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Fig. 16 is a side elevation view of another illustrative hydrogen generation assembly
30  according to the present disclosure that is adapted to start up using a liquid fuel.
Rig. 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.

35 Fig. 19 is an end elevation view of the hydrogen generation assembly of Fig. 18.
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assenblies 10, and feedstock delivery systens 22 have
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and power generation fields. 10 It is believed that

the disclosure set forth above enconpasses nultiple
distinct inventions with independent utility. Wile

each of these inventions has been disclosed inits

wo be08d form the specific enbodi nents t h@E8FE204%039409

di scl osed and illustrated herein are not to be

consi detled iThedydroger genarptireassemblysof glaie Fo trBerein mihert thohygrogen-
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s usﬁad&tngra@g%%nd mea& faﬁarpuhﬁ%b& Je B mﬁousawhm B, OF
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20 subcpbi Mk hpicgeh BedbrafidnQs@nbo 6f ﬁﬂmtlQmQBﬁle;fuoﬁ tmh a fuel cell
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angdOipoPh,QRerties may be clained through anendnent of

the present claims or presentation of new clains in

this or a related application. Such anended or new

cl ai ms, janhetine hydrél@y gamn&i zts&mb@ot;ftcmnamdlufhfexefnaﬁg fuel processing
recte he, same i nyenti on,

i nvention

whEEHEY ’du“ﬁ?"éﬁ% ‘ﬁtp""dﬂ? 'ﬁﬁe‘f"‘“‘ Patpafdverogsp sy 8(5?“ PRyrating at full
s capeity,and fugha mihegrein alle fodl edlinsack s @ raaddsao\werroe@arqﬂ 6@ vasts or less.
included within the subject matter of the inventions

of the present disclosure. 74 WO 2006/ 050335

PCT/ US26805/ 339 hpizogetegmentpn @Seﬂwyrﬂidlﬁiﬂgéﬁa whemiartiag fug) processing

aS%?émthm a@@iﬁ@arﬂo?r&ﬂce le&s fhiteh sRE OF BfSdgB gAS WA pYrating at full
risin i on adapted to

en duci n
e 28 “F@é%erﬁngﬁéﬁ?ée?rsﬁ‘%a EffngﬁP‘ﬁ‘frHtj‘p'éftc’f PQyeapts o less.
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uct
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crfaélf e backpressure in a fluid conduit through which
the byproduct streamflows to the heating assenbly;

17. The hydrogen generation assembly of claim 16, wherein the feedstock
delivery system is further adapted to deliver the at least one fuel stream 1o the at least one fuel

chamber.



a feedstock delivery system adapted to deliver the
feed stream containing at | east a carbon-contai ning
feedstock to the hydrogen-producing region of the fue

processing assenbly, wherein the feedstock deI|verz
VEQ3WEMBY in communication with a |iquid suffil{ps2005039409

contai ning the carbon-containi edstock
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recyc e condult, wherein the delivery conduit is in
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to receive the l1rquid outlet

st%é?&nﬁ‘atﬁtdmtmfudelﬂhﬁ@a@bﬂ ow path for the liquid outlet

streamto the delivery conduit and the recycle

ggggglr te?gs St‘ fél“'h? ﬁ’)«{}%gﬁ %%‘(%‘E?g{’rb%g%ﬁ)&’u% gltggclge »avherein the fuel chamber

phﬂ&ﬁdﬁ én acitasntubdanviallyvepen daptadadeped ol rewtve wad §t lgnet tpiporarily -
ui d |n t b4 s the flow

r es T L ume &%edﬁ%géngquﬁt ?eﬂ:q t’u%Qf“ processi ng assenbly

i's adapted to produce at least 3 and no nore than 20
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75 0 WO 2006/ 0503 ?SZOOS/%@%}E%_ZB The hydr ogen
gettet%f?ftﬁtlsaééfétﬁmfymtft% ISHORRO 1N PRHEF PR he

pressure- actuated vaIve isin fluid connunlcation

wi th a ypas& ? e‘i,%}%oneggé ﬂrs oJf Qlatnll Lﬁ'fld wherein the transport
conmuni‘€at i on % I ons the recycl e conduit
upstdigain fdm!eddtewn bagt eeamomﬂyt Apeor’s re\ijapid spipbustitle cartpn-cqmiaining
hygriogen generation assenbly of claim2, wherein the ~
pressure-actuated valve is adapted to be selectively
configured between a closed configuration, in which

the prass umm: a@&:u@tneghnmatdneasseeﬂﬂ)r iof tehuinfi |20 Wwhérein htge  transport
liquj.d out h conduit, and
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pressure-actuated valve permts flow of the liquid

outl et streamthrough the bypass conduit, and further
wherein the pressure-actuated valve is biased to the

cl osed configuration. 4. The hydrogen generation
assenbly of claim3, wherein the pressure-actuated

valve is adapted to transition to the actuated
configuration when the pressure of the liquid outlet
streamin the delivery conduit exceeds a threshold
recycle pressure. 5. The hydrogen generation assenbly

of claim4, wherein the hydrogen- producing region has

a threshold delivery pressure for the portion of the
liquid outlet stream delivered thereto, and further
wherein the threshold recycle pressure corresponds to

t he



threshol d delivery pressure. 6. The hydrogen

generation assenbly of claimb5, wherein the threshold
recycle pressure is less than the threshold delivery
pressure. 7. The hydrogen generation assenbly of claim
WO 20068398350 t he pressure- act uat ed vaI ve i s fRGA{UPEH05/039409
adapted to automatically return to
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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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fuel having an ignition tenperature greater than said
first tenperature, and further wherein the at | east
one heating and ignition source is adapted to heat at

| east a %ortion of the fuel chanber to raise the _
WRAWePHPBre of at | east a portion of the PCY/US2005/039409

car bon-cont aj ni n e].to a secqn t enper at ur,

| east &8 grdht m%!gm{‘#é}al"{;% FhRIHe FEABE S ITEF 8an ﬁ?r%e hydrogen-
i gitbduing Reiot Brhboel-tc aridast tm prgietefminsld tenfpPratuih e hy dr ogen
generation assenmbly of claim16, wherein the feedstock
delivery systemis further adapted to deliver the at

| east dfe f 0ot resthod anh laimt e vehereie Higt hygrpgentRigducing region is 2
e o haQoln?RRLARIAAR,PCT/ US2005/ 039409 18,

The hydrogen generation assenbly of claim 17, wherein
the feed streamand the fuel stream each conprise at

| east @Be CaRERAtHEALDENMCIN Wabminn: sethpbivehr cotbrisedTiegoving
hydr oge erati o assenbl y of claim 17, wherein the

f BB "Fgg%qﬁr%‘pm“ ® uel stream each conprise at

| east 25 vol % water and at | east one water-m scible

car bon-yocontgl RiMbs SUERRRS NiherdDihe mﬁomMé}gﬁdﬁldes producmg an
gener at| on assenbly of claim 17, wherein t

andectricginpavien AURE e 2 ST aBid atl5ask R ROFOP gl‘he Siftam Staining

re dﬁ;ga{bge heat i ng el emrent adapted to be heated to a

heatl ng elenment ignition tenperature at which the

heating el enent is adapted to ignite the
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fuef ¢ I nc es an at |east substantially open

reservoir adapted to receive and at |east tenporarily

store ajvol yne mthddher l:lidiﬂUiZS, GABEFHHSI&E bkkectively permitting includes
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f ulldvhedeedOnfpresipBigedyclk parspOor t msdl um di sposed in the

fuel chanber. 23. The hydrogen generation assenbly of

claim 22, wherein the transport nediumis adapted to

at | eas®- t effpomathpd §f cleba 3 pyheri “I'elthfﬁﬁhﬂldé%?ﬂ%%ff’ﬁsmﬂé‘ less than a

Ca{hﬁ%‘lcﬁ@béﬂr 'ﬁl‘e@ﬂre foll e pod#dn of e ﬂwﬂﬁgﬁme@&ﬂﬁrtﬁ'ftﬂem}'drogen-

assenbly of claim 22, wherein the transport nediumis

adeipucE 181°Bef i ne a f1 ame- hol di ng surface for the

. fuel. 0 78 0 WD 2006/ 050335 PCT/ US2005/ 039409 25. In

a hydrogen g’ﬁger{lﬁddogf Qﬁﬁ?@“i’l M\th@l\ﬂ' 89 Blectively permitting includes

hydr ogen- produci ng régi on having a m ni mum
hyphroits -flowod thetlianid stramybiough hebypatg candal ecigest et e gregsure of

at thle @5 tis @ﬁqunqgéjthréﬁofcﬁﬁmcfé%h'resénagheﬁaﬁér&%{cuﬁg further flow of
car bon-cont ai ni ng nd to produce an out put

st the lighid %ﬁ%ﬁ?‘i‘%ﬁ%%‘gﬁ?@@%ﬁ”@% as a majority

component, a method of starting up and operating the
hydr ogeﬂ ge%.ra %te hc%] of%?a‘?’rﬁ %zlu){mrertnl?ﬁe sgl%&nrglg p&gﬁmﬁé md1hds utitizing

a pressure-actuated valve that is 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.



delivering at | east one fuel stream conprising a
[ iquid, conbustible, carbon- containing fuel to a
heati ng assenbly at a first tenperature, wherein the
carbon-containing fuel has an ignition tenperature
W 004/050335 han the first tenperature; heati ngPSHUSRWPIBP409
streamin the heating assenbl ¥> Wht h at | east, one .. i ied to
heat i n&®-andThegRsthqda claup dr-dehetel e REEHHAYEHper afuier
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cas hodiveapind Athrklivyl pofipe dSthofidky tharis ledsghan 100% of the flow.

hydr ogen- produci ng regi on of a hydrogen-produci ng fuel
cell system punping a flow of the liqguid feed stream

t hr ough8.an Blet fethod: eheleimt 25 whereipdhg figwd glyegm contains water and a
C QIEHNE o3 Feddbcbdk. @ delivery conduit and a first

portion of a recycle conduit, wherein the delivery
conduit is in fluid comunication with the
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assenbl erei.n e re k Led en pas
e P o ey s FRRCH bt R ORRE logen
t andbthérgaws. one of the supply and a | ocation upstream
froma delivery nechanismthat is adapted to propel

the liquid streamto the qut] et gonduit, %d. ]f&thrergI%(d at
wher ei A0t he THUMpHLoLI®B 38r Bhrten e dnethod (prifr PRASE e
StieRaPolda bl X 6B @ssed fie the apad pasyrain. t he del i very
conduit, with an excess portion of the flow fl ow ng

into the recycle conduit; regulating the distribution
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t he out | et ndui t N flow [
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t he ow restrictor by flow ng through a bypass

conduit in fluid comunication with portions of the
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predeterm ned tenperature. 27. The nmethod of claim 25,
wherei n the hydrogen-producing region is a



reform ng region that contains a reformng catal yst.

28. The nethod of claim 25, wherein the nethod further
conprises renoving inpurities fromthe output stream

29. The nethod of claim?25, wherein the nmethod further
WhW0e/efeéd3spr oduci ng an el ectrical power out BGE/USREHPIAHI

. oxidant and at |east a portion of the stream
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el'iver ressure e portio
t h@ af IS@Wldt waverﬂtsred@ﬂw&ep@@ pagial peessitedstdeshas EP@OR&C‘P% ggnition
regh@gﬁmggr@ghﬁugﬁgnggﬁgé claim 31, wherein the
selectively permtting includes permtting flow of
the liquid stream through the bypass conduit at | east
unti | tdse pI'IGhSSM.EIﬂd @f clatnhes,fWiewin deliva@ig at faelrsubdng to the heating
thres r ressyre. e
f u;l;ste,eﬁxér lfxcfl%d\?avs %e?werin p]ieéeltlenn dm@c?go]%& ({f r%%gl;r%gt i.{ cgﬁogﬁ—h{%%]alld’]r% fuel.
bypass conduit. 34. The nethod of claim 25, mhereln

the selgcti gl YnddRENBrtddiR%si Dabkidafe lHEduhg %&s&gb]y Ancludes a fuel
pressure-actuated valve that is adaptedt

b
s efhappar\paYine & bigpid @E}rr@gjolbegt@\ﬂé%qll Vapog, Feélé)g,davherem - transport medium is
COdifjogHdr @ 1daQn tHel’llq\Mﬂl feél régte. mhasﬁugrem@ahmahedremlmx the heating

B PPRE R o PR A" e b p 8GR g g o
valaper peiomi ind whemm bifatll!g1éie élxdrggg-pr@gqmg oot hridugh  ¢cdmbustion
by&%z?rﬁ nﬁﬂllagsu\!v&km@ﬁlag IIEIH& %5}% éﬁﬁ%ﬁ\ﬁ:h el Iﬂﬁ‘ough the transport medivm to

pressure-act uat valve I's biased to the close

c ot Ingpefpestbietgen tbe lyidgushrsepn 08 % H338PIEERIONS2005/ 039409
35. The nethod 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 threshold recycle pressure. 36. The
met hod of claim25, wherein the flowrestrictor
includes a restrictive orifice. 37. The nmethod of
claim 25, wherein the hydrogen-producing region is
adapted to receive up to a threshold portion of the
flow that is |l ess than 100% of the flow 38. The

met hod of claim 25, wherein the liquid stream contains
wat er and a carbon-contai ning feedstock. 39. The

nmet hod of claim 38, wherein the hydrogen-produci ng
regi on includes a



reformng. catalyst that is adapted to produce a m xed
gas streamthat contains hydrogen gas and other

gases. 40. The method of claim 39, wherein the nethod
further includes renoving at |east a portion of the

Ve PUF0Ya¥es fromthe m xed gas stream 41. THIGREIRGH40
of claim 25, wherein the feed stream and the fuel

st ream #Ach A bwiqeen graerationjagsambly oereprisanON

Caf bon- smkéécﬂ'c{egv W%Q&eéuaftg@lté \8EGGkI bARkAa @;@amgmaez and a

42. The me alm 2 vvherelnthef

ggﬁ‘?ﬁe&'ﬁ@dﬁtcﬁ@‘ flyid| whegeing g fegdstogk d%?ﬁés pYsted Lypther gopaprisesca valve

V 0 lass%Mfﬂﬁcﬁbteéi El:dsel%l:twkl@ afd scphiteeMatischard¥l tRE hydtagen-production fluid and
carb

25 the%zgl?]g :?lﬁ?t\o\ﬁlgre thf:I Vé'l sssrﬁély s %f'q?t ncg 10 éih argﬁghe?]e%tmg%uel until a
sopred@enmledrmndaem @eure bmn pi dghargies itlet hydosehraducyigp fluid, and

L[;fﬁatwh&ﬁhd Wg’o..ﬁceeas gﬂls ag@gdw a,térﬁa%ka@tstvﬁanﬂ,emeﬁ Bfcharging

asse I NC atin [Fectrical
S e deatine buch oo Farbaceinis by CrpEsnprofisetion igid WEPR A repcurrence of the

| 9plebdiQRinkEOMETiAL WMee at which the heating elenent is
adapt ed to igni tguct he car Qon- cont.ai ni ggjfue

neat | ng HECERDPSuclyB e PS40 07 G0 TR bt fid from
PCitle (9520625 /1384 OPsterdldhd td tredure b istmabntaihing hyd2dgen ghes @majority
t hgor}?eg‘tnlt {ﬁ?reiagrg,enbl y includes a fuel chanber having a

i GUIa T redi on and a fuel vapor regi on, wherein
t he car bbstieprsseaibhi slgpted wapcetye [the kepting i) froppethe fredstock delivery

chanRerand &% oRblst he Eea@%’ thdl & produeS S tnfbustAR Sk Rhi £dr Mhting at
carbon- contai ni ng has an i gni tion partl al

pr @%Wé‘yﬁ?géﬁf@fi“t"l%??‘%@‘ first partial pressure,
: Whel' ei Na flkeatll Bgekt Kaptédi@l resdivee aneasn at pogtidn et tha gream containing

? ?%SIY fllﬁpagl r??pﬁ‘rédulgeez%;: ellerclzglc cHrrenI? ﬂl%;efrgm p\gl{ef'cm e ﬁl I ge? gtack has a

i nmtaé@s‘eera)tltphtetam rapgeeof ®$0-tqfi@ Wta'@rrper ature and t he

partial pressure of the carbon-containing fuel in at

| east a portion of the fuel vapor region to. a ond

t enper atfur e WA dvdoma geNsHUpLFEsIRY ofcddm 4/ -evhgtein t&%&ﬂ?\'ﬂa?ésemb'y
gr edfud@s [ﬁr@fﬁwhyg\ﬁlvte Iaﬂﬂpted &@ﬂiﬁlﬂ)ﬁr@é the @edbifg EugNid di@hargathd hylkogen-
8;%% lécrtlflhgmg ?r tglpre\ffmrt glge rﬁhf':harﬁ?] 8{’ gtﬁﬁhengeatmg f'ufl?l nqcl)mri the hydrogen-
i nglodwtasn filed, saleativalhy a predet erm ned vol une of

conmbusti bl e carbon-containing fuel. 46. The nethod of
claim25, wherein the heating assembly includes a fuel
chamber#havi g hudrpgeq grngration psssraRly 8‘?1‘:1%1??0‘” Whegip th ffgiptermined
I €@dn@ifion WEIRdeE b PredetdrinRBBuht JTedpseMims di sposed at

least in the Iiquid fuel region; wherein igniting the
fuel streamin the heating assenbly includes creating

a flamestat drhe ihpdregeh gererdben weanbly hiecliimgili ehdreie ktherpesglptomined
angonﬁmgn n%ﬁjde Y QJeteFrﬁgédo Q &HQ :M&'}a@d@ otl!etﬁé 'h?&o%en generation
hydrogen-producing region th t he conbusti on ream

i nasseeRbs wi cki ng the |iquid carbon-containing fuel

t hrough the transport mediumto the interface between

the Ti qéj ll. d f’Hx hyc[rog%}l ggneraaggn z}slge?nbgy oeflciang B’? where tfl)e valve assembly

is an automated valve assembly.
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0 82 0 WO 2006/ 050335 PCT/ US2005/ 039409 47. A
hydr ogen generation assenbly conprising: a feedstock
delivery system adapted to selectively deliver a

heating@fuel and a hydrogen-production fluid, wherein
W& E¥dBt ock delivery system further con‘prlPscgé‘JS&“OS/‘m““?’

val ve ssenbl dapted t.o sel tivel n ra
i scharfo ¢ tae YRR repH SLRrBr F &7 AR afembly
he &tadapgpdfiol @btomantadly esivitcit brevega Hw@aam aheidieyting Such dadisstiarging the
di schar h [ ]

ORI EraRrol B ALYl il ol tim 1SR BLA R Rler
hydrogen production fluid, and further mherein t he
val ve aggsenbypy 4 ro@gﬁe&ﬁﬁitl&p aﬁ%ﬂf‘ﬁif | @ahl ¥7 Stthet ltomprising a
bet ween di scharg ng . the heat| n % I};char 9ing..
t heengilsr ggied ge GueERically Fraeye (o e s b b e ey o
t heonfiplr@idas, eFhdiehetle cpmmhyt d;foamnﬁ@mﬁoﬁ inylokdcog derstpa octfigimipn. in
SRR PRARE SRy SERRRIE S AR RIS R ARYE! | B
pr wbigc e saletasembly doadepgdid ﬁ!gchlwdthe beskosgargrogustion f?m} ority
conmponent therefrom a heating assenbly adapted t o
receive the heating fuel fromthe feedstock deli ery X
system¥nd tTde dodmereteconuionasemily of GBIm 0% tsﬁ%m&*& cgfitroller is
copdapisd !oQﬂtoﬁth’bal%Sdonﬁgu&&Bemrai@ fassBABly bitgeentthe dl@day oftchrefigurations
hydr ogen- roduc}gtﬂg %r H cpl a fuel cell stack
ad¥5P &Y °F 6‘"?‘5“88 eP SR dtcDn pdition of the stream
contai ni ng hydrogen gas and to produce an electric

currentsd hergf r@mogwggn@aa&nt g@en(t}l’yelof ‘Eﬁlnl\ 4$t ahkcilaRe Feadstock

rated power out put he range of 100- 1000 tts.
Theelingy rogen irpdidey att ieesa °&§é’é€'ﬁﬂ’|“'y vestel (qouipifing 2 hegpieg Bieh and a
t hRydvab frodRBE A/ whicEig kHdﬂi&ﬁm@quhﬁ aq;omymmalweq;radweeﬂl and

LS&dglE’)‘g‘gﬂ d%r?r%r% BEQeF g%‘tf"lf/ffn%, %xlflrg 60 th% geatm Sa\?sseeﬁ bg_/eﬁndr}'enher wherein the
di bylhaegprodictityofiuid i Hispdselatiihinghd m@suram}sed deabtyutrsyetly separate
pr | (0 defi S PR ol MGh¥ gendPodud ¥oER lied b
geﬁggglt Ein@ind kidf S A, bt %ﬁ,fp odud e B REGRessure applicd by
pr e btadingiugled condl tion includes a predeterm ned

amount of el apsed time. 50. The hydrogen generation

assenbl y of 47, wherein edeterm n

condi t | %n ng‘F Sb‘gl Qe°A BpFRHRt @Femtbﬂ’e?fpgb‘gﬁét“'hﬁﬁm e pressure vessel
t ehpledaatauira didchdrgreortfige naige secgeindischdrgeoorifica.smé mbkrgin the pressure
Th%sll)’ ﬁ aﬂ%‘?éa tJ ?gg.ﬁ&:%g kh%%eﬂ]ﬁgméh)/oug{ thé i IFFE'I mscq’:ZIge mghd’]furthcr

ve ‘asse I'S an aut omat ve assSenb
3wtueremhz @W@B@%QBS mgrrdisdogsree %mogesxmd‘m@n Ruid through the
hy deQ@eRcgaReriadd on assenbly of claim 47, wherein the
val ve assenbly is adapted to automatically switch
bet ween di schargi ng the heating fuel and discharging
t he hyiht ogame pydvchian bénomtidnl asdechbly of bloint 55, eberein thedeating fuel and

| n&%L?ﬂrég%z?—@o@ucﬁgmu% &L Lﬁee‘& sgb%ﬁktﬁaﬂy lirﬁxlr’]i*scible.

58. The hydrogen generation assembly of claim 53, further comprising a pressure
transmitter disposed within the pressure vessel dividing the vesse! 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.



- 53. The hydrogen generation assenbly of claim 47,
further conprising a controller adapted to
automatically configure the valve assenbly between a
plurality of configurations, wherein the plurality of
WOHPeAI34at | ons i ncl ude at | east a configuratPFJEi"r‘r]‘s?0ﬁ5/939‘“’9

whi ch the valv ssenbly is ada ed to.disch ar
heat i ng°f ueIThﬁﬁﬁgﬁgeé’oﬁef’?rﬁﬂﬁ”afl on 3f S T i ig el%m fhe ghressure
assaebikeyr lhﬂucﬁdap_tbwﬂaﬂ;y tiflsdtamereber h@vably dlsposed w1th111 the pressure
hydr o 0 e

O e B
adlapets'eded chambgtr @mammtelara isypstarsigtly ennptant preesuzon the hydregspproguction
begygen the plurality of configurations upon the
occurrence of the predeterm ned condition. 55. The
hydr ogen generation assenbly of claim47, wherein the
feedst apk dat inyedbgens yat@bon msdnithe f alaih e¥stwiorm the pressure

pressure I i N heat |

Py ORI a Far GBI 24/ o AP suoce o e

di pposedeswi trviadaptdddo pi;lestbbzmebtl\rﬁesblmes efrier P@Mﬁ'ﬁle ghafnggr and the

d eér’eéé M YREES 1d hfin@WA sREGRANY @0n§t9nt%ﬁ?suﬁ%ﬂttﬁeﬂrgdrogen~producnon
y, and further wherein the hydrogen-production

fIfi¥idt i s disposed within the pressure vessel at |east

substantlally separate fromthe heatlng fuel for

deIiver dr oduci.n n u
pr ess UI‘ F}IhF %9%5 eraﬁ ?ssemblg L?g 58 [I:\rﬁl%{em the pressure
hynimgmr gehn@rs at ¢ablapsivls bladseyy and wbbralnnth@ eydrmepeﬂwn@rh duid is
pr r includes a first discharge orifice
gag&gz%%ﬁgagkscharge orifice, and wherein the
‘pressure vessel is adapted to discharge the heating
fuel thgoughrht hgdbidnSgensthiion Naseg®lyost Elhie5aNehefeitr thaetiydrogen-
wher i@wégghPressure Vess ?l é? adapted to di scharge )
th@“ﬁ? OBPRHLEEPYR ¥ HPE" t hr ough the second
discharge orlflce 57. The hydrogen generation
asse nb LF§§ en\é‘@ Jnealssrambg%f E‘l@rﬁ{ 35” Qhé(réiﬁ the %Eh‘ijmg fuel is a
t he hy ogen prod F are at | east
s ulowtreptrcitlas Weysht, ﬁ?ﬂdé‘@?P%‘P @“‘d 58 The hydrogen generation
assembly of claimb55, further conprrsrng a pressure
e o 2 BB i BB B 5 B st
pr ﬁSrSﬂzifnécZﬁd pebaraé ot leashppredimatein d0thpsadnd rlrgs ﬁl@rezlpptosxmately 250 psi
d| osed i.n ng ggﬁmper and wherein the
§ ““6 raf)'?%S u@etrﬁ’ﬁl%g%ﬁ%ﬁ%{" s posed in the
pressurlzed chanber. 0 84 WD 2006/ 050335

PCT/ US2005/ q:ﬁgﬂ%ogel5§ener1m a&ﬂﬂéﬁ@%a;@@ﬂ Biateindhe pressure vessel is

assenbly of claimb erei ressure tran
AERIREE 3 2USSPR APPSITREDHRTD FEMDA DALY T

di gpessnl aneinblyn the pressure vessel and adapted to
adjust the relative volumes of the pressuri zing

chanber and the pressurized chanber to naintain a

subst ant6i al ITpe bmagﬁnerpv@ﬁqgmbly@ﬁclglh@S wherein the heating fuel is at
hprgﬂﬁfﬂld%%g U&Iﬂlb@i@m dtnhdé'ogeratﬁaq of thE RydRopeh Q@&Htion assembly.
generation assenbly of claimb58, wherein the pressure
transmtter includes a flexible diaphragm secured at

its permpher]y]e tr@d;agbni g&,aﬁticﬁras&umfyacfeclmfn ﬁhewhemneseulryerogen—
Yﬁar%&;ganﬁi (P scﬁar ! ?rbg :3 B!%%IE? otf rz}te legs? p% Ax\llrﬁatéf)p misangfless than

sur | I ng C
approximately 250 psi.



pressurized chanber to maintain a substantially

constant pressure on the hydrogen-production fluid.

61. The hydrogen generation assenbly of claim 58,

wherein the pressure transmtter includes a

VORNWHPHBHI e bl adder, and wherein the PCTm52005’039409

hydr ogen- production fluid, is

62. Thef8hydribgdmdgehesatrisn eﬁeg‘é’f#g?@%

Whgro@icihg trBgoni chidg@ente posdncklitit: ispennt bmtawzllgdwpmg@e@s via a steam
anol and wat Th

AS SEBIR g e e e e WERRRRAGAAEAAS ephes vater und

IoMwmnmaammhaﬂmmemgﬁ@ﬂﬁ@$ndensabIe fluid. 64. . The

hydrogen generation assenbly of claim 55, mherein t he

pressure vessel is nmaintained at a _press

at
| east affr oxihaeitydrogem @@eﬁgﬁ)n assgmply f c(lwangé{ further comprising a
apRLAAdINBLRdrYaddprdd 1B Sdceivelihe Islli’fgmﬁ:ﬁﬁtﬁiaﬁ)g eirakn tdend w separate the

hydr oge neratlon seml rogen
geﬁ@?'g t‘b% SN %?0%? %\“%%"5 d %@?@F% 'e pressure
vessel is nmintained at a pressure of approxi mately

200 psi Od uri 'ﬁ\g _?ﬁcﬂg%\@géngﬁh&fasgeﬁgly rbygﬁlgzgﬁnfun&@ Qﬁﬁ;ﬁl&hg R fuel cell

assenbly' 66 rogen generatlon assenb
cl sthohagBted hiseierst It:fh‘tea wemo e pradiet hydroggn Stwbor - | i qui d
phase equilibrium during operatlon of the hydrogen

generatlon ass 67. .The h enera

assenbl {* of Taeg%%%ge“ﬁm?"&sw% % H‘rﬁg’g‘{é}lﬁ Eemde%sgﬁar?mn feeion
f | wicilddsat léassmhaycg@ﬂn-adlecavqonmpe of at | east
approximately 100 psi and |ess than approxinmately 250
psi. 0 85 0 WD 2006/ 050335 PCT/ US2005/ 039409 68. The
hydr ogeT®- gerie drdrensn sengetian ajsembly of elrim 687 heifietheieparitiqn region
hy 0 QG Rt 1IBL:0H Glebiiire s @G AolpRordapbed to produce the :
stream cont ai ni ng hydrogen gas via a steam reform ng
reaction, and further wherein the hydrogen-production
fluidi 'ﬂ}:l udes hyﬂib@ﬁ geaaBdtiat assend@of claimet7, wherein the heating assembly

car bgn ntain e hydrogen
geﬁé@%¥|g%m%§%%a ggga%ﬁg%dmggfe(ﬂrther conprising a

separation region adapted to receive the stream

cont ai n’y{ g h]"h@'h?(ﬂ@é'&n g%raﬁ&dasge%b@@ﬂ%faﬁﬁ £7, wa@remSKer fedEtream and
into at | east a product hydrogen stream a

by Bredenl e PP, 3 Oﬁi/ﬁ%‘g"é‘ﬁafé’a%*é%‘ﬁtﬁ“@ﬁ°5‘§‘§‘§me9"md
of tehaictm@oh supply.t her conprising a fuel cell stack :
adapted to receive at |least a portion of the product
hydrogen stream 71. The hydrogen generation assenbly

of cl ai .69, Thathedreden strisetionegssambly O 5laired]. oherein e fe@ééfeam and
at ;1. Qa8 Lirel Sadi¥ELARE Y l§a§! ﬁ%i %Qvaﬂi? RRrae R8s onkavateF Ascible carbon-
hy rogen generation assenbly of claim69, wherein the
seﬁ@ﬁ%@ﬁﬁﬁ”?@@”on includes at | east one pressure

sw ng adsorption assenbly. 73. The hydrogen generation
assenbly of claim47, wherein the heating assenbly

I%{egs %d dhydrogen-

36 o



Is adapted to heat at |east the hydrogen-producing
region. 74. The hydrogen generation assenbly of claim

47, wherein the feed streamand the fuel stream each
conpri se at | east one common carbon-contai ni ng

O AP6NEAIS del i vered from a common supply. AST/OPRYS/039409
hydr ogen.gener.at | : | wWherein the
feed st rp’g'am g gﬁibt% %@@%@g@%ﬁ@%ﬁ@%@ oﬁﬁ%ﬁ?se at

| east 28 fyabiprovessing wsrembiychaying k dgdrozeameodupineciesion alaptpd o produce

C arl}@BsenCOR R k 'FEdC AFRANBRbinin® er Cand\@ PRGLORARRD feedstock,
PCT/ US2005/ 039409 , 76. A Eorta e hydrogen gener a

I eration
as SHISINY the et pRrpeEsing : assemplyeinclydes clo sfef Fhelk s84ising the hydrogen-
ha\pirstigeisg layick g atledor e paifivgiohegican adapted to produce

hydr ogen .gas from a f st ream cont ai ni wat er__and
car bon- SGRPE RIERBY FARE: s dpmbiz g 153 e Fel diefipo brofile a fested

pr cawesistieprafos dpdting 2§ kot tddydmzaemddecing rgloh tepcleass iangnimum

t Wiy QaaRanRLRANHGENY region and at |east one

purification region; a burner assenbly adapted to

conbust 24pusing sepfainiigent feprb the Siet rragersing apserely and the tymst asepmbly;

ﬁxhaust a&'&eﬂﬁgﬁm de@¥erN RieinN@lagtéd le@fttivelyeeliver the feed stream to the
ydr ogen- pr.oduci ng regi on . to at ast a m ni mum

ny av SEER BB AG PE s SPLeBrEle b iRl APeBb Rl ni ng

at | east fichelifsud! adgraice ss¢ingpt kas e pixtiyn afnkk Hybezdogan@pduced by

as : ; L V. . .

ol e feye g AR a8 pL Gl SEHE B RHDRL bk, Qi et

hy de*befesk-hat HErd iPAYCrrBERON herranee 196 190,100 yatise agd fupher prherein the

bUhp@bgead pratdMgYicgidN @ Aafiddelo rdlube Bisahdh RUAMARUydren gas when -

recei ve at Il east a portion of the hydrogen gas

pr SBTHRE Ay <PVt uel processing assenbly and to

produce an electric current therefrom wherein the

fuel cell C r al-ed r i a

of 100- 1hoo" 1t PeRES: Beob Bl oRAMEL of dhBlrg) UnbdIF o ifoger

hy @rodvréng rpriondididatp seapirefarmiag catidyph whpreinthp hysteeepiodusing region

t hanaddfles td;%r@efu_cl:_@h' HiREens IRAnMORRINIRASERLINGs 3hd bk gases, and

capacgity. e hydrogen generation assenbly of
cl g‘f‘ﬁ’?f erelfybs by F‘ﬁg"tﬂrﬁés fﬁgﬁsr‘kfg‘&ﬂ@”tbf%‘a’ﬁﬁﬁ“hﬁ thedpjrgrpas strearm.

includes a steamrefornmng catal yst, wherein the

hydr 0geqs Pr oG B8ed 2 Bion! soANRAREhih O6PLATME Srefht teast one

m xed gas strearm containing hydrogen gas and Ot her

gagedficapndegidhiciudesra roghsycontpining et Ibayidme slroggaseickdvermemblage.

maj ority conponent of the m xed gas stream 78. The

hydr ogen generati on assenbly of cl a}i m 76, wherein the .

at | easf® one " JWRTEP EEPTHIPN S MEN 9 (FAD Ids WhErFiR diegt least on

Copiirification gregitn |f@@st i@ndeshy dhaE@mNios edaeisi W p@e Nbr@amnee carbon

79, r ) nerati on assenbly of claim77,

\/\hénrogﬂ!}ﬁd??%g”%?& eed%gisroe%éé‘ purification region further

i ncludes a nethanation catalyst adapted to renove

car bon ggronop d§ablAMydabigidh ﬁg%;lnbg,ﬁ‘%f Shin a8 wiktein Tﬂztehydmgen-
0

hydr ogen generati on assenb claim 76, wherein the
hyaqogﬁ:g\g_rcglon is adapted to produce less than 16 stm of hydrogen gas when operating at

full capacity.



producing region is adapted to produce | ess than 16

sl mof hydrogen gas when operating at full capacity.

0 87 0 WO 2006/ 050335 PCT/ US2005/ 039409 81. The

hydr ogen generation assenbly of claim 76, wherein the

W 30060835 produci ng region i s adapted to pr d&TEUS2(08¥409
than 10 ¢gl m r af: i

capaci Ly ana's (e Ter apersy AERORRLAkCR Sherch by bydropen
a reaRdeinHERIoR ISAdeRiRdtto grodemdespart 40 g of hgdyagen ggs wirpp eperating at
hy dtu eRcig A8 FidihbOe AFSREREYce@tack @l Ma84 poWh @hBhcRf b0Bwatts or
hydr ogen-- produci ng region is adapted to produce |ess

t haf™®5 sl m of hydrogen gas when operating at ful

capacity, and further wherein the fuel cell stack has

a ratedgpower. O f ol | 83, .T

hydr oge r% Q’g en Ifer{rma i dg%%ré%gﬁ %8?/ \Q%'f%@?’ aolf rﬁ@é,ssl\’/\ﬁ g?rghln Eﬁ? r%d“_’gen’
as Segrting fegion |ddapted ¢ nresluey legsthap P ke hivdrpgeh aasewhen operating at full
Pr Qgbheiy, A iRihehYAEQROBE r AR Wh kMU rafe® Bbblek bilkSht BF 300 watts or less.
conputerized controller. 84. The hydrogen generation
assenbly of claim 76, wherein the feedstock delivery
system 83, ad@pt R@rdgen gkiai@ askdadlsf S elaifit 762 alerdint tho Wdsembly is

util,] zi a nechanj.cal pupp. .85 The hydrogen.. i
qertbf e CEGHARL o RR o Bl SN OB E rne e
delcpstetlgr. system i s adapted to deliver the fuel stream

wi thout utilizing a nmechanical punp. 0 88 0

84. The hydrogen generation assembly of claim 76, wherein the feedstock

delivery system is adapted to deliver the feed stream without utilizing a2 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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