HYDROGEN GENERATI ON AND ENERGY PRODUCTI ON ASSEMBLI ES
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SRRSHBLTD: FRARPM R P oot
fuel . Fig. 15 is a cross-sectional view of the hydrogen-producing fuel processing assembly
of Fig. 14.
Fig. 16 is a side elevation view of another illustrative hydrogen generation assembly
according to the present disclosure that is adapted to start up using a liquid fuel.
Fig. 17 is a side elevation view of another illustrative hydrogen generation assembly
according to the present disclosure that is adapted to be start up using a liquid fuel.
Fig. 18 is a side elevation view of another illustrative hydrogen generation assembly
according to the present disclosure that is adapted to start up using a liquid fuel.

Fig. 19 is an end elevation view of the hydrogen generation assembly of Fig. 18.
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fuel cell system according to the present disclosuré.
according to the present disclosure.

Fig. 31 is a schematic view of another illustrative feedstock delivery system
according to the present disclosure.
Fig. 32 is a schematic view of another feedstock delivery system according to the

present disclosure

Fig. 33 is a schematic view of another hydrogen generation assembly according to the

present disclosure.



Fig. 3 1is a schematic view of another illustrative
feedstock delivery system according to the present
wolc@ehssss e. Fig. 32 is a schematic view of anethe82005/039409
feedstock delivery system according to the present )
di scl oFigr # i gschgBaticsview of lneatbarifecditpeindedivery riystem raccording to the
hydiLogigerer ati on assenbly according to the present
di sclosure.Fig. 34 is a schematic view of another )
f eedst Higk3TisRischempticyiay ehangthebhydropgn egneraten gs@adnpccording to the
dpR6dnPi&ureri 9- 35 is a schematic view of another
hydr ogen generation assenbly according to the present
di scl osure. Detai |l ed Description and Best Mde of the
Di scl osure A hydrogen generation assenbly according to
the present disclosure is schematically illustrated in
Fig. 1 and generally indicated at 10. Hydrogen
generation assenbly includes a feedstock delivery
system 22 and a fuel processing assenbly 31. Fue
processi ng assenbly, or system 31, includes a fue
processor 12 that is adapted to produce a product
hydrogen stream 14 cont ai ni ng hydrogen gas, and
preferably at |east substantially pure hydrogen gas,
fromone or nore feed streans 16. Feed stream 16 may
i nclude at |east one carboncontaining feedstock 18.
Fuel processor 12 includes any suitable device, or
conbi nation of devices, that is adapted to produce
hydrogen gas from feed streanm(s) 16. Accordingly, fue
processor 12 includes a hydrogen-produci ng region 19,
in which-an output stream 20 contai ni ng hydrogen gas
i's produced by utilizing any suitable
hydr ogen- produci ng nmechani sn(s). Qutput stream 20
i ncl udes hydrogen gas as at least a npjority
conmponent. Qutput stream 20 may include one or nore
addi ti onal gaseous conponents, and thereby may be
referred to as a m xed gas stream that contains
hydrogen gas as its majority conponent but which
i ncl udes ot her gases. Region 19 may utilize a suitable
‘catal yst-containing bed or region. Exanples of
sui tabl e mechani snms for produci ng hydrogen gas from
feed strean(s) 16 delivered by feedstock delivery
.system 22, include steamreform ng and aut ot her mal
reformng, in which reform ng catalysts are used to
produce hydrogen gas froma feed stream 16 cont ai ni ng
a carbon-containing feedstock 18 and water 17. In a
steam reform ng process, hydrogen-producing region 19
contains a suitable steamreform ng catal yst 23, as
indicated in dashed lines in Fig. 1. In such an
enbodi nent, the fuel processor nay be referred to as a
steam reformer, hydrogen-produci ng region 19 nay be
referred to as a reform ng regi on, and output, or
m xed gas, stream 20 may be referred to as a reformate
stream Exanples of suitable steamreform ng catal ysts
i ncl ude copper-zinc formul ati ons of |ow tenperature
shift



catal ysts and a chrom um fornul ati on sold under the
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plcaslgms and atdheonourn rfutmlszttroe a;mq ﬂmibt fhe ctadde olame eIgVIAnbyZGud Chemie,
I ?ltl’?’o%hf? gg)%rlscr%zghge uieI uslt gh I Sét? éh 9 tareltz%\é\gig/t []:)rgslggtl IE)IL{F]G reformate
p surgafri mahda)mbcmgn@wxm, caﬂwn slimvda meth&rieg stedy, apd/oduméacted carbon-
h¥ ] %9@ r%%i{g c%mtlr;l'fl"n Amcglée%icrgfg ?namg?elsagtlon E O¥ %i)lg ﬁutPtherﬁnal reforming
startelam@@e@mbm@ye bgirégee gasfinem s»tateeam aeaacbohavmamimg feedgrack in the
S r
W?FE%Q]%& %)tlgps\éi%ggalftétﬂ%yﬁngﬂe?%gnen V\gslegct % zuﬁlr %mfeﬁsq(r ?urther includes an
ofalrtdhlevepuassefmléﬁ Shyte @gveinptgcas) defivéryad radigenam ite thesktyﬂﬁ)gtm-producmg
2 y a sul t
A e FRPATL LB LR MRS, RUED R Ry e Pl rescions
p HBlEAs S prgars smdethérinic %qrtlohl thatis wnliledgihmmnﬂﬁctltmwltlbm exothermic
[ t I rod
8o SRR O BEUER l S0RLy QIR sen sron
g &ntiation of the imtial bysimgan-prodoeieg lhwﬂnomgen gas. V\hen
present, byproduct stream 28 may be exhausted, sent to

a burner
6



assenbly or other conbustion source, used as a heated
fluid stream stored for |ater use, or otherw se

Waikookioziesas stored or disposed of. It is w thi nP€h®eS2005/039409
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scope of the disclosure that byproduct stream 28 may

be em biRd {iftsHR hitendishdsf fo?%rbd%@m%eﬂ)d%geﬁlsga@ include pyrolysis and
conti nuous streamresponsive to the delivery of output

s AR patial oxidalionnefr 3 FaTbarrqoBRininggiefiioclyin which case the Teed stream

| B68MBA doh@MtWaler. EXSRpI&SofisiitaBleRAMERCIHARIAS Fee@iocRNENINd I at least
byproduct portion of the output streamis retajned at

| @%Fs‘fydf‘&ﬁ‘i?e'i* gF pleshol- nExamplas pf isuifaples hydiecarbepisdpeludpppqtiane, propane,

Nedrh el Hieg, Ketosér®, ¥isbiteMntiNfe ﬁ&opﬁxaﬁfpletsr& sQiEa%ﬁ:eaﬂéohols include
di sclosure that fue| processing system in

o fsthanol gtfagolpandi poyok sush ay @ml%§lxcﬁla%ndar@ysa%§it/@d {tds it the

pEcQ)?éJ 6RhOPieset dlmpc;sﬁrebﬂ?@ 'Pl?dwéétn @ﬁ&ﬁ@%ss@ﬂﬁl@ab%a@@tlllze more than a
i ci ent anpunts of c?as to be suitable for
T

u&inglg dydgogenprodugipg f“é@tﬂglﬁ%‘d‘k‘ eév pasmpresluciae Frein ﬁ

assenmbiyel fpdcedsh akdétiblir DCRSSHMEG- 1 Midt R&ent! discFRHPE may (but are not
enbodi nents, the byproduct stream nay have sufficient

f [Fépquflatph@rtbqr 1@:ludewlg§%ﬁn,&5 ﬁ?;@ml))n,tragl%rh%ﬁb [ipwhigh a hydrogen-rich

headainngb %Sﬁrﬁdfﬂéled/ ,fro)ﬁdhﬁhg _cRtpag Q%tmlxécpgdmhtfgaﬂﬂ nHS'(l‘rGgen-rlch stream 26
hydr ogen- pr oducj ng q_gon at a desired operatin

t é?%aé?séit {fast ogs of g grﬁqt d@gcfnec@p%eatr?tmégan(ﬂutput streaI% 20 and a reduced

t esHReftAtitH 6Sone BRAT0RS 6iftBe othéH da83 @F irhRfdlitied Biek wdré pie§ent in the output
W t hin th SCOE% of the present. discl osure t hat

ST L PREFIORa) | SLAATE Ny S BEh e 1 S oMt steam 20 s
16hosa er{)é) &Mdé’r&ﬂﬁﬁatﬂ@f&nona’h@uﬁﬁcdﬁbﬂ@ég&’(ﬁf DeAs gasvn AOFiZA, product

rogen | east 10, or 15 wt % hydro gas, i
W%‘ ‘?%%gts“g%“ \h? fablgﬁ“ GaRortiqn; f YPEOgF%“gH ﬁ"gﬁ‘ {bneAccordingly,
Sﬁyua@geﬁfnch Reeapt @cs@m méh BE1he suhe sttdamt antl HRvePthe ishrh€ adrhdBitions and

or. se i on d the hydr.ogen
r 8§ dtiha afiovas%veﬁdu ode HE 37 o4 EcRFRSHY &Fiqsrl (gt some of the

hputficdthyd8en gds ih hydkbgenirithishieans 2O pRy O stofed fof RS Nike, such as in a

di sc]o e that the separation reqi ar at el

R RbIE Biifech fotagt G Se ) 11 oh e RN el e s G bl

but i nphiifitatiorC REIR P4Ciasy, GOt Ishfbf ee\quiréu {00 pfodG@i A Geasténe byproduct
m'xed str amther%rom dso w thin the

stEpR ngog °é§'é?i’tm Sy o°§H‘P’é‘ ‘E%E’f Te878 & dt o‘bgﬁy contain some

geymgahlgm asrs@nh{egendogﬁroﬂm stréuenh uldama_/ b€ petaadtéd)Rent to a burner
Pur i Ion re |on 4 inc S
Sy o AR SO et st T, b o for ey use, or

adapined ithized dueal bhaxs;s@;e@@nt riatis euxhinf thatscb;easﬁ the ddsclosure that

C opent of qutput stre applications

P aNEh AP e i e Boion g lp A gious srcam

C ep@bitve &t the nieti'haiaﬁ of)dtitplutstremlz 20nitx e Iglalfﬁcatﬁh I‘ra@dm 20 intermittently,

However, it is also wthin the scope o e di scl osu

AR 5 b Ryl BB Pr ¥hendb i RuP RV e Pl e Fanea a

C teag emipoedrilyoin tefpudifieation regime non hydr ogen corrponent S

t hat resent

sane, WWhel %%t reqamred dtn'é év(';}];' \L;lée SCPRe cﬁ rﬂg Ipééjgl}/t%gglﬁ%u(ge %h qf{elel 8rocessmg

asystehve3 lonmp inclugé peaon mére ipuafi@nin egions tl&onre adapted to produce one or

Sg’gl Ib%@}oldocgsstrrle\’\aﬁlfr]n%rcﬁ?tl i od ucttﬁglreth % rg % ro%a Igps trc]> sul?able for use

ansea fuel; er fnaiswﬁk;lstrtdnafmr ohbueing assékﬁbla f@pm:ﬁuéll processa_rgpb/mm. In some

lg:o%ﬁ]r}lleenrt]ﬁt, bo:?)?!%roid st{e%%krkay%v? SUI}PCICI]? Zuseg n{]u%nﬁ.g.gélédgoeggﬁgmem) to

f awbpahet Beaprg asserhbly O\Mhenvphesbla ot rhzamamahe hyhiogagfpmducmg region at a
8{'}) ok Sﬁ?ﬁﬁng Iﬂt‘e‘#lpe %% g(;)fe I%Saen 5] Sﬁtger: of F‘mﬁel’atures hl'herefore while

much gr eater concentrati ons



Therefore, in such an application, a suitable
purification region may not increase the overall
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concentration of a non-hydrogen conponent that is

h%cr)tlnrfe(gm eld OIIE] lep\glﬁl'ﬁ{n 'Ii]ﬂéaaszlﬁ(lr)%é t}q{l m};)]rlélzl%i:ht lgcl(gsm?e tﬂgtsthg S)dproduct stream may

|mwwmmummwwww%mmmmwww%wmm@wmwm

pﬂﬁﬂrg%a%%"a easF gjvcgrl rSrévA[ hg:d‘]xlggéjrg%lg na?hz s{tn 2@%‘? hédrg%en gas, etc.

nonoxi deis rverkménle saczpssrfbhe psseaedlsdmrepmessbq iperifgeationg or separation,

ad%g rng SDS?EC ﬁ%d?(%g%m}r(ﬁﬁlcm re I%n rrn%y Bé ﬂo%gc? rt}g%%t%?rﬁig?z{l c tennson shell, or

mbowsingh&® dme wlmuetl@fscmmffthc atesapn dodvsuce thanthd sepuadtion region is

tstlgee 3ta {equIS lé)He / o¥atlgeg }e/orGtg% E?%%getqﬁ)rgd’uc%é ré&g(g LF 2, ﬂmdtcommumcatlon

meteleavithsoreceisthel nbed gsedrele rtleraﬁ;onh ths @lye mHthmobkussbpegpf the present

f ld% IOer t;ﬁ%ZI?e }p‘/%o%g‘g geg?ra}{ qqasserr%rﬁ?y (\i/\c/)eggét;ilr&?ug?ta st%ga‘%En %gl%n

dovvnst Peafﬁnao‘bn sgiongdsinclodee apyl suifableat¢chbmisme gleons, @ wombination of

a 0 I h I

Sta?@%§ t‘l“xhta%g Qda ne'ﬁ:llog rttéegér)%ngeélg%l}oglrc?fbaq l?agtgﬁ% t%o%ﬂ? Ut output

Hytakraogddn - Qemes,tt anpécatmnm rhadregereﬁrhastealpe%rmab havet © greater hydrogen .

hXS’r{c‘f}’rQSﬂ 1991?1 gﬁt %x@& L tamszld)bsi—tlmtvéralit i al 6 twt{;mtthe scope of

conpl e P rnea er conponents OF

Sgheeimqiogtge m;mbp mgeggxchabyeabewrﬂld]awezdreétﬁceé ngncentratlon of one or more

h [ [ ho '

DGR RAEAE OGS L F AL Bl ke, o v

pmqudca‘teratbln hydsegeprcopdenirgtianpey dice dutpExsirepines Forf example, in some

S r d L
H%ﬁli@g}'()%s ulr% ﬁar wet B?c{ro rgg‘é%’lgg?alﬁ% %%eﬁ, ??rﬁﬁJBlm urngQ, or non-

S bmomatcamsorantd zmamate farmf@y@an Pa¢rs.ads @ ﬁpealﬂcwsmn’ia\ie conventional

p i I I

AR B Lk S8 o AL Ly ons

t harts mmﬁ&ipmswlabpﬁlwmnmbsdrygen@omp%ee@rjb@ nmhats'; Iesonten stream 20,

p@&c%'a@%a@é'rl Xfﬂﬂ]& a @theaétécn%ggh i@(@r@s@ﬁt in€ gater ci%)ncentratlons

concentrations an mponents na e usecd

sdbyeforgt int syeh @ g;mhgzy,\g)pea suitalprphrefecatidn sggion mg not mcrease the overall

MR{Rb AN CIncefEMIh 2R iC M feGitedhd %@entr@p& 6‘?95 Rasydt &n component

preparing the same are disclosed in U S Patent
6thapis haymful, @r pegntily hapnfyl, do YR 7rlegsd application fqs| tea eroduct hydrogen
digghpsures of whi ch are hereby incorporated by
reference for all ;tposes. Chem cal carbon nonoxi de
r enovalllugsdepisrparle3of giitabledgyiessfor pyrificatipnniegign |} include one or
r %Fet hyQIRIgBR %lé@@ﬁkggraﬁ&djOOEhe%&? Earb§tIRSAdxRe| moval assemblies 32,

nJJonent s of stream 20, if present in output stream

PISSSEST 1HYIDg H@ﬁOrR‘)@f'rﬁ&S%Wﬁ dhs It favithip hengropy ef the disclosure that

pgamtaw leYioR 25 Wy Imd@é éHiH@é @n Bhe th@Hﬁ ,tgﬁiﬁcst%tmce and that these

nonoxi de renoval assenblies inclu er-gas shif
r dadges rmaythgve e fame on fiffesye siryshsesaang/og é?P‘H?}ﬁ bdutbwad@ or different

f HREORNRIET ANHs@aED PRreD ROXbER . pretfitink Fhel Probd@idgORsembly 31 may

reactors that are adapted to convert carbon nonoxide

i Helde at 8T WF S5atersive aﬁﬂcen%ft pthsTal avo Festrigton | dpwpstieary of 4 least one
OburfiRdfon kg@tl RN A8 Taso&GiRED Yikh 'BAB O irflfFe %F%ehﬁ/rgchfégﬁfﬂrég%n stream,

nmet hane and water. It is within the scope of the

dPudspesaich syeamy and/ps PYRPAHCEE SRR assenbly 3 1 may

i ncl udery g -delRativeOREMBYRE 30N PErmBAVIDRY hyikogeN @M, &8l are at least

renoval assenblies 32.
substantially, if not completely, impermeable to other components of output stream 20.




Pressure swi ng adsorption (PSA) is a chem cal process
i n which gaseous inpurities are renoved from out put

watooear32®d based on the principle that certai NPOBEESRN5/039409

- 10

i5

20

25

30

35

under the proper conditions of tenperature and

PMESSM8s 30Mndal, bBForaida Ot AR h%&@zn?@m&qﬁl@ R@dHal BBRGBIE ifé use in the

nore strongly than other gases cally, it is the
i RPURtNgiCAYIan SRt aRd @ara@g‘erfsbwhahw QREIGBIFR SfrisAReTtGe: Examples

Stof @aiMbED mafaR! o i idtRinet MU frcfudle GABRBUR U fallddium alloys, and
el evat ed pressure. Wen thehgi)r essure Is reduced, the

| FERGFIRIY &lin dilms kP dretaly apd metal 20wy bdatladingp @llpysy have proven

hlrsicmsrgea?&ma Repetil®y PARGLRCHEL BBLR%I 1Bl45 WPEGDEL YA palladium-
PSA is nt}ﬂ/cllc process and requires at |east twp beds

{ spPre QY Frontews apRYERtIY 4P W CARPep Py RIPYerparticularly effective,

EX ARk e Sthef refillid @Jﬁk&mﬁﬁ’&ﬁ raR@ BSmpBAkRE hidl e LbLALwilRY theQcope of the
used I'n adsorbent beds are activated carbon and

z driptuss, Exapales af vafioys membragpsy dnembrgne £piigurations, pad methods for

sxp&tpﬁmg?:@e AhS AreiRIsELED 1S PaNATNC6,281, B 706¥1C06] M 6532,352, the
purification region 24 in which 't he byproducts or

»r éﬁ‘BP/‘é‘ﬁ d&elﬁwﬁéwglch aredersby ingprperatedl by eferense faall prigases-

t he 1 e@iheflicAScarbol AfonsiilERMoCA NG MbEAL J2Yard\idvicet Bt chemically react
purification of the output stream | ns%ead t hese

b P ORISR Apesirale, GRTBPARHR Of FEFaitied b grsgent in output

matr&ini ad, tbeo{negﬂlBﬁE&hﬁﬁltlaﬁs Bhh e WoB 8s pelmiaay hanera. theamples of
pur|f| ation re urification re

| ShermeRlTaRPy mOHg’f‘ﬁ?Fe’femﬁP’ﬂcf‘é%egﬁf‘esl‘gd“‘i‘et WRIET-gst Smfh%e%%fs to produce
S (hsme éafgad A dibos dRSIde Erotdadter 208 b'ﬁBorQlﬁondM&ieJ’baﬁ[aﬂf &&fdtion reactors
e separ at

T oA b S SR i SRR i e
| Irdgiksib [ Gt Rds, ikt daslart d@iboh inv@xildldarfdl Igdroged to mBthadeSahd water. It is
W thin the scpﬁﬁ of the di ?U&Losure t hat @url ficatio

r S4B comp ot I isslee TR it BIOGSH 'A% ASSEH Yé‘)lt“é*’ryrfa?lucpe more than
f uad typémaﬁﬁsaxhbelzfcﬂeﬁudﬁl ©@moval afseiiblige3Rcessor 12 is

shown i_ncl udi n a,shel | ich at | east
hydr 0gé FFSW%“G ﬁ%so é‘@? &‘%BA)dh awﬂ & REIFY 'E h”é“Ch gaseous impurities
pufel rEimeat ifdkh dug@it Sfeami 29 lﬁ&ﬂtoaltmﬂﬂx_nc@fé&hdt c&thin gdsClinder the proper

al so,. ma e referred to as a usi ng, ,enabl es, t
o SRty L eatreret S irRrrier SINBY St APt st boht material more
P E@ERSSthitgothe Gags. S‘;hpltdl)lybxe 1srtm/ﬁ€buﬁﬁesaha1 fatef adsdrbedadn8 @emoved from

pr ot eCtS t 8g¥)on ent rocessor Z%r om hen th
dAHBYeS 9™ prov 81 Ry ] % 'B]P'érétﬁf | g\?% SeED L PV AP Ry e Yhen the
t hesduesit redgced i@ iitbueifiest dieddsordéd s ﬁe&asoﬂganamaenfdbltyus regenerating

EZ’%? égoergglpgla%ﬁigp %%E%lfyl g%%tl%yycﬁs B{op %sgég %g{nres aYleas% two beds for
necr&sm@rsl(hyopplomll tol dbetch)wqxekaabm NnExarppley ofaduitaide adsurbbntasatéials that

e e 413 RgptiPo RO Sh Sonp PR B G 10y 4 0 anestrom)
t Bevliss 0 pkS Afsydtdne 3¢8| dal p@undes ah@mmﬂer of tahdevict Hfer iseeln purification
V\ﬁe%?]oenf uell‘] WF})]}% éges c{djﬁts i 9 cr:cfmod/eé cg%%o%?ntf age not d{rec?lly elxhausted from
7 he egien ans ghsadtiemy comtieentkyl wmmyle lpenﬁcmlerr u’adhe toht@ulsshleiirh Instead,
n?él{e girolugte %osr{rn]p:c%l%dé grre reOt Pﬁid whet 5hienal%rs10rge% ln%l (’!l‘lrillp is regenerated or
abﬁwmnsbersmovebémnrtbé plrrrﬁcntganacmléror pur i f| cat| on regions,
el PSR Uy IR R Y P MR 0 ke PO o
i kdaps bf tht d[tclloSUreFthgt redion R4, Wlsm\pi’etshitnnamzdtesmomy bd setphrete]y located
ﬁrg§\§rgsgrtezllnq \’rﬁl%lrgrgn A Cprcgclgz? ¢ r, tap l&lsf}?ee ralé natl]():/)clﬁuéiS chw%?i%@cg& IliXes in Fig. 1.
shel |l that includes
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addi ti onal conponents of the fuel processing assenbly,
i ncl udi ng feedstock delivery system 22 (or portions

wo b@wcesi3ys and/ or i ncI udes addi ti onal conmponenpPGT/US20051€39409
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fuel cell system is also wthin the scope of the
p 0

R g e T
swoble apd extéreal died piogsserd2t hat one or nore of t he
conpon f CBSSI y
ext endﬁﬂ%%ogdfutghglj eﬁ&{? 12 1§ S@QW'?E%E{E@ %?(tt]%lr ﬁ%Yn gdhknedrt least the
| bedsogesipedduci6 regia awamwhelly tha urBcadipr cagsoe dp, contained.  Shell 68,
p [ 4,

DAL R0 G, 20, MRS EANEC 5 n 2k st
dithercfutlyproessitgemedhanism @cabe sovrdrata undtl 11yalse pratetts sheeqgmippnents of
F. 1 .
7141 ks, 0 SRRE BB { ARG B B s v g
f Hernad tof the $ied processidg ssemifla bedausditheatomponentsd gig-fukd processor may be
I [ .

53 5 51 sl 5, IR AL G, oBuBOFLI g s 7. vt
oes aoele neflygingi m'ger@éttémystt ingpdatior mageyiabrand/adarbaiy-Hed edvity. It is
Sbvﬁl‘n'n’theséégga (?fsthé &9&1&%6%\&9&6% tlhg ﬂ.l I %{ro&éswﬂ rrﬁl @@%&ﬁl@d without a

line repreSenting an alternafive confi uratlon

i housing. or]_shell n ergg fu¢l| preqessar il9 anclydss insuleting ma@nal 70, the insulating
eﬁQQth'FFJ}tbe%EQM th@shFll Q:xte}nal Ih@ §hef11U€[| bad. Wﬁ&ﬁt’h@ glsﬁytﬁfgqmtenal is

I ncl udes a hydrogen-produci ng region 19
t exipraslar shell cen@iningt the gbyssleseribsd feformbg emé@rnpemﬁcatwn regions, fuel
hsl%Eésgcg @Sﬁﬁm ﬁﬁa)ﬁq)ncldd@ ahi Jhekr 23v& ! ﬁfck@p 70 %xt@g@pthgqnstugmon as
produce a heat ed exhaust stream or “conbustion stream
6eehemasiratheBluptratediin Eie. bt It ésawiriu the sgapp ebihe pregent élé%u@ttbaﬂ the fuel

Protztg%n? ra?s%ﬁﬂl?emagff beainqplen%{egamh(s:ﬁ dff@reﬁp E]ﬁmatvltﬂ: §|shédl that includes
iTlustrated 1n Fi'g. heati ng npr od u0|n%

r é@lt@mlall@mppm.q quhqa@glelpfmeymmasmﬂblxjtmq qldzqg fgpfstock delivery system

S 92 ?cﬁ%ﬁnoﬁ@ thl%BH F f1dfof inc BANSI B kLI REAPSENE %iﬂ @1@ Sﬁ‘iel %élf S@t’é}n It is

6, such as a burner or conbustion catal yst

f a'@p withinctherbaepe etithgipraseridisclogurp thati g deel tpmseqﬁ@ataéﬁmbly 31 may not

exRaush sii'egam Heating assembly 60 may include an

ignitor, or ignition source, 89 that is adapted to

i ni ti aftas fusdercwitin Seiseape of the diselosuin that pnercs Hipre: fghe components of

JEREpRLdsOR: Qsten@Bf;‘ 8lshy SitHePAMRNEBeydal Wkt shat bMR I&?ﬁ@:ﬁ'@kt@ﬁal at least

of suitable ignition sources |nc¥u de one or nore

s p}&ilk&pfeg@mmgleowdms digeusscdopisiiisetioniegion &t fpay be b?Fa}“?S’t external shell

| b&méh asP 87 @8 lpB&fidatién +gidh bEHS co ctnlgalﬂ fokRe shkell (RQBRematically
el processing assenblies according to the present

d ilgléqr%‘giu it Fignghor Rgingsseassthryas dromh diey H@g Byt iy thiad communication

agRRMth YoyOcitaIél floRMradsrer &nBiifseds 1ricA®d 8n dash-dot lines in Fig. 1). As
conbusti on-based, or conbustion-driven, heatin

2 8RQ8hAR EXAMDe, 2 RO B R{IFA8RN-BrodurinaEiPp <Sa§haérmﬁg9ns ¢fipme or more

heeaérhm; ASFRIRIAY) B8 dxEnd Badhe thelshell, 86 a¥ ehdidatell 8@ na@ARy with a
fuel stream 64 and to combust the fuel streamin the

%‘§%‘H¢'§” reRTesgRtngtan aﬁ?"%'i"ﬁl ghel] cppfteurbib idtig-dn st ream 66
t hat  may Rallws@Ghe!l Qohe@tusit ehBadiedtlown in Fig. 1, the fuel processing
hydr ogen- produci ng regi on 19 of the fuel processor.

As
dpssters Setrcludes pgpdrogen-Brofuding TegiAn 1% phd HigipriatTompdHbiting assembly
t & thb eorhe@ttd mtxxagS&M1y A He@mgagsemw 6vf is ABLHRAND HrFluce a heated
In FI% , an air stream 74 _is : [ '

: however, jt is
WEHRPS s¥gpan 9%‘&?&%’“%51‘0“?1’1‘%’“1:1?@&@'6@6?‘ %ﬂ sifqam G PYPisqlpygag gpmbusted
t th @6 PickdrRaf hiy. Streas! & @éﬂehMﬁJ:aYly Pustiakd MﬁlFlgdl dsOhebd hydrogen-

heat i ng assenBI¥Imnth at |egst one of the L
producmg region 1 eating assembly 60 may utilize any su1ta le structure for generating

10



streans 64 for the heating assenbly 60 and/or drawn
fromthe environnent within which the heating assenbly
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t hat conbustion stream 66 may additionally or ) _

aheatadnethavee | syrede 60s sughtas hdumeophePmpishen 6#3!Y8fint weich a fuel is

f U@r}llﬁﬁ{?g Q\gt?lsdlllqg ﬂ)ﬁ§&rmé Nea%@quglrustfsﬁgzlm Cakdiing ¥SEA GWntIzH include
eati ng afsenb |y I's used is also w

t Aeigsitoper lmltn@m@uvpe@éw l%ﬁdsmtcb@uweat@ Hhgtcombypeipn of fuel Tand thereby

C%[%'el%tlz{tfi% ?Qﬁua@s@ gtréams 1AfserRREkMp1A&TT SaTRbIcGshi sBBYes include
|ze an illustrative exanple, a heating
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aoR! Matlafel s adapted to heat at |east the
3&rogen pro u0|ng region of the fuel processin _

assenblny strype deshanrepessing reembligs japrgrding [ thet proseat aé%l?&urﬂg heating

eh& b 60 RIS bindr&Sembly 2 an@?r{a%' Bgreeérﬁeﬁe@ssacombumon based, or
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nde-peseenica of gietoaaigs ket sPminetan srgama 88 Erbmpeke ysphio hegfipt least the
b@ydtbdehipf&iicing rdpyS RUSIhORPEasRE ASaRARLIGR amore detall herein, air
hydr ogen- produci ng fuel processing assenblies,
caay beydelivared toathel Teariag | seablycWd RAVAREY Y Teshansmess eh\tFlg 1, an air
disSGhPRH[sEhEWE, }QJ\@CArOﬁ Ff‘éjwitﬁln LthesscoE@Bﬂ’ﬁE df¥eRkir€ #dri tRNair stream to
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P@fbv%@léhorW@aﬂEY%bﬁf@vew Bchesheating wsmhbpHith gt least one of the fuel
H@@éah@ G4 AR alifSassély BB LAIRH UrWn (F8 tRteh MebnireRt within which the
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ref er efGewiRih (R dcomfmw,ﬁé thal SEMRGRANBLAS 86 ity addmonally or
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alisplatighthahptier CORERUFAYRRS B tYRSs RbbFabing pysermblies 0 gy e aized. As
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a ein art| in shel l
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Suh Sejudmebenaas 2@0’5&@6& €e @aiplhd Bisclodrd bewhidRlis pE@BE §B6porated by

or ot her rtion of the systen(s) to be heated.
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purification (or separation) region, or any
conbi nation of these el enents or selected conponents

wo besesi33s The heating of the feedstock supply BECT/E82085/039409
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OB ST T BT, 5L AMIE o e
Webrhpdnyifth Giztdof. The hadtiag iofl e feaivpek a:mptyestreamg enapfinclude vaporizing
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atalcoﬁcﬁsg te F@ratn%q'gr%g%? n%ial 9,0(5 9&3" %mftyﬂl&ﬂy e ﬁéed for the steam
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such as to heat (and optionally maintain) the region
at a suitabl e hydrogen-produci ng tenperature.
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OFJSleI@szm[jlé alvhen phm'pydmgammmusmﬂﬁx@ir ipptwdpelal hydyodartpni dn some
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proces §Yh1]ga85 siaglp| fyeqmspa@eléj §SQ_'!’]OPVDelﬂ Fg lpdy ﬁngthm the scope of the
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may havé different compositions, at |east one commo

c 6YRFIh&his utiligsd ctheristems mé% ﬁ{egmt sAvifed do)drgypat least a pomon of their
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utilized as reactants to produce product hydrogen
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heati ng assenbly that is adapted to heat at |east the
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h e Nest oth

oL B "SR, e SRR p O B KEREE s e
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gt?om zlsn ﬁﬂ{&:hae 'ﬁgﬂ@%gﬁpgrﬁne@%rﬁet% | e Sld" R RolfBMar weight

gas sEreans. nts dr ogen

gbypbpcathogsn a‘étgqnghy)t rdquired; qqoqlllm@)oglments the heating fuel stream and the

t { B8 Qverdl d

APPSR A L1 ARAngOL el AU Oy opposins o

amaprhy db@ac@é droméﬁ feggstask delivephivetemyel dbgeant pfuprsr A1 rgmple, one

pr ﬁ&)§§t§eah§ nHiS/'bL. 'aqﬁgld'sﬂéﬁl‘?@gdé)tfne @ﬂﬂeﬁgg%;’s@ﬂém\ C Irpsro%%%odlmems
e steamréformng), is wthin the scope of the

plbeté@ﬁthe dlirenais i be hﬂwatstrqan@ Ireseds eobRrAigent. \P@vhwf hpsstreamys may be

¥s @l%alﬂéjaﬂte%oal%eﬁlg RPL Y &O%éﬁ en@hticnOQeABly thit'if@Meteemperature
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Il1lustrative, non-exclusive exanples of suitable
feedstock delivery systens that nay be used with
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hydr ogen generati on assenblies) according to the

pﬁm@?\ﬁ qks%ﬁxt)g%vfh@ f@hordicSQn %%@s@mbl@ indted ofhefiig assembly (such as
|on rial Nos. 11/228,637, 11/096, 827,

6@1,652)3 lggﬂ wheth @n @éﬂ&ﬁtprggc‘e hmrgg,qnzgggﬁrgglg d:frowﬁ Ehuté“zeécp instead of an

MYl GREROTiR s@éinb&ffohﬁfn?f RRECRitHiPthe 3ddpe Bﬂﬂh@ peesit diddi6sure that
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adcufmd@wak delwaerWé@momax beladprslc s Py aa@%ﬂ'oF‘i’oé*’é‘} stream to the

{ HEbmE! hnP¥FhAETel SBoRATRRNAN & sipT e 07, and
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u sed aHtstgative, moegp«épse\f; %amﬁleg,ph%ﬁxtalg%ﬁ:ﬁ wery sys}é:ms that may
dF? Gls@f &¢lin 'hl/cirUgce'hrp%cﬁlginQ ngiéio E)rdc&glﬂé %geﬁbﬁgs fﬂ&’f @ dtogen-generation

ustrative; nonexclusive exanp | es of  sui

hyemkjies) agenrdipatd bpPaseskdislosue, e eethipdh %rﬁa&e"‘ Application Serial

t ng% e1‘??228 @5’? 1‘1’:‘05@ kleis ek 60762@ 894, tR@E&ﬁﬁleté\lﬂﬁeloﬁxre%%i which,are hereby
and pendl ng U, S. Paten

Amﬁpltp@@teﬂé’ﬁ rq:ﬁ@rsmqecf@m’"dwrn%%s e applications also disclose
(Qllp&gnﬁrles &f’fgel %QQ@JSQ% 2336lies 10el el BRleaisCthe components therefor, .
|sc osures of the above- |dent|f|edapaten d% ‘?ff b oth
apyt ehedsRoRARnE F tPe ACBRPSICEEY 15Pst dfop ey with other
alc&mﬁiﬁ@ﬂ@&ﬁs%losm diidstaie@! an@%A Mofforaddde hélbia C| Illil@lﬁ’ativa nonexclusive
S.” Pat ent plication Seri al Ng‘f:‘ﬁrﬁl / 945

xRS QUi PRSI NESon THGH AN LE G BEgply e disclosed
of, €3¢ Pahe MBI, G281 €7, 590984, mmrlpwrzaaﬁqﬁndayg UeS. eraenc Application

for all purposes. As discusse ro

Bt Vi “goiiaf] S0l S SpDNERRBRD e compic
| QEkIdElirdiht ARRHbb Atk RIS d ‘ﬁh&ft@arﬁl ;ﬂﬁn@ﬁbhda}&ox’ﬂ;}éﬁd Rgeny 1gﬁsSporated by
is utilized Anexaglr)ﬁeo uchana‘ﬂ) ch %Rsfps S A8 i ation
f uRfprencgr fo @l @urPStes e aMdtignalaxiales A fISdgsat k! Un- gt Applicatio

C &Ll NAC k945, B3 dev B 1bhadd pr/mLﬂsesman:oe.bleret dikct@hres of each of
potential from a source of rot S, such as hydrogen

gadichaprhesghy iRcomarted by EfArens oy é‘FPoéeﬁs Accor dingly,

hydr ogey HRIQEApraicrasARFR redfd @8Ny eQlsedid Dvariegy of applications,
coupl ed to at | east 1g§ f eI eI | stack .40

AT 0BlreRs Ve e TP TRBET P O SPodLpame of such an

h)é?ﬁl%% i§hs 28R, bffeadGiradin fr b {63 calt k. oxiuelaretl stk samevice that
roduce an eletr ca ut thereérom

TiRFaiures O BT (ToTLA PTG PREr g b e M TGRTGRs: and a
a okidaht, §Rh hs slygekedss Aicbstiiagly eld/daigetﬂganaﬂadorpisedntdﬁm aay include or

U= vt S el LS B0 G s Bt % B8 porion o

c QJrJJduStt R@kogéh Sraafy 145M1dt @bd1ﬁormaﬁéiamdam streag ISUdO ng)duce an electrical

passi ve or actlve C r.
PO ENFURHL ¢ ewﬁrgﬂl efnstldéﬂl¥ nglstp Vd\iep%d 9 xQ%&\aﬁ ‘ﬁ'}]xel cell stack
hyidifagard aene uat px@ﬂhca§ aealbduyc rm;enb evhichfie Bmmamcmlljaslluamated at 41.

ener duci cell
usPela g%eéﬁxeifol ma)h&d? ig c? @oetrq% Iflé? ceéys%zgé S any s}{ia&?en}nec%gmsﬁsmcludmg
beaskpRtiriabied nshdnesinBgand doweted pr ooBsd mn‘g\a&yrsx eWiheraccfup@tl to a fuel

progcessin ssenbly, and/or a dr.oge C .
prcﬁﬁ, Stagk ﬁg tg%,é){&ggﬁeg §Fn€éagl§% ra[%SFI)T/l gol'clssrg 8rrgcg #)ezisrlig efna%;' producing
eNnQse; dimahlleetlr@stsmsatzem 42 may ber eferred to as a fuel

cel | sytem r ogen- ro u0|n eI S

The pr Se\‘ﬁcd E)'ﬁ’l“ PSR &K c:act)lr0 '66‘?55 6 &é)rtgn‘%:éggrﬁ)% as being a
dlfﬁxélEp:@t’:ﬁssnﬁg)p&Stmt 4 dndg prbeHSsmg sasslemble faanbr pripdesgsi- ppgducmg fuel

afpsfgcgzgﬁl}\r}g? ?Vsﬁxrr& ﬁ()é ags&:gg)gsys}& sed hereu? oﬁ{'@r%y %podtcicJ\E%l}s%&fx ‘42 may be
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di scl osure that these systens and conponents,
i ncludi ng the variations disclosed, illustrated, and
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conbi ned and used or integrated together wthout

deRRkl it§qs fa erEﬂ Jehesy§{519|q§ aof\ycfr&g%nﬁﬁﬂﬁéﬁ% ficdh %@ll @)‘Fsth'hf-‘ The present
Stack 40 i ncludes at | east one ce a

nd
t $nplieasion jncpimeraigs By refereice many differspt aPa'éqa“?fEF'lmé digofosefug! processing

af GeritflRDRY CEFP sPRAUEECAAPoRERE thEdebE. CHNid RMthin fthed&oOf the present
oxi dant, such as air, oxygenenriched air, aor oxy

gaisclossreghatifesp systems And porpraens- derkeding e Wﬁggﬂnssql$g>é?ﬁ {llpstrated,

dgla M@Jrﬁéiaé@ @Ke?etup and hérbigl mEebd sQEROMy tepRbinad bid used or integrated
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cloasHbat Withautdeparang from thosgopp ot prascht disclpsre

del i vegyln gimvRkiesCo nduti otné fuailc&mw Ghd El}(»icsnﬁ meﬁnéstwyh@nty of fuel
is not required to all enbodi nents. | es of

seflls 4hrhat arg@fapisd) tp #radics wéecsmuaﬁmém%wéd e AN @ir. oxygen-

( EfFhed :HP'or Qﬁygea ga@ ohnalti@bérn&l B{u@,le pe&iuktShydggB@ "st$eam 14 delivered
i nclude solid oxid phori¢c acid fuel

cBRIeY;  Anfrehenlk @ﬁpkcfaplsa}yatnéluﬁfefemu'eew el g jorpeg fogeiher between

St ko QndTBYatdaUS  AR¥h SdbntafbIfRidC @ASeFWeib@IN. conduits, although this
Illustrative exanples of fuel cell_stacks

CERRpBITERR & PotaPRErd (9l cpbedimseiey Fxamples of P%’faglﬁt fugloeells include

4pr3€bﬂ R Am@&&aﬁ&&m@) 800ceB{ @nd 21kABR, (0&1QellH, BERisGBBude solid
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Pt fuelcelis, ghaspRpric acid fushrells-@ad Bipltrsagiontie & ti onal
exanpl pgel &1L staik0l BHewhve BthﬁablE’E:&iétrﬁdtﬁﬂ alPedtRBlexamples of fuel

Appl i cations Serial Nos, 3, 156 60/ 630, 7
t FRll a5k 12ed eompRose L bETeels araf iﬁﬁ?ﬁ @r"‘fw 598 321480, 4,583,583,

| 5IGOU, PO 3484660, 3.8fo826n60657,093, ahd emrsmgeme chéigietel @ibAbsures of
|IIustrat|ve non- exglusi e exanp ﬁf sui tabl e .f

c¥Pich @yes perply. ingerperied by g e&ﬁ‘ﬁ%orﬁéiﬁt":?“ HEBRES a’teh‘HECY%‘i/ in U.S.

bprguftsiohalzeﬂeﬂénAfaplﬁhndﬁelSerls?/?\toema/ezmsbumdngom?io 750 the complete
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oY e - r it I"‘rﬁg f él‘“ﬁi’%@%‘g né %‘HE‘&F% Ayditional

t Dlubtheve) _rr@ﬁ%mlumess)daﬁ@ug of aﬁﬁﬁm ﬁl@ll ?ﬂilleg/stleiﬁs Q&‘Bks Ea& @Binponents
I cation Wwas 1ed o t ober.
SBBreobi Ty rwerLl seLEl Gt Srab eGP ER e Bicine fuel col

SyGicaiRBhat MORdEARYdréghproBuask fucbgioeebing] asésaibly, &ytsida¥Ro the present

SRR SRR LI ST A SOTRLeL AT OV Bl i on

DOE@B&% 20031 ishatitaxampl €dl shcl Cahptesldn ngmd Fuel Cell Stacks

C onent s. t her gof hat be, uti
155} nggy c‘e%orat}nﬁéﬁeugzr &ly 8P[8 dsf;lg&lﬁ%l t&rﬁlch is hereby
f me‘brp&eieh bg yeSérents forhiltpuiposdsu Henla:r p@@ﬂfml‘@ﬁuggtm stacks, and

fuel roc SSI asse cc to the
arEuneBet Boar hur Ry BeatlefFURe <Dy AEpRRERT e producng
Sﬁfel aalll d}lﬁlemﬂ. iHafl 516],u6e15 hy&vbge(nkprmﬂxcmgtfudl Ipegtessing rassetnblyn eatording to

t acks
R iR e AR e Hov. 1505 PR P i A 85015: which
dis&ﬁdlt&ﬁu Pmltjcﬁnemﬁuﬂ WellStdﬁH@b)FuelrﬁeﬂrﬂSQBmi Endlublylg the Same,” was filed
ref s w.thin the sco

f
t ﬂlé g§e2 0anS élil COM ge?eis % zs,:lctloere aorf Whécrl]] 1& g%rg?ya&ncorﬁorgted gy reference

a&sembhpasslo according to the present disclosure may

be useg i n.other a h pcations. i.n Lch ikt is desirable,..
to hav is w1th1 ; ((;' esco g% th r&s}eenh gné%ll%su\r;gr}hzﬁgyéro e)l/1 geréerzeJ g)g &sster(r)lbhes 10
pmmdﬂngthﬁﬁnmgand@ammﬁenmgbanagénamdhwpmmﬁmuﬁsumﬁmnomdegmbb

18} Oézrce og F%drct)%an gds anxg Qe 195%5] ?orpargciugg h?dsr’gg%rqgllsl £50 storage and
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present disclosure may be utilized with fuel cell
stacks to provide a fuel cell systemfor satisfying an
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of the present disclosure that the hydrogen generation
apee dilsuesioiayn Seerttdrds, waite hyald@pﬁe gedemiom:issémtéies t@4dcording to the

St%r%%ggsisgnerenggg Fl))f) lu)%;)ﬁ%)eg V\%\m tﬁg uql fta%q(ﬁ etb é)?é/ eez{nftfg gp Xystem for

f satisfiyml ahapplied @ivetriealdogly itdomsawithig tld:ewpmaeofétﬁe present disclosure that

e e e SR AR T Y O P ER g r Oy PSR

recr eaEh@gaproseinigcoreass] calh apstdmied m@nbecndapterdugsupgl)apower to meet the

S B 6 RO e PR s 8B s o e

oédnlsmﬁlag ﬂévndw incidey @t shnald gbdieninoed &, mbwo behiclés, ghtegionaldehicles,
h[tél:L?gl %‘gp?réalll é/é:ﬂésles g%ag%%ﬂd:c?lg Ir Isel%ﬂcc ‘S‘é ta(Id 1%! yoqulbri]lgltion of one or

eqlureplﬁﬁmetn,cess comatrciaoffines mrdmrdmgs: atigtmshceduitgnie tights and lighting

ctrically p nt s..on_ koa

r %Sé?rglg fef oﬁ oSy SRP'EPES g}ﬁ Cf%r veﬁag ! &2 han[():esft}t &ﬁpmers industrial
cbrpﬁ;gmerns, stgutlmgo mndlscdmhumaynonsh aqgemsnt, mabiok.e ed:bemca:lb's powered

Eﬁﬂm oﬁg&t? gn ﬁ%arﬁs tre(:)crrc% nlOI‘? ve sogrscﬁl‘rxeltl Weﬁéles ba{t&y %Hﬂge(?sre,t?textrc]momous
t haetebalcbmgees orhetpleadﬁwcei; emblvlleca)lolsr @npangﬁre:nensls)}l$eo pnitshdife support
?gc}euri enpr o f‘q){é{an%ﬂ‘ é)é p% 1er}£4r; 'ea%g é_\}gg lntgigj %lafanc%g)g%lﬁgg glectrical
4&qh1$ememesdott the srmmmmducmg systeaméR gfewedaﬂutl)ceﬂ eth@<r40t fornapreepart. As
d}ls'é? r%me Ql?@]{gy c&%gmw&%eQ%vé g%g tcgn Qﬂgmﬁ{c% Iﬁ%%ﬁ&alfyorefer to one

cet 1Inors;cs¢rgmormmomg deviges ﬁlmt mh @dmeelste dtaWdIOSVGf fremnpe energy producing

s? 8r mef Jé'urly&&? %&)%)lgg R)fths% sl 5§ Lredllrslg lafgﬁ Witftin the scope of
tﬁy energy=produci ng” system accor | ng t e
p[l’esmﬂbntdhsl}jsmg mlnae an |enmg)uphod|lg:1rgl,mllstera agygtﬂlegntq thatpresent disclosure,
S 0
B8R 00 PEIELAL R AR LSfSY sy pooen

t groﬂhreng)ﬁuelsmxcmesmgggseg'@lyb eccording th ¢heiprgseny distlosiirg may be mtegrated or
0 I e

B&Q{Mgncg)ué%g ?)ggxd%%ﬁgcal h&l?%ﬂ@ﬂllgé Jt?gé:ﬁ‘[r A S%@r@y—@onsnﬂhnng device to
en@wgiy ap p@@gyeprn@caladmtmsmm gssersdrrth Isyystema ps wdisatedgengrally at 56

gazted generally at 56 in Fig. 2. In the context of

a po tabl e energy produci ng system according to the
pr esenin dhiesedntextioé a pértableagnersat prafhicity tsemhgagp@i@nto the present
g a d
SSRBGALL oy 382Ut BP0, AR RICHSET L Bl o
c bydregen ges and therdied pRvee outedt qﬁ duel pedl shagkidecontribite pr @%élse define
Obhe SR BSiPE BE eAeY)-CRSurhil@ e AYI LRIN 9deBY RSy be adapted

g’aept edbgtyg&go &Pg 0 eelré(;}J f)o?e n?t eoug t no%gt? equir gyd %; apiec to
abpwery dlherefoes: gihavelaeiararifed hy plbfus! gnsrey producing systems (or hydrogen-

g%ﬁ&ﬁ%‘ﬂ.&ﬁ@ﬂ Q%s@nsﬁ lfrﬁ:'lud‘?r%l (But%?’l‘irﬁn‘ﬁoto) s'nﬁﬁmlzﬂ'lgdrﬁgle €Rity producing

ted to) snal portabl e energy producing

s yystesisacged e dionige tp@eSt:MedlfyMsrénfhedwg@mo@ey @e qepigned or otherwise
SYSHRMARY hR€ 2 RS /FRAE I HaxGhile oW S Sufpi Eﬂ&éﬁ@%oﬁ&ng‘l@ﬂ%gen gas
a rated/intended maxi mum power out put, and
c orodedion tte 19§ 1PAAYasi enlesiadn serariershadipentsathe syssm mapbe designed or
VBEhERviQl cdnfigdted tha0 FEraRTRAREHIBE RlaRimubl Fowss Jult, MBY cBfesponding
desi gned or otherw se configured to have a
r Aydsegenree ARELriaR X tndfd Powele catvediments 4h brve grired Hiiadsdhgaximum

power output of 500 watts or less. In some embodiments, the system may be designed or
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hydr ogen gas production rate, and in sone enbodi nents
to have a rated/intended maxi num power output of 500

wOowRi0b®51885 | ess. I n sone enbodi nents, the systercTrEag2008039409
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desi gned orotherw se configured to have a

r athexdl/ide rtioeﬂgedi 1BBhalvend NfaedWednded) inaxitnumaprpvec @mpes fod) dorregponding
25}2{588%@3 fofl crn%:drﬁ%tgl %O‘rgﬁ)&ﬁw q?f]es?,;)%‘ e\é\@t P§O vat\}s ©TRe sys[ems will
r gprdlly Rdve rmxtedmm]mapmm powePalitpud of attledsem wﬂ@Oalthaugtst,hls is not

et el abofiBrte, MeHe TenaRaies GRRRSET Ry pipys of 1000
ofvattO8H0essaiiat mapbe belad bjajstemayactieding id the p(ésdnydlsgleﬂummclude, but

accordin tothep t dis

sibular e Bated o BEETPovaiso Suhasd St L 7sH e, b zopg0o wes
728D- Matb&ﬁB(D(BﬁOOZ@ﬁtﬁ&ﬁl Y800, war s O - 1800 ativat hm‘e)@ﬂ@wéﬁﬁamples of
wat t s tive, pon-exclusiy
eR%‘?ﬁSl"@EP“ﬁfO%ggQ\é’?“ ﬁﬁttgat (lﬂayg)ﬁdtlaéetdt Y sasrlerpse%cgorthlgtto the present
maigclbsirdl firiclude, et ih])ulﬂyﬁt enlEmiedao,r23-30GW, 60-ROGWV pFleZerW, 150-250 W,

ggg‘w f g%}l_-ég)gw @8@5%333\? E%(g-ﬁ{b%oﬁ@itlra{é%mﬁtnzefg Gx{i\l}sive examples of
19&N@4QﬂtpWs ot 300 3afks M lesarnbht 2HQ-bd afilided|Hyl sygemasdcoming to the present

‘Qf g)%(lgf! uallg s ei(/s ldﬁ{%t l?e]c lirgige\éﬁo 18¢ S@J \txr{raéttsg'ZS '3)’(9) 2\&@: % -200 watts,
t beo-potesant 1id»fﬁ)olv@auraed (247 (3 BQﬂj\eattsb L’Ilypnszldb'uh@e nmenbewﬂl be relatively

li.mted to,.100-300 75- 30 tts,
23}6"‘%‘@“ ng f:ompaiq5 6“0% 51ze‘d for r’nanu ngg%aﬁé)é 69 Qnd%'Q&laiNa
Typi c aka;entﬁlm@sdl s/ytsmen% ang akiaptd:detorheVem xawélpywtn (gxmumf kW or less,

i E%h\(j? dulgfcutséew ue Sclgéres'% dorﬁ cﬂg%b %erngrgtz og{selﬂﬁﬁefaﬁ) may be

hastdigared &t ﬁdvnﬁ@meappmptqﬂaﬂowfratd_oﬂ(h&ﬂmgeﬂ oS T prgd;@hh)alsogen stream 14
glszcu eetg\igue ll sEace o%osEarCES? gg %?odﬂ(ge H}Y&dé&&? rbu%ﬁ{‘e%&t é)&ﬂlple the
ammromlgameeatfoh cawemaha 1H1fstrirtydjhcwg& mag &s adaptep tophadice less than 20 sim
Qt%g C ((zi‘gf:tns’ggzlrse\z‘%/l nlcgpe%aﬁlng Q?q l? cslﬁat)r L{%lh EﬁLtkatx%g %ﬁﬁggets Olf thlS range
hymthmggnesg Grae nasing mesaﬂeeﬂblslnekss‘ lhbméslmatlédii N, ériﬁlmaqu 2-4 slm
dapt ed t o r od f )
R R BARs n P o R 2 Tl ooty B A, ARCGH A3, non
sukmhsﬁvs e@ﬁmplh |o§a mngb qapm;ltu d@rﬂgdﬂoegsgmhamnlgsmhh 10 sks4 slm of
rogé %m |l ess than 5 sim 13-15 sim 3-5 sIm and -

X hydrogen gas. For a system 44 rated to _
pr oduc &®we%d, inag wehinrthe saopé bf thetprestit\disclogern teax dydrogepegeneration
e t
aé?sgﬁ ?esqa%lae@}égtpMUFi% @ﬁ@ﬁr&s d ogﬁ)‘ g%eogﬁf\%)egcgr&%ﬁ% tb% present
V\ndtShhowrQ ey beopetrustedtty enmueslémcam s@h asdapendirgatpon the desired flow
h
Y88 R ABD T RBFOTRLL S AR BRI e ey
prpeqsiem!g dissol e tpe andyr venberiehergr-t@yumine dpiices i beatsiwsred by the

gé & %aaﬁangsas&%g}n ohmnu Bn LRGIARS i Jod mwda&g%n Ofeneration

g &n gas” i n product rogen stream 14
d@gueméld andfoe dheoenepayt prgqlucwe agsprablyyetpr da lﬁemgtr@yélﬁ@ms it may be
t IagsutaMlQQO Fﬁg{l&r l{é&gﬁf dugtﬁoneﬁ?é'n%ﬁe§ QRSHEHNG (HEWIeSHS disQosure that
power e h produci ng assenbly,
| |hmet aataredrﬁéesmneca\pavvﬁrammt gi the ringe of hd kY dyithiglm assembly including a
g‘ﬁﬁgﬁt” féﬂermeﬂ&%lﬁﬂé@& td H8vigd ﬁ\regéfc%\ﬁ)srxt@ qy%ééﬂrkas to produce the

I n some enbodi nents
de@lurresbﬂectltl%tmﬁ srlistyesuethe appligst loar clnj oger é\@%‘éﬁﬁ’m dlsmay be desirable

GG sQnthProlafe PESREBhip sl Gk PHEE 8f 4-HRW, such as to provide power to a
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have a rated (designed) power output in the range of
1-2 KW with the assenbly including a hydrogen
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hydrogen gas to produce the required electricity to
SRéuseold sluGReratsidungd, isedil loffad, od sthatdnengy-apphmitgtdesins with similar
it my be desirable for the assenbly to have a power
oEPRINTCIWCTRYS r ange of 4-6 kW such as to provide

power {tois akignis el kabperof ahd @iesére sdigténare, thanehbodoheniscef, hydrogen

or other ene -consuni ng devi

BRI EeEEe i L PR TGt el isrE dEhMb. el cen

d'ttsads ofidiog flehedll sysrradinaeat alsdbsehyldinmgeu agfyoxemanpmted herein may
f eedst

ei: }1 glpl ?réipg{bgrﬁlgorgfog geSSI F‘.gresfﬁ élbekcorre%)ﬁiéc}l%% CQmePé) ents tio increase the
Sy@hﬁt’?&hér&ﬁt Faff ﬁaxdpls,af m@ﬁdcularlehibsdlmaﬁtexﬂa antibgeen generatlon assembly

CRGRS SReiel o B ) S LR SATRAP, 5 s
| proderses tieofGadagdnt gast Recoedifigly,Fby assocatriiod md syﬁtelas disclosed herein
ul.ar enbodi t of

ggé téh‘g feyer{eg to2p affﬁl rLSﬁniy8teBlP aﬁ E}%»g‘lﬁ%?ti. ([g)eg tﬂﬁ 9rgpent disclosure that the

. gagdrogehn @Bneravon asseinblics sfantpro@ssingasscloblies ekl tedl sockd lﬁl@é processors,

aﬂl&i/(iri}wg?tg{%@s%{ngfgﬁ% dgsecga%%d 1lﬁ‘1cs:tcr:§écp an | xl’coxpo&teéég’rtg%aig%% configured

erern nay
s aamadlie usiysshﬂmmy bk kelécsivaly ﬂdnermmémedslo@per of the

pr esen#:uéei fStaC Ul s Lg arléce}vtc]eallh %g?tr}lggleog%[ &fear?lnv Some or all of

assenb essi ng as
Skaks14 fnhlyehdcmldnckbs sonkernaively obe dediatred gias swiableicemduit, for use in
b 8"03%%?‘?%%68 dZOHSSU‘I:’nrJ at erd??p %}o{red 'f({?cfﬁ)e] RP Be% gog s@%ldgé{]lagpyse. As an
| ﬁltusnramvn Bmmtpm ahmegdnestqragéuﬂehcq:ﬁ} is slgivaok d4dedviiges in Fig. 2 Device
el v I edyct hydr
é& rdgxglteck k) s?ore lgt l%%ls 4 tporéprég | gr%ﬁu& %gﬁ?%@rnr]]ﬁ'{:angg{m F&Y exgllnble when
dﬂiel deeiaﬁadjfor \hydrogengas brbtack ¢bisdess thanftigr hydsagen putauttgqf ﬁleqi processor
um n pr
OI)‘{gstSo rc)éc r rqgen gas mgf 53 its)reg Y8 H?\ﬁusﬂ a{lllﬂ\%l'eatlg%( ¢ rm?rﬁ)qes of suitable
hmldromrstosage degees ai@wde dy&dieibsdssind wresiunzadiasiked Althevgh nptrrequlred
0 tyrl: .
por e%rt] oé&uel ?rocagg {1g %ss%gﬁgéﬁgg u%l Cc'etll s;\_f erﬁéZ 1&&%% supply of stored
wihgdrogdnes tlletmhm dugfpdy mhy by wgé o sgagy the hytlwpedn w@uifemente ofstack 40, or

te %notttxeg?l g%ggo%%gpwl%% PtHf:ta 01f4 Slg H&h dIR rsffl?aglﬁr?s%héé‘aeltp%essor 12 is not

| Iablaso mt:u m@e @xémgﬂne@erraﬁd$ uE)taamlee of yigseogjentions drciigle when the fuel
d e p t
%de gsggrhis nnsg rt.l‘(lt% qdl’])ﬁ‘raé{ dg%gﬁb gﬁ A P&%eo{tﬁf fnbﬁg ql(?e@glllﬁ% gheated and/or
as»saemlzgd) Fom avridlf glete. efdirie feymainpmange ¢rrrepaud¢ang~f&n heppelypell stack
czﬁg) hsy ﬂe’a%%ﬂ hgretagf"‘ho&/ *ché oislwaFHan Eﬁ%h&?ﬁh@ ﬁ’ﬁgm‘hﬁl available
rog n-requi renents ‘of "stack 40,
otpmlpctmppfrqncmeufmi prasessoihi dddigenabv o almmayvqylséhp stprﬁd hydrogen may
S'a*sH 6E)'-elug asvlé1 c};uHﬁalle Rl'épﬁl%%%q{) hd#t tﬁesfu@pﬁro@égén?g 55@&5@?& fuel cell
t hese hy rogen l es of these situations
i edtena eFugh priecesting asggnblgs @j}@@gg Bet cilrgctgltzﬁqrogawg »\utb affpe] gelh stack may
Qi ! u | ALbIAE &b Product hyd
U e 2368 U8 SARSE AP BelAS A SR s
rratrmrfemcféese fuel ewaqtsmng avsemblise p Asedepiord ferdpter ue.ack or
appl i C%Eloc@ll sfst&?@ﬁ]lgy o ﬁicﬁﬁ@@BﬁferJ $ 00 dik Suidble electricity-storing
hydrogen gas than the maxi mum avai l’abl e producti on
f dovice thet if aédptedrtp clemste clegtrel PetEish|or poser output, produced by stack 40.
algh 63 lh\é%‘aé/ve otléaﬁssﬁ)h Qe ALQIRNIrBRY, ﬁelL:lSchl RECKSE fhaf $roduce a
a conpusti b fuel streamto heat the fuel processing
assenbly or f uel cell
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system Fuel processing assenblies that are not
directly associated with a fuel cell stack may still

wo nimbosis3at | east one hydrogen- storage devi ce, PehEs®DF039409
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enabl ing the product hydrogen streans fromthese fuel
ppmesmbmgn asssrdﬁ Ithaesecmaaxaltcs entibfy thet londeekefted, of appdied, g device 46,

AR e UL b A3 SRS B e v

adi@qutsaxdm df@x&tso‘lydrcghegae,l this exdess nweewm may b¢ ugsdweother applications
Out
PR LR Pl B ML OIS RPRE oy uampe
4e Ibajﬁrypm(mlm etoagodsemceonﬁymovuﬂenpog%c@ggsedfy syhtgl[n.42 during startup or
L L
cﬁgl 2, diost-epuldihg sltmctﬁnqs arzegenemity hdrcraley.at &4 fahrk schboatecally represent
dzll SCUSiSblé) rl{mgxffolg agﬁg’s Q&?:ﬁ)ﬂgg ns»\gﬁlﬁ%saz{nplotﬁ% ﬁ%eﬁ{%z.%’%lg&'xg?'g' delivering
t lmelrdgae hnd:ubé Fuebgeditstank’ &deQ)rOUEPUUD@dVifQﬁO dndtbattery) 83 r¢spectively, and
the fu cel.l attery or
o{c])ﬁléarw &F (s)trog:dehy%é%etnea% st&%ﬁ Bgv)sg‘rgg é)gt théljgﬁ‘or? or use by
syst enmt4@ wdbmm thegscopeaoft nhp p@sewﬁhdpswﬁﬂa‘i lvdrdgem gerierption assemblies
d 1€
P LRTED g P L s 2O . 1
amh ge reabadimgnti ﬂ?dlsamrednaatbeﬁdssmdlpbé He et iitoaayl ot include as many
r [ 0 I
55 S0y R DG B8l PGS GATHESIAR S o
hyldmtog:gnlrmmmt then fayepmppadtile gssqmklysop @Wéﬂ(m dhat pllmﬂ“@eé a controller.
5 Ly,
CRUER; 0 A ARl PROSELHEN A0 | Rl s
I autprsatevonchprrmerh epaatispe obihe airemply eos systerelite edgylaterthe ?H%ﬁ“on of the
h | e L 1
SRR S50 Yo o8 95 SRR, RRCLEAL U s g
cdkutstrametd B P8 a@ms shawp l:e';mghn sommwhentiompith feedtiecksdpliyaayrssigyn 22 and
bﬁealuﬁg 2sERBH! %ot fhe tl'%@tto éﬁ@%tl@tptasslelﬂﬁl udg &sh rz‘('ac.'&‘r{ﬁguratlon the
senso co nicati Fi'h ages actuafors, and t
| p«wgollq;mjay be n@?teﬁ 49 @oxptm}\/@pd/blareghlg@, &f leia:ﬂt gm startup of the hydrogen
r &i&”a{ GGk Rbly! aﬁicﬂ QMHQ%% Mh)y oP Ene%b{éﬂ%/am tdadbl and/or
cludes a co 'er. However’, 1n sone enbodi nents,
| tegnlalp the hm@rggernamx@cmg dppretingetaty fohe PEEMBl, SeRllefsss may be
go»@éﬁdngn? sgﬂzﬁ)l OVJEP Ecﬁ]r&pﬁfcﬂtak BARNPS2. LINE ASSGIHMN dhe Qope of the
stem to’regula operation of the assenbly or
Sy@@e@xnﬂls@w@re thay cptptg)llengS i powgred ot 4 @Oy @%@W thap pattgry 52, such
c J]tnrdfahdeg at 5% RCRAEMRL {Galalsy Wilnid &ler @ERothe $Res@ft WiskBsure that a
S el ng in conmmunication with feedstock delivery
syeteher8 mibhEoMmRInEILBN Ity ober SFMACAYhYIhe futiogen generation
g%@%ﬁ? agﬁl’onaﬁb%?@ll YstehN sRUCR (8 nfNEd SHfRlcbRbI theNGperation thereof.
controller may be adapted to control and/or regul ate,

aBughepeantiplifs '%%Ca?ft“lﬁ'ﬁa‘ ‘“t‘ﬁﬁfé‘eﬁy‘?j Fisgt Andyis 1wt P“d‘ﬁ% in communication
as3 Ml Vsuitahl€ NeothnfuR RS ligkagBBtsr ashdi & @0&l iy @Smmunication) with
aI ternatively, control and/or regulate the

hyemrsgens of ditubrnproessErs ATARPIN L EHE 251hydiRgerrodinie region 19 and

Cemfmdah&%g‘%zmdh@l RAvakesh. by any suitabl e power
source, such as battery 52. It is alsg within the

scope éf indifatedrindashed les in Big v 1ol PrREeStBRES TR ish 18 gcping to the

PRGN disBYsife RQYHcIuae ldr\féﬁor%lh&f reﬁn'&ﬁrw hRd: i€ hdapled to $dd€iRe a liquid
as indicated at 52' in Fig. is also wthin the

s Esperm {heer prliguidiremapnsel ¢fs seenmL o B AL P SHEYOlger 17 or
MeYeaRFoflaNiqhidEaboh-66HdiRRg WedsbocRtl BRdnd O vapeRfNhefead stielf (or portion
hydr ogen generation assenbly and/or fuel cell system

such as to nonitor and/or control the operation

t her eof . ’ 21



Such a controller is schematically illustrated in Fig.
4 and is shown being in conmunication (via any

WG obakizes conmruni cation | i nkage for one or twoP@EYS2005/039409
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conmuni cation) with conmponents of the fuel processing
aSBﬂﬂtﬂ pridr saiddhivers tmwﬂr@emrqanﬂ@fe'gmg 19 epfvelprdQ@s@n . As indicated

p%r 1cadfy9rr1] Fi Zg ngzg cf nébé’Stfoﬁ sg?aén g@%roqléléq%eﬁ?r@caé%eg%}ydnay be used

asts emmhzee&e fdod ammnd vigritapioh lf@qmrée&edrbr lhes @lso Behk the MY stream. It

i n¢l va or| reglon 69 t hat adapted to )
; gg évut\%e tﬁe lsap é 1 q stu}: t&% ff%l ;zr8?ess£r ?(%ily ec@ﬁﬁwﬁ@ﬁtwnhout a
ofvapcefedtust negannaﬂgﬁqr thzuclib fusl gotdoe Bradeftedvit eceivk’a @€ &ream that is
am of .a r bon- cant.ai f eedstock 18 nd
c?avegusof’ f ghat hﬁs glfeag’é%s N PR Bo‘?t S8n‘f’ﬂ'é? &t 7°°B% Opthe present
t ailsdl@lsurv ray vztpornmyldn eem-G9; eHeiChragnt egerad pddialdf of dégipletely outside

2. nd| cated schematically in Fig. 5,
Zg'%@%%é U r?sgrﬁ stream 66 fromthe heating assenbly
rray be Fusle drotcssm*apiar |6hgz&mg gzjzsd‘n&ﬁd; S0y Gﬁiﬂf%eﬁstock ﬁehvfery (sjy_stems 22
\Y nre n ana/,or orner Se { the Tee A
St%?%a&rhgg {o e grese%t %sclosuw m%yc%e Cém%gur? am' gg ﬁﬁ QITRREe ey described,
f ulbstrped memomcoﬂp_}bramd}hem censi¢ uﬁbcﬁlﬁinWti, hﬁtﬂresa)r aspects from one or
VZIPO% ﬁ{egggxggcgﬁgé/rg)e% ? églratlt rI%ZI%ala t{)w%%c{m% %ed EOOHIFI' and/or with
t hémnms featuresadbgcribed rhexeap o Forz e)dlmplet m B \aitlﬁm thtd tdopd) of ki present

S 91%91%519% &%pﬁﬁp%rgée§pxggegs%§rgblgs o) g'n %ﬂ?{;{ Zr?et purlgcatlon region 24

c oy | (lextt eteyloo@qgred@)dbushlm Hydﬁa@er( pvbélltn@r regient9 andEUEhst a portion of
P rtl%(:@.ﬁﬁ’{agt%n]]%%lop ?%ihgc In r csn%sgn% watg dtgllslt ousmg opktlonally being

dll@@ﬂeés\‘lﬁh@ thashelh €8 cbthé fthpledasscm Sy 1sosﬁ:hdrﬂmacally illustrated in Fig. 6, in

ar, r i Lustrated and/or . . .

SSRGS 519 WAL, B B g o » o

appeesy, piththeondragen-podecing regloe beubgmemtmleabwnlhed housing, or vessel,
il nd/ )

C% tﬁag% t%lsgéﬁg?al‘sr?ﬁéat ucr)resgg Oggglie %lta (Setr & n use Eoo?rog‘uce the' mixed gas

eﬁfafrﬁm feom the fged stagarhthat i Mlvsrcd);mehe)lﬁydtdgen-prodwmg region.

di scl osyr, N 10 t

i ncl udégart%l'{agggrtl E%ﬁéed lR‘url ?ﬁ %gt %Sﬁﬁga | (5hr€f reﬁaonl}?ﬁxﬁlf’y but is not

arFesiungst toy depuinelodr a m)rlﬂqaiuQeeglmehylﬁhr@gmlpras dusirngl in dashed lines

r §OEQN ur| fic

regi %né t]t ge Gﬁrec?ih?lln %%oan#%ﬁ%%)e&g ing Dt uf‘ . malgcl]fsf"hegor more

obrdr@s?afsplycttye imegbranesndeandior & lahemicd ealbblefnbncﬁﬁﬁiecrémd)\hbassembly 32.

f %@éorm,ﬁgg; %g“{@ﬁ 25 x”rﬁ}e e*eécg@é@%%ﬁ%@kéérohw Sz}nfi l%hr?%mg region when

i ﬁGP'@&lﬂ%bOtha Ihy‘b’ pesgeredyeing Eﬂgmgwrae@]a@nrlfi@tlmf reglOfr @el It is within the

pE&?@QﬁQﬁe d*%lt)ﬁxré b QM}d Pgﬁenregfoggqglfﬁlg %@gésglnl% ge IR rated and/or

contai ned within a housing, vesse

c BYeraPRsd fereinannytbe uppd in eegion 5 nY heoregonRE dpesamt mblyde a @ification

USRSt PmRY & LG b

sfer% eam t hgt %g% del | ver e%ddth%%ﬁght ‘f{'gm&éﬁgﬁ thgtq&qudes a housing

r €gi 8¥hen Agusingd? T lckudes y parifichéen tegine4i it iFsty! WﬁhmshfekdOpe of the

Zgregeﬂf‘dlsélbﬁﬁee hMt [@%9%r@sn@¥%e%§ l’l'laﬁ g%tldé;:gr%u&r £ additional

to, also include a purification reg

eRuifisron zrgiqny | (ughr 4% evhish rerys h@ljldt i thessamy i giffeent tfueification

Pakvickl/meeHaRiBmE) e Phhl (weﬁomsﬁéﬁntﬁo‘nﬁ ﬁdﬂgng‘%qy PR g%mﬁrocessmg

include one or nore hydrogen-sel ective ne
ai‘?&?%‘?"e%l“'eﬁa‘ﬁddﬁrelfbta?rs@hmmm@gmenmmlngalsslerrmayls gontained in

AC GRESH N G idhy th‘ise%@ﬁgz%tﬂﬁa)ﬂybﬁsod%?zﬁﬁp £q é\\ﬁfﬁatlon region. As also
hydr ogen- produci ng and purifying region

22



it contains both a hydrogen-producing region 19 and a
purification region 24. It is within the scope of the

waolc@ehssss e t hat any of the regions 19 and 24 PCT/US2005/039409
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described, illustrated and/or incorporated herein may
bﬂluu&&!ﬂ ih Rigl &Qd iowitkin the\/ﬂa@m dfegipmerﬁ Bisdosse that vaperczhtimhaegion 69,

urification. r e. descri bed as a
hv B P BT (Eefnﬁ% ll%él@f o CO ﬁ’am’ll%l& us%l‘ég?a housi ng
27. \Whan 1mﬁuaivﬁgle§§7schenminu dm‘m[ﬂe pf,l:! fuel pratdsem th@gpcblde@ﬂhydrogen

It P]rgfllic’(;erfgté-e$1%?ndpa|; !,ga gg Ipunfc cap n re ‘f’“ BE h(pursgds wnﬁucmig c§r%m8$ Lééa?ed shell
NDT B sBeleh ini Rmav afuli8.i Ini theatlllumatmce gDmﬂElL(SB/ﬂ ckamgge, \Mydmgen-producmg

may. i n¢l.ude the sane. or. different | cation

dbeéoegg f ﬁ%%f(geﬁgl)refgwg% ﬁaéerlys( S? an@ p% v‘\:ﬁté n re%mn ]24 1nn,$udes at least
howeShydgogan-selddiiee hlfteibra}ne Goabaiin gu@ssehmthupsm shelisand gositioned to
th Fe,?rgglvefn@g h e)fﬁ% &%iq%{gam :?ge r(ﬁg ééq)r Ql%er\%lf | ([)lg ﬁff(%‘ét?%‘oa[ﬂlg ?‘Ih %Qide this stream
Ofaitd @hﬁirdx;uctedusmn @Bnhdia hydﬂ@geﬁ-rphl stirdfamcfadnn emichegedoct. hydgen stream
22 et AL e Sl bl b et B R, e cen
\Nbltbﬂuqi)fgeﬁglbh is sepyraed thendthp ameimbednk by Gr cacabysp bbtee2€57 having apertures

AP e B b AT 8. SRR
pth@dmbldmogegl -predyicog r%m)h dthel refaghate or piired fgas atrq:aumtha@g |pmduced in the

y O%eﬁ’%gof\(l\nc&%reglon ff%%mou%hstﬁe%%g uf%ls1 ?rltJ) gﬁmzaecg(g' Eg}gvvmxed gas, or
efmdmhéace Iof/nhemgram 3. Gthe poutign pEthe mmed Qas stredm the pemmneates through the
stre t (AN e
B B¢ Pt At AR RUFL LGB LALA s
3B 1bhaprquct$lmlrpgﬁntserdamvi14 hn'/mlettllre@ostlrmal df tla:ndlprsaStstrmdlat does not
to &

B TR BB TR R LSRR Ay RLOd s i b

bypr odAststhnr ghwth22 8nchudds endrpfales9@and 2@ which @seradiipteshio be secured
WF ggtﬂ M6 %gﬁjn%ta QXQ&? &b e%es&?%v]‘néh n 1nE‘e qﬂ atulledt Qg?:in which the

YBustrattve exanple th aps i seen in Fi g.
8hyctrmnhmﬂmgg rapd @@mmnng TEZRQS GIe supps@q@ar Anedu#abmwmms may be

I 1267
n}?ﬁ?ze? 5 ﬁgm}“g &g%r% (%f %@ehlpiﬂE%r oﬁeﬁﬂg?ré% Cl?ﬁg[léﬂghle%6 f?rnmembrane
WA0.c Bupiphs 266 elsbulk lveemqusfrcrrml ipou exdtefigttropghewhich the portion of the
h [ [ Wl r
SRS A0 T ST P A v
r egppom plateo vl &eﬂmlgg#keﬁﬁé&@deﬂﬂ@rt ures into contact wth
the m i(tqg glﬂﬁ theQ¥o )FT g? ﬁzge(nft g58oddte ik %@fﬂgn B8ng1d REmbrane 30 or
portion of 2L Stream t er neat es t%]rou
t h@errmmﬁcme qurma)abehyenr ogeingke sbell %fwémf@ds progspiag assembly 31.
li’sesc Jagﬁgvmusftlﬁf%mu'ﬁ'MLéd I%Zs msl*i?% ﬁ15wl§191 h&thMation catalyst 32 is
pro ydrogen stream 1 portion of the
msbee\dl pg@gmstt: theaawtpuheart fiee svhwbﬁhqdyégvgemrlﬁuﬁwamﬂwn from the
BQhe'lls 4R Qﬁ a%bdﬁ,ﬁ&m tﬁmem%hén @ﬁotpamamgﬁl ﬁionéaae%%@ﬁ@ catalyst
shown, I ncludes end plates 262 and
V\,malz lye éﬂcéteédaffmédmtbd? pRsition dovesteard femHbe hltdéogﬁéﬁ?lﬁé“’a membrane.
Sfrﬁé %m%%%@a@e%wl alQPYE N6taRB ihMY BhidCLorRORTRY: LdTRALs in fluid
in which the %/ o%en- produci ng and separation

r e@mmn@ca@p@ froppipe shedloand Ahipughyihish the hydpgensschgiipagellows from the
utiyi zed to seal the portions of shell 27 together.
Al'so shown is a support 266 for nmenbrane 30. Support
266 shéupdehlustestivg @xFrrigreh 2 poitales configuiatien farka HighRrocessor that

WHcflRed DQedRQ k@7 Qhat tddRtaik %6 dbBen- Frgevlﬁﬁ% {eBRh 19 and at least one

permeat es through menbrane 30 ‘may f so shown are
vari ous
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support plates and sealing gaskets 268 and 270. It is
within the scope of the present disclosure that nore

w0 bas/0s0333 ngl e menbrane 30 or ot her purificatipoT/Uus2008e39409
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may be used in a single shell 27 and/or fue

pPeiestomigr sepratiny) fegBm. 24 Thihowh én Bigh&nldt iAceeriipely, Figs. 9-11 may be

i hésgl%erdaz;s ﬂlolnﬁmgaa%!?l]ﬁgmll'1]']1?s§rat?~I &ag\pleg of laNsubIE I'hydrogen-producmg

met hanat 1 on catal yst IS S roxi mate the output

p&sionf thegnmgsh be lesedhia lwlengergewdvqncgw ust pogerring agiemhbitsaand fuel cell

f Eﬁf@n{sh&c&%% to thd p&H&JP éﬁs@lo?ﬂpo‘jflﬂes'%ll Hhg fﬁﬁﬁéﬂawmeoﬂustrated

(or other carbon nonoxi renDV|ng cat al yst may

| examplad friom pdaigs, siushelh bortionso 362 dnd 26 m@weammW@m@ﬂmem 265

h

4SRRI ORI BoTRIAL A, Sy IBLIOR bt Bl oo

f !smr@l heusadvu ibe atlpspted retmtgetth chaph edf| thea sleplly AR GefFespgniding hydrogen-
Px%d[x‘é{ﬁjg' RGEA- 4, G S ke gaﬁ@df L AYBrEf lep&hﬁ]dsaﬁllf%uramtxhﬁr" be used

l'ustrati-ve exanp sui tabl e configuration for "a

f tréthoys dersgting drom tha@copfn@fi thedrrgsent disstosrg Bﬂggq 9 ard }(; gptional mounts

COM 2k Rffovh &X;Q&Rni%np{hgﬁ 9¢1 DQuktE 9 ORayl B @tﬂQe@Io £ERSthe shell in a

onepurification (or separation) region 24 is shown in

Filgsared gosition wighitothel hewging 68 yighin wigich the gies offbe el propaseng and/or fuel

aﬁrd@és@i\‘g gés&gb@@sdl'ogdté?in Ahe hl]llrxbk?taﬁ@@:dn‘f?u@m iR QftioRal mounts may

sui tabl e hydr 0ogen- pr od u0|_gbreg|on hat may be used in

hy&fy @g@ﬁutﬂﬁmmgu frpan the sgorp plobereeRINiSWRD| | es and f uel

cell s¥§hiB%o MeCillhMatiek mﬂpl&eomgss enéndob Skd ﬁ&wng may & a sealed
shell 27 is forned, in rat ed exanp from

phaitsing; inghpatsheppd plates Phihe hoosne mayibo palded gt Ofa@wwew together

| B GrBRMb G UTRR ih@RAL corfpendntl Bnihbe thefelfthily HRER, welding or other
produci ng ‘'region, and optionally one or nore

peaaling efthe Beysing i noh Eequiredt plb embiriments. Thesordingljs ftrigishin the scope
ebPEFrRet LR tah & not&lel or SRE veQde!, Qﬁa‘?%ms&gmat is adapted to be -
hydr ogenpr oduci ng regi on 19, is not required

ofspepcdindispssembled o8 GHETVifr RS nddrthsreatier eaeeirh w&mm destruction
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di f f usi on-bondi ng, or other process in which the
menbrane is actually consuned to formpart of the

WG emb/050385 Fi gs. 9-11, and as perhaps best seenp@TuU§20g5/039409
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t Gthé&rebypatiowtzakkets) sdrévas oabtaéry;mtous agjipons, ftamebemli the hikoulyhis within
: {g\g S(%C}%g gfﬁlg gl%rﬁ%tgﬁ gléaoﬁeu\éeet atprr%rr([,n Olt I%sstrr(?e Iq?]clmeg %H& E(Sr%@po%glng SUppOI‘[S

conmpress

- dplstes,ightkes, ac., pasbd usod witheut deqtaalrggsftonwhb hmpe t0h the present disclosure.

15

20

- 25

30

35
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11, several feed plates are shown that include

( Q&tﬂga%hé; tpﬁﬁ@&ﬁ@’ﬂﬁ)%@rf bashr$lighoa Q@arn'?re?&[;)lmg BRBA ¥ WBch hydrogen-
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¢ RiRdufiag Frgion 8 inipdk e tevm rfarminigichtabypie23af Axdspgen-production fluid 15
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sui t abl e nunber and configuration of such conduits may
be utilized. As discussed, in sone enbodinents, it nmay

wheoodesizsabl e for the conduits to pass in therpal/US2005/039409

10

15

20

25

30

35

conmuni cation with the heated exhaust stream such as
t o pr ehl&ameaﬁxkgeasﬁdmbil;dtypmaﬂyadlmedceims amar steeaniUD seppott ghe combustion
a.valyve _as 0.,8.5 st B9 aMakxe
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parcmat afl@werofant hml;in@adzrl mgthf: u¢h dnd algeewithin the scope of the present
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i tabl e .t e S
S Sl B UL N, B8 PR S5 et e
i hdatigg rastemtilye x avigitionallyown altamafively, the, ait h@pheatav negiter the heating
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PP B0, 94 R 168 80,2006 Bl
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Q t S
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air deli"very assenn el ng requlfed further
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8{"{% ﬁgdrB%% q)rédldgthoncfml is %%Q&Kus%@%@éihcﬁ%n@/@?ﬁ Qe Q438 Eed prior to
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69. In Fig. 12, the vaporization region has been sone
what schematically illustrated as including a

weRogesizsal configuration to graphically ill use@EUS2005/039409
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-r &1f Ejg N g whiak ﬂhlylsbndmw mecodﬁg.p@bte deliver bypeoduct stream 28 to be used as
com a{]blg %ue Ihnané ?1%'6891; 66 %@th%hgsécﬁw \gltlflﬁ) [}f@scépg of the present
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d%‘gﬁgtg) oﬁﬁlgsh&?@%nhgrgcgﬁ% gg%har at i o% reg &?ﬁog@ﬁg hat Pehetaftd, some
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28



a conbustible fuel for heating assenbly 60. As
di scussed, is within the scope of the present
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heating assenbly to maintain the hydrogenproducing
r exifion 20%2.t [Orifica 23Qiis abdp&dt ter’fpeiteﬁlt bHcEpréﬁmge)nf l(hé hydrogen generation

pr. rovi de
Dy o AR g R R Rl RS 25 T iy P heretrongh. s
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t Qo kg‘% e sufficient anounts of hydrogen gas in the
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ef fici é’ncy:xm‘xplt hibe Mydroggeprofucdotu diufy 15 egayOBe delivred fohBydrogen-

d S obt ned
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ogg?haa{r%%d b@or? L{f?eﬁ féeﬁg dérkodgehﬁ,gr rsa/ e, nc?udzl&rﬁ%ﬁy n élpg Eo, from the
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g e nd Lo uct S
S N T ST Y
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@cﬁ)lafagg%%rgé%gare% é‘,g n{l tggﬂl%su 8%8 mp %e'irrgtl;rg sa g@%cg &]ebenls demand for
t Hiedyéoadn gpapendiend byahe kstdrdgen penertibn essadblb,yhdhydecsgtah B8k is drawn
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StrPlg atpn@{ugi I?rgcegﬁtéa%ﬂllg%gr}% Slleg ?r%ar%tefj (1;!3) C%ﬁ SIRJJX %as %tregg Zg’]mllarly the
c BYHseES tileemfiyadso withdeawn from tlterfeellplrdcastmgaystm Sotr&michpressure on
sh enp
2058y S ABES B Iy in i
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dBas dr ety e%%b@hmdamevemér@pw vieristitabie \@B’E assalylblly er other flow-
hebnbttg deicE Qﬁlsheag Wa? Ye fnlcﬂhgird]o@nktﬁzaﬁl f1BATse gtl\;]&]rl!:r?%lgne SWhen this

| ess demand for product ogen stream

- nefcHsathefe iyl tba@ grepsr P@f’f@b@s@m@f@y@pm gan oa the permeate 51de of the

hN}@Fd%GﬁEE‘I&ElQ@h&EhBQne Perdd ?trés\fﬁ"in% ‘ﬂpl@{slarﬁtl%ens a@tpgm}e?f?ng through the

posed to an idle operafting state
n'aerHVa%gE'i*fs gadumsrepdisrp maroHydregtn g9p and g hrratbowerall flow rate in

OR@Fauéteresth a8. ean'tH’(‘»um&ﬁ@[ e ofllleRWseo[lmltm the ﬂow of this stream, the
hydr ogen- producti on f to the tuel prdcessing

s%;rgi"@n‘?’ SHWHN ﬂgtvot'gp@@ heq:t@g aé;@/mbb{ er othhe destination. This may not
hiégit%@rhfﬁﬁt(lﬂélﬁﬁe'r@lﬁn of the stlén %We&? 1gﬁ’1|a§/ ¥é Cvggefklofrom a hédrogen-

hy dr09 roduci ng region 19 at pressure in
ofrodistonsduid sfandgint.y It s m@ém@ theiinvepassst fay ofstmaubdam stream

| Basiti/of the B&fxﬁorﬁVh)ﬁﬂ%e@EmpBﬁhétstrm 195& da Ifa?e the overall temperature of
h dr ogen- production fluid is discharged fromt

11B% QX OFR PARIUF DS MBIty ot Reningreased berians, the lbtlmWOQSSdmhh isegbnsuming
trﬁore e BAd/dteud WRBREH B Rl hAliSE UIRed: R ARSI BESEL 139 rate of

or any other pressurized source 499 us
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particul ar enbodi ment). The pressure in byproduct
stream 28 and product hydrogen stream 14 will be less
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the pressure-driven seFaratlonfgéocess described in
t heprpduciygiepmi2Byié seffigiagslyehigh. may iflepd ometherpjse impaighe opegation of the
desmad if Rrthl*n?thla}ég(;p@gﬁ I't]he SceR RLUEEE tDnclubBE bIPAY RHRE, vents, and

generati on assenbly, ydrogen gas is drawn from

t R Yaftuiste eeéegquhgd@%@ ecmlqso the pyprodugi afreanip that dfris nefdelivered
M, Xl eiSh Er%%eﬁ'hﬁ&rhﬁg | X aishBscRYRIs QY Ghay St S‘ead"&dn&m in some
al so wthdrawn fromthe tuel processing system
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nor e g rogen gas to pass through the

hydr og8iesatieghackesiirion HissyHeTR ﬁlamﬁpedz%xf @theq guitable structure, the
Obidkbe&ueSm PG 18¥ bhbAIekiRATIP bERFdHH Jub[eo fluid from th
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pm@l&war nweegﬁleh 3! 68AM Ms.txom&wm&wnr@ane Hef sewgr&%&mbly A
gas In this stream limted or even stop ﬁ , via
aPQ‘BIPttah@P'@?ﬁ\‘/alf\/‘émas WBI%?'ZOIF thathee operatipne §hithet gen generation

d%ééb&@l{/ iSHESAS Y gdtfed, BELAIRAD ARVRSH the BisdnEOSR the onﬁce without
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argriERg ePmpler t‘XPéﬂa“b?‘é%g%ﬁ”é PRYere a?wéﬁsgs§05ﬁnwﬁ@elated structure.

PEIRE 23 arid/ Sl €orfHce 2BE nlly BeOBRNES ﬁbte@aun\ée t9®BDEARE] with any of the
thereby resulting in | ess hydrogen perneati ng

t RYBORsR eteeation Atseahlies dfmrlged 1“Hstfa£f¥’nandf°é %P@graﬁ% thﬁ'r“e

hydr 0geRrifa Sl oft 1oy en QéB&r@ldn {sk@WIY, AeBiidgNfuel 13 is initially
bypr oduct %tregﬂ128 S?%ﬁ%u?¥restrlctln yor ofﬂermnse

| PHive1eA o e heehBRatFblN ERet fichrenit ahrebtoa Yy mechanism to

Sipflahdt EXneWt kPeah86. ha@ls A@aBS mEMR], Yis QfedObNREAL at least the hydrogen-
destination. This nmay not negatlvely affect the

oPEXEEROFSIR tP He“‘g%% EMPCHBe P Produ¢inghydregen gas figmjpe particular

f R B5 bl eEIeRE UG 4t Qbhst Lumﬁimﬁ]hanﬂﬁ&gempmdhan@ mq)erature) In
enbodi nents, the increased fl ow of product strea

aREPRSimETe O BYAireses arerH P SR o Ht %‘ﬁ‘t e e

MYy HBUSH1ddNE deMEr hekhel QIR A tieCfu@fhat B&mmenced. This detectlon may
hydr ogen- produci ng regi on to be increased becaus
b i s s aisthly R ¢ R JORGFAuS Fetx2mRLS O g G opticl

haaps bt ad GESRL Sdnsdteabdng iNatib@uplet. If Serdi HQUiP A& SIchlrethe controller
that the flom1rateh§h§xp gduct S [

eam?28, if .
sy Pe Fadigrssd £ gep ¢ Blngier ﬁi“ﬁ g?’ Wegf%edftﬁ‘ﬂ‘a‘fﬁ‘”% gystem (such
oaew&wm \afvei hearausN@éppinlgtpuings thhttaid ﬁtnlffz&tﬁto%ﬁ@ﬁl&h@fuel/ﬂllﬁd etc.).
presen

ure to.include b e
P ot sfe B D et bRttt BEer Jerg ey, ezl it St heating
t @] byagr editeppedtan@ane Fwt Sfahydrdgen-prodadtio efluid/ eria@dcoaﬁnence This

heating f to the bu Ly. . As di
t ?f?’&lltgﬂ%gl@li"ﬁh‘y l%aﬁt rﬁ(egglr g'ﬁ&@& F?Ff igﬁ@s % I Sgu?@ﬁf E.nel 13 nor fluid
ﬁ us breaﬁhﬁfddi‘dﬂ:’to}tl’it&xybi}b@ér@ﬂd&lcn@tré@&mm tBe mtm%:qasmumse @r assu@h period
eatin el for or the
o 888 syt oa s df % Kpprad L e A of A 15 s sared
systrfgm tmabaalﬁenccemzxaﬁlclo ffuedtiBag bemg tielbked 86 hertiny ][a&,embly 60 and
e, backpressure . resu s ive
PGSBS S0 D & O 8 St P S HEETRERbE pgigetiof 19 In the

delustraivy esmﬂe Nhediehd tangs ﬂiti]ﬁﬁ’ﬁmvﬂ'yﬁfbgéﬂ'lﬁ'oﬁlidmg egbe 10fre delivered in
pr oduc en. strea ' imted or s

P B C oM RER b aT e leromB b Pleaph AR e € theFarogen-
appdndihg/regibn pakeed atadastmi ellditioraf redg@anm@r ouhen‘ flude st23d. 145 benefit of
that the operation of the hydrogen generation
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assenbly is automatically regul ated, or stabilized,
t hrough the presence of the orifice w thout requiring
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sensors and/or related structure. Filter 230 and/or
2
Obil bt B€rehcttnBohn ré/)c?eh%/prgé] e %k é{]tﬁggfﬁere Rl B8y be heated as a unt,
ass @ntb¢ e puessue. iahddo not Iréqust sfatire@ delavstl ypteinpeUNgsbrMsesd
her ei n n
asse nbiﬂy’ %ds%tgl %&i%%tﬁl‘é Qoplfgthlgg It(ﬂ%’l?{lﬂ%ﬁﬂnﬁgr ﬁ&/sg\?l'trgﬁthe scope of the
t hl@seine‘asqmgrea@s bymatn goiteeation assemnbly il Griind/erkenetgy pugghiciag yystems 42
t Thi
PR AL S0 DO 00N S0 o o
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hijggr@nalbrtadim fiog theenqseemaliligs erd/or|spistemb ol d’émssedoﬂle heating fuel
h Ll : . :
LRI ORI AR Sk LB b) 7 GyRamens n i
whiest diglresé Gwiids is@rliqoid as dispénsesd frmﬁieé@ﬁﬁﬁeﬂwﬁvew mystem. For example,
g j o |
i gbio R ity f 8 B o D PURRE PR, apdor g e of
opeiecwith g baisdalsohpher hyHeocarbon. s\b!h% ganversigndlyzaspump and/or compressor
t Qgﬁl otHﬁlZ&isto %xfawh gﬁ‘i slrQarr]n Og‘l Qgﬁp Wgﬁﬂ' to Hchﬁer it under a suitable
controller may be con igured to stéh the flow of fue
anmscre fq thed hidrogenepradueids tregikn.d i fpedsock ydeliugry (wvsfems glyscussed,
b r
ut}ﬂlu et tg/gyigkélrg@rfit%d ﬂxleer@lggne?}%g (laultt gﬁmgpxgquﬂ%m&% bé)r&@ztpte% t6 draw and
hediverytha -hsatbguieeinig th@@b/@mgqnsgewfimrbasemtrlySﬁw@n’éa%&f@lbly and the
t H)edr(f)éeggf Lctﬂﬁaﬁdldﬁlg) e %Lseﬁmlé/ b%y&{)%p;ﬁgdu@ﬁg rEé?@n fheRe requiring
gen- production f conmence.
t Hﬁn@# fi RYMPRrAY CQPIPIRS SIS ﬁmhem@ |tbeeféelta@§l ﬂpﬁcrwdz@ cgmmonly housed
b [n' aelfuelQ:%lthIdanH Ret"mll SR QLD &y séﬂdﬁt d]eﬁve‘?? rriel ééh&i)haﬁloﬁ bEboth the
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e&atﬂp Ly%terrt hlﬁusftllaQW Qbn é)&éﬁlswg—%xdﬂﬂ)\fesbﬁ féﬁgmqgh@e?y Eﬁ@ms that utilize
I ow of 15 is started, or there may be & period
| wcmcemsterru@ prefslrazszd tﬁéwhgredb%cpsﬁeci weornsci@ayifriges. 30-35.
assenblyy ¢a0ua0d iy AliBGe e RE QUG th Brekdnt! 'd@cl'o&r@ﬁ{ap the flow of the
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i heating fust prdchydrogpppPredugtine flpidamayale eontipliedibyegvalys assembly, such as

hm&m@ lﬂemgm hrﬂﬂh)fdﬁ%bﬁlﬁro@lgct@ﬁ Qlufielrd W6fe8dr hvhilBhIE §Pdpressurized
However , iswthin the scope of the present

: dF@é‘lt’@gu fe an Hlaftraflh%eww}eo@é Aeroaax ngvl@@q‘ Bhvahéecaéfe\v@é‘/ 60, such

als WRaShaPluadtid JaRRabr 4 @RS or BtheiOfaRlthdt btbvies for at least three
stream _A benefit ofall of the reactants being

dBpy \repfaanrations t ThefRfor rgsROnNSYALO 2hidrst WSSE inRHE §‘ahﬁ‘)‘ﬂaﬁé the flow of

hﬁ@ahﬁgflﬁﬁtoahelﬁﬂﬂrﬂer asRéBbIAtthd KRArcEBA ro@&&%&@%@n wanﬁard&.r@qireheated
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P T 0 g 198 U Iome TR er @ el 9PE lF BB, source

it is WhikhicRiafidie o @RPRnffon t Jo@rcBr Qfﬁ&ﬂhec@ks&@/' QS B thled to the
hy drogenfggneratlon assenbly 10, and/o

SHRAIGN GF H 1aIVR GSSTED eSReEs 42 DFHE BYETRIEAI SRS Ve yastuation of the

e vDR st tok ial Bl iddepdhaditly ThifhB®lsuch zfs b?rb)i,operator Ignmon may be
bal ance- of - pl ant power requirenents. this

R Reltath uety &5t iy " ﬂ}'fp%*ﬁemf'éanwltehauﬂmawd It is also

I G4tHin thO GedPdCdt @€ prdientf disticindethhv@E VigRbot @@m&et is adapted to ignite
controll and ot her el ectronic

cBRYBHIR g‘hé\?‘?“y“&‘i‘i’tl Sloes i Melsare4ds SIFD) 4 cxhea il dgniion source
systens. As discussed, the heating fuel and

hydr ogen- pr oducti on £1 ui d nay3Pe stored under

pressure, even in enbodi ments~in which



one of these fluids is a liquid as dispensed fromthe
feedst ock delivery system For exanple, the

whyasossss production fluid may be an al cohol , BCT/US2008039409

10

15

20

- 25

30

35

hydr ocar bon, and/or a m xture of water with a liquid
ainciabissla cdmblyidn omiyinons a\ﬂ&&fe&exampwem’ehgmwlnlsyurae meyTpe operatively
an conpr essor mnu zed

Sﬂpgg cr \?’8 Ve S‘ﬁf)d Oymélﬁta tlie tllJodvePﬁ }vaétrm f(l)xelqo gl\éﬁi\egtﬂgsassemb]y so that
sﬂn’e tigiidicd sotes sutcaated at, o wihihr Dgpdratep rtmtmcnncg afteegthe flpw of heating

g | %%%g‘%{?g%go?‘gl I%e af%xl-;lée}{ hl‘i\ﬁggs}wgleéc%\ue% lugwe é)lalrrﬁ?et %gr? q1e system
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aﬁ éxstﬁ {ﬁ? 892%1&1%6& thre pre gs ! Zﬁp\e}%pures mguée 3dOh %éggke'c 350°C
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t

0 b S0l S5 8B bl e R 8P b i
f biglrogan cgahysohrocglem m’notliarctmﬂ dpating us&ﬁnﬁhrywwecoommrto [be @clpplled with
b v e el
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fl y
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% le, tgrg{)eggtﬁ}fgle ’ma?'btehlﬁrsd '&P%mhﬂ%' tBé @rrlgp@&tu‘i@ 6f rhlqudrogen-



For a steamreform ng reaction utilizing a
hydr ogen- production fluid containing nethanol and

wowioens038he hydrogen- production region i s prefetEDE005039409

10

15

20

25

30

35

heated to at least 300 C. Illustrative exanpl es of

tl;?:rﬁﬁgt&i ¢ gﬂbﬁﬁ@ atvisid, LRIGKE babthér@sgnan©l dﬂd@eﬁ@)@ G, is 3]35 w1thm the
C 35 75 C, 400 C,_ a tenperature of at

ceope p%ﬁasé}qsﬁqurg thay t{lchgmlehhsg@uslpd égdheél)s%vecassgnebqy to automatlcally

t &IAREMAL HE Bolvdf H]tﬁog’eﬂrpﬁﬁlu@tfonm £AAr & stép draedues et flow@ of heating
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above are not intended t excl usi ve _exampl e

| Feéreag, rewhreyA%ﬂhéCUﬁSééﬁbO\@oanrl fap Ukystrasaddn Fygpll@a‘ilpatmg assembly 60 may

P8¢ @%&f withi¥sHell 6BRF AIIEHBERsoP W, SltAGugR it it RRRIG tFeARGRSS the present
still” being within the scope of the disclosure.

I'n
nﬁlﬁ‘ilo%irﬁpmabét mghge lacgier ahdeaniepartidly. 45 sempleiels external of the shell.
25 '!AS?HE) t@tc%{:ﬂddn@ wﬁhctﬁl@og@éﬁawga@samemlapﬁa%tﬁsonmysse 'prwded to
por | e or nobile uses, the operating paraneters f
d QPP YSAtehe thopmal §ReTgysFhcambyHgn PARY gl §p é]séweroaegl producing
o&ghh%fgﬁymﬁgﬁagagggggﬂmglt|ons in mhlch the fue
processi i s used. For exanp

ng asse
proceséd Hﬁlstaaé%dewbwaé'galhﬁy Figa 1§, \héimns@éaer@{ylr@amled&s fitgeast one fuel

ha@tﬂb&%m@@mtgﬁn@g s@lrcd SR AL 66at 1ARNE Bedtih© BAd i@¥YE6N source
than O Cto higher than 100 C. Illustrative
30 3t} edcis pdpried @er?Fp‘fe% lepst oRerdt stteampir a{nu*?'é Yo fitsb ghamber 376 is

V\fsﬂomnnnmlgg]au)ta@mﬁ 38} aft QELHBlINIaSHRMEaBSr FRYinblEdes a top 395,
used i ncl ude tenperatures of less than 30 C, |less than

20Bicl,may et Pty 1 €0 amPIateds OPETh R anflgiferedy fosmanqg reservoir for
?egi)mﬁ-‘g tHeQﬁq%ndt fi8NdeliSE8d therd €S §UdR AN eﬂ@o@ment air stream 74 may be

nperatures in the range of -50 C and 100
| SHHERA (Y Bover. i Parite

35 t eIRBEAS TG RS thdedvitBnhéil 8Rough opanogsgnd 30 C,
tenperatures in the range of -30 C and 50 C, and

tenperatures in the range of -30 C and 30 C. As
di scussed, during startup of the fue
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processi ng assenbly, the heating assenbly is adapted
to receive and initiate conbustion of a liquid fuel

weeoeams3sonme |iquid fuel s may not be |iquids PET/US2005/039409
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regions of the illustrative tenperature ranges
descri badilmkoneg, indiigl 14 the ryilpgdnyproduding cegipw $9 bt OfheOfortion of the

d wth { .
i hael érg&a sq%ﬁjs%lhel}l)g )t((g gci%agednﬁ%fz%ﬁqﬁqeogecégg{ \é\{:reéma%%:\}ﬂg{y%lcally be
t Hecatqsleilbom ambsfmnngamet,}eﬂmeyo tEtObpeﬁ)(@fmﬂ te fmtﬁhafb@ﬂ This enables

Wi a
il I1 str a%sp(\sneareﬁ}éln%e%gﬁhéﬁ ?/tQJCSBE F‘Fp h§ sgtFarﬁ fﬁ&}‘&ﬂ”@fg%ws from the fuel
geshembrari oAs dsswessdul jvloja\@rst s and cltied B8itableh @Aictufg may addmonally or

a 60 1 t tor ve a ljquidf
Sfﬁ?tgrg?ntli\é 4}/ IeSuslf: F ugr? %@e ESH e}bee}relage;d C glg 1% stream to reforming
agsgioh]9andr ptheld reglas dﬁmerfeen pPEBSEIND bs;senﬁ}ay and may

i ncl ud ' l.ets utI ot h featu
appr op?f1 g?@g gfﬁlgs&q%%% i tcg?’]'{‘ 3? % may dn C‘g‘@gtai ﬁB °5§§'é‘ﬁ{) fop member
de"@é forentlosings reisher @@dplhEiye)rrpamABy,Itllihdﬂuelaﬂlexdber When fuel chamber 376

I ur ner_ a
ST R of leed, i B AR RNl kgt phamber,
blj'pqi chambeg ém)hlyo 31516 irghde oherosmoe agmibledi 392 1é Sllovahis @ &t the fuel
' Qg&%ﬁ%ﬁg&lcﬁ% L?Egéxy 'su reasS T as[r} amb J7lé[ ne%%rhbgﬁ osvg,le%gl‘?e’zgginéaﬁnclude one or
ad@m exdauspportsa (T hatur iréfasetndtehmulsmzi»rtogxey} bepeonfpared fpr hagﬂao:nr flow or
?g‘nr?%g? g{)nﬂ)‘?&!d tgﬁgﬁrgﬁss ﬁl%(velts co?n el'élsotrsa Q!ﬂg%sh%/ oélljoeg e%ulgra ?(g&gr%rolled or
t @resyugediBuid Sawi n%renjleh eat B%gfqr (alratrednemts dlsh;&hown in dashed lines in

he f ueI e rin

)gf% ?gg&e dfggfzgtﬂ9 Id%d pr O 82?3% }Uaﬁ}f)a Ierblt,] (i ﬁegnq?easez}lfso ma%' include
p OB 85 BIgyYe, 1n h@ndﬁﬂ' i epraaruyt Iblmlsne"of hmyg bselahllapiaendg facclosed top 395 may
c asepus fuel
< ?)ggérgerg@ie}r g@%&gfﬁ%} %FIF %1/ c%}rxﬂ’aga%rﬁ'?p 0|p he%lmlgngsamgﬁ/o?ﬂdéﬁrough the use
p6f exhgpst @@ﬂ(ﬁmnmsx@eht@a&m@ tmmelam eputemdmg @ebrdfiyont)v@ay be conﬁgured to
hydr the sco
the Vg?é?sﬂnebggtg)g:égé % Ssl[j‘%glll 880 Jn% lg# I%grte asc%lf:cted regions %rsp Wﬁl}rys of the fuel
b@fofessing gssemblyi wsludipg eergldm@ttﬂmt p’pglgéﬁtmqrﬂ dﬁﬁ@ﬂ{rtblsmtdb@r heat merely
e [ and/ or
CEoBG G SRR848, G 0Ly P e
i 11 ust Fhe edeastpngifigel chiagnbeeis ngnﬁgnreti Ierepave a]:tbfm;twrpoctainlocﬁﬂlel stream
Wed, R i I
processi %dgbégég g:%&b‘;ﬁ%% ?t%g% eab ggtot]I g%l P ’iesenE Sls‘flosufe rgy! stream
ofhétclidsea iserberteqmtaseing Eefserk ﬁomny ambld@faddxh@naf aehponents such as
PLRCESH BYyRs SRR r
PRt 09yeA Bl b ShRyEIE oL RS o

Mqrn@ceaga@emcyme@nmwuﬁeasdms posegemi Wiila ash@ld: fL@Bstcefam 64 is
FstlvnRi PREES s Wihin &
ho IfrJlr esi(égnt dllSSCI Onslureesgfﬁﬁlg@tl{etprés&t%&lg%ug%%\gt:ra&ggﬁp ofie itream 64
pRRY iP5 used agg thab ths addisiopal sieeray nalv sopply ke sdmed br dlfferem carbon-
ARtk g &te@st&%] dieHeIr %omﬁgﬂﬁw Gdi i B &Rl % OLHCF itionally, as

(ﬁparat us nraﬁ’B provided to communi cate {he
e jahoveo 'u%“[eP'Br§4éR%a19§1tldes’ﬂquefhmr@@1-c@tmlheg feedstock that is the

h3ache Q@R¥An-REMAHGE R 46 RNv&Ed Iohfﬁelfp}njgessg{ ?fe§§rluﬂg fuel stream 64
assenbly. As illTustrated schemati 'y 1n Fi 8,

hB2t Ilda 8<omBpie stredm dap debides Cdr'émwnt@mmgfﬁgeistochanmgater and
Swhicily 3Bvd @Bishih®br $94hGA1y8Re Ez{rln &)?n Eﬁ{l&l o @l %e!d Cf%%&m for the

one heating.and ignition source nd 1's adapte
r'&é&g%‘épfé‘f‘“ql'@aféglmbh%oféhf‘rfuglmf@cawrm In Fig. 16, fuel
chanber 376 is shown including a bottom 392 and side
wal | s 394. Fuel chanber 376 includes a top 395,
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whi ch may be a partially, or conpletely, open top, and
thereby form an open reservoir for retaining the

wo papaioshzBuel delivered thereto. In such an enbpdi/oEIv5/039409
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air stream 74 may be delivered (by blowers, fans, or

ot her ¢ heabhgasstentil L 6G3hoan 6t Exg Iréeiycluries ai ighitipn fdugay i the form of a
chapber. 376 fr 0 r

S Bt S TR e T8 TR R A e of e

r egb@ﬂco]:&umrg fotdsexck pdirt fuehst@fmtede HeLaeﬂlg qmdogmssn sgirce 378 may be

R P B Pl aa ) BT AR rBhTR P fnes, may

cbesispdsed withie fa eimntbop3 8 ag shewh ute«tlash;ddanbe for mih g dlsposed partially
éns?lﬁ ea?‘lg:ppl&lgﬁ%/o ﬁ)gttsi%it lr}l)llcﬁltc %Ee}r 398m tatn%gh I ?’%ﬁ%%t lt'nrxr%e 378 may
Asnctlids cau$$etrhbleblstﬂmmres or davice &m&e@tﬂdgexndstgnmag)ltbe fuel stream in the
Stgﬁe%e?ns%? ar ?c}:}é/ut e <|:o\r/neb § 108ftM?rﬁof ﬁ%t eggg%ﬂé rﬁ r{tp Gedli E and ignition
st&ewﬁ?ﬁmayefmrdmm@ thagmmrde\]]& and/ or ot her regions of
% E:l f g la?”r J%les cg‘;s Itarl]jg*, he.an;m(’g| égmm}n ﬁoPrcorﬁggx?c?l}dgﬁlp teas‘t one of a spark
hlgea g‘ﬂcﬁ’Apfugr aepﬂol bghtng combishien catalypl eloel plugs in combmatlon with

lbua 1or¥ ca#aB/Is e?ectn%?n? atec% ce?amlg U’gxlute?sh {K‘&e Eh ?&e In some
suinb@chmentalheytmgj @slemgncmnbmtqeo}%chalmm an Eleetkicat hamjmce heating

376 _al so 0 0
AR B e B O TR Bl kb ekl D o pivg i
s oohexagipki of aateteeamwrdsmﬂ:esc: h¢adbiagl clatmontahat gl beusel aduyc to both heat
t | . .
ﬁcl t%{ e cia%on %ﬂtglgﬁlg #‘%‘Ec&i&gg b? ot}rle nﬁlg gitl‘ gr,bleQ : rﬁg%ngvr%ﬁd ignition
olsomwﬁwmayoughcéchnterbecpualpssxstmcg\haﬂsg eleapreenfigwre to be heated to a
Vv r
p%éﬁl gﬁaﬁréz) ge é&% %}\?lp é;g? Flsg %\%d F(Sr)] seat rggéét?r %@gv r% hot temlperature to ignite
stheearppir-doritgniat Bl i9Hehnhambed®$hed |ines in Fig. 16 to
gr aphi I
fuel mer@@sﬂ t‘é; sghgl?ltitxcgl@)f tﬂégﬁ%ahgg %§s‘éﬁr}gib/ 6)6) m%p ﬁ\@lu‘ﬂ@ Rn ignition
amiz/iqmr38@)ah¢g|spmpm1@rgregmn ﬁébtwlﬁghgmem |r§g1cmdwmgdo<atted closer to the
cﬁ%‘%%q Eﬂg‘pe t’i)’xgr? thTB¥mis 10£mfnesu£ t@;ﬂm&%ga‘{l{ ﬂ] 9ontammg fuel
e open top eatl g assennly, an rou
usspotd emhaﬁusltchpmbetr(n@)/ b¢ anxkdasthodn aad éghited withe @mndlmeg@n 380 and
SXLE0RIA% bRANE e colfBXiitfs @R dsIHARH rli§ HEKANSEA from heating
cONDUSE1 on exhaust stream 66 to one or mofe sel ected
r egseobly 60rto beat atdeast ds refprmipgeregige jof fuebpreessiond2.aligewiship the scope
' e lhlégntreggrﬁ rd?sgio%§ tﬂaha% C%UJISQOP %1@@@11\‘1&:(1&&1011&1%11 t3@0 may extend to
sul t nmerely he convective fl ow of
hetiee wc@mausthmshqa@mﬂsm@u §h aa@f%wﬁoae@ [BeRsration @S$ea7ély 10. For
CQWJ the nggJStl!)I?%B' &ﬂﬁnd‘euﬁl the NBATR&GT régﬁ)nc Qmd 'ngiwzﬁg) extend to
to receive at |east a portion of Tfuel strean164
c@m@lsn@n EeosrASasethihet altps|ignitia) combugion) asgurs én ek the Combustlon
éagg SN hndd R CloRBHE e 1(FdJe|Ad%Itiroﬁ;ﬁW Qffe 115 Ghel gﬁﬁerﬁon of the fuel vapor,
on- contalnlng feedst ock may i nclude additiona
c@wp@ﬁém gy Qe &5 olfiert mmonamf theo&lylg@ﬁcesqﬁw?%@@ﬂy @ used herein,
Ot B onGOIRP BE s isdd B lre @ & MOMDUSERLEIN fuel chamber 376 that is smaller
non- conbusti bl e, and/ or necessary for combustion, such
aghagithe epfireggfamfuchghpmier o Thatpy igtionaeeian 389dnt gebsqtof fuel chamber
ShoYMha rﬂzgﬁ&e%hy&@ally ldbfided oPMrhPbdlad £61 SGRRBhAbef N6 such as a particular
present disclosure that nore than one stream 64 may be
usedireaint, COFP&t regid eiddi ti onal streams may supply the
same or different carboncontaining feedstocks, other
conbusti ble fuels, air, or other conponents.
Additionally, as
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di scussed above, fuel stream 64 may include |iquid,
carbon-contai ning feedstock that is the sane

w@e@ a00bosn3sont ai ni ng feedstock delivered to fuelPCT/US2005/039409
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. ofmbedipeais, ths)

processor 12. Simlarly, fuel stream 64 may include a

CONPOSit ﬁlu§t¥arté?lqm$lmaﬁne§ Fovec) V\%qg Sudl @fr@a‘ﬁﬂﬁ@ﬁﬁ‘}t B R1ifGed as a volume of
f eedst ock and water, have t'he sane,

eb%’é‘htai dgaptya wbeta@aheore@rnpbth @ﬁ natsa”t ?feWhlé'@ore@ﬁ%aw liquid fuel
piyNGuRy HeagannRhed Wnking 15r &glklﬁﬁkd]@ sQﬁp&T%nbeﬁion within the fuel

pr ocessor The heating assenb % shown in Fla

| fembereas dprupsghin Mo ds@u herginj Fuelistredny pingy byd éfaltefi ffyyan aperture

afkil| SUM &t tROFuS YR BBer HtrBugh S0t afFe B8 cobRluRAMRE @€ 1:§Ad AR Plhereafter

and initiate conbustion of the carbon-containi ng

f Bevisg yitkingle fupl ghamber ssugloasmindar, the-foraeiof graaﬁsdaqs@'qu/wkmg forces

h&?b)ﬁ Zr%' gm.xtup:@ »\%ﬁmé 81 HanBLNLWISE WROR the e&%@ of the present
extern anmber 376, as shown in solid Iines,

nﬂycl%eredhﬁ phsfsl@alrm aﬁwnﬁlwmw inglpgrto lspst PR distbutin S@Rdutshat extends

d@ﬁﬁlﬁ%& IfG¥E Tharfiber rﬁﬂ&' tfﬁ%u VRRR Gk |ﬂ 1§'f§él| Hreh ARG CFH'&?’ to being
parti al ne/ out si de of chanber Heat i ng

i @mepfeé W&Stsvelomynquﬁcwﬂt% th&rfyelsthﬁmh%i é“@tq*%f&“u% conduit

Ofnaf §¢1uRE apePturel SR bIhBTo B alodRiith dngtht Ay féRlde 8 AR ubh as at its
t he lpresence of air to initiate combustion thereof. In

stifral eisbyihinghy Gl phamberlgand(ry mayninelpdiorsopry eredranchesyto further

| cthibEe MONRuidNAR] RGN SNthHE the BBINPhRHePT WHild AB €equired to all
heat| ng and |(gn|t| on sources 378 include at_ |east one

ﬁrlbuélog |C6!WUB,| ﬁben lgeqallpqytbq qd@lﬁgd togselectively deliver at

C RAR WSHortfh &&h@hh{&i& fuel) |s@é/é{npbéﬁ9§th I ¥ ﬁmh@a& I8& he‘!ﬂnh@ and ignition
conbustion catal ysts, electricall y heated cera

i e elp Sistribyts thefeauid kel stream ORE OLREIS AF RSt rgglowégfheﬁbel chamber,

agtel | WhEd BHRNuSIOaABerSifBlubidiCA WdRPorR MRSt futle Ak described herein in
resi stance heating elenent either alone or in

ceARpeatiar Witk Fid- Lk %SWIW{I gpnduid ek (R4 isenog rapigedp g, usedl to deiver -

O#h@ Wqld UGk istedi iR APlest @fporion @F @fttfah§Rtt h&Bin® hAGIAE dispensing
heat i n% el ement that may be used al one to both heat
[

atha liay fyeb from ghecopdyiifnd éﬂ’i‘f the Hehehambet recei ved by the

fuel chasgeedtionHedtds N@scaiBEl highve ! fuBNsteAHrdaemay’ Be B8Wered to heating
i ncl ude an electrlcal reS|stance heatlng el ement

cHRTTRUCE RSt ligd. R AL depst Brridally eifhfe Hattiq, PBAsE: ufl?Wel: F‘EﬁF’I G may be

hadliveradl &0futleh@hbepd7é thddBorRraiiggl cdhaltions, th&M@@oﬁtﬁﬁons that include
te erature, to |9n| te the %arb n-contai ni.n

st impisaie anflgn figs) BessYR- i F GEPPHEWEIYRH ‘?Cg%?# fl‘i}‘vered to the
t h@tchbﬂg%rgmg hgsézﬁ‘ﬂnlr:%soﬁ@ offhithit gﬂdg)nadﬁnﬂe_ﬁiﬁlﬁé ltﬁdﬁ is higher than the
I on and a co tion re on .wWwin the
E% | EMBHAMHEG SR B e FgrorBE UGN E f eS%%‘F%b‘Swﬁ'évei“’&ﬁP fhe et chamber.

SQH n€d hekal) “f4RR peiarrhedisite themainlim tehlﬁerStll.lEH‘ht which the vapor pressure

ments, .t he carbon-cont in di spposed. i n I

R LTS s felgrodh (R Tte Woe SR o R G age gt ghe liuid.
t Diee flgehi foiird Mor” g if@e sB3&n &ﬁdvémﬂﬁ)ﬂ&t etthniber mfodauﬁ Gepend upon such
R B SR B8 bl TS NS Srtions o
I €lrleohrdonginirge@istooll atdietheriotpeEasrin 1k fublt stleSm\dht lRbrditions in the

e % Fe c%f ‘the present disclosure that the

®Snitiated in ignition region 380 may extend
t o ot h@ilk deaftasb psintdefed 1o themtmmgnaeﬁ;erdmhry aGQhﬂmd/ltqmd fuel will
rogen generation asse }

"nﬁd‘s¥‘"1p8 PRV CEHRT AtSt ?fetsﬂ ‘Cfea'n f°6'ﬂ aP‘e‘éP‘Eﬁ’?

nwyetbdrslo: eiktendilt gnitohispinden upegihero@BitrAide bf thaabmbustible fuel

ggz{ggﬂgﬁ ﬁep Ian‘f Iatotﬂe ‘l:occ)gtJPol“rllSc}f tl‘ljtanlggr(%%gx%'I gosﬁrcen P%r examplpe if the ignition source is

éure with air,
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region and the ignition region. Additionally, due to
t he di spersion of the fuel vapor, conbustion may occur

w0 moenB8s portions of the fuel processing assertil/ys2088039409
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used herein, ignition region 380 is used to refer to
a e [ e I S
i Ebaagerdte gIQ gr(])tFnI t‘rﬂ% ?lﬂfag of ﬁ@ llgﬁ:lﬁ %Eﬂgﬁ:’g noééa?mﬁi?ﬁ:@ds‘t&k zmﬂlnllb%F of factors
i gay thm@rﬂllru@@t@c%@tﬂasoraofstbbsmbuembkr sl varer e 10376 flammability
t hﬁft B nth@edot%x&e%' Aﬁey mfhi A e&l\caﬁranayome Bt @de REI vapor in air
anmber /6, such as a particular end region,
c&fn‘émchrae@qrmpan@r@a%e i A u@d et “ignitign Vapgr piessass” inky be used to
of e m bR TRhiR TR BT PUHLET
not al IThQJﬁemﬂtna@h? of ethfalllﬂwda_grb@mcplqumdgffg‘élsmsbplplfyel chamber 376
r
\é\tépcg%?r tQ g rislﬂgelt zlmolgﬁl\%ﬂ?h\;agai -Jfgl)gce%lﬁatio% (ﬁé) niy&}?gnatlltsagon at least equal to
dths dowereltpnimabitisy dimite traay| benleigher ghanRhe Flasht pasatnte@geratarg dnd will be
d r I I r
ﬁ!férlr'%g rt@? rtre@uﬁrlhﬂ%g{ﬁoy t%?ée%hft&!ﬁl : thElg n%eu%ldop Qer{n#é?%}ure accounts for
| ierqupmmqirm@lfaqtqﬂest@bm availghilgwioh fresiairtin thevAporfspask above the liquid fuel
B‘iaﬁip &ea E'ntatﬁe %ﬂﬁ)’h stoli'l%e af?J % a{%ﬁth f“(llnet Bael vapor to exit the fuel
sorptive mnckln torces appli by  any structures
\/\/Fltambﬁr ttheeighiyien t@mﬁ%@p willtbe, reﬁetred & bhgreiRjas a prepesyoPethe carbon-
ogmﬁyﬁn?ﬁgﬁent di scl osure that the heati ng assenbly
may 1 nclude at |east one distribution conduit that
ext end$hefuchstipamiyaayf epear thenfiphrbprmbgidt f Hirs deyppeviiire And pay have an
| lgﬂHioQ téd‘f&katlﬁ% RAR HaAEe Bist Rinpb@uRe! RG%otHe SRRREGHNE S @8 carbon-
di stri utlon conduit wthin the fuel chamber. The
dic@ltmlb&:fqebﬁpleerﬁ@m the fyg) chayetier ey Aperan grigorpparin! fpegssure, and the
okgrtcﬁltc%nﬁ‘n@r&gfuelt in tixéaﬂxg!t gbamHasziynl?alvU de 1rﬁlnal %Hlttlaﬁlsresfs&léq&s than its
as at its distal end hin the fuel anbe é} and
igpition Pprigialepresiwe odn ﬁ‘i’fﬁféaﬂﬂlﬁ%'@h%%f fteémfgms'fqﬁr&ly élterﬁrﬁfuﬁreperature

t pRliddrgl 'telrrgé)efaHﬁ}e) ocftfﬁeﬁ %ma\m b 'nﬁ%' R %uéchutﬁlxt tﬁ&@@ﬁfbstaﬂ%l]} 8o carbon-
not reQU|re to al nmbodi nen di stribution

C BATERIFIRE f%ﬁ@ﬁ:ku@e@e Vﬁw phasead app@er %RPll%loé%tth‘v &y, stream may be
dgdiivii@h afth flr§aShpdatBRrdt whithOtherk RE sdnhedhirbbnl dfiainte’ £&Hock in the
beneath, or proximate to, the heating and ignition

SERPEPhaseo dIOSEVSTh i manbleaRPHIgRoRS fiife ForseRtEatinn 19§ erRonsentaining
MRE &5t R i GE 95hok SEHs@ﬂstheofﬁrsttthﬁ drdigre welp mggufﬁgtaﬁ to Wﬂ% flammable
the fuel chanber includes a ?rans ort med |unL such
JdBERYE Beide frspignpfihgating 3pd EENjUSA squqﬁﬁ&, él“ hatlly first temperature will

dbStels that thOEn kSR thipbraliRY of(thdiartiof-cBfthin{n@ GHLr @Qldt“ﬁeatlﬂé‘r)appl ications
used tq deliver the liquid fuel streamthrough at

| & eonbigwations owhest Tyah streamsork ishudes a FOMRPSHE| Wram daving water and

diaphGidgedsiotitlirg ekdilary,tBdich R kOB, tap;ﬂmhdnmvﬁere the first
the fuel chanber. In_operat]on, and as descri bed

AISEPEFA, BT 8ot vislh SBICHAY Bish dpsePEHIas OF CHBA sqRigining feedsiock

as£RMTRE fueBRApaS toFolnh SHiighlitabRmidurd ;eaethemghh@ighmoh gbuace
hase, stream 64 e dellvered to

chanbel B8 iNEDR TSP 1 T b DRLTOT B0 BB Be Arsgte 5 ncluding

C D Ighi8l if N fegidnBIE ahdh & Ifubll Qaper frdgroit39semen@trm5@ fad)dhanber 376 is an
flrstggressurﬁ The car bon- n|n f eedst oc ég
depenVerR@Ttagd fYRl VRRRL reglgiy, e‘F ﬂ‘ﬁv %e spriage;afthe iy fuel in the

ogqm% RieM&Eoh B96 tah® By &lesrmrvl\ﬁw{]@fﬁél Qﬂim%e‘i 36, Paels anélﬂded on top
t he I rst erature I C t carno contalnln
f @édé}%@ﬂ%‘"’i‘y nﬁ%{“a‘eﬁp%ﬁeé‘a“ gyendg@s ?*U naf the ‘HtYéPor cprd ’ag%"de within

hee eudl, prodebsaghapahtly). Letabslihénts BRerdifGéIMBhAMber 376 includes a top
tenperature at which the vapor pressure of the liquid

is sufficient to forman ignitable m xture with air

near the surface of the |iquid.
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The flash point for the fuel streamreceived by fuel
chanber 376 may depend upon such factors as the

W@ a00bosn3soONt ai ni ng feedstock in the fuel streargT/UN®05/039409

10

15

20

25

30

35

relati ve concentrations of carbon-containing feedstock
aﬂldmbetrh@hetﬁﬁlfp)ld) e pilﬂali, ert h@of' tb@lonSI9R eday) bet da@l to be at least partially
condi,tjo rrber etc. Wiile the flash

poEed P%n} ﬁUIF?ﬁ WPPEWB& ature at which a

l'i qui dHEzue;g avdemblynGl/ gis@in¢ Rpara pradiss endeigaltior solrtes378, as described

surface sufficient .to fo an. i 1 abl e
S PieBigRaih et fikilse it Fieoldohitng G EBROE ittt o sorm of an
t blectticuh ﬁeefstaﬁ@tﬁeﬂ:mg&ferﬂehmmolﬁn issdigpbied completelyap Guel wrpot feglon 398.
c2hpiva: e peie h i e L B o e ? s e tiawid e
t Rgioawf kiedeel @harhtiee. Hoe(avad 1c ar»hmih the ntopt nf thg plaead sltsololmre that-at
a, nunber . of factor.s | u t he c gRce
o1 ol oBf bty AR e g8 solrsante iotess FPRRERETHER 306, s
| ilhistratddsin ddshedlings edFig.ol 6r 6§1ﬂ1|larltyolt tshethm the o ef the present dlsclosure
Wﬁ\ncetﬂ%lr itxcléonal Y su1t%?eo ag élijegtr})ab be ec? hﬁ\eﬁre%mﬁ and %mmcin source 378,
Vv &jib theprlesical resistamy heing eiecheb arrdafsatlusmtetl keiledi qonﬂng;mnon merely
E‘EF g il 11!?1 tr(;"a%%'I .Fﬁn %}Ecluswgreé( m,?l”' tM?% m%land 1%% I[lotll rs-]ou‘r%lce 378 is shown
C adﬂwm to om d of h@tnﬁg&d@ﬂﬂw &0, mns wiksh thehseope ©f thg pfesent disclosure that
nﬁea%%gc’ z?r{ 19 onD sroor%g ?;On at)egcpl e{%ll a%awﬁﬁ%) %ltﬁ’ﬁ ﬁ&?ﬂg a&%hﬁ? 60 where
f btakrmakal qurdqn ¢f 1mnta)/ besiy sbﬁﬁchmgbmtact ath fodd e'ap¢rashg1pt;| the carbon-
t go z%mlo%}flutefs mqpedfu uérhémQ%\h Aﬁf ﬁt[ Lrgtgfet gon[k?élﬁé Qn%ren&)g?, l'tlllzeeheating and
acgnouvntseuxfa)mase he/ posititmedh klahg almetr@lr\salksefcthe &gl chamber, may be located
l!nglb erlmlgéér peg{o& é)?gllr'eetgela %‘[g%eté L}?ayt %Hggat%p\tgl&glﬁ "zillsggnl\gxr%l ;eE%n of the
aﬁdl thamberbett.i ty of the fuel vapor to exit the fuel
chanbe t rat
nor oi n ot ARkl lefied BFAETE. M el terfncBLEE ERe hdued o
f beihg it o edld nenfigentier artdm af ungghry cleaind ePthat caafigumiggns are within the
. | , .

Bftth? ﬁ%ﬁe%?ﬁlé Fej;?yc? 8%%1 Ieg? JE]LS&Q? P%a?lgg?rréﬂgHﬁlgn source 378 may
ehb didéaremes inctude lmaarrb@dcqymeél portings.f erehayd b¢ iothervaek twled, bent, or
t gni rii
prsisel i AP hapBE SR ARoT ARG dr Bepmativaly, peaing and
clmm@ersomy F8vmaynndlysiet inglle  thanr tqnaldep\rcesss;gh s | o thregarpr more
| | I S t i Eq®d carbon-

neIPh RO, 2r BLG o FRESPHLL ol e AR ARELG B} MR carbon
t eonténiag fhebin the fureU@1am§t=lr while Bgcond\depee max he FM@UM& provide the

}nﬁ%ﬁ%ﬁ Q:t ﬁle lé’mlncgl s%ﬁlrcp%? %Qtar%lbﬂk BQF o?gﬁt@xt 19£hm'tt9r1ttcn%electwely
vapo ase. In other applications fuel stream
rrwu%@i tpaition eguset cgmay be p gl nlwe*lm muecealeat Rrevides 2 f5d het surface
' §f Sfi&erft ?Jn%@ﬁhﬁ@ﬂ)t %aﬂ! e flfle¢ %gﬁ)ﬁ‘ Qpiﬁe 'fl'ﬂal ERABLAP AL another example,
phase. However, % i cations the concentration

fwccerrmﬁcmqtahmﬁng arf é@gﬁfb@q{“cﬁhm{%@ Yahsrchglidge opore spaced-
t%nfrbéééncéﬁélﬂﬁgééﬁén% wi |l not be sufficient to forma

m xture at the |ocation of heating and )

i gm ti 6|5| dgssmsede heq@g apddenifien squee ¥78rBay inclvge o gr gore devices.
WRE ar&@sslﬁstﬁe Q:Qxﬁfku;alﬁgn | lgﬁhrté kY ig%m%ﬁrsetnldé %7@fm4yh€e understood to
carbon-cont ai ni ng fuel weat her applications and
c Bieridg arhartingriseayitid g lsnafecrn asfar e Bt IBatingrmeta and ghegignition area may be

CUIRARI dofiond SEARMAIAVIING, (MBLR]y RAKE same portions of the source, or they may
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car bon-cont ai ni ng feedstock are exenplary, though not
excl usive, applications where the first tenperature

wowdok/ossss yi el d sufficiently high concentrati oPST/U82005/039409
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car bon-cont ai ni ng feedstock vapor, or fuel vapor, to

f mclmieaasmrlgjpnrtgaﬁoh@nsm&mcj s@reet It hemltﬁe:ah‘?angg @midg'illgm goursn disposed
[ n

SR AL, S50 BN ELGESLR A o A8 ol s may b

fmktense\gl dn m96-campbrantf healingvadognitiey saurreSI®e cpmponent may be (at
rated 7 F .

{eaﬁvgvrgargy) ConE u%d tégngﬁrﬁlger 1 d:glfcpwiu Qotﬂﬁgc'arsn ?‘f%g{: %?ﬂt leatﬁﬁ)glmarlly)
I ¢mpﬁgnded m@hgmtn ttuh gapdarquiddifierally roegﬁltelmatB@B’ aneniayy dévire may be

con%gur'égc? Y{éﬂg LW orC ‘rﬂr{ Mﬂ% o{ §1¥t?rentbc%¥lsrdu?tédﬁ? %ﬁ&ﬂ;ﬁ%&g %fgférehprﬂatenals,
f anmasrt tiifferehuellaragepsics onfeaties sis pat:tésw hemlm Ohresucly @prtion may be

tcegurlte aspsﬁg{gp d% éonﬁk{&ocgr%%%htmﬁé‘ ‘g?”ﬁ‘g{'@ ftlE” ?tller portion is better
pantt:d ad jgnfitnahe fmpoMeregyienrn B@BryThsatibg agdiighitian gparcgtof consistent
| ...

SR LB I MUHED i UE R, B (Bl s orion
athh digeif rﬁ@pl amd:la segenidt potiongo thedee! 37T éESSUdbs cenfigaeption, the portion in
b S

b 945 1 b KL B K L1 S0 oy o
r ecsxs@cramexgmeam argyand) wiseme appdioations @ healing seysess ed
conpl ehe ldYscu.'lsElsdf zﬂ)gl'e \ﬁ@iﬂfﬂg ah& %n‘ﬁﬂm%%ﬁrce A58 ﬁﬁ?‘é@mpﬁ@%ny number of
heating and ignition solirce is illustrated being
pwnom csrm!urasb @vemlsmembe(q&j jagd/pr epterialyyi Breoae eml?@dlfne’@ﬁ heating and

@HBS sourEl? 11151 e anWElE{H'x&l OGO RE RS efehﬁnt 400. Electrical
esent disc osu hat at least a portion
heeartsuamg haatingietpmient 4519 rsayun@edetﬁecom@ae@aé e rlinaId‘F amuefal?lg glpctrically
r Fegl!s I‘ﬁﬁgﬂal@&@d één&%ﬁrk@tateﬁpohqe&ﬂﬁ Redn lelcbige c'uHeIF ' q}lusgrgtwe non-
int scope of the present
dc@@lsws u&rxemplhatof cuple magegiakst lnélﬁéfr Itwggtev taaél Nickromg callgyedsuch as
'TEM\! 9(?C1“§1ﬁ1d661\ﬂ'i6@§ﬂ$e? NOA @b G thd QP RMT &8d Il BlecticdiMresistance

ectrical resistance heating el enent, and its
i héating plement 40 mpkbe sebnster) pased o ST ReEPEIpceaithfgronditions of the fuel

' SraKHWN | g irBfdtive with th
1S e T AR P gy v o

ofarbraatoniaipings fuslsniny the ofuel; ghambesyjangj beinghethanugigesugable pyader other

: pE&%ﬁ(&Bs &thtsrﬁzly(lffféf:te(hé mtlty he ﬁIe'h@er%QQd igRRioh isQRceS@Wes@nd ignite the

may di'sposed anywhere wit heati ng assenbly
Olelmethe fml chagnpst. Exepmlw ateslsi IPCIPﬁéyS”Ef@“F?fb%‘Efaf“i' eivgefractory

CHHEeﬁElE it wwﬁh&ﬁl thy @&5@5 dfQhd GRid® didRsGARONEPRLGLIRI Mekerial or
fu in the fuel chanber. As illustrative,

n@)‘ﬁ“‘é&@m@f yetesRls iAyeke usehdn easing ARd Aghiion gAwTes §f8- The particular

S QR8s TRY P8 gRRR lelb&iRehiahf Hpéhdl it ERFactoB! ds 1S cattd-containing
fuel chanber, may be |located wwthin a perineter re

ofectsiskripete é!‘f’érfﬁéf}m %Wér@g?rb&ra%‘tsa\ngn%%?wﬂa(s};@H‘e%egwy the fuel

I 8@EQ8orOhe t&iglid@én @ﬂTﬁéTiiQﬁflmg 2k&mblYWitd fuSIRhihBad] th configuration and
reference to lg . heating and ignition source 378

i dispqsitigs of e E%P“a%a%’ég?iboq Ru%eEHi 1 ed configuration and

as a UR}ithadofuflRy kd@encid1 By, COMEAB A igaiDn aﬁﬁc%ﬁhb Mustrated as
the scope of the present disclaosure. For exa

| e,
uRFIR&PRFICRAY ORI el AN T FRMUMEAIOR Wiher NSO it g controler

MY, thad fsl abi&lRed tb NRAToraRE oCdbh i @dhedsPeati BN Snd/ R bpdi‘ﬁihgl@ﬁte of the heating
ot hervvl se curled, bent, or configured in ot her S

ofnde l-gﬁftiog FPYES o l@ntrsﬂ&a i%8i BHWaPs 9p Isungtp]f: PRl Q,reinsgomf ted controller

hedibicB e @ 1da@bint bPRMHRURERaBTBandBhiti AGbudeommdeff bafolling the
one device, such as two, three, or nore
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conmponents. For exanple, a first device may be
configured to heat the liquid carboncontaining fuel in

w0 beehssBs chanmber whil e a second devi ce may bePCT/US2005/039409
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configured to provide the ignition source. The
i ofi %\@ﬁmg@lﬁ h@gngmryi ipgitien OpeEe ﬁ78p pn@fbcomrolépg]é& surface temperature over
' Ake rzmlotng Qlter ?&EleQL&GBASV @o\ﬁtraﬁa; ‘8%{%9 be HQ skd Qrﬂlréw Witﬁi% heating
or na ug or other source that provid

r ayenbly @Jmﬁe@@y dflthyuflwleg apremblnpe apd pagiatly qughiﬁtqf the heating
t Qs@erﬁl’ﬂ?l @tﬂﬁfletél? o‘ilgﬁlefdfq{eatﬁﬁaf[m{bly 05, Bk REfamunication with the
exanpl €, two or nmore conplete heating and ignition
d BeAting andrigyitipe seusesd  In spih erakodi MR EOTigHer Eoavelfapiside of heating
r géérﬁﬂl?%ﬁ Suthﬁﬂﬁﬂ fidl 8&1}&%&5%&% #i SCNSRE %thlj‘ﬂ‘%ﬁet éc@& qre present

gnltlon sour ce I'ncl udé one or nore devices.
Réigelpurethat mntrpll@ 8§dmw budigpasesh outhidarf Hg faeldprpegsring aspembly for
S%receo&z&emerba%céw qﬁwgt 9&%&9 PR P p@c&eﬂg L, 09mBiy €8n some
and an ignition area. The heating area and
i gmbedimentsy cerirotan Shmay epblrletaedfsb g IHGWWICF‘F@ wu [RgRgWer source
3?@3 (shdReY biRYy 98 iR RAMR RAidnitRRSofte @sm as tHhleffiate Bk dellvery of

hey mayi ncl ude_overl appi'ng portions of the source. In

aPWﬁrt tespiramat | Woe gARfrdlighimayobe sdirtede telipsogepther functions, and
eRdcofaflaYy, icBntider 83/8hy ¥ARASIeh&HAOR 2 fRfion® ¥ARRER nall &hponent, of a
heating area and the ignition area may be coextensi ve.
| penEgllet o badesh errcessiva epsapbly rad/ry et scdrpysemiitin whiglpthe heating
cggggggngnmg% be (at least primarily) configured to
heat t e | iquid while the other conponent is (at | east
pri mar ﬁlsceﬁﬁq i l&aﬁl% astsg)mlplg fi0; @nd/pe b V&R0 pssembly 62) may inciude a

Addinfidy Ofidlek Ms@mbB! 153 Maddaiith Yo sArtlipl BudleY a8@MbEEIRYIMPE g, 18, a
configured with two or nore portions of different

c BrR@eny Rufnep assembly 78 ds schemgticelw Hiisiratedaandy may Be adagted to receive a

| pnasds fdélf il NtFof RN, AybdtihE Ser@im DMy R SdeBSered to the heating
di'scussed herein, One such portion nmay be better
saserBRly (Pt we as grfuplplor the Remry ewedf)sswlheéts disqusseq gumere detail

Whirkia, tHRepthdd@buRRF tak@MblyS wheh tpedseriUtdaf thet fosii@Rdd & h NRriety of
fuel. Moreover, a unitary heatln% and 1 gnition source
y

ofrigiensTElHYe bR titiER PERCT asrembhy Thettaflusiative RagitigRsgnclude, but

| gfainbi lQﬂlteﬂQb' gféﬁtlormiﬂ whRh die%ﬁﬁﬁ?d:u\“ﬂetr Rss@mbliy rssﬂeceﬁééﬂ it the start-
in the and a secon ortion in

e fuel
VD Bﬁ*meruaﬁsegﬁtyhp%fﬁ@ahm Whighibs blﬁmart/ émsb%squ 18@0%%@“ above (i.e.,

| brgsdr & dhe ﬂdré@éﬁ fphﬁxu@mgwgmf @6l siart 0 Bl BChsh BB, WhH poBitibik€in which

portion in the vapor may be consi dered an
| GRIPFTBRY Hres assrmblyjand é‘l’ir?@“a‘tfptl"ﬁ“&%??%’i’??‘y azp pRIUioPqept the same, or

S Qi 16E . dishcall &ﬁﬂﬁ&&dtlﬁh%ﬁ)geﬂlﬁﬁglhm %@mml gnnmdu@m illustrated in the
nu er o

source 378 may rise an
sETAmPteuFhedn 18] lf"é r§tp & is m&y‘gn the 8eoBT Oﬁ’é’f epre%ﬁng disglpsure that the
S ByfRoRIBDMEAARI oS dellVert ikdi@e Bting @REMBIONhA AHGRE gBs6Bus¥BY stream is

i | ude an el ectrical reS| e he ti.n 400. .
T 8 BEi Lfier HERrPlG Ua Ao Reng aSHE0D ! et definclude a
apﬁmmyammeoraﬁbmwr Bnd/CtBatQhe Sybrbcﬁbl eme,loee)ttkt gakdug fuel stream) is

j st terlals t hat gen I te heat u re
il it i courier | asSFRE Rore etttk dhritg JguREen producing
em@mpbﬁ&fméﬁ&u&huﬁaﬁgﬁxaﬂﬂy|nclude tungsten and

Ni chro such as 80N 20 d 60Ni | 6Cr 24Fe
At 1 bkalt?y et HEDR creplss 0l o MAGIEGR EFREgion ssseibly 10 that
r eglusiésantoel pma:tsmggsseln_elyent fuéJQiaodmyr e hgsceb@etpeajubm fgion 19, and
ctiper BTt R ARG 6= A5G ey Wil b SERRARGS being identificd
t efrpebmistane reffienda huAsAds Sadikdussed \prdvivutlpe It is within the scope of the
carbon-containing fuels in the fuel chanber, and bei ng
ot herwi se suitabl e under other
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conditions that may affect the ability of the heating
and ignition source to heat and ignite the fuel in the

wo pb/osizasber . Exenpl ary material s include PCT/US2005/039409
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silicon-carbide and other refractory materials. It is
wpteknh dishlesise dipe 207 of Hbe piregwes, edineaisoddfos ‘apignts disgussed and/or

S Hiug ?Hlpél,r(]ithgg!{ II%{?] & uchf whRBRL AR G gfmen'f@atng Hi_&l)g%n@ﬂ/erabr%n assembly

nition sou
pé@ t AsgUlustratagalier 17aprgw%@doth¢f eaargplq gﬁa hqﬁ;%qlsﬁgmly ﬁ%s}\at includes a
ai H ly 60 al
gtgrg G? elsﬁjsgé}ﬁttlﬁgg@ﬁﬁsiﬁ?hg‘a%ﬁu&ﬁ é’pﬁﬁ‘gﬁ'ggg I'Téa ggu gsls%mb y 60 also
mmhxém & fie phambet B Zeandpy heating podk ignpswo ée§§%$ tﬁ@l chamber 376 is
Cﬁﬁ%%agéﬁr \%ELQ Bot 1;1} 5@%19@@5]’15@4%@%‘1@5 }ﬁeﬁgg 4f014 e\thICh may be a partial
e con uration and di sposition of
hthmvgJearadllﬁugmtetdL o Tyl tapceembist as lelﬁShd aovei Ad éh!strated at 405, the
el r&8
EhHRST A S o DRI A AL B8 SOV G5l o
i mrml'mwnﬂcat ain ﬁtrqqn! imay decdsawr of p@prwn@uwrgge #gnition, vapor and/or
cg&%&g{&l &L,i88, that is adapted to nonitor and/or
contro Re operatlon and/ or operating state of th
heat i ngdditignallynfuel shanshsnr3de. magopitiont!lve clyde ﬁ&)leaHeOQS’nS)afﬂe 406,
SHI E@Zﬁ’é@ln%ﬂ%lmég lin @Y QR Fich ﬁﬁ?tc&;ﬂel'a?er wikl 3RUBH rlefblOto at least
{ Teast one of turning the hea gnltlon
somlelé' defingngr Gearate dh‘t el | Vapgf tegiop a‘t“éfoéft hdgnitiqpgregion 380 and
5’1‘1[1 dEQoxﬂ@Qoh 980 LA QHscRQEd fRvd Zﬁntuﬁ‘l"l‘gglwml%lhdeg %e:rég%n in which

ace tehperature over tine, anong ot her possi] b
f theduitiy n@ltl@(ﬂﬂhe(ﬂlfﬂ ét fuglgehamer BEO ericuss o ifion regione}8) and combustion

manSB %g bR gisAseRR lyy @0ignRAh g‘ég@dnl BéindithdHrh i QAHidhNEE fuel vapor

assenb and partially outside of the heating
as%lémﬂd)by the heabng pisk ignigion srusgechad g q?@@tnrtwg r%%%?ﬁbquany region in

6QrhicRYhe fu@l i€ QhHbRteR Ay | PPEhatioR of BR RGRIFIN tHRNEhikENekibRNIn some
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oampdimenss. thederifionyegien d$fyng cembystien [REIOR PR makbe separated from each

p%ﬁ’i@leséﬁer@(afﬁﬁ@%m& a3bnfiduratiot 1531|11§Qra%tuh Fl%' I’/hﬁltﬁ fh@ﬂﬁ:lt@fon of the
the present disclosure that contro
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mPJ em@:ﬁtgb\{ Q0k €N ForMSAI at ASESStiallY leh1Bsc@ ﬂ@ﬁﬁ&n‘ @ﬁm@ér 408€ Heating and
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CoiBIsPEFe 38 Inelpond M, iRl b 408 ARG b GisRaighin the fuel

Wiy bR re%lcﬂ(m&&nsﬁél i§8d k@B rdpfGheran, @ahi@NY irtbbth HeNiqhib Guel region
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denqd Yie ¥3popfueligsian- a6 Aissustesd3hgve: The control ler nmay be
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controllTer 88 may. be i | ement ed. as. .a Fort on

f awmda%froreawdaﬁ@rfvd 2 Hhe BeqUgR APbIEN PN fagFce et i Gjel chamber. By
PP 8% PaRdilASSEHgYthe bl 9ipok,Lighitiie bhanfbis 4E8INWY Fdtilitate or assist in

whi_ch the heatjng assenbl tili d As . di s

héatiating 1gEdampl e drd otsitne GElipyonss) ¢ Lﬁfmfge?g vapor and
| RGhiHESn2hB pbd¥Milty BHAE RRT vapss wmieybl&asawy wéiditel l&ﬁtu{gamd ignition
start - up bur ner In Fi

b by SVES Tt @@gwgn% Jﬁl&%ﬁ%ﬂh?fw‘ﬁe cfud r%vléa‘ Hpggual ignition
”Qéfnﬂéﬁn@@l aptl@el pbit fHRACRIa¥EveahGIMEAOMSI fgblﬁhlon Sdripetiire EOﬂash point of

exanp product  stream 2 del.i vered to th

AR IpHG e Bl mpor o JEERE SPher SHegRedrE I Ep i {on 380, such
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are not limted to, positions in which the primry
burner assenbly is recessed within the start up burner
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assenbl positi oned above (i.e., closer to the
hyaw@@%n Sheodd By biTip 601 Sinating 2beva e yPadsF g Fiauid fuelregion, and

eernr#gldyﬁm@gwﬂmesws&a%@ 01 mraMgh GRich R e M8 YortbUsB&! may travel or
asse ly and the start ugF urner assenbly
O

ar e
p BEIPRgas R ofignitipfechamber 408 fo the rpmappder ofjfugd Qﬁe’@gr Y8 ati ve
to the WinfReGR: RIAEIEH Rl 172 giﬁ%ﬁzatl@h AU it hiugtaﬁerdads%dengm of

in the exanple shown in Fig. 18, it is also within the
stope 815 the spreadeAtncrlly C‘P@Wdéa“t heft PEtHeEnp Bt tg uzssembly 60 and
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fuel processing assenbly having a fuel chanber that is
not substantially closed, such as a fuel chanber
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69 by a third distance, and from hydrogen-produci ng
region 19 by a fourth distance. It is within the scope
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provide structural (i.e., space and size)constraints
t meaftwplgpqtedt q—wiscogﬁpqt%mth @@giprgqﬁre%j fic AnRient agy to produce a heated
I EGRORESD skrien Rk MRNMed W5 MEkr & §S§J§ﬁl YefWrﬂem Nab nﬁscflsld&] in some’
region of the start-up burner assembly (for exanple
i pmbedigenss, thedfueltsipign Mey baysvkleeshang pighe wiregempensgss gnihshydrogen

t BRASERA Hrub) ald [ @he 23BEMREN mal M8vd Mk Qi‘rﬂ@&ﬁn&EmBﬁ‘@s this stream,
barner assenbly, or perhaps noreé sg ecifically the

dinstudinedBut et livgited t?)ﬁémf’?sér?é%‘hﬁ‘rléﬂ legss 26 MRl s atft: - up

and pripgdnte QMcARRendS S pikap, | s§§1 ﬂﬂdp&shﬁe dlsplacement pump, may be used
hydrggen produci ng region conpar ati

r aefliedegted W@rﬁwfiﬁémfefi%fmwéw@fmm Sefigayd faeltSfr%aﬁ% pYtigh may also be

nMagicHpadasda PrdabieBhaa @Mﬁﬂ?rofa%mhﬁﬁoﬁ BtaifiNd €dstock, to the fuel
within the ['iquid fuel region of the fuel chanber

t he
ekATRST el b ipRRsseaRle nist mAEIbREMERIF. @rfomEPlichma e used to control

S Wiet GHelaiof @NktieOpindt | OR otfet BinBodifbisis, 'tRE b@HAp Qfaytﬂaemidmhy actuated
chanber. As illustrative, non- excl usi ve exanpl| es,

t RRHaTB Preduerminad R mexPanks BAnualpBeEed & %egwwaﬁaroduced into the

Offel @RahHeY. bﬁn@@med t:h@ ligHiti TBE1 YstrBAth RE Bel 828 B Ithe, fubhéhamber and
prlnq%y bur ner assenb €a be received within a
§ el

Eue ?’e‘ataﬁér“qb‘éég%%o Al it PRGN TR 8 et Stestup, of the fuel

processing assembly. Therefore, unlike a heating assembly that consumes the fuel stream as

50



Anot her illustrative exanple of a hydrogen generation
assenbly 10 with a fuel processing assenbly 3 1 having

w@2dveasissy assenbly 60 according to the preseneCT/US2005/039409
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di sclosure is shown in Figs. 18 and 19. Unless

gég@ n(gil §e§ecp tl’?e?éfni lsﬁlgestgtl.\{j) rln?rs BJS n‘g ctfu&‘lls ﬂ?ésgﬁ‘teﬁl%l&gre at least
swbwomb'nmmwsa velnut of liquid ifeght dn slrwm:mlmédnenitﬂ thgsfuglzptredin may be
a Lat 2
T L e
anl@sel@idnaylobdlyuduring zl@dhwdwgwn@mduoﬁg)mgamme ﬁyhﬁfaglmnocessor
genera I S

o TP TP RN PERRRD) LSy SEREE PR psing e
1&nmowmdee t&nncemmlee/am peestveaef thy cabweseblaipig(fuglyin the fuel vapor

o ass, I
\gE;g % uel sw%%%ep g%g‘ﬁsl&'\h ﬁﬂglo%a g?ﬁ Slérﬁtﬁg 92 'tﬁaerhgﬁ}ﬁl and ignition
b muwranésl@eqvmbyst(% ®f tieHeel ibegins t Fhet kedt gfrcombusyiopadipeent the ignition

a S . A
e
i rbel Q?d@s-camdmslgrﬁllb‘um ta feinchambers 2llowiag the flaggpand deompustion to
del i r

Cﬁljé)h%gg{e ttn%‘ﬁ%lL né::l) Fﬁ%ﬂé&hl ?géqemlp#ﬂ{uﬂ: %tu%;;l{lg&llé éuel vapor ignites is
céﬁmnedéwtaemdsbea@f %@rsmas Hisepsted abevehsWhen tha|terpreratyrein the fuel
0 t;

I&lgtr%%gr gdffclentctnégﬂ%%{l%e legﬂﬁtxn s%\%éf%gchgg%dﬁlﬁ&a{ﬁ&p@r%lze the fuel
t wpoe syigaitableg Inrseme @mBPChmemts tthe fuel wapor ignijes. of Bgigwiied. upon being
Fh&?ed t& el g'ﬁiitlg@teﬂlpélgtuper Ol dfifer @B ARRELS Fhe ﬁélambreorﬂ)f igdites when

heati ng an nition source 378 that includes a
¢ e urfico EeTraIENe tOaREsIg ey sauaGhe bR begng element ignition
r ﬁ:gi erﬂtu%‘ of (e té‘n%}atlﬁpﬁmﬁéh thd Ehrfar:‘ceoﬂ thd He%hﬁ@él@r%nt is sufficiently hot
exanp e, the primary burner assenbly 358 includes an
elogrjiettee fuelnaperisuchas glexing hetor z1d Hodast  general | y
paral | gbeL@ tthg'%ortﬂ&gﬁgrgﬁﬁ% ch?géh@é Mo R WePfhePEdmber, the heating and
vapori zation region_of processor, wth the
plENHQR YOWSER Mas bea%&réﬁwpgby srrrdietithpm Ejleéﬁé of the duel ghggnber. For example,

t e QR WA GhitRn I8ROy DL ocRIlZE AN kSur&iT A ﬁ&ghz%@ ‘Fleat source is a
conbusted fromthe primary burner assenbly. In

i heagag plameny thak imgybwantiphly %ﬁ“yr thas Wérf%g&aé%r yT@slsaurdsfuel disposed
agant el dHAmb&HRE ¥ Rp i@ DYRIROHGH A&l &2 mh8 SchiREMER SRR may be
25, which contai ns hydrogen-produci ng region 19 and at
| erilstl. knean pnofhervden ¢Bfsyred pofiesoabed Abp hm#yobe disposed above, or
I SAIyesbove, QB R s%t'gfadesofsth@mﬁlﬁ‘%éﬂdﬁﬂhg 16kalidNieRTsolite may have a
at i'ncl udes hydroge roducmglIl ion 19, such as
w&vtﬂrlﬁ&@ fdECCAPLE PRI SEBONIRE todren GFcAreadAtf Aiayidfuel corresponding
Hougighat wifh BRModakifddhsit s6@Bd. aTRe RbtplifdstithOalized heat source may be
hydr ogensel ecti ve nenbrane and/ or et hanation cat al

t Hﬁ’éta'i‘%a”éia’ab'ieéﬁ‘a{‘ gresuinst atea of He ligid B! igale el ichamter. Kor example,

PR du& Gt iyt Jogre Rl &g&my PO B Ghe@rfa&Tir&ofl the Aq@a @@Bueéglon In
hydrogen stream 14 and product stream 28. Fj

APEE PRty dbe denBRa CHTFON CRSES TS EoRd £ hGugHoom

Weurfélapdamg @@I@my 1% FZa B aﬁalfek ﬁm&m&rdf@{e sufade@idad It is within the scope
gsune gp gaseous fuel i mary hurner asse

S b i are G (e Pt 87 P el e e dagongaRetd vith a

f jakdee perz&&gaeﬂ{h@mqaa fhe® AftacOMNEa, RS that 6E héaangmﬂdf.gﬁaamz&arce may
t ha |des backgressure to. the system and t

t
pP ot g edearee SEPaMating AnG BB FSETAng A ‘?"HF é‘”t“ﬁ’@ of the fuel
peaeibert (iBy dfhétﬂﬁl’the&ié ﬂreaﬂﬁﬂei:lt@ﬁmerﬁl&r@ﬁﬁpcgsﬁloab‘ﬁ ¢he heating and ignition
|IIustra$e the fluid conduit Lhat
vy St 3N a?f%cé itheigggon temperature of the carbon contammg fuel and may also
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may i nclude one or nore preheating conduits 421
through which the liquid feed streamis heated prior

WO 2006850385 vapori zed in the vaporization regi onPCT/US2005/039409

10

Preheating of the liquid feed stream may reduce the

| effert Hheoheating eleasar igrition sempeegiron Mo or, thheizeiand location of the

d t

oS00 Mkt Dot Apeb e AR B L i e v
ofindhigaition prawce; &5 degsgibied addve. 0 be delivered to the liquid

feed sigeam:hBudibf 1¥6mlg?]tle& ghi Q0 Ea?&l OBurn: X&Qxﬂﬁl&zﬂ] e Pnbustion

stream Preheating of |qU|§ d stream nay al so

PEOVIngRS, froyomesages [ailed gy t@tteea@t;prtfm@wrmfat tdaet until dgmgformer or other

S r e r f

S??%gérﬁnf}gédg]ﬁlﬁ r@ﬁgi\?} éygl}é?tgcfe g@ta se?elc%H g} ggadgtle%éd térgﬁramre In

hyabedyeenty aifibzieg |aotnetarsé erxwmpytovmmm 1 @mﬂstmmkeddempmreroﬁ carbon-

s [ r [

Cgﬁ%ﬁgﬁ}ng Eee@gt‘%ﬁt ?tggﬁ}gaa r%ﬁ Oﬂ:‘ep ttl-lglel’h olélgttzc%f 2%1 glssééng% nq]ay be calculated to

daentyg akleast enoygh erbantrentaipingdepdstogietnarisg the rwra)s@emwfyhe hydrogen-

a&)rddﬁéﬁ‘é re@wﬂ%tﬂé %d&érﬂud@@%en?ef_#ﬂr@ f Intsglﬂe f:ﬂiﬁldjrgér{t ﬁ{g]pke%eterrmned

delivered"to the heating as y as a liqui

- stampsrruraisevhichyhe gaft-ye burgerrassemblyss adaeted &f heat th mfgrmetiis greater or

ands %mHec'Bﬁ&iat g t@mﬁ&at@t‘e ofSthé %%Tb%%ﬂfpr@dﬁ’%g Q'Lgléﬂ r Foxt Qxample the

produce a heate nbustion stre that 1S used
héectqdp er ﬁeéatﬁméﬁfdortwratms teliwhicisthe dtartiup eusnas assembly raises the

- epdyoeHeremlyShe b Rertdid %hloﬁﬁtrzﬁ)%% Bﬁlﬁelh@vﬁe Qitesnie@ %Eragﬁ‘f d?freformmg,
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t he same conponents as (ﬁ en ro ucti on ui d
affinACHIES nwcl Ah ddil ARt s25n7éy avel00he, gtaﬁées& é‘T*Ppo@' greaser than the

asefbitlisy Bhp&adte. | Ncl uding (but not limted to)
conpositions that include at |east 25 vol%water. In
sone eRbeAPIREReNSS utdizpgfymetergd umB that dejiietsi a/predetermined quantity of

dingP i G GRMBEH-up BiRer E@é&nt’ﬁf e %@Anaigdb@%pa%&%wnﬁ; Q¥ ffigured to
a predeterm ned volune of the liquid fuel stream

WRPTERSHRg Tugl wpfilipd thraluglip SerEblgedcal prhicderot Herpgignary bumer assembly

Q4R bE bferttbd kd Abinblin GELRAR NG AR Df RIS PG, ssirlgassembly. In
the fuel chanber of the heating assenbly. In sone

e FEOMIRISHEd prosesBarpsmblss: hajtanap Buser ssnbbhmppbe enserted to raise
OpRIfadlipatteRingl B mBYB - thd Pt RidrBine & f@ﬁ%faﬂﬁ@tﬁfﬁckhteto ﬁ)‘éém operating

may be manually actuated and/or the predeternined

v ey ReirogsyPERIUTHAH (BAChARISTH LANGET dP  BPAIEFEWPTs @TEHYiso dTpEe the feed

| Bt ol el fudhAEReGr. AS Kl $6#E IR exditemic r4ttith ¥ @le hydrogen-

streamis delivered to the fuel chanber and retained

t REPRGINE 108 Y (P o'sed) S Impinsin fife PPYHE tepiasyfipthe hydrogen-
dpfodidngddegibgast startup of the fuel processing

assenbly. Therefore, unlike a heating assenbly
ConsumLeETRN N AR referspug (o @Fhéadqlwgryewhamsm that is

t bkﬁlp&ﬁ&kﬁ HispbRsddipro@dierAis @ qidnyityadf the@rtoh R Ahing ifSq kRS 16 the fuel
stores a vol une, of I|qU|d fuel

orari |
o) %%U%ﬁ% ustite fyedefreat eAnba s SEACONthF GifFtetp burmer
t @ss&hlﬁlyludﬁ?l t8e ﬁ?dr@g%ﬂlpﬂfdu&ﬁg RRWNGO Héa@ddﬁb Q%ré&%dﬁﬁl@@ temperature. In

n Iea t the start up phase and, optio

ﬁfﬁb% S fireopay &eisHY leve (i, e grgperaure
fu@&us@ﬁomscxﬁ e., thete fi8l bstd @aditdr Sditfeehdée b@0ednO rﬁ&gredetemnned
fuel chanber and is heated gy the heating.and jgnit
S BPERUF T s BRI RS EHHT SPE et Obbingat the el chamber may

C adriediin a @exbdid bmbui@ of lHQLlnd ifiel €Hae isf o€ hnc‘bﬁfb@i’ted @Sénodﬂe @\fe(lj%tl?ﬁm stops
nte

bur ner assenbl The fuel or is
© H%e 1R 5l TRGR FRobhL e e R T o drter raise
the fuel begins. The heat of conbustion adjacent the
ignition
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source wll radiate and heat the adjacent |iquid fuel
to further increase the vapor pressure of the

w@ a00bosn3sont ai ning fuel in the fuel chanber, aPdDUsIVG5/039409
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the flame and conbustion to propagate throughout t he

f ubg tegipenatvey of they éyttratp@eaﬁratroa aagemilyi v bfwe the Bduid/ ag@bustible fuel
| gRLifS A a nunper, of factors, as

di scusse a(%‘g%/g:[. % '{quu eé?r%%'?%ture in the fuel
chanmberAscjremendt totthe etmé@tnmexg veirtd the gnétéred purspUAC @mbodiment with a
I RJRRSI 4 i ani g SpRerature, . the fuel

i gni Bl &?ﬂnfgés]égn%@gﬁsggg’g Hrer asserolym ue|et}é%38‘$°"e adiional feature,
i gH¢h essa tegperatirg- @nitin@dnasthtm‘w bxmtmgertaedtfbeml litpaid tflee, ignition chamber

i g odi, ment s e fuel _
Vag%aé‘ét%ﬂ "lth%r[prﬁllg ?E&M’E V\?tretﬁ‘]]&i esecg ﬂ?\fl somt llgrnta%yr %ci ﬂragtegfto fYjgmatically
hetepi fn@elaabdlptlg i gradyally dher fosy asfem:llttpmi ctohﬁuhﬁaatﬂmgtream to the start-up
mﬁihﬁpgs#:erg@%wpglg éﬁe%%ﬂ%u emﬁera ureelﬁé'%at edr g&cﬂ as bytmeasurmg the
s t¥mpegdterpdirgetipot byt medsguing the tline atﬁdx&almp‘aﬂr{g)[ to(eSrlmﬁtaBﬁmperature/txme
gledMsNg; RQY use the c 0
prtop astgatt g tli'}]]?gtlljlg E&) E%ﬁ“ ¥he e[{%eseq & losure tt}??n:% W&hgﬁél stream may
[ @Hptli’eoﬁo@'@md:@lan%ﬂ)’b@ smtg:nlembmhmedty SAﬂfﬁilﬂlC&nﬁll)t hehe stdeup burner
Siag@mply hd}Bink heat
I élnl inl ! Js}glrjrlggel z}rg&)}ﬁg?lﬁﬁ I%ngfg)é clﬁgz( o ﬁeéja{anrZ?J Prceéent ng]?/ a%ded fuel
| G%F%rb@dcqn@atmgs@mwkufmnacm@g|tlmg1upndsﬂehulr¢ahau>emg heated by the
Sll»l@aﬁifn g,t,d @41 Mn sipLl er than.the fuel chanber. The

i qui di sposed in the fuel chanber has a top
surfac é\lt’r‘?a‘vli”h@ thg ssepef ofcthe pressat dﬁﬂﬁutmalsuazﬁd Hegtirig assemblies that
S QU LS MBYrelPuip) I Qnki QL
as descri brgd%gtbg\tlée&ghlgg ah i qgg““g" E'elctoq)g HRHES S ignied

pard ithen| § capidnpeus faed @foﬁteshwéccembuistlbhefubt gutath faftel ignition and
Tbﬁntl@&’m ¢ 88uP 86 bnstRUL
occupy a s| pa%(lel corr est?gnd{g%éoﬁgt?%@msﬁtg deﬂermﬂned Zﬁmperature s
I P'Efﬁlliﬂ%f’ fuel corresponding or aligned WI th the
I 'ocal i pafmBeaheRRHLER GaLl
heat Source rmf/ e su gﬂ-&;ﬁrte fl’fnmeh Q/B e 1s {t%zecptaﬁontmuous feed of
s theffugd straamermayole ytiliged, pryisimg Cfoméinatum thhler rtvoenhpoo thearing the hydrogen-
Fe¥od Bn td thE pre @R cRfirlel FARA0 ol

Ot lﬁ))é@gﬁ%l t; K et aIr)ea or e tterﬁ%gaatlﬁggtf\ﬁtgﬁm R feeg strearrycan %e delivered

otohté? hydrpesaipresiieiag regina, H&aff«ﬁfdn&jre@m dnqygmlctmeand gothe mﬁonrranyg region
bghgsih # Brod@YBn Gnaly ARERT 11T
10% Yg%eo?r snal rlerafyam%lun ts o % gﬁgg‘{ﬁ §<rfl"gcog1§1é%] tiepmy gich as a
wWFRTHOpte; garg 6%@"@5 watse sk @sl@ntcomalsmg é@dsteclt Fratsed h;d)oth the feed

heRhinagd 88 Gudl GRiaknl @B 1AM R PeBRed I
V\%ﬁt h a |arger pgr centt age of “the ?‘E’g‘g{“é ﬂ% {sr%r%fpn(arlupplymg the

& SUreamgMdhig Infthranceus Braguakne theymimay de asmw(detwmy sipplying the
Stukll dregfiahd ?ﬁplyfﬁ@ CheSfedPstRhm] d36h Mén%gn?ag%gﬁﬁﬂ 5108 1o deliver a

source and e caonfiguration of the fu
(preqetermiped ayastity 1of Bieboghehepinigasweably op nenber s,

di SposA$ hydfogeh gishe plogadel nrgth@'?eqor‘rrg@ 1Ie§ ?ﬂ] oﬁt‘ﬂy Kefin reqq)r?ne) and then
may. _affect the ignition tenperature o
c%# 5% 11 Ot A TROTR §uTiation Frgiongy sasenyabirseduct Heeamemayi begproduced

edn@ IRyt bl @ivérkd b the rmﬁﬁ@ta‘d{e%xblmrl%oﬁ/s@& b B&1 St @\{nqhe primary
l.ocation of the ignition region and onbust] on e

viurIer Bl e M oiecRRpYicatines. seshias greﬂsmtta@nrebtr mezsen héla:hlthfgcarbon-

aﬁdtaingigl feddotdcle RUfictfano the 055 ol hd? 8l AP BId KA & fficient heating value
a{Eag [ﬁ‘bth onis initiated in the start-up burner
€

thng HSSeRBotdt nefnreawirs pyudglitiong] kiguirk fushswish as additional

aatbencyaihifg fedd3dsIPGFdm MRAIfAE stdhm! BRSthe Ltmitol erl- duc1 region.
reformer or other hydrogen-produci ng regi n |s e ed
to a selected, or predeterm ned, tenperature.
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enbodi nents utilizing a metered punp to di spense a
predet erm ned anount of carboncontai ning feedstock

w0 ndoe/0sd38s f uel chanber, the anmount of fuel di SPEnNEsM05/039409
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may be cal culated to contain at |east enough
C&idym%rcwmr&i)tm'rmgbﬁreecdﬁdilﬂﬁgfete&tdcﬂé afd ésb@:lzﬂl@mp@tfoadrbﬁn@ are used, it
of athe heydro enp rodumsrl}gl(fj ion to the p edet er m ned

t S PAPPEATY | SihE iRecO ¥, they fEmany BYRPTa3sRRlY with carbon-

t @nmemaiglféeﬁlstbﬂ( wiihcds fitoReths tf@atstrm BidnBEr :waﬁ:e rdhhbbr itoSuse some of
qg\eor g dheat tt he reformer |s reater or‘aJ ess

t he BPer By oAk %F?ﬂ‘é‘raéf‘ﬁ‘fe StEgpmyip, F\V&P‘iﬁ’d@ﬁs f‘&‘&'&fcﬁ"ﬂ@ommmam the
r egnmemturEof thexedsrplee, t he sel ected, or predeterm ned,

t enper whi ch the start-up pburner ass ly . .
"ol bos it 201 e Uuslsré%e RUFPSIUAVa fisRE Of{ngwsu&comammg a
bdhcfb\prdch@u@essembd/ Dlp@ftﬁblmgmg%sehﬁfyoﬁmhﬂtglé agli-zg)(t)ed to receive a liquid

e eomBu b B, SRR 15 SRl estaror e of SRy Fgeesing assembly.  As
t e]ﬂmeatad uliecassdntblyeinbladésnm duter bHelll 68 zhd garﬁ)uETBfétﬁihﬂdax&HﬁDheat shields
eterm ned uant ity of fuel

a
S0 piRRa P R RisrPIe ekt it i el Suie aaped to
nmagcelve adxqui‘dl foelrseehnt thacie ﬁhu&lsteﬂ he hda ed leashihk |hydijoéentﬂ?&iucmg region

481 RIS U SR BhBAL R o v

t émbeur@tmmelucmfs at heestfone corpbatdiels Sigulg fis,saetbasymethdhol. The liquid fuel

e e roc SS. assenbl the_start-u
RO M S I N T -
p AT ssjuimgl ta}skxaeymdie}same cérhositioe dethe fartl Rechnt R Mhadhy@rogen gas is

e I T .
f denlerst andantials thereoft dne dptiedal pxrrﬁ}mﬁ&ﬁoﬂlereﬂr drbidBclp@l id U.S. Patent
gypﬁéggrh ggrgl'l Nol ?g%é A0 hich I;]seer{t1 dy Q%g;«gﬁep %go%uglgg Fuel Processing

o mal At ain
térmefoats,:r Eeéﬂﬂfngt Keseimpbieso gend p Mechods Nef CRGIadig  the Same was filed

e n utid Lz D red . {ar, ot
ST SO 2ar Sosk e 1 e RuCESTERS B HPchdh @ Tcorporaca by
p redetence fori allepdrpgeeaniri a:tyeaslfthet logeciéghbportiosttFag. 12il feg dpti@dlal restrictive

S'elrlﬁ St3? gtgﬁm H%’é 2§§|zére vlé“r:he%éd oanehhulg f:%n%{n‘% ﬁ%bg%{ﬂ]ﬁ%? ﬁow path for

atsdibiloguaystrdaim ﬂrdme a hgmra@gm regpnoghais i nsng membiaogibdsed kepahesh region,
t r 3ty S_enpodi nent

%étﬂ 61%6 lgs?égﬁ gﬂch s%[ggrr%g éieelﬁlgreﬁ Boe a ‘S)’%rnerlqu}? S%ngus{sﬁge,]byproduct
t biecapeppradage n wagd S@U@SE@ ooy d1a( maebe ustd erleatmm yeakbiehethydrogen-

g edet er m ned . .
{RRRers L el A PRSI 4 i Frograing g of e
f brel processing assamblyt hehef illedtrach @rivaple wﬁy hydmopei genaration assembly 10
CelMAi iR t to.un

eon tlheF\‘i-%;DWEzSth?)ég%n %Sé?g‘bg]u%k (?E\At&% hd{uisd r%ﬁelvnliI geafrr?%assem lies, fuel
b & rfeeé§§mb¢cyﬂpovmqm§hf¢h m@neeﬁnfgwedenwwst ptbfﬁcetumbe@medand the like
t @eskiticnen € RS AL thephy,
gener at | onusgag%(g inh? ésen ?%dérh greﬁ’e IIF thpdgg%%%r Sfopfigents, the
f the¢midy rl@aimsbewp includimgi they shedl 2hef Etzar QJUpnd) thenkaating assembly of
aﬁ%_e@l y. As conpared to the enbodi nent with the
metered punp, an enbodiment with a continual flow of
fuel tOsdiseussedapraviauely pdragen gensetitn gssem;wieh #scadingeatt present
Oc'ﬂ?cl@sqm &g)oﬂﬁilzefzﬁﬁtsﬂftﬁylﬁi ﬁ’lﬂg gﬂgﬁo ?rf&gﬁ?cq( ?fﬁlvery systems 22

ti me-based flow contr ol
i tpRTaprigt feribmised and/or fuel streams to be dehvered thereby As also discussed, some

feedstock delivery systems include pumps or other electrically powered propulsion
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separator. The tenperature- or tinme-based flow
controller my be adapted to automatically stop,

we@Rakes03aHr upt |y or gradually, the flow of therpdT/qst0ds/039409
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conbustible fuel streamto the start-up burner
assaiabisiys, Whisiie bthers pioetetrequiredied dtenpier atilizeepungps. Some feedstock
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AN “Carson” Cohtal ni ng
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b
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Q55RO o4 SRR U kOSHGELAHG 4By ob Rt v
sdiftszant geheriem oF dakigery syltmer assenbly. In sone

appl i cgf jhe WustrRHE Iaxeﬁ‘r?plmtvnsir‘i £8MJ, ﬁ&&]ﬂ @?rf)&] éd?nlt']a\fmﬁg3ﬁedstock 84 is
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byelivetsd e bath rhéﬁwgs'lﬁﬁémbﬂ WAnd hygpgInciredicing gegiomh P VBiE(23 has been
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C &P BHIAE O aqch.aﬁ GonfemErsipRsCiRatt JooRAt titdnde deRpridication egigh that utilize
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hyrdgmewrotel, PEacesseis sbpwr tin kg Zée(%éc%‘%’éeﬂf‘?“ efigyiey schematically
C QU sE#CartyCorSHIRP kb(nffghl%u&l’s' AR RUI) & (1RSSQFDIYoriibds And other fuel
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the product hydrogen streamas a fuel streamin order
to provide sufficient fuel to maintain the tenperature

wmtooshm3sef orner. Figs. 20-22 illustrate an  PCT/US2005/039409
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illustrative, non-exclusive exanple of a housing
cont ai Pigngd i shriédr tFiRCES skdegt RHIBIduYd Garlonvdohflingng feedstock 84 is
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delivery systens are in fluid communication with a
pressuri zed supply (112) of fuel or feed, while others

w@e®eisn3ss ui d communi cati on wi th an unpressur i E€OUSDNS/039409
| ow pressure, supply that requires external forces to

pfropestrearn 80.f It is witlti the lyeopk W€ the plisoloaiss ihaye s dkatil lpast guecdf streams
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%E) o%alf}p it Q'vﬂ'vg] gssﬁﬁggséé) %ef%“thé S is" &%h\veg)d df:ine@lbletween the

di ments of présent disclosure. Fi
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in a fr ment ary vi ew_because f uel processor 12
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have aMfi@ge?% grvflgéttym(ﬁ thefiopfigation;ob fig. 2@ jcshow to illustrate that it is

c mhingﬂué atdpens thd)plesh® dROlbsuré @ati GRvE aldbinblly| Sliaﬁqbp Be located either
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G574 5 TG RS, SR US| PLOcT S HRGmac 1t ik 27 e ustrates
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subseq(gent figures) schemati cal I x\ represents.any
r ]

35t Hgk @rRBTTH iAgBIeeRYS ShRroduRd sifeam 28ty gpseops Pngod;icbaﬁrﬁam 28 may be

I ef10/eRR k& tha Rehtial RREMBIV®D be used as a gaseous fuel for the heating assembly. This
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processors described, illustrated and/or incorporated
herein.Fig. 24 is simlar to Fig. 23, except that the
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a single streamto val ve assenbly 86, in which the
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Y
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car bon-cont ai ni ng feedstock preferably being mscible
in water. This is schematically illustrated in Figs.
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hgoq]'ia?@gtnleégg QA GBRnl @c%{ poh ntss6ﬁ?eéda{1}eXm 6L sucf an\Iam' M7 L2 liquid

present disclosure that additional

starbcanmnmaw\gdfed:dsmk 1&ddi hcne@m lit is ovippiniéa seepgof the present disclosure
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é&&@@acﬁﬁt@d vilvefkeha QBNﬁguFelaQof tsOMtuaRE dohGdu@dtioh SwHeh 2R threshold
or otherw se configured to provide, or malntain,

pregYsia Tessyih it reqched Pegrcerdet nAR ThRete f@&teé‘a"wfrexam&e of a suitable
dgigdikEdechsifinh e priRf S EosPibntn@etbe SthhRBRtslbbiksing force against the
hydr ogen- produci ng region 19 and | ess than the

subsequent |y described threshol d delivery pressure

and/ or threshold recycle presssre.



Fl ow restrictor 140 may include any suitable structure
that is configured to restrict the flow path of the

WO emgobB3st ream t hrough recycl e conduit 136. ABCEIS2005/039409
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illustrative, non-exclusive exanple, the flow

r eslve imgtnber immdire¢tioh uliie opppserthé fore ekddedhipen iy magssure-actuated valve
0 ' 4 f Il c L arh b&

ORF i 2SRy R P PR 9, . e v
alan.kiaor umfreamr&binehe tpw ssstrmtm@rmsbrt arferge that nredethe\pegsyure-actuated

géjfr{)rlné'tgéioséﬁrﬁ ﬁ?j@‘ma é%lltsl nH.,‘E_J%d %E\E&Ua br? e}"ﬂclifo czfés %hed against

beherlezfseqfr @dhet toresexertadgyt bingog mech@msmué& When ﬁhe(fercmgtrted by the
n n
gllgézfeétnla%%?eglrs rtllge?%végl eg(eltge?jhlén&re %lasfn gr?erbllrlagltﬁsg?(?%a JSHI% @@Lt@d valve is
awrorgigufed ¢e ith acpiatey @nﬂmatabl é)theomsaomm thetskream ppeaurenfg:erts a force
Zggt%e Plxé\g]s%ﬁz z}c %te vhl(/é ﬁ\?t 1('5: 2ess§t%£}r thd %Ur&da é@%ig)?rtﬁg l#lasmg meéhamsm the
f (preswmaamlateddqalys tm@nptetbfo tefneinon nt$ clo@dgplz@uraslamh Batsmg mechanism
r i
59309 8 ARRSE RS o, DEHALYCORLE b LSBT 1 g
siwpeamiles fresowre @f thenliquésl $teepmamitadhler thp erinp @sseablyt ¢xeeefls) @ |threshold
?%@&nc‘es 15}:% a@%%ﬁmlom r@&g{ A d%]Ht@J‘y pggsgnllre Specifically, when the pressure of
stem Br essur e- act uated val ve S aap fed'to
s theeliquidy eals yappléadndgainsthige beasipg | reecBanisan s tsufﬁbryp;a@somwgme the force
F leQWteh B5 blel thdsy rt2 éﬁémﬁﬁxh&%sm @H&hr@ i &tlodia. ! Aordingly, the
backpressure create e restrictive orifice 142 or
otbhémg freehenisasmpy be ecilap@xloo aredt § btasing fdrge hat sgis @ cpr_resmends to the -
g ets%\ Ql?ch%k' %lt%es%BldQ%J] Bk oP&’erh"vér? ?re‘g;uré he
fee ﬂ elivery systemt g eam of
punp' s Bijgsingi rngchemmuléﬁ is [prafeyahly aﬁ"‘Fh@é adapend- @x%!tq;@qtlv«'ély return the
?mlreez?ttlﬁtedswl\team fs RloSS %n?ig@x%ﬁ&\atsﬁg) X@lv\)ﬁ%? the] S}eysq?e detected

essure relief valves and chéeck val ves that are
Itiwr@b/y(oz: apphied tlhegetplodesrpasee de belowdthp dhreshald eaypdd pressugg, when the

S %l‘e@&ﬁ‘é d/e%}e)(seg Rt lHe@ thafd qot&%ffm&lt t'o'OQéH:(QnJ t|h9\9{a§19g fbrce exerted by the
)l/) pass conduit that enables the liquid to bypass the

f lbraving eselranismo pod/gxafigr mpRdesamingd fifgirededbpsickpridginc gie pressure-

&ﬁeﬁ&f #‘a‘l@%é&%ﬁﬂg&@ t\b%s]a%ade@ cérﬁﬁgﬁ;‘aHbrﬁ BQJI‘EQ:‘ Mot it @within the

with a bypass conduit 152 through which | east a

p6&¢apr ehthiprasent dlisklesust thaldhe PBEUIRsplUgiEt éeltfq‘» moyﬁgurw &gnain in its
a AUNAS SonBikERRR, drd HhOIA RSt fR Rt }éE’s?ttarﬁéﬁie%n&hﬁummum time

flow restrictor to a position downstreamof the f

r ®81qd; dt iralsopxigin e seonerpf sy rressptrdigctagprg that élerpéesswrﬁéctuated valve

Ph&as B %@nfﬁglGFeH% §nﬂoMﬁlc‘dﬁy irsnsRdRABL R e i} SEHEREhhy8bd configurations
permt at least a portion of the recycle streamto

f SRR IV® e (19 tthelé%C%Sh%as% thepdo rhycipe | david sgamt andnipe biasing
bagkndn@msupply 112 or inlet conduit 110 without having
to flow through the flow restrictor. In Fi

28, the )
o1 €55 UFIBS o 120, gl deergodkcdslitkay FisterTs 22 g e g restrictor

atind RQrdssnEhdiliReddRlWERRlRA \bM‘p@:S SedyBI8 Aktbdm @N thet B&istock delivery
recycle condw t upstreamof the flow restrictor.

HoVaRer | Inj eperationy; oiHics 144e0rs angeher dffow Festrisis sk is adapted to create

db&&b@%&r&hithﬁeuyh@g@ [ BRksEtha 6litpdts@ehny biM ehd FnpSsembly to flow
| ocat ed at any suitable | ocation where it selectivel

pdensdeliFiy PO o dovard et dren POt eaEEiPR &f B, fuel processing

WiagsBmbipe HowevérPdomg ikl orfict 8FlothéH fRigRsthifter B¢P@aé Slogged or otherwise
caondui t when t he pressure-actuated valve restricts its

F (Bl B B amPATS of PRSP FFTEFIeatEbbY Bieaflf destisie, Willgnerease and the
I bblash bATQHd bikdk sidith PreassUlBvsandrethiotgh bWAoMe rdtgdle Beam 136 will
| ocated at an internedi ate position along the bypass
conduit (i.e., anywhere between the inlet and outl et

of the bypass conduit). It isealso wthin the scope of

t he present disclosure



that the valve may be located at the inlet or exit of
the conduit. Pressure-actuated valve 150 is normally

w@oaphsd3s or biased, to restrict flow through bgpPES®05/039409
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conduit 152 when the pressure in recycle stream 136

ugsreasaii yEn bereme [2erp Yeish portespamdg (o, vehen these ikerfloyibyough the flow

C%Ql&otr ]Igau@ﬁ‘rgssme%nﬁlﬁx%g kd &E%Eselidfp ifltRe hfRSgeh I}@lﬂ:rzﬁ‘lon assembly

threshol d recycl e pressure. I's configuration may

r &freainsdy opgatan, theee ig p petatial dor injupynerrdagags. cEqrwgample pressures that

CQNeE(Q%QHe%IdQIeh%?? pRE&re Mdfor %Eéﬁ@ltdergcy\f@l Y&sur@'@rﬁﬁ\ﬁ%age pump

when the pressure reaches (or exceeds) ‘this thres

r 463/ e1 enepr arose pertionstf Uy fuglsprpeessng asaaneldy- vl a3genpes the pressure in at

AYAR! fitbut QreBHl ARBA GlilaYiy REATrLarh 16Uhd ufe RMART LLGAktream 120

orifice OMItKroug %ypass condui t

V\HBSrﬁre@lﬁ éromtb% BQW éesif'é@é hel comiinuesodaesepsy bechyss tltemué@hbmﬁgured to

r emucd EreRELCAGM 0P o%gl §t113§m NG/ &1 %%ﬂﬁ%ea %l_y\'f@dnlogen-producmg

(autonatically) configured to 1ts ac

c 6¥ianglgr Becve the opbessorvasher ey agsyictatis nas able tapgs@it thegrrcess liquid,

Obr glﬁf?&f&lt auactﬁl[l@@dptﬂ@&cg@)ﬁq&xh QWﬂBQrtH&&nroh%\?to%m%ycle stream 120,

conduit, thereby reducing the pressure o

uphstrresatie wil nprsase| Bawevestberasseie ahqwéesﬁﬁvdafpe@éto%@a&@v systems

t BRo RIcRaS W pRssAfe-dchtefl A%k BI0f BB PERld i¥ slreegltéa)fr(;nhﬁcreasmg beyond a

feedst ock delivery system The threshold rec

pﬂ@%sgalfi deralp Belelivray Peruiras Whsa theaRieppyreractpte malefg i rgiuated, the
E}elsé(l?er Yvill? rd:é&%b‘s@e at Mabe inftil A6 GhdsahL ediQted eﬁde 3&[11%@% its closed

However Is also wthin the scope of
pF%fsf@Hrtat'en s%qoe@abeeﬂ%%?fmftﬁ@%uwég %?lesgeapéothwxss figpperational or

S 3 - paht@illy opRARbR, thdSrdsireshg! Koty mkRaRl H5MUMIhNRY )
bemgéfectég%?o be es?rthan tze thr eshol d dﬁﬁlver prossire

pAgEAleH walves pgain ggnswn@gdetl@ra\ﬁ%e Copfagusttion tshoyld) the’ pressure again

PiRMagtao 8r Biybhdhe &drreRy Ry ffesHbll hRkRRL | al bet ween the
pressure at which the pressure-actuated valve is

desi gnéds tvethﬂmeSfopﬁ|08WetRﬁ?ssmghscmérets%&sfgedéf@ﬁa d¢ltvery system 22

( aadrdidpeloahy pfAtaRcIbAe: REE ASUNEUd IR BoRekdNASY148NRd pressure-
ot her associ ated streans) and the naxi mum pressure at

wAftEaied ibvedap €@reyafeﬂﬁdbﬁ feedsingk B7livereysipP Grae dnsiudg 2 flow restrictor

asHE Y ad Geslfei BORE: “@moa%spre@@lre auaateaec,ﬁw €nti DBcdr@BEly without
stream As indicated herein,

PURCEATABH daBi PR HABRIe Eh'élfeisiftee‘iegfél}Vﬁa H&EWBRY include a

3 prefRule-RG1aB8SIa BB A0 RcWRE Bé&t:ﬁedaﬁeréﬂ Whiveh SdwPeQ@S&H Bat creates
SCh as a ressure of at | east psi.. \Wien the fue
Y

%?88@%5% Th &Py SR Hgekhigh pwqw'&%w jbyppssedusing the pressure-

secnadrtat VaVe, Ihesguoah exﬁwahn@s tAe Bfpabd@RdiNE el not Bd Present, and the
to operate at an el ev

1 on S| )
SRR A R s SR et St e R
pl@t&&ﬁi&i e s f:l@ﬁedacopagdrmbuj arwHicteflow op HRI6¢y0R sBsaR Mdledtricted by the
vary,

wll tend t rding to a variety. of
¢ iepiegtpiod yBE ARG E e RS Sl B sPe: fglpscibed herein,
[ ﬂe|pw§ﬁ;re-hnﬂﬁatdw1vl60§ troigitibhedl dr @thefvidse Jr@éﬂ to its actuated configuration, in

hydr n- produci ng, reaction utili
YA gERuDE BatiEr fdd SRFLHRD = e brisdey i pr pptheraggion of e
Sﬂﬂ@aﬁmiﬁmnhhﬁthSCmSphMJ@@oﬁh@ﬂoh&ﬂld in feed stream

16, el ivery,.condu constr.u Si ze, /o .

cont i o8F G Hh SRS A RbT e herer TR 48RP rgere s a

apaental Mr tttel’p&smresﬁhﬂr&sé BgYUhd mr&ﬁ $hré2§‘holﬁ|'p&s§dﬂ@| if the flow restrictor
F ces ass and/ Qr fue ﬁl en1domnst52a§b fuel
5in't %g gt %‘E%H‘S r‘so‘}ﬁ’b%‘% hg PF‘Z%’@T b "C‘b"é'su oV e “akeor fue

t ploedssing essemilies and/ar fuelxal Py semsS@hRintrigeftedootic @&3is e Gystem 22 may

assenblies may be designed to maintain an el evated

pressure in at |east the hydrogen-produci ng region,

and optionally at



| east one purification region thereof by utilizing a
restrictive orifice or other suitable flowrestrictor

w@mmsmmm of t he hydrogen- produci ng regi on, BIMUS2005/039409
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opt 1,0 str am of_a, purificatian relonthat i's
al lg%u |Cg:roé %G sgfsr{grodegﬁcu%an&rcée\;g{l%@ GfSélg%Sl}p@ near or exceed

These@ﬂ@dl Illl’irefﬂiﬁldl prqwrd For. Qamplt G stB@E GRNIAE: @Eoﬁt&ﬂ&%@z include a
&am 120) @ i thr outgh conduit 152 man%
vvu‘% B tHe S be 6‘? é“eﬁsr”éf‘s hPregfiech guatete lkﬁohﬁ“eam of flow

errbamhmem)sw ih hmtlmntmfaekyocﬁfort Reth Slig @afidilen Béind &1ap®d to control the
flow thro pass conduit

rec Y, h the b
whe ’a{ ‘fie Ot;)?@%%tf}%‘%éog? ey %ﬂéie%g%g&“?"ﬁ‘sw? % PTEfetgat exceeds or
orefirs @welgegdrhiesteil., configuration. In ot her

enmbodi nents,. sonme trea 0 m fl ow t hr ough

orifi ce%sl%]?thsrr e’@f”ﬁ%r 'ff‘} rlge YeT¥ ig isginpfgepted without a flow
peestrigks, then phssale-actuated K 6S LBOBYiB GHilll Bé ﬂﬂe MakNEiVeS rbduice the pressure
tt}h%macts razt‘e écgnfl grura ion. \Wen . present,

praSERVSISAE J4 PR 195 rFSPON§iYs 9 dwhen thearesaure b these streams
va:ka;eedsrmmmered tﬁr&ﬂioHl’pdesaJrhls&S"l d’ﬂghd‘ﬁiﬁhélﬂlhéilﬁﬂea Beshbiatredyéle pressure

ada as the valve fr at ed

e Pl e AP BriSiea i b GuRRer i e 2agoes notnclude

medhaniestnttbbBatneatabiished wehe barkpressiird @lthie sﬁdiefnUEl Whige f¥o permitting a
e, the above-descri b

d
e 2 BAAPLS ol ReRlsPehyine PGP B AR el oxde. More

C epdcifallye thet igjuid pesaot wall @dd aoinéregd aathe Pampleaits & fgﬁaater ﬂow rate of
I ressure is reac r excee

| ThEE Mt CRSHET REESRe ns B0 187 1B ST fena ' continue

b iupli they preesuleaatiwed ivelva nsqnmsnngnefdrfrm he EloEdﬂSdohﬂ@m:Itlon to its actuated

a bi iasin 0 ai nst t heva
%raﬁlﬁ?aﬂ? ere%t%:rf the IH)rets gl t c{ té) sfiefr% e ]ugtfl éli %?évrf éu&tuated valve
upmrns e itp reésed) cenfigotatiant, exd wmdhvembyhet higuidl ipgrsbudle iwill it to begin

e he flowr
PP BOAE T BRhGARMN e s bR SRbrt Bintrires? phgee sueam
r éétﬂlab'(ﬂlff@ﬁ thafioexae tOf anyngeo @at hla)tiuded @Qshd fvel processor, which in turn

tsdgﬁg Ct?élzj h%@% o(?lt Yl Froglrl a mtﬂe ﬁ"ﬁ{: e(?lfs g?c&(eoﬂgl g%r a% Iélgo?xld still be

agmrﬁ@palt [T} nlgxya@t bj:frpalmlamtchm afsmemdy ex@mntted, df\operdiigSdtakgdue to the
j - e. rted by the stream

gg%%ggésmt%éé%oro %:/xe}%gia(&egrp’t géﬁebfgeqsﬁc SINEY §E Hchani sm

t he préssdipausgdt meedeedabqkederl&exyo Byfsiegrsr 221 atcmrchﬁgy to the present

a e en_the st :

o RUBEE S M LU o BRIFIEE nd 330 SRS, 8 e, non-
t Beplusivg exarggle tOﬁawhtdw@etlska eiela\p:pst byeanbyag he ub]lﬂﬂltdﬂgehver a liquid

ng lLve.

] e%?gnéh ?,r;mdﬁ%tgb%cfﬁjocg(gg}%g#?&%g& a}frgdu\é%g BB Sn of%qa«g hoc&ssglgnassembly

158! mgpjecub sembpusiile fl@hstasmélﬁrt@s Sentiag dsestralzlw,om viceIversa. Figs. 31-35

Phevrat! f1fisp1Y - ¢l when

p? essure ozﬁ §Q{on em@st‘ eﬁ@@%ﬁé@%d%t? CI%%E) %rfl ﬁ}ésmms dllGre adapted to

a&f‘éf‘éﬁ’mlx/afé’%e@éﬁéy de chlr %bmm drepn esdsmgzef;ow lstmdarras a

threshl @e LIREY r e

when t he FJ rl ess%lr\g e%m[%igsl 'tl]\éefgé/dslggl? daiE rg/ ﬁyé@ § 55 mc?udf:sy pressurized
t $rerost 499 Alghastes el shpnd lsydsqxﬁtli pmdeqwntftulct)i/fer Ub)mtlt\ith examples of

f QR8s 89 nEtRMe '

t hreshol d. pr esg%?%n%g qé@%epgthgpﬁ %g%r Sr?gslng{l COE&" one or both of
biuglshepdnfltih dhuader meaysubre haweyst. ey tsmtaéieeprt:ssmd@d asircegmay be used

f Qi ti&ﬁ}tm%qufo?n e s@@ﬂerﬁstpé) El@?e t glsélgsqxlré hﬁgcség tgese Components of

pressure, such as the thres G| recycle or ery

pleedstogk auppy epmy! e hmﬂp@wqc@spnegumfmﬂameyswmctehmry system,

adapted to automatically return the pressure-actuated

- valve to its closed confi gura%g on, such as when the

pressure detected
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thereby (or applied thereto) decreases to bel ow the
threshol d recycl e pressure, when the pressure

walemsesses to a level that is not sufficient tBCT/US2005/039409

overcone the biasing force exerted by the biasing

hxdmgan asngratign@arsMblyf Kogloescnop requiiss the nseroé @e?haﬁ'éalp@mp% gompressors,
RASouRl 2B HoSefclCcIMBRSHY AGkMHALRI VA Fefug\la%d/or hydrogen-
configured to its actuated configuration.

WHRdgetion; fluid grogy toMfcas ﬂ%a@c@whw sfrﬁgnsplpnégrepfpssure to the hydrogen-
Prfatins e fon ah@heatiREaBE RS P bF ﬁelﬂﬁéc@ﬁfr\%@yﬂéﬁ?? InStead, the streams are
configured to remain in 1ts actuat confuguratlon
gHem2euHT Prppeiied fopethe prgssuignd squrce WRESOPENINE EdetbE §F plber suitable
Rk Rt v 26 rthzﬁcgele!:t‘velys éﬂnﬁ? oWirdstHcls £168 FGRPSQins from the
t he present disclosure th ? pressur e- act uat ed
Vegdstackndplivesy syt fylie depl mcasmns mt% allhspe flowrfegulating devices are
RefewReany lifushabyat etk 30thng! BR&AVAPRELSL &L 40NSalve assembly 460.
responsive entirely to the forces exerted thereto by
tlhestrptivg delivesy prasiiieh &P hydrogsinasedugingeegirinioswricatly g4l bom the range
%@@0380 ipil M%EQI BredsBREILQMAK of @lid MBEY ars WA lHA e %zoae Ritihe present

‘include a flow restrictor and a pressure- act uat ed

Visclpgirg s é@é‘i“’a?‘&ﬂex\mof [t {998 ¢ Bydresea-psedugingnregion fhat utilizes a steam

r@f%ﬁx%ﬁ%’ Qlftal?&' to ViEbM1cS mk&m;asl ﬂreﬁ’fﬁeIOatnb@-@xchQ[v'eféxﬁﬁpllé'r%f delivery
or anot her OM/reStrICt to create

BEEERPRORGUHc DD Po PSP B gB8 225 Pt B P HSO B0 pit at least

3bo gantficaanisbipe, Rued: ms;ﬁn‘awa Hé)xvf:tly% Yéskudé MHOB 1€ lhhy 850/psi and
conduit 134 toward the hydrogen-produci ng regi on of

ﬁﬁ@me@PmﬁﬂB@é%§|ﬁ§‘5@§é Bf. However, shoul d the

orifi g 91 vameg arf &QWpleasttal fe€ds@Ek b@ﬁ@myﬁ&rﬂgl @itht Rlcludes heating
otherwise fail, then the ampunt of backpressure

dved 8 aed yreaserpradygiondWid [ indyressyrized F?ﬁ‘&ﬁeéé%%méhﬂfqnﬁé’f separate

PeIsburOTes@fls 4500 gheR i bifbodirhdn® 2a2hldiGud! Nakind MQYVES is either a gas that
therethrough to formrecycle stream 136 w || decrease

& SIRGE SR GTTeAE A SREEE 5 57 S BRI  i2 fARNET pefged to deliver

itfe IR@idfnawy ﬂré’kﬁlﬁél B thé hﬁir(ﬁée@‘ﬁi‘oﬂﬁfﬁﬁg’ iegfbﬁ) bf thb fuel b’k‘o&:ssmg system. An
Pressure continues .to increase,

AYAIFEHE X aNerhd BHable Sesrptys éﬁ‘faﬁ‘eﬂ%e‘}“ﬁ aob@iﬂ tS7eAm at a suitable

tpt’@ftﬁe erm&edE@&)aﬂﬁélﬁEryfs@ﬁterh MR Widho@t regi@®@Oe ub®bf mechanical and/or
exanp pressures thatngceed t-he, threﬁpold delivery
ﬁlﬁé@gﬂrpém%ocpawreéw LhMHar QUIpEIeRt 51 dncfids ar?éfﬁoaéﬁfé’g%“am that

P Z&2the MiqRIdCardl prdPd1E tHRONK§ui® @ﬁeaﬁf froletht lf@édstock dehvery system

rOCeSS|n asse I n essence ressur
PERETN A U Sanea dopugrmiing s v et h sFeet Dpi@ufh cpgmples of
aﬁidlbtehﬁogamdtd iaclud carbos yliblxﬁe skd reﬁusgeil 26, hlﬂﬁ)hgtﬁcamri MBYTbe used.
tiLnue to.l ncr ecause

the flow r i ctor

the pdith Bl ogtorlt Rt G el iR SRty ot 22 may

otlydd pfdss’lﬁeamss’bll.&qthal&orht&nbl&itlﬁl@eaﬁﬁ)g’lﬁlumdmbMydrogen productlon fluid
Because t.he ori

TERRT IR PRl R e Bt sStie i g, Rlig guch a

|r¢squisd/,e (3] rthdswnﬁgmatmmt ofqianblvé agsmblly. tAe iIRXERISS ekarﬁplé df such a
?eggtg%rvgg IW%E ?ys hlgl? hogwtéRn °'.r ;I%g%grlg a/gSt y g? hséa%laptéd to IFs]tore heating
aMQWEmdﬂgdﬁgheﬂo&&edsﬂmdksdeI|very systens al so

R SR 8 B PSR R BByl P e

(presdxeel veget ynqaf esout gess\ibevhilt e (oivee stfuticl3aal llaidad vl béadapted

e w]l decrease, at |east ,
iRt U BB LMoL BB P iy Y s rom e
of bskedB amdrfmlcglﬁr &or exump&) digl helating fudl Inawbe @i8pdsedinahe pressure vessel
continue to be cl ogged or otherw se inoperational or
only partially operational, the pressure may begin to
i ncrease again, with the pre$3ureactuated



val ve again transitioning to its actuated

configuration should the pressure again increase to or

wheyenshzhe correspondi ng threshol d pressure. PET/US2005/039409

10

15

20

25

30

35

tzie? the scope of the present disclosure that a '
ke WET PP RISASYrerfp St heatingragiemin 0t Hbe hydreegprproduction

dlfﬁ:ﬁi BSUbEdisRYedathd fedstidaebel 159ffbxo&hwa§tmd@ft $Essdréd Qpplied by the
é‘gibtglgessur eact uated val ve 150. For exarrpl e,

t he
Jued. 9dhs bﬂrggegyqu@ﬁpwlqnnl& ubhe hyd fqg%t“productlon fluid and the

I é8dting Flied hre fifintaif st 18t sUBSHELIBSEpHAE @ Me pf'é’sslhl:bodtégseﬁ such as in an
pressure-actuated val ve ;and accor di ngl

DYHEEE BUAC e DEZTe KachnBY Hot ok APl P dedSbisEIS are no

dehtbrvifited SiougRIM MY plefitlteUdi8sc? NhASAYEHR- l%ﬁﬁ??&d aN@tMeLhydrogen-
150, such_ as descried herein, without a flo
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19. This increase will tend to continue until the

w@e@sasi3es act uat ed valve is transitioned from PEEUS2005/039409

10

15

20

25

30

35

cl osed. confi uratlont0|tsatuat onf| ti

THBRERERY Pl BTt Patie Rt TPk 2 Aoy dpcressing e

t hﬁze of ammem%cﬁypnamsdwmi c\b&ef;ﬁﬁcﬂlﬁg] fcledselif the 6120 Sﬁd}amber 497. The

CSRPEL bR i TR b S SRS e bt 5o

t h»ethin tqe: scabp@ofassmsceosu&um tiepréshiee BHBHHRLEF eoaafnoﬂ‘(etemil or appreciably)

str af f ect .t ow, rate of hdro

PR W pEShtsd bl SO e, e any suiabe

afcbmhcttdnEWFm)\m:r ccmu;tspmet mmcéumamebwowaanfm@l 3T ahd 33 being but an
S Gl AT TR S PR R JHGt QL Ggnsircions in

0 p\élllca‘lt theg tradsatiger diseslidably her RS edipedc telahdveNwithin the cavity,

he feedstock _de|ijver
GRS BGR oich I, LTSERIGSr MEBbl 5y il ptormabie, s rigid but
ammcaiwmglpymnnhé itevpdieansed rediizﬁfgl, asure are adapted to
dellver ali stream a g st.ream
11 ust P b S P ud Eree g BB EeRon nuid, as discussed
f ebasitbe keatad furklByms\mdodrrefayedne agid prbdsﬁleﬁng faeld @oitybndingly, the

ot P TR PO 43 bt s pisdrasd et or . Wen tre
adextinp fyel dndismsglaiseupressorbusse], b ie sfortdl undérrisasin( ﬂras)suﬁe Owhich is

a e vers
B 3@?%%%""%% b et i, Do e Sine heacing
dédel Wiamyy by steetrd tct bt mveeseaélmseadwb@h&e Isyzgmetm Vl&hlmn’@nldlqllld phase

S i v u sLream and a

tg ercgam a%i)y pﬁ ??s 2}‘ya?” a\ll?% exafipr s, vetsf?é ?e‘@‘ﬂ%tf“B& constant, or
dedbistantiajly WsitMp@@um nel thel esdrpgceslzrudumed flsdursc @spedi9®y when the

T REALP O, BV Blrh, 208, IMEEROSEGRY SHRELL D0 bk ot may o
pF@@Sﬂdr oz att aaplo&hmnd &t]lhbbrllm eg ke V@Ssmksdeﬂlha& system 22 is in
P (O th o Bbekln. AT Paath P eciFcasesne e
bé3 sshovminthg G, 1de~mmhta|1mxgldfyh@mm thewmaoﬁm anﬂ atghs&ous phase is shown
P ACHBE e AR GroRERat i 17 8P RTRIBR B8 g pischareed from the
pPressyter esiet 478, tehportimeestho déatidg Ifiel 68 yin shesligui biyes e@@ﬁrates to the
o[ the u

eg)%xr ﬂfa'cs:é; @illg\ %l?eml:zxed]s ?%grg %ﬁsagrg{rr%%\? h/ e4r%0 of &0 el n%)é“tlre )}1eatmg fuel

p b¥nenndigs éevbp@nwgom&mnd pssutehan the Aydrogenipoaiuctimofludd 15 even when
hy,gr S S nd

dal Ih\%%r g??gg%yﬁ%ﬁ dT élld%l.glélélg Sl:inél 9 q)e%% dls%garge% Wthqe it is within the
hW?%@féh}ﬁ)WGWHb‘iﬁﬁ‘é‘)SP’@gP vahzarady h@at hmnaﬁslsrd@iscynbaf hefreing Ipropane is
P% QERSSied Q)reié{ﬁltzﬁg]fgb]- For Q?ﬁlet@ééis Elbgelﬁlgé% s avm a pressure vessel
aut onmat i cal dfromthe pres I'ze Fde
uifé?rdﬁlséwhﬁgfe@?m élse}}%lume or other suitable
f 1 ow rggui A, Qe ey e
restri c? | ow gg% tggse&rmg‘gﬁéte% ?%%u%l Léé?eﬁjgéﬂht‘u ngy be used in the
dispqstask yelwm wremef theerdsens displogee sSimilgr oyt gassurlveseds shown in
fi: W3b QUL Al L

RSl aay ARk ARV VELS @g:hggg?g LGRS b kel 15 @56 Shio which

a%@'?fﬂ) fye! 48 0and| ydepgen- arpdvéom dluid/dp yarg rr@sw@# @sd foguintained at least
héﬁgft%ﬁﬂy &g%&%m%m&%@ 1362 elaéfpd %%llel HeMhd Ihe khgld 13 éxllilﬁly one of
range of 5 si, althoug sures outs of
tfi%'sl’:‘raaﬁjbudaﬁemw bha ﬁfefsﬁéllsg:f!{g orofﬁw@ hvdthpthe gibeit being pressurized by
di sclosure. In the context of at least a
hydr ogen- produci ng region that utilizes a steam
reform ng catal yst to pr oduceb%i xed gas stream 20,
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fluid may be imm scible and separated by an interface
500 in the pressure vessel. Wile not required, this
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PLBILAREa AAERERLIOR, 1 R 9 B bl e o o o

peedestion of i thyy hiydregenegenératiind confighiatiorh@pat hler olymiteige of other such

PLe E > pressurizing fuel/fluid. However,

uﬁl?ﬁgﬁ?ﬁggggﬁnges shown in Figs. 32 and 33, in Fig.

34 t heSuahtagthifegrovay yalvevés ntmh'zmn‘lqmmaamd oft vudvefasagimthlyd&e snay include

not.ohdg! t & LiC I | e rface el

?Vclode(g féﬁgc?/\lax?;rﬁ tg\gt %lﬁ“gs éége%ﬂér} to?retﬁ d g)g con dxgﬂré@on from the off

| epsifigerationibyt paAeritd ISleQtllOatcésthe Hwatlrogdﬂeganmmm‘ amﬁgmmyorbenul the
ARGmita t BGail fort € n

h‘_\g/% drogen- pr odu'cté'? g(%g'frg o mg@“se ggtéée{dd Whlc relei')sles the  control

f meghdwismapd Ipermitaitiet @ique@l oft the é&@bge@tg@sdrarWMahﬁgu,rauoﬁ The valve

not conpletely, separate even though there is not a

structural barrier between the fluids. Simlarly, if
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fuel 13 and fluid 15 is a gas and the other is a
liquid, the fuel and the fluid may be maintai ned at

wo eashssBpst antial |y separate, again with a di BCEUSBbY/E39409
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interface forned therebetween. Fig. 34 also

I hdserably aﬂia@Speﬂml sugtibn of thé heitiely catmpaation a2 ddBgtd to automatlcally
ext ends | g i nterior cavh ‘iv{ 480 [to heStchllsh fluid
c ONHIP Ehechy8roet-sarein sanfjpyayqRathen dheggredeigrmingd condition occurs or

Vasakdrivise die&,etbar gR iOhishivathind tHe. scéiietarﬂnatpreéattwsctohﬁe that a valve

pressure v i ncl ude .a di sch e orifi
PO RorSE e domt RS Wb arg o dieh o oyl T2 teuid 1
one of Aﬁﬂhﬁbnalgxdmiplefsldﬂ isttable. fediStoyie telFBQtNEEME XA M Rclu@ pressure

fl ui duit. .ma t hat, extends .t hr ough t he
et 559 Eetyning pesiie i dactincdiegrrosistan T b m pressurising:
t pressnfifede spaioakihig irig I\thd:hofna)t he @gees}aunﬁira@ssgneﬂarbn assemblies
V\,hic%thefl uid/ fuel is (c)ié a ﬁ%% fuel
51&,{0 H]ﬁc%qj&qt dgﬁlo?qreh?ra ipelosed dn APy @aal Pﬁtegb,ftpgﬁlcanon Serial
aNd. 6@si3easo] whies id entitied)  Feddstéor IR Sidlehy, Filel PEcERhE Systems,

that .t ative posi nd/ o .,
PR Rt R E ol Ta e Spme.s prat flsgion October 20, 2004,
Cmmpma emhﬁlemdtshlomrt bEwblbﬁssSthdby\lﬁiﬁﬁﬁiraﬁedjﬂ)}S&fdﬁeﬁﬁa Additional non-

Eaelhs' e ABHEH Ry Pon PRI ARPLCRE S s 1 AASPER ghe’ complet
t hneclqsnuaﬁffmhe:hvem&iy mobhfbramwyaffbﬁmelfbﬂ dli puegbsdso  pr oduce

hyd ti

o o SRR o RGpa B senebud ShSuER Blsted in Fis. 30,
sthe hahb@ncgeimﬂm I’atsSmbhyledelgL[ﬁ ingudes @pedgodk deB DY hefem 22 and a

TR A 35, PGB o e
gmalfﬂﬁceﬂ;alﬁlgﬁ Iecrr:xrcm}s nﬁmgﬁheattngt finel Hf@ﬂ&yﬂﬂogﬁﬁbroductlon fluid 15 in the
vgsse(? Eﬂ%& S{UE° gv\hislldncﬁfjd{] ‘ﬁgatgd qu%st§wgrv§%sp[)§$$ ﬂrt?g’dﬁSQf.‘)“ interior

defmpagohestt ora:adtys 4$faﬂhge:ont@gs bdith ﬁ%n@fuel l@axﬂr t@ﬂﬁ)gdireproductlon fluid-
vesse ce O and t

o A o freoPSPL AT Bl Gar PO ReE aRp R 1 g rid 15
f Apshawnethe calye agtmblh 660 irebeed firdi sdl sé)cﬁmd ®alvdshi®1 and 463. However,

dt%h? (\:l%ve gs%e %gl %élgr%%)ggocolré %%J 191\‘7\;;]cor nge \g'%l} z?&'q? %‘gﬁfarlatlons described
slaaag:@mdndlthdnvg thatde st 49£ﬁeea»mj/ \49/8 bd femdcbek bﬁr\etyrsysthuaz amytrated in
oS R 5 R S R DT R 38 o
diratio| 496 ané 498 laee idhstsied én FenBeas h?agﬂng lfl(ohuﬂe figwn yndl @¢brgiedischarge
0 that re adapted to seal

nf%gpidg%g?gééi tgrl?llne?fl{%g) eﬁsge AR ?I ow t hrough fl ow
pat hs, Thygr presstie eessel 458fis srednby Fihé5 o oslidiag reméssure triinsenitter 488
S | at hs

&ﬁﬁg@%@ gé;"g glgg% Q%ﬁ Ezvzt ther ﬁ’)’drc%%rq 8150%&91%? fruldo Y\% Blsm%ed n tge bladder
cand ke keaingafwelnkst dl@nsedfm tlterentdmcscchﬂryg@Osif ﬂeam@surh a¢ssaiaireounding
u I L 1 ear i.scussed .
a@g&ggs% \Né\%rﬂfﬁlrdtgr {85%&@&1%%zdg[g%g%é%dg%téongﬁl@ hﬁg él?pogedstgerem. Any
difsth¢ ober presshiaged tshercds| and/op atebwsire vesell denfigumo pmsodesdribed, dllustrated
C{%Hgyﬁntco atelalh rew]rhé(}hb leQA m#?lac@%g tltce i SQ'at%c? f%?su? C\; ISS\G/:FJl% shown

oW, ependi ng upon the con uraP

vl&lﬂ&%ssenbl y 460. Seal ants, gaskets, and ot her such
devi cef,dBYvP ek d K y i
vt SOy RN OSBRSS LIS 0. hyiroge
hsedysing fugleprodegsipndsstinblied 105 andtdeedanﬂy dehvpfm systeime 22 have been
REASRIMERLY RRSEhed RéLin@! g elgf i

Fig. 33 gr oviﬁ ées aé&gl}]apﬁlgeéglssyg%ﬁust ?a??‘o%‘gt%? r&ﬂ?gd to, include
pressure vessel may include nore
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than one discharge orifice, with the pressure vesse
of Fig. 33 including first and second di scharge

WO e@s0sB33192 and 493, which respectively incl upler/i57084/039409
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25

and second di scharge orifices 490 and 491 through
wifidiionah gompasenthsuFl @t aisiedidpni uprjish-2pd dalinery systemsuhent exchange

AR Qe HBlQ CAniNe |siurlsS EaRLAGH {h&3PAAREY Gnd BithbNBow controllers, power
configuration of the val ve assenbly% t hrough outl ets,

oManpESHepampdules 96 dhds waln thy srops 9t slespiesgpiadipriqsutel i selectively

deRingt ont R nfoke gﬁ%@&“coﬂ@bhe\ﬁﬁr ysifyiad e 'Qltﬁ&i%ﬁtaegnél@ fuel processor 12
del i ver heating fuel dr ogen- production flurd

180d/¢gy ¥ siggle %‘F'(f@@ gtggc gy gttrJ)Wt ﬁgugﬁst [ 1sp?yl§1m thg scope of the disclosure
i hHab! &Bfe@fldnﬁﬂe BeidXETBLEA Plhed c\baJpM&na%%@rﬁeluyed%O t hat

i ncl udes val ves 461 and 463. di scussed, val ve
assenmbly 460 is adaptedhﬂé_ﬂégﬁmbﬁéiﬁhe flow, or

di schange pre@dnt Hﬁ@oﬁ?@fs'aﬁﬂlufab@ ko ARhyHdEen-production, feedstock delivery,
hydr ogen- productlon flurd fromthe pressure vesse

VﬁW%@“ﬁ%gﬁﬁﬁm9"ﬁ@$5|ncludes at |east one valve and may

include anyerSwdt Ml heSAiSiGshir &1 frOrth 368vRCErc¥Bbéses multiple distinct
regul ating the flow of streams fromthe pressure

v divgpijons 'fvﬁg 1@6”@% |uE11t|ye mﬂégéﬁqhaqfltléqqg inygntipgs has been disclosed in its
apredHell Yorfth theispectficdmbodibheAtd theRdf & @scldItLMHAGHustrRed herein are not to

graphlcally i ndi cate that conponents of the valve
a 8% EosIdgreran 2 BRULNGSERSF 4t RYNSEPYSHY2EipHony pis Pesitle.  Higgwject matter of

mayé iReenfbdsasdi@sds ail he&@l hyd Ad-dRRUPESIHAHLBNY 8-S8boombinations of the
and/or may be in fluid conmunication wth the pressure

v s eleghup Telirpe FURGHS AP RERPeRAALE IPEd et g, where the
pmﬁrﬁsUfeeuevesse.l zarmlstue&hmam fne QuivAient thereof, such claims should be
¥ﬂ%$gen % regi on and heating assenbly. |n
o' HEFSIRr 't' eln raigsethls| F MBS Wy ClsBer i tiregyiring nor
asxdhaitg @b of Hleremn@ﬁewﬁee.tsvessel 459 or it may be
separa& £r0n1 Illlpressure vessel but still in fluid
¢4 i

conmun qlla\ﬁe fﬂléovH)é%Tl?lﬁ)é partigylarly ppigtqut certain combinations and

hy€bcogBiRath® tHdCirk Aiediddulo Gne YRINY QisaDs@MmMN ey tidRQndl Sre novel and non-
separately discharge the

adapted to selectiv
@‘g%‘ﬁenb}vﬁ'&lﬁ’t‘f R R s A SPEreIO AR of features
pﬂﬁ\ﬁﬁch‘i% CelviaSHe hn&&gproﬁdﬁﬁesaﬁ@nﬁd Elaiméal tMﬁ)ung Sﬁﬁbﬂrﬁénl‘l@pthe present

be ad a ted t w sel ective di
s PraIiond” phs S BABR BF bERied SROEAGR g Suh fnepded or mew
Nelkinal bvﬁWhérhﬁeydirS dhéexgao afdiffdrent hl@@f)thd’i)gorfdﬂl@hecﬂﬂﬁthé Ekﬁne invention,

hﬁvg)gtg%egl gfrFFggtg ﬁ({.]r ?Ll{rjcif#eg grg g‘%’fqgg"g 20%81? t% Iﬁgeg loSglrSfaEl rc aims, are also

hyegadgea-iptaid ofithmnhd Jubject niadyr dfehalif chationdIof SR pEtent disclosure.
applied by the heating fuel. It is within the scope of
the present disclosure that the relationship may be
reversed, with the heating fuel being discharged under
pressure applied by the hydrogen-production fluid. The
val ves and/or val ve assenbly may be adapted to sinply
either permt or restrict flow of the corresponding
streamthrough a fixed orifice size. It is also within
the scope of the present disclosure that the valves
and/ or val ve assenbly nmay be adapted to provide an

adj ustabl e, or variable, flow of either or both of the
streans, such as to adjust the relative size of an
orifice through which the streans flow through the

val ve assenbly. It is within the scope of the present
di scl osure that the val ve assenbly may be act uat ed,
such as between flowand no-fl ow configurations and/or
to adjust the relative rate of flow therethrough, via
any suitable mechanism Illustrative exanples include
val ve assenblies that are adapted to be



manual | y actuated, such as by an individual proximte
the val ve assenbly, actuated by a controller or other
web®enssss ¢ devi ce or signal, or automatical | ypamusmbea409

responsi ve to detection or occurrence of a
pr&d&tMS$:mi ned triggering event, such as a detected
tenperature, pressure, flow condition, etc. As
graphically illustrated in Fig. 35, the valve assenbly
460 may incllude aA hydredengalevsiod Gskerhbigtcomprisigiapt ed to
di schar pfouel and a second val ve 463 that
i's adar?%g%! pFO esgl%gt‘l%sar B MRS ogen- pr oduct i on f 1 ui d.
The val ve assbydobgenpbiiuciny rediaD adapredalot eceiag |ave&ayt, a feed stream
[ N e- al ve. | ve

danife ' BLF & Moy Bltfing Ecti Sinty BESLE ¢ Haved s sieam
h @amalnglgﬂm@bgenagjast oW mdjentgzl k:@ﬁﬂitﬁélgehe@effroiﬂj e

i schar ge

hydr ogen- pr prev

both the he;lgl?| {éf% eLPeuI"ﬁcatl?h efgéo 9‘8 ﬁecﬁ‘ﬁ’ﬁg\%‘l“i‘was stream and to
f Isepaghte Tlegnixér gas-swvaam viab \ae leastyonb pratneshydesged str@anh@ideat least one

a%y%t)guc anhgur ation, in which no fluids are all owed

ar ge’ fromt he pressure vessel, a heating

con:;i‘l i gu Jralgt i @rheating askengthy hdluptekleatcbmgusi aefhell sﬁem téViptdd@et a heated
t @udiuSC r ves_se

hydr ogen- é‘gﬁfg{ glt | o%hdg(%% ?g’%?ha?'t T p'ioﬁﬁc\}\?ﬁ l'ﬁ%‘ci"hé” herein the heating
" hyeewblnis mdepierdb td caseifvé wndl combyse rthn bypealiuco steHadc g ehe hydrogen-
f oRuALd 6 e three-way val ve may be

c:i))nfl gﬁgfreeg ot o%gﬁ%cmgﬁf&g%enégﬁ ection of the heating

confi gur at i erfldw eastrickre befwWeer olref hyglisgatpordpcisgl edpidnnatd the heating

t E%gl?ﬁ V@h gf:t{)élo ﬁgét %M(ﬁ&gllg aEl ?edhtg)ﬁcterel:rag bacggrfeésgr%r i%ltaI lel}d conduit

%?qggmlthﬁbypmdv@mm ﬂke’i'syp tltehneatmglassemblay val ve may

be adaptied b RV onfigurat.ion,

sel ectl on %t? & g}’tsysftérﬁ E&é@p;@gﬁ%l %’vﬁr hgonegl YR CPYRaing at least a

TREbeHgoakinjRgy fQﬁdﬁQ@;‘ or thst Hnedrogemrpir@iuemg edgioal afethe fuel processing

?ﬁ%gfgf?g% ﬁ%?ﬁ’éﬁgyfegﬁmgﬁg%%@% 5%/?! ne§orrnﬁu1r:1dmcaflon w1tR aehqu1d supply

p?@é?é‘!‘@g e aE W%@ﬂ@lmm&fned%@cm}leheﬂbﬂf feectseIChﬂéltvlefygsystﬂﬁ comprises:

enabling, th sgh f HQ9E RiPLQGY

fluid. The pfpé‘dlle’t er %{b%pé&é"ehg?t‘?%‘g f‘gr%Fg“ H‘Fns“ &t g inlet stream

pEEsaRRe Pflcast tbﬁ@d@n@pWﬁmr@e ffazdttmhan(bto emlnazplmnkl d)Utl&Estrfelim,m

the initiatipnRf & .0

enbodi ment s wher et etpj st oc Q‘géalulgggﬁm J‘l’h}’er%‘:ondmt and with a
* sTEpYSie Fanguin i the dPIU‘@D' ¢apdigit heatﬂurdgcoasmmahgn with ée hydrogen-
- hyda RN regRA e8iatht AYd RS SEMBINingt

C%ndl t ornegma i ncqﬁd@%t hlgg% dfog ﬁl@l BFOg%glﬁlgﬁq%nﬂ%g $Bgps, recycle

r RN fgn QUErCQH@tUéWhﬁ%éﬂ“fbﬁé@aft @mgftl@dmsrdaaumle andl’ h!Emlet conduit

Vﬁldﬂgh A5 RE MR K1eOQreBYs @ﬁwﬁ ‘P&Ihh% E QSSEIBblgl lvRélyelﬁ?PL? O%Iet conduit is

of the hydrogen-generation con ratio
oRAeRiFd énEsseint thstliwid %‘lﬁ'@h“ﬁﬂa@c@ﬂép refieeda (ﬂowotvath fmghe liquid outlet

Stehim@o Ma@ls«em»snmlamm@%c at b&{duh npl enent ati on of
val ve assenbly 60) [ ncly control mechani sm

that al | ows? 4y @é‘f‘F@haC@Pteﬁ F?@rmaphgesemfn thereaydlepgonduit; and
fromthe off p&&ﬁfe%@%ﬁ@& vPVe a&&ited RS QM&%(/&{ %Fljnﬁﬁﬁdu?cpm tile recycle

t he %/dro gen-generation configuration un
poBgdH ‘élbﬁﬁ’aﬁ%‘&egﬁ‘ﬁﬂﬁistflc&ﬁ #dcurs or is otherw se

det ecteikbreiNVkHe Gille] Rb@ @RS sl RMULRL 1o produce at least 3 and no more

than 20 slm of hydrogen gas when operating at full capacity.
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mechani sm and permts the selection of the

hydr ogen- generati on configuration. The val veassenbly
worooepses t sel ection of the heating confi gur ap@DOSENF039409

be adapted to automatically switch to the

hydr ogen- gefibe astdragan gomrfatigu paemign ofwleim t.heherein the pressure-actuated

predet er i ned condi ti opn..,0Cccur j: | . st

e oA A R nglef el PR SEud copmunicaion

diwvith lpasitmiseof tHeatcyale varidu upgeamnibhd/divarsiesarofitheaflovdgemctant

restrict the sinmultaneous flow of both fuel 13 and

fluid 15. Additional exanples of suitable feedstock

del i veBy syZFhehsir@2n gheratiomadsedely of elgisu?.evhgeeis dp prea®mee-actuated

Cga gea ism Q ecl1 Foalgel QQ:CE\H:%I coln% 1‘}@9 blé%gé PQE éé?iré?ﬂﬂ étg)rﬂ, in which the

flurd fg n pressur|2|ngpr§ssur|ze relati onshi ps and

Whiesdurermyuated veise dsiratslodr ofgba ligad evtiet supamabropghihe dgpass conduit,

accor di 0 _the esent. dij i ' -

oGPl P it B PhisE B P R0 BB R R ol B e tiguid

604t6R 3reabOthrongh the bypase nenduit.eud 'Tithed wheeik tBepiessereyactuated valve is
st Fuel, Pr [ ng Systens, and Hydrogen

géﬁg%gsﬁgﬁ K§§§H@$§§§h1ncluding the Sane," was filed

on Cctober 29, 2004, and the conplete disclosure of

whi ch i,s he i I : My )

nonexaﬁblesﬁﬁ?é“%&%gﬁ%%%@gﬁg$%¥g?%Egggggqﬁgﬁﬁﬁgggggﬁk:Mmeéd

Sezlivals aptedl iy ODGILBR To the retuatodrpprdisaratipns whers the respure of the liquid
' i iy al |

el o S A o B g,

10 schematically illustrated in Fig. 30, the hydrogen

gener aki on [ E i nel S4a stecC -

el very sy apeibigher geldhloh hsschil) 28, cHiR 12 pheA e iarogen

t pedi¢ing seion thas/ethessholh deliveryhwessere dert the Rortier pfitbe Jjquid outlet stream

s c [ C

T e B e e oy P B has 1o he

ofhreshpiddelivgryepresswrsel 459. As illustrated, pressure

vessel 459 includes an interior conpartnment, or

cavity, 480 that contains both heating fuel 13 and

hydr ogén- pr ddebydregenfgengration 3ssemhly o clain 9 eWheseip His| threshalyt recycle

t ) ' b 4S); BRRE flows of fuel 13 and

fPﬁ%ﬁ§%%?g%gmgﬁgaﬂghgggavglvesgggenbly 460 i ncl udes

first and second val ves 461 and 463. However, the

val ve assemily hﬂ’(ﬁ&geﬂ%léné?ﬁioﬁ Qe MBI dial i 4 A6 Redifl 813 GRessure-actuated

with any of the variations described herein, including

t helveitsdurdfer adaplad inpanjganatigaly\eturn e the £logrfloBRRUTHON ver y

system 22 illustrated in Fig. 35 also includes a first

and second di scharge orifice 490 and 491. First and )

second 8 | owIpathdroaeseap@tionssyprly jof claup lapdereintheflgw restrictor

3%, @slel sadking.forare.the first and second di scharge

orifices 490 and 491 to the fuel processing system 31.

The pressure vessel 459 is shown in Fig. 35 as

i ncl udighg a 1R Gydideén £RNSI0H tabRMbABSE e1aid 119 Wheindthe ¥eed stream

bl adder 486 with the hydrogen-production fluid 15

dicepaigeyaterpng g aBpraeRpEtninhgedsiek-heat i ng fuel 13

di sposed in the interior cavity 480 of the pressure

vessel surroundi ng and pressurizing the bl adder 486

and t hdOhydribgendpestl gersraiont 15558p! =f o ldipod e oV hetilYy Hienhydrogen-

AYodafing RGioRtNRIApRY BT8R & MRS ONALObf (AE BREUERam through
vessel configurations described, illustrated and/qr

i meeotehvin st uhapd fithaigyhegen the @4mp ﬁsaninglé(és asiepteg, jo emit a liquid outlet
| kot hAtRd gRIafS BBV Qaryy 855 Bk df&HolameWattn Fig. 35. :
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Illustrative exanples of hydrogen-producing fuel cell
systens 42, hydrogenproduci ng fuel processing

was®enhizdes 10, and feedstock delivery systensP@RUNENE039409
been schematically illustrated herein. These systens
rray, but. ar G"hlhyerngleﬁdidrthssemBKylotﬂdﬁﬁld(Ii(l) twheral when the hydrogen-

onent s .as ai r/ oxi t..su es and del i
o JERBREE Rlom B Rn P s et LEHERuleE S crrodiEin hycrogen
c @ 'rhcdefremsghe pamnp assembl\yak ¥®pted nelemit AeTow ta@of the llqurd outlet stream

rollers, r genment nodules, etc. It is
V\/l?}{a%rexce dgthe t%‘g%wﬁﬂf “frﬁ% present disclosure to
sel ectively include one or nore of these conponents.

Slmlar Y, t hoygh a singl e fuel cessor and/ o

a singl g fugjlhe L}gﬁﬁgg& §8T<er%'(9na‘isée"§wp \Bg 2 { Q’L%]?rélé‘ ”\ethydroge“'
i prodir¢itg rRegibh endsat tast oné pirtfRatibingedi@sare eoaslstawma Sealddanell.

one of either or both of these conmponents may be used.

I ndustrial Applicability The present disclosure is

appl i cabl e frbe hyueodey deregion pssadblg bi @aim I, @easitatkon w1th a fuel cell

d v Jguer eneration_fields eliev

E %k ?L{réfed g ogcue r 8 S0 YR HBBa oé‘ffié’Btrrﬂ‘gs‘gg%aSt a port‘on of the
rmtorducp) Ihgdrdgfmts[rmm wheweimnthe 6ues call stdak hideaed @ewer ditgut intthe range of
Wabd_fooBaghl of these inventions has been disclosed in
its preferred form the specific enbodi nents thereof
as disclosed and illustrated herein are not to be

consi dey ed t|n sense . rQus variations i
are pogil bl g he %Jnl)ggh MR 00? Peﬁléq?n‘(’/leaﬁ?‘? 3}?5“3 processing
i as¢roklegs adldpterloveplrocmmj lemthamkiﬂrshus:f Qx@ﬂi’ﬁgmgasaﬂ&nad’pérating at full
e featu
7RG TERETLARP Bp kRl R CBEH R 500 waus ortess
Simlarly, where the cI ainms reci te "a" or "a first"

el ements or . therepf, .S h
be under st oggg?% (regnlorrlrésos%lgl SAF |fén d? \g}r?ee"bﬁ‘ &B‘?J grocessing
strgémidy ésreduped tnenr‘DChleq: lgse ghainri slgn o hydeogeh ygd ngeﬁ WPerting at full
u eved at the f

(';'Fz{g?c n§ :ggrf?x{tl%g@g%r in tﬂe fluél%elpﬁ%ckcer réaEeId ﬁrb“i“ﬂ’&f ?tloﬁﬁnwgﬂﬁor less.
subconbi nat i ons that are di rect ed to one of the
di scl oged i n nd obvi ous. .
| nvent ?%ns wrgqoe%ko §F%gn e?ss%ngg{ | ncg?’l ogsmgredl (he'Reating assembly
sigbigothyimah icpmmenioftiohewithu rties hydrogeotpraiosing ekbgioe néberein the heating
a

CRaRly, BUARRE] A3%TBe 08 bty w5 B REFAE T lggfion sovree
twhesele thegat deabtzane dueéppﬂrmt@atsuadaptedSchtremn ttedl oo¢ fuebsream at a first
CleAbdBure Mg LP I L &hE ;
i ﬁvgnt i oh or gehglsrt glc?:etee ?{u%axg Cg'ﬁgﬁ ?r’% “2%? gnd?rusawﬁ Pipgp-containing
diupithariggan lgmt'@aererperanm gre%erthancﬁmdé"qd gdmperntige apefurtbertwierein the
OftiGkAb n&hiRd MRy igdlish SLRE d
the Sub; ectlﬁérrat ighlich SuRBisete ?g%agﬁtdkﬁf %g rﬁg" ‘Wthe%g chamber
diesieise $hgr emeerajurgsof at leasttpy gertiere of g@n@rlatnrqontamefubll 10, a second
COMPErhiEleNY lcadt RS €S ! 7
atyﬁ?fgger? pregdug :éﬁéga t regi o%éﬁ%ggl?gegﬁ?% a?{%éog%\/mg h\t y l%on ? ontaining
utleed stream containing at |east a carbon-cont ai n| ng
feedstock and to produce a m xed gas stream contai ni ng

hydrogen gas as a mmjority conponent therefrom
7. The hydrogen™ generafion assembly of claim 16, wherein the feedstock

delivery system is further adapted to deliver the at least one fuel stream to the at least one fuel

chamber.
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at | east one purification region adapted to receive

the m xed gas stream and to separate the m xed gas
wGeRooeam3dnt o at | east one product hydrogen streamnUsavds/039409

at | east one byproduct stream a heating assenbly

ad apt ed.to mntyu@geragehemtiorsatsseem ofo:lqomdduwberan ieafeaigstream and

t str e m f or. n
htgfaglsésérﬁarﬂle%s: l(jeﬁ'nﬁréseraglga%)ﬂl% V\Hlénrog C%‘H)E)Ih nhaml?% component
assenbly i's adapted to receive and conbust the
bypr od en the h i
pr oduc n g h%elg rOﬁexb%{aneratlonfe?/ gevr\ll%?igf?crl?‘g\tulgr‘ Eer ﬁgl'\eoi@ec%s?ream and
hyiel fueherapcachUuGpg ser 2 iag2S and%tvager hadiati lengt ere getrninyscible carbon-
wherein the flow restrictor is adapted to create

H00RBIESOIPE™ a fluid conduit through which the
byproduct streamflows to the heating assenbly; a

feedstock delive yst em adapt e .
streanftont 3¢ ’ﬁ{éyggt’ %e%%‘%“aas%é“?’@oﬂpé’%r# A &hérgﬁ th&Reking and

f igmicisn @@kcet cmmfpl‘iﬁas hy cteogies-rpniohae herging e@mem adﬁptcdm Yeuhehted to a
process asse dst [ .
R B SR ERE T on e MDA A o anie e
cartoaiconthigingies] dathddnmbent ai ni ng f eedst ock, wherein

the feedstock delivery system conprises: a punp

assenbly adapted to draw fromthe supply a liquid

inlet 3tr ea"ﬂhecbydr«zg!emign@rzatonlaeasblyt tfeclamr Borwhewin die digh ghamber

ot Bondr Py Snseeb bl il Ringa s mporarily
csmelwvblumad»ftknethhmdcoreb}yntblecac:bmemma}nmﬁfeﬂe| n the

delivery conduit is in fluid communication with the

hydr ogenpr oduci ng regi on of the hydrogen-produci ng

fuel pZbc esfhﬂg/da@sregdnbwloramsbmbheofmém}ldVeﬂt?mldt!ilﬁ thedtigg assembly

i d conmy f the liquid

H“J“fr Comﬁrdse Sﬁgﬁ hg‘lé}ﬁ ui P OS%% ‘“o‘ﬁgﬁ’%t/ﬁ‘?‘%ﬁ&t he inl et
streamis dravvn to the punp assenbly, wherein the

out | et ,condyj a veet I t
ctreantand 15 GRS BERhP SERBLEBr hin, 420 gl Eranspor
Stoedianm it @dztphze tdet leagrtympasardy icbsogndhe tliguidregmpegtible carbon-containing
cpurgﬁwt a flowrestrictor adapted to create

backpressure in the recycle conduit; and a
pressure-actuated val ve adapted to selectively permt
liquidyjint t he, f

restri c or; Qﬁe %%g ig%%?dﬁgﬁ faﬂ%&bgyggit?é'f‘ngz a%%\e%rlrlt])lﬂ)}e transport
i Bedidmps :elapttecbtqdeﬁcma:@afm -hdld&pgsurfacefpeitbadclror e t han 20

sl mof hydrogen gas when operating at full capacity. 2.

The hydrogen generation assenbly of claim1, wherein

the pressure-actuated valve is in fluid comruni cation

with a bypass conduit that extends in fluid

communi cation with portions of the recycle conduit

upstream and downstream of the flow restrictor. 3. The

hydr ogen generation assenbly of claim2, wherein the
pressure-actuated valve is adapted to be selectively
configured between a closed configuration, in which

the pressure-actuated valve restricts flow of the

liquid outlet streamthrough the bypass conduit,
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and an actuated configuration, in which the
pressure-actuated valve permts flow of the liquid
Wiok@50333 r eam t hrough the bypass conduit, andpET/U$10€5/039409
wherein the pressure-actuated valve is biased to the
cl osed2fonf ingarkeythiogen gdnerafis assechblygbavingen dydtogemproducing region
a serrb of ¢ [ I
VB8 3 Br g pEiSRes sy B, PP pRE RUBER T R east one feca
cslrefamgnmh@hsmg] awlees atdaeboprcewsining fesfdsto¢kearld; tquireHlugeiap eutput stream
stream ve -
el gt S b SRR 3 RE 038 groraing the
oﬁycrtdmnm:rﬂaratmlneswnMytthremtty@tt@gwnpm@dum ng regl on has a

t hresh dellv [ ESSYr rfi
l'i qui dgdhfﬁl stef eraéta?ﬁ'ede :fvsgrregg ?Otg?ﬂ’?'g@ g 4 h f ur t E‘gtlb]e carbon-
V\bmitaemrng fuebtd & hasihg hetembly \ac Iaé‘xrfjrtgsmerewhqms plsneigbongontaining
gelgagaﬁls na %gége%favu% eRb SRS femfBgulydrogen

r ecycl Beaping sdifuel strsarh osthe hénging bdsembii vtk holeast ofdl he@@l‘rgymd ignition
AT Sy AL PSR P0R AL AR BF SR, €120
adapt e ignitimg asitd dn tsireah firy the deating asssmtbhewh theead least one heating and
cont i qura generation assembly of
1 fouréﬁwtg :Bmd&:e cgﬁ}bp%‘%ﬁ ?tgegi?l rictor includes a d
rest ri betatug themydriogen- prgduc‘ﬁgeegwmfdbfetwdgg%ggnpqagw assembly with the
a%?rﬁéﬂ%bé(n (Btfreaﬁl ‘?dbrp ﬂl’edemﬁﬁn%h Neth atf.u%eﬁi]agdr ﬁ)amecﬂnﬁxﬂbrﬂshydrogen-
wat er and a carbon-contal ni ng feedstock. The
Eyrjldmg'@n tegmartuat Piohe hyslsmpipspdedfingtegipm 1, wher ein the

ydrog :
e i T T i
d édeilgrenkyforsbmithidragen-areduding repien OK/mlmdéJgﬁnﬂ@éucm&fpgl cell system;
asse”blpé( in %%@J hyﬂ ﬁmféedastxjeérg%gu Uy (ﬁﬁletsgoth@lﬁmhat is in fluid
havi ng*a reater date than the threshold f
r abremaricatiph ewwddebg@n cepuhyisraand p dinst RedieRiSf § respele |Candmtmherem the
SCBLELTSIOE | 1F DN ORRIRLANLDO L BA pUBER ik of e
hwcirg@ergegwmheqembwowher@m éheaevsiecoadiiph ydapied é@arﬁv'gaa flow path
L Q, &Hch 0 lfqlu]gVYe da{?%ingfto bl b&%ﬂh@%h{lﬁ%n&%ﬁ@@ﬂ&ﬁ fRtream from a

exceeds the thre d flowrate dr ogen
gdelivent meshapismethdi| iy advpted] tqj niprE! thehlisuigh ﬁfefl‘ﬁeto the outlet conduit, and

hydreoGapLAduc 'pﬂgnp{ng gs'téﬂ”px@mgesag floast th@ r\ﬁlufﬁuﬁfefu'nctﬁlt' &Beeds the

region are housed within a sealed shel|

hyairgigerf the Adivatyi conduils $éthisn ¢xesss RArGgnnaf the ﬂ?mw ﬂowmg into the recycle
C QB natl on wwth a fuel cell stack adapted to produce

an electric current froman oxidant and at | east

a
porti oregyfatipg g"neﬂips(%@@pn ﬁg,alpg@é/nbeg\yqe@ é}pﬁ defimery Sppuitfgd the recycle
f l&@llnduﬁelvheréﬁ %%kreglﬁa"‘n]l-lg 15@&0@5’ cn@ﬁﬁ@rba%t‘e@bure intht RRyE1@B& Rt with a

-1000 watts . The hydrogen generation
ai@émﬁtyc@f thay SHPRRAEES, ‘hewf?é}‘cé? ﬁO'thg g e Ii3pio SEipagion that extends

a%@m e lostiRdaRLR And the MoRALGEtbOHE alsbRAd BiSh MaOdxiends from the
hydrogen gas when operating _at full
flow restrictor, wherein the regulating further includes selectively permitting the excess
portion of the flow to bypass the flow restrictor by flowing through a bypass conduit in fluid
communication with portions of the recycle conduit upstream and downstream of the flow
restrictor; and

receiving at least a portion of the flow in the hydrogen-producing region and

producing the output stream containing hydrogen gas therefrom.
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capacity, and further wherein the fuel cell stack has
a rated power output of 600 watts or |ess. 15. The

whyasosBsss gener ati on assenbly of claim 13, wherPel/ns100&039409

fuel processing assenbly is adapted to produce |ess
t han 526S| m THe ryididagening2s whhein tb:petautnigng:p atcufgafier the hydrogen-

F‘g{c %angg h%lrfr th i?[r]ea\fsA{}g?)Ueé]et ﬂpg‘s;gllré 12 t aEJI_E . has

hydr ogen gener at| on assenbl y of cI a| m 1, wherein the
heati ng ass i.n .t.he ' i bt hes o s
hydr og%n pr 5' f lalm 5%‘8%“?%% l&ﬁxedgtgrpﬁegmcn‘g n:%lon 2
ax‘éﬁﬁi’(tﬂbYegﬁkﬁﬂm’tlc&ﬁanmrefcﬁmmgcmaEstfuel chanmber and at
| east one heating and ignition source; wherein the at
| east one fuel chanber is adapted to receive at |east
one fum stTl&aam:tabd af tlains 05,0 elmpen alieumethod Fethert cdnepaises removing
one f.uel m rising a liquid, conbustible,
c‘gtpﬂﬂheséﬁ’ﬁ‘t é?ﬂ‘ﬂﬂ‘(‘j tfel having an ignition tenperature
greater than sald f| rst tenperature and further
wher ei f, t he_at
is a da& ed T%e f (9 i 2o, waere tﬁyg’le hgénft}rglgp?nt?lg{ig ci)goducmg an
céledial pbeerr eutpme ftdme an emylentaztrdrae ledst atportermsef the ptpank gpntaining
% the car bon-containing fuel to a second tenperature

YdrQEER B2, great as the ignition tenperature and to
i gni te the carbon-containing fuel. 17. The hydrogen
generation Lai t
del i ve% syg emnqéo\éf g{t n? ée?d;‘g 't"eeéc{]@ Jﬂ Tt%lf;rufcﬁﬁ% aq{aﬁlatlca"y
| egsibtirgniistfbogbn sft theflow rae ltdtteeeatthel dela@w omduif ang|the reCyCle conduit.
chanber. 18. The hydrogen generation assenbly of claim
17, wherein the feed stream and the fuel stream each
conpri 3k at Theeamthadnef cbumo?S. cwhdsein- benelgrtiielyg permitting  includes

o t
CTAT R BTN 804 wEaR P ABEE (AT AR PRGN prcpure of the
edloh emaqsraltlsresmtd rb@abtpr@@m/ol % wat er and at | east one
wat er - m sci bl e carboncont ai ni ng conponent. 20. The
hydrogen generation assenbly of claim 17, wherein the
heat i ng2.and Thgmethpbef daurd ewheen tegkreshald re¢ysletprisaust is less than a
S?l(glg rh‘éfve nﬁﬁ{elsﬂlge ﬁJr GHE B&m@r{j 3P kdw? tlgﬁlsh@e%t'&gd 'tcptt@ hydrogen-
ea&tlng el e gnition tenperature at which
hemtliangg regiement i s adapted to ignite the
carbon-containing fuel in the chanber. 21. The
hydr ogen generation assenbly of claim 17, wherein the
fuel cBambefhé modtheiesf aiimt 31.cwhereiguthet whciively peppe includes
r ??r%t\l/tgé ho?%@%qguﬁ%u@ﬁﬁ% l%h Wbﬁ%ss c%ﬁ)tﬁx'it & RARNQRAT thé Yressure of

re a vol une of nbusti b
c shelftorw sOess aliani theythfagegld re;_zzcle Wé‘um/@dd@@?ﬁf'@éf?étﬂﬁ‘t‘qgofﬁnher flow of

a%ﬂ%q 1|d3fee9fstr94n‘whmu%l?the‘Wﬁk@édﬂdﬁth e heating assenbly

er conprises a transport nedi um di sposed in the
fuel chanber. 23. The hydrogen generation assenbly of

claim 32, whgt ﬁfeﬁ'\o& Bleclslmsgfﬁér&nm?eds‘elém\le@ ReARIBAnd®les utilizing

at | east tenporari absorb i qui d combusti bl e

c aripemureernaiechivalye ﬁl{péps adapted to be selectively configured between a closed
configuration, in which the pressure-actuated valve restricts flow through the bypass conduit,
and an actuated configuration, in which the pressure-actuated valve permits flow of the excess
portion through the bypass conduit, and further wherein the pressure-actuated valve is biased

to the closed configuration.
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24. The hydrogen generation assenbly of claim 22,
wherein the transport nmediumis adapted to define a
wo banmsdses di ng surface for the fuel.25. I n a hpdr/og®ns/039409
generation assenbly having a hydrogen-produci ng regi on
havi nggsa mmdmahwdﬁdg'm%mdxdmm the presepetatedrvalvansiadapted to
ed t recel f [
R e L e e e R L
anacmﬂgmstsurst ream conpri sing hydrogen gas as a mpjority
conmponent, a method of starting up and operating the
hydr ogen generation assenbly, the nethod conpri sing:
deI i ve’m ng Tite methed obpleini A% wisteie the Bovpesirisiangncdudes a restrictive
gru conmbusti bl e, carboncontaining fuel to a
|ng assenmbly at a first tenperature, wherein the
. car bon- cont ai ni ng fuel has an ignition tenperature
greater, th thef t re. J, j l;
ot ream T R Heted R qbSBE S B Sk BRaRBE bRl adapid
heatdeivg upnch thepshdld mm@mfrtlmeﬂomotha iskessghah 108%é thetflome at
| east as great as the ignition tenperature; igniting
said fuel streamin the heating assenbly with the at
| east ¥he hElt magodnd clagni2bi whersio the éiquid speayel gomaips water and a
conbust | St heati ng the hydrogen-produci ng
carbo"_con m%”l%ef&ﬁlaglr ogen generation assenbly with the
corrbustl on streamto a predeterm ned tenperature
rel ategyto the r
of ¢ he Ty dr SACmERsRl GRS, QRERR! RCUALbAR ok ATRGE Rencludes o
f efamaigreetalyst thawris adapted ¢ prodenstaaminphgasatredng sh:e\t C@rpens hydrogen gas
cgndomrg?sgg ai ni ng feedstock for the hydrogen-producing
I on a hydrogen-produci ng fuel cell system
punping a flow of the liquid feed streamthrough an
outlet gcondgid LRAL of Flalnd 36| Wlefhif BIEITHALGPRHAG 1\’1\61&1?:5 femoving at
dellvery condui't and a tirFst portion of a recycle
c@m}lalpbmowhémepnheltgaw(ﬂ@m themixed grsdtitamis in fluid
conmuni cation with the hydrogen-produci ng regi on of
the hydrogen generation assenbly, wherein the recycle
condui #l.i s Abkapeddd obclpmp i, denerein theviegdatarp @nd e fpg) stream each
t chcgnllrlsig Uk GeobE 65 §(§rﬁrﬁ@1mc£r?0@$on anfh c&ﬂﬁon@xﬁt dci€ersd! %hly a common
and a location upstreamfroma delivery nmechani smt hat
i supgdapted to propel the liquid streamto the outl et
conduit, and further wherein the punping step produces

a flow of the liquid streamthat exceeds the capacit

of t hed4el | Fbe wethom@fickeim f.t'rhegain B fecdsstisyip pd Hleoff'elt%%am each
&W?’ EOEW B¢ 173t Qoit Bie vfa@?yzﬁqh €at CRA Wink ; wht&IHIs@ble NGhrdiiRontaining

di stribution of the flow between the delivery conduit

apempdenty ecycl e conduit, wherein the regul ating

i ncl udes creating backpressure in the recycle conduit

wth a flowrestrictor that separates the recycle

condui #3 nt dhamethed gt claimF 35 wherpig the % deagtpae h%%(‘f‘% Afkignition source

b@&%ﬁ%@s IiBecBith] @listRB Hektihg BiRfhedtNedlvHeMWIT i@ﬁihﬁg fht @liel &REm in the
a second portion that extends fromthe f

r eting @sssmblywineludssnheatieg ﬂ@gﬂ%&'qahgeSfS@Pf%é?atIPﬁéimé%m a heating

S@ieﬁx@ﬁt' iyl 1Un RefpHatutd ROWKBEHRHEANS dRMdnt Rnadafted RLighiteOtie carbon-
to bypass t fp |l ow restrictor by flow ng through a

bypHasing ﬁ’ﬁld'l’,}lﬂﬁe heating agseanbly-
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conmuni cation with portions of the recycle conduit
upstream and downstream of the flow restrictor; and

WO ey at | east a portion of the flow in tPEr/US2005/039409
hydr ogen- produci ng regi on and produci ng the out put
st r eamugont ghdiehdaYS Q8RN29a5hdrdIR RS ﬁ)@mngeassemfy includes a fuel
met hod of claim25, wherein the draw n occurs
afhagbet having gl Figt Gaige pRdye fushivener F%“’f‘?e%‘(f“éﬁmtﬂéf Gfbon-containing
| ﬁ@ﬁﬁeﬂxja?ed%etqgtf&rl ehiRsEr (HREREidt PirBal prdssurENEnd"Rh&0H B carbon-
cl ai m 25, wherein the hydrogen-producing region is a
r INGHRNE it bagiap neniteRt PR BhPISTSHES Eseates thap thentirsicRartial ispsure, wherein

2 §eau}f§1 eheBRENQR A  in Qh@hé’ﬁhgﬁs assWHBI Bhdluded @ediBl; DO alild b&BEN of the
nErlses renDV|n%@”npur| ies fromthe output stream

orHentretingofyeldn thelligiichval regiginde dicraterns et oRs af the leppeature and
é,uﬁﬁﬁprgsrs@;%@ tHAQaB0n-EdrRfiting RRl inROWEH a QuftidHof The GBI Mpor region
OXI nt and | east a portion of the stream
c b SEFANA fempIRtEgetnd g second partiple Pigesuffodt I5RSt @B r¢At 25 the ignition
W Elflrd AR filsues aut omat [ cal |y regul at i ng
dlstrlbutlon of the Tlow rate between the delivery
conduit and the recycle conduit. 31. The method of
claim 25, WHRE letholin? S@hest Wheledh REREddstd A 'sl‘ﬂ&hﬂf&eﬁle heating
restrlctlhg the liquid strean1fron1f|omnng t hrough t
byysealy dshdes ‘ie“M"ﬁtnig @ Predereipadoighume s complns Plewra%@éagnng fuel.
a threshold recycle pressure. 32. The nethod of claim

31, wherein_the threshold recycle pressure is | ess
than a*®hr edhdeethed) ovepip pr SUBEIFIR. o Pettig P inclydes a fuel

t BiindbbOMavirzat nquﬁi fiel ﬂegleﬁ 8kl 4 Ruel ipohdioRIRRRER AU RISt medium is
region. 33. The nethod of claim 31, wherein the

S epereed elegst o fhsi HauichBet iatobwery igvng g Teq! sHipagt in e heating

| bdthbly StcnRedmtding Ughmt hearb)iRAs® weandhl e 1@hldlf@@$etglon and the fuel
until the pressure of the flowis |less than the

t MRS FRAIQR: e yHieEi peadiag the ByfgoseR@rwWafipe reg@s i ¢bg ngpmbustion

f b’tfefahleihcltléié@\/wl@lfmg hﬁ HquRWathoh @6daisitE FadNtiirbigdugh trtnh;?ort medium to
bﬁ@ass condui t. Fg nmet hod of claim 25, wherein
l%t%rlf"éEP?‘%‘I“vh?J’é‘i‘%’ﬁ §TRgjon 4t thipfue! VGP‘?rlr?gz(i’%g a
pressure-actuated valve that is adapted to be
sel ectively configured between a cl osed configuration,
in which the pressure-actuated valve restricts fl ow
through the bypass conduit, and an actuated
configuration, in which t he pressure-actuated val ve
permts flow of the excess portion through the bypass
conduit, and further wherein the pressure-actuated
valve is biased to the closed configuration.35. The
nmet hod of claim 34, wherein the pressure-actuated
valve is adapted to transition to the actuated
configuration when the pressure of the fl ow exceeds a
threshol d recycle pressure. 36. The nethod of claim
25, wherein the flow restrictor includes a restrictive
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orifice. 37. The nmethod of claim 25, wherein the
hydr ogen- produci ng region is adapted to receive up to
w@2a0bossbol d portion of the flow that is | ess pEEOISDODEE409
of the flow 38. The nethod of claim25, wherein the
|'i qui dggpt re@myﬁ&gérﬁéeﬂgramta@{enﬁﬂdcoﬁl pfighgon- cont ai ni ng
f eedst ock. 39 e nethod of cl'aim 38, wherein the
hydr og@rfegsisiegk SPIGT BXieah adapter {@esslestiYebr Beli¥ehg heating fuel and a
Cﬁhﬁb@éﬁlpr&dhatonlfﬁu@mkmh& R QAURRVRy B sktfifuaBs C%Hbﬁ@e@a valve
that contains hy dro as and ot her gases. 40. The
- resserally efapgaddp m:lgcgwe @q? éqmraf%dlm dhef lmdfqgél} production fluid and
| felidgdes 8RN tRtvalve asdemBlyRo hlidpRa t@tilst:mgge(ihé‘ﬁéatlng fuel until a
gases fromthe m xed gas stréam X he net hod of
c PfsterpEned radisiph oFHES P@@d%%@ﬁfﬁ%&*et H@rqgewOéw'@arﬂmd and

eAfteCORREH 3R Rlivel a@?&ﬁbl}oﬁeadgﬁmrhuﬁﬁﬂahgﬂry%mglababv% discharging
conponent delivered froma common sup The

- iheHsatings fuel| aaf ispBrreing, &eehyns}rqgﬁépﬂoéwoa ﬂ?*/ltélalmoa e eqgrrence of the
Pﬁha§%ﬁ§ﬁgbﬁﬂﬁm gfnpri se at |east 25 vol % water and
at | east one water-m scible carbon-contai ni ng ) )
conponé hydrogey:pradyeingraegirsirdapted [ofepsi vesthe [rfispgenpradygtiogy fluid from
| 8R$LedAB& RERr| BehtedNshdi 18 Biddb@h H@hth €Ent4RIP h{&62n3Rs as a majority
el ectrical resistance heating el ement; and wherein
i GRROPPRY theFfdToMliel stream in the heating assenbly

i ncl ud @%ezhﬁ@tabsﬁgxbty%aﬁle@ € feb & the BSAtik A0A Grone bk ifB@stock delivery
el enment to heati ng el enment ignition tenperature at

WhYSEER anH do ffé“ati”F‘r‘?ﬁe heptingsiye! 1 Brogics it OmDEGION GHaHY sirgag for heating at

‘ c&ﬁgggqga Baliclidedoidl akd1e heat i ng assenbly. 44. The
nmet hod of&%%i?rn e ﬁ%ereln the heating assenbly

el adaduel seleickridapes b aRFEHE 2 P85 RTe?! e giren containing

aRghrégeh Yed andap Produ@Pindlecth@i@htthérbeors, AUIReS N R Thaichll ek has a
fuel delivered to the fuel chanber has a first partia

pragdagmver outpy iniheieRs e P AY 10 W¥iScont ai ni ng fuel has an
ignition partial pressure greater than the first

parti al pressure wherein heating the fuel streamin

the he&¥i nglBsawlgep g?fﬁ&a“aaégselﬁ@m Qm e 7 veheggin e valve assembly

PRclud@ b BifectWd® vaRE ka@arptdaaauatmgaghé haking fuel, litﬁdllsdhﬂxlgb ehe hydrogen-
fuel region to increase | east_ one of th

t Brppustian flui: ondo tPFFéefﬁéP‘i 2§Fhafﬁee%fs‘2ﬂﬂé st hetaﬂ‘ég fuel and the hydrogen-
C ploagytiof A0MAdeRLN@f uel in at least a portion of the

fuel vapor region to a second tenperature and a second
partial pressure at |east as great as the ignition

t enper a9.ur eThe hycgégehigeﬁhra@htaksahlb@r &SSdimes7, 4herethnBe predetermined

od of claim rein delivering a fuel stream
C Boren Sekir T PR EEBRS Tt AP er i ng- o

predeterm ned vol une of conbustibl e carbon-containing

(el 48 TR Bk o SR CHEl Dy LG NSRS i

r eghidiion aincludesf ugiredéapoined egeotiig \Migletindle aoft thartggdmigén generation
nediuq1is
assembly.

51. The hydrogen generation assembly of claim 47, wherein the valve assembly

is an automated valve assembly.
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di sposed at least in the liquid fuel region; wherein

igniting the fuel streamin the heating assenbly
w0 ninbaosiB3s creating a flame at an interface betreRUSI008039409

liquid fuel region and the fuel vapor region; and
wher ei 2. hea‘rhmlgydtdgen bsrdratigee asspmidd o€ tlaign #8 gihereinyihe Nalvd assembly
cQ tian u

R R BT ST s Eing S bl ang dschargin he
t ly@régat-pradagien lﬁletdvvemouttrhcaumngqapuﬂs frare h corepyitayizecheruitrolines.
fuel vaporregion.47. A hydrogen generation assenbly
conprising: a feedstock delivery system adapted to .
sel ect ﬁ?uel yThieeIhiymegena gh@aitibmga5$qnéllly @hcclam 47, further comprising a
de(fmro er a tg«? Ctl thcaHy Q8n Fer EIIS nvgi\{/éa sge ?%& Tn a plurality of
actmpﬁgedudm wbéraotthcv gluyaligndf smﬁ'aman@isymdu@c#talp@}e at mﬁguratlon m
hydr roduct.i
\I\%lgllgglgl}] vee e\llsgl n\llﬂel)o asgcleawo? t@r&gcﬁag% t'ﬂg %Ez{tﬂ | S?ﬁg ra ceonﬁﬁuratlon in
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prior to discharging the hydrogen-production fluid,

and further wherein the valve assenbly is adapted to

aut omab4.cal The dydrogeh deatrermnasshingdhaf glaimg S8 hehdreiatthy gontroller is
fuel
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e R B PR SR DT ARERIPERRUR i gfconfigurasions
anmbnahemtdmrglemofph@mmm@mp@gqménloadapt ed to receive the

hydr ogen- production fluid fromthe feedstock delivery

system and to produce a stream containing hydrogen gas
as a mbj.ori The dodpemeatnerationr abseoly af Klaim |47y vdhstimey feedstock
d heat u r 0
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phﬁUQ&?e-Pa)dGCﬂﬂleh‘!q @fhere»@hba}wtngfrl@amwmedweﬁw they p@ﬁsure vessel and
?&?{?d tfé(;}' deny QPP 5\91(;1 gfeg{&g: t()%gé l%gtmgaﬁgenﬁﬁl)f Yed flﬁl@nl:rl wherein the

apted to recelv | east a portion of th

shydzegenpomiuetioniflvig i gispesa@ittjasheamsire Vispeb st aiystantially separate

elfrgl%ttﬁ l%a&r? f'ha%r &eh@ V\gtc; tﬂénlyd\mﬁ %H&u& H@re&ﬂdﬁ hncﬁ:?bllessure applied by

stack ted r out’put t he Tange of

10©hi¢)08fwétts 48 The hydr ogen generation assenbly

of claim47, wherein the valve assenbly includes a

t hr ee- way vaI ve adapted to discharge the heating fuel,

to di séhar g@he hedrpapd Rerpsaion Geramblyan claimiSe, Whsreip ghe pressure vessel
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hy@ﬁﬁfd derdagehéy @stsqrmge éﬂsesl@ﬁmgyfuelfth@}la] %f: At dwﬁer&s. qificpand further
DWQ@&%J@H@&% Q/Q&ﬂgi' it hcﬁBteH [B:&lké‘f’lﬁ%e fhe ML &IQLESHAuBESh fluid through the

amount of el apsed tine. . The "hydrogen generation
aé@éﬂﬁﬂh%héﬂgeeﬂféﬁem 47, vvher ei n t he predetermn ned

condition includes a predeterm ned operating

tenperature of the hydrogen generation assenbly
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ydrogen generati on assenbly o%' claim47, wherein

the val ve assenbly
58. The hydrogen generation assembly of claim 55, further comprising a pressure

transmitter disposed within the pressure vessel dividing the vessel into a pressurizing chamber
and a pressurized chamber, wherein the heating fuel is disposed in the pressurizing chamber

and wherein the hydrogen-production fluid is disposed in the pressurized chamber.
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Is adapted to automatically swtch between di scharging
the heating fuel and discharging the

whyasossss production fluid w thout requiring iPEIUS2005/039409
froma conputerized controller. 53. The hydrogen
gener af9.on bs diyiogeno ergkagionn aembiyy rof hdaimge d$pwhekingthg pressure
CQ an@tlelr ?r{c#@?sap %\ﬁ)gtaﬁ@dll?%f%f{ﬁ‘e' rﬁ@rjﬂlgey QQJI} gHﬁcﬁe& u'ﬁhin the pressure
val ve assenply between a plurality of configurations,
whessadi and t dueptpd 1 afljustythe frelatinef Yahwmest ploths preseyrizing ghamber and the
I g ! . : - . .
SRR bR o oot CoR i LR PORRER fogef production
c8nfli guration in which the val ve assenbly is adapted
to di scharge the hydrogen-production fluid. 54. The
hydr ogen generation assenbly of claim53, wherein the
cont r obD.er [The dydeed gensratign caseenibdya | df yclaon £8.gtvhereinhthe pressure
val ve. : : WE j [
Bt TR BB L 0D O e o e
5 pressTiteevebsg land gdaptegien edjugt thenelatbe eetymgs of the prgssizing chamber and the

I%Es%l'iﬂ:dtclﬂgmlgeg %jx%&igﬁhx ads%}aét%%Ble <§§6§Bﬁrﬁés d H{jﬁé h?tfro en-production

| east one pressure vessel containing a heating Tue
afldida hydr ogen-production fluid; wherein the heating
fuel is disposed within the pressure vessel and
adapted for delivery under its own pressure to the
heat i n§l-ass&hb|hydrogend serpratigar aspivatie|af ¢ljm 58, wherein the pressure
hy L Q8ER -RORAYGE L@Rpibitivthdis, Fhé Wﬁ%r%gl %tl{}kﬂfbg&rhﬁroduction fluid is
pressure vessel at Feast substantially separate from
t Hispdsecdhinithggbladder. f or delivery to the
hydr ogen- produci ng regi on under pressure applied by
the heating fuel. 56. The hydrogen generation assenbly
of cl ab 55 Thatwereren eensragpe asgmblyy ek slaim jSqc Wheisiy the hydrogen-
f Ffo?hctgh %gia%glgﬁ&g helng ol @b Rersecond di scharge -
orifice, and erein the pressure vessel is adapted to
di scharge the heating fuel through the first discharge
orificgsandhy Fl%d?@éen\@!@&"rﬁi'oﬁ alsBRbINToE SR 65 WARRE] thE Beating fuel is a
adapted to di scharge the hydrogen-production fluid
t Frvouglaculdreveighe sa eﬂ%@@ﬁ%K@e orifice. 57. The hydrogen
generation assenbly of claim55, wherein the heating
fuel and the hydrogen-production fluid are at | east .
‘subst afifi al Mpe hygrpgep gpjleration gssenpply ofglgipoye Whegeln dieprgsese vessel is
aseGihien 8 pebdteBr @Pleast AptdXEhatPTDY hst bitbed tRMQBSUkifhately 250 psi
transmtter disposed within the pressure vesse
didyiing apgratippeofisbsiygdrosemesgeration sy zi ng chamber and a
pressuri zed chanber, wherein the heating fuel is

di sposed in the(rressurizing chanber and wherein the i
hydr ogé#- pr JE LYot PRFFayop dssemiap a5egm - tAgein the pressure vessel is

PhigsdihddZ &da Chahier ofS§hprokitRatély AZ0D0E GRIALIGpkiaBbn of the hydrogen
assenbly of claimb58, wherein the pressure transmtter

i §eletAsien asemblyst anti al |y i nfl exi bl e menber novably
di sposed within the pressure vessel and adapted to

adjust the relative volunes of the_pressurizin . .
chambe©%and ThhBYJ5pasa SeRerian assrmbly of Elf"é“ %‘giwﬁ{irélnsheaheatmg fuel is at

S YRk &Rt phds¥ eqAMsHuaHuripg 65eS4tioR obhe hitBogen generation assembly.
hy??ggen-production fluid. 60. The hydrogen generation

assenbly of claim58, wherein the pressure
67. The hydrogen generation assembly of claim 55, wherein the hydrogen-

production fluid is discharged at a pressure of at least approximately 100 psi and less than

approximately 250 psi.
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transmtter includes a flexible diaphragm secured at
its periphery to an interior surface of the pressure

wo e®seho3and adapted to adjust the relative vol PAEESDHNS/039409

the pressurizing chanber and the pressurized chanber
to mai 68.ai NThe $y|drsgeangeina1align eoasblanef gries §Ur whaseint the hydrogen-

roduc Wely
a rg‘é‘f%%lgyreg ¢ Ear%?eg %rc Bin ftﬂgﬁlp{&éggu dg(ggr% r@ % fars steam
i nﬁdrmdgswancmlahduﬁmhbd ehdy¢1ad¢dwdroaﬁdpmﬁm19m fluidiecludes water and at
t(ﬁ))%e l{})’ oduct{norgeed ¢ Jtd i s disposed in the bl adder.

83““ eneration assenbly of claimb55,
mhereln t he hydrogenproductlon fluid conprlses

met han ggﬁ r
assenb?%/ &ig%l\g'ygm%%l gV\'lﬁacraar“e"n ?Eh gg?‘ﬁ zﬂg] Fﬂhher comprising 2
I mpa:mdyreegnloamdmdghtqcewe) tidetrsah kentdihing djydrﬁgfm gihand to separate the
hydr oge ratlon a 0 I erein the
oF BB 0 TE o B SR Mg LB Blie e ethEE
| east approximately 100 psi and | ess than
appr oxipat e S| | f YA QREN el cell
gener a (;)Tgn gé%é%?%‘f gﬁgg%dlﬂﬂ%s y g{;&éﬁ&g@ngﬁ%%ngl RER el ce
astsekddhpredod redeive at 1661 a poreoneofthet freduot lydmgerestigemsel i s
mai ntai ned at a pressure of approxi mately 200 psi
during operation of the hydrogen generation assenbly.
66. Th&l.hydTbegkyiregenesratatiomasaeysinbl q}almf69c1vbﬁrm g separation region
AbaNapor-1iquid phase

m%{"ﬁe artliugin ggﬁk}ldr%gofségggtvé %ﬁ %fa t he hydrogen
gener at i on assenbly. 67. The hydrogen generation
asse nb %%ﬁ%é CH\M:L%BI? bs@erhn? ongFn%le?Jrgg ertSlBIglPatlon r eglon
fluid |s dISC e pressure of at I east
appehudas arieas|ope m@@up§mramdsqué@9 agsa@hlyappr oxi mat el y 250
psi . 68. The hydrogen generation assenbly of claim57,
wherein the hydrogenproducing region is adapted to
pr oduc &3t he Tht hphirges @meeatlnn mgengln pbgjeim 4Jayharein the hsptinggpsembly
r S Ehe WAgmHei n the

%dl:ao&‘éedr}grl)l%gaﬁ%%s?%ﬁh 1({glLbll}ncI u \gsé wat er and at | east
one car bon-cont ai ni ng feedst ock. 69. The hydrogen
gener agj on %gﬁﬁpl)éé %feneq‘%ﬁh%s@&blyfc}f' Ianﬁfﬂ GOHERYiH fhk R@d Btream and
separation region ad pted to recéive the stream
cdmfaq:lrsnrngn lyclircogerisecps deasirrehetcomanep aﬁre‘?%cmﬁ%meg F@appnent delivered
| REQ %%Ep product hydrogen stream and a
bypro uct str m 70. The hydrogen generation assenbly
of claim®69, further conprising a fuel cell stack

adapt €gst 0 FE Gl #Egedt J\e@ﬁ%ﬁx a?seﬁl@fytdf QiR 47 LWARrdM MAULH stream and
hydr ogen stream 7% gT rogen generation assenbl

ofthecfhelisireamoeachsapprisa at h@t %%b‘ér At handey featt oph UP%@?C%{% carbon-

Iggﬁglmgggorgycqlg,qgen sel ective nenbrane. 72. The
hydrogen generation assenbly of claim69, wherein the

separ ation regl on
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i ncludes at | east one pressure sw ng adsorption
assenbly. 73. The hydrogen generati on assenbly of

W@b@icn50335 wherein the heating assenbly is adaptBUsS1005/039409

heat at_|east the hydrogen- producrglg region. 74. The
hydr ogelf- gerfePtaPlsAydregsdasnsraton asse Py WMPTRAST ei n t he

feed Starﬁarﬁr@da%lﬁgmseflﬂw h@tﬁgﬁﬂ@dﬁ%@ﬂpﬁ)@ﬁﬂ?ﬁg l%gloﬁtadip?eﬁstt) produce
one conmpbn car bon cont ainin nponent delivered from

a WeRETn ssuppmy? feeg strepm rﬂvg%@ee IYalge ad it FBPPILoBBHNEy feedstock,

Ofwhete®t MRed fuel \M&Eﬁing dsbgnbl e ekt fies @aBaRAGKEINQnéINGhe the hydrogen-
stream each conprise at |east 25 vol % water and at

| PEIpcip EesingrBd atlgastqnp PRrTCAHBIURBIEMt ai ni ng

conponarﬁunzeﬁ assé\nn? rabi s Ero Y HHbRd &P 188 HRE ?Jel grbaaﬁ%qmuxe a heated
rrsrn processi ng assenbly havi ng

h)‘?d e%ﬁreﬁrléaubraﬂgg Pel§n nhea riiseassr pqulu?%aﬁim 'ﬁyaa resgled minimum

g@dl%g&.rpr@duﬁﬁg@@gfaﬁm contai ning water and a
car bon-cont ai ni ng_feedstock, wherein the fuel

proces §|“|‘?@S“égs%’é%‘|"38 af fcast thediel grosessing @sseRbly pndthe Pergsrragsembly;

the hydregRmpKk AeliNeNgysteDhddBtednd sdlect|veFSdeliffiGhe feed stream to the
p r|f|cat| n region; a burner assenbl y "adapted to

g8tn pé? ’é‘gﬁgl%d thgdypel §‘ﬁag15{ﬁ1t}ted)uﬁ}eb%féﬁf@l)é apdat ed
E‘XhaUSta 1641 @b sthdkQiafi@Bb irdtgiva bt ILRBS portiEof the hydrogen gas produced by

fg roduci n regl on to at least a m ni num
hi‘;‘bﬁr 81 %F%‘&féf It aiplerredirear geriBusiTHE! LEiTiramnivhgein the fuel
atcell QaK hak Gatkdl pbwdtT NGRS Bil thE raasSs 6MMII0Y1 080 vaftd) And WIrth8F wherein the

assenbl y; feedstock delivery system adapted to
o QYRR g PR 1o HEDtPL APHRYEE A (i Hbolm of hydrogen gas when

hygéraggnt fulledpeityng regi on and the fuel streamto the

burner assenbly; and a fuel cell stack adapted to

receive at |least a portion of the hydrogen gas

pr oduced. by ThBehylitogn REMRERISSH | BGBES BfTRIaYm amad v&th@rem the hydrogen-
%uce an. el e trlc current. therefrom .wherein t

£ QEUCIEs FPeiop JEldpasm g CEHINg Gk Sttt t*reﬂryrrﬁ%enrpa?f’glémg region

ofis dddPred Q@@rdﬁlﬁtd 8 migdidgds UstrbhiR lcomhiaing@i Hydioben gas and other gases, and

nis ada ted to produce | ess

g o Gl S WRBR LB o g o eam

capacity. 77. The hydrogen generation assenbly of

claim in the r.ogen odu regi

i ncl udég m&?%iﬁﬁ’f%ﬁr“& B]oncgﬁs Vg %%@ s X ‘i‘?lé‘ the at least one
h p ki fixg éon ggionl inciude arregorocontasniggla piagdné Bycﬁdsgédlslélectﬁe membrane.

m xed gas stream cont ai ni ng hydrogen gas and ot her

gases, and further wherein the hydrogen gas forns the

rraj ori t79 coﬁpemgmbg@f getnl%l@tlcm mdnlggsz slaiaim w?n&emee at least one

ener on.a
aigurl1 eamfn ? r{hf’r éré? d8?1 ﬁ‘éﬁm‘u‘)ﬁ cﬁaﬁ?@ég ﬁgpf%’g oﬁemove carbon
cmhwnduﬂmgnabnhmgas s]reemhydr ogen-sel ective nenbrane.
79. The hydrogen generation assenbly of claim77,
wherein the at | east one purification region further
i ncludé8 a frbt hadaginopencatian wsemalyaph eldim 06y eMier¢@ the hydrogen-

C%rrogﬁ)@ngw% B! lsdaedapteé) 10 Ergguce lesse ﬂ'rag qg slgfn OF ﬁy@rogen gas when operating at

full capacity.
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80. The hydrogen generation assenbly of claim 76,
wherei n the hydrogenproducing region is adapted to

WELmdoss3s ess than 16 sl m of hydrogen gas whenpPCT/US2005/039409

oper at i g at $ Ea0|ty 81. The hydrogen generation
assenbl Fg]e YOEED SRARSAUAPnassHRPI WH BNk othsEsimghe hydrogen-
I gyodubing Seg&dﬂ@h@ﬁ)t&i(lo Fpl"dﬂdéécl@ss| teS1d Jﬂxﬂrl)f 119dr§§em faf when operating at

h en perating at full capacity, and

ﬂ ﬁig’P w% deﬁ“ﬁ ’Fetfbﬁs‘ 8%! pellstagk ka%@tes PP‘éifféQﬂ“PﬂbO\fe@O watts o
ouggput of 600 matts or less. 82. The hydrogen

generation assenbly of claim 81, wherein the

hydr ogenpr oduci ng region i s adapted .to produce |ess

than 5 &l m Whehmf@@@emlomﬁ&Wbﬂtclm at vtﬂé}elm the hydrogen-

CIP%@ and furt the fuel cell stack has

&4 éW@r‘s P {0 B3P “S?)bsﬁ/\%‘l“’t yslgyof hyliggen gas wheneoperating at full
hydpaoe rzh@ﬂﬂﬂér&&ﬂeﬁéﬁh @6 SRNE1%ta0k ha31adhtBA giver WRBERE BoG Wfits or less.
assenbly is adapted to start up and initiate

production of hydrogen gas without requiring a

conput eB8j zedrhe nythfo@éri géneraaén adsBRbRYEIT QLRN7E) BN FR 'tl'@:nassembly is
erein e feedstock delivery

t
syé?pé% tx§ta§d’8r3‘f“é H“tfa(')e Ef@?i‘fc\‘}%‘f of ‘H’grqg@éEass"f‘fh@%rﬁewnf"l‘ﬁo%?omp‘“er ized
utcbhttaleng a mechani cal punp. 85. The hydrogen
generation assenbly of claim 76, wherein the feedstock
delivery systemis adapted to deliver the fuel Sstream

W t hout84ut i |Thzi iygrogernTgehsaation adss¢MbP .of claim 76, wherein the feedstock

delivery system is adapted to deliver the feed stream without utilizing a mechanical pump.

85. The hydrogen generation assembly of claim 76, wherein the feedstock

delivery system is adapted to deliver the fuel stream without utilizing a mechanical pump.
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