WD 2006/ 068787 PCT/ US2005/ 043113 SYSTEMS AND METHODS
FOR REGULATI NG HEATI NG ASSEMBLY OPERATI ON THROUGH
PRESSURE SW NG ADSCORPTI ON PURGE CONTRCL Rel at ed
Applications This application clainms priority to U S.
W@0e0687RIl Pat ent Application Serial 5 No. PCT/US2005/043113
60/ 638, 451, which was filed on Decenber 22, 2004, and

05| oL SPA00 3 ys 55 Bl i ARG S0k

di sOPBRUWTEGNOFHR OTEGHIRRES S TR S MINSAA PSORATION PURGE CONTROL
applications are hereby |gcorgorgt§d by reference for

all purposes. Field of t 10 The present

di scl osurigs iapplthticaCdlfths gemetalol V.St Provisional Patent Apphcatlon Serial
hydrogen@gfneratlon assenbl ies that nclcfﬁéfé

Swi NG Ui which ¥ag fitsd; wDecsmberdsy & %a?‘f pteRf 41??11‘3&“0“
SYSE&{H NANG/ORI0ISVHG WasFub@ionNBeth@a | 139 2656 MHeY complete
operation in hydrogen generation assenblies through

condisgpsugss efhdie pbpypeideniified patent ePksatiqusyre @Wbagncomorated by
ads L lj es. 15 Background of the

Di sc %sducggor f@ ogsen generation assenbly is an

assenbly that includes &idldefthe Bisslosrsi ng syst em t hat

63 adaptﬁg 1;rgseﬁtocﬂsc?orsﬁrequ1r9 ed%ﬁ&alﬁf@%?ﬁx%gﬁ éﬂy'aﬂo@assembhes
pr oduct Sth'eam contal ni ng a2t maj or |
conpananiude ifaesqu oding eadsdlrgmino:gseermblgasandmyorb @aniselarly tD gystems

vari et f e} e such.a n

ene?‘bdy%og gfg’ﬂcrf‘gu ar’imgsrlﬁea#q%saslse iy pdD roc elrgn téyéi? ogpr; gpneration
cel hssemiifes ehfokl eofesh efathef p@ke (bgdzlb df stha prebswre csvidghatisorption
converts. a fuel and an oxidant to electricity, a

r ea®™¥BNISr oduct, and heat. For exanple, fuel cells

15y convert hydrogen Bﬁtﬂ:gﬁigyx_gaﬂthbmiimmteer and

electricit In such fuel cells, the hy nis,the
fuel, thd g ydrgesn-generalipn GRiHDY |18 oty AR feludpy,ea fuel

r eaﬁx‘obé%ﬁng QG4 that FUSdapkedl tl)%oBVdPﬂ &Rl drymbB G dsRcky i8d a product
purity hydrogen gas to prevent 25 the fuel cells from

bei ﬁ@a@mﬁa@@ungﬂ hydreggn gae as PhaaiBT o pstPoaent e Jhefarefyrgdydrogen
fue éas fﬁy? Gf2S3deAYn SY %Qﬁ{% Q. Qpphyﬂfoﬁg e rblgse E\%%ﬂp@@aﬂom is energy

ass may contai n uritres, | ustrative
2@ x aprofiessions sughias fn plactrastiemisalefug Cﬁi}ér eArp¢legteachernical fuel cell is a

f ee‘ge c%%{}at c%ﬁ%:% a fgél %ﬁ!ﬂrqg ’oxgﬁﬁthtg %feﬁm{dﬁ{/ eaal%gcﬁﬂ)n é) dOdlu%t’ and heat.

ter her ere’is a ne
man¥or exemplenfuebeedib nfayedoneat hydwghelnd okygen nutowditer and electricity.

sui ables t vi ng uriti f

et st e o i By Qs SR ik BB 8 opifp hThe water i

pr ome s&ictigh pipdtenFudh cB]lf@@id:BH?y gghinghighl padqythydrogéPEaA)to prevent
2? ro gsfgel cellgjl I}ro?nxgnpg %amage% g%%gau%sqlhtehp%duct stream from the fuel

processing system of a hydrogen-generation assembly may contain impurities,

illustrative examples of which include one or more of carbon monoxide, carbon
dioxide, methane, unreacted feedstock, and water. Therefore, there is a need in many
conventional fuel cell systems to include suitable structure for removing impurities

30  from the impure hydrogen stream produced in the fuel processing system.
A pressure swing adsorption (PSA) process is an example of a mechanism that
may be used to remove impurities from an impure hydrogen gas stream by selective

adsorption of one or more of the impurities present in the impure hydrogen stream.
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processing system, and the PSA assembly may produce a product hydrogen stream
30 that is consumed by a fuel cell stack to provide a fuel cell system that produces
electrical power. The PSA assembly produces a byproduct stream containing
impurities removed from the mixed gas stream and a purge gas, which may be

hydrogen gas, and a heating assembly may be adapted to receive the byproduct stream
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25  assembly that may be used according to the present disclosure.
Fig. 11 is a schematic view of another example of a pressure swing adsorption
assembly that may be used according to the present disclosure.
Fig. 12 is a graph depicting pressure within an adsorbent bed of a PSA
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30 Fig. 13 is a graph depicting the flow rate of purge gas to an adsorbent bed of a

PSA assembly during the purge step of a PSA cycle according to the present

disclosure.
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referred to as a fuel cell system As discussed in
nore detail herein, hydrogen-generation assenblies
and/or 15 fuel cell systenms according to the present
di scl osure include a separation assenbly that
i ncludes at | east one pressure swi ng adsorption (PSA)
assenbly that is adapted to increase the purity of
t he hydrogen gas that is produced in the
hydr ogen- generati on assenbly and/or consuned in the
fuel cell stack. In a PSA process, gaseous inpurities
are renoved froma stream contai ni ng hydrogen gas. PSA
is based on the 20 principle that certain gases, under
t he proper conditions of tenperature and pressure,
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strongly than other gases. These inpurities may
t hereafter be desorbed and renoved, such as in the
formof a byproduct stream The success of using PSA
for hydrogen purification is due to the relatively
strong adsorption of conmon inpurity gases (such as,
but not limted to, 25 CO CO2, hydrocarbons including
CH4, and N2) on the adsorbent material. Hydrogen
adsorbs only very weakly and so hydrogen passes
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retained on the adsorbent material. As discussed in
nore detail herein, a PSA process typically invol ves
repeated, or cyclical, application of at [|east
pressuri zati on, separation (adsorption), 30
depressuri zati on (desorption), and purge steps, or
processes, to selectively renove
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As discussed in more detail herein, a PSA process typically involves repeated,
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or cyclical, application of at least pressurization, separation (adsorption),
30  depressurization (desorption), and purge steps, or processes, {0 selectively remove
impurities from the hydrogen gas and then desorb the impurities. Accordingly, the
PSA process may be described as being adapted to repeatedly enable a PSA cycle of

steps, or stages, such as the above-described steps. The degree of separation is
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compressor or other suitable air delivery system, and/or a water stream may be
delivered from a separate water source.

30 Fuel processing system 64 includes any suitable device(s) and/or structure(s)
that are configured to produce hydrogen gas from the feedstock supply stream(s) 68.
As schematically illustrated in Fig. 1, the fuel processing system 64 includes a

hydrogen-producing region 70. Accordingly, fuel processing system 64 may be
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configured as part of the fuel processing system 64 or may be an external component
that is in thermal and/or fluid communication with the hydrogen-producing region 70.
30 The temperature modulating assembly 71 may consume a fuel stream, such as to
generate heat. While not required in all embodiments of the present disclosure, the
fuel stream may be delivered from the feedstock delivery system. For example, and

as indicated in dashed lines in Fig. 1, this fuel, or feedstock, may be received from the
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selected regions of the fuel processing system.

30 In Fig. 2, an illustrative example of a hydrogen-generation assembly 46 that
includes fuel processing system 64 with a hydrogen-producing region 70 that is
adapted to produce mixed gas stream 74 by steam reforming one or more feedstock

supply streams 68 containing water 80 and at least one carbon-containing feedstock
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30  the heating assembly. Fuel stream 92 may be used as the sole fuel stream for the
heating assembly, but as discussed, it is also within the scope of the disclosure that

other combustible fuel streams may be used, such as the byproduct stream from the

PSA assembly, the anode exhaust stream from a fuel cell stack, etc. When the
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within system 22 and are not required to be implerner}ted with the PSA assembly. An
illustrative chemical separation process is the use of a methanation catalyst to

30  selectively reduce the concentration of carbon monoxide present in stream 74. Other

illustrative chemical separation processes include partial oxidation of carbon
monoxide to form carbon dioxide and water-gas shift reactions to produce hydrogen

gas and carbon dioxide from water and carbon monoxide. Ilustrative physical

11



exanpl es of suitable fuel processing systens are
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" individual cells. The cells in stack 24 may be connected in series, parallel, or
combinations of series and parallel configurations.

30 Fig. 3 illustrates schematically a fuel cell 20, one or more of which may be

configured to form fuel cell stack 24. The fuel cell stacks of the present disclosure
may utilize any suitable type of fuel cell, and preferably fuel cells that receive

hydrogen and oxygen as proton sources and oxidants. Illustrative examples of types
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Sg% S A VPR  atshe I33GhHd aBody BS Sekpbapelyt dakh afgion 30

0 én or "air, or a fan, conpressor, bl ower or_ ot her39
dewnd 82 hisp intludes gisnppaai 39,tych A2 SURPIBNE PlpE|i0opupport 39 may

Hydrogen and | iCORRY € i sEedaR rodd @i ERierein.
0y & %?ﬁ%?ﬁg%gs% %(lgﬂ(?ﬁag'%e%%}]l reacti (_)ln. Al t hough

merrhE anpoRgphes D of Suel balsPAseny theatlayenydipgrgratentials produced

nolecule, it will permt a hydrogen ion (proton) to

pa8¥ tefPdeg¥sit, 1argely due to the ionic

conduct ivbgeyatioh, Kydeoger sas from profiet firee ehéy diverpd thide anode

oxi dati on-reductjon .reaction drives.th f .

C heguABLERCHRL BRELSH PHE TOoL ity BeRat Byt Relusive,
15AS ogﬁﬁﬁ’cf@r&yg&. alh§ Qisé® RAEsinh Gy dibgenbefeed ¢ hydrogdnl ges and oxygen

conductive,- an external 30, circuit.50.is th

cnerigy tarep R, KB FURHITH Fig e gL vE R fib B The proton

Schsal, 'Sc%af{u!:l%’ forithd Wl Icafl &stadk, driddoxygen b tieaddidede although it is

regron 32, e

ectrons fromthe external _circujt an

pr otithirs ther ssape pethaenieserin@seoms; hat aﬁh%f‘i?léya@(?ftoéldg‘ms may be

prody Uq PAQRRP&T BaRY @4pective regions of the fuel

Pcffﬁcs%%g)%ﬁfﬁgxﬁgﬁsp%%omei n Fig. 3 alzlﬁ an i‘QOd]ﬁ rrati
20pUregit, vimang shigablst medtanisan {Bm, ToRRFCEYE FRAYCEHt Aih S Ilustrative

hydr ogen gas...an h U4 SR S pr&dsi@RMER of oxygen or

whiceppigs ot ?‘i}ﬁcaeg%g’ggt%g@égrt lally, if not.

subsi antai Bah) yomlessbme thaivarf oronthegedevicr fer diseqting ATk thy seathode

may i.nclude a comon hydrogen (or other reactant)

f ed®'%%ir intake, and stack purge and exhaust 5 o

st r eans HydsheR a6 bxljgeq|typivdllyl combirleudich on¢ eagshes vig g gridation-

ek e o SRR R TR Y s
Si s, it RMperdidathybtogenRmh@nicinatpass Beoushatl 14rgely due to the
Seligr?iglc\éﬁllgctieiltj}r %i” rtllge gnre]:glb;gl%.l o{']hse' free energy of the oxidation-reduction

reaction drives the proton from the hydrogen gas through the ion exchange
membrane. As membrane 28 also tends not to be electrically conductive, an external

30  circuit 50 is the lowest energy path for the remaining electron, and is schematically

illustrated in Fig. 3. In cathode region 32, electrons from the external circuit and

protons from the membrane combine with oxygen to produce water and heat.
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In practice, a fuel cell stack 24 will typically

contain a plurality of fuel cells wth bipolar plate
assenbl i es separating adjacent nenbrane-el ectrode
assenblies. 10 The bipolar plate assenblies

WOL0068MTy pernit the free el ectron to passPEFBERRGY 3113
anode region of a first cell to the cathode regi on of

t he adj cel | wvi I S I a
t her ebyggstsa% 3 "hF )3 a&bﬁ] gdcot%fglpgf © %o%g%sﬁa%%tg&?r%uqhwh ey
t heosdiabkdbpat gaspand ebc&\tmde dir exhavatt stredny Sanwhighlis pically at least

| oad,, Thi.s net fl tr.ons _pr L
cobvan St el e  SHP AP 53 AP e o
sughn@sn hy@@eat (dredisd r@ﬁﬁnt)ffeeih airlibtaken @ng ystacb PN ang exhaust

devi ce 52 and the_ energy- produgi sten122 For. .

5 c o BlEGaHIS a@&c&g@:r\ga \fni]g\gglu %talglg r}%gis %89‘11%5 t8r ea\ﬁer :%ssocmted
t hgu QWi RY! aRP¥Blect THRYstBAns GbaY, Mhe ﬁdn/muarram uemmgsmhmly any
output current. The electrical out put naé used to

saﬁmgﬁvrﬁwhapﬁpﬁédbFGﬁ@ib%%%ﬁU§§yPWBﬁ¥ 89"%¢ onsuni ng
devi ce ﬁ]z%r &ilcd: a kuel §8h§5@5 3 WpRepy 6driaih Radlurality of fuel cells

ener gy- produci ng system 22 may i nclude at |east one 20

enemtgyblscolenr abee d@vmbl@smparm adiacest MEHPFATEIRACH B assemblies.
loma)i‘h ‘ijz?pﬂlﬁ ats%rrghgsr EssBiltiali§ aj%Exth P el ieRBOE 1d P%s from the

el eCtrifcat ‘ou power , romthe fue

st andde 2dgiomof a|fir$twstl rtcathe\,cetmyiarqﬂl@ offthegy a@a@m‘amlbwa the bipolar

ene st grag devi NEE StalBat

be p[??/% “%Hé gere o?a§>11seh§%§‘n éleé%%aﬁ ﬁgﬂému;}gﬁr?\?% o f} X at may

al bengat fovealkiyfyhs ap@ﬁeﬂ toad.p Alvesr net tfloey @h@ﬁ@gﬂnp rpmﬁiueqsrﬁg electric

| IS)e/Zé?eery{) 2 duri :rkges“sg rt u og%)f?ﬂg%?cégt s%% %?roy]gt Bdst one of an

152' Redrky- ﬁ@ishmm?gcuéﬁice fdz Eu?;d thé lbllfbrgjnﬁfo@ye;ﬁg sysltem m system
, such as to the fuel ce an 0
nor e eﬁ%rrsgyo@faa]; gxétgutdféyyia%ee guc;Sasalg NolE QF glcl] v\Rﬂlt% ﬁﬁﬁt %utput power

st agk. be%‘(érﬁﬁle@zoyaﬁ@ishﬁﬁg fhel g gdlt tc@rrdrife The electrical output may be
ener gy- produci ng system 22 and draws an el ectrj

curnashio ekl mh@pg%%oa% h 85 {108} GIeTPHOTSYRE defieg 52. Fig. 1
! gg& ggﬁgﬁ@ éﬁﬁ&g HEH eh& @ PrficRBMybief h@@ﬁay ﬁfdﬂldﬁ&iy least one

30 and/ or "el ectrical | oad
20wi tehérgy-stioengs cdoyies 6. PeviceiSewaen ingluged. é?%adrbé a@?%t?d fotsipre at least

appl Io%’oA 81aql%en91¥,ctﬁg %%{ﬂu?fdrego\@f b ?rofdj ﬁle &8l belpk@&K24. An
t hé %nergy storage ev ce fuel cel
st albdstrating: dthpbmé agyna@tma@e s@rervgeccbqua r/ B issa aiferyy But others may

| ces c
oL SR TR b DL B R AL B st g o

an)the ehérg\j@rél&lﬁﬁ{g&@ﬁe?ﬁ 22 e@Tihd I$200H mﬁms $¥sBm.combi nat i on
of on resi dences rci |

259 ui | di ng"ge at [‘Fé?tg‘}ﬁ‘ﬁ SPHEY 8%dsulgxgn1§ewﬁel hlﬁg gl%i:tﬁ&hﬂty coupled to
as &l%’@ﬂefg@rsproéi&mg SBeR2, aehpyte s, fuetl ra:dl]l stack a4 and/or one or more
equi prent , nalln and conmmuni ca
r a@pggy S@F"é@t Vigey 7§asm%ﬁlth e§1 gﬁlz gﬁes a load to the
r ech&al! 'pﬁﬂi%mg eit&Gh @3 afd dRkeh e\l&hiccﬂuﬁ‘ént ety $ystem to satisfy

chargers and
thegload This load may be referred to as an applied load, and may include thermal

30 and/or electrical load(s). It is within the scope of the present disclosure that the
applied load may be satisfied by the fuel cell stack, the energy-storage device, or both
the fuel cell stack and the energy-storage device. Ilustrative examples of devices 52

include motor vehicles, recreational vehicles, boats and other sea craft, and any
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5 even the bal ance-of -plant electrical requirenents

for the energy-producing system 22 of which fuel cel
stack 24 forns a part. As indicated in dashed |lines at

77 in Fig. 1, the energy-producing systemmy, but is
wot200606878T ed t o, include at | east one power PCT/US2005/043113
nanagenent nodul e 77. Power managenent nodule 77

i nclu any suitable structure for t Ok, :1.3:

ot IGFATGEOT Lol 5, (5 PRE ePaRtFTel LB oic Sy 4 pguildings.
10 RAb&YoFIsPHUR H@t§a&ﬂt1@ﬁtm§ asémidies fapplighets, vexnputtls), 1ndustr1al
ener gy- consum ng devi ce 52.

SRR TR TN - TNE T p—

CONV&IpbEdnSs on ILBMET lebSionBOVEicIEd bit @hér, vehides! bextery lémrgers and
In Fig. 4 an illustrative exanple of a PSA asseml

T & com b ion: cossehisny <y et sl Frepapy ftem 22

S € a/778in Fig. 1,
, B cAsias 0l o Ay ganastgd o e

addh¢ ewmgy- pgodmingsys@nnmay valtys e regufrad i@ dneladegd least one power

adsor bent or e h& lud o
di PR ?%n g@%éﬁgllggQéﬁave %@gﬁ:g%ﬁg%a??ca u;sanysuna ©

I | lstatonet &g dondibging @ranhbmwy Tegtdting ethe rejectifity apspdiiced by the

structure ,for. selectiyv st n 52.
14 es@?ﬁggfﬂrﬁddlcﬂgu?yﬁlem oW bé \/\@én ? kér? E{éd%leg‘c%ﬂ Opsurpipg device
i NpUbdEe d770ap Uhclsde eaoisilbbtrais erbétyre78s bask ohdapst aoheerters,

i nput and out pyt stre 20 include at |east m xed gas
stH@Hﬁ@?ﬁpoﬁ?gﬁ@E%mﬁvgggﬁ%n stream 42, and byproduct

stream 4R Fig l4l dﬂSHﬁs’ﬂﬂaﬁV@e)@X@mﬁbiﬁﬁP&ﬁ( aSHmb@mkxs shown As shown,
structures i ncl ude one. or

L5 5L 00, O T Ol T £ S, P e v

14 escﬁ@cﬁf)ﬁtibﬂl ééséi&%@& e6h adD10H. SBEdsGD endy! d,diddldr@ll}a&daltematlvely be
collect fluid fromthe beds, and val ves, gﬁUCh s .che

val refesied ttsaﬁ ehiobanthpivbers opiisgtiohregoss- Zha dtsh GG sermblies
I n ﬁa@g b% é’&ﬂ:ﬁl%da&f 1lﬁ3§ﬁ9@& ¢n Pl 6/d %?Sncjlg& £y Altdhle structure

he scope of resent
d i sfmt @slacrts/etyhmtabﬂlbienm and egstristing dlyigd ﬂﬁ’ﬁyb@\'i‘&?eyl the pegs and/or the

to . nC' U iRk %tr?%} |09137a§ J};ﬂﬁ? 7§h B@Ylmth'erlnﬁitgmd dutput streams

TyﬁP sseée |nc e at least two
2d)eo|‘mc1uamdt khitanixed Ighs srrahu @b mrmleehycfr@gnn stepampdh, @nd byproduct

beds. ot require S r

ndeEad 1% phguriee S-iBhes B UG picbelyps RAGAE R ¥r more of
hy dhegfidsS budhardiswitulioatnd edkttiameaniblds hmt pkaﬂeéue'ptli\gﬁlm&dapted
beds exhausting 30, t se W

1S dOSRREE DO gD T GEE (oo Ve s Ceck Batves,
st r &adHoivaled, fubg valvesisha alellike. Bwﬂérﬂluetratd/lesdxmnpia,tthmm beds 100
assenbly 102 is adapted to selectlv

23asag ShaEmbRAt o Hire the|SGPRA qLHe Py %“l%ﬁ‘fﬁe t{h%teté o't e Xbef of beds
andyexRaystuchla MONABBE LGS 68 TesPbeds Wha) titdvidd ﬁﬂ.Eig 4, Typlcally,

bypr oduct stream 76, and di stribution asse A %
adagpsebly 33 voll linsdyde tah]@a% {iwe pedsgand often will include three our, or more

beds. While not required, assembly 73 is preferably adapted to provide a continuous

flow of product hydrogen stream, with at least one of the plurality of beds exhausting

30  this stream when the assembly is in use and receiving a continuous flow of mixed gas
stream 74.

In the illustrative example, distribution assembly 102 is adapted to selectively

deliver mixed gas stream 74 to the plurality of beds and to collect and exhaust
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hydrogen gas that passes through the beds and which
fornms product hydrogen stream 42, and in sone

enbodi ments to deliver a portion of the purified
hydrogen gas to the beds for use as a purge stream
Woeoak/oss 787 but i on assenbl i es may be confi gur eBCT/H532065/043113
fixed or rotary positioning relative to the beds.

Furt her nore, di s ut i

PR BT o OB TR Flict a7 Bt o it uritied
t Odr} VIRIgBE %hs\/tﬁlit}paﬁisl@ tHrlpttBe bddegid ahizh fﬁﬁtsep“rodmt Iepdeogen stream
an or Co

lect flows of the <corresp in
st rifanid ingemelembagimenis e delisha 8xEPrD §?3@ p@%&%ﬁﬁ%ﬂgogen gas fo the
di Sﬁeﬁé B3t 450 a%ﬁ&%rgﬁle%nleﬁle@s‘inﬁd’ﬂl@h WeRnIBli¥Lehay 86 caxifdgured for
exhaust manifol'ds, or manifold assenblies, 10 an

sdi- sfiredbert MWYaB@éwmn; wdativRelp Shachedde EPT(S‘EﬁH%‘PmaﬁlEF distribution
pur qu ASICN UL Sf stribtibAttd 88ices to
Psﬁg§§ggn%F%%q&ﬂ at |1%§% Jmstrlbutfon gssenblles
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2 S SobgF 55 A PR SPo RSB ot
adaptetbly 002 mhjameluﬂe Irrakad/@s atidbexkagdh nintelds.tay manifold assemblies,

5 S50 5h3 R A 53l e o GEPRFEIRP it

Pr es8dHRics WintBacBies PSP dsednislss tabhtilas dstdiuhon assemblies that rotate
constructions are mntQJ he scoge of the. p

di s€lagiggodhe beds rrwlbpfr? 8’5‘?4 QRS b%}ar PLSYF éwg%a§SOIPQ1on assemblies,

adsQTAORdnBIRL MBShiSIE the@idnifalds PSRN bR not ydhlpteﬂ@p e relative
flow reversal of gas streans relative to the adso

t
beds eathnotherdo captasly estghligh angl gssfriy flyid GapReFIGRTMAY E%’E?E?ﬁed to
1CONRY k3ed RUbSE aﬁi@dr%l Med)f pBdE09Rhedadsorptita Bisx@blied0 Both

gas streamis delivered under relatively high pressure
t 0 emetrustignsce Wﬁbﬂlé]@?s@ﬁ’%?ftth%@é@m dpdovifer eby exposed

to the aé’a%oxf @lg%t((,%,)b fgsgjrgl@fémg u@rdwoh)%sltsec[ue&aa@rpressure

t her eof rat| exa el ivery pressures
f or cyrdixgshdgfisv stvus%amf 2ds sm@mw@um ¢astha pdsorbenpbadpeln the context

LA Shi0s 200 susHi NoRR B SRUERRL] Br Ao EARGE o mixed

2@t Cgas s&édnlﬂﬁli@hvemtbﬂﬁlﬂr etively hxgﬁ@resﬁurc ki eneread gétha pdsorbent beds
within the 25 s e.of th esent. d C e
mi ng;di té\arg %%@éﬁf % E%ﬁ(ré)nc taénea d%logrh SAH%O%EPQS?%% thereof.
car RRARE exdniifes df&teb@eﬁry @re@s(nraiéor mﬁteel rgaastcHaur T4ointlede pressures

ones of the urities, ot her. d
andm e Fio8S oh {0 PUbRY. TEIBPERITS 1P STEH0] S Lheh SO 100 b
ads Qo Bsnt psi, 70408 phiS efe€ GRHSEH PRREBeYagSite af t?umn@ are within the
readi |y adsorbed on the sel ected adsor bept

S
2% hescPBATBe BiRBANY JisoARITe- ofv 6 IHEF e SiTeD o HaSigh gipasorbent
g asy, g#oﬁe&m n'MHneRidB QMR d‘f@;i/deﬁﬁﬁt&a@ﬂ/df@ﬂﬁr aikes Uf fhk eﬂnyurmes or

erre to as a Url dr ogen strean1 passe
t hr @xhgﬂgamearg odsosld, sl kbt FMpRTAERETRR Tollg Adorbent.

t heTl?ggs bd:cﬂlsg EHeSc‘e %@%ﬁa@é ?rxore Eé(cﬁfgga?%b&?&l ﬁﬁ@)éel@&ed adsorbents used

descrl ess re adsor bed
conjpohe PSA askinitdy. The bomainivg pritive, ofdm poxeddgas éfrepan, which now
et cC.

30 may pgrhggs %g%cz{clcgr%%l}a Be tré}grréaotroeasre?ﬁgl'nllé’d ﬁﬂﬁ@éeg esg'eam, passes
through the bed and is exhausted from the other end of the bed. In this context,
hydrogen gas may be described as being the less readily adsorbed component, while

carbon monoxide, carbon dioxide, etc. may be described as the more readily adsorbed
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16 WD 2006/ 068787 PCT/ US2005/ 043113 conponents of the
m xed gas stream The pressure of the product hydrogen
streamis typically reduced prior to utilization of

the gas by the fuel cell stack. To renove the adsorbed
vaswas/ocstse fl ow of the m xed gas stream i s sPOpp8a9s/043113
the pressure in the bed is reduced, and the now

desor bed ga are exh usted,.fromth
doSOPBOTR & EORmBEL & § ehe ant PRRLS .%“gf’g G 188 Sggnsuream s
t h&%@Emswueedlxpﬁdalt@uﬁlﬁmuadaanéa@atbynb@fuemﬂ lstadiugh t he

drawal of icall tercurrent
di recti di TEW%Y%WF\F@S‘¥EM[ §78°S¢ g}?gﬂ gg}e ‘y%’hs stream is stopped,
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5| ndiegd dhe esoipsion step giteroigclpdes SE]@F]T]‘[\{? SCERSIE {%ﬁ p{%gnﬁ g\/éthm the
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counté&rcurreit flow direction"to the direction at
vvhlrelatwme) thexfeet! dinections cBrs flpsorgsiont Her tgh alseebe referred to as a

233 erggegsr&%zgtf%gl B0 b1 Aolvh) HSH. " Ghis V&e{?’éﬁ@fp |1rﬁhf31tes 8r is performed in

gas stream is a portion of the product
hy thoﬂglﬁmc&t wﬂamhe as ¢tha purge @antrczgn,cwh:ph iiss typicelly delivered in a

hydr ich i es hedat
et al B frieh JaUERiEihY Y BRI R AL Rl ows
gasthfdupie @ adedrbeno ngfont hesBlugesivs epaaple pablsytaébavtﬂrg@,ys stream

readi | y adsarbed than 15 t he adsor

rmrlé 2flogiog roglf}?eyprgﬁaqft H?S O%C&SSEIF% o tglrs S%\Jfrae 5 On?p%g a‘ﬁ!ﬁpydmgen
adsgkbelch RMesk RRAdAH s@oRRA tHag Xhdeisoed g&ds @ther gases may be used

di scussed, this desorpthon ste

at s e SUUR e ES RO BTG (O Ie0 ] L gEed tha

19 e%é L8R beMVbabeR, ARL eved Ghtiré BibferhBly iafe AtiABorBES iof afel @nly evealdy
utilize one or nore equalization steps, in which two

or afserbeds en theadeorbnishbejngased-nt er connected to permit

the beds,d g&qual hag dgﬁ?ptfoﬁls@éﬂ ¥By Rh@S&U8RFing an at least partial
t her ebetween. For exanpl e, one or nore equalization

st epsuRYn pleé)@éxdn@lt thiireis deigeryieil o NVhdlsdot f?ﬂ‘é‘éf‘éiu‘ft is,dten slgsirable to
St elﬁshtz & Rk O Q&Jaﬂgact%'ﬁ pgtéé)g n 11?‘ ch @\QU i B Qs Be fluidly

used to re uce pressur and to recover
205 onimtepdontdeesdpo perimerhe hyd$rto gremhg?a@e G@ﬁﬂ\@l pesguTphthenghetween. For

gggegﬁa\/\pg lt Cote’ : gr ﬁltgge dt n gah(zat@np o zg u h—la§ ab00eS kP 'desorption and

O I NCreas pressure
Wi t frequtifi€ion edps. ERgiar tozhd danrpiiay step, eqreliampbn shesdd b redgee the

cocurrent. and/ Qr  countercurr f
PSR n P SRk B e et n
gasks, Whils QHpt &f ed, (ré)bfésslﬂﬁﬂmloﬁ sa@allequaﬂmzmusnmﬁﬁtmm:fease the
ready to agai n receive

2% hePtspie; Wiin the - n?‘i&’égzaﬁa}% f%atyr@a?ﬁ"a‘é‘nﬁ“{i}sfﬁ uine ﬁ%"“é"te%t and/or

For . R RFRLEnt FIRESY Shs DaGtet fhe H@@ﬁptldn(hn%r pegesep@) ﬁdhe idésorbed
is typically at a 30 relatively gh ressure an
[

congatni %anllfé?ﬁ ithg bed 1ﬁ9&q&%g)é?$81¢}y§ eyt 19 ggaghgecewe and

( angmove impurities from the portion of the mixed gas stream delivered thereto.
For example, when a bed is ready to be regenerated, it is typically at a
30  relatively high pressure and contains a quantity of hydrogen gas. While this gas (and
pressure) may be removed simply by venting the bed, other beds in the assembly will
need to be pressurized prior to being used to purify the portion of the mixed gas

stream delivered thereto. Furthermore, the hydrogen gas in the bed to be regenerated
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pressure) may be renoved sinply by venting the bed,
ot her beds in the assenbly will need to be
pressurized prior to being used to purify the portion
of the m xed gas stream delivered thereto.
W 0be8B7 €, t he hydrogen gas in the bed to BET/US2005/043113
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may be present within the adsorbent region of the beds is a desiccant that is adapted to
30 adsorb water present in the mixed gas stream. Illustrative desiccants include silica
and alumina gels. When two or more adsorbents are utilized, they may be
sequentially positioned (in a continuous or discontinuous relationship) within the bed

or may be mixed together. It should be understood that the type, number, amount and
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The adsorbent(s) may be present in the bed in any suitable form, illustrative

examples of which include particulate form, bead form, porous discs or blocks, coated

structures, laminated sheets, fabrics, and the like. When positioned for use in the

beds, the adsorbents should provide sufficient porosity and/or gas flow paths for the

non-adsorbed portion of the mixed gas stream to flow through the bed without
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(namely the gases with greater affinity for being adsorbed by the adsorbent), a mass-
transfer zone will be defined in the adsorbent region. More particularly, adsorbents
30  have a certain adsorption capacity, which is defined at least in part by the composition
of the mixed gas stream, the flow rate of the mixed gas stream, the operating
temperature and/or pressure at which the adsorbent is exposed to the mixed gas

stream, any adsorbed gases that have not been previously desorbed from the
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r egLfRed capacity, if any, to adsorb additional impurities. Described in other terms,

adsorbent 112’ may be described as being substantially, if not completely, saturated
30  with adsorbed gases. In Figs. 8 and 9, the feed and product ends of the adsorbent
region are generally indicated at 124 and 126 and generally refer to the portions of the
adsorbent region that are proximate, or closest to, the mixed gas delivery port and the

product port of the bed.



especially when the m xed gas stream contains nore
than one gas that is adsorbed by 20 the adsorbent.
Simlarly, these gases may have different affinities
for being adsorbed and therefore nmay even conpete
WQ W0@81870t her for adsorbent sites. However PCHUS2005/043113
subst anti al porti on (such as at least 70%or nore) of
t he ads .
| ocal | 2ot et PERdsicReR Bifrpas dsfhabfAt Pl do migrae
por towand an:d avzyrfenm etdsnicidrgd t126 n‘f @eaﬂa)rlﬁano mgtdne Maredpecifically,
end to the Esrgd%gct.end (l)f t he n._durin
55 e Ret AR 57 Pt S UEHaRR UL e orIed SpPip pressure
i N Edflo®, dikdtighi chenBsiswingadisdusyionz @ik deldibelthe &’B@Mﬁycle with
noved toward port 118 re] ative tl%f %ls 03|t|

HEISEL ¢

In
Fi grefegencade JpHishar i thegygledendio 255 fratsi i (andor the

1144is@fbuti o sRb tsesr tﬁﬂiu thélabldorbeay %g@brﬁ URSEAIM balhdérstood
reduced capacity, o adsorb additi onal

i pilet fthﬁége pdersth, wédhq Waﬁttr?élﬁfet eneevill tepfsorgehturipguse of the
rmyP?ﬁ ags%ﬁl%[}) RROAnASoREINE YRR hitAEl YimdnbioR Ot

conpletely, Saturated 30 wth adsorbed gases. In Figs.
8 and 9, At e begintinared 2P Gyele.che dedfs pisesunigesioridethe mixed gas

14 egét%g aﬁ&?fsg? f?Lés%/lﬁé Qﬂjo& tﬁg aﬂgc%rg&ﬁ r@é]a ds%@gﬁ% (?hls adsorption

generariy i ONS 0
r egsten inkpatitiesr €.cpr tiei mhtre ,gasos) eleogdsetbet by tleeadsorbedt(s) in the

0SSN EE LoD L L UL LB e Sl DR P

PSAmﬁBeSmmlrd/the Tdh;&ll rmq&ocﬂurcara:s«ﬂ ef thecudeorért Iregmmi 1t1mal pomons of

t owar from ends
P BT LEiSH PerIPe Mo To s reiecih 460re8a gba When th
15li sgddeplitn sRSMA ¢(ﬁn;ﬂet6cy ahé GoRrIGEREd bdvadirehmvial 1y else adsorbent bed
repeat ed changes._in pressure and flow direct

f of kit glowi & DRGSR UPED 55 L2 552 PREOPSA gvh V@W% product

5 rRiRsRAGReAP4NNE ShERS. IWhildieot fatalr8a, tBNBed BayathéPehdergo one
the 'mass transfer zone (and/or the distribution of

ads¥rpag egeadisaiiopjsiegs ghwhlﬁ]@ the dped isHBR{LY prggqc@rﬁr)ecteq y/ith one or more
shogh g degs @P§A%@§émbﬁ>haat deH?:QseSth@ Bresfike mr}g,ﬁnygapgast Bsent in

mass transfer zone w | tend to vary during 'use o
2(PSphaded atyl tp chargel therrecree‘flng bed(Brvith prossuteangaydrpgen gasx éi:as may

di %fﬂ?&awﬁroxél?ﬁérgghﬁ d(?lfom:aﬁjﬁglfo? X&h% t]]ier]i%ecpgrqpé Eroduct

pressuri zed an mxe reamf ‘'OWs un
pr esssr Dkvingubh gishEomdbe ptmdmt posgw@lnten@m progide Ihy@ogen gas of

adsorption.. step urd i h S,
o SRR iy BT By 4RH ibh BB bl e iR MR addBRESh pressure
r egieoiting®&orh tesaep willitehd tcﬁﬁa\&ﬂlﬂplﬂ‘ﬂﬁl o irhthel ;hréduen maslsch the gas is
ransfer, zone tends.to ve towar i stal .. or

23 1 daored BRn e i b enco MRl S e phigterFone may be
pordes@itedat beithRotsibiovaithe ErRUIf G LIe6:06M8 HIR tlese3Nd tP®@t from
saturated with adsarbed gas. Wen %Cg g adsor ption
st ephiFk thegipis aeraeediiynm 11 B o se ng% 1SRt I, WheT (e bed is

t he,cafs psaent aRe® impurities from the mixed gas stream, the portion of the

adsorbent region in which the majority of the impurities are adsorbed at a given time,
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withdrawn from the bed.
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and the flow of purified hydrogen gas (at least a
portion of which will form product hydrogen stream

42) are stopped. Wiile not required, the bed nmay then
undergo one or nore equalization steps in which the
weckoeesBui dl y i nterconnected with one or nOPEI/USNEFEK3113
beds in the PSA assenbly to decrease the pressure and

hydr 00 BT @gﬁrﬁsisg?zgea L he uhe gteﬁ@gariéaﬁy ARANHE ghiom the

recei vi'h Ssure and ogen gas.
MBYed Rr MchiRE fRvias ki Wilbtepd esisive iadeghebeucéntipn of the other

either, or both of, the feed or the prod :
Drggwsnghllch éregjggorpq.cbﬁwqxﬁ]ée iﬂ%%raﬁgtas glgar é%es\&ur? I% %héa ED%EI %s;decreased.
]P I ?J%an%f eréd’ﬁﬁ hagae I_Igferreg rt@a% ﬁ lbyprotindty ot irporigasredmaith and
rom e 1eed port. wever, ecrease. 1N pressyre
5 r eual bd pgd foromyatiets oS IABCAoNt, RIS & b Pl LT it or
| Nhdd gheq{i@e Qs{séxgﬁ‘lg%at"%x%hsis he rgdStrbsin 26 prRivey achdatednexhaust
en e

t he adsor . Accordingly, the mass transfer one .
megrele.  degtiwcidsed hwlrogsnragnareiaadassemblydiG meY dRgludy & peting
adsor hen ed.c t 1INt B o hbR 8 a&ist th
i sasfeérﬁg¥/2(ljg?agésmgﬁgﬁbtgg&dgxt‘%?ggésté%% nodifferent ter e ,e
whesdrdges phddcins regigaihofithe duel pragessinets YFEPu rAcPEings o diry’s
the m xed gas stre h i f D€ M related

10 ; dghbrs AP e RO i CP R foiE o BHERbeRe Blclaid t
adse phed ﬁﬁéssaregj'f\tmladsmed g@0preseet in thhedsyebent hadarkeggtore, the
zone, W |

Il tend to be noved.to t . f:
L D R
?i \Fvﬁﬁtaih&rﬂ%@gtemincxbhm eagQypitilvaiti low passures is initotehedvinto the
romthe bed. 22 W) 2006/ 068787, PCTI US20051
A o b5 B SonS e ST BR8] U b Bes
15 0 B0 GwBRTohd B Sdi6rrkReRoRAl hitietRUsmdvieoighs dboadngases
W tend to have a higher concentratjion of the o

her. .
Gersssingi BHber dsea@Sgh B WO (bha REEal ban AT Sitebl
pr r8s Ii ' §easRths pERictsigXfiadistd Sy €RnPSA
rra@ﬂqr%% grgsefglpﬁlgge(?g@g?%ggggg r oducts, p%r [ Ssz)ljﬂriri ty a{?r eam . of
76asaerbls. Fapicly, thearrgeoyiream flap drop the PayyFt aditp Bgdoed ond o
including as a fuel st lefdkitioR k€ Fnass transf
nedpi s el dsdlpd U hot' REABpLRes 2 R et ofmass twanstr
20 Pr 2y ovard emt foad enbadishe adsorbeaimegimg. ditde ydtbiwythe scope of the

hydr agen- generati on_ass Dok By aoheRkidieh, ma
asglé‘ﬁg?‘v @itQE%g?rg? &% ae%@c?xl tfélg%?g%!ﬂtj}g g%a heat ed Y
exbauet ash t@mtastitle figd btraun (sehsts forHeating assembly 71), and/or may be
hydr ogen- pr.oduci n iop 70 of the fuel processing
sy@flhé‘f‘ﬂlseAE‘é‘é‘i‘A;‘Pﬁl@eglf%gEk%tpvpéocfﬁe?;aw, the anount of '
adsor beghgasemtivhatanileotleBX bede fsrmom ¢dnplaals endbenew jcycle is
related to the partial pressure_of the adsor
25 pr eeatly Pguph EoBdEBIPe HE PB@B& g8t ‘6‘% s &’f“ﬁ geppe%'g“%&’ such as
dep %%ﬁliérd RLily |l§édefbr rﬁiaythémgdsu@em beal _ﬁmﬁfgomdeqmyuzaﬁpn, and
at Teast partially overlap in ti Wi th a. pur
st eptjonially why b fustist PRSI T PUaTor BrgERrgiet A veped thereto. By
! n{lﬁﬁg}fg £ Elufaﬂ[}pof{alagorbent beds, typically three or more, the PSA assembly may
be adapted to receive a continuous flow of mixed gas stream 74 and to produce a
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represents one-third to two-thirds of the PSA cycle, such as representing

approximately half of the time for a PSA cycle.
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adsorbent bed. This gas flows through the adsorbent
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appropriate distribution manifold) to the adsorbent beds during the purge and/or
blowdown steps to promote the desorption and removal of the adsorbed gases for the
30 adsorbent. The desorbed gases, as well as the purge gas streams that are withdrawn
from the adsorbent beds with the desorbed gases collectively may form byproduct
stream 76, which as discussed, may be used as a fuel stream for heating assembly 71

or other device that is adapted to receive a combustible fuel stream.
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methanol.

As discussed in connection with Fig. 2, when PSA assembly 73 and heating

assembly 71 are used in connection with a fuel processing system 64 that includes a

30  hydrogen-producing region 70 that operates at elevated temperatures, the heating
assembly may be adapted to heat at least region 70 with exhaust stream 88. For
example, stream 88 may heat region 70 to a suitable temperature and/or to within a

suitable temperature range, for producing hydrogen gas from one or more feed
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hydr ogen- generati on assenbly and/or fuel cell system
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to c?orngggsc’gr Eexpergdtgct hydrogen stream with the fluid conduits for the byproduct

stream. Such a fluid connection may be used to selectively divert at least a portion of

the purified (or intended-to-be-purified) hydrogen gas to the heating assembly instead

30 of to the destination to which product hydrogen stream 42 otherwise is delivered. As

discussed, examples of suitable destinations include hydrogen storage devices, fuel

cell stacks and hydrogen-consuming devices. Illustrative examples of situations in

which the diversion of the product hydrogen stream to the heating assembly include if
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already receiving its maxi mim capacity of hydrogen

gadinkpge, ascheypatically illustrated at 202. This comiunication may include one- or

two-way communication and may include such communication signals as inputs

and/or outputs corresponding to measured or computed values, command signals,

30 status information, user inputs, values to be stored, threshold values, etc. As

illustrative, non-exclusive examples, controller 200 may include one or more analog

or digital circuits, logic units or processors for operating programs stored as software

in memory, one or more discrete units in communication with each other, etc.
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service or otherw se unable to receive any or

addi tional hydrogen gas, if an unacceptable
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WI t to-cadoimsnh ench astresponsive to such factors as the pressure within the bed, the

30 gas volume in the bed, the flow rate of gas from the bed, etc. In Fig. 12, and the

subsequently discussed Figs. 13-15, the graphs are intended to provide illustrative

representations of the pressure or byproduct stream flow rate as a function of time.

Because the graphs are intended for a primary purpose of illustration, the graphs are
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27 WD 2006/ 068787 PCT/ US2005/ 043113 Controller 200
may al so regul ate or control other portions of the
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as the tinme period between tj rgs 214 B
will decrease as the pressure within the bed decreases. Prior to the start of the flow of
purge gas to the bed, the flow of exhaust, or byproduct, gas in stream 76’ will be
relatively low, as this flow rate decreases with the decreasing pressure in the bed.
30 When the flow of purge gas commences through bed 100, the flow rate of stream 76’
will increase, as will its fuel value when the purge gas is a combustible gas, such as
hydrogen gas, with a more particular example being purified hydrogen gas produced

by the PSA assembly. When the purge step is completed, the flow of stream 76’
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example, the carbon monoxide content of the heated exhaust stream may increase

30  responsive to a sudden increase in the flow of fuel to the heating assembly.
Conversely, during equalization and/or prior to the beginning of the flow of
purge gas from the bed and/or at the end of the purge step, stream 76’ may contain no

flow or only low flow and the flow that exists may have low fuel value. As a result,
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decrease. As the depressurization of the bed
continues, the flowrate of stream 76" w | decrease
as the pressure within the bed decreases. Prior to the
start of the flow of purge gas to the bed, the flow
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As variations of the illustrated example, the initial flow rate of purge gas may
begin at 10-75% of the average flow rate that would be utilized in a constant flow
profile during the entire selected time period for the purge step, and then increase
toward at least the average purge flow rate during the first 10-60% of the purge cycle.

After this, the flow rate will continue to increase beyond the average purge flow rate
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will tend to increase the tenperature, potentially
rapidly, of the structure heated by this stream such

as the hydrogen-produci ng region of fuel processing
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rate that produces a heated exhaust stream adapted to maintain the hydrogen-
30 producing region of the fuel processing system at a desired temperature and/or within
a desired temperature range, such as those discussed previously. Additionally or
alternatively, the purge step may be adapted to produce during the PSA cycle a flow

of byproduct stream to the heating assembly that is at a constant, or within a selected
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Tllustrative, non-exclusive examples of implementations of the systems and
30 inethods for ramping, staging or otherwise regulating the flow of purge gas to the
adsorbent beds of a pressure swing adsorption assembly include, but are not limited
to, one or more of the following implementations, which may be implemented in one

or more of a PSA assembly; a PSA assembly adapted to purify hydrogen gas; a
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is within the scope of the present disclosure to use a
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flowrate. Hn some embodi ments, the selected flow rate
corcogppuntignd other gabeswa PP Atassentblit adepied e wesnoye frapuridigs (including

FX h: oh n’?&nroﬁﬁga @&Rﬁ‘feﬁ%g&? é‘%}asitr@m&a%dtogﬁoﬁHI raffgeg Qel? Qgck adapted

produci ng regi‘on o processrng system a
degb redive anjses atportenarf diegpurifiet hiixed gas slesiny) eahd a heating assembly

tenperature ran uch, a hos i.SC r.ewvi Ly,
| COREFEAE Eo B BUBRR? oD AP SE56 LB R cin
adapgiedl with pieddogedpfodingng FegidRSationailyebeingf 4 ewam of autothermal
byproduct streamto the heating assenbly that is at a
coﬁg’ﬁ%ﬁﬁﬂg 'B¥Mi thin a sel ected 33 WD 2006/ 068787

15PCTI US2@Qpdidstl thd delidgtgofGlurge gtetienind Bddrbeat bailteeliattain the

fuel value, such as +1-5% 10% 15% % 09 .
of e et i PREUEAIam YHE By psbudle: 45kedne. 0% ec. of a

pr etRrERPEYwRENt @i n either or both of the
above-di scussed rel ationships to a selected flow rate

and/ or Reeplating the defivennef riree gatpsthe adserhsat b fogaintain the fuel
porv_talugrblf R‘%\'}ﬁ' {2()\}(11955} sgﬁﬁtﬁ wth&f 61 38l Yool 15982094, BB LiB®:F 2 selected

peri o e PSA assenbly is used to produce
20pr ddeloeluhy dr ogen stream 42. Wien the byproduct stream

does n oﬁ)eﬁ%ﬁﬂgncéj 8%?‘%“?“5&3 %hnlﬁite to? g{l%g {%%p % Ia?] %ﬁs&&%t bedf during a

above- di scuss eri a, In the scope o
t helegisnkd Smegetidrbdt aivarymgy/fldoragn for at | east 80% at
| east 9Q% at. l.east 95%. or more of th I .
enbodi nbrereiveE SRreamene ol Phe o inoh s B B Basolidn ¥ Guring
W tah inftéa] flepantagd @f the pirges tydanand6optismaliyl ders mainkeérah e cind/or
exhaust .stream adapted to.nmaintain the

2501 GAEHETIRE TEg

h drogen- .
e PERPuAE AT e Beletri LU R Geles

desi r ed I{igApedeiil et tAd oW ratwot flirse gad telgxs hdsefbent bed at a flow rate

tenﬁ)etat ure raﬁrj?ge, such ﬁs t%os di stéussed pf{?g‘)/i ousl é
Forthat ssalfift tBan 117k avf eBE Qg ¥ xNZ S (e B AY R8P sipp pbige gas
t 0 gRivAll Bk Ricli R WG IRNPIREO SHIE bIPS £ Bk6B, and thereafter increasing
the flow rate of purge gas to a rate that is greater than the average flow rate of purge

30  gas delivered during the purge step;

After initiating the flow of the volume of purge gas, selectively increasing

and/or decreasing the flow rate of purge gas during the time period, and optionally

subsequently decreasing and/or increasing the flow rate of purge gas during the time
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whi ch in sone enbodi nents may be referred to as a
reform ng region, of the 15 hydrogen-generation
assenbly at a relatively constant tenperature, such as
a tenperature in the range of 375-425 C, 400-425 C
W@ 06I80- 450 C for nethanol or simlar PCT/US2005/043113
carbon-contai ning feedstocks and a tenperature in the

E?Bgrﬁ sfo t@gg %ggma\efd%ﬂﬁrg éljff F g%aX 1s7ge§1v§r%§ d%n;?ﬁgg dgtgxg’)mned
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nbl
5 pr BYRGHEEIPY SpRRAUsAng (R SPIOR sHEEn nfae}nttéﬁﬁ’skg asSETARY Retow 2
a Q&@Jt&ﬂh%ﬁ@&'%hclﬁésr%%hhﬂybﬁ}ﬁ 1® N Gap, 3F le@ Of at

| east one conponent, ‘such as carbon nonoxi de, that
exceedssae%@rﬂéfcfhéalbvﬁa&sqqdlolﬂlmap@epurgmcﬂﬂs 48 ho pispibent beds

Py, ef
pr el &ﬁw | ég Pgé‘%?ééﬁ‘?@a ap?x%ﬂl%%a%{gga@ §efst‘919ne°[§1 rMhem which the

pr 0 uce a heated )
ex ﬁaWSnatesqfrxevegn gdsds lash tlangdiayeragh Slomoatecgicthe phegs gas delivered

10© agﬁ’@ﬂh&h%ﬂ% 8%81 SRNG ?%g{n 5}1% é)%ﬂlo%fmlvﬁﬁcch {hQ %wﬁ%(%%g glrﬁge gas is

ess t |'ess than
or gea@nthlamﬁ& at/dsragr: Sovppate ofl the mger gitsideByererbdurmg cHeusirgesstep;

XD 8 RS TR L 0 B P08 s
the ﬁllamwnofhemﬁ@ﬁtr@m beattlhcfSt o@dmmﬂmam dedisaeil eahaust stream

OB B4 oA B d R IERE. Gl PodRgieoeibl below 2

151 n’g&lmmlaghcmmsaluaﬂhl ch may be i npl enent ed |n one or

nore of a PSA assenbly; a PSA assenmil apted to .
purify ?ﬁ}%ﬁtld@l@ ﬁelg\g{:gmg gurggﬁa% t%%p@g%ﬁﬁg%s g} PSA& assembly in a

PCT 482005 31l 3 whkE KRORRy SRNBS Alrk®BaPR ALY to maintain the

including a fuel processor adapted to produce a m xed
gaBowt Ifaéeaﬁf eanframnthegPPé casesgdly dae Brating saspaajbby jat pr within a
coga 2 L RGEsHY e-and a PSA assenbly adapted

to p uce a product ydrogen stream fromthe m xed

20gas st Padentiveln delinering phigeystodhs @@ﬂxbantrﬁ’ng ofa P lassewbly in a

30

st gﬁ'ﬁbl (a)t%lg%g{??%eﬂ \91%5111 ftl%/ F %éAo ?llﬁ'g% %%%) i @th%%) maintain the

source rogen gas to be puri
asﬁshmlye (uwl fldnw trite of gaufrom thpPEArebdmybly te b hieiting assefnbéy at or
cessor, and, an gopethrenpng Nts a steam reformer);

a Wi/ rogeEnéé’ﬁ FET On* 258 Iy Pncl udi ng a

hydr ogeRegpianieg dierfpw gl afipurga @a:pttoeﬂe hdmomemch«tdeofaa P8 X edtembly
gas streamcontalmn as as its m .
oo BT Hircieuerag £ s b ek EhayrgoRdn bl prpocssing

r esRieen tHHpUS inkhted byl Ated@i NghAldt GREDO produdeX ibgeonfbuoifg the

the m xed gas stream (and optionally a fuel cell C
wr%xct stgeam of the PSA( assembly within a t)e/mperature range of ?6(%’ é( and

preferably 50° C, or less;

Regulating the flow rate of purge gas to the adsorbent beds of a PSA assembly
to provide a sufficient flow of byproduct stream to maintain the temperature of the
hydrogen-producing region within a selected temperature range and/or above a
selected threshold value when heated by a heated exhaust stream produced by

combusting the byproduct stream;
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to receive at |least a portion of the purified m xed

gas stream, and a heating assenbly adapted to

conmbust the byproduct streamto heat at |east the

hydr ogen- producing region, with the

MWaooEg@a78pr oduci ng regi on optional ly bei ng aPSTR&INNFHI43113
autothermal reformng region: 15 Regul ating the

del i very,of purge gas to.the adsorben e 0

it o SRhBH E RSl b USRS Brot el Son ety
+/ - toa%einth(h% cohbfgou? Ow ARG bygreducnDiiream ts @l heatingthsselmbly adapted

rate; Regulating the delivery of purge gas to the
ads@r‘ﬂgﬁg&ﬁgﬁgo‘gﬁtFfﬁﬁaﬁ’caéiarfueilﬁge%gl gvalgue of the

by pr oducRkegstatig@theVlldwiiate off pur&¥aas 10% ado¥oenZihof IAPHA assembly
etc. of a selected 20 fuel_ value; Deliveri]gj?ﬂa i
et ¥ehidHediovd aREne RN geotidasandooniionalis arpEtRe eg profile that

dur inBEd& ord @t &lofd BERclehidRalP@lzh @4 iatlod, Vdppeli e didfPWise) changes
rate; Progressively increasing the flow rate of purge

gasintilovaandensolitsenthapgas inflewng  an initial percentage
of the p/%lgﬂgf ﬁﬁéczlb%ye @9&???290%1{ BR&LY i gerEhtE& ifh! PPSA assembly

and/ or decreasi ng ow rate during a
sublsvingeatplpdity exfitaslgerbeft et agaptege tac yaskigs al mixefl gab ystream that

el ' fl 4 . . n
oL Lok 88 s USG5, 2 0 4ROELRNy o e
opt proceasihy sy theat inelmdesodt 1dakteoreviefoagmgfregion péapeedab produce the
purge gas . that. will be delivered duri t he.purge .
G R B peaPayiieam vy Saf ul Ll Bt R, win
f | oavi¢ast de efforpingegihass) bbtha fidtpeoceksady dystegradagted tot beaeated by
the average flow rate of pur 0 gas del.ivere
Gt FICER B e e L PSAAPERT Y AP S g ot e S gy fe seam
14 hetovad Hemin® bssprabge aﬁﬁ&;iatioﬁﬁl}eﬁlt futBéryconibela8as Wit a fuel cell stack
and/ or decreasi n%] the flow rate of purge gas duri

n
t he2depige toerel vscht Tegsip mqr}(ﬂ{éﬁ g)mfgeg@gg@gc—‘éhgap yroducedgny the PSA
decfsgaipg and/or increasing the flow rate of purge
gas during the time 35 WO 2006/ 068787
PCT/ Qs20d8haisFon Bnpleyaeitiy theoproprssest Heany off drenghque systems and/or

VF"&’sg%fQJy WO S{eﬁlsg&ﬁlqjoyer ed during the determ ned

time peri‘od; Reguldting the flow rate of purge gas to
20t he adsak bentol bystisn efaptedRsAcniselchd byeratian ofed i assemhly and/or

conge | f .C . j ?f i ‘gﬂ

CoGEARHN S AINIBE ) R VAT e

f r omcbixeol RBenasssenbl y bel ow a sel ected threshol d,

such as . 25 .10_ppm P | ess. e

el cot 1 vamEEl berRul Mrgan JAT et Phe SRy fypuiting

adsordbgsh ghetiss within the scope of the present disclosure that the PSA assemblies

25  disclosed herein, as well as the methods of operating the same, may be used in other

applications, such as to purify other mixed gas streams in fuel cell or other systems
and/or to heat structure other than a hydrogen-producing region of a fuel processing
system.

Industrial Applicability

30 The pressure swing adsorption assemblies and hydrogen-generation and/or
fuel cell systems including the same are applicable in the gas generation and fuel cell
fields, including such fields in which hydrogen gas is generated, purified and/or

consumed to produce an electric current.
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responsive to a predetermned flow profile having at

| east one portion in which the flowrate of purge gas
is less than an average flow rate of the purge gas
delivered 10 during the purge step, and at | east one

pax 20pax06878m whi ch the flow rate of purge gas PET/US2005/043113
greater than the average flow rate of the purge gas

del i ver p de ste Requl ating the
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aS Sﬂﬂéﬂtﬁtni QvithRiindepdndertt hﬁﬂﬁpncu\nﬁreaéacﬂ nofofhe@et inveatsdns Oee been
onent of a heated exhaust . eam_ pr ced
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v arofadmleeorf o amcbfeﬂdnentsn neittiec equiven g hmmhldmgothOpm gere such
@as IS §djusted to maintain the fuel value and flow

gas fromthe PSA assenbly to a heating

asserrbl )It ai hmheveﬂl tthat nha fdEbeiny rkdns gageubflyapoint out certain
threshol d ul atln the flowrate
to 1 "é‘&%’bsr éﬁt‘b 8@ 38?“%{ B %&%"*\#ﬁ? e ‘fglf“’t‘g CI65ed ventions
mai idadr nblh@ dn@npetaiisne Thvéntioyd empedied i dthet Iagmbmatmns and
regi on of a fue% proce i s heated

sin stemt t
a HeatEPRAREYS feéf”ﬂ%aﬁ% e E’é&l%&? aeg/aﬁb BEPPTIGS oelaimed

19PY PhRHHE Enlﬁdn%%ﬁ’thetﬁ@eﬁ%ﬁﬁﬁﬁ |'ﬂ9és¥ntﬁﬁdn%frhe® claims in this or a
tenperature range of 100 C, and Preferabl 50 C, or
a

| esf§1ateF’2e9@B11<é‘tUPﬁg Susl apepdedy ot ReVh Clagpy: eheleE they drpdirected to 2
c?lffg}%ﬁt mb&ﬁlﬁmocf)r irdoed @SHERINY indhiibf, RhANLd&f@rent, broader,

suf Icient flow of byproduct streamto maintain the

t enparatt peeqypl niseopetiy theogainapelaimscitn glse exgetsiad ai mhlwdpdamthm

sel r sel ected

thfggﬁﬁgﬁl ?O§ lﬁm @%? ﬂ%&ﬁ eﬁéﬁ%ﬁ)m%xhaust stream

produced by conbustlng t he byproduct stream 36 WO

2006/ 068787 PCT/ 0S2005/ 043113 Regul ating the fl ow

rate of purge gas to the adsorbent beds of a PSA

assenbly to maintain a continuous flow of the

byproduct streamto a heating assenbly adapted to

utilize the byproduct streamas a fuel stream

Regul ating the flow rate of purge gas to an adsorbent

bed of a PSA assenbly
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5 according to a non-linear flow profile, and
optionally according to a profile that includes one
or nore of increnental changes in flow, stepped (or

ﬂﬁ@ﬁ’h% 3!?35 1F’iﬂa£9%\:m'u%ﬁdmm and non-1inear changes in
e above systens or nethods inpl enented

W}iﬁfrléclbé}i"”égé%nbl y having a plurality of adsorbent
beds adapt ed to receive a mxed gas streamthat 10
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gc%mng% ?c;)ﬁ:?&ﬁm Jeﬁﬁiartd%e%%}bduedstréahe operation of a

SSG an associ at.e tion
asse rpd]eymg GSSF Y %d[%tﬁcl to é?,ﬁ:?}veoqp mbusg g%g£rggﬁﬂst%§§ fofA

GRIHrds ate sSiEemtiondstdnblyghprodusealsiedxhasittrran Wartﬁiéo
?\Fat theast t?ehhygrogﬁﬁéro%ﬁaﬁgr@él% f@r purifyin g hy drogen gas,

SCO he present fs osu reesurtehat
the PBanufsswEabitingshe iy e §%‘F‘%Eyé’ﬂ’dh°éﬁtéﬁa?? Tory hg Bie}
sb«?n NEHRBES addmippr xﬂ&nhtﬁi@ tHchan}ﬁ:ﬂimB: ofnthgy hjai-goggrggngdqcmg

ot her appl i cati suc 0 hels smi.xed gas
SEHWAABI; aﬁ*#%“egéeérfpframre rantg?}fe’f prg{/&gl% ée{%(m%&: gsér to heat

structure other than a hydrogen-producing region of a
f uel proc %l?esﬂy&% gensééﬁérﬁml agsméf feladh 1 ApHbdirc@bdhydrdgyn- 30

The pressure sw ng adso on asse
W@pg%ﬁgx@@ﬁgydﬁ 3 \ﬁamdﬁfaﬂs?g regiQpfan erJ’?? pro«?uc?mg mixed gas

i sedniielingatérhfd Sarmen-asmmidpiteitabl e in the gas
generation and fuel cell fields, including such
fields in which hydrogen gas is ?ene?at}ed rfbo

and/ of.  cOhsydegertesnprisa deem i B FREY £ WOEUR FEAETB7 WO

2006005 BIBibPEdildeSE B B8 Iab 3B the Hetergiino ten*@vr@tdretrmq ist he
di scl osure set forth above enconpasses nultiple

di2$trht

4, The hydrogen-generation assembly of claim 2, wherein the carbon-

containing feedstock includes methanol and the determined temperature range Is

375-450° C.
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inventions with independent utility. Wile each of
these inventions has been disclosed inits preferred
form the specific enbodi ments thereof as disclosed
STt o H ey
The Ss ubj E‘Ethyﬁrﬁﬁ?‘egfne{)af’mf ﬁsemb\é’v entions | ncludes. al
rdpOMele i@aiEpteon regolaic chelowagarbf HYEREiSa8 thgggsorbent beds of a

? bCO”“Bi nt%trjnﬁlﬁ}%n Qfie LdhEenMAioh QH TaBbit MRUxEe ih el hard,
tnCii oRs  an properties disclosed herein.
eSnamtBt&Pm)belo‘v\,ﬁ%Pl@‘ the clains recite "a" or "a first"

el enent or the eqU|vaIent t hereof, such clainms shoul d
be under tood to 1nclude g&gqlgmzlp& REHs @k hore
suchel eMErPEoBHEPHREr" ?Sée";l}?}?ﬁgfﬁg nor  excl uc di Est o or
ré@dlatings iclades 1®leaivelredstisring  AusgebWFITE R dhet ﬁ’é‘f’ hgeds
chabhb®Rakt i cul arly point out certain
%“WL ﬁ%?%gns ‘and"subconbi nati ons that are directed to
one of the disclosed inventions and are novel and
non- pbvi qrhbshydr@dxe@etnh@m swholt @cldim GivtherincbhBicAst i ons
suhconbi.nat & WaBisverel bltrhqtolw%ts thaeié BN S
%ﬂﬁ*%?’$?%8 gggﬁgﬂg b ?%lned ff h g(gimgggﬁgnent
thdn anheermeébe'rr@te @qramqmlrggrgaspﬁh@g@hthg? SERTOPReW cl'ai s i n
&1{&%&% 4 pr le fn%iuaés %Qu&aﬁkm géiérOin whidhi dle parye pddédietiveradew

are d 1Q 1 Aroe Pisi 68 e
3t ﬁ\ﬂ@ﬁt@‘%ﬁa‘d? g’&?‘?é’@f‘)élbe T Nne h e sgatfgrgmlE nvent |goS n. whet her
gidbaread, broader, narrower, or equal in scope to
the original clains, are also regarded as included

within the subject matter of e invent. e
presént dhe bydéfyjefréenefs‘g’“laée’r"i’w °f n“‘mll’ Iwi'e‘?re'ig{g?"e%ts\%lih. :
reollating Mkluded means for regulating @he Tidel PalueipPthe bypg@uct preap. n - \WWHAT
1% CLAIMED I S: 1. A hydrogen-generation assenbly,
conprising: a fuel processing systemincluding at

| east one hydrogen-producing region adapted to
receive at |east one feed streamand to produce a

m xed gas stream containing hydrogen gas and ot her
gases therefrom a pressure swi ng adsorption assenbly
adapted to receive the m xed gas stream and to
produce a product hydrogen stream containing at |east
substantially pure hydrogen gas and having a reduced
concentration of the other gases than the m xed gas
stream and to produce a byproduct stream contai ning
at | east a substantial portion of the other gases,
wherein the pressure sw ng adsorption assenbly
includes a plurality of adsorbent beds adapted to
separate the m xed gas streaminto streans formng
the product hydrogen stream and the byproduct stream
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a heating assenbly adapted to receive and conbust the
byproduct streamfrom the pressure sw ng adsorption
assenbly to produce a heated exhaust stream adapted to

_hﬁ@h“@t | jeR§ty, Bhem iy ey e g odu0| ng regi on; and neans

for regul ating the flowr ﬁ byproduct stream
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the deter r.at ur 7 - Gherd
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1u%‘3§?5ﬁ% gtaQtort&%lo%eﬁ bEJ%QesE&»r@Mé roaatpeedaénmu gew gratiet 0

sor beds of t t.ad4het NE
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exdiads of Gk paangHs edlvweddiripptie pEee Siipeand at least one portlon in

n‘édr ogeﬁwgre{é% ﬁf:%oga @Er%@t&"%ﬂ(a}{ 1RfavGhadingw Tate MtiRIpRIgAgdshe
ting 1 ncludes selectively delivering

adepuﬁrfzyeimsngrtb;%nwaeétew ‘#ed adsorbent beds according to a

vari aQ'h@aann% QWet’ﬁElﬁafaﬁdp&d raceivd el bopcbug g b:g:gﬁéq{ gtr¢aginto

assenbl e el AStod an
|?fP‘i“i°eaP¥‘E)ad‘?dt 7 ‘H’S Stre%m@ {egﬁgh%ggtglggsggls }?gm%leeﬁ vgf%d at

arefib@w rate that is less than an average flow rate
for the purge gas through the adsorbent beds, and

further wherein the profile.i fe
porti of i nhaRYERet ?Fée’gtﬂﬂnéﬁergbé}é&%lsa lrr(ljgﬁ”h\gfee?lg%%ﬁg? ﬁ)g

I fki8dek Badn-lissargfoliat er than the average flow rate for
the purge gas through the adsorbent beds. 8. The

hydr ogen-generati on assenbly of apm.1 i he
rrgans %f or gThe hydrogen-generation assen){bly of ci:ax b hel’emmqo% pnn" ¥e

includes an initial flow rate of purge gas, and at least a subsequent flow rate of purge

gas that is greater than the initial flow rate.

12.  The hydrogen-generation assembly of claim 11, wherein the initial

flow rate is less than 50% of the subsequent flow rate.
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regul ating includes neans for regulating the fuel
val ue of the byproduct stream. 40 AMENDED SHEET -
| PEA"US 9. A hydrogen-generation assenbly,

e ?Eﬁ-”?l[lﬂ saﬂﬁ]g “ g{lgg“ “@erp%@gwg system i ncl udi ng at

D odug a itia
recei %/e aTtheIhé%fg CnGHE" af“g’u%?lsenglyre%?nélgﬁdl ' gﬂg%gq}lﬁ:gtz;

v :gIﬁS?S% sfea meragomvanahwﬁ@e PIyER 898 BHing 4 BWBS PR Pifer
gsgies ¢ r§ (Sl OMereth B SRS ravhisBainslsaripts Ras amsenbl y
O recelve the mxed gas stream and to
;bpcwduesa@ product hydrogen stream containing at | east
substantially pure hydrogen gas and having a reduced

concentration of th e KBFbrilgas
st r edf aﬂlﬂ?‘f’ Bossp Sﬂﬁr@'éon assﬁmg%‘?&ét b?‘?‘r Ieegﬁnhég% nt alféf: ng

Aklulicd aSleash oseifpstton it iwith ho ﬂw &t ofgrureeieas StaFEEsIgRY

yx,her ein the pressure swing adsorption assenbly

"€l udes a plurality of adsorbent beds adapted to
separate the m xed gas streaminto streans fornng
the produgte HyndsagerrassT aamblrd ckhred.byhereddicrest Peam
and f V\,her S:SHHE e QicPdtreHm
st %Stf‘ g e apmdé?w@% t%& sel ecrta|§vmel y bgﬁgtrl buting a
wathit predéterpined anggaé a dermpifed Y 8Fbent beds responsi ve
to a predetermned flow profile having at |east one

portion in which the flow rat PYF g€ gagnisn | @SS
t han &n aVer dRj&rosePEgirrdt easse’?jgl?' h°f gﬁrge]gas del i ver ed

QALtEddR@d F1B@ rpiécgespside Fo,a famdatain Whichghe f@ﬁéd ﬁa%tts‘i e

whi ch the R D6 H&S within GF RREteT tebanurt he
é@aé’fegd%'?af"ct)%lrgthga %egtpﬁe pn%rg;% ggs “del i vered duri ng
trivge fouprgeucaipdhs;mized g2sEUHWBat i ng assenbly adapted receive
and conbust the byproduct streamto produce a heated

cubet UL SAM AR S0, { 8RBy PSP o

hysiageesigenendes i swnasfsmﬂﬂ regigsradaniespPreduch e FEFHET he
flow prof 4 h Bplohdsminaaatbmear profile. 11. The
Woamogenwétlérﬁagr ati gn aséerrbl y of claim9, wherein the
flow profile includes an initial flow rate of purge
gas, @d ghe hpRsktn-genailos esperebiy of Feim Favgergp B5AGe™  gas
that |s greater .t Carbdhl dnll Me fle@W feRb&aturd ZangeThhe
HErage i asé?]er"gtmld%ﬁplgﬁd@eﬁb 'y of “clai m 11, wherein the
i T0048D&IC. flow rate is | ess than 50% of the subsequent
flowrate. 41

19. The hydrogen-generation assembly of claim 17, wherein the carbon-

containing feedstock includes methanol and the selected temperature range 18

375-450° C.

20. The hydrogen-generation assembly of claim 9, wherein the means for

selectively distributing is adapted to maintain the fuel value of the byproduct stream

within a predetermined range of a determined fuel value.
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AVENDED SHEET - IPEA/US {I~"I1”u ~" 9L11'Lal I".IE
yi...4.:11,..1.-11 a 3101.1,. IC.II 2! (10 I1E 13.
The hydrogen-generation assenbly of claim 11, wherein

prr AR ELA g 1 O%adleE §ral- 757 of an average Tl ow
rate of the p

Ur gé gas. duri urge stage of PSA
cycld, aifte Hydroeeesensifier é?sﬁ“qi%hgf ﬁﬁ)th i gﬁer?'?g‘\e/vmr? %‘11? bris
sBRdNLIRiIaREMulRris adaple® BSinail@ioapf carbdrempnorige insthe Geated 14,
The hydrogen-generati o wH cofide@baidror siv@t. €i n
ef"f‘?é‘“ﬁ%:%w ‘?’jB‘felg F:rgm ﬂ?etnbé‘frg%lgiségat e)é)astcoofcl e port Ton in
which the flowrate of purge gas is decreasing with
tine,, 15 frﬁJ DAY IERGRRN GRBRIIALT QAimas SBiBh the bfdregbmi m 9,

wher ein e nmeans for_ sel ectivel [ [ I: |<S
raetging@giPpingEen ¢ Sra FRENPE SR A %‘ydo‘? "f"ﬁ‘ge“ %ﬁ‘%g g
StLLHEM whieq anth tdibon-cantgmisgfetdetodki ned range of a
determined flow rate. 16. The hydrogen-generation
assenbly of claim 15, wherejn the deter rgl ned flow
r at e2z or 1Ths pyineesn-sayeration| assam bl b PR i (I RE heated
ﬁégépﬁ&k $dapRAM rkcBive ATANG @ehibrOof MRIpridadt hydrdgen stream.
ydrogen- produci ng region within a sel ected
tenperature range for producing the m xed gas stream
17. The hydrogen-generati on assenbly of claim 16,
wherei n the hydrogen- producing region includes a
steamreform ng regi on adapted to produce the m xed
gas streamfromwater and a carbon-contai ni ng
feedstock. 18. The hydrogen-generation assenbly of
claim 17, wherein the carbon- containing feedstock
i ncl udes a hydrocarbon and the sel ected tenperature
range is 700-800 C. 19. The hydrogen-generation
assenbly of claim 17, wherein the carbon- containing
feedst ock includes nethanol and the sel ected
tenperature range is 375-450 C. 20. The
hydr ogen- generati on assenbly of claim9, wherein the
means for selectively distributing is adapted to
mai ntain the fuel value of the byproduct stream
within a predeterni ned range of a determ ned fuel
val ue. 42 AMENDED SHEET - ] PEA/US 3120if: E 'IF"''t
“Ifi fl.N51G 12aillll" t.IIM'.:9:: O3 N Ul. 1.
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21. The hydrogen-generation assenbly of claim?9,
wherein the neans for selectively distributing is
adapted to nmai ntain any carbon nonoxide in the heated

P "ﬁ@éﬁ@%ﬁ; §hd £3, producads fppa t he byproduct stream

coéricéntration. of 5 2 h } :
hy dr ¥genAgesisdafor sreulaieship I%/"Pp%fa e gaf} ?ngba?o% er %lfc}r]‘gt he
rENE D9 Gt priEcaiigGlsign sdegedon produde addxed gasstrent N EREE mi ng
regi on adapted to pr ni xed gas streamfrom
Wf’%ern g%ﬁ?ac? gtLecr §?563 th@ m%&ycp&mtpnﬁn

on-contai ni.ng Teedstock. 23. The

hy dr podning e mexeatgaovireers SEIANIRE Ryfirogn-gappng otjep gases in a

conpi e -1 Jrd@lel sr6debsiglsatdn; adapt ed to recei ve
haeé{gﬁt“é/g_@%%ng)%d\o%rlt%}g%onof tﬁe}gr roduct “tg%:d %gﬁwsgsgeﬁ@gl 43
AVENBEHPs Qg ixeq pESAGUEREN (0 3 .Pressute sWIRE F3 1 onld
hav i'ﬂ% b pluralily. of d@sosbent (ids| coddinibd adsGderft @nd7aiagtedyto PRiducs 4 A
met hod for regul atin L RAP 8 @nWr €heQdtheR gases and a

"y ‘ifbétFF?'BrC%%E'f’%a? l_erteép%rsw of ggf,uel I‘]P§(5‘Iocee§assi[ g Syst em
okt hedrogen speapchoniainiag AEseRiEr GREMEHPLA Y EOHT &g

nxaf QOSRa.AAas and other gases, the nmethod conprising:
T Y R A g
Wdrogerf dedm pinettgsi gt poemptiatef inydogen gost a th VEF gas
streamto a pressure sw ng adsorption assenbly having
gpfPal ity of adsorbent beds. cont ai ping adsorhent and
adapuerestuzipg SR G590 JRIEEE SRR Cont ai nitng at
Leask a@osbst antial portion of the other gases and a
product . hydr oge r anlhcg%\gi&iaage %agfoe@h@rr facilitate
concé’H"tgF’&tt?eo?fg%rPenﬁb%Fso“ﬁen gas than the . m xed gas
8ésbiphdN of adstieh zangy, Whreei thh dpPregarsigas PIATIHE RS R %g‘? %

gas
Sgsrsergams }rngth Eﬁg@ypﬁocﬂ&@gééﬁltis folyedr ogen stream
Egital’ni ng a greater Conce.rkt r'altni aohneatﬁ)nf alé]s)éﬂf;l?Q@dBteg%s

t han comenstrexdbe PYPRAEct SFPRBR” HePr’eSSUFiZ1 ng” t he

afbank hantededes vahiaci | i tate desorption of the other

gases framthe a cont R IARY pbhesidgsanbeitt thbeds
Wit h a"ﬁ‘Fg\X/hESﬁi%%ﬁ %’2&5@2&%’%’ further facilitate
desdrpiahortregh; anfe ot her gases, wherein the

depr essiihZ iR diodndie Py @igAGas tehs aprotben dreds garsodsesr ams
from whi ch’ .t he bypraoduct st bSO OB regi6:0WMISE | NY
sHECER fPY Gﬁ@fpmgt“l){ g%f%’ Wa?ﬁ%éﬁefk%{ar? : a l{ﬁ e af{iﬁégraglas senbly
ageptied dmperapre oohpcier podveiag B mieh 85 §°%8t r eamy heat i ng

t he hydrogen-produci ng regi on of the fuel processing

syst le?. " !:1"}!?6 rgglxecad of claim 24, wherein the regulating includes ramping the

flow rate of purge gas to the adsorbent beds.

76.  The method of claim 24, wherein the method includes regulating the

flow of purge gas to the adsorbent beds to produce a continuous flow of the byproduct

stream.
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heat ed exhaust stream and regulating the flow rate of
purge gas to the adsorbent beds to produce a
sufficient flow of byproduct gas to nmamintain the

Fyﬂﬁ%ﬂﬂﬂe? 1RLLYuei, 11“11%#@% Wi thin a det eam' ned t
er at uf - a5 team
25, e mm@ﬂg&@ %5‘%%%% ol MLNRD aRKing e

Fein the regul at

flomCratd A& purgeagap atrag irtited ﬂOVf' rasvpiipaIEe easfthapisligse thgh % at“h e
adsor QentBhhQsnohe dvalafoPgurgeer ei n
THé errffé?ﬁ%ed&ﬁ)ﬂ%f; g%ggd tgegul ating %)tﬂl;e fl ow of purge gas
to the adsorbent beds to produce a continuous fl ow of
the bs/pr qﬂyﬁt:thocs&frmmm AnerchVENDIED BT des qopidlings | P

' 3f3t.11.. EII ;2 EIIl 11;11
‘? f“??’aluer?féher%’é?rﬂduﬁt StrFa%hcl ai m 24, wherein the regul ating
i ncludes delivering the flowrate of purge gas at an
i ni thal lehQ\%eﬁf'aB %fQiaupwngemgas thmaydrogSn-bmlng hegion7 5%
of an average ‘{ate of dRULAS 9a8. nd thereafter
1Pﬁ€4£é&§f%@‘“$f’?é‘°‘i‘?‘l§9\‘f ' PRIYF H5IPEE ®gas. 28. The nethod
of claim 24, wherein the regul ating includes

Cont Lol | L}L@ i eg\og offL{']?a mv?@l Wﬁergitl tt\@ﬁymﬁ pdaieing Stgi@am

erein

llnyldctes gsneapr whoeipy geioe @?%F?d 9 prefisg de “élx‘?de&a% thfﬁaﬁgfrorrn egi on
@Q@psrgdant QcdRbOSHAC Rtk Gvtiicine the g msbed c@mper@e raFige is

met hod of claim29, wherein the hydrogen-producing
$OABC: i ncl udes a stream reform ng region adapted to
produce the m xed gas streamfrom ~'tt 1 water and an

al co Ig(l) l géﬁ M LNGT i eseiviheleneme Q&cﬁngEh-lﬁﬁductngmpgmat ure

range is 4500 C. 31. .The
inblades arstredre RS FREIP SRR P ﬁa’gE% h‘?eo‘ﬁ"“"d ?JG%}“%%’“

ShELAR & BUREMDAGNE Egihanwigtdpthe dletbmﬁlrpﬁ drIPEIBtUECHANES| K e d

aﬁz stream from water and a hydrocarbon and further
301 1 t he det erni ned tenperature range is 700-800

C. 45 AMENDED SHEET - IPEAIUS Abstract of the

Di scl osure
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10

Pressure swi ng adsorption (PSA) assenblies with purge
control systens, and hydrogen-generation assenblies
and/ or -fuel cell systens containing the sane. The PSA

.assenbl i ar e, -6 rRgeerding to a PSA cycle to
‘bR e "E%H‘ %H‘u‘i‘:ﬂj @g{?ﬂl&r&fmmam and a byproduct

stream froma m xe dyfidmsshdaeam
may Prgsurg &ying édrsgranogég%é)fasseng@e@m&; ﬁr QX&EI‘QI Yéidmss

trea t 0 a heatin
132 edieerativh hesdmbiieyantVem fuck 478 shyjemsgeiAning 6 Jefes- %81

regi on_ that A6 a @ pro&ict & pituctliydroRBA
B b{ieég I er&%j%&gdd%%tg egls}tx gﬁ:& g_é\ % ﬁm‘ s{réagl%g,f
{oieiang) endgreteypraduict a*rz@ufr%éﬁé’feﬁ gasssﬁf:aﬁg TEdrding to a

o n%ﬂgpge% 3, &4l streﬂlﬂ Ro & G&SihARtenblo fahlck may hea{; gxml}ydrogen-

ment s, fl oW of g §A alsBgiHe@ingydbd O
mqlq‘ﬂﬂ&i’%mflﬂ?é‘t ?rP 5% '8¢ an%%lo u:ll%e\lrl)al be of eéih

- Wﬁé@mégulﬁet the dinwaf poree g4 wHzed el WSS IR0 of a

A ho'dd n nag t ;ﬁ&ﬂé Ot shifle Erﬁﬂ)‘dinﬁhl@ thehfowf dfq»wgoﬁaswr ge
3‘5 BT ILKLhe conce a LOROKI d8r i N a
i'egdatecdtomrré% the dlpw éﬁﬁ?“d‘é‘i’ %beu oo @ fr‘g rr{) ’F’%’q pr odag gﬁ

SAthif @ ¥ktermined range of a threshold value, and/or to regulate the ow of purge

gas to limit the concentration of carbon monoxide in 2 heated exhaust stream

produced from the byproduct stream.
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