AND RELATED METHODS Field of the Invention The present invention rel ateg

gener al | ywl:8ashfication of carbon-containing fuels and pcTIse1/46382
particularly to novel gasification apparatus and net hodol ogy for the

gasification of carbo | £ , BEPVR: s both fixed-bed
gasi fication pr ocessemmk R b %%§ocess \ Im“l
vessel. Optionally, fluidizing principles may be utilized in ?mmmmmmw
Internally generated activated carbon char be used as the pringigpal
sorbent for synthesis gas cl ean&%—ﬁi%éﬂg@h % an environnental |y superi or

; <=>7?e3e bw ppqglLs| svewTbwWD 02/ 46331 PCT/ US01/ 46382 MULTI - FACETED GASI FI E

. synthesis gas fiR\i&as) invehibn fefatdd! RE&HMY topaGifibAtioR of SarBéi-Coritdinihg Gieisvamdand

process coarse fuels in the fixed bed sections and pul verized or fi r}e
sol i d5 amowseparticudarlyi iquiayelagrsifigaticsoanparais rad gagtiodology Her thet gesifigationielow

- section. Batg %ggeggsngﬁ&iocgﬁatliﬁ%ﬁ:&#t&%oﬁ{ ﬁ’&qlb\é% g%@é%%%&%e@&s bl dfigin€d-€at i on

of combus® S KNnown as sy esli s gas an y referred to as
"syngas" fiev gisificafisioprocasebmone pestali Optiapally dlusliziggauintipeatap be ytdized el  known

i ndustri al 0cess ed for. caonverti olid, .liquid.and.gas f.eedst ocks
usi ng rea®® }”?f'sﬁ%%ﬁﬁ'aﬁ‘?n%q“?q agfyatgd ﬁ?rgglhg'aé ey e iu%%oasg@%g%&?ﬁgg&gesm 2§dr ogen,
carbon nogaeds gacaediny @iR¥dude an ndroftichialye supbhier syatedié pao(sgmass Ten be
used for generating electrical power, producing h_eatﬁ? %r;(d Et(ga . or as a

f eedstbckpessnt Pﬁéﬂttﬂﬂdéﬁbkitéﬁe%ﬂe\ﬁéﬂipmfssscwrc}'éﬂl%ma & PP 8P STHAIS ™ or any
20 conbi nﬁh{/eg'ﬂﬁ&)& ﬁrﬁ%oﬁ&c’%%elﬂggj&lﬂﬂ Eﬁ%éa‘g‘éo%s FdaBst Uk SRR ertfaiRBNbWRectioh, Wi | |

be hel pfu ave an understanding of"the history of gasification and
current limtations of prior art in conmercial gasification technol ogies.

Various fornms of gasification,have b e s dgt'iorlllce the 1800's as a way to
convert solid fuels (prinari [?—*‘-“3—‘8&9%“—&3—‘33@%813%@ (synt hesis gas or
syngas) . Lar gepsmedyCeimaktionds el edtion of WBabRbEigas knawphs sthesis gasiend t 0

generate town-gas, distributed through pipeline systens, throughout ch of
Eur op&S pr pspmeny iiaredde 8 spieahthcEy %fﬁg’éa%?Pn'ﬁa’EW%‘&_i% .Ga*?&{éat&%d%j%‘fvf’lﬂu _
gasi f i cat | AR, BLAKFRFFDcdsSustd RDMBorRSrimb X6, RS 4ridlga¥BN4ifEAst08E sifE@hdtan€Al | ON.
The Germans originally devel oped fixed bed gasification and subsequently
the fir st sichrgeirosugen, fidstedminid gessa suchas hydreges., carhoamonexide, caiber diggids,

including f]uidiz bed..gasification [ r , pned flow
gasi 1 ca PETPeEetde R Bt R vh BBl Ra e oy rdRe AR LRCT

t hree gasitbimeaér £Ma HeageksRSs thapedintibh of @ardiscdhamicals ané|liqualsfuelsbt amyy
features, which the follow ng di scusilieon wi || gener.al hzb 3@;&@ bs. -1

02/ 46381 peyhiption of fresbops. « B 2RREIle, OF PISERL IR, Ui e e O Y 4

(typi cal | yndbidandin® of the mstsliﬁ%wgas@ﬁc)a_ﬁml e qHeht Mtdiokd WTwRionad indoiahetciised
fixed-bed gasification technology is the Lurgi Dry Ash gasifier (the ash is
recoveredgwfiﬁa‘awe@é@b?g%t turn molten or slag). The Lurgi Dry Ash

technol ogy is qufcﬁl@ %xjfn%iof'?ﬁfhcmontﬂaeeﬁ& ddkiRE hh%qgé(hs Aaid3e cdivef 9A16ET T

Ry
| arge reserves of coa nto syngas, V\A:IIHC is then convertéd to liquid fuels
and cheni Gels{pnimarily ovat)xtd gaseons Syeh (pamthesist gab grssiyagas)NE avge-yealteropl gafifieption was

transportation. fuels used in South AfLri.c me.fromt i - coal
gasi T Poat FOHATRIENERe AT 1 RRE SO Py o ateiprye i pesfeht ATt 02
gasi fi cat bPBuropSHr tedht aevelopmiehankd efthatikAlges t hat converts lignite (high
noi sture, low rank) coals to syngas,, which isb}:@@n subsl?t}gslentl%/ti coaverted

to pipeline qu&hgal sm#aﬁ@_name%aiakqméfw ALY ertiNe 1S st em
An advant @ﬁn%{s oﬁéhgaﬂ}ﬁhebéw&h ﬁSl@%lBJd' gﬁgiﬁéa‘ﬁpié bl s@bdel ity %1@ fibt QEiteCRal8 figsNgas

wth aratio ragen to carbon nonoxi de greater than two. This allows
t he syngabed et gasifictse Addlitignal procdseesinrduding fluitized bed sasification sud eafrginedhed eles ses

to make |iqui.d .fuel . ] ' [ [ t]

Fi xod Bed “ere 165 BRI R iR Bevp 1B A Gpdimbid e HIFGE Al | e
(i.e. drigssififatiomprocesetsaiavt Both bepeficiatiay whikbo limitieskdtures twioeh ¢ folleaving

remai ni ng fixed carbon ?ccurs The carry over 15 in the syngas of tars and
oils fromdlsﬁ‘éssﬁﬂﬁvdlgwlﬁélﬁcﬂgesi fier led to the dey the British
Gas Lurgi (BG L) fixed-bed slagging gasifier. Wil mwﬂﬂ@@j’mﬂ[ﬂm. es over
tars and oils wth the initial raw syngas effluent, S the
ability to re-circulate and re-inject the tars and oil SS%¥%0 the hotter

| ower sl agging (nmolten ash) section of the gasifier, where the tars and
oils are converted into syngas constituents. The reinjection of tars and

oils is an unnecessary additional 20 step that is elimnated by the present
invention. It would be an advancenent in the art of fixed
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bed gasifiers to provide a gasification systemthat prevents the creation
of tars and oils in the raw syngas effluent. Limting technical features of

fi xed- bedywgagidbizgati on include: ( 1) tar and oil carry owef/ydoifsdshe
syngas; (2) difficulty in using coal /fuel fines because they clog the void

space between ﬁ%e B@d“ncﬁﬁo H&liRs b&réefﬁs‘elsfcnga 1P o 16 Pemakisfetqf. Fdintost | ar ge

pil es of discarded coa I nes are stockpil adj acent to these plants or
t r anspor t extlikhéwsandevidely usedifiored bmaslac:atllon teples)ktgyas the burgiloey Ash@asifien ébe

ueing 11 aaebisgeraelhand BBeal Rt ) of Wpbi FRTLER Dol At B\t ' "

. coal s (cogkr&entiytubed mmhnﬂmmnthwﬂmroabweﬁwgmems of doslrinto mgasr\emch

mechanl cal, sti rrlggeto agitate the fu? .bed. 30 A newer am{\ll ca
process i 3¢ epbRRvatddntiaud slsand ghgmisalss; %E%Pnb%gﬁééﬁa pagfy it
Pul veri Z%u%:%gggrtidsﬁlféem% &rSOMth%cﬁ&a%anb ﬁum%efm%foa@ea@o nglﬁcguan s i
gasification reactor and are rapidly - WO 02/46331 PCIT/ USOL/

convert ed thas caphpalrese@iin thm?@pneabvmrhamg@a%ﬁcaﬁlhelfémlﬁt@hmﬁhe TJHMSMW cation
processes | r sence
1t he: of Pkt ey TEh iR 1P laR Al B Sitionl eh Htb Qe v chbE

gaS| f i cat |t@p1patrﬁqaslay infetHahe arelsold ity th@agaailgﬁg/plbclqmlsylstémedﬁiadmahmge( ofthe oi |

or .resjpduyals f omre neries entr ai ed flow

a1 0% forei et vy el horoliEe § HOSE WEVE BN ToEL 26008 SRBPTSNG Dow
Chemi cal (ghagt gan twENHiRhMRethe SpBastet tieatin ngEb B 1R6E HSRWnArAmbdARIfot O
easily process coarse fuels. Thi's nmakes it fficult to process certain

fuel s, sudmocassesioanaks siquidduaeapdegemisds thatvequitsdhis ighpiratidist e or scrap t| res

(fuels that Caﬁﬁ% bpda a%ﬁ*%‘@f%&é’é c!o¥ s@fﬁlel\éewﬂl@]{aﬁirs st Ye Fevdfati 1%'() e.d

limtation of entrarned-trow gasitication is the 1nability to ac |eve W|de

i nt ernal atintlatile cahpadmds)mpﬂmgenﬁcatmnbﬂthemntaumgﬁmd)canﬂm mcaunsomemamym/eem ting

2l ¢ 11l 5,318k LR e g O e Tl R 805 11 e TR Y

reduce cargfish O usEA{BG/IE Hixedbb®dlaghing \h@Re] Whaait ki tairRs bR tRgIne silgkilp have
technical and fuel processing limtations, In order to convey the fuel into

the gasi f itksinitighyrw syngas sitlvert, the BE/Tohasiths abiligy toge-ciculate §l’4ﬁ‘3r1913$té]?dalts med is
of ten wat Sl AGR SRR in8tadsafq bt
respecti vg)lsmtmﬂ}éeﬁe(}:%r‘?r%g% Tal” en%tég%sﬁed '?’F‘&}?ﬁgg%u er uste callr;l f eeds

pul veri zed:owhcdjlntcmyoga;shen@lasnfsa €he remielcthnﬁws g@isqll{s nmynmcgsswedchtlwhgas

W th ? hydf en. tgmcar ngggi tde r &} 18 rnogévan em tmt ﬁ)} 23S W th
limited abiPiidyse o\ e ?l\‘ &g f’ e shfurry ed .
process f akd glfietito faﬁedﬁta@@d(ﬁcahbmytstemhm preaéiitd thé Qteitibnbﬁﬁrshﬂn@ bilginths taw e
fuels such as |jgnite coals as 20 too nuch noisture fed to the gasifier
system re§mﬁa§°ﬁﬂﬁe’ﬁoor gasification performance. In addition to the
limtations ci Lﬁﬁtlﬂ@fé\é&lcﬂ?&lﬁfresmﬂfﬁéd-ﬁédga&ﬁ@ﬁloﬁﬁﬁclﬁd&ctl‘)@'@ ‘and 8l chy08@t Ng,
caki ng and/or undesired accunul ations of material in the fuel delivery, bed
and/ or sl agthdhesongasy) ddheudidn wiing aeel/fgeldines heeause ey cleg de it spacsbpivigen and
pol | utant ani ng
nd prace dRREsERch e Rl BINRD0 IR 1EAes B A BRI et KAGGSLE

i nst al | at iadjacantb thpssr;ﬂantsamaltammteé offesitel to ehmbluktinnt ﬁciliﬁcsethatfdaemetthd: ﬁngs. A

i 11 zed Grme oy BeRT e B R i aen) LA eRRr U P G REBET e ¢

however t feedgt@euss end 49 uﬁfﬁan@ if QBRpoaingSsvals! (edals Witl loweadtﬂtaﬁomaipsﬁmfmwl s
used by fixed bed gasifiers., An advantage of the fluidized bed processes is
its abili twhighpligs gequire mechanical st@rs&tp\?@tage the .l edh contents. FI uidi zed bed
30 gasjyficatio ionin
thebal 1 n add T e B p R G G e ARk B LR b B A, T
similar | iBuveszddonbd &slsm&wlmds Iprsidfedsasied ta3he gagificgidh rdagt@and are rapidly
PCT/USO | : 16382 To sunmarize, the principle limtations of prior
gasification art include the limted ability to sinmultaneously process or
gasify both coarse and fine solid fuels or sinultaneously process or gasify
both coarse and |iquid hydrocarbon feedstocks resulting in a general |ack
of fuel flexibility in any one system Wile gasification plants are
generally able to neet exceedingly high em ssion limtations, their
capital costs remain high. Costs in controlling pollutant species nust be
reduced to allow its w despread use for many energy or electricity
generating plants. The present invention is designed to overcone these
chal l enges. Brief Summary of the Invention 10 The present invention is
drawn to a continuous gasification process for producing environnmentally
superlor synthe5|s ‘gas by haV|ng |nternal capabllltles of generatlng
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15 present invention is also able to utilize fluidizing features to agitate
the fixed bed fuel and/or the ash to optionally increase the carry-over of

acti vat edweanhessichar particulates with the effluent syngagtaisogasss2 The
present invention is preferred to operate as a slagging gasifier. The

present | ByeRil OY siHpES. Sne nla r'd&ﬁnéggf)ﬂhé é:ﬁﬁ'glﬁéd BLw Eé‘s‘iﬁd(aﬁlinﬁrb@es&msm'tﬂ?d flow
feed inlet sections preventing the need for a water slurried feelng
process. Dileanddars e m@umct precludidg fhejrgaeser® in the effiyentsyngsso t he entrai ned

fl ow section cqQu
able to advantgﬁ&hﬂfﬁvancaé aftL en[%%mgggl aﬁ\astdg&olgné; &n Sglési Bl t@é‘%ﬁ’#ﬁq‘;&q ts in
. the abi | i taedétocksnE.e.e6ib or hmﬂm@ene@dm&uﬂbmaaﬁﬁarmm aTharphnaty mttemtedgthﬁv sh| ft

reaction insjde the sifie esire urth

oder S| oRAUAEE SRS o LAE DT IER R Be EE. SHel R e LB o
i ncrease AR AT-HGH gaﬁﬁaﬁ&%roégssés AR EMPIE A casiliPMobds 6GMer fRéls OYHIE niat@& it
hydrogen to carbon 25 nonoxide ratio elimnates or mtigates the need to
have addi gifBewdt to mescess cestein fypls fsuch ashiqrepssandisepresgatnd nymwgenlgd R OF BERs
downstrea [ r m cs
when prod lIE,:i(}:eI% 5&% 0 oq S CBI?O(r'-,\na?ﬁ B}e& I&ﬁ f(ag?qlgea? ngﬁs %ﬂ%lsr %ttaﬁgrggf),
anmoni a, erttdhweddlow gdslﬁqaucnh ib thelisabilitp to/anhle@el wideattaigkdomntraingf thobydsdges &om

processes that util, S hes|.s eco se fuel.is fed.to the fop of
Phe ol ribomBnexqeians fahe BaliveRRRis | Srraler bBIHIcS Pisg of Brohgpmupitd e
step Chan&ﬁ]ﬁltk&hi?lﬁiiloﬂﬁlﬂfmﬁﬁ’eamm&r bAg'sRift rsdcfwt&h@eaehycﬁogeh@ﬁ@reaabetcmoﬂ op of
the gasifier Wnere coarse fuel enters and slopes to the fuels' angle of
repose. THIO8oXi@per section represents the downdraft gasification section of
the fixed bed g [ r CTI USO
1/:16382 refer r@&tﬂ{legrhé)gf lg#qﬁ%gg% tédhﬂ&o lgseﬁglc)) %:ggcrhlsl%alf amf)fgﬁeé %g.tl ize
bef or e beiimjtatt@sy dn bekr toaoadyi theafuehmdmthb gaslﬁm,asom@atramtrbﬂmg'asﬁtrrsﬁsetme

1000, 8L SRR U e S s S P G AR T ©

suf fi ci entdsyectivéliyi @m&recomesmﬂ reltrathéSflow Baifien aéett&y RdOpulidized osid infopky at us
within the mai n}gam fier vessel fornms 5 an up pl enum around the outside
§

of the ho8#iliiert] thete gayifiersdsodicea Sypass Wik aelwﬂfogﬁrbcharm mopoyide 2o el ped
gasificat 'aﬁ’;ﬂoﬂﬁé%ﬁr IWP&IlesQ%tﬁludlt@d E{QH@% &hbrolltRiS BiONG a BfierE ARLBARE QINY fhedM T D
the fuel, around the ['ower |ip of thé hood before entering the upper plenum
and exiti pg)ccdséorgabdﬁﬁ@stoeks lmh'eth@mhlhtmmuse high molsbwelfusks pudhensdignitecopls as
cylinggic ert. wt Vi edges that
hol d ?Qe ger %mms rgrf?da glfée%m&rulté {]% P%Qélﬁ%% p%%'oﬁ%né%)e pr oper

cool i ng and tenmﬂm"bhltoahsmﬁitittohs ﬁfedtahﬁve$thtﬁﬁ|pnﬁfhrtﬂtﬁblblﬁ@ﬂ)pluﬂa')(mmgghigbes may

be used on .ts terjor with circul tln fter, t edc rbon char
passes bel¥ing %B?#Sfﬁdlaf’ a“f’ﬂ%° Il\é\ﬂ@%’éﬁgé\é‘@% B“éﬂ"ﬁi}ﬁé "ﬁ 31 ows
outwar d f edoidnd 8f A6 RAsiFRE; (B iR qkite SUBRPHR pbmtdpac{eecéﬂﬁoefeq@mnwlneaffof he
ceram c lined 15 main gasifier shell. Another internal_ step chan%e begi ns

in the safkersieasyngascilongingrand quegesdng aipent dowpeicaa ofsthe gagifice &) dagthwar d
towar gst N, Qi g%g%a&%glﬁ&eﬁtanamd)qm&éa TufidBkibaif). The purpose of the

ceramic lining to converge In dianeter is to create a | ower
annul ar pl enumAghird gasifgating pm@sdhmmdsnheeﬂiud)w Hed @racedsdias hernaitiliees anecei ve

t he gases, fromthe e w 2 asi ficat. Qn sect i

t angent i aI t 71 bf‘%ﬁ %ﬁ'\“ﬁéerds.c A&as %f)ogl oﬂsi&e &PB’SW@E%FOW\%%SIS%%V\M d

bel ow t he sa@shat SRSIRS irf &m&mc@&etm@ig adeld biyanbd aai Eaeifietse rAQU&dVQﬁthgeWﬂthb t he

fuel. The fuel continues, to nove downward toward fhe ash a{ggisl%gdimgl on
0

wher e t he fiyitized fedurpessses isdtsabiity to Byediigihwith wlagyely high ash qont@ntﬁ rever
the cggrse, #ﬁt%'noﬁ sfbe&eés ﬁ&%ﬁﬁ&@@g Feutecﬂ%cfua %glba&a%n e 8881 T &lditiod

*plurality of orifices may be used uidi zé or agitate the coarse fuel or
25 ash. THkidéget bed gasifichtiamprenssses reghzq some saglar bmitetions aeBxpditied grogessepul veri zed
solids, liquid or gaseous fuels, or any conbination thereof. The entrained

"flow section may process approxi mately twice the fuel that is fed to the
fi xed bed section. Gases fromthe entrained fl ow
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section work their way upward through the | ower fixed bed mxing first with

the gases derived 30 fromthe |lower fixed bed, then continuing to nove

upwar d ulyiomisgdsy M xing with the gases exiting fromthe peatuseeqssspon. Al l

gases blend in the upper plenumbefore exiting the gasifier. The upper

pl enurn al so agf m?éagfzg% 1By P hridriasifi@abRNAAude thEindRd abili

t enper at ure of t{? - ’ \/@%2?563?11 PC%T/t)Jrér /46382 gases before exi%yi ng to

ensur e dewtsimdtanequskyfpracessor gasify both soargerand il ol frelston simylianepusdy Preeass Axt r act

activated car char fr.om.th A | 1
b

intenti on%ﬁs}a%g%gforaﬂ}se&?gilq‘g%b%%%cq%}rl éleg{ﬁ?dgg Ieengmmfl%ﬁ%é%gmémyﬁéggfﬂéﬁp F’ﬂel}\%y whi ch,

. i's then. mepgralkcesstoy. awhile ighsifidatiore phesvapersyadly able toheees exaeadingly high have

an extraction port | vt\{lich 5 coarse ,fﬁéhs fromthe md ﬁection.of t he

gasi fi5r spslexhmiaians oyt epial FestsToman figh Costo contipliitg pofutepaPesiss st of

material gafhh@d 1QUliowits RAdeshredd @b ?orQﬁd?x?Qherw spéwctﬁa@?aheraﬁtgi plattedrigar bon
em

char to the downstream baghouse syst o0 neet desired pollution adsorption
rates andprefent pivemiondsdesignedigreneregme these challesgsst i nventi on overcones or
substantially alleviates nmany problens heretofore existing in the
gasification art. The present invention conprises both novel apparatus 10
and uni que net hodol ogy for tBeetSsnmhaxyaifitheInykntier bonaceous feedstocks to
pr odu an envjronnmental |l y.supesrior, synthesis ga ngas onbi ni n

£ xediBed gasi *fec%FF?eBh“HF%%"é’sigé{?"é{hE? 4,569 Ei“ﬂ‘ésdg?sfsf{?\(ﬂﬁ%‘a "?‘%Ség [ B esses
into one ¥R%SRhentdBf dupBddr! synthésisthasl by haGngddintehtal papabilifieyofty@ndtitingi actehtddo

pul sate the coarse fuels and/or ash in the bed. |n addition, the gasifier's
f i xed- bedcasenmehie At 2cnediimde agsotthwelbkpeirmpelluiants fopadin Srtheply eas SFeIme-

gasi fi caty i | b Sial ) ifier
are achi eglg eﬁ@?@ﬁ%ﬁﬁ%é@ﬁ%@%ﬂé{&;ﬁgtﬁ @%qa{a?g‘fsdﬂoﬁgcﬁ\g?geig&me ngy g%%gfri ng
cost s f or batlfizad bet adustramed Gk gaghsitibn prcesses ipracingdsvasssbr Bathermeteithe t he

resent inventjon.is.high fuel - f,| exi.bl e .and. abl QUi iyze
G oAby ePeSimEicn it i eble th g Pl B Fogib o R e 8 b ne AL BRI R0% o
conbi nat i ggh th Bﬁﬁcﬁ‘@ﬁy inth@sd tiélcpgvet 6f-activabdrearton obdr gerticulateowith thekéleyngas i s

readily controlled froma range, of 0.5:1 to 3.3:1. | nt,erna{ﬁ% generated 20
act i vat edSYngry§aBn he pregaat wyention isefemed e opgrate 3np FlaB8nEsAsfiehg pol | ut ant s

fromthe syng a’?hé?é‘%g%%ﬁo@ﬂefeﬁqg udel ak’ﬁ& febder BurnSibf tHE ertRfel BSw FERIiRIEE Y

chlorides and ot ggi hg and caking are mnimzed, tars and oils are
el i m nat eeectibnistpireventing theneedifera watet shirdedfeadingredessy Rugtto the ebilityie diydagdyngas,

and high pracess ficienches are 0 j i j . for
e pitne e Ha BIeA] TR 1o B paran bl UG 2 R eigPch e plitkisplionid 1

f eat ures able tdvdvirtsgReisly ¢ontelthe @eanid onydeh rdiid, apiohresuits ih thembilityeto deteasd ed
description taken with reference to the_acconpanyi drawi.ngs. Brief

Descri pt i gl‘f“%ﬁ‘“’“ﬂf@“ﬁ‘%&%ﬁpﬁg Wpler gas Flélﬁéeaﬁ?%@ﬁ‘éee@?gﬁﬁf' I?‘%&‘%‘?&H&‘g’{ i on of
a gasi fi eintihdlinipetdt@e ffoaatici using Stefth efuMEoushlelsibsediichtoethaibiibnierckons o al so a
cross-sectional representation of the gasifier with additional nunpers.

Fi gure 3 insreasesthe methasscogient plothasyneapr dleuine £onel Qyer fRygeert feFarben h
addi t h?naboﬂmﬁéﬁo eﬁrﬁinatey\ﬁ rgl%kftgsgtﬁé-néggd l#§93:éd41§§1§12w§é@d§ &t fadtBd afldy axe
cross-sectiona raw ngs that Fepresent the I nternal hood r

in the uppe
f i xed- bed os eebndany ghsifiére dgwsstiepmrof the guaire g&ifies. aTlhps san impreve pvardlb plgati f er

o on 09 | bR Sien Broghois pRu frbffeuind 4 figh& fid, Sudh S'RRRRSL LRBRA, V! oV
methane or liquid fuels via various catalysts and downstream processes that utilize synthesis gas.
The coarse fuel is fed to the top of the gasifier where the fuel bed elevation is self-
30 regulating by three step changes in bed diameter. The first step change is close to the top of the
gasifier where coarse fuel enters and slopes to the fuels’ angle of repose. This upper section

represents the downdraft gasification section of the fixed bed section of the gasifier, hereinafter
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Figure 7 is a process flow diagram depicting how activated carbon char may
be collected fromthe gasifier for use as a syngas cl eaning sorbent. Figure

8 is a creemaesshi onal view of the gasifier depicting howpdiaydewhéssng
system may be located in the gasifier. Figure 9 is a diagramof the pulsing

control CceptRLdto ;&ha%oa' Il R%a%m& R deJolamge m&@eslhg@mﬁemrt@meatw Il now

be made to currently preferred embodi ments of the invention, which are

i |1 ustr at earbon clier ilﬁ@ Lﬂreeb)ﬁomftﬂiﬁahqqdl whare mmraéﬁﬁcﬁd‘? reisetl to jusichelpw the Bilgure 1
a cross sect.ional ew of i
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25 ash,

The entrained flow gasification section can feed fine or pulverized solids, liquid or
gaseous fuels, or any combination thereof. The entrained flow section may process
approximately twice the fuel that is fed to the fixed bed section. Gases from the entrained flow
section work their way upward through the lower fixed bed mixing first with the gases derived

30 from the lower fixed bed, then continuing to move upward ultimately mixing with the gases
exiting from the hood section. All gases blend in the upper plenum before exiting the gasifier.

The upper plenum also acts as the means to control the residence time and temperature of the




bed at point 9. On leaving the bed the gases pass up the annul ar plenum 14.
The volune of the plenum 10 14 is sized to provide sufficient residence
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and/ or gag’g}gﬁsé ?ﬁme}ﬁl% gllragesg ggﬁ%ﬁggg? %ﬁ%ﬁ%%%éﬁggngﬁ é) ec{ljlliﬁlc))?rl1 _ of the
gasi fi er . instaHatior angdropérating wbtst Thase andwthernygbistsand famidsiof theipesengnasatiae s

allo for .the entraiped flow.section tg receive dry f fine or .
pul v\gi?zed" ‘]ﬁ 8| APPRFY; E%ff‘ég%f}?ta’;(vﬁda%§fﬂﬂ%f’8c}aqﬁf) Wgtl Eeﬁergrfc\éu rtf"ﬁge §§/°°318|81r1’?'én %0, the
gasifier igmwaidse to have wi de control over the steamto oxygen ratio w thin

the gasifier, which in turn gives the gasifier the ability to
advant ageously control the hydrogen-tocarbon nonoxide ratio in the syngas

effluent gas. In addition, tﬁﬁuﬁﬂgqgﬁggqﬁiﬁgggmgﬁg section of the gasifier
consunes essentially all ta nd orTs whrre converting sonme of the
fi xed- car bon t Biguttl is atceds-eeatitrahrepieséntation lpfa gasifiet within tepseepef th¢prgsent
activghed.cargon may be used in the cleanup systemas a multi-pollutant
 absor Bent "'6M' Uhdesi rabl e gaseous species. Gasifier 1 shown in Figure 1 and
2 conprises anFAhtd2 is a6 al ciessesettivng] iepesatatiogefithe gasifier witls adyiitimelchutbersn
Figure 2. The pressure vessel 20 is a coml ex, geo ry.fto, provjde_ for all
“the 20 functi ofBUrerHgalsee §’i°EPéS°6tf°n9]e'§%r8§e“gB°‘? %ftgee%ftqﬁ{&{ %E%?ﬂéﬁmz% el e
tenperatures by providing cooling. The two normal nethods are air-cooling
and water-cooling. Air-cooling using wall radiation to the environnent is
sinpl est and | east expensive cooling nethod. The inside of the vessel
preferably includes a ceramc liner 21 f6r the main vessel and a ceramc
liner 22 for the hood section of the vessel. The ceram c covers all areas
wer e excessive tenperatures exist. Wth 25 properly designed ceramc liners
21 and 22, radiant cooling to the environnent is acceptable. Force draft
cooling using air is the next sinplest and nost econom c cooling nethod. To
do this, a shroud is built around the vessel and air is forced through the
shroud. For applications where a slight efficiency inprovenent is

. o N S S .




WO 02/ 46331 PCT/ USOL/ 46382 toward the nolten ash extraction hole 24. An
oxygen port 25 and gaseous fuel port 26 (nore than one each can be used)

are provigerhl@szreate a hot flame to keep the ash in a nyldraikessédse i N t he
extraction hole 24 by firing as needed The gaseous fuel s can be any of

several 1ncl udifdgret 8GHE RS KBSt HP B s Hlat RBIA thdRRmal HooifiThe
appl i cations ev n oil can be use g 5 noften ash passes through the
hol e 24 |mppdrﬁdabb&d\sectloao¢‘ﬁre@mﬁe1dl sk shaped plate 27. Plate 27 is sl oped

to cause the Jte .ash to,si off..th lat ops fromthe
plate 27 it faf B4 %Pﬁno{&""&%ﬁ%&aﬁl tﬁ‘égeﬁﬁﬁyéﬂe%g %lidifies As
- the solidifi edF%ﬁﬁ6Ci§QB@sigﬁbﬁMﬁhviEh%ﬂi\@EﬁﬁlH@l@ﬁdﬂtlﬁBmhybél@@dt0 pass through a
clinker grinder 29 which crushes the ash to a size that it can

hydr auPi cal | y Eigmgdyeaproessailon giagrpdgpeingiqw. acfweﬁeé&ﬁeog Rhar mgybg “r?“?‘ﬁ%d art
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handl i ng g@@ﬁéésm}f(gemu%gﬁﬁ%gg{ehﬁﬁgsog{eggm vent 30 on the side of the
vessel renovesFighe 83¢ aaosstsectivnal viaw ofithe gasifieralapicinghomrthepulding systerameay bom
excessi ve,st rough the nolten ash extraction hole 24 which could
lead to asff? {Sgllrfn%iigl #%ion in the hole 24. The steam coming fromvent 30 is
used to provi dpigp@ritis @Hiaglat ¢fakd pulsdig nsdleaiter. equi rement s. The spaci ng
between ceram c plate 27 and the bottom 15 of hole 24 is adjustable.
Col | edfi on of nolten ash into dry, non-water bath containers can al so be
used, but it is not di scusysdailRaTFs&GintDRQYthd ROetfyde Shape ceram c section
23 the ceramic |iner 21 narb_e_smrl ction zone 31. This
creates a caV| Ryfetsateonillmnew @madqtoeumuﬂemreéqrreg@mhpdlmm of the inyerdiopopeh
annul ar pI I f rom
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t he cer amygcomés b ffoRerddsh REHOVbtidn 3. [dWafse ERUSEks aaméluueabutlaﬂﬁmt TuRed3bSth@ce
bet ween ceram ¢ surface 33 and hood exit area 13. The free 25 surface at

poi nt 9 i Joligveangs ceal.lpetraleupiooke; muniginal salid wast. biewassper a9y cAbaiing thaees on and
the Tover diegle P&Hséﬁ&is&cﬁﬂ inldt e Bfé?éntér@ﬁ%i}sié%ﬁé 1&%@&3% 4% Jerdnbef ore

exiting t he gasifier at e exit pipe 1l ceram’ c used at surfaces 33,
32, 31 anco@Barsinglai thettoomaddhe goner bif the ajpolysia Zohe thet warse Mgl iy keatedi byha

lit | ik hr o ed b t bai n | t 30
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conposed @bmB&HokH:8/gen @aeh aﬁafetzernizeedaamrwm diltdrﬂlrmﬁﬁevexfallﬁirﬂeﬁylbﬂsﬁﬁg(s for
assenbly in the vessel. The ceramc Ilnéaqeg Oﬁgﬁzporteggby vessel wall 20
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bet ween the vessel 20 and the h te erature ceramcs that formthe
i nsi de surlf8@Bsand perferably apnrpamate é§ p@stsaFng ghesporie S hok pepisien
ceram o} hi gh
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surface zq@aes spreithgngliontithp pitolysis ﬂaneahd 53hé3gas demperatures moderate
Like other downdraft fixed-bed gasification processes, both the fuel and pyrolysis gases
move downward. This downward gas movement causes the pyrolysis gases to pass through an
oxidation gasification zone between points 8 and 9. At inlet ports 10, more oxygen or air and
30 steam enter the gasifier to raise the temperature of the gases to a temperature a margin below the
ash softening point of the fuel at the throat 11. Several pipes 12 may carry the oxygen or air and
steam to the ports 10. For typical coals, the ash softening point ranges from 1900°F to about



5 a ceramc |ike AL100 in the |low tenperature ceram c surface 39. Figure 4
shows the hood section 40 of gasifier 1. A cone-shaped steel section 41,

supports ywepn2esam c liner 22. This is shown better in Fi gigrausbfiasashi ch is
an enl argenent of the bottomleft corner of the hood 40. The cone section
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steel cylinder 4 yl'inder 42 s preof erably wel ded to hood 10 vessel
top 43. Aleasti98F badéw therash softening peinty wyjtbrl 69 Fibalowss the nopyalmexypwm eendifiosund t he

circunference qf .cylinder 42 T doned
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tube 44 may be bent at the bqgttom ancL \éyel ded to the c,gne secti ogl 411). The
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tube 64 13iffdel PheREYBREEthS PRBRr irSm TheX08 ehPy 3 RGREBhatQA ikt i@l thé Or the
wat er pressure used. As the water passes up the outer bayonet tube 44 the
heat t r andbed sectiorsw thetupper fisedhedsestioni The gangs from thehoad segtivndeaverihgeasrse fust wat er
and steambe&' eso?ntgayonet tubes 44 cool the steel cone 41 and steel cylinder
42, keeping tFEM'W thin their ASME coded nateri al strengths. The steam nmay
be used for thondeasingitierbed tietgasespassug thenamaisr pienuinnl 40Thevolursesf thd pletven pl ant .
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forms the throat of the gasifier. The throat is a restriction in flow area
for the gaesidengeimewill bornt lepst dwe sesendsifer appligatipns wiere the shightstlgeds offars ge
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carbon nonoxi de, nethane and_carbon di oxi de. The ceram c surface 46 is an
30 i nver t semplstely destpyealliars pRERIl% hat i s steep enough to keep the bed

mat erial again bhooiafk finl L i ated
pressure drop. é%lﬁgﬁg eqgl %ﬁgwﬁgﬁﬁfﬁnﬁf@%@@%@t é‘gg?ﬁ’i‘ I gpt he
primary caeiraudsteammingroteeddt poties dndpdrts HE tThinallowd the temperaded ofdizvarse fuel to
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uel s, liqui uel s, or _gaseou uel s sych.as natural .gas. e burners
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cerami c 46 shown in Figure 6. Nornmally the fine or pulverized solid fuels

wi || be cdahetesdnd ailphavebedn ponsimedigye to the high/taenseaiyresyear the pad offhghoed ahyygen
or air,can e the burner at port 48. There are several known
bur nerzsdegﬁoglﬁlsgé} 1%hq?rhy be used herein. A typical burner is shown in
Figure 6. The Aftenthe firhbasdbeerudevsladiBzeditle eanésngfixedThbon has becarhe atizgtedf wear

in the burners s the ceram,c. surface 51. The vanes ause the, fuel 10
and 1l ot cAReREE Rt SR WEPYn e fom gadon RS ad theEvE Pt dfine b
rapidly pame '?aﬁinlary iawhdi gZeFieawell 0afial c@feigs tREdaté eecomiloner plbminh €7, bitiner

while some of the inlet gases continue to ve _down the |1 providing a
cool i ng priovEPianym 1745 the zeus for which the gafrginedflovy fige %marﬂevlat\gﬁeelmfﬁﬁéw%, t he
gases and sINalol u : ik o this
paint The DEFROLRGion SbGlcal b T TS Qe AAR L

gasi fi er dhidlosver sectitreusing@neor mae tangentinfhofived burpére U The gasifivatiemfof fies, ligud/i ng
the gasifier, at the exit .pipe 15 vi.ng. t he. ent.r.ai f | ow. gase ge
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fl ow products to reach gasification equilibrium Additional steamis
supplied at ports 53 shown in Figure 1, which discharge in the zone
designated 54 to control the gasificatiqg_conditions and the desired
tenperature at point 9. The steam pi pes 55 provide the 20 needed steam The
use of steamat ports 53 provides inportant control of bed outl et
tenperature at zone 9, which may pronote a partial water gas shift reaction
to generate high quantities of hydrogen gases. This is how the hydrogen to
carbon nonoxide ratio is controlled. Wien steamis added to bring the bed
to the appropriate tenperature, hydrogen production nmaybe nmaxi m zed and
gasifier thermal efficiency may be inproved. If desired, additional steam
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shows the gasifier 1 with the main conponents of the syngas cl eanup system
In this figure gasifier 1 has an exit pipe S6 that discharges the

parti cul afye d2ads¥ hot syngas into a particul ate renoval systremRopdezsdhe
syngas then goes on to a heat recovery steam generator S 8. The syngas,
upon | eaviiginthi8oRE eduBLIOMEEMA HeteWer 96REI 1341 BEd. FReARICKD for Ble etbntd BAOF. The
syngas then 10 passes into a duel function baghouse S9, which not only
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fixed bedpg@eibas 1o gasiiRr Bableftd Rive HideAdakd] dR6Y tAé stdain toT@@Fe_s‘rﬁ@@@ait_ﬁih% isin
the entrained Tlow section. By intentionally sizing the fine solids to a

si ze i n weksifieraviidh injtem gives theegagifiertheabality o syentaggopsly gendiof the fydsegenite-
carried o § GLU: y\g"sg yhagas, this particle will have 2S been
exposed tgér\b?%?@lgﬁx%dﬁct%@n%glga ughgtgﬂﬁlgﬁtg%gure activation. The activated
carbon char caln adéitive, thdevogaape fiixed badrsedtion ofithy gasifiertcopsunen tysentiabylaliatsh t he

ef fluept gas .or .directly renoved fromihe fixed bed. Fine particlgs may be
ot r a1 R B it il bEMprERRES Hir LR e Bl e pHES RSP o
section dipfhikSavhtePaisonahay Beai¥ed Rl thé Slednap Systdhibs damitbpallaemt ssbrbent fhar ger
coarse fuel fromthe fixed bed fuel regions. The second nethod of 30

obt ai ni ngubdesiraple gaSPYS EPECIEShy extraction tubes 61. The extraction tube is a
sl ant ed doubl ex&pi: ﬁ?‘ﬁ : : | £ & ' bed
surface at poi ﬁ%‘@&l%g%‘@at n%%ﬂzlclzngﬁﬁgsﬁ}%%}g?c%?%spsr%rageg%%lﬁgﬁ%%si de
end the t designaiell 20 icFigas 2a ThaprassnmetvessblrA0rig a toreplex geonestryde promide fur allThee pi pe

-13 2/ 46331, PCT/ USO1/ 46 i S doubl | | i,th i
potved) t RESEORS. P Eets B Ao deot crshreconaol oL 8 skl
produces essingh TheE tvd/Rorfidl Methods ¢ aieddling andiwitet-bodling. Alifdookiy uskagngds t o

nmeet the pallution control needs, the second .method is_not_needed..  The
ext r act ed TSP i the enviropmgntag sinplest and Joas exrasive o lﬁéﬁleﬁ’ﬁgv@‘i ipage H3he pefore

goi ng on tgsdheeraanly ifcilded £caaiciner®d HBE MaintveBRYardd deratlié findr D2 fGrahd ect ed
material fromthe particulate renoval system The activated carbon char is
t hen pul vpddseetionof thsyesgelsThesgramiqroners 8l areaspyesirgxcepive amperaturesagis MYithy at ed
car bon.ch ' { D ' ' . Whi ' j.ve

car bo%schggolj%)%' é‘%&g&t Eéergﬁfﬁgﬁi%ﬂﬁgté(‘?‘%‘g?ipé‘i‘%“égg‘?wqﬁ%ﬁﬁﬁ ertnfg:a?%/ gyﬁ'er at ed
act i vat ed Fome traft cadig uaing air rtiechextsimplestiavinsést ecmnvrh® coalingsnyattgdsTedethisi ng,
the present. i nyention prgvides inpparoved ol | ant eratj.ng efficiency
conpar ed PWB\‘%@E“‘B&E‘?“BF@’F‘@?@?B F‘S%b?d\ggf’?& tg? ﬁg?'ﬁg °reafpf’iliagg pered
nmeasur ed BNght efficibnOinifievetheds dediRUR] ardf refroRhg ihe thifembted of @elAg akk into
the energy 1n the resulti n%dgaseous fuel aqutput. Since the present

i nvent i on VeRS] caxbe Weter iaeliste ?Wtﬁﬁ?%b\ﬁseﬁ{‘]fmigﬁ%lge%%éﬂ 6‘55‘?Sf?féﬂ1a“és a
byprodget, 1t Sohthinghl 8F R safifild Cine AWmARARNY Gl YerkhRinkls N1 2nd TolROdS
“woul d be | ower than other 15g conpar abl e systens. A Jlfferent result occurs
by vi ewi ngmpdrant wehe fucoess of theqgabifier) IraBigpar3t thé irdérnalrraos aeation of therseraprioduct

rat her than,as al.l el ., We he . Lnput. fuel is neasure .us, the
et r act ed PR AGEE? 24 T heah e 22 8Rien Apne SERE TR By Rl BhaE o
the present invention will be higher. Mreover, when efficiency is measured
by the whole plant (including operating costs of downstream equi pnent
required to clean syngas) agai nst ot her &onnercial processes, the 20
present invention shows superior overal ["plant efficiencies. The fuel
pieces in the bed at point 9, Figure 3 of the gasifier are a m xture of ash
and fully activated carbon char. The activated carbon char created in the
present invention is not blinded




by tars and oils that would normally exist in other fixed bed or sone
fluidized bed gasification systens. Different coarse fuels will have

di fferi ngwdpgygss of ability to convert to activated 25 caidi@iso1fssghs Wi th
| ower ratios of volatiles to fixed carbon content may not be as well suited

as fuels thadrd BRVRoIRn REDARactAHR Bf. AMUxPEdnl B3R 265 And kaBSusBEIRRR TO@RE! -
Experi ence has shown that certain solid fuels in certain tenperature ranges

have caki rigpnone pashicarele used areprexidadito cigaten hotdlamp kakdep thepsivipaymalten platelie i xed

bed envir nts. Th il EL f coar uel st roperly. nove .d rd can
be greatl %ﬁ%ﬁgt\lpél}ogeyﬁﬁ?'eﬁtﬁge%@ﬁ?&%h@lgenéalsec? > 8‘?%8“%?8{%%?%? e@&ﬁﬁw}é@r ts at
. sel ected gkdyeled bynges) poparor datuiidl ;pas. I sonecippliafiogavensil punl teased. OVhgithat e t he
coarse fuel _and or ash. The grg es se|lected for .pgl ating may be st eam
recycl ed J9allgaash Ragses toushither Eee%,lt glides gyer yearanis disigshaped plgtedy Blatg 27434 se

v ports in apyediotttke BleSiblich Ah48 il 86 & pRite 252Kk Y dfdps FromIte platd®y R RIS 1
PCTI USO01/ ~6382 5 can be broken up to ensure conti nued proper gasification

rates. The vder bathi 28cthere the moken agh solpdifiese Asithe solidified aghl dropsithuopgh e weter hi gh
to break t T, ' uls Leachi ng
soni ¢ vel S 2B ol B pusd Ao e ety 85 bR EHlsteR R AR iAE DL 3
shows sontydraplicaly cqnuéyeé toqrash stofae tarilh Persondskilled in thodrt willappretiote gt awideray be

vari ed.dependi ng .on the fuels sel ected, For exanpl e, e ring of pulse

bor t s 185 Rk gheRativs sh e Ri<cn g and e ity BERRSHIET PR 0l pul s6 ports | s
shown near t he AbgghnOdsht 8% ioh tRPH8e S thd RBMelGBioRE thePfteHne EbrRBY W eeCasR @n@S L O
properly agitate the fuel. The areas nentioned above are regions within the

gasi fi er FRveRts thesteamdranexcessivesepping throngh theunadien gefi exdragtigmshola 245#higler ani ¢

tubes th i YL j .
a? t gi hed aicglﬁ%i ?1%8 \lt;b egs?fs? Se(fﬁd\k/\fgcﬁ?ﬁzlg ﬁ%rhgt% o2 4t 'El‘eé SEJS@ 8%1y if%g'g‘fe%\%a(%? u%g ?J ﬁ’\é}? )é case
of the hogdrtoffthe gabifier\safehm trdysirgruérse The grasinghgtweantcerantidplaig 2§ iahd the béttomough

t he hqod t 43, . Fox ,t.he sel , .seyeral .pulse pipes enter through a
e 30 oo Relt 45 el TR ot ROEL B i GoBuliie s farehdh enals b

pi pi ng porké&d, B&:it i A6t didehssed Rérihng is preferably attached to the vessel wall
for support. The use of pulsation for bed agitation elimnates the need for

mechani cal st i Abavethe epse shape ceramis septiondadheeragyic kineg 2h gy §a shapediodornga ch

pul se por : ary r 3 i f Fi gure
9 shows atrei agfgr%né{%fﬁhgyvﬁﬁ%ﬂ%%@g@y?%mglmgggra%%g@a&Q@ﬂgﬁtféo eg.ﬁ%l%ch

pi pe 67 2@nnds pdenfimsirouad thiergwardixedb&idfsorrse fasl. Ehepotes froindhe tahgeptiallfifeed al ves
in ea zQne ar.e ¢ ected to onmmn source, 69 I ch i s.nmainfai ned
o 20, * BeBP SSOARERlanler b of SHRTRRH s AR S o bRk "6
opens and ahd enteith@bddafifueBy thi s net hod t he pul ses can be adj usted

t hroughout gasifier I. Th as soyrce_69 10 the pul.sing ports 65 can be
different in b ﬂvegagﬁ*%ﬁﬁ}églreﬁetﬁmlaﬁafaﬁ? Liisalsaprebiranly e wped., Ditesass

gasifier Xael bél @i tHehost Bd%mtc%bﬁiﬁg D2 @ WnElRP hied MaPihe BARLR sORe31 bélew it.
tenperatures anticipated in 25 30 35 different zones of the gasifier

i |1 ustr at daisicauses gratwaal bed fpeisugfacehgbyestesrpraicsurace 3ansthopdexitqrea 13. The free

Fo5009001 OB Al T T A0RBE 00 ehis Eave 8 b Bt BB B B BB RL B Co1000

-15 WO (@RediB&i3éction. They pass through upper plenum zone 14 before exiting the gasifier at the exit

pipe 15.
The ceramic used at surfaces 33, 32, 31 and 23 and in the hood is preferably a high
temperature, high quality ceramic, like Zirchrom 90 produced by Saint-Gobain Industrial
30 Ceramics. Zirchrom 90 has an operating temperature over 2800°F and is composed of 86%
Cr;05 and 7% ZrO;. The ceramic is made of sized blocks for assembly in the vessel. The ceramic

liner is supported by vessel wall 20 and the vessel domed bottom 34, Cheaper less heat resistant
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PCT/ USOL/ 46382 916001 3001000151550120080054220016001300182800180016005
3290026002200481 20080020012120080020071200800200 10 The fol |l owi ng descri bes
t he presewldasqpsxferred start up node of the gasifier 1. Pegnaasudsger 1S
first filled with coarse char fuel or fuel in which volatiles have been

removed. Iheneqe ?e@erﬁmﬁgsé;()ii As'1ﬁ1e19ﬁ§éeﬁal%lrmﬂeeﬁ Irtmee&i B6 ardl 1€ HeCRMpLSfeet

above point 2. ove t olnt 2 normal fuel can be added tO0 the coarse

fuel feedcergmisy shag formptherdnsplecnifeces. diop drecnetantic ayrfcer Bsandr 6 miesy expersivas i s

circul ated throu i Nt,Q.. L fier i S 6.1 . The
e phoso el be e AL 6hEh R ALSS: TathHlook Slekin EnbRuually Ghiéike 1O
- t he separ Zirchirom D0 aing bk hed id the higlhyteniphatubssatfaeecohandieiptatdihoinfd BT asdi}B; afk at er

section of the.  heat .exchangers 58 is left .open to the boiler and the boil er
is fil Fedaf?falﬂicgg‘@rAIdpﬁl‘Hﬁhg teWP?’ﬁtuffo‘iefach%ﬂg"F? % water. The nitrogen is

* slowy added Umbide PRRFAHOHodH RETH £ bﬁ%afsﬁﬁ?h?dA oftEshApdd’ S5 RechiBn l4gaVvi g
t he heat exchangers passes through a small startup bl ower that circul ated

t he gases suppoRs theceamiedingu2i Thisfs showmbaster ipdiiguse 44, witdch iv@ endarganepnpef the
Downst r ef”‘ﬁ‘ 5 LJﬂ%o R5EHER %'d‘l\ﬁ’eﬁ"hmﬁaco‘%g%é}fw 3 Fffs B;é%gﬁ&n%f'ﬂ H@éd‘ﬂo"’};"nd%as or
propane i ot e A rogen 1o sl ow y hea The gasrtier as E el T culates

(about 10pfeferabtthesldedite anitizal steel tyiaddrdl] Fhe cytimddreld ioprefesubiyngeledas hosd t he
super heater qutlef val ve naiptai.n ressure by venting the excess,steamto
2 CondBnsESeiFEp 4 (A gPEPEIOGHERAT et BHORS iBiCH BPE 1% YIGREFOBTAMES  hat
produce etiesinifbiehde)of BirdExet2P TheBdy¥nd? b iSenetritihSoudR tHe@oed kSl B6pi43. A
condenser of the steam turbine. 25 \Wen the gam fier bed reaches a

t enper at upalbgiampistitiby Gborrefernly inthpeaniar gf each dayeaptdulegp allow beilsater & al | ow
the te ”pege?sts Hown ﬁfz %%?Tﬁa{ﬁy&%{ @cﬂér%q‘é@h }-n%z E?bé?x'i: ?%ﬂo%orﬁ%ﬁ@@lﬂ'd&ﬂo th\é"cgﬁla the
small [evels o g t at

hot nitrogen sti circul ating, oxygen are 1 njecte
ports 6, ssvtioddl.dhe innenipbe@ stopd atdke/tpad peint Nonpaliyt veder @htetigth imesnbe 89 i n a

smal | _Lgniter. burner. Propane or natural i.S injected at .26 .and oxygen
2t 2515 9net B ebneties P BF WS frbalineanth i i PeaRin sty Fvihy e i n
the 30 st g&dses uptRe birtérl Bigoried tubk At HeitGraBFE LAY Bie WdIEHLD bSil ¥nd Ot B t6-
operating tenperatures. Wien gas quality reaches acceptabl e conpositjon the

gas is roBkase HRRELRfWatereand disRy Shess dayapgh Mhesttidscaoblis skebermsr 1tad ssel at i ng
t enper at Up &y 43¢ eeBh?%n%in%&?A@ﬁE od&d mbtSridl SMer3ths! THEstEn MAy¥ehudy | 0ad.
The gasifi'er may be sFfowy ranped up to full normal” operating conditions

di scussedfaltlp/msifiefs stdBn inlep\@eed® brfig dBEr Gle\pMBe plangasi fi er conpri si ng: spaced

coarse,and fing fuel inlet .ports; . a f.ixed d gasifihcation.s J ere
oo s@ofne " Ofnd el il Bl in s LSRR R bR 44
secti on wrhgre nfaiy Be nfatiepipésS] 238cinf iRAnmidcbfayliaier 4% thhtpesitidedalet gasdras Roghses

generated fromcoarse fuel and fine fuel are collectively discharged. 2.
The gasi f#@r accordi ng to claim1, wherein the fixed bed gasification

section conpri-sRoerani®sudic 4 IBimsithetBibatift the A6 HEQO The Midat & 8 6dtritdsn maRMse fuel
fromthe coarse fuel inlet in which the coarse fuel is devolatilized to

f or m vol agtep for de ggsesdarmeri whicl ¢agges deipmpareturede inceeasedniie thrpsteangbld Tt i on.

25  arearestriction and increased operating temperature is designed to prevent oils and tars formed in
the devolitilization of coarse fuel from escaping the hood 40. Effluent gases passing through the
throat 11 are exposed to temperatures high enough, in combination with the gasification and
combustion reactions, to crack and convert oils and tars to the primary syngas compounds,
mainly hydrogen, carbon monoxide, methane and carbon dioxide. The ceramic surface 46 is an

30 inverted cone shape surface that is steep enough to keep the bed material against it and allow the
gases to expand and limit the associated pressure drop. The region between inlet ports 10 to the

throat 45 is the primary combustion zone of the hood section.
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3. The gasifier according to claim2, further conprising: 15 an internal
cross-section constriction in the upper fixed bed section; and an upper

pl enum di wsRgssad) acent said constricted cross-section. 4crhi¥1/96s2fier
according to claim3, wherein effluent gas :fromthe fixed bed gasification
section and th [ . sy ' S [ Y e
upper plenum aﬁloﬁ a}hé?gi %‘E@‘S’é‘%@%‘ﬁrﬁgﬁ%&“t g&f’ ga%g%@%%ﬂégggcﬁmgggnl? a%éqhe
upper pl emhown @Andstingtoehegnain eseel 20.Thesedivoburners £ pertially oxidize and gasifytfme opper

pl enumis conf.iqured.to proyi an _ef fluent sj den i
oper ati ng pf‘@ﬁ’fﬁ?aé?lﬂffé‘e@l}?qflfdc’%"gﬁ’tortggseﬁsa@ 5 fué’gg?%gnu%aioﬁs's %g%ltﬁlfrgl Sngﬁgs\lnlyt hi n
. the effl uagbe Haulaberossi8etdaswift Liteebpipofotining theoutdr atall The wisile of the bipe iupper
fi xed bed section is configured to operate at a.t .rrper6at re i ch converts
a por t Pon begferal lipedayithea high terparafure seramiq *ﬁéﬁ%ﬂn 18 6- Normglly the &ing pry
+ according JfRef eﬁ'sﬁl}]dﬁﬁlel\é‘%wé &n@éatih%g{e%ﬁérb?qem@ £EUALS 4. N8R WstortyBsh
ef fluent gas. 8. e gasifier according to Claim?7, further cConprising an
act i vat ed ot air bwlstesmlehtecthe burher at pgrt 48. eTherrchre serereldnawn bymeedesigny wieh it r ai ned

in the effl ue as., 30. The. gasj f.i er i t i r
conpri si n&eﬁﬁgglﬁﬁgrr\'/ﬁt@ﬁwag%lgﬁls rglgon%n\}léﬁlgﬁ%ﬁfc %gb%g?rrlﬁgf gllrngﬁégﬁn%‘}r%%as?? i vat ed
car bon f r ame thscaf srsesk vage irghs biimes is theicesait swrface 51.1 The vantDhiGBS el

PCT/ USOL/ 46382 10. The gasif.ier accardi to glaim.9, further conprising a
sor ew ey FBbine) BEEHBIMAARIRIRE A EIRAR I panec dhF BishrePhoRAdially Srizes
perm t renpny glsifRf todald tHeleBtk 68thSBiner Fhile AR FaRiidletPased 66Minde REndvedhmai m |,
wherein the entrained flow gasification section di sgosed in a lower plenum

adj acent tthrewalbpreyiding edolingdreteetivie dayendor thi ceramig: iAtitheendrafike ey df, thej 2. The
gasifier accordjng.. ' j j f i ] Efdir @i ned
fl ow gasi f%a%eﬁ?'?dorﬁ'ggﬁé@lg?%%%&%? egngz'tog%{nje&‘taéeﬁgsgﬁ?ri Igﬁtfugg?l}l%éd)mg%?%er. 13.
The gasi f igases pass chr6ligh ghetlowed fiiedbd®of thdgasifierrand kueit the bed dtuehe 9 mtodkd getued fr om

pul verized solid fuel, |liquid fuel, .gaseous fuel, and conbi nati ons thereof.
10 14.15The143’5éfqlie@’|‘ngatb%§q5§feﬁ§t’I‘%e’ﬂfﬁgﬁfi wherein a portion of the fine

fuel is sized {aviRh e eirbined At SlaSes Gtk ROiRtoCRE YWk iRBA BE pracidtd the cirb@d Wwhi ch
results in the genération of activated carbon particles entrained wth the

ef f1 uent @wesssansfor thpentypined flowproduets farpach sasification squilibrium,  Additionalstaamilsi ng an
activated 1 B t : Mat rai ned
" the. of FRISRR: AN SEROGR i SiefRf, Whifh BhalsS M. ARidMBIEA AU ARAAR
gener at es pasificatiah echditinb and the tiesired techpenatutd v peiif 9. U stepaspipésiiStphevide the

conprising ap .activated carbon collector, to captur ng r.e e activated
car bor?%f r gﬁ?‘{éﬂéteﬂ?'fﬁt?éﬁ? 0%5%‘,'“ aqu%sffgprogbdﬁf;,n}pgﬁ ¢ qu?ﬁ&egﬁlq@%ﬁ P%Tawe&‘
equi pment AaBbre!y, Gafthacdypréticte @fphitdbwiteRs shifttrénction t gentatedighquantiteens t o
capture and renove pollutants fromthe effluent gas.. 20 %(é T@;F asifier
accor di ng hydrogengasgsq Ehis yihomehehydsegep i athon moroxideratia jseaptmilef 'gﬂ‘faf‘hr

conmpounds, g mwﬁ%ﬁngﬂmé&ka@_?eapai%gﬂh@é&%sgaﬁ}@hﬁmg%ﬁpro_?ib&ioﬁ il bd Mixiaze®r di ng
to claim1, further conprising a plura |%éeqf |$ée_ct|on ports configured to
i nt r oduce aost gasifier thetmend efficisncyangy teimproyed: fdesirpd, addijionlstearn canhs addediather . 19,

Th i . o . hCh .
cont - i ot 08 215 U SlchtadeRo S0l b probIBIoE ool Bl beRblch lon.
The gasifier according to claim 18, wherein the injection ports are

fi dt trol the st t ti i t hi h ifier. 21.
The. gasi 11 er abRBRUDiRGNIDGHIER Hepiors SO G BT b RAEmIGFREEs BFP BaPRe by

confi gur ediphit 1806 Whek BRarh Yésed & coh@olGky Bed Rt FBAB 9% Ebinpeaiires imiteltinge bhe
gasifier. 30 22. The gasifier according to claim 18, wherein the_ injection

ports are W46PFitgLi08dF, fas ardnil ‘FQ_WF‘W’?Eatdﬂ%@tmﬂay@}?%@mm@tlé%ﬂ“%tléf“rt %n
di ff ergnt u}?@rtb'eg RSebrmlifiSp@pstyl it hddifod] REPlfparafifdsii He ubftr flentifsed/td f €

‘reaction.

destroy tars and oils, may not be needed. Persons skilled in the art will appreciate that the
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WO 021 46331 PCT/ USO 1/:16382 23. The gasifier according to claim 22,
wherein the injection ports are configured to control the amount of oxygen,

steam or w@) §adgizdi fferent sections of the gasifier to corgd@isdi/agss2
tenperature and to pronote a nmethanation reaction. 24. The gasifier

accor di ng oL 83 | d drifl e ROROLERH Yarthu® § RS Ent6 Ok §enl €] 11
t he fixedg ed&ga i%%i%g%ft ig%ﬂdgg‘f:a?i %sﬁgrg?lésﬂ#ene fﬁ%ﬁhi ?fn{uhe entrai nZ%enf | ow

gasi f i cat ianhsteane t¢pending SponTtheefuglfeé¢dsiocks and Eherdgbireg syrgas petbwh 1, wherein the

fine fuel is sglect frompulveriz L i quld. . S
fuel, and conb?’r%ﬁ%%gw{s Q@W&%Yé%@%ﬂa@? {cgé‘ir‘jfél{‘:eé)géré&ﬂ ﬁ%‘}éﬁ {c])oné %gél?n 1,

: }‘ urthe ][ . 6@1561? lgdm getivatel us\lﬁbﬁ Erm @hrtioulb®ak bapgur&? fipmt the efttsp disecelfladnm uyngahe

ower fixed bed section which agitate coarse fue| or as Lthin_the fixed
bed seéti éﬁ‘?a@?r.lsﬁ_@a”é&&sqme?%ff%&ﬁ@?%r % Ugq ‘Qia_rfi%,s"%ﬂ’gl?a\g}’ﬂ"*hg‘%%ﬁiati ng
1 ets InjeGhodN e Hs{iﬁgrqdwﬂl{"ﬁxeﬂﬁﬂi& EsinpoABnts dPfhe Gpal biBinupGGR6A! MImEORghai M 27,
wherein the gas pul ses conprise pul'ses of 15 air, oxygenh, steam carbon

di oxi de, @gasBedshasarkxit pipe fethpidischarges the partiodate ladoohot Fyngagyinéa 4 pasticwdaie or di ng

to claiml, configur Q | I f | Neot | xed bed

gasi fi cat FgROYE, gse'ts élgronn.ﬁq’g%f syﬁ@g%@%‘ ?eg?’h E%vé%éﬂgrx?%?%@g?gé%@l&gd HE%%%%’

gzgasi ficat iupdjl; Raetlzih'g ¢t|re larrecovestaami geaerafok 68vnms b fat atmut 300°E.e The eymgaotipm i si ng:
0 a cgarse fuel i ;A -stage fixed bed gasifjcatian sectiqn,that

Fecei Jbo esursiaina el higfin ot apouhiehapt oo tefove al fraimtb DGt b

gasi T cat Qg & all OF thePFAREuS phske pANlutditd FHond hﬁ%@lndgasdnommvs’n&n rio livife& o t he

coarse fuel is devolatilized to formvolatilized gases ich fl ow downwar d,;
25 an i nt @ehuthnte sushgs:sulfurisperiesonerewy cablasides, heavpan ofieged bed section; a

Lower Tixed bedsgGhill afidn s PRk AR R HoSBAD Andidlif Gollixef BE st o1 nal

cfoss-section CONstri on; ‘an en | ow gasi on section”di sposed
i n a | onenpgteamohtledhaghaint 59. NEhe3ixlinpefithe syngad abé ectivated cabomthac barvied the i | | zes
fine fue

(e e et L el Lt B0 L S il
bags in the baghouse 59. This active carbon is very effective in absorbing the various pollutants
at these lower temperatures in the range of 275°F to 350°F. Commercial active carbon is very
expensive, often over $1000 per ton, so it is not normally used for large-scale gaseous fuel
cleanup. But in the present invention, the activated carbon char is a byproduct from the gasifier,

20  and it is no more expensive than the fuel it came from.

There are two methods in which activated carbon is created within the gasifier. The first
is in the upper fixed bed section of the gasifier at about point 13. The second area is in the
entrained flow section. By intentionally sizing the fine solids to a size in which a portion of the
particle is not fully gasified but is carried out as particulate with the syngas, this particle will have

25  been exposed to very high temperatures to ensure activation.

The activated carbon char can leave the gasifier in two ways, either entrained with the
effluent gas or directly removed from the fixed bed. Fine particles may be entrained with the
effluent syngas by originating in the entrained flow section discussed above or from particulate
that has broken off of larger coarse fuel from the fixed bed fuel regions. The second method of

30 obtaining active carbon is by extraction tubes 61. The extraction tube is a slanted double pipe that
penetrates the gasifier fuel bed just below bed surface at point 9. By creating a slightly lower

pressure on the outside end the tube will act as a vacuum to bring the active carbon out. The pipe
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WO 021 46331 PCT/ USOL/ 46382 a plurality of injection ports configured to
I ntroduce oxygen, steam or air into different sections of the gasifier; a

pl uralitywefozagisiati ng jets disposed about the | ower fixeddragkosasiskon
which agitate coarse fuel or ash within the fixed bed section; and 5 a gas

effluent gi &dﬁbfe%ﬁbd‘@itﬁ?uﬁ%?ﬁ%k&@&t@b&ﬁﬂe Md}jﬁéstf&cd‘oq)afe%m@ﬂdnfubm irgd s are
col lectively discharged, wherein eff|luent gas fromthe fixed bed

gasi fi cat isefifisareduses enotigh Reiverrarban whar enfreinedywith theefflpen syeges fometdhe ect
wi t hin th%ﬁmﬂ oﬁoqggéﬂsatﬂggp\%@fcﬁ.ﬁétﬂo&lgﬂ GRSy e(affl uent site is |ocated
' t

adj acent Pier accor di ng to claim30, wherein
- the fine fuel tl“he smlaeted mndllymrmléd)aqnud: sagyonzbat 1Sb¢np1hhfeuadd 62 efpue gbirfgomltq

fyel t her eof di pg,to cl
30, “wh ciliF BT BRATIOR WORE & ROOTOHIR i PUSCE LR Fatan SR ure

control Wythbval dyB8moané idneated €asbon bAS iBE puletiz@rie mechea@dtfﬂeﬁeksadt poigeh2.
wherein the injection cF)orts are configured to control the steamto_oxygen

ratio wt thivqnaed ashikated earbonharawthenpipisctgdiafors raixerR0s whigh pagriqsdheartiyespron

wherein t ] s are configured to control the hydrogen to
car bon rm%g%l(rl ﬁgﬁgg}%eq%gl\?\n&t%@n the gasifier. 35. The gasifier according to

cl ai m 30, wher Bynovdig usmg mt&mzdly gpmaratsd aitivatebrfiogwhamhs & prodocitin ddwristreamanount
of oxyge st eam . or. ent S8 ct.i ons sifier ronote a
e ¢ 1A el SR EieBlind. e At ket S proRRet R Lo b o ot TR o
35, wher eicbmbdied tonjties: ighdifier térﬁs arypicalty) tiepisleffidiency W théaslred Bediaidigthe of
oxygen, steam or air in different sectlons of .the gasifier tqg control the

t enper at urtealamouptp! spes@pindhefupkfpedsiack ntorthe engreyiin the r??‘?lunﬁ E‘é‘eﬂ%ﬁg‘i@ pyput.
accor di ng %e@ﬂeﬁ%&bﬁ%veﬁﬁ&{ﬁhﬁe)&ﬂ& SHRPEF the EarSsh ﬁ&@ﬂn&ﬁe %és?ﬂbr h$a pRIdusur ed to

operate at a tenperature which converts a pOI’tIOI’l of e coarsé fuel "into
25 act i vatisdothtlisonal &fciefltyemgassiei tor traditanal m§10t16) chuéd e dgwervhen other

oot vl bRy . O RS L AR oGP .
capt ur e ardrtrseieepraduict b&ﬂie@dha@ﬁad’smunﬁxelnt r' Wihere thel inpiithfeelda$ ideaaindd, grasus tB@ 40.
femoval  poriecid EHed GRODISS SHRETt /IR BETEL DGR PO T BB
gasi fi cat i3 v BighdrOMoreo?Br, when efficiency is measured by the whole plant (including operating
costs of downstream equipment required to clean syngas) against other comllnercial processes, the
20  present invention shows superior overall plant efficiencies.
The fuel pieces in the bed at point 9, Figure 3 of the gasifier are a mixture of ash and fully
activated carbon char. The activated carbon char created in the present invention is not blinded
by tars and oils that would normally exist in other fixed bed or some fluidized bed gasification
systems. Different coarse fuels will have differing degrees of ability to convert to activated
25 carbon. Fuels with lower ratios of volatiles to fixed carbon content may not be as well suited as
fuels that have a higher ratio of volatiles to fixed carbon content.
Experience has shown that certain solid fuels in certain temperature ranges have caking
properties that prevent them from flowing properly in the fixed bed environments. The ability of
coarse fuels to properly move downward can be greatly improved by the present invention by
30 providing small ports at selected sites to cause short duration jets of gas or pulses to agitate the
coarse fuel and or ash. The gases selected for pulsating may be steam, recycled syngas, oxygen,

nitrogen, air or others. By using several pulse ports in any given area, large pieces of caking fuel
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WO 02/ 46331 PCT/ USOL/ 46382 41. The gasifier according to claim40, further
conprising a screw device in conbination with the activated carbon renoval

port to peyoiuessimoval of activated carbon. 42. The gasifigf/g§FiRksng to
claim 30, wherein a portion of the fine fuel is sized to ensure inconplete

carbon co 1 L.ne: LGE i i

et Pvat oq 2B s8Rl o b bAfinbeliro phichfatuieg T ghd RIGIRPSH R da QRIS

gasi fi er de prefaabiysuficiedtly highi®, bréakniprtbe fuebnPid it §5 are desighedifor gascpuidesn
col l ector to,capture .and renpve tivated carbon entrained ip . the effluent
cos o’ FhEnERBbH S0, o ARG e Fe R Rt e Fiitne S ot siihe o

- car bon enttysicalgallsé porisiss. Thd humshrl ofysits ahdilobdtidn ntg BB KarkddiBpeidirGhithexued

car bon _col | ect$r to ca@ture, ang@lrlem)ve 10 activated carbon fromthe

ef f | uertt g8SCted-&oE REmPIeeSTINg PRYISSEPTIHE 1B phoz@at the threagaansrtd And 4d6FM HBsnt act s
*the ef fl ugfitouRapodd i Rncwa &aﬁ&%'bl’!@éé}gexﬁ%ﬁl?@ﬁ‘. TRey AR bE 1622 R8 dni V& as to

pollutants fromthe effluent gas. 45. e gasifier according to claim 44,
wher ei n t ipgopsdy bgitasethe fugl eThe @reagmentidned ahoye hre megians mpthinthle gasifier phem fuel
corrpounds,ca%plg.she vy et als. 15 46. The gasifier according to claim 30,
wherein the p ISPATY g jets inject pressurized gas pul ses. 47. The gasifier
according to cithe pi;)lé&poa-beﬁaeﬁs?t of ctefmig&ﬂsefthhtl&&ﬁc}ﬁ@@mrsé §|ﬁ>eg6ﬂ.]§[}ﬁ|8 pipks 64 dre

oxygen,. Sste car bon_di oxi de eous fue r . recycled e uent gas. 48.
The gali £ ifé orgbly afteshe ot vepssl W%E _,or&emeihg%@ﬁf%wgﬁﬁaI_pélwec@arsqu}emoeéess 20
coarse fuelyihddr WA thd piasd PaRd nehynfek @Rt ﬁ;@i@ieﬁfﬁﬁhﬁﬁ’ theaddd ftdg 83 FRdethe vassk €
entrained flow gasification section. 49. The gasifier according to clfaim
30, confi gayesd rhige pipesmay entgethrayglonpipingpart §&or thesids of theeesse]l b FesselR0 can

asificati t Q0. hid ar. I J Lerh the
pper pi criivs el fBing e BROTBARICE Ghind S Blek B, AR e deegMIELE "2
oper ati ng shppopler at ure sufficient to crack tars and oils contained within

t he ef,f.l uent . 51, A gasifier conpri.sing: .a coarse fuel inlet; a

tvo- stidge f i xed Pt o5aUefipg b bl pattalis djfpisates hemgedior mechagigplslners Bt HF om ¢ he
30 coar se vsitih sk ftior fik BbdigdsifeRd ERGHpIRTofcatialh OVarpife égdits 6OpINeId8lRER an

upper fixed _ bhed section in which the coarse fuel is devolatilized to form
vol ati | i z&8d §844e8Kahi ch f1 ow downward; - 21

Figure 9 shows a diagram of how the pulses to pipes 67 may be controlled. Each pipe 67

has a fast acting valve 68 such as a solenoid valve. The valves in each zone are connected to a
20  common gas source 69, which is maintained at a set pressure. A computer controller 70
determines when each valve 68 opens and its duration. By this method the pulses can be adjusted
throughout gasifier 1. The gas source 69 to the pulsing ports 65 can be different in both gas
composition and pressure for different zones of gasifier 1.
In addition the table below depicts probable operating temperatures anticipated in
25  different zones of the gasifier illustrated in figures 1 and 6.

Table
Temperature Profile in Gasifier
Maximum Normal Minimum
30 Point Temperature F Temperature F Temperature F
2 500 200 100
4 solids 1200 300 200
4 gases 1500 1000 500
11 2200 1800 1600
35 13 1800 1500 1300
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WD 02/ 6331 PCT/ USQOL/ 46382 an internal cross-section constriction in the
upper fixed bed section; a lower fixed bed section; and an upper plenum

di sposed wdy@e@sd1 t he i nternal cross-section constriction;pcr/esoplsdsdl ity of
i njection ports configured to introduce oxygen, steam or air into
different sectyons of the gagofier, whereigpoa portion ofjghpe ports are

| ocated adj acepy the coarsejdggel inlet; apghoa gas effluerpgsite from which
gases obtainedsfromthe coassgy fuel is diggfparged, wheregisgyef fluent gas
fromthe fixed;ped gasificabdpn section cppjeect within Jj(zoghe upper plenum
and wherein the gas effluen 90?)i teis loc adj acent trt% pper plenum 52.
- The gaSifier aggording to ¢ m 51, wherel}).t he upper pl mis configured
to provide an fl uent gas éi dence tine d operating @g erature
sufficient to ack tars an ils containe ithin the e uent gas. 15 53.
- The gasifier according to cl%0m 51, wher ei 3% he upper fi¥8®% bed section is
configured to operate at a tenperature which converts a portion of the
coarsggpfuel in L uat ) £ 1 [ ckal m 53,
whor orn act i var Oeil @ubgt B freedlly PRI RSk P aolE 6P 1 g CHAY T
gasi fier gasifierdi firgt fildedovith enafsd chafr Girel biefueldio whi¢hsiotrdilea mavechden adnexred aflon

col |l ector .to captdire apd.renove tivat arbon entrai ned in e effluent
oo oo sl CRRAt B ARG 1FRTIG AT A PRI B0 BoRES. WhhE e bftal s
acti vat ed fishediobe 4dde0 @ thepohdse fie! feedif bystedAalosgHeria Gdmpeéaangd andipfeesird r om

the fixed ped gasification section. 57, The gasifier according to claim 56,
further cBWERIERE cgcgleﬁegwr iinte the gassfier @ RSi% HO P £ 25, Ehegas passesed

car bopsr em&?ghltmasiﬁ%&n&%hmougﬁme Bf and®ith VREHArAG AN tirf _thraggﬁ_tﬂélsi fier

according to claimbl1, ich generat'es activated carbon entrained in the

ef f 1 uent beas excheneetseid. dberpupetherier segtionof the heat ¢xchangsorbaslef@peroto thedbodlampt ur e
and renov | Q t g luent , rther. conprisi

pol 1 ut 1 on 5k pifes 36 el @fon: il 1800 Sl S4B} o Byl TRERiRS TR, S34 T8

act i vat edadded lnniil dperatiappressaredintbached0Vie itbgentcriéayirgrthehdabexcBihgert bhssent gas.

59. The sifier cor di to, claimb8 wherein th olJutants ar el ected
From sul L BRougl s SAR e P B SRR BB o hisiape Bt L Mlet5ors 6ypy
02/ 46381 PCANdIE0 Bowklidéhén SChe stiitipBRsek b Blirn@CHres ShyBéh dnd natudi] PasDE prophivid her

conprising a plurality of injection
into the nitrogen to slowly heat the gasifier as it circulates (about 100°F). When the water in the

boiler reaches operating pressure the superheater outlet valve maintains pressure by venting the
excess steam to a condenser. For Integrated Gasification Combined Cycle (IGCC) plants that
produce electricity as the primary prodl.lct, this would be the main condenser of the steam turbine.
25  When the gasifier bed reaches a temperature of about 1000°F, the temperature is held for two
hours to allow the temperature across the ceramic walls to properly establish. With the hot
nitrogen still circulating, small levels of oxygen are injected at ports 6, and 10 and propane and
oxygen are injected at the burners 19 in a small igniter burner. Propane or natural gas is injected
at 26 and oxygen at 25. The excess gas after passing through the heat exchanger is flared in the
30 stack. The firing is slowly increased over about six hours to operating temperatures. When gas
quality reaches acceptable composition the gas is rooted through the baghouée 59, which has
been brought to operating temperature by hot bleed gas. The gasifier is now on line at minimum

load. The gasifier may be slowly ramped up to full normal operating conditions discussed above.

35
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ports configured to introduce oxygen, steam or air into different regions
of the gasifier. 61. The gasifier according to claim60, wherein the

i nj ecti onywPlsgzare configured to facilitate tenperature eeniuseh/4svst hi n the
gasifier. 62. The gasifier according to claim®60, wherein the injection
ports aregg%,nj\)[]%ured to control the steamto oxygen ratio within the
gasifier. ) e gasifier according to claim®60, wherein the injection
ports are confilgur ed gesificoompuding:he hydrogen to carbon nonoxide ratio

within the gasifier, 64. The i fd er rding to claim®60, wherein the
injection ports ar eSpé%eﬁfcf’aﬁeraé@qﬁﬁfP%I%%r%?g%l the anount of oxygen, steam

. or air in differentafitdived pasififatibhsectiGiswhere€coatso fyml rmtifiedy parti al water gas
shift reaction. 65. The ga {lfier, ccor di noq}to cl.ai m 64, \gn rei.n the

i nj ect i50_n ports ar ea”c“_(S‘FfF‘P&ﬁ oY &8 ??H?R_?eﬁ'l‘ Weere, 113,gas i‘@g@ﬁl steam or
~air in different S?QEdsQﬁ'ﬁleR{pm&@%&sédﬁﬁeﬁt@dﬁ_@lﬂ_tCB%e fuBPanldSHB Rledlidr € and to
pronote a methanation reaction. 15 67. The gasifier according to claim 51,
further conpri soltegtivelypdisphaiged.y of pul sating jets di sposed about the | ower
fixed bed secti,on ich..agit . [ i th ] % bed
section. 68. The ggﬁeﬁq%lﬁg"a%g%f?ﬁ’%ﬁg&? @1 %@eﬁgjbt??ﬁgﬁdéﬂregi@ﬁﬂ?%% %Eﬁc{ég{gi ng jets
i nj ect presmyriseded gas pul ses. 20 69. The gasifier according to claim 68,

wherein the gas pul ses coppr,is ulses of .air, o n, steam _carhaon

di oxi d8, gaseous fudl qppﬁ%@bﬁ&%ﬂoxbﬁqrﬁc@mes @‘?f%s.e%.?mﬁ tﬁ@{’%ﬁ flﬁ“g%si fyi ng

a car bonaceous if Weikh {18 @6kiORYK i§ Q8MlatiSikdado thiR velatiRsedQhsesivamel gy coar se f uel

into a gasifier having a two-stage fixed bed gasification section

conprising: 25dawnwgdandfi xed bed section that receives the coarse fuel,

wherein the upper f&f&@,@r?ﬁé&b’%&ﬁ%}ﬁ?ﬂ. operates at a tenperature sufficient to
an

devol atilize the coarse tuel ormvol atilized gases which flow
downwar d; an i Bt er nHhe gasifissacserdingdm claiom?; tfurithet camprisingt he upper fi xed bed

sectiaqn; a lower fixed bed section; and 30.an upper enum di spased
adj acelgt sai d const?q‘BFEHF?EP%S&G%%%C’P%WWPM &‘888‘5? ﬁﬁg‘{o‘%{; gﬁfons{glgam or air
into the upper fixegh e Séuhi dpcaahdjRuRkaill cadichadisestdtion. control the

tenperature within the gasifier; and -23 WD 02/:16331
4. The gasifier according to claim 3, wherein effluent gas from the fixed bed

gasification section and the entrained flow gasification section collect within the upper
plenum and wherein the gas effluent site is located adjacent the upper plenum.

20 5. The gasifier according to claim 4, wherein the upper plenum is configured to
provide an effluent gas residence time and operating temperature sufficient to crack tars and
oils contained within the effluent gas.

6. The gasifier according to claim 2, wherein the upper fixed bed section is
configured to operate at a temperature which converts a portion of the coarse fuel into

25  activated carbon.

7. The gasifier according to claim 6, wherein activated carbon is entrained with
the effluent gas.
8. The gasifier according to claim 7, further comprising an activated carbon

collector to capture and remove activated carbon entrained in the effluent gas.
30 9. The gasifier according to claim 6, further comprising an activated carbon

removal port to permit removal of activated carbon from the fixed bed gasification section.
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71. withdrawi ng effluent gas fromthe gasifier. PCT/US01/46382 The net hod
of gasifying carbonaceous fuel according to claim 70, wherein the anount of

oxygen, Sh@All4esyh air introduced into the fixed bed gasifipgajusenséggtion is
varied to control the steamto oxygen ratio within the gasification

chanber. 72. The meghad. §if oMk SisthbgLerée aeyigiigg to claim
70, wherein thgfanoun%g%ﬁérg%gdéﬁrgﬁog%ggg hlgﬂrﬂglgcﬁ)?ﬁi %tgodcl}ce(_j ilntlo the fixed
bed gasi f tanbihstionseth thosttivaed/arboademaovat port togiermih eenfoyelraf getivated cedhoion

nonoxi de ratio within th asif.ier. . 73.. The hod of . gasi fyin
carbonaceous f thel g@@&ﬁﬁﬁﬁ%"%j‘%& £ %1%,, W%@@W%ﬁ@%ﬂ%ﬁ ﬁ?g{%cfagg)l( ygen,

. steam oOr s@iibn HdsOMGABwerMRuigjabint G 16@€ @6 béd Raidnovhisieedldtitaed finevar i ed
to 10 pronote a partial water gas shift reaction. 74. The method of

gasi f y ngfuehr bonaceous fuel according to claim73, wherein the anmount of

- oxygen, Steam 1or ajy, L0kEQUUERH, loVidil i nbkiiathe RGP Intd G3bidRageCt i on i s

varied to control enperatu to pronote a nethanation reaction.
75. The mAbwedsififatiga seéctiyn Mgat dastyon sangentiplly Gieed bamenr di ng to cl ai m 70,

further 15 co I Si t he step..of feeding fine. fuel dnto ai ned flow
gasi fication s&ttio \ﬁﬁ%ﬁgaﬁ?gd"%tr?ec q‘"tl}elp’ W&ergg&eﬁ?ng&@%éeﬁ?ﬁg%m hod of
gasi f yi ngpgleehen sairriel, fiqied fusl; gaeslisieel] andcbmbimtidns theteof.ei n t he entrai ned
flow cl;a5| PI cation section is disposed in g | ower @wf&%&%&ent t.he | ower
fixedl®ed sectibn. Do gpylierppeorgipg WdﬂF“’é‘fl’Q’_ S@F‘;ﬂiﬂ?&? és_sf?fglto

accor di ng {8, & AinBidie Bagﬁ%e({oﬁfbﬂstfoh%?tﬁe‘iﬁk file? whitfl rdstitOin o cBbficH &ted fl ow

gasi fication section east one tangentially fired burner. 78. The
met hod of agvatefigathon patitiereatdoedwitythe efbientradb.ng to clai m 70, wherein

effluent gas fromthe fi.xed bed sif.lcat | L L0 Lthin the
upper pl enum a#(; 25%%?%?%%%211% f‘ilehuél‘r;\l[%’ gugt@eliscg&\%nhgﬁ%l%gﬁg#%crﬁ% e upper
pl enum  7Qollethe todpheshndfrerid@eiattjtateg carboh erteaireed s the effluestgaar di ng to cl aim
78, further conprising the step of intain,ng the ef.fluent, gas, within the
upper !pl enum f & a Theraapigpreator B%t"rcgﬁ%@dle??%‘éclhtglg%a %L%aﬁ%‘f‘ifﬁoﬁﬁn?@ erature
to crack 4ahs ofiftdn aé,%t‘ﬁﬁpécﬁ‘li}il?ﬁﬂxg%%ﬁﬁteﬁlaﬁb@ﬁ td11eetot to@astureddd fmovéhe met hod

of gasifying carbomaceous fuel according to claim 70, erein the .
activated carbon from the effluent gas, further comprising pollution control equipment which

contacts the effluent gas with said activated carbon to capture and remove pollutants from the
effluent gas.
20 17.  The gasifier according to claim 16, wherein the pollutants are selected from
sulfur compounds, halogen compounds, and heavy metals.
18.  The gasifier according to claim 1, further comprising a plurality of injection
ports configured to introduce oxygen, steam, or air into different regions of the gasifier.
19.  The gasifier according to claim 18, wherein the injection ports are configured
25  to facilitate temperature control within the gasifier.
20.  The gasifier according to claim 18, wherein the injection ports are configured
to control the steam to oxygen ratio within the gasifier.
21.  The gasifier according to claim 18, wherein the iﬁj ection ports are configured
to control the hydrogen to carbon monoxide ratio within the gasifier.
30 22.  The gasifier according to claim 18, wherein the injection ports are configured
to control the amount of oxygen, steam, or air in different sections of the gasifier to promote a

partial water gas shift reaction.
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upper fixed bed section is operated at a tenperature which converts a
portion of the coarse fuel into activated carbon. -24 WO 02/ 46331

PCT/ USOL/ we3B46331. The nmet hod of gasifying carbonaceous f ypelr/@oeasd€ng to
claim 80, wherein activated carbon is entrained with the effluent gas. 82.
The method of gasi ffendsifaLORREE AMUTaimP0! whGER i iRRcid foktd ¥ cBrfigufddr t her
conprising the step of capturing and renbving activated carbon entrained in
t he ef f | utomontgelshe Sn@ait offtreygens staon oo ir edifferpntrigetioms bHithe eesifiss t¢ epatrolaccor di ng
to claim@Q, further [ls) renovi ng activated carbon from
the fi xedﬁ%é%n%eéatst?r ia’é‘iﬁ’ur%%mé%g?‘u‘%ﬁﬁ”@’ﬁ&fﬁé“' met hod of gasifying

. carbonaceous fuel degasifiGctadiag & daing, cotfigied o dmpbaricowsly mhoekd@afse ne f uel
is sized to_ensure inconplete carbon conmhustion of 't fine_fuel which
resul ts i i Wéﬁfgé’f@rbsfl igeﬁaﬁ%fwlammﬁinggwimﬁwwﬁ ZowgARfiAR wi th t he
- effluent gagen 10 85. The net hod of gasifying carbonaceous fuel according to
claim84, further conprising the step of capturing and renovi ng activated

carbon entrai nd i rilhetgasiBiérfacensding tpedaimde wharkia theefinrolyelds selpetedifipmg

car bonacegiig. UELIRAAES! HUAFAEP ofleRlsMid dnd UL ABEOE MIBLEST ng the steps of
generating ac FUATed Car on; g capturing and renovi ng activated carbon
from either thz.ef fThegasifigascading tvedaimfli, Redletmethpeizmp ia phrality bf putbating1 g
activated, carbon and eff] uen S.into ] ut.j on cont.rol equi.pi t wherein
fhe adb it ot axdiRa ks BReh bR obRR bl or VAR T oy o
pol | ut ant gxddwe@sédtenef f | uent gas. 20 87. The nmet hod of gasifying

car bonaceous fuel according to claim@86, wherein the pollutants are
sel ect ed from %l f (heessiferasensding to daim26cwhasein thespulatieg saigctnet al s.  88.

The net ho gasi.f v car bonaceous fuel according to claim86, wherein
t he poll u?fegsfﬁmg%r#t%iﬂg%é]ui pment conprises a baghouse. 89. A nethod of

produci ng act i28at edhegnfifier aceording wsildimef/, wherein ¢hecgampulsasicngptiseepulbs ot eps of :
f eedi qg coarse fuel i nté)? ad%asi fier havi nlnga [ x?@gbted gasification section
conpr iSi ng% EHETpTRA™ CFIPaY HOBHC AL B RAEYIE SN $¥e coarse fuel ,

wherein the 29,  The gasifier according to claim 1, configured to operate using only coarse fuel

in the fixed bed gasification section.
30. A gasifier having a two-stage fixed bed gasification section and an entrained
flow gasification section comprising:
20 a coarse fuel inlet;
a two-stage fixed bed gasification section that receives coarse fuel from the
coarse fuel inlet, said fixed bed gasification section comprising:
an upper fixed bed section in which the coarse fuel is devolatilized to
form volatilized gases which flow downward,
25 an internal cross-section constriction in the upper fixed bed section;
a lower fixed bed section; and
an upper plenum disposed adjacent the internal cross-section
constriction;
an entrained flow gasification section disposed in a lower plenum adjacent the
30 lower fixed bed section which volatilizes fine fuel, wherein fine fuel is fed into the

entrained flow gasification section by at least one tangentially fired burner;
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upper fixed bed section operates at a tenperature sufficient to

devol atilize the 30 coarse fuel and formvolatilized gases which flow
downwar d; wayv2i49338r nal cross-section constriction in the umearuscies2 bed
section; and -25 WO 02/ 46331 PCT/ US01/ 46382 a | ower fixed bed section

{hr ough' whi ch vol aty L &6l 98a8R0E LN AAHERS o kRSB, FEHERRairsiGam O

air into the upper ower fixed bed section control
t he tenper at ur éiffatentsectidnkef thagasifi@r, wherei n the upper fixed bed section is

ted at t t ur. i.ch. t ' { | int
a0t vat ed car bon. " SUATHE et ST ptsaecreRl it ERoEpty WA RRAR SRI” 10" 0o

- claim 89, furt hgatecanie fusl task WRhialtRPfixed bed seotlbruadig ef f I uent gas fromthe
gasifier, wherein the activated carhon is entrained wth th(ﬁgsfilgent gas.

91. Thé nethod of o gna gElusRy siie froawiaieh gaseanbringd SR §oAss 0 2% urt her
- 10 conpri sing E&iﬁcﬁ&f‘ygdzi&ka 80 WikieRfe Rt LRV MO fR6d bodahGlcARh BRoLNt I ai ned

in the effluent gas. "92. The nethod of producing activated carbon according
to claim89, femdtheentainepowigasjficationsecsipn egllep thg uppsripleaas@and ar bon from
the fixed bed sificati opy.sectlon, oqidh roduci ng activated
carbon accor di g@“ﬁ‘é‘tﬁ‘i %ﬁsﬁﬁ]é‘ﬁ',%s’ftﬁ?stqﬂcear?e%caglrgﬁ%tglghg&? geﬁnsu?lép of feeding fine
fuel into an entr ai TiethabifienvicoRraing ite eibinD30, sdekinale fiiecfue it bedecled ffarme fuel is

gasified, wherein a portiqn_of the fine fuel |s.sized to ensure inconplete
car botOcorlystizedsolig E‘F]hgq?lfl ﬁJgLfgggpu P ?‘Pdr"@g’a}“f‘goqsrzﬁhetr% generation of

activated carbaf pafjd sakigsr LESHRAE NS 10) whitein@hd injeefdn 936 arddnfigdied et hod

of producing activated carbon according to claim93, further conprising the
step of cdpfagilitatgtemperaueansnirelgvithin thegesifiercar bon entrained in the ef fluent

gas. 20 95. Thesnet Ofd%@gigsvxpa;cggﬁﬁg@&cméov%&ginqeainﬁg@g%ogggmnﬁ%dﬁ m 93,

wherein the enfrai ne catron secfion 1Is In a
pl enum adjtacaitio] thh etcam teesxykenatio ittlingbe gasifier. 96. A net hod for renovi ng

vapor phase pollutants from eff] uent ga oducged. by..the gasifigation of
car borfaceous. f A& ,%@ﬁﬁr eREdmgde ?IF‘S‘E?Q’g’ °r81“(i€aa‘f‘ H%fb%"d'%saref‘i?&ﬁg‘ﬁf’cgo 25
produces 3gtintai @ hfdbhato Sitboh Ry USHo wishith the gRdihiad conprising the steps
of supplying that activated carbon sorbent to, a baghqouse having_a filter

bag t herein un8l tHee goapifieraccordiggite claigni® yhgreiniheinjesties pegts ssgsoplaired and

i nt roduci i t he.: @i : hfonfoid 2 amount
of acti va? g%‘S A@%% g‘%fﬁhglg{r? E)g%?’%f’%@%g%p%éﬂatg {gﬁﬁgselc)%%ﬁgﬁtsﬂg gta%lg%:%g t he %‘i | ter

bag and f geitlal waitega86hiftm¢actiat e cont act bet ween the activated carbon sorbent
and vagor p has %6.p0| Jﬂllje;[ g%& Rr 'ci%%lrding to claim 35, wherein the injection ports are configured
to control the amount of oxygen, steam, or air in different sections of the gasifier to control
the temperature and to promote a methanation reaction.
37.  The gasifier according to claim 30, wherein the upper fixed bed section is
configured to operate at a temperature which converts a portion of the coarse fuel into
25  activated carbon.
38.  The gasifier according to claim 37, wherein activated carbon is entrained with
the effluent gas.
39.  The gasifier according to claim 38, further comprising an activated carbon
collector to capture and remove activated carbon entrained in the effluent gas.
30 40.  The gasifier according to claim 37, further comprising an activated carbon

removal port to permit removal of activated carbon from the fixed bed gasification section.
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t hus renovi ng vapor phase pollutants fromthe effluent gas. -26 WO
02/ 46331 PCT/ US01146382 97. A gasifier that produces activated carbon

conpri si ngio @4 se and fuel inlet port; a fixed bed gasigdragdosagsssect i on
where coarse fuel is gasified and which is configured to operate at a

tenperature that deyolakdd haSRihOeohin Wchhd bARRiNA Ridd R gases, sai d
fi xed bed gasification section rther conprising a carbon activation zone
conf i gur ecbnimnatioe mathehedctivatedragonatmoval porhto pdesit regypvaladidctivated karbomr s and

~oils remaining,n e volatilized ses,and coarse fu t hereby. converti ng
the coarse fuel™i nhﬂeﬁﬁﬁ‘éﬂfﬁfcgbg%ﬁo%gaﬁ?%g’ %ﬁ%ﬁ?‘%f‘?i’ OBPF#‘EFE%ﬁFg]ﬁ%KSC?tS

. confi gur e énfurk fHchapleRadsy Bafbustdredithe fie fablrwhich 1@sultd irtihé E@teuibn s£Ct i ons  of

the gasifier to control operating conditions within the gasifier; and a gas

ef f 1 ueht oivetedprsben Rygticles cgetiendatidthe plyPRiGaT se fuel are discharged. 98.

- The gasifier tjat %Qgh‘s‘%ﬁe?_a@c%}dif{ %PaixﬁQﬁpﬁﬂh&%ﬂ-aﬁéiﬁgganta%%t&! ditdh Wherein
the di scharged gases Conprise entrained activated carbon and further

conpr i si nepliactontotcaptateadd feaya riiiyated odrbercerdrained incthpefflnentgasd r enove acti vated
carbon entraingd in.the.di scharged ga . . TIh ifier tha roduces
activated car b%'n a?%‘&giﬁ‘ﬁeé s é’?%tlor%%ﬁ?a’fWu‘%?%%erneéaegn%%vsa{leﬁﬁa%%n %I%: |3gt ed

car bon r efimhedffipat pas, Qurher dvhiprisiagmy adtivated eabénvedliedoraa tapiure ndwemioke fi xed

bed gasification section. 0. A gasifier that produces actjvated .carbon
conpr 1&i ngptivated _gaﬂp%f}éom ﬂwae%f?wm_gaaé,%mef C%pm&pgﬁﬁw PRE) eﬂH’QP’FPt_C‘gIPFIbn _
secti on WogkRsfthd\hent bas Wittt detitled NS Baptur®HdtrbMbveollubifts lopemb uel s
sized to ensure inconplete carbon conbustion of the fine fuel which results
in the ge¢f@rentigam of activated carbon particles entrained with the effluent
gas; and 25 a gas fl uent . S r i el are

di schar ged, wh%ei ‘r%\[fhf ﬁ%st?%rggq%g&rmg%@%gag%gg’ ‘g%ﬁ%rgﬂgéﬁgﬁ#%r%g%}g%%?%gt ed
carbon. - gilfur &ampd@indy, halégen cofpounds, andheavppetals, . A(s. AN . A" . As. A" . A" . A

LA LA S AS AL Aus, Au Aa LA LAF AU 2 Au ).26R\ 1A N .Zu. .

czt oj ?’ [ V] ca] cigi caf@ﬁﬁ&%ﬁ%&?ﬂ%ﬁ%@ﬁf%?gaﬁeﬁ%‘ﬁgfé’!i]s@%#'gdéf (‘fﬂi%:a] c™a] ca] ca] ca
lca] c*a Unessaliseiabhb@isl, Ul c"a U c”a] ca] cal ca

uHx9 @ $TH[ #x#[ WBWIRNE' ' "*H+4+0- . zupkf a\ calcalcalcalcalcalcalcalcalcalc
a @ [47. The ga(ls(if>i§c)r according to claFi)m 46, v\v/%e]rein e g]as pt]llses ]com%)rise]puls]es ot] Jcal

air, oxygen, steam, carbon dioxide, gaseous fuel, or recycled effluent gas.
48.  The gasifier according to claim 30, configured to simultaneously process
20  coarse fuel in the fixed bed gasification section and fine fuel in the entrained flow gasification
section.
49,  The gasifier according to claim 30, configured to operate using only coarse
fuel in the fixed bed gasification section.
50.  The gasifier according to claim 30, wherein the upper plenum is configured to
25  provide an effluent gas residence time and operating temperature sufficient to crack tars and
oils contained within the effluent gas.
51. A gasifier comprising:
a coarse fuel inlet;
a two-stage fixed bed gasification section that receives coarse fuel from the
30 coarse fuel inlet, said fixed bed gasification section comprising:
an upper fixed bed section in which the coarse fuel is devolatilized to

form volatilized gases which flow downward;
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59.  The gasifier according to claim 58, wherein the pollutants are selected from

sulfur compounds, halogen compounds, and heavy metals.
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the temperature and to promote a methanation reaction.
15 67.  The gasifier according to claim 51, further comprising a plurality of pulsating
jets disposed about the lower fixed bed section which agitate coarse fuel or ash within the
fixed bed section.
68.  The gasifier according to claim 67, wherein the pulsating jets inject
pressurized gas pulses.
20 69.  The gasifier according to claim 68, wherein the gas pulses comprise pulses of
air, oxygen, steam, carbon dioxide, gaseous fuel, or recycled effluent gas.
70. A method of gasifying a carbonaceous fuel feedstock comprising the steps of:
feeding coarse fuel into a gasifier having a two-stage fixed bed gasification
section comprising:
25 an upper fixed bed section that receives the coarse fuel, wherein the
upper fixed bed section operates at a temperature sufficient to devolatilize the
coarse fuel and form volatilized gases which flow downward;
an internal cross-section constriction in the upper fixed bed section;
a lower fixed bed section; and
30 an upper plenum disposed adjacent said constricted cross-section;
introducing oxygen, steam, or air into the upper fixed bed section and lower

fixed bed section control the temperature within the gasifier; and

23-



103 10%}| & ()-10%4| & ()- 10%4| & ()-f10%4| & () -

"s10%4| & ()-10%}| & () - DOEEEEOF3FdEVK@!! 1

1010%| & Wpo2QeeBh & () - 10%1| & () - 10%4| & ()-Y PCT/US01/46382

10%4| & ()-10%4| & () - 3FYFFGoGAHHaBVK@ ! ! 1

'110% & ()-!(sf#l ' b dacteel 109 & () -10%4| & () - 910%4| &
CHM | !]J ( f(é EVf( @ %%hfatvghg(e}ﬂﬁém QWb he pasteiet. | & () | & () | & ()
) & 109%4| & () - /&M 10%e ingthpll of gesifyitgedrisonageoss iugli@oerding (o claim 70 vdergin(the |

110%4| & () - 5LLLQVHEVK@ ) ! ] : o e o
21 #1004 ISP PTBTaT G R todued i e ik st gapifceipggign s varied to
. Iéﬁlom Séo@r?WEgd &gﬁﬁmaéiﬁeéﬁohkmm;r.l(?-zs' 1 10938 () - 104
L0t o3t o) O ) b Ahhng o i T, e i
- M 100/&5&: (o SMRIERSHERS ok hit introduced into the fixed bed gasification section is varied to

M 10%G& () - SH10%X (J - LM 10938 () - M 10%G& () - &M 10%X' () - z#10%&' () - ST\ TT&U
VWdEbC! ! | contrel th@bydgogen tacarbioponggiokide syip ¥otEgihe pasifigr1 096G () -, .
109638 () - 109538, () - 1] ] . . .
AN TOUCK: () - o731 0ot PAPEO oF kg daroomasepys gl sesorginea BT Jherelle ()5 v

Y' YaYb Y} a¥fduntb dxben(htsilos siflirtioddded firitd Oféerixgd bad ghsificd UGS tion is vBBIG KOG

?2?0‘%&%%&9%%&%§?‘\Sfﬂ"/it;%ngfﬁg%c<i\é\5(‘)ﬂ !11f #10%x& ()- 1!, f#10%s& ()-1
 F#10%6G8! () - Haddddealemo@bt dSir) AP Esrhieois ARNRES g SLOMFY, WherkBiEd 0G 10G

o 1096&' () -!6f#109%} & ()-1ff]hh _ o o _
i |ii dE~_ @mounhefioxyeess, Qtyarmqgw@-ogl}cegygo@)&-fp(yd h@bmﬁegmp section is varied to

S Sy St i 2 A
M 109@& (%"”T@g}gﬁﬁj"%‘/ﬁ%‘%ﬁg t%%@ﬁl%%%ﬁ%#%@é‘g ()-k@[ ! nunmdE~_@! 1+#10
& ()-y) M 10788 (Jrne Mem%&ga(s)fyih&gﬁmt( oo ?gm%@dmglxc@gaimowai?p: m

nDnnn| podE~_@ ! 0Z& ()- 2410978 () - 078 (). [ 10928 ()-3. 100Z& () -, M
ook ComTaiE steedr tereie 60 Bl sl eR e s A R s bel 2
S0z () o1 1551000 () L SHAOUE ()& 1 SHL0%E FLK

| SH109ZZ& () - &, SHL0%&' () - & 1SHL0%& () - & , SH10%&’ () - & % () - L{M
IN(Z{i {| ~_=! 1176 #10%% F&glloﬁpﬁsqsrfm%ﬁl f@‘}"*—%ﬁ?ﬁ&] @c?lgizngi‘béalﬁb Sbtein the |

entrained flow gasification section is disposed in a lower plenum adjacent the lower fixed bed

section,

20 77.  The method of gasifying carbonaceous fuel according to claim 75, wherein
fine fuel is fed into the entrained flow gasification section by at least one tangentially fired
burner.

78.  The method of gasifying carbonaceous fuel according to claim 70, wherein

effluent gas from the fixed bed gasification section collects within the upper plenum and
25  wherein the effluent gas is withdrawn from the upper plenum.

79.  The method of gasifying carbonaceous fuel according to claim 78, further
comprising the step of maintaining the effluent gas within the upper plenum for a sufficient
gas residence time and operating temperature to crack tars and oils contained within the
effluent gas.

30 80.  The method of gasifying carbonaceous fuel according to claim 70, wherein the
upper fixed bed section is operated at a temperature which converts a portion of the coarse

fuel into activated carbon.
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30 intimate contact between the activated carbon sorbent and vapor phase pollutants and

thus removing vapor phase pollutants from the effluent gas.
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a gas effluent port where gases generated from coarse fuel are discharged.
98.  The gasifier that produces activated carbon according to claim 97, wherein the
discharged gases comprise entrained activated carbon and further comprising an activated
15  carbon collector to capture and remove activated carbon entrained in the discharged gases.
99.  The gasifier that produces activated carbon according to claim 97, further
comprising an activated carbon removal port to permit removal of activated carbon from the
fixed bed gasification section.
100. A gasifier that produces activated carbon comprising:
20 a fine fuel inlet port;
an entrained flow gasification section where fine fuel is gasified, wherein a
portion of the fine fuel is sized to ensure incomplete carbon combustion of the fine
fuel which results in the generation of activated carbon particles entrained with the
effluent gas; and
25 a gas effluent port where gases generated from fine fuel are discharged,

wherein the discharged gases comprise entrained activated carbon.
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