SYSTEMS AND METHODS FOR REGULATI NG HEATI NG ASSEMBLY
OPERATI ON THROUGH PRESSURE SW NG ADSORPTI ON PURGE
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For example, fuel cells may convert hydrogen and oxygen into water and electricity.

In such fuel cells, the hydrogen is the fuel, the oxygen is the oxidant, and the water is
the reaction product. Fuel cells typically require high purity hydrogen gas to prevent
the fuel cells from being damaged during use. The product 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
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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a include an adsorbent region including adsorbent adapted to remove 1mpur1tles from a
mixed gas stream containing hydrogen gas as a majority component and other gases.
The mixed gas stream may be produced by a hydrogen-producing region of a fuel
processing system, and the PSA assembly may produce a product hydrogen stream
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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Description of the Drawings Fig. 1 is a schematic view

of an illustrative exanple of an energy produci ng and
consunm ng assenbly that includes a hydrogen-generation
assenbly wth an associ ated feedstock delivery system

and a fuel processing system as well as a fuel cel
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that may be used according to the present disclosure.
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product, end of the adsorbent region.

Fig. 10 is a schematic view of another example of a pressure swing adsorption
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
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.
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as air delivery sy exchanger s,
sdrspesnt doclbswtl er s, rom#reguIatlng devi ces, fue
and/ or feedstock delivery assenblies, heating
assenbl i es, cooling assenblies, and the |ike. System
22 may al so be referred to as a fuel cell system As
di scussed in nore detail herein, hydrogen-generation
assenblies and/or fuel cell systens according to the
present disclosure include a separation assenbly that
i ncludes 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 consunmed 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 principle that certain gases, under
the proper conditions of tenperature and pressure,
wi || be adsorbed onto an adsorbent material nore
strongly than other gases. These inpurities nay
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, CO CO, 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 involves
repeated, or cyclical, application of at |east
pressuri zation, separation (adsorption),
depressuri zati on (desorption), and purge steps, or
processes, to selectively renove inpurities fromthe
hydrogen gas and then desorb the inpurities.

Accordi ngly, the
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impurities are retained on the adsorbent material.

As discussed in more detail herein, a PSA process typically involves repeated,
or cyclical, application of at least pressurization, separation (adsorption),
depressurization (desorption), and purge steps, or processes, to 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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hydrogen gas fromthe feedstock supply strean(s) 68.
As schematically illustrated in Fig. 1, t
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gsr/sl \f/:%ﬁ&@i??r g%;kﬁé rfgll(:;v?gl'g%s:cugp?@? RberlESRayBE m'estgﬁ’y kS a single

, resu erent thernodynam
batarees supply haedydbwge ngaiethatscope afthe pindsgntddisclosure that two or

Acn%grredsiug ls%/r’ear}lg],eofhggrs%%l%nérggirt]feerreanttic%rr]np%gi%i%rq}) {*r%z/ly%Ge gsae% In some
embodiments, air may be supplied to the fuel processing system 64 via a blower, fan,
compressor or other suitable air delivery system, and/or a water stream may be
delivered from a separate water source.

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



further include a tenperature nodul ati ng assenbly 71,
such as a heating assenbly and/or a cooling assenbly.
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configured as part of the fuel processing system 64 or

may be an external conponent that is in thermal and/or .
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s tiedulstask fsnpply sstidimi @niaclusle iteage refarmiog and qvigthenead reforming, in

recgei,ve_.the air streamfr.aoman [ I rce “

| e eng claDMs st W e sBO oS fregetpg soonty
Us86am B30 tGinifpa RGteANEIO4t RASPHRS Saben-dBtatdtngisedsiock. Other
provide the air stream but this is not required to

alexampliod Of weitable mpRaniEHp I ArOdUCiD BYITae hERsIas R IRyTopysis and
1 in : e . r .Si.:

L TR TELAE SRR T S ARl D e e
S dgglstockh Qubig @ stréam 168 gloensotafontdie wateel Spitlemetsr mgjitable mechanism

system and/ or other porti f 56. di
o0k FOIEGAE| W%%qnog@%olﬁ %@“3@%332?{3%&@F%ttbez?ﬁge%gtoug Is water.
rargg Live %o?mgfl@ Jﬁgﬁﬂ%létéﬁ%m&ﬁﬁq%nﬁem@hhé’luae Lt least one

al so, ternatively, 1nclude heat exchangers,
f aiydrochibonests alcoball i Ajusspsive nexampied of [eitabdeidtyddwaitoss include

O oel g reaions) oL Lo Yol Broceasno, SYBCE nusvauve

t RE PR oPEREBRSIIOhoRYALIBAR RittHaB0k @thfah&%rﬁﬂpd&/%rélﬁ, sch as ethylene
hydr ogenpr oduci ng regi on 70 based on steamreformn ng

orglynobattbproppldot Blycol c reaction, the tenperature

nmodul ati.ng,assenbly 7 1 may inglu t f .
suppl yiL[h'ﬁ ﬁ%‘i’i‘)gfrﬁgﬁﬁrmogi r?X% gﬁil e‘grr%elf%)? uur%gﬁgf s than a single
hyaRGeR-pRsAREHE MtkchAGim Nin/ Ghed My didpen PEdRIEInGO FEIIOIE 110 and may
in the proper range. Wen the fuel processing system )

i Inelud Mpue dkrnnPeh hadmgen-BrdciBgoggennghidyPhihepp mechanisms is
b C I\t ] ar t.i i ' P ]
S35 ARSIl AR AR i e ytoge
asgaeblion éssbriby 46ncAuckedspy, ahe Hydrogea gendragorh@ssembly 46 may
i.e.

further include a temperature modulating assembly 71, such as a heating assembly
and/or a cooling assembly. The temperature modulating assembly 71 may be
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.
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



supplying cooling, to maintain the tenperature of the
fuel processing systemin the proper range. As used
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generally to tenperature nodul ati ng assenblies that

are configured to supply heat or otherw se increase
t eedsteptp delayasy 6y$em égl"l%? f%ﬁéﬁéEPlé!c?tfP@aﬁé’ngf her tughgiipplygjiream 69
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ass y© 1S use o refer generally to tenperature
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O g5 IR I & Bdress Bl EPRER VRt or 80
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LRSS, 902 JAPRAS LA SOLO, 80 BERETALN el B cooing
S&@%bﬂd eﬁ tgmuem prectsgiag systenr 6ft arrnether) patioamf i asseambly 56. For
product hydrogen stream 42 and at ast one byproduct
stelxéf&fﬂe? eV ]Fqlil_a%}ec dpRl apreeessing ayem a%‘g db s‘ioﬁﬁ’gwgﬁ ﬁ’btgt # dhydrogen-
o&r&&lﬁiﬂé@%&dnt 1€ Base@onUdIBh rIBRRRe @S8R chdbthrk@8reaction, the
gas stream- /4. Byproé)uct stream 7& may contain no
E}tdhp@emr@aﬁodlﬂmmgi assergplyc @l [ payvindludsopystdms gomsupplying heat to
ydrogen gas. Wile n required, it . is within e

sc‘B"B@t%H\‘ tﬁ‘ﬁ deppeine i & g’é’&F%ge{l’r%?duFH’@I THe eF}sd;iaﬁg the other
SYS @rﬁsgm%e%@op@gﬁﬁ gd to produce one or nore

byproduct streanms containing sufficient ampunts of )
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7 ariehth et D CRRURR Gecl PR o ChRoR B RERR Rudtion, the

t hemparafee weddusiting cadteraly ALY enagihtiuaé psterhsidbr vahorng heat, i.e.,
(i.e., hydrogen and/or other conbustjble gas cont entg )
t GupplaisIgecaoliashBampingnin shce iIREratieest the é'é%rﬂrpcetsamg syStem in the

ggler?ée?‘:rgngéeh eAD Mgé'd%%iﬁ,%g q!éi'tﬁL Rkatift iafk@nﬂieyé’ sq8sd f(ﬁ?fer generally

tenperature or wthin a Select range o

t abpahpérbitues moAslaiing asstmbtiedthanalicgnfigyred besupply heat or otherwise

h%ggrggseenthg %e[]rjrel}gearzitiuﬁ)enofazﬁlsgrrrsoellglcteid1 rcelgyo%gsof ?he fuel processing system. As

used herein, the term “cooling assembly” is used to refer generally to temperature

moderating assemblies that are configured to cool, or reduce the temperature of, all or
selected regions of the fuel processing system.

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



tenperature nodul ati ng assenbly in the formof a
heating assenbly 7 1 that is adapted to produce a

woeeaicmdsBxhaust stream 88 that is adapted to hear/uatoos/043113
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| east the reformng region of the hydrogen-generation
assenbly. It is within the scope of the presen
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dif8c| osurkusmiad, segiemn{Bandiagdeshal lragld one RERMIRS (afelyst bed 84
p I A . . | S .
230550 S gL SO 30RO ARPATCHY R e cxanple
| igne dydfogeh-gsodutingndgidn mby ite mefdriedrtot dsea sefopeingf regtom, and the
present disclosure that the byp,r@oduct stream fromthe

PIpixad Ao MRy borehssd tP@s &ircIQUBYF ST of t he f uel

stream {or;4,h at.i S . L Fi

o ACR e S Y R B e 0 e
suleliadib@ taia semumtion, regiwh, faredssabblgai? 3Rat iwieludes at least one PSA
cont ai_ns _any i tabl nbusti bl e fuel, suitable faor .

b GPTAE oy T TA Ao S R thie TSR OB Ty ifeam into
ﬁgﬁé‘nﬁm BéabBYh QR akSE0aRBatl OBt SR @yé)frétﬁict Sitda@an® tHAf cdnltdns at least

ating assenbly, but as discussed, it is also within
t hresubstemieal lortidreofdhe thperities, ohethercgabess PresersuB mipedgas stream 74.

fyel streans be used, such as the, byprod r :
ot PRt e 5P ad N o S R Rl PRl some
f uglirdzhloast Bakie ot foquitbe it IshefinriRdiobe of tRxjrasest disclosure that
streans from ot her conponents of system 22 have

sUneliprpesssing gasten SHusay beadapied AP Ee Ry o5 GROTESYPOFRCt streams
Wh h ficl I
f ocr%pxtoaérhngg S%ﬁrcgz%{ axH&Ynec‘s 3#{1}édr§]%e?1r%reu|§/81ebth¥ﬂ étig(t’ese)gtzb%feﬁgﬁﬂ)le for use
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ati1ve exanple enperatures that my be
aghtseeve do anditan tehytraganepkoncihy drgogeat-aptesited ppeyating temperature
regi 0%70 throagh thg use of heating assenbly 71,
st AR P SPIREEL TA0gR O IPRFTYHEFat e at tenperatures in
the range ®fs200P i& e DO0AR GydlesReEmi@s Rdmbideincludes a
of this range are within the sCope of the disclosure.

Wiempetaire sradolatiog assainbinig the &efst efokhdagngessembdy 71 thekis adapted

y ;tﬁ%)g) %fﬁfa‘gﬁ%ag%iger@%%ﬁsttg ngl\éf"xﬁ%.f%,rg{a}é s;é:%é{?ﬁﬁég%%r&e&elem tR reforming
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375-425 C, and 375-400 C. Wien the carboncont ai ni n%
f eigplosyek thay sirenpd 88 capy s, veadnimbpat efher pertipngs ¢f the hydrogen-

al ¢ . r r - fgxhsat el y 400- 900

L e

reacti ofs inditaisd matlished dines éh Figf 1t oids2y anigewithiolthedscope of the

750- 850 C, 725-825 C,
present disclosure that the byproduct stream from the PSA assembly may form at least
a portion of the fuel stream for the heating assembly. Also shown in Fig. 2 are air
stream 90, which may be delivered from any suitable air source, and fuel stream 92,
which contains any suitable combustible fuel suitable for being combusted with air in
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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650- 750 C, 700-800 C, 700-900 C, 500-800 C, 400-600 C,
and 600-800 C. It is within the scope of the present

wdizewlessre t hat the separati on regi on may be PCT/US2005/043113
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i ReFaieldn PAPIPERIEK FHEEi Y r?P@FOX&IQEtE@niQPﬁﬁ@FL?ﬁeiﬁ‘&%ﬁ%ﬁﬁubm of
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canningaedstati . is lal hydsocabon etipmpliarad sispkar 2d¢abal, a temperature

prgcespes Tneluds 10e,4ae. 812, BNS) RelTPTY MIS.Ah rtoming
fxle?é’i’ichher QAN Butetadapt@rl tohdr e¥eide atSOLERSLT, 725-825°C,

selected inpurities from passi n% t heret hrough. These
N&FET H S T0R380DEC r BIPORE.1590:890hEi 42-600° C, and 600-800° C.

hyd -sel ect | gL i . :
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PSA, the one or more additional processes may be performed at any suitable location
within system 22 and are not required to be implemented with the PSA assembly. An
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. Illustrative physical
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6, 221,117, 5,997,594, 5,861, 137, and pending U. S
Pat ent Application Publication Nos. 2001/ 0045061,

waQos/0ed82251, and 2003/ 0223926. The conpl et e PCT/US2005/043113

di scl osures of the above-identified patents and patent

applications are hereby incorporated by reference for
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en these .cell s, are c 1. SEkd t

Do ek R BFASEHF ol S0RHRS, in A St ottty
Er QhnPYE% Pilire! Mgork Nteferabial greadd than TORTocpirts andh even more

stack 24 may be connected in series, paral].el, or )
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Fi il S ] - -

tpgle b SR 0 HIERA Bg fuhitaly, 100 gnen: Nos

s6,22k 1 PA. 5,998594)6,8€k137, stndcpendorg Ul Pategefpplication Publication

SN RHBP4BRY. B KRR bR PRl shlfbasfidioss o
%Xg?cfbv@-%d@{tﬁfee AOME CERY BREnO%pplRAtiSns latd WStdb@t inv€rporated by

exanpl es of typesof fuel cells Include proton exchange
neifidreaceefof BEMpbsesl cel |l s, al kaline fuel cells, solid

oxi de | cells, | ten car.bonate fuel I

phosp hfit’]'g’é?g.ﬁ’& %famr t}}g}%ueé SPES4g, Eiysieﬁ%gllf i%kaé/ T:D%F—CLC?W?IR% to one or more
PYI BRSEorafe bVt ahd AR fudd ceX efipk 24 yvi peddueehydr@gen stream 42.
the formof a PEMfuel cell is schematically

i Some or alf efihydogingstream 43 wep AddierdNger HisHRY, pudtlivered, via
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hion exc or rolytic,
nﬁéﬂl?;,r gfnﬁo?e&_ ﬁo@%%&zledsebel?ﬂiﬂemfaﬁnmdﬁgr ¢gitenhBRogendzaa used as a
cat hode region . Each regi.on 30 and 32 | ncl udes ,an
DT BREC 0 THTASEy OB A (OGS 2k DEAEHGEREY 55 1 stack from

B . : y
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t hat ' i i i
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series, the power output of the fuel cell stack is the sum of the power outputs of the

" individual cells. The cells in stack 24 may be connected in series, parallel, or

combinations of series and parallel configurations.

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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42 is delivered to the anode region, and oxidant 44 is

delivered to the cathode region ?
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are _an anode

cé}ﬂ‘ih&} Itpehwgg)g ﬁgeg é)ga%re%tﬁéllg %%&g? tﬁq{% I StRdP Rids XHH/&%&?MB may be

e air exhaust stream

&h AndRdG2kh ¥4 dhay RAG vert ttd ald ies dcfwemﬁglons of the fuel
stan? Fly, x%%eted of oxygen.  Fuel céf

rragll ivii |ansl esuaaldg nnmhamsm bgen rqsg@ctwp OGS 44 AN <$ )4l§ ﬁlustratlve

feed, air and r t
af8ampies Pf Fq}&ﬁt} souiGes 48 g?%g%&gu@tqg@]ﬂgeg Pre c§1tézoe§ (’jc%r?ttacgsoxygen or
t Qird@k iav edn, Icb@pASSHC bidved et otharmdetios fandireaingeait te tlae cathode
streans fL?n1 t he individual fuel cells. S|n1larly,
ams'glslw tabl e nechani sm may be used for selectively
pur gl nq{p)? 5291'618 geh Qgﬁfz?ﬁfr g&ﬁl%m@ vil’e}#ebnff? Shd)tlhi&t\ﬂﬁ kan 2ékidation-
y o uel ce
reduct1on react1on Although rnembrane 28 restricts the passage of a hydrogen

molecule, it will permit a hydrogen ion (proton) to pass through it, largely due to the
ionic conductivity of the membrane. The 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
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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wi th bi polar plate assenblies separating adjacent

menbr ane- el ectrode assenblies. The bipolar plate
wagemrmesises essentially permt the free el ectr8aTHiS2005/043113

pass fromthe anode region of a first cell to the
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one “energy- consu g device e electrically

c outidne dhitanh e enat gysapistydarc apyjieslyloadrsuet? as Stooh anastoone of an

the fuel cell stack_24 d:;n'gd/or one or.nore

15 oRREIGYCRTIRE dEUGE seandifie suergyRRpdHging AP st ack.
Devi ce ' @ shéte a€MERENs Bf 09 4eit8the output
syst emFgéagﬁgétgﬁbv\Lgpdéﬁ}%g?éeétsri cacur r en% fromthe © OUIptt power
sysydm daesaned by réwufimmthe dqipet ¢useedt. nde rdeciigad op@yt may be
to as an applied |load, .and, may. i nclude thernmal and/ o .
e et to; %SP)F %&?gquda]l%ﬁd,i %ICW atshfir?{ntqﬁlgrgé/écgggunajfngt (?eevg(!e 42, Fig. 1
PLaReRticalP ‘Eile?ﬁt»ér fhat Qﬁérg}rft@o&mg S¢ktérR ATl MRy Bflude at least one
satisfied by the fuel cell stack, the energy-storage

20 densrgy-stosrgehdstvivet 18e Pavite o Whestinglkdegnmay he adapted to store at least

TRt PRSI Spbh PP, BOATT Bl sk 20

Veliserh®ve exXd@ails ofnduitblcinesBastoragt deviea®s is a battery, but others may

anyconbi nati on of one or nore residences, comerci al
ok neess Erergysiomasgsyicads gryorddainslly op ellt%?atﬁ%%l%%u%?ﬂdo power
[egg{bge t—&%ﬁﬁﬁpg}sf&em%gﬁgg SRR QTR Rich. i ndustrial

srgn ng an i cations equi pnent,

25 radi 0s Thelagdéast oad byerpyeensaching dpvne 62 sngnbdekctsically coupled to

recreational vehicles qr other vehi.cle bat t.er
C ﬁ@@)@p@/—g}ﬁ)@luwg SYSIHR 4dap @_tgftﬁg Ee ﬁ%ll gﬁaglg ??i%\gflor one or more
F QAL QIR IS ddvikes [7REIsSREHEY wWhQHY GiablEl BYS1c8™22plies a load to the

energy-producing system 22 and draws an electric current from the system to satisfy

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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of which fuel cell stack 24 forns a part. As indicated
in dashed lines at 77 in Fig. 1, the energy-producing

weysic®assay, but is not required to, include aPCraasi0s/043113
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one power managenent nodul e 77. Power nanagenent
modul e 77 includes any suitable structure for L
c 6AmbiNagAn n§f oPnot Pler WPEe Teaigencas.i remmpcisl eptfices py buildings,

pr - i . . .
DERYESHoDL g SPLENGEIANE S8 DAL SOBUBUER BByl mcusa
| Rghipeens Uk ndlink Usidr edmmenishtioist auepramt b uakon reldvodslly powered
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FiCGUIPANgiHs o] RASES ApqroaiasghNgigleper Qt};ﬂsweggiwve%hiﬂ&ers and
S WA, i l : f

S0 e RSB R SRR K3, BRLICES e BRUERcRl syt 2
dio$ twhidtufuedb nelhstaea®d famslOgarands htlcatdBeigisdas @l hmep at 77 in Fig. 1,

additionally or alternatively be referred.t S
RO FISRY-PEMRBE YOG Bakohits BR: FERTGhLD, inglad® at least one power
dipsdhbBHEAORoRaRETR! | PSwBAVRANRES NS Chisd®E | FAlihdudes any suitable
iITustrated in Fig. 4 and may Include any suitable
ststructiicer §orf ornditédnang iov eltherwiseatsigileing gheretectegityr piotdieeg by the
fluid flow between the beds.and/or the input and . .
oG TSI “Soms Sub 93, CAGewh e TS, deice 52
owrsdile St @@yB incNeeUdRhafllukeaste ftucade &S beEK @amobé converters,
pr oduct hydrogen stream 42, and byproduct stream 76.
| lingstersappwer eherapinddhokkesyi t abl e structures incl ude
one or . ] d [ [ ltH
col 1 ectNoEram MM Srangbr S5 hohpl 168 n, s shown,
diasdemitdyt7e ihdluded 4 plustidy obhdseetienf bedsd O0rthan drbélubdigsonnected via
and val ves, such as check valvgs sol enai d v

%

by dssoraes M0gcand, k. PAS 1O PR GeEtienaly of liematively be
e%@i’éﬂjeg 1o tag] ?gst%ﬁlg%%g §ha][9&r§g}e %ﬁa e P er %ﬁmé.t Thé dW¥itiBn assemblies

t he scope o e present hat the nunber of
bédse iragn velteynatisalhillmstrated iim ¢igideandomey oncliidss snybsdigble structure
n shown in Fi cal

t ha 4. Typi ly, nmbl.y, 73 w,l |
i Eelf aﬁlgcth\tely ggg!?l?sihw(g Blgg E%st%@)éofﬁqa}és QW |l¥et\f/%e&1| ebeds and/or the

t RASR, anfdOtputQliredRE ©f REIbIYIZl €AN koW AHUE TiBFUt and output streams
assenbly 73 is preferably adapted to provide a

cantlidriatideakl mikast§ gasr sekanyt 7hypiodeps hydragsangtroaint #2,aand byproduct

| east o of. the.pluralit f beds exhausti.n hi s
st°HEdh 1\2\‘/?61e nﬁ{”ﬁgaté\%s SWQ)C%/SO% Sr\mglgg Sgﬁlg ?L}I%Sc é]ilc\(?lll&neg offe or more of
C GRAdi PO Sudd A tibali e BhDesl1estibreABhifdlds kit takerespectively adapted
illTustrative exanple, distribution assenbly 102 is
adegisabute flaid ecnd vellget dind {rem the Reds. aad valvee anshes aheck valves,

t I Lity of acol t: .
o RRol Ohicslp e 0R02, 308 0 M AR cramls e becs 100
1Gde slsovad ot &ds tvixhizothk 8cdpet dfahg piesdnt dikclogdread atrthgasmber of beds
t hat passes through the beds and which farns prgduit )
hy B &5 Spele afto include more or less beds than shown in Fig.4. Typically,
assembly 73 will include at least two beds, and often will include three, four, 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
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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42, and in sone enbodi nents to deliver a portion of
the purified hydrogen gas to the beds for use as a

wouro@destsr eam The di stribution assenblies nayPO®US2005/043113
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configured for fixed or rotary positioning relative to
the beds. Furthernore, the distribution assenbli
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CQBSInBIek | BSragticR®, PEANsBerhbflRs ﬂﬁa@ﬁﬁh@é distbuflbf a&Binblies that rotate
di scl osure. Gas purification by pressure sw

adeleipr icothe bedsongeBe Edefiirthio) ag FOtBF YRS ERUES &\y@&aggoraw assemblies,
f gWPrS V:?srs%%i)he%f g\ﬁ‘?chs#he [Rla3k bugs &8 tob?da%?e%ﬁf) b&fe relative
beds. ext of puri f d

. con ying a m xed gas stream
caophdisetlesiosslcativdlalebtgblish etnyldengetrﬂ@ds:onndmOm wagl bgasferred to
streamis delivered under relativel IE rlgressure

orfé Bied ofeds he LRSS PR HBGESUE FYIRG Y ?Bo@%sﬁn’tbhgs' Both
L R ek B AR Rt easur

strative of delivery pressures
for m x@g guasﬁ@tmnadm ﬁ!ﬁbssunclswdg pdsosgiane ;viotves [sequeatigle pressure

f_40-200 p i
g(f.Y_GL]gl@g w O\g éevsfgs%xP Bg gaspsri%%rig geggtbvléantottg% cis%g%gg ggdseth& the context
al I i
TR BRSO Uy A0, 210848 i

stgae atrednh ovdelivencd ugﬁextmlaatla@ﬂg bighepressuegyiogme epgopthe adsorbent beds

8Xth_ﬁrﬁpy fe%é(gs% tg? ﬁ@?draﬁ\é@ég corlt gl%/ea drsl Othg %8so?g§1z rgélon thereof.

t hanaRYivalexhBpIes of eI R pidsyurésefoainfiRed g@sttdad 74 include pressures
adsorbent. This is because these gases are nore

r 6adhe gange 96 #HLQ0 5Lt Heh se Pester Wdbe TR o Y5 pyi. 50-100 psi,
t T I t {hlike ithi
o0, TIPSR G5 4Pl B witin
r abepy eftthe (praSntahsmwslufd edls thydniegd gaSStreaﬁnﬂowaﬂs@gh the adsorbent
t hrough the bed and is exhausted fromthe other %

t FegigBcarhon mepaxide, ﬁgr%gp dioxide, water and/or other ones of the 1mpur1tles or
other gases, are adsorbed, and thereby at least temporarily retained, on the adsorbent.
This is because these gases are more readily adsorbed on the selected adsorbents used
in the PSA assembly. The remaining portion of the mixed gas stream, which now
may perhaps more accurately 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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hydrogen gas may be descri bed as being the |ess
readi | y adsorbed conponent, while carbon nonoxi de,

woanlsmas®r oxi de, etc. may be described as the ROTAIS2005/043113
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readi | y adsorbedconponents of the m xed gas stream
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a tpeush o Akorbb@ MpieduUcin Miyeiaperexabiphkast a astabld purge gas stream
streamis conprised of hydrogen gas, which is |ess

r énaipPsHioady She BePdupahy drogen s anp At thinglem rqeatprijed g6 hydrogen

i | UGt BRSEmay be used
R R R P0G 2585 098 ! ARl el By e
ads dichedegas egcaranatiengh these gasps pfederablyyaratess readily adsorbed than
adsor bed, or are meakly adsor bed,

I d t
o RoAGerod s te AR il dorg T SR LEE dot Al 06 A pBly weakly
Staﬁ?cgﬂ%i{ oh% é!ﬁ,@rb%ﬁWB%ﬂlg%@e&t | east partial vacuum on
t he bed, but t

I's 1s not required. Wile not required, '
it is ofdt dncubesd, rthisl desoptioni stéw enaynimcbidendypwing an at least partial
equal i zati,o teps,. i.n ich t r_nore beds. ar .
¢ BPuS o Hiededofrabisdnt oot o e PR ase R Ll Gy gosinable o
t RRiliz8! Gkl ¥ nftr& SebBAtbh eftgRetimeRRich FO¥o X afileebedinere fluidly
or nore equalization steps nay precede the desorption

arateoasestadi te peiroit te bgsls to pryadize the relaive @Eseyses Ggrebetween. For

ste qualization is used.to redu S eyl .
t ﬁég@gg’ afty 198 &Gy 89ua§15%éonof&?%%eq§?}£ rﬁf‘g{?gh% o%egﬁrptlon and
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(re)pressurization step, equalization is used to : :

i REpssBIsdn thecbask angsgrecanet same olhde puglietRydioeshessipniaged in the
be ac i i t .counter -

el GTE 0, 4 e RBUAI R, P Al 1 e e
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AOURFIBET O B> b O S6TorPRE RS20 RS SGblrLahihe desorbed
defkyelsebriflék8! the bed is again pressurized and ready to again receive and
remove 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
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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For exanple, when a bed is ready to be regenerated, it
is typically at a relatively high pressure and

woamicicsms7a quantity of hydrogen gas. Wil e t hPeTA&2005/043113
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c ahmome ndachf adaped nioxaddopas differamcospohen oft the adserdbgas stream.
nmor.e adsorbents that

carbon nonoxi de, and/o 0

G TR, S AHOBhET, GG, AARE Y ALIEAIVE GBI fongonents of the

t hgixeh Xg%g HREmSt TR Rative examples of suitable adsorbents include activated
carbon, alumina and zeolite adsorbents. An additional example of an adsorbent that
may be present within the adsorbent region of the beds is a desiccant that is adapted to
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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Simlarly, an adsorbent may be adapted to adsorb two
or nore conponents of the m xed gas stream

woORbusabsari ve exanpl es of suitabl e adsorbents paciuse®s/043113
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néghéd Medsyat 402 én Fig. he Fabekarpleodt lsmtena Heas epelinges, gondenser or
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use et ween t he hydrogen- produci ng region and

adsier pemsentrieghonmixad gasc biegam.i Entipuing|t istaxample, japd to provide a

dashed lines at 122 i.n Fig. 1 0

oTaTeh REL iy Wﬁﬁ’i@%‘?ﬂ ngggcgg%ss (Setrréacgﬁrzs éﬁoﬁé?éagﬁ £ tae%ﬂ&le}e?&%ers tend to
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stream prior to delivery of the_streamt? t he PSA
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present .in t j . Lnuj t i 0 g
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ninseshs@as Bhme afiRed pay seand praineainfroef aretleans] e stmila carbon-

t ai t | 109 %
LA AT IR T e,

(kg s or Je8 R h Rl glﬁ% 'g%baﬂf: ok REnil ¢ @brbBh ReRESiRG feedstocks).

system ese streans tend to be fairly hot, such
aWteavéouieda prierper ddlivey of tha PSéasssedidy, ychnag he agadlstrative

g{emr{]aen ur?al)lx(lg gr%ﬁgezitoﬁ I%ﬁg?ﬁop'togy %%gn f4b98r8° l&ftlﬂg&o& Bls water will
condense. The mixed gas stream may still be saturated with water, but the water
content will tend to be less than 5 wit%.

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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cooled prior to delivery to the PSA assenbly, such as

to an illustrative tenperature in the range of 25-1Q00
CsignifisganPresivge desp teigh ghe ;%Fﬁ?-s Atatsed DT 189 _ﬁa’&%é’% a bed that
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water, but the water content will tend to be less than
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any suitable form illustrative exanple f whic
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used herein, the portion of a bed that contains
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abl 3%y T, T, PRSRS SRS pp gt o o

N@bnti@us F&Ldoh @) tivodruterepspatéd bpais regiamppeoithcut deputiegSrom the
and other suitable structure for retaining the
adeenesd e prssend dielosEenponent s of the bed within the

conpar ﬁﬁrﬁl{gaﬂl sRasE gf%g@g sHQ@?tﬂé ﬁ% 5 BLRL by %Jl\?d@%_?gﬁ Meast one port

ot her, esire ree o ression, etc. ese

de\B aesycautel ghthevaah kyd refien o€ dha bedas Aslipgioated imnidsherddines, it is
generally indicated in Fig. 5 at 116, Therefore, it i
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adgarenbre RS 8Rc PEY. SRANBRPANE wifhid he s85d sfahk AisBIoR@k that the
conpartnent of the bed, or ‘only a subset 'thereof.
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continuous. region or, two. or. mre spaced apajrt regions
RS BB oo HCFLfR) S BRGRS: 2P30L PRALEMon ancrr
dingGbeS i orts! thet Jofts latd dbtlet @iyl a@apAdidlotiet heviuid Mo pa@sage through
5, bed 100 includes at |east one port 118 associ ated
withéhadsgdteneragioneef b bed andéo peldpct Agiq thai pagsesdhraygh the adsorbent

SIBFE by B R RR L KB BB e s

| nmblédRntmion dfae PSAeagombly Sidibd stageyin ihe PSA wiytle] be used as an
the scope of the disclosure that the ports may. extend i
| AR RPTHOT AP R @0The HET the RYFPRSP WK PEOVIDE 2 ZniGab PRRDIS, Fig. 6

SSREY B SEAPTELL, AR, SN0 e et o
pahd sed, i.8.ebgorets tharapposd prrtsior ether aoldmgeshstod thitebédy dn Fig. 7, bed
f I1l6i0 ?ncfh%es %gsafisao%gentt rr]ég?glg 5114 that includes discontinuous subregions 120.
During use of an adsorbent bed, such as bed 100, to adsorb impurity gases
(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
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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the adsorbent region of the bed and to collect fluid
t hat passes through the adsorbent region. As

wdizemuwss®sd, the ports may sel ectively, such asPCT/US2005/043113
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m ni o

any, adsorbed inpurity gases. This is
sonmewh#hisstekenpiondalsbyneivhpusimpdified in shatithe m8iss iansfph gpe often
agsorbent_.regi.on 114.is sho .. ncl udi.n .
¢ ok apt ety ahifogpr hegirining G dED Qg Mo O Ry aorpent region.
| Bipkbially WA the ARG SNas 3284 ¢Ofithind Waste tifanastR0gas that is adsorbed by
inmpurities, it will nhear or even reach its capacity

f the adelorbeisi RymilAdg ehesepaases wax hayesdiffgrest aimitics fog bang adsorbed

mass .t ransfer zone will

AP AESPRLAP 07 stk DA SR Bie B cBRRRSE AR Bovcer,
OfubstaAtAl $origR&Rch exarieds 70Meocapes of yheoddsarppian twild tdgirto occur
portion of the adsorbent region éi.e.,,a gp ticul ar

nis 8 Telatvly dpcalistre POionRI'HF FIEaLY TGEOEs ) l%htblsg%%%“’ or zone,
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portion o e adsorbent region, where they will be
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RSBl 53008, BRERa A B 5. Accoringly
the adsorbent 112’ in portion 114’ of the adsorbent region will have a substantially
reduced capacity, if any, to adsorb additional impurities. Described in other terms,
adsorbent 112’ may be described as being substantially, if not completely, saturated
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.



This description is sonewhat sinplified in that the
mass transfer zone often does not define uniform
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regi on, especially when the nm xed gas stream contains
nor e than one gas that is adsorbed by the adsorhbent.
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which the gas is removed from the bed. Expressed in different terms, when the bed is
again used to adsorb 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,
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.

22



10

15

20

25

30

the adsorbent regi on becone nore and nore saturated
W th adsorbed gas. When the adsorption step is

woanplwessd, the flow of m xed gas stream 74 t oPCINAIS2005/043113
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regi on processi ng system According to
Hg/pically begum. Fdrexanplentheqfurgadsalstibdntgzesids theh agpregsgrized, such as

T M MEN T AT R
bggtiongﬂ? rn?jyod'eefurﬁlglepressuﬂzed.by purified hydrogen gas delivered thereto. By
utilizing a plurality of adsorbent 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
continuous flow of purified hydrogen gas (i.e., 2 continuous flow of product hydrogen
stream 42). While not required, the time for the adsorption step, or stage, often
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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into the adsorbent bed. This gas flows through the

adsorbent region and draws the desorbed gases away
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continuous flow of m xed gas stream 74 and to pro
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may be used as a purge gas stream that is selectively delivered (such as via an
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
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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the inpurities gases "break through” the adsorbent
region of the bed. Conventionally, carbon nonoxide
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steeRafvdl4 didfinde ele Mk @aeRréahi ©aRE 4ebd sads 14y bf ®dWdforbent beds,
stream 76 to and fromthe plurality of adsorbent beds

100, inflisalg 9t 114 's cExhaplomarifolfly 17 dyadapsad @orallast gas that is exhausted
; M

T T A R0 SR M s
W dnldi aththgas depeds afot thaevepteg e nfordi probaguliwirddeat steame42. These

of this gas may be used as a purge gas streamthat is
o SPORRT PRaY Ao nsiraia gh TES I agSaﬁOaw dprang epllectively form

di leéﬂt%gf’?ﬁﬂi fold) to the adsorbent beds during
th@ﬁpg)urge and/ or bl owdown steps to pronote the

desor ptFigs l&rmaidridrmdscaschematidtedly aldpiot bgptodas egedn 76 thhimg delivered
adsar bent. The desorbed gases, as . well as th ur.ge

gdlS RGPS AESRAY 410 b CRAPIS PRBh TSl hoSo BBt bisgem 90 to
W frBdtddenedRadk Akt A 880/As@ed0 1Bk B ed QOMhd 11, it is within the
bypr oduct stream 76, which as di scussed, may be used

asscapd abthespressandiselosure dhatrigatingsansbinply77 1 may, oithe ot required to,

devi ¢ t 1s.adapted to rgceive..a conbustib fue
eieiplgh o RRA Dol IR LB BaC SRRl Srli®hs. 1 some
S Gttt inente XRERINED 0 a P AR ok Sefelkl €6 ad 3 sup@bmemal #@Pstfeam. Any
plurality of adsorbent beds 100. Simlar to the

i |Juifable sombustiblefisl maywwed in ftragm 92. Uhisiati viergimdast of suitable
b a bn: Fi t okl L4 R 0
oRER eI, SR onnufl e gl e, LRyt ThGDE BB ca by
behydiddenzgederation gasagrhblyaldby atdforr cieyd ofn tikd giboileldiscussed carbon-
whi ch f.our %eds are_shown, although nore than
containing feedstocks, including without limitation propane, natural gas, methane, and
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
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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four beds may be utilized w thout departing fromthe
scope of the present disclosure. Simlarly, nore than

wonecRssvsassenbl y may be used in connection w POTHISE005/043113
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same hydrogen-generation assenbly and/or fuel cel
system As shown in Figs. 10 and 11, PSA assenbly 73 _
i tEume sAa 2lgp discpssadi sermandevtyerm refREping Agactigasary illustrative

meég pﬁ@%f Q@c{gtlﬁeg‘ingc %rj)ges%gsdthgtgr&ﬁz g@lﬂ@éd %E@e&n&%@ gas stream 74

gas mani 'S a to selectiv
difgdrh ivitdreanthecarbare dogamingt feedstodko attheugheetbereprdsesiebdand/or feed
of the adsorbent beds, as indgﬁated t 74" . Exhau
oy e

] t )
| Qmpepents mayapditonally o aieraty g produce mixed gas
e)‘sﬂ@?ﬂﬁtﬁq 1f Q! ‘?hig‘%ﬁéj%cgpg st @k gtr&%n@&%&f)gﬁmhapgfégetx}hl%urst stream

nane t he desorbed ot gases, purge gas, an
gasay hatdimedat phideeptimeryt iwafing o peaidioct compomegenf a hydrogen-

stream 42. These exhausted streans.are indi.cated at ...
2 @roqitipn gesemply, Hel SNl SYHe 8T PREE IVRETeRGHAT 6} fi:Emylips 71 and
styeam 76. Figs. 10 and 11 al so schematically depict

bypr oduct stream 76 being delivered to heating
assenblly theliltustritevec enthodineatsyishowmi in, Fegse HOagnd r bm distribution

air stre 90 0 produce heat xhaust strea

2 TS T TR T DRHE AR R8O btk R 438 Product
ofmidiRIPr186 68 taddpea ! t8setlectt that sthaaisi spasaIThldtogenl gas that are
may, but is not required to, be adapted to receive a

f ukithdsewe Sionothei modisdicpdohd4 of thy sderrbent beds anhirpm Whigh product
e ' | Q. .
g S S

f ]tiﬁ |Figl§HY% lbﬁii ]ICJB €t|d42’ P Paitgecramifid 152 Isustaptat it ecletianyl dediver a purge
of suitable fuels faor stream 92 include dr ogen gas,

o LEGh 3061 35 RSO Bh GRS BUCTEeR A JARE BBy g such as t
a d/er,an s dl

C;ﬁgﬁm@y dé‘s%lr%cﬁ{ﬁ o? thé é/dsgj{lgg%l rll?lﬂfglp% GraddsS %Hca Stﬁ%eby regenerate the

oncontaini ng feedsto ihg W thou
| i addsdrdemtaonfpiredahereinn dfher @irgggss, streetis aneindaagtd at 156° and may be

nmet hanol di scussed i ' i.th Fig. when. . .
T 5 S SADGE A A ek g, A it e
_C%@lﬂgfgéf @8 pisthr @sdie8lre a9 ﬁ%ﬁbﬂ&t%ﬁ%ﬂ%@ﬁaﬁi%ﬁs may be in fluid

i nc es a hydrogen-produci ng region hat operat és -
atcoglrewracasion tveithp eacht ethersto seleetivedndivegt aideastrb Ippriipmyofhbe purified

gg_l.a ate d ng%%l e lapté 0 3@0{ k‘g‘i%tg@%&%lﬁgﬁ ﬁ‘g g? V&F%J]Q?S%qu%gt%ec?%ﬁa 156Nt is also

sufuah|tBe QPR VT ahd! pResamdiiflosufe tHat Bhé o nfié bl @ases from one or
tenperature range, for producing hydrogen gas from one
ormensrasharesedrses awrsddiionglly or ditgaeissdyforay gdmshagortion of purge
a rpal reformng reactions are illustrative

e%%%%ﬁgéggf endot herm ¢ processes that nay be used to

pr oduceAnhoogt @S rafuirednFied. 10 and 11 illustrate at 160 that in some

embodiments it may be desirable to fluidly connect the product manifold and/or fluid
conduits for the product 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
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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fromwater and a carbon-containing feedstock, although
ot her processes and/or feed stream conponents nay

waddictocensal | y or alternatively be used to prodeceuszoosds3113
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gas stream74. It is also within the scope of the

present disclosure that the exhaust stream_nmay be _
adhsplestindtiongs GUPREY erivRey hBAKIHER CaPaTExOr fadzpgen gas, is out of
C e -y r i Sefilar f gl -
CSERRRCS, ol hRETE" ROUEL' a1 Q1 R e IBlofl s i o
7 3nadcaptbble dohtarstariat iof enerdvadoreimimirsieowe detedtedsn tHeQhydrogen

rar%gz},f]f%}t dsd é%%g%l%%Aag}gﬁ(?%gne%h{yf%qoéna%gler%gg% a%ggx%?ydgr%/or fuel cell
mg t%rﬁl 4 a?@gcidnsofaﬂégfr&ﬁc{ l‘i’yd%@ééneé_%feﬁhhi‘@ netde@alit %El stream for the

purified rogen gas that” are wthdrawn fromthe
pheatingtasemutdy, kb4 of the adsorbent beds and from which

product hydrogen stream 42 is d. These, strea f
Dur 11 38y BROGER Sh e A AR b BB gL 4t SRGCRmomber
alsiridure D 96ndimBHOR | hdfdlgs adapti@d domderd €6t ikeelnid streams
deliver a purge gas, such as a portion of the purified

hylthcusset hepein map behsiliaed oPlveiderbe @sy ssigaite agmber gndoiype ef valves

d i f '
“SENE 10 B s DB T R AP ERE hO fcr

g@ayShe’ @aived Al @stratflies Abreek dbisildbxanaples oRwhidh are shown in Figs. 10
collectively referred to as a J;)ur ge gas stream 156.

As
i nad/entléd Har exsmple, tchpak yiglver h/4:HEORUHpRINgfortqiger solenoid valves
priege .sal: t hat C u . £ .
ke T el O et 78, OB RSB iiPlxeg orifices 182 are
otshewn twillastkee howvekyludiyerampes dfefast-regupmingidemices 17heSimilarly,
purified hydrogen gas (or oduct hydrogen s am.,to .
baloys Biptess TH0r Besuts catpms 02| Erperalyie Sten 1R { fa CSmposition
S%@fé@to?sf 188" GreP iR to ANBEhE SHCedNRiveOS@nHlesO ﬁro%lhltﬁ? ldetectors

y

gases fromone or nore other sources may additiona

orl7al teritiatiatiet gxdroplmodit compesitian gotettoors afaripanr genoxide detector
st.ream 156. t hoygh not required, Figs, 10 and.. 11 .
PRt tadeiesb UnaaioreCthe dibob! oS Mo Tpdhe purified
d@lé/lﬂfo%@ﬂl as @rebindigd ¥nB&PI6GCt h?@ro%é@&b&?n 4qmni fol d

and/or fluid conduits for the product hégrogen stream

wi t h t ABhild nptdrequitedi it ¢ athin fe $pppe od e Pesedadisclaiyen that the
adduid connecti.o be used,to,s Y ' . .
_atﬁqpé g§fzm§fqyp161?¥ il cﬁua(g? )EF ha(sesorc):har ?c} iwgt(l}, %%(?8} be ?11 Xorg}n\ﬁﬁ{ctatlon with a
| Rbeeleg -tha- Readapfeldl foechntrbY @ic0 gpera@es of at tdwet beaions®f the PSA
assenbly instead of to the destination to which

preswitly Pydeioensseeinied ydmozengensipaen psserlllyiapgiasduel gell system.

ﬂiy% ?66181;62191; ig%?}iéé@it%é{}%ﬂe@%tggg} i S Lh DAl PORd b4 indicated at
200. Controller 200 may comn’lunicate with at least the flow-regulating devices
and/or property detectors 172 via any suitable wired and/or wireless communication
linkage, as schematically illustrated at 202. This communication 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,
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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cell stacks and hydrogen-consum ng devi ces.
IllTustrative exanples of situations in which the

wdizvwrisssn of the product hydrogen streamto t RET/US2005/043113
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heating assenbly include ifthe destination is already
receiving its maxi num capacity of hydrogen _gas, is out .
of Capdiplpic)omay plse reguiaie GhapiIER] Eher @OEIORE Ogﬂv Ryfdrogen-generation
a géetrﬂb?f % f\li'@f @E?%gﬁeﬁ%ﬁd/drfm@bé" ﬂ?&ﬁﬁl’%ﬁi@i\ﬁon with other controllers
concenttation o ne or nore-inpurities are detect eé

i radagted by corog thegeyeratioh dftthé hydreges gareyation astumtdgwand/or fuel cell

t he hyd - a1t ) d/ f cel.l
A e DR SRa TR, R LAk S o s
negdede %ita frughy %EsB%rf&@%nkH%d%%ép%t@@&ﬁﬁMngts &t Eontrollers.

In an 1 npl enented enbodi nent of PSA assenbly 73, any
s fuchisbparata doetrolles,rthet, e comunewipae mitt ¢ash aher and/or with other

mani fal ds and fluid copduits for the fluid streans .
e LS PSSl TR SHmD 14 Ty Suiilge Communication
syjfkagdse number and type of valves or other

flowTegul ati ng devices 170 and/ or sensors or other

pr oper tly Faigst 86 pod $1, aaduisdi(y oictemperaiure gensprs| [94taraghope associated
ggnﬁg)}(’% uf%'tﬁ% riﬁés)%(géﬁ%]e%?s%%%e\@g I&)%\H/%lla\r/lg §§ r%gtilv?n DS 's:cl:(g)% oflgle present
PrdaR@dstifeOfRbi€hcR lor abMest the bedwindy wadlvdSont 08 mde eSBpHTsture sensors

relief valves 178, variable orifice val ves 180, and

f iadapied ity fdetee’ ONB T Aase dpiBIRTAIEES psOdpiediveth the adsorbent bed, the
nQn: [ X I - t '

s A7 U DRSS L SRR R o .
t enpendthuugh sensqused PBA assnbdiep 031 dccadingetbetbt grasediodisclosure
are shown to illustrate non-exclusive exanpl es of ) )
prigpeinelidg étt@@?%qaglre.:?f.edgaseqlﬂthregg Q“ftP‘i}é’ne%r‘}gtﬁﬁ’ gufy asflisclosed in
CQTROFrb¥iSBn e PREhO N Pﬁcaﬁio‘ﬁaggﬁﬂ BNEVI28 086! Qi was filed on
198, suc¥1 as to det eg the concentration, if any, of

c drdrombem 20X i2004,i 13 ¢ridlegutTemmpedathiedBasgd nBigakthsyugbahstection and

42' and/ qr . prodyct .h ogen str. . _\Mi | e, not .

¢ QP PSR PTG QOB BY e PESRgems Including the
di Ssede0s i Ethk RBIPINE dFRSOs @S T WHivh (EBBerétICinbiPorak& by reference for
associated with, and/or be in comrunication with a
cotpuopases. that is adapted to control the operation of

at | east portions .of the PSA asse | @r s
ssoc abdienyar anaityel oy ATl ePE R u8 rgsgpre within an

C &ldkorByigt i dudin@OMmE bid @dwi, SorsddpedsBuirizadibh,yand putgt s@pedf a PSA
in Figs. 2 and 10-11 and general |y indjcated at 200. .
Coiveledb seewno At BsnprariuEatseingicetsdarior dadhe depressurization step,
fl I [N j [ or,

i S8, S AR D RuSEpof So A M Uech hAP BEEY o RPEEHORRY blheps more
| ithpiegly, afisr ehanméieeghaljzatibh steps htecbeat campletedhi Bhe initiation of

co i catlion y incl ude one-_ or - .
ORI AL 875 SRR 1l 1795 POBEPTs o PR AITHE e dpressurization, or
S| QBGbAoRSstb Al iRlicated at 210, and as somewhat schematically indicated, the

pressure drops relatively quickly. The rate of decrease may vary from embodiment-

to-embodiment, such as responsive to such factors as the pressure within the bed, the
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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and/ or outputs corresponding to neasured or conputed
val ues, command signals, status information, user

wonmstosg7sval ues to be stored, threshold val uespPCes2008843113
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iIIustrative non- excl usi ve exanpl es, controller 200
i ncl ude one or nore analo or dl?lta| Cir

| a@ﬁ dabgheick §oro finsy geddBepad filps @&errglla T¥y THE @qxsi; \&' Between these

st a%‘iie as software in nmenory, one or nore discrete
units i n comunication with each other, etc.Controller
200 masalisossedgthisathenge inquedsor widl taese meny phihs adforbdvegases to

HEGRThe T aet B SBedbeny e afen HRhrRGl oS bR asmpent ved i
ag@@atn?e%t O SERRN Y atlgbeccﬁﬂﬁfl@th'y aR o8k gﬁi"ewhlch was present in the bed

hydr ogen- generati on assenbly andﬁor f uel Il system
Opno:r ol thesta2O06f the depmwnzmcedstcm Eh‘gsressme anbecl 1Q0 gggl/or stream

n enent d as a re al so
T Bl RaCE EpaRe O SREhEa it s P RS, B contex
S@? Ruc$ SPRE 2the ifeat NIV lof kEearh 176N duﬁ@%‘lth@Qﬁﬁlﬂﬁstﬁﬁfaﬁom&}h will tend
each other and/or with other controllers present in

sys theve 22diffierms riuelsedwhthans they flawapfy stsean ﬂéf gnid-way through the
REPAPLEh PASTs shEgF ok ATt o ample, s

agFastesth Ydl Rakes Qna@tf refle€r the Irellstlvatcerdemksmnb@ﬁmmegm gas and
It is within the scope of theagresent di scl osure tgat,
e therrespectisp Oney of He %lé%sg%%agl th é?%léféseélﬁé“ Mepegy. Similarly, the

U BELAL U §r3GN56T urfl gjﬂgs%dlﬁlhgtﬁ %fQBe HQ[SI%ssurlzatlon step

t enper at ur eés associ at nt bed

aasdir beot tend tdhevaogd, w1tlhethadﬁowbearte teagmgntcofdetch@scbeﬂmng the

the gas flow ng through the bed, etc. Al though not
?Sélﬁzat%ﬁt%%senbl ies 73 according to the present

d' scl osyra s MY ARELUNRA AL IRAT Al iHTtRs HR§RAsly discussed stream 156°
br eakt hr ough det ect i'on syst em such agédl sclyosed in

U; sEi)WIPnDEugSI Khald Ratseommged ¢atheads@berit évled mlthough not required,

6%9 e Bgl%%fe?\l\f%g% gt\snﬁ%wgaeéﬁg) # égﬁ%fl?ﬁ%‘gﬁ nbélt et |ac§sneiman)é may be

PrespitiRined fiEhAL$ObOhIfRRA PrEdcOrBiue dTEéI BlesfUrO ©ESiFdal Y156’ may
Systens I'nci udi ng the Same," and the conplete

divew ‘@Ehﬂméh@ﬁcqmloé Hhei pregeat éb‘ylowréobtﬂ dhengasds pyeferably at or near the

ref erence. f.or r e Fi 2,
PSR ariyR oo afo Bl 08¢ Busee dcpbeisp” B o of purge o theoush
Withdddio@Rnepis bR el daado thoréasgy tHd‘ﬁnd]inomﬁdmmbedrgases as the partial
depressurlzatlon and purge steps of a PSA cycle is

s tgwepare gt theodesprhed gagess iy eeduged i hadtiay (5] Biree ot fwoveh the

depL sk L %185 1,08 t&‘rﬁrg m%ﬁ@@ds%fbéf\{ g&{ gﬁt Bl SPLRL 7ON At 214, the
step, or ee

age, has n conplete per haps nore
t Yhiwc af Ipyrgeagdsehasostepped. nbr &eem]makatwataxampm epsvinay Fig. 12, the
bed%gregs%rrrig!at?ct)ne %r bilc-;\])vedolwrr]ll tstleg t1s| 1nglcated as the time period between times 212
and 210, while the purge step is indicated as the time period between times 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
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.
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the flow of gas fromthe feed end of the bed during
t he depressurization, or desorption, step is indicated

wano@hes7sand as sonmewhat schematical ly indi cat edT/uskms/043113

10

15

20

25

30

pressure drops relatively quickly. The rate of

decrease may. vary from enbodi nentto- epbodi nent, such
as respoRsINVEY VeliEl phetiseEaadoy ﬁ@aﬁr%*gaglﬂdé%%ﬁtm% may vary

t Ia&({;’(%q%t(% ngagégz ’o‘f PAUIR. imuétﬁﬁv@ggamaﬁnlgse?i; ﬂg@%ﬁ 12808 iRElude one or

gas fro etc. InFkg 1
s ulige gfl ért type df adsugsadbéingsisedl Ihelnfighmtignayftibe adserbent bed, the

i nt ended t rovide illustratjiye representations, .of
t RS PF L el RIS b ol PPTEB o ol CREPRRIEN of the purge

f YnCti @R Qhe trhitBl BECAMSFrebife BF ARD SRS |(ME9NGAGukQ from the
a primary purpose of illustration, the graphs arenot

| atelreal Heak totfommebgprddicistreard 76/ ¢tas Theretore ednaqnitipgim purge volume

rel ati onshi bet ween t e vari.ables. As discussed

e i g e e PR 1= g &Ry B RS X Berbaps even
adgesipRIfgast et M PeortBas Ay drisprt Psa. adsaplent, and
thereby wi thdrawn Tromthe adsorbent bed in stream

76' . Stlheamatige timespsriodnpaiaie ofytinesgbatwaes, thoudppipssiwdzation step
pr.e t in the be rior..f. he a f : .
Gt 368 phfbsar i A, By bR bESeTiEbt s el tissioppay with the
simeamcdGxawipld shoomt inBig. 10 iftesdedasdllasrdi®uf bmofofmany suitable
gas fromthe bed continues. In the context of f u%{ )
vaslaéonships, phiaipal Thiowtiermay begipreesedfsrd RyFeeHedlowdown ratio,

?Sl@](s%%ﬁ% é@#&&rbf%ﬁg? WchdgetiePe 3.9, f;%}iq?nads_ﬂ.h,ff.&ﬁ e9b3:1 1.6:1to

val ue than the ow of stream way t hrough
t Rel,dept es8Ur 2:2a2.2dn getaew tieandl . &itl, greateethcin@f: 1,tless than 2.5:1, etc. A
depressurizati on step, For, exanple, these differenc .
 GOTREFing S 1P Rl QoG LY b RAOTEET BUh & Ceo U TRBA LD increase
Ofqe SR 1D BRABATe R2AEatiBR SreRRESId V& tIRR &S Af askéiBbiRk NBE preferably
gases that are present in the stream Simlarly, the

f ladapteditcecyolicat camtin@@ ussuwiith ghe dreeunt jof kit that 4 pasticular bed is in
portions of the depressurization step wll also tend...

P e U Sssliietion aTRr g s 6 el Tyt atine DS Embiipiap gime tha
t Rehed BRALHEY bé AAhe 94 bEPtheltephlod thd PSATen. of pur ge

gas, such as in the previously discussed stream 156

shown iTheriepsessurizatinn apd, purgingopineth @deprbed igd may occur within a

adsor bent bed.. i ot ' . VO - .

P8R8 2ond o PAABY bGP i SRR 0 vasiey o
aspRhitys aayobRePyades forndtradh, 76 uml ths réslthe Byfrodued stream 76.
purge vol ume, The pressure of stream 156' may {gr% 1l contains a

WTORFRRIEPIE: WhapiBe dPPieRRIisAiQibHED BYaiRY. GRedsOrtsyl
SR et bty e S A"RIPTTR A M RARE s e
t kepregturizhigornasp chatitugsptiie pressnid hnd bpdkogen igag methgethe bed will
! rglgcr%gsoelfl nl\s %Ee geepﬁgsrsgggaﬁ %So Sthe gd tccr;r?ti uaeg,t tihglflow rate of stream 76’
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.
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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pressure of the desorbed gases is reduced by the flow
of purge gas through the adsorbent region and then

wonawokéms7 adsor bent bed as part of stream 76' . PAI/UR1005/043113
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the flow of purge gas has stopped. In the illustrative
exanpl e shown in Figq, the depressuri zat or
blfl@mjﬁ\% beds seonpgd; 3’&11%{%0%@% ie fuph¥reset ?Oaéleﬁt&%é?fnbly 71

W)?Sfbe %(f]rg'né% &IJEQI WY lefonh Bie BURBR: §Itt%9 o'tl?er aﬂgirﬁéﬁt %@ds such as

erlo bet ween tinmes 214 and Whi |
[ Ivdheﬁtthatbedk as c&pobssmmmit arﬁfc&rmmgadodumg MA hcesle and/or from
st eps, i's |red EIP enbodi nents that the
d@H‘reéé%lHF‘FSz%F 6‘r°’|a(§flp ﬁ@eﬁt@ UG St’ieaﬁlpl eted before the

fl ow ofs PUELRsHASVHR ~QPRBNGRhe! d486:888h i bn iadsopbdlivRd 100 of
the scope of thé present disclosure that the pressure

WPSI ass¢rhbly 48 sprifesst hikeolgemegas omitbernged ava gerge etaean. This flow of

after the flow of as co nced. Th

© Bt R Aol T SRR 2SS, B R Mt in the
V@égéné%ﬁeﬁ df @ ddSorBeMr C@tn@bnallaCtheflow bf butst ad iovah adsorbent
exanpl es of these factors include one or nore of the

t Pppe isodelixdesd abe ponsbasit mefeiypigally fos adieditiyne periagh fog. IBrrresents a
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rge g e conposition

pqm%eg@ﬁl n@dehdtoiehdthugd s@psie Idal&ammﬂgel?ozﬁt Z1Reand 214, and
streans % exhausted fromthe adsorbed bed to for
byprewes t@tt eaphiEe tEnes, anthapigede-81ovipvEh At il Sﬁ‘&ﬁS&E above in

V%l)llﬁ%% 1B€%thllg§ ghfective for a particular PSA assenbly
me or perhaps even effective, for a

d| ffer émtdayhedolnﬁdsgurEi@ dadther flew zetd @Spungsgsrbm y. PSAecycle that

relative tinme period r ratio oft| n .t.he

d@ailé%ﬁﬁp&%%rat,ow ﬁ 8 o of PETE5§AG e g'f?s&d %Vﬁjﬁ‘i is shown.  As
If.cﬁbzﬂed NEe §§s°f§ede‘1)ifvefeaeat R_Y @0?1@@5’[ kS ﬁlré‘@%ﬂoﬁt thM duded B8p, with the

ustrat ed”exanpl e shown in ended to
| Ivoliste af puigeatgas mlelmsfrecr}rﬁ@yhasadsm:bhébmé beingghe pqskct of this fixed

Th d
L%}uég%sfaée @hi\kﬁétl X g?%{gc? %plior.lgli Sl‘gi; \}}Z‘l‘g’ egggﬁeplggs 1sofiehvered to the

V\Qﬁﬁibérﬁ(ﬂeﬂl dW}ﬁIe]eff&u% At delsm%n% z%d@o%e? g&szes;fr(?n thet é@ls?rbent in the
reater

t Hvad tme srgmfxcgmtela@r@ases hanulge in flpwggte; ¢izaes 7 sfrepm %’ Whigh may be
et | ngﬁgﬁﬁg‘}% o stihq rdatglcg{l]sevg dgé.@st%n{ ﬁqgc%asg;ﬁg% flow and/or

t'o Tncrease Ion an

r Qﬁﬁﬁ&ﬁt@&é enthefhehird dxddustisredhdtonPSfe hsaﬂlrgtadss@ﬁblw a"hls in turn,
preferably adapted to cyclical, cont| nuous qs.;
mllatﬁ@@m insreasq fhe teRmmeraiuisapeteRyallyy rapily. & the SEfH@ure heated by

ses?r%%' %ﬁég g%ﬁggnﬁ)gayﬁlgﬁuﬁ}f%lr %189tc§fnitu'eﬁbfo\’:essbng system 64.

ect ing her beds may be In
t |‘I€hl§ﬁﬂi§ Ieﬂ‘{ultOlh‘lhthB ssfuefuse béing hweiiBAedywhizh Mhe damage the structure
gggr I%§ \?ﬁl{{):;qrz &}e L&)%Qratalgg t ere% ?{%ggrfdle%g o glfyogot%el%a?relgga%g effect on the
heated structure(s), the sudden increase in the heated exhaust stream may produce
exhaust gases that exceed certain desired, or required, emissions thresholds. For
example, the carbon monoxide content of the heated exhaust stream may increase
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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selected tinme period and/ or purge-to-blowdown ratio
whil e producing a variety of flow rates and/or fuel

woabwsassfor stream 76' and the resulting bypro#dcius2005/043113
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stream 76. For exanple, when the depressurization step
begi ns, the adsorbent bed still contains a |arge .
anduheatios apspardy apRygBQ bendpls & Baintung pugt lighk o5 cepgbustion flame
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7&roMchdg rbfi6h 888 LemPératid that & DefoweloreBbu® th@dkiteB®ange will tend
purge gas s a conbustible gas, such as hydrogen gas,
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st oppedss MlaRatddhinS s Uhds, int Fig. figelt istwiamthokcdpeasl 1@ present
assenmbly 7 1 will be formed by streans 76" from.one or

mokelaspic Raoh R P cRasBRtoRAge BiddoVdaieh Taseathdie flaw rate of purge
b | e r I

o (OYE GRBLERCHE] PR obhg DTARS pRechOGr D UFRistep. In the
S Uiy tersrek amnpley ele Béw edenof puargeligschessedat lesk @mn 50% of the flow rate
regenerating the adsporbent in an adsorbent bed 100 of .
p@geta‘g@%%fﬂ yeapsred g defiveip ﬁ%ﬁma@ﬂ VRS R PUE Feg Hdetermined
3 i giﬁ"lio?tna{t gal i thAt Bof! QW &fé)ng';’é g8, 9&h fB¥e VBRMELand time period

esor e adsorbed gases and thereby assist in
t heprespedean anshed lofest Ade didsorabrent pur@o geemticasealdvys timkdrom this

fl.ow of purge gas tq an adsorbent. hed is delivered at. ..

- igbiCrufp e dt BB IRy R Grcs Pedaetrite: (e rgh WBlized in he
FiegGampR BbHASA @sANiRR I S/MM D eodshit fﬂo@)"f_af%ﬁf;&ﬁ@ gas is utilized
purge gas to adsorbent bed 100 as a function of tine.

THerobglgutrthegpuige aiete- of Int e glisgetedt eppmple thadflewt eate is then

in Eig. 13 at 212.and 214, and.Corres
- dndiofhiped foa SRRl B el BB RSPl Pubebl Botappea. v
ak@deofi the papRES i) VotV FateJof dteanl M6Uashetie |vedeseing) purged has

Figi 13, the flowrate of purge gas in a PSA cycle

t I$5PPai howeser, Ang gidtinghe scgpe pf thepresenbdisgpsysergethgaded 100 of
t a ' ' | eat .
048,050 HER 0y ST 98, B B Bt
Stoeptinvdut hif trtve condplerelyofonpiunge, dasy dee iof dyprdduct $theam 76 to the

a%%gtrir?ge gstsel?lgldy, b\«\?iitl? %hlts hs?regrgloggjrgfce}ab?}fl htawnsg EI isﬁ(f%gient flow rate and/or
heating flow to satisfy the fuel requirements of heating assembly 71 and/or to
maintain a continuous combustion process in the heating assembly.

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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purge rate and the tinme period through which this
purge gas is delivered to the adsorbent bed. Wile

wehbwmbs?se at desor bi ng adsorbed gases from t heCcT/usS2005/043113
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adsorbent in the bed, the si gnificant increase or
pulse, in flowrate of gas in strea

galdr BAMSSP hﬁQ;hOQ%é’lf theapyrae sigpy ng %mamﬁléy %%ﬂQQ%aof OFthe B purge step.
S t anti C W..and e
E o S, LRCfigesEe Bt blfee! LAY inloadCIGL 4t 929%, 150%,
Thl %2000, tet. mf the laleragnflow aaterthateas@dtbe eeduargoletoadt flmﬁi volume of
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pr . |
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requi red, em ssions thresholds. For exanple, the
ca@tb@rrpmﬁh@pif wergscges dlow vfesttheush anadsuken st ase shwarn in Fig. 14.
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the flow of purge gas fromthe bed and/or at the end

of >PR% ‘}ﬁlﬁbfgwfg?éﬁl) stream 76' may contain no flow or
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wi t hout ring a flow of f ot her. than

u byp
ot FEHRIF 53 1eﬁffw ¥ pgiuatgsaitable OWrr&wﬂan BV |Pr9§1ﬂfﬁéhe desired
of 71§y F’ﬁé’{n Kﬁ diséués@&v 'a g@ﬁltm&@@ LY hRubEr st \ﬂﬁ@é’é‘ IHW b&8ded, and it
be able to t he associ at structure, such
hyd wogmntlprsodpn:ofrtge pegeHist®sutedo alsci eglffmtnMrmombmatlon
or e of te erature of exa cont ext, .
of °la Y&YE? oferf® a'i?c ity f?%“é 8{1 &c Oéi‘é tge sf“isé’ﬁ? Bed during - the
r eﬁéfﬁéﬁkﬁ&aﬁ@ﬂ P thitdks wRECHEIRDhY pARRY Bdpe St 1 EIIEB ﬁ/ltﬁm the scope of
sel ected tenperature range to pr oduce hydr og
op@p ardsen dlmoaw@ tf@gémpﬂ@d\mbvm@r vadyg anserablyghat regulates the flow of
t.u that is I ow Si.r

w PR ATl 2Rl SThIRRER Wiy s B RIE% contol
t hegitlxgomy@somtdlRaNo thaitehle ﬂl@@/r ﬁ@ésbﬂ’\tglst g‘@ to adjust the flow rate
conver si on or efficiency, of the dr ogegq té;jlener ation

asauiasifyel valiei ofdhe byrsedychstaesm et | 18 B‘“?rﬁd e hgafing gssembly.
| S wit S t he S
5 1 ol Sy S Sl ELOTI TpSy iy
r afheingf thp #Sye og'ab prodidee aablgmodentstioad that, wdrehedelivered as a fuel

during at |east .portio of the purge step. In_the
i | §5ay it é{ae 35@3%% ATV 1D \GOPSHRE ot m}ﬁﬁle agseleqied)itAree, of a
at gdi&fSndd) 3P seReaf bW Gak! QWL &L E/- 5%, 10%, 15%, 20%, 30%, etc. of a

selected flow rate. In some embodiments, the selected flow rate corresponds to a flow

rate that produces a heated exhaust stream adapted to maintain the hydrogen-
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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that would be required to deliver a determ ned vol une
of purge gas in a determned tine period at a constant

wohaw/ocgtse of purge gas, such as the vol une an#@Criuse05/043113
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period represented in dashed lines. The fl ow rate of

purge gas_increases qver tinme fromthis | |
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?ﬁfgf FCI en}6 f {5(? lces a%?]ggtgg I{L% %{reglg Saéléﬁt%vd tt(? niﬁg‘frallg‘l/ the hydrogen-
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seviget éa soimee enﬁbdlmhnfsomayhbae pefieged sbegs, aardortkiag reglon, of the

i ncrease toward at st the e flow rat

QOB HRGORBETAEY SteTRRYe B & AL I DB es Cprapt, such as a

t I?élﬁ%erﬁtlﬁ?e fr QW rﬁl?éeeofvﬁ7|5|-4%@m 4002126 9CI AR R AB-4FY @fbr methanol
verage purge flow ratefor a range of 10-100% of

t foe smmtayeaﬁobefronmndng)fﬂedﬁndisl amdz:stemo@%m it the rgngegd 750-850° C,

ien astgpl AR ok at o T3R5 OB TR g propane

aviad age1drlcamonaloftai feéaétb@ksbe required to a fixed
vol une of purge gas during the selected tinme_period,

f or t héVhile get rgeiged, pbepafitygf mnnmgm isgremenigily dpracasing, the flow
gtgeo trpdnglges gl 3 u{;l)l\?cv atrcf; (?rﬁ)eﬁ]tt lg]e 1spt[1?tf a} cﬁign ql{l%lj(é:?ggg]?intgg flow rate of

prsaémh g% tb rthambazimgtds@niulpw pevented. Pustge sngiit@ndﬂcrrbamg mady tend to
| east one portion, or subset, of the purge_st

i Epduag @ aleseethalsetmaRdRATITEga CONGFHaAN RbAbleggt one component,
lalr%g&?{ls ce[%?ﬁ L6 alde 3RS Glce ed[’é@le%?edt fesh&1A& nElﬁJh' as 50 ppm or

ustrative exanp of other profilés of
punge. gB&férhlﬁiw, theet essmpieldr purgh s&tp aflsher pesentbdisclagwee is adapted to
shown j

sho . 14. As n kFig. .15 jt s, W thi
o Ses pe hé’gtefih@‘%“%ts Sieay el Buteoph fhe tﬂrfé‘\ pCrYSF’i s 2 carbon
FndHik 8 QRvehtfWnrAUES (HRY 50 'ﬂ)ﬁ)hﬂ G8d rdteiablyoMestfthan 25 ppm, less
re uced flow, such as during the |as
than 10 ppm, or even less than 5 ppm.

Tllustrative, non-exclusive examples of implementations of the systems and
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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5-50% of the purge step. Any suitable nethod or
mechani sm may be utilized for regulating the flow of

woro@degas to t he adsorbent beds. An ill ustrat PCE/US2005/043113
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non- excl usi ve exanple is the use of a controller to
sel ectively actuate suitable flowregulating valves to .
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aso secki@lat $dakeapdition toh eheinaifisdtniasd eaddtyeani)s artDNBeaBiRE assembly
or within a selected range, of a determ ned, or

saferieddo combwst Hieebypsedust seam -toduzat apdgasty Hug, hydyogen-producing
30%. et.c. . . .
2 hiaf e e PrBCUEPAER PR Spud MO o oo gr guttverma

f lreformaloaetioat produces a heated exhaust stream
adapted to naigéain_the hydr ogenpr o of

uci regi on L
the fuéleeBiaagsas Aglivsrddnmuaes 2kt e%ysgmgbs@wemmam the
arfﬂl\x%a&éﬁ"'otfh[h@ bgp$ﬁ§étr§$afrﬁmﬁg@$rﬂ sy, I §ge 1 551 0098280%, etc. of a

y. Additionall

t hose di scussed previ ous ally or
alstlecedtfiovetais;, t he purge step may be adapted to

produce, during the PSA cycle a flow o duct . .

B eamBe RN §mAt® fsoTERL SEbie pafpain the fucl
OfyaleldFithe By RBHRSE @RI PE/-3 981409, T59R B0BI30%, etc. of a selected
sel ected, fuel value, such as +1-5% 10% 15% 20%

3096l vetue; of a sel ected fuel value. The byproduct

strea ref.erab mai nf ain_either or both of, the .
above. FORFEER A I ERhE Thilpl' doihedreR) dn HeriFy dpeg during
andtepmided@ime/ péritd M vaR@n@floleast a substanti al
portion, and even nore preferably all of, the tine .
per i od Hragipsivaly insecasigs the Seywgrlp of Puresegpstts ap agepibent bed during
pr.odyct {h r n e e
oS VAL ORER, S 1Ge R QWG B RURRRFLNY pRAAGARE ando
alklevieagdhg thesthedrae diirdig asubiséquesnt parddntapetdiechspope cydle;

. : o
|t 2239 ! gjl%o lgtrdaimt na tg%tg@nv%)épt%ol%ﬁ)grgg?ggg ?ftbarlbe %téb_e%’? b/gd aatta flow rate

that is less than 75%, and optionally 50% or less of the average flow rate of purge gas
that will be delivered during the purge step of a PSA cycle, and thereafter increasing
the flow rate of purge gas to a rate that is greater than the average flow rate of purge
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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In some enbodi nents, the selected fuel value, as
associated with the flowrate of stream 76, produces a

woaeeaicdsBxhaust stream adapted to nmi ntai n t hePCT/US2005/043113
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hydr ogenpr oduci ng regi on of the fuel processing system

at a desired tenperature and/or within_a desired .

t BFped 80 theb thegletramingdeoypluge phpyee gps sydedivgreg wiing iy Jetermined
Foind | e, the heated exhaust stream may be adapted
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a gheddrehrek b aushgsilo® ke A e U@ @eieinératluon ME patge step;
| east one conponent, such as carbon nopnoxi de, that

exceedReguEpgthedipw rite ohpyige gas igethe adronbens bets sk assembly
g %?anﬁﬁﬁf {BE 2Bh ufaagn LRAPRds %@%@&en%f 5 MEatP SRRt stream
di’sc c?n pted t o‘ eat

osure I's ada 0 produce a ed exhaust
stoeehied et cdrhhotighahit byipeoddSAsicyaoh rdrastha B4k besembly below a
monoxi de concentration of |ess than 50 ppm and
pEPErd Hir %ofde‘éaguet?han 25 ppm |ess than 10 ppm or

even | %%i%cﬁb‘é}g_gélimg I%drkéj sis ke SasoftRAt BE%! S PEA assembly in a
exanpl es of 1nplenmentations of the systens and net hods
f oariadeqfiomgprofileangi whichrthetflosr mtesef pegealgas ingdjudted fd maintain the

f to th bent . i s

adleBt B ol BSs 8RBy ASTLAETBLY, b RO FRPPEY fpor within &
O RIBtePhni ¥R rehgRfof bhBrebilll QWiuBg | npl enent ati ons, whi ch

may be inplenmented in one or nore of a PSA assenbly;

a
PSA asSelrstiyelndalpvasthgmirgigasity e adsogwnt beds; of a PSA assembly in a
ahydr -generation. assenpl y i ncl udin : .
oINERRSSPSRREIE B BRETRY AL el el o Bl o mainain e

C @] alalieNghd Y6 QR OIS facin itheSPSA] REdrhlylyCopRsaeng asdethbly at or
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prthire & deipepinge Fange ot athmephold YHee:ni xed gas stream a

fuel c GﬁelguPaYiﬁ il f?&gg%é gg ggﬁg [ggéjt%l tgg ehdorBRBKds &t a PSA assembly

hydr ogen-"puri tyi ng y and a source of
hydrmgetirgds tempeeatyer off b dg/dingen ipeodRShgasepgorblof/ a(fuet Iprocessing
trg?stem 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
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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source optionally including a fuel processor, and in
sone enbodi nents a steamreforner); a

wapaemgerss gener at i on assenbly including a PCT/US2005/043113

10

15

20

25

30

hydr ogen- produci ng regi on adapted to produce a m xed
gas stream contai ni ng hydrogen gas_as its mgjorit

d
conpondrEuRHAE Senidow gals @épur%e BBAIIEE dAtThens Qe @cﬁylt’%A assembly
" . o (gl udi . i
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CombusRECHEIBG fsl?_r%ﬂa&ra@tqf@ém&et g spoPedded fe ILS_OA assembly
hydr Q8B BF 2HenLINRaf ngfﬂ\é,%dt Bt ?%@&aﬁ{gowa' R@file that

ﬁl -
region %ptl onal |y being steam or aut of herma
r efidnddsnperog ghan -of Regeinentilndianpes iddlow.eatspped (gruaterewises changes

ta hf(}e adgorbgnt \%ﬁdsto intain the flowrate of the
byProdulte ST e WTHHR /250 10% 15% 20% 30%

etc. ofaly sekiRChBshef bRWsabe meieal! idlpldiferdtte widl b WA/ assembly
of purge gas to the adsorbent beds to maintain the

f lhavingad peuralityt ¢le adsppbard beds sdamiedntoire¢riye #/mixgg, gaposyyeam that
LS o TP B i, g by o e
adsoddoand saedn divtiingudeste lekndbmettféiniiBg pefidroadaptedato produce the
varying flow rate; Progressively increasing the flow .

r apigcdBapiifge Brsicrw WHTERHEOVBEHANGasanigtaiing feedstock, with

L R 8960 D00 SYELRy AU OBLIERRY b e
a asheating|asahblye mitbrthagBsAatsenitdy pdapged ©ywbele hirlicdst ahé Juel stream
gzlalt]\é/qe é@rt] gé%%p%{li%r{@%p%oﬁ&b@&gf@gﬁgq%&ngfgwg%?t%rabfuﬁ cell stack
ORfdbABatd ¥ca9a0kadt @50 dRe BYSHADRYdbON Jadbfoddbed by the PSA
purge gas that wll be delivered duri'ng The purge step
ofasgen®ys cycl e, and thereafter increasing the flow

rate of rge.gas to a rate that i s great than th

ver age PR TR rindhng i b %hsses B RER bl #5 e gSems andror
PUis8 8f Shyedt thé\ib Rk slytetdsadndng the flow of the vol ume of

purge gas, selectively incr easnﬂgq and/ or decreasing

t he fl dwepeitd systepuadpptegds conrphipetapsrationof elf'$ A disseanty and/or

optiqnal l ubsequent | y. decreasi ng. [ Wale i

C R B SRR SR B9 R A W O1G8 aBve methoas

t hrtcotitasl sglg@e@s.m ned vol ume of purge gas is delivered

during the determ ned tinme period, .

Although discussed herein in the context of a PSA assembly for purifying

hydrogen gas, it is within the scope of the present disclosure that the PSA assemblies
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

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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Regul ating the flow rate of purge gas to the adsorbent

beds of a PSA assenbly to maintain the concentration
wohowaedsn nmonoxi de i n a heated exhaust streanPpradwmeds3113

by conbusting the byproduct streamfromthe PSA

assean%/ bel ow a sel ected threshol d, such as 50 ppm

25 pme ip ebﬁyﬁ @abt'}jﬁ]dlsg}osp@s%et fasth va\gg¢(%;npasses multiple distinct

di g&Jn'uBH} |WWieh Indk eH&E‘ﬁt qjtl rOGyigas e%ufh beenads F’H\}%ﬁﬁéns has been

beds responsive ‘erm ned OW prof i avi ng

atdidchasd inne pefekredrform thal s;jectfimeerﬁbcoﬂmmemseth@tobas gasclosed and

is |less than an abﬁera e flow rate of the purge

as
déﬁil Feéd‘ea?}ﬁaﬁ‘“g nphig idgtedfn a,fping seRsgss BjfEerots variations
5 p%é bRt T ﬁlbjéd? ShattbO¥f ﬂh@tlﬁvéi’lftloﬁé"fngﬁldgélﬁl h§ve§l raﬁétn@ﬁ obvious
t han t he aver age |l ow rate of the purge gas del i ver ed
dwoinbgnatines pud gbcembipati Regef] the wnrgousrféemctnbwfwam@s,dﬁllnctlons and/or

P e 98 o8BS OLRENL PO O 8 EARISENAL. (00 cleen

oforand1eqti PMefxhandst, s8d SammPERAUE BE uR¥er§86® s trich@letif€rporation
byproduct stream fromthe PSA assenbly bel ow a

sedfemf:e@r whoreswdl dlemantge neitr deqiivial yiod e rdingngvper geore such
10 ga 13 tthe adsor bent beds of a PSA assenbly in a
I%eﬁll e-flow profile in which the flowrate of purge

gas i s 1adk UBéleshet Othamithé afollotving fdlgiwsr phugicolarlgapoint 0sut certain
the PSA assenbly to a heating asserrblé/ at or within a )
derEpiRaHens fith C@mblaa&lw%éﬁoqra dirggteio anelod dhg digplpsed inventions
del i,ver i p t

SN RIPIADSAZE L0 150G ERlodRE, Blp Biiions
r aubcamﬁblmxrcgle cgfa&auufes,aﬂ;nuabm eﬂe:mafms abdomptdpertfesghay be claimed

val ue andflowr as fromthe PSA as enbl
15 ahiony SSBURERY e GrosL AR RS AR PT EElaBRs & this or a

t %1%%604 R dhe 3889 Hﬂneﬁdéago; hswfélmsr ARl dRY 8@ @ASted to a

sorbent beds of a PSA assenbiy to maintain
t hifferempervattiore omfdlacﬂaslohootjwensqmmdutcnh@ rehétber diffegent, broader,

fuel process thaI eat ed a heated. s
xRS SF PRt D St L BT e e Rl & setoded within
Sttﬁ@ﬁmj&ﬁ dabt€r &S ﬂﬁ/%ﬁt’i@ls)bf\ﬁhé PileBerfd diselpRgeat ure range
of 100°C, and preferably 50 C, or |less; Regulating the

flowrate of purge gas to the adsor bent beds of a PSA
assenbly to provide a sufficient flow of byproduct
streamto nmaintain the tenperature of the

hydr ogen- produci ng region within a sel ected
tenperature range and/ or above a

38



sel ected threshold val ue when heated by a heated

exhaust stream produced by conbusting the byproduct
woennwaesRequl ating the flow rate of purge gas POTHIS2005/043113
adsor bent beds of a PSA assenbly to maintain a

continuous flow of the byproduct streamto a heating
ad¥Enrdi I GHAPYIER 56 utilize the byproduct stream as a

fuel stream Regulating the flow rate of purge gas to

an adsorbent bed of a PSA assenbly according to a

non-| i dear fA aydrpgofgdreratmnchsaptblgrahlpyisagecordi ng to a
profile that includes one or nore of increngntal . :
changed fUﬁ?prQﬁﬁ/?SHs% Spen pondweey.-ipst éanecfﬁ/g%ﬁe@%@-ﬂfﬁducmg region
" La¥be @Y BHvd aN§akt %P@rfg@ds strBarh | QW t0APodate LNRIRBOYAR stream
syst'ens or nethods 1 nplenmented wth a PSA assenbly

havitagizg jpydrogdni gay and othds gadse Hierdiauls, adapted to

receive a mxed .gas,streamthat. includes hydrogen. gas

e Tt S OISy RO S CRPPL CpPBUAE A0 By g Bas stream
fugl Brpeass AProdgh edpdfr(k%i‘:h sihahidesaming 883dasOREstantially pure
reformng regi on adapt'ed to produce the m xed gas '
sthydemgen\gas erdhavied @n‘nﬂmp@d\,@peﬁmt@ﬁm of the other gases than the mixed
carban- cont ai ni ng f eedst ack ith at |east .th . .

- FhoRRieRg P bituse PR ] o Blra Bk 1664 sypsantil porion
adaphebother Rascheahekibyh@ prektiengwmgs edidtptionvadsBmbieincludes a

PSA assenbl adagt ed to provide at | east one fuel
stohwalityt of edrerieabedigadapioshisl separifd thepiiieilagasystiggm into streams

f o ' ' dapted to

r g@é@@é tlget @gg@@&%’&%ﬁ %tlp%%l %)#be[:hﬁ Gg%ﬁl{? F ﬁ#ti%éjémﬁ’y dr ogen

gas pr adusedg yseirtbdy BSdptad sendeeive dudtdondsisf dre byproduct stream to
i mpl ementin he processes of any of the abqgve systens .
L REPEC L B ARGAUSE Strerm 2aued st§s}16é‘h§t, Tegighsr hygrogen-producing
Bﬁl,langyst em adapted to control the operation of a
assenbly and/ or an associ ated hydrogen-generati on
assenblmyedans forrpdgelating theyfloot rithef dhobepredtttosdtsany to maintain the
control sys . ,Al thou di scussed herein in the

c OTRBRENEY o Rk RS TR oS SHAR PG CRUEPBISCS gRggeture range
[ tfoﬂ%o&ﬁéiﬂé thelPiRed cAPErealm. t he present disclosure that

t he PSA assenblies disclosed herein, as well as the

nmet hods of operating the sane, nmay be used in other

<PPL1 o331 Onery R A bR BUE) WBBA TR, W g heron-

S tpidtiicigere@ionEhiclidia i stedny EHTOGERg PE@SHISdApEEdrte Pireducotheanixed gas
fuel processing system .
stream from water and a carbon-containing feedstock.

CQEy;
PS

3. The hydrogen-generation assembly of claim 2, wherein the carbon-
containing feedstock includes a hydrocarbon and the determined temperature range is

725-825° C.
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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Industrial Applicability The pressure swi ng adsorption
assenbl i es and hydrogen-generation and/or fuel cel
weysaicmas’si ncl udi ng the sane are applicabl e i n PO®U§a®5/043113
generation and fuel cell fields, including such fields

i n which hydrogﬂp gas is generated p rlfled ﬁnd/or

consun@d to deeeeargeasiaden pssembhy ehelaim Ij whewsn tgggeans for

t

it 1%.52&%0@%“ R T R BB A Moy beds of a
WPiSI2e agsaniblofto theinein nherbhangatios dﬁe@mbcm sohosiEld innthe heated
its preferred. for t he specific enbodi nents thereof

a&*h Eﬂﬁ@%ﬂ“ﬁﬂﬁSBEWHgtrated herein are not to be
considered in a limting sense as nunerous vari ations

are possible. The subject matter of the inventions

| ncl udés al IThndwdroanfgencmn@basseu@l}cohdamﬂ1 whereimthe means for

?k?&cl-ﬁﬁ[rb gm:ggl%% Iﬁﬁbﬁ%ﬂl rljéfce)ﬁﬁ?%ial[ g)ggg%t %féeagfﬁ Uh& adsorbent beds
S'a@&clréﬂhk&’o a\()@ﬁilﬁe—tffaﬁv fiems recite "a" or "a first"

el ement "or the equival ent thereof, such clains should
be understood to include |ncorporation of one or nore

frg(r: 2 Sl C h eﬁi‘ﬁe\%{ E’E‘?Ientr gen%&%g h : %\9}% f((“j[ ﬁ)q q: gwfl%}%ng the profile

Clid] i&es PafhitiEUpEtbY iP@hith tRdiburge gasaismenwm Elaat flowsratanﬂat is less
subconbi nati ons that are directed to one of th

dith1 W YIS AR iT8HSToR e BINES aY BIORE e GHSGReRhrss, and further
Of [

st Ay BARCAL AL £ isbflent BRiAGRTh RS 88 Doree sas is delivered

amdb(ﬂowpfmfpﬂfat isegrenmy thae tid avenzgt fldw araig Homatire rpaingngasathrough the

the present clainms or presentation of new clains in

tﬁﬂ%ﬁ W“g %l at ed application. Such amended or new

clainms, whether they are directed to a different

invention or directed to the sane invention, whether

di ffereént, Hihedderogensgeneton assemblyual claim d cypereirpthehmeans for

i ginal .cl ai s al s ded

¢ reflidifeafe enelsSp e Qe B e st ot Bieb o] rdhom.
dlsclosure WHAT IS CLAIMED IS: 1. A
hydr ogen- generati on assenbly, conprising: a fue
processi ng systemincluding at |east one
hydr ogen- produci ng regi on adapted to receive at | east
one feed streamand to produce a m xed gas stream
cont ai ni ng hydrogen gas and ot her gases therefrom a
pressure sw ng adsorption assenbly adapted to receive
the m xed gas stream and to produce a product hydrogen
stream contai ning at | east substantially pure
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hydr ogen gas and having a reduced concentration of the
ot her gases than the m xed gas stream and to produce

wa 2mepegmauct stream contai ning at | east a subsPamisai05/043113
portion of the other gases, wherein the pressure sw ng
adsorption assenbly includes a plurality of adsorbent
beds afapt ed\ RYIrQEHECALRIOR @35T0EH CHERTENReam i nt o

streang fof EI}J&QSSHES)EEM YL uBU ST P8R Dk %@%’ég-ﬂr&ﬁming region

bypr oduct strean "a ‘heating asSenbly adapt’ed

r edaitae taneceb @b bdast bee iyl stkaot astirieaprodocgprountixed gas stream
heat ed exhaust stream adapted to_heat at |east the
h{eRagae %ﬁ?@igtarﬁa’i“g]@‘%S?},asﬁ?}@eW@z?H& for regul ating

the Tl qwLahe Qfind %o%*%%%ﬁbl?ﬁﬁﬁﬁéﬂ {Preb@BVOHRI Mixk @as stream
tenperature of the hydrogen-producing region within a
denertoi predudeeayproditctirhydragegestfeam gorsaintigngt laast pibstaatially pure

gas.stream 2 . The hydrogen-generatiop assenbly o .
OPSomES Sh e VT8 TR GERBAGEt ) RS GREnEt S nga e mixed
ag8d &AM, Ah@tdhBaudeeObPro@dRRiQeh EShtAnRRUE Sedsh@suBst@dal portion
gas stream from water and a carbon-cont ai ni ng

f ebdbe ovhker gaseShwhprpifr dloge Prejevrer wyingnadsesmion| gssebly includes a

claim.z2, rein the carbancont.aini C .

SR R -

r fﬂ(ﬂﬁﬁn% $he/ g@dﬁ&f_hy@rogén stbembhind g Byprodnarsacimnand further wherein
y O

assenb claim 2, wherein the carboncgntai ni.neq .
f EhsRtEBTRE FHEIEASERPHER A53BID R A UdeE Mfene foR Srésgtively distributing a

Lsgﬁ%ﬁéﬁg‘gﬁ% g&gts thS aRbrsehpBeds: ré%)loggﬁ@e toa \Ely]edetermined flow profile

ation assenbly of alm 1, erein the
maanisg fao teastogie! pitiorgini whiabl ajpt Bolv tae of gutgetgas ihkess thewvan average

rate of purge gas to, the sar bent beds of PSA ..
- dlsaits B B i e deb iged SRBRR TR En 6P, Ba B ot one portion n
_”rﬁ\gﬂﬁ g'lr% Ad tigo £daexhasiadr 184d ®_MVERLE WoRaRINthSpurge gas

ogen-generati on assenbly of claim1l, wherein
t ldelivered dufing the @grgeatdpagnd ncl udes sel ectivel y

del i veri a purge streamto t.he adsorben e

accor dianBga(tlélgaa%%pl?lgbﬁugapﬁdowcgy %faﬁnge‘?o bt.’u ﬁge %%mdua stream 1o
hydsR@en; gensd akhRiRt 38sNIdp®ed t6|RhMab leadh efechyiirddtd-producing
profile includes an initial portion in which the purge

gaegips. delivered at a flowrate that is less than an
average flowrate for the purge gas through the
adsor bent beds, and further

10.  The hydrogen-generation assembly of claim 9, wherein the flow profile

includes a non-linear profile.

11.  The hydrogen-generation assembly of claim 9, wherein the flow profile
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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wherein the profile includes a subsequent portion in

whi ch the purge gas is delivered at a flow rate that
woO0mroegtser t han the average flow rate for therPpuUUg2005/043113
gas through the adsorbent beds. 8. The

hydr ogen- generati on assenbly of claim/1, wherein the .
means fér rdgal zxdregsnigsaeratinn asesrpdy rfr clpigy l}llat‘YqW{i;el (ke initial
f l. .

S adR ¥ 25k BEaP YR R, PhEBFMebundh goo dufing o purge stage of a
pPSAeSEida)ané Ystiemvihecdin dienigutétl flosaste smeaintained for at least 10% of
hydr ogen- produci ng regi on adapted to recei ve at | east
oH@’P@é&SEEFean1and to produce a mixed gas stream
cont ai ni ng hydrogen gas and ot her gases therefrom a
pressure swi ng adsorption assenbly adapted to receive .
t he mixdd gﬁﬁleétydagm-gﬂmbrat@mawdugb’ C' CE&I@&J wihetrgjil theglory profile

stream cont aj ni n t least .substantiall.y pure hyd .
QTGRS A h e PP e ESh BB BT Eesp e iing with
gas&s than the m xed gas stream and to produce a

byproduct stream containing at |east a substanti al

portion of the other gases, wherein the pressure sw ng

adsor pt.i.on S ly inclu b Ly t

peds addpt ed To Rkirsp AERERE BriFhL bnPd, BHBRED B mesns for

stklean®ly aisfitiging e a@iptstliet maitdaiagre flotvreenviathe Bypeoduct stream
byproduct stream and further wherein the pressure

sWiithin a@ssefrmaedaangs wh pyleierpingdd O hs f or

selectively distributing a volunme of purge gas to the

adsor bent beds responsive to a predeterm ned fl ow

profil a6haviTig aiydieasigeneratipor hissomblyn athi adfint héSf |wlerein  the

ER NI RN T EER T Sy o
: gctﬂ te® & Iﬁﬁhfahrp d RydBb&hplodgeibh Q‘é/%ibﬁt\@itl‘ﬂﬁ P YEI8Eeda8mperature

eater than the average flow rate of the purge gas
dehingedpeproducing ¢ghe hixegpgagegreatep; and a heati ng
assenbly adapted recei ve and conbust the byproduct
streamto produce a heated exhaust stream adapted to

heat aty7l eastheti\RIrdpeaeEGAHSE QsbdmbRPofl @dhor6, wireid i hydrogen-
hydr ogen- gener at’i on assenbly of claim9, wherein the =~
f ipoodusingf lekieniinellidr essteprmesioring ae2in adapfed to produpp ghe mixed gas

hydr ogen- gener at i, on_ass . L9, wherein the
f |ngﬁ?fg?%‘%‘1?w&%ﬁ 3811 68%@“%&?4&%{ ’?%fegbﬁgévg' rate of purge
gas, and at | east a subsequent flow rate of purge gas
that is greater than the initial flow rate. _
18. The hydrogen-generation assembly of claim 17, wherein the carbon-
containing feedstock includes a hydrocarbon and the selected temperature range is

700-800° C. '

19.  The hydrogen-generation assembly of claim 17, wherein the carbon-
containing feedstock includes methanol and the selected temperature range is

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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12. The hydrogen-generati on assenbly of claim 11,

wherein the initial flowrate is |l ess than 50% of the
weubs@gemnt fl ow rate. 13. The hydrogen- gener at POWUS2005/043113
assenbly of claim1l, wherein the initial flowrate is
25-75% of an average flow rate of the purg s durin

a pur gélst aghe §ydipgpaaersyaion asaﬁablmﬁfﬁﬁ@m %h‘gﬁeéFW "E‘ﬁ cans for
ol Edebryf b il L@ o ? e heated
L bR PR E 1 S b Thont Tl o
oéxledual smefn paddrced firohiae blyprodpetotichm tichot adeseatratianasft SO ppm.
one portion in which the flow rate of purge gas is
decreasing with tine. 15. The hydrogen-generation

assen‘p%x of TRL @y ogen—‘ﬁgﬁfﬁ@ﬁdh $REmPRASISc14iRY 9,S%h&ein e lhydrogen-
distributing 1s"adaptéd to maintain the flowrate of

t peodoyipg ochic irstudeamsteiathicforaing wgsnadapneé i prdyec b maixed gas
det er ni_ned fIOM/rateb»16. The q%q{g%%n-generation

2 SR frgmoy atey afldf GO APPSR SEE er mi ned f1ow rate
corresponds to a flow rate in which the heated exhaust

streamis adapted to maintain the hydrogen-producing i
r egi on2%i t hilhe élyémg@mg@aerg@ﬁp@isgmb}yeoﬁv @1@@9 9f By combination with a

Py BEL A NP RS Ao QLR S hordf, of 1 produet hydragen sream.

hydr ogenpr oduci ng regi on i ncludes a steam reform ng
regi on adapted to produce the m xed gas stream from
wat er and a carbon-contai ni ng feedstock. 18. The

hydr ogen- generati on assenbly of claim 17, wherein the
carboncont ai ni ng feedstock includes a hydrocarbon and
the sel ected tenperature range is 700-800 C. 19. The
hydr ogen- generati on assenbly of claim 17, wherein the
car boncont ai ni ng feedstock 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 streamwthin
a predeterm ned range of a determ ned fuel val ue.21.
The hydrogen-generati on assenbly of claim9, wherein
the neans for selectively distributing is adapted to
mai ntai n any carbon nonoxi de in the heated exhaust
stream produced fromthe byproduct stream bel ow a
concentration of 50 ppm
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22. The hydrogen-generation assenbly of claim?9,

wher ei n t he hydrogenproduci ng regi on includes a steam
woebwroes718y regi on adapted to produce the m xedPQadiS2005/043113
stream from wat er and a carbon-cont ai ni ng feedst ock.

23. The hydrogen-generation assenbly of cl a%i m9, in .
conbi nadti onAnimethod fareregukating dhe dRmBerapre Pt b Ydtogry@roducing

. t containin
g RePILLOD bR AN SRS coniin
hygtdrogangprand wdiengasesgi on of a fuel processing system
adapted to produce a m xed gas str egm cont ai ni ng .
hydr ogBFPAYSI88 ARSEHEs SPRABCONGHIHRE DY s e 8T gisr gases in a
S | Yot QIESE D681 0&ksehbeysig@ases in a
hg%aﬁggﬁﬁggé%ggﬁ@%ﬁﬁ%%i ng rggigi opg of aEfZel processi ng

syst entlelietring ethe ngixed egasi stedmgtes aspressarn swing plegioneassembly

sw ng adsorptio ssenb having a plurality. o

B0 i mBts LR R hy et Beataatu it Bltpied to produce a
pBgﬂHH&t?’stI&%mr&ﬂ%ﬁingtd’t qed%t GOoRbabMidlbodfiod 6A%e ather gases and a
substantial portion of the other gases and a product

hprhdogiey drogeaastieawroalatning agreptespoasenitnion of hygdiogen ggs than the
hgﬁlro en gras than the m xed gas stream adsorbing the
ot F3SEE™ Pt om t he mi xed gas streamto produce a

pr oduchddbrsing 3B oftef @apasCRBIAha iniged ggs satan to produce a product
concentration of hydrogen gas than the m xed gas

shydregen gepie SQTRINTIENY SFHET £QueRnHaten BEhydioger gas than the mixed
fggsi At{)etag{,e desorption of the other gases fromthe
ad@lsorbent; purging the adsorbent beds with a fl ow of

pur ge dapretsarifingttheradf@benti teas eo desiitamt denormiont dlethe other gases
ot her gases, wherein the depressurizing and purging
sf@ﬁkthﬁraé%l%@tgas streans from which the byproduct

str e.ampig%%lfégrtﬁ@ delsorBuHR Uslds NGitk RewPsO PRl S4sr RARIMet Macilitate

air in ting assenbly adapted to producée a heated
exbsuptiorns of tharmthdremsesn gvhietren theodaparsaunpzing aod pyrgegstops produce

of the fu rocessi system wi t h. t he, heat ed exhaust
Sgﬁ%gfﬁangﬁjaorggg{ﬂ%ﬁ? ngrt‘)ﬁ‘é‘:tfs%w}saﬁogng?’ purge gas to

the adggfpafingdBEDybRodRE ssen didudif i ineti¥atihf Queatbly adapted to
byproduct gas to maintain the hydrogen-producing

r egidone wihekied exhagsitséieaioned t enperat ure range for
produc Ihggtirgght%e Wyél%%erg-%%d%tc{n%ar%ion of the fuel processing system with the

heated exhaust stream; and
regulating the flow rate of purge gas to the adsorbent beds to produce a
sufficient flow of byproduct gas to maintain the hydrogen-producing region within a

determined temperature range for producing the mixed gas stream.

25.  The method of claim 24, wherein the regulating includes ramping the

flow rate of purge gas to the adsorbent beds.

26.  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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25. The nethod of claim 24, wherein the regul ating

i ncludes ranping the flow rate of purge gas to the
wadswrlogrst beds. 26. The net hod of claim 24, wReT®RiSZ005/043113

t he met hod includes regulating the flow of purge gas

to the adsorbent beds to rodHce a. conti nuous

- fl f .
the b Ak odubhe methad pf elaim 2hwRereinghe geu tlggmlﬂﬂc’leosvgieﬁvenng the
V\‘i‘ﬁ ‘Ia‘ét%1 of gﬁréree%gla@% RANGOWIRS o Phuboeesas MBattif Gesk gty 75% of an
rate of purdge

as at an initial flowrate of purge gas
t fvetagh Slovemte ¢famge/SHoand tlmeattes intgensingdhe flawaatsol pureg&as.
gas and thereafter increasing the flow rate of purge
gas. 28. The method of claim 24, wherein the

regul ajd ng THCLIERY FONLIOLUI Dactehe tHeuebuldahg enddiides Rentrolling
byproduct stream 29. The nmethod of claim 24, wherein

t the iy dnlng ef ther mposiunigstreagi- on i ncl udes a reform ng

regi on adapted to produce the m xed gas stream 30.

The met hod of claim 29, wherein the hydrogen-producing

regi omg ncl ¢Resm@hsd ot adThine 2K, nivigeineticohyddapt-prbdiong region
produce the m xed gas stream from water and an al cohol
aimdlutles 2 tefornving region adeptedde @reduse HherBHEE B3t THFE™ ange

is 350-450 C. 31. The nethod of claim 29, wherein the

hydr ogen- produci ng region includes a streamreform ng ‘

r egi onz@daptre mhehed aduclainh MO, nwhedingte bydregen-prognging region

wat er and a hydrocarbon_and _furt her erein tht%1
dachidps Actrer@msEdEYRG EgioThgeanted HBlosyE’ %e mixed gas stream from
water and an alcohol and further wherein the determined temperature range is

350-450° C.

31.  The meéthod 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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