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Field'of the Disclosure 5 The present disclosure is directed generally to
st eam r ef oWfR2094/802d16 st eam refonning or fuel cell systeweTiussRsARH@E I Ng t he
same, and nore particularly to nethanol steamreformng catalysts.

Background of the Disclosure Purified hydrogen is used in the manufacture
of many products 10 i ncIMETHSNRE STEAMEREBOBMINIGGCARALYSTS, and

sem conductors and micr oﬁggM%@m@%ﬁ%ﬁ%ﬁﬁﬁ jgﬁ I'so an

i mportant fuel source for nmany energy CONvVersron v § - For exanpl e,
many fuel cells use purified hydKCOBRORATING THE$HMEt 0 produce an

el ectrical potential. A series of i tgr nnected fuel cells is referred to
as a fuel cell stack, and this sté‘gwg@ﬁ@sﬁa%red to as a fuel cell
syst em wherf conbi ned 15 Tiet presstidizelset i9irdasd gandaly & aegh 1‘93?(1%er§./%hous
processes and devi ces rra%/ bi%é]u?]gg to produce the hydrogen gas that 1s
consuned by t hEFYEFOTERE 8¢ eherllSysiRmy srprroratmg hes samenandsmorearticulgiych

reacts water mem@@femqefoﬁgﬂg%ﬂyg@. feedstock in the presence of a steam
reform ng catalyst to produce a stream containing hydrogen gas. Exanples

of suitabl e carbon-containing fee#&teing of tirelIdeloffe al cohol s and

hydr ocarbons. A parti culwgt; Y n-cont ai ni ng feedstock is

net hanol . Met hanol = st eanl;%él?f%?m ng ca?a S)%ét% glreelea%’{'l%t&% ﬁgll’fﬁ}yt Bradustst ur e
shift (LTY) daecladipgtmetalsaredihbey &t app@ils,0xmdeemondiatordTahd nietdelBironics.
conponent. Al tfhouah f tive at reform met hanql and water into a
reformate stream con%@fgrﬁ%ﬁgls Vd%d@ﬁoﬁﬁ?ﬁﬂﬁue%ﬁ T IREILY SRALY SOBYSISIRN v
qui ckly deact ideaices! dforiengmplep nasy Fuelt @HER6 puekiod HydGsGRbad %S toahel @5 are

pyrophoric. The catal ysts. be deactjvated by bein reduced to an
el emental net zﬂr?& Fﬁ%feﬁlﬁlﬁgaﬂét% é%%ﬂf%@%ﬁt%}%@h@s&ﬁfw teatal yst .

The pyrophor i duslakll sRcBfand W sthdSmepbakatste! He9Y 8% eh t@istetfn%ﬁla% Eérﬁb' 9 be
a

shielded fromcontact with air when not being used so the catalysts do
not spo ntianedti& ?%mgx;dant and hydrogen gas. Various processes and devices may be

used to produce the hydrogen gas that is consumed by the fuel cells.

One such device is a steam reformer, which reacts water and a carbon-
containing feedstock in the presence of a steam reforming catalyst fo produce a stream
_containing hydrogen gas. Examples of suitable carbon-containing feedstocks include

20  aleohols and hydrocarbons. A particularly effective carbon-containing feedstock is
methanol. Methanol steam reforming catalysts are typically low temperature shift
(LTS) catalysts that have copper oxide as a primary active component. Although
effective at reforming methanol and water into a reformate stream containing
hydrogen gas, LTS catalysts are felatively quickly deactivated during use as a steam

25 reforming catalyst and/or are pyrophoric. The catalysts may be deactivated by being
reduced to an elemental metal, which may be sintered during further use of the
catalyst. The pyrophoric nature of some LTS catalysts requires the catalysts to be
shielded from contact with air when not being used so that the catalysts do not
spontaneously combust.

30 Summary of the Disclosure

The present disclosure is directed to improved methanol steam
reforming catalysts, as well as to steam reformers and fuel cell systems incorporating

the same. In some embodiments, the niethanol steam reforming catalyst includes zinc
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30 Summary of the Disclosure The present disclosure is directed to inproved
ret hanol steam reforming catalysts, as well as to steam ref orggEYa0d5f uel
cell systens incorporating the sane. In sone enbodi nents, the methanol

st eam r ef oMR HYVBREKI yst includes zinc 1 6 JULY 2005 WOTaB0ehs0026x16

PCT/ US2003/ 019901 oxi de as an active conmponent. In sone enbodi nents, the
met hanol steamreform ng. catal yst further includes at |east one of

chr oni um oxi de%fig2ta YR CepeReaht i some embodiments, thei methaw] stelm refotrhingol

st eam r ef or M NGatAH: T ihetudd8tat PUERRYE ciromi S B (808G

- enbodi nment s, stea?nétref ormers includin acrﬁré)fmc%%lnn&r\)lgﬂécg%da?d‘;‘g?ﬁ a 8t|9dilﬁ‘g to
the present di &mosmbedimepts; be¢ uaethanel aiteanp eefrsninige catalysti is- act egmiphbsc.

ref orm ng cat a e %8[{515[’&9 di; ts, the nethanol steamrefqQrm ng
catalyst is n%%ﬁﬁfrarelg’ugleé&ﬁ%rl ng useg’ IS{r%E“gorr?éur ol 2 TEIEHS: FriatsTt

ref orm ng cat adopeiding tar the po¢senicdisalesuad miag ipeidd i QE-PREhOWI 2 dDaitacdetkiie e
enbodi nents, the nethanol s m.reform.ng catal yst includes a.

sul f ur - absor belf Onf?ﬁ}geﬁﬁ]?%ﬁbé'ggﬁm@F@L%mﬁéGW% fieprsedoraning catalyst cel |
systenms and ek hotfedateditinmg fshe Ik 6606 BinBedifRAR! 8 SetRl1 Laghased-
Brief Description of fhe Draw ngs Fi I% 1is a schema?ic _vf%vrﬁg?gga?l#e}?
processi ng sysTEHPE AtVe; ah drpRpadings bsloan s & ofmeeme eBbpdliments, the methaivdnat i c
view of the fugdandroeRsink At UG RRE s tRgELNCLRdl NG -0
polishing region. Fig. 3gi S a?éscherrat i{%@%v%(/b%ofrﬁéé{tflﬁ%m%él ﬁ%@sﬁgﬁiﬂeﬁat

i ncl udes allst egfrmingrsyptams, fhielcoll dystans adimhethpised asing disrefositgaatBataire ed
Description ang,Besh,Mpde of the Disclosure 20 As used herein, a fuel
processing systemlis a systemthat contains a fuel processor which is
adapted to produce from a feed Bef Brborfptipti ofifhe Drivyieogen stream t hat
contains at |east substanti.ally .hydr.ogen S.. An exanple of a suitable fuel
processor is a steam re%&ﬁ‘rlréf?ch?%ggégegﬁgcﬁ?wteﬁy@%@@ﬁd§w eam
by steam ref ateatnmgformbeed stream contai ni ng water and a carbon-contai ni ng
feedstock.lsAn

C

Fig.2 is a schematic view of the fuel processing system of Fig. 2,
further including a polishing region.
Fig. 3 is a schematic view of a fuel cell system that includes a steam
reformer according to the present disclosure.
Detailed Description and Best Mode of the Disclosure
20 As used herein, a fuel processing system is a system that contains a
fuel processor which is adapted to produce from a feed stream a product hydrogen
stream that contains at least substantially hydrogen gas. An example of a suitable fire]
processor is a steam reformer, which produces the product hydrogen stream by steam
reforming a feed stream containing water and a carbon-containing feedstock. An
25  example of a fuel processing system that contains a fuel processor in the form of a
steam reformer is shown in Fig. 1 and generally indicated at 10, As shown, the fuel
processing system, which in the illustrated embodiment may be referred to as a steam
reforming system, contains a fitel processor 12 in the form of a stear reformer 13.
Steam reformer 13 produces a product hydrogen stream 14 from a feed
30  stream 16, which as discussed contains water 30 and a carbon-containing feedstock
32. As schematically illustrated in Fig. 1, steam reformer 13 includes a hydrogen-
producing, or steam reforming, region 18 that contains a steam reforming catalyst 34.
Steam reforming catalyst 34 is adapted to produce a reformate strea;m 20 from the
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25 exanpl e of a fuel processing systemthat contains a fuel processor in
the formof a steamreformer is shown in Fig. 1 and general |6 JdH¥@00sd at
10. As shown, the fuel processing system which in the illustrated

enbodi ment WihJ00HB026Kf erred to as a steam refornmi ng systremuseadiopons a f uel
processor 12 in the formof a steamreforner 13. Steamreforner 13 produces
a product hydrggen stream 14 froma feed 30 stream 16, which as discussed
cont ai ns wat er 1288 sterIL videh is dalivesed t@iths refpriingistion kit aBdevatal mpeanis aal | v

i1 lustrated i Nyl 1, f includes a hydrogen- produci ng, or
st eam r ef or ni n%ll,é_b%re%i 6&3%%8 t;lhglt% rg%%?g:\rsggl 3ﬂ§?§tﬁﬁs e %W%c@aalyglliﬁgt:”%@.

St eam r ef or m n@hishtfe¢d streagn 16 s delivptedcandanpritcicie: R6rahey SR B Pr6@Ped.0
fromthe 2 6 M%%%OO%? V\B@foo /002616 P /S"%% 003/ 019901 feed stream

whi ch is delivered®o thd Sy e eqish i Shomnaindtig le e methin theand
pressure. A séwpmofﬁlbaisbleﬁﬁétﬂaﬂﬁofeﬁtﬁ&ﬁhe%ﬁ&i@édﬂﬁaﬁbé@sfeﬁfm ng catal yst bed
36 to which feed stream 16 is_delivered and in which the reformate stream

i s produced. Al though oHPAM &feiyge &eactions are fpically sleyformesbd @Bpéeratusdsann
in-Fig. 1, it #heraMekhy ' [re nor an, one
L e

such bed may be used. Steamreform'ng re p
tenper at ur es | FPerefR, stasng seformez 48 typicaliyt i80Qdes, oranth thernpl easubLiBation Wite

range of 50 psj . 1 fore, .ste refarnmer 13 typicall

i ncl udes, or ?ih]éﬁg%%%g@rg gbm%gﬁﬁgc%o%@\%ﬁﬁ?ﬁcg "HE%i n%&%‘%ﬁ?ﬁ?@mﬁé?

whi ch i s stowrds ischetsingly iliusieated in Figgl td graplieallyn GepdSRMOhY 138inkasbstnbly

schematically }j strated in. Fj.g. .1 to graphically depict that "the heating

assenbly nmay IJ%%J E%cké aéegi Wt[l'ﬁ'l ﬁ%t%‘zé‘l%f oﬁ”r’i‘qre?ﬁlzrﬁ‘éﬁ/ﬂlee%??@? Aeformete op thethm

reformer, or Hitaing atteablyTs s e np Bl g el kAR £ AEARL N
opera

mechani sm or %gvi ce.to heat the steamreforner to a selecte I'ng

t enper at ure. IefTeE fo ﬁéﬂ??t%?mwpvp%@mwli gxemplte heating sissmaiy e
heater, a bur B8rmay inckiigh r&RHeS hhQG: b Birdet Mm&r&%%ggﬁpﬁﬁgg}%%@&gﬁg%haust

stream heat glxchange with a heated fl u d stream ting
assenbly 38 i Se¥Rd RISt Fitennn cheat pxabrngst wishra Heyediiidhstidatn, eteenth Fgs,qary in

conposi tion amdadene g@cﬁ is 0 ani_sn( sed 1o produce, heat.
For exanpl e, vv?len _t_lile gg?ilﬂghdg@s%ﬁ%l&?ggsﬁ%smﬂu@gﬁ%r@tﬁ&W%YE% eat es
heath by con‘f)&gmpwi,lonsamb@pe 4epenidinig upon Ithedmechanistrignased tRprashRdt, birs: f uel ,
such as an a %ﬂh%le, when the heating assembly 38 is a burner or otherwise creates heat by

combustion, stream 40 will include a stream of a combustible fuel, such as an alcohol

20 or hydrocarbon, and/or a combustible gas, such as hydrogen gas. When heating
assembly 38 includes an electric resistance heater, then stream 40 will include an
electrical connection to an electrical power source. In some embodiments, feed
stream 16 may be delivered to the steam reformer at an elevated temperature, and
accordingly may provide at least a portion of the required heat. When a burner or

25  other combustion chamber is used, a fuel stream is consumed and a heated exhaust
stream is produced. Feed stream 16 is vaporized prior to undergoing the reforming
reaction, and heating assembly 38 may be adapted to heat and vaporize any liquid
components of feed stream 16. This is schematically illustrated in dashed lines in Fig.
1 at 44.

30 As discussed above, steam reformers produce reformate stream 20
from water and a carbon-containing feedstock, Examples of suitable carbon-
containing feedstocks include alcohols and hydrocarbons. Nonexclusive examples of

suitable alcohols include methanol, ethanol, and polyols, such as ethylene glycol and
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20 or hydrocarbon, and/or a combustible gas, such as hydrogen gas. \Wen
heating assenbly 38 includes an electric resistance heater, thguL¥t2085m 40
will include an electrical connection to an electrical power source. In
sone enbodYRAM040026ed stream 16 may be delivered to tlreTaisembpie§or ner at
an el evated tenperature, and accordingly may provide at |east a portion of
the required heat. Wien a burner or 25 other conbustion chanber is used, a

fuel stream i sPEEBHEfEIYCU N MNogexplusive Fxanbias of suitebledwdocarbpruitcipdemethen
stream 16 is v, |nZ [ t d&w‘ﬁ g ran r i on, . and
heating assenb y?%dg’ qrrlggﬂigeg%asﬂa%?%g o ggtg%ﬁgn%%grﬁgeﬁ%ye%% Is 2
conponents of paséeilasty wabhstited Ganlbon-Gontasniine deistoek lfyr sthdnu Séfoaiiag rkartdashed
lines in Fig. 4 30 .di scussed .above, steamreforners produce
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of suitabl & cathancarbantamiaining belspskoaksrdiialedde Fal cRAIS, ARthanol ste
hydr ocar bons. Ngnexcl usj % xanpl es of suitable al cohols include rreafn%anol ,
et hanol , and g&iSGfs, B Ve YRR TGRS dhatagyg hegted tg pproxgagely \Jo0-
20041002616 PG0USZARY/ A b9 A0dkinkaarlieyosthitibre SORREE 5018 eX AR 6% Of

h nat ural” gas, "di esel,

sui tabl e hydrocarbons include rethan€, ‘propane, n
ker osene, gasdolseHEICEREerapicaliereceite hfavdistrpam 46 hpwng epprbzimagelywe (11 1- mulat ed

car bon-cont ai ni,¢ t ' react.,ons.. t hano t eam
r ef or mi ng typ?%gl?f’{/ﬁ? a e@qglv;g(% (ozfta%gg%ﬁ%‘%{g é%%@? o ebytvﬂeéﬁhtmélﬂ% % er
car bon- conlfai rrafynfagdustavied svithout daphdingebm Bor scopaop ki, praghharebsasé eam

500 500¢ (LocRodfe KEThRRGRTNE PSR 0 Tor e commoni y 560 425 C.
Met hanol st eam r ef or meiFeed gtipamaleliyay nc@iivered s @68n Bdfban 3 §iNaY sifable
approximately a 1:1 nolar ratio Qf nethanol to water (or approximately 64%
nmet hanol by wet ,m’oﬁ?"’i’t?ﬁ gy f%%ﬂta@@ #‘38‘? iSBe%ﬂebﬁeWaﬁyﬁfé@nﬂﬁtShb@}aﬁgdbarti ng
fromthe scopell@rafeleinPrigsent 191 S5dRe %@%ﬂﬁl? ShéthbesP: Hﬁﬁbb’é%&h&ﬁigﬂ,ﬁ

ot ner

amount s of hydrogen gas. Feed stream 16 ‘naybe delivered to steamre

13 via anySsuidcHse.&r combRatinnsihereafifhat dglivasythe fead strsirh do stemu rafomesiB b ver y

system as schemptikCcald Yeliv ' | 1 LaReliyery system 17

“hel udes any su?@% by 8 ne%]'}]‘}gh}i S'é?srtém n?trﬁaq,r kel Yonel o tnahd puttps' thet delivs &
components of stream 16 from one or more supplies. Additionally, or alternatively,

system 17 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

20 steam reforming system, or may be contained within or adjacent the system. A single

feed stream 16 is shown in Fig. 1, but it is within the scope of the present disclosure

that more than one stream 16 may be used and that these streams may contain the

same or different components. In the case of a methanol steam reformer, where feed

stream 16 contains water and methanol, these components may be mixed togethér and

25  delivered as a single stream. Alternatively, these componenis may be separately
delivered to the reforming region, as shown schematically in dashed lines in Fig, 1.

Traditionally, low temperature shift catalysts (LTS) have been used as

methanol steam reforming catalysts. These catalysts were designed to catalytically

facilitate the conversion of water and carbon monoxide to hydrogen and carbon

30 dioxide at temperatures less than 275°C, such as in the range of 200-275° C. These

catalysts typically are copper-based compositions, such as stabilized compositions of

copper and zinc. More particularly, LTS catalysts typically include copper oxide and

zine oxide supported on alumina. LTS catalysts are available in various shapes and
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15 device, or conbination thereof that delivers the feed streamto steam
reformer 13. For exanple, the delivery system may include oneé SULWROD5
punps that deliver the conponents of stream 16 from one or nore supplies.
Addi t i onal WP 20§#/0%6t6er nati vel y, system 17 may incl ude @craiss@sassenbl y
adapted to regulate the flow of the conponents froma pressurized supply.
The supplies y be |ocated external of the 20 steamreform ng system or
may be cont ai [@Hnwsﬁ?hﬁﬁﬁneﬁcﬂj’%@ﬁ% ston el ypyeatlinh Thcatplsts eonthiping coppeami16 i s
shown in Fig- thdid Wlal S t-he, present dj.sclasure, that
nore than one %I?cr %ﬂ%%%uﬁgﬁ%g%g%ngg??ﬁg?ﬁ{eﬁége StTear er”@ 8’8@? AP the
sane or di f f erapioxioaplyid03s zinn oxide. daseeddferein, fedpimnokidst salhnicah QbR |

where feed stie t.ai ns. water d_net hanol ,. these _conponents may be
m xed toget her(ba%@]/%gwﬁg‘#i@P &e‘a;ﬁsl‘ i°n rt%ysgs[% fclyslgathss mpteriafie s o
conponent s Smaysuble as dpi%t AhuyinadeOthee eranples bf\iTISeEQﬂP%'tQQna{ﬁgé QBcriBsg ghown
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shift catal yst’STRHE “HL0¢ tawer 0¥Wds 25500 0RRRN 0xife 0 20:4Q56 wopiger cidel yst s,
These cat al ystStiMethers deshdeBeketiluSatidd ¥hb&ad idd dAt . sion
of water and carbon [Smnoxi de tec} h{ydr_ogen_gandﬂagg?{)%d%%ﬁd@oéq%g&g{&%e’

t enper at ur es 1%8s¥% gig gxidecor 3Qr6P70azing axidee QthergleTH fatalysts 2phtait. chfbreie
catal ysts typijgaéddy ol e C. [ y Skl , .such as stabilized
conposi tions of cqggeifﬁe a%gpﬁzr]%é%%%%@%?tééghﬁ%rﬁl Fo%Ts t?i‘l%les of a

typi cal | y nclcoareentionsd dTSoataliest HrmadediydCI Ghérmieals SpPalytners, Dil. of Billigfaml TS

catal ysts are Lka i L ous shapes an 4 6,_JUL 005 . WO .

2004/ 002616 P@%%Eéog‘%fc?f@g@&%ﬁ%,%rag‘ﬁc‘ﬁma?sgﬁ“e‘r| ei”i{s g@ﬁu@?ﬁ%l}’stewtams

Typi cal | yE :_TSg%aggﬂ;/@tdysm%ntc?ppdrng}pqp@@g, appimlmlnagabng(;js%l ﬁggngﬁggemd ol
appr oxi mat e - 0,GO r a r co r oxi de an appr oxi mat el y
P05 21 ne. o 2PEEIRSIS T S8 alispibpn Ao Samplae b TS Rtkibstia &d-1d By i€ 1)

and/ or copper nfade )an@xblieby BASFLISpeatia. Y Sier BYmbldt tRgide @%B‘q]?d L8y

materials, 5 sych as 0-50% al um na. Qther exanples of LTS cata ysts hay be
descri bed 1as V& 4r Madg 2 seld diycHidchenisi e, oDbowgoiHe &3pe Untess oberwdse

20- 40% copper sgeetfa h il ool Sy 4 | tive ranges of
copper oxide a% 20- g(r)%zi r?(oz ggf%%ﬁﬁ%&g&?g?%%ég%%z&%? 30-60% zi nc

oxi de. Cther LTS cat al yéithougbrefEactive fargriatively ishet geibdsfoftdre (@RPpSrupzionc

fornul ations "gﬁﬁ&r{i'rﬂ?éiy Q&Pﬂo%m)ﬁ?l@éa%ﬁ%tse alcs)cl; in%roduce several difficulties to practical

long-term (1000 hours or more, and preferably 5000 hours or more) use of these

20  catalysts-as methano! steam reforming catalysts in commercial products, For
example, the copper-zine LTS catalysts described above are pyrophoric, which means
that these catalysts will spontaneously combust in the presence of air. The heat
produced by this spontaneous combustion (or oxidation) of the catalyst may damage
the catalyst and/or other portions of the reformer, as well as being a safety hazard.

25  Therefore, steam reformers using an LTS catalyst as a reforming catalyst generally
include sufficient seals, guards or related mechanisms to minimize or prevent air from
contacting the catalyst. Another disadvantage of the LTS catalysts discussed above,
as used as methanol steam reforming catalysts, is that the copper oxide component of
the catalyst is easily reduced to elemental copper and then sintered at the temperatures

30  in which methanol steam reforming is conducted. The speed at which ﬂle LTS
catalyst is reduced and then sintered increases as the temperature at which the LTS
catalyst is used as a methanol steam reforming catalyst. For example, the LTS
catalysts described above tend to be sintered and deactivated within approximately
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10 conventional LTS catalyst is made by ICl Chem cals & Polyners, Ltd. of

Bi | li.-nghamj Engl and and sol d 'under the trade name 52-1. Thi % JOEYQ004l yst
.cont ai ns S.%) roxi mately 30% copper (l1) oxide, approximately 45% zi nc oxi de
and appro éPY26163% al umi na. Anot her exanpl e of a LT®craisabapsissts K3-1
10, which is made and sold by BASF Corporation. O her exanples include
&6B and T-261 5 which are nmade and sold by Siid-Cheme, Inc., of

Loui sville, ?lggsorg@qqéylwnsr@e d ap ignneraterch et of ﬁbo‘fal-’looﬁﬁfnp'ﬁklstabm life
per cent ages ar@e&éggése d o) f rrel.ativ short

S0 firthetfen el éigllﬁfn% E%gértour sgﬁaml’_lT% Tart ﬁ*
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and preferably f t hes at sts, as_nethanol
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copper - zi né LTﬁodMeaiyﬂsxngMmbmd‘eammanare pyrophoric, whl ch means that

these catalysts w il spqgtaneously. conbust in the presence of air. The heat
produced by this sponta uBreéﬂﬁbéé‘ﬁ?%‘ﬁe (®rdigpetedatq rgthanpl tSIE@JJJcaIGfanylslg may

danage the cadardlysd RO Glot AihBl BRM & BR RBfthd BBovd R MRE: m@aﬁﬁ%@ e5.0 §| yst

bei ng a safety hazard. 25 Therefore, steamrefornmers using an
as a reforni ngCOPREALS Tg§e|‘=‘|€=ﬁ,t|"1]é{Ff|5 hﬂ%@ﬁlﬁd@O@dﬁlﬁl ¢iconpasblel, r euear geater,

rel ated mechanice®@sibe Jf «Lont acti,ng .t he

catal yst. Another di sad\}ggn?aegg 5 ?1%’:8\’@% atga% yst's 81 éffed Ipgant at o
used as nekdharigast é‘tl@&hﬁ@“éftb@rmﬁ\gmtme&rwy sf ldagt ‘TH&bor bhal aqeazego%xma@of
conmponent  of uced to el.enpnta per and then
sintered at thiéﬂ%?gnperell%éﬁetaes g?)%ﬂrg %ﬁ?@ﬂ %@?’ﬁa‘ﬁ nﬁa?ﬁtrb@f‘ﬁ‘%‘ﬁeﬂ %aﬂ

conduct ed. Thexéfissdstate whi deactibeted Boring atsal 364 stcamd Q&Uﬁﬁﬂ%%la%l tshfiﬂ the
al ys IS used as

sintered increases as the t e re at ich the LTS ca

a net hanol stSW%%?WP%Egoﬁﬁb'%@Lﬁ 4s3)uc ghg‘ﬁﬁl:eém fefemingsratad et il deve a
descri bed abowsudhdonizer asdrel 156 QTS cutalyheatid ¥l 86 2 Wididdinbi 9@%&?” gy S
4 6 JULY 2005 20 4/ 002616 PCT/ U82003/019901 250 hours or Tess wnhéen used
at tenperatur&é of5sbly: soch eatalysts.swhen nsed ini 4 gropsdyrapestisg emﬂ]mnbbrt her

when used at rERLe B wiha! 5 era s ,of at
| east 350C, suIch as Oglglglr 425 g@g%ﬁﬁ%eigg%%tﬁﬁéﬂ%lgmééﬁﬁ% %'TOFatleaSt

000 hours, and preferably at least 2000, 2000-5000, or even more than 5000 hours,

Described in other terms, the MSR catalysts according to the present disclosure may

be described as having an initial, or maximum, activity before the catalyst has been
20  used to produce the reformate, or mixed gas, stream from the feed stream, and a

second, or after-reforming, activity that corresponds to the activity of the MSR

catalyst afier a selected number of hours of use of the catalyst fo produce the

reformate stream. As discussed, this after-reforming - activity is preferably at least

75% of the initial activity after selected time periods of 1000 hours, 2000 hours, 5000
25  hours, or more.

A methanol steam reforming catalyst according to the present
disclosure is additionally or alternatively not pyrophoric. A benefit of such a catalyst
is that the reforming catalyst beds do not need to be shielded or otherwise isolated
from contact with air to prevent spontaneous combustion of the catalyst, as is

30  typically required for LTS catalysts. Therefore, the reforming catalyst beds (such as
bed(s) 36) may be air permeable or otherwise exposed to air.

An example of a suitable methanol steam reforming catalyst according

to the present disclosure contains zinc oxide as an active component and does not
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r maxinmu

the present disc|os may, be, described as having an initial, m
activity bef orcém‘taﬁjeg%gp A g‘& ORHS- bﬁ@ne’?@%é@ cHalyFomay coplain p@f8¥nzine, or

m xed gas, strexeds 0G4S bcfarld, &t bRRFRInARYE, 30% Org; - I ng,
activity that corresponds fg t he activi ty_fégq‘ t_ﬁzﬁlﬁ/éé d%atsé@gésrg’at#l?eég
sel ect ed nifnbeRtabist wgy centain ajdeash20% shramivey axéde, wod prefereily cohieins 2SE8084rat

stream As di SGHHRSBE: olidd. S ~f.efhar i YRR Leferably at | east
75% of the initial acﬁlg%'tgaja%teP{eégq%ectg]gtsﬁﬁ%)ég%rgr o%éﬁf’c%ﬂ% d&%: 2000
hours, 5000 Z9-G¢uelromiym pxide or Apprexinmbedy 56% ebmmrimhokideng cat al yst
according to the present | osMre is additionally or alternatively not
pyrophoric. A benefit o s%léiﬁl%k 8};?aﬁ°§p§’f’31g?%&qaﬁé?a3ﬁ%%“§eg‘f%ﬁW&&Wf‘&st
beds do not neecbrdiog lie dshprescie disclosurt had wiseh &abintRth of HRMTIALREL t h
air to preyent_spant aneous copbustion of the catalyst, as is 30 typically
requi r ed ﬁér B@@Eﬁéﬁ%ﬂ"&n e‘l’&?@ﬁé‘?ﬁ?@@%bﬁgmﬁ?%lecmy%@es!@d@tqlwch as
bed(s) 36) nmayk&l &4 Light 5@6%3@W@Wtﬁﬁise€mdB&°‘hgéhrtﬁmﬁ&aﬁé -gse of a
g° to the“presen

sui t abl e net hanol steam reform ng cat aHSt accordin

di scl osure comtedpifstenppatuss grgeeriBan R0G £1 anddyrieatiydn dretrangecb fFORS00DE. Fér
example, in contrast to an LTS catalyst, KMA has very little activity in the

conventional temperature ranges in which LTS catalysts are used, such as 200-275° C.
20 Alihough not designed or intended to be used as a MSR catalyst, experiments have
demonstrated that KMA is an effective methanol steam reforming catalyst. For
example, when 8.9 grams of KMA was used to steam reform methanol at 400° Cé6
ml/min of hydrogen gas was produced. As a comparison, 5.8 grams of T2617
operating at 300° C produced a similar conversion. However, T2617, a copper-based
25 LTS catalyst, not only has a significantly shorter useful life as a MSR catalyst
operating in the range of 300-500° C, but also is pyrophoric. '
Another example of a suitable MSR. catalyst according to the present
disclosure is a catalyst that contains zinc oxide supporied on calciurn aluminate.
Stmilar to KMA, this MSR catalyst is not pyrophoric and is not reduced and
30 deactivated by sintering during use. For example, the catalyst may contain up fo
approximately 95% zinc oxide and at least approximately 3% calcium aluminate.
Other illustrative examples of possible compositions include 25-80% zinc oxide, 50-

90% zinc oxide, and 70-95% zinc oxide. Similarly, the MSR catalyst may contain at
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Anot her exayrpbepp@f-zﬁcMSt@&hﬁtd}/&Bs&_@étﬁ&éfs%ffé&%%é&isafé &dt#%@m%&‘f-ﬁﬁp%ﬁm
di sclosure is catal yst that contains” zinc oxide supported on calcrum
al uminate.  SFHFR SPosel Yo, Semiler tvsepreneinc 8 datalystst hepyeven st tonaxides not
reduced and paged catalysts may be reduced and deactivated through sintering during use.
A further property that may be exhibited by MSR catalysts according
20  to the present disclosure, either alone or in combination with one or more of the above
properties, is that the MSR catalyst does not produce methane during the methanol
steam reforming process. For example, many high temperature shift catalysts and

methanol synthesis catalysts, such as iron-based catalysts, produce approximately 1-

5% methane during a methanol steam reforming reaction. This production of

25  methane, while not detrimental to many applications for product hydrogen stream 14,

and which may be removed or reduced in concentration in a subsequent separation

and/or purification step, still reduces the overall yield of hydrogen gas because some

of the methanol is reacted to form methane instead of hydrogen gas. KMA and other

zinc oxide MSR catalysts meeting the criteria described herein and which do not

30 contain iron oxide as an active component do not tend to produce methane when used
as a MSR catalyst in the operating conditions described herein for steam reformer 13.

Hydrogen gas will be the majority, or primary, component of reformate

stream 20. Although reformate stream 20 contains a substantial amount of hydrogen
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process. For exanple, maywdRedindr§NBRiBiHnE ré@ﬁ&thﬁﬁ&&hy Sth@ s Eﬁs%{%?no'
produ roxFma

synt hesi s catal ysts,.  such _as iron-based catalysts, e app ely 1-
5% net hane duVRY Pdiarsdesed sopesmiralignRtang gr mwae notohydrFgdnscoppodents ttah of

i present in reformate stream 20. Therefore, steam reformer 13 may, but is not

required io, include a separation region 22 in which the hydrogen purity of the
20 reformate stream is increased and/or the concentration of at least one non-hydrogen

component is reduced. As shown in Fig. 1, separation region 22 receives the

reformate stream and produces a hydrogen-rich stream 24 therefrom. Hydrogen-rich

stream 24 has a greater concentration (or purity) of hydrogen gas than reformate

stream 20 and/or has a reduced concentration of at least one non-hydrogen component
25  ofthe reformate stream.

Separation region 22 may utilize any suitable separation structure
and/or utilize any suitable mechanism, including a pressure-driven mechanism or
separation process, to increase the purity of stream 20 and/or remove selected
components therefrom, such as to separate reformate stream 20 into hydrogen-rich

30 stream 24 and byproduct stream 26. Although only a single one of each of these
streams has been schematically illustrated in Fig. 1, it is within the scope of the
present disclosure that separation region 22 may produce more than one of each of

_these streams, which may thereafter be combined before or after leaving the
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reformate str Q;%I&te&@bn&b@ro@éﬁ &Qfﬁﬁ)ﬁeﬁ; rdidtive B RFGRtLhagh 951 €,

substantially pure hydrogen gas refers to streans that contain at |east 90%
hydrogen $as, pref er ablAn graamieet 2 ﬁhﬁabb5%ﬁwdmcay@ﬁmya®r seppratiop redi@r 2| y
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'S No

ref ormat e streamg? Therefore, steamrefornmer required
Iy

to, include a%¥§ tHaB?thleYl%ﬁz‘Zf%ﬁo whive e Qomgﬁhyﬁpd@elmqwomeya‘mﬁy thive
contains approximately 40 wi% copper has proven particularly effective, although

other relative concenirations and components may be used within the scope of the
20  disclosure.

Hydrogen-selective membranes are typically formed from a thin foil
that is approximately 0.001 inches thick. It is within the scope of the present
disclosure, however, that the membranes may be formed from other hydrogen-
permeable and/or hydrogen-selective materials, including metals and metal alloys

25  other than those discussed above as well as non-metallic materials and compositions,
and that the membranes may have thicknesses that are greater or less than discussed
above. For example, the membrane may be made thinmer, with commmensurate
increase in hydrogen flux. BExamples of suitable mechanisms for reducing the
thickness of the membranes include rolling, sputtering and etching. A suitable

30 etching process is disclosed in U.S. Patent No. 6,152,995, the complete disclosure of
which is hereby incorporated by reference for all purposes. Examples of various

membranes, membrane configurations, and methods for preparing the same are
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Exanpl es of s q, Sireamgp glang with other impurities. If the adsorbent material is'going to be

regenerated and these impurities are present in stream 20, separation region 22

preferably includes a suitable device that is adapted to remove these impurities prior
20  to delivery of stream 20 to the adsorbent material because it is more difficult to desorb
these impurities.

Adsorption of impurity gases occurs at elevated pressure. When the
pressure is reduced, the impurities are desorbed from the adsorbent material, thus
regenerating the adsorbent material. Typically, PSA is a cyclic process and requires

25  at least two beds for continuous (as opposed to batch) operation. Examples of
suitable adsorbent materials that may be used in adsorbent beds are activated carbon
and zeolites, especially 5 A (5 angstrom) zeolites. The .adsorbent material is
commonly in the form of pellets and it is placed in a cylindrical pressure vessel
utilizing a conventional packed-bed configuration. Other suitable adsorbent material

30 compositions, forms and configurations may be used without departing from the
scope of the present disclosure.

Yet another example of a suitable process for separation region 22 is a

chemical process, in which one or more non-hydrogen components of the reformate
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di scl osures ofcowaélﬁfé Al Brob St &Y ad—CH rance for all .purposes.
Anot her exanpl e of ansuﬁli abl e r%su%@%%%?gﬁoﬁﬁéﬁgggs@ef% ceﬁlgéh‘%h OQ
separation redidgninonaxidsy m&f be dasb oprabdppipt(pants pdcmillioh)ngPiefersiepanat i on

region 22 5 n&] 7 F I e-SwW n dsgr ptijon systens,

such as schemm igﬂgl g?’?ﬁoﬁl&c%tfaggﬁ f&rg%g%?ﬁ%%qovaaen@sl%f%%ﬁg PPy, en

pressuglef swi ndnerd saeiprablyn ig F@A)hqn[]blgns.s,Theoronsquﬁﬁm oga%a@‘ugio&{mq&@ pes are

renove rQm i.nin rog as. . PSA is hased on the

principl e 1? hatagr ié:até%rt%%lm nﬁ‘§Q‘§§°§5’°ﬁ}ﬁH%¢‘/’X{d%e?§r g’b"é’F‘PlE’cf'ﬁH?ecnit‘BH%ns&lf less dixABedSae ur e

and pressure, car'bbhdbﬁi@dﬁ@ﬁﬁd:cﬂiﬁlﬁe.meﬁ%%lﬂ%ﬁoﬁ&h%ﬁéﬂs1&9(‘?&1151?)%0&9&y 10
SO

than ot her gases. Typically, it is the inpurities that are a rbed and
t hus r emov eg even mo}/ep pref’:‘erabe, less than 1%. Esprg:)ially preferred concentrations are less than

S0ppm. The acceptable maximum concentrations presented herein are illustrative

examples, and concentrations other than those presented herein may be used and are

20 within the scope of the present disclosure. For example, particular users or

manufacturers may require minimum or maximum concentration levels or ranges that

are different than those identified herein. Similarly, when steam reformers according

to the present disclosure are used with a fuel cell stack that is more tolerant of these

impurities, then the product hydrogen stream may contain larger amounts of these

25  gases. Similarly, when the steam reformers are used to produce product hydrogen

streams that are used for applications other than as a fuel stream for a fuel cell stack, it

may be desirable to remove other components from the product hydrogen stream
and/or it may not be necessary to utilize a separation process. |

As discussed, steam reformer 13 may utilize more than one type of

30  separation process and/or include or be associated with more than one type of
separation structure. An illusirative example of a steam reformer that includes two
different types of separation structures (or utilizes two different types of separation

processes) is shown in Fig. 2. As shown, the reformer includes a separation region
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fromreformate stream 20. The success of using PSA for hydrogen
purification is due to the relatively strong adsorption of caugLYi 2005 ity
gases (such as CO CO2, hydrocarbons including CH4, and N2) on the

adsor bent W ¥0#82616Hy dr ogen adsorbs only very weakly aodusmobydsagen
passes through the adsorbent bed while the 15 inpurities are retained on

t he adsor bent teri qL In%uridt#g ases sych as NH3, H2S, =~ and H2O adsorb
very strongly PhEads Grivem HOm, ety Vtieh ishaensradlycindisatod @l 48 fandm
stream 20 al onghish i\ddér’Gearh MBI debd ioh B8 BOSRHYSHLS L@l s going
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cyclic processFigra] sepaufiorefegid 48 nlagastrefoned R84S o HELER tﬂlegflé),gﬁlt %‘gltsit?rgsozgd

to batch) operati.,on. | es, of  suitable adsorbent maferi
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pellets and it js placed in a cylindrica vesse
conventi ondl pdklsastvaenewhydregansompenentias compared whleformesairan20.nat eri al 30

conpositions, fornms and Aco8f.L.Quradt .used. w t ho(t. d rting from
the scope of the preserflif& %Hog%l gg%grhg{.és ’S?g%% a%;f%%%pg%gatﬁp{ege%? %gg?g‘?nc"éﬁ}e |
process for sdfgamiddofomesiporation regiora 22 ofoe nitermhtively CrefBmaicsiiinCI0 Gg OF
nor e non- hydr I s_of.the refornmate 6 JULY 2005 WO

2004/ 002616 P -&gﬁ‘%&%@@fg@oiﬂ%s ARy ?tg%é?ﬁaeéﬁ}lr{i”dm&ﬂ’éﬁwnﬁw%of,

addi tional hydrogeoviggseciacted osmpanehie tigreis 0 IRPRED] the gk PhRIrdRLGHEaS kd abl e

than the conmponents. that are renpved fromthe reformate stream
|11 ustrat ici\ge %?%%C?‘S’Fa%‘??@ ' EB %&ﬁ%\kﬁiﬁ%ﬂ%ﬁ%ﬂ@é@ﬁ ofcthisdreathdomuse of

at | east one mpeddudngfdreenGaEah Y4! Rogien 40 iﬂiﬂ#ﬁﬁ%gﬁﬁgﬁ%ﬁgﬁfé@oﬁ?&ﬁo% o
nonoxi de and suitable structure for performng t'he water-gas shi &act i on
to produce or reducing the concentration of the selected compositions in stream 24. For example,

when the product hydrogen stream is intended for use in a PEM fuel cell stack or

other device that will be damaged if the stream contains more than determined

20  concentrations of carbon monoxide or carbon dioxide, it may be desirable to include a

methanation catalyst 52. Methanation catalyst 52 converts carbon monoxide and

carbon dioxide into methane and water, both of which will not damage a PEM fuel

cell stack. Polishing region 48 may (but is not required to) also include sieam

reforming catalyst 54 to convert any unreacted feedstock into hydrogen gas. Catalyst

25 54 may be described as a downstream, or secondary, reforming region. In such an

embodiment, it is preferable that the reforming catalyst is upstream from the

methanation catalyst so as not to reintroduce carbon dioxide or carbon monoxide
downstream of the methanation catalyst. |

In Fig. 2, steam reformer 13 is shown including a shell 60 in which the

30 above-described components are contained. Shell 60, which also may be referred to

as a housing, enables the components of the steam reformer to be moved as a unit. It

also protects the components of the steam reformer from damage by providing a

protective enclosure and reduces the heating demand of the fuel processor because the

13




hydrogen gas from water and carbon nonoxi de present in the reformate
stream For exanple, in the context of a steamrefornmer that isJULYR0O5ng a
-fuel stre for a fuel cell stack containing a plurality of fuel cells,
many f uel PUO4A2616 s pject to damage if exposed to celPCAIUS2eaMPOnENt S,
such as carbon nonoxi de and/or 10 carbon di oxi de above certain threshold

concentrations l.east man conventi onal praoton-exchange nmenbrane
(PEM) fuel cel F%‘,EB‘E%‘%{SC"%‘E%e‘ﬁ?IrPé?%Bﬁ?I B8 Do teneh s bk Sheliinmd bacddesset ¢ han
10 ppm (parts pesessatily, imahde ifdutiting adhetial 53 QuckS%Sd &ﬁﬁﬁ'iﬁdﬁl&hﬁ (ferial, blanket
concentration of carbon nmonoxjde to |ess than 5 ppm an even Hore
preferably, to"qslé@@“ﬁ Fafsrigl Eﬁd‘ﬁ’r anrpar-Elgdoaanity. olt ivwithin teescopnofthedisciesursy be
15 greater thaRow&at, ti HAKEAR rERAA AL, bE R !é’ﬁ%ae gg@ﬁ%ngr{%gﬁ,owmgf

| ess than 25% carbon dioxide may be acceptable.
concentratidn 184 aeormeratd ipiudes insulating mateiab 68; éfecinallbting meksal fafp bh%

Especially pre e i re.ess.than .50 m The_ acceptabl e
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f th re e.
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ranges that ainsulglidnf 8y @htmithany ihesfed fiangified herein. Simlarly, when
st eam ref omrers accordi n?_ to the present disclosure are used with a fuel
cel | stack'that is nore It & 8RB wigEn theessape ohithe disclosws thdtene bhmops efiie t

hydr ogen st r eagonifR¥ert® 8 sbdin k@b Pcﬁ%% 5,0ases. Simlarly,
when the steamref o?mar_s are uslglg&% %éggro E:ogﬁif)&:g%%@t&ﬁ/og}“gdgﬂ' &é]f PEAIE " t hat
are used for dppHTcdde) dihsr otendrbeyorritbe shell dribellostedeatertabyt Bast sell goeldor
stack, it may esy| I \: r. conpgnents. fromthe product
hydr ogen stream %ﬂ%{}a&fgtﬁﬁ%@a%%[{?b@u%ggegs?aﬁ “toP g7EeRns ) A3yt bon
process. As diexéuend ebisll 6¢ embior epartion of Birogy-pbdilcinge: gmﬁqgt(mliag?grﬁtoﬁpe of

30 separ at{on pr andfor. i ncl] ud r. be associated with nore than one

type of slgparogto ?%ﬁls]%??eﬁgéoﬂ?]&g cﬂtﬁg"rgﬁet?eg@m%f Tajddiexensd the ghella st eam r ef or mer

that includes two diff éisadionidaty WistRAnFiE Osidi Wabli S adBlay lhé ©°
wn in Fig. 2.

two different t%lsgﬁs .of1 separation processes) iS show Shown,
the reformer PREFJEE %F“ﬁ%ﬁla}’ ¢ iedeptedkin dakiveriat lgash BIPErtR@OS prodixce BHPAHHER616
PCT/ US2003/ 019884 14 to at least one fuel cell stack 70. Fuel cell stack 70 receives the portion of

the product hydrogen stream and an oxidant and produces an electric current
20  therefrom. Illustrative examples of suitable oxidants include air, oxygen gas, oxygen-
enriched air, and the oxidant stream may be delivered to the fuel cell stack via any
suitable mechanism.
When a fuel processing system is used in combination with a fuel cel]
stack, the collective system be referred to as a fuel cell system 72. Although the
25  reformer has been indicated at 13 in Fig, 3, it is within the scope of the present
disclosure that any of the steam reformers disclosed, illustrated. and/or incorporated
herein may be incorporated into a fuel cell system. Fuel cell stack 70 is adapted to
produce an electric current from the portion of product hydrogen stream 14 delivered
thereto. In the illustrated embodiment, a single steam reformer 13 and a single fuel
30 cell stack 70 are shown and described. However, more than one of either or both of
these components may be used. It is also within the scope of the present disclosure
that these components have been schematically illustrated and that the ﬁlel-cell system
may include additional components that are not specifically illustrated in the Figures,
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22, as well as a second separation region, which is generally indicated at
418 and which is downstream from separation region 22. In sucle aULY 2005
-conflguratlon the reformer may be described as having two separation
regi ons i n Q2004002600 or as having a primary and a se®cmASLOP3BmOET at | on
region. Separation region 48 may include any of 5 the structure, elenents,
sub el enents, Xnﬁ:ﬁ' gstrfg?r}ls and t he Irhke as di scl osed and/or incorporated
herein within Pesp&ct % PFERRoAt 2%eLvPYy pyrens fhieat exehangenss aentoilesth oifwvi n
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t hat it Is trea ggmggl drogen rich st reararlr ® b?g%eilé éggm%]la% eat ed
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purity and/or reduced qulféP'EEl[ HakPW0 btafs @Bleelsﬁ?ﬁt Kg\%ﬁ no@} hélﬁ twge &Bﬁ}r on

conponent, as compared to reformts stream
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(or alternativ e fro regi.on 18), and

finrther purifi ec%o%eh %ﬂggnqe%l r ?ﬂ%%ﬂ ﬁ]eel égﬁréérﬁn]f Fﬁ’r“?aélﬁ ’%‘fludesé’fiultlple
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antia

streamis 15 |JS1 |ca ed sag l&l{qwnh 50 and at | east "'a subst
portion of thi gwgg?m y gl efsuitable fuel celsgiciiedBoton

i ncl udes any sexbh:mlgE@n@ﬁUrMet@EM)ffga deRENA élﬂamﬁrﬁlél%@psc'ﬁgeﬂcgﬁ—‘stﬁﬁ (gnt ration
ions in’'stream 24. For exa Juct

of the sel ct ed ¢o

hydr ogen stor eafﬁ?q“éenﬁﬁ?%ﬁ%@ hystrogeaestrpam 34.pEwme oedll @@tdeamtlamkaymddamhﬂgr

device that wids|aomallMIROBe abifveldae vBl £ SAILEODLA, ST ,ﬁggg@drg m ned 20
1 OXI

concentrations of carbon nonoxi or car PEre to
incl ude a netNERERINS praseisabyraed @fud!/br hwh,airlstuned:ﬁfradtﬁﬁtseSB‘oﬁmﬂﬂlé Snéar bon
nonoxi de and ter h of which will not
damage a REM falgjg?‘g&ggeﬁllﬂ)&%&%ﬁ hﬂ%’goﬂ S n CH%c"f%‘Etdlﬁc]é’S‘ﬁStthﬁ’t@hur red

ondat ook it o ok aaen o m‘i@%ﬁ?ﬁﬁ%‘m‘éﬁag"é’qﬁ‘f Spa (URREAGhAY
eedst ock 4in s scri s

downst r eany or%es%g Q%W’g gaFﬁ%r% ar%‘@f?‘blﬁ Yﬂlﬁg%éqerra;gﬁ deginp 868 dlwstrative i s
preferabl e thakamples bEEGIEBIebrERS dvicss frs ﬁ%ﬁ%ﬁﬁ%&é}&nz%mg”atd on

catal yst so aiyﬁ%& to re troduce carbon di oxi dé or carbon npnoxi
downst r eam of SRtaniistoficl edlbissiom 73 inchudgs a ateany refummep st arbydrbgen S

cont ai ned. ”%LE?@GM&E o e el i 3 o G Ll SR TP e o
the conponent £08% reformes d 2atiorags WSO; or beihmﬂuehpmsesamg ahd fudl tell systems
20 according to the present disclosure may also be comstructed without hydrogen
storage device.
The electric current produced by the stack may be used to satisfy the
energy demands, or applied load, of at least one associated energy-consuming device
78. Dlustrative examples of devices 78 include, but should not be limited to, any
25 combination of one or more motor vehicles, recreational vehicles, industrial or
construction vehicles, boat or other seacraft, tools, lights or lighting assembﬁes,
appliances (such as a household or other appliance), households, commercial offices
or buildings, neighborhoods, industrial equipment, signaling or communication
equipment, the balance-of-plant electrical requirements for the fuel cell system, etc.
30 In short, device 78 is schematically illustrated in Fig. 3 and intended to represent one
or more devices or collections of devices that are adapted to apply an electrical load to
the fuel cell system. It is within the scope of the present disclosure that the fuel cell

system may (but is not required to) include at least one energy-storage device, such as
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al so protects the conponents of the steamrefornmer from damage by providing
a protective enclosure and reduces the beating demand of the & J€LY 2005
processor gmcause the 13 6 JULY 2005 WD 2004/002616 PCT/ US2003/ 019901
conmponent s Y01 “¥#&21%el processor may be heated as a uni PCTSSzi0soRB0IMAY, but
does not necessarily, include insulating naterial 62, such as a solid

i nsul ating mat gf and/or an air-filled

cavity. It is W]Jteﬁjl‘aﬁcat%h’a k?&ﬁeg %u %ﬁ g?@‘%ﬁtﬁg{rflr apteq, i qieat Ieﬂﬁe?tpqﬂh@’lgﬁ eam

reformer may bdlefanrramq:rudltcb@by fige] BEILShdXI7 (0 D&bEhdd m\Aﬁchw%nﬁtﬁg
i ncl udes i nsul at%pi%h rial 62, the insulating nmaterial may be | nt naI

the shell, ext& fhat may hetlpter yied fo satisty g @Plahqdrlgadmué:r aafroins

external a shehdr &ﬁsﬂmﬁi Ndevidae7bay: f arafion
and/ or pol i shing grye i ons, & he st eam ?Iel or ﬁ(éé? Q;@Qnyﬂl?l??t et lﬁc ?f h2&5ut er

cover or jat kefie"G‘Z? is @bakery: biet othersmpybé osed, ash as hitmmapaitbisyni Hywaksat ed
in Fig. 2. 10 cope, of the disclosure that one or
nmore of the b%ﬁg%ﬁwgﬁqgggﬂn* %g%nn%rvse Pa‘&%&?e& RPPET tﬂi‘FeH‘ﬁr %“élsﬁfs em,

g. slcl 0s ;Jrg ma%/Sl( @s duping startup dfehﬂjsysteﬂ t121)e I@Idtai)p]iedi‘ff@rﬁﬂ@g@@%) Q% ig&” or
e located ex or a and as sc |ca y
illustrated in ﬁﬁﬂ@or%usg%ﬁ Jﬁelﬁglﬁﬁé{ﬁc’r@@nernal sheII 60 and/ or
a portion of hydrogen pﬂﬁﬁllﬁahﬁ’@sdrtﬁ@tg@dﬁs&oglﬁygaf@ﬁh%vgﬁ A C%Eeulﬁr}gcglrl

A ot |

nore ref org]l ngdlcat st bed E ay extend be d the shel

illustrate independsng uiliyo Mikilegeagk of fhese jnvertions hati tweh oS Ur e

may be adapt ecth&@ogg@Hl\{@I’ Ne A ro am 14
i préferrE@Q&En gnP gl?écifﬂs bodith %ﬂg Sﬁere V(g%crfcf ﬁ‘i an

to at | east one fuel cell stack 70. ceI I eéc rtion
of the produc Wd@é@mmea@éﬁmmmmmmgsmdmmemeb@@bmc

current 20 th I es. .of s nts |ncI ude

air, oxygen ggie.gﬁgsg%ee ni;ﬁéésﬁlr e%ﬁ%ﬁzg?rf%pﬁl Dpﬂlés ]8%%']: g %‘{VP IRgyPbRious

delivered to tqweabhugbnmmm subdzcanﬂmanoas afte vaidusalinfnip taamdss MnciBInd/of Ue!

processi ngs sy}t@;&% g j.on, th a} fuel cell stack, the

col | ective syst e re err ed'e]flb %Yf‘{]’@l e@e‘?‘?a’?fﬁ‘é’i‘?\ ‘Pdor 'y ﬁrﬁfo@@mﬂhe 25

ref orner has edhe équiliatat dsbralf, sidh ichidm Shoul bd ﬁnde?std&dttb'lﬁbl&%%&fi?&%?é}f the
us

present disclaosure that any fl the steamreforners disclose rat ed
and/ or i ncor p ?a Pt more such clements, neither requiring nor excluding two or more such

elements.
It is believed that the following claims particularly point out certain
20  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, fimctions, elements and/or properties may be claimed
through amendment of the present claims or presentation of new claims in this ora
related application. Such amended or new claims, whether they are directed to a
25  different invention or directed to the same invention, whether different, broader,
natrower or equal in scope to the original claims, are also regarded as included within

the subject matter of thie inventions of the present disclosure.
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herein may be incorporated into a fuel cell system Fuel cell stack 70 is
adapted to produce an electric current fromthe portion of predUty 2005
hydrogen stream 14 delivered thereto. In the illustrated enbodinent, a
single steamreformer 13 and a single fuel 30 cell stack 70 are shown and
descri bed. However, nore than one of either or both of these conponents
may be used. It is also within the scope of the present disclosure that
“these conponents have been schenatically illustrated and that the fuel cell
system may include additional conmponents that are not specifically

il Iustratg;ﬂ,i n the Figures, 14 6 JULY 2005 WD 2004/002616

PCT/ US2008%918901 such as feed punps, air delivery systems, heat
exchangers, controllers, flow regulating structures, sensor assenblies,
heati ng assenblies, power managenent nodules, and the |ike. Fuel cell
stack 70 contains at. | eaAtfudmpegceasing tyspint abyrigimpi i pl e, fuel 5 cells 74

that are adapted to ?éfodu.ce an electri.c cugﬁent frg?r;t_he portion of the
product hydrogen st rESHE TBEPR FAPBHIRG &L EaY. ok Telgming ratalystabed aydhi cal |y

1ol udes Al cchalyapliles [ diohCdnl PRRENALL DR R OO end plates

76, which contain fluid delivery/renoval duits éwn) . Exanpl es of
sui tabl e fuel cel | smeansliovbeatingthnrefenihgmggomerbicaperal REN) tHeuahgeef | s and

al kal i ne %ﬁ?‘%"é@fﬁf”é’g?@% ell stack 70 may 10 receive all of product

hydr ogen *all of stream 14 may additionally, or

al ternatively, be detiwgseslithivithe at RutlonbIrefosaR@Watalyst BEd USE alidpt@ng) her
hydr ogen consum ng pr.ocess, burned for fuel or heat, or stored for |ater

use. For @aYRs tae fofmation of pmixed gasistigam comwsining hydrgen gas Fidptha, gaists i s

Wi thin the scpp ; ' I : | . ortion .of the product
hydr ogen Str eam?egfrg %%IEE gg ef/fg thﬁ%}és égrﬂng}reér?{cl)lre r%t%%%rr{alys%f BERP e tins”

t enpor ar i less tharoamdoximatelys b mttEhdoppéryakidg &nadaprd 3@ eatslexd te fG@natiohlofsier at i ve
exanpl es of suitable stor evi ces faqr hydrqgen gas include pressurized

t anks andmlxﬁé&?? %%eaﬂoe gm ts&_gq‘?gis%‘fmt@ldl aéﬁgﬂréﬁﬁ%ﬁ?nY%WfH%éecﬁnéﬁéaWr ef or mer
and a hy difRg&fleast | 00GBAY 6VhehAGs at1&Rt P¥APAR ARl 4y del i vered to
fuel cell stack 70 may cone fromrefornmer 13, storage device 80, or both.

Fuel processing and feparatiogl tegiopsadapted2© mecive dhagniked tghe speaesemid to

di scl os urs%ng?@é tﬁé ?ncfxe%ega% QRRLH YSh eadpr\(,)\éh}ct[1 %rogelp theragrgae{c]i a ‘B}tfp(%rogl?C? sgga\{lg,ce'
wherein the product hydrogen stream has at least one of a greater concentration of
hydrogen gas than the mixed gas stream and a reduced concentration of at least one
component of the other gases than the mixed gas stream, wherein the byproduct stream
contains at least one of a lower concentration of hydrogen gas then the mixed gas
stream and a greater concentration of at least one component of the other gases than the

mixed gas stream,

2. The system of claim 1, wherein the catalyst contains less than 3
wt% copper oxide.

3. The system of claim 2, wherein the catalyst does not contain
copper oxide.

4. The system of claim 1, wherein the catalyst contains active

components of which zinc oxide forms a majority component.
17¢




The electric current produced by the stack nmay be used to satisfy the
energy demands, or applied | oad, of at |east one associated 6 JULY 2005
energy-consum ng device 78. Illustrative exanples of devices 78 include,
but should not be Ilimted to, any 25 conbi nati on of one or nore notor
vehi cl es, recreational vehicles, industrial or construction vehicles, boat
or other seacraft, tools, lights or lighting assenblies, appliances (such
as a househol d or other appliance), households, comercial offices or
bui | di ngs, nei ghbor hoods, industrial equipnent, signaling or comunication
equi pent, the bal ance-of -plant el ectrical requirenents for the fuel cel
system etc. 30 In &hort Thejsysiere ofglaim dcwhensin thel ¢ayalydt|fugheratamprises Fi g. 3
and intengggnﬁﬂaggg@esent one or nore devices or collections of devices
that are adapte 0 apply an electrical load to the fuel cell system It
is wthin the scope of the present disclosure that the fuel cell system
may (but is not required_fo) include at |east_ one energy-storage device,
such as 15 6 JULY §005 TWW/#@%%@WI@@Z@@WE@W%@WﬂSM ly

i I'lustrat gfeilft uBinass. @t 82, which is adapted to store at |east a portion
of the current produced by fuel cell stack 70. Described in other words,
the current may establish a potential that nay be |later used to satisfy an

applied |l oad, such as fram energy-consumng.device 78.  An illustrative
exanmpl e of a suitable en'g}?eg?ﬁsget“b%&]@“%ﬁdg‘b‘?%é“ Gatalyst furtheg COmPHBRS ot her s
nmay be uskigh téimisdratae miéthimd] SARAGHS Qfdysand flywheel s.  Device 82 may
additionally or alternatively be used to power the fuel cell system such

as during startup of the system The |oad applied fromdevice 78 may be

applied to and/or gatisfie device 82 fuel , cell .stack 70, or both.
It is believed thatgthesg$%éﬁgﬁh%£8@%?%f3&9ﬁ”§gﬁ¢ﬁhgﬁ§gﬁﬂ§§§@@pﬁﬁF51pIe 10
di stinct high emipepasrewhifhcatslga piendenthing itohiokide. Wi | e each of these

i nventions has been disclosed inits preferred form the specific
enbodi ments thereof as disclosed and illustrated herein are not to be

considered in a limtingpge r I AL Lbie. The
subject matter of the inven?ﬁ%%QQ?E%#ﬁﬁggag%?&h%%é%ﬂ%ﬁ%q%%ﬂ?%%g%%hg
conbi nat i waducemoetbaris duoing itheaprodmsgionfof theemixad igauigreamenent s, f eat ures,
functions and/or 15 properties disclosed herein. Simlarly, where the

claims recite "a" or "a first" element or the equivalent thereof, such
claims should be unger stDROsysRnl HCLLEE 1] RRAEROKMACARR st is adapted to not be

sintered during production of the mixed gas stream.

11. The system of claim 1, wherein after 2000 hours of use, the

second activity is at least 75% of the initial activity.

12. The system of claim 11, wherein after 5000 hours of use, the

second activity is at least 75% of the initial activity.

13, The system of claim 1, wherein the reforming catalyst bed is an
air-permeable catalyst bed that does not require shielding or isolation from air to

prevent air from contacting the catalyst.
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of one or nore such el enents, neither requiring nor excluding two or nore
such elenents. It is believed that the follow ng clains partigy{ay 2008 nt
out certain 20 conbi nations and subconbi nati ons that are directed to one
of the disclosed inventions and are novel and non-obvious. Inventions
enbodi ed in other conbi nati ons and subconbinations of features, functions,
el ements and/or properties may be clained through anendnent of the present
clainms or presentation of newclains inthis or a related application.
Such anmended or new clains, whether they are directed to a 25 different
invention or directed to the sane invention, whether different, broader,
narrower or equal i ktscopbe systamhef amy ghanef claigi Ik, 1%amderdin thersepamtend as

7L i0ed gl B, A R 5 DYSRSERR ! Do

conpri si ngxposed ®f the Mingl gRGireMMCRhtraintthe graduct 18aIssgeRBeiRliOfdNnB fioat al yst
bed and gtrc:@gt ed to receive a vaporized feed stream coggri Si nt? wat er and

met hanol ; fis2 PB’Ftloﬁe%ft fhegmided gesBieamnigat Bymsates shipugh e phdesseonn the
range of LanosOXIR}iEL ch%%g?g%goan@ h&am@éﬁ{y g @%@ﬁ&%@&' 8Btmal

reform ng catal yst bed a pted to cata ormati on a m xed
gas st r eafromartpedss a pgrtfopdefale migab gandreamithat dyes @st pdsy tlxbegtimheef dsasi ng of

the feed stre wherejin the catal yst is non-pyrophoric, contains |ess
than appr o3 IRATse) SSleiv: BEppERc.

oxi de, is adapted to catalyze the formation
of the mxed gas streamfromthe feed stream and has an initial activity
and a second activit after at | east 1000 hours of use that is at |east

75% of the initial butivihysyden of daiparldt ivderaieghont dampioed tydrageoei ve t he

m xed gas . tQ. ¢S rate t m xed. gas_str.eami.nto a product
hydr ogen Sse? ércéggnmaen aanel)l@;f)orr%%gg{% 5 ngr% °°m\Bﬁ1§31 ipﬁﬁ?‘ﬁgm&ng&ﬁ@ferhydr ogen
stream has at | east one of a greater concentration of hydrogen gas than

t he m xed gas strea{&and a reduced concentration of at |east one conponent
of the other gases tthan Thfesysicrpel gaisn & whamn thismeration meeipy pnchidgs 8t st r eam

least one pressure swing adsorption system adapted to receive under pressure the mixed

gas stream.

17.  The system of claim 1, wherein the separation region includes at

least one methanation catalyst bed.

18.  The system of claim 1, in combination with a fuel cell stack
adapted to receive an oxidant stream and at least a portion of the product hydrogen

stream and to produce an electric current therefrom.

19.  In a steam reformer adapted to produce via a steam reforming
reaction at a temperature in the range of 300-500° C a mixed gas stream comprising
hydrogen gas and other gases from a feed stream comprising water and methanol, the
improvement comprising: non-pyrophoric catalytic means for steam reforming the feed

stream into the mixed gas stream.
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contains at |east one of a |ower concentration of hydrogen gas then the

m xed gas streamand a greater concentration of at |east one &dUh¥n2005 of
the other gases than the m xed gas stream 2. The systemof claiml,
wherein the catal yst contains less than 3 w % copper oxide. 3. The system
of claim2, wherein the catal yst does not contain copper oxide. 4. The
systemof claiml1l, wherein the catal yst contains active conponents of
which zinc oxide forns a majority conponent. 17 0 0 6 JULY 2005 5. The
system of claim4, wherein the catalyst further conprises chrom um oxide.
6. The system of clgém4 wherein_the catal yst further cor;‘i)ri ses calcium

al uninate. 7. The s9&t em bg Sepmiraiommenploslaimy 19 nwhersiathy satafyiictresns donpr i ses

a high tgmper Al I8Nl ce SN DESHS; 8. § f claiml1,
wherein the cat aP fstH?utﬂtﬁ'ﬁerceconp%}lﬁ?é%ng%ﬁréﬁﬁ%ngﬁﬁgrﬁ%%% éééﬁﬁt{%a@at al yst
that contains iron oxide. 9. The systemof claim1, wherein the catalyst is

not adapted to proguce t hane durin e. producti on of the m xed, gas

stream 10. The _sys?l'gm ofﬁec%}ﬁ?%ri,onﬁﬂg‘?%aﬂm{)ﬂ Yt’g?rﬁllny@? Cplalyigdpta@d 1t o not
be sint esitedus hobainealdnns plodibfoddtRn@as Stteam,. 11. The system of
claim1l1, wherein after 2000 hours of use, the second activity is at |east

75% of the initial activity. 12. The systemof claim 11, wherein after 5000
hours of use, the co activity is at least (5%of the initial activity.
13. The system of cf4im ,e%%?é‘?f mil%é)%rgg’fl&a%ﬂ’ erelny e vaaliis gneags hps

ai r - per neabingtiat ataviysinde dedohdtaciagsafatat 1€AUDO0D Bdire bﬂthgf isi a8 Qdalf 1 ON

fromair to ?re\/_e_n_t air fromcontacting the catal yst. 180
75% of the initial activity.

23. The steam reformer of claim 22, wherein after 5000 hours of use,

the second activity is at least 75% of the initial activity.

24, The steam reformer of claim 19, wherein the catalytic means

comprises zinc oxide.

25.  The steam reformer of claim 24, wherein the catalytic means

does not contain copper oxide.

26.  The steam reformer of claim 24, wherein the catalytic means

further comprises chromium oxide.

27.  The steam reformer of claim 24, wherein the catalytic means

further comprises calcium aluminate.

28.  The steam reformer of claim 19, wherein the catalytic means

comprises a high temperature methanol synthesis catalyst.

29.  The steam reformer of claim 19, wherein the catalytic means

comprises a high temperature shift catalyst that contains iron oxide.
20
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6 JULY 2005 14. The system of any one of clains 1 to 13, wherein the
separation region includes at |east one hydrogen-sel ective nmerfbddh¥ 20056 ng
a first surface that is exposed to the m xed gas stream wherein the
product hydrogen streamis fornmed from at |east a portion of the m xed gas
streamthat perneates through the at |east one hydrogen-selective
menbrane, and further wherein the byproduct streamis forned from at |east
a portion of the m xed gas streamthat does not pass through the at |east
one hydrogen-sel ective nmenbrane. 15. The system of claim 14, wherein the at
| east one hydrogen- ﬁel e;lzlgli ve nenbrane is formed from an alloy conprising
pal | adi um and copper?- 161herndeasy sefmmgt @ff ap¥n ane \eplaims (19e @ eddr & i on

region in Al wi i i ed to
Focei ve nd Rl vith 33 puRlith RERSE MBI RS RINRAR oBY ShEM BFR T
wher ei n t $eparatspthe anikehgasegieom intucd piodsctdtydrdgen strezom andre thiyprodtictaseaat al yst
bed. 18. Tﬂe Syﬁ’{‘/‘em‘ﬁf ﬂal m1l, in ?ﬁ)nbi r]ation with a fuel cell stacgk
adapt ed t BOFETTRT PTRND NYHERSET SEPAG HAY A %ﬁSt rae & Hetsatet iCBQFeB?ratﬂ%ogroduct
hydr ogen hyiké@angaantad thePhd@uCHis dhefth OOl d fedGid &keltRBbE o AMealPond N 2

steamreformer adapted to produce via a steamreformng reaction at a

t enper at ugERRoReRY theypther gasegthonsipomised gab steehny ashostin dxnbyporduct straag

hydr ogen . e ro feed stream conpri sing, wat.er. and

met hanol &t aéﬁlgtrr%%%vgenrfcgﬁfggg‘%ﬁrr ?&sr?cﬁ%t:rﬁlﬁ’gng%%%]ﬁ%e&ng%s @’5’9 %@Wlée%ﬁ%s f or
st eam r ef orcain@dtdgredtectbneaitfagiamor Bf 10ast bie Bdnipshegs! thé bﬂléﬂ'fgaségﬂﬁn Ghel ULY

2005 20. fl'hg1 steamreforner of claim19, wherein the catalytic neans is

further JUSSH&ES tH3bt produce met hane during the production of the nixed
gas stream 21. The steamreforner of claim19, wherein the catalytic
means is adapted to not be sintered during production of the m xed gas
stream 22. The st edm r eflor steam oéfonhai oficlfim 3 én edmbinhtorc atithlayfucCcdleans has

an initial actjvity.and a second, actjvit fter at | east 2000 hours of use
that is as[tac%egiapl[edyto receive an oxidant s{ream yang at {east a portlson OP the prodruct

hydrogen stream and to produce an electric current therefrom.

32.  In a steam reformer adapted to produce via a steam reforming
reaction at a temperature of 300-500° C a mixed gas stream comprising hydrogen gas
from a feed stream comprising water and methanol, the improvement comprising:
catalytic means for steam reforming the feed stream into the mixed gas stream without

the production of methane.

33.  The steam reformer of claim 32, wherein the catalytic means has
an initial activity and a second activity after at least 2000 hours of use that is at least

75% of the initial activity,

34.  The steam reformer of claim 32, wherein the catalytic means

comprises zinc oxide.

35, The steam reformer of claim 34, wherein the catalytic means

does not contain copper oxide.
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75% of the initial activity. 23. The steamrefornmer of claim22, wherein
after 5000 hours of use, the second activity is at |east 75% ®UULNYe2005
initial activity. 24. The steamreformer of claim19, wherein the catalytic
means conprises zinc oxide. 25. The steamreforner of claim24, wherein
the catalytic means does not contain copper oxide. 26. The steamreforner
of claim24, wherein the catalytic neans further conprises chrom um oxi de.
27. The steamrcfornmer of claim 24, wherein the catalytic neans further
conprises cal ci um al urri nat e. 28. The st eam reformer of claim 19, wherein

t he catal ytic neans |ses a g‘? erature met hanol synthesis
catalyst. 29. The s%%a Sﬁﬁﬁ%‘r %gl Sthwheiel theecatalytig JRABS means

conpr i sesmafgﬁnoﬁmp%ﬁyﬁlﬁoﬂyeft cat aI yst that contains iron oxide. 20 O
0 6 JULY 2005 3 The steamrefornmer of any one of clainms 19 to 29, in

combi nation with a separation region adapted to receive the mxed gas

streamand to separat e h\r}]ﬁag&‘l%%ﬁlde ef)r(%o%ﬂ 'Eﬂghagﬁlrglguct h dro en stream

and a byproduct stredm S | east

one of a fuithat @mmBBSdtinatdl@ningfe. hydrogen gas than the m xed gas stream
and a reduced concentration of at |east one conponent of the other gases
than the m xed gas stream wherein the byproduct stream contains at |east

one of a | ower concgptraf % %gg%@ 835, gﬁ"lanh%?ie {E%X%falé gltésgeahm and
t han

a greater concentration o one corrponé

the m xecbrma&iesah@nemﬁéramIMeﬁhﬁamym@ém emilygf claim 30, in conbl nati on
with a fuel cell stack adapted to receive an oxidant streamand at |east a
portion of the product hydrogen stream and to produce an electric current

therefrom 32. In a3gst ead GbahRRAUABE SO R UER HbEathileiTgLl Of M ng

comprises a high temperature shift catalyst that contains iron oxide.

40.  The steam reformer of any one of claims 32 to 39, in
combination with a separation region adapted to receive the mixed gas stream and to
separate the mixed gas stream into a product hydrogen stream and a byproduct stream,
wherein the product hydrogen stream has at least one of a greater concentration of
hydrogen gas than the mixed gas stream and a reduced concentration of at least one
component of the other gases than the mixed gas stream, wherein the byproduct stream
contains at least one of a lower concentration of hydrogen gas than the mixed gas
stream and a greater concentration of at least one component of the other gases than the

mixed gas stream.,

41. The steam reformer of claim 40, in combination with a fuel cell
stack adapted to receive an oxidant stream and at least a portion of the product

hydrogen stream and to produce an electric current therefrom.

42.  The steam reformer of claim 40, wherein the separation'region
includes at least one hydrogen-selective membrane having a first surface that is
exposed to the mixed gas stream, wherein the product hydrogen stream is formed from

at least a portion of the mixed gas stream that permeates through the at least one
22
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reaction at a tenperature of 300-500 C a m xed gas stream conpri sing
hydrogen gas froma feed stream conprising water and net hanol§ JUbhy 2005

i nprovenent conprising: catalytic nmeans for steamreform ng the feed
streaminto the m xed gas stream w thout the production of methane. 33.
The steamreforner of claim 32, wherein the catalytic neans has an initial
activity and a second activity after at |east 2000 hours of use that is at
| east 75% of the initial activity. 34. The steamreforner of claim 32,
wherein the catal ytic nmeans conprises zinc oxide. 35. The steamreforner
of cl ai mgil V\,herFfi n the catal ytic nmeans_ does not contain copper oxide.
210 0 6 Jidpoessoislectipe mesrbrane AR bribeimthersin gheabypraduct irsami ¥ fotraed

catal ytic I SOP L ] oxi.de. . 37. .The .st.eam,reformer
of claim %gﬁ aa[\/%ﬁ%ar&e?ﬁbpﬁgl cat awgﬁg%%?n t utr egr%mcéﬁ’ﬁrﬂ?rg%%h Eha?l arcpllfﬂ#

al um nat eone3g:dragea-ssteeive mefbramer of cl ai m 32, wherein the catal ytic neans
conprises a high tenperature nethanol synthesis catalyst. 39. The steam
reformer of claim 32, wherein the catalytic neans conprises a high
tenperature shift cafal yske shal cORMALNSS IdAmM 9B Qﬁ‘tereAhQ'thg-haF‘i Rh§apyd ef or mer
of any one of clains 32 to 39, in conbination wth a separation region
adapt ed tlaydregearsgtective minterangas fetmeasla fioandnt @loys epapradieg tphHadiimeandas
stream i n&og) grproduct hydr ogen stream and a byproduct stream wherein the
product hy Pogen stream has at | east one of a greater concentration of
hydrogen gas than the m xed gas stream and a reduced concentration of at

| east one conponent of the other gases than the m xed gas stream wherein
t he byproduct streafft: cohiastaamdefomase! elgien 42, whetsinethecoparation sagion of
hydr ogen ] S r [eater ncent.rati gn of at
| east oneﬁg%g%g%g %%Jggfo% >Fi‘ggsc?tg%ers Wf;“ sgwrﬁ%% %hsgem %dg%ta& 38588?1?’%&%%%1. The
st eam r ef messpre thé mikad gas4Gearhn conbi nation with a fuel cell

45. The steam reformer of claim 40, wherein the separation region

includes at least one methanation catalyst bed.

46.  The steam reformer of claim 30, wherein the separation region
includes at least one hydrogen-selective membrane having a first surface that is
exposed to the mixed gas stream, wherein the product hydrogen stream is formed from
at least a portion of the mixed gas stream that permeates through the at least one
hydrogen-selective membrane, and further wherein the byproduct stream is formed
from at least a portion of the mixed gas stream that does not pass through the at least

one hydrogen-selective membrane.

47, The steam reformer of claim 46, wherein the at least one
hydrogen-selective membrane is formed from an alloy comprising palladium and

copper.

48.  The steam reformer of claim 46, wherein the separation region
includes at least one pressure swing adsorption system adapted to receive under

pressure the mixed gas stream.
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stack adapted to receive an oxidant streamand at |east a portion of the
product hydrogen stream and to produce an el ectric current theJEL¥o20052.
The steamreforner of claim40, wherein the separation region includes at

| east one hydrogen-sel ective nenbrane having a first surface that is
exposed to the m xed gas stream wherein the product hydrogen streamis
formed from at least a portion of the m xed gas streamthat perneates
through the at least one 22 0 0 6 JULY 2005 hydrogen-sel ective nenbrane,
and further wherein the byproduct streamis forned fromat |east a portion
of the m xed gas streamthat does_not pass through the at |east one

hydr ogen- sel ecti ve ﬁinbrg @ steam refgmes pp glim 0o mherein thecsephiaiian regibrer ei n

t he at |eﬁ%hMQQQJeﬂyQﬁéﬁﬁﬁhﬁﬁﬁd?ﬁﬁa tﬂ&ﬂbrane is formed froman all oy
conpri sing palladi um an copper. . The steamreforner of claim42,
wherein the separation region includes at |east one pressure sw ng
adsorption system adapted to recejve under. pressure the m xed gas stream
45. The steamreforner o %F@Wﬁﬂﬁ%?mﬁhggééﬂnHﬁe“@@ﬁﬁ%QFE%ﬁwwﬁgméﬁﬁaﬁncIudes
at | east piRdeRileRabhOMehAtAloYThtaRRbbed?6. The steamreformer of claim 30,
wherein the separation region includes at |east one hydrogen-sel ective
menbrane having a first surface that is exposed to the m xed gas stream
wherein the product hydrogen streamis formed from at |east a portion of
the m xed gas streamthat perneates through the at |east one

hydr ogen-sel ecti ve nenbrane, and further wherein the byproduct streamis
formed fromat |east a portion of the m xed gas streamthat does not pass
through the at | east one hydrogen-sel ective nenbrane. 47. The steam
refornmer of claim46, wherein the at | east one hydrogen-sel ective nenbrane
is formed froman alloy conprising palladiumand copper. 48. The steam
reformer of claim46, wherein the separation region includes at |east one
pressure swi ng adsorption system adapted to receive under
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pressure the m xed gas stream 230 0 6 JULY 2005 49. The steamreforner of
claim 30, wherein the separation region includes at |east one doLYa2005 on
catal yst bed. 50. The steamreformer of claim 14, wherein the separation
region includes at |east one nethanation catal yst bed. 2400 0O Abstract of
the Disclosure Methanol steamreform ng catal ysts, and steamreforners and
fuel cell systens incorporating the sane. In sone enbodi nents, the

nmet hanol steamreform ng catalyst includes zinc oxide as an active
conponent. I n sone enbodi nents, the nethanol steamreform ng catal yst

further i nggl udesf Et ) I.eist one of chrom um oxide and calciumalumnate. In
some enb . L1 = tranol steamreformng catalyst is not pyrophoric.
Simlarly, in sone gERRdbIBRiR re®HRRY LEINKTBhE sie{ﬁ%cﬁgéd{e]ﬁr@aﬁcﬁhﬁf o9

catal yst according to the present disclosure may an al r-perneabl e
or air- atskssibreperfiog fiengneatlalspse epdodints cinemetiboali steant sefortiieg

nmet hanol am.reformng catalyst is not reduced durin se. In sone
enbodi men aégly%phlgcﬁg?%g%l ox&éfagr?ﬂ ﬁ&uvc?af%ffl]i}%ntegt'aﬁg FoRe g{#’f’&é‘w&f‘;’ the

t enper at umethahell B Bbrading Catallytt HAAE: iRORALY 8B one s @rdBibAGEHe Sigam
reform ng cat al &st i ncludes a sul fur-absorbent material. Steam reforners,

r ef or mi ngtad§ inpige |In seme ewpadimentsathg mashanot stearh refeimiggichiglyseisaoti ng

cat al yst s, 366, d1cS Oslliffly OffShme embodiments, steam reformers including a reforming
catalyst according to the present disclosure may include an air-permeable or air-
accessible reforming catalyst bed. In some embodiments, the methanol steam
reforming catalyst is not reduced during use. In some embodiments, the methanol
reforming catalysts are not active at temperatures below 275° C. In some embodiments,
the methanol steam reforming catalyst includes a sulfur-absorbent material. Steam
reformers, reforming systems, fuel cell systems and methods of using the reforming

catalysts are also disclosed.
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