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type of heating asse y I's a burner a conbusti b streamis
conbust ed 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
reforming 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 bumer, electrical heater or the like. When burners are used to heat the fuel

25  processor, the burners 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
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5 reforner. ‘Sﬁﬁﬁ‘ﬁr yStsqmtrq:;grrgfrg@pg%lgng[yeutﬁpgsae%pgaﬁrm é@qﬁﬂ%v‘i‘psonﬁf: & ed to
a burner assgifined 1§ PRdaudSa Fiveddfs sHERE cbitaihHR hyRF QA $aE At ek Ja4&) afd! |
systens, and to fuel processing and fuel cell =~ Systens contai ni ng burner

assenbl i es azduelditregmt that has prdifferent g¢pswbotion ¢hat The ferd alegam End selaniy iy

recei ves at | east .gne fuel strea 1 xes the streamw th.air.and ignites
Lhe s cd iR Ittt naii oo R et bfe? b abbdnibif 1 Al the Skt
enbodi mery s, refdrmeur ner assenbly is adapted to receive and vaporize a

l'iquid conbustible fuel stream in other enbodinents, the burner assenbly
is adapted to receive a gaseous @guByyaftheddBglepurest ream and in still

other embodinments, therRuifRgh GREBUREY, difecRAB bRl al @61y QuiPkdindppd | aui d

and gaseous conbusti bl e eans. |l n sone e nents,
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to anot her 20 portion of th processing and/or fuel cell systemwth
whi ch t he bumiexd sarssmrtbipyovidesheas ut. a fugl poressenblmciomengnshodimentk, the bnrner

assenbly is adapted to receive.and . vaporize a.fue re t hat i.ncj,udes
the sane car ‘bgéﬁ%lédf %?ﬂt‘i%gt_ofr%c@d‘éﬂtad’gkvagﬁﬂ?eo? ﬁf“ﬂg co hpréltb&/&%lstfeagb%ﬁ\efi on
as the feed ghp&Amehts O Wikl abmbly @ARHRHIAOTBECIRS a Ghitdhs chmBlistiBIOERESOr
produces hydrogen gas. In sone enbodi nents, the feed stream and the 25 fuel

stream have strens andincesiipubertangredinens, st burnen asserably isedaptadito epagivediotlyer ed
i usi o bubaey sLisrnly S EBRoRE S Bthen T S CRufRERIE Xt Beher ¢
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burner assenbly are also disclosed herein. 30 2 WD 03/089128
PCT/ US03/ 114p@cessing and/or fuel cell system with which the bumner is used. In some
embodiments, the burner assembly receives a fuel stream having the same
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 burner assembly
is used. In some embodiments, the burner 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.
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Brief Description of the Drawings Fig. 1 is a schematic diagramof a fuel
processing systemw th a burner assenbly according to the present

di scl osurwo 0Biogp122 is a schematic di agram of a fuel proce®sTnFoyysikem W th
a 5 chem cal carbon nonoxi de renoval assenbly according to the present

di sclosure. Fig. 3 is a sche i Ddia ram 1; fuel cell systemwith a
burner assenbly according t%&%&’éﬁ@&@%ﬁ. Fig. 4 is a schematic
di agram of anot her f uefigpl oeL£sHematié BfagAnbbf Dtie] pRBERMY YysRACHTILBErep t he
present disclosure. 10 Fig. 5 is a schematic view of another burner

assenbl y accsemnbly aceprding to ghreanyesent disddesussure. Fig. 6 is a schematic view
of another burner asse '.? i@cac%rf%h{}lﬁctcﬂa%%gl opraeﬁ%?#rgéeéﬁhg%%@%@itﬁ'a7 IS
e rding to tHe presen

a schematic view of a processor acc
di scl osure i ¢hentitalaitbbe nondk g eempvad dssembiy dcegidinmg @the presedrdisasu@ssenbl y

both receive the sanme_]iquid carbon-cgntai ni eedst ock. Fi 8.is a
schematic view showi ngF'§: ¥ df i fshsmabe ﬁ%amu%f]gpélské@iéwstsm Wghga PUMEF th a

car bon-cont ai i el e qlsufe)e}ir nf@biygied to the hydrogen-producing
regi on and the Utyner assenb romthe sanme supply stream 20 Fig. 9 is a

schematic view of a fuEig. proessizmatiachagramny anothehdugd pesaeator vdilsabosgre in

whi ch the hydrogen-producing regi on..and the burner assenbly both receive
fuel, or feeiﬁsergﬁyea_ﬁﬁ%rg%ﬁ?g?erﬁrgs@nagfg?suéﬁd_ a liquid carbon-containing
feedstocly Fig. 10 is BjgSeheibdhematié QIwsHOMorEr BuMRF hdbnBIy Rboldi: olBd
processor of 25 Fig. 9, with the hydrogen-produci ng region and the burner

assenbl y bot presentdisglopere. f uel , or feed, streanms containing water and a

car bon- cont ai ni ng f eedst ogk ;gc%g}ngﬁgvie%gﬁ%n%ﬂ%glbﬁr&%}» h$sBihl icgordﬁ;gotio%ﬁgs_ 9

schemati c view show ng &not her  vart at ion processors

and 10. 30 Fp@sentdisti®s@eschematic vi ew show ng anot her burner assenbly
according to the present disclosure. Fig. 13 is a schematic view show ng an
ignition region of a bbignéns a sehsripte yiavh af a ffid Ipreressos gcearding fo thegpreseat enpl y

that incjudessaps a8 i o il%rggen-pq’roducing region and the burner 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 bumer 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 burmer assembly both
receive fuel, or feed, streams containing water and a liquid carbon-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.



WO 03/ 089128 PCT/ US03/ 11429 Fig. 14 is a schematic view of an ignition
region of a burner assenbly that includes an atom zation assenbly that

i ncl udes woremgdies wi th an atom zing orifice. Fig. 15 is @cyasesut42e Vi ew
of another ignition regi on of a burner 5 assenbly that includes an

atom zation assenblyt inclu esanozz with.an ato ing orifi
Fig. 16 is a schematic \ﬂl é%v‘so? S&‘ﬁmiaﬂﬁ ?‘b@“lﬂ?norf:g‘&ntﬂ?ta 44 (i¥/

that incl udegain@hdi Zx@fato‘?xﬂzﬁﬁﬁeég%lﬁbﬁyhﬁfat Ilﬁmhaedea% rRzlk Rt GANRR iR
that atom zes the feed stream 10 Fig.” 17 is a schematic view of ano her

i gnition regbmficeof a burner assenbly that includes an i npi ngenent menber

that atom zes the feed Sti‘ qgn FCZ‘I%%IF 8V|lesw% sch rgatll C gl ew of Oz%n tbrl}
ignition region of a bElrgh &s¥ y accor |EW§ b glﬁg [brrS%lent di Sei8Sur e

that i nclydegssamblyTHandfdedds A kdhizatididbssn®ly 2108 f&lbﬁdéﬁ@dn@dzleeiﬁliﬂh ad Fig.
19 is a cross-sectional view of an ignition region of another burner
assenbly t hattopyng eegcean i npi ngenent nmenber. Fig. 20 is a cross-sectional

view of the region of Ff 16 1% }&1‘&&1’3 Lz%gof x{]f‘gn tlo'ﬁereg'l%n%?fa'ﬂaﬁ ér%sse?x%%':' 9.

21 is a cross-sectional *view o ano ig Ion regron o ur ner

assenbl y accthatimgudes atnhﬁomimemtasshnﬁﬂj’ mlsalrlecmba,t axahmpmgembmsmnfﬂebylm oduct
stream fromthe fuel processor. Fig. 22 is a cross-sectional view of the
regi on of Fi @OWfStl?%fQE‘il]Stéffaﬁhg the line 22-22 in Fig. 21. Fig. 23 is a

cross-segjional view Of?lgam’tlé‘%r sch@fhfid QRew %9" SBtRE 8niRYA He&ion ©F @%ﬁﬁi@?' y
according to the present disclosure. Fig. 24 is a top plan view of the

i gni tion regassembly thatgncledestaakmpingkment merhier| thatatdmizesithe lﬁeeﬁlsgeam& Fig. 25
is a cross-sectional v rtion of t edstrlbtlon a(t%.e %f t he
22

f.
L gni tion region of Figheld s et ey T o aness igmbih s O Suer g

26 is a crosgsseably R8Hdind Ahefprésetdis@biiR® il ihdigdds i fnipdfigehR@t aientef
Figs. 20 and 22 that includes an extension sleeve with a reduced-area

outl et. Fig.thavatpmizgs thegfeed streati. ew of ext ensi on sl eeve of the ignition
region 0{5 Fig. 26 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 line 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 to 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.



4 WD 03/089128 PCT/US03/11429 Fig. 28 is a cross-sectional view show ng
another variation of the ignition regions of Figs. 23 and 26. Fig. 29 is
an expl odwo 3newuss secti onal view of the ignition region offCTRISg3/1289 5 Fig.
30 is a cross-sectional view of a fuel processor that includes a burner

assenbly accordi ng to he_pr.esent discl osure. 31 i§ a cr.oss-sectional
vi ew of anot her fuel %§§Bra £105%- S‘?CHBF‘ES]d%W %!mgml%é’rno EeVﬁBPW%Sgéfl?ji ng

to the prese ltg;nsrg%lg@gpglgflzg .and361 S a cross-sectional view of the fuel
processor of Fig. 31 taken™ 10 along the line 32-32 in Fig. 31. Fig. 33 1is

an isometric VI ew of afigt Pis huekplodet ewsoseolipnd viewatnibe 1geitsrmtgign of
accordi ng to Z present disclosure. Fig. 34 is an exploded isonetric view
of the fuel %ssor of Fig. 34. Fig. 35 is a side elevation view of the

fuel pr oczessor of Fi gSFig330 a0d dss-skbrioMal Ridw8f Shfuell Broceksot AR lindlssnd! v,
removed. Fig. 36 is bottom pl an view of the fuel processor of Fig. 33. Fig.

37 is a crosburseiasseamily agasdingfo Ehﬁé’ms@@qdli?ﬂ%%sor of Fig. 33 taken along
t he | 37-37 Fi 6
e line in Fig. F% %gﬁda WOEJ‘ISGE S'nal GRw t@?{ﬁﬁ%?&c%ss%?ﬁﬁmc%dﬁ g. 33

removed. Fig. 38 is a ¢ sectional view o processor o

taken 20 al ﬁ)bgmtah&;sémnl@ra38or8i31g|tmt}iapgeseﬁﬁdisd?bglre,Sg is a cross-sectional

view of the fuel processor_of Fig i schematl gr am of
1g|€1 ta

. . 4Q s
anot her bur ner assenbl@‘ga%%bsr%iF’f’i’és f%tlo{lﬂ ‘B’Y@g E@F?ﬁéﬁrr Pis a

schemat i ¢, di agﬁgmeq{negao;zhﬁrmg%ner assenbly according to 25 the present
di scl osure. Fig: I's a schematic diagram of another burner assenbly

according to t he pr esExgt 3¥iis eh asumeatric Fiey, ofl 3ndtherafus] grocessos svther binmenl
vi ew of another hburn assenbl according to the present disclosure. 30
Fig. 44 is aasﬁ?%@ﬁé’ﬁf"éfly‘gé? g%s*}/rg%@f&‘éﬂgsfurgl ew show ng variations of the
burner assenbly of Fi grjgd%4 iskintbxpbded fsometrRviok ¥ thel ¥ pbcaratofig byr ner
assenbly according to the
Flg 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 burner 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 burner 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.



present disclosure. 5 WD 03/089128 PCT/ US03/ 11429 Fig. 46 is a side
cross-sectional view of the burner assenbly of Fig. 45, taken along the

i ne 46- A50i00/0891g8 45. Fig. 47 is an isonetric view of a amieas/1aket he
burner assenbly of Fig. 45. 5 Fig. 48 is an expl oded isonetric view of the

burner assenbly of Fig. . Fi.g. 49 is.an.isonetriec view of val. | ati on of
the burner assenbly of glgFfl%és.asdge %lrﬁfls_%‘ft.loﬁlélfe“éﬁtttbg%gﬂlef %Sgﬁ%l{)&oﬁ}g'gﬁ’ of
t he burner aggeiiibig te Ifedts-4linHigmsan 10 installed heating assenbly. Fig.
51 is an exploded isonetric view of the burner a_sserrblégf Fig. 50. Fig.

52 is an isonetric vieligof7 ahenHemee viaw 98 ferdiant o dbe bumgr @esembhy of
present di S;:T% Syk e. 15 Fig. 53 is a cross-sectional isonetric view of the
bur ner asse ]%y of Fig. 52. Fig. 54 is a cross-sectional isonetric view
showi ng a vari ati on of Figh48 ibuinnexpladaic isoinetraf vidwg.ofShe Birger assemblyaof
schematic diagramof a steamreforner with a burner 20 assenbly according
to the preseﬁ’tg 4i-scl osure. Fi g. 56 is a flowhart showng illustrative

met hods for using burngfy 4$8&IRoLRHiIAFER 8 £ 9atiRidn6r ME DAY MebiPprr €. 6
WO 03/089128 PCT/ US03/ 1f 29 Detailed Description and Best Mdde of 1he

Di scl osur e AFigaet5 gndafessi ng systemis shown in Fig. 1 and indicated
generally at 10. System 10.incl udes. a.fuel. processor t i . adapted to
produce a product hydf‘@gé&l%"tmr’égﬁetf& Vd%vﬁtogiﬂ% DEERATS Y P{Ogitég; 42%1% Bn
preferably afpslafiaSheatinbat@fivi@l |y 5 pure hydrogen gas, fromone or nore
feed streans 16. Fuel processor 12 is any suitable device, or conbination

of devices, that is adBigt &l is anpexploded kspmetiferviqyaol theobirneeasssmpbanf s)
16. Accordi nﬁfgyso processor 12 includes a hydrogen- produci ng

Fig. 52 is an isometric view of another burner 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 burner
20  assembly according to the present disclosure.
Fig. 56 is a flowchart showing illustrative methods for using burner

assemblies according to the present disclosure.



region 19, in which a resultant stream 20 contai ning hydrogen gas is
produced by utilizing any suitable hydrogen-produci ng nechani sn(s). By
this it iwomsasdi2¢ hat 10 hydrogen gas is at |east a pri mecy/csossise uent of
stream 20. Exanpl es of suitable nechanisns for producing hydrogen gas from
feed strean(s) 16 incluge steam r.ef.orm and aut-gt her reformng, in
which reformng catal ¢te g 12esenplio ns S elgl%re froma feed
stream contai ning a carfaeinre@iRtiag ByNemfiessinmkright andirdicatddt deperaiyiiat abl e
mechani sms for producing 1 hydrgg’gen gas include gciérol ysis and catalytic
partial oxi dbi Ssiem 40 dngludes-a il Freficsyr 1Pebat tsoadaptedntospriodnce aEodust f eed
stream does nt.al t - St o158 L

produci ng hygf&é%ée% %tgésa Hl| E@ecﬁ{étg%n?ﬁoé %@g&? %9%@? hIS cas%q @%25‘?{%@@%

wat er. Exanppws lidrapghtgabl fomasdroor annd dtedi sipafineeldst Haklspronessord¢2 @t ahpast
one hydrocar hon or al cohol. Exanpl of suitable hydrocarbons .include

met hane, 20 mleglﬁrf&vl%a%mbl&a@n of deyares ws%het,egdas%? Y& DyAEPsFREat i ke.
Exanpl es of gyint Rk GtrehEP1E! SALBE E83502 iRIRRRA hydBsbrdpbi®lisg Such
as et hyl ene glycol arf% @r)opyl erfe é%goﬁ% Feed _stlrearr( S) }16_%@ be ing

del i vered t oregial 19rinoessinr regultant stagam 28 ontairing hydiogen gas isfprddaced by ngl e
feed stream 16.i.s shown. in Fig. 1 it i.s within th 5 .scope of th

di scl osure tWat*HofeY tSH‘éar]i’_l%E@g@g?%g?ﬁdf%mﬁﬁ?e%lémﬁg@é: aﬁ& tﬁ]ﬁa B! et Ehf‘} eans
may cont gy n ﬁytﬁo%@r@s@srat%afsi‘@pﬁlﬁsﬁr}i@ﬂ@k&h@ﬁ@sﬁa&m 80i s schematically _
illustrated by the 1nclusion of a second feed stream 16 in dashed lines in
Fig. 1. Wien feed strBeamples ebreisibhs meghandsmsriirepredising dydeges gah fige 5

The sams or ey raieanfS; RLARYALAAR Sorplil (S TRARRRNR TRSRe, B \WIRLEC o

i s adapted tfef@hitgcaaliys aoesd gaprodiccoimdaogeardas froanm fekid siregm fcepdBiingck and
wat er, these conponents are typically delivered. in seﬁar_ate streans when
they are not C%P%F‘B’J@“Wﬁtﬁ?e%?f Yidhwater THthey suitable, geghanisng {or; prrdetingt ed

in dashef | i fgg oéé?l dsdncldde é\}g%)ggfscégg rcrgf:gl RMftidl STRIfb %g 3 chrpdR. LRafif% 28

PCT/ US03/114 epresents ran er ence numner a represents
car bon- cont afeeisigck, aedhichchse the fied sarsamdngs tnyt domaar wates , Stilhaothes snivdble

m scible with ter. \Wien the carbon- containing feedstock i.s msciple with
Wator, the fBEHEGEK OGRS FoflcetoLeRd P8 ) e NaeFTAPAcRAs wi ¢ h
the water coppepentx@hplteed sthifabRMatbon-s4iMnAS &eAWACIR IMnideas uhseanent |y
described Fig. 2. For exanple, when the fuel processor receives a feed

st r eam cont ahydroeprieat or aeahok wExemples| efbbeitable diydfocarbons inglude trnethaie,
t hese

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



conponents may be prem xed and delivered as a single stream In Fig. 1,
feed stream 16 is shown being delivered to fuel processor 12 by a

f eedst ockwoaBios|ry system 22, which schematically represemrcy/Eoyisnet abl e
10 mechani sm device or conbination thereof for selectively delivering the

feed streamto the fuel processor. For anple, . the delivery.system pay
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steam reforng leRts@n %3;}13 LeH AR PELEESSn ol DY Qg en- produci ng regi on
19 contains a&?%o gr rsn nagt C tarlnyst 23, as 1ndi c%% ed 1 n dashed lines in Figs.

1 and 2. In such an enlmodgnirfted stteanf 1fels showo dsmgrdeliveryd be fuckprcessdr i as a

st eam ref or ner, r.ogen- pr oduci r.egion .19 may b referred to
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i ncl ude copper-zinc formul ati ons of |ow tenperature shift catalysts and a

chromi um f ofenilieduploprogessser. uFielepxantnde.ttha deliveis YRR Bpy Shalydecpearpemore
al though ot her s sn@{atb&\elivrgxs Sge 0-5913)8851{1? rofggée%?n bRk %8Eygxl & Ysu éﬁ:ess.ent 'n
ude caroon e, on e, netnane,

Uy
t he refor mat BokY éam i ne nonoxi car I oXi de,

st eam and/ or Adaitioasilye br eitehartivel30syeaii 2l rhagidchridss oalke aSéenebly radfimedres s
typically operate at tenperatures in the range . of, 200 C and 700 C, and at
pressures i nreghkate e ewf the compongnts oy ajupssubzed ypply. Thensyephssupesband

pressur es: ouj Si j AT} I; | 8
VO 03/ 085128 Oéég%g%‘é"%%ﬁ% MR prtetyild %g{re dtr?? @gﬁ?ﬁ%ﬁ?ﬁéﬂeﬂ‘g}}g%ﬁ jaddit

al cohol , t hethstsgstemr éVhemierd strean tibandelivieted toythe fel pyocegser at morenthan one

t enper ature range of approxi tg . 200-500 C, and when tthe .

car bon- cont aftffafly e s cRay 9¢ eﬁY/HP@@é{rtg?)ﬁ?m% OF SRRALHS cfeirdk streany delpyery
appr oxi mat el ye420-800 C will be used for the steamreformng reaction. As
such, feed stream 16 is 5 typically delivered to the fuel processor at a
sel ected pressure, sucAngsamplerodadydwgen-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.



within the illustrative range presented above. In many applications, it is
desirable for the fuel processor to produce at |east substantially pure
hydr ogen wax3/o8aeor di ngly, the fuel processor may utilizepraT/ysosecegs t hat
inherently produces sufficiently pure hydrogen gas. \Wen the resultant 10

concant s at i oen 1¢ ePraroAR B BT PHRD I b h e FeoiE PR bty
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and ot her
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the application for which the product hydrogen streamis intended to be

used. Accor dvithinythe fllystratpiegerassireignied #beYs- 10 may (but is not required to)
further include a Sepafn%%rgna (ﬁgét%s 2161& deE'II'Mé ﬁl? tltul:' @%Uésé%gr&{uc af(ed
a*hPn ream and at

gas, streamis 20 separa 0 a hydrogen- rlchs east
one bypr oducleagttsnbaﬁntﬂlﬂy ﬁdyejhyngegbnr gash Mcbﬁhﬂgl?ﬁthecfnthirn&sw thaastilizene of a
great er hydrogen pur| than t
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present in té}f‘eaﬁleédﬁkM@éufﬁ&e&mur%pafo%a 8 ARObORG ety 1@&&@&{&&%4 y

illustrated in Fig. 1, where resultant stream 20 is shown being delivered
25 to an optéoboat Eeperamooiydmgenrcompongys sfooven particElag . applicagsiond peeduct

hydr ogen str is f fromh oge rlch tre m 26, Bypr oduct

st ream 28 @adc? eé’)ﬁ‘i’&&@tg may?@rﬁ”’f’@yg ﬁlly e{gsél iS4 n VeSSt i on
source, usedmasgy gérﬁﬁroﬁhéihgi ﬁicéﬁémres&thﬂtr Qfbair020 Willl BE aUfifked @hs Skdaad Wi se
utilized, stored or i sposed F is wthin the scope of the disclosure

that bypr oduthgt sonteiamydragay e aemqth@dgasmmStlméaréﬁeplarra@monpplé?gn@ms e as a
conti nupgsf] férrgg%%] hygS gl(e)ﬁf{reaef‘n %r?lgtbeesugs%ﬂtl ém?ei thesﬁ %ﬁjn gc;nch?t%tl%gs \E;Nﬁ t he

separat | erm ntly, 'suc rocess or

the renoved ofoét moFe Aén- hy&og@swmmrensttham Ih&rrﬁﬁlll ar mr\atsehmassnred for
tenporarily in the separation regio 9 WD 03/089128 PCT/ US03/11429
Separ ati on rdgiapplicagon f@l"ﬂ&i‘é‘%ﬂlﬁrﬂ’@@m hydspgengpbigpmds indended b usedon of

devices, that are adapk@%r&ﬂg{ﬁg%ﬁ'?)F&&@mﬁg@gs‘?&[ﬂrl‘fl‘)t fng Blflt ﬁt c?lr o reﬁrtg

conponent of resultant stre n nos i catn n-ri c
stream 26 wi furthbainelude gresepdreation tegbndie im whrcihtthe tdsaham,ermmmmgaststreamlézo

However, it is also vvlthnthes pe of the di.scl osur,e that the
hydr ogen2d i ciFPafidaifiond NyHege- Acly SRR Fo ewgéhtl?aat °8f bafpr%ﬁ&t §eam 28.

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.



nor e non- hydrogen conponents that were present in resultant stream 20, yet
have the sane, or even a reduced overall hydrogen purity as the resultant
stream Faooxspse, in sone applications where product RPgdrusgem43eream 14
may be used, certain inpurities, or non-hydrogen conponents, are nore

harnful than others. a specific 10 e le, . onventional . fuel cell
systenms, carbon nonoxi a8 {})’ndﬁgﬂ_ﬁﬂeﬁamfﬁlggyﬁr@f fulggfea §Y1G¢s Of compi ﬁ%%é?ﬁt in
even a few paéigesPeiat Aid Adapfed 18hviel@eeOthb &onbsGiibh &f A0 Neash ¥l 6@8Ponent of
conmponents, such as water, will not damage the stack even if present in

much gr eat erreselfané siream 2@nkn mawiappliestiens, hijdrogemrigh stgnm 2¢ 2till bave aigkeaier abl e
separation )ﬁo% %gx TRy B b u(f{agtas%f% ", Oﬁﬁ\;vgé'ér i stﬁlg’cg%'i’thﬂf’{h% tsﬁ%ﬁeb&tthé t
e a ydr onent "t 1's

will reduce contentrdtion o non- ogen conp

harnful , r getlesire &at Yhdiaydidgen,ridhostrebimewlebiveadredpgddi cvatémratibarofohe or
product hydrogen stream |Illustrative exanples of suitable devices for
separati on r@greoremhydrogea) qeawonsnts Biat WsreP RS Byesultaat grgany 20 yehbaveibe 30,

chem cal car bl BPBRH iRaud 3TN RBREERDLAY Rdne AL BPAM CEUdple,

adsorption systé I'sS Wt cope O e disclosure
separ ati on rimgisane 2ppireationscivhte prodectt imainogene strgape 1df mayepanatd,opertévi ce,

and that these devices have the sa or different. structures and/or
operate by tWePWHis %Flog&%'fl@tg%@’ﬁ@%&ﬂfworﬁ}]&% Han ARt i 48 27BAB Gnes

30 are pey megbin1é n RYEFAEEMI 98 cellWisterds Lal¥ndARbNoxidERhyBARhE 4 AuichET
conmponents of resultant stream 20. nbranes 30 25 may be forned of any

hydr ogen- per steckblifeitmiat preseal iseivemlsl & partsiper inmllidne vdpksr ethen gossile rinnent

and paraneteys,in which separation region 24 (s 0o at ed. Exanpl es of.

Ui t 2bl o o RRrRR TSRO SRDe BRI sl B & e PRt a0y,
and especi aiuyh ghtafer cbhdshtr@iorsUCtherefér@] f1 SU0H afRbplicatibh,0y SuitaBR) depaliation

al l oys have proven particularly effective, especial I%/ palladiumw th 35

W% to 45 wtDRSEwppey. nat Joctpasel B GieieB pprdrogsn @jribabutc #ntwllngeduce the
[ | 9% h ' f i h
appr oxi "Fs‘ el Xon%gnt%lo‘h%(?ggl%ﬁ-hga‘goﬁgﬁ géc{)ﬁ one‘i’l@pfat fstﬁaﬁggbf, d;r s@gﬁ@mﬂayﬁ had) 1949

ot her rel7ative concentration onent's may I'n thé scope
of the i nventhedssirciGppliz3idhF6he Brddudt RydosHeh s424n. Hydr ogen-sel ecti ve

menbranes are typically formed froma thin foil that _is approximately 0.001
Inches thick. 1t is wiIKHIeoEBIE of Upfablsy devdgfs fOF PAFBARHOM, CBORe e

that the menhr.aReHHERY rﬁ@re{@ﬂ%ﬁg‘%g{s@%%@ hefbiids 88€Bienn el "EAYE BRI

hydr ogen-sel ective materi a uding netals and netal alloys 5 other
than those diesmyakedembbese3 3 sindgiressars svang mescaptiorc systenes 3&| 3t mnwlithin the
conpost t|200nsécope 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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and that the nenbranes may have thicknesses that are greater or |ess than
di scussed above. For exanple, the nenbrane may be made thinner, wth
comrensurwpe3/osaies ease i n hydrogen flux. Exanples of suit @crasowcisani sns
for reducing the thickness of the nenbranes include rolling, sputtering

and etching. A suitabl 0 etchi process is disclosed i . S. Pat ent No.
6, 152, 995, the conpl et gyéﬁ%ﬁ’?ﬁ E&g'eorf’em%%%aﬁegtyﬂlgfﬂz%goﬁe@og raaF’éIEl ?){1/
reference fothaflid approRRSASly GBANRA@GRs Qhickar [t0lSwithRITHeak®Pe dTEINRr Srasent
configurations, and nethods for preparing the sane are disclosed in U S.

Pat ent Nos. Byemtions Ipweseg1haBoE, mambraies3magsE formeed finpt other hydsegedsur es
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di oxi de, and nethanation catal yst beds”that convert ¢ n nonoxi de and
hydr ogen t o imeteasnén drydrogeheflux.| t Exanples ofisnitalile medpeisofs fdreredicing dber e

that fuel processing.system 10 may incluge nore than pone type and/qr
nunber “of CnEGE b iR SIS LdE 33g gperiaiomdiaenine o S iy

depi cti ofy of eghifiEhoRELERESINREd $Y SIS PatdadNol BAIYOS, the TERPIAS HiQElo&ERELON 24
with a chemical Fenoval assembly 32. In the illustrated exanple, assenbly

32 25 incl udwhich isgterehyaincomorasesi by refarenpaitfor] alt Ipueneses Feemaleatdfovarioas al yst
35. Methanation catalyst 35 conver a n_nonpxjde_and. car,bon_ dj oxi de
into net hanemeglﬁﬁar\ﬁ%lt renyemtbﬁ ehc%r*rﬁ/ aﬁ%ﬂg’w qonh%lfocgairr%g%reg ﬁ%\/llE euéﬁugéce%%

stack. Accor gdisélged, in” Bg$.OPaterd4NGRY6,DEL, 1 €T, 6,3 B3 06) and 6,587,881, e abonlpast one
nmet hanati on catal yst bed. Separation region 32 may also include a
reform ng re@sdlpsuzes efivshick avsthereby incomparaica §y seferangs for 2 p3ppases- convert any

unr eact egs f eedst ock i n?ﬂerﬂ%glr 2865 shoxldd I%Hﬁ)t&alagss@&}gg% t@%rgre deicks that

preferabl’e that the reformng catalyst 1s upstream e nethanation
catal yst so émmicdlly teactr @irbdrr aducedeaif ipocsedi oxtedeltat staarh @9, no fiarki deher
downst ream of the pethanation cataly useq) to trea

?t .. W t ge
hydr ogen- ri ctPRRRAsEIS PR ATBAR! 8F PofERIE lﬁmg‘gﬁﬁ CREPORNEA)X3eD 1 BEAmples of
PCT/ US03/ 11420 isg! GRIInVRoARIRE Aesval hEEABIEN thel B8 Whler36as @Yt P& RS Ghd bed

as being a secondary, or polishing, reformng region, and it may al so be
descri bed asothei dgvideswtisit rcenvart canron tthenqandarér warbehodinkidg, redjinmthamtsor t he

2%Cej;n-oggPZ(SreLgagéliggtﬁ)ﬁgmtﬁonne\/(ﬂgt)chrbglerr'?‘osn%guedesavﬁ% %%dr%%%r? i ;[nleﬁlgmé gnsdb‘ %a@els. ﬁ 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 depiction 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-

11



5 gaseous inpurities are renoved fromresultant stream 20 based on the
principle that certain gases, under the proper conditions of tenperature
and presswoa3/ostiks be adsorbed onto an adsorbent materi alpcmarses/st4eongl y
t han ot her gases. Typically, it is the inpurities that are adsorbed and

t hus renoved eﬁrgim resyl t ant §tream 20. .The %ucces f using PSA for
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N2) on the adsorbent materfial. Hydrogen adsorbs only very weakly and so
hydr ogen pasteprinfarprejorming regizogndén tholadirogan selechee ingphrane(ses are ret ai ned
on the adsorbent mategial . | i e S . ?%%P dsorb
very strongly on the rgg%lrr%es‘%r%rﬁ?%or anzfr:%xgpseaﬁ ﬁglér}%‘cgfr_%?orcg%no\%le Flgm

stream 20 al gizgows ittpugitibe relromiongdl froini @Sultanfrptugant L0 Gassdsors thelpragipiithat H2S,
and H20 adsorb very strongly on the adsorbent material and are therefore
renoved fr on¥&@He&AIESO uaﬂ@né*evmoneroemﬂonmﬁﬁ?rtlpqsgt}qu fnd HaessHSo hidnbe

material is ' t i [ F ot d ar ept:.in
Stroam 20, s omoftR B BEIRRS BT TRy MRkl TR i Bt PRI I Tt
i s adapt ed ttheriemnritied Hasard aguorbetli @€ thns oemdeddfbmvesyltant sgtane@® 20h¢ 0 t he

20 adsorbent material .bec e.it is nore difficult to desorh these
impurities. WYEGF p‘*?flfi Bﬁngfgéﬁrp@f illygrc_ﬁﬁge@“%%’@ﬂ?% 15¢dugy E\/gfeeaeqﬁfvé’gé §HEnE \When
the pr eﬁﬁurﬁisbﬁ)tibﬁ%{c%lmBHQ?lﬁw gatsb@%s@heasdeéﬁ)rdl@g_lbfyﬁﬂﬁhﬂbbﬁs M&Hiﬂg nt

material, thus regenerating e adsorbent material . Typically, PSAis a
cyclic proce€Hszand Ngopui thegdsoshent grtarial. whlydegen pdsoresoenly vanuwedkdy anpposed

bat ch i on. Exanpl f 25 suitable.  bent . ials.th
be used | n oEBrEErasHEdoruED Gt f ol bES iR e BT B a8 b 1y s
A (5 angstr ogdsorRAl inhRSial. ThEpRRp ?m@@ﬁchn@tleﬂg,qkzs, and FRONEARGY Vel Etiengipr m of

pellets and it is placed in a cylindrical pressure vessel utilizing a
convent i onal obHeledserberf ragemalgng #t9 barefore remevaddresa straye 2tabng, Wb aiger |

that oth sui t abl e ri c 0si t {0RS r

confi gurgszi Oﬁﬁgu?}@g%%%%@&éﬁ{%@ﬁkm{,g%@sgﬁcgpgg aﬁirsé)r@i ﬁ%%&%&g% % of a
devi ce for usioibent sefiaiaktdndnareethezforgdreiovedhifedin t dnealny PO cdergg svithoobtheenoved
conponents, are not _directly exhausted from }Oge regi on as gas stream

concur r ent | yiIurgies.n & e sdsorbend inaferial 19 goipe Ja bgdeacrsramdrandsheser upgities he
resul tant stgegmeehif f’e%m Q@,es%?arﬁf%ﬁjpém 34 %}E‘@feﬂ’a@ heRaud 8 Ruitdifle Adwigs bent

material is regenerate r othetrw se renoved from the separation region. In
Fig. 1, sepathat imadapegi tn r@doves tiebownpwitidsi pridrutel delnece ©F stredd. 20 ttoithe
20  adsorbent material because it is more difficult to desorb these impurities.

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 the scope of the disclosure that region 24, when present, may
alternatively be 5 separately |ocated downstreamfromthe fuel processor,
as is schworsiogabsy illustrated in dash-dot lines in Fig. pta/ush3/isi2al so
wi thin the scope of the disclosure that separation region 24 may include
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di scl osures of the above-identifiéed patents and patent applications are
her eby i ncor pomamext prgfarafler hadeclf wocesbdr isiadppisédo pRodde purdhipdrogangast r eam

14 b d j i f icati i.ncl udi |icat.i wh
i ah pur sty RS aamegeLsh e RrespRotitr e antmaiai it Ghie 8 BReEor | on
is as a fuel thaRO0bEptke, HlefRMTY fopdated thatehs5%uke, shaehpreBrdblie breal khant BWOK is a

device that produces an electrical potential froma source of protons, such
as hydr ogenpeasandagvgn arpre pradenably sseater than 8%y yepirgaSuitade el prrgessorsafor uel
cell sta may . be a e [ecej I ti of: uct

hydr ogen%;t r%%)%ucfﬂg as{r%ga%éts g{' rggger%ao%bytg?(t%lgnﬁ% altr}\?' @iﬁ(,%lglé & é;glrecéllsﬁé&ge il\;'esr' ed as
an air streaRitentaMNbst &6, Progsle;e6,anl el £CE199¢,580, SBG1SIRT7, t pemdider ANS. Hatent i S
schematically illustrated in Fi i i a fuel cell stack i

i ndi cat ed at Appligatign ﬁ\kbdl%?é)@ﬁg:lpg @hgbtvqugcffﬁhe%gg e¥ireh §h 2001 pad scamited PR |
Lt e ke D JuSRBIIUh o R RS hiek Bppcssor o
system may bBeriatfNer r ed t powhish svaf tiédd aneApril 4] 3008Di0S1i08D TABarREfduBirdy bl 29
Syt om 42, DRSS, e 5 LSk 55U AN RIS ST
fuel processgys7amR bufReEomplete 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



assenblies according to the present disclosure may be used in applications
that do not include a fuel cell stack. 5 When stream 14 is intended for
use in a woaB/osabs stack, conpositions that nmay danage t ireTiuses/1ed |

stack, such as carbon nonoxi de and carbon di oxi de, may be renoved fromthe

hydrogen-rich str if necessary,. suc s, by .separati egjon 24. For
fuel cell st%%ér} ﬁgg’](?ﬁa‘ﬁg ltp%f"tséiﬁs é)&‘ﬂacﬁ é?%r%fia?h ou((iﬁéﬂ}fﬁlghg)rqh‘f E‘é‘%icﬁ% f uel
cel | stacks, sthéle BeNGRRIT fikistbhetdf thapRAEnt IPsuELthhsTuBl FloeEs3bis Yant ®8nek han
10 10 ppm (parts per mllion). Preferably, the concentration of carbon

nonoxi de i s Pwewbligsagaomingtmtheprgseny disclosire npydicstss iy applisgdonstiha dp q9Hm
The concentrat.i C di oxi de may be greater than that of carbon
nonoxi de. Fo?ndeuggr?p(}{"%l,(%gg%gléntrati ons of |ess than 25% carbon di oxi de may

be acceptsbl e. PreferaWhen stleeémclanigdntenddd R ubs il £9sel celamck 08empmnilioay en
nore preferahly, less than 1% Especially preferred 15 concen%r ations are
| ess than 50tepmay|damags ihe) fusd cglh dtacks S5l asirarbanaonRxads pad carbomidi

concentrati omyme%&%ﬁgﬁeﬁ{@%myaf ethH?ﬁrEﬁﬁj 6B Gfoh %@né alation

concentrations”other than those présented herein may be use are within
t he scope ofegide24r eBanfuel nekkrstdcks). suebrasepratpl exchpege nenitaaneu@iM) and

manuf acturers equi.re .nninmum or maxi concentration.|l eyel]s or
onaea i hat . ke G Faqktuhe FhateBlrad HRmd momes s morerell Tefefhn o1 ack
40 contai@s ah phRAPAtLPE mARSh)! YRERALY theldncBhteatioh € lcarbeflhénodilietinadss ar e

adapted to produce an electric current fromthe portion of the product
hydr ogen st r tamSipprdenil eeerethorhpreéarebly,Aegsitbin tepm. sthectoncgiiagian [of cathen udes

Itiple fuel cells joined her b d pl 48 whi.ch
Cont i n' 11 ui BrosEcsd: OpSP HBTTe BE et BReGETT R Sl BoRaptiondrce)

i ncl ude prot pRs B4E RANODEIrbTEABXiAB endlyfleMrcdptdie. CRlckgatdnha kkdehgtidnlieliess el | s.
QO hers include solid oxide fuel <cells, phosphoric 0aci d fuel cells, and
mol t en car boHdne 10%el ande|qven mege chrgterabily s r Bian Produdsactisils tnielerzd may

be used 10 Sal3ivarloll ardMRE gHand gg%%g‘g ' z{tg .Eho?lF)cf) bl GhabQRdd @bt ﬁ1lte e%:@%?&bclg he

associ at ed energy-consum ng devi C ustrative exanp evi ces
46 i ncl ude, hiinsihouoticeratatioas | prasened thereimdt o ibisiretiwes , examplesatandn#iat
vehi cl es, constructjon ﬁr@ri ndustri al e(g'bcl es, boats or other . seacraft,

Vv
tools, |ightSonsentratigns pihsr thea dhaseipeesentsd pereinnaxby ugedpnd argwithin b tFoss

other appli ?ﬁﬁ\?@eseﬁ'ﬁﬂ%&ﬁ%hd%o?rex%ﬂgf pdW&l1A! N8 ordhduERIulfs RhPRquire
conmmer ci al 4 03/ 089128 PCT/ US03/ 11429 establishnents, conputers,

si gnal i ng or mimmuum br ataxgnumeqeanpergration deels & mdniges that are different than those
20  identified herein.

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. Illustrative 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



stack 40 may be used to satisfy the power requirenments of fuel cell system
42. It should be understood that device 46 is schematically illustrated in
Fig. 3 arvoics/osEasit to represent one or nore devices, or pcalusestidson of
devices, that are adapted to draw 5 electric current fromthe fuel cell

system Fuel cell.stack 40 receive all of product .hydrogen stream 14.
Sore or al | GrAPEEA SO S T BHEST omBpniS et RaHPPERy e SyBiHer oq,
via a suitablagk a0ndal} be ub&lr toUsaisfynthe e reiNFhREBNCFCRABE BéTl Bgtdih AQESE,
burned for fuel or heat, or stored for later use. As an illustrative

exanmpl e, a hykrusdba usdessteerbthdedeviee 450is sohamatisplinilustiated ghBig. § apdés meanti g.
3. Device 50, t o] of €. e i o] 0, en
troam 1. ris erPE G GRSl oo 8 B A lhat BIAHE W G895
| ess t hanst helebtyidrcagenn feath phet fuelf cetlugbteqpr ocessor 12, the excess hydrogen

gas may be stored in device 50. Il|lustrative exanpl es of suitable hydrogen
storage devices incl udfBelnsedlr staek BRJ8%Aerepicedlt of ipy %Mﬁ@.gew#rﬁﬁagw-not

required, a REARTIL i S1£Mhah0 a8ditifrkally) O UHRBtideIgUBR! de1i9bred! 9aed
hydrogen is ?ﬁat% %h?s%gg%rg% may %}ga used ty(’r; satilesfy1 %z’e hyderlogrgn’ 2
r equi r ement s swfabdt eaklutOfor mise fthenashérelrydaggehicoastinning fpoocessytbiuctedstor deainot4 i s

used, in situyations n .processpr 12 is not able to neet these , hydrogen
dormnds. Exalfited SHroq Ra4Benr oty BhQuFFeivG 8 TAEn: PHESRE1oEs edthr0 <

startingioip fd Hawa if @hshednet NAFLl ¥ Dbk S0 ik AdRYtEDtoURork 0 Teagina F_Qxlti%n grate,
offline for 20 mai ntenance or repair, and when the stack or application is

demandi ng a grosactehydrogew stieamel bf Fay dxaepln when theademand forshydiogemeas bubl e

duct i f j L I iyel
Gl ored hydr obaht iy IPE AR B85 ken bBRL bl ART prokeRpr dp. B Rhint iytinskl® e

fuel processisgmay beutdre€ &l Hewys SeMmIllintekivo eRaaplss B seiyEble AkdrogdinttoRge not
directly associated with a fuel cell stack gn;ié still include at |east one

25 hydr ogen- §evessgaclads hydsidetheds and, prepaipizet ks e AFhewRIcROt FGQsg et berafib ans
f h | i : . |
romt eﬁﬁm gg Systddh ?p%? % Qgﬁ%gg gﬂ%lg@@ & &@‘S@%p’&%ﬁﬁ?g thaf tnh gﬁlyuﬁsy pEue

cell syste may also 1n ery er suita

el ectricity- asadr fonguitig§vihe chytitvggen irsquackapnedofl stackt 60,eorethe adthércapplicgiondivsced by
stack 40. Simlar to i e abqve discussi on regardi ng .excess hédro en, stack
40 may produlRIAERBCIY ITHEY): IhSIBRHARSWIFN PHEESHEC £48 APY 3Rl 1 ARFLEFSE he

| oad exert edpy@ibodPBlh&fls. Pkafiples ©F thAe sithitnk Shddshiel WRed ARAuEIGHBEL S it O

power system42."In further simlarity to the above discussion of excess
hydr ogen gas stattinigsupefomss caldppt inantavye atet raammpg up debnfi ao mikehsate, syf€lirenfor or

use | 0 obher applicat | ons andlol, StRLSol 8F ol B SonS GeRinbiE Wk RorkO"

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 streams 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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exanple, the battery or other storage device may provide power for use by
system 42 during startup or other applications in which the systemis not
produci ngwelemssiegi ty and/ or hydrogen gas. In Fig. 3, fl ecaresgshebe ng

structures are generally indicated at 54 and schematically represent any

o e e VERAERy o B P 3 BB rl S Pt BN
respectivel y dudid stafusl bR WtHeh @psiicatiess iy whiegeRe sydttneieabt protiioing Bﬁbﬁflfcft?m I'n
Fig. 1, fuel processor 10 is shown including a shell 68 in which at east
t he hydr ogenapd/eubidragemy gagi on, Fignt flgye-regulating stragtuees sae gencsHly wgicaied ats
cont ai ned. Shegl i . t I bl es
the 10" compongipd Serentiibal ALRSATREy MEE: FERROA fuid, SoltiRiSthe SERRETS

as a units |for sdlasivplyoti€biesing Heydesepomneineecwicity e devéde OO dattery r SN
s the heating demand

damage by providing a rotective encl osure and reduc

of the fuel EﬁS.B%‘é’é’@dra O AlQE ﬂt%%oreégbf%ea@m%d %?CHE“F%E)’ ‘?‘E@%‘OH}* ocessor nmay be
heated as a unit. Shel i, ﬁ%. TBYel gfﬁce BE$0 ROthoWtCHERDAR 4 ¥nell %ﬁrpgﬁch at
insulating material 70, such as solid insulating material, blanket 15

i nsul ati ng midaetr itled | hydrogenpraducaigr +égidn, ednd aopitiogallyl tthé ssepitatipm tegwngciope of
the i nvention, . hopevgr at .the fuel processor be.formed without a
nousi ng or S RRIERe st 81 i el gral 6% RETTHel BhouPatiig TP OF 7o,
the insuh@ti gemp&icats ¢t theBdaRerefdrie b thef AR ?H%Eisorﬁ?(b@ﬁﬂlﬁfled_tab_% kel i, or
both. Wen the Iinsulating material is external a shell containing the

above- descri blsd prefeoisnthe compepentatdf dhe diel/ procgssen S gamags diisprogdingha
st eam r ef or ner v funther inclu o] I v i et 7 rnal the
oot on " BlotETike HOBEL AR BUbOURE eMELLRL B Shel FRESLE AR

the scope of céhiporieAwesTith®fiel pdteRGEMAY beBéfedis 4 Init. SWMPEB @AY, Dud Hodsut
processor 10 may either extend beyond the shell or bhe | ocated _external at

| east shel | B8ecessagly, anclvds issulating Bategals i, sedips aswhdingulalingayeea, blanksly pe
A \ | grof y
5 | ocat ?goet sgfaﬂg% gfafe%l(ag aﬁﬁz% SH (an_.ﬂisﬁdlvaabﬁ.t fi6s SEMRA @1%'89%?68& tﬂ? ngvgmg&g

directly S schemati ca | ustrated i n el ng
spaced- anay howeverhthasthel fucloprocéssor fayibd foomediwithauti ohousivey emsitehl. bWhen

suitable fluid-transfer condujts s.indicated i dash-dot lines in Fig.
1). As anot h&e! g¥esesios, 10516Hdes dhs tlnﬁy@ﬁwaéﬁ?yr@’euleﬁwaﬂn% é‘bﬁt%ﬁ“?f@a}’( b6ch as

portions of QREHQrth8Rke, EREATMHRGHERI G DR, WHES thd MYu1ge Shdteridlis Qﬁ&mugpe

shel |, such as indicated schematically wth a dashed line in Fig. 1. F
cell and fueh shelbomdaning tiss/shoaaslehanbed befermingy sgpsrahemand/capdlishing|regisis, at ed
in Figs. en .i ncl ude

addi t i ong\ﬁ}- 38}?33%@@,?0%5%%“35& ) h}cﬁiyeg}}sﬁtlo g'i“} gﬁ%bltop)ggregﬁgscﬁfgﬁ”?%g%rgﬁs &ms,
heat 16 insulation, as schematically illustrated in Fig. 1.

It is further within the scope of the invention that one or more of the
components of fuel 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 air/oxidant supplies and delivery systems, heat
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WO 03/089128 PCT/ US03/ 11429 exchange assenblies and/ or sources,
controllers, sensors, valves and other flow controllers, power nanagenent
nodul es, wom3/o®es | arly, although a single fuel processorcIAsasdisy a
single fuel cell stack 40 are shown in various ones of Figs. 1-4, it is

within the scope of the disclaqsure that re, than one of, either .or hoth of
these 5 comPOBRES HlsS gl UItrs TR SR BUSSOHBD o4fer g
1-4, fuel pres@sslicRd dowd mb@lgemes! odsks! et @Ak, naltHodgh NE sRig8S Eidl
di scl osure include a heating asserrblei/1 60 that is adapted to heat at |east

t he hydr ogenppaceesat i Agnd/eyh singedfuelfeetlintack 4] arp laayes oyariops onesyafiigss 1-4,
according to éttzlg %ﬁﬁ{lﬁ ?ﬁengcogé ?T)g :th%sﬁécq?ssu?é; g{gkpg)égﬁ?a%rm}eyo@e(‘?thg{]&{ B’(Sj(ﬁ Sf Qh&g rner

10 assenbly urner as y {0 recelve east one fuel
st r eam 645 andomponehyhigbe tided. fuel streamin the presence of air to provide

a hot conbustion stream 66 that nmay be used (g heat at |east. the
hydr ogen- produci ng r egi’Srlscoshopn Kevariges ongsy gf-Bigs o4, &§1 Biosessinedangd fushor e

detail herei @eu)laéxgtgﬁg}acgl&dg{g It WRI s ehCdibd)gsupd fﬂeﬁ@mﬁﬁg@ﬁgﬁ% @ hafiety

of nechani sns. alr ‘'stream /4 is s nes, with
a dashed | i nedipt¢chty himedt teastghe plydoged-pradnding atgon HAtofi the ifisel \piredessort He

scope of the disclosure for, the air,.streamto. additianally or

S Lornati vel §YBRTHEIOULRES (hF PRET G cabeRing SR i eBHSs AOHESF ¢ he
fuel stregms ;8dnbfy 64 hBuREY NEEMBS B2 TPhdaptedlto irdceivtd dt Mabt JlRGuSGRBAN &Y shie

di scl osure that conbustion stream 66 may additionally or alternatively be

used t o heat totérabuspdre fushsireafn mibe presenogrod carstoi prgvide d/hot cémbystionsirezn
systens with_ whjch burner senbly 62 i.s used, In Figs. 1-4 . burner

S senbry 62 68 thimh bR seh 33 BER o 16RL e HRERen ey rdich AP UTBL 8o 1o
t o graphi cal bjocespt.es@ndiscisbal in noteSdathill hiefein, nr sROIR @dlivehd Wi the lbasnere
that the burner assenbly may be | ocated partially or conEI, etely within the
fuel processeéssemblicKagsvaetnel mechasissts. parkigad.1ap an straam 74 Kethowgan seHd/ or

that at [ east. t . . e . r TRY. I 25
ext er nal 1$heﬁl¥l %é I%%lr %@%@ S% El.ng})lﬁmg (relll‘t’es& F’a%r? %‘glgé%lgglﬁ%ﬁb%& lpﬁs ewﬁ@fl t@%?‘n{?ggt ion
gases from bheaeldisolesuratos eidiiy sinéam tdadditedrialig roe dlterinativaly baldtkvdiahto the

transfer conduits to e fuel processor. gor other portion of the systens to
be- heat ed. _ABUTGRSERER ¥ f Igast ang of Badvdtreamnes o gag bypgassepbly” 1S

accordi ng 1t 0yifuie 1R &30 lordhe GiRRIAE MY cobisER teXRPEY hiadtddRidnady o 69

that is adapted to receive 30 a liquid feed stream 16 (or"a li1quid
conponent of akeeaiwly bamsdd to heathother porsonseafrtlef fushipercedsingrandios fuckamllof a

1§ cafboncont k0! Bodel ook AR e yepani oS Lhe, Lesdshosam (o
g gel process@howrd\fh A GRbpRMgSERESMIF Rithuélprbéd@sord2 BeahSfc AN Rpetertt r €am

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 burner assembly may be located

25  external the fuel processor. In this latter embodiment, the hot combustion gases from

the burner 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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17 WO 03/089128 PCT/ US03/ 11429 fromthe heating assenbly may be used to
vapori ze the feed streamin vaporization region 69 and/or otherw se heat
the feed worosase124t is within the scope of the disclosuredriEns/iied
processor 12 may be constructed wi thout a vaporization region and/or that

the fuel procgessgr is.adapted . to receive . a feed streamthat .i S _gaseous or
that 5 has SProd g ARerhl Sal BeEig vk i RRT e aPRF Rl ng
assenbly 60 yégidh 89baHdngT othassssThtat B2 fesd Sebannt itCidl Withinl thesicopé e thés
shown, burner assenbly 62 includes an ignition region 86 in which the fuel
and air strediglopgs thatdfuglprogessor fhimaycba ecnstinetedvathouha vapamiasion gagion

t hereof. Regi j L Qnist i SYoll ¢ I i .t abl e
structure or Mg Ba PRk G Bol BUMEIRLEGEs Rk OLE Ty Bllort br T
sui t abl e 5i ghaddlmadgbesncepolgedi ncl ude at | east one of a spark plug, a glow

plug, a pilot light, a_ conbustion catalyst, glow plugs in conbination with
conbustion catal ysts, Ublfagtdidgthey ‘ﬂl@%{f%’d’ec ?a&HgCaSFGHPIﬁ’egg,Wﬁ P OB ke.

The streans aienbgnss cﬁ%&?}aﬂ’i&ﬁ?’i Al | ANHRRT, BfnePLQEHBES 6 R it RIS dn

exhaust stream 66, whic pically is exhausted 15 fromthe ignition region

to a conbust igmtighzgloer86iin vaclothednelrmdtain steeank €64 pedy7 HPrarofigniteddo stitatm

reformer or fuel processjn yst em 1S Wwthin the scope of the.

i scl osure HiarorBGED et o ReFh SeaisTideh o8 Foneg v whhds on
conpl et eqy i Ng@tbRY dtRicHir®br ddvaedbl RSN thB ikl LhE aid Ui Bihs. ASEREYoRAEABIE f uel
processor being heated by the burner “assenbly. For exanple, the conmbustion

may be ful | yignoigyl sousesi&8 inplads ghicastome 24 arspgitoplugpagiovablug, e pitpt Bglidai n
the ignition_regi on _an ti | et in.the_.eco i r eqi
barti oy cormnatiny RAaRAL | Rt VoIS En® EhobAabRCwiGiO TBRLLEN (GRhi,

portion of tBRcridally befed ss@amicidritertaland hige tiReb Iei Dftame Gir® fignikt CandVWhen
fuel stream 64 is a gaseous stream it can be mxed and ignited wth air

stream 74 t oc¢Rbertion tsepfipseduses @ Beatesbexhapststresm 08 opich qu%kyriéaWuet&d are
25 |iqui h : - ' ' . f uel
I qui gz p @Ifsﬁl %93@@6%8% fta E&gﬁ%%&ggpérﬂgerrbl%f&r@h&f&a@&aﬂg@ér%%&?%g ue

streamis delivere ass namely a tenperature i
range of anbtherdtean{ agfghcex iondilet pyocB&sing sylstera ppriowitiat thk yecdpifChaddclasure
pressure in the range o i

shoul d be undet éﬁeo%nﬁqﬁg?r??lﬁé‘gg‘b.@f %ﬁt@%gﬁﬁ%{? gg’:og%’léggﬂllggﬁbé’f Iet not
{ypi cal  par angt e 8 I RhDE el ot il A by e oy ™ ©
within the sespmbhf tHoe examplet ithen combustiorampy de fubly ¢amepletsd riaathe mayitibe
Bﬁ?;g?’ agégggq"é?,o?l, hpea%alglx 8@8&%{%% tehleggmy'go%efegpo%f 0 pggljaﬂg 9oen|1pil¥tgcrl enq tthg the
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 understood 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 still
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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but this heating is not required, nor necessarily useful in many
enbodi nents. 18 WD 03/089128 PCT/ US03/ 11429 In the context of |iquid-phase,

or |iqui dwofoaegoisg reans, such as an al cohol |ike nethanolpcaruses/hanol or a
hydrocar bon |i ke net hane, ethane, gasoline, kerosene di esel, etc., the
burner assenbly prefer bI i ncl ude at.om zat 94 Th| IS
illustrated graphicall 1% I‘:’?Ibte)%lt Fhﬂul\ﬂﬁh@ﬁe 'tHe il ¥ qU| fsgg &t regn?s‘saps

i ndi cated at aﬁahdﬂd(ecﬂl@ﬂﬁhélsoﬁethhmldi £ By drotarbom ikt hétPariep @BHOCYasdhne, and
in which the burner assenbly that is adapted to receive and atom ze the

liquid fuel Kerosssm jdiesel, n@tpaa@iédblapers@sseﬁwlmefiﬁe hefigslpdes @B afemigqtion
atom zi ng bu N I to
fuel st reams‘ri%g %1%) Sg?ﬁ”’gfgﬁé Ilseggld@g&) a?ﬁfcﬁfé&‘ IhFisglegui!tndWhl ope a('g }E%l st ih

par anet er$ afs intlicated tah 82 find Icorsannearhqluﬁi mlbommmdnﬂng fédfdstdakﬁltieanchmsxehﬁbhy, 10

and preferably at |east OXI 99%. i qu .t ho under st ood
that even a Réc RTRr AsEqgh ynfuauﬁa %fﬁe gee?lésﬁmﬁmlﬁaﬂaﬁd %&%h%tream 1s
(typically |gegcatdaan dindfny m%%&redstucda ASatBrPARE Bty aQJeffnbgﬁ‘S%sr\Q;e@S the
streamis heated. Atom zati on assenbly 94 inc uces any suitabl e device or
conbi nati on béretelliged” ishacandte refdatotfod stivame thatrate atl leapn 967 uplid-phassaatn 82

into an aerosol stream 82! éh i}éc n, he m X d wtg a bstreaml l74 and
conbust ed. ol iiDEE PaisgErs auEk R B SRAS AL Srbd i 6 biit SReEBY.
contrasteg whd Pre e}y bzlcRg approRBhatalyOMPliqgs. ttabuldarturdetstoddithaticven a
streamuntil the fuel stream changes phases to a vapor phase. I|llustrative
exanpl es of SeAnepleely” diqyid-phase strearg gsanHiciuss %ﬁ@aml(wwﬂédeﬁsﬁh@mﬂé))ﬁﬁ ai l
herein. As dj v I and
20 aut ot her i Porch e PROtsH Y ST bLARY a N E RERAL Sy B R ERA

require a ca9bcimiudeelah>asmtm damr%mbﬁﬁmbn iof dusieek that ztrbedapted to convert
hydr ogen- produci ng reaction, and then a separate fuel streamthat is used
as a fuel solifeid faglstreara 83 antaan agrosehiyelstream 82 dhat can he ixqd with gir sEeam or s

redui e s SerBLAl EfAUIACor D0 pRE! AR LAY SRR Y Thiste AHRABEY

conduits and w-regulatin etc. According to an aspect of the 25
present di schithumaporizing bauied as;slambhescmalbhmt edmual fuch grdaaedmildhk fokh sireanus ed

for both the . carbon-containin edst ortion of S am 16 .and
fuel st ream SETEGT PIERAP @ AEBEHBIGea0 MR S REER Rt SARPY RPTHSHiohs o
in Fig. 7. AgsssheMéy ark iRthdef A HOR-de@epdinl Ny feedstock 76 is delivered to
both burner assenbly 80 and hydrogen- producing region 19. Fig. 7 has been

shown in fragmentary viAevdi@emdsmanmebnmtipnzdcfesbmocmonsayuqhaaﬁesteanwaae
vari ety confjgurati conf ura do_not incl.ude a
separatigh aplRaBRTer I SRR IS PhAFHERLO PR Ruriafiy el W bR

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 burner assembly. As such,
these fuel 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 burner
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. It is intended that the fragmentary fuel processor shown

in Fig.7 (and subsequent Figures) schematically represents any of these
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separation nechanism etc. It is intended that the fragnentary fuel
processor shown in Fig. 7 (and subsequent Figures) schematically

repr esentwoasypsabs t hese 19 WO 03/089128 PCT/ US03/ 11429 @omfuspsmeie ons, as
wel |l as any of the steamrefornmers and other fuel processors described,

illustrated an i ncor ted herei S S|mla £ except
Lhat the 11 unHIsRs. EoR i A Pt et il Sebdud Sracdrorf e
streamto vahygana%elm@tﬂétea@nd;oamﬂ@mﬁtédﬁ@ereﬁ car bon- cont ai ning feedstock is
selectively delivered to at |east one_of the burner assenbly and the

hydr ogen- produci ng regfth8 Watipdlande &7y eyeenieihal thel liged a?@ybonsfmnfaawné
structure f0?ee§§58?5hv'§l&'elﬂ%ﬁéhddsngnﬁgﬁ: %{?%? Qfalx%aﬁégé’rﬁb% 5% al'nn{xzﬂﬂzh thc
y an he h r on.

f eedst ock betwe e burnér asse rogen- produci ng
The ranges of carpossorthinpofedguciats o¢lsctiveiyl ddaaaredwe) fatinewst oﬁss;érth&: )burner

receiving all of the carbon 10 contajnin st ock, the ydro produ0|ng
regi on recei %sﬁ‘é‘bLVI ndythe ydrogepmseducignie ’ioﬁl ﬁ\ga lye assrhy 9 d’f‘ayb‘g‘FH‘

bur ner - assenblpapfNgnichfe %1d§é?&%%1@/rd?d1ﬁﬁign@e s@AA LT dafSRl. een%m§ feedstock
carbon-contai ni ng feedstock. As discussed herein, the distribulion of the

car bon- cont abetimegn ftb@dlmtrm Iassmlpiémbsldathe Ilefdmgenmrqzxmangjp@nort h& hgarange wif ar
carbon- contai ni.n dst ock bej se whet her . bypr oduct st am28 is
al so used asP&SH ICo ég‘frﬁttlorﬁulflﬁtﬁggsagke ﬁ’%ﬂ‘? §f§m§‘h9’ ¥%§Wﬂf¥rf" ‘lfrtglF HOUE" of
oper at i ofg of c§fifin{risetecBEt0OE SKHOM dro%HﬁJgr@ﬁlcﬁl@i oR FARERingaBlcH thecaiBhe, oOr
a hydrogen-produci ng node. The distribution of feedstock 76 between the

hydr ogen- pr osershining feedsiask, einpth He hupar@pseabie atyl therwgragen predugingyregion
trolled. Ho t
glog t : IO bufl Onre(c‘é‘ﬁ%n& atri)(l) le n@&%‘tc{&%n Olis d scu&?g 51539 ﬁj etﬁ%: rd"f‘st?%y t%))glg?ft tlﬂg

including a Gaﬁﬁbﬂ-ebﬂt&ﬁnr%B féehabcls elbpeﬁltlls Vel Igast egupaat @pon tthe ;dﬁicuw@rcgaﬂm‘n-
feedst ock 76 between_ the hydrogen-produci ng region and the burner
assenbl y. Anc@jsnpeeeetsteckfingpied, Wbﬁb?rowpé?d‘%’cbF“%?%@%dﬁﬁk%ﬂé?%ﬁw@ fyele

processofsis Lo m&is386 4 BE+ %ﬂg
di scl osu?e ogor\%n ‘%1 QEIBIP %} §ld| ﬁg %ocru at erﬁ %eigr gl?efg%oncg l-% uﬁoﬁeesrsor’
reduction i nsudheasanp)qﬂblnﬁﬁle ajahntmemysdcsy)sadagrdnogéﬂl-pmdueguglmdmrs, del i very
conduits and the |ike c](Pe.chievdaco dj t o anqgt her aspect of. the
present disclosure by H.Eé %tfls’é‘é% fg fﬁ?fgtqciiewgie%%ﬁ% g‘f S%@rﬁggbﬂ@élflﬂpﬁg t he
same | iqui drGafbait GRNbaine: B&eﬁq%gdﬁia?% #ande ¥&tRNled.” HbWERL! e n@y er
formng at |east approximately 25% of the stréam and the carbon-contai ni ng
feedst ock prembediblepts30t bean denilestiablee farnthsatistributioh stoi e sathésasit pedially
T ustr aE& d Ialﬁor@aga,' sugchaansdbylsg')}}stelrrp 18\’{i]rllc(i1r11ding 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 fuel 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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this conposite streamis indicated at 78. Streans 16 and 82 may have
nearly, or conpletely, identical conpositions, and may be entirely forned
fromstrewmo3®ssiks is wthin the scope of the disclosurepcraweyers t hat at
| east one of streans 16 and 82 20 WD 03/089128 PCT/ US03/ 11429 nay have at
| east one additional conponent..or ~additional unt of ter or carbon-
cont ai ni ng f BRYdRYC R L5eRYQRe ?ﬂ‘%P%‘?‘ﬂ CB’F’PB’_?GI’E 8r E@%ﬁ?ﬂ?ﬁ)ﬁmﬂg\% £ YHEr %rtcf"él%&ﬂ'by
the burner assmgintloyreBdstdt¥ HIQEE MeRitd PHEH RcdREinBilon 65 tHY sheUMIBAhRHAYARUS! Y,
in the context of a steamrefornmer or other fuel processor that produces
hydr ogen gas assewmiryert hydreged-paodicingr iggronc dit disquisseg PrevdestndRr the easgexé of eam 16
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that is psef eirBbh-YomainBig felistbdke fed stseagd 16 ds it NEHsE selistadially,catd gipivallg

wat er 17 and carbon-contai ning feedstock 76 can be consunmed as both the
hydr ogen- pr o8eRtialyf entirelyt compria®l ohg mbrtpreaal prater andnarliquidsphase  @aang2. 10
Simlar to t i j LY Fi 7 re
onl'y the car BOEREH AU THEE G RABKTEHLN R 2A9 Sy 2P skl

del i ver ed t ocomaihingrwassENidycadthn-cdnednling tfecelatock 36 raty bb eorssaheedtas bethythe
delivered to, burner assenbly 80 a hydr.ogen- pr oduci region 19 in
separate st r BY gcm—gqqppq-}gg gﬂéﬁétrﬁq@ggcﬁsf“f’%f%ﬁge EW@@Pg‘mafqéz%%ati vely, and
as schemggically illus§faifdo R frb@oustf distustbdgkendtRRd o FiRaMdds ($héry be
delivered to the fuel processor, and nore specifically to a valve assenbly
96, wher e t henlyttheambps-certhiming feefistodki canmueheofivsed stream Jorwasr dedivseedisby and

the hydrogen- produci ion. A coatroller.9 ich be a

conput o1 1 7 BBReEHETPIA P A Sh TS| e aFIogh v SE Ve APy or
is al so showgphnd H?&Bg&x-ﬁ‘)ﬂoﬂﬁ?&né Fegidt B inl@parbiRtiresths B6mIBe BiMe bea iFEaRd
internal or external fuel processor 12, and/or 20 may include both

i nternal andseyteer Alematovaho rad @s schipmatied|yaillusteatethipulfies Gfe sipgle feed Btreg
l'i quid carbogscont,ai ni-ng . f S ' [ qf% and
in part \?\ng |1 9%(%3 nb% %e;l)lg%refi ﬁ‘ﬁﬁgep%?fﬁ? é?sgzr)p(%ggrl lr)%o?\'gg%e:]c& 50%99 rtégf ee sa%ég{:r%b%ei ng
used. The rebat ivferecthecavimaisi selestivdly divided betwgen rtke thurmeryashentsly pndstsed in
terns of aratio of water to _carbon. Wien 25 feedstock 76 is nethanol, a

1:1 rati o ha8YHPETEProdnding fegj@l HontpBerddh odichymay be as¢qmmppierized or gthey of
2-3:1 has pr f 1)e. o) i : i o of
appr oxi mat el gi‘égt:%lrﬁ% s Sﬁdﬁgé’f ?Q?%Sg%rgﬁ%v@égrgﬁeﬂf Esegllsﬁéﬂé\?fﬁg{i ila\%herd gl%r}eggﬁ
descri bed abyvé0ar@Gniollem#antaytbe lbeatek niteraalver exddrnalsfuel processdhE2, smdfoe  of

the invention. In ngo 11, a varjiation of the configuration of Fig. 10 is
shown t 020 may includeboth 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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30 illustrate that it is within the scope of the invention that the valve
assenbly may be |located either internal or external fuel processor 10.
Fig. 11 avewmsjoddizstrates that when the fuel processor i nelcodmses/on2e s

ot herwi se associated with a separation region 24 that produces a gaseous

byproduct stream 28, th aseous. b oduct stream b 21 WO

03 080128 PCIRTEED b thoBuTRers YRy Ao S ufﬁ?easﬁﬁ%ﬁ%?usé‘g%lgaﬂ%?&?%tu@%85%3&5’&? ‘as a
gaseous fuel ThRrgdk&fasuEN@hy aasReitnt-the Tifiid MaS@veSséd BoveBYuchUgndemt t he
|'i quid fuel discussed above (such as carbon- containing feedstock 76 or
feed stream t@)taingg feadstoaks® pr fesdtsticpmsifDf prcmentitsplé contag suffirigat hesting
certain stea f t rtal: ating
5 cont | gur at BAE 10 Cin Sraft BmstEly BRERRT S0, g RELAR GRENTE 1D,
of bur ners asseaifijur2®n80f dedoelgrog@ssoro t he present disclosure, the

car bon-cont ai ni ng feedstock consuned .in both th hydr ogen- produci ng regi on
and the burner assenbl @Si%scaS%eacfEP&e,a% ﬂi%‘"é)“&eﬁ‘étogtbi‘ﬂér assembiies ggé‘c%ﬂr‘%ﬁﬁi ch
it is delive agse ; A | rne

assenbly B0 e uaeE s e P S Rl oA i 2o
the liquid hydbgetpedncingafgivo mdothecuracryasenbly, ison hgndsolthe sipeméing (82')

that is ignited in igni.tion region 86 wth air stream 74. \Wen e liquid
fuol st ehm hagameBrsatmich s e Boed birber bisaPbhT oAk A5 Ged dmer
reformer (gr Qés_el%!blyfseﬁilnclglaescﬁlsa@ﬁﬁahaﬁ assPRBALSES Y AuASeN tIRASmIZeQRR W@tigr and

a carbon-contai ning feedstock, the liquid fuel 15 streamtherefore contains
a subst ant i afuelestream o8& émeneduce ppasadusy oatacrasak tstreaw) (82f)hthat ¢3 rgmatad iis a

|l i quid stream .and_at onjzat.j,on. assenb rqduces er osql [

gaseous. st r Brore B RRE b, fir RGN i ol B ARG N R s o
t he purpose c@hpduiton by thd Redf glchmWionth Slestutirtier @F Aha@NfueRptoRBssas sieibl y
94 will discuss a fuel streamin the formof a liquid stream 78 of water

17 and car boRtadsprsdiydraggnigas Fonbwricp andy g carhppisoripiangfepdstaek ithrgliqued ik me
conposi thpn afeMﬂlege%% cgshga%”a stRfiaBwEEA Jn%LP(tgﬁEalw at%&‘?ﬁs?,gﬁéhe
a apte op i NI ng

processor th s a roduce fromwater and carbon- con

f eedst ock a stecu tiant ligiidearga) and asbrncatidry dssegihy @as proglueesparn rerogol, or
conponent. However, it s within the scope of the present disclosure that
the burner &&S8MFlream %g fﬁ”ﬁr& 8P, &% RFDALFa lﬁg%@mlpi%g-d% ifor theuzpasg

and/ or descr ,pet her Gl ToRGwiMRYdigh Qo Bf UaRH M dhaRehb GO A wiRIRDsCHREA Ni NG

r
f eedst ock w t hout ghter, such as when the feedstock i's a hydrocarbon that
i's not miscikiream m thatferm oSk highidrstrgam H8cb faxaterdi Sandsselbbmeaniinng Ifggdsiock | s
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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

22



assenbly, but at |east one of these streans nmay have at | east one

addi tional 30 conponent or additional anount of water or carbon-containing
f eedst ockwaddmsbi12¢ hereto. An illustrative exanpl e of a suipcallses/st4ect ure
for atom zation asserrbly 94 is shown in Fig. 12 and includes an orifice
100 to which. fda d str eg V\g 034089128 P USOS/%%%&? S. deldl vered
under pressuf elé’ﬁrc?ﬂuﬁ eré:fre%iurﬁr%% FP & P RTOREC A HSAHC AN YCnor e

typically apwp@@anlwpgmxn&&@rylﬁﬁ) P psiOOfifiee100G slﬁedsﬂozledudd)théeiﬂluﬁﬁfdebe
liquid feed streaminto an aerosol, or gaseous, stream 78 having

suf fi ci ent | yst&eam lnt@nawp@ts@l pha#scoysh siream danhawing syifisiently swell dipplctgithater se
with air str ﬁ?e”&tl% ft%ﬁﬁ‘ toOImu? oRd 8@@&4@9 W?t'il a§r Bge%ld 7P nls{%a§ %gﬁpgdre%'hg or

assenbly. The p |cu ori a par

applicati®n pbd)lingt ante b@m‘éﬁﬁssemblyh T}I&emmcmmﬁﬂi@rslm‘ totlhﬂ.lsfeééld aglarteatar ( or
stream of car bon cont ai ni n% feedstock), the flow rate of the stream _and
the del i very2plication &ilfend fpovagy pafinth eﬁé’“&’tﬁ’sitllopd%fttp%uf‘?@estréﬂ%n@F tregp ofy

feed stream e%gsﬁwma&r{gfe%M) apdnowahe O?fltﬁb gt&%nﬁgﬁafﬁleqieﬁcﬁzﬁ:p siiefr ati o

flowing at a feed rate ‘mL/mn and a 10 préssure in referred
range presentledsteoor eAsan ibinstfative ex@pleafome fead strpemi ergtdining trhethareh gad of

0. 001-0. 015 i nches ferably.0.006-0.007 inc di.anet er

has proven eW@&’Et"?\}E@ qﬁoﬁg'lgfsc‘jugsi‘g ’6f?tfqy%%wﬁl§(?ta e 14y, Taues?‘i]ﬁ%% HENEET Bal 1y
as form ng ppfessié it HR pr@&%&i@dr%e%edeﬁﬂéﬂtab@% B Wrifiee 00 HAYRUGR opehizl it r eam
78 must pass before reachin nition source 88. Another exanple of a

sui t abl e confliegangs ¢fdh01op. Ogﬁ ifches am(bcmqr@ peeferably| 0006000 hinchesp in diaaictey
extends int OP S(}%I on Btf nd includes orifice 100, such as shown in Fig. 14.

Regardl ess o eicglﬁ?atl on or placenent of orifice 100, it is

preferabl e that the or i Fige1 herigice ¢ 00 ad1vkttdiedschéhbtsall @6 foraingpareopthecal | y
illustrated in Figs. 13 and 14. Filter 106 is sized to renpve fromstream
78 parti cuI abeundant of igntigngesg @n%@}iﬁhﬂﬁ ieh styeyni 18 mastywes beforg esaching nay

be Tocat g ate A Sk AR € ALBRR LOMpIUBPLIEAMIE LOM AT hee T08S: o
SRR O } 2eq

and 14a o denonstrate that it may epre erable atom zed
stream 78’ andzzaxi 107 4hat @pbmallytemdmlsedtm regioni §nartd bmludegbnﬁcﬁEBO@a,tsuch as

general ly |ntersect ng |on pr.onot.e mx of t tre ns as, or
prior to, th&hos & kb E@gw %ﬁf f@occ’ﬁ&gwgﬂﬂple.%ﬁag PRI 12%1 1op0aidint of

feed 5t ?Z;ﬂf o g IO ARy Muled ik
i ncreasi ng t Rigs. 1Ahnde14. sFilter 606 srsizet e ranovednem siream 78 particulate that is large
20  enough to clog orifice 100. Filter 106 may be located at any suitable 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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ot herwi se include structure within the burner assenbly that pronotes
turbul ence, and thus mxing, of the gas streans. 30 In Fig. 14, ignition
sour ce 88wiosloemas ed near the point of intersection of atramiusesi1fseed
stream 78" and air stream 74. Wile effective for igniting the streans,
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| east Figs. s@eanband He dinsteamdndresfricting theaiae afrthe pw‘ﬂqtébr@éélm wihiphghe |geses

ignition reg r ts, which are
i ndi cated at hlfé‘f\ﬁa%éé %ﬁg On%;és |veﬁ1%|ugt¥[ﬁl Has b% ?LHve exanpl es of the
del i very conduits dermmstsbﬁiee/h@tr@hbmm@dallly 1Ihlimﬁate‘dhﬁ at(l)emsluFigs 1 ude figdl

| east one opening or orifice through which, the fluid contained therein is
rel eased int 8N4 AE SUHEFMS (O NTFASYPeshINtQithch IENHIONCESEIAN Yid IPRWRaTH: PRgeRYerY he

boundary 9 f L&?du'lt? n\!vfucﬂ rAIer ﬁgfcgt@ at 961 le l ?%%X%Bﬁeﬁf e'f‘l?é ﬂﬁlsfr'mv% etxgﬁﬁles

ignition region In t e scope o osur e that
sui t abl e del bﬂ%ﬂeh@ﬁ&mohmlmmenmasmagraphndlly et tHeuwonduitamskdbhi kegst o&@

according to the prese sur.e ude, t han o e of .conduits
05 and 103G of Hevhise: AR SRR R i SPEB g CFore Tt o] dTPaLE! ve
and combust hyion fBRM, WG tflé‘%n(ﬁt_’f'tg/t&fmﬁ’dtfngsc{t HRABBurRSt Hethe §4ANBA ?eg‘i’én

sui tabl e atonlzatlon assenmbly 94 is an 25 i mpi ngenent nenber 110

schemat i cal | gr ioptiosallyateatenilmgFingn the igritors megiomn It elﬁb\mhlnethﬁ scope @énﬁh% is
deliver 690 unglsclogure%ha"tl rarely ISIPI 2Ble (Pe?lveg/nclo%aulps rglg}gioé) Qse%u d tthgtatgumer assemblies
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. Howeuver, 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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the pressurized liquid streamstrikes the inpingenment nenber 110, where it
is atom zed and produces an aerosol stream 78" as it ricochets fromthe
surface. woo3fpsg2s8 16, nenber 110 has a contact surface ll2drhebs/exeends
generally transverse the 30 direction of flow of stream 78. However, it

shoul d be understood that it is within the. sco of, the i nventi.on that
menber 110 may have ot E@?“C‘B‘ﬁﬂ%‘?ﬁr%’?i%ﬁ%’nr‘éﬁ E‘cgr E‘Z ang ’Pﬁﬁ‘dlefa\éeﬂnllg?geé’é‘?ﬂt Fig.

16 al so grapljeambl Y16 Withss E&tlie shbtade 1iethhOBttbARMNt AR #BMe kiipeWde 5-one
or nore baffles or other suitable turbul ent-pronoting structures 114. 24 WO

03/ 089128 PCT3UsShEV¢ td2be dixchaen @k aripehe Seedr stearn ol fiowsFingp comaeinwith nibe ude
an i npi ngenent _.ne r.d10 with, a contagt surface 6 that .exten an
angl e/ 1 n s nooriite A 14 Sampieb i iilng Koo G Rure ot o kBT L cam
78 flows §nt Q1@ enikad&in. Weirdfackhg 8 temtisftaGrodudt ald8atetisparaion|patterh, 8r A@iorpl anar
contact surface for inpingenment menber 5 110 is shown. Surface 118 tends to
produce a gr &andem ¢ispesupr pafterpdhancs plangy impipggment memhes, ddsthereby dedsdet er n

L i e

i gnition regignitioggiohsedyf itdedi formnniimpinggesmnhemedrbdn Fig. 1 8FagimpliBgenaant

i npi ngenent nenber 110 with a non-stati¢ cqontact surface 122.is shown. By
this, it is MEEREr L HAMhe Ry faeconst F‘ér%a&Sr}E%d%le”f oV BHi5Gis rapd bl

ot her wi sg, MOYG RS 10 it SohFRAGE RFoRie, Mot RIBRSHIsk 2RSVf 88 iSiniRaidl HyOthe
exanpl e, surface 122 may I nclude fins or other contact surfaces 124 that
are rot at abl prespuized deedrstrzamatios ex@6pleahwface WAZ otaytindudel fihsioesther gumdack as

they are acted_.upo feed st m 78 and/or the treans, fl ow within
oo on 86,1 SRKEY 12 Mk el R modpRR, onodn att) £t abatscRRER i Flihed
present i nvedihe Qs tiey a3618%8d Lporfb@fed 30cati 48 2Bd/of\heSIa0 Whedrs Fbwing wWithignd/ or
20, the burner assenbly includes an ignition region 86 with an ignition
source 88 thgidns8@ositioned away fromthe primary region in which the
atom zed feed streami hxed. w i t . | i B0

wor ds, t Illge ignition so%‘rng)l&egve\ﬁ%élgi% {:ibblél.& %g@g%bgy gge %%E#dgf‘gtso pﬁeE’%g“{nrtn of a
spark plug, ifve@s isi doea iadRENIY adved. | Aefshéwe in Gidst | Dand/egRonthe bk e

feed stream 78 is delivered to the r egéon_ approximately in the center of
the region PSPRPIWEChEes poigngian regionSeuridle an jEution petase 88 thaht RosHiongd gs.
19 and 20 al tra t.on i ti.ngl .a
nozzl e 102 vmg\'?ﬁy gl%ﬁ;ﬁ% erg{lﬁ’gi %%8?&?%@% %hggd t%%?ggééﬁvéﬁahgg Igiﬁ(@?rrvglﬂﬁg%nent
menber 110 wstrdana74.0Meactibesuinf dba Wardd, tRe posiidn sneck, twhitteirs Frge.ckd byd Peed

stream 78 as the feed stream s del.ivered upder N .
20 taﬁces the Form of a spark plug, is posnelonec{I against a wall of 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

receive 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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pressure into the ignition region. As also shown, air stream74 is
delivered at an angle to the region. As shown, the air streamis oriented
to pronotwosnsiosdizeig, and thus m xing, wthin the ignitiorcragosms429not her
burner assenbly 80 according to the invention is shown in 30 Figs. 21 and
22 and denonsirates . an exanpl a, burner assenbl th ' apt e 0
receive a i afﬁ tpgaungegraé%lﬁmlsghdqrqpnggﬁgs NG ﬁ‘f“g Y ggft@agcf’p @efg‘éeﬁ}h 78
and in ot hegspororsAtRPRreaR T EloToitd a fQAdHEAGK 6461 thedgdvskh- p&ﬁiu@u%?&@@h‘s
fuel stream 'such as (but not limted to) byproduct stream 28 per haps

best seen i nofithg. asgsciatedefuch propeysor/ DREN2RQ frry wdog) stepno 82 for (fBe bamed
bur ner assenbl émg{yso de gr Yagvef gsgémgly ee:gseal 5 §l%mli%(el c%vtepﬂlegl?lg 1&9 [Hevt%vy

apport ions f ee orm a ream

hydr ogen-pr ogfibyptgdidt Gtredin mftotthebaﬁﬁﬂ@ssame@ f Waliledr acwibiarthe amﬂemf thé) f orm
a fuel stream 82 for the burner assenbly. Another val veg/assenbwil
al so shown sél%@f‘i@éh%} the yelvarpssgobheay IbS\KP‘Hl“é%lY 136iyRtsH ARE/ 0F PRt e‘2181tt1€9 the

bur ner asse"plle¥erae/1\@' 18t | the ! ﬁeﬁﬂeﬁ Qggen{mf SHONEAR atédh%?ldggoféeg?vir@cm@t athe

val ve assenb manua actuat ed contro
preferable tbahputbnezdduromenhawmerﬁmltqmaam cantsdlnraﬂSectuﬂuals iprshcwssiani'gn@l ude a

conputerized, or otherws ut o ted contraller suc s o] in
Fig. 21 confRURMUBICANRE \)ﬁ‘&‘h&?h"é‘ FPafsign %?e%lqoggnwl%f‘t’@B llffg s 1i"#‘ukages

128, whigh 1Q.p8% he ﬁ%bl%%hﬁ%k%oxfrﬂ{dﬁldaﬁo&@im&' @@Htl‘oq’@lglnhlg%rfa?@ SGRRMIE Ol
signals or any suitable nechanical linkage. It is within the sCope of the

di scl osure that:hdmmahhnk@senbl y 80 is |located external and spaced-apart
froman associ ated fue i.ch .ca t exhaus eam 66
< el by B PRRSER b, SLlie a5 RS yad PRk BB AR BAGE

is delivered to the fu dwts

whi ch prefer &J@h&daix%ma%hadpa@kdt@aheﬁmant fsodimad fhas;ﬁo@k;ggdrnih whaohsée of
the exhaust stream Typicall the burner assenbly will be directly

coupled to t h@aterm@fhaugrsér@@@ is dghverepte theduehprageseage swéafbth g9 Yanspert ai ned
W thin t Y'? SQ()eI{(furthWREH%¥ g%ﬁ'l?" a?gﬁglateltgk{g réd‘h%g 6IPJ 9&1‘??&9 ‘? gjgh%?r %tztile and

22, a npuntin 1S con

secured to tlaﬂlahuedtreaﬁpceyslﬁaatllyt ¢hep@ghén amerﬁlblg} wldertl&i durédnl@ dampledrtoZEe asdenbl y
in an operative position therewith. Pla be wel eid to the fuel

processor or PIOCREPHhiaad optienallyHt ﬂq%étrl@ff%alwogmqﬁiewt%éh%m IArradherouging y
securing the,r g &,r@c%§s%¥b gezt%dlezeé uﬁﬁﬂ%Eﬁfem%v&ﬁ heedl 18861 ng”

and "fixedly secure ant that altho I's possible to renove
the plate, tsecdndiguedi mgbemmlumdl onthe Suelnprbcéssoretodpabitian el repeahe duyner
removed and gsesgrln felcljl aﬁfjl ggergt?\cgrgglslnyon\,\%hlelrew%%. dﬁg?eg?% may be welded to the fuel
processor or otherwise secured thereto by another mechanism for fixedly securing the
burner 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 burner 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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25 during renoval. Alternatively, a selectively renovable fastening
mechani sm such as bolts, threaded fittings, etc. nay be used. By

"sel ecti vwwby3nsgimsabl e” and "renovably received,” it is meantsoyabs t he
fasteni ng nmechanismis designed to be repeatedly renpved and reconnect ed.

'n Fig. 23 GPHRTIE Fete Zhr At made fhite/Sc Refatimer 5o Mot Samtlpn 00

burner assenmbburc®B8 Ak Agaid 3llusiradéd bs actfpaﬂ@ﬁlurgp WithCthe \epatky prugdisuibledt toe@en 28
or anot her aseous conbustible fuel, such as to be used as an auxiliary

fuel source PumesyspNBlYetan ighitermawie 3dp s Raitionsd in FigpP2the spaek plug is
stream conpr bésqgo fd b%ﬂéz{?@ %Iieclg??l\épv@l%&p&g Ja?o%m?%fe@&%ﬁéé%%g glélzoﬁlﬁ&tdﬁh{y {hd

feedst ock 76, and nore y feed stream ghition
source 885i sigftionreiglonusAdodtdinglastha sparkrpluisudheltaved Hronh envepaif khepheay tieoupl ed
to the burner Fssenbl,y by an_igniter no n]})l@éngi' As\mE)ﬂositio ed in Fig.. 23,

the spark pl ¥§u Oth?}?ﬁ’éﬁetl?edﬁ%ﬁfeﬁ’@aé%ﬁlﬁ% t 4fas ppuRteds Whig AgREoB #1f eed

streamis in ' b QN L -6 i GRALSI k
o e Shor VERHRF Lol LA o, AR e LA

transferred the fedeamsifabyppldugt stfeams awammbusteded wit hin a region of the
burner assenbly where Lt s.general ly cont.inuously,wthin, the fl

produced as the feed g‘rg_d?@ral y%%%ﬂf&%te&ar étﬁ@u ?Ié}f’%%%ggggﬂlslﬁdﬁ&g;éoal o)
denonst r a s pAnthits (Hd RFbuleR nitkRg® fIABrddust stteamPZPRAE dir s@eark T4PT ATBH RV, he
turbul ent m Xing of byproduct stream 28 and air stream 74. As shown, the

ai r stream i theiait stredude ihtioduecdainkhapliperber 442 o thehwpopiproside ef e ptatots thpe
plate as the _.orifjce,.100.0f. atom zatiQn e 4 LC
Pncl udes a n8uBre 4G5t ool A5tk o RATE it aneltes] riZa 4G4

illustrated ag, a3rasmizabbeagenblyeodfzs bdratilludtatdduseadidghylemeefe Vo thitt hi n
a socket 143; however, it should be understood that any 15 other suitable

at omi zat i on Hethisedingliresrived Vilpae geke Arbeveavan drshppldberyndesstpordbatiany  may
be used. és Bﬁl%p?lﬁﬁbgeﬁgm%ﬁgn 'nﬂ:nﬁjeg,ssucl?ﬂs Frg) e I éscriﬁlce# aﬁ&/f)fef}ms ghed ferein,

delivereéinto elgnition region by a plurality angularly orrented
passages 144 maYlve ek sAgesrhapsabest seenlietFigsl 246 and25, ar eéream Bhiseltliverediintect

the air flow into. jintersectin ths, an inl.ets 148 t hrough which the air
in the previ HifsIB)itigBIESPRAY & Fafyy tha’ﬂ%lﬁ%b’ eﬁgﬁ%Pa%@Mfﬂeﬁ@ BasS3Res

passages. Al {haughidos &t arlbriddMEISEEdd Mk PRIRAY B0 HiterssOMWpdiRs, ahll 9-
24, it should be understood that the number of passages may vary, from a

singl e passagets tld8 timoagh Waichf tharirsiptthe pfevpaslyadpseribed ad dinsivated phabilgs. 24
and 25 Atk qhstelbULLon SONIULLE 180 L ANl ANS oLl gdE L URE LA,
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 burner
assemblies 80 are configured to receive and use liquid and gas fuel streams.
30  Therefore, if byproduct stream 28 is delivered to the burner assemblies, then the
byproduct stream is introduced into the ignition region. However, if no byproduct

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

still be used.
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152, which are oriented to exhaust the byproduct gas streamin an
intersecting path 25 with at least a pair of the air streans, as perhaps
best seerwor3sg28 25, in which the intersection is schenwtiramos/yi429
illustrated at 154. It should be understood that the burner assenblies

illustrated in Figs. 1-26 are not.required to i ld.ze Jbyproduct stream
28. As illustrat eg, thé‘sb F‘H’éfe% Brsegg’r’fgl i‘é’thBrGSpa?tht%glﬁ&ﬁaUr efoas?eé‘ibéie@e and
use liquid apeosdg fidiehe plek@AMvendon TS BERIE.a telubddpdres datletstoBeRdmM2Be i S

delivered to the burner assenblies, then the byproduct streamis .
i ntroduced i tEniiantregiogrip prasnote agddisanal pywiageand/ o Combuyipsras ridin thetigaitian s

delivered to_t ] ) |4 [ O r can

ti 11 b usolfe S YEEhy GRETN b sty Sl b W ERTLA OB el T,

respect t® Fg@ frotbtheheduted-araspsiihg ake enaaustion that océure withislesating thvasiitier on

may include a reduced-area outlet 108 from.the ition regli on _to pronote
3sg¢mb yé& &%

> ignit
addi tional nPki"il a4iedeed ICBAEIRET FURPIEI: WPt S Héeg]i"ﬁ'ﬁ?rt . 2318
Simlarly, b Bichidfh f@&%&foﬁ%le@@él@Mﬁ@&’%en\t‘failkg%n&'é (B A1
region 5 86 fromthe reduced-area opening, the cohbustion that occCurs
wi t hi n heat i popvodeaadidéionabBgave fdr cambostioaragdion niiringdo ecaurpefat the dan siEegn 26,
t he burner ass I f. Fig. .23.is. shown including an extension,sl eeve 160
that essenti & ‘Megﬁﬂg’ t_ﬁﬁéle e egRer QQFBIHLF%OH%F%’\?M ag'HF]tgr %&raﬁ?eegﬁace
for combygti 950 angHodm 49 xidpardidly P6eted dBaipBhénttsin g@srest bEMOhobSingifscinar ged
into the heating chanber, or conbustion region, 92. In Fig. 26, sSleeve 10
160 i s shownbumen assepilat eblgevieot ¢k ahayortprorativelyt b@rtnteg@llmgmn@ql witte offistisi ng
for the burner. ass Ly, S| eeyv 0 .al t atjv be i,nteqr or med
wi th ot her B%?'toflso ﬁ)g"@xp }t“f{relerbtaﬁs%renr% R’a% g@ﬁ%ﬁ%‘ gﬁﬁ@oéésisﬁé‘?(’nslﬁlc H{%aglﬂ)g %J@)liﬂcn}:lﬂ?n t he
subsequent | ydiscliss€d! F5ed8 Fi Ak pdBapsAsespsdehapscdinsdringeligs. (26 a@npArsidege Rbgs. 26
and 27, sleeve 160 includes a neck 162 with outlet 108, which has a
smal | er crosichules pagel 164 withoutet k08ewhich hag g iseablerggrossysertionah area dhamnthg
| eadi ng t he. out " i urner assenbly 80 nmay vary
W t hin ttfllg SEE Og]lggltf?é’?%égl%%%@%s%ﬁ?ﬁoﬁﬁ?é)&tbég'ssi ble for burner assenbly 80
to be relatively conpaaiithangh thetsizesifibhinepaseintly Sufay sagntvithinrthdsdopeyf ( such

as for ignition source . 88), mXxi and conpustion. For. exanpl e, en the
bur ner assentieydi %wf:,ilhlsmoagbéégﬁgeurg?rz@aerg@%) '@ngieﬁaéw 5. COTPAELY FAY Dt
feed stream 481 5B@4b WurfidioR GELLAR Ta¥LNEY FoRglhiReh dBurdd §8‘Ftrﬁfxirg and

n
approximately 2.°19 inches, an outlet '108 with an inside dianmeter ¢
appr oxi mat el yoritbusfiéni ricdrescamples Ivdeughd B0mieemsgembdy skgpn ox Frga2éliy sized 26
i nches, g&d

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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an overall burner assenbly length (nmeasuring in the general direction of
flow of feed stream 78) of approximately 3 inches. 25 In Figs. 23 and 26,
atom zatiwo esaebly 94 was illustrated as including a recousoselsozzl e
102 that is threadingly received into a socket within distribution plate

140. To illustrate that this configuratiqn. is . but one of man i tabl e
configurations that ar és\ﬂilstcH?sﬁg’ﬂ’rll’é‘g?@S?fén%E’Fs ?RQC?%&Qﬁtt? gﬁ,prﬁg’e\l}gﬁsﬁ!{)f‘gﬁ of
this structup® tsnfighRRMD rdbelFeds ligh®i dd ARamthat HOWRInst heatfoRdchtlihiap

assenbly still incl'udes a 30 renovable, threaded nozzle 102. However, 'in
t he burner afsdstbtly and whigsmapglsanaclede wateheuely ay When gheduiapereagsanablip@nd

renovably regeived into nozzl e pl 170, .whjeh.is itself.. vabl

recei ved int ﬁqeahyﬁ&%epé’rg(?%él%r%ﬁ %:J@ﬁiarsiwg haﬁ%i)gurel it sng uW%WZ%’r

PCT/ US03/ 4 143&arlyAthe Bafie) Sed Chtreil N&Ibeassedbhicasa Sthsatendisnpatt thetahgedin esent
di scl osure are configured to receive a liquid fuel streamthat contains a

car bon- cont afeieTgT of eBWE fust Rrocasser that rRduesy hydwgen ey i Wilereind agGaepnas
when the bur : ' T edi f.

associ at ed g BB sloctifler hilhet 1 BRAINRRAK el B, f e paten
stream A bemef watepsolatileNiquid ombon-actthming feddtadk irhgpremseéardf notefleanntae or
ot her fuel pr ogessor t hgﬁ produces hydrogen g,ag%cl rom wat er and gecar bon-

cont ai ni ng f BEYPIWEROHSBY GRbY TMuEES £oVAHC TR 8 carhon-containpg decdsiosky, i f

the wat ef aaﬂ) WAL B confabtbbéveh@itatl seah ReRimeRtE N bitgel KSERDIRG 08t the
prem xed. |f gt, then the fuel processor still only requires a water

supply and arefamizomequanetaafiunl sugplyead sseckataddivepi and menitwmgrsystems for the
conventi onal , st eam r ef or ner,s, w burner assemhlies to,heat, the ef or ner
Conur e oM bimen mseBbR TRaduAg: St DERSER ok e TRH i e o
the burner assg¥bbo¥merand this fuel supply is independent fromthe fuel

supply for the steamreforner. As an illustrative exanple, startup of a
fuel processor 12 in t#e ahallypirgtive exmmple; staaivp 0f pdketgrrodessadild diy declarm el ow.

Duri t f m .t ef - | .
sl y 50, et aBePhEATd EhEETBHRN), O sl or S RaGmidduRY RS
del i vered t opiddessbtiwitabuaes asdehiby80, 4 dest!s pedioni (ifhnadiall) 8f feAmtréAm s is

produce a heated exhaust streamthat is used to heat the steamreforner.
Wien t he ref eliisrednies thepfigperassenablyt andacerpbystadetyithir siresga 74y 19i produce 2

tenperature, héi?@d‘e%hﬁﬁstfsggg}l %%gﬁgeﬁm n&% tl?eosrté) y%&&ﬁe{?e%%érythé i hGhat O the

reform ng region Instea rner asse ernatively, a gradual
transi ti on mhgentieatedad a selectedhi or prédeeermiredmernpemture) thbe tierfsed stemel mapge sone,
and t henzég ' e%[steeﬁlta?lggus ' gv%}tgﬂedatrgot Igt rsefcgjrﬁnirtlgh ?egfigne qns%éardegf[qhe\,\@&rlneer Elshsgmbly.
Alternatively, 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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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 burner

25  assemblies described, illustrated and/or incorporated herein may be used in place of
the illustrative examples of atomizing burner assemblies depicted in Figs. 30-39. For
example, any of the previously described atomizing burner assemblies or any of the
subsequently described diffusion bumer 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 burner 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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schematically illustrated in Fig. 30. As discussed, burner assembly 80 (or one of the
subsequently described diffusion burner assemblies 262) may be adapted to utilize
liquid and/or gasesous combustible fuel streams. It is within the scope of the
disclosure that the burner 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 burner
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defining_an opening 211.to which a b , 0 mount ... for the fuel pr ssor
i s coupl &Y tggtflqﬂg e ¢f nﬂga%wﬁfengﬁz(& sug% as ﬁ8|alhrd@]§e(f) cavity, or passage, 95

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 is shown positioned to remove particulate or other types of
impurities from reformate (mixed gas) stream 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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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 burner assembly. For example, the selected direction of flow may be used
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takes the formof a nodule, or housing, 225 that defines a conpartnment 227
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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 burner
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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Ref ormer 240 is shown including a burner assenbly 80 that is simlar in
configuration to the burner assenbly shown in Figs. 28 and 29 to provide a
graphi calwexampdies t hat 20 the illustrative reforner may becaasdsmish any of
t he burner assenblies described, illustrated and/or incorporated herein.
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AR oA MR LR ETC ROt SRR T
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15 the scope of the disclosure that one or nore diffusers may be used, such
as in an ovelurahiypiohgsfosping cxatadystbedsn3ad? onayc badeseribed as sotlegivelt defining
i ncl udi % @ {nlelgro a{nrcrlec;utérhpae}imeters, with the diffuser extending at least substantially 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 materials.

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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i ncludes both of the illustrative diffuser positions show in Figs. 34 and
37-39. Inthe illustrative configurations showmn in Figs. 34 and 37-39, the
pl ural i t ywofo3nedies m ng catal yst beds 222 may be descri bedpag/usob/isedi vel y
defining 20 inner and outer perineters, with the diffuser extending at
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optional ‘evaporat or at pted to vaporize any resi
| i qui d- wat er Te pn¢vent wiater efxdraushdatsingaon @erwise défbsitargywehinothe meformer or

evapor at or 25 i1l not be necessary. However, in sone odi nent s
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stream As an exanple, the cathode air exhaust froma fuel cell stack may

be m xed wi té$rhemncatly iBéstratd 9 Fag.rd0ssndpeneraly iuhentérhat 262v aposhopmebsmer of
R R E TR IRE T RER I T I LT
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, burner 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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To prevent water from condensing or otherw se depositing within the
reformer or other fuel processor, such as on separation region 24,
evapor at owoa86s9my be used. Anot her burner assenbly 62 aceamdiSosjit4e t he
present disclosure is schenatically illustrated in Fig. 40 and generally
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st ream 66, %ﬁn@f §§ﬁ]§ 2}Jié’f% eec’fgf% eﬁyerl quc?e tggﬁ{)gns?% %Qeg‘?n 66.
Conbust i on rﬁﬂicﬁ fat Pedst o1 SFABE attanlR8 Silel Git€arh PR dwl@Bd 00 RGRu8Bty Mnfd‘lllet S
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structur€ that onotes m X aseous streans Iinto a relati
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will tend to burn c¢leaner and npre f|C|entIg@Bf 10 di f fusion
structure i sPRHBRYRIESEHT and; a Prigary fuel s THam pie fepbnige “&2 Pytion rsgions
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i ncl ude a dlstrl ution region , I'nwhich | east one of aiT and/ or
fuel streanssmaledisweatesl Thisas acipmatiahlly yllustratsdan IFeg. 41s whersnair sttgraoi/diingl y,

distri bu% Onleled% 11%0 8a4ph|1r91 gy oq%rsnaﬂérse;[lrr étpelélle ’ esutui HI%E S geeam8 6 i\g,raii\%Hed 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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15 is adapted to receive and divide at | east one of the fuel and air
streans into a plurality of smaller streans. Al though not required, burner
assenbl i ew¥026/Asd1mt receive a prinmary air stream and a pPCmaArSy3/iuded stream
preferably include distribution regions 284 that are adapted to receive

and divide each.o he nto a plural smal | er [.reang. Thi s
i s schemati c® P § ﬁ’ﬁs@‘e]af‘% o?(gisa&{ §reas Q’iﬁh‘é‘% Clhglydl’sg R% A P l?us 2% ?j&/i ded
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al ternativel Mm*a»gl agmﬂuauﬁ@lew28@9@b\f@ce@ve§%m5fnbi£aﬁd1@ﬂw®5 HIRAT @ﬁleann the

formof aliqu conbusti b fuel stream 82. Il lustrative, non-exclusive
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produce a plurality of oxygenated fuel streams 274’.

Fig. 42 also graphically illustrates in dashed lines that burner
assemblies 262 according to 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 burner assembly includes a vaporizing
heating assembly 296 that is adapted to heat the vaporizing region to vaporize the

30  liquid combustible 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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such a burner assenbly is schematically illustrated in Fig. 42. As shown,
fuel stream 15 82 is delivered to a vaporization region 92, in which the
stream i swoapostized to forma vaporized fuel stream 294. pCraSeapaed zed
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20 combustible fuel streams 64 through respective 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 burner

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

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

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

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 vaporized gas stream must pass through distribution region 284, where
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As an illustrative exanple of this alternative, the diffusion and
conbustion regions nmay be integrated together so that the air and fuel
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mnority, and often 10%or |ess, .of the original flow The mal | er streans
arethen n xBBEIe N gRITIAEA fuck SHER i RSt 4t U LRI OaeDy i dhe 10

As shown in E&)\g-raf gylf éﬁ% ?%éfnglulltldgﬁ@ d1sHedH 1Rt APR delivbiddas vapbitiation region

di stribution nmani . Wh includes a plurality of fuel apertures 312
i nto which 292, the combustion region receives a plurality of vaporized fuel streams that each

20  contain only a minority fraction 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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t he vaporized fuel streammy flow into a corresponding plurality of fuel
tubes 314. In the illustrated enbodi nent, apertures 312 define the inlets
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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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conbusti bl e fuel stream and/or damage or weaken the inpinged upon
structure. Although tubes 314 are shown in Figs. 43 and 44 as having right
cyl i ndri calo 030embg gurations, it is within the scope of thecditsososnye that
ot her cross-sectional and |engthw se configurations nmay be used.
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illustrated in dashed lines in Fi %1 43, where the tubes are shown including
streans 41 Ygripsnemyepdolddey Rigwun3ld29 294", which contain both gaseous

and vaporg zed combusti Blef Yelsiprd iob Sy W IR 1cBERRE 1 ke e shosure

t hat the gaseous and vapori ze streans may be only partia m xed
prior to enttarough whieh fairedtrebmbBkisadetiveded tintbudisthibution regrog 284. dA$ Showviom of

the streanms pay, occur. within the individual fuel tubes. Sipi]ar (o, the
above 5 df schieetbrifbpir Hean s P Fuerelsis S air igfbustop ShampeL i fwhEh B
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of the original flows of the liquid and gaseous conbustible fuel streans,
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plurality of air streams 74°, with each stream 74’ containing only a minority fraction
of the original air stream. 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 2-5%
25 of the original flow. In at least some embodiments of the burner 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 apertures are sized so that tubes 314 may extend into, and in the illustrated
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10 inpl emrented or configured so that it only receives a gaseous conbustibl e
fuel stream 276. In such an application or inplenentation, the

vapori zatwornsnegeen nmay be referred to as a staging regi egr/useatae the
gaseous conbustible fuel streamis delivered into the region and then
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than the pressure within conbustion region 92. This pressure differential
pronot es t hefosmarhotcpmbusifongirearn 460 t he combusti on region and restricts the

flow of the fuel stre Nt .30 ai hst ki butjon nber. hown in
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the Confi(purl?itgis.oég-% is%%%;l)tg(ti fo c%lrr?plgtg%or% gsrtltolfllro Scor%%gstﬁﬁé) ﬁliefjhé]g/e}'e%eat 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 streams 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) methanol and the balance
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di ffusion structure, which enables the pairs of air and fuel streanms to
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m xture of approximately 70% ( %/ vol unme) net hanol and the bal ance 43 WO
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40 L/m njairy. RogEerably omand,d fr& 1Rk %m%gstﬁﬁ a&m Wi BYf beras 1 Kxygen,
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Ut O oxy gk B ik Bie o ap et presiicts O dhb PR G asRpe ai
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of 1.1-1.3 tinmes the stoichionetrically required anount of oxygen has

proven ef f ecdissussedoattove, when it is envisioned that the burner 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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vapori zation region 292, the air stream wll create a positive flow of gas
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graphical ly |IIustrate bes 314 side 5
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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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and distribution-surfaces 332 and 330 of manifold 324. As di scussed, burner
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reservoir. The. | | of t oled streamw || rise . until it re e t he
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partition. Wien this occurs, 30 then at | east the portion that pours (or

spatters) oveambuseblgdfieli ariaoperigd| af lewrfleye follayeed inmppgdinielysy apetindsefl mach t hat

does not,exten r VOI ' it i
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of this confégingaisha) thes willatilltthirl towhnringsisiBiytih yhdfame such asfareaips and
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vapori zed f ugdtuafiolenthameonvestemabliquidifes] bomenetivat dd wptihdve thidsisictuse.e fuel is

bei ng dezl()i vered to t heAg g%glrie\lltgcjnrofqrﬁél abboeve lcggs rutctqgrg ptaptletion 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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corresponding flow that would be produced if stream 82 was uniformy
delivered to the burner assenbly, it still provides a nmechani sm by which
t he fl ameworoems®|ads i n conbustion region 92 is | ess |ikelyPranuses/11429
extingui shed. Therefore, the reservoir may 10 be descri bed as a nmechani sm
for leveling, or e | i,zin the flqw of . nbstlblef ustion
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stream 82 | nvapozzattqmdle\aaparas&emhlbmawém emfignied g0 Hert theramsire baserd4fantithe i on
342 incl udes oneé{&}o& nreglé)gi %lﬁﬂlgfngéﬁ? PS fonsogrtl?ea s%%h'c{t unHé Elfeg %%Qllvglr%l I ver ed

into the vapg}po? atexcee € rat’e at whi ch
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configuration, a reserve of liquid fuel will be established and

cont i nuousl| yvaneprechibyhthe a%qu’@H@ heatingeasspahlyof An rabigFagiye j configyration is
interrupied &'he% %'llg'egltﬁﬂgtg ﬁ’lr d hﬁt‘l’f Fdeﬁ' e ¢ hls”ﬁlt%rﬂ@tﬁ} Qg’nﬁ ftfo‘ﬁe e

l'iquid fuel 'S suc ow ng throug e part tron’ and/ or
bei ng vapori zze;fd»nzziﬂmmdwatmg aSeinbt}glsaSa;ttbtbto almsenmohrecdphealthSpmlsnﬁﬁO wf of

liquid fuel that y flo throuhth ion and be a rlzed t he net
fl ow of vapotEDasf Sheptite gESeRPIHAE [oht taﬁt g ip a6 high OlJgmpesas? 880128

PCT/ US03/ 1149 é)oﬁﬁﬁpﬁﬁaéﬂ tHE Byseﬁfp@t? lvﬁu&lr the ‘Hﬁﬁﬂl dofftRlstifY Selisfredd? & fkedded at e

of stream 82 tends to vary over tine. For exanple, one suitable nechanism
for deliveritgbsvapaired?2 Koy exampls, ithavaporizaten bn@tlr@asssmbb' meg be Jooatpd Sone
punps,

(such asij(hur g%gqilg: lglga?t é)gg}ﬁp(gr:(ig%l 332.(: %@(ﬁ%f@%ﬁl&dcﬁhjer\ég{ telrrin(sq,utilgzj rciasgrvio?rt r%gt}y al's
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 illustrated 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 burner assembly 400 may be formed without a
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therefore do not provide a constant flow of stream 82. Accordingly, a

reci procating piston punp will tend to deliver flows of stream 82 in

i nt erval swoan@ssibe use of partition 342 (with or w thout poandos/tf(4e) 348)
can stabilize or normalize the flow of vaporized fuel produced therefrom
10 As indicated at th can be seen th h
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enbodi ment s wfth tah@ebpodeysons ae rﬁhbWﬂSmoﬁMeﬁiOMaﬁéﬁﬁﬁlfBﬁn&iﬂ@ fed@ded-dighbter
systens disclosed and/or illustrated herein. is wthin the scope of the

di scl osure Reekt406hakhoughtibis-widhia ths, seogpe of ﬁ%@wlegurﬁﬁ@/at (thrumogpmaythave
r eqUI red 5t O) otﬁo?‘e(g)n %ﬁra? Sl§(91 ?{;J gﬁ@%ﬁg 1%%%@' ﬁHRpttﬁre achPEHeal léeogﬁd aﬁt the

earlier pr esen at1ve’exanp urnef assenbly
400 i ncl udestha hoapogi may |berfof1ﬁg1 ohithd 82 awhdimta It daraidot wuh1n3412 scbpmm\fehc and

simlar to previously discussed enbodi nents, it thin S e of the
di scl osure tfiatlops Hat hag%%ﬂ%nwadlaﬁafnb@ﬂfeaﬁ%@ﬁwwf%%@pdéﬁa% sing

03/089128 PGl Q%rﬁﬂcé%%m %g?e%fe\‘ﬂhﬁlb@x”&yc%hﬁ)‘@h&ﬁs thah §S oW ih r&%?hs 'aﬂ@/bydes
one or nore conduits 348 that extend through the partition anot her

exanpl e, al téoullsotshewi ael a fugheppbrwwnduit A0&-ifq.cotbustéde Eretl strdanp6d)fsuch as

i scl osulle ¢ HaTOREAURLE R SR 2t g e vperaen gl FPRE et dte,

geonet ri es apthe illustrated embodiment shown in solid lines, the burner 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 burner assembly 400 that is configured to receive and vaporize a liquid
combustible fuel stream.

Burner 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.
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5 the like that are illustrated and/ or described herein. For the purpose of
sinplifying the draw ngs, every subel enent and/or optional structure wll
not be reweaBmsdiys di scussed and/or |abeled in each il ustrcatesds/vises of
burner assenblies according to the present disclosure. As shown in Figs.
45 and/or 46, burner assenmbly 400 incl udgﬂs a lg q)ousi n 405 vmtrllw whi ch
its conbustion, diffusPorPeEES FSt SEBLULR dHerEyi BRLOEPE 2HFSTEE NIcs 12
illustrated gaho mar&lxbes h@”%ﬁ@erﬁ%ﬂg}ﬁsﬂioﬁ@d‘%ﬁﬁﬂ ¥ oYdekpudidingaplurality of

configuration and includes a nount 404 that is sized to couple the burner
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projecting finpogest 330 kit Sonthink @dGHertared ahtl @olredpendiapdutidspdr plopertionaldy ng
may be formed wi thout a nount. is also wthin the scope of the
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conbusti bl e fymehetsitaledintribdtidrs utHovayel pogasedls comesposds tol an fareal whdre ében 276)

and an air supply conduit 410 for,.air stream74. In the Lllustrated

enbodi ment S@}%%qusrﬁrg&pmmpjrﬁggy d{%éb%?fi r‘?é‘a GsXeNB $l§: é a "'E{e‘?fe?eag ‘bcei ve
only gasgpush&RAPYSthist R fikmation iy A Mhserdde\(EVéPtiondl ré@RRE infibiber)Fabbiees
assenbly 296, supply conduit 411 for a liquid conbustible fuel stream 82,

and opti onad2@ar manifold 342praxEnaié ovput ipertdddhprmoatesethe ghgirigtidndoftheedinl | y
be present in a Zt?I.EoveéSitonLﬁ)friB%r ner asse y 400 that is configured to
recei ve and VHERBNMEROYAL PR TEROE ¢4 Uel stream Burner assenbly 400

al so denonstrates anothgg. 4SUindatyl SsCOhdrBtthdithQbuniedhsdetidtiss 2420 aeliga s
distribution manifold (or plenum 310. Unlike the previously illustrated

embodi nent s, tostherprasent |disglpsyrgt way jinclmiey g, chamben prappssags, da2 dhropghavhid 4 30
t ended ' ' :
extende 15f r O@ﬁ%@s%ﬁ{gé%@ﬁésﬁén@%%% ?Jé(g?xslikgerteja%l{%ﬁ?{nd%ﬁl%m ﬁoéptﬂe burnelf‘ ol d

denonstrates ough e apertures i n nmani
310. As suchgssénibles Whén ignitidnusbarder88eiis Svidhi2 phisage 422itlvatlateditobd khielded
vapori zation_region 292. 48 Vg 03/ 089128 PCT/ USQ3/ 1%4%? As per haps_ best
seen in Fi g. Tam diresconizchanthaths dispiey that erqpreducedgs fha fyal gireams gsdgnitess

concent (Ll ANnBGB MSRSGr 110, 8 COr SERIRCHinplt ol . G osaet oo
assenbl y 400surtdundingahe passhge 4ARmifl giravid@4 fiwy of ol thde wall pend fooshied@Ohe
proxi mat 260 a 1rgnition 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 burner 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 burner assembly 400 is shown in Figs. 47 and 48. 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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5 input port 320 that contains no apertures and correspondi ng tubes, or
proportionally |ess apertures and tubes. As shown, portion 420 corresponds
to an ar ewowb@s®E2¢ he distribution of apertures 326 (and rherEshoia2g ubes
314) would be present in a symetrical distribution. However, portion 420

corresponds to an ea t he ertur s are ically distributed,
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as via a nount to a fuel processor. A benefit of this construction is
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such as o
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assenbly i ncﬂhmihsldaempﬁeMGe.élSﬂee\term eayt dsalbe fafermdvtame riszdor port or egicmnt 292

t hrough conbysti on regi on 92 and |nt§evvh|ch one or nore tenperature 49 WO
03/ 089128 PCPF 0393y 11¢ erng)@ﬁg P oo Ber teMREAREe $HE  pcoupl es or ot her

sui tabl e tenperature SNEEkBusyRY eBbodinted&e 430 Acfins! Usds@ipe AB4 that is
tenperature sensors enabl es the operating 'state of the burner assenbly to

be det er m neatchssitde prroeghsbase 3¢0 obthechurseri assdmiey mSirilan tojthe 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 selectively

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 bumer assembly.

In Figs. 49-51, another version of the bumer 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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comuni cation with sensor(s) 432. For exanple, the sensor(s) may be used to
detect 5 if conbustion has commenced in the conbustion region. As another
exanpl es, wiofostoke28 bur ner assenbly is no | onger generati ng PCaruSomiiraeai ni nQg)
heat, such as if the supply of conbustible fuel has been interrupted, the
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assenbly while the burner assenbly is mounted on a fuel processor. In the
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the inserti ogreo$howsi tredehv@dsaitaiar shed partatanthimchipr apdsmazileleladma%mthat wiré hi n
the sl eeve. Al so shown in ﬂtg 48 is a nount 436 that retains sl eeve 430
and/ or sens%ﬂn(n§9te‘h§23 arures of elerdrigitin SBFh 25k RatsTY). fu?lrFeﬁlsﬁj@k clectrqal oytlefs her

version assenblies of Figs. 45-48 is shown and generally
i ndi cat egsf Qﬁ’(ggq%rr’]%' shown, the burner assenbly 30 is adapted to receive

and vaporize a i dui d HeMgsasbéJhtﬂymélprst’erabwm&k thenapghzdd fipal strdameto suppl y
conduit 412. q?grner assenbl y t% maégb confl 55)‘?{13 t o onI receive I|qU| d
conbust i bl e fuiBticak fempratre fhifnihe ire {FORLARSR PFion de 5ing fepded in

corr espondi ngy HRRUL %gfon”@)’ bgs Qb ! ﬁ&iatm@ ﬁﬂsbﬁbiyy,z9§|1h§59%hcé RieYé ously

50 WD 03/ 089128 PCT/ US03/11429 di scussed passagé and sleeve 430 are shown
in Figs. 49-8berhivat thervapeszedifiigl st@am. Fomliguid éambustible fublositeamgepoptaining

Corrponenios a%g(h%rrlol\,Mo;[ th?or%lly metthanof) (F 1r1p Fol §6% 008 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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subel enents and/ or variations described and/or illustrated herein. In Fig.
49, the burner assenbly is shown including a vaporization 5 heating
assenbl y wodstokas i ncl udes a plurality of ports, or nount PCTAB03MT¥A® are
adapted to receive electrically powered heaters 462, such as electric

resistance heaters..As sh +.heating as Ly 296 includes.f.qgur _ports
460, “but 1t PRaGaish SmEar SF g At AR ABERaisSopiel of AatinE ar B8R,
confi gurati ossfs dhBENAAIHiSs. BBYandaF1Yin the forn@$LARIL 468 \R4Y ik Relebtevelppissad of
electrically powered resistance heaters, such heaters 10 can have disc or

flat confi guthzaughribe guides tipsseripesitionsd soythptnle; awsnings of theipthagtaleast shown
in Fig. 50. Sipi i 1 emept t
hoaters —mayPuiibRostngbyRBYBln SR8 the FERCLReRAPURE,ACRE B I Slendle |

Fig. 50, heatmfigud6ian, aperisingWeatirgcasisatablyWiot hayirichele poidast anedsuich plirudies
el ectrical |eads, 464 that are connected to.a source of electricity,, such
as a battery? agk end Qf the paps. | A8 2 vprigtion ofiy %G.ln,tggu agloge Hisr BEBRES I%%’cl?e
Heat i ng asseghley <Ay i e%{é?hﬁeéy*&‘ﬁﬂl& i B&61MARRY (of Bnd Wl frothf GRIRHIDAhe

sufficient terperature that t stream does not condense prior to being
ignited in potsbuStricasampkegbon e of g mushnayhbadbsipcteds enbyep de@dnsnythoe

configured t suyper heat the vaporized fuel stream For |iquid conbustible
f uel stream&g&ﬁﬁgﬁsﬁ%t?Wsﬁgwgﬁﬁlp',%hr&lglbﬁfi%ﬁ%l |y methanol and up to 50
vol % wat gy, four heat epjg, 9Balsd BahotRites ATk ALK JfQ oAt odEtrid@tbased 10. 6
volts have proven effective. It should be understood, however, that the

nunber of heignéion sgne G thapwmay befsclsetitely msersedsingp padEPmavied e ORefafive t end

to vary dependi.n t he it s i quid c j . fu
stream the ?(fs(]‘)t\lff/gl P g@g{?‘ﬁg’r %Ogﬁl,;&glﬁ%} %@&} E% Vi%ﬁ?sl%%r% I ojr%ggﬂg‘%#e]th {g/é%rgfr@{zati on
regi on. 25 Thardtemtkidss aeioubigg c480f wighihewhich the puitidelan igatisg akkimedt(k)o482 or
alternatively may be selectively controlled to provide a.sel ected anpunt

of heat froms{ie Hicated Hor éa@p@#enfvl%sal% By maycopidip s cembpsfionssataipitesPag,
selectively I gLk f h t of
t he heat |F§ng @25@%‘%19??5%3}9;&28?&%?%%? ﬁtér%'té' e%asrr%llagl,n ’ ?1 ﬁgﬁ{ﬁ%\ﬁg? hgﬁlg(\&/%sgyed to
t he heat er s mayntbi®4dhattis eddped tosheakhleamblyycqupleddo whadburner3Gsemtly) sach@sntof t he
DC vol t age del i\é 6ed thereto to selectively scale the power. Wen heaters
462 are renmotAsh g rTeceived within the vaporizing heating assenbly, the

466 that 1o adapted t o Glm o B e R e ene” 51
WO 03/ 089128adedringSEaihe pte@nt disclnsuratd shwain ashpersrallyf indicated et t5€P s . In e
HTustr a&(; VeIGsEs ec:mqt;codlamesn,i tb%lbrlle? £s§én%19€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 burner 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, burner 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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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 so that the
openi ngs wh wheviports are at |least partially obstructed IpgTiUse3/pi4n9 af t er
the pinis inserted through the guides. In such a 5 configuration,

apori zi ng heatjn 96 i.ncl ud t | t ) h pi 68 t
bath end of | SREPE BnReI e, PR GOTer & AEAMSGO AL RO PRATHOUHL oy
be keyed sogtfglre 1910 QedRraSr ER¥NAD k¥ziHE 5308@@1&@1&&3 Qith@ tHeeraz¥dd ahid OM

one end of the ports. For exanple, one end of the ports may be obstructed,
or even cl osatrodeesdtinatsecerverhdatridnsore ragi 5 faemaoplptadite piradiatly specedhe

ports. 10 Fig. 50 alsg, demonstrat.es an.exanpl. a dul afr,, . of .

cartridge- ba%’é‘&, por?sgn?PF ?ﬁrrsgé]%‘ﬂ?cgge%@ f tf"léﬂr ({{n%?%}%tg&nsghaé% T e2ylsi(%§1§??de(tf’ into
and renoved profibtO@edliiiveof e airlstreds tHrehghouygiod S1@Mbusti on regi on 92 via
passage 422. As shown, the ignition source includes a housing 480 within
whi ch the particul ar i{Qsidisqyssed) bumpt psspmiby 500 dnay be |adapted do Tresiveefithpl e,

housi ng 480 contal ﬁggﬁ td al I Jeally
heat ed ceram g?ée) ﬁéﬁh{h gtf C. Hl%s%%\%r% 'OL%]? ﬂglsigg%lkenc ggéegg%mﬁ r?oq%&l{lbrgw
t hat is adapsfatle borneeadsembBsiabhgwic e dral generalyriméicated ste¥OOl.yAs shisbn as t o

base 340. In Figs.. 52 and 53, anot her exanple af. a burner assenbly 262
accordi ng t on3e8d Jines dhe bumerrssanbly ndudaiqarrPaHEngivaing sge ﬁlair%’&ta@ 15t

500. In {he ad’agteid'tb tﬂé&i@%ﬁ@&@&%ﬁ%@ie fuBL§RSM magn%xné&q)ohs sfaRtRd to

recei ve a gasebus conbustible fuel streamthrough fuel port 302 and an air
st ream t hr ouggrt dhat wesrpre@20sly ukbineds for a gasepws odriistibiehuek stogsen of Fighe2.

di scl osure that burner assenply 500 ddi tionally.or al nativel
receive a |i eﬂ%g}eogﬂfﬂgrt TPV d%lagaé’f@érﬁeféﬁg‘éﬂﬁI’iecﬁbvre%/el%@rzor %‘ﬁf’gﬁ ggscfa}lgli onal
port W thin %apegiid 3bmetétil@ficNSiréaai OabotddtionMdgiono2oneill ﬁ}?ﬁﬁﬂ?'ifx’cl@& $00 in
such an enbodi nent al so being heated such that the |liquid fuel is_ vaporized
in region 2o offiehiphtpastshwith thesesondsuchgortggdiceigd Hedashed bpgsl ip Fig 4.
denonstrat es bi f urcat ed, . di stri i1 di LAOWt] Qf abel 322.
More spe |fié§b?‘§/g,h ‘éar%%%glg }beéﬁlﬁgﬁsseg{g@t’l Egéeigﬁ&a?’%\erﬁlg#{rgg? 1%??%“%9 St rerén IS
del i vered i ningu@ed bh EriMtegiasddrithttherest ofdgimen absbhblydOE hsuch ak being Withéi r at ed

enbodi nent takes the form of an annul us that 30 surrounds, tubes 314 ﬁ\nd is
separ at ed t her ©rnBg Hporsionfa compprn thell o5 hpusing 40Rc\hes Withiay the seangafithe 512

i ncludes a phiglit Yha?fvggélgﬁ%% ﬁé’ﬁm%rﬁ's&lﬁ%l?/%B%a%?gaa%ehaé d SR Yhat R

introduced into a secon stribution Fegion Ich the air
stream nay fkrly poditiorddttheelivdvesffaimit beatdo sher vdpotieaidnaegeearto vhaporagedhe ur es

326 in Cgonb ulslct]lili gomggstt\m% 191%{ s(%?e%%az 8F0|;)g(re<rrl1Jp 2,3 {n%t%gc? gf 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 assembly 296. A reason for preheating the burner assembly 1s

so that the liquid combustible fuel stream does not fill or overflow the vaporization
region while the region is heated. For most suitable liquid fuels, 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 methanol and

methanol/water liquid combustible fuel streams. Although not required, it may be
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distribution manifold 324. Preferably, ports 514 are spaced at intervals
around wall structure 512 so that air entering region 510 is circul ated
wi t hi n t worosgsans and i ntroduced into secondary di stri buticarusoggison 516
froma plurality of radially spaced- apart ports. The distributed design of

air distribution . chanber 322 is designed tqQ 5 pronpte dji stributi.on of the
air stream t#gg@ﬁéﬁtprﬁ’é@ﬁ éﬁ ‘f?f%‘flzai}?gcffg(?{}ggé‘d,en]lgﬁ?a&lg?q%azs‘@ Waue MRy be
adapted to rgreb¥ifin@Bfthe VRARRN doatdustible Gkl dr&Pirias fsi delieert@ eler&br eam  An

illustrative exanplé of such a version of the burner assenbly is shown in

Fig. 54 and general | y Anddiseusesd!, aburse’ assemblichodf?  2a§0KHIG dito ithe spreserb

adapted to raeapyi s Pet B HEHCH P ARREAPRRE R EnCBE e Rot el o,

such as tse prl@@és%or%.haForV\@.\Slx;ﬁ@sfe@\dfOilﬂlﬁthatid)hj kliez edlohdiig disgasanl s/ilt aebdaribei bl e
fuel streamin Fig. 52 en the burner assenbly is adarpt ed to sel,gﬁéi vel y
recei ve eit hiqui¢igasserhbusnerpssaly aceqiding;t thegpiessinh diselosie being used mating |

vapori zati ongr.egi i t Vi fg&k . W, I orts,
with the sec%lﬁgﬁgg%ﬁ&ggrﬂ;{!fn I%f;&téé |%efb as gﬁc}ﬁ Ilﬁdggémogcgyé?fewl]gﬁg ﬁln?hough

vapori zi ng heatomtginagse chdbyn20ftahaisg feedstoch hud twatdre dHowevrgit iS4vidlgn ibé ng

mounted on, or integrated wth, the rest of _burner assenply 500', such as
bei ng wi t hi nS°OBY of 6&%3%105#56??‘1 ﬁﬁfafocsss%dﬁdﬂ?% ?Péﬁﬂ °t§?rnﬁ’6%‘§1 Ay SBEES t i
within the sgppe ah dbeiplediraGufsie SichablonABok isglicnthtidedf iRGtrass ebigy5296
may be a separate structure that is nerely positioned to deliver

suf fici ent hadtindicated @enerpldy atz330. oReforyeror3 0t includgsor hydrogéreppguting aegion

conmbusti bl e el .strea For exanpl.e, .instead of generati.ng heat Liself,
cuch as el ek B BRIPHTSE 2 erPBTR R A TR R AR AN AL BBl hmdt
del i ver a hegtegfofrhinkJegisi, 0@80HahBdtreaddZy, indfich hlgid thiddohtex@alo St irktbeed uel
stream |In operation, burner assenblies 262 accordi na to the present

di scl osure ftorpata rgfesmagsiean, isproduced fronpthewalergnd ¢ tGopfagning &edstosleam

(either on i ination with a gaseous conbustible fuel stream
are typi ?al |§’“§¥n§hf§%‘i§%? gft};gh as by vaporizing heating assenbly 296. A

reason for preheating Ahalidvussedr prasoastly) Yedds stream tlibainalyhbe la gimght stream
conbusti bl e fuel stream does not fill or overflowthe %gci)ori zation {)eegi on

whi | e the regnéaining batayaigr ambp wasarrsolihls sasben-ronjtinther fseftocks e H T8y
al cohol s andy, SBPrhele GRANM 'E}}é@r&‘?l@étmwifoil%ﬁh% Wikrt %1 bRl ooty

region to at |eas C and 30 typica ess than 500 C has proven
effective. Pfeetmatkis)ghdtlaee vapomed at therrefoegingregion. dsshoninmatdaklyeddo®s 260 C

hae O PR % 3 St ECh el TR RSP RISt b
PCT/ US03/ 1148dstock 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-suited 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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desirable to preheat the vaporization region to a tenperature that wll
produce thin filmboiling of the |iquid conbustible fuel streamthat is

del i ver edwbDlengties As di scussed, burner assenblies 262 aceomdisosiit409 t he
present disclosure nmay be used to heat the hydrogen-produci ng regions of a
variety of fuel 5 progessors. For I s of jllustratio th | | owi ng
di scussion will descriBbe'°d a|b%?r&ﬁﬁegéggggf%pwgrtogggtes!trﬁng,regg%e‘rsﬁhgr% t he
present di schpouf %rb&ﬂdzgstat%,ed]ewrheraass&ﬁmg R REEISOprehsutéd @sihe vipefizidg St eam
reformer that is adapted to receive a feed stream 16 containing a

car bon- cont ahesiting dsesalsly 396. add amildustrativpnexaspple; refomnens thatreediee asieepe of

t he disclosuge . th fuel. processor . [ i ed 10
above. An exsét%ﬁlfnefaé) Onlaflalgllr} tr%egﬁaenog gﬁﬁ@%ﬁ%ﬁé&hﬁéﬁé@@ %ﬁ% Ig%@%%ﬁﬁﬁ rat ed
in Fig. 5 pietrabig] 3B 30°genaffiat this ampeaureRefreuched, HBGuid rembdablarfuel

hydr ogen- pr oduci ng?ersg?i on 19 in the formof a reformng regiagn that

i ncludes a stteam $etsfoiveigd datha yaperizagion ragiop ad vapasizer ndnd, Byl piream 74

resul tant stieam a0y to"‘ﬁi'stgi'%u{lg;éf¥élgfbnti§ﬁ$ I‘h@%? 'zeg'fﬁa ACahE b Lif dreahR A8 @
reformate stream 1's produce om the water and carbon-contal ni ng

feedst ock 18istributedndiffised teethenand Genitdd, i disussechapeieyivithshy reshiting ot r eam
16 may be a single stream ntainin oth ter .and a water-sol ubl e
car bon- cont afHift tl?’ééHﬁIBc@é,C%S’Pgi‘fseﬁirg? at af Jessh thenfrfrmupg dgggn t‘# cam

col l ecti vyl yr88HcpkBo.t he water and carbon-containing feedstock(s) that are
consuned in the reform ng region. As shown in dashed lines in 20 Fig. 55,
it is within the scopeWfnt the thfemiing negionhbas &rer datedt t9e a predetermined

car bon-cont ai ni n f eedstock conmponent of .fe st,ream 16, may..al so faorm a
conbust | bl e Teuag (GERTAGR FEEF A8 FeRoa TP 15 6 ey “uclRliBe JRondhe 7 1
al so within tdigposrpeofated fifeafti 56 IfeWiRamt Ik delifere® fttRtrefol AR r8fibRae
(i.e. water and carbon-containing feedstock) may be used as the

combust i bl e Prgdicestafemmate sireynrHer Adthwagh|fged streanrdié (oragtpleast the xgrbon-

reformng. fe r | | gt - 9 t —and
appr oxi et of gorsAhEE TR S8y RRERIIAD cBhintdo bR P4 4 (RLCOPBLIARE
feed streanfuebstteamnforGRe boineo asemblypht lamyd pard, voévnvall, ef thellekstehmaasy may
effectively be used as the feed stream for reforner 530 and the

combust i bl e Putrmed by Ruprogrctzsirepiriie ln Sedermpyootwsri it urerr e mhleddht
di scl osure. f%itPa?lg%! dse@lwifd ﬁqtﬁ@%U@Bus"tﬁ’)lJ Retltdais dﬁﬁn%&%ur# BEHEYEbAhdr, ST 28
of the fuel processing systemnmay be reduced by not aving to store and
del i ver a fuald ghen eaith®4udedwitiya gastiofis bnmet assembbs aft¢rathe réfarmingadgiontis eam

16 (or its conpone tsd). (?4.V\D 03/ 089128 PCT/ US03/ 11429
20  preheated and producing a retormate 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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When a burner assenbly 262 is used to heat steamrefornmer 530 froman off,

or cold, state, the burner assenbly is initially preheated using vaporizing
heat i ng aweaBBy2296. As an illustrative exanple, refornmerETiUsas/ir4ecei ve a
feed stream 16 containing nmethanol will typically be preheated to at | east

300 C, and npre 5 preferabl 25-.350 fter.this tenperature i s reached,
a liquid con%ﬂgtﬁl}?ﬂ?rfgfé?ousgqoféb 1@5 fugl d F?’Qe(ﬂlg’(lju(f‘%g h Ovlgﬁo?fie Eﬁ% ©
regi on and v@pahi Z6&tydapen-2oh diréars 6 @2 Mrothct hydré@n st@amdl 4) @ndios tid liyitid on

regi on 284. The vagorl zed fuel streans and air streans are distributed,
di ffused t ogearpustiblgdfuehritrear, may endave e cbendelevared Vg tthe thiengreasspmblyy hot

conbustion s I . t f i J of
team 10 r cPBRaLy SEsBRERHSF HahPupl R iChab GERbM R, TELELIE DO,

pr edet er i nekbwévet,ahatithgatios epaplamenationis ki oas ofinagysse donviiurhertassethbliies var y
dependi ng upon %pe conposition of feed stream 16, feed stream 16 is

del i vered t c®CAEIREOIhePISEN dBC0RU €0  produce reformate stream 20. Al t hough
feed stream 16 (or at |east the chgRalRpNRIbAY NG feedstock conmponent
thereof) may continue to be used as the conbustible fuel streamfor the
burner assenbly, at | eBsmepasstmbbes, sicem mfdrmersf fudlgrdageding systens amdy fucbe
formed by byproduct stream 28. 1n such.an enbodi nent.. the burpner assenbly
w1 o ¢ RO amero ahs Piedith SRR brED g S Eheti BRerRye
startup af thel caf edBther irA0sttH BNwMch hydeodéneds M plodacEia IR us tHUERE bf
assenbly after the reformng region is 20 preheated and producing a

ref ormat e st fughenll spriems; ¢dngemediby ¢ éualicell stagk foqmodiice ganslacken cuaresenbl y 262 is
depicted in flow chary .56Q.1n,Ei 5 60

assenbly is preheated. ftA? gqugﬁc,l ﬁfa%éheb(gl?cr%gﬁrngg%gﬁ%ﬁl 3%15%‘?6&%8%@%5?%%&3{%? m ng
regi on usi ngdigtihdt GruledtioRymois iridependehiighlitgt VAR eabh of gt Sivedtionstas beae!
stream may contain the sane conposition as the 25 feed streamfor the

reforner. Atdisgased: imeits peatadefpre thsr presHicr egpeiments dhersef as disslpsed ppdam
cont ai ni : t al ni : : |

ref or rredﬁ?oa%@g&dﬁgg hglgfrhe%g ?‘ hgg)eﬁegt&?%g&reh%?oﬁt%gyfg@%? i??%]%g‘fé‘ﬁﬁgggg gﬁ?{@g%l ﬁer
gases. At 546 potdider @herutgta@ mdttee afithesnempanainethdesnsld navdlyadd agebrioah

stream and a byproduct  stream and ai 568, the byproduct streamis
del i vered t o°¥RRIN#IANS @pd gekcambrratiops 0{1@8 vggow?gné{j%ggﬁgreé CHAS BRYOF yel

stream |f the,bvipl gduetedttSRAMSERNMB! MheRUhé bRIBMecitbeRt dng i URnicdt
mai ntai n the rgform ng region at a suitable reformng tenperature, then
the flow of ¢ thaieduivelehutheicof,csufluclaims sltd heynderstood ppawludgiaeprbyprioniuct

:L:)gﬁglnéﬁo[ ggc?fs gﬁeg hr %go% %‘;51&1 %i’éfrr];eln sl, %glttheqer%aﬁiplgg Vn%lr ue?(bluld}ngr%yo l(D)re more such

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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WO 03/089128 PCT/ US03/ 11429 w th anot her gaseous conbustible fuel stream
(including a portion of reformate stream 20, hydrogen-rich stream 26 or
product hyoregen2stream 14) and/or the liquid conbusti bl ecrousbs/st4eeam may
continue to be delivered to the burner assenbly, typically at a reduced
fIOM/conpareg%égﬂb%ﬁﬂétartup flowrate. It should be understood, 5 however,
that the above~i ntation is but one of many uses for burner assenblies
according to the present disclosure. Industrial Applicability Burner
assenblies, steamreforners, fuel processing systens and fuel cell systens
accordi ng to the presedstetissiasungiugh progeases, eebpesing t he fuel processing,
10 fuel cell and other_industries .in Lch hydr .gas. | r nand in
the case of fuel cel Iasrfs(fnenrl’r%g, & lﬂrslugngél lglfllgagf%g]%é%ilCatsatﬁ%lc’k%?lgpe%gotg%ce an
el ectric cur fdfdiﬁnin% tegicn Beldapiéeto tdtaive tahRedlbiscanDsanprisifg waes:tahd alasben-
enconpasses nultiple distinct inventions with independent utility. Wile
each of theseont#vEgteeistock a8d prpiedueh & BIMRdgs SHeam SOMaBRY hwdioges &% apde
specific enbgt(ﬂgpgdggssth&l@ﬁroﬁpf as disclosed and 15 illustrated herein are not
to be considered™in a limting sense as nunmerous variations are possible.
The subject matter of &hbemenussambbnalapted|todesil dn mosgtamnaadd Reombostitdes
conbi nati ons_and subconbi natjons of the various. e|lenents, features, .
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presentation st?éa&ﬂ%ﬁ{g% ﬁ{eﬂgmj:a?n Flge 9&1{1@1&% ra?ie%t%gle ??ﬁ)iltii)ﬁﬁtcix) oxl}]c?H ch anmended

or new cl ai ns, y are direc to a erent 1 nvention or
directed to the sanme i nvention, whether different, broader, narr ower or

equal in scope to the original clainms, arge al so regarded as included wthin
30 the subject matter &f théh§ FAFbREACETSEr clﬁmlpwggrémt%aif%% Peameandgge wo

037089128 PCH{UR03IHAL e éﬁﬁle%ﬂggition.

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 ed stream into feed
stream for the reforming region and the combustible fuel stream for the burner

assembly.

5. The fuel processor of claim 1, 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 therefrom a hydrogen-rich stream containing at
least substantially pure hydrogen gas and a byproduct stream containing at least a

substantial portion of the other gases.
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1. A steamreformng fuel processor, conprising: a reform ng region
containing a reform ng catal yst, wherein the reformng region is adapted
to recei vwoasfoerds st r eam conpri sing water and a carbon- ceaTaiSes/ng29
feedstock and to produce a m xed gas stream contai ning hydrogen gas and

ot her gases therefrom _a butne ssenbl ted to receiyve an air .stream
and a conbustible fuef st rig‘?r%'ﬁﬂarotcf)ssﬁglfﬁgggﬁn;@’ COpTRT assembly is
heating at |gambr htdLIPFAERNE at &G @MpoRfiord BE theIBYprBaRsE 8BS ah; ash @hgbols t he
feed stream and the fuel stream both conprise a carbon- containing

f eedst ock aneprehustiblgduelzgoamat er. 2. The fuel processor of claim1, wherein
at |l east one of the feed streamand the fuel stream further conprise at

| east one additional conponent. 3. The fuel processor of claim1, wherein
the feed stream and thg f uthe Susleprocbsve dfhelagans, odefEdsithe on. ledst ohe f uel
processor of claim 1, wherein the fuel processor further includes a valve
assenbl y t haterpratign espiiyingpdesatdsaseons IyidresmselsrtvE MEmEaR&t er and a |iquid
car bon-cont ai ni ng feedstock and to apportion the ed streaminto feed
streamfor the reformng region and the conbustible fuel streamfor the
burner assenbly. 5. The fu€he pfhecpssessonfofctlainm 3, whkaeieithe tdielehsiebne
processor further includes at |east one separat.ion regjon pted to

oo ve at | SRUBLAN fEen BENGR AIFB! HPGRTouDH S aal FoepPEquaed fo
therefrom a QyafO8eBohdefftatid TRy Q%Bﬁ“rrﬂinﬂﬂi_d@greas{:&lqﬁ thesbst 38 dtddahyy pure

hydrogen gas and a byproduct stream containin east a substanti al
portion of the other gases. 57 WD 03/089128 PCT/ US03/ 11429 6. The fuel

processor of claimb5, erej he burner seml yv.is. further adapted to
receive at |east a portion tﬁe Fﬁgp’fﬁ)ﬁﬁsrs‘%ﬁ@?lag?nﬁe r]‘?le%eén gheg%usr%%uagsen%ly 18
combusti bl e fdaptedStbrreedive 4 lighltecdnitistiPleduelssamfané Ifadtier Swhetéigthé Butnee at
| east one separation region includes at |east one hydrogen-sel ective

nmenbr ane. 8. asvemblyis¢ludgspncriempizatign essembhyshatip adapted foecare andoaipmiggdhe

Sseparation rﬁcﬁl&@@o&?ﬁét%ﬂeﬁe% Least one carbon nmonoxi de rempval assenbly
adapted to reduce e concentration of any carbon nonoxi de present in the
p

m xed gas stream
10. The fuel processor of claim 1, wherein the bumer 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.
11.  The fuel processor of claim 10, 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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9. The fuel processor of claiml1l, wherein the burner assenbly is adapted
to receive a liquid conbustible fuel stream and further wherein the burner
assenbl y woaBossEss an at om zation assenbly that is adaptedpca/useseise and
atom ze the |liquid conbustible fuel stream 10. The fuel processor of
claim1l1, wherein the burner enbly is adapted to receive a liquid
conbusti bl e fuel streant anﬁﬁ%rpf%cﬁso\ﬂhcé)mq‘? e burner assenbl y incl udes

a vaporization region &hl?&:o?él-@@ﬂﬁ&iﬁg régoti QBRItEtARDeivapOfebd trédhe and itglui d
conbustible fuel streamfo forma vaporized fuel streamtherefrom 11. The

fuel processpiodege miyechgaestregfeeasitHNing By HioEHe Basand il gases (parefEem; ncl udes a
di ffusion regi on adapt o.r I 1 Ll and
the air streamto for mgg’r‘fhl()f:)r(yag%wgc?ﬁglgﬁg}étpﬁg(ﬁlec\é?ﬁglfﬂté(?%ég%]g{ ggé%%fn

03/ 089128 PHdating 3t 13452 %he hidrofer-p@dugingaegisnrof thermeli moogssora wherein the

hydr ogen- produci ng regi on adapted to receive a %{?ﬁd stream and to pr(?duce

a mxed gas RHPEASSEBRY A #laRiFdHg Bro5HER QaDuslible fie) streaym ard ap RESEFAIRARD o
burner asse 'aen%%hsglél OndPEiP SHEEsFo ?ﬁ?fﬁgg%}%ﬁéﬁﬂga%xﬁz{&?ﬁf@aﬁ@ hnd heati ng at

| east the hydrogen-producing region o rocessor, wherein the
burner assenbly is adaptad for comtrelling thecamburdt éfbhent fpreducstirsatheabdman ai r

streamand to conbust the.fuel and aif. streans . to produce e heated
exhaust str e%ﬁ??m'g]ﬁ(db%ﬁ%m’éo%‘lﬁ ﬁ’@orﬁper ol anﬁé tE‘ﬁ A aT: 1S d%lﬁﬁgrﬁé Q% rtﬂ‘a %B’é‘ﬁr by
t he burner @g@@g@,{y by controlling the rate at which the air streamis

delivered to the burner assenbly. 13. The fuel processor of claim 12,
wherein the fuel streamand the feed stream share a compn

car bon-cont ai ni ng feed OCle?ﬁ?@‘EPErg)g‘%Fsgﬁlc?fe%#Qﬁl5 lﬁl}eﬁegﬁ g}gee@ag%rﬁ%ﬁl a.cnltd%én 1

2,
wherein the fuel stream-and ave ositionh. 15.

The fuel profess@Eandhatd acsmhdn cidbonontairings fee@dtodki doagonamd the feed
streamcontain at |east 25% water. 16. The fuel processor of claim 12,

wherei n the hydrogen- producing region includes at |east one reform ng

catalyst bed containi ng a S’f@‘é‘ﬂ?el @EQJSB? SL1GA B Yeterei RO @g@%%g@cﬁmg ! M e

the feed stream conpri sés water and a carbon- cdntal ni ng
fuel processfeed efreamh have the sanvd@nepasitione f uel processor

15.  The fuel processor of claim 12, wherein the fuel stream and the

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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further includes at |east one separation region adapted to receive at | east
a portion of the m xed gas stream and to produce a hydrogen-rich stream
cont ai ni nyoaw/ok\mast substantially pure hydrogen gas and @cTiEastisne
byproduct stream containing at |east a substantial portion of the other

ases. 18. The fuel process claim17, erei.n the at | east,one
gepar ation region i n(F:)I E%es 2{16 ﬁi‘%&s?r%ﬁs@o%f&\rﬂéﬂa‘%-l;’}el% ctrfl{}elhr?e%b}eéﬁefm%Q VO
03/ 089128 PCphiafidh ¥d4idR indifdesT REmétigtand hasdass eat Qonlril ANchbhpamhesiteinto t he
at | east one separation region includes a nenbrane nodul e that contains a
conpar t ment whtcg thaihixkd t998 sthexmdis glebivered aaden preauirg.yvende firthss evheptiv dbeir e,
and further I i I .
hydr ogen- sel &}ﬁéa\?’fg?e rrrlya ‘Ftéﬁlg,@? %aténﬁ%}rlgcgg% r %%2%%&@%136&%%;%%%%8@1}-8% a
portion of tfifeam xefdriged fivtd £poitidhadf thassieal piy ategh thaepadses theagh thaat

hydr ogen-sel ecti ve nenbrane, and the bypr Ogtht streamis forpmed f?rm a
portion of tlastiAngdydipgsnseleetivh mambrageendhe byproduststisaghisiiqemed for@g s one
menbrane. 20,..T |l gsﬁ%g i wheLR e
separation r%ogrl-ﬁgﬁo?ﬁr%tnﬁg%&gnc uérggflaé? L)Féetggstgj gsi)snte c%ﬁ Iﬁ%nét?f%ﬁgél}édg@rrﬁ%rﬁgeal
assenbly adapted to reduce the concentration of any carbon nonoxi de

present in the hydrogen- ri ream 21. The fuel, processgor of ,claim 12,
wherei n the burner assg(?'rbl y%F%Sf{‘%}dB’i?P'ésdort 8&%?@1:&%&?@@0&%@ 58t °1§ qui d
and gaseous gaHsh irBi6n ffi@herShElQaeBat 184t ohBaftédl mBh&OEES $éhovall asdedibily 12,
wherein the burner assenbly is adapted to receive a |liquid conbustible
fuel stream adapteditaredvee theheoneeniratine op amnearbomseaeridy prasentus dhe hydrogen-
atom zation asrgeirnetgl{ly that is adapted to receive and atom ze the liquid
combusti bl e FUel &f eam 23. The fuel processor of claim 12, wherein the
burner assenbly is adapted to receive a liquid conbustible fuel stream

and further wherein the burner assenbly includes a vaporjzation region

that is adapted to recdl-ve Apeifughpuessser efifdaim | % whereip thg umen assspRly ist r eam
to forma vapgrj ks : of claim
23, wher oi n TRRIEHS sd¥BlveReBrR bRIRLA caiou Dombitfil JROCERIRE, oOn

adapted to receive and m x the vaporized fuel streamand the air streamto

forman oxygenated congysti e yel. sLieqm, £0,10,031,080128 PCT) U903/ 11429

adapted to receive a liquid combustible fuel stream, and further wherein the burner

assembly includes an atomization assembly that is adapted to 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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25. A fuel processor, conprising: a hydrogen-producing region adapted to
receive a feed streamand to produce a m xed gas stream contai ni ng

hydr ogen wal3asd2©0t her gases therefrom at | east one separatrius3/nEg? on
adapted to receive at |least a portion of the m xed gas streamand to
produce a hydrogen-ri cg%st rﬁgﬁn cont ai ni n | east substantially pure
hydrogen gas and at H\PE RO Pé% containing at |east a
substantial portion Of a hp&og&ﬂlﬁfodg@lﬁg%gl@n didpats iorchive Refeed s&ib biyd aslapt ed
to produce a heat ed exhaust ream heating at | east the

hydr ogen- pr cRfedude mixgid@as etfearneontaiing by droaets g#s, anditesr @pses trsefms usi on
burner assenbly is adapted.t c i fuel
stream wherein the di fllej%slt(‘))ﬁe t%gra%‘etlr&l l%gmﬂ ;{daﬁéﬁqgﬂ%ﬁe\% & le %&Jgﬁhregl on

adapted to nihg mixed ceRbischimbhel icwpfo(mbe eahydragtfh tl&ha s@édm sdohaaﬂng at fleastn an
oxygenated conmbustible fuel stream and a copbustion region adapt ed to

recei ve t he Bpygataliyanre bydraee gas|apd ptlenst opf BPHOAUG gtream coaining it 19agha ¢ i on

regi on adapt t LSikQn of the oxygenated conbustible fuel
stream 26. Slra&ldlrb %;Oglc(gsfgé;‘?moféa aim 25, wherein the distribution region

i ncludes a diffusion sirdiffosiore badmptassierm‘tdypa'daptmetot bediioe raahcam:ﬂ @khaust

plurality of oxy en ted conbust | bl e fuel st eans. 27. rocessor
of cl ai m 26, ST al‘l‘élgcﬂtflleﬁ?él b?l hyfragep QF oS EEUt 8ghl?¢0 \}?r @St He air

streaminto gnhgbr ﬁiel di¥fuSibn Aumet Jseéﬂﬁyaaeohdfagteél %1 @eeild@n PR aRke, f uel
streaminto a plurality of conbustible fuel streans. 28. The fuel processor

of cl ai m 27, contestibls feclshewn, whereip|the diffusipn binen pgsemblyecomprisenit ai ns no nor e
than 10% of the air stream ssor f cl 7
i e staeetR sRb 8 TRk o rinPdbRiel PR

each of the plurality of 'S No

10% of the cgiius hirkirearh ttﬁforﬁltah%t enafell c\ﬁtﬁb@%maﬂez&r&ﬁ/au&om 11429 30
The fuel processor of claim27, erein the diffusion structure includes a

fuel distribution manifold %:O‘Fﬁf%hqﬁil% regiomuedanted, ©f reqeave dher eueeRatedt o

whi ch the co tyqamis divided into the plurality of
conmbusti bl e {lgte%él%ﬁ%salﬁ dﬁfurt her wherein the plurality of fuel

apertures are | n comuni cat atdeaswwiichignigiopregion adaptealf tofiniehtetcoimdastianvafithye f uel

outl ets adapted to deliver_ the plurality of fuel
poxygenated combustible fuelpstream y

26.  The fuel processor 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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streans to the conbustion region. 31. The fuel processor of claim 30,
wherein the diffusion region further includes an air distribution chanber.
32. The fwelo3psmeessor of claim 31, wherein the air distripoatisosniisehanber
is adapted to receive the air streamand pernmt the air streamto flow

ahercin the dif1usion figi onte MEPREeRSRoL BT sRARERT SlTRapRelRg  ne

air diffusi Oﬁhcﬁlﬂaﬁ*éefueﬁﬁﬂstr_iﬂi@ioncxﬁﬂﬁmﬂ&io@ﬁta[rﬂﬂ%(anpluMi@y eif nfuthepaaidusitd on
mani fold includes a plurality of apertures through which the air streamis

di vi ded i nt owhish the gpmbistiplofuchisireas v dividedaintp therIHeality ghepmbpstiblecfiedf the
e Pty o pstfants bR g bhofetnd Hfikaify'BPRicl SpBPAGERELMLCARG Hin 1 he

plurality of af)lert ures. proocessor erel n each
fuel outlet ae@kirgiitgsofafucl Ridsd hpdng ifadl| gutlelr alapgted aoaletivert the plhratie) of fuedf
apertures. 35. The fuel processor of claim 33, wherein each fuel outlet
ext ends t hr otfEIMSi@ thercopustim fegiont y of apertures. 36. The fuel processor
of claim 33, wherein the conbustion manifold is adapted to naintain the
air distribution chanmber at a pressure that is greater than the pressure
wi thin the conbustion 3kgi ofihe 621 \WD@SY0D 39 1 28mPEY,/ wisgsnlthe 2B ffuggn ragien f uel

processor of .claim wherei n.the di ffusion burner assenbly is adapted to
recei ve a comglf'inﬁﬁlgésfﬂ’ear“ g’?ﬂ’é’&ﬁ?‘? ﬁhWe@rT ormof a liquid conbustible fuel
stream and further wherein the diffusion burner assenbly includes a

vaporization region that is adapted to vaporize the |liquid conbustible fuel
stream 38. The fuel p3bcesthe fiegl prpedssarad, claime3di wvheran he @it distribgtor egi on

i ncludes at |,east _one re o] ' o) f . gqui d
combust i bi e e & KabfR b el IRE L SOehD alEEINELR B B 0 b C
fuel distri bgeiphiralityfifiedhtbess adapted to mai ntain the vaporization region
at a pressure that Is greater than the pressure in the plurality of fuel

tubes. 40. The fuel processor of claim 33, wherein the diffusion burner

assenbly is adapted tosf eceqye ) GRORUSL Y Gaifili$d, WhéeRMHetitGod DR 2

gaseous conbustible fuel stream
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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41. The fuel processor of claim40, wherein the gaseous conbustible fuel
streamincludes at |east a portion of the byproduct stream 42. The fuel
pr ocessorwofo3obersn 25, wherein a streamthat contains a eamrhses/caed ai ni ng
feedstock is delivered to the fuel processor as a single stream and
thereafter divided intg,a s r A f eed
stream and a stream thdt fjl(;{mre}smzla rl](ﬁcesgo O@Clﬁht #%ﬁgh?rglt ptg] fdl.ll 8184 ngl%r 43.
The fuel progsasably l@fadabﬁdrfb%celvmar(&inﬁbutshlﬁiefﬁlell stedafre aumtlean torivhef aflapdd
stream both contain water and a carbon-caontainjn f%Hdstock 44, The fuel

processor of c%?%shjf’lﬁfuel\ﬁﬁé?@i #nd; fygher herein the daftisionbymer pssmbly ingbidehat h
contain at %ﬁ’%%%n%#?‘%@f& v&n Pred t(?h e&f De ﬁfé'li d‘bd}ﬂblgs%ﬁz%é’l% afi>. The

fuel process cl al | n uel eam an feed stream

have the sane conposition. 63 V\D 03/ 089128 PCT/ USOB/ 11429 46. The fuel
processor of claim 25, ﬁé | east ﬁ:.of h fuel stream.and t.he feed
stream further conpris BREeSS ] O Bt VapaFZation ZegioR

processor of jneluabdmiZeast Wﬂ@&é‘éeﬁzohhﬁl Pt‘é@'to Péc@ﬁz%sas%luiné ofagant&d cB&b%tﬁﬂé‘CG
the m xed gas streamvia a steamreform ng reaction, wherein the

hydr ogen- pr ofigkstregmx egi on i ncl udes at | east one reformng region that
contains a reformng catalyst, and further wherein the feed stream
contains water and a carbon- containing feedstock. 48. The fuel processor

of claim47, wherein the fe’ﬂiie $id @ac0ecbsvr oflldied Bdwhereinhgef fuel diptribagissor as
an at |east substantially liquid streamand divided into the feed stream

for the hydr@g@fplérle)amﬂ%tq Bgingain dhe yaeTIZfian Isemed copresside thag 1s grgater
stream for the, lﬁi‘érﬁ?@srsux%siﬁ Mrahégoffﬁ@leiuﬁééel processor of claim48, wherein

the fuel processo Inclu a vdaporization region in which the feed stream
is vaporized at | east partlally responsive to thermal contact with the

heat ed exhaust stream from rner enhl y 0, The_ fu essor
claim25, wherein the rne%ﬂ%g%egrl’ﬁ‘l’cfsﬁoé O?fcﬁ?rl’énh%-} ‘éitﬁﬁ‘fle@etdg%f\‘g% PeIch
gaseous fuel, ShBI3Ts addpted 16 réddRle PEOGERTBIe Rlel Shr@inMid e VHRT & B ghfiBudUT ner

assenbly is urt er adapted to receive at |east a portion of the bypr oduct
stream as a ¢astesctibleffudlstreanr eam

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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64 WO 03/089128 PCT/ US03/11429 52. A fuel processor, conprising: a

hydr ogen- produci ng regi on adapted to receive a feed streamand to produce
a m xed gw&e wts\asn cont ai ni ng hydrogen gas and ot her gase®drEso®irs at

| east one separation region adapted to receive at |east a portion of the
m xed gas stream and to produce a hydrogen-rich stream containing at |east
substantially pure hydrogen gas and at |east one byproduct stream
containing at |east a 4¢ubsTahfieRprogedsbi Ofcldim Li\eviiréiarat Gastsie cMbe Akl
atom zi ng burner assenbly adapted to produce a heated exhaust stream for
heating at |¥esm %qﬁiéhﬁﬁ?ﬂégéﬁiﬂ prrthgnemeriseatilenst ot addiionglionmmoperissor ,
wherein the atom zing burner assenbly is adapted to receive an air stream
and to receive under pressure a liquid conbustible fuel stream and
further wherein the athm zThgfelpreessas ofrhliy 2 nydidran she direl prosessoatis on

assenbly ada to receive the liquid conbustlble fuel strea and
produce an a{)‘{?ﬁfeiléﬂ Profice Qq‘@a‘ﬁgtgﬁ% PERAH K ¥{epm fefPRIng TeAst 1F’%vg‘i" 1N tE"h at

| east one i 9155‘(&6%%% PO ‘r“rﬁ:lﬁd&s dt kst ¥ &Rﬁ% ke%;fbrpfthaﬁ henfatlm zed
fuel streamdnd The air s ream 53. The fuel processor of claimb52, wherein

the |iquid cohbustg bitelyst aed fistheemireietn tihelﬁs@deﬁwnt eortdins ats and ervarheni on
assenbly at a pr.ess of at least 50 psi. 54. The fuel processor of claim
52, wherein ¢ a‘%&#‘féjﬂ ©F%n  assenmbly includes an atoni zation orifice

adapt ed to produce the atom zed fuel stream fromthe liquid conbustible
fuel streamas the liquid conbustible fuel stream passes through the
orifice. 55. The fuel #¥oceEbvfudfpresessan ef2claimet/eivherdie the daedz stream is

assenbl y inch lfw% 2ddh thee?lfettl ﬁg(;g%sgomg 1 EE@JS& ?@l%fa%ﬁﬁ fﬁ@pﬁ%ﬂeﬁﬁ% a%docﬂ\‘f‘g@ the

atom zed fue ream uird co reamis urged under

pressure int mtd:matfaed stréaint fbrttllibahydi‘pgemglﬁﬂﬂnﬁmng wi@cef the FudMprocesQid %hd Ghe
PCT/ US03/ 11429 56. The fuel processor of claim52, wherein the atom zing
bur ner assen%‘lellsq%n‘af@éﬁ’ceetﬂ‘rfi%afﬁe&?&e m Xxi ng of the atonized fuel stream
and the air stream prior to conbustion of the atom zed fuel stream

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 bumer

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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57. The fuel processor of claim52, wherein the ignition region includes a
constricted outlet through which the heated exhaust streamexits the

i gni ti on wegBosyi2zeand further wherein the outlet is adaptea@crasps/oned e
greater mxing of the atom zed fuel streamand the air stream 58. The
fuel processor of claimb52, V}h?e)lrei n the atom zing burner assenbly includes
a distribution plate adapt et P8 BPEHH "R BMe%nt ni xing of the atonized
fuel streamand the aiy h§aﬁog@r[tproﬁaeingh@giw@hap@éd)&eﬁe‘é@irveqffe@a 3irar®@nd \Wher ei n
the distribution plate includes a plurality of angularly oriented passages
t hr ough whi cprodhee ainixedgae sinqazhepntainag diydroisee das and| othar gasamthere&omr i or to

reaching the ignition regjion. 60,  Th el laLm. 52, .. ein a
streamthat contains aatelg%ls?t?gﬁ-sg aﬁ%téosln{e lémf agdégfséﬁ égﬁécleg\tedgtl ]i%%llsrepraeéj 1}13(5)\@? Ele

fuel processte miked gisN@leams biiceadnpasdiice thaydagdrefictlisitbalr contiiging astlesgam
that forns at | east a portion of the feed streamand a streamthat forns
at | east a pibsiaphalbpure Bydragen gasraad # legst onghuprodiedt SHEYR £8ataming atdeast #n 52,

wherein the gdﬁg{anﬁélrgggmna&qhé gtger éfa%ggfaﬁaream both contain water and a

car bon-cont al ni ng st ock. uel processor of claim61, wherein
the fuel stream and tha aforedingtbuesen dse¢rhblyocattapied tatprbéast a Moated dxhatser and

a carbon-contai ni E% {‘ee_dstock. 6431. Tt&e fuel processor OE ﬁl qJ?T 52, wherein
the fuel str¥53M ‘??émgfaéel&agt Eeﬂﬁ FRRFB I RCH R YN B 4 NE iTBH. PTBGSSSHhe
fuel process@he®fn Heditdhmatng WQELhS ARl RASdapRASoHecdiPE ah URH stréaid @AdNteNd
the feed stream further conprise at |east one additional conponent. 66 WO

03/ 089128 POELti803MNddMp@ssas.a fiheidf eomibustible cysloptresim,cangli furBer wiieesirithe t he

fuel processor I S ag‘?}ﬁt ed toblgr odug,le the m xed gas streamvia a steam
reforming r e4CTAME PHPTHSPHROY G&IPPSocessor incl uding at | east one

reformng region that contaifsatemifiieh Tasgmbit adddbled t@nebckivet figr ldigd ei n
the feed stream contains water and a carbon-contal ning feedstock. 66. The

fuel processemmistiblednehsgsamand tepiedudseanabenized fueh firan theeafoperasd to the
fuel processor as an at |eagf b%lﬁpcﬁit Pegfo'na\!vftﬂ af 14 &esiﬁﬁﬁi%ms%ﬂﬁe%rdg%tg&% Into

the feed stream for the hydrodgen-produci ng region of e fue essor and
the fuel stimnéténe E@nibustien bfitheatomizsdfiel streafivandtheaif seéanpr ocessor of claim
66, wherein the fuel processor includes a vaporization region in which the
feed streamis vaporized at |east partially

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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responsive to thermal contact with the heated exhaust streamfromthe
burner assenbly. 68. The fuel processor of claimb52, wherein the burner
assenbl y we o3bsrieher adapted to receive a gaseous fuel stpeamso§9i429he f uel
processor of claimb52, wherein the burner assenbly is further adapted to

;? ?2;\&6 gt7 least a porgé.on ‘Pﬂe %uhe‘lz' ppc}égsrsgg %%tcla%l rﬁ?@h%?eil? tlgeagtgr%lijzslngf %Srlner
assembly is adapted to promote mixing of the atomized fuel stream and the air stream

prior to combustion of the atomized fuel stream.

57.  The fuel processor of claim 52, wherein the ignition region
includes a constricted outlet through which the heated exhaust stream exits the
ignition region, and further wherein the outlet is adapted to promote greater mixing of

the atomized fuel stream and the air stream.

58.  The fuel processor of claim 52, wherein the atomizing burner
assembly includes a distribution plate adapted to promote turbulent mixing of the

atomized fuel stream and the air stream.

59.  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 component.
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65.  The fuel processor of claim 52, wherein the fuel processor is
adapted to produce the mixed gas stream via a steam reforming reaction, with the fuel
processor including at least one reforming region that contains a reforming catalyst,

and further wherein the feed stream contains water and a carbon-containing feedstock.

66. The fuel processor of claim 65, wherein the feed stream is
delivered to the fuel processor as an at least substantially liquid stream and divided
into the feed stream for the hydrogen-producing region of the fuel processor and the

fuel stream for the burner assembly.

67. The fuel processor of claim 66, 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.

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.

67



