5‘]_l’EI’L!'I/IN'J‘U’Elﬂﬂ1uﬂuﬁ§ﬂlmﬁﬂ1ﬂ@nﬂﬁ]gﬂ@jﬂ (Adsorptlon) ’Eli:.jlﬁW'J‘U’ﬂ\i

J o

o3 waghlgnsernuiie Idnananrzaaiediooniindivesweniu nseuelgnsenna
o o {
Tuammunalagnss Aaaumsn 2.8

£ . A . . & o B
3) R ETURRSEY (Combustion 199 Oxidation) WuTUaDUNHIVD

P4

aaa { a O Aany v { 1 J %] a o d {
Ugnsenadulunszurumsunadilingy Tashdiwaa a1ums uazundrandusiaes i

mavunnduaou lnls lagavzidinlgasernvesndiauluganiziszuuiioongiou

v
A AaAA a

= = Y o aaa Y g’ g’ Y v Y
Weane saudemsitlgasernolerrlunsdindnisanTesiud U lusaenism Tud
4 A o 1 1 yd aaa A 1 (aaa
omudadiuves H uazC luszuy samsen Indibilul§nsernldanudounnljnsen

4 £ E4
= =

A A a d? A < aaa A 9 os/‘ A (aaa Y o
suninatuluszun iesnnduljiserimeanusou setidgnsermswn ludluduiia

Y

Y A [ aaa Y A d' a dg’ 1 4 [ A g’
ﬂ??ﬂiﬂﬂlﬂﬂ\iﬂﬂﬂaﬂifﬂfﬂiLNWll'ViiJWujﬂu‘lﬂmﬂﬂJuﬁ%WJWﬂﬂWﬁ‘U’ﬂuﬂ‘UGWﬂWﬁ ma'lam

saaumsae Uil

- Oxy-gasification TcTiJmiﬁ 2.1,2.3,2.4,29,2.10,2.11,2.12 uag 2.13
- Steam gasification &N ﬁ 2.5

aumsi Unsen

2.8 C,_HO, —> aC(s) + bH,0 + cCH, + dCO + Char

+ H,0 + Light hydrocarbon Tar

29 C H +(m2+n/4)0, ~—— > mCO,+n2H,0

2.10 C H +m20, —> mCO +n/2H,

2.11 Volatile matter + O, —> CO,+H,0

2.12 CH,+ 120, <«<——> CO+2H,

2.13 H,+1/20, —> H,0

2.14 C+2H, —> CH,

2.15 CO, +4H, <—> CH,+2H,0

2.16 C H +mH,0 —> mCO+ (n/2+m)H,

2.17 C+H,0 «—— 1/20,+1/2 CH,

2.18 CH,+H,0 <—> (CO+3H,

2.19 CO +3H, <«<—> CH,+H,0
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4) UNaFWATY (Gasification 139 Reduction) Ysznoude1lfnsend
dgl (Y A 9 ~ 19 QE/’ dy ] g’
HANUABTUBYNUAITHIOUNT (Gasification agent) 91 lad1 1) Tuduiiag 0, 1mia lown
o a a a aaa Z 1 -4 % I
co, 30 H, Taon1 vz liguugiilunisiiadnseraaua 700 °c Yu'ld yuilu
A Aaa ' ' s A Y o . . L Y
M3NAlNTe15e M0 I1UB1THIT0 IANNY Gasification  agent  Iagldnliuienlu

a Aaaa d' Y a @ 3 (24 zﬂy a [ ]
manalgnsenne Iiinanisaaredq lidunia iseiwasnang 1951 H, CO uag CO,

]
o

Usznoudlelfnseuniindidn 1aun
. A o aaa @ &Y A a
- Oxygenolysis ABMINIRATIRVUNE O, tWBIAA CO 1ag Co, u
A © o w = ) Y ' 9 1 9 o
vssemAnIung 0, 1 mszermanilewdnnnduarsgnldlugamawn Tnd deauns
A
n22uay 23
. A aaa o A Y a A aaa a

- Hydrogenelysis Ap1l9n3e11iu H, tialviia CH, vi3e1lgnsesimsiay
H, Aaaumsi 2.19, 2.14 tag 2.15

- Hydrolysis qUNSN 2.16

- Water gas AU 2.5 uag 2.6

- Water-gas shift quMsn 2.7

- Steam reforming quMSsN 2.18

2.2.2.3 S2UUv0INTZUIUMSURaGTIATY (waaue 1oden, 2547)
[ ) ] Y @ dy
ﬂ§$1]7]‘11!ﬂTiLLﬂﬁ‘T“K‘V\ILﬂ%uﬁ?ﬂWiﬂLlUQﬂﬂﬂUlﬂLﬂ1! 3935UY AU
1) leTasunadilingu (Hydro gasification)

2
aaa @ A a <

4 o [
Tduna 1, Mignsernudemade ldanudounazanuaugauin

v
[ oA =2 1

(% a 1 J
ANuAuluAgaDe 200 UsseIMA unddunsiziimnavudmIvapdu cH, Aanuiouves
0 Ay Y a W o 7 ' o i ~
una I umuAa T AT 1LH (SNG)  TAgRIUATEUIUMTINNIUSY (Methanation) 1
Ao o Y a aaa 1 I (2 g} @ Aaaa ~
garnla1 M liinalRnsersznine o wag H, Wuund CH, wazih asfnsend 2.19
= @ Aan M @ Aan o :‘
2) aANLAAFNIAFY (Steam gasification) HIoMsunasnFUuUL 1Y 101
| Y oy o aaa @ zﬂy a <2 a o
Wums g leorhlfnsernudomawds guuginazauaulum
gannuazdesldanuiousinnreuenszunidnsieliguugiveuaiguiioaneae
a aaa ¢  Aany & (2 [ s a dg‘ 9 [
manalgnseunasindu unadunsiziimneiulszneudlound CO, H,, CH,, CO, uag
S 7Y Y ] ' e 3
lowh unadunsizvnlatimnnudouszunm 3.3-3.5 wnnzga AvgnuIANLAT (MI/m)
A A 1 a [ Y] PP 9 o
H3ienMskaALRadUATIZHANAIANNT o UM
a ~ @ Aan @ . . . .
3) eonganWunaaWindy (Oxidative gasification)

o A

%] a IS Y aaa [] [
Tunaeondinuiudrinlgnser ldunnmsiueimadiginmse
& g

Yy & a a =3 9 24 @ A a Y & a a aa
ﬂ'li]lﬂfllﬂﬁ@@ﬂ%ﬁ]uﬂﬁqﬂﬁﬂllﬂ Llﬂﬁﬁ\uﬂﬁ']gﬁﬂLﬂﬂ‘ﬂ']ﬂﬂ?ii‘lﬂllﬂﬁﬂﬂﬂ“ﬁmuﬂiqﬂﬁﬂ
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1l 9 ] © A a Y A [P o Y 3
ﬂ1ﬂ31ﬂ5@uq\1ﬂ31llﬂﬁﬂLﬂﬂ‘mﬂfﬂi1611'81ﬂ1ﬁ mm%mllummﬁ'luimmmzm“lwmmmﬁau

d? J [ MY g’ a [
E:stlJu’tNﬂﬂ5$ﬂﬂ‘]J6UENLLﬂ’dﬁ\1Lﬂ§wﬁllﬂuﬂ CO, H,, CH,, CO, u,ag"lam MINALUNTTUATIE T

E4
ad A

[ A Y
UNAFUATIEHNIMANNTouUNaN

4

ez ldaianufoutlsyuia 93-205 WANZYAABANLIANINAT H3DI50NI1N1THAR
24

2.2.2.4 Uszanvesnszurumsudagiingu

Q) an o 1 @
ﬂszmwmmﬂizmumiuﬂmwmﬂmammmmaﬂymmﬂﬁ’mm?au H30

a @ [ Y e . 1 3’ 4 Jd I
riavedIna1elumsunasvie (Gasifying medium) 1% 1011 msvenlaoenlad Wudu

& A Y a .. A ' aaa a va o
Fao1Tludm1)5895¢ (Independent characteristic) ¥3oUUINMWUYNTeN gungil Auauauna

A d A A &2 o o1& o Ll w ~
N3OMNUBWVINHADTIIAI UL UAILL5A U (Dependent characteristic) AN 1N 2.4

o

A @ A o [ Y [ = J
M13199 2.4 anvazndAyvoununagvhe (qWas1 3511914, 2546)

b

ailsodase

aualsay

1. 3msTianudou
(Method of supplying heat)
- NNASY (Direct)

- M999Y (Indirect)

1. guvigiivealgnsen
(Reaction Temperature)

- §9 (High)

- 1hunas (Medium)

- a1 (Low)

2. fnanlumsunadvhe
(Gasitying medium)
- Nedhfuermaniooondiou
- (Steam with air or O,)
- 91MF (Air)
- NeTasnuedademserloi
- (H, with or without steam)
- e alfisen

- (steam with catalyst)

va W a A 9
2. AuduiAvowunaaunla Raw  gas

properties)
- dutlseneu (Composition)
- dasidlruvedlalasiaude
s J .
M3 uouuouen lag (H,/CO ratio)
- USuaveaihduaunaz ity
- (Tar and oil component)

- aanudeu (CVv)

3. %ﬁﬂﬂlﬂﬂlmﬂﬁﬁ?& (Reactor type)
- Moving packed bed
- Fluidized bed
- Entrained flow

- Molten media

3. vpafaduiinde (Solid residuc)
- Widh (ash)
- @uan (Slag)
- msveudidslinasug

(Unconverted carbon)
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22.2.5 anunIngueInsyuIums s lada (@Hug seadu, 2547)
a Q'J . . . . c;
IwTslagansomsnduaals (Destructive distillation) 1JUATLUIUMT
AA10AINA1UTOU (Thermal degradation) i liauysal lun1z i lifieondinu (lilimsiay
J 2 ¢ @ 4 a J Aa ! ¥ v
lo1i1 TaTasou viearsvoulasenloa luaTelfnsal) AlimsoremanuiouTaoniedon
o YNY a o o S A s A ' 9 s 1) aaa
mInldndasuailuglveswdsioniuans vounadfarumiu’lda ms uazuda Ufaze
4 [
Inlslagadesminnuiounineassninmseendnduiiosediu nsennlgniendous
d4a & 4 a @ Yy da o o o v da
mRaduneluaiealfnsal waznedon Feluilagiumsaarsdimianuionlunizid
a 9 A A~ ' 9 Y a a 4
ponFutiosnioluniimsniemanuieuldinamsinlslagalasase v1nnsmlnd
] 1 4 [ = Y a
vduvesmunsiazuna Gonldiuiunszuaums Inls laga
deFnamanmsdatsdiniennuiousziinoyninaeslfnse

' Y o AA o J A s o Y ' s 2
AN 'lmmﬁmwawmﬂmﬂma umuwumﬂﬂszﬂw%u%u LASDTUBT “ﬁﬂﬂaﬂﬁﬂ]ﬂl@ﬂ

Aszuums Inls laFavesdwiauaad laaaaumsi 2.20 uag 2.21

Heat
Biomass —>  Char + Pyrolytic oil (High- and moderate- molecular-weight
Organic liquid) + other condensables in form of oxygenated
organics + CO,+ CO + H, + CH, + H,0 + others (2.20)
Heat

Organic liquid —  Aromatic organics + low- molecular weight organic liquid

+ Char + CO, + CO + H, + CH, + H,0 + others (2.21)

M3 Iwlslagauusooniu 2 Uszanae msinlslagFauuuduas

< a 9 a a 1 o Y Y
puwsa M3 Inls lagauuudzmagugaluuinusiway Tagsaiimslnanuiouss

=1 o Y a a ddy a a [ 4
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RKRe
=

1

a <

Yuogd M uUUIVOIgUUANIAN (Temperature history) @2uns In1s lagauuusiangaeg b

Y
=

o =R <R aaan d' a 1 9 9 1 a a d' a d' 1
milsnalgnseninalugams ianuiou uams nls lagaszinaiugurginiivesria

2.2.2.6 wansznuvesmilsmeq aemsinlslada (@lug seadu, 2547)

ms nlslagadiulugrzauladednsmazUsuavesarssamon 1a
MINTENLVINAAT AN o 3auden1zlunsnaass Tasduilsmuaiindidya

b2

3]
J a A d a A I = A A ' @ dy
‘ﬁ“{]’ﬂ\iﬂﬂi%ﬂ’ﬂUﬂlﬂﬂﬁiiﬂﬂﬂiﬂllﬂ%ﬁﬁﬂuu‘ﬂ'iﬂiu‘lﬁuﬁﬁ‘l’lNﬁiﬂJmmﬂﬁNﬂullﬂ HDNITNU
o zﬂy Ao o 14 ! a @ Y Y 2L o 1 dy
G]’JLL’IJS‘W‘H;@THVINﬂWEJﬂWWV]EﬂﬂiUUUlﬂLLﬂ UNHN LI A5 IMI AN oU Feaulsmaitioy

= ' A o a 1 dy o = J
Hransznuaoms Inls ladadsazeiuness T (Fnd TnNZUNIIUUN, 2536)
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- eafszneuvesiinig
= @ o 1 4 = @ 5 =
Frnadluiagdudeuliflwiloderdu  Feziilaseadraua
J 1 @ 1 1 a 09/’ Idy 1 a =
penszneunanaliuldawdiuan q uazyiavesiiaiu  asmarfiuaaz szl

a 1

wa 9 1 Y a a o Jd @ A =
ﬂﬂ!’dll‘ll@'lﬂ?\?ﬂ??lliﬂuuﬁgﬂﬁliﬁlﬂﬂWﬁ@ﬂm‘ﬂ@nﬂﬂulll] Tﬂﬂwqmwnuqaﬂm 300 °C 2UM3

o a s A aa L . o R <A

uanAIveIneALsAA1 lsANdeoung Indan  (Glucosidic linkage) 114 Idhiumsa
o @ R P Y M ' 7o <
Usznovudreeyiusveaoulalasgmsiniiminluanad uazaiuansswawantion
ia A 1 [l 1 1< 1 J 1 [~

luvaghandudmlngzaumindununsvezarsdsznovilueanisdiu anulaiilu
dy = o = I A a 9 o A A @ [l a o 4
ioRiuyesrIaszdudanav s 14ise Temimaal o indadiuvoswdndum
d‘ Y 1 4 Y Y B s 1 a U o dy a A d‘ 9
n1dnnuaazesalsznovas 1avies daziinansgnuaolSinaoumnsuazisomacous ala
nms3 nls lagaTaeass

gaunnilumslnls laga

1 a a = 1 c?: a J
Fragungiuesms Inls ladaszlinansznuaenaliuanazoenlsznoy

a 1

A A ' & o o ~
vouesszien1d Taems Inls ladauia @iy 3 4u fie Tuusniigumgiiszning 200 - 300
A ! g v @ A v ¢ ¢ -
oC vzlimstanlassmsszmeaniios tazunanilszneudieeen lyauesnsusuaziiuily
drlng Tundes gaunnglsenIn 300 — 500 °C wiMsaarwdindosarsszrononin
1 v 9 v
Uszinaawludvesansseimonaua Tufiay gangiisening 500 — 800 °C agiin1s laufa
= I 3 ~ v A = [ [ ~ [l
pononunsInaes nieusulimsnlasuuilasvesoiuans sauludemsanilassunan lu
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aunsamuniu 1ddsdulugiiuninlelasou
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8931M3 IHANUT DU
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9 o A a 1 Aa AKX J [} A o Y a 1
MgdasImsugungiilszana 20 °C Ao Fuilurrsihldinamsiaaaesaisszive
I < @ c?: o o a 1 a1 o
PONBE1NTIAGTY AtiudaT 1M Iianusoudzgnioulniinaavesguugiminunso
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9 1 Ao o o Y 3 ' < = 1
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v 9 1
Wedwrarunszuaums s lada sxlimsgadoiimin Weswn
oy c?: (24 1 d' a d? 9 J a A d
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v 1 1
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I = A 4 ' aA 3’ 7 I J
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Fixed Bed Downdraft Fluidized Bed

Fuel : size (mm) 10-100 0-20

ash content (%owt) <6 <25
Operating temperature (°C) 800-1400 750-950
Control Simple Average
Turn down ratio 4 3
Construction Material Mild Steel + Refractory Heat Resistant steel
Start-up time Minutes Hours
Tar Content (g/nm3) <3 <5
LHV (MJ/nm’) 4.5 5.1

224 ufadunsizy (1dU MgyIug, 2545)
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Method of Manufacture H,/CO Ratio
Oxygen-coke-steam 0.6
Air-coke-steam 0.9
Oxygen-coal-steam 1
Oxygen-fuel oil-steam 1
Propane-steam 1.33
Methane-oxygen 1.7
Methane-oxygen-steam 23
Methane-steam 3.0-5.0

111 : Larminie and Dicks (2000)

~ 3 Y o o 74 Yo A o
NAITN 2.6 szmuldufadunsiznlidiussidadiuves
) s o 1 SR ' 2 o AqQ Yo o
upaasueuueuen laduazunalalasnuludadiuaieg Yusunszuiumsnlddunsie
Y
FTUUMIHAAUATIFOINGS

av 4 a [ d 1
Ajay K. Dalia lagamue IVI50INMTHAALN AT UATITHIINN DO T DALN

I A

a @ ' { <3| a o
UM1INY1a8 Saskatchewan Uszmauaummunaeseaausadasuiunaadumny
v

yam 'l 1u uRadunsizd (Fovaz 93 TavTua) uazufaiiisinnudouunais fiail

D¢

Y ' Y
maduhaslUeiuldinanmindaudalalasnuuniu Taelilfasen Water-gas shift 15lu
Uaseridinylunsnaalalasinuninndisesealasnszuiumsuiasindunay

a a 1 3 o 1 a = [H Y v A a
InTslade salininindmunnzas ladnaduunagilinsulinnummizmizasgalumsnaa

9 [ 4 [ o aan d‘ [ a ] Yy
unadunasiziuazdsamnsahlgnsenszauguvgi igannlade

mywmdadunsien 115 se Tomd

) msldlseTenilugdusadansed
Y ]
MRS TUADY  (Primary product) 91 1@91An1siAalfRTen Tag 1y

W o s o A Yo =
und dunasiziiuiagau uaas1idegai 2.15



34

Wares Olefing

Diesel ?Dline MTBE
Mixed \ 2 Acetic Acid
Alcohols Fischer-Tropsch 5
2 Faormaldetyde u %
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|sosyrthesis DIefing

Gasoling
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M. over FefF e =
NH. ¥— OkF
30, A0, Cal) HQ Aldehydes
Alcohols
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Energy Laboratory, U.S. Department of Energy, 2003)
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pZA3AANINNITDEAZ 90 AIUHNTeIN 2.23

HC=CH + CO + H,0 — CH,=CHCOOH (2.23)

lumswanmsnannsa Ingi lotnanenau amsani i lagnszuiums laasen
~ J a @ . ya a Aa . . 1< @ [}
FA15UOUIAYU (Hydroxycarbonylation) Tagldiinina Inswiua (Nickel propionate) 1iJu@as
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H,C-CH,+CO+H0 — CH,CH,COOH (2.24)
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Tsanumaanszua lihdrendsnuiduaded dulugaamnssuiinmildudalalasou

Id 3 9 3 a 9 =t d Aa o = 4 o ~
Fumsasduiutenldnssuiumsivesuig (W91 ¥I57UA, 2546) aataaalumsnen 2.7

A ax a (22 9 1
MTNN 2.7 'J‘ﬁﬂﬁNﬂﬁllﬂﬁqﬁiﬂilﬂuﬂﬁﬂﬂizﬂ’JuﬂﬁﬂN 9

Method Temp Pressure Catalyst Remarks
1. Electrolysis - - - This method is employed
of Brine where 100 — 500 tons/annum of

gas are required
2. Reaction of 650 °C | atmospheric - -
steam with pressure

spongy iron

3. Reaction of 900°C - Ni catalyst -
natural gas promoted by
with steam magnesia or

alumina

N 2 28U Myanug (2545)

luilviuiims 19l se Teminda laTasoulunszuiunisaiey 1wy
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22,5 msilszgndlFnszuiumsuiadindu (Gasification Technology Council,
2008)
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141l a.71. 2010 (Gasification World Database 2007, NETL U.S. DOE 2007)
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v v Y
510 217 YSnamsldudadunsizinaTandauail a.e. 1952 691 A, 2007 nazal5uw

ANMNADINTUAATUATIZHINNITAIAMIT 1uT) A.6. 2010  (Gasification World

Database 2007, NETL U.S. DOE 2007)
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(Gasification Technologies Council, 2008)

Tsa Ty Integrated Gasification Combined Cycle (IGCC) ﬁigﬂﬁ 2.19
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3191 2.19 Tsawaanszua Iy Integrated Gasification Combined Cycle (IGCC)
(NETL U.S. DOE, 2008)
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gﬂﬁ 2.20 HAnNNS Integrated Gasification Combined Cycle (Central Research Institute of

Electric Power Industry, 2008)
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space charge polarisation

31N 2.24 mmi‘]uﬂmmmTmaﬂasummmmmﬂmmwammmiLﬂaﬂulzﬂaaﬁuwm"lvm1

orientation-polarisation
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s 2.27 mimaau‘nsu’eNTmaﬂaGluammmmaﬂ"lwﬁmuumm (Pueschner GmBH, 2005)

2.3.3.2 Conduction mechanism
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Material type Penetration
g . TRANSPARENT Total
»> (no heat) transmission
CONDUCTOR None
(no heat)
> ABSORBER Partial to
N (materials are total absorption
heated)

-

311 2.29 UFRToMBVA1 vesndnTuTasniliaeae (KaZi E. Haque, 1998)
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REACTION CONVENTIONAL MICROWAVE |
Synthesis of fluorescein 70 82
Condensation of benzoine with urea 70 73
Biginelli reaction 70 75
Synthesis of aspinin 85 92
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2.3.8 mstlszgaaldlaulasnluananiinaniou (Thermochemical conversion)
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A catalyzed chemical reaction

90

75

PE
(kT) 65

50

Progress of the reaction
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Learning, 2006)
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Class Functions Example

Metals Hydrogenation Fe, Ni
Dehydrogenation Pd, Ag
Hydrogenolysis Pt
(Oxidation)

Semiconducting oxides Oxidation NiO, ZnO, MnO,, Cr0,,

And sulphides Dehydrogenation Bi,0,-MoO,, WS,
Desulphurization
(Hydrogenation)

Insulator Dehydration Al 0,, Si0,, MgO

Oxides Acids Polymerization H.,PO,, H,SO,,
Isomerization Si0,-ALO,, Zeolite

Cracking Alkylation
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Essentially Ground glass

Non-porous Alundum (-Al,0,)
Silicon carbide

2
Low surface area <1 m'/g

Porous Kieselguhr

Pumice
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Essentially Natural silica-alumina

Non-porous Carbon black
Titania

Zinc oxide

Porous Natural clay

High surface > lmz/g Synthesis silica-alumina
Alumina

Magnesia

Activated carbon

Silica

Asbestos
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0, to producer gas (L/min) 0, to quality
fuel fuel %C %H LHV

. Co, CcO H, CXHy syngas cold gas . LHV/N, H,/CO syn/H,/CO
ratio ratio conversion conversion (MJ/m3)

0 0.02 0.39 0.27 0.18 0.65 20.75 0 78.19 57.79 16.98 2.32 0.69 0.95
0.03 0.11 0.38 0.39 0.43 0.77 33.48 0.03 124.10 116.43 20.22 4.39 1.02 0.76
0.07 0.16 0.51 0.41 0.57 0.92 91.84 0.07 166.24 144.81 20.98 5.47 0.81 1.13
0.13 0.17 0.55 0.40 0.49 0.95 77.92 0.13 162.95 128.43 19.97 5.05 0.72 1.33
0.25 0.22 0.31 0.29 0.23 0.60 21.96 0.25 101.98 69.40 14.59 3.62 0.92 0.65
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0, to producer gas (L/min) 0, to quality
fuel fuel %C o H LHV
. CO2 CcO H2 CxHy syngas cold gas X LHV/N2 H2/CO syn/H2/CO
ratio ratio conversion conversion (MJ/m3)

0 0.02 0.27 0.14 0.16 0.42 11.49 0 61.48 43.26 18.58 1.96 0.52 0.80
0.03 0.13 0.39 0.40 0.50 0.87 38.95 0.03 137.57 130.71 21.13 6.66 1.02 0.86
0.07 0.16 0.46 0.47 0.57 0.93 91.46 0.07 160.03 149.75 20.82 5.47 1.01 0.92
0.13 0.17 0.50 0.39 0.58 0.88 92.77 0.13 168.14 144.63 21.32 5.38 0.77 1.14
0.25 0.17 0.52 0.45 0.47 0.97 74.43 0.25 156.24 129.78 19.55 5.88 0.87 1.12

Iel
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A13197 n-3 WaSU’EN’E)G]i']ﬁ'Jui$WQ1Q@®ﬂ%L%HﬂUL%@LWﬂ\1@ﬂllﬂﬁwa@]ﬂmcﬂﬁulél}i]']ﬂﬂa!ﬁ]f@ﬁ@ﬂﬂﬂ ﬁ@?‘lﬁ%mﬁ"uu%ﬁiﬂﬂ 1 aA5ADUIN 9NN 1400°C (800 I6191)

0, to producer gas (L/min) 0, to quality
fuel fuel %C o H LHV

. CO2 CcO H2 CxHy syngas cold gas X LHV/N2 H2/CO syn/H2/CO
ratio ratio conversion conversion (MJ/m3)

0 0.02 0.40 0.34 0.19 0.75 25.48 0 82.97 67.63 16.66 3.75 0.85 0.88
0.03 0.08 0.61 0.56 0.72 1.17 148.12 0.03 191.35 187.54 20.90 14.69 0.92 1.28
0.07 0.09 0.37 0.32 0.54 0.69 37.34 0.07 136.21 130.97 22.68 15.20 0.80 0.86
0.13 0.09 0.57 0.48 0.75 1.05 148.79 0.13 191.56 185.83 21.78 15.15 0.84 1.25
0.25 0.18 0.43 0.33 0.21 0.76 28.31 0.25 111.19 69.98 17.00 4.60 0.76 1.01

{ o 1 ' a @ { a 1 43 a o s a { o %] a J a R4
A15197 -4 WaSU’EN’E)G]i']ﬁ'Jui$WQ1Q@®ﬂ%L%HﬂUL%@LWﬂ\1@ﬂllﬂﬁwa@]ﬂmcﬂﬁulél}i]']ﬂﬂa!ﬁ]f@ﬁ@ﬂﬂﬂ ﬁ@?‘lﬁ%mﬁ"uu%ﬁiﬂﬂ 1 aA5ADUIN gUNYN 1250°C (660 I6161)

0, to producer gas (L/min) 0, to quality
fuel fuel %C %H LHV
e | €02 co H2 CxHy | syngas | coldgas | comersion | conversion | (v LHV/N2 | H2CO | syn/H2/CO
0 002 | 050 | 032 | 0.33 0.82 44.74 0 114.90 91.23 18.73 4.13 0.64 1.28
003 | 010 | 058 | 052 | 0.71 1.10 | 138.40 | 0.03 187.59 180.96 21.12 15.18 0.90 1.23
0.07 | 0.08 | 049 | 0.33 0.81 0.81 151.67 | 0.07 185.53 181.46 23.77 16.07 0.67 1.22
0.13 | 006 | 034 | 022 | 038 0.55 3893 | 0.13 104.25 90.95 21.59 12.42 0.64 0.86
025 | 037 | 083 | 078 | 0.68 1.60 | 174.51 | 0.25 253.59 198.86 18.84 12.17 0.93 1.72
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5 NOATUNFVUVITIN 2 AATADUIMN JUNYN 1400°C (880 3%161)

0, to producer gas (L/min) 0, to quality
fuel fuel %C o H LHV

. CO2 CcO H2 CxHy syngas cold gas X LHV/N2 H2/CO syn/H2/CO
ratio ratio conversion conversion (MJ/m3)

0 0.02 0.39 0.27 0.20 0.65 22.66 0 81.62 62.55 17.54 2.47 0.69 0.95
0.03 0.03 0.53 0.28 0.35 0.81 47.84 0.03 122.34 90.62 19.13 3.94 0.52 1.54
0.07 0.05 0.46 0.30 0.17 0.76 25.92 0.07 91.58 59.87 16.56 2.59 0.62 1.22
0.13 0.06 0.46 0.23 0.18 0.69 24.54 0.13 95.38 54.91 16.94 2.76 0.49 1.41
0.25 0.25 0.57 0.19 0.20 0.76 32.14 0.25 136.94 54.21 17.01 2.92 0.33 2.27

Ao 5]

v Y v
M3 N6 HaYEIBATIAIUTTHINERNFIUNUFRMA BUR ARAAN NI IATINNAETPALT NS NOAT IR

a3 2 AnsAownil gaungil 1250°C (660 ad)

0, to producer gas (L/min) 0, to quality

fuel fuel %C %H LHV

ratio Cco2 Cco H2 CxHy | syngas | coldgas | comversion | comversion | (M) LHV/N2 | H2/CO | syn/H2/CO
0 0.02 0.28 0.14 0.16 0.43 12.07 0 63.18 43.95 18.61 2.00 0.51 0.84

0.03 0.05 0.59 0.36 0.33 0.95 52.74 0.03 130.32 94.10 18.04 3.96 0.60 1.57

0.07 0.22 0.57 0.41 0.17 0.98 38.07 0.07 128.71 70.10 15.42 3.40 0.72 1.35

0.13 0.10 0.63 0.41 0.15 1.04 42.62 0.13 119.13 67.36 14.99 3.63 0.65 1.60

0.25 0.27 0.50 0.18 0.13 0.68 22.85 0.25 121.85 41.62 16.04 2.50 0.36 1.90
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5 NOATUNFVUVITIN 1 AATADUIMN JUNYN 1400°C (800 I¢161)

0, to producer gas (L/min) 0, to quality
fuel fuel %C %H LHV

. CO2 CcO H2 CxHy syngas cold gas X LHV/N2 H2/CO syn/H2/CO
ratio ratio conversion conversion (MJ/m3)

0 0.02 0.39 0.33 0.18 0.71 23.20 0 79.23 64.42 16.66 3.76 0.85 0.84
0.03 0.03 0.60 0.37 0.37 0.97 59.74 0.03 134.49 103.04 18.47 10.97 0.62 1.57
0.07 0.09 0.69 0.54 0.25 1.23 63.32 0.07 139.85 97.55 15.92 8.75 0.78 1.58
0.13 0.14 0.68 0.32 0.36 0.99 63.86 0.13 159.52 97.44 18.41 9.90 0.47 2.12
0.25 0.45 0.60 0.19 0.22 0.79 36.67 0.25 171.01 58.43 17.32 4.15 0.31 2.52

Ao 2]

v Y v
M3 N-8 HaYEIBATIAIUTTHINERNF N UFRMAW BUR ARAAN NN IATINNAETEALT N NOATIR

a3 1 ansaownil gaungil 1250°C (660 Iad)

0, to producer gas (L/min) 0, to quality

fuel fuel %C o H LHV

ratio CO2 Cco H2 CxHy syngas cold gas ratio conversion conversion MI/m3) LHV/N2 H2/CO syn/H2/CO
0 0.02 0.41 0.26 0.27 0.67 29.59 0 93.41 74.19 18.73 4.13 0.64 1.04

0.03 0.04 0.64 0.36 0.48 1.00 81.91 0.03 156.24 123.29 19.70 11.57 0.56 1.79

0.07 0.03 0.58 0.28 0.55 0.87 87.05 0.07 156.73 128.42 21.18 15.11 0.49 1.77

0.13 0.14 0.69 0.32 0.38 1.01 68.14 0.13 163.84 101.07 18.51 10.25 0.46 2.19

0.25 0.29 0.36 0.07 0.07 0.43 10.15 0.25 96.64 20.19 15.74 3.74 0.20 2.14
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F4
=

producer gas (L/min)

MW power CO2 CO H2 CxHy syngas cold gas eff
110W 0.003 0.00086 0.00124 0.00812 0.00210 0.01
220W 0.04 0.05 0.07 0.06 0.12 1.24
330W 0.05 0.15 0.13 0.24 0.28 14.41
440W 0.06 0.25 0.21 0.44 0.45 44.54
550W 0.08 0.28 0.23 0.50 0.51 58.46
660W 0.02 0.50 0.32 0.33 0.82 44.74
T10W 0.09 0.43 0.38 0.64 0.81 102.31
880W 0.02 0.40 0.34 0.19 0.75 25.57

gel



quality

MW power | %C conversion | %H conversion | LHV (MJ/m3) LHV/N2 H2/CO syngas/H2/CO
110W 1.62 1.63 30.75 0.10 1.44 0.001
220W 20.97 17.95 19.73 0.82 1.27 0.10
330W 60.32 58.19 22.89 3.35 0.91 0.31
440W 100.83 101.11 23.53 5.07 0.85 0.53
550W 116.42 115.37 23.56 5.23 0.85 0.60
660W 114.90 91.23 18.73 4.13 0.64 1.28
770W 156.49 155.35 22.36 6.00 0.89 0.90
880W 83.17 67.63 16.66 3.76 0.85 0.88
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a [ a YA
AT WNaU 15U 1 ansAUIN AN 600°C (330 T0A)

producer gas (L/min)
%Ni/SiC 0.5 1 5 10
CO2 0.03 0.07 0.05 0.06
CO 0.50 0.18 0.11 0.05
H2 0.32 0.23 0.16 0.016
CxHy 0.33 0.29 0.07 0.03
syngas 0.82 0.41 0.27 0.21

LET



quality

%C conversion

114.90 79.50 30.83 19.14
%H conversion 91.23 83.26 28.00 19.66
LHV (MJ/m3) 18.73 21.56 13.94 13.84

LHV/N2 4.13 9.18 34.97 1.00
H2/CO 0.64 1.32 1.95 2.99
cold gas eff 1.10 22.19 4.70 1.85
syn/H2/CO 0.05 0.31 0.15 0.07
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AMTNWNN N-11 WAUDIPUNNN ADLNTHAANAUNNINAVYY ﬂﬂill']ﬂ!@"]ﬁ\illgﬂﬁﬂ'] 1% 1% 5% Ni/SiC NOATULNAVUVITIN 1 anTAUIN

%C %H LHV cold gas | syn/H2/C
%Ni/SiC Temp co2 | CO H2 CxHy | syngas LHV/N2 | H2/CO
conversion | conversion (MJ/m3) eff o
467
0.05 | 0.03 | 0.13 0.01 0.16 13.31 14.25 12.96 0.70 3.76 1.08 0.04
1% (220W)
Ni/SiC 617
0.07 | 0.18 | 0.23 0.29 0.41 79.50 83.26 21.56 9.18 1.32 22.19 0.31
(330W)
467
0.03 | 0.02 | 0.06 0.01 0.08 6.99 7.34 13.96 0.35 3.64 0.25 0.02
(220W)
5% Ni/SiC
617
0.05 | 0.11 | 0.16 0.07 0.27 30.83 28.00 13.94 34.97 1.95 4.70 0.15
(330W)

6¢l
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ATNN N-12 waﬁummssmmmmmﬂgﬂimmﬂ"laimmu UAZMIAUTNINVBIUUAAUIINHIUNNTAIY ‘I/'I‘]Jilﬂfllﬂ’)t‘iﬂﬂ;]ﬂ‘iﬂ? 1% uaz 10% Ni/SiC ¢19

1Y @ 23 a

o a ¢ A 9 a ' A Y S
UNTHNANNUN NOAT DTV UVITIV 1 aATADUIN Qﬂ!'ﬁﬂll 600°C (330 'J@WI)

LY

%C %H LHV cold gas
catalyst bed CO2 CcO H2 CxHy syngas LHV/N2 | H2/CO syn/H2/CO
conversion conversion (MJ/m3) eff
1% Reduce 0.07 0.12 0.11 0.36 0.24 81.97 85.21 26.23 10.40 0.93 27.47 0.25
10 Reduce 0.03 0.05 0.07 0.04 0.12 15.47 14.34 17.92 2.44 1.53 0.78 0.08
1 Reduce-Rgn 0.05 0.11 0.15 0.14 0.25 43.28 42.61 20.00 2.64 1.33 5.76 0.19
10Reduce-Rgn 0.06 0.16 0.33 0.09 0.48 40.63 47.15 15.21 5.52 2.09 9.60 0.23

orl
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@nﬁ’Nﬁ -13 Waﬂ]@ﬂﬂ15ﬁuﬁﬂ’]WLﬂﬂ9’nL5Qﬂgﬂifﬂ ﬁﬂﬁﬂ1ﬂl@nl5\1ﬂ§]ﬂﬁﬂ'] 0.5%, 1%, 5% ag 10% Ni/SiC DN THANNUN ﬁﬂ@lﬁ'ﬂlﬂﬁ"lﬂl‘lahi?u 1 ammmﬁ

gaImgil 600°C (330 ad)

%C %H LHV cold gas
%Ni/SiC CO2 CcoO H2 CxHy syngas LHV/N2 | H2/CO syn/H2/CO
conversion conversion | (MJ/m3) eff
0.5 0.07 0.08 0.28 0.03 0.36 27.08 34.30 13.11 1.53 3.39 5.20 0.11
1 0.10 0.13 0.34 0.09 0.47 42.21 48.22 15.12 2.37 2.73 9.58 0.17
5 0.08 0.10 0.26 0.09 0.35 36.58 40.64 16.26 2.16 2.59 6.16 0.14
10 0.10 0.14 0.41 0.04 0.55 36.26 45.11 12.76 2.26 3.03 11.61 0.18
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10% Ni/SiC founanania n

[

AT

2]

a 1 =1 a v
AV U130 1 AU QAUNHU 600°C (330 19A)

heating catalyst %C %H LHV cold
co2 | CO H2 CxHy | syngas LHV/N2 | H2/CO syn/H2/CO

method support conversion conversion (MJ/m3) gas eff
Microwave SiC 0.06 | 0.05 | 0.16 0.03 0.21 19.14 19.66 13.84 1.00 2.99 1.85 0.07
(330W) Al203 | 0.01 | 0.02 | 0.04 | 0.005 0.06 4.53 4.94 13.04 0.31 2.81 0.13 0.02
SiC 0.06 | 0.03 | 0.06 0.06 0.11 20.43 16.86 20.44 1.19 1.89 0.99 0.06

Conv

Al203 | 0.09 | 0.09 | 0.30 0.07 0.39 34.06 40.17 14.86 5.38 3.15 6.70 0.12

wl
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Thermochemical Conversion of Waste Glycerol for Syngas Production,” International

Journal Of Chemical Reactor Engineering, Vol. 8, Article A65, (2010)

2) Y. Hawangchu, D. Atong, and V. Sricharoenchaikul, “Effect of Silicon Carbide Susceptor and
Nickel Catalyst Content on Microwave Enhanced Thermal Conversion of Glycerol

Waste,” Material Science Forum, (2010) (in press)
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1) D. Atong, Y. Hawangchu, and V. Sricharoenchaikul, “Feasibility Study On Microwave
Induced Gasification Of Crude Glycerol,” Renewable Energy 2008, Oct 13-17, Busan,
Korea, pp 414 (2008)
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and Nickel Catalyst Content on Microwave Enhanced Thermal Conversion of Glycerol
Waste”, The 11" International Symposium on Eco-Materials Processing and Design

(ISEPD2010), January 9-12, Sakai, Japan, pp 23 (2010)

2) V. Sricharoenchaikul, Y. Hawangchu, and D. Atong, “ Enhanced Microwave Induced
Thermochemical Conversion Of Waste Glycerol For Production Of Syngas,” The 2nd
International Congress on Green Process Engineering (GPE2009), June 14-17, Venice,

Ttaly (2009)
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Conference in Biotechnology: Fous on Biofuels and Bioenergy, July 30-31, Manila,

Philippines, pp 51 (2009)
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Induced Gasification Of Crude Glycerol,” Renewable Energy 2008, Oct 13-17, Busan,
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