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adsorption of one or more of the impurities present in the impure hydrogen stream.
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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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Fig. 10 is a schematic view of another example of a pressure swing adsorption

25  assembly that may be used according to the present disclosure.

30

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
assembly during the depressurization and purge steps of a PSA cycle.

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.



consum ng assenbly 56. The energy produci ng and

consuni ng assenbly 56 includes an energy-producing
system 22 and at | east one energy-consum ng device 52
adapted 5 to exert an applied |load on the
BioR0ep06p8dduci ng system 22. In the ill ustrat 8GT/US2005/043113
exanple t he energy-produci ng system 22 includes a
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22 may also be referred to as a fuel cell system As
di scussed in nore detail herein, hydrogen-generation
assenblies and/or 15 fuel cell systens according to
the present disclosure include a separation assenbly
that includes at | east one pressure swi ng adsorption
(PSA) assenbly that is adapted to increase the purity
of the 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,
wi || be adsorbed onto an adsorbent material nore
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
t hrough the adsorbent bed while the inpurities are
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 inpurities fromthe
hydrogen gas and then desorb the inpurities.
Accordingly, the PSA process nmay be described as
bei ng adapted to repeatedly enable a PSA cycl e of
steps, or stages, such as the above-descri bed steps.
The degree of separation-is 6 W 2006/ 068787
PCT/ US2005/ 043113
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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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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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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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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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illustrative chemical separation process is the use of a methanation catalyst to

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
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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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directing air to the cathode region. Hydrogen and
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bi p@fprgrto Pr¥EcE 28% sehrp ql]@gﬂ%é’\g ?erh\gelggs? arctg%tyd%ﬂgén as the proton
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asse ies eSsentially pernit the free e}ect
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an 15 energy-consum ng device 52 and the
endfgP?-produci ng system 22. For a constant out put
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ower .may be d by, measyr | t
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- ti
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e adapted to store at |eas |
membrane As membrane 28 also tends not to be electrically conductive, an externa

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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a portion of the electrical output, or power, 79 from
the fuel cell stack 24. An illustrative exanple of a

sui tabl e energy-storage device 78 is a battery, but
others nmay be used. Energy-storage device 78 may
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dasethe! defgmild bh/mbRudiPthe Joutput Rerr@ime g -epscattal bnngut may be
systém may, but i's not required to, include at Iea%E Fig. 1
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connect Vi i stribution asse

25geds. 1080y atidre R o by EEREDR hEF bd Beclty pled o
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i | lepgey-aioeeeidsviersy/® %S%‘?&e cﬁ“t& e sai %?

St reH&E&'??oduEfﬁ s§§érﬁ obiaN@ Hﬁé“@sahéb@ctrﬁ:muﬁ@ntaﬂﬂ@in the system to satisfy

restric d fl ow between the beds Ciand/ or %
the load. 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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i nput and output streans of assenbly 73. As shown, the

i nput and out put streans 20 include at | east m xed gas
stream 74, product hydrogen stream 42, and byproduct
stream 76. Illustrative exanples of suitable

wor20et0as78% i ncl ude one or nore of nani f ol dsPCHUSA05443113
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andfonsetbaivelf catablisiing ped r@ﬁd?tlﬂé\ﬂu@eﬂow oPetRAnele by 9“d/°f the
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Correspon gas streans.
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assenbl y i ncl ud S
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or manifold sse ractice, P S

et diitiie Buia ard sodertap LB <08 i Fh o R etk valves,

r el ¥Rl vabrek riﬁrééeﬁi&emﬁd ae 1n<ef Bﬁhe ﬁlukﬁata& eanpleythree beds 100
ressure sw n adsorpti on assenb

2hssenshaes ot . Ho- e 6 e is it Gdneygpmber o beds

aﬁﬁf FarlyO sl At © H8LAS inbee of ®s€B&R B eioviDin Fig. 4. Typically,
sel ec |vefg establish and restrict fluid rgcquéectl

mayaspemble 78 il gncluge ableast typ Reds wpitep pvifhii threg g%ur or more
PT eyl %V}ﬁw'rﬂ)gre%9§élf Q%] 28127358 'ﬁﬁlférﬁﬁ¥ b 8%d to provide a continuous

constructions are wthin the scope O present
di sfidwefip@duct hydrogen stream, with at least one of the plurahty 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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Gas purification by pressure swi ng adsorption involves
sequential pressure cycling and flow reversal of gas
streans relative to the adsorbent beds. In the context
of purifying a m xed gas stream conpri sed

wolstcamesisal | y of hydrogen gas, the m xed 20 BEBUS086ML3
is delivered under relatively hi gh pressure to one end

of the adsorben nd ther to

SRR Syt Ay BB Pt a0 B Gt the purficd
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the gas | vl 3lhe HRohBEP Y ol e QA flessure
gases, (E% E?‘F’ol\(/:vg%b b)ﬁgwrsns xeg&7 gsa s(tn?eam |§ st S%gﬁd #

t hecyplimssudrfeow reversa o gas stsam@@iﬁﬁlef@l to tha@dsorkenipags. In the context

deso ases ay h
e DR o R S MR e oo
20 hegganeesisaleldrdd undeivelatigslp higbpressey tcmnetemd ofidh adgpegbent beds

wi t hdr ca t
di r@é’tt%‘ffﬁ y F@Ogﬂs(?ettl’% dfcﬂfb %@e&m |1rrleec%| tgl% %H%rﬁég& region thereof.
desprpdtin esdngflesd e Bl &9 pha@sultasffef meadigas steeam 74 include pressures

depressuri zation, or. bl ondown, ste Thi s of t

i ncuBe§angs of 40-30) iy ish 25 ﬁres%lﬁqﬁjlﬁﬁ'&et 8% Q\ﬁ(ﬁﬁi 2 E‘Stsa’e100 psi.
of  ByoP1509Ri, J@S1081kiC B, AWhbuEh préssiryPositit yf thed danger arel within the
a 10 countercurrent flow direction to thﬁ di reCth?he a%sorbem

23hi ERDPE Plthprseest Giaalonre. cARThe iR 238 Rireamy HOY Hbrous
ads&g@? N2 R FhABxid& b attoh IR Witr A¥AFRIR:r Blesdf the impurities, or

suit e purge gas stream is a Fortlon of the produg
hy detberegasest areadtorked, and thershy eideast wmpoTAEHY Shneds on the adsorbent.
hy d‘i’ﬁ’% ?sg)ecgﬁé they%aﬁgb A€ nlo?ec'l%acﬁﬁiaa‘a'scgrﬁe@&?ﬁé ket @BorbBfs used
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6 eaz%l | %e&gﬁsorrngredactcura{ély be referred to as a purified hydrogen stream, 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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15 the adsorbed gases, and even nore preferably are

not adsorbed, or are only weakly adsorbed, on the
adsorbent (s) being used. As discussed, this desorption
step may include drawing an at. |east partial vacuum
w0 dobwockmsd, but this is not required. Wil e REI/US2005/043113
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the purified hydrogen %gé{na%?bq?deliveﬁﬁd‘ t.o the bedmd/c)r
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! . : ( Sk@ﬂ in some . d
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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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The above discussion of the general operation of a PSA
assenbly has been sonmewhat sinplified. Illustrative
exanpl es of pressure swing adsorption assenblies, 15

i ncl udi ng conponents thereof and net hods of operating
wooe@ee787 ar e di scl osed in U S. Patent Nos. BCHER081W3113
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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 scope of the present disclosure that the
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30  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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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

20



114 is shown including a mass transfer zone, or
region, 130. As the adsorbent in the initial nass
transfer zone continues to adsorb inpurities, it wll
near or even reach its capacity for adsorbing these
wioood/asBs2. As 10 this occurs, the mass traBR€T@R200HHS113
wi Il nove toward the oppose end of the adsorbent

Mor e rticul arI f
adisgrteste Sea R e Gy B Yy fits LIRS adh PR el of b
t heheaddiserbére ni theegid)por(mn @f theaaci:saruentcmg@n nrexisiater thy oised gas

zone) to adsorb these se fl
e Pt SR LGB AR T T Re BB g BB 1 ey these
t hﬁnﬁgﬁl@i RENbe iRGbENwitAer bidn eﬁlth\afadidoth &g®0y dnd thelxygmaining
t he adsorbent in that 15 1ﬁortl on, effec i.%/ellay dsorbed impurit
5 ex paHER 9 ththadseroenopeing Yiehadth g St PRyt i gdsorbed impurity

9 egfs'éé‘l s is%\ﬁﬁ{eghattsaﬁzrﬁﬁ&ﬁﬁyl ihestand i9Fig Beinhafich allirbent region
cription is sonewhat sinplified in that the nass

t r dbkis ehomméluémg annasyansias goned ef 1@ uliY% or m begi nni ng
and en d{AF G0 oﬁ@&ﬁ%ﬂt &3, @Heoﬁlgtlatl h@aRd8QHsRe Ntonk €&inBAles to adsorb

espeC| a when the m xed gas stream cont ains nore
t hanptumles gawﬂt hext of sveadsabigsdcapgeitydor pdsoriRgGhpRefpurities. As

IOf OF 18L§<irclﬁ I}]%Cégtr%g§ 85@%'11{191 € bt L Bfé cﬁg Ehd bt th€8dsorbent

SOI‘ ere ore rmy even conpete
W fdgismachiond bamc\ﬂa:ﬂy aglser Bewtof Sinperdty gapnaeaxeseds the capacity of a

: l : one
?Eg%g‘gtﬁ# g?rflg 0 tl}el 8rt$gmt 1%%10%2&1 : e%f’é}art?c%%r %asg‘?{aﬁgferof ) to

relative
| ogadokiy efdsd @hideh,ahle @hseh helllaftisobbpmtl thetgiegiop amitlhtotth(p adjoining
portion, _or zon tend te, fro
en@oktign loﬁ gwpe‘dé(a pTTon Wg{ehtgeyagg l? ads?lb 5%% 'ih% ggog'gent in that
1525 pUﬁi%n ekt POGandifi Snd/S BERRTHAE nead irynsfdr Izonﬁ geaetre]diy toward
.9, in which mass transfer zone 130 is shown
nn@édﬂpﬁmﬁﬁﬁdBBW? badig' relative to its position in

Fig. 8. TAGGREGAM % sontdWhapaaRlilenin thithe intasp oidsfadrzone often
114" of the adsorbent region will have a substanti

al |
r edoesarpt dﬁp@d}n@fynn bqsgngmyg apchendingdiogndagias alopy e 2 sorbent egion,
| n@bt%%ltagg %vhepgﬁ:g{\ %as shreh R6Htaih® FFRe tha@gﬁé)ga@% islabiZorbed by

SCri ei ng substantially, if naot
ZOComrﬂ abebyt. Savilarky, BesaES0) TRy hayssifbuent ghliddes fPrrP@mgg%iSOfbed

8 OwWeEVer
P el e G v

9 e Retfsadntiyl Ifoetﬁ@f (stoh s laelepss 7OPorrsmart) efithe adsgmbion &l tend to occur

t ? 18 Oor zone,
o Garany Moo & o8 oG Haid it s RoHEh, g1 =0
\ﬁot&m@/te 6878 fRGThEHAGRA &m&& bﬁ)duﬂlﬂnd rmg thesidsalent fegion durmg

o SRR 5 i RAP S 0y B e e

adsgep RefHownaabwRd toviid Port (1881 felatiad toyits paitidnas F1g 8. Accordingly,
di scussed, PSA is a cyclic 1£r oc&s@skmnhat i nv

r epemedsarbeniahigedn portipg ddd ol 3 bwgban\gﬁlt Bag? a substantially
f ol L QM D EafdbiF U RiyO o Widoth SRBEdHaDBnfuUlNEied SPeyibb@invdthér 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.
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adsorbent region in which the majority of the impurities are adsorbed at a given time,

30 i.e., the mass transfer zone, will tend to be moved toward the feed or product end of
the adsorbent region depending upon the direction at which the equalization gas is

withdrawn from the bed.
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approximately half of the time for a PSA cycle.
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or other device that is adapted to receive a combustible fuel stream.
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suitable temperature range, for producing hydrogen gas from one or more feed
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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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illustrative, non-exclusive examples, controller 200 may include one or more analog
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in memory, one or more discrete units in communication with each other, etc.
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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

28



desorption, step is indicated at 210, and as sonewhat

schematically indicated, the pressure drops

relatively quickly. The rate of decrease may vary from

enbodi nent - to-enbodi nent, such as responsive to such

Waetwes785 t he pressure within the bed, the BOI/GRE05/043113

volunme in the bed, the flow rate of gas fromthe bed,

5 ois ldbelk !igforjtgrpl apg ih{i€yd gﬂg&gus%w HaAGHARS Qe dlf- these
Sarein rovi strative

repmmmal atl ons of the pressure or byproduct stream

flow rate ,as Because t
e o o g ok HR ek iR proshitE sl SGFE ARy 40 e FAGA0P gases o
t hee et fad® the &dsYbe0 @fd ﬂﬁ%&hlﬂﬁ’ﬂ%ﬂ@ﬁ%@éﬁ@%ﬂt bed in
not | abeled for tinme and ins ustrate relative

5 oM € LGN (e hRoseh oV Pk Vb Bl g8 the bed
t hp§ocbandfark Bf ﬂ{e(%l%% WsBritdtloh s@RUIBe FRRYrOTn BdEE100 and/or stream
adsorbed gases to e desorbed fromthe adsorbent, and

t hdp el qrzprrlrr@rtaﬂrrrr%rﬁ the How #d spyfaem tsdgd pontinges (T thefontext
760¢ firef @ﬁ@klﬁe@mtﬁl AG 60 Btk 96’ RO et Ne P%sun%idﬁ"ite%ﬁll tend

present 1nt prlor to the start o

depr bssur |dzﬁ¢r¢mrnfuslt wgiue e the dlosu Pk sitepnbdl’ 1OG- ek dhispeh the
105t ﬁ sy ﬁG‘\H ga&?&tth@gﬁd &Otrrg ﬁ&ﬁgﬁﬁﬁaﬁ& Loe iJBIOéNaﬁEIe these

gas rom cont nues e context ~of fuel

v alifferentéseini fnelt vahie nﬁdycmﬂcﬁt tleet rebrgive Z@icenitationyof hystrogen gas and

]9 5 reer%%%&évzeatr{eg r(]){ ﬁ% ec?lfer v%a tﬁ%}dare h}%.}%,@\{r? tl‘% s‘#ﬂegl];‘rt Iﬂ??rg%ar the
t hﬂoﬁz&a(ﬂeﬁ Is@s&nl I76Zatring nhest elﬂnsaatdvealtormdne of Itk dﬁpretshlelzatlon step

de I urization ste anm t hese, difference

i e" e"*r %ér‘t?te Bray ¥ eg'lltgcg‘et ﬁg) refﬂgt egdm%otr?céjﬁ(f‘reas i onnn% the
150f déprebs@grtiogasp.and the respective ones of t he ot her

gases that arefﬁ)resent in the stream Sim

£l ow rafb2ls the flowsof Prgge %ﬁﬁr%“ﬁ‘@ a3 pd pﬁemougy ﬁgf%\%i stam 156’

POERdvANS FHds. i@@ndjﬁpfs%SﬁM{e'nZ@Itb% Sh&@Pent bed.| ABhSQh h&required,
to vary, wth t eflowratetendlng 0. decrease dur|r11]gaybe

t hthe vobrgRe pf BWiEE 2R, dRliversd dp @p adgrbent @ed {ha FSoassepoly
pu gﬂﬁetgzﬁﬁnecﬁ lé&c!?l R%0 bepa EQ@d ﬂ.\’r%é/ VQUSEY TH Bebesest bdn@358° may

own in 0% is conrmenced to the
20 ad goybhethin thegcopal ﬁv@lpgwemrcrtlscrceqm b dhe gap h%PIG@FWt@F near the

I b
T e e
p u tl@eldmbmmporum wilpteed suineregse the aeeumt ¢E@sothed 2B, QSatrhy partial
g agrelrssrl]:re OF 4ReC gﬁorboe}cl tgape% i rrg(‘?rfc‘:e?] b?l' t?lglfﬁ)w e U t%ats qgroagh the

pre i 8 of near pressure-w
10@ds‘afbent tep@n pind g&nstoaptﬂaeagscrrbent Bhda af pavofofirepmr’gs gadl4, the

hrough. the adsorbent .p tend ne

S B R e I
of défiesseiesanned bpRaesn) §e;f1§ @kmebdtay tHehtemd j)md(bfetmenr gmes 212
gas thr ou%g1 t he adsor bené‘{: ion and the‘gL from

ad aost B Vhile dheRurgeiep (51in ?.t% Ay thgtime gerig jf)etv\feﬁré i€ 214 and

212. While illustrated as a distinct transition between these steps, it is not required to

all embodiments that the depressurization of the bed be completed before the flow of
30 purge gas is commenced. Instead, it is within the scope of the present disclosure that
the pressure within the adsorbent bed may continue to decrease after the flow of purge

gas has commenced.



25 flow of purge gas has stopped. In the illustrative
exanple shown in Fig. 12, the depressurization, or

bl owdown, step is indicated as the tinme period between
times 212 and 210, while the purge step is indicated
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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,

31



tenperature of the heated exhaust streamfromthe
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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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Illustrative, non-exclusive examples of implementations of the systems and

30 methods 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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purFy e §r8Yen gas: a 34 WO 2006/ 068787
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gas st Reawpting thedelives of myge saaiciBa pdsorheRpbess f%ﬁm@a the fuel

st P S 0, &c. of 1 d
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aUtt}?ef ggv(/ rrrzflt:e 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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reform ng region: 15 Regul ating the delivery of purge
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15 VObdi¢Beedahrepbld@l@as 1S delivered during the determ ned

time period; Regulating the flow rate of purge. gas t .
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Se

ectively distributing a volunme of purge gas to the
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o R PSRRI RO, Lo Lo of puroe
pur ge gR&guiteihg werfley dter ofipyreke fzas puhgeadsetbent beds of a PSA assembly
25  to maintain the temperature of a hydrogen-producing region of a fuel processing
system that is heated by a heated exhaust stream produced by combusting the
byproduct stream of the PSA assembly within a temperature range of 100° C, and

preferably 50° C, or less;

Regulating the flow rate of purge gas to the adsorbent beds of a PSA assembly
30  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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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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produci ng region includes a steamreform ng region
adapted to produce the m xed gas stream from water
and a carbon-containing feedstock. 3. The
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e fuel value of the byproduct stream 40 AMENDED

SHEET - IPEA"US 9. 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 -
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a pressure swi ng adsorption assenbly adapted to
receive the m xed gas stream and to produce a product
hydrogen stream contai ning at | east substantially pure

_t\M‘@{ﬂgenu“g@«j £8d, havi, m&—ﬂh\mﬁdeCed concentration of the
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flow rate of purge
yerﬂmidnrwtthdIél%tst%a%bsequent flow rate of purge gas

that i gefing @§s@t’hbl§' Q&Hibte'ﬂ heeiveliatd admbiftche bypraduct peanTife

hydr ogen- Ly n@f aClkdt Be Ilaroph@foicngt he
|PfP‘i“i°eaP $ ?ué&sere?néa {sggu%lplanaSO/o of ]h%he subsequent
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9L11' Lal I".IE .4.:11...1.-11 a 3101.1, 121

(10 I'1E. 13. The hydro en era I @l aim
11, wher eiThe hyfeogppaosral 0“75?'6% taém i’s g%ﬁ%%% ‘c’)v? IOF

ayeLagendlimearpatie. of the purge gas during a purge
stage of a PSA cycle, and further wherein the initial

flowrate is maintained for as 0% qf ur ge
st age.11.14, Th¥ hedroggnt gegefatipn GEHB %\?fj glﬁng(ssgre jite ﬂo%vl?’ﬁ)lf%l m
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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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15. The hydrogen-generation assenbly of claim9,
wherein the neans for selectively distributing is
adapted to maintain the flow rate of the byproduct

o o Dok B oh ol ¢ Wb NN @ REGYELer m ned range of a

P ﬁé‘tﬂ@?mrﬁ ng‘d”’wx\?/v r":gt“aé‘i.' m‘.‘crf?dg'll' Y ALRgANEERE Rl el
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P5Gef-producing region within a sel ected
temppee sitgdr e range for produci ng the m xed gas stream
17. The hydrogen-generation assenbly of claim 16,
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galsides &t legsannd poativn watviich tn dova raapfwres Eghis AFFearee W
Eegdst ock. 18. The hydrogen-generation assenbly of
& m 17, wherein the carbon- containing feedstock

i ncludes a hydrocarbon and the sel ected tenperature
ranggsi s THGRdBEA-gEheralith asEmblytof dirivyRrwhgesirehamaahior
assenbly of clai 7, i BRMypre @Mt dredmh NQ
F%eé?ﬂg?yo%fé"?‘ﬁ‘&; (i ggéj e a_ﬁ%’lﬁ t%n%&?ﬁ%q}gel ect ed
wathip e pativereincdrages of sdeterigedfloy /@8- 20, The
hydr ogen- generati on assenbly of claim9, wherein the

means for_selectively . distriputi I aphednt @
mai nt!&i n Thie Wﬂf@@“‘\%%&or‘ofass’?ﬁeyb?@%&dl uc?ﬂ stream .

Wi itoiRd Bow raeefespoida e floange inofhich trdtealphixiatt e 1s

val ue. 42. AVEN 1 inel Wehis h2Qlefted fempdrdtiire t
afspied iy .“ﬁf‘%ai‘gﬁﬁjt_gggf"rgﬂéﬁ‘t’ﬂglrngﬂ 19:: O3 N UL1i.
24nge Bhprotnethe dgarxed EHSKRTT on assenbly of claim 9,
wherein the means for selectively distributing is
adapted to maintain any car ' <Lilmt hRirdaaat ed
exhaukt st P"eléym"ﬁ?“égﬁﬁe(r:aé‘én ?S?eé“%g{bﬁgﬂ %g?p?r ggeuct SF}? e?m
heddavhgregionmeindes asttaorrefofmiyegipadans o pRgHce the mixed gas

hydr ogen: dencl ataR.cassfitysek. claim 9, wherein the
h%[foar ogen- produci ng region includes a steamreform ng
regi on adapted to produce the m xed gas streamfrom
wat er ;@nd Ta. 6aFdengaantoaiastmy oéeeist be pherga therggon-
hydr ogen- gener.at i.on Van@fiheCleREt60 mpérature range is
ﬁ%‘?ﬁ%??egﬁoc\%i‘?%dgs . %r}l@é}%ﬁgl aIn@sﬂ% ack adap{) ed to receive
atoolse@st a portion of the product hydrogen stream 43
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19. The hydrogen-generation assembly of claim 17, wherein the carbon-
ge is

containing feedstock includes methanol and the selected temperature ran

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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c4;,. ;.'"" UEa hW-:i1 :: nll : :IL ::11. J2 , .d1
111:11.1C IC 712 ICL IFi 24. A nethod for regulating
the tenperature of a hydrogen-producing region of a
B “'Ir",»“jt.k*&'\l:tlwﬁ5‘-'%35.&&&%9 SVBhaNadapied to produce a mxed gas
StTédm cofit'ai ni ng hy,rogﬁﬂ) as,an oggggﬂl§%§§ﬁwthe
net hjd ¢ BhprideeengEens i gty é’g?;\ "Red"FAs" stream
S0 A RishBubgds agerd gasaianid a0y kebongaswsid in te hersdt ed
hydr ogen- prodyci ng regi fanPoeloVe] coRleRR8SSdrRGpY St em
edé“?‘\?\é‘?af“r?g"dl‘??g?rﬁﬁn%éegy%}é@&g? reamto a pressure sw ng
adsorption assenbly having a plurality of adsorbent

beds,£ontgl fidigeRRaaidRR Alseritid obdantop dhdréin pe byticeen-a

byproduct stream cont ai ni ng .at LAl
woERowEeY EEs b EHET OB SR AP eE b gty B AR
Shie M GaBtal htaignaogided fegdstedncent rat i on of hydrogen
gas than the m xed gas stream adsorbing the other
gases fromthe m xed gas streamt.o nodu&p a pﬁ&@yct
hydr @fen The hpheeceerneration; MY §F 88t "L ERPERYY ' '6n of
J&Xl%?ﬁeﬁl? 28984 lohaRive Aeaitiay@ton Gate psiine bydrogen stream.
epressuri zing the adsorbent beds to facilitate
desorption of the other gases fromthe adsorbent;
purgi ng the adsorbent beds wth a flow of purge gas to
further facilitate desorption of the other gases,
wherei n the depressurizing and purgi ng steps produce
gas streans fromwhich the byproduct streamis forned,
conmbusting the byproduct streamw th air in a heating
assenbly adapted to produce a heated exhaust stream
heati ng the hydrogen-produci ng regi on of the fue
processi ng systemwi th the heated exhaust stream and
regul ating the flow rate of purge gas to the adsorbent
beds to produce a sufficient flow of byproduct gas to
mai ntai n t he hydrogen-producing region within a
determ ned tenperature range for producing the m xed
gas stream 25. The nethod of claim 24, wherein the
regul ating includes ranping the flow rate of purge
gas to the adsorbent beds. 26. The method of claim 24,
wherein the nmethod includes regulating the flow of
purge gas to the adsorbent beds to produce a
conti nuous flow of the byproduct stream 44 ANMENDED
SHEET - | PEA/ US '
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Il S. 27. The nmethod of claim 24, wherein the
regul ating includes delivering the flowrate of purge
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25.  The method 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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97.  The method of claim 24, wherein the regulating includes delivering the

flow rate of purge gas at an initial flow rate of purge gas that is less than 75% of an

average flow rate of purge gas and thereafter increasing the flow rate of purge gas.

98, The method of claim 24, wherein the regulating includes controlling

the fuel value of the byproduct stream.

79.  The method of claim 24, wherein the hydrogen-producing region

includes a reforming region adapted to produce the mixed gas stream.

30. The method of claim 29, wherein the hydrogen-preducing region

includes a stream reforming region adapted to produce the mixed gas stream from

water and an alcohol and further wherein the determined temperature range is

350-450° C.

31.  The method of claim 29, wherein the hydrogen-producing region
includes a stream reforming region adapted to produce the mixed gas stream from
water and a hydrocarbon and further wherein the determined temperature range is

700-800° C.
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