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# #4572640023 : MAJOR CHEMICAL TECHNOLOGY
KEY WORD: GASIFICATION / PRODUCER GAS / BLACK LIQUOR / SYNTHESIS GAS

BENJAMART PUI-OCK : CATALYTIC GASIFICATION OF BLACK LIQUOR
USING IRON ON DOLOMITE. THESIS ADVISOR :ASSOC.PROF.THARAPONG
VITIDSANT,PhD,94 pp. ISBN 974-17-6989-2.

This research is to study of gasification of black liquor for producing gas product
such as H,, CO, CO, and CH,. The Objective of this research is to study the effect of
temperature from 600 °C to 800 °C, steam feed rate from 0.03 to 0.10 ml/s and The
percentage of catalyst are 1, 3, 5 and 10 by weight. The another objective is to
synthesize gas with the ratio of H,:CO about 2:1 which will be suitable for methanol

production.

From the result found that the best of temperature to produced the gas product
was 750 °C., the best of steam feed rate to produced the gas product was 0.05 ml/s and
the best of percentage of catalyst to produced the gas product was 5 percent by
weight. The optimum condition which gave the ratio nearest to 2:1 were temperature of

700 °C, Steam fed rate 0.03 ml/s and the percentage of catalyst was 1 percent by

weight.
Department Chemical Technology Student's signature..........ooooveviiiiiiiien .
Field of study Chemical Technology Advisor's signature..........c.cooeiiiiiii

Academic year 2004
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Product gas characteristics
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Hydrolysis : C+H,0 = > CO+H, (2.5
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Catalytic gasification : CO +3H, ™ > CH, + H,0(g) AH’,,,=-206.1 ki/mol (2.10)
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Gasification Technology
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2.1.3  dszanveanszuiumsundindy ¥ (Classification of

Gasification) [1]
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YouNFWee951Y Independent 1AL

Independent

Dependent

Method of Supplying heat
Direct

Indirect

Reaction temperature
High
Medium

Low

Gasifying medium and amount
Steam with air or O,

Air

H, with catalyst

Steam with catalyst

Raw gas properties
Composition
H,/CO ratio

Tar & Oil content

Cv

Reactor type
Moving packed bed
Fluidized bed
Entrained flow

Molten media

3. Solid residue

Ash
Slag

Unconverted carbon

A . A3 [ A o
IUDINNUUUUDY  gasifier (reactor) doluanyuzndl

o

£
WUBNTSUIUNTTEIND

g

1YY Moving bed gasifier 130 Fixed bed gasifier

1YY Fluidized bed gasifier

111U Entrained flow gasifier

1YY Molten salt gasifier

g 4
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- alRsenusenFuNteenFtuazianty  daud inalgnzen
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Y . v o [ [ o 9N ¢ a a
U9RAVD moving bed Ao MsiuMsFuAd lasasanuunasou Mw ladseansamms
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= a

v g o a %
Pymnnwy e mamzaanwdudouveuua hldinamsgaduluwe

o & ¥ . . . Y A o A 9 3
3 uAD9I preoxidative treatment tazn1ely gasifier 91900930 luwanume liuauanmily
Y a o [l Yo o a { 9
Aouliaanu uaz hidwnsoldnuiagavnlinnuazideagala
@ o A X . a J
ANHULNITANNUNMTUDY moving bed gasifiers LAz ¥HAYDIDIALTENOUVDY
(4] a (% o =\ 3’ a A [ ~
unanaasuy lagimatloulerh nazesndsaunieoimea aautaadlua1snan 2.3 uay 2.4

%

Ms1e 2.3 HAAIANEAUZNIAUHUNTVOL moving bed gasifiers Tag 1oy dniiie 1

Y
mstleuleriazeensian 588107 [1]

Characteristic Steam/Oxygen Steam/Air
Lurgi Lurgi Dry Ash Woodhall Wellman-
Slagging Duckham/Gas Galusha
Integrate
Pressure,MPa 2.1 2.5 0.1 0.1
Temperature, * °C
Combustion zone ~2,000 980 - 1,370 N/A ~1,300
Gasifier zone ~1,475 650 — 815 1,200 N/A
Gas exit 350 - 450 370 — 540 650 590-650
Steam/Oxidant,kg/kg 1 4 0.11 0.12
Oxidant,kg/GJ gas 20 17 110 130
Raw coal through put, 5.9 2.9 0.37 0.44
ton/m”.hr
Bed velocity , m/hr * 8.2 4.0 0.51 0.61
Coal residence time ,hr** 0.4 1 23 3
Coal gas efficiency,% *** 92 80 77 75

* Dependent on Coal
** Assuming coal bed density of 720 kg/m3

*** Based on estimated coal bed heights N/A Not available
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m‘swﬁ 24 L!ﬁﬂﬂ“ﬁuﬂﬂlﬂ\i@\iﬂﬂigﬂﬂUNaﬂﬂﬂ!“ﬂllﬂﬁ * Lﬂmﬂ@smuﬁiﬂﬂm ** 910

Y
nszUIUMIUNFnguvenuinivaly moving bed gasifier nulomazesnFaunio

210A [1]
Constituent Steam/Oxygen Steam/Air
Lurgi Slagging | Lurgi Dry Ash Woodhall Wellman-
Duckham/Gas Galusha
Integrate
CcO 61 18 28 29
CO, 3 30 5 3
H, 28 40 17 15
CH, iy 9 3 3
N, 1 1 47 50
Other - 2 - -
Total 100 100 100 100
GCV,MJ/m3 13.8 11.3 6.5 6.3

* Dry basis after scrubbing and cooling

** Jdentical with volume percent

o 1 o . . s d . {
AIDYMNNITNNIUVDY moving bed gasifier o Lurgi Dry Ash Gasifier Failu gasifier i

[ % o Y 1w A
AN nuazdinlded awaaalugili 2.7

u

Coal fead
|

Coal bunker

Coal lock

Steam
) Serubbing

Distributor
Agitator Quenched
—= off gas
[ ] waste heat
T boiler

Revolving grate
Grate drive — —-—-L--—-- Process

. Witar condansate

Steam and
jacket

Oxygen
Ash lock

gﬂﬁ 2.7 Lurgi Dry Ash Gasifier [1]
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2.1.4 FHAVDUMNAAUNAFUATIZY (Gasifier) HUVIUAHA [4,5]
1) nuuuuda lviadu (Up-draft gasifier)
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31N 2.8 anvaIzYed Up-draft gasifier [4]

Q) LR 1viaag ( Down-draft gasifier)
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2.1.5 %3378 [6,10]
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amorphous tazfia Tuanadind Swazarel8aniurag Taa
a. aniiu Wundudigifiudmaadlildms Ty lawse duesddsznovfie
YoIHTTIvDY woody cell MmiiiEiunn@eume WRsnmudusadana
dlu  amorphous uazazaeldaniwsagTaa ansauennniie 1 Tneldle

v
i antiudmualgasenlelas laga wazliemnsadesTnsuuniideld

2.1.5.2 e3AUszneuvetNla [6]

o ot L= o L] 1 =
ENﬂ'lJizﬂE)‘l.l‘lli’)\i‘]f’nJ’mﬂii’)ﬁﬁ"ﬁ‘ﬂ’ﬂﬂi]zlllNi’)fJﬂlﬂu 3 Iauvan Ao

v y Y .
- A1UYH (Moisture) mm%unmuﬁqﬂsmmﬁmua;i Fwaduuneell
14
amusuroudgs mewdlurandanmsinuas fMidesmsihidanadiundanu

»
. = b
Taomsw Tnsl anudu liaasniu 50 alosidud

- uignlndld (Combustible substance) daumwn v ldssiiseaniiu
2 @2UfAD Volatiles matter L1ag Fixed Carbon
0 v ]
Volatiles matter fodaunigaimnInglldde duiudanalafifisn Volatiles

matter gauana@a Tnldde

v - v
- ehunenTnililla e (Ash) Fwnadulvgeividalszum 1 -3
-1 - o [] H & ~
alesiud snduunauuazned ssidadrutdulssuna 10 -20 alofiEud Faezdl

Tgmlunmsien lniuagfdanoaunas asgi 2.11



27

o Dy abime i
< Volatiles 1'MFb\:ec:l C
DO\ :iici: s

! 71 2.11 uerasesflsznevvesdinaa [6]

2.1.53 ¥1317091003LIUM IHAANITZATY [T]

© LY © A U ' 2
Tugammnssustanszaminimshld & lasduingee 14 dymtde
o 4 4
nilunusdabenszay dezqoulsanwidiubenszay Taolénszurums
A3 M3 Emsdarla (Sulfate Method) Tasmshiesazaiolwdouleasonlad
o ; A yod a a
uaz I@doudalnd wdesaraoiioldsesld Wuls  asdun3dnnld  aalu
a P a a A o y ° o
wogladn  Fafluemsiseneuvesdntiu wazdovinmsuendulefiegiiilivih
nszaveen Nuld asazaiiBondy  wudndnes (black liquor) nieRiinfulu
: o/ o do ﬂ 9 o & a d = =) P
wininfused Tdnsuziluveanaaduas  ddiesdilszneufomsiniivazaish
v 1 4 1]
w14 (combustible substance) Iaseshiwn ndldtiezlsznoude Antiufign
14
anwniivzdralioonnonnlelsd wazienld vwadn  wudndmesifidsnnuieu
gagalssune 14.3-16.2 wngga/n Tansy wazezgnin Iilinrmdudugsie 73-77%
v
Tanimminvewds udrdaduawmnlaowulmiiuazess wihliuudndinesqnnd
a add g a /s A P o (aaa o o ¢ ¢
aseiiuvitneglunndntwes  Aelwfsuszhulfisorfuufaniiuoulaeenlyq
a o -] o Y] o ° aaa Y] "
alasussiilsznoudiulnfoumivea damleswsinlifSndusendiouuay
o o 4 d‘ = o’ L4 o d' o aaa 1
Twdoudiu TsRoudama Aguveuawnezlinesveniniuneifivinlgisonneseg
v 1 4 . * 1 4
fnamzil InRoudamaszgrulfoudiuTadoudalid  mselimaifiezdedeglu
o ) Ao dad vy 2 4 a4 1 A o qw
veadamasuman  wazezgnde liidanfiihdrahn@eitensegiweri iy
y v L4 [
wedeadudu 1hendiednd lAudmsazais Na,Co, uaz Na,S szgadede lufideh

.y [ 4 v ?
Wiy Tasmsianue hewnfemsazals NaOH uaz Na,S 1henunafi ey



=Sh.

28

M = A M - z L4 4 y
gnaslilFeumelunssinunssdaedelil  dahuluiuldhesazaeiidiuma
wasuldnnnszinumskdaidulonssan  Fulludomdmdnlugramnssunda
A o/ [ 4 4 = A
wouaznszamluilogpiu  Aawamslugifi 2.12 dunszaunskiabenszauuag

1 4
Spinsvesnswdauudninesnsotiniueei

W
> v vy o ¢ v 4 . Ve e latlerens
suludy —_— nupauiie ——P  wupRLUBURSAGTUIE —P ruIBENAURIUINIaIlaplyBEnS (U
[

| 1

| ]

| \

| i

| ]
naugu
L ey [ 1

! .

-

* l —v wwisWends

; wasamiouns

u\#ememm)u ARTHM ¢
&
wupsie
4 -
eniitess ClIO2
- L 2T oo »
Fudu winaue dnfunsndans

wiarheng u-
NenhmInInALY WoniGonas NOH
[LaUp 1) uaz H202
waawaadion oo L v ey
\ KITULN IR VTR Wenitesan ClO2

duam
dsenezneu ¢
vy v .
uuo'lu"ni'\mnaﬂnauiu—\
tasay /

definunridenyie

veulisnaauiing

sl Teih ougnma

; o 4
JUN 2.12 szvuMIHARBENITAY 7]

o o 4 o oo
Y UTHN LOAITUY ezTns Wmru)Nna.

7] & =\
2.1.54 MsiaAnuienveAvINaITINIa [8)]

A A o =)
UIENITIA 3 LLUUAD

(1 ANNu3euUs1 130 Lower Heating Value (LHV)
-~ o A Y] = [ J 9 v Ao A ] ’
nuedamniidulamin 1 Alansy vimdmnudeu aiidaldne A
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@  mnudougd 3o Higher Heating Value (HHV)

mnedemsiEaamin 1 Alandy vasnutuniedimitoniuun
nmhnimnmandeu midaldde manudeugs HHV) dedlanty wasd
A fumandeudied

HHV = LHV + 5.72(9H + M) kcal/kg 139

HHV = LHV + 23.95(9H + M) kl/kg

e H wihduSinanleffuduessiglelasouluduna wozdle M widy
Binulefdudvesaduludananiontld  enmsdinsediuy  Ultimate
Analysis @99z 18 ulofidusues CHNSO uazaledifud Ash rhundnam
HHV 91ngAs

HHV (kJ/g) = 0.3491C + 1.1783H - 0.10340 — 0.0211A + 0.1005S — 0.0151N
#s1  Higher Heating Values veuudnamesnFeudeusudnnadunde

P
ATTNN 2.5

a ' 9 d a s y4 a a &
A1NN 2.5 LAAIAIANUIDUUDILLANAIAD IS IFDINDIFIUIADU[9]

Fomaa AMANNION (MI/kg)
wudnames 14.3-16.2
%ﬁqﬁmﬁaﬁqmnﬂ%ﬁau 16.8
A 173
Whftous 19.1
iitosou 19.8
funu 326
Yty 37.2-40.5

3) . manuFeuune 130 Dry Heating Value
£ o = o =3 dr A o W : 9/
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q’: [ -y .Y A o J b4 v d'w YA J Y Y

NAUUMLNL 1 ﬂIi‘lﬂﬁJ NDUTUIHIAANUION ﬂ'lﬂ'lﬂiﬂﬂﬂ AN NUIDUUYIIAD
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Dry Heating Value = HHV / (100-M)
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2.1.6 ufadunsev (Synthesis gas VEL) Syngas ) [10,11]

ufadunsied fe ufaweuszniuufalalasou uazudanisusuuouen
lod  lugramnssuniivawwedis  wSelunsyuaunsaqumin  udedunsed
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o ~ b 4 [ 3 a © ~ o
uon mswanuen Tuidls uazldihiagaulunsimsiivawsia
2.1.61 NSZIIHMIKANUAAFIUNTIZH
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¢ A o o ¢ ¢
aoon'les nSenelorii wazamsueou laoen lud
v
2)  MIPRNT AT uNdIUYBRIITUNIN

a [ [] = ] 9/ - - |
3)  ASLNFRIAFUOIURY 81U 1an nSe¥Iuoa

FEnsaeqdneduss Wdaduvewia lalasudenisuou lnoonlad
v L4 J o 1
uanaeiult Faaunsouaaslaneaisnen 2.6

M 2.6 SasiuvefaFunsien ldnnnszuumseaned [11]

Methed of Manufacture H,/CO Ratio
Oxygen-coke-steam 0.6
Air-coke-steam 0.9
Oxygen-coal-steam 1.0
Oxygen-fuel oil steam 1.0
Propane-steam 133
Methane-oxygen 1.7
Methane-oxygen-steam 23

Methane-steam 3.0-5.0
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cC + O F—usee (1)

2H, + O, B TTH )

oo aae 'A J y
Ugasn (1) waz @ dulffsnmeanuieon wazanudeuiiaiululyuiiwgn
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Uisfumdueunazlalasion Rudtarsuewlaeenlwduaziiugy felnarug
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cC + Co, 2CO 3)

- CO + H, @

C + HO
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cC + 20 — * CO,+ 2H, »)
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Method Temp Pressure Catalyst Remarks

1. Electrolysis of Brine E 4 - This method
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M319n 2.8 amlszneuManlived Biomass Tars [8]

Conventional Flash Hi-Temperature Conventional Steam | Hi-Tempeature Steam
Pylolysis (400-500 Flash Pyrolysis(600- | Gasification (700- Gasification (900-
°C) 650 °C) 800°C) 1,000°C)

Acids Benzenes Naphthalenes Napthalene
Aldehydes Phenols Acenaphthalenes Acenaphthalene
Ketones Catechols Fluorenes Phenanthrene
Furans Naphthalenes Phenanthrenes Fluroranthene
Alcohols Biphenyls Benzaldehydes Pyrene

Complex Oxygenate Phenanthrenes Phenols Acephenanthrylene
Phenols Benzofurans Naphthofurans Benzanthracenes
Guaiacols Benzaldehydes Benzanthracenes Benzopyrenes
Syringols 226 MW PAHs
Complex Phenolics 276 MW PAHs
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Bases Amphoters Neutral Acids

MgO (2800) Al 0, (2015) MgAlL 0, (2135) Si0,(1713)
CaO (1975) TiO, (1825) CaAl 0, (1600) Si0,.AL0O,
ZnO (1975) ThO, (3050) CaAlO, (d 1535) | Zeolites

MnO (1600) Ce,0,(1692) MgSiO, (1910) Al phosphates
CeO, (2600) Ca,SiO, (2130) Carbon

Cr,0, (2435) CaTiO, (1975)
CaZnO, (2550)
MgSiO, (d1557)
Ca,SiO (1540)

Carbon

d = decompose
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mMInaasunenuMsuasasunuuatislulszmealne [8]

Institute Type of Type of Biomass End Use
Gasifier
Chulalongkorn Updraft Charcoal 500 W
University, Bangkok Downdraft Charcoal 500 W
Downdraft Crop residues 7 hp
Downdraft Wood 16 hp
Downdraft Diesel and Wood 25 kW
Prince of Songkhla Downdraft Biomass 15 kW
University, Songkhla Open Core Rick Husk
Asian Institute of Open Core Pyrolyzed and 3.8 kVA
Technology,Bangkok Briqutted groundnut
shell
Open Core Corn Cob Direct heat
Downdraft Biomass -
Downdraft Charcoal -
Open Core Biomass Irrigation
Kong-Mongkut Institute of Updraft Wood -
Technology,Bangkok Downdraft Charcoal 25 kW
National Energy Downdraft Wood 45 kW
Andministration,Bangkok Downdraft Wood 75 kW
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3.1.7 nseaunalnsynIngns1l (Gas Chromatograph; GC)
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Catalyst 7 % Dolomite Fe/Dolomite
Gas composition
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CoO 22.9 29.8 32.5 25.20
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Auto Chem II 2920 V1.00

Sample: Fe/Dolomite
Operator: Benjamart
Submitter:
File: C:\2920\DATA\000-016.SMP

Started: 2/13/2004 11:52:41AM Sample Weight: 0.0240 g
Completed: 2/13/2004 1:50:02PM Report Time: 7/12/2004 11:15:38AM
Pulse Chemisorption Report

Experiment 1: chemisorption

Analysis Type: Pulse Chemisorption
Calibration: None
Measured Flow Rate: 15.00 mL STP/min
Signal Offset: 0.00000
Signal Inverted: No

Peak Table
Peak Retention Temperature  Volume  Cumulative
Number (s) at Maximum  Adsorbed Volume
(°C) (mL/g STP) (mL/g STP)
1 42.0 699.9 0.61041 0.61041
2 39.0 699.2 0.38738 0.99780
3 39.0 699.5 0.22987 1.22766
4 40.0 699.7 0.14302 1.37068
5 39.0 699.8 0.09207 1.46275
6 37.0 699.9 0.20165 1.66440
7 38.0 700.0 0.51077 217517
8 37.0 698.9 0.74370 2.91887
9 . 38.0 699.2 0.36307 3.28194
10 39.0 699.2 0.00000 3.28194
Pulse Chemisorption Analysis Summary
Element Percent of Atomic  Stoichiometry  Atomic Density
Sample  Weight (g) Factor Cross- (g/cm?)
Weight (%) Sectional
Area (nm?)
iron 3.00 55.847 1.000 0.0613 1.000

Active Loop Volume at 110.4 °C:  0.04135 mL STP
Cumulative Volume: 3.28194 mL/g STP
Metal Dispersion: 27.2577%
Metallic Surface Area: 5.4061 m?/g sample
Metallic Surface Area: 180.2034 m?/g metal
Active Particle Diameter: 33.2957 nm
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