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HYDROGEN PURI FI CATI ON DEVI CES, COVPONENTS, AND FUEL
PROCESSI NG SYSTEMS CONTAI NI NG THE SAME Field of the

wOiewlasase The present disclosure i s general |l pcraisatosad30431

to the purification of hydrogen gas, and nore

conporhPRAGE PRI S RN nbSTaS ctiMetivenys, anp
cont ai NEUEI PROCESSING SHH NS CONTIEINING TERY SR ME

Purified hydrogen 1s used in the manufacture of many

product s includi ng metBiek ofehié Pissldsates and oils, and

B

Gl é@@ SRVINGRS specHicaBy a8 hlyBrogkh §luriGiBhtich 8&Eces, components,
puri hydr ogen and an oxi dant to produce an

@néémql u)wﬁsq@@g mi?ual cel\gyptiemy soplebiesdesamad devi ces
may be used to prOdLisca%k ‘fmé‘ Q980 1985, that is
consunmed by the fuel n- producti on

processes, MeMrdehydrpgadus aisad in Mihigr enafythictge nofs ta@fnproducts
which may also be referred_to as a m xed gas stream )
ircdpdipg ringtplss cHiple dae nanglagﬂ%m@do@mlrcog@w. and; gyicrpejectronics.
q%:nF r | t. Ko R

148§ l#}’?igo;%n §1 S 1%52912}%1@ aﬁmn%al'fﬁélbgcﬁlrée Q6 ?198% Cﬁg}f W6hversion
tdevnc&m)]?m‘r amdqﬁe rfaé:lloelli; umpmrtﬁ&eishydﬁngﬂmmnyl amfomdkmt to produce an

clo ure The esent di scl osu i.s directed t
ARG RO | A TIGSEB oo, SrpjoreRed B CRRfh I guluce the
@H’Hfd‘gbﬁ a%dsoﬂlag 6Yi CRSumed byl WRl FI0EARST NafP thylikn-production
céll "systens that include hydrogen purlflcatlon
@e@/qee@s hoveyeh ydediye mn punpizfe leywalrdgsn steging whidhroaydleo &n referred
nc osur.e that sur.e vessel cont ai ns .

O 3sph e 2 sUBHET R, Bl Rl Bt R chp i fie” B! "Prior 1o
RIERSHHahRA sife¥@do dFbelTell @R 1610 6f RleNtdIB, L GhiREE Baddfeam may be
and ot her gases and to produce a stream that contains
purificd.guciags loggsove ybdasaakle ANpyritingr e, hydr ogen gas
therefrom In sone egggl,u@g%ﬁml%gaoﬁﬂglosure is
seal ed wi thout gaskets.  fthe separatr o assenbly

i ncl udes atTHeepgber®Nisdiydite fie dirpedrea hlyéroyed/miification devices,
hydr ogen- sel ecti ve nmenbrane, and in sonme enbodi nents,
FH@PHS)W%Q?’é nbxskpegsay pyilicatiopr davices s 2pé rfﬁﬁln BFRCP§pinghgnd fuel cell

gk{)&g\% lrrt}é?}ttsg&% Cﬁed hk@ng%gﬁ?& ilggév\(g{ glgglllc di f ueslh dr "Fonded' Hfication

aevibesmelhddian eatloyurt that fierms a pressure vessel, which contains a separation

assembly adapted to receive under pressure a mixed gas stream containing hydrogen
gas and other gases and to produce a stream that contains pure, or at least substantially
pure, hydrogen gas therefrom. In some embodiments, the enclosure is sealed without
gaskets. The separation assembly includes at least one hydrogen-permeable and/or
hydrogen-selective membrane, and in some embodiments, the hydrogen-selective
membrane is permanently and directly secured to the enclosure. In some
embodiments, the membrane is welded, diffusion bonded or brazed directly to the
enclosure. In some embodiments, a portion of the hydrogen-selective membrane
forms a portion of the sealed enclosure, and, in some embodiments, an interface is
formed from consumed portions of the hydrogen-selective membrane and the

enclosure.
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encl osure. In sone enbodi nents, a portion of the
hydr ogen-sel ecti ve nenbrane forns a portion of the

woeadegd3macl osure, and, in sone enbodi nents, aBRCT/US2005/030431

interface is fornmed from consunmed portions of the

hydr ogen- sel ecti ye nmbrane. and t he. encl osur.e. Man .
ot her feat 3\4@%3' B7er FratpreLethe PETSERY %‘§§P%lr9vi“flﬁ bﬁ%%%‘?rﬁlamfe“ to

B&Nel fstbed M HROSR VRIS %ﬁldr%efe@&eﬁcret thBRN d%h{;d‘ lglle%cription which
WS

reference to the detailed scription which fo

datowh end droagrampianying rsbedts obidrafyiags irywhich pieferted embodiments

preferred enbodi nents.incorporating ih r.i nci,pl es. of
DhrcBils SEPIIRE 3r 40 LRESRY 7 dfody S ahbitin? syemptes
@ily.. Brief Description of the Drawings Fig. 1 is a
schematic view of a hydrogen purification device. Fig.

2 is a schematic cB#igsDeeaintionf theildigwingsa hydr ogen
purificati vice, il lust.rati I .0f .. :
separationqg ggﬁﬁ“%%ék%#éIe%ﬁgﬁgggﬁggﬁygggééﬁgékggFive
menbrane. Hiig.2 & hSclemaiedtdid-@ctoms SASL f i OR@lroydnepurification
of a h;idr ogfen purifijcation device constructed

Sevise dillvgtratg KEaTEples efft senagations asembhipyy that jngluyde a hydrogen-
fe gﬁ@g& ¥rapk0SS-sectional detail show ng portions of

ﬁh% y rgg%ﬁﬁgélective menbr ane, the nenbrane support,

and the perbfipal & sisdeerend Ebatecodnd heevdefiackydybgdn purification
3, Fi g 5 is .a schematic cross-sectional view of

AISHH anﬁw%@sﬁor&ﬂ&-tm%wmt fieeiod¥eeonst r uct ed

accordi ng t@gtes E’rﬁ%%ﬁﬁhta@* Sfds Q88 BnalFdddail 8hdwwing portions of the
fragnmentary cross-sectional detail show ng the

Hydraggeseletiest mesnhrend, rthe enembranerstpperh earsl o permetigeside end

rapne pad d t.he perneate-side end plate of the
&Eé}[}e)ggﬁlg el\fﬁCS.O?E.lg' ifg. 7 1s a fragnentary

cross-sectimpa idehabdhefRAW HOsAsdUORAIeRwP T Bh&BE Bfdrogen
devi ce containing a variatjon of the nenbrane pad of
mugificgtionmeyicegsopstructed apgrinatofhe pissent sisctasvizal  det ai |
schemati cald:y 4 | | r | +fOF

el ding ¢ nd Bt STETeRchiy RO gPR bR e Mycrogen-
pelecfivecabnbrund ethe Ggembrbge supposs, e hieaghieid pudy and the permeate-side

craoss-sectional detail schematically illustrating
end plate of the device of Fig. 5.

Fig. 7 is a fragmentary cross-sectional detail showing a hydrogen
purification device containing a variation of the membrane pad of Fig. 6.

Fig. 8 is a fragmentary cross-sectional detail schematically illustrating
a perimeter seal formed by welding the membrane to the enclosure of the hydrogen
purification device.

Fig. 9 is a fragmentary cross-sectional detail schematically illustrating
a seal formed by diffusion bonding the membrane to the enclosure of the hydrogen
purification device.

Fig. 10 is a fragmentary cross-sectional detail schematically illustrating
a seal formed by brazing the membrane to the enclosure of the hydrogen purification
device.

Fig. 11 is an exploded isometric view of another hydrogen purification

device constructed according to the present disclosure.



a seal fornmed by diffusion bonding the nenbrane to the
encl osure of the hydrogen purification device. Fig. 10
wO0w/0BsAgnent ary cross-sectional detail schenmrCraakdog/o30431
illustrating a seal fornmed by brazing the nenbrane to
t he encl osur.e .the hydrogen purification deyice,
Fig. 11 is u%‘ﬁ‘ gip‘is ol es(‘f}llf’@?ﬁ%et‘ir 567 VIgK oPhpother hydrogen
fRABGN BdVidd donsirh AR BQWBFER: FPME hrddehtQfscRGHRY di ng to

the present disclosure. Fig. %2 Is a schematic
cr oss- sect i Bigal3 ik etv sshemniie reossispctiange vigwr of iamatheorhydrogen
devi .constructed accordi 0.t he present

RGP AR G et e 8Tes PR ona
vi ew of anoFiger4 Ry#irex@RIAed Wohfek bR AaMdESen purification device
constructed accord[ngﬁ%é the present disclosure. FI%
12ecpylingntodhg piserad diss rthat ingledesap iasuhgied bepsing assembly.
purificati devi.ce i ng. t h r :
di scl osur e tap i 3%@621{‘%% Ricefld, B 2 irHﬁ%"essmg system that
amskdtd y fueFpbceskbr hsd a hgelogempintfichtian idamcolomstiud®d according to
processi ng systemthat includes a fuel processor and a
hiha PE§en 5 at i on devi ce constructed according to
the presentgdi scl:osur, 0. 416 1 c j ' 3
of a fuel pI?I bgés:sflg nég; Sggl/%ﬂtﬂet%n td flwagtrdn? n(?I Edfehg F?r?cﬁegﬂh@ *. that
pmnolmdsso fuel ptacgssat aédegrated vaitthy dydgeen purifiddtivatdesive according to
devi ce a%fo[ding to the present disclosure. Fig. 17 is
g PRSI G %gr am of another fuel processor that
i ncl udes anpiniEOr A5@RntAYE dRERI RiTah biheAT P Brod8¥dof fhat includes
constructed according to the present disclosure. Fig.
18 jinfegratedheydiogan guafjeationoflevdcd gehstuwtdd sgaordingttoathe present
i&ﬁl?@?s a hydrogen purification device constructed

& dﬁ%g to the present disclosure.Detail ed

Descri pti onFignrd Bestschéfficofiiabhen BF aCheB BEIR sttty dhA0@Bludes a
purjfication device is schematically illustrated in
Arsgirogen pyafigetinardaviap Gonstrucitdeascondingnio tnepiesent dipclosure.
i ncludes a body, or enclosure, 12 that defines an
internal conpartnent 18 in which a separation assenbly
20 is positioned. A m xed gas stream 24 contai ni ng
hydrogen gas 26 and ot her gases 28 is delivered under
pressure to the internal conpartnent. More
specifically, the mxed gas streamis delivered to a
m xed gas region 30 of the internal conpartnment and
i nto contact
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wi th separation assenbly 20. Separation assenbly 20

i ncl udes at | east one hydrogensel ective and/ or
wapaemger3 per meabl e menbrane 46 and upon recei pCTAKS2008830431

m xed gas stream under pressure is adapted to produce

therefrom a_per. te, .or hydrogen-ric tr am34
cont ai ni ng Q%&L@g@ﬁgm d L n the

m xed gas s{ hgameen q)uﬁfllaé(ﬁrpqyﬁée $d E(ﬁﬁﬁlaﬁ@alﬁpmt@trﬂﬂeﬂgn Fig. 1
at | east a substantial portion of the other "gases.

gndmmllytlymuc@tadlay M. | Deyiet EO mqudee a bodytor exdosure, 12 that

RRR B Rl e DLEAE AT rPURHF 23y Vah  Bositionea.

|A€%§ked tht itRdatny 24 8@ainied h‘ﬂﬁo rﬁ@;{srl@ﬁnd %eﬁ@&%@ 2848 %elivered
conponent (wWith the appropriate addition of at | east

amder pipssurepigrthe inteimplecqyapariaans Mgwe@pemmalltyhﬁlemé gas stream

i.llustrated a flrst ortion of
0 By O i S ey SRTRA g it b8 comta
SEifasephiabitn as3ABD} 0. esg:r;emloah RO ihA0ddmt BAsOdne higirogen-
i nternal conpart nent ortion of the m xed

Seleetiyn dnsfordiyHiRgeD @éﬂmabmne@br?@aﬁé agd upapnrergipt &g therpixed gas
Ssﬁ%&iﬂ ndar %ﬂﬁ&ﬂﬁeofs atdQ Jiik gﬁoc&@é tﬁﬁcﬁﬁotﬂlﬁkeﬁg }ggitr%%en-nch

pass rou e sep rati on asse rnms a
streaam%ntawhng hydlﬁgﬁtrﬁgmfégredtﬁ@mtﬁtl&mbﬁ ﬂa:mtmmld gas stream and
poEtig of the other gases. Illustrative exanp

Ut PTG aDeSONRiFE Firihs)i tSHpstAptB PRIGPR G he Sffer gases.
'ﬁﬁéa&%@‘c%ﬁ&t;ﬂol? will E&ﬁalﬂylﬂfred&cgt ﬁsgtesmth&&h enrgyc%gen gas.

nmore of C di oxi de, ‘carbon nonoxi de, unreact
flisas/enckwithiorthawrioph of te disckesdrayhist Stepmaih may af loastid(ially also

wat.e nitrogen and net hane. Th e

o il oD B8 Srtom: (roohe RPRBEEEARRER of at teast
Dk SFE poA$n tHREATROFIidOmn: eHe shgp cad)her gases”

present in a particular mxed gas streamw |l tend to

vary accor dnlee #lostsaiehexamnlertbe fsst Phléloprcﬁ é‘&@lw gaRsie¢am that
) h?seg'tl?r% glg?hs Cf:tprarga?ion ang'embq%\g%geirs ta %gﬁeez? %})ﬁq SEr?Cfmhe internal

m xe stream perat

confaitnens Iﬂ]difslpwtlérh of tier mBlddoghs cs&reﬁﬂnefomm( ehgid@gSn-nch permeate
stream etc. Byproduct stream36 will typically

@%%3& andhbe seesmdgrororeoh e meigeth gg%%f%me@étrﬁoeﬁ Aot pass through
?pag;?tf’on 5%@1%61}/ 5rrﬂs a g??ogfr@]ﬂ:% Eﬂs&%% SGR6E cgflt at least a

osure that t'he separ I'y’i's adapt e
tsubspamral podtien wf gerehai gas@t Illemﬂnvaezsam@ltsmﬁ thede ‘focier |gases” that
of .t t her gases, be renove

Siveialy OF colitivaly P ba gt} o the w@mfveéatream include ope or

R&E e Eﬁxtb@ﬁl d1d9<'ideoE£1%5ﬂV'n§ﬁof(ﬁE h@fr88%d feBad: frdm Wh1ch the mixed
streanms 24, 34, and 36 are meant to schematically

I2ep plegaam was framed avttenitsiges ané nthang4 Tha megﬁngayamples are not
stream f I

ST gt Bersaf mPlf BB SR st B chilpoPliSa R dhe “otner
RlastisBlprésefdinSd bRAdBlar dixed gas stream will tend to vary according to such
factors as the process by which the mixed gas stream was formed, the reactants from
which the mixed gas stream was formed, the operating conditions during the
formation of the mixed gas stream, etc. Byproduct stream 36 will typically contain a
portion of the hydrogen gas present in the mixed gas stream. It is also within the

scope of the disclosure that the separation assembly is adapted to trap or otherwise



10

15

20

25

30

a single stream 24 that is divided into plural streans
prior to contacting separation assenbly 20, or sinply

wa 26806r0gb@3stream that is delivered into conpar POBMIS2008/030431

Simlarly, the perneate and m xed gas streans 34 and
36 may respectively be withdrawn as single streans or
agtanyg lgast fpsubsepidlapRrtioney ithe ot £gi5e c bl Vil B¢ Temmoved as
i€ fecharged.
B R L S S T B S Sp AR oPPEERUSE Rharee
t enper at ur ds Hig & hgeanande f, aadi3ibemt nteanptorshemetécallp represent
to 70Q C.or nore. _ln enhodi nent s, .t he sel ect ed .
el g 75 B8 1T 10,85 PRt moBOBCo U gieam flowing
lifkoQrRRE 0P BRREH TE®NESY eﬁaﬂ‘g‘)lé el fict 80 nhANResidE Fiﬁﬁ?alVFeéd stRfims 24,
in the range of 250 C an 400 C. and’in still other .
entiogle rsemers, 24 that sedivideddntoeplpesl stragres wript theonfaging separation

ith C,_ 50 C .7 . Devjce. 1 -
Sy 28, S S bR, e S TR en 1.

Fmpisily i pESRaRS bn® mikBd &xas | SirefRB Y34 RO A OTRRHYS respdigively be

sel ected pressure will be in the range of 50 psi and

26thdsawis 0Dsipgle SUPFMHORSTWe R SeTABiesNs- t he sel ect ed

pressure w .be -esSs.; .30 '

psi, and i nﬁ%\?% Iloogcf éé @nn‘é%dp%ﬁgaz%ds ?dr[t %lqua;%# gglglgééglres and/or

€361k € Pot bxarbisie, 1déviqesio mey beepefedoat (selédled)sempemturés in the
si. As a result, enclosure_Y] (%ypi cally_ is a pr

P ! o ssure
vaRgsep! pmbient SCRISHAIESr Y 0Nt S tBNG- { e Ma g Fbegiments, the
t sgef%ﬁ%ﬂ‘lf;%ﬁtu?@ﬂlﬁpﬁe R &8 ‘?édfé@%f dHeCH2REY0EOVR other embodiments,
& [ y, t I t

t1ona e enclosure nust be sufficiently

shabdectéd tengreoger witebatr dn radget ¢fe2 30y € aget00° C. and in still other
purification device, 1t shoul.d.be underst.ood .t °
FEpHBRu e e oy T e b SRE 25t Fe Sy rngr 75" C
"BAALH SR Sperfted BE(BRStel) FRLORESiPIhe b RIS Appréimately 50
the enclosltre, or the ability of the enclosure to _
qshezd h0Qfhwsi or meaers Immdny eebedimentso 8t sgiestesh pregspre will be in the

d/ h . ' iti .
B

tReletsBEL 300 F)@idétqt:ss tBe 2By psioaTin POY btheBdmbBmentdth6 8elected
di scussed bel ow. Mreover, it should be understood

trvessureswillshedl Barsergithen 3> psbf®rRsh@E 7P ®Soper at i ng

paraneters )| e r t :
pa a1 ALKE ASURIHLE 5 RSN § o BRh% el
tdonfigtvet do wathsemd ahe elrnges tafiparatursssandidrtpresdenes discled above.

and_any associ ated conponents being configured to .
apdiprallyy thsr eglosrg b8 SulideiEgse Lo el Proprsaperation of the

2 g?%&g?%@%ﬁ%ggh 2%’3%?3 ?E@Elﬁfu?d RYuRRrd6dd B8 as used herein with
g to such factors as the
pafeténcalta theagoldsum iterteim “sdaledh refiess todhe gaplaghdngsg or integrity of
3 Tr: glg(lt:}gsrlg?,lég éﬁ?e ialg]lgtyugfe t?lé e}lcrlgsu%g rt]g)ggriltgiinoggs %tfregrrli]seagd Ig'lriegent those
gas streams and/or other gas streams from entering and/or exiting the enclosure except
through intended ports, such as the input, product, and byproduct ports 64, 66, and 68
discussed below. Moreover, it should be understood that as used herein with
reference to operating parameters like temperature or pressure, the term “selected”
refers to defined or predetermined threshold values or ranges of values, with device

10 and any associated components being configured to operate at or within these

selected values.  These selected operating parameters may be defined or
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therein, the structure and conponents of the
correspondi ng device, user preferences, regul atory

wandems3gaf ety requirenents, etc. As a further PCT/US2005/030431

illustration, a selected operating tenperature may be

an erating tepperature_above o bel ow a specific. )

h& Eﬁllalertﬁdegcqm {8 {0 SIS EFT @ rtan gartishlar rplraiogy @swhich the
QorrdJoRtifh oBstHR i 64 vEiah §fsadl Ahe chﬂlgbﬁtiﬁﬁ%?'tﬁé fluid streams present
tenperature, such as within 5% 10% etc. of a

sheeinf the ttewpee and cempbmengiotic memespaiinghde vimed negggmeferences,

DS Pe S St SRl BF SRS HERBthe e

aipetatiad tb@péitirdendChe bR dpeating h@m?@ﬁéﬁﬁ@ abByvd BE below a specific
sel ected operating tenperature and/or to maintain the

dewperatuz. withis a epgséficatange of temperaitiesa os evidun @ddefmgdolerance
Hogh PsBer GOREBHLR: sPes RUAIPSE: 100 Sr P syt RGmperacure,

I Ng’ asse
I'lTustrativia a@xssihess @f theaydogermpaehtliynidlvivav®d heehich the
schematically illustrated in Fig. 1. It shoul d be

sledlice 4t oBeratadaat ansevmbidyoperating, CrPRE Ay e meeds| to be applied to
ftﬁ% fvitd l Ilﬂ%'t He dgv?(c%qo g?es séi&&ﬁ%eggﬁrlﬁté farature and/or to maintain
I of "ot her It e

ustrative exanples a eatl ng
abs datibe @s thisatmperamne oowithin @ electedr @agsofnkie ttmat@ture. For

a burper or other conbustion regj hat produces _a i
rPé‘é{F‘B@’ diih BERL ML PeBinVidee &Y a@%éﬁﬁﬁgéﬁww SHRRAY &g Mustrative
fehciin létJf%ﬁiQ% W8 Lentd# M2 M8 beBRScREMARAIF Hlut8Rl Il Big. 1. It
heaters (cartridge, band, etc.), etc. Wien a burner or
chbdd beomsiesstoainthehaastreblyi 42 wey dakeaanfyuwitalslt femmn ingluding mixed

consuned, ,Byproduct stream 36 formall o

55 SR 2 TR TGl R BRTES oD Btk S mefe Rypamigsinclude
RIfe ok in§dtt 0P A rEl8MER@ HERMr RELHBS GNARer@NBUSEICR gfon that produces
%yygroduct stream contai ning as mninmal an anmount of

hgus srsame beatisixehangpevitby hawird fuid slecanhethgr dlag mixed
of rifigd Fogen I e rik$.1 caf i
o P 3 TSR AP PRk PHOL ROT o5 AR bl or ot

tRn{deKbiC Ehanbey B QEHICh fEElrt@AMCIObasuthét) Bupdodadtesnieam 36 may
nydro en gas to provide the required fuel for a burner_ .
exR Al 9r R PoFahehthS tThel HiramogERr strmplec Hhei ydragsp pwification
SR S 0BRERLL A ORI ey iobdpfyde B
tadmadunt e hpdibgerg gas s njybsyibimg ythelebiy viepxittiginp etat eyielid of gpurified

tream external device 10, such as within a |acket.
TSRS A 06 hafrogen pus tatign wmagé%l@r@%ﬂ@tmwely may be
%Qi'tgﬁéd*{ ro¥cePa BYPrB@IB: kit 8xli8RES dufiGerdt Mg aRIpeh @84 HoSprovide
or through passages in the enclosure, or by - '
dbethgoired fyel Sorghbursenissembdy temeintain the lesiregeamueificatioredevice at
or . of h(fr devi ce that radi ates or

a desired operating témperature.

At 42’ in Fig. 1, schematic representations have been made to illustrate
that the heating assembly may deliver the heated fluid stream external device 10, such
as within a jacket that surrounds or at least partially surrounds the enclosure, by a
stream that extends into the enclosure or through passages in the enclosure, or by
conduction, such as with an electric resistance heater or other device that radiates or
conducts electrically generated heat. The required heating may be provided by a

single heating assembly, or by a combination of two or more heat sources.
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conducts electrically generated heat. The required
heating may be provided by a single heating assenbly,

wonrodsy3ar7eonbi nati on of two or nore heat sour cBETAS2005/030431

di scussed, separation assenbly 20 includes one or nore
hydrogenperne bl e and/ or hyd ve menbran

46. The merfbt ﬁ%ﬂs"rfj;ﬁel??éatf %éf‘gn‘gﬁg CIHH‘?Se?I?e Pt hydrogen-
g%nﬁéﬂ @Q{d?orfrgrdrége% delchNemeRSFAL: A6, TRY in{fHFR¥s nidithe formed

arameters 1n"which purification device 10 i s operated
arf dinyvniacdriap eratris Slltlabkbrfogm igdlse opergmganyitenpent and parameters in

otherw s thr h the ne V\,hlle rLeventi

Stineh Pueisbaa neuh At inardielang sanB aEinms poSREEL LA pormeate
td? r AgRideNSse %ﬁ%ﬁgﬂ €he MRmBES er’iH peverdthe m&bé ents of the
shoul d be forned ommaterials that are chem ca

aniked hgasmetkdayn Sfreib| pasgingt Haoeghe ithg |1W§n‘?féﬁ?)er &rt mﬂ@@r #iowds, - the
i eSérur ests Sg%%’(ﬁﬁ; ',ﬁ%glg 6f|g§l fql%%égg %;Qan dglge%%'cgi Xr%&’\ﬁ]l@ﬂnaﬂy stable

St "tlﬁ?d’@ra%iﬂg/t@rh WagReCel pi‘é%shh%t; wepstichest mdieproe d9uedpeeidlly when
use confi gur atl ons, and unheat ed/ depressuri zeddg)gn use

cwppegu oathco meixed@afp PEAsiug a8di RYRBIIChgiterms | 28dfog, when cycled
nt% ée%nﬁéatedd?ﬁ)ﬂe&%k&gt? PQ?'CJ)&%UP&[HO% a@h+%{%e Hs&lﬁ"&ed non-use

especia suc netal s and
addnﬁgﬁrauaa;l I adl um al | oys have proven parti cul arI y

ef fective, espeC| ally p adl u th 35 wt%'t
copper, suchraEPlgs b FaEae M e Ret e dpgncludé Pitadium
Cﬂﬂpﬁ%ladm%ﬁoy? ”Qfdagﬁﬁcﬁfl? tﬁﬁ‘xpflﬁﬁ‘d |0Y sheK Bsalk r o ﬁletlal alloys.

that " 1's approxinmately 0.001 i nches thick
|Balw'lmh1 alldyk dase prprenpattielagy eé”ecrttvede@cmﬂm palladium with 35 wt%

h h nb
T oG SEPRRNED Nk PNy AR da- CBIRY 40 W% copper. These

”ﬁ&%ﬁfaﬂéss arel (BicHON AGmIEL RbB Afteh TERL &lat & bﬂ}fﬁx@ﬁdﬁﬁi} 0.001 inches
than those discussed above as well as nonnetallic

nthtokr i laliswithin Tdi\@rﬁp@pﬁ of baPresgnodispiasureHowavabrih#dhe mgmbranes
aEe RS dTIRE Vo g Bl e R aflion HiZdadRReisciive, matrials

t ﬁbl%ﬂﬁfg, miafshar@oReRN %Ht’)}?st étheNae akesel disdmyghdogmm fak well as non-
nEIes of suitable nechanisns for reducing %1
tmﬁ‘@ ivemetegplstand GruppnsHings. Fndcihale rIBPIIﬁPWﬁeS may have thicknesses

d Scftif%s%gger 8{‘}%& tt@?lt %us%ocﬁéﬂgtv? lzleoggésxﬁﬁftp%g tlé’% %ga%gyt?zéﬂesmay be

dina@d afituice, Wfth%mhensard&emtqase nchy¢10gat Edx byExamples of suitable
reference for all rpos es, of var

e, o di inelihe G kg & PERSaiRaer BEHEEoNige, sputtring,
95@_@&&?{1@ 1@@1@%&5?&%91‘0@&'3 9§§i§clb&dtin% S PRdemtNNGS1 52,995, the

6,319, 3 the conplete disclosures of
V\bnrn]j)‘lemrchsdiesrwdapf iwlach pohatb}d inppryozdted dycrefarenceafor all purposes.
pﬁxfmgles of various membranes, membrane configurations, and methods for

preparing the same are disclosed in U.S. Patent Nos. 6,221,117 and 6,319,306, the
complete disclosures of which are hereby incorporated by reference for all purposes.
In Fig.2, illustrative examples of suitable configurations for
membrane(s) 46 are shown. As shown, membrane 46 includes a mixed-gas surface
48 which is oriented for contact by mixed gas stream 24, and a permeate surface 30,

which is generally opposed to surface 48. At 46’, membrane 46 is illustrated as a foil

or film. At 46”, the membrane is supported by an underlying support 54, such as a



10

15

20

25

30

In Fig. 2, illustrative exanples of suitable
configurations for nenbrane(s) 46 are shown. As shown,

woenisriase346 i ncl udes a m xed-gas surface 48 whCThS2®5/030431

oriented for contact by m xed gas strean124 and a

perreat e surface 50, which is gener 0 v

18 e g deadil Scrorbing At Peofet HrParMtiAl At 46
fihbi@he sl dodedVr ffined IS FFRARIANE HoRdSHRPLHERRS k?ﬁ(en%br 56. It
underlying support 54, such as anesh or expanded net al
showdrhe wrdesstenst tet theomembtrae coofigurstionst dis¢usbed apove have been

L DL MER TN I —"

WosBEEheadwithalthé R pewiicana1eRd.i gur ati ons dlscussed
above have been illustrated schematically in Fi

and ar e notFor granpledalivugh presshapne 44 srijlugiended @I%g 2 as having a
nf ' ?8'15 %Hr?t on, It}jg'\px ni?glﬁge g%glogftp% gc{é)rs%rtgletggt%&abﬁ%e 46 may

&ﬁv@ﬁ&ﬁ P&n& dﬁnﬁ@ﬁlfan@ﬂs’lﬁs @ell.aFbrsxamiple, it shapdrofthe h&mbrane may
sco t he di scl osure that nenbrane 46 may have

ﬁp@ch alrleash i Yl PR thofera §F dsHPPOriet ORmsHSFE 0 tpen which the
e gde t
ARG i a@paﬁéaga@agr [Bhede AlClich ngeﬁ%gageggg 1hi} AV concave,

tcbﬁvemnmmthaamrsplsnmpmnﬁgniraammk/ eSpetmﬂIMenAkvmcm is operating at
nenbr anes 46 nmay have concave, convex, or ot er
AOnClSH AR PIESHET g GREET CxaiRlEr PTG Ao BAYC hevep  tubular
ionfREhARLA.Ng at an el evat ed pressure. As anot her
exanpl e, nenbrane 46 may have a tubul ar configuration.
As di scusse‘kﬁ disnedsed.uerclaraldli dedgearan intemalarompartment 18 in

SRR Seredtion) st Raehb S pRR R, o A Rl as shown in Fig.2,

%ﬂ@llo@@@ e iddudal PHIEST cAdpRdtés 60 thahse EchaéceSy B Petimater aifedl 62. It
joined by a perineter shell 62. It should be

@h@@lﬁisbeo@@em@nd thay |dé@ch0ﬂea§ bser rickespsieally dBygisated in Fig. 2 to
*1 \%Skp?esglﬂaﬂl 23 Fkgm % ﬁi@oé\%nhe?aﬁ) d‘g ?/Spgbe%{\}\ﬁsvﬁf ﬁ%%aqglllgé without

enera COfT'p nen s of t

liffeadilz g Heolilgted itonigeetetry, Qﬁpd&mztrfdysmeshme examgles i |eﬂe plates 60
For. exanpl e, _end plates 60 t cally are thicker th

tthRically P ickse Fh%&hérwglkepﬁ p@?netsmshftlh 63, P thet is ot required.
;SEHM%H? Ghe tsfhé'ﬂnle (gfythe f: glta{éh ﬁlfa@f%sgrQ terd %n, 90 d?eltﬁgpﬁle same as

greater or” the sane as
dhs tatanec bﬁﬁw\wethetelné pknds p‘Lm ﬁmheAsxaanﬁleLrthh thiclaxesngd regmbrane
S been exaggerated for

t t k f
4%%]5‘62’%‘%’ %%EEWBWQ{}E %I?WYB?]SCSP ﬂglsﬁat(?, it can be seen

that m xed 1gagjgsh ! RadEn28e isSerd flak VBB daf sﬁ‘éﬂiﬁaM e Rklivered to
18 through an |nput port 64, hydrogen-tich (or

pompetiment &3 theawglB4n jinput port 64, hydrogen-rich (or permeate) stream 34 is

removed from device 10 through one or more outlet or product ports 66, and the
byproduct stream is removed from device 10 through one or more byproduct ports 68.
The ports are shown extending through various ones of the end plates to illustrate that
the particular location on enclosure 12 from which the gas streams are delivered to
and removed from device 10 may vary. It is also within the scope of the disclosure
that one or more of the streams may be delivered or withdrawn through shell 62

and/or through a perimeter edge of the end plates.
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renmoved from device 10 through one or nore outlet or
product ports 66, and the byproduct streamis renoved

wonewodewdce 10 t hrough one or nore byproduct POTAUS28/030431

The ports are shown extendi ng through vari ous ones of

the end plates. to illustrate that the partjcul a

| ocation o t]éﬁ“aﬂagmz@mﬁhef Y°GRY Rﬁfhgffﬂﬁ]] u éqagwrgsa% 66, and 68
ML ARhae8dbd QsaRehidE RUE G1dvw-26B I8 MIcC 8nd/Br rmmﬁmeg Ystructures.
It is also within the scope of the disclosure that one

Gixamptes of thee stvetwessinghyde beneder imereeef walved. tiRW sand pressure

AR, PSP R Rl PO ARG BELBRUE R B sonmised
db SEhRanelyt hakelpervesy Gthid1fGintexeshnBS dBYicé N0l udd opstam and

associated with flowregul ati ng _and/ or coupl.ing _
Sorpeireane SOMPRRAA. e FobPuipREsseofsilpsiEatione theph Eendeeplating and/or
or e of S, §| . e o | .
iRl Y aent AL E 9 ! Bhpmoss o by

3 aeiisi s haRanot dieen Giduiagdr i@cevieoy paibodinemt.| Ynsdead, it should be
sel ectively quidIﬁ i_nterconnect devjc

| e 10 with )
updersteahth qoms v 8t & it RBiTgBhR REEiCY Fméﬂ‘ihﬁ’&&%%f_ dsyvice 10 may
'Si’ftlélHéé 5@; &b oftthgs%estﬁlktﬁi%s,r & Fé&hg@&ﬁ%ﬁg%@f née@Y® hhothe same, if

ruct ures ‘are generally indicat in Fig. 2.

fay, pougpes e, ahd Bhavivioy or storeipbus esay7 0 sene embodipeests share or
e BB itrat EBI BT S ot ComBpor ey of IEMVefy Banifold
gﬁ’éstsh&%ﬁéf\%[@?ﬂilﬂeﬂ‘&w Qfiveext.ce 10 may include any or

I'l of these structures, that each port does not need

to have theMeumiranes #6 gy, besnpunied: sepr@tedaspguicdatnd/ggopositioned

or..nore ports in sone. Qdi e h . .
P ctriary el e oedf PRl S0 Tef RORR, % FigoR device 10
GR1L &S dnoghcisurdel d wahy eBdkideledd pite S8 uneé areliedte-side end plate
val ve, fluid-flow valve, etc. Menbranes 46 may

be .
duntldds iluspplye canstaiston de usethdp dhe syamples rd@W inFigs 3-11,
C tment .18 i S\H . = '
SHEESG TSt S04 Pl B AR BA St oy v
ffegtedirom @yckufthisle qubbenofic@npareneaha-wildaivehddgfimtthe pressure

61. This illustratjive construction i use%lin.the i dicated i
oieaTep Fersths MavRRITRirveR sePasation Prapqsgey dscried; Rergipy Hishindicated in
t G i hSChORHES: YD akn biXer BBGHORH, and
G FARPE oY e LRIGRE N BhECLORHES, Th%n bIE: BATHORLTS, and a
tshalingoeiploncia thet gxtetelk ibetwdchahg maes andowesgwimdtens. tAsallustrated,

pressyre-driven sepatrati.o rocesses _descyribed herein.

b Frelingateatn srgdy Irsary bk eanap e FLPIReROTRELR. omer
| REEURABbABASF bE2usddn vatholf dRBAMINE! B#bm/4he @B6beA of the present
seali'ng region 76 that extends between the inner and

oliscdesuper i Sreting gegions {761 providat raientiaheoss passitly losgiang for seals
So)éeltnfev%‘g]ts IglFllglgrea% klé ra%& ter\{\ﬁ Sﬂtets% and'88" ﬁ@gmﬁ&' b&linderstood that as used
herein with reference to the enclosure, the term “seals” refers to structures that
prevent a potential gas leak path between the components of the enclosure and/or
between the enclosure and the membrane.

End plate 59 includes input port 64 and byproduct port 68, while end
plate 61 includes outlet, or product, port 66. As discussed, the illustrated orientations
and positions of the ports is not required and may vary within the scope of the present

disclosure. The illustrated end plate 59 includes a chamber, or recess, 84 that defines
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configurations may be used wi thout departing fromthe
scope of the present disclosure. Sealing regions 76

wonaesiodgr7pot ential , or possible, |ocations forPEeEAIS2005/030431

bet ween nmenbrane 46 and end plates 59 and 61. It
shoul d be understood that as used ger in witlz1r f 1
&R Mo BafhEhRETEiS TBISEd 825 PR 2P RsestiPosed or wistlpy along
Zrﬁﬁéﬂ: ih 5%%:@%8 Bf GEMa mttﬁ%bf‘lgr&ﬁétiﬁge feaRRdleRposure of the
etweeén the conponents of the encl osure and/or between
nfigedeges| stsameto aredmt inbrame b gve allEwihgoinateeof3be hydipgefegas in the
ek DY SR 2o B e b P Rirve
ERBolinddhst &Rt Bte0b GRdIAdds ON ShARBkrP 85 indde8d) BPthat e configured to
ports is not required and may vary within the scope of
tréveiver memhtandissppars G end Th@roviflu stgaatiay epl for dicepagtion of the

i ncl udes ch er, ar reces 34 tgﬁt def izngs

8% gat ﬁg?%?g%epqﬁnfzgte%%}{gggﬁb gzc’e gjeprane, Aﬁ{ﬂg p@aetgaﬁsl also may
echaRed sécdnardambeWor kaags, 90X &dstgasm BUFisa6ewABhdS configured to
menbr ane 46, thereby pronoti ngjﬁgr eater exposure of the

mecri 2jdsass one anarabyanchpachBAbVRISR iadertion discupsed\iely’.  None of

re of the.h S, ' S t@sion of th
T8 Bl bl QISR SR BB LAERR o of e
leh¢loire apicteasigbaefiments ceirdwiscaimlGled anulitablies sapport for the
chanber, or recess, 86 that_ is confi qéggd to recei

AR 14, suttebls gan Al v A TRRPPER VAT GRS E%we?}g& r‘?\??g%geﬂ gas
t(l%lS’ R tahﬁ Be ‘aiaﬁ%ﬁ‘éw@ fi’%ﬁ &E@ﬁleﬁib‘fr@&m diRgh P ahERAk&Bgas region of
t . End p I I

ough the nenoran late 6 1 also may include a
slecantosahapdfnably indetee aspitdie gasilet@ath fon i gprtien of the mixed

which is configured to,receive at |east. one nbr ane
SaHTGEA™ () BRI BB SRREgs o BEFIG e TgpoVed from the
thep8urt NN &6 thrbSel GOBd pertlce. al | enbodi nent s,

al t hough the permeate region of the enclosure

pr ef er abl y Tdgh¢ fadlbowing dispussinins endlorsra fR &5 desenifpadags| heing formed

upport for the ra and a,sui aas h
TR GH RS O HE B aAeCd ) aslba Ry Lhthef Th jees-flow
Begith AW iaYRYinéd B nidAeriRMY. ameoth&l Worda) thy menfiteamd eseehds from
gas region of the enclosure preferably includes_ a

fugasishe sepd gvith dviegshpne phheroRd Diies PlopihesrParien Af thegnclosure to
S .St e . n .

5P I ok IR L5 o o

toinipugleset dthaRisufeahit thé permeatehindf tht hinechgpsdegions i tha enclosure

enclosure 12 is described as being formed . fram end .
omat B e fepr €1 piotoh U0 HEHF PGP PATHAIY FTTFREC Rl 5 Shell is joined

%@ﬂ@%ndgrwﬂﬂ§hifs Lfﬂ)ﬁl rdgﬂliligg &kt ﬁzoﬁﬂﬁ%leﬁe s FRWDfeR of the
o s, the X

n ot her wor ﬁ%rane tends froma
gasrespayldingssidé ofiithdemtloduemstA berefisfof tfhanimgdhe leaelesyre from end
Optlarl]tgsr tha(t) rdtoi ot r%auitrehg sglg]a%tgsp%gi?netteor shell is that the enclosure will have
fewer interfaces (that are formed between abutting portions of the enclosure) that need
to be sealed to prevent gas leaks. Enclosure 12, including end plates 59 and 61, may
be formed from any suitable material that is chemically and thermally stable at the
elevated operating temperatures and/or pressures of device 10, especially over
prolonged periods of time and/or with repeated heating and cooling off cycles. For
example, end plates may be formed from stainless steel, a Monel™ alloy, an

IncoloyTM alloy, etc.  Other suitable materials and configurations are disclosed in

10
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di vide the enclosure into the perneate and m xed gas
regions. It is within the scope of the present

wdiewloasuse that the perneate and the m xed gaBCTA2MES30431

of the enclosure may be forned fromend plates to
ich a separ ter s

S SRR L YR —
i t =5 [ f th di
@gg%fe%ﬁcg orlal f%‘?%%%eg' Oow region o e correspondi ng

e e ure. A benefit of formng the _
encl osur e flfdikeendnyentives hydiogdo pysificptéequidesicgs in which the

separate perineter shell is that the enclosur i

AT Rl 1o BEowrpoit Py bR a ok fotbirtment of the
%Hb‘ll%dr@,g de@ktd Q0S a&lordifle B8NHeOprkEt HREbseemichdebé least one
sealed to prevent gas |eaks. Enclosure 12, includin

mﬂ‘maﬁl %L@Qismmﬁuqntmfl giseqtbr mednted Enihgrpcloste &bg%m a gas-
i al t i i :
TR Bl e 07T PR OSSR PR P ana 1.

QfiuBRvive 8x dflple ©F RIS icahfi ur@iker is Btiddmagatly pitustras iofFigs. 3 and 5.
time and/or with repeated heating and cooling

! of f .
d¥iembiane A6y ingldem R eenEplarepiont % hgn YIS reRgtetaT fgion 82. The
ealh) 85 B A RGALRYESA and refers t
SR B5Pu T sy B PRS0l by e RR Y nd s
ap&fpoglonabl ershpdrogeh-stdctise dndmitiat: tiRdteatanddonternal of the inner
6, 569, 227, the conpl ete disclosure of which is her bé/
P(aé{sm nt of the

inssigicias of dhe spd Rlrtes GRd oVgh separatps, fhso Gienal 3
f@g%@ﬁ‘ﬁei iﬂf@geﬁﬁ{&w gkd nlﬁsuéd oh& AddiGHy. dPWiG@Bly, At WHs€h substantial

menbranes are located and supported entirely )
Vidrtidm iBunoti ait, ef itter cenormbregiomenftthe fuenthsarenis g Bered to the mixed gas

devi ces 10 accardi to the.pnresent djscl [nel ude, .
renRgbTgBe s RoRe! PRITceret ey AR e 4R in e
e fz‘é ib of B BLREH b s&ﬂa@meﬁt@lt@@plxroap&tmnﬁcuypmalugmﬁemgm

se therew th, such as by extending at [east_ between .
end pl ates Bige ewiar parimeter fegions¥r oftombeang A refesy torthe gortion of

7R s B RO, BE A SR By B chd plaes

a

ONE BfsciREd, TR Biitef piasteBRgiohhstadn fifoal thecigharpenimeteat ebthe end
be referred to as_a hydrogen- per neat.i on re%i on

n
r paies gortp@rimpéeriﬁhpltl) temaid e Eﬁr@ﬁgﬂl_egeéq; g glie\;@g p?ates. In other

ne 5 | I i i
OFORAEE s SRER-LRIRT B R | pAAE RIS 0 Stong
Clefigay iy@ehtepthanhthe ennlpasmernd’s crbss-geeti o tageaattaken ateng the same
gas regions. Preferably, at_least a .substantial . .
pRlpRg)onin th: 1H5§tra3q‘.c[ ’exq%pl?shgf . 185+ f,‘,é}ndrggt?lg ﬁ)uiﬁr Refimeter region of
”@@’%ﬁeﬂﬁ 4§eﬁé@&5ﬁ>dt_h% Qi Selineed SFadhe ShbgRMes With ghd!ERmbrane
0 e hydr

ogen purification device and is adapted to
amsiuging an outer perpretat, icordgs, thatexiensetp theouisrnesmefess 6f the end

B A B S SR AR HRGAEL B. 1
within the scope of the disclosure that the outer perimeter region of membrane 46 may
extend only partway between the inner and outer perimeters of the end plates (i.c.,
only partially across the sealing regions), or that the outer perimeter region of the
membrane may extend beyond the outer perimeters of the end plates (i.e., exterior of
the enclosure). In other words, the membrane has a cross-sectional area measured in
the plane of, or along the surface of, the membrane that exceeds the cross-sectional

area of the internal compartment across which the membrane extends.
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the nenbrane that extends beyond, or external, the
inner perineters of the end plates. As discussed, the

wouumro3pesi net er regi on extends fromthe i nner PCT/US2005/030431

perinmeters of the end plates (or perinmeter shell) and

toward the outer perineters of the end pl ate
ot her wor d&s élﬁféls ?\g%{%u@@égnggap}og ngzg)gs 46 to separate

ket d a%aﬁastﬂéhﬁniﬁtooﬁfp odlidelndt), (Scﬁlc? keagat ﬁlrdnf%l‘l Bleséifte-driven

great er an the co artmant cr 0ss-sectional area
(selaﬂramnamoc:@st e seuahrshp Inaneg gas sirephetendy tgsher dalivared into contact

es of Fi 3 t he outer rineter re
SRRt e R0 oSG ¥ P B g A B8 proauc
&R AHES the Wnt1BstB E THE HRHAREnd(HC WREIhNEn B BBNRY thin, need to be
perineter, or edge, that extends to the outer

peppmdertwl@ﬁllw e msnaemeateesurfamfe ageigt this Peaspips Sedises by a
Issﬁﬁgar{ hi ﬁ ug% txve gbegnbg?nf%’\'lhffgfwéo CfiIIgSlﬁ ﬁi@%ﬁ?ﬁﬂﬁstﬁa?ed b 54 in

AgEd. nEg.er regi on of nmenbrane 46 may extend only
partway between the inner and outer perineters of .the
end pl at es The. membeane suppgrt shoyld eé??lnés@rqsﬁél wbsfanfig portion, if

n%ﬁ_gl? gcif)ether:rgént}aw ?égnéﬁ]gfe gﬁr?tﬁgﬁ% E‘Ifcfe Q{OB[ecfigé rrgitﬁélrgg ffoo?r? porous ot

eligbrivisat 8- p(elnn&ble ekttletntd)thmﬁgtt hmcfhnmisogals ¢hat pamsestthemugh the
wor ds, the nenbrane has a Cross t| on

TBEBRBEIAN 1o SPH L0 GFOLUGE DRI By e b Plecils 512y flqygin both
TRrRA6d LhiveRY R odsNBrdulR $fe s°1ﬁﬁ')bft0 Nl eRB@BleOfuppo® 54 may

i'nternal conpartnent across which 't nmenbr ane
ehet Edmd AGodi it 95 etgred exgslt ecet@mie |dr| @qz;md@fb mytalnmaterials.  In

menbranes 46 to sepa t he m xed rea

SRR an 8RB JOte 1L CARgePhrEgR s (rat Tl two or more
RCRIAUI QKb BE PRt Aot BEREE o bR shkkeiBd o RehdFvicethecured
gas streamtends to be delivered into contact with the

Hegethert basprovert effestiveh Foressemalte (sfineamesh i greanded metal screen

T e RT 1S RN SPhad BT GRNE bR G| Bfing s

Q@ W;I&féortrm‘e@abms@feenés perneat e surface,
aga| nst thlslﬁgessure .such as_by a support.

IT1 ustrati via Fisrbragrebang ﬁamogt M & sbewahsinecgreiyed into a recess,
'd! LDl o 8F end pldle B OSchatiflr SR URIPIPARRCANPRAM osition the
ou a not

eXtend acr ss a su st antl portion,
ahémbohe shgpogenichahatrtegisentingfregibe 76enfbha aed @Iwb gitbal ntbmbrane-
orous or ot herw se

be formed from ale
SYEAEING ﬁ@f%%r%@ﬁmwr%waeﬂ@ﬁ%@n%ﬁbp HrbUgh cach other.
e %eXCKJH%caWﬂﬂlsﬁﬁe@l O PIcOdUGs e, ﬁl@ outer edge, or

Pre1§ era gas may Tlow in both parallel and
tpealmss\tm s& offihe endrhlpnse suppou@apes Ithee igngrRerimetdEH2 of the end plate. It

3SR S L A RO S ity s
each other and/or that there may be a gap, typically a small gap, between the inner
perimeter of the end plate (or perimeter shell) and the outer perimeter of the
membrane support. Regardless of whether the end plate includes a chamber that is
sized to receive the support, the membrane support will be positioned within the
internal compartment of the enclosure, and therefore the membrane support will
include an outer perimeter that abuts or extends proximate to the inner perimeter of

the end plate (or perimeter shell) of the enclosure.
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experinments, supports that include a screen assenbly
that includes two or nore screens, such as may be (but

wanercrnas77sequi red to be) sintered or ot herw serPeemSe®ma030431

toget her, has proven effective. For exanple, a fine
mesh or expanded tal,.screen y be positioned 1.0
i rect!y  cORCHGE BRoHiNb e T ehorhPL S STean B pgmbrane-
ichg@kiings WRRAL 89 B niSbrahic 'MPpFort ORY &S pREeRBNS pokifioned in a
Fig. 3, menbrane support 54 is shown being received

iganerally,r arcessapletely, coplmrsrrelagansbip,dh foljsives Batheracwilibe o seam,

iy B TR B B SRR D2 Plnt e BRIPE ey perimeter of

FhéthRrbighessulpo bad RNGaeH Hdinsdtél @e 84d platd.NAs shown in Fig. 4,
menbr ane support areégenerally copl anar with each

dhmembrnesxEads agossahissrnpision seginmt PEENE OPSPIRR oF the dydrogen

in_ E.g. 4. S el r [ a3
i 8 DR g A B 1A o
elclifpeomd devtgetheldeflection ddi/or dngagsnapef ofiest Ipertions may cause

di scl osure that these perineter portions may directly X
AekE 1Baty BEREFNEN ARGy 28 It PICHARS Wﬁyﬁl&g, aWepksning or otherwise

:%giagﬁ%l t)é? e %L)rlre. 9ARhoRAL e{s d AR o1 RE BB th Q@  apertures

ate perinmeter shell) and the outer
pe thenmembrant provederfiotrmtdes thrgmgbmhiclRégartidresesahay pass through
ether the end _plate includes a.ch er that is .sized
e rmeapyaS 18 Lo Fdend e S BBRE DAt sream
RORLEdiIRRG it W hhiterablderol M€ iRAbitiERN THAME B BE a9fsniddth and small as
encl osurée, and therefore the nenbrane support w ||

ipossiblddo aetucetherlikgbhoareladamaga to theurgnyenext ends

proxi mate to the | r,peri ef.  of e end ol ate (Qr .
peri net er slﬁgff'l ) a'i#nfhde Oﬁéﬁ%&ughé‘?élgggofgg ?wgél%%elgfli %Vlces 10
reebrdhg/d thé pRRehtplii ®uflmap dbithee menkyanat o) tiadbdog least one
3
surface 87 of nenbrane su][oport 54 are preferabl
0

. \oly
poshbiopp@dd 94 Hapénadapiad to gxterd hptveen|the tERpgtigh dggion and the

rrﬁér%ﬂaﬁ@ ﬁ?.t)]l%’\/erittthé fHe \Pﬁietﬁ]&{l a‘ixlégﬁ eﬂ‘%alﬁinléjtﬂe ?raﬁgggﬁ region. As
gap, or otner transition, or transiti egl on ,
fsaegadvatmmete ddderitsadt Brexpatingah eontaét wiklethepehneatesurface 50 of

support and the inner perinmeter of the end plate. As
sth“ggﬁfniﬁﬁafﬁ gpd Tyrtheexterding iheontagt éfﬁggbg;g AR Elqrhqrgne support and
ttﬁ@@?éﬂ%ﬂé‘)lﬁgﬁ&g bP the Bb'ﬁh%ge-ﬁ@ reab! @gtepf PhA®4YAY OE Bescribed as

puri n device, a per haps re significantly
crdnding haosmb mondorp oé gseimeentyend wgpnoit tik achoes @eportibe of the

def | ection d/ or _engagenent .of these portions nmay

ngalgég x?egl‘%ﬁlm Rpe 'r?gq%aeﬁg,plgtﬁch as by piercing,

wri nkling, MRRKEREPhcRIdeGhheEIMHIS stldile it id difigured to span the
menbrane. It should be understood that holes, cuts, or

dtaneitionapegiom betsveen thenenchasis ansethp mespmbyane supRop Anf o prevent the
tpryfnolggcg sﬁ\lttlailc%hoftt ¢ m%%n%?e{neq%srﬁ %né%ag\fné)@l%%a%ﬁﬁ% g&ion. For example,
and as perhaps best seen in Fig. 6, pad 94 is used to span or “soften” transition region
92 and to prevent membrane 46 from engaging the transition region. Pad 94 may be
formed from any suitable material that is thermally and chemically stable in the
operating environment to which it will be exposed in the hydrogen purification device
and which reduces the likelihood of the membrane being wrinkled, punctured or

otherwise damaged by contact with the transition region.
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t he menbrane and thereby reduce the purity of the

product hydrogen stream Accordingly, it is preferable
wobaoostodsm3transition region to be as snoot h andcsmsbkdos/030431

as possible to reduce the likelihood of damage to the

menbr ane. 6 denpnstrate hat h
purificati oql%ilg‘»v gw}_d)ra Murpo fnhéq b%égslélni:onventlonal gas

qjuﬁ%@tw 8e 1B 4rlaUhidh 8s ?&;{unfeeqalfaﬁﬁ al —ti ¢l ot saﬁlpermeable
'east one nenbrane pad 94 I's adapte 0 ex

kse@lmbeéwe@rh éhet mambrane omdr asijoont ambtmmepmb%narmet rfmulred to form

BPEHE 107 A5G B st S 0 il Pt ot or mot

%H@Z@oﬁﬁs lafly EQHE 8CEas\idh séN DehRIABRAE EnctrbrhRCdoBe @hclosure or
the nenbrane and further extending in contact with

sepPrrt-hdherefisedih e withipohe seqng afiibe @@@pmtrrgsqi@egr%wabfhe pad does
0GR Rl P ol B P GRS sovor

dAd Baisppad o4 pedd n@bedbridibfrsgaddnfifedside aiutadfal bhef formed from
per neat e-side end plate. Pad 94 may i nclude any

SompEssiblamaigeel peec 1psbe pade iRy Y EPBRISSEOL pan t he
transition e

o e s ST BT ALSRRLOP D AU Mot paei o
of gashmpaﬁm:ubharmatbnmlm”lﬁmqmg itingefonemty ansiay nonbe hagirogen -selective

For a per s bet een.in Flg

3 e B oo D e Ao BEE CEADIE B S oy beofgrd Bam a gasket

aRst s QuRlE Rl hgﬁtng’(frﬁﬁl%ss‘ﬂ&l fsﬁ@ﬁ”a@”ﬂ%'c‘&ﬁiﬂr&@mn or less (typically

transition région. Pad 94 nay be forned from anf

wmélmgaﬁptsaieed rafeass 3@%e¢qm¢'§sxan and lpesferzhlyl gloser to 60%
stabl e %he 0 erating envi ragnnmen

I i || .
68“3’%%?8?& e e SmEA TSP Taht | G LG gmgon-exclusive

Eler SkeR S dablest lukdeefor Pa@Y4 6 atoiphire Faslaneubie hdgbld by Union
vvrl nkl ed, punctured or ot hervvllr € danaged by contact

W arbide pader Biestiade armecGROFAIRI | k A2 garskiea] axampicharhen a 5 mil
SHENFONC: SRk LS BuRRNERS 9081, B85 erieq progregon of e

gasmbiag s providgdsveémenge s eegreeal cchﬁpmn tHuald be insufficient
menbr ane and adj acent structure, [

e @Eﬁ"fl%algés Hightricaly s & furdher exqupp aE%d 94 %Jzy&ﬁefplgrthdoﬁgom metal,
qfforffii Vi &8 fﬁoéﬂcﬁ b mbE: I?l&(glﬁg ?bl\é’fl}?&t&?ﬂ (?%ég%at&?;ﬁ that is

any orn1o gas-ti ght et ween
nmn‘ucchmedandthidkneasnmbmdraﬁ oargugdlyorif anfihehed @sembildd into the

is within the e of th sent disclosure that the
sEBbodl ometal 998 ds BB et XCua o SXdmERs of Sultable
ffﬁi\&’@ﬁzﬁ@ﬁwﬁﬁieaélhﬁni%ﬁﬁi eSpPe, ahd/Rkte8lPpOrt 54. Thus, pad

94 need not be forned fronlconpreSS|bIe mat eri al or,

i f formed fIndm doppd 84 & dhownpasdionad in messdssnot chagnber, 90 that is

us?zde?lrtohr%%g %p{)oes?t?l n° thie pad so that it covers the transition region and

positions a membrane-engaging surface 95 of the pad in a coplanar relationship with
the sealing region 76 of the permeate-side end plate. In such a configuration, it
should be understood that the inclusion of the pad will offset the coplanar positioning
of the membrane-engaging surface of the membrane support and the sealing region of
the permeate-side end plate. Pad 94 and/or compartment 90 are not required to all

devices 10 according to the present disclosure.
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For exanple, pad 94 may be formed from a gas-perneabl e
material or a gas-inperneable material. The pad

woOhers@Bsr7é may or may not be hydrogen-sel ecti vecoms2005/030431

hydr ogen- per neabl e. As anot her exanpl e, the pad may be

f or med froma asket that is under only |i
conpr essi o 2dsTit Fayshaygoanyo ks P! at}oé‘s%nd thickness. In the

(g L,)\(alﬁﬁgp &ﬁé ?5(?& a ﬁl@et?'a%sﬁﬁ)%dregggl)}f.\g%foeéga@ extend along

conpr essi on, oser to onpr essi on
tndosc b€ ﬂteeceatxghpentmn of mlmhiembml )Becausei the msemizane s, likely to be

REE G anHGREE SRR e P Vo, G e lsPigethat pad 94
%H&ﬁﬂ k‘?@raﬁfya%erefhﬁ@@lly%ﬁ':sgak 65?’% préwida aRfedp 'éHg@ﬁround which the

exanpl e, whén a gasket is used and
axmpivress will bendi dwiing usch eTlmbe@lgagdnpmtmfetbc ipadh bUfthQ hembrane may

é’&?ﬂ}?tg E@f @r oq\ﬁan%er%sgr ﬁ# ?V%:Uj qg?ﬂght fgl {;ﬁrg)é cgmpressed to form

gasstipdhéeab €Ak a ft?ﬁhe% e&b&h{ﬂéﬂhe%@ %ﬁyﬁnclﬁa@ a YdperaRly oP8oped, inner
ormsg frommetal, froma rigid mterial, and/or from

aqnm@tg@r?@g sueli ps éhqvm ér Fig. 7( i Tls ta@r%p@nfigqrattqﬂa{nay geduce the
ed Kk h
RS IRE, L NGEARS Sy TR "8 SBEYL0A dathiaeld B engaging

Yeepdatedlly) th‘étpradl Su‘vtB a§ Boingepessusizattin z&vdajmfeeslrafatxon of the device.
suitable materials include aluni num_ copper, and/Q

St eeI I n Pylgmbgne 4o naybe seC¥Frshin eﬁﬁléﬁs?lieolr%ew Ay %pltable method
S’s'tru(e ulg.;& hap%eéxarglﬁ U BatbrsheShE 8lad Ber gé‘rﬁia\’@ntﬁn dnd directly

p03| |on I't covers the transitio

rsegired t@ lﬁiclpme ti2p Bm:haasntendmeamebcﬂh nggandgﬂsfm B8camdayl. ofAs used

the pad in_a coplanar .rel ati onshj h the, sealing,,

RGBTt ST G0 BURHAE 6L LdRSRNATSIILE (T AETEIgY” rofers to
6lf B R hféﬁlbréﬂe t%rlﬁé‘ Eﬁ’cl@s@tréﬂQﬁg atsansbib @ﬁth&fﬁmh that, once the

usion of the pad will offset the coplanar
pwnbnamn i ingmofintedhe dnzengagmge ihm gmgnbrgnes Ufrdm cféle o¢nclgsare requires

rane support _.and t.he s rLegl on of
SoEn EoY RE RAHOR Ao O RUTFr OIS RAFMRTE G iy of the
ah&nbahe bEEHE drRTbshi. a&didld@iamge@ dR daregr HithGrefe@eridB@0 mounting
present disclosure.Pad 94 may have any suitable

dzfnﬂlﬁgmpaform ahei tenm CRivedlly” Tefiers e ioupirg dhg \paembrane to the
Z%lgﬁgurg thoﬁ? Ehg &P %?Jrﬁle%iﬁgef @ﬁﬂ&ég dn A e?c%nﬂ?cttwé mFmbrane to

ext en al ong nos e cen ra por

tthe el@odui&nEor Bemails.ea tnbﬂlbt’@lﬁbhane mcmnkadkcﬂi y fﬁamebe/hlch is itself
urged toward the menbrane sup during yse o

SoPporied WG S miRel CHEPASHER Rl e RFIRRES AP ety motmted to
rtﬁé kb ghl‘q)é t IAs a SRoRS ik éx‘ﬂm@[eg\e/dn %@nﬁa&hﬁ? pan@d&?ectly mounted

oun nenbrane w duri ng” use.
enga@arre ad:coodlmg tmtl’pqniesbm dibmdosueerivilhdiyvideeipe prtemmk @rmmetment 18

use o{@g@rgéfﬁ{m viic Irlrglthee ar%areyvgrrc]:sstu?g l%/gssef QF tk%agydrggerﬁoﬁurification
dev1ce, into the mixed gas region 30 and the permeate region 32. As discussed in
more detail herein, the membrane interfaces directly with the enclosure to provide a
gas-tight seal with the enclosure that does not require the use of gaskets or other
compressible seal members to form this seal.

Membrane(s) 46 are directly and permanently secured to the enclosure
through the formation of an interface with a gas-tight seal between the membrane and

the enclosure. The interface permanently and directly mounts the membrane 46 to the
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a gas-tight seal. As a further exanple, the pad nmay
i nclude a tapered, or sloped, inner perineter 96, such

we0hesaT3in Fig. 7. This tapered confi gurati ORCIAIE2005/030431

reduce the likelihood that the nenbrane is creased or
ot herwi se_damaged by engaging (repeated|y) th ad,

SOElRsuS 2B PTOYEISH et 1H1ahE 833 BRWERY ?%BF@% pimd dhegiicleure. By
tee _ bCe: 7 . g h
g S e e BRI RSP RR YL PRl e Pt fom the
meintd ape rdgomayf the getosaredntibtyrnahdoniprgmehty tes druesigriono of the

donrs " flendRupEiy BARRT pEFPINE RIS ot FGIaR sndlor t
the R&%@ﬁfeaﬁgiont Sethk §hiSmd QOARARMEhY othe€ {RhSoyt Passing through the

mounting the nmenbrane to the enclosure using a
dyiltogbh-eelnesiveouensbhe itvelf., Inopther Whisls iBeivrumang process preferably

nou d, disengagi ng the nbr ang f t he,encl osur
R R e D00 i SR R § s pt
AR Gk REna thetveanl the ROl @8 Ald pditeaRNRERME ¢Ir tht closure, and
encl osure. Additionally, as used herein with reference

thstwasaigsa geHenstangd the pieaereo! thhendsUEs- " direct | y"

refers to o .t he r . .

o O TR ADRSA S, LRSI QP Hible process for
ipatseannent difetlyenbimang nembhae@hcloosuthe. efebssure is through a
exanpl e, a nenbrane that jﬁ mount ed. on.a frane, whi CE‘P
idestryctiae fogdigorosessvint Wiushstions & Aleatiofpart mehioly of the
then6aal ARE ke ehSolRl ggé E&Guinéd BUBHRAhE Qabk B8ht seal between the
enclosure. As a nore direct exanple, a permanently and
dieralatahey ambtheteadloserb ramesed diemin witd) relsrdnce to thesgasttight seal, the
di scl psure e\gl | divide the.internal conpailt ngagt 1(? of hemical
SRR oSO, JHPEN P s_d%aﬁ‘ém&r Ofter § pPes dredivies 8a1 henerica
tdAGraBMHERIEBf RKY ithéfBiah® NrdeHeC Baclddtk® th NEst4HlXB0a @88 or bond
region 30 and the perneate region 32. As discussed in
rtherebatereeri,| inebidiign, formiagnemballone fiom d¢h¢ soasumed awrtigns of the
with the enclosure to provide a ga i .sea it
hemay oSt R i sBe i, TR |t Spoli fetygen the

QheRbRABE 26O GSHisBice BlRastkatiRreiehples @f fdestrdive Soséiak processes
Menbrane(s) 46 are directly and permanently secured to

tihdugn wieking end HHbisin bondinnr Mnenaherotxample Af arspijalle mounting
' S-Li S t h t

U BBk e 5 B CHEBR R TRl ety e

nogether tb Herniretebg Aanteid Gedl bytbreging.| Back of dree [husiratiiesexamples is

gas-ti ght seal between the nbr ane a t he encl osure.
Bijsougses. fp gprore ?talﬂsb?}@‘dntagghé?hwca?& ugLge tlrneaFer’rgS' 8-10,

'tr%seﬂ%ﬁy Pt ehh&OMRAIE IO Buf AN fHBfoHE XBe ah&filyoAn®f directly

enclosure's internal conpartnment to the exterior.
ohotrtmgenembsanee 46t toe endlbsme t12r inefyidet serdevfelding, padering, low-
in the e{)meat e-sd' (E_Ile .?(nd plate and/or to
temperature brazing, and the like.

In Fig. 8, interface 100 is formed by welding membrane 46 to sealing
regions of the enclosure, such as the sealing regions of end plates 59 and 61. The
welding process creates a seal 108 between consumed portion 102 of membrane 46
and consumed portions 104 and 106 of end plates 59 and 61, as has been somewhat
schematically depicted in Fig. 8. In the welding process, an alloy 109 is formed from
the consumed portions of the membrane and the end plates. Any suitable welding

process may be used to weld membrane 46 to end plates 59 and 61 (or to one or more
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the perneate region of the internal conpartnent other
t han by passing through the hydrogen-sel ective

worodsroas@si t sel f. In other words, the nounti ngPOTASE®S/030431

preferably establishes a seal between the nenbrane and
encl osure. that preve a Ieak ath fromexistin
BRr B PR & i SaCgReEhn VS AbREuREh b i SO i scofe of the

PRGEASHESosupNH el W%ﬁﬁn% BR2Ess' RS RRDdARht 18t nel KIditRnal metal
of the encl osure. ustrative, but not excl usive,

@ athsir eopipopens untoaidl oy b)%cE@semelpetﬂmh@nmeyt 283 TIG) welding

dlretl n nbr ane(s) ,46,to the enclo i S, . .

e g b MBI PGS ottt G308 S ro i rRROY Raont wire) is
mfddu@éus it pboVee @8 twedd§oint,f 5NODURRAE he Seldifg pProcEas, 3€Uﬁquldus
and the enclosure are consunmed to formthe gas-tig

Phage 1p Sormedr{rarn dhavwig rad @ostienstdh éh@ﬁ@n@mﬁ@ndﬁhe elscé@sure The
hr%h?élgn Wf Jthe a&&%&?{ic&n&éonegfe 8%%’?@!33 %Hln% 1ti¥ Hbe r{éﬁﬁ:‘??/ of the

suned' one or

amﬂdlﬁed cﬂnm 6ﬁ|w1@d]aﬁﬁﬁib@z[ﬂeshh@semfostlﬂee mﬂﬁm@helrwehce 100 is
the enclosure to establish a seal or bond
tﬂﬁuﬁtréﬁét e BRINZ] POt gthF AW§InBerHACtsY IRgions §fnmeabrane 46 and

glﬁ's’tﬂgq?,p Qs \91 P JEMRE ARSI Har ik cQ %Hﬁ}e extend
an usi

it ual | g atons between the ne
pnckitate tha ahm lpeametdrlragbnabf mné)xmep%esncbénclosure 12 along any

destructi ve hondi rocesses e weld a .

PR [aomor BOHARNG! SPmEsees L aice Bp SheopiBbic location t
RBUPE N DsAESNRhd HelfedFBRD hRfbrathnldnRe NSRS B &h& words, the
permanently and directly secured together to formthe

g@tspfaqegsnﬂl @Bjahﬂbyxtbmcézq Ingst pEdigHy (bf:tweheﬁee Gutenandripngnpgrimeters

iscu nmore detail, he
S RERRERG PpRicRs P B arclbr TR, Sl ing W Bo 2B o, aprgpuen not
R diffed] hk Userfadd seablivhdld) & wikdin® g@cé@rpr@@fm%aﬁﬁﬂates prior to
and directly nmounti ng nenbrane 46 to encl osure

ithee | ey ped@etenedidithry ensloswsr iy, dossmnefprtend) rl@to the internal
L& nd the like. In Fig. 8, interface 100 is
Ao RS

wel di ng nmenbrane 46 to sealing regions of

t he encl osun@ig.sYdahtedfacd M0 sedrined byediffasien dbnéing of membrane
pl ates 59 and 61, The wel di ng (grocess creates a sea
Ty

A6 goisae s Torrd fredDiirsion Rondine sreatss atspalnd SAttwern consumed
?gﬂ@ggﬁ%edggﬁég%&ng@#@én@ﬁ&s%@d gﬁfﬁﬁg 1P 3583158 1§%§ 59 and

at schenatic y depicted in Fi
I6i Wiﬂmu\tvédrdﬁmga figaides phasamf glesoportiods.i B shardbd uhdestood that as

the onsu ortions, of t rane

G OB P & e a%”ﬁ% nﬁﬁg%é%%%r@d gy refers to a
wdésmme%@reé}@atlﬂutﬁalddlﬁhﬁbﬁ ®f Ea%n@sn&dﬁ)rlm&eéulé@ome materials
or noreother portions of the enclosure). Wile not

tehebpeded. i Althoyghintpifacet HE is &@p@d@ﬂortgqa; least a substantial portion, if

not all, of sealing regions 76, it is within the scope of the disclosure that the interface
may be formed along any one or more portions of sealing regions 76, between the
outer perimeter region of the membrane and the enclosure, and/or any other suitable
location to establish a seal or bond between membrane 46 and enclosure 12. Both
diffusion bonding and welding result in an alloy or other composition that was not
present prior to the destructive bonding process.

Fig. 10 illustrates the formation of a gas-tight seal between membrane

46 and enclosure 12 through a brazing process. In the brazing process, neither the
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present disclosure that the wel ding process nay
i ntroduce at | east one additional netal or other

woanpmagrs i nto all oy 109. For exanpl e, tungsteariuserns/o30431

gas (TIG welding may be used. In the TIG process,

wre (such as N chrome and/ or nel
ieRelo8E e th%mﬂévmlé cogpures- d l}SEﬁaﬂt b@fzzmaamaﬁﬁl@l {4 forms a

WelutiR Ph QR &S Hon @oﬂldl?’gﬁe m%@@-& ght gé%[ ’H@@bétﬁv@@ﬁ {Re&nembrane

wiTe and portions of rane and the encl osure.
TBnd theiehcleswe, wih takdetrdutntthonedlingongionenf epd phasised and 61. As

co tibil stability of. the solidifie ss of .

TRFR Bl she Pt el it RO ORP IO PadE Vi e brazing
Irﬁateﬂléltb%twa%ﬁﬂo@%&@oﬁem@r Ry SRktEbIE HRaz 1 ﬁfate@@f therused, but
regi ons of nenbrane 46 and encl osure 12, is within

tm@e@@bpthabmatem@l e Hgeidne at leatter th@pqrafums ftb@ethﬁﬂyembrane and

R B T T e —

mﬁﬂtelnd DSat€f 5% 8@l 61N gorlRlghrgIstioills) Enké emclwmye)otmﬁough seal 128 is
suitable location to establish a seal or bond between

tshewpdiebyeendhe Quter Reri@Ater segiens, of| the é@%l?ra% iﬂ@ﬁs theigmglosure, it is
B@t}ﬁgfgﬁec{‘chﬁé (L))t th%@écfc%ueyth%gppz% §BQ§J t he r%le% Oéle or more

inner peri meters of
portiomns sehlitdegtms| 78S ané ang ld)d’(m asitabie lqatde so bGaldisth a seal or

Al t hough not _requir i nterface established
&?néhﬁme&}’%& PPBREes 2pd g?‘:eernﬁgﬁsk}ret erminates prior to
the inner pafdRLieivelexh ?le@%@ |F?g°s“8510(1ha§be dgé?:?ﬁe@% providing
extend into the internal conpartnent).

ientmples of m@.rﬁbnaeesf 4 thed thymsgi ek Lfgmmrat nzmhdm n@ ﬂmef sealed enclosure.

TPeiRdr s Qe BReuBRaln SoReLirctiion Aoindiiny S mihbrane
RABAPHEHE Anditak® BSHWIP BeiR ?rshbﬁdi'&d]ﬂlﬂhlﬁ NHe #kOmar cMshrtment of

plates 59 and 6 1 without formng a |iquidus phase of
tth@S@lqsb@rmﬂ@n@ (prasswhogsseDb edumbrsreayodfddaserahing ghiy sadetionship is

gtet#xgmemto Pare 8[% ﬁor‘u%nq of Hfé dgms 'T%fna (:311 Ofttpl séazgﬁnec}oesurles

usSi on on

a mut ual dlAfthtmgﬁrth@fseaag aﬁsusaéw/a@csvermé@ﬁum:io ok dohignuous seals
material s to be bonded. Although interface 110 is

fRsFwesa BEBRENSt4q Eash 2 QATshcaRSLe BNt $nand; englesure 12, it is
qh h Y A 1
g SR 08 ST By o b2l o1 SRR s s
anyy bnesal Farexamppid, iadinst gds @mlseai anayebp formed between membrane
bet ween t he outer i |on f t he
MG 6 rions TRyt e S (1 e BB ey 5D and 61
effeadiies M §ec%ﬁal gaQJ’t gﬁpgw hetpee @oﬁﬁe&b@ewserﬂﬁle%eond one of end
encl osure 12. ffusi on bondi ng and wel di ng
rdased ©9i andahl aalnﬂctiae onerpbiaee andiopdbé thirginonehaf theasndglates. For
example, membrane 46 may be permanently and directly mounted to a sealing region
of one of the end plates and/or to the internal surface of the enclosure, and thereafter
the end plates or other portions of the enclosure may be secured together to seal the
pressure vessel. Preferably, however, the gas-tight seal between the membrane and
the enclosure is formed in a single step in which the membrane is permanently and
directly mounted to the enclosure to form the gas-tight seal described herein.

Although the preceding illustrated examples depict the membrane

extending to the outer perimeter of the sealing regions of end plates 59 and 61, or
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present prior to the destructive bonding process. Fig.
10 illustrates the formation of a gas-tight sea

woebtommasr7aenbr ane 46 and encl osure 12 through acbraziosg3o431

process. In the brazing process, neither t heencl osure

nor e menbrane consumed.. | nst
eﬁf 31 Vioer gt 45 (g PRI Bl G oA somBlsigy across the sealing
i, f iR gitQ{f'i‘ﬁe ﬁ&eﬂxﬁﬁmﬁ: 'eﬁ!%hdﬁg% &%Selpﬁé%@nth%%ﬁter perimeter

rane and the enclosure, suc bet ween
o ahd smling gé gorss fothepdrtlphat)%the@gcla)ﬁl@reﬁa whigh thl@é@lembraﬂe will be

25T e A SFLEE 0718 Bl B 5 e e o

Qﬁfé}a@,ﬁ%ﬂtp%mw tBe bAANuge, i BZthRG e IB Ppm:mw eﬁaﬁ/dlbgausm partially
but preferably that material turns I qui dus at | ower

ttewp@rth@uﬁ%rsortdﬁéhﬁ‘m@bsm@nbr ane and the end plates. The

brazi ng mat Q

nenbr ane 461§ g&.xg{rﬁ? agesgégﬁér&%}c (Eiﬂllplel%ﬁ H%r@@&ﬁpumﬁcaﬁom
RIR%ick o Sont&ihingheh Erﬂﬁ(bs@@dl 12 )that Abttho ugitessand vésﬁﬁ Wﬁh an internal
shown between the outer perineter regions of th

reorPEEmEnk b thah és diided dapanixpd gpsang PP AIEHEEORD peapgd 32 by at
t SH

38 LTSRS ok AMabEr OURL B b o
ovliel isdirdcalyl mdl membtnentlytsecwsd adklies¢nctosseeaio dufinbanghs-tight seal
bet ween the rrerrbrane %theeclo u

St R e gRAm B To e FPGES ST et spislgents that

| a}ﬁa}pf)@iﬂfegérﬁgn QK MRS €6 a&E‘ordﬁﬁg%e feSsredthit Hﬁ@ﬁosﬁ&%@ glsY @$aphically

forma portion of the seale nclosure. By this it is
nitlasttatech it Hg:dlpr Ebs gmbodigeme shpwn garkigal | ;naorempwe@l apy of the
the nmenbr nst.e rane
B R R R i RGO RSP IR el lom the scope
s&qh@gllsgegdr@sure (pressure-vessel ). Another way of
describing this relationship is that the nenbrane
forms a porTh@WODflgurﬁ%O@an tthgyHtydsesen pyrifi¢asion eddvgps, and the

Slﬂgwgdc'uta g%nelp%rben o eret01°1 QS g?ése%b%lt(ﬁg UggSch n%}p BYve Beehi scherﬁatlcally

ous se rane 46

aAfuQH & hd¥€inl AR her inteddedd r&ﬁl)esan(éve@qio@sbre&oﬁﬂgunahom svithin the
within the scope of the disclosure that two or

dicepe 96 tthe rdispdortisht | HEBaEy s thel Dickagssss E\l?ge?fhengerensmnS of the
r%lﬁ t&d fBI%IZé é%?x?P&Jtsg NncREdles "Pbé bt OJe'FEH deDgLyaen for the

rane st 'portion of the enclosur€, such
asurposel 6Btllm;net1mf aﬁdohrplmjleateﬁéechmj l:@lpretfise rrepresentations of the

second g ht seal mm e for en t Seco
SiagE se Oﬁhgﬁee%me@m&ﬂﬁy o8 CAOPIE A8t T RgRbtnes has
tl;la%n ekﬁ rHEE S’lfnuid?ﬁl ﬁ{é@hﬁ’éeaérf%isrelaﬁ% dﬁfiéiﬁﬁin@ of E@”@lﬁﬁmﬁes have

e permanentl’y and directly nounted to a
slmh |smgpllfmgi fon tT@fplmp@eM iltustraeord pb disewssedhtly wore ¢etaihleerein, the

| cg]l}tgrrp%%lme?grrgf e er?c{ pl%trés? SHC C.'as";?r%%ﬁnaté‘ dihtng $ g%glgst’%’may be tapered

or otherwise configured to promote a gas-tight seal. For example, the end plates may

include a tapered region, or groove, such as illustrated in Figs. 8-10. This optional

region may have any suitable shape that is configured to facilitate strong seals when
membrane 46 is secured to enclosure 12 by welding or brazing.

Further examples of hydrogen purification devices 10 constructed

according to the present disclosure are shown in Figs. 12 and 13 and generally

indicated at 210. Unless otherwise specified, device 210 may selectively include any
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the end plates or other portions of the enclosure nmay
be secured together to seal the pressure vessel.

wénefe@msztiBy, however, the gas-tight seal betweeaTmise05/030431

menbr ane and the enclosure is formed in a single step

irfﬁuﬁ?i C rere “@%{ﬁ'%%gl IS er\/finlg?t?ﬁq{slhé ggd d: éﬁf&elgégi; illustrated,
C&&%ﬁieﬁegndﬂ&* 1%bd51}>0ﬁtéd‘9é%@1ﬂ tGstRARE ‘Efi’(brflgxdlhéwke?terxﬁﬁlﬁfés of these

exanples depi ct the menbrane extending to the outer
précvlmhe disefissed ecosrmnﬁmtg e mdmasedofn Eigd. pR andsl3H9 Sanidiar to the
o nd.

epif%wg n%ﬁn‘lsagcéle&(alggp S ge\{l% u&g L gro:l ts atgg?ergﬂcgsure ?Q?hat defines a

beesbiet vaaéelt\hlﬁl BR e ARE cOxbaREem & that Qr diOMRA ikeYANEd gas and
the outer perinmeter of the sealing regions of the

RsEEe seppns: H apth 3P dyuatdeasy onp hydrogeiesetesiicanempiang 46 that is

%ﬂggﬁe‘ﬁﬁg a% ?I Sﬁ@ﬁﬁ)ﬁ?@%@% the %B{‘iggﬁg td fo haéas tll%%t gea‘? herewith.

e ou or ex
portion of Thedllesedtebetanplaof éncldsuge Keakludypi palr b¥end plates 59
extendl ng at least partially toward the interior of

@t il as. 2 pegmeten shall, 9% PPEmEST shlbeartionnaihtHegimeter shell
%Q"Bh@nd%f béiwgé’rg rt?eg €ha g}fﬁtgg ﬁ@tdeﬁﬂesd Wfﬂhc ﬁlelgnd Pla‘ces the internal
osur 12 that

contal ning an enc orms a pressufe
\L@mpai‘tmmht h8 af thetwrlosadre.c Ahp petimeret shd] niwgt alssbelirafeded to as a

into as and ate re i 0 and 32 by at .

[ ires gt Bt R 2R B et S ar oo he Ao leagteoa fhe illustrated
téiﬁmprzets EhBRlbr&R R FERREnRNY MR ERcil ntHunBEl loYth@Plrimeter shell,
pernanently secured to the énclosure to define a

Jelsich jigumsis glermprenslyi artd dirgdtlysmpaited do e gdjefent tportions of the

engl\é)gl%ﬁ%e?%c bed £ gle{lgg r%)s%rbcp %} gﬂ%hﬁ?ﬁgﬁsﬁ télg%ctﬁltbng){iegructwe and

Cbtﬁéﬂp@@dé&@s a@lefoﬁlnﬁﬁg sapht sls tay bé usddrtakeshré thefrhémbrane to the
11. The enbodi nent shown in Fig. 11 may include any of

- tneeimeirishell and therRerigreterhpl ﬁ%rhe@dlréatesf eAgeydinghie gas-tight seals

23?% %%rﬂae‘ﬁ' § %T%]e co 6&/@ cfegcqmehg%st?tgcqglg b%fndfng processes, between

osur e. I 'gurations

phi¢ nfeirbaddeamddbry pegmeteasietllt dnd/dr nigk Midi}blaies andperwesh she shell and
tgeéﬁgé, di scussed above and whi ch have been
d late

&l heseiseuis preindigatrd gensially & 4l§unitig dhded to
represent qﬁqg%‘ 2 ??Sd‘?lﬁbllfﬁ nﬁ'ﬁ{bgrﬁllr%%@rs 'pefn o teﬁhg Bnl Rftectly mounted

scope of the osure. SIm knesses
dna mrmeate dulrfmsil](ﬁﬂef tbé peiwmetct lshwé]l; mathettie mesmiramebeing supported

supports, encl ur, etc. ,have been _ex erated, for
et aE BroRe s, Sri i uRpat gt I At BRBEhE gogpe of the
Ri&ehB@sd168KE ﬁﬁﬂh%ansmn@ﬁ ﬁlaf bé §Eﬁ§dn\éﬁt13? hﬂ@&r&ftlytsl@&fréd to the
conponents. For exanpl e, hi ckness

reixbd gAv sutfacs dictbn sbsdhggt{pratoe@noﬂ&rmortmn of therfmclmaqge It is also
%ﬂn %llnea gc'o\f)g o%“tﬁ'g rﬁ?ésgn dlé)cflostupeethap gwcp Iora tmeosre rf)%\‘llr%eter shells may be

used. Perimeter shell 214 may be formed from any suitable material that is stable in

the operating environment in which the hydrogen purification device is used. Shell
214 may be formed from the same material(s) as the rest of the enclosure, but this is
not required. Therefore, shell 214 may alternatively be formed from a different
composition than the end plates.

Perimeter shell portion 214 spaces the end plates apart from each other

and thereby defines at least a portion of the enclosure’s pressure vessel and internal

20



10

15

20

25

30

been sinplified for the purpose of illustration. As
di scussed in nore detail herein, the outer perineter

wohodsla3ead pl ates, such as proximate seal i ng PEGIUSEBS/030431

76 may be tapered or otherw se configured to pronote a

gas-tight seal._ For exanple, the end. plates. ma .
Crmperdacn- a e WistFalrEsHample pysve }ql£ &?hpegg?etgf shell portion, or
#ah‘ré?tzﬁﬂt ik bR iFhé}S erfnd@r, dNichePRUHAAA! 200e §la@HrBRYts into the
ave any suitable sRape tkat I's configured to
feaclbhirt’atintestal oompstmEst tetutive e ther mner p@imetersedumedFig 13) or
encl gsure 12 by di n r brazing. Further  exanples
GPoh i dgeAr BEFE PLAE on PoRVCEE s o SmbiER g Baher pSmeter 222
b ' AEe N8$ Bf fleGBiemb

159 A BRART o ghoppranePhy o 0 g
ctpprii SExpsqead fn alifferdel tegms 2@ perymeier ghel} pertipn overlaps with

i ncl ude anyof e gl.ements, .subel e S, .

TS APRIE tHie TR EPIHRGTELEs) PapPy] nother exampte of a

%ﬁﬁ&"tﬂé&@ flyd:dBeY Pirifidaeion Meviat . heyeiropen/putifishtiat devece that does
non- excl usi ve) exanpl es of these previously discussed

FohTRORERRSoRPESSHbl, OhptyrigasiEt i formon srahbetyeetsils pggpbrane and

to th revi ousl SCri » 8 e j . -

1 a8 b B HERSERER CHATRC ComBER B mixed gas and

vREs&dic Wdibhsirbut alserpralidenapaindtetion iiBwhivhtthes idinet aednsition

into m xed gas and perneate regions 30 and 32.b lat db

|Tegien b@W@Gﬁ&b@ s¥dnse RaE ﬁh%@ewgﬁa@PaﬁL?BP% ﬂﬁ’i &t dﬁféﬁ y engaged by

y and directly nounted to the enclosure to
?gér{r}nﬁgl%g%églti ght seal therewith. The illustrated
exanpl e of Ampotentalr entfit bhutilines agepaicter shelé frdthpt aftleast one of

gﬁ% %Tg Bg%etslrg%' g\egélld:lt ?sii%(?ci rﬁ&rlléegectgﬁ)@ ?or}%lflg’vgg{ogﬁgg MRb& or recess
BEL WatRetB8l08N8r PAtihafie ANEHRS dnBS plink oftthe e/ flapd. alré®ad, the

the internal conpartnent 18 of the enclosure. The
perinmmtdreshedlh poitiomagefies oatbleaste f eubstantia) pertigny pfamet all, of the
that forns a portian of the.pressur [ .

GRaLH BEmioA Mo MR8 Sl G o PR SRE Rlenke Fompgriment
p&&d@&ﬁ%ﬁz! ¥ ipeni the6ddps ofeebrestnt Bistlogurpes simebeniherwise select
shel |, Ich in turn is permanently and directl

rsvimeses shelltHé tadjare enthigoess Graasyed PRdhe H@F%@Eﬁ’@?‘”eeﬂ the end
sych end. pl i Sy .
Py TR EhEh SFpaa B dedba AR R Sudh EEREHIER rogion
SERbLS peRycake rdgs@0 320 Bigc LB elembastrassbschamaticallyhéhat increasing the
perimeter shell and the perineter shel%@}o the en

d
dhigkaess (Aec dhelidigiinee Rptwesn gie mbtes) gas,pad PerGRE suifagys of the

S?eri@(etélj"sﬁeﬂ EBf’tfao'rﬁl ©F ffd RendaSHEN ;En)hiéflhig@x%gée@ Ghe size of one of the

ocesses, between the nenbrane d perinmeter _
séheldsuaid g flonpatndopregies, sl deilweeated Wathsigepect gnehe mixed

L0 P ort BRSSO FRAEREENY, B g
PRSI IRASRS lcHadhel $H Ja8 Glowy pARabY WHhin at least one of the end plates, is the
fact that the inclusion of the perimeter shell portion increases the number of external
seals for the enclosure. More particularly, the inclusion of the perimeter shell also
requires two exterior seals, one between the shell and a first one of the end plates, and
one between the shell and the second one of the end plates. Since any seal provides a
potential for a gas leak path, care should be taken to ensure that the seals are free of

leaks.
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to a perneate surface 216 of the perinmeter shell, wth
t he nmenbrane being supported on its perneate surface

woQodsyo3zr7aenbr ane support 54. It is within thereTase0s030431

t he present disclosure that a nenbrane 54 may be

permanently and directly secured to . the m ed .
surface of Ah&issyised ahpvy: dFydregenntHintipp ﬁsg 3?) f ctypically

gge} AU eldvatddS teﬁﬁ atWibels Nhdl ;pﬁl@ssé&gpe 'I(l’itaset 'iﬁes@di&§ SRhuire the
osure that t or nore perineter shel may

eselsurPeo baatcbrabédwpﬂehsummsn@lyhm@aﬁ cmﬂethnﬂrtlmema imyes whlch act to
suitable material. that is stable in the erat| .

i Prmmronens it ShelaSig PGy arPBerY PR GhICARY Pt soveral
iRindRAhouslebt fotddt TRY eRQodRE HRE rhii®Meldd® ®2WRhstand the thermal
material (s) as the rest of the enclosure, but this is

riotl pregpuier eytlinZHbatether enclashies] txpzmnm;/asmt tierepatodly peated and

be for from,a di fferent, co a he end

e BAREt fitrp Conef e PR S A A i o

pl at es aparis tifsemse@chh&t ek @eglatibes eﬁm dﬁf hyiesgeat purification
| east a portion of the enclosure's pressure vessel and

idevise rialaonipatadnismperatyret haatiely pftheating asseblips @ayrsapsed. It
lrﬂaf hide b% 2des19a%ﬁc% '{E&?%l rf‘(ﬂ%(i uifed {d %@ula&rtﬁng rd@ﬂ}é Attt 83§ reduce

I Aner Fsurf

Rhojheatisy reﬂﬁlﬁemhﬁts edhcl @ Star grogect Iﬂﬂﬁbcﬂﬂl stmmnar épeeatdrs, etc. from -
relative to the inner_ peri ters of

ISODRCIiRS e Opbe SeHasRl (BmancipaeFig) 1A Brvbres bl grampte
Zﬁ:ﬁﬂhﬁﬁmeﬁ iﬂlg?tier{ryﬁs[s]erﬁﬁl AR @5t R3¢ bRfustPithes hﬁﬁbgén punflcatlon

I'S s he outer perinmeter, or” edge,
afevideel Oneoritaiaing au@pbrstre EX peasdiag to rthel pfeﬁgneiltclwselrm As used
the gerlneter shel |l portion overlaps, with

e AR G SR o BTG JF B GBEer o one of the

;ﬁffﬁf@%& 8 viBesORP W&icrib&S andNpe 1086 AR Hekdih GRIcb/ibination
dévice (i.e., a hydrogen purification device that does

nwith a éqatmgeiswmbimﬂﬂewh lab.chut opt limiied to, gesiretlated heasing agsembly

fﬁ@l %gt‘gt%bg %Elgglzustrﬁfgbvw nr%s@errg ]{3 %EE C!I%(;1 8.fS%V§(1§Iqu 'tﬁ/el s%gpe of the

PrescRe HIvEIRt B¢ 1eF adigltogel Wurifik SonPdedvdedEB atl/or enclosure 12 may be
construction in which there is not a transition region

besedithontibe seseauantly dasraibed enstistaskeating agpspebty 1%at i s
directl y enﬂ?%(g”lp%nﬁ W@gﬂoﬂﬁ?&ea{ﬁ ?OSEI%H@& bétween an

of utilizing a peri ast one of
tillestexnide plartoef heatys ferblids 42 whith aedodicstdd spedbfédally at 322 and
f.ornmed mnthout a chanber or cess for transvers

I
dnclyde hegt ARG TR B2 b epl candugiive sERCEHES gFiﬁéwfomed
| ish GAfteridIb grra? &Fd (el %ﬁlt&f‘@ éonﬂﬁétt Hedh algcﬁﬁﬂerh%% @H th 8&%ive a heat

a substanti portion, 1If , of the respectlve

penmeai2d, suchrix el egeamcr h@tmrszﬁf thahs wneived inte'ascavity 328 in the
Hﬁ%t%ﬁ%‘la' Ot% {Tgeat sources may be used in place of or in addition to the illustrated
electric heaters. The heated structures distribute heat across the opposed exterior
faces, or surfaces, 330 of the hydrogen purification device’s enclosure 12. The heat
conductive structures may be made of any suitable heat-conductive material that is
thermally and chemically stable in the operating environment exterior enclosure 12,
such as at the elevated temperature used to heat the enclosure and its contents to a
desired operating temperature. An example of a suitable material is aluminum,

although others may be used.
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Accordingly, it is within the scope of the present
di scl osure to size or otherw se select perineter shell

wa@2dostoa3ttave a thickness (measured as the di st ROTAIS2005/030431

between the end pl ates) that provides a sel ected or
g?s lpre(ri‘?mg? zln]; | OV}IQ]&&%@& g 623’[61 a%snm%ﬁeg d a}%s co: elsggncﬁrcl)g surfaces
sEHepRLhe aﬂelaﬁ/ Ctoﬁgﬁctl'\/@ Cé’tﬁl@ﬁirébg hhie &)tléfl‘la? kd'b%% ufabiofs sot th&t these

di stance between the m xed gas an perneat surfaces

aftruttueespminiy ntiteetly sihel baghootheroagrossf att leestpe sulystngial Q«bnéith of the
portion increases,the of one f t he n sure'.s

e T PR ot 5 S e ot Sedhe preiefGrddti ihe te heat

r @2R6G vels@utfite Mr&dp&atieli@UfARe el plartd @Rdfin¥ubid ot b Soupled to
potential manufacturing benefit, nanmely, not having to

fmuﬁab}ﬂ mouitatirlepositiong atbesmcempga@gag@atm 19 enchtothes gad/or urges
eeof tf}él ﬁgge Iates is the fact that the inclusion
eﬁﬁ@u FSSH8#%Y s hel | portion increases the nunber of

ext ernal sealss showntih &ignal ioSurigsulMigestpand, iog Woasihy, 350 that is
the inclusion of the perimeter shell also requires_two
estregripgrcad emflevico He apbhogsiag assrantlics 322 {when praspal)- Blousing 350
o, esh ne I .
Suzh 85 GREEBph i, ANBSREFARMPRAIE SIGE s ERELR coramic,
aanjdoprefdratsll enoloses gﬁshycbagenpplriﬁcaaan eiesfa;eudmi dqﬂldna]lje at least a
to ensure that the s;g s are fr e of

Rubor 9& dhehst@rs RyEPOYeAT ﬁﬁﬁep?fbu €5 %9%8&@?11%4%”0@ 322) to
tﬁéﬁl'.lc%aﬂhkmeg afetteRbn® 1§ RLRLir £ WREIRL thfpRraARE (ie., reduce heat

pressures. ese pressures require t he encl osure tO be
alogk)r addl & prce/S@J ee oxez®e|suthiet 36Arthel ishat andwehésmpperature, and

for whi ch o.urge th onponent .of e :

GEFRGRLY & Ay e L AL AooUHOY © Aparean sy bl compeintg contact
m&%m PRUAE $11@frafe@r &@mpld) ﬁoﬁﬁﬁé 8so ﬁ@fcﬁif@a Y& Hakves 352 that
able to withstand the thermal and pressure cyclin

tinglude heteerwélcompraetn@n@eﬁ"emi@swlash|CieV1€9 H pedtagepmplies 322 are

3%%}@% aﬁﬁlfg 88@?% %at}z]oe? Hila uuségd '&'islhﬁ gon(% élgatf%mg that ir{clude more

| thafl @%b aRipendims, raelﬂbndlhmcrmd&mwmapwmfst Glabﬂhsﬂwmkeidrmed around
to an elevated tenperature, a_ variety of heating

abe bidioes pwaljcasion dewge, differraly spedcdBPRNEaS: &b e,
though not ﬁg(.Jﬁea?? Hr&\@dés RY h?srtl% ILQSX Eg?an Spts alai%tamer 360

to reduce t g reqU|renen S an r to pro
atiptaiseataptedr tocinge ehe e@dedahydregerepurifidatiom dewnjeahtatmg assemblies

the outer surface of th closure 14 p €
L5 mid Gevsng 3 Baeaingt o Asronain: Hster 280 nelioBh §latcs 62 that are
aﬁ?&?btbgetﬁgo biyNaly "Rytahle SREcHE,t hd ﬂ?é’f@fa‘BGﬁ by s%nngs or other
pufification device 10 contal ning an enclosureé
accmmeaztbnsghatdolam‘élemia;ssetuwadd smhasbwre Bfmusuasféd hbrélrogﬁnn purification
e\/é(%ﬁelglgugﬁ%g%gaq?(ﬂ 8Ecli(r>slufre s Rse?fsaemgneﬁ to res1sliscﬁe 1nterna1 forces
that act to separate or otherwise open the enclosure, the connectors merely are urging
these structures into physical contact with each other.
A hydrogen purification device 10 constructed according to the present
disclosure may be coupled to, or in fluid communication with, any source of impure
hydrogen gas. Examples of these sources include gas storage devices, such as hydride

beds and pressurized tanks. Another source is an apparatus that produces an exhaust

or waste stream from which hydrogen gas may be recovered. Still another source is a
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hydrogen purification devices 10 descri bed and/ or
illustrated herein in conbination with a heating

wagemmdsy342, such as, but not limted to, thePCT/US2005/030431

i nsul ated heating assenbly 300 descri bed and

iJlustrated with respect . to Fig. 14. It is also wi.thin

thH%l rgewawwﬁ%we@ Brieing reders 42 AP % devise that yagepige fo produce a
RHxEd gadddmh SSithi B4, ini

L P sal, SR UER e M R0 B AR AU ohé (BDfin o8 Rlining o
deaistrisky Bogicallys Isldovgen geshwidlr Gyen aposajofityc at iabeadiewisubstantial
10 i s iti.%gfd bet ween nﬁ&é}\l{ugrative air of

RORH I A8 BRATHY FA5STEI RigAUER BY BTy AT st

speci fical | ¥ fal ﬁgges%dm!cijfﬁfddg@e headd %é%ns‘ilféﬁﬁﬂ Y£through a variety
structures 323. Heat conductive structures 323 are _

fadr prechapisorh midxemiplessoft batabler meolesniistsy incdeflet steaongfarming and
heat, and, ar.e_adapted .t.,o recei ve eat source 324

R4 R G HERh SHUEREP SR e A RESLT Bt hogirgpen sas
Crevth tdy {8 siréhnh NRntEiRE | Aarbbhefitaledt fSifoeR SandByake  Other
used in place of or in addition to the illustrated )
shighle i rehanisEssior Tpredueng dydezen cgasr i@slude spyrplygis eand catalytic
h - 0SSt e eri e -

55 A O 5 SRR oSl BEP Sy vt YL Teed stroam
Idntafitsea ladioncnchigih p Vieedstack ciur ses nay dodtaimoeataf 8l another
suj tabl e heat-conductive material that is thermally

MR RFLANST KT aBPdusipg PREOSHR 1248 ith FlSHOIYFign e hich case the
SXERIIRNs FAErARH R ed Aot BHEHe @%aﬁ}ont-&%ta%iﬁ% #He&diock. Examples of
tenperature used to heat the enclosure and iIts

coitide teartton-nthesing ddedspreka tiialgret enfeestaone bydodearbon or alcohol.

anple of a suitable material. is alum nu al t hough .
TRES 8 oGt BickeRadie 1ioisier Paali R amce, e Giogas, diesel
3@tbsend . gaB&irféQ a6 8 RO Hke N QEMﬂl@sC et su’a%,l@ falch@s he@tide methanol,
conductive structures have planar configurations so

tefifzemot, led pokyolsy sualiras stidgnedil yoot end/prephilene ghykobt her
across at |gast a substantial porti .of .t he . .
over | appi nggglé'?]fogglég .anlfatliog V]tcgilh tﬁ#els %%a& rtJeed BFFRE mixed gas

RLesay feds alfoslyrecdsiidtis sHvenheBémenntlyGh FUe 1St INGhoWR, the fuel
and/or the exterior of the end gl ates may I nclude or
HEoGests it genepally dicated 4 4R and thggempipatien eha fughprasessor and a

. .at ive / .
SOPRBRENB 8 LA JpGPR0 GRAH 900 PRt BES,A0 Sem c2
i Alsolsldwm @n ddshed dineat 4Wis i IegtinG asbetrdbdy, wisicls b édcdssed provides
Seacion e i 45 SPgnn sty BBy 6F S B An gt idpased andlor

|iRSuthtatclthel@h € Fudl progdiedt A% Ray BlieaRy Yr¥h& RrAR dfsculd above.
preferably encloses the hydrogen purification device

diigraphicalitalllugtrate thatas hydogrr purdicatipn dheich eedardigg to the present
ta ssc?on;?l}e\/ m%ry &35 ergéoeli\llee%li i gar]s Hrea® %ﬁn}f‘(l)llnessou?czes oorthe3rzé)an a fuel

processor 400, a gas storage device is schematically illustrated at 406 and an

w)

apparatus that produces mixed gas stream 24 as a waste or byproduct stream in the
course of producing a different product stream 408 is shown at 410. It should be
understood that the schematic representation of fuel processor 400 is meant to include
any associated heating assemblies, feedstock delivery systems, air delivery systems,

feed stream sources or supplies, etc.
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reduce the heating requirenments to nmaintain a desired
tenperature (i.e., reduce heat loss) and to provide an

wextmrissr73sur f ace 352 that is at a | ower tenpeParmwse005/030431

and preferably a tenperature that is not likely to
damage objectz that come into contact therewth.

In
the il ust e PTRSESFRSE e R5iGR| FRSTased &t SlegigptPTRTTAiGs and/or
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froma teed stream containing a carbon-contai ni ng

f ip exiis¢iblekwidn o ateat the fedOstoek is yyiptcally alelresrbdmiitintbe fiater component

PELREE LS QG IR 5 G & P IR HeSeatBsh-Sfhihe' Bedstock
is immiscible or only slightly miscible with water, these components are typically
delivered to fuel processor 400 in separate streams, such as shown in dashed lines in
Fig. 17. In solid lines in Fig. 17, feed stream 416 is shown being delivered to fuel
processor 400 by a feed stream delivery system 417. Delivery system 417 includes
any suitable mechanism, device, or combination thereof that delivers the feed stream
to fuel processor 400. For example, the delivery system may include one or more

pumps that deliver the components of stream 416 from a supply. Additionally, or
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partial oxidation of a carbon-containing feedstock, in
whi ch case the feed streamcontains a

woaodsma3ent ai ni ng feedstock but does not cont RCW/US2005/030431
water. Still another suitable mechanismfor producing

drogen gas is el ectrol whi
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diréfeeabbn prepreo thant99% pwmmb@vansmgmmmgmblm@ater than 99.5% pure.

ld b dth h
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Mﬁﬁhl%é’rmbt@dﬂm entiffedo dsk Brosesspr g Suricwpapatdyicgs Containing
evat ed, t r p t

DRSS, BT SRR Sy et 2001,
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as opposed to having device 10 and fuel r 400
CORCEAEh O JYHSIUE IFAFIRER BY FSTaHSBORY I STHPHE Solchly RUgposes.

An exanpl ecﬁjtfﬁég%ﬁe rCA0f hﬁgfﬁﬁﬂ @&slm%{éemamg} Rirther include a

17, in whi processi ng systemincl udes a
siwdishingr relgimms #48) kR, aS\NBllilCB’Vn deHigel 710 Hcdﬁhmgaregwmt 4t receives

oS ahcss Pt 523k B Sy Mol Bl Rcucing
the concentration of, or removing, selected compos1t10ns therein. In Fig. 17, the
resulting stream is indicated at 414 and may be referred to as a product hydrogen
stream or purified hydrogen stream. When fuel processor 400 does not include
polishing region 448, hydrogen-rich stream 34 forms product hydrogen stream 414.
For example, when stream 34 is intended for use in a fuel cell stack, compositions that
may damage the fuel cell stack, such as carbon monoxide and carbon dioxide, may be

removed from the hydrogen-rich stream, if necessary. The concentration of carbon
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i ncludi ng device 10. Integrating the fuel processor or
ot her source of m xed gas stream 24 wi th hydrogen

wouoisfosg@si on devi ce 10 enabl es the devi ces t oPOE/USRIVE/030431

easily noved as a unit. It also enables the fuel
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igBackl 8 oltfer BB WhR wal endsantsdl nf @y fseedst @mkains more than
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feed stream delivery system 417. Delivery S{ﬁt em 417
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roma pressurized supply. The supplies may
beatdlpt dbéd external of the fuel cell system or may be

COnt 1120 Ll 355t Nl Do o
| Yl ¢desd 800° C, and at pressures in the range of 50 psi and 1000 psi, although
temperatures outside of this range are within the scope of the disclosure, such as
depending upon the particular type and configuration of fuel processor being used.
Any suitable heating mechanism or device may be used to provide this heat, such as a
heater, burner, combustion catalyst, or the like. The heating assembly may be

external the fuel processor or may form a combustion chamber that forms part of the
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hydr ogen- produci ng region in which m xed gas stream 24
is produced fromfeed stream 416. As discussed, a

woanieay’7ef di fferent processes may be util i ze®8CTMS2005/030431
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Contai ning the S U.S. Patent
whatetialwis eXtetmat] aosﬂleﬂlhp@rttalmmg Q@O&bovaﬁtﬁsqr@eéntqfwm‘edg separatxon
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riafiRt exteMal thelihsul@fdni rety for all purposes. Fuel
processor 400 may, but does not necessarily, further
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conpositions therein. In_Fi 17, the resultln stream

i keyppdislalt 412,46 indigatechin Figy 9% Asemgities gxampplgsang! as schematlcally
RO o D2 R R, R b 54 URAURR, 12 S8 pori

r gfgiydro géﬂ&qrocmodfg)@gmm(z lisuehras portdvhs ob bns oxpmoxdueformmg catalyst
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psé?c w roqull(r}?}‘jq %(clézcsl %Ps é:ﬁ'%cdcfv,ﬁjgentﬁ}?%f%qh agﬁ?%c&par%o%?%ura%on the fuel
processor and fuel cell stack may be referred to as a fuel cell system. An example of
such a system is schematically illustrated in Fig. 18, in which a fuel cell stack 1s
generally indicated at 422. The fuel cell stack is adapted to produce an electric
current from the portion of product hydrogen stream 414 delivered thereto. In the
illustrated embodiment, a single fuel processor 400 and a single fuel cell stack 422 are
shown and described, however, it should be understood that more than one of either or

both of these components may be used. It should also be understood that these
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fromisolating the fuel cell stack. Preferably, the
systemlimts the concentration of carbon nonoxide to

woesw/Bk@m 5 ppm and even nore preferably, toPCEAS2005/030431

than 1 ppm The concentrati on of carbon dioxide may be
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provide this heat, suc
It is believed that the disclosure set forth above encompasses multiple

distinct inventions with independent utility. While each of these inventions has been
disclosed in its preferred form, the specific embodiments thereof as disclosed and
illustrated herein are not to be considered in a limiting sense as numerous variations
are possible. The subject matter of the inventions includes all novel and non-obvious
combinations and subcombinations of the various elements, features, functions and/or

113 ”

properties disclosed herein. Similarly, where the claims recite or “a first” element

or the equivalent thereof, such claims should be understood to include incorporation
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heater, burner, conbustion catalyst, or the Iike. The
heating assenbly may be external the fuel processor or
woayoefoasmsa conmbusti on chanber that forns part Pof/US2005/030431
t hef uel processor. The fuel for the heating assenbly
may be provided by the fuel processing or. fuel cell h
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the shell, external the shell, or both. Wen the

insulating material is external a shell containing the
above-descri bed reform ng, separation and/or polishing
regi ons, the fuel processor may further include an
outer cover or jacket external the insulation. It is
further within the scope of the disclosure that one or
nore of the conponents of fuel processor 400 may

ei ther extend beyond the shell or be | ocated externa
at | east shell 412. For exanple, device 10 may extend
at least partially beyond shell 412, as indicated in
Fig. 16. As another exanple, and as schematically
illustrated in Fig. 17, polishing region 448 nay be
external shell 412 and/or a portion of

hydr ogen- produci ng regi on 432 (such as portions of one
or nore reform ng catal yst beds) may extend beyond the
shell. As indicated above, fuel processor 400 nay be
adapted to deliver hydrogen-rich stream 34 or product
hydrogen stream 414 to at |east one fuel cell stack
whi ch produces an electric current therefrom In such
a configuration, the fuel processor and fuel cel

stack may be referred to as a fuel cell system An
exanpl e of such a systemis schematically illustrated
in Fig. 18, in which a fuel cell stack is
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generally indicated at 422. The fuel cell stack is
adapted to produce an electric current fromthe
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boat ,. tool.s, ht i ghting assenpli es ances
(2o Pt St TSR O DT ARERPY tho SUGHbee, ream and
Oi fiefBeatb UsirBS S en%faﬂ@abgﬁ&e@rtoc QUE ik a@nsurface wherein the
eqU| ment, etc. t shoul d be understood t devi ce
smpeang dheandighied) t yelectivedy ﬁléttved firt peirgon Qf‘&ha mefx¢ds gas stream to
an o gRresent o devi ces or, co
Oty St B S By P q 60 BRREERB b Berptibleuigion and to
fgelkmﬁléw protabit @edebosy Fbﬁﬂ?ﬁh A the'@hix€@bhs Staagk froyPh&dinlgYthrough
|ncludes nultlple fuel cells joined together between
dbenresmiagane ﬁqogt the wpd gdsi 1€BiopJAt the Pefiheftel region, and wherein the
y. t
SE AR SRRy 2o R S RERPRRA uF FERB B heam, and the
dyipaddurestidaal is Cainesl frdiehe webhd portick ofthd niRYd ERCRICHS).
all of product hydrogen stream 414. Sone or all of
stream 414 may additionally, or alternatively, be
del i vejed, HiAddidtbt aRlf £ S8 i ! Rt
hydr ogen- consumévrﬁg pr ocelss qgﬁlr{%%%f"{lﬁ{&ﬁg? I%F&E%a ) ed from
consitedporfions dfghehydre gen—seddmsrb mhemhbriyppdridahbehdlosnrd he
hydrogen purification devices, conponents and fue
processing and fuel cell systems disclosed herein are
appl i cabl e TR ddvecef sfRllaiRl DGARSEiAYne E41BImMEE bbrtloﬂrlﬁ* the hydrogen-
other industries in which hydrogen gas is produced
aalgcdye wembrang dorms an allayevitlethe¢onsvanedt pratieh sittho suelesure.
set forth above enconpasses nultiple

4. The device of claim 3, wherein the hydrogen-selective membrane is

welded to the enclosure to form a seal between the membrane and the enclosure.
5. The device of claim 1, wherein a portion of the hydrogen-selective

membrane is brazed to the enclosure to form a seal between the membrane and the

enclosure.
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di stinct inventions with independent utility. Wile
each of these inventions has been disclosed in its
wonefomssas form the specific enbodi nents ther eot/ua2005/030431

di scl osed and illustrated herein are not to be
consi dered [imting sense as nuperous variations
are péssi bljgle 3““’ esQfbflaidn 2ot %Féerm dhe phdrogeivesieqtiyggnembrane is

S%I%:%%Eﬁor?deld {30He! en% uRROfy &Ml QURar BHWe&?tth@ RSer@dne and the

I nati ons of e various elenents eat ur es,
feuclosurens and/ or propertles di scl osed herein.
Simlarly, where the clains recite "a" or "a first"
el enent or the equival ent thereof, such clains should
be under st ong Hevit Gk Wdgind NS Q{r}%}élﬁt HenadviQN g Mided L Bnembrane
such el ements, neither requiring nor excluding two or
IFOPROTE mtﬂuretlermnnsate regions obie covloduretrad it henfigiredig sipport the

cl ai arti cul.ar o i nt, out certain combinati ons and
Deande ke o bR attgP e FERb RS oo of e
di scl osed i nventi ons and are novel and non-obvi ous.
I nventi ons enbodi ed in ot her conbi nati ons and

subcorbi natThendevisle dfecdainy Bsvhareinche endosuse Eehisles a first chamber
S RPEIE 50T R A, HO R AR i

this or a related application. Such anended or new
claims, whether they are directed to a different

nventd-on oFheifvacs SN (e ieisTe the, FEAIEH SUARGE S Adapted to
r 0 -

R e R S

tshiectsubmenbramatte Bpowahroupie thersupporit.ons of the present

di scl osure. W\E CLAIM 1. A hydrogen purification

devi ce, conprising: a sealed enclosure defining a

pressufe VepgeleWtd bf adlaj 78 iRdreinOfRaE BN e aWIBAE1 Hembrane

the device is configured to receive into the

coppat deking aarammem thrasbesweanaand dmﬁlmrswhegelhybﬁ: dgeige dapdudes at

nd. ot her nd to rodu e th
163k SHERE PR B 3ph® ol QAR i Pt aggpeate surface of
SHOBY B BErAbd1NCtIY hfni SicOBen cBassiag theardayiabeduct stream
containing at |east a substantial portion of the other
gases; and a hydrogen-sel ecti ve nenbrane pernanently

and di fleCt lﬁgas&%#{e nog At ;v % M & Igé)st oﬂé ﬁ%@dggsaﬁot create a

therewith an ing w € conpart
Giav-ifiperinftablaspleetw@ntthe hydrogemietat vy asnitegieccandahe erclosure.
permeate region, wherein the nmenbrane includes a m xed
gas surface configured to be contacted by the m xed

gas stygam T"Pﬂéjdéud%e&fr@ﬁ&ﬁl(? WHRGR tIQE?QQEQSIt bie PP ARffdiel @ gasket

the mixed gas surface erel n the nenbrane
amdés lgex than 80%seigpressoel y al low a first portion of the
m xed gas streamto

13.  The device of claim 10, wherein the at least one pad includes a tapered
internal perimeter region adapted to minimize wrinkling of the membrane when the

device is used.

14. The device of claim 1, wherein the enclosure includes a pair of end

plates to which the hydrogen-selective membrane is welded.
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pass through the menbrane fromthe m xed gas region to

the perneate region and to selectively prohibit a
weeawnd3pserti on of the mixed gas stream from pRETIUSZ0S5/030431

t hrough the nmenbrane fromthe m xed gas region to the

perneate region, and wherein the perneate streamis .

f or medSf r orhberdsViGer i clygr di yheim ﬁ}?eerfF?%éEF §’£§1%§§ gy of end

%%I?Ef'slt @ﬁt g%éﬁtriﬁgﬁﬁé ant gﬁg:ggbﬁﬁle{e?;r iﬁegmgfl_ ﬁéeﬁrg&%r,sﬁﬁchp&aﬁng region

m xe stream 2. evice o _
ek@hting, bétwethahe domr sl tige anter npesinfeiers, fod rfedhén gierein the
consuned portions of the | ective nenbr

rogen-se ne .
AndrogaRsselpet Jpembrage eﬁ‘ﬁ%(%%?‘é@ ‘&?@f&ﬁﬁémﬂpéﬁn\%ﬂte*}@?aﬁt partially
%@ﬁs&@l@%h‘ R8%hb 8theknd PReAAYdr ogensel ecti ve nmenbr ane
orns an alloy"™wth the consunmed portion of the
encl osure. 4. The device of claim3, wherein the

hydr ogen- sel ecti ve rane.i s, wel ded to,the :

to fo?‘ﬁw a iﬂi‘l &%Vé?%@ng rrcTr'JPat”ﬁ‘e %e%efrgweﬁxgn%yc{rﬁ%ené%gq%gg% ?é&nbrane
IncldR HeMmiteep@fmbbicRioh thihieid #8 1Q8E td R dutertfi@imeter of the
hydr ogen-sel ective nenbrane is brazed to the encl osure
teodplaten. a seal between the nenbrane and the

encl osure. 6. The device of claim2, wherein the

hydr ogen- sel ecti ve nenbrane is diffusion-bonded to the

encl osiyr e tThd @eviv@ o$ edhinbdt waeseih hihe nieydro gamesedard ve heembrane
encl osure. 7. The device of claiml, ]\[/u\laerei n the

d@é}l}l@% anRUteiResI e toFdRBieR Bad §%%eafﬂqe ’\HP P$Ha f)%lrblgpm Between
& bQ@lr ﬁéenr{d&gr I%gfdnoa‘?lﬂr‘d?e Qﬁﬁ)sh& configured to support
t a t he

e per e sufface o ydr ogen-sel ecti ve
menbrane. 8. The device of claim7, wherein the

encl osure incl ydes first chanbe ithin the perneate. .

Fegi ontand T &6t ohteer b0 hage ve i eminpaiE Menbfne is a

%ﬁgﬁﬁ% gla%ar IREbESEIHaSingla GhALIEHonaVBRA ShA? i H@ater than the cross-
ra

support 1s adapted to permt the first )
poctiomah apda bhendeilxed agaisnet paimetehaf thassnelosemr apgeps which the
t he E¥%rogengelective menbrane to flow through the
JOPBBRRC eX§MdSthe device of claim 7, wherein the
encl osure and the nenbrane support define a transition
t herebetween, and further wherein the device includes .
at | eakt on&hpdevievnf Flgimdd whsreipahe endosrahas £ dpnegpgrimeter

L@atf cge I\éﬁg tgléeit (2(86:1’{16 ﬁgﬁﬁigld%ﬂﬁﬂ%cﬁh&gint tlﬂg. I)]/Sr*otgl'e]1(1e—selecl‘ive membrane

ve ne rane rom engagl
tinagéd a0 Buted perirhérer ei@iincibandxteldaiextetl] ofties ginar pérémeter of the

| east one pad does not create a
enclosure,

20.  The device of claim 19, wherein the outer perimeter region of the

hydrogen-selective membrane extends external the enclosure.

21.  The device of claim 1, wherein the enclosure includes a pair of end
plates and a perimeter shell to which the hydrogen-selective membrane is
permanently and directly secured to form a gas-tight seal between the membrane and
the perimeter shell, and further wherein the perimeter shell is permanently and

directly secured to the pair of end plates.
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gas-i nperneabl e seal between the hydrogen-sel ective
menbrane and the enclosure. 12. The device of claim
woQoooiaer’ei n t he at | east one pad includes a gRekAIS2005/030431

under | ess than 30% conpression. 13. The devi ce of

claim 10, wherejn the at |east one pad includes a

t aper e i nt éPhAleViser oiekair 3o gvseRaHSt BRrimeferishelhily separately
j [ e when the device is used. 14.

?ﬁgﬂﬁgsggéﬁ%ghgﬁggﬁg?fﬂ%herein t he encl osure includes

a pair of end plates to which the hydrogen-sel ective

menbr a S | ded. 15, The device of claim1, wherein,

t he engf'os uIEgiC%é’}Cﬁd‘éfs Cl&“ﬁaf# whergigths) g?vé%e t“i‘fg?‘iéa@h interface

| Rphdderan evh®imdae Ebﬂﬁﬁl?rof A AR eePSEIERN e merfl9né and the

seal i ng regi on extendi ng between’the 1 nner anémt e

operanctpeshiclet ers, and further wherein the

hydr ogen- sel ecti ve nmenbrane extends fromthe interna

conpartnent at |east partially across the sealing

regi ong4.of The @gkePlodt 88im 1B, WheeBeYhS &oBbufibd®igBridéh of the

wherein the hydrogen-sel ective nenbrane includes "an

ohiydspgpetelaetive rmeabiann foras aaxaléaitsvidy thee gensumedt pertion of the

0 ifjeter of the end plates. 17. The devi ce of

c#%ﬁ%%%ﬁ%hﬁﬁgrein t he hydrogen-sel ecti ve nmenbrane

i ncludes an outer perineter region and the device

includfi a continuous seal between the outer perineter )
regi on“and The devies 65 Glaam 2fig wherean fsyhydsogsm-salegtie membrane is

VWhelE &t Bk % \pé’lq&ﬁ P 1heS rﬁﬁétérvﬁleﬂe‘f{m.r dﬁﬁﬁfibﬁ b%ng&ﬂ i) ﬁ}elsﬁ/erimeter
pl anar nenbrane having a cross-sectional area that |

gshelit er than the crosssectional area bounded by an

i nner perimeter of the enclosure across which the

menbr ane extends. 19. The device of claim1l, wherein

the engd osutge RaGicARS IHMAI2 PeIHIBh S pbiidh Jtahd M §rof§&?—selective
conpartnent and further wherein the Rydrogen-se ectl ve

nambeane i$ brakedioshepebmeter shedlrtp fienethe seqjiterewitht
extends external of the inner perineter of the
encl osure. 20. The device of claim 19, wherein the

outer PEri neherdevRel Nclaim the Whein aas - &Si@CincMRles a2 membrane
menbr ane ext ends external the enclosure. 21. The

deipperd agapted 9 wpport Wieapeampate Berfaog @f dhautalrogentsethst veymembrane.
pai r of end

28.  The device of claim 27, wherein the membrane support includes an
outer perimeter and the perimeter shell overlaps with the membrane support to
prevent the permeate surface of the membrane from contacting the outer perimeter of

- the membrane support.
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pl ates and a perineter shell to which the

hydr ogen-sel ective nenbrane is permanently and
wdiomosy3secured to forma gas-tight seal betreewskive/030431

menbrane and the perineter shell, and further wherein

the perineter shell is permanently and directly

secur eéi9't 0 gﬁ’é(gﬁﬁe’ﬂ PYRTiEa PN SlexicesCOPPTSES devi ce of

cl ai m 21,10 ef@bdurd REARRE | BleSlurs BELskL iwih &l dompartment

formed from the pgir éﬁ'gnd pﬁ%%es.SZB. Tﬁgpg%%?ce o rment

cwhemmn? the weadedkiencloheredsvifee froml gakkstsarandntvhefeacahe device is

forned from consune ortions of the .
G- S PGEYS I (e FOFRABTEAGE P | HSEBrcogtufsng hydrogen
24as e oHRY | %&so‘tarﬁ't%' Plodiee WRETRIM 4 APACRASHER Dermeate stream
porti on of the hydrogen-selective membrané forns an

atangainipg tah lepsiesubgiartintypuso hydrogerogastdnd agupredice stream containing

shell. 25 T devi ce.of c¢laim?24, wherein the
h‘g}g?a%%ﬁ&ggngaﬁ%o ﬂ%‘?é’ﬁ’é’r ?@Seﬁ’té”ldeast one of wel ded

to theapgitdgehetlesidd matittash idfspsicanab andedubartiaBy within the
perinmeter shell. 26. The device of claim2l, wherein a

peRpasinest. Whraeinyihe dydregseiselestiveenpiphiang farms a gagfight seal with
i - | f ith. 2
tTglgt R1RGL RhRkdS iR gqtéﬁﬁle?éﬁhﬂ}ﬁ%ﬁgg{o LheEew %%erse%gdn and a

evice of claim?2 Vi ce 1 ncl

npdrhican e gioppehércadipt @d-tight sdap pofdrmbt evifimumeamneressible gaskets,
surface of the rrbr_an(gg 28. The

' ch configured to

hydr ogen- sel ectjve ne
d¥PPER the hxﬂrgg?ﬁ-ﬁ?ctw@év%pwa%wﬁ@ﬁw AHge
' B‘é:édf{i{fc%ed%’}{ lﬁH Inﬁgecﬁg{lréb RLE and@NDeliBarP @ﬁﬂfé?ctg%ﬁe%gg lobposed to the

overl aps wi rane support to prevent
peuxedagas sufatacehekint He pemer@ndrcimom tomeddiomaq pbgion of the

out er, perineter, of the nbrane support.29. .A hydrpgen
oier BER PR B 3G TEel rige ) BT RGHET JUURBne to the
O6drRhi8Guiadd, G8® tHeypRSRe! stafnis #mediffsAal portion of the mixed gas
conpartnent, wherein the sealed enclosure i's free from

geiedany hat does ndicraes Hrohgh theviydeogdes-selsatfivgmeatbrang, and wherein a
recei into.the c artnment a pixed gas.stre
oo B 18 mtgtaiEn SRR AR fbisfle Bt el 38 ot {8 enclosure.

produce therefrom a hydrogen-rich perneate stream
containing at |east substantially pure hydr ogen as )
and a Bpr odiie feyee ohslamntaivherjin & pereiga tof ghe hydrogen-selective

S i bo t ot her gases; and a
h&g%%g@%-f%sg%%bgﬁ]ﬁg%rsgﬁé di sposed at | east
substantially within the

31.  The device of claim 30, wherein the hydrogen-selective membrane
includes an outer perimeter region and the outer perimeter region forms a portion of

the seal.
32. The device of claim 30, wherein the seal is formed entirely from metal.

33.  The device of claim 30, wherein the portion of the hydrogen-selective

membrane is a consumed portion of the membrane.
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conpartment, wherein the hydrogen-sel ective nenbrane

fornms a gas-tight seal with the encl osure to divide
woOheosioas@snal conpartment into a mxed gas regPON/USnI®DSA30431

perneate region, wherein the gas-tight seal is forned

wi t hout conpressi bl e gaskets, wherein the )
hydr ogeh- sg:f Rsc tdeviee 2 3PncVhraes henicRpyyyds portion of the
. a t i .

SRR SRR e Xohl Ok SEE T T RSIRLES! HRRiqn, of the
ndncedugas surface, wherein the perneate streamis
formed froma portion of the m xed gas streamt hat
passes through the hydrogen-sel ective nenbrane to the
per meats surfagSsiceHclhiie 3aY WheRUE theHydeadPnl el 8¢ BR mbrane is
froma portion of the m xed gas streamthat does not
peielded iy he ghclovee to/idrogerergen efcthe sealmenbr ane, and
wherein a portion of the hydrogen-sel ective nenbrane
fornms part of the seal ed enclosure. 30. The device of
claimzg, v edviccloPélainh 38, Ghetelit tHRYtidegRR=-s8 R 80 inétnbrane is
menbrane forns a portion of the seal. 31. The device
Aiffgsignrboded tpfks wictostrretofoam 8 perioedfdls segb nenbr ane
i ncludes an outer perineter region and the outer
perimeter region forns a portion of the seal. 32. The

. devi ce3nf cThd deva&, ofdlgiheB0, wheaeinehé posiohasfrirel hydrogen-selective
entirely fromnetal. 33. The device of c]aim 30,
VIREMETARC i ag P itReNSI Ol OH R 8 PEHLDNTARE $536 nenbr ane
Is a consunmed portion of the nmenbrane.34. The device
of claim 33, wherein the consunmed portion of the
hydr oggh- seTlecdéviee ofesthinaie, Wherem the cadlboye w farmad from at least
consuned portion of. the.encl osure 35. The device of

- G SRRpre R e e SRR RS BT e ALl PR Gomgonents are
WRLeRH thethdie ehe Léhfﬁﬁg@:e%i@ﬁ 8 form MersehionitRfthd Rd®EE-selective
36. The device of clarm 33, wherein the
hpgmbtpan- sel ecti ve nmembrane is diffusion-bonded to the
encl osure to forma portion of the seal. 37. The
devi ce of claim 30, wherein the portion of the
hydr 0g&9- sefige deviee MEMMiaN88] svhbfed? €k hodioken-e¢ledtDeUmembrane
to forma portion of the seal. 38. The device of claim
soclugperePhicr ReFTBRET 530 that spans mEEPss Rbiaagi 2 Perion afiipe sealing
cappgpents that include sealing regions, wherein the
at“l'east two conponents are secured together at the
sealing regions to formthe seal with the
hydr ogﬁ?& SeJF}?eCtdle\\//ic?e of claim 39, wherein the outer perimeter region of the

hydrogen-selective membrane extends external the enclosure.

41.  The device of claim 29, wherein the enclosure includes a membrane
support configured to support the permeate surface of the hydrogen-selective

membrane.
42.  The device of claim 41, wherein the membrane support is adapted to

permit the portion of the mixed gas stream that permeates through the hydrogen-

selective membrane to flow through the support.
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menbrane. 39. The device of claim 38, wherein the
hydr ogen- sel ecti ve nenbrane includes an outer
wQeoiemesEB regi on that spans across at | east aPODMUSRME030431
of the sealing regions. 40. The devi ce of claim 39,
wherei n the_outer perineter on of the
hydr og%h sellscteVie P rbiighélext %@F?d% ﬂé@(teé?lﬁg}retal?él the membrane

g) O Yefine Q:'t anﬂl%n Qf'?é&b%wgén Gh@! {kRS Wb Ehehs cfebi%e includes at

osure includes a nenbrané support confi gured

slafnqm ont padh eonfegunebtosspan tiiaransifont dvel tb)pdmgethespet‘raeate gaxrface of

rr:tggjgr%ne. 42. The device of claim ﬁ:I ; wherein the
YUREesSRIGREIVE eI rew gagRg M TR EOBor ti on of

the m xed gas streamthat perneates through the

hydr ogensel ecti ve nenbrane to fl ow t hrough the

suppor44.43. Tiethdevikevoicdaiof 43| whereialhe ahleastione tpagd does not create a

encl.osur e nenbr ane . suppor.t define a tra

Cr B st e P e P REPERTse1S it B #RLRE i Bure.
at | east one pad configured to span the transition and

to prevent the perneate surface of the

hydr ogth- seThecdavics ofetitirmfre Whaspindheyalgleasy opp@ad includes a gasket
t s e%é@ﬁnB@% ngemg vi ce of claim 43, wherein the at
Ieas one doeL Aot ereat e a gas-i nperneabl e sea

bet ween the hydr ogen- selectlve menbr ane and the

encl osure. 45. The device of claim44, wherein the at

| east Hhe phee ﬁi%’é‘felftfééalﬁl Hhavherein et lpassang pagkinglydgs a tapered
gitﬂlePﬁaq ShifBter 4@ptek YineR vAniGin éﬂﬂf&e‘lneff{ﬁfa‘h@ 'v&rhehhﬁe device is

t one pa |nc udes a taper nternal perineter
adgapted to mnimze winkling of the nmenbrane when the
device is used. 47. The device of claim?29, wherein
the enclosure includes a pair of end plates, and the

devi ceqj ncl nqéeée\aceseﬁélaﬁﬁtzw%efenetmaénmo@ﬁreeﬂauaésaﬁ %ﬁlr of end
and the hydrogensel ective nenbrane. . The devi ce of

clblatlesn and thendeynasi incladed asest betwoon thecmlroff enfl @latesranddhehydrogen-
g hhe en Iosure is consuned to formthe seal. 49.

ﬁ?ec VR Si?necl aim 29, wherein the encl osure includes

a frane to which the hydrogen-sel ective nenbrane is

permanent|ly and directly secured to from
48. “The device of claim 47, wherein at least a portion of the membrane and

the enclosure is consumed to form the seal.
49,  The device of claim 29, wherein the enclosure includes a frame to
which the hydrogen-selective membrane is permanently and directly secured to from

a gas-tight seal therebetween without the use of compressible gaskets.

50.  The device of claim 49, wherein the enclosure further includes a pair

of end plates to which the frame is secured.
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a gas-tight seal therebetween wi thout the use of

conpressi bl e gaskets. 50. The device of claim49,
wohers@3sr78 he encl osure further includes a pair pPOT/USE@®S/030431

plates to which the frane is secured.51. A hydrogen

purification device, conprising: a sealed enclosure

havi ngla pah hygpeeneirpicaien dgufs sPRETS8r essure vessel

wWth %”seh%&%%@l%kur%%ﬁ{gt JTE:QI; £ YREHBIE deRBindeVhieSsukS vessel with

configured to receive I'nt t he conpar t ment “a i xed gas

sinr @asmalo opmpaitmenth ywltargianthgadeaced iptdoefiggad e, ramiet mito the

produce therefroma hydrogen-ric er neate stream d

RoRPH RS S8 SSs CaRPTISNE | BHEE Ry DG g egses. and to

?f‘gdlﬁe QH&E{?%% h?&rﬁﬁ%@l‘? gEﬁhél'té"&réﬁn L&AShing at least substantially

ubstanti al portion~of the other gases; a

hppoe bgdngaetacind\eebypeodircs Necau ppoaingg akileast A seprsantial portion of

Cﬁng%t nment, wherein the hydrogen-sel ective nenbrane

itAe PUGR&S* i xed gas surface configured to be

cont acd gelirBYer-fedtivy 8Her@Bans shSMeantitdn RRE ¥8 ment, wherein
surface genérally opposed to the m xed gas surface,

whe rhaidrogenselpetivee ateabsance ineludss faommikadl Baomidagsoserifighyred to be
f th i xed t
IR T A R LRI s o

afitketl s yipfa & Ustiersir @@ persicite rsmeamf is oforaed drdoh enpatfion of the
the m xed gas streamthat does nat pass through t

Hytred ggas- sEtast tthafe Pasedh Alqush dhe RydErsenrielendve ﬁ%?rg@a?% to the
i i . tei . .
B R N i A

rane an
pereamniatdoys actdasi theatghyths bydivgoh-tedepéitvh erenttoata and a

seal . 52. The device of claim51, erein each of the

pai 1 OV R eatoNF RtladEs o RRFC e P RAUOTs of the
OMAL BbraRE " dndBfHe! paif i é’hdS?ﬁnltdsnﬁlaf e permidhehtlPeh@n@ifectly secured
bet ween the 1 nner perineter and the outer perineter,

aodethertbferm aherlei n at | east a portion of the nenbrane
extends fromw thin the conpartnent beyond the inner
perineters of the pair of end plates and between the

seal i ngp r egTdNGevde $Mt8aiRAS T, vitler@n dadhl G¥itBS paid 3f eddiplates includes
device of claim52, wherein at |east a portion of the

rarTisnaineerBREeh @8 Ouier PEHEICIAr hadehEstabBE FRgioms Hiat prignds between the
? iﬁ\éérgﬁe&l%{}ﬁtgrl aanldr%lg %meéﬁ%%iﬁ{efkég isl}% W ?H&e{nsatslggslt‘ ra:tg)rtti@n of the

ates rou one o1 we dlng an

dintfnbsine Rxaasfiogn whthin Heecotieattarndbeywndithe Siner whemetiers of the
the device further includes a )
pair of end plates and between the sealing regions of the pair of end plates.

53.  The device of claim 52, wherein at least a portion of the membrane

extends external the enclosure.

54. The device of claim 51, wherein the membrane is secured to the end

plates through at least one of welding and diffusion bonding.

55. The device of claim 51, wherein the device further includes a
membrane support configured to support the permeate surface of the hydrogen-

selective membrane.
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menbr ane support configured to support the perneate

surface of the hydrogensel ective nenbrane. 56. The
wdeviea3os cl ai m 55, wherein the nmenbrane supp®CT/US2005/030431

i ncludes an outer perineter, and further wherein the

devi ce_incl udes at | east ope pad configured to overla

with th othllg? %B‘é‘F? G moﬁt‘ﬁ’é“ﬁ’@n“@? JREMRIEEP SHPPAThH }nC?udeS an
PEGYERintdie, BRI fRALLWALLIARE aefict DRIMME LGSR 038 hﬁ&twﬁgured to
menbriane from engagi ng the outer perinmeter of the
nevdsleaneitls tppouter p&imetthef dey membodneciuppont 56, prevear dienpermeate
t he, at ast .one p i.ncl udes at. | east one.of a gasket
Rk B Ry e R PR ot el beouBs opgter of the
neichibaie sapyshrt he second end plate, a gasket under |ess

t han 30% conpressi on, and gas-perneable materi al .

57.  The device of claim 56, wherein the at least one pad includes at least
one of a gasket that does not form a gas-impermeable seal between the membrane and
the second end plate, a gasket under less than 30% compression, and gas-permeable

material.
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