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material s and/or the high costs of many of
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additional elemental nmetal may be any el enental
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i ncreasi ng surface roughness. For exanpl e,
surface area nmay be increased by naking the
metal catalytic particles smaller and;packing
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20 decreasing the possibility of poisoning. The
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a material (as neasured by the total exchange
current Iv) is 20 a function of both the
catalytic activity of the material compeshdi on
as neasured by the exchange current density io0)
as well as the surface area of the material A
Hence, the total catalytic activity of a

mat er I al bﬁlﬁ%rggra]iﬂpp€h§Q§t§gtib)ﬁetae.bzlrthefes of the present
appropri at.ehy..Ghangi-ngski S CoNPOst t ispR:beLI@NER:
whi ch i S ,2b:idBr@vCat aleystd arorlebyzd Merersi g P s
ef f ect i veesunfraper arweasstroms rdk seirsgad sabdves o
the ef fecri wesssurf gee rarea Wy he =1 ritFed8¥d by
| ncreasi rigret e po o8T Uy alBLET T oUGhness okt he
catal yti & Barfities, "1 LS008y b8 LocLeasadi.
by USiNg A.. Jak g8k -0 kel 0fo SPRicker 16b@8Ekn. the
parti cl eSpard@idscbysypackicagiddh@gered@en about 10 to about
smal | er - siczedspact icestig| oser: toyget Here *THe °°
ef f ect i vemosurf.aces ardein  arso’te Thef e48ed,,
by i ncr easFiite™t AE BT BEFTYY BHE sUrface area o
t he S1app0}?-"fJSt OQZ);,naSML G.Lhth@qxét%e im&rniialthei Sisclosure
di spersed,; JThe . SUPp@tdinci¥ dub ndiadl SCuUSSEdulicsy fine
nore det aidea19::19 diaruad Y2004 ohekdyy, of 2 naterial are
Pr ef er abl yinthe acattateyrerneraie par ti el es o6f Y -
the pioesent=smventioi Havea vary Sl oo
par ti cl e SI78:" SFeciT1 ETTY 1S, par.Lhel a5
have an aV&rage.pard| che Skze MwNkghiibiS provides an
pref er abl yn..&pda@8Scobhanmabouwt, &@0smAngs trreomgallic
nor e pref eszablag, lressttchancabour 76 _%é\f?géctrr“@??ég“s
and nost preef ercabbiymebes st han—abgu 5ol - TN

Angst r ons AeFtremtta TN PtHE ATl L es TRY.. hae.
=0 trom size particles H‘Qfll . Qhe%,%h;g@-ymapaﬁéee
an averagé’ PartTcle. size.wWhiched Sudkef anabhyy
he | egs t RaN.abouti 40, LARGSh F:GME:ARERDE @ wmime.
preferably may haue abaavwes agenparetsnc|ieretdnsithe
whi ch i s |xess pirhans about-80 Argstrongiuefy » close
addi ti on toheiripart foe gtodte snEY: HAVE “HUHaT 17l &
si ze between about 10 to about 70 Angstrons,
preferably between about 10 to about 50
Angstrons, nore preferably between about 10 to
about 40 Angstrons and nost preferably between
about 10 and about 30 15 Angstroms. A key
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of a practical enbodi rent and net hod of
producing "ultra fine catalysts". Since the
catal ytic properties of a material are mmwayz2o0m
primarily a surface property (rather than a
bul k property), 20 large catal ytic netal

particles essentially waste the jnterior ..yeic

metal | i ¢ “&EotE. PO _eXPensl Ve, el eneit $ro.sughuas
plati num?é@@fﬁr@ﬁt'b@@e&l@béu‘é@' lhe kBOWNRod @xchaxe thae
r eqUI r ed n§1tea;bjafleliaglx bfa@EenfaH(ﬁl‘. 50 %&%ut&ﬂ@d@su%) y
this waste ofz fmBi-etdbailnepr 0| tesarrion the percentage
unaccept ablee: costrs Thar efrore, vatht SElF et t Fe*
metal | i c @5ipart ores e g getrer Sihee e,
surface artd® pore Cat Al y T8 1 iSes

e catalyst, mas referably between
propoyt i offdlI°y), "Lt ds Zﬁfﬁyrwsira{éi! Y% @i thiew t to

produce '&ngé&)&%&éi 48 AR Fdok niRREAb GERS scanning
Hence, thg.discbosulcerof @hBoscbf Angst r om siezidic
par ti cl esefwhicoh tthensebyes meyrrhayessrial shev e
addi t i onabresor=f dce-br-Eadae To SerFEce " T
roughifess)-a FTé] J S0°Hr YL I8, 87 51w BiltLoR
W t hl n an;ﬁiﬁnxpn?cqal p\éﬁlégpap&)grtméél A-iﬂqu:%icleslhﬂving
certain e Qﬁ;ag@mesofafm{ hero pres entngs-Rvent dignass: -
the netak. pas ti gkesenfst e rpriesenttdepVerrei one
are sit uateded reeckose: g oximit P tEoGe affof Ner
so t hat t H@lﬁar 'thF Cﬁﬁflé]tcglqﬁ%ﬁjgozhjiﬁtﬁ];iaiyb?; gfe lorder of
January 2004 "8ESTTY = [ HENCE s ihena, | sisaksa: a
hi gh densicty Of... AbBME o€ ch@GhiuMict YpatyriT heceriai.
parti eyl ate-spmy hayeianiay esage sProx Feictylvt ety
i s preferabliy between-aboutrs2 angghdut™360 ™
8, Ngst r onwhretamerespRdr @=FBf SFEhHP kﬁd?ﬁv@@ﬁﬁ“ggp‘:‘gﬁ :

50 to aboUt™1U08ARGStPURE. ™S, 1n Ot Ner

enbodirent¥ 6 He FAVENLIAN L heuper centragsxssen

wei ght of ghe. .Metal..May he aali ede Se bhataobhene
met al  parditLdil @f RrdiSePreeferadl i bet weencrad eHE”
.0001% t 0 abOUINLD9Usby emsweitghtreGptat HafEat e §sTs
nore preferably between about .001%to about
99% by wei ght of the catalyst, nost preferably
between 10 about .01%to about 99% by wei ght

of the catal yst. Experinental observations from
hi gh resol ution scanning transm ssion electron
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15 catal ytic regions nmay conprise nickel and/or
ni ckel alloy regions. The nickel or nickel

all oy regions may be regions of metall.Lg, o

" nickel particles and/or nickel alley particles
having an average size of about 10 to about 30
AngSt rOITBpaL 1chAL§-r§§$a%«l’s stab'lgl (ggnedcgf} ntsb%&:@ease over
regi ons, i{;he proximty between the particles 20
may be bet ween about 10 to about 50 Angstrons.

I n other regioasivst hetmetatl iievemiekelhandfugises
ni ckel® al  eyrpared ek @stape-iceyen Gﬁ*ﬁrf’éh’cIB@Séﬂf’v’“
packed, h%ﬁ?‘i%@”&“ﬁ%‘ﬁ%’l‘ﬁft ?fr'i t‘ﬁ’éblf)r"ﬂesf‘ppb‘l’“”g and
about 10 Y'6.'abfuf 20, AMGSTrong, . SpECLil all VL.
Figure 2 |s u@rhocaéb EM.ROOE QILGEOGr apB.:af wlRe e
i nst apt cat@alytd-e ppatehl aks - 2 cperdar ord: yhdaky
Bri ght fi ebdti-rmgrngrovshoni=pgetheiseatiab p i gakiy
active ni ekekleri ghr<begilofry, o erBriog At -STEM
phot oni cr &gr Hﬁha“c’ efF ot fred” URHET " Darkt il =

enetrate to s C
I rragl g 6 fﬁrmregasnig orog!:y or% tq.ef supporgg fl:r%v:.des for

mater il tLamnEia & g Eloure Syam;Jao;\A@ r&ah18ac ana
metal'li ¢ pleCkehytpakstdr-Gh 8. tndQase oPhaleiablytyoitdae

rret al par i €ld atnencof tht herapy esent thejemrentyirormd| r8=
"stabl e" evertici eI ThEr s ““Pﬁ’f”é‘f éF a’B‘P “”“Pl”f’é“"“
SI ze 61': t hléln??fragzﬁrt; aé]g;url’i;g‘rjﬁj §ar§ ar 1a 1y embed Qflffdt;:
NOt i NCT eQ%E. .0V o hdalh- skl 1ML DSl 0. €NSUr e
t hat t he t Ot a&:‘l:e ﬁwarfta%ntaa’neaso QicﬂtJ.haEes:L;Ltrgchtlon of an
Januar Yy Zeﬂétrpﬂfet iinEtHe 8t Enefr@die i SmbSta gilod @.t( $ cu@yent
does ot deereasepsioyerst i mes Fher catafdystalof
the present ifventToiF-fuf tHer=CompIrses - 555‘51’3‘;
suppor t 1 G LAE FelAl s T el Ste. - Cener ALY o
any suppori..cenventd Q‘Qtatl.h[ Yol WAL 10 o Ql%kear Lobac,
capabbe OfwSMPROr ditAGn aRGonfh OVicdi 1§ @dleguate::n
di sper si OrR1d@ks.t fte Ppard ngUtatiree aMa\r bere ugeddual
Pref er abl yridtshef Sapports SHoul d>be irexpensrye™
and st abl e*=epmwt hen PYCE] =ErifAtT ORIt A TR cH™
it is being used. The 10 support used
preferably has a surface afea and/or porosity
sufficient to provide an adequate di spersion of
the nmetal particles, thereby allow ng both
penetration of electrolyte for the anode
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el ectrolyte to penetrate to the H, gas
conpartnent. 15 Increasing the porosity of the
support also provides for a nore intiRALBS.

- contact between the hydrogen gas reactant and
the catalytic material. In the case of a liquid
el ectrol yte it al so enhances, the cont act

bet ween 1HE STECITOFYEE AMCHE™ Eatlapy ey o

manganese,

par ti cl es T ffer SRV, JLubr oy g dgr S AL
pr oton 20 trﬁnaSE@En e:@%lﬂ.ﬂréil; .JMaport: I‘L@mpmgsaLn oxide of
parti eul at@adipy he abtdéixeenie, cthewsit foaeasaf aa
support andéor paiet isad ypoembedded ikncd hempie, the
support amePor-trots 4"¥°X}dﬁi§édﬁéﬂ PERSTERE: Seppport
The i nst ath'ta‘“i“ﬁvéﬁf keIt éfa%ef”ﬁﬁf‘i"i‘?hf"égmes an oxide

of nlcke man anese n,a fifth
i ntroguct] oh 0 eetrolyten fteapl

e, 5 ppo: compr1ses afl oXide o n:Lc A maﬁ nese,

nenbr ane c!ogglp(% It.{l@zgll.mpn Wn b @xcGUJXEn@{Lt t:hZ upport
col l ecti ofamSUbStd At L B UWCh i ASandMzE:@onlRS N 1ra seventh
expanded #ebal the FrronerenBodi @t modn didpeh example,
prese1nt | TV eTPPiTo Aot Fre aﬁﬂpﬁ}oﬂ‘e EONPT I SET = Grere

r. e = the =] tarn e
or mofe i HETHi Eli?ﬁﬁég " b pan e e

may be mefal, GXides: “The oxides nAy. cempLLse At
| east oneomglseggexmt sel ected fromthe group

consi sting ofa Risckelopnet @BEIten BBamBAGANES Eipstant
ti t ardoum irzdnrie®ninasy ulfpecipe gRdlsreray die ecogaret fyith
el ement s. *THee oXites fey Corpriseoie G- fiote™”
i ndi vi dua’f‘lmffkfad‘é’§ Of “fehrétléLa%f;%p B ) I

ombination Sf ca upporp oxide zebllte is

cobal t, npgg@g;gegeem;lhgnam um ~ zirconium iron
and tiae r ar enRakidh sebermpt Seis Ak taenRat el yy sd-hewy

12 19 Janudisy <2004 -0xd=0es haByrreONpric&@. GrRoar of
nor e oxi desesofondbl g8 fForieEd PIEORTY ("RO B HOFe
of the el ERtAT'S ti CkETS™ CHBAN'E ° AHNJHIESE, ==
the. metal ic art:lcle and the s ere desjgned
t I t anéOUm ;g!.otxs o g hob:L %yé&d ir_ﬁgropregg %aye.@rftj ed.
el eNent s. nllleAnt bhaSts BXANBI God NELSURPOLE in such
conpri seseﬁ&n&xisdeck@f col@1tTRAGARRSHS cicthian. S8Cerd
exanpl e, tdiersuppesrin € ONPrITS @S=amtaloXd cheiogf . It
ni ckel and nanganese. In a third exanple, the
support conprises an oxi de of nickel,
manganese, cobalt, and titanium In a fourth
exanpl e, the support conprises an oxide of
ni ckel , manganese, cobalt, titaniumand iron.
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conprises an oxide of titaniumand zirconium
In a seventh exanple the support conprises
silica. In an eighth exanple, the suppQklsmm
conprises alumna. The netal particulate my be
15 affixed to the surface of the oxide support.
Al ternately, . the.. "gtal..Racdbgulateo-any besiator
| east par ggkguaygagelgi)adﬂgcbamchku Rrbedafte i0Xd @eranivn-
SUpport, Ofcdiln FAYe.bemtest atky ewbetdetyiwF t #ifh 2
the oxi dexsHppORd. of| vost ithied andt-her bt & BFTed
embodb nmertkerof Leheest ASEANES2G° FAYERTT o lel"f; fhese
ul tra-fireiearatyst’s ey " HE topbindd wi

idatiqn s 2

Zeo' i te rfé?/é? f)%xtl%lens.:lj.'ogt %g‘ag !a} Q&sfogﬁy fha\&Etal oxides
vari abl e getal, 10,8kl GOR if Aticass, rand dhesiices
rati opof f:he.catalyst #ouszeokidesanyryadisigs size
vary- A copdi fadek oaveofn cataky stherstpport boundaries
oxi de/ zeokwtgxivsie Erpr efErF el éﬁbbﬁf‘ﬁ?‘n& e
The oxi del%vppﬁfﬁtse e iTSENT ThelCat ANt Gtk ox
fact, by ™iSrfig Teltain TR tbbemsauamﬁ tene
mat er | aI “j;e ngénqi exceptéhanakiey hiighate ionic
catal yti Ct@%éﬂ|ttx¥ugmye beafor medisl- especi al. | y
at the doubl ei@fateri phe-xtie spore qu‘i’?cftc’F“G‘?gléc’ et
bet ween the=smerakit Ct)‘a?fef ¢l € ANy the  shppar t.
oxi de®where&"dé s‘?abqﬁ‘ﬁﬁlggelr gg, ‘ans ]_stmarbyj_d{:tgegh&bhcﬁe
or hydr opﬁlji éa‘ée rapalpﬁgct Mo RY bP af@igRGacion states.
Anal yti cal "studi;es..Shawi¢ hataatshesestegicoms ares
rich in sughe. sebenentseas -itkek hydece*t?a’icfhyd“"’hil;:
Manganese -anek ¢ darum end*are: “TRTPPEI" {0
herei n as TYNPCHNHTIE G pbé?lytétéff AT T R gh0N S acs,
It 13 19 Janu®&fy>Z00Zrs, 5§Lgugvgdlgef;a;mé‘ahes$& and
super cat dloyf1§. LeILONS NBYn:EANSing bxi@f support may ve
ni ckelyp manganese vak lioyoparet iachesi-enbeddéd 5 4
titani um i keaneum: exidey >These Ssalpreft includes both
catal ytic rieghons: show a8t pr¥sing T Yo} e gl
oxygen (based: o t1et 8<Hf £§" 6f E’F"é’c Ton 5

Energy Loss Spectroscopy-EELS). It is also
believed that the oxide pgstion of these
regions may be partially netallic and/or exist
in a low oxidation state. The oxi de support

al so may be formed fromnetal oxides which are
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10 of very small size. Because of their small
crystallite size, these oxi des have an

i ncreased nunber of grain boundaries Whi.Gh.

* provide "ionic pathways" for both hydrogen and
hydroxyl ions. (These ionic pathways may
permit the hydrogen and, hydraxyl jons.tQ..nore
nore f re%l[];%(?jig:e 0 %e %t dTn é gil&blg&eluclg['dl 1151;&9):' Q/k&l
all oy cat@l yti ce15kde@StoWRinEhnanRY » De-< Sk thatredadi @
t he graile:boundasn @8 kavse Heneer tslch1I0K%IERS The
facil bt at@arbofieped treans por tintiie oughe tshrg as 2 Tizr
catal yticxitaterial. Alternately, the oxide .
support Ry be “Tofited $o LT oAt TEast 7
parti al |y CONPri 5€s, a ol f1valent™, 0XLds ~ o
mat er1ba| w:.gnQn %MCJlxﬁ%UMQMB%&nﬁX' ga@alydvn(aaberlals
Because naRRganesQqeXi.dey stk tdunale@Rtthinl 4n $:Sde
bel i eved #:batalidey mRAYhadr icheps prosybt ecardifier eased
cat al yti cteactwtoypibyicch ﬁqi“ﬁg G%i ‘dariteh zf s f°;
states TEle SISUmSSLOLY LS sud g paSEc
nat er I al I OQ n1ck i( aﬁé :.%QQ;.Q!Q[ 11!3};’]1110 odgrr txtopwz.th the
modi fy t h@chydrophobiglhydnephid bie s 25exnat i =
of the catwlcyst bed. mExanpkesefe seeh Polyners
i ncl ude fdutopol Ws&%wh gegbodiment  of the present
pol Yt raf et oethyLens (ETERTL e SXLa L,
Support ﬁaézmpé d cg.jzrs aizl}zei gxr %ar@l Q Q?(Jctal%§ ‘of carbon

COAr S€- gr A1, NE0 s 0K {0 SOl oo WXL 2 Q. a1carmarely,
fine-grai peduQX.-deScoant: a GCRai:s. i aiprd rexiutes.

Al t er mat ehap,cotoh@e oxinde SupPPoTtcaraynphe-86- forfed
so that i t=eompritsesits et - @jﬁ%’é"‘:"*bk‘i’“dé““we“r
material . QT BATE A e B gy g L T
SO that I ei‘ g§p§§tlbcﬁeal jx.ltnzglagr—.r %Ld %51 tronlc
coarsgrgr @én@t@iv[t@gi QA6 a< g_obgloticn:eanwoﬁl ned

regi on may i ngdeud@:0xicdemo:s dahoasisa- Manganese a
oxi de 11nGyiprige. 14tk cdantaryro-R2004 cdprifrCodfipsrhide.
oxi de or a WHEDTI orox iteide- Ofe cathraiteatferctf "oy »° *
nmul ti phase oxide may be the suitable structural
integrity of the fuel cel| anode to withstand
the rigors of transportation where vibration
can cause premature fuel cell failure. The 5
coarse-grai ned regions nmay include oxides such
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formed so that the netal particles have certain
crystal structures (based on Sel ect Area

El ectron Diffraction - SAED) 10 wi t hi it he0m

oxi de support. For exanple, catalytic materials
conprising nickel alloy particles enbedded -

wi thin an, oxide nmater.ak..my he.for med.so that
the alloy parti ¢l'es have a face-center- cubic
(fcc) structgdk @ crbheafior madeiierr BFf BN edi@Cion of the
crystal structungenmy detrt pfdseenced-by athéydhﬁglgh
degr eé ofstdBoesiylyst | Fagts On O 1t hEMFbaief e °F ©
el ement s P GES THAP, “yﬂﬁ‘igensﬁ’)ydm?eﬁrs g e

ydrogen

ni ckel . THE ‘¥R ‘Ai grgezg alfoy n qonl . J@I&EL QMpres

with the o i;givh oosMnelo,cal.al yki.c [ egi onsnand
the TiZr mﬂa@@: QTR A1osSt [ UCHMEE WhisGhrob@Yed by

further presete.i oRirgedrfsfagrion ant- 'Pe&etionye
in an al ternate enboei perty of Cﬁqﬁbftﬁﬁlééé‘ﬁtlvezﬁltej
i nvent i one=otikes seppr f“”miyi be'f o et tYoiia .,

ere abrlcat d by manlpulaLlng the

car boy matarrsal | ARp EXADL 2S, Ofrecannon, . SURPALLS ca
i ncl uge carhon b {ﬂg,lnﬁrtgr%l gttﬁffx a%%lgvtaﬁgdate the
car bon, CE@Ir@@alsoﬁm cafibibne nydvbad WF@&eOfiloys are
carbon natsekialis vancaienofegark e o xi @eS‘mﬂa‘ytea‘} $0
be used. Aetieriratieloy it He SHIpo por Y ey priSe
a_carBi derpom saiipt &=t SUBESIL 25 Ve, or

Corrprl se andqxl n%(;l'xfr :|.—]‘3 dll s apea'{engﬂecaﬂldj S. Patent
anot her ek@@ﬁ% 1586 (EPéaEEmP&&u:Of, teadibh ges dtneicude
t hose of cabgblop tungsSten, gl lspscongacharserived 2
and i 150n) speAdel tbormt b/ shentHENiH ftlepeestraying T

bl ends of Vserppbr t§ A" b°éP°EF§"eEf KN AR ST

surface afEa ™ For=tHe’ catt AVt aeta

ed by reference

parti cul a&si’ﬁn’cisiﬁﬁédm ST Ol

condugt i VisLyr:8S Wald. saSnge0d, diQmioCs bTans pond |so1
Al t er nat elsysend- hens i pofichivmeyioad I7pY-| Becna dkaten
such as avcechl. opides: "B tredivatielly, Tehestpipdr U=
may conpr iFsErE phosPhitde™ S& &% Perdb® B &=
nitride, of course, the support may be a 15 19
January 2004 blend or mxtyre of the materials
descri bed above. One of the starting materials
for the formation of the <catalytic materials
of the present invention are hydrogen 5 storage

Al l Avie ThhAaceAn ~avres vt Avrs al e wvaddas ALl AarAa Acanrmalkl A



are known in the art. Exanples of very sinple
hydrogen storage alloys are the TiN and LaN S
all oys. Qther exanples of hydrogen stGhLadg.
alloys are provided in U S. Patent No. 10
4,623,597 (the disclosure of which is:
|ncorporated Qy referenc%L e _materials

3 are all 1ncorpor ted by

descri bed 0’ the " B7°Pat ent havé  a gr eat y

referel ncc e:r_e

[ ncr eased deﬂéﬁpﬁ% &f al@@g %e%@ib@@' xllythz_anBll Vlﬁteﬁt t.es
provi di nga1iQf nihg daséoandnst abl e st orage and
rel ease of hydrogen. Fheseovnaterkal.s were
fabri cat edtyperrapioputratiieng-heo 15~i{-gemrt ™ -1 o
cheni cal Ent St Pacttiral °df ger 1y Priedt porat F‘hg
el ect ed atﬁ%afpfﬁfpélf Nél and Dﬂtto 56 at ) c: ﬁer?int r; 1rsrq) T 3 :

tomic pe c pe fal

SO aS‘\Ot 0 g: ﬁ.@t gertehf,e de_t§| ged (il ESOi!t * percent; and
Addi t i onal.,hydtogenexst QFrage iy £)se aws described in
d| SCl Osedtﬂen SS{JJ PS‘.entPa}t:J-@ﬂtle\bxe eﬂfe&S];;E 41@61 :(s ctz Iﬂessed
" 400 Pat ent tu} ;667 phencdirs el-oistrrecfofidpfis Elqogpgates by
i ncor rafEéEfE‘b’y hF‘-"é’f’“er ence, These 20 materials

H dcscrlbes cert :|.nh drogen absorb:. g
utiliZe a gef®r i€ ™ =¥ N Cofgsi tIon. Wher e, af)

| east Ti cerilm angd..Ni, 3L € nir £Sent W Lhraks) east.
one Or ITDE&chftlQ’qomZ&;ng e&laxd.laﬁ.y ofq h&s 60% Ti, 0.1 to
Ti - Vi - Zr - Ni+ =&l boysoay.e.deseritbed th n2:8UnSnd Pab epit
No. 420728c586™¢ mediéi=? 5B6= Pat-ent* )dQSCffh*é in the 1633
di scl osur é""b‘Faﬁi\ﬁl h r"l?’fﬂffﬁﬁﬁ?‘@mm d by ::i";’:om ihe
reference, JHE. 086 Faf enl n06SCr bed. Aelbuty, cne
SpeCI f 1 C S&&bf Crl aSéengsf arg E‘h@ée fr];lh thV‘gNhﬁ ZFASla:llrllg(}nysl
conpr esi N@o, Tang sn. Vin Stigst Miapprandy gordel dodibying elements,
conponent 2Cr ¢o. Moglisf iaedecig Nieyrrrieseraliolk s Trap @@econd
di scussed“*fp't). S ‘PAEHE RO =S, 098, 667 o rhgr
oo7 Pat g Clfe ERALES TR s e
i ncor gor ag enl Eﬁf ek NGE. BR8] fa adbd ol QtBRLC
exanpl es ginny gegela StiobAGen alohiOy S add 203010, the
descri bed atdidbeBrenPat @ e NOSs. bloye84Bolk40 1 and abour
5, 536, 591 3(! teh tri= 5&hic rRanepr o) thaFrdisi lreeamioh [y
assi gned U.S. Patent Application 09/290,633
("the '633 Application"). The contents of U. S
Patents Nos. 5,840, 440, and 5, 536,591 as wel |
as the contents 16 19 January 2004 5 of U S
Pat ent Application 09/290,633 are all
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al I oys having the conposition: (Base

Al | oy) Cown, . Fe, Sn, where Base Al |l oy conpri ses
0.1 to 60 atomc percent Ti, 0.1 to 40.8f{em C
" percent Zr, 0 to 60 atomc percent V, 0.1 to 57
atom c percent Ni, and O to 56 atom c percent
Cr; bisOto 7.5 atomc percent; c is 13 to 7
atoni ¢ pefeéfit: °d: i’ *d°¥ Y egaﬂ?slel(ﬁhed? AiCE otements may

added. to, the so_th the ¢ sult:.ng odified
15 3 hi

per Cent 911 0 ;:O rp ler en dom% ition:
a+b+crdres](0 atanic, PERGEM, ,SnoMany of the

all oys descr iReGenl Borade RBLoys5E tPat-entith HEhed d€ form
Mh, the efdects0br whiredrcibs di scussed in the
'667 Patent, the disclosure of which is

i ncorporated by referenté “her&n. 15'“The ' 633

pl I tl OQ densgtl;nl besllgertrea'lspn &ve to gﬁe formation of
absor Ingsur%c Q}’l%ej@cr afbsy é l)tngllor]:@ Qgsenﬁic@s
nodi fier eket®nt.Sini. Lekdakile iRase meadohiy Sion of
The base alilk oysiaprefes apleyahawengs. € oaposititonn
consi st i ngreesgeriticalot yreofafyis trat*60% TP5=-0. 1°'D
40% zt°, 0 536 %u:glngi?g:gaf‘pgw? o < 5&;1?3@22%%»%
and 0 to ' 20°°CK, The” modifled al L oys, Wit
are descr h g‘:aorrls rlo Qt i0 gsti%}ﬁhli&agﬂt,ﬂ)mghae’;xﬁknesses
referred to tlhesru&bcﬂ aAaBle liygﬁof B®B33 aBdul ©)48 Angstroms are
Pr ef errabl ygssivhe nmodi fyi ng el enents are chosen
fromthe grodp EonSi=stiing=of *Al" " CE; “BiFe Ay m
e, hore (LERC AT G ULt M el TS
are choseq.from Lhe, g-oun.c0nsi 51 ng..al Blicas
Co, amd SRs,:dsMed (fehd Sb1 z%iﬁad'ﬂll:ﬁ) alih tﬁeh-l’o%pacent as
nodi fyi ng «a@h eent S391 AbgliciGeyn @RdnSroate wddedeto
t he base attoy. ad pesaimedord ‘Bxarpl ebe atipr fHurt
modi f yi ng ted ereRtesss At MO8 =uSric “a‘i‘?ﬁi‘fﬁé“éﬂ'e“‘hed o
added,j o £HE"bask HEOY L BTLE
t he m)dl figr. "Bl Bhents may added to t'ﬁaﬁgase
al l oy so that. thga aimmn&;useatp@aeen&ageﬁate Plesehs
bet ween abouirifh & @ndiabeut nbbgent @@ty Grazting
percentage of the Co is between about 0.1 and
about 10, the atom c percentage of the Sn is
bet ween about 0.1 and about 3.0, and the
atom c percentage of the Fe is between about
0.0 17 19 January 2004 5



and about 3.5. in a fourth exanple, the

nodi fier elenents nay be added to the base
alloy so that the resulting nodified akloM has
. the follow ng conposition: Ti v. 0Zr26.2
V50Vi,e. 0Cr ~ SCoi . 5Wnl5. 6A10. 4 S
no. 8 Hydrogen storage all oys tend to react

wi th oxyd8&F o Forme pr"r‘?a‘ﬁ’éi‘fﬂyo% Yeserpy- eHETT o
reaCtl on: lafvlh:_.pg (r?The%(also proLg ﬁé a eaching

tment*) . eac:}u_ni @Qtlon is

I ent
storage a] [0y, A8, SEDSLE 1V Enhd plbB. | 2 TRLLORar
Of Slé“' f a’&xe lQ%ll;ﬂ@SnaéQlai haxe ms& ,matlet—laﬂQt'xataclioles tﬁHc
t hese al | BYSingCAMPEiSLaAN ak Mickdrah aSult-faACB20Xicde
| ayer. The-conposiitietn tefsiootihgssor ppitisaku=sur Pace
oxi de | ayererdépendSyy arerEadt Pn Ppart i oh Ut he
conpogi t i G BTrE‘t“hebﬂﬁedéelﬁf yi Exghbdf“ff“ﬁf )

icle om oxide surface “layer

mat er | al t 1ng b oce pené{pagg trganS(ﬁl t ug&lj’ghes) at
metal s whi.ch 4 is] Eeittpe £DE DUl k. polBS kL Aboyas et
as the at amiccaper-Gentimage @fciinheoses aBt & 8)chea vhhre
oXi de sur fragechiay@rcetsgriaypicCelst polyel iteraabrouts
50 Affgst ProfEtoe ﬁb‘mﬁﬂi"@@ﬁ“ﬁ sﬁﬂtfrrr;t fwreifmb;e
al t hough P'Hi 65@%?%@%’“ 61 1R ST Ak Tt e o

| ayer of Up,d. L Rt T Yk

possi bl e. MoIhe,réfaﬂaﬁly alat Suf ac@r OXiotke afcrdns of the
hydr ogen strorage 1akicoy rraythehetqodbtf ifede bypreanic
et ch procéssetepleabilre: et Ctrt Eiﬁ"ﬁ'{:@s@é?‘—*ﬁ?@“ of the
descri bed*#*HeY). S, Pateit NG 4, T15°08¥ [TEhe

1088 Pat efil'}), Aﬁgﬁu el ch@%ZtﬁZq@ﬁﬁgﬁiﬁ;‘éﬁggﬁém
U S. Eat e@&m@x@& oeafrelhglmogaétg%&&éy Adri{1" thee, in
' 391 Appl bCatdennl FuwoBoth {uhantR88 dRatente agirogen
wel | as t he-d«89%oApplitieat vrreaar e i ncor por at ed
by ref er ence ™= Hereirrlinmss ﬁ&tf@%@dWﬁ‘l“ﬁﬁE:@?ﬁ”
Patent, t ﬁ"el‘i‘?ﬁﬁ Brro] € Bf UAHE e ? ProfEssis

eferably at le as

t hat Of Slél ra%g 11@9@1 lcgeag.é Qchhed §pre eﬁL@nzty
391 Appl Il&@-&.t Iagbnt a(ﬁ WhL h%ogtm&orawhlpﬁbﬁntleaﬂsd
the 30 ' 633Appl ixCat i-0R E@80Ritbe tnhenedt gatesiaf

the etch process on the surface oxide. A
met hod of making the catalytic material of the
present invention is by stibjecting a hydrogen
storage alloy starting 16 19 January 2004



material (which is preferably in the formof a

powder) to a |eaching process also referred to
- herein as a "leaching treatnment"). Th&uuuy 2004

| eachi ng process of the present inventionis a
deep, penetrating "bul k" | eaching process. This
nmeans t hateSabhet|lewe hbng "rattermk alar{bheoset p\rey
mat eri al THat© doEsther? Feathismyly-2t dfagpabout 90 of
referred ?%h§§”m1%&6ﬁiﬂ'y g%ﬁf“‘%?%mF%achant")

des iment f th
penet  at es vk " Helow L he 5000" Of“pfr@icui ¢l
o 2o cuitns [arpe ol kg iipxgarre@cnltaw and,
into the pattitl @bt Kredgic sed hetel nmckelbunky'
refers tomrthectk nt@el onoyw egisOrtOhbidiae 1 palladium.
particl e Bérrertir-tirer B06D PARgStremboxidggen storage
surfdte |BJErnesTie “°| Eacki iy Pt deesiss peretr ates
and treat S 1ngeproce:is ﬁemﬁraéz értto E }ﬁgg 1aléy the entire

parthle Bulk am s th ox1d1f;abl com ents of

SI gnl f | Ca.smgsthQ{agllyQ& éaﬁ.r J(al 0 OQYdES
particl e.zender ef-exablay, canp&brgguoi e&amtlaﬂgx &k Qous of
t he bél k 41svireached whene: thexidegachi ng process
treats at | eadstviabouto-i® a@@@fﬂ%ﬁgg{bre TS cOf 12 Ging
t he hydr o"@%cﬁssﬁ’ of°a ‘ét”éf Py arreet éf“hlﬁléﬁ‘@é’m?‘te

er1 r edeterm ned Erlod at a
I S pr ef ers%bjh c ternp rtatu ;E ajdga@St f éonverl: the

'A‘ngSt25 om Etltuyggtejrlaﬂy@roxﬁz th?ppmbé(d@ @Qﬁx@ng%&&h@g gay

al | oy parti€lerd se @achedrmeMpierepefE ahby pay @t
| east about=+20:0060:Angst+lonsscotiot herpaint kel ®1dvs
| eached- Wb@%1DF§¥%F%%FWPWﬁ¥fP@aS¥ > abeete:36, 660
Angsts o ST, 1 20 pRILTRI g T Teacteq O™

anot her b Ne 00 ek NE A IELEA o, % oSod inetude
pref er abl@ckauh 8achadtcod:i@ashrARO ULy Qs e, ana
ANngst r onsrighres h@ereqpar tieClieus tht z1k811FEDERution may be
pr ef er abld@irolve detyigtice @asine ghoutaticb( 8 Qkaline
Angst? onBCO’CfF“tt‘Tfé"“rjaF“’c’ TSET0 &Y “PIPing “prrrefoercroggeione of
errbOdl rren;ﬁ:e al ;tlr}étlme q&e adde tio thj)fl%lfoé? éﬁﬁ‘ém{ o

er:.p the leac (i.e

| each substAntdally the. 25,6001 Le. DilK. Oty i he.

hydr ogen storage al |l oy naterlal Hence, in a
preferred enbodi nent, substantially the entire
hydrogen storage alloy particle is |leached. In
ot her enbodi nents of the instant invention
preferably at |east about 10% of the hydrogen
storage alloy particle is 30 | eached, nore
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19 19 January 2004 preferably at |east about
75% of the hydrogen storage alloy particle is

. l eached, and nore preferably at |east ahQut.: 90%
of the hydrogen storage alloy particle is.

| eached. As described above, an enbodi nent of

t he | nst antroeeh seadoal it Gs vaitl ek ithd Sewpgararefanhed yf
di vi ded net a'#adpaar téeulare reetbetdeds vean-oxite
support. TRPpEITCUHEF The it & “epartiredi*ate

rray b? a rrEt 1?' l I C nl Ck?lllc cc!rlnponenl::s Qltg t%glbulgl lfqye
wher e "t he,,nj,CKel . al:koy,acks, bat hoplati.oum.and
pal | adi ume1:Thi § erbetIBRcBRY hewdBdeschy of tne
subj ect i ngcdihe nydrogen: stief-age inl heahlk0yf the alloy
mat eri al ¢e hec=appr opricat ev| eachi=hige protiess.
The 1oeacmﬁ@gmﬂoﬁg§§laﬁ%ﬁ€fﬁ&ﬁ éléoyi ﬁxﬁothen subjecting
SUbSt ant | 31 s] gtaftﬁlg %'Lh troethe Qilka]tlne Folut onl f(or a caeram

e & a tem era turﬁ and p it is

conver t S izhﬁbﬂxt am l! QheCQHpiQeﬁ:eentc&p nts to oxides.
SUbSt ant | @clwl;vyr t Ig@\e e&t |tﬂee mbzujlkc Qf)mpkrhﬂ:s ala.rl.d(asy alloy

particl e tBpdxkdes: reddence,tot hedsoxh divzaly eikaline
conponent solgfonsubsteagnt Fatebuyd phides eft face Py]Bretully
al l oy par theTee e POIWELt 410 WTRe " The 2,
hydr Ogen getlbraagfé he fl:':acyedn‘gby h ﬁ%@ln@é’tlg(:fall ofa the
| eachiong o PEOGES Srdd¥ent CONEAGEING s 208 addol QYteriar
mat eri al WietchovaiecapP£:ORI itals€ comfoeAthinng aPteakioal
for a predetesdrioned! peringd reobllid srewentator glioys:

specific tenperature and at a speci fé cth Jo.
convert the J0°ul by REFEIT al ToT0x de, Y

ial of, the esent mventlon may b eed by seﬁactlng
appr opr i af€ ] &athi.ng..0at eltal, MBY,. He,alceriar ana
al kal i ne sk U@y Fhe.dayelr ogennstatagacahieyng
may be " caetiacb@cinaen thd abheriak kaldines s@lut Hon
by pl aci ngemdyerved dndyn uiaihivedeeafisilp Péf‘értabl”gdllzﬁ’fle
powdef® f 0Py P a°fc Ot &tHér W‘“Pz’l‘e 5t°éﬁl2afl1 He 27
SOl Ut | on. lzaﬁltﬁ or;dsﬁ@(lcsiolhsljkbhat substantig fl( none o,

e components ydxogen s§orpge

f or med 25Tﬁk§ ‘AN 8QUA0US. .8 QL. UL 0N, QL 2R .al E%@Laed
nmet al hydroxi de. Exanpl es of al kall net al

hydr oxi des whi ch may be used include potassium
hydr oxi de, sodi um hydroxi ce, |ithium hydroxide,
and m xtures thereof. The pH of the al kaline
solution may be adjusted by changing its

al kal i ne concentration. The al kali ne 30
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The period of tinme in which the |eaching
material (i.e, in this case, the alkaline
solution) is in contact with the 20 18,Jlanuary
2004 hydrogen storage alloy, as well as the

t enper at urierand=pticofet=1t he/ofF eachi mgiagent vake is
al | resulwsefbective wari abkes=wh chat. candibessed
varied to b@?féiﬁ&fﬁéuoﬁtfﬁﬁﬁ %T“tﬁ@ﬁl@aﬁﬁﬁwglme
process. Ifahy” fThﬁi‘ﬁé‘i” - o %%ﬁéﬁt%lw FRIPR

rYerer in as &

tzl
the bul k it uﬁge ALl oy, are Jreadil, cpségdq Z2ed By
the Concerﬁ;' rb@-tngg; aj Kﬁ]dvﬂ%n uSQLCMtIlaQthlg s:.tchghlch is
| eachi Ng PEBEESSes:HANRNET 00 3ORB AT wdrB@reseranty 1e0s
met al | i ¢ ekerrents randlor al logy scemwi-dvhi n-st Aer buthk
of th@ alioy==rare resistaEnt 1t o=oxk dattomby: tthe
al kal i ne 8ot r8H™"B yhelf)“’”dﬁ’éﬁlnﬁg bgere perticle size

ap p r O p r I a%bguf_.e%l?% eébo atboﬁQS OangséXLZaAﬁore{;)ﬁeg r‘Fr%fli g&:%ilc‘:ﬁg
this stariiBg.al loy.t-a.dhe alkaline.s Lguup Ry o
for ascerdeaino :pef+@d of tinme and at a certain
tenperature and pH, it is possible to convert
t he oxi di zabl e conponents to oxi des. However,
some of the netallic conmponents arid/or alloy
15 conponents are resistance to oxidation by
the al kaline solution and are not converted
oxides. in fact, by carefully selecting the
appropriate starting hydrogen storage all oy as
wel | as the appropriate |eaching conditions,
the starting alloy nay be | eached so that
substantially all of the 20 oxidi zabl e
conponents of the hydrogen storage all oy
material are converted to oxides. Those
conponents which are resistant. to oxidation
will remain as netallic elenments or alloys.
Hence, in a preferred enbodi ment of the
catalytic 25 material of the present invention
may be fornmed by selecting an appropriate
starting hydrogen storagezall oy material and
then | eaching the material with the appropriate
| eaching material and under the appropriate
conditions (i.e., tine, tenperature and pH)
until substantially all of the oxidizable 30
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oxi di zabl e conponents of the hydrogen storage
alloy remain). This "Conpletely oxidized"
material includes a finely divided, 24,1920
January 2004 highly catalytic netal and/or
alloy particulate (which is preferably nickel
and/ or ni ckekacal dhoydctiiatqeeasrdisgscusseditecabyove,
i S resi StraRike b O=:6UAVY @FSIiOotroL s "del Py nickrd and/er
al kal i ne rige| Aty orrri-Thavggis predemgter Paéf“’wsf‘ﬁ
met al _par't icut’atet iy e 5 PEFEt r off T GHeréln.
as-a °cat’@l ytie oxrderc fHe nELal . parthculate

edns 1t

cle us;m m 1llurgic
may be e{@! ] , g eLjsJ.ble‘Swodlqu}geu%Le rcthh:@tlve in
particl espartmyarbeurr&deotumma hanseuai a2V esage ve.
particl e sideowhi ehank.Ser Pr efes abb yateess atstrdiys @
about 100-2Angst roms:! porevpheteratirysi-esst »than
about 70 1AFFgFSF°r1Uﬁ’§° laa?fd oAt =pr &1 Bf abiTy I8y
t han abou“tatefﬁ 55 FC mat:erla f th@gﬁj:ﬁé@; compris

-DXl elemen ali] In 1Qew1se

certain eb”@x%Q urEHeaQ §at91 N(E NEos3 S @MlrakIVENL] Obne
t he p‘l@rt | QHJ %@nmyalga\i£cr&epaf Tnlc@ellecﬁk‘_@& made by
bet ween abesteid0 & Oni@boutorFOnaAngstarors, a themal
pr ef er abl ecbetsieen about 10 tortaboute 50 Present
Angst rons;™nice pref EFEbIY et telli about ““‘16‘ v
about , 40 KAGETrgms; - npSt A el STablY. Dl IRen e
abOUt 10 E)lezal:ée &Q&k&ts&@ tﬁntg&taéegmragzzlliy Qaterial
January 2004.idencene theidsc aehi-tg ProgessSalter the
pr OVI des aam@:@gtoneffftescctxpdge %ylkalt_re smklen Hay do this
catal yti conereriiad “eonpr i*sPiigrrifet @PPTE " it cRel
and/ o’ nPEReTTAM oy pArt M CITES AVl g AN,

line Far exa:nple h oxides of

extrenel y émga tse %Iaglhnp a@mﬂ%ulzecoba(l‘: -af8 tin are readily
ul tra-fine,metal L £x:6a8 alysh sfite ouhels, isGennok@ek of
that i f 5:088uiM-Shetutats makesrt hes same . Singse oxides
ni ckebo or wakckeroalspigye «iparetitdd-opshermyac taver to
met al | ur gl”t?aﬁllk%’arf%“ilf“ wdt teeffier st e ;e
pOSSI bl e z@f;ﬁlf Prrt§c§1|tl6| é:de i enfea:om:osaltaggn f the oxide
prohlbltlve *particular, it I's noted that
background art Patent No. 4 541,905 to Kuwana,
et al. ("the '905 Patent").sdescribes a 10
catalytic material fornmed by the

el ectrodeposition of nickel into a polyneric

| ayer. In contrast to the instant catal ytic
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ni ckel oxide rather than elenental netallic

ni ckel . Li kew se background art Patent No.

. 5,053,379 to Gordano, et al. ("the 15mus3é0:
Patent') al so describes a nickel catalyst nade
by subjecting a nickel conpound carrier to a
thermal pdecanpnsicti@nat reatdemM an drin GodatikaStaen
t o the prseseft thei ient pomsactile 2 NivivgO catal yisty
of the ' 379 Pateht: algddre teokis] st iof i ckel=tine
oxi de_r atferthan™nEeEr | i ¢ h ek%rtlmzef I“Pf hydrogen
addi t 7 on Sttc’ra%egau"ér"f“t1gﬂhas RN

ectively re more S0, u¥1e components op%he

oxi di Zab'&m@%@&ﬁ'@{‘&@ <8 1yi§ Qatbé{ Q080 $1.07 A0R..
al | Oy Wﬁtd%zﬁdeﬁl:aﬂ&@at@l)ﬂlde&gs ctfh'n@t ll@@&b}lemgnd/or nickel
t r eat mentaimmy wialisSGe adst @fnr thexi e PAPESiLic @1 0fe in -
t he ORi dese Therakkalitme rsEl e ofrkrmytide thhitsis
by di ssol¥Fnge e mor € st ubf &-vxicter coh Tfeﬁ‘tds
OUt Of t h esggzﬁgj;lqnei ut;fjlcs)g:ﬁjal l;idatio ﬁ}:le uct:l.ve L gla? e
nor e SOl Uh c%nttcs a ng erc§ncén@rat1@rno 1%1@ J:Ll%’eox1des
envi renment . x£Qk XA Byurik BE DX RS Qfiso makes the
manganes egxidsaRadh 6y paduklTl A UMrea60 Dadotos 8 dndréales
are readi iy resedriibivecti i anidal kai retrsolitfviion and
whi | e ot h"é?'§P°ré gt Ff’l%]af ﬁ’ﬁ?é"ée“oi‘sh “ti tearti U 1f§“5‘°’1‘
zi rcogi unm "ANEHPCKEI AR T ese s8] UBIE" “thede™

ncregdse 1n porosity also 1ncrea$e he sur ac area
oxi des SOOfV\Zag A’};gdg;llgegmgrl)re sol ubl e

removed frond heoeXide ol ayielieatiGng ptrhe;salséeak kRee
sol uti on. ta¥hezthesis sobwbk ectoxihdescaard |ineptibreris
remain atopardidfi fen OXPde Orcrémt éreatprgs used to
al kalTne §BItTEN A& “EHF1 S auf PHft escribed

rogen d above,

Hence, thg,CqmnesiL10D 0l gbedbcgw 8 §§{ 18 e,
January 2004 Q0% QRciich beshercakd gL edle pltbg Uk Qeil
IS an STEM 4pk01is0mipCitQghaph sur Shoukagndheaeb hact s
of | €lchiwg echydr egere stior age atdoy spawvticle
with an atk&Eiiine °feachrd hen‘a‘teé‘raf giicaplie tgF usqps the
al kal i ne SpTTOD zmzttfig CENI g
portion of thé RAydrogen st orage o
particle has been | eached. Sel ectively rem)vi ng
t he nore sol ubl e conponents of the oxide
portion of the catalytic material provides for
a greater concentration catalytic sites of
metal lic nickel and/or nickel alloy, which are
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metallic state, are catalytic and electrically
conductive, and these catalytic properties are
inparted to the oxide region. The oxbgg.b@gi ON
is thus nore catal ytic and conductive than if
it contained a higher concentration of )

i nsul ati RG QX J8SeridFoReNDVicRgthe wor ensohubke
oxi de conpeRentsSy akso1drakes-wheray Oxi dethe egieores
MOr e por ews: 1A meredseciorr porgst ty FHereases
t he per mgabitFict y=cofvirhe %Wﬁé‘%é@?fb‘ﬁlett? TH “i‘dea
di f f USi of &g TTARYPAFY, 6F “nBrecul3r nydrogen
as wel | ds ¥9tRe” diTTusl on. . afd 4 ransnont i
certain i.Qns. .SNELas-bydrogen.and by draxy --20
ions. An ik NGrLeaseni APorost tyk-al s@-iincreages: e
t he surf ace:iak eartreobtaiie v@xaildvertliregsi onthe | thinj agide
not ed t hatrtedkeafyalik stgaéhi POTeSs VHSTICt e
create tTECAL HFyETE UL 81T Al §° 6 tRe™prés allc’t‘”

i nventi orf '8 d] st ioow shable.from.al. K&L!grbeocess

et Chb ng usLdr t%a{tcﬁaeﬁﬁ Satulsﬁd mthri&SOfStihgpl'eyenm@ielftYOn
t he i niti@abresunfoaee-Oxbalerlayen of desesiphetdogen
above) ofscthe hydrogerr storage-afiigy. (i As leaching
di scussed-ebove) ~*thiee=ini E‘P@F °§ ﬁ*i‘iflsét‘?gré;ff‘ﬂ [8r1s
abOUt 100;68 Aﬁ]ggéttel?la%rtgcﬁr 6T§ f}at 1< ox:. es w1[t1 pended

treat mant;sata §9£4ﬁ@p{3 LOadN€ . Qi - -Batientidas . wal-|
as the ' B&LhA@pJoﬁdctaxnls QFkp Al SW £AQQ: it MEALABNES
used t o noéidase3d0inth@oed St NSt facerpxivge of
a hydr ogerrestor @gé‘YCHPGIe’meataéﬁ a?teﬁlﬂso?ﬁéﬁttfré
make ¥he "r?a]tlé"’}‘i“’a*l “sﬁr CHEL & 1oF usE“as e
aCt I ve el eézgltlo S agrr% %or!a %Tgrésglvé I’YgJS@J thb)éalr ét% of
el ect r 0Ch@M CalcineC@hdogdsl Qb @XQMTP! @reet RA,CKEb be
net al  hydéisfeene eclrltae mAAK}e A8 ed cas 24 cdkGind@neran y
2004 vhe &etiwvetmater palve f Orctafe etredty dehenitedl
cel | theashyd?tefgénmsera@?la ge aleea%r et FerEst
t hensel ves Iy e g THE &P Gt “HAGU IO Y
about 70 M"EFONS TH si'ze” A ter the etch
treatment, each hydrogen storage alloy particle
is surrounded 5 by a rel atively thin netal

oxi de surface |ayer that nmay have a thickness
of about 1000 Angstronms. Wthin this oxide

surface |l ayer, there are a | arge nunber of the
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10 to about 70 Angstrons in size. Overall,
however, the 10 fraction of the catal ytic netal
.particles in the thin oxide surface |1@Ml@ffzad43
smal |l in conparison to the volune of neta
present in the non-oxidized bul k of the

hydr ogen st oeageicall.oye tpariht Gh@Swicl fhe&ONE M@ Sne
as di scussed taboveiont tre lkeBohirngigr 80e8Sn albline
used to fUFfithe Cataryre eriigteriate cofset fpernat che
present i HYEMETBA” ° erji%‘f‘;%?egfﬁfyigﬁg Tpzedy =bove about
substant i al Ly all 8t T He. STAr TTg, hydroger e ==
st orage alib0YysoRakhh Che ple@2GH! 00; GANALETAMS res,
(l .e., | eae IﬂbsﬂgrefettiblﬁEEatalSas\AﬁivJut @Sﬁelg@ﬁpecyfact:&“;g the
and pH of lsedrens| ce@chibnaGraTai efiida) o @f excselkLet ada
whi ch'®confit &t et-y=sttreat=thee &tart fenge=hydr ogen
20. absorbi n§ &NTYy PALTTL! €5 8o "that corkyns che
OXI des W I'ﬂ’alger aqcslm:tﬁ %be 21’1 aClElC ;Yinf dnvﬁ %n' CFF%éeaChLRg

use of an acidic

r enBJ n ( | sc@utidd :LE.CQE@ ylttiug %I i@r:i an hset:DPe of this
| eachisng coadicli oRS.cusedtoniBke &hgcatalyti G
mat er i al senefor tole aqipe S eRimIeN Ve NEIAO AhiFB Yk e used
di f f er ent "fremitt Bs&-UYsetf 0 FAectd vate ot hwee acids
hydr ogen ’“ai’ﬁ%séié HP Oy SHEter] absttGi-niat tery 25

le of an, agua egl is a mixtufe of

appl Iﬁat I IQ-@!.S.C (El!:lﬂ%nd’ hy§rlog'n§§1ca can e 1 TOCESS ma

Si gn| fi CalﬂtlmﬁQ{etnde@ﬂ 'Qintactlbﬁ tbéjallﬁy\éflr a éth an ac121,
| eached, ocne @MY €pdfctd-iBed v@AEIE e, at a specific
conditi on?mmurbendrmrae@aggpessi ve) . Also, the
sel ection_of ** tehes oLt H”eg H}?df%ﬁéﬁats’tye*rcagfemls

al | oy i t gl foopdy AT 88 ThE™ it erEt-Forrt fiem:

i nstant i AV&NL.0n ieQ@&gtﬁ%féaf;"@eﬁh? ngmat&rial; 40
used to f@REMAMnsaecil e e,lr&ctlm@okempemueg (=Y alLQ;ne
battery apphiraad ons hed@peceX anplie, 1eiches chosen
hydr gen SY OF ageerwt 2oy shoy ot MestPngtaintens (e
i nventi on®s ?kalmé“ed‘aﬂﬁl%‘h"é r=f rag eicof o Fee%dﬁtlny

congentritio h:l.s roce may t:ed

di ssol Veccn e'HE er, su Se ied i
25 19 January 2t(1)104 Speci f |cafpfl d lé?em eﬁcé'mg :

catalytic materials of the present i nvention,
the | eaching material may.be an al kal i ne
material and the | eaching conditions may be
chosen so that the tenperature of the al kaline
material is preferably above about 5 60C, and
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about 30 weight, nore preferably at |east about
40 weight, and nost preferably at | east about
- 60-weight% O course, the |eaching eondiikdons
are not limted to the above ranges and 10 may
be varied to achieve the desired results. in
anot her efbvtherehterotet hes rerrods ofc smkimged-higs
cat al yti c-TTt€r idl & TPt He™ Pr e8 entoienyene ilemyin
the | each[Tfd;*fral P T 4], “s 6 Ty "be~‘ath _‘dcpyizcias

Henc the eachil 8 ocer.s lma com rlse two or

SOl ut 1s0N. mOI ech]!‘é§C e& ggatr%gtls AlternaLE ching
al SO Wit hbﬂce&sha@ay&&lpfl'ﬂ or@-n)d m&GQﬂ@hQ I«Lm l§_} iE:tment
i nvent i onanda bheoattdcti S Ghditnk @PaiBY s D€ AN particular
aqueous selcptiteon of leohies FoclBIT@y abirtiSs alternating
Exanpl es ofi&ei dstiphi-chrartyarbecidsetachim ckugents.
HF, HCL, FYS0%:==Bid® HNEB: 8| BRdE=0f *t i &Pecﬁ’ﬁﬂye

grersu/e ethod to mpre 1ly react the st t:L
aCI dS I‘Ta'y a QLS:bExeSeya ove thggata Y5 F e 6‘%6“‘: 1nvent1E
e

V\h| Ch miymeQQ)e LLS‘QCLS 1+8e ca@'ﬁyt@cq“ﬁerrlﬁgéfaa £ E] c@lxaim
of an aguacke @bt brSnadto Mk Xdubll 1© Bfor? O« NE sk G1AG A
and hiedr oetht ot eclaeiod: fuihen beae htang: piewes s=ney
be i npl erréfrftsé%f byt eHATHCtPAY' 2 tireicald gye starting
material MEHTaf] AL 6“‘” (SUCh g8V HEwPotieg) srere

peci :|.c gas reaftant and

. c:.at.].on of
pr edet er nged.pefiod, of, LLiE, at -8, sBesifiE.
t enpesoat Uesn and: aln amsfpﬁese fok Gn RHce-bd aac§diaL 89 the
possi bl e thatotfecdesired catal ytic materials
25 be made by using two or nore |eaching
pr ocesses. Fbce)rasmtedﬁpf’th*e a Tf‘ﬁif ‘drkaline @
| eachisng treatie y, e pef fariead st a first
set of | eaching com Iboqns._(L oo f14.5t
al kaline matsesial as well as a first tinme,
tenperature and al kaline concentration), and
then a setiyrd Hil feaick e h!rdé’a‘ﬁ‘h’i’zn"g tirvathrehtd B0the
may be peE‘fdﬁc’rg?ﬁbﬁf"%Tg Y LelBNd sBE BT ECH v e

1008

om the elect (ste ba.m:L ed
Condl t I On§aj(c!s o? uﬂoxﬁlze(§x§egaq }LE(?flal o catatlyé? oxfde
as V\B| | aSanaJe %&GLQB\Gd lgyl O%mzatﬁﬂ%{r%&g e It @sﬂdss1ble
al kal i ne concentration). This process may be

repeated wth further, subsequently applied,
al kal i ne | eachi ng 26 19 January 2004 treatnent.
Alternately, one or nore of the al kaline

| eaching treatnent nmay be replaced with one or
nore acidic | eaching processes (wherein the
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5 nore acidic etch treatnents. Alternately, the
| eaching process nay conprise one or nore
, alkaline leaching treatnment and one .. APke
acidic leaching treatnments. In a particular
enbodi ment, the | eaching process may conprise
al t er nat i Agrocadekatinerit @aehiingving eat ABRALi saand s
aci di c | eachi nge-tureat et of 20 sFhiisy aldtcernatizpg
aci d/ baser'tveatrrt FS AN eSPEriiEl tfyconditions in the
aggr essi \fé‘l‘hjg‘:iﬁb‘tﬂb‘t“t? 'ﬁﬁ‘r“‘ﬁ;ﬂdﬁa% tli“ee%% tothe e
starting all  dTSGUS rht

Chl. ‘condIticns dn he apiroprla%é starting material,

catal yst Gf ;108 PLESEN .y LRAYENLION, IBY. e Msad
as the cajeal:yd b&cdiBlhelk aken0fs anef Welossedbraanede.
Though nog=rustshicn@ret @rddgidbound bgcithreoryin dnbehps
possi Bl e thatreds of hiss Fuetoncelt! farode=faneti o
of the i n%et“é.‘ﬁlg Rf%te%fl '"sa”ﬁaym’ﬁ’és aésl§?5§taé°t‘j“ BSf of
del i ber at BFY °f E¥yiing &7 port o, C?Ea%"Fﬁc Starting

prerera 1Ilg PrOoCess C 1y conver

hydr Ogen §:t Qe—:raaggboaj SQyofI t.la.chl gfs tlfg'e;l@ly 1!~a9t1cle_, to the
(unoxisdi zedd:ySt akRe. BpacChti gaktdyie £he the 1eaching
di ssoci at pefsOtnetibgvHEgas ot BaGt-aft s@nd each of the
subsequentireaetior Wet HehydroXyl <ftns fr orr't'tre
el ect rol yr&EH" 20 “For ¥ vt ‘é‘”f’dl\‘i\ﬁ‘"fsh tHE [l 8858

chosen so ing process

Of anZOel ecitergl(c)a 1990é\%§glamgeatsp ak;o e'75% o@%gilogrlhc alloy
equatl on: paZ@L Jd%(tg)the cazeghxc oxlde> &bagabﬂ&- 2&:@9. 1&&&
be assi st gdcdby cthecf ol how AgusSel-daeehani Smw 2110y
H2(g) + 2Mreicios>o 2hHa@MeictoxROH - - - - - > 2M +
2H20 + 2e (3)It (sa =° PIBY Wher B t'Hé Al BeioarT
hydr Oﬁen H’ztﬁn l:tbe romote b)af rmln% Fl catal.g); t which is

il osz.t:.onal s use, hereﬁ mpositional

hydrogen sLor 9g@fe§s 1. O¥ord %t&p 3@)y-A0d £b8Rere 15 a
react ed Wedabintdie chydnQxyd orin@nsndd i k@Maihe of the
el ect r ol yt@edssti@in3ynosedpirediiod e dirrefa@tti OSth@k is a
unoxi i zederpietab ‘atkoy Tmateerfal int e°mea%sa€i°ytﬂfc the
oxi de cafe"BEidet er rﬁ°’héﬁF‘“‘B§f OPET I z%&t g ¢ e
eXper I rrenf%tzizrst.t i @aé%dl:nﬁ J‘.;nCIE_ﬁSE orqgnzizj:;ieco:l :s:tzm%
to produce a cataE] ytic nmaterfal having such
optim zed ratios
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by the appropriate choice of the starting
hydr ogen storage alloy as well as the

. appropriate choice of conditions in thgma.Puk

| eachi ng process used to treat the alloy. 5
Hence, by appropriately selecting the

appropr i atsece | @achingreongi tieons-andbor tdet...
appr opr i atcgacstrand wageematreritabt, 13) there| sgablrbngside
process rria}ye -alagiocshrerrased- ey cHeni eart yrroer t
a desired petcentaye; Bf“aélécﬁ“%j“ the hydiogen *

nuous decre he dens the Cat 1 rom
stor age at ydr nr tir!\p\(i-:tll e.:§d to ( gcg j lle hydrogen
oxi de. SpeGil.calhy co ki @@%n@s =0 cerbodirent ne

of 't he i nvention, 1htocits phefarabl e that the

| eachi ng pr ogessehemeakl i converils catorh eagpoert
about 1010%w0fn copachks Bfertfrec bt |ty opart | tf es™HY e
the catal yEFe: 6% 4& “Tt T Ridre Pﬁ?séhf*%efaﬁ’llé“des

made using a

that the PEZEH! ??@ ProcESS ChENCAlLS é{lm% SPVELS s

h Ing ~ proc

at l eaSt ﬁ&ﬁ!l—m ghgsen @a&@eﬁ thl Q‘,%rtarlg hg)&ogen storage
parti @ es.ti0, Lheid5oCat alsyti euwpXi dReridit (@ wWBSE
pr ef er abl eis-hat of Reehgaehi negp dProeeesswith or without
cheni cal | yxw}@nvelfﬂt saggtle | easﬂtﬂlya’bmﬁfsp*seﬁo/a“’éfbee‘é&‘ﬁd
of the aFf®y® Y art P Ehed Y e eat Ayt rese% ded

In angt hef™**€npodi nent....t he.deachi ng. canditions
and/ Or t hgel%:tta:(gt thgpprgmta%r l;ﬁl‘tSngnxﬁyerbe €hesens s
that the Leaghingi1pEEEEsSce20 ichemigabdsyisie extract
converts at-cl.eastlaboutsu25%iefr elct t(‘:}f stifyge oxide
al | oy  parteles °f gt SFPéth%.faéTIﬁl Ce5Rq pp@ind only the

ese catalytlcal 1y

Pr ef eF%bl 7‘“31% héatrlé;%s&ali'ji; aCt:‘fri)J.XE%CC%SSSUg Rvggtgéala&gr a8
| east abouf,.90% Soat e BoOLakolle Ab] RY ve RRYLIEInES
to the catalyl Lgpo@Xdatleiar | baciBacaly S e POS Sk BEs@xed to
t hat the fauebroeedthcfuttnotn 9@ coftutive ori®b Apmstignbe
cat al y&t beein@ﬂB%$q°§§yerfﬂFWH§ndaf c%‘ﬁ*ala’ils"FFE for
which is m‘@b‘ﬁﬁdssic t'oMal | raded"

ner a1, conpgSL 1 GHEL A ST TS, s
form ng t e cat al yst so t:hat there is a
continuous change (linear or non-linear) in
sone aspect of the conposistion in a chosen
direction. (Preferably, there is a 30
continuous increase or decrease in sone aspect
of the conposition). For exanple, referring to
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19 January 2004 of the catalytic sites fromthe
hydr ogen i nput side (i.e., adjacent the

. hydrogen conpartnent 13) to the el ect (QLyl B
side (i.e., adjacent the electrolyte 12). in
one enbodi nent, the catalyst is

conposi t i vaaldyegiradectk150 rtdaat el vk Setarrd to as
cont i nuoustdéect easeiny'n tlhleardeifFSJrntwyE ofodityer of the
catal yti c'sifds Prom: tHe hydrogen—ryipat side b=
(i.e. adfect ?e'“;thﬁl ydr ef‘t(?)genm‘bd artnene’ r @

o age allo cler SO, as t

tot he el t_eag e(’ QL¥ ngerg &12&%1&’ compojxents [} the a oy, to
el ectrol ythelrlg)pe&tvetoh@esaa e cASol SCMESEH:.-
above, it tdof tr@l 8 @rip0SS e ot10--0r MRa SUPROELe of
10 whi ch eesprchsesiimad-eriialeshot herekhtancOxrdess
For e3?arrp|eéemt°ﬁemmf‘§dp bre - nHy cad-soctewpprieseing is
chlori des?"™ ﬁ’bs‘ hiHES, ST TPdesivaffg sted eccning

pote tiallteo,assist the etchlngﬁ;roc =5}y which is
& Hadé

car bl des descr & 11"1T§e gil 19'!:??& Wpa@‘

using a deeperom agpa;saaglbrngbolv@aghwgeeprt%%ﬁ first
The | sachiRgadral ek itgdrodes ab@PPEOPIbAteleYiaC ROSEH
t 0 conver teetcheastartding mpdrogenestor ageaily to a
al | oy mat &°irals teretshievde Sier etrosimpporrrinntetitars
(OF cour sE" Rt lir'es 0f “nHf T af §°1hﬁ T

g materia tan 1ly the en .u:e

f or rTEQ Waltlngolllw !&ib%y oxldgécl QOe§ nghlg

a cat al yt kephosphisde Mk beaf.onmed algprgmdcsia&g
a finely diovadech netalae pattbicul @be10nbeddetniin
a phosphrie:ns20rq rFeari>al ter net e=enbodirentaciefs
the ipvenf B, b h‘ss°éfaé‘6t°| rt"‘ﬁé‘aﬁa@)?@dtﬂ“?da‘t"e“a"e

desirgd catalq ctrochemlc y51cal

St artl ng mgeggles As sseen m thgabove dlscu n%lciﬁ ferent
I eachl Ng PHRCO8SSmal be Ao§fﬁé5%e&0§§,lelh£ 6L A6k are
(i.e., dissokMea@ul))nssbstaadatcl adobgynedd laa Qfrpdshon
sol ubI e oxi de copbnpanent e afted. e tBL @fdobifpn of the
mat er{al , 0’11%@avf’lﬁgt Behithd?! oreyr! sest2s of phg|cpralytic
catal yti cE" }1 4&6?"\"‘\7%“&5? fliecc’l"’é;éc:“:ﬂ:g"e;nssé ti‘:s‘-’z“;‘:zze
catal yti calLy 7 atIVe, particl e§ Ry He att ixed
to a support material or a support structure-
For exanple, they may be mxed with a carbon
support material. Alternately, they nmay be
affixed to a support structure such as a
conductive grid. Also, they be 30 even be m xed
together with a binder, such as PTFE, for

Al Aarl AAl ~+t ~lri ]l 7+ v, 1 » +IhhAa ArdaAaAd wmmt ~ A~F + lh A



above, the | eaching process involved a chem cal
treatnent of 29 19 January 2004 the hydrogen

. storage alloy powder. This may be refesrged.0
as 'chemcal |eaching” In an alternate

enbodi nent of the |eaching process, the

| eachi ng theat-fent: MapMude, el eethieehen] saldy ans
assi st ed. wihat ibrSyrar@pgpot ents) ale taRy-the b vappi-ried
to the hydrogen'storage cabd-oy powder so as to
make it easf‘é?he‘f“ﬁrecohvse?ef“ the e ar 2abtseion. that
conporient §°6 *t'hé "AIT. m&"it&e TRer r‘“"FréEjBé‘l‘gi feyigmes

oxi des or .40, Lennve, Lhe. mone. sl ubLe oxides .o
fromthe mateni alsaf tesithe, axd geasytax e..L.onnedy.

Thi s type:ibfes seleetit o€ hemtigakdeyyas &bﬁthedoneumpmn
| eachiong pis=nefuer rreded=o Her@itRicg8y kbhductive for the
"el ect roch‘@ff?f(fal"fl%‘ﬁé”ﬁ?sngf" PeFpRglee Fe Cter HEheimt cad
| eaCh| ng frgnspcgi: ﬁi ug.f;ongrf;a%Ollﬁé)éI?lfab][e to the diffusion and

iens such as dro ions and droxy,l ions,

el ectrochgm.tal [y sassished el Ching . Capnl Ying .
pot entsi al vd-BeA8ShStoad B8Ol e,hbaag; LGS ShadMl GH
is describegiiria detraickned Ridk heali 08 8tnPateftntionea
From t he dicscussinrieabbrerorrttids Foseam thgbtebyic
first 15"ferithdrati rg=er HWY‘O‘Q%‘%“&B%O‘FUFFFQ“I cox
al | oy gmat &ria Wi TH an .apRL.oRL i.ate,.comosilion
and then s,ub;tﬁ,gtmgpglsﬂm@ma quaelteg a1k RGN NG .

process hauidig d:h@s-appb ofpkdiat @rd Rachhng v.s. ratent

condi ti onsg.4sceRdi th¢ Ofsrefc . €. whikh n@e Ofncdreqedad Ny

as wel | aseftemperature and pH of the | eaching

materfal) , subs;antghgll the entire 20 ores

St ar t I ng @IlenQM::n mybeblgedQ§l lél a%ﬁi iaperiagrfgp Lale I;rlogaﬁjfy

cat al yti Canfbieki1akeGRIRE :Sh DY 1A RiuEKE LA R0
ni ckel al he@yraparstdcuiat ermenbegdaed sien amisoxXirde

suppoft . Gemeral 4y fuppceBarmefoul doiren chivost frigt teive
starting &fTOy s el Pastthel’r d&€hi n ﬁg“ all cases,
condi (| on& " 11 UEAHD O A he e
desi gned to have 25 {he desired catalyt fc

el ectrochem cal, and physical properties. As
seen fromthe above discussion many different
properties may be nodified. These properties
include, but are not limted to 1) the size,
density, roughness and conposition of the
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sites, 4) conposition of the oxide support, 5)
the grain size of the oxide support, 6) the

. surface area and porosity of the oXi ggy.fdeuthe
perneability of the oxide to hydrogen gas and
Co 30 19 January 2004 5 ionic transport -

(i ncl udi ng, cubutt, Nt Hoitmieted-dept by emagen and
hydr oxyl i ont yranspdrday., thanda8)ic riferipercentages
of the hyHrogerr "Seorage "l 1oy ‘;}Séf’taﬂltﬂ“ée fuel cell.
convert ed>t FGxi"deg"" ﬁyﬁ”‘t FEFAGr S T P cuwde

cathode and an ectrc 2 held

5 &
from the ABAYE ) Seigs) o, THAL. EHE &%L%yg G
material of. Lhe.REesent.il.nyentiion Jay.ve.torned
to nmake i tupatet ettt yn weldik:16dish@d-f10r miSe.ca8e
the cat akytdigalal ynacticverspaterd abd fommoty tdrogen
consuifpt i e muraertfued eelicarfodett.  The cathode 26
Speci fi caF1y, =<t ﬁec"’éia“tté’lejt“i Efaﬁ‘?ﬁf’éf“ideﬁ s b‘éer 68
formed sotHAL T £ ") i Gy .cat &l ybi.6 i)

3 en gas

t he Consuerthcp@origﬁ: éjfthcﬁp 260 ul;naghe hé(nngQ.Q:Qnsho ) the
el ect fd caklayos&OREUGE | M€ & Otnet BB b4 BRSPS thy@bgen

el ect r ons serdktaper e all @e tosdnhes di ffausi on cahxde 26
t ransport vof=hydrogencgasToa) ' ger real o« o tthee
di f f usi on “dfi” “transpoT £ G BHS ‘ﬂécﬁmé“s“e 22 in che

esSence o cataly

.to pro u water, and
hydrogen £0RS;and AYAEOXYT LOnS.7.5) . PalaEED! 6.
to the di ffust@m:Qf1y @xiki-in6 o0l 8CHLEQLYE Bicorand o
6) a 15 bakdieeiticho t he gas phase H2 on one side
of the anode and the ‘el 8Et r obyt2&°oreet he (Ot her
side. Al of the aforenentioned pro erties are

The electrgne o generated are con he anode 24
deSI r asnl e I’?)E% % Iteer§a1 c1rcu1y§o t[.;.xg catﬁl S:Gacfnﬂ % Ica%hode

material Qf JfDE.r.es At LIMeNtl QRas «Renackhye
materi al fekraia dued rLeld: anode. 20 It is noted
that the catalytic materials of the present

i nven®§ on nay aI so ¥hed wde mdivsior der e cat‘%l yti c
mat eri al s, | es of disordered materi

e provt defiT A e bR #4EY Br6 R

cal circui
contents o? "Whi c arenlncorporat ed by
reference. 25 Cenerally, the catalytic materi al
of the present invention s#amy be used as the

active material for the anode of



any fuel cell. Exanples of fuel cells include
prot on exchange nenbrane fuel cells (PEM,
. alkaline fuel cells (AFC), 30 phosphot;g, .8 d
fuel cells (PAFC), nolten carbonate fuel cel S
(MCFC), and solid oxide fuel cells (SOFC). In
all cases, Mmhi{cesstcheretecty obytigsamgenode taver 248
sub- r eact¥6rs can °E}€“°éﬁ"f f‘*@?séfﬁ‘te “¥he " BHEsf ¢ ®
poi nt_of i ghs aNS ST ATV Y o' Y iy 6F Vit
rel ea%e j:istih ga@znyt@gaylyég ecﬁateggﬁrﬁngnd ér]ml@'merlc
hostil e ep¥bhonient..i.s SOMDN. edafb1ONG 2 potymeric
enbodi menygrodnhig: 6ataliylsi@rematelatale mBytidre: used
as the aetémeanateriad foreothie anmcedel of4-an The
al kal | ne féfrieel| actirs "s/own i2n FRgur e“%”"ﬂan"f
al kal Pne "flﬁféﬂ"lyé‘éﬁiil?ﬁhaé‘tﬁ ‘ihfqé‘ﬂ‘s:“éﬁ“" ¥ %ﬁﬁg’eé: 24 de
a cat hode’,26 “8id A, aLkal. Lhe: el et oyt Gyl noni
held Wi thiD:.a sPoels. BOR: GRAGUCtd NG ML fbXac: «
bet ween theoangde24s anton e Satchodee26ain access
Pot as$i umeohyrdreapiviie dustadeypi wakdcyveusedias?t he ao
al kal i ne ?F‘E{’:;FT 61*’?’(“@:9 rfh:alwdfil’hk%cF |mﬁéI;Fh€Pm?&e%TwE:§
The anOde Ogmc:t:ggfﬁjezéégy hééﬁamll‘:véyegHj& f( %t %

24A and afi andde .'aver.. 248 10,5 ayar.. suppar £d;,
on the sublstfoaql; &52%1ytThena@aLhQA&h2@ €0RPr tseas

a conduct ivecsubstdate 26A and a cat hode | ayer
26B suppor t momettteneisgt 1 gt e tPGACA H de it
gas is fetf t‘t‘g) PEHE a‘h”é%fé°“23‘c’h§j;b“;bm§\:r6}$? I
I S feg to ;d 1 an%l Innd Q 1@@@ llagtgptvmnber
shown, th@m Tm rdggﬁ,gurgafswhhcs £ et 0.t hecanoge
24 via t heefkkyaa 0gef cpant-h®R M o:13p cafghed R@brane
oxygen gasalbski@dast 0 stifferobat-hoeer28el v arotife ton
oxygen/ ai Prerrparetretit <P The fedct ants Jases
di ffufe &hr %H’Q‘f‘fﬂy‘}ém&e‘?ﬁ rEIEE=L S Pt WTtTR
the el ect Folyte” e presence of the
catal yst to paguce. wat ef.. heat and 20 (6)
el'ectricity. At the anode 24 the hydrogen is
el ectrochem cal |y oxi di zed and gi ve up

el ectrons according to the reaction: H2 (g) +
20H ---> 2H20 + 2e (4) 25 The electrons so
generated are conducted fromthe anode 24

t hrough an external circuit to the cathode 26.

N+ +lhhA AAa+r IhAAA




26 el ectrons are el ectrochem cally conbi ned
with the oxidant according to the reaction: 30
. 1/2 @ (g) + H20 + 2e- ---> 20H (5) A fl.ow,pf
hydroxyl (OH) ions through the electrolyte 22
conpletes the electrical circuit. 32 B January
2004 5 As discussed, «t he anade -24-.coipri ses @n
anode | ayer 24B affixed to a conductive
substr at e24&e Frguret B shows'aligetual. | g alkaline
exanpl.e oF*&if® €fbodinent “of “thémairoder ayeron o
pars. PeLBLITIG D Flalie b CLie ode Faver
24B I nCl Uld tj}@ of rll @QJ- atgr@'tx%ix Y]fe ano |t¥ t?e cathoge
mat er | al (32 ccﬁﬂ:dstato EM{EEfnle @uel bédﬁjl’erP DJer negative
mat eri al Bﬂmow&nbnexranqalfemo& A nRELYIMRE] Gor cathode to
hydr ophobireremat erial is PTFE. The active

mat erial 32 ‘rrh?/ Hyernode 1vE erentikR i Vi ttheet herbe anode of
nyr ophotLE L el [al, 38 TTHE [oara ey
active maieriall, 37 Korns A nel

Meeged ence the anode

el ectsol yi.exfoif Leg, channel sn.throuoh. . the..a0ade..
| ayer 24Em:ethe. above described el ectrochem cal
reacti ons ocegr-iatcotdesgurf ageeiighentrher the present
catal yti c’ﬁl{jlnyc“aci“?ex’ie aPaalYﬁ cl&%3 Tite °porioud™ =n¢
hydr gghobp e o REE LAl g’ﬁenbﬁ‘”ﬁ*ds“ e dndde’ 'l gyar

the invention that cve worse
24B toget @Jmuar;gﬁ" DI QVLAES ey ek WORK L0t e, mie 1c

channel s thrsaiigh-cwnhi ehsd each atagases gaklin i1ess
access 15ext@sivhencat @layive Crasiyr fraceiofr thi@inum or
acti ve nereetiat B2 alsp hecgne tglsterandtgtace area can be
enbod merftse t HE" hyar epteni o itetTal iy b’llable

that the catal st use

t he for mOQjent@atﬁ%qgrQBnQbéaC&f k@%gtaly rgilﬁa% om red
bei ng i nt&r gexedaWilh o tthe.Lat aleyki.c, mat ent alk
The hydr ophabisGti-ayen kb pl asedy adiacentra
t 0 a *®at afiystathigyer to Fhretecatatiyst it ayperilimaystbe
in 20 the'‘for Briefigatdiryrie nHrerdeekdaplich is
affixed to a conductive substrate. In another
enbodi nent, the catalytically active materi al
of the present invention nay be used as the
active material for the anode of a proton
exchange nmenber (PEM fuel cell. A 25 PEN fuel
cell is described in detail in U S. Patent
Number



5,234,777, the disclosure of which is

i ncorporated herein by reference. A PEM fuel
-cell uses a proton exchange nmenbrane @l S
known as a solid polymer electrolyte) to

provi de ion exchange between the cat hode and
anode el eé®¥B8és. The anode 30 and cat hode

el ectrocheni cal “reatt™ins *f gi*d priot ohvexehange
menbr ane (PEM T 06 b‘Ttterglljrshéje%;Sagifﬁﬁt |76 IP2t(
----> QHI 1ﬁkrer2€on 1{@)1’10 ‘Je rprzgqv ma e’r:.ag?ghuth
(g) + 2HI pdi'uz'ehrgh‘ef 'tha? S’_Qoel(e7r)1xédl Jﬂ@ l h

reacti on ofaudiche rakkal ieneafuebsurdihe.al kaki-ng. e
reacti on for: @s PEM-zefglntcce]oh-ngh @adrNVO MBS d o
oxi dat | onad“Fta‘Sd ‘tRE Ry driogen sgasofuels. Forethedc
PEM f uel {;’ayr“ljjdfprj%jtggaét"fcfjjgegf“ ‘EFFEr oot e
fuel cell s completed By DositTUE T of noveheft
in the foemofe.a hydrogen atom fromthe anode
to the cat hode: nfuiofin GOREIeaS Loy tvls th 68k Kadel NELear
fuel &ell “wwhere of FET r i3 fegatric e fadeGN DM eRR B
in the foffPof™a HydreRyr: tons romeeat hodes: pa:!
10 anode [Ke fﬁé“ﬁﬁ%"e‘ant&fmﬁlﬁé CHPREF°h & Wy 2

POros

Cel | theeﬂ&@ﬁl@te p‘:f:ngt éﬁa Ssnt:;];.cufkal:e Z};nz?Ztizz
corrprmseSeaEhtaamsda Ju&y&haﬁfrfphﬁé i Qc Gickel and/or a
conduct i veissubste atcenrribowe we ke dabaifdie nease o0fne
t he PER f&&f><*cell, a hydrophobic material is
not needeg; [f&nt fte“ta@éth YRI5 “I*ayer rayo novs.
e c essur e uring
SI rrpl éé COE}%I egglre har oJeLLS e 7Pa r&ﬁear %]I 2 gure
active matekiad.cm ﬁta's\é%ré‘e@lméer &o 1Q£1§u19 cagh
ef fi ci encyrectirtii@acpr@SRNte ndcttNe Rt OR :L.Slulpﬂrpla.t_eau
cat al yst stver SLfsmltt#vatoveocﬁlarpd B dedIU AR pressure also
pal | agi untHEFE doe © éf t‘bé’éﬁ‘ﬂdohémﬂ# tarflact gaq tas
is still “t’t’ AT A f’?ﬁ §BiP T At Sci ZOP@t%T‘"‘tdﬁé

omatograghy 96% H , 1% Q,, 0.5%

i nventi oncg hat,.&VED |, péé'QlL €.ha SN e
and/ or pa&dmandiluthe&xh&){ r’EEerl&It Iojle 1nh hgill hg-lj::nggof
This is not only because these nlckel

catal ysts are so nmuch | ess expensive on a

rel ative basis than eithers plati num or
pal | adi um but al so because the size and
surface area can be 25 nade much snmal | er/ hi gher

respectively, The overall



consequence is that the catal yst user has a
hi gher available concentration per unit area
. of  the catal yst avail abl e conpared tg.giiRer
plati numor palladium Further, the long term
benefits other than cost may be the ability of
these "ul tleand0.du RE-CAt @ahYSES" b 0LRPEBLE-oxygen
ef f ecti vekyporbRadiddlsddabehysr RO Shitl € cfed ci@rged negative
pOoi soni ng¥teem 1 orments ryisithoukhadiegr adat ioconine 34
19 Januar Z%ZFEBeaﬁwF@‘JiP‘FFFttaHP'Stfe%aqﬁrf}l"%elecamde
ni ckel® ne ‘ﬁl t"h dui;dsé;‘; rNlriab/l;—’l)"ge“re‘éf?:ll‘i%i’r feabte positive
bat t er y I S Ctﬁ the ce%.l was Lhdrge% %go 85 rated capacity.
denonst r ate ..t J;ﬁ GapabiL ity of.nydr-00eh. 085 ti
absor pti opuwef tdhecaurcent BHa iy eRideh kR @nitorea
host i 1%e gasieawitomIenestidRaw-rat @fdual 8. W tth cex2
purity hi giterr<t fene9Mrwere esinoxee arrd4d radedrden
a vacuum F'RdGEti YA Purhaee s ielt ddsorwii pourey
| nt 0 a St neeqrtlve elle&trcdlehdemons-tratxnrt; that the @3 Vtej_d surfa e of
€

hydrogen storage al oy, cts at‘ a ectlve to

into & ZOQaCEEQ;ne powder..and Sonpact el a0l Qo Romic
nmet al subsictate e fordmancel echdode ihielte sullhes

el ect r ode ukOvvag- used- asot her-negat bive-ned ectrode
i N conj unétsi B e i ket 2hythroxiterecposiitd e
el ectyodes, separators, and a 30% KOH

el ect rol yE&™(5 fahri.cate Ly cal .seal ed, N.M ...
r echar geabl.€cq batd ££4:5 soo A hyerQgen si.of ager
al | oy waswactuev atee@s beer/1a rheator 23 Swoik catmrents
of 60C f oreifdovenddayesye Fhe ngincfedceigftat gire charge
act i vat ed>=°gi°f d?gfbﬁpr |"$s g et e O par £1 e afeate

erbedded [T 3.0arGus. (8 AL u 0L THE g6 .
prevents t}ue,xahg;aprgxwggﬁ QN Gf. & 08, ALk 9V AN aeror
t he poros kﬁeycemwarsheaz@emtdeomatg far POSSIcDE if Of=
bot h Was asrd iagli@Cht aleytectOcpaneitiat@r tika@ours.
met al par EiecytHateeccohgrstse ﬁge 20 tezg drtifaghdsyerof
subst ant i éﬁrF‘y ﬁﬁf"é ‘FErar] i crhrekeresEidrorsy o
ni ckel al 'y " Contt rBut’es’ fn PERETEATAT YR
nature of the surface. The battery was charged
under C/ 10 rate for 20 houts. The cell voltage
and the cell pressure were nonitored during 25
the entire charge process (Figure 7). It is
clear from Figure



7 that when the cell was charged close to its
full capacity, the cell voltage started to
-increase fromthe 1.4 volt plateau toLhend.5
vol t age overcharge pl ateau. The cell pressure
also increased fromO PSI to 100 PSI. A snall
sanpl e of ingasvwast301swivtladrawaliby amtyes gelbl avie
and t he geseceent entisstwatcdet erdrromede byreagapss into
chronatogﬂ%ﬁﬁyﬂegevmfbcﬁ%d96@@%&&“&@6@23m?bﬁb
N2, and O"SY&CRA Tl & 'dFE tWo pos

6\9 |
to be undarstcod that ,the dlsci}sure set forth

rTEChanl Sn§erf Or gt hl Sntlly E‘logg form gmd@r_acitifeg)rkmbod1ments

ein is igese

phenonenoh....Jhe &1 rst .epe. ics Lhe, l.ocal heatdng.
of 35 19 danuary.t2004.thahydi0gennst Qmageiis are
al | oy duead:0Ocot e idasrekeogen-0xyge e rreeofvbicnNgt ron
and d€&hydfiveeiopar eetobret he charged negatriiyesins.

el ectrode. The second possi ble mechanismis the
|l owering in the hydrogen gas evol ution
potential in the negative electrode 5 due to
the presence of oxygen evolved fromthe
positive electrode during overcharge. After
the cell was charged to 200% of its rated
capacity. it was left idle in the open-circuit
configuration for five hours. The cell voltage
and cell pressure were nonitored 10 again
during this resting period (Figure 8). The cel
pressure went down from 100 PSI to | ess than 40
PSI in about five hours due to the hydrogen
gas absorption into the negative el ectrode
denonstrating that the activated surface of

t he hydrogen storage alloy acts as a catal yst
effective to 15 facilitate the deconposition of
nol ecul ar hydrogen into atom ¢ hydrogen. The
atom ¢ hydrogen is absorbed into the bul k of

t he hydrogen storage alloy either under
presence of hostile gas species, such as
oxygen and ot her carbon-contai ning gas. 20
Exanple 2 An identical N MA battery as used in
Exanple 1 was charged and di scharged 500
times. The heavily cycled battery was then
charged under C/ 10 rate for 20 hours. The cel

vl F AaNnA ArlA o mmrr AcecTIirAa waamsr A vt FAarad Arrrrl o F LA



25 process (Figure 9). As shown in Figure 9,
the cell pressure increased fromO PSI to 150
PSI. A small sanple of gas was w thdrawg, f;om
the cell and the gas content determ ned by gas
chronmat ography (GC) was, 96.3% H2, 0.4% 02, and
3.3% N2. After the cell was charged to 200% of
its rated capacity, it was 30 left idle in the
oper\%(l:“imlrcuit configuration for five hours. The
cel I "vol tage and pressure were nonitored during
th| $ Op’eﬂllystl@cici:rgCMeRetapﬁEcjmggw(mEsjingure 10) . The Cel l
pressure decreased from 150 PSI to | ess than
80 RShi pduraaborpardil v DawhSodenmnstrati ng 36 19
January 2004 5 10 that, even after 315 cycles,
t hesabdhoy surface was still able to act as a
catal yst effective to deconpose hydrogen gas
inte atoaiorhydregen mki-ehs :eat tikdian.. b

abs orbednduat @ edrensbul K of the hydrogen storage
alloy material. It is to be understood that the
d | S€ | OSHh Eaﬁlyaﬁ)ﬂtdlm f Q'rértirhmd pJRQJa@Jm{}!mis § leag E11§1§c§| I;!v?cc?egfrmin n

t heud.of m:0fa.detai | ed enbodi nents descri bed for
t he purpose of making a full and conplete

di s¢l 0SuL.eyGfnik halerms'.ﬁﬁian Iuoyloﬁll}{iﬁﬂmﬁgﬂ ﬁlemaangecu.td hat
suchmdetaidssiarec. net tt.arbe i nterpreted as
limting the true scope of this invention as
set s f omi:hulgnduidefknedninaly he .appedded. cl.al ns.

37 @9 gnuany. NROOLloy Arentlad, «Chiaivis.ae claim 1,
A catal yst lacking a noble netal, said catalyst
conpr i S Ag-al et ekenpaFibrrGuhbrat Lot @V gidea
particle size |l ess than about 100 Angstrons;
and a support. 2. The catalyst of claiml,
whe'r ei neg'gierper ti cul ate has a particle
proximty between about 2 Angstrons and about
300 "AAYET bty reBultepiie « gt e st apfit 10gdnaioms shig

whetr By S@E i pared¢i ot e conpri ses at | east one
netal selected from

38



the group nickel, and nickel alloy. 4 The
catalyst of claim1, wherein said nickel alloy
conprises at |least one elenent selected from
the groyp consisting of Al. Co. Sn, M1, and
Fe. S. The catal yst of claim1, mherern sai d

nl Clgel C cata ) a%n a»'vlerel Sl arriculate ha eigltceed from t he

gr ou@qmggnogi{éh]ﬁgﬂ 0 Ni‘pl\7hy IaFf OV R COAT AT Dy,

Ni CovhTi all oy, and N CoMhFe aIon 6. The
catalyst of claim1, wherein said support
conprié%?mﬁ?““%5§Fm6ﬁEWWﬁP3W“6%@6@“W7WkA

catal yst, risin a ni ckel and/or nickel

al | oy pd?“f%ﬁkma“m AVPRE S Bar ticl e size |ess

t han abo rons said nickel alloy

| aCk| n prolmga ydro cn%to yan ad| um and 38 a
gcadglng a cast a porllon o

support. 19 January bﬂ“@’ The catal yst of

Cl alllm 71’h511m90r£«.@umn(] \%earell drd =0 !’ntJC(%U n?et e h
particle proxinty bet mee%t%bﬁ “§“3§““%?“%n1

anduﬁggu&m§ggdf@gstrons 9. The catalyst of
claim7, wherein said support conprlses at

| ea$2t Of'a:eﬂcﬂmt"c@llﬂ wq%éreg guﬂ lLdLhEngfC‘p COMprises thch q ar rrakl ng

oxidizing said

a catal yst, conprising the steps of provi di ng
a hydhogem, stk age sakl QY. and | eachi ng at | east
a portion of the bulk of said alloy. 11, The
met hod of claim 10, wherein said | eaching step
cConpr i S@si cdi Q5L 0ROf il AGN A G Ate iR 10, 000
Angstrons of said alloy. 12. The nethod of
claim 10, wherein said | eaching step conprises
t hewsst @p»lel@?ﬁ GO@XﬁinﬁticaﬁfbsﬂglﬁiSrﬁin dy oftalprlecgiyg ulbﬂs 7 m&t‘)aCt in g
said alloy wwth an al kaline solution. 13, A

f ueIS. Ce'iw Icatal@@ﬂf@iﬁ i, S}ierﬁgaidalpp@ﬁ&iﬂlseyﬂtml (.aﬁnorg;\ki@iimd l n
any of the preceding clains | through 6. 14. A
f uelé- CQLE Lﬂmlglqml[f‘l i, §h|€r!1]1gmd% pg'tq'rtmg seYaﬁc!'ast o%ssmud xrg'l rrEd in
any of the preceding clains 7 roug% 9. 15

Th €17C atﬂal:aylﬁttof CQI‘I 16%;@1‘1 AY ;I'least omgl r%!ienom 1%! Qea:

co m{c&df&&She ﬁltip cln&é§& Ni Qm ﬁn 'l'l Bl‘q:'t:, gtﬂl‘@ lﬂrgearg ?Slegg om mé
The catal yst of claim1, wherein said support

conprises at |east one netal oxide. 17. The
catal yst of claim 16, wherein said at |east one
nmet al oxi de conprises at |east one clenent

~nl]l A~nt AA F vr Art FlhA AYYF AN AR erl ~F ol ~F NE A



consi sting of manganese oxi de, nickel manganese
oxide, and m xtures thereof, 19. The catal yst
of claim 16, wherein said at |east one, gl
oxide is multivalent. 10 20. The catal yst of
claim 16, wherein said at |east one netal

oxi de comar i Sesatans:0xicder of, “MipinNhid 2C0gas AR mdik
21. The ca&tdalystisof siclainiBridnherekn tsaittk atow
| east one™HRtAl “foxderse GHipT i $€$! arreorgicdeddsf and
M, N, C&“1T,794HK& Fe. 15 22. The catal yst of
cl ai m 16 wherein said at | east one netal

oxi de CONpr i €$..a1:0X%i 88r of, Miein C0y A0, Tine nRB:
The cat al s4 efwclaiemn. 16, wherein said at | east
one netal 20 oxide conprises fine grained

oxi de'§ and: carselgr dichet oxtaes sai@4t 1Fireone metal
cat al yst Bt cTEMMT1B, ““fA&t & s &- dm?it“ I east one

et al OXj!ldeThE %dtn]yg;t &%H¥l§£ﬁalw£elrcg.§ alg ast one I?etal
catal yst Qfa.ChatM -l WELELN saLd .SUpRaLt
conprisses carbon. 26. The cat al yst of claim1,

further cBAPTHEStAYcZEchdit &, “BBeiR faic Theagahatyst
of cl ai m I iRBréErsrasaidd oot abyste Tis

CorrpOSI t|2qna'l‘ claim hl rl:reslalsaq gtu C.)trog m:

19 Sapuaryt: 2004 28 i%aéms;@ talyst. ofc ._IDQ ;liif
wherein said partl cuI ate is substantl al

uni f or m yzedi sk rckdbutied <t ouglheud sasamdlesaﬂpwetal
29. The cataliysterofys t—:aI“a'Pam 1, wherein said
catalyst Js ;hgrcnPl - I eachl ng at least a
substant i 3L, port on ?)f fié’ BUTK" 67 §°°HYy AT BIEn
storage alloy. 30. A catalyst, conprising: a

ni ckel and/ ofeeniekel orad:bioy, pardi chp-adig, hamidg a
10 particle size |l ess than about 100 Angstrons,
sai d *hi ckel aI I oy | acki ng pl atinum and

1a1m l, wherein s
pal | adl Ufﬁl @P aid catalyst is
Dmpos:Lt:Lonally ded within said support.

40



31. The catal yst of claim30, wherein said
particulate has a 15 particle size is |less
than 70 Angstrons. 32. The catal yst ofosgl.abim
30, wherein said particulate has a particle
size is between about 10 and about 50 Angstrons
20 33. Th&: cHral*y8etdf THai'm SO WiER erii $8rd
parti cul at'® " Has d “parti UFERTI ST e rNE S
about 10 and;ahqut,.4Q Angst [QDE: 34 .. N8 is formea
cat al yst of 1.ednalks M 30 WhaLaN .S a0 Par ti.culat-e.
has a partisgdecsiezeiios. bet ween about 10 and
about 30 Angstrons. 25 35. The catal yst of

cl ai m 30, *Whérerirssafa-particul ate has a
partigle si zé ‘i‘%"ﬁet%@‘éﬁ;ﬁb’gﬁfmiﬁaéﬂﬂ“ﬁboﬁfm?ﬁ
AngStrOITB e les Eanaouti Oj:lngs r%.nfnfagﬁnlckel alloy

1ac d platlnum a pal

wherein said.pagpttculate i's 30 about .0001%to
about 99% by wei ght of said catal yst 37». The
cat al }/st of  cleaprm80¢0f Wherrel nesal diqpartihgdl atse:
has a'® pafttiel=e fir 6XF T Berweern- about 2
Angstroms and about 300 a1 Vgl Januar 200

yst of rein saigd culate has a

AngSt r Orrsparaéle CTh 15 QYIWQ!I ya§ot.zt dngla%u gstroms
wherein said nickel alloy conprises at | east

one etcenem. seleet.@dof neM st heeginou{d pabriculate has a
consi st i ngprofleMlize € +8n abfh 10 Fp abgnde Fesw39,
The catal yst of claim 30, wher ein said nickel

al | 0 co he catal yISt r fﬂ wheerez.nlsal ;tlcul te L sead
y QJ.)CEJJ:?(E s%ze bet%ge% about ﬂ:l ang about E] MgSroms
from ishe group consi st ng of Al, Vh,

and Ti. 16s.46ue ckhescat akiyst, @ireﬁlsaidmaaﬁ)qulace has a
wher ei n sedsehcr Gkels ralvkoyras tamd aahl oyaselect ed
fromthe group consi stl ng of Ni Nn alloy, N CoAl

15 al ), CoirL ALt oy AN CoRprEE Ty =
41. T e cat atl yst éb cag%fm . Whetal iFgald

ni ckel al k-ay Taaétalﬁnoﬁ G6in Gl Y18l Qi ental.toNs 4
20 42. Thearc@iabrysShicOber@babime30 apmgA@E LN a5l tho
support conprises at |east one inorganic

oxi de. 43. The catal yst of claim 30, wherein
sai d support conprises i



at | east one netal oxide. 25 30 44. The
catalytic material of claim43, wherein said at
| east one netal oxide conprises at | gash,.ene
el ement selected from the group consisting of
Ni, Cc, M, Ti, Zr, Fe, and the rare earth

el enent s. “#5°™The catalytic material of claim
43, wherejh §ai 4. | £astin QN6 0BLALOXIHE 110,
conpril Sescoﬁ:ﬁlisgg(ladeleggt Ma, elé'n%ntl%ell-&g&jafrr% Zlgoéroup
46. The cabaiystorohr, clabmm3yi, wherei n sai d at

| east one netal oxide conprises an oxide of
Mh, and N®: &7 aThE® cat abifst® oferelrapaiy 43ket alloy
wher ei n sEMY 4t “Felﬁéstt Blie iR ceLect5d GRirgahe srouw
conprj,ses an oxide of M, "N €o, and Ti. 48.
The catal yst of claim43, wherein said at |east
one netal oxide conprises an oxide of M1, N,
Co, Ti, aftd Fe.cad(s4g c1ifhe. gatrdb st nofkelGlhal M an
43, V\/ner et'frrgaicereatot Bastoroneiiretral M¥prilee Micoal
conpr 'ses™ " oXF A& 8t ™ EF"Entt*Ti . 50. The
Cat al ySt lg.f %Je%lam éi.sbf yyggr @I \m’le;se@rl gau?‘tnclce?%%loy q&e
metal  oxind€. COBRIL L8ESaddane- grai ned oxi des and
course-grai ned oxides. 15 20 51. The catal yst
of cl4di m 80, ™wherbeFnoisaiid 3Suppeirtsaigatm@pi gburrises
conpri ses*cartioh: s> THeé*cat al yst oL cl ai m 30,
furt her Cgrrp'g‘hlesclatgg/st oefocllla1¥'n§0 w§(23re1n-l;bg Cat @'l mprlsr-;gsf
cl ai m 30, .wWhereLn.dhe. density of sai G

partimul ate is graded within support. 54. The

cat al yst of oleabmy80Q ravahiar @icrris @i ghPar bdic el abe
is 25 subtysteemt Pabd et Orivtsy ot Sereitbtstegrd from
t hr oughout:® &Y “YESPBY 1. 65 *rhE dat & y&t 6=
cl ai my30, Wherern said cat al yst is forned by

| eaching at heastia -Sshantial spolddon:of: Lhe
30 bul k 0fne deday di@geior StOMmag e at koy.
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56. A nethod for making a catal yst, conprising
the steps of: 43 19 January 2004 5 10 15
providing a hydrogen storage alloy; anuy
| eaching at |east a significant portion of the
bulk of said alloy. 57. The nethod of claim
56, whereign sai.d.l,ea6hiNG.S5t.60.:,COINL L SESont N8
step of | gaehiohgisatlanl Rast: 10, HOB: Angst rons of
said alloy. 56. The nmethod of claim56, wherein
sai d I eactli ngrestep=t CohPr IS esertiheaiglagpeagf one metal -
| eachi’ng &t €HsL="199%GF °5 4 d"‘aFt-oy? 54. The

et hOd Of Cl %1 rlltél@rét arlrglzl n ear'lelg s%lgaa'g I]:]%aptgﬁn?!:neetgl

conpr i sesom Gont Ll ot Jeac QQ ad
all of said alloy. 60.. The met hod of clalm

56, wher ein saicekaiyeraﬁhiungmtwe@m GOAPt L58Somt hea
step of comeertering Sardeat koycet erdati. | east one
mat eri al sel ected fromthe group consisting of
oxi des, ph e%:? Cat@g “i:jﬁhﬂl’b i d§e ej‘d§j T reiagsre mere!
car biges, sulfi nd m xtures CRereot:”
61 The nﬁt hﬂd c@tfaly@ll ad mlﬁap M‘aﬁﬂre!;amd Stgbcdt material
| eachi ng stepes eoppri ses the step of oxidizing
said aI loy. 25 30 62. The nethod of clai m 56,
wher gj %%I dTIFEAThTng St8p° ConpT iges thestep
of - cont acting said. hydrogen storage .alloy wth
an al kal i n€.;JTRL 6F bahea +63s: Lhemet hod of clarm
56, wherein said | eaching step conprises the

St ep Of : S4. The catalyst of claim 30, wherein said particulate is
substantially uniformly distributed throughout sald support.

55. The catalyst of claim 30, wherein said catalyst is
formed by leaching at least a substantial portion of the
30 bulk of a hydrogen storage alloy.

56. A method for making a catalyst, comprising the steps
of:
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contacting said hydrogen storage alloy with an
acidic 44 19 January 2004 material. 64. The

" nmethod of claimb56, wherein said | eachi.ng, &t ep
conprises the steps of' 5 cont acting said
hydrogen storage allay w th an alkaline

material ; ang.gonta igsng salf. Iayqygrggﬁaf 31,0630
al l oy wi tnldaﬂl@,m dic material. 10 :

met hod of claimb56, wherein said | eachl ng step
conpr iSsess’t heresteetps of : <leilrt &F nati-igksracontast t1g
sai d hydr ogeirestioragefaltdips ik t1krst at R8I 4oere--and:
aci di ¢ mat®étf'ats. 15 66. The method of claim

62 V\her e%an ,ﬁ)%' Jgatkgl Q‘l élaz.% gEatv%rreln sai golrrpcl;nlng Sstep
an al al i ..aetal trllysdspr)E'ldﬁhm@Zt 1khe; et bad aﬂf:ay
claim66, wherein said alkali netal hydroxide

i s sel ected freomciche:grlowpse€ Onsi=st is41g Bfching step
pot assi unt 2o ity droxide sodiameirydriony de; of said
li t hi ym h¥d¥oxi de, and mixtures thereof. 68.
The net hog, of,.clal.m £3...4her eln..sal.d acldl.g ...
material . fOMEI.SeS-AR acidisel.eched £ romihe..
group consdcgtdingerofredHiEyon 25 4k, cdniNGBry HZ Sdges.
and m xt urreshidher @gf-ideOsilifhes. methiod. ofiltedeal mc
56, wiler etiri-s4i ‘dsF¥achi ng step is cheni cal

| eaching. 30 70. The method of claim 56,

wher ei n sai d.l.eaching St&Psd Sae Lt achen cal,
| eachi ng. cofdiscA ceadra] yShiaComphaisdiing. a net al
parti®ul ate and a support, 45 19 January 2004
Abstract 4 TEE ~FiNELY1BFVIDEDMET Al CATREY STer
AND METHOB™EOR® “NMARING

contacting said hy§rogen storage alloy with an alkaline
material.
30
63. The method of claim 56, wherein said leaching step
comprises the step of:
contacting said hydrogen storage alloy with an acidic
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An inexpensive, highly catalytic materi al
preferably fornmed by a | eaching process. The
catal yst conprises a finely divided nmeb.aky
particul ate and a support. The active nmateri al
may he a nickel and/or nickel alloy
particul ate having a particle size |less than
about 100=teAnrgstrons. The support nay be one or
nor e neth oxi des. 46
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The methed of c¢laim 56, wherein said leaching step
comprises the steps of:

contacting said hydrogen storage alloy with an alkaline
material; and

contacting said hydrogen storage alloy with an acidic

materizl.

65. The method of c¢laim 56, wherein said leaching sStep
comprises the step of:

alternatingly contacting said hydrogen storage alloy with
alkaline and acidic materials.

66. The method of claim 62, wherein said alkaline material
comprises an alkali metal hydroxide.

67. The method of claim 66, wherein said alkali metal
hydroxide is selected from the group congisting of potassium
hydroxide, sodium hydroxide, lithium hydroxide, and mixtures

. thereof.

68. The method of claim 63, wherein said acidic material
comprises an acid selected from the group consisting of HF,
HC1, HNO,, H;50,, and mixtures thereof.

69. The method of claim 56, wherein said leaching step is
chemical leaching.

70. The method cf claim 56, wherein said leaching step is
electrochemical leaching.

71. A catalyst comprising a metal particulate and a suppert,
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