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Background of the Invention

Purified hydrogen is used in the manufacture of many products

20  including metals, edible fats and oils, and semiconductors and microelectronics.

Purified hydrogen is also an important fuel source for many energy conversion

devices. For example, fuel cells use purified hydrogen and an oxidant to produce an

electrical potential. Various processes and devices may be used to produce the

hydrogen gas that is consumed by the fuel cells. However, many hydrogen-

25  production processes produce an impure hydrogen stream, which may also be referred

to as a mixed gas stream that contains hydrogen gas. Prior to delivering this stream to

a fuel cell or stack of fuel cells, the mixed gas stream may be purified, such as to
remove undesirable impurities.

Summarv of the Invention

30 The present invention is directed to hydrogen purification devices,
components of hydrogen purification devices, and fuel processing and fuel cell
systems that include hydrogen purification devices. The hydrogen purification

devices include an enclosure that contains a separation assembly adapted to receive a
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systens that include hydrogen purification devices. The hydrogen
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Dr awi ngs, Fi g. S chematic.view of a hydrogen purification device. Fig.
2is a s‘é’nedﬁfuéﬂé‘f‘%%é-@&mnoﬁéﬁe%Cé%uaﬁf- a hydrogen purification device

having a planar separ ajf8 oiRITEANRs of hdP@send ih'enflos $HBMREdRe manifest to
cross-sectional view of a hydrogen purification device having a tubular

separ at i on g gewsed B ghe 4rt ypen segkéngnréfercoee ¢ the detatadidesdrphionf whiebt her
hydrogen pugi.ficati evice having a tubul ar separatio nbrane. Fig. 5
is a schemat firoth:1 c"(’:v(rg Oa%lggg%gfgogpany\ﬁge%%%ﬁs oirf%?‘ﬁlélgs é’?’ng‘fehé@hplée?% %ﬂgﬁmﬁ%r ogen
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is a schematic cross-sectional view of another enclosure for a hydrogen
purifi catsi orP™Bvi ce constructed according to the present invention. Fig. 7

is a fragnentary cross-secti O%ef%&&%dtioﬁ%?%é@ra%ﬂé?er sui tabl e

Fig. 1 is a schematic view of a hydrogen purification device.

Fig. 2 is a schematic cross-sectional view of a hydrogen purification
device having a planar separation membrane.
20 Fig. 3 is a schematic cross-sectional view of a hydrogen purification
device having a tubular separation membrane.
Fig. 4 is a schematic cross-sectional view of another hydrogen
purification device having a tubular separation membrane.
Fig. 5 is a schematic cross-sectional view of another enclosure for a
25  hydrogen purification device constructed according to the present invention.
Fig. 6 is a schematic cross-sectional view of another enclosure for a
hydrogen purification device constructed according to the present invention.
Fig. 7 is a fragmentary cross-sectional detail showing another suitable
interface between components of an enclosure for a purification device according to
30  the present invention.
Fig. 8 is a fragmentary cross-sectional detail showing another suitable
interface between components of an enclosure for a purification device according to

the present invention.



interface between conponents of an enclosure for a purification device
according to 30 the present invention. Fig. 8 is a fragnentary

Cr oss- secwpDanabe7det ai | show ng anot her suitable interfaceCvaisosessst
conponents of an enclosure for a purification device according to the
present invention. 2 WD 03/026776 PCT/US02/09351 Fig. 9 is a fragnentary
cross-sectional det ai IFigHbisi snfiagmentiarcressiseafional defed shawmgyasoiise guitable

conmponent s of ncl osure for rifi | O evi j . e
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according t qnt%ﬁ%ce%e%%%ﬁ c&rﬂif&{\}lﬁl&s\?\l&&ﬂ %ﬁ&%&ﬁr%ﬁﬁgﬁ@%ﬁiﬁ%g@&?ﬁgg y 6. 10

Fig. 12 i's a Ccross-secti ona e end pl 3is a

top plan vi ele piesan irerdtiph.at e for a hydrogen purification device
constructed according to the present jnveption 'nc%u%idl%g}rt hose own in

Figs. 1-6. Fig. 14 is Hechoss Geqlibiiew of sient PRl Adhyiagss Rypiliepton 13,
15 Fig. 15 ifvRet QRsRh@ln beNaRE RNt PreBdrittifvéion? ibIEHiRg &RodeUsHOWC & | ON

t B
devi ce construct e"gﬁaccordi ng to the present 1 nvention, Including those
shown in Filigs.146.6. Fig. 16 is a cross-sectional view of the end plate of

Fig. 15. Fig. 17 is a top plan view of an en | ate .f or .a. hydrogen
purificadfion 20 devi Cf*égglgzlgla,cm—gactg)@g Yarieg ¢ %entdrﬁalatﬁlpég%ﬂi ngenti on,

i ncludi ng those shown Fig. 13Hs%Sto épl_@n viewdof Qigeﬁépﬁjcé?fd?sashﬁ@é?ééngﬂﬁiﬁcuﬁ&w of
the end plate of Fig. 17. Flg._f is a top plan view of ‘an end plate for an
encl osure falevige topdiraged apeariingctet thenprgeart ciaverdion: rudeding dbessr giowg i t he
present i nvquéSi M including 25 those shown in Figs. 1-6.

Fig. 14 is a cross-sectional view of the end plate of Fig. 13.
15 Fig. 15 is a top plan view of an end plate for a hydrogen purification
device constructed according to the present invention, including those shown in
Figs. 1-6.
Fig. 16 is a cross-sectional view of the end plate of Fig. 15.
Fig. 17 is a top plan view of an end plate for a hydrogen purification
20 device constructed according to the present invention, including those shown in
Figs. 1-6.
Fig. 18 is a cross-sectional view of the end plate of Fig. 17.
Fig. 19 is a top plan view of an end plate for an enclosure for a
hydrogen purification device constructed according to the present invention, including
25  those shown in Figs. 1-6.
Fig. 20 is a cross-sectional view of the end plate of Fig. 19.
Fig. 21 is a top plan view of an end plate for an enclosure for a
hydrogen purification device constructed according to the present invention, including
those shown in Figs. 1-6.
30 Fig. 22 is a side elevation view of the end plate of Fig. 21.
Fig. 23 is an isometric view of the end plate of Fig. 21.

Fig. 24 is a cross-sectional view of the end plate of Fig. 21.



Fig. 20 is a cross-sectional view of the end plate of Fig. 19. Fig. 21 is a
top plan view of an end plate for an enclosure for a hydrogen purification
devi ce cowetmsad7eel according to the present invention, ineCwdisagossshose
shown in Figs. 1-6. 30 Fig. 22 is a side elevation view of the end plate of
Fig. 21. Fig. 23 is an isonetric view of the end plate of Fig. 21. Fig. 24
is a cross-sectional Vigw5ds atnetiadseospisaetionsk sify glevation vigw\gh apamelasyes
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the end pl au:egsg,ghgmm in Figs. 21-24. Fig. 26 is an isonetric view of

anot her hydrogen purification device 5 constructed accordi,Pg to the
present invention. Fidig2f isangisemelsic gewtqfgmathey bydrogen pHeligEipnevie Fig.
26. Fi 9 528 ol 5ol decShineab il abmpiot her end plate for a hydrogen
purificalion device constructed according to the present invention,

i ncludi ng those showFig.r27ks gsrosi-séctiohél view of &8 desica of Figp 26l evat i on vi ew of

anot her end plate for _a hydrogen urificatiop device constpucted according
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devi ce constructed according to the preSent -invention, i1ncluding those 15
shown in Fi ghowd#fFighkilgo. 31 is a fragnmentary side elevation view of a pair

of separation nenbranes separated,by.a support. Fig. | S.an expl oded
i sonetril€ view of a r’r&ﬁ%én’g ae?f\‘}gIe_)ﬁ%tlmbHﬁfptﬁﬁgeggﬁﬁ%ﬂ}eng’rtao@(ﬁ%g% esent
invention and.ikRalddiAGcRcSIBROEE deBortiR@ {00 Rbsedt iRRNB6H, SREuGInEUGbLY €
havi ng several layers. Fig. 33 is an expl oded i sonetric view of another

menbr ane enwsbkowpe Figeclobdi ng to the present invention. Fig. 34 is an
expl oded isometric vi %\i\fg.%fo anp tsi greler\rf%{}grg M 6F \ellgtgtﬁgreend plate for a hydrogen

purification device constructed according to the present -invention, including those
15  shown in Figs. 1-6.

Fig. 31 is a fragmentary side elevation view of a pair of separation
membranes separated by a support.

Fig. 32 is an exploded isometric view of a membrane envelope
constructed according to the present invention and including a support in the form of a

20  screen structure having several layers.

Fig. 33 is an exploded isometric view of another membrane envelope
according to the present invention.

Fig. 34 is an exploded isometric view of another membrane envelope
constructed according to the present invention.

25 Fig. 35 is an exploded isometric view of another membrane envelope
constructed according to the present invention.

Fig. 36 is a cross-sectional view of a shell for an enclosure for a
hydrogen purification device constructed according to the present invention with an
illustrative membrane frame and membrane module shown in dashed lines.

30 Fig. 37 is a top plan view of the end plate of Fig. 13 with an illustrative
separation membrane and frame shown in dashed lines.

Fig. 38 is a top plan view of the end plate of Fig. 21 with an illustrative

separation membrane and frame shown in dashed lines.
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constructed according to the present invention. 25 Fig. 35 is an expl oded
i sonetric view of another nenbrane envel ope constructed according to the
present iwoeaeeme Fig. 36 is a cross-sectional view of aPEmaisSh2/6w51 an
enclosure for a hydrogen purification device constructed according to the
present invention with an illustrative nenbrane frame and nenbrane nodul e
shown in dashed |ines.Fig@B%isgn e3ploded somspiqyiaw afiasether hydregempiriicatien of
Fig. 13 with alréeicgl L{st %tived. sep rati oentlrrenbtg%ne and frame shown in dashed
lines. Fig. 8PS %SIE“S% Braf PEen StPPHE" dna" plate of Fig. 21 with an
illustrative separatifgp. 40eraagcheiisic diapRns Heve fusl @ashsthd ispasm that\O
03/ 026776 PCT/ US02/ 09351 Fig. 39 is an expl oded isonetric view of another
hydr ogen puri¢lpdests gl progesser ashshydiegaptication Agrisocansiugied degerding to
invention. Fig reg'eqltiifveﬁtigr‘fhe”ati c diagram of a fuel processing systemthat
i ncl udes"a fueP processor ‘and a hydrogen purification device constructed
according to 5 the prrigefit id rvedientitic Hagramd bfi & faels pheesing solstagr dat of a
fuel processing systemthat |ncludes a fuel processor. integrated with a
hydr ogen puriP¢lidesta Bisl progessar uéessrtad mgth o hydragenputfisstion douRe peserding 0 42
i's a schematyjc ggé’hgq%ﬁ{mano_t her fuel processor that includes 10 an

i ntegrated hyd}r)ogen purification device constructed according to the
present invention. Fikjg 423isisschemeatiedmpian df agsthen el probembr thet inchylst em

that includes a_  hydraoge urification. device constructed according to the
br esent 10nveit brE B o RO Vst SRR ORI d0 | o SFEseBh 15 A
hydr ogen purjfdgiahi on device is schematically illustrated in Fig. 1 and
general ly indicated at 10. Device 10 includes a body, or enclosure, 12 that
defines an internal cdfigad wentschiegnatic diagretn of & dpelr celli sistens shatbhgluds 4 s
posi ti oned. m xed .gas. styeam 24 caopt.ai ni rogen gas 26 and ot her
Gases 231 s WATRA ParAEdioh drE e L bl B e R PR LR s8R cal |y ¢ e
m xed gas streamis del bygll@PDéRriptid afd BRed Mietke Jfeld BRred@orof the internal

conpartment and into contact wth separation, ] ) o
15 A hydrogen purification device is schematically illustrated in Fig. 1

and generally indicated at 10. Device 10 includes a body, or enclosure, 12 that
defines an internal compartment 18 in which a separation assembly 20 is positioned.
A mixed gas stream 24 containing hydrogen gas 26 and other gases 28 is delivered to
the internal compartment. More specifically, the mixed gas stream is delivered to a
20 mixed gas region 30 of the internal compartment and into contact with separation
assembly 20. Separation assembly 20 includes any suitable structure adapted to
receive the mixed gas stream and to produce therefrom a permeate, or hydrogen-rich,
stream. Stream 34 typically will contain pure or at least substantially pure hydrogen
gas. However, it within the scope of the invention that stream 34 may at least initially
25  also include a carrier, or sweep, gas component.

In the illustrated embodiment, the portion of the mixed gas stream that
passes through the separation assembly enters a permeate region 32 of the internal
compartment. This portion of the mixed gas stream forms hydrogen-rich stream 34,
and the portion of the mixed gas stream that does not pass through the separation

30  assembly forms a byproduct stream 36, which contains at least a substantial portion of
the other gases. In some embodiments, byproduct stream 36 may contain a portic;n of
the hydrogen gas present in the mixed gas stream. It is also within the scope of the

invention that the separation assembly is adapted to trap or otherwise retain at least a
5



assenbly 20. Separation assenbly 20 includes any suitable structure adapted
to receive the mxed gas streamand to produce therefroma perneate, or
hydr ogen-wDah/02673¢ r eam Stream 34 typically will contain paraserossi | east
substantially pure hydrogen gas. However, it within the scope of the
invention that stream 34 nmay at least initially 25 also include a carrier,
or sweep, ga@ibsi@nialerion ofiihe piher pasgstwhielewilbhe samaorsdtes atiyproduetsiiermas t he

i xed t - t] ssenbl nt er
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bypr oduct st P@PReFAFUANETTEAR dlowing Hdo gt opterd devige dQp dHox prpmplepdeisol) BRY t he
ot her gases.yebélve BEalCRbP drdBM 54 r Ry ; j rtion
of the hydrrc?ge‘rll gasa present 1n t’hagﬁﬁélggg%%?st??{e%%ﬁwf{?dfrggg?@%ﬁ\}\ﬁ%?ﬁlgn t he
scope of t hepridrrivenntacting seatratibe assembia20, on sasslg nidinglé stramiaiaets detiveredp or
otherwise retain at | ea i a 5 WD 03/026776 PCT/US02/ 09351 substanti al
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the assenbly is repl acpgyics egener §hRANPT otdied V‘Atsgle{/@ﬁ@atreﬂg)gﬁtdr?s Rind/or L,
streans 24- 28 are neant to schemétically represent that each of streans
24-28 may i n@kssdresndios exahple, devicaat omly betaperated htolelaged)ntemperatuwes inothe

devi ce . For ex e evice, 10 ma £eceive plural feed streans 24, a
si ngl e ;@r earr?‘}l§64°fﬁ§1tlblefn§qgm?ra%lﬂesi ‘l’ﬁ%‘? gpéjrglors]fl?)‘%a n}?f“?’oeimlfogﬁhr{?‘?:}ﬁ?’ fing
separation asseEdltyma&atueé well BRIythe rédde@fe08t Ceamsbiet, hothielehnteiskntd, Nt 0
conpartnment 18. Device 10 is tyﬁ)l cally operated at el evated tenperatures

and/ or  pr estbapelsctedtsmpseathys will et the ramgmel,2 ¥8 Gopet 408 E. and (is 6tilk othsy)

t enper at ur es_ i, I I . o re ol 00! r~ nore.
I n many enboe |6r$)é1trl1 gr,lts’%tﬁ% Sglg?[g%?é; enpg%%ltlg{g@dwﬁ % egtgeﬁ%h)s t(?ieSBr g:nodegsglc'ZOO'
C and 500" evite 00heasy debg@diaehas (seldchd) yeésaies dn thepaigt of eppibkimadgyi n

t he range of_250' and 400" C. and in stil]l other enbodinents, the.

sel ect edt emfbpsa e 404 pst gsanargo Inmany egphodipents; theselggied pregyurg will pe in

Devi ce 10 0r ' i

appr oxi mat ol G 1B B0 o B3 5 258 5e T SR pidiloht Ak e8P bresyre

sel ect ed pr esBlube lask [tharb800 psi dthkess drege2 30X p&Papd in atild oD edtbodBBesithei n

ot her enbodi nenis, the select pressure i1l he | ess_than 300 psi or |ess
Chan 250 pei SIeHe TFRGHS THE BE a5 TehBoniteRs 85h Sflas of 75 par A% a i, B

enclosure must be sufficiently well sealed to achieve and withstand the operating

20  pressure.

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. For

25  further illustration, a selected operating temperature may be an operating temperature
above or below a specific temperature, within a specific range of temperatures, or
within a defined tolerance from a specific temperature, such as within 5%, 10%, etc.
of a specific temperature.

In embodiments of the hydrogen purification device in which the

30  device is operated at an elevated operating temperature, heat needs to be applied to
the device to raise the temperature of the device to the selected operating temperature.
For example, this heat may be provided by any suitable heating assembly 42.

Ilustrative examples of heating assembly 42 have been schematically illustrated in
6



sel ected pressure will be 175 psi either 25 psi, 50 psi or 75 psi. As a
result, the enclosure nust be sufficiently well sealed to achieve and

wi t hst anawDhg/oeqyeé ati ng 20 pressure. It shoul d be under straadiSotred3sas used
herein with reference to operating paraneters |like tenperature or

pressure, the term"selected" refers to defined or predeterm ned threshold

val ues or rahfiges oft sheblede wnderstansl thae asgeraiyl 42nynaystalei anveshitablenpunent s

bei ng configured.to operate at qgr wihi-n these selecte al ue For ..25
Parther 111 EpRmeCRSRY @ Sudlm bl R stfufes 8F el bBtui BauhE, g
t enper at ur e ass&avigesOinclagt e1e ar SREE of bGediGimRITahier,Ca biinkh b othes fatbstion  ange
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or - .
t enper at ur e, Tegipdhthak pigduges a ggpted poghapst cstreags hgats pecippgee witing deafed rfluid | n.
enbodi ment s h ugjfi i Vi ' ich t jce is
oper at ednjtat %E\e e gt\lllg}t/edai)l glglfekregt a!rsiggt’%é%rrp%@a (gr e\,ﬁ ﬁ%ﬂegt%%d%r ?tgerbgoq%%%}lllbgd to
the devi ce tchanthes® liseé, 4 Arpsirahliseconfundicardiedipeaiucostidagn 3€hagtfen ajerat i ng

tenperature. For exanple, this heat may_be_ provided by any suitable
heati ng asse¥Bpsionof this) fuglsstregm. ot 4% atpFigs Lofchraatis F@)r%tsgg‘éﬁmwhw heshe

Deen Schematincal by it il 6 ot YOLOBLORATTRIRETEhSARHOPFo okt 1
AR AL St HE AR Y e,

It shoul d be understoo at asse ke any suita rm
i ncl udi ng i xeemngladewte déinsddh iasswithinl bl jaskat ahatv surexandp| @s ableast peutially

sui tabl e, heatin assenblies include on r nore .of resi.stance heater, a
bur ner of9 ot HSFOURGH HS EPORFUFE-cBY dn IR Tt GEHCIS 8 Daft ERFIGSUR S (NP ERam
heat exchan s&‘dg‘é@ ittHReatReurk! éi'lﬁr &rﬂh&tﬁﬁﬂ‘sﬁ&hﬁwﬁﬁ‘@ﬂ elEcRAedan G HARM 24,
etc. When a burner or other conbustion chanber is used, a fuel streamis

consuned andongiheraiguice that radhate s seagudts elevtaicallogenemtgsbgai.on of this fuel
stream At 42' in Fig.,1l, .schematic representations hav een_made to
Tl uetrare that the hedr PHEPIC SRy T SHERIEH SRetRL20E Prel S SdEam
external devieRoddd-petmeiblaandot i diogen-adetive iltaibrants 48U Mk MEMBlanbLAs
partially 10 surrounds the enclosure, by a streamthat extends into the

encl osur® orbe femisghof pay dugeagenwerrrebineatial svitehle Hpr vsndudhe oneratingh as
20 Lo NS EE y PAGIERGE Rl BBt o,
assenbly 20 guitableematerinirfor nhymsragend® énoteddpaladinoh amdhyadladiganalelseahd ve
menbr anes 46ésplcggllyntehrirr? rﬁ(’ilrrrllsesof gl?gil metals and metal alloys. Palladium alloys have proven
particularly effective, especially palladium with 35 wt% to 45 wt% copper, such as a

20 membrane that contains 40 wt% copper. These membranes are typically formed from
a thin foil that is approximately 0.001 inches thick. It is within the scope of the
present invention, however, that the membranes may be formed from other hydrogen-
permeable and/or hydrogen-selective materials, including metals and metal alloys
other than those discussed above as well as non-metallic materials and compositions,

25  and that the membranes may have thicknesses that are greater or less than discussed
above. For example, the membrane may be made thinner, with commensurate
increase in hydrogen flux. Examples of suitable mechanisms for reducing the
thickness of the membranes include rolling, sputtering and etching. A suitable
etching process is disclosed in U.S. Patent No. 6,152,995, the complete disclosure of

30  which is hereby incorporated by reference for all purposes. Examples of various

membranes, membrane configurations, and methods for preparing the same are

disclosed in U.S. Patent No. 6,221,117 and U.S. Patent Application Serial No.



15 be forned of any hydrogen-perneable material suitable for use in the
operating environnent and paraneters in which purification device 10 is
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menbr anes 46 mesh ehexpandessmstabsmicemenrthecaricas diler|nodeus matatide Aigfhs”.dle f ace

48 5 which is oriented for gontact, b 1 xed gas ,stream 24 nd. a perdreat e
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assenbl i 8s villbsrated: sehsmetinglht im Big. 2and samohintgrdedoter WateseH fvepapeside
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nmesh or expanded netal screen or.a ceram c oOr other. porous terial. At
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46"' the  DPlanar configuration, it is within the scope of the invention that membrane may

have non-planar configurations as well. For example, the shape of the membrane may

20  be defined at least in part by the shape of a support 54 or member 56 upon which the
membrane is supported and/or formed. As such, membranes 46 may have concave,
convex or other non-planar configurations, especially when device 10 is operating at
an elevated pressure. As another example, membrane 46 may have a tubular
configuration, such as shown in Figs. 3 and 4.

25 In Fig. 3, an example of a tubular membrane is shown in which the
mixed gas stream is delivered to the interior of the membrane tube. In this
configuration, the interior of the membrane tube defines region 30 of the internal
compartment, and the permeate region 32 of the compartment lies external the tube.
An additional membrane tube is shown in dashed lines in Fig.3 to represent

30  graphically that it is within the scope of the present invention that device 10 may
include more than one membrane and/or more than one mixed-gas surface 48. It is

within the scope of the invention that device 10 may also include more than two



menbrane is coated or fornmed onto or otherw se bonded to a porous nenber
56. It should be understood that the nenbrane configurations discussed
above havwolwemm71® il lustrated schematically in Fig. 2 anecarisones3si nt ended
to represent every possible configuration within the scope of the

i nvention. For exanpl e, althou?h menbrane 46 is illustrated in Fig. 2 as
having a plmembragessfindthesthegslative spasing andfor qonfgeretipe obtherhembragesmpyn

t hat merrbrane 46 may have non-planar configurations as well. For exanple,

t he shape of "1¥ie nenbrane may 20 be defined at least in part by the shape

of a support 54 or nenperighf anpeier WRh@plet dfea hyeidReRparifisatoupdsideerd e/ or
formed. As such, nenbranes 46 may have concave convex_or other non-pl anar

confi gur at i dAgludesstybrlan mepbines 13 éhﬂ"@b Ipthiss ilkisaatad icppfigiratiop, dgyieg 4P 48

pressure. r
Cont i gur &t 1 Geangsna sq BT firdFER AR 1 Al rEIDUE, ribithdf 18 oxiomal 0
a tubul ar nehbmnesnsbrase sibever mbeym{[m:hucﬂha conﬁgmdugm,sthstmﬁamgas sdéddevﬁ ed to

the interior of the menbrane tube. In this_  configuration, the interior of

the membr andEBYENE &henie SXFEIGF &9 tarocaTesPIRInG PEIRRHC SEEBatdnBAPETERRIC t he
perneate re nal the tube. An
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such a configuration, the m xed-gas surface of a nenbrane tub e is

ext eri orl3t o ShAWNARFieSpdidmmespdratksicent girptiens, nglvde Lhehaped wbay and snitgl on i s
| ocated i nt e&rmi Jllﬁ?o genbrane tube or tubes. The tubul ar nmenbranes may have
a variety of cont |gurat|ons and 10 constructions, such as those discussed

above w th respect to Ahdisphsaadremiistrcal®defines a pressurized compartment 18 in

which separation assembly 20 is positioned. In the embodiments shown in Figs. 2-4,
enclosure 12 includes a pair of end plates 60 that are joined by a perimeter shell 62. It

20  should be understood that device 10 has been schematically illustrated in Figs. 2-4 to
show representative examples of the general components of the device without
intending to be limited to geometry, shape and size. For example, end plates 60
typically are thicker than the walls of perimeter shell 62, but this is not required.
Similarly, the thickness of the end plates may be greater than, less than or the same as

25  the distance between the end plates. As a further example, the thickness of membrane
46 has been exaggerated for purposes of illustration.

In Figs. 2-4, it can be seen that mixed gas stream 24 is delivered to
compartment 18 through an input port 64, hydrogen-rich (or permeate) stream 34 is
removed from device 10 through one or more product ports 66, and the byproduct

30 stream is removed from device 10 through one or more byproduct ports 68. In Fig. 2,
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 invention
9



shown in Fig. 2. For exanple, illustrative exanples of various nounts 52,
supports 54 and porous nenbers 56 are shown in Figs. 3 and 4, including a
spring 58w0owhiozd176 has been schematically illustrated. It PE€TfUSOY/BE861 Wit hin
the scope of the invention that tubular nmenbranes nmay have a configuration
ot her than the straight cylindrical tube 15 shown in Fi | es of
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t hrough various ones of the end plates to illusfrate that the particul ar
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renoved from device 10 ma ry.. It is.also wt nthesco

| vent on SNBSS e opeqiysh ol aplite g dut B3 R 8BGR slliBivn ans
may be del i RIdeEvRY mint O, pr¥asdrd Feie@Nals Bt id BRw $dhed) etcdS lllustrat ed in
dashed lines in Fig..3. It is further within the scope of the invention

that porlés 64-68 may iknd @besopO bandapedeicter edpelli 6% ¢ dreured upeatheigbsnd/ or
coupl i I f
coupl 15, SUCARSM Sy BRETR) oSSRl BARELYISY WFRIOS Ao BoRe !

mani f ol d assedthialrgss teadongioRents ofifchgusige 112ctogx§thdsfaﬁanm1hm-t1ght sehestanislly
fluidly interconnect device 10 with upstream and downstream conmponents.
For pur posedlwd-tight eentieyration mtth%@ﬁerﬁmleﬂ/\p%ré@@teai ppoonditions in which device

10 is used. Examples of suitable structures 72 include welds 74 and bolts 76, such as

20 shown in Figs. 2 and 3. In Fig. 3, bolts 76 are shown extending through flanges 78
that extend from the components of enclosure 12 to be joined. In Fig. 4, bolts 76 are
shown extending through compartment 18. "It should be understood that the number
of bolts may vary, and typically will include a plurality of bolts or similar fastening
mechanisms extending around the perimeter of enclosure 18. Bolts 76 should be

25  selected to be able to withstand the operating parameters and conditions of device 10,
including the tension imparted to the bolts when device 10 is pressurized.

In the lower halves of Figs. 3 and 4, gaskets 80 are shown to illustrate
that enclosure 12 may, but does not necessarily, include a seal member 82
interconnecting or spanning the surfaces to be joined to enhance the leak-resistance of

30 the enclosure. The seal member should be selected to reduce or eliminate leaks when
used at the operating parameters and under the operating conditions of the device.
Therefore, in many embodiments, high-pressure and/or high-temperature seals should
be selected. An illustrative, non-exclusive example of such a seal structure is a

10



and/ or coupling structures are generally indicated at 70 in Fig. 2. For
purposes of brevity, structures 70 have not been illustrated in every
enbodi mrerwoO oBrosi7emd, it 10 shoul d be understood that somnePor/tsht/owBhlt he
ports for a particular enbodi nent of device 10 may include any or all of
these structures, that each port does not need to have the sanme, if, any,
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and "seal i ngomidh eSimilarle, svakung regton’ ¥ €f sheld 63twillapitslly beodn emiheg1oalo§t1aqopl i ed

to, placed between, or placed in contact with the netalli¢ end
shell. Accordingly, the sealing region of the shell will often be referred to herein as

)_X

end region 92 of the shell. It is within the scope of the invention, however, that end
20  plates 60 may have portions that project outwardly beyond the sealing region 90 and
interface 94 formed with shell 62, and that shell 62 may have regions that project
beyond end plate 60 and the interface formed therewith. These portions are illustrated

in dashed lines in Fig. 4 at 91 and 93 for purposes of graphical illustration.
As an alternative to a pair of end plates 60 joined by a separate
25  perimeter shell 62, enclosure 12 may include a shell that is at least partially integrated
with either or both of the end plates. For example, in Fig. 5, a portion 63 of shell 62 is
integrally formed with each end plate 60. Described another way, each end plate 60
includes shell portions, or collars, 63 that extend from the perimeter region 90 of the
end plate. As shown, the shell portions include end regions 92 which intersect at an
30 interface 94. In the illustrated embodiment, the end regions abut each other without a
region of overlap; however, it is within the scope of the invention that interface 94
may have other configurations, such as those illustrated and/or described

subsequently. End regions 92 are secured together via any suitable mechanism, such
11



pl ates and shell (or shell portions) to enhance the seal established
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20  For example, shell portions 63 may have lengths that are longer or shorter than those
illustrated in Figs. 5 and 6.

Before proceeding to additional illustrative configurations for end
plates 60; it should be clarified that as used herein in connection with the enclosures
of devices 10, the term “interface” is meant to refer to the interconnection and sealing

25  region that extends between the portions of enclosure 12 that are separately formed
and thereafter secured together, such as (but not necessarily) by one of the previously
discussed retention structures 72. The specific geometry and size of interface 94 will
tend to vary, such as depending upon size, configuration and nature of the
components being joined together. Therefore, interface 94 may include a metal-on-

30 metal seal formed between corresponding end regions and perimeter regions, a metal-

on-metal seal formed between corresponding pairs of end regions, a metal-gasket (or

other seal member 82)-metal seal, etc. Similarly, the interface may have a variety of

12



as by any of the previously discussed retention structures 72, and may (but
do not necessarily) include a seal nenber 82 in addition to the mating
sur f aces wD oaneb776 egi ons 92. A benefit of shell 62 bei ng iPeragoabdsyl f or med
with at | east one of the 5 end plates is that the encl osure has one |ess
interface that nust be sealed. This benefit may be realized by reduced
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20  support 102 that extends at least partially along the inner surface 104 of shell 60.
Figs. 9 and 10 are similar to Figs. 7 and 8 except that perimeter region 90 and end
region 92 are adapted to threadingly engage each other, and accordingly include
corresponding threads 106 and 108. In dashed lines in Fig. 9, an additional example
of a suitable configuration for perimeter region 90 of end plate 60 is shown. As

25  shown, the outer edge 110 of the end plate does not extend radially (or outwardly) to
or beyond the exterior surface of shell 62.

It should be understood that any of these interfaces may be used with
an enclosure constructed according to the present invention. However, for purposes
of brevity, every embodiment of enclosure 12 will not be shown with each of these

30 interfaces. Therefore, although the subsequently described end plates shown in Figs.
11-31 are shown with the interface configuration of Fig. 7, it is within the scope of the

invention that the end plates and corresponding shells may be configured to have any

of the interfaces described and/or illustrated herein, as well as the integrated shell
13



12 WD 03/026776 PCT/US02/ 09351 shapes, including |inear, arcuate and
rectilinear configurations that are largely defined by the shape and

rel ati ve woasneam of the conponents being joined toget her PCEarsozssapl e, in
Fig. 6, an interface 94 extends between end region 92 of shell portion 63
and perineter region 90 of end plate 60. As shown, regions 90 and 5 92
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define a reg{vgﬁ] of aqverlap therfevvith. Central region 96 of plate 60 is
shown i n¥%ol M R30S #iS5EPTal ong end region 92 without extending into

shell 62, in dashed |jD@fcest@&NEt QindmidRs DrAVicd20 BRIt Bs1#8IN-HA} alkd Nes
including an internal 20 support 102 that extends at |east partially along

t he i nner suafncdotG4amples sl dncheure designed 9o ntsel Bibylag separiticar membFings. 7
and 8 except_that riomefer reqgion 90 and end. region 92 are, ad ed to
hr ead ngl y BG4 dadh tonker 4 mive Ao rehaieR elieen o PuBsTt gt
threads 106 ¢mafbsti@8desighedastedsd plas& dopafation nmiBnddi providala eosapmhite of a
suitable configuration for perimeter region 90 of end plate 60 i s shown. As

25 shown5 t HEnQit of reqiglerang guiggcetdiea exepspd 4¢ dheyBiedngns dsep@nd-cr. 488 ¢ (or
t dl t I i . I t
out war dl y) eﬁré?lﬁéﬁg%%t?&g\he Hl%m%%%{n%r f c® &fﬁ%gcglen%‘lijaggg% epgl%surle coﬁﬁg%ﬁg&' e

under stood t ese I nterfaces an enc ure
construct ed latg®pHinagsdpardtios nprainainds may enditobe widee@er, haton geutgases- of
brevity, every enbodiment of enclosure 12 will not_ be shown with each of
these 30 i ntseFHQegarearmagasyst czengrallyoprgalisinte iansady ngﬁFfi)yth&%s@r LS R d

plates s hovwﬁeis&ngci &> house tubular separation membranes. However, it should be understood

20 that neither of these relationships are required, and that the specific size of the device

and/or enclosure may vary. Factors that may affect the specific size of the enclosure

include the type and size of separation assembly to be housed, the operating

parameters in which the device will be used, the flow rate of mixed gas stream 24, the

shape and configuration of devices such as heating assemblies, fuel processors and the

25  like with which or within which the device will be used, and to some degree, user
preferences.

As discussed previously, hydrogen purification devices may be
operated at elevated temperatures and/or pressures. Both of these operating
parameters may impact the design of enclosures 12 and other components of the

30 devices. For example, consider a hydrogen purification device 10 operated at a
selected operating temperature above an ambient temperature, such as a device
operating at 400° C. As an initial matter, thé device, including enclosure 12 and

separation assembly 20, must be constructed from a material that can withstand the
14



11-31 are showmn with the interface configuration of Fig. 7, it is within
the scope of the invention that the end plates and correspondi ng shells
may be cowbiogie@ds t o have any of the interfaces descri be@Carbozn3st
illustrated herein, as well as the integrated shell 13 WD 03/026776

PCT/ US02/ 09351 configuration described and illustrated with respect to
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house pl anar separation nenbranes may e wider (r.e., have a
great er crosontansgnorsrihin an egcpiabls devetiofiba other Bgsepar &l drogen-vich becagnthat

pl ates) than_an _encl re . designed. t ouse t.ubul ar separation.nenbranes.
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required, angedthopertfifagePer el ioydsdea @k it MRindemihatsted@asboproanet! iasuaE oMYy
vary. Factors that nmay affect the specific size of the enclosure include

t he t ypdSandreducd), 6F c¥apae Ayiioaensisl sseam gbalhe Imadditian t@ e Hpefabeaidghe
araneters | i VI Ce: W . 1 -0as

g tream 24, t ‘e’wa’s ap@ﬁgn%&c%%ﬁdgjtﬂgt}ggtné@ﬁ g%“e%} itéggfg&gé@'ﬁl%ggo ﬁé‘rgﬂl %ggﬂg@

assenbl i es, tbubt splecedssmpsraamel tTie Réatihg kesemblh orhissdimtilieswhishiadd whithd t he

device will be used, and to sone degree, user preferences. As discussed
previ ously, FFHUIBEERSHMAIFIASEoHrANgSFi PR cpd of the device. For example, 2

simplified end plate 60 is a relatively thick slab having a uniform thickness. In fact,

20  Type 304 stainless steel plates having a uniform thickness of 0.5” or 0.75 inches have
proven effective to support and withstand the operating parameters and conditions of
device 10. However, the dimensions of these plates add considerable weight to
device 10, and in many embodiments require considerable thermal energy to be
heated to the selected operating temperature. As used herein, the term “uniform

25  thickness” is meant to refer to devices that have a constant or at least substantially
constant thickness, including those that deviate in thickness by a few (less than 5%)
along their lengths. In contrast, and as used herein, a “variable thickness” will refer to
a thickness that varies by at least 10%, and in some embodiments at least 25%, 40%
or 50%.

30 The pressure at which device 10 is operated may also affect the design
of device 10, including enclosure 12 and separation assembly 20. Consider for
example a device operating at a selected pressure of 175 psi. Device 10 must be
constructed to be able to withstand the stresses encountered when operating at the

15



operated at el evated tenperatures and/or pressures. Both of these operating
paraneters may i npact the design of enclosures 12 and ot her conponents of
the 30 dewbDwmew267FoOr exanpl e, consider a hydrogen purifi catcoerusdewisse 10
operated at a selected operating tenperature above an anbi ent tenperature,
such as a device operating at 4000 C. As an initial matter, the device,
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preheating period in which the device is heated to the sel ected operating

t enper at ur e pefdoarient) deformatpar pHthe ek plivsyithe dnwmylvtagtuck whidhyahpears nfairlyc h
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byproduct Ste@aRe Othe SHéBANRITRRY MGultha! iAter@l eAdRr BREARANBHE. Of Mohe
hydrogen gas i s being exhausted as byproduct instead of 15 product), or

even no hydspeséficallye Fhesdeferanatian ofithe end pladeli o1 ethent eprapraenisr anelorerst 12 he
ey e e Bl s EO RS i, ARs U DR AN Bl heat

t he device e selec enpe e. e hea ass assenbl i es

may add to tAredisapes@idenige Cl@OSinay iBdledd ghskeR0Gt othaSHad medthery te RiducO Siie Of
the device. For exanple, a sinplified end plate 60 is a relatively_ thick
sl ab havP ng tendgpey of Westhsealerfadeak, haweye: thexshsss Bavypa figitg sige ggthia fdgh

pl at es havi i . i : " . L; v

ef fective t([gl@e uSﬁf{t@g{a{%9&kﬁgﬁﬁwztﬁgﬂgﬁgﬁ?ﬁq’n@ﬁgﬁg %‘%g' g:r?{jg%%ﬁ I'tions
of devi ce lfternbbienksrmay heccdi e nsntoxiémedts t thets inchldet ese addmorn sictehrakd e

wei ght to device 10, and in ny enbodi hents reguire consi derabl e thernal
energy to bEVHIRASCH MYNRTARS Blaes CPRATSSHY lrlh%r‘ff@hﬁ%rgaﬁwf bexeeep dasenider ei n,

the term "unifQr Ms the end plates deform and deflect away from each other, the plates and/or
20  gaskets may in those regions not be under the same tension or compression as existed
prior to the deformation. Gaskets, or gasket plates, may be located between a
membrane envelope and adjacent feed plates, end plates, and/or other adjacent
membrane envelopes. Similarly, gaskets or gasket plates may also be positioned
within a membrane envelope to provide additional leak prevention within the
25  envelope.

In view of the above, it can be seen that there are two or three
competing factors to be weighed with respect to device 10. In the context of
enclosure 12, the heating requirements of the enclosure will tend to increase as the
materials used to form the enclosure are thickened. To some degree using thicker

30 materials may increase the strength of the enclosure, however, it may also increase the
heating and material requirements, and in some embodiments actually produce

regions to which greater stresses are imparted compared to a thinner enclosure. Areas
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25 thickness" is neant to refer to devices that have a constant or at |east
substantially constant thickness, including those that deviate in
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prevent or limt Ieaks bet ween opposi ng surfaces. For exanple, internal
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pl at egp may %léstqag;*@aqlt@aoqg@pwg@ﬁn@eter 130 has a circular configurafion. Howeve?ait Iis

within the scope of the invention that the shape may vary, such as to include

20  rectilinear and other arcuate, geometric, linear, and/or cornered configurations.

Unlike the previously illustrated end plates, however, the central
region of the end plate has a variable thickness between its interior and exterior
surfaces, which is perhaps best seen in Fig. 12. Unlike a uniform slab of material, the
exterior surface of plate 120 has a central region 126 that includes an exterior cavity,

25  or removed region, 132 that extends into the plate and generally toward central region
96 on interior surface 122. Described another way, the end plate has a nonplanar
exterior surface, and more specifically, an exterior surface in which at least a portion
of the central region extends toward the corresponding central region of the end
plate’s interior surface. Region 132 reduces the overall weight of the end plate

30 compared to a similarly constructed end plate that does not include region 132. As
used herein, removed region 132 is meant to exclude ports or other bores that extend
completely through the end plates. Instead, region 132 extends into, but not through,
the end plate.
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prevention within the 25 envelope. In view of the above, it can be seen
that there are two or three conpeting factors to be weighed wth respect
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pl ate. Consider for exanple a ci r,culﬁr @{Eld plate_forned fromT 304
stainl ess stbeKEE98 SHEGnE4n IGTRENH the susreeapf thezand; platgsom Hoh end

plate S veidgfitgohafsRabise dufii QIENnaUdcbishali AIdBKbeAneasl Aoty thi s

end pl ate was operating paranmeters 400" C and 175 psi .
Maxi mum st r ébs dsatofraferofffacpsif therandi plats tvédclt o thive, emd rpdue ghe icating

maxi mum _def | ect.i on of Q.0042 inches and a. def|ecti at perinmeter region
90 of 0.1§025°qHIcHEYts r&’é‘?e%fnr?dpeﬂcftc«?n@ﬁnﬁ%ﬁ% ﬁﬂ@tl “according to the

present invention is }0osROMILABmMELES plafel 120N thadZaleBe deEeTbal |y HabhgcAt ed
at 120. As shown, end plate 120 has 1nterior and exterior surfaces 122 and

124. | nt er i eavisytifaacerréppnidnts, gddscledes; thalregipe gif srpxgBumndirepeen aeiatartegi on

123, and i n REMTTLEET 06 BBaR R iy P 3500RAE, " REIRIE whaE "

extendi ng bekpera tohtePQindTBp@htilie Pahtetdd aatdccohdions, loheristieesel arillabsl
exterior 15 surfaces. As discussed above, perineter re%i?on 90 may_ have any

of the Ionfimparted foerd plateukid tee do arsoli sael ipldel farpisd evithavd resdem ¥7a For
conts o1 Rt 440, AFBIADSER ol Bkl SEShiBRrh A o
peri meter 13@elasccarscwithinl the ponivhi @ihakhd platdloverpix, byi tenicwed wegidn h32 hre
scope of t heenidnlylgtre]:t ilé)OrT tlpx(?ctor iggly,s ggpgndrrg atev %vri ’ resgyo%h 1?5 r}lgy iaggiltigr?aﬁly or
alternatively be described as having a stress abatement structure 134 in that an area of
20 maximum stress that would otherwise be imparted to the end plate has been removed.
For purposes of comparison, consider an end plate 120 having the
configuration shown in Figs. 11 and 12, formed from Type 304 stainless steel, and
having a diameter of 6.5 inches. This configuration corresponds to maximum plate
thickness of 0.75 inches and a removed region 132 having a length and width of 3
25 inches. When utilized in a device 10 operating at 400° C and 175 psi, plate 120 has a
maximum stress imparted to it of 36,000 psi, a maximum deflection of 0.0078 inches,
a displacement of 0.0055 inches at perimeter region 90, and a weight of 5.7 pounds.
It should be understood that the dimensions and properties described above are meant
to provide an illustrative example of the combinations of weight, stress and
30  displacement experienced by end plates according to the present invention, and that
the specific perimeter shape, materials of construction, perimeter size, thickness,
removed region shape, removed region depth and removed region perimeter all may
vary within the scope of the invention.
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20 rectilinear and other arcuate, geonetric, l|linear, and/or cornered
configurations. Unlike the previously illustrated end plates, however, the
central wegBom7eé the end plate has a vari abl e thi ckness Pogtusenm3st s
interior and exterior surfaces, which is perhaps best seen in Fig. 12.
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120. The maximum and perimeter region deflections of plate 120° were also less than
20 plate 120, with a measured maximum deflection of 0.007 inches and a measured
deflection at perimeter region 90 of 0.0050 inches.

End plate 120”, which is shown in Figs. 15 and 16 is similar to end
plate 120°, except region 132 (and/or structure 134) has a diameter of 3.75 inches
instead of 3.25 inches. This change in the size of the removed region decreases the

25  weight of the end plate to 5.3 pounds and produced the same maximum deflection.
End plate 120 also demonstrated a maximum stress that is less than 25,000 psi,
although approximately 5% greater than that of end plate 120° (24,700 psi, compared
to 23,500 psi). At perimeter region 90, end plate 120” exhibited a maximum
deflection of 0.0068 inches.

30 In Figs. 13-16, illustrative port configurations have been shown. In
Figs. 13 and 14, a port 138 is shown in dashed lines extending from interior surface
122 through the end plate to exterior surface 124. Accordingly, with such a
configuration a gas stream is delivered or removed via the exterior surface of the end
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stress occurs within the portion of the end plate occupied by renoved
region 132 in end plate 120. Accordingly, an end plate with region 132 nmay
addi ti onawby3oee77@l t er nati vel y be descri bed as having a stcadsoassenent
structure 134 in that an area of 20 maxi mum stress that would ot herw se be

inparted to the end plate_has been renoved. . For purpos f co .1 son,
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regi on shape, renove on depth and renoved region_ peri rr;etbgr all may
vary w t hi nmbpeascapeother sti@blerpasheardiguration\ae viedl, aocdydies pep A8, | n
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transverse jfQrsbl iRe@Syld2handbdedentsdebcibads sidl platdsh prst @e dimeyt werwsnand
di mrensi ons may be used "and are within the scope of the invention. To

illustrate ilussaipdimFigs\faaniddti ons of end 5 plate 120 are shown in Figs.
13-16 and generally i poicalofh Al idh0d 10din #ks: 1515 heRiad iiengss 1440 on
Wi e

132 is shown having a rcul ar “perineter, i mensi ons of the
regi on bei ngusislthueiurés] M @gendlBit@oompartménrl § mdpysideimpperts thet maybe

pur poses of conparison, consider an.end plate 120 having, the figuration

shown i b5 Fi geed to posifien ﬁad/ah%llgﬁla'ﬂﬁp%rgﬂ?fh%ssg‘&ﬁ]é’ %éf‘é‘?hi %?l”&erg‘?ra%%sn“s‘f?@é&g%n, 10

peri met er and,b i EKAC 8% a8 Sl 1 g RorSRANS firih Flotits 52 Ford sérarlons ead
a

of the gener y ‘'square renoved regionh of Figs. 11 and 12, however,  end
plate 120' hasmdly.r cnoviber eabodimants, Htha dgeiver miclules imeumtnothse ithaktedideand a

SL? mﬁ;gr r gggégéﬁrﬁgﬁﬁﬂﬁsﬁlg@ef I gg ?na]}? Oel us\éﬁiv%ﬁls artlyhgf ﬁl%@ldaiﬁatgpﬁhg{r%& 120,

incorporated and/or described herein, regardless of whether any such guide structures

20 areshownina particular drawing figure. However, it should also be understood that
hydrogen purification devices according to the present inventiop may be formed
without guide structures 144. In embodiments of device 10 that include guide
structures 144 that extend into or through compartment 18, the number of such
structures may vary from a single support to two or more supports. Similarly, while

25  guide structures 144 have been illustrated as cylindrical ribs or projections, other
shapes and configurations may be used within the scope of the invention.

Guide structures 144 may be formed from the same materials as the
corresponding end plates. Additionally or alternatively, the guide structures may
include a coating or layer of a different material. Guide structures 144 may be either

30  separately formed from the end plates and subsequently attached thereto, or integrally
formed therewith. Guide structures 144 may be coupled to the end plates by any
suitable mechanism, including attaching the guide structures to the interior surfaces of

the end plates, inserting the guide structures into bores extending partially through the
20



and deflections. Mre specifically, while end plate 120 had a maxi num
stress greater 15 than 35,000 psi, end plate 120" had a maxi num stress that
is | ess tWan3d2y7@00 psi, and in the illustrated confi gur Cirarso}/esst t han
25, 000 psi, when subjected to the operating paraneters discussed above
with respect to plate 120. In fact, plate 120' denonstrated approxi mately

a 35% r educeidnplatas fremx itheimtesior sufaces thsasaldon wsgpting de auwde stiyeturas roNsh and
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13-16, illustrative port i guration ve been shown. In Figs. 13 and
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122 through the end pl.ate to exterjor face. 124. A dingly, with h
conf i gurlgttg i BFFsﬁntgHé"egtt“?réa‘% ﬁ?’é’w)ée P?&/&EB%%@Y ?‘glr‘?‘ﬁ\z?gdat\/ﬁ‘é&[ hy“g?%(e?twwlgeﬁlrjg ac((ja1
of the end (1§ @ﬁ!h%ﬁ@eﬁm%@ﬂt&@%?.&ﬁﬁﬂlate@ll% e heae\ng & s elbmefitdch a

configuration, fluid conduits and/or owregul ating and/or qo‘;ﬁl i ng
structure 70ubsighents lapd waribtignsojsewry ¢f o ather et elpies shewns deseribet aggd/ot he

end plate. Another itabl g confiquraiiopdS i ndi t. 1 [ ed
lines in Fiubcé’.rpof%teiﬁarel%. §1E§1Pa§ ﬁ%gﬂ{ p%k)er Pdl’él atee%%ﬁgglgg%oan% éﬁ%ﬁé}ﬁ% 1Zf'la‘?eor
surface of t1hg wild apleiced refion 132r Qualr peess B REmdd Cstiubiir€dd4phaeinger i or
surface 124. Accordingly, port 140 enables gas to be delivered or renoved

fr om t hd5 pecirpdlee pedmetehevidhd Blageteri ofs 8 adingles. t wateaior evrigee ddftt AEbet t he
end plate. I u h t z .
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may have anyegiBer souiiorliR2e. p@utercmniovgdregioan] 35 deerdehsesiincthickinagy as for t

t hat extends 10 through shell 62 or._a she|l portion. For f
si npl i )éi ty, aBBr,og@le\mpggnlﬁgﬁr 138 ?_n the illustratec{ eml?oJimlent, region 1?&1 {1 soalS ggne?ally

linear reduction in thickness, although other linear and arcuate transitions may be
20 used. For example, a variation of end plate 150 is shown in Figs. 19 and 20 and
generally indicated at 150°. End plate 150’ also includes central and exterior removed
regions 132 and 152, with exterior surface 124 having a generally semitoroidal
configuration as it extends from central region 126 to perimeter region 128. To
demonstrate that the size of region 132 (which will also be referred to as a central
25  removed region, such as when embodied on an end plate that also includes an outer
removed region), may vary, end plate 150’ includes a central removed region having a

diameter of 3 inches.
For purposes of comparison, both end plates 150 and 150’ have
reduced weights compared to end plates 120, 120° and 120”. Plate 150 weighed 4.7
30 pounds, and plate 150’ weighed 5.1 pounds. Both end plates 150 and 150°
experienced maximum stresses of 25,000 psi or less when subjected to the operating
parameters discussed above (400° C and 175 psi), with plate 150” having a 5% lower
stress than plate 150 (23,750 psi compared to 25,000 psi). The maximum deflection
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illustrated in many of the subsequently described end plates, just as they
were not illustrated in Figs. 5 and 6. Also shown in dashed lines in Figs.
13- 15 ar ewou@2673¢ r uct ures 144. Cuide structures 144 ext ®@ad/iSa2/e9351
conpartnent 18 and provide supports that may be 15 used to position and/or
align separation_ assenbly 20, such as nenbranes 46. | n sone enbodi nents,
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assenbly. | er than guide
structures %f%hﬁ]%gﬁrgé@g& ruc %Ir%eosédﬁkgfgg}@s%g% ?‘ﬁféﬁe@é&?&&he }gnd pl at eg
illustrated, incorpoAabéer ambiplate @[Bsmfstrbﬁeld baroedlmg to dgaprdiens mvelfttuymm her
any such gui de structures 20 are shown i rticul ar. draw n ur .
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enbodi nbht s wher e t he T8I asymilE < 67 rastende fmé’é‘ e’t‘lﬁétsu eeitg‘l eggﬁeeﬁléﬁey
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OB

illustration at 146 in Fig 5 structures may be subsequently
affixed to 1 &nHigsl 2t-€4, 1t/ttanéxermemvtmlty1,bstll66 agulrafiéallysspaced enoesd swrfadse

assi gned andlhoNHoHDE hED RS Figh 4 harraatl FuoriroLenspruel Fehoved

invention that truss assembly 162 may be formed with more or fewer ribs. Similarly,

20 in the illustrated embodiment, ribs 166 have arcuate configurations, and include
flanges 168 extending between the ribs and surface 124. Flanges 168 may also be
described as heat transfer fins because they add considerable heat transfer area to the
end plate. Truss assembly 162 further includes a tension collar 170 that interconnects
the ribs. As shown, collar 170 extends generally parallel to surface base plate 164 and

25  has an open central region 172. Collar 170 may be formed with a closed or internally
or externally projecting central portion without departing from the invention. To
illustrate this point, members 174 are shown in dashed lines extending across collar
170 in Fig. 21. Similarly, collar 170 may have configurations other than the circular
configuration shown in Figs. 21-24. As a further alternative, base plate 164 has been

30 indicated in partial dashed lines in Fig. 22 to graphically illustrate that the base plate
may have a variety of configurations, such as those described, illustrated and
incorporated herein, including the configuration shown if the dashed region is
removed.
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and the bores sealed (such as by welding) to prevent leaks. In Figs. 17 and
18, another end plate 60 constructed according to the 10 present invention
i s shown wod3gedtes al |y i ndi cated at 150. Unl ess ot herw sePCamsor/6936d, it
shoul d be understood that end plates 150 may have any of the el enents,

subel ements and variations as any of the other end plates shown, described
and/ or i ncorporated Fadeplate $p@ithay additionaily| e eltarparively| bg dessiheins udes

an exterior. surface 124 .w th a renpved regi enment
structure 132YRAFRPOR l@é F A Splgral1 ﬁé eeg—g%al?ﬁre%agﬂ%%tb gﬁd@?%_@@@l
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reduced wei ghts conpared to end plates 120, 120" and 120". Plate 150
wei ghed 4. 7 as@bhpdhdsnanatopiravide pBothenvekahipld o a stpeps ridpgtenBat FesEHE U at es

150 and 150', expetr,ienced,maximum stresses . of .pSi
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psi), W th platerkRRimioay,ithe operbiést @VER the SfubLsserbBinpleades tbReat 23nsiH0 psi
conpared to 25,000 psi). The maxi mum deflection 21 WO 03/ 026776

PCT/ US045 09 3% of she base platatvaiboeadding sogpoficanhwriet Wrile bassadatenches,
respectively, and the 4disi : | i r . 1

i nches and 0. 0059 inck@gﬁb@gggg{g’lt‘re\zfeeﬁlg}.g%iﬁgzﬁéﬁ{se%ega%ﬁg%@@(%y%’o g%rg@'?ed
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i ndi cated at 160._ Unl ess ot herw se specjfied, end .
plates. The max?mum stresses?mpgrte to gase p?ate 164 were 10,000 psi or less.

Similarly, the maximum deflection of the base plate was only 0.0061 inches, with a

20  deflection of 0.0056 inches at perimeter region 90. It should be noted, that base plate
160 achieved this significant reduction in maximum stress while weighing only 3.3
pounds. Similarly, base plate 164 experienced a smaller maximum displacement and
comparable or reduced perimeter displacement yet had a base plate that was only 0.25
inches thick. Of course, plate 160 may be constructed with thicker base plates, but the

25  tested plate proved to be sufficiently strong and rigid under the operating parameters
with which it was used.

As discussed, enclosure 12 may include a pair of end plates 60 and a
perimeter shell. In Fig. 25, an example of an enclosure 12 formed with a pair of end
plates 160 is shown for purposes of illustration and indicated generally at 180.

30  Although enclosure 180 has a pair of truss-stiffened end plates 160, it is within the
scope of the invention that an enclosure may have end plates having different

constructions and/or configurations. In fact, in some operating environments it may
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5 plate 160 may have the sane el enents, subelenents and variations as the
other end plates illustrated, described and/or incorporated herein. End
pl ate 160wormg/ob@76 referred to as a truss-stiffened end pl Ce/useveasse it
includes a truss assenbly 162 that extends fromthe end plate's exterior

surface 124. As shown, end plate 160 has a base plate 164 wth a generally
pl anar conf |bgl]|>|ea¢ﬁ0m1 to §pmm erplosues thwithiwo gifferent tweﬁlﬁpl@esﬁlg@t ops, &t

ol ace may. nave R id L SRR R R ks ﬁ%%i?g%n%@gﬁ%?ngt Comparabl o i

not reduced maximum Sﬁ@g@@ﬁ and P gfdties texamgle dftanl enddésuhs IR ishshoswopel of
the invention that any he other end plates illustrated, described

and/ or i ncorgﬁ-‘@‘ﬂ&]ﬂ}édndd@?ﬂ@d at éPQ@nﬁfﬂ?CIP%SI e platesy 3f8s  dindenigley (455 hagsr 1y yss
assenbl y ;162 ﬁfféﬁ&f&l &Fﬁm T5'FR 98- I%UE’&‘%?@%&?% freflirebB5 38! i8'sRowd fiviRd
Pay

i ncludes™a y of "projé at eten from exteri
surface 1241.1arhdﬂeﬂ-_01©$1ncﬁés-t84furthdr 1111asnrathethste:ha shdpatand istrs of @ie mneveddigadd y

spaced around surface, 124. Nine ribs 166 are sho in 1 and 3 but
it is withi MBhETEaHn be seere ofithe gHenmn- tﬁ%tgepal@l@e %ﬁ%ﬁ%ﬁl
formed with - Qr: i

e?.&%gm 6%1{%3@[ FlePSron® 17 il ?gﬂ@fe tl%goéﬂgr, Bf‘?hé Eﬁ&'%)tlit@st ?lﬂlstrated

enbodi nment , arcuate configurati i ncl'ude flanges 168
ext endi ng beleveiedt hed/or hscompatatedr licaecie Hhag. inﬂlud@gaeshdsfponuyl &s s&xt@dlng
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general ly parallel to surface base plate 164 and 25 has an open central
regi on 172. s@optues) 1620 andipr bfeowcimgedumom la7Q: lopsdedleefion abalemant girucspre,

external |y pro ecti cen ortion w paLt tion.
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across col | @onfiki@tiéfrbindhe Sdterii stirfass 134 oftlﬁé bed phi®0 may have

configurations other than the circular confjguration shown _in Flhgs. 21-24.
[

As a furlfher alternatiltéds alsaswithipathe sceme I?£§h%é@f?n§9nlthﬁl SIS %i al
dashed | | nes?&lﬂd ét&:ss d/Enod C%H&Jl Qﬂtérﬁeﬂt sh‘l:iﬁthfe@tt tteQ?eElgtugtS cgﬁzﬁﬁm%ﬁttﬁ% may

have a vari e contirguratl ons, sucC ose eSCI’I ustrated and
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is renmoved. 22 WD 03/ 026776 PCT/U 02/ 3 e 16Q may. .
addi ti onal | yurfage 8f the ead Rlales IB‘e gg ge(?ngquatgs Fo®arsshovat illustrating

examples of these structures. For example, in Fig. 28, end plate 60 includes a

20 removed region 132 that extends into the end plate from the interior surface 122 of the
end plate. It should be understood that region 132 may have any of the configurations
described, illustrated and/or incorporated herein with respect to removed regions that
extend from the exterior surface of a base plate. Similarly, in dashed lines at 170 in
Fig. 28, supports are shown extending across region 132 to provide additional support

25  and/or rigidity to the end plate. In Fig. 29, end plate 60 includes internal supports 196
that are adapted to extend into compartment 18 to interconnect the end plate with the
corresponding end plate at the other end of the compartment. As discussed, guide
structures 144 may form such a support. In Fig. 30, an internally projecting truss
assembly 162 is shown.

30 Although not required or essential to the invention, in some
embodiments, device 10 includes end plates 60 that exhibit at least one of the

following properties or combinations of properties compared to an end plate formed
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having a support 170 that extends in a spaced-apart relationship beyond
exterior surface 124 of base plate 164 and which is adapted to provide
addi ti onawogBitd7mess and/or strength to the base plate. S$Cirlusoamssher
additional or alternative description of 5 end plate 160 is that the end
pl ate i ncludes heat transfer structure 162 extending away fromthe
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was used. As discussed, enclosure 12 may include a pair of end plates 60
and a peri met er - 8educed massng expesnallyprajeghig 8PBPT SN encl osure 12 for ned

with a pair of en I 338' Ed RULRASE QisBlacthbptst rati on and
i ndi cat ed gener al gf/edgltcgqgé?( iﬁ%%%ﬁgﬁedggc? osure 18639k?§s a pair of
truss-stiffened eadeducad aaxihGin siréssiand nédubedpdrireetesdioplecepient;ne i nventi on

that an encl osure may have end pl ates_ havin ifferent constructions
and/ or confi gur at #& .Ce‘?ﬂ“af“é‘&‘ir’?Sfr??s%ﬁirém&?ég%g?aﬁgméﬁgﬁ?’r8q1nents it my 23

- areduced maximum stress and a projecting truss assembly;
20 - a reduced maximum stress and a removed region;
- a reduced maximum displacement and reduced perimeter displacement;
- a reduced maximum displacement and increased heat transfer area;
- areduced perimeter displacement and increased heat transfer area;
- areduced perimeter displacement and a projecting truss assembly;
25 - areduced perimeter displacement and a removed region,;
- a mass/maximum displacement ratio that is less than 1500 1b/psi;
- a mass/maximum displacement ratio that is less than 1000 1b/psi;
- a mass/maximum displacement ratio that is less than 750 1b/psi;
- a mass/maximum displacement ratio that is less than 500 lb/psi;
30 - a mass/perimeter displacement ratio that is less than 2000 Ib/psi;
- a mass/perimeter displacement ratio that is less than 1500 Ib/psi;
- a mass/perimeter displacement ratio that is less than 1000 1b/psi;

- a mass/perimeter displacement ratio that is less than 800 Ib/psi;
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WO 03/ 026776 PCT/ US02/ 09351 be beneficial to formenclosure 12 with two
different types of end plates. In others, it may be beneficial for the end
pl at es t owbas@2d7e sanme construction. In Figs. 26 and 27 &ootuser/osxanpl e of
an enclosure 12 is showmn and generally indicated at 190 and incl udes end
plates 120"'. End plate 120... has a 5 configuration sinmlar to Figs.

13- 16, except rmm@s/p@gnﬁw@séaqe@@hmth%\}ﬂ?@S‘élaaﬁQ?r&T > of 4 inches to
further ill ustrate?lt

a o?%gechgﬁal @aﬂﬁa&%%%ttnﬁf%ﬁﬁ%g}éa% 8 C\\ﬁﬁfi region nay vary

within the scope 0 e invention. ates | ude shell portions
63 extending i ntgaoad-kactivhslredaransstratio thatistat kiast T éfpoamds and/ot he end pl at es

illustrated, described, and/or incorporated herejn pay include a shell
portion 63 extendilﬁ@s%éeqtlﬁﬁ%l@%‘i/m?strﬂté‘?@ﬁﬁrﬁtPei"ﬁt #qnllndg%/‘r“ﬁlte that any of the

end pl atges descri bed, Aisldiézbg%‘geﬁt Eck1oRRIN ©TcohRGRT ROTALES Jb%éﬁh[heﬁﬁys ah&o

include truss assenblies eat transfer structure) 162 and/or
proj ecting hoipposdparalié assembdy R@ctuchas atxaoemersd septration oregmbranes 4hewbicho4 are

shown projecting across, renpved region 132 in.a spaced:-apar nfi.guration
fromthe ex®&r ?"cB’PO’étEFff n 159 @F{Otsﬁr@ E)‘ndl ﬁ\lléat%é‘? r&‘gml t ‘sqﬁl @8 Wlftﬁartﬁ"et he
scope of thg Jyantifh i #igePChnasar e ldpiBion nihdideesSIq Qrse apsitel as

defl ection abat'ement structures that extend into conpartment 18 as_opposed
to, or in athdiepéndentmanar or tesrsmaimbrasesr Jt isalsoswithia the seopa @f thegiy eniion

exterior syrface of the end ates. In .Figs. -3 n e e
shown i H9 usﬁ?’éﬁﬁ%d’mﬁé@ﬂﬁ &aygbet%aélgegtlpug?ﬁsr glg‘?t %c%n%eg%rgrr%?%, §€fg2 ?’3 28,
end pl ate 6fcidbetitdas 18 sabh hessRiearatien e nlddbrbhapaiexiande refetred tthes and
plate fromthe interior surface 122 of the end plate. ]t shoul d_be

under st ood misatbransgingelopgan that theydeling? MmeR PEFHRIGEERR3grE thejfrgr¢thed,

illustrated_and/ ' / I | : Lans that
ext ond 11 onf IAQCRERRPEdHSEpE; Sl Aol RRRCA P AOATINER 1SGRLAES 11

lines at 17@ch Btrealn &4 nmd§ besollpned.s are shown extendi ng across region 132 to
provi de additional support 25 and/or_rigidi tg/ to hhe eng. p%gte I n Ffé{g. 29,
end pl ai® 60 incl udesAnrireripks ol WEBPARC FBECIORS S shayR M fign band gensialiing

i nto conpar i PP[E%: @8R hadRorahd PaitsBay GRE a8&ASRMI Ng
end plate agl{zﬁ%réedé%hzgr@' eIﬁ%ﬁ({)l t Igll;&ce(][)%trp(};tasf(‘lirtmant. As di s?:elljlsssea, _gu_iade S
structures d&4uirbye floapes,ssuch aa Mappenvelopes Fidgtub8ly caveloprser Siatilagly, the

DL EET 0, LSS 5SS o2y 30, AL DO LR BB,
plates 60 thak@xhicRirh flssdgeastor PagdREs b Blustration, the following description and
20 associated illustrations will describe the separation assembly as including one or more
membrane envelopes 200. It should be understood that the membranes forming the
envelope may be two separate membranes, or may be a single membrane folded,
rolled or otherwise configured to define two membrane regions, or surfaces, 202 with
permeate surfaces 50 that are oriented toward each other-to define a conduit 204
25  therebetween from which the hydrogen-rich permeate gas may be collected and
withdrawn. Conduit 204 may itself form permeate region 32, or a device 10
according to the present invention may include a plurality of membrane envelopes
200 and corresponding conduits 204 that collectively define permeate region 32.
To support the membranes against high feed pressures, a support 54 is
30 used. Support 54 should enable gas that permeates through membranes 46 to flow
therethrough. Support 54 includes surfaces 211 against which the permeate surfaces
50 of the membranes are supported. In the context of a pair of membranes forming a
membrane envelope, support 54 may also be described as defining harvesting
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foll ow ng properties or conbinations of properties conpared to an end plate
formed 24 WO 03/026776 PCT/ US02/09351 froma solid slab of uniform
t hi cknesswofo3pzites mat eri al as end plate 60 and exposed t oPCTRSITeI361

operating paraneters: - a projecting truss assenbly; - an internally
proj ecting support; - an externally proj ect | g su - an _external
r enoved reg¢@dultzoén1mm@%ta204ﬁﬁ r@@ﬂ’&‘r’f@rab ﬁﬁ‘("éﬁ’rﬂ&raw&‘fs?aﬁ rtion;

reduced nmas maxi mum - a reduced mass and
reduced persdmemﬁcamryslnhﬁmmmg 31. aThegernedtengesswhittl i acleed sebstansiatly

transfer area; - ar d d t -
reduced nasB“rﬁﬁ’d’d’ébgF’gBgéﬁm%yn%;g}’ggﬂvhge EJ’B%%‘F%’%’E %fggﬁﬂ%'&%& %ﬁ%‘% %‘?IQ‘I gtS resg
and. 1 educed Rth BYRGIR ASEERA 1. Brofist RUABHLIRY AYMGGt ARSAAGH TPduCed

perimeter disp - are maxi mum stress and i ncreased heat
transfer ar paferabla thieet thie sapposixdors mos obstesct dlmed flawprfogas cthliomlgh the bydraggendl y;

20 - a reduc maxi mum str S an enov duce

di spl acement® %‘ﬁ’der‘%‘gﬁib‘ }F%%atsg}ﬂo‘iqfﬁlnﬁﬁgﬁﬁﬁm“gh the ?lglaluﬁagas r%%)rgr):?%u
di spl acemeng,. 4 B 6&%@&9&%% 54 RRSHcaRK §Rustrated ih PGed peri met er
di spl acenent an creased heat transfer area; - a reduced perineter

di spl acerment and a pr dinecxaimpde of a§91t%hiSénm10yt 54 foy membragg saselopssr 300eiser
di spl ac ?ﬁg%bo?v%g 157 %ng e fg% ﬂ»ﬁ% ggrﬁ%&s ngﬁ{r"%b mymedi § nt?ﬁ%%%@ﬁ]ﬁél@&éso that

is | ess

- an integr %z!raﬁ%eljo t elgﬁfacg erﬁlléc ] nga%%enemg@legfﬁﬁﬁdth S%e%t B8P as- @

di'spl 3cenent rati ot I's | ess
than 1000 | BiupSli screen metfes/ MBXI rmmhéllﬂﬁhtﬁ&m%odﬁﬁdnq theadcréen membetshan
750 I b/psi;” - a mass/nmaxi mum di spl acenent ratio thta is |less ”ﬁ% 5?
| b/ psi ; include a coarse mesh screen 214 sandwiched between fine mesh screens t

should be understood that the terms “fine” and “coarse” are relative terms.

Preferably, the outer screen members are selected to support membranes 46 without

15 piercing the membranes and without having sufficient apertures, edges or other

projections that may pierce, weaken or otherwise damage the membrane under the

operating conditions with which device 10 is operated. Because the screen structure

needs to provide for flow of the permeated gas generally parallel to the membranes, it

is preferable to use a relatively courser inner screen member to provide for enhanced,

20  or larger, parallel flow conduits. In other words, the finer mesh screens provide better

protection for the membranes, while the coarser mesh screen provides better flow

generally parallel to the membranes and in some embodiments may be selected to be
stiffer, or less flexible, than the finer mesh screens.

The screen members may be of similar or the same construction, and

25  more or less screen members may be used than shown in Fig. 32. Preferably, support

54 is formed from a corrosion-resistant material that will not impair the operation of

the hydrogen purification device and other devices witﬂ which device 10 is used.

Examples of suitable materials for metallic screen members include stainless steels,

titanium and alloys thereof, zirconium and alloys thereof, corrosion-resistant alloys,

30 including Inconel™ alloys, such as 800H™, and Hastelloy™ alloys, and alloys of

lTM

copper and nickel, such as Monel™. Hastelloy™ and Inconel " alloys are nickel-

1™ alloys typically contain nickel alloyed with chromium and

based alloys. Incone
iron. Monel™ alloys typically are alloys of nickel, copper, iron and manganese.
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30 - a mass/perineter displacenent ratio that is |ess than 2000 I b/psi; -

a mass/perineter displacenent ratio that is |less than 1500 | b/psi; - a
mass/ per iwetoan2grepl acenent ratio that is | ess than 1000 [Po/rass02/09351 a
mass/ peri neter displacenent ratio that is |ess than 800 | b/psi; 25 WO

03/ 026776 PCT/ US02/09351 - a mass/gerl met er _di splacenent ratio that is
| ess than 60dditionglsexamples ef sWactuiscior GHRPOLY &4/ielyde PAIqUS CCFHRCS, PORAUS| east

6 i n2/ poundz, g0 608 3ARACHARA 09 B R5h8 iAok ek GRAL

i n2/ pound; Cross- sec§°| onhal "areal/rass ratio I's at’ (zeast 10

i n2/ pound. &omsinglicnouitisett oreﬁm'b@&ldéreméﬁbﬁ@aﬂal As ansthérrexemple] sonen@aiditofent 18

that houses separation assenbl such as_one or .nore separation

rrenbr anes 4% SEFFER ACBheEs B3F M5y EHednﬁPWi ??‘Haﬁ%edgﬁ’@?aéé‘%ﬁt@db‘gf VOYFR AMB mount
In the {é“gafratlve exanples shown in Figs. 2 and 4, the separation

rrenbranes 46 were depicted as independent planar or tubul ar nmenbranes. It

is also within the schangffahrfoatibmm’éﬁteimmbﬁne Iemrelopms, adhebivaney btan}sebe

arranged in pairs tha i perneate re er ebet ween. sych a
confi gur at i BnSECfe™ LP{?P élgﬁ‘élﬂi‘%s%ﬁ?" ﬁ@cﬂgf’@f“&/éﬂ te 83% © ?Pé‘?ﬁ?rn{i té of

envel ope, | grtdadnichey 2@@%@%& ﬁ@aﬁa&s&ﬂm&@d&@@Ilﬂmégodve-lﬁdaﬁpér@fem of a
harvesting conduit, or flow pat ext endi ng t herebet ween and from whi ch

hydr ogen- rUch PSltaneAtpmetmﬁelm@l Nol 0%/812:409. 1Eorm111191069$rpf Blustrationyradissivne

Cnder ot Bba Enaerte ndedea it GRSRE /Al o G R Sttt sl poor

such as pl afg@es®BYELIAPBY 3@@%@%@@%@% 79 Mypiakly, thd mesmremtanes
may be mde&eﬂndently supported, such as with respect to an end plate or

around a ce $ta$ubpt§§§db@ if mot complieliss resnovier| afisy rf&bﬁl@ﬂﬁlmt%ﬂﬁeom?@\h/r%@
descri pt | Onex?v%?l p% Pﬁ% ?lgﬁ{é)al%lfeg%%% gﬂﬁ%ﬁ%&%ﬁbﬂﬂ ve?lg& t"y‘igxg A ﬁ?@f \gxre' on

assenbly as opes

under st ood Iﬂ&ﬁﬂaretrf&&:nﬂelﬂbésanﬂﬁ ekanplend at dugtable mvahapﬁ)r reyotieg 'ratmssmpfadilﬁt e
menbranes, or may be a sjngle nmenbrane fol ded rolled or ot hervm(? :
confi guted 6 @@ﬂb@@e&w@/weﬁeaﬁsu?%w&ﬁgt rsu@msa%éx SXPS P 1digEE reat e

surfaces 50, &mﬁ?@ Oﬁl&rﬂo ﬁﬁtﬁﬂ Jp% ol IR BT Thel égﬁf\/‘en@f ﬁeccga@'aivte 204

25 t herebet ween whi ¢ rogen rich pernmeaté gas may be coll ected
and wi t hdr eowlitidZomglisi tb bﬁﬁﬂomye lad]msivb Withowt preeessinelg oxeljziog tidhallediua-devi ce
10 alloy membrane. A suitable procedure for such oxidizing is disclosed in the above-
incorporated patent application.
20 Supports 54, including screen structure 210, may include a coating 219
on the surfaces 71 that engage membranes 46, such as indicated in dash-dot lines in
Fig. 32. Examples of suitable coatings include aluminum oxide, tungsten carbide,
tungsten nitride, titanium carbide, titanium nitride, and mixtures thereof. These
coatings are generally characterized as being thermodynamically stable with respect
25  to decomposition in the presence of hydrogen. Suitable coatings are formed from
materials, such as oxides, nitrides, carbides, or intermetallic compounds, that can be
applied as a coating and which are thermodynamically stable with respect to
decomposition in the presence of hydrogen under the operating parameters
(temperature, pressure, etc.) under which the hydrogen purification device will be
30 operated. Suitable methods for applying such coatings to the screen or expanded
metal screen member include chemical vapor deposition, sputtering, thermal
evaporation, thermal spraying, and, in the case of at least aluminum oxide, deposition
of the metal (e.g., aluminum) followed by oxidation of the metal to give aluminum
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according to the present invention may include a plurality of menbrane
envel opes 200 and correspondi ng conduits 204 that collectively define

per neat e wegBom73€. To support the menbranes agai nst hi ghPCe#aoposssures, a
support 54 is 30 used. Support 54 should enabl e gas that perneates through
menbranes 46 o flow therethrough. Supgort 54 includes surfaces 211

agai nst whi SKidendn g dpash sems grrbadmaents; dhe poatngs marhbadessriipd as pEYERER. | n

t he context ; ETot g S [Fa) Y% , ort
54 may ol so e iRt [ihs O TRLPRESHE NS, RlecPT B GRERO RO B saed
PCT/ US02/ 093wdctwieondui t 204. In conduit 204, perneated gas preferably may
flow both transverse and _parallel .fo the surfa f th nbr ane t hrough
whi ch the gas passes, afn?ﬁchy‘gggensl?ﬂ’éﬁ%ﬂhiolhfl?‘&‘/cqsl f(ﬁs‘feﬁ%ﬂk@ > usiiatpd angjor Tpe
per real es gagcoffirfibd iftrdtd AR MDSIAB! bl nobihge RYAIALRMEASypiEd) ¢ hen

be harvested or ot her&bsiea&; réawn fromthe eﬂve]eoge 5 todor

hydr ogen- ri elongtwidlasuidable wed quitpit mentsrthroegh | wikchdgle ngxed gss stogapors , it
is preferaﬁlle thdzgt qtge Suﬁ%ﬁr]& goders not. obs(i]éuct t he fl ow of I(P;lﬁs hﬁ]ough
the hydrogeffeMEErEEG FEMEHER AR RYdreaa ek a1 BYPradus SHEMMHESTTAYShigh t he
nenbranes f gsiE HMHIHAENEDAR BHREOAS! indlid8adphdakty 85 neieaR efdlbpks.

illTustrated in Fig. 3 1. An exanple of a suitable Support 54 for nenbrane
envel opes 200hdnsthe sgparptem assemblyyincBrles p plhealityy piimdmbyane ersetopss.r i cnay e

210. Scrgen.structure 210 incl ud . pl ural [ een nbers.212. 1.n_the

11 ustr o ca Bt e A Aok BB B E B e hated B
214 sandwi cgehnb giergeNtd witBdra®sthe $§0R206 1idh Giredrh th&BAbing ab® ot ilRitaE@ad t hat
the ternms "fine" and "coarse" are relative terns. Preferably, the outer

screen nmenbéiesgagtbatdoes apkprss dhreugh Hiet mepphtsngh Eemswixglges 622195 38 Vg t he
menbr anes a LL-hou | i Cl u g mdher

proj ections “&h\g{e{”?%;lltng&gﬁ:e%? p%g]&tgnbg;}h%@ﬁg&%\ﬁ %@%%?gﬁgggét ﬁé ne rsgﬁ%m’under
t he oper at bpgrodostdittemn sr bothh fiohi a Hirsemembrah® anselope netyelsk sdie caaaethéhe
screen structure needs to llprovi de f.gr flow, of the perneated gas %gnerally
par al | ell> t o HPTIRENBIEIDE, o furthes PRy Beationy| ket F1vgr® & PAaF W SpVElghTS er

I 'nner scr eeﬁn&‘?ﬁ@&ﬁteﬁ%oﬁé,%\dhﬂ&hsﬁ L5ndtEane B 1118 I B bd REGRL 1o BEE Menfradd OW
conduits. Ih other words, the finer nesh screens "provide better protection
for the nenmankEs220whi | e the coarser nesh screen provides better flow

peneral v parall el 0 Al L AREHH RS SRS STREL B o) ot o

depends to a degree upon the feed rate of mixed gas stream 24. For example, a

20 membrane module 220 containing four envelopes 200 has proven effective for a
mixed gas stream delivered to device 10 at a flow rate of 20 liters/minute. As the
flow rate is increased, the number of membrane envelopes may be increased, such as
in a generally linear relationship. For example, a device 10 adapted to receive mixed
gas stream 24 at a flow rate of 30 liters/minute may preferably include six membrane

25 envelopes. However, these exemplary numbers of envelopes are provided for
purposes of illustration, and greater or fewer numbers of envelopes may be used. For
example, factors that may affect the number of envelopes to be used include the
hydrogen flux through the membranes, the effective surface area of the membranes,
the flow rate of mixed gas stream 24, the desired purity of hydrogen-rich stream 34,

30  the desired efficiency at which hydrogen gas is removed from mixed gas stream 24,
user preferences, the available dimensions of device 10 and compartment 18, etc.

Preferably, but not necessarily, the screen structure and membranes

that are incorporated into a membrane envelope 200 include frame members 230, or
29



The screen nenbers may be of simlar or the sane construction, and 25 nore
or |less screen nenbers may be used than shown in Fig. 32. Preferably,
support VWO 0924706 med from a corrosion-resi stant materi al PCRASOMII351 not

i npair the operation of the hydrogen purification device and ot her devices
wi th which device 10 is used. Exanples of swtable rraterlbals for, metallic

screen nemntpdatss, ithet laceiadaptesi i9l ssals S‘éift}@étl%l or{ipteEROnRFHL APRIOSIPRIS PREPRST |
zirconium a II s th S ra | @%Sen 3OFI giz,udAglg
| nconef f al&b@ ﬁ eé(%{l‘al%o?—ﬁ&ﬁ{a%%dﬁ%@st ?I:ﬂg&?nrﬁgoaig‘yég% élnd aglnoys of
copper and s'llbﬁlheécreeﬁwﬁﬂilcﬂl% Mingsfwithia s thebhieomember? 30ro (ﬂlfefofl’fnale Iawenea{e

ni ckel - based al | oys. hiconel Tm al | gy al | ont a ed
wi th chronifamardl. Thesererp FEreiuss ?@yéal{l%g g qyzco ‘é“"af;‘X 8%6 ¢! cfjl<so€{
copper, i rof, %ﬂ&)l{@ %@ate de \Q@403Wﬂ@1§§31@61? %Mﬁﬂﬁﬁﬁhd&:ﬁ@ﬂpdﬂd@@m
exanpl es5 of &Y ur or supports 54 include porous ceramcs, porous

car bon, pormual ﬁiehﬁvlers ¢ter apandddometal saedomefnbars may‘n@lth@tféﬂ withiameraeaifer
al one, conbi nati on, wi

nor e Scree t her
exanpl e soﬁi@n@)r 3419t gytend ﬁeﬁ%aé"r Bgﬂaﬁ%%@‘i §herr§1§f ?or %Hﬁr om @pg% ed
metal inst eég]\rg) of'\Qi\éaE& Mesiber® 2¥8t BEivdt - suppbiting fraled, CRed qplated ahber
pes, esi ve

menbr ane enve may be used to secure menbr anes 46 to the
screen strugiskete FheWedrarhes, gaskaiserioter sumeshumcres may alse dgfing, Ableadhi® 210

toget her, as discussed i et ai | t raat

Pat ent Wbpl PER{HG “@e?qngintglgl Gg?rgﬁneﬁggl ‘E%’P&%ﬁéf(%%gég@%qﬁ ?Ieglg)tog {é{]{l(ﬁgn
adhes: ve ?-Oof S%B%fi@ﬂi a4kl Gt eshtaifs thAs Beghotd membeine EﬁﬁeloszFlfgam@ES An
exanple of a s

Itabl e adhesive is sold er the tra n UPER
77. Typi cal bfysuitable gadkess axﬁeﬂ¢>eblatgranh€a£ﬁslée%éI@CgWSP%IﬂP%?e SP‘nrd ‘H@F ﬁ‘gﬁfﬂ Stely,
renoved after fabrj R Ay hOLsddOsudptRrfere
with the pe?’ﬂﬁ%g L IOB n’ ?u%v}?pat tgﬂgefrﬁt e§y nenbr ane
envel opes. Afépehdia !p@nﬂfe @eﬁdﬁn@&bhﬁtlﬁﬁﬂmﬁrﬁv&mhr@mdﬁgs ngtdesi ve from 15
t he nenbranes and/or screen structures or othe gfﬁorﬁ sp@%lre to
oxi di zi by conditi onscﬁﬂiﬂéﬁmg dhg Abqveallughation; §lofk fﬁ%l

obj ective of r‘iﬁe tezéﬁslg&% g@ancf?ﬂg'atré 2c &fo%&ﬁe&@@aﬁiﬂZﬂZhﬁre%iﬁpﬁﬁb\dﬁnw t hout

excesswely oXI e pa I um a | oy ‘menbrane. A sui tabl e procedure
for such oxheliczdarity,its whise hoshet thin spéicaiovet adhesive-pdfeat, aucrpbrpef 46 are

282![ : ﬁgt IZ(::L)Ssupzp(grtgcllJ ggaqgét%cr%gn S’érllzl]gtllllp djl%gana}‘br aﬁached 1§ %érléénest%}c%re BRY uklﬂgl ude a

thin application of adhesive, such as by spraying or otherwise applying the adhesive

20 to either or both of the membrane and/or screen structure. Care should be taken to
ensure that the membranes are flat and firmly attached to the corresponding screen
member 212. Feed plates, or gaskets, 238 and 238' are optionally attached to gaskets
236 and 236°, such as by using another thin application of adhesive. The resulting
membrane envelope 200 is then positioned within compartment 18, such as by a

25  suitable mount 52. Optionally, two or more membrane envelopes may be stacked or
otherwise supported together within compartment 18.

As a further alternative, each membrane 46 may be fixed to a frame
member 230, such as a metal frame 240, as shown in Fig. 34. If so, the membrane is
fixed to the frame, for instance by ultrasonic welding or another suitable attachment

30 mechanism. The membrane-frame assembly may, but is not required to be, attached
to screen structure 210 using adhesive. Other examples of attachment mechanisms
that achieve gas-tight seals between plates forming membrane envelope 200, as well as

between the membrane envelopes, include one or more of brazing, gasketing, and
30



on the surfaces 71 that engage nenbranes 46, such as indicated in dash-dot
lines in Fig. 32. Exanples of suitable coatings include alum num oxide
t ungst en werbiozks76 tungsten nitride, titanium carbide, ti®Pamusn2/o63sy i de,
and m xtures thereof. These coatings are generally characterized as bei ng

thermodynanical |y stable with respect 25 to decogposifion in t resence
of hydr ggexf@?ﬁ-te g"ﬁhfewﬁ’tf_ t@lwg%nd%& ot (RS F;g;hco ‘EtBFfYag%,fe@HE‘ﬂ?%gaso% des,
_ : r raetal:l i invbifn i ' as a
coating andnwtil:?r@]ﬁe glrage %ie?r ?rrolgg}%llam éa ]%%Bg?gbl emv\\’nEt h r%gtgg%?/a{lgmﬁmes
deconposi t igduidad Heeipde senslenedd toyidr foryeed fruaethe strae optsrials ang/gaha e er s
(tenperature, pressure, etc.) under which the h)édro e urific rX devi ce
HiicknBssts, | For il

will be 30 feymesapaunotdare tsisamadimegons sl iy sHge T84t NGE T8 %t he

screen o xpandede MR fld SERRS Ml Simbd Gok Srafflegiseal ov apaterdapdié ti on

sputtering, ermal” “evaporation, “thermal spraying, and, in the case of at
| eag t t al uni s:c&u?nﬁml mmqbled,amim the arembwdnetiae mestydte foanest from) a ¢HigigRY mesHrlowed by
oxi dation o e nmetal to give_.alym,num 28 03/ Q2 6 /.

oxi do. T 2ok 8nseDReprloBH AR S R T TAGR e (o e T HRae
preventing ttsee[rﬂeag) litdisndi Addiséany Red/vegRmaiecpyes agaibrae phts nug, but
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descri brerg, ushbmquttdetdba,rthllnmrth@thﬁ&@d@w/aﬂé@mﬁ%tﬁéﬁﬁsnay i ncl ude one or
nore menbrane envel opgs 200, typi.call I i i i
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whi ch the hydeea00-hi&bpareh Riesnibee wittegrostoahe embodivedt of mvebprd00
enbodi nents, the device may include a plurality of qenbra e, envel ppes.
\r/rv]aenlg he slengmlg llnoﬁlgaﬁéen’ts# yhovie | miked 82s SGRE| ?I‘HF delverstpieathe %ﬁ?}ﬁﬁpaé}ﬁes, it
y i ncl ude ui nduiqt s j. 0t i HRARRL t
del i ver a rﬁ’%ygﬁ)paﬁgg C@%F (gcglrt#et %dé%}est%of?&;‘tgg% vﬁﬂ%‘%@vﬁﬁsﬁg\!ﬁ{/dr ogeong-%irdﬁ:bﬁa%ts r gam
therefrom @agp@mehes Wirbhgh e mdniragaentdnbartesting vondynget t Hrohagresting

menbranes from m xed gas regi on 30. Wen h ' ' [
?f rrenb]ES_aneCCéﬁlVéI iggastluid W@H%WH%&O@ with £9 ulﬁbgﬁhﬁﬁ%éhnivﬁ’%iﬁae%oe?ﬁ’%%? IhI Y
roma firs t h & I
for furt hergtf)%fﬁ{lrp{aga%% I \gﬁ?{(ﬁ%ﬁge%%g?%glgﬁ%?n& églrvgllb?%'yqr(g‘e]l?n\tel_ of gis&&ngdr?ge ope

associ at ed peydteamsthpipdoes st pasduiongh thednembranpscBovaio deonditetdlirquighas a

menbrane nodul e 220. . - .
which this gas may be withdrawn as byproduct stream 36. In Fig. 33, a single

byproduct conduit 252 is shown, while in Fig. 34 a pair of conduits 252 are shown to
20  illustrate that any of the conduits described herein may alternatively include more
than one fluid passage. It should be understood that the arrows used to indicate the
flow of streams 34 and 36 have been schematically illustrated, and that the direction
of flow through conduits 250 and 252 may vary, such as depending upon the
configuration of a particular membrane envelope 200, module 220 and/or device 10.
25 In Fig. 35, another example of a suitable membrane envelope 200 is
shown. To graphically illustrate that end plates 60 and shell 62 may have a variety of
configurations, envelope 200 is shown having a generally rectangular configuration.
The envelope of Fig. 35 also provides another example of a membrane envelope having
a pair of byproduct conduits 252 and a pair of hydrogen conduits 250. As shown,
30  envelope 200 includes feed, or spacer, plates 238 as the outer most frames in the
envelope. Generally, each of plates 238 includes a frame 260 that defines an inner open
region 262. Each inner open region 262 couples laterally to conduits 252. Conduits 250,
however, are closed relative to open region 262, thereby isolating hydrogen-rich stream
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The nunber of nenbrane envel opes 200 used in a particular device 10
depends to a degree upon the feed rate of m xed gas stream 24. For exanple,
a 20 nernwopan®24moelul e 220 cont ai ni ng four envel opes 200 hRETArSOYVEI351
effective for a m'xed gas stream del ivered to device 10 at a flow rate of

20 liters/ m nute. he flowrate is increased, the nunber of nenbrane
envel opes rré@» B@H}hﬁ@ﬁé)&%féﬂz‘%% ggent fmﬁi lategeh@rlaatpsﬂﬁ n¥lgrbrase Rlatesadii p.
For exanpl e AR Gt here f‘&ﬁ* dgé tHivOhe {a!n@%‘ \éﬁlcﬂtm flow
rate of 30 |ters m nute nmay prefera e SIX nre rane envel opes.
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|IIustrat|o and eater _or f of envel ppe be used. For
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the hydy Ogﬁé's &d;éb’éntt i&ré)H&J?e P&ﬁiuﬁ?fﬁ?@f 86pen &Qr%n@ﬁgﬁ?qte' Va%ija%b&{tfté%e ApRAorof t he
membranes, the'flow rate of mxed gas stream 24, theé desired purity of
hydr ogen- nmtmcadtgaeam@ld:g t@hetenecldes i Mdpedvﬁcﬂaswerm)pomvyhfocﬂlymgtmgm%as is
renoved from m xed st ream 24 S pr ef erences i | able

G o ons 158 e He, S s it R o R nGR e S i b BT
necessari | ypygrbfucs sttQ_N3G & bhdit 292¢ SorepAs atef into
a nenbr ane e}rlgj/fel gpe 200 inclu p??géﬁ%omn?n%%?fo, (;r 29_CV\D (5)%1026?76
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interco Ny, |table
frame nbe spef%ﬁg{egl hO\?\%C rﬁﬁe%g’ 3%4%Agcreeﬁ§ aEe?ﬂ dﬁégsnétorcﬁece Grec2to fits

W thin a franeormoter sufdbleistpdiesd. aldndadts 26208¢ bR8ddErelaliv@itithe SehiralRgionCr een
structure and frame 232 may col |l ectively be referred to as a 5 screen plate

or per rreat eO%?O&fteé pl%@ﬂ%aﬁbﬁe@ﬁs@éﬁn%@ﬁ bypigdact 3gam 36| and axxed s igeam et al
mb
menbers, exmt e%%n ts@emﬁ%ﬁe%qa‘lﬁﬂ?%é efilth felferln{én%¥ ‘f\étgﬁ]&gi er %g%egeat e

frame 232 or east partrally over e surface o

Addi tional platkalfdl edydrbgda mhmc&’:@pa&ssec?ﬂﬁoughdhmd@o&mmm&ﬂbmﬁ daneselsf eed
pl ates and/q ets, These fra gaskets_or of her ort structures
may al s& de?lpﬂ%gmﬁﬁm%asserem StnisTEE A0 9 rvsne? S eehaoneaty R eResRSEnnect
the menbrang @oKEHBPESHEH tRAmSADOdI ment  of separation assenbly 20 that
contains two or norée nenbrane envel opes. Exanples of suitable gaskets are
flexi bl e graphite gasketdscussed, ddving 10hmgy isdhde andegle thenbmpeld6 wilne

TP I B e e R TR R e

200 within shell 62 and/or other separation assemblies 20. In Fig. 36, a membrane

20  envelope 200 similar to that shown in Fig. 34 is shown positioned within shell 62 to
illustrate this point. It should be understood that envelope 200 may also schematically
represent a membrane module 220 containing a plurality of membrane envelopes,
and/or a single membrane plate 242. Also shown for purposes of illustration is an
example of a suitable position for guide structures 144. As discussed, structures 144

25  also represent an example of internal supports 196. Fig. 36 also illustrates graphically
an example of suitable positions for ports 64-68. To further illustrate suitable
positions of the membrane plates and/or membrane envelopes within devices 10
containing end plates according to the present invention, Figs. 37 and 38 respectively
illustrate in dashed lines a membrane plate 242, membrane envelope 200 and/or

30 membrane module 220 positioned within a device 10 that includes the end plates
shown in Figs. 13-14 and 21-25.

Shell 62 has been described as interconnecting the end plates to define

therewith internal compartment 18. It is within the scope of the invention that the
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15 Continuing the above illustration of exenplary frane nenbers 230,
permeat e gaskets 236 and 236' are attached to perneate frane 232,

pr ef er ablwolwatw2¢1e¢¢ necessarily, by using another thin appCirasnz/emssof
adhesi ve. Next, nenbranes 46 are supported against screen structure 210
and/ or attached to screen structure. 210 usi ng a thin ?ﬁhl cation of

adhesi ve, sl a@yﬁxf @Hﬂ%@ g aplyakilyrof @@rwﬁpgﬁ%@w% hEY ennde.t2o
th b |
Caken to oniintind 86afIER00 BE MMM ond BF it SihitFhit civebBEEH @MY fordl

correspondi sliels62 eeausanthaiperimete? regraescthfpael eﬁtheqﬂatgsamhytfmn 23Bidatight?@8' are
optionally at nd 236" uch as anot her thin

hed t 236
appl i cat i onablfegﬁaﬁ%% i Y%ﬁ%& - segh 3ebwr?ma exawel e&ééﬂ%b@g?fgs TPEfign
posi tiongd W dHakwm mqgagst % WnickSa m%HfB'i‘m%%nthl@ z.a,@ HSH aﬁ@me@ tHRY HenTRane

Optionally, two or nbrane envel opes may be stacked or otherw se
supported t @g@ﬁldms ZWOt tsi shovonpatr shed beSundassteodBthat ey namber nhmenshrameach

nb 46 f nber 230 t al 240,
e oo+ m e eores gha (ot ford g SR e TR L ottt B R i HHE 24
i nstance by gubdn’ SRS \ﬁ@lfqlgrw @ﬁdqﬂaweo Pl sl Rically agieRAted 3R ma{gam sm

The nenbrane-franme assenbly is not required to be, attached
screen st r ug@mnr@llm recterguiey amté‘rwnsdmeﬂumh@s cmﬁmat@@h n@th@r than
mschanl a Vi a vveen Iat

envel opld20ge it GieRiBorp T kil RERoBe BF LS laiof IRl R SRR 07

more of braziadothe g@ﬁkmhmdfm dé1ﬂcte(306 \GDF&&»!SOZ@?Iﬂ@y FI@% U32/00 386 lendwplath Ng.
The nenbrane and attached frame nmay collectively be referred to as a

menmbr ane pl 8?@&&%10115td1ﬁ°§sﬁﬁjiat1HPWa¢Wea®&m’éc%P°rﬁ d beyplient i on that t he
various frames di SC” ﬂ?éegf#@s@ﬁct&? naﬁhst?&‘tﬁ% &9 ’f‘esfo STRehIE LRl same

mat eri al s and/ or that not have the s i nensi ons, such as
t he sane thif kmstsmnonF(and exatiple, of5 faﬂmanem nioat meanﬁknpmmﬁtsf roéinhzﬁdmgqn be

formed from stfu nl ess steel o anotﬁlger sui.t abl e st ruct ur.al ntcfer, ng l e
the nmenb? an@P 1cAton AeYICEY ageay RresoHi inYIRionhaks Pesn; ?Cussr% fshou
copper, all @¥snid&b6@hat %Q:X%ffers afBl R Eﬁé’%hﬁto%ﬁr%b?ﬁ%ﬂekﬂuéb@ or closed, list

above-incorporated patents and applications. Additionally and/or
alternati vebﬁ pxquaryemnbtea’ab aod ahehodsy ;mdbtthat if I wighin tlesjsiope dfttlee imfsanttdli nner

than the fe /or | at es. For rposes. of illus
sui tabl e gegl}?étoﬁﬁ? EHI qrﬁtﬁﬁ‘%&ﬂ HSith L2 &< R0 Blpré‘a%%ttt&‘ VSECI’I bed
W th respectxifpltd) Q‘leﬁﬂM@bﬁ&ﬁter&ﬁc@BNﬁb@&ﬁeggﬁ presented to provide guidance for

20  selecting additional methods and/or materials. This guidance is also meant as an

illustrative aid, as opposed to reciting essential requirements for all embodiments.
As discussed, in embodiments of device 10 that include a separation
assembly that includes hydrogen-permeable and/or hydrogen-selective membranes 46,
suitable materials for membranes 46 include palladium and palladium alloys. As also
25  discussed, the membranes may be supported by frames and/or supports, such as the
previously described frames 240, supports 54 and screen structure 210. Furthermore,
devices 10 are often operated at selected operating parameters that include elevated
temperatures and pressures. In such an application, the devices typically begin at a
startup, or initial, operating state, in which the devices are typically at ambient
30 temperature and pressure, such as atmospheric pressure and a temperature of
approximately 25° C. From this state, the device is heated (such as with heating

assembly 42) and pressurized (via any suitable mechanism) to selected operating
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shown in Fig. 33. As shown, mxed gas stream 24 is delivered to the
menbrane envel ope and contacts the outer surfaces 50 of nenbranes 46. The
hydr ogen-wDah/0g&36 t hat perneates through the nenbranes emCarEsoteg3sesti ng
conduit 204. The harvesting 15 conduit is in fluid comunication with
condui ts 250 through which the perngate stream nmy be withdrawn fromthe
menbr ane enVPaRBISETS, THED pviempsrtyes phallyGeigmorpa and pelesisd oRFAIingIRSSSHES, pass

t hrough t he ﬁ%{@r f onduit 252 through which this gas may be
wi t hdr awn asS ypr%%ggrtedstr gim&Blg.OI%In Fig. 33, a single byproduct conduit

252 is shown, whil e i WhérgdeGdes 1faire lofatedpribielicompahéhtarod thhodavides 21l
illustrate that a of the cqonduits described herein y alter i vel

i ncl ude mor éxp%lﬂa%ﬁ%gﬁe@ LS GambpRenth G DECTH NS (oD HreCLH
arrows used o Lo fRt Soff Mermbl QpRsi (EFEF R InaAid18VEoRCRRich the

schematically illustrated, and that the direction of flow through conduits
250 and 252 componentsyaresiorhedas Adepdimglyn ghasp differbeces oo AfTiEjsimall itand tofcaase
particul ar nbr ane envel ope 200, ..podul e 220, and/ or device.10, 25.1n Fig.
55 anot her B BRPGR © Sepdoh stffRy B e plecigonddioneh sRionrey
graphi cal |y chbinbiéibAbg sbidtoRPenddtPdiRifore8dirBd tiRhlor C8mpRYsibRYE ofhe¥Rl | €ty
of configurations, envelope 200 is shown having a general%rect angul ar

configuration. The edeFxgeplofcomsiger BBydipgar-olestive armbngteér foaredfbm of a

nvar ogen? conlogoo8b ke -ndh s L PaE! EBMG iER R BB O

pl ates 238 aseffibend W ethetifft exdpaadi®s dfn14.He(unemyLCopEurtenesdidey, theneie of
pl ates 238 includes, a frane 260 that defines an_i nner open region 262.
Each i nner 8p@ibraegisciscures t@ gugnelral frameak3q ox gtheomeunt or pefsined€agaipsitas 250,

however, ar td ve t i Oh Ypd- |

hydr ogen-ric gﬁiﬂﬁ%? W&éﬁ%@@%@%’%@%&g ’J;%El%%fd %gtngtpgﬁgo%?rat es
242 |i e adj acaerial gidn iwliiel noembrangpUatie fo23Rl. M anleviek dilem RARh thagh
include as a central portion,thereof hydr ogen- sel ect | ve rr%rrbrane 6,
which miy BeTBERHTAT BPHACEP a@ﬁﬁ@ﬂzﬁbﬁ}ﬁn&wri@ﬁ%w ROFBr Jbes of
graphi cal i kbﬁ&@%ﬁ&&é QM ex z{glgﬁit i BSerAdtes TypRlally DB RN HWid SreAhlyClRERT

relative to nmenbrane 46. menbrane 5 |i'és adj acent to a corresponding
one of openvwitgi ertsmpeiure range efdjtaleastt200bCy hed fofteny vafhin i raege ghst &masti vi ng

to the envel,ope o rovi de n ortunity for hydrogen ga ass
t hrough t hezgr@)n%’r %(Ede,% &I PH’“E-hZf ﬂ?’fnaﬁgrcﬁétﬁf i ,‘_’fa’é%é%/gsﬁ Hat ,tﬁ? FQ‘FQLES%E%"
form ng bypaediisd sEhdBANcSBpohddithad IRPRBMbEHOMIIZRAI td be WabicEandy e 252.
Screen plate 234 1s

20  components are heated.

In addition to this initial stretching, it should be considered that
hydrogen purification devices typically experience thermal cycling as they are heated
for use, then cooled or allowed to cool when not in use, then reheated, recooled, etc.
In such an application, the stretched membrane may become wrinkled as it is

25  compressed toward its original configuration as the membrane and other structural
component(s) are cooled.

On the other hand, if the CTE of the membrane is greater than the CTE
of the adjoining structural component, then the membrane will tend to be compressed
during heating of the device, and this compression may cause wrinkling of the

30 membrane. During cooling, or as the components cool, the membrane is then drawn
back to its original configuration.

As an 1llustrative example, consider membrane plate 242 shown in

Fig. 34. If the CTE of membrane 46 is greater than the CTE of frame member 230,
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posi tioned internedi ate nmenbranes 46 and/or nenbrane plates 242, i.e., on
the interior 10 or perneate side of each of nenbranes 46. Screen plate 234
i ncl udes woOBH2EM6 structure 210 or anot her suitabl e supp®CH/iB2/0936nduits
252 are closed relative to the central region of screen pl ate 234 t her eby

i solating the bypr oduct stream 36 and m xed gas stream 24 fro
hydr ogen r.whlcgt yRispHY3has TaHiRIptcopmesHion thyk memprange?q, they mﬁrm?@exaaﬁ of

SCreen fend- to Y & Gralddr ougdy dbQibPsBde
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under st ood t hat envel al so_sc C e rane
ol o 990 e it e TR bt s B s memibER. RRl; sRelEOR 3T
menbrane pl@be dftdtioN SOISHAVR, E@th&'éﬂ RO S@Ser@bodieHS i dhiddNtheSiraRe ag¥anpl e
of a suitable position for U|de structures 144. As di scussed, structures
144 25 al somp@xgra@géwe de emmpr essentlallvt@prsames@moﬂx@sfom scrﬂiwglo ®@yanhso
illustr tes 4- 68.
To furt i usrf] Cfme?sﬁﬁlbt%g e;j})n%E)lgsin?)jﬂoenoéil t%?l?\%zﬁ bgga%n‘%r an %g{(‘gﬁﬁ

rrenbrane enmﬁm%nwlémﬁhaﬁmnmelo contai ning end pl at es accordl ng to
the present invention s 37 and 38 respectively illustrate in dashed

lines a menbrane pl atw ng nedhFreapEarh A8l B3¢ oB5e abRlFo rand octagkio ik rfee nodul e
220 positi S in
Figs. 13 1 @ﬁb}é&n%hés g&algﬁé{bﬁgg%q”h%@a%een gg%%eﬁg ggglﬁr?] %(golﬁn%ggy%g t he
end pl at es wherdetfwoner rhdwer eminkles i inteegeni| the dieiihdokef Hes bhd/ps cvickkiisn t he
scope of_the |nv nl]t)lon that the ng WD 03/ 026776 PCT/UBE /093531 shel | may
be fornEd fGIREIpPIFAIG g BPTURt% BE TRERETaRE Brabed YEEKICRIR AXETHIEO a

menbr ane nogukfon? ?cﬁ’rewéﬁs I el AR 80 QirdErstIRH AR TRIRNEnERYRLONESer (e MaY
form shell 62 because the perineter regions of each of the plates nay form

a fluid-ti gﬁdqctlmﬁy ofithel mambrape tﬁcsrt]f_wtﬂmahlgy\s beasiuse thiediolessudlor tcmkem@tnmeen An
%g:}) leezg];) SIS C?N? ﬁ%qwgtéég%ﬁ%ag gncﬁghfﬁaa ﬁng allnglf o% tlge componentsw%lthe mixe grcl:ls)r ane

stream to pass thereto. During repeated thermal cycling of the membrane, these

20  points or regions of failure will tend to increase in size, thereby further decreasing the
purity of the hydrogen-rich, or permeate, stream. It should be further understood that
these wrinkles may be caused by forces imparted to the membrane from portions of
device 10 that contact the membrane directly, and which accordingly may be referred
to as membrane-contacting portions or structure, or by other portions of the device

25  that do not contact the membrane but which upon expansion and/or cooling impart
forces that are transmitted to the membrane. Examples of membrane-contacting
structure include frames or other mounts 52 and supports 54 upon which the
membrane is mounted or with which membrane 46 is in contact even if the membrane
is not actually secured or otherwise mounted thereon. Examples of portions of device

30 10 that may, at least in some embodiments, impart wrinkle-inducing forces to
membrane 46 include the enclosure 12, and portions thereof such as one or more end
plates 60 and/or shell 62. Other examples include gaskets and spacers between the
end plates and the frames or other mounts for the membrane, and in embodiments of
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envel opes 200 is shown. It should be understood that the nunber of nenbrane
envel opes may vary, froma single envel ope or even a single nenbrane plate
242, to awodompzgT7©r nore. In Fig. 39, end plates 60 are seagmsn/esbly
represented as having gener ally rectangul ar configurations to illustrate

t hat configurations other than 10 circul ar con guratlons re wthin the
scope of t heeyifk dRithgrincipde §‘H8H1f ‘%e m@&&r@eéo%e tweem pdiagrnt T ol y
depi cted en KQf the end plate configurations

di scussed, gﬁl@ogt%?g{ngﬁm% or 1 ncor por ated herein. In the preceding

di scussion, illustratiOne appenaph esgwirdisgiapgaibitenembm@ne fikire diie wodifferencesi on

and rrethods of ricati nfor the co nents of hydrogen 5 .pyrification
dovi cos. acolt Gt betyeen dBp TS, Gah BOR RE T HU GrGreds d¥ th wafoul o
be under§t Oﬁgfohﬁi’éle tgaa«%@gme%ﬁ tAE Sndibrafi®aNd a9 Jo%ﬂfoﬁé@cnéf akviexgbugitve, or
closed, list of exenplary materials and nethods, and that it is within the
scope of t heontasettei manbtahamibhaﬂassufﬁemetrstlafﬁmsmmls‘tmctlmtmmrmgynm@ssmd

For exanple, in t.he ab xanpl es i char cteristics or

b oper t1 65 3F EASE Lnda 06 o i PRk S Pies RO BB ERG SSUBE: Bna
net hods andfgy 38RhRAdbRAR 46 E\é §hc@¢zﬁ chuea BteereRAtplae 283 ad pétsidart i ve
aid, as opposed to reciting essential requi rements for all enbodi nents. As

di scussed, g&ﬁkéhﬁiﬁilhﬁéhu@ ichyengy de foomedh om ﬁcﬂefmmables@pfamﬂ; i Bnsuchs®enbl y
that i ng&) ?%P ?gnd' \Qetfl TRabl c?on%%géﬁ)o H%Qfe?cgﬁ%% |G Xﬁf?{@%@uﬁ? 46,

sui t abl nBr anes e &mand pal atl | oys.
As al so 25 ¢Ba§tCaJ§§1ﬁﬁcaﬁﬂp©rtmr‘dﬂtﬁﬂe(inpf&ysﬂ&eoﬁtumimfbﬁﬂs thiat t)maﬂme andidde
supports, such as the previously described franes 240, supports 54 and
screen st r ubkgted upep mempreedGore,  devices 10 are often operated at

el oot ed oPerali N PAIRTRR N Bk nbRHECoF b Sflose RRE! AP S0
pressures. |In such an application, the devices typical egin at a
startup, or fioni ti ﬁfonmmm atateripl 1. aJ; @, rasﬂienhhmueﬁdhethaiemaydm eomepteygeidcal | y at

anbi ent 30 tenp e and ress suc S nospheri c. e and a
F enpor atir o CHIANIDR Bt Pt heretp AG IR LT st 8 I L P e e at el

(such as w hﬁorbf‘e?ﬁdv'ﬁgof ROSEFRlCY), 4dlen 3NINRLES 56/ 1d AEEhtéV bﬁla%'fb)(e 54 1APL&
mechani sm) to selected operating 33 WO 03/026776 PCT/ US02/ 09351

par anet er s, aghickness ané/npeompom‘a@l tifat 20E" exe)’tdhe abcv\@ d@mb@ewenklmg tepaileat i ng
PLgszg$zneﬂf gglgpgetssﬂg SSSUI’ EfDrl’alPeSJl-6 or w. en SllppO Vﬂ)Ol‘l%%d ](81‘ g‘GrC%Ier&eat ed

under the selected operating pressure) to membrane 46, a different approach may

20  additionally or alternatively be used. More specifically, the life of the membranes
may be increased by forming components of device 10 that otherwise would impart
wrinkling forces, either tensile or compressive, to membrane 46 from materials
having a CTE that is the same or similar to that of the material or materials from
which membrane 46 is formed.

25 For example, Type 304 stainless steel has a CTE of 17.3 and Type 316
stainless steel has a CTE of 16.0. Accordingly, Type 304 stainless steel has a CTE
that is approximately 15% greater than that of Pd-40Cu, and Type 316 stainless steel
has a CTE that is approximately 8% greater than that of Pd-40Cu. This does not
mean that these materials may not be used to form the various supports, frames,

30 plates, shells and the like discussed herein. However, in some embodiments of the
invention, it may be desirable to form at least some of these components from a
material that has a CTE that is the same as or more similar to that of the material from

which membrane 46 is formed. More specifically, it may be desirable to have a CTE
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expand. The degree to which the conponents enlarge or expand is |largely
defined by 5 the coefficient of thermal expansion (CTE) of the nmaterials
f r om whi cwotohm2@aeponent s are fornmed. Accordingly, these @CTfsSopmmses in
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conponent, then the nenbrane will tend to be stretched as the 20
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consi dei(gd éh t hydrogen purification devices typically experience thernal
cycling as ]ﬁ‘gk‘?s%?‘e heated for use, then cooled or allowed to cool when

not in use, then reheaigd foll@cogltsle, Rt@plary fliGahd deisgptdssaidi CTERe
stretched nenbrane may becone winkled as it is n{t)ressed toward. its

25 co |
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are cool ed. . ot y Of ¢ : ' 71 han
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cool, the nBREERRe Miboptfspaging frm o 't{%%lr’éﬁﬁp Thal configuration. As an
illustrative exanple, consider nenbrane plate 242 shown in Fig. 34. If the
CTE of nenbrane 46 is greater than the CTE of frane nenber 230, 34 WO

03/ 026776 PCT/ US02/ 09351 Table 1
Alloy CTE Nominal Composition
M
Type/Grade |[(um/m/C)|C|n | Ni |Cr | Co |Mo|W|Nb |Cu | Ti| Al | Fe |Si
Pd-40Cu 14.9
Monel 400
(UNS
IN04400) 13.9 |.02]1.5| 65 32 2.0
Monel 401
(UNS
N04401) 13.7 [.05]2.0f 42 54 0.5
Monel 405
(UNS
N04405) 13.7 [.02{1.5{ 65 32 2.0
Monel 500
(UNS
N0S5500) 13.7 1.02/1.0] 65 32| 0.6 1.5
Type 304
Stainless
(UNS
S30400) 17.3  [.05/1.5 9.0| 19.0 Bal |0.5
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which typically has a different conposition than nenbrane 46,

menbr ane
Accor di ngwg,03006Tp6 eSSi ve
frame 230, and these forces may produce winkles in the nenbrane.

contrast, if the CTE of nenbrane 46 is less 5 than the CTE of franme 230,
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IN08800) 144 [.05/0.8) 32.5 0.4/ 0.4 0.4]46.00.5

Nimonic

Alloy 901

(UNS

N09901) 13.5 (.05 42.5( 12.5 6.0 2.7 36.2

Hastelloy X

(UNS

IN06002) 13.3 |15 49.0{ 22.0( 1.5 9.0[0.6 2| 15.8

Inconel 718

UNS

NO7718) 13.0 (.05 52.5| 19.0 3.0 5.1 0.9, 0.5/ 18.5

Haynes 230

(UNS

N06002) 12.7 (0.1 55.0{ 22.0] 5.0, 2.0} 14 0.35( 3.0
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end plates and the franmes or other nounts for the nenbrane, and in

enbodi nents of 35 WD 03/026776 PCT/ US02/ 09351 device 10 that include a

pl ur al i t ywofo3foedmsé anes, between adj acent franmes or ot her PEENAS02/0B50I
nounts for the menbranes. One approach to guardi ng agai nst nmenbrane failure

due to differences ipn CTE between_the, nmenbranes and. ad] ?i ni ng structural
conponents is to pl acEronsti&e@Wﬁanogn@%@kéE it fenibehalowsiFase Taka any
component  of3lgyihgRs Hleft m_tInE&lB%r 30 hab b e TIRIRLARR Wiy Qgﬁro%%aitbﬁz' PRbF
stiffness or structure to inpart conpressive or tensile forces'to the
menbr ane t htéhe CEY ofiPi4Mlw anti MomsiidO@ned Tipes 2Xnghinless steelFiaye (F’s tleatbr ane

46 i s shown sandw ched feed plate 8 and perneate gasket 236,
both of Mi%Wlﬁﬁ_goﬁ’et %ﬁ&&@j’ﬂgﬁsgﬁ% °% material. In such an 10
enbodi ment and with syghaneRsh HetskRBtiod Bitemgﬁﬁﬁfsriﬁ@ eagasiieie Opkfgr, or

absorb, at |east a significant portion of the conpréessive or tensile

f or ces t hat thetpagionias enexalrane being asest, ceusidgyenmaisnbl nanetghrang 4@ isd danent s

matori (1 ceettig ol Rl B R o 1 e R oERab s EREdHE T Bipanded

as forces agenithand Bebreh 8fi®RoaSIb00NIRYs hevdICTE $ that Hevigke] @ didfer from,
configuration égon renoval of those forces), when nenbrane 46 is nounted on
h

a pl ate 242theh@iEnas they membikaedy AddrsymERmpads @nether g3emplgy cerdder ghe
above-dgscr] [ I i 1 i r t 46, or
when supor PeErE e A TEMaB p i T RLSRILY X LY T oI Rs
pressure) tw thendlthomehtbrae, dhd flen et Mapgraddhcemy 6@0 aRolyl HaverGIE’y tigit
alternatively be used. Nbre specifical lﬁ‘% the life_of the r’r%nb,i}anes, may be
i ncreased byfer Gl nPREHBGHENt s o eV tE afothenmembrans: W ehgdlreativpar t

wrinkling fﬁ{aﬁﬁﬁe o?'nglréﬁalfa‘?i@{%h' i @k t%lg,pﬁl?%?itﬂgza}%fs HﬁféprtﬁéﬁeHééel‘;l]J b _
materi al s aving a that 1s the sane or simlar to that of t mat eri al
or mat eri al icblogri00Owmdc thenByrer 20(k settesi of stanieed ste@lballkeys texvarGlEs thatpae 304

stainle st eel S of .17.3 and Ty 16. ,stainless steel_ ha CTE
o 16, 015 ACKRE 1o Ty e e cherives S8 ler! thaalecreert hae 10 316
appr oxi mat ejnd 159 SRR stde ANofd BiveOE TR ddCdre FRBINTIRCOSER STRIJH @8S
steel has a CTE that is approximately 8% greater than that of Pd-40Cu.
Thi s does nwembrasgn that these materials may not be used to formthe

vari ous supports,

fr aﬁgésmples of components of device 10 that may be formed from a
material having a selected CTE relative to membrane 46, such as a CTE

20  corresponding to or within one of the selected ranges of the CTE of membrane 46,
include one or more of the following: support 54, screen members 212, fine or outer
screen or expanded metal member 216, inner screen member 214, membrane frame
240, permeate frame 232, permeate plate 234, feed plate 238. By the above, it should
be understood that one of the above components may be formed from such a material,

25  more than one of the above components may be formed from such a material, but that
none of the above components are required to be formed from such a material.
Similarly, the membranes 46 may be formed from materials other than Pd-40Cu, and
as such the selected CTE’s will vary depending upon the particular composition of
membranes 46.

30 By way of further illustration, a device 10 may be formed with a
membrane module 220 that includes one or more membrane envelopes 200 with a
support that includes a screen structure which is entirely formed from a material

having one of the selected CTE’s. As another example, only the outer, or membrane-
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30 plates, shells and the |ike discussed herein. However, in sone

enbodi nents of the invention, it nay be desirable to format |east sone of
t hese conwormaeeg7é roma material that has a CTE that is Peg/tsamed3as or
nore simlar to that of the material from which nenbrane 46 is forned.

Mor e speC|f|caIIy, It may be desirable tpo have a CIE 36 V\003/026776
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for r e a er
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Monel 401 ({hG, MARARd)indidaeh a Par- & AR, 3¢ Mermbrane-contacting screen members

216, and an inner screen member 214 that does not contact the membranes.

15  Typically, but not exclusively, the outer screen members are formed from a material
that is less stiff and often more fine than the inner screen member, which tends to
have a stiffer and often coarser, construction. In such an embodiment, the inner
screen member may be formed from a material having one of the selected CTE’s,
such as an alloy that includes nickel and copper, such as Monel, with the outer screen

20 members being formed from conventional stainless steel, such as Type 304 or Type
316 stainless steel. Such a screen structure may also be described as having a
membrane-contacting screen member with a CTE that differs from the CTE of
membrane 46 more than the CTE of the material from which the inner screen member
is formed. As discussed, however, it 1s also within the scope of the invention that all

25  of the screen members may be formed from an alloy that includes nickel and copper,
such as Monel, or another material having one of the selected CTE’s.

This construction also may be applied to supports that include more
than one screen member or layer, but which only support one membrane. For
example, and with reference to Fig. 2, the support may include a membrane-

30 contacting layer or screen member 214°, which may have a construction like a screen
member 214. Layer 214’ engages and extends across at least a substantial portion of
the face of the membrane, but typically does not itself provide sufficient support to

the membrane when the purification device is pressurized and in use. The support
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Monel 405 (UNS NO04405) 13.7 .021.51 65 321 2.0 Mnel 500 (UNS NO5500)
13.7 .021.0 65 32 0.61 1.5 Type304 Stainless (UNS 1S30400) 1 17.3
1.0511.5IW0.00026r% 01 1 1 1 1 Bal 0.5 37 WD 03/026776 PCTPOSAZIDOBSL Type
316 Stainless (UNS S31600) 16.0 .05 1.5 12.0 17.0 2.5 Bal 0.5 Type 3105
Stainless (UNS S31008) 15. 5 1.5 20. Bal 330, St ai nl ess
(UNS  N08338y2yiirther inelude stnéq%‘f sr B‘e?Png Scireewlsmb?’g/%‘éﬁ GW}lIlPEtné?yanaé@é‘ ( UNS
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layer but on the opposite side of the first layer than the membrane. This second layer
is stiffer than the first layer so that it provides a composite screen structure that has
5 sufficient strength, or stiffness, to support the membrane when in use. When such a
construction is utilized, it may (but is not required to be) implemented with the second
layer, or screen member to be formed from an alloy of nickel and copper, such as
Monel, or another material having a selected CTE, and with the membrane-contacting
layer, or screen member, being formed from a material having a CTE that differs from

10  the CTE of the membrane by a greater amount than the material from which the
second layer is formed. Additionally, the membrane-contacting layer may be
described as being formed from a material that does not include an alloy of nickel and
copper.

Another example of exemplary configurations, a device 10 may have a

15  single membrane 46 supported between the end plates 60 of the enclosure by one or
more mounts 52 and/or one or more supports 54. The mounts and/or the supports
may be formed from a material having one of the selected CTE’s. Similarly, at least a
portion of enclosure 12, such as one or both of end plates 60 or shell 62, may be
formed from a material having one of the selected CTE’s.

20 In embodiments of device 10 in which there are components of the
device that do not directly contact membrane 46, these components may still be
formed from a material having one of the selected CTE’s. For example, a portion or
all of enclosure 12, such as one or both of end plates 60 or shell 62, may be formed
from a material, including one of the alloys listed in Table 1, having one of the

25 selected CTE’s relative to the CTE of the material from which membrane 46 is
formed even though these portions do not directly contact membrane 46.

A hydrogen purification device 10 constructed according to the present
invention 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

30 beds and pressurized tanks. Another source is an apparatus that produces as a
byproduct, exhaust or waste stream a flow of gas from which hydrogen gas may be
recovered. Still another source is a fuel processor, which as used herein, refers to any

device that is adapted to produce a mixed gas stream containing hydrogen gas from at
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suitable mechanisms for producing hydrogen gas include pyrolysis and catalytic

partial oxidation of a carbon-containing feedstock, in which case the feed stream does
10  not contain water. Still another suitable mechanism for producing hydrogen gas is
electrolysis, in which case the feedstock is water. Examples of suitable carbon- |
containing feedstocks include at least one hydrocarbon or alcohol. Examples of
suitable hydrocarbons include methane, propane, natural gas, diesel, kerosene,
gasoline and "the like. Examples of suitable alcohols include methanol, ethanol, and
15  polyols, such as ethylene glycol and propylene glycol.
A hydrogen purification device 10 adapted to receive mixed gas stream
24 from a fuel processor is shown schematically in Fig. 40. As shown, the fuel
processor is generally indicated at 300, and the combination of a fuel processor-and a
hydrogen purification device may be referred to as a fuel processing system 302.
20  Also shown in dashed lines at 42 is a heating assembly, which as discussed provides
heat to device 10 and may take a variety of forms. Fuel processor 300 may take any
of the forms discussed above. To graphically illustrate that a hydrogen purification
device according to the present invention may also receive mixed gas stream 24 from
sources other than a fuel processor 300, a gas storage device is schematically
25  illustrated at 306 and an apparatus that produces mixed gas stream 24 as a waste or
byproduct stream in the course of producing a different product stream 308 is shown
at 310. It should be understood that the schematic representation of fuel processor
300 is meant to include any associated heating assemblies, feedstock delivery
systems, air delivery systems, feed stream sources or supplies, etc.
30 Fuel processors are often operated at elevated temperatures and/or
pressures. As a result, it may be desirable to at least partially integrate hydrogen
purification device 10 with fuel processor 300, as opposed to having device 10 and

fuel processor 300 connected by external fluid transportation conduits. An example
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i nner  scr eegoiFdtRRIns Zhtth ARYorfinin@omBHa E4rBER-Borifiinflg BédstclR@dY bAE whter, Of the
selected CTE's, with the nenbrané-contacting nenbers being fornmed froma

mat eri al that does noFeadastccaona16f mahes de¢lastrasd taCT@lsproetssor 300 via any

suitable mechanism. A single feed stream 316 is shown in Fig. 42, but it should be

understood that more than one stream 316 may be used and that these streams may
20  contain the same or different components. When the carbon-containing feedstock 318
is miscible with water, the feedstock is typically delivered with the water component
of feed stream 316, such as shown in Fig. 42. When the carbon-containing feedstock
is immiscible or only slightly miscible with water, these components are typically
delivered to fuel processor 300 in separate streams, such as shown in dashed lines in
25  Fig. 42. In Fig. 42, feed stream 316 is shown being delivered to fuel processor 300 by
a feed stream delivery system 317. Delivery system 317 includes any suitable
mechanism, device, or combination thereof that delivers the feed stream to fuel
processor 300. For example, the delivery system may include one or more pumps that
deliver the components of stream 316 from a supply. Additionally, or alternatively,
30 system 317 may include a valve assembly adapted to regulate the flow of the
components from a pressurized supply. The supplies may be located external of the

fuel cell system, or may be contained within or adjacent the system.
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I n sone enbodinents, it may be sufficient for only the portions of the
support that have sufficient stiffness to cause winkles in the nenbranes
during thwo olesnal cycling and ot her intended uses of thecpursot/iwsati on
device to be formed froma 10 material having one of the selected CTE s. As
an illustrative exanple, consider screen structure 210, which . is shown in

Fig. 32. In the illustAssgeneeallyipdioatadat 312 indFigsth didel nyegagear H08 inaudgsapt ed
to be positi ) i.r: 0 es, .4 t. t ture
el udes a paneapBitRERe o bt NSRSt 8 ro@ER Horg et
an i nner screedsn EmberAs? Bdkchival, doesienptof cdiffernt provessvennprtes utilized in

Typically, but not exclusively, the outer screen nenbers are forned froma

material  t REEroREN-PrAdycing; PEiohn gAB fXERP oPleSHH b PTISSEHS 1SHdeamh ffPIraitige i,
menber, i . t . ) £ f ar dctipon. In
such an gnnbo |1$rr1§fr%g?ontﬂg ]iggl\rqg?@a g%%ﬁéggfonng%%e(%ftﬂz% 3%2' f%%&n%a 6%%&{%%ri al
havi ng one aiaytpgrediwel stetm@ 4 EMgothesnad refosmary, &l vhichtdast ragmml ideinchidekel

and copper, such as nel, with the outer screen 20 nenbers being. forned
from conven@P&H@lth%h/f)Wf%gn%P%@W,St' Jadre cRuteRf ASHATO" aﬁ%ﬁmﬁ SNl ess
steel . Such gysftae8rahd Y8 Lk 18RYe ?éfﬁt‘i’e(pﬁ) sles eshhgde ARV id@eAbly, the

|
menbr ane-contactirng screen nénber with a CTE that differs fromthe CTE of
menbr ane 46 foad peodessom is hdap@iRogirodine substentiadly fure hydiogeh gahend sner mots een

menber s for i scussed, however, it i.s also wiihin the 0 of
the i nvéht i QHG%E{ > iﬁ? %fg YPOSRY ?c%,d\‘égﬁadn@nﬂrgpgc%ﬁyebg@r%%éasf r %Cﬁ{ Elﬁe al | oy
that i ncl udegrgdsekst thaprbs&R RpRintion, Subftamsal VI8l hy®@bg hegrea®t @ahdbvhavi ng
one of the Selected 's. This construction also nay be applied to

supports t havre, pedfergblyngreater thearPS6m pukse mosp Prserplly Seatpihep Supuighart only
t F i th i
support one ”e”?foa”&aefe%e :TLX é%riagé@hﬁi 99?5/16 r%. ]%x g:ie%ogesu}tgolg 'f&rlrg?%cg%g&gsl 4

support may I el Udfe contacting Tay I 'screen
whi ch may hawedRclogsisinr US.iiterdt iN€ G2EIGT KR pendivgtieS. Piknt Appkdatidd Seriehgages
and extends across at |east a substanti al gortion_of the face of the

ue,

menbr and5  bao- OPH08 S0y whish &vap difed; ansMprch s 6071y and isrqutitlee bpsstser el ¢ he

Cupport 40 VB BbHERCr R s SRl VR PURER: ThE, DR | e

or second s esalrNoEISER,P06WhichhwasHilediyn Mareh &9, 200hs4rrduis enithed ‘THkyelregeneen
menber 216 and whic ends gener.al | r.all to the first ay.er, .Qut on
t he opposi t%e uee M:;tafﬁmf I gMP et al{dnlgﬁthpﬂg?h@%iﬁ&ﬁ& §3T’Fﬂ’sea§hc%r‘iﬁu? yer

is incorporated by reference in its entirety for all purposes.

20 Fuel processor 300 may, but does not necessarily, further include a
polishing region 348, such as shown in dashed lines in Fig. 42. Polishing region 348
receives hydrogen-rich stream 34 from device 10 and further purifies the stream by
reducing the concentration of, or removing, selected compositions therein. In Fig. 42,
the resulting stream is indicated at 314 and may be referred to as a product hydrogen

25  stream or purified hydrogen stream. When fuel processor 300 does not include
polishing region 348, hydrogen-rich stream 34 forms product hydrogen stream 314.
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

30  monoxide should be less than 10 ppm (parts per million) to prevent the control system
from isolating the fuel cell stack. Preferably, the system limits the concentration of
carbon monoxide to less than 5 ppm, and even more preferably, to less than 1 ppm.

The concentration of carbon dioxide may be greater than that of carbon monoxide.
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is stiffer than the first layer so that it provides a conposite screen
structure that has 5 sufficient strength, or stiffness, to support the
nmenbr ane wben/op¢T7ase. Wien such a construction is utilizedT/use2/emyl (but is
lr)notfrequ:jrfed to be)I : npl emented with the second |ayer, or screen nenber to
e forne roman alloy of nickel and copper, such_as., Mone|, or another
mat eri al hakemexample| easncerfratipes o4 desswibem ZPSF(@ Cﬁéﬁﬁr%ﬂ’é‘dﬁd?ﬂya{?‘f iaﬁ‘gep?%bi er, or
screen me r ing for . ri [ ' ps from
10 the Cre gt BnsPiEtson T el 1% AR Mottt e bl 102 i ch
the secondEfR¥RIly pseft@édeshceditdiont ardbisythart Sepprentr sioelddenindetstaed thaiy er

may be described as being formed froma material .that .]Eo%s.not i hgl ude an
SI | oy of nikeiccentieble qBpFERM ognsEHERions ARpERed eLsiB 57 AVUERHT FEIPREPons, a
evi ce v . S bftew R

pl at es % g%}l qﬁ% goﬁgFrg%%‘r"?g%g{ egﬁ@ggéé%?%ﬁﬁgﬁ%ﬁ ?ygﬁg}sﬁ?@gﬁle or Bri]rlgre
support s 54theTdrepdrofl tiespmsett dnventien s pp extmploypgriiselal gaere@r fayactyraiser i al
havi ng one of the selected CTE's, Simlarly, at |gast a R £t'(9la-f?g

encl osure 122y JEERCAIBRETHPT BRFRIGE C8ﬂ%eﬁ3'¥‘g‘?%ievé g ﬁ t6g§ ° drete
formed fro”@n’?ﬁ\?/\sﬁﬁdﬁl‘tiﬁ@@%ﬁﬁl.one of the selected CTE's. 20 In enbodinents
of device 10 in which there are conponents of the device that do not
directly contact menbRapgendBis inhkides euyrpaitebha struiiyre o1 FIMYANE PHEGRGINEr om a

mat eri al having one of t selected CTE.s. For I i |

T e o 0 efba RSB s R AR B, Sy B 00 o))

formed fr Og}cﬁue%%aﬂn% intbREi Y6l 0@ iRRPEM fidlecRklaol st bthst daviderthatahbillebel,

havi ng one of the 25 selected CTE s relative to _thg CTE of the rfmt rial
6t

L rom wlhi ch dembgednt e plzcant sondinsevore thsy aicIBSe S9BFEIGHENYS on
irectly contact. nenbrane 46 ..A. e I £ i i ) ructed
according t Bflot“ﬂéldﬁ CeSAH Cﬁ%@%ﬁg?%%&ﬁ%y&gg%%ﬁ%%y#&t q%\ré{ ?126 %@%ﬁﬁn
conmuni cat i @aalist Bed @Y. S BadCE5®iconveptsr earbdry dnagaitegasl cEbanpliesidefintchese
sources include gas storage devices, such as hyd E 3? q ds ang o
Er ess gr il2 ed medhans andeiere Pobfrwlich & ﬂiﬁméﬂ?ﬁﬁ‘% aué gﬁgle By ﬁﬁtﬁ%s glishing
ypr oduct , t: 835 ;,Idgyg 1 il @BoniRseh as

may be recg%%g&g%?g g&y}g?s%alﬁgltﬁgéer so%r}I e | gﬁgrﬁgfﬂ%r?gesgo’r S,d&gﬁiggﬁ@tg?gused
her tel n, ref ﬁéfgnﬁﬁlg&ﬁb&lysdbw, tecohatt dny vatkapted deadstopk irdebrdragen sasd Igadchst r eam
containin

'ning a%/l Jn?b%?iinmgn%,s itf irs %rrrzaf%%ablelltjhay\%ﬁeoge/cgg nggml?i%/cg%%%/t %%g’ ?sl upstream

from the methanation catalyst bed so as not to reintroduce carbon dioxide or carbon
20 monoxide downstream of the methanation catalyst bed.

Steam reformers typically operate at temperatures in the range of
200° C and 700° 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 invention, such as
depending upon the particular type and configuration of fuel processor being used.

25  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
fuel processor. The fuel for the heating assembly may be provided by the fuel
processing or fuel cell system, by an external source, or both.

30 In Fig. 42, fuel processor 300 is shown including a shell 312 in which
the above-described components are contained. Shell 312, which also may be
referred to as a housing, enables the components of the fuel processor to be moved as

a unit. It also protects the components of the fuel processor from damage by
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| east one feed stream containing a feedstock. Typically, hydrogen gas wl|
forma nmajority or at |east a substantial portion of the m xed gas stream
produced W9 0a/0fareé processor. A fuel processor may produ®PETHNBW3IGAS
stream 24 through a variety 5 of nmechanisns. Exarrpl es of suitable

mechani sns i ncl ude steamreform ng and aut ot her in which

ref ormi ng CHPWW%PIQF@UM%@%PI‘?WWG@@% ”3 ‘P{)tﬁ}‘ g‘%ﬂ BEWCEC eam

cont ai ni ng e SALHRNSGANLANAI Rerlsbonkoan m?q&&&ed LNGht, SHeilBAbsy,

nechanlsns produci I nclude pyrolysis and catal ytic
partial oxi Kiﬂtdoeﬁl nof n@ce@@hﬂ)ﬁ nnciudrt msn]atlgg ettt 3R, suqh ashi edlicmse atlh% f eed

stream does 10 not cont ain water. il %%ﬁ] L{ e hlgnl smf
pr oduci ng h@‘@ﬁe@@]eﬁ agket ingn atg}ge@la‘geg SF &0 AT @t Xaz t%@e?é edictOBEI?
vat er . %O Svtios uﬁ&vﬁ&']ele tﬁﬂrtﬁé’ Ii‘uel GRSHeRIR I hE R GHithoub & hedgndlor | eaSt

one hydrocar n or al | es of suitable hydrocarbons include
met hane, prdptne Wirat ﬁrehlprgmsorﬁ(&mcludcermmmg H@@l@l |3r3é, amutsn@tmg ke.

Exanpl es of suitabl e alcohols, i an anpol ol s,
such as et hppleHal Hry %ln?ﬁ@lﬁh%g'%ﬂ; te‘é‘}a)izglb &eﬂ EP&ge pur| ?r%g{%‘%%
device 10 aﬂé{%h%ﬁ 1§ thre%?'av’é‘héﬁ X6ftaBids Bl Gl c%écriﬁeanieaoﬁrﬁﬁg fPALEssOr i s
shown schematically in Fig. As shown, the fuel processor is generally

i ndi cat ed aand&mpolmhmgt ngoaﬂ@,niherfa@]i piecessom ey dlrtheroelide raNa@HHeracoVRy &¥ ogen
purifi CﬁQ,m d‘%w ce Tﬁ{ belreof erred to as a fuel processing system 302. 20
Al so sh A SRR 1RO s a heating assenbly, which as di scussed

provides heat to deviiGe fikbheaR@tHiRYhd &6pe af ey ingéntionf thitosmesor lhord ofpthecessor
300 may take any of the forms di scussed above. To graphic Illy ilpléus rate
that a hydreqapensoisi ¢ ﬁelakpr@ﬁessgrew(b@a&@étb?rd@ﬁalq BevoRe thy P b on may

al so receive %n xIegt %%gt Ste». 22; gg‘ggé 19t19§¥ kgl A 1Eue aﬁ{agg,essor

300, a gas %)ft evice 1S sc illustrated at 30
apparatus t b@fonﬂrsﬁelueex a3 indidatgd $n Etg eamAzsAanaﬁlea emsple, ad asbs,cbq:mmnaﬂlyst ream

in the course of Er oduci ng a di ffer en%‘@)r odyct ﬁ]lfgﬁf sd/shown at 310.
It should bﬂluﬁﬁéfé &t Bigd4Lrolishing rezifR Adt My @pﬁx £ BRY/PL B POB ess O
300

i's m?anB ék‘ﬁ aﬂ,{gﬁud&ﬁﬁ‘%/ %ﬁ/} Syg%m R8RS o@%ﬁ@ﬂpﬂnb%srefcfrﬁﬁﬂgsé@ﬂ&st

delivery sys feed stream sources or supplies,
etc. 30 Fuebed:sbﬁragsxmndbaycmddﬁeehelbper ated at el evated t enper at ures and/ or

o Sesures. e e Teoul iy byl BB Sbe LR B b0l RARMLELL N pheg e
havi ng devi ﬁ?dl%gerﬁﬂal stream 34 or product hydrogen stream 314 to at least one fuel cell
20  stack, which produces an electric current therefrom. In such a configuration, 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. 43, in which a fuel cell stack is
generally indicated at 322. The fuel cell stack is adapted to produce an electric
current from the portion of product hydrogen stream 314 delivered thereto. In the
25 illustrated embodiment, a single fuel processor 300 and a single fuel cell stack 322 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
components have been schematically illustrated and that the fuel cell system may
include additional components that are not specifically illustrated in the figures, such
30  as feed pumps, air delivery systems, heat exchangers, heating assemblies and the like.
Fuel cell stack 322 contains at least one, and typically multiple, fuel
cells 324 that are adapted to produce an electric current from the portion of the
product hydrogen stream 314 delivered thereto. This electric current may be used to
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fuel processor 300 connected by external fluid transportation conduits. An
exanple 42 WO 03/026776 PCT/US02/ 09351 of such a configuration is shown
in Fig. 4Mpon02amé ch the fael processor includes a shell pom/usousissy 312,

whi ch device 10 forns a portion of and/or extends at |east partially

within. In such a configuration, fuel (Srocessor 300 may. be described as
i ncl udi ng detisfiyethe cenergst dgmandsn @t tamplied dpadyrFc s A830CHed, EREEY SO TES
m xed gas 5, str I e L{ b et ¥isk&uld QoesathRed tohe
devices to dr?glcﬁ%?g? i@%%pﬂf%lpe %a\%qgg&a@dgvﬁh%%. | Fﬁgf’gﬁl enabl e_g the fael
processor' s, GeitpoRehick, retehtittiahgetlield, cevat,0tools, dighes loe alightingy assewbhiefon
heati ng assenbly and/or for at |east so if not all of .t heatin

requi r ementappEfIcgEVISEE! 135 Beh?‘%felé‘gai 8F i rbﬁpﬁ@_ﬁfe getﬁ’élf%{]to_z(g W% %gsor
300. As Jdi sgussed. dels ﬁh%ﬁts_s&ﬁ 300 dpufines vhdahbed d@u @evicbasaprigduces
a 10 mixed gas s%ream dont al Ai ng hydrogen gas, and preferably a m xed gas
st r eam t hatscheraaicailysilastraggdoini Fig. 45 arilwroepah tg aspresent ognepagesdeyices or

illustration, the follow n di scyssion w1l describe fuel proc 300 as
bei ng adapt @dlegtény ééélieV/’ée%l%?aéea&e ?@S&to gf%wcegﬁct%&f rﬁuﬁﬁmaﬁgrélr Eh%nﬁ%g% 4 ni ng
feedst ock 3%3%%}?@”%%%?%@25@%@@??&9 n%ﬂ%dgsi GulthRle fubDGENEhoindd togetheirt hi n

e fue

the scope o e invention that processor 300 may take 15 ot her

forms, as dbetwessesmmbnesd phates 123awhicheepniain duid dalverwiemygbceidyts (not

i 25 o o e o ' Foat) |
water Togodonte bxiRni s uetg 4 B i Rl oRh Al bR RE PEVGY oty
sui tabl e nmeghaRLEMind afkianaé udlerds stFrarmed kacks32haan receivé gll of2probutt i t

shoul d be wunderstood that nbre than one stream 3%_6, ngl be sed.‘%rcpg t hat
these streamglrogep steamcdnt HomerdiallodFacasm 34 prygeiiop ?(bbé?ﬁé FRANRAL ROt he
carbon-cont ai.ni ng feeds 31845 Rl SGI ' -cbh&mligedebaek is
typically dgefl}v&aegieg 13(/\,1atﬁtl|l(?t§1 Elg C]\Agglfi %1?’ @g%n%%ﬁé%nm}%ij h}gg%a%rersltcr eamlﬁg),? such as
shown i n Fi gurné®for W€ ror hbs, eadtbed fadaterisei ng feedstock is inmiscible or

only slightly mscible with water,_ these cQ olnents are typically
delivertd to fuel processor 300 M@Mﬂanﬁ, such as shown in
dashed lines in 25 Fi I ourBRILSH T 16omhsorsheWand gié1g
delivered to fuel proglelgééyerg%%%c’gggf%ed gi':tl?ﬁea%?g%%i ver@o system 317.
Del i very sygicemsdik/systenisute spriivybls to el proeeshiagiagfnothgeidueiries in which
conbi nation_thereof that deljv rsﬁﬁi}e ({]eed streamto fuel processor 300.
For exanpl ehyqrﬁéerh%ﬁsil?/wu%i}fﬁ 'HEY“¥hcl ude one or nore punps that

deliver the conponent g QfcRtFeaana3hé dfscRTB sstRRihyabote @hédnastabdsimuleiple
alternatively,

20  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

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

or the equivalent thereof, such claims should be understood to include incorporation

of one or more such elements, neither requiring nor excluding two or more such
elements. '

Tt is believed that the following claims particularly point out certain

30 combinations and subcombinations that are directed to one of the disclosed inventions

and are novel and non-obvious. Inventions embodied in other combinations and

subcombinations of features, functions, elements and/or properties may be claimed

through amendment of the present claims or presentation of new claims in this or a
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30 system 317 may include a val ve assenbly adapted to regulate the flow of
the conponents froma pressurized supply. The supplies nmay be | ocated

ext ernal wD oBloes776 ael cell system or nmay be contai ned w tPhiTrusoz/osdj acent
the system 43 WO 03/026776 PCT/US02/ 09351 As generally indicated at 312
in Fig. 42, fuel processor 300 inc]udes a hydrogen-producing re%i nin

whi ch ni xedrejeisd gppkeationa $uchpypensied rfResfrclags) W@%tﬁ@fa%emaﬁe. diec 8‘? éssed,
a variety oyl [hehe0hidl oF 88681 TBYnd Satk! hbéifbnl el QEERADIRGNELNT
region. An exafrpl'e of such a process I's steamreformng, In 5 which region
312 i ncl udesagowéragequel iarsobpegtodhd adiginal ddds, Ak taboragirdel 35 incledebwitBi2 nay
produce stream 24 by autothermal refqQrmng, | Which case region 312

i ncl udes aﬁleéﬂl‘bl?ﬂﬂé‘?ﬁﬁ]‘)fﬂé?W?Htlf?’@sé’gfhélpigﬁem ‘Bﬁc? €-context of a steam or
autot herpml reformer, mxed gas stream 24 nmay also be referred to as a
reformate stream Preferably, the fuel processor is adapted to produce
substantially pure hydrogen gas, and even nore 10 preferably, the fuel
processor is adapted to produce pure hydrogen gas. For the purposes of the
present invention, substantially pure hydrogen gas is greater than 90%
pure, preferably greater than 95% pure, nore preferably greater than 99%
pure, and even nore preferably greater than 99.5% pure. Exanples of
suitabl e fuel processors are disclosed in U S. Patent No. 6,221, 117,
pending U. S. Patent Application Serial 15 No. 09/8 02,3 6 1, which was
filed on March 8, 200 1, and is entitled "Fuel Processor and Systens and
Devi ces Containing the Sane," and pending U S. Patent Application Serial
No. 09/812,499, which was filed on March 19, 2001, and is entitled
"Hydrogen- Selective Metal Menbrane Modul es and Met hod of Form ng the
Same," each of which 1is incorporated by reference in its entirety for al
pur poses. 20 Fuel processor 300 may, but does not necessarily, further
include a polishing region 348, such as shown in dashed lines in Fig. 42.
Pol i shing region 348 receives hydrogen-rich stream 34 from device 10 and
further purifies the streamby reducing the concentration of, or renoving,
sel ected conpositions therein. In Fig. 42, the resulting streamis

i ndicated at 314 and may be referred to as a product hydrogen 25 stream or
purified hydrogen stream Wen fuel processor 300 does not include
pol i shing region 348, hydrogen-rich stream 34 fornms product hydrogen stream
314. For exanple, when stream 34 is intended for use in a fuel cell stack
conpositions that
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may damage the fuel cell stack, such as carbon nonoxi de and carbon di oxi de,
may be renoved fromthe hydrogen-rich stream if necessary. The
concent r awpen/oad77€ ar bon 30 nonoxi de shoul d be | ess than 1@cCparsoi/past s per
mllion) to prevent the control system fromisolating the fuel cell stack
Preferably, the systemlimts the concentration of carbon nonoxide to |ess
than 5 ppmWIhEGLAIdE: nore preferably, to less than | ppm The
concentration of carbon dioxide nay be greater than that of carbon
nonoxi de. 44 WD 03/026776 PCT/US02/ 09351 For exanpl e, concentrations of

| ess than 25% carbon gi oxi defuéyodessoacaepirsilge. Preferably, the
concentration is |less than 10% even nore pref rabléj | ess tpan 1% t
Especial |y preferred &biéegenBiadgaias pHon d8apiet i1 VﬁﬁhémgfrgﬁgﬁP% Pe

under st ood th e. M.l i S e thdee@i n are
iIIustratiV%D§§§H%aﬁégfgﬁﬁﬁggﬁhgﬁﬁ%%ﬁge tﬁg%?g%ga%%ggﬁmgﬁﬁﬁ t hose presented
herein may #igathsed and are wthin the scope of the present invention. For
exanpl e, particular users or manufacturers may require m.ni Q. JITRXi mum
conggntrafion | evel s %ﬁﬂ¥5ﬁ§@§fgﬁﬁﬁmﬁP@8&?Fg@PéﬂFq&Fﬁéﬂx¥%%%gyﬁ%en?ﬁ i ed
herein. Reg% s34, 1aNG! HAGSIRRY AP £ h$drobet-HER stroim! @ning @rleistduci ng
10 the concentration of the selected conpositions in stream 34. For

exanpl e, wheambstahtiallypiyabtogen gt relzareinghé seperation régen ¢ePs§Sa PEM f ael cel |

k her devi h ill. Db dif th |
stack or other device that w :%Pﬁeéf%nageﬁ%H8§%n?(ﬁ%ﬁsggﬁgﬁq% 85 fRre

t han det er mi ned concentr at FHIf&° e or °¢ i oxi de, it

may be desi gabl&d Gndinddsugte 1@kt loaaSihp@nporeithaupal indith @ajmiteds gabette@b0. Bed
350 converts carbon npnoxi de and cargon di oxi de into 15 nethane and wat er,

both of whi contsining hydrogsagagis delipemetl teithe epglosuzs; aidgast Pt POARHEUREFPEN 348

may al so inglude another hydro - pr oJ r.egi : er
r ef or mi ng cﬁ?‘?ﬂ Wﬂlﬁé&’, petng)lggt N %gér}? %3%3{%’?}]}# gtalg 'EQ% 9[15‘5(5331318%%1% ?E&%.'}rl]}?%o y.géraggen
gas. |n sucl rembvenhes thiesiclodute, iagd priefis babbegprotiadt ottpat pext dmoughefichiang
catal yst bed is upstream fromthe_ nethanation ca%gbé;t ﬁgp 0 as not to
rei nt r oducebyriofeni Hicexy qentainingapbsast 2054hsiBitlgRC & Feafibgt spses 1S

met hanati on cataly - ShidfREGARIDY sOReE MGudt 4 qeenat ur es
in the rangéer%?\%dzé%mb@gaeh@%g‘%g: 6Vgﬂ%f';{{r:g{eat}t’préessureg in the range of 50 psi
and 1000 psportidhtofichegiermesiapeeanur es outsi de of this range are within the

scope of the invention, such_as depending upon the partigcul ar YRE nd
configuration of fuel procés%’ﬁamlg@i‘"ﬁae%lsvgd.m frate “whin' 'tEé" Bmpaifent

wherein the hydrogen-selective membrane has a coefficient of thermal expansion, a

first surface adapted to be contacted by the mixed gas stream, a permeate surface
generally opposed to the first surface, and is at least substantially formed from an
alloy containing palladium and copper, wherein the permeate stream includes a
portion of the mixed gas stream that passes through the hydrogen-selective membrane
to the permeate surface, and further wherein the byproduct stream includes a portion
of the mixed gas stream that does not pass through the hydrogen-selective membrane;
and

means for supporting the hydrogen-selective membrane within
the enclosure, wherein the means for supporting the hydrogen-selective membrane
within the enc;lpsure includes a membrane-contacting structure that is at least partially
formed from an alloy that includes nickel and copper and which has a coefficient of
thermal expansion that is the same as or within at least approximately 10% of the

coefficient of thermal expansion of the hydrogen-selective membrane.
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25 Any suitabl e heating mechani smor device may be used to provide this
heat, such as a heater, burner, conbustion catalyst, or the like. The
heati ng a&9aaiker7éray be external the fuel processor or nmMRETIUSOVES1
conbustion chanber that forns part of the fuel processor. The fuel for the
heati ng assenbly may be provided by the fael . processing or fuel. cel

system by an externaB- soufbe, fuel pirsessor 3y plaing § whoreiy thy CB‘?@E%‘Ecﬂf 300

R e  Ee s

cont ai ned. SO nay to as a housing, enables
t he conponepssticibntt dfethbtned] gapasassof thean&rabrang,exhdasptioaalinwtithin 2%adEthe

protects the conponents of the fuel_ processor fr anma b 45 VO,

03/ 026776 Pestieny efdhermal sxpInsinRf the pregptians, \?’é‘gg’f‘gﬁl%ﬂ’% néwdvvﬁa%ﬁés t he

heat i ng_demmBfle8hefrBiinl iRl CEnRIon JPREAMSRbIAE. CoMponents of the fuel
may be %e Sﬁel

processor ated as a unit. I 312 may, but does not
necessarily, include insulating material 333, such as a solid insulating

mat eri al, bl anket insylati terial, or air-filled vit bt i
within the scope of 5°the Hﬂ@gﬁFkBHFeﬁﬁﬁéng?thgtwbﬁgn¥3@?cﬂgg%g?géﬁ may
be formed wyiAqu e@m‘i@bﬁbﬁﬂie HemBrRR-EontdHBB struSlirddReR&SREm Icdfiditttes

a

i nsul ati ng materi 333, the insulating material may be internal the
shel |, ext epfiilermhleexpaesiby ofthermembrangehy noendradharaennieximetale djrn/m/eC,

external a shell.coptaining the above-described reform '

and/ or poligﬁfﬂ@mF@HV§X§PlgﬂBQ? éﬂmﬁF%@‘%ﬁ%QEﬁ%?hﬁﬁgfﬁ%?g#ﬁ%?E@%ﬁgk%guter
cover or  1@QohafK@lan@ppRikindtelyel umgnlegtion. It is further within the scope
of the invention that one or nore of the conponents of fuel processor 300

may either extend beyond the shell or be |ocated external at |east shel

312. For exanpl e, devié;:S 1?11@&&2%@? g{?lt JreaBimPar LRk dReRadnahe! |

312, as indicated in . exanple, and as schematically 15

i |l ustratedcbmtadting sédctufeolhias i ngeffeginnoB4Bermay dmparsitrerthal isHedsl tiBmh2
and/or a portion of hydrogen-produci region 312 (such as portions of one
or nore ref dPHIHEY €at @@ﬂmﬂﬁﬂaé§”ﬁﬁ?yg%tend beyond the shell. As indicated
above, fuel processor 300 nmay be adapted to deliver hydrogen-rich stream
34 or product hydrogen stream 314 to at |east one fuel cell 20 stack,

whi ch produces an el e6tri c Thar fieht prokessef rafmelaim ducwhereivorlis guerabianer, t he

fsyg![ an)qr Ogﬁszglrétﬁ%ﬂ& gi%lj'gcltur%e}lwlts gtc%% 1crire]51 oqethreg}clﬁr fr:)?p%ngign atﬁataisf Hagé tﬁa%l khe

coefficient of thermal expansion of the membrane.

6. The fuel processor of claim 1, wherein the means for
supporting the hydrogen-selective membrane is at least substantially formed from an

alloy that includes nickel and copper.

7. The fuel processor of claim 1, wherein the means for
supporting the hydrogen-selective membrane is at least substantially formed from one
or more materials having coefficients of thermal expansion that are less than the

coefficient of thermal expansion of the membrane.

8. The fuel processor of claim 1, wherein the membrane-

contacting structure is not hydrogen-selective.
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such a systemis schematically illustrated in Fig. 43, in which a fuel cel
stack is generally indicated at 322. The fuel cell stack is adapted to
produce awoeBmzd7ré c current fromthe portion of product REEUESgEP3Stream
314 delivered thereto. In the 25 illustrated enbodi ment, a single fuel
processor 300 and a single fuel cell stack 322 are ., sho and descri.bed,
however, it shoul d be.undeFhst desd pieaesspipot ¢l lonWheieine it peyFag 3¢ h of

t hese conponents, nay be 0 be understood that these
conponentsIH%W%Q%%%ﬁmg%ﬂgﬁéﬁ?8%ﬁ?§ﬂﬁghﬁg?#§ted and that the fuel cel
system may include additional conmponents that are not specifically

illustrated in the figures, such 30 as fee unps,, ai.r delive syst.ens,
heat exchangers, heat]gQag ablace 451 inEQCesERT ?fhglaﬁ?kle.WheﬁﬂgltgﬁéP?mé%ﬁ%ﬁs 322

contains at|east; | Pl Yo b b GtadiiB stru@iftel S 324 that are
adapt ed to‘%wgﬁﬁ%%ﬁgﬁi%ﬁﬁﬁﬁéﬁﬂ? current fron1th% pgrtion of the product
hydr ogen stream 314 delivered thereto. This electric current may be used to

46 WD 03/ 026776 PCT/ US02/ 09351, satisfy th nergy demands, or j ed

| oad, of an associ at et enet R -B8h UATHTPT Bgva?}énB SW‘iﬁeﬁnﬁs?’Fap}e\%@’%eI%érrpl es
of devices aghig |l Sud il 3RO Ul o ladiftel 5T Gtloh the nRniBRirr witkihi @k e,
recreational vehitle, boat, tools, lights or I'ighting assenblies,

appl i ances &wilshreas a househol d or other appliance), household, signaling
or 5 communi cation equi pnent, etc. It should be understood that device 325

%)
Q

is schematically illustrated in Fig. 43 and is neant to represent one or
nore devices or coll egti onyofuetpMiceRsr bihdhindl B vitagh et membrame iedledesr i
current fromthe fuel cell system A fuel cell stack typically i.ncludes

mul tipl e fuslpembies regipmand tlaymonat inchenadiaee b a7y 1or e PSBECSy; ¢
contain fluid. delfjtve‘rl_%/ %ermval conduits (not 10 shown). Exanples of

suitabl e fuEEIRALREe RIS by ot on exchange menbrane (PEM) fuel cells and
al kaline fuel cells. Fuel cell stack 322 may receive all of product

hydrogen stream 314. Sone or all of stream 314 }r@y ddjt{hongll%/, or
alternatively, be delPver@ahe slapigceesspy 8hicli®o ey i hereinothe Lame oS, Aoy

hydr ogen- consum r burned for fuel or heat, or stored for |ater
use. 15 1| ndﬁgﬁﬁgﬁt}%&%’?ﬁgg‘gi lity The invented hydrogen purification

devi ces, conponents and fuel processing systens are applicable to the fael
processing and other ipdustries fn which hytoopn gas.ls o ReH.AY o
coefficient of thermal expansion that is the same as or less than the coefficient of

thermal expansion of the membrane.

15. The fuel processor of claim 1, wherein the membrane-
contacting structure includes a support that extends across at least a substantial

portion of the first surface or the permeate surface of the membrane.

16.  The fuel processor of claim 15, wherein the support has a
coefficient of thermal expansion that is the same as or less than the coefficient of

thermal expansion of the membrane.

17.  The fuel processor of claim 15, wherein the support extends

across at least a substantial portion of the permeate surface of the membrane.
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It is believed that the disclosure set forth above enconpasses nultiple 20
distinct inventions with independent utility. Wile each of these

i nvent i orwohlas2dieen disclosed in its preferred form thePEpas0t/HBEs1

enbodi ments thereof as disclosed and illustrated herein are not to be

considered in alimting sense as nunerous variations _are gossi %It?e. The
subj ect matter of thel8.nvehhe Biebpiosessoireiclaim 17 akherein the negreds FHdrees of

conmbi nati ons and .subcombi nat i ' :

Funct | ons. anarar AR FoRPPi6E O Ohe SO BN ROP GRIRR I MEBHHRE ond

cl ai ms r eci fuethé@wh&ein'the pbitivh of ghemiret gasstréanethatpisves thriugh lier membragach
clainms shoul d be understood to include incorporation of one or nore such
el enents, n@aRy hess thioyeh thefyrpit- excl uding two or nore such elenents. It is
believed that the following clainms particularly point out certain 30

conbi nations and subconbinations that are directed to one of the disclosed
inventions and are nowel %Fhelfiuedprazbssboofclaimi@wvhaereis thernenibeadeiina dirsier

combi nati ons and subconbi nati ons qf f.egthgres functi.ons fldementgcoa d/ or
properties melfoga-selestive dnemRTaSeg IV ASHEH n?nc&suf%i"rg}eésfélﬁu & & 1E°8

pr esent at i Ofy 3B £4i3b Forhlahd it B 8 ool G/ RAAT exTHoH0A 29251

rel ated appl1cation. Such anende new cl ai ns, whet her theg are directed
to a diff elasit substartisliyotheorardé rae che dirstontembranema firsh estitfpem adagfed febe

di fferent, broade narr.ower or equal .in scope t h el 18, are
al so regar d%‘HltaaféeJ h¥% IﬂEFdE’dX?\%eg%i Wea&hén% B et %(tfe 0 P%%I%Inlﬁ v%%%sﬁg%g of
the present,di%6l0sHtRe & the MR GRB2BFE! GnBATHHE0RMERBD the WippGltAbends. A

fuel processor, conprising: a hydrogen-producing region adapted to receive

a feed str ebetwasnl theofirsh pudi theesegond msmbganss do delrg & GATEFHINEPIPHRSGEIgas

and ot her gases framt fe t [ ' dapkied tR
recei ve at %Wﬁgﬁéﬁ%‘ﬁﬁ Oggh ki ﬁjg{n% xS%ﬁ’fég@? gﬂ%&ﬁ? ?ﬁgiof[ﬁ (r;b fgr oduce :
t her ef r om agthyeli 0@epaskésahrovih @eMmembiantninag flatv. | east  substantial |y
hydr ogen gas, wherein the separation region conprises:

20.  The fuel processor of claim 1, wherein the coefficient of
thermal expansion of the one or more materials is within 1 pm/m/°C of the coefficient
of thermal expansion of the membrane, and optionally within 0.2 pm/m/°C of the
coefficient of thermal expansion of the membrane, and further optionally within

approximately 0.1 pm/m/°C of the coefficient of thermal expansion of the membrane.

21.  The fuel processor of claim 20, wherein the enclosure includes

an alloy containing nickel and copper.

22.  The fuel processor of claim 1, wherein the membrane has a
coefficient of thermal expansion in the range of approximately 13.6 wm/m/°C and

approximately 16 pm/m/°C.

23.  The fuel processor of claim 1, wherein the fuel processor
includes at least one reforming catalyst bed and is adapted to produce the mixed gas

stream by steam reforming.
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an encl osure defining an internal conpartnent, wherein the enclosure

i ncludes at | east one input port through which a m xed gas stream

cont ai ni yohwizedgen gas is delivered to the encl osure, at PCEasn2/@361 pr oduct
out put port through which a perneate stream containing at Ieast
substantially pure hydrogen gas is renpved fromthe, encl o

| east one byproduct o##-put IhdhydregeropryHiGaHPR Howce Wb’fscﬁﬂl& g%a rateg

cont ai ni ng at i 0 385t icast goeﬁ@ved
fromthe en%l oéseg(?czéd %@%ﬁaﬁﬁ%ﬁfe&%@gp %dde??llﬂfc éltg?tg(gg |Sﬂgléudes ats. | east a
portion of #hiewheshnahdes bh eatiosde h)ynh taganteﬂmll eatt lews: mbst’mtmﬂixy flwidHight,t he
conpartnent, wherein the hydro en-sel e rane ha @{ﬁf ci ent of

ther mal expEAEPAHNCIE COUtFEIES gt f %?é& (%i’(?aBY g‘f'rbs %Ct]é’Sn’En&H‘c éfﬂleb Snfxed
gas Stream cSHatid & ]]%&m A d&gﬂ@%&ldeu M%%o&%ftma&hﬁﬁn@wﬁpape and
is at |east“Substantial rom an | oy containing palladium and
copper, wheimeludet hefipse smﬁm:teea@pteéatm hmcdrmm@ by apoitedogrsoftreamecantainigdggas

t t hat th the h | ecti t
Sur Tace,  anbdEEhE TRGHBTERG N G e LT Igoand (RS o ©

the m xed gée}gfa%é %%ﬁéaat ageﬁéanmto raa@ﬁrég@hqmmﬁeaﬁl RpaTOgRiEet aClchite

menbr ane; nmeans upporting the hydrogen- sefl ective nenbrane within

t he encl os ustmstawhelﬂ}ehydrbml grsand whaeh swb iﬁ&ﬁ&ﬁaﬁfgalb’hpéﬂh%ﬁe@eﬁﬁ@fép%@f ﬂ\?e

That 1s at TER sisACER g PHeGr e S & b6 PFRGRCk ShuRR AmtEhy O

copper and Mﬂﬁ?ﬁ 8uct seehf WhicBiM atdbast ﬂﬁﬁm&forﬁﬁeﬁc’ﬁm @poitivatofitise tmiredsane
as or within at l'east approximately 10% of the coefficient of thernal

expansi on oas sitcany thab dees Bell RASS mr@uglb%r@ﬁ@ rang, {e IBrQYSEIERE comprising:

PCT/ US02/ 09351 e Al rel i ent
of thermal ?p%ev (ie&ﬁl&(;%fi {n%hienﬁ{él%g" aﬁcg)gl Eagﬁ %tlsiﬁ ng é,t?%g HS r gntﬁge‘\xfmﬁggi fe'an % of
the coeffi ehest tief fitsher Mid pexrarsiwfaces of the menbaseandafuthapwheread th,e
within 2% of the coefficient of thermal expansion of the g£

finther opt idevigs ingludes pl lgast oge Bﬁn%bﬁ@ec‘i?é‘f%cflgg SRYCUge 1R FRRTAGH W %ﬁ g 63

the menbrang,. § dr-ngn fsﬂ@étw% CEBR0E Rh GhtfbMvhere¥@lcCltNedsdBné %érﬁbﬂéh@nt of
t her mal expansi 3 rane contacting structure deviates fromthe
coef fi ci ent contacting structure is selected to have a coefficient of thermal expansion that is

sufficiently close to or equal to the coefficient of thermal expansion of the at least one
hydrogen-selective membrane such that upon thermal cycling of the device within a
temperature range of at least 200° C the at least one membrane-contacting structure is

adapted to not impart wrinkles to the at least one hydrogen-selective membrane.

25. The device of claim 24, wherein the membrane-contacting

structure includes an alloy comprising nickel and copper.

26. The device of claim 24, wherein the membrane-contacting
structure has a coefficient of thermal expansion that is the same as or less than the

coefficient of thermal expansion of the at least one membrane.

217. The device of claim 24, wherein the enclosure is formed from
one or more materials selected such that upon thermal cycling of the device within the
temperature range the enclosure does not impart wrinkle-inducing forces to the at

least one hydrogen-selective membrane.
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of thermal expansion of the nmenbrane by no nore than approximately 1
[tMM'C, and optionally by no nore than approximately 0.2 [tmim"'C, and
farther owoiosnzd77ey by no nore than approxinmately 0. 1 ~L®CmuSo2/d935The f uel
processor of claim1, wherein the nenbrane- contacting structure has a
coefficient of ther rral expansion that is less than 16 n1n1 C and_greater
than 13 gm m C. 5. THeS. faeThqﬁqywscsf@iaI@fﬂeW&Plfﬁr&thexﬁﬁ%lpﬂfﬁ11% Pee.
contacting structure ;h ficient of thermal expansion that is |ess
than the cO&t 188]%?1(2%“?%03)%%; expansi on of the nenbrane. 6. The fael
processor of claim1, wherein the neans for supporting the

hydr ogen- sel ecti ve rrenbrane is at | east subsht anti.al | y for dfro al | oy

that includes nickel c Baspdgvicerof ciaym 48 ayheprn hesdls ﬁlcﬁF%m%erei n
the neans f(?f; tl}é%#%@%[p@hﬁgn the RYAEOQS %Bﬁqéésvﬁaﬁﬂp%@@ﬁicieﬁt f theast

subst anti al romone or nore materials having coefficients of
thermal expapahgon bhihe adleastlons smenibamet he coefficient of thermal expansion
of the menbrane. 8. The fuel processor of claim1, wherein the nenbrane-
contacting structure is not hydrogen-selective. 50 WD 03/ 026776

PCT/ US02/ 09351 9. They f uel,pr 9Gess Al Qfaifl @4M kheMlier @kn allbe c@nprisese is
nounted on the rrenbrane contacting structure. 10. The fuel processor of
claiml, whapeoximatedy A@miboaoppérs in  contact with but not nounted on the
menbr ane- contacting structure. 11. The fuel processor of claim1, wherein

t he menbrane- contacting structure includes a nount adapted to position the

nmenbrane within the encl ogyg Geviddof diden Ruein g@nseaiarwih achel prodeksingher ei n
t he nenbrane includes a perineter region and the mount i ngl udes a frame

that i s secesseublyghatie agmptediotrereive & ffed strefm epd toRiRgncetle mixed gps SUFIR

processor O]Ehe%fr%'mm 12, wherein the frame forms a portion of the enclosure.

32.  The device of claim 31, wherein the fuel processing assembly
includes at least one reforming catalyst bed and further wherein the feed stream

contains water and a carbon-containing feedstock.

33.  The device of claim 32, wherein the reforming region and the

enclosure are at least partially housed within a common shell.

34. The device of claim 31, in further combination with a fuel cell
stack adapted to receive at least a portion of the hydrogen-rich stream and to produce

an electric current therefrom.
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14. The fuel processor of claim12, wherein the frane has a coefficient of
thermal expansion that is the sane as or |ess than the coefficient of

t her mal ewpan®2@me of t he menbrane. 15. The fuel processor Pefi/ushadIssLl,
wherein the nmenbrane- contacting structure includes a support that extends
across at |east a substantial portion of the first surface or the perneate
surface of the menbrafe. 18.hyitrreenpurifipationgeyice, CRIISHEh 15, wherein t he

support has a coefficgi gﬁc{l%s%}e ﬁ«%&ﬁ{l En?ﬁ‘tgﬁﬁ?%&?%érﬂﬁénti Shihe &@r&clﬁgnfgr | ess

than the coefficient of ernmal expansi on o e nmenbrane. 17. The fuel

processor Ofckidad Ak 18ast Whier Bipot tpoer girpydr twhiclt endsxedagrostrean ¢mdaining
substantial portion of the perneate surface of the nbr ane

: .51 VO
03/ 026776 Fomdremsmgaggnd othey gasesfreddliyared ip dechclpsuiss Q@F%ﬁ" AP PrOdURLTERY ¢ he
per neat e su TEIRBAE oo ACk ik Bud PR BUPBRfthyagehs not
nount ed on %@ﬁg%‘%‘o‘%@?ha ?ét}rgtskgarrh&ﬂ%?glﬁ?\gc%tr}e Sportsi on1 O?Bt r?e }}ri% ngd gas
st ream t hat gggais sesiot it Goghtehenchosnter and at eyt pizes byprhdwnd ghitpuh ostutbpangh.  19.
The fuel processaor of_ claim 18, wherei | '

h nor. )
G oon- DoV BEh PRttt aFa Rt ErE of et abeagia perrdhe fbbr gnses s

second hyd{?ﬁ%@ga%h@ﬁjlgieﬁgogﬁgbrane that has a coefficient of thernal
expansi on that is at east substantially the sane as the first nenbrane, a

first surface adaptedatleashene omnthaatecivblppe mithift the coqwartaenie SMeTeih gach

perneate surface that generall aces t.he [ ea t irst

nenmbr ane, af§ Wr?&?e@ﬂ% }Seﬁgﬁn%/%% o hpait p1 @E‘ﬁ%geglsée?e@gy \g/v{erge?\l%tr & ST‘Pfr?esr%lhand

the second pREDLERAGENLAnERHENS fRsthanes hilAged @6 Gei donkietedeley thd hexqlegaveat e
surfaces of the nenbranes through which the&iﬁ{)ortlon of the m xed _gas,

stream t hat sipmes el ¢ hemegle sudcerapisraheernesgd 1 %Wﬁrf‘é@}lff% WhgEn B s sor
of claiml, wher Irélﬁe% %?%%%ﬂtfférﬁ{#ﬁ{%ag}het hﬂ? %%Q%B&@ab&ﬂ/e%eﬁlﬂﬁn?@@reor

nore materi St & e co fent of thenna
expansi on ofpdch@ apReroanech atttr opthi theialpkymanitd firfacs Gengraliyl fa@ng fadhhasher
coefficient of thermal expansion of the mepbrane, and. further oFetionaIIy

within apptosefiae @ payestng eopdHicoHFding RYEPIIVEPL NI _ﬁ%‘il MRHEnsi on
of the membrang, o2 fthEPEnditi®s POGRRSWithH tE Bhibstihe YARIA! dhd! AfpRACIOSUT €

i ncl udes
support the pair of hydrogen-selective membranes, wherein the support includes a pair

of generally opposed surfaces that are respectively adapted to provide support to the
permeate surfaces of the pair of hydrogen-selective membranes, wherein the permeate
stream is formed from the portion of the mixed gas stream that passes through the
membranes to the harvesting conduit, with at least a portion of the mixed gas stream
that does not pass through the membranes forming at least a portion of the byproduct
stream; and further wherein each of the hydrogen-selective membranes has a
coefficient of thermal expansion; and

means for supporting the at least one membrane envelope within the
enclosure, wherein the means for supporting the at least one membrane envelope
within the enclosure includes a membrane-contacting structure that has a different
composition than the hydrogen-selective membranes and at least one of a coefficient
of thermal expansion that is less than the coefficient of thermal expansion of the
hydrogen-selective membranes and a composition that includes an alloy comprising

nickel and copper.
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an all oy containing nickel and copper. 22. The fuel processor of claiml,
wherein the nenbrane has a coefficient of thermal expansion in the range
of appr oxwoas®eker7d3. 6 gni ml C and approxi mately 16 gm m CPCZAISoXomssf uel
processor of claim1, wherein the fuel processor includes at |east one
reform ng catal yst bed and is adapted to produce the nixeqﬁ as str.eam by
steam refornming. 52 Vi5.03/ ObsEpwicp] ciapp/ g 3herey the mep %"&ﬁ“&?@éﬁ’?ﬁng

purification device,.that | gabsgkrat a sel ected
t enper at ur esq’&‘r" 5?111%11&15?%56@(;)?%32%0 g}sgseﬁlgléggdg pr srure of at least 50 psi
and which includes an enclosure with an internal, at |east substantially

fluid-tight, t t taini N t . hyd -sel i V.
menbr ane {hat has a  £6ef K67 Gf¥ICef S REiTimio.cXPHAE o LTI UL DR an
alloy of pald.agdjy msaggogfﬁ%ﬁf of tHefiibeBSndtor {abls BHfhane; alan! edmigeke

contacted by a m Xed gas stream contalning hydrogen gas and ot her gases,
further incofithesnd eppamsat ef hamiankranesdnd spthawplyevithio 2% ep theatostidientni xed

gas streaminto a hydrogen-rjch stream whi.c onprises. at.,.e
subst ant i al P theparlofraRngias on G\Rﬁ?@ﬁrap%s’ &Pdl‘g‘gg‘?rnggtr‘?r’laﬁp’lvﬂ?lﬁ%ao% P8m a

portion of GreathAn StyRAUA bha ARt rough the at | east one
hydrogen-se{:%gtti?l\% ne rane,lj’a and a byproduct stream which is at |east

partially formed froma portion of the m xed gas streamthat does not pass
t hrough the nmenbrane, t he pprovenen onpLL sing. . e I g Lhg a
membr ane- cont act i ng s?é‘uct Egg (feﬁéfte ?é cfaﬁnc%%t g'glfgre\lfﬁtﬂe élgg%ﬁgerglg E&gélcgﬁgf t he
first or thg-peiEBate ssurfide®Soliheihal paRNian that dfdest Uhdrhéfe sdediicen dfhe
devi ce includes at |east one menbrane-contacting structure in contact with

the at | easthermalexhyuhiayeiihe gleabrangd nenbrane and further wherein the at

| east one menbrane- contacting structure is selected to have a coefficient
of thermal expansion that is sufficiently close to or equal to the
coefficient of thermBoexpansi dwvief of kiimt 38.cadkreindghe hyenbgercsBhamg ve
menbrane such that upon thermal cycling of the device within a te rature
range of at streciare lpgr cesfiipieniaef flisgaal smansignihals -FeAlFa e FHPLFRENr e i s
adapted to ngﬁ%?t winkles to the at | east one hydrogen-sel ective

menbr ane. 25 € dévice of claim 24, wherein the nenbrane-contacting
structure includes an alloy conprising nickel and copper.

40. The device of claim 38, wherein the membrane-contacting

structure is metallic.

41. The device of claim 35, wherein the membranes are at least
substantially formed from a palladium alloy that includes approximately 40 wt%

copper.

42.  The device of claim 35, wherein the membranes have generally

planar configurations.

43.  The device of claim 35, wherein the membrane-contacting

structure is not hydrogen-selective.

44. The device of claim 35, wherein the membrane-contacting

structure includes the support.
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26. The device of claim 24, wherein the nenbrane-contacting structure has
a coefficient of thermal expansion that is the sane as or |ess than the
coef fi ci ewD oafo2d¢7her mal expansi on of the at | east one nmenbPamaISo29935The
device of claim 24, wherein the enclosure is fornmed from one or nore

materials selected such that upon thermal cycling of the devi Cﬁ WI%II}I n the
tenperature range the4®ncl Betidevigee Fam i4p IereiR i & SUPPOTH IS PAPP D %es to

th t | t : ' i
pcT) Usoz/ oosst g RRAGYE SRS B R e In A BBt ond it s

an alloy cAsRHoR hghshérekald parallet aptherperrdéate Firfacdeof the menbréngs.m 28, wherei n
the encl osure has a coefficient of thermal expansion that is the sane as
or less than the coefficient of thernmal expansion of the at |east one

menbrane. 30. The devige Ofl‘hglg@&igé 2f clai e Livhetdif 1R bidpofiOimBlutises least
approximately 40 wt % copper. 31. The device of claimZ24, in conbination

w th a fuel opy Rgenshéergberassenbly that is adapted to receive a feed stream
and to produce the m xed gas stream therefrom 32. The device of claim 31,
wherein the fuel processing assenbly includes at |east one reformng

catal yst bed and farther Wrgggincd beclhigbss, SiefaditheRppat iflutet &phuaalitya
carbon-cont ai ni ng feedstock. 33. The device of claim 32, wherein the

ref or m ng refjsoocenaneinmbdre encl osure are at |east partially housed within a
common shell. 34. The device of claim3l, in further conbination with a
fael cell stack adapted to receive at |least a portion of the hydrogen-rich

stream and to produceggan ghecCldvice ©r¢lgit 47 ewhéreamthdHIMaliY3002687Ee0
PCT/ US02/ 09351 35. A hydrogen purification device, cogﬁpri Si ng: anf
encl osure defembiersginghiden ek leagl v Agraen member Wi famps ahlFagh PEEIAneST thici udes

at least ong,J.npul. POFLhDTAHARNBAE RufhPiRFiI AR HLEARILFORLA AbRBers

includes at least one screen member that does not contact the membranes.

49. The device of claim 47, wherein the at least one of the screen
members has a coefficient of thermal expansion that is within 10% of the coefficient
of thermal expansion of the membranes, and optionally within 2% of the coefficient
of thermal expansion of the membranes, and further optionally within 1% of the

coefficient of thermal expansion of the membranes.

50. The device of claim 49, wherein the plurality of screen
members includes at least two screen members that include the generally opposed
surfaces, and further wherein the plurality of screen members includes at least one

screen member that does not contact the membranes.

51. The device of claim 49, wherein the at least two screen
members are formed from a material that does not include an alloy comprising nickel

and copper.
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hydrogen gas and ot her gases is delivered to the enclosure, at |east one
product output port through which a perneate stream containing at | east
subst ant iwblog/opiIre hydrogen gas is renoved fromthe encl @surusp2/ea3c at

| east one byproduct output port through which a byproduct stream
containing at | east a substantial portion of the other ses is renoved
fromthe enclosure; a2.| eabie dadceraafoelaime Thywhesy Wit H?ae‘fsaet‘”@oﬁgﬁ?q ment ,
wher ei n each nmbr ane enyel o [S: ] . i fective
rombr ancs. RBPET A BRBR Honos Deisti BRE LA Rae ol B T b
contacted hyeithehi He@ogERiens bf Bamarepmspardfitlxt membrdnace general |y opposed
to the first surface, wherein the pair of nenbranes are oriented such that
the pair of hydrogen-sel ective nmenbranes are spaced-apart from each ot her
wWith their perneate syffacgg, %ﬁoﬁgagﬂ ¥l ACES OvBafeth Fhdek 1eh® €S isbReR
harvesting conduit exteéndi ng therebetween, wherein each nenbrane envel ope
further inchumBesarsopped from dtdihfess dieclhanditbs bfi Ingst oo sueen memberdhptdogs t o
support the pair of hydrogen-sel ective nenbranes er.ein the

i ncl udes a fsdicentagiitheEraannss 1 fped drogy P’F%B’é@of%%ﬁ/\g]na?lg)yrceogl glélt%i%vqlg@%&

adapt ed t0 pi0hH6 AHARRkELGAYAR: o RROMREH Sf Sbharapastio iRt Baiol gebter

hydr ogen- sel'ectifve nenbranes, wherein the perneate streamis fornmed from
t he porti onthef tieheefficket ofjtsrsalrexpmsidrenf themwebrangs.ough the nenbranes to
the harvesting conduit, with at least a portion of the m xed gas stream

t hat does not pass through the nenbranes formng at |east a portion of the

byproduct stream ansy f ar theaembeseiRineaT,hwkdreintue ldugdomgeiths plueality wé
menbranes has a coefficient of thermal expansion; and cgrg[ﬁms 1or supporting

the at | eastcremmenembdys anformad Sloopematarisl hat hes a errdfigshd thegmat BXRMEIRE neans
for supportjing. the at, | east : | Nl encl osure

i ncl udes a h’@ﬁ‘ﬁ%%éqré%%tggf?%ggﬁ%{lgﬁl tg %@Eﬁggf?@cﬁ gl}ag%b'? conposi tion
t han the hydrogen-sel ective nenbranes and at | east one of a coefficient of
thermal expansion that is |ess than the coeffici enﬁg 0{1 thef;tgal exlg)tansfi on of
the hydrogen-sel ecti?® nekbe drdse ahelamn ¢onBBIPE Ynehdte ¢ P RUEEIYPTal | oy
conpri st ng c%e%kxgllgmggk\g i§ ?&%ﬁﬁéﬁ a%t@ﬁélqggﬂc?o@s 'ﬁgrfn'e'ﬁgglaﬁgﬁéﬂr c_oﬁl@risi-ﬁﬁe :

device of clarm erein the ne ane-contacting structure includes an
al l oy that e&jper maksickélckel and copper.

56. The device of claim 35, wherein each of the hydrogen-selective
membranes includes an edge region, and further wherein the edge regions are
mounted on a frame assembly that includes at least one frame, and further wherein the

membrane-contacting structure includes the frame assembly.

57.  The device of claim 56, wherein the frame assembly forms a

portion of the enclosure.

58.  The device of claim 56, wherein the frame assembly is formed

from a material that is not hydrogen-permeable.

59.  The device of claim 56, wherein the frame assembly is formed

from an alloy that includes nickel and copper.
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37. The device of claim 36, wherein the nenbrane-contacting structure has
a coefficient of thermal expansion that is within 10% of the coefficient

of t her meWO@gp26736 on of the nmenbranes, and optionally w t RCA/URY/aM35t he
coefficient of thermal expansion of the nenbranes, and further opti onaIIy

within 1% of the coefficient of thermal expansion of the rrenb{) nléas
The device of claim 3@ \/\h’éh@ldﬁVlﬁﬁé’frfé%ﬁk abeVasiTim g Hgmesisserrbly Sh%ls a

ffi S
Chermar o Oiffc(]ﬁ{l 8 eXﬁgor anetﬂpa‘?§?>59fe§iljfltﬁﬁgwt&j%?ﬁé1 OQ%Jnlapé% ioh

t hermal exp@f evice of claim 38, wherein the
menbr ane-co(;fttﬁ@ﬁieﬂgrar@g_r ucture has a coefficient of thermal expansion that
is greater than approximately 13 ~Lmim C. 40. The device of claim 38,
wherei n the nmenbrane-contacting structure is netallic. 41. The device of

claim 35, wherein thesrembranags,ac eofaélaﬁne?ygt wh%f%ttﬁé"tﬁ‘aﬁiel ¥ssbibRERasf AOom a

pal | adi um al | oy t hat | ricl udes appr oxi mat el wt % copper. 42. The device

of claim 35aoe\ﬂt1itﬁérﬁIomtﬁdﬁmarmamnmeﬂlahm\lessgmmelﬁamﬂnﬁn/ @l anar configurations.
43. The device of claim 35, wherein the nmenbrane-contacting structure is
not hydrogen-sel ective. 44. The device of claim35, wherein the

menbr ane- cont acti ng rucHk qe{,ﬁgl(m@ﬁnﬁrgg SYIRREIN! the SRy A6 A3 pRZfRcATioNn
PCT/ US02/ 09351 45. The device of claim 44, wherein the support is adapted

to permt tdeigomtiudes mfplurbhrtymfx@s trpmspast peraiwits HaleropaBesting ithe at lepst one
harvesting conduit to . flow htr sead at e
g T8 ﬁﬂyealﬂ]é%to SPES Dﬁﬂg d%’gyﬁrg aQ%{rgzhn ?cmlteq}rgt@ﬁr Eds IO

surfaces ofmle erein the support

i ncludes aty) qﬁtﬁﬁb aRdierenidvRane fo stiédm ﬁrcfiﬁ tlﬁ&mtlﬁﬁ cﬁlh(hjiﬂ;’rarﬁﬁremﬁt‘i’er el n
t he support I nc dr es a plurality of screen menbers. 48. The device of
claim 47, wherhyprodnttstyghr al ity of screen

63. The device of claim 35, wherein the hydrogen purification

device includes a plurality of membrane envelopes.

64.  The device of claim 35, wherein the means for supporting the at
least one membrane envelope is at least substantially formed from an alloy of nickel

and copper.

65.  The device of claim 35, wherein the means for supporting the at
least one membrane envelope is at least substantially formed from one or more
materials having coefficients of thermal expansion that are less than the coefficient of

thermal expansion of the membranes.

66. The device of claim 35, wherein the enclosure is at least

substantially formed from an alloy of nickel and copper.

67. The device of claim 35, wherein the enclosure has a coefficient

of thermal expansion that is less than 16 um/m/°C.

59



menbers includes at | east one screen nenber that forns at | east a portion
of the nenbrane-contacting structure, and further wherein the plurality of
screen nmewbap®2677eicl udes at | east one screen nenber that aegFgiSap936DNt act
t he nenbranes. 49. The device of claim47, wher ei n the at | east one of the

screen menbers has a coefficient of thernal nsion that is wi.thin 10%
of the coefficient df8.t heFredevisepdeiainr @f’VhF I RAS a%ﬁﬁo%ﬂel} ally
wi thin 2% of oefficie [T 0 € )@ﬂ;; € She and
farther optqfth PR od?flﬁsghcﬁ coef |C|ﬁée1§11;lt gﬁ‘gltfeﬁie@rr% ex%lgna on of

t he nmenbr angsmbffes. The device of claim49, wherein the plurality of screen
menbers includes at | east two screen nenbers that include the generally
opposed surfaces, and farther wherein the plurality of screen nenbers

| ncludes at |east ongg Scr?ﬁ{,\%é{}?@gfcl {328 daesnibaRAN ALK i promebrgnes.
51. The device of clai't 49 erein the at’ least two screen nenbers are
formed fronasgernBliyadimbd thabdaledhe mitedi gaskwelm.an al | oy conpri si ng ni ckel

and copper. 57 WO 03/026776 PCT/US02/ 09351 52. The device of claim 49,
wherein the at | east two screen nenbers are forned froma material having a
coefficient of thermahy expaRshOAcd BAtlaing 60IWaBIR thelTasl frocessiagiabienitint of

t hermal expansi on of t%e menbranes. 53. The device of claim49, wherel n the
at |east twachdeesiricastenbesforming catiyseted puhissadapiell de prafuee fhe mixgdigae at

| east one screen nenber tlhat does not contact the nenbranes is fornmed from
one or nor eSEPIRY PR IREHBEI si ng nickel and copper and a material having
a coefficient of thermal expansion that is not greater than the
coefficient of thermal expansion of the nmenbranes. 54. The device of claim
47, wherein at |east one of the plurality of screen nenbers is forned from
a material that has a coefficient of thermal expansion that is greater
than the coefficient of thermal expansion of the nenbranes. 55. The device
of claim47, wherein at |east one of the plurality of screen nenbers is
formed froma material that does not include an alloy conprising copper
and nickel. 56. The device of claim35, wherein each of the

hydr ogen-sel ecti ve
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menbr anes i ncludes an edge region, and further wherein the edge regions are
nmounted on a frame assenbly that includes at | east one franme, and further

wher ei n tWe 030676 ane- cont acting structure includes the frarasayessbly. 57.
The device of claimb56, wherein the frane assenbly forns a portion of the
encl osure. 58. The device of claimb56, wherein the frame assenbly is forned
froma material that id.notA hydioegepurginetiendewce, somprgagdevi ce of clai m 56,

wherein the frane assenbly,i s f.0 d. _f. I i ncl,udes. ni.ckel .
And copper . 55 w0 031 Goer e puh BT BT sl hdBlaccs "G E R
wher ei n t he shelagRteadiag MidrybdtaseratoCddintiwitietHe @fd plhes aRlintexpRoshpathéal is

| ess than the coefficient of thernmal expansion of the nenbranes. 61. The
devi ce of clvEioHsiBahe wadpwrn in¢ludesyaeashoue byl nosk thioughowhichcy apxedgas

thermal exp I -] t L~ G, i im
35, wher of n TRaorohiSls Syufinen Sl Mnidl W ule cftfornDBe 104 68 Blodbf
transport couoduittpsrti thit@ighowhiehta pgnichie stteaineasitaining at rfeasbsabseantinlle lpope t o
selectively deliver the m xed gas streamto the first urIO(aE‘ges of the

menbr anes,  MYAREEN BARISERMAYES d081 FeaFRoIOsBin BE 2higRY CBe; FoRHTPY! RARY
renove the tfﬁéé.agﬂ%?éh as%;éﬁé‘dﬂct e Tgtﬁnﬂgm l%@wal&t. acéu@gtfahéﬁ %Mb‘ircﬁ*ﬂ@e ey

hydr ogen purificCation vi ce I ncl udes urality of nenbrane envel opes.
64. The devigasesa$ raph@iednfdm theteaclesuret he means for supporting the at | east

one nenbrane envelope i at |east, substantially formed.froman al | oy  of
i ckel | and copper - 63" 196ib B IPGEOEH IR STt ST HE RUBREURGH:

supporting therdh thd fasdst ONEhyRIRMARECANY BleBPRadeSndhddsarSist Siltfet aldptad | Y
for med fromone or nore ndterials having coefficients of thernmal

expansi on t Habegpetagied by themitadegas swedm end apevneate sifasalgcestplineprascdio t he
ey anes. e it S S PR BT SR S ek
gas stream that passes through the at least one hydrogen-selective membrane to the
permeate surface, and the byproduct stream is formed from the portion of the mixed
gas stream that does not pass through the at least one hydrogen-selective membrane;
wherein each of the end plates includes an interior surface that
generally faces the compartment, an exterior surface that generally faces away from
the enclosure, and a sealing region that forms at least a portion of a seal with the
perimeter shell; and

wherein at least one of the end plates includes a base plate containing

the sealing region and a truss assembly projecting from the base plate.

72.  The device of claim 71, wherein the truss assembly is adapted

to support the at least one end plate against deflection away from the perimeter shell.

73.  The device of claim 71, wherein the truss assembly is adapted

to increase the heat transfer surface of the at least one end plate.

74.  The device of claim 71, wherein the truss assembly includes a

plurality of ribs that extend from the base plate.
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67. The device of claim35, wherein the enclosure has a coefficient of
thermal expansion that is less than 16 gmim C. 59 WD 03/ 026776

PCT/ US02/W033026768. The device of claim 35, wherein the eRCTas0r/e93Rns a
coefficient of thermal expansion that is |less than the coefficient of

t hermal expansion of the nenbranes, 69._The deviﬁﬁe of cl

i35 i
combination with a fudh priowedaiseet %@%%I‘ij’h%ﬁa %H’“fsoasﬁgrh@ddﬂﬂfh% i xed
gas stream Ii%rti-g?e?c \%tgrg%@%ﬂ%ais l%ba‘é@gfa?é.n the fuel processing

7
assenbly iEPUdes a ne rerormng catalyst bed and is adapted to
produce the m xed gas stream by steamreform ng. 60 WD 03/ 026776

PCT/ US02/ 09351 71. A hyd i ficati devi i sing;
encl osure having a pa?@yo;lglgegaﬁ‘ggé Igﬁlé’ia?m:aﬂ% Bs\érlteg’gﬂ%?ﬁﬁu rlﬁ%%’?‘ﬁ%’% gﬁ‘thershel I
ext endi ng 1AerGRe! e o SRl ddéhdgl el 0 BOdbPLAI 88 bae plaker nal

conpart nent; ereln the enclosure includes at | east one input port
t hrough which a m xed gas stream containing hydrogen gas is delivered to

e e ToaS R AP, Rty B0 Sl ot

stream cont ai ni ng at gen gas is renoved from

the encl osug&, qandidor ke@sle AR AAHsOGECIndMtput port  through which a

byproduct stream containing at |east a substantial portion of the other
gases is renoved fromthe encl osure; at |east one hydrogen-sel ective

menbrane within the c artﬁr(?e%Yice \g@ecgﬁhnﬁ h&h&%ifnl 82Stu QS{S%%“M%' extends

hydr ogen-sel ecti ve nmenbran ades rst surface ada o0 be

cont act ed byhhee Hitkest taEcS6rBan lea oae ped it e surface general |y opposed
to the first surface, wherein the perneate streamis fornmed fromthe

portion of the m xed gas streamthat passes through the at |east one

hydr ogen- sel ecti ve nmepbran -he f}pﬁa sl b A sst chidd\er QY BEQOigCt
streamis fornmed fromthe g%%@?\é% %Q(Hfﬁ e mkgleed gas sta?g)ar%that does not

pass t hr oughidghgtlyeforhedsithankaktytie of ér-cndipdates. ve merbr ane; wherein each of
the end plates includes an interior surface that generally faces the
conpartment, an exterior surface that generally faces away from

80.  The device of claim 71, wherein the base plate of the at least
one end plate is adapted to receive stresses of less than 12,000 psi when the device is

operated at a selected temperature of at least 200° C and a selected pressure of at least

50 psi.

81.  The device of claim 71, wherein the base plate of the at least
one end plate is adapted to receive stresses of less than 12,000 psi when the device 1s

operated at a selected temperature of at least 300° C and a selected pressure of at least

125 psi.

82.  The device of claim 71, wherein the base plate of the at least
one end plate is adapted to receive stresses of less than 12,000 psi when the device is

operated at a selected temperature of at least 400° C and a selected pressure of at least

175 psi.

83.  The device of claim 71, wherein the at least one end plate

weights less than 4 pounds.
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the enclosure, and a sealing region that forns at |east a portion of a seal
with the perineter shell; and wherein at | east one of the end plates

i ncl udes woOla®zs7pé at e containing the sealing region and &CTrusszoBssenbl y
projecting fromthe base plate. 72. The device of claim 71, wherein the
truss assenbly is adapted to support the at | east one end pl ate agai nst
def | ection away from t8fe peFhamdedse ohellaim 8F3whaemn dhey plc beags ong gndnpiate
wherein the |\ . ' e { p surface
of the at I duhERaRR st B PG RRLER L\ PEE B RoridRaERY ot PRI £, B
truss assenbly includes a plurality of ribs that extend fromthe base
plate. 61 WO 03/026776_ PCT/ US02/ 09351 . 75. _The_device of . claim74 é)\[{merei n
the truss assenbly i ndudeslte deVippafclaimy &b WRAGE ithegat Iast piss opd PlAE ¢ he

base plate. \zéghsﬂétg%yglg%{ifgfmﬂﬁs,%ai fg}tﬂé}’wl’{g?éih%h@b%s@eplét(elb‘i"sth@%@m loie £Ha t her

i ncludes a plura ns extendi ng between the ribs and the base plate.
77. The devipgte df adapteidrio 7dceiwshatressen of kess thand2, MO psnivhyn thetdemuts is dpevated he

interior surface of the at |east one epd plate 78§ The devjce claim71,
wherein the %tﬁﬁg@cﬁgé@ﬁﬁﬂrmﬁs@ﬁ@“ %@o&m%ﬂé‘ SS}?P@SiPS?SS%ﬁQtéa%%tPﬁb at
| east one end plate. 79. The device of claim 71, wherein at |east a portion

of the shell is integrally fornmed with at |east one of the end plates. 80.
The device of clai m 7186.wheFls devibe off adampl bt wheteint e at ldastasne enhelasad

pl ate i s adapt.e 0 recejve siresses.of less than 1 0 si, when t he

el e s ORus i HE) il R0 ERnRLyhER R B P RSy RE a4
sel ected prgasdiLadbptedito rE@@sde stRBseR D lesSthen TR0V FBewtheCleRicBlis/dperatB@r €i n
the base plate of the at | east one end plate is adapted to receive

stresses of dtessleetsdempergoe ¢fit laapleiPOf keandeselestedpressyisod blgasitl 08 psie| ect ed
tenperature of at |least 300" C and a selected pressure of at |east 125
psi. 82. The device of claim 71, wherein the base plate of the at | east

one end plate is adaptgd toTheckiice sf riddmeT1pfwhersia tHeamdedide O psfirsthen

the device icscmﬁguration at a temperature of 25°C and a pressure within the compartment of
1 atm, and a second configuration at a temperature of 400° C and a pressure within the
compartment of 175 psi, and further wherein in the second configuration, the base
plate of the at least one end plate is adapted to have a maximum displacement from -
the first configuration of less than 0.001 inches, and optionally less than 0.0008

inches, and further optionally less than 0.00065 inches.

88. The device of claim 71, wherein the device has a first
configuration at a temperature of 25°C and a pressure within the compartment of
1 atm, and a second configuration at a temperature of 400° C and a pressure within the
compartment of 175 psi, and further wherein in the second configuration, the base
plate of the at least one end plate is adapted to have a displacement at its sealing
region of less than 0.001 inches compared to the first configuration, and optionally
less than 0.0008 inches compared to the first configuration, and further optionally less
than 0.0006 inches compared to the first configuration.
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operated at a selected tenperature of at |east 400° C and a sel ected
pressure of at least 175 psi. 83. The device of claim71, wherein the at

| east onewerdiopd7a¢ e wei ghts | ess than 4 pounds. 62 WO 03/P02AK0509351

PCT/ US02/ 09351 84. The device of claim83, wherein the at | east one end
plate further has a cross-sectional area of at |east 10 in~, and optionally
of at least 20 in2. 889 Thelhgelpvice obplasn il nyvharein fhe akleastiong enfl Pl fone

end plate ve I Q@@ d. far Wher &t et P@&fe ate of
t he at Ieastmag%gﬁ%lnggaﬁ%a et?‘%"gggg‘g?%% otor%g'sel uIstreagflsﬂgg ao% 9 ess than
12,000 psi whe at hac@psatige bs 26DEraatedpresdura of &l ani add thenthpe rvdttemsie thé att

| east 200" C and a selected pressure of at |east 50 .psi. 86. T i ce of
claim 71, wieastpre epdplate h@a%fnaé%{@a@m%éﬂp cepentyiptia of dess t%%ﬂ&%dlﬁ)éahds,
and farther r.el -he: i
adapted to r‘%ﬁégli t@%ﬁg{l?{gﬁgﬁgﬁ #tggsseféh?teig&lll ,r(%ﬂgg@%fs?tqﬁte;m?r?e%%%éée&?ds
operated atpresssel cfcit éehst 60rpair andiopticfallztless st 8@ Bpsi,Gndridrtbersmitionalsd
pressure of at #eaést&é 0. psi. 87. The device of claim 71, wherein the

devi ce has adessithan 600 lguration at a tenperature of 25' C and a pressure
within the compartnment of 1 atm and a second configuration at a
tenperature of 400' C and a pressure within the conpartnent of 175 psi,
and further wherein i P& he Becbniteodeldigiilanhersin theat lrasioneshd platohaste at
| east one end plate.is adapted to have.a pexi num displ ment_ f e
first confi dwﬁmuahdlarla?egg%tm%%ﬁwssl 6@%“1’91@%3’“%%”6%{ ?fgér?\lglﬁt §ea|s£§1g@ %I{Han
0.0008 i nchage a@QQm\f?\géﬂaﬁﬁé o®R5t onaldl ¥ plesife tolfdnatth, Q0 GhrthetoligseinGBe ailhe
device of claim71, erein the device has a first configuration at a

t enper at ur e ledst 28¢ e avate hap penangfeaxiipm fisplaecreeipaiia fefass dran §00DMSt and a
second configuratiqn .at.a t t f \ Ldibiigy t he
conpart nent © aﬁ}%a%\éll?lsaor?g%?%f t%eéré[e\%ﬁgrt& ﬁgﬁatﬁl% ﬁggslgagggg@?gn |%\%%1at ;gﬂon,
the base pl@tRuRioftabasit1dsgakt one end plate is adapted to have a
di spl acenent at its sealing region of less than 0.001 inches conpared to
the first configuration, and optionally Iess than 0.0008 inches conpared
to the first configuragy on, tRnghfay 61!“%1&%,' ARty iHet58e pldiaBf BeO@6ast NChes
conpared to the first ‘configuration.

one end plate has a thickness of less than 1/3 inch.

92.  The device of claim 91, wherein the base plate of the at least
one end plate has a cross-sectional area of at least 10 in?, and optionally of at least

20 in’.

93.  The device of claim 92, wherein the base plate of the at least

one end plate has a cross-sectional area of at least 20 in’.

94.  The device of claim 71, wherein the at least one end plate has a
maximum displacement measured relative to a configuration of the at least one end
plate at a temperature of 25° C and a pressure of 1 atm, and further wherein the at
least one end plate has a mass/maximum displacement ratio of less than 600 Ib/psi
when the device is operated at a selected temperature of at least 300° C and a selected

pressure of at least 125 psi.
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WD 03/ 026776 PCT/ US02/ 09351 89. The device of claim 71, wherein the at

| east one end plate has a maxi num di spl acenent neasured relative to a
conf i gur awoon/oad77¢ he at | east one end plate at a tenperatarasot/o®51 C and
a pressure of | atm and further wherein the at |east one end plate has a
mass/ maxi mum di spl acenent rati o of S %ha 1Q0 devi ce

| | b/ psi wh t h
is operated at a sel e®l-ed TBHPeeH SlH‘f Liv eée&’%?h%éga%%?%ﬁl%gﬂ%%?’@%?ed

pressure of m@l{i#tﬁﬂﬁtiﬁpﬁgeﬁ .témé%gnbe‘&%}aﬁoé‘ led lgéodo‘ﬁﬁrgléltagéﬁ' oB@R MbERSone 20

further optionally ess than | 'b/ psi . evice of claim71,
wher ei n t heplate dteasimperauend 35° 4t endaprassunceodi vatm,cinsipfustbemwhereiretiopted

relative to, a configuration of the at |east.one end. pl.ate at rature
of 25' C antfay ¢ latedas 2 @Pﬁﬁvméﬁgl% SRIACRAS 1R q[fﬂ%ssécﬁan ﬁgg&r@sﬁ;ne end

plate has a;Rgs ¥l aushstrael a2 Beted Ridperadire 0®951ehian0800nt b/sprttedwhen
the device 1's operated at” a selected tenperature of at least 300 C and a

sel ected ppessue ef dfleaat 1758t 125 psi. 91. The device of claim90, wherein
the base plate of the at | east one end plate has a thickness of |ess than
1/3 inch. 92. The device of claim9l, wherein the base plate of the at

| east one end pl ate bgs aTgE WScsFtd1aaaT1 anberedi tiad al Bast odOhydrdgerand
optionally of at least 20 in2. 93. The device of claim92, wherein the

base pl ate edledtive nzambrersis mayméedeaich H#8e.e has a cross-sectional area of at
| east 20 in~. 94. The device of claim 71, wherein the at | east one end

pl ate has a maxi num di spl acenent neasured relative to a configuration of
the at | east one end 9p| at #hatievdicé eNFeimaderehatindbe fretimansheuspd et theof 1
atm and Rirther wherein the at |east one end plate has a mass/ maxi num
di spl acenenshallati o of | ess than 600 | b/psi when the device is operated at
a selected tenperature of at least 300° C and a selected pressure of at

| east 125 psi. 64 WO 03/026776 PCT/ US02/ 09351 95. The device of claim71,
wherein the at |east ORe efiiepleaice dfadaimn Wax whersiditlsp fanentonns mgdeast éd
relative to a ,configura{ion of the at |east one end plate at a tenperature
of 25' C anBo%iopoédshsllof 1 atm and further wherein the at

99. The device of claim 71, wherein the device includes at least one
membrane envelope formed from a pair of hydrogen-selective membranes oriented
such that the pair of hydrogen-selective membranes are spaced-apart from each other
with their permeate surfaces generally facing each other to define a harvesting conduit
extending therebetween, and further wherein the permeate stream is formed from the
portion of the mixed gas stream that passes through the membranes to the harvesting
conduit, with the remaining portion of the mixed gas stream which remains on the

first surface of the membranes forming at least a portion of the byproduct stream.

100. The device of claim 99, wherein the at least one membrane
envelope includes a support within the harvesting conduit and adapted to support the
pair of hydrogen-selective membranes, wherein the support includes a pair of
generally opposed surfaces which are adapted to provide support to a respective one

of the permeate sides of the pair of hydrogen-selective membranes.
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| east one end plate has a mass/ maxi num di spl acenent ratio of |ess than 600
| b/ psi when the device is operated at a selected tenperature of at |east
400" C amwoa3sed7’ect ed pressure of at |east 175 psi. 96. Poa/useviwsel of
claim71, wherein the at | east one hydrogen- sel ective nenbrane i s nounted

on a frane. 97. The device of claim 96, rein the frane js housed, within
the shell. 98. The dé&vVi c@@fdm%ﬁW}mm@r é?th‘Fr‘?‘%gh? PERRS bsrﬂfgapzfi% f%ast a

portion of _the. shell i f B 7 Bhéhtd Nededevl ¢les
i ncl udes af":; s‘@o%n%f %%erp;@g?fg e %ﬂr?\?/g‘c\ngptergl:‘lég’lrefr?édtjézc }%@%%g pai r of

hydr ogen- seh&@ghrbng. menbr anes oriented such that the pair of

hydr ogen- sel ecti ve nenbranes are spaced-apart fromeach other wth their
perneate surfaces generally facing each other to define a harvesting
conduit extending t q%?be#ﬁ’éeﬁaﬁicca@fjcfaﬁﬁtﬂe,rwmﬁ@ihetihﬂ dt Neasp@heEBde0gehsy eam i s
formed fromthe portion of the mxed gas streamthat passes through the
menbr anes tseleties Mambestsi in dornednivertat legist one pepalladiinn pid 2 paHedivy BVt he

m xed gas stream which remains on the first surface of i

forning at alnéé)é’_fm’\ggb’og?mcﬂ? Aoy RBEagIRg Bﬁf{l?éﬁu%ta%é’ pe{’o{fd ﬁ]ﬁg@d@{oggﬁ%f
clai m 99, gh Qb P Eordthinl2amlla@is ARHpRAAEEIND W6 copper.udes a suppor t
within the harvesting condui't and adapted to support the pair of

hydr ogen- sel ecti ve nmenbranes, wherein the support includes a pair of

general |y opposed surfaces.whi.ch ar te Loy 06 SUPRRY brdc@ssd
respective one of the-per eafl%w%el eglglo 9tlhge11 %%P?lhgt}%rﬁy rogen-?glce%tirve

menbr anes. ﬁgpgg@tg)?{oga@g@l@nagd 029351 101. The device of claim 100,
wherein the support is adapted to permt flow of gas both parallel and
transverse to the perneate sides of the nenbranes. 102. The device of
claim 71, wherein the gt |eash. p0e Mﬁfm@ﬁ%%h%f‘éiﬁ%'ﬂa SBERERAclhgeslHr med
fromat |east one of pall adium and a pal Tadiumalloy, ‘and optionally from
an all oy comhdqionbRefopalgaditalystdrd andppedaptahth produdeethe opixpdgad biyeant Ppm an

al | oy cont ai ni ngq{pal l'adium and approxi mtely 40 wt % copper. 103. The device
of cl ai m 71stedgmreieBitBat i on with a fuel processor

66



adapted to produce the m xed gas stream 104. The device of claim 103,
wherein the fuel processor includes at |east one reform ng catal yst bed
and i s adaptoas2¢7o6 pr oduce the m xed gas stream by steam pefrarsor/opst 66 WO
03/ 026776 PCT/ US02/09351 105. A hydrogen purification device, conprising:
an enclosure defining an internal conpartnent; wherein the enclosure

i ncl udes at |east one l0AputA hydrogerpuifipation dece campesingas stream

contai ning hydrogen gas_is _delj dto. t I , .

roduct odtput port t RpgaseHeFE st Bt RS Rl e g o

| east subst amdladds! ¥ RHEE ofy dhiggeporgalirough WhithVE dnixed ngak hetreanc lcostdingng and
at | east one byproduct output port through which a byproduct stream
cont ai ni ng &ydioger gan issdaliverndt todhe saclpsup rleashene prrdfuchauipyt pat thawgh eqd

fromthe en , 0, - ' it Bl e
conpart nent S&h?ﬁiﬁ%ﬁ&dﬂ&% ﬂ%}g(ﬁgéenl %%sa{}y %??gaqﬁ@ ] ?dg %eggtt ésu\éﬁg{?t? Wﬂg rlwlgqri[tg %%Ip ig%\% | udes
a first surfiapgmoadéfoadtheteaclbeureamdat least dig bybsduicixadpg pertshroagimwdind
perneate surface generally opposed to the firs surfaCF, wherein the

product st r ®APOTECY SFGHEY COPGHIRS &t Jeast j b atistantigh pRTtaEy of §hg ofher 857% fat
passes thr oqgﬁoégﬁ%tﬂeﬁgﬁksﬁ&e hydr ogen- sel ecti ve nenbrane to the
ace, and t

per meat e sur e byproéduct streamis formed fromthe portion of
the m xed gas streamat Hedst cmeshydotgepaskctive owegbradee wathinl des tompatment,

hydr ogen- sel ecti.ve nenbr ane; nd wherein the encl asure Lncl ude jr of
e%d plgat es Ten gl?ea}t H‘t’)ﬁﬁb?’?‘? 056151&9[6?6&%%’(?&?%5@91 ‘ghl#esﬁaﬁ’isf%}r "’Vg 8@% n the
end pl ates %9 bg%{)ﬁtgﬁeﬁby ieaslixed Ao "sfrlbelﬁ‘ﬂ a?(fl atpggnea%‘&lr%b' loBnerdll opptsbd &F

wherein the shell portion is integrally formed with at l'east one of the
end pl at es. tHofrst Tiréacdewhewsirothe piredust 30 ihormpd fromeths pertionpelr the arxed

i Iy formed with a fi f, the pajr._of | i ncl ud
an ond por t 6h vt S s dible B R Rl Byl B SRR B RG 1 1h, 0°

forman at lpaséatssulsdcanidddheybybtadudt §tie@ht is fofthal fragethwipbltiod Sf@Ae infiged €gi on
on a second one of the end plates. 107. The device of claim 105, wherein

the shel | p@essoern thap dpes Bat pashiroughoibe iableastrane hylregensglesiiys meBbrsg: wi t h
a first Oneaﬁﬁ the pair of end plates,

wherein the enclosure includes a pair of end plates and a shell portion
that extends at least partially between the end plates to define at least a portion of the
enclosure, and further wherein the shell portion is integrally formed with at least one

of the end plates.

106. The device of claim 105, wherein the shell portion is integrally
formed with a first one of the pair of end plates and includes an end portion distal the
first one of the end plates that is adapted to form an at least substantially fluid-tight

interface with a sealing region on a second one of the end plates.

107. The device of claim 105, wherein the shell portion is a first
shell portion that is integrally formed with a first one of the pair of end plates,
wherein the enclosure further includes a second shell portion that is integrally formed

with a second one of the end plates.
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wherein the enclosure further includes a second shell portion that is
integrally formed wth a second one of the end plates. 67 WO 03/ 026776
PCT/ US02/W0381267108. The devi ce of claim 107, wherein thePshaiS02/sst i ons

i nclude end regions that are adapted to collectively forman at | east
substantially fluid-tight _interface. 10 The devi c f claim 108, erein
the device further inégﬁrdersrhﬁlde‘”f%ag‘fla@hzofé er%?(h?es?‘eﬁff’g}?&?%&’b%ﬁ@gn t he
end regions &&g j i VR & Radtheuenali asy tRid-nskudes
only a si ngr:ﬁ e | n%hg?%%gaﬁgigdmgén&{uﬁgmgﬁgﬁ%l at esﬁarnédgtshel | . 1?11. Thegﬂaevi ce
of cl ai m 10mteffacet her i ncluding at | east one nenbrane envel ope forned from
a pair of hydrogen-sel ective nenbranes oriented such that the pair of

hydr ogen- sel ecti ve nmenbranes are spaced-apart fromeach other wth their
perneate sides generahby. fagkgvieaehcainiens twhdaehithedsvitefvdst inolndepmdui t
ext endi ng t herebetween, and further wherein the product hydrogen streamis
formed froasheepoaltthenbafextdndingbetricegdke sndisgions.hat passes through the
menbranes to the harvesting conduit, with the remaining portion of the

m xed gas stream which remains on the first surface of the nenbranes

form ng at |east a pontpon Wk detice Y praifu0s, whdreigahe eitBosde RSAZEING a

PCT/ US02/ 09351 112. In a hydrogen purification device that is adapted to
be oper at ed sigledintesfee betweehisend Plates a6 shell.| east 200 C and a sel ect ed
pressure of at |east 50 psi and which includes an enclosure with an
internal, at |east substantially fluid-tight conpartnent containing at

| east one hydrogen-seli@¢t i Vihemdedicand, clahe il0fr furthee nincludogpri deasy: omst

| east one truss-stiffened end plate form ortion of the enclosure.
113. The devieebrage ém\éﬁl%elffzfﬁemiarpaérh%fn g&&% ffné%?ﬁetcé‘%é‘?%‘? pRes; @iegfed | oast

ol ai m 12, 1 B e e T e e oduce
the first stwitatheiritbmedfhaidde\generaldy faving each lothenihaleing athievegeng cendudt at
east part| %lx’lce)l/lding therebetween, and further wherein the product hydrogen stream is formed

from the portion of the mixed gas stream that passes through the membranes to the

harvesting conduit, with the remaining portion of the mixed gas stream which remains

on the first surface of the membranes forming at least a portion of the byproduct

stream.
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housed within the fuel processor. 69

WO 03/026776 PCT/US02/09351

112. In a hydrogen purification device that is adapted to be operated
at a selected temperature of at least 200° C and a selected pressure of at least 50 psi
and which includes an enclosure with an internal, at least substantially fluid-tight
compartment containing at least one hydrogen-selective membrane, the improvement

comprising: at least one truss-stiffened end plate forming a portion of the enclosure.

113. The device of claim 112, wherein the selected temperature is at

least 300°C and the selected pressure is at least 150 psi.

114. The device of claim 112, in combination with a fuel processor

that is adapted to produce the first stream.

115. The device of claim 114, wherein the device is at least partially

housed within the fuel processor.

69



