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20 combination of the above. To appreciate the present invention, it will be helpful to have an

understanding of the history of gasification and current limitations of prior art in commercial
gasification technologies.
Various forms of gasification have been used since the 1800's as a way to convert solid
fuels (primarily coal) to gaseous fuel (synthesis gas or syngas). Large-scale coal gasification was
25 firstapplied as a way to generate town-gas, distributed through pipeline systems throughout much
of Europe prior to the development and use of natural gas.
The oldest gasification processes is known as fixed bed (or moving bed) gasification. The
Germans originally developed fixed bed gasification and subsequently the first large-scale fixed
bed coal gasifiers. Additional processes including fluidized bed gasification and entrained bed or
30  entrained flow gasification processes have been developed more recently by others. All three

gasification processes have both beneficial as well as limiting features, which the following

discussion will generally describe.
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Pul veri_zed siﬂid fuels and/or viscous liquid fuels are fed to the

gasi fi ST Rt or and are rapidly -2 18 MAY 2005

Limiting technical features of fixed-bed gasification include: (1) tar and oil carry over

with the syngas; (2) difficulty in using coal/fuel fines because they clog the void space between
25 the coarse fuels in the fixed bed (because of this, large piles of discarded coal fines are stockpiled
adjacent to these plants or transported off-site to combustion facilities that can use the fines,
resulting in low overall coal-to-product efficiencies); (3) difficulty in using liquid hydrocarbon
feedstocks; and (4) difficulty in using caking coals (coals with low ash fusion temperatures)
which often require mechanical stirring to agitate the fuel bed.
30 A newer gasification process is known as entrained-flow or entrained-bed gasification.

Pulverized solid fuels and/or viscous liquid fuels are fed to the gasification reactor and are rapidly



converted to syngas. One ngj or advantage of the entrained-flow gasification
processes is that no oils and tars are produced, precluding tigemAaypzEeBENCe
in the effluent syngas. Anot her advantage of the entrained-flow _
gasification process i SfItS ab:c! ity to ga:sl_lhfy l'i quid fteregjstnggkfsl E):N e'.:3 oi |
or heav | si dual romrefineri : e primary_entrai -f)

gasi fi céqnygﬁec{tg’éﬁ?ﬁﬁsb P%Elalo‘g@iﬁ&‘@gf’ ﬁg%? @2{%‘?‘@%@\‘{ gB?ﬁ°W£§{e9FzSifgrh§tﬂd Dow
Chemi cabild daRshe Gte proBided] predtufli %&?irb enE& &ﬁﬁﬁrﬁ . a .
easily plrsf)cess coealgse fuel s. Thlg:s nmekes it tﬁ??ﬁcu 'go process cert‘al_n
fuel's, such asothendusaagend teegmt Iagnl i déﬁ)lwrgas;fmagm]t pmwsgg“ggb?ﬁ’éﬂgaﬁ%ﬂ?ﬁ]deﬁ' res
fuels gh annot he econom.cal |, ul.verized fqr u { ., An .
i tacleabadd B, o iWeg‘?ar"go St fempaiimeriene ﬂ‘hamram%gy aznf&aa@ﬁwfwsl i gg
| Nt & nagasiatisiPleciolddiss iMNEIOEER dePelddGRT &%H&lﬂﬂéﬁ)v@ h ,
syngas?éa'ls'o_ad'! us‘?tc tohiési .rlatio I n fay%é&o?ﬁhy .r%gen_ wou dd reqwcr ébgne‘s
Pethy atlj lgeaﬁc Em: ' Smﬁabfmemg%gﬁsgﬁﬁfﬁﬁ%{ogi esﬂf'jagg have
reduce nonoxi de. rai.ned-fl ow gasi t C
techni caricdfido PEREFSS P -%‘B&?q%g?‘_mhf}s f?rawaﬂ iﬁfﬂ’rﬂﬁ@ﬂ@@#ﬂ@lbalé@lmf}ygsrtf n@sfegel .-
into t efsi 8 cBRBPLEBLSRCHy AL BRI Gecoadifn? fighSE.

S oftggeem??ers m't’x%(_:l gmie:t h.%({Jnl%\_/e??ge‘l’. sgﬁ?gs at eaapsglr%pgl nat e é;“a 0% o

- respec tﬂW@le*walfmatlﬁm iscthe In_l?_ﬂity & adﬂel erh@dle @a&mﬁ]:c @él::rglsgfr 1%5 ﬁz%@ggl—gton Jas
ulweri zed solid.inta t jasi fier. _hese gasifi

b o5 e Beneds el i e e wasien Teades ﬂ&ﬁﬁzt&(mrfa‘f@m}“hzdzgeroro s
- wi th | isgdiecthna@iitio lsShifdeh, @&5.3{8 k hRdqthe.slurry fee
process for sol Pdsh?gggvgggi%&ﬁe%%%ei r&%rbtl Ity ?fdﬁé%n%g ﬁ%‘f%%ﬁle

fuel s guensxide.|ignite coals as 20 too nuch moisture ;gd to the gﬁsifier
system resul LN .poor i fication performance. In addition to the

I |>/m tations Wd%&égsa%fﬁé‘?n et logies also, WCPWGPMG@ fpel) proregiieng,
caki ng Ianigdtidhs. U esier RAcaheEH A4l BLH iﬂﬂﬁﬂl@‘igaﬂ?&? @Jnﬁ% eﬁn?aiﬂ&?ﬂ&»gﬁsiﬁ&lslq\ég Ly, bed
and/or slag discharge regi'ons of the gasifier; (b) Tnadequate sultur and
poltPut ahirrss fredithat isorftenowatee quiked rgtit helverized dotids aeupgrosinvels )i g@sragibeani ng

' i . : h ifier: hi gh” 25
st ol MEPEaR, S B PR oAl St R s Wor At ety iferrpdsolid ita e A
third gaghbi CAlI BB AFRESpORY Y 8ol Sithl Hhflir gege%ﬂ%@%gé&i&a&ﬁ% n

utilized on a limted basis. Fluidized bed gasTfiers also use coarse
fuel s, anpiegirestelyld erdess sdthilingitesl abildy tosmntrohthis rativa | GaificrustigrBe tlhanfegar se

fuel ed by fi.xe ed sifiers., An advantage of the fluidized bed

br oces SREEp by o foer oo LTl teaiie st e anetschgls e it onten o

FI godi b 14 ' el ; I to fue

200l o At L an L i Lhe beq P SPIARTEI: ARG ST GROR ALY, o0

processes r dmpddidorsiorthe Emithtiens citedratiert] ather paior ﬁntpﬁﬁ)]!dwﬁi_nﬂn&@ gﬁ)ﬁ?(?gcgg;gi; gn 12 y
. R ; <

:Vﬁ‘zl 382%%89@%5%%5'3@@&@%an% Rllateeril in tﬁe él%ﬁvg ,b%ﬁlagd/org slag discharge

regions of the gasifier; (b) inadequate sulfur and pollutant species control requiring the need for

extensive syngas cleaning and processing equipment downstream of the gasifier; (c) high
25  installation and operational costs; and (d) limited fuel flexibility.
A third gasification process known as the fluidized bed process has been utilized on a

limited basis. Fluidized bed gasifiers also use coarse fuels, however the coarse fuels are

somewhat smaller in size than coarse fuels used by fixed bed gasifiers. An advantage of the
fluidized bed processes is its ability to use fuels with relatively high ash contents. Fluidized bed
30 gasification processes face challenges related to fuel agglomeration in the bed. In addition,

fluidized bed gasification processes realize some similar limitations as fixed bed processes.




to siﬁultaneously process or gasify both coarse and fine solid fuels or

si mul t aneously process or gasify both coarse and |iquid hydrdgavibyn2005
feedstocks resulting in a general |lack of fuel flexibility in any one
system Wile gasification plants are generally able to neet exceedingly
high 5 em ssi.on |im.tations,, Eqﬂgj@r capi #al, cos_%s remain_ hi gih .Costs in
control I'i ng pOFfOTATIEs: Sj5dLirew e frattations of prigrgasifieation prt gglude dhelingitedabidid use
for many sanglkae L & ' The. [ nvention is
desi gned o S DL LY PPERSRAL MlE, Bl el S B AE S MRS 0
The pr egasty bptincoarse and liguidinalmocarmrdeatstick steoulting i deheal laek o i §6:55ilitor

pr oduci n envi ro%menéﬁlih% sg]fer,i or s;[/nt hesi s gas by having internal

capabi | 't T8Ot S5k gasHiqalign ddants aregsmerally ablgs toamaptaeeasdingly digh b

wel 15- knguisieR ik ' s r - Furthernore. this
o1 oces o s D A R VAat SockoBmafi o Qbvusth E SR ng SIS S ]

havi ng besthcedlitr @tlotyeits widdspeeddrese fecmbhpwmegasbf dleatitiongdieAEias pamtd, TR
single vessel. Furtherpore the 15 present invention is also able to utilize
f1uidi zl?fﬁsge“&é’éf?%ﬁoé’sls BRIghgii pRereorae theseehalledessi t el and/or the ash to
optionally increase the carry-over of activated carbon char particul ates
with the effluent syngas stream The present invention is preferred to
operate as a sl aggi ng gasi {Bidef Suihmapy efthetInvéntivat i on prefers to use a dry

feéger burnegr, for the entrained flow feed inlet sections preventing the

need for a waltteP &l ARYRHOR B drav Bt 8ccostinuqusezasification pisicpsst fpr tpoodheingt eed

20 the dWwRbSmEM® bl | : | od wth a f.ixed.bed of

fael, the pr esen%)y i%g%%}%ﬁie?%%g%Fgw%ﬁﬁgwgrﬁﬁg%g%@ﬁ?ﬁ %o%?fl?r(#m% ﬁ%lvé'&gam to

oxygen cagionoshanks ermedisml tosadsorbt well-khéowi tppilivants I’fbﬁﬁii&fv‘syﬂm@fso@ nstRAAguUCt i on
f

froma u%IrhtiaI ter gas. shi { reaction . inside the gasifier. desired,
far t her’ PR RAMSPE Y '8 720l Al yeing aivide areavef catbensrepunfuehypestydeving

subsequRH fig®! hanaid ' O ] ; - et ent of the

Sy ngas PO Gl Baaid Oftalita Hoh BRiAGioh MSEARE 1l ASIEIANE FRRAGRrlhe

el ilfi naresentdnvention jealssabidte uitiedltididefeatarkditd agitasd thavik&t beddBel $hd/bt the

react orslbg)nd ., or secondatllilgc%%gi fiers downstream of the main I(zasi fier. This
e

can i ORKPERLLY TCrsRse, R oE acthysdd caebamrbprpprtiewatee with thesifinerjui re a
hi gher s{@tak IC o ANHL00] @, liquid fuels via
vari ousS cat g?;ééﬂt’flsmg%%reg%l&nh??%?még’?ég%@%s@swf %g‘{&%?%%zneg éagirﬁe lesi s gas. The

coarse fuel The pfesenttinveptien prefersfo usha dgpfeeddrdirnsh rehd difrafneg flohe@eEingyat i on
is self- 30 regul atiﬂ;? b%/lﬁthree ste ,cr}_an es in bed dianeter. The first
step cRERGES PEVErthgdhe ge 8“?8’6“6?1”{%}?@ eqshag prpesss.REe o the abiliey toyley feedit er s
ando s| apaBelk b BR httgins: : P(pﬁ,ﬁh ' Lon. .represents

t he downdrgft gasi fi cat(ilgﬁﬂgéecgltoﬁfggﬁlg t eaﬁ%‘gmﬁ%ﬁﬁ ﬂg%en&nv?ﬁt PR 1S

gasi f i eble thadwantageeusty controlitBe Mo 20 6%y gen eftiey whithtresults irt the abiigtto indledsbie
hood, glo rse fugl %. ﬁl%ol ati].i.ze before_being converted to _activated carbon
nea \auci ig}

char OFHEP 13 JBHET san i reagtioreingide thegasifier. dedesised. fsthenst

bel ow §hi@nasBmperature moderation using steam can encourage subsequent methanation reactions to
increase the methane content of the syngas. Having control over the hydrogen to carbon

25  monoxide ratio eliminates or mitigates the need to have additional water gas shift reactors and /
or secondary gasifiers downstream of the main gasifier. This can improve overall plant
economics when producing products that require a higher ratio, such as methanol, ammonia,
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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downward below the hood, gases flow in an updraft fashion countercurrent with the fuel. The

fuel continues to move downward toward the ash slagging region where the molten ash is

removed through a slag tap at the bottom. Wherever the coarse fuel touches the ceramic lined

portion of the gasifier, a plurality of orifices may be used to fluidize or agitate the coarse fuel or
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 exiﬁng the gasifier,

The upper plenum also acts as the means to control the residence time and temperature of the
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acti vat g%%cg?f%e exling to; e&S“FH&“HBﬁﬁ%Pf Mouse systemto meet desired
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of the gasifier. Figure 51is a plan view o SYPRSs
t angenlﬂicé'-idl?g ﬂ)himllbubdm sulfur species, mercury, chlorides and others Clogglng and caking

are minimized, tars and oﬂs are eliminated within the gasifier and are not carried out with the raw
syngas, and high process efficiencies are obtained resulting in lower costs for equipment,
installation and operating costs. These and other objects and features of the present invention

25 will be apparent from the detailed description taken with reference to the accompanying
drawings.

Brief Description of the Drawings

Figure 1 is a cross-sectional representation of a gasifier within the scope of the present

30 invention.

Figure 2 is also a cross-sectional representation of the gasifier with additional numbers,

Figure 3 is also a cross-sectional representation of the gasifier with additional numbers,




Figure 6 is a cross-sectional view of a typical burner that may be used. 5
Figure 7 is a process flow diagram depi cti ng how activated canBmAYZEI0o5RY
be collected fromthe gasifier for use as a syngas cleaning sorbent. '

Figure 8 is a cross-sectional view of the gasifier depicting howthe

pul si ng systegm may, b ocated in.th asifier., Figure 9 is a diagram of
t he pul sing E‘gﬁfels o a@e%élfe. Croiﬁseﬁg?%ﬁ?ldg%}“ﬁg%&q FPrSRntdhe inernpheast inghe
Referenﬁlq,eMkéd_Bgy\géggoﬂgmetggsiﬁwrent ly preferred enbodi nents of the
invention, which are illustrated with figures. In the illustrated

enbodi ment, Bigowerd isn plrgview of the gasifies slsedhg Greahngentislly fifedbamegasi fier 1, is
shown. CoarsE si zed carbon cg}gﬂs fegdstqgﬁﬁ enters at the top of the 15
gasifier, thr'g 1§ a¢TuFSECtoRayvipy ol  tvicy] dupien thebay Bewssflar d novi ng
thraugh gasi Figfe 7lis 4 pfockssitlow MESAHRBpRLIDh Iy rse
f eedst ocks ca%ﬁ{ nclsuge, SbSut Ware not F?rﬁﬂ%)e%‘gtg%%?ﬁg&b%gﬁ%\?ﬁg#&eCég%c%)

pet r ol elipmdlkgasifien foroispas a sygasicleasihg sorbemimass, or any conbi nation t hereof .

Bel ow t he coplr se f.eedst ock .inlet 2 e fuel enters a pyraolysis zone,

| abel ed 4 at!'8WE &idpCigps-gartiond) gjea @Séfefflmctmho Hhepulsingsystsnemay be t he
pyr ol yslogatgPimant Bicgar se fuel is heated by a 20 combination of combustion
and gasification, which causes the coarse fuel to devolatilize. The
conmbust i on ddgeer? isr didgrama nfittetpalsing@atdetcdnasr. pyr ol ysis enter through
several ports 6 by passing through pipes 7. The anobunt of oxygen or air
adal@d at port 6, is set to keep the tenperatures at point 4 between 500T

and 1500T and preferably ﬁ@ﬁi’l@dmg&iﬁ& @thg?ﬁ%n%nbet ween NOT and 1500T,
and preferably approxi mate : d the ports 6 a hot

conbust i on Refereasrvitknpvwomonadeds cumentlypyefemedsmbidimbits Othsidventidi whlgho! YSi S
gases com off t fuel . As the ses spread throughout the pyrolysis
zone 4?%%1@‘9‘??{85 &@%Q‘Fﬁﬁe oy i St inenti OB Fig¥eh arcetss séativaal- bed
gasi fi cadw oRtHr REIRE ¢Sis sROWA. Coksd $8)d &%nﬁé’éoﬁls ¥e%ﬁ§to&?§'ﬁ§rs a{T&\éqﬂgg war d.
Thi s downward gas novenent causes the pyrolysis gases to pass t an
oxildat igesifign tirbughea ¢aarsefendanlot? ambpropeeds tewBwanddn®ingthrdugh ebsifier Twntil @  nor e

oxygen,ar air and 30, stea nter the gasifier to raise the tenperature of
the gadS&Pe aef“?@%‘”éP&{ '3? g}“go‘ﬁgr &Pﬁsﬁgﬁeawfl"ﬁéaﬂ wshde Jyog étﬁinﬁbhggﬁdﬂo,ﬁaﬁ the

fuel alfodins e lpeikdienSRRE Al PELsolid RN BT s,tsogg{l%éﬁﬁﬁﬂﬁtgc;nn@%{egﬁgCe’ ]

steamto the ports 10. For typical coals, the as eni ng
from 18bow the cmostfecdspek Snlvi tHeofsl enfetd@ Pyrobusis zvpeOlabsled # @nthehiep GBgkmuM
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combustion oxygen or air and steam needed for pyrolysis enter through several ports 6 by passing
through pipes 7. The amount of oxygen or air added at port 6, is set to keep the temperatures at
point 4 between 500°F and 1500°F and preferably above 700°F and at point 5 between 800°F and
1500°F, and preferably approximately 1200°F. At points around the ports 6 a hot combustion
25  flame may occur as the oxygen or air burns with the pyrolysis gases coming off the fuel. As the
gases spread throughout the pyrolysis zone 4 to 5 the gas temperatures 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




t he -bed at point 9, nost if not all the tars and oils are destroyed and
converted to syngas. The 5 main chem cal constituents of syngasvAYe2005
hydr ogen, carbon nonoxi de, net hane and carbon di oxi de. The section of the
gasifier fromthe fuel entry 2 to the designated point 13 is called the
hood segj the upper,fixed bed section. The gases from.the hood
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t enper al Wi CHIH & WPpRT xS bed section Lhs gases fiomths Beqstrgstiondeavs gherpostsefinel i n
test preglapsid9. conpletely destroy all tars and oils. One inportant
feature of the hood section is the ability to control the ambunt of oxygen
or air and Onéeavirngthe beilthedases pgoupshdarmntic plenitus 140ThIVolema bF S1e%idniig

te raj pre. oft he cqar fuel to 20 be raised sufficiently high to ensure
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deval atilized, the remaining fixed-carbon has becone a
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t he bed,: rimary internal gasifier wall 16 y converge to create a
second CiP%hV\t/-eg ?1%51%3% i ﬁ‘iﬁl’r’ff‘nﬁ%ﬁeélmq @V\E‘YO Piote Fﬁ"?‘?‘}sl @SNBFF@ SheWa if (g5t pipgrains tohe
ent r ai neehpldtely destRsy MaRablbgyl ate fiiel enters froma 30 conbustion

gasification cylindrical chanber 18. Fine, liquid and/or gaseous fuels nmay
be fed to tPresimporient feasareiobthehovdispctiomisdhie abilite td congeithé @hdunt 6f dxggertu#r ner s
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the entrained flow secCtion may include, but are no erized
coal , [uPveq pikchefore theyleaiithedwiod sedtiogat ldcattopdBo The hostbsectiat bitaberGasats @t her

fine f "éﬁh 13 r%rres%rqt)é tﬁeof?;% s?ggtelo?g t\%fg-e{agg,fﬁx%g%eeg wfit{u%%é rg1a.esiﬁer. As the coarse fuel

reaches the bottom of the hood section substantially all of the volatiles have been driven off and

the tars and oils have been consumed due to the high temperatures near the end of the hood at

25 points 8, 11, and 13.
After the fuel has been devolatilized, the remaining fixed-carbon has become activated
carbon char and ash solids, which continue to move downward toward the lower part of the bed.
The primary internal gasifier wall 16 may converge to create a second lower plenum 17. This
lower plenum 17 is the zone for which the entrained flow fine or particulate fuel enters from a
30  combustion gasification cylindrical chamber 18. Fine, liquid and/or gaseous fuels may be fed to
this lower section using one or more tangentially fired burners 19, The gasification of fine, liquid

and/or gaseous feedstocks occurs almost instantaneously within the tangential burners 19 and




entrai ned-fl ow section nove upward through the lower fixed bed traveling
frompoint 17 to point 5 9. Gases fromthe |ower fixed bed andgtmayYurgoy
fixed bed mx in the upper plenum 14 with gases derived fromthe entrained
fl ow section before exiting the gasifier at the gasifier exit 15. Thus,
coarse fuyel e fed in_the t f the gasifier formng the fixed-bed
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all ar ORepnoxiqedau? (ihe apeas Bls9a8xj st . Wth 25 properly designed

ceram ¢ |inghraddid - | j ' L §;.agcept abl e.
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i npr ové AFLVALESTA ) may Q‘Fleqde‘Brt elrtuRgysteR asi pultinpalivtrat asotsst farg, t he
vessel &a&%ﬁle\@ﬁﬁmgﬁ&&%? ed to make steamfor use in the gasifier or in

the rest of plant. 30 On the inside of the gasifier | the internal shape of
the cerani c Gasifer § sikiwmindi@ge dand 2 compridea ah ASME bRled preans vakell feafsi fi er.

In Figure 3.t I nt.ern ross section of the ceramic bottomsurface 23 is :;
shown. defipraicel 20 s BN 56 BRSuRe eralas sicgpelmaroReNy knprsieder sl -9 13
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gaseous fuel port 26 (nore than one each can use are p
creat e ceoling Fheaive namisbmptholie arsiir-tdoliag and hatersbaling. | Air-cbbngeudifig®hll on

hol e 24 .firi.ng as needed.. The gaseous fuel s can be any of several
inclu dft Qltmn to thegenmonment 1S simplest gndS least expensive cooling methoc}{ The inside of the

vessel preferably includes a ceramic liner 21 for the main vessel and a ceramic liner 22 for the

fixed

hood section of the vessel. The ceramic covers all areas were excessive temperatures exist. With
25  properly designed ceramic liners 21 and 22, radiant cooling to the environment is acceptable.
Force draft cooling using air is the next simplest and most economic cooling method. To do this,
a shroud is built around the vessel and air is forced through the shroud. For applications where a

slight efficiency improvement is desirable, and representing the third method of cooling, the

vessel can be water jacketed to make steam for use in the gasifier or in the rest of plant,
30 On the inside of the gasifier 1 the internal shape of the ceramic liners 21 and 22 are.
important to the success of the gasifier. In Figure 3 the internal cross section of the ceramic

bottom surface 23 is shown. Surface 23 provides a cone shaped slope for molten ash to run




recycl ed syngas, propane, or natural gas. In some applications even oil can
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wat er b{a\th gﬁﬁv\helre p 51 solidifies. the solidified ash drops
tbr ough CoTief theBTiehah fxartion hefkor o eiech R a3 eng EarepAkEiel B rcmeze
whi ch ci Bﬁ§eatch%aﬁ§é1u§ee) e p etc(ilhéEre AR RGe cf‘k/éégﬁ&@ alsﬁﬂ{ e}ﬁpﬁgx{‘ Xed t° a

ash storage t ank. Persons s in the art WI precra
10 vari @Eﬁchtmfaﬂm% by diring hts médedcﬁ‘h@ pasaoul fualsdiah by agy of @é%rdlfmbhhﬁngls ed
am vent 30 on the_side of the vessel renpves the steam forned

by ¢ he. SSEIF el Buwre Of AEVGH S3ivin FOST SHUESATSE VSR PLAM bRNeh: SR e
mol ten Asheadhipasdes @RotlH He ﬁéle?'a i€dlide$ Még cbBadc El@k ?%A!f)g? §1akecdiij Eg%tt {29& ' Ph o

the hole 24. The steamtcomng from vent 'S use
gasi f i eslopeddo emﬂwqmltearmlmtmde'ﬁféﬂle phae I Anthvaeps omahe slaR2atieflyingnd t he

bottom 15 of %ﬁg%ﬁ@lﬁ ust l e, ..Collection of nolten ash into dry,
non- wat &Pat5E et 25 b, selidities. Asthe solidifipd aﬂhﬁfﬁmthmugbﬂmwer
e bam“‘*a%ﬁ@““&‘%paﬁ%ﬁ’%%% £39 Y480 DB B il b v °°

shaped to forma Testri es 3 A
cer am chyidravdicallit copmeyetd t@&adimdragegaﬂ( | Revdons skdlediinakie 491 Willapprabiatedkht b Rgdd ower

d bed. fc arse fu The gases fromthe tangentially fired 20 burners
nt e‘fa“leﬁ'eo fﬁﬁﬁ?ﬂ?’e "ﬁg‘c"ﬁg?"t%ﬁ’ %aélﬁmﬂglgﬁgstemﬁ@agg)gé@ecbhqr@pe around t he
Cover pl enurm, T 26l 3000 S8 13 ool iBhnon DB SidBE FiEd b9 &

ef er abl e Co .Iz’g

ceram c surface 33 is also pr y cone shape ed

f r om t Heeveatrdthd steamrfram emeagv&@maamg thamighahe Avoltan mlaaxutaaanﬂwl@m Ghidwr f ace
bed free surface between ceranic

31 bel h
s ﬁ rf :c gng\?f lgwgﬁgiﬁi@ﬁq%‘%%‘?@éﬁﬁgole el herstranpoomipg frgmarent 346 pyrd topioyidgher e
al |t hgaBaTeRe d.88¢es E‘@Emti‘ nfeﬁﬁmsb?]'_i@s&tabﬁ BoALes @%&hgc&flgt@ 97.08 ﬁe;f?V\ﬁ?lﬂef | xed

bed secti on. pass through upper plentim zon Or €" exi
gadpdf i exfhale %h@acgwtable #inbcﬁ&n of theltenash inite diysesh-ahtesbyth aﬁﬁan&Scmﬁ@so pl and
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Above restriction 31 the ceramic surface 33 is also preferably cone shaped. The coarse
futel bed from the hood bottom opening 13 is a smaller area than the ceramic surface 31 below it.
This causes a natural bed free surface between ceramic surface 33 and hood exit area 13. The fiee
25  surface at point 9 is where all the gases leave the bed from both the hood section and the lower
fixed bed section. 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,03 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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Zirchrom 90 maybe used in the high tenperature surface zones, designated
points 37 and 38, and 5 a ceramc |like AL100 in the |ow tenpeqgatMAY BRI C
surface 39. Figure 4 shows the hood section 40 of gasifier 1. A cone-shaped
steel section 41, supports the ceramic liner 22. This is shown better in
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Nor mal |y wat Biguesnt shovig) theheoddnsestion dhefQusifier df A henbaluped tstdelbasion Stig! ose

to th il i r.th ter . ed. As th t
passes TEPPie AR rahte Bz, TR iaw e RE N dhoriuet isnsulsraemenvolitee 1o
boi | ankbtfoni Bfttcolv® of H3dH8d A0 XTHE @(l)rﬁfse&%neffl BRds ﬁfe%ﬂ%m%eﬁlw%ﬁy@nzﬁ%i 4 ubes

44 cool the steel cone 41 and stee cyl 1 nder 42, keepi ng emw thr i t heir
ASME coRfeferably weldedl tase vertigaltsteel Qitimdet 492 iTheeoylihderdidsi prefeaably heldzpdsh hbsd ' S

st i e rin other uses of the plant. 20 The oxygen or air m xed
Wit st‘;(;gg?rﬁtlitﬁg p%Se‘g o yor}gﬁerﬁ?aﬁa?é‘ﬁ%&q%e{)ﬂg’e§tﬁé'ema§y\’q djgroundrites e nay
be manycigupfeedet cficOlimdér 4D e TROPIbHS: 196 ' @L%,f ' L,nhet, gases
to hood 40. The cg?am'_(r: surfacé 45 foers(frr)glllé’ttﬁe t o?%g%ﬁoﬁg)%%gﬁop%réme :
t hr oat Smalkdipmster tubeiodns preferabdmin the eentérf eattebayanetsubieotoniidw bublcEWaats €S
the te I perease in the throat zone 11. This 25 area

restri |%M e}nﬁ)c? I ggggﬂrogﬁteoﬁé?inﬁﬁ @@W#;Fﬁﬁ'aéaeé’oﬁé@ia&ﬂé‘ﬁl@é tothegenst oil s
and t arssci@r 41 dhe trkhibe 64 Slopé it the B iR NGAR i |4t he
hood 40. FEffluent gases pasang thrélgg% the th gg#&%hﬁehgg@egﬁlg%@e%%ﬂo

t ertger fftkeayRnejiutes inclese to theowritr hedingmointiforthe hatey peisfire asddoA s tiadvater

b ' ' t t il dt to th [
eyngas Raokes R bR harbGerlRC B hefdRIST riisesina atcrdp ball anddernba o
di oxi dehaseheiaefeadt Watstil@aard 6TheSe BRyoit hibLEHk %Q?ﬁig%g%g ?@gewﬂ#%lté@&gelt hat

is steep _enough to keep the bed material agal nst gases to
expand c¥Herdar 4 keeping thess withiatthedr ASMEseoded trtepial sivagthegThesthet wae be igdet

orts . oat 45 is the prinar onbusti on zone of the hood
Eectio#&%‘gg%ﬁﬁerz%% f%élﬂe& roé%og'efﬂi?séféwp tthe gasifier 1 is shown.
Twaot angent iTheloyygdnlc? dirbhik P ih %@mﬁ%p%@@@mﬁ?ﬂ@ﬂ%?{/&gttﬁ’e 408 PRI, yessel

20. These two burners 19 partially oxidize and gasi I ne or “pulverized
sol i d flheregnay beyupey pipey K2 aroundthe awudus efelyinden ¢ thas providerialet gass toHved
burnerggtypically have a circular cross section with a steel pipe formng
the outer wall. The inside of the pipe is

The ceramic surface 45 forms the throat of the gasifier. The throat is a restriction in flow

area for the gases formed, which causes the temperature to increase in the throat zone 11. This
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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5 preferably lined with a high tenperature ceramc 46 shown in Figure 6.
Normal ly the fine or pulverized solid fuels will be carried HgtAYT®0S
burners by a screw feeder 47. Inlet gases, oxygen or air and steam enter
the burner at port 48. There are several known burner designs which may be

d h i n. ' ' ) .in Fi 6. The. b h I
79 and vanes BT Rlop AN SE HeaRRE il Shobh g st red buke 10HaN ¢
sur f aceslowin cofhectitgiethe b asts@ 20 Endse!filo BiEnd8 8o hiHial &ﬁﬁﬁfa‘nﬁ%aﬂlfygin% d
artirally~oxrdizes and

oxi di ze alnd_g Si f,a in the zone 52. The fuel rapidly
gasi fi eBY e oLt Buale Hituid Toplss aregapmoun érclsvich o6 pummal gis. tThe Gumess tyglaalip

i e wal | i di i tective |layer f
Che. cor et JHRFy U scckills Wil B Rk Tolifing e ot e hedeshhngisedel
ent & -t prefipildn it o0 g fenk B TelfE 46 SholliPFRAGIY. KOSARN KRS, ! oW

gases pass through the | ower fixed bed of the gasifier an ed at
zone 9 PHY¥1Ze sokl Belvillbs camied dito tlee buraers hya sérewdaslef 421 Intdt ghdvs, ®yizén Pi pe

15. Havj trained flow ga rge into the | ower fixed bed provides
the car Hdwﬁrﬁﬁggegglsegl% egbrur?%gt}gq{fﬁi ﬂ@ﬁgf“fe&ﬁ)’%d WhOuIST designs whieh st at i on
equi | i bbd wsed hédihi. tA §PRMI KRa T iownSHPRSE B éﬁﬁmg b viidype 1.
whi ch di.scharge in t@Ee zone desi gnat e%4 toﬁec@ﬁ{ulfrgﬂaét e \gﬂgflhglv%etglggh
condi t i Dfscriiical e otiwearrie thet tammers istthe eeramiquirfate 91. Thevaike A0cpisp @ M50

i d t . Th f st t ts 53 id [ t ant
0t kg BRI A 55t DL AR i
wat er g gatifibd tonafithe Ohtérdr SRMRERE Whilk ndbARL irﬂétgése%omﬂ%? 4} Qs

This is how the hydrogen to carbon nonoxide ratio i's contro en st eam
i s addéehe Pallprevidingacopliog protactive laypr fop theatemntienpe tiat endeof thy biragers, the

ductj Lm d d i fi h | eff.ici. b
P o 6 A Yol T LR Cin e BMuG3RnC | Fehelhiis A i peindboeaing Sovne 1 o
encour ageesqasy thrggh ik Ioher fixcadiealof 8 QifeeilRRe BAEEE Yb i %ﬁg ﬁ%ﬁ&é‘?ﬂr os

reg tion.. Normally gasification reactions slow and stop whe
dr B t dvidedora v theweasifias at thezsd pipa#fen steamis used to control the bed

at zone 9t r lan_1he range .0 14000F.tao | 7000F, tar and oil
destructi onq%l %‘ﬁﬁe%qﬂ%%é%lfwb%assspme 6218{5’. thpﬁo‘tvﬁeﬁ’fq‘iirlﬁf’é[tpr?"ifieﬁ thecagbog
upper mecesiay fiartheosiangd BooRRbdvcts t h&cﬁg_ﬁgiﬁéaﬁeﬁkqmm%rh.e TRE ldfsgémﬁﬂ the
upper plenumused to destroy tars and oOils, may not be nee ed." Parsons
ski | | edUppitedbperts 53 shppn i Bigurs hnﬂéliCthTﬁ&chmfm Iin tht 2008ddvikat20 65 to @asiof ﬂhfer may
be operat: z-ar | erature profiles_and vari oys anmounts o

oy gon ZaicetAAGh 8L it AERRH Kl GoBieciton i of d baSEuBRI<ana PR 1 ed
syB0as needeisteami-ITHE e OF QR 4 6rtSB proviAkS RHorQRBhir] (Wb&lg&ﬂlett %gnrp%i?a?&g of

the present invention. Figure 7 shows how activated carbon c
part i c@t A 9> hidpay eepmete mpartial siatdngns shifl redetibu tnpersyatghivh uastittegn or i S

extracy i . asifier for use i.n a.downstream baghouse.

Figure g&i-g % o‘%@%ﬂ”@%@ ?{Pﬂgﬁe @ydi?gep o ?*FB"%OHO%@%HH &hoatrg ec{phwh'%%/ﬁ%%

cl eanups sljed @rhrinigithd Bédso fhe@ppi®priate temperature, hydrogen production may be maximized
and gasifier thermal efficiency may be improved. If desired, additional steam can be added to the

25  same zone to encourage cooling and the production of methane gases via amethanation reaction.

Normally gasification reactions slow and stop when temperatures drop toward and below
about 1300°F. When steam is used to control the bed at zone 9 to temperatures in the range of
1400°F to 1700°F, tar and oil destruction at plenum 14 may be optimized. If the throat 11 in the

30 upper bed is performing properly, the additional high temperatures in the upper plenum used to
destroy tars and oils, may not be needed. Persons skilled in the art will appreciate that the
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gasifier 1 has an exit pipe 56 that discharges the particul ate | aden hot
syngas into a particulate renoval system 57. The syngas then1gagAY@po50 a
‘heat recovery steam generator 58. The syngas, upon |eaving the heat
recovery steam gener ator 58 rray be at about 300 F. The syngas then 10

passes into a dye n ba. ouse 5 t Qnly renoves all |
r emai ni %"’&ﬂgemﬂy Iogflggeﬁﬂlﬁ'ﬁer ZIDUS (ppraly F f‘fsﬁg Qfé‘é‘%‘&i’éﬂ%‘ﬁmoﬁﬁgmuﬂt‘%nt s
fromt haldsstémaepditai ?Qﬂpﬂﬂﬂﬁlﬁleir@édstdcﬁﬁ LRPht QesiRg's gh@sa%g guch as: sul fur

speci es, nercury, ori des, heavy netals and oth I"'zed activated
carbon char Figurg &@pm ammhaamtmowhynglﬂw ﬂmopanfahafprxmnt B0entiont Figups? r eam

of th 59. . Th f. t t ted b h
car 11 o5 NS HORE ag R Retpn, SR RTIHATE 5P RE LoD (Y Berhe L ISBL YIERS bags.
The mct inahesk & %&ﬁ%e&@ﬁécﬂ?tﬁorﬁ) thd RIRAGS: (8 ih Iaeﬂogfi’lgl:? ?@%use-rhf? C} Ive

carbon is very effective inh absorbing the various po
| ower t hopesrthe gasBer hwithdhe amiyecafipdiénts fof tte m%clemstemal hl&liislﬁg%r@ ar bon

For '+ ar el d e 45 cul plperodiiat ischams e patioplpia Rdenhal Supgas info aperishlate ﬁg
activat @ehotar s?%mcﬁ’?aﬁ'hé a PP Q5B Gh té 4 R f#ﬁv&g%;ﬂh %E%atﬁg?ﬁngle s&nné

nore expensivée than the fuel It“came from are
act i vatugbndeaiog thesheat matedy wicaini geneﬂamrg?asndy be at aboat $00°B! TheSyhghstthén Upper

:l%d bed secti o({u wtugt he |f| &ﬁﬁbout point 13, The second area is in
thal0 o rRESsES R arqushiuetion Beh Petealy gﬁnwtﬁ%m?émpg Rartisylategbut o a
si ze i Ny idebe A1 REhd Qébe@tis ﬁl%% pBﬁetraiétg Lfgoar}é ?h@ﬁ}nggéj u(gl?éblflﬂ ll?(ﬂ 1RHfred ?0

carrled out as partlcu ate wt arti nave
been expdkituits sich as: wﬂﬁ@peclemnmratrwcéﬁoﬂdes drsuy meatstandauth@st The acti vat ed

carbon char gan, | eav asjifier .in t either entrained with the
ef fl uent gas§6‘?d e el?cg’rrfsjlt?éds fpiged V@ 'Xyak’é‘ifnﬂéﬁ SYRgas dn Foiixeg | 69siuflay  be
ent r ai ngdtrirh B teoa geatst- $ONTHS WG ES o@%&%hgéﬁ‘ﬁﬁ RelyhtBd E 6o B gteeg o ow

section discussed above or from parti cul has en 0 “ar ger
codbse dctivfited carhon ¢har fritx the bbghbufsclatd lireg tiwrtmgs. THe: aemaﬂcarbctﬂmﬂiecté oithe

obt ai nlbg h Tge cargﬁnﬁt ext action bes .6 The extraction tube is
a sl ant@&° tbtbPE s acliueeqr ‘atléé’e’@’ﬁ eeiies ip phsoripg fhepyarioys pollutsatsow bed

sur f acet @esd 'Rivl?ér t&npéym%s%ﬁltﬂeﬁgnge St 3780 {3400t omMER S ‘dEtng rbdiSs %‘&s | de

end the tube will act as a vacuumto bring the active carbon out. pi pe
-13 18 ewpanstG0viten ovelodi08 nealtdredovif tshohwatreal]yaaded tfob tgvealet faeedusdugli pes

to cool ,the tr.act |ontube f the |f|er roduces enough actlve
car bon CHEFP- eﬁt“rlﬁ eWt‘HV?"‘g‘@ et}‘? F‘if@’ﬁngﬁa’Qﬁﬁ 3t fh@@? uskirom dhig gasifish
conur olanB§€id o nidi€ cRRMGINE thHIthOfel & cAAL fidgeded. The extracted partially
cool ed active carbon char is then pulverized 62, before going on to 5 the

parti cul at e Wsod are tve@methedsin whichesctivated catbotistchatadiobittin tiegrasifite rThelfirftr om
t he parth ate ste The _.acti vat ed ,carbon char is then
pur ver s it g b RN LN SFlhe e, bt ugaeti 13" Fhe S&ond rea's n 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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Pul veri zed activated carbon char is then injected into a m xer 60, which
carries the active carbon char on into the baghouse 59. By nd&ayY 26059
internally generated activated carbon char as a product in downstream 10
for syngas cl eaning, the present invention provides inproved whol e pl ant
oper at i RQoahleived > bl systens. Typicall

t hermal ef ?P%l@%?%tshacrr‘géa%ﬂrae tgy %1?/?{ itﬁ’giﬁ?é%?"é’? © rdﬂ}%‘%ﬁ’eéﬂiﬁe?/ in
the fuegasificedwodisks entught dvtivecaibgy char éterincdswith iRYeMREROHSoL ﬂo%eé%l{ﬁﬁm :
Si nce theiggr esent 1i nventi on extract sone of the carbon put into the
gasi fi eFOa1o8 AUl RgES the sepandimethed {smot peadeds f i ci ency neasured by

tradi ti onal TRt ‘ 15 conpar ahl stens. A
different resul ?ﬁégtgg?g%%gpg?del%éw% E%B?Ig%%{sc%eglpugvgﬁﬁ‘ﬁ@r ?efs ERREON{Q) |
and 5 pathe pagicolai¢ cooled6d tvheat henayt panwah b oflsteld milanl EbS tihggﬁhicﬁ%‘ﬁé is.
nmeasured, m.nus thg@eextract ed unconverted carbon used as sorbént, the

t her mal BVl AR Jhe getiviafed cathon ehar is thor pelvenizedie the dogirddifipleness atymis62er |

wh f PLsA ki | ant (ncl.udi ti t
of downstr camciFRR A EchaPt Aeanl OB FPs s £y el dbeve it 1

pr oces sihey ot fngo ti@(baph@se 5. i nventi on shows superior overall plant
efficiencie The fuel pieces in the bed at point 9, Figure 3 of the

gasi fier arernelly yping dnternally gengrated acfivated parban ehir esia broducttia dowiidieam
actjgvat C LI resent invention is not bljnded by
tars anfgpl%i ép‘?ﬁﬁ%ﬁ’%ﬁé&?%‘? ;llérlgé-f)s‘tdg?lﬁnp&?ﬁeéirw 9l BI}HE%WW ency

f1 ui di Xethpered tgattict gesifierystesy.s Topial iDildrRERTFcRAY § Mdauighbd b%iv'idiﬂ%}ﬂﬁ |
dlfferltn%[ de&{rﬁe?/ of ablgl% 1(iteo convert to activated 25 carbon. Fuels with
| ower Q¥ BROWH o gresgy indie tusl fepdsterkdntobmensagitia the resyltinpgasbausdselwalut.sui t ed
as fudg | ' i les to fixed.carbon coptent.
Exper i er11c<;3t tﬁifgregﬁl\é%ﬁ?ﬁggﬁgjéﬁtg%ck%é% ?f\cjtg% g%})én Py ig eagqsllflceéf’&)"égﬂ?'?fﬂ@tr anges

have cdkitetpl theropdrafficiendyhateapral dpttradigonal meahddsowbid B GRS dhah hifidie

fi >i§d bed engi'&r onmantﬁi. .f}he ability of coarse fuels to properly nove
doAwarrGrRERCISSYrms: S fifferent seault opdurs heviswingdhe fucHgealor othetys Bt felomildi ng
smal | tsortieht BRJ lih.eS, & se duratlon.jets of gas or pul ses
to agi !?g{t e ihe. ﬁcggft;%q}eﬁe a“}lsdéa %)?l?eg'sh. %Eehaaa%lggt J@"&P gc‘[ng?fufecﬁlr %BE‘FSstQFi ng
may be estatehyncopesrededrtonmyabss s0xyege he theinial effRfencitk bf e pRésBRifvenBYn lIIJ.Z i ng

several .pul se,ports in an I ven area, |large pieces of caking fuel - 18
MAY ZOB%H%E gjrghg% MpisRust W e‘%g‘ifﬁ@#%%f'é Wp‘gbb&emwmla@é@hdgmdpemﬁngt es.

The gagodtebioving ' r abl ufficient hi gh to break ::
pt ho ey et A% rRiHyRE T ol bkl b Pt orin iRl ngrs S e

vePdci piesentinyemtion slwevs supei@sovesmllqdarit yfitdehchs. much | ess. Figure 8 shows

sone typi Cﬂ-h uhs.e or%hlse 63. The nunber of ports and | ocation nmay be

vari ed depe ?Br& Bigeqsi the bedl at noint & Bigeed ofth gasifisnpree mistee ofiasiyamst fully| se

orts a&iv 2TayTTa) t ond.ring. af S orts

p ivatedT cBir. te a&ﬂa%cam%qugﬂgdﬁtﬁg ﬁrgsqnggnglg%onéﬁ 9&%&@@2

i's shown near the bed gas exit zone ey can 0 as
to 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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properly agitate the fuel. The areas nentioned above are regions within the
gasifier where fuel caking is probable. The pul se ports consygtmAYy 2psM C
tubes that attach to pul se pipes 67. The pipes 67 are 10 preferably

attached to the vessel wall 20 or to the hood cylinder wall 42. In the case

of the hoqd | i nder wall the pulse pipes may enter the gasifier through
the h oo‘EP“t%S[.l?r nupdQ ensyes cppdauad propeg gesiligatign rafes. dihs gas velppitgaf the gasmubegh a

i pin j 2 0 ave seyeral
D1 bi ng At RBL uhclendy HgnR) blef ob3Re fle)Ztue ¥ERSE; s et MRS BELET "t
for suppding sdific Téecitys dngiradtit dat gae vefooity gl ba ginichtleeN FadureB RASWSsdhe need
for nmechanical stirrers that_are wused in sone prior fix bed gasifiers.

Each puPBisaiisilie Rots 63a ke pumbenpf negsprdlocafoniups be wieatdemndli)rmml the &Pl\lﬁle ngy .

Fi ' : ' 7/ controll ed.
Each pi Pt e Fodanpe: A e Jrilst B S S AR ab oY aF S .

val ves ofipudseqiortsds shawrene tirelsddeghs teRit@on0. qhEYRM BfcaRdaiPwide syhi &) i S
mai ntai ned at a set Egessure. A conputer controller 70 determ nes when each

val-ve dgopgersialedhs fusl. qlheareasmentipnediabpvgaratsgionnwithin thegasifion Vﬁm&aﬂi)él;st ed
t hr oug | 1. The gas source 69 to the pulsing ports 65 can be
di ffer%ﬁgggggozbhﬁéas conposi tion and pressure for different zones of
gasifier 1. The mdsh gar@rohdist df @blamibaibeytheesiach $o pﬁl&bﬁbk@ﬁp TRE pigeb @7 are

ated in_ 25 different zones of the gasifier illustrated

it ﬁ ?Bféréé?a%l%”{é'cﬁéf tpdhg vessctaval200r o thehped pylindenwadh42.fli ghe casgofithehoddor mal

b S0l CLRSEOL eSB! fay o ETRE BHHES Hrou S BERBO B 3, wop Heeesiel. 1500
1500 13@0eralifseiBpdviay285thrSughtQfipihgd Port $6 00 thtTidb2Fthe k28] BN VesRfin@eR0 1600

8Q0, 1600
1300 8av§ Sng(f)ereill p(%ping ports 66. The pulse piping is preferably attached to the vessel wall for

support.

15 The use of pulsation for bed agitation eliminates the need for mechanical stirrers that are
used in some prior fix bed gasifiers. Each pulse port can have varying degrees of pulse duration
and frequency.

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
I 2200 1800 1600
35 13 1800 1500 1300
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5 3.2900 2600 2200 48 1200 800 200 12 1200 800 200 7 1200 800 200 10
The follow ng describes the presently preferred start up nodeqgfMANe2005
‘gasifier 1. The gasifier is first filled with coarse char fuel or fuel in
whi ch vol atil es have been renoved. The coarse char fills gasifier |I from

point 3 to agcouple feet abgye point 2. ve the point 2 normal fuel can
be added to ?e coarse fueEgggeedi ng syste 00¢ nospheri c t!@f%er at ure and
pressure nitrogen gas is 3¥%ul ated thro into the gasPfPer at inlet
ports 6, 10,°49 and 25. Thé&2@as passes 151406r ough the gadB®@er and out

t hrough exit 1§i pe 15 and i 2809 t he separat B30057 and t hen tlBé@ugh the heat
exchangers 58. The superhe2808r section of2d0oe heat exchangess 58 is left
open to the #®iler and thgdgoiler is fillgyd to proper drogylevel with

boi l er qualify water. The piggrogen is slowgy added until erating
pressure is yeached. The nj4gpogen on | eavi t he heat exc%gtpgers passes
through a small startup blower that circulated the gases ck into the
gasifier I inlet ports 6, 10, 20 19 and 25. Downstream of the startup

bl oler a bur Tke fdllovasg d¥ycebes MBGraRhily Blef QRAHES 1l - nipf,L ogen
to slow y, heat _the gagsi_fier as ﬁ)t ciﬂrlbf:gl aftggeg SQil{airlt)git’at 103)51%‘?].%%\1/&%?1 Ié‘l':wat er
in the 8%*3?%? fipsg Hllpd withsennse chay faeles Sugl én whic fl¢sdatve beautehmived.alThe

i nt ai ina. t d . F

"t 01 e Rt Cedich ® Bt dfio s SHRSTR Feel OV Eoihe 2. A opajitmprmal

el ect ri fiiel yarebe hddedpwi the cyarks ﬁiill(féedhigmg&eﬂﬁ Wiehobishetib Qelﬁﬁérﬂmfé)é}ﬁ:feﬁ%géur{f the
(0] apou

steam turbine. 25 Wien the gasifier bed reaches ‘a tenperature
1000+ 1 7trpgen gasasrdrcaiatedthrongh énte themasifignat ikletpaststte 19, 19and RETHeapp easseuir

acr@ss f{ ] [ | tablish. Wth t 0 ni trogen
ST Reh el ebhd GundloBbRBEE bl 75 AT S Mo spistvtets Fandgbr Bresedbnl 10
and pr dpahexchangers5§/ JHR sap&theaiérasti@sh oftthd Rt @té!hﬁlge?s s 1k GhenBMHe bioﬁ%iht er
burner. Propang aor natural gas is injected at 26 and oxygen at 25. e
excess %léstg%lgt”i?r i3 filled iy Promeiodigin tewel Wi boidstovaliyevaters The aitagen is tlowly30

st ack. J {1l IS, Ny S over about six hours to operatin

t enper aaiﬁgrg% @ﬁ%@%?&&%ﬁﬁ I{éjg/éhr%gaiﬁg Qitigeei of ieﬁlvglgﬁla L F%‘#’Gﬂgegﬁﬁasé%ﬁs gi s
root ed thivughglmhl stabtag blwvee thd cirsutitedthd a8ses BEAInky 14 §iNifidrQ iRREF 190

b

t enper tureztgy hot bl eed gas. The gasifier is now on'|line at nimim’ | oad.
ga r

%and e3P vstream of {hestasiyp blayeradugner frgsoxygdn anderaturalgs comdparieons
(Cj::_ Z \3\;155 3?1% t%@ﬁgﬁ\étg: gen té?lo@%iﬁ%%{ﬁ glbé%sﬁ{%P 2 it ci;ée‘ﬂété:slz(aétl)zl;t ?80‘%).%% {I;a-viral%erzm 81609 o
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 product, 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 prﬁperly 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 baghouse 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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at l-east one fuel inlet port; a fixed bed gasification section where coarse

- fuel is gasified; 5 an entrained flow gasification section whggemaynzogsiel
is gasified;, and a gas effluegtgpyrtinhene. gases gener aped ifi ko agagse fuel —
and fine fuel are collectively discharged. 2. The gasifier according to
claim wherein the fixed bed gasification section conprises: 10 an upper
fixed Mtion that receives coarse fuel fromthe fuel inlet in which
t he coarse fuel is itized to formvolatilized gases which. flow
downwar d; afrll'd a ﬁo%gir%\é?#@e@ section. 3. The gasifier according to claim -
2, further conpr atsleegonéfuel inleepiid] Cross-section constriction in the upper
fixed bed section; and 15 an upper plenum di sposed adjacent said A
constricted cr os%ﬁ§@‘éb¢%&?§1ﬁ@?tlwcmw}wéFoaé%glﬁhisrggmﬁgd;cI aim 3, wherein
effduent gas fro {1 sifl.cation secti.on and the entrained
fl o%/v gasificati O%Héec I{eg)r%ﬁ)gvo%%gﬁé’f‘g@mh ?elg#l?\n h%ret}%ﬁg?el l?)igaéﬂfﬁ?f A wherein t he
gas effluent sitegiseffioanped widicagestgchhiated FORH cddr & Bl and finkigelgasi f i er
according to claim4, wherein the upper plenumis configured to 20 provide
an ef f | uent cQllsstiyedy dielinegedt i me and operating tenperature sufficient to

k d ' ' i 1 i f{.l 8. ..Th ifi
ceording 15 cl ot SsERRRPLRTR Wbl Wifrdh B IR Bt SRR qurea 10

oper at ¢oragrises:t enper at ure whi ch converts a portion of the coarse fuel into
activated carbon. 25 7. The gasifier according to claim6, wherein
actl vat ed car bonan wpenfixed brdgection thatwpesives coarenfuchfiem the fithialey srswhichr

di Lyl i | Siong: ' b ]
capture andts Sh@seueLis Bhiraflecd BRI R Bkt W N eiibnioa®s. “The”

gasi fi er accor di npwiep fiebdbaid @ctidndr t her conpri sing an activated carbon 30
4enmoval port to permt renoval of activated carbon fromthe fixed bed
.gasificatioh secthogpsifier gecording tgadaimi I furthes spmprigng:o claim 9, further

cormr 8179, oo gl oL R ROTARNABR N L AR e L
115111, 14" 13 ZarBuppebdplénmiin Qispbted adjacent said constricted cross-section.
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.
5. The gastfier according to claim 4, wherein the upper plenum is configured to
20 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
activated carbon.

25 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.

9. The gasifier according to claim 6, further comprising an activated carbon

30 removal port to permit removal of activated carbon from the fixed bed gasification section.
10. The gasiﬁer according to claim 9, further comprising a screw device in

combination with the activated carbon removal port to permit removal of activated carbon.
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11. -The gasifier according to claim1, wherein the entrained flow
-gasification section is~disposed in a |ower plenunradjacent tigeMAYVEI05
fixed: bed section which vol atigigzgs.~1fEng £ veli.g 225 Fhe cuasiyks gripeager di ng -
to claiml, wherein fine fuel is fed into the entrained 5 flow

gasi fication section by at |least one tangentially fired burner. 13. The
gasi fi er acddr di ridetzgsigeracaerdng tmbrmilnwgwemfthwnmmd fiogv gasificatieni from

pul veri SOl I, | i quid fuel seous-fuel ., and ¢ i nati.ons thereof
. TS Hboif plspodelifp vish Bt alfaceny IECRBIAE i BN PRAPRS. o

I S Si zdthetfige], ensure i nconpl ete carbon conbustion of the fine fuel which
results in the generation of 10 activated carbon particles entrained with
t he ef f | uentl2gas TheRasifipracgerdingite clain d owbreig fing fu¢las fedimto theentrimed

conpri gy | vai: r.bo collector.tq,capture and renove activated
car onﬁé)%gagfrhr??é&??\e%bﬁﬁeibg%fl%sgﬂ?etaﬁ%?n&i ﬁ‘Fﬁé’uﬁ Sifier accordi ng to claim

1, which gensr at aheggdifialcestdiband oRirg 12, vhdilf thd find i€l iekélbdtenfrogas, further
conprising an activated carbon collector to capture and renove 15 acti vated

car bon pRivérzedwelidifnel leguid fieh gasegns fust andpgmbisatians pesireaft i on cont r ol

equi pnent l,ch ntagts the. effluen s Wth sai ckivated carbon to
capt ire and Hemo VRS ae it eHTSng o L. WEFFP gt gLy BE b BeER B8RP C,
accor diefighré fhc6npicte ddbborVddaitRbtiod dfahdRhd ftPRhish saltSRI (RE b&fbrdtionamr sul fur
conmpounds, hal ogen compounds, and heavy netals. 20 18. The gasifier

acé®r dirpfivatest carbgnrparticlgs entrhined withythd efftaent g2l ural ity of injection ports

configured tQ intkoduce 0x n, .stea ir int.o different, regions of the
Gasi fer . 185 Tndng St Yt sSHRRTY4 Hurehe ot SnRian et Safnect i on
ports abskectddnd captinRdnd téndaGiclivited Qrbmahmed irtthe @fflueat gasl t hi n t he

gasifier. 20. The gasifier according to claim18, wherein the injection
ports are coffi gdhegasiby aceprdingde elpim hevhick generatesoeligetnd pabomentiagiedn t he

vasi fi gasifier ordin 0, cl.ai m er.ejin i njection

ort s e Efehl Easd el SR 1 Bl Pol oot DR A8 £ 2 | o

wi £hi natthatd@agattonefom & effliat gﬁéﬁﬂh@i‘co@ﬁﬁﬁh@ pllution Edritioledipmediestaen t he

injection ports are configured to control the anpunt of oxygen, steam or

ai r i nceptagta therpfflucat gasonish spid adiivatgd sarbpe fo ¢aptyse armbremoye patiutans fiogl thoat er

gas Sh!"fﬁ“fgp tion, -18 DED SHEET 18 MAY 2005 23. The gasifier according
17

to claim Wherein the injection ports are configured
- The gasifier according to claim 16, wherein the pollutants are selected from

sulfur compounds, halogen compounds, and heavy metals.
20 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 {0 claim 18, wherein the injection ports are configured
— ~ to facilitate temperature control within the gasifier.
20.  The gasifier according to claim 18, wherein the injection ports are configured
25  to control the steam to oxygen ratio within the gasifier.
21.  The gasifier according to claim 18, wherein the injection ports are configured
to control the hydrogen to carbon monoxide ratio within the gasifier.
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

30  partial water gas shift reaction.
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to control the amount of oxygen, steam or air in different sections of the
-gasifier to control the~tenperature and to pronote -a nmet hanatigayAYe2@45 on.

24. The gasifier according to glgim. A i:Genfi gugestati 51 g apegueh yy pr ocess —-
coarse 5 fuel in the fixed bed gasification section and fine ftiel 1 n the

entrained flow gasification section. 25 The gasifier accordi &9 to claim
1, wherein tde fiThe gagifier sosoximgsotctaimiZ2owhengin the rijevtion potts areRprfigured qui d

fuel, nd conbi natiaons. t hereof  26.. Th asifier according to
ci'ai m TOXPRNR e Soou BF oFAER. 18, 8LFie i ey ftion iy g Lo GHhEBhce
about trhe tenipepiturkiak@ e RohoRELineMAnaMdhGEucaigh t at € coarse fuel or ash within
the fixed bed section. 27. The gasifier according to claim 26, wherein the

pul sating j é4s i nfhsoasifigr acsendingte¢laimd , penfigused to 8imultapeapstyi frpenss easessr di ng
to gl aign2 in th | i | 15 .ai r., ,
0o A Rl B B5 BA5Pa SR 5P S Sie aBtion ™ S5t

gasi fi eectggcording to claim1l, configured to operate using only coarse fuel
in the fixed bedéﬂgsi fication section. 30. The gasifier according to claim
1, conprisi /g spddedasbearaseording b ichémfluwherein the fing &rel &, selkoted fron gasi fi er

havi ng - fixed. bed gasifi.catign sectjon and an entrained flow
gasif | cpg%‘{%%ecgéeo?@?gﬂ’ ﬁ%%?qeg,ig%@gougﬁgzgpggopﬁ 1005 0L, ¢ \\o- st age fi xed bed
gasi ficati orpes eCt’FIﬁ;gaéiﬂa_tacE&@ﬁig\tS%laﬁﬁ% ARMEM@IMPrsaB 4 NBralitPsipaRatike! i nl et

said fixed bed gasification section conprising: 25 an uppér fixed bed

sedPi odetr disppged mbontdhelomier fix¢d ead seetivteviich agitate exrseduelfosash wishiatthd | zed

gases; f&ehﬁwg?fhigfed bed section; and an upper plenurn di sposed adj acent

t he upper fixe €d section; an entrained flow gasification section

di sposed in23q. | ovite ppdiREHHRLGHEinRQ6 Blairh D6, witein @®pulbdingGetdBffecteCt i on whi ch
MQ\| atilizes fine ftiel, wherein fine fitel is fed into the” entrained flow
gasi f i PAEsPwIzed et Paesby at | east one tangentially fired burner; 19 AMENDED

SHt UUS :59 1 ‘The gﬁsiﬁé‘r4&cc<)Erdin]g oc aﬁn %9,0 éhenlei%lthecga% p%ls%s Ec)smgrisrélpu?sesz of

15  air, oxygen, steam, carbon dioxide, gaseous fuel, or recycled effluent gas.
29.  The gasifier according to claim 1, configured to operate using only coarse fuel
in the fixed bed gasification section.
30.  The gasifier according to claim 1, comprising spaced coarse and fine fuel inlet
ports.
20 31. A gasifier having a two-stage fixed bed gasification section and an entrained
flow gasification section comprising:
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:
25 an upper fixed bed section in which the coarse fuel is devolatilized to
form volatilized gases;
a lower fixed bed section; and

an upper plenum disposed adjacent the upper fixed bed section;

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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a pturality of injection ports configured to introduce oxygen, steam or

-air
di sposed about the |ower fixedsied sest g, whijah = okt ateroas secfiisP or
ash within the fixed bed section; and 5 a gas effluent site from which

gases obtained fromthe coarse and fine fuels are collectively discharged,
wher ei n ef f | uent 2 §hgality ghinjastion portsroplgurgd & mireduge sy ysdk Stegn, oraifdntone

entrai ned fhﬁﬂr&ﬁ‘?ﬁtﬂoﬁ {)ftﬁ@ S§€ds on collect within the upper plenum and
gent si b ’

wherein the gas e

into different secttons of the gasifier; a plurality of pgMmAY 2aps5 ets

e 1S’ located adjacent the upper plenum 32. The

gasi fier accordi aghirglitg bfpulsaling jetsutiepaicd abduve tHel lowerf fivedd bed sstioasttéch from 10

pul veri zed salid fue

I
33. The gasP&ilass cossedheliongsh within thefi

liquid ftiel %aseous, fuel, and conbi nations thereof
X

Ped gpdioB; #1d he i njection ports are

congigured to fa Lét%fhg%glsﬁnfgl?@rﬁh% gaes?‘ér)]&ﬁttﬁﬁéd BbhthEcdal HAFnL ARl argd: The

gasifier accordin

e 1njection ports are configured

to control tdleeciveadistitargady ghereinadfil@entiishom tieefixgddiet igadification 3&ctiohhe
gasifier according to claim3_ 1, wherein the injection ports are configured

to control @wbthaghrapehilew sesifisssan sestion pelect withy the vpres PleRBmAad i er.  36.
The gasif! efnaeftthd bikriflert s Mickat ARELR AL {dber biBhGH! | On Ports are
(0] or oXxygen, e

configured

0 con € anoun a or air in different

sections of32.he Thsgdsifith atcdrdin® tindl&imed 1, pheieindhe iak €iicl goseledtedfffoni eact i on. 20
37, The gasifier according to claim36, wherein the injection ports are

colft i gnvléer;zefiﬁo%ﬁ%e},&_q elg gasgons fuel, @rfgﬁgerhinaé&oemew@ﬁ air in different
t ) . : .
et hanay on?) beoFREHIBE L BIREL Bim I SLRIRL IRAR NG BEARLE 2

nmet hanati on"rTeacti o

er accordi ng

upper fo facititdbednpecihire Borttol withiif theg ghistflerf 0 operate at a tenperature which
converts a ggrtion of . the coarse fuel into 25 activated carbon. 39. The

gasifier ac

r di Hee gasifier acoerding to,ghamed 1n whetein, the dyctioniers p opfigwrted with

the ef {d d6tibi @8 Steatilo T AEn AR Mieih cAERQIAL NG O cl aim 39, fi nt her

conprising an activa

n colTettor to capture and renove activated

carbon ent r 38.nedThagdsifier afdordiggto daim 313&hérkin fhiednjectiinfpotts akcoafigirad) t o
claim 38, further conprising an activated carbon _ renpoval port to permt
r enov afe Entrgkite Gxdreger-tgcaben mpanexids gatio within gasgasiier-f i cati on section. -20

AVENDED SHEg] 18Tﬁ@gasi?f99 §ccording to claim 31, wherein the injection ports are configured

ey

20

25

30

to control the amount of oxygen, steam, or air in different sections of the gasifier to promote a
partial water gas shift reaction.

37. The éasiﬁer according to claim 36, 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. _

38.  The gasifier according to claim 31, wherein the upper fixed bed section is
configured to operate at a temperature which converts a portion of the coarse fuel info
activated carbon.

39.  The gasifier according to claim 38, wherein activated carbon is entrained with
the effluent gas.

40.  The gasifier according to claim 39, further comprising an activated carbon
collector to capture and remove activated carbon entrained in the effluent gas.

41.  The gasifier according to claim 38, further comprising an activated carbon

removal port to permit removal of activated carbon from the fixed bed gasification section.
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U7 42. The gasifier according to claim4l, further conprising a screw
~device in conbination wth the activated carbon renpval port 18dvp&T 2005
renoval of activated carbon. #3ITThd et ti-eM BCEdn df ng= EHL T Y B P,
wherein a portion of the fine fuel is sized to ensure inconplete carbon
conbustion of the_fine fuel which results in the generation of 5 activated
carbon part 1 es ToperafisTagearimng te plaime fH ) fyether cgmprising 2 spiew dexisedin er

accor dj . ' ; | Sl | | ector to
capt ur S anisigh BB eyl Etbof RN H BB ERT AR B 35! e
gasi fier acddrdi Mye gasifidraiceording to vlains B1 geRetinbheortitidf\iad ftk Lalibere®nt r ai ned
in the effluent gas, further_ conprising an activated carbon collector to

capt ur & HRHreBFBTE ctfgathop combestionaf Hsrfierfoeh whieh esylfsus e grasrationef her
conpri §¢tﬁg5°§ﬁﬂ%,‘*§’?é’§ﬂ%&ég%&%e‘?%hWé}h&%@'gg] contacts the effluent gas

w th sal arbon to capture renove pol lutants fromthe

ef fl uent gad4. 46Thd pssifasicédréing ¢ clointlt 3 Fuitliter @bmbABIAD an WhBAaRdaibhe
pol | utgfgts are selected from _sul fur compounds, hal ogen conpounds, -and

heavy FRtesfos to gapture andprmnqysartivated cashamreniaged in e sffiest ges. wherein the
ulsating jgts i P yels | ze .5es. o Jh sifier rdi ng
!to o clai mg4j7;25'\/\he?gigg£s%%é§ ag%z&%g?%ggﬁgglﬁp%%e&ﬁﬁég%f‘ ¢ 6€at&gcfarﬂ?°noe>l<l§/r§§§? st eam

car bonindhexffient gasfeetier doutrisingranraetvatddosirtainf dolledtbr @asptudand thRogasi fi er
accordi n% tg claim3 1, configured to sinultaneously process 20 coarse fuel
i n1Q heagtivated caban diom the cilyepheasefirthercommpaismepollptien cntrof equipment ayhidhd 11 ow

gasi fi | ' The... I £l C | ' figured
o oper afAstthe SRk st ol 0Bl irBn BEBLEL AR sl Pt L, o,
51. Thefflgatigas.er according to claim3 1, wherein the upper plenumis
configured to 25 provide an effluent gas residence tinme and operating

t énper at ur e¥&uf f Tos gasifier according to daim 4h whersin the peHutantis et skleckedifronhe

effl ue efélgg&np%dsjﬂ(}gor%ﬁ%&gggngg{:%?rhgg Etgls.(:l aim3 1, wherein the upper

fixed section rise ernal Cross-section constriction and
whisr ei n t heduppeThopgsifisacrding Rodsich 3 13 ihattithetpBating @fsfiajectcr 0SS- section
constriction. 30 53. The gasifier according to claim3 1, wherein the

vol at i PESWHZHHEEPUEHW  downward from the upper fixed bed section. -21

AVENDED SHERT  The gasifier according to claim 47, wherein the gas pulses comprise pulses of

air, oxygen, steam, carbon dioxide, gaseous fuel, or recycled effluent gas.
49.  The gasifier according to claim 31, configured to simultaneously process
20  coarse fuel in the fixed bed gasification section and fine fuel in the entrained flow gasification
section.
- 50.  The gasifier aécording to claim 31, configured to operate using only coarse
~ fuel in the fixed bed gasification section.

51.  The gasifier according to claim 31, 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.

52.  The gasifier according to claim 31, wherein the upper fixed bed section
comprises an internal cross-section constriction and wherein the upper plenum is disposed
adjacent the internal cross-section constriction.

30 53.  The gasifier according to claim 31, wherein the volatilized gases flow

downward from the upper fixed bed section.
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18 MAY 2005 11J 1r.3 031 B+ E~=3t41ia a 436 2, a0 P. 54. Agasifier
-conprising: a coarse fuet inlet; a two-stage fixedted gasifi d8tMAN 2008 i on
that. recei ves coarse ftiel frBnitltie LIcBEr de fbEh il o1, <Eird s 2dEd Bed '
gasification section conprising: 5 an upper fixed bed section in which the
coarse fuel is devolatilized to formvolatilized gases which flow
downwar d; atfti ntdEasifierqogpsisingct i on constriction in the upper fixed bed
section; a l OWEJcJaRé eltf&gt_sect ion; and an upper pl enum di sposed adj acent
the internal cross-section "10 constriction; a plurality of injection ports

configured to i nitwadstae MeI®ed gasifiBith séttiod tat kddkides iatdeFu@MHtors At | ONs of
the gasifier, wherein a portion of the ports are | ocated adjacent the

coar se f uel CORHE &gel inlpfeisaid fued kadrgasifination; seetidnreompmisingh gases obt ai ned from

the coarse fuel is 15 dj rged, wherein, effl uent fromthe fixed bed
gagi fication section aggﬁpﬁgr@e\%%%???uo{l H’ewhlﬁbél?e ?ﬂaﬁsﬁgﬁ‘fﬁé%‘ée"%ﬁé? 't he gas
effluent site i Solmeaktlizedbageitict IGw dBRBWarddl enum 55. The gasifier

according to claimb54, wherein the upper plenumis confiegured to provide

an effluent gas resi dangtermgl ¢ressaagetionronsiricion inghp upper fixed bed fectiomsnt t o

crack tars and 20 oil 0, N ithin the effluent gas. 56. The gasifier
according to claim 52?,13‘” ref?%?%r?egﬁ%cwﬁ aé‘?‘ fi xed bed section is configured

to operate at a tenpehabpérlotintdispRey fljhdentthd Qitbmelcrds-defigorcoar se f uel
Hﬁ)o activated carbon. 57. The gasifier according to claimb56, wherein
a

i vat ed car bo¥ORSNe; ai ned with 25 the effluent gas. 58. The gasifier
according to clai £, feurther c ri.sing.am activated carbon .collector to
capture and ren%fg&rglé io\;‘érggcgloggpﬁ:gﬁorﬁgp{e%tﬁwq HOT Preveen 1 %Prﬁlﬁ&mw. The
gasi fier ackfiérelitigctions of theFadifier, WHELREL pdROPHT b Portfiredsdatateidpeiar bon '

,_L\ermval port to permt renoval of activated carbon fromthe fixed bed

" gasi ficati &k wapseifue] inlegand0. The gasifier according to claim59, further
Commr S n9. 2 2Ch gl RS, BB Tk e HRRBEbBREEcor Do emovel
15 discharged, wherein effluent gas from the fixed bed gasification section collect within
the upper plenum and wherein the gaé effluent site is located adjacent the upper
plenum.
55.  The gasifier according to claim 54, wherein the upper plenum is configured to
provide an effluent gas residence time and operating temperature sufficient to crack tars and
20  oils contained within the effiuent gas.
56.  The gasifier according to claim 54, wherein the upper fixed bed section is
configured to operate at a temperature which converts a portion of the coarse fuel into
~ activated carbon.
57.  The gasifier according to claim 56, wherein activated carbon is entrained with
25  the effluent gas.
58.  The gasifier according to claim 57, further comprising an activated carbon
collector to capture and remove activated carbon entrained in the effluent gas.
59.  The gasifier according to claim 56, further comprising an activated carbon
removal port to permit removal of activated carbon from the fixed bed gasification section.
30 60.  The gasifier according to claim 59, further comprising a screw device in

combination with the activated carbon removal port to permit removal of activated carbon.
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-22 ‘ANMENDED SHEET 18 MAY 2005 i 'TE412 2 a 01S 200 E 61. The
~gasifier according to clai m54, which generates activated car d8Mawt 2605 ed
in the effluent gas, further Cu'“‘f)fsmfii'ii.s'iii.@%ii@ﬂi@cmﬁim%ﬁ:ﬂnﬁ?ﬁ@@?%ﬁ%'&éﬁ B 1o
capture and renove activated carbon fromthe effluent gas, further
conprising pollution control equi pnent which contacts the effluent gas
with said ablivailbegesifies@acarding spelaine 54 whichegenemtes abtivitaindasbdrentmeinbe 5

ef fl ue The,gasifier according to claim6 1, wherein the

pol | ut gﬁn g%ng“e“gé% Se@‘f‘é‘%‘ @F%S%&P@ﬁ?vaé%ﬁ%&ﬂmﬁem tgGartureARdemmeNe  and
heavy Beiivaled cafbbn Bt GRCAE sACRALH MhprRinglAliHicH cont] {MEImERWRIdES NO 2
plurality of injection ports configured to introduce oxygen, steam or air
i nt o dFeFetethe cfftupnbeas with saltbactiasted cabon blcaptire dtdaemass polanamesondhang t 0
cl a4 m@l?lueﬂw rein the injection ports are configured to facilitate

t enpera ure Edntrol within the gasifier. 65. The gasifier according to
clai m 63, WbEr el Thé bRifich h@ordiRRR Uik R WhefeBhl BHfiihis bR ERMENFlopt NE Steam
to oxygen ratio within the gasifier. 66. The gasifier according to.claim
63, whaliy gompeurids; kedagen somppeunss.and heanyfmgilsed 15 to control the hydrogen

to carbon OXi ratd o within the sifier. 67, The gasifier according to
cl ai m 63, ﬁ%r eiﬁl%iﬁl o LT I O AIS 4a Ftheb ARy IHinNg £ Plﬂﬁ%‘?ﬁ‘ﬁlﬁwcﬂwe anount
of oxyget,cobfig@sll ttrddiceloRyshnt £i848 Vr afShibl @RSeiredi L §] to pronbte a
partial water gas shift r'eag_inbn. 6’8.raThe gas%?@é?élg%c%%%%sﬁi% claim 67,
ei n t heb4. nj eEhd gasifisoaccordimgptosdaiti 63y whereindhe injectionpons areleenfgmett of
oxyge . or air in different sections of the gasifier to control the
o oAl pga %T‘ﬂi’f‘@i ‘gnﬁ’é‘ttﬂ%ﬁaﬂ @n reacti on. |

t enperature an 69. The gasifier

accordi ng t@s.cl arne %'igiﬁef' wcbﬂﬁ‘ﬁcg QM 631 Rlle \ﬂﬁbg{ﬁécgbﬂ Bis B‘élcaﬁﬁeéu?%iel jets

_di sposed about the Tower fixed bed section agitate coars or ash
wi t hi rforcpeiroliths geam éxioxygen ratio. wiltin #@.gadifier. gasi fi er according to clai m 69,

Wherein th ulsgtina-ets injiect, .pressurize as pulses. 71. The gasifier
accor di ng te6 oé') cl :ﬁ}%gfgﬁlef/\?f&’@?lgt?ﬁ@“g ’b’ﬁfrg %g‘h‘ﬁlf’%éoﬁﬁ‘iﬂfgé%nﬁﬁ“edai r,
oxfgerto coitesithe BAEORA 16 cbbS BonSBASRS »Jﬂﬁxgihe g%ﬁér?cyd ed effluent gas. 72.
A net hod of gasifying a carbonaceous fue eedst ock conprising the steps

of : 30 feddi ng Thsagesifier apsprding to chin#3| Whereinithe injmtion puts &t agefidureded bed
gasi fi

t§ %ﬁlﬂﬂ the amount of oxygen, steam, or air in different sections of the gasifier to promote a
partial water gas shift reaction.
68.  The gasifier according to claim 67, wherein the injection ports are configured
20  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.
69.  The gasifier according to claim 54, 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.

25 70.  The gasifier according to claim 69, wherein the pulsating jets inject

pressurized gas pulses.

71.  The gasifier according to claim 70, wherein the gas pulses comprise pulses of

air, oxygen, steam, carbon dioxide, gaseous fuel, or recycled effluent gas.
72. A method of gasifying a carbonaceous fuel feedstock comprising the steps of: ;
30 feeding coarse fuel into a gasifier having a two-stage fixed bed gasification

section comprising:
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section conprising: -23 AVENDED SHEET 18 MAY 2005 C 1- 1.9 S0 4, 9 3.:a
-4 a 06 20 a2 an upper fixed bed section that recejves the18ddAYe200%! ,

wherein the upper fixed Bed spqtipnr wpgrpﬂﬁesﬂ 5 B g, REnad M 6 35 i il ent

to devolatilize the coarse fuel and formVvolatilTzed gases; a Tower fixed
bed section; and 5 an upper plenum di sposed adj acent said upper fixed bed

section; introduci ngaouypeefixed beskacpticor thati recdives dhe dvarse(fpely whersiadhded

section and | ower | d section control the t eratyre within the
gasifier; and wi PWMB@‘T&W%?R“ CAaL A IeyRperr 1¢nd to HW latifige.hapt hod of

gasi fyi ng car bonggeaumef 4@ fordt ¢ALEIARE sclaim72, wherein the 10 anpunt
of oxygen, steam or air introduced i r%t o the fi xed bed gasification section
is varied to control aldverdixedbed seciionygad ratio within the gasification -

ch er. 74. The net hod of i fyin ar,bonacequs fu ording to claim
726§T\b/\herei n the anoufft® Qﬂerg@ 'ﬂEl‘PSpg? égﬂ_]acg}} 53 Pppwtfﬁdi’eéaeqﬁmio the fixed

bed gasificati Onln‘&%ﬁﬁdlﬁ’%okfgeﬂ,%iéaﬁﬂ of ar uﬁ&ﬂfe uﬁbeﬂﬂﬁd'ﬂ:\é@ 5Q41©80 ah@1dw@k bon
nonoxide ratio with the 'gasifier e nmethod of gasif~ring

car bonaceoufix¢d eeid secticor adintrgl mgtemriparamrémﬂmhﬂnegasxﬂexhend anount of oxygen,
steam or air |ntrqq uced ipto. the flxhed d gasification section is varied

to pronote a paPiPHRWHeue, gasdm the T-on. 76. The nethod of gasifying

car bonaceous3 f uerhage@bdl bPEas’if?m% c%'bﬂhz?cgo Vl‘éi@lra%b& Qo cBIRYA! whkreitOEN,
steam or air introduced into the fixe % gasl ation sectionis varied

t ol0 zoarn@mt pﬁbxxgm, steaupeor air untmdamdl into tbc ﬁmﬁ edoganifichtioredection issai¢d ton.  77.
The rret h &'ﬁ %a3| y| ngqne\‘ Cepus f according to claim72, finther
o%yeFda

conpr | € 084S ?‘h?@nﬁ’ﬁ ‘entrai ned fl ow
gasi ficati opy, SeCTh&ﬂeﬁHB@ Bf*%ésff?lngfchﬂ%nicﬂ@ﬁs fudl &@&l‘l{n'gqg clafft 72T\bﬁer9iﬁttltf@d of

gasi fying carbonaccous fuel atcording to claim 7/, “wherein the
eft r ai #veurt pﬁwims,l stéanm oF ain IIQEJdumdnniosthdﬁsqablmgamrﬁcaldrmmemqmls emmd tadj acent

the I o X tion. pt d of aS| fyi ng carbonaceous
ftiel %@81@1 ﬁ‘é“%"é“"&? 0?-}1101}%313&?9 W?‘q B ff%"é! s feé i _ﬁt o the entrained
flw gasifipati ophesRetb@Bf Pikiffihg caBShaceMR AMRERing!td ¥lafth 78 dwhdbih R -

amount of oxygen, steam, or air introduced into the fixed bed gasification section is varied to

promote a partial water gas shift reaction.

76.  The method of gasifying carbonaceous fuel according to claim 75, wherein the

amount of oxygen, steam, or air introduced into the fixed bed gasification section is varied to
20  control the temperature and to promote a methanation reaction.

77.  The method of gasifying carbonaceous fuel according to claim 72, further
comprising the step of feeding fine fuel into an entrained flow gasification section where the
fine fuel is gasified.

78.  The method of gasifying carbonaceous fuel according to claim 77, wherein the

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

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

30 80.  The method of gasifying carbonaceous fuel according to claim 72, wherein
effluent gas from the fixed bed gasification section collects within the upper plenum and

wherein the effluent gas is withdrawn from the upper plenum.
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30 80. The method of gasifying carbonaceous ftiel according to claim72,
-wherein effluent gas fromthe fixed bed gasificatioen section18dIAYc2005

Wi thi.n the upper plenum and ViR&E &i.n e Bicllef f1 W 2 Bas i & W i Eadie i om t he
upper plenum -24 ANTENDED S, P E -7 18 MAY 2005 P', C', 1J ~3 113 1 E 3
T..'" "10 -" The et hod of gasi fi;i ng car bonaceous fitel

a??f)r di ng t§12I ;iiT?I];?. ?hlcidlﬁfgﬁ@'f}nng;@mn?gqongﬁ\e @CCQtfblﬁgf@fCIM&%mgﬁg the
ond opermpisintieled drafRRRle BL EMMP B yRnfiiht b Mot RARRERRC .| ™

ef f | ueghs @eidende thde antperitihp enRiat@@so ExbioBrealdtIRIGRAINSd Wigin decording to

claim72, wherein the wupper fixed bed section is operated at a tenperature
whi ch EBhsBigas. a portion of the coarse fuel into activated carbon. 83. The

netivated oarbon HErEHANAEEAME aHinaAiP L ATt o Bt wiEEHE o0 o
gasi f yupgper fixed bedhis o isfopetateaics a tehpgatin® valie eon¥erts 4 Poitiba of tHe@bREé Si ng the

step of, capturi ng and renovi ng activated carbon entrained in the effluent
gas. 85! mpactiyatedsarben gasi fyi ng car bonaccous fuel according to claim 82,

gasi 11 cat o sect o femolet byl SR Ao TR R55R L S 2 Bk o) 7

accor dadtiyated catbdh i dnlsaindti ¥ith the afflubx gaor tion of the fine fuel is sized to
ensure inconpl ete carbon conbustion of the fine fuel which results in the
geheration 8 acThemethgd of sassivingcartbonscseuschiel ascordingtp cleim$3, Brtheuent gas.

87. Th ] f LEyi r el ;accordi ng. to claim 86,
Fur oy 8T LipYe, GG ARRARE MRl B ER N Rn B e 5, 1,

entrai ned i 85.t heTkd nkthedbf galying@arbotfRoiefublofcailingas clayh 8, Rahonaccous
4uel according to claim72, further 20 conprising the steps of generating

act i vatERPEAR YA Step QH FamqViRg iiated pbombomdhe freddepdaasifisticnyseetiaai t her t he
etiiuent 9ag or TRYSEmbESE fasiffid ABShIRS Al L AGHELNY AL AL HAT PON and

effluent gas into po E o equr pren er &1on t he" activat ed
calbonpation afthe fineduet i dizedth efase BROMPRALJAFRD cAfBusEIfEke AY fudl Rhich

results in the generation of activated carbon particles entrained with the effluent gas.

87. The method of gasifying carbonaceous fuel according to claim 86, further
comprising the step of capturing and removing activated carbon entrained in the effluent gas.
88.  The method of gasifying carbonaceous fuel according to claim 72, further
20 comprising the steps of:
generating activated carbon;
capturing and removing activated carbon from either the effluent gas or lower fixed
bed section;
introducing activated carbon and effluent gas into pollution control equipment
25  wherein the activated carbon contacts the effluent gas and captures and removes pollutants
from the effluent gas.
89.  The method of gasifying carbonaceous fuel according to claim 88, wherein the
pollutants are selected from sulfur compounds, halogen compounds, and heavy metals.
90.  The method of gasifying carbonaceous fuel according to claim 88, wherein the

30  poliution control equipment comprises a gas filtration vessel.

25-




fromthe effluent gas. 89. The nethod of gasifying carbonaceous fuel
“according to claim88, wherein the pollutants are selected fHgWAY 2005
conpounds, hal ogen conpounds, &HE “Feahys fetlal’$4 D% k. Fhe, Free o @i gasi f yi ng
car bonaceous fuel according to claim88, wherein the 30 pollution control
equi pnent cg ri%ﬁs a gas filtration vessel. -25 18 MAY 2005 95:" 1~ ~;,,
j--"1 .. 2' 8N Fﬁlgﬂ%;(@gﬁs_l  carhpnacgous, Bie! agcopiing foyalaim Cambersictieus f uel
accor difyeriied bed Rofidn cHABEES n ineinal PRRLsclil b MnRAiGEAL AL GRR! | SES an

i nternal cross-section CONStrictlon and wherein the upper plrenumis

di sposuppeagjcavenis dishesadntiprad thecinteam] s@ei-kefios omstddiiohl on. 92. The net hod
of gasifying,carhpnaceoys fuel . accqording to claim 72, wherein the 5 _
vol atili zedg%g;as e?ﬁ?P’& 03mmgf%W?WU%%b$CCPﬁ%0ms7&tvh@rﬁl.n ths. A
et 100 vekti PR YdSdsMhuPEint P fofifhB APpds T BBPLELGE. device compri sing the
steps of: feeding coarse fuel 1nto gasiftier having a fixed bed

gasi fi cat i o#3.sectimethod ofpodisimactivited varb@pira gasified dbeck cormirsiip thhat

recei ves t%_e coarse fuel, wherein the wupper fixed bed section operates at
a tenp®fRiUre sufficient to devolatilize the coarse fuel and form

vol atilized gasefed; | : LOn:. .4 C] .oxygen,
steam or air int&gdlt@I %g(’%f)ép%r |t0I<de gieegﬁg‘ggg ?tg%‘g%?\e %%{\;\%g{f&ﬁ%@;ﬁ%( ed bed
secti on contangprisiige t enperature within the gasifier, wherein the upper
fixed bed section is operated at a fenperature which converts a portion of
the coarse fuel i nt AHEPFLE¥Ped SeHton thay accerss theoptse fustl, wheseindieng

activated carbonyaeear M skQidnl @'ef&e%%{ afcéfﬁﬁe\%:tgxe sfi n.g?d. ofalt]ﬁzesﬁlgp of

wi t hdrawi ng effl uént gas fromthe gasitier, rern actrvated 20
carbon is entr ai coatbedindl land Fermefoldtilized ggag.an@5. The nmet hod of produci ng
-activated carbon according_to claim94, further conprising the step of
~capturing and renovi r?glO?i’@’?ﬁW%ﬁl?é’&lSE%i%n entrained in the effluent gas. 96.

The met hod of priaﬁle&icp%r 3 Ly atesfl. GAIPRR ﬁ%%p%égiﬂ}gd‘g%i g%ghwdgwewt .

conprising the step o ving activated ca ntr I Xed bed
galsi fi cat i dixedédet isention cafirdl The tEmperantrd odthf thp pasifie] wheraii thy apes fied bon

accordi ng t.0 cI%im.93, further co rigkng the step of feeding fine fuel
into an entTHiSHEPTrF SOFTHEd AF3 empPigHire dhichaRnygitsAartien of the coarse fuel

into activated carbon.
94.  The method of producing activated carbon according to claim 93, further
comprising the step of withdrawing effluent gas from the gasifier, wherein the activated

20  carbon is entrained with the effluent gas.

95.  The method of producing activated carbon according to claim 94, further
comprising the step of capturing and removing activated carbon entrained in the effluent gas.
- 96.  The method of producing activated carbon according to claim 93, further
comprising the step of removing activated carbon from the fixed bed gasification section.

25 97.  The method of producing activated carbon according to claim 93, further
comprising the step of feeding fine fuel into an entrained flow gasification section where the
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.

30 98.  The method of producing activated carbon according to claim 97, further

comprising the step of capturing and removing activated carbon entrained in the effluent gas.

-26-

AMENDED SHEET




fine fuel is gasified, wherein a portion of the fine fuel is sized to

-ensure inconpl ete carbon— conbustion of the fine fuet. which rqguAY 2008 he
generation of activated carbontdarf idiiési ent Hakwigd. W LEERE BREP LN gas. 7
30 98. The nethod of producing activated carbon according to claim97,

further conprising the step of capturing and renovi ng activated carbon
entrai ned i #2t he Themathagdiof graducing a¢ti vitedNpEDn SEEEding 8o flaim 9P 08herein the. 4" |

-'n-. . " ' d bon. ' Gl gi ,
wner er S Hacd Aol BAfACth SRRHIERReRF b BBt pRim ABRE Bt bR hedler
pl enumsexdjoacent the | ower fixed bed section. 100. The nethod of producing

activated carbon_according to claim?93, wherein the 5 upper fixed bed
section conmpP?sedhamethodd peadueing getivagadidathon aoensding ¢ ¢laim 93.0therdihthenet hod

of pro ' ' . n ording to claim9 wherein the

volgt!ﬁﬁ%gﬁ SggégX%Flglgvc‘%@éﬁs\%%?@%%%ﬁ%@'s %’Bgrcoﬁt'}%&mbed section and the
vol ati | i zed1gBseThe flethyd WP priddcihs adivaltd ca®oR acdorXag 1PEHins 9% v ikein #22. A
met hod for_renoving vapor phase t;I;OI lutants fromeffluent gas produced by

10 t hevejatlizedgasesdipvodowmnyasd fraoribe ypperdixed herbsestion anethg asiatilizedt gases of
car b°”ﬂS\%‘gr%%vaIdJﬁmehé%wePﬁ%jdfe%%g ctivated carbon as a byproduct, said
ri the :

nmet hod co SI ng steps o boﬁjl‘yi ng that activated carbon sorbent to

a gas filtrand.onAvaeled foh dthdvdngvdpol bidse polsthrits FBRY &ilfertiBhd profifi@d iyl t er
_rreﬂi)a s coated with a layer of sorbent; and introducing the effluent gas
in

t s ggsibicationaf garbepaogeusdfael, wikisindhe gasifination of eatbonageug fusl ptso of

activ rptgp‘ t s supplied . to.the gas .fil.tration vessel to coat
t he ?#ﬁqlé%@r?e | éég(lf']agr? aaéial% 3 Cti ??%‘PW&%“SQS%%P‘&%!{'ghk?ﬁ?%’éﬂgt he activated

carbon sorbent aagplyadlbit siieaed §obdrikofEnt toa\ehs ik sionSrEREl REkiN@P BlterPhase
pol lutants fromthe effluent gas 103. A gasifier that produces activated

car bon conpiedipApereinpiptibthe filipmedig iy coated stithyolayer of s¢rbgattjatsbd gasi fi cati on

section where co | sifi and ich is .configured to operate
at a tenperatur eﬂﬁﬁg’f&ﬁ%@% Fgfﬁeﬁﬁ%ag éﬁtg g’éﬁ%&@ d&lﬁn@fl vegsel 8'31?{?}%? e RRA
gak®s, sai darhbutrdf beibagdehdbbs sbibem isagliedtol the ERAKIraGEHVdsSdl Ad)cdht @RI bon

activation zone; a plurality of injection ports configured to introduce
oxygen, st Bl mgdiyand fagiitate ingmaterdoatagtietwenntthe aetivetedicadon seibentandt o

control opegabl BghsE BB‘H&tL&tQ R%a Wl peinpovﬁrpgeva%gls IlJﬂcalsee bollutants from the effluent

gas.

103. A gasifier that produces activated carbon comprising:
20 a coarse fuel inlet port;
a fixed bed gasification section where coarse fuel is gasified and which is
~. configured to operate at a temperature that devolatilizes coarse fuel to form volatilized
gases, said fixed bed gasification section further comprising a carbon activation zone;

a plurality of injection ports configured to introduce oxygen, steam, or air into

25 different sections of the gasifier to control operating conditions within the gasifier
such that the gasifier operates at a temperature that destroys and cracks tars and oils
remaining in the volatilized gases and coarse fuel, thereby converting the coarse fuel
into activated carbon; and

a gas effluent port where gases generated from coarse fuel are discharged.

30 104.  The gasifier that produces activated carbon according to claim 103, wherein

the discharged gases comprise entrained activated carbon and furthér comprising an activated

carbon collector to capture and remove activated carbon entrained in the discharged gases.
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such that the gasifier operates at a terrperat'ure t hat. destroys and cracks
‘tars and oils remmining-in the volatilized gases and coarse f{i8MAY 2005 eby
converting the coarse fuel inporartdmatesjcanpena ang a- £ t, port - -
wher e gases generated from coarse fuel are' di schar gJ""e“cGi’tid ”@%%?“#ﬁﬁ
gasifier th @%pr uces_activated carbon according to claim 103, wherein

t he di scharz;l g4 8e gasifinthat peodupesragtivater] cashonasterdingdo lotaim 468, fatthérher

conpri gddiehi ' || ector.to capture. ang renoye activated
car bonédelﬁl%# al %‘(pj&dlnn tﬁgmgﬁ‘gﬁﬁg%@rg@sp&@“!%" °E‘?°%§ﬂt986ar%m gutheg - - - -
18 MAYfig@lhed gasifiCafichi'sectiom AP L 6, jER a 0 F3 10 0 L4 105. The gasifier that
pr oduces acté‘s\éat ed carbon according to claim 103, fla-ther conprising an
activated cHionArgasifonthatseducenagiveiei canbemoemprisifig:act i vat ed carbon from
th fixed bed i f} hon section. 106. A gasifier that produces '
act%i vated car boggﬁg%r%lr%?@?egg?ﬁ’ 5 a fine fuel inlet port; an entrained flow
gasi i cation seotn eiaiee el dabifichit scbiborddiird KRS fua ek Sirfladyngih bi on of the
fine fuel is sized to ensure inconplete carbon combustion of the fine

fiiel whicHPordaekthe fine fusbisgiaed taensure inforaplttievatben combistionpditic fidees

generat ed 1o PR resf i berdiRon Affoytied offfitn Broiclehuiedmithe gacos

generated fromtrne friel & ! gases
- conpri se erdfflanngsk; aed i vated carbon. -27/1

10 a gas effluent port where gases generated from fine fuel are discharged, |

~wherein the discharged gases comprise entrained activated carbon.
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