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a carbon-containing feedstock, such as an alcohol or a hydrocarbon, and partial

20 oxidation and pyrolysis reactors, in which the feed stream is a carbon-containing
feedstock. Fuel processors typically operate at elevated temperatures. Because the
reforrning and other fuel processing reactions are overall endothermic, the heat
required to heat the fuel processors needs to be provided by a heating assembly, such
as a burner, electrical heater or the like. When bumers are used to heat the fuel

25 processor, the bumners typically utilize a combustible fuel stream, such as a
combustible gas or a combustible liquid.

One such hydrogen-producing fuel processor is a steam reformer, in
which hydrogen gas is produced from a feed stream that includes a carbon-containing
feedstock and water. Steam reforming is performed at elevated temperatures and

30  pressures, and therefore steam reformers typically include a heating assembly that
provides heat for the steam reforming reaction, such as to maintain the reforming
catalyst bed at a selected reforming temperature and to vaporize the feed stream. One

type of heating assembly is a burner, in which a combustible fuel stream is combusted



type of heating assenbly is a burner, in which a conbustible fuel streamis
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composition as a stream that is delivered for non-combustion purposes to another

20  portion of the fuel processing and/or fuel cell system with which the bumer assembly
is used. In some embodiments, the burmer assembly is adapted to receive and
vaporize a fuel stream that includes the same carbon-containing feedstock and/or the
same overall composition as the feed stream from which the steam reformer or other
fuel processor produces hydrogen gas. In some embodiments, the feed stream and the

25  fuel stream have the same composition, and optionally are selectively delivered from
the same supply. In some embodiments, the burner assembly is a diffusion burner
assembly. In some embodiments, the bumer assembly is an atomizing burner
assembly. Methods for operating a steam reformer and burner assembly are also
disclosed herein.

30



2 0 4 OCT 2005 WD 03/089128 PCT/ US03/ 11429 Brief Description of the
Drawings Fig. 1 is a schematic diagramof a fuel processing ngegr@pﬁlth a
burner assenbly according to the present disclosure. Fig. 2 i ematic
di agr am of W® #3@8%12r ocessi ng systemwith a 5 chenical carbpusesongsi de
removal assenbly according to the present disclosure. Fig. 3 is a schematic
di agram of a fuel cell system %Mb&cr%ﬁo@led’ftheaﬁlsaw Jy according to the
present disclosure. Fig. 4 is a schnenatrc aragrarnror anot her fuel processor
with a burner assenbl yFigckBradichandfio didgeanpp£s frel pdicasing systém with Fgnerd is a
schematic view of, anot hg.r ﬁ{pger argﬁggg;olql according to the present

di scl osure. Frgomplyjagcordigg Prese O%®anot her burner assenbly according
to the present disclosgge? ifFiadschdnitie diaBRREORt ficl ipfieiingdsfsudh wafPgeSSOr
according to the present 15 disclosure in which the hydrogen-producing
regi on and t hEeBHrae7tbas Bwpprde IBOKal asssrbly eeceriingsta tie pressni disclosure.

car bon-cont ai ni ng feedsgeck;s Ei IS -ggrgﬁh td I Helel iation
of the fuel processor 311518 jléils E7S,gh?/\nn§d'ttfﬁ %11 car bgfr:-gcﬁéﬂt gélﬁ%%&?&gls?gb%ei ng
delivered to @h@nwydcqwg@ingmtgdnxﬁsﬁ@disclegirgn and the burner assenbly from
the sane supply streamg.20, Fi I e 6 View of a fu rocessor
according to the presen}E1 '%Es%?%%ﬁér% ‘?}%&%liog}ﬁag]? & hlflév]rj%)ﬁgsﬁgrp &g:iuﬁtberregi on

and t he bur nesssasldgatxdoydibgtdthe presait dgclbsigé., or feed, streans containing

wat er and | i quid carhon-contai ning .feedstqgck, Fig. 10.is a schematic
Vi ew show}.ﬁg a variati gﬁﬁg. lstal‘?gflq“l?é‘? Vtﬁwo‘étcej”é%’g’lﬁr B‘I’me‘g@sqﬂi‘lﬂy agpording 1o thee
hydr ogen- pr odgtesenpdiedtedued) and the burner assenbly both receiving fuel, or
feed, streams containin ter and a carbon-containing feedstock fromthe
sane supply stream Fi ¢1&Pusgschematip e olangthehPWRendsrgntinaeceding trthat i on
of the fuel RHeQeess@sstrdf Figs. 9 and 10. 30 Fig. 12 is a schematic view

showi ng anot her burner assenbly accordi ntg to the present disclosure.
Fig. 7 is a schematic view of a fuel processor according to the present

15 disclosure in which the hydrogen-producing region and the bumer assembly both
receive the same liquid carbon-containing feedstock.

Fig. 8 is a schematic view showing a variation of the fuel processor of
Fig 7, with a carbon-containing feedstock being delivered to the hydrogen-producing
region and the burner assembly from the same supply stream.

20 Fig. 9 is a schematic view of a fuel processor according to the present
disclosure in which the hydrogen-producing region and the burner assembly both
receive fuel, or feed, streams containing water and a liquid bcarbon-containing
feedstock.

Fig. 10 is a schematic view showing a variation of the fuel processor of

25  Fig 9, with the hydrogen-producing region and the burner assembly both receiving
fuel, or feed, streams containing water and a carbon-containing feedstock from the
same supply stream.

Fig. 11 is a schematic view showing another variation of the fuel
processors of Figs. 9 and 10.

30 _ Fig. 12 is a schematic view showing another burner assembly
according to the present disclosure.

Fig. 13 is a schematic view showing an ignition region of a burner

assembly that includes an atomization assembly that includes an atomizing orifice.



Fig. 13 is a schematic view showing an ignition region of a burner

assenbly that includes an atom zation assenbly that includes an 8‘;?]2%5 ng
orifice. 3 0 4 OCT 2005 WO 03/089128 PCT[ US03/11429 Fig. 14 is a henmat i c
vi ew of arwiogasiiem regi on of a burner assenbly that inchodesosanszo

atom zation assenbly that includes a nozzle wwth an atom zing orifi ce

Fig. 15 is a schematic i not her I on.regian o bur ner

assenbly that includes ﬁéﬁ‘elglfbﬁlsglé s Vé‘“svgB#ﬁﬂ &gn{t’rﬁ’gt eglﬂ’i‘:PEﬂgEmﬁr ?Fé‘*z“ZIPIé‘ with
an atom zi ngther iidciwies ahi GomilAtibs assemORE Mt iificlvdeeVy bz withNhi I@ik@gi on of
a burner assenb that includes an atom zation assenbly that includes an

i npi hgenent r that atom zes the feed stream 10 Fig. 17 is a

schematic view of anothgg 1is0fi § sQRrfaR81 A& U a{i&hﬁi@ £a énoﬁ%g&rﬁ)bgl 3 A

i ncl udes an i npi nglerrent menber that atom zes str

schemat i ¢ Vi e%semblaribeth éncludgniani semizetgimoassembly ut rineludeass ewbily vattendi ng
to the presen# (ﬁ@t Satee that includes an inpingenent nmenber that

atoni zes the ream 15 Fig. 19 is a cross-sectional view of an
ignition region of anotRigrl6kisiaraiematis yiwbbf/ar frgatuonmeglotdeSa BilmenBagdpENt
menber. Fig. OIS cros tlonal iew af the regiaon of Fig. 19 taken
along the | |tﬁ§t ]fﬁ & a&?’ﬁ alpg asﬁ%b\{y Jhat;1gcludes, 4 dnpipgamegh afember fhabs
anot her i gni titomize€tie @gedatre@nbur ner 20 assenbly according to the present
di scl osure that al so corrbusts a byproduct stream fromthe fuel processor.
Fig. 22 i¥ a cross-sectli®dd s\ é%eﬁ’f’t“f Y& ofianther 1goitpn regiont efca bugienng

the line 22- Za%sén'iblf'dﬁt inéludies 4H ithpirdBmbet AerRbd éﬁﬁﬁﬁie@'ﬁ% fo¥d @Waf)f anot her

ignition region of a burner 25 assenbly according to the present
di sclosure. Fig. 24 is Fgt8psp stheypboy vesw ofi anpiyen tgndmnr@gnognofoa bﬁng:r 23

of & por 1 on BT Woffing fo Wk gkl Sieiofital il el LTRSS pRMEer ! 05
t aken al ong ttha atdmmiees2be £5d stneadft.g. 24.
15 . Fig. 19 is a cross-sectional view of an ignition region of another burner
assembly' that includes an impingement member.
Fig. 20 is a cross-sectional view of the region of Fig. 19 taken along
the iine 20-20 in Fig. 19.
Fig. 21 is a cross-sectional view of another ignition region of a burner
20  assembly according to the present disclosure that also combusts a byproduct stream
from the fuel processor.
Fig. 22 is a cross-sectional view of the region of Fig. 21, taken along
the line 22-22 in Fig, 21.
Fig. 23 is a cross-sectional view of another ignition region of a burner
25  assembly according fo the present disclosure.
Fig. 24 is a top plan view of the ignition region of Fig, 23 taken along
the line 24-24 in Fig. 23.
Fig. 25 is a cross-sectional view of a portion of the distribution plate of
the ignition region of Fig. 23 taken along the line 25-25 in Fig. 24.
30 Fig. 26 is a cross-sectional view of a variation of the ignition regions of
Figs. 20 and 22 that includes an extension sleeve with a reduced-area outlet.
Fig 27 is a top plan view of extension sleeve of the ignition region of
Fig. 26. |



30 Fig. 26 is a cross-sectional view of a variation of the ignition regions
of Figs. 20 and 22 that includes an extension sleeve with a ﬂqgmdﬁﬁsea
outlet. Fig. 27 is a top plan view of extension sleeve of the'i ig

regi on of wiog3/028284 0 4 OCT 2005 WO 03/089128 PCT/ USO3/ 12é2sbdrd4z2928 is a
cross-sectional view show ng another variation of the ignition regions of
Figs. 23 and 26. Fig. 2!_9 %ZSB an exgl odetd cross-sectional ,view.of the
ignition region of Fig.lBg® & jgosssgetional, view,showing angther vasialignoef ther e
processor t haignithalreies of Figgueewd zgssenbl y according to the present
disclosure. Fig. 31 is g cross-sectional view of another fuel processor
that includes a burnerf&s¥eifimyexpladsd grasgrsecsion]erioy «f dhe ignitian wevnef Fig.
32 is a crossrpegdional view of the fuel processor of Fig. 31 taken 10
along the 1ine 32-32 in Fig. 31. Fig. 33 is an isonetric view of another
fuel procelsor with a DUERSis aswesrctionat viavwiohg fuel ploeessoetheninctlidschosure.

Fig. 34 is anblﬁggjag%g@é}ifgc%g%th{é'et\%t%%ﬁ%g{q%ég?su;egel processor of Fig. 34.

Fig. 35 is a si I on Vi processor of Figs. 33 and 34
15 with the shroud, or Kg\dris assasidcyipndl eaweithnothie fueBprocssshahitamipdean vi ew

of the fuel prpcessor qf Fig.,.33. Fig. 37 .5 a cross-sectional view of the
f uel processo?gwerﬁﬁmo%ls,aﬁcgfgé%toég%%éseflﬁ%‘sﬁ?ﬁﬁlée’w-37 in Fig. 36 and with
the 1 egs of the suppor tFigseashleross-aemvas. vidw of t3FublSpraceiR ST FREA1 kmal Vi ew

of the fuel processor of Fi gF 33 taken 20 along the |ine 38- in Fig. 36.
Fig. 39 i ¥ a dreae ipe 2308 Figi dlv of the fuel processor of Fig. 33, Fig. 40

is a schematic diagramf 3§q9taBQEorH&gfi@Q/fewa§§ affﬁgcl%éés% Wit atdrgg}egresem

di sclosure. Fig. 41 is a schematic diagram of another burner asse
accor di ng t o asgamhlyecqerdingietthelprsednpdigelesur@0 Fig. 42 is a schematic di agram

of another burner ass e'ﬁé%‘l%ﬁp&%cﬂﬁd Es%metric view of the fuel processor of Fig. 34.

Fig. 35 is a side elevation view of the fuel processor of Figs. 33 and 34
15 with the shroud, or cover assembly, removed.
Fig. 36 is bottom plan view of the fuel processor of Fig. 33.
Fig. 37 is a cross-sectional view of the fuel processor of Fig. 33 taken
along the line 37-37 in Fig. 36 and with the legs of the support assembly removed.
Fig. 38 is a cross-sectional view of the fuel processor of Fig. 33 taken
20  along the line 38-38 in Fig. 36.
Fig. 39 is a cross-sectional view of the fuel processor of Fig. 33.
Fig. 40 is a schematic diagram of another bumer assembly according to
the present disclosure.
Fig. 41 is a schematic diagram of another burner assembly according to
25  the present disclosure.
Fig. 42 is a schematic diagram of another bumer assembly according to
the present disclosure.
Fig. 43 is a side cross-sectional view of another bumer assembly
according to the present disclosure,
30 Fig. 44 is a fragmentary cross-sectional view showing variations of the
burner assembly of Fig. 43.
Fig. 45 is a top plan view of another burner assembly according to the

present disclosure.



the present disclosure. Fig. 43 is a side cross-sectional view of another
burner assenbly according to the present disclosure. Fig. 44j4i

fragnentary cross-sectional view show ng variations of the b@lrlﬁe[?magg%bl y
of Fig. 43woMic@sodgd is a top plan view of another burner pgppsRlys@ccording
to the present disclosure. 5 040CT2015 WO 03/089128 PCTI US03/ 11429 Fig. 46

is a side cross-sectional vi.ew of the burner.ass of Fig. 45,. ken
along the line 46-46 i%&iﬁlsﬁgﬁeﬁ“ﬁ?’se onag Vi ?fgtgbﬁh‘%(rf]FrcasﬁngWBEFI& ‘\&/iri ant
of the burnertahasslodd te tihe B6-96 iftBig. £5.Fi 9. 48 is an expl oded isonetric view
of the burner assenmbly of Fig. 47. Fig. 49 _is an isonmetric view of a
variation of the burnerFl&<EeltAnyisppetrig ey of s wrgnyof the bumeoaspembly of

i sometric viewg0ofs the burner assenbly of Fig. 49 with an 10 installed
heat i ng asserrbﬁy. Fig. 51 is an exploded isonetric view of the burner
assenbly of Fig. 50. 1Fifi4§. is5an jegpladed sometrid wiew ofv thé banwt mesentbly roér
assenbly accopgi to the present disclosure. Fig. 53 is a cross-sectional
i sometric view“of 'the burner assenbly of Fig. 52. Fig. 54 is a
cross-sectional i somnet rHig. 49i iewan Siromdtrig vewvelt a striation @ff thdreurn&ruaspsiblasgenbl y
of Fig. 53. Fgg 435 ia a schematic diagramof a steamrefornmer with a
burner 20 asSe&rb )?‘nglCZ'Ol’di ng to the present disclosure. Fig. 56 is a

flowchart showi ng il | ugtig.aiiyan okRARSVIEW LT Ul Bigndd UERAbly SEEEMY WRES an
according to the present disclosure. 6
10 installed heating assembly.
Fig. 51 is an exploded isometric view of the bumer assembly of
Fig. 50.
Fig. 52 is an isometric view of another bumer assembly according to
the present disclosure.
15 Fig. 53 is a cross-sectional isometric view of the burner assembly of
Fig. 52.
Fig. 54 is a cross-sectional isometric view showing a variation of the
burner assembly of Fig. 53.
Fig. 55 is a schematic diagram of a steam reformer with a bumer
20 assembly according to the present disclosure.
Fig. 56 is a flowchart showing illustrative methods for using burner

assemblies according to the present disclosure.



0 4 OCT 2005 WD 03/089128 PCT/US03111429 Det ail ed Descri ption and Best Mde
of the Disclosure A fuel processing systemis shown in Fig. 1[hr4d0'gqmdjf: ted
generally at 10. System 10 includes a fuel processor 12 that is adap to
produce a Wwo®dogtizs hydr ogen stream 14 contai ni ng hydr ogenpgessozandte
preferably at |east substantially 5 pure hydrogen gas, fromone or nore

feed streans 16. Fuel pr]j%?aglgégres %%t&? i%e b aPhe ﬂ%’\{&%i or conbi nation
of devices, that is ada eed strean(s)
16. Accordingly, procesadirel pidcessnigisgstiamds bhyokrogeHig.dr aduadiogied gagrally a9, in
whi ch a resuljfant, stre 20 .cont ai ni ng hydrogen. g i roduced by
utilizing anylt(gusﬁ'%{ﬁrpeﬁﬂ]%g'ﬂ&%ﬂ- ?ldﬁﬁ‘gﬁs?%%@lﬁraﬁi @?@;.tgﬂo UG @ PPyt eant
that 10 hydrlg_@ecrgggas&em Bt cdnAsihg hyBfdgBR ig)s, AN Préfeta8 it atOleadttsubamM R fly
Exanpl es of suitabl e nmechani snms for producing hydrogen gas from feed
strean(s) %16 Ruie MydResen gamiioat eneron gioan decduttisema rd fal Fuckberaessey 12iin amhi ch

reformng cat@lusitSeRbe df%.%ﬂlbhﬁﬁ{ﬂ{e BFHGACAY HLOASRaHES d&@g@g}ﬁggﬁgﬁ am

containing a carbon-containing edstock” and water.

mechani sns f otorp rfectugtraam(sh sl 6hy dcegdinglyaprocessdruteinginded g diydrogacprdtahyt i c
partial oxidation @f : bon- cont aj ni ng, feedstock., in whi.ch case the feed
St ream docs. neEoader i Witk HsTE Mllh B0 coR BT iiroseh 23S hrefiffe by
produci ng hydrtiigane gpssiitablel igdtggeh-pRidacing Mmevhadim@ns B3t thes freie daéac lhait S

wat er. Exagnpl.es, of suitabl e car.bon-containi f eedst ocks include at |east
one hydr car}B%lHogSPgﬁﬁ’é&”@#@ﬁ?%‘é’?%@ﬁ?%ﬁfﬂ@%ydr ocarbons i ncl ude

met hane, 20 propane, néExHﬂhﬁies WESuitdh1e HREhankSHORe PRodudRS hydisea s e | 1 ke.
Exanpl es of suitable alcaohols include nethanol, ethanol, and polyols, such

as ethyl ene degtsireamyd 19 inglyde sleary| spkasmingad agtotheamg! sieformingayin pihich
delivered to oty i | | S0 L6 i ngle
feed stream f%ﬁ?glnghcg%nﬁglégﬁ%%d%ﬁm??yﬁ @ﬁﬁ?ﬁﬁ@%&g@ scop\e%g#aﬁ‘tn%eé
di scl osur e t (rarboproataiiem fagdsioddt anshwetes rRtherbaritable dnenhdnisiatfort prodecing r eans

may cont ai:n t i t I ks, Thi-S..tS hemati cal |

illustr at61 ad mﬁﬁﬁ{nﬁgﬁéh%ﬁ% aggggné é 1? é’éﬁlals )?lé%%nfgcﬁ cna?%gsﬁ%%"?{?%es in
Fig. 1. Wen feddatadk,sh mediah chée tho fidtedistrsarh doesaiot taten eatgpofg asoth&Waiabls a
car bon- cont ai _ni . feedstock and water,.the conponents may be delivered in
the sane or df‘?cgg?‘?ﬁ&g?@g‘g“% WIhS2S I ecgﬁg’ﬁ‘ﬁ'l Bw _?stﬂ%gﬁ"?fgmcbl‘%cessor
is adapted t avf6r0dUBRmPKET FUAHtaBIRS carbdPEBnthimAL ediseRI dhdlididal Eadsback and
wat er, these cqonponents are typicall delivered in separate streans when

they are not WcpBPR oF flrohokch Extmeles ofhiuitapls hydrocarbons include methane,

20  propane, natural gas, diesel, kerosene, gasoline and the like. Examples of suitable
alcohols include methanol, ethanol, and polyols, such as ethylene glycol and
propylene glycol.

Feed stream(s) 16 may be delivered to fuel processor 12 via any
suitable mechanism. While a single feed stream 16 is shown in Fig. 1, it is within the

25  scope of the disclosure that more than one stream 16 may be used and that these
streams may contain the same or different feedstocks. This is schematically
illustrated by the inclusion of a second feed stream 16 in dashed lines in Fig. 1. When
feed stream 16 contains two or more components, such as a carbon-containing
feedstock and water, the components may be delivered in the same or different feed

30  streams. For example, when the fuel processor is adapted to produce hydrogen gas
from a carbon-containing feedstock and water, these components are typically
delivered in separate streams when they are not miscible with each other. This is

schematically illustrated in dashed lines in Fig. 1, in which reference numeral 17
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EI')? pracessi .
stream anpl és of ‘suitable steamteformng ca r-zinc
fornul ati ons thé systam.t Bihee faddutreara Micfis delberd)ts tis faeldpracessvr Ao thi@bagll at i on

sol d under the trade nane KMA,by, Sud- Chenj e, although others may be used.
The ot her gassz@a”f‘h spang WV@&I‘H?‘WYF&%%G PG ﬂ’éserpg"faffr %?ﬁ&étrgﬁ“i‘ deliiemnct ude
carbon nonoxisgsiemgar bon di oxi de, nethane, steam and/or unreacted carbon- 30

cont ai ni ng feedst ock. ) )
An example of a hydrogen-producing mechanism in which feed stream

20 16 comprises water and a carbon-containing feedstock is steam reforming. In a steam
reforming process, hydrogen-producing region 19 contains a reforming catalyst 23, as
indicated in dashed lines in Figs. 1 and 2. In such an embodiment, the fuel processor
may be referred to as a steam reformer, hydrogen-producing region 19 may be
referred to as a reforming region, and resultant, or mixed gas, stream 20 may be

25  referred to as a reformate stream. Examples of suitable steam reforming catalysts
include copper-zinc formulations of low temperature shift catalysts and a chromium
formulation sold under the trade name KMA by Siid-Chemie, although others may be
used. The other gases that are typically present in the reformate stream include
carbon monoxide, carbon dioxide, methane, steam and/or unreacted carbon-

30  containing feedstock.

Steam reformers typically operate at temperatures in the range of
200° C and 700° C, and at pressures in the range of 50 psi and 300 psi, although

temperatures and pressures outside of this range are within the scope of the invention.
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Hydrogen-rich stream 26 contains at least one of a greater hydrogen purity than the
resultant stream and a reduced concentration of one or more of the other gases or
impurities that were present in the resultant stream. Separation region 24 is
schematically illustrated in Fig. 1, where resultant stream 20 is shown being delivered
25  to an optional separation region 24. As shown in Fig. 1, product hydrogen stream 14
is formed from hydrogen-rich stream 26. Byproduct stream 28 may be exhausted,
sent to a burner assembly or other combustion source, used as a heated fluid stream,
stored for later use, or otherwise utilized, stored or disposed of. It is within the scope
of the disclosure that byproduct stream 28 may be emitted from the separation region
30 as a continuous stream responsive to the delivery of resultant stream 20 to the
separation region, or intermittently, such as in a batch process or when the removed

portion of the resultant stream is retained at least temporarily in the separation region.
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and paraneters in which separation region 24 is operated. Exanples o

sui t abl e mat demaya aswmbiienBl.aandsresuicrioving edseaitioadiysiema 8. ghid withinrthal | oys,

and 20  scope of the disclosure that separation region 24 may include more than one type of

separation device, and that these devices may have the same or different structures
and/or operate by the same or different mechanisms.

Hydrogen-selective membranes 30 are permeable to hydrogen gas, but

are largely impermeable to other components of resultant stream 20. Membranes 30

25 may be formed of any hydrogen-permeable material suitable for use in the operating

environment and parameters in which separation region 24 is operated. Examples of

suitable materials for membranes 30 include palladium and palladium alloys, and

especially thin films of such metals and metal alloys. Palladium alloys have proven

particularly effective, especially palladium with 35 wt% to 45 wt% copper. A

30 palladium-copper alloy that contains approximately 40 wt% copper has proven

particularly effective, although other relative concentrations and components may be

used within the scope of the invention.
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graphi cal depiction of a fuel processing systemthat i ncl udes a separation
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catal yst 35. ] _
other devices that convert carbon monoxide to carbon dioxide, and methanation

20  catalyst beds that convert carbon monoxide and hydrogen to methane and water. It is
within the scope of the disclosure that fuel processing system 10 may include more
than one type and/or number of chemical removal assemblies 32. Fig. 2 provides a
graphical depictioh of a fuel processing system that includes a separation region 24
with a chemical removal assembly 32. In the illustrated example, assembly 32
25 includes a methanation region 34 that includes a methanation catalyst 35.
Methanation catalyst 35 converts carbon monoxide and carbon dioxide into methane
and water, both of which will not damage a PEM fuel cell stack. Accordingly, region
34 may be referred to as including at least one methanation catalyst bed. Separation
region 32 may also include a reforming region 36 that contains reforming catalyst 23
30  to convert any unreacted feedstock into hydrogen gas. In such an embodiment, it is
preferable that the reforming catalyst is upstream from the methanation catalyst so as
not to reintroduce carbon dioxide or carbon monoxide downstream of the methanation

catalyst. When used to treat the hydrogen-rich stream from one or more hydrogen-
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Adsorption of impurity gases occurs at elevated pressure. When the

pressure is reduced, the impurities are desorbed from the adsorbent material, thus

regenerating the adsorbent material. Typically, PSA is a cyclic process and requires

at least two beds for continuous (as opposed to batch) operation. Examples of

25  suitable adsorbent materials that may be used in adsorbent beds are activated carbon

and zeolites, especially 5 A (5 angstrom) zeolites. The adsorbent material is

commonly in the form of pellets and it is placed in a cylindrical pressure vessel

utilizing a conventional packed-bed configuration. It should be understood, however,

that other suitable adsorbent material compositions, forms and configurations may be

30  used.
PSA system 38 also provides an example of a device for use in
separation region 24 in which the byproducts, or removed components, are not

directly exhausted from the region as a gas stream concurrently with the separation of
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Wi thin and exﬁ}ﬁft {4t QA6 B8 Ysed 25 %fegdté}%u&‘)%@aﬁ fftfa f&?lst%[(o&lgssor
ed to pro

that i s adapt uce a product rogen streamtha e used as
a feed, ot0 f ufiel proteseerrpréferably #swdiptedid prgdmleubmmlallmumwdrqgemgessmd

preferabl y i s? a[ﬁ%rgc}){éfgrag%o%c%dsultg)gészsi(r)lrt |S%Itd1%% (E)g édro&%r]]ryg and even

nore preferably uel "ptocesso drgogen
gas. For t hqunuhfp pmpsseefof tHaq:rpereetsdmdzlosﬂlres cshhsmmtiel,ly pubsltyamgemng [Brater

hydrogen gas LS at er 90% ref erab reater tha 95O ure,
nore pref erab‘llhﬁn g{)(g’dfué‘?“ PEHER Bﬁeat%ﬁﬁﬂ 9§)ﬁd’“5%é‘?9r%6’?egera?1§f%%%w at er
t han 99. 5% pumge, aadiet-abin6ref preferably0gesteohsn 9@5%J@r@thablmelsﬁré@ams Rt at
| east substantially pure hydrogen %gs are disclosed in U S Patent Nos

6, 319, 30615 6, Broduoingstresmy o7f ak deast syibsigatially pure, Audrpag gpsre discloged m U
Appl i cation '\Pate&9N%926%@§aoamlﬁ<ab1%$ f5'9|9¢(é9@n5|‘é%'1qti78pe&ﬁﬂgl @Rd Pa%ent

entitled "Fuel Processor and Systems and Devi ces Contai ni ng the Same," and

U.S. patent apppliceten n. 0280, 41, wbich, wwﬁiedwmmh B.e200brandgy pititlad “BOD3, | 5
ent 9 % o AS] b Mafolo B985 SRR e U b ARG BILARLLY

di scl osur es ofertahNoabove; mitehtwasifidal quadmpil tds 2C03dispatithud “Steam Reforming Fuel

20 Processor,” and which claims prionity to U.S. Provisional Patent Application Serial No.

60/372,258. The complete disclosures of the above-identified patents and patent

applications are hereby incorporated by reference for all purposes.

Product hydrogen stream 14 may be used in a variety of applications,

including applications where high purity hydrogen gas is utilized. An example of

25  such an application is as a fuel, or feed, stream for a fuel cell stack. A fuel cell stack

is a device that produces an electrical potential from a source of protons, such as

hydrogen gas, and an oxidant, such as oxygen gas. Accordingly, a fuel cell stack may

be adapted to receive at least a portion of product hydrogen stream 14 and a stream of

oxygen (which is typically delivered as an air stream), and to produce an electric

30  current therefrom. This is schematically illustrated in Fig. 3, in which a fuel cell stack

is indicated at 40 and produces an electric current, which is schematically illustrated

at 41. In such a configuration, in which the fuel processor or fuel processing system

is coupled to a fuel cell stack, the resulting system may be referred to as a fuel cell

13



applications are hereby incorporated by reference for all purposes. Product

hydr ogen stream 14 may be used in a variety of applications, I@@P%g
applications where high purity hydrogen gas is utilized. An ega 3 25

such an apglg Bakdie is as a fuel, or feed, streamfor a fyel, &8 142?t ack. A
fuel cell stack is a device that produces an electrical potentia ]l roma
source of protons, such as  hydrog eﬁﬁg and an oxidant, such as oxygen
gas. Accor di n§ysfem 42 PG@“S%HIIFCIE&@?&& oell shackpmd s sorae i felefor thealuel eslist a
portion of Preghety by diinfiafe Siope Tk bralRht discisuRAkOhel REYARR: bilbller S
typically delivered as an air Stream, and produce an electric

current thereﬁssgmbhésmcgordmgso,ﬁ@rm@&emadlsoposmtelwbmse@111 spplcgiongthat do wéti ch a
fuel cell sta di at 40 and produces an electric current, which
is schemati caﬁéiudeﬁlﬁ#s?tc 1?‘%%539 at 41. In such a configuration, in whi ch t he
fuel proce$sor or fuel Wheeessam g4 symtented fo8 usoinps detl kell atatlyebmpeaditiost ack,

the resulting ste rredto s a fuel cell 13 0 4 2605 WO
03/ 089128 PO Tairste dyogh oStk Sl tat ot can b ipidrack
and a source ghyfdebmb@id 618 th/BYdr6@nlrichSdds; ifldecdsSar §u@h@sk€%e®?£ﬁﬁ of

t he present di sclosure that fuel processors and burnetr’ assenblies

according to asonpResdior frlseslosiarks. g BePrgtmderchangspmembiane (BEMiaanddo not
i nclude a fue | 6,5t R el

col 1 't ack, " ol ol ARlackl B, Gt QR of Rrbdfl EPRAN] SRl el thil
carbon mod®xi §@ pemdpaterizomitiioi B@ferabimthd)@npmem of crhon henéwide mgeas rich

stream if ne a eql o 4, Fo f.uel
stacks, such g‘?ﬁ’ﬁ“oﬁ%%ﬁﬁ%@%‘ Iteg ?Bﬁ‘{gﬁ% nlzg{'l%ka ?errlle %
stacks, the cdmmelatrraarthecgneamér themrthatrof mirbo;xnﬂﬂomde chefeEambﬂeycdneﬁﬁratlbl&rbﬂO 10

t th f bo d
PR (DAt PeT i TR heEs PHEBEI i concaRon g

concentr at i onthah mbmﬁd év@%lrﬁlﬁe ”Bx}éfebﬁ)lﬂr @a%*.- ethal %, t habpepiallg apRadired
nonoxi de. _For exa concent rations of f t han 25% car bon di oxj de may
be accept &bl eCOIP?‘gBé‘P%PS’? legshihag R cramt-r 4t Fh?Hq Ee madestopd, thet flamaecsplgbley en
nore pref er ablhimh@S Sohdtdftalons pRB&RRIHeleiP! RE SiluSthtile CORGRALrAd s are

| ess than 50 ppm It should be understood that the accecgt able” m ni num
concent r at i onePngeiEEnpReRihtrdhai thoserpsesented Berpiatnapebecicadrpiibare wathin thhseope
concent r at i onge @ Bker BARNHAOS Pornb GBIl BAGIRLSIsBs TR IhRERRRS: ARY e (NI N
the scope of the present Invention. exanp , particula rsor

nmanuf act ur er smirayumegUinaRimum. aonventraion revelonrangesctuat amt dlﬁ"aehiemah shase

ranges th% AL e%fh%{e%nt t han t hose

Fuel cell stack 40 contains at least one, and typically multiple, fuel
cells 44 that are adapted to produce an electric current from the portion of the product
hydrogen stream 14 delivered thereto. A fuel cell stack typically includes multiple
fuel cells joined together between common end plates 48, which contain fluid

25  delivery/removal conduits. Examples of suitable fuel cells include proton exchange
membrane (PEM) fuel cells and alkaline fuel cells. Others include solid oxide fuel
cells, phosphoric acid fuel cells, and molten carbonate fuel cells.

The electric current produced by stack 40 may be used to satisfy the
energy demands, or applied load, of at least one associated energy-consuming device

30  46. Iustrative examples of devices 46 include, but should not be limited to motor
vehicles, recreational vehicles, construction or industrial vehicles, boats or other
seacraft, tools, lights or lighting assemblies, appliances (such as household or other

appliances), households or other dwellings, offices or other commercial

14



20 identified herein. Fuel cell stack 40 contains at |east one, and
typically multiple, fuel cells 44 that are adapted to producg Qnggfg% £icC
current fromthe portion of the product hydrogen stream 14 deliv J
thereto. Avbuwehssgsd | stack typically includes nultiple fpelusghhsel 0 Ned
t oget her between conmon end plates 48, which contain fluid 25

del i very/renoval conduits. Exanp[es of suitable fuel cells include proton

exchange nenfii2hiisShpets,) compaters, Signaling, gr spmmpunication, gquiptaentsetc. oy Hpklarly.nc| ude

sol i d oxide fuglk 46 @laySoe ﬂla@wamsnct@%ddvefruedm&ﬁieh@,ofm dH!syqemcay bgnat e
fuel cells. The electric current produced by stack 40 nmay be used to

satisfy the #inaldfe wdaisingd thasderpnt sachaeatically illustratedisiFig Feandds menit ed
ener gy- consu u f 4

el dte. Chut ionEepfieitlfic op ofb acditys6f Ealichiéh SHATREE Y arl B &P 1o faw
vehi cl es, i:onsltmuctmmtﬁpmthdﬁ@l calladysuczmhl cI es, boats or other seacraft,

tools, |ight |'i ght h hol d
oL L o ) On A, SR e PR R AT, BB R
commer ci al - 14Sorfle 4r QUT oL 00Gm\D4 034D 303BENANGT ok SOBMAAARY 0 elblekdd VRN b,

conputers, signalin r. conmuni cation equi pnent, .etc. Simlar] stack 40
may be used t3 Ja |°g¥1§"1¥ e %wgm?%ﬁuh%%ﬁtcgnwmwm% purggds P

shoul d be undgs,stee@rdd et 1268 iECeAd ilﬁlst%ﬁh»%%ﬁ&hﬁl@'d}y dlrégeﬁ%zo&ﬁge% Bsfi g 3

and is meant to represent one or nore devices, or collection of §EVICES
that are Hiapesehowninashed BnesiieFig pc Revicedts pdaptadith stofial least k [posipgtodm

Fuel cell | | h onme or
all of st reaﬁﬂé&h g(éjt?gt?égﬁg f ’Fonexzﬂzﬁﬁgig;Kﬁ%q %‘glﬁggﬁde?%e}ﬁ@\ggéﬁc?as §}"a a
sui t abl e condsiadk, 40‘ xsrleassthan tineehydtOGan ohtpdt okl ponsssor Iy tpr ecesshydmgened f or
fuel or heat, or ored .f.or, | at e, I 1.l us

hydrogen st or 85 %e efatgregdn fﬁvﬂcg%éhgak\sqaﬂvﬁg)é%&eﬁ ?flsé‘zfa‘?lﬁ%ﬁﬁfé’g%smﬁgel ce 50
i s adapt ed t odesices énchide hgdide edpand peisudited mmmmhdagﬁhegem@dd; gadpetd. For
exanpl e, when the denmand for dr oge s ack 40 is less than the
hydr ogen but p(tfisyatr:mfwe?r ‘b?rlﬁelég a sppply estOéé% OFFPdF Higbiis relhEY be
stored in dewise® t&Qatish lt d%geﬁqe@ﬁmh@%fo&a&md 3Pl el HEMRarkinOfR0e
devi ces include hydri s and pressurized tanks. AIthough not required,

a benefit 15 wlfﬂdwg?a@r:nlios Byed4 I sikgfions WhemPmaesseryi ots nat @blectotpent dhpsm i s
that this su qugF% %%Ph st ack
40, or the otHher ap)gle?g%c%sl on %S%\?\/trt]llh %ﬁglst%a?lgg%& rﬁgg)ﬂalge Eﬁg@P%Sgoéﬁ % ons
when pr ocessatarti®s g freot a gblde ot naptine stathemmping up from an idle state, offline for

20  maintenance or repair, and when the stack or application is demanding a greater flow

rate of hydrogen gas than the maximum available production from the fuel processor.

Additionally or alternatively, the stored hydrogen may also be used as a combustible

fuel stream to heat the fuel processing or fuel cell system. Fuel processing systems

that are not directly associated with a fuel cell stack may still include at least one

25  hydrogen-storage device, thereby enabling the product hydrogen stréams from these
fuel processing systems to also be stored for later use.

Fuel cell system 42 may also include a battery 52 or other suitable

electricity-storing device that is adapted to store electricity produced by stack 40.

Similar to the above discussion regarding excess hydrogen, stack 40 may produce

- 30 electricity in excess of that necessary to satisfy the load exerted, or applied, by device

46, including the load required to power system 42. In further similarity to the above

discussion of excess hydrogen gas, this excess supply may be transported from the

system for use in other applications and/or stored for later use by the system. For
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hydr ogen demands. Exanpl es of these situations include when the fuel
processor is starting up froma cold, or inactive state, rarrpi[ﬂg @E fggﬁg}
an idle state, offline for 20 mai ntenance or repair, and when t ]é-\c r

appl i cat i owoiosghamandi ng a greater flow rate of hydrogenpgagsiimginst he
maxi mum avai |l abl e production fromthe fuel processor. Additionally or

alternatively, the sto hydr pgen may, al so be used as comusti bl e . fuel
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transpor ted f K6t Hie IYEOEHERORRTNE JEEPR 30hesPOaRH BT 1SOREAM BFOD Br od
for later usechiaihbte SheliedB, Wwiith Bso0miy Felre2@f¥d W09 RRRAZS enables the

PCT/ US03/ 11429 exanpl e, the battery or other storage device nay provide
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the system i s, ROt REQHYRd Bompofhts! d€iHeYfu 5o %085 A idih@-a 3
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repr esent anypwtictiabénsclosarei andretlucesathe beating damansl ¢ighe fughprotéseor tiekass thieor

selectively deliver] rl.Ci Q V| 50 d, hattery
52, respecti g(, '@osle}é%%fp%qg@g’\?v&teggégg%%gﬁg%‘e%%%ddé%ag%nﬁt' ;gﬁ.‘(%hcé%éﬁyr I%l@tl ‘Rﬁi’s hot
t her efrom | nndeegparilly, ifclugdk ipubdesg saterizD70, sudhawrolid ddsuthiting matesiak lblank& i n

whi ch at east the hydr.agen: producj regi on,. angd. opti onal Ly t.he .

Separ ati of® ¢ oGP BHep pt i el Sy s Sbia 6 sohg ontherttestieg o
as a housi ng, hensakt, abattthe fild peaRer il edbrhdiewRhaam Kabp R she. oihar fuel
processor to be noved as a unit. It _also protects the conponents of the

fuel processoftel PEAfPEATEHnBydss iwlatinggmaterigl 8o iipailating watgrial maY beeduces
the heating dgpRng (o sHeliSexdtfh the Qﬁ:ﬁ?&q{oﬂpelﬁ@&zgleﬁgﬁlatﬁblg?ﬁg&qusex?émﬁlhe

fuel processor may be heated as a unit. She By, Db oes not

necessarily, & sslindatainmegithgiabeng-deatredreid a¢forging.sepiration andéwipodshimsigemns,.ng

mat eri al (pl
2

D

aﬁl‘éestteam reformer may further include an outer cover or jacket 72 external the
insulation, as schematically illustrated in Fig. 1.

It is further within the scope of the invention that one or more of the
components of fiel processor 10 may either extend beyond the shell or be located
external at least shell 68. For example, and as discussed, separation region 24 may be

25 located external shell 68, such as with the separation being coupled directly to the
shell (as schematically illustrated in Fig. 4) or being spaced-away from the shell but in
fluid communication therewith by suitable fluid-transfer conduits (as indicated in
dash-dot lines in Fig.1). As another example, a portion of hydrogen-producing
region 19 (such as portions of one or more reforming catalyst beds) may extend

30 beyond the shell, such as indicated schematically with a dashed line in Fig, 1.

Fuel cell and fuel processing systems have been very schematically
illustrated in Figs. 1-4, and it should be understood that these systems often include

additional components, such as airfoxidant supplies and delivery systems, heat
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15 insulating material, and/or an air-filled cavity. It is within the scope
of the invention, however, that the fuel processor nay be fobn@w tE t a
housi ng or shell. Wien fuel processor 10 includes insul ating”materi £ 0,

t he insul afvipongosmberial may be internal the shell, exterpapykésgighel |, or
both. When the insulating material is external a shell containing the

above-described reformn rati on anchor, polishing regions, 20 the

. se
st eam r ef or meFXAY8% avserBles AMY/or SOUFESo FPRFOLIEEy SENFS, | Wibves  andoothey doWal t he

i nsul ation, agomfMerBipoGat Wmh%énk’eii maddRtks Btk Gimillarly, Lalihdugrht élﬁglevmahl n
the scope of the invention that one or nore of the “conponents of fuel
processor 10 Repgesspt heandiortacsingld Bigberll tark 40rse shayrn nevarioessanss of Bigs-el-hal  at
| east shell 68§.; . , ' [ reqi y be
25 Tocat od extial R SR T It R dRFIoRl:e AT Sl vRERRL el ol of eI
directly t® tbenpakelsimayds wsehematically illustrated in Fig. 4) or being

spaced-away fromthe shell. but in. fluid co I cat | therewith hy
suitabl e fluid-transf ergﬁgﬁaﬁf’?‘?’ fnagarfoﬁaiogﬁﬁn(gﬁﬁgﬁq'%gﬂﬂ-%?ﬁesﬁlﬁ’%@HifHelFi g.
1) . As anot hegelpsaitaheaccarddey foithdprefenhyidélogee moludd dGeMtthg Jsegibdn6d thaf gUch as

portions of one or. more reforning catalyst beds) may extend 30 beyond the
shel |, such a&dapkd;tedreatrtdeask Hist YEEsey Pradpmng r%%‘héé of ithfefielpiapggsor] Inpy g

cel | and fuel sR{6eashiatheSthSthe Pheshid WBscRAGR, Nelihe SEABIBY 66 3hdi¥des 12 hitss,r at ed
in Figs. 1-4, SB’g'nd it shouglseg beggerﬁderstcood'that tghese systens gfstaendh?ncl ude

addi t i onal0 congsemblancs; Bainen assemblyr2ds pdrptad tg igssivie atleasi@nelfiel sresam Ghasdens,
heat 16 0 4 T 2008 MOP08R1 ﬁh@’g{ésgﬁg%{fja%%% f%&é“z?ﬂ&e oﬂﬁ)ﬁﬁfgﬁl dRguand/ or
rs val vés and other f it

sources, controllers, Sensors, ow controllers, power
managenent noGeithes mayt e usidrib [haat at, least throhighogengirodyicimgf iegion 15 oftths Soel 12

and/or a single fuel c¢ell stack 40 ar, hown 1 n various,.ones. of Figs. 1-4,
o i n el B8 BT i Sor Rt L R, PR bR dRuRET ot et oy
bot h of the?easlsﬁnblgrmﬂeaxﬁaylﬁiﬁgle?mn:im&d.Ilni%g.al,&ﬁaﬁ'f‘sﬂ\émnimcfvalﬁdvﬁuﬁ) Sﬁbﬂﬂs of
Figs. 1-4, _fu progcessi.n and, fuel ., cell). stens according to the
present dicl g%qir‘é”tﬁﬁ affﬁgl&eﬁ?éﬁ‘tgiqﬁﬁd E’s@é‘i’%ﬁj&%&?ﬁﬁaﬁgw‘ Hg’ﬁ‘t@ﬁs‘i‘@eheat
at |east the §ygeagensit dsHGE B stresh Qf‘acﬂe@tidﬂall% B?aﬁéiﬁdtiv@[y%%ﬁnb Qéred tdthe

systens according to the present disclosure, heating asSenbly 60 includes a

burner 10 ass@HBeasemblyithat leas gappf (ae dyel sheamph fotthedumse assemblyt isast
ore el ! B & BT ol ol A0 PRSI
t he hydr ogen-fteoutivelncber eagi dm he@t othert pastibnsedf the fuel processing and/or fuel cell
20  systems with which burner assembly 62 is used. In Figs. 1-4, burner assembly 62 is
shown in an overlapping relationship with fuel processor 12 to graphically represent
that it is within the scope of the disclosure that the burner assembly may be located
partially or completely within the fuel processor, such as being at least partially within
shell 68, and/or that at least a portion, or all, of the bumer assembly may be located
25  external the fuel processor. In this latter embodiment, the hot combustion gases from
the bumer assembly will be delivered via suitable heat transfer conduits to the fuel
processor or other portion of the systems to be heated.
As indicated in Fig. 4 in dashed lines, fuel processors 12 according to
the present disclosure may include a vaporization region 69 that is adapted to receive
30 aliquid feed stream 16 {or a liquid component of feed stream 16, such as a stream of
water 17 or a stream of a liquid carbon-containing feedstock 76) and to vaporize the

feed stream (or portion thereof) prior to delivery to the hydrogen-producing region of

the fuel processor. As indicated schematically in Fig. 4, heated exhaust stream 66
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processor. As discussed in nore detail herein, air may be delivered to the
burner assenbly via a variety of nechanisnms. In Fig. 4, an aigri;s@l¢pa%°ﬁp@4

is shown in solid 15 lines, with a dashed |line being used to grap a

I ndi cat e tyglsmdordss Wi thin the scope of the disclosure fafrfifiR a6 Stream
to additionally or alternatively be delivered to the burner assenbly with

at |east one of the fuel streans 64 for ,the burner assenbly, It i.s  within
the scope of e the bedtigs s fnaéfg’ﬁb‘ﬁg‘{ .Fq)ﬁapgpp%gﬁfg@f HdYaPPBAEIORY or
al ternativel yrepRnUSEAnd/Br BBRIwISE Mest MR febd R, (109s fwillin RhO &SR 6¥tHand/ or
fuel cell 20 systems with which burner assenbly 62 is used. In Figs. 1-4,

burner assenbflifclesare iat Suebmrocessonh? Ay beappmsiectede Withpws ris HepoTiRtion fegien
processor 12 %/&rtﬁaqgﬁecfagllﬁfoéegﬁﬁgéﬁ%gd {o[}%&eiibéa oSd Y dall ﬂﬂa&i??as%fi&@& il the
ssenbly y be

di scl osure that the burner a ocated partialFy or conpletely
within the fues apeabydesoraposiveah as being at |east partially within shell

68, and/or that at | east portian r all .of .the burner..assenbl.,y nay be
| ocat ed 25 ext ernal thz[“fﬁi& gp?lbogléegsl ?trﬁuﬁ’etl?'ﬁagng a?lssteg}brﬂ%rﬁ?o&i“ﬁwsﬁt%nﬁe hot
conmbust i on gagsesmbly @Nis béiRmaticdligrillastiacdb| As sholvn, Bemételsienttle 62 \ihdudediahabl e

heat transfer, conduits .the fuel prqcessor or_ other portion of the
systens to belSAteR segiongS iwhle%ﬁ@ofufﬂrﬁnaiag. strgams, (A0 ) prerigattedtg dpitiate

processors 12nmaceamdidid fhereof. NReBiof SN incHides bR SpHiBodBurt I 8B UGEicR is any
vaporization region 69 that is adapted to receive 30 a liquid feed Stream

16 (or a 10 quivitaklesfsestator devieeton ignitingthe figl and ainstepsmg. Expaples of suiabler 17
or a streamof_a_li.qu = [l f qupéjt Lze the
feed stream (l r B%rsgllwg% ﬁg}r&@g?%p%%‘?o@%{ag acfgﬁﬁla}el‘%&tég% e . a pllot Hgh, &

hydr ogen- pr odwrabugtiore giatalystf glavhepliigel inprombisten wWih i cnlmetiend catalysts,

schematical ly,in.Fi.g.. 4, .heated.exhaust . stream 17 0 OCT .20
03/089128 PO BT hestyd FRaHTT (SN ppd Jhe, BEE] n@ﬁ? SHeams, & : igdir %H/tgﬁor i ze
the feed streambustiotaghercbZ@bdwass a hegedodxhadkt atiehin66, ethivdy twpisallnie @khdubied f eed

stream It is within the scope of the . disclosyre that, fuel ocessor, 12
may be colvst riE¥pdeF kﬁntt’r?BJFg‘%‘P (Pa%&?‘?‘ELEPP%ﬁﬁﬁ‘%‘&F g?n ora VB?attl‘i‘iﬁ‘ffgft 1g&Iop.of |

processor is @darhfdefofmbttFhdl Probet Rt silche At hmlin kife B586MRe Alsclobat S
has al ready been vaporized. In Fig. anot her illustrative heating

assenbly 60 vibeihthe combustion injatedrisn {EnEmn; region 186 maayi Reasqnyplpted ifs & Vatiey of As
shown, burner .y | bgng Li hQ; | | e fuel
and air st regﬁs@ﬁiggugﬂréglqﬁiw@%%%@gn (?Igfu%lrf? ?ﬁegog Ibgl'? ﬁglg%%ﬂg%e%ﬁﬁe?her eof
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Struct ur e,or gev) 6. kfly |RbletdSint 6 {oHPon Vo dna S BRI coIBIR G508"
combustion region, partially completed in the ignition region, the combustion region
and a portion of the fuel processor external the combustion region, etc.

When fuel stream 64 is a gaseous stream, it can be mixed and ignited

with air stream 74 to produce exhaust stream 66. However, some fuel streams 64 are

25  liquid-phase fuel streams at the operating parameters at which the fuel stream is
delivered to burner assembly 62, namely a temperature in the range of ambient
(approximately 25° C) to approximately 100° C and a pressure in the range of 50-200

psi, and more typically 100-150 psi. It should be underétood that the operating
parameters discussed above are not intended to be exclusive examples. Instead, they

30  are meant to illustrate typical parameters, with parameters outside of these ranges stili
being within the scope of the invention. For example, the fuel stream may be heated,

through heat exchange or otherwise, before being delivered to the burner assembly,

but this heating is not required, nor necessarily useful in many embodiments.
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ignition sources 88 include at | east one of a spark plug, a glow plug, a

pilot light, a conbustion catalyst, glow plugs in conbinatiof WQ(IIZ:E: 2
conbustion catalysts, electrically heated ceramic igniters, and 5 65<e.

The streaRggaspsohgni ted and the conbustion thereof produsesysizieshed
exhaust stream 66, which typi cally is exhausted 15 fromthe ignition region

to a conbusti on chamber ot her, .heat .transfer ion of the steam
refornmer or fuel proces@ltﬁﬁ coptexb Af hapidphagg, toﬁllﬁfl”ﬂ%e%ﬁétﬁw Si¢eas an

di sclosure  1aéhol MRe GRIRIAS] bPRiaRbll drod ﬁﬁdrbéhrlbcﬁﬁhké fidtHaBE ARand0 gABBMnde
conpleted in a variety of |ocations within the burner assenbl and/or f uel

processor bei kijossaat digsdly ctcnetisubhaer 2asssbhbPyelembly Slelidss an eleaizabigbust i on
be full d , | |
may be fully goumpl g@@h c;[‘h‘f&: i r?ﬁus:tx?féhtgr% 4 egﬁ@igo@ in Q@Hié n%ila YR sGhad 1 N

t he |gn|t|on regi o parti a t’he ust’i on regi on,
partial | y £omglisdieded at &?.rwdicgmlatnsGtrilquegq:aann-ctonalmmmm@mw aod unwhlahd a

portion of th fuel srextern the co tlonr tC.

Puel ot eam o pdfer BEEORRORE SURORlo teif £ S E MBI TRy eliiomin a:

Zg rleam 731 t(r)\ mﬁﬁ?w@jat 83 had shayShd ﬁaamh 6o MMZl@mémkemV%eaﬁBusﬁd ?r eI
i qui d-phase fuel s{reans at the operating paraneters at i.ch the fue

streamis del isjgihe dquBi Bﬁf‘ﬁé‘?"’ g gefenio) ‘{"))cwea‘ﬁ et gre gt ﬁﬁ'@ﬁ‘p‘)ér/allalﬂlé -PhEseae

range of anbiggl ERlaY whizh@le full RREN QX HEReRlMo a&oou%@askeﬁlbgr essure
in the range of E si, and nore typical lﬁ 100- 150 psi. |t should be
§

understoobpth%ttdI-‘tf?féfabld’e'ﬁ}t aﬁwpf%aﬂaﬁlﬁt%/ﬂshw%c haudd e fsé@@ theteveme ended
to be excl usw R CsBRAt i LA | 3b pi cal
par aneters, par ama?ue1 ?ﬂoutm p?}yﬂ%ese r“":ange(sgpsltElﬁp’I egé@%g/@m%ﬂ%i n the
scope of the phaer@nuahcm prcﬁmpedeboanﬁilgeqsmtgraetlfew@barsuslmtvdrr@yomeammbly

t hr ough heat er\W. SEs Q n el 0,1t he burner
assenbly, bu \aggshaé%suﬂ%bl?? gevﬁ rrcgqull{;ag%l?gﬁ%%“% ﬂ{a girar%f‘ e%ge(folﬂllvel n many
enbodi ment s. Ndhidfuél ﬁé‘ﬁn%lﬁto\m &adsammemaum&aﬁmmxémwimmmmxt of
i qui d-ph f uel r;_‘évrea uch .as. an al cohol  li.ke net hanol or

: | i
et hanol S 714/)%1’}‘1 I Hft}ﬁd 1OF Rt iR Bod! hc eﬁtgﬂg"hz’d‘é%‘ﬁe?‘ﬁ - ThisAdentasted)j esel |

etc. the burwﬁn v@gﬁ)ﬁﬂfﬁ@'%ﬂ%Qf:s%ﬁfbﬁbs/mhﬂ@auﬂﬁémﬁffuﬁts&%@htlpﬂhe fagseebhy 94.
This is illustrated graphically in Fig in which the liquid fuel stream

5 i s indi cat edrangesgaliagssdioc dnfaRpPh #hase | Hlﬁswatefar gerwlenehstihly resirstioek 76,

and i n whi ch ,heNERSHiscASSE Y dadii Heidapt ed to receive and atonize
the liquid fuel streamis indicated at 80 and may be referred to as an

at omi zi ng bur ner assentfsydisgigsads odny lenvennonal [fpey Prefesgors, wacngs steant ghdr to
fuel str eHTe :H?cﬁﬁm@l Frc%nde?saﬁd p%;({&élé gﬁH Slarﬁﬂacﬁﬁda%n reactors, require a carbon-

containing feedstock that is used in the hydrogen-producing reaction, and then a
separate fuel stream that is used as a fuel source for the burmer assembly. As such,
these fiiel processors require a separate source, pump or other delivery assembly,
transport conduits and flow-regulating devices, etc. According to an aspect of the
25  present disclosure, a liquid-phase carbon-containing feedstock 76 is used for both the
carbon-containing feedstock portion of feed stream 16 and fuel stream 82 for burmner
assembly 80, such as schematically illustrated in Fig. 7. As shown, liquid carbon-
containing feedstock 76 is delivered to both bumer assembly 80 and hydrogen-
producing region 19. Fig. 7 has been shown in fragmentary view because fuel
30  processor 12 may have a wide variety of configurations, such as configurations that
do not include a separation region, that utilize more than one type or number of
separation mechanism, etc. If is intended that the fragmentary fuel processor shown

in Fig.7 (and subsequent Figures) schematically represents any of these
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the operating parameters at which the fuel streamis delivered to the
burner assenbly, 10 and preferably at |east approximately 99% Il ﬁ]ﬁ‘a 2L,
shoul d be understood that even a "conpletely" |iquid-phase strea {/ 403
i ncl ude a pdslosibypi cally less than 1% gas phase, suchpagnRifdysed by
of f gassing as the streamis heated. Atom zation assenbly 94 includes any
sui tabl e device or conbinati gn of deyices that_ are adapted to convert

liquid fuel sCPHIGHEPNS RS WER 2efysbl e, dipar Trformeig and; pther eeeRio%ed

with air stre@Bichibed, ilifstraRd ak QB pskate@hede@i t €d, to produce heated
exhaust stream 66. fhis is contrasted w th vaporizing burner assenblies

that heat a |iquid fuel Figi 8 darbimiar to ¥ige. erepptsthatein I @H@ﬁ‘@é@nﬁﬁa@é@&o a
vapor phase. lhyss %!i}!ﬁgzﬁ%&@@'a?}s&g%lé ‘éErEQH @a’i\%”bs%%blg%é 45 are

di scussed in nore detai erern scusse many convent I’onal
processors; suozhomsomtietg ferdktocROis angteotivedy delivaret o7 b lesanoe p¥ rthed bnsmsr and

partial oxidatiaon,feactor uire a car bon ont ai eedstqck that is
used in the hﬁfrlgaé'n@@rtg‘af?gﬁ?é E%??’tml%m e t aésm?g%%% Xt ﬂgﬁlfe & eam
that is used asitablef stRictuse® fsrclcktvely Biiding ﬂﬁrstﬁsmecfﬂﬂayoon%n&ﬂﬁﬁg feetidtege fuel

processors reguire arate source np, or ot her dellvery ssenbl
transport con W@%%ﬁ@gw@% ‘u 8{% xriregeg-preducingareginngi F8e raggn £dspect

of the 25 preﬁsmbaéibaeﬁﬁwoﬁs Iﬁcmdegtthéihmﬁ%ss%ﬁibhpaec@ﬂmgammlo@ghé eaflgh.ock 76
is used for both the carbon-containing feedstock portion of feed stream 16

and fuel 4Presont@ringofecdsinaliethe hydregmtnroduingstagionareceivingntll o€ he yarbon-

illustrated i f 76 is

el L ver ad 1o Eoitifling FeedSo® W h At SN and HRLBURLDKpIGRRAAS Aiton

Fig. 7 has bemeﬁ'hlgwarbqn-tfmagmgnf@ﬂyom eWssbscassed hbresl, B9 dptributers of 2 may
rations ,that. do not

h d f t
el ude . separattiniloie R 48R SRR FROMERAR DB Rmmly of
separation Lrecdsmmnmg]geatsmck btamgalstdgmtﬁedbmaduct bieecafr a@ﬁmﬂscaﬁsed}‘abel fuel
(0] I N | n SuU u
' 52353222[ %Sanfipchﬂr‘t%é’éfg""@&’ 83 %‘8@5 %Pég@)ﬁ /PTA%£8%T,

conf i gur at i ONguchas aMel1é mdde, aYar@h niddg, &h@@@dg@ﬁ-@fdﬂﬁéﬁg&ﬁﬂem her fuel

processors described, ill ustrat ed and/ or ‘i ncor porated herein. Fi 8 is
simlar to Fig. 7 exceBlie distributing qfj &e«ilsawa?@dwt%mtﬁienhﬁ@ogena@ CEk 76
i's delivered dn &eamdig Hdnmgi,ggrtﬂ

car bon- cont ai ni ng eeo‘ﬁ{é r| s sel e::ﬁt?% v&i y de ver %o at eeast glr]]e of the

bur ner asse nbbl}lb@mmemth,e ithyay obye rdepirabtbu b gher diglrintiovabvbe zat slessbd| part@dlymay

i ncl ude a%¥  automated, such as by system 10 including a controller 98 that selectively regulates

the delivery of feedstock 76 between the hydrogen-producing region and the burner
assembly. An example of a suitable controller for a steam reforming fuel processor is
disclosed in U.S. Patent No. 6,383,670, the complete disclosure of which is hereby
incorporated by reference.

25 Further reduction in the supplies, delivery systems, flow regulators,
delivery conduits and the like may be achieved according to another aspect of the
present disclosure by feed stream 16 and fiel stream 82 both containing the same
liquid carbon-containing feedstock 76 and water 17, with the water forming at least
approximately 25% of the stream and the carbon-containing feedstock preferably

30  being miscible in water. This is schematically illustrated in Figs. 9 and 10, in which
this composite stream is indicated at 78. Streams 16 and 82 may have nearly, or
completely, identical compositions, and may be entirely formed from stream 78. It is

within the scope of the disclosure, however, that at least one of streams 16 and 82
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suitable structure for selectively dividing the stream of carbon-contai ni ng
feedstock between the burner assenbly and the hydrogen- produgi FEGnN.
The range of possible configurations includes the burner assgnﬂgqgﬁ]quw
recei vi ng vabls@ordshe carbon 10 containing feedstock, the pygi@esippr oduci ng
region receiving all of the carbon- containing feedstock or both the

burner assenbly and the hy droggn prodUC|n regj.on _receiving
car bon- cont ai WEY §aveca degsigiie. adagiopgl compery Hé? 1‘|‘Pn4‘l‘i€°‘ait§f?’vﬁ?ﬁ9¥%b%’ t he

car bon- cont ai wdmnlﬁg?ékgste%iﬂ%wmao q;tm} ﬁﬁeénsﬁrﬁpmréf tHO ORednt1By BRY Burkds! ar
carbon- contal ni ng stoc ei ng used, whether byproduct stream 28 is
al so used as essérolaly oiﬁydrogenmmmn&@senblﬂs digussed preveouslyr m the ceitextwde of

2 hyar ogen: pr SO PGB AE ST Rt prep el fpu Baich BultBR o8 AL P, ©

hydr ogen- g odssghongcontagh® feedsidcit, feed streren 1ads atrbdayt Mytaﬂltmllryaamhltypycaily

control | ed. Howeve n enb nent s, be de for, the
di stribution ‘fséer’é’é{l%t P@g@t 0 ?‘glok)?‘ BIGKHIG %ﬁ'ﬁ%ﬂ anglfc {l}fﬁ es$Ab U 10
i ncluding a comidifihf 6ed98cit N8 itha G5 edferdBlly Y itaddNAILS Astsheh ,dekinyersyresth
f eedstock 76-between the hydrogen-produci ng rteglbon and the bur ner

Of

assenbl y. An eontavping water 37 gud cabPECobHRIng fFedptofls 76 gansheomsyasdashofiythe el
processor tign I SBan& el sirbBn g@NP! et e

di scl osure of %ég;eh S&ﬁin %éd%ﬁeﬁgo?p%r%eﬁq% &%}g ereer?ce 25 Furt her
reductioni@n the suppl &mllaldelthwewlosglsﬂemse Aligmativepofdiigy € and §dwherer y
conduits andt ellk h qf ot he
present discl o8 re %ar aneéei)gpa%%lg%@e&\fg an +tn%tf%§iaﬁ1&g§l %{)Wﬁécont al n| ng the
sane liquid h&nér@ﬂsmmhy &(i))mfeeg sfrmg'SmakrbE&emutdve%atﬂmve&a to Winbr 4shemiigt er

formng at r oxi 25% t he stream he carbo ai ni ng
f oedst ack pr Rt Posn BRGSO A O e e SeERGRA ALy

il lustrated |£bu’r_deg$&lte9naﬁﬂ§ly,1ﬁl,d ak;rscwma@lbalmanummnwsg tte, samgamadsuemﬂu cat ed
at 78. Streans 16 and 82 nmay haye nearly, or ntlcal

conposi ti bhs, 78awayﬁa>¢elb\@r@ntp|th%ﬁ5¢1 POFHS P%mogfﬁpee #Eytomwasaﬁmwn t he
scope of the g4 Sghds Weestr éaﬁlv‘%vﬁllectﬁ/a?tdlﬁﬂed gaSleeP AR BEmS! sRaABIylHdamd 82 20
0 It OCT 2005 WO 031089128 PCT/ US03/ 11429 may have at | east one addi t i onal
conponent or hxfdogehomeducmguegionoft saatrelerd?8, pdidhonay bon cempntarzedes P ck
added 't her et 0o piloRlc dRaGRISHRENB Brafiindi\BnBbAGAD &% {HSH dfhed ARIGRD!Y Of
hydr ogen- prodUC|ng regi on. usse previously, in the context of a

Fig. 10. Controller 98 may be located internal or external fuel processor 12, and/or

20  may include both internal and external components.

The relative amounts of water 17 and liquid carbon-containing
feedstock 76 in streams 16 and 78 may vary, and in part will depend upon the
particular carbon-containing feedstock being used. The relative concentrations of
these components may be expressed in terms of a ratio of water to carbon. When

25 feedstock 76 is methanol, a 1:1 ratio has proven effective. When feedstock 76 is
ethanol, a ratio of 2-3:1 has proven effective. When feedstock 76 is a hydrocarbon, a
ratio of approximately 3:1 is typically used. However, the illustrative ratios described
above are not meant to be exclusive ratios within the scope of the invention.

In Fig. 11, a variation of the configuration of Fig. 10 is shown to

30  illustrate that it is within the scope of the invention that the valve assembly may be
located either internal or external fuel processor 10. Fig. 11 also illustrates that when
the fuel processor includes or is otherwise associated with a separation region 24 that

produces a gaseous byproduct stream 28, the gaseous byproduct stream 28 may be
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steam reformer or other fuel processor that produces hydrogen gas from
water and a 5 carbon-containing feedstock, feed stream 16 is Iggg;tg
substantially, and typically essentially entirely, conprised of a mXx ure

of water apgdofodoiRui d- phase carbon- containing feedstock p@r/idpat1426
preferably water-soluble. As such, a single stream containing water 17 and

carbon-cont ai ni.ng feedstock 76 c consuned as t he
hydr ogen- pr odtRlivVEgd rt%@& bgflrﬂéaﬁwﬁ Ly tgge\',r,gq djas gBagequs g’l?i Hg the bpeperassembly. g0, 10

Simlar to thenprsgihedfley nﬂ? sfchtaht ahatiMafscRbscliBsve Gualss &rbopber e
only the carbon- cont ainin stock conponent of feed stream 16 was

del i vered to costainiag f@slste#bﬂ@ oso’t)ed ireen 19).r @any §sekpgontun suffisiant bertlyg
delivered to hyrn fofrc%ﬁgg@éah é&@e&da{g@@pgerpp&%ue Affe&rora&%r

separate streans e sahe or a rent © source. ternative y, and
as schemati caddnfiginatioistafdiiectlel prodesgprs. 10, a single feed stream 15 78 may be

delivered to the fuel ogcessor, .and.npre_s cal | v ssenbly
96, where the streami s’{ss‘gfcéf‘éfcd\ﬁe’fwe’ ecfé’ﬁpeﬁg?%uerﬁert englf} §§ sseﬁ%l y and
the hydr ogenppmedseieng disepgs, thd (‘miﬁﬁd@inkﬁhnga'eedsﬁbk reorBumddeia both the

conmputeri zed or other e|lectronic controller or. preprograned controller,
is al so showndgogeaPrecIngggionnandrfhg burper @6‘?“]’6‘1?1&1?& ?‘ggldnﬁyg'ﬁeoﬂe%ag ed

internal or exhahdgk af WRlchRf REREPREd thdhe ﬁrﬁtﬂéxoéfssen@rgy”&)é at 98Cdidedl Sseld Aubher
i nternal and external conponents. The relative anounts of water 17 and

liqui d catboressunhlsifinedides awatomitakion essemblytHdhatds adgpied do amigathe Hayid and
in part Wil gep &Pe%nrﬁ@g tbg)%?dd%@rer grs%@sr of 3EROA: geméﬁ ng%%%&@gﬁe&%nbe' ng
Nt I ONsS

used. The relative co t hese conponent pressed in
terns of a r alghitionfregion &6 with @ar diwam WheWiks the ddmid filel E&amsharemhasmnb
1:1 ratio has rovi?n eff dst t|o of

ct.d vie, i s
2-3:1 has pro SIPosY PR &P gg.fee\%hsetﬁea?leg)asat ER" f%éfmef orhy%‘re Eu ?l?o%cessgr aét I o of
appr oxi mat el yprdduces Bydrypincgus Iﬁ;oszzetér axkdbweatbm-cdrhﬁnmgIfeaitsroak,ltkrehqmﬂ ifies

described _above are pot meant 1 xclusive ratio ip the scope of
e 1 nvent orHenR heiglora qonan, & bSO Ak aumpeb Ry ahicek 2514 R0 |
shown to 30 igehmstsr AtiRuidn@teatr, dnd Mbrhi2htiort BBeHBBRNS4 Produdes aR \wRIYsbIORr t hat
t he val ve assenbly nay be |ocated either internal or_external fuel

processor 10. 84sPQys, siream| Sothiefafins:, puscbsmptirally wistated eFigutd- Jor theowaepe
i ncl udes or g QLRI WSH B&%%C&Q&EQOI%F Qtoﬂnﬁa?iBﬁra@sehﬁyny b2 GANHidsd Dalel

produces a gaseous bypro uct stream 28, the gaseous byproduct stream 28 may
be 21 0 4 COCTstza@ds thao0s/of8diunig saermn USEEMrten 19 agd cinben-contaisingtfecdsiocker

assenbly 5(5) b’?6, w1ﬁ1dst1%§ma7@ﬁ§§19guﬁle slgl%le co&li)oén!?(?n Qs’l{lﬂ%ecﬁa'?egﬂpié' for a steam

reformer or other fuel processor that is adapted to produce from water and a carbon-

containing feedstock a resultant stream 20 in which hydrogen gas is a primary

component. However, it is within the scope of the present disclosure that the burner

assemblies 80 and/or atomization assemblies 94 illustrated and/or described herein

25 may also be used with a liquid carbon-containing feedstock without water, such as

when the feedstock is a hydrocarbon that is not miscible in water. Similarly, and as

discussed previously, it is also within the scope of the disclosure that stream 78 may

be used to form the feed/fuel streams for both the fuel processor and the burner

assembly, but at least one of these streams may have at least one additional

30  component or additional amount of water or carbon-containing feedstock added
thereto. |

An illustrative example of a suitable structure for atomization

assembly 94 is shown in Fig. 12 and includes an orifice 100 to which feed stream 78
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Thi s gaseous fuel may supplenent the liquid fuel discussed above (such as
carbon- containing feedstock 76 or feed stream 16), or nmay it splif gi(?nﬁgﬂjﬁn
sufficient heating value for certain steamreforners or other fu

processor syensiigizscertain operating 5 configurations of jpdwudedalazy
processors. As di scussed above, in the context of burner assenblies 80

di to, th t discl . th bon- caont ai.pi ng. f eedst ock
consumed i n BBCRIYHE SHFEPESRIR SRS A AGTauhr DA R AL baMnEr: JEIBNEI y | s
a liquid at tfpicapesgirbrichatdd 6BSEpS. KDridy DOV dstsided t6l edduvetrdiduad Flea

burner assenbly. As also discussed, burner 10 assenbly 80 includes an
at oni zati on aSEamOnlP Yyagresel, oF gasEqEs SEERNR I8 Jpaymme wthqiantly; salldroplgs| thatt  eam

(82) to produge s.dRSA ihd B'mit 3 8Bhers WIRAR 438m)7alifialad of doflilsfid din

ignition region 8 alr stream /4. Wen the |iqui uel steam has the
same conposi paoding as theHuirer agsegtbiye ahad particulatastdive szt o hepsadrin gt fagticufare|
processor that_..produces hydrogen .gas fr ter d Op- C i ing
f eedst ock, th%)pﬂllg%qtﬁndwﬁﬁteepg? V&Y ream ehcé)gl?f) \é@gﬁggn aﬁe%‘égtgéa%ugt)srtsggr%%lﬁﬁ? wat er
conponent ('t yeirttal-dontahing €adito@dD fhe floWwaate i Kieastpears, @dlthadelivest pressuge ofind

atom zation assenbly 94 prqduces an aeyosol, _or. aseous, .stream 78’

Cheref rom  ache SHEH (Al JREFRTe parsl. o gt syon eomaiing Berpitendor
brevity, the et BihedbslieSdisbnsded MiRatd) Mo g tat 8 feed a8 BBl ¥-204nWintih afld GCUSS a
fuel streamin the formaof a liquid stream 78 of _water 17 and

‘car bon- coHt ai REHYref i8e prséstred gangs profiepisd #bpwea i pEfittaliipvinganseppping in
composi L1 on e ke 0?0030/ A3 TheklSs, il pbr® bieHDI} 81006 RI07 AichSd e Hiakdifer

processor that iIs adapt epl-to pro wat er” and a car bon- cont al ni ng
f eedst ock a rlksspreventetfsétiveam 20 i n whi ch hydrogen gas is a prinary

conponent . Hovever , i t ;i it o BARS Al LA PEARARL ARG LK B Nat

t he burner assenblies or atom zatl on asse strated
and/ or descritmmddargrodiipnifén ragjonads thrdwezhugledh wirdam @8 mugtipaks bafdre reaciiing ai ni ng

f eedst ock Wi thout wat h when the feedstack i.s a h bon that
< ot i St peBbn SREE s dnhEE prya ah e fu B GupteliSy e RSO R E [ o”

al so within thezecoRehsf optidgaltl &aérds Untd refish 86tane dndludes MRifice Q60,USRH ak0 form
the feed/fuel streans for both the fuel grocessor and the_buyrner assenbly,

but at |east $R¥NdR Hihdde Ragaulints ohtly waTEALON eaRtcHHE! atieflsol) itde
conponent or adAld R tha BREG bfreALEWithla MRE P06) -2 QiHeRaDENY iﬁ@s@.fq%pq&k

added thereto. An illustrative exanple of a suitable structfure f
atomi zati on Fgsdatsng 194 Filter 40 iarsized te-regnove Zroanerdamc] Suppsticudate thet fsilerge 100 t o

whi ch feeg, Stén%ﬁgl [4 c?o?g Briflee?td0. 239Rer 106 may be located at any sunitable location
upstream from orifice 100.

Figs. 13 and 14 also demonstrate that it may be preferable for the
atomized feed stream 78 and air 74 to be introduced into ignition region 86 at
generally intersecting orientations to promote mixing of the streams as, or prior to, the

25  streams being ignited by ignition source 88. The amount of heat provided by feed
stream 78 will increase as the percentage of the feed stream that is fully combusted
increases. One mechanism for increasing this value is to orient the streams or
otherwise include structure within the burner assembly that promotes turbulence, and
thus mixing, of the gas streams.

30 In Fig. 14, ignition source 88 is located near the point of intersection of
atomized feed stream 78’ and air stream 74. While effective for igniting the streams,
for at least some ignition sources, it may be desirable for the ignition source to be

- positioned within assembly 80 so that it is not in the direct, or at least primary,
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WO 03/089128 PCT/ US03/ 11429 is delivered under pressure, such as at a
pressure in the range of 50-200 psi, and nore typically appro>gf r@aﬁﬁllryp
100- 150 psi. Oifice 100 is sized to reduce the liquid feed strea 'n‘g@ﬁan

aerosol, owodBmeaws, Stream 78" having sufficiently small péfpRisflisot hat
the streamw |l tend to mx and disperse with air stream 74 instead of

condensing or 5 poaling in the burngr assepbly. The particul ar orifice size
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the flowrate of the stream and the delivery pressure of the stréam As
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in the above-di S ed: X raat j | -R0- in and
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an openi ngd i nsouréreawayniyem afpobition wheredisy wilchein, thadiectiinme a5 Efectratnhy are

0. 006-0. 007 i .k dianeter has proven effective.. Iln Fig. 13,..qgrifice
100 s 111 ust PAEd b ool e mill Ry B Bl s 8 hiehiaraempalis oy it e
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preferable for the atogized feed,stream 78" and.aif, 7 0 LNt rqoduced
into ignition region 8 %?omeﬁl%gchfmtlﬁam'éﬁgsgé{élgﬁ% aéll'eflsirji:{i%st ?g‘ﬂ,é {118%15 onot e
m xi ng of t heast sieatreanasaredntr@duiced irito thd pAitdD 18gior IS inpat Ports, Hridetiderhy
ignition spurce 83. The anpunt  of heat vided by feed. stream 78 w |

i ncrease t?fﬁ‘dﬂ’é%&‘&ﬁ‘?‘aﬁ%‘ f{ﬂ{@ﬁeﬁﬁﬁgaﬂﬂ eé‘f???%’ﬁglyi g‘%"ﬁﬁ%@é@nﬁﬂ%‘?@a

i ncreases. Ongf dieabI@RNS Mantifls ddhedne@st BehphidhiPy el BB chifdult® iRiddent 1hfignst r eams
or otherw se include structure within the burner assenbly that pronotes

turbul ence, aPRFUNEHRIsORHiSE tgoughf whikh the dluid petpiped dorein iFirgjeased intoghEt i on
source 88 is J.06aheBeatit A Rk tnihdthe aP 8o d
stream 78 angﬂai r g%ire’an% 74. c\_/\hi e (_a'j%t_actlg\?(_aﬁ%oro I gn f)lfﬂ{geq%]lggg{%gg%ﬁs,
for at |east @onpfiangy,t éxdendinguimdedhe ignitay rdgéondedt isaplithinf e $dope iafnthei on
source to,pe pasitioned w thi grﬁa that it.i s, not in the
direct, Ozrob at dl?"g‘gég%é tglrgtl ng‘ré@&;lﬁ'lé‘déi‘ﬁé c hgméqna%ﬂ)e Lpse&, amti tha% bumer assembiies
80 according to the present disclosure may include more than one of conduits 101 and

103, with the burner assemblies thereby being adapted to receive and combust more

than one fuel and/or air stream.
Another example of a suitable atomization assembly 94 is an
25 impingement member 110, as schematically illustrated in Fig. 16. In such an
embodiment, stream 78 is delivered under pressure into the ignition region such that
the pressurized liquid stream strikes the impingement member 110, where it is
atomized and produces an aerosol stream 78’ as it ricochets from the surface. In
Fig. 16, member 110 has a contact surface 112 that extends generally transverse the
30  direction of flow of stream 78. However, it should be understood that it is within the
scope of the invention that member 110 may have other configurations relative to the
feed stream. Fig. 16 also graphically illustrates that the ignition region may include

one or more baffles or other suitable turbulent-promoting structures 114.
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and conbust m@g@ngshan one fuel and/or air stream Another exanple of a

suitabl e atom zation assenbly 94 is an 25 inpi n{gerrent menber 110, as
schemati cBl 1y il ustrat/dpthes qtafgpieﬂf PRmsy efsemhly BoBerprdipaio tag pessht78 i s

del i vered UnGglenpbRSS WMdwid i Fiegd. N9 drldHiol | RO kKA AFRHG0 4nhﬂ>tr 20} th% burner
pressurized liquid streamstrikes the inpingement rmenber 110, where it is

at omi zed and q@semhln enrlugdes geigntein xegion A with am ienitionysoutse Héttbatfm ponitidned

surface. In L cant nds
generally trans erse *ﬂgggg&déélgc???#%&&glago&vﬁg {s-{egégez}l%s ﬁ{%h "glﬁg
shoul d be undwesmdEid Désatibed ini q:thm\trdsr!:ls) thm%mtamqmaro@;‘ whick in Fgent® aind tmat
menber 1% maiyiker;%g ft:?ljtrr;1 %[‘ acsggr ! ggr,aig ngsg o:ge%l ggta{n\él? a wall ote the ignition region,

while feed stream 78 is delivered to the region approximately in the center of the

region relative to the ignition source. The burner assembly of Figs. 19 and 20 also

demonstrates an atomization assembly 94 that includes a nozzle 102 with a reduced-

diameter orifice 100, as well as an impingement member 110 with a contact surface

25 112 positioned to be struck by feed stream 78 as the feed stream is delivered under

pressure into the ignition region. As also shown, air stream 74 is delivered at an angle

to the region. As shown, the air stream is oriented to promote swirling, and thus
mixing, within the ignition region.

Another burner assembly 80 according to the invention is shown in

30  Figs. 21 and 22 and demonstrates an example of a burner assembly that is adapted to

feceive a liquid fuel stream (which in some embodiments is feed stream 78 and in

others is carbon-containing feedstock 76), as well as a gaseous fuel stream, such as

(but not limited to) byproduct stream 28. As perhaps best seen in Fig. 21, the
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i gni tion Hegiway &e amswt@he fogm afi commaunigatien dige forgonrel gawals PoABUsuiallay from
the primary rﬁgélﬁﬂlch g(fph the atom zed feed streamis mxed with air
stream 74. Descri her words, the ignition source, which in Figs. 19
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the ignition yeqion Ll e stram78is red to t.he
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The burner asis@ddl exhadst brgsn 64 % delider20 t@ttRdfucldeomssi vid astable gk aabspaiti on

assenbly 94that |ncludes nozzle 102 with a redu i anet er _or f|ce
100, as wkl| SRRduis: Wi %Eﬁ‘lf@?“@l‘@ f@ﬁ‘icﬁ“&qlﬂ@hgé%g tagster o5the 1

positioned t Oedpgust tsfrle'é}ﬁ %fc@ﬂ’)d thd H@AB %@erﬁlﬁyt\{ﬂﬁ HeefifbcBY CORRA B @iglmier ed
under pressure into the ignition region. al so shown, air stream74 is

del i vered at BEAceseyl and ensionnlly atdepsopartizlly @mﬁmd within giershell peafes kouginBent ed
to pronote va?fth%g&agx%@&gsmﬁ Fi t%} A 220 h{bhﬂmsmaﬂegyghbwht [ §6)! Hidte 1AGOL her

burner assenb cording t I nvéntion I's shown i n
is conﬁgured to be secured to the fuel processor to position and retain the burner

20  assembly in an operative position therewith. Plate 130 may be welded to the fuel
processor or otherwise secured thereto by another mechanism for fixedly securing the
bumer assembly to the fuel processor. By “fixedly securing” and “fixedly secured,” it
is meant that although it is possible to remove the plate, the fastening mechanism is
not intended to be repeatedly removed and replaced, and commonly will be damaged

25  during removal. Alternatively, a selectively removable fastening mechanism, such as
bolts, threaded fittings, etc. may be used. By “selectively removable” and “removably
received,” it is meant that the fastening mechanism is designed to be repeatedly
removed and reconnected.

Another bumer assembly 80 according to the present disclosure is

30  shown in Fig. 23. Similar to the burner assembly shown in Figs. 21 and 22, the
burner assembly of Fig. 23 is also adapted to receive byproduct stream 28 or another
gaseous combustible fuel, such as to be used as an auxiliary fuel source to

supplement, or in some applications, replace the fuel stream comprised of carbon-
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sel ectlvel y renovab fasteni ng nmechanism such as bolts, threaded

fittings, et cinletny4®thronghdvhigly thesast mcthe praviousla fisscaived and plnstratesshamey

20 142 enters the passages. Although four sets of intersecting passages are shown in

Fig. 24, it should be understood that the number of passages may vary, from a single

passage to more than four sets of passages. Also shown in Figs. 24 and 25 are

distribution conduits 150 within the plate for delivering byproduct stream 28 to outlets

152, which are oriented to exhaust the byproduct gas stream in an intersecting path

25  with at least a pair of the air streams, as perhaps best seen in Fig. 25, in which the
intersection is schematically illustrated at 154.

It should be understood that the burner assemblies illustrated in Figs.

21-26 are not required to utilize byproduct stream 28. As illustrated, the bumer

assemblies 80 are configured to receive and use liquid and gas fuel streams,

30  Therefore, if byproduct stream 28 is delivered to the bumer assemblies, then the

byproduct stream is introduced into the ignition region. However, if no byproduct

stream is delivered to the bumner assemblies, then liquid feed stream 78 (or 82) can

still be used.
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) Fig. 24, .
the nunber ofthpdissiRges, ¥ pasaiblp, for pyrrreassimRly 80 thhe selyfevelxcamnast @Kayetf our
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150 within the pPate for delivering byproduct stream 28 to outlets 152,
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20 receive 15-20 mL/min of feed stream 78, the ignition region may have an inside
diameter of approximately 2.19 inches, an outlet 108 with an inside diameter of
approximately 1.125 inches, a sleeve 160 length of approximately 1.125 inches, and
an overall burner assembly length (measuring in the general direction of flow of feed
stream 78) of approximately 3 inches.

25 In Figs.23 and 26, atomization assembly 94 was illustrated as
including a removable nozzle 102 that is threadingly received into a socket within
distribution plate 140. To illustrate that this configuration is but one of many suitable
configurations that are within the scope of the invention, a variation of this structure is
shown in Figs. 28 and 29. As shown, the atomization assembly still includes a

30  removable, threaded nozzle 102. However, in the burner assembly of Figs. 28 and 29,
the nozzle is adapted to be removably received into a nozzle plug 170, which is itself

removably received into a nozzle sleeve 172 within chamber 142.
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25, in which the intersection is schematically illustrated at_Ql§4GCft 5
shoul d be understood that the burner assenblies illustrated in Figs. %’f 26

are not rewoiogeghit® utilize byproduct stream 28. As ill uspedisessiiiide burner
assenblies 80 are configured to receive and use |iquid and gas fuel
streans. 30 Therefore, |f byprodgct stre 28 is delivered to the_ burner

assenbl i es, then the bypRiscHTEsd: Spmenaserblien 8P eApEdae fhig Pretentidisslasiusn

region. Howeve, cdffighRdbiPfeedveta Lilid REN stfeafle tHay @6bRdink & tABoRYEMShin
assenblies, then liquid feed stream 78 (or 82) can still be used. 2% 0 4,

OC T 2005 WO Gzdgedd 281 poirhusoisliacydawaiersuds sewher &ebsmer pssambly andspect
to Fig. 15, by dmggg—%g@[hpgg s dlF B e ﬁéec?atwﬁlepp&%@ga& SRS Sl

i ncl ude a reduced-a rom Ignitfon region to pronbte
addi ti onal 5 m néanky thedime) feedrbmsin. oA bmefii ohsurhtaheonsgition om that ¢legd Dteam

Simlarly, because the comhustin as_streans . w ||l be. discharged from
Cegi on 5 86 | FUHEERE PG e raa: BRLRRIRCS BRethtn et Nl ARt S b
wi t hi n heat i ngontdining &eedsBk Wbdsinottheed b itthdendie ther £sifHEPhPlE if dhe waitg. 26,
t he burner assenbly of Fi ? 23 i.,s shown including an extensjon sleeve 160
that essenti afd wakt-gqiple hguid; grhopicgntaiing Brdsterk 3¢ prsmysedy gHinot.dhsn thepace

for conbusti o,epRRHcBdsofinii BEly!1BqRes W whtel Qipply Af1 JR%bohLERIMinsSreistschar ged
into the heating chanber, or combustion region, 92. In Fig. .2§, sl eeve 10
160 i s shttn supply. slaprentaasé|opnyastingal steampetoamersiwithnburher assemblies tothrat theusi ng
for the burn : i . ' f or med
wth other  pErToECagY p ot SRy SREERIa 5 B hobicBling BBt el 1 TEC
subsequent | y bulhecassesilyFagl th28 fueAsuppdy majpdefendent sfesm they fusd swepty oy fegs. 26
and 27, sl eeve 160 . includes a neck 162 with outlet 108, which has a
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i nches, and been heated to a selected, or predetermined, temperature, then the feed stream may be

20  instantaneously switched to the reforming region instead of the burner assembly.

Altemativély, a gradual transition may be used, in which the steam reformer begins

receiving some, and then greater and greater amounts of the feed stream, while the

burner assembly receives less and less of the feed stream. As hydrogen gas is

produced in the reforming region of the steam reformer, and then purified in one or

25 more separation regions 24, a gaseous byproduct stream 28 may be produced and may

be delivered to the burner assembly to be used as a fuel stream. Typically, the

predetermined temperature at which feed stream 78 begins to be delivered to the

reforming region is less than the selected, or predetermined, reforming temperature,

such as 25-125° C, and more typically 50-100° C, less than the reforming temperature.

30  One reason for this is that the reforming reaction typically yields a resultant, or mixed

gas stream, 20 that is hotter than the vaporized feed stream 78’ delivered thereto.

Therefore, there is a tendency for the reforming region to increase in temperature as

the feed stream is reformed. Therefore, heating the reforming region to above the
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an overall burner assenbly length (neasuring in the general dié]r?}ction of
flow of feed stream 78) of approximately 3 inches. 25 In Figsl %28Cangige,
atom zation assenbly 94 was illustrated as including a renovable nozzle
102 that iwolhosask ngly received into a socket within digéfusihiies pl ate
140. To illustrate that this configuration is but one of many suitable
configurations that are within the scope of the invention, a variation of
this struct ur@esired refprapg fenperagie nobonly reshids inAgastaRh{ReL brielsrmeay el 8n
assenbly stil{heirfplHE®3ind o3&hemEPVabl e, threaded nozzle 102. However, in
the burner assenbly of Figs. 28 and 29, the nozzle is adapted to.be
renovabl y received i nt dnasonez 2prlicplieny, sy, asuviosh stegmj redupters e Mibiciibthe

received into 0 . Rl 2905 WO
b/ obo12s Porrdidinge X%ﬁﬁf’éiﬁsﬂsﬁ%%%%ﬁar RSt dfeamSHonl] hﬁ‘é‘%ﬁ%.&fﬁg to
the present dhsatihgsatue thatr Burneméssgublgd8t wili @okbrageira dnyqpfi fted wedanst/Baam t hat
contains a carbon-cqgnt aifni ng F eedsto]ck and whi gl‘ ma%/ al sq. i ncl ugﬁl wat er ,
such as when PABUR e FCBER HY IR JoICFRd ORGrAHES, Sotonerdse: HPYegh OBt ¢ he
associ at ed f ugthePéRSHRainhE Fded@odid CarBloRPectly HydfRarbis, laheuszaie nalyded
stream A benefit of such a construction Is that the a steam_refornmer or
ot her fuel prBROESAGTIOEHAE SORHERRIOSURARI tRyHIg Assemptd it some pf deed g on-
contai ni ng feegstogk,sdo8se Hothe Bﬁ%ﬁcttt&did%&lz L6 A05 Qudi El?éln?in%rﬂ@'t@px%%@' y, if
the water and water-soluble Iiquid carbon-containing feedstock are

prem xed. 10 f sydficientfeq] to meintai die tpmprietso thaeformen| y requires a water
supply and a carbon-co . [ : : .
conventional steamref gb%‘é é§%3§ﬁ§?%g158%£%ﬁégs {J%‘fuﬁlg%%&%%gs 12r ‘év}ﬂ%r ner
requi re a fueburserppdsgmblivd 2(s scmirding do dbk¢ ipvesent mmehtivnnare oshiowy. s§sll etier f or
the burner assenbly,. and.this fuel su I.s 1 ndependent from.th uel
Sompl st or 1 e pains PR dedn et PR it bGP ERERes brlbg B b
fuel processoprededt invehtisd fay eafsed hfe discidsedrin s aboverindospatated paseld dael ow.

During startup of a steamreforper or_qther .fuel rocessor. W th, burner
assenbly 5o, Ratentepplicaliops s ypl (aﬁfmn‘ar%- Argyisiopal Ralkit AR aﬁ‘ﬂo’/’lséqf?? No.

del ivered to §Re7NsNehicRSSA MY orPARHCYDORE £ ibhthied“Bteti TRRRmids Figtl
produce a heated ex”haust streamthat is used to heat the steamreformer.
When t he ref ofiveesseras THeepompigtee displosuge seff sagle@f Hesqrelgeenessmisn dgreby

t enperat ure, ha @qg,g}ﬂ WrB&es 2Gey @ﬁéﬁﬁ&k?&eﬁu&k LdChed.t 0 the
ref orm ng reg%lgﬁg?%steggﬁ%gefré%che uﬁeﬁp agser%l y. ternat?ﬁlt é}%‘%h a gfr:adual
transition neaboedisswded ietenwhisc lvatitngs shazeah) aed optienal badglithanal elements for

20  burner assemblies and fuel processors according to the present disclosure will not be

indicated and discussed in the following illustrative examples. For correlational
purposes, illustrative ones of the reference numerals introduced above have been
included in Figs. 30-39; however, and as discussed, each of these numerals is not
rediscussed below. It is within the scope of the disclosure that other burmer

25  assemblies described, illustrated and/or incorporated herein may be used in place of
the illustrative examples of atomizing bumer assemblies depicted in Figs. 30-39. For
example, any of the previously described atomizing burner assemblies or any of the
subsequently described diffusion burner assemblies may be used in place of the
illustrative examples depicted in Figs. 30-39. As discussed, it is also within the scope

30  of the disclosure that the bumner assemblies illustrated in Figs. 30-39 may be utilized
in other applications, including in other types and/or configurations of fuel processors.

In Fig. 30, an illustrative fuel processor 12 is shown that is adapted to

produce a mixed gas stream containing hydrogen gas and other gases by steam
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receiving sone, and then greater and greater anounts of the feed stream
while the burner assenbly receives |ess and | ess of the feed u}rﬁgrqn?é}ﬁg
hydrogen gas is produced in the reform ng region of the stea

and t hen pwyoiobigdzg n one or 25 nore separation regi ons 24pcBuSRHeHdS
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byproduct st rgamBushaulith Aavieeati4, 'aﬁﬂ%ﬁlsthea5 RRAAtddNHerksy 1eustd &) vaPakinS e
assenbly 80 will not require any o Fream 78 to maintain the reformer

wi t hin it 0 sefeed steepmopet @theﬁtgthﬁé%@mag @a@bfst indhe hrdrogephzaducingheegion to a
b t fe t
carbon- cont ai Qg 4f ﬁgﬁltllﬂ ntl Qﬁﬂm?s&e%%é %6It:|e QGRIrRONS m??ee 1Hl§st%%tedl may

be necessary to eit ue to sSupp rner asse sone
feed stream éBbadmitndy thesheatwimexiaiistt dtapr foumcthe Hymmaywsershlﬁaﬂnvessﬂmoﬁghel

ream = f ;
of che 1ot or nersiely Bief Sk ph b GERFUSR bRl EpdiB” BhpdE HBTRGRT 1 °

processors 1 2cawiljrsh 23 urrowgtds ah;sso&mﬂhxitmanag tierighiateg ekbadshstrqame sk i withivent i on

are shown, _ Sti oth of. suitable steamrefqQrners w th which
e ner - aoLs, ik seobs 0 e dikTbats ot ather Fost At BT Poreruch o Hoktichihe

di sclosed in iehﬁm%kg%'ﬁalyﬁfi@ hB&Hedtlﬁ@orﬂﬁﬁt@ n&bee@Bdar&&doﬁrhﬁﬁtthéﬁéﬁtéd?éﬁﬂaﬁﬁs as
well as in U S. Provisional Patent Application Serial No. 60/372,258,

whi ch was fi|¥@28P2§§Fi | 12, 2002 and is entitled "Steam Reforni ng Fuel
Processor.” The conpl etg Qi'sé%cﬁéaltéﬁnpfl?@%hat@ﬁniﬁ%%ﬁm%ﬁfaé‘{eﬁnﬂgﬁﬁ% is a{ggreby

incorporated by reference for all purposes. For the purpose revit
each of the lspledteirsseiys deaigaskeusenpmdustaglicamt2s frchersemratlcmrrdgloptzﬂomh

addi ti ona£0 el a%rrl%% Soef Is)rroduced by one or more hydrogen-selective membranes 30 that are

schematically illustrated in Fig. 30. As discussed, burner assembly 80 (or one of the

subsequently described diffusion bumer assemblies 262) may be adapted to utilize

liquid and/or gasesous combustible fuel streams. It is within the scope of the

disclosure that the bumer assembly may use one type and/or composition of fuel

25  stream during some operating states of the fuel processor, such as during start up of

the fuel processor, and other types and/or compositions of fuel stream during other

operating states of the fuel processor, such as during a hydrogen-producing state
and/or an idle, or standby, operating state.

Figs. 31 and 32 depict another example of a fuel processor 12 that is

30 adapted to produce hydrogen gas via a steam reforming reaction. As shown, the

steam reforming fuel processor is generally indicated at 210 and is configured to have

a vertical orientation, in contrast to the illustrative horizontal configuration shown in

Fig. 30. Although not required, a benefit of a vertical orientation in which the bumer
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20 burner assenblies and fuel processors according to the present

di sclosure will not be indicated and di scussed in the follomﬁ 9
illustrative exanples. For correlational purposes, |IIustrat|ve QQZS @W

t he refereno@snsaey al s i ntroduced above have been i ncl udedriusoshigs. 30- 39;
homever and as di scussed, each of these nunerals is not rediscussed

bel ow. is wthjn the s e Ofﬁit di scl osure@ﬁ hat, . ot heﬁq:ﬁ)ur ner I‘-‘;
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Figs. 30-39 I scusse s also wthin t e ‘scope |scI osure
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processors, us essor

adapted to prp@dﬁ@sax Imeamdexgaﬁ;t sﬁréaeamacﬂnﬁ/almitbngcdmyﬂsmefbggﬁs9zanﬁt it fier
gases by stea 30 0. 2005 X\%{dﬁ 128 PCT/ US03/ 11429 yeformn a feed
stream 16 con ‘frﬂaﬁt@f pungp & DYIOBIHPIOAMERE ARt YRROSE S T6RIRNS 8L thest eam

reform ng fUGfuePﬁ@G%&OWhg%tr%& ehmgmssaﬁbweb%méca@ﬁ atﬁmscife@emﬁe‘ror mer,
i ncl udes hydr ogenégmodum ng region_19 that contains steamreformn

cat al yst 1203 asagmblydbat was peeviopsly 9gwrbpd with eeshest fekies 7 1and 23+ dnidiscesgedbur ner
“assenbly 80 t SUR

respectively, ﬁﬁ%{eﬁ%%ﬁ;og%ﬁ ﬂ%ﬁgw gélﬁgégggﬁei%ﬁt al niv’ﬁgs ?ieedilﬁtggﬁtedmel
processor 200aml/songrpwatddberain may hestsedini place of teribustratedd bamﬁapsscmlzlat | on

region 69, in which fe tre 16 1. d el iver t he
hydr ogen- produci ng regﬁgﬁs Wo‘gﬁesa ssglrexpa'bgeel fs?rf%ecairﬁr%(‘f’sﬁ ?
conbust ed WI t inchides atléaame‘ﬁﬂsulaacﬁshelﬂeﬂhem mmcatddmesbhﬂhﬁfee,bye teforu®ethal O
vapori ze 0 fee tre and to heat ef or m cat in th

hydr ogen- E@S ging angigs Etf%st}ﬁﬂﬁf'%‘r Wi%ﬁnc?‘%ﬁié? aeS“bétf'thaznge of
t enper at ur es pdrﬂoﬁ e tiel ﬂefd)‘éﬁiélat Bdkhe eMiz@dicaRAAmpleNéhel &R @finex  ab@barihégam
fromthe burner assenbly flows through passages that extend through the

hydr ogen- pr odi#éq Whichdbs Brirogss-psofiaing. YapraratioRgnd Faroazgtion 12giosypt e t he
condui ts Contﬁﬂo&%]sé‘& &rl%%{}s%at@ﬁ heHOaHS! déﬁrﬁﬁ%‘ﬁ?l obEmh§ 2 tt@'wlnél?atb*as‘e ggope of

t he di scl osure that other gur ati1ons be used, such as in which the
reform ng catmbygt farghé ued prbcessor sneiupled to dhe Pells, Asstamd shil 68 mdheleheat ed

exhaust 20  various types of insulating material 70, such as an air-filled cavity, or passage, 212

and a layer of solid insulating material 214, The depicted examples of insulating
materials are separated by inner layers of shell 68, although it is within the scope of
the disclosure that other shell and/or insulating configurations maybe used, including
fuel processors that do not include an external shell. As indicated in dashed lines in
25  Fig. 31 and 32, shell 68 may alternatively be described as being surrounded by an
insulating jacket 72, such as with air-filled cavity 212 separating the shell from jacket

72.
Figs. 31 and 32 depict examples of several different types of filters that
may be used with fuel processors according to the present disclosure. For example, at
30 215 in Fig. 31 a filter 1s shown positioned to remove particulate or other types of
impurities from reformate (mixed gas) strearmn 20 prior to delivery to separation
assembly 24. Also shown in both Figs. 31 and 32 is an exhaust filter 216 that is

adapted to remove selected impurities or other materials from the heated exhaust
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stream passes. As also indicated in Fig. 30, atom zing burner assenbly 80
is also adapted to receive the gaseous byproduct stream 28 frgm S§Ely %51 on
region 24, such 20 as nay be produced by one or nore hydrogen-sel ective

menbr anes WO osswizsar e schematically illustrated in Fig. pEru&sndiscussed,
burner assenbly 80 (or one of the subsequently described diffusion burner

assenbl i es 26 a dtoutiljze,. liquid and/ or
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cesa
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hydr ogen- py oduci ng and .v or' zing, regi ons of t f uel ocessor. The
iIIustratg% bur ner asséﬂ‘gﬁ 18‘6 g% ﬂ%&)‘@S’f'{f P’ﬁﬁgtf?%??sﬁ? St RErReR
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of a fuel processor that
takes the form of a module, or housing, 225 that defines a compartment 227 into

20 which reformate stream 20 is delivered under pressure and separated into streams 26
and 28. In Figs.31 and 32, this membrane module utilizes generally planar
membranes 30 that extend generally transverse to the reforming catalyst beds and the
central axis of the burner assembly. The feed stream for the reformer is vaporized in
vaporization region 69, which takes the form of a central coil that surrounds at least a

25  portion of combustion region 92. The vaporized feed stream is distributed to a
plurality of reforming catalyst beds 222 by a distribution manifold 224. The
reformate stream produced in beds 222 is collected in a collection manifold 226 and
thereafter delivered to an internal compartment 227 of the membrane module. At
228, an optional fluid transfer conduit is shown. Conduits 228, which extend

30  generally between upper and lower portions of the hydrogen-producing region of the
reformer may be used to control whether various fluid streams flow generally in the
direction of the heated exhaust stream (away from the burner assembly) or generally

toward the bumner assembly. For example, the selected direction of flow may be used
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includes at | east one insulated shell 68. As indicated in solid lines, the
reformer may 15 be described as including an insulating shel I{]ﬁ,eqclgat

encl oses at | east a substantial portion of the reforner. In the il sts"?@t ed
exanpl e, skelobosd2sdef i nes a conpartnment into which the hycrogsnigpwoduci ng,
vapori zation and vaporization regions of the fuel processor are housed,

with the shell defining an enj 11 1 i ch a base. or. nt..for the-
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reformate (m xed qas% stream 20 prior to delivery to separation_ assenbly
24. Al so YhovisssPlpétueh ga methangign segiensthatrontais methanapensratal yss 3¢ uith

adapted to rqiREccH! s%gatr%d h bkin® SHoitioAdd \EdwidBESR @B a sERMHA g A6t ed
exhaust 32 0 4 OCT 20 5 WD 037089128 PCTI US03111429 stream produced by the
bur ner assenA4thiefopiainsttiydrogriragientive meaibrmes p9-s Astrslinglygmehaediiongegiemr ough

xhaust 111 oty Boskiof b BREPhaE, Wk HARYEE rch 33w BB B ERD S
Al so shown iseleFingsmerBtiranesd 32 is an orifice 221 through which the exhaust
it SRR T e ot R R I T
assenbly showiodessorngHzinga baher Sgenisty actopdiggltol the prsdny disclobirdisahown esdich as
LTt o b o b e G SEO Rttty o
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reformng feed stream 16 to the ,hyc_lrogen-g uci ng (steamreformng)
regi on 19 of e buraer asrcmmby shoywn infigy,dh ap%h 29 to provide 2 graphical example that

20 the illustrative reformer may be used with any of the burner assemblies described,

illustrated and/or incorporated herein. For the purpose of continuity, many of the
above discussed structure and reference numerals are depicted in Figs. 33-39.
However, each of these structures and/or reference numerals will not be rediscussed
below.

25 Reformer 240 provides a graphical illustration that the steam reformers
and other fuel processors with burner assemblies according to the present disclosure
may include heat distribution structure that is adapted to normalize, or even out the
temperature distribution produced by the heated exhaust stream from the bumer
assembly in the combustion region. In this region, even when there is thermal

30  symmetry of the vaporization region and/or hydrogen-producing region, it is possible
that “hot spots” or localized regions of elevated temperature may occasionally occur
within the combustion region and/or vaporization region. As shown in Figs. 34 and

37-39, reformer 240 includes a pair of heat diffusion structures 250 and 252.
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enbodi nent, stream 78 contains both water and a |iquid carbon-containing
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separation region 24 also may be consuned as fuel for the burner assenbfy.
15 In the wblossg¢nzd ed enbodi nent, the fuel processor util pgews@geparation
region that contains at | east one hydrogen-sel ective nenbrane 30 to

separate the refor e.(mXx as),stre pr-oduced in.the .
hydr ogen- pr od t&wrtllbmre [ gn%%&% g’ r%%'/la‘% oaglfer?I rclﬁ%S ag% ?1%35?71}?6 RS & B%rlﬁduct
stream 28. Astraifenmed fidin Sombastioatregion 92 goompotizities réedien 60r biffuse 2800 e, or

housi ng, 225 that .defi nei%a conpartment 227 jnto 20 which reformate stream
20 is deli ver¥dPisAde Profidesa mae syep operalirg fiftHpyiog; tovapgrizgion Jrgon 89 |

Figs. 31 and @gn if ikt HifREPHAD RoPsne Webdise G5 SignssralillVcdaidiahd (ABARr anes
30 that extend generally transverse to the reform ng catal yst beds and the

central axi s lsmttheb spaiy Well tend Je rs| rpducyh n fesensraiureeWith oy hedhén hettasraness i s
vaporized in di¥tﬁ8gt%€1 Ztﬁt:% u{uﬁﬂé %Eea@gof WY GptakaR tRfunald %cﬁgéen%al
S at 1east a . The

coil that surroun portion of combustion ré&glon
vapori zed f eegkagipiceaimai siitebls tmatknigl efdr doffieser BEUrialFeCyAT or eherafi thg otlatral yst

beds 222 by a q Ir_ibutti ('t)numamiigc °|S%| szo%' The reformate stream produced in
beds 222 is cOriECrEFSH"' 4 ?,ySIdI ég?l%ﬁ Neni fol d 226 and thereafter

del i vered ][Of ian i nter na? eﬁlbmjm(rjehmlﬂtrefaﬁﬂeraﬂo(mwé&m@ﬂﬁ:emﬁﬂﬁﬁin&ude238,

an optiong jd transfer conduif i wn.. Conduits 228, i ch extend 30
general | yl%eﬁnﬁ'éﬂm%fpbéwf%p%m {’Oﬁaﬁq dBRep g@ﬁ%aihyg?%@h!bﬁr‘@aw%nr egi on
of the ref orgpibn ARy tHeheERhsE P Hs i lic Bk NE i fN@ér 256 Sn fl?ﬁ‘gd!ﬁﬁidrﬁajﬁ flow

generally in the direction of the heated exhaust stream (away fromthe

bur ner assenbiie) digfhseg éypeadly Wil extond etlcert subsiantiely. 46 setraompletely; arevngntbe e, t he
selected dir ' : : - 4 0.

PCT/ US03/ 1 142‘%‘5%’ ‘gﬁé@{‘]{ #é‘? i ﬁeafttgﬁ%%?‘gg Sgggmg}y‘ tihde;a Eﬂ?‘éﬁg&\}my\?%s?‘g‘{“t ‘ﬁg‘%ﬁ? eam or
that is deli wbffastr tosuramind bydrogagprodecing reghve 1% toillustratedist 225 dt shathiy an

i nsul atin er. or:.heat shiel 230 . ma used to protect. the nenbrane
modul 6 1 gm aaF aepes e, HE Qe Bt b Y bl Rl i eat BBt he
con]E ext_bf)f ?y?rﬁggﬁ;}gs@bmﬂhym aﬁé?ﬁwnumﬁof@ﬁgufagmmmﬂﬁga 'rdfof;mr general |y
preferable (a u not required). o maintai e _nmenpranes at a
tenperature t‘H%}P‘?‘?Sg’the%‘I@?’ﬁgW%BF{ S?Fd’t“é’l“}?“%%w@.m ﬁhﬂsg-i?) Jo¥-al so
provides an exanpl e of 1@ the!AlusRhpeessi@iputafiohs shoval WlESsMBA enlihgPNge t Ype
of separation region 24. As shown in Flg 30, the fuel processor al so

incl udes a sepeirht Ynrefagingncatasgt bede 22 @apysbe desetbednesmentlegivele defining

20 inner and outer perimeters, with the diffuser extending at least substantialty around at
least one of the inner and/or the outer perimeters of the plurality of reforming catalyst
beds. At least diffuser 250 should be formed from a material through which the
combustion exhaust may pass. Examples of suitable materials include woven or other
metal mesh or metal fabric structures, expanded metal, and perforated metal matenals.

25  The materials used should be of sufficient thickness or durability that they will not
oxidize or otherwise adversely react when exposed to the operating parameters within
reformer 240. As an illustrative example, metal mesh in the range of 20-60-mesh has
proven effective, with mesh in the range of 40-mesh being preferred. If the mesh is
too fine, the strands forming the material will tend to oxidize and/or will not have

30  sufficient heat-conducting value to effectively diffuse the generated heat.

As discussed herein, steam reformers and other fuel processors with
burner assemblies according to the present disclosure will often be in communication

with a controller that regulates the operation of at least a portion of the burner
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10 assenbly 32, such as a nethanation region that contains nethanation
catalyst 34, with this second separation region being positfonegT 7005
downstream from a separation region 24 that contains hydrogen-selective
nmenbranes wo.o3h¢agw di ngly, methanation region 34 is posi bCpmeeh/ gl urt her
purify the hydrogen-rich stream produced by the hydrogen- sel ective
menbranes. 15 | n Fi 39 an il Uﬁgi ative exa t eam

ref orm ng fue?ss%l?lg%ﬁg@ﬁ fhe, fof lfel O%f’sﬁ:l{i’r PIQESERE Syt ’c?)"rifHFlnCG £85I Re

present di scl aspingive SoSdievVer Ab n@@ﬂﬁdaéﬂeyatﬂn@ohtaad eqtuﬁtexa}.gtqe oRef afi@ke 240
has a sim|lar conflguratlon to reforner 210. Refoqrner i s shown

incl udi ng a beAnFaHera &5 eristepmarefomming ifuel arasassar S rdislosed giair HtS: dratenf dNQ.he
bur ner assenbé? $EEAMI bonkil §dls%ﬁsﬁ'@%f%ﬁuéholsﬁ{e&%?qﬁcﬁg&ﬁt?ﬁ’@k(i@%w‘ﬁ@fml e

that 20 the ilTustrative reforner be used w ur ner
assenbl i esd de@lbpmrbe@s Adchudéngtnithel refertieny may danlysisr eariods benseisr254Fachtase

purpose, o OB BRY gRlab0SrsBROHEn hABA SR LGS B T

nuneral s are wever,” each o
and/ or ref ereihlaﬁraﬁuerex:ahlﬂemrbhhdmtmt%gsrw]‘ﬁcussed bel ow 25 Reformer 240

provi des a graphi cal ustrati,o m refo and ot her fuel
processors with burner él‘é%mni‘@ ﬁcﬁ)?’%f“ﬁgﬁ gf?’tsﬁé‘oﬁp ﬁYaH?FaéﬁrI?éé@i‘aé may
include heat wdisghgtkdud vBFbrizk M4 trbdidual Nidhidiwatddadkanl ih QxRAIsIBkdagf66.0Mmeven
out the tenperature distribution produced by the heated exhaust stream

fromthe Bur ey smbedigients; svaneeateioidfstill oretr kyinesessayy t Hpyevesgimsomeven
when there i sehfQiiBiss, %dﬁﬁéfmeﬁﬁﬂ s%arﬁ%%ev EIIV;I' 'tl@'efh%gét%eﬁ'ﬂ%% al

hydr ogen- produci ng redgi on, 0SSl “hot spots” | 'ocal1 zed
regi ons of el lexﬁmg@u-pmdmp@gatm@lmreduwbﬁ @m;bﬂra}ummfdhe ramuhtlhg ntrrtama As

conbustion regi d,or [ .. 34 and

37- 39, reforn%r&gﬁ‘g[% é\hglcﬁglggggﬁ%g%ug{#&ﬁg;ﬁacf eﬁ%haggon sbt gﬂ{g étg SE%"BD nd
252. 34 0 4 (KGT PO5ir\eEhant ﬁﬂﬁﬂrﬂﬁasl%@lébbﬁﬁr&ﬁsiﬁeﬂf&gw%r that exceedSifle sieantapt ed
to reduce nd/ r .dissi. atet hot he%tl transferred from
conbusti o giogp ‘to‘f‘? %@5 ’%‘ge" Lﬁ?‘%s"é Al WA V3Rt ed t o
provide a rmr'ﬁo Pﬁé@&xﬂ\ﬁﬁf&eﬁ'ahluécﬁlddisﬁigr obéthéisd @eﬁé@iﬁﬁ? vAatih @ fefdhen of9
than if the dlf ser was not present. Because the diffuser will conduct and

radi ate 5 hedttherigrl PEQSEIser. figh asoB fePA Hiog e ep 2 Hanomatpmddna) brwedwi t h t he
heat in hotter areas oi;3fHet bR LQnBY 69URAMACAR ﬁfesehhﬁlsgﬂo%lfrysi?r and

surrounding structure. An exanple of a suitable material fuser 250
is FeCr Al'Y orschnmeatistlly Hluswatedbin Fig. 40 and penerally 1nchcated at 262. As shown, burner
20  assembly 262 includes a diffusion region 270 in which a combustible fuel stream 64 is
mixed with an air stream 74 to form an oxygenated combustible fuel stream 74.
Therefore, and in contrast to burner assemblies that receive premixed streams of fuel
and oxidant, burmer assemblies according to at least this aspect of the present
disclosure receive at least one combustible fuel stream and at least one air/oxygen
25  stream, and then mix these streams in diffusion region 270. Although described
herein as an air stream 74, it is within the scope of the disclosure that stream 74 may
have a greater oxygen content than air, that the stream may be otherwise depleted in
components present in air, enriched in one or more of these components, and/or
contain one or more components that are not normally present in air. In the illustrated
30  embodiment, the fuel stream is a gaseous combustible fuel stream 276,
Diffusion region 270 includes diffusion structure 278 that is adapted to
promote the formation of one, and typically a plurality of, oxygenated combustible

fuel streams 274, as schematically indicated in Fig. 40. The oxygenated combustible
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oxi dation-resistant alloys discussed above. In enbodi nents of reforner 240
(or other fuel processors) that include 10 a diffuser, a suitaplée q{ﬂSiffbbfn
for the diffuser is generally between the vaporization region and e

heat i ng aswerbloysizes i ndicated with diffuser 250 in Figs. p8fyusssdi186- 39.
The diffuser typically wll extend at | east substantially, if not

conpletely, agound the egi on _and/or th ati assenbly
Aorher sut t abebfsaan ot e AR b BGR Rl Shvatniped i ket S HER
hydr ogen- pr odaitiveid 16 @i cothbdQionasgibh bosWhet eis agniRB o piddutsa hedthd exhbbstt-he

scope of the disclgsure_that one or mpre diffusers may be used, such as in
an overl applﬁ’{j’mnséécé@l@pa\aﬂ PR P8 rrefested el PeTeine 8 GRIRBISHOM SUERB| $Rli ng a

reformer t hatc g‘%é%l&?b? 1.%‘1 E'%t idabitiserighiti¥® Qb4 68, e&m@ﬁ% adae&a gghown

in Figs. 34 an 37 3 lustrative conflguratlons shown in Figs. 34
and 37-39,5t hlarllt@thgrcecb/g@rytedfﬂwl@tremm I@lmww@t%mmaaltm@e drscrehed @si bed

as collectiv t { gﬁ fuser
ext endi ng at %&%%thmbg}?ﬂﬁgglrﬁésargg&ﬂgi%%ﬁlc@%ﬁ’ugtﬁeﬁ the né/or
the outer persuiteblerdiffofion beugnlra2a8iit y sofictued ﬂnatrprmgmmatlaimsg ofﬂed@seoﬁts | east
di ffuser 250 should be fornedq fro e .t.hrou th ustion
exhaust may peams E‘Rﬁ’nﬁlrg%u?ﬂ%ys‘ﬁ’fg Irﬁlxhﬁ {/gxygﬁ%aﬂg'gg ni%Slr gﬁ%er
metal mesh orreHmiiag s&@d&ﬁlmssvnueénur@%u@xaammnm%@b,efﬁadnugertmrame et al
materials, 25 The materials used should be of sufficient thickness or

dur abi | i t%p t h@fﬁlﬁlﬁ%yﬁ%ﬁtmﬂmpf%dl ze or otherw se adversely react when
exposed to the operatings gwnﬁtﬁéﬁl%ﬁﬁbpasséﬁg SWZ a%é&dlrﬁsto%e present

illustrative exanple, he range o 0-mesh has ~proven
effective, w dlbplmseh may addethnaﬂjg@r ciiterntivaly hmﬁ@dmg q@ﬁeb@mﬂewgmnf 2§4dnmesh

's too fine, B@g rb‘%é of Hel Ui hd) co?ﬁ%}%@r%hé 111&%{:1‘?6‘?]13 Wil fhﬁ%le nd/ or

will not have" I clrent hea cting value fuse
t he generat edstfaamts.. A/ésordmglyudlsaﬂbuh@regwn SGtdedetsdismﬂJfMB saunzlunatSIGethbhlel

processors.w th ur ner asse S rd| ent |sc e wll
of ten be fsn c‘érﬁjrﬂ’g?‘% tEEHY© AW Aﬁ“‘i %tg ‘?rﬁh? ﬁlﬁt h’ﬁ%%ﬁtlon
of at |east aofpﬁﬁzlliee%treimih@\ibﬂﬁ%ﬁﬁot?:ﬁqﬁlréﬁ m&%&m&%@%&a&ewe a

PCT/ US03/ 11424 _assenbly and/or the entire fuel processor fuel, processing

system or fuRimEy T leamed & papyH dPdleteynnefeighlyiprlud %@é@@ﬁ%ﬂlfﬁ@@%tmg

states. An exgiipihg: 9t Aapikd Tt@-{%!cﬁve aRd bifvide @arch fo@lthede ShERM e 2'pNritly forel
processor is disclosed in U S Patent No. 6,383,670, the conplete

di scl osur e of smalier Bir¢amsh eFlisis scheroatisely iliusiratpd i Fig: dhowhare eir stream 74 is
20  divided into a plurality of smaller air streams 74’ and fuel stream 276 is divided into a

plurality of smaller fuel streams 276°. As shown, streams 72 and 276’ are mixed in

diffusion region 270 to produce a plurality of oxygenated fuel streams 274, which are

ignited in combustion region 92. As used herein in the context of the flows of fluid

streams, “smaller” refers to the mass/molar flow rate of the streams compared to the
25  corresponding mass/molar flow rate of the primary stream.

An example of a suitable distribution structure 286 is structure that
subdivides the air and combustible fuel streams into a plurality of smaller streams that
are delivered in pairs or other groupings of at least one of each subdivided stream to
an ignition source. This configuration provides cleaner, more efficient combustion of

30  the original fuel stream because the overall flow of the fuel stream is divided into
smaller streams that are mixed with one or more corresponding air streams. This
configuration enables better overall diffusion, or mixing, of the streams and enables

combustion to be completed with a smaller flame than a comparative burner assembly
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5 all purposes. Accordingly, the reformers may include various sensors 254,
such as tenperature sensors, pressure sensors, flow neters, afidit Izme,
of which several illustrative exanples are shown in Figs. 34-39. Al'so

shown i n Ry@%sos42835 and 37-38 is an optional evaporator @b6udatsei s
adapted to vaporize any residual liquid-water content in exhaust stream 66.

In 10 many enbodi ts, .evaporator 256 will ngt, be necessary. However, in
sone enbodi me'ft ¥ lcgeotg? t%’%r?&a PR SHEFRA A %ﬂtéﬁ}‘hd%gc?n\ﬂf {1 COHRULORauAS
stream ext er nglicatd tH QLRI IRfeS HHE N, HRSIRANCA Rotoh 28adsigRIdr iRy baiTRBFealyr € Of
the resulting stream As an exanple, the cathode air_ exhaust froma fuel

cel | stack medivide the fuekang; ainstespig avithoemixing, gr enabling diffisions of g sireamss. a
vapor pressur t L Rat: d : e ] rati oift .
Accordi ngly, ﬁ&%fgfg?aﬁﬁgﬁ r%%l%&%%g gcfhgfﬁlgtéc}?l \%ﬂiﬁ@%\%%t g{r I@%ng .tﬂé To
prevent wedt erdiftributianoregdien singbomumehented sesepeptesiegions) fon thhiair andahe 6fedbr ner

or other fuel_ processor, su n. separati r.egik on .24, evapofrator 256
may be used. Sﬂ?g?‘ﬁg?&gwlf]i%fncﬁglg ?S%TQ%}’“@E S%%%Brtc gﬁaﬁds %apﬁﬁlgtod?aégt tf'%l%’seil osure
is schemati cadl air ttdaths tsemiiratel fiof bndanofter andl Ye RMEAL Yrebmsliafodditterell t@262. As

shown, burner,ggo assenblé 262 includes a diffusion region 270 in which a
combusti bl e fUHPSR TS8O EY i s mixed with an air stream 74 to form an

oxygenat ed conmbusti bl e g sds&RBIBs7462 alORHRE O thed pebskit ARBHLERS t mbP
burner assenblies that receive prem xed streans of fuel —and oxidant

bur ner as¥entadditionalteor diemytively 2 cprfgired Wirscehgioeamiptiblsdug) straam 64 in
di scl osure regelys Ha 1'icﬁxgc§{:%xﬂ%%ﬁ9@f?§)ﬂ%&éﬁk 82.f HRkirstiveCAdH-SRFhsRe kffgiks ONne

ai r/oxygen 25 stream ahd then m x ese streans I n diffusion region 270.
Al t hough descoefi badd combestiblefuchrstraims $Eripelndey 4freams thet wpnthinnas hiclesgope of

t he di scl osure_.t hat re 74 ma Ve reat e en _content thap air,
that the st relg?‘hOH yc %GPD %hmeorn\zlé\,iosre %}'ngqél{de%‘“&r? > %:ro%)bdgﬁ%n °§ls‘p es%’ﬁatmpltl%o ir,
enri ched in oeh abumer essahbllylieshematiqatip ditsarated irdFigr 42. CAR kladvn, G sganiTor €

conponents thgt. are not. normally prese inair, Inthe illustrated 30
obod mars. | (B Aty i B apriraloB BB, 1R theREtT ferepeliiiR i Te:
Di ffusi on reglaporizdOfubngledthesoai Thel Sugitized b tstean 3¢ Felivirbd i dRedREGH tO

pronote the formation of one, and t_yﬁl cally a plurality of, oxygenated
conmbusti bl e tegen 28¢, wherg D divided JBloctrpfurdlfy 1of smablec ek girsamszH. 4485 The

oxygenat ed cofBys! diRkBuRf Leitn 984 1%8eiviPaR IrORD 34 ndGiVidds WShil s, T uel

stream which may also be réferred to as the oxygenated fuel streamis then
del i vered t o iatoco phudlity of smeligronr sizcamahtd ¢ Streang 7dyand 884t are lebvued ta

~heated exibaus&iffusion region 270, where they are mixed in selective pairs or similar groupings to
produce a plurality of oxygenated fuel streams 274°.

Fig. 42 also graphically illustrates in dashed lines that bumer
assemblies 262 according fo the present disclosure may additionally or alternatively
be configured to receive and combust both liquid and gaseous combustible fuel

25 streams 82 and 276. In embodiments where the burner assembly also receives a
combustible gaseous fuel stream 276, streams 294, 294’ and 274’ will contain both
vaporized and gaseous combustible fuels.

As shown in Fig. 42, the bumer assembly includes a vaporizing
heating assembly 296 that is adapted to heat the vaporizing region to vaporize the

30 liquid cornbustibie fuel stream. Also shown in Fig. 42 is a fuel stream 298 for the
vaporizing heating assembly. Stream 298 will tend to vary in composition and/or
form depending upon the particular structure of vaporizing heating assembly 296. For

example, when assembly 296 is adapted to combust a combustible fuel stream, then
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stream 66, which may al so be referred to herein as a conbustion stream 66.
Conbustion region 92 includes at | east one ignition source 88 &\h@fﬂ@ﬁ
adapted to 5 ignite the oxygenated fuel stream 1lgnition sourge 5
optional | ywhgs@@gs i bed as being within an ignition regighy8&:Wihpi n the
conbustion region. An exanple of a suitable diffusion structure 278 is a
structure that pronotes m xing of the gaseous. streans into a relatively

uni form mi xt B 2% MBS HER JasBols f YBYilarivn &rhep seAntily 2%t Feitn 274
will tend to dumirafil %%Pe@ﬂ&tiﬁ?%@seﬁfbﬁ%%&ﬂ%ﬂré’mﬁ a8 Wil fbRde 3 didd 9! on

structure is not present. As shown in Fig. 41, burner assenblies 26

accordi ng t o aoheechor trempoweti sovice Sincludingybua gdi renwiresl toypeor linlited to fudl gell y
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262 that recaiuethe coédpbRiNg Strdanss e MeRntle EbdtwtdBhyselcubofdntsc amupugf er abl y

i nclude distribution rec%{ ons 284 that are a_da[i)t ed to receive _and divide
each of thesdotfeasad JoHtab burmer asssmblics wil typically Bpvesatylgastgne, Hhngt 15 of

schemati cal | yuid Eg@b&sr?réalﬁ%duged:fogeth&lwitm%&&/oghgllef%ﬁﬁfi?H]sf?xﬂe, ia%o%ﬁloigisﬂé fed

into a plurality o l'er air~streans uel " stream 276 1s divided
into a plour airihpysing. Eorexhplef thelentinerbumes 255eBbly may bhenntainesk wishing sl and
276" are m xed.in. diffusi regql 0 r P Ly .

oxygenat ed fuoglhog l?%ar%ss ﬁ‘%r \?\ﬁagﬁéﬁaat% é Orﬁg(ﬁ?toggﬂﬁcﬁu%%%gé |1%)err51 Plglé?%lﬁl 92. As
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to the mass/nplar.flow.rate of the.strea ed to.,the 5 .

cor r espondi ng&r@%@“ﬁ%%’ﬁ eT"I"'B\RIer%\I?tzusoaﬁ{eﬂ?g&ebﬁﬁ%ﬁ&é’s?flraélgrﬁomkﬁgtb%?arﬁ%f’ﬁs of a
suidt ablme) di _sgilﬁaiyb(]gﬁ i'nlwgraéd togttheeso2Bat ti1|6 aﬁrtalmi@wrsf&eixhalhrle sBpHstElyi ;‘ﬁ@@duﬁ&e air

and conbustihle fuel streans.info .a urality o mal l er streams that are
del i ver ed3i n %‘ﬁitkescwb‘{ﬁFWéFeg@noE‘Hilﬂ‘ﬁ‘gmﬁ B8 NSt a@h@"ﬁ’l"“‘éé‘éﬁ%‘%‘ﬁ‘tﬁﬁt@? ded

streamto anubgh 4stREy &0 WitkRAucelting igMed guration provides cl eaner, nore
ef ficient conbustion of 30 the original fuel stream because the overall

flow of the fuel streaWig 43dprovided ai leso schemstic epxagple afs diffisionr bumek ed

w th one or i L [reS Thias shGoRti 9% %es
better overalr$ eg}b?}?%ésf%%,g%g%itg%ﬁb,éngggtg%%ms'treasms awgﬁﬁlgs (ﬁco ustion
to be conpl etabd30f; tthe abenerd lassemblyane donfigured clonpeneivei gesebus ned/ondigpinbl y 37
04 T 22000500}1/1\91159%%01811%} gi%::a.'?ncs:-rét*J gggulg}llrgp%ctive gas and liquid input ports 302 and

304. Although only a single one of each port is shown in Fig. 43, it is within the

scope of the disclosure that two or more of each port may be used. When bumer

assembly 300 is adapted to receive both liquid and gaseous fuel streams, the burner

assembly Ewill typically be installed with each port connected via suitable conduits to

25  respective supplies from which the fuel streams are obtained. When the burner

assembly is adapted to receive only a gaseous or only a liquid fuel stream, one of the

ports may be eliminated, blocked, or otherwise not functionally present in the burner
assembly,

As shown in Fig. 43, liquid stream 82 is delivered to vaporization

30 region 292, where it is vaporized and forms vaporized fuel stream 294, such as by

heat provided by vaporizing heating assembly 296. Instead of being delivered as a

single vaporized gas stream to combustion region 92 (with or without premixing of

air), the vaporizéd gas stream must pass through distribution region 284, where
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in which the fuel and oxidant streans are not divided prior to conbustion.
As indicated in dashed lines in Fig. 41, distribution region §8§1 m
preferably configured to divide the fuel and air streans w t hou Y |2§@5
or enabl i ngodbhgwss on, of the streams. Therefore, althougbrigkbisghfeat ed
schematically as a single box in Fig. 41, the 5 distribution region may be.

i npl emented ag _separate regigps,.for the ait }S the f . streans,. and/ or
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is vaporized to . forma vaporized, fuel ,stream 294. The vapoti zed f uel
st realr[:1 i's deIW‘éﬂ“ﬁaﬁ‘scﬁ%B’Ff‘Bﬂf‘?doﬁgmﬁﬁgg?“grfe%ﬁ,m%@ré@fg@uﬁ}%Sgéﬂ“i nto a

plurality of ggmaller fuel streans 294'. As shown, distribution region 284

al so receives air stream 74 and divides the air stream_into a plurality of
smal | er ai% streanms 74'As showni Fig: 4hndispibation sirugiarg 286 eliclugena didlf usi on

regi on 270, : i -4 fod -RAl (W) : ings to
e G s 3
graphically i plu & -
according to I [ r.al nat ivel be
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| nglt}h n Hstw.ssﬁoggd‘iﬁ?mfg ‘E%E&S%fnewﬁeéﬁuﬁﬂézg?@ RO
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and/ or form depending upon the particul ar structure of vaporizing heating
assenbl y 296.29pthe ao o, regilan meepb e moplyrajineof vapatizgst Big! stecapwrtbatstach
combusti bjye chﬁJair?éﬂi? %%n&#i"@'ha%@on of the original flow. For example, each stream may
contain 25% or less of the original flow. It is within the scope of the disclosure that
each stream may contain less than 20%, less than 15%, less than 10%, less than 5%,
between 1-10%, or between 2-5% of the original flow. It should be understood that
the percentage of the original flow that passes through the individual tubes is largely
25  dependent upon the number of such tubes that are present and available to receive the
vaporized fuel stream. Accordingly, it should also be understood that the number of
tubes shown in Fig. 43 has been selected for representation purposes only and that the
actual number may vary, such as depending upon one or more of the desired flow rate
. through each tube and the desired proportion of the total flow desired through each
30 tube.
The number and size of tubes 314 is preferably, but not required to be,
selected to maintain the flow velocity of the combustible fuel passing through the

tubes to be below the flame-front velocity of the particular fuel. By this it is meant
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0 4 OCT 2005 WO 03/089128 PCTI US03/ 11429 stream 298 will contain such a
stream Simlarly, when assenbly 296 is an electrically pomergdgﬁhﬁﬁéigﬁg%
. L' r

assenbly, then stream 298 will include an electrical connection't
source (i nwiowdioggzs but not required to be or limted to, bgelgseRiihzo Stack
40 and/or battery 52). 5 For purposes of illustration, the conponents of

the burner asgemplies. sho LN, Figs. 40-42 hay een illustrated as being
spaced- apart gﬁ\eec al?uﬁtfthﬁ‘ye\?",‘el SHFEES Plﬁ’ger F@sﬂ%n@qvﬁﬁgé‘f ts'é%‘n% VB@F‘I% or

del i vered bet figigHloihREs tHROMR ARG Sift A bhBs Bltletd s JfRERIubed, FaGlutdkestysr ner
assenblies w ]| typically have at |east one, if not all of these

conponent s ho\REEOE gdlanieds shava i, Figfd/ab 3 1% obs gowmy teylagmermacbe deserihedon
shel | 10 or hQugiing- ; i : y

contai ned within ]ggsaﬁgﬁedqgrad@gﬁgilﬁgﬁc%sa& fg’%gltb %ioggééﬁn%ﬁgegb%tm%ﬁg‘%ﬁﬂ?rgrag of

t he bur ner> aseppebidi test afregien spaned above gheondletralhib dattieny tlesg dasieableosituatidneiswi se
contai ned w thi . n..shel.l —or | 0. AS i strativ X | e of
this alternat gla\i}ge}?ﬁfﬁ%gg@rlﬂ*s?ﬁ%?é% ﬁéﬁéﬂgg%él]sﬁl%rﬁe F" Z%itglﬁl&ssutoﬁglwﬁe&?bﬁq ﬂg‘ﬁat ed
t oget her - so tfahe 318 and wilboflerf ieallt Bitleafficiat eombenian ahdh Yesh ahif@ailage. 15
into the conbystion_ regi on, but j r]troﬂuced I n.a mapner t hat grormies

di ffusi on of $h&chs 1%?%856 & i Temequb and BB 3150 IMgHee 8ginstiagiacens

provides a | esficted@abivbaldneaBblinpRbedaghist bpiname BUBNerhis Agitsdlet 2Ry
according to the present disclosure. shown and generally indicated at

As
300, the ¥ur igpducssundasifable cappustiern dypiadustac dowe fhes dwatingarvalusr of i%ei d 20

- conbustible f hr, ect | ol ' [ orts
302 and 304. Aﬁ“ﬁ%‘ﬂgﬁﬁaénsﬁ’émé’ é‘?ﬁgf’é‘ﬁ‘%ﬁ% g#%gkce%a%g??ﬁi“{séegw%ﬁ %&ﬁ”?:‘.‘e‘g) 43,

it is wthin Alfwughciopes 314 tane shpwslinsHige 43hand téhoaohaving erightt edinfrigdrt may
be used. We . a ' Lve both Ll.iquid.and
gaseous fuel ncs‘:)?dr=l é&a}gﬁsﬁmst ﬁ?%ﬁl@%ﬁ@e&nﬂﬁgh@aﬁﬁ? 571%? ?gﬁ f/mBSésﬁchg%ilaP%d wth
each port cormeghwede vodlighmitivabhmydended.t Sinitarl@5steiakepe steelebestppt pased r om
whi ch the fuel..streans are obtained. en, the burner .. assembly i s adapted
1o Fecei v orff g RoBeaunane oy & WG e FRBF A diFO0E B AR etepor s
may be el im naitsle nhaRkady 1 uRliherifeRblybt thitdGkd AsEEdnYigiied $8thati the t he

burner assenmbly. As shown in Fig. 43, | |_r3ui d stream 82 is delivered to
vapori zat i on Vaperizegdielsteyn is gpeled tq the;noint of Gondsasingn the cardepsgdoliquidd f uel

stream 294, SUSMREuANhdIEEEs AHYvERulNer paRAE @ﬁﬁﬂoﬁ%ﬁtﬂ@%@éﬁ%ﬂ%ﬁbﬁg?i o

I nstead of being delivered as a single vaporized gas streamto
region 92 (with or w tKoderaplyesich hpeodl4 forms a portion of manifold 310 or is

20 otherwise in fluid communication therewith such that any gas passing through one of

apertures 312 passes into the tube and cannot flow into the subsequently described air

distribution chamber 322. Fuel distribution manifold 310 may, in at least some

embodiments, be referred to as a distribution plenum, in that it maintains the pressure

within vaporization region 292 at least slightly greater than the pressure in the

25  plurality of fuel tubes. This pressure differential promotes distribution of the

vaporized fuel stream between the tubes, and in embodiments where both gaseous and

vaporized fuel streams are present in vaporization region 292, promotes mixing of the
streams within vaporization region 292.

When burner assembly 300 receives a gaseous combustible fuel stream

30 276 in addition to liquid combustible fuel stream 82, the gaseous fuel stream is also

delivered to the vaporization region, where it mixes with the vaporized fuel stream

and the resultant stream is distributed between the fuel tubes. This is schematically

illustrated in dashed lines in Fig. 43, where the tubes are shown including streams
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air), the vaporized gas stream nust pass through distribution region 284,
where 39 Q 4 OCT 2095 WO 03/089128 PCT/ US03/11429 distributiongs Q;ﬁ:;%@j
286 divides the vaporized fuel stream?294 into a plurality of stre

294" . Fur twermsmogazs St reans 294" are then m xed through di pépes@niamwth a
corresponding plurality of air streans 74', and the resulting oxygenated

fuel streans 04! ed to ¢ IIectlv e on
stream 66. Th%%efo%;hcg %l?‘rb?ﬁf} s?‘ésr’r%} eFPIeT %%b[%lat%ﬂa%?esthés 5’?@ tﬁﬂﬂ’

di scl osure araog@mffltmwﬁﬁdlome rtl@atethwgaseowrbmbamﬂrﬁed fied] seesn@imayer &flgs, and
di vi de these stres‘(nrrl to a plurali lf B r gbs that each c ajn aonly a
mnority, andP®al d’HPrqoeeé%eﬂng ks g"r"‘ﬂ atfprtier mERmE of S’QF‘°§tream;
are then nixegle §tBintSflay %e&rrﬁﬁmﬁbmeqqdmuapm q%ﬁaustsmﬂar%rﬁ@%bo@@ 10
As shown in Fig. 43, distribution structure 286 includes a fuel

di stributidn dsewssion af ledlowm@wfusmwo@é% ,at ghouldabe wnderstood that cagiepfithe es 312

into which t * 1o I

plurality of e%ggg%eéﬁgf{fﬂﬁ the | ugﬁrog&éd%%%ﬁﬁ%nﬁqﬂ gﬁ?ures 312
define the i ngasemxstcrontbmhtﬂﬂe ﬁﬂa&lstrémss mathrthe abm-dasdudmdaﬂestmpmpefeam@es from
each other and.extend f mani fold 310 to 15 conbustion region 92, where

the tubes ter RHRIEITLAPP E]ﬂatrqleets 316 from which the fuel streans are

delivered into the comuisdibcussedei d@mer RRERbl9 aaditivhdlyaRditeiati RELindy Bg a
single vaporized fuel streamwith a flowrate that is at |east
appr oxi mat%l ym%f&%]'é?m?"cf’rtcﬁéﬁglff%w that it oply fF‘P?é"eé FiEGTOHs Cq’fP'EfLﬂIEileffWéIStr%W eam

that was deliygyegy tsﬁcﬁ’%ﬂchbbﬁc%hb@'brrlﬁ?:le%bntaﬁ%ﬁ tll"eh@ap(%ﬁér%ﬁtﬂeglﬁn n%gj
receives a plurality of vaporized fuel streans that each 20 contai'n onIy a

m nority fraciefesieddd ag wamg tpeion) infthag e ga@@euw@ﬂbms@bleefa@lmrgm ardelimergd

contain 25% o S t Paemgs e
di scl osure t h?ﬁd ﬁ%arg%{og Jrﬁga%&n%/ﬁ@gn%‘aq?%’ qhgglsltly f\z,a\gnr}l%%&;s{r essgﬁigoﬁp ilig@ | ess
t han 10% Ies@stt‘lhaimﬁ%mfomia&ow@num}lﬁpﬁ; or between 2-5% of the original

flow. oul d be und stoodt h nt a of theo i na
t hat passg t hr ough thgﬁmﬁ%l asse 3Ohbg§dpln°?q% i tZgn%lglﬁe ’Jha%(% t he

nurmber of sucthrdugh eshi¢thait st&fam [M Qﬁm‘tvel&ddnta\tﬁduhblhioﬁ r"e@oﬂi Q84 Vs shb@n in
vapori zed fue ream, Accordi it should al so under too t the
manber o |t dhiget R A § dehib i, S AT SR 8 SRaRos Ogf S oick

pur poses onl yalamhytﬂ@& drifid @etpladalityusid aiel wsvaAy,alsausm“asmdﬁ@em'tﬂg upon
one or nore of the desired flowrate through each tube and the dési red

proportion ofdigtbutios séqucwwleé@w@albﬂlmqa@ﬁnéw mzgpiold,p4. Manifold 324
20 is adapted to divide the air stream 74 that is delivered into chamber 322 into a

plurality of air streams 74°, with each stream 74’ contaming only a minority fraction
of the original air stream. For example, each stream may contain 25% or less of the
original flow. [t is within the scope of the disclosure that each stream may contain
less than 20%, less than 15%, less than 10%, less than 5%, between 1-10%, or 2-5%
25 of the orginal flow. In at least some embodiments of the bumer assembly,
combustion distribution manifold 324 may be referred to as a combustion plenum, in
that it maintains the pressure within chamber 322 at least slightly greater than the
pressure within combustion region 92. This pressure differential promotes the even
flow of air into the combustion region and restricts the flow of the fuel streams into

30  the air distribution chamber.
As shown in Fig. 43, manifold (or plenum) 324 includes a plurality of
apertures 326 through which air streams 74’ flow into the combustion region. As also

shown, the apértures are sized so that tubes 314 may extend into, and in the illustrated
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The nunber and size of tubes 314 is preferably, but not required to be,
selected to maintain the flow velocity of the conbustible fuel @aﬁs-i-;@
through the tubes to be below the flame-front velocity of the paY 'g%r
fuel. By tWoO3i089128 neant 40 0 4 OCT 2e05 WO 03/089128 PCRCUS8®Hdz29 t hat
the conbustible fuel streans preferably are not flow ng at such a velocity,

or fluid flo - t | f f e qutlets.316.0f the
t ubes. For pu%%%@é@ergft%ﬁlﬁ#’&g? %g%[ﬁg% aA% %%OSTVEH’ |ﬂggtsu gsv\ﬁ%icﬁhﬁng.ca Rlogated g s
shown, the flwithinnapertoeesd¥Xc ko ltied eaab foeli steeant (ached 276°0094’ebr 294°)bgcause

conbustion is _initi,ated at the putlet, as opposed, to at a regi on_spaced
above the out &MY 7 sorres ?ﬂf\?‘&@fa‘z?ﬂ A%Iaéqg?’ilﬁéb‘? qugondglﬁ%@ﬁﬁﬁﬂ ally

il lustrated iAskhdh fudfsiddam3dBis. itsFicidpondihy 1hBNIS4, iDishRixed IBroaiR BifRsToRan
flame 318, and wi |l often result in less efficient conbustion and a | ess

uni f or m f Ifameith K sygrewnding:ar iyedme’4’ 40 Proflece anaaygenatsdiheliieam 2ahidwhish al so
L DI Nge agal NS leddianeR bs b lghitioh thiret BAL ALRMNTmROLeiACI WRLPBRAABRINS" DY

flame 318. This inpingement may 10 produce undesirable conbustion

byproduct s, |stieems aeediffozeditogetheaimey bsfreferred to enthasliffision regieh of thedamer and/ or

damage or we e S [ Al t hough tubes 314 are shown
in Figs. 43 Z%g%}ﬁ?’aghtﬁg@?%gg?%ﬁ?oncéf %ﬁlﬁ#? gzli an%o‘ﬂ’?#%ﬁ? g#?otf{g‘,ﬂ%}ng {hg

wi thin the sobffesiod stinturei wldtlosnabies tieagaimbfieir and Ak steanisit® dEfusaRigether.

| engt hwi se. copfigurations may be ysed.. Similarly, stainless steel tubes
have proven 1 ee%f%ecc‘?ﬂb\‘}%“qnng%?p%ﬁoﬂ“%ﬂt@,mﬁﬁp f ‘fys"év?tfq‘}f‘ﬁ Tfe clssHeelst t he
di scl osur e t hatm amyt &naktioSsichaldee material may be used. Preferably the

tubes are not configured so that the vaporjzed fuel streamis cooled to
the poi nt of condensi ngihesistitigion of thecomgustivia fug! andeajr sisame inte 2 phisalityibes
and prevent f4it ih@lerPand agfiondlly’ ehichiied shiifhs thangt heo ; Ly,
each tube 314 forrrser’g o?.tﬂ)?gn of - mani f ol 3_310 or‘%irs H‘%OH%?]ﬁ%ra%eggwl ngl ui d
conmmuni cat i orfompiste gpmbustioe 9f theaelagitpans withaasynallgr flamo diye Gherwie waypér t ur es
312 passes i nt.o . f | ptQ . equent | scri bed
air di stlr%i btr}{ei %t}ntggﬁfa%%re %glg?%?%%%nsd‘}’gﬁé’rliogtﬁiﬁ? %Jrglie rr%% Rﬁ%ﬁ'ém%f%f tr%%’/ 2% n at

| east sone epbtdenssinsliehas inefeasedefbrtaofias] feedioftfnélhir tlenpioperional fisw t hat

it maintains the pressure. within, vapqri.zat.ion regi.o 92 at |e slightly
greater than t%ﬁ?gglglﬂ%ci‘sﬁhlp%d?ﬁeﬁs% 58 Sg‘ﬁhﬂ%ﬁ ‘%LFS*}“‘%?freg‘E}’éelﬂ %ﬁﬁ%@?laﬁrfﬁg‘%ﬁ%ssur e
differential spdceombesiodi oftthé Risl Helfvedd By at As0daBll 281 iéddel Helre@aid bebpeen
the tubes, and in enpodi rents where both gaseous and vaporized fuel

streams are praBRis the, sybssansnslyt desprivedgh iustrated  vpsreassamblyn shasin dme

20  Figs. 45-50 is adapted to complete combustion of combustible fuel delivered at a flow
rate of 60 mL/min within 6 inches, and more commonly within approximately 4
inches of outlets 316.

Similar to the above discussion about the velocity at which the
plurality of fuel streams are delivered to the diffusion and combustion regions, air

25  sfreams 74 are also preferably delivered to the diffusion and combustion regions at
velocities that do not cause or promote flameout or separation of the flames from
outlets 316. It should be understood that the size of apertures 326 may be selected to
provide the desired mass/molar flow of oxygen without producing an undesirable
velocity for the air stream.

30 Preferably, air streams 74’ are delivered so that at least the
stoichiometric amount of oxygen required for complete combustion is delivered to
each combustible fuel stream. For example, a liquid combustible fuel stream that

contains a mixture of approximately 70% (by volume} methano! and the balance
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streans within vaporization region 292. Wen burner assenbly 300 receives a
gaseous conbustible fuel stream 30 276 in addition to liquid ogbths.}i@lg
fuel stream 82, the gaseous fuel streamis also delivered to t'h rlg
vapori zat i wo 03@mgseg, where it mxes with the vaporized fuebrgkifaie and the
resultant streamis distributed between the fuel tubes. This is
schematically__jllustrated in dashed lines in EFig, 43, . r he tybes are
Shown i nor ud RGeS Bt RaRIS el hdyme st Cishe g Soar
whi ch cont ai npheide @oseesus o baffvaROLk7ed, 0 Ushitht etoidhidiBetriddlly @qtddhi n
the scope of the disclosure that the gaseous and vaporized fuel streams
may be only PRPYAL rygey isgdglverse. t iresremplendhe peyeendn sirgyes 74nmay hat
further m xi ngregtnt G fofedfer ParPhppréfifiaily £29753 BRYNGE Gitfes\ht Ridknidie '&q‘lltyv' dual
fuel tubes. Sim|lar to the above 5 di scussion of the flow  rates of streans
294", it shourequised amelnt of ovrientiar 2 paréibulef canpesition o zambegidle fvel. | Al niyl ude a

mnority fractd ) | Qi 0 Liquid, an ase

conbusti bl e f%ﬂé s’?{r %%?R@ngk?ﬁ%ﬁ&gb&é@]@%?ﬁ%t tljgeggé%ﬁnlt s %f eO%Hglr'}:'gnt ages
bei ng agai n afipks tebéteichibmetticalty ssqiked tdheubl of exygaskssbpryvaddifédtieaabilty or
alternatively be 10 inpl nted or configured so that it only receives
a gaseous con%tgg’%/‘?’ﬁ’lggl #Bgl rgch Elgﬂime g’%‘? a’l“ﬁgglﬂg'ﬁi'ﬁﬁ‘%‘ﬂ F’(%thedﬁe%i‘a/d are

i mpl enent at i owithinhike 33PO6TtEatiselBsdregi on may be referred to as a staging
region, in that the gaseous conbustible fuel streamis delivered into the

regi on anddthen di vi dedB¥RERsEeiliss 4p3 espstrctedanoprding tor thapipsant glisclosur uel
di stribution pRoibtefebively SIS With 3¢Rral ﬁéue@‘ﬂﬁé‘hﬁéicﬁi%ﬁﬁm@am g%ﬂlirgd gﬁea?ﬁr{ecl udes

at least one air input_port 320 through which air strea I ver ed
i nto di stribuef exeergi Bir egmpleaswheanodP-100% Eiegss 48, ist tedivaied tot the dmmies

delivered int I £y A SEL] i% . | |.ch the Lr may.flow
around the pl %F%ﬁ?l?y&%f lb%g{’ %#%J es. %ﬂg”%?%ﬁé O%Aﬁn%{SF?]ge. fé,sg'fa?{gs B

di stri buti on poderes ahet ¢ontblustiesstizamo The $hpash o Liihsst axicéss tairds thavthe flamd wak 4.
Mani fold 324 20 is adapted to diivide th ir stream 74 that, is delivered
into changer %ﬁmﬁ?ft §° A0 OReE Kerdsn hofsco %Pg r%?ﬁﬁ‘ "’Y‘llvxﬁ“’ttﬁ’ee?cﬂ"ts‘fsr gam 74'
cont ai ni ng ondompRrative elrédny plodacilivith leefextdie all Mk Adloudti If ciéds€ @R prdvifes
exanpl e, each stream nmay cont gi n 25%qr less of the original flow It is

within the schPERGSINRY which, the ppeurt 9h et REaflused By e greaibly mp¥Ee t han
20% | ess thagnk5fied ﬁye&mrbhag tHOMe 4t 9BRhldNal dellferQPloWRE Burher b3%mudy. As 5% 25

of the original flow™ In at [east some enbodi nents of the burner “assenbly,
discussed above, when it is envisioned that the bumer assembly will be utilized in

20  such an excess air configuration, apertures 126 -may be sized so that the resulting
streams 74’ of excess air do not travel at sufficient velocities to cause flameout, and
preferably are sized so that the flames are not separated from outlets 316.

In the embodiment illustrated in Fig. 43, each fuel tube 314 extends
through one of apertures 326 in combustion manifold 324. In this configuration for

25  diffusion structure 278, the portion of air stream 74 that passes through each aperture
326 produces an airflow that surrounds the respective outlets of the fuel streams. A
benefit of such a configuration is that the combustible fuel stream is delivered above
combustion manifold 324, thereby reducing the chance that the combustible fuel will
flow into the diffusion region external the tubes. It is within the scope of the

30  disclosure, however, that one or more of the fuel tubes may have outlets 316 that are
co-terminus with the combustion- or distribution-faces (330 and 332, respectively) of

_combustion manifold 324, anywhere in between, or even that the tubes terminate prior

to reaching manifold 324. Because the air stream is delivered into the distribution
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conbustion distribution manifold 324 may be referred to as a conbustion
plenum in that it maintains the pressure within chanber 322 gt@mtgg
slightly greater than the pressure within conbustion region 92. ' 05
pressure dwifemoenes al pronotes the even flow of air intopthgsepiipsti on
region and restricts the flow of the fuel streans into 30 the air

di stribution chanbe i,n Fi 43, mmni fol.d o 324

i ncl udes a pl u?£P|e§§?“ba#A%“ tﬂg?st gg‘”ﬁ"ﬁ?‘é’ YGRORRIEH e&i“?n%g? glgﬁlg' SPEgams | ow
into the combwil éremeregisitive ﬂ\ﬁw%k‘%@s fromoMribithn RERLI2UES tﬁéalfﬁis?eﬁdanao t hat
tubes 314 may g tend into, and in the illustrated 42 0 4k OCT 2005 WO

03/ 089128 PCT? stiom Fsgions B0 ent2-t howuRgtes phaevgsdr oflthes aboye-deserived t he
tubes are Conﬁﬁﬁﬁéﬂsceﬁ‘le EYaEhﬁﬁﬁ’} ﬁﬁ'lstr ﬁ'l']ﬂ a&ﬁrAyﬂ%gmb%ﬁ@?l& &?hlqulggld%uel

stream (such as 27 I's Surrounded by a corresponding air
stream 74'5 asofikig. é%. Qoantﬁéte@@)b%@sédmon@ustumesumale 3300sf negnifoldf 324, ad theam
exits its cor di diffysion.5 with the
surroundi ng atﬁlgésgjt)l ?eég{r:] 4 @'ﬁ 3§d[])er 0 ué’e4 43%%‘?%8%@%@3@? EreeL e Cé’mbil%? whi ch
is ignited, sandhlisusbusipnisgrintds 302 swddI0eofdfanifdki 34ch, the region in whi ch the

air and-fuel streans a |ffu t oget her, .may, he referred to as the
di f f usi on regi on of thé{sb ??8?5 g’ | 3serfilien ?%e ?B?Ffi}r’@urt%lt nPEEeut | et s

316 and aper tdiscsuRAfaPbOvdnticnd & feceidé bhlyDhoBf 8 b6l bre Lotk SmeRahkes the
pairs of air and fuel streans to diffuse together, 10 The hot conbustion

gases proucddckstsam: Ha spbadimants orppplicatigasihere anlyca Easeous apaibystitfle fenl a hot
conbustion s ts‘h%ﬁﬁh@ﬁsceﬂ;@@ 19 lﬁ)tuid pﬁjﬁﬁ&fkt&g tﬁ:ﬂqleﬁl‘?rgg) éﬁlﬁk%&ﬁfly bt 1%&91{@&
er réans

streams into a ural';a{m option centric
enabl es the Harfael vdwsn Ifymlﬁtlj is @@ﬂ@g@@cbtcwnh'u@pmn gasecuheombedtlbi;i fiehns

with a small t t ed if .t.he I nal
streans wer eesﬁgélhgr&edggﬁep aﬁﬁm of&@ %gvgtgo p ﬁe¥atpﬁP%1n%s§§H8$i es is
i ncreased f orassnfhilxeas flesd: oh ihadbﬂ aslcte, of Weg. g4.0pBHeh athalbuldepwissdmiilpugh each
t ube decr ases t.he. di st e red.for conplete diffusi on and
combust i o lteﬁtéve%gfeﬁd‘&ﬂ? \%ﬂeéd’rgvﬁ’t %i@géégﬁé%ﬁeﬁ strgams, e hyrpsg assenhlyuced.
For exanpl e,mtlhmdsuba@mam bt welB gerick B chod Béludel Ividfeh oAty Os A6buB Biel 38SLHDI Y
shown in 20 Fllg %{15 50 is adapted to conplete combustion of conbustible
fuel deliver deeaeived o fie VARATEAAn I6GORY /min within 6 i nches, and nore

commonly wi thin appr oxigrahekghtsidd s 140 seveil bﬁﬁo%af’ét@lﬁguratmns are shown
for vaporization region 292 and the corresponding vaporizing heating assembly 296

20  of burner assemblies that are configured to receive a liquid combustible fuel stream,
either alone or in addition to a gaseous combustible fuel stream 276. As shown,
vaporization region 292 includes a base 340 and a partition 342 that extends from the

base generally toward fuel distribution manifold 310. Partition 342 creates a well, or
reservoir, 344 into which liquid combustible fuel stream 82 is initially delivered upon

25  introduction into the vaporization region. Reservoir 344 enables a volume of liquid
combustible fuel stream 82 to be delivered into the vaporization region and to pool or
accumulate, in the reservoir. The level of the pooled stream will rise until it reaches

the height of the partition, at which point the delivery of an additional amount of
stream 82 will cause some of the stream to pour over the partition. When this occurs,

30  then at least the portion that pours (or spatters) over the partition will contact the
region 352 of base 340 that does not extend under reservoir 344, where it is vaporized

by heat provided by heating assembly 296.
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Simlar to the above discussion about the velocity at which the plurality
of fuel streans are delivered to the diffusion and conbustion rfgdi oS E@r
25 streans 74" are also preferably delivered to the diffusion and 3
conbust i orwioagiosnss at vel ocities that do not cause or proppt®sis@gwout or
separation of the flanmes from outlets 316. It should be understood that

the size of apertures 3 se e ed to .provide the desired

mass/ mol ar fl ow of oxyg‘éﬁ’eﬂ%hfiﬁlt r?'f&’“af? thatdhs PuBre ass\?@lbgbhﬁsy af or
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utilized in
sitnations than conventional liquid-fuel burners that do not have this structure.

20 As a variation of the above construction, partition 342 may include one
or more ports, channels or similar conduits 348 therethrough that enables some of the
liquid combustible fuel stream to flow through the partition. Preferably, the conduit
or conduits are sized such that the flow rate of combustible liquid fuel that flows
through the conduits per unit time is not greater than the flow rate of stream 82 into

25  the vaporization region. In other words, when partition 342 includes one or more
conduits 348, stream 82 is preferably delivered into the vaporization region at a flow
rate that exceeds the rate at which the liquid fuel flows through the one or more
conduits 348. In this configuration, a reserve of liquid fuel will be established and
continuously replenished as long as the flow of stream 82 is not interrupted or

30  diminished for a sufficient time that the reserve of liquid fuel is depleted, such as by
flowing through the partition and/or being vaporized. However, as long as the
reservoir contains a supply of liquid fuel that may flow through the partition and be
vaporized, the net flow of vaporized fuel to distriBution region 284 will be
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20 such an excess air configuration, apertures 126 may be si zeﬁ é t he
resulting streans 74' of excess air do not travel at sufficient Tl es
to cause flanmeout, and preferably are sized so that the flames are not
separ at ed toamoeabs et s 316. I n the enbodi nent ill ustrat edpotyukdatiad3, each
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324. In this confl for 25 djffusi.on structure 278,.the portion of
St stream 7aSoRRrAROLUEe R Borpiitadth o it Tk, R 35k W ot 52 s 6 iow
that surroundsvdriienet espective outlets of the fuel streams. A benefit of
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positive fl owapbng@ismélrﬁm@bamermm on region 284 to the diffusion and
conbustion regions 270 and QZ.QfExa;B es of several of the above-descri bed
variati on& are graphi caPt ynqiFatet 3 dte battamrp FigA4, At @nobmh seeukal e on

the left sideygpoffatiohth 90Ot Bast B b RAdo thibs (RO BHUS e 330
of manifold 32 ° and tﬁgﬁwgt ubeesgglf%n th n@%ﬁ h? side of Fig. 3@1{512@% nat e

general | y bet Vaperization regiam iselnding tl@rmmﬂnsqfrth% £ et yoderbesaesesdir 3dd 830 of
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di scl osure may be configured to receive on qui d

a gaseous’ or
conmbusti bl e Yapofizesl bsttheasmpommngdbm.glmembb'r dpplaltaaam@nsonﬂmraaomnlsy a

gaseous ¢ |bIe cel ved under too that

heati ng aggsrg Fm%a lg hu%t%a} gt r dmﬁ ? alt tﬁl\ﬁhfgﬁw geb‘i?f"ﬁg‘i‘ra

configured t ovapnhg.atlbmheatixg BEsedy ad@gstbdlﬁi énthlelencftldﬁiectl}slidaemortidﬁessbld)lfner

assenbly may be,fornmed w.t hout the vaporiz heati n nbly, as shown

on the 1 ef ¢ SaBeToRrgh CLer et o Mg APAISEE 1 3o BiEh pE LG0T ol

used W th ei t#figpo@ion 392 Bf e YabeuppRomcH e liqsid cBaBEstitid\RieDitfeaRl s fR&REP! Y

will tend to be present, but will generally not be used when onl}/ t(gl:;aseous
ocate

fuel stream WPsber eerivedy Fax example, thp yPPYEAtigh heatige pssembly may be

20  generally beneath only portion 352. Expressed in different terms, the reservoir may
be offset or otherwise located distal the heating assembly. As an additional or
alternative implementation, portion 350 may be insulated or formed from a material
which is not as conductive as the material from which the rest of the base is formed.

Another burner assembly 262 constructed according to the present

25  disclosure is shown in Figs. 35 and 36 and generally indicated at 400. As used herein,
similar elements and subelements will retain the same reference numerals between the
various illustrative embodiments of the bumer assemblies, fuel processing and fuel
cell systems disclosed and/or iflustrated herein. It is within the scope of the disclosure
that these later-referenced structures may (but are not required to) have the same

30 elements, subelements and variations as the earlier presented structure. As an
illustrative example, burner assembly 400 includes a vaporization region 292 with a
partition 342. However, and similar to previously discussed embodiments, it is within

the scope of the disclosure that bumer assembly 400 may be formed without a
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On the right side of Fig. 44, several optional configurations are shown
for vaporization region 292 and the corresponding vaporizing hpdt iU@g 035
assenbly 296 20 of burner assenblies that are configured to recei g

i qui d conwogiokdies f uel stream either alone or in additieoriusesalgeseous
conbusti bl e fuel stream 276. As shown, vaporization region 292 includes a
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assenbly 296. 4 OCT 2005 WD 03/ 089128 PCTI US03111429 A benefit of this

configuration is that tAeshawmer FagsasThhy/ohas, dumer QSRMbEy 400 indluddses” 346
of liquid conbustible fuel. For'. exanple, shaquld the flow .rate of stream
82 to burffer "QUSBA0y ‘B’Eﬁﬁmb%’_ Chiltsr FpRUsHODr IiftfeR vind cdifphutinsi egions ahe
reserve can %uyﬂpoﬁﬁaﬁéji%&h&d'e?nvl\%iﬁ?%&ﬂhﬁ&m{i@ @62’?'115% : één@f%&?fcyﬁﬁﬂ}@'al zed

fuel to the 5 combustion region. the fl ow of vapori zed  fue romt he

reservoi r wheRnfguration and igeludescamoust 404 that igeiizef do lseume thechimasrasebntbdy t he
reservoir my,Qe,| t r I I roduced
if stream SZXNV\I/alEhg"l lﬁ‘??’g? yr'dgfesi S\I/Ig%’d&t% %ﬁ”@ﬁgglg%srtﬁ%ﬁ%ﬁéﬁé%&y&?@a@#{ I

provi des a nmeetadl&mithgughhit hwithie the srope of dat discloure tenthashdunhmagdiaen 92 i s
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flow. Even wién Alspehewnaieca fingt supply fd’ﬁd‘ﬁbf'gac%ﬂg@nbll‘&ébmf@ﬁiﬁtr@&m be(svompd et el y

20 gaseous combustible fuel stream 276) and an air supply conduit 410 for air stream 74,
In the illustrated embodiment shown in solid lines, the bumner assembly is adapted to
receive only gaseous combustible fuel streams. However, a vaporizing heating
assembly 296, supply conduit 411 for a liquid combustible fuel stream 82, and
optional partition 342 are shown in dashed lines and would generally be present in a

25  version of bumer assembly 400 that is configured to receive and vaporize a liquid
combustible fuel stream.

Bumer assembly 400 also demonstrates another suitable configuration
for tubes 314 and gas distribution manifold (or plenum) 310. Unlike the previously
illustrated embodiments, such as illustrated in Figs. 43 and 44, in which tubes 314

30  extended from apertures 312 in manifold 310, burner assembly 400 demonstrates that
the tubes may project though the apertures in manifold 310. As such, tubes 314

include inlets 412 that are located within vaporization region 292,

48



extingui shed, they wll still tend to cause instability in the flanme, such
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pi ston 5 punps, deliver Tiquid ininterva Bach
pi ston cycl e)toamd présaey é’sﬂo&urejma[sranclpd@walmnﬁexcmmsﬁa@aage f 42tedught whialn 82.

Accordin r.ecipr .tend,to del.iver flows of

St eam 5913  TENPER sBrES B naY pr hol@d sBYEDindrep b 3o i AoGH NSt
condui t (s) 348fenttdp WiRAiihiden Soureto88RIWinen Emagelm i0{vill AR A6 bE Hicldue!
produced thergfrom 10 As indicated at the bottomaof Fig. 44, it can be
seen that the™R&HEe PREFOKIIN thet fames et arrirgdursd abéhecfaﬁlfﬁtijaméarwmﬁ@at t he

entire base 34fhdibh tddf reqfibR i zo,aﬁ 'b@rkeér?ﬂ{ Blbs. 4G db M S RONIEQAR AP the
base that underlies reservoir
surrounding the passage 422 wﬁl prov1de a flow of air that wilil tend to shield the
20  ignition source from the flames produced as the fuel streams are ignited.
As perhaps best seen in Fig. 46, passage 422 extends through the
burner assembly to base 340, thereby enabling the ignition source to be removed from
a bumer assembly that is mounted (such as via a mount 404) to a fuel processor. A
benefit of this construction is that ignition sources which require periodic servicing or
25  replacement may be used with burner assemblies according to the disclosure without
requiring the entire burner assembly to be removed from the fuel processor simply to
inspect, service or remove/replace the ignition source. Instead, and as perhaps best
seen in Fig. 46, the ignition source may be inserted within the passage, and selectively
removed therefrom through base 340, such as for inspection, maintenance or
30  replacement.
A variation of bumer assembly 400 is shown in Figs. 47 and 43. As

shown, the burner assembly includes a sleeve 430 that extends from vaporization

region 292 through combustion region 92 and into which one or more temperature
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benefit of this construction is that all of the liquid fuel streamw /|| be
eventually vaporized by the vaporizing heating assenbly. An gl ée@fmﬂﬁ
configuration is 15 schenmatically illustrated in dashed lines. | '
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burner assenblies_according to the present disclosure. shown in Figs.

45 and/ or 46,a0fﬁ§§ihgrth@gg]éhﬁe>ﬁ4,@0@ thebyrpgyagsembly. Similar to the above discussion

20 regarding passage 422, this configuration enables temperature sensors or other

measuring equipment to be inserted into and removed from the burner assembly while

the burner assembly is mounted on a fuel processor. In the illustrated embodiment,

sleeve 430 extends through each of the above-discussed regions of the burner

assembly, thereby enabling the temperature of each of these regions to be selecﬁ'vely

25 measured through the insertion of suitable sensors 432 at the appropriate location

within the sleeve. Also shown in Fig. 48 is a mount 436 that retains sleeve 430 and/or
sensor(s) 432 within the burmer assembly.

In Figs. 49-51, another version of the burner assemblies of

Figs. 45-48 is shown and generally indicated at 400°. As shown, the burner assembly

30 - is adapted to receive and vaporize a liquid combustible fuel stream 82 through liquid

fuel supply conduit 412. Burner assembly 400 may be configured to only receive

liquid combustible fuel streams, in which case supply conduit 408 and its

corresponding input port may be omitted. 'Similarly, although the previously
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10 housing 402 within which its conbustion, diffusion and distribution
regions are housed. In the illustrated enbodi ment, housing 404 h%a@
generally cylindrical configuration and includes a nmount 404 that is siIzed
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t ubes 31415c0gé§a5{090@4 |y positioned within a corresponding plurality of
apertures 32 n conbustion distribution manifold 324. Al though not
required, burner asseﬁhh@ngl@{semblyﬁﬁrpmfa:ablyhmhtsrtbmvimhde@ﬁlél Beean @cd ude a

portion 420 alr p ort 320 that contains no.aperfures and
cor r espondi ng{lﬁﬁg %‘?er 76 %?‘t g rfgrls‘?ri} d%’f’séggt 5?%1@%1&01'6{33@11%@1 tedAll shown,
portion 420 mombasmnd@mogzn A5 sacyhBsating hﬁsendﬂﬁtz%biﬂay% ebnfRReddt 4y es 326

(and therefore t 314) be pr ent i.n a nmretrical distribution.
However, por FPB‘?{H%’;%‘ P‘é‘?v%oéﬂgsmﬁfna 2] lé'é.'d\m%’fbésuc fuel streams containing

20  methanol, or optionally methano! and up to 50 vol% water, four heaters 462 that are
designed to output 100 watts at 10.6 volts have proven effective. It should be
understood, however, that the number of heaters and/or amount of heat to be supplied
therefrom will tend to vary depending upon the composition of the liquid combustible
fuel stream, the flow rate thereof, and/or the configuration of the vaporization region.

25  The heaters may be configured to provide a constant output, or alternatively may be
selectively controlled to provide a selected amount of heat from within a
predetermined range of outputs. For example, by selectively energizing between none
and all of the heaters, the output of the heating assembly is varied. As another
example, the power provided to the heaters may be controlled, such as by pulse width

30  modulation of the DC voltage delivered thereto to selectively scale the power.

When heaters 462 are removably received within the vaporizing
heating assembly, the heating assembly may (but is not required to) include a suitable

retainer 466 that is adapted to retain the heaters therein and thereby prevent
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apertures are asymretrically distributed, and as shown in Fig. 45, not
present. A 10 benefit of this configuration is that absence (ﬁr Oﬁ%toébﬁ%
reduced nunber) of apertures 326 in manifold 324 proxinate input 20
pronot es tWe® aogs8 buti on of the air streamthroughout aipeTdisedfguUti on
chanber 322. Figs. 45 and 46 al so denonstrate that burner assenblies 262
accordi ng r i.nc & & ch sage, 422
t hr ough whi chﬁggngélﬁ?f%orﬁ lsgﬁrhgzﬁég%rgmxn 1ﬁus#§ﬁn 31 ﬁ%?gf Sflﬁibé‘?fei% nt o
and renoved f#ﬁﬁnstsﬂlewbunﬁegs 56 andr51l \in t]Wlbnnlog‘mpmGuﬁSSmn@eel&ﬁwb@ paisdeldi N
passage 422 | v% tg@% gl{)e shi Jde &ﬁgmﬁdlrect contact with the
flames that a Jh Eliges, tha Fﬁ?ﬂqﬁ 1OneEG $% wenggs obthe Posist a3 ayleasiot
required, it patalbeotsesdted By Hicsin 24or ABYirB ihdAbd HRSu the $hid8a R s(ifh
surroundi ng the passage 422 will provide a flow of air that wll tend to
shield the® 2ePnfighiation Y 3ReyiARE B EnapssRIblY Hvmay pwbtsle@waasonprsech pinl468t r eans
are ignited. e 2 ds ad rough
the burner a@?ﬁﬁg;&@@?iﬂ% @ﬁss g? gjréie1 yoéﬁ%sbf)l n t‘ﬁgﬁl g‘ﬁl |on e rIB'(e:e to
be renoved f riayed so that therheatesandyt gnly hatnsmedmntwr(t)edan(cmed iroas) ovié @ndiofmbent

404) to a fue r benef. f thIS tion is. that nition
sources whic rrgqlc}fa??%ﬁrlfoo ee%sgeorf\;il;l% ylz 0? Z%thg’e%‘ﬂ’ten (gé d with
bur ner assenbthe bsatars comdi pgs t@nplbel)dbﬁmgh)ﬂﬂrpertw thout requiring the entire

burner assenbly to be r omt fuel processor |rrpl ect,
service ofber enove/ r epl f&%”%bﬁgs Hops essa&f?‘?:'gpelc’ aramma%dq@é?aﬁeags best
seen in Fig. #fitiohReurt€ B tHa®m eReciiPily RRerdusiatd S eéhfobb@fraﬂﬂeopg?aﬁ%lge
and sel ectivel yﬁtogﬁlg‘ﬁ%ed t here romthrou h base 340, such as

i nspection, RS edp compustion| ragiendAvia passagei42ei ohs Si’fowmufh%gnlaglserrbl y
400 is Shown dotrcbiiStudedTa AORABASPSithENMEn b & des a
sl eeve 430 thz(i)t exlt etr11ds fromnf/égporl éﬂzﬁ)‘l on regF%lﬁHgglE{g[nﬁﬁ% é(nt % i on
regi on 92 andshrst lgcaigtl. cForogrampie, honsing é%ﬁ)mamcgmtelmc@nwmcmy& wark

03/ 089128, KA ic_;l‘a 4 t ar her

sui tabl e teg‘y l&%t%gre sg %g?tgé‘%&raﬁn %%mleﬁlg%gf e% Skilﬁwn clﬂsglg 18?1‘1 cs a

t enper at ur e genEbA84 tatisladsptedd bmetmabbgcoaplaﬂeoﬂfebtuh&r al¥embBl swhseEbl y to
be determ ned3 bé/ @ processor or other suitable nonitor in conmunication

W th sensor(s 35 For exanple, the sensor(s) may be used to detect 5 if

combustion has commencge Higs. {322 260Ny Sdnb®er eREGhEI8. of\S BPRENSEeRERNBELS, | f

the burner assenbly is no |onger generating (or nmaintaining) heat, such as
i f the suppl ycedingto the present disclosure is shown and generally indicated at 500. In the

20 illustrated embodiment, burner assembly 500 is adapted to receive a gaseous
combustible fuel stream through fuel port 302 and an air stream through air port 320.
However, it is within the scope of the disclosure that bumer assembly 500 may
additionally or alternatively receive a liquid combustible fuel stream through port 302
or an additional port within vaporization/staging region 292, with burner assembly

25 500 in such an embodiment also being heated such that the liquid fuel is vaporized in
region 292. As perhaps best seen in Fig. 53, bumer assembly 500 demonstrates a
bifurcated, or distributed, air distribution chamber 322. More specifically, and as
perhaps best seen in Fig. 53, an air stream is delivered into a primary distribution
region 510, which in the illustrated embodiment takes the form of an annulus that

30 surrounds tubes 314 and is separated therefrom by a wall structure 512. As shown,
wall structure 512 includes a plurality of ports 514 through which the air stream may
be introduced into a secondary distribution region 516, in which the air stream may

flow around the tubes and be distributed between the apertures 326 in combustion
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conbusti bl e fuel has been interrupted, the flames have been extingui shed,
etc., this may be detected using the tenperature sensors. qu@hggﬁng 5 t he
measured tenperatures fromone or nore regions of the burner ass ﬁb5$ may
be used toweonstesoks 10 or adj ust the operating state of thechwkiiyassenbly.
For exanple, when the burner assenbly is initially preheated by

vapori zation heati assenmhl.y 296 W | di scussed suhsequently), a
t enper at ur e s@lﬁtgﬁ?}l{@@ glawgéﬁ Bé4u % é‘ijﬁr?@yd%‘frbr ﬁ%naé € \Rﬂaé’ﬁa AU IndIy ey ?Jg(‘:lmb ?’Véﬁeat
tenperat ure hsgfucheers1e eacthed air Amiteding trdgibn F18Sis diRuldpdt withn he Hebibs thnd
application of t&gr;%erature sensors 432, the_sensors may be used for safety

reasons, 15 nifefyred irjo seapadany disiritudign segios SkhEomur pletelitsefandiny maged-
exceeded a prggat gl negk dihibashied n E)?Qﬁ? BbbRrios LR Rr %?g igﬁgsi%leﬁ q,be

referred to as a sensor port or a or one or nore thernocouples or
ot her t enper aprgmetestisigbytion of the diestiehin glroyr ghostiregispddibnent , sl eeve 430

defines a passage 434 t e i base ,.340. of the burner
assenmbly. Sinmilar tot h“gsag Slé‘?/sge(fdifﬁg%ﬁegsalp Jgﬁlbhgggéjglgagr% 8831%% &A1y o
confi gur at i onvapnaid 2liqtid rpmbadtibleefusiesneans A ilsielvermasplel dTgualiv@EBAt t O

be inserted i nd renoved, fromt burner assenbly while the burner
aesenbly s ridRE BHG IR BPER sk o 4 asngly Fekeledal S0 RS SRR

sl eeve 430 exhapols lihdy ieBunerafepblyliidudRavapdiisiay ﬁ%ﬂg%%in{m?zﬁ arld€

burner assenmbly, .thereby enabling the tenperaturée of each of these regions
to be sel Hbtiafaplyd dreqping adigmdiosmbusiivla el stieamrthropgh n inpyt perbisuctsasibor s 432

at the approyoreingt Was abdviusivWidiil \Y LN Fi 8is a
nount 436 t h?t’ ret ai nsssl giéi\s}g%t%%bﬂﬁ%%gék@%ncgo&%?ﬁzﬁaw%ﬁrﬁﬁEtE% ur ner
assenbl y. | n Whepthedgrer assgmblyhie rdapiedsiosaleotivel heechive wither 2 bethixfigassoos

Figs. 45-48 i I | gl ' shown,. the burner
assenbly 30 a%%g Siglg}z;&;% ed T %ﬁgggegisvélﬂéhgép@gi%%%n%gég%gal}ﬁﬁg t%?%@s‘?‘flbﬁ’eaf uel
stream 82 t hrpairgi fiel drpud pbrig withuhpsegombeudh pbrt 4ddicatdd inrieshed dinedninl Big 40" may

be confi ed, t.0 Ly receive.. liquid c stible fuel streans, in which
case suppl’y c@rﬁﬁ’ﬁlgﬁ Wzéﬁﬁjl\{efaflgg a%&?%@s%ﬁ?sn%eeprfﬁmm&gr’f‘ ﬁﬁ;ﬁ“bé"' BiRg t ed.
Sinilarly, alhdowghon beinpsgeMédouih, ¥ho@stdf bukded as26061y\3000 34 D8R béRe within

PCTI US03/ 11429 di scussed, passage and_ s] eeve 430 are shown in Figs. 49-51,
bur ner assentfOrRIBE 2 PREPIL arompann hell Rp BeusneedQ, ddayaikimths seong/adithey t h

~any of the Otdi@[qsﬁﬂeﬁﬁﬁns‘a%oriziﬁ%lﬁ@itﬁl@‘%@ﬁ@%l%@é@Ena‘fra}fé 254 AN%e QARALL lagd ;@nd/ or
illustrated herein. In Fig. 49, the burner assefbly Is shown including a
vapori zati on merely positioned to deliver sufficient heat to the vaporization region to vaporize the
20  lLiquid combustible fuel stream. For example, instead of generating heat itself, such as
electrically or through combustion, the heating assembly may deliver a heated fluid
stream that vaporizes the liquid combustible fuel stream,
In operation, burner assemblies 262 according to the present disclosure
that are adapted to receive a liquid combustible fuel stream (either alone or in
25 combination with a gaseous combustible fuel stream) are typically preheated, such as
" by vaporizing heating assemnbly 296. A reason for preheating the bumer assembly is
so that the liquid combustible fuel stream does not fill or overflow the vaporization
region while the region is heated. For most suitabie liquid fiels, such as alcohols and
shorter chain hydrocarbons, preheating the vaporization region to at least 150° C and
30 typically less than 500° C has proven effective. Preheating the vaporization region to
approximately 200-250° C has proven particularly effective for methano! and

methanol/water liquid combustible fuel streams. Although not required, it may be
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"5 heating assenbly 296 that includes a plurality of ports, or nmounts, 460
that are adapted to receive electrically powered heaters 462, g;up@g?s -
el ectric resistance heaters. As shown, heating assenbly 296 inclu r?%r
ports 460, Weui3/os2128 s within the scope of the disclosure pbatusésngsnunber

and configuration of the ports may vary, For exanple, even in the context

of electrically.: ed,resistance heaters, such heaters. 1Q.can, have disc
o flat conti SorrBRLE0 Brenk e \ARFERG R o e PRRI iy ¥ GERE i «
shown i n Fi g. fildboiBhgof the liywid chebpiblerfuéleqrim eneistdelieded terdigat out put of
the heaters may affect, the nunher, and conf | gurﬁéi on of, heaters to be used.
In Fig. 50, heaters 462 gfigu UFRSE FSSRRPLES t KO dcherdPur e tedPresentude

el ectrical | e@g@o@@gnﬁ@g BEELto B B&Cﬁ@ogeﬁ-lﬁocﬁﬁfﬂé(i?%igﬁs & 8Ghtide§ iog%f%eISUCh

as a battery, fuel cell stack, electrical outlet, 15 generator;
Heati ng assen®Pyessus diosfrainases, of #lpstatione then flowvimed disausbiont widladestiibeaa

Toni ted In  CORRUEToR R eyt AEAREIE e R ARRE: B S il buliTh 0O

confi gured t ofuekprpenstreran thelfernv afosteare defouedr tistt iscabapted ¢o recéigelh deedatrbaist | bl e

fuel streans nt ai.ni ng 20, net hanal , or, opti onal t hanol. and, up to 50

vol % wat er, ff)@?érﬁaélgltngr s© O%T"fcﬁ‘ g (geedﬁtggjf élﬁ‘ga’at%' g%‘f”[ﬁffr’l"bbg Wi#‘?‘stﬁ‘ﬁt 10. 6

vol ts have prmepnoilfeeditdlysre that $ied protekor 10NH8 tiko @dher ToMBY &6 .didchidkd t he
plied therefromw./|[| tend

nunber of he%%rs nd/ or _anpunt, g{ heat o be suppli, . om

to vary dlberioRy ABEFATMIECLDAEEIeIER & s stcdly flutpiedin Figs 881
stream the fdnavndiadied é&ﬁfﬁgfat S?Mdi{gfonhé}eS%QHélh&!éraaﬁyd%keﬁlcpr&fﬁ%mgqp bhzation
region. 25 The heaters nmay be confi gured tcg@prow de "a constant output, or

al t er nat i vel ylShiitytheformsof| aetefarping regign thas incliules @ sippmiefremingseatadyst 3. Amount

of heat fromw N d ] a[na%g DU -S-
sel ectively Jﬁ%%%él’r?}“?]ggmg{é’tﬁ (/\g%aeﬁﬁl%gg@e an ’gvlhfgho[&i{lﬂgﬁ ! é‘%{tg{rtsa?@éta%g&gﬁf%ﬁt of
the heating degeptfprmate stegaimeds progucad diohethe wateaayd egrberheomaniag fgadetetided t o
t he heat be.cantrol l ed, such as by pulse width 30 nodul ation of the
DC vol tagl(rassder@%{?fg g%?atsﬁeea?r%b% to selectively scale the power. Wen heaters
462 are renovably receiAsedisoistddi previvaslyafedi stiea@ 16eaiy b f$ERMkeant he
heati ng assenbl y. na c%ﬁut i S not reggir d to) inclyde _a suitable retainer
466 that i dGBBIE bR Mifes A Aryeat il CoF Wby OMRITAG FEAEPUL YT fiiewebe 51 0
4 OCT 2005 Wewl34i08R12 8trbmd Unl) HollddRB1y1 BorthiR Nh OR#Lr a8l M4AonQontalifing

heaters. An illustrative exanple of a suitable retainer
feedstock(s) that are consumed in the reforming region. As shown in dashed lines in

20 Fig. 55, it is within the scope of the disclosure that at least the carbon-containing
feedstock component of feed stream 16 may also form a combustible fuel stream 64
that is delivered to burner assembly 262. It is also within the scope of the disclosure
that the complete feed stream (i.e. water and carbon-containing feedstock) may be
used as the combustible fuel stream for burner assembly 262. For example, a

25  reforming feed stream may contain approximately 50-75 vol% methanol and
approximately 25-50 vol% water. An example of a particularly well-snited feed
stream contains 69 vol% methanol and 31 vol% water. This stream may effectively
be used as the feed stream for reformer 530 and the combustible fuel stream for a
burner assembly according to the present disclosure. A benefit of this common

30  feed/fuel is that the overall size of the fuel processing system may be reduced by not
having to store and deliver a fuel stream 64 having a different composition than feed

stream 16 (or its components).
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466 is shown in Figs. 50 and 51 in the formof a pin 468 that is

sel ectively passed through the guides that are positioned S(ﬂnlz#h btgﬁ
openings of the ports are at least partially obstructed by the g A 5er
the pin i swomsesaiesl t hrough the guides. In such a 5 confi gorabesaisze
vapori zing heating assenbly 96 may include at |east one such pin 468 at

h end of th ts. iati f, L hi [ tion, th t
be. keyed so that the nURPE USRIy g8zt B R KR A G Bl LRy oy

one end of tha offpbt Sold Gtate XheTbuter assemBRdisOfnitidlg Pekdated! r@em%:eapwﬁinrguct ed,
or even cl oseﬁl, .SO thatb&%ggr heat er,f1 cannot pass caonpl eteI%/ through the
ports. 10 Fi g'?58E 4F¥%EY sthh AR dllugtrattye, spgeples reforprsefufhat recgive @ feed
car tri dge- bas@ftam l60d¥ntaiBhe SRMASS v thphdlly Iﬁexpréneaté@{ﬁﬁéa\;@é@(w b[‘a%&iﬁh&g I nto
and renoved fromoperative positions relative to conbustion region 92 via
passage 422. Wsfe 25t338° Corfiiiar dfs teseneratere]ip s¢aghiud adiquaslisimizpsdigie fuglt hi n

whi ch the pargi.cular: ianj i i .|l ocated. . For exanpl e,
housi ng 480 n%l;/egigo%t Igidgﬁg&%:cpogn)btﬁé? %@ﬁ%;gg%lé‘?%é? aj“?ﬁ%ﬁ%ﬁ aﬁ{ilﬁﬁ,m ﬁ%%???cal |y
heat ed cer am is delienshto, distiloutioAsegdto?8d, Thewsporiped §o:l isnedmsded abr strémbinire 484

that is adapt J0 be.rel easably coupled to.the rner assenbly, such as to
base 340 1 EgeatedSuliIAeahet 5 MRED drpeciored etk i Bedesibing o
according to dontbupicas etdantlics UeRfpUniedits 18a0WN IaRdigeReAlde)/ rdgitai sR5tesn at

500. In the 20_.illustrated enbodi nent, burner assenbly 500 i's adapted to

recei ve a gasetiler ustible fuel streamthrough fuel port 302 and an air

stream through air portwiegD he HIVEMEE refioni BasWbbdy laeattélf técef)?)?ecﬂ{en{lﬁ%?
a y

di scl osure that burner assenbly 500 ey additionally or ernative
receive a |i qafogmignismperabire, viish astdiscassed Hvidutghd pervaradgpendingarpoaddie t i onal

port within vy, Liz:at | j (7=Yo] IRV . 25 500 in
such an e%od@ﬁ@ﬁ%lag*?g%g%ﬁ%g%tfg% %&?ﬁ%t% ng%lﬁ‘ﬁé%gﬁ% g@ﬁ%@leém\r}g%ori zed
in region 29%cduss plarmatesstivemt 2G eeXthionglFiferd §8anmblié er atdmetnthkeycaBRH-
denonstr ajes . fu ed, or distributed, air disiribytion chanber 322.
Nbr e speclltsfei c°§PYa§’f‘§%?e§8%%°q‘ cﬁgﬂrpﬁg%lzhﬁ %0?) WAY GoTftHuEiQ be pspd ag ea‘iofn%élftr‘ 4mis
del i vered i ntfoelastpamrfar the buster hdsamnblgnat leagpas, driden Wiy ofhihd fuel fifvaid Mgt r at ed

enbodi nent tak t formof an annulus that 30 surrounds tubes 314 and is
separ at ed thg?agfs’% %’r‘?é’ﬂ St@?’P%t dp &» f?.?“%?d%hﬁe bymaen assembiy it e 512
i ncl udes a plisitialty by us¥dd WieH & Sqlid4oimbitMEhfuehitehmt di@ingistartsh bE MO BRYmerPe
introduced intQ a secondary distribution region 516, in ich the air

stream may faéher yilhbe peed Wilhagagaes bamen avemblytadier Betrabeninglregiapds t ur es
326 in combusirifRiied Indphdidifda &8 mate stream.

This illustrative utilization of a burner assembly 262 is depicted in

flow chart 560 in Fig. 56. As shown, at 560, the burner assembly is preheated. At

562, the burner assembly preheats the reforming region using a liquid combustible

fuel stream. As discussed, this fuel stream may contain the same composition as the

25  feed stream for the reformer. At 564, the preheated reforming region receives a feed
stream containing a carbon-containing feedstock and water. The feed stream is
reformed to produce a reformate stream containing hydrogen gas and other gases. At

566, the reformate stream is separated into a hydrogen-rich stream and a byproduct
stream, and at 568, the byproduct stream is delivered to the burner assembly for use as

30 a gaseous combustible fuel stream. If the byproduct stream contains sufficient
heating value to maintain the reforming region at a suitable reforming temperature,

then the flow of liquid combustible fuel stream may be stopped. When byproduct

stream 28 does not contain sufficient heating value, it may be supplemented, such as
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WO 03/089128 PCT/ US03/ 11429 distribution manifold 324. Preferably, ports
514 are spaced at intervals around wall structure 512 so that [}ailgrggnt kENng
region 510 is circulated within the region and introduced into secohd%ft%
di stributiv®@&gren 516 froma plurality of radially spacedrnapgitagports.
The distributed design of air distribution chanber 322 is designed to 5
pronote distrihytl f I h h .egi on 516. di scussed,
bur ner assenbfvgh/HSAd%ﬂlﬁcg a%)%%% g%}bgé}{b? %rﬂr[etelc%i%glg gﬁ%mhg%ﬁop? & fem&
conbusti bl e f siedams20, dadrogdinrich teeatr 26 dnvpoducahpdrogar steumil 43 andosiheniquial t he

burner assenbly . s .sho in Fig. 54 and general].y indicated at 500" _ As
shown in sol 'f%ﬂkfulspi@g %\?hégfﬁﬁ‘? ﬂ'ﬁ"fy gg@gwm g%%ﬁt%eégyéo JE?)&“FE‘?’ F§SHEAY: ng
assenmbly 296 @pitails atlOreacRAtRA, dddnpatstah VR strthp Adivda@O TS hildYeQintitighog! r €am
through an input port, such as the port that was previously utilized for a

gaseous conbudWPEe thagthe abpyimmlementation ishut ong\nEmanynesen far bafnenassembliep i s
adapted t0 seie6idingabYhd fehv@is@hdler or both of gaseous and liquid
conbusti bl e fuel streans, vaporization region 292 will typically include a
pair of fuel input ports, with thdndustwiahdpgligehiligort i ndicated in dashed
lines in Fig. 54. 15 Al [ eatin ssenbly 296 has , heen
illustrated in Fig. 54 %‘gg%galg?\eg %IE)’US%% ggregonrfncgr glfeipéoﬁfgf y\ﬁePﬁ,anflﬁt@ﬁr est

of burner assetisysteid@tording fo the poeskatglisvidshicrare Opplfcablaitd) heFulProdetin®d! a
common shel | or, housi,ng, 402, it i.s wi.thin the scope of the  disclosure that
vapori zi n@ hefg?li ??31 @Sé@%ﬂg&d%éﬁs r’rﬁ?”\ﬁb‘%‘qy%%‘égﬁﬁrg&f .‘-?P %‘P&‘ﬁf@flu?@ ip{he cis§ ofperel y
posi tioned t cfueledell\¢@sterfit)icbhsihRbbyheadi cbiR stabletoAeRIck ZRLIMRC 8IEAN O
vaporize the 20 liquid _conbystible fuel stream For exanple, instead of
generating heat itself I §lehewd thayitec distlesye set dorth phoya ghearamrsses mudtiplet he
heating assentiuhciBiertRink Weth iRddpeadeatuditl] Gvnif! 8RBT flgd inYRi3ht ﬁ%yexﬁ‘e
l'iquid combustible fuel stream "In operation, burner assenblies

accor di ng t o digsdospd éx dstprefemed deroy dhe spraificasrabailitapite therepfras odisolased ahd qui d
conbusti ble f; r [ I in .2 ination wth.a gaseous
conbust i E]Se flg‘g%trazeidrrgegﬁ%l g%rﬁé)reﬁgyg?ga Fdf%:glrné%elé gié‘g%&fér?sé’é’mﬁ?“\%é(ﬁ%%"gﬁ ng
heati ng assenixd posibl. Fersshponmitoar of thelisedntions ihtled&uwlnevebarlamalobvioss SO

that the liquid.combusti.ble fyel stre does not fill or oyerflow the
vapori zati on ° é’&agﬁn%ﬂdls €(f l?aé'ﬁp%ﬂﬁg]g VR Sy lﬂeﬁﬂlﬁs’ tiops|aadier qui d
fuel's, such gsomktéeshidEciosedibreiah Sirhidrlye Wk thyEiiasathens? oP*Lieetdditnt he
vapori zation re ié’q%'itﬁ a%}}el e%st 1501 C and 30 typically | ess than 500 C has

proven ef f ect® Frebtsreh ¢lagat shoyld bnundsgiond tednclugspinesrppratien y

200- 250 GohasRAE\R MR dubl Wehidnls, FLARE b HBrifOh Feidhanel
met hanol /water |iquid conbustible fuel sterﬁg%rréé. 0AI t houg tﬁggjrrné%rﬁis}lga, it

may be 53 elements.

It is believed that the following claims particularly point out certain
combinations and subcombinations that are directed to one of the disclosed inventions
and are novel and non-obvious. Inventions embodied in other combinations and

25  subcombinations of features, functions, elements and/or properties may be claimed
through amendment of the present claims or presentation of new claims in this or a
related application. Such amended or new claims, whether they are directed to a
different invention or directed to the same invention, whether different, broader,
narrower or equal in scope to the original claims, are also regarded as included within

30  the subject matter of the inventions of the present disclosure.
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0 4 OCT 2005 WO 03/089128 PCT/ US03/ 11429 desirable to preheat the
vapori zation region to a tenperature that will produce thin filmboiling
of the liquid conmbustible fuel streamthat is delivered theret ol ’fAs{}Q'{ 2005
di scussed, burner assenblies 262 according to the present disclosure may
be used to heat the hydrogen-producing regions of a variety of fuel 5
processors. For purposes of illustration, the foll ow ng discussion wll
descri be aWE(ﬁIia‘gﬂ‘éaseous burner assenbly according to the present

di scl osure being used with a fuel processor in the formof a steam
reformer that is adagieebning o6l focssbp SAnplisagm 16 containing a .
car bon-cont ai ni ng feedstock ahd ter. However, "It is withi'n the  scope of
t he di scl osure t hatefouringpegion seuntrinii aefomnzke catalyst, Whereis theasfotinfgussed 10
above. An, exan%iaﬁe) f a sui tabg%gs eamreformer is scgemat ically illustrated
in Fi g. T80 BntfaPiedi Qafeae Ve dntPd Sfyaa compBtsinge ¥ aichend op grrbpr-roRfaing
hydr.ogefeegdtodkusd ' iQed i ' | t

i ncludes a st'eargq g)e?lgrglrlnwngl%g%%???sg&%p &?Hrﬁa B%l%eﬁﬁ%e?rg%ggnraggﬁ é(;réag%
resul t aterefiomsam 20, which may in this context also be referred to as a

reformate stream: is_produc from.t he water and carbon-cont ai.nj n
feedstock 15 for ﬁ@%%séﬁmgfyraééﬂﬁgﬁ!é?mﬁgwaiagm&mﬁ%& Eﬂ}g@@l{;ké%ﬂ stream
16 may $ieam Sid@l fodlideeRBOmB@HoRishbRA HPhhtNE e ﬂea@f‘éﬁe%%ﬁ{ag‘ &@iohltﬂtfe'

a

carbon-contai ning feedstock, or it may be two or nore streans that
col | ect@@@!@lp&?ﬁﬁsﬁr;n the water and carbon-containing feedstock(s) that are

consuned in the r i ion, As Q i n dashed lines in 20 Fig. 55,
it is within the ‘gfé%%@' i {eﬁg HAB %@B‘&m@ﬁgﬁﬁﬁﬁm fbeoilgtcomsse a carbon-~ -

car bon-matiigihg feegdstotle aatbitdedst eo%pemant of feed stream 16 may also forma
conbusti bl e fuel stream 64 that is delivered to burner assenbly 262. It .is
.also wthin the .scope of- the-disclosure that the conplete feed stream
(i.e. water and carbonmgo [Wa! ack) . e e

conmbusti bl e fuel %t ream f_g%?ﬁ%gsr&gggﬁ 3%/’ 5@5*1 ggléégtagr%ﬁaéf% %d

-1 ef or mistrigareed thst fuebstrensn fucthert coimprizp pt least wat eddititi:l ¢dmpondit.net hanol and’
approxi mately 25-50 vol %owater. An exanple of a particularly well-suited
feed stream contains 69 vol % nmet hanol and 31 vol % water. This stream nmay
effectively . be uged el fraeddscildr @m0 iR IibePsiftaplithd e fuel
conmbusti bl e fuel streamfor a burner assenbly according to the present
di scl oStipem havgdigsppe compesilien.cornon 30 feed/fuel is that the overall size
of the fuel processing system may be reduced by not having to store and
deliver a fuel stream 64 having a different conposition than feed

4. The fuel processor of claim 1, wherein the fuel processor further

- includes a valve assembly that is adapted to receive a stream containing water and a
liquid carbon-containing feedstock and to apportion the stream into the feed stream for

' the reforming region and the combustible fuel stream for the burner assembly.

5. The fuel processor of claim 1, whereiﬁ the fuel processor further
includes at least one separatidn region adapted to receive at least a portion of the mixed.
gas stream and to produce therefrom a hydrogen-rich stream containing at least
substantially pure hydrogen gas and a byproduct streamlcontaining at least a substantial

portion of the other gases.
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stream 16 (or its conmponents). 54 0 4 OCT 2005 WO 03/089128 PCT/ US03/ 11429
Wien a burner assenbly 262 is used to heat steamreformer 53f &r of f,
or cold, state, the burner assenbly is initially preheated using a@gﬁ zing
heati ng aswerg1206. As an illustrative exanpl e, refornepsrub@iil4ecei ve a
feed stream 16 containing nmethanol will typically be preheated to at | east

300 C, and nore 5 prefeyabl -350 C. After .this te rature is r.eached,
A Liguid combustible f il i I pisp s 8@?1.&%%351?%%'ﬁg%vﬁlﬁmsslaﬁmﬁ

regi on and vafpethérzetiptednd raceiwd it 8ist @agoriléh of shalbyprydicedirdai di atdasdpubi on
region 284. The vapqrized fuel streans and air streans are distributed,

di f fused togeﬁws'ﬁﬂﬁﬁf f998Y, as discussed herein, with the resul ting hot
conmbustion stream 66 being used to heat at |east the reform ng regi on of
steam 10 refornmer 5 30. Wen the reform ng region has been heated to a
predeternmined reform g terfier ﬁlphrpeqcemra% elaingj 55 cwhereiar Wiel Rt teasd one vary

dependi ng upaRytb€en & hitd £s ¢ g@g fream 16 is
delivered to tﬁe roeqt ogﬁlnﬁgélédgglg%lg %% rdg%gggﬂféet grrﬁna em}zefream 20. Al t hough
feed stream 16 (or at |east the carbon 15 containing feedstock conponent
thereof) may continue to be.lse s the co stible . fuel ,stream for the
burner assenbly, at |edst p ,Elepéc{%?‘?mélolr}?aﬁlfn gnew??fglln ther 85 M5aagne be

formed by bypepauiin sioramldfs af 1Bass e caorembakideinoy il heschblyaiapRa $& Tl y
will initial lX be used with a Iiﬂuid conbusti bl e fuel stream during
startup of tHEAYCEHRppentratipniof apy athen mogexide Bressit irhths DH%ed8 STesm: ner
assenbly after the reformng region is 20 preheated and producing a
reformate stream This illustrative utilizatjon of a burner assenbly 262 is
depicted in flow char 560 Ths figl grocsgor aisclaiphiwhereinghe bumprassembiz s

assenbly is ; ﬁi%%l m%S .t f orm ng
regi on usi ngpdggl%}i@(ghfgecg@gngus I F% Eg%qgélrﬁ%ﬁ%&lﬁﬁgéﬁn tpgibs uel
stream nmay cdsseaibly inebidshiareatomiretion assemblyshat icadaptefl eetkesive eahutbmizetthe

reformer. At 15%%00%3?13 rlgﬁlee?gtgd reform ng region receives a feed stream

containing a arbon-cont ai nge%néedstock and water. The feed streamis

reformed to produce a refornmate stream contai ning hydrogen gas and ot her
gases. At 566, the refqrna treamis separated into a hydrogen-rich
stream and a byproduct 185tri§ﬁ1%“eilﬁﬁ’°§stso ,a‘f“nL WhaseiB Al Purser askembly is

delivered to Jddfedts RREIVASSRIER YorkEHstibE Fudd Strafin Sar@ORAAMSWRQBRUAL bitner T uel
stream |[|f the b)gl)roduct stream contai ns sufficient )
assenibly includes a vaporization region that is adapted to receive and vaporize the

liquid combustible fuel stream to form a vaporized fuel stream therefrom.
11.  The fuel processor of claim 10, wherein the bumer assembly

further includes a diffusion region adapted to receive and mix the vaporized fuel

stream and the air stream to form an oxygenated combustible fuel stream.
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heating value to maintain the reformng region at a suitable reform' ng
tenperature, then the flow of |iquid conbustible fuel stredmi 0

st opped. Wien byproduct stream 28 does not contain suffici ent eatl na

val ue, it mayodmsosippl enented, such as 55 0 4 OCT 20 5 Wec®k6$383:28

PCTI US03/ 11429 wit h anot her gaseous conbusti ble fuel stream (including a
portion of refornmate ;ieanA%Q SO e(pmrrllch stream 26 or product

hydr ogen stream 14) and/©r theeI'l qwa OB bl e fuel stream may conti nue
to be delivered to the buydregenq&smmhigynegmhwﬁa}ﬂa& ty/ rertiva arfeellgfdnf Ao
conpared to its startup flow rate. shoul d be understood, 5 however, that

the above i mpPEHES&IPEA Spgssam cgﬁtgmg}g FRgen gasand sihes gases therrfEomiin | i es
according to the presenj pihfhQeMbR: adaBdStor praluckPP Ihbé‘\t@tp'ekhéuyt ﬁH&r for

assenblies, steamreforners, fuel processing systens and syst ens
according to hemingrasdesst the Bydregsnmeodyemgspion afithe fuel nrh@essqneWhmem@ssu ng,

10 fuel cell %ﬁ@j and in
t he case of ?%F%%blg%g&td eléma ?O(S:rglr:lég‘l])% ydg?'flglfl;~ mgﬁgﬂ%?aﬂ(f%gip%%proguce an
el ectric cur r togomblust thsﬁigbaridevm&eamato pmdalceltlfediea&dmﬁmeﬁsnfemidndabove
enconpasses mul tiple

d . VWi |
each of these inventi on@%s%ésﬂ}/‘ﬁ@‘ﬁ zﬁ\éma‘gff %a?en u@?? Eirhia ©

speci fi c emboakisemblysbyt fgtreltingake its at %ﬁiﬂ taéldlrlérehxw 1U$i&a1i€ér@ﬂtohﬂfeeﬂu@ne@r e not
to be considered jn a limting sense as nunmerous variations are possible.
The subj ect nﬁsﬁ?@i’ Yof the inventions includes all novel and non-obvi ous
conbi nati ons and subconbi nati ons of the various el enents, features,

functi ons and/ or propert| es disclosed herein. Simlarly, where the clains
recite "a" or "a first"13e| efaduel grocesser elgliival % mihetefrethe dife] serhard the s

shoul d be U”dﬁééh%%éﬁré%h&%daf% r B{aﬁ{n{l%e&q’oc%fcoﬁggne nore such

el enents, neither requiring nor exc I ng nor e suc el enents. It is
believed that the follow ng clains partlcularly p0|nt out certain

conbi nati ons and subco i na that ar re n f the djscl osed
inventions and are nover tngg Il Pracessat @ fcquiﬁ'v Tt Sﬁgltgﬁglbegf%wwcgotﬁﬁer

conbi nati ons fedstZanchibe dresmnatompssitih. f eat ur es, functl ons, elenents and/or
properties may be clainmed through anendnent of the present clains or
presentation of new clainms in this- or a related application. Such amended

or new cl ai ms, whet her ishey Tag ﬁleagfcﬁéﬁs&doft&alﬁa 120 iWhERIARE fileD VBN Q1U AL
directed to the sane invention et her dlfferent br oader,
feed stream contain at least 25% water.

16. The fuel processor of claim 12, wherein the hydrogen-
producing region includes at least one reforming catalyst bed containing a steam
reforming catalyst, and further wherein the feed stream comprises water and a carbon-

containing feedstock.

17.  The fuel processor of claim 12, wherein the fuel processor
further includes at least one separation region adapted to receive at least a portion of
the mixed gas stream and to produce a hydrogen-rich stream containing at least
substantially pure hydrogen gas and at least one byproduct stream containing at least a

substantial portion of the other gases.

18.  The fuel processor of claim 17, wherein the at least one

separation region includes at least one hydrogen-selective membrane.
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narrower or equal in scope to the original clains, are also regarded as
included within 30 the subject matter of the inventions of tﬂel,p@reﬁegggﬁ
disclosure. 56 4 CC T 2Q@i WE CLAIM 1. A steamreform ng fuel processor,
conpri si ngwoa3/08%f128 m ng regi on containing a reform ng catatygtoswer ei n the
reformng regionis adapted to receive a feed stream conpri sing water and

a carbon-cont ai ni ng dstack and to prod as tr m cont ai ni ng
hydrogen gas and ot her asegﬁ.l tﬁlgfé’mcg%or 2 ?’lﬁle;ﬁ é’g’@ﬁ?ﬁ‘ ﬁ%d’ gfaéd g
receive an ai sepatmﬁam@md ircheREusikinblage fmbﬂulef #at eanmiaed b@nﬁh?@ﬁﬂﬁmfa |
brocessor: . G b RSl BE0HraEY ot A GHGT BEPUSE s BbeT BB hee. o
carbon-  cont aigMgagindeREeskARK atrRekt ehe hﬁ&%%enzé?@c‘ﬁ@é efembzaneTpﬁ I'I))Flﬁgelp L

of claim1l1l, wherein at | east one of eed stream and stream
further conpr§ieamds formedtirgna pation plothaimiseshpasnisem that pRsses flwehgiptheces sor

of claiml, gk ghonlfiBebhiboale GRMARY ddadn %%a&&rs%{pﬁ*}efm@ Same

conposi tion. processor c’I arm proc%ssor
further i nclpmes of themized gas sterahl tyattdmastnat pasadptgldthe @t kead ehy memdragat.r eam
containing water and a |iquid carbon-containing feedstock and to apportion
the streaminto the feed streamfor the reform ng region and the

conbusti bl e fuel streamof or ThBefublpriREssas s€riMiv. 18, whbRid W apnesessor of
claiml, - whereln the fue rope sor further includes at |east one

separation re§PBHIAIES o BiE ?IseataIFaSF QB Cathop dnqnogide Jempyal agseribly  gas
stream and 't oada;steaiweaﬁ&%et&&%@adaﬁ@?demoﬁﬁm&ﬁ%%@hmo@h | east

substantially. pure hydrogen gas and a byproduct stream contai ni'ng | east
A. substant i dich s§8#8j on of the other gases. 0 4 OCT 2065 WO 03/ 089128

. PCTIUS03/ 11429 6. The fuel processor of claimb5, wherein the burner
assenbly is further adapted to receive at |east a portion of the byproduct
stream as a gaseous c@tbusilhblfiel proetssertafedam 12, wherein the burner assembly is

adapted to selectively receive both liquid and gaseous combustible fuel streams.

22, The fuel processor of claim 12, wherein the burner assembly is
adapted to receive a liquid combustible fuel stream, and further wherein the burner
assembly includes an atomization assembly that is adapted fo receive and atomize the

liquid combustible fuel stream.

23.  The fuel processor of claim 12, wherein the burner assembly is
adapted to receive a liquid combustible fuel stream, and further wherein the burner
assembly includes a vaporization region that is adapted to receive and vaporize the

liquid combustible fuel stream to form a vaporized fuel stream therefrom.
24.  The fuel processor of claim 23, wherein the burner assembly

further includes a diffusion region adapted to receive and mix the vaporized fuel

stream and the air stream to form an oxygenated combustible fuel stream.
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7. The fuel processor of claim5, wherein the at | east one separation
region includes at |east one hydrogen-sel ective nenbrane. 8. ﬁl'f‘éegf[)qegq%
processor of claimb5, wherein the at | east one separation region includes
at | east oW® BasPe® nonoxi de renoval assenbly adapted to peediseoitshe
concentration of any carbon nonoxi de present in the m xed gas stream 9.
The fuel processor of c% im Wﬁ rein the burner assenbly is adapted to
receive a liquid conmbus 5|8‘lbl e‘&iﬁﬁee %é"%rscéraﬁqom INd & urt her wherein the burner

assenbly includes an atohydtagdngroasennkiontddadted so adaipt adkidsttRbLinde0and
atom ze the 1i ﬂUi d con‘gusti ble fuel .stream 10. The fuel processor of

claim 1, wherBPAusSamBiGH g2 stieaw spppipinghydmgen gatpndpthes gases dhereffany i g

conbusti bl e fuel streant 1afohd'édphRtioNReiat Mabla (BUERSS: atasseBotidngy udes
a vaporization region that is adapted to receive and vaporize the |iquid

conmbust i bl e f &I MXed 28 stream gingh ta Rragisei & dydiogen-rich strear tconteimingont legst. The
Conl ; . ; N el ud
uel processogp@hndl ﬁﬁéﬁydrqge%ggavéehd;a!@n%a%n@%k%&ﬁﬁaEt}ééfn 85‘%%‘?@%‘3 {e gudes a

di ffusion regi on adapted to mXx t vapori ze ream and
the air streabstentia) portion ofshegtheagads;conbusti bl e fuel stream 58 0 4 OCT

2005 WO 03/089128 PCTI USQ34-11429 12. A fuel brocessor, conprising., a
hydr ogen- pr oduci ng regiao(r%ﬁgucﬁg’& ‘ﬂn?roasrsglggﬁv%‘&g%geg’dp?tdp‘éeaﬁl l?fﬁf?dt %‘hab?toduce
a mxed gas sdtreemntfordiacingiat deabty theolgRito @asredi@ding! hglongas % fREpafckast, a

burner assenbly adapted_ to oduce a heat ed, exhaust stream for heating at
| east the hyd‘?’%ﬁ@ﬁ- Fdﬂmlﬂgi’}’@ﬁﬁ BHeyPIY ﬁeadfaH@H B 15EaES 87 aln,HEsas) #nd Re

bur ner assentdombustitie @Rl Sitbahn) whesi e dEnsRADURet Blsembybmplitgam and an air
streamand to conbust the fuel and air streans to produce the heated

exhaust stream and neans f@rdiffevien Beidnrmgapted tamitthe eminsable fhddtread by
the burner aa?ﬁ‘iﬁ@ii)’st@énﬂ@%r‘iﬁﬁr{?ﬁ}%ﬁ%ﬁ%ﬁ@%ﬁae 1e MY GlRalnddi T Streamis

delivered to the burner assenb _ f processor of claim 12,
wherein the fuel stream andat kembfsien wgiomardaited doareeivanthe oxygenated

car bon- cont ai pi f E C onent. 14. The fuel processor of claim 12,
wherein the fé&e %tbﬁggl?%igﬁe Uﬂ’%"erH) feed stream have the sanme conposition.

at least one ignition region adapted to initiate combustion of the

oxygenated combustible fuel stream.

26.  The fuel brocessor of claim 25, wherein the distribution region
includes a diffusion structure adapted to promote the formation of a plurality of

oxygenated combustible fuel streams.
27.  The fuel processor of claim 26, wherein the diffusion structure
is adapted to divide the air stream into a plurality of air streams and to divide the

combustible fuel stream into a plurality of combustible fuel streams.

28.  The fuel processor of claim 27, wherein each of the plurality of

air streams contains no more than 10% of the air stream.

29.  The fuel processor of claim 27, wherein each of the plurality of

combustible fuel streams contains no more than 10% of the combustible fuel stream.
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15. The fuel processor of claim12, wherein the fuel streamand the feed
streamcontain at |east 25% water. 16. The fuel processor of cUaérUrﬁi?z,,
wherei n the hydrogen- producing region includes at |east one refor n(fg%
catal yst bew @128 ni ng a steam reform ng catal yst, and pgrigResdyer ei n
the feed stream conprises water and a carbon- containing feedstock. 17. The
fuel processor of clai 2, i he fuel .processor . fyrther includes at
| east one separation rre%g(#on %l%:ﬂlb?elé%o%egso}- é’ggia%}{e% 2z’twﬁeergléltth%ab PPSHUEE™ ¢ he
m xed gas stresmdand fuel giskibutien ananjfdidogmitaining e sluradiaynof duélakgeirings dhtol east

substantial ly_pure. hydrogen gas, and ai |.easf.one byproduci strea
cont ai ni ng at wﬁghstpe gomg%gglteaﬁﬂ %eaﬁoﬁst‘ilﬁa“{)f“t‘f ﬁl? %BWE’FY E‘H‘éﬂ?usﬁgﬂe fiygle f uel
processor of geaind) dnfl fuMhe MicFeirt H Iﬁﬁraﬂit?%?guge@ g&rm%%_i@?é A doRiini B8R wifdc! udes

at | east one hydrogen-sel ective nenbrane. 4 2005 WD 03/089128 PC
/ US03/ 11429 13 Plurglyfofdpel grbrsdipyiiig el entlgtnedepted iplelver thaehyelityedduelone

separation regiQpsih e‘égﬁﬁus"fioH‘?érg?&ﬁne modul e that contains a conpartnent
into which the mxed gas streamis delivered under pressure, and further

wherein the conpartnent contains at | east one hydrogen-sel ective nenbrane,

t he hydrogen-rich stregmi s.f from orthon of .t 1 xed gas. stream
t hat passes through thgﬁat thggtége%ﬁ%es%}' roég%lﬁl-%@lwe firfl\l/]relﬁ f’%‘fsé‘??efeg’zgﬁd t he
bypr oduct st r father inclidesrma dirfdistriaionebsarhbeen of t he m xed gas stream t hat

does not pass through the at | east one nenbrane. 20. The fuel processor of

claim 19, wherein the at |east one separation region further includes at
| east one carbon nonoxixe ramevat] gesesd ¥f clRIRBY eGhtRd atuse ddSbution

concentration of any carbon nonoxi de present in t he hydrogen rich stream
21. The fuel frRBLELEFHaRied to)Taeaiyerthe aigstipam and pam thp ey seaie fbflgwiarounddapt ed
to sel ectivel e pReAitySr Reidbds qui d and. gaseous conbustible fuel streans.
22. The fuel processor of claim 12, wherein the burner assenbly is adapted
to receive a liquid conbustible fuel stream and further wherein the burner

seserbly, nel e, n A 234} 0SSR NG 12 HIGAH WARLS5SLYS.
includes a combustion manifold separating the air diffusion chamber and the
combustion region, wherein the combustion manifold includes a plurality of apertures
through which the air stream is divided into the plurality of air streams, and further
wherein each of the fuel outlets of the plurality of fuel tubes is associated with one of

the plurality of apertures.

34.  The fuel processor of claim 33, wherein each fuel outlet

extends at least partially through one of the plurality of apertures.

35. The fuel processor of claim 33, wherein each fuel outlet

extends through one of the plurality of apertures.
36.  The fuel processor of claim 33, wherein the combustion

manifold is adapted to maintain the air distribution chamber at a pressure that is

greater than the pressure within the combustion region.
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23. The fuel processor of claim 12, wherein the burner asse I%/ is adapted
to receive a liquid conbustible fuel stream and further whebe rﬁ{f}he}_’g%lrner
assenbly includes a vaporization region that is adapted to receive an
vapori ze twe o3jogyges d conbusti ble fuel streamto form a vaporwzsdifzel
streamtherefrom 24. The fuel processor of claim 23, wherein the burner

assenbly further incluges fm%i @Epﬁioe&s&%aﬁn@%p&ﬁe%ih%é ﬂf;‘gjé}éngtbgl%germ X

t he vaporized f uel _stre.ém an he alr streamto forman Ox
conbusti bl e f éssemigly rie sadaptéd t@ rectiveQT cAR5tNE D) 988M2H PETM ITY Eqha9 25.

A fuel proces KSing: a rogen _produci ng regi on adapted o
receive a fee?j‘*@{urs @@%nat‘%%“’ chrIg'éﬁ] %%gerﬁ\%i@%hl‘ gggh’g’ﬁ?ﬁséﬁgilqﬁﬂf%s a
hydr ogen gas weapdrigdtioaregiasthat is Bdapedd to Vhpaaize tedifuid@mBe@RE &icl Steame i ON

adapted to receive at least a portion of the m xed gas streamand to
produce a hydrogen-rich streamcontaining at |east substantially pure

hydrogen gas and at |eagt onmelydpRbEGhr Scldifam saBkR @b Qﬂ)o‘i’itzaﬂo%%%ioﬁ
substantial portion of the other gases. a diffusSion burner assenbly adapted
to produce a Welkidespt dsasbons resayeie adaptedrio fecgiverfgvademe efithe liguisl combustible

hydr ogen- pr odggj Q5,691 on of the fuel processor, wherein the diffusion
burner assenbly I's adapted to receive an air streamand a conbustible fuel
stream wherein the diffusion burner assenbly conprises: a diffusion region

adapted to m x the co sti el stream ,an he ai.r .stre tg f.orm an
oxygenat ed conbusti bl gtg uel I%lg?rgé% m?’fﬁsd’ré)?]é: %S%%’I r‘?’ééli?eoh‘egg]’ém%é’ﬂo?o
receive the oygfeihiseailapied b usiithihahd uslorisitionasgionnd aghesk@d that 3 rehi@gni ti on

region adapted to initiate, co ti of the oxygenated conbusti bl e fuel
stream 26. '?‘EBY“’STW%%@EBEP%% f PIfBS. wherein the distribution region

i ncludes a diffusion structure adapted to pronote the formation of a
plurality of oxygenated conbustible fuel streams. 27. The fuel processor
of claim26, wherein tH& di ThednedPragesses ofi claim;33, adsrain ther Gffysion Gurmene air

streaminto aspiiHi@id ddapRl t8irkcedd @@%b@ﬂgﬁettﬁeldétl\éiaﬂeinttﬁg forﬁ‘pgpﬁlﬁﬁgeghf fuel
streaminto a plurality of conmbustible fuel streans.
combustible fuel stream.

41. The fuel processor of claim 40, wherein the gaseous

combustible fuel stream includes at least a portion of the byproduct stream.

42.  The fuel processor of claim 25, wherein a stream that contains a
carbon-containing feedstock is delivered to the fuel processor as a single stream and
thereafter divided into a stream that forms at least a portion of the feed stream and a

stream that forms at least a portion of the fuel stream.

43.  The fuel processor of claim 25, wherein the fuel stream and the

feed stream both contain water and a carbon-containing feedstock.

44.  The fuel processor of claim 43, wherein the fuel stream and the

feed stream both contain at least 25 wt% water and a carbon-containing feedstock.

45.  The fuel processor of claim 25, wherein the fuel stream and the

feed stream have the same composition.
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28. The fuel processor of claim 27, wherein each of the plurality of air
streanms contains no more than 10%of the air stream 29. The f Rl ngﬁgﬁﬁor
of claim 27, wherein each of the plurality of conbustible fuel str

contai ns nWOMGHE9Ihan 10% of the combustible fuel stream POT/UR/(089089128
040CT2005 PCTI USO03/ 11429 30. The fuel processor of claim27, wherein the
diffusion structure includes a fuel distribution manifold containing a
plurality of fuel apertures into which the conbustible fuel streamis
divided into the plurald46y dfhedostpnsesdor ef ¢lait 25,stlreesinet leasidné of thHedhel
wherein the pI raI|t 0 tures are in co nication wwth a
plurality of ‘cf %lé {eﬁ%%}feﬁﬁ‘atﬁﬁé § Coupriss & 1%?&5?3162’3311‘181“’38?1%‘?5 ‘he
plurality of fueI streans to the conbustion region. 31. The fuel processor
of claim 30, wherein the diffusjiagn reegl on  further includes an air

di stribution chanber. 3V TH&erpehPravestos £ slaigs 2 vdiersin the {ygbprocessemis ai r
di stribution aﬁpﬁm@ brddﬁc@ﬂl@m&ai £ sEr8AR WIS §t88n A mihg Fe%%ﬁ{%%h@ﬁﬁrﬂh% the
air streamto flow around the plurality of fuel tubes’

processor of da‘?&?ﬂﬂ)ZOdWr@Elﬁntlh@lu@ﬁsf#tdsﬁsémnﬁégfommgl iegiondtbat eontandbast i on
mani fol d sepgy, qmﬁ egi on,
wherein the coﬁ{g}ﬂqij #?\’@ﬁ&gg@%@%ura "%otﬂ?al ng%‘gllrJ uraécsarb(frgrough
whi ch t he ai rcomtmmagfaedstdukvl ded into the pl uraI ity of air streans, and
further wherein each of the fuel outlets of the plurality of fuel tubes is
associated wwth one of the plurality of apertures. 34. The fuel processor
of claim 33, wherein eash fudk faelt protess@xsfocldin a7, Wadin B Fded! d¥arh s OUgh
one of the pl alléy of pertures 35. The fuel processor of claim 33,

wher ei n each é?re 30 st e]eer""eeﬁﬁfg %W&&Wbﬂ@s%ﬁt‘%llﬁé‘%l%ﬁ%ﬂam gndogivided
apertures. 36ntolie féddreRh T6CHS %?dr@éerpﬂuéﬂlﬁ@ugg?r &Jrqhd el roeemyéfw iy

mani fold is adapted to maintain the air distribution chanber at a pressure
that is gredbvelsteagdorthe bynerassamblni t hin t he conbustl on region. 62 0 ')
OCT 2005

49.  The fuel processor of claim 48, wherein the fuel processor
includes a vaporization region in which the feed stream is vaporized at least partially
responsive to thermal contact with the heated exhaust stream from the burner

assembly.

50.  The fuel processor of claim 25, wherein the burner assembly is

further adapted to receive a gaseous fuel stream.
51.  The fuel processor of claim 25, wherein the burner assembly is

further adapted to receive at least a portion of the byproduct stream as a gaseous fuel

stream.
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WO 03/089128 PCTI US03/ 11429 37. The fuel processor of claim 33, wherein the
di ffusion burner assenbly is adapted to receive a conbusti bl e\;;fngeb g.té@gm
inthe formof a liquid conbustible fuel stream and further r ICn e
di ffusi on wormessizssenbly i ncludes a vaporization regi onpttyasosiig42adapt ed
to vaporize the liquid conmbustible fuel stream 38. The fuel processor of
claim 37, wherein the v pori%?tehon region includes at |east one reservoir
adapted to receive a volunme ‘Ot"% RECFFYufY R6Msust i bl e fuel stream 39. The
fuel processor of clai ra Burogdneredutidehegivt @daglédior icbelvé afeed @ithin0ind th S
adapted to mai nbai n the vaporization . region at a pressure that is greater
than the presRQfeeeamixadeas seam cpytapingrhydrogen, gasand piher gases theeafiopr ocessor  of

claim33, wherein the cﬂtﬁéagtsﬁwsegwaﬁ&{ regfiSSiableY th ?e&%%?%s@e QPglgﬁ%ﬁioYe a

conbustible fuel streamin the formof a gaseous conbustible stream
41. The fuel teduixed@es gfrearh anth taoprodusera hdrogen-ges slovpn contaibingt atblesst f uel

stream i ncl ud : i f .42, The fuel
processor of ¢ gt?ﬂnt{ %lg%}v%@rd%%h §8§s1 (raeaéir%agtﬁglké B@%ﬁ eﬁE rslfgéagne&(%ar%g%? tclg?‘?f 4i ni ng
f eedst ock i s sibkinntial partibn of the othee gases;@oéssor as a single stream and

thereafter divided into a streamthat for t |least a portjon of the feed
streamand a stream't ﬁ&tat?IBlrzﬁkgng‘fm?reﬁgé?m yﬁglpyﬁetggo Froduge 2 brafedsexhaush, 43,

The fuel procasaar fopfheatidl @ st Weehgirsgehpeodudrly ﬁ%foﬁ%lﬂ @Rdfuth BroctREd

stream both coHt ain_ water, and a carbon-containing feedstock. 44. The fuel
processor of ¥IEIFH e atofizipgitymeR @ssegibly & 3Raki A detene an s dtream aagithot h

contain at | eRadive andér BPr@hRr a ARidAcHANREN: GRA #tedh)And 96 i The
ftiel processor I‘(r)f cl aifgrm 25, E\l/vhi!glrlei% t he fsel stream and ﬁﬁéer i?eereelﬁﬁg%ream

have t he saneat%iwméqme@ﬁ§semblywomp@e§: 2005 WO 03/089128 PCTI US03/ 11429 46.
The fuel processor of clai nthatomghghna%gmbgagiﬁaeﬁg@ 8f _rws ef qﬁé i tiJ eam

and the feed stream further conprise at leas additional  conpohent. 47.
The fuel procesbhystibdé fvgl siream2imd toprededemntab@nizebfuchstizemdbaeirim; anddapt ed t o
produce the m xed gas streamvia.a Steam.r.e

f ' g ti in th
hydr ogen- produci ng region i e refges Iéelglolne‘gg% atglrﬁégt?c’g? ﬁgﬂfgg{}%"ﬁi ef’t%g‘f ©

contains a initiate combustion of the atomized fuel stream and the air stream.

53.  The fuel processor of claim 52, wherein the liquid combustible

fuel stream is delivered to the fuel atomization assembly at a pressure of at least 50

psi.

54, The fuel processor of claim 52, wherein the atomization
assembly includes an atomization orifice adapted to produce the atomized fuel stream
from the liquid combustible fuel stream as the liquid combustible fuel stream passes
through the orifice.

55.  The fuel processor of claim 52, wherein the atomization
assembly includes at least one impingement surface adapted to produce the atomized
fuel stream as the liquid combustible fuel stream is urged under pressure into contact

with the impingement surface.
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reform ng catal yst, and further wherein the feed stream contains water and
a carbon- containing feedstock. 48. The fuel processor of clai mwg,gﬁneg ﬁi n
the feed streamis delivered to the fuel processor as an at | east 805
subst ant i aioy3sforges d stream and divided into the feed stpeawsdmiiadohe

hydr ogen- produci ng regi on of the fuel processor and the fuel streamfor
the burner assenbly. 49., The.fuel, processaqr of ai.m 48 erein the fuel
processor includes a v5a6porielih§tt§81ﬁp TG o TP 2 HEFRA f}g\é\é{imgizfn@al?ﬂ[??
vapori zed at isasblypaadapeddlty proneg@mbsny ef the atolezdiatelsbBira ahd WMetdk dtlegmheat ed
exhaust stream.fromt e.burgg; asseqﬂly. 50. The fuel processor of claim
25, wherein tPTHRFoRPustion ahthe gtomizeddpelisEamaqapt ed to recei ve a gaseous
fuel stream 51. The fuel processor of claim25, wherein the burner
assenbly is further adapted to receive at |east a portion of the byproduct
stream as a gaseous fuel’- sthhsafiel pucessyrosf olam 52, ebrreRodis: igaitiphuse®N11429
52. A fuel proceison, co%?tgig{ehsédﬂﬁt ongg\hd GAARN R R &&aﬂ&géu%gmagﬁ&t f#d to
receive a feed streamand to produce a m xed gas Stream contai ning

hydr ogen gas igniiontrégion, gad ésthehwhetinahe outtet iscdgpted treprempter grtdt@mixiagiodn
adapted to regei ve.at ast a tion of  the mxed gas streamand to
produce a hydtﬁsag’ﬁll%eidcéieels%?%ﬁﬁ‘ggﬁf‘gisﬁ?% at least substantially pure
hydrogen gas and at | east one byproduct stream containing at |east a
substantial portion of the her gases; and an atom zing burner assenbly
adapted to produce a hedt ed%‘ﬂf&?}%"cew}'QgﬁaF‘Brszhé’élﬁﬁeH’gg’étatqr@élé‘B Bugper

hydr ogen- pr odiisdnily i8@hdd Lhistbatibd platdd ERHRIASO promdfRehutiuilerd: 'iﬁxﬁatgoé}“ the NQ
burner assenbly is adapted to receive an air streamand to recéive under
pressure a | i%pmired Sighsiesanpand thear stssemeam and further wherein the
atom zi ng burner assenbly conprises: an atom zation assenbly adapted to

receive the liquid conbustible fuel streamand to produce an atom zed fuel
streamtherefrom and 359 The fuel processor of claim 58, wherein the distribution plate

includes a plurality of angularly oriented passages through which the air stream and

the atomized fuel stream pass prior to reaching the ignition region.

60.  The fuel processor of claim 52, wherein a stream that contains a
‘carbon-containing feedstock is delivered to the fuel processor as a single stream and
thereafter divided into a stream that forms at least a portion of the feed stream and a

stream that forms at least a portion of the fuel stream.

61.  The fuel processor of claim 52, wherein the fuel stream and the

feed stream both contain water and a carbon-containing feedstock.

62.  The fuel processor of claim 61, wherein the fuel stream and the

feed stream both contain at least 25 wt% water and a carbon-containing feedstock.

63.  The fuel processor of claim 52, wherein the fuel stream and the

feed stream have the same composition.

64, The fuel processor of claim 52, wherein at least one of the fuel

stream and the feed stream further comprise at least one additional corriponent.
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~an ignition region with at |east one ignition source adapted to initiate
conbustion of the atom zed fuel streamand the air stream 53. Tlgﬁﬁf u%b
processor of claimb52, wherein the liquid conbustible fuel stYe HPI
del i vered t@olghgsdisie! atomi zation assenbly at a pressure.of at |east 50
psi. 54. The fael processor of claimb52, wherein the atonm Z@V/P¥114senpl y
i ncl udes an atom zation orifice adapted to produce the atom zed fuel stream
fromthe liquid conbustiobl e Thelfud rasesmonst tlain ISLgwheteiromib fadli frbsesor gt
st ream passes 4| orifice. 55 The fuel ocessor of ¢laimb52,
wherein the atag%ﬂ%%%?\&&ggee%ey & SET g %fteﬂéé{’“@ﬂ%r?%?%&é%h? fuglr f ace
adapted to pr quioesssot ehatigivaizlesst ohs! edfordlif@ AFoASthh @nldighh Elet@x%ﬂi?glééthlgl:tf fuel
rta

streamis urged Bﬁg%er ressure into contact wth the inpingenent s ce.
65 WO 03/ 0891 28dduriceyhersigihe feodsireamuenmiaing ppatergnd yisarbpnapnismingfesdstock
claim52, wherein the atom zing burner assenbly is adapted to pronote

m xi ng of the atom zed fuel streamand the air stream prior to conbustion
of the atonized fuel stf®am Thy fuelpeodesek of rotaims6s) rwindreinl thie &P stredieiei n

the ignition regi incl s a constricte utl et through which the heated
exhaust strear%%gtl stottﬁgfyeﬁg’ﬁ?%efsgﬁ"'? g’biagt‘??sqéﬁlb&"’f‘ﬁﬂ% ﬂ“\%f?éﬁe%‘?‘r?nfilﬁlé‘“@‘?ﬁlet

i s adapted to iptoaixfeed graat fir the kydiogeRfprodudigat@sh 3Lthel 8l prodds§ahansk t he
air stream ﬁ%? TFe ft,il)el rocessor ﬁ(f claim52, wherein the atom zing
burner asse 'i’ gthe 88e1BY: i on pl ate adapted to pronote turbul ent
m xi ng of the atom zed fuel streamand the air stream 59. The fuel
processor of claim&58, wherein the distribution plate includes a plurality
of angularly oriented p®ssagtie fust Prepsssahiof slaitheoGi wheseinethm faeldprotéssor :
atom zed fuel j RebRia | Qb i Lonig.ion region. 60.. The
fuel pr ocessorl&géd%g?gi m 52t,mdv\ﬁ%g]‘r0 }el?%@?cglmrlé;%rena ?ﬁ%a%lg%o‘}r‘il g%eg agleast.pmlaliy :
car bon- cont ai Fishepsfveetds thstkali sordagt | with dbe theateheexhaist speanegsmr thashingi ngl e
stream and theeepfiter divided into a streamthat forns at |east a portion
of the feed stream’and a streamthat forns at |east a portion of the fuel
stream

68.  The fuel processor of claim 52, wherein the burner assembly is

further adapted to receive a gaseous fuel stream,

69.  The fuel processor of claim 52, wherein the burner assembly is

further adapted to receive at least a portion of the byproduct stream as a gaseous fuel
stream.

_ 70.  The fuel processor of claim 1, wherein the fuel 'prdcessof' further
includes at least one heat diffusion structure that extends around the reforming region,.
- wherein the at least one heat diffusion structure is formed from an oxidation—resistaﬁt |

material through which the combustion stream from the burner assembly may pass.
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61. The fuel processor of claimb52, wherein the fuel streamand the feed
stream both contain water and a carbon-containi ng feedstock. 62. The fuel
processor of claim®6l, wherein the fuel streamand the feed s r"éa}@}b?ﬁ@
contain at least 25 w% water and a carbon-contai ning feedstock. 63.

fuel processor of claim52, wherein the fuel streamand the feed stream

have the same conpdbi t i Ghe fuglproTessof olixilaipr B eteocin dic fukbprac&dor inbloa&i N at
and the feed stream further conprise at |east

| east o fuel . eam
one add%?@‘{r}g sla@grrr% Ren ‘hggh gheaCapiusyon GEeamErQrm thk bumgr assembly flows,
PCTI C1So8hekdif2theb eforthiag | #plonP iRERES OF _ﬁ?ﬁraﬁ%’aiofn é?ong&n\gﬁ‘%{cg sgpagegén‘tﬁ!gf or i ng

processor is adapted to produce the m'xed das stre
react i orfPllgFHRIY Farrpund thepcombuestion tegionydind gfustherd edtein ke HRAOBFWGAr €gi ON

that congai ' at al yst and further wherein the feed stream
cont ai nsh\%gl;ﬁger é%%dd sgaeg@gg on=¢8 3?%%‘&8’%%?58 plyalityf geformingeasdzstsor  of
cl ai m 6%edswherein the feed streamis delivered to the fuel processor as an

at | east substantially liquid streamand divided into the feed stream for
t he hydrogen-produci ng region of the fuel processor and the fuel stream

for the burner assgnbl vy . fuel .processqr of claim®66, wherein the
fuel processor i?\@l udgghegglsla%%?fsfgﬁ P%gla’r“é » STReFe gWIPFR?eFSQEéU@Weam_i s
vapor i zéathades lagaybhpgrator iadhptyd (' §06IRS kit rdsRival B A in Q{'?é‘&ﬁﬁﬁus%ﬁ Qtr&{ﬁ? heat ed
exhaust _str ar#from t-h% burner assenbly. 68. The fuel processor of claim
52, V\hefré’f’ﬁ&'le WG Asssmbls senbl y is further adapted to receive a gaseous
fuel stream 69. The fuel processor of claimb52, wherein the burner
assenbly is further adapted to receive at |east a portion of the byproduct

stream as a gaseois. f udhe fe¢lipeadessof®f clﬂﬁm-l,fﬁzl@reiﬁﬁ;l%:ﬁl%ﬁﬁfec@ésoPlnggu?IF%’Si on

wher ei n f.uel ocessor . furthe incl udes at |east one heat
struct u?i’nﬁﬁ]’é&y °£§$‘éﬂﬂ@g§ﬁ@&¥§a E?%éilatr‘@ﬂlﬁ?tfﬁcﬂﬁgdﬁém eentrapembustion negiat | east
one heainteliwhidhSthe Rombustidn iR atiSfrb@ArAE HufnkL s Jaldi O 651 Rl AL |
material through which the combustion strea%@lﬁp%sggéélg%rﬁ%m ti%ﬁ‘é‘??ﬁ‘l' y may
pass. oasgelqu'algbf}gt_her wherein the fuel processor further includes a distribution manifold
that is adapted to receive the feed stream and deliver the feed stream to the plurality of
reforming catalyst beds, wherein the distribution manifold has an annular configuration
with a central passage through which the combustion stream from the burner assembly

flows to the combustion region.

74.  The fuel processor of claim 1, wherein the fuel processor further
includes a reformate filter adapted to filter the mixed gas stréam produced in the

- reforming region.

75.  The fuel processor of claim 1, wherein the fuel processor further
includes an insulating shell that defines a compartment in whiéh at least the reforming
region is positioned and into which the combustion stream from the burner assembly
flows, and wherein the shell includes an exhaust opening through which the combustion
stream from the bumer assembly exits the shell, and further wherein the fuel processor

includes an exhaust filter adapted to filter the combustion stream.
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71. The fuel processor of claim70, wherein the fuel processor includes a
conbustion region in which the conbustion streamfromthe burner assenbly
flows, wherein the reforning region includes a plurality of ré&fér ‘_aingg@%
catal yst beds that collectively surround the conbustion region, an
further wherein the heat diffusion structure extends between the
combustion region 4Rd t ABe frelpasqessor of claish Jbmimhgretrathel exbtust hids inckides The
fuel proges icej)nﬁ'{ré.i'm 1, wherein the fuel processor further includes an
evaporator adapted to vaporize any residual liquid in the conbustion stream
fromthe burner assenbly. 73. The fuel processor of claim1, wherein the
fuel processor includes_a plurality of reform ng catal yst beds that

col l ectively definé’-a c&he fugl PEesenses of slimdg, whereimthe fivkl plocedser fupiisust i on
stream f3 SN kS ived fromthe burner assenbly, and
further %9@?%%1% l? egﬁilgﬁpr OC%%%%?“?’%%?‘}%FX{CHQ? ﬁré?gggg"e YSREBRIP S AN f ol d
that is mgipt sdeten tecei least e hes difisiaaBraiteds! foMRsd o hEeRidkbgam to
the plural.i tt\{ of reform (r;%ficat al yst beds; wherein the distribution.

mani f ol fEHEE ‘éﬁ‘}atﬁﬁﬂ]&;léﬂ“gb tlythedientsr exhguststegandiomahe parssmageeblymayh whi ch
the contyg§ion streamfromthe burner assembly flows to the conbustion
region. 74. The fuel processor of claim11, wherein the fuel processor
further includes a reformate filter adapted to filter the m xed gas stream
produced in the r,fgfoor .ng rﬁgi on. 75. The fuel processor of claim1l,
wherein the fuel pRocest¥riuplPiopessor ofiflaimds wherdim thel fueli procaskaliticladeat

def i nes sacozsbiRRasHk } 1 : | reqgion,is.positioned
and into which thg@({%nn%lr}gﬂ?%ﬂ%slﬁateégﬁ%%% %%EE&#%F gglseégﬁeglbhﬂlg%, and
wher ei n Whegeis tbe hyiliogerrpradugingexpmosinclogena pinrtlivy folefomiied) citIEsCh@RUST i on
stream f . er a mbly, exits the shell., and further wherein the
fuel pr (%f(i:agsrp S %‘?&“@ﬁ{:?‘ﬂ’f&‘aiﬁe _EQ%BWHFF@P&%&P@WP@W thedieat diffusionbust i on
stream stifictiredexféats 220beehbthe ToMbsRIN RERASSAhe 9fur£?l§t$'dpr%%rﬁnﬂ%ega?dl ¢the
exhaust filter includes a catalytic converter. /7. The Tue ocessor of
claim 1?,‘3d~°v\her ein the fuel processor further includes at |east one heat

di ffusion structure that extends around the hydrogen-produci ng region,
wherein the at. |east one heat diffusion structure is fornmed from an :
oxi dation- resistaft materfuel probsesrait MICID, iR IR kS ficB PRAKr BifRAM from

the burner assenbly ma
heludgs n cva%oratg/r adapted to vaporize any residual liquid in the heated exhaust

stream from the burner assembly.

80.  The fuel processor of claim 12, wherein the fuel processor further

includes an insulating shell that defines a compartment in which at least the hydrogen-
- producing region is positioned and into which the heated exhaust stream from the burner
“assembly flows, and wherein the shell includes an exhaust opening through which the
heated exhaust stream from the burmer assembly exits the shell, and flirther wherein the

fuel processor includes an exhaust filter adapted to filter the heated exhaust stream.

81l.  The fuel processor of claim 80, wherein the exhaust filtcf includes
a catalytic converter. - |
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pass. 78. The fuel processor of claim77, wherein the fuel processor
i ncludes a conbustion region in which the heated exhaust streagm{m taf?"
burner assenbly flows, wherein the hydrogen-producing region inc 52‘ J
plurality of reformi ng catal yst beds that collectively surround the
conbustion region, and further wherein the heat diffusion -structure
extends between t h82.confibe fudmproesgiarof aivimt 2% whetsinldid foeD proceéser Mirdar

cat al yst, s,.. /9. The fu rocessor of claim 12, wherelin the fuel
process o‘rncﬁ'@g? AlePast o F‘Eﬁég%fﬁﬁo’éx?fé%\‘@ttg?t exteagds awund theapysipgen-pragudiegi dual

1aul d | Rgldhd wiRddlif dhed0 R4S one heAAMHLON tISuRUsRimBI FRIR 2 ofiGhtiohle T Ue!

processor of claim 12, wherein the fuel processor %3N
i nsul at i i¢gistaneiaterinbthreitgh) widsh thedeatedrexhmmst streamnfromithabuinepadseinbR Hindr ogen-
pr oduci gigﬂggegi on is positioned and into which the heated exhaust stream

fromth urner assenbly flows, and wherein the shell includes an exhaust
openi ng through which the heated exhaust stream fromthe burner assenbly
exits the shell, and further wherein the fuel processor includes an

exhaust filter adayt-ed The fiiel prcessheohdaimesl, oxieasis thesfuebpidces8ar indlaged uel
rocess -al 0, . wher ei h xhaust filter includes a catalytic

(F:)onver t ggr?oq%b'&bgﬁ g% gi‘iﬂ &i’rﬁlfﬁélge g“é’?e : a?%é@%?&?&é%rb““&ﬁf agseably ﬂBW%IMer ein

the fuelwlpreinehs Mydfdgehwduciﬂgcfelgﬂﬁﬁigamdbﬁaﬁﬂuﬁﬁg Hed oﬁ&!ﬁL% it @écfs““ ure

that extends:around the hydrogen-producing Tregion, erel east
one heat™h@di qodlgelivly surrowadithe cpmbagiareggionomdifurtier. sdtiodm ther lesit diffuston

mat eri al, WAl e.he d exhaust streamfromthe_burner assenbly
may passgj.i'l @g %ﬁ%&f ue E%r %II(% ecg%g)ru siggn E%qwggtseﬁ%?]gﬁyrpt{]ﬁg’% cHlgstessor
i ncl udededa conbustion region in which the heated exhaust streamfromthe

burner assenbly flows, wherein the hydrogen-producing region includes a
plurality of reform ng catal yst beds. that collectively surround the

conmbustion regi on,gqand fyar i be b 007 [ si,on  strycture
ext ends between t he corrbustPogmf%%ﬁr)ﬁfg%lé{lg?fgg%%rﬁﬁat%?@ﬁ&m?ﬁéﬁ% '

cat al ystinclisdeds at gléast Thee fheet  giffosions etruatirec leatemid, goh@nBy NbédRed Uk
processor fura.here . ncl %dt%s gt | east gpe hdeat di ffusion structure extending
gener al | yp%r& 0 Jegipp and the burner assembly and formed from an oxidation-resistant

material_ through which the heated exhaust stream from the burner assembly may flow.

| 85.  The fuel processor of claim 25, wherein the fuel processor further
il'{cludes an evaporator adaptéﬂ to vaporize any residual liquid in the heated exhaust

stream from the burner assembly.

- 86.  The fuel processor of claim 25, wherein the fuel processor includes

a plurality of reforming catélyst beds that collectively define a central combustion region

into which the heated exhaust stream from the burner assembly is received from the

‘burner assembly, and further wherein the fuel processor further includes a distribution
manifold that is adapted to receive the feed stream and deliver the feed stream to the

plurality of reforming catalyst beds, wherein the distribution manifold has an annular

configuration with a central passage through which the heated exhaust stream from the

burner assembly flows to the combustion region.
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vapori zation region and the burner assenbly and fornmed from an

oxi dati on-resi stant material through which the heated exhaust ,sir ta;anéom
the burner assenbly may flow. 85. The fuel processor of claim25) % erddin
the fuel processor further includes an evaporator adapted to vaporize any
residual liquid in the heated exhaust streamfromthe burner assenbly. 86.

The fuel processor8af cllhe rfueﬂ@,romdsmreifmlztihlezﬁ‘,wﬁ{ereiﬁQH@ﬁﬁa@?)_rdc@Qqulﬁg}[eral
ine a centra

plurality of reformng catalyst heds that collectively de

conbust i%ﬁpurdg?ﬁ% Hlsghtl'gg S&;ﬁﬁéﬁatt NES dCemPamsnkin whichzahledst $ha bydeogeanmr ner -
assenbl ypro8udifE Gk e Y further wherei he
f uel pro%esgérgﬁsgl'?ﬁeéﬁi)ﬁ% Eg%ﬂsjgéaﬂ(gﬁ g?ﬁﬁ%?%)gésmﬁﬂa%’f%déwﬁﬁﬁn ietée éﬁ@&)t ed to
recei ve inpladéanl exbaushopemnlg debigte whidchetht dedtedtaxhaist tstreff Srom! tHE Bujdey Of

reform ng_catal yst beds.. wherein the distrjibution manifold has an annul ar
conf i gur%ﬁngwy i, the %@Ht?’rﬁe {“5';@%35%“3% due! pRpRessoripdudrsancexhendt dilist
stream fa{d@ﬁ@eatﬁ@fﬂt%g%at@ggmws@a@y\s to the conbustion region. 70 0 0 4
CT 2085 87. The fuel processor of claim25, wherein the fuel processor

further includes an insulating shell that defines a conpartment in which

at | east the hydrogen- .progduci ng regi and_t he conmbustion region are
posi ti oned, and whér ei n??%ﬂ’eg%?%?sso? H§&Mg7awh@'ﬂﬁ1a@§tcxb%hﬁﬁgf gludesgh
whi ch t hecdbgiceehreshaust stream fromthe burner assenbly exits the shell,

and further wherein the fuel processor includes an exhaust filter adapted
to filter the heated exhaust stream 88. The fuel - processor of claim 87,

wherein the exhausy fi It\%r n rcl udes £osat Ejj_yt' c ._cogverter. 89. The fuel
processor of clai m25, IUst BropEssonef ¢laum 25, Tein fae &t feast one sgpasafiamci udes
at | eastregior irltyities gElBast @ne Gl iroRe BB AR nefibrand Ne fuel processor of claim
25, wherein the fuel processor further includes 'a heat shield positioned

generally between the at '| east one separation region and the burner

assenbly. 91. The ghuel ' L , ereln the fuel processor
further includes 921){ | e YoBE pidpect r(?11:@H%?g’nwg‘%}%'c#’ﬁtfﬂeqtm‘é‘fes@{téﬁﬁ%r ar ound
the hydinsiudes privdtdiield posiighahgenshatiyeenwidietha bt le Tne QBFarkesH redidn i on
structure ,is forned .froman oxidation- resistant material through which the
heat ed T A9 UM from t he burner assenbly may pass. 92. The fuel
processor of claim91l, wherein the fuel processor includes

91.  The fuel processor of claim 52, wherein the fuel processor further
(includes at least one heat diffusion structure that extends around the-hydrogen-producing
region, wherein the at least one heat diffusion structure is formed from an oxidation-

resistant material through which the heated exhaust stream from the burner assembly may

pass.

© 92. The fuel processor of claim 91, wherein the fuel processor includes
a combustion regioh in which the heated exhaust stream from the burner assembly flows,
wherein the hydrogen-producing region includes a plurality of'refomﬁng catalyst beds
that collectively surround the combustion region, and further wherein the heat diffusion

structure extends between the combustion region and the plurality of reforming catalyst
beds.
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a conbustion region in which the heated exhaust stream fromthe burner
assenbly flows, wherein the hydrogen-producing region i Iéu%%s a plurality
of reform ng catal yst beds that collectively surround t ic St ugliton
region, and further wherein the heat diffusion structure extends between

t he conbustion region and the plurality of reformng catalyst beds. 0 4

Ger 2005 93. The f9B! pThefass procetsos ofichid 67, wWhereph e fie] hriRbssBf ARARSOT
further . i.n¢l udes at Ieas&1 one heat diffusion structure extending generally
bet ween PHECeS, A oleasts ongn P@gidé&“%% §iFetuse - prtendiBg e gdsieyallin chetweeme dhd r om an

oxi dat i gg; | : I i ted exhaust stream from
the bur ?ép&gédst%hba{é o%’?ﬁcﬂtl})ﬁbu@%f C#.ﬁ:gn %eﬁﬁgpéog@%&s]ggoﬁ g 81‘@?%9“5?318%1& ein
t he fuelmpenaldbmaph fwhidhhthe heatad bxltast greagviaqatiad RimadapeblyliRayvape! | ze any

residual liquid in the heated exhaust streamfromthe burner ‘assenbly. 95.
The fuel processor of claimb52, wherein the fuel processor includes a

pl ural i ty of ref orgj g Bal Al BlockSS of bim 301 LGk BloVhudERioDEA. fisaLr

conmbustion region into whic heat ed ex streamffyomt er
assenbl yindlgdeseareievagmritoo midpted b waperizeasse wisidual diqdid i1 te heAbE etidust he

f uel pro[?ress%([?f rther incluydes a distribution manifold that is adapted to
recei ve SEREM Y ASH5EUE i ver the feed streamto the plurality of
reform ng catal yst beds, wherein the distribution manifold has an annul ar
configuration with a central passage through which the heated exhaust
stream from the ¥ nerThesfselfrogestbmnfclaim 32 evhecsit et fuelhproegiarinciQes The

f uel | al. m S i.n the fuel or further includ
| neul bt So e f v Forpidf et e ik ertivey R cpotanl omBSESomEBIOpdr ogen.

produci RgorelicRNhé HeResidkhanedwa3nd frohohvhivetrt ReediS) ti@%ﬁﬁﬁg%ﬁmﬁam

fromthe burner assenbly flows, and wherein the shell in s an exhaust
openi ng e bAY, cand: fysthen aderin dhen et prasesson fufthasrinclndesa dintribwrmenbl y

bamies
exits t " | h wherein ¢ " fue tocessaqr Jjncludes an
exhavst TnTOR b (ERGRel ' ReoNBSRE R Do B aBIRESER et Mt Bl o
pr ocess phurdlity cdfaieforfifing whialysi bedd)aviextiaubé disuib@ion Mmahiel@ShasarC atlaft i C
converter._98. The. fuel rocessor of claim52, wherein the at | east one

separ at FRREUREAMGKith ¢ Paysage hupughnwhich the heated exleavst stecanefiorathe. 72 0
0 4, 99buﬂ3@?a§s8ﬁbly@i&9§t%stﬁéc&’hb&dtﬁ%%gian, wherein the fuel processor further

96.  The fuel processor of claim 52, wherein the fuel processor further
includes an insulating shell that defines a compartment in which at least the hydrogeﬁ_—
producing region is positioned and into which the heated exhaust stream from the burner
assembly flows, and wherein the shell includes an exhaust opening through which the
heated exhaust stream from the burner assembly exits the shell,. and further wherein the

fuel processor includes an exhaust filter adapted to filter the heated exhaust stream.

97.  The fuel processor of claim 96, wherein the exhaust filter includes

a catalytic converter.

98.  The fuel processor of claim 52, wherein the at least onhe separation

region includes at least one hydrogen-selective membrane.
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i ncl udes a heat shield positioned generally between the at | east one
separation region and the burner assenbly.

0% acr ags
99.  The fuel processor of claim 52, whetein the fue] processor fuither

includes a heat shield positioned generally between the at least one separation region and
the burner assembly.
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