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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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to the measured temperature to control the operation of at least the PSA assembly, and



product hydrogen streamthat is consuned by a fue
cell stack to provide a fuel cell systemthat produces

webmenss7ernl power. The PSA assenbly incl udes arPCT/US2005/043234

10

15

t enper at urebased breakt hrough detection systemthat is
adandRdyt @hdPm dfe@gt B?EH@J%M ADPP Gh@bf Guel
mﬁ?ﬁ tﬁg agsogtéﬁ%wﬁ% eachlgggign egponégﬁe é? &%Stue cell
i mysten wtitived therewiths (e dhreakriperght detestivn syerh mody ltehmplemented to

operati on of at a t the PSA asse andopti onal |

B! cBsBraRba oGt drst RirP RS gaRaY b RTFLesBAD PiPAkihrougn
ap@diPbecuble. CREpoAYSE BiMetdtiih ipaRdo e @YUt tehfPRrature, the system
breakthrouz% detection system may be inplenented to

cmtyrbeb asihlete@»per semorenfodimentaatt shiidows/the Behtissennlly and/or
preven a breakt hr,ough.. currin sSponsi v .
atgerreé%g Feﬁis %ﬂ,e al?rg1 of R[he 40 1cag qny g%%rrng teﬂ}bé)ger{leﬁ’lz %he 8etect10n
Sy pdteamidTRIa b:ﬁ todR R the dtNeSoMme tBADOHingRIAESptid®step utilized by the
shutdown t he PSA assenbly and/or generate at | east one

aP& A asgrmblyhidmoh Bic tad BSitosycle Hmsode semp saibegimants, thgedetection
d t

545 PUSHEL ST RO G £ ST ks o
asesspmlmh\}e, af feastoin plre to ahalmd%SAettyeﬂ_npemium@ and/or slesrdetection of a

e iments, the detection systemis adapted to
r g%&?‘&f%l §°‘i ot P%A équ ﬁgn%fﬁ%j/ CURPYRL nemperature  is
t Bempakbd r RSRONSMACAL te aﬁaturhn PR §ohe EMBodIRRAU! Qe reference
tenperature and/or the detection of a breakthrough
c tematiertong. is Ianotbcirme@mmidtpmpmaglre oh éhenastseenidor other pomon of the
t@gﬁeratu g d q.r fer nce te er

it SOPNoch Bp i e RS, PR i Priousty

sonE &b S, ere

Marastreédort @maeeﬁaémpaamfre,tlmucadg akskeal tefipentlieor PRéshbvalue.
of the PSA assenbly. In sonme enbodi nents, the
reference tenperature is a previously neasured or

sel ected tenperature, including a stored tenperature
or threshold value.Brief Description of the Draw ngs
Fig. 1 is a schematic view of an illustrative exanple
of an energy produci ng and consum ng assenbly that

i ncl udes a hydrogen-generation assenbly with an

associ ated feedstock delivery systemand a fue
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assenbly according to the present disclosure. Fig. 4
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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.

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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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



includes at |east a fuel processing system 64 and a
feedstock delivery system58, as well as the

was®onssased fluid conduits interconnecting varPOLES2005/043234

10

15

20

25

30

conponents of the system As used herein, the term

" hifféced &y-the peisalirt ANfaemeBtween Y pResu#e 8 tedmi @l ®hs tPeam and
the fuel processing system 64 and associ at ed

c ShpBFFERS obther predvet gyqsrp ddesadinglys thendeserptinn atep will typically
f el i . . heat| enbl i -

CRAPAC R Oe NEREs S T, 18 vl e T390 MGk BBsontaining tre
f dbortied pases,yand pptiemaly thayévdndedlddd drawil¥eabacuum (i.e., reducing the

exchaqgeri, cool i ng assenblies, sensor assenblies,
f IPBFSPEdRest B8 atpgipheds pefnabieniricssuye) opthat pegion of the assembly.

| 1dissih A in¥kReaGAPRADGRES pAk S Yt e %fx%g%_?%ostggm to_the adsorbent
i ncluded i n any hydrogeﬁ-generatlon ass 'y “or Used
wiregioemngf thadlS Aprssembbi mgy dysdfemlycaftecdtheglelgfeet dfeseparation during
prﬁs%gt qjsc osure. Simlarly, other conponents may be
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biites Lo g Rrpeesyppsastem ohandrassesintedcamperantse of [the energy-
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f eedst trga 68. As schepmticall.
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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



Illustrative exanples of suitable mechanisns for
produci ng hydrogen gas from feedstock supply stream 68
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| lebddsiobRhySly @%25m! 6xSinefuds léitéaﬁpﬁffoﬁlliﬁglﬁﬂh utdiGdrHAE reforming, in
met hanol , et%anol, and polyols, such as ethyl ene

gIwhiel rederening ogsglyetn argyiiseddd prociuee hydiogere pasgleomaraafieedstock supply
a |y 46 may utilize re than a single . .

héé?%eér?- Y% B’\élignbva caﬁ'g@slﬁ?ﬁt nonteh%arﬁ%?‘?fg%lﬂl-nﬁr fradsipcky Other
r egarnples Of amchbienetitmisatefompreiuchamydiézen gas include pyrolysis and
hydr ogen- produci ng regi on. Each of these nmechanisns is
dFPt@E’%‘C bpartiglh @xidagen 1 p rcarkpnrgeniainingt feedsioeky niamndich case the
b i i S . .
SALA0ERE i i s 880818 AR PSRTTh Py pechiem
f dort peducing |hydsogan t gaspie reddotrotysisp diu lvetichn gases genfebystdck, is water.
such as a heating_.ass | y and/ or a cqoljng assenbly.
TR BRYE PLTRIES 6QUIF araE CERBIgG (e chagkpciuce & least one
C apfidoBatbes &Sal@&{c{l. Oflndst}@ti&él%kalﬁt;@g SFSLRYLRY ﬁgﬁ%&eﬁg?%{ inciude

may be an external conponent that 1s in ther a
f meithine opropanes aafugal gast dies¢le kbnpaereg gasqine dndi thg likegi Blustrative

72 uTlE RSBl SR BBl st

netycokdidiprésyléne @ldolembodi ments of the present
di sclosure, the fuel streammay be delivered fromthe

f eedst 38k drogeargenstation nassewblye danplag, ukliet amore than a single

| bifcif@s IsBESH | fhe HY is.fuel. . or
ARSI By e o
syetlen mhlrevihan aontugldregeppiryd king sapidid. Ehble of uaéseSmplayisms is

st.r.eam, 69 y include canbusti bl e fuel or _
AP ;Ao resplts, 1pn ditfigents fhermedygntiq halanceg dn the hydrogen-

Co&terfibn dBEMbISRET A &h dulat i ngo 2&5@}%01? a]sseﬁg%iy 46 may

ﬁi'
al so receive sone or all 1@%1 Its feeedstock from ot
s Buthee snabirdesay paphperatyrest modulatng: hssagibly 3hn sudtli asi ohedting assembly

SIS, AR ol AHRSREEANE RGPl SIS, 5y
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



wi thin which the assenbly is used. Blowers, fans
and/ or conpressors nmay be used to provide the air

wGeRaeaes7sbut this is not required to all enbodPdEBUSBNS5/043234
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The tenperature nodul ati ng assenbly 7 1 may incl ude
0 g heat e
Sl%giis(%ockngel hteefﬁ(ggg gad{;u\%l (s:%?ifﬁge%m &9 {T@IH%HGI? @uggpl¥ stream 69
rﬁ@yolﬁiSluGé ddﬂﬁ:bufstﬂl@lb ﬁfeDQﬁS&itﬁgalsveiyema&nd\/chrdeoﬂhlels to facilitate
portions of assenbly 56. Dependjng on the
c%ﬂﬁ‘“i“@u T |‘?5ﬁpf‘6?tuf%’@0ﬂ‘§ﬂa‘r‘%ﬁg‘éﬁﬁe@@ﬁ(%rldi“%ﬁls%‘é?éﬁ‘ﬁlS9m&6’r all of its
t t I
L PEGHGIPRLLA2 L5140y 1B el st Rl i B i
chohawagscsgesmeerme dndreatrhigomsing kuitiblé smiscd, orclusbi fhegnvironment
ons of the fuel proce SysS 64 or ot her
S RbToRu BB E WES- RO ERatr S QhEHPRREOR Ry be used t
pfn%ca%&‘th@gr si¥SineHubthid 8 nePrRgLIsE RhIMbbdments.
hydr ogenpr oduci ng regi on 70 based on steam reforn ng
or anoThertempefatune madylatiegcassonblyt he masnealedeypae or more heat
T i BB T8 b R L S R IR 2l somting e
hwdlf@y@m Bf @6t Gid) Oproegbing Qe dintiloe @hdieportionp afiertanbly 56.
in the proper range. Wen the fuel processing system

Qemﬂgglﬂne@’e\mcpﬁﬁ&lfh%} dﬁeﬁtephas@r@e%gerreé@mn aggmbly 46, the
exgﬁgra‘?&ecﬂhﬂmﬁhhgn%&hb@] 79X g t'aRB Ur Qll Q?\rely, include heat

ermc reacti e 't enper ture nodul at1 ng
a&aﬁaﬁgejs Tfahs,nblpwiers; | aodEing ysystenms, fand qtmrowqhgdd:weﬁs for cooling
ntajn the.tenperatu

ofceidhs “HoBe BrbeaeerE syife B fF DEr pPOjes Tafgenbiiss. For

useenfer @ihBn thBefubEpRocebERS | YeteS 88MRI YonfighrdéS @t @ hydrogen-
refer generally to tenperature nodul ating assenblies

t peaducing region 79 thaesdl oo stsanppbﬁormerm opanoghen engptyermic reaction, the

t {1?0 ! e?ﬁiere:)&nggvtélet g,]egigstggn;bt‘f% olfl ng ulggl %les(;/gtgr%g #’oﬁ %I ?&I?’mg heat to
" fRMLAINGhaS Edipekaturel of Uhedhjdogerf godgenerdgiol 7O and the other

tenperature noderating assenblies that are configured

t eprapslentsdp thegRyopes ramge. terrper ature of, all or selected
regi on i ! '
W %Q%uél log&(r:s) ssyéfe isS ¥l %ﬂ}ed Qidh! D grsc’)g%gpx)‘/oducmg

illustra ve exa ogen neration
4ﬁ:gtd'hat70Iba€édele$afalL§eic mmalessdatg)rsyshmmer%mthdmmc reaction, the

dr ogen- produycing region_70 that is adapted to . )
p Rt Rodh gt seFRhR 74 iRy bk, SRER R GBRng heat, e,
1 1@?@5619@‘ t& HRMXinSthé Q&ﬂﬁer@tﬁr&@ﬁfh@'ﬂélnﬂro%%ﬁ%s@@tem in the

east one carbon-contai ning feedstock8
| pIIOtpsIt raaged Asreed bereing thertetny db@ﬂtlag asseagtly oiseiseétoraferngpnerally

tg %%%ubrg gl?ogfl 1?@%%%%!1‘?1% ﬁ‘h omﬁggre?:f% té@}g)llg heﬁit or otherwise
t hﬁrd&yﬁﬂﬁg&ﬂp@ﬁﬁiﬂ& ef Al of egleqed P@Yorﬁﬁ)f red @el @ﬁbc&ﬂsmgssﬁtem As
reform ng region, and the

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



m xed gas streammay be referred to as a reformate
stream As also shown in Figs. 1 and 2, the m xed gas

watooeans78s adapted to be delivered to a separ aPCDDNS2005/043234
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regi on or assenbly, 72 that includes at |east one PSA
agsenmpl y. PSA el eShet d
T bR R R PPy bea

aoshtaihirlgeaset omerebslmabléuetormtrfgeﬁﬂraﬁﬁs lSBatIn abailhistratiat example,
| east a substantial portion of the inpurities, or

otfieehy HaSBSProgyR AEIPTh MAYX R IYEEed £ @i TAOMBYR reeRtand the
S R85thatlast tit
t%)i@égg%ﬁz(étr%ﬁffln&??ﬁ?génn@géﬁe yd roélen E}egglu Whi | e not

requi r é&d, alsé shewmi inhFigs.tlhend chpbe Ghlxbﬂegqsrmaant is adapted to be

di,scl osure that fuel processin em 64

CHEDteEH IS 2 iR’ GrOG: r e bhr Pl s least one PSA
CORERLIY 78 Pl hGbably w;a‘@es%e hide@ Q89 (draflrRhte) stream into
ot her) ‘'gas(es) to be SU|tabIe or use as a fuel, or

f peedlottduidrogensraam fidrand ah]@a‘tt iong ba@t@éwlsyeﬁrn 761thes cpnfeins at least

S PEETTAR0 pa0h S hherTheRBNEs. PRBAC, BFEL Tyeselfin R G fream 74

aBgHRIdu shREmCTERLE torithia r@afydedgahgak ,)bult & t@plablll)ewilheomam some
heati ng assenbly, when present, to maintain the

hiregensdsr ol hes net rﬁ@gr%in itg Withinetbp seqpecps dhapriest disclosure that
fcﬁ:teys'i@sgrstﬁé% IB{' ?‘rﬁg%esa@qgt% %jgfoﬁﬁ&eo&f %r more byproduct streams

tenpgratur ustrate
hyalrtaigerg- yéireeratanmonass dythlogen (unkﬂ.od@ﬁwa) gas(mskrodieusugable for use

rmdulat|n se in.the farm of heat | n ssenbl
s iy ke BRTE steard s Ene s e m B b R B g pystem.
8% LHAL én%d@ﬂﬁ&it?dthEooﬁ?&iucﬁEtréa%@%a)l Reve %ﬁ&i@hf‘@uel value (i.e.,
regi on of the hydr %Nn generati on assenbl

cofn

whydriogert ami/@ccﬁbes pieblp gesseamteng)) toinaklg rtlge hehsémg stee@m when
e _us orti.ons, of

PO ageRgair: e GResRbrSTaREroH SLAL el suprasipg emperature

systv&mn2a25ele’é&dlraﬂlgeCcaftte;dpmwd@shed lines in Figs. 1 and
2, it is wthin the scoge of the present disclosure

t hat tHe @Wrre@dcén skigedmthe dhidregensaeratigr nisgmpkyy includes a
Eﬁeﬁtuxleqﬁlé& Qaf&%én%g Ergthtel?g '@{35 hééfngaa@efﬂly H%hat is adapted

ng asse wn 1 n re alr” stream
9&) piddiicha I’maytedbexhk&ist steraed 88 Itlmmma&am&d toalidae atlenst the reforming

sour ce, . gnd stream 92 ii.ch contains a

S TSt s Stsrotescrtan Zsyig ! of Fo P HB SR oL thg present

“ﬂkblo@ﬁr@ thBt fsltﬂ@anli‘%t kg BS 28k -hemUBthed tgoPRENs 98 HRY hydrogen-
be used as the sole fuél stream for the heating

as@@mﬂqm asgamblg endfpsengsgyeprodpging sys¢m@2wi t hi n t he
Scope El% tdclideoshe 1 teigat I*o h arcl:c?'}butSIslvplthm tHg cope of the
Bigd |8 sgshed limes o K P %t From

strea ypr dllic ream

t b&s&ﬁﬂ@&ﬁm‘ahat thé Bgpradad Etr@mhﬁrdﬁri thé PEaadEsdnisINneayffogh at least
cell stack, etc. Wien thebyproduct or exhaust streans

f A pRTEATel the dHelovieamsios thes featiam assembly.e Alse shewif 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



fuel value, fuel stream 92 may not be used. Wen they
do not have sufficient fuel value, are used for other

WE0p06sI89 or are not being generated, fuel strPeBUSHAS043234
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may be used instead or in conbl nation. Illustrative
L e a | s f
aﬁ‘(R/an ech ﬁ%é &ag TohH grg a| n| nbJrg Ol%g‘gst gi:: Srg? erng|2? hharvgeSllfflCIent

ofleerslueBfieDardised2 nig Bdt bel l|lSH3t rWihér ehegxdindtenaoe sufflclent fuel
t enper atures that may be achi eved and/ or mai ntai ned é
hy \d@@é@wuiﬁdofaueihﬁgpw@gﬁ%nowwﬁ? BriB® eehrEatgd fupl stream 92 may be

healiiing teamrefornmers typically operate
aptd %@Z@S‘E’Eﬁﬁ‘b‘?‘h‘%‘i range of 2000 C and 9000 C

Tenper Htusrrasveoaxafmpjes of suhalsde rfacigeneiuée wint hommbke of the above-
sco e of the disclagsur e C n-containin
agP%i TN RO IRLNBE | f%?fiféoc f’eépﬁ"?@? lf%g MY, OF As an

V"lliustr&t%' E}@Anlll}’le Qﬁe{eﬁ{dﬁrduﬂeé tﬁﬁ”ﬁ’ﬁ? %@%&1]&%@%&& maintained in
approxi mat el y 200-50 Illustrative subsets of this

rhyngegammioddenga@gwsoao Ohrcgl‘gB #hesug, ofiritaBys-aseryably, 71, steam
n the car ncont injn f eedst ock is_a hy °C
efeﬁ S tgpc R?rla% Ea IS Ve iSe FAES urgfrrgg(%r(“g 4 900°C

aW@rh@é‘rbiﬁ?és%tMsﬁ@@f HOrdagwiatd withipi thekdopehst ths ﬁﬁclb@uiret W@hen the
steamreform ng reaction. Illustrative subsets of this
r eathen-Feripingg feeduakoe nesthawd.-the ggam, refagmingpreagtion will typlcally

78? 'rgtgq g te ggraﬁgg A0 gpcg(irgat qu?(ﬁg&)"%)oﬁﬁ%stﬂahvé Subsets of
W %In ?he scope O e prp sent gl sclosure that the
saparaigeoinchuegi 250- m‘iﬁ? Cbe37i=r¢i15é|@emwd 3Vb- ﬂﬂﬁ)"rﬁsyﬁ\f@m me carbon-

gg%nvt\ggélgrtggﬁq (?Cﬁ(g%aqnhéérpgﬁg Qrg eqrt] gen S OdPC:,?Ec%hoF ga temperature
| g toF ﬁ)gf'b%rﬁ?ﬁ@m)h(ﬁ) -SOPWN vafl h?ﬁ@ﬁllyc BE l¥ed BorH ihg stéam reforming

the“separation region is depicted as part of
hyedetogen- Jlwstrative osubaeis eabl this Ianget hm@uctmnﬁpr&ﬁ@f’ Con6305750° C

o e By Dfrontl e So 00 e B bentGRREN R Con

assembityis WAt tHel cdpe 8f GRF Al didtlofhy B dhe §e©@ﬁhaﬁ r€dion may
process in addition to PSA assenbly 73 to renpve

r beluisplemented nwidhinr axstesm oF agawheie dpwasteasme dfuy the hydrogen-
r e
R 5500 A 5c Bp 008 BTSN, BERRLRAIGD xampl
t shdWaAsclicheationldy dn Figr & addidpamitiah feponessdepiomy depart of the
performed at any suitable |.ocation wthin

t 22 -y
D YRR BEAETAOR BRI P U &5 GRRSERSTL S A FHWTRE: R also within

agRembbof ho PHSEMS& §<§$§u¥eeth§p@1€"h9éilog ?&E@&ti&ﬁas@é@ﬁ?%y utilize
is the use o a nmet hanati on cat al ySt o sel ectivel

r edhersiceher phosicehsapatation pmce@%mmﬂdltmrf@ﬁﬂe aﬁﬂe@@éh 3 tmremove
rati ve chem t i on

o RS the o ek ionr 1 T Rl Tty RSBl ol he mixed gas

stream. When separation assembly 72 utilizes a separation process in addition to
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

10



nonoxi de to form carbon di oxi de and water-gas shift
reactions to produce hydrogen gas and carbon di oxi de

wo caanegaser and carbon nonoxide. |l lustrative PCT/US2005/043234
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physi cal separati on processes include the use of a

Physirsiadn proflsaNBcRite M@k 7 %rﬂHy@ka]aiQé‘tﬂbleage P th%F B'hrtner adapted
t he hydrogen gas to flow therethrough but adapted

prieRermitathe | hydsegenegasctoelowntharethrpegh brordaesitn g)revent at least

t The referred to
oot eEy Bp i RER BT UL RRTP L Thest RS iabesBaf Be refemred o
e)ﬁ@%pin@ihydfog&h“séla&h\% efbraaae slllasteative eRBeples 6Muitable membranes
pal | adium or a palladiumalloy and are disclosed in
t RE f(gfr)@fiémgpar) ladivmpRsr s pelipdibn @ilay angare disclosed in the references
h (9&5 tion assenbly 46 preferably is adapted
X&{ro %ggﬁgsﬁﬁeast substantially pure hydrogen gas,
and ev dinehyds gpn-gbreratidnyassérhiely dpgirefgmblygie ndapied Qﬂproduce at least
assenbly. is adgﬁ{ed to prﬁfuce ure hydrogen % For
t ﬁléb%%n“;y?liés YR Y REHESs 8 e\fﬁﬂs PESSRIF rab%w&? yeifogen-generation
PUERnW{OARBAAS JrodtGREEhydrbath SR70 R Re pREREGS GOhY
gr eat er}dt hanBt9 5% pﬁdr e, %rr%r e prregéhrgb yp(grte%upeﬁ% % & present
991mb1§w@, sabaﬂarémém ;mrc ehxdrcsgeer@gl i gwat ¢hant BA% P@re5Ytreferably
% pur Ive
B e D9, TS wor, e iyRbve ion il Mg S o Plee and even more
dldeféI@Bl@'d gtdated. than Pa9.6%t oNasien 60LP%, pdé, F1BRFatR84 nonexclusive
5, 861, 137, and Pendlng U. S. Patent Application
PGBITRISE |Q§nStN@§ e fush Prowasins systone 3o 1dississed ianl.S. Patent Nos.
3 he t S t
Ao dentrT el SAPTRT dbaRbAZ T S pinc Rpplicatip pubtication
hNoebXO()lmﬂ?}lSﬁ@I 2008/00922541 end2a0s/0223926.1 The! b@mﬁ}e& disclosures of
fro the fuel proceSS|n system 64 nmay

Szfr Védd?‘H‘ BePYFIAY B3t eﬁth@’Pg‘P%%f@earaehﬁf%@' 62108mﬂ>rated by
thﬁé&H&iﬁ§§h| ufjoR&K 24 via product hydrogen stream 42.

Sone or al f hydrogen stream 42 may additionally, or
al t er nébﬂdmey fropethedhehpepedsing s stean 64imaydiealetiverdd ita pne or more

8 ¢ Sotoly FRELT B ApO PR FE PR AN RGBS pyehOEeh stream 42

r Sf)ﬁfe%lﬁ @R of Aydrogen streatr 2 M9l bQG/ON HFS oI RE AT, Qé 84188red, via
source, or reactant, for fuel cell stack 24 may

- daskijabie gondyity s use atkneﬁlﬂ%rhyémewowmnmrorcw burned for fuel or

pEQéie&SEtBﬂtdSﬁ%? &0 64 aﬁqtrfle‘?& gelylge 1 &%Oh}h:i IJ%ncgealslused as a

stack 24 I nc es at 'l east one fue
t ppiteabduycd, e Iresdemt afop fus] atlellts;acbf24f1haly ot )delat‘ftded to the stack from
eIectricaII% igterconnected f cells. Wien th

faste

BT &7 HOE B RELReaBBIE of A4 SioTiss, epiie (Goubiel cell stack 24
OicRides Qf 1dabe ohdl hel &1 2(§5taﬂ8 l?ﬂn%al%)h ?ncm Oaf I'iJFh%tP% uldly and

outputs of the individual he cel n stac
nalﬁctbléalbomer@omcmd el |celsl§ Néheal these ccils anend:nnmactted)msgether in

ogerﬁegrtlhgspo%g 0 pu? % t%l fGA"C ll]gslflaciétls Esum 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

11



Fig. 3 illustrates schematically a fuel cell 20, one
or nore of which may be configured to formfuel cel

wermeke2dh The fuel cell stacks of the presentPCT/US2005/043234
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di scl osure may utilize any suitable type of fuel cell
an f.erabl y fuel Lls t i r :
SRR S4B Al Sln S BERLEGETPERD T QPR o o

exalpbade aiel tyine s@flteh watboastke|faeli cetls, ythesiovicaidefuehegigeand the
menbrane (PEM fuel cells, alkaline quI cells, solid
okkele Fprbe puanase of ibistrations apissraplaTy (el celbpp dn the form of a PEM

p'ﬁ%?Papfsis?ht?fz.}tg:afl#'ﬂlusﬁﬁleh?n FRng the like. For the

purpose o ustration, an exenplary fuel cell 20 in

t he foPmtod eachabkyd nealbrael fuel selsctypiceliy oaliteya membrane-electrode
illustrated in Fig._ 3. Proton exchange nbr ane, f ue
cé=fsr¢gﬁ>[>yé5 CanPting Pf A9 dOR SHERATEENEL 8@8%&38&@5@;&% 3p located
28RBS s hhdtE BfioRAR01aAA aR%HIAE 8iorP32. CERS!ESlo 130GNd 32 includes
menbr ane 28 | ocated between an anode region 30 and a

can hlsdeodeedft, ovan@ly, arEantderidgindra Gohaded 83 LespentivalyesEagh region 30

el e ode 34, nanely a node 36 and a. cat,ho 3

r 8 2 oo B TRl 30 S6% sl §BPaficg T e Sumpore 39 may
S B6RPA HordiGn of telbipSlabplatenRedniblieg thd atecdiddhsseUpPEITE d3Qil herein.
nﬁg forma portion of the bipolar plate assenblies,

t Aae surnertagseiaies 49 of freheells Zetasiy the Eslative, voltpge potentials produced

S ' | ates 40 of fuel cells 20 carry the
ré?@??@é”%% tage potentials produced by the fue

cel | s. I nparpesrthydrogeh \eds Grgenpdsctf steampd D dudeliveted dahe anode
42 i.s delivered to [ and ,oxi d

th d - 44 | .
S L AR OXgoR 4 18 APRGEE 1P BAITOGR eG4 YPISGL Dot eXclusive,

e¥&iddRt 1%Cox y@Xh.08A uletl RT¥BEMyddZen $6ErsNRr By drogdhy BiOBRN oxygen
refers to hHydrogen gas and oxygen refers to oxygen
gsefersTheoxygdn gasi nthediotlowsng discuspion wilfrefer t@ hhigiggeyanthe proton

as _the prot squrgce fuel, for the fuel cell .
Sy R oS E o8 (b i bR dsc SRt gathough it is
Winti thi ) tHeh @05 € @B ehOhrdsbt @E@sRId titht HEhepSUEle dnbiRr Rid¥Ats may be
fuel s and/ or oxidants may be used. Hydrogen and oxygen
4usadayHYsogRs angdeprygen 4 Nipy bedlshirered (e thedgipsetévegregiong of the fuel

f Hall vis lah%vshﬁ%bqgénect?{hﬁl@lw ﬁoﬁfPPeG .i§5n sfo[n%g% 4GS B h%v Cliustrative
sour ces and 48. ustrative exanples of suitable
sexamgss dBsuithblexygess 48 of oxfgen d4anqiodess presseided eamk offoxygen or

oxygen or air, or a fan, co essor, ployer .or other
dalii 66 af G- GPPREFURgblgMer @ TR Eideolte diis5igp air 1© the cathode
Fygﬁggen and oxygen typically conbine with one anot her

via an oxidationreduction reaction. Although nmenbrane
28 r esHyidoagentand qagentwialy compireogyéth ansl anethiee vig gn oxidation-

RSB SRR PRRSPCE b GRS s nocoger
MeieMcans it Wilepdri@ea ByiR6 83N i0h (bloeon)Xo gadsi tirdbupl Gy tirg€n 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.

12



reaction drives the proton fromthe hydrogen gas
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sat i sf fona cappitautpusagltagaishchass 12 cmhtmvr P4 aslts, gheeowput power

DS SRRt B Il B fpl b o AR ARG 0 may ve

vabdcistoogauzfy MDbpsliedt loed cucPus fRoOMRherggtohauntiap elemiceed. Fig. 1
by neasurln% the output current. The el ectrical_ output
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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
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 enérgy-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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ener gy- storage devices 78 associated with the stack.

Device 52 applies a load to the energy-producing
wey®hees782 and draws an el ectric current from PEBUS2005/043234
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pﬁg%pl \X’%llf GDt re %Eg’ d&ﬁg,*ll%%ﬁ&? 73 1£]p1telﬁepraﬂ>lgllaﬁ§ﬁt5@‘{d fﬁ%wde a continuous

hree

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

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

stream 74.

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

deliver mixed gas stream 74 to the plurality of beds and to collect and exhaust
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are shown, but it is within the scope of the present
di scl osure that the nunber of beds may vary, such as
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Typically, assenbly 73 will include at |east two beds,

a bl
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product and pur ge mani f ol ds, or manifol d assenbli es.

| ronstractians@re PRRAInhe ek ioé thetpmeentdipdlpstee.di st ri but i on
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referr préessure®sw n
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and beds are not adapted to rotate relative to eac
ophByrifymgsemired gas| syreas comnrised avRstangahly PEtlyqlqoa%gas the mixed

dgw&ghqgﬁedl%)‘ecpﬁlcfeﬂe%ﬂ\%% l‘ilgl& ??esgdré eoieshd nggrthe adsorbent beds

screte pressure sw orption asse I es.
Batdh theoetst exposéddts ther zaiswuehn(sr) <tdmﬁaimﬂometkmfad§blbemr egamt thereof.

discl osure. flcatlon b res ure swing, .
RSBmOl TirRher FoPBEEE S sGeAn 14 inglyge pressures
f hpmerr@e{ger §1240-960 PAS sl RYFBssuRk 3h Imeerahge bh60-296 PsHS0L100 psi,
beds. In the context of purifying a m xed gas stream

c o0 5 psl, I0IEPD pait ietel .| g}th@ﬁgmp@swwogaée of Fds pange durgyddthin the
ztﬁéo%gngl[liefpdr?ﬁnyglaglgs rnd 'S thé m%ged dg %tr@én% ?lo&r ?l’?‘r%H%l’?%hthadsorbent

SOf bén beds an ere expose

t hgyig sabbe Ridhsxide onukteonndioxide, wher ﬁdﬁﬁroldembnése@fltM1mpurities or
thereof. Illustrative exanples of delivery pressures
f BthefiBasEs 4503 S§F‘?eéiaﬁﬁ‘d7ﬁ'efer‘i’dlau6%5‘p‘?@§§[ﬁ"é3é fetained, 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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in the range of 40-200 psi, such as pressures in the
range of 50-150 psi, 50-100 psi, 100-150 psi, 70-100
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10

15

20

25

30

- conj un

are within the scope of the present disclosure. As the
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direction to the direction at which the m xed gas
suilizgnPRe GRemetsr BN ZARD 5GBS Bemthighegivoror mere beds are fluidly
[
IR RATRE S A S AT U i o, For
SRR, smeonrprms&d agialinadvogetepgasiay wpreckde sthé edesorption  and
readi |y adsorbed_t han the adsorbed gases. O her ses

ﬁ%ﬁtg reduce the
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relatrve pressures t et wee
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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exanpl e, one or nore equalization steps may precede
t he desorption and pressurization steps. Prior to the

waole®mong7son step, equalization is used to reduper/Ukm®05/043234

10

15

20

25

30

pressure in the bed and to recover sone of the
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PSS LR e o1 T S8 rTR o GUCaBT Ao R el ativated
e¥abph, eal@hindinadde ekl eiatorBeds 100 ARlifsme BRIk ¥n 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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illustrated. As shown, the bed defines an interna
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The adsorbent(s) may be present in the bed in any suitable form, illustrative

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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wat er present in the m xed gas stream Continuing this
exanple, and to provide a nore specific illustration,
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with each end region of the bed. As indicated in . )
dashed Duringsusejaf gngadsorbent 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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within the scope of the present disclosure that either
or both ends of the bed may include nore than one
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particular mass transfer zone) to
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.
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adsorb these gases, the gases will flow beyond that
region and into the adjoining portion of the adsorbent

wo emsoe878where they will be adsorbed by the adBor/bsmwns/043234
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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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step, inpurities (i.e., the other gases) are adsorbed
by the adsorbent(s) in the adsorbent region. As these

WO paned7ses are adsorbed, the mass transfer zoPer/UsWds043234

10

15

20

25

30

to nove toward the distal, or product, end of the

adsor baRt yo89L Mkn gréggﬁaz%h RRRthQNSe mcﬁﬁég@lg%%ggag from the

regi on beconme nore more satur ate
géesd piiichecaire thel g@sr sgttqamnwslt epd its haenphighedsontérgratioowf the other

of m xed. gas t,0 e adsor ent bed t he

P EBtheof Pt Fesa R ra Ui RS ER S BRatessiTpaf flediradt decreased.
WThehedtalidt @b ﬁﬁp%%femfai OYSR pk &R, 4F)inpufity stream, 76 and
stopped. Wiile not” required, the bed may then undergo

omayd?e wnsd dopaariety aafiapplieatiops ineluding el a fuel feaani for a bumer or
| I nt n d w r re, ot her bed
| Rt L BT oMb R R C1 oA D sl oo

g8Sed. esg@tdmcrmsielae r@ﬂﬁbgaﬁl@eﬁ@ati‘diﬂﬁ%nibﬂ’i}e 46efRl Vind@de a heating
bed( g\)b with pressure and hydrogen g Gas may be
WP%Sﬁ Bkl b BRI &gmdp@zeea 548 feﬁbwsmrm to fpat at least the

g(ﬁ]rfogén n{){(}aﬁcﬁlg%g%gﬁ 70N thE ﬂﬁ:?l ‘f)} %r %%sysgn?w'Ar&gortdmag to Henry’s

he pro port w rovi
hjudwo thermngasit of adpoeztdegasgauthat are ﬁbmbqhﬁomrthmdéoﬂmmt ishelated to

feed port. Howeyv, the decrease in essu resul tin

¢ PR PressBis o ' SIREd G SaaRn Mol A pUBeT peghel herelore, the
digegedsuffatin P mbly Idfidease ﬂoﬁoﬁr@&rﬁy et at 1280 gabtally overlap in time,
adsor bent bed. Accordlng1y, the mass transfer zone may

b&idies Purgsesfepsinowhiel ngé)dmtacblwazrtdlomhereeme,ots intreduced into the
aggs% tpe%magg eQ‘thl %‘)a%%qt[\)vs dt?lr e a S rben qﬂVf\g'P(l?nCQn iirawgqﬁ% desorbed

renmoved from resse eren

V\fgms tdveaybrdm mea@@lo[’bdnseéglbm ﬁ'dﬁoﬂhb; reiiaval tof efie fdeofbed gases
t he m xed fgas stream the portion of the adsorbent
r EgPisiRg;in Hﬁh@hdftsra@twajcérgwr%v thhth ad5ORRANE | tASe disgiysged, a suitable

b t t
SRR 1 S SOGOTE el Byt BpRRRPA MBI by e P
eas:kemblyt h”Eypactfllyc themurgcegraam flepe ﬁﬂnﬂg]eqm@duct hmd to the feed end of

chtheeuallzatlon S is wthgr
C o dshen e, i uteh e AN ThEn (e (s Zed0san, fher s transfer

SL&R) tyWhicineYfetd %\’iﬁ"lﬁ tﬁ@%dgdrBé'Httxggloﬁeeﬁl 1E’Q}Uﬁh19QH@‘é§@pe of the
the gas streamw || tend to have a highe

cdtselemrﬁ shat the prge E@s siteher megafrem a périion 0’éth@ hypswiubedream, may

TS SRR 88 by LSRRI bRty 2, ooy v

byméﬁdu@tmhzw ih EﬂblBSAySrsﬁhéneprmesZ& and may be used for
a variety. of applications, including as a fuel stream

f or a Eb? HB’FUé‘i‘V“o@W@PPI%%faQ P %l@éﬁﬁpy corpleted pd atnewacycle is

HPRSH Jif

cclﬁlg rr%é(gnﬁgetnerd[Il t?édﬁﬂg(gégﬁb i@eﬁ?‘?rﬁﬁ?%ﬁésum as
abjnebatngwg rmvarr@lbpd?foi anhhthtr iadsoaiockaptbed urmiepgomgjequaﬂuzatxon and
heat ed..exha reamta heat at_|east

t he
gl DGR TP AL MG B YT el thereto. By
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be adapted to receive a continuous flow of mixed gas stream 74 and to produce a
continuous flow of purified hydrogen gas (i.e., a 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.

22



Law, the amount of adsorbed gases that are desorbed
fromthe adsorbent is related to the partial pressure
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at least 5 °C, or more. As discussed in more detail herein, system 140 may also be
referred to as a temperature assembly adapted to measure the temperature of the
adsorbent in at least one location, and preferably two or more locations, within or
associated with the adsorbent region and to control the operation of the PSA assembly

responsive at least in part thereto.
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I mpurity gases from bei ng exhausted in what desirably
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dehgetatile tenperature of the adsorbent (directly or

indirectly) in at |east one portion-of the adsorbent _

r egi onTemnPeaFe sensor 142 may include any suitable device or mechanism
adapted to detect (directly or indirectly) the temperature of adsorbent within a selected
portion of the adsorbent region. Thermocouples are an illustrative, non-exclusive
example of a suitable device. In Fig. 10, only a single temperature sensor 142 is
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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In Figs. 10-12, bed 100 is schematically illustrated, and it is within the scope
of the present disclosure that any suitable construction may be utilized, including
those discussed, incorporated and/or illustrated herein. Similarly, sensors 142 have

been graphically illustrated in Figs. 10-12 extending partially within and partially
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represent that the sensors nmay be |ocated at any
signal, such as to change the operating state of the PSA assembly, hydrogen-
generation assembly and/or fuel cell system, and/or it may include a value or input
that is received and processed by another controller to generate a desired change in
operating state. In Figs. 10-12, reference numeral 146 schematically indicates that the
controller is adapted to generate one or more output signal responsive at least in part

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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controller to géenerate a desired change in operating _
stratves throughi the adsdbd® regietd,ghe red@iveunercade ahdgubsequent decrease in

RS S0 R b A PP e AR or e
| ﬁéﬁﬁoﬂ Bf th8mlass transfer zone within the adsorbent region. This, in turn, provides
an indicator of how close the bed is to being saturated with adsorbent, i.e., when the
bed is nearing or at a breakthrough condition. System 140 may be adapted to control
the operation of at least the PSA assembly responsive at least in part to whether or not

a breakthrough condition is detected.
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to the one or nore neasured tenperature and/or the
relationship of this tenperature to one or nore
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otherwise changing the cycle time of the PSA assembly, shortening the adsorption
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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detection of a nmeasured tenperature that exceeds a

r detested caadt baphistak and ofrthe pdshet dregignue For §mumple) detecting the
théa ¥d pe g@ﬁxteeaggk? tgd v tthé/ a(%rorﬂeﬂg Witﬂ&t '!h)é (ﬁétélqﬁlr& I@@r less of
op era I on asse In

responsi ve at | east
p&fet adsbéeet @gion) pnewmnmuanttlumfméjm)ﬁkt 10%uish of B3Giof the adsorbent
occurring. Illustratiye threshol d valiles i nclu

FAHN G Rt GRHEN Pt B AP T ER. (R b4, Pakihrough

I 2BB 8ok 2 d BSROREANddsRed b'l‘]afn%@tlﬂ Mlchpepartl%g'sﬁh‘t@bﬁ’the PSA assembly
nmeasured tenperatures or threshold tenperatures, such

agand/or alssemntﬂ,y 4@ondfor §6ted 2BH. C, etc. Illustrative

SXATD! &R aFSE o SRR LR b0 TR e v Bhpred to
shutdown the PSA assembly (and/or an associated hydrogen-generation assembly 46
and/or fuel cell system 22). This shutdown may be implemented via any suitable
sequence of steps, such as ranging from an immediate shutdown of the assembly and
all associated systems, to a controlled shutdown in which the assembly (and

associated devices) follow a prescribed sequence of shutdown steps. For example, the

shutdown step may include equalizing the bed to harvest the hydrogen gas contained
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ot herwi se changing the cycle tinme of the PSA assenbly,
shortening the adsorption tinme in the cycle, stopping

wo beebsos of m xed gas streamto the bed and spP@Er/Us19g5/043234
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the depressurization (and optionally at |east one of

r&‘ﬂ%h' oAhGIR St sta&ané %? thlh st?xreeQ tP]m P]I%rﬁe%s' & another
tepurgetlmemt i ncreasi ng oW ra
oéxapnplg,ethg ahutddwn rseeph lmaypmc@lde sydmg nhatRSrAr agEmbly through one or

st op w_ of the m strea

S HORL 50 SpEaDaaP o5t hee PERCTIRA YIS M Rensig QfcRing down
thR P%%as%él%ﬁml«ﬁfh Q@@r@ésq{f sﬁ&?er PN QRER-198RACIHR LU bent bed may be
assenbly and/’or the fuel syst’em, alerting an
om@emr@ued adothereby tehdy pfgr gse sthep, thetsystemud etarted jup again. A
Wi th t sent scl osure [, S not
i PRl PRET v SRR BHTE P forest PR e anifrafier puree
OkolQblResf e s aeRliV@lo tREpIPE hAd aBG i G ﬁe?ﬁ utiiRdR®Ahe PSA cycles
assenbly (or hydrogen-generati on assenb 46 or fuel
carpr t@;bs;g@mrgz;e Fhﬁﬁé‘lﬂ/fat%llﬂye .upon detecting a

br eakt A SHGN oG HABee TS/ AR 10 EGSOTRASI BRakihrough

and/ or oW r a Xe ream t
adsmali thents mecgaueen suchab ml@hongx slieabbeo irfpuo vr t:hmmnﬂ signals, the PSA

proximate a p rtlcul ar tenperature sensor
f pRsEREk e SH—’tPrtgﬁ@ LPERIQEF SIGR ¢ fae%g’s\éhasww haRatarop iy gandition is

f hlowSe®2Ad G0 RRSHibh QBSan%fhecr %@ffﬁf g@hwlﬁgek&t fnY)Fédy as stream. As
steady or constant, it shoul ppreci ated tha

v distusséd hiws aray 1ﬁ¢1u¢e{ slappiog Ehetﬂg:nrd of mixeclgas stream to the bed in which

R Titen SrbBo ST G g ERUPLER AR el Frogen sream

debmcihe 86d, cAGADISH 1helbyd, deﬁre‘éﬁﬁ‘ﬁn@ﬂiﬂq}uﬂgiﬂg $he Held, &BY be
desirabl e for system 140 to not stop or otherw se

al t er thiartgpreemle obp Stm@l@%pa@@éxmwtepam gy the detection of a
gg%gﬁ?l‘&ﬁlgﬂ%oﬁ%m Ig (r: [Z)ydc% gll mEPLé ?%S?% %gQéHﬂ;'i?H&%th a shorter

t batle ainkched/bed lonpar pafge atng sudfor ageaér flewstatel of purge gas, as
second, 5 seconds, 10 seconds, 30 seconds, etc.)
afRIPRATed © Geseaelatiye VAluphe ﬁrll%a%tf@é’qifeﬁqu%m@gg the detection of

eyl e s : YofP
dg]g rggeg}(tg%f%?n dh¥ditib! SPOF &KARQHL MBS deieE%(SW bf0& bregkthrough

the neasured tenperature to be neasur
upmdntaamsiste:rmlﬂﬂ enayi b;twllapted to gfortehext &dstomearitthe egirdhcycle time

rovyide.a re sor bent bet ween t r-bent
w28 SR b e R e EramE Mot e e g o more.
t 1If§‘e aggcwsmly meGl 8 cinu€X@BPbFerad@ vt thidtheN&ycle time. If the
measured tenperature associated with the adsorbent

whieRkthraugh efngitign centingieg dp  beglstegted; ke £yeler mat may again be
r ﬁ&'r@agéd Bg'ihené?ﬁne"\éruqﬁl?felelﬂ? ;edgtgl'mi%g?{%nc} Ognts%’ Qtrem?’i/@Oolfnay (but
P a period of Prme 1o

sorpent
cmnfdt requited) py aandm ch‘e mmraemmmy oughe oyolRedirhé on adsvdption time
i mpl enent a, desired change in the operating state of

t FractpagexseekprsialeqtethaumuBsQElsdiesy adserpBen Uet-em

22) . Similar to the above-discussed variants of illustrative shutdown routines, a
variant of the above response (i.e., shortening the cycle time and/or the adsorption
time) is to lengthen the purge time and/or increase the flow rate of purge gas.
Preferably, the decrease in adsorption or cycle time and/or the increase in purge time
and/or purge flow should urge the mass transfer zone toward the feed end of the

adsorption region. As a further variant, system 140 may be adapted to follow the
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Upon detection of a breakthrough condition, system 140
may be adapted to shutdown the PSA assenbly (and/or an

was®onsased hydrogen-generation assenbly 46 anedDUsfoog043234
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cell system 22). This shutdown may be inplenented via
ari¢crebiet ialyBle SR GdesHRoP tinRvAlS an Fiéedhs@tn fh@@ﬂﬂn@ Gald/@ecrease in
an i medi ate shut down of the assenbly and

adlopirge dineiflewv b iy a sesord prsdeienningd lsqmmqmmem se#nindhincrement
t ices). followa .. .
p?lga A Q‘gllﬁﬂe g%gﬂggéroﬁg g%’%?&i &%ﬁ% ﬁ%’lf) mcr':_eg}eng%‘mcé\ the time was
t lpm\sdmsl)ddemwsé@p Axedisdudsddyiche shatted tyold@mleh® dIRsH dodrective steps
harvest the hydrogen gas contai nedtherein and to

uthay; Y sufficiebiq p%raﬁléy FeLoppiatepihng adspreenti ard therehy wewe the mass
n

Aot TR IR TOHEOPUR LSRRy Lo, ot

24ip@, nBy10s réuBied6lo et cowaloits erighiah seyel &Shou}‘d bl&n@fdakthrough

PSA nbl th f
SRaR it aSe RSttty deithiel AR dlie MRy AEs TRy dssreased by a

r peeRhAlrRd AREMdREr eRY rRadh f19b HR§ ¥helabhE t%y%ﬁ”hnm the

is started up again. A variation of Shorter overal
P8akihroush Gondiionoggwt dpigeige istapp ofiribi¢ btngarEdd)remotpiﬂ:tegEd for a

¢ S0 L4 Sl DRSS AT BOSAPLERD crc. oo

1 hﬁ:r%tmtgdml\ﬁydl@ tiriens .otifyr@ish Qétuﬁimhgbﬂ@ dpef8inp BB to or toward

stem, 140 r.tgci) the detection of a breakthrough
c dintgingh cprditignseause, such as through suitabl e input
or  COMMIRBthes ifRALGve fd
adsor pti on “st ep o?ve L ﬁ%'ggé\l) ﬁgé@%%tn {Plgglﬁtilﬁ%gh Cﬁndmon by
c oystin il é0isi an adet,es«utle ds @reoh dperdtoran ither asert (Tharat&rhmny be ﬂrowded
di scussed, this

f f d t
iy P PR s e e PR o RO e Pemates GinP3 ssembly
t Hﬂ/&eﬁrﬂcﬁ‘e Waht thet Rers192koh %Qé}ﬁﬁ‘lecf?l@ddlért %&%ﬁmﬁplemented with

detected and/or the fl ow of product hydrogen str

f peshblehendderdyisedjusienas, n@eqtmub@rgnaldepkeesremm lmtmgs aadl the like.
p n d A further exanple

rg@%lcr)‘n SECEI 12@5 empi%t(f HHEC 8t E'itlrSWOBF'V% 8 thé @teiion of a

bbeakthiough gdbndm’dﬁll, til eyl be f@tHePNdaprd@ thOgcpRRkAbRe I Emore of a
PSA assenbly but with a shorter cycle tine and/or a

| BHEALY pliplgES 15usR aa dapeadingr unenesuch faskprs as éheoqflamﬁqd glene since the
g dnt t
| %%aktﬁl% %ﬁ'@gg \?ellsg ?&?&éec{ ﬁtgé‘gﬂutﬁ I%% ntﬂ)%o @?ﬁj‘& Elabs%ﬁ since the
bbreakthtough ghnahomﬂ wab datectEdrthe pamiph @f thepaizobeheegioann ®a°h1ch the

b kt h dit t 140 be adapted t
SHEPEBvuah SRR o UREsHE BE arnmieyel wecicheroBR imhich the

Bk AktAtdu@h cbhdiBoR Yvad &fe@@ﬁtv@fﬂnh@@sthl%{deéﬁﬂé ads%'l‘lgéﬂt @hion, etc.
5% 10% 15% or nore. The PSA assenbly

cbon ¢x80wle, @ Tt alsermaxbe gendratediupom ewlaly@ate:monmé a breakthrough
:%@d@{/@?éﬁp{ ggrgﬁ&%;&gglg}lél%b glsgrrfftgmgha%?e) zﬁel%e bgﬁltgeget:nerated as the
breakthrough condition continues to be detected and/or as the location of the
condition moves toward the distal end of the adsorbent region.

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 illustrative responses to the detection
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decreased by the same or a different predeterm ned
increment. System 140 may (but is not required) to

wehot/desnsy t he PSA assenbly if the cycle tinme OPCT/US2005/043234
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adsorption time reach or exceed preselected m ni mum
cycl rpilo [
Yo Bk R PGRPD T sl et ok WL by e amy o

r g tillneiSti vabiéakthaligh @bnditiensaboniggeespeveses, Gesceibed herein.
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zgne toward th eed en t he adsorption re

2 e i 100 Ry the s tiom fepehr e A b t4TRgatures
t B@sgﬁﬁéc?ﬁér%n' rﬁaflﬁ@ L@ 1i2&d. amERﬁé BReak ihid g ctohdﬂirﬂm is detected, the
increase in this tine (and/or decrease in the purge

t comgyvolleompy Wireet, sisban ¢igponedEtreenrion it pmcrremem sigMils.ghe flow of

¥ g‘ﬁéﬁg‘elfl %% g{rrgagrtl l“g?g éﬁ@ﬁfé] g?/ ﬁwhnt?e mt \H% {jreapt%rdu gg condition

PRaY Habaky, Wiel fiRABEM of Afixel sBUBRes, beirtgedlsdwat teranemf Bed in the
time or other corrective steps may be sufficient to

pEPe: EeybicgBheradan: Fibich b6 B NrowsH oMl @by arRected may
f
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r @heslermj)stma}oha\teoamyr shitabke lengtyj nal repteadne. anSI’SOUhlﬂe tpgtion of the

bre i.tion be sybsequently detected again .

A e kRS ALY o TP TTJOTE a6 SEPTHEdhEI ke o time
' thaf %rﬂi"@\t/lous‘ﬂ Select¥$ <BPh 249 XRY cQa1BdAMN Bfhet GiMRhily, one or more
until 't he breakthrough condition is not detected 1n

an@zthese tilmes Ioeagysbeaa geentage of ehee@dsedatlfomtlrae sdlypiseByl the time for

er. of ¢ u cles 5-10
ClERo kB i o et A &M i R, B cepRpis Phem.  As an
ofi ettt veeexbfipl, Bt tike nedyeselsed vt el wtithdNthetsOop¥ of the present
toward the original conditions. Another illustrative

r éefi@ﬁge thay timps cesidecef Bis BpaMBY darised-ohbls IEwigantasien differs
sz)élrﬁet r%é&e%é%kdrﬁ t gbrfdr%ﬁm Y ﬁhh’ﬁ‘?tgé gds\ql)?%{c%esrtéﬁ 1%5¥ g{)clceed until

be provi any ‘sul
nmehﬁéul@hrbaglﬂccbrmyudje]sghmreﬂtmcteﬁ oixthewlyelettinge BRSAg predetermined
assenbly and/ or renote fromthe, gssenbl For exanpl e

t Heless erqm%rﬁ% NEFEPEd et SLPPRFY HPYallf iskisctinpy gy 4 breakthrough
ViStdorsi gnal s, el ectronic signals, electronic

notices, and the like. \Wen system 140 is adapted to

gener allbistative, epn-exelgmm sweplt:mf hepldtecret@mrtsrpfdﬁmaerature -based

hr ough._condj t urt ted L9
oPRaR bR EP Rl 144 et b EiBRE8 o Pag of he
dﬁﬂmﬂwmﬁmﬁn@ueﬂs , FValgiE 0 inSayabe ﬁrhpleﬁieﬂ&ﬁeﬂ brieg®r Hiohe ef a PSA
t he breakt hrough condition was detected, the nunber of
Passe@Plyt asPeA asscsrblyjadarted fe purify hydrogen gas, a hydrogen-generation

assembly including a fuel processor adapted to produce a mixed gas stream containing
hydrogen gas as its majority component and other gases and a PSA assembly adapted
to produce a product hydrogen stream from the mixed gas stream, a PSA assembly
adapted to remove impurities from a hydrogen-rich stream for a fuel cell stack, a fuel
cell system containing a fuel cell stack, a hydrogen-purifying PSA assembly and a

source of hydrogen gas to be purified by the PSA assembly (with the source
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br eakt hrough conditi on was detected, the portion of
t he adsorbent region in which the breakthrough

W@ oondiss7en was detected, the proximty of the eCiBUSi»enN043234
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in which the breakthrough condition was detected with

t P " i r r
'&gtlg‘}aﬂt}@hclﬁaﬂgoj foe ?)r&rg}gsg %@Q 1gnsg)?dat b(ﬁfn@ﬁntg o steaar? reformer),
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I'SCI OJUteth ure "HRERNBAECtiZR [s§stéMadapee @ fet ne the cycle time for
di scl pRBY k 3 PstbMaAaRBE t® fletbing y
illustrative responses to the detectionof a
bRk HstmRHy derensivemt deast in Pad thetr 81easwed APl @ithin the

e the illustrative breakthrough

coggg)tr [ on%&&e(ﬁ% F%’gép%g events, described herein. It
| s al sa mﬁpbranurbhmmbdmectmﬁ syhernp;deptemto détsahias titeecycle time for

the c e tine of the PSA ass is determnm ned
b)? %aﬁ%ﬁﬁx LERPRS Vi e 28 B Aefthioo aﬁe%ewé‘tn befween a measured

S YerhSrutel Wit fth2its6 HRRCe BRA of the R s@FIN)aRd h P&teh&Ptemperature.
proceeds until a breakthrough conditioh is detected by

syst emAl@peratyre diasadhdeteitioa system adenth@m determinel the cycle time for

ref nce erat ures cribed h

T LR RA e B A iR oo R PP Bevsg agneasured
t ReenpepathifeOMitin (RY adboftReit reSoi Rin@Sa YéfareBHE téhpduR that is also
out put or conmand si gnal s, the flow of the m xed gas

sepsegitiedowh aeoppawre of tanethse PortPnwal ¢he adsorbent region, the gas

b t t f
m&])@()g)gﬁ%fn(wq ro gn(abe(%ugg)f g@f‘agg(ﬁ)%ﬁ l%qanm& b@%&tél %h%eadsorbent
PBéd.assenbly. The bed in which the breakthrough
condi tion was detected may proceed throu its . .
equal i Zat iesmeraalgs-ﬁvéé%rﬁi%qtﬁoan SYFiamoradsn 3 9t dpiect aigmpending
d'b?e%ldﬁ’l?&%h oFREHRDINThERXiABY HAMRoBEN é?ﬁ'oh%?laq)ﬂfg Q%H}bly without
.e. represent any suitable portion of the total cycle
mmsmfngtthe coantsts@Ll garbmmoooxidolireooﬁssohetsé vsthsﬂ)s adsorbent

i nc a that is previgusl cted, such
e o Safon o w Pl RaBRY (B schegRgReGr afrgses in or
ofassbblaﬁea WitHie ab@rbdift rézifier cent age of the adsorption
time. Typically, the tine for these steps will be

wi t hi nA5lgmpsEarebasadedetqcin systern [dapiechior establiph thesdaprption time
A?orazfqué'}xls’c@/éltettﬁgécy l?[h %X(‘;‘]'[Ep(lremo quﬁgellafu%sm rc*aewﬁ’l’?iﬁ qm adsorbent

W e scope resen |scl osur
t bed of ihedS Aoadsemblly, afid bﬂstncmarlymgen nm/orbmmﬁstedlper'ﬁtur& measured in
ng nment ati on |ff§rs in sone respects fromthe prior
ef ﬁ%c’é@enfﬁgﬂ% “®Re adsorption step may proceed unti |

the braajehiperidgh- b%?élﬂﬁété&f&n's?st@ﬁnt Kb tbprERAfbRhkhMIgh in an

cycle tine being predeterm néd
adsorbent bed of a PSA assembly by monitoring at least one measured temperature

associated with the adsorbent 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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unl ess prematurely interrupted or stopped by the
detection of a breakthrough condition. Illustrative,

wWoocessTBUSI ve exanpl es of inplementati ons of PCT/US2005/043234
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t enper at ur e- based breakt hrough detection systens 140

i ncl ud
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to purlfy hydrogen gas, a hydrogen-generation assenbly
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conponent ot her gases and a PSA assenbly adapt ed
t o pPSduasserablyrroghonsi vl ydfeastan mirtrtoame far gnort mecamuied demperatures

as strea PSA assenbl y. adapted. to
o et St e Ao B PO gL ER! EEiobdin RO & apssabltel
st ack, A&eweﬂat&elbhseamteeﬁbﬁ SVieth Ridple Profl HBIdoGAld PSA assembly, a
stack, a hydrogen-purifying PSA assenbly and a source

ohymmregenrag@g aseerdy pdapted éol pryduehe hpdmeassentsinyng mixed gas
n S§%S#%£ 1&'1Pt I onaclucy h %]%dét&gmabf ;ﬂ%l rA %gs%?n?b?y 'and/or a

hj?ui’Jl QgleRtagR NAABED @ r@ﬁﬁer‘dﬂ lyast AQouddm gf éhef pteliuct hydrogen stream
processor adapted to produce a m xed gas stream

CEHPASHTCrR] PR bB¥h [QaRe Ak MO MRRjUETd EPeRBhasipciaisd with the
05&%&9&% 214 bemPr@ 098 FHEBYA a&e&bgﬂ to renove

impuritres ( udi ng carbon nonoxi dé€) fromthe m xed
gas st Aetampemndefbpstadam&chyn aystereladapbd tesstag tdweaadhmpeidn step of a

t rece ve at on of the urified m

oBSA S Flecfyponsive Bniset 4 Birk oo meadt b isee Buifics associated
adantiedadseridat @ran daSorbbigt r@%i@h of tHe'PS A se@bRSA assenbl y
responswe at least in par to a neasured tenperat ure

wi i A Rpatse besed desgron syfermisdapied insigrataa least on alrt o
{Tgr no fucat%ﬁ gS % %?iﬂea? é I‘LEJAT]OQQ %P&goq% E’I?C&SUTCCI tem%eratures '

assenbly réspopn

ahssb@@ﬁ:ﬂ with maﬁﬂsofrlﬁent hear ﬁisﬁtbeﬁﬂ&@io}n di efieeSA a@sembly
nmeasured tenperature within the adsorbent re

of
t he as éeqqﬁlpyraaﬁa-bgsqdé%eéchﬁg éygtgﬁﬁép&tp@l g coniro the operation and/or
E%euép%ﬁﬁﬁg%gﬁtéigf fﬂeﬂ fbc§§éﬁ%§&h§§€§f§§%§dﬁ€ groduce a mixed gas

det egm ne 't e time ror a sponsi ve
attrdaga gt be lpupf;\ed by @ B$¥% aseindtly mbhspvd)ett legstin gart to one or more

measur e erature w r bent ion and. a

BF B e s e e B Bt Ot SO RRRERGi of the
opsRDL&nilyanot her portion of the adsorbent region,

the gas fl ovm ng into, through or out of an adsor bent

bed, Adtemm@ﬁgﬁ)@@d(ﬁetqcngn susienpdaptedh égjconsrol the operation and/or

it gtbrgi% ﬁ]e;cgp%ra*%%%esgatéjgit £k 8 ss})é?e'h?%n%gﬁﬁtg%d?gﬁ aéjs%}n%?} responsive

at least in part to one or more measured temperatures associated with the adsorbent in
an adsorbent region of the 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
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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br eakt hr ough of carbon nonoxi de in an adsorbent region
of a PSA assenbly w thout neasuring the concentration
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region, and optionally w thout neasuring the
c I W . [ ' :
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an adsorbent region thereof. A tenperature-based
ddtcsease one 9y st@moddbgpdsdrptonpiieecthe dyerdkESh cuglh time, dhe purge
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adsor bent bed of a PSA assenb] Ate artat ur e- based

det BoFs PAredy\@lush aRfaph BaTe Bfe?ﬂ’é%?lédg%ast‘ praperaliEgsgand/or one or
t %% hesBoldRAIRSSENDl y responsive at |east in part to
one or nore neasured tenperatures associated with the
adsor b&my ¢ then abelsodeteenion egstems o whish PBA systeanty$ \adapted to

SRR LIRS L UL, o o

apsiewh| of af@irechor® 1BfePsties ErempBitelirag e Bquatntoat Ndrehore reference
m xed gas streamto be purified into a product

higapsEdures tandirerseehencpsmers sefgiange teapgraspres f uel

cell s recei ¥ _

e or 0SB SE g Cel ORI shE0he S RPLLL PR o compare
paiid ot MoRNAeRuredREr@pdrR@Evach drenpanat uefesnas sagieatteds, with the
Wi th the adsorbent in an adsorbent region of the PSA

ateduppeytemperaBifpetelictivelyHACUYNE one Of FBXE BIPatused anpstalyfes, one

O ﬁ-‘i)fhostbﬂzg BARKR Bld 8MmBEEPre Houdly PéhsG%a | Emp&TRIPRSINGor one or
at least In part to one or nore feasur ed t enhperat ures

- asmocthadsbdldwatuest he adsorbent in an adsorbent region

of the ,PSA _assenbl A tenperat ure-based detectjon

oyt Rt E 0g et o Y SE R ok POTEneaI T PR gpressed
ngyd & fehfRtdt@R-vaesPwBaitN®uah prevasiton fysa.t to one or

nore nmeasured tenperatures associated with the

adsor b&ny of theaaboxel defeeieant sysiegisamplsmantre witna BSdeasprmbly having

a plurality of adsorbent beds adapted to receive a mixed gas stream that includes
hydrogen gas as its majority 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
assembly, optionally with the PSA assembly adapted to provide at least one fuel
stream to 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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A tenperature-based detection system adapted to
control the operation and/or change the operating

WGet@bmesT89 a fuel processing system adapted to peDUSDEs/643234
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m xed gas streamto be purified by a PSA assenbly

respon MEAS T

terrperlg/lt ﬁg)eg%%éﬁ%rg%ﬁﬁ?\n& ﬁﬁé?ﬁgg&@ dsdr g%ﬁ%hl n an s%'gtems and/or
agkerhanof thegibore ofsteiise PSA assenbly. A

t enper at ure- based detection system adapted to c
t he opé}tawgshd%&m %Tﬁghtjb“leh%o"é‘ﬁéog HgAs?Sé?‘@ggff ox puritying

f Hﬁ1| éassm QRGP HACBhSF theFpréschB §§5ﬁ’8£&fe %% RRDBS Xassembly

at" e I'n part to one or nore neasured tenperatures

asrslbai wnqxérmrblfbasdrtb bemiktirdpeght détectam sy iisstose@dieonn may be

of the PSA as g Alé era u based det ?ct on 11

s‘%‘fiéﬂwoé%rﬁpB Spndnghes I Bia TFPICBIRATErEn 1 fue] cell or
fmly, including in an adsor bent bed t her eof

and/or i n an adsor bent reglon of an adsorbent bed

t hereof . A tenper at ur elngusisigl Appleabililyy syst em adapt ed

to det a_hreakt.hro S A

i ncl udﬂl‘fuﬁe PIR°dn HdS s%r%igg 9§ g’ %eﬁ&rilg%?a ngn%f?e ?]ngee gg}aYmn and/or

aﬂf&DEdlEi}tstdhﬁSﬁh@lﬂdﬂn& thd1s ks ore @ plicddddint the gaofenesatidn and fuel cell
responsive at least in part thereto toadjust or
otiglds-wingbidingn syl figlde 16p\@lma'a.hyﬂr%ena&asuéa%epe&aﬁé pypified and/or

rassoci ated fuel processin
asRIkEY o @%Qu&“efn 2 acié/ rﬁéﬁ i el p g

system rogen-generation assenbly
and/ or Itfisibéliaved Ithas yteet cbmlosuret setfertiatbo\e-dnasmgdasdet wottipmdistinct

st d d.t | ect | d/or. d
O b T TELS B SRS e
CYi5¢18sdd Bits pRerBed Bnt Ithe spitdi @ embbainfed®l thgasf fak Aclosed and

rate resgon3|ve to one or nore neasured t enper at ur es
adluoicited berein ag nel sobo epnsidarechin aligvNRFANSe 8y NYRCPUS Variations

%% \B§58s6 i SI(f‘le su S]te:ct thter of Elﬂ: %’r{q 10fs gnctll?&ts LW hovdS nﬁrpﬁm obvious

the”s sadated O compare one or

n@cﬂﬁbﬁh@td)dsaﬂn@nlaiomtﬁﬁatmt bf Qﬁ@aﬁbuMEmemefféﬁtﬁft@efunctlons and/or
tenperatures, w he reference tenperatures
s@loé@itlie%éls‘cﬂoﬁfﬁjdll%ﬁpné“@ﬂ%f Yo Whets B¢ rlayap Fesgfe “a” or “a first” element

U STRET ahwéféﬁt tHefHof O uchRi£mS 5R6EE b¥a 3 E3tool 6 11‘f£rlud‘9r3irn€orporatlon

previ ous measured tenperatures and/or one or
t bff esdhot dmral suels elefwmntHfnetther slgoirmgdedreetclwling ys¢ emrsmore such
n@ whi ch the systemis adapted to deternmne if a

S961%8d tenperature is within a predetermne range

(aboverapd/iRlichRQl ey &k @AW OB FaRIRNER point out certain
tenperatures equals one or nore reference

t @qm@nwm@sd salr@mbinasipne that argierepied top pre plethe disglosed inventions

te B ?and non-obvious. Inventions embodied in other combinations and

subcombinations of features, functions, elements and/or properties may be claimed
through amendment of the present claims or presentation of new claims in this or a
related application. Such amended or new claims, whether they are directed fo a
different invention or directed to the same invention, whether different, broader,
narrower, or equal in scope to the original claims, are also regarded as included within

the subject matter of the inventions of the present disclosure.
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Any of the above detection systens in which the system
is adapted to conpare one or nore neasured

WO eoopesasUr es Wi th one or nore reference tenperaEt/Usmes/043234

with the reference tenperatures selectively including
QR RYT 1§ A NRESY§ed tenperatures, one or nore stored
val'uesS, one or nore previously neasured tenperatures
and/ or one or nore threshold values. Any of the above
detection systens, and i Ienenéations.thereof,

expresbed a& *sydf%?ﬁ&ea%ra{}& a5eBRYY, BYBRREIRE ough

preventi ] 10 ¥uQiproddSsiAP OYferH GHERED R prodSdeehixed
inplen%#?gﬁ%gf%ﬁﬂ%cP Aya genb?gghgv?ng ggﬁ?ur%lity oflxe 843
astsanbeitai bieg h ydobapt gak and atler egases feomakleast gas festisteckn

that includes hydrogen gas as ,ts majority co nent .

and. wh OFF PSS 5P U EBETT Sty BBREELS ey & Bt hgprtion of
| pel #oeY Bis Lipast aRBeo’ RhRVEI iRpulieed AMeréfiaRt ®dploduce a product
produce the m xed gas stream by steam reform ng water
ahyflragerastienm doningi grealgr hadwse qrrityvithan Hie maxesh gashatream, the
reformng. region(s). of the fuel.processing system
a@rgﬁﬁué%stlg gk?gs%rglg? e%jss%ryr/lf)lg cl%ng)?‘ PG assenbl y, optionally

Wi th the PSApasskiylifyadsstdpiteistds Oeqoh ded daclading @asids@bent region
fuel streamto the heating assenbly, and optionally in

f eentpBinZagdpspenitedantedia alsarbral dqastcqre of dheypthergpset aad t o

recei ve at oL 1.} . rifi hydr ogen

gas produce g ?ﬁ@ﬁﬁrﬁgfégéﬁbcggggﬁ}g IB{/L ??\}g{tﬁh g%rgﬁ?%‘lr@/

i npl enenti ng theaprloastsers wMmparauref seiser abdapeds\tet exegsure a

and/ or use of . any of the. abqve systens. Although
AR AR VAN ¢ RETiea Y 0 SPTOR PR CRs Sl y 1 or
purifying hydroggRogtasiier hdaptd 1 dolipard the thpaurfastdteated with

present disclosure that the PSA assenbly and/or

t erpostien of she adwubdnt gagipnrwitlyfat dease one gafesgpse dpanperature and to
di sclosed herei.n may be ' I L caf i ;
G E0T BT PRI 175050 480 DRSREB P g, semoty

Ofespdidele £ YabERpartlthgerst ri al Applicability The
pressure sw ng adsorption assenblies and
hydr ogen- generati on and/ or fuel cell systens including

the sage ar ‘f‘h@Q&Ie}ngl n(l)ieclélprhfhﬁ c @?irﬂiﬁﬂﬁ Wath PhefOd! {b&! adapted

cell fields, Inclu g such fie I'n whic ydr ogen
gaspicdugeaeckted, cyneni frioedarankiident awingupedt at mrperodiide product
aF)_é,‘ffl ectric current. It is believed that the

dPEEPEELHE—et forth above enconpasses multiple

di stinct inventions with independent utility. Wile

each of these inventions has been '
3. The assembly of claim 2, wherein the temperature-based detection

system is further adapted to control the operation of the fuel processing system
responsive at least in part to the relationship of the measured temperature and a

reference temperature.
4. The assembly of claim 1, wherein the at least one reference

temperature includes a temperature associated with a second portion of the adsorbent

region.
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disclosed in its preferred form the specific
embodi nents thereof as disclosed and illustrated

wheoosioss7ay e not to be considered in a |imtingPCEISHIRG43234

nunmer ous variations are possible. The subject matter

of thecinvenii [ : I e - 0lvj

ooyt oed e L) bnBRhe A AR HE atsorbe
ete@itink $ocatedalowregearth froat the pertimdcbfalie pdsofhent fegfon, as measured in
di scl osed herein. Sipilarly, where the clains recite .

" fre drectign of maixed gpsehiawt thegush e égiﬂf%‘lt &7#I0R REFiRGhe adsorption
sg&@eg!ains shoul d be understood to include

i hcorporation of one or nore such el enments, neither
requiring nor excluding two or nore such elenents. It

Is believed_that the fol.low ng clains particularl

poi nt But cgi'? af$1eBBRbi% a{?lia’d‘?lsl’aﬁa’eﬁmcg}?biaﬁ AP n§ne reference
t Ratpefifredint ROEEH: 1QsOBFe OF af PRVAIUSE! ARRGrdd VRl ABR, a stored
and are novel and non-obvious. Inventions enbodied in

~ ov#lue, andnipredetéronredghigskeldyainbi nat i ons of features,
functions, elenents and/or properties nmay be clai ned

t hrough anmendnent of the present clains or

presenyat i orhefassRewl€ blicibmi 1) WidréinQhe @ofitedlRY @¢l adapted to detect
application. Such anmended or new cl aj ns, whether they
avBeley echei bisaldhenueh epadition RSkt indhe adsogpent ggaep fegbonsive at
t [ ' Wgﬁﬁ di fferent, broader,

n%??tgag%t t@rh%glflq%ag‘lq&tfln scéggtgret' o the original clains,

are al so regarded as included within the subject

matter of t %%Q%é%%&%{%g%ﬁ llts:r»]v%if)eril}es\%%natt least one temperature sensor

disclo§ure.

hytd1.RE8 N ABRET At r@NeATRANeY senSORAAPR ¥ rAeasure the temperature
hydr ogen- pr oduci ng fuel processing systen1adaﬁted to

_pessdeieted avith repbriers of thee adpotent @dmgndhypdie tegrpsTaivig sensor
ot her gases fromat |east 0 fee ; sure

Rl ATk Rbealiir bR ficr SAONRE fEoRuBbE * e

a portion of the m xed gas stream and to renove

inpurities therefromto produce a product hydrogen _
st reanPhavi Afe geealy dydrigydn Whereinythe HamPeRBIrerPased detection

g rea e.br n e -

OBt (R RapldaC RO 5108 I MR sEEE Aclppion. system
i resperdivegtarheacdaidoetiip bebgean theomieasuned (eroptsanieemid a reference
adapted to adsorb at |east one of the other gases; and
awP§WBEW§ture-based detection system conprising: at

| east one tenperature sensor adapted to neasure a
tenperature associated with a portion of the adsorbent

r egi onl10.andThe ceseretdy | oy claiga gy evherein cibapampenatyge-based detection

t seyrgpe%g ?st i e?séﬁg&é(? ttoe gorWrcglr}he 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 1, 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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a portion of the adsorbent region with at | east one
reference tenperature and to selectively control the
wopesaésren of at | east the pressure sw ng adsor@L/Us2005/043234
assenbly responsive at least in part thereto. 2. The
assenbly of al I NeC [ nat | | t -
stack é aptggktgg%%ggugg(gﬁngpgc¥®?%mtﬁﬁ?eﬁ%yﬁ%gﬁ?gﬁm"% fuel
opicgtessingangstemn Inehskes aatpleasti ome difydtdpenipraticotg heglorogeapted to
stream 3. The assenbly of ajm 2, erein the
¢ BRGLFS T B d s SHETR AT ﬁ?siéft&m B ey WA carbon-
tgmqgﬂh@ggakﬁﬁkpperation of the fuel processing system
responsive at least in part to the relationship of the
measured tenperature and a reference tenperature. 4.

The assgnbly,of clajm1l erein _the. at. |east one .

refer eig‘e t nge?sg?rab@" Pﬁcc}qﬁales ’awilg’i’?ﬁ’ertg? ﬁ?yéimgen'pmducmg fuel
apfRedsaigedysbihinigee atdiepar bhomyafogehrafieMobedtion adapted to
region.5. The assenbly of claim4, wherein the second
paraduemthemixpd gaschiisprmeit 2 pleyndeforsinggeation. downst r eam
fromthe portion of the adsorbent region, as neasured

in the direction of m xed gas flow through the

adsor béat r &ye casschblyngf thematls ehpteionhgrpoesses. swWing Thdsorption
asse .of claiml1l, wherein the at |east one _

r é%ssﬁg@l%é &td@ﬁtﬁa 13 EHHES e FaRgeRtTation) oftB¢ OPiee afes n the mixed gas
PERMIND UdtohgABRSPS £ ¢ { @IMBAAL M Bdes AaS 1QLE Pr¥@liHSatioAN hhdorption,
predeterm ned threshold value. 7. The assenbly of

c Hepirpssurizationy adpurpestepsandoyhiel hassa etdgptime. t o det ect

whet her or not a breakthrough condition exists in the
adsorbent region responsive at least in part to the

measur egl t empeagdettivty oBclaithg4asserhl yheOPS £ Icgt i fsther includes at

wherein the at | east one tenperature sensor includes
aleapleansteqyalizaion stepripathiah atdeasbivsop! hadbiralityrel adearsentdeds are
t EGidﬁ%ﬁP«?E%‘éEt@d ‘?&ﬁ%ﬁ FRWAE WA bR L on of the

adsorbent region anfd a second tenperature sensor

adapted to neasure a tenperature associated with the

adsorbent bed. 9. The assenbly of claim1l, wherein the _
tenper ¥ur b gatrmily cLiTom st FeiNs thadgppettrerbased detection

S h '
PHUARN0 B 69 sRASRIGE 4 IOURSPOLRLIT AR o

t rehppmshiprbetveaed the medserasiicmpensiye aad arefcrence temperature.

17.  The assembly of claim 14, wherein the temperature-based detection
system is adapted to stop the purge step in the PSA cycle responsive to the

relationship between the measured temperature and a reference temperature.

18.  The assembly of claim 14, wherein the temperature-based detection
system is adapted to 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.
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10. The assenbly of claim1, wherein the
t enper at ur e- based detection systemis further adapted

WO 2006068780 t he operation of the pressure-sw NECT/US2005/043234
adsorption systemresponsive at |least in part to the
rel ati ggshi f S e e
ot or ence g IT ARG Lt " TREIR e el e bpsed detection
Whgsten nis tadepthy do agdurepthe diyclentgmé wél thprResseln go)sys;iredatermmed
i ncludes at |east one dr roduc regi on
alEBTBA  ESRANSYGdR hRde hetweep éh‘i‘*n%i‘ ‘?ﬁe tprggrature and a
StéreRMtd Ralpetdigtudes a carbon cont ai ni ng feedstock. 12.
The assenbly of claiml1, wherein the
hydr ogen- produci ng fuel processing systemincludes at

tho m 200 gadecErRay RHcHre A B S LA ERlE AT TGS @ tme

WptEsd asidciatedak P ResbRtH d1€ps§ inedls tFaK cydis: anthfirther wherein the
assenbly of claim1, wherein the hydrogen-producing

f mpe@mé@e@é%ge@ywbmﬁm iy adaptesk to edyee Higetime period associated

h C

ggxg{h‘%ﬁg g%s%r}g[golﬁ étgbg?i{e tggn bg'élf%ﬂ%p&ﬁjp}gg% Fn‘?&lé'&‘ %ﬁé}ﬁﬂ{m&%mwe to

agzashiliyngiip bétaicon the mdreued mmﬂfaatpf@eﬁlw&faw& @emperature.

adsorption assenbly is adapted to reduce the

concentration of the other gases in the m xed gas

streamyfhr o4gh Asdmidly Ofcifint N8l WHRRIA RS c@dle! tﬁﬂ@tmcludes a time

pressuri zati on, adsofption, depressurization, and

ppclg@ stsepistednditivieacdhohtle aepsylol the tAS#e cyds, anfihfurther wherein the
erein th cl.e

T utegies i B it SRR Babef 40 SaF R i ipRfb sssociaed

| Qat theVWurgé stdpeofdter BEAL ohcf rs%?&ﬂ;ﬁxb:efﬁ tHeeigatnGhip between the
fluidly interconnected for gas flow between the beds.

16 casied smnssing apd agefgranca WMPRFEWISi n t he
t enper at ure- based detection systemis adapted to stop
the adsorption step in the PSA cycle responsive to the
relatiaﬂshiﬂhbekm&ﬁﬂykﬁaﬂmﬁﬁﬂar&@e&ﬁﬂpﬁiaydé&nﬂﬂﬁuﬂuks21Unw
reference tenperature. he assenbly of claim1

whghied ﬁswﬂéteée%%%%?fethsa%% laettl%é’t%ﬁy%s%r@rﬁw@er Wherein the
ﬁ%g;e‘?gufeooﬁ&@@etﬁaﬁ)n @ RlRlp ﬂe&‘ td hﬁr?ﬂ@ﬁtﬁeyﬁlln@ erlod associated
responsive to the rel tlonshlp bet ween t he neas
t wqbehiapunm Smpdofahq: @SArtembeb)t aappadcatmmed lﬂﬁemé'lhts’esponsive to the
f rature-
BT Eta ey SrBuf TemeRbRtF s R bR CapeRite,
one of the depressurization and the purge steps of the
PSA cycl e responsive to the rel ationship between the
nmeasur ed
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tenperature and a reference tenperature.19. The
assenbly of claim 14, wherein the tenperature-based

waoledoenss7en system i s adapted to reduce the cycbPer/Us1v85/043234

of the PSA cycle by a predeterm ned increnent

responsikve t,0 r i ' : .

t empor 20ur e a2 BB BeaEhiER it B3pRERAR: adsorpiion
aassembly @mpeisaigmal dieastherieeiadsdrbentc ped ehdvinge annatsodiesit region
a tinme period associated with each of the steps in the

PSRN alpHIgeat leash oRe e éqdﬁotaﬂéorgémsévawpe@um& hydrogen
q . . . Code
o L G Y| ORI sl BT R 1 TR0 oS

by a pdewetireg ainmadured ¢erepanture espantdweth o potgon of the adsorbent
rel ationship between the neasured tenperature and a

r &¥%89knce tenperature. 21. The assenbly of claim 14,

wher ei QedebnL YL ! @fedrértR ikdifpdisteRe asdciRed OitRdthe pressure swing
associ ated wth each of the steps in the PSA cycle, _
agdsofprranrassemple devnstreaen fremple aeitoa-ob sweatlsgdeeiciegion from which
syst i j ase the tine period

aghseorgl(lggasfl f;ége}%rgg %rg@ﬁéeggﬁg%%ﬁm ep of the PSA cycle

I espongbmpariny thsendasirad tedmsfdatpreat WeeRfdrfecnBapeage; and
tenperature and a reference tenperature. 22. The . .
assenbRytogrtically RAMBUNGHEE ePPETRE fclhe PrefRHIE neWiigeadsorption
a,ld el sqgi (o BT e [ h
B e D e e P g Rference
d&nemratore tyymoerthasa taeghbkldvalwe. | ncr ease the tinme

peri od associated with the purge step of the PSA cycle

by. a predeterm ned increnent responsive to the

rel ati gashi ghbetetRRNoftdm TR SMERSh R TRRERNI K Audht deast 2° C.
reference tenperature.23. A nethod for preventing

br eakt hrough in a pressure swi ng adsorption assenbly

conmpri ssng %el Sl%%todogﬁ cqg%or??%hggﬁln %Vlr rence Eemperature is
adsorbént regron containing at’ | east one adsor bén
adaptacddtvitag s@bhd popiehiof teSadsorbaimt regiphr e hydr ogen
streamto produce a purified hydrogen stream

therefrom the nethod conprising: detecting a neasured
tenper gpur e 1as sQeh&t gldc];IM ES,G\VIPé?éiB'tHQ a&’sforlgelﬂ?r%%‘f)fn@%%s a feed
region; detecting a reference tenperature associ ate

wetd ande prodestsandearsirunt)eadbaeint the secasd eotiion af shnadspebem region
fromthe pogfti on of bhe a&lsor bent region from which

t B PREESSAN I R E7Ys det ected: conparing the
nmeasured tenperature and the reference tenperature;

and automatically adjusting the operation of the

pr essulé swlhg mgikest of ¢laim g%,s‘éhfﬁﬁly the gplomaiiod it adjustiag includes

ng(‘rilj%%negdat tlgagpgr{eagp%ga%ng)ﬁgpa?rgeité}%f Elpeeprregs]il?er Sl E 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.
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tenperature by nore than a threshold value. 24. The
met hod of claim 23, wherein the threshold value is at

wo ese28€C. 25. The net hod of cl ai m 23, wher ei PCT/I82005/043234

reference tenperature is associated with a second

porti oy, of e a bent,.regipn, - e d -
cIain1g%, MEE?épﬁﬁgié%aﬁgg?g%ﬁtwpég?bﬁniRgﬁéggs$§gge%§0qmon
eRdeAbY R ﬁi’aﬁﬁ&lCﬁo eddce ardcdngeithgionvéfethei sthéhgassedwnist impure
portion of the adsorbent region is spaced away. from .

t hedrpgescriteemdhepugh 2 PSPh eygle iabinclides ptlpast pressyfjzatign. pdsorption,
t H r?s'ﬁqu{%toh,cgrld [Iyurggjstgég érﬂgwhi@ﬁlthggﬁ\%yagjti%t, L@ fidther wherein the
| east one operating paraneter of the pressure sw ng
agmomatitadly adpsanpineclud2s chahgengretihe geivdd adsadiate@ With at least one of
wherein the at | east one operating paraneter includes
atheistaps fethe B4 #¥hi ch the i npure hydrogen stream

flows through the adsorbent region in which the

measured tenperature is detected.29. The nethod of

cl ai m 3@, whbe eiethadhef Prigs2lireheseinibe adsoapealbradjusting includes
aﬁﬁgnblé IS adagted to r%gucg t he %gﬁcentration of the

ot HEHNg A the pressure;syng AdSAIPHO 83§ MY-e am t hr ough a

PSA cycle that includes at |east pressurization,

adsorption, depressurization, and purge steps and = |

whi ch Bhs aTbgaeshad ofeclaighdd fwhareia theAaeriaticallyeadjusting includes
aytonati.cal J USki ' u ~ G ' .
SRR (B8 chossBEL ML e NS RERL BEP o SARGH PR Pl temperature i
t beeftSPad/ witkdradthg dfiecaneddnoadniaf descabed 28¢s fabvartkt bed he
automatically adjusting includes shutting down the

pressure swi ng adsorption assenbly. 31. The nethod of

claim 23, wherein the automatically adjusting includes
reduci ng the pressure in the adsorbent bed in which

the nmeasured tenperature is detected and withdrawi ng a
stream cont ai ni ng desorbed gases fromthe bed.32. A

nmet hod for operating a pressure swi 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 having an

adsor bent regi on containing adsorbent adapted to

adsorb at | east one of the other gases fromthe m xed

gas stream detecting a neasured tenperature

associated with adsorbent in a portion of the

adsor bent region; and
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continuing the delivering step until the neasured
tenperature exceeds a reference tenperature. 33. The

wordosoes7ed cl ai m 32, wherein the nethod furt hePCT/US2005/043234

i ncl udes producing the m xed gas streamin a fuel

Gt roamPr omrnr i ad, RnBOFAE o BHRS Vi ARRHER assembly

stream ?rom t east one eam

okombakify 32 leavh@ieeidsorbbi tat Haethef air ddverbehnglhecontaining at least
detecting the reference tenperature, 35. The net hod of
cloa¢ adsprbenpadanssdhto; 3lsorbaMpuBHs® I Fhivepuse ydogen stream to produce

2 JIFEE Rt AAGORBERom, DARGhIFEORBEERED “lnerei n
t he refdeliening ireleperatueea mixddugasstetam eagdinongehwirogen gas and

_previously measuyred tenperature and t hreshol d val ue.
5 piher 8SToon Bt 1OTR] OFOSAVIR 8F GROTPRI B8R0 SRAFE ddsorbent

St8RhtbPro Tk othak a6 dHRtrkhd fiferBAGUESH ERNPREFRY Efeam;
exceeds the reference tenperature by nore than a
pr edet eetertiegla wehsveed temperature associated with adsorbent in a portion of the
adsorbent region; and
continuing the delivering step until the measured temperature exceeds a

reference temperature.

33. The method of claim 32, wherein the method further includes
producing the mixed gas stream in a fuel processing assembly adapted to produce the

mixed gas stream from at least one feed stream.

34. The method of claim 32, wherein the method further includes detecting

the reference temperature.

35. The method of claim 34, wherein the reference temperature is

associated with adsorbent in another portion of the adsorbent region.

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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