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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
purificati onine@pbe€ing Ahs prideihee FCHBRY BivarttionOark Esddssed et illusiweiRt i RBmpfckg. 6

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
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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
to the present invent tilﬁl,z)éi W sigf 15 Vﬁﬂ%gle"‘éﬁgwt}lﬁ @}dgglgtelfog_a ydjoses i s a
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devi ce constructed according to the preSent i1nvention, Including 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.rebflvs BlEalCRbe diroBn r Ry ; j rtion
of the hydrrc?ge‘rll gasa pr e‘ggﬂrr\t |n%’hagéiﬁél)g(gg%%?st??{qu%ﬁwf{?&lfrggg?@%ﬁ\}ml%?ﬁlg n the
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
portion of tH W"‘?ﬁ’i & which will be renmpved as a byproduct stream as

the assenmbly is repl acpdyict egener §hfdil rcg/ﬁ%’i‘:ﬂ@& V‘A-tsgle{/@ﬁ@atreﬂg)%ﬁtdg?s Fndfor L

streans 24- 28 are neant to schemétically represent that e 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 t : ' : o 5 ol 00, C .
[ hany. erbodt anages, He S88RE R PRLER af GTRSER; el Bl o B g 200

and 500 C, iDewthe0 mapbddioperdted at (detectd) geésedret GATRE abngeCoMbpproBenatdly t he
range of 250 C and 400 C.. and in _still other enbodinents, the selected
t enper at¥r e W Pt 2B 149 pe oranemge dn pmany emfpdamets, Abe eelectesbpresaira wikkky ibe

operated at i tgdo H4 idpothe [ Si
and 1000 psi ﬁ%?&%re. Il%%ngﬁy%sgmgoggpr%?ﬂlg t ee%sbeofagg%rg% tg?é%é%?%g{ﬁg%gbe in
t he range ofwBlbgpdiss divh 260 psir o5RBs fisan, 250nps) hed ire sthid dithee renshodithents ethect ed

g: ﬁ:fu;ﬁb O\év: %qu{%g,grgﬁgret \t]vﬂpbg ng ppsé{ ioerithlefa Eg pglt]%{)] p2515 8r 9? Ip’si. agg al rrésglg,lt{lle
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
Purther 11| (EpRCRSRY 2 Sudlm d gfklrnlu R sEFufes 8F el bBtui Bouhd, g
t enper at ur e ass&avigesOinclagt e1e ar SREE of bGediGimRITahier,Ca biinkh b othes fatbstion  ange
of tenperatures, within a defined tolerance froma specific

or - .
t enper at ur e, Tegipdhthak pigduges, a ggpted goghapst cstreagy hgats prechippgee 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 HEi R R Y,

It shoul d be understoo at asse ke any suita rm
i ncl udi ng m egemegladedte déynsiidh iasswithin bl jaclst rthet verexaspdrest dfastophtially

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
oper at ed.whoanpi7ee of suitable materials for nenbranes 4@cCrnsoross:

pal | adi um and pal | adi um al |l oys, and especially thin filnms of such netals
and netal alloys. Palladiumalloys have proven particularly effective,
especi al | y p¥/$12a499mithe eamistevdiselassres piwligle epsplesrebs inshrpasated by refereeane

t hat cont ai ﬁs 4]? wt % copper. These nenbranes are typically formed from a
thin foil that? B 88PFoxi mately 0.001 inches thick. It is within the scope
of the present inventinOrFiglmweNgrativdatxdnidedresbr aneblenapnbgurbdyedof r om
ot her hydrogen- perneabl e and/or hydrogen-sel ective materials, including
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of various Thrpatamesnd petent applictnhs noogiaraed , imamdliately habdge fabso gdiselpas i ng

the sane are, disclosed jn U S . Patent . 6,221,117 and, U. S,. Patent
Appl i catifon 8psiative IQES'?‘mpif"s \ﬁgs’éléalb BHpYRis g%’r/ / m%&@f&?ﬂ@&dn?slﬁs
conpl ete di silQ3yA@aS &f46f@%rﬁhnaﬁ&aﬂ@fs%a}5p&ﬁyaoaypﬁ{@{&ﬁyﬁﬁg sh?llf)&{ enC@ch hor all

purposes. In Fig. 2, illustrative exanples of "suitablé configurations for
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
surface 50, WHAPEHF & ‘éoealtl%(f%rl ﬁ’?“% Bgté’e&é qq%ergﬂﬁ'ef a%lge(ilgq gwgogsﬁeééh]er%% ‘ g are
schematic rpaRSENtaddr266d eat ARLURembratei RipRMIOEs aiddussed Liiveehast beed ur e
for supporting and/or positioning the nenbranes or other separation

assenbl i 8s villbsrated: sehsmetinglht im Big. 2and samohintgrdedoter WateseH fvepapeside

i ncor por at ed, | ﬁgﬁ% LY I A e 10 illustrative exanpl es of
sui t abl e noOUML'S tl%ﬁltﬁﬂg\rérgo roz(g%edl%g&%@ﬁi | lustrated as a foil or film
At 46", the nenbrane iBorsupmpld elthdughamenibrehes 44 isnglusttypabintFip4, ashesinggs a

nmesh or expanded netal screen or.a ceram c oOr other. porous terial. At
P Ron, it is within th vention that membrane 48

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 nenpeFighf anpeier WRh@plet dfea hyeidReRparifisatoupdsideerd e/ or
formed. As such, nenbranes 46 may have concave, convex or other,  non-pl anar
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perneate re nal the tube. An

addi ti onal %‘%@?ﬁ%’%ﬁ%gﬂ?@ s gv\h%qe%én e P%{as in Fig. 3 to represent 30
graphically that it isThd tdhutartﬂnembmpemﬁy hhrea presety of meafgimhonshand

devi 1 | d th d/
T xed- gad SUPRSETEHS TN 8 e KA UE oG O TeoPHS 1 AUCRIP O EREI B i ce
10 my al 5o hoehusEnt crbhanniye kil ORI O RETAIISABIA9 3B uppor

menbr anes, and t hat relative sggm n configuration of

menbr anes med# andaparoud memibgrs 56, arg showiein E;@n@)laed é1 lmluﬁlyrcﬁ @gl@lmgoﬁﬁ,uwhlglat i on

Comt Teurati dRs gl fertERedty el R i Riithel SiiP R ccbilk SRS illehiSh 1k o

delivered i nﬁ@ulgﬁmﬁmajﬁmha&&mtaeddﬂﬁguﬁaﬁoﬁ [d6h T BIERN me%traighecgfndhuaetabel n
such a conf :isguratlon t he m xed-gas surface of a nenbrane tube is exterior

to the dérrsBpoRdR AL Ferbreamiessafraibe confgrations ipelpde brshaped iibenandsnigt at ed
internal the tube or tubes. The tubul ar nenbranes may have a

vari ety of contrguratirons and 10 constructions, such as those di scussed
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
ot her conflgmﬂ@mﬁ@ngmrﬂofﬁﬁéhtmghapﬁ@eﬂ@bégﬁénU“@b&@amt%@mghéhﬂb , stielbes.

As di scussed ure ef i ne r zed art nment whi ch
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perineter shell 62. It 20 should be understood that device 10 has been
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perrreate) stre 34 | re ved from ev e 10t rou e or re r oduct
borts 660 astotAdeyes S Gyl & FenoRHsRr oM e BB mRPb G one
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t hrough various ones of the end plates to illusfrate that the particul ar

| ocati on on hemelths same,l 2f anpnstwotol Theangla that ttveams magre whetsi meyeld swne and

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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Structure 72 may take any suitable form capable of naintaining the
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and "seal i n@omﬁﬁbﬁmﬂaﬂ@ seatiy relgton’ & €ff shelh 63twitlaypicalty beoan ermitregioalos tippl i ed
to, placed between, El aced in contact with the ne end plates and

shel | (or sHsegll. 6@@@11[1 the, sealipg Aegion REtheeshpll églla)&ep%éaf &t Beicliban.

end region 92 of the shell. It is within the scope of the invention, however, that end

)_X

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



5 Gaskets or other sealing nenbers nmay al so be used internal conpartnent

18, such as to provide seals between adjacent nenbranes, fluid conduits,
nount s orweuwppad7re, and/ or any of the above with the intecmaiSoywsface of
enclosure 12. In Figs. 2-4, the illustrated enclosures include a pair of
end plates 60 and a shell 62. Wth reference to Fig. 4, it can be seen
that the ends plyanysof ﬂnclmdeousm dissnssed getertigopisucdges WA @mi ey rtbainde Aper f ace

94 h di
he- Seal | ng RO BAVbS R pioatemEBSRY Fp hertayfar k! mplfs G OLTET, =

seal i ng regir?(,&()gzmll often be referred to here|n as a perineter region
90 of the end plate. However, as used herein, the perinmeter region is

meant to refer to the A bgnedh afrshelh 62 deingpmigesalbhiormed mathdat lgash onaiof yher ound
the centkal oig pfAdliQ it Hicklkcral PRe 22 fn@érfarcmfa«?gms{& AR ik g(;oesa]%ﬁ{ he
n te

shel |, even i ere are ona |ons or edges o he e

t hat proj ectmbeyordliidi by pautedeieaks dlmbtthﬂlﬂedu&dﬁlﬁlﬁbéryof ﬁe]althang;oukelgﬁadn 92
of shell 62 will typically be an end region of the shell ordin I1 , the
seal i ng r egifewerggorinmmentsond/q 4 Tedysqdetsserably e faflevisendr e‘i’*ﬂo & exg egi on

92 of the Sg)?lns%@h htcoh&rd@u%ﬂ'ﬂ?r ERGoREOPE iOLndifid B p:gegt inbehmHQI’l‘@‘éﬂéll 62 hs?‘t end

20 plates 6 ave portirons that project outwa ond the sealing
regi on 90 anﬁkegﬂaﬂyetbﬁamiew@ﬂa 6 oft thewertchplates) vith2a shﬂihpoﬂman Ghéilat es2ndsny

have relonstha ond end pl ate 60 i nt forped -

her ew . THE8aIy it Sis pemaUie Feoh S0l e priBe e Mtk SHHT BREoRS5! o1
and 93 for PHORRSSH &ld &%ﬁﬁ@zcrﬁht foknb! &b b PR 94%1@&11@13&%&@; tegfort 90 8f pai 1
of end plates 60 joined a separate 25 perineter shell 62, enclosure 12

may i ncl ude the othel lend tpdate ivia any beitabie MWHOaI jtyaciupe dgr sitchdas thpsqwdeqcnh@} or
both of the tes 0 e, ort.| 6 | 62 is
integrally fEP‘ﬁ%d ‘f?’inl%lﬁﬁ(i}ele‘f@n% afyfiéhgl&) I%%%%EP BX r%%?nlll%sr §\i\a/§{1/6 A
plate 60 ' TeHhslESia duitaBlethedhanise; 11€&ﬁdlﬂ%$nacﬁﬁnﬂ§"lﬁienﬁﬁbﬁﬂﬁl sbr®Buit be

peri meter bgczcon 90 of the end Iate the shell portions include
end regildns lwflentemlt eF@emrpeaes &h semohcmfewpaeeomssembly kB angd thesinpyt ed

enbodi ment S r I ap
R e L
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di scussed r e el SthChib&iRe ftry PR afR ¥ BEtyiflfn BRY scope of the invention.
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



necessarily) include a seal nenber 82 in addition to the mating surfaces of
end regions 92. A benefit of shell 62 being integrally formed wth at

| east onewofo3pid76 5 end plates is that the encl osure has @cg/useyeIssnterface
that must be sealed. This benefit wmy be realized by reduced | eaks due to
t he reduced nunmber of seals that could fail, fewer conponents, and/or a
reduced assehapss tnrclrudnrgdnne@@\ﬂir@@tel@d ragtdliniear canfigrpstions gat gigdergaly defined

constructi O a{tﬁé ah;%% aﬁé elgtl pc)[s 10§1ho Eﬁ' Jfa Iﬁ)ngnts%{aﬁlggofpp& f({ée{hlaﬁ shell 62 is
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are shown. Simlar tot other enclosures illustrated and destcri bed
herein, it salhsnﬂhaietaﬁywrﬁdﬂmssbomﬁgwhtama ﬂnanzWapemaetedramnB&)Q)ddimfs atlh@ss

encl osur nd be w thi h cope of the inven For
exanpl e, sh Icob‘l%tlfi?n‘gﬁlé eﬁgfeﬁ%@a %ﬂ%‘?ﬁ@ §ods, e fpion B n tS‘FtJa"seh%‘} t han
those il ushddigdrduid lﬁhlg%om%r amo@hoﬁﬁfi@n:ﬁg P19 e R Fh RebidPoadelbdd p1AR! 60,
illustrative conflguratlons pl ates 60; it should be clarified that

as used her evhich as Blusimated ﬁxmnﬁh Wﬁhmrsbelbﬁ%mmfeles agégiorof ewsslan therewiidh.t er m
"interface" is neant t r.to the intepso tion_an gi on
g’t P%*ngtsrf reglon gg AR %% a, goryer d[hgt @leng' %ﬁéreﬁ?

t hat extends between t e ure are sepa

formed and tbhereafhgirinsat Useds bppeetias ths vetheas! FiIl, RolicheRas Sg%ﬁefauy by
one of the previously discussed retention structures 72. The specific

geomet r ylSandvelyzisomtcompagieat d8.94n {ig sonfigariiopshownyin Bedh PEENGESEpEPRg

upon si ze, [ an1 r Hﬂﬁﬂﬁ
t oget her. Therlfejfgllrdésa5 CBPer ac Sg tﬁ%ﬁ%@?& ge%a nme %lfysalgﬁ n%ltﬂg ﬁgfea((;i
formed bet weld0 cfeheldspondefig: & rabidregf mlapﬂ@brmnth rretbmralrregm as of@laﬁ@ﬁel -

on-nmetal seal forned tween corres ondi r end regions,
met al - gasket!s gaWn Bt $olid lmes exicadigg 2 oeg)enﬁgeé 82&{1&03& gxtengfing ynig FI}PH ©he

interface may Nay& Andse&it&idn®into %1?161} 62, and in dash-dot lines including an internal
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



WO 03/ 026776 PCT/ US02/ 09351 shapes, including |inear, arcuate and
rectilinear configurations that are largely defined by the shape and
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whi ch opens ; y al : [ 'oh
Shown i p Fi gl gon . bl Lol B SO CRATRERNto By Ainitron: 58 ikt
ext ends at |geastetrpacdnf@utatioal melpdidgearoutt® redtilinkeag end ifghlaf confighiati6s, o

define a regqi of aqverlap therewith. Central region 96 of plate 60 is
shown inmso%f’glpf’% lﬁ%foé]ﬁﬂl?&i’iﬁofgl 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

E: gt e? Sihf""irﬂsés%afgiﬁhg%%%@%ﬁe@@?ﬁ%@n%ﬁr%éshq{év%v%f,fi@%‘ﬁo&d)ﬂé hes&bben of

"' 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, the device, including enclosure 12 and

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



invention that the end plates and corresponding shells nmay be configured to

have any of the interfaces described and/or illustrated herein, as well as
t he i nt egwetoati2zehel | 13 WO 03/ 026776 PCT/ US02/ 09351 confPcgursat/dsst
described and illustrated with respect to Figs. 5 and 6. Simlarly, it
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rectili near and anguless1d1=,@r’tf1¢ therabl amd readtive ﬁ@bﬂ@ Hemﬁbababdwabpemﬁng

t her eof . (gl scussed, di.mensi ons of device 10 and encl osure 1

also vary. 8@6&%&9@%&# SR GSIERCTARET FHBFCt B0NBUEErs REsting Asss Bfad i on
menbr anes di end
pl ates) t ha@aﬁ&ﬁﬁctpgs&&?g%gggﬁénglcictﬁg (ﬁ’%ﬁ@é@p@gﬁar sepa@tz]alt@]ilil gﬁe lr%g&nl%? gﬂes to
provi de a canjiailzbperaics Fomunshusiowre wh et stats ¢heae gall brpogeidiat stattine
m xed @ strea t .of .effecti nbr ane surface
o) & 195 PPhCatine. RENOE R oW Bishr TuARHCE . PotRte () et Bt PHGTHBRE
nenbranes May¥mp&aré. ODlﬂﬁngﬁﬂﬁ%eﬁéd €he déﬁ’éé@lnﬁy?f RAtEL h9d1@§§1—n§1?§t?éaﬁ{'ﬁiat area
measur ed general |y parall to the end ates) than an encl osure designed
to house tumsvn@nnssfemrth@n @naqmntbblarh@@l 0&@@&/@&@1’ gages, ellmdnoaerbaclmﬁa@nrstmbd 20

t hat neit her of t eIa i onshi ire and hat he spe

S of t no TySgrkARRE ARl A RRAICER g L ORI Shea Bl ks tiGpRRAPRLA © e
specific si Zgi‘ezﬁér pdieertiied Of thechydrslehUghe it fb@mtgy@@laaﬁeh ¢ bopotiugepgaead oon
assenbly to be housed, the operating paranmeters in which the device wll
be used,15t hé’fP‘ﬂWD PREECTHAO hiygr@aelgagh §'tr¢3@aﬁ¢ glh. In pdditigm i Ehefige o heatdhe at i on
of devices W th
oF eVt ces, Sclea ok 16, BSREP Ry LGk UEIINARNT YR DabikE

pr ef er ences.to Ake delected Steshppragive. 0 URHeyheakivig raogaiblp wiri dskeatilies rmai;ewid:ee thay be

operated at el evated tenperatures and/or pressures. Both of these gperatin
P operating cost, nﬂ%ergals cost, an %/or equlpment cost of the de\t}ce For exa:mplg a g

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

20  Type 304 stainless stael 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
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paranmeters may inpact the design of enclosures 12 and ot her conponents of
the 30 devices. For exanple, consider a hydrogen purification device 10
oper at ed WD 0a/02&526 ect ed operati ng tenperature above an anipcentSor/easper at ur e,
such as a device operating at 400 C. As an initial matter, the device,
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bypr odud? sEVIEHY oF 545 BeREmEIREa P NG T A 2o aeine SRPelRt 8h diofoyifte
hydr ogen gageksis®eihBIdERshaatine thads rURr B Usferdal SiAd ektedial NEAGUCtYordr
even no hydrogen-rich streamat all. In addition to the tinme to heat the
devi ce, one spefsficadlys Shecdmiainapsiontdidhtend plates erepthen campangitsrdquiciosect '@ heat
t he device he, sel ect e Le. I enbl. r _assenblies
may add to Erﬁ}agf én(%lgleer gatslgsn{é’ }gaoséf[ﬁ% ﬁ%lf%e I%Ss‘;lgeg%?ﬁl %%{r% os?eglécf’gf? \Sér{r%sgpf e’?‘%% " of
the devi ce. Asodis@xsdd)|®vica 10smaplihdlide gaaldispbradiBer6beal Sneintiedd & tadaty thei ck

sl ab having a uniformthickness. In fact, 20 Type 304 stainless steel
pl at es Havi fpdsneinek bess saalscRreaks hgweperstheggaskety Bayeng ke i avithin sxhah

effective t o) i i Ltions
of devi ce. TS BVl thvER Bk SRRl WheBERETRIRIES 3EEE0EE) |
wei ght to dewmak 1ddks mag odcuramyenshddidente nthst ietpder ene @rsindey aldnebradeer ma
energy to be eated to the selected operating tenperature. As used herein,
the Lar m * URPYoaS RFPRRRR RIS ComBEEd Oyt SRt SARH e R IhaRe
constant or pafied 88§ theSiHASHIABL §AbIY 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

16



constant thickness, including those that deviate in thickness by a few
(less than 59 along their lengths. In contrast, and as used herein, a
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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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menbrane envel opes. Simlarly, gaskets or gasket plates may al so be
positioned wthin a nenbrane envel ope to provide additional |eak
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at 120. As shown, end IH's%hﬁe ddBodifents! ?Ia&r |20 nBfh1eXbe deibed iab aemgle2 and
124. Interior surface 122 includes cen region 96 and perlneter regi on

90. Exteri orcasmy ﬂwwom@spohé&toa ocemlm@rs thegegian Pﬁ@lmumaﬁtli@é? prratsgpilandyi on
128, and in t |II d enb | at e 120 a 0
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exterior 15 eipésfeact%stheﬁé‘anfb &) étﬁﬁ@gi p@h%rs Redi seadiions . ewen Hlsseywillabe any
of the configurations ill ust rated or described above, includin

conf i : gurlisit i ?ﬁlpiaﬁedé\m i@rnl plate 120cthpn g arselifl ¢Ad iplate formed syithoat Feeion 3370r For
conpl etely %gfe iRl gol eﬁd“éia?é W]It?ho% Iumoﬁﬁghlckﬁésg Sﬁl@%@@ﬂ%ﬂﬂgilﬁﬁlﬁ{ '

perl nmet er 1\’:? S"a ClI I’CU I gura wever

scope of t hetiefivestuisowithinahe pbrionihsiite rAY plate yocupiedibyaentoved megiowl €32 20

rectilinear and ot her ar cuat eonetric, linear, .an / r corner.ed
confi gurati &me plate 120. Accor(ﬁnglgf, an end pfate wrllt region may ag itionally 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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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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end plate 120. Accordingly, an end plate with region 132 may additionally
or alternatively be described as having a stress abatement structure 134
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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 invention may be formed
without guide structures 144. In embodiments of device 10 tﬁat 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



15 than 35,000 psi, end plate 120° had a maxi num stress that is | ess than
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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 Figs. 5 and 6. Also shown in dashed lines in Figs. 13-15 are
gui de structures 144. Cuide structures 144 extend into conpartnent 18 and
provi de swppafre7¢ hat nay be 15 used to position and/ or &ICTgrsoyegsar ati on
assenbly 20, such as nenbranes 46. In sonme enbodi nents, guide structures
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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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In Figs. 17 and 18, another end plate 60 constructed according to the 10
present invention is shown and generally indicated at 150. Unl ess ot herw se
speci fi edwoioB/osdToul d be understood that end pl ates 150 nmaychaweeasyl of the
el ements, subelenents and variations as any of the other end plates shown,
descri bed and/or incorporated herein. Simlar to end plate 120", plate 150
i ncl udes an exterior $udfplate 160 ey taddisionalim verd altegpibyely3be ([dgpaibsd a5t r ess

abat enment structure 134 Vi ng 5 .ci i . i i r of
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152 that exigise 170067 bakRt plale 160N wWhH & adapied itogirevidp additional 12i§heut er
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to perineter [ fenonstrate that the size of region 132 (which
wll also bggﬂgﬁ%ﬁgfg%thggura central 25 renoved region, such as when
enbodi ed on an end pl dtresst hssemblys 62 modudéss b refstred tor e exkampls oh)a, nay

, d pl 150" includ tral d i i di t
of 3 ndhes deRgrioRbplstEat ke arbar o e e g AL e O
reduced wei gltg FYRELEHe 184 80&e FLALES wiBBut #0ruBNidsckebly. $Shataglylalss

wei ghed 4.7 30 pounds, and plate 150° weighed 5.1 pounds. Both end plates
150 and 150'assexybdy iléAonaly asriprovide anethse sxamplp 0 Siress j abatenieat sesfipetyre
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conpar ed t 0 p2ae 08QrtR&Nore, The opaxddism sfetht eabd &RemBLly MOBIE QROHAD transfer

PCT/ US02/ 09351 of the plates were 0.0098 inches and 0.008 i nches,

r espect ilfel ypreanfdhe base platpvitbewadding stgpiasanheight fodhe bease ¥ewer e 0. 0061

i nches and 0. 0059 inc . I 2 E%N o ed
according to the pr esteviﬂﬁmlnr[ﬁ%ﬁﬁ g%’hélclgé%gs‘ﬁ(%ﬂﬁm I gs?érggr?dZﬁﬂge%HB%{ee:lg@al |y
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sane el enents, subel enents and vari ations gs t he ot her en% .
plates. The maximum stresses imparted to base plate 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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plates illustrated, described and/or incorporated herein. End plate 160 may
be referred to as a truss-stiffened end plate because it includes a truss
assenbl y we3wkaré extends fromthe end plate's exterior POTfsoRIMBRY. As
shown, end plate 160 has a base plate 164 with a gener aIIy pI anar

conflguratlon simlar to the end plates showm in 10 Fi 35 -5. However,
truss assen‘lble)bellﬁ’glérﬁa@r@senmﬂﬂﬁ withgwo Ideféﬁamtéypqsmﬁen éat"iﬁaslé otisratile may
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To illustrate {hi

across col | Apem lieﬁﬁpg aﬁa gsho%naéleﬁyﬁg;%@rss? Sh \\,z’igra {f% %aﬁfqn |al %%ﬁecﬁﬁi;a?{‘dl ng

confi gur at i QRafigiResn frb@thé Betebr sufasd 1243@thb§1bdplﬁteon shovvn in Figs. 21-24.
As a further alternative, base ﬁmgte 164 has_  been 30 indicated in_parti al

dashed I1nes in Fig. 2pis elsgrephinctelspops ofidhe dpventipgthathencipsare b7 408 nmy
have a vari gﬁ%lu@éc st?e?;?gﬂl@w %éﬂe%ﬁ@*haﬁéf&ﬂ ASrhOARE tﬂa?%ﬁfehﬁ%?o cohdp gﬁx[nh A gd and
u & Cont 1 gur as

i ncor porate érein, Inc at1 on shown the ed region
is renoved.as %@pN@d@&/cﬁZﬁZ&cﬁtﬁCﬁ UeRepoRdbs strEﬂdrep ktett exi&hd frovnythe exterior

additionally, or alternatively, be descri s having a su 170 t hat
ext ends in Huspesc ofi-thpsnd platest i BnEies 5%@3 é?gf“@? |6§ are. sho lﬁuStratmg

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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surface 124 of base plate 164 and which is adapted to provi de additional
stiffness and/or strength to the base plate. Still another additional or
al ternatiwe odesoré ption of 5 end plate 160 is that the enaCplsbhrod3sc] udes
heat transfer structure 162 extending away fromthe exterior surface of
the base plate, and that the heat transfer structure includes a surface
170 that i sfrepacetdslshypfuniemms thigkness afzameyastend 36 end plats lhend sxpaseditt eam
may pass bet;hween t he %lljrfa?l%g orsl T USS assenbly 162 may al so be referred to
as an exanp & ST PR ARt ec‘il On abatenent structure because it reduces
the deflection th@prowhgmm@mm@; occur if base plate 164 were forned

W thout the truss assenbly. Simlarly, truss assenbly 162 nmay al so provide
anot her exanpl e oin itespleROBRRSFHPRPI Y est ruct ure because it reduces the
maxi mum stresses. I | e inparted to the base plate.

Furt her rrsgre, t he %g%ﬁe%grﬁ?%pﬁéﬁhﬁpgss assenbly increases the heat
transfer 15 ar eaaroéxtérnel learecptregion; W t hout addi ng significant weight to

t he base plate. Continuing the precedi ng conparisons between end pl ates,
plate 160 was sud} BBy IEHOYHECEQRe operating paraneters as the previously
described end pl kiaum stresses inparted to base plate 164 were
10, 000 psi or Iesé{.ﬁﬁe&%‘i@ﬁgﬁgﬂtﬁ?he maxi mum defl ecti on of the base plate
was only 0.0061 i acigepralwhelly a 20 defl ecti on of 0.0056 i nches at perineter
region 90. It shoul d be noted, that . base plate 160 achieved this

signi fi thnt reductf C?%W“ﬁﬂﬁ?‘???&%%ﬁ?lsée%i ghing only 3.3 pounds.

Simlarly, base phadcdfhatBREaREe haifnmaldigladmengum di spl acement and
conpar abl e or reduced perineter displacenent yet had a base plate that was

only 0.25 i nchesatdiuced maps anduedused prrameter dBPIeagme; const ruct ed with

t hi cker base plates,. but the 25 t .8 ed to be sufficiently
strong and rigi d'ﬁﬁéélélf:e(iﬁ’ % élrl%%rl‘%%sgeggg&zﬁ%?%?é&{w th which it was used. As
di scussed, encl ospiguted MaYs dndchisaells ppgectimfsuppatypl ates 60 and a

perimeter shell. In Fig. 25, an exanPI e of .an enclosure 12 formed with a
pair of 1&nd pl at 8gedueed massEWEIFBAILRIPISEURESWIPOTH:| ust rati on and i ndi cat ed
general ly at 180. O1 hasindumRaishiaetmtdtuss- sti f f ened
end pl ates 160, i?f)‘lgdéé\%\ﬁi%hggﬁﬂfﬁg&é%%g%gedég tﬁle 1| nventSP(?n r%lhai an encl osure
may have end pl at eseduewd ngxihnirh etresstand catused paimemsdigpldéeprentonf i gur at i ons.

In fact, in some operating environments it ”ﬁ{ %3 03/.026776
PCT/ US0?2/ 09351 - areduced maximum stress and increased heat transier area,

- 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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be beneficial to formenclosure 12 with two different types of end plates.
In others, it may be beneficial for the end plates to have the sane

const r uctwon3/02417¢-i gs. 26 and 27 anot her exanpl e of an en®CEFasOBOBR1 | S
shown and generally indicated at 190 and i ncl udes end plates 120" . End
plate 120"' has a 5 configuration simlar to Figs .except renoved
region 132 is sho%\maﬁﬁémrﬁ@etg@Sﬁwtwlozth@tﬁ%ﬁé%ﬂ‘l%@m Pﬁét illustrate
that the shape an thin the scope of
the i nvent i on. got HoBeeipal e RARIAR LROIIRIaR B0l L ondi ng
integrally ther efaieﬂassst-@eclubhal&kera&hssstrhlm thatis apfeattibindpdupl; andfer i | | ust r at ed,
descri bed, and/ or |ncorporated shel |l portion 63

y ude a.
ext endi ng 10 i nt e@FRFI-§etinBRlar SS‘FBU‘{’T%%?@F Lﬁaét ]t%lé?t/ %‘H‘Sfl of the end pl ates
described, illustrated; AndQn ERGNPOT 2icBHialiRr & MidFBY @nffrtddat ¥88hdtr uss

assenbli'es (or heat transter structure) 162 and/or projecting sup orts 170
or defl ect i housabsdparmioh astentbty 20,esuch renieosmoscprrtion owmbass d6t Whighacr oss

renoved region 132 i aced- a art confl atlon fromthe exterior
surface 1242f S"tpﬁért%cﬂ HP’gt qure by & sy § ffﬁ’i“h‘mtt hge20 sclIB @1 Tuptgaive
i nvention t 0C SRR n ?gs”@%nd'l‘%lé%g&hﬁ&@in@ﬁ&é@s mweeé:uqﬁateataaterrent

structures that extend Into conpartnent 18 as o ﬁosed to, or in addition
to, correspnﬂdpm@enﬁplarﬂr@rwddmamemb@amsd It rS(ﬁiSOtWé 1@)@@15(?0@? of herin¥RMIOPf t he

d pl | 60 |
of t heald <i by dRembpe i Pe iR o8 B4R TR By BableR, M 2",

renmoved r egﬂfé?eb@‘%?eehh% s@&ﬁ %%‘ﬁﬁgﬁﬂaﬁoﬁ hge Qﬂiﬁilnlﬁbﬁé ﬁalfsf mﬁy tleaefencd o @s a
surface 122 of the end plate. It should be understood that regign 132 may

have any of rrtené)rwmglapatméhﬁ theyedefine FeaPmmen peinegicagSOR P 23R ﬂilfh r at ed
herein with ct t i t [Walel

cur face of 3rgaeauig GRebEIERR bAE ARRdiherc SR ol R IRCRRLEOLAL
supports arﬁcﬁb@ymlg«hﬂly@emglleaécbss region 132 to provide additional
support 25 and/ or r|g|d|tytothe end plate. In Fjg. 29, e ate

i ncl ude$3internal suppere@mpipof 3 Kew éqnée&&‘éﬂ?ee‘& Sbgw’é%l@ﬁdgfﬁ‘ﬂ) ng(rt ment
18 to inter %‘?e% at 6. qpﬁmﬂ cﬁﬁ@uxye}ﬁoe t e 'iﬁ(ﬁﬁlf)}ﬁﬁ'éjbﬁﬁb Iﬁﬁ'ﬁitaﬁé %tv%rléﬁy t he

ot her end o e conpart |scusse gui de structures 144 may form
such a suppof kuitdbie Eha@es 33ﬁ)1phaas plmtaerenad:lbyespmd] ‘elbtllangnwlm Sigyd lanly) 3116162 is

shown. 30 Al thqough not esse al to invention
enbodi nent smeﬁg\?‘i‘@é M3y b, @ﬂléﬁﬂeé’gie S‘iﬂpﬁﬂg‘i’ %ﬁfﬁ S?Fﬁeﬁ f elfd glg © %rne of
the follow,ng,pro0RGHLT SRsde. TR PuRR:ELHSIRErRIRD eid foﬂ@wﬁ@ﬂb@é@ﬁldnoarﬂn end

pl ate forne
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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24 WD 03/026776 PCT/ US02/09351 froma solid slab of uniformthickness of
sane material as end plate 60 and exposed to the sanme operating

par amet erw0 03/0267p6 0j ecting truss assenbly; - an internall pCpruspret3sng
support; 5 - an externally projecting support; - an external renoved
region; - an internal renoved region; - an jntegral _shell portion; - an

i ntegral shednduit204. I cordnifc. pergreatedgas Prde@bly ey fom ol g%%‘“‘,ver-seé‘n?leduced

mass and red llgaéi MU LS e e dyaee SSyqd e

peri neter dPsp %cerrer?_t; agéa&lr@gu%g%%ﬁ%lgsthgor}{éﬁi ncrgaglg ﬁe%sfsf gﬁg}?gﬁ area;
- g r educedfc{maﬁlati@m@ illngtenein Bigpdloj €hd pereneatepgesy which 14 5t leasi snlesdandielly nass
and externally projecting supports; - a reduced maxinum stress and, reduced
maxi num di sPPEGeHIASER 2as, 1BaY; gk E%g‘alﬁ‘ﬁ P‘?’rﬂﬁ?@‘?’?"@&wﬁhgg‘w SEPFIRE er
di'spl aceyrent, fonn HfEAHERA stiBath TUMBRLARE heARtnbAGECRS Ahieale subguigfiels ar ea.
- a reduced nmaxi num stress and a projecting truss assenbly; 20 - a reduced

maxi mum st r pegerable thatrtberowgmbr éegisart obstauct ¢tubed ofeges through $hst hydragen- and
reduced perineter displace

nt; - a,reduced Xi di spl ace
i ncreased h&AECHYP AEREANGy ed2° gaséh?te‘iﬂfﬁélﬁgB%ngﬁ@Pﬁ t |1§‘5’%Eagﬁ%nﬁcﬁn§%§g
| ncreased heakotd ARtddor &fdiftis 36; afschBflusallyRRedaRddA Fill Snl acenent and a
projecting truss senbly; 25 - a reduced perineter displacenent_and a
removed region; - a nédsséxmmplerniedhigiesernsit 54 deu wemhepneesvelarss 3098 1500

b pais P o] ; . v
P ns ) S Bt AR A B £ orramatriete 200 Shibet SER Ao R Pl
mass/ maxi nughgiisRr@eerRbersalin thathel Slubiessd hbodDMt, thepsicen3Membars

mass/ peri neter displacenent ratio that is_|ess than_ 2000 | b/ psi
include a coarse mesh screen 214 sandwiched between fine mesh scr%ens’216. It

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.

27



- a mass/perineter displacenent ratio that is less than 1500 | b/psi; - a
mass/ perineter displacenent ratio that is |ess than 1000 | b/psi; - a

mass/ per iwetoa2airepl acenent ratio that is | ess than 800 | pCpdaisp2/08B51 WO

03/ 026776 PCT/US02/ 09351 - a nass/perineter displacenent ratio that is

| ess than 600 | b/psi; - a cross-sectional area/mass ratio that is at |east
6 in2/ poundAddltlan%lr eeplesc of sWagturgr f5/HaRAty Af i iBclpfie Pofays LeranEess fpoyous

i n2/ pound,; o] C n 9(4 MBS i h st 10
i n2/ pound. &f o Pgoélﬁgréeg{l ‘?ezf%@ ofsoht?l @%B cgn ai ng I%%&llfg?%?%g}ekﬁloﬁgaérﬁﬁnent 18
that hous eeoxﬁlenﬁro@twlﬁﬂomemﬁ’e ycraéh msmbérs 232.0Ae a@asthmxempbpm&t oraifl of

menbr anes 46, which are supported%ar/]\nthl nth encl ?sure bgl a suitabl e nount
52. In the Wm&gepwmwrs wey ks loamedh S 7P ag of;  Fo¥ER ZReshi on
menbr anes ﬁ depicted as independent pl anar or tubul ar nmenbranes. It
is also W|t n the scope of the invention 10 that the nenbranes may be
arranged in pairs thaDudﬂgifatteiqaéomBﬁtlm megbane BQVeld)p‘EBJ’BﬂESiVXEmy bBenusdch a

configuration, the mepbrane pai be referr 0 as nenbr ane

envel ope, 19 t995EC MABYTAES 3ﬁé°éﬁ %WE&PQ/B é‘@is‘?ﬁll‘r%g’ | (PRAPEERS %h of  a
harvesting gonduithncnRE 2&6%\@&@% as @rbR86H ﬁgmbrt@a&mﬁwa@% 1ﬁddi’15‘6r%t10h
hydrogen- rich stream 34 may be collected. 15 An exanp nbr ane

envel ope i sUsh®atent ApﬁhgﬁtloﬁﬁeaanNgeWBbZ 49p. mewmseﬁoﬁﬂlumwnl adhslvivel d be

understood that t Thr t e abl hapes,
such as?(gl alfa¥°ug §I1”§‘§§te§ ?ﬁll ]él?es)éaﬁ\?ggolﬁzlrslgag mA?(‘a?W‘P TRe? § i aP\es
may be i ndepgRdestd éblégpemﬁﬁmr tl?d&@dﬂe&ﬁrrwS(ﬂPElQ$peQ§'pic@lly'imh@Meﬁk/ais&at0r
around a central passage. For oses of illustration, the foll ow ng
descri pti onleaﬁdSL@@taHB%‘gmlﬁtl@éi qom elyarqueniedviiiar lghaeationeot e WemRFaEEi on
assenbly as I be
under st god %V%?O ) he%rg}élgg&alﬁgeeg J%lth%é?%ﬁ%gblﬁ%?élgaﬁﬁg ﬂowmgﬁggggglgt e
nmenbranes, glenibpshebpvelopésnghe embleaﬂa sfuﬁhlﬁledmethdid)fdr@dnﬁ!?mgtablﬁsw&ﬁaom

confi gur ed to defjne two membrane regi ons, or surfaces, 202 with, _perneate

sur f ace$® 50therBembraBesId&t SSEFeR SHMFHISS Q€ R thst SERPOFTS 131BY .eﬁléosarecferfa%ﬁh?ln504 25
t her ebet Weeg%l{(féw t"% Mot fﬁ?uahyog)r %@?H df &RiReidreaif Qgéct%yopﬁecﬂéﬁeﬁ%ed and

wi t hdr awn. may It orm perneate regl evice 10
accor di ng t cortidigorpngesantburmuenthe adhasbre witholut deceasipély oaiditiyg gfe palathinanre

envel opes

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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200 and correspondi ng conduits 204 that collectively define perneate region
32. To support the nenbranes against high feed pressures, a support 54 is
30 used. Soppord7764 shoul d enabl e gas that perneates throkgh/usermmsanes 46
to flow therethrough. Support 54 includes surfaces 211 against which the
perneate surfaces 5Q of the nenlranes are supported. In the context of a

pai r of menBkiifednrableashgome crbrarRems, dhe epabipes maAYRoAescHheday PEVERiNge
descri bed a%lt&%éi%ﬁggii%igﬁ% n 1%%{;&@?%8%%%&% fﬁ’rﬁégévéﬂg%/ QB sqonduit

204. In condurt perneated gas pr 'y may oth transverse and
paral | el tostrhe@usurface of the nmenbrane through which the gas passes, such

as schematically illystrated in Fi.g. 31. . The p at as, which is at
| east substantially g[ﬁi‘?eg)ffﬁ%e@ggﬂng%{onnﬁvl?%eﬁé %Sﬁegeélt]‘é%m@td BN wi se
wi thdrawg f 5ot hge8 MRl RBay idcfide0bdB BY HRIRediballe ShiA&5Bs32ho, BeGiasEe the

menbranes |ie agai nst the support, it is preferable that the support does
not obst r ucklongewiih ewtalfle gasit tand cungphut tfoets gl embick ¢he otikedk gaesibraanes. The

gas that does,.not t hr ou t he. nenbr.anes. f or ne or nore byproduct
T eans. a6, d8uvg R PRI AP T BRrPReuTY b o Shrerds el Bogtd o

sui tabl e suppAE tenbdiREntERHRI dgeee | PRRRIe 2D YhirdlitylOf ShdyMrand efivdoped2 | N
the formof a screen structure 210. Screen structure 210 includes ‘plural

screen nmenbdYkemthe separatiore agsemblt inelusigs enplodilitie af menthwans pevstopeenid enay

i ncl ude CQaks h reen, 214 ndw, ched ;bet ween fine. pesh screens 216.
It shotfd BSUE AT R Mieryitns ey e Mo NP des deliveng Mikgf s Ve
terns. Pretesabkberetbhd with@awshe &gtirovenbieh Stait thekf6ineend/or fupRadiaw
menbranes 46 without 15 piercing the nmenbranes and w t hout having

sufficient Hpesasiheislocsagerassiguelethe pempupes Bam mhed gayegrese Widaken
or otherw sg, daapge i&@ﬁg%@?@ﬂt' N4erm Iﬂﬁrané’p&{v%fogeg &%”géﬁﬁe%&s W4, whi ch

device 10 is operate ecau screen structur needS to provide for
fl ow of thebpeodedtstdagasr hethe fi@hl y firar mkebtant entEleperardyr Eenssit to nother

preferable to yse a re|atiyvely courser jnner screen nmenber to provjde for
enhanced? 28O %}E’F!OPSafP’é riber P%ﬁf%l@ﬁdﬁffese.mﬁ P&R ure%te/d_gff)enwep?s ner
mesh screeng, PrLytidedpehl &upp L L& And e 1HKAGH IR ARRS 1o WaL hﬁ:n%ﬂgﬁle

coarser nmesh screen providesS befter flow generally parallel tot
menbr anes antduke 220me enbodi nents may be selected to be stiffer, or |ess

flexible, than the fingr eah, s0reens, [NSS5E 900 JBIRE! SulBHaPE 0L, & M ar

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



25 nore or | ess screen nenbers may be used than shown in Fig. 32

Preferably, support 54 is forned froma corrosion-resistant material that

wi | | not wopaioze7tdhe operation of the hydrogen purificati eaTdser/es5and

ot her devices with which device 10 is used. Exanples of suitable materials

for netallic screen nenbers include stainless steels, i aniun1§88§9Ions
;730

t
t hereof , ziplatenithahasmadaptadoipssenl syraort and(r ABETORDGE dhesTambTane gy
i ncludi ng I pcepel TM al | giw}t; e, TM gid 9ys, Aand
al | oys of ‘g‘bg@‘ésﬁfagﬂ‘ﬁ% e?‘n(g%@eel ?P%Eaﬁﬁaggﬁone I'I]LI'?/IJ’:@I—ilzziig)ts;esl %Hé’%‘ MMaﬁ | nconel TM
al 1 oys are gabwkedcreddas@tued b1y fts wittio adialid mebers2 30yipithsafory of @peEneridi ckel

|l oyed with chrom d iron. Nonel T™ typi cal |} f
i kol copere 25oflbanacmmuuse B b SRS R P B iEH s
Addi ti onal s%%e%ﬁpﬂﬁ% o?‘;pe?rlaﬁl%%{%tﬂﬂté B2 FHBP QEdesn Bfubtie] 2 ifadey sxs@Iiadi CS,

por ous “carbon, *porou ceramc foam carbon foam and netal foam
ei t her al ong@etaDmeinberss tebéxpahdanmetat kereeremsmbersy may eitbarfiingibiarpsrmeic Ag

anot her exanple, sonme or all of the screen nmenhers or . m

expanded neffgne izﬁgt@a@“@?‘f‘&t s Rattialy over g B %F.O@rgitgagm%'ab‘gﬁ;% ]|£a2n of

the membrangGRYa! PG HiENte 2BYinbRdbSEpoiieSaaues Reatylanesndart o {he
cture or

screen stru and to secure the conmponents of screen_structure 210
toget her, agaskéts.clhsedrimesygasketiar aitier supnoestalsBiyes MAY: alsp dehnc ¢t legsian

Pat ent licatjo erial.Ng. 09/812 499. F f- Ll iL.Qn,
st vt S op6 e Huikfaruith et e i heyaghp i BREfS S jnish i RN,
exanpl e of g SuhhAbh 8sscRBRE0 WAt bentsint thdyr Bdteind@branbentelapts. FxrmpBYPER

77. Typically, the adhesive is at |east substantially, if nat conpletely,
renoved af t ef sufitablei grakséto areofiexible s gaekets Mdrgpe tse égldrﬂi’%e{ ﬁ‘eiqvgﬁdgr fere

with the perneahil,i T8E] d Vi . L shafkialshBay DEARGAERN as

envel opes. %ﬁn%gm%mof %ge‘guﬁoi{%#%la%lﬁéggﬁg@ fr1er2rl0viang Zdhesi ve from 15

t he menbr anggeagik¥pos GiceRrBingwohditions wrdeothizh deujppdOtisused. by exposure to

oxidizing conditions prior. to initial o erat(ibfon of devfirce 10. ,Th
e

e
obj ecti¥® of the oxi dSoptEing dariPbeErilngaton; of Grermlgy: e TEmbss ¢2%

1ve

Wi thout excessi Vel Pl 95¢ hﬁ@%&ts(h : ég%tkalcﬁgi W BerRkhie YrafRIBapferdbls but Adtl €.

pr ocedur e f BYSHCHPOx1 df Z1 ng osed in the above- Incorporated patent
appl i cat i onpecdesaBlyg i tisingdnothercthindippdicammeehadhiesiviet dfeat, anembigass $héleude a

icgafj:ig %_ 33? smp%ggtgcrll Sggigsrtfsgr%gg stZ’&ctflrr(]a 10ear1]1% %ttgcﬁqe rtg rs]c(?r%erf1 &ruc%ﬁ'f'g I@lé‘%lsi'ng (1' c at ed

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



Fig. 32. Exanples of suitable coatings include alunm num oxide, tungsten
carbide, tungsten nitride, titaniumcarbide, titaniumnitride, and

m xt ures wbhesead776 These coatings are general |y charact er iPE@@saz043€i ng

t hernodynamically stable with respect 25 to deconposition in the presence

of hydrogen. Suitable coatings are forned from
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gtl}[e {rerrbr?aﬁ?‘ﬁﬁqmragﬁebezﬁmpirtwfbafqeﬁan@(PbP@TWtﬁﬁlaéem tabl e i nput and
pu orts roug ich the e S .S I
whi ch tﬁ) hydr ogen-r i tff BHBCSS ﬁf‘gﬁlg resétl#gﬁg] 531}189 of {(pﬁm%ggrr?ggﬁ)m

erbodi ment Sy et Beind WL EA6pd 0 isml@!;dﬂﬂﬁd anml respaki wheaémbedrhreanef envviebo @@@

When the separation assenbly includes a plural
Ty 10| nel dhoent IniFiE. Sonat hoVHUBRER e FHY Th UG TnEeDeSHRHDHE: o

deliver a m xe t ft[g%ﬁ
t herefrom W&f@g Cgﬁtﬁﬁgrﬁgw rﬁstéﬁa%is%t@r’]ﬂa oes éns(f)k{% B%}%; throfl}lgrﬁht%bream
menbranes fihamérineeds dasugledieenenditandsfeaters hireestiegicorduinz04: dBee le@rmsltmal ity

of menbrane envel opes, the perneate s b [ea

froma 14 I‘S‘Pon‘ﬂﬁﬁﬂl’sdﬁeﬂ‘éﬁ\ﬁ@ﬂ ‘é“??é?“b‘@lééﬁ’c’ it Z\ﬂ%ﬁﬁg?g %’%@n@ apne envel ope
for further yBb] hlag8d Bftnarkhe FINAHORRuREa! sivalobby Tk itiell 0PAR mbied
associ ated ports upports, uits and the like nay be referred to as a
menbrane npsidteadBat ddve mumnhmhglmmnanbraem/ﬂwbaa sowluiiskd thrpugh

particul ar device. 10
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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depends to a degree upon the feed rate of m xed gas stream 24. For exanple,
a 20 nenbrane nodul e 220 contai ni ng four envel opes 200 has proven

ef fecti vewDms/0267mé xed gas stream delivered to device 10 atca/tisozow3sat e of
20 liters/mnute. As the flowrate is increased, the nunber of nenbrane
envel opes X be i ncreased, such _as in a gener al | y linear relationship.

For exanpl e3%aMsglprae pl @e%%@p]ﬂ%%@%‘@mr@@ém?@om%ﬁes &t Mepmbrwe platey242 f | ow
rate of 30 Li}e&hgide zf%‘étt &nﬁﬁly i 1?1%1%9% ¥ h#rd}gééﬁds%le%h% ﬁ%ﬁgf%@%%ﬁm@ﬂ pes.
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| t th f tqg b d includ
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hydrogen-rich stream 34 O the desired efffciency at hydrogen gas is
renoved fr omlmd@d agasng ta tarenfeope. uSkis ppoadesrannappsrtunityefoabsilogen gas to

di mensi ons of [ 0 an artpent 18, etc. Pref.e I but not
ooeosnr!yPas HERUER g Embyden Al TR outirFibie, sats dre TR BISaRIORE | nt o
a nenbrane E@%@d&@@m’%ﬁp% rlé'dvﬁ%%pfe @éﬁoﬂ’f%ﬁ)ﬁf&gﬁ%@nd@tr 2522 % Won Q19 294/ 46
PCT/ US02/ 09351 pl ates that are adapted to seal, support and/or

inter connecpoﬂiﬂtﬁéleﬁrmfi@tfém@@bm4 aukifor inembrana plates 24%ainmp) a1 the ineiarabl e
frame e S R str u 210f|ts
ohin B 1 aneeren SeSATH ovaatgr Ser PR p B RGSS! Sk Y

within scr een

structure apm) b astheZsSritaBRSuFI RC tastduits 152 dretlsddedlatioe aﬁhacémaﬁegﬁiﬂ plate
or perneate plate 234, \Wen screen structure 210 includes expanded netal

menbers, t hel wxqea ke 23bitheretiselatingbabapiodue streim R rand npixed gamSFreﬁ@r%at e
frame 232 Ofoftrt eﬁ ich&@8hm P! r%cglrdgﬁsz%@sret&%g%' i PRERE ¢ éftﬁ} % &E’é‘én

Addi ti onal exa frame nme I nc e supportin anes,
pl at es and/ plate 2fds my&og&h%ehﬁmw‘p&secgﬁsmghe ladjoirier mennbprmed 46,ttrawetsur es

may also deflne | east in 10 theflu uits that interconnect
the menbt @‘b‘é@ SR S‘EH‘PBE ft cor@wt%éﬁ%wﬁ?vaﬂma%%m SHPE POHat
cont ai ns tm%tggllw5§eﬂ@é1pgt@%3qnvel opes. Exanples of suitable gaskets are

fl exi bl e graphite gaskets, i1ncluding those sold under the trade nane
GRAFOI LTM by Uni on CaAbi dlegussed; Hovigh 10t ey ineluds aadisglerayerbierans ¢4, wikioh as

depend no UG £ SRSIRNSLERALY OGS AL ) ohde 0,0, 5 sl 19

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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per neat e gaskets 236 and 236' are attached to perneate frane 232,
preferably but not necessarily, by using another thin application of
adhesi ve. wWNagi267nenbr anes 46 are supported agai nst scree®CItUsOzowsse 210
and/ or attached to screen structure 210 using a thin application of
adhesi ve, such as by spraying or _ otherw se applying the adhesive 20 to
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cor espond: Anaruis AbabiD2ATRIBTANGRBHE of bitho ALY BHEAIATl 0S|
optional | y ahdlheheetatse tha pketnster E@OM cadib of theyddtessmalp omus a figidatigither t hin
application o sive e resulti nmenbr ane env 0O is then

posi ti oned \?x} {eﬁ‘ftﬁhlﬁsé 1@’?‘%@?‘9‘“&@ Segldg%e EWEeR- aA§§X§IHP]IFé)%ISE°2hn%&?ﬂStr3@°n

Opti onal by, id YRvAlinTE SOTETRRNC: AREARGHIRY 206 bk ARERs threo AidFMSE

supported together W thin conpartment 18 further alternative, each
menbr ane 46 enegjolive 2(](b<zsdsltomvna fitr slropild rberrduellerszcﬁml thetithe asmherref alenibrame 240,
as shown in Fi

st amen by ey alned S i A SRR e of sy AT els St A% 4 rini sm

The menbr angofdméendss MR IBig. MBY end Platkts 60 Are SEEEMARE} Pep?enlitACKKEHg t O
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The menbr an¢hagnle aédhama@@ufyr aepictsl Yerloblagsst 60 ety et e b€dhé Gends Ehte
menbrane plate_242, It is within the scope of the _ invention that t

various fr afeafigugations dissassedrillpsirairs andforancorperaigdisrale formed from t he sane
materials and/or that hli Ife&% dlgé.YSSIEBt RS GiN&a ﬁ@f%eog'éﬁﬁmé ODgeriafdiCh as

t he sane thicknesses. xarrp e’ perneate an ranmes nay be
f or med fron‘oﬁtcainsﬂrmﬂ&nshn@l methods odfh dxbrativrabfoe thst bmnpcnnemts raﬁr‘rhﬁirogamhl |l e
t he rrerrbrane d froma di.fferen

at e e for
Coppor - i1 ByBEEHEPETicos roBiNBlo e PER it BB hete e idpgsed. It should
above § NCO B0t oal e e xR ARRL s r oAk LABRUIL N ABELREca, I

alternatively, the nenbrane plate nay, but is not required'to be, thinner
t han t he feeof explary perenelktandphetheds, add thaont uripos dise sfope lof st mbmtmn a

oyineble SepmELi oLl kot Irouahy, [EIDTale Ctel pe, 200,48 eacr [ bed
m xed gas Skkﬁﬁﬂbéﬁehl%lﬂ@b}ia‘fﬁ&ﬁu&@oﬁ PR psEEd hRNfesented to provide guldance 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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envel ope and contacts the outer surfaces 50 of nenbranes 46. The

hydr ogen-rich gas that perneates through the nenbranes enters harvesting
conduit 280.030@7arvesting 15 conduit is in fluid comuniPCatisorn09sst h
conduits 250 through which the perneate stream my be withdrawn fromthe
menbrane envel ope. The portion of the m xed gas streamthat does not pass
t hrough t he PASHISIARSECh poigapertures 8h)*(C otsmore, apd splectedhoraating nfessusesmy be
wi t hdrawn a r In Fig. 33, a single byproduct conduit
252 is shomﬁ?&ymﬁiqqgéﬁ%ﬁsg%ghf@m&i r of conduits 252 are shown to 20
illustrate that any ofWhdre dewnekuil0 sardedsatddheabe hemponentmyofatht edavates weilly
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250 and 252 may vary, such as pendi ng ‘upon the configuration o
particul ar wemposanés aevetropk 200rdimgtiy thees@ A0feaentco in (8 s will ®end2® danseFi g.
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Each inner open region 262 couples | ateral to conduits 252. Conduits 250,
however, ar waptyansiisysspured J@ asgusigen framyp 330 owother mopalypr refangd pgynst a

hydr ogen-ri X 3 G _N@@gr tes
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whi ch nma be secured to an quter fritma 240, ichis shownffor pur poses of
gr aphi cé%/ i CPRIBPRSRES 81F, OPFRIeH) 15 theated l5om 31 agpieph O IEsHg fRLigHEAtiopo gy

relative toogREBIARe AP xR BAREANSS, [Titoal] 46RR1 16 & MehRMIbeSRARI NO

one of open regions 262, i.e., adjacent to the ow of m xed gdas "arriving

to the envehothen aThinpephuoeirges ehatoppd r200hCs ynd ofieh ywdthog @nraggs of et 1qasts s

t hrough the r ~Wth th on-per tin ases,.i.e. he, gas
o og by BTGt EG Bhibrs. If BROCRE Bk et aRT Seisss R hn SdhatRe 252
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plates 242, i.e., on the interior
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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10 or perneate side of each of nmenbranes 46. Screen plate 234 includes a
screen structure 210 or another suitable support 54. Conduits 252 are
cl osed rewetwes® the central region of screen plate 232CTiUser/edsy1

i sol ati ng the byproduct stream 36 and m xed gas stream 24 from

hydr ogen-rich stream 34. Conduits 250 are open tQ the interior regi on of

screen pl av@ich3ypicaipybasge diiaent wamosgopdbebmemurairgtd then B BrmPge
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144 25 al so regresent an exarrpfe of internal SU’F orts 196. Fig. 36 also
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menbr ane envel opes VI Ces contalnin S accor ng to

t he presentprotiv@nttigikles inithsmembraad 38 respectively illustrate in dashed
| ines a nmenbrane pl ate 242, menbrane envel ope 200 and/ or 30 nenbrane nodul e
220 positioned withi nWAIKEDE cel mpmbyane 4fc Madesauspehdpy Jpatiagks dhdlip in

Figs. 13-14 - : j 3! npeeh t he
end pl ates ?gﬁglé%%’n%sﬁe?ﬁ rél\l?mngﬁeﬁﬁﬁﬁiﬁhﬁﬁéﬁﬁéﬁ@fg%@&?s W Ha% t he
scope of theh¢mvisnt ioommoteatvrinkies idRrdse:, 0BE ARETHRG0POCT/ B2 A0DBE trackkak | may

be forned froma plurality of jinterconnected plates 230,. Far exanple, a
Tonbr ant moliGHeaseadecp s L BPRSIGHE TR Hrgh: DR B ETKI ) aP R ob U0 may
form shell 462 AecautsRordhe PahLIRE 68 JnRSisRRE Rt 8RR Hd hRkPlBEs By form

a fluid-tight, or at least substantially fluid-tight seal therebetween. An
exanpl e of seleehividy obtletmermbiape & hyslragden\gas becabsgythe3®]esiandighictickarearvbr ane

modul e 220 Lhat. | ncludes Lhree menbrang. envelopes 200 12 SN g ghoul d
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 may vary, froma single envel ope or even a single nenbrane plate
242, to a dozen or nore. In Fig. 39, end plates 60 are schematically
representwo 0:a®247avi ng general ly rectangul ar confi gurati oRETIus02/093886t r at e
t hat configurations other than 10 circul ar configurations are within the
scope of the inventjon. It shoul d be understood that the schematically
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screen structure 210. Furthernore, devices 10 are often operated at
sel ect ed opﬁ%@ﬁ’@%é‘?%ﬁ@@ that include el evated tenperatures and
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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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5 the coefficient of thermal expansion (CTE) of the materials from which
the conponents are formed. Accordingly, these differences in CTE's w ||
tend to cw098/02¢7M€ conponents to expand at different rate®CTiuser/e3y1 pl aci ng
additional tension or conpression on some conponents and/or reduced
tensi on or conpression on others. For exanple, consider a

hydr ogen- sefhatisithe siaerps HeeChB of thavmateriabpmophigh mgmbsine46 soforped, 95121 adi um
d 40 wt % - 4ch: A f .l : |
xpansi on oAbl WHE i EENCANGalA% Ay T8 JeiRd lterBl GOHCT 1T

to a structwhith hermbn 36 ioselodtbdrsunip as twithor £rlef%j hd 2%g D% sit0%, orsiidport 54
formed froma nat rig% havi ng a differeﬁgﬁ) TE t han Pd-4gCu 8{ anot her
materi al f r BAPLRFRCE RN FbYahd Ablepd spRefEpo W‘é}‘i&_“&@oP% oSG .eﬁo % hese.
15 Comwenhénﬁgﬁlg%ﬁmﬁﬁg ggai&@%re&héf Qﬁhﬁﬁts%@]tll%”&ev%e 168t b Reaterial or

configuration conponents will expand at different rates. Typically,

devi ce 10 i matemalsimvep CTE Ihed is within 1.2, 1, hpdrBtUl er teanthandt] am/mEgsef 200
C, and ofte i.f.hin a range of at |east 50 300 C or .. 1f the CTE
of the nenb &fﬁﬁ%@l@%&ﬁﬂi’%e G2 8t le?%é“bsg%}}tl‘?ﬁ iRk %@Hﬁ“lﬁlmﬂng
conponent, Ehedr thbebsRTMIA8itMh hnd/6NOTES rBR1iSE foethe [0 @BméMBran€6 may

conponents are heated. In addition to this initial stretching, it should be
consi der ed bhatferred, tiy beyein gubdvingend o theesgiasted €YBiscwithip thg pertexmfehisher mal
cycling (ZS ﬁhelé are heated for use, then cooled or allowed to cool when
not in EJ e, ‘PHeR"Peheated, recooled, etc. In such an application, the
stretched nenbrane may heqon®vingititie,este@plary all@/s2hd GsiPdRtspshdi@IB’si t S
original configuration as the nenbrane and other structural .conponent(s)

are cool ed. ahCempOiHErara FRsentpd. fhhogiEbe prdegon st Mirempisriglseisted 1t han
the CTE of tﬁe%gg\gfgl%'rt:%l@gaﬁ% g%&{l%eldr @k Pﬁ@@g&nmtﬂust}?ﬂnﬁﬂt {;I&?th%?m&aﬂl%te\ﬂaisl tend

to be conpresse ng Ing o evice, a I's conpressi on nay
cause wr i nkhiaggbofus¢d)einddimgnbombiaatiddsr oH ghe dbolomnlisted rmasridlh endmrpghent s
cool, the nmenbrane iis then dra ack to its. original configuration. As an
illustréti v@a&w&}ﬁp%@w%ﬁgw%ﬁ%ﬁ%pep?%a1%%@%own 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 which typically has a different conposition than

nmenbrane 46, then the nenbrane 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 .02|1.0f 65 32 0.6 1.5
Type 304
Stainless
(UNS
S30400) 17.3  ].05{1.5{ 9.0/ 19.0 Bal |0.5

37



wi |

conpr essi ve
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forces w il

be inparted to the nenbrane fromfranme 230, and
t hese forwessmegr76 produce winkles in the nenbrane.
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then the frame wll
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cracks [aPBUSSt  Slel ectivﬁa flor |hydrogen ggs and | nstiead |al | pw any qf \he
conpong f the m xed gas %;treamtp pass theretd. During repeatle
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t end t dAISICYypese i n size, theneby|furltherl degrefasi rig tFpe purity df the
hydr ogees T Stathlesor| per neate,| stream It shoul d be f lother underjstodd {hat
these wriung$ es naly be caused by forces inparted to |the neni rang f riom
porti ongs@fssydevijce (4@ thag 1onbatb1 bheo stentyiase directl y, | and! shijols
accor dijpgh f ed 10 ag menbrgne-¢ont act{ing (por{ions or
struct )rti ons ot the dgvice 265 that do npt cpntact|{the
menbr an X plansi or icoolling inparty forceps at |are
transm he AERD ;E?v E;ng Egg of nent,t.tag.e egm"*t' et *gaet r e
i ncl uddﬁlfcpmi@éﬂor ot her nounts 52| and| sugports 54 upon |whi th the |mehbrane
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not actNab6éGi)secur etB.@5 onhler wicde| Adlnt ed t her ebn. |EXaMpl es 186! pbijti pns of
devi ce Bloddl ebbat| may, at [east iph sope gnbodi nents, irnpart
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or ot he (%%&grﬁog for the fenprane, |and| in |embddi pentls of

IN08800) 144 [.05/0.8) 32.5 0.4/ 0.4 0.4]46.00.5

Nimonic

Alloy 901

(UNS

N09901) 13.5 (.05 42.51 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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35 WD 03/026776 PCT/US02/ 09351 device 10 that include a plurality of
menbr anes, between adj acent franmes or other supports or nounts for the
menbr aneswo@@2&@ppr oach t o guardi ng agai nst nmenbrane fai | ®CE/HOB09361
differences in CTE between the nenbranes and adj oi ni ng structural

conponents is to plac 5 def.ormabl e gaskets between_ t he nenbrane_and any
conponent of device 1&%%&8 e R g » e Al B ecinthat allovs jurh @8 dape

stiffness ofplitiRkiEl d FRABY SHOTRIERTENCihaPlre WiEh %plfo‘ihﬁﬁélgtﬁﬁto@e

menbrane that may wi n nbrane. For exanple, In
46 is shovmthsﬁiﬁﬁlmﬁﬁé@%taméédoﬁeéédo phdtﬂ’gp%m%dambsme@avgﬁﬂﬁs 1236,

bot h of whi be f d Le material. In such an 10
enbodi nent ‘g‘?Yda% m fcé)c{@ﬁ”&’é'q ?{ﬁant @ def or mabl e gaskets buffer, or
absorb, at least a STS”]his‘txﬁ%am%tsbl‘éBn&f of MBteFARRHBS Shryayidl tHoSBE |0

forces that otherw se woul d exerted upon nenbrane 46. |In enbodi nents
where eit heﬁhemartmlan nefmbrhes belﬁg anehs canvdergt mitsriakdr nfenghrene él@that rhaebae

I I b ded
e 2L o bR SBBGhL  CRARE D8R 55 BePance

confi gur at i @anuRAnhé BMENERhnd IncohelSEOf Aloge Bhve GTENs tHATBEARE, dbdiffer FaHH)t ed on
a plate 242 that has a thickness and/or corrp05| tion that may exert t he

above- descr et Thr phithe meenelerpg by O0dr H@ﬁﬁ{)ﬁessﬁiﬂl@nﬂﬂi%@;ﬁam@en@ﬁm@fﬁea46 or
when suppor G 0N e
pr essurfetf t%leérrlé 2 hQQ{ﬁg%dc{“Ed; fsl? e4$ {é‘%ﬂ”ag ggaggeﬁgﬁafﬁif a?bg‘% t? Pto{(\)a

al ternati veﬂoythb)teoﬂihedqenmrm @ tidt itleaMoysl atnlﬂelnbcbrfee 601 alltw hmmmaﬁeshat may be
increased by forming conponents of %gvi ce 10 that otherwi se woul d i npart

wrinkl i ng f8FcEEhinaIRIERFMaEhE 17 fyt O%Ee%fsm?eme g h A n8e 4Bustradive
material s }’ﬂlpr'% oft ﬁ%&l@%ﬁ%’d%ﬂt e t§lﬁgE 19%0f $héal lg{]s behet Bn flﬁst&l%p@@t erial

or materials rane 46 1s orrre exanpl e, e 304
st ai nl ess shlee]oykﬂm andCiHE Dypel F0(B seried dlfthmnteiaﬁstes]t dlcrylsehaye Bk thasara CTE

of 16.0 Acco T 4 stainless el as a CIE at |

appr oxi Iat eWiF é}g gﬁ\fé]é‘? g‘l&%t?fg the mpehibrgie, gy @@ ﬁﬁﬂoﬁli‘i@e@ﬁ@rﬁ%@nﬁégs
steel has #d3fd balnlds s@é%ll) LASydRAR ETE% &%@ﬁieeﬁvnhﬂlaﬂ"/ 8@ihc0f TEGIAREU.
This does not nean that these materials nay not be used to formthe

vari ous suplmgmfomeframss 30 pI at es shells and the |ike di scussed herein.

However, in sone enbogxamp

nbr ane

o? 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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invention, it may be desirable to format |east sonme of these conponents
froma mterial that has a CTE that is the sane as or nore simlar to that
of the nawermabe7ié om whi ch menbrane 46 is formed. More speritfSovedssy, it
may be desirable to have a CTE 36 WD 03/026776 PCT/ US02/ 09351 that is the
same as the CTE of the material fromwhich nenbrane 46 is fornmed, or a

mat erial t heANBFASEASEE MRBPCTSISYGh: 4 MORDEE| LE) EYrbminemet fomeadrecRl t he
material frpminnGhebe IRMBIARE GPiSwiR!EE I ntiflr 85 ildtleifle Bl 2%
5% 10% or 15% Expressed another way, 1n at |east sone enbodlnents, it
may be desi frainl e thatefidr timat deesSnotehivreaoe ob ihastlectgd FOFEisonas aitilloddweher

el ements of.the device froma material or terials have CTE that .is

W thin 1. 2, S exghple,gha T sgieat rrelibes T 4oy &5 JPricch SOBTE HRERH W ch
menbr anes 46pdvindiont &AShe Selsle@nt TR WiftOtHEEfhemMRiRIdoRlRtNA thédtberOBEingl the
above conpositions and/or CTE's relative to the CTE of nenbrane 46 nay be
referred t ofomecéifonasmateviahthabédees abt hdve onelof thecsdleCER STHst ¢ie.n t he cont ext

of this 10 disclosurg. In the follow ng tabl .e |l ary, all ays apd their
Cor r esponding CTE o BhePBo b Penet Ay s X aST pRtvSpdarEbhs o the
under st ood &ilppbrttthe Hmt eufficht Istiffhed th Raudeh@rifigkd MMHRIMEABIReAd @Y G¢i ded
for purposes of illustration, and that other materials nay be used,

i ncl udi ng chapndayrlingsanstotherantsadesuses of e prsifierticn devigeds be fgniedrirom 8

' MM [ f f l.nyvent | Tabl e, 1 All
e o MR RS D0y RAECEepe ) o AT 41 o
Fe S Pd- 4@teenldh@tudned, whidh i siNon MOB408). 131 illgitathretmbddimdnt 2tHe

Monel 401 (UNS NO04401) 13.7 .05 2.Q 42 54 0.5 Mbonel 405
screen structure 1s adapted to be positioned between a pair of membranes 46, and the

screen structure includes a pair of outer, or membrane-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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(UNS N04405) 13.7 .021.5 65 32 2.0 Monel 500 (UNS NO5500) 13.7 .021.0 65
32 0.6 1.5 Type 304 Stainless (UNS S30400) 17.3 .051.5 9.0 19.0 Bal 0.5
37 D 03/WPeB3ME7TRCT/ US02/ 09351 Type 316 Stainless (UNS PE3MG00)9336. 0 . 05
1.5 12.0 17.0 2.5 Bal 0.5 Type 3105 Stainless (UNS S31008) 15 9 .05 1.5
20.5 25.0 Bal 1.1 Type 330 Stginiess (UNS NO8330) 14.4 .0 5 35.5 18.5
Bal 1.1 Al S}ayﬁ‘;}ﬁ%ﬂf}mu@? aSefond dayer pREsC mé@qrs meg %6 %116 1 WhIC Gn‘t‘)’ 12%’661 20.5

3.012.5 1.0 c%stNr%cQo@hké BGERERBE: 41d\¥na MRER QQ%en&s? geherdlfy pRalRll iR fBsO

I nconel 601
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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N06601) 13.75 .05 60.5 23.0 0.5 1.35 14.1 Inconel 625 (UNS NO6625) 12.8
.05 61.0 21.5 9.0 3.6 0.2 0.2 2.5 Incoloy 800 (UNS NO8800) 14.4 .05 0.8
32.5 0.4 WO43026476¢6.0 0.5 Nimonic All oy 901 (UNS NO990PrLTABIL0938E 42.5

12.5 6.0 2.7 36.2 Hastelloy X (UNS N06002) 13.3 .15 49.0 22.0 1.5 9.0 0.6
2 15.8 Inconel 7 NS NO7718). 13.0 0552519030510905185
Haynes 230 %Nsonq\%séj@ya@zwwa@u&g gefegristorkg Bynjcallyp hydrogemgas wall fammn gp
03/026776 &;g%w? & a SIMLlRS RRGY 6 (Y RAIRLHO fRflcRPP EakIl hal
al | oys such pe 3% stallibﬁf%sse%te ar% ncotggy OalfgIE RavecCT %at are
W t hin apprpmcma;bel y 3% of the CTE of Pd40Cu, and Monel 400 and Types 31
CS stainless steel have CIE's that deviate fr | ess

mthe CTE, of P
than 7% 5 To illustrat e ﬁaqceﬁswéfr@&pée g Aniypd At aFqa 54%{91155?9% h the

CTE of 4§ heopandchatiias. n@fmﬁ&e 0P QiMb14 $8Lhakine 68L& sfeaﬁleféf@émlhgrand
menbrane 46 that has a coefficient of thermal expansion of . C

From t he abewtethembilgeformingain which sefermingaataiysts avpnssd tammdun@byd;bg@ogasal | oys

h CTE' s t.hat d t ffer fr rrbrane
ot G Ae. TR Aoebt Snamacofiihintna o e eSS 5 R o5 4
n m C. Hast ghitad¥e ¥cdBsmidnE e bRRfuckel hRESEMASas 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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to that of the nenbrane, and that the Mnel and Inconel 601 alloys have
CTE's that are within approximately 1% of the CTE of the nenbrane. O the
i1l ustratwoe3oesadpl e of materials listed in the table, alpcTafSor/mssal |l oys
ot her than Hastelloy X, Incoloy 800 and the Type 300 series of stainless
steel alloys_haye s that, are 15 wi.thin 2% of the CTE of the penbrane,
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CTE's will vary depend®discusses upkprpeasserciiOas aay Apisble deyiceghat nredineanes 46.
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selected CTE's, etc. In sonme enbodinments, it nmay be sufficient for only the
portions of the Feed stream 316 may be delivered to fuel processor 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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support that have sufficient stiffness to cause winkles in the nmenbranes
during the thermal cycling and other intended uses of the purification
devi ce t owbasfogrned froma 10 material havi ng one of the PETASVBWIETE s. As
an illustrative exanple, consider screen structure 210, which is shown in
Fig. 32. Inthe illustrative enbodinent, the screen structure is adapted
to be positioned bet V\éérg@eﬁélb’rln@ﬁatﬁ%ﬁﬁ%@sFl&G@ dhel nregessa A08dncludasiet ur e

| ncludes 2 Ralio,0f UL &Ly QEEDLANG SOMLACL 0a3CHES0 HRIREN Srop ¥eq AN

an i nner screen‘ne at "does no anes

Typically, butamalcexcAdidiseassyd, bhearett of differan pmmmslnaydaef ofilied frr om a
material that is less stiff and often nore fine than the inner screen
menber , wm SHAROLRRBradycing £¢gios. AP foRampiendl Hicheh PEQSSSSsiSy Steay SEPFHRLi Bh. 1 n

such an ggﬂ Feftbio 1418 lhgmggsﬁ Sehf98 dat 31?,@ pﬁfeﬁ%ﬂwq gzoﬂ@fze“ al

havi ng one e~selecte suc an oy t I nc ni ckel
and copper, nsaygirodscelieatn, 24vby hutbﬂhenmltreformhr@ﬁnwhﬁ:hrma@mgsorbﬂmgclﬁldcmd

from conventional, stajnless stee| uch as 304 or tal nI ess
St o6 Such 8B A hERALIETEIGS SUREY I dhe SRROR Ok A elaE SR B
menbr ane- conf;acd gébgst%éfne?@ nfagrm{ bM B fol: Es ﬁlPéiBnHAtE fsﬁféa?mf RFaBS, %E of

menbrane 46 nore"than th of the material from which the i nner screen
menber is ffioalpeckessis 1da@mmb®cproﬂmmubstanmatﬂyl pureg hgdrogen Bas atlcﬂmevgt:mpee of

the in tionth I th nber b d f [
that 1 naPuddeetiake s ST aSBEro: NolRRdaoBREReS B RER REt o Phibhavi ng
one of the sahRRéESH thd; Eregentmeﬁng@rsabgtamw@rpuaé ﬁyurageh %%@@Qﬂ@hﬂeﬁdmh@o%

supports that 'i ncl ude nore han one screen nenb but which only
support one pm@r@fﬁr@blmﬁm!‘eﬁaﬁr%% DPBYfel TVITe nrqf@ﬁbluyeﬁé@e& api99% purey prd

SUPPO TRY | B b BY 0530 005ACHRT HANBI A SRUAEMIBIRSLSRLY

whi ch may have' & fuc e a scr ayer engages

and ext ends 2@ HR6lssél inl Tk tPatert NstGIR1,Bl7, @;@mﬂmgm sf Paﬁeh‘eAbﬁE@tlofl Sehial
menbr ane, but tﬁ |caIIy does not jtself provide sufficient support to t he

menbr and> whé‘ﬁ’ ORS03:361 5 Whigh v@p fidpdhqucidarch 8y Pe%ls apd segtitledy | W’?? fieagessppand
support &Qeﬂél Qﬁbﬂ@lfgscyoﬁf%%ﬁﬁ% %Re ]Saﬁiéw ahd bR TN6! PQ:@maA@ﬁfc% layer

or second scCreen ne ave a “construction e SCreen
menber 216 asledalvmo d]9/2ﬁ>2t@9dwhghnwsaﬂlbcy opMaxbh &9, 20011 &el 1§ ientstied ‘Fhydevgebut on

e oPpoSTt & B Bl ey b Sl oIS IR0, it o 2gegnd over
structure t h@fnc%%rated 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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5 sufficient strength, or stiffness, to support the nenbrane when in use.
When such a construction is utilized, it may (but is not required to be)
i npl enentwo 08i02477¢ he second |ayer, or screen nenber to becrarsewb3sr om an
al l oy of nickel and copper, such as Monel, or another material having a
selected CTE, and with the nenbrane-contacting. |la or screen er

, er,, ,
?ﬁi ng Lgr melBorf exsmpde. necneenteatiopa it dgssatharr 250 garban s digyide mayPe GCEWIADEE of
e nmenbra eat er . heno i f i t
A e Aot
descri bed apgfeiang pfefemedcdricont aiona berles thath3@ ppine 3t shouldibeainddistaed thatl oy of

ni ckel and copper. Anot her exanple of exenpl ary configuratj.ons, a .device

10 may havethg aceeptahlp gnisiHEmRHFRTEntEELO8Y é’ﬁ??g%‘)t@g %é‘?%&%gﬁqua’é‘ﬁ% e}ﬁlg?lg% 60 of
the enclosure, B Qe AlaridlR oo fioraRfl{cMaRsE ndly HEIRd SHPRATWALGA.  The
nount s and/ or e supports nay be forrmed froma matérial having one of the
sel ect ed CTfHesSscof bf kier pyeseratinvensisn. &or parmplen pafticalat ueers 08 Mpuiaghgpsas one

or both of end plates. 60 or shel] 62, nay, be orned from i havi n
one of the B@YdequEre BIEIYM Q’Omaﬁlr%%88?@?@0%36"8%5@5@%66 tﬁ%%f&%&%ﬁer e ’
are corrponeﬂ}aﬁtfpgsetﬁ@lﬁﬁg?%&gl_that do not directly contact nenbrane 46,
these conponents may still be forned froma nmaterial having one of the
sel ected CTE's. For eRapione}4Sainpludes emy ewitabld piresturefer 5300w or redyeisas one

or both of end plates. 60 _.or shell. 62 he f f L

"ncl udi Hy ofle wRediaian yee TSt SThpoTtms 1t SHET 34, Toh S ap; fhine

sel ected CT g'ro?iul’:t%%ﬂn\&@ idtended goiGldE ik PHME filsicell stk br otenddvide thainbitldree 46
is forned even though these portions do not directly contact

A hydrogen piam'ggddcsft fhen steeam centpmISc BIOER (s defeHpingd fOREEIGHUPRE © rcé"rgjg’nﬁte e
invention may be..coupled to, .or .| lul eloputiel ' | f
i npure  hyd JeRidG X .C?%?grfﬁ?)ggé’ol* H}a%ebge&ggurcesh?ﬁ% eﬁdgéggsgglws?g?lgggwnce °
devi ces, sughapst Bydrisde Idbes(s canebrisr esbar inewxidenksl cabon hexidountse i s

an appar at us t hat d Jbypr.od , h
of a5 s oG sy argoRo el Wigh Bl mobebuaedar E fiet SR aEHE: PR o
fuel pr Oceszg%r%,& é‘%ﬂ gfalgaﬁoLiﬁglqu Eﬁcﬁhé}’hyﬁﬂgﬁ%@ré&cﬁ@regféﬁ@ﬂ?sﬂcﬁ%ﬁ ah&hadapt ed

to produce stream contal ni'ng rogen gas fromat 41 WO
03/ 026776 PeibkiEag/coQBs1bed, éastnverteny aetkbasted dendsiockindd hydiggen gaseds sudk.

Typically, hydrogen gas.w || . .
yP Y a%/l emb%dimgnt, itv\lds preffel%l:bffe;| %at the second reforming catalyst bed is 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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majority or at |east a substantial portion of the m xed gas stream produced
by a fuel processor. A fuel processor may produce m xed gas stream 24

t hrough aweasioad7ye 5 of nechani sns. Exanpl es of suitabl e meahso/essst i ncl ude
steamreform ng and autothermal reformng, in which reform ng catal ysts

are used to produce hydrogen gas froma feed stream containi a

car bon- contPWiding ¥ pretestive RuARre#Rdgeduces Hisrheatipg %F@O?étgﬁ g‘fﬁ? g’ff’sceffs(%

pr oduci ng ' ' tdsG u@rSuealz 19k gat i on
of a car bo%egéﬁﬁggﬁen?cﬁgp%gﬁs%? ?&%E%X%?%rﬁﬂ agﬁﬂ%héeﬁ %‘Sgde% st r_ga_m doe.és;'}alo not
cont ai n watiaft.doSt inbt nedesdafiey, incidabiselating meatérian388; syphoabue solgl Mpdlatigen gas

i | ectrol ysis, wh t he, f eedst i ter. | f
ui table. canparial Blksh g EoRaEt Sk RS o ALTHIR ST el "BHER RPCrsB& Pbon or
al cohol -5955%%311%%?&, ?(&wvteﬁ%ﬁ HY QGRS rhaiChe AR tiaAL 2 MoRSAE S

nat ur al I ese eroséne, gasoline and the |ike. Exanples of suitable
al cohol s i nghellde Wiemhfrebdlproeesstani)0, imhdles issylaingomateriol 333 atheetiisyloing

gl ycol and propy) ene gl.ycol ogen rification,deyhce .10. dto
receive ni x’@ate&éllsméi’ affera tﬁ‘? %‘f;e 5 aﬁ)gl?eogbe s SF PP sm\?ﬁ t%%h@?f%ﬁ%gal ly
in Fig. 40 A85haWVaxiehe 4 Wedll coRemaRS e hSov@aesaldlyrdinidiitgt apamtios00,
and t he con%ll nation of a fuel processor and a hédrogen purification device

may be ref emrdéot palishingaregions, fhedvelspiongssey srpnugber. inglida| WO eoGRYSF T dashed
lines at 42, is a heati,ng assenbly, which as discussed provides heat to
devi ce ilQ) aﬁ8€%§gfr§igle§n§)§%f°&y of forms. Fuel processor 300 nay take any

of the forns di scusseg igfgyier withif tigpdtopéalol Yhd inveigionathet dieadr moteyolf thgen
purification device according to the present inventi og érr}g%{ al so recgi ve
m xed gas seamepenen@ Girfyeh prosessea0bmaE citharagktend briong the sl or blpeated o 44

0 00 IOV baG D e TSTBNCR Y 8P cldhpie! hiedl 19!mdD0xRAd AncAPRARANYS 1 hat

produces m as stream 24 as a ypro t streamin'the Course
of produci ngeyandishéleBentasindidated iisFigedm 3GGmothes kxampleagnd3dstschématsdadyl d be

nder st ood that the schematic repre ti f fuel 300. i
moant 1651 ntliGecAmy P Sboroipbae eath g Hednriests BLALE BRoe Pryshy
systens, aipegle)] e%[ﬁ‘r]pﬁﬁfcﬁﬁ%{%oﬂ FOU st RYPTHFRI0F Bie BF mBHPRFJrBSne Gltalyst30

Fuel processors are often ated at el evated tenperatures and/ or
pressures. Balsinragentand beyomihe Beelldesi rable to at | east partially integrate

hydrogen purification device . 1Q wt uel procgssor 300 to
havi ng devi ce 10 and &Fu@ﬂlcﬁwgcgjé’g&r Eﬁ?@é’f%%ﬁ??éc@d“wa%% %%’r%]%fefﬁgﬁgr
transportat of,caNALh kEearAB4e5@PRIdACt 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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42 WD 03/026776 PCT/US02/09351 of such a configuration is shown in Fig.
42, in which the fuel processor includes a shell or housing 312, which
devi ce 10wbamsnss7a6 porti on of and/or extends at |east par®calusyg2/oe3shin. I n
such a configuration, fuel processor 300 may be described as i ncluding
device 10. Integrating the fuel processor or other source of m xed &as 5

stream 24 ietisfyhidrengtay gamendse &1 pligbirad ofpan Aspcided FRFTELGPRVDITE e
. | H 1
more easi yde,v%‘é}éggi 213“8 HOL &xa{%@eﬁfgﬁ@eﬁﬁﬁﬁﬁfugg, fikt Shodl AEERSRRtd to,

conponent s, evice eate a comon heating assenbly
and/ or for Atmdteasthisaetativaial alehictd, Hdag tdoéstlighgs roeqglightimgessssmbliesdevi ce
10 be to satisfied by heat generated by processor .3Q0. As?#ji scussed, fuel
processor J@pliptcesntFuehyiasapi Eo‘éfé]@/‘?lge"‘f 1 ) PRIIABES) 4100559 ,ngnégg Stream

cont ainisng Ay drageR; A2 SauBiin! 8T 30! shofidTinkCn@idsiosd r@AMdchRE 3EDMBAI NS 2
maj ority of hydrogen gag. or “‘purposes of illustration, the foll ow ng

di scussi on shthatitedigrillieratedein Figoteasbis BEMT 4 rdpa¢sent enfaqn BT &ViCESl ve a
feed stream 316 containing a carhon-contai ni f.eedst oc 14 a er
320, as shokilestiprrpg deyises thah\arg ?PQF‘E(%? éﬁ‘W t%%ﬁn‘f t%r%%to%g%ofhet ﬁ%l ;@%@enti on
that the fungéteH{ 0CSRAT 3 CtARRY typRkBy Laclalfe mfl@slesfucRselly feibiad ecketizpve,

e

and that f stream 316 may have other conpositions, such as containing
only a car bestweantanmon gné eédest ¥k whichorinjaipdiued delivepdremavpbegndsits @ty be

delivered tq fuel process ia any.sui | ' j f eed

stream 16 ﬁ?“@ﬁo aIﬂA?? igsuig&e &ﬁ% %eﬁyérhcgﬁ%?rﬁgmn%%g%ggﬁg%% taﬁg?gﬁ rrlglg e than
one stream ZL6 HBY 1RE alka8Ae T dellat HuRpsell Stackan may redfve alitai protié same
or different conponents. Wen the carbon-containi aﬁ

) fefdstock 318 i{?&ﬁ
m sci bl e wi bydroganestreami?d 4 Sesrwell of streamdEhmay addiiopalle gr aiteTRAETRY: Rt er
conponent f.feed strear 6 h ' ' -colign ,
car bon- cont g?lﬁfieﬁg’ i éaeasﬁlg?(%@% (foél a‘.gl%ﬁc’gzt}sgpgmglr" ﬂ%ﬁ:ﬂ s‘igf% ﬁ? 'y mn% Ig? (t))cleg,s wth
wat er, thespu@ediReFesltos hadteort stered &rlyter ol i vered to fuel processor 300 in

separate streanms, such as shown in dasggd rigﬁs in 25 Fig. 42. In Fig. 42,
feed stteam 316 i s shown being d c processor 300 by a feed
stream del i very syste . i ﬁyﬁﬁ%{%{ deRfcksldesm nSUbddEha
mechani sm devi ce, or%gﬁé?/%lgﬁ o\é/@ﬁ%reof that delivers the feed streamto
fuel procepseessBRysienrs aex appiiceble it éhediabl weesssing sné pthenjndusigics deWhbisk or

nore punps that deliver the conponents of stream 316 from a supply.
Addi ti onal | hydragensgasds Rradieed %P,d/r%élt@?%ﬁem 317 may include a val ve assenbly

adapted to regul ate t hesfla¥eafihithBe disclosure set forth above encompasses multiple

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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conponents from a pressurized supply. The supplies may be | ocated external
of the fuel cell system or may be contained within or adjacent the
system MNOWRO3NO26776 PCT/ US02/ 09351 As general ly indi eardasozo9ssL2 in
Fig. 42, fuel processor 300 includes a hydrogen-produci ng region in which
m xed gas stream 24 is produced fromfeed stream 316. As discussed, a

vari ety of uilatedmpplicasionc eSushsamenfiedor gy ichagns,i Whethsrathsy ee gredetithg
region. An e C . i or. i; i egi on
519 1 ol ude STVRY O P ArBHAT RSNt RadbAROLERD WG diftaent e 0
produce str aamwér deqasltiatsbegendlthe efigina olgms arewlioachgardskayiegided Bithin

i ncludes an autothermal reform npg catalyst. |.n_the context of a steam or
aut ot her nal tWﬁbm?“ermfﬁW%%l%Pg%p?%e% SiPe-be referred to as a
reformatg 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. 09/802, 361, which was filed
on March 8, 2001, and is entitled "Fuel Processor and Systens and Devi ces
Cont ai ni ng the Sane," and pending U S. Patent Application Serial No.

09/ 812, 499, which was filed on March 19, 2001, and is entitled "Hydrogen-
Sel ective Metal Menbrane Modul es and Method of Form ng the Sane," each of
which 1is incorporated by reference inits entirety for all purposes. 20
Fuel processor 300 may, but does not necessarily, further include a
pol i shing 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 renoving,

sel ected conpositions therein. In Fig. 42, the resulting streamis
indicated at 314 and nmay 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 forns product hydrogen stream
314. For exanple, when stream 34 is intended for use in a fuel cell stack
conpositions that nay danage the fuel cell stack, such as carbon nonoxi de
and carbon di oxi de, may be
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removed fromthe hydrogen-rich stream if necessary. The concentration of
carbon 30 nonoxi de should be |less than 10 ppm (parts per mllion) to
prevent tWwe osoere®l system fromisolating the fuel cell eCaakso2/esef erably,
the systemlimts the concentration of carbon nonoxide to |less than 5 ppm
and even nore preferably, to less than 1 ppm The concentration of carbon
di oxi de mayWIeChiAdM:er than that of carbon nonoxide. 44 WO 03/026776

PCT/ US02/ 09351 For exanple, concentrations of |ess than 25% carbon di oxi de
may be acceptable. Preferably, the concentration is |less than 10% even
more preferably, |ess]thanAlfel préspee) @niprisprgef erred concentrations are

| ess than 50 ppm It should be understood that kK the acce tggjte m nag{).lm

concentrations present 8idegeEPrrdasiag reI0R pAAREY L0 ESCEHYS| Beed SUEAY AP
concentration el & 604 h &8 2RRWBIHRE gHee8 Grodm ¢hedfe@d W t hi n
t he scope o?m?%% %rﬁ{é)ééed]ng&i #&gﬁt?ogl?\ﬁegrh%g&d}ﬁp%, aparti cgl ar users or

manuf act ur edtfeamg®y require m ni mum or nmaxi mum concentration | evels or

ranges that are different than those identified herein. Regi 3

i ncl udes any suitabl e? §?Raﬁ%tt%l€g]i°8rad?1étﬁg ? AEFE° ?tgaa(? iarPé)m(fgofﬁjg Hiiked

concentrati ?{ﬂ; Heahlend ecbﬁg?r%ﬁgcecﬁm i20APdroPerbtitie atredft . confiniay afplesst When
e

the product streamis I nded for use in a PEMfuel cell stack or other
devi ce t hat subistahtiiiéy hylrogepeghs,] wharkie the separaiion neg@heORIEEst han det er mi ned

concentrations of carbon nonoxjde o ar bon .di oxi i, ] siLabl e
to include at |east one rre?%?ﬁ?i]toflgﬁ Je@if% g™ egnc?'lgzgumpagg%ﬁgﬁ 5%§vﬂg%ts
carbon nmonoyd&uandn@addion daaxiode inpaopdh fRelnevhioid avaiiesd, ghotstreafi whi ch
wi |l not danage a PEM fuel cell stack. Polishing region 3 al so

8 ma
i ncl ude anotdrdainimgdrydiegen gae tudslifered sy thsrengsures afdprsh NG RO P8 ni ng
catal yst bed, to conyvert any unre . | 1 . ROBR .oadsN such
an enbodi me ?ug%tWﬁlgxﬁr%ef%l?%tﬁIsee%lﬁg%&tq}%ﬁig@tg%g Ig}lfés?%?ﬁh%g’hcat alrgget'§1 $ed is
upstream f{gembhel Femhasatdledurs ahdbylsist bae bggrodsct matput pont dironghoshick acar bon

di oxi de or carbon 20 nonoxi de downstream of the nethanat.ion, catal yst bed.
St eam r ef or hepredug) pstesam gorpming at dgast énﬁ@@ﬁ’?ﬂgegglﬁnt?ﬁhﬁaﬂ@g @FS‘%ZEO C

and 700 C  and.ah @5&5@3 reﬁao-kﬁ}e,t DBelcANaR ﬁ’%dré&npﬁéh 8chnd ORPudRs i at 18dst Rough
t enperaturesTout’side of thrs range are within the scope of the invention,
such as depeéitidhnd thisepmedte speant;i cul ar type and configuration of fuel
processor being used. 25 Any suyitabl eati ng mechanism devi ¢ be
used to provide this heat, ag @gﬁro&gn—agepuve mgnbrane w1tﬁ1n (%fle compa?tn%}/,

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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heat er, burner, conbustion catalyst, or the |like. The heating assenbly may
be external the fuel processor or may forma conbustion chanber that forns
part of tWwe o3foelé processor. The fuel for the heating ass@airiusomesssbe

provi ded by the fuel processing or fuel cell system by an external

source, or both. 30 In Fig. fuel processor 300 is shown ingluding a
shell 312 in which the ab@b@ @@SENCB@GT Anplarent.s WA i éP?]@GlemSng I

312, which gl 2., Qﬁ@ﬁmr 8F ecflé elgelrngraﬁg cﬁnﬂa&'lﬂ‘fé %Pucﬁfha% esithilesoorgpoment s of

the fuel processor ed as 0 protects the conponents
of the fuel ceuthciestsef thefngdh eﬁtpmgm bﬁ/theékﬁeﬂﬂ))aﬁéi/ ArleaptenFGT MiBoR 205 the

providing a protective enclosure and reduces the heating demand.of 1he fuel
processor BR&‘HciSH efHBomRAhsERRIOR f the prerpby eﬁPﬁ&%@% Hﬁﬂ}a Hglﬁ‘ttg as a
uni t. shell ?‘&1% g?ﬁf' enpblittng%aﬁﬁ e?ﬂinsf&ﬁ%?%l?@rhbﬁlﬁranbml ude i nsul at' ng materi al

333, such as irnsulating " material, blanket insulating material, or
an air- fllled cavity. It is within the scope of 5 the invention, hovvever,

fuel processor 300 1 nel udedhs b HOHE e lor Fith Qs?ieﬁe?fﬁfl%é’a?@i%eﬁléw}en
materi al may,ha. élgﬁl'isnéﬂ of A€ n%ﬂ%rbne-é‘di‘ft&&lﬂ@'strﬁ&ﬁreﬂ@idtes foom bied bbefi¥ien t he

insulating materi I's external a shell containing the above-descri bed
reformng, ofgrratl @tpanannibérthq)membmm}r aginens tharheppropimaitn d d98/sY Gray
further include an over

furthor i ¢ AoRAEeOE B @Rt il spp B BRI R A AL el AR Pt 9y 1€ 1S

conponent s gf)lﬁdll@khaﬁra?ﬁﬁgﬁﬁéte@m [RYmeCt her extend beyond the shell or be
| ocated external at [east shell 312. For exanple, device 10 nmay extend at

| east partially beyond shell 312, as indicated in Fig. 41. As another
exanpl e, and as schemgt Caé[? dléﬂogésts&atoqdclaﬂn':' g. w 2einP@le SHéABah&9i ON
an

348 may be external shell a portion rogen- produci ng
region 312 contedtings sﬂﬁdfttlteo has of coBEficdent mof ehasrefabrmpagsmatthhtyss ledsedlsin may
extend beyond the shel]. As |ndicated ove, fuel processor 300 may be

adapted to déIwaEY°C sfesdenthan & MEY™ESm 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 as5a fudhecéidl pmsb%mr ofﬁnc@narrﬂl, ewhdreins ilech raersyrenem i s

h ically il r n Fi f
schematica cgntactgnlés tstr\?cttl?r% flas a c%efﬁment or} tlerma gxpalrjls?lon Ctﬁat 1ssfesCl%han the

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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generally indicated at 322. The fuel cell stack is adapted to produce an
electric current fromthe portion of product hydrogen stream 314 delivered
thereto. woolz726 il |l ustrated enbodi nent, a single fuel pcoaseze3sB00 and
a single fuel cell stack 322 are shown and described, however, it should

be understood that nobre than one of either. or., both of.tgﬁfe C nggnents may
be used. It should al%o beThendieal sprosersehff ¢AEscl. WhFHSEN&M &M béeEn

schematically il]ustrated and . cell system nmay include

addi ti onal %%%%41% HHY ra@?%‘gﬁrﬁg‘%‘m@%@éu&w&auy illustrated in the figures,
such 30 as feed punps, air delivery systens, heat exchangers, heating
assenblies and the like. Fuel cell 'stack 322 contai.ns, at Ieﬁst one, and

typically multiple, fifsl Beq fuel pracesspst olaelam da el oy BEHYE e M ect ri ¢

current fromth ' SRS S &ase 314 delivered
t hereto. TﬁP?zgfgcﬁ%%g&%6§é5%$ﬁﬁ£€£ e used to 46gV[)03/026776

PCT/ US02/ 09351 satisfy the energy demands, or applied |oad, of an
associ at ed energy-consum n device 325. ILlustrative exanples Vi ces
325 include, but shoulld nothdheUfl rﬂr?fé?asqrof* alm)ta%r “5’85?1%?@? eegIrbé%}%i onal
vehi cl €, b0afuadliflsfucitdRbfals ool AGpias 96 BoLitien the aRaltranceEhibstien as a
househol d or other appliance), household, signaling or 5 comunication

equi prent, @ictosutet shoul d be understood that device 325 is schematically
illustrated in Fig. 43 and is neant to represent one or nore devices or

collection of devices that are adapted to draw electric current fromthe

fuel cell system A {ialel ¢gl fucBprRRKssby o dain y1,iwitedreideise mutbiapk éndludes cel | s
joined together between common end plates 323, which contain fluid

del i very/ r emperinetcomegipn enqd ot mponk nelusdps apkame et ippecyrd: pihe PegmCiEe| | s

i ncl ude proton e gggﬁgebnenbrane (PEM fuel cells and al kaline fuel cells.
Fuel cell sF@EW‘g §1F%%Eive all of product hydrogen stream 314. Sone
or all of stream 314 may additionally, or alternatively, be delivered, via

a suitable conduit, for use in another hydrogen-consum ng proce bur ned
for fuel or heat, or é%ore@h?d?dlﬁﬁﬁﬁmﬁ%@gci IH%U@@??EHgfb%Wpﬁzﬁv?ﬁﬁy The

i nvented hydr rifi i on devices, conponents and fuel processing
syst ens arep%%%ﬁgggﬁfég¥%ﬁ%he fuel processing and other industries in which

hydrogen gas is produced and/or utilized. It is believed that the

disclosure set forth ?E.OveT%Q Cf%gip %?gcggsoguétl IcI%%rr? 12, wherein the frame has a

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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20 distinct inventions with independent utility. Wile each of these

i nventions has been disclosed inits preferred form the specific
enbodi nenwe osleg7eeof as di scl osed and illustrated herei n ®Ca&/Us02/04361 be
considered in a limting sense as nunerous variations are possible. The

subject matter of the inventions includes all_ novel ~and non-agbvi Qus

conbi nations and subcbibi nEke Biekpierespieofdainplis vdicesi thegenpeate sdace of
functions d/or .25 properti h S i | Mhdear \glﬂﬁ;

claims recite™ brg?é)"sal f‘fornlgat%f Wgtllhet%(r%ﬁl%%g? ﬁ%tﬁgagaao\%kgn({ry?ﬁer eocfﬁ't,’tagﬁch

cl ai ms shoufugthbewh@dRrthe podich@fittchiidd gamsiosapotiat passes thfough¢haomembragesuch
el ements, neither requiring nor excluding two or nore such elenents. It is
bel i eved t haey pass thioppbiliefgPe9hi ns particularly point out certain 30

conbi nati ons and subconbi nations that are directed to one of the disclosed
inventions and are novel and non-obvious. Inventions enbodied in other
conbi nati ons and subt@nbi Tht fuzhpraetssbeaf cdries 1 8.fwinreindhemembeanens 8 fasid/ or

properties may be clainmed through anendnent of th resent .clains. or
present at i ohﬁ’%f’geﬁleiﬁl%Flé{P FRCMRTaR; Svhsrein tﬁ%?“\ﬁ%%’f?/ g‘f@’?%”@ﬁ??%@ﬁ?‘i?&gm
related apply{8fd0iechve InAMHANE thap hal ‘%V\éo‘éﬁi?éiéiﬁ ofWhehhe exphigionathet 14l atect ed

to a differentinvention or directed to the sanme i nvention, whether
di fferent, lasasstantiallr tewsameras chedirsi meshops, tofirshsutpegpdatet taibss, are

al so regarded as jpncluded wthi t he subject matter pf v | gns of
t he present Ccﬁ}t%‘?&?dogﬁ e H%X%‘ag%ﬂdqﬁ%%%é ?66 eige‘la’?t&%g%ﬁﬁ%&%&&él&%?ﬁ i . A
fuel  processgineaeOfRFcs| dtthe Ay HeRgRM @ URither Wvhgiean tikdapipeet exerndacei ve
a feed streamand to produce a m xed gas stream contai ni ng hydrog%?e&gas

and ot her gbstweer thenfitshend dwdsecend swmbranes dp defing aharveginghcodaihe
receive at |east a.portion of. th i . I
t herefrom a{q?ﬁpgaaetg-sﬁf% PO Ié%rr]ﬁ%%l? ﬁ%‘g? ﬁ}frg@a%kggg% ﬁﬂfiﬁ)glg%fgﬁc??gﬁéﬁiygas

hydr ogen gagyea@aepdiséstbrovghaicahbmbraneginap floonpr i ses: an encl osure
defining an internal conpartment, wherein the

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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encl osure includes at |east one input port through which a m xed gas stream
contai ni ng hydrogen gas is delivered to the enclosure, at |east one product
out put powO o3b7ough whi ch a perneate stream contai ni ng atPCirase2/09351
substantially pure hydrogen gas is renoved fromthe enclosure, and at

| east one byproduct output port through which a bhyproduct styeam
containing at |east a24ubsibabydipepopiiinition deyee Birhisradgaied do {"é opsratty ed

fromthe en le{e) S?egécet!ed ‘}gpm regdt oldtGt i%%f%@gr@ LAEh sélEétS@g}ésg\ﬁl: Wees bt 4epst

a
portion of Th ermne ream a hy gen-selective nenbrane wthin the
conpar t ment gnd wiiheinoluibe ah ytlogen-wich eatinteenaheatbleant ssubstsntallyofidfiflitighent  of
thermal expansion, a first surface adaBtgd to Ege cont act ed b¥h3i3§ m xed
gas stream CEMpBIREAL eonddipmgeat leasheng PYITORPIHERFIYS MrRIoraes Fale, and

s at | east (SRSEANSY dblotal RpRGb, HOWrAfld ih U ARH G JAIGARLIAEYE, and

copper, whereirn t permeate streamincludes a poftion of the m xed gas
st ream t hat inehsisea filst swditet ddapted do dgpecogaitaic by wemirsdbgasndreamocqnt@inpgr neat e

surface, and further erein the _byprodyct stream. ncludes a.porti of
The. m xed QBT ELE AN b e S RS idrs U ENE s gud i E8ialdo.
menbr ane; @éebqrafe@a{esmﬁ&a S RROI it ot RIrdpealRAEAret R, ReidHVConiRiERE ankaw t hi n

the enclosure, wherein the nmeans for supporting the hydrogen-selective
nermbr ane  witlistantialiehpivogasgaseni ndiichisst ieaptenatiallyefornet femi arprsen aEthgr e

o TR AR R

as or W thi gn@h bifeahct3npin)whRh e u 1&&%@%@%@%@&?@ @ ipeftionasf thdwaixedl
expansi on of the 'hydrogen-sel ective nenbrane, 49 WD 03/ 026776 .
PCT/ US02/ 0988s1stream thae dpesenotpase diyeegh B mpabrang, thaHBPe ¥meRk COBRRTRE| ent

of thermal expansion of. the - i SN =W Rigall % of
Phe oot i SeanisrRe ik mIpRRE RS KhddihehAniS i cEnhet WL B o’
wi t hi n 2% obné be thecont bi ehepérmahtet hefaoed oftpansmbranef antdhfurtrentyheres thend

further optionally within 1% of the coeffi.cient of .thermal .expansjon of
t he menbr anéevige iphees gideash ope BEdIans cogfagiing i@%@rlﬁF?PtgﬁéVlﬁb@F@? an nt of

thermal expgps ?19%%@&%%1&&%”?%&%31@ ORh A HhAOwBEHCIHAT & 168Y Ak &Rerhbrafie-t he

coefficient "0 rmal  expansion of the nenbrane by no nore than

appr oxi mat ekyntictingmtficture 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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and optionally by no nore than approximately 0.2 mini C, and further
optionally by no nore than approximately 0.1 mim C. 4. The fuel processor
of cl ai mWPE oadozd7@é N t he nmenbrane- contacting structure ha®ca/usorbéd3sci ent of
thermal expansion that is less than 16 gniniC and greater than 13 gm ni C
5. The fuel processor of claiml1l, wherein the nmenbrane- contactin
structure has a coef f3&i enfhedevigeatelaimedpaheresntbe gaelopure fueludes ﬁ%gru?fﬁe
coefficient of .perngll%%%@gﬁ%ie?n of the menbrane. 6. The fuel processor of
claimi, whErsHHEE ans I supporting the hydrogen-sel ective nmenbrane
is at | east substantially formed froman alloy that includes nickel and
copper. 7. The fuel processor of claim1l erein the neans for upporting
t he hydrogen-sel ecti v%g-nenﬂ%@@lqwfﬁlalme%&%ﬂ%’%a'éFn‘?niC%ﬂsFti‘aBtar?Qaﬂfc}eg’% one
or nore mat ey | havi fj.Ci 0 L@ {R&rnall €ss

t han t he c%(r'-:t @?leg’?ﬂaggoﬁﬁg%tngl {hg%glﬁsglso%pg%%gﬁ )ryg@n%rggfr?g%ehg&me fuel
processor ofxpahdomoflthe whienstione niventmarebr ane- contacting structure i s not
hydr ogen-sel ective. 50 WO 03/026776 PCT/US02/09351 9. The fuel processor
of claim1, wherein the nenbrane is nounted on the nmenbrane-contacting
structure. 10. The fug) pregesgQlicOfofClclim b4, WiBERID thbe allByhE@Rgrides | N
contact with but not nounted on the nenbrane-contacting structure. 11. The
fuel procesggproxdfmatlyiddnwi% oapperei n t he menbrane- contacting structure

i ncl udes a nount adapted to position the nenbrane within the enclosure.
12. The fuel processor of claim1l, wherein the nenbrane includes a

perineter region and the npEOteVies biigigsn a4f madeEntihaton with eduelqrotasihpe
perimeter region of the nenbrane. 13. The fuel processor of claim12,

wher ei n t heassemhiy thatrisgdapteddorre¢adye dfeed geeash and i praduceshe Migedk gas SUEB cessor
of claim 12the\r'\é+%r%9nei n the frame has a

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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coefficient of thermal expansion that is the sane as or |ess than the
coefficient of thermal expansion of the nenbrane. 15. The fuel processor
of cl ai mWP oadozd7@é N t he nmenbrane- contacting structure i n@CHdse2/e93suppor t
that extends across at |east a substantial portion of the first surface or
the perneate surface of the nenbrane. 16, The fuel processor of claim 15,
wherein the support h3% a Adwéfqges parificafondexicheOTgXFHMEI on that is the

same as or less than {hg c(fgﬁ%gg H&irgﬁ'é aﬁfinteanFE@arﬁﬁé}ﬁp%h%irpﬁleteB@lo%@brane-

17. The fuel processor o1c ¢l al m erernt support extends across at
| east a subgbtmdtd ak 1pak tdrenimpfit tooet freongtatwhicuraf adeedofgas sereaendamdgiaing51 WO
03/ 026776 PCT/ US02/ 09351 18. The fuel process?r of claim 17, wher inc t he

permeat e subydsegencias@pé otsrBrseR s Jelivered ie MieCIGRitey 2t Iest Q1R BIRHECIHPY's not

mount ed on }I)CQ’? t}ﬁg@éﬁﬁﬁbﬂgﬁ %ﬁ% gé{rértgﬁge{m WO &L 46 Qﬁﬁsité?l@iﬁﬂ% ﬁhﬂ%yak@g%ﬂ gas

stream t hat* passe rane may pass throug e support. 19.
The fuel prgsessemooéd Gbai theldcloster end at heastrenbbypredict catiut port through

hydr ogen-sel ecti ve nepbrane, wherein the enclosure furth i n¢l ude

Cacond. by vBe BEreel YRGS eh s RSP e P e
expansi on that .8 s, mkeashsgePst antially the same as the first nmenbrane, a
first surface agapt ed to be contacted by the mixed gas stream and a

perneate surface that aigjemstioat menfragwsenyhlope pathiretheconpertaent, sthergipedohy st

menbrane, and further wherein t support .ext ends f .and
the second PSHMEIGSLVEIGPG L Oﬁﬂecgﬁﬂ%%;gaé{ ?%@%%%ﬁsletletégg%ﬁmgegnr]\ﬁﬁ?ﬁ’e\“ﬁ%%lr?eat e
surfaces of ofdpenERBRLANASIHLY YRS Whfeh atihgted @6 beaddneictddniey miiex ek eglagas

streamt hat passes through the nmenbranes may flow._ 20. The fuel processor

of clai m 1, stwaer aticha perencetsefuifage eerterally onnesediiel the Hise surfase. Sheteip thsRdio

nore materials is within 1 0 fEhCl I on
of the menbh b oE At BRErTy o et A% 5GP of pibEREn PSR ERbEK IR
thermal expgneb@apat fibhecark iea Meth thsid pbrindahesurfaped gevetdlly facingieach other
approximately 0.1 mimi C of the coefficient_ of therml . expansion ofb t he
menbrane. 210 defiee fa, Bprvpitnge sasiuitopxtendingn, theyebeiyart; Wh‘?fﬁgl E7fDY Bipogane

' ncl udes are‘n@l&p%yﬁﬁﬁl@f Fdthd Qisﬁfﬁﬁ}rt ¥ifhirf AP Bhrvesting conduit and adapted to

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.

55



22. The fuel processor of claim1l, wherein the menbrane has a coefficient
of thermal expansion in the range of approximately 13.6 gm nl C and

appr oxi mewelog/0dd7gnl m C. 23. The fuel processor of clai m PCTRiser/ei3nt t he
fuel processor includes at |east one reform ng catal yst bed and is adapted

to produce the m xed gas stream by steamreformng. 52 V\(B 03/ 026776
PCT/ US02/ 09351 24. |3b.a h¥kk sligeise pifr PRI a1l owherey dhe Memiorine-copiast8g t o be

operated at .a sel ec : C and a sel ected
pressure of S r%ggku%gﬁglggﬁ%%%ﬁgomsﬁ%lﬁiéﬁgaggscg ‘enclosure with an
internal, at |east substantially fluid-tight, conpartnent containing at
| east one hydrogen-sel ective nenbrane t hat %as a .co@‘)fi cibent of tthermal
expansion, is formed $Fom &pe sevisy & claan| 3i Whetsia 1% BirErbrang-(Ruiaghing o

first surfage AaRed borRRaCBFREhABInGufTinGeH GARinSINE BAURONAdHE

hydr ogen gas a I gases, ncludes a perneate surface, and is
adapt ed to oftpmidtegpadsormbiee nyasbrahesgand optienadlyvyithio @& of ihehcostiraent

whi ch i t | east. tantially h d whi.ch | east
par 1 al 'y 1 Rl Sireasighrdly DR BFTbIs ol G CRRr B VHAR phcacle’ °°°

t hrough t he. atrligasi mimah¥GRa6R o Bl adnyiand¥ebr ane, and a byproduct
stream which i1s at least partially formed froma portion of the mxed gas

stream that does not pass through the nmenbrane, the inprovenent conprising:

t he devi i ncl udi - t i t IS I t
Winal least  one of e APFAEVGE Phephr reardeil fat dbmbine ofi@ThRT

and further ywWheneits theoefAUMCESr iHREhAlde®amdion Bastis Gste thantieareffixeattadt i ng
structure in contact with the at | east one hydrogen-sel ective nenbrane and
further whetheimalieipansion efbe msAwransfbr ane- contacting structure is sel ected
to have a coefficient of thermal expansion that is sufficiently close to
or equal to the coefficient of thermal expansion of the at |east one

hydr ogen- sel ecti ve mepbr anghs uddvidehaf clypmn38hererdin de Imegbrehe-todadmgi ce
within a tenperature range of at |least 200 C the at |east one .

nmenbr ane- coffradedipsst £ 1ﬁW€tP§ﬂ“§@§p?§Hnﬁ8nﬁ@¥]?ﬁ5§¥?7§F?ﬁ?P%?“Pﬁdghe at
| east one hydr el ective nmenbrane. 25. The device of claim 24, wherein
the menbrane> &on acting structure includes an alloy conprising nickel and
copper. 26. The device of claim 24, wherein the nenbrane-contacting

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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structure has a coefficient of thermal expansion that is the sane as or

| ess than the coefficient of thermal expansion of the at |east one
menbr ane. wDn3/03d¢7e6 devi ce of cl aim 24, wherein the encl osuPeTitsot/en3sed from
one or nore materials selected such that upon thermal cycling of the device
within the tenperature range the enclosure dages .no

wri nkl e-i nduci ng forcés tolhndesice qfeglam dde Bf’rl%gtg?l Sg‘gp‘g&tl? Feantedd? ane.
53 WD 03/026776 tlﬁgyo}%% Zéfot?}g?xé)éedzgas JREMAEY SRsQfinfd Bk RaRbstith&dndluft b he

encl osure |%éF%de an a nprising nic and copper. 29. The device
of Claln128ﬂowﬂﬂﬂﬁ&ﬁmbaeeanbmﬁﬂuﬂa)ﬂmqman@mehﬁﬁmBQWMheakmﬂmawﬁal expansi on
that is the sane as or |less than the coefficient of thernmal expansion of
the at | east one nenbrane. 30. The device of claim 24, wherein the alloy

conprises approxi mat % Y AQnM320ico BP%[mm?ﬂJS v&'ﬂé?elﬁ elvd §®g@ft atiaies Adeadtn
combi nation with a fuel processing assenbly that is adapted to receive a

feed streanvandtrden membirce the m xed gas stream therefrom 32. The device
of claim 31, wherein the fuel processing assenbly includes at |east one
reform ng catal yst bed and further wherein the feed stream contains water

and a carbon-cont ai ni ﬂﬂ f egdshafke oBFaim 48 vilRYdiR theXuppbraintldlds a phesléyn t he
reform ng region and the enclosure are at |least partially housed within a

common shel bf scBekn Mi¢rebatevi ce of claim 31, in further conmbination with a
fuel cell stack adapted to receive at |least a portion of the hydrogen-rich
stream and to produce an electric current therefrom 54 WO 03/026776

PCT/ US02/ 09351 35. A4Pydr quenddidd loif cathindrdTjewherein cloampluralityg of asereen
encl osure defining an internal conpartnent, wherein thg%g encl osure ncI udes

at | east onedbsu ingbides @hlessighnsReresn membesdhag £erms Al leastcd BOHIM; #y the
hydr ogen g as&f?“%gan%t Qo%Eacgﬁg SRudifiredGhd YGHRH Wirdid) hLPGH RS b scrdn ME@BErsONE

product out
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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port through which a perneate stream containing at |east substantially pure
hydrogen gas is renoved fromthe enclosure, and at |east one byproduct

out put pow0D oBlecogh which a byproduct stream contai ni ng RCTIUSax09381
substantial portion of the other gases is renoved fromthe enclosure; at

| east one menbrane envel ope within the cogfartrrent, wherei n_ each nenbrane

envel ope is fornmed fridm a B dewee mfdelaie S evaerem, ds@hpfashd¥0 §HEPLI n
each nenbrane jncludes a . firs - . 1 hEON aghBdioRYhdthe M xed
gas strearf4f riaﬁeﬁ%ﬁgg‘} g‘%“ur?%%@%%%é‘?%??@‘gggpgtsﬁ fo thgﬁfi rst surface,
wher ei n the%rgzﬁéﬁtha@ﬂle@BﬂTcﬁdiheSfﬂhEﬁnﬂrekﬁmtsﬁﬂh oftlchmeimbtanehie pair of

hydr ogen-sel ecti ve nenbranes are spaced-apart fromeach other with their
perneate surfaces generally facing each other to define a harvesting
condui t extending theggbet eleLRiFa5 WRERIANE: £ oRe fstrebher

i ncl udes a support vﬁ% n ?ﬁeg%ﬁg%eiffi né cornduit and adapted to support
the pair ofmbmBesganfosatdfbiveaineststeiemd thherleash onhscresnppember thefldoges a

pair of generally opposed surfaces that are respectively adapted.

provi de suppbrceniag thegeniEpngs A3 g’r%‘ﬁiiff%?&‘égn%?r ?’ﬂ’éep?)fgarnre\‘hg)fy WY ?%gglgﬁ]}ée ective
menbr anes, dobbet 4% MEEARM G ingS dRMMibR off HerRe] Expamisithapiriot greatet t he

m xed gas streantthat passes through the nenbranes to the harvesting
condui t, Wi thhn &te doeffient opthetmharexpinsidreofithxmgmypzanest r eam that does not
pass through the nenbranes formng at |east a portion of the byproduct
stream and further wherein each of the hydrogen-sel ective nenbranes has a

coefficient of thernaky expapstiGAce SNElaianswha@einsy iper tnengf thhphatlityedst one
menbrane envel ope within the enclosure, wherein the neans fo suggglrlti ng

the at | eastcremenesbiss anformad Slospemaigriahthet hare eqrdligieniad therpme

menbr ane-copt actin tructure.th ' r Lid on than the

hydrogen-seﬁ’@gltsig&??gﬂz%]rtﬁﬁgggf ﬁﬁgga?ﬂﬁég%tl gkﬁ%ggﬁggt%ggﬁ?%ihéeéht of ther mal

expansion that is less than the coefficient of thernmal expansion of the

hydr ogen- sel ecti ve nenbranes and a conposition .thatl igcl ugg% an %I.tl 0]

conprising nickel an&-.coppbp dease oirlamn 62671ECBCEH 9802109381 P38 Y He

devi ce of cLALE 28y MASE BlithififorTR THARRA EANGRS WbNhoRide Ualalbg conglivies an
el an 37 h 6, wherein

al I oy that Eonprl sés nic copper. . The device of claim
t he menbr angopgpenimtiick.

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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structure has a coefficient of thermal expansion that is within 10% of the
coefficient of thermal expansion of the nenbranes, and optionally w thin
2% of t hewowmaftd7eé ent of thernmal expansion of the nenbrames/usarnssu t her
optionally within 1% of the coefficient of thermal expansion of the
menbranes. 38. The device of claim35, wherein the rregor ane-cont acting
structure has a coef f6%i enthoflevipe ofwlaimy pn¥heis (g fae) @é@nﬁﬁ Stfe
coefficient of. .thernml expansi: . -39, i i claim
38, whereij ém?’rjé%?% ?g‘gxrﬂqg%%ﬁlgaft lsi‘llarglsuc%ure Eagﬁca{égggﬁ‘ﬂ?rg?g#ﬁg?@%her nal
expansi on tdm@he memBfeREer than approximately 13 mimi C. 40. The device of
claim 38, wherein the nenbrane-contacting structure is netallic. 41. The

device of claim 35, wherein the nenbranes are at |east substantially

formed froma palladiygm al {oy qLhat df{lﬁéiﬁf’%é ARBf S iRRtsRie 4QembBp haopper .

42. The device of claim 35, wherern e menbranes have generally planar
confi gur at | @e$ficidd of Teemdessipassiaf that @iless3an WheméhfiCt he menbr ane- cont acti ng
structure is not hydrogen-selective. 44. The device of claim 35, wherein
t he nenbrane-contacting structure includes the support. 56 WO 03/026776

PCT/ US02/ 09351 45. Tage dey)Ceiepice ChdakmASBS, WilkhSinntHehBy&ogRopirificatisdapt ed
to permt the portion of the m xed gas streamthat passes into the

har vest i ng denckintluties a folwalityodfhgas temspast sendaiifel intgrcannesting ghe plelepd opgat e

surfaces of the nenbranes, 46. .The devi of_claimi Il ppor t
i ncl udes at MEBIREANC SPH OE%Pesgﬁec %ﬁﬁﬁv%gﬁe %e%d%\slig{g%g%ft%%afﬁ %ﬁ%ﬂ%@&\ﬁhsdgr ei n
the suppor m{e%érh'lﬂ%ﬁes?rd?ﬁdifeaehé bdmeafe shehREForBidIeSestiAf corldu, ded/fenevof

claimA47, ereln the plurality of screen nenbers includes at | east one
screen nmenbte byhatdutigtiggmat | east a portion of the

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.
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menbr ane-contacting structure, and further wherein the plurality of screen
menbers includes at | east one screen menber that does not contact the
menbr aneswo49/026The devi ce of claim 47, wherein the at | ea®CTarse2/ef3st he
screen nenbers has a coefficient of thernal expansi on that is within 10%

of the coefficient of thermal expansi, on of the 1anes and %ﬁtl opally
within 2% of the coef8 ci ehhe deyicehelain 35 hsrein e Belopyrs DR AHPENEET ang

further optiona within 1% ReitRy of

t he menbrark t?le%?)ax ef‘ﬁ%nsé%r%/f;l‘éa%q%flésgﬁ%mc 9?6%%?%&?%1{}?{;}6%”‘%{ Sﬁ%‘?ﬁ of screen
menbers i nghageend. | east two screen nmenbers that include the generally
opposed surfaces, and further wherein the plurality of screen nenbers
includes at | east one screen nenber that does not contact the nenbranes.
1. The device of cl a(_:;gn 49’{hé"@§f1@e' 8 &5 ?‘5 15%%b1ﬁdf@n%@1ﬂ?@'fuellﬁéﬂé§diﬁ are
formed froma material ‘that does not | nclude an alloy conprising nickel

and copper . asboindMPaABtOR o/pt6dRETheBR/IAEAZStteands2. The devi ce of cl ai m 49,
wherein the at |east two screen nenbers are formed froma material having a
coefficient of thermal expansion that is greater than the coefficient of
thermal expansion of #de n?ﬂ?ﬁ@ﬁ@éof51§1mEbewﬁ@r‘éhﬂﬁle%el%rabéﬁblﬂg,as.%ﬁﬁﬂﬁl n the
at least two screen nenbers are fornmed from stainless steel, and the at

| east one sigckedes A ont heformingsatatyst bed Arditst adenisd e PR &6 B8 1888d f r om
one or nore of | o & rising nickel and copper and a material having
a coef fici efffeap¥ Xﬂ%ar“ﬁ’g? %ﬁ’%&nm on that is not greater than the
coefficient of thermal expansion of the nenbranes. 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 nmenbranes. 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 claim 35, wherein each of the

hydr ogen-sel ecti ve nenbranes includes an edge region, and further wherein
the edge regions are
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nmounted on a frame assenbly that includes at |east one franme, and further
wherein the nenbrane-contacting structure includes the franme assenbly. 57.
The devi cwooB/oed7aé m 56, wherein the frane assenbly forns &CT02/0B81 of t he
encl osure. 58. The device of claimb56, wherein the frame assenbly is forned
froma material that is not hydrogen-perneable. 59. The device of claim 56,
wherein the frane asséibl y A bydrogerephriffoation devied, COWPIAAE: | ncl udes ni ckel

and copper. 58 WO 03/0Q026776 P 2 ) ' i.ce af i 6, .
wherein the frame asséfib nﬁ%‘érgﬂ 5‘91?%64 gel?%%érs]?a%gg ag%—gf%gﬁyag%paéﬁsﬁ Igénrﬁ.b%glf is
| ess than t RRelt erkhdiap edretwediefon@dfine xpian gicoshd slhtet AR ifeinal em@partidnt; The
device of claimb56 erein the franme assenbly has a coefficient of

thermal expdfsren thegaclpsure dacludesai 1ot opareputemrt frpugheiich dMmixehEas 35,

wherein the Q . Wil i : i i d [
{ransport conganrenrif YRkl 3 if BihiFed REMEERIGE W Bl UnErlBSt |
sel ecti vel y ouglut \pert thieghi wkidh gagergichteastichim ¢dntaifiingsdt 1sast falsemtially pue

menbr anes, renove the perneate streamfromthe harvesting conduit, and
remove the }wgr;{%gsla §8% issiemoxRd %@? thPheé“:{Pé\}liec andpt lepst; Wé’é’,%r%%tr SRt post

hydrogen pu rthlfohglfw(lzlf% a n}?@‘é&ﬁﬁst Et?&irﬂ‘é’(?ﬁegﬁirrrlgw [e%%ti 4 SibStn Y FRA MG rRRY 6h8PeS -

64. The device wher el n ans for supporting the at | east

one nenbr aneasssueteppeved Sroat tHeeasloswapst antially formed from an all oy of

ni ckel and . 65, .The deuvi f i.m 35, -wh 0.t f
slupporti ng tﬁgpgter | eddile ﬁé’%ﬁ%ﬁ%@'@?&ﬂ%ﬁ?@@% %%ng‘ﬁ‘stteesrﬁr%g‘{’]%mlg% ly

formed fromypeeiRkhdBNSast BB Bfdrésch- et PInABFileGhaNEE Lfirst HRf08hdHHRANSI ON
that are less than the coefficient of thernmal expansion of the nmenbranes.

66. The devitebeopniettad hy 3% mikedrgas siredne and e peyugate surfage geecaally opposed to
cubet an ! i S A 0 LA B 55h SRR pon I A
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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of thermal expansion that is less than 16 gmm C. 59 WO 03/026776

PCT/ US02/ 09351 68. The device of claim 35, wherein the enclosure has a
coef fi ci ewD oaf02d¢7her mal expansion that is |ess than the coe@eCiusopo3sof

t hermal expansi on of the nenbranes. 69. The device of claim35, in

conbination with a fuel processing _assenbly adapited to produce .the m xed
gas stream 70. The ddvi celhsrdevics) o @Ym Vhe¥ rﬂnttﬁ%g'flﬁﬁe‘l‘ggﬁpglge‘&lﬁﬁﬁsa

assenbly incl I r I de 6Bkl yst bed and is adapted to
pr oduce thé“%‘%%§e§§éme§@%t§%%§dgsﬁée?gﬁng R e % 60 VI 03/ 026776

PCT/ US02/ 09351 71. A hydrogen purification device, conprising: an
encl osure having a pair of spaced-apart. e ates _.and a peri net hel |
ext endi ng t her ebet weeff-t o T aﬁ‘éc%ogﬁﬁar‘%ggnghﬁqeﬁ‘t e &HSSI Eisglnﬁ%l Rlrthe?
conpart ”entmﬂumemh%u& 6f BRCLASHANR: BRFLeIRS ridl ahERSba@iSlalenput port

a m'xed gas

t hrough whic stream cont ai ni ng hydrogen gas is delivered to
the encl osure, at |east one product output port through which a perneate

stream cont ai ni ng at | east_sulst.anti.al l. re, hyd S " d from
t he encl osure, and atJ’q'easTheo %VIB?Bif&Lqﬁ%'tPguvﬁﬁF%p@gg%P%gge%ﬁyMga
bypr oduct %&ﬁ@g@@%@fo@gﬁsﬁfmmhém@s@mmmxial portion of the other

e

gases i s renov romthe encl osure; at |east one hydrogen-sel ective
menbrane within the conpartnment, wherein the at |east one

hydr ogen-sel ecti ve meppr anﬁ%‘it Bg‘égggﬁ&ﬁig ’7?,twﬁ%’r%fnaﬁl% @&@patsﬁ’é?nblgoex@&ds

contacted by the m xed’'gas a perneate surface generally opposed

to the firgtmm £a68r sRECHMNE BEleRg LABAKEplater eam i s fornmed fromthe
portion of the m xed gas streamthat passes through the at | east one

hydr ogen-sel ecti ve nmenbrane to the perneate surface, and the byproduct

streamis forned fr om@.he PRE &%}V%br&fcl&iﬁﬁ]l%?einQﬁl%as?tarp%@t'f@rIMEe deasisnot

pass through the at | ¢€dst one ogen-sel’ective nenbrane; wherein each of
the end pl afnegriliclotdeswith at khstrdnenf sherdnd@datehat  general |y faces the
conpartment, an exterior surface that generally faces away from the

encl osure, and a sealing region that forns at |east a portion of a seal

wth the 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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perimeter shell; and wherein at |east one of the end plates includes a base
plate containing the sealing region and a truss assenbly projecting from

t he base wbhaB®2677€. The device of claim 71, wherein the tPoesaSazeBAbl Yy S
adapted to support the at | east one end plate agai nst deflection away from
the perineter shell. 73. The device of claim71, wherein the truss
assenbly is adapted t 34 ncrBigsdevipe ohedaimy Phnwheteirns ther alc beaglt ong, endyplate st

one end pl at ey i er.ei N abl y
"ol udes’ o ithcidies FRfos orihaire bRlsThabhig HE CL ety fRBet AR
03/ 026776 PCT/ US02/ 09351 75. The device of claim 74, wherein the truss

assenbly includes a support interconnecting the ribs distal the base
plate. 76. The device 3§ cl Hhsyflovice pf 9éinn7?ah§(h'?1ieﬂ‘s§hea§fsiﬁ%tl G G?‘Eﬂ?iqle

el udes @ MBS tebyindh sgﬁlc{?ﬁ%ﬁxaﬁﬁfﬂ}tﬂﬁe@t?%r%@%ﬂe bA% kBl B BAS el at €.

77. The device ereint S asse y extends romthe
i nterior surflaeéds afaptedeo atceliveasdtessen of tnglthahd 2600781 whtethdalevice indperdtad m 71,

wherein the truss assenbly extends rom the exterior surfa f..the at
| east one erﬂﬁaﬁPlﬁ?@a tef’@?er% %f@\??e@étiﬂo ?Iaélprﬁs? clegpEessyny Oétaﬁeeaszéf) Pi-porti on
of the shell is integrally formed with at |east one of the end plates. 80.

The device of claim 71, wherein the base plate of the at |east one end
plate is adapted to re¥fei vellst dedseofoflaimeds, wheneinl #he0ai0lgssti onshend tphase

device is operated at a,sel ected tenperature,of at |ea 200, C and a
el ot ed pr OLSEps 167 the f Bt &t BEREFIA LS el pald BF A s ARt i
the base pl giifteq addpRodab rb@nsd streSits o€ s fledt1e, 009 RiBAEE thetd@vice§LopRated
stresses of 1ess than 12,000 psi when the device is operated at a sel ected

t enper at ur e af selected ieepesagradiahdpast HWF ecmdd sslestedprresswe of@t leag 400 psips5 psi .
82. The device of claim 71, wherein the base plate of the at |east one end
plate is adapted to receive stresses of |ess than 12,000 psi when the
device is operated atg8a selTlectdesickeopeldinurré, ofhatinl drstdeiod Kasandfisst
sel ected pressure of at |east o

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 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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175 psi. 83. The device of claim71, wherein the at |east one end plate

wei ghts | ess than 4 pounds. 62 WD 03/026776 PCT/ US02/ 09351 84. The device
of clai m8®,03merei n the at | east one end plate further h®€TaIS02/09351
cross-sectional area of at |east 10 in2, and optionally of at |east 20 in2.
85. The device of claim 71, wherein the at |east one end pl at wej ghs | ess
than 5 pounds, and furS9ner Teedesics Ofﬁbllﬁgéewbeﬁtfbthéﬁt¥eH%§°&Pepgayef%ﬂ?ea end

plate is adapte 04:f i 3 S 0, i

device is 0612“}(2 3%‘ dl%@ ggén)s(egjlt er(l:f{ag%&ﬁ?}p%‘&a@u? 860 a%tﬁnegés)tth Q%&)ﬂg@g&}%aga

sel ect ed pr g$selaeaatmpéraheast 250Cpaid. a Bessufdief deating end flurtheaiwherdin thetr ei n
the at | east one end plate weights |ess than 4 pounds,. and fu @Eﬁé wherein
the base pl d¢ast gre enbplite hasad magy@agim disp %emgn*araaﬁpé&e%h%i /pst
stresses of 2, ' ' ' o ect ed
tenperature ‘Jgf&z?é F%gg%%Bo g&ga;dégvygﬁgtgﬁg‘%? Mﬂg?igfs%rlée&g%@a?d ?%cgiﬁéi%gd psi .
87. The devipessnk oflailenst 10 puih encopiiduably dessithan 8Q(s1bdpsh,i andtfurtberrdptignaldt i on
at a tenperature of 2§ C.and a pressure within the conpartnment of 1 atm
and a secondesdhn P 8OSbn at a tenperature of 400 C and a pressure within
the conpartnent of 175 psi, and further wherein in the second
configuration, the base plate of the at |east one end plate is adapted to
have a maxi num di spl ac¥rentTHer devicetafelafiinrds wherein Gerablgagirongfeny piate hasamn

0. 001 inches, and opti 1y | han,.0. 0008 i furt
optionaly: iedmtoRisneoauY meRied T Fa canttg of R KA Sle ena.,

the device hageat hiteSbera@RBlolf @9f @tdnaAna piessirt STkt Whe fofthé? SvKeréindhea at
pressure within the conpartnent of 1 atm_ and a second configuration at a

t enper at ur e ledst 400 e avafe hap penangeaxiinrm fisplaeement A ofisse e 80bmst  and
further wherein .in.the sec fi t] t

| cast one ont e f 4576 BIGHMeFRY b APushbE ol Bt B Cafls LGudd

regi on of | ggs&sstiRaTa016a8l125pshes conpared to the first configuration, and
optionally 1|ess than 0.0008 inches conpared to the first configuration,
and further optionally less than 0.0006 inches conpared to the first

configuration. 63 WO Qg 026§{SqK5 HEQ9P 96,5\;:1herein the base plate of the at least

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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89. The device of claim 71, wherein the at | east one end plate has a

maxi mum di spl acenent neasured relative to a configuration of the at |east
one end wbhaB®@Ule a tenperature of 25 C and a pressure of pCTatS0?/086d
further wherein the at |east one end plate has a nmass/ maxi num di spl acenent
ratio of |ess than 1000 Ib/gsi .when the device is o&era el ected

ted at
tenperature of at |ea2l 208hedgies of dameth, yghergp Sb?lleea‘?napé%g 38H psi,
and option 11AL\§1§ %15&)%@1}1’1@19%%%%@1‘ relafifd té Hréolﬁﬁéuﬂﬁ&il onald M leheoReteRan 600
e device o 1,

| b/ psi. 90. clarm wherein the at | east one end plate has
a maxi num plagpitac empetatneafiZBC el atpressuteofal enfingufugheowherin e ait

I t d | at t t ture of 25 C : d
Fur  hor  wholPelt ST iR et g3t PBFOmERED A8 ReRos RuBar var oo bt oot

ratio of |egged ﬁéfqe%g id %d?ét%d D ElledidiPtedPel ffelof aPRAStANEUCaNd @ ssRbRdt ed
tenperature of at |east 0O C and a selected pressure of at |east 125 psi.

91. The devpreesuné ofdtdeast 91 pssherein the base plate of the at |east one end
pl ate has a thickness of less than 1/3 inch. 92. The device of claim91,
wherein the base plate of the at | east one end plate has a cross-sectional

area of at least 10 ipg, amdeGRYicond di¥nOf71atwherRasthe 201dast2ondBydrépen-devi ce
of claim92, wherein the base plate of the at | east one end plate has a

cross-sect i ssledtivamesmtyfneis mawsd @ frfpe. 94, The device of claim 71,
wherein the at | east one end plate has a maxi num di spl acenent neasured
relative to a configuration of the at |east one end plate at a tenperature
of 25 C and a pressure7of Thaisvicanflcihint Dherhatbiartké fraibds housedl sathin thee end
pl ate has a mass/ maxi mum di spl acenent ratio of |less than 600 | b/psi when

t he devi ce Bhelloperated at a selected tenperature of at least 300 C and a
selected pressure of at least 125 psi. 64 WO 03/026776 PCT/US02/ 09351 95.
The device of claim71, wherein the at |east one end plate has a nmaxi num

di spl acement measur ed98el aflhealevizeavfcdaiin Gy athieain dlie fiameaforineastleashe@ end

pl ate at a tenperatur ?f 25 C and a pressure of 1 atm and further wherein
t he at Iea§9rt’8ﬁ«9féhﬁfiﬁ1 ate has a mass/ maxi mum di spl acenent ratio of |ess

t han 600 | b/ psi

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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when the device is operated at a selected tenperature of at |east 400 C and
a selected pressure of at least 175 psi. 96. The device of claim71,
wher ei n tWe oat2d7e@st one hydrogen- sel ective nmenbrane i s mONAISE2I0BA1 a
frame. 97. The device of claim96, wherein the frane is housed within the

shell. 98. The device of claim97, wherein the fra forns, at lLeast, a
portion of the shell .1089. Thsedeyassi eleclsm 0% v i":m&ﬁ‘:érsgf’f??rf Wea%aé)@e?icgo

i ncl udes at_| east on p d mp@nﬂ@jté sid f th
hydr ogen-sé’le%%%i @%an%qg@@g{%@%}'ggﬁ Eralféﬁrefgﬁa%&{the pai r of = o

hydr ogen- seh&@gbrbg. menbr anes are spaced-apart fromeach other wth their
pernmeate surfaces generally facing each other to define a harvesting
conduit extending therebetween, and further wherein the perneate streamis
formed fromthe portj@n of;d h&idH ¥LE19AS7 S WERoM! fhatat 188 @e tHydeisgh- t he
menbranes to the harvesting conduit, with the remaining portion of the

m xed gas stleedve ikinbraredsdomsdoiom e leasi org ofpalladivan and e malladivgg, A¥s

f i t | t, ti the b { st 0 i f
i m 90 Ve retianloia Menioy OB BRAT I ghd SPbpeh md ifecsBtoiaet
wi thin the \éﬁﬁflb‘!ﬁgorﬁ&lﬂﬂféiﬁall@c[ldmafﬁiﬁ&bﬁd)xhﬁatélypmﬂ% thgperpai 1 of

e

hydr ogen- sel ecti ve nmenbranes, wherein t support includes a pair of
general |y opposed surfaces which are adapted to provide support to a

respective one of t perpeate.sid th | oo O fve
mermbr anes. 65 WO 03/ gﬁb%?a{%c‘%ﬁvtﬁo%f@é%f L ﬁbg&hﬁlﬁgﬁ%ﬂ%@ﬂgﬁ ?F‘dacﬁﬁbiioo,
wher ei n theddgﬁt@g%f,midﬁc@g@mﬁgu taspeamit flow of gas both parallel and
transverse to the perneate sides of the nenbranes. 102. The device of
claim 71, wherein the at |east one hydrogen- selective nenbrane is fornmed
fromat least one of poilaiugA0d,@08 | HRMuel AoGsQRthaB@s!A from
an all oy containing palladiumand copper, and further optionally from an
al | oy cont ajesit Ree Ratokatigusatayd beppndis adpedd toaprodnds theppized gaogrearhby devi ce
of claim7l, in conbination with a fuel processor adapted to produce the
m xed gas s$teasmpgforming.
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104. The device of claim 103, wherein the fuel processor includes at | east
one reform ng catal yst bed and is adapted to produce the m xed gas stream
by steanwpaBoeemeag. 66 WO 03/ 026776 PCT/ US02/ 09351 105. pATHisd2/0936N
purification device, conprising: an enclosure defining an internal
conpartnent; wherein the enclosure includes at |east one input port

t hrough which a nixed1§as <t hediageoprrifioation deige cogprsigas i s del i vered to

t he enclosure, at |east on ro out put nort t ' uct
hydr ogen stream cont aiaﬁieﬁlﬁﬁgﬁrelée%g@ingsaﬁ]bs eﬁlﬁicghp?n}ton%ﬁ%%l? r%glgenabcgéss% S
removed fromdiisescleasubge iapnd port |BRSEh oONRichyDrviedt ga@Ustprdin ROMthinidy ough
whi ch a byproduct stream containing at |east a substantial portion of the
ot her gases hydrogee gay tsadsliveradt thehe sasleae.cat lgast oaa ProBROWYHy BYE 8B ect i ve
menbr ane w thj. n in _t east

hydr ogen- selt‘@é{}} %g%ﬁ@mé% n‘%:t i \é\ésb%gﬁ#@gsa? ?es? gti ?dgce a%%&?’ggl hy%lrc? g%ré gas

cont act ed bys téhevei feth e enslosigamndnd lastparibyatelusinfmt ogeirengh whidipposed

to the first surface, wherein the product str_eflm is fo d fromthe,
portion of tHBIOgPKsreagy ContapEngnaf Heast fasursantigl POFHOD Héq}g‘i O AT &8

hydrogen-selrgrﬁg{',\a?ﬁ(;m AfoshR: the perneate surface, and the byproduct
streamis formecf3 romthe portion of the m xed gas streamthat does not

pass through the at Iaa_siwsormmH»dr@&mebeﬁm:hiendorm&hgihe eowpattreerd) n t he
1 east - partielth o lesbane hEReH s mep caae AU A eabee ke g TR of

the enclosysge c&%@ct@&%k*ﬂﬁém\mﬁr@b Btrb 8 2888 perhOMd 5idtack SehdthiP badds¥d for med
with at | east one of the end plates. 106. The devi ce of clai'm 105, wherein

the shel | pdhe firsh siracenwbeneil thy prédichsigeam ishfoamed from iha@odfon: ofdhpatiredf end

pl ates and incl udes .an _end rtion distal the -first of | at es
that is ada}gta%ag?aén 111?)311 iR E]?m}l%%i}{e %@8@ Sht i%gﬁofe 1sallg§16%% r&ﬁl{hgﬁﬁnﬁﬁ (g rﬂﬁ)eace

Wi th a seal ip3inéRQkh@facoNadl HeIIPELIABEsthnt ReoNel pbat t8s poitldh. ofthe ndesd ce of
cl aim 105, wherein the shell portion is a first shell portion that is

integral |y fees fsepnpihah daes Retsraspisough thpat frastonsthydreecpisglesdve mgmdFaden t he

encl osure fté;laher i ncludes a second shell portion that is integrally forned

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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with a second one of the end plates. 67 WD 03/026776 PCT/US02/09351 108.
The device of claim 107, wherein the shell portions include end regions

t hat are woapwed7¢ o coll ectively forman at | east substantecalusyg2/693si d-ti ght
interface. 109. The device of claim 108, wherein the device further
includes at |east one _seal nenber t endj bet.ween_.the end regions., 110.
The device of clai m 1888 wi8F 8FYic¢ A éé%f@@ﬂﬂ@@ﬁ@ﬁf&’s@ PHiaps éinc(il%(feneé‘fie
interface b n t : I 1at Ehe Sdviaagalsf feidiisntl05,
further incﬁ%%lngﬂ%?%Tiggﬁﬂgﬁégﬁﬁgﬁgpgﬁgﬂ%ﬁb&%oﬁé¥#%rned fro%fa paighof
hydr ogen- seimeatficee nmenbranes oriented such that the pair of

hydr ogen- sel ecti ve nenbranes are spaced-apart fromeach other wth their
perneate sides generally facing each other to define a harvesting conduit
ext endi ng t her ebet weenggandytetiebs ¥aRk 08, WikeiRtRslasticd fugihog@obludes gam i s
formed fromthe portion of the m xed gas streamthat passes through the
menbr anes t teashee shamesbérmytandingtietweenithhrendiegioadrai ni ng portion of the

m xed gas stream which remains on the first surface of the nenbranes
formng at |least a portion of the byproduct stream 68 WO 03/ 026776

PCT/ US02/ 09351 112. hnoa hnerdegies opulkirh i10stwitdieidals esclésuad inchidaglagiyad t o
be operated at a selected tenperature of at |east 200 C and a sel ected
pressure of sigld istesfacabetpsen thgrad witesindgbellides an encl osure with an
internal, at |east substantially fluid-tight conpartnent containing at

| east one hydrogen-sel ective nenbrane, the inprovenent conprising: at

| east one truss-stiffaned amd gedte dforhimgles,pfurthieoninofudinge akriedsd sorrce.

113. The device of claim 112, erein the selected,t erature is.a | east
300C and © et Sar mssbied on NS PISBSBECISRTS TRt frsbleg:

The. 11t st e e S e D e et
| east parti atitlythehquesradateistdes gendrelly Geingeasbeghbarto define a harvesting conduit
extending 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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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.
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