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ABSTRACT

Coal is the most common fuel found on the Earth's surface. The
deposition of plant matter forms coal through biochemical decomposition under
appropriate pressure and heat conditions. The utilization of coal can be classified
according to its status, namely the utilization of coal in the form of solid fuel. The use
of coal in the form of liquid fuel. The use of coal in the form of gas fuel. This research
aims to study the equivalent ratio's effect on converting solid fuel coal into gaseous fuel.
Also known as the gasification process.

The thermal decomposition behavior of coal was studied using
thermogravimetric analytical methods to track the change in the weight or mass of coal.
Thermogravimetric analysis (TGA) was performed using a TA Instruments model TGA
8000, Perkin Elmer, USA, under atmospheric pressure. by using nitrogen gas at a flow rate
of 40 mL/min. and heating at a constant heating rate of 20 C/min in the temperature
range of 50 — 1000 degrees Celsius. The objective of studying the thermal decomposition
behavior of coal is to determine the appropriate temperature range. for the design of
the experimental conditions From the results of the study, it was found that The
maximum decomposition of coal is between 300 and 900 °C.

Study of gasification reaction of coal by testing method The conditions of
the study were to test the gasification reaction at the equivalence ratio of 0.1, 0.2, 0.3,
0.5, and 0.7, respectively. The experimental set was built of refractory concrete with a
210 mm length and a width of 85. millimeters. The model is 55 millimeters tall and is
heated by a burner (Torch) that uses LPG fuel. A gas analyzer will read the gas product
obtained from the process. the gas constituents are reduced. When the equivalence
ratio is increased, it is found that at 0.1 the equivalence ratio gives the highest gas
component.

This study uses a mathematical calculation method using a 3D
hemisphere reactor model using ANSYS Fluent Ver.2019 R3 software. The size of the
model is 90 mm wide, 680 mm long, and 132 mm high. The size of the element sizing
was set to 1.2 mm. The turbulent flow k-E model was used. For the Finite — Rate / Eddy

— Dissipation chemical correlation was analyzed together with the chemical
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sequestration (Ultimate Analysis) and the estimated composition (Proximate Analysis) of
coal fuel by using the Coal Calculator model. of the two-step reaction mechanism. The
semi-implicit method for the pressure-linked second-order upwind scheme was chosen
to calculate the difference in the resultant momentum equation. (Momentum equation)
and continuity equation (The continuity equation) including energy equation (Energy
equation) to be less than 1x10-4. From the study results, it was found that the
temperature inside the model would increase with increasing equivalence ratio While
the composition of the product gas is The carbon dioxide (CO2) and carbon monoxide
(CO) gas components tend to decrease with increasing equivalence ratios.

In the comparison of the results of the experimental product gas
composition and the results obtained from mathematical calculations using ANSYS
Fluent software, it was found that the trends of carbon dioxide (CO2) and carbon
monoxide (CO) gas composition were there is the similar trend by the composition of
carbon monoxide gas It increases in the range of the equivalence ratio between 0.2 - 0.3
and decreases as the equivalence ratio increases. while the composition of carbon
dioxide increases in the range of the equivalence ratio between 0.3 - 0.5 and decreases

as the equivalence ratio increases as well.
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wlsanmvesauiiuneglanudlanusiludainduddvnareiduliadamds (Syngas) log
1FuNIINILVIUNTT LA agAATuveInIuALlfAY (Underground Coal Gasification) lagsiauu s
ANyl Al 9n1dIuANYATEVINLY BLNA sazeINTA Ll evan s iz aulunIsHEnua
& a da ¢ & a I3 & =
Womalosrusenauvauiaiinu (CHy) wazesausznauvonialalnsiau (Hy) Feaunsayn
Anlnlasaudsrimusauans (Lower Heating Value) ¥0dufiaidoinds NfANgaiasaindnys
WMAHADMITINAMAINVDAYBLNGEUE



1.2 UNASIDLDNETS
1.2.1 MSALEANIUAY

duiiu (coal) 1udeIwassssuwf LAnannsazaufInusssuv Avosynie
Tuwsamznouiiu aufuduiunneusianidsaunsanalilld ddnuszneviiddyde
#15U5¥NaUBIANTUDU s?fqﬁ]gﬁagﬂszmmlﬂﬁaaﬂfiﬁaaaz 50 TagUsunal ar1uRunLilnu1n
nsUAsunUasmussurAvesieiuslinngg Aaaefuarazauogluguiwioud e
Fudunamanefesdud wWelianmsdsunlaswesinlanau iausufiuln liiszidn vise
fInsiuaNYe RNt ﬁﬂiﬁwa'qazamﬁaﬁ?ulﬁ%’ummnmﬁmmm’nm%’auﬁﬁagjmsf[,uiaﬂ
Lﬁmﬁu%wﬂﬁﬂimmfuﬁ%Lﬁmmﬁmﬁﬂuwaqﬂmm’ﬂumuﬁmﬁMNq AszUIUMSTL AT IRy
MsuUsanwuesshuiutiuiiaududoulsasnsasunlddaaugssuun @iy 2 nsruaums
(4] el

1. N15N38UIUNIIN9TUALT (Biochemical Reaction) ABNTEUIUNITALAANTT
a = = a Aead o r a o ' A o 9w &

WasuuUaamsdueillay 9iunidiiendueglusssumavinisdesaategnitwinlinaieiduans

\Waieaiu lnsegluglvesansniesduszneuvasmsveu (O) uazlalasiau (H) iWudwlvg @n

fiwnanaznouasauiuegtiusznaaluiinddsd Ay igalunssuiunisifean nuwinden &1

A :JJ I =2 a a a 6 | [J ¥ U4 & Ilﬂsj a a a 6 4

gnvdueg dniiulivadunidazliamnsaiauld widgniiveyfuiuluadunidely
sondlaulunisdeaagynivivaiuumu

2. n53UruMsUa sunlasduiioswnainaiiudeu (Thermal Alteration) %3e
AsEUIUNSLUSANII (Metamorphism) Wunszuaumsiiintusoiiiosannssuiumstedu §q
TunszuaunisifinfiAed uasuusanmluiduduiiu newdledufingnaaudaenenausniy
Sowq lussiuarudniiuzay wasanudeunnmelulanfifisfunusziumudnasdush
ﬁﬁmﬁwﬁiuqumﬂizmumima%amﬁ wazaziinnszuiunsilasuulasduiloswnainaiy
Zou (Thermal Alteration) ¥il#iiniinsuusanwluiugiuiiu 99zi3ennsyurunsuiiinnis
wusan i duauiiu (Coalification).



1.2.2 ANSWUIUSELAVIVRI WAL

NI wunyiinvasauiy (5] duldinaeivesuSunaaisueu (Carbon contents)
TunsduunuitiulaglidAiddeenguesiiuiursewnaanuivesauiy

1.0 (Peat) Wuduusnlunszuiunsiinauiiu %Qﬁ@mmwﬁ’]qmﬁluﬂizmmm
dufiu g1nfiy vdussaaedlinua $dthaadeurudsiimadudauuardanutiuge
aWiUizﬂaUﬁLﬁmﬁuﬁﬂ%uﬂmaaﬂ%l,auqqLwiﬁﬂ%mmms‘uawﬁLﬁ'aﬁwdmﬁmmLﬂuLﬂ?}JaLwaaéfaa
Nu NszuLNslanuiy mmm%u%mmﬁw%ﬁﬁhﬁqaﬂ'jwmmm%famaqmulﬂ wiolsk
ausevluthundonanliih dorvesduiindeiifevazvesfuydusiininituuasduiuyis
u 9 fauandlugy 1

U 1 duite [5)

2.anlud (Lignite) Luauituiflanniivimdeegdndeos Tanvauzduddna
S R | < ! 1< ! A A a & [ IS
Ardudadauudaudiusizuandunedte Usuiueendiaukazanudulusgauliunats i
U3uas msusugendnauiin edalnasiniunazidnun Anludldduemdsdwivliany
1% a v A a Y
Tounaszliouldinenisudanszualii daandlugy 2

Ui 2 Anlud [5]

3.4uyifitda (Sub-bituminous) fidmwseanaduly eaiuliudannuas
TPNUALNDULANI1LIN TANUBIUMBaTIUSUNUAISURUUSEUNMSDEAY 75-80 USuum gy



snauiulszLnndaiuunnlddudamdslunisuannsewalnd i wudedduauiuvieanlue
wseldlugnamnssudandlusy 3

o Y

U7l 3 Fulyiiva [5]

a a o . . = I a d’lj 1 a v <@ C% 1%
4.0yivda (Bituminous) 1usuAiu oy Tanwaruls uazdnazusznaume
Fudruiudiainifdnuaziluduimuinniauiuiedudyita Usunaaisususiindniu
Fukeunsled auduussaniawisauusgesl Wu 3 nquaueuaiusalumsseive fie
Uszanidanuanunsalunisseinegs nans uwagen auiusdedmanzdmsunisldidunuiu
- = o & a a 9
\enisngdlave vieoaldiluemamdnnseualidaandlugy 4

Y

U7 4 Dyfieda [5]

5.waunslesl (Anthracite) 1umwiiunigndnegluddivgean foinluiuiund

el o o & v N A 5 o v & ]
AMANATIan Tanwauranduindu dauunngs Jusinumsusugetieiosas 90 Yuld den
AuTeugs duTuna mnududun watkndaiulesudyaliinein dluginldduunds
Fowmdunelianuieunmelutiu uaglugaamnssuwi anamnssuall Wusu daanslugy 5



Ui 5 wounsilee [5]

A15199 2 wansraaURvesduiuudazUssan [5]

UITLANVIHIU USueuvesasnusznau (5asazlaguna)

nu C H o} N S ANUTU
17a 50-60 56 35-40 2 1 75-80
2 aﬂlum 60-75 5-6 20-30 1 1 50-70
3 U‘Uﬁjwﬁ ‘Ua 75-80 5-6 15-20 1 1 25-30
a. Sysiela 80-90 4-6 10-15 1 5 5-10
5. LaUNI LA 90-98 2-3 2-3 1 1 2-5




1.2.3 nSEUIUMSHaLAad N ATUeIa UAulARY

Synthesis gas Power generation

Production

Injection woll

well

[=
3
B
-
8
]
@
2
@
3
e

JUN 6 aerUsEnauvedlssmdnniaanauiulaav [6]

U7 6 way JU 7 uannszurumsuiadiladuvesdiuiiuliiu Taseendumusi
foansiiudiuiisemaedifuduiugseinendu eima, leth, wiesendiau 2n2ALL131N
viesuuu (Injection well) ud3lviaasglnssvasamuiusiuang ﬁnﬂuuﬁ]umﬂgﬂimma%wmﬁuu
ﬂumwumaaim@uLLmainamﬂm%Lmawmwm (Syngas) uazzQnaUUNIUURIAUNIYD
HAnAMY (Production well) dusuUfAzeneos (Sub - reaction) Ya3nTEUILNSLAadTAdy
Usenoudedal (7]

(1) Suldrruitiu (Drying) Tnsdnilvauds dufiufiogiulsfuasiirntugs 3
amutuiieglusuiiuazsumeoonulasdunamanenufeuiintuniglulngs dwasiliinu
Fuslgngunniuiiosnnnisgadennutu aunsouansaunislasd



Inject air Produce gas
or0,& H,O (sleam optional) (100-300 Btu/ “0

Wall Zone
(Rock) ]

Wet rock

< . .A._ (¢ Na . ¥

e 900+°C ._sso ~900°C —— | — 220" ssu_.

—Cqmpuston Zone

Wieter lermch ~————————— Reduction Zone

Devolatilization & Pyrolysis zone
(dry distillation)

U7 7 nszuumsuiadiiaduvesduildu (7]
Wet Coal — Dry Coal+ H,O (1)

(2) Tulnlslada (Pyrolysis) iloa1uiunminasainilasuaiuiou seluaziin
Judulnlslada Jsaziinfioamgivszana 350 © - 400°C gruaziiniuainnisUaosansseivey
(Hydrocarbons, CHa, Ha, H,0, CO, CO,) @snsauaniaunstangil

Dry Coal — 4.63 Char + 0.12 CO + 0.18 CO; + 0.43 Hy + 0.79 CHa, (2)

(3) Yupan@ady (Oxidation) 814 (C) waza135eine (Volatiles) ¥inufasennu
aandaunastnlUluresn vl @aunsolanIaunishanad

C+0; — CO; (3)

2C +0, — 2CO @)

a19U7 3 wag 4 AeUfsemenusouannIsIlnliauiiu U§Aseeendinduintunisly
Insdlndusnuansesnguaunigninasly

[
U (24

(@) Yuufadiadu (Gasification) LTuU fAsensibiduuiaweinds a1uise

[
P=1

WAASALNNS APl
C +H,O — H, + CO (5)

wanandduinujisertinfes Feauisauvsinauiadinusaglalasuluuiageinas
AusauanaUNI ARl



(Methanation) C+2H, — CHq (6)

CO + 3H, — CHq +HO (7)
(CO2 gasification) C + CO, — 2CO (8)
(Water-gas shift) CO +H,O0 —> H, + CO, 9)

nszUUNslABsINYes UCG dnsmeoanuseulutiunadiuin vivligamgd
Tugeniswnivgdifnaggaiu 900°C aghslsfinnu ufadondsildasiinnisdremanudon
sewinemsinasenainlngs ldgamaiufaanaandeuszun 300°C dmiudadeiifinasie
09AUsYNOUYBILAATBINES (Syngas) lu UCG Ae dnduvesaiseanduausieleti (O./Steam
ratio) AuAUluN1IIINIY wakazaNaNnavesndsululngs [usy
1.2.3 mavuynuisnsanuiifeidesivinginug

1.n15ANE1RI8N1583519YANAGBY (Experiment)

Lin Xin wazany [8] lédasinisuenefuagnisiesvednsduszeyFuduves
nswenlvsl Tnglaldauiuinuegnmeludsemadudaduauivsdawounsled (Anthracite)
udiutuiuasdanmdundlagldihluiunssuiunmssnneldenudu 14 MPa neluluauay
nanfen IS oR T eunauUszana 5wt ienanudovesnsdufiuddefuaunanedu
Ufona1uiiu (Coal block) UM 30 cm x 30 cm x 23 cm nasAINlAUFRANUANLAIATINNTS
AnsanesTudulatimun 6 90 wagldoanduauv (Oxidizer) Wuufdeandiau lneuuin1sveass
Pamdas Prusnidudiaiudunisiinnuiou dnisvivesndiaud 0.4 L/min uagldinagli
audeulngldunainmnuiou (Heating tube) AnwairInssdauansluguil 8(n) $2aft 2 Aedasil
thanananueusen dnvarlnssuanduguil 8(u) uazdrsgainedetiafinganisang
oondLaulifiuszuu dnwarlnsuandugzufl 8(@m) anmsmanasmuin gaitlndsimisesns
Bumsunlvshnnianfesumisi 1 szlonmgiigeian uazilvuavesanulnvedwsanndige
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T3 T2 T B I T o s T2 T
“Cavity |5 L% ‘ Cavity LR /. CaV|ty
P — g - i I o

W

Coal seams Coal seams Coal seams
(n) () (A)

JUN 8 uansdnuaizn1stnvedlngs UCG Nliannnisveassued Lin Xin uazanie [8]

Ranjeet Mandal uaganiz [9] Anwmaifauiiseufadinduresdiuiulify
Tngfnaurauuy Real time lun1svnassldairsyamaassuun Laboratory scale &aldldfau
Auanniieaslulssmaduiie dmsvudoadufuiidiumaassiluuin 45 cm x 35 cm x 28
cm Imsléfﬁwmilngmmmmgﬂ (Vertical borehold) A1AENT 10 cm LAZLIITFANULUIUDU
(Horizontal borehold) 817 32 cm GqugﬁmammLmuau (Horizontal bore hold) %L%mﬁ’ug
wuaRa (Vertical borehold) 1 3 giwuandlugud 9 (n) Tneviquuuadlddmsudndnoonduauy
(Injection Oxidant) wagnauuwiveud miuidugneenvemdniug vieaauiuasgninly
\ndousefumieuazdevioaumuaaiiothufanansasiuAuliudufaduanddusuil 9 ()
TusgninsnszuumaveasslddneendunuiinluogsieitioniiofnvinssuinmsiAauiaieils
wardinisdanulen (Steam) WluifledieifiunnauifvosufaninSusidz i iusnid
Y83 CO/H Wiuufianansioe nan1snnassvedRanjeet Mandal wavany [13] uansluguf 10
uaz 11 wui1 navesgamniifldannismaasslutisves mumlvmummmwmma%ﬂm%u
mqlwiﬂa%LLameawuammnmummmmumuamiusﬂw 10 EmSUNAveINTHARLAA
wan Sl dannisviiufAzeuiadieduduldun wialelasion (Ho) wiamsuauuouanlys
(CO) uRamsuaulasenlest (CO,) ufafinu (CHy) wazudalulnsiau (N) Fuandugud 11 us
Mnnsneassdanaldilutdiduinmegednooniuauridsadonuandiveufadomas
lalasiau (H,) msueuNouanlas (CO) wazilivu (CHy) Aildanas



Developed Syng7/ Sensors

Monitoring Unit Qutput
] l

(n) euAy (v) YANINRE0Y Lazaunsaiily
JUN 9 dudiunazgunsainlalunismaasiues Ranjeet Mandal uazmaue [9]

iiag s i § , ~+Value of (TC1)
Temperature variation at gasification zone during experiment
p B B expe -aec 1)
? 1000
T W
-
600
-
S o
£
00
£
0
Steam feed vs Time graph - Steam feed
!g 1 >4 >4 4494 o lanand 44 +heee
- \
§£ 0 rrees &~‘o¢00’ 4 e 4 se000004 +oes
3 Oxygen feed vs Time graph o Oxygen feed
e
%
H

_: “‘—“‘0‘0"0‘ i
5‘_2 L....»..»Mw ‘N
[ Hesse00000000000000000000000000;
B A R R b A A A A A A S A
LA Ld ""s°’~\’<~’o’s"s"4’4’@’a’f’ﬁo’«*’«%’-&-’é’?a’&’o’o’?o’s’4-’9’4’4’u’o’i&’»’fﬂ-’é’o’ i
Cb Time Interval (hours) H .

JUN 10 uansgaunimdsuluniuiim [9]
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o Oxygen feed vs Time graph R
6
$ s ]
13 a -
g:il M
2
1
o
Steam feed vs Time graph - Steam feed
-1 B ot e Fat gy T+ +~
= / | J \/ |\ \ '
[ PO | ) I BN W, | | - | S W | Y S TP,
Concentration of produced gases during experiment
LY
T
;' »
=
i.
5 1
&
A Y \ % ~
B R RO o e Al el e S e e A e S O
AR B e R e e B A

JUT 11 Msiiauiadeimaaiieuiunan [9]

Kashyap wazanz [10] lovinn1sfinengfingsuveinisiiaujizewiadiliadu
YRIUAUTNHUTULINTge (High ash coal) lngdvauyRgiuimninisug1eviauiaie (Injection
well) azdaalinisifinujisenvesauiuiiandingeuiussavsnmiiuanduieda Tunis

v | & = = & o |aaa O
naaasladnisuUsanaaeseendu 5 yalaeyan 1 89 4 asdunshuisewuutusen way
gan1snaassit 5 aztulisewuu 2 dunsu finsldeendladiwes Nuanasiulunsaze
neaedldunganeasdd 1 wazyanaassd 2 azldeandiau yavesassd 3 azilueinia ganaasg
el' <) a Ao a & dl 1< a aaa
7 4 azifusandaundusunuausugs wasluganaassi 5 avdunisiinuisen

o
v

WUy 2
TUABU HAFINNITNAABILAAILUAITIN 3 NUTT YANARIT 4 TAAuTouveuialaIngs

= & = = a Aa &
ag9a@m FUUUNTUNITRAADDNYLIUNUAINUIUE

Y 9 Y

M137 3 agunantiainisneaes [10]

1 ONTLIU 153.9
2 ONTLIU 123.2
3 el 77.9

4 ponTUATAITY 192.9
5 ANSUBU-0DNTLAY 191.1
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2.n15An¥1a28n15a5 19y annassuazlduuudiasanisnaladnan s

(Experiment and Simulation)

(%) Anoanduauiluwuaf (Vertical Injection)
JUN 12 dnwasznisivanieluglaea UCG [11]
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Sateesh uazan [11] l¥AnungAnssunisinaidmasonislavednsdlunis
AeufRzewAadiiaduveduimdldiu Tngliiinsdaesfenoufinmes (CFD) uaziSouliioy
funanismaass dwmdudeulvveuwnfonmimiadii 4 m/s uazidonldufaeandiau
(Oxygen) WuponFuausi ﬁmiﬁmumiﬁqmwgﬁmaﬂmqmﬁ 1273 Kk WagAnuRuNI9eeni 5
atm Tagliluimanislnauuutiugau Realizable k — & model Tunms@nwldimunuuinves
Insslaguuanusseziavesnisiinufisetesndu 5 vuie Tuns@nwimgAnssunislualad
msuuseanluaesdnuas wuuusnie Snoanduawiluiuiueu (Horizontal Injection) haghuy
fiansfeo noanduaurilunuing (Vertical Injection) TnewadilgannnisAnwinsdidneonduauy
Tuwuruey (Horizontal Injection) uansluguil 12(n) uazdneonduausiluuuife (Vertical
Injection) waaslusudl 12(1) nuimsanoondusuiluinfsdinasonisnszaievoseanduaus
NAAMINNINTiananBuaumlulueY

Samdani uazan [12] IWFnwnsvereivestnsiuas ngAnssuvegunAion
asungsuasvedings lngaiauuuirasslunaluszezlausnvosmsiiaUjiseufadiiady
melddeulaial] Samdmvedlothuazeandiau (Steam/0; ratio) fiduvinfu 3.57 svegiiarlu
1331809151 AAURATEN (Simulation time) 10 Falus THdendsauiuuiadnlus (Lignite)
mﬁmezﬁm@mauﬁ’ammmuﬁuvlﬁmﬂﬁaﬁLmﬂzﬁﬂgqLL‘U‘ULLEJﬂﬁ’]G; (Ultimate analysis) 4agns
AATILRRUUYUTTLNINNT (Approximate analysis) eulvanngauduiildlunsinwfe 4.8
atm S¥8gYnaTEndntemau 0.5 m ﬁummsuaqaqmﬂﬁmaqmaﬁumwaﬂmqﬁa 5 mm Tudiuves
gaduI M lFlun1siinTesife Ansys fluent Tuanuduatawdmainvesinsduufiseufa
FRladurossuiiuliAutusndenisaianuuiians uazendensAstnginfaiuiiede
ABENITANILATIZVTIRBIT18D93UNTILUY Resident-time distribution (RTD) wungaelunis
Ainmedt Usingmsnisiassveseyniadlonnawmgiuednsauasfianisnslvaseseinied
wanslugy 13 uar 14 ¥89INN1TIATIEINAdAansY i lanad nsvesgamgiiisuiy
USUIMIV0IUARZYINIRT wasNaTINITAALAaNEASUIsUAUTEEZIAN
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Coal Seam

Permeable channel
e

2.00e+00
! 1.80e+00
1 1.60e+00
1.406+00

1.00e+00
| 8.00e-01

4.00e-01
2.00e-01
0.00e-01

nwazn1sinTaseunIAasuuiulnsasnisivanelulngs [12]
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#7338 @) auszasArauITY WBnsinw Jngauitldlunns Gasification Roulummaaas
NG agent
Sateesh Daggupati ko Anwnisiasuntasuiuinseding (Cavity) 5¢%374 | Simulations & Nitrogen gas ,Helium | Oxygen Velocity inlet: 4 m/s
Ag (2011) [11] MIHULUULUIUBU(Horizontal Injection) Wazn1swu | Experiments gas Cavity temperature: 1273 K
WUURLIRG (Vertical Injection) Outlet pressure: 5 atm
Lin Xin WazAny (2019) Anwinsveneiuarnsneniredngs (Cavity)lugas | Experiments Coal (Anthracite) Oxygen 0, flow rate: 0.4 (L/min)

(8]

SyeiSUAUYRINTEUIUMSIW LISl

Ranjeet Mandal wazA ﬁﬂquaﬂssmmslﬁmﬂﬁﬁ%muﬁawwii”'ummam Experiments Coal Oxygen, Steam 0, flow rate: 1-5 (L/min)

(2020) [9] 939983 UCG Stream feed: Pulse Value

Ganesh Samdani tag Anw1nsvenemayedlnsa(Cavity) Iﬂﬂﬁﬁl%wqﬁﬂ’iiu Simulations & Coal Oxygen, Steam Stream/O; ratio: 3.57

A (2016) [12] YoseuMATIANaINgIua1svesns(Cavity)idsa | Experiments Molar flow rate: 3.2x10°”
mamsaawmaNuTounslum kmol/m?s

Swarnotpal Kashyap waz | @nwianweauznisni(injection well) wUuAdeuTiuaz Experiments Coal Oxygen, Carbon O, flow rate: 1 (L/min), Air

Ag (2019) [10]

wUsiasulumuszezign avdanalunsdieiiy
UszanSnmvoaniandnsusiluauiuniusuiaun
adle

Y

diaoxide, Air,
Humidified
Oxygen

flow rate: 1 (L/min),
Humidified O, flow rate: 1
(L/min)
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1.3 nguszasd

1. iefnwnavessnsdauyanilsonuauiRveuiadeinas (Syngas)

2. WieAnwanwarnsn udnnelulnssveaniasiaturasanuiulafulaely
FBn193nav9nsamgIsnsAwITanamansvedlia (CFD)

1.4 Uselavunaininazlasu

1. lansunavesdnndinauyanidennauifveniaomas (Syngas) Litely

9

lunseoniuusEuLLiagiinduvesiuiulamnu

2. wisluswamdlunisfnyidewasiaunisudnuiadandainaiuiuie
Tnulaguiseuiadnadu
1.5 YaULYAYINUIY

1. Anwnsallnsaveswiadiiatuvasaruiuldnulutianawnsn

2. @nwlaeldaruiunnuludsemalneviaanlududrvihuualadauiaén 0.5-
3.0 UaaLuns

3 TummaaesmuaslvauiueglugANuRuUTIEINIA
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UNN 2

unun

2.1 UN

TuunilazifuniseSunefadunaunisdneiiagudnnisressuinendnusatuil
lngazisulaensinwamdauiuluinmsiemsimesrusenausinmaail Fagssentuneull
1 a ¢ . . a ¢ a .
INNITIATIEARUUUS TN (Approximate Analysis) kagN157LATIZULUUALLREA (Ultimate
Analysis) FalunsinsgvinsaeisiaglvanuandniulagazideyanlalulalunisAuamum
NTNEIUDINARDLTDLNGY NAIIINUUILTIINITIATIZRATAAIYANNANUTDUTDLTDLNA I
A Y aa a a . . ) o § v = A
AuMIBuneslunsAwnsn (Thermogravimetric analysis) @sagvinlvnsiuisReuluveuln
Frgaumginwinzadlunisaateimnannuseuveutamds lneeulunimeasdlaun Usuna
WendduiusieaIne way voulunvetganll asgninlulddelunisiaszinnsadinans
peeanwas Ansys Fluent

2.2 N15ATIZN9AUTTNBUNILALVDLTDLNEAS
2.2.1 MyATIEAlagUszua (Approximate Analysis) [13]

99AUENBUNLAIINNMTIATIEAAEUTZLIUAINNIRNTEIU ASTM D7582 anNn1s

1 a

Aasgvifeauiuindaiminuasualiasideandmintuindignssuiuniseuivelannuuy

'
1 1

pangaminldaregluyisuszunns 105 - 110 asrwaldva wadawminlnidnasadasnuin

no’ tY ] a a @) 96’ % 96’ N dy . dy a 1 a (% 5
U’MUﬂﬁ’Ju%Q@,LﬁEﬂUQSLUU‘U’]MUﬂ%@ﬂU’Mi@ﬂ’N&J"UU (moisture) TULBLNAIDIUAY NEI91NTL

o w 1

v Y o a o o o
u’]ﬁ]']@ﬁﬂﬂll'ﬂ%ﬂ'ﬂlli@u%QNMQN%Qﬂigﬂqm 900 DALY YA IuﬂﬁgU'JUﬂ'ﬁuTHVUﬂGUBQ
d‘l a

Wawndsazanadluunsdudsludruinanasiiuazidudiuvesassyme (volatile) saunlvainusou
ialiladuilianansawiniladnlngldgamgilugag 750 - 900 ssrmwaiBea Undnimely
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Tudrudlazdudruveinsusuiivanes (fixed carbon) nsanilaainaunis (10)

AN TAATINENMERINNTEUIUNTABK (Ash)
FC+ VM + M +A = 1.0 = 100 %wt. (10)
Wle  FC Ao ASUaULEDeS (Fixed Carbon)

VM @@ @155esme (Volatile Matter)

M AB ANUTU (Moisture)
A Ao 101 (Ash)

2.2.2 MywATIERlagaziden (Ultimate Analysis)

a ¢ =) & 3 a dy a @

N153LATILIRUUAZLBEARBN1TMIIAUTENOUSMMILAT VORI NEI LT Tne
parUsEnaunnulaludaindsauiuaiuisawuseantadu 2 viefe 1. asrUsenaunan (C, H,
0) way 2. sarUsenaused (N, S, CL) Ingasrusenauwaiianansanuldlufiswaziiaindatiuia
31INToyan13ANYINUINBIAUTENOUVDI59 Lulnsiau (N) veaindsauiuaziiuinnii
& a o o a A a v ¢
Wolndaganwandlunisned 5 lasdaiinniswnlndesrusenouvessiglulasiau (N) 3¢
Fwmiusmeendiau (0,) waznateidululasiausenled (NO) Faduwiaiudnaie

t:l' (% 1 a ¢ A a a
AN 5 AIDEWATIATITATBLNA I nLazLDYn [14]

Sample Nitrogen Carbon Hydrogen | Oxygen Sulphur
(wt.%) (wt.%) (wt.%) (wt.%) (wt.%)
Empty fruit bunch 0.249 48.715 7.858 48.179 ND
Palm kernel shell 0.043 57.909 12.60 49.994 ND
Lignite Coal 1.6 56.4 4.2 26.0 0.4
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2.3N1SNAFBUNISHATIYA INIIAIIUS UVDIN TUR UA LIS NS LUNTITLUASA

(Thermogravimetric analysis : TGA)

n1sAnwINgAnIsuNITAEAIEAIveIn Ui U I8ANTaulEISN19AnAINNTS
WE sundasudnus eunavesiieg 19898351153 1A5 18 e 1uns13LuAsn
(Thermogravimetric analysis : TGA) Tneldia3aa TA Instruments j;'u TGA 8000, Perkin Elmer,
UsA meldannzanuduussennia Inserdouialulnsiau fisnsinisiva 40 Sadansdeund

waglvinuseuluugns1Ausaunsi (Constant heating rate) 20 C/min lugisgumaiisening

50 — 1000 eaAwalfyd UM 15 Wanwiieg 19NsaagfImemusauveLsaindsusazsile

100 < == 1000 0.8
904 —— Coal 0.7 4 el
30 4 —&— Wheat -1 800 0.6 4 —e— Wheat |
o Bambolo g) ~ 051 Bamboo
i temperature 600 B z ¢ lempe.ralure )
S~ 60 - . = X 0.4+ S =50°C-min”!
o £ =50°C-min”" =] £ = 60 thl i)
E 501 ¢ =60 ml-min”’ 5} O 0.3 9 A
{400 8 & .
404 \ b=} 0 0.2
3
30 4 \\‘\‘_‘_“_‘_‘_‘_‘_“_‘_‘_ 200 0.1+ i
201 0.0 4 2 ris ey
10 T T T T T T T — 0 -0.1 T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
time /s time /s
JUT 15 uanafiegen1saanefiininnuseuveemausiayyiin [15]
2.4 NMIAUIUNDATIHIUEUYA
AUNNTASIR bl
CyHyWOxNyS, + ag(0,+3.76N,) = aCO, + bH,0 + ¢SO, + dN, (11)
AUNTLAATLATUVDILTDLNEINTUSAY
CyHyOxNyS, + 0.3ag,(0,+3.76N;) = aCO, + bH,0 + ¢SO, + dN, (12)
RTIEIUBINARDLTDLNGS
L
A/Fratio = - (13)

meyel

d‘ = 1 U 1 1 d’l a
139 A/FRratio AD ANFRAILNIADINIARDUIBLTDLNAY

1000

800

400

200

0

temperature / °C
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M, Ao 1180171 (kg)

Mgy Ao 1adonas (ko)

Myir = (NM)gir (14)
My, Ao 118017 (kg)

Nair Ao Fruuluavedainie (kmol)

Mair Ao peAUsEnaulngluavee1nA (ke/kmol)

meel = (NM). + (NM)y + (NM)g + (NM)y + (NM)g ~ (15)

Mgye]

ER =

ER

A/ Factual

Ao wavoaTemas (ke)

Ao TuuluaveIsnAIsUaY (kmol)

Ao aausznaulaeluarassImAsuau (ke/kmol)

Ao Tuuluavesnlalasiau (kmol)

Ao aausznaulaeluaressglalasiau (ke/kmol)
Aa I1UIUlLaYBI519PENTLAU (kmol)

Ao aausznaulaeluaressmeendiau (kg/kmol)
Ao Tuuluavessglulasiau (kmol)

Ao aaAusznaulaeluarassnlulnsiau (ke/kmol)
Ao Tuuluavessmdamas (kmol)

Ao aarusznaulaeluavessndaines (ke/kmol)

A/Factual (16)

A/Fstoichiometric

Ao ANORIIEINENYa (Equivalence ratio)

AD ADFIIEIULIADINAGBLYDLNAIN LY
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A/Fqtoichiometric A® A18AT1@MIAOINARDITOLNANTTIUNNS
W ldianungud

2.5 N3UATIENBIAUTENBUYBUTANAUALNTAUIUMDN T IUEUYA

Tunsnmaesiildhduiiuiianunsonuldludsemalneanyinsanedadnvae
‘vmmEJmwsuaqmuﬁuﬁulﬁl,mm’lugﬂﬁ 16 Fenan1snTIsRuUUaziSen (Ultimate analysis)
Lasnan1saszRlagUssans (Proximate analysis) bouanslunns1adi 6 LAZAINNTATUGNS
yaedvesriadevesduiiulaeiilufe CHys1s00.243No.o13So 0 [16, 17]

JUN 16 sUswiiunldlunmmeass
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M50 0F wSesile A1 N
ASUBY : C CHNS/O Analyzer 48.655 %wt.
lalasiau - H CHNS/O Analyzer 4.178 %wt.
Tulasiau : N CHNS/O Analyzer 1.508 %wt.
20NTLAU : O CHNS/O Analyzer 31.519 %wt.
Fawnes : S CHNS/O Analyzer 3.298 %w.
VS ASTM D7582 13.17 %wt.
USIauASUaULEDYS ASTM D7583 33.07 %W.
JIueuansseine ASTM D7584 42.00 %wWt.
USnasdén ASTM D7585 11.77 %owt.

= U a o ¥
g9919ANVBIN U (CHp 51200243 N0.013S0.025) mgnumﬂmmﬂuamw

v ¢ o ~ a a = v & Y] ¥
n1ssnlundanysal deaunisi 11 wemsiaeniantdlunisw vsdlviauy sal ndeanduen

USinaeniakavansmaeivesauiuilallunuluaunsuisewiadindudsaunisi 12 ¥

sgyilimsuaUsinaemeafignauAud 30 wWesiudvesunaeinaiiwlndauysal lng

USunaenianignauauiuaziibiinesdusenevniandunadnsainniswnludlidauysal

(Syngas)

gnTNaANaY YRR UAY

_ 48.655
cT 12
4.178
Ny = — = 2.089
_ 31519
°T 32
1.508
NN = W = 0053
3.298
Ng =——=0.103

32

= 4.054

= 0.984
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NANERAIUILAIINNANTRATIBIUTUIUEIN VDI UAUTIAAN UG
9n51d3uU 4.054 e lvlaansluianase1ed1evenuiuasaun1s CHys1200.243N0.013S0.025

Ufsenensiknlnsdaysel

CHo 51200245 No013S0 025 + 4.217(0,43.76N,) — 4.054C0, + 2.089H,0 + 0.10350, + 15.91N, (17)
UfRTeuAaTTAdy

CHo 51200243 No 01350025 + (0.3)(4.217)(0,+3.76N,) — 4.054C0, + 2.089H,0 + 0.10350, + 15.91N,  (18)

CHo 51200243N0 01350025 + 1.265(0,43.76N,) — 4.054C0, + 2.089H,0 + 0.103S0, + 15.91N, (19)

NAI3INNITAAANNITLATILANUITANINIADINIAN LT AT I01UNG W]
QII d‘ 1 o (3
Mair stoichiometric 9MNANNTT 14 WounuAduIulnasIn1d Ny, kazasausznaulaeluausy

91M1f My 951091 waonaiduluanumguijfie 582.139 Alansu

k;
Myir stoichiometric = (NMDair stoichiometric = (4.217x4.76 kmol) (29 Wgo]) = 582.139 kg (20)

dedpsmemunuuiinuemelianasilelvidenndosiufAzeufadiiedu
Mair actual %amﬂimmammﬁléﬁmaﬂWiLmquammﬂﬁmumi@aaumiﬁﬂ%ﬂﬁaamﬂé’aqﬁ’u
Uﬁﬁ‘%mml,l,ﬁ”a%?\ll,ﬂ%’u N, wazesrusznaulasluavesonnia My, 931631 wasinaiduly
suvdnnsiawiadiaduiie 174.641 Alansu

Mair actual = (NM)air acrual = (1.265%4.76 kmol) (29 —£-) = 174.641 kg (21)

AMSWINIATB AT DINEST My mldannsihluavessniiidussddsznauves
Fondeuaresdusznavlasluavedewmds ldunsinarsueu (Carbon) 51 lalnsian
(Hydrogen) 5199an31au (Oxygen) 519lulnsiau (Nitrogen) wag sagdaines (Sulfur) uunuly
dunsit 15 99l wavendemasde 89.158 Alany

Mgy = (NM), + (NM)y + (NM)g + (NM)y + (NM)g (22)
= (4.054x12), + (2.089x2) + (0.985x2x16) + (0.054x2x14) + (0.103x32)

= 89.158 kg

dmsunisawinma1dnsdiuenadedendsiidulumunguiniswnlngd
a1y 58] A/F (stoichiometricy HUA1150M11A1NA1N15T 13 Tagnisunue wiae1n1afldasani

NV Mair <raichi | LAYINATRNTINETIY PAINLENUAIE IANAANSAD 6.529
3 J;]In(alrstmchlometrlc) v Meye] v .
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#39a1115093U1971 Tun1slddends 6.529 Alansuseusuiueinianaswdudacly 1 Alansy
elilulumungufnswninifauysal

My _ 582.139
My el 89.158

A/Fstoichiometric -

= 6.529 (23)

nMsAamASasIdIueMAReLTa 30 Wesiiudvesnsdwiiuly
mungunsvdanysal A/Facea Suannsamldainaunisii 24 Tngnnsunuen waennie
FL939 Moy acrual $ATUIAVBUTONEWIY Mpye MEIINUNUANEIARASNERD 1,958 e
annsaesuie lunmsliidomas 1.958 AlandusdeUsinaenaisndudedd 1 Alansuiiels
Gulumamguinisunlvsiilianyseivesu fiseeufadiiadu

_ muy _ 174641
A/Factual - -

= 1.958 (24)
Meyel 89.158

WA A/Fctual +82A1 A/Ftoichiometric mmuy’;mmmam'}aﬁuamyja 31N

n1swnuAtuaunis 16 agesungladn Ysunuenieseusunandeamadildasauiaagn 30
f @ 3 a I dy a a
WeslgudresTinaueiniAreleinaanumg g

A/F 1.958
ER = —2/facwal =0.3 (25)
A/Fstoichiometric 6.529

2.6 miaamwuu,aza%f'mgﬂvmaaq

Snwaizvoumunsalzunssdnsaufadiaduldgnesnuuuliidnuuradie
gﬂmméwamﬁﬂ (Halft tear drop) N419 90 fadluns 817 680 Aafiuns Lazgs 132 Tafiuns
[7] daunsuenvenmiiunUsznuiudmaetuzudeaounianulnlasdvuinauenai 800
fadnsuazdanuniied 210 fadums uazlinnaveiinmged 190 Sadiums viemadivess
MUA3EN (Injection hole) lagnianzuiianiauuuvedings dmsuvieniesnvesuianingdoue
(Production hole) lfgnianzusiaudunthvesinss vsnasuiiwestnssldiinisianzgiile
Andamnaslusila type k 911U 5 9aleiuA TC,, TC,, TCs, TCy, TCs ﬁwwﬂuwiasamﬁﬁﬁmﬁm
gamglasvinsiulusses 5 wuRues fwandlugy 17

9 Y
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" b b ! B
> > » '
Gas Analyzer ' H
: 1
bccccnnnnnnnl
A Momrs\ 1 Gas cleaning
Y% A= unit
11 ™Y s
E Flow Meter | m . . . . 4>—>—@
| | |
O] Blower
\ @ T2 TC3  TC4 —|
= S o
\ NG ‘ Data logger E LPG
Qo
Torch
(_//j Flow Meter
)
Air Compressor

JUN 17 lpegunsuveyganaass

T nim——|

1 1. I
unit =% o o
me A AN

- 3 - 4
.‘ | i“ 0!
¥ regulator
L) ey N

JUT 18 Mnyanaaes

Data logger il :
Gas Analyzer m J i ; Sngis
‘i SRR outlet
N

I

5v 18 wansgunsaliililunismaassusznouse 1.8lower vimthittiogaufandnsinsioans
MnlnswRadiliadu 2.Gas cleaning unit vniiivianuarenuandniasid e wurouiiy
Ls’ﬁﬁajm'%"aqi’ml,ﬁ”a 3.Gas Analyzer 3.Data logger .1%’Lﬁamﬂﬁuméuaaqmmﬁﬁu’q 5 anelulngs
4. Flow Meter yimihiimunuuiinuoimatnginsaieliidulumusnsdiuauya 5.Torch
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mthidunmnaslimnnuseunnlngs 6.Pressure regulator ¥utNNanANLALYBIBINATNINIRN
Air compressor 7.Thermocouple Type K viwtihfingaumaiilugieiideenisladiiy 1,400 a3
\Wwaldea 8.LPG Cylinder 9.Air Compressor ¥wutiniiduumnassngeinie

2.7 MSE31UUUIABINIAAAEASA89aNUIS Ansys Fluent

Tuniseonuuulanalnssladanlyganuas ANSYS DesignModeler U109
Tuinalnss n¥1a 90 fadiung 817 680 fadiluns uazas 132 fadwns lnefvuade (Create
Name selection) Tdiurasniadieiniafe Air Inlet Laznsonvesuiandnsiugiae Pressure
Outlet dn§vanvasauiuldinunde Coal Inlet Aasandlugy 19 drudiunounisimua
Ysumsmuaulaidonldsoniuas ANSYS Meshing lnafivunwuinves Element sizing Tidvuin
1.2 mm dmsumsfnynseuiun s lndilaenisussenaldssdeuisnsauiamanasans
vadlvia (CFD) Tneidenldwonuas ANSYS Fluent 2019 R3 wuustaesnisinauuutiulou k— €
model lagninunld dwsuanudunusnisaduuu Finite - Rate / Eddy - Dissipation lagn
UNU3AT1EIWAVBIAYTENBURUUKENEINNIILAT (Ultimate Analysis) kagasAusenauluy
Usana (Proximate Analysis) voaidaindsdruiiulasidonld Coal Calculator gUnuuTanaln
an13n15LARkUY Two - Step Reaction dususuuuulunisAiuinasidonldisuuy Semi -
Implicit Method for Pressure - Linked fisedu Second order upwind scheme Tagidaanlsien
ANLUANGANYRINAEWET Livasaun1sTaiul (momentum equation) WagaLNIAAADLTRY

(continuity equation) TIUNIANAIINGNU (energy equation) TvillAtlaend 1x10-*
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Air Inlet
<D
Pressure Outlet

Coal Inlet o 5000 10000 (mm)
I e
[‘ 5.0 B0
(n)

(@)

SUN 19 (n) Mvuagunsimaanadiniazdomnisimavasnssiuiy (v) n1sasania
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2.8 NMSNAFBUANNALIDIEAVBIINUIUNIAAMAAERAS (Grid dependency test)

nnsiSeuiisunadnsiildannnisususunuwean3nssninesuway 0.1 x 10°
- 0.8 x 10° nu7e %alé’uamiugﬂﬁ 20 WUIISIUIU 0.67 x 10° e TinadnsfilnalAsaiu
HASNSTLERINSILAUNS AU 0.8 x10° wie FetoRvasnsidenldsiuauniaii 0.67 x 10° A
Talumsdunaliuudioisutunsdl 0.8 x 10° wihy waztheUszndanislansnensaives

¢ a 6
UNITUABUNUANDT
Grid dependence test of CO Grid dependence test of CO2
4.5 4 25 4
4 3 ——
20 4
3.5 "
y ]
X 3 ‘t
B S 15 4
2 2553 z
2 2] :
g g 10 4
O 1.5 4 ~
o o
() o
1 51
05
0 T T T T T T T T
0 2 2 y : , : ’ ¥ y 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9

: 6
Number of Grid (1x10°) Number of Grid (1x10%)

q' o & I & al v ~ a ° a
E‘U‘Vl 20 LLﬁﬂﬂNaaWﬁﬂJ@ﬁ@ﬂﬂUi%ﬂ@‘ULLﬂﬁVlVL@?U’mﬂ’]iL‘UiﬁJ‘UL“VlEJ‘U'ﬂ']‘Lﬂ“lJﬂi@

1
0.9
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uni 3

NANISANEI

3.1 HANISANEINITEAIYA AN IYAITUS BUVDINTUNRUA YIS LNBT LUNTITLUASA

(Thermogravimetric analysis : TGA)

Tun1ANEINGANTIUNITAAIBAINIIAIINT DUVDILY DLWEIA8LAT B9 TA
Instruments iq'u TGA 8000, Perkin Elmer, USA TAgNNSIAANLSDULUUASH (Constant heating
rate) 91 20 2aANLTALTLARDUNT haY DRTINITMaVDIbUIATIAU (Ny) 71 40 Hadanssaunil 39

3’]EN’]umﬁﬂ’]iﬂ@ﬁ@ﬂﬁﬂﬂéq’ﬂéjgﬂiﬁEJ\‘I’]‘LJEL‘IJ AMARNUIN A.

INWANTITANYINUTY WOANIIUNITAAEAINIIAINTOUVBIETUAUAIUITORUS
oonidu 4 Tou Fawanslugy 21 Toudl 1 dwfiuuinsgyideanutueanindesas 7.5 veq
thwiin m'amﬂﬁ?w,ﬁaqmmﬁLémqaﬁudamaiﬁwaaﬂiimmsamaﬁ’maqmuﬁu@ﬁé Touil 2 wu
fufiudsasiinisaanedognstaodudaniiviufsndntos evszaiasesas 5 veq
i \degaumgiitingvasleud 3 nuiFuAnmsaaefiedagunsslutisgamniivszana
300 °C i 600 °C wardidnsgaudeiminegitenas 25 vosimiin
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r 04251

+-06

+-08

Derivative Weiaht % (%/min)

L-24

F-26

F-28

2941

Onset Y = 99.746 %
Onset X = 53 46 ' ]
100 4 :
95- /
90 4 { :
1 N Onset Y = 85728 %, ;
‘ 85 I Onset X = 335.01 %
I
|
[ 804 /\/:
g | ;
‘;75"\ : Delta Y = 32.047 %
-3 :
§70<| | .
85-] [/
[ | : ! Onset Y = 57.237 %
so-l !| ' : : Onset X = 696.56 °C
¢ : : Onset Y =53.191 %
55‘1 / ; Doka V. =3.065 % "~ OnsetX=80215'C
'| : ; E
50 - : : |
| ; : i DeltaY=8188%
JO @ (3] : @
4358 e . H B v , v v E
50.05 100 200 300 400 500 700 800 900 9986
Temperature (*C)

JUT 21 weinssunisaateiamaauiou (TGA & DTG) vessnuiiu

nnsAnazuliinanmsleszivisanusounansliiiiui auiutiuag

AnN1saaNefiveIwssInleammalgeUseann 300 At 900 aarwaiguausilugeigamgil 400

=2 a1 v 1 Nv o o w ! a < & a aa v 1%
a4 600 @ﬂﬂ']ﬁ]%ilﬂ'm'ﬁﬁaﬁEJG]’J’sj\‘liJ’]ﬂ’EJEJ’NiJUEJﬂ']ﬁQJILWT]S ﬂ’mWHL‘U‘UL‘UEJLW@\‘i‘VILﬂ@ﬂ’ﬁﬁﬁ’WEJG]’J‘l@

! d‘l’ a A a A ! 2/ a [ ~ ! dy a A
gnniIemastiaviindug laedranuseu (LHY) uazdTinumsueu (O iganintemads

= a & . a o & a o = = X o g w =
1IATINAIUTUI AU U (Moisture) NININYDLNAIYINIA "U\‘]ﬁﬂﬂﬂ'ﬁﬂﬂﬂ']um'ﬂﬁ‘i/ﬁ']UﬂQsU'N

gaunndnmuizauwnnszuIuniseanwuuminlsladadvsvauiuwasdsismgumgin

wingaylunseenwuunsEuIuNsinLiagiliaduresauiuls dadugigaumgiinmagauun

nsvibnlsla@auasnisviufiadiaduazeglugie 300 - 900 sariwaidya
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[
o
-
o

E —CO(%)
€O2(%)
CHA(%)
T ———— —H2(%)

E —CO(%)
CO2(%)
CH4(%)

—H2(%)

vol %
O = N W & 0 OO N 0 O
LAAARA AAAAAY
vol %
O = N W & 0 OO N 0 O
aaaatasasaitos
N
/

0 2000 4000 6000 8000 10000 12000 0 2000 4000 6000 8000 10000 12000
Time (sec) Time (sec)
(M) ER 0.1 (¥) ER 0.2
10 ¢ 10
9 F —CO(%) 9 —CO(%)
8 3 — €O2(%) 8 €02(%)
CH4(%) CHA(%)
7 E —H2(%) 7 —H2(%)
6 6
gsf R s
Saf ) S 4
3/ 3
2 2
1E 1 :
0 Al Al 0 ST TN W s e " W W et e - — - — = < S W
0 2000 4000 6000 8000 10000 12000 0 2000 4000 6000 8000 10000 12000
Time (sec) Time (sec)
(M) ER 0.3 (9) ER 0.5
10
9 —CO(%)
3 —C02(%)
CH4(%)
7 —H2(%)
6
R 5
S a
3 ‘V
2 |
1 ‘ /\
0 P . S —— Analk il
0 2000 4000 6000 8000 10000 12000
Time (sec)
(?) ER 0.7

JUN 22 (), (¥), (A), (3), (3) HANTNARBINER Syngas UaniN1slABULUAtEIAUTENBULAALTIEY
fulaMdnTdauya ER = 0.1, 0.2, 0.3, 0.5, 0.7 Aua10iU.
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3.2 nansuAgsUN BRAUASeuAaT A Tuve sEuTiuftsuuTas umUFnsalzunssinse
auiiulaau

TumsAnunmaiauizeufadiiaduresauiuneglulnssnouninnulndsls
91809U1INNEANTINNITVEI8AIVDINTIEUAULAAY VU 210 x 85 x 55 dadiuns lasilvie
matwesemaduiniiizeufailaduiuauiuiieioulinglulngs uazvienesnues
uRandnsausiniAnanuFAeufadindu Idunosdussnouvesufiamsvounsuenled (CO)
uiamsueulasenled (CO,) ufaiinu (CH) ufalelnsian (Hy) ludruvesnmaaesiuazuys
ponudu 3 929 Tngldnan 1 daluslundazdasvesnszuauns Tageaad 1 (923 0 - 3600 Jud)
Fotadnsuresmaln luudasdinisdousimadigaelulnsslnesnmmslnavoseinia
(Mass flow rate) ldgnddlitanadasiudeuluvesnismeasmiouidlieuiouannisusnud
wasnuiinilsnal Fuuusiumdniignuaedaliusnaguvesnsssazyhmihidusinatddunisi
arwdeulugduiudoliifnnszuiumannininelulng fegumndluduneudaygds 800
osrniwalBea aldng¥asdl 2 (921 3600 - 7200 Funi) veanszUIUMTITIIMIHYAlFANLTOU
MnmeusnuAfinsssemadiluiledeslinszuiunsdiiudesodates 1ieidngraed 3
(7200 - 10800 3u1#1) ¥9ANTLUIUNNTALMINTNYATIRINALT B D3N3l ST UUABE AN
omgilasuazidunisaunszuiuns Jssnunanisaassfananldignitealu aanuan .

nmsdnuludeuluns@nuiisasdmauyavitiu 0.1 Tudeil 1 (%90 -
3600 Junil) vesnszuIUMsAetsiiiinsliamieuarsrweinmdignelulnsaiieliin
nsrvIumsLAadfiiadunuinesdusenovvesuiannuiinusznaude ufamsiveulnoenles
(CO,) uRafionu (CH) uwiaasuauseualed (CO) uasuialalasian (Hy) fnsfiudulutagiandi
1200 Funfivesnszuruns tnsawzuuiliunafisturesuiansusulasenled (CO,) Fsfing
Aistuganiunliuvesesdusznauufadug fiaan 2500 Furfivesnsruiunis wualiunis
At uvesufanueuneuenles (CO) uavuuldunninduvesufadinu (CHy) fuualiiunis
fisduiianas uagndumasiianadslugag 3000 - 3600 Furfiveenszuaunis druuunliiunis
Anesddsznevufaiinusaafumafiutuuunsiiuasdeiiios luraedl 2 (429 3600 - 7200
Huf) vesnsrvaunaiudiiivgalianufeunnnisuenuissuy wuimdminnsfisduuuy
Bounduvesufanifueulaeenled (CO,) finan 4800 Funfivesnszuiunis nuitesdlseney
voufannfueulneenlediidgeaniie 5.72 vol% Tunanfeuuiliunnfiutuvesesdlszney
whawfindug laud uhdlalasiau (Hy) uiaasusuneuenled (CO) uazufasimu ndunuing
Snmnsfintuwuunail uazAgegaves ufialelasiau (H,) ufamiusuuouenled (CO) warufia
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T Ao 2.17, 1.89 wag 1.09 vol% AuaIfy 11381 6400 FUT89NT8UIUNITHUI WAL
YosualtuNIsRetureIssdUsznoukiannuleduwltufianasedraiiuladnauaunszuiuns
Aauanslusy.22(n)

Tudeulunsfny1fgnsrdruanyavniy 0.2 wuinesAUsenauveduia
ANSUBULAUENEA (CO) kazaIrUsenauTadLiatalnsiau (Hy) Jwudlduasiwasdanue LNy
ey InergegnuatatAusznauLianiuaulauenlen Lavasdusenauvatuialalasiauinuee

6.97 uag 1.67 vol% ANa1AU a3AUTENaUIBILAERNY (CHg) fnsindulugiaan 600 -

1200 Fufiwsnuasantufdivunlduianasiuil Argeaniinude 0.8 vol% luvazfiosdusznay

Ya9uian1suauNaupanlas (CO,) DwuUNUNALAUTUDEINAUTALUYIIAT 600 — 2400 FUNT
a ¢ o~ ~ & Ao ™ DR a
WAZUAGIAAYDIDIAUTENDUAD 6.97 vol% LU BNTEUIUNTUNATWLATULYIFVIN 3 VDY
= & | an i Y ' ) I & ¢
nsvvIuNsTadugnnliiinsdenoiniadigseuunuiuuilduvesesrusenauianisueu

wowueanlys (CO) uazosrUsenaurauialinuanatognsIns, Aawanglugy.22(v)

luReulunsfnwngnsdiuauyaminiu 0.3 nuiiesausenauveduiansueu
1oUaN kA (CO) waradrUsenauvnIkialalasiau (Hy) uldnwauzhulduadanuaoluy
YIINVDINTLUIUNNT (0-3600 IUN9) %qLﬁuﬁdaqﬁﬁmﬂﬁmm%@uw%’amﬁ’umiﬁhEJmmﬁLSé’hanj
I a A & o o ~ Y A a X Y] & o a
55UUlAEYIIUINAN 600 - 1800 99AUTENDUVDILAANIEDINWUNUUNANTUNS 19N TUNS UL
wuluAILAE NS UL ANTWNASIIUYIAUN 3000 - 3600 Aeandlusy 22(q) Faduag
| A v v | P & o ¢ & o a
naufiagngalinuiauLnszuy luvaeiosrusenaurafiigasuoulaeanled (CO,) diaadl
WAL AU E195IALE UM AUVDINTEUIUNITUAE BIAUTE N UVDILAATINUY (CH,) HnNseu
HIULANTRETIAIEIdAT A 0.52 vol% Tutael 2 ¥8enszUIuNIs (3600 - 7200 FU17)
peAUsznouniannviladuwildunafies Wevgadrganiamdiglnsiuiadilagunuin
29AUTENDUVDILA AN LN UT D NTINITANAILN UILE NU 08 VUL 99AUTLNOUVDIWAE
ANSUBUNAUANLYA (CO) waraInUsenauvadwialalasiau (H,) nduiuuilduianatagnaiud
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ARTICLE INFO ABSTRACT

Article history: In this work, the process of Underground Coal Gasification (UCG) was studied
Received 10 June 2022 experimentally and numerically. The typical cavity of UCG was a half-teardrop shape.
Received in revised form 14 November 2022 The coal samples were collected from Mae Moh coal mine, Thailand. The coal type is
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! mainly lignite. To generate the gasification process, the coal sample was heated in the
Available online 17 December 2022

half-teardrop cavity by injecting partial oxidant, which is air, according to the
Equivalent Ratio (ER) of 0.1, 0.2, 0.3, 0.5, and 0.7. The properties of the product gas
were measured using a syngas analyser. CFD technigue, ANSYS (Fluent), was used to
simulate flow characteristics and gasification process in the cavity. The experimental

Keywords: results show that the low heating value (LHV) of syngas peaks at 0.92 MJ/m3 when ER
Underground coal gasification (UCG); =0.1, and LHV decreases monotonically as ER increases. The CFD results show that the
coal; syngas; gas compositions area of high temperature in the UCG cavity is larger when the ER was greater.

1. Introduction

The demand for electricity generation is rapidly increasing in order to empower nations all over
the world using coal as energy source [1]. The reasons are: coal generates the most stable electricity
[2] and is the cheapest when compared to other energy sources [3]; coal is abundant and relatively
simple in mining, transportation, and processing when compared to natural gas and oil; coal resource
base is well-understood as a fuel of necessity, encompassing "energy security" in many less
developed economies [4]; availability of technology and skilled labour-force; existing massive
infrastructural infrastructure [5].

Nevertheless, there is a worldwide competition to decrease coal consumption for generating
electricity, as conventional coal-fired power plants transmit higher levels of greenhouse gases (GHGs)

" Corresponding author.
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such as carbon dioxide (CO2) and pollutants such as sulfur dioxide (SO3), nitrous oxide (NOx), and
particulates. However, according to the World Coal Association (WCA), coal remains the world's
largest source of electricity, with a projected 22 percent share of global electricity in 2040. For
developing countries, the figure is even higher; for example, coal will generate 39 percent of power
generation in South East Asia at that time [3]. As a result, switching coal into a less polluting or cleaner
fuel could be the only viable solution.

Another method of clean coal technology is underground coal gasification (UCG), which is carried
out in situ in coal seams by burning the coal under controlled conditions. A traditional underground
coal gasification plant is made up of two wells dug from the ground to coal seams. Several chemical
reaction processes occur when underground coal gasification is converted into gaseous products.
The combustion zone is located near the injection well, and the temperature ranges between 1,000
and 1,300 °C. The gasification zone overlaps in the same zone, and the temperature ranges between
800-1,300 °C. The drying zone occurred around the dry coal seam, and the temperature ranged
between 100 and 200 °C [4].

A complex physicochemical process is carried out by an underground coal gasifier. Combustion
(partial oxidation), reducing reactions leading to gasification, and pyrolysis-drying (destructive
distillation) occur concurrently in a coal cavity as shown in Figure.1. Dewatering, cracking, absorption,
and contraction of coal with high water content are the main physical changes. [7-9]. Drilling injection
and production wells from the surface to the target coal seam are required. To facilitate a syngas
flow path within the coal seam, a permeable channel is created between those wells [3] (Figure 1).

Power Production ;

Gas to Liquid (GTL)
-

Raw Syngas (CO, H,, CO, , CH, & minor
constituents); Calorific value 100-300 Btu/scf

P Production ~(el[—— see—

Fig. 1. Typical Underground Coal Gasification (UCG) [6]

Several research works have been conducted to investigate the effect of equivalence ratio (ER)
on gasification performance. Most of those tests were carried out in conventional surface gasifiers.

Fixed-bed, fluidized beds, and entrained flow gasifiers are three classical types of surface gasifiers
[10].
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Biswas et al., [6] simulated flow and gasification characteristics in UCG cavity applying half-
teardrop shape. The results show that streamlines of hot gas flow out from rubble zone circulating in
the cavity and vent at the outlet. Daggupati et al., [11] used compartment modelling to characterize
the flow of a UCG cavity, which grows three-dimensionally in a nonlinear manner as gasification
progresses. They discovered that the flow field primarily determines the cavity shape, which is a
function of various parameters (e.g., inlet position and orientation), temperature distribution, and
coal properties (e.g., thermal conductivity). The flow at Thulin UCG experiments was modelled by
Debelle, et al., [12]. The hydrodynamics of the flow profile inside the underground reactor
was calculated, and the results showed that the flow conditions inside the underground reactor
changed little during the series of reverse combustion tests.

Previous gasification works studying on equivalence ratio (ER) mostly relates to surface
gasification. The subsurface gasification (i.e., UCG), however, is rare. Varying equivalence ratio (ER)
would influence on combustion zone in the UCG cavity which needs to be understood. In this work,
equivalence ratio (ER) effect on gasification characteristics in a UCG cavity was studied
experimentally and numerically.

2. Experiment
2.1 Materials

The coal used for the experiment was took from Mae Moh coal mine, Thailand. The type of the
coal is mainly lignite. The specific data for the elemental compositions and proximate analysis are
analysed using a thermogravimetric analyser (TGA8000, Perkin EImer, USA). The coal properties are
shown in Table 1.

Before experimenting, the coal was coarsely crushed by a jaw crusher. The size of the crushed
coal is about 5-10 cm. Then, the coals were grinded with a fine crusher, which would reduce the coal
size to be 0.5-3.0 cm. The coal powders were sieved using fine filter. The coal powders were in the
range of 0.5-0.6 mm. This coal powder would be used as sample in the experimental study.

Table 1

Proximate and ultimate analysis of coal used in the present
study

Proximate analysis % wt.
Moisture (As received basis) 13.17
Fixed carbon (As received basis) 33.07
Volatile (As received basis) 42.00
Ash (As received basis) 11.77
Ultimate analysis % wt.
Carbon (C) (As received basis) 48.65
Hydrogen (H) (As received basis) 4.17
Oxygen (O) (As received basis) 31.51
Nitrogen (N) (As received basis) 1.50
Sulfur (S) (As received basis) 3.29

Low Heating Value (L.H.V) (kcal/kg) (As received basis) 3939.72

2.2 Experimental Apparatus
The UCG cavity model is shown in Figure 2, and the experimental apparatus is shown in Figure 3

and 4. The apparatus consisted of a UCG cavity block having 200 mm in width 170 mm in high and
700 mm in length, an air supplier system for injecting gasification agent, a LPG torch for heating coal
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sample and a gas analyzer unit for analyzing syngas properties. The UCG cavity block was made of
refractory concrete which was separated in two parts. The upper part is for creating UCG cavity, and
the lower part is for the cavity base. To create the upper part, a form was cut to be haft tear drop
shape and was sucked in molten refractory concrete. After the refractory concrete drying to be solid,

the form was removed remaining the cavity having haft tear drop shape.

170 mm
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200 mm
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Fig. 3. The diagram of the experimental apparatus
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Fig: 4, Tmhe photo of the experimental apparatus

A vertical hole was drilled through the upper surface of the upper block for injecting the
gasification agent. The air flows through the coal sample for generating syngas and vents out at the
tail of the UCG cavity. Five horizontal holes were drilled, and type-K thermocouples were inserted in
the holes for measuring temperature. Each thermocouple point (TC1, TC2, TC3, TC4, TC5) has a hole
distance of 5 cm as shown in Figure 3. A high-temperature insulator (KAOWOOL, ASK-7912-H 8P
Blanket 1,400 °C) was covered the block to reduce heat losses.

2.3 Experimental Procedure

In the experiment, the coal samples were weighted according to equivalence ratio (ER) as shown
in Table 2. After the upper block lifting, the coal sample was placed on the lower block at the metal
plate. Then, the upper block was placed on the lower block. To prevent gas leakage, the gasket was
placed between the upper and the lower blocks.

In the first stage, the coal sample was placed on was heated using an LPG torch. The heating
process took one hour. The gasification agent, in this work using air, was supplied into the vertical
hole at 0.8 Ipm. The coal sample was weighed according to equivalent ratio (ER) as shown in Table 2.
In the second process, the heating system was turned off. The air still supplied for one hour. The
gasification process was still running from partial combustion of the coal sample to generate heat
source. Finally, in the third stage, the air supply was turned off, letting the process cooling down.
During the experiment, the syngas was sucked by a blower and flowed through a gas cleaning unit.
Then, the syngas was analysed using syngas analyser as shown in Figure 3 and 4.
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Table 2
Experimental parameter
ER  Air Flow (lpm) Amount of Coal (g)

0.1 038 91.8
0.2 08 46.2
03 038 30.6
05 038 18

0.7 0.8 13.2

3. CFD Simulations
3.1 Simulation Model and Boundary Conditions

Figure 5 depicts the 3-D model of the underground coal gasification (UCG) cavity using ANSYS-
Fluent. The geometry of the domain was a half-teardrop shape, which has 90 mm in a maximum
width, 132 mm in a maximum height, and 680 mm in a maximum length. The half-teardrop shape of
UCG cavity has been reported in several previous works [6, 11, 12]. A vertical pipe with a diameter of
5 mm was located at the center of the domain for injecting gasification agents, here using air.

D
. Pressure Outlet

Coal Inlet o som 10000 st
T

G

(b)
Fig. 5. (a) the 3-D model of underground coal gasification (UCG) cavity and (b)
grid generation
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Due to the falling of coal from the top surface of the cavity during gasification processing, a rubble
pile was created to be a part of the accumulated fallen coal and remaining ash. This rubble-ash pile
was dome shape, having a diameter of 55 mm, and was located at the bottom of the domain. The
rubble pile was defined as a porous medium with a porosity of 50% [13]. The outlet for syngas was
located at the tail of the domain.

3.2 Grid Generation

Figure 5(b) shows the grid generated from a numerical simulation of the underground coal
gasification. The generated grids were refined at several locations. Due to the greatest velocity
gradient at the ash-rubble pile (which is perched on the reactor's surface), the finest mesh was
produced there. The grid-dependent test was varied in the element number of 0.1-0.8 million
elements. It was found that the saturated elements which were not changing the results significantly
were 0.67 million elements. Then, these element numbers were selected to apply to all CFD runs.

3.3 Calculation Method

The Navier-Stokes equations and Reynolds averaged continuity were used to address the issue
after the computing procedure, within the boundaries that were specified. The K-epsilon turbulence
model [14, 15] was used to resolve the numerical internal flow simulations. It was utilized for internal
flow simulations with a low-cost computation method that could be performed with high forecast
accuracy. The Discrete Ordinate (DO) model was utilized to calculate combustion. It was utilized in
the radiation model part. The species transport model was performed based on the proximate and
ultimate analysis of the coal sample as previously shown in Table 1.

SIMPLE algorithm with an upwind scheme was applied. Turbulent kinetic energy, turbulent
dissipation rate, and discrete ordinates were all calculated using the first-order upwind scheme. The
calculated pressure, velocity, and temperature were from the second-order upwind scheme. The
convergent results were considered when the residuals was less than 1 x 104,

4, Results and Discussion
4.1 Gasification Characteristics

Figure 6 shows the temperature contours on a plain at the center of the UCG cavity from the CFD
work. The maximum temperature is detected up to 3,100 C, which can be attributed to the fact that
there is no heat loss in simulation method. The area of high temperature is larger when the
equivalence ratio (ER) was greater. This means that more air supplying as compared to the fuel
(greater ER) would accelerate combustion sub-process of gasification reaction. It should be noted
that the gasification is partial oxidation reaction. The acceleration of combustion sub-process in
gasification is unsuitable to generate high heating values of syngas.
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Fig. 6. the temperature contours on the plain at the center of the UCG cavity (CFD
results)
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Figure 7 show the COzand CO contours on the plain at the center of the UCG cavity from the CFD
work. The CO; is a product of complete combustion while the CO is a product of incomplete
combustion (Gasification). The area of high CO took place at ER=0.2 When the condition is near
complete combustion (ER=0.7), the area of high CO become the smallest.

fe. ——— ke, —_=="
(a) CO2 (b) CO

Fig. 7. the CO2and CO contours on the plain at the center of the UCG cavity (CFD results)

4.2 Gas Composition
Gas compositions of syngas by volume varying with time from experimental results are shown in

Figure 8. This shows the variations of gas compositions for running over 3 hours. In the first stage,
the coal sample was heated. The gas composition started to rise up due to decomposition of solid
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matter from the thermal reaction. The gas composition continues high in second stage. At this stage,
however, the heating system was turned off. This continuous high gas composition is from self-
reaction of gasification process having combustion sub-reaction for generating thermal source. The

gas composition decreased in the third stage when the gasification agent was stopped to supply.

In this experiment, the concentration of CO, was higher than the other combustible gas as CO,
CHa and Hz in all equivalence ratio (ER). Considering combustible gas, the concentration of CO is
higher than that of CHs and Ha. It is exception in short period (4,100 — 6,100 sec) of ER=1 which the
concentration of Hyis higher than that of CO and CHa. Noted that the rest of gas composition without
showing in these results is N> which was about 60-80% by volume. The high volume of N2 is from
using air (about 79% in air) as gasification agent.
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Fig. 8. Gas compositions of syngas by volume varying with time (Experimental results)

CO2 and CO mass fraction of syngas from CFD and experimental results are shown in Figure 9. The
experimental results were measured using syngas analyser while the CFD results were detected at
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the outlet of the cavity. Both CFD and experimental results show similar trend that the high mass
fraction took place in ER=0.3-0.5 for COz and ER=0.2-0.3 of CO. However, the discrepancy between
CFD and experimental results of CO; looks large difference. This is from the limitation of CFD work
which predict only partial combustion without gasification reaction.

30 -]
-~ CFD 45 —.—CFD
25 -m-EXP a ~m-EXp

~
(=)

CO2 Mass fraction
- -
=] w
CO Mass fraction
~N
~N w w

wn
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ER0.1 . ER0.2 ] ER‘o,; . ERO0.5 ‘ ER0.7 ERO.1 ‘ ERO.2 ‘ ERO.3 ‘ ERO.S5 ERO.7
(a) CO2 (b) CO
Fig. 9. Percentage of CO; and CO in syngas (CFD and Experimental results)

4.3 Gas Calorific Value

The low heating value (LHV) of syngas was measured by the Gas analyzer varying with time from
experimental results are shown in Figure 10. The peak of LHV took place when the run was over 2,100
sec for ER=0.1-0.3 and was before 2,100 sec for ER=0.5-0.7. This show that high supply of gasification
agent (ER=0.5-0.7) can accelerate gasification process to take place in beginning of the run. The peak
of LHV (which taking from Figure 10) is shown in Figure 11. The peak of LHV decreased monotonically
when the ER increased. The highest peak of LHV took place at ER=0.1.
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: ——ERO.2
12 F
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Fig. 10. Low heating value (LHV) of syngas varying with time
(Experimental results)
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Fig. 11. Peak of Low heating value (LHV) of syngas varying with
equivalence ratio (ER) (Experimental results)
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5. Conclusion

In this work, the coal from Thailand, was tested under cavity imitating underground coal

gasification (UCG) experimentally and numerically. The results can be concluded as follow

i.  The CFD results show that the area of high temperature in the UCG cavity was larger
when the equivalence ratio (ER) was greater. The area of high CO, and low CO were also
larger when the equivalence ratio (ER) was smaller.

ii.  Considering combustible gas, the concentration of CO was higher than that of CHs and
Ha. It was exception in short period (4,100 — 6,100 sec) of ER=0.1 which the
concentration of H2 was higher than that of CO and CHa.

iii.  The peak of LHV decreased when the equivalence ratio (ER) increased. The highest peak
of LHV took place at ER=0.1.
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ABSTRACT

In the past, coal conversion was often seen as pollution that affected people's health and
environment. Nowadays, clean coal technology is getting enhanced and accepted. The major benefit of coal
is found around the world and has high heating value for low-cost fuel. When compared with biomass fuel,
combustion operation of coal is easier and more stable, as well as has small effect on combustion
equipment. The cost of coal is more consistent as compared to other fossil fuels. So, coal is the main fuel
used for power plant in many countries. For coal harvesting, surface mining is applied for shallow coal seam
while underground mining is adopted for depth coal seam. For the case of very depth coal seam, which is
unworthy for applying underground mining, Underground Coal Gasification (UCG) technology can be applied
by injecting gasification agent into underground coal seam for generating gasification process. Then, syngas
from the gasification process supplies to the surface for beneficial usage. In this article, UCG technology and
its research were reviewed. General gasification was firstly introduced. The, UCG technology were reported,
and UCG research was reviewed. Finally, practical use of UCG technology in coal mining was mentioned,
and potential of applying UCG in Thailand was reported.

Keywords: Underground coal gasification; Clean coal technology; Coal
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2. Fuauiu (Coal seam) i fidudiainds
wiaansadulunsinufiiseniadiedu Wadavag

= ¢ v = = o o & °, 8 Y a
panduauiidnluuazudinsunluiiindu vildide
Usemaniianudauansasvieanlfibuaiutag
= o v Y
Adansn¥ouiu

3. dhuflegwniloduvasaitu (Overburden) 1¥u
Fuaukazyuiuiiagmienruiuvihmihnlunsnadiv
warassanmanusuldau

4. naundnauel (Production well) viniiniily
nsiwfaamddldannszuiunisiauiadiadu

& e
Junnnldau

JUN 2 asusznavvaslswdauianauiuldfu [3]

3.2 U]fisenalivaanssurun1suiadiliatuvas
druuldau [4]
5U7 3 wansnszuiunsuiadiiaduvasauiu
1o uiadliaduoanduauy F10199:00u 01ma lath
= = = & ' Y v ¥
wieeandiau gndadhanvieduvundiluaasging

aaa & a

VI UAUR LA U RAZwad T Aty
Auaufiusdriadruial@onds (Syngas) Juun [41-16]
aas ' d‘l

dwsuufisendesvainszuiunsuiadiieduinly

aange Audilaesureluided 2 fadl



Oxidizer (air/O, with steam)
Injection Well
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Production Well

~——1100°-1400°C

550°-900°C

220°-550°C ——

> —Cgmbion Zone—|
Wy sk Reduction Zone

- Devolatilization & Pyrolysis zone
Gaseous flow (dry distillation)

§UN 3 nszvrumsuiannduiiuldau [5]

(1) Fulaaudiu (Drying) lawaruluajuda auitu
= & va o & & & . ' a
fegvuldaudanuduanuduiiogluauiiusyine
ganidunauiananudauiiiiadunielulnse diwa

il uudignguanndu annsouansaunisldae (7]
Wet Coal — Dry Coal+ H20 (1)

(2) Fulnlslada (Pyrolysis) 1 oa1uR s
wdwnildzuanadou selvazindusilnlslada 3s
ziAnflgaumgiiuszana 350°-400°C duaziatuan
nsUanLanssze (Hydrocarbons, CH,, Ha, H,0, CO,

CO,) ausauansaunslensi [8]

Dry Coal — 4.63 Char + 0.12 CO + 0.18 CO, +
0.43 H, + 0.79 CH,, AHO 298 = 0 kJ/gmole (2)

(3) FuanTLATU (Oxidation) Tiei1 (C) wazans

aaa o

5218 (Volatiles) ¥uiizendveandauidadiluluy

oo

Foumlug anansouansaunslddd [o]
C +0, — CO, (3)

2C +O, — 2CO (4)

oo b7

o v o = o
A1AUN 3 Lz 4 ﬂa‘Uﬂﬂiﬂ']ﬂ']9?]'3']3J5@u€]']ﬂﬂ'ﬁLN'ﬂV]1J

aaa =

auiiu Uisereendinduintuniglulnsdlnduiiu

aseendunwingninasly

aa

(4) Fuufiadfladu (Gasification) LHUUARTINS

El

vl dundadamds anunsonansaunsleneg
C +H20 — H2 + CO (5)

S o aan v = = = =
uaﬂmﬂuﬂdLﬂmﬂg]ﬂim‘tmm&ld FIAUTAUNUUTU

Medwusazlalasiauluiodawmds auisanans

&
v =

aunsleasil [10]

(Methanation) C+2H2 — CH4 (6)
CO + 3H2 — CH4 +H20 (7)
(CO2 gasification) C + CO2 — 2CO (8)

(Water-gas shift) CO +H20 — H2 + CO2 9

N52UIUNSIAYSINYRY UCG fin1saieanuiau
Usinaudinn vilfgamgilutismsuniudiinzgaiu
900°C [11] 8815lsfiny uhadomdeiildaziinnis
a1819ANS USEWINs Inagananlng e v lA
gaumgiufaanaundaUszanm 300°C dmdudadeid

Narea3AUTZNaUTDILA AT aINAY (Syngas) Tu UCG
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Ao daduvasaseandiaunalaun (02/Steam ratio)
AMUAUIUNTYINY WIAAZAUAUAAVDING U
Tulnss [12), [13] udu

4. nudseiifeadas

seluiaznamianiseiiffanuieadostunms
nanuiademasnduiuldau (UCG) Fadurauwuy
NAARILAZLUUT AR IIgAURIAS (Simulation)

Sateesh waranz [14] Id@AnwngAnssumsivai
dwasonislavasinsdunainufiseufadiiady
vosauAuldfu Tnslditnisdrassdrsaauiines
(CFD) waviUFsuflsuiunanisvaass dwsudeuly
Yaulwafor US4 m/s wanidonldeandiau
(Oxygen) \Jueanduauyi finsimualifgungdvas
Tnseasfl 1273 k wazauduniseandt 5 atm lagld
Tuwmansluawuuiiulau Realizable k-€ Tun1sdne
@ f1vunvuInva lnsslnguyInNsEy2Ia1999015
Vinufasensanidu 5 vuia lunisdnwingdnssu
nslualddnisuvseaniduassdnemue wuvusn
Ao dneandunauyilululusu (Horizontal Injection)
wazuuuiiansfe dnoonduauriluuuife (Vertical
Injection) Tnenadildarnnisdneinsdiineandunudi
Tuwuauau (Horizontal Injection) LLam‘LugUﬁ' a(n)
wazdnoanduausilunulf (Vertical Injection) Wamg
Tugul a@) wui1 msdeeenduswilunuifdnase
M5N5¥218Y0908NTUAUYINTIANIINAIINTHAneN
Fuaunlunuiueu

Lin Xin dazauz [15] ldd1aein1sveeduazng
nadvaslnsslusroziduduvaniswlug Tagldld
drufiudinveg meluvszimaiud adudwiuedn
wounslad (Anthracite) susiutiuduazdanmduns
Tagldulununszuaunisdaniesldaiudu 14 MPa

melulyataznaudian1indannd auna1uuszuu
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5wt% wWianauileva s uiuddeiuaunatedu

vaamn UL (Coal block) U1 30 cm x 30 cm x 23 cm

(@) neanBuAusiluLiIRg (Vertical Injection)

Ui 4 dnwazmisirameluglusd UCG [14]

ndsnldudonsufiuudldmsiadanasluduida
viaviain 6 99 uazldeenduauyi (Oxidizen) ufngoandiau
Taguvsnsmaaadlianutas Prausnidutiandudunis
Tanudeu dnsviueendiaudl 0.4 L/min uwazldilms
T¥anusaulagldvaainainudau (Heating tube)
dnvarinsadauandugudl 5(n) 92l 2 Ae Faefith
vaaanAnuteusen dnvazinswanddugudl 59) waz
drsqaiedeyasiivganisinseandiauldiuszuy
dnwazinsuansugudl 5a) :rnnsmaassmuin gai
TnddumisvasmsBumsinindinnitgafedumisd 1
srflgaungiigefian uazflvurnvesanulavedlnss

g



T3 T2 T1 13 T2

1 ) 1 ! |
Cavity

T6 5 T4 T6 5

Coal seams Coal soams
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T3 T2 T

Cawity

T8 75 T4
Coal seams

rock

(@)

JUN 5 uansdnuazn1slavaddngs UCG #ildnn1snaaeswas Lin Xin uazauy [15]

Ranjeet Mandal Wwazaz [16] Anw1n15iin
UfAzeufadfiaduesauiulddulnsfnniuna
WUU Real time lunisnaassldasrsyannassvuin
Laboratory scale Zsldldtufivanmilowslulszina
Suiily dwduufeasnfiufithumasesivunn 45 cm
x 35 cm x 28 cm Tagld 1N 151918 Auu U2
(Vertical borehold) AUENT 10 cm LATLIITIANY
LUdU (Horizontal borehold) 8173 32 cm %éx‘lgﬁl&ﬂ:
#M1ULUUDY (Horizontal bore hold) Q:L?i‘iauﬁugl,lmﬁv'q
(Vertical borehold) 4 3 § dsuanslugud 6(n) Tny
nauuuad sl dusuiadnoendunusi (Injection
Oxidant) waznauuuivaudnsuiiugniseanaas
wansin viamduiivargmihlundaudefumien
wazsavieamuaaiiothuianansueiuiulludufa

Aauanslugudl 6 @) luseminanszuiunisvaaasléda

o

(n) dnwMzn1saIzgudenauiu

senduawidluegsaideadiednmnszuinnisiin
uiaolfuaziinsdaniuletn (Steam) Wnluiiietan
WinpaauAveufandniueidwrdiefiudnngiu
Y93 Co/H, WA UUNandnAudl Han15MnaIvel
Ranjeet Mandal uazanz [16] uanslusud 7 uaz 8
WU Havasgungdifildannsmaaedduyiswesnis
wlngfeing andraufadfliady ¥aslnlsladauas
23038 UARANLT UAUE R suandlusuit 7 dwdy
HaYRINSHAALT ANE A T el 7 Ld 915y U AT
whadadusiy dud Aelalnsiou (H,) MwAsUau-
uauanlys (CO) Mamsuaulaaanles (CO,) NMailinu
(CHy) wazfwlulnsiau (N, Fawandlugud 8 usain
msmeaesdanaldiluniiGuiinengndneenduaur
dawadonuautAvosufad awnds (lalasiau (Hy)

msvauuauanlyd (CO) uazinu (CHY) fildanas

Mini Steam
Generator

Transiittor

Developed Syng
Monitoring Unit

(@) yanewaasuaznsinnauia

JUH 6 suunazgunsalfildlun1snaasives Ranjeet Mandal uazany [16]
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Temperature variation at gasification zone during experiment

~+=Value of (1C1)
“-Value of (1C2)

] | } Steam feed vs Time graph w'  Steam teed
» - ”\ {o ’y\ ¢.\ /;o.o"‘ 'oq\ ’.‘ca\
]i.].....;......./ Nl Nl \I SN Yosasssdl Vil Noiisiciiossscasssisasasied
L Oxygen feed vs Time graph ‘ - Owygen teed
! I‘ ‘ | o eeese prevesesseseerety
g :-_....1?..._......--.......&0 """" |
B D A o o R o I Rttt
B e R e et S
=i as s
UM 7 uansgauniifiiudeuluaiunan [16]
. Oxygen feed vs Time graph ~=—Ouygen fead
L3 . e ———
s e e
| S
-
1] N\ VUV \_J\T\
""""""" = R RN S e SRR D (R 2 RS RORERT SRRt
-
g-n
221
k
-
- : -
R S e s P o e I e i i e i
R S G S S S S G S GG SO SSSSRSS
Time

o

§UN 8 msiiauia@eindafiguiuia [16]

Samdani Lazamz [17] IAAnwIN15981962984
InsswazngAnssuvesayniafianasingduaives
Tnss Tnwadrsuuudiasslunaluszozivansnvenis
Aauiizeufadfiadunmelddouladsd sasdumes
lotuazeendiau (Steam/O, ratio) fiAvinAy 3.57

aaa

szeziIaluni1sTiasInisiinui]izen (Simulation
time) 10 Falus Widoindseuiueindnlud (Lienite)
mMsleszirauautfvasauiudndudesiinszi
ILUULENE1R (Ultimate analysis) uazn157LAS
wuUUUszINUNI5(Approximate analysis) Aeldaniiz
ANUAY 4.8 atm FreziiesEninamau 0.5 m YUIAYeS
aqmﬂﬁmﬂaamqjﬁ"umwaﬂwsaﬁa 5 mm ludmves
gondwsfildlunsTiaszside Ansys fluent Tuanu
Juatsdimainvesinsslufisoufadfiaduves
druduldAutugindenisadruuudiass wazennde
nsAnlesziinndsiuiioiedenisAniinseids

#23312845UN59UUY Resident-time distribution (RTD)

86

WugelunisTmsizd Ysingnisaldiassvas
sumadiennasngfinvedinsauazdanianmsivaas
91M1A Fauanslugy 9 waz 10 MaINNTIATIZINIG
adnmansilildnadnsvesgungiifisuiuuiunns
VOIUAAYIINAT KAZNAVDINITAAN1BNA AT U9

Wiguiuszeza

channel
-

§Uil 9 maiAnlnssvas UCG [17]
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200e+00
1600+00
160e+00
1400400
1.200+00
1.00e+00
800e-01
6.00e-01
400e-01
200e-01
000e+00

5U# 10 dnwauznisanvesaymeasuuiiulnsuaznisivanieglulng [17]

Kashyap wazaz [18] lavinnis@nsmg@nssy
Y215 iU ATy N a3 At uvan TuAuAdUSuIu
winiga (High ash coal) lnedisausAigiuin mnadoudie
a1t (Injection well) Azdawalimisiinufiizen
v uiuydaiiidrgaiudvszdnsamfuundu

= s 1
wiedla lunsmeaedldiinisuusevaasseandu 5 g
Tnegyadl 1 &1 4 anBumsyhuiisewuutudes uaz
M sMaaasf 5 anduufiideuuy 2 Tuneu dmsld
sandladiwes Aunndraiulunsazyanaaes ldun a
= =i % = =
ARl 1 uazyannaesil 2 axldeandiau yavnaesdl

=

3 aufuena yanaassil 4 anfusendiuiiiuiunm
mm%”uqa warluganaaasdl 5 azdunsiinufnzen
LUy 2 Fuma naIINMSARRIERSTUAS1T 1 WU
yanpaasi 4 Ieanudouveufadomagign 49

Junsdinmsdaeendiauiiiinnudugs

M19197 1 agunaiildainisnaaes [18]

1 29NTLAU 153.9
2 29NTLAU 123.2
3 9INA 77.9
pondLaudid
4 P 192.9
AU
ANSUDU-
5 _ 191.1
29n%La1
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Huang wazamz [19] lédvinisdnwinszuiunis
whadmduvasanuiiuldnu Tnethiandndusaleaun
THlumsndnnszualni lnegausrasdndnveanuide
& = o Saa a ' = =
Ao WianmdanUslafi d8ninasan1sdawaziia
nsilasunlassanszuliuniswiadflad uluszeu
guamnssy warilaAnwiAranududuveseandiau

aaa

LLazlmf’ﬂuﬁ"M’l‘Ugﬂia’l (Gasification agent) fidawa
saUszdnsnmnsiiauiadinduvesauiuldfu uaz
WeAnwdynwasnisnaanszualuiihdenszuiuns
wanfnganauiildau Tagldidenanuilunisiinig
npaandundosnufiudignd ¥ duuama
Muy a5 sasgUszvvudy Tuaanuiinnasunmandd
vessuiuildldgminnienzinuirlresdiusznou
Y93A15UBU (Fixed Carbon) Uszanau 58.72 wt% Waz
ﬁhmmifvuaq'ﬁ 8.79 wt% @ 991nnnsFananyIngl
U3uamsusud liiresgaunnetsazifudwiueia
anlud wazanndeulonssiineluaouiinaasy
Usznauludesnuiiu 5 fulnedsEifunnmneiay
5 (No.5) flanu181a9 1 (No.1) (A21un18 No.4 #d
Usznaudedufiudiuiudtu) Tnedesdisuainuy
asEedeszduanEnvaunilasiuiud 40-400 wins
dﬂuﬁuﬁaq"luszﬁu%uwu'lma% 1 (No.1) wazuneLa
2 (No.2) Idgnidenlazviufadfiady udsziudud 3
f1 5 Ldgnideninszdiss fuanumuivastuiidiuly
(< 0.5 wn%) uiguAulududl 1 way 2 Fszduany
wnRAed 7-3.6 Wwas Muddy wazviyuasnd 28
a9 uslusyninevastud 1 wazdud 2 wwildulaau
(Mudstone) %11 0.5 wnstuagsywing 2 il wifias

s lglunsyhunadfiwdudlediuuueesauiiu
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& < : - +1340
Naatudulnglausznauaiy Aunsivaziden

+1320 i

e =

P

os

(Fine Sandstone) kazlaawLilanse (Sandy mudstone)

1 30() ST EETY *’"%Wmmnf

( ! & \ T ¥ Mian shaft
Ltaza’maNsuawunwwmﬁmﬁa%admwﬂu%mu 11280 o
No.5 coal secam N
azidan (Medium fine sandstone) ﬁdLLaﬂﬂug‘lJﬁ 11 1260  Noaacoarsem
20 No-% con seam
+1220 No.4-1 coal seam
No.3-3 coal scam g
+1200

+1180 _>_" No.2 coal scam
No.l coal scam

e :.:--. > -

+1140 == =
Cross-cut

L
— e
NS
e

+1120
Uil 11 nvarmessaingvesudnamilosiuiiu
[19]
Gl’li"lsi‘ﬁ 2 mswuamL‘a"au‘lﬂmswmaawm Huang LazAlz [19]
Gasification process Air flow Steam flow O, flow O, concentration
(Nm?/h) (m3/h) (Nm?3/h) (vol%)
Alr Gasification Case 1 (AD) 3100-4400 - - -
Case 2 (A2) 3300 - - -
4400 - - -
3300 - - -
Alr Steam Case 1 (AS1) 4000 356 - -
Gasification Case 2 (AS2) 3700 164 - -
2740 - - -
Oxygen enriched 32% O, 4400-4600 - 800 25-33
Gasification 33% O, 4400-4600 - 800 33
35% O, 3400-4100 - 800 34-36
36% O, 3400-3500 - 800 36
37% O, 2900-3000 - 800 37
Oxygen enriched | 23% Og-stram 4000-4200 136 82-199 22-25
Steam 349% Ogz-stram 2800-4100 132-1081 800 30-37
Gasification 399% Oz-stram 2300-3600 135-1486 800 33-52
100% O,-stram - 800 800 100
Gasification with 48% O, + 48% O, steam 1494 - 800 48
alternative 1494 120-1500 800 48
injection 1494 - 800 48
83% O, + 83% O, steam 220 0-1500 800 83
220 - 800 83
220 0-1500 800 83
220 - 800 83
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Huang léfaanuuunisnaasseanidu 5 ngu lny
wiaznguiaziinisvaassday q dandunisied 2
I1NNANISANBINUIIAIAUTBULDINITNAA DT
Uauanadgszuuiiigsatnaien (Air Gasification)
fadninnismeassiisinsldlednsau (Air Steam
Gasification) wiin1snaassiidnisldaandiaududu
(Oxygen enriched Gasification) axfinsii ud uves
2uAUsEnauYesine Usrdaiudy 1dun CH,, CO,,
O, H wazgamudnindaldler19audae (Oxygen
enriched Steam Gasification) a:vh’l,ﬁ’ﬁgaﬁhﬂ'a'mi”au
LazasRUsENoUvRIRTRAn s IRLT unAninnsle
21MALfigeE19LAe2

Zagorscak wazanz [20] lévins@nwinszuiunis
Waudadfnduvasduiuldfulaglduuinmaanss
vonidu 2 ymsmeassulavlvannzarudu 1éun
AsneaninszUILMsiautadfnduvasduiuldau
aeldanuduvssenaLazaszvunsinuia-
FaduvesduuldAumeldannzarufugsdmiu

¥ N Y = .
nsnAaaaill Zagorscak wazAuzldldonaniizaiusu

=i

71 30 bar Fslundaznsnaassazuuseandu 6 Tunau

' = = kg Z = E73 = 4
goefisailosiulaedunaud 1 azdunslidoanduau
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Hfufeaandiau(0,) WuszeznaiUsyanm 30 $3lua
seaniiluduneud 2 sxfunisinefweandiau (O,)
suivlethifuszezina 38 Srlumdntiludunau
#i 3 wardumoudt ¢ anPumsargormelfunszuudu
svpzaszann 13 Slududuneudt 5 exums
31999n1auB U7 50% (OFA 50%) l#unszuuidu
nan 19 Hluarlutuneud 6 szfunsinvesndiay
336 50% sauAuleth (OFA 50% + Steam) tHutian
5 dlus Fagnusrasdvasmfouiifadednumdng
nsudaielunszuiunisufadfinduvasauiuldau
waz Ll aAnw10sAUsznavYaIf endnSnsiuaz A
ANudauvaiandnsueiildainnsldiSeulanis
VAanafiuanssTukarinu T suisunalasiadia
vaamunsalufadiiiaduldgneanuuuunlivuse
ANMUAUZIAAT 50 bar waznunogungiggaldd
1600 asrwaldoadduuinauenggad 3.5 m
PIAFIUFEATIGT 0.41 m x 0.41 m UazaNTuAL
1¢un Toth 91m1@ sendiau uazlslasiau fauandly
U7 12 Feduuillunisdnwadsdidudwiuid
aunmaslaeilasdusznauvessuauil 87.31 wid%

p - pressure detector

T —temperature measurement
F ~—flowrate measurement
GC - gas chromatograph

),
%
-

ry 4y

 —

—|

(3] v> ,___(;')
I
W D.o Ai'ﬂow
1
Drain

5UN 12 lpazunsuvasynnaags [20]
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Nirogen = -

Stages: I ] ]

my o
.

v v

g

@
S

]

T
'
'
'
'
)
|
|
|
|
|
|
i
i
'
'
'
I
1
1
3
H
3

Methane = Carbon monoxide —=—Ethane = - Hydrogen sulfide

Gas composition (vol. %)

Nitrogen = + Mathana ——Carbon moncxide —— Ethane — -Hydrogen sulfide

8 8 & 8 8

s

o 20

Stages: [ "

Lower heating value (MJ/Nm?)

0

0 20

(@)
§1J17i 13 n519LaRING Gas composition (1) atmospheric gasification

120

(V) High pressure gasification (A) Calorific values [20]

PANsemUINsWAUMaweeUsEnaY
vosufafunasnandadedifiansnavansuszns wu
ANNENNYUUNAAIENT HABAIUBIAYTENAULAY
gaungiveseanduauiild luvieiiiinnsingeandiay
TffuszuunsruumsuUsanmduniaszgnalvgu
TngufAsenmemiudeugs Jaufivgungfvesszuy
wazndnnwa1svaunauanles (CO) uax e
msuaulasenled (CO, fislaundudugs anandudu
frudrsgevasinelalasiau (Hy) luszexdl 1 anwnsa

afungldusdiuruuiizenadfiiisidasivanuidu

El

a

Ya3a1uiulagsssuYIR d1un1snaanedinu (CHy)

aaa =

Wna1nU{Asen Simuudy (Methanation) W umndn
ag19lsimunvanududuvesiiwdiny (CHy) 1
Aaudsgilunimeassfianudugudofisuiunis

=i Y oo =
NAAINAIUAUUTTYINIANUIINYULNY (CH4) dAn

90

arnduduiivind wasdlednisdglodidigszuy
Tuduneudigosnuindvesinelslnsiau (H,) wazine
iy (CH) fanfuduluitiaasnismnass uslums
ndUAUIAUTZNOUTRINITATS UBULBUBNEA (CO)
nduflananauilesanuavesufieufadiiaduuas
Uﬁﬁ%mmsﬁﬂﬁwﬁﬁ (Water gas shift reaction) faiiu
Tunsiiuaanudoulunfendn fusidensnda
puduldunszuunsnaauiadfedudtoddalunis
WnesAUsznaufednu (CHy) Tufendndue ud
23AUsEnaVYRIwAsUsuLauanlYs (CO) ndulails

aaa &

Wi udaisufunsidauiaseuiadfadunigld
annzAuAuUTIIIMATsnUIndetesdUsznauves
faenfusunauenlest (CO) flgsnitudnadnsdldde
AAnufauvesendnfusifinannszurunsuia-

FaduiiANuAugdir1gandtamudauYeiig
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yosfglulasiau (N) aifiudugannlussdusznay
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omaudiAelulasiau (N, Hussrusznouvianuaz

v oa aaa
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TugrsvaanisidaandaududusudveiniAnay
gandududunazanmasuiulaiinuinainnuiou
vasiendndueiifiugaduieuiuaassdunasin
Sa o v v a 5
mMsAdusurannuuduraseandiauuinduluszuu

wazvhlvigaumagiimeluszuugiudmansusy 13

§UN 14 aunevesinuiiuiildlunisveaes (n) drufiueila Semi anthracite (¥) suiugila Bituminous [21]

~
N)E oo

Temperature
controller

Exhaust Exhaust

PG
2

12
Cooler

Tar
trap

13

11

5UN 15 laazunsuvasynnaass [21]

Sadasivam wazauz [21] lavin1s@nenfalady
fdmadanafiuvdmafiedmiluasdusznovans
frendndusiildannszuiunisuiadfiaduves
grudulddud dunis@neldidonldauiudd
AMAINGIBTA Semi anthracite W1u131nwmdTasluy
Uszinasengu uaz srufiunmnmiligannedn
Bituminous W¥1u13nmidlasluyszinalunaud lay
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v

AN519% 3 Ans1ananataulun1snnanIvas Sadasivam wazany [21]

Test No. Temperature Pressure 0O, flow rate H,O flow rate H,0:0,
(@) (bar) (L/min) (L/min) molar ratio
1 650 20 0.4 0.3 11
2 650 20 0.4 0.6 2:1
3 850 20 0.4 0.3 11
a 850 36 0.4 0.6 2:1
5 650 36 0.7 0.53 11
6 650 36 0.7 1.05 2:1
7 850 36 0.7 0.53 11
8 850 36 0.7 1.05 2:1
9 750 20 0.4 0.6 2:1
10 750 36 0.7 1.05 2:1

93



-l
¥ ALInee

LRaNUNn La

DIGRT!

A3159

238110

(U/ UWIN) 008-¢8 MO}
20 (U/eW) 00ST ‘ZET
MO Wesls ..E\mrczv

00vp-00T¢C MOV IIY

uonaalu) asynd

PLLIEMILSTELS 92N

A
BLURBRLNCURLMAUEBRENMELIRLLWYLE WiBNLE
] h 7 b b

AEMBU| ML UENALUNCRMLUSIUERL MM

FLSYTLATILICRILLUY

WEEUNUUILLUMENALUGKENDEIA (UIBS)S)

[ 61](1202)
2M3YEEN SUBNH

13 uonoalu| Apeaisun RLRUELITLE (We3)S) LB REN (“O) nkipuee Iy ‘wieals ‘uasAxQ 120D | sjuswiadx] LIEGIE (“O) NEIBUCRRLULEREMSLELALY
E E

(Ui T sejel WPELUIELREMEATGALEN IS sEY
MOY %0 PaYPILINH wbuwd | uLBAXO paypILNK LU BRMLUSUEALNIMIBLAELUN b [81] (6102) =rey
UI/7) 1 23R MOY U | ARTIMUBLLUNUNBIBILILWENEYNIEH ‘i ‘apixoelp AL LELIZRALILUNINBEMELANZENANELE zem dedysey
‘(Ui 7 123es Moy Y0 ?c:._.rvcmwmw:Emﬁomémapj:.,..sm?c uogued ‘UssAxQ 120D | sjuswiadx] s (2m co;um.ﬂc_vs,‘.?cnan.cm%.cm 1ediousems

LI RLY
5,W/\OU (0TXZ'E npumaRunLaLulnoY sjuswiadx3 | negrLcwsLstLucuempkAneopew | [£11(9102) ArEY
13]el MOY IR0 LLUTMELIELLUIAIBLBELUGEMIELIS B | censLentubLiteusweLrherenteeuln aem luepuwes
16°¢ ‘oes o /weans ooirm:%:;mqmzmsvﬁmcmér:acrcro weals ‘ussixQ 1B0D | SUOHEINWIS | B{MERY] (ANARD)EMIPERLYRLRLLLULAUY Ysaueg

anep
95\Nd pa=) Weails HOS
(ui/) ls TULLBLINRLENRYY 90N tenbetLeeiLy | (020C) AreUaLn
E ;

G-1 2381 MOY} 4O WATLUATIL RN BRI UMENLE UL wiea)s ‘UasAxQ 120D | spuswmadx3 | npwipeuneeulnuyeLunteugbuLAuy | 1EPUeR 193luey

(uw/)

RLVLIE
3

reLafopusempenuinnresueBrelunt

THLH

hrCSP3.nwcvmFﬁ\__@Rmnmngh?;d\ﬁSmuv

(611 (6102)

0 @3e1 MOY YO [EASTLANL WILTEULMIELUR CRILITEEINE QI uasAx0 (33BIYUY) 1eOD | Spuswiadxy PEMIPERLWEULLURENLYRLABLLULAUY APBLYREN UK U
wiye
G :aunssaid 13)1IN0 (UoIaIU| 1BDILBA) BIHEMT
Aelet SLALLUIANLURLEALUELUBUIALLAAILE sjuawiiadx3 AnTRMELUAEN (Uopdalul jejuozioy) | [PT](TT02) =re
:2inessduis) Aune) PEM{PCRLWRLARLLUCKIYEHMEENIL LMY ? NMENEMNNATIMELUBLERRE (AJARD) ze1 ednase(
5/Ul B 391Ul AUD01BA NANEW LLURELUBIMLEAMLAUPBLLULLE U3BAXQ | SeS wnnaH’ ses uasolliN | suonienwis PEMIPERLWLIELAMEATNMREMLLULAUY ysaa1es
bEELULLURER LRUPELUULEEN juase uoljedyisen Zucswrc;ﬁ.ﬁ;mwsm LRUPELUSE RLLMLINERYNERENUE () neeh

LYY TAILERCRTLBUIIMBEUTYEMELUNENZEUNUPCRERUTAREELILE 7 KBLELY

94



Eng.J.CMU.[2022] 29 [1]

(Ut uy

S0'T ‘90 ‘€50

'c’0 12381 MOY O°H
f(uw/) L0 ‘pro ejed
M0} €0 ‘(Do) 058 ‘05L
‘069 :2ineladwa |

‘(Jeq) 9¢ ‘07 :24nssald

FLATTE

=
BLURCRACURLMAYIEIEMIULLIELENEIFUCEEY
LIGIPCREMMLLMLEMMIELUREN MLIEMITLAIE
~ . D a D

BLURCGRNCGURLNAYRGU]EBNDERENELUNILARLY

PCRMLUSAEAENMMIBLLREMYIELLYLCREN

O°HBY0 JO Saunpxiy

(snouiuwnyig) 1eoD
(E10eiy3ue 1WSS)

180D

sjuawadx3

«.rm
\—mwﬁﬁrﬂerhvmﬁrﬂw@gﬁwwmj,@‘mﬁrc?n\ﬂnwc
CUEMbRRLLY vvﬁ‘_mu_drﬁc nﬁ\ramwawarc

MUBLBUBTIATIATIL BB G LEMEACLAUY

[1Z] (0z0Z)=reY

2217 WeAlsepeg

(Y/gWN)

01 ‘9 1214 MOY)

Ay Y/ WN) T 23ed
MOY} J33em Y/ WIN)

g :2)el MOY YO

(1eg 0g) ainssaid ysiH

ainssaid duaydsouyy

MBULIEBYUIRELTALLA
BLULBRNEGUALAYERENLRLRIUALYBYILLY
~a b

rwsm_}.nwvm?-‘_ua_.arhc@(Tﬂ-guomsgwrCCrva

WIBLWENBLUNGRIYILLULLYGRWENIENLIELLY

Yy ‘UIeals ‘uBAx0

180D

sjusLuadx]

Mg ALY
gUanLy
rennpuipprunLeLulaLnuLLUGHEMNE

ABMEMUNLWULTATIONLE WL CREMSAGLAUY

[0Z] (0Z0Z)=Ms8

211 yeDslose7

heEvrELUR e

LRUgsLUULEEM

juase uonedyisen

PERBULLUM R UNLBIE

LRUPELUSE

a\@wﬂrrvv@_ﬂ-&vwaw?sw

(R

~ s

TLYYITATLBRCRTLBUIMBEUTTYEMELUMENZEUNUPCHERUTARBLEILE (CY) v ueLsLe

95



2AAWES1s 9. Urvianunin war u.wnzd

A15197 5 Tsanundainganaudnlusislszng [22]

Ergo exergy Air
Geer
Air
Krumlov
Soviet
Lehizensk Air
Union
Moscow
Air
suburbs
Maas Mine Air
High Vegas Air
USA North
Air
Wyoming
Chinchilla,
Australia Air
Queensland
Oxygen-enriched
Xinhe, Xuzhou
vapor, Air
Liuzhuang, Oxygen-enriched
Hebei vapor
Feicheng,
) Air
China Shandong
Xiyang, Xinwen Air

Oxygen-enriched
Suncun, Xinwen
vapor

Oxygen-enriched
Huating, Shanxi
vapor

o = o'l
5. dngnwnisimalulagufadNinduvag
1 U }74
anuulaaululdau
5.1 nasuawmalulagufadlinduvasnruniuldau
1Ulga%9
= = ° =
715199 5 wanssgazideavainisiimalulal
phadfwduvasnudulddululeass Feldunusewmea
agaglunquanninleion ansgeuini seainsidy
wardu 1udu Tasdulngualazldaniadu
a ¢ o = n v a ' a H
20nTuauyt dianzUszwmaduildeandausiunulain

vy

96

5.2 AuuAanUIENAINLY
NMSANBINSIUTIUTIBUTIAAUNUNISHER
nszualnidromaluladaing q Aduideslddagiu
1¢fun Underground Coal Combined Cycle (UCGCC),
Pulverized Coal plant (PQ), Integrated Gasification
Combined Cycle (IGCC) wazinalulad Natural Gas
Combined Cycle (NGCC) audi tduanslunisad 6
U1 UCGCC Aunusanasauiigumin NGCC uaz
Fain31 16CC Tagnmsauudmuindunusaniae
wdanuvasiadfiiaduvesduivldaueglussév

= v oo
LRIEINUIDDU 9

A1599 6 AU UNMNERNszualiii (23]

UCGCC a8
PC 45-60
IGCC 100
NGCC a8

5.3 anudululdlunisinnaluladuiadfiaduvas
aruiulaauunlgludsandlng
1NN15A1529VBINSUNSNYINSES ANV 1489

grudulunialdvasuszinalye [1] ldunwsanszd

o =

P ' Y =
NAIINIANTE LLa%LLaQaUl!uVlQQﬂ'JﬂLlﬂiﬂiﬁiiﬁJi']‘U

fimnudndimunzaunnnisyin UCG

v P o

6. ayutanvasnismalulaguiadiinduvas
1 a va
auAulaau
1. Mms@nwmumaluladnsudnineainaiuiiu

Tidu (UCG) Thudunaluladidudssiuguvuuazidu
fnsAuRawIndaumsiznisyin UCG wulaidinnssuniudi

o & = Y o o & Ty o
vaswnthuiieavalaviinduyimiles warlidasdinnsg
Fuswsrzladnsantfusaznisviatetly wazly

o

U
& Sw = Y s = ¥ o
flunipenniiaiguiunsyinuilaauuidaniimu



2. ANSANWINUIINISHENN19I1NNTTUIUNS
UCG tuiimsudesuafiviitfosniinisihaufiuduun
Tselonilngitnsaumszlussninanszuiunsiy
fapnsuaulneenlufazgniniuliluduldauasde
franandnaid g drsuuudundanusaieni
aroniwldinesndls wazsiisanuaiuniain
wsizlidndudavhanuazearavdedsarudiunoud
gununadlniess

3. n1sAnwinuddunuluniswdaiigain
ns¥UIuMs UCG Tudninnssuaunisau q Tunssid
dwuﬁuﬁuaq‘lusxﬁummﬁﬂmn 9 5125 UCG
LidJudealaniifiy wazann5za8In15319usINU
as dwalsidununisudniied duzdmalfiasgia
wazans1snUlnaf ugIy s1AFunLanadaY LYy
Funumsndandsnulnii Judu

4. MsAnwmUIInIsTudseTildannsyuiuns
UCG udnsuazarnanins1zfenandmeii ldain
N3¥UIUNTALYNIUA UM YiBLaza N sad LUy

Jlduaenaldlanss

7. a3y

it ldnumuenarsiuisemaluladufia
FRaduvasauiuld (UCG) anunsaaguussidud
whauladsd

1. lassad 9989 UCG Usznaunae vauda
28nFuAUN (Injection well) FusuRu (Coal seam)
drufoginiladun1udiu (Overburden) waznay

wAnAUI (Production well)

Eng.J.CMU.[2022] 29 [1]

2. AsEUIUMSiA UCG adngiunszuiunisiin
uRadTnduialy Usznaudrenisldainudu (Drying)
Iwlslada (Pyrolysis zone) N5t lusl (Combustion
zone, Oxidation zone) syl dunia (Gasification
zone)

3. Qmauﬂ'ﬁmadﬁaméq

- oA e TUsuaudgs (High ash coal)
Wegamadlulnsamnludigaun suhldidudanis
azanguazludumiuuinaUatevqundniusiazdwa
Tiuszavsnmeasmsiinufjizenanas

- oA Tusinmaudugs (Moisture)
U%mmmm%waqdfmﬁuamhaLﬁuﬂmauﬂ'ﬁ%mLLﬁa
nansousilel

a 3

- WandWduTunaasuaugs (Fix carbon)

Usinauensuauiigeardsalinszviunismludidty

4. Gasification agent 14 91n@ eandiau loth
9nnsfnemuin levsiufvesndiauardnals
wanSusifeilddannmgs

5. anvuzn1snusanduauviatelulnss UCG
Wui1 nsviveandunurilifiianisinasvududau
danavirlfiinn1sveredrvednseldfinitnisnunuy
$UEYY

o

7. dnSwaveseynaiisrsanngiiuveddngs an

v

nsAnwmuneymamariifudivisazauanudou
melulnss JaazvesheszAvveguugiiaielulns

yildnszuiunsuiadfwduinduldaegeaiilas

P V) =

8. uyasnuAuugnszd Jmianszld wazuasduyu
FIMTAUATAS 535UV danudnfinunzauwnnisyi

ucG

1'% a
LANATT91N9Y

(1

auy1y Wudu, uaz Wwduiesd Yames, "msiauinsldinaluladiazeadvauiuluszinalne "

Symposium on Mineral, Energy, and Water Resources of Thailand, 2543, 91N 341-345.

(2]

ALL Power Labs, "How Gasification Works: The Basics Explained,” allpowerlabs.com, Sep. 7, 2009.

[Online]. Available: http://www.allpowerlabs.com/gasification-explained. [Accessed: Mar. 12, 2019].

97



2AAWES1s 9. Urvianunin war u.wnzd

(3]

[4]

(5]

[6]

(7

(8l

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

K. Smuts, “ Monetising of South Africa’ s economically unmineable coal highlighted,” Mining Weekly.
[Online]. Available: https://www.miningweekly.com. [Accessed: 28-Apr-2022].

N. (Norbert) Berkowitz, An introduction to coal technology. Academic Press, 1979.

A. K. Biswas, W. Suksuwan, K. Phoungthong, and M. Wae-hayee, “Effect Of Equivalent Ratio (ER) On the
Flow and Combustion Characteristics in A Typical Underground Coal Gasification (UCG) Cavity,” Journal
of Advanced Research in Fluid Mechanics and Thermal Sciences, vol. 86, no. 2, Aug., pp. 28-38, 2021.
S. J. Self, B. V. Reddy, and M. A. Rosen, “Review of underground coal gasification technologies and
carbon capture,” International Journal of Energy and Environmental Engineering, vol. 3, no. 1, Aug., pp.
1-8, 2012.

E. A. Burton, R. Upadhye, and S. J. Friedmann, “Best Practices in Underground Coal Gasification,” Dec.
2019.

A. Beath, S. Craig, A. Littleboy, R. Mark, and C. Mallett, “Underground coal gasification: evaluating
environmental barriers,” Kenmore, Queensland, Australia, CSIRO Exploration and Mining Report, Aug.,
2004.

M. Seifi, Z. Chen, and J. Abedi, “Numerical simulation of underground coal gasification using the CRIP
method,” The Canadian Journal of Chemical Engineering, vol. 89, no. 6, Dec., pp. 1528-1535, 2011.

A. W. Bhutto, A. A. Bazmi, and G. Zahedi, “Underground coal gasification: From fundamentals to
applications,” Progress in Energy and Combustion Science, vol. 39, no. 1, Feb., pp. 189-214, 2013.

G. Perkins, “Underground coal gasification — Part Il: Fundamental phenomena and modeling,” Progress
in Energy and Combustion Science, vol. 67, pp. 234-274, 2018.

S. Lee, J. G. Speight, and S. K. Loyalka, Handbook of alternative fuel technologies. 2nd ed., U.S.: CRC
Press, 2015.

S. M. Elahi, M. Nassir, and Z. Chen, “ Effect of various coal constitutive models on coupled thermo-
mechanical modeling of underground coal gasification,” Journal of Petroleum Science and Engineering,
vol. 154 Jun., pp. 469-478, 2017.

S. Daggupat, N. Ramesh, Mandapati, M. Mahajani Sanjay, A. Ganesh, A.K. Pal, RK. Sharma, P. Aghalayam,
“Compartment Modeling for flow characterization of Undergroung Coal Gasification Cavity,” Industrial
& Engineering Chemistry Research, vol. 50, pp. 277-290, 2011.

L. Xin, J. Li, J. Xie, C. Li, L. Han, M. An, M. Xu, Z. Wang, “Simulation of Cavity Extension Formation in
the Early Formation in the Early Ignition Stage Based on a Coal Block Gasification Experiment,” Journal
of energy Resources Technology., Vol.142, no.6, Jun., 2020.

R. Mandal, T. Maity, S.K. Chaulya, G.M. Prasad, “Laboratory investigation on Underground Coal
Gasification Technique with real-time analysis,” Fuel. vol. 275, Sep., 2020.

G. Samdani, P. Aghalayam, A. Ganesh, R. K. Sapru, B. L. Lohar, and S. Mahajani, “A process model for
Underground Coal Gasification — Part | : Cavity growth,” Fuel, vol. 181, Oct., pp. 690-703, 2016.

98



[18]

[19]

[20]

[21]

[22]

[23]

Eng.J.CMU.[2022] 29 [1]

S. Kashyap and P. Vairakannu, “Movable injection point-based syngas production in the context of
underground coal gasification,” International Journal of Energy Research, vol. 44, no. 5, Apr., pp. 3574~
3586, 2020.

W. gang Huang, Z. tang Wang, T. hong Duan, and L. Xin, “Effect of oxygen and steam on gasification
and power generation in industrial tests of underground coal gasification,” Fuel, vol. 289, Apr., pp.
119855, 2021.

R. Zagorscak, S. Sadasivam, H. R. Thomas, K. Stafczyk, and K. Kapusta, “Experimental study of
underground coal gasification (UCG) of a high-rank coal using atmospheric and high-pressure conditions
in an ex-situ reactor,” Fuel, vol. 270, Jun., pp. 117490, 2020.

S. Sadasivam, R. Zagorscak, H. R. Thomas, K. Kapusta, and K. Staficzyk, “Experimental study of methane-
oriented gasification of semi-anthracite and bituminous coals using oxygen and steam in the context
of underground coal gasification (UCG): Effects of pressure, temperature, gasification reactant supply
rates and coal rank,” Fuel, vol. 268, May., pp. 117330, 2020.

F. Mao, “Underground coal gasification (UCG): A new trend of supply-side economics of fossil fuels,”
Natural Gas Industry B, vol. 3, no. 4, Oct., pp. 312-322, 2016.

P. Pei, K. Barse, and J. Nasah, “ Competitiveness and cost sensitivity study of underground coal

gasification combined cycle using lignite,” Energy Fuels, vol. 30, no. 3, pp. 2111-2118, 2016.

99



78

AANUIN A,

(Ty5ims Taueslsa, onan Ysvaiunds, gaai gz, $nens waivegd. “n1sfinwngingsy
MdaneireANLSeuvestuua s sngdmunsEUIun S LR aS LA usuule
A’ uUTERdnIns MIewmaInuausaukaziialugunsaliuausouuas
NSEUINTS ASIT 21, 10 — 11 Slunau 2565 Faindessne Usewmelne.)



MIANBINGANIINNITEANLAINILAMNITDWVDIDTHRBINNIKADINLINE

AR UNIZUIRNIUN TN LATRAN AR LA A%

STUDY OF THERMAL DECOMPOSITION BEHAVIOR OF COAL FROM MAEMOH
MINING FOR UNDERGROUND COAL GASIFICATION PROCESS

o o ¢ a ¢
AWINND 'J(FN%’]ﬁiTi?D%

Qo '3 =
ANAT WINeY*

FVITVIAINTINLATDINALAZINANTBANT

AuLAMNITNMENT
VP INNRDFIVAIUATUNT &9Ta1 90110

*E-mail: wmakatar@eng.psu.ac.th

2103 Usranne
wangannaluladwasnu
FUNITIIAINTTURNIZN
amgimnssumans

NP INENRDFIVAIUATUNT §9VA1 90110

aaan gz
analuladianTTunasam
madrunaluladieanisuiaiosduings
anAnmapinaluladgamnnysy
wninenasmnaluladwiszaaunm
NITUATLIAND

NPNNIAIUAT

1. UNKI

. a & a a 4 & a « 4 a
dwdndwdandiesdanaglulvasdamfudsdad
unumdaszuuwasnulanuiasudgalfidgasmnasuy u

9 o o a v oA & A a 4 a
ﬂ‘ﬂ?u%%a’]EI?J?ZWI?W]'JIaﬂUG%U&JI‘UQ’]%W%UJ%L“E?JLWQGLWGNN@I

MsaLINWAYYIY B
AUSaulaboatugunsal
Gwncusounazns:uouMs (ASYA 21)

unanga
nWispianEwgAnsTumssaesadisanuauvasiuinanniniosuianz
Fmiaste BodudregetuAnaINTTALAMUEN 1000 UAZ 1300 LNAT NIANEA
WOANITUNITRZAAIVDIN0 LA TWABAUNAWNITULD Thermogravimetric analysis
(TGA) uaz Derivative thermogravimetry (DTG) la Ul’fm%‘ad TA Instruments Nagay
meldanusuussenmealagldmalulasiauiisnnislve 40 Saddasdaufl sam
Tanusan 20 °C/min Tuz9gmnand 50-1000 °C wam3dnw wuddwAnInIzay
mmﬁné’dnﬁﬂﬁwnﬁﬂﬁumiﬁmmﬁ";ﬁ'@iauﬁwa@iwﬁ'ﬂumﬁafz“ﬁwqmﬂgﬁ s
amrJﬁ')maomuﬁmﬁﬂﬁu‘lumaqmuqﬁ 300-600 °C Lwnan Mﬁaqmmqﬁﬁmﬁmi
ammﬁﬂ“’umlﬁ@ifumuqmﬁqﬁﬁLﬁ'ugq‘fu UABAIIMIFADAINA1BART WEANTINNT
anEfIasTNURRLAE AT AR A anAES AUN ST UMM I u s AR S0
AuedddsznauuuLYIz N MU R It WAL ﬁ'mfumamnmsﬁﬂmﬁ:anﬂwﬁaHaaﬁuagu

= o A o ' a va '
MIANENTEUIRMILARERATW It wARldaw da'ly
AT naslunINIwesn , ouhn, LEITIURARLNLNNE, WARLTOLNES

Abstract

This research studied the thermal decomposition behavior of coals
obtained from Maemoh mining, Lampang Province. These coals were
collected from different depths at 1000 and 1300 m. The thermal
decomposition of coal samples was observed via thermogravimetric
analysis (TGA) and derivative thermogravimetry (DTG) methods. The
observation was performed under nitrogen carrier gas at atmospheric
pressure with flow rate of 40 mL/min, heating rate of 20 °C/min and
temperature range of 50-1000 °C. The results showed that the coal from
such levels had relatively different thermal decomposition behavior at each
temperature range. The main thermal decomposition of coals occurred at
temperature range of 300-600 °C. After this range, the decomposition of
coals was still occurred with low decomposition rate. The thermal
decomposition behavior and remaining mass of coal samples after heating
was consistent with coal components as revealed by proximate analysis.
Therefore, these results will support the further studies of underground coal
gasification.

Keywords: Coal, Gasification, Maemoh mine, Thermogravimetric
analysis, Syngas
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