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Value-added Chemicals Production from Lignite Coal by Clean Coal
Technology

Dr.Metta Chareonpanich, Department of Chemical Engineering. Faculty of
Engineenng, Kasetsart University

Assoc Prof Jumras Limtrakul, Department of Chemistry, Facuity of Science,
Kasetsart University

fengmtc@nontri.ku.ac.th

2 years

1) To upgrade coal volatile malter to be value-added products such as
benzene, toluene and xylene (BTX)

2) To find the appropriate option for Mae-Moh lignite utilization via cleaner
technology

Mae-Moh lignite pyrotysis in a high-pressure pyrotyzer and nascent volatile

matter upgrading in a catalylic packed-bed reactor. Product analysis by

using Gas Chromatography and mass balance technique. Coal and char

characlerization by using proximate and ultimate analysis.

Mae-Maoh lignite contains high impurities such as heteroatoms and mineral

matter; total volatile yield from pyrolysis process is of about 60 wt% (daf,

dry and ash-free basis). The volatile matter consists mainly light aliphatic

hydrocarbons and permanent gases, only 15 wi% (daf) of aromatic

compounds were produced. It was found that hydropyrolysis of lignite in

cooperation with catalytic reforming of aliphatic hydrocarbon products in

coal volatile tend to enhance the BTX yields (>15 wt% of aliphatic feed).

In the previous coal upgrading processes, the hydropyrolysis together with

volatile hydrocracking over Y-zeolite were recommended for BTX

production. In contrast, in this research the CO,aided catalytic reforming

of the pyrolysis products were performed 1o enhance BTX yield since there

were relatively low aromalic fractions produced from Mae-Moh lignite

pyrolysis, however the interesling result was achieved.

CO,-aided catalytic reforming of the pyrolysis products will be the

appropriate option for effective Mae-Moh lignite utilization in near future.

Lignite, Mae-Moh, Volatile, Upgrading



EXECUTIVE SUMMARY



le;’la'gﬂfﬂ 59N135 (Executive Summary)

nwivuuaslSuan

1. audrdny wazfianwoalym

fruiwmiwn TonsrssnmaniUisi e saslansnniningwiuie 8 i (ann
ﬂagamaa New Energy and Industrial Technology Development Organization, NEDO) 27N
Sume 9,700 a”wu@i"uauga'uaoaiw;Tuamﬁmuﬁu 1200 &uduuoUsuinsiisuiuaitas
nwlimumuﬁuluﬁ%gﬁ'ﬂﬁﬁmng'aUiur}ﬁiﬂﬂﬁmﬂﬁmuﬂ@mema'ﬁﬂmfﬁw wanwiio
Taniiu muﬁmﬁu%\qauaﬁ‘iaa‘ﬁ'ﬁmﬁmnww&daamnmsm:mU'ﬁwaummmuﬁuiﬁ
awidisg nalan

awdvludszvals  dwiuivwudaulwoiduidudnlug Seinsdwdauas
n"wmﬁuua:mm%u‘tuﬂ%mmga mﬂﬁmuluﬂ%qﬁu%oaéﬂﬂﬁmﬂeﬁnﬁaﬁ'wimmwa”c-am
Tagassansulsnaanizualwiy wdanalsiany mswﬁmawmﬁ;&nmﬁmwrm’mﬁuu”aa:
Huvnadaniianimnemie  desamdanasmadsssdusznovwanlulassadiadining g
anrulditysznoudivasdsinavlolasariuansilaaziviiin (aliphatic hydrocarbons) was
Talasansuontian=lsuufn (aromatic hydrocarbons) Uisrsuididinons wdodslsiany
SasrmnoininanludainusdsuinsdiUsnausioanslsinor C-0 waz C-S waDvtu
oin ﬁﬂﬁmﬂ‘fﬁ“n‘mﬁmﬂui’mﬁmlum:umm'ﬁ‘ﬁﬁluﬂmgﬁ’mifm'n'lﬁum

m:unumﬁ‘ﬁmm:awﬁq@lummﬁma-wsyjaﬂ'1Lﬁumnmuﬁu5n1uﬁ Rl LR TR ATy L
nszusuntialasinlslada %wiaﬁmﬂwmuﬂ‘?uﬂgaqmmw lanluiuaoulsnoiwiinas
anviiniwenWuszaauauianuazyinnimuaanulalasiau  (stabilization) Tuiuaani
n@lu‘[mﬂt}ﬁﬁgﬂﬁﬂ@ﬂéam’mﬁmﬁu?ﬂ:aQ’Luamwﬁﬂmﬁqm%gﬁﬁoamdﬁau 300°C Baraf
VL@TfIa:Qnmmmm%muﬁaaa Fadusdmvenniasdfninl upgrading %oﬁwimaqahwy‘
ITYNUOLBVUINAY laonsiufasolusnisidnau uuﬁuﬁmaaﬁmiaﬂﬁﬁ‘%m MTHRANS
mnﬂfj‘;u@auﬁwfg@ =16 C,-C, mu%mm:%gﬁmﬂuaaﬂrﬂ'i:nauwé’nlum:mumsﬁona"n
i duduszaansognudizdidlasite warfiddymaoninadudofnadaulnuanis
ptiabafm$aunizan (Greenhouse gases) L faarfusuasnladzonudsaniwly

=t [V~ P e = ] e 3 a - v
MNaUHNA @InunIzuINM IR unit J'luﬂ'l’ifl"ﬂ'ﬂ'iw mn?muvmvlﬂ gH1INn M']:ﬁlJ'ﬁ aa
q



- &
2. 1anUszage
2.1 Lwammﬁaamﬂauﬂuluimaaswwaamuwuaﬂiu@ waztadpravnivesUiisunlnls
‘laﬂjmmwa@amwa@msmmgammu
- - = E & = \ il . P &
2.2 ensudeulviimuizaunaalunisuiamnadyadwinaniiuiuinlug
23 wWedBunuiipatiasistuiviiunsldiuduanludWiifasslvmigaga lavdrilads
HANITNUNWRAWLIGR DL D W T e ua Aty uaziHguwiauikazdsraunisoinn
{57 UnI0 wazpIRNIALRLITEY
o a a e & aeel av = = = o v
2.4 Wewannnwitolszondaesdsninalnoldliunasguiaiion waziluiivesiuvasin
FIVRING
3. sziiouisivw
=3 o 4:1 al; Py | o G L ' :1‘«
NsANEIT0H DTuaeuuazitnsisuasaalu
P = a1 o 2 1Y
3.1 NISEONUUL UATATIIASOILANGINIWRBAIDAIINTOW (pyrolyser) LAz
wissUinsatdsudsiannin
C; PN Qs G Ly—) ¥ ar B e Jlﬁ
wiasdinrotldsuniseanuuuliil 2 arunenanniulavtaau dalida
A . ' =9 L3 i
3.1.1 1AaTavUanA I MR UG I8N INTOU
A e ' =) w B J k) g =) A =
wiaanandamuiudsanuiauts  Idlumaililnanadwiveandniu
ol v e = - , = ) P P @ o
gssnve  lavluindaslfieSesdfinsal 2 oda nanda i naapIfigunnildai e
dinsoinuaInudugs (high pressure-resistant autoclave) diniuniinaassfigunniziuas
dasnidaTimibdinninieuas azldieiesdninluvuvadalznaudinueiasliaiuion
Car e af o @ ' & P ' @ e o
lagld5afBursisa (IR furnace) a3oslfnsnidinaivoressiion wwgndsdinuieme
vluImmuﬁmmnaanmau (OFN) warmolaloaudlfiilumian (carrier gas) waziilu
Eﬁ'im@m (reactant gas)
3.1.2 Lﬂf@dﬂﬁﬂ?dﬂ%’yu;a@mmw
A = & a A‘ L% a dl o
wrasUninlusudennnini 'L’n?mmm‘sﬂmﬂgaqmmwmﬁ:mnwvl,@t
nuiidonwlsladavastudulutuasuusn  lasarsssmuiAaduannszuannmsiuis
2 o o ~ = € o o a an 2 N ar
auvzgmihangaaissdjnisidivdisquniwlasiany  ussvindfAToruuiNuiivasaran
' ‘j_]nm P vlul = = € o oo = o & '
adiisennusiglilumasasdininl Jollanwmniuuauss (packed bed) vindnoviaauau
188-316 Hrwadudiuguinanniolu 7.6 Safuas uazll tube heater Usznuat 3oy
ﬂgﬂ‘imunncﬂamanumﬂaaﬂ’uaam‘saaLmnmmuﬁumum’msau
Lﬂiaaumnmmu%umumwmau was m‘iamgmmﬂ‘;uﬂsaﬂmmw rpnusrnavidn
PEITAIN wﬁmmnuumumaan"uaomﬂm'mLmaaﬂgmmﬂiuﬂ'jaﬂmmw DNGEDEINY trap



Waiuinasuaenanirualunilwswe (C,) luﬁ'ﬁ:ﬁ):ﬁlfﬁi{wLLﬁaLﬂuﬁaa@qmﬁQﬁ
MnSufiawloasdsznaving  AdvwiaiEnnit  ardsnsdiusanunld wazaunsoviinng
Sinsshldlaunisiiualadny lauld gas-tight syringe wiatfiunnlu Trap ussadiolulasiau
AR
3.2 ﬂ’]'iﬂﬂﬁa'ijﬂ’ﬁs[%}d’]uﬂad?“fﬂtﬂ%‘adﬂﬁﬂinfﬁlgQ%Iﬂﬁ;?1ﬂ1%ﬂﬂﬁﬂ°1l‘ﬁ;%ﬂ’l?
vnnsmassunnuwianlunislsowussganiesdinsal  laonisanasauszuy
AILAUAMNAK  §IERN L ms:u:qmwgﬁmﬁlum‘%mﬂﬁnmfﬂ*?uﬂ‘gaqmmw L RoRAUe
FuRLILAz LTI INISUIITO NI 5N luituﬂauis:uuimm’;m:gﬂﬁ’mﬁmwaau
anunionlagltmalulasiautnaainaanaunon  wasa Nk aiin1INaaesfinwIa3y
3lilalasian niamalulasiansiaainoandau udsudidanlonisinmlundnsd
3.3 msdnwifdplguniiornlaseadisvosiuiinining
lu{fumauﬁmuﬁu%n‘luﬁa:gnﬂwmﬁ'\ms‘lwiﬂa%alum'smmﬁmaaﬁ'\sﬂuimmu
UsIA3INaandian Ananues 1 atm WAZYTURA ] 300°C  wadldannduaouii szaunsnuen
161 Tassatsvasdnufiudnlud  Aldlumsneaassi Hlassaavandsznaudiy
lalasafrousineslsundn wazazdwan ussddsznavivinls %dﬂ'a;&aﬁadﬁﬂuﬂa;ﬁaﬁu

ulunsnaassBouifounuSeuludug dald

. v
=3

3.4 msédnwinavasildunduniivosdjiseniuadanisHansaniuaaun
msdnwdeiofinadensuiamsaiiysandisluddldn wudu nadu uszlo-
Au (BTX) 1863 autsaanu 2 Tunondei
3.4.1 wavoIgmmniuarnnuaurinlulasmudsmenoandieunszalalasiau
Aldananianinffizenlslagaysund
lu’z‘]tumauﬁmuﬁu%:Qﬂﬁﬂmmmnﬁ'gﬁmmm%’au MuldusIuINAYE AT
TulasiaudsaainaanBiounarmaolalasouianudu 1 atm lug29gunnd 300-900°C wa
Aldrntussuilarildnmuiinalnmsiusasirlulasieulsensansiouas e
'Laimmu?iﬁviamsm:ejumﬂﬁmjﬁﬁ‘%mmﬂmnamuimaqamaamuﬁu
342 wawm@mugﬁua:mm"ms'aifjr‘ﬁmﬁff@'awamﬁﬂmnﬂﬁﬁ?mﬂf’nﬂgmm.n'aw
msdusaiiindloladada v usz zsM-5 asgnusselwaiesdfnsalusu
ﬂjaqmnwwnﬁav’hmsmwaaumwmm‘mlumsr&aﬂﬁﬁ%mmsﬂ%’uﬂgaqmnwmﬁ:mu
nnduiu iduaisyszney BTX usrfalalasaisuauvuiaian %aﬁqmdm%amswﬁﬁaga
ninduindnludias el filuteysidgluntsdaiulaidennszuiunisfimunz ausaly

:: J‘ o * = Swds lﬂ. =
lu-nuﬂauumsmnsﬂgmma:gnu*s‘sagmlumsaaﬂgnmf lauyinsnugy

ATTUAUIVDIUS (bed) NITUIAIMURUI 4 cm ua:ﬂ%’mﬂﬁuuﬁwqmwgﬁlwﬁu 400-650°C



WAITNURETHAANET LI NN TNAR0IE N AFN1IZE19 9 Q:Qnmmm%umﬁuumgﬁam
iaa;ﬂe‘iw?uama:ﬁmm:awﬁq@luﬂﬁﬂ‘{uﬂgaqmmwmﬁ:mm’mmuﬁuaﬂiuﬁ
3.5 n1sesizRRanIsnaassuaznislizalanatana

mMshassrranisnaaasinlavlfiaiseilasianzwinoviie Gas chromatography
Tauuwan3@iisy C1-C3 uwaz C4 'I,m:mmm'iﬁwmwaaaa’[umia:ﬁaLLlhmuQm ¥ina3
FiumadmasiReiemsinitinnuaimInGenariiasie g ogaes 3 aseuaznae
@RD GURUARIWNTZUIUNTUANG G 18a 030 1LE NAnTwae (char) ﬁ):gﬂﬂﬂﬂﬁmﬂzﬁ
Tan33vs Proximate analysis i@z Ultimate analysis WoaadaeuUasunaeunsose
Ysznaunmolutiuin vxé’ammfuﬁwmsﬂ‘s:mawaﬁagmﬁawan'iauvL“uﬁmm:auﬁq@ﬁﬂm

mMsiouioudSunmaands BTX #ile

o =N oy e i 9
4. NIFRNHHITHID ﬂmﬁaﬂiﬂﬁfﬂﬂ']‘illazﬂad'\%ﬁiﬂ

AanIsunS LN AT LATUINNNNTENLBUNAT
w o o a I [ el - o
1. NITBaNULUULAIFIIILAID '?;3@Lmaaﬂgmmmmm‘l‘nmu%@\ Tunnisiivas
d: £ € 2% @ L =Y
pyrolyser  uaztaiasdinsol | Manwlasniiznisidiueiulnd
é’m%’unwﬂ%’uﬂ‘?\jﬂmnww waatalsneny  eTasuanat A ud A NS
FITHNARHE (Upgrading | 1fie  Autoctave  ifiadinantsldemiignmnilaiiu
reactor) WAXNVIN@FAUNTITES | 350°C d9nunadn Nt dsiuwliszosnits 393 nilndas
NuvaszawaIaslinyod wWiswiuelasgnsaluvuvie  wRaldluiidoywie
?ﬁwﬁmaaqmﬁgﬁ
=1 £ o =Y a ' s F=% &
2. nisanwdedodzuniiain awTndssiiulassaistasonwinanlugan

lavsadevesoiuiunanlug WHARILNLNIE IOURINTIINNEENITI AT SR e S HEanE
Ui inlsladadzund  luussormavesing
= fL o Fa o o v
Wwee (lunkdes Mmalulasaudsansandian) 14
1 = + r-9 r=9 d: E}/ =t L
nanfe  oudnanludnltlunisneasii lesiats
Viaursruadsznavely  lalaserSuausiiaozaw-an
LLa:u'laTmmsfuawnﬁ@a:’[muanﬁuag"ﬁ?U aanlln

o ] = :’ ar - =
Uinnaindindy 1 wefidudalasdiinin (Dalide

s Y
ATUTULRZION)




AINITTUNGLRUNIT

WA LS SUINAITALRWANT

2. nsansdadudguniiann
Tasgasrsvreanrwiudnlue

GE))

3. MIANBINAVBIDUANDURE
ANABAT lulaTiaudsa
nsandan uazlalasioudt
fdananfnandjisonnls

ladalgund

4 nsAnwIHaTe IR Nuaz
Fses9UAATuAildona
WaRINUGAN misdiudys
AN

ﬁa;&aﬁonén%ﬁlﬁlﬁmﬁ Talasmsuanshiaozls-

. , a o = s
wuén luassinpanoiwRusaduurssuosans
tlsznoy  BTX ww  suSurméiann  aanudalaiie
dszlomilunslalasinlslagartuin  wSouanaiay
NS OU I UUSTSEINFYBIMITLILaSI% L WIIZHanNaN
lwawdiaanunmsitiirlalasiawuss  Gevinldiie

ot L8 =9 = Py =
AsueanaIvadlalasnisvansiaazanienawanasly

= A = 1 = =) o
an mLﬂumsam‘dammaamwa@manmu

nILANE mwgﬁ‘lwiﬂa%aﬁ AMNAUAILANTBINI

maoiulasiaudsieaneandian  wazlolasiaw  (200-

900°C)
3 =y o = = a:lI F=%
was tolasafuausinasAWGnuuIaLan I@Uﬂqmﬂgu

A ARAI AU USRI T IS R EIINOI WA Y

400°C  Mavegestialdnalndidostn  weliiafy
qmwgﬁmnﬁaﬁﬂumtﬁmaaﬁ'vn"laIGﬁL.a}u USunauas
szipanoukrunaz lolasafususiinardwidnuuie
Enuazezlsuudndafnuniu  udlalesesuausia
oxlsun@nAlaTud 1 uaz 2-ring eotiu lunisnaassga
dold Fudiondssidumsdidoanlalasinlsladad
AULALAITLANAIRITILLABAID LI LA TLAUL UG ILT
Uinsen Thduwlalasinlslafauszunvind §Asen

e & . =y = o =
sWeasuils  (reforming)  &sdsznavazRWNGAnINDNE®

BTX 3 NI REINN T HRAUEN eyt

Wavimsidasudemseaunuasizinoilden
nsruUMsIwlsladariuiu  vuanse iAo slalad
Tia ZSM-5 ﬁqm%gﬁ 500-650°C wudﬂﬁqmﬁgﬁ
3Wasude 625 °c ldasusznay BTX gagany 18
Wasidudlaoimin (lisunnuduussdi)

A A a
HATUNRIAAUN LU TETSEOD
UINITIE

Mae-Moh Lignite Upgrading Process at Low Pyrolysis

Temperature




FINAL REPORT



=Y p= | 1 o 1 =N PN s
mwammﬂm\lga ANLANITIAD TN ﬂI%(ﬂ

lagldmaluladazana

lag as.1uaa1 1R3UNWIRDT Lacame

= o 4 = &
AMANBIIAINITHNLIAN ATUZIFAINITINEAAT

WUIINUIFUINFATEIEAS

nIngIAN 2542



l
Mentor: 5¢.A197.919d awm*s:ga



=

UNh
1. unin

2. ATnsisy

3. HANITIVY UWATUNIANTOL
4. Fyduanisiay
LON&1SD9D9

MMAHWEN

12
26
28
30



UNN 1

YN

muﬁmﬂumﬂﬁn@ﬁmsﬁﬁQnl‘ﬁxiﬂmmda‘lﬁ’wé’omumﬂunmmu Slassasianan
dszneudrpaifuau  lalasiau wazeandian waziimuzduuazlulasioudvegdrodnden
fudniUSurndsasuinniniauiuis 8 i (3INTayavas New Energy and Industrial
Technology Development Organization, NEDO) anuU3uam 9,700 ﬁﬂuﬁuauyjamaaiﬁwﬁuau
Foutiy 1.200 SuaupasUiunasinTududsas uaﬂmnﬁu,ﬁ’ari’mﬁur?uﬂui’mqauﬁﬁa@ﬁﬁ
whosnwaiiasninansraearluauiidrsg vialan
Lﬁaamﬂmuﬁuﬁﬂ‘%mmﬁﬂiaegjamn Gafouniuurdewdsnusminauillandon uas
Masssnmd eibilinegn nsldouduiudulngldloulymdansualuiy laglu
Taq1u Iiawé’@m:uﬂﬂﬁwﬁﬂaﬂﬂ%mﬁaLﬂui‘iamuﬁlﬂﬁ'ﬁﬁuﬁwﬂu*g”mq(?m nrslgniuinu
Lméawé’:}muﬁLLualilwﬁa:Lﬁuﬂ%uﬁm%unn g 1 ﬁm%’umuﬁuﬁﬁagluﬂszwmlﬂﬁﬁaul%tyj
Husrufininlud Faduiufunsad (é’mamlumswﬁ 1.4) URIMTETIIUDBIT UAN
Aaunanye Taduiandudmivlsindanszua iy naunuwdsuanunasdianiouy
agalshiony  wiHdTnndsasouwinralane s winuniaa wanuinf Sy
wraIwdIuREusnnua iyl ﬁafumﬂﬁmdoi’@qﬁuﬁcna"n ATABIUNTINILHUNT
liwdsnuatasauaauuaziany  lasnisdisfalymidonuiaduldluauaa dsluuduos
PITIIALAAULAEINATNUN  WATRANIENUGaRousadaualwIsuzlnduarsroslng S9iwany
neiu%%’uﬁﬁwmiﬁnm ﬁuﬂ%Lﬁam%%msm'ﬂ"ﬁammuﬁulﬁ’gﬁ@ﬂs:%w%wa;;raeg@\
walulabnisldoudiudu uwdsasnidlu 3 dssinnlvg g nande  nsldeul
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liquefaction WRT indirect liquefaction uanmnﬁﬂ’oﬁm:mumi carbonization Lﬁal‘mﬁ
15 (tar)  WRANANANTIRNNTIUIUMTEINE1I8D  alaan (gasoline) LRZUWNT
(naphtha)  \iluen nyzuInmsisuiuRuludnemevosfiolann  nssuanunns
Gasification uaznzuaumsinlslada MaRldannszuInnis gasification =i foRien
Au3au (calorific value) Qoiﬂmuﬁaﬁw‘nﬁﬁﬁiﬂﬂdﬁuﬁ'auﬁﬁ ﬁwmﬁﬁﬁwmm%’augm:dﬂﬂl‘ﬁ’
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Deposit Province Measured Indicated Total Heating Value
locations Reserves Reserves Reserves (Kcal/Kg)
Mae Moh Lampang 821 671 1,492 1,900-4,600
Krabi Krabi 84 37 121 1,600-4,700
Li Lamphum 28 25 53 2,800-6,600
Mae Chaem Chiang Mai 1 N.A. 1 4,800-5,300
Mae Teep Lampang i1 N.A. 11 2,400-8,200
Nong Ya Plong Petchaburi 1 N.A. 1 2,400-7.800
Mae Tun Tak 1 N.A. 1 1,700-8,200
Mae La Mao Tak 2 2 4 3,300-5,200
Mae Tha LLanpang 1 N.A, 1 3.£720-5,800
Wang Haeng Chaing Mai 93 34 127 1,600-5,200
Sin Pun Krabi 91 N.A. 91 1,200-4,800
Khian Sa Surat Thani 15 40 55 1,700-5,900
Saba Yo Songkhla N.A. 139 139 NA.
Chai Buni Surat Thani N.A, 14 14 2,200-4,000
Wang Nua Lampang 9 63 72 1,600-4,900
Ngao Lampang 48 25 73 1,000-4 000
Chae Hom Lampang 16 15 31 1,100-4,400
Some Ngam Lampang. 6 5 11 1,800-4,800
Mae Ramat Tak N.A. 3 3 N.A.
Hua Sua-Fha Lampang N.A. 2 2 N.A.
Maeo
Chiang Muan Phayao 25 2 27 1,300-4,500
Mae Tha Lampang 17 18 1,300-5,500
Bo Luang Chiang Mai N.A. 1 1 N.A.
TOTAL 1,270 1,080 2,349
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AusadnamaReerzimdinnmasanindanasind g athakey 3 ASIULRTAIAR
@AY TuRBARwNITUIRMSLANG G e NTauLED Nnfiuda (char) azy b il Tz
I@U%%ﬁgo Proximate analysis Waz Ultimate anaiysis Lﬁa@l‘:"m’ﬁ’@ﬂ’nmﬂﬁUuLLiJaG‘Ua\‘sa\‘iGT
dsznauniuludiuiu mﬁ“omnﬁ:uﬁﬁmsﬁ‘s:mama"ﬂagmﬁ'amﬁ'auimﬁmm:auﬁﬁ@ﬁﬂ@zJ

malSuuifisuilSunnunanda BTX Aile
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3.1 m‘iﬁnu’maﬂaaﬁaﬁﬂﬂgwgﬁmnTﬂwa‘?ﬂwaadﬂ%ﬁuﬁnT%ﬁ
AINMTHaTsAIUERENIudINE UL lnedF  proximate  Waz  ultimate
Wouiuransiiasiiuiuin 9 andssnrssmanis (Gouaailuarsief 3.1) wuin
dufindnludanunasutian: JU3umasssny uas fixed carbon §nndntnuiuduseng

LR ldTa wanainii mm’snmwwmﬁﬂulﬁmmgamﬂ LLa:aglummrﬁgaﬁﬂma‘jmﬁmuﬁu

A157197 3.1 LERIIRUTINEL Y aSTNRABEA WA NUR S I LTI ANTIHATIER e ST

proximate WAz ultimate analysis

Coal Proximate analysis (wt%, dry) Uitimate analysis (wt%, daf.)
Volatile Fixed carbon  Ash c H N S O
matter ’ (diff.)

Mae-Moh 38.2 223 39.5 68.3 5.1 2.8 6.2 17.6
Morwell’ 51.5 46.5 2.0 67.4 5.0 0.5 0.3 26.8
Loy Yang' 51.9 47.6 0.5 667 46 06 03 278
Millmerran® 458 37.8 16.4 76.9 6.6 0.5 0.6 15.4
Liddeli’ 34.6 57.4 8.0 835 54 21 06 84

1 . . .
Australian lignite
2 Australian subbituminous

3 Australian bituminous
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B Moisture
Fraction {wt%)

| Ash

D Volatile matter

] Fixed carbon

31U 3.1 adedsznovlensinyadonuAnInludan

LARILHLUNE

B98UsNaUBL g INNTIHATEALASE proximate  wananii Punmrinuzduiivzduegiu
Taseaanudu AldSuimganadiniuldda ueiadnalsAanalunuddoi SRR
Ufmswonenumdesisvafvannszuaunisiwlslads  wdezwwuamensitusslomd
asznn (Muauwues volatile matter mn;gfdﬁ' 3.1) vanuannszUIRns v islaSatuiia
antudliiiadszlordgaan ﬁaafumsmaaw:&juﬁu'lﬂﬁmﬁme:ﬁmﬂ%mmmw%@mﬁ
Fa4ms leun msﬂs:nauia‘[mm%’uauﬁ‘;\a’ﬁﬁma:ﬁﬂwamm:a:kuu%‘mﬁv’wmﬁﬁagj nafh
auinaoleun fixed carbon Afe 113 (char) dsawrsnirlUlBidwfanwdouds  wazdh
(ash) Topianizagnsbataen (fly ash) Amwrsoiidlgusslomisalasn wwu i

Jandvlunisniadlalad (26] (udu

3.1.1 nviwlslads oufiudnludluinios Autoc/ave

lumsnaaasii syhmsAnsmsuanluanadiuiudiganuseauuvusaiiodu
yssornmasesimrlulesiaudraneendiauil 1 atm ﬁqm%&gﬁiw]ﬁﬂa%a 300°c laoilow
uABLRs 20 n3u uazlBuszdamsluadalSunash 200 CC/min (STP) 3nNanIsnaaas
wui iiamsssmonaen 166 WediGudlaminin (Holufannuiuusadn) wis 166
wt% (daf) lap® C3-C4 \Jussdusznounan uasll 2 usr 1 Wussddusznousas (gﬂﬁ 3.2)
inmsthaugamailinmuidfsiwinaniuvensenlad Tulasion wasdaafidudin
ﬂs:nauﬁm%aag wasRUInmatisdszanm 7 wi% (daf) 29NN snszunaad uaia 1o azifiun
lé msusznevlalasmivausfiaezlsundnegdadulszainm 10 wasifudvesmsuia
HAT IR wiadlatifng 1 WaflFudlaudnin (HelufnnnuTunasiin) IINTDYAAINA

A" w il [ 3 = - J = . :J L= L%
A MlAAulai lelaseSuourfiaazlsuudndaiuunasvasansds=noy BTX fndeldan
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2 .

a

— —> 4  a { ; Y
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o a o
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Abstract

An attempt for finding the appropriate process for cleaner utilization in according
with efficient use of cnal was focused using Lignite from Mae-Moh basin (Thailand).
We found that the hydropyrolysis of Mae-Moh lignite under atmosphenc pressure of
hydrogen gas is the appropriate process for value-added chemical production. For the
hydropyrolysis of Mae-Moh lignite at 600°C and the heating rate of 15°C/s, 15 wt%
(daf) of BTX and naphthalene were obtained. To enhance the yield of aromatic
fractions from aliphatic compounds 1n nascent coal volatile, the feasibility study of
reforming reaction was done by using the LPG as model compound. We found that 18
wit% of aromatic compounds were produced over ZSM-5 zeolite catalyst at 650°C.
Thus, the hydropyrolysis of Mae-Moh lignite together with the upgrading of aliphatic

fractions in coal volatile is valuable option for coal utilization in the future.

Introduction

The effective process on the basis of cleaner utilization of coal is the objective of
our study. Since the coal resources found in the northern basin of Thatland are
predeminantly low rank 1 gnitesl'3 , the utilization processes are mostly conventional
gasification. The light gases produced from lignite coal gasification in Thailand are
used as feed gases for electric power generation. Because of the low productive
utilization of coal and the high amount of air emissions of which cause strong
environmental impact known as the greenhouse gases effect, an attempt for production

of value-added chemicals from coal regarding less emission of these deleterious gascs

- . . - . B 3-7 .
are focused. Conventional pyrolysis of coal were studied by many investigators | it is

considered as a fundamental step in various coal utilization processes. Coal pyrelyzed

at atmospheric pressure in an inert atmosphere, has shown to give various products

. ., +E
such as light hydrocarbon gases and liquids . The primary pyrolysis products are



related to the structure of coal. Thus the fragments released from coal macromolecules

can represent the parent coal structure, therefore coal pyrolysis technique can be used as

7.9
a tool for the study of coal structure by many researchers . The effect of temperature

on gas evolution rates and product yields was determined at a low heating rate by

10
Juentgen et al. . The effect of temperature on flash pyrolysis has also been studied

extensivelyl 1-15. Pyrolysis temperature affects not only coal devolatilization itself but
also the secondary reaction of primary volattles which has a great effect on product
composition.

The alternative process for light hydrocarbon production from coal is
hydrocracking process. Coal could be pyrolyzed under hydrogen gas atmosphere to
encourage cracking reaction to form lighter products. The cracked products from
pyrolysis process were then continued secondary reactions on the upgrading catalyst to
yield lighter, value-added products such as light aliphatic and monoaromatic
hydrocarbons, finally. There are numerous factors that affect the yield of
monoaromatic hydrocarbons such as benzene, toluene and xylenes (BTX). These
factors can be classified into two groups; the factors affecting the yield of EX
precursors in pyrolysis process and in upgrading process. The first one consists of
coal type, reactant gas and pressure, pyrolysis temperature and residence time of coal
volatiles in pyrolyzer. The second one consists of reactant gas and pressure, upgrading
temperature, upgrading catalyst, and upgrading time of volatiles in catalyst bed.
Regarding BTX yicld enhancement, Takarada et. al. pyrolyzed Tatheiyo coal, Japanese

subbituminous coal, with Co-Mo/Al, (G, catalyst in the powder-particle fluidized bed
under hydrogen atmosphere and they achieved 5. 8 wt% (daf) of BTX'®. Wanzl et
al."’ usin g a two-stage entrained phase reactor, pyrolyzed Westerholt coal at 5 MPa of

hydrogen and obtained 9. 3 wt% (daf) of BTX. Chareonpanich et al. 18 using a two-
stage fixed bed reactor packed with USY -zeolite, hydrocracked volatiles from
Millmerran coal at 5 MPa of hydrogen and obtained 14 wt% (daf) of BTX.

In order to enhance the yield of value-added products (especially BTX) from coal
volatile matter, the effect of reactant gas atmosphere, heating rate, pyrolysis
temperature, catalyst and catalytc reaction temperature on coal upgrading were
clanified. In this research, Mae-Moh lignite was used as reactant; the total volatile
vields and product distnbution from each experiment are clarified to assess the best
option for Mae-Moh coal upgrading.

Experimental

Coal sample

12



Mae-Moh coal, the lignite coal from the northern part of Thailand, was used as the
feed sample throughout this study. It was ground and sieved to the diameter of lower
than 74 ym. All the samples were dried at 110°C for 2 h and kept in the desiccator

before use. The proximate and ultimate analysis are shown in Table 1.

Catalyst preparation

H-ZSM-5 zeolite was prepared by hydrothermal treatment and followed by ion-
exchange process. The catalyst sizes were smaller than 78 ywm. Prior to each
experiment, H-ZSM-5 zeolite catalyst was calcined in oxygen for 0.5 h at the same
temperature. The surface area of H-ZSM-5 is 450 m*/g.

Reaction system

The experiments were conducted in two tube reactors made of SUS-316 (id., 7.6

mm) as shown in Figure 1. The first reactor is the pyrolyzer or evaporator equipped
with an infrared furnace and the second one is the catalytic packed bed reactor equipped
with an electric furnace. In a typical expenment of catalytic upgrading process, 10 mg
of coal sample was used with the feed/catalyst ratio of 1:100. The feeds v -re put in the
small SUS-316 boat and placed in the pyrolyzer. The reactor was closed and tested for
leakage by using oxygen-free nitrogen (OFN) and subsequently with reactant gases
(OFN 1itself or hydrogen) to replace air, pressurized at ambient temperature and heated
to reaction temperature. Reactant gas was allowed to flow at 200 ml (NTP)/min.

The coal samples were pyrolyzed from room temperature (about 30°C) up to
pyrolysis temperatures ranging 300 - 900°C at the heating rate of 0.1 - 100 °C/s. The
evolved volatile matter were either subjected to analysis or 1sothermally reacted on
catalytic bed at 300 - 600°C. The reactor was held at these temperatures for 10 minutes.
The catalytic upgrading products were then subjected to gas chromatography.

The effect of pyrolysis temperature, atmospheric gas and gas pressure, catalytic
reaction temperature and catalysts on product yields and distribution from lignite coal
were examined. The reaction condition for each senes of expertment are shown in
Table 2. In all cases, the maximum yield of monoaromatic products was focused as the

appropnate results.

Product analysis

The liquid products were collected in an ice trap and 1dentified by GC (using a
Hewlett Packard 5890 series 11 equipped with FID and a HP-1 capillary column). Gas
products were trapped in liquid nitrogen bath and analyzed by a Shimadzu GC-8A gas
chromatography equipped with an FID detector and a Porapack Q column. Permanent

gases were analyzed by the Hewlett Packard 5890 senies 1l equipped with TCD and



activated charcoal column). Scotty standard gas mixtures were used for GC cahibration.
The yields sulfur and nitrogen oxides was calculated as the result from mass balance
between total conversion and total amount of products determined by gas

chromatography.

Results and discussion
Effect of heating rate on total volatile yields

Figure 2 shows the effect of heating rate on total volatile yields from coal pyrolysis
and hydropyrolysis at 400°C. The hoiding time after peak temperature was fixed at 120
s. Under atmospheric pressure of OFN, the total volatile yield after the heating rate of
15 °C/s was observed to be virtually close to that of 15 °C/s (about 35 wt%, daf). The
lower heating rates tend to give lower yields of total volatiles.

In similanty, experiments performed under same conditions but in hydrogen show
that total volatile yield under hydrogen pressure primarily increase with heating rate and
then intimately constant beyond 15 °C/s. The total volatile yields obtained with
hydropyrolysis were lower than that of pyrolysis themselves. This observation is
disagreeable with result obtained in the expenments on Linby coal reported by Gibbins
etal.'” and by Chareonpanich et al.'® using Australian Millmerran coal. The reason was
not clear yet, however the pyrolysis temperature used 1n this series of experiment was
relatively low as 400°C and the pressure of hydrogen was only 1 atm, hydropyrolysis
rarely occurs under this condition. The data of total volatile yield alone do not support
the clear perception between total volatile yield and the heating rate during the
hydrogen-promoted devolatilization (hydropyrolysis and the beginning of char
hydrogasification) since the two processes appear to overlap in time and the pyrolysis
temperature was relatively low. Because the greater amount of hydrogen should be
consumed at the higher heating rate to stabilize free radicals occur during the process,

therefore optimum amount of hydrogen supplied in each experiment is also the essential

20
factor = .

Figure 3 shows the similar result between product distribution of pyrolysis and
hydropyrolysis. There was almost no heavier hydrocarbon than C4 found in the
experiment for pyrolysis in both inert gas atmosphere and reactive atmosphere of
hydrogen. The yield of C3 and C4 are extinguishly high when compared with lighter
hydrocarbons. The amounts of Co,, SO, H,O and other hydrocarbons heavier than 1-
methylnaphthalene (calculated from the overall mass balance of the total volatile yield in
obtained from each expenment) are shown as 1-MN**. By the meaning of coal
destructive analysisit was notified that these pyrolysis results should imply the
macrostructure of raw coal 1tself. Therefore, it was obviously illustrated that Mae-Moh

hignite consists of mainly aliphatic hydrocarbons and heteroatoms, which are connected
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by various bndges such as -CH,-, -CH,-O-, -S- and -O- to form its macrostructure.
The aromatic hydrocarbon units were rarely observed (lower than 5 wt%, daf at

pyrolysis temperature of 400°C). Supaluknari et al. also reported agreeable result that a
high proportion of carbonyl carbons is found by '*C NMR ana]ysisB. The

hydropyrolysis product distribution was rather same as that of conventional pyrolysis
since hydrogen concentration was very low. A resembling low amount ¢f aromatic

hydrocarbon from this investigation was perceived (5 wt%, daf).

Effect of pyrolysis temperature on total volatile yields

The result of pyrolysis temperature on total volatile yields and product distnibution
in the range 300 - 900°C are shown in Figures 4 and 5, respectively. Ligntte was
pyrolysed at atmospheric pressure of OFN and hydrogen using the heating rate of
15°C/s. For OFN atmosphere, it was found that total volatile yields were increased
steeply from 300 - 400°C and almost constant at higher range of pyrolysis temperature.
This is because most of volatile products have been emitted under temperature lower
than 800-900°C.

In the case of hydrogen atmosphere, the different result from that of C "N
atmosphere was observed. “Total volatile yields increased gradually with pyrolysis
temperature throughout the maximum pyrolysis temperature (at 900°C) we had
investigated. This resultis very interesting since it differs from the conclusion we have
mentioned regarding the effect of heating rate that hydrogen gas at atmospheric pressure
might not initiate the hydropyrolysis of lignite. Nevertheless, we found that hydrogen
shows great effect on hydropyrolysis of lignite at the pyrolysis temperature above
500°C. This information implies that at higher temperature, hydrogen can play role as
reactant gas for stabilization the intermediate products from pyrolysis process. It results
as higher yields of volatile products are produced since the recombination or
polymenzation reactions of the intermediates are inhibited.

The product distribution 1n atmosphere of OFN and hydrogen gas were rather
differcnce at the temperature higher than 500°C. Naphthalene was found at 600 and
900°C , it indicates that coal hydropyrolysis can occur thoroughly at the temperature at
least 600°C. At 900°C, about 15 wi% (dal) of aromatic hydrocarbons (BTX and
naphthalene) was produced. Since the aromatic fraction in lignite was only mono- and
diaromatic hydrocarbons, therefore the further cracking reaction on the catalvst surface,

especially Y-zeolite, 1s not necessary.

Pvrolvsis or hvdropyrolyvsis
Since our research objective 15 to maximize the vield of monoaromatic

hydrocarbons such as benzene, toluene and Xylenes (BTX) from the utilization of Mae-



Moh lignite as the raw feed, the result as shown in Figure 5 implies us the most
appropriate option regarding our purpose. At 900°C, hydropyrolysis process produced
more than 25 wt% (dafl) lighter hydrocarbons mainly C1 - C3 and 15 wt% (daf)
aromatic hydrocarbons while conventional pyrolysis produced more than 20 wt% (daf)
C1 - C3 and 5 wt% (daf) benzene. It should be noted that there were few heavier
aromatic units in raw coal that might be hydropyrolyzed or even hydrocracked into
BTX products. Not only the lack of aromatic resources in raw coal themselves, but
also the hydrogen essentially supplied into the hydropyrolysis or hydrocracking process
1s considerably expensive. Therefore, difference from other coal utiiization processes“{“
*° the Mae-Moh lignite hydropyrolysis in only atmospheric pressure of hydrogen gas
together with an upgrading process of the light aliphatic products in nascent volatile
matter via catalytic reforming on ZZSM-5 zeolite catalyst should be the most appropriate
option for BTX production.

It should be noted that direct reforming of nascent volatile matter from Mae-Moh
lignite is impracticable since sulfur compounds in raw coal may potson the active site of
catalyst’*'. Therefore, desulfurization of influent feed is essential before entering the
reforming process. The technical feasibility of this process was investigat~d in our
laboratory by the simulation of real process using liquefied petroleum gas (LPG) as the
model compound represented the pyrolysis products from coal. The detailed
compositions of model compound are shown in Table 3. The data presented in Figure
6 indicate good potentiality of pyrolysis product utilization as feed stock for reforming
process. The aromatic and naphthene products obtained from the reforming reaction of
the LPG at 650°C is 18 wt%, hence it may be likely for this kind of upgrading process.

Conclusions

In order to investigate an appropriate option for the effective utilization of lignite
coal from Mae-Moh basin in Northemn Thailand, we pyrolyzed and hydropyrolyzed this
raw coal and observed for the aromatic fractions. We found that the hydropyrolysis of
Mae-Moh lignite under atmospheric pressure of hydrogen gas is the appropriate process
for value-added chemical production. The atmospheric gas and heating rate show the
great effect on total volatile at the pyrolysis temperature higher than 600°C. For the
hydropyrolysis of Mae-Moh lignite at 600°C and the heating rate of 15°C/s in dilute
hydrogen atmosphere, 15 wt% (daf) of BTX and naphthalene were generated. To
enhance the yield of aromatic fractions, we examined the reforming reaction of aliphatic
compounds in nascent coal volatile by using LPG as model compound and found that
18 wi% of aromatic compounds were produced when ZSM-5 zeolite catalyst was used
at 650°C. Therefore, the combination between hydropyrolysis of Mae-Moh lignite and

upgrading of ahphatic fractions 1n coal volatile generated will be valuable option for coal
utilization in the future.
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Figure 1 Schematic diagram of pyrolyzer-upgrading reactor.

Figure 2 Effectof heating rate on total volatile vields at 400°C.

Figure 3 Effect of heating rate on hydrocarbon products at 400°C.

Figure 4 Effcctof pyrolysistemperature on total volatile yields at the heating rate of
15°C/s.

Figure § Effectof pyrolysis temperature on hydrocarbon products at the heating rate
of 15°C/s.

Figure 6 Effectof temperature on yield of aromatic producis from LPG reforming

reaction.
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Table 1 Proximate and ulumate analvsis data of coals

Proximate analvsis

Uluimate analy sis

Coal (W', dry) (Wte o dry ush-tree)
Volaule Fixed Ash ¢ H Ry S )
matter carbon (it
)
Muae-Noh 38.2 223 39.3 6HR.3 5.1 2N a2 17.6
NMillmerman® 43 6 38.4 IR.O 76.6 66 03 0.3 160
Linbv? 37.9 56.8 53 R1.5 5.2 1.8 1Y 6 .9

Australian subbituminous
[ . . . - . -
British bituminous (Published courtesy of the Amencan Chemical Soxcretyy
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Future of Lignite Utilization in Thailand

Metta Chareonpanich'

Somsak Sae-Tia’

Coal 1s a fossil formed mainly by the action of the temperature and pressure on
plant debris. It is not just another form of carbon, such as graphite or diamond. Itis a
chemically and physically heterogeneous mineral or rock consisting principally of
carbon, hydrogen and oxygen with lesser amounts of sulfur and nitrogen. The other
constituents are the ash-forming inorganic compounds distributed as discrete particles
of mineral matter throughout the coal substance. Coal has been known as an obsolete
fuel whose predominance as an energy source passed decades ago.

Since we must consider that oil and natural gas supplies will become
increasingly scarcity and expensive, an available option for this 1s to increase the use
of coal. As shown in Figure 7, the oil and gas resources are lower than coal.
Continued growth In total energy demand throughout the world is the reason that coal

utilization is expected to increase in the future (Schobert, 1987 : Jones, 1994). The

109

G . ' o 1 ."..
oy [ ] R
Westorn E"'m? H

Guropev

4 8 }
Alrica (others) -

South Alrica

& Coai Oil Gas

Figure 1 The proven exploitable reserves of the world fossil fuels

(Unit: billion tons oil equivalent)
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main use of coal today 1s for electric power generation. Worldwide coal-fired plants
provide about one-half of our total electricity. Well-known utilization processes of
coal in a modern industrial coal civilization are coal combustion, carbonization,
gasification, and pyrolysis. The examples of these processes are shown in Figure 2

for a coal liquefaction process and Figure 3 for a typical coking process.

HOT
coaL SLURAY  |SLURRY SLURRY  |SLURRY. | REAcTOR
PREPARATION PREHEATER
F 9 ) A LIQUIDS
HYDROGEN
SOLVENT
SOLVENT DISTILLATE TION
HYDROTREATER DISTILLATIO
HEAVY HYDROGEN GASES
RECYCLE BOTTOMS VACUUM LIQUIDS NAPHTHA
DISTILLATION
]
VACUUM
BOTTOMS
HYDROGEN OTIYOMS
(TOHYDROTREATER | B
AND PREHEATER) PROCESSING
ASH

Figure 2 The Exxon Donor Solvent process (EDS) relies on transferring

hydrogen atoms from molecules in the solvent to coal

GAS
o AQUEOUS :
COAL | cokE oveEN | VAPORS. | CONDENSATION |CONDENSATE .| AMMONIA
> AND SEPARATION RECOVERY
I TAR LIGHT OILS L}AMMONIUM
COKE ¥ LGHT ¥ SULFATE
DISTILLATION | OILS BENZENE
AND SEPARATION > DISTILLATION TOLUENE
[ _ XYLENE
WASH OIL HEAVY OIL
E— PITCH
EXTRACTION DISTILLATION
| CREQSOTE
OF TAR ACIDS AND SEPARATION ANTHRACENE
NAPHTHALENE ACID SOLUTION
PHENOL
SPRINGING
L 5 CRESOLS
AND DISTILLATION VLENOLS

Figure 3 Volatile by-products from a coke oven can be used to make

hundreds of chemicals



In the early 20 century, the by-products of coke manufacturing were the
foundation of the organic chemical industry (Schobert, 1987). As the demand for
organic chemicals, for example, plastics, fertilizers, and synthetic fabrics, continued
to grow, the coke industry could not keep up the demand. Today, most of the organic
chemical industry depends on the use of petroleum. However, when petroleum
supplies decline, coal is likely to replace petroleum as a source of chemicals. Since
coal liquefaction process has little economic incentives today, a survey for efficient
process becomes necessary in order to serve the demand of chemicals in near future.

Pyrolysis of high-rank coal can produced various chemical feedstocks such as
coke, flammable gases and coal tar. Tar is subjected to distillation and extraction and
is refined into somewhat pure compounds. Light oils in coal tar, whose main
components are benzene, toluene and xylene (BTX), can be used as high-octane
gasoline or chemical feedstock. CH, and C;Hg can be used as town gas or industrial
fuels. Char can be gasified with steam to produce hydrogen or used as fuel. The
advantages of pyrolysis process are (1) the process is rather simple; (2 1t can produce
a variety of products; (3) the control of product selectivity is easy; and (4) low rank
coals (lignite and subbituminous coals) can be used.

In general, coal pyrolysis consists of 2 steps. In the first step, primary volatile
matter is generated, and in the second step, the secondary reaction of nascent products
occurs in the pore, in the gas phase and/or on the solid surface of char or catalyst
(Chareonpanich et al. 1994). The example of reaction pathways of coal pyrolysis is

shown in Figure 4. Product yields from pyrolysis process are influenced by numerous

l Hyd ki
Hydrogasification —/QLITIT w ing

Thermal |
decomposttion

4.

/
LIQUIDS ..

Figure 4 Reaction pathway of flash hydropyrolysis of coal (Xu et al. 1990)



factors such as coal type, pyrolysis temperature, reaction gas and pressure. and
secondary reaction of nascent coal volatile (Howard, 1981 : Solomon and Hamblen.
1985 : Zu and Tomita, 1990). In order to obtain high yield of value-added products
such as monoaromatic hydrocarbons, nascent volatiles from coal are of interest.

In Thailand, there was evidence of coal utilization since 1917, but exploration

Table 1 Geological coal reserves in Thailand. (Unit: Million Tons)

Deposit Province Measured Indicated Total Heating Value
locations Reserves Reserves Reserves {(Kcal/Kg)
Mae Moh Lampang 821 671 1,492 1,900-4,600

Krabi Krabi 84 37 121 1,600-4,700

Li Lamphum 28 25 53 2,800-6,600

Mae Chaem Chiang Mai 1 N.A. 1 4,800-5,300
Mae Teep Lampang 11 N.A. 11 2,400-8,200
Nong Ya Plong Petchaburi 1 N.A. 1 2,400-7,800
Mae Tun Tak 1 N.A. 1 1,700-8,200
Mae La Mao Tak 2 2 4 3,300-5,200
Mae Tha Lanpang 1 N.A. 1 3,600-5,800
Wang Haeng Chaing Mai 93 34 127 1,600-5,200

Sin Pun Krabi 91 N.A. 91 1,200-4,800
Khian Sa Surat Thani 15 40 55 1,700-5,900
Saba Yoi Songkhla N.A. 139 139 N.A.
Chai Buri Surat Thani N.A. 14 14 2,200-4.000

Wang Nua Lampang- 9 63 72 1,600-4,900

Ngao Lampang 48 25 73 1,000-4,000

Chae Hom Lampang 16 15 31 1,100-4,400

Some Ngam Lampang 6 5 11 1,800-4,500
Mae Ramat Tak N.A. 3 3 N.A.
Hua Suva-Pha Lampang N.A. 2 2 N.A.

Maeo

Chiang Muan Phayao 25 2 27 1,300-4,500

Mae Tha Lampang 17 2 18 1,300-5,500
Bo Luang Chiang Mai N.A. 1 1 N.A.

TOTAL 1,270 1,080 2,349

Source: Department of Mineral Resources, Ministry of Industry, Thailand



was not initiated until 1950, The geological coal reserves in Thailand are shown in
Table 1. Most of coal reserves are lignite and the less are subbituminous. The
compositions of Mae-Moh lignite compared with that of other coals from Australia
are shown in Table 2. Coal matrix generally composes of fixed carbon, volatile

matter, moisture, and mineral matter (Figure 5). Mae-Moh lignite contains high

Table 2 The compositions of Mae-Moh lignite and other coals characterized by proxi-
mate and ultirmate analysis.

Coal Proximate analysis (wt%, dry) Ultimate analysis {(wt%, daf.)
Volatile  Fixed carbon Ash C H N S O
matter (diff.)
Mae-Moh 38.2 22.3 39.5 68.3 5.1 2.8 6.2 17.6
Morwell' 51.5 46.5 2.0 674 50 05 0.3 26.8
Loy Yang' 51.5 47.6 0.5 667 4.6 0.6 0.3 27.8
Millmerran® 458 378 16.4 76.9 6.6 0.5 0.6 15.4
Liddell® 34.6 57.4 8.0 835 5.4 2.1 0.6 8.4

" Australian lignite
2 Australian subbituminous

* Australian bituminous

impurities mainly heteroatoms in hydrocarbon structure and mineral matters. The
significantly low amount of volatile matter and fixed carbon of Mae-Moh lignite
implies its limit of use compared with that of other coal. Therefore, the utilization of

Mae-Moh lignite 1s mainly for electrical

power generation. Unfortunately,

Fixed carbon \Volatile matter

combustion  process causes  major

environmental impact consisting oxide

< Moisture
Mmeral\_matter

compounds of carbon, nitrogen and

. . - . sulfur, particulate matters and ash. So it
Figure 5 Various compositions in coal

matrix is preferable to focus on advantage of
cleaner  production and valuable
compound production.

Chareonpanich et al. (1995) investigated the hydropyrolysis of coal together
with coal volatile hydrocracking over Y-zeolite and found that these processes were

suitable for BTX production from subbituminous coal. However, the essentially



difference between subbituminous coal and Mae-Moh lignite is the amount of
aromatic fractions in volatile matter from coal matrix. These aromatic fractions are
the precursors of BTX products. Since Mae-Moh lignite contains high impurities
such as heteroatoms and mineral matter, its pyrolysis yields about 60 wt% of volatile
matter (dry and ash-free basis, daf). The total volatile matter is mainty light aliphatic
hydrocarbons and permanent gases, only 0.1 wt% (daf) of these fractions are aromatic
compounds. COs is also one of by-products from the conventional pyrolysis of Mae-
Moh lignite, it can enhance the aromatization of light aromatic hydrocarbons during
the reaction over ZSM-5 zeolite catalyst (Hattori et al. 1992). Because of the
presence of both light aliphatic fractions and CO; in coal volatile matter, therefore the
conventional pyrolysis of Mae-Moh lignite accompanying the COs-aided catalytic
reforming tend to increase the BTX yields in a great extent. This process will be the
appropriate option for effective Mae-Moh lignite utilization in near future.

Coal combustion process nowadays has produced more than 30 wt% (dry basis)
of fly ash. The accumulation of fly ash could cause environmental effect, thus the
effective utilization of fly ash is of interest. Many researchers investigated the use of
fly ash as raw material for zeolite preparation (Lin et al, 1995 : Singer et al, 1995 :
Querol et al, 1995 and 1997 : Amrhein et al, 1996) and it was found that fly ash could
be utilized as best raw material for zeolite production. We also have reported the high
yield of ZSM-5 zeolite (60 wt%) produced from fly ash by using hydrothermal
treatment in alkaline solution (Chareonpanich and Marisa, 1999).

In conclusion, focus on the effective and cleaner utilization of coals and their
products, the know-how of the upgrading reaction for coal volatile matter over
catalyst and fly ash under alkaline-treated, hydrothermal process has been proposed.
This information can be used as the key figures for a development of coal utilization

in near future in order to increase the yield value-added products.
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