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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 product hydrogen stream.

30 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.

The adsorbed impurities can be subsequently desorbed and removed from the PSA
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the Drawings Fig. 1 is a schematic view of an
illustrative exanple of an energy producing and
consunmi ng assenbly that includes a hydrogen-generation
assenbly with an associated feedstock delivery system
and a fuel processing system as well as a fuel 5
cell stack, and an energy-consum ng device. Fig. 2 is
a schematic view of a hydrogen-producing assenbly in
the formof a steamreforner adapted to produce a
reformate stream contai ni ng hydrogen gas and ot her
gases fromwater and at | east one carbon-contai ni ng
feedstock. Fig. 3 is a schematic view of a fuel cell
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Wi th a hydrogen-generation assenbly according to the
present disclosure. Fig. 4 is a schematic view of a
pressure swi ng adsorption assenbly including a
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according to the present disclosure.



Fig. 5is a schematic cross-sectional view of an

adsor bent bed that nay be wused with PSA assenblies
according to the present disclosure. 15 Fig. 6 is a
schemati c cross-sectional view of another adsorbent

W poe/br@is9may be used with PSA assenblies aBEHVERIAH BT

t he present dlsclosure Flg 7 is a schenatlc
cross-sectional vi CACT f thd Emavhings bed t hat may

be used [ i n t

a4 solosBl 4 SFE’%egé&W'@lv oef na}ﬁ|§sQJaH\éer%§é18gangﬁn%n r%? \?}oedvuvcmg
of anmeomgjemsmbb'dthaf nElhg:ies@ lvydtdgem-gclﬁfhnnaszmembly with an

tra sfer e ng_sch i ndi cat ed
el F R0 G R el P S e oo
sof cal gackSanﬂmhnex’gheomslmgtdeaﬁsfer zone noved al ong the
ward a dista

adsor bent of . t he

o ek 6% Qheriic ISy PES mr B pmiobig gfeiplig the form of a
SCI@[@ﬁPﬂrﬁBnﬁd‘rQ&@t&‘B@tpr&ﬁ@E atRWn&E s@edpOEdrtAMIn® hy@ofp as and
asselnbly that 25 includes at | east one adsorbent bed

anQthgr §aTRJEm ar e AL astsre sHPo-crrpininefeedstactn  system

accordi pg. § @ 4 REcRURSEAL oflh $6d] eaurs@eh 45l flay fbim| fpan%f a fuel cell
schemati ¢ cross-sectional view of portion of a

10 55 gfatioisgd with e hydraganpgeagratien sewahly ecf‘r‘erdatgste .th%mse@éiec&we
a tenpeggtiiasbRaslc Deeaaraugd odsk %@stol-&%n aﬁﬁb@qﬁcludmg a

according to the present disclosure. %
s c FamparafuEe-pesed brealdbropghndatecipe fystsm @Cfpfémgut@ e@fesent Fieplosure

assenbl g that, saheﬁqaﬁtde%ssa;ed]ee%e@ne A0RbBER behqﬁat%ﬂgy be

a tenper at ur e- based breakt hrough detection system
ac e dNithd Soassameblios aesendingdd shel roesartalisclpsis®) 2006/ 068789

o e 0 (A8 A BRI PRNAEL BF bt oRS pAPHE may

15
of osure °Ust rat es sc 1l ca y an
ethﬁleé wath PAA seyeetbljys qgtpfardm@tmgle@rﬂsentdcsnbm ng assenbly

56. Th cing and GQRSHTE NG ASS 6
Cnel dglgg n?gfl:s] %ysc%nqg% clgoos s%ctlﬁ)n SWCS oL rg) er agsrg%%e}{l g%istthat may
onke t&ﬁéwgyl’sarasaﬂ:mbhgs aztemimg usme @ctamt ddclbsur@ exert an

st re s « heimire SRRl U of Ba R piog i i o

20 | nmhssdﬁﬁsfa' dotebeigedchersitaalty Rdicawdl a

enerati on assenbl t han one .of _an ,
of ° ho e 8 Frstheutine BRRE St Vind b bCBMheR SRS witn
d ﬁ"ﬁa frfalssftganfsfbﬂmnta > veC SRy BE aliddebept elgleg bf mg gsd @Svldfdll%a distal, or
Te C|n stem may include additiona

g‘ﬁ‘ % f‘ﬁ 8?'38%66%/10110 specifically illustrated in
t he sclregabiica sfchgﬁitﬁ?crosﬁldé‘dﬂloﬁ:ﬁ v oﬂiﬁiokﬁ/&irdf aPHALREEnbly that
exchangers sensors, controlle

25 f | lawﬁi%gﬂm <45 oG Aderbb &od arrbp teFRere Pisd drepkibrough detection

system according to the present disclosure,

Fig. 11 is a schematic cross-sectional view of a portion of a PSA assembly that
includes at least one adsorbent bed and a temperature-based breakthrough detection
system according to the present disclosure,

30 Fig. 12 is a schematic cross-sectional view of a portion of a PSA assembly that
includes at least one adsorbent bed and a temperature-based breakthrough detection

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

hydrogen-producing region 70. Accordingly, fuel processing system 64 may be
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30  The temperature modulating assembly 71 may consume a fuel stream, such as to
generate heat. While not required in all embodiments of the present disclosure, the
fuel strearn may be delivered from the feedstock delivery system. For example, and

as indicated in dashed lines in Fig. 1, this fuel, or feedstock, may be received from the
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30 In Fig. 2, an illustrative example of a hydrogen-generation assembly 46 that
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supply streams 68 containing water 80 and at least one carbon-containing feedstock
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havgics ebfthiat 8\t suitable combustible fuel suitable for being combusted with air in
30 the heating assembly. Fuel stream 92 may be used as the sole fuel stream for the
heating assembly, but as discussed, it is also within the scope of the disclosure that
other combustible fuel streams may be used, such as the byproduct stream from the

PSA assembly, the anode exhaust stream from a. fuel cell stack, etc. When the
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30  selectively reduce the concentration of carbon monoxide present in stream 74. Other

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

gas and carbon dioxide from water and carbon monoxide. Tiustrative physical
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30 Fig. 3 illustrates schematically a fuel cell 20, one or more of which may be
configured to form fuel cell stack 24. The fuel cell stacks of the present disclosure
may utilize any suitable type of fuel cell, and preferably fuel cells that receive

hydrogen and oxygen as proton sources and oxidants. IHustrative examples of types
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l5| s 0"1)915“[“?h1|5rP"b’ﬁ*’ék sy pee Per‘é‘ﬁeh}ffk%%eérf? o 0ok fhapa oxysen
ot hgkrsfiy %kf’geﬁ%gl OThe ¥l 18R HSHi SR dhewillUSRE 1o hikHoRg el tléHl]ﬁLoton
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o <Bwee. el e des Fael il &3kl e ApyeEnnsCha on KA AldiRueh it is
" eSHfE lh%esc%%fct%z? pée%erﬁrkﬁscﬂ%mel thhiUsthér b1y @nd/6X BBARS may be

of suitable sources 48 of oxygen 44 include a
pr essliriydeeten arkonizendd gen by ﬂe ivgTed,to e resppdiye regions of the fuel

OC 0 'Hgl;i1 ey s ﬁ!aﬁl‘é’e&eéhﬁm%hﬁé &?vef Blirceld 4@ Chii s, a!lfustratlve
ho olm rog

e cat regi on n and oxygeng@y pi cal
cow’mamldewftsmta:hlfesoamt h%pf aygerpdtt iogliudkat pigpsuriggl tank of OXYgen or

redyctl Qq:axj{ ec%ﬁ‘{';) dﬁ%@dr ﬁioU%P g I}Bu—'@? Jovian ?Qr%ﬁreE@@t 51'1‘ % $hd Bfhode

passage o nol ec It wll permt
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'S rga?cgt?n tnlvgs I:hey proton from the hydrogen gas through the ion exchange
membrane. As membrane 28 also tends not to be electrically conductive, an external

30  circuit 50 is the lowest energy path for the remaining electron, and is schematically
illustrated in Fig. 3. In cathode region 32, electrons from the external circuit and

protons from the membrane combine with oxygen to produce water and heat.
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illustrated in Fig. 3. In cathode region 32, electrons
fromthe external circuit and protons fromthe

menbr ane conbi ne with oxygen to produce water and

heat. 12 WD 2006/ 068789 PCTNS2005/ 043234 Al so shown
W0 20064687 are an anode purge, or exhaust, stPCEARPGH043234
whi ch may contain hydrogen gas, and a cathode air

eXhauslt i&%rsﬁ?\% 5;5F.g\Mg ia€dari §no|t:li¥ @htgg,l d;rlyexaﬁué.t e?sdm 54, which may
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sSULEANR, rﬁi aeEutdin gJ\L/ﬁlClEclB&esuﬁEEig AR oh@Ms 16 B&iver the associated
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vol t ageFoSaledhs@ft didpi QbliseeOfucBds (2IvbRs ot Rievdltdf ptoutput power
power may be determ ned by neasurin the 0

curtayrte, detgmingf! dyt A HINE0E SHPUHEH Elactflgﬁs(’&m“&my be

an uéeRP ol @8l AAGppBUCRa®Sulll AHERCHENEyCORTHTAN e ViRVEX eFig. |
52. Fig. 1 “schematically depicts that

eneehpynapeadlorudapise ik eRITERProduging §r9iei 22amay dadydeppieleayy one
Oen%ﬁ%éy %&r adeidem G5vid 78 %Nénclﬁclz&d MEEBe iuﬁﬁleﬂ @@&iore at least

ted to store at | east a pOftIOﬂ of
eI ecpqmcmabf Bt geatricaboupoiner power. fi%ofiemHbe fiupd|cel émck 24. An

St g6k ade ee&‘gtn%lls f y?&l{aﬂf? §¥§'§? §f3£%le ﬁe\%e ’ 9 H'bﬁ@é?ir ®ut others may
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be be e, Elﬁnlegwgyr&e@eag@&imy e@dlﬂ@aﬂhw digiativadn bg nspd ¢¢ power

0} SRl e YR of BurRB g BSheSEAY T DdUS) N

urrn system 25 The at
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eI ctrical I t.h [

LAY §UR LoD bl B L 0 DO PP LRID: o
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stack. Device

e BRONIES R“E) Lt B 55RO dne e G e pitem o sty
CUlkeebd. f THISIdddemByisd Ribried 16 ad s hpplied heard) mdnayTimb!sde thermal
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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. Illustrative examples of devices 52

include motor vehicles, recreational vehicles, boats and other sea craft, and any -
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30 and/or electrical load(s). It is within the scope
of the present disclosure that the applied |oad nay
be satisfied by the fuel cell stack, the
ener gy-storage device, or both the fuel cell stack
VED 20osMES78ner gy- st or age devi ce. |11 ustrati ve PEXARFINEEI234
of devices 52 include notor vehicles, recreationa
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ui renents, for the en \
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i gL r LRk e&zﬁﬁﬁfmé'aﬁ§ AR e BRED RENEIIRENCAE Ib¥ds and/or the

illustrated in . nd nmay |nclude any suitable
st finpoit andsouttnurstrsmfeei 393@1113})' g3t o shominnEhedpppt and output streams

of ezrgc;i 8t negast[ J-nwteg Séal‘. gﬁ%apr?tl dicd %F%ge% R;Q{T,O&z Lhe bt)’%l‘OdUCt
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i npm&anaﬁd oIltupmnvsterxemm;s 20 aurt@bl@ldéfll%ttlreﬁ e@sé@denprs@eer dpge of

2: Frgagmol sucﬁ'{ %m[?%ﬂ ragtgt%ileé J Eﬁ} ﬂ)?ds tﬂﬂ%ebﬁéﬁfe%i&éw adapted

I've exanp t abl e
st reldiktibes fllurd:tb ude caleet frid ﬁnme:h@bedsmmwakyw suchgg gheckiyalves,
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r eSPEY vaé]’eg? %%%ep\’ag‘gs g thc?q l{p%{ﬁg eﬂ% r%ﬁh% N %Bgn’cfhme beds 100
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30 this stream when the assembly is in use and receiving a contmuous ow 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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beds. While not required, assenbly 73 is preferably
adapted to provide a continuous flow of product
hydrogen stream w th at |east one of the plurality of
beds exhausting 30 this stream when the assenbly is in
W3 20080&79%ecei vi ng a conti nuous flow of m xedCHA§2005/043234
stream74. In the illustrative exanple, distribution
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sel ect i Gy purHicpln P¥ pregtide s¥EEr 3EePHI; '8'09’8‘7’1 AEUET 5, prossure

MaYy Qe bEd 86w Beksdl ok2aPsirchink RbtIE b the ﬁds@ﬂﬁ:ﬁf irlde Bade context
pr essure SW ng adsorption assenblies.

confpurifing GrBixed gasFuEHT Rompidscd SaRsEanGHllY ?fehy;s‘F%'é gfs: the mixed

204l EQJ $hedth & de Phiidef fe?z@itvél? %F\)f)ré%ﬁtﬁé SH6R efdVbMBe adsorbent beds
dSor pti1on i‘nvol ves sequen pressure cycling and

f | evd theweby saposed tqyths asiscvrbm@) earltaingd/i@ the afipebent Egiamethereot.
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t ant rogen gas the m xed
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d
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o i R RSB For Tl Lo 048 Ay o
M XEehe FBRA §stsérﬁlt’ﬂ§n fithe wemhihing wohionhe thel sxiweldegat siream, which now
30 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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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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bed, while prior to the (re)pressurization step,
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30  adsorb water present in the mixed gas stream. Illustrative desiccants include silica
and alumina gels. When two or more adsorbents are utilized, they may be
sequentially positioned (in a continuous or discontinuous relationship) within the bed

or may be mixed together. It should be understood that the type, number, amount and
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30 examples of which include particulate form, bead form, porous discs or blocks, coated
structures, laminated sheets, fabrics, and the like. When positioned for use in the
beds, the adsorbents should provide sufficient porosity and/or gas flow paths for the

non-adsorbed portion of the mixed gas stream to flow through the bed without
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30  have a certain adsorption capacity, which is defined at least in part by the composition
of the mixed gas stream, the flow rate of the mixed gas stream, the operating
temperature and/or pressure at which the adsorbent is exposed to the mixed gas

stream, any adsorbed gases that have not been previously desorbed from the
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product port of the bed.
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30  i.e., the mass transfer zone, will tend to be moved toward the feed or product end of
the adsorbent region depending upon the direction at which the equalization gas is

withdrawn from the bed.
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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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associated with the adsorbent region and to control the operation of the PSA assembly

responsive at least in part thereto.
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shown. It is within the scope of the present disclosure that more than one sensor may

be utilized. For example, in Fig. 11, an illustrative bed 100 is shown with a plurality

of temperature sensors 142 spaced along the length of the adsorbent region. As
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of the present disclosure that any suitable construction may be utilized, including
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been graphically illustrated in Figs. 10-12 extending partially within and partially
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30  operating state. In Figs. 10-12, reference numeral 146 schematically indicates that the
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to the one or more measured temperature and/or the relationship of this temperature to

one or more reference temperatures or threshold values. As discussed, this
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30 time in the cycle, stopping the flow of mixed gas stream to the bed and starting the

depressurization (and optionally at least one of the equalization step and the purge
step), increasing the purge time in the cycle, increasing the flow rate of purge gas

during the purge step, interrupting or stopping the flow of the mixed gas stream
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30 It is within the scope of the present disclosure that PSA assemblies 73 with
temperature-based breakthrough detection systems 140 according to the present

disclosure may implement more than one of the itlustrative responses to the detection
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fromthe prior exanples in that the adsorption step
naysspriged &éh theradporbgnh Egie akt hr ough condition is

det ect ef ¢S R3Q-Red RREHIySeil ABpEERINGraBlAdRS K1BipAEHtime
unl ess g{jemat urely interrupted or stopped by the

25def@ct Pohcysie based BRae e 06 giere EBIERALTSrmeasyPd ¥ithig qn adsorbent
NORz £XChIBE X §s £AANP heBotiond I TAIPBABAE 8f bR Serferatures measured in

t enper at ure-based ~ 25 breakthrough detection systens
146n pdsotbgntacgipytheod not linited to, one or nore of

the f OJﬁ\l @) .é?&ulie%'s&f%cﬁgﬁ Qﬁl?em }i\%kf‘eh ég?}'evgﬁ breakthlg%x&h in an

i mpl emented 1 n one or nore of a P enbly, .a
as sénutileyt badagftaclS A @sseunblyf lyy myuitaigarat deast, ong measured temperature

30 hy%sS%Qa b %ea&cfsgrgent bed, and optionally, the adsorbent in the adsorbent bed,
and comparing the at least one measured temperature to at least one reference

temperature.
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assenbly including a fuel processor adapted to produce

a m xed gas streamcontaining hydrogen gas as its

maj ority conponent and ot her gases and a PSA assenbly
adapted 30 to produce a product hydrogen streamfr
WOR00MPSEEW gas stream a PSA assenbly adapt @EI'T’lUém“S’“‘m“
renmove inpurities froma hydrogen-rich streamfor a

f uel CeAltelﬁpf&Etkf;e tsdduddtection |systey stigmed: ondeaérminegthe posiapn of

ot B Py Pgater e il A RORR) SRR S ftstoent ved

asseas A afsvibly. t he source 32 MD 2006/068789

PCTJUS2005/ 04323 optionally in
pr ocess%r‘em%ﬁ%“rFi’a te%‘l‘ﬂﬂ‘osagtﬁ@ﬁg %‘J 8‘érﬁ?SF g'feogsn%c cle time

sang, ApEXdkRadIy @ glaé hﬂ@asﬁ&ﬁ@ﬁde}bmb RE kﬂd}@d fMgasarell uahperatures
processor adapte produce a ?? %% stream
coﬁ%safilﬁF%y“hWraéﬁ%’i’F“@Hba“é‘gsqf?eé‘tfFﬁ 3 f*% * and

ot her OJR&8RperARE- b@sc@%@te&%@%&M LS it 01 @hﬁt@bvﬁrﬁm& assembly, a
i mpurities (including carbon nonoxide) froms5 the

mi Redtogpnseenerptioimastamily afapiegriaIpraiuge f yfrogearqonggnipg mixed gas
ad@tpe%ﬁ‘ldlotb% LREEY Mo §¥erd§§5htydl% expﬁfeta Qigr @ pEAGsRMLY, iaf@or a

m Xe gas ream: A't enper at ure- based detection

10sy §teb mlheiam @’@pneé t@l exceivenah Bagt epayen ef e pEodugh hydgpaemAtream
as ?e%@g?'nl e laf EQ&Q nel cﬁ'gﬁ a&l?t!dt tel'hger@tu% ASERRd with the
rature VVI n SOor regl

ass@mﬁkyun&@wﬁOﬁ@npemamgﬁ@ﬁB&é@@ﬁ@éb@ct|on system
adapted,t (W r :
At néﬁsje%n%% @aﬂaﬁ dten: 1 S&Etlg[r? abi%%d‘ {c’: ostc%pﬁgg %orptmn step of a

assenbly 7 onsive at _
r eP8Aicodls l-aspodsma aelesst & Imﬂets oneet maere npequaﬁtduﬂepwtms pssociated

t he orbe re f the ref erence

£5¢ eﬁ‘b‘gﬁkﬁa\ﬁif% nhin ‘%n‘%% Vs ase%r%{%/ec% i Ooh system
adapt edAttﬂnpiethB’enhm chfeetumy&q;btemtadn;&ed torgena*at@@Aleast one alert or
ass onsive at_ Jeast in.part to .
e pe et o aaisie bt kBRSPS B8 of fiole Spaswred ferpperaturcs
t hgssadaed Ranthera@irbdat ANl adsdredneregivaef therfSer @tambdy.t hat
is al so associ ated wi e or nore
b7+ he AdCurEitE besd it SEmadapiedt SRPIRE oBhidn Maror

20t NERMBOHR op&ititin gEJ[at@@f aamsmrb@@dmgagdnemwﬂdptwmaMé s nofed gas
t he adsor bent ed. A tenperature- bas%q det ect|

oy S RARGREIE 5 dHY ESPRBEPRE Voot LR BUE 6o

Cafx@ﬁ’sﬁ}réﬁot@ﬁ éxgl%rds Nis0iaftd SR MRt adE QB0 In @ adsorBAe region of the
assenbl y hout measuring the concentration of

aPBAﬁﬁﬁﬁﬁbxlde in or associated with the adsorbent

regi on, 5 3L 0Rb gl déreWiidGern RS | @nirbBthe operation and/or
concentration of any gases in or associated with the

25 ad stonpethe opergingrstaigof afpliel SYMED BaERing & £SAastrmbly SERaTs ve
Cy%ﬂ%ﬁ% S&geté bAOL Rbte t8s AUPEMPLhL QRS hidBiated WithQhe ﬁisg’rgéqt in

upon onée or nore t enper at ures neasur ed
Wi thadsorantacsar dfght PSA assembly.

A temperature-based detection system adapted to detect a breakthrough
condition in a PSA assembly, including in an adsorbent bed thereof and/or in an
30  adsorbent region of an adsorbent bed thereof.
A temperature-based detection system adapted to detect a breakthrough
condition in a PSA assembly, including in an adsorbent bed thereof and/or in an

adsorbent region of an adsorbent bed thereof, and responsive at least in part thereto to
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bed of the PSA assenbly, and optionally upon one or

nore tenperatures neasured in an adsorbent region
thereof. A tenperature-based detection system adapted

to prevent breakthrough in an adsorbent bed of a PSA
WQ3UBJE%yY nonitoring at |east one measur edCT/US2005043234
tenperature 30 associated with the adsorbent bed, and
ophdjanat bijierwtifeecatisiahdeperation of hdcat the PBAsseyddly, aneh @ptionally

" oHLppiged By Plase SR o, QR 5 RSB islubgtomty

PChidis200%41043R34 A tenperat ure- based detection system

adapt ed to deter osition,o

pri mar y tﬁ‘ﬁ%%att“ie%ﬁde‘ﬁewfaﬁ’bsww I"“il?pLBH tgtﬁglgmﬁ'glﬁtmgrease gpd/or
5 0f datheagdlRy fembrel@dhe dsotiibAmBsHEevEn] PAA cycle time, the purge

t enper at ur e- based detecti on system adapted to dgcre

t hempapd/es the dugl igap floy ratg f%spfﬂa)xveatgsoaﬁﬁr OF e OFBHEE JEnRgatres

| e3gbeihtbd Ak hdshbeANA R hdsIRJA: (SEBS bf MEPL A rm,ematyu res
associated with the adsorbent in an adsor bent egl on

of the #spofabeehe getechiop sriyansip GHhecyas vy'eget adapiegyfo compare
Sygltleegp nﬂ@%%réd%rﬁﬁwat%mltﬁ oﬁ)escﬁf ASE 8dthkNoe témperatures, with the
rogen- generation assenbly adapted to produce a
10 hy chfrepsn tonper s m!jecmsééwcw@g ODE (OF HIPF easured (meraies, one
R t Ymd RGeS RARER{ED I/
Ao R S AR BT R e e o
| easte tarepimid vadutﬁsof t he product hydrogen stream
responsjve at t Uk edapted
b TP o8k S8l MRty Sheahe R SE Sp v
addaeent ifregesaredf temberatP@As awthénrb| pyedefgrmine range (above and/or
t re- based detection a ed t
5 R ey B S SR i AR CthL B 380, e
pafe&npbﬁtwmdlﬂvormﬁeedmsm n@@b m:@umm a:tnma@slr@ss OCI at ed

15 with, the orb in _an region :
Paa ns AT ROVEAREsaR Pl BT S upe bR aflridlf compare
ad 3 @dndre n@asiesdaéBpaituiee adth onner rabre réfererice temimatures with the
notification responsiyv east in part to
o TS SRR e Yy S ERTEiAP B WrHef Agnireres, one
20 20 §PMBRMHorkd) valesaBHO60BMe pregiely aéasirbé Wnfpdragsenid/yr.one or
A tenperature- based detection system adapted to
cofwrghreshdd vilesat i on and/ or 20 change the operating

state OAn@of HelabB¥eOdRssibm Jystarit 8X0 AsAdmeathibas herdf) eRp@ssed
m xed gas streamto be purified by a PSA assenbly

r e8poieBIPGatuz basehreakthfopdy RIeYeRUPHYSER: nor e neasur ed :
t enper ak W §ShaS/RIE H&E&Qn"é@t&ng iRpiacneaRamta PIA aRembly having

adsor bent” regi on of SA assenbly

A
25t eApburalityi roé aHspsernt hedserdapisf te yeceii aaﬂ%fieﬁs tsHea Mt gpcludes
t hﬁy&@f&ﬂagtak Qﬁté’"ﬂﬂfo?ﬁy component and which is produced by a fuel processing

system that includes at least one reforming region adapted to produce the mixed gas

stream by steam reforming water and a carbon-containing feedstock, with at least the
reforming region(s) of the fuel processing system adapted to be heated by a heating
30  assembly, optionally with the PSA assembly adapted to provide at least one fuel
stream 1o the heating assembly, and optionally in further combination with a fuel cell
stack adapted to receive at least a portion of the purified hydrogen gas produced by

the PSA assembly.
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25 change the operating state of a fuel cell system
containing a PSA assenbly responsive at |east in part
to one or nore neasured tenperatures associated with

the adsorbent in an adsorbent region of the PSA
wasRenikige A tenperat ure-based detection sysPErERae K4
to detect a breakthrough condition in a PSA assenbly,

i ncl udinpgnddd f@rnmﬂﬁjél%hﬁ thejf6tebRe b ARy SNElé @boviersygams 3fl/or
adsor bent regi on of an adsorbent bed thereof A
tmeﬁmﬁ@e@agwyméctr on system adapted to detect a

br eakt by dﬁa{%gggtﬂe%n R i EoHfex@SP aNiN A/ assbxlﬂﬁﬂyui@t R@rifying
in an a sor ent thereof and/or in an adsorbent

r dyidogengasait inddbingbnscope @f thsaresent, dlaﬂmureé%d?f‘si’% agsembly

'ea e N Q0840888 Fosed h b

5 pestriog 0p&R s a5t G Rougl s RIGLON ibibucg berin may be

oprséﬁhtn aheroefpphtaubmstcht a0 pBANaebebixgd semreaips Ffbﬂ*&l fgjl or
an ss%sﬁr ated fuel processing system fuel cell stack,
r%‘;eneratr on assenbly and/or fuel cell system

A t enper at ur e- based deﬁxa&___trmﬂpmm adapted to

sel ectiyely i ncrease and/or de
of the THASUPS e G 08 SO sspaiolpy SRERTGoRCefbrIBl Endror
10 t NReleN @fsterhd MBluding (iRrsaind @ref applicayiesin theoyas igartegation and fuel cell

respons t d t t
ngcgq’sp érlgcirgh%ofr%ﬂefb@% %Wgrcgﬁhyiﬁc{ggla %?e e e%nacFaltlede gunﬁ?d and/or
t NAnRPRdas pRxIdeYan eMdicQlrrtlte above det ection systems

n which t t dapt

roasur s OERER RELESHRIOEHE SHAODH ST ENeEPaREr malele dstnc

t eRGkiBAL WES, indbfeRddnbautilidy) rwhaé @aae of ame riabantiens has been
sel ectively including one or nore neasure

15 ¢ e i s PROWECOPTHOME PEHE AR BERS Pt o diogee and

p r1ﬁ¥§t Hzﬁ reﬁﬂa 3 Yoltd HerRanSLA (S LiRNHzQEnse e nGierol® K &iations
hres val ues. Any of the above detectjon systens

| rarmhq)sgi{plq |ﬁl§1e§y@p@ fmpattgr %{dgﬁtnér@ttogs inglydes 3} prvel gnd pon-obvious
rrﬁqorgseﬁm%ﬁt?c&}mb)aahénsvﬂfttﬂy ViriBud¥IGHERE (AU, fuABE&s and/or

(acbove and/ or one or nore reference

LIk}

t eppErtsuiissByscddupuean. sSIan@rlm,rWhm e clafres regitce a
ratur e
20 ¢ GG Sl RS S HERR IR0 B BhafiRER LALBLE R orporation
V\mfc(tnet dremex)esstuelmelemeamaprtlthdr requisiogpexr exclodiag éwo mprpore such
d tenperatures with one or nore reference
‘%H% tures, with the reference t enper at ures )
seI ect ilv a} ybeligeddu dian gho riiallmwingocleimse asticgerly point out certain

[ at.ur es 0 or re st val
rrg] EQ?S&TQIS&C ﬁg'ﬁ?%nrf aérzrrﬁer a tgarlteos%g%gﬁ—‘ or ggﬁ)sa{mvmtmns
25 D4 4rb1B$410dnd noalobeus. Arvaemhortshanahhndemdahemqnﬁmataons and

systens, and ippl enentatj.ons thereof Xpresse
ysubcombmatlons of features, functions, elemeénts and/or pr%pertS & %ay be claimed

or “a first” element

through amendment of the present claims or presentation of new claims in this or a
related application. Such amended or new claims, whether they are directed to a
different invention or directed to the same invention, whether different, broader,
30  narrower, or equal in scope to the original claims, are also regarded as included within

the subject matter of the inventions of the present disclosure.
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as a tenperature-based breakthrough prevention system
Any of the above detection systens inplenented with a
PSA assenbly having 25 a plurality of adsefrpent beds
adapted to receive a mxed gas stream that® i-f¥c+FHdes
hydrogen gas as its majority conmponent and which is

e . A oduesdnby rpiafiu el t4pl GCRSEING CISYEt em that i ncl udes at
| east one reform ng region adapted to produce the
m xed gas stream by steamreform ng water and a
carbon-contai ning feedstock, with at |east the

WH&Telisd?lrﬁlug‘r %@i on(s) of the fuel processing system
adapted to be heated by a heating 30 assenbly,
optionallg with the PSQ?gﬁsenbl .adapted to provide at
| dast  OEdtoge-eeneaRoR ATl REMASIRG ng assenbly, and
Ot hy@rskh-Yrobicif g fileh froc&SiAD isérh Qdaptéd B groducela @ixkd gas
st ack adﬂp ed to recgive at | east alﬁgrtioqaof the

strearg GonitplniEg w{reﬁeage%ﬁ"aa ehBTBLEUD 2ffast eideER s senbl y .
3% PR30 061HR 6 80ERioR GlhdS2AR5:DH3Ra4ve dVidabadsorfia of the

. |nplenentinq the processes of any of the above systens
mixeds gay Hream A0d B remMeNp igPutiRs theyaliom dg Sradnee @ Aradf yyHrosen
strearfl| HROME SRAt By @bgen furity ehafl ORY Aitted Qlas erddDr) 1R SresEbleyswimy
purifyin hydjp%en gas, it is wthin the scope of the
adsorphIsasprmbl CEIR5EM%e t hat the PSA assembly 5 and/ or
t enper atpiirBith aF edsdibena bkdy] @bdhbatieinelliing hnSyEséBEt region
di.scl osed herein qu be used Hn ot her appl i cati ons,
contaifipgpdgerbenh adnter £9,ads5erh @l lepst RRAPIIRORT BBRXREAT 0 fuel cel |
or Ot B@mpealr&Bed doibuich Syisttin, Aftpdriseabi | ity The
pressure sw ng adsorption assenq%%eﬁ and
hydr ogen- gethdrash fISrCBRRPIEE seAseT papeied @ peagyrst tpperature
associdiedl wieh 4 \briidieof SR Mscibet @BPhi 4mabl e i n the gas
generation and fuel cell fields, |nclud|qg SU%Q .
Pields in vibfBHoRaeasto FmPHE HpRBPSEUE Sspiee g 2

porﬁ%nft_f e acé@ﬂ:ﬁﬁmgﬁn tvgt_hpert lcléﬂdp@xeaﬁfe@én?@ term'hgéragwé iR inclutés 4 S

el i eved, that, the disclqsurge se orth abov ,

rempRREAsiata W § pospRd Bprien e RS, 158 A - selectively

contrbiNHE RPEEIIM ofUdtilédst the pYibure s@ g idsdrptidheseenttly e3pineivs at
has been 15 disclosed in its preferred form the

least inpaptitherdo-e nhodi nent s t hereof as di scl osed and
illustrated herein are not to be considered in a

limting sense as nuner.ous varjati.ons r ssj bl

THe subfleasemaly Obsiagy Lumgomhipaiop e kel sRek ajapted to
produt@ ¥e ble@nel iRt BEN b bhSdart At Mkt adstiontd the product hydrogen

subconbi nati ons of the vari ous el enents, features,
streaflynct i ons and/ or properties disclosed herein.

Simlarly, where the clains recite "a" or "a first"
el ement_ 20 or_ the equi val ent thereof, '

I ‘
sRoul d TheassveRly st daien 4.9vherdn b ée"rm%%g%gg dgption System

is further adapted to control the operation of the fuel processing system responsive at

Jeast in part to the relationship of the measured temperature and a reference temperature.

4, The assembly of claim 1, wherein the adsorbent region includes a feed end
and a product end, and further wherein the second portion of the adsorbent region is

spaced away from the product end.
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of one or nore such elenents, neither requiring nor
excluding two or nore such elenents. It is believed
that the following clains particularly point out
certain conbinations and subconbi nati ons t@%gg@ﬁ?
directed to one of the disclosed inventions and
F e e el ang -nenkidby iioBsl Ll elitkons enbodi ed in
ot her conbi nati ons and subconbi nati ons of features,
functions, elenments and/or properties may be clai ned
t hrough anmendment of the present clains or
presentation of newclains inthis or a related
appl i caiy A8RN i | P&t Heeddsdrbay
arg di?&gggﬁmﬁgqgl difggggﬁ%n?ﬁ%%%%?%ﬁég?%gfﬁected to
regicnfiglosagredommgieasm fenm thamertion pf & pdserbenitregion. gaessured g the
i r i ' dEBas.
a5 BEREA o8 o HGba e RERR G o e W B prion Bt
matter of the inventions of the present disclosure. 36

119y Q0 b oL . i Bt ea ope sfigenge emporsture
further Mipi@desiat jeast Dy pregoushnmegsmred Sempseratyxe, a stored value, and a
predfNUAAGSIARRARRL! on assendl y, comprising: a

ydrogen- produci ng fuel processing system adapted to

produce a m xed gas stream contai ning hydrogen gas

ang ot heL LasRfy gf QAL | RN ﬁ%ean?r@ﬁlét iQCHKapt& to detect

pressure sw ng ‘adsor ption assenbly adapted to receive
whether draaist breaktopusheandifiont ¢xdsts inithecadsarbent sagioadpapappivetapleast
: j Lhh&suicnerefromto produce a product
‘npéiggﬁggﬁgpg{%@gnaﬁgving greater hydrogen purity than

the m xed gas stream the pressure swing adsorption

asgembly,.cQ Llljlgls gg Grainf 1PWHERI &Y 2P flea80SR" REPLaRRISnsOr

each bed inc an adsorbent region containing,
inchaldsgridretnt firsitappeauresensas alapied fo measdre thefempgratiifpassopiied

withgzg Gition %@%@g{us%fﬂgﬁﬁ Alidh &R as Sl oflE i Glelaie S¥Rbe Mapted to

rising: ast one tenperature sensor adapfed to

measpsas igmperaturesaspneiated (wid theadserbeibedd with a portion of

t he adsorbent region; and a controller adapted to

conpare the tenperature associated with a _portion of

t he adsheisessmblyeyiclsim Wi wherein thedergpergiie-hagsdaleterfiqn system
i t i i i st @fth
5 B R, i oy e e
relatipgbhép bitwyednyhe wensuredlemprratispand frpigienesttegperitaigst t he

pressure sw ng adsorption assenbly responsive at

| east in part thereto. .
10.  The assembly of claim 1, wherein the temperature-based detection system

is further adapted to control the operation of the pressure-swing adsorption system
responsive at least in part to the relationship of the measured temperature and a reference

temperature.

11.  The assembly of claim |, wherein the hydrogen-producing fuel processing
system includes at least one hydrogen-producing region adapted to produce the mixed gas

stream from a feed stream that includes a carbon-containing feedstock.
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2. The assenbly of claim11, in conbination with a fue
cell stack adapted to produce an electric current
froman oxidant and at | east a portion of the product
hydrogen stream 3. The assenbly of Clain]z”‘ﬂg@ﬁ§in
the tenperature-based detection system is fu%i
i i dolapt Bd) o dbEtt Gl vt hdl. Bpelalitdfiliesf the fue
processi ng systemresponsive at least in part to the
rel ati onship of the nmeasured tenperature and a
reference tenperature. 4. Th ssenbly of. cLajm1l, .
wier o1 e RS B Gsm . higetyiby ekrameregtng L Mhdesing
systefd if1QIdYSllezRche heddednirbdiRng\WMidrEidaptediie pseuentie prixedigan
s LRI RS SESBSUd BRI,
"u, "1 It ;;,Gaz:i: wn ;! N" i LJLI us C U .
U.Q 5. The assenply. o lajm 1, wherein the.second.
DSt TR APy Akl b PisH G SRERAS e m
systehifdfdeR 8t 18R1 dric®Rdbert ftodiR g Rédia daptediophoduas thevisadrsas
in,the direction of m xed gas flow through the
strearg yiash Rt OB P28 ng t he adsorption process. 6. The
assenbly of claiml1l, wherein the at | east one
reference tenperature  further includes at |east o
ofl4a phBepssem ayOﬁ@agma ST e PIREIFeC ™ iE ASosP SR S5sapY

is add 18 redRéSHe b@icEitRton bthesthed ghsesad the miXed ghb erraastivhbly
of C|% m 1, mhe[ein the, controller i,s adapted to

a PS4y gyele hat igpldase 1ea3t PRSI 2R e 2SO R FPTESHAAT b ANLRYER

stepsiafd WhRh BgksQdyblefiimel €9i on responsive at least in part
to the nmeasured tenperature. 8. The assenbly of claim
1, wherein the at | east one tenperature sensor
| gl udgse adserhisinof clainf 14, heleBTREPSA dydle Riethadcladdapt leslt

to measure the,tenperature assocjated, wt oriion
one copalHUSRG P DI DG OO o Gk gt b P iy
inter&RRERH fadaphed bkoveeBabetdse a tenperature associ at ed

with the adsorbent bed. 9. The assenbly of claim1,

wherei n the tenperature-based detection system is

ad@pt edhi asshiblydofreianh |4 askerdii ehp nesmtere dased gdetection

adsorpti on systemresponsi ve .to,t rel ati onshi
systeffle s Hteg H %aﬁﬁr@a" o &FR (i the %ﬁé ‘é"cleefeé'?(g’ﬁ'é’g% the
relatib@Npeetiddh the nk@surddempasarsahy a edferedcakampbratudbier ei n t he
t enper at ure- based detection system is further adapted
to control the operation of the pressure-sw ng

adgor prh®nsepslye sl claspdySiheeiattht eanderdtiresbasetl deavectie
rel ationship of the neasure enperatur.e and a. .. .
systefngh BHASRAQ0 SR MR aE 1 S Prh VS Eamrye B e Felpigpspie
betw¥di @hicrh&hsiB@tehipibRgeddarelitatd gmpalrepr ocessi ng  system
i ncludes at | east one hydrogen-produci ng region
adapted to produce the m xed gas

18.  The assembly of claim 14, wherein the temperature-based detection
system is adapted fo transition to at least one of the depressurization and the purge steps
of the PSA cycle responsive to the relationship between the measured temperature and a

reference temperature.




streamfroma feed streamthat includes a
car bon- cont ai ni ng feedst ock 38 PENNS I~" I

9:sNS.. ""1?2,0 0" ric A AL T li tﬂﬁ%ﬂgg

i WBICllNIt 12 The assenbly of ¢l ai it

T ere| t;he, dr o, Qg processing system
- mclhﬁéesﬂl lI eﬁ‘sft Q@ 6@% r‘[#Ef)blum ng region

adapted to produce the m xed gas streamfroma feed
stream that includes water and a carbon-contai ni ng

f dedst Bk assaﬁblyTbie clRfS &D | WheRtfin GhAitdMpkranhbBLSh fhegft!ﬁ
syste hydr %get Qr oﬁql-ljl 2‘?9? fug‘d pr oces5| ng systeminclu
TSt gL Wy tieerf thefeh cudlaprenl ptqdetpmmﬁce
mcremdm‘é mpoedvegacs theSEdlaQEHQh‘i/p %e@veﬁﬁ Qﬁénn{egu%dnteﬂﬁefaﬁ@&tah@%
ref'ere cetem € e assenbly of claim1l, wherein the pressure
2% Pé&‘%—‘r ption assenbly is adapted to reduce the
concentratl on of the other gases in the m xed gas
?Qeamrthr ou g PSA cycl e that includes at |east
ssu aﬁfq ATy i PHRreinde prclestime ingludesrn time goriod

asso namu gﬁth e‘ab}ﬁmhaﬁt Vil R, i -
; e M i e

vased FEGHE vl s adBbied i TeeHal e o poril psspristahiooth she
adsor;l»tibaSEte;i vP tief PSR ecypleUiabi fr¥detdrmfRlg e
rel t.fI ui % iEter cogpgct};e‘d I%ror nz];s fqg%/}vagéentt\t/\}g% gWetqbe S
atiopEhip PefEespae MeAsyred femperiuss and a tafiesned tamperature.
t enper at ure- based detection systemis adapted to stop
t adso S in the PSA cycle responsive to the
gfat id@ﬁﬁﬁeﬁ’ Be?f{ﬁz@élﬁ ¢ nwhergin $o Sigle timmpiaeludas aetinmperiad
associted e/ithrash dfERDAIPS lihe Psﬂoyclzhedeﬁﬂewh&ee.fm&teﬂt Rachfe.
n theé.tenperature- based detection syst emi's

ei

based Vé%ﬁt"acwﬂ“ 43 YigPied & Pererse the e mnqdrp@sqoemdoy@ e purge
step of Se[RIASEycR: feshohdive %Qh@kldﬁﬁﬁﬂﬁﬁ&bet@%%ﬁ@ﬁeésggd W%&%ﬁ@
and a1 Een%}%?t uré and a reference tenperature

GSEEBISPPETEY; ai m 14, wherein the tenperature- based

detection systemis adapted to transition to at Ieast

of..t he depr urization and the purge ste

t)% pdAe 3§f8VE€'r°$§%8’i’1sf e theesyele tge; racgeclvis B tg@t meeqh

assoctatétbwﬂbmroédtetsmﬁ{tﬁé HS & c?(fléi ad ﬂfrﬁ}feﬁﬁlﬁé?ﬁﬁ Vé‘l Férﬁh
assenb cl aim 14, ere

NU Th
based 3%'89 ‘%’*&?I&Eﬁe {9ebgEtt dif %rstspewmaésoarefaém@ thepurge

step of dthJBEAtd?eleryCh Préde®Bnifdd RN Ar&YdsRe kf&{ tﬁe relationship
ncrenment responsive to

betweeﬁé‘i'e a'P?aS'f‘fn%FB’pﬁrét“&&?’é‘ at"‘?fé“”ﬁ‘i?é%’ﬂ?“éﬁ“‘?en‘per at ure and a

reference t enper at ur e.
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20. The assenbly of claim 14, wherein the cycle tine
includes a tine period associated with each of the
steps in the PSA cycle, and further wherein the .
t enperature- based detection systemis adaptg?%ﬂgp%
reduce the tinme period associated with the "ads tion
g I g telph S L) i I AL Oy | o108 Jaliit Ebstlar mi ned i ncrement
responsive to the relationship between the neasured
tenperature and a reference tenperature. 21. The

assenbly of claim 14, erein Lh.e C\t/)cl e tine incl L{des

228 oA peshosfor SEQYBRing: RIERRIFOYE o o PPy, 87108 Aol
assenfbl\EcoRPAsiaY & 16ast @edidéoubdntigyd Hekiag @i Bdsoftent regiprecatainisg ac

based det egé‘alpgg system.s adapted to in rease t he tti me
least 9B (AR OSTS BP0 AFYN TRESGn TV GFOTORS M o
produed & bififle8 Bp@DSdn\sRednPthbldRom ahainkhos tompprbtipneen t he

neasured tenperature and a,reference tenmperature, 22.
THECH 58 hBIFGRIG PR RS G (a6 (54 fsoreert
regiop;ncl udes a tine period associated with each of the
steps.in the PSA cycle, and furt hgrm wherein.t h% "
t dRBEIEAACBIeNER FETERFSETIHFS YLk Bt FreSua Apteftgrien
asseniblf dagRealRorh ¥R oRRA 0D thealBiteh Biegidn Wotnhwititiethp utegmired
st'ep of the PSA cycle by a predeterm ned increnent
temperatgisdhdqicst®dt o t he rel ati onship between the neasured
U ORpAR WeSnabiledtempérRiiRNGE tHetPRAAL teth Peratd@; NS 23. A
met hod Tor preventing b,rea*g&lprou h in a pressure sw ng
adyemBtivadn 2diEg it PUENB P UF REFSHIe FRUSAISHE A ASP BNt
respoR§ite ANE NEkadiRe PRAPERRARS ecl@in@the Gefe@hdd REperaturel Basibre
one adsorbent adapted to adsorb inpurities in an
than 4 thrskald ¥AJeR ogen streamto produce a purified hydrogen
streamtherefrom the nethod conprising: detecting a
nmeasured tenperatuyre_associ ated w th ortion,af the
addor b&hg metpedplgipim 3%’("@5{‘3“}1@3 g“?sg?lgrvéﬁggi 3 Eﬁsggr gt ure
associated with the pressure swi ng adsorption
assenbly downstream fromthe portion of the adsorb
S on The BYRAR PEHATHE, SBS(h 1B e THEN B AP RpTe e oot
with 86dc8rd RikioncT Rt ot legionreasur ed tenperature and the
reference tenperature; and automatically adjusting
the operation of the pressure swi ng adsorption
asg,enghue méﬁﬁ@@iﬂﬂdf iS5 @hdrdie tHEeﬁﬁddlidﬂdreth)ﬁ'ﬁmﬂlmbmz feed end
exceedi ng the reference_tenperature hy. nore, than a.
and § RROGSGRG 4 e Siperorh e FEHD OB T AR gbel et i
Spacgdm@ayhﬁ@&ﬁ@d,rgddéaéﬂde is at least 2 C. 25. The nethod of
claim 23, wherein the reference tenperature is

associ at ed with a second portion of the adsorbent
I €8l ONThe method of claim 23, wherein the automatically adjusting includes

adjusting at least one operating parameter of the pressure swing adsorption assembly.

28.  The method of claim 27, wherein the at least one operating parameter
includes a time period in which the impure hydrogen stream flows through the adsorbent

region in which the measured temperature is detected.



26. The nethod of claim25, wherein the adsorbent
region includes a feed end and a product end, and
further wherein the second portion of the adsorbent
region is spaced away fromthe product end.:ggﬁugge
met hod of claim 23, wherein the automatically' ™
oy Wb g 4 Rekhafeel. adj @st Ung LAk keast one operating
paraneter of the pressure swi ng adsorption assenbly.
28. The nethod of claim 27, wherein the at | east one

operatjng para er_..includes a tine period.in whigch

R Doy S 2 orEmn T st PUTE AP IREoR AEgPHL
is adapeditPrRdidd tiéédbenttigonnafakisisie dasoane tiptinpereihydoetrettad.

41 tin E., jf 2 .0~ H 4EA/ us . . .
through P& oghle thay icfucey st Tegs presiriggon, edsprgfion deprepiaacion,
and ph:?'e' stdpk -and RHidh! has: 4 bydi tihie; hid RirdNeif whereiOthe Tumatitdipd

0

. of clajm 23, wherein.the pressure swng a rption
adjus g e Ch b St o o BRI L e B s T e
PSA dybe. ot her gases in the inpure hydrogen stream through

a PSA cycle that includes at |east pressurization,
adsor ption, depressurization, and purge steps and
wWhH.ch hasmahéey 6f elaint 18, whdieinfths hikematidatly eidiustiizeincludes
.automatically adjysting includes changing a tine
shutt%qlqwh%erg%ﬁeﬁeéwmj ﬂaﬁw'ﬂgt’ﬁ%@@ Yt one of the steps in
the PSA cycle. 30. The nethod of claim 23, wherein
the automatical Ly adj.usting ipcludes, shutting down
LAG pr Esurod af Kl ado M BerFiB G SLERBHGAY stk nglides o g
reducfily (§d [EsFurd & thbB@OREM voll i WKIEIDB neadirdd/tempiruic indetected

includes reducing the pressure i he adsorbent bed
and withdrgping|@ sream ?Pé%i’éﬂ‘?ﬂe‘gs?rg‘?ﬁj@ﬁﬁétf{ﬂ‘btﬂ? Ee‘g etected and
wi t hdrawi ng a stream cont ai ni ng desorbed gases from
the bed. 42 :U .u:li". G Il:.1 32. A nethod for
operating a pressure sw ng adsorption assenbly
conprising at |east one adsorbent bed having an
adsorbent region containing at | east one adsorbent
adapted to adsorb inpurities in an inpure hydrogen
streamto produce a purified hydrogen stream
therefrom the nethod conprising: delivering under
pressure a m xed gas stream contai ni ng hydrogen gas
and ot her gases to an adsorbent bed havi ng an
adsor bent regi on contai ning adsorbent adapted to
adsorb at | east one of the other gases fromthe m xed
gas stream
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detecting a neasured tenperature associated with
adsorbent in a portion of the adsorbent region; and
continuing the delivering step until the neasured
tenperature exceeds a reference tenperature e LS
ﬂssgj alt? wi t.h adsorbent in another port| on of the
b “te@fbﬁ e el b eHddr 85 cl ai m 32, wherein
the nethod further includes producing the m xed gas

streamin a fuel processing assenbly adapt ed to

' f f eed
O oo oot acE « O B8 Rone 3P T temoBitemptini
at leqstprehasisorbend |bacuwmaneads¢rh@t tdpton doafatnlrenat éeastecsmaa@trhahe
adapt’éé toTaH@orgemﬁgttegfmca xiogénglatgegtptggnin‘eodﬁce a purlf' ed

rature'1s associ
h)’df@?m%@arrethmm,tthmetmfd Ctohtprzadgor bent regl on. 36. The

th f t
rocliOGing undl Brelar'a mUISIR B ieoh B Eleg gt Pl other
gases omresdaerbent bedh tiaving dr stk regibu eontdning Aivertent faptedfo
adsot%laﬂeﬁgtgt?an R a sgi‘ m%%”t g&r%a% ESt ep 1s maintained

e ‘measuf enper ads the reference
t elefering aimsasiuyed temEerdtiva msciated edet sisotbear dn dadoivon #F3he

adsor’BEhtr%mrP%d 38. A hydrogen-generation assenbly,
onprisrng: a hydrogen-produci ng fuel processing

s yeotigmiradbedativering sppp odtilake mezmreﬂdmg&ﬁatm‘é ex@&ds a reference

[ I n._gas ot her as s, from.at | east
oG Rl AR 990,005,408 1005 BRGSO b
adapted to receive at |east a portl on of the mxed

st enpyv ritie ere
O e G B EIP ATl TPUEIAES, AIFL LS b
the rrh:yedr g eheapuini 4 fel ixanasmhg assebly agamedstor graduce tHtemixed gas
StreaIHF'l%ﬁ‘lS#Ee%St% ﬁgdst%g%or ption assembly conprising: a
plura r

adsor bent beds, each bed including an
adsorbent regi on containing adsorbent adapted to

adgorb Wil the S

t eﬁperg%nrlle @Z‘}s%%ng elre(')nnt &S hggn%r@gfrfﬂ?q?%’s ﬁ@tﬁctlgg the

refergnecignperateret enper ature sensor adapted to nmeasure a
tenperature associated with a portion of the

adsorbent region; and a controller adapted to conpare
t A8 t eflonethort of daiwddi whedinvth¢ tefaence temperature is associated

with adsorbent in a downstream portion of the adsorbent region.

g s

36.  The method of claim 34, wherein the reference temperature includes at

least one of a previously measured temperature and a threshold value.
37.  The method of claim 32, wherein the continuing step is maintained until

the measured temperature exceeds the reference temperature by more than a

predetermined value.
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portion of the adsorbent region with at |east one
reference tenperature and to selectively control the
operation of .at .| east the pressure swi ng adsorption

assembly responsive at least in part thereto; T%ﬁ%n
east oﬂrl,ql"reference tenperature incl ude@"t ;

the at |east one ! 1ce tenper al

P leadd e of-k-ah gt by i ol 1 3 sl §d t enperature, a
stored value, and a predeterm ned threshold value.
39. A nethod for operating a pressure sw ng adsorption

assenbly conprising at | east one adsorbent bed having
arﬁadsé“rfﬁ’éw ’f’%ﬁ‘?’@ﬁ"%@ﬁ?‘%‘?lﬁi CREPEINg east one adsor bent

a hy&oggtpoducing Fokd QidtetsiipUdyksieefiabd 26 plolTiér £ misedr Q8 @fcam
st.reamto Er odéjc a geurl fied hydr ogﬁen stream
co"tﬁ‘rﬁlége@fdf‘@ﬁ‘i‘ t ﬂtg?"iﬁ? s dgmpatilestge fgdtecker i ng under
Praasddiire sHingiad@epta Sssehib aEi@MoaxieEEingat 48 DER RO She
. _and ot her ases to, an .adsorbent bed having an
mixed g2t PRt I d TERONeOHTPAII S o8 BB b e Brogict ydrogen
strea@ @0 gadatdr BRGbgeANSRY tHah hOhN B83BS ] TR leBGreTwiRg

as str% m detecting a neasured tenperature
adso'%@%‘bweé’f CHRINAN&dsor bent in a portion of the
adsor berplurile@icd Rdscibiitt GedY, iehdti BAl fnBRdiAS |ah VAL, Bt SLEM
[ asured ten‘gerature exceeds a reference
&

contahj"g’%‘ﬁlf!élﬁ‘f’:fp%‘rt gfaﬂ?gfo qdserp geileast gpe 9fdbpihes gesesipndy previ ousl y
Measur @ eentpeiied-Bdsetl @tecBio® Sydfeaf cor?z{[]ﬁ'lshhﬁa and a
pr edet er m na% (Ijeagthorngsfgrr?;luegat:{r%lsgnes'or gdapt%c? 'téj mgélsuFeEJ temperature
associated with a portion of the adsorbent region; and
a controller adapted to compare the temperature associated with a
portion of the adsorbent region with at least one reference temperature and to selectively
control the operation of at least the pressure swing adsorption assembly reéponsive at
least in part thereto;
wherein the at least one reference temperature includes at least one of a

previously measured temperature, a stored value, and a predetermined threshold value.

39. A method for operating a pressure swing adsorption assembly comprising
at least one adsorbent bed having an adsorbent region containing at least one adsorbent
adapted to adsorb impurities in an impure hydrogen stream to produce a purified
hydrogen siream therefrom, the method comprising:

delivering under pressure a mixed gas stream containing hydrogen gas and other
gases to an adsorbent bed having an adsorbent region containing adsorbent adapted to
adsorb at least one of the other gases from the mixed gas stream;

detecting a measured temperature associated with adsorbent in a portion of the
adsorbent region; and

continuing the delivering step until the measured temperature exceeds a reference
temperature that includes at least one of a previously measured temperature, a stored

value, and a predetermined threshold value.
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