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# # 4672511923 : MAJOR CHEMICAL TECHNOLOGY

KEYWORD: COAL PYROLYSIS / COAL / DESULFURIZATION
UBONRAT LIMPRAPARSIRIKUL : PRODUCT DISTRIBUTION AND SULFUR BEHAVIOR
DURING COAL PYROLYSIS IN VARIOUS GAS ATMOSPHERES. THESIS ADVISOR :
PROF. PATTARAPAN PRASASSARAKICH, Ph.D, THESIS CO-ADVISOR : SOMKIAT
NGAMPRASERTSITH, Dr. de I' INPT., 99 pp. ISBN 974-17-6797-8.

Pyrolysis desulfurization of lignite was performed in a fixed-bed reactor. The
experiments were carried out to investigate the effects of temperature, reaction time, gas flow
rate and gas atmospheres. The results obtained indicated that, besides coal properties,
temperature is the most important factor, which affects the product distribution of pyrolysis. The
total sulfur removal of lignite at 800°C and gas flow rate of 1.5 I/min in nitrogen atmosphere was
64% in which pyritic, sulfate and organic sulfur removal was 90, 89 and 50%, respectively. In
nitrogen and hydrogen atmosphere and nitrogen and carbondioxide atmosphere, at 800°C and
gas flow rate of 1.0 I/min the total sulfur removal was 66 and 69%, respectively. The gas mixture
atmosphere gave the higher pyritic sulfur removal than nitrogen atmosphere at all temperatures
due to the higher heat transfer coefficient of carbondioxide. But the gas mixture atmosphere
yielded the lower sulfate sulfur removal than nitrogen atmosphere. The high temperatures
(700 — 800°C) was more effected on the organic sulfur removal for nitrogen and gas mixture

atmospheres. In addition, the high-ash coal exhibited the lower sulfur removal than low-ash

coal.
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Micropore Coal Structure

Macropore - e—

* |norganic

® Physical
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1) IPsaaF19Bun el

Iﬂﬁ‘ﬂ@%’]\ﬁ‘ﬂ’wLﬂﬁ%@ﬂﬁﬁﬂﬁ%ﬂ?tﬂﬂﬂﬁ’mﬂq§Uﬂu lalasiau aandiau wazi

1Funnsaasninsdunazlulnsmuiilugoutias Lﬁaﬁmfmﬂﬁugﬂumﬂqﬁmwzﬁuimﬂﬁ’mﬁﬂ

1999 A03516] (Atomic ratio) widalalnsawtudoulsznaundndnylulassaian s
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WHaAnhaasnuiugaay dnsdaulasiininastasnenlalasausanfuauLazaandiay

[ %

AaAfuaulAanad daunnziulas lulnsauiidesuinaudadn i ddaudnAny
=2 a G v | a v
arnniAneIa1slsznauaunsed lulnssaiisaasnuiulngld Spectroscopy
= P = oA A A O ey
chromatography a1 IAsea¥1amsaaesnuinzegnsTuanasenuiuy (9l
@ ' A = cY o O 1 a 1] | |
duinsuudueu v nuyeasantiduitun Ml selanilugduuusine sudunainu
winaaznudnlassairamnaaiassaruiulsynausianguinianassunauualsunsn

1Y

(Aromatics) wazlglasue lsunfn (Hydroaromatics) tn1veel

a4

aeungue uAaznguana
dl [ % [ a a . . A 1 { ] { o
daniuegdoauanaesinianaezanimn (Aliphatic) Neeuus Nelunguusazngudaiiog
LuNNarnaNTedsIAaandauTaninziurse lulnsiaulsznauatfiuaA1fuaw 99N
Ao d . A e T
naunviautihpmdunee - wa ames uazdw wyilsiduzaumudonlalasauluaumnon
iu lansend arsuand axilu uazlnesad dvuanaiuluanaauuslugli 2.2 Glass
v a a & dl 14 o IS a '8 d‘
a¥19re9a19dszneudunidsney d@enlaadoaiuszinlifunedinafidanaang

(Crosslinked polymer) waziunagaui liflulaseadranadmes ann19AANENN1T0284



n19ulun@n (Crystallinity) 2esa1uiiuing 4 X-ray scattering technique W31 WHafnAw89
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1 a 4? a dl o d? =K = v L dl
DIUNUGITU aUIULa lTLN AN T NAUNINTULAZNANHAN B UzAR12 LN INE waziile
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Tuanaesnuiiuliiuanuien fannsaanasn Geiladendrdnyae anusulalasiauinie)
ld} o 1

TuTuianassunoulalasualsunmn uazuauar@nmn Gauanseandiangn nnlings

Tuanasaunauuaneandungue AausuNin

1-C- Ié "fl“z W H-C=H

51 2.2 TuanaaunAresanui [2]

2) doulsznaud uusaag

an91aznauussaNNLNINNgA Tutuiume TaAau wananidalszneusas

a A [ = a A = = v o
BZQNIULN LUaN LAKALTEN LWNNWLDEIN Trpan wazlnunaday saumaiuiuansdsenay

A o

VB mmmﬁm:mmmmaﬁuj naduanssznausiie %qmmimmqmjmmmi
Usznaulsne

1. nguANSUaILA (Carbonate) 1w waa @6 (Calcite) Tnlalus (Dolomite) wazuau
waslssl (Ankerite) 1luAL

2. ngudalud (Sulfide) FnunnnAe wnsan s (Marcasite) wazlwlss (Pyrite)

3. nuda i (Sulfate) Wuussgiinunasannaipeans wduaasinled Tdud
g1l (Gypsum) wazwaulalassd (Anhydrite) Llusiu

a

aa re A { aa . - A a =
4. nQuTALNRA (Silicate) 172 mgm:;zguiummm (Aluminosilicate) 172 ALLUUEA

1
| =

(Clay) @aiilunyussgnuunngaludiuiiu du dlasd (lite) uaziaTad lus (Kaolinite)

\l1af

5. uiseRw kiU Adeded (Quartz) wazinanainf (Feldspar) Llusi



2.1.2 N33 UNA1WAU [3,4,5]

1 1 ¥
a 1 a =

duiinutveaniuafinfepnAnaresauiiunldainnisasuulainay As

= a

an'lus (Lignite) Fudiydila (Subbituminous) Ty & W& (Bituminous) LAz LaWN " a5

(Antracite) A<4ha At lUA1T97 2.1 AN ASTM, D388-92A (American Society for testing

and Materials)

A99N 2.1 N1IUUNTUTIUAINNIAIFIUIBIANTTRLNTN [5]

Class Group —!Fmdm'bonmmd. Votatile Matter Limits | Calorfic Value Limits B | - Agglomerating
percent (Dry, mineral | percent (Dry, mineral |/pound ( moisture, mineral]  Characler
Matter Free Bassis) | Matter Free Bassis) |  Matier Free Bassis)
Equaior | Less | Greater | Equalor | Equalor | Lessthan
Greater Than | than | than | less Than | Greater Than
1 Anthva 1. Meta anthracite ® 2 .. | nonagglomerating
citc 2. Anthvacile ® % | 2 8
3. Semianthracite % @ | s 1
2| 1. Lowwolatie biuminous coal | 78 % | u | 2 commnly
Bitumino |2 Medium volatile bituminous coal| 69 B | 2 3 .| sgglomenating
us | 3, High volatile A bituminous coal €9 : N 14000
4. High volatie B bituminous coal | ... 13000 | 14000
5.High volatile C bituminous r.:o;I 11500 13000
1050 | 11500 | agglomerating
3 1. Subituminous A coals 10500 | 11500 | nonegglomerating
Subitumi 2. Subituminous B coals 9500 10500
nous 3. Subtuminous C coals 8300 9500
4. Lignite 1, Lignite A 6300 | 6300 | nonagglomerating
2 Lignite 8 6300
1, anlus (Lignite) 3nAnsiunannn=nansu Lignum Faviung i 1l uiiv

a ] 1 a v dl = ol a; o [~ 1 a 1 KX A
anludiaonufuduiiudesign damuninannge Aadluaiuiiugan (Soft coal) Aadsas

¥ alal o

d” ¥ = é’ = a 1 ¥ ISP
ﬁ‘@mmm@h HAUIAIA NAIMNTULRZATTCLNEIQN uﬂ?mmﬂﬂﬂmmuﬂﬂquq NATAITH

Fownnlndrivmaglaa Inssairaduuiu Taseairaunedouaesanlud dauandlugy 2.3



Representation of lignite

COOH
cHpo Ho “ g

HOM
0 N
CH, oM /C =0
D #
"CH,
°
|" - CH,CCH,OM
COOH ~CH,

gﬂﬁ 2.3 IPs9aF9t9gnaasanlus [6]

o

2. duily i@ (Subbituminous) WunnuiuAnAgeinanan lus Ui Eandn
=
Q

anlusan (Black lignite) Raneraizianiin@ay laiviuidudu

3
=

ANANFaULlTENN 8300 ~11500 TRe/alaus NANNTUgIAaLlszunns 15 - 30 %uasd

a

4

HmnarEeang Tnevialuls

v

Uiunoudngedan udilasannfauifanlfiedie wadld @i dutew fadufinald

Hwaemadlwssuuwnidawnlgl tassadraunsdanaesiudniita daanslugl 2.4

Represantation of
sub-bituminous

.Q“

a s

51l 2.4 TaseaFrevnsduesdudyiia (6]

s
o =

3. 114 (Bituminous) s ufuin A g s AT ud uinannay Saud

U
|

1 a < a [ o d A 1 1 o A 4 1o =
muumwwumm mfnmﬂuummmnw Lu’ﬂLLuullﬁJﬂ?Wﬂ{]Lﬂu‘ﬂuﬂ@QLuﬂllﬁJ LAENANN

Fnnaansszimegain i wdlea Tiaanfaugs Mnanlunisudsannaeudneenauu

o a =

i 1 v
waziiludngaunslunisuaamamaduazivufauazaasmag oruiuiyidauiengus

qQ a
v

antimanaunzfludewialinonfeunuanzasnasin udnduldnauninanldnga

a

@ = y | Ao o =
L‘Vl@ﬂLL@ZI@V%@u"] TATeaF U@ unasliniia G'NLLZQW\‘ISLME“]JVI 2.5

a



Representation of Representation of
low-volatile high-valatile

bituminaus bituminous

o L ‘ CHy
Soa

o

51171 2.5 TaseaFsunsdouansdiyiida [6]

4. wauns a6l (Antracite) utaunuAnagengn daonuudenlsne ddaniu
dlf = o = o v [ L8 = dsj OI =X ¥
Wathgaiu A1Buinafuaugelnaaenuna e wasipnuduuazansseiviann Deuday
= = 1a % o Yy K a F Y~ d’l’ a 1 O ¥
Haunausfa W lfainuazaasinisin luddnas e g duwmamadaenss witinunld

Tun1snqalanzninnadn Inseainaundaueauaund Lo Aeuanalugily 2.6

Representalion of
anthracite

gﬂﬁ 2.6 TA79g 5191194911298 1091 6 [6]

!
o = = o

AntAseAFIsedtnURLNUSIHanUARHANREITY HlFniaSueuiigeay 4

a

N
be

danulalasausanifuauanas puanrniza v lsnfninIu uacidndiuans

ang9ztuel (Volatile fraction) anas
2.2 @qudsznavaasaiviiu

doutlsznavrestiuiiuaiuimauals 2 guuy Ae Ban1sinsviuuulszann
(Proximate analysis) meamﬁLmﬂ:ﬁuummﬂﬁm (Ultimate analysis) Tunnaseaay

v 1 ¥
Tnernmin Inefinisdmsedinuulszannima n13rIANNTL (Moisture) #1992iwsl (Volatile



matter) AN5UBWAIAY (Fixed carbon) wazsin (Ash) zﬁ'aumﬁLmﬁzﬁuummﬂmmﬂum@

yanA1aaddn Afuau lalasiau uinsau nusty Lazaandiay

221 NISwATITERULLTENIN (Proximate analysis)

n13aAzikuulssnna unisdmssiinguesAdsznavluduiveanidy

dgl v s (% dgl F% [~1 1 a = rdl A
AT LN AN9TEMELAZANTLAUANAN AMNTULAZLA I UAIUANTL I Na LB RUNTENLA
unnAudian uiu dauanslssnaudunasilsynausadansssimsasAsuauetsa Snile

FenaaIdouiisnniudn douiun s (Combustibles)

1. AANNTY (Moisture)

' a dld % dl I -i/ ndl -jﬂl o ! a -dl o
AMUNUNNRIYUBENHANAITNTLNIN m@mqmnmmmmum\ijuumi@ﬂmﬂmwum

v o

YUkl uiuLarANFaun lin N uanad ANTRIUOUELE 2 LUy Ae

1
1 a

A, ANNTIRNRAALULet 111N (Inherent moisture) WAAANANTRUBIEN17 1

a

gy A - g a o X oo :
n1sgarannandn i butladauriivEniauiniredesauivengresnu

it HOUUNHIAZANNTY W WAANNNLTEA

1 ' ]
a

dal a - . (= Aﬂi’ a yala K

. ANTURA9S (Free or accidental moisture) Lﬂumﬁmummwu@m%wmm
azgryide el luanas

d’l’ = ] ! a 00 A o U 1 a A % o d’g é’ A { ]
A NTURNaR s ulinluge A i THEunEi inunTY Aulaernauds
Werhanuiunenlng ponsduazszmenanaiulelagfsasinieuligodelliunguis
TugilaasaanuFaunnliiguug i (Sensible heat) uazArAxFauLEsaaIn Aty
1o (Latent heat) usildan An oA nduszmell et ulinazdinaungy vinliania

wnanedn ldvindnsenda

U dsj % 9(; o dl al o’ 1 a al 1

AapawEun A ndnuinng @ e lduasainnasatinuiutaaz e anauny
AzUN3d 2u1A 250 THlaswns nralfinaenn uuanguugl 105-110 asataidaa
a1 1 F9Tn9 UdauluAINTU (Inherent moisture) azszwaaanii doutnflugdqu

Usznaumisetiuvaduaz@uvatl (Coherent moisture) flapgag] Tuauiiv
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2. i1 (Ash)
U A 1 dl A a al 6 o U a a 1 a
A1 e dounwanaadd1saiunsanianasannisien 1 ansafiun e lunuiu
wtialadlu 2 Uszinm Aa
dl o ] a a = o % a a ¢
n. spnaduseniaasaiuineesagniuanniantndunsd uaztsngdlu
asAlsnavluauiiugqe 1wy aanlafaaslwunai@an Tanes wuniliday
al aa | %
LARLTEIN LATTANAW LT1fY
9. A19aNUY N UON AN UULU IO WAL L ANAIUN ANTRLANAD 1AL
Sy Anuzdulnlas AufueL Lazfs s
Taainldnudnansafiunzduinninsagaz 95 Usznausaaid 3 win Aa AVALa s
(Kalionite) waals (Calcite) wazninzaulnlss (Pyrite) Tuidranufiuunnninfesaz 95

a

sznaudng Fanaulnaanlds (Si0,) azgiiun (ALO,) Wesnaanlas (Fe,0,) uaviAaides

L)

aanlie (Ca0) Mivananiouny 5 uwunidiGanaanlas (MgoO) Tanauaanlis (Na,0)

Twunadauaanlas (K,0) uaglnmitanlaaanlas (Tio,)

duliuiegnien szl desansszmeaany i WAngn uause L eunAtiuiu

o A A =2 o a A o ~ = o -
LLﬂ’&VILuﬂﬂﬂﬂiuﬂuﬂ’]ﬂsﬁﬂLﬂu‘ﬂuuW?ﬂ AVTNINLURAN LLNNLLTEN IsﬁLﬂﬂN LL@%"‘IJU@@HT"IJWH@Q

£

&

Fanaulpaanlas llauisnsuaenid i naglusyniadiuiivaaiagnguiunislule

o

1938170 HunIdAanaaazin Wenniazesnulinuaneeniludiwan Uaesloresans
5197 28NN ayNIATILANaanHIWIAIT Aus 0.1 — 50 lulAsiums FanaynIAmalidn
i FeuedonazinzusiavivesdauaialauaINien uazivdaulaesaangusseania

@ o 5 1% ! v Y ¥ A
ANMNANNUIUANTRUNSURILTEN E]ﬂ‘].l?‘ﬂ%l@?ll‘ﬂflLﬂﬁiﬂﬂﬂﬁzm’]MF’]‘ﬂ

% U359 (Mineral Matter) = 1.08(%401) + 0.55(%N1Ng01) (2.1)

3. d173zuel (Volatile matter)

a4 A o P a A yye v Say = | |
ansszive Ae dounaanafsandiuiuielfiuansfeuluniliieaniaegluges
AU RNNMUA aeflszneuaastuiuiiaaiafadnesvitaaniuaTaaso
w3 asAsznaudnAty Aa uia Wsdunf uazaeanaslafuanluila (Ammonia liquor)
o P 1 o da A, X oo
Teazatzaglutiainnisunngavesiiananiesflsznevdslildrnuaudasy ansssime

anunsnunldanntminigoyds il (inanTueanudn) nasainniseuduiuunaziasn
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a

211, 250 Tulasiunas naliniazguugil 950 avamadaa WWunan 7w tneld 1y

a

|
o o o

dl aI/ 1 a v = 1%
34mﬂummﬂL‘W@ﬂmmmﬂmumuiumumzmﬂmanm

4. A1FURLANAA (Fixed carbon)

o o | ! dl a % 1 a 4 o
ArsuauAsAdLudaunanasreslaseaiely L@qmmmuuuﬂi:ﬂ@umﬂmm@u

[ 1 1 ] 1 :’/ a v o 1 A
L‘]JNZQQMSLVELILLMLLNVNVNQ sLummLmﬂzﬁlmmnmimmmmmﬂ AR
%Fixed Carbon = 100 — (%Moisture + %Ash + %Volatile matter) (2.2)

222 MIAATISRLLLLENST6 (Ultimate analysis)

N133LATIENBNFN AdnFoy luduiiu fa pafueu lalasiau fauzdu uaz
Tulnsnau vepseiinisenaiaanefauazeasiufon dausendiauiunasieszudng
100 funasanTasiaeAzsRaIALsznaLTaNA uazSasazANTULAZIEN MeTlATziang
nazilpenisnduaaeiuiinluniazeandladetnequussaunssianaaduamslsznay
aanlas udandsinueenlafiiafaeiinined vienianianin daqiuesesile CHNS
elemental analyzer 1431Agaz3iaas A1fuaw lalasian Az wazlulnaau lanwFani
mimmmmmmuLmﬂﬁ'w;meLﬂu%’@m:immaLL@zmmm’f@mszm%um:’fﬂmuﬁf]

FANAE
2.3 M EN1TWRIUI DT URY [3]

ada o ' a A ad A
ATNINAUIDIUNUN 2 11T AD

1. DIINARINARANIT MaNWLipenTa

U a 1 = o a Yo a dld 1 a val

nisneneNAunnAilalud wreliulgematianisldanuiuniegmn liiles
a a QI é’ o Y o 1 a dld 1 o %
ansnanunngsay Inganisatin i dAuauiuniannansine fuld uazanunsnanua
a ai a Yo a v v v a 1 df 1 v o 1 a V@ o/
AR aa NN s tuiuldtasassan maiemanidns lEn1stin o uiunn 19l unas

dgj a % 1 v QI 4? a dI dl v o 1 a = o/ %’ o

NUmawalAat19nd19U919E97U wmARANTNN I EAe Ut uiuLAazIReANAN LN T
(Coal-oil mixture %178 COM) 1 11Tl UNAII UTANARIRIUFUN AN TR TULA LN Y38

udesininNegRnlugnannssusnge matin COM danunsaldaruinnanlinFesas
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a aa

20 - 50 wsitiunnsudiloyu luscazdu walialudanituilahe n1sa¥eginsninisun
dnuliunzendn Waaladium (Fluidized bed combustion) NHN1sUFulgeszuuNTIRE Y

a v a a = 1 a a dl o v
wlise@nsninandnmwnniinpy miaqtiuinisldlugnavnssuunsdssinnugan

2. NIIWAUIMARANITNAR LN ALAZUNNUAILAT Iz NE WAL

dl I a I ¥ ° di = [ dlzJ a a
Lummmﬁmmia‘immuiumuuummwrm LﬁJ’ﬂL‘]_l?‘m_IW]EIlIﬂU PIRLWANETTHTNEG

[ %

a dl %’/ 1 a F A~ 2 = 96/ o £ 3 dl
TUAR Wun1gutsanina i il uun 41i3a LN Tusa9aAanszuauni sl a sl ag

'
= o Y A

dl v QI ¥ o a o o
NWIANN DU L‘W@SL‘VINﬂW?LWNﬂQiNWmVLﬁI@?L@uW?ENﬂU@ﬂﬂ?mﬁmm‘ﬂ\i‘ﬂﬂﬂsﬁmu NS

aa

wazlulnsiausae luilaqiiuiinisnanuiaainaiuiudnanads 357 ldunssusadanou

aaa

a9 nTanATIN 2 Ae nerlaunIslaesn (Lurgi process) daidudanienldlulszimaan

Y [y

srenuiguensni liiuazdssmeunuglsUnzdueanluidaqiiu dounslilaasivgaladiun

(Winkler fluidized bed) wazaalidasnand (Koppers — Totzed; KT) 1l1n1911101 014 %AU

Y a

a 24 dl o + = g o vl 14 ¥ as a 24
NWN@@LLH@LW@H’]VL‘]JEMNZWH_‘!EILL@‘ZLL‘BNTN Lldel u@ﬂ@qﬂuﬂﬂiﬂﬁﬂ”l?ﬂi&ﬂ’)’]ﬁ”l’]ﬁﬂ’]ﬁ‘ﬂ@[5]LLﬂf&

anduiinulaesine Nazin Wnsudauiaiulledallssangnngaaudae
2.4 mslkdszlaguainaiuiiy

1 3
1. nssen uddauiiuialddumemnaslunisdundinegmnsg (Direct combustion) #3a

fudngaulunszusunisuanuazliaanien

2. @afualulmdi (Carbonization) tunszuaunisnduaaaa uinuluii lddaina
Tnelponnfeunndmiuauldauiiningizaninidutuineuninnnwa
ANHNTULATATILNEARRS HARNNTUSTUAN AB 811IAN (Coke) WAZHALARNADL b6

v
Aa UAAOIUTIL LAZIB9UANAININD N UAAUAIWIAZ TN UADINA AN DITTISUNA

o

dl 4 o eﬂg a o 2 % [ %
vﬂ,m@’mmamwﬂumunmmuﬂ RTINITANNTAU AMHAN LAZTUIATA

fURRANE
3
3. W@ ATy (Gasification) WAL UIUNINARWAALTANAIAINAIUAL TAEIn

Uiseneendnduieaunedauiueinia wazeendiauuaz/ e ot

o

4. nszusunisudsgliiluresvan (Liquefaction) dunslasunlasmniaaindudan

' 1
o A

dl al 1 a dl 1 a A 1 k7
wamndTunnlalnsauinaiuin Wesandiuiuidiunnlalasiaupaudremiie

= o a o [ = dl dgj | a o o
WeuAUKNaAAUML Insaanan wananiliunisantfsunneandiau Nuetu Las
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Tulasau nezuaunistiazinainlalnsaunialsinns il nmgiuazannusugs
=X I Y o ! aaa dl Y a aaa ¥ 1 @ |

sandeenainsldsnslfisene AU jisenldatnmnsa wazidunisrouny

AN NIRRT AR Tnan@nsiuei i anwidusesnas aruisntinuinay

waldifwaamassald s

2.5 ANzUlua Ui [7]

Anztufuanludiuiiunniliiieantsinndangnsaliennduasnaiinanafis
nendan1sen ddauiu dBanmniuziunieg luaauivenanusuwsifesas 0.1 Denan

a

ndfeeay 10 Taeuwidn musdulutusiuudelady 2 ssnmlng Ae
2.5.1 fuzawaiunsg (Inorganic sulfur) w2 gilutiy Aa

n)  nnzdulnles (Pyrite sulfur)

o

o o . a 3 o Aa A o o ¥ o© aaa dld (<3
mmmu”Lw”La?mmmmﬂmmmu@umﬂ@mamLmeﬂ{]mmﬂummzmwmL‘mm

v
a

vranasuadiiuasslszney anuanludesdnanrasasnanludun1uwiy wuludn a9

'
X a

ansilsznaulavzdalndae nuzdulnladiazanianlas (Marcasite) Iqignsluianamion
o A 1 v =® a 1 o o o ol

fufa FeS, uaillassafranantazduiifnisnianinuansieiu Inaniusdulnledilng
AFNNANLLUYNUAAT HAINTINEIINNZLIsENN RS 5 daurndan ltanTassaiauuusandn
(Rhombic) HAINANAIWIZUsENIM 4.87 AN UAUAIUANTEINANNTNANUNZDE]
YU 1.3-1.8 AINANNENINNIZNWANANABRN a1 N1 ra ke nA Nz dwlnlesuadan
aanantuinlalaedanaesnasnan wenaniifiveransarssznavda s lugilau
@WWL@@i?ﬁT(Sphalerite, ZnS) ANAWN (Galena, PbS) AATA TN le 6 (Chalcopyrite, CuFeS,)

Tnislnsl (Pyrhotite, Fe,S) aza@lulnles (Asenopyrite; FeAsS) wazaulutiunaudntias

wuavednlas lwinuniulsnged lunanegtuuy Ae Tnlsdiefiamin (Epigenetic
pyrite) aunavnynan 50 lulmaums twlasduaiuin (Syngenetic pyrite) iunanfiaug
5-50 lulATI AT WAL Finely intergrown wae Ultrafine pyrite L unanANaU1AENAN31 5

Tulaswmns annnsautaansns Inlasinnuladlu
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1. Authogenic primary deposit pyrites 1T ulwlsfnunsnat luiilanuiula
A [ % 1 a aca = A
aN3nLeNYTaTdReanaInd uiulaeRENIanIEnIW § 2 3luuy Ae
- Framboidal pyrite i uiiananians) dunuaudnans 10-40 lulasiuns

ananunszansagiallvizainizidungu

1
I

- dulwlsindnldunundouniduie uaziaenldoesies vinliiiuiugy

$19URIN T

! ¥
ol a

2. Authogenic secondary deposit pyrites iulnlsfAniaTun1auaanszuaunng
Aatuliu wuuwnnegaINLuILAnIada Wit dsznaudaenanidant ananisiuduuti
A v ?.’/ 1 [ ¥ 1 T A d” ' a 1
wradinsesunniulvajenaniziuduieulnn nlsdatiatianisauaneanainauiuls

¥
Pelpedsnenenimnezldsanay usen il

q)  AnNziRdan (Sulfate sulfur)

nugdudamanuluansuzaeslanzdamn u waulalass (Caso,) dildu
(CaS0,.2H,0) uuiFendalna (BasO,) laaaudans (FeSO,) Aatilasdainm (Cuso,)
wunfidandamn(Mgso,) nenlnAasnusiusdudamaluduiutes e dausuiusdu

Iwlsfuarnnusdudunaed
2.5.2 fNzuAUNIS (Organic sulfur) [8]

ﬁ’]uzﬁu@uw’?ﬂ’ﬂ?mﬁﬂmﬁﬂﬂuﬁmﬁuﬂizmmﬁ”‘@ﬂm 30-70 ve9INaunNTEY
saludnuiin uazdlasaafroiussiniuagguuufidudesn Garcia-Labiano wazAni [8]
Lmu@dﬂﬁw:ﬁu@um’?‘ﬂ‘ﬁwuludmﬁumwi:ﬂ@ué’qmqLmquLL@‘EiLLuﬁﬂﬂ?wgﬁqﬁﬁu@zﬁ
Wrdn Taasialalui e 18w o5t uns (Mercaptans, R:SH) agavnAnuaziasata s
(Aliphatic and Aryl sulfides, R-S-R’) ladalWs (Disulfides, R-S-S-R’) lnlaflu (Thiophenes)
Sufuanalsznentalaunmnininuziududaunimesaina Ussannidetias 40-70 189
nuzdudursdlutiuiuilassafraiuinleWuuarayiusaesinlaiu nszuaunisifianiu
Auenaluanmgin s fudunidasuglanmesuadunudugesdvhAnuaziesa

ia suaz nlaiulungn

o v a = rdl 1% 1 o a a A 1% 1 a o K
ﬂ’]ll:iﬂuﬂuﬂ/]ﬁ‘ﬂsﬁ\‘iﬂ??.:ﬂ‘ﬂ‘i_l@Qﬂﬁ@uﬁﬂﬂ‘ﬁu‘ﬂtﬂﬂ/\l’]MﬂNIﬂN’&?”I\ﬂNL@ﬂ?_lﬁ‘ll’]ﬂuﬂ@\‘i

aanenfuuialalnsiauda i ledne daunairauna lsuNANH DL IAINNINNG 891N
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o o o

o o o Y o ¢ o dl =
nuziudisTauuud (Resonance) Tursuwmauinliiuszasueuuaziuziuiduiuaies
X =y, oy v Ny v sl o A o o = ]
nnuAtlianInldaan1aniannadnls feldaaniwaiiiierinaaiusziaiisendng
o [ Iy aaa all o O° o k2 M Yo O v a UG
nnziuuazafuey Ugnsenfimnnzanlunisedaiuedulnlesf gl lanuniusduaund

o v a a oAl % = 1 [ a a a 10 o o
wsrzinuziuauvisdilnssaFraatasnduarlidedhlunisfadjrseiniansdulnlesd

a ' o o a = a dll =l v
N9 NN NN T URUTe Il a1NNT03 ez A laemee 1HasannTinaasng
dlu/ U o/ :l/ o v a al ¢ o o o o v
RFUFaU FATINIIUILT NN N T WAL T AW LA N TN NN S U NI Naansae)
Bununuzdulnlasiaznusdudams Fagunis

ANedUAUNIT = Anedusn — nanzowinlssd - Ausdudain  (2.3)

2.6 N1SUAANINSAWLUD1UTY [9]

NN ANNE AR LA LFaIA TN aN13EA A UTREN 1H 911 AFnNsrd AR Nzt Wy
ANURULLNANTNN AR U AR AR

1. N3URANINZAUNBUNITNA trs

AN ANNZABAaUAN A S U 1Wwn13anFu R N W lLaWAY Aauin
1 a PV~ dglj a £ L] al A a da’
anudiuld 1 dwdamaslunisima g Inaa1aldaanienianin el 13adan1n wanannil
o a ] L a o 1 I3 aa o
slnszuouniginlslaganalvauiugaanadaidun uans nezuiun1TLnI N LAY
(Gasification) visansztinunsutlsgilifliuaedings (Liquefaction)

2. NNTUNANINZOUIZUINNTLA e

ANFURANINLOUILNIN9NTHN I a1udin lunisRnansuTiaagllszidnannsg
w1 el iNasudafun N duigatasiaannna sl sl Asilugnsdsynaufanuisausn

¥ | a d A a . dl 1 a 9

aanls wiu ma‘meJJumq (Lime, Ca0) mwugu (Limestone, CaCO,) iNanMUUU W Tl
wiadawlaslpaanladgnadnuazilasullegilugiassannisznauuasdeudais (Caso,)
Aannsnaan tedne IneldinrasadndulWinatie (Electrostatic precipitator) W3agansas
(Filter bag)

3. NN9USANINZEUUAINITLEN Tl

o o o o 2 ¥ = ! A a o 24
nsadan Nz funasnisn ndlnaldaisiail 1wy Juanausetiulu gaduuia

daaslnaanlafneanuiiunguiandsniamnlud (FGD, Flue gas desulfurization) 35019
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HitlsrAninmlunisadnnugdugennn aeelsfiany Aldanalunisaesuuazaiiiunig

1 [ dyo/ = o [ al [ dl a g = v
AINNLTUNY u@ﬂmﬂuﬂ\mﬂfymﬁlummmm:‘ﬂmlmmﬂugﬂmmummmmu@ﬂ 210}

N2XUIUNTTUAA NN D W 01 1L

o =K

dl ¥ o o/ 1 a 3| ] o [ % dIQ/ ° 1 a
WasaniBunauduazinuzdulunuin iWudiudrAnyidesanilslunisdnanuiiv
o o Y R aaal = Yy A a P o o o A
119U AsduasiiasnisandiuiudieliuAtanuieu wazn11adanINsiuNean
tyunantaziiuie nacuaunisrdnnuziulazid nauinm uAnlinn ud wielfdu 2

aa A ada ad =
99 AR WIENINNEUNTIN BASIENINEAN

1. Aanennannlunisadandz iy
aa o o o 3| aca o 1 a [ o
Jananianinlunfsranninsty wWidalsulssnuninduiulaaenAaanizmnas
ANNINTTANIN LT UARUN T LAZLONADNAINTIUAY ANUTRNIINILAIN 11U ANAIINTAY
al 1

AW UTURAIDEIENTNN 1.2-1. 7 iWesuiuiI Nzt ue st Aag ludas 4.9-5.0

a

LAz Noncombustible ash H AN8E3:1979 2.0-2.6 anAIAINa19@1IN9aR N1 1w
Uselemilunszuaunisuanninsduwaiunadiazidteanainaiuinld antfaasnuia
(Surface properties) WugnTRn19NI8NIWaNDE 19197 1 luns2uaUN"T Froth Flotation
WananduiLLaziineananiulagendaauiiRaangausn (Hydrophilic) 289dn agnels
AR1N AFn1m1eantenInidsz@nsninAandienn lunisadnnnsdusas lainnsnudn
[ v a = % dl [ v a a o % 1 ] d’v % % 1 a

Nuzfudurad s iesainninziusuzdunsnsas ludeundudauaaslasea¥isnuiu

d! s a o 2
"]]\‘l’ﬂ’]@ﬁlﬁ’)ﬁﬂﬁx‘}l,ﬂll@ﬂﬂﬁﬂﬂ

nszuaunssan Nz luduiulng 13anennan masen AaganTinean1an e
dl 1 b2 :J/ 1 P~ A
Anananudaiids i 2 nasuaunis Ae

n) Dry Mechanical SeparationProcess

Q88 N9189NTELIUNNIRAR Magness process LunszuaunsfieAanaiia Dry
low intensity magnetic Tnaendeloaauinuniasueila (Ironpentacarbonyl, Fe(CO),) ﬁ
ANNAULIFTUINIA §UNH 170 a9 maiEea lesaunfueliaazaaiuiviniduansny
antFnudwaniudtuaziouzdulnlafivingu tuzdulwlsduazitingnuanasnaindu

#uluATes Magnetic separator
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9) Wet Mechanical Separation Process
Finatinga9nszUIun19 i Ia LA Froth Floation @ ldlunisuanninsdulnlsfuazidiaanann
| a a | o va 1 %;
aruduunaziaen tnadnwnesanidlyly Coal slurry endaandsnisldaeuun
(Hydrophobic) 289auiu kazanifAn1318un (Hydrophilic) 284WINUIIEIRF1] 119998

1 o % o N o 1 4‘ wW val o I a dld [<3 1
ﬂ@muummﬂu@ﬂmamwmm:mumﬂﬂﬂmmﬂumuuuwmmmL@ﬂm’] 200 Ly

]
=

andanannisuaauastrastiiuiuluaisazarslaamniidullluaisazananaiuiiv
wiauaenag] UiNuarAusiueyn At uiuidaniRnis kg uinsudadunguaguun
Turnendaunilunssnnuazlnlafddslanifianuaouuiangf1uas 39814190940

muzdulwlssuazidnaanandauiuls

ad = o7 8 o
2. AEMAANIUNTIAANINS U

Janaadlunizedaiinedy dunszuaunisdiudganuninduiiu naedeans

—

ARG AFENALuiN NalinazdAsennmuIzan wazanaiifaNALaEN1enIEnIn
16 F9EN1ART 47819029 AN AN D UARLNTE LA A LAARAR N TUAUNTE lAALa9a1n
o 1 I's ] ' v 1 a a al dsjv % al

UBLILNINNAFUAULAZNIN U IUTIATIAFINE N UALT ANIATEITNN WaNaNTsafaaLde

1 Yo Y al v o a £ all a aaa
Ald|anelunsldansiall warAen1luniznalinissimunzanlunisinalgnzen

1
A o o

dAramiuaindrAnyluniszannonziu laud dinsanlalas@wdu (Hydrogenation)

ﬂ;jﬁ?‘m?rﬁﬂ i (Reduction) Ufjfize1aandiadis (Oxidation) Ujiseniuansazalaiua

'
a =

luszaziiduandauiseuasnisimuniidvannisinlsladaientgaaaans
Usznauswzduauwisduazeiunddidnaredluufaudiiannuazenaufaduniomss
nazuaunsinlsladaldufausazenn Hur ufd 1e9maa dazdruanf anstsznay
Az Lﬁ@%%%hﬂg’@fgihgﬂ LLﬁ@iaimmusmeﬁ?ﬁlqmmmmﬁmiﬁmzmﬂima‘lﬂum’m
Tnejua1a (Cao) drunsnil Auudunaa@ondaln g (Cas) iledadiftenfuuia
lalasaudalnsldtdenas 100 susiiuamasauiadameslneenlas ld¥eaas 62 fan
N3 2.4 uaz 2.5
CaO + H,S —»  CaS+H,0 (2.4)
Ca0 + SO, + 1/20, —»  CaSo, (2.5)
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2.7 Inlslada (Pyrolysis) [2]

nsruqunnsnlslata Ae N1sdaneFaNI9AINFaU (Thermal Decomposition) 1178
n1INAaKRaane s (Destructive Distillation) Eluﬁ@"ﬁﬁmmmW’?ﬁ@muaum@mmﬁ AT
n7nisladadunszusunia deunlasduduaeanssuauni s s nszuaunisknanLe

44 (Gasification) Lmzﬂafzmumil,l,ﬂigﬂﬁlﬂmmmm (Liquefaction) wazilunszuqunig

i
a

fidne HusvAnannlunminAnugzanatiuin Wediuiusiunnsinislad arsszney
fuzduludnuiuianisaanefauaziitBuananas fuziudeuiomenauulleglugd
saaufalalnsiautalis fnusduauyiagtsliatunsnasnldlnanisdreitenianuazenn
soensagnlasanainiasaainadiuiudaanssuaunis nlslada nezuaunisnislaganiils

Y a o | rdlal o (% ol E2Z2R a [ % dl
1mmmmmmumwuﬂ?mmmumum ﬂ?tUQMﬂW?LNWiMNOWHVULL’&ﬂ\‘i@\‘lg‘ﬂ‘l’] 2.7

Awdunszuauniginislada WeldiumnuiauluanasesnuiuiEuaausauazLeN

aanlnaanzluanasevdnanyasaviAneaaii uazsznd g e san AnALeaNTIAULAN

a

£ 1
aal

aanlfdne nnsunneanaestusziatuna linanguluananlaviadanastulllunas
Astaaauaaiasig gﬂ‘ﬁ' 2.8 WAANANNAFIUNNTUANERNTRTHIAN AT U UITNININT
ARTEFINIIANNTDU ﬁ'@mﬁgﬁﬁﬂmm%mqLLmuLL@T@LLNEﬂﬁmﬁmGﬂaﬁqﬁuiuﬂﬁ@ﬂ
110 TaseaFeesaniinuzelalasuelsunin (Hydroaromatic) 189a11Audanesa tauia
arsuaulaeanlds (CO,) arnugarsuanda (Carboxyl), f&ﬁmﬂmﬂam@ﬂ% (Hydroxyl),
wialalasafueuannugezanian, uialalasiaudalus (H,S) anwasfuauny
(Mercaptans) iazufigansuaunauaan s (CO) uNdiuainuydmas (Ether) ﬁ@mmﬁ@;q
Tassa¥rensumaunalsuudniianisuansonazdn@assalud auialalngian (H,) an
lalasiauluualsuusn, uidnsuanladalud (CS,) annlnlaWu (Thiophenes), uia

Talagiaulaenlus (HCN) amnasunululngiay uazufiansusunausan ladannugdmes



Fly Ash

!

Fragmentation

T

Char Oxidation or Gasification
(900 — 1800 °C)
Ignition and Soot Formation
(500 — 1800 °C)
Devolatilization and Swelling
(400 — 700 °C)
Softening
(300 =600 °C)

]

Heating

E‘]Jﬁ 2.7 mzmumamﬂuﬁdmﬁu [9]

H-G-H
: -~ ~

1% 2.8 annAgunsumnesnvesTuananuinszudngnlslada [2]
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Watuiusunszuaunis nislada duiiugdatiiuiniasainnisseveliaes
%’ & a a 6 a = 1 a a dl 9:/ %
uuaransszme evAlsznevaurisduazeliunadluaunuinanisilasuilasisinunie
I a o o dl g g [ dld e [ . | ] 1
nnuazad KaRSuTuAnNT sznavsaavesudinianfueuiuesdlszneaududauling
= ! ! c ) a o rdl ¥ ! 2] a o rti{ 1 o o
Fenan duanf dounanineiaw ldun aeanaouazufia Sunnndadusiavesiuilads
FNNNINNNY BLTY NN §RTIN1TIHAIINTRY LTFINTA ANNA TUIATDITIUIY
dl Yy A ' a a dl a T & ¥ 90’ o d‘ A d‘
a1l sHnvestuiu uazainaredwsestnend dusu uminfivnallae nslaely
| ord o dl %:/ o erd@I I
\{Juufia (CH,, CO, CO,, H,0, a1stsznaulalasanfueuiuinazau) waziniuni ol
anuzifluraamasnguugives lnavialiidudussunisifistindunsaniiullauduney

seliln [10]

n. Wnelfiseinisinneanaedinanauin luajuesanuiiy (Depolymerization) 161
TanANHIUIALENAIEFUNINNATNAA (Metaplast)

7. TNL@Q@Lmmwmmﬁmﬂﬁﬁ?mmimmﬁqﬁuﬁﬂﬂ‘?\i (Repolymerization)

A, TENaNNIUIALUNARIUNAINHITRIBYNIAT T UAUIANITITIUY
(Vaporization) n13W 1 (Convection) LAZN1TLNT LA UZULAA (Gas-phase
diffusion) TaafU
di Yo % 1 a di dl 1

1. Walduanuieu luananigluauniatiuivinaaungialnaniswiuaznis

wwslpugngudauiuduinndileuds uazIAAUNNITLUBILUAIUTEN D

& o [ ! a dld dgl 1
LNARIRTLANUNUNNLLUA DL

! ! o a dl ' A n:ll 1 o v = ?/ ?/
@Quﬂ’]u“ﬁ’]?mﬁ@?ﬂ‘ﬂuﬂqﬂﬂim?&ﬂﬂﬂ@ﬂiﬂ NTANAILLUUNAULATNIDNAIN AURDU

Tunszuaunsinlsladavansdiaglin 2.9

p»  GASES
GASES GASES
COAL PRIMARY TARS SECONDARY TARS
p TARS
CHAR CARBON

» CHAR/COKE

gﬂ‘l‘?‘i 2.9 dumaulunszuaunisinislada [11]
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a

nislagaaunsouislaiiu 2 Uszinn mugruuginld As

n. nlslafanguugian (Low temperature pyrolysis) 999 dng & LaitAn 800

Cl

= Y A o 6 1 rdld = ' a aaa o
ANANTAIYA IANARATUTOUTITNNINGU mmmmiﬂuma‘mmﬂgm‘mgq ANBUSUBN

AT AaudNaauLazilgEaTu wunzd syl dumammagsiall

=

2. InlslaGangningige (High temperature pyrolysis) 1949041 AXINNIN 800

3

'
oAl o [

= Y a o 6 1 = [ a aaa 1 rd’j
asAgadaa Wnand s umimuaneuzwduaslidedaluniafindfisen diuasi
Tdunlunszuounisngaman nazuaung nlsladalinaniusiutaliunugaunnuaznas

v 1
AUNUINUNIFUTNIURAN
Zi=—— o

o o A dj o a A
NITUIUNITAIATYBNNIZLIUNITNT Tauannisadnaiulnlslada Aa lalasinls

a d” 3| o v ¥ 3| ZJ/ dl
1@%@ ﬂ?zmummmummmﬂmmwmmiﬂumﬂlmm?mmﬂ1zﬂmmu udupaunag)

kT

TEUININTEUIUNTNAALD WA LLm’miNamL%@LWEQLLFT@@NU“@QE (Integral gasification)
uhalalasiauniuinndudenisuansanisaninFeuaastirdunisnnaaulugoausn inld
a o rd‘ % % % o [ %’/ a
HARAUI LA sznaudae Undunis 1a9iman sanvisanslsznaunalsunsin lnaanie
wudu ngau warladu uazuedauindfiseanlalnaundiindu (Hydrogasification) 184
anugnsle adndusiiiueialalasaniueu Inaanizlmuuardimu Uisenmaniaues iy
nan g uazanau lalaglnlsladatidanunnldluntsnandamwasiitay (Premium

fuel) Tugilaasiinu duseulunszuaunislalasinislafawanssagi 2.10

> METHANE - RICH

GASES
GASES
COAL PRIMARY TARS > BTX — RICH
LIQUID
CHAR METHANE
» CHAR

HYDROGEN

>

gﬂ'ﬁ 2.10 dunaulunszusunislalnglnlslada [11]
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2.8 meranmuzaulaglnlsladanguugiisn [12]
nislagaannsordnlivanueduaunsduazatiunae naaisdsznaunineduly
duiiuazaarafauaznsvans W lunansineisne woAnssnesanstlsznauiiueiuszning
nislagaaueguiladonanuie Wu Anshvesdiuiu Punuargduuuresiausdud
nszanadn unuiy Usuinuazainaesaslsznauussns saunsniaznldlunimeaas

A o ' =

oudiuniAnhagendiazisluuuresesdlssnauninefuniaouaiasuinnan (ans

a

lsznaunlaiiia) vinliadnlduannan Gryglewicz [13] snennuinansilsznasussns luriu
fiuanaiiuiing ”uéw‘%"@Léqﬂﬁﬁ?mmmﬁmmq@ﬂsxﬂ@uﬁﬂm:ﬁu a17tlsznavusans i
unalas, Tnlalaf viedaled ararinlfisenduufalalanaudalnsfiAatussudnenszuoy
nslnislada nanaifiulansdaliduull g s dofuBun s suidavdesslu

14 1
dumnfRsIued fulsiaanstliznauiansdunszmellszndnelnlslaga

Tusendnalnlslada anusdulnlasaanesialiidlumasadalus (Ferrous sulfide,
FeS) kazaRNINEHU Tmﬂ%u@g' TudaannanIeaaunar1ans nguiinadt lbarra WazAMY
[14] \auenaUdeanReil Khan [12] 9annsilauuulasiias Suguiivszann 450 fe
500 B4ANLTALTEIA LL@xmugidﬁﬂ@xmm 850 BIANLTALTEIA TmﬂLﬁmmﬂﬂ?iﬂw,t,ﬂngq@mslu
a9gunqRszning 630 e 700 eaANTaEEd Agnimafigandnil (1000 esAnTaFaq)
nnziulwlasiensazsiadiseniuafueulduianifuanlada i Sugawara K. uazpnsy
[15] snenudnlusendnglnislada nouzdudamanadfnsenduninsdudalnsd (Suffite
sulfur) Wit uazdaulinjaanemnlfignugfidszanns 500 esraadeataly mazdu
Falnienawdendainisladaazeyluglupaifaudamna Gediadosnmnieanafouden

1age Fivaeqtienrean N iU uVTE LaRIAeRNTI99 2.2
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A1599 2.2 UAsenienaiaTueeaniniueiusdsendnginlsladanuiu [12]

FeS, ;%% FeS + 5 —— non-volatile sulphur compounds

——— H
(ooal H) 19 + (coal)
(coal C)
2 Fe§, T—C¢C52+2Fd+[m1] —— 2Fe +C5,
H H 2H
2 FeS, _3-::' 2,Ss + H,S mfjc-zﬁs+sn,sﬁ,—::oms+zﬁ,s

Similar reactions are possible between CO and FeS,:
CaSO, + FeS,; + H,0 —— CaO +FeS +250,+H,

nalnnirgansdatesndztua w3 il ilun g lansddnidn Hasainandudau

Aalulpgaadng ae19laff Lin LazAnE [16] 2189 1IN N UAUN IR LB NRALFIT

grUUNAINGI 600 B9AITAITYA 15z C-S 8auuendn C-C (WAvNulunIaaeWuse

a 1 1

272 Ay 342 Alasasalua AINA1AL) Asazdaaaanladnandn auiulnislagan

a

1 v
1 %

grun)NgIndn 600 asAgadiag taseasamiugnuaastuiuazgninaauaranadue
nnsdantassiiuzduaninauiu ad19lsinIN Ibarra WAEANLE AUBINAINTTUBUNTE
aa2F0494n TuTI99uuUNHIEUI19 500 DN 560 89ATALTHA AL Khan Wi41419

a

dsznavasanAndanlnniaaasangamnians 500 asstaidaa lataiiadalws (Diethyl
sulfide) Fuaanasnfiszanns 400 asAnaaiias liifluuialalnsauda s uaziwasuail
wni douazdnnmAnuaziasadalus, wasuatunu wazladalus aanafangungiszudng
700 uae 800 avAmaLiaa a1silsznauinTeWlaiiadasn wunn deaanasaldinedm
a = d%’ ] 1o 1 = o 61 & o 1 aaa
gounnH 800 avAraie ARl widewlvaldvasey lunanimainnuans faedredisen

PAINNEAUAUYTETLAAIFIANTNTN 2.3
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A15199 2.3 UAsefienaintueeaninsiuguvsdssndngnlsladacwiu [12]

0D --ﬁ-u'ﬂ CeC-CaC+HS e CaHyg + HzS
(thiophane)
CzHs CzHz
O e O e @ ¢ @
(thisnaphithansa)
Hz q
ST . s
{dibanrothiophana)
\ / A !
c—C c—=C
lé él + Ha§ ———= ié 'l; 4 2Hz }{m‘!pﬁm fixation)
LY i L ¥
HH &
H &H H H

| I I
IC=C+HF —= C-C4L=C —— C-C-5-C-C [suiphur fixation)

GG + 1 Gl

diphenyl sulphids

u@ﬂmﬂﬁ Ibarra LazAE [17] mﬂmulﬁwﬁummﬂﬁmﬁu Gryglewicz hazAUe
[18] dﬁﬁﬁuzﬁu%um’?ﬁﬂr@uﬁu’%ﬂumqﬁﬁm:ﬁﬂwiaﬁﬁmmmmaﬁQLﬁ@q@ﬁﬂﬁmﬁmxﬁu
visauRalaln s auda e fiAng HaIEIs0a59WUEE C-8 11 Coal matrix 3uun Wa¥ia s
Brnuiuzdulutiumnsfinty aanndeeiugaunsnisduiaius iy (Sulfur fixation) 7

|
=

l@ualag Khan WAAIAIAITINN 2.3

nandusiufadoulunniinauazes Tugluialalnnauda s uazanfuetiadalns
(COS) uarNgmugNgs (49n31-850 adATaTea) wiavsaasaiinerwinufisasa il

uRaAsUaLladalNe Khan aualdsedunis

2H,S+CO,  —» CS,+ 2H,0 (2.6)
H,S + COS —> CS, + H,0 (2.7)
2C0S —> CS, + CO, (2.8)



25

2.9 SMUIRLNLNIURY

Quanrun WAsAMNE [19] ANHINATBILIEIAFENANIINTBII N TUITUINaNs s
szdmﬁuﬁmmﬁuzgq e ldtufiufiiunazliinunisdredansalalasaaeinmeg
lalnanlgeasn (HCIHF) uaznanlalnsaaesn/nenlalnsngassn/nemlussn (HCI/HF/HNO,)
TuLﬂ%qﬂﬁmﬂimeumﬁq e lAAMNAY 2 WNZNAAR WUIIERIINITAAEFAITD

Auzdulnlsdoludosguingiissndng 450 - 550 aeAmaiiea AmFuninsiudunadny

1
a a

it uugigadaninzduldanas idasaannisiiuzdulnledulasuiiluniinedu
a a 6 dl = a7 O o 1 a 1 1 a dl 1 % 9
auvadl WanfFaniaunan19I9anIN fusINeanaMN I UIUWLA AN UL BN IR 19 A9
. - | - . i .
nanliAIN19adAN N AuRgInd Wesannduind lddunisdesaansailansdsznaviug

816 hlduiwgdwialuaastlsznaunans fuuuaumng

Semra [20] An®INaRNNzIWaINALLAN lusRsNAaenszuaunisinisladan

ussgnaeuiasi1e wudamslnisladanuiuluussenianfuenlaeanlafiainiseds

o o

Muzfuauduayi Nt ue uvTdinaauie An19WNgUUY R N19snn N uBunTe L

ussenniAianuaulasanlas lidinisaannusiugangung g A miunisdneauiiv

3

]
S ¢ o

soansnlalasaasain (HCI) liAin1sadnnInNziuetiunsdgausnisadninuziugunsede
AwmFunisdnannuiiudaansnlalagaaasn/nanlalaingeasn (HCY/HF) Anaatinsninsanig
YRR N TUBUN T AT AN W TN LHaaa1nn1saalaunaLarANFauNINTuLie
al o 1 a dl T v v

Wauiunnuiun ldeaun1sa19828nIn

o

Haoquan wazAME [21] ANEINITUANWAINARA IS UAT NG ANTTHT RN N WY

1
o

nszLnung s lafan 1 uiunA INARLSIEINIA HaN1saR e WL g RiTutladendn Ay
NqanHLasanIswANUAINAATWTTLAZNN9IA AN N ETNRaNA N AN WAW AN TaANANTTR
29909UAUN WhaRARSngTannsruaunsnwialadia dun ufamfuaunauenlas (CO) uaz
wiamsuaulaaanlas (CO,) TunulTunieandiaulud uiu duiuufananiugiing
nurtuiuasdlsznay 1aun uialalnsiaudalus wazuianfueiladalvs (H,S uas
d? 1% o o | a o o % a all ]
coS) Aufuliununiuzduluniuiu nsadaninsdulunszuaunislnlsladanninzens

o o %54 49{ o a 1 a a
ﬂuﬂ@ﬂiﬂﬁ‘ﬂﬂﬂﬁi 15 - 40 2UNUTUAARINIUWNY FTUNIN LLAZLINN
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=2 o o o I a v a dl
Hu [22] An®nisadaninzduannoiuiusanszusunisinislatanning
ussenAuiasiie) Inenlsladaruinanluimininedufornas 0.72 Inaiauin auds
fIuUNAH 400, 450, 500, 550, 600, 650 waz 700 avAetaidaa Tuussainialulngan uay
UeNALAANAN AR AULAZ UIATIAN WU NALR AN AN R AULA L IUIATIA U
a oI £ o o [ dld 1 dl aa 1 v a 1 o o
A lilanIsdRnNEduANdT Wasanefiaudas liiianslaeseanaesinuziv
Tunuiiu waziguuunigeluussanniAufananifansgdainuinresniuiuei e

AnUfjisenveaefiauiuauiu

Yonggin wazame [23] Anendsr@niainlunisedaninsduannaiuiugae

—c

nszuaunisinlsladalursaslnnings ladius wudisoudsndrAnyaesnszuounisinds

@

Tafane 9ouunH 1181 WAITIINNIALTE mfa:ﬁﬁ%mmm?ﬁmﬁmzﬁuﬁwmzmumaﬁ
Tnlslagad uRuafiage98 uiiy n1sgvanveiI Ny iuBuyITlud uan SR aguiliasann
Uisenssudnaniniuanmaduasnnsduetiuneed duiunisnisladonuiinluussainie
whananaandlauuaziulasiau (0.6%0.,-N,) WU Taein s AnEnmlunisa§anudy

dl a aaa 1 = o o val
LUANANNIN ﬁﬂ{]ﬂﬁ‘ﬁlqﬁ‘ﬁiﬂ')’]ﬁﬂ@ﬂsﬁL@HLLZ\]Z@’]?Hizﬂ'ﬂUﬂ’]NZﬂ‘Lﬂmm

Ibarra wWazAnE [14] ANEIN19UaaEaaNT09817UsenaLNNLIUIEUINNTZLIAY
nsnislagangnginlagldissesgneniuuuiuatialuussanialulnsaunguug

51197 AU 850 @NANEALTEA FaednIIN1T A NTaN 5 evAnEaTaaseun T wudiuis

)}

lalpsiaudalnsldainnisaanasiaaasninzdulnled d5uinmesnnzdumuianadnann

a
'

tnuiiusoanszuaunasinislatiant udasiasay 35 — 64 naslnlsladnguundiainga 700

u

avAEaEs Wiain1adnnousiulaneFatay 90 duieanad nsunszuaunig nlslada

Gryglewicz [13] AnmngAnssnaesnnziusendnanisinisladouinulluaus
nnugduge IneInlsladonuiundningiuiaass 4.9 Taouamin Agaungd 330 - 1700
avAgaTea luussanniauiaannszuaunisinislafanudnguund 360 - 700 a9A1
wadea nnsiulnledidasudumaiadalng (Fes) uazludaeguuni 450 - 600 2977

= a o o a = 1 I8 1 o I a dl
WAl d anTsaranteanInziudunsdluaugsaougiull naslnilsladdunun

goaMnA 1700 aepaiTas annsnadnnueduda e ldat1eanysnd
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1
a A

Gryglewicz [24] Anwnilsz@nsnnannszununisnislafanguungigesanisadn

)

nuzduaananauin Inlsladauinlluausnidsuninzduiensy 0.37 - 4.90 tne
1mtin Ngaungi 1000 avAaa@sa wuduulinaeslTuiunisdan s iuanadiie
Anpaavnuingeau uazlszdnsnnlunisadaninsdurasnszuounisinislaiaauiy

Yrunaunuziusanludunfuazdsunuaeaiiusiuguuusiee ludiuiusisy

Sugawara WazAME [15] AnEHag09dRINIs I NFauLAT M RsenNI329R

a a

Anzduanauiuidnidasaanszuauniginislada lnaaTesiinsnzinneaauiay

a

(Thermogravimetric analyzer, TGA) Tuvussenniaufialulngiau wazensinislipanusen

20 - 100 9ANEALT A AT WU ANYNIAA 1A A luta9gung i 500 - 700 8967

= o o dl 1 o‘é/ o o V% % a V%
VIALTER LLZQ5‘].'?‘&]’1MHWﬂzﬂuﬂﬂﬂluﬂﬂuﬁﬁﬁ‘ﬂuﬂu‘ﬂﬁ]?']ﬂ’]?QLMV’]QWN?@MLL@Z@EMMQN@‘@‘VI’WLI

LTl

103nszuaung nlslada dmiunislnlsladaauinlnemnlinsnluuuandasy (Free fall

pyrolyzer) 24NNzt ulARNERINNT HAINTAUE

ANDF TNWEAR [25] ANHIRaUNARARINIIaaTeRTadI N iU IuEUNIEUINa

ArsualuErdy anndaatneiauiusdimnzaz it lumwmniuuviae (Tubular furnace) 7
fnuuQR 400 B9 700 BeATATEA Hausaan 0 s 90 w7 wudns NG TkaznAN
yinlasainurduldaau Tneensinuziulnlsfuasinusdudamn dournusduduyinds
nnslaauulasiagunn dmsuduiuumneiusdulnlsfias s usfutamnaans s

AnysniguUNH 500 89AIIALTE 1987 90 WIT LA 600 BIANLTALTHA 1981 10 WIT AN

o

afu dnFutiuiivunsygwudnninziulnlssuasinnsfudamnaarafoaniysnii 700

ANANEALTEIZ 1A 20 WAL 10 W AINAAL

ansTe suAIY [26] Anminasrdpniuziuanduiuanludiwnsinginlslad

Nouug AT WUsN R ANaat WNInAedsEANE AW lnNNsadataNsduAINI A

3

a

¥at1ayNN3IAANNLTUBUYTHEITIUAE19TIAL5IN A9 UMY HGITUANNT 600 BIALTALTE A

Amdunuziulnlefuasinuzdudamanudd nsinguunRnalinisadnnineduig
d? =2 a = dl 1 a dl a a o I
TuAUTNgUMNH 700 avAaaidea Welnlsladaruliungaumniineaii wudn luussannie

a

uwialalasiaulinanisdniiuzdudursdngananluussenniauialulnsauldunnin We
a ¥ ' ! a Y =KX A
fansaunesnuassgaansnisinisladouiinluussaniauialulnsauasdinumaig

ANNINNIN



unin 3

LATANNALAZIBNITNARDY

'
a o

NUIRBUANHINAL0IALLTAS ] NHABNITUANUAINARATUT LaznnAnsINTe
nnzdusendnnsinlsladouinluusseniauiasine namasesnisladananiniogi
winzanlunisdnniNgdueenandIuiuan s udenimeseseanidlu 2 daune doud

dwI % GV ! dl 3| 4
uiaflunimeaesnialdussaanimesuialulnsau uazdounasniunimeaesnials
ussenAvasuianaslulngauiazlalasian, wiananluinaauuazaisusulaaanlasd vn

=2 a o o‘all ¥ a A ' '8 %" o
NINAaeNANE TN NARA T Ida nnszuaunasinisladane Ueuamnugg iy
NFPNALUN wazuia waiAse AR AT UT SN NN 19NN EANT0INTT24R

NNHNZOUABNAINTN1AL

Aouisa09n19AnIAe guuugd a1 ansInasiauiia alaresdiuiu uay
ussgnaAvedwia Wun wialulnsan siananlulnsauuazlalnsiau uazufanas

lulnsaulazasuaulanaan labs

31 wAsasdianazglnsainisnaaas

1. ATENUATI UL NANENLLALTINARZIDEA
LATRNTAUUEN AL AZINNIAUAUTUTUNA 250 TuATaU (1Uaf 60)

LBNaL (Oven)

> N

WTLHAKLILYE (Tubular Furnace) Carbolite model CTF12/75/700/201 wanslugyl

‘17{ 3.2

5. m’?mﬂf]ﬂmiuuuLumﬁaﬁ’]mﬂvifammumm 316 (Stainless steel tube 316) AU
NIRTIIU ASTM A269 LEUNIUAUENA9AEWRN 1.80 17 AN 0.035 i
LAYAINENT 24 T meﬂugﬂﬁ' 3.3

6. Fansed (Filter) namlne Swagelok ANAzIBeAT89tENIag 0.5 TulATiumT

7. Lﬁ?mmuquﬁmﬁmﬁumﬁm (Mass flow controller) Aalborg model GFC 171

AILANERIINNT VALAE1HgegA 2.0 ARgsiatnd

8.  a19uaaLiu (Cooling bath) Heto model OBN 18
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9. resdaWIeaineuanesy aunssaalninslinas (Fourier Transform

Infrared Spectrometer, FT — IR) Thermo model DF3C206A

10. AFeduenNiuAaa’NLAe s (Oxygen Bomb Calorimeter ) Parr Instrument

Company model 1341EE

1. wAseanialasunInnsn (Gas Chromatograph) Hewlett Packard 5890 series |

NEauAWMALRaS (Detector) Wil TCD wazdl 3 AaaNY Aa Molecular sieve, Plot Q

LAY OV-1811519LAT209A 132 Na LIUBINA R Ui A4

Filter Mass flow

controller

Filter
T

Tubular

furnace |

=

Mass flow
controller

-

4

Insulator

Fixed-bed

Reactor

1,000 ml Vent out
>

Sample

vessel Q0 Silica

0le)
100 g coal Cooling bath

i 3.1 gunsninszuaunsinislagaduiiu



gﬂﬁ 3.3 wrsaslfjnenluuuiuniie (Fixed-bed reactor)
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3.2 aMUNRULATAITIAN

1. ouiuanludunazidaatnunzwNIasauILes 60 (1LNATaENI1 250 tuiAgiums)
g AN anwialszmeng (Ta9TA N faudnaning

2. uialulnsiau 99.99% annu3Em gluifia dudawsaawia a1, uialalasiau

99.99% annu3Eneulalawm wazuiansueueanlds anuTEmunsndues

wanTufanlansanlafidudu (conc. NH,OH) an Panreac

nanlalnsmansnidindis (conc. HCI) ann J.T.Baker

AN9nzaELLFHNAAalas (BaCl,) a9n Merck

ansazanadaIasliuags (AgNO,) aan Prolabo

P TusTuausn (Br, water) a1n Panreac

@nN1uaa (Ethanol) @10 Panreac

© © N o o &~ w

#1902 Na8a13ua (Methyl Orange) aan May and Baker
10.  A198YA8LANNILNAAD bIm (LaCl,) a7n APS
11, naaluman (HNO,) AN Panreac

12, NILANENIAILOT 1 WAZLLBT 42 970 Whatman
3.3 MM ERIUIARE
3.3.1  NN9RANLLLNNINAAA9NITLNLNNT 1T laT An1wiin kL sse N Al Tng LA

NuAEAUNANIAau 95097 NRRAAENTUANLAINARTTWI LaTNgANTTNTB

AuzduszndInisinisladouiuluissainiAuidlulngsiay tesainnszuqunisinisla

FasnardunszuaunisduiundAgydierdanuziuaanantuiuliacsllsyans

AW AHN1222NULNITNAADILNAUNNIILNINIZANIAINTNAAD

N1728NLLLNNINARANTULLLWNANaFaa IntuAasAaLlsN 2 3261 LaTnInIg

a o

o o = P o =
V]ﬁ@‘ﬂﬁﬂ?unﬂﬂ’]?m@@@q mQLLﬂ?VW]’]ﬂ’]?ﬂﬂNWN 3 mQLLﬂ? AR @qmﬂ.ﬂﬂ IR LL@ﬁﬂm?’]ﬂq{LV@

a

wna lﬁﬂllﬁl’]ﬁ"]\iﬁ 3.1 ﬁﬁmumimmmﬁ@ 2° N1INAREY NEaNTIRIIadaLANNIT LRI

ﬂ@ﬂﬂﬁﬁ“ﬂ‘ﬂﬂLLUUﬂ’]ﬁ‘VIﬂ@@\‘]‘ﬁ
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a o [ o dl o =2
A9 3.1 Falazseaurassallannin1aAne

ZLIBIE FTALA(-) FTALIGA(+)
QLU (D9ANLTALTHA) 300 800
A1 (1) 10 30
FRINNTIMALRAE (ARIFABUIT) 0.5 15

3.3.2 ﬁﬂmmmmﬁmﬂmwj laun AUUNHUBLANLLLYIB (200-900 ANANIALTEIR)
181 (5-40 W) dnan2lvania (0.25-1.75 aRTAAUIT) AN INATBILIILINA
URANAN LAZANHIHATBSTRAT UL TUA81UN1INAARIIAINTLLNUNNT N Ts laT A6

wanslugln 3.4
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UARNAIDEN

v
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v

Inlslagalnainrasdineniuuuiuntis
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Tuussennadlulnsiau
v v v
HUNYAGATINE a0 dmanislnauiia

300, 400, 500, 600, 700, 10, 20, 30 0.5,1.0,1.5
800 B9ALTAITEE WU anIAauIn

| |

4
NAR]
v v v
TSN $2an AL fuang WA

v

v

I

RlGEaR LG
UFnnounnneiugy

LL?.IT.II?]"N"]

TN
WaridusiaeLATag

FT-IR

Bl T b
IATRY Gas

Chromatograph

v
o

519 3.4 dusaunInAaeInszuunIginlslada
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34  AUABWNITANULWIIUIRE

3.4.1 DINETEINARLN9nIuRY

! a ag/ bd‘ a v dl 1 dgj a oI/ %’ o dl
mﬂmuuumiqmmqumLW@T@mqmu@mmumzmmuuﬂm‘w

3
1 a v 3 Y dl = o o
UATURK TR AU ALANARELATENLANETLUASLARZIRLARTNANAL

TN ONUAUNENUNTUAR LD EIANIFAUENUAZLNTILLAT 60 AINTUAINTNWRL

AuiANTUANAATUa N AdszNN 3 U

3.4.2 AANLARNLRONUANENFY [28-34]

1.
2.

N19ATIEILLL 9z 0 (Proximate Analysis, ASTM D3173 — D3175)
mﬁmm:ﬁunmmﬂﬁm (Ultimate Analysis)

N199LAZITRANAINNTAU (Gross Calorific Value, ASTM D2015) UFuntu
nNzaugaNuazgliuunINEdwluaauiiu (Total sulfur and forms of sulfur,
ASTM D3177 #ag ASTM D2492) lanA nnnzdudamn anuzdwlnlesd waz

ANNTIURUNET

3.43 nrlnlsladanuiiu

1.
2.

]
1%

FariuinLEnam 100 nin ldaslwesesinenl

o dl a 'S 1 ¥ o 1 1 a dl
desestnsniialumienuuuna Inalvsiundesesduiiulunzes
Uneniegnsenanamkl dsznauasesiauarglnsnisienianiy

1
o

NAAAUIDEF ANUBAIAIGUNYNNAINT 18Iz UUTR9LATAIAILAN
AUUNRNERIANT WAMNFaULszN 15 - 20 B9ATAITIAS AUNT A5
nsluaufia 0.5 1.5 anssiaui uaziiatvedinislada 10 - 30 w1 o
AI o dl a dl a =R I dl o v
GrAunalegun)iafaluAseslfnsnitd el

dl a a 2] dl ' P a «
Wemsureviiantednlslada Uawmwuazuianlvaniuezesdjnen
anuanATesdnsnliuuiuaiisaanainnnmnnn 1ingungivies uazee

ql/ dl a L~
aunseviaieTasLgneniidu

a Ly

AAEFNARA TR aseLATad luIAsR alasuN TN

< G |

FIUNNTNNARA U UDINAT LAZHARA UM UDILIIUTDONUTIFNAINT

Tnlsladonuiin iiudua i ld3inensdantifsinge sald
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N1 ANARS LA afoeLATadui alAsuN NN

wraawdalasuninnsnald3insef Ae Agilent 3000A Micro GC @alsznaufae

AmAmasLLL TCD uazAadny 3 padniine Molecular sieve, Plot Q waz OV-1 Inadaya

wazn1azzaaAsaduialasuninnsn uanslunnanuan e

3.4.5

3.5

Ingl

A efasTRIa9n Ut FuaIN7 In s ladauiiu

1. N193LAIIEALILLITENN L (Proximate analysis, ASTM D3173 — D3175)

2. N199ATITAAIAINTA N (Gross Calorific Value, ASTM D2015) U3untu
Anuzuniazstuuun Nz g1 (Total sulfur and forms of sulfur,
ASTM D3177 wag ASTM D2492) laun nuztudain nauzdulwlesd uay
ANzTUAUNTE

3. nshessdugdaiiuseslianalunounid laaldiedesdey Fas

neruanesy aunNsasnaLdninsiimnes (Fourier Transform Infrared

Spectrometer, FT - IR) AoEnATA KBr-pellet AILARG NI ANLAN 9

N1TANUITY

NNTANUI SR ATNI L ALV

SpaavmaiAgnaesinniiv (af = 100 [W. ozt = Wopar ) I Wogar ]
nsATUINTaEATNA lATa9IIRY

Fatnzua linaema (af) = 100 LW, /W, ]
nsAUIFatavHA tinasda

Yataznalaanauis (af) = 100 [ W,/ W o]

NNTANUIS AR LA LA RNAR DT

Z0tlAZHA IALRARANT W (af) = 100 — 5a8azHAlAUA9UAT — SDHAZNA LHUDILLT

W = udnouansuasinislata

char

% v v
PNULNUVAINARAUTVRIUAY (WNHUNFTINALUN)

=
|

lig

= dminresdnuiundsdannidn (ash-free)

coal,af
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5. NNIANUITUFRLATNITIIANINZ D1
$REATNNTUAANINE DL = [(S,— (S x Y))/S,] x 100
Tmel = Fasarniuziususaulunui

o

= Fagazninzouluanwnng

S
S
Y = TRt TSIV AF oy PRy PN YT
S

Aa Nuztuy, nuzdulnlesd, nuzdudams wazniusduaunasl

o



unN 4

HANITNARDILAZIANTAINANITNARDY
muﬁﬁa‘ﬁﬁﬂmmmmﬁmﬂwﬁaj fiflslennsuanuasesndn it LATNEANITNUDS
Auzdusendnanisnisladauauluusseiniauiasiie fautlsildlunsinendlszney
Aot grungd 1an drsnisinauia ataauin wazussaniAuia tun uialulmsiau
wRananlulnnauuarlalasiau uazufauaslulasauuazanfueulaeenlsd el
uansnatasfuliielesazninlasud uiiu fagaznnsdaiausiusanaindiuiiu Ny
Wariduresiuanaluduais waresAlsznaunannsiis

a1

41 NIFAIATIENANIT RO URULETNAY

N199LATIER LU 9ENATY (Proximate Analysis) Flunn531AI L e R e
antRraeiiuil InedAsIzsinaunfnsg1d ASTM D3173 - D3175 (NNANWIN 1) 16w 180
AN772WE LATANTLAUAIAN ﬂ’]ﬁ‘aLﬂ‘i’\?.:‘erL‘l_l‘LlLLEmﬁ’Wﬂ"gﬁLﬂ?;’aﬁLm"]tﬁLL‘LI‘LILLEIﬂﬁ’qu (C, H,
N, elemental analyzer) N133LAIILALTNIUAINETUTINAINLINTFIU ASTM D3177 Uy
Uinaugduuunineiuninninggau ASTM D2492 1dun fansdudamn nnzdulnled

LALAINETURUYIFET LAASNASSANTINN 4.1

6

NANIFLATIZTANT A0 URUN 429 TH A WU DN URUAIFa9HUTu L8N LAY

1
a o 1 &

1BunuanfuanAsansiaiuaswinlfdn Tnan udnuiwaz i uazudinnz2 sunnudn
¥ae1az 15.6, 33.8 ANNAIAL LATNLFNIUANTUAUAIARSREAY 45.6, 28.4 AMNATAL LAAS
Iiduirdaifiueiun s T damamandnadesnitiuinidaind waziluiann
ANTUBUAIFAIGINGN agalsfimuiuiiniedessiafUn i fun lluansnei Tng

o

DURULHINITT WATHINNE2 HUFNN AN TUIIN 3.36, 3.53 AMNAFL ANNHAAINAND
wana iUt i sg e taN A N TRAN ANNAUAS UFNIULEILALANFUAUANFIANSTU AY
o I dl o a o dl =3 1 a % 1
usiateimunzanlunisinunddaine Anenaresn N Wi uiBLaz B MEsan1g

IAANINZOUADNAND LN



A1919N 4.1 ANTATDIDIUAULN NN

WHLNNE T BHINNE2

N193LA LI 9zaNd (%Dry basis)

Tty 15.6 33.8
AN99zIel 38.8 37.8
ANTLAUANAN 45.6 28.4
mﬁmmzﬁmmmﬂﬁm (%Dry basis)

AL 49.3 34.2
lalasiau 3.54 5.32
Tulnaian 0.85 1.36
ANz 3.36 3.53
2ANTLAL 27.4 21.9
1N 15.6 33.8
ANAINSRU (MJ/kg) 18.0 17.8
tlunire9nINE8U (%Dry basis)

Auzdulnlest 0.71 0.44
Auziudame 0.52 0.42
nuziuBunge 2.13 2.67

38
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4.2 NANTTRANLUUNTNARBILEIUNNNalsaa luLFTan ﬁLLﬁﬂ‘luIﬂ%‘LQuﬁiﬂ;ﬂﬂ

ATNIFUAANTINLAURDNANN AW AULN NS

NUIRBRANEINAR9AIu 5597 fantsadnninsiueanainduininenseuan

nslnlslagaluvsseniautasiie] nnamasedessudaedsunnaGaadunisfnelnls

a

TadanialsiussainiAnesuiaulngau nasasdouls Tun auumgil (A) 1an (B) wazdman

a

v
o

n7luania (C) Tnspanuuu@awnnnaBaanuy 2° H9Hn1INAARITINAIUNA 8 N1TNAABY
LATANNNTATEUANALNIRTgIUIBIN INAsesanTadeinuiuNn AW [1], a, b, ab,

C, ac, bc wa abc ﬂ’]’)%LLZ\)ZN@%@Qﬂ’]?Wﬂ@’ﬂﬂLL@ﬁNﬁ\Wﬁ?’]\‘iﬁ 4.2

AN919% 4.2 HANNTNARBIAINNI9ZN1INAaRTILNNNe Faane FaantaldussainiAuig

Tulnsiau
N1INARDY Fiauile B hnm B Baias nsede nsulae
A B C Ui POUVAY  OIWENE ANiR NNZiR oW

(%) (%) (%) 99 (%) 99 (%) (%)
[1] - - - 0.08 1.33 98.6 3.43 12.8 1.41
a + - - i STUED) 62.1 3.30 471 37.9
b - + - 0.12 1.79 98.1 3.37 14.7 1.91
ab + + - 8.35 32.0 59.7 3.13 51.9 40.3
C - - 4 0.13 2.25 97.6 3.50 11.9 2.38
ac + . + 13.8 33.3 52.9 3.27 55.5 47 1
bc - + + 0.38 4.97 94.7 3.45 15.8 5.35
abc + + & 17.3 36.8 45.9 3.02 64.3 54.0

A (B9 ALTEIZ) “300(-) , 800(+)

B (17%) :10() - - 30(+)
C (Ansfaui) “0.5(-) 1 1.5(+)

f«]'mcmmiwmmwudﬂumimmmﬁmiu‘ﬂmmu 5REAZN13TAANINZHURANANN

onuliuag lutavdszunufanss 10 - 65 faaaznisulaauniuinad ludoglszunn 1 - 54

a

Foraznn3ndnnnuziugngedn 64.3 uazioaaznisulasuniuiingegn 54.0 Nguugni 800

u

AANEIALELA 19A1 30 U BATERIINITIMALDA 1.5 ARNIFAUNT AINNANITNAABIUNFULN

1U3A3124An Factor effect estimate wa% Sum of Square (SS) WaRTIRABLINATRIAILLT
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N22UNUNTUAAAIANTINTN 4.3 AINFUFRLATNNTUTANINLTUIVNN LATANTNTN 4.6 AN
v dl 1 a % ] % e
Fpaavnisilaguduiin navessquilssine a¥1au Normal probability plot 224013

nislagaduiuluussanniauialulasauuandlugiln 4.1 uazgihn 4.2

a1n Normal probability plot Tugi#l 4.1 wazgif 4.2 wudnsiaulsnideiuueanain
Eunse Aa Baulls A uaz C Aa N wazdnsIn1sauia nuanAu JinszipiAy
wil199u (Analysis of variance) 192280 UNATDIAILLINIZUIUNTUARAIAINIINT 4.4
= N : = : = P =
WATAN919N 4.7 A1NANTIUHANANTUNAT Fo MNNNN9T Fe Ae 7.71 wudnfauls A Ae

a o aa ) T o DA o A
@qqum 'JLL‘]J?L@HQV]NN@m’ﬂ?fﬂﬂﬂzﬂq?ﬂq@ﬂ']llgﬁﬂu?']ll"llﬂﬂﬂunuLLﬂzﬁ\@ﬂﬂgﬁﬂq?Lﬂ@ﬂu
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M15199 4.3 N199LATIEY Factor effect estimate wae Sum of Square (SS) 710950882015

PAANINLTUTINTAIT1URUANNTzULNT s ladanudiuluussen1ALd &

Tulngiau
Regression
N1INAADRY Contrast Effect Estimate SS %Contribution
coefficient
Overall avg. 34.2 - - - -
A 20.4 164 40.9 3345.6 95.25
B 2.42 19 4.84 46.9 1.33
C 2.63 21 D25 55.2 1.57
AB 0.98 8 1.96 7.68 0.22
AC 2.55 20 5.09 51.89 1.48
BC 0.75 6 N, 4.55 0.13
ABC 0.26 2 0.53 0.56 0.02
100 -
* A
> 80 -
Z
Qo 60 -
S
[a
g 40 +
2
S 20 -
0'/ T T T T 1
0 10 20 30 40 50

Estimated Effect

51% 4.1 Normal probability plot 284388/aZNN1IIANTNETUIINBIE 11T

A15149N 4.4 N13LATIZE RN NN 91991 UBI5 AR LN FURANTNLE UIINTAIDIUR WA

nazinunisinlslataouinluusssnn Lt a lulngiau

a4t SS Df MS Fo P-value Fc
A 3345.6 1 3345.6 206.9 1.36E-04 7.71
B 46.9 1 46.9 2.90 1.64E-01 7.71
C 55.2 1 55.2 3.41 1.38E-01 7.71

Error 64.7 4 16.2

Total 3512.3 7

F =7.71 A udaduianay 95

0.05,1,4



AN519N 4.5 FRLALNNTUTANINEHUTINABITIURUN IHANNNITNAADILAZNITAIUIN

UAZAIUANANY
NNINAADY NN9UIANTNLAUTINIDITUIU (%)
Y Y £
[1] 12.8 11.2 1.60
a 471 52.1 -4.93
b 14.7 11.2 3.50
ab 51.9 52.1 -0.17
c 11.9 16.4 -4.48
ac SFfd oS -1.87
bc 15.8 16.4 -0.62
abc 64.3 57.3 6.97

Y fAe feaazn1su9aninziusNaInkan1IMaAaes

Y fAe FeasnnsuaannngiusaNaINnnsAIUIns Regression model
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L 4
2 80 - o, L4
3 5 |
© ® 0 .
g 60 4 @
o . 3 M
E ) D 0 - * *
© | R*=0.96 O .
€ x
) >
2 5 - ! .
2 20 4
*
H T 0 T 1 ‘10 T T T 1
-10 -5 0 5 10 0 20 40 60
Residuals Predicted percent total sulfur removal
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A19719% 4.6 N139LAT1ZY Factor effect estimate Waz Sum of Square (SS) 7895081ATNNT

wagunuiuannszuaunis i isladanuiuluusseniAnd alulnsiau

Regression
N1INAADN Contrast Effect Estimate SS %Contribution
coefficient
Overall avg. 23.8 - - - -
A 21.0 168 421 3542.7 95.4
B 1.61 13 3.22 20.7 0.56
C 3.43 214 6.85 93.9 2.53
AB 0.74 6 1.48 4.40 0.12
AC 2.32 19 4.65 43.2 1.16
BC 0.88 [/ . 7978 6.25 0.17
ABC 0.27 2 0.53 0.57 0.22
100 4
*A
2 €0 | oc
Q
@®
S €0 -
a
g 20 - .
S
zZ
X 20
0 T T T T 1
(! 10 20 30 40 50

Estimated Effect

51191 4.3 Normal probability plot 1835asiazniaiaeuauiv

AN5197 4.7 n53tAT AN L9 9tatarn 7l AL UO 1 WA UAINNTE LI UG

Inlslatan1uiuluussenniAuna lulnsau

ladt SS Df MS Fo P-value Fc
A 3542.7 1 3542.7 260.4 8.62E-05 7.71
B 20.7 1 20.7 1.52 2.85E-01 7.71
C 93.3 1 93.3 6.90 5.83E-02 7.71

Error 54.4 4 13.6

Total 3711.7 7

Foos1s = 7.71 NeAN@esiufosas 95
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M15719N 4.8 ?@ﬂ@zﬂ’]?Lﬂ@ﬂuﬂquuuV]i@@qﬂﬂ’]?VIﬁ@‘ﬂ\‘]LL@ﬁﬂq?ﬂ’]u"Jm LAZAIURNN AN

NINAAR A uniuiin (%)
Y * Y * e’
(1] 1.41 -0.66 2.07
a 37.9 41.4 -3.52
b 1.91 -0.66 2.57
ab 40.3 41.4 -1.12
C 2.38 6.19 -3.81
ac 471 48.3 -1.18
bc 5460 6.19 -0.84
abc 541 48.3 5.82
Y * aﬂ %@H@Sﬂﬁﬂﬁlﬂﬁﬁwﬁiﬁui‘fm@’mNﬂﬂ’]i‘%ﬁ@'ﬂﬂ
YA * Ae FRYAazN1IINANINS TUTINANNNITATUIL Regression model
&*= Y *_YA *
n) 1)
100 - 10 -
3
80 4 * 5 .
60 | = s
¢ s 0
‘0 * *
g R2=0.92 e
. 5 .
20
T T ¢ 0 T 1 -10 T T T !
-10 5 0 5 10 -20 0 20 40 60
Residuals Predicted percent conversion
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AAB
grunginainlinuzdulnled (Fes,) aassiniuneiadalns (FeS) uaznnuzdu (S) @
agidfisanivlalasauaesnuiu (coal-H) lananimaiuialalasaudalns (H,S) il

Auzdulwlsianag Fagunis

inert
FeS, —=*> #FeS+ S5—— non-volatile sulfur compounds
500 C
L——————*' H,S + (coal)

(coal-H)

o o o = 1 o 1 a o Vo dl Vo %
nuzdudanatiTuanldunndnludiuiinuazaatasa lddada ldfumnuion

Wanunszuaunisnlsladanudn nosiinguugiauisnaataninsdudamelu

a
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v 1
o

a9ANTAITA LAzdNavFIus 500 119 550 a9ALIALTad Wahaguund 600 a9 LIALTE A

A oA o 173

ANTIAANINLAUAUY FTNENIE1a9 Lol Asuulasi 700 way 800 a9ANEALTSIA

v
AnuaniImaaesludauilidnguugil 800 asmaaiaa Wugnuginmuizanly

neaednlsladaiednsnazessioulsau seld

A15197 4.9 HaresgnmnR Inlslatadesununinsiuasfosaznisadnniniuaesnnu

Fundinzt luussanniAuia lulnaay

AN (B9ANTALTE)

lTHFW 200 300 400 500 600 700 800 900

ATulasENuiL (%) (af) - 264 535 802 220 383 508 54.0 558

AT NAUNARATUT (%)

wia - 0.09 0.38 0.51 0.59 9.00 16.7 17.2 18.9
§NIYZ i) F 2.55 4.97 7.51 21.4 29.3 34.1 36.8 36.9
fuTNg 7 97.4 94.7 92.0 78.0 61.7 49.2 46.0 441

NN99LATIZHML UL TZHN WA UTNS (%)

W 15.6 14.2 13.8 13.5 13.4 13.3 13.3 13.1 13.1
ANTTIUE 38.8 35.6 32.8 29.4 26.8 21.2 18.1 16.3 13.5
ANFLIDUAIFY 45.6 50.2 53.4 57.1 SO 65.5 68.6 70.6 73.4

131104 89N 108 (%)

Inlast 0.71 0.69 0.72 0.67 0.66 0.65 0.61 0.18 0.22
FANR 0.52 0.52 0.53 0.48 0.48 0.45 0.38 0.15 0.17
Buvird 2.13 2.16 2.21 2.24 2.22 2.24 2.34 2.69 2.75
ANEiUIIN 3.36 3.37 3.45 3.38 3.35 3.34 3.34 3.02 3.14

ANANNTDI (MJ/kg) 18.0 20.6 21.0 21.2 22.3 23.2 241 245 26.3

N1TUIANINZAY (%)

Iwlasf - 176 174 254 373 513 631  89.8  88.1
FALNG - 17.1 172 270 387 540 693 887 875
Bungd - 144 149 162 296 439 530 497 506
AUz iU - 155 158 198 326 47.0 577 643 643

N9 19A1 30 WP, aRsNITIuaLia 1.5 ARTAauIi

af = ash-free basis
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ugna1snauna 15 W9 waziiaiuinaisalilauns 30 wih WeaFasazn12u3 AN ALLNe

=3 ¥ ?:/ o o & o o a a ¢
wndeanslunusdulnlesd uaznuzdudurisd

! dw Yo = dl o
mﬂmaﬂ’m‘wmmhmuuimmmm 20 W1 wnanniuunzanlun1minimaand
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A15199 4.10 Ha29a N7 N1 ladoNuiiumeFu NN T ULAY RAZ NI UA AN N DY

wassnuRAuudiNnzt Tuussanadutaluingian

=
181 (W)

FUFY 5 10 20 30 40

Agulasuauiin (%) (af) 45.1 471 50.4 54.0 54.8

A9ALTZNALNARATLT (%)

una - 134 13.8 15.9 17.2 18.0
pIaNIYZI) - 31.7 08.3 34.5 36.8 36.8
fuTNg i 54.9 52.9 49.6 46.0 45.2

N139LATIZUMLIUL TN UAN WIS (%)

i 15.6 13.6 13.5 13.2 13.1 13.0
AN99e) 38.8 20.5 19.6 17.9 16.3 14.3
ANSUBUANAA 45.6 66.0 66.9 68.9 70.6 72.7

13110U189NNEEY (%)

Inlasl 0.71 0.22 0.22 0.21 0.18 0.17
TR 0.52 0.15 0.15 0.15 0.15 0.15
Bunael 213 2.90 2.90 2.69 2.69 2.66
EAS ALY 3.36 3.27 3.27 3.04 3.02 2.99
A1ANERL (MJ/kG) 18.0 22.4 23:0 23.7 245 24.8

ATIARNINZOW (%)

Inlasf - 85.2 85.6 87.5 89.8 90.4
TR - 86.5 87.0 87.8 88.7 88.9
Aunael - 35.2 376 45.7 49.7 50.9
nuziug - 53.7 55.5 61.1 64.3 65.2

N9z grUNYH 800 avALTALTHA, ARTNNTaLAg 1.5 ARssiaund

af = ash-free basis
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AN5199N 4.11 HATRIF AN AR AR LT NI AN LT ULAL I AL ALN1FUTANIN LA UUR

anuiuldingt luussanientalulngan

o 123 a 1 =
FRINNTINALAE (ARTFAUN)

TR 0.25 0.50 1.00 1.50 1.75

Aulasunnuiiu (%) (af) . 39.8 40.3 43.1 54.1 55.5

A9ALTZNAUNARATUT (%)

Wha 4 7.98 8.34 8.96 17.3 18.5
URIUNAY i 31.8 32.0 34.1 36.8 37.1
anutg - 60.2 59.7 56.9 459 445

N1TATIZHMU LU T2HUTUTAT (%)

4N 15.6 13.7 13.6 13.2 13.1 13.0
A9zl 38.8 20.0 19.2 18.1 16.3 14.2
ANTLAUAIEN 45.6 66.3 67.2 68.7 70.6 72.7

131U B9N1NEEY (%)

Iwlasf 0.71 0.26 0.26 0.20 0.18 0.17
daine 0.52 0.19 0.19 0.14 0.15 0.15
Aunsd 2.13 2.67 2.67 2.39 2.69 2.67
ANNZiUT 3.36 3.13 3.13 2.73 3.02 2.99
ArANNFaL (MJ/kg) 18.0 22.8 23.7 24.2 245 24.9

N1TUAANINZEY (%)

Ivlasl - 80.8 80.9 86.0 89.8 90.6
damp - 81.0 81.2 87.0 88.7 89.0
Aunael - 34.4 35.0 447 49.8 51.7
NNLIUIIN - 51.5 51.9 60.0 64.3 65.7

N9z HIUNYH 800 9ANIALTEA, 19A1 30 W17

af = ash-free basis
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Auzdulnlasignadaldanndasgmuugd Wesainifindizenseudeiinzduuas
lalasiauluuialalnsauda WA LAR asnadeeiveudduans Khan [12] Nauedfjizey

ananatLaaan Nzt wlnlas feannig

H H 2H,
2FeS, — Fe,S, + H,S —2> 2FeS + 5H,5S ——> 2FeS + 2H,S
230°C 280°C 370

A15199 4.12 uavesguunRinislagadeFuunnsiuuariesaznisadnninziuaes

frudiuudinnzt luusseaniduiananluinsiauuaslalnsiau

QU (29ANTALTEA)

aNFY 300 400 500 600 700 800

Aulasuauiiu (%) (af) 4 9.65 14.9 21.6 30.7 405 56.0

A9ALTENOLNARATUT (%)

UAg / 0.59 0.70 0.98 1.50 6.85 17.2
ARILUR - 9.06 14.2 20.6 29.2 33.6 38.8
fuTng : 90.3 85.1 78.4 69.3 59.5 44.0

NN93LATIZALLULTZNUANRTENS (%)

i 15.6 13 7=—=13.6 13.6 13.5 13.5 13.3
AN975el 38g = ag iy I OB 07 1 234 207 171
ANFLAUAIFA 456536 576594 630 659 696

BN UR9NNE YW (%)

Iwlas 071 002 002 003 002 002 002
Famm 052 065 064 ° 059 067 057 054
BunTe 213 . 266 264 . 245 260 245 246
AuziuIIn 336 333 330306 329 305 3.2

N199AANNZ0Y (%)

Iwlas - 977 979 973 985 989  99.1
TG - 316 100 237 237 423 609
Bunzel - 217 833 219 266 406 559
AuziusN - 225 275 381 413 532 658

AN 1987 20 WA, SRINTTIUALAE 1.0 ANTAAUIT

af = ash-free basis
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a a = ] ° o v o o o
M990 4.13 N@GIJ@\‘]QMMQNLLWI?VL@%@m@ﬁNWMﬂf]NzﬂuLL@5?@ﬂ@$ﬂ'ﬁ°ﬂ@@ﬂ’]&lzﬂu‘ﬂ@\‘]

onuiuudinzgt Tuussennidnd anan luipsiaulazasuaulaaan s

oA (evAiaitea)

(FuFY 300 400 500 600 700 800

AN7AsENWL (%) (af) - 1.07 9.14 225 271 53.0 55.5

A9ALTZNAUNARATUT (%)

wna 3 0.09 1.66 3.48 4.21 15.6 16.2
2RILUA = 0.98 7.48 19.0 22.9 37.4 39.3
fung = 98.9 90.9 77.5 72.9 47.0 44 .4

N199LATIZALL L T2 NNUNNWINS (%)

fale 156 138 13.5 13.5 13.4 132 13.1
A1392 8l 388 339 297 285 253 227 208
ANSUBUAIFY 456 524 56.7 58.1 61.4  64.1 66.0

130104289NHNE Y (%)

Iwlas 071~ 009 006 006 005 002 002
Famn 052 056 059 066 049 059  0.49
Bungel 213 244 261 261 267 257 224
AuiUIN 336 309 326 333 322 318 275

N17I9ANHEEY (%)

Iwlas - 887 935 944 952 988 989
TR e - 890 112 150 405 539 642
Aunized - 174 327 176 208 509 594
ANNZEU - 212 | 236 334 396 615 685

a o (2] a ' =
N19g: 19a1 20 U, “ﬂﬁ]ﬁ"]ﬂ’]ﬂ‘ﬁ@l,m’& 1.0 RATADUN

af = ash-free basis
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A9199 4.14 1a1e3THAR WU IULIIENAYBIUAAFNG"T

N, N, +H, N, + CO,

WHLNNZT  WNZ2  WHMNET WNZ2 LHNET w02

ANgulasaNuiiL (%) (af) 54.0 425 56.0 46.2 55.5 46.2

A9ALITZNALNARA LU (%)

una 17.2 10.2 17.2 10.3 16.2 6.00
RINIYZI) 36.8 32.3 38.8 35.9 39.3 40.2
fuTng 46.0 IS 44.0 53.8 44.4 53.8

NN99LATIZRLLLILTZHNUANUTS (%)

il 13.1 26.4 13.3 26.3 13.1 26.3
AN37TIUel 16.3 44.2 17.1 44.2 20.8 44.6
ANSUAUAIAN 70.6 29.4 69.6 29.5 66.0 29.1

130104289008 (%)

Inlasl 0.18 0.21 0.02 0.07 0.02 0.04
TR 0.15 0.14 0.54 0.42 0.49 0.40
Aunael 2.69 3.22 2.46 2.77 2.24 2.80
AUz iU 3.02 3.57 3.02 3.26 2.75 3.24

N17IAANINZEU (%)

Inlasf 89.8 79.8 99.1 93.7 98.9 96.4
TG 88.7 85.9 60.9 60.4 64.2 62.2
Aunael 49.7 49.0 55.9 58.7 59.4 58.4
AU 64.3 57.2 65.8 63.3 68.5 63.6

WL 1: 800 9ANLTALTEA, 30 W1, 1.5 ARgsiawdl Tunssenia N,
WLuNZ1: 800 adANTAITYA, 20 W%, 1.0 ARIFDLN - Tusseanaa N, +H, uaz N,+CO,
UHLHNZ2: 800 BNAALTALTE®, 20 WA, 1.0 ARgsiawd TunissenniA N, N,+H, uaz N,+CO,

af = ash-free basis
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alaLSE N “C) (min) uauia ANNZEUTIN
(I/min)
Haoquanetal  duilyNua 520-745  10-30 - - 15-40
(2004) (2.38)"
Quanrun et al dyfda 350-650 30 N, 0.7 5-50
(2004) (&1 HCI/HF)
(2.23) @A)
Semra anlusl  250-800  2-30 N, 2.1 5-96", 5-62
(2003) @702 CO, 1.7 5-97", 5-96”
Imade surdga Anlus  400-900 10 N, - 30-54
(2541) @77 H, - 27-62
ke anlusl  ~300-800 30 N, 1.5 15-64
(2547) 3.36)" 20 N,+H, 1.0 23-66
20 N,+CO, 1.0 21-69
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47  WANSILASIEUAIUTISAILLATAY FT-IR

o

3Lmﬂzﬁmum%’wLﬁ?mﬁ@vjwmmﬁumwg?m AunsusaadnInsimas (Fourier
Transform Infrared Spectrometer, FT - IR) tneldmatia KBr pellet (N1ANLIN 3) Lﬁl@ﬁmﬁ’]
myjilariFusesdiufiuuazdnuailgannisinislad aanguf 4.12 uans FT-IR aulnady
2a90uiuan Ay Lmzﬁmm?ﬁqummM@mmugﬁ 400, 600 WAz 800 BaAN
wwaaa a1 lnlslada 30 W17 wazens N IMauia 1.5 ARIARUIN NUINANHUTAATY
pa9lAseafienuiuad e T uNINFANABLIA LSO 3600, 2800, 1000 18 wazludag

750 — 400 iy’
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A uFauunaunu damdunoulng 1000 98 aunuussadamaluduiv Selsenauy

i 1 v
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a 1 o [ = ¢ 1 A 1@ S D a
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48  2IAUSENAUNARANUNLAR

nadLATZANARS T LA asaaATauialasuninnsn (Gas Chromatograph) Wuan

Fadaunazualauaduddadu N Ui UNIIZNI1INAAAY AN9197 4.16 1Tl UFat1989898
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= a
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NaRA LA SRRAYIAINARAUTILA A
Aken Haogquan wazAe [21]
300 °C 600 °C 520 °C 600 °C 715°C
H, - 18.6 10.0 15.0 30.0
CH, 45.3 354 38.0 32.0 27.0
CcO 12.5 19.2 19.0 21.0 23.0
CO, 26.7 17.5 22.0 15.0 12.0

C2-C4 15.5 9.30 11.0 7.00 6.00
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fagazniailasuaestiuiiu (af) = 100 [(W, oz ot = Wopar ) / Wogar ]
2. NMIATUIUSDERZHA LAUDILUA

YataznalAaaaivian (af) = 100 [ W, / Wooy o ]

o ¥ L4 [~
3. MIAUIUSDEATHA LAUDILLA

Yauaznalaaaauds (af) S 100 [ W, /W]

4. NSATUIUSBURZHUA LALARNR A D
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Saaavnnsilaeunnuiius [100x(86.6 — 39.8)] /86.6 =54.0%
¥asazualidanaval = 100x[31.8/86.6] =36.8%
¥asazualdansuds = 100x[39.8/86.6] =46.0%
¥aeazualianauia =17.2%
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1. MsItATIERaNURULLLLsENNM (Proximate Analysis : ASTM D 3173-D 3175)

1.1 U3uruAnTdulumniat19Iuiy (Standard Test Method for Moisture in the

Analysis Sample of Coal and Coke : ASTM D 3173)
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1.2 UFuruianlumaadrennuiiu (Standard Test Method for Ash in the Analysis

Sample of Coal and Coke from Coal : ASTM D 3174)
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1.3 d3uruangseunglumlaasnanuiin (Standard Test Method for Volatile Matter

in the Analysis Sample of Coal and Coke : ASTM D 3175 )

UANNIT
o % 1 1 a dl 1 1 v v
1R 0T NN TaUHIUAZLATIIUA 250 tulaTiung TEANE e[

1@ (Tubular Furnace) 13810181335 me ANt laannsnuiinaassiaasinaawuiunmie

4 -
LATBIHD
1. BLRLLLNS

a a

o a a v
2. pgtidanianiinansans

a

3. TNLARAT

A8N1INAAD

1. Lmv»wg%l,ﬁ@wﬁ”*@utiﬂw,ml,mqmmﬁ 950 AdAEALTLA U1K 30 WA

2. Waananne Nl Aeldsiuluedniamas wﬁmmuqﬁﬁm Fainminaesnsd
a v o K
WanFanea 1Tunnua

3. desinasinenuindszanns 1 nfu 1ldludaetininiannauuiusinuiues a1
Annunnunmingaasing

4. Yndnafininansansaatiteaiuiuen lunainuuva lEaaniaunnauiui
UFOUALLIBIBIA WO ULLID LN 3 UIN BATLEINNANANNIR NN 950

= al = ] o

ASATALTEEZ BN 7 WIN ATNATAL

5. ndaafninaaanainmiuel Aaldfulumdniaimnes dsauininaeadaatiniia

v 1 a dl A o K
wiaueuartuunvae Tunnua

N17ALIEU

V= ((%) xlOOj— M



83

EX Y, = AN G P AR
Y X
M = 5R8aZIR9ANNTU
W, = dmtinaesagdidanFentuarinninvesaiuiunawii (nf)
W, = drinaesagiidanFaniiuastinuinvessuiumnasen (nf)
W = UUTINFRE N9 URUETNAL (NFN)
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$REATUDIANTUAUAIFN = FRLUAZANNNTY — FRLALLAN — FAUATAITLIUE

2. NNSUIATANNSAUARIAIUNU (Standard Test Method for Gross Calorific Value
of Coal and Coke by Adiabatic Bomb Calorimeter : ASTM D2015)
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3. n5aAsIsRlFaIamnsdusIntaz gL uLRNNE A (Total Sulfur and Forms

of Sulfur : ASTM D 3177 and D 2492)

3.1 ‘dununinzausanluaiuiu (Standard Test Method for Total Sulfur in the
Analysis Sample of Coal and Coke : ASTM D3177 Method B : Bomb Washing Method)
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N19AUITY
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C = TNMUNABL19T T UALENEU (NFN)

32  guuuunitnzauluaIulin (Standard Test Method for Forms of Sulfur in Coal :
ASTM D 2492)
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ANINENIARY 248.3 W TILHNAT (ANIINTUUAN 0 D9 5 NNLAN)
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ANINENIARY 372.0 WNTIHNAT (AHNIENTUIUAN 5 D9 100 ANLEN)
Py v v I Ad @
ANNENIARLY 344.1 WNTUNAT (ANKIINTIUAN >100 ANLEN)

Flame : air/acetylene (lean)

7. NIAIBNANTATANERAULNEIY (calibration solution) WTENANTATANARLLASIL

TidA Nl nduasauAguadasadndurnsansazatangesnimaaay Inadl
Lﬂmmmmmmﬁﬂmmﬁmﬂ?‘mmﬁmmmﬂm’mmfimﬂ?mmwm 100
FAAAMT ANANTAZAELAUNNNARD IS 10 Hadang lananganliiEunms 100
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de  F 1148, Arpedi3visiagl
A 20, AR Evnag
% 100 HaRAR3, 1B1RsANs AN BB NI AFeL
C 10° nfusielulasniy, uwiasiigannluinsnfudunia
P 100, FinAshBviag ieulaauanndndaulneinmiinfuesasing
vinuii
T AN Lresman lug1sazananegay (lulnsnsuseiafans)
B AN NTNLewan TUa1sazaNenageL blank (luinsnsuse
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NMARNUIN A

AAEINNITATUI VAN AUAIDTBRWLNLNE

ﬂﬂi%Lﬂi’]%ﬁLLU‘]Jﬂ’i%N’]m

o X ' a
NgANUI LTI AN T U UN Ui

ﬁmﬁnmm@x@ﬁﬁmw%@mﬂm 11.75 n3u

Swinsaednaild 1.00  n3y

ﬁmﬁnmm@ﬂww%uﬂﬂm + ABEIUANEL 12.63 N3y

ﬁ”*@m::mmmm%u = [((11.75 + 1.00) — 12.63)/1.00] x 100
=14.25%

N13ANUIEULIFHARLLAN JE 1A

ﬁmﬂﬂﬁﬁlﬁaw?ﬂum 4717 nFd

Sweinsnedneild 1.00  n3w

ﬁmﬁﬂﬂﬁﬁ@w’é@uﬁhu@uﬁﬁ 47.30 nfu

ERHRR Nl = [((47.17 + 1.00) - 47.30)/1.00] x 100
=13.40%

NM7ANI UL FNN ANz Tani 1AL

ﬁmﬁﬂﬂﬁlﬁaw’éﬂwﬁ 47.03 nfu

Swmeindnednaile 1.00  n3y

ﬁfmﬁﬂﬂﬁlﬁ@w?@wh + FIIRENURINT 47.56 N3N

SapazreeLSunIAY Y 14.25%

5aEAzUANANTTEIME = {[((47.03 + 1.00) —47.56)/1.00] x 100} — 14.25
=33.23%

N7ANIUL TN AT LALAAD D11
FRAZUBIANTLAUAIA =100 - 14.25 - 13.40 — 33.23

=39.12%
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2.2
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NMFANUIULIFHIUNINT 1IN
dmrinagEidanFasu
Yoo daw
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TNMINUBINL TN AN R
tminvesuuBundama (blank)
FR8AZURININZDUIIN

=3.30

N7ANILLITHIINNNE D LE AN A

45.64 niu
1.00 N3
45.89 niu
025 niu
0.0102 n3u

= 13.738 x(0.25 - 0.0102)/1.00

ﬁmﬁﬂﬂﬁ@@w?ﬂwﬁ 48.60 NiA
vviinsnae el 3.00 n3u
ﬁfmﬁﬂﬂﬁ@@w%’@mﬁ + FNBLNNUANNTNAABY 48.72 n3W
PviTne L BaTam 0.12 nju
PvinaesuLGesdaims (blank) 0.0074 N5y
Fpaiazansn N tudaLE =13.735 x (0.12 — 0.0074)/3.00
=0.52

nsAfanlERN RNz Wl s

v dnatinedilg 3.00 niu

AN LN W RLIAAN MIENTAZAENARD L

AHNTLIRRUAaN lua1azatenadall (blank)

95  nfu/lulansy

023  a5u/luTasnsy
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Sasiazaasnanzdulnles =[1.148 x 20 x 100 x 10° x 100.x (9.5 — 2.3)1/3.00

=0.71

o a 6

NIANUIULIFHN NN T WAUNTE

$REATURININLTUBUNTST =3.30-0.52-0.71

=2.07
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N19AUIY
FReaZN1FIRANINZDL = [(S,— (S x Y))/S,] x 100
el
S, = FeoavinueiuEuuluduiiv
S = Spgazniuziuluniuans
Y = Xpdaugan NN uiuG Y
S, Aa Nuziuew, Nuzdulnles uaznuztudams
FiNR2I19N1IAIWITY

NIZARINNINAREY :  ANNHN 800 B9ANLTALTA

3.1

3.2

G U

1981 30 U
AR1n171aTeduR4 1.5 ARIFAAUIT

UFFINA wia lulnsian

NNFANUITUTALAZNITIR AN TN D WIIN

Sauazninsiugan unuiu 3.30

fauazninetusanlunwg 3.02

Fadnuaasiminaiuan e uiuGu gy 0.40

FaearnN9URANINZIUIIN = [(3.30 — (3.02 x 0.40))/3.30] x 100
=64.3%

NNIANUIDIIRLALNNTAIAN TN DT AL B

Fasazninsdudam a1y 0.52
FagaznINsOut e m luanwdng 0.15
APANLADIUN NN DIUTN T AR RN NN D UAWE N AL 0.40

SaaaznisaaanInziudammn = [(0.52 — (0.15 x 0.40))/0.52] x 100

=88.7%
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3.4
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ANTAUIE Rt AZNFIS AN N T W les

Saaaznnuzwlinlesluanuiiv 0.71
Sasavnuzdulnlaslugnuans 0.18
APAUARIUNMINDNUTNF AR TNNTN AN URBENFL 0.40

Zaeazn1zadaninsdulnles = [(0.71 - (0.18 x 0.40))/0.71] x 100
=89.8%

NN9TANUIIERLIAZNTISANIN LT UDUNFE]

faearn Nz iuauyize AU 2.07
Ly o v a = I g

SRHATNINTDUAUNTE LA S 2.69
AP AU MINAIUTIT AR RV N AR NFL 0.40

XREAYNNURANINTIURUNTT = [(2.07 — (2.69 x 0.40))/2.07] x 100

=49.7%
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NMANUIN N
a ¢ a s 4 [~
NI1FAATICUHNARANTUNUABNLUIAAE FT - IR

a2 c o 1 A a o rd‘ | [ . ¥ dll A

N139AITRAN TRt 1T N AR tuTuaegude (Solid Samples) Ing I iATaeHe
WEasnauanasu dunssaailninsdimas (Fourier Transform Infrared Spectrometer,
FT - IR) Tunseinfesnisaunsnisaalnasuaesanssaesaiiduaadnds Inslulinaeasia
o = dl 1 dl b nl/ = a 1 o 1 1 :’/ o [ % 3 0%
VinaraevTadsan nanagingades Tumpadudnnizited 19wl aduas el
a19snee Nl dnLurLneNan wuian Avuadsrains 0.01-0.10 Hadwns e liuaei
16 metiasine) Nazidenldaauetiuanifn1anIanInaesansiudae

wanaTldAe KBr-pellet technique Taflumaianfilszlamininanmaiianiis Ing
farsnandannlaialas @iy KBr Miduaesudsnaniugngsaetng ualidniuluinseesnm

(agate mortar) wdaun ldanaglagnsiduunula au130unld3immeddaeaTasdunsniee

aulnnsinfmaslsias danaeanailail Aa

1. Background Absorption #a4a1s1svnenislafiFtiesuas 1418l
2. wilangnld (peliet, disc) anaazifulFldRiAmeilnd |4
3. @ lflunismedanssedrsluszaululag o
defidnAyaesnnsldimailatiae KBr Aasazfadldinsninfian etneleafinandu
AR N30 uazazdaduie tufe Asazdeseyiignugil 110 asmgaiea et 12 dalu
Wi B luadnAme s ldnaanasamunzaanlos (P,0.) viradan a1y nawld

v L4 = a 1
ANTAZARILIA ITaIALALANa

2591 KBr-pellet 19a135aeinailszanns 2.0 RaanFu waniy KBr 100-200 Haan5a
Tulnseazinm viza ball mill Laaualiaziaaawduiilameaiy aulnAnisni KBr-pellet
posliansdnetadndulszunn 0.1-2% usfinnaazilasundasfuald auagiuans
o 1 %'/ A a va dl = v o I dl o v o o/ 1 dl
faeteiuganaunasaunsealiamesls Weunaudatinlildluazesdn udatindoatineg
u pellet laungaanunesinesslnseds manzatauanizainle arnsiuldasly disc holder
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armannnuavtasnduailnInsain (Atomic Absorption Spectroscopy, AAS) 178

MARANIG AAS umATANITAT I ETEIRe L1l Tsansann i ludanuninuas

=

BNtz azpaninuaugafnduilunszuaunsiinaINas RO LATII516AANALY

a

1 1 ] 1 1%
nasANeNIAduduniialaaanIE Setuadiualintesns sanudavatinasissfiuves

a

WANNULANFNNTTL AINNIZHANAUNANVBUANGNTTL

Afnmaau U (Calibration method) tluaanialun MU udaszigas

'
[ aAa

wATlA AAS (Quantitative Analysis) [35] TunstifianssiaasineldAee NA9IUNIULAZANTHA

E11R019 B1aAziNITAnzilAdaee TnedieuiuatsnnsgauAns uaNdnduu

xR o 1 -8

uauwdn tnalfudynyimntaann Blank liluaue udrasinauaugafuundaasans

1
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dl b2 ¥ 1 o k2 7 ¥ . .
AZRNEUNTIATIIUNAITN TN ULFA NN (4-5 AN LANTY) \a'ld Flameless atomization

~

technique 813 AU (Peak area) WIAIINAITBINN (Peak height) WAIHIHANA
= dl o o oo Y - O 1% . . d’
Aeunan ivempHANTUEALAfNMdNTueda sazane Az A Calibration curve T981a

HuwdunseizedulAeils anwuzasanamndwansligy a1

1 1 1 v
AdndnAnyazaacldand Calibration curve Ald 1l an1zn193meiusazas
dl )

Wil iWeasfinsviiindazfawinlud aneziaulasinge Nldenalfaeuudaglalld
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wsaaunalasuninna i ldamsnzsl Ae Agilent 3000A Micro GC Telsenavusiagh
WMALABSILLL TCD warAaaNiiLLL Packed column A71491 3 AadNiiAa Molecular sieve

Plot Q uaz OV-1 TnadayauazniazaesazaduialasunInnan uansenisng a1

A5 21 deyauazn1zaeaasesuialasunlnnam

3000 Micro GC Molecular sieve Plot Q OV-1
Injector Type Backflush Timed Timed
Carrier Gas Argon Helium Helium
Detector Type TCD TCD TCD
Inlet Type Heated Heated Heated
Sample Inlet Temperature (°C) 45 45 45
Injector Temperature (°C) 100 55 85
Column Temperature (°C) 110 60 90
Sampling Time (s) 10 10 10
Inject Time (ms) 10 30 30
Run Time (s) 240 240 240
Post Run Time (s) 10 30 30
Pressure Equilibration Time (s) 10 60 60
Column Pressure (psi) 40.00 20.00 25.00
Post Run Pressure (psi) 40.00 20.00 33.00
Detector Filament Enabled Enabled Enabled
Detector Sensitivity High High High
Detector Data Rate (Hz) 50 50 50
Backflush Time (s) 9.5 - -
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