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alloy to an.agueous .seliut b0 nQtfiaamy ak kadrbased by
met al  hydeQxd-dep: G R 1.aS2POE as S hiydroxe dach
lithiesm hydrexide, o= sodientiihy thegkicgéy® yiice ==
mi xt ur es t\heq&ec(?ig;d PP%% gr“gle e"t‘;’yf ff“égg HEnG: nay

be done i ArE*RTGHINYEE frated. KO, salyti.on 2
19 Januar jat?’(’fﬁn o%fr E@g} En.é}e‘;l Wa%; bo:xAb etste
60 W%, al..eleyat e;)drtlc&&nple;eat wbere0f abowrt-80G
to about 120Ge fQlmadaitcl WBnOfasaalyp itcreag et GEFFsitio
about f ournheurase a-€f oicburmes: BThBI FEACHPITY®
condi ti ongimrreeal Sbr PORE] Bith be AEFEFY He o oote

| eaching step, the 5 remai ning insol uble
conponent forns a particulate with a
sponge-1li ke, porous structure. The increased
porosity increases the surface area of the

particulate. It is noted that the catalytic
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be determ ned by neasuring the material's
exchange current |. 10 (neasured in nmA/g) The
exchange current | is a function of bgth.ihe
material's exchange current density is
(measured in mMV/nR) as well as the material's
surface area A (n2/g) Specifically, the
exchange curtent,, t he .£xchange: citiebt: udenskdey
and the suyrface.area-ane1abicidiebat edr@stically, the
foll ows: plbida@ mvd aXavhragel par Bgrati teormifells SHows:Y
t hat ¢ he 1t6tuad: @t aloybdserome riry prefer iy 1egs than about
mat eri al ¢ agerreasUret By FHEEOY allessexté‘ﬁ‘aﬁﬁé;:z
current 19 TS20" STURELIDAON BOTh ThE o 2
catal yti ¢ d¢tT vity of thé&. mafenial.. £OMposktian
as MBASUrel By the..exchangecussent. density. i)
as wel | as:d:he.csunfrace rafcede gfe tsheenmberp ad suaut
Hence, the aiet-ak. cattalyti evaet isvt yioofe ghovt °°
materi al meyrbe FHCredsed gyewi they 10t e T
appr opr i atef=yeee AR F g = T8 Y CERPEST T on T o  one
whi chi s 28 Z;,easge%?é Al MLILG Q0 (DYl AGE RASh:BYodutS
effective, SuLLace: alb@auen MASndhacussedirabave, fine
t he eff ectd-mescsur fiaceratearmayroiyeried Horeased iy
i Ncr easi ng-itdhey porosiet yorard/ G <F 5ty Hn‘é‘é"shpzﬁ‘firfb;e
cat al §t i clpamereies=t £ar Lo iy "be TohaazEd.,
by USI ng ?‘:Eijz?:t:qgjsll Dnl(;lfm_ rilav Efthesmixleggfa&jlzced"f fuel
particles,_and by DARACKinNG LtNesSe 30eriar provides an
smal | er - si,zed. pact del esmelaser vt ogettherne Fhellic
ef f ectsi verparsurdsace area sivey sal sgd9er pnéF gaset's
by i ncreasimgrtchesipotosi try's Ang-SUl IaEl & B8 0
t he SuppOHgsHﬂbﬁzwfaélﬁc %:6 li::ﬁsq.wfxr?ﬁf'éll‘jns% s:ef sma}’ have
di sper Sed-zodl lészroﬁ;\&?j:(ii Lf:ér/\'glfto Dg:.di SCHSSAUnIatinely
nore det aidﬂVi .a gstgig@gammﬁ@ognegeﬁsgwsupport is unique.
Preferably, theceaimabydaixencsiet ahe pardi ¢hegiof the
t he presenrttai puents enmheyenaisveery gngitpaced in close
particl e SkeewcSpert kil byt HE PHEFFTrEs Mo
have an average particle size which is
preferably 5 |less than abgut 100 Angstrons,
nore preferably |l ess than about 70 Angstrons,
and nost preferably |ess than about 50 -



Angstrons. In addition, the particles may have
an average particle size which is preferably
he | ess than about 40 Angstronms and RS0
preferably may have an average particle 10 size
which is |l ess than about 30 Angstrons- In -
addition the particulate nmay have, a ti.cl.e.
Size bet \@/?Efﬁi%bé‘@liéﬁﬁi@?%%mEﬁ%hzaré@tg?ifmaaém
pr ef er ab|i¥ pbe ir%gme@bgu;boul ;n@ aBJQLOL!sBo mgtroms. and
ANngst r ONB,., RLE. P 6L kabbyc betaveen about:d6- t o
about s40 Angsicenmseandcapstrhpriefetably berween
about 10 .and: about= B0 *& Angstirdms. TACkEy Tt
aspect ofesttheldrnstant PHVEHET 8if1 SOEhE o0 "2
dl SCl Osur"?;ighbfi ?e ei;ﬁh§i§- @:é(fcr;rté i’stgqriose v;:ﬁr fe?a@ﬁ/ 'between
I'T?t ho‘tq of zbg)iid@ C)::io_nagout ls'i%tﬂ’yqlei_ghtn:% enCal-al st .S" .
Since the catal.yli€: prLopeidi 6sn 0fn @--ARteF b@hning
are pri npkdshs:ian sui-frage peopert ysfmat her stehidrr
a bul k prepertey), «20nd drge: catattyt itecepat af e
parti cl eseessenti athywasty theTHteTer o
met al I%i ¢ atBHES PO eXpesl, Vo ol Bn¥hLs v SHch. a5
Pl at i num A pAILA MEABL - kOO L0 hatiache
requi red stabild five §:Qkouf Wek ageld snapoaeinuseyysr-
thi s wast e. ofe bBinesiralicnpr ovipdegictgpstieen the particles
unaccept abivercostes Tiver & oy &t He Siarter *t A
metal | c 28:parvTEIEes tHE HEUTAT ST ARE L He
sur f ace aig@ mf?{f:gﬁgg:ﬁ&@éﬁms. r iS§3@§ically, Figure 2 is an
proporti or;ngT YoordolerdeSp Xt @Bkt k10Ul trategial.
produee AbgstfQMesiZerfBt abdibc siPaint Frelcaglytically
Hence, thecdiscliosurecof-edtrs. 50 "Argst’r din &t %féf‘
parti cl es spwhitehothensérves iay=rhaye 7 o %
addi ti onal*=surFaee” A qaE Th. SUr face
roughggzss)“?“ﬁpigimlbg,elc%e§ ol Vi ced.di st T ibUbdeon:
Wi thin an j NEXPENSHNE1S UPROite. | ShatiNk.bt@ferabhn the
certai n enhadisnentsciofs tehenspresentoss prentpohover
the netalcipar tiiches robstrhenpresent s figetit o™
are situated in close proximty to one another
so.that the particulate has a high 10 19
January 2004 density - (Hefice, there is also a
hi gh density of catalytic activity) . The

particul ate may have an average proximty that
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nore preferably between about 50 to about 100
Angstrons. 5 I n other enbodinents of the
invention the percentage weight of the,Mst.al

" May be varied so that the netal particulate is
preferably between about .0001%to about 99% by
V\Bl ght OfpaI Qxlg_g‘tlgnllax'%tstalﬁpr(e.epr _gjegrngfbldycrgg;)\/\@gp
about .001% to about 99% by wei ght of the

cat al yst, nost preferably between 10 about

. 01% t 0 aboutne 3894y oweie ghrsero fintelrorclat @by twrises
Ex per iPment alrrobder vatFtons  firoich |thrf’r1é’s grurrem:
scanni ng “EFANSTHESTER ‘BI¥CctT0fi* AT Errostd p?”g and

may be

( STEM Of proxjpl%;ni; fade&luate%rcﬁ)ae sion ff1§bof pa{ :Lcul]\.:-;Q dt Q)tlp

ref ab t SUpp ort sho € 1rexpen

catal yti c;JTBLELLA . SNOWaL BE wiPl 6SENEAOhues, e
cat al ¥t i Ce@gl ONS prera@tad YislGactl-0udSd 0 ThOSEY
15 cat al yhitGier-@QrORSvITR )N GOHAPRd SBoabiokel wndfer
ni ckel al b@yicleregicohs 11T r@ Mfrckedtroron mt ckeFolvte
al | Oy regi‘fn:ﬁntgne t t:bﬁa?tégl 6)hts ﬁfera%tzggmLaitEW:an the
nl Ckel pa?ltef éTcreisni Ei{ye ‘% the suppo ?algg'gltolil(&! %r
having = ap.aveLage. Shag f..ahQUtyadl0qt0. ahaut 30
AngSt I ONB weNafbh @BtaRdrial. bnS QiR o0f 1LhBS @ ectrolyte,
regi ons, thespeexi-m ty-betweer=t e parthct es 20
may be . beFWeF?C&b{Tmleslﬂ‘e‘teB’ FiCTo vyl E?E) °Afr’rg’§t“ﬁdﬁ‘§t°“
In otfler -PEqroisytie Tl I HTEKE] Gridror.

ni ckel al [y DAL L cLES AL Gt )R, TRLE. O Fosel y
paCked haV| r'l‘ga ﬂ&stprrth'}emlctnﬁlsgmact]h&tﬂrld&'sdu&ﬁon of an

about 10 tocabotd indOweANgSiroas: cotbpeticf vicat Fygen
Fi gure 2 icgignion SFEMp et onticr ogr aphroled t1eal -

i nstant cat al%¥trceratmersi°alhe PZS*ZS@PT%?FFBQ”‘%F\‘B 1
ori ot 1 RGNS SR AT el el T
active ni ¢Kelo. rLchor egi @mmpamg%gg 3: hSvaN. SHEM
phot ogd cr egiaph, Periwr ARenindefon Dad ki el eartn
i magi ng, efenthe msamels 8¢ OMrok vatedlrytd ¢udividual
mat eri al forigm # garer2ts Frlgur eba3 sirewse t e
metal | i c kel pap eiicresse 30k sepref &t gEry Y t'he
netal particulate of the present invention is
"stable" over tine. That ig, preferably, the
size of the particles remains small and does
not increase over tine. This helps to ensure

that the total surface area of the 11 19
TAamiitarys, DNNA



particul ate remains stable (i.e., does not
decrease) over tine. The catal yst of the
present invention further conprises §;8.,00m

- support for the metal particulate. Cenerally,
any support conventionally known in the art,
capabl e of supporting and rOV|d|n ade uate

di sper si o°ﬁ1d1"' Y 'E™ D e%f’”telc’éﬂ?rﬁt"éldespﬁty b " med ron

more of manganese

Pref er abl Y, £ hE.S1AROT 4 . shoul.d. be. . Hexnensi ve
and stable jn the Logal, €OVLELAAMNERL: b Wi&ho:
it 1ssbeidgeddsed.in Thecdd SuppOlite BHRH: comprises an
pref er abloyyidaas acsurdacesarea and orrPorEskt yre
suffi ci emrrpy provede &t ablektrt eardimsper$ron “of
t he net al t;“ﬁ‘é}ift |I‘6:Fé%““teflf;é§fi‘étt) tané;i"i’“’éhﬁ’ig‘ﬁpf;h:ﬁfﬁ
penetyation of EFEEFToI"VE e F.o1 e &node

rt CombriSes an ox1de o manganese

reaCt I On!coﬂﬁll apc{ Qﬁ@l @Ibl y ﬂOL @-:Ltl’x Oé%nte tthl@ support
el ect r ol ydogr1-0- penetrattadi@n irheidhni@as m a seventn

conpar t meftmeielSe rgireasgtmgs thecapomosi digncioexatehe
suppor t afs @uvpcrfe\?wéfeses fablr"ma a "horesl nitiirratee may be

cont act b et “f‘e{lfg“i@ b ot ﬁ"d é‘ﬁpjjiaafi‘]tt tele’(r@
the catal §{T.¢omareri al. o, L:?h@f 6. 0haa., El,qu}aed

el ectrol yigs sug,ptnftal so enhances the cont act

bet ween t he el eGtr eloyte pandret h@roasad adeytrk Cinstant
part |@| eslnFEheLFJEby’e$Eon!@\f-[ﬂﬁg:‘aGFYSBBpthymechmﬂ'gned with
prot on 20*tY&Ensteta’s Ge'"FFefea]Hey may pree figt gl metal o

the atalysc t zeolite fnay

part I Cu' a 1 o ﬁé nf‘:jnr: ca aQ 3 Su or§ Oxi eageg lQe is
suppor t ay@?.a@;fe@m%aéil y efibedded in the
supposst and/ efe &t aloby: t-phedded CAchyhlae suppar ty.

The i nst atdingi Baterd ic6hesadss te fsampbdti tagdreg. regions of
i ntroduct Fofriofelan Me| steirbl y ety rpernetbl e
menbrane PHeCYhiNEE PO W f*ﬁplé EOVE EWE" 25

the su RPOort OXl here signed

COl l e t I Ohhesmﬁ Si hy‘iiﬁob%y gﬁzy§§ h c.r &o Ellayolre formed.
expan ed Eﬁly@jcal r.mdlgsnﬁmve Eﬁ IEEREmQ arL hﬁ:h in such
present i aveRtd npickNeSUPPOEdnese CONPILLS@S 00 ere
Or. Nore i AgEEaNicGeBX desconfh ewknNergan cyoxi des
may be netal oxides. The oxides may conprise at
| east one elenent selected fromthe group
consi sting of nickel, cobait, 30 manganese,
titanium zirconium iron and the rare earth

el enents. The oxides nay conpri se one or nore

T mAl v Al ~w1 AlA~e AF +lhhAn Al At ~ v Al Al
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12 19 January 2004 oxi des nmay conprise one or
nore oxides of alloys fornmed from two or nore
of the elenents nickel, cobalt, manganess, ..
tirtanium zirconium iron and the rare earth

el enments. I'n a first exanple, the support
conprises_an, oxi d& Qf.. B"BNGINE SOy onk RaybeosBE0Md
exampl e, the_SURRE! t.a COMpiiEes canidcOXh de tgfniun-
ni ckel ang-mepganese. mep awkhicrdleicamplie: Phe
support compeirsesckan @wrPUeaof cpitekEtyits °f Bectren
manganesepeeobat teectarier™ Bt arit dit ! F A7 AT Four b,
exanpl e, ‘tie wSupPort “ETHHFIZes. an 6xi de ~ of

ni ckel, rEMgafese. cobal.t, fj tANLUM ARGl O
In a fifth, 10 eXamnle,.the:suppes rcorpri-sescan
oxi depof niLkelainehganese of ngobahbll ageilite size
titani um kb @ik bR exanpised rthe Suppor ‘f‘“‘“damj
conpr i seswan woxiee iofe tHram GPah® Z T BRI,
In a seveiith EXEAPPE” t*AE"SUAPQLT, CQURIL.SESer o

\ong Lo, more more fre he
silicg. | RN GIUNLH, £XAND)Cmicnl g -SUPROLE 1o e
conpri'ses_ g'[nu M, NAriehN€ fBLAlsufpabbiée Ulaail e-at¥Byorlre
15 af fi xed..tQ.fhe-suriaeerpni- tsheiaxi de support.
Alternately, stdiga-netal ~partiralat s Wy fe "8t
| east par ¢t at=by rerpedded i thiTh = THE oXI0E, . .
suppoft, ore:i°f, Y B {8t AL Ve nbedded. st pombre
the oxid 121§Q§§16cr‘a€aiyticnac§itrit!( by aRQtRekipref erreed
enbodi ment " of,. the.d.NSiant o 20 s PueAtd oneif eses
ul tra- fi nexGatabys s omay-ve sowbirfedr R """
zeol | be makerd al B¢ «Fhe 280l TS MRYHAVETT ©
variabl e rretelebre T 1 EBHTHLI0S, [ AN, L€ crices.,
ratio of the TatdVsiTTy ZE0lId & ARV aidlaSGacs ana
vary- A coitbiNalL.QR oQbes CAt@kaySt / chs Up@OFubport may be
oxi de/,geol j t.8q4 isS the@ ipr-efLtk @trerboek=merific »P&ial-
The oxi de suppest, mBy«id sebs cbed eatal it i/E0°F {7
fact, by wusi-mgicertaFrroxrdes a8t he Suppgrl .
materi al , regPons e FXERHET hAITY hi g "
catalytic activity may be forned, especially
at the double or triple or pore junctions
between the netallic particle and the support
oxi de where desi gned 30 regi ons of hydrophobic

or hydrophilic property may be forned.



Anal ytical studies show that these regions are
rich in such elenents as nickel, cobalt,
manganese and titanium and are refeprgd, 50

“ herein as "N CoMWhTi super catalytic regions".
It 13 19 January 2004 is believed that t hese

super catal ytic regions, may consist. Qf,..c.e of a
ni ckel - mapganesé, al Lov.-par Licles. emheddedin a
titani uUmogziLCani RO Vd@stagﬁhﬁselgsﬁgertranspmamn
cat al yt i Gué-€giQnSnShowaa: pStEPE i£8d1 NGl aglkr<af The
oxygeh (basedsen:t heviresul tislgft Eldectsppnasba Tizr
Ener gy Los&=Spectroscopy- EELS% It is also

bel i eved t hat* fﬁé”méﬁﬂémﬁo?t BT tHEsE = "

me SO etal' parti ave ce alin crystal

r egl ons myuci?lresp(gaagc{ Q‘l Mzctngg lla(!tgon D@EQ an feég\.lEﬁt
in agow gxlidatd Om.state. Ahew.axktde. .SURPQLderials
al so may he-faotmade rom petiales OXbeaRs vimhi ghe-asre
"m crocr ystaladimebe itpngt ougturte, alkrg\vHarrgeles have a
crystalllﬁeSﬁm%@*HﬁCV§F¥ sgyrid-t- §Ff€m“B€t&U§éf§f
their smaf="tr yStare "t si7E""thes & ok Yes Haye
subsg 1tu of the modifler .eléhents (8
an I ncr eal.se @ 9 Ecgﬁlgllep i? Ct%'z[;j‘_\rg‘gxon ]tl
provide ' Ilu@J}liLqQ pat hmwsi"c £08ns b&t bre hy gl &gﬁnoaad
hydroxyl sir@bse WhiFhese fuom:Copatiuays ameysion and
permt the=hydr ogen aane errydrodeyited-ons o WHre
mor e Pr eeby=tiont e “wEFAFYI € TEKEr o Far‘i;B “’fﬁeﬁ‘ﬁel

s of carbon supports lnclude carborl b yraghite
al l Oy Cat }31 f‘? % ]fé char\ﬂhal a.nd [l 5 tgaarlb&])

t he gr al Qa Qﬁgjﬁrlkcﬁ%}uc oxl'agmlgyealscSﬂéQgchXﬂl BStely,
facilitat aqe q%bx@. mayt Jo&ﬂ&p@rcsrbidhr @U:gehan&ﬂhae the support
cat al 3t | CrdyBb@Eisak pinAlytcaprrat @|cyzbort e agitieg elenent-
support mésrepees 61 weddes gr e at vt °of e Lohmggpnosten.
parti al | y=Lithr i°68s “u i t1FEACERE CORT 4

s’ of s pports can be used to prov sur ace area

material ;20 st as" Bng adgggcqlagg(lagde,go MGecrronic
Becauge NMBNGRDSSE .0¥hide: hesa Mictddalant, it is
bel i eved t hatadetnatdBy deldifobte rayHo@BE € naliikcheased

cat al yti c caetisevi fiyeripyelehdin gbmer OX Fatat jegnprosphide.
states. ktsiligidal g0 pBsidt-bIoe ct'oreadtt AP THEF i“c
material to the oxide support in order to

nmodi fy the hydrophobic/hydrophilic 25 nature
of the catal yst bed. Exanpfes of such pol yners
i nclude fluropolyners such as

pol ytetrafl uoroethylene (PTFE). The oxide
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coarse-grai ned oxides or a m xture of
fine-grai ned oxides and coarse-grai ned oxides.
Al ternately, the oxide support may be;s3Q.f06 med
so that it conprises a nulti-phase” oxide
material. For exanple, the oxide may ‘be forned
so that it knclydes,bath...thnesoralned.and
coarse-grai ned regions. The fine-grained

regi on may idchtde oxiides-sueh as tee FAMGRNES &he
oxi de 11n@yspyrer dde:19s Januarcyes2004veNiilvh EoT prdrooen
oxi deSor =acrMyGaTis  oRicterr= Crigriaa vt age g ™
mul ti phasesexide ) Bet He°shi tYBre" StY e irEl

of very simp

i nt egri ty"of (i Thel “cel T diode, £0 WiLhst.and
the rigorg 0t 1L ansShortatd on - Wheke. i hr atd:om..
can c@use, phesat Wre ddebueeld Jfsai lur encolbhecd by
coar se- grakdiede) egic GaAS-iARYeicnctUdehoX o0 @stesuietr
as a Ti Zra soxirdencrhel éatial yt icetinatcert afFsvof =
the preserenyent Fon‘stay-be=0f oriiest 48 LHaE
the mpt al PP P58 "AVE, BT I8 (Gt Al rercevns
structur es .lbased..on SeJ 2Gher A8 Eb 86t J.0feate che
Diffracti @Rirea SAER):. 1Qamtibhl Nydrhen exdrde alloys are
support. Eer.exanple,reat @l PFEout e ajosratent’).
conpri si ngperiiekel e af MUy Fartictes Ensedded 'fh‘zz‘z
wi thifi an“osFde it e Al Tay e Tor el So .t Hat
the al |l oy pat fTeles Hava, .t anercenter cubica:
(fcc) stryuctufg,ssel Newel o FRLAON cBf ai@osh@Cot whick is
crystal stidgtidte wRy:bect nfidencedtby the it gh
degr e® of sdebirsubstcidsutd errect-Vt'hér pgelsficwrising ™
el enent's (sEChias EF P NA: S Fgpt HE 12 "
ni ckel . THE FEC=Ai’ckel-"al TOY i1.coniunct) QR ence
: Patent” ) the. conténts 6f wh is’ ing a \
with the  NCOMITL  SUPBLGalalkkc [egboBssante
the TiZr QXJ-B@ed QNIEB pkentShy. CLbIE®, WaisCIIL MAYe 551
further prewnte hOM eonghnff usgiosn vandratmegetl iR o™
in an alt epnat &3 enbodipesticgfot he T eSefts 20U *-
i nvent i on Fatehre “suppdt teondly SHet PO ArEd” £1 BincE e
carbon material. Exanples of carbon supports
i nclude carbon black, graphite, activated
carbon, charcoal and carbine. M xtures of
carbon nmaterials and inorganic oxides may al so

be used. Alternately, the support may conprise
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25 may conprise a binary conpound of carbon and
anot her elenment. (Exanples of carbides include
those of calcium tungsten, silicon, J3QL0H.
~and iron). Additionally, other m xtures or

bl ends of supports can be used to provjde“high

surface area for the catalyti 1 G, Met

11
particul at.e and, gogd &l ectronic

conduct i Vi t ypas:8eld .as. 000diioni Gul 1 aaSRORL are
Al t er nat eliyoys bheSuppasticimmy conprise a halide
such @ a chloride. Abssernat.elwyrethe support
My conpritse Pasephios phpdes 0 1goSP Fiogicdererprt & o
nitride, ﬂfa“eiﬁarps"ée“ttzﬁe stgpoftimagete Ya "5 19

= r N and 0. to 56 atomic rcent Cr;
January Zﬁgﬂatolﬁfc G or T ur 8 t&’m e Bl i al s

[ o) 3 5
descr ‘Obedatgg. gérce e eoﬁs t petos 1a§ Atgngc npetrgu a aﬁd
for the foRMBLLIM Qfud R encCab@l FtehCariBe Bedz@les in
of the presept: mhmenti.@nnate <hegde ogenbissti orage
al | oys. Thesge  @r e=tprat er cabssuwheichiare ircapabiee®
of the abSorpeigAi~and rel ease of h dr o en.

Hydr Ob‘ien S Olrlggé33§¥;11bcat on dcscmh sh:(e)rv%ml absor ing

Fe modi 1er e s

Exanpl es Of,.Very,.si gmy@ mé gagg@noyssggfeag% have a
al | oys ar extdaifi Miciand kali-5vadd Qyse s€X hero.1

exanpl es :ofzrhydeogen st or ageiak[toys: @ared 0 to 56
provi #ed Pn UrSroPgreentioNo™ <1079 ‘623,597 (the™
di sol osur F¥r M TS LA BOCAEE BY 2 e o
ref erence),  THe mler, 1S described i 0.t 597
Pat ent hay&is,agQiLatd y. '1RGH eas ed M&hstlyu@,fof 81,
catal yt i cald.lya aCt iverisk b@sole. PR DWHreH ag e or <1 inhas.
fast and st.abpl erstoregeddnd Pebegsdlopf = a second
hydrogen. =FrresererertdPSere f-abr i‘tated by i
eni pul ai P Ehe 15T SLA EaR Bl A,
St r UCBdJr alperggnégg pM @&%rp&gﬁtol 1ngld %@Lteﬁt @g atomic
modi fier gl.eoents: LD 12 0ASE al¥R b ir Yon® Boo@S10t Ghe
creat e t hetompleskd-doedi: B¢ elers reb@dei tHoonak and about
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The oxi de surface layer is typically between
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the | eaching process treats at |east about
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| eachi ng process penetrates into substantially
the entire particle bulk and converts the

oxi di zabl e conponents of substanti al lsy.the.
entire bulk of the alloy particle to oxides.
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aqueous solution of an al kali metal hydroxide.
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t hereof. The pH of the al kaline solution may be
adj usted by changing its al kaline
concentration. The al kaline 30 concentration is
adj usted by changi ng the percentage wei ght of
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the bulk of the alloy are readily oxidized by
the concentrated al kaline solution of the
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are resistant to oxidation by the al kaline
solution. By 10 choosing air appropriate
starting alloy and then subjecting t iS04
starting alloy to the al kaline solution for a
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may be made which have an average particle size
which is preferably | ess than about 100

. Angstrons, nore preferably | ess thansahgut: 70
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to oxides, the |eaching treatnent may al so
alter the conposition of the oxides. The
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concent ra‘tPP’dFFt&f’a’t &l A ﬁf‘“SFtt &8t of Slﬁ‘éf @T”th“mn of

e = leaching

ni ckel and/ gt hitkel .2 ng;gmg}h Gh. BLE sercccion of
resi st ant téos&&agaﬁmsknandm@el $00yi REQIURLLE aish 10
t he al kal &:R€.rS0lkditcheOiRstalNii G4 bon a6 cHRis€dElhg material
al | oy®, i veet hei rorm et adcive celstate matariet dat dfyeic
and el ect ripgattye. COHNAUELFV & P My Eorase =
catal yti cipr fg)é‘?i"“i“%"eétr“’é i Vrfii%t? PEY (8 T e ox1 4&
ed .elpments such as
region. THEGXiI*de"region s thus “nor e
catal ytic and conductive than if it contained
a ‘hi gher concentration of . nsul ati ng oxides. 15
Renmovi ng the nore sol ubl e oxi de conmponents al so
makes the oxide region nore porous. An

increase in porosity increases the
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and transport of certain ions, such as hydrogen
and hydroxyl 20 ions. An increase in porosity
.also increases the surface area of thg,.Qxide
region. It is noted that the bul k | eaching
process used to create the catalytic materials
of the presepkcitnRVient LOMor Sthe GRSl QL SNAD] € the
from al katFrver fretncii ng® teead neptis used $01R5bine
si nply notfi Ty eie = miceiel C°§&I‘i’*?“a@)@’ oxraer foayperhe
(descri bef:-"dBEV &) “6F tHee ‘Tﬁ‘gfd getieStobage - s

., and mor lo?ﬁjtl percentage

referahly abo
all Oy Asweg]éhgglﬁ'I%P?e ka emeet:él’ d:fox:de is prefe ly a least
sur f ace | ﬁxyﬁri‘lolwglgﬁ:bol!gre ;1Q= g eag:nﬁaouﬁ IO weight %,
Al kal i ne &a@mtpfeeaaxumemﬁasdasm tob@Q;hl%n ctfheursﬁ
Pat ent asleg@lds cogistitdaerd 3B LiAPPl doCaE LIQHy AR ana
sur f afe te&t mehtiseousetr-tiee fededf =86t he
exi sting surfact5xi gerdgf cahytr ogern st ordge

alloy majertal Li.order s r;rﬁ‘ké“t""ffé"“rreﬁ‘%ﬁfaé‘l‘*"g

tion. The use ¢ an acidic

sui tabl e fi00;dSE as..t N, aGh! Ye.El BCTTOdE o
mat erisal  infendiollBtal achy o demalett s QeRemICal ion ot
cel | (foreorexanpkeaciges. NiBkeles MBtalas RYOE i d€ be usea
cel l). WeR'UirsEd “ds 2% 28 Fanuarys E004 ot hree acids
active mel8ri‘al” f&F dh “EfRCeT bEenital<ce ¢ 1o

re 1 is a mlxtu:e of

the hydrogell. .sEofAde abh 0V, Par i Ches: = mrre =
t hensel ves Jﬂiﬂymeh’_@d Q,ﬂcinh&ugé' gJalQ)t/ ma atcgi
about 70 m@rems fia ijecieeamlétfdtp&fmdtchﬁmﬁt eha specific
t r eat ment teregctre Rydrogersistorage all oy particle
is syrrounde® 5 by p@“?‘éf qet Vel it hicrre rpic g ter ials
oxi dé” sur 4ee. T4y8t "t iih S L
of about 4000, Angsixams. . Wihin,fHi's BXde, 2
surface |ayer.1 d&shenessal e-a {iad, gtempgzutmgran@ilkilng
net al | i ¢ whakekiionandd ern AbekoelhixaliteOyacpart titines
t hat *ar e ©h ot herforder 2 ofcoalboutt «t#0cchgtayoute. 70
Angst r omss’ai”r’idl g "OFEr ale vt D NEFRE Hine heemegprure

f r act | on ‘Qf ]h-glee c?ncelntrftlor;)l n,e'ihéjledﬁcéfi[ fnee(l lﬁsief)e@lted
the thin oxide surface layer is sfafi™jn e -
conparison to the volume of nmetal present in

t he non-oxi di zed bul k of the hydrogen storage
alloy particles. In contrast, as discussed
above, the | eaching process 15 used to form
the catalytic material of the present invention



preferably oxidizes substantially all of the
starting hydrogen storage alloy particle.

- Leaching conditions (i.e., |leaching tigg, 8
wel | as tenperature and pH of the |eaching
material) are selected which conpletely treat
t he st art Prigrhy-drogens20ome absor bf ng @kdioy leaching
particl es “$8"that” oni<¥'*oXi“des~nt Fosuspéndedrin
catal yti cprc":efstejs clEs=ralvhi i }1”1‘3 netgriat g g Zﬁct““

oxi de's) . Jhe .. d@@%ﬁnge&&@t PERg (8ed 1o mike

the catal ybie: ABLELLA] §ic0f nodt Q%{api&@%e%mmg treatment
i nvent i onafmy. hewdi fied emhik romdthose rusedr it ar
activat e thetilydrogancshorages alat OyoiBt elicgthGng
for bat t et Y125 Iappied catiorsanfiacigic legibpgargtuents.
| east “a si'Yhi TFCHEAT pbiiPoh G theisbur k i1
be | eached GRS, 0T TWLE Bl LHE T SAEAPH? ior
condi t i ONuyBYielEwn TR £ 2GS @é&llyleaf . oA S0, he
sel ect i onnefan nbthesrstsak tok Agnd iy dEQgE N « St QEaFPE: rhar
al | oy t selif tpypyelabod: petiodef freriendn: ftorivklagay be
i nst ant i AVENtS ndtkgacethie=drar rimb: rater Fak-ig0
used to fOIFEN" &ET] Veellelt raae ! ter il Fore:

ficall ant and

battery aROLIGALLONS Qb exanple, The tHassh
hydl’ O@en SJ:DI&:&QBW;QIL ItlereletsQrof tah'%lel':t[}grt §e@-;rd1ng to the

i nvent i onzwmyorugec@s:hi gher fraction of readily
di ssol ved el enents such as V, Co, A, and Sn.
25 19 January 2004 gﬂec?"fll‘ca‘f‘l ¥ “£6 form t he’
catal ytic Hat 61 als,, P e p Mgs“'(‘aacn“tmi“‘nvent| an,
the | eaching materi.al. may.he.an.al kaline

mat eri al and ddne | eachl ng conditions may be
chosen so that the tenperature of the al kaline
mat er j al = Fesf ’éﬁleatﬂay bgresret: abotirst5a6 08 Wneke
nore Pref E‘fdé“ﬁf’yﬂéﬁgfvﬁl HOUR Y OUE, Hephygacted with the

the el ro yte {step b) Optimized
per Cent ag?atlo\éeof g.\E!)Eud zed Iga a il riet

t ria O catalyt:.c oxide

hydr OX| decAnSJe QE:%&E@Q o}(tix@;atlme@élrlme@c OLﬂ 5&:551b1e
wei ght, nore preferably at | east about 40

wei ght, and nost preferably at |east about 60
wei ght% O course, the Fkeaching conditions
are not limted to the above ranges and 10 may
be varied to achieve the desired results. in
anot her enbodi nent of the nmethod of naking the
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material used may be an acidic solution. The
use of an acidic solution is also within the
,spirit and scope of this 15 inventi ons.lRen.
acidic solution nmay be an aqueous sol ution of
one or nore acids. Exanples of acids which may
be used donelaude HigiyddChateddn SQ4ing ante obNEBaa ratios
Bl ends ofbrt we aorumpre <taer S thimyerabs ardbresnusedse
An exanpl @1ufa= =Bl erite whieh el tfee used-ips = gif
agua regi ¥ A ERAMTE 0T Ad-aqud 1 edia is a,,
m xture OI@ c%?:igQLJdei&:sp%x%iogatgéﬁagpjg r(gaé:eagtdltq};grm%terial,

aci d. The.leachiNg. .RLOGESS. BRY..a BELIPL EMEALA,
by ' cont agti:0gpethecalol Qyenngt eri ahcowint Noan atbd
(such as HR)icledre @repraedetesidenetrepertnd oOf another
time, Yat arspeei fF cthe tierrperat Br & andegtic athar the
specific ’;fFEhi‘lgtp’;i’cissa‘ngi YysEisie € Hare e e
dESI r ed Cﬁ?g&ﬁiﬁl t erhlg ?’zaéling2§0c§ses zm:gfglf§¥onverts

. that
Usi Ng t W0, 0% [DLE. €ACHI NG, Df 0LESSESpu EOL. to che
exanplse, ca@aifdit Skical kal isn@sd eaehivng «ff eat nepting
may he pesfh@enedniadilaconkics 8t 1e8@tab@f sited@chirrg the
condi tiongify .rerticlge fopr & el #alif necidepat ér i &b Es
wel | as a“Fi¥grst Fivel{"Eifperatuie “shnd alrkarine

aterizls ma b chosen so that he  leaching process

conceqt r af1.any,,, A 1heN. . second al.Kaline oy
| eachi ng fL.eafdBOt3Q-ARY: hespettataed @l 18ching
second sebroofs et:ehrcconditd ong fo. €. sac@of SECONd
al kal i ne patierssab ceescawedtle @agiea second ti ne,
t enperat ure Tand *&P REFiPfe " tote erft reatti ‘d?p‘%"“JﬁJ”?SE
proce¥s Wﬁg;ﬁgifg Heat el W Th TURLAST coront csopet
subsequent LY anplied, calikalk nec.l,eaching 6. 19 .
Januar Yy Zgé)z‘glntld‘uea‘tammilneaﬂrtnaﬁﬂ%ﬁl.1)( ;sor@ RPeddlof the
nore of theraikal innecbeaehitagn. treat-ment themis be
repl a®ed wirtinonergrasnoredacidi & lseactrig o =
pr ocesses “Citérein (T TEALTHIY (Tt er T4 & oif
aci di ¢ s81UKT ORI " FEAcE” THE T edBhIE ] 068SS
may conprise two or nore acidic etch
treatments. Alternately, the | eaching process
may conprise one or nore abkkaline |eaching
treatment and one or nore acidic |eaching
treatnents. In a particular enbodinent, the

| eachi ng process nmay conprise alternating
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10 This alternating acid/ base treatnent is an
especially aggressive nethod to nore fully

. react the starting alloy. As discussed ahovge,
the catal yst of the present invention nay be
used as the catalytic material of a fuel cell
anode.  ThoutghanokicMishi Ag tie be-Bound: byt ...,
t heory, i #ajdcsntpossitddee ctrhatredthist hi shefefpstrotet piae
anode f unét¢-endiefert e st AP 12&at‘al®9%f“§°%§} bté‘e
assi st.ed ‘b"gald‘*iél FheraterytEagiig & peitCsH of

tinuops 4 crease in e density o alytlc s:. es rom

t he St ar tt ghydr:é etn §c¥ or QQ@ arLI ant h(J h§drogen
metal lic (HnoxLd ze ) oSt Al Erory SPECH £ lCaldiYenc tRE
di ssoci at Lenr-aft he dHzngass.react ant and
subsequent r eactsiveda wteh ihyednoxybsiiionstdr omebde
el ect 1ol ytractt ou2Gef mrmicater Wirtchictshefor efreas e
of an el e&®PBhH "ACTOY fﬂ‘“lﬁgs tortie FEREITo ﬁﬂ:‘:;::s
equat i on: “FESPRY) ¥ OUE"N: M g o e Ay
be assi st &d.hy..Lhe iSQA LOWLAG SUb=eCchantsMorage
H2( g) 15t ZMlby' ma‘:&:.ﬁM" tzel\/h"as‘ﬂied?g.';‘:bort materisl . 2 Metcourse
2H20 + Zem:(xsw)res( 36_)1&11:{::3439 npwheperd hrerfpl| gy baFithout
hydr ogen Bdgss. fior StM%bsaFﬁeH’t’bythSH*éde By be formed
hydr ogen Sterigtfe “al1°oysirstelf 34y aHu t ABR= »

react ?od V\Ap}toﬁphf e hyq:r 9}§t¥| enlchlnréntO_k thanLJag.on by
el ectrol ytsgle(tg,tgeple 3beor QM kA ZQChacdr il 1 :0Swedf as an
unoxi di zedeti®t-ake alab@yy pRAteeT ii@lis tx0soCatsailb)pt peract
oxi de canibe detervrmedsptiopt iFHh Zatt offurle oxide
exper i mentgweeserts (o8 ST ’éa“?’i“l@ea?é%iﬁfgl 290"
to pr&tucé™y; cé"’ttéll"%faud’ a:tafgx:;t1°1%§ﬁgifffg:§&9ﬁ or a
optim zed J{ab). 08l t RE ARRKORhL, .S o6 Nic s f -
the start |cazngoxh¥1g:ro&g1@ﬂrzsi Oﬁﬁgeatelal LWmﬁ&e velided as
t he appr oprivabe gheivgeuafzseonditivongd.i pifoherey be
bul k Peachingrprocess-tigedtt o treat *tthes dfffoy™>"
5 Hence, Bﬁchajjmlcibar"’rla?el y.selectin

t the embodiments’of the leaching Processes described
appr Opr I a a%ove the leaching process involved a chemical treatment of

29



| eachi ng conditions and/or the appropriate
starting material, the |eaching process nay

. also be used to chemically convert a dgsikgd
per cent age of each of the hydrogen storage
alloy particles to the catal ytic oxide.

Speci f i catrkyyaricth anotdreroy kouenbod memt rQé-ridhe as
i nvent i on;bitca} segypigder abyl & thatmatehebodieac b nge
process ctefriwal II’rycefzsonv'é‘f'?t stegt b eagtetabout™109%6
of each oFthj‘i%e'“ Loy parti C‘Fh«?f% g 2t ppgential mav be

lie n storage owder o as tﬁ m.fke it

to t
Cat al yt I Ceagﬁel: qg conthlrt t§e oxm apl n[omponents of the a?loy to
t he | eac h';hgg— QE&&%%XQQEW tgazlerlloye thnn\éﬁrstoﬁlble ides
| east aboubn 26% GEi-cach @f otihe .al layapardik ehes:e
to the 15¢eatahytchigy @xide:. 1ekdring §s MOStred to herein as
pr ef efPabl &lthattetird Febicii nfe Processcal leaching is
cheni cal I “‘tlé"rl\iér"t°§°e‘§t 9 é?é“t”%ﬁ‘b‘iii”St‘f%sb“fd AR
of ‘the  al¥BY, b THE] 6§ L0 LRI A VITE 6Xbe:
I n anot her 6D Qg NBALeiod hevl each] @cht%kdu icQ0S
and/ ors t hesxshatdi ngwarbms ebisalif Ay, keechosSen S0
t hat t he kemehibngoprocesse2Bencheniteal fbys alloy to a
converts #tiiwastecgboute ?‘S%P?ﬁ"f’re@at R=agfing praditions
al | Oy pa?gn §II éfs(lg o' f)ﬁeeo f%fr?t r taleb)%? be‘élpexature and

eac mater1 Su Stan.t:.al e entaire
Pr ef eiOabl y’cartt.zn_yeal I;' bgg:xldlgc:tpgoe§§:m Caogl\éyﬁg' céta%itlc
| east abowie:20%00ki:02Gh:0% LBer alckaYe11PRLLicl.es
to the cat@bdyda € OXi@@e dubpoitS adeE8R=2y00S St bheruily
t hat the faelinscerd sfayriet |0ty ofs tve aP5tbenstaarte

cat al yst b°édl[5‘r°6§rmtf‘§o°ag‘ftf°o‘i‘aﬁir & Eeat’%’fgy%"t to have

sired electrdthemjcal, sical

T de
V\hl Ch I'S progegg.ps Skst Jegn m t¥e 1 ve 1scusslon many d erent
her el n Cm&'&; rliaQQ@\lod:Lng ag}le%rgpelftgsangl&e but are
f or m ng t h\ﬁ 1€lﬁtea|ty$)t thSQizd, hla'ﬁltt( h:ﬁﬁﬁnelsﬁana composition

cont i nuoust chaage{chitneave ertenION-thd r@@siFion R the
sonme dspettidofrrchaatgighpd Sheidacridira ot Fosenivtic
directi onSlt§SPr4éf%“1"°éﬁF‘5‘2 EHEFEe Fgrogs J tne grain size

oxide s e surface area ncipp os:.t af the

Cont I nUOU§x !ienciy %%érmgyéllggg{ g@%ﬁde to T:y gén gas a.ndcto
of the <conposition). For exanple, eferri ng to

Figure 4, the catalyst |ncorporated into the
anode 14 may be conpositioenally graded so that
there is an increase or decrease in the density
28 19 January 2004 of the catalytic sites from
t he hydrogen input side (i.e., adjacent the
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(i.e., adjacent the electrolyte 12). in one
enbodi nent, the catalyst is conpositionally

. graded so that there is a 5 continuous,,decrgase
in the density of the catalytic sites from the
hydrogen input side (i.e., adjacent the

hydr ogen isenpatimenbald)s, ba fheieliectr phyte ans
side . (i . ewgregdjiacentrtheanis) eetkokytte ol 2)e npfrogen
t he anodesttdge Asovdirseussewradovesidtst | s al so
possiQl e to ForfTa sap pb?ef“ 290 “Rpheh dEOYpIT s'ést
mat eri‘al s_ 6t B tltclli“ﬁr‘”“‘ t@% preffSF BgAHpIe Tt

as the

Support nanal 1§a91 &mg lmé@r &L opr éi ﬁ consumptlon in a
phosphi des.e: sl LGhdeSec: NG, GRS DLORS. nlheS Gy be
mat er i al scdmdy sakso ibes madentsicAg::a eke@P, consumption
penet Pat i pg=dleashimgepr.obesSstrikhey |cegehivagor the
mat eri al %’nsp%f?ﬁf (?b?CF’;a;’esePg/ Peﬁgﬁ’éﬂtﬂtoeh%@ﬁ%ﬂ and
the start Ay Al GGEA"sTor ddeT 15 "al’l 3y mg@‘f’éﬁ “Hl

such as ions

to the desit8d. Supnokt.dater alas (O GoUrse’:, .
m Xt uises @fr0RtLhkaksSxRN, al sQ He J wiedde andMcE N
or W t houticct@xides) the bor @xanphi@, ot arne at@bnydti@ea
phosphi dersveeysibesf orretic RonpressPngsiee ficmelaytic
di vi ded nﬁt%‘alpﬁr“ﬁl‘i &‘ﬁ?eatt ’é‘veéﬁﬁ‘erffd‘é*d aftvegpaterial fox
phosphi de” “20,°TH “8i"al.t er nate. enbodi,nent, of _the
invention;,.BY;.. S} @fstallﬁtgudfh@s APRE QPL AL Craterials.
starting maies alaasewehdteass aft prapPh QPhisate@ene
Ieachi Ng PrOcEsSs tnt dcsredb SO POSSI Bk eirgxbiract by
.e., disgeltre out) substantially all of the
soI ubfe oxi deewgg)nponent §5139th the startinp oresent
material , L eavk g, hebind Ntk d e 25 . faﬂode of
cat al yti cal c1agiil ¥enPardisch €8as J;thea;epmton exchange
cat al yti Cadnbtne aedii ve@1sparshi. chesitraywbec-afsf ineed
t0 a Puppertenpmt eid @bl BFls FAFCSUPPOT taristaru b Ures
For exarrpl”@mt He? Ay e HixEY: WEER - a =AY b
suppor t ‘L4 LAr AT ERCALErY,” They oy e e
affixed to a supporct’ structure suc
conductive grid. Also, they be 30 even be m xed
together with a binder, such as PTFE, for
mechani cal stability. In the enbodi nents of the
| eachi ng processes descri bed above, the

| eachi ng process involved a chem cal treatnent
~F aY0)



19 January 2004 the hydrogen storage al | oy
powder . Thi s may be referred to as 'chem cal

. leaching” In an alternate enbodi nent qf..th&,

| eachi ng process, the |eaching treatnment ~may be
el ectrochem cally assisted. That is, a

pot enti al cthayrebe ib zapphi-etvit@rthes hcyudfxogen
storage al |l oy powdetri~zb @s citeviraleeeiipl mgadsper &
t o conver t*thevoxitdiZalst ecHifs dﬁéﬁt%kab‘ﬁ‘e trhfe o=t
alloy to % ﬁ‘é“f“ ap Fé%‘l‘p%ég Y kﬁ'ﬁ(’iedf G Lo TR

ar an alka 1ne trolyt 22 held

t he rTDr € S U lpgrotgsxnlon go duc 1 getwé% ghre a%de 24 and
after t hethX:laéiﬁﬁ 226 Qoif, O B dmxml S d)P81,0feca s the
el ect r ochem€al hy-cas6t si edakeae hfheﬂg:eils refest ed

t o herei ncasidkd "@lgotrroghenicak sheachionglarerThe
el ect tfochémrcakerfredchi ity isestrseniPar ta conéept
to el ect r 6TPRHF 6&1"‘1‘?“3@ SPSted 8 eHi mg e Tever 20

strate

S the
(appl yi ng“BBt &M 7817 ¥4 4sSist,. the. st ghir N0 g
pr Ocess) \i\é‘“fgch t& Qhe dﬁ&j@g |2bed1n| ‘B‘Led&lgcalnlentl E}lOth eche
' 088 IRat eBfarocE @A tihecdi SCUSSinaR abAVL, thd thydrSgen
seen t hat cByacfrefests. abbenf orvmril @t iingedarchype rogean 26
absor bi ng el foyverateer foalrwint - e =cappr pSF’f aiferse
conposi t i G- ghdthE “$ab ’??ftt Y PHIS AT 'da

resence O he. cata water

l eaChb[ng é{&?&?ﬁ@ haVIApg angcgprqurt!hg't elydrogen is
| eachi ng coALd:LONSy “candi L ons o dre®rops LdcbPBIOfo
| eachi ng as wedlenas tenperature and pH of the
| eachi ng material) % @ub®Fantrally tHe entire
20 St artl ng al l On rloa PnEr%teOXIed!:oEdedt cti(?‘_rotnotl;hgna!?

hi ghl ¥ cat gl GETET" MREErTAl CompLLSE ng e Al EkeL.
and/ or ni gke ec@fE,f Qv. aacrtwagmatyemm@@e,@decde bRaad
oxi de suppektainsGRnes akdcyen: by careful ly
choosing the starting alloy as well as the

| eachPhg conditiong? ot t9i s *¢atal yti EPH‘mat éri al
may be deS| ned to have 25 the desire

of h 1ons throu tha el trolyte 22
catal ytic, cjgéifﬁ‘ém aclaicllf'| nd Physi ¢a
pr opert i eS seen rom t e above di scussi on

many dlfferent properties nmay be nodified.
These properties include, But are not limted
to 1) the size, density, roughness and
conposition of the catalytically active sites,
2) the conposition of the 30 oxide support
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of the oxide support, 6) the surface area and
porosity of the oxide, 7) the permeability of
. the oxide to hydrogen gas and Co 30 19 Janyary
2004 5 ionic transport (including, but not
limted to, hydrogen and hydroxyl ion
transport), @andscGpet hee pelccérnragesofe tre layer 248
hydr ogen affs‘t“ér‘é’g% “&Fr6ye pREETE € conflrt éd“‘f“’b 2
oxi des. FOPLHEFIBTS, ™ ¥ TE°¥8Er Fonritie Hhov;

anode layer

Referring to
dl SCU§SI $tan ?‘t:alyk,tlaﬁglycgcttg'le yrtta!:eglaqa;ZEQI!da he
pr esent Ikﬂ&r@ﬁgﬂlpnmac@yal be‘l f OrAHedxam};tlQ m&e p':)ltymerlc
parti cul afbyrrwel hacstiiit ©drf=0r T S i &Snat 431 32 may be
cat al yti catdy=actiwve dat erioalbifomfrydr ogen e
consunpt i ol tAeaEly ferdte Eekiieangdegoms & network of
Speci fi caft lez‘li;tléziée%tﬁf‘ﬁiﬁ & HHLET 'a%fii;*féi{h BE, e
f or ITEd SO of the c%atalytlca%l ‘Eu g:hf aﬂﬁ1910¥£ }(oblc
the conSUPPLL.OR. 10.0f. TRhEGH: Ak M&iﬁeggedﬂpm Jes a
el ect ri cadebynic@N@uedik Vb0 imittheacttt 3RSPOLib 20kss
el ectsonsse 33 cptemmasb#fecetc@ theccthief faursiorszang =
t ranspor t *lef=y eﬂb Bshvamg h"*ﬁél“‘f*’f‘éﬁbﬂ B 't RS
dl ff USl Onfoghtf a y ? er fat e6 ]§an évqeghlntermlxed with

The hydro obic layer may be placed

he catal
hydrogen 101540 mfaya TOXYL, I'QNS.0ch).. REL HEAR! £
t (0] t hﬁ dl th u&:lnpnjfotatﬁydll: %dcdlaﬁl vaCcthr @sl )étfﬁ;cedaftd &
6) a 15 bannibete fecishe gas phase H2 on one side
of the anodeImmettrirorodigtibctie gty e oy tthigs Eﬁ“ﬁé‘?l
side. Al °fof“etph5‘ee"éf16‘i‘“"éth‘3§ﬁ“t“i Bhea® jgf*tﬁgé?lﬁ ﬁeré

for the a.non%li oton exchange me

desi rabl e;BrBpErtes Fob Usi Huothe «cat aluti,

material Oh:ihe BLesent.. &vvmmlgnmaﬁmtatge waG i be
mat eri al fQfrenca fS (Glck11 aREAeH0R0 ckdhanks ndib@d
t hat the catakyit ¢ matiaricabs dbcttaepresernte ion
i nvent i on=freepoat=se="i He Fayés Wi S‘*t?li‘ijéﬁe‘étﬁm&sat%ﬁcyaﬁ?ec

mat er F’al s3° 11%%:;8?1 8T SO HErel” fetert &
are provi 888" S patént - 4. 487, 816 the
contents of \Mn(gt;h_a,r exl NEOr por at ed by (6)

reference. 25 Cenerally, the catalytic nateri al
of the present invention may be used as the
active material for the anbde of



any fuel cell. Exanples of fuel cells include
prot on exchange nenbrane fuel cells (PEM,

. alkaline fuel cells (AFC), 30 phosphokdg,.2&id
fuel cells (PAFC), nolten carbonate fuel cells
(MCFC), and solid oxide fuel cells (SOFC). In
all cases, whle tdhe electral yte-ang (7
sub-reactions can be different, the basic

poi nt of H* gasteiessoticar! orr t'éxwr frenwatre rigkith
rel ease 3ffa°19nfaﬁ1a§%fuzloeﬂl ofsc cuirtentie ifagon of
hosti e en'\:‘-/ih)’drorjﬂl ?_lf EUEl ﬁ,ﬁ;{)ﬁ EM fu 1 eﬁé the electrical

circult ed. by po51t1ve on movemeat

cell’is complet
enbodi men. -1 i, Gat qidy;gg&atgﬁ arial ey, He "Used
as t he aﬁ£ I:Meramaﬁé aaLathEuel b@l %QQQ&elels @gbatlve
al kal i ne fotl@bve@el kn the ASmSHOMWRyak Ay 1IFLGUER Hiho@ o
al kalPne #erel cell 20 conprises an 5 anode 24,
a cat hode 26-ah&earicdalkab e ler det'r gllytres 2Rde of
neld v tHI s Boous " hoebhauerEnip e 1
bet ween th% % g:% Z'bzi g‘cﬂ‘,@tlﬁl h%og’ Qeg genc:eé the anode
Pot assi umatgydng)ogmgl@ chrBist ypk_}@allnityntusea 6casiat Reeive
al kal i ne ®kectrolyte in an al kaline fuel cell.
The anode 24riggnprissestactordecicive substirate
24A and a‘ﬁ‘"e&ﬁaﬁes“l”eé al?’&B EGH ayEr csupp ‘BP‘f“ednd
on t % Su‘bxe :diélzft%av t:é; iéx:rééglthlén&t Ct26t L Séwo se %g‘S
a conductglygn@u&sy 1%1%6&6%@ 2.6at bode’ T4
26B sSuppoE tonBNrdche. substicah e-:26Acs Arehyodmgagss
gas is fededovt he ancteiv2ieandrian Gxygemcgas o
is fed toethé&vrvathode P26=: in stireersbdt mentan b
showd’ t H& 15°hy Sigefo =iy ‘;ghsrﬁs%e“f“éa&?’ t o fife “Hridde

nce “is that' the

34 vi 2 BT ARG Lha LT A A e
oxygen gas Llshefre;dattngmtohe;,aﬁamodemz}ﬁr Yide: dnd Qerm
oxygen/ ai ¥eng QRAPAkt MBAtcost hay HNh@e hRAGEH aNthega S@Era

di ff e tilr oughstbhe ekeot scodes:it on preaetly Weithie
t he el ect foi-yPes229] pprvirprgentprigsentseadtior-he
catal yst to produce water, heat and 20
electricity. 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.
At the cathode 26 electrons are

- el ectrochem cally conbined with the oxgaito
according to the reaction: 30 1/2 @ (g) + H20
+ 2e- ---> 20H (5) A flow of hydroxyl (OH) ions
t hrough t B&"8kéctrol yte 22 conpletes the

el ectrical ci?cHil. 32'B Jantrafly "2004:5:As wim)
di scussed, & he an betfterzils o]l ?éé'eséiﬁ’e%lﬁ’oﬁé’“tmte

the ¢ b;|. i rogen tign @ the curren
| ayer 248, altixed 40 4 ConductiVE SunstPac™:
24A. Fi gupe:6 Showsna ssdetai el aelgaiml?ae O @l
enbodi nentinsefrid henanotech. oy ebou2d £3uo - Ref el Ng.
t o Fi gur e i®e*t =helgngdeintaydr-n24 Briachudes dehanc.
instant cAatalyrieartye deri el urerical. 3% andra
pol yrrerl c oy Bt ﬁiiaélfﬁﬁieg?i’délm S ungyerest dnptie!
of a pol yqﬁur&m MD aTeare) ”iyfica Terar, I8 PTPE ™
The acti ves:amterial 32 may be T hterm xed i th
t he hydr ophobichmami@rsabae3dioy The accCatal Wil caldy
acti v& natericgl °<88°F Or A sevne ttwotka®for L activarea
el ect r ol yEESf T tHa el S rir oerghd therarede:!
| ayer 24E,..The ©&H0yE UeSrIeq ef-eer ottt cal

the poXosity it poss bl 60:" both gas and

r eaCt I Ons EQQL‘QMI‘Y{EQE ptrhgaéur'ﬁlggeﬁ artliu a%e consisting
cat al 3ot i cadskysAGt deVRLPALTai 16188 . ned BB RAKOUS /0r ~
hydr ophobpeker nater icalriB4esbines ntalfbeytaﬁ(ﬂdﬁrel 3y erte
24B t oget FEf>*and provides a network of
channel's thr Sifgh: Vi € PEHCL et “gases fgairh towrs:

voltage antL the.cel res ure wereoiﬂon t@ d during

accesﬁ 15t1’techI1be cthQJ I ((;‘19’ rlér agt is clear from Figure
active mat @hdrahen3e cemwaar;har@li LRLNAL 84 fur capaciry,
enbodi mentye thechydrephobi Gortmt 86 Ak 1 MBY1e. LN
the f or ntofsea shrydrephobize: Layer th¢ abthekssthano
bei ng_ i nt é‘i‘zfﬁaifég’%‘;}ﬁﬁl ¢ Hé "Eat Al=yl expratog mrsatay .
The hydr ofili6bi e € ayerc ey B gaf)F"élE;éo'd ol aterty
to a cat I‘MSt T @yﬁ-g Ttwo £51gé n%Ll’&n%sms Y\%}fs rogﬁeé
i n 20 t hedcfm%mrogfherﬁlata y.I‘Lé ﬁrs@‘axeelrl hg ir!g%f
affixed to a conductive substrate. |In another
enbodi ment, the catalytically active materi al
of the present invention mray be used as the

active materi al



for the anode of a proton exchange nenber (PEM
fuel cell. A 25 PEN fuel cell is described in
. detail in U S Patent Nunmber 5,234, 7% Gnuad:he
di scl osure of which is incorporated herein by
reference. A PEM fuel cell uses a proton
exchange menmans (Al S0.KROWR as aeSQutfen-oxygen
pol ymer ekeebmal:yit ek tByaplotedeci OR cRXEhaRgeive
bet ween t khe<«eat hodesand rentterel-ect nodes.ovfhe in
anode 30 &ridveathodece-eerreachent ealereactiFonse
for a °prof'Bn“eXEhHAeE" HefBrans FPEM ™ ftel*ovelf
are as fol TOWRE “ERTIGT 3752 2H,, + 285..(6)..33,
19 Januar Ye ZaQQéftc:d e2 n ggg o(ﬁg3ci1:tuigulonfil-guéa ionfor ive
H2O (7) Like.the: anodecieast i-on Rfthe.al kaline
fuel , 10t headalkahinerhis gactaoprfoor raulPEM.f uele cex1
cel | al sorierrrol wreEstetthE& oo ki dat foorrsofrab g fg in abour
hydr ogen @gdg 'Puél ¢ Fer “f hePEM Pucl™ B, "The"e
el ect r | ca flgatl;cl'i;ereéelj:frﬁdedi mOﬁstratlfﬂi;Jél'AEt télélai!tlxiat'sed surf.ace of
e hydrogen storage alloy acts as a catalyst effective to
conpl gt ed Dy ROSIt bdELLBRRYEUENL 1yakfded NE, i&ﬁéﬂ
of a hydr egeReat o f&0immtihgenal 0d@rib® idth@ne buik of
cat hode {lierhveost sasise oot benealvk@at prre=ntuel neehd
wher e t hef¥ PEittegat i*v @I Grf IOV enerrt <t ititresas-

formaf a_hydroxyl ion fromcathode to 10

anode” Li ke The anads ef. the..alkallne. ftugh.cell,
the anodefgea b6 REMf U@l ikl lmeal-501,CONR b58S,
an anode kayeen afstdex @thet 0/18 ra@CORELCIHoME. The cell
subst r at evelHgwesfaressirn vi=h gonggse gfinstdhe sPER hared
cel |, *a hyUropHbBre “mterTal "its ot fvenbd;s=r
hence, t he" A0 15, ] AL "ol SLRRLYEUNSL &L 1o
the inst apl.oGalabytkGatd % AGLIVR o, MBEEL ] . arcer
Rel ative eanpaf bsons.QftotzbR L2fikd cde@nNGYacof,. tih@as
presewt Rerveante ONrsuRerirgad ahystrsivens Us-. tthat-
of pl ati ntirn wrdvelpal F=aefeurre ey ecrfioted yetrapeerprsn
done. It fg&‘t‘t PEtodi (BOEE 1P L TR R PP tIRE ST ™
and scope'Bf°t iz S hiEh T Shi t BT T80 &R F By aid=
than platinumand/or palladium they may still
be better. This is not only because these

ni ckel catal ysts are so nuch | ess



expensive on a relative basis than either

pl ati numor palladium but also because the

. size and surface area can be 25 nmade mugh, 004
smal | er/ hi gher respectively, The overal
consequence is that the catal yst user has a

hi gher aveakd. albdnerre€ OTICRAET. alhé BN PBE cab Wt sl edble
of the cateadcyst = aaraivitaltteecivorrparentse boreetorefato
pl at i num Te=ipatdFathi i “Fot thieps “rie= orig"t 8f'n°*
benefits BfH&EFthaiCost Ry Be the ability of

5, I s 4#¢ bhe underst at, the disclosure se
t hese . Ul ge';ealptgig prlesnagtegai‘;ﬁajh¥sgo_§n OI Odetgpﬁg %tnl%diments
ef fecti vebychias uBusHablyosnQstil 8y o(iw1€. ma compiete
poi SONi NQYi=QRMiEd Q@RABRALS:Whi-Rot! achegiadat d-ams 34
19 Januar w2004 Exappice =t lipitishi e exanphbe, ofathis
ni ckel® netwetrtirydr FAENENHE inriechrar gealitiestains.
battery is chosen as the test bed to
denonstrate the capability of hydrogen gas
absorption of the current 5 invention in a
hostil e gas environnment. Raw materials with
purity higher than 99% were m xed and | oaded in
a vacuum induction furnace, nelted, and poured
into a steel nmold. The ingot was pul verized
into a 200-mesh powder and conpacted onto a
nmetal substrate to forman el ectrode belt. The
el ectrode 10 was used as the negative el ectrode
in conjunction with nickel hydroxide positive
el ectrodes, separators, and a 30% KOH
el ectrolyte to fabricate typical sealed N MH
rechargeable batteries. The hydrogen storage
all oy was activated under a heat 15 treatnent
of 60C for five days. The surface of the
activated alloy conprises a nmetal particulate
enbedded in a porous netal oxide. The oxide
prevents further oxidation of the alloy and
the porosity in the oxide nake it possible for
both gas and electrolyte to penetrate. The
nmetal particulate, consistirng 20 essentially of
substantially pure netallic nickel and/or a
ni ckel alloy, contributes to the catalytic
nature of the



surface. The battery was charged under C 10
rate for 20 hours. The cell voltage and the
cell pressure were nonitored during 285.L0h&.
entire charge process (Figure 7). It is clear
fromFigure 7 that when the cell was charged
close to its full capacity, the cell voltage
started to increase fromthe 1.4 volt plateau
to %ngl.S vol t age overcharge pl ateau. The cel
pressure also increased fromO PSI to 100 PSI.
A smal |1 .580pkie . Of ngasi WAS .3l t hdrawn fromthe
cell and the gas contents was determ ned by

gas : ehrenat 0gF aphys:(6h b0 k8«96 % H21 1% O2,
2.5% N2, and 0.5% CH4. There are two possible
mechanrsns for this hydrogen dom nation
phenonenon. The first one is the | ocal heating
of 35 18«danuany «i2604 rihee hyehegemist-enLage

al | oyrdue tootfeoydr ogen- oxygen reconbi nation
and dehydride part of the charged negative

el efct r O’deam]yst-[)h@lm S %Qﬂ,ﬁ!} pzﬂQxﬁ@JmQLs@ at gﬁ%lblﬁ‘@llqcﬁm fi‘m§ t he
| owelroRg:d RanickR@, hydr ogen gas evol ution
potential in the negative electrode 5 due to

t hes pr e&alﬂlﬁefca;fl 1, Q]lerg:ﬁiﬁckeylglo\éﬁgs aIngQSQ)MILntLgeiecmd

pOSidt int@u cobiactAl adke velfdsRg over charge. After
the cell was charged to 200% of its rated
capaci ty caalysiotcaimasredin@fabicd Ay @ mhify sdcR@ARERLCI I CUi t
c onfrisigiy pratih om, Noar aud vvenT o sicailh@ycel | vol t age
and cell pressure were nonitored 10 again

dur i ng "t ht'sterigs t eag =P errroah{hl iguRe-8).. The cel
pressure went down from 100 PSI to |l ess than 40
PSI in about five hours due to the hydrogen
gas” abserptiond nto the negative el ectrode
denonstrating that the activated surface of

t he' "HY drotERsterddealtdy. gorstoayo axeatal yst
ef fEEt Ve TBp4ci ¢ at e t he deconposition of
nol ecul ar hydrogen into atom ¢ hydrogen. The
atom ¢ hydrogen is absorbed into the bul k of

t he hydrogen storage al,J oy either under
presence of hostile gas species, such as
oxygen and ot her carbon-contai ni ng gas.



20 Exanple 2 An identical N WH battery as used
in Exanple 1 was charged and di scharged 500
times. The heavily cycled battery was then
charged, ynder C/ 10 rate for 20 hours”*THe&"cel
vol t age and pressure were nonitored during the
ent |8.r € ﬁnﬁzﬁ ggcla%’ﬁ, wri)egeoc'§p§r§cula(e 'h:als a ;?Itlrcleepl.roﬁxzil? hetﬁe%n absltt] own

in E%g%ggﬁngggggm%e " pressure creased trom
O PSI to 150 PSI. A snall sanple of gas was
withdrawn fromthe cell and the gas content

det er m AEE HY AL BT BHAL BG4 FHY (T was
96.3% H2, 0 4% 02, and 3.3% N2. After the cel
was char'ged to" 2608 8F 1§ st ed capacity, it
was 30 left idle in the open-circuit

providing a hydrogen storage alloy; an

. d
confi gur.athon faf 11 Y& hoyrs. —The cell vol tage

and pressure were nonitored during this open
cir Qll.“ t. ‘haQngll:ojl OQCglim((]F\jf Qesij‘ll;m ea«:.!}lg ste c;rl;hn?es ?eeel !) & r eosure
decr eased from 150 P%ﬁ t%tﬁe S TRAN BUE P in
aboudoohi Y& pOMES denonstrating 36 19 January
2004 5 10 that, even after 315 cycles, the

al | sz SﬂhU mtt@&w@clai\é@],swhéﬁah Laild lluach@gtlepgompritéesothe g'e(f:' (I;T ox%gng gid
catal yst effective to deconpose hydrogen gas

I Nt Oy bAE@ Ga DY 05 QG8RA. Whi.ch coul d than be
absorbed into the bul k of the hydrogen storage
alloy material. It is to be understood that the
di sal OS%MEI&]I&@JESinIaQJEa@Shs c]aimt@ﬁﬁir('mtheip@ed@grcigl%@muﬁ . in
the formof detailed enbodi mrents described for
t he purpose of making a full and conpl ete

di sel osuken ofrithecpl.e68ah anf AMEGRLHhQDN 7 @A ot hat
such details are not to be interpreted as

|1 mist | NG ctiher ckif U @erSCOREorQfmpricbt 184 ond idd¥@NEid ON QS
set forth and defined in the appended cl ai ns.

37 49 Jrouar.2004.Arended. . al.os Ve claim

17. The catalyst of claim 16, whercin said at least one metal oxide comprises at least one clement

selected from the group consisting of Ni, Co, Mn, Ti, Zr, Fe and the rare earth clements.
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1, A catalyst |lacking a noble netal, said

catal yst conprising a netal particul ate having
a particle size | ess than about 100 Angsi{eas;
and a support. 2. The catalyst of claima1,
wherein said particulate has a particle

pr oxi m t yisbetmwegmyabgutai 16, ARgSt r-0E: ane: abautt:
300 Angstr&irsscneBized frel<ecat @k ystie gfleckaitm|tpe grow
wher ei n sBEPUHAr tfi CiiEte “CONPYFsesntreteensts orre
met al .sel €€tEd F¥¥M the group nickel, and

ni ckel alloy. 4 The catalyst of claiml,

wher ei n sai drmbi-ckghe alhy . £LQRPLLSES At .Leastera
one el ementaselectvednc.from the group consisting
of Al. Co. Sn, M, Ti, and Fe. S. The catal yst
of cl'8im?,; Whereln Said i cketin atib ey das @nmetal
al | oy selﬁt?éampflfﬁrﬁnt%?e@f Bup- E‘brf§11 &ti ng

Of NI IVh al JlOyThe cat é:l of%ll QyG’ wbzlreln s l l 0 é meteﬂd
Ni COMFe akd.QYmprGes sENg1C3E Al "S e i T

whereksn sai d support conpri ses at | east one
met al oxide. ™HF caAveatialysts, “COAPEILS kNGastane metal
ni ckel andf6reowieret alk oy part Fétkat e having a
particle sizg |ess tq abog’t 100 Angstrons.

[ talys in said at le t one metal

Sal d 20 nl Cck:%e ca:tlp 1Q¥ c i ‘Adr!:ldlurse gralned oxides.
pal | adium and 38 a support 19 January 2004 8.

The cat al st refeatelvai McPain Whekedin sSAhdicast one metal
parti cul at&hasiapartiicl e proximty between
about,; 2 Angst rom e and aboqt §00 Angstrom;. 9.
The catal st of  CI'&i fh 75" WhatE h “¥ard*Su 5perte
conprises at |least one netal oxide. to. A

met hod f ofs. makicagiver eatiah YSkyreeOBREAShNGd:he
steps of, providing a hydrogen storage all oy;
and I3%ach| ng at Ieast a portion of the bulk of
said all gy mmio THE ¥t RO Of "LFYP ne10 c=wher éf n
sai d | eaching step conprised { RBEtep of
]caching at |least 10,000 Angstrons of said
alloy. 12. The nmethod of claim 10, wherein said
| eaching step conprises the step of oxidizing
said alloy by contacting said alloy with an

al kaline solution. 13, A fuel cell conprising
a catalyst as clainmed in any of the preceding

~l A7 v~ | + lher A1l O 1 AN AN € .:A1 ~l 1l ~AAYINY 1 O~ N



17. The catal yst of claim 16, wherein said at

| east one netal oxide conprises at |east one
clement selected fromthe group consieStdsre. Of
Ni, Co, Mn, Ti, Zr, Fe and the rare earth
denents. 39 19 January 2004 5 18. The catal yst
of cl ai m ¥, ™wh@reish Saitti"at 1Akt sYae=irkrafe
oxi de conf)“ﬁté'%éa“é(t“mifér&é% VHREERiYE BBl sy S

fromthe grouwp ..GOBSISLLAY, .. TRDGRNESE. O G ea
ni ckels Mg anest OXLdes eaﬂdantlm ﬁrl&lﬂeg%f E}Qeﬁl’u,@@iﬁ, a
19. The catuabyistorak «cloatl m 16, wherein said at

| east one netal oxide is nmultivalent. 10 20.

The cat al ¥t 2oft=etainrisi~ewherein said at | east
one rq%t al argﬁlﬂékei:lgjj‘fti}fﬁns“egt ’q}g?“d&ﬁié“ﬁ*fmﬁ/hha‘l’ ¥,°
o, aitd T 21, st grera s

acki platlnum ag Da

vvherel n sai d.algdeast one metal  oxi de
conprises an oxide of Mh, Ni, Co, Ti, and Fe.
15 22. The - catcakystt of clghap. Mhdsein spheredimigabg =
at | edst eyiEciretzl = o%i e 7(9(?hﬁ§F‘l°*§es an oxi de of
M, Co. and Ti. 23 The ca st of claim 16,

The’ caI wh reln s, Qﬂ partl gxlate hds a

V\her el n SQElrdi @ size J@'S:tetwgég%boqu(acmd al
conprises fine grained oxides and course

grai n@d oxd-des.ca@dyst Ih@zi@ab ahysts Bfd GHadumh:d B;s a
wher ei n seitticgt sitelastevomnebmetaind soxi derjogrons.
mcrocrystalline, 25 25. The cat al %St of claim

1 , where:.n sa articulate a

1 V\'her el Qar§ 1e 51§el'rf}gpagtw en%QnPEd g about @'Or gsrlroms
The catal yst of claiml1, further conprising

zeolite. 30 2 catbhier eatiah s twnobinGhai dicloulate has a
wher ei n sedstictatiad yStrves 2gONPOS iabobiO Prakdssprons.
graded within said support. 40 19 January 2004
26, The cia VAl AT JHeFele s -
partlculatels b3Tant1 al 15 uni For g™

d| str | bUt @‘d tTKHcQLLngQUEt cl&ahd @H:QJBQEJ:I ‘particulate has a

particle proximity between about 2 Angstroms and about 300

roms
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29. The catalyst of claim1, wherein said
catalyst is formed 5 by leaching at |east a
substantial portion of the bulk of a uhydr.egen
storage alloy. 30. A catalyst, conprising: a

ni ckel and/or nickel alloy particulate having a
10 particl"®ST%e | ess than about 100 Angstrons,
sai d nickgl allQy.y.lacking Pl aLlodmand, . a1
pal l adl urHom;aﬂds at SiéPeQOEJe elgm-Lnt -EQJQCtQ@t@me$lte taoup
cl ai ms30, covhereiaa said, parki eulat e-.has a 15
particle size is less than 70 Angstrons. 32.
The cat al ¥st ™of “2e&F mt 30> "wHer&fnirsaiit nickel «lloy
particul at'® A4S °§ “*par fi°cl &8 7&'°1's” etneEn s>
about,,10 and about 50 AngsSt rons 20 33. The
catal yst of claim 30, wherein said particul ate
has a particle size is between about 10 and
about 40 Angsereawst 4laid ke veatialystiaf «gl-aima
30, wher ef'frvsaictrpart i"c gl e husoat "Pariipe et
si ze °s bBtHeeH 4By at 1o afidogtotit>r30

AngSt r OnB41_. 2'§1e%§ta_1yl_b§f &%ﬁuaSIDY%tereer saQ«L _gj!cml %Ql_’oy has
wher ei n sail € patd.i eulale.has a particle size
is between about 10 and about 20 Angstrons. 36.
The c4dt al 4st Trefeaelval rh SO0~ 3Wherel:paiggimgort comprises
parti cul at'e* s "35°@HOUL***0001% t 0 about 99% by
wei ght of sajd catalyst 37, [The catalyst of . .

h& cata aim eréin said s

cl ai m 30, .whereLn.sal Liparticul ate has a
partiml e proximty between about 2 Angstrons

and about ¢430@e4icalyBic Jamuiar of 2004 . ARgst FOME: 138,
The cat al st <t6t “tfairr3e *\iier eineisaitdscticeR eFor
al l oy colfriges ar-redst  thé™eFerfént> s&i gered
fromghe group B consi st ng of Al, Co, Sn, M,
Ti, and Fa. 3Q.c.clheicatahstiof aClaldl 304 ot 1ease
wher ei N Saik Geddh ek comdrisoyn £GAPE 6eS at | east -
one el ement selected fromthe group consisting
of Al, Co, 5n, M, and Ti.

42



10 40. The catalyst of claim 30, wherein said
nickel alloy is an alloy selected fromthe
group consisting of NiNn alloy, N CoAluldou
all oy, Ni ComnTi alloy, and Ni ComnFe alloy. 41.
The catal yst of claim 30, wherein said nickel
al | oy has’lG. aﬂlefcgttglyg%%‘iéln 49rwkt§&t1@1;1ldgg 'leagtponé'aetal
The cat al %$de Ofpricl-adnm30 o whemekn sai d support
conprises at |east one inorganic oxide. 43.
The cat al ¥st ~ref=telvai 30T ‘Whverrer raigal teasupporl
conpri ses"“%t“"l‘%‘a%‘% g (retal Yo%t ded 25 30 44.
The catal ytig material  of cl %ém 43, wherein

said at | gagt...ong NeLal 0% de Comprisss &t ™
| east one el ement selected from the group
consi®ti ng. ofheNha1yECqe cMig a3Tivherdh saiff@s 12RGnE BRa1
rare earthicelowrert 9. x4 of Fhecocatialiytic

mat eri al of claim43, wherein said at |east

one net al ox{M&> CIApYiEEE A oxT du° 6F * W, AT T
Januagy 2004 48 "The “Cat af]yst oF G & T A oxtaes
Wher e| n Sal.l dTﬁtcaJaﬁ@Stxf QE.J.@ BB’Etrlfalle:xn QXJ gﬁport material
conpri sescaniexkdeaof M1, and Ni. 47. The

catal yst of claim43, wherein said at |east one
net al - 5520xF‘He°a”€5’ﬁbF"i T8 *An " OXPAE™ B WMo,
Co, and Ti, catatgg:%atcglm\/% Qf-Ll @l rg;m b of saia
wher ei n sal.d.at..lieastaQi@iMBLA). OXid

conprises an oxide of Mh, Ni, Co, Ti, and Fe.
10 49. Th#&-cateadaystst of c@li“apfm #AFeinaer edrncgaiedis
at | €dst BHETEL Y foRIY AR ESHPT irsesresrak e tof
M, Co, and Ti. 50. The catalyst of claim 43,
wher ei n Saj drat..l.east: a0E Hehal., QX A€ryer is
COITpr| SeSfcfrrlleﬁeay ge{a&lnﬂ;&d l%il deﬁos:ﬁ:ﬂdu portion of the
cour s@- graitned s oxrgesrordd aRQy.

56. A method for making a catalyst, comprising the steps
of:

43



51. The catal yst of claim30, wherein said
support material conprises carbon. 52. The

" catal yst oL claim 30, further conpri Sishgay 200
zeolite. 53. The catal yst of claim 30, wherein
the density of gald particul ate | is_graded

\M t hl n Suppo{eLcln 4at 1 @ a ﬁ&n@jglya%t. pg:fcloglogltm !?th of
wherei n said.particulate is 25 substantially
uni formy distributed throughout said support.
55. The cat atwystetiof | abim 30, vnwher eiin Saintha step
cat al yst f§s=iforred=rhy 1*?@:&%|aﬁgeaat i eRsmogroms of
subst ant i &' poPtion of the 30 bulk of a
hydrogen storage. al!QVe.x6s AuiRLhod. for  maki npq

2" Cat @l YSlom, CONPII SiNNG LN SLERSe: OF ve 4da 1
January 2004 5 10 15 providing a hydrogen

storage atdl oyie @nge|@achinng. athelegasiidaleaching scep
si gni f i car=for thontofett erriral kr-ofriagai d? aff | oy
57. The nEtHod of claim 56, wherein said
lleaching gfep,. LONRTIS&S:.tHe SLER Qam ﬁ%ﬁ%%n&p
at |east J£,000 -Angst r00B.0fne Sai ;3! LQY.1c56 .o
The net hoehcofaickakbdS by Wher b sadidiiheac hdangs.
step _conprises. t herStepsidfideachhing. atidie@astnd
10% of saiid=ats|'dyB4. The nethod of clai m 56,
wherein said | eaching step conprises the step
Of l eaChi E]]g %&éb%zttﬁgtclfall!a]yl ﬁl lwhtgctinsgsjig 1ea@Li|nQyS'tep
60.. The seihad -ofcal ai Mabbre Whenein said
| each#*ng step conprises the step of converting
sai d al | off-t Greatretidadt clorte s mate &lid sei-Biet edsr
from the gFod cfg)enﬁf"sgrgg of oxides, .~
phosphi de§dterg T orraes, Teraes SUehr st deg et
sul fidges,

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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20 m xtures thereof. 61. The nmethod of claim
56, wherein said | eaching step conprises the
step of oxidizing said alloy. 25 30 62smde:

- met hod of claimb56, wherein said | eaching step
conprises the step of: contacting said hydrogen
storage alloy with an alkaline material. 63.
The net hadeeof=1 cl ai m 56, mherein sai d Ieaching
step co rlses t he ste cont acting said

methoc} lof <:1£3 tﬁh wherein. s 1d 1 %hT@ step

hydr ogen stolrsesg«%e L an aci di

‘] an Uag y Zara:ﬁcomztgr(gl sg'id hy@rﬂ'gen -ls_tb@ag@%hnp gl t9 gikgﬂ. ;LE@
56, wherei.n.s@i gl eaching step conprises the
steps of: 5 centagtidwgnsake hydsogen storageidic
al l ay wi thtanrral kaline material; and
contacting said hydrogen storage alloy with an
aci di'¢ t efFale™a0" @‘édlmﬁ‘fe ‘T Hod of et af m

56, wherein sal,d. | eACHL NG .SL.EP, CUTREL $851 L8

step of: alietnal isgly..centacting said hydrogen
storage alloy with alkaline and acidic

mat er®al s&é- 18266500 hiecipet odhepfin ctigizfraBRs material
wher ei n sﬁ@ﬁﬂﬁfﬁaﬂﬁﬁémﬁﬁ&%?vﬁﬁe conpri ses an

al kal I n‘eg al hydrtrga g:lalm 66, Thne erl‘x?tsl;:%daqu Li me
66 mer el!lero§1%L qP = &@Jd frmtxgl;roupm@r ng pl)éss:.um
sel eched fu0Mmat heaigh OUPxRANS HSin Hg Bk, POd ASSirdsM
20 hydr oxirdees.sodi um hydr oxi de, |ithium

hydr oxi de, and m xtures thereof 68. The

met hod of“blgfﬁﬁggd°ﬁﬁ§?%lh ?H‘ﬁﬁ?d?ﬁ“ macerial

comprises an adid selected e group censisting of HF,

mat erﬂ5a| HC1l, HNO,, H;S0,. and mixtures thereof.
69. The method of claim 56, wherein said leaching step is
chemical leaching.
30 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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conprises an acid selected fromthe group
consisting of HF, 25 HCl, HNG3, HZSO4, and

m xtures thereof. 69. The nmethod of cl.aim»0,
wherein said | eaching step is chem cal

| eaching. 30 70. The rretﬂgtgacpf cl ai m 56,
wherein said |l eaching step Ts electrochem cal

| eaching. 71. A catal yst conprising a netal
particul ate and a support, 45 19 January 2004
Abstract T BNELPREEINY MBEAY GED YWETAIMEOATNOK ST
AND METHOD FOR MAKI NGTSANBARR | nexpensi ve,
highly catalytic material preferably forned by
a | éagticmg prbceys. mifiheecikeat Bhy St « GO hibS&e Ina

f i nefayst dvi-odickly meteahcupatidiCtl «:aher andid ngdpper t .
The hactidey end/prateler dial parfitbldfe ha\h’h@ a aarlmi‘: @Kaiss =N q!olgr] 00

ni chkelwral theaypopad bdourat @xhaxi ng a particle size
| ess than about 100 Angstrons. The support nmay
be one or nore netal oxides. 46
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