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FOR STEAM HYDRO GASI FI CATION IN A FLU DI ZED BED
WERBEWSIORIICROSS- REFERENCE TO RELATED APPLI CATI ONSI/pS®021)16153

This application is a continuation-in-part of, and

clainms the benefit of, Patent Application Serial No.

11/ 489,353, filed July 18, 2006. FIELD OF THE

I NVENTI ON [ 0002] The field of the invention is the

synthesis of transportation fuel from carbonaceous
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and nethods for IRLUIDIZEEY BEDWRBAOTAR ernative
transportation fuels, driven by many concerns
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The wor | dwi de vehicl e popul ati on outside the U S.,
FIELDi OF THEAINYHNHEONI esel fuel, is grow ng faster than

inside the U.S _.This situatio may. chan as re
0oddle] 6t e b oifie indt it the s Riner St anSapaaten fuel from
carlsrgiceoustfeetintded@. es, are introduced to reduce both

fuel consunption and overall em ssions. Since the

Eg’c&l f j,on of petrol eum based fuels

BA% @m @éﬁé’g{/%&g@ﬁgency on petroleumw | |

[00QBjcone & mje;js apticad nidemtiesfewnsurpes bdtREmMical energy and
ive fue

| t.er.na Is,.in particular clean-burnjng .
metBrE ik e Conusion iaty shemati e dnaRsERonNHPisy fven by many
conB@fﬂ@ith@FﬁqJéhVi%hrﬂEnﬁﬂ,t KA Baya8s et and the inevitable future
convent i ona engl nes can cause_seri ous envi ronnment al

scapiy AltRedieiewnaased fued sUPRtithodiBe stumaRer@isntarArbegrpRustion
engfiftfuchd 2ERickSforldwid<Eadnthlidy W%r%%ﬂgdﬁ‘étﬂaﬂ}/%%e midrange
f uel hel on% frém di ece

uel can p reduce the em ssi diesel
of deMgioping cowtoep. e weddwide vahisle popualatipnitsige the U.S.,

i FRSHRY Sl ABSL BT 1 AVl e thg 4, T tustr
maylchanyeay drenfewl-efficidnidsHides posiag hyboiduarid/ondimsef apgine

teclﬁ%@?&&iggj aref intrdabBEa ?g rgaltx% bg{hsfue-l—g Ese,ur%rrﬁon and overall
emissions. Since the resources for the production of petroleum-based fuels are
being depleted, dependency on petroleum will become a major problem unless
non-petroleum alternative fuels, in particular clean-burning synthetic diesel fuels,
are developed. Moreover, normal combustion of petroleum-based fuels in
conventional engines can cause serious environmental pollution unless strict
methods of exhaust emission control are used. A clean burning synthetic diesel

fuel can help reduce the emissions from diesel engines.

[0004] The production of clean-burning transportation fuels requires either
the reformulation of existing petroleum-based fuels or the discovery of new
methods for power production or fuel synthesis from unused materials. There are
many sources available, derived from-either renewable organic or waste
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many sources avail able, derived from either renewabl e
organic or waste Page 1 of 17 WO 2008/011000
WEMBBR0O7/ 016153 car bonaceous material s. Ut PCT/B82997/016153
car bonaceous waste to produce synthetic fuels is an
econom cal ly viable nethod since the input feed stock
is already considered of little value, discarded as
wast e, and disposal is often polluting. [0005] Liquid
transportation fuels have inherent advantages over

came%%egte?ra@ atgtmngec%tl%n%&nggté% rpprsau{cg Wnthetic fuels
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tran tion sector ensures ea
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whEeah to bk rRoMd fis SBerd HRpsHEsie SasRoug fuel would have to be
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transportation fuels. The avail ability of
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m xture of hydrogen and = car bon nonoxi
infegstiucteig: oftheresdstine tﬁ@lhmtatpnswt@égnswneﬁteaﬁafnnmratlon into
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cl ean and val ua synt etlc I ese
trangepgation fuelpenef i t both t he transportation sector and
the health of society A Fi scher-Tropsch type process

[00p]" eact o||= e M‘éﬁblﬁ éﬁ'ﬁgukﬂ?ﬁé ﬁgﬂlott‘i’aﬁ%r%%n fuells is a

respectlv y a Fls ropsc ess or reacto
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camo‘ﬁdﬁ%f?‘ng&ld(?) ?nl{/ ff?blghg? § é%'} g%r%cg'l%c%%ﬁrs s%ﬁ%% ggat can be
subjectexhitt aiF |sctﬁue'hoasp|n dm:ﬁsptcaidssvbs drodutd elezppand ahiuable
e iR hr e P g SHLAHB o pregpgingeir o

thet haakh pasbtiety. aAeasm@sﬁraipschnyplé psetesGi Rachalidh is defined
and .t he rgduct i on, oI

nmbusti on product
e toErLES TetRaiei A Fitkiias { OREe BYbeSRS A erstarhs any
prédedsiel eaest thdt G&éy sPnhasis gas to produce a liquid fuel. Similarly, a

Fischer-Tropsch type liquid fuel is a fuel produced by such a process or reactor.
Such a process allows for the application of current state-of-art engine exhaust
after-treatment methods for NOy reduction, removal of toxic particulates present
in diesel engine exhaust, and the reduction of normal combustion product
pollutants, currently accomplished by catalysts that are poisoned quickly by any
sulfur present, as is the case in ordinary stocks of petroleum derived diesel fuel,
reducing the catalyst efficiency. Typically, Fischer-Tropsch type liquid fuels,
produced from biomass derived synthesis gas, are sulfur-free, aromatic free, and
in the case of synthetic diesel fuel have an ultrahigh cetane value.
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sul fur present, as is the case in ordinary stocks of
petrol eum derived di esel fuel, reducing the catalyst
webdosoiwncy. Typically, Fischer-Tropsch type |PqUUs2007/016153

fuels, produced from bi omass derived synthesis gas,

are sulfur-free, aromatic free, and in the case of
synthetic diesel fuel have an ultrahi gh cetane val ue.
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Bi omass material is the nost commonly processed

bonaceous wast.e f st oc used t roduce
1003} oonns EXdHiass MateueCR g thee: SRl BiriiiRed carpgnaceous
wabRsfeddasock 0seqts )produ@ereﬂ'ﬁﬂvalﬂéi‘pﬁelgut\/lvhlg@pla@ﬁc rubber,
bi osolids fr om wat er ésewg% i1 reat nent

ar
MaglEd ‘“6896?8‘9&‘@31‘ ﬁs’&’ R PP 98 9@%‘1%@”%?'6’@8&%%3 om waste

walirqeasagbpadaiheskarecaRok@nditiine fe6d starkarfof é6Bversion
el ectricity, heat val uabl e chem cals or fuels.

Procgssedr ﬁu'caﬂaébieqdnét%ﬁm@ﬁ berconeertre ta pEpduse _lestsisitit heat,
vauesb@e&eérﬁica@ SRS, Ub‘a‘?]fo%ﬁfj%t%ﬁ]sttﬁé *h%%ﬂgh e uéé%{hoveaf
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de\s@ppmemg geveral bma%l%dtllﬂz&ﬂant@ahn@hﬁ?glew Eaelsyear in Cahfornla

It
e E@Qﬁgg?ﬁ'"fﬁﬁé;ﬂﬁ c}fgﬁun@g)%ﬂ %ég%g\fag’tg il%éisagté%cﬁiéo"r\@%a‘%ment by
waRleymasiadeneo fagilitiesal Apprcximamlpmalf thisi wastst émdg v in landfills.

Fol Q%ra\g?eb?rxi ngt?ﬁg F\IIQ%]% cﬁ.{ ﬁ A g&ﬁ%tnié Sr%lngi%gi’n%sd that

ab@l@trrbOOﬂ tdmsomfaaastpemoddtyarad(sp@sepeﬂ pentdayl. akcdarting tonother
unt IIectlon area, Jhis munici .
es{iiftes” pYEE TP ORISR o iomBEh pBE By e dihded g pfdis in the
Rumgn%er(g@mtv doljeetion ansh.f Thd) mwriﬁin?al v@é@igiﬂb‘}?prllses ati_)out 30%
Il natl ons er astl C n nmetal waste
waS R ReBhar o absnic Brosn ped Jaedivaiee Andi S0%
comifatioReiferdod Ripdy, bhstic apdl ifehkf wiftd. tThe cRBYAREBCEA®

need for other ener é sources if it can be converted

compPpeRisefdiiz waslenngieal diavehesaicabgnaraydhat equigibe used to

redtRERABI{RRIDT @ﬁéﬂ’f errgdrPundds friecby coﬁQéﬁéﬁf’fnto a clean-
avai | abl e. Wil e many “exi sting carbonaceous waste

buiing fuadi Jhesgamasie sqyupes of eabonaceers sapterialiadnetritre only

sour%%fé?v%ﬂ?bl%g;\éﬂlg%aﬂi@%ﬁfsinﬁg%arﬁ%a%%ﬁg fé‘rfals such as

paper, sendis soteddeuded end recyoled, farmitbes matefials| thet \yasté

I 5. ' ' )
ord BB 1k ot REIE0 oY £l ATE05 BRL B0 e o tdibereo
dlreh:tg/pmmnmsnsmn facility. A tipping fee, presently at $30-$35 per ton, is
usually charged by the waste management agency to offset disposal costs.
Consequently not only can disposal costs be reduced by transporting the waste to

a waste-to-synthetic fuels processing plant, but additional waste would be made

available because of the lowered cost of disposal.

[0008] The burning of wood in a wood stove is a simple example of using
biomass to produce heat energy. Unfortunately, open burning of biomass waste
o obtain energy and heat is not a clean and efficient method 1o utilize the calorific

value. Today, many new ways of utilizing carbonaceous waste are being
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Consequently not only can di sposal costs be reduced by
transporting the waste to a waste-to-synthetic fuels
w@easesenng pl ant, but additional waste woul d beT/vazi®7/016153

avai |l abl e because of the | owered cost of disposal.

[ 0008] The burning of wood in a wood stove is a sinple
exanpl e of using biomass to produce heat energy.
Unfortunately, open burning of biomass waste to

obtain energy and heat is not a clean and efficient

i j ) i.fi | ue, Toda n .

oG o, b8 i) 83k el TRl Fftportation

fueBagadaruitha7wapi 69 BrdiRONRGBIIYTRGBF 83AUS3Bion into electricity.
di scovered. For exanple, one way is to produce

10083 et Gl FEA RN B GHE LB A ST SEly decrease
the gle¢ accuniulgtion pOPEEhhosse@dses| such amoaebenaldéde, while
pro?@@ﬁ%&gﬁ? gh‘f;cﬁnt;e?ﬂeéﬁﬁ gﬁfgﬁééﬁ%ga’rt%gﬁ ggntgzo?gag I%iﬁxcipal benefits

of cdipraddietiontuflsgnthatievigliid fuels @@ bRirhass eplircesqs grfxatf iPEan -

transportation. One of the principal benefits o
proyige gg{!@ﬁfeoﬁﬁafb?lf’%%meftvﬁwhﬂa Gedusine|themfieptrbarpenhouse
aseeWaIRbiitn lobll #&fmirky. O 0 ¥ -
94 tr ansporltjatglj ﬁgfouel W\?\lhi Ilrgrreﬁdﬂ%i fﬂgt;;&rt{eh{er?éeg f%% go%lfctlon

Progeeatheridld Prgwidescleamburningifuglstfor girebawalte fuatgcohamy that

‘cou‘ldTSefsletkSiﬁedtcBﬁﬁﬁuSQs'lW oduction processes could
provi de clean-burning” fuels for a renewabl e fuel

6onorry hat =~ could be sustained continuously. [0010]
[Ooi IhunberA P FFyesesses exisbicepert cealabjormassiand other

carlgéa EdRY maetidio IS e RS ey hﬁh%&ﬂaﬁéﬁﬂfélg%&itﬂgy tend to be
transportation fuels, but they tend to be 00 -
too gxpensivedoteenapstparcthenmanietiwitik petraleum-based fuels, or they

' lLatile
profifts JoRHIR RRTS o e m et B RRER ot el \rgg pressure
valygseloouhigh foatise in high polhtiohareasesiich b ghe Saluthi inoDalifornia
. St - hern.California__air-basin,
eGSR niAPECI B SRLABER i A T seSlupioRS. An example of
the tatariabcess is the ly@otViethziol Eln@cé@t, mcmueég_ _di'@-tg_bBﬂ’lcation
hanol Process i ch us rqQ-gasification
anc 488 KEMIREF sarisr s o syl resies M enucssad Fesaisml of Solc
carbsampotisanaterizis aﬁd&@ﬁm%l gas/ gﬁ@&ﬂ'ﬁ?hlﬁtaﬁgi Gér'n%h&réféﬁ carbon
nat ural _gas, an i C as. a denonstrated carbon
CoNYERI §ffgﬁlrefé?yf ?fg?g}éynaefwés%a'% deamnatedions.
denonstrati ons.
[0011] Numerous gasification studies have demonstrated that partial
oxidation (POX) of coal can produce energetic gases. The synthésis gas
produced is used either as fuel to generate electricity in IGCC process or used as
a feedstock to produce liquid fuels in gas-to-liquids (GTL) process. The partial
oxidation process generally requires an oxygen generation plant, which requires
high capital and operational cost. Another process was developed in the early
1930’s where coal was gasified with hydrogen instead of air/foxygen. Hydro-
gasification refers to the reaction of carbon and its char with hydrogen rich gas at
300-1000°C, with the main product being methane. The hydro-gasification
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[0011] Nunerous gasification studies have denonstrated
that partial oxidation (POX) of coal can produce
wep@sgeione gases. The synthesis gas produced PeT/USBUT/016153

either as fuel to generate electricity in |IGCC process

or used as a feedstock to produce liquid fuels in
gas-to-liquids (GIL) process. The partial oxidation
process generally requires an oxygen generation plant,

whi ch requires high capital and operational cost.

Anot her _process was deyel oped in,the ear)] 1930'. s
proggfs lequies Melfogar iasi %é%swwaﬁ’ &%W%ﬁd@ﬁeﬁtrsmelv slower

| inrb&d. DU & Bleselr@ath afd-yasificati
s SRS bEafan i, S0 SRk Lyt amcaton

is ngooalypoaciedwehwithe eriplysppodde @ neacty With Righegag Frsidence
tim ydro-gasification Page 4 of 17 WO 2008/ 011000
CT/ US2007/ 016153 process requires hydrogen as a
feedstock and the reactions are extrenely slower as
[00t2hpar edAl gapiicatian psrcersesoisynliydeayire pudrv feediesthe process.
Y r t

i AFR55E HETBRS HERARR 1 SRPEFHId Yy R 6EeS8lin some
casesslulen feed is nsed. [T 8lurm feed akiesi nettrequirg tbe éesdsaiock to be

, I ' d f eed Af t .
cnF YR S Bl el el Bl eeRirRE g i s ueea to rese
the@haralrsiges deessactbninsteerl otasempiéxiany dupabieissmesiedk hopper
ovsFp 43 U e LR TR AR 5L 88 B 8o i e
thelprgbesy espuires additioyalowce s; heatltd ptl"dvdt@thdé sensiblerhigat to the

i nsi de the react i nstead of _a co ex, an ersome

waleh e ey Regis Plopiop ihe atuRbfbe Siifefition & R RG0S
gadHfisRidrapioaass ¥eeatidisedmid be Feakible, sirid the fiyurb-gddification

process requires additional source of heat to provi g“ech is

progaes slies on the,exterpal sqice gl heat nstead ok jnipmpl heahy
gerdBfRl bl hs bBRIbUstisA b IS HartibA of EfREdWEEem POX.

gasification process does not seemto be feasible,
since the hydro-gasification process relies on the

[00d34t er nal Of piarieular intRiest IndeRi@SENt INMESHIRR AR PAPCEHISh
deveiopSF RS B! r‘é@eht}(g I hEPR YRlrhP8f SdrboRackbas hiBriaf istfeg into a

feedstock in POX. [0013] O particular interest to the
hydreegasifier reastar dAnasech poeesssewas gevelanastinngirdaboratories to

| ' LGR which U 6PEADIIBLEbLE mAterial i

oS ihe e HERTA ich Wby AP Bk B S i
watgasand widopgzh frarmoan intebwl soor¢esareded into a hydro-gasification
reactor under conditions to generate rich producer gas. This is fed along with
steam into a steam pyrolytic reformer under conditions to generate synthesis gas.
This process is described in detail in Norbeck et al. U.S. Patent Application Serial
No. 10/503,435 (published as US 2005/0256212), entitled: “Production Of
Synthetic Transportation Fuels From Carbonaceous Material Using Self-

Sustained Hydro-Gasification.”

[0014] In a further version of the process, using a steam hydro-gasification
reactor (SHR) the carbonaceous material is heated simultaneously in the

presence of both hydrogen and steam to undergo steam pyrolysis and hydro-
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produce synthesis gas in which a slurry of particles

of carbonaceous nmaterial in water, and hydrogen from
wanoosnimomal source, are fed into a hydro-gasi PCT/EB2007016153

reactor under conditions to generate rich producer

gas. This is fed along with steaminto a steam

pyrolytic refornmer under conditions to generate

synthesis gas. This process is described in detail in

Norbeck et al. US. Patent Application Serial

‘ / 503, 435 h US 2005/ 025 i | ed:
gasBeglion i 8 1S st ol proReRRas P ecbast in SRl i Niftbeck et al
U. s‘anturmcpq;;pn&aﬁm Sdrizll N5 11090 BEBES (SublistidtEds US 2005/0032920)
r - Gasi fi caLM Agéoom In a further version

enti ﬁé%@?é’vre PEesRTR /(@ Bolkanrse Thathiyso- @@a@pevon of

Ca@&k‘%cécﬂ% M@[é}%lac’?ﬁé‘%hé'@éﬁfr’e@of'@ sheaitest Application Serial Nos.
si mul t aneousl| he presence of both hydrogen and

10620343% 6“9n1&4¥ 3)3§13e%rﬁhlp9¢f<ﬂ0y§1ie§| f@r@lmwnr%fep@gae 5 of
17 WO 2008/ 011000 PCT/ US2007/016153 gasification in a

[o®i9)9l e StERidizEY Se@FOSASR he WER khoRAdand ugéﬁ% L \}aﬁlety of
Norbeck et al. U'S. Patent Application Seri al

indystrial mangfachiing RIesgsses.Ugr ge;emb@gytbmetrol@um indeigtry to

|
ST EIIGL U5\ lhas  BeRega Q) EIBEE g con
gagifisatien.fredizers fiom ceal and ingistrisband miskeipal wests treatment.: In

4503 § PR Y4 860 IRBAPL EEGHRLF} M ocio

singadhae raadtiers pcb\iidﬁathﬂaﬁemipledﬁeatl 'rﬁdessttearzml hydro- gasuf ication

ord G A BRIRRIC e R EITIN 8 BRI 1E SbPHDh
expittenmih dhiscadt fapgiblect pravide thel ewbekgt\ta)aﬂn_ount of heat externally to
T e S S
cleaysrb@tm rédtﬂoif systehvestirnRed for tied steam hyarsly@sficyibn does not

edst ock ince the reactjon provides the sensible
ex'ﬁg R/FOF?H&G 3@&%%?%%3@%% ﬁhsrf'u'@rzﬁe@ﬁi ggetoriggenerally

redfieredds teRiperaRés bRl i syftehing Hdimeor thaGhhRidl ﬁerﬁg}

highly exothermc. It is not feasible to provide

Prosedesd; and SiAgag eFmatatiale Sugh Aglasp wil digturp &h@n‘ly@buzatlon of the

beQeﬂhIHﬁz%‘éit Ked REddtéis Q'i‘ef\}é’ hé&‘%ttfeai?'aﬂgmseqnctﬁé 8&e§§ 4§ o many of
Hence 1t 1s ear that a reactor sy

th%’moﬁ% of cgrpenacemuissmeterialy ased @@sfefedoaﬂ\ydno@@éa‘lcabpn reactions.

M(ﬁ% %lr Zt%%f’ogﬂéﬁég é%’tgg?Hﬁgl B%I&Becfﬁbwqgngergnﬁe fluidized bed

gaS|ﬁers with conventional technology. These problems can be amplified when

scaling up. For example, attempts to scale up the Fischer-Tropsch type synthesis
failed as described by Werther et al. in “Modeling of Fluidized Bed Reactors,”
International Journal of Chemical Reactor Engineering, Vol. 1:P1, 2003.

BRIEF SUMMARY OF THE INVENTION

[0016] Notwithstanding the above drawbacks, the present inventors
realized that feedstocks used in hydro-gasification reactions, such as coal and
biomass, can be sufficiently reactive to operate at the lower temperatures of

fluidized bed processes. This invention provides an improved, economical
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restricted to tenperatures bel ow the softening point

of the material being processed and sl aggi ng of
wortsniabe such as ash will disturb the fluidi eetr/usmwondiciss

the bed, fluidized bed reactors have had little if

any use in the processing of many of the types of

carbonaceous materials used as feed in

hydro- gasification reactions. Mreover, tar formation

is a typical problemof |owtenperature fluidized bed

gasifiers wth conventional technol ogy. These probl ens

altegaativeemathed of sandpeting Bz%n%wlﬁ%tl% PYesReRatiag the hydro-
gasHidR{RR 4 FP ﬁ@dgoétpré of g%g%’f a Erﬁé@ﬁ) gonduct hydro-

Sy nt hesi s escri
gasifigsdioini m@vcﬁesmmecmele!cgcmﬂnmag thatween feed endaeacting gases,

whé@éﬁ[g%@%&%@%@q@%ﬁ% %{g? an é\ler}dlstnbutlon

of Mmiptesial Irs thenided greshitingboeehighawbereksiontrate porepantd to other types
I zed that feedstocks used in
of dr?;}gf(%tt%& egpgoj%.i on reactions, such as coal and
bi omass, can be sufficiently reactive to operate at
[OOHWE | ovvern a papicuauemb odiment, 1o dptigdzd gk pedoanagse of the

fluicfeq BBk ol StgeBca pistBledt i BRGNS Theiiboriaceous

mateizh isifenf as angduey, algnd witio hgaigent & BXiln thye opactat betbre being

t t ficat n a fluidjized bed react
fed (B dn itz Par sAc B QR REBHHE TRYRT 63 GeuPIEMSRY Brine kil
typerresdtides extrenely good m xi ng between feed and

reacti ng gases, which pronotes both heat and rrass
nsfer his en res n even |str|but|on
roogffar ol 'n it S Bl SBeliRg: the 2PRA S rpaises e kin type
reabﬂjrﬁacs&uﬁfw Qthp Oomﬁétﬂéd ey I@mSmFQf oigtﬁxgl lglnctgrbeqéactor means for
enbodi men

reators 001 In a particul a
fheAse é’e#é']r VErageie &0 8 inpd ofrthgikinAkee peactor; a fluidized

bed RSHItOF cohMECtel 36 PScalve o@:i;ﬂ)‘t' d#9He KiIA tfpd kééétoﬁf@q:ﬁocessmg at
t he carbonaceous nmateri al fed as a slurry, along

a fligidizing y@nggand a sPWcRriaf r$t¢@rp@noba@p@rcaa@f by@"og@nrr@nnected to
theffﬁﬁd&gdtﬂé‘%{ fdziétd) t?e%\gblljg ﬂru?cﬁ h@rzqn@tbgﬂéhélé/é Ca?%rrlnder can be

grinder can be pe r
proygereh the Itllmtypemacstpage errbodl ment, the apparatus
conprises a kiln type reactor, a sl urry punp

[oo? g]rmect egvé a8 folidthAfthé @?eé?h'H}dré‘%sﬁfﬁ@ﬁbﬁrreaHﬁ&WSHR),
such as described in the above-referred-to U.S. Patent Application Serial No.
10/911,348, is particularly well suited for being conducted in a fluidized bed
reactor. Because SHR usually is operated under the ash slagging temperature,
the hydrogen feed of the SHR, optionally combined with the steam, can be used
as the fluidized medium. The reducing environment of hydro-gasification
suppresses tar formation, which avoids the problems described above. The
fluidized bed reactor is good in achieving an overall mixing of the solid feed with
the gases in the reactor.

[0020] In a particular implementation of the invention, the output of the
fluidized bed reactor is used as feedstock for a steam methane reformer (SMR),
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connecting a source of hydrogen to an input of the
kiln type reactor; a fluidized bed reactor connected

wo comsecmove out put of the kiln type reactor foPCT/US2007/016153
processing at a fluidizing zone, and a source of
steam and a source of hydrogen connected to the
fluidized bed reactor below the fluidizing zone.
Optionally, a grinder can be provided in the kiln
type reactor [0019] We have found that the steam

ro-gasificatjon reacti SHR), such as descri bed )
Wh'ic "% ﬁe‘geﬁ%‘?fet PbiSawidedy pee t%g) %Q%%yf)ibﬁﬁlﬁ&ﬁﬁ for the production
of lﬁﬁ.ﬁd ﬂJeIQ\'%md SHEHibhIs3 48y eﬁaﬁnﬁl@r lh'éFis%th—Wbécr?‘{lj)pte%actor

for being conducted in a fluidized bed reacto
(FiB®cause SHR usually is operated under the ash sl agging
tenperature, the hydrogen feed of the SHR optionally

[OOQQ]Tb' ned Mbrbrbérhéuléﬂ%‘ﬁrlhé’ Bredamit Wﬁ%ﬁtloﬁs choriddebds 7/ &terial,

medi um  The reduci ng” envi ronnent of -hydro-gasification
whishsreee@prisamaBicigl Waste JiPRIESay voed, eaal, of agiatteal or

sy rﬁﬁﬁﬁée eg%&b%@on %Fed {d é“sf”eéfrqt ﬁﬁ%ﬂr\ dtaft éﬁbgl‘? gr%ljx&ide rich

Ing an overall mxing o
gasg hy hgatieg the cankonaceausrmalayze i) alﬂulchzgdrbleldcnelaator using steam

andPEGIERe, A Eetan bt S RbtPho PSS et ls ane
prenssuteaagffic%a;rg gu?gge&wa)a stré’ageaﬂnegwtagx;é at\ﬁ?]mataﬁ_fhﬁirﬂmggfbﬁlde rich
LS wi
924,00l 8 (U BRIRET I ReBtigh Gudidrcnt d Riessiiaiih ERoleH to enable
thel ¢axbbdaée|@thss rrmténalherb@mhnanzedf tw tr@qamﬂ ogehbraby a mixture of
e re

h Tr.0
Y qTRBE R oL LB K DR CIRREIT s SBaRbENE e fpigbout 900°C

at aTﬁtﬁSLﬁié of a%h@hm%n €O FBO0 ipse prefdrabhal S(Y\ﬁsi(ﬁ) psi. Impurities are
S coal or a natural or synthetic

fe"b%\r pin fhe’ %%‘?ﬁ/@rqféﬂeih@"& ald eAROs MRBPKideighgas at
subsEaRea @%‘eé@ufé 6NtheTRAdizEY HeRAdR IS Eh PORAGRMMSove the

mat er | aI fluidized bed reactor using steam
bo'ﬂ'ﬁgipé’intlﬁfd‘ﬁi@éﬁt the pragespIPfed¥HB; as fl ui di zi ng medi um
at a tenperature and pressure sufficient to generate

[ooaz2pt r eamph ﬂf@fé??é@eﬁf%dﬁﬁéﬁp '?)é?@r'éotﬁbd@arbbﬁgce&?ssn{é‘ﬂénal is

at a tenperature | ow enou /or at a pressure high

Progrssem in @ kindype reaster.c it smw & sl of the
carbbHbE:3&8 niiteiBRisMYdNABERY RogBH & dMirst YidyePlo a kiln type reactor

at 300 - 600 °C and at a pressure of 132 — 560 psi. At a second stage, the output
from the kiln type reactor is fed to a fluidized bed reactor using hydrogen as
fluidizing medium, and using steam, at a temperature of about 700°C to about
900°C at said pressure whereby to generate a stream of methane and carbon
monoxide rich producer gas.

[0023] In utilizing the methods, the stream of methane and carbon
monoxide rich gas is subjected to steam methane reforming under conditions
whereby synthesis gas comprising hydrogen and carbon monoxide is generated.
In a further preferred method, synthesis gas generated by the steam methane
reforming is fed into a Fischer-Tropsch type reactor under conditions whereby a
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hydrogen and steam Preferably, the tenperature is

about 700C to about 900C at a pressure of about 132
wW@P0080010860 psi, preferably 150 - 400 psi. | npRCTAUSB®H7/016153

are renoved fromthe stream of nethane and carbon

nonoxi de rich gas at substantially the pressure of

the fluidized bed reactor at a tenperature above the

boiling point of water at the process pressure. [0022]

In a preferred enbodi nent, before the carbonaceous
. e sed .i or In this
iaug Bl s ebtond BEERSS pic ekt Font g RbebBE Tirdpss oot gaction
canﬂm:ltra\msfbrr’eyidbdgemydlto@aﬁiﬂ‘c&troﬁtraa@trdroaﬂd}ﬁﬂslfeémnﬂethane

eactor _.at 300 - 600 C and at a pressure of 132 - 560

refob@fngr’;e[ ¢l%8econd stage, the output fromthe kiln

.type reactor is fed to a fluidized bed reactor using
BRIE;FdDE@@RlﬁsTION QORITHEWDRAMINGS and using steam at a

nper ature of about 700C 0C at said
[Oo%ﬁessur QMG CTRYEitr "érs??'kctj?‘%&?rﬁb? PRSI v eqtien,
refec@idioiy noWRYdelR tHeCdlBhAY a8scititfon {2RBATh doRjunction with the
: utilizjng, the nethods, the stream of nethane and

acCMPRRMING HANINGNWhIghgas is subjected to steam
met hane refornming under conditions whereby synthesis

[0025s corrmrgsrem i3 GepaRTatRITIbW AlRABNTBNA Xirst&rhBodiment in which
a further preferred nmethaod, synthesis

a Stéa@ Qr%ﬂsé%?%&?’“t eaction dnrredyctad in @eﬁ%ﬁ%ﬁﬁdﬂ%rwr and

into a Fischer-Tropsch type reactor under conditions

[002@]er eby RigiiegR iSacichdmalie RN BtdykaRPEf a second embodiment in

Céf{USZOO?{’IO 6153 _liquid fuel is produced. Exothermc
whicisthe $team hHdra-oasifieation BRciientis sendustad using @aiwastage steam

hydtd-gasifier eeshprigird & KiHitypedaakbidr&Hd £ uldtasd bes réﬁajo?r
steam net hane reform ng reaction. BRI EF DESCRI PTI ON

DE%&%W@@%&@%@?E%{)M?%' . ?ef erence is

[002mw madRéferintetd Pigupsimapiesatuisié sABwinaiketcofdance with a first
unct%on with the acconpanying drawi ng, in which:
emt[%gr%r

iBventign forsa REFRASSIOF p@mﬂertlagr%rb@na@equs material
e R\l Sy et PR St
to a methane and carbon monoxide rich gas The carbonaceous material in the
form of a slurry is loaded into a slurry feed tank 10 and gravity fed to a slurry
pump 12. In this embodiment, water from a water tank 14 is fed by a water pump
16 to a steam generator 18. Simultaneously, hydrogen is fed to the steam
generator 18, which can be from a tank 20 of hydrogen, from an internal source
such as the output from a downstream steam methane reformer (as will be
described below), or from both. The output of the slurry pump 12 is fed through
line 22 to the bottom of a fluidized bed reactor 24 while the output from the steam
generator 18 is fed through line 25 to the fluidized bed reactor 24 at a point below

the slurry of carbonaceous material.

[0028] In another embodiment, the hydrogen is fed directly to the fluidized
>ed reactor 24 at a point below the slurry of carbonaceous material while the feed
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[0026] Figure 2 is a schematic flow diagram of a
second enbodi nent in which the steam
woyasoigasi fi cati on reaction i s conducted usi NBCEHUSM0D7/016153
stage steam hydro-gasifier conprising a kiln type
reactor and a fluidized bed reactor DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0027] Referring to
Figure 1, Apparatus is shown in accordance with a
first enbodinent of the invention for a process for
converting carbonaceous materjal .such as, nmunicjpal
fro{tecsteATE IR 2Id5 dtraduted gt & pojiahoye WE 1Bpt fdhesiurry of
capehueeous hiateride . ea dovanstreh bﬂmhé?amtidienﬁd')@ufbtﬁﬁﬁof the
' 'Ehe car bonacequs material in the ormof a slurry is
canbeRaeaoYHMAENak urry feed tank 10 and gravity fed to a
slurry punp 12. In this enbodinent, water from a

[comaf er tamkelfhitlizetiakdieartoet ®bpetHtBs akta bRatn BlyERAasification
ene 18. Simultanegusly drogen is fed to the

h
re %ra{ﬁ%'gfe%ﬁ é%mpei%t}"%ﬁ?ghoefaﬁoﬁ& {9 syt PARIC apdgiressure
ab!f%ﬂd’{@‘gﬁgi' tof 56UTp AN préYepanIl1 5DAUKBHO ps?,%rbéh(%aréfé\?ma l%FFe%EH of

rom a downstream st eam et hane ref or mer
meglagine epd capkerW)onwrde rismdast whigmean @igsube ealled@ producer gas.

TSN RRAG P R Br BcEF a
Norleclsetalnl). GeRatent Appligation Setial Moo 911,848 Zpublishdtkeas US

Zobbesegot Wl E82Ek iy 500 P RELBU AR v
Gasgifieation®itCGarbbpabgou lyaterial.'f dthediseosluine dbUtDdPatent

Ui . 4 .at j bel th I
ApRIeit SRt | GRATS4s & e BRI nde B seRetnd® Yo
2008/ 011000 PCT/ US2007/016153 fromthe steam
[O03&her at oMhesasmslaggdingeteraperatyre inttha floidizé dh bednmpattanf24 is

. [y C ceous. material, i .e. .. dowistrea
sl ot e PeBRIRE SRRl o hata flmide b4 F6&on can
benseerTia redUd P nvineninlent df figidideetbed acdctor 28 adgesappesses tar
as ,a steam hydro-gasification reactor (SHR) at a

& at ure of about 700C to about 900C and pressure
about 132 psi to 560 psi, preferably 150.-400 psi, to
[O0$dner at e Ashsanmcghanfas well hgrigdasgert sulfide armhothed éndrigahic

as, “which can .al.so cal l ed a prodycer S... The
copRnells fiomaie B Sed ot encira § Arq HIFposPa L daroigh line 26 and
its degRit i sl tHrodgh dink 28into a heated cyclone 30 which separates out fine
particles at 32. The output from the heated cyclone 30 is fed through line 34 to a

hot gas filter 36, then through line 38 to a steam methane reactor 40.

for

[0032] At the steam methane reformer 40, synthesis gas is generated
comprising hydrogen and carbon monoxide at a H,:CO mole ratio range of about
3 to 1.. The hydrogen/carbon monoxide output of the steam methane reformer 40
can be used for a variety of purposes, one of which is as feed to a Fischer-
Tropsch reactor 42 from which pure water 44 and diesel fuel and/or wax 46.
Exothermic heat 48 from the Fischer-Tropsch reactor 42 can be transferred to the

steam methane reformer 40 as shown by line 50.
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Nor beck et al. U S. Patent Application Serial No.
10/ 911, 348 (published as US 2005/0032920), entitled:
wO SisamoRyr ol ysis As A Process to Enhance The pPlyTius2007/016153
Gasification of Carbonaceous Material." The disclosure
of U S. Patent Application Serial No. 10/911,6348 is
i ncorporated herein by reference. [0030] The ash
sl agging tenperature in the fluidized bed reactor 24
i s sufficiently low and the pressure sufficiently
h that _a flujdized bed reaction can be use. The

[00|3é’ uci ng TBRVERBIAE H2:6P Mplg tatucef & Fischesdirepsch reactor with a
cob%#l'mésee?ﬁﬁét ivah is bar nﬂ&bé’f@h r%)?%% e ésé‘n @Q9e§§‘6f hy&rbgen from the

rogen sul fide a I norgani
ste@mmﬁfean% réfogmec #@, wmm«:arebe@@@armadtamd fE&f iate the fluidized

s fed
e [RRABEEY T RS Har shoRfL EPafRe a sbR st MippieiproBss, i,
witbeytaequizingan ektarnal pyditogendeedt 32. The out put from
the heated cyclone 30 is fed through line 34 to a hot

fil 38, t th
oo, 111 SordPpg 50 6 MAU o el e AR R
sh@ynmulam 3 stpn ihydgegesiication creaqcnor $SHR) lyStergdnatindolves two
sta§8} 36 Raty KU e s tard o Bio s Tiearioh: ke GERateiS fidh type
reastad KGR} 62 m&mw by&he 4QconaBtde UFe ?lufcﬁi?:di bearre8ttor (CFBR)

n o a Fischer
54. TR KGRTE2eE & iy Gl <S50 S Harerda T Akimeised is a
mixtuel om daffonaeods fee 820tk &indl \Wale? @ndA8 ddi0Btdd'® an input 56 of
Tropsch reactor 42 can be transferred to the

theﬁéénﬁ@wa ESSUFRERWEY SIYryPWRB RS, YivENhy motorréle The
hyd¥bgdd fé’&l ?@@&N&é@@@ aR6MH iSRRGt éé) ﬁ@KﬁF@@gg]Th roduct gases

required le ratio of a oschre
an%ﬁ@'tﬂSaCOf@ﬁ}ﬂaff@ﬂb@@e*&GBaﬁmey§lt1e G BR &t aAoopuﬂM gxfyhe CFBR at

thettB?ro? the fl@l%h Eér?e 8k, YeLRY5Ag h{yﬁﬁ&éa a}t%?e al'f‘% "@%E%“ﬁwdtze

or mer can pbe separate
therfead in thei CP:B@ SﬂeabtsOrrea@nor(s;y,smmneyemgnmwendle anslligy feed

ekl BR8Pt T 458 r
allovigglitceacdhiewe higlogds residbace dcheeimsiuil thenteaictor S)stem to attain

' pﬁ a steam hydro-gasification reactor (SHR) system
ethi'I?]da nvol ves two

[0035] The KGR 52 is driven by a motor 70, is connected to the CFBR 54
input 64 by a flexible coupling 72, and is heated electrically at 74. In an
alternative embodiment, jacketed heat from the product output could be used to
heat the KGR 52. Insulation encloses the CFBR and the output region of the
KGR, shown in shadow at 76 and 78. Product is from the output end 80 of the
CFBR goes through a cyclone 82 to provide product gas 84.

[0036] Optionally, one can provide a feed grinder 86, which can be located
internally of the KGR 62 at its output end, to further facilitate delivery of
processed slurry feed to the CFBR 54.
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stages to carry out the steam hydro-gasification. The

first stage is a kiln type reactor (KGR 52 foll owed
woyomshelosecond stage of a fluidized bed react opC(/CEBR)/016153

54. The KGR 52 uses a slurry and hydrogen as the

feeds. The slurry feed is a mxture of a carbonaceous

feedstock and water and is delivered to an input 56 of

the KGR 52 by a pressure cavity slurry punp 58, driven

by nmotor 60. The hydrogen feed is delivered to

anot her input 62 of the KGR 52. The product gases and
[0034l i ds darthedirétstayé ke fédi dovelatilibstideHBRestplace. THRIKGR 52

64 of of t fluidized zone §6.
actsSe A ERRafRydp, s devR el e 1B ity 1 o shect system to
heat Rsifdatl ane alfBiclidve BhhartiaPash irs®YSéfafeifSed defdiel enters the
slurry fee and achi eve hi gh conversi on

|
CF*‘%‘? 4}#? %P%&%e%&w SRRk MIXiAG ofj SRk Fages ang) theaalids

insid® t156 Fet8r Bhllindraase s thel §Bﬁ€eﬁsidﬁafdrﬂ1%r‘ﬂﬁl 1881 RAGHRT
systemto attain equilibrium [0035] Thé KGR 52" 1s

gasmcav@n r9§c%pmﬁ;@bﬁhe7mghegtamm¢f@éwr@d to the CFBR 54
i nput 64 by a flexible coupling- 72, and is heated

[oozglect ri cad by 1 firkf enldbdiment! the 'S aRIpr8d8EO di 1B A% and

tJHaCket ed heat fromthe product output could be used to
me

88 rioherrrductgas friosu tha faadstorl, ydweretthe SRR iamdessnt as a
restﬂ‘sjbpﬂfe S GsiPBalihg bRthe (Waker FAQIMN 6ﬁ§%@gﬁ¥"f@éd &%@%am and

Product is fromthe output end

metgéég richy SiRAMELEiBpcE A the gagiranup ypisiufad igte e SMR. The
i r
SmkERLEp o el gad Shob Rl MR b Y 1l 2 B0 Pfhe HarcO
ratioigt ipitiallytigh tamdfai ptedeate fraiciedi frmte)rd@ﬂ thisehighatatio syngas is
feed to the CFBR 54. Page 11 of 17 WO
rec%%@ﬁgﬁg‘ég'l’%%szoow 016153 [0037] In the first
stage the feed devolatilization takes place. The KGR
[003F act dnas partimuwéauoéembotattdmeofdeedhmsmge asteam lofdro-gasifier,

2 th
tne KSR 21 ek ol i o YOG a0 5P delpespra
devbkdtitization tmper&ﬂutmef BMBR did prseureCEBﬂ)a@bi evhe GFBR
onet e hBo g Pheruasae il EoATe RO gh SRBIAIREA Byt g which
the Hyrwzed gasé fis Baéetiongenet ihe$reatbddiel” Bbehethe fluidized zone is 4
feet loﬁgetlﬁﬁe soellds residence time in the KGR 52 is 100 seconds. The total gas
residence time is 45 seconds.

[0040] Although the present invention and its advantages have been
described in detail, it should be understood that various-changes, substitutions
and alterations can be made herein without departing from the spirit and scope of
the invention as defined by the appended claims. Moreover, the scope of the
present application is not intended to be limited to the particular embodiments of
the process and apparatus described in the specification. As one of ordinary skill
in the art will readily appreciate from the disclosure of the present invention,
processes and apparatuses, presently existing or later to be developed that
perform substantially the same function or achieve substantially the same-result
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[0038] As in the first enbodi nent, the SHR produces a
steam and nethane rich product gas fromthe
wo e@dstowek, where the steamis present as a resUU$2007/016153

the superheating of the water fraction of the slurry
feed. The steam and nethane rich stream com ng out of
the gas cleanup unit is fed into the SMR The SM
produces a product gas stream consisting nostly of H2
and CO. The H2/CO ratio is initially high and a
predetermned fraction of this high ratio syngas is

as theacgm'éerjo:bdmg ambbdienesHiRdels6AB8d hereia mav bieautilized according to

n on,of t sta egm hydr o- gasi,fi

the fiReRER splP ABcr itk erpianden Gores ere iieaund finclude

suchipfRissas Grepesebesuch appariruseaivithinziiieiodcdpiper at ur e
of 600 C at a pressure of 200 psi. The CFBR operates
at 850 C at a pressure of 200 psi, and is a total of 8
feet long in which the fluidized zone is 3 feet |ong
and the "free board" above the fluidized zone is 4
feet long. The solids residence tinme in the KGR 52 is
100 seconds. The total gas residence tine is 45
seconds. [0040] Although the present invention and its
advant ages have been described in detail, it should
be understood that various-changes, substitutions and
alterations can be made herein w thout departing from
the spirit and scope of the invention as defined by
t he appended cl ai ns. Moreover, the scope of the
present application is not intended to be limted to
the particul ar enbodi nents of the process and
apparatus described in the specification. As one of
ordinary skill in the art will readily appreciate
fromthe disclosure of the present invention,
processes and apparatuses, presently existing or |ater
to be devel oped that perform substantially the sane
function or achieve substantially the sanme, result
Page 12 of 17 WD 2008/ 011000 PCT/ US2007/ 016153 as the
correspondi ng enbodi nents descri bed herein may be
utilized according to the present invention.
Accordingly, the appended clains are intended to
i ncl ude such processes and use of such apparatuses
within their scope. Page 13 of 17
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WO 2008/ 011000 PCT/ US2007/016153 THE CLAIMS 1. A
process for converting carbonaceous material to a
waeoeamood net hane and carbon nonoxi de rich gB&T/US2007/016153

conprising: heating carbonaceous material in a

fluidized bed reactor using hydrogen as fluidizing

medi um and using steam at a tenperature and pressure

sufficient to generate a stream of nethane and carbon

nonoxi de rich gas but at a tenperature | ow enough

and/or at a pressure high enough to enable the
THECGELBOMSceous nmaterial to be fluidized by the steam

L

and camnromommxxiamcly gasedomprisifige process of claim2 in
t he s%urr f eed

. d. . ki.l ]
' ohéind EaiighiacbolRy alehial e flidifed b Babil Geing pygrogen
as ﬂéhhdlz;l' hg rﬁé?ﬁﬁﬁ Sadr?{) u§|h1@lsﬁfé§rpiq 2t ﬁh?ﬁipft@gr? Isngltrmeég@n@ é‘:I_Lihﬁ(;CIent
ea W | | .
to IPiYERR 8 tregm Qfl‘ﬁ' gt%?ﬂﬁ %\dﬁqryoﬂéﬂﬂngpdﬁé@e@aﬁ gut alea
temﬁéﬂaﬁh@l@ﬁ/ éﬁé\?ﬁlﬁ’énéﬁor a%%gbresﬁgl% GigANchckrfh fo ér%l@%he

process claim in wnl ch
Caeré@P@I@H% anatenal tsar be Huidizesd by the étaym @ndfer fkyclrﬁg@ype

reactor is 10 - 200 seconds. 7. The process of claim5

2. I nmal $rBckSs WRERImI 'R WARhAABRiIrbbiEcedud MdtedMds RILH the
minput to the kiln type reactor to output fromthe

flwdfae@“aﬁﬁ%é%?qieaawsw&t fred.s 5 - 45 seconds. 8. The
process of claim3 in which the slurry feed is ground

3. I NThBerbkkss by BRiIim 2aCWAIch the slii®y RESE RSBeMEdGh @ Kinltype
in which a conbinati on of hg@é’o gen and steamis use

reacier bgfere bging fadq\e thedluidizephgd reactar. 17 wo 2008/ 011000
" PCT/ US2007/ 016153 10. The process of claim1l

4. 1 nThediregetdof slpm Pin WABMHhBGHIMPeed isChedteawithBydrogen in
the kiln type reactor.

5. The process of claim 4 the slurry feed is heated in the kiln type reactor at
- 300 - 600 °C and 150 — 400 psi.

6. The process of claim 5 in which in which the residence time of the slurry
feed in the kiin type reactor is 10 - 200 seconds.

7. The process of claim 5 in which in which the residence time of the
hydrogen from input to the kiln type reactor to output from the fluidized bed
reactor is 5 - 45 seconds.

8. The process of claim 3 in which the slurry feed is ground in the kiln type -

reactor.
9. The process of claim 1 in which a combination of hydrogen and steam is

used as the fluidizing medium.
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stream of nethane and carbon nonoxide rich gas. 11.
The process of claim10 in which the inpurities are
w0 20m0edod rom t he stream of met hane and car boPCT/US2007/016153
nonoxi de rich gas at substantially the pressure of
the fluidized bed reactor and at a tenperature above
the boiling point of water at the -process pressure.
12. The process of claim11 including the step of
subj ecting the streamof nethane and carbon nonoxide
rich gas to steam nethane reform ng under conditions
10. whdhetyrosgas lméglasmg‘amcxwlmg itke sterhgtivemgeving richpeisities from the

streff Ainkhaie 878 SRS monbhias ) BERE St cam "ot hane

reformng is fed |nto a Fischer-Tropsch type reactor
11. undEne pooekssi efidainni Brie wyhich ey implurfitiesd aresrgmovied #dm the

srodf T HBAPARE 558 2 AR IO BLE R L S Brossure o
the flginjreddbed eeactonbndtat AdBmpHatte atbove theassliigepoint bBdater at
o 560 ps 16. A process for converting

t
the@orcggﬁapgggﬁ Cmterial to synt hesi s gas, conpri sing:
formng a slurry of the carbonaceous material and

12. f eé‘dhiermoiceswdf bleﬁmd‘r trgmldlngth@sfép Sf Slstbjagﬁng theasttehm of
act at 60 psi; at a
methfS Aractafen heRarH ER Frtieant BinthaRe kepimigander
conmaens avhdrebq syhthdsié gad cbaprisear hpdirdgeinnandraipemoadxide is
%I zing nmedium and using steam at a tenperature
gengfag 'out 700C to about 900C at said pressure whereby
to generate a stream of methane and carbon nonoxi de

13. r i Thepsrodess bf gwﬁm BRI wntdhr@ﬁth@?jusw g@ggrataopwq‘aé steam
as to. steam nethape r i under conditions
metfjgide LR NG APt §f?ﬁq%@§ Tgfgaaeh BneFastefguRdRIrcRyiitions
whe aadig quéw@gma@edl?age 15 of 17 WD 2008/ 011000
/ US2007/ 016153 17. The process of claim 16 wherein
0 -400

th pressure i.s about .
q‘he process of clal +J con ucted un er reduc:ng conditions.

15.  The process of claim 1 wherein the temperature is about 700 - 900°C at a
pressure of 132 psi to 560 psi.

16. A process for converting carbonaceous material to synthesis gas,
comprising: )

forming a slurry of the carbonaceous material and feeding it with hydrogen
at a first stage to a kiln type reactor at 300 — 600 °C and 132 — 560 psi;

at a second stage, feeding the output from the kiln type reactor to a
fluidized bed reactor using hydrogen as fluidizing medium, and using steam, at a
temperature of about 700°C to about 900°C at said pressure whereby to generate
a stream of methane and carbon monoxide rich producer gas;

subjecting the resultant producer gas to steam methane reforming under
conditions whereby to generate synthesis gas comprising hydrogen and carbon
nonoxide.
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.18. The process of claim 16 conprising using heat
fromthe product output to heat the kiln type

WO ea@shoroo 19. Apparatus for converting car bonaP€pus2007/016153
material to synthesis gas, conprising: a kiln type
reactor having one or nore an inputs and an output; a
slurry punp connected to an input of the' kiln type
reactor; one or nore sources of-hydrogen; neans for
connecting a source of hydrogen to an input of the

17. £\ e Pifess SRR 6 duteBut e RS hed Bt 15040 Bsi.

fIU|d|Z|ng zone; the fluidized bed reactor having a
.18. s€bhmn drcbcrqsstofarkhmme 16feoniprising uspig heatofroracheprbduttheutput to
t he k|In type reactor to receive output from

ut of
heat 'ﬁ"’égﬁ ItW?gﬁpaeCt reactor for processing at the

fluidizing zone; a source of steam and neans for
19. cohpprattug farhoryeuding cafbcabeanuaniatariablor mtbésis gas,
com Sqﬁggen to the first input of the fluidized-bed
ac 20. The apparatus of claim 19 including a

gra kike typenrédutokhaving Yune dreacte antinputgrarittain beitsdtur ry
feed, Page 16 of 17
a slurry gump connected to an input of the kiln type reactor;
one or more sources of hydrogen;
means for connecting a source of hydrogen to an input of the kiln type
reactor;
a fluidized bed reactor having a fluidizing zone and a first input below the
fluidizing zone;
the fluidized bed reactor having a second input above the first input
connected to the output of the kiln type reactor to receive output from the kiln type
reactor for processing at the fluidizing zone;
a source of steam; and
means for connecting the source of steam and a source of hydrogen to the
first input of the fluidized bed reactor.

20. The apparatus of claim 19 including a grinder in the kiln type reactor to
grind the slurry feed.
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