;e3eL 6@l1. L. "~ , 1 WO U2/071517 PCT/ USfl 2/ U >>l 06 NOVEL FUEL CELL (b\‘
CATHODES AND THEI R FUEL CELLS Rel ated Applications This application is a ‘\.__*' -
continuatian-jn-part of U S. Patent Application Serial No 4,116,
filed Nar‘élﬁ%i)ﬂ?lz“ggo, which is assigned to the sane assi gnggT@sSpﬂ@&current
application. Field of the Invention The instant invention relates to

generally to useful %meﬁutﬁ_%téEEL:%?Hbﬁés ‘it\gnf'FHEIRCPiJFE’CEELS
specifically to thei nt to ~

startup al kaline fuel cells. These inventive cathodes open up a trenendous
nunber of degrees of freedomin fuel cell design by utilizing

_ reduction/oxidation (redox) couplesRetateld Agpliditidn®xi de couples, or sinply
coupl es which provide el ectrochem cal oxidizer, preferably oxygen, to the

fuel cell el eC”?hDéiLa‘j)pgﬁéﬁcﬁ{ i%%téd?ﬁ@ggﬁ&ﬁln-ﬁéﬁspu. .i%éntérﬁ(}gétﬁt}i%r??%lNo.

couples, due to t ectrochem I's potentral, provi uel cells

enpl oyi ng t it LR, Cr e, erating volta hat_1s_adjustabl.eg by
varyi %g the&@ggﬂx1 1%033?%%@85?‘%&% iVYJ'H%m Stslwerogﬁ’oé?ecﬁ%? ésﬁ gvf %3 tﬁﬁe
fuel cell with the ability to store oxidizer within the el ectrode which not
only provi degrerranhised®n.” st artup, but al so provides the capability to
provi de short surge bursts of energy during denmand surges and al so all ows
for recapture of regenerative energ¥Fieldbf thoneditdanal7 Background of the

| nvention PCT/US02/ 06101 - The instant application for the first tine

provi des oxygen Theaistatteaverttiot rblagés rajdrerals) todisehid RatHieisraetios matbiigly use
oxi de couples to yield a wide selection of s operating voltages.

Speci fi cal 'ﬁbrf&él.%eh@,%a@s &Wﬁi&ﬁg{%h%‘ﬁ%egagtstﬁé EhitRde | t@fiéﬁb..soxa@gmtémed

i n conbination w th hydrogen-si ectro particularly wt ose
constructed of. oveni,c rogen a mat el f I I

conbi iat | onsteytBAHPe e aRAE, TRHEE PPERI b Bhen 6PuE uE at Dl houspmper
capacity within the hydrogen el ectrode and oxytﬂ,en el ect r,od}es, whi ch t k%
advant age off fegreessef freedery ip SHplaselsdesigh by ¢Hing Eﬁ:ﬁ%qt‘eﬂélx'd@t‘gf‘i(ﬁ%fﬁix ,
el ectrodes, oxide couples which allow sel ection of specific ranges of
oper ati ng vobuplge, «fuchheselroetal/oxidenicoablesel b simply acauples! whehatpragde

tenperature range and the opportunity to provide instant-start by use of

t he hydr ogeslegtrochamiczhpadtizet,y peéfetdidy shhaigent apgeherfier cellaicleddotyte nfarhe
material of the ovonic hydrogen el ectrode. 1s As the world' s human

popul ation éPé%ﬁrBQIﬁ?mﬂfa‘F%cﬁﬁbW.t T h%%e‘?@@éﬂé‘o@ﬂlés,rtﬁ%e&ﬁt%% etlt%btfﬁcﬂ\éhﬁé‘alt he

econom ¢ growth alT nations desire. The traditional sources of energy are

the fl%ss' | E)gfseln?ia%'rqude YME%eF@erI%Léﬁﬂ%yiﬁb?ﬁénewﬁh %Hlilrl bedkd operating voltage
that is adjustable by varying the redox couple used. Additionally the redox couple
provide the fuel cell with the ability to store oxidizer within the electrode which not

only provides for instant startup, but also provides the capability to provide short

surge bursts of energy during demand surges and also allows for recapture of
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amounts of carbon dioxide as well as other nore i Mmediately toxic materials
i ncl udi ng carbon nonoxi de, sul fur oxides, and nitrogen oxides. Increasing
20 at nos G centrations of carbon dioxide are warni
creatingggﬁgkﬁérgﬁspecter of global climatic changes. Ene?gy%prg§UC|ng

devi ces which do not contribute to such difficulties are needed now. 2
V1' O 02/071517 PCT/ USI | 2/ 0610( A fuel cell is an energy-conversion device
that directly converts the energy of a supplied gas into an electric

energy. Highly efficient fuel en, particularly with
their sinple conmbustion product gﬁ&ﬁ@@&hﬁﬁﬁjlr@éﬁ ideal alternative
to current typical po enperations neans. Researchers have been

" actively studyi nﬁh%lﬁ@ﬁrﬂ@gpﬁ‘@'oﬂf‘)b elfirstdime,provigas Qyoene %'E%Wbsr and fHedh
energy-generation efficiency. The base unit of the fuel cell is a cell

. having a catélisdesingsucinetistrosied, whichpyseopxidatceuplesctorelg @ widriselecipn ofhave
many potential applications such as supplying power for transportation

vehi ckes, repérafihgyokagesn Spetifically, thedinstamt inventesirive datpirinatimateriafs, al |
sorts. Despite their seemng sinplicity, many problens have prevented the

wi despr ead WEﬁsﬁ%é?Jd hu®Imisigktion mﬁiher%g?bd;dn ma%teleétré@@s fp&hcaéﬂl;b vdﬁh&h@sés

focused on P.E. (Proton Exchange nbr ane) fuel Regrettably, the

P.EM fuel i has
many ot her GG Zer“d pEbRoNEIofGadt eiedk Hptpaly }Sﬁﬁfbf)f’vhf“%? g EoHRinPLy o

is acidic. Thus, noble netal catalysts are e only useful active materlals
for the el e¥elbbigl Bert %@a@%f e)ﬂﬁffaﬁwrammgrqsemator%wwa&@sﬂy téthisshe
metal s costly, they are also susceptible to poisoning by many ?ases

speci fi cal | hydrageorelenirasiel ard pRen Alestodpe vduce talfe adantepeiof Iowtoest inf
the P.E.Mfuel cell electrolyte, the remainder of the materials of
constpuct i ogorppatiden withl theetrbdilonalegldtihombelecivoped, | dlige vaduplesuahichnallow

envi ronnent , ich again adds to the cost thereof. The proton exchange
menbrane it §é|b&tldr§of’ééﬂécﬁlceﬁéﬂ§8§ b’FSpel%'ﬂﬁg RBRAYS Bf @ife elebﬂro&érﬁ’i\é’apéélfs%th a
conductivity at te ratures below 80 C  inherently limts the power

Fhe ?fE&”‘SCeb&%%%%%i%ﬁ[ﬁ@%%ﬁé%ée tﬁﬁ%&%@é% P.'%PMG RN 87 o

t enper at ur es. e nenbrane is sitive er at

begi ns o S8¥e 9h 1 MIHAEN SRR RERaIY 0! (B AOH ANy HERE e EREanEe and
dries out at higher tenperatures, thus causing ceII failure. Therefore,
there are rrma;ermlsﬁﬁwavca‘gebydmgelﬂeelect@dﬁ fuel cell which nake it s
sonmewhat undesirable for commercial / consuner use. The conventional al kaline

fuel el |l has soAe thdwonldaghrsmangioptldtion expaids, geddtsr amouhtd of desrgliare
hi gher operating efficiencies, they use less costly materials of

fcgglst ructi ofgcédddry REYorowde the eessbrhier gl HatioRsTieanes - TREradiiehalne
sources of energy are the fossil fuels which, when consumed, create significant
amounts of carbon dioxide as well as other more immediately toxic materials
including carbon monoxide, sulfur oxides, and nitrogen oxides. Increasing
20 atmospheric concentrations of carbon dioxide are warming the earth; creating the

ugly specter of global climatic changes. Energy-producing devices which do not

contribute to such difficulties are needed now.



cell also has relatively higher ionic conductivity in the electrolyte)
therefore it has a to nmuch higher power capability. While the conventional
al kal i ne , & & is less sensitive to tenperature than F gﬁ%g el cell,
t he pl ati\&émE/g@t‘lee material s of conventional alkaline fuie] ’F/g 0%t r odes
beconme very inefficient at |ow tenperatures. Unfortunately, conventional

al kali ne fuel ceAfuselsell darsehdrgy-conoardidredevicavthad dradacdragets the endgy of
exanpl e, conventional al kaline fuel cells still use expensive nobl e netal

catal ysts ia fiphlle®! 864 i8e8n _é’b@étﬁ31er§’e§rgk{‘ngﬁ@11[ﬁ-é¥fi&(bnf ) E&‘s‘ gr@l jin

suscepti bl e to gaseous contam nant pois e conventiona

fuel cell i i bl . f [ QR O ar.b es from COP
- produced by YePad HATEGRM AR RO BORbl AR PRrp BB WG wal BT

inmpurities int fuel and air, used at the 20 e] ectrodes. This carbonate
_formation c'fieagglf%a%\ree?% PUTGRiIYRICEE PPYEE 98ETalions dieanS d RessAwners Raye s
the activity thereof. The invention described herein elimnates this
probl &m f r dvearh eciivelye studyingnsuol/ deviegs ROTutiGe this 106l Redls petdndipl |Highe
batteries, operate by utilizing electrochem cal reactions. s Unlike a
battery, i renvdrggdyenbeationadfficieacgy is stored within the cell, fuel cells
generally are supplied with reactants fromoutside the cell. Barring

failure of the etipehrgdepit Fné AN call ib e |H¢é\>in%eﬁm@é%,yam¥ﬁéd&% and

oxidant, typically air or oxygen, are supplied a e reaction products

mpor Cant - SRARPHGES PR SFualoRB KRS, maty bl Son Raufns SR 8"

systens. These i.nclude rel atively high efficiency, environnentally clean
operation eX{RRLYIRY PEWgHJAr ﬁﬁnwozi/a#@mw}'@sénre&éa g §8am furpmascanGpPver v,
few noving parts) and quiet operation. Fuel cells potentially are nore

ef fi dPent t3upplvapplications afElcesis. Joespitestheircaseniiag eimplicity, mmnyGanobtams
cycle. The maj or conponents of a typical fuel cell are the anode for

hydr ogen 15hawe pieventedathd wilesprebiadagb®f feedygdis. reducti on, both bei ng
positioned in a cell containing an electrolyte (such as an al kaline

el ectrol ytic sol Pﬁés,@ﬂllY mBé?gPEﬁ%'fMe! AR BRI BBLSed SYPIE A% @ﬁcggg@g%ga@g% ught

oxygen, are respectively fed through a porous anode and cat

0, P 2B M A e SBELIING PR R M
Flel “cel |, CHDSFUSRISBHRREY (3N BASDABNCRPE! ISLEAERIRS. 2 Oy B BHER, F0RI
and tg/dr Oxyéleict?glflte(fgr_me Iso;setgr%nié aiciréict:. h'le'huesl,en%tbgeoxl”n){attael ’ca\tlg})i/sctrs] arree ?hcet orglg ufsg;urln
active materials for the electrodes of the system. Unfortunately, not only are the
noble metals costly, they are also susceptible to poisoning by many gases,
specifically carbon monoxide (CO). Also, because of the acidic nature of the P.E.M
fuel cell electrolyte, the remainder of the materials of construction of the fuel cell
20 need to be compatible with such an environment, which again adds to the cost
thereof. The proton exchange membrane itself is quite expensive, and because of
itfs low proton conductivity at temperatures below 80 °C, inhe-rently limits the power

performance and operational temperature range of the P.E.M. fuel cell as the PEM

3



wat er and rel ease electrons: H2 + 20H -~ 2H20 + 2e- Eo = -0.828 v. S WO
U2/ (171517 PCT/USO2/f1GL0G At the cathode, the oxygen, water, and el ectrons
react in nce of the cathode catalyst to reduce t nd form
hydr oxyl ‘?Voﬁ'szmzoif 02 + 2H20 + 4e' -~ 40H Eo = -0.401 §€T’%§W3?(Z|
reaction, therefore, is: 2H2 = 02 -~ 2 2H20 Eo = -1.229 v s The fl ow of

el ectrons ijg dédrl'y' r?cﬁ‘ﬂfdn@tlﬁlﬁé]Vétdé\N%%bFétﬁ?és eR%bgihé ﬁfen?oﬂaﬁé% %éh@ih{)é“td)y
connected to the anode and cathode. It should be noted that the anode

cat al yst of fuel bA O t he
reaction th|h+?e®h§?5lth{e% éﬂﬁ be@ﬁl tPOS%S{reggéjé C% Tﬂglnﬁg}bﬁ h@@gcﬁ@@%@i
must cataly e an accel erate the formt ons, and e' fromo

" This occurs RThWEr P d%@%ﬁptcawab%bt@ﬁ"%@mr%ltBHﬁlcéPs'Wcﬁe(ydcéﬂureThe
overal | reactlon may be sinplified and presented (where Mis the catal yst)
~as: MrH2- ~2h\berefere, fherprargenamygisadvantagssetoctitealPysM. fusk celbwhigh pake it
efficiently catalyze the el ectrochem cal reaction for formati on of water at
t he ebect r osgrhewhat endesiablafor toatmedcia/cehsuroernsdé.y i s di ssoci ate nol ecul ar
hydrogen into atom c hydrogen. Using conventional anode material, the

di ssoci ated hydrﬂﬁl@Boh%ﬁtb’r\\%ﬁbﬂ(b%@fue%@llhE@ SBMHQMMQ(%%VW Eemsfdé{s
reconbine to form hydrogen if they are not used very efficiently in the

oxidation r n Jat

Mvent i ve | ORIk oy ey aRU GiRathg bR ARSI BT BRIGES Alydabhisg i os

soon as they are eat e and then 2o re used, as ne ded t r.
VRO 2/ Samstrichion, ag NSRS B anAgDERIes: | e akpie Ril

eff|C| ent on both interfaces, the catalytic material rrust be resistant to

corrosi on bgelt 2180 Ak selatively highar donie songuetiviiin theceleelytss therefaseiithamae,

the el ectrode woul d qui ckly succunb to the harsh environment and the cell

woul doqui ckinpchdsighef power cagability. dMhilestheneonprentionalr alkblived fuoel| dellaisddes
catalyst is platinum Platinum despite its good catalytic properties, is

not very susdmimiv® {Ptenipstatiré ahsn CRPEN ifadl &I tRS p%tﬁ@hﬁb&tﬂe friatterial §|ofCel |
anodes, because of its very high cost) availability, and the |mted wor | d

Sunply. A SonbRal T Rbik ALY R el iline? Rk ARl WISTAPS

cont am nati on tres no y contal ne drogen

hydr ogen T BMRSTaEERE ahiNETH LA Bl amRRIOnA 4 kel Ll PSV@%@P%%{Q e”ith%'r
P s o Tsadvantages. |~

15 For example, conventional alkaline fuel cells still use expensive noble metal

catalysts in both electrodes, which, as in the P.E.M. fuel cell, are susceptible to

gaseous contaminant poisoning. The conventional alkaline fuel cell is also

susceptible to the formation of carbonates from CO; produced by oxidation of the

anode carbon substrates or introduced via impurities in the fuel and air used at the

20 electrodes. This carbonate formation clogs the electrolyte/electrode surface and

reduces/eliminates the activity thereof. The invention described herein eliminates

this problem from the anode.



in untreated water including calcium nagnesium iron, and copper . The
above contam nants can cause what is commonly referred to as a "poi soni ng"
effect. Rgg%gm5pg7occurs where the catalytically active s &?ﬁm&% 5 e is
mat eri al conme I nacti vated by poi sonous species invariab y con alned in
the fuel cell. Once the catalytically active sites are inactivated, they
are no |onger avRidlatdlls, fliae battdries, aspetateaby sutiiziner el@ttrbchmtcahydaagms.
oxi dation reaction at the anode. The catalytic efficiency of the anode

therefore |gnfiRAdCEakeH Camvfméh %Meﬁﬁéénbéyw%ynsogto@wawhﬁm thec 2Ll ﬁﬂbl %@héy

active sites Is signi | ower ed soning. In addition,

decrease in_cata c er,
 anode and HETREEN, g afipbed %@ﬁgﬁ?cﬁéé%eﬁ%c%%'ﬁ%%ﬁ% R ﬁaéﬁbé?%&a? f‘f“e“% the
operating costs. Overvoltage is, the differ e between the actuyal working
_electrode peehedes. amigen aothe ugharelesly dhdregen angLpxidant dyrically OF ho
physi cal nmeani ng of overvoltage is 7 WO 02/ 071S17 PCT/ US(12/ OGLO6 t he
vol tage recoxygen, ae supplicdrnd the reastian praskictsoanerenmvedatie edll cantingas tat
the surface of the anode (charge transfer resistance). The overvoltage
represents gseratglesi rabl e energy | oss which adds to the oper ati ng costs of
the fuel cell. In related work, U S. Pat. No. 4,623,597 ("the '597 patent")
and others in 'tFé?I%elllé%%gg nuHFerQif%ﬁBQﬁHﬁtea&fa ‘(‘ﬁ%efskb\}e? ﬂl@Fr?aWombustton

|ncorporated by reference, one of the present inventors, Stanford

Ovshi nsky, d ti t g aI S
for use as %ré@ﬁ |3§ fgb%%kg eégt(%%él ecﬁﬁggﬁem%?ﬁy q?ﬁﬂ%)érlgéﬁ %{d’Eﬁéthl ne.
In this patent, Ovshi nsky describes how sordered mat eri al s can ilor
made (i.e. era\flmr@%ntﬁ@ f\éanrpé@r%t&n %%Pefﬂag twhen HE'#%&EVW&PB@@@ B{eir%@@ and
to reversi b| lity characteristics. Such disordered materials are anorphous,

m cr der yst ateliahtity, ifewemawdpiasts; andequietdepsrationl/ duepoecpgtentially are (oseki ng
| ong range conpositional order) wherein the polycrystalline materi al

i ncl udes t opfakieat trdn otherpoRvdritional poweesairabs baskd upod tpe Siarhstytle.
nodi fi cati on and di sorder. The franmework of active materials of these

di d d mat t
| sordered materygh %Q%P?gﬁ?prﬁ?xfgnﬁ]fig%h XER:%F ifel! SellOhreOfiR d@'i‘@r ﬁ;bcﬁ‘gﬁ@ﬁ S

and nodifiers |ncorporat matri x. The no |ers enhanhce the
di sorder of _t. e e d
Spect rum of o8 HetoT BB oAb K67 reh, #%ﬁrﬁ,oééﬁ Gilo iozosﬁéqw%ﬁﬁ ri-d
di sordered el ectrode terlals of the .patent were forned_fro

| i ght wei ghtCO’PtBW'Qﬂ)§f‘ E@@Fﬁmﬁs{s%‘g‘)‘ Qﬁf‘nrﬁj glect Qb/ﬁﬁlsa{ﬂ‘é@n?\/\ﬂb’@ﬁg%ééﬂ? ed
20 formation of primarily non-equilibrium netastable phases resulting in
t he hisgh entgaplarisdsyeines hydregan asd anygemvaregsspedtively tadithrough Boveroust
hi gh energy density disordered material allowed the batteries to be
utilized noahodelwadicatuiesind bought Ntdauyfabatbatdce sithithe efdci)yie goiution:. y
batteries. 8 WD (12/071al7 PCT/US02/ OC>>10C Tail oring of the | ocal
structural qpd gﬁﬁﬁmﬁhat‘éhgﬁutm}eé R th&b5thoab Bnafariode ar@ﬂﬁrﬁ@l‘i‘érﬁ@nd@@tﬁe?f

great inportance to achieve the desired characteristics e | nproved

charact et i st 8 0f o AN ASEs tine POotRR WakintFidediccoP! | shed by

mani pul ati ng em c ercang ence ocal structural order

by the In an alkaline fuel cell, the reaction at the anode occurs between the

20 hydrogen fuel and hydroxyl ions (OH) present in the electrolyte, which react to form

water and release electrons:

Hz + 20H — 2H0 + 2¢ Eo=-0.828 v.



S incorporation of selected nodifier elements into a host matrix to create
a desired disordered material. Di sorder permts degrees of freedom both of
type and \950% ey, within a material, which are unavail ap{ff/U.S&’}{'%lOG
conventional "materials. These degrees of freedomdramatically change a

materi al s physical, structural, chem cal and el ectronic environnment. The

di sordered mpjfd icﬁlf}?‘afgaé;tﬂf tok?ﬁ@ré,pﬁréfé?,t ahé‘ggétp?)r%e%d&Qn &h8%Ire88h¢e of the

configurations whic arge nu active sites. The nature

and nunber of, stora i.tes were designed .i.ndepe ly f .the

cat al yt i cal $3ih3d¢ icég?ﬁs[tt%@dm @PWS%%P%M&? ?‘gags&t @%Séyml e transition

~elenments, provided a greatly increased nunber of storage sites due to
various bonding configurations avag,abpig,0i+s4éhes4a@Esul tENg -040any.i ncrease

in energy density. The technique of nodification especially provides

_non-equilibriummterials having varying degrees of disorder provided

uni que bondin opfiquration orhital, overla hence-a_s rum of

bondi ng sit Qgt%agretagﬂf)ﬂ’ethaf %?'@ré%t %E‘b?e o1|‘02 2&%% al g%‘é'r'l'g%rzgn\}]d t he

di sordered structure, an insignificant anmount of structural rearrangenent

occurs duri Lschak C : J r

esul 3ing 1 hp SRyT B EREVERS RRLPRAI oIStk oloBRloalhbRTOL AeBe HaRiEly
atent included el ectyode terial aving tailor-nmade | ocal chem cal

gnvi r onment SORGM ‘Pﬁ\‘}%&@ eg‘ﬁ%cﬁﬁoaﬁel dghi gh 9 WD 02/071s17

PCT/ US02/ ( 1G10G el ectrochem cal chargi ng and di scharging efficiency and

hi gh el ectrical Uisapyld hrinplied thatibe mnodp watalysof the ﬁ&élll}\%ﬂtﬂ' celhisniegHired

environnment of the materials was nmade possible by utilization of a host

matri x whi cto dowhcre thanaatalyziatreeresiction fi¢d™ 683 witht ®RE jortsetogirediucalwater.

nodified with other elenents to create a greatly s increased density of

el ectro-cat glitdily/aAe bnoaéhms@céﬂal_)% aMAChdRBRIrAEaRe FirfizA oF i 'e5ns df®e” from
di sordered materfials of the '597 patent were designed to have unusual

el ectronic ntd QN ehor r Varyd ,foﬁgépl I
inter'ct i ongg'oﬁh%égﬁrg G’Eanf&ﬂia@?r% OE%EB r[wﬁg?){dr%r? ﬂﬁ? @Pg‘%{ugqr} di Zggder
cane from conpositional, sit,ionagl ,and transl ational, r.el.ationships of
atons. Sel efY aﬁifea@r%@ﬁ%%w"ﬁ?q an Q&eﬁ%‘??%kwlﬂ%ﬁe Mdﬁ#l?eilc?tﬁg’sbl%rder by
their interaction with these orbitals so as to create the desired | ocal
chenical environnents. The integnaly,t-opgl ogy-—tinatoMas generated by these
configurations also allowed for selective diffusion of atons and ions. The
invention that was described in the '597 patent made these materials ideal

for the spefhiis afeUsfodd BERIYBIENGSIUNGt byl eTficiBRN @atdlyze o retdctidoheimices and
nunber of catalytically active and storage sites. Al of the aforenmentioned

properties r%éjc‘gioﬂ%r g&trﬁat?d‘n 61*099(9[‘ %{‘Eheoélﬁ&:rélz@ ineRfAte DRSS @Hﬁ‘icientlé

gqualitative hange e materials so tha ni que new materials ensue

D sorder can, be of an atqm ture in [.m it r
confilﬁur ati ﬁgpcmt%mqﬁquqarr MrﬁganFrp]tpoqjé%&fl?tgrﬁgghuﬁg&ﬁgsqohggﬁ@rg?iagﬁagr in
nunmerous regions of the material. The disaorder also can be introduced by
creating ni Braiedapthe disspciatedinydragenis irasitional angfihe Rygroger atames can easily
conpositional or configurational disorder at the atom c |evel by virtue of
t he rel ati onsttrpbiok torfermpHysleogem if they are not used very efficiently in the oxidation

reaction. With the hydrogen storage anode materials of the inventive instant startup
fuel cells, hydrogen is stored in hydride form as soon as they are created, and then

20 are used as needed to provide power.



WO 02/ 071al7 PCT/US17210Gl06 to another. For exanple) disordered materials
can be created by introducing mcroscopic regions of a different ki nd or

ki nds Of\ﬁﬁﬁi%ﬂL'fne phases, or by introducing regions of, sgyk pous
phase or phases, regions of an amorphous phase or phases |n addition to
regions of a crystalline phase or phases. The s interfaces between these.

various phases qamnaddifyn 46 baind ééféthQIIWéfﬁﬁ‘&rtrd)ﬁfbo'tﬁ‘n‘nt@ﬁ‘ébeéﬂtﬂ@ &blytic
envi ronments whi ch provi de nunerous desirable sites for el ectrochem cal

hydr ogen sta r Li

ot ructaral AGYE! MERTE AERaR o 2%926'@%’& SR, PURERESLE |
the materi aI whi.ch can radica teria Ianned manner
" {0 achi eve SRR Q%%t@er%'&ﬁtrcﬁ%%@%@ﬁr Facc s ln B rerd ARt
principles of disorder on an atom c_or mcroscopic scale. Additionally, in
. copendi ng Uind e @llaveg!daickly lasexflidencinandigie.0ol 524, 116, (' 116), the

di scl osure of which is hereby incorporated by reference, Ovshinsky has is
enpl oyed t he pri@né pries arffueitcaiianoegiegatedpstiis glatioutrai Ptatinunt,deispitesitsvgbodh
uni quely and dranatically advance the fuel cell art. The invention of '116

appl i cati onciastieBropgeriesds ﬁ@tvé@%@ﬁé@é%r\/\l@rd@@c@lé hmeptianfld s 4 eaifyatt up

i nst ant aneousl y by providing an I nternal source of fuel, to operate in a

W de range @f me&ahoagmc% & BPitd QeryH §I}i'08?tf H%ll M/ éMci het?r?nr?éﬂot%ﬁ

under ordinary consuner use to al uel 0 be run In

reverse as an Iectrol yze there y zing/ st qr capture The
anodes of t¥¥ 3&16 3R TLOBH dng ‘F%J‘?h‘@tf l'rkg §%|an Bgn\gt ella
hydrogen storage materials which are highly catalytic to the di ssocj ati on
of mol ecul aporguIngiion rimpuites bpraalironipingd irthe hsheasrifushsiieamd Theae oxy|
ions as well as 11 W O 02/071517 PCT/ USI | 2/ 06>106 bei ng corrosion

resi gpant timpurigieslcaatincluge earborsmsnexitietwhiclo manbe prasemdirsioydrogeth fuehor he
react ant stream and capable of working in a wi de tenperature range. The

next step igorithMiris Bbh@ef intheeledfblyteslich @@ iRputited hBenally dotthifed

materials to replace the expensive platinum cat hode catal ysts of

conventi on'ia]h1 l{’ﬁﬁéag%&}"}.afer |t15]u l&lahemnp%rﬁgswa'%'?poss gorPr ovi de the

cat hode wi re c energy y |ntheformof

chem cal | bount ougech LiTts ' A TR B |

material. The invention descrl bed this application is significant in that
it provi des"ROiONiRK' eieelp Raisanirg weguropihert tae calelitiealbcacbensiiee&f thel | s.
Wth this invention, io the oxygen el ectrode can be selected froma broad

menu 16f avambatdriad bpoersietihact‘nmﬂedbyqnmtdoesusEpesiesriewmiabttyouomtemeidrindkieli‘ueilon
to providing a store of chem cal energy, allow the operating voltage of the

fuel cell teelheOn&d ﬁ@@ial_?_/bdallytabtrve(sﬁtés arinaetiwitet B ey efeXotongdravaiigtsle i s

Summary of the Invention The object of the instant invention is a fuel cell

uhich has 1o oy bkleatyaiast offtiol by anide ng HLRANAEAER ot HREARSAE e

ener gy such a enerative b operating I n reverse as an
pover 2%??&%@%@#“"8@?%@&@ b8l ik Hkoeoli erﬁ%@%‘éﬂhsr"fiéeeﬂrs el nthfEEor

available catalytically active sites is significantly lowered by poisoning. In addition,
20 the decrease in catalytic activity results in increased over-voltage at the anode and
hence the cell is much less efficient adding significantly to the operating costs.
Overvoltage is the difference between the actual working electrode potential under
some conditions and it's equilibrium value, the physical meaning of overvoltage is

7



20 dramatic inprovenent in operating tenperature range (-20 to 150 C. ) The

fuel cells of the instant invention also have additional degrees of freedom
over the s of the prior art in that the voltage Jhe cell
can be ta\lglpgﬂlrz/gz&aild they are capable of storing regenerat Bg*@ﬁsér/(%fw wW
O112/071 S 17 PCT/ US02/ OGL(|1 C The cat hodes of the instant fuel cell s

oper at e t hrihegloltage regairedits mvefconeslthe resistancn o titd passageqofedyrrentatitbe

mul ti pl e degrees of freedomin selecting the operating voltages avail abl e

for such fughrfssd d)isthe%ﬁéﬂec‘(éhﬁr@@etﬁarwfé}vﬂe@%téﬁ&)fEr‘hb SRhditdge repradentdgy are
used, particularly alkaline fuel s, with a'level of chem cal energy s

- Etaﬁlreagei- F“J?%(?‘hﬁ%'é @hgﬁg’%é%@ﬁ!‘{“a%@ AR S i”aé?"“sffé s, The
Storing encray t RGRIRWRER LS, B NG ABLE 5R (R B e L ePo s o

first surface region situated to be exposed to nol ecul ar oxygen which

i ncl udes a linpags, hgdiscipsuse £fwhigh dvhpeakyninceinenterly fefereassoppeidither
oxygen through said first surface region and into said active material to
chemi cal | y ptesegeirs@ntbracStantortelR eOvsthinshy, aegbrivey desorddredrmuiticcompdresrituel
cell cathodes of this invention may utilize redox couples, particularly

met al | oxi deg %Qéh%régéqﬁét@ﬂal%rféf@éé‘ﬁs ﬁéQﬁﬁV@éleBﬁéd’é@n@é@tfcﬁ:ﬁeﬁﬂcﬂf cells
copper, S|Iver is zinC, cobalt and cadm um Another useful redox couple is

the ni ckel %‘?ﬁé’ﬁr‘ Jehiy. ClK‘i‘t‘ns?ée (A Q%IH%QF&é‘é’érfﬁe\%ﬁ?%&ﬁ eE@J flafer@g¥gn The

fuel cell 0 enp oys ‘an an ive teria ydr ogen storage

ity. Th I d | | whi ch
ol | eni cS P Mk by AGT Icaly Shahea PrL RA Ingeane BV HRUEBSIANoES ne

nol ecul ar 20 hydrogen, outstanding catalytic actl vity toward the formation
of wefer frmer@awggeﬁharaﬁ?r@ﬁ@p hydBugh| disaigereghdmaiariab caps | amarphous,
corrosion resistance toward the al kaline electrolyte of an al kal i ne fuel
cel . The amictecastaline, irteemediate mangksodérpand/ospolycrystatiinei(lagking lcrrcgﬁaege
metals. The materials are robust and poison resistant. The 13

02/071i 17 P&dmpioSitioRal Yeledh apidreme thaxpdiyapstallife HAEIRE inEMd &S Qa;@mobw cost

production techniques. The anode elim nates the use of carbon therern, thus

hel ping to gy, %Qﬁibhﬂp Qﬁ‘slatu |oopat %oB@'oﬁQ iftatidre dndelj s%‘?{iér T'i*ﬁ

anode actlve rogen'storage al'l oys use e |nstant s fue

col T ever oL B RSP G e R e BER shol P R o
pref elrsabl Y cs)f"e Ioﬁgtoerdmore elements and modifiers incorporated into this host matrix. The
modifiers enhance the disorder of the resulting materials and thus create a greater
number and spectrum of catalytically active sites and hydrogen storage sites.
The disordered electrode materials of the '597 patent were formed from
lightweight, low cost elements by any number of techniques, which assured
20 formation of primarily non-equilibrium metastable phases resulting in the high
energy and power densities and low cost. The resulting low cost, high” energy
density disordered material allowed the batteries to be utilized most advantageously

as secondary batteries, but also as primary batteries.
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from Al kal i ne Earth-Ni ckel alloys, Rare-Earth/M sch netal alloys, zirconium
alloys, titaniumalloys and m xtures or alloys thereof. The preferred

hydr ogen gfl l oy contains enriched catalytic nickel p¢g 'mﬁ)m(,

distri but\zé%?ﬁ?%ghout the oxide surface of to the parti cufa)?]g t hereof. The
catal ytic nickel regions are 50-70 Angstrons in dianmeter and vary in

proxi mty from Zra3eBnfedtid 1868 stiicirarand shdmies) &del 8HthAngsbrigisel theAo7
exanpl e of such an alloy has the follow ng conposition: (Base

Al | oy) aCob t &ngp ' ] C cent
Ti,~0.1 to%gﬁfg{éig cgﬁgq:r%aetnpﬁ %ﬁé %ha orJHcég%rs ggﬁté%rggeﬁgﬁg'SYﬂ% om ¢

is percent Ni, and 0 to, 56 .atom,c percent ol S .0 1o 7.5 atom ent ;
o 8715 o mpraheRaisairBlES 3 the Boger ot e 537 Ratgal Pef 2oBoMEeRChE 3

atom c percent; and a+b+c+d+e=100 atomi c percent. Brief Description of the
 Drawi ngs 2omanigulatingghedoeal shemisalprdenanafieacadpe &Qq%ﬁtrapt%alfﬁéﬁf pyfthe
anode used in the fuel cells of the instant invention, Figure 1 Bis a
stylized scheombratictepi s¢lectedohodifier elearernits intd @ehostenbtrixdorweateua dasired t he
fuel cells of the instant invention; 14  VNO 02/ U71517 PCT/ US02/ 01101

Figure 2 isgigofleydd aestefisheMoredparinits 68gelest dfefréagdranbotit ef type amdaf i ne
fuel cell wth hydrogen storage anode and oxi de couple cathode in a

Egcte i Lﬁﬁf S@%ﬁ%i a“f’fh('fﬁ%lrg%‘)%”%?“ﬁf f %’%’ ‘K’f'f?}‘aohe"%Féﬁ?aﬁﬁi“@fbﬁ%%’?‘%’éﬁ???ey
ro _ versus the s c _
Compar af | valegteR AL TopPaN draBpteanzcinge SmaRhiaR el i uRRk shofioal o

vol tage (reduction of polarization_of the electrode) of the inventive
cat hode oveand iecionieavirermMent hodle iserderad, Batefialedf th@e%@i tRatepianaye) -

io Figure 4 is a stylized schematic depiction of an energy supply system
i nconpor at i gesitdueelecisorincosfiguratipnsavkizhiresulf ine lacge humberofaadtivesitest The
enbodi ment of the instant invention. Detail ed Description of the Invention

Thi's invent hgfiré i eRunbiSerCaf weg_ef gites WRlrecebsignudli ipliepesdently fromodigd t he
i s mechani smof redox reactions ich uniquely provide nmultiple degrees of

freedomin éﬁlaﬁ’ﬁ%'gg%&m grerating voltages available for such fuel cells
I"'e”an

the many varia reversi bl e redox coupl es avail able as choices. Such

v used) par b1 cHBRTY Tl TRHRE Tt pRABHI Falffih dorblle. Srodadlaenty .

energy storage within the cathode itself. This 20 Jreans ft;hat .such f_ugke

cel ls will Wgeasednyumbeiof siprage gips due b Varais ReRding spnfigirations ayaila
cathode at all tinmes which, particularly conmbined with hydrogen storage
anodas descthusecksulingoipeaniiimeretise tieerdrey densgify| iTdwt tashnispiel af magification
09/ 524, 116(t he di scl osure of which is hereby incorporated by reference),
yi el d i nst agsp&diaiiyt plovidescedn-eqidifibrium materials having varying degrees of disorder
provided unique bonding configurations, orbital overlap and hence a spectrum of
bonding sites. Due to the different degrees of orbital overlap and the disordered
structure, an insignificant amount of structural rearrangement occurs during
20 charge/discharge cycles or rest periods there between resulting in long cycle and

shelf life.

The improved battery of the ‘597 patent included electrode materials having

tailor-made local chemical environments which were designed to yield high
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WO 02! 071s17 PCT/11S02/ 06106 in general and nore specifically to Ovonic
instant start al kaline fuel cells. Such fuel cells have a built in reserve

of hydro itk the anode and cat hode reactant (possib - in the
cat hode ggp O%?tagﬂt startup (di scussed herein bel ow), andbﬁg@é(ﬁ?‘ﬁg&(’abi lity

to accept the energy of regenerative braking by acting as an s el ectrol yzer

(al so di scugsgfbdiingical BRARIMg aﬁﬂediéékférgﬁ@! bffishcl e ARf erichical epgygend
i ncreased power capabilities as conpared with conventional fuel cells of

th . . D Lk | . ' . .
range of ¢ HRU T8 SRRl the EERFAT ARl SRVRRTIGN ind SIRRAI, |
present i niBAES GRSl B SRIERB E 5 HBF FEfx BB Uddn AR Wit the,
ener gy suppllé systemincorporating the present fuel cell. The fuel cell
~anode’ i ncl ua%% paieat i ke schamisalhh medifiethvibhiothen gleprentsaiet ciaaty agreally as
hydr ogen storage capacity. The cat hode and anode materials do not include

any nsbl e natEasedaletsy ef eleetrofcatalyiicdlly raztive sitesand dytrogenestoeadeositesand
anode materials are robust and is long-lived, being resistant to poisoning.

The anode does npie utsbkae?redtmﬁeﬁarsbﬂrﬂhéw&fa%@m@fe ddxigied & havdunidiial € a
detai |l ed di scussion of the instant el ectrodes and their utilization in an

kal i ¢ e . _ . > _ h

concept s of EREGIE P nERRRENR R ReO R e VandRPSiin g Ol B tebfion; °
| .g. P.E.M, fuel 1 1s). N l, . h f | I t hodes,

Cevoen. = tnepablySH 5 Bho IR BB hul (3K itblrsSatpr RS

basis on one side of thereof where the catalytically active mater] al

converts tHOMROHtendr rositinnal iaitd transiationak yelaHon#ieh afhatems.gr Selested

t hrough the electrode and is reduced at the el ectordelelectrolyte to 16

WO 02/ 071 5digmeats weBuiilized todarther modijylthexgiboiden by their prteéractian witbdhbseles,
no storage of reactant occurs. That is oxygen travels directly through the

active nat erbihls Sk [GaRiate fe dbsredl IBcaIrapighiestviohiients.nt erface. In the
cat hodes of the instant invention, oxygen is stored in the cathode within

h i bl | ' il abl e, .
e 1 ever s S ERS] Bpoidlyi LAE YN e phfugions s
L, ORISR S AR SRR el

vol tages characteristic of the redox couple, or electrochemcally

reversibl e 'Péh@ﬁ@y@@t@m (r@dg.thaswrl%uiqai fordhe QB?Q'f'%IHﬁ? BHEEIANE, cQuldl s
added benefit nmay be obtained by redox couples other than io between the

si nplie conbindepéndenity contrel the type and sumdbeatiof eataldically activeanthstorage sitéss i s
the redox couple of nickel hydroxide/nickel oxyhydroxide. Wth such a redox

coupl e systainmoftthe afseémeatibnad Igropsrties daade prsteditly adn Whpsaahh gaastitativé
voltage |imt is the sumof the anode and cathode reactions. Certainly the

theoreti cal di\‘fief’érke?fo_ui"ahtaﬁqéﬁvél\zaci[ﬂa%b@ thé rRbIsceo Mat! driThhé hely nidtéiRdls
considerations, particularly 1 ncluding
ensued.
Disorder can be of an atomic nature in the form of compositional or
20 configurational disorder provided throughout the bulk of the material or in numerous
regions of the material. The disorder also can be introduced by creating
microscopic phases within the material which mimic the compositional or

configurational disorder at the atomic level by virtue of the relationship of one phase

10



15 internal resistance of the electrodes and the conplete fuel cell system
This invention specifically relates to a fuel cell cathode conprising: a
cat hode aﬁlbio\%ﬂl‘?‘; erial capable of reversibly storing eneﬁ@?‘/ursﬁ'{/&%ﬁ‘ t he
mechani sm of "a redox couple; said active material having a first surface
region situated to be exposed to nol ecul ar oxygen; said first surface

regi on i nclydhnéthar 20 Graéedmplet didorda@d Rat&T® VN be REreaRId By ihtréducing
absorption of nolecul ar oxygen through said first surface region and

conver si on : . at.o ; ikhe e s a
r edox coupl@%&g{ﬂ%%g'@aé.&a%ngﬁféﬁﬁﬂmﬂﬁghoﬁgﬂ%ef) ea et?mbﬁgﬁrﬁ%a #‘;6 rgﬁgr ged
~ by reaction W th the ann‘i(g oxygen., The fuel cell 17 WO g2/07ls%
PCT/-US02/ 0605PAUGIRgHBEioNs I AN HEPIRNALISPNESEN P 2 LROIPRG CHANAPURNGYS t o
be exposed to the fuel cell electrolyte. The second surface region includes
~a catal yti cehase achages dmpsiddion tor maiensf enervstaling shase ariiiasesne Thadox
active material and the electrolyte. The cathode may al so i nclude a

hydr ophobi cintarfguescrdtweenithesmedribas phases ban forogte susfades advohl aserichde
regions. Such a fuel cell cathode will display favorable voltage potenti al

over Convenrbbanadhld_%ibgrr avirofiidhesephichherovat eehleroas hadsiratié shes for

invention may utilize redox couples, particularly netall oxi des coupl es

Cobal t and SREROCNTRADC PR BITPORTS 03" Cotple 1o Lhe i ckel o

redox couple is the nickel to
hydr oxi de/ ni ckel _oxyhydr oxi de, coupl e di scl.osed, herein abpve. The fuel._cell
cat hodes of the Th@%/%%?mﬁrwmiﬁ% an bg %Pﬁh?ia\@‘hé[‘ @éf%'??ﬁec%?lﬁ]aéﬁ'mrch
pronotes and speeds the dissociation of nolecular oxygg,n into atom ¢ oxygen
(whi ch r eacexampleh compositignr! disersiesis iniogdueed ivte Ba patesial whichaga fagically
carbon. As discussed herein below this carbon should be very porous and may

be i sioel ect alteratheymateniduirt a pannédemaandérddeachioe ingrxdtan inarovesrameunisiueo
isolate the electrolyte, or wet, side of the cathode fromthe gaseous, or

dry, side ofeduli§, Gahhafie. OfsMeaES pehéipleBts N GisOider &pOaM ldtGiicar hilcstspiey
i ncl usi on of a hydrophobi c conponent conprising a hal ogenated organic
conpound, pgé@bcularly pol ytetrafl uoroet hyl ene (PTFE) within 20 the

el ectrode. eSe fuel cell cathodes, may al so include a current collector

i scussed. her e nABEltBRBTY o coaraRY WBeRces AR eBR ST 0t 1
conductive nesh, grid, foamor 18 WO U2/ 071617 PCT/US02/CC |111 expanded
metal . The EhdBkéadissloshrael waishivheropyirearpaafes by fefgeencss S\ENHFKY das
15 employed the principles of atomic engineering to tailor materials which uniquely and
dramatically advance the fuel cell art. The invention of ‘116 application has met a
need for materials which allow fuel cells to startup instantaneously by providing an
internal source of fuel, to operate in a wide range of ambient temperatures to which
a fuel cell will be exposed to under ordinary consumer use and to aliow the fuel cell
20 to be run in reverse as an electrolyzer thereby utilizing/storing recaptured energy.
The anodes of the ‘116 fuel cells are formed from relatively inexpensive hydrogen

storage materials which are highly catalytic to the dissociation of molecular

hydrogen and the formation of water from hydrogen and hydroxyl ions as well as
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el ectrode manufacturing or production system needs. Fuel cells of the

i nstant invention using cathode with redox couples, particularly in
conb!natk?ﬁomﬁﬂp{;he hydrogen storage anodes of the '116 ﬁ@?F&Q%’hﬁn S
provi ded e ability to recapture reverse electrical power ow from an
external circuit into said fuel cell, electrolytically producing hydrogen

and oxygen yugBobSion pesisapdtothe eiéciravte! fusistant to kontarsinani sofsarding frent edox
couple in the cathode and the hydrogen storage nmaterial in the anode. Such

fuel cells iRYeadanfsuahei cafadiets BARNG i M lderhIbTaRgad THendk N0

to neans for con I oni ng ectrolyte.” This el ectrolyte conditioning

_systemw | |_ not onl just. the tenperature of th t i mal
Flel cel | ok by Raabeisor e o EER RO Bk SR el Grbbps M The
wat er renoval is necessary because water is produced as by- product of the
fuel cel | $xpeasivecRatmmAathenm catahsis ofrgprlarieal fuef coff: EM&F%Q%
dilute the electrolyte, thus inpeding is the optinmal performance of the
fuel gell. aivestademls toeptavide fthe foathdder withdhadahilitydoasteys chainical lgnergyen
supply source including nmeans for continuously supplying fuel, particularly

mol ecul ar Wﬁ@é@iﬁmn the féreobdestaically bbaihd Brydern o Begisbim thennstapgstartap bl v
source which incl'udes neans for continuously supplying nol ecul ar oxygen to

the cathodag el BHAIPLTEBRIAL enBil) AR8hELIsh nBLH PHRYHr BR S

syst em whi i ncludes neans con usly conditioning the electrolyte,

t her eby enabling.continuous. operation . of 1 fuel. cell.. I

power sour ¢ 'maigngl. %BUQY @M&WP@@?@%@W@ 'ﬁﬁm%@t ?rgté%lt( ﬁg%é\f)lﬁgés

exi st and rmay be used to formthe cat hode of this i ventiwrk g\hen SL{Ch
coupl es ar ehadext stepdn thrydevalarmenbel suchRlestochemicsl &8lls oV i s IREM A c ed
formis acconplished repeatedly and continuously. Froma practical point of
vi ew0t he athieldxygen eledittodetcandesselécted flormabroadpnemeoiavailabigipossikle redpX hi ng
to s be bound by theory, the inventors believe that the equations

representi nghie® Thedd FedBXBbLRNGY incdil Rtidrerciroviding @ stdrb @f chpmival eneryyof
the fuel cell ‘are presented below. Using a nickel hydroxide/oxyhydroxi de

redox coupl g ' ' ' T ' & ted, Wy(iGhlcous choite ofthe C -
5000 (nt e e bretdito iokada BT TSl (g sgrebien Byjhbibods chofts o
2Ni OOH + H20 + C, or during regenerative braking or other charging input:
is N (OH)2 PIeXCeuiRusedoN; 00f + OH H2 + 20H -~ 2H20 + 2¢'. Using a
copper/ copper oxide couple, the followng is believed to be the useful fuel

cell oxygen-side reactions: C+ H20 + e- -~ C. . . H (adsorbed hydrogen) +
OH 20 2C...H+Cu0-~ C+Cu+H20. 2Cu + 02 -~ 2Cu0 20
15 Summary of the Invention

The object of the instant invention is a fuel cell which has the ability to start
up instantly and can accept recaptured energy such as that of regenerative braking
by operating in reverse as an electrolyzer. The instant startup fuel cells have
increased efficiency and power availability (higher voltage and current) and a

20 dramatic improvement in operating temperature range (-20 to 150 °C.) The fuel
cells of the instant invention also have additional degrees of freedom over the fuel
cells of the prior art in that the voltage output of the cell can be tailored and they are

capable of storing regenerated energy.
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WO 02/071S17 PCT/USO2/OFil OFi Using a silver/silver oxide couple, the
followng is believed to be the useful fuel cell oxygen-side reactions: C +
H20 + e- was < . H (adsorbed hydrogen) + OH 2C . . . ig¢~ 2C +
2Ag + Hzowoé'z@ﬁ{é‘l 02 -~ 2Ag20 Using a zinc/zinc oxide CE'E‘ST@?‘?”?H&"(
following is believed to be the useful fuel cell oxygen-side reactions: C +

H20 + e- ~ C . .The bafreAieerdrage istangaml cell&dpetate. e mddh@nisn® o2Zn +
02 -~ 2Zn0 21 WO 02/ 071s17 PCT/ US02/ OGLOG Usi ng a cadm um cadm um oxi de

coupl-e, th i LS s ; i i fue :
oxygen. si dderosL RS VEIAF UGG frovEERRINNE dpDfeciid idedolifh Sdtna e,
2C. .. H+Cd0O- ~ C+Cd+H20. s 2 + Q2 -~ 2Cd0 oted earlier. .th revi gus

' sets of redREBHY ﬁ&gﬂﬂ%@éﬂ?gﬁq@&%{% H?&Pqﬁ%dgycﬁﬁa 099?85%\@4%@?9 icgﬁswi | |
be useful for the air or oxygen side of fuel cells using the el ectrodes of
thi s i nventinavhichiineyare uaagi rastieylarlyalsalinrtuet cofs, yith @ levatehehenical erasgy|
couples; the list certainly is not exhaustive, nor is it intended to io be
so. Many ot $teragesddithin theiphthedaitselfvais atdansdhat suichifuekoelis wgletiaNe appufferat i on
in the inventive oxygen-side electrodes which are, in turn, useful in the

described igveRhigee dvaithbleskittin thdlaathbliyiatall tikrsusef ul benefits of a few of
these couples it should be noted that use of the copperl copper:  oxi de couple

will yield volta f V. Lcall. i i LS] i ion
state) oxide wii e Labretade SIS o golve sheBhpbanip fretits
oxyhydr oxi de/ ni ckel hydroxi.de will vyield_ voltage of about 1 v r cell., It
ohould a1 soBEng BReravInERiaiGe erhalisth ot 4 it ekle I8t sicsrosB HAscS st o
wll yield differing cell voltages which expands the avail abl e workji ng
vol t ages eveuifdogr regien sifueted te &er gxpoged temaglecdlapnxygar whighdaclyeesea
conplex is available to be used and 20 whose vol tage contri buti on woul d be
aboutiol vol tataliticallyeaadingtdoenpdnant primaotingith eabspptioasofpxpgenithrowghesaid §est ul
vol t age opportunities as part of this invention. The 22

surface region and into said active material to chemically charge said active material

through oxygen absorption.

The fuel cell cathodes of this invention may utilize redox couples, particularly

metal/oxides couples selected from the group of metals consisting of copper, silver,
15 zinc, cobalt and cadmium. Another useful redox couple is the nickel
hydroxide/nickel oxyhydroxide couple disclosed herein above.

The fuel cell also employs an anode active material which has hydrogen
storage capacity. The anode active material is a hydrogen storage alloy which has
excellent catalytic activity for the formation of atomic hydrogen from molecular

20 hydrogen, outstanding catalytic activity toward the formation of water from hydrogen
ions and hydroxyl ions, and has exceptional corrosion resistance toward the alkaline
electrolyte of an alkaline fuel cell. The anode active material is also low cost,
containing no noble metals. The materials are robust and poison resistant. The
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WO (1 2/071517 PCT/ US02/ Od oG ni ckel oxyhydroxi del hydr oxi de whi ch was
previously discussed is, effectively, another conplex oxide system Sone of
t hese of fygh oM 19HE mul ti -step reactions which may be adva 3 appl i ed
in the pr actlklce1 of this invention. At the cathode, the ox@%@ggﬁwﬁw and
el ectrons react in the presence of the s cathode active material to reduce
the oxygen ggtrddesnareysisy<td piodnge ( BYiprovelow ebétpraddetiontetBhiquedheTd ow

of electrons is utilized to provide electrical energy for a | oad externally

connect ed Thdd® efftifted e Casd' AW Ccarblf! teha, 'tﬁu@“rﬁélé\gglfﬁ finthfathlg’ 1A Y

any nunber o nee s I nc I'ng, but not limted
vehi cl es, i to devic g or cooling deV|ces power tools
~entertain @%ggéﬁ@“”&%ﬂoﬁﬁﬁﬂﬂeg tricity consumni ng devi ces t 00 numerous
to nention. To produce a fuel cell the cathodes just described genploylng
~any of the nany 0)a aeods aﬁ%&kyféreggneﬁqraaeellgxeasefwl ivtheuinstand staupniugh

anode or hydrogen el ectrode. Wile any functional hydrogen el ectrode may be
used it h tdedisineversibly eabsoriostamddrsdeasese hpdnogdn earinb tiasea tfastohydrogefatidn

cells of this invention will include anodes enpl oyi ng hydrogen storage
al l oy acti weapwsrerdt@had allbng BReti-ifeb Thediyeifoddipstotdire dlloliepretstaByedrcted
catal yst of the alkaline fuel cell is required to do nore than catal yze the

reaction offdis AIRAIeEd Rl AlSys, RePE AT Setd] 86 d;alzlrgoﬁ.nﬁ] e

must catal yze an accelerate t OI’ mation o 1 ons a rom

overart redtenbl A3 dﬁa@%& OEaE%?setR%f & Tﬁ%pﬂ%}'ﬁﬁ%ﬁb hislnaley

active aI |l oy materia % H++e. VWO 02/ 071517
PCT/ Us112/ (dost@es SRS @%catﬁmﬂe@mk@l rwl%hﬁlbma@)thwgbem/@epé@etsy 288 6f bed

atom c hydrogen (M..H) onto the surface of the anode. This adsorbed
hydr agen i sthe@ayticmlﬂte tihgreob nliee catalytio nickelregionh aok 50 0(Andstriomstindiametir of
t he hydrogen storage alloy. This hydride naterial is then converted to

ioni ¢ H+ redrebganydn Proxihtgtfrarn 22300 Angsiromisqphefdradiiefrom 5@AC0ANgstiongs).
hydroxyl ion in the electrolyte to produce water and the electron is

rel eased. | DhPIARRRXCLI af 86 ad I folloliteFedrifodigse catalyst must not

only efficien atal yze t rmation o ter at the electrolyte
interface C i I g

ionic hydrgééﬁgu&?)ﬁ@é@ﬁfgﬁﬁﬁ%%% 5@%% g'@? Cghpe%SFh(zgcﬁ%aEQaétﬂéﬁﬁ ogen
is transitional d.the en ato nig easjly re ne to for
hydrogen i fParA@t r@1nteﬁ{]cﬁet9&%9@fepc%”%k&o 2 afqm'co@aree@n\gﬁbﬂéaét?i%ﬁmlwth
hydr ogen st or age anode materials, hydrogen is trapped in hydride form as
soon l&s hydrardent Niy endOetaﬁécatompwan g is@dodl. 2 atanicihpenterd! ¢ is t:loebbed
into the electrolyte, are then used as needed to provide the fuel cell's

el ectrical giomsie perdemit d is O tor3dddtdmicrpdroehigienis ©ad a.§tatomid perdeht;camcht on
"both interfaces) the catalytic

a+b+c+d+e=100 atomic percent.

Brief Description of the Drawings
20 Figure 1A is a stylized schematic depiction of a fuel cell anode used in the
fuel cells of the instant invention;
Figure 1B is a stylized schematic depiction of an inventive fuel cell cathode
used in the fuel cells of the instant invention;

14



material nust be resistant to corrosion by the al kaline electrolyte.
Wthout such corrosion resistance, the el ectrode would quickly succumb to
t he ha_rshwgrbg)o?gqlfnsnt and the cell would quickly |ose efbeJrﬁjlgg /oamd die.
One prior ar uel cell anode catalyst is platinum Platinum “despite its
good 20 catalytic properties, is not very suitable for w de scale

commerci al use asigareaifhBejlizE8'scheéhti€ GebicibAE the PREHISeaflip Alkdlinefuel hi gh
cost. Also, noble " netal catalysts |ike platinum also cannot wthstan

d

cont am nat i i i Lie C aj j e gen . f eam
These i nmpuri Ii (@s{thcQRH{dﬁ%Inugted?%g%r{n%ﬁoﬁggi égagm%&cmgziﬁxg%dﬂoa/ g%?@%a

PCT/ US02/ (i 106 ,ay b resent .in hydrogen fuel) or contam nants contai ned
“in the el ec‘?mgpﬁj'{%‘y@@(gﬁﬁ%?ﬁ 'WﬁSﬂ%f‘ti es normal |y contained in untreated
wat er i ncluding cal cium, nagnesium iron, and copper. The above
~ contani nants canFigHigs8aviha Plos ot elestrade natertial éuolFsa ofidhg cathqsls wersHadhe
ef fect. Poisoning occurs where the catalytically active sites of the
mat er fal  besurrentideasity (mA&nlnzoyorﬂmtls theoneslox pathogle of tiveinstdritynvemtionianddhe n
the fuel cell. Once the catalytically active sites are inactivated, they

are no Iong&gm?g@'ﬁk,@%mgﬁ acting as catalysts for efficient hydrogen
oxi dation reaction at the anode. The catalytic efficiency of the anode

therefore is red i i yiically
active si tes | s Eogr PPOgAIFpEYEeahiagh R sthehoftBIHRbE (it Eygh of
decrease in catalytic actijvit esults in increased oyervoltage at th

anode and hesleEZetan o4he elactiatieh Giibe iivenfv PelpaZ ayeR i amPARRE ERPORe ¢ ne
operating costs. Overvoltage is the difference between the el ectrode
potential avRrsHs the egiuent gensitth(0d/e®)); t he physi cal neaning of over-vol tage
is the voltage required to overcone the is resistance to the passage of
curranpt at the skigleed i at siylizatbdehémbtic giepictms bEanr esélyasoply shistem
overvol tage represents an undesirable energy | oss which adds to the

operating casbfpdrhtindthe instant eldriup\Hikdlipiet fubNéeingti Nreférréd BiviboditReht sfahecope
of this invention, but rather for the purpose of explanation and making the

current inv | QF . _under st andabl e, 20 expl anatory draw ngs are

provi ded. F'lﬂgtdrng@\%&rugﬂd 1 B are stylized schematic depictions of a fuel
cell storage electrodgs, 1, a and 1 "g", desi gnates anode and "c"

desi gnat es cat hode). $ﬁ?'£ﬁﬂ)@83ﬁr'ﬁﬁﬂ§'&qépﬁﬁpy‘%&%ri ses a hydrogen storage
active material and the cathode preferably conprises a redox couple active
material . The' 2%his ipgentigrorelates tpceihgdtes/fos fust celle whiduerewis thisgohdee, in
a preferred enbodi mrent a hydrophobi c conponent 2a (anode) and 2c {cat hode).
The hydr ophmiechanisnpofredbx megctivas which uniquely provide multiple degrees of freedom

in selecting the operating voltages available for such fuel cells the many variable
and reversible redox couples available as choices. Such cathodes, or oxidizable
electrodes, provide the fuel cells in which they are used, particularly alkaline fuel
cells, with a level of electrochemical energy storage within the cathode itself. This
20 means that such fuel cells will have a "‘buffer" or “charge” of reactant available
within the cathode at all times which, particularly combined with hydrogen storage
anodes described in copending United States Application Serial No. 09/524,116(the
disclosure of which is hereby incorporated by reference), yield instant start fuel cells

15



pol ytetrafl uoroet hyl ene (PTFE). The el ectrodes al so include either a region
conpri sing hydrogen storage active material 3a for the anode, or a region s
conpri si J(]Q t one redox couple 3c for the cathode. WAk Fisptr €S 1A
and 1 B rs\ﬁg\%tz/to lé ydr ophobi ¢ conponent 2a, 2c and the active e? ectrode

mat eri al conponent 3a, 3c as separate Layers of material within the

el ectrodes jh genetal@ndireie sputifRlalip thevonitiimeahel startiafedine sl callsi Sgtiefuel
mat erial or graded throughout the active material. The electrodes 1 a, 1 ¢

al so 1 ncl UdgIR RARSLIHRLIR if URADS of ggdq%@;'l\ﬁﬁﬁinothei&aﬁgz h@nrRk: redbldr at

| east acts as a curre ctor, al so provide a support uncti on.

This substrate . onent .1 § disgcussed .herein bel ow. The 1 lc

nave tvo suPpasBl SYLEMsulhe BANEES forranLFentind tiselpSedhBlE B aft
(cathode). One surface of each electrode 5a, 5c is adjacent a reactant
~(i.e. hydrotre the @bjigeis ageeehthe ansegyupf yegenssplivel 5eking Dy PENGEShami sm
is when incorporated into the fuel cell, while the other surface 6a, 6¢c is
adj acent t oelebolykzec(alsd discugsed beraim baelqw)eTaerfudl eslbbas inoneasdd effibienan
apueous al kaline electrolyte). As stated above, the hydrophobic (PTFE)

conponent 2gnd #fcrédseétl pber @a*)é’{ﬁﬁﬂieé/\éﬁ Bbmplhed @liticdorveatomdl fusl deilsiofehe! y
mxed wth the active material 3a, 3c. In either case, the purpose of the

1Y 00! o ST il e incibe iRl BRI n S LAID,
came e Bk UaCS Tt ey el B L KNSR o b SRS

source thereof to the electrode active material 3a, 3c. Thus, a portion of
the el ect r oB@vesuiomaeestayodietiogtechigues/ 071s17 PCT/ US02/ 06. 106 ( and
somewhat interiorly fromthe surface) is in contact with the electrolyte
and aots to oxi dThe pfgsentimiangosladsa retated té fusl celhpppdesbng cathwdegeand ant he
anode case or reduce (gaining electrons) the oxidizer, preferably oxygen in

the cathodecg@gf spply Syshen riecapoeRingothet hesehe fliglastdl. nitherfusl céll mabddi ng
surface 5a, 5c) provides for s dissociation of nol ecular hydrogen or oxygen

and st or ageirudeingiefBRANAEA ol HndraRAdely 6 acilit] 3 Wol & BRIRh oragbat er

reaction at surfiace I'n the draw ng node active material is

a material, such a | at numbas j 3 I r S age

mator Lal - TR oF BB A Rl JEHOE LRl o e 3RS BUEr
absorb and rel ease hydrogen irrespective to of the dr ogen storage

capaci ty an@rentierefree ipheprityilaw cost.a "f%%@thHQ%?’Beéﬁ‘é’ggéﬂatgﬂa@ﬁrﬁﬁ%@?dgood
stability in the electrolyte and a long shelf life. It should be noted

t hat ,15by hythnggiveds theing) eesisipat ta ppisonings Wharanadeadoes sotritiize Hie earbpas

hydrogen in a stable form in sonme nonzero anount higher than nere trace

amounts. Pr efiestratds obther pridrartviWhils b detailedaigcudsibrvefitigd instaritetboboees and
nore. Preferably, the alloys is include, for exanple, rare-earthl M sch

metal l'ic al hysutizalie® M gg‘ali’l{éﬂﬁherﬂééliéeﬂ’i% H8s&deSertin %Ié?v?[t%ﬁoﬂl'@lﬂfeeﬁétedme

anode material may even ayered such that the material on the hydrogen

I nput surfage. 33 LSnldhitdf td At TReRlbA caltbledb s t908Mkr types of fuel cells
(e.g. P.E.M. fuel cells).

20 In general, for such fuel cell cathodes, oxygen is generally available to the
cathode on a continuously-supplied basis on one side of thereof where the
catalytically active material converts the molecular oxygen into atomic oxygen which
then migrates through the electrode and is reduced at the electorde/electrolyte to
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specifically designed to be highly catalytic to the dissociation of

nol ecul ar hydrogen into atom c hydrogen, while the naterial on electrolyte
intertac ce 6a is ?0 designed to be highly catal yti orrratlon
of wat ere‘?@é%ﬂlyg} ogen and hydroxyl ions. For the cat hodefcf/ﬁgﬁzz“gtll ve
material is a conposite of a selected redox couple (oxygen storage

mat eri al ) a e 2
051 71017 REMONERHEl ‘i%"é%!;‘u%?“é@%?%ﬁ}???%u‘éi§5°fﬁ§?e@£@%%%§feé%sg?n“§$ip

preference c er y se.0 i zer
irrespecti vé(yggﬁt ﬁgaq%xﬁyg %@oﬁﬁ%@‘l@aéﬁ%. %{'\Zé\d"ﬁa?t;é/@élgh%mr cggér |gast )&#F‘d
fast oxidati,o n rat oods ablllt IroI and a | ong
ahel 1011 1 0. ceradglestRutditetdinaln heatides S heintagE nuStih dgens 1o
meant that the material stores oxidizer in a stable form in some nonzero
~anount hi grserachiarthawedhadeawiéhinibe re\ersible wdoxsoupese and s thentavailable, at
el ectrode, the electrode material nmay be | ayered such that the material on
the fgel, dahe®lectrada/electrplyte mtefaoeesirtaceSef the cathiodsd Available ectronalwilwhi ch
has been specifically designed to be highly catalytic to the io

di ssoci ati C’tﬂeﬁfbe‘i_zi:ér{%?éteﬁjﬂﬁrd(ugﬁ&h@ blefc%cﬁé‘m@r% Riactlh‘)ﬁ 'V\ht‘h th@‘?uélﬁtrﬁﬁb He RRI

el ectrolyte I ntertace surFacé 6a, 6¢ is designed be highly catalytic to

the formati to
havi ng. oxce GhafouEE 3@58%%3%%?#F%'8§%'Cﬂ¥ %fe‘%r'ré%%%%f@?%? is3oREig oK

out st andi ng corr05| on i stance towa e al kali ne el ect te of e
Puel ool | GRS TuapelreTEal [y DgeRfox S BThs ar paTelhent ds oxgels

nol ecul ar rogen deconposition catalyst throughout t he bul k of the anode;
2) as a vvatgddlfl@lﬁalbt,ltbﬁ added mnefnfmem by aldaiveds by et Coypieseien fiaarxy |
ions (fromthe aqueous al kaline electrolyte) at surface 6 of the anode; and
3) asoan i njeteeh thgdimgncamhbinatien btibfreetal and iiswxidizddiforan.r Andxaspiploj of
hydrogen ions is always available at surface 6 ( this 20 capability is

useful in smtéagtth@%do%mp@éofMekelwmoxﬁeaﬁrwa @@ﬁyﬂWVWﬁh‘é@cﬁ'&%%x
recapture) discussed hereirn below). "Specific alloys useful as the anode

mat eri al p 0-70
anget roms. 1 oS SRk dhe (B “J‘”ﬂ?ﬁy@%éﬂo M%&e%%% g8 i
substrate c rrponent 4c  act an el ectrical. con r and Vi,

i nterface Pcﬂ“@aﬁ’f #\ena’ﬁ?%@(laﬁat gﬁﬁhp%@aé@@ Ané? é@@@%”aj '%U{Pgo
Angstrons, fromregion to region. As a result of these nickel regions, the
material s evaliagetavsilghieris fl@b@rdlnyad@mmebmrawwparméladémlwqm@f Ni
regions in the alloy of the '591 patent provides powder particles having an
enri ahked N irderrdacesisténeecaifiie sleptrofies apd tied coypldiavuelgelsysiehed N regi ons
are alloys having the foll ow ng conposition: (Base ALl oy)aCobWh~FedSne

where the Base ArhRyin¢shtion srifRally télate@ tatzotleFcell cathode comprising:

a cathode active material capable of reversibly storing energy through the

mechanism of a redox couple; said active material having a first surface region

situated to be exposed to molecular oxygen; said first surface region including a

20 catalytically acting component promoting the absorption of molecular oxygen
through said first surface region and conversion thereof into atomic oxygen. The

active material also includes a redox couple material (e.g. a metal) which is

thereafter chemically charged by reaction with the atomic oxygen. The fuel cell
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percent Ti, 0.1 to 40 atom c percent Zr, O to 60 atomc percent V, 0.1 to
57 atomc percent Ni, and O to 56 atomc percent Cr; bis 0 to 7 5 atomc
percent; 017to atomc percent; dis O0to 3.5 a

is Oto 1&?021/9?)1%1% percent; and at+b+c+d+e=100 atom c percie)?tﬁ use ('Iely al so
act as a support nmeans. For exanple, if a powdered electrically conductive

material, al@b‘?ﬂf{ﬁudeé]é §J§<§$n@édrﬁb@e @?i@ﬂ%"tuaﬁﬂt@% e&'pb@é’d RIthedidiesy is
is m xed |nto t e active material 3a) 3c Then the material acts as an

el ectricall t he

ol cct rode PETORE" TS Sggétitﬁt%%%tﬂﬁ@%a- af’a}tytﬁt%"?%t'ﬁ&%ﬁﬂt&ﬁ?%
substrate conponent, act as bot ectrlcal conduct or

" structure. WEE‘CE'PS(EP?B%%“WW%SBN 6369’( privesmgierial ang B%HEP@F‘? a-fh? nt o

a porous netal substrate. The conductivity of the el ectrode can be

~increased bsathede sy algotindude edustrophelic sompeaest pesitioned depyren heariitshl

substrate. Generally the porous netal substrate includes, but is not

limted to,antesdwsd surfate regions, Stioh la,fuélmuM)caMcaieawillatﬁsblaytaaﬁmwbiemattage
Preferably, the porous netal substrate 29 VNO 02/ 071S17 PCT/ US02/ 0d A

used for t"’t%téhﬂé%td\/é?'%oh§erﬁldﬁ%§ﬁr|0|géﬁt@athfo@lém or expanded netal. The
substrate nay be forned fromany material which is electrically conductive

ek toTﬁé)fJe?éél? Réagpfsmtfs%%gﬁto?toraﬁﬁtlﬁ]ﬁerg%rﬁ%uglie}étS?m%lﬁh?t or

nickel alloy is a'very-g I'ons

may be too re tjve. ower i.s required substrate is
for med frore BétdeS&S’HBEG%S “”sf?t@gfﬁmfrap "O5h ok resfia onsisting feghbe]. Sk
taught by U.S. Patent Nos. 856, 047 (Venkatesan, et al.) and 5,851, 698
(Rei chman etingl .gobalthangi snﬂd@yumes dinatierc Hisefd edewy cowpler ffor thee digkel
reference. As used herein, "copper" refers to either pure copper or an

al | oyoof COtmﬂfoxidefrdck'ehb&yleyd'roxidé&toupteodieblbbed hpreie abovkel or an all oy of
ni ckel . Using copper to to formthe porous netal substrate of the electrode

has several inporjaflel 86l aathadesof theRifant ifvaritiondsd IrRiiides) &faKtiEMaterial
conductor. Hence, its use as a substrate material decreases the resistance

of the ano%htcﬁhér%n%gs %’?cf%g @s WP Yiks %atoHerft% lﬁgl\é‘%&}/g‘@ﬁﬁrﬂg Qfé?m%

i nternal dissipation pT OV TR e i ncrease

out put power mal |,.eabl e t rease bstrate s

i [ oabl 11 1 UEBRORE ST BBl hedeger Aol of Pagicy 'utﬁef’%eé’taﬁfts H5 63 ogen
storage material that is conpressed onto the substrate surface. This

| essens t he Asediscugsed rtteéemfgelou dus repdeonfshauld the ety wererit @nfamaiake been
conpressed onto the substrate, thereby sinplifying and reducing the cost of
t he asode nelsofrigatlyicondugtivecess. 20 The cat hode contains an active materi al
conmponent which is catalytic to the dissociation of molecular oxygen info

atom ¢ oxygen anfh@icattide AMbb helkdstdBariier mMéartooikolis tex glectrohge, (Hvet, and
hydrogen fromwater, corrosion resistant to the
side of the cathode from the gaseous, or dry, side of the cathode. A beneficial
means of accomplishing this is by inclusion of a hydrophobic component comprising
a halogenated organic compound, particularly polytetrafluoroethylene (PTFE) within
20 the electrode.
These fuel cell cathodes, may also include a current collector or current
collecting system extending within said active material. As discussed herein below,

the current collector may comprise an electrically conductive mesh, grid, foam or
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30 WD 02/071s17 PCT/LIS02/O ~1 OG el ectrolyte, and resistant to poi soning.
These are the various oxide couples which are described el sewhere. The

cat hode i\%OfOQfo?‘iQ% in much the sane manner as the anode orpgﬁm%(,{,&r med in
a manner simlar to conventional cathodes which use platinumcatalysts, s
but the redox couple materials described above are substituted for the
plati num ThedrRiéemeatrTige tisoibé BRSICHIEoliedtioh systemisThay Be thady asuphding ta

porous carbon material. The carbon material nmay be in the formof a powder,

natt e, fOar%‘eg{r&ﬂeeﬁfa'ﬂﬁ?&“fﬂé]?héﬁi&]ﬁ%g rrwg?é’te?ﬁn s.,not have a conductive

substrate as nee use ate can be ‘as described in relation

to the anode. to en the_instant fuel cells is run in reyer
~electrolyzer, duIF‘i\‘/%gC%l que'ih&y”’\s pkf‘dﬁaﬁ?ﬂ S %nla%&eas}'\"ﬁbdgﬁ% g(‘t%luggbs
braking, water is electrolyzed into hydrogen and oxygen. That is, when
“electric poRmitiedatyin eorabinatien witbdhe Rydiagensierags ar'?ﬁgéspﬁthen @ayggpltcpggr)
regenerative braking systens can recapture kinetic energy, and convert it
to el ectri cplovidedrthy abllity toresaptoderevense elketrical powartflomsroreaaexternalaincuit s
rol es and becone generators using up the kinetic energy of the notion. This

causes a spinks safd %lr@élt,_dleém¥t¢danynt@oa@ciagmvdré@% aind BRydwit Wich are

operating | oad. A conventional fuel "ce(l (al kaline or PEM cannot accept

vl uti on vRPEas R SRR Moy SR TP YR RS 1SR bR Baioge g ocn

evol ution l'ose their 1ntegri

adhesi on thereby, underm ni ng the 20 overall system performance. In the

i nventive fﬁ\ﬁeh%jé‘f’g?n ?{aregaﬂ?ﬁte?ﬁit'”ﬁée a"3¥%bl em because the hydrogen
storage anode and the oxi de couple cathode will take fihe suTur%e cclflr_re,nt and
become char ged woHEhfual callanaycad & 5ystet flrBiersRyEise ABGRAtYfe conditianing o
02/ 071517 PCT/ USU2/ OG 10G It should be noted that the anode and cat hode

active mat emesins fof canuitiomisy thet elecivapte. drmiselectrolyte conditioniog gystesi willanat t o
poi soning. This is true because the increased nunber of catalytically

active sitegnRfadjtdice fErhSEralre offie aebwor;ymc(lf@@:gﬁnmm@ldeuip@rf@ﬂhiam)youtbut
enables the materials to be nore resistant to poisoning, s because with

rateri al s ol BROPFERGIN AP PP g YIBAAGC TR AR TInHel 1t hesbbesmyoan

be sacrificed t _ ( _ peci es I'1e a lTarge nunber-o
A o some. BPORRE ol PRFLIGRagt 14 ByaoBY Rl Ty eIl s SesificPelied;
L e osiiam, The water, Tatremoved would dfute thé elaciiolyts, thas mmpeding
piction o
15 the optimal performance of the fuel cell.

These fuel cells will further include, as a system, a hydrogen supply source
including means for continuously supplying fuel, particularly molecular hydrogen, to
the anode’s first surface region; an oxygen supply source which includes means for
continuously supplying molecular oxygen to the cathode’s first surface region; and

20 an electrolyte conditioning system which includes means for continuously

conditioning the electrolyte, thereby enabling continuous operation of the fuel cell as

an electrical power source.
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incorporating the electrodes l1la, 1lc ("a" designates anode and "c"

desi gnat es cat hode) of the instant invention. The fuel cell 7 consists of
three ge gefions: 1 ) an anode section, which inclu _ jode 1 a
and a hygfggggﬁSSéply conpartment 8; 2) the electrolyte cg§%g§€ﬁgﬁP 11; and
3) the cathode section, is which includes the cathode 1 ¢ and the oxygen
(air) supply companenrasisiredox couplesexishatd nsayche vred hyforoyte aathdyelobifen
containing gas mxtures is supplied under pressure to the hydrogen supply

conpar t mentin@ntionotghemgdeogaupléshet used, chbihgtemisition FdenhabsiaiZzeadointugh
surface 5a into the anode 1 a. The absorbed hydrogen is catalytically

_ broken dOMh@Veddt%daf@ﬁﬁms%bbmgn@i?écﬁféﬁéatémy%R%broi%ygnbgsnlgwfrBHF{gp\r‘%t@gl 's

stored in the hydrogen storage nateri as a t hen

that the naaOf Sl it B RAe P QiR aBrdrec, hrERet g ©
cont 2 nante el i TRErEthe Fveniis Bofigva tnef i SinmbrRaePIRsSIaBSOMa Ok ho

hydrogen supply are vented through outlet 13. The gases that are vented may
be recycl edhd Mavbavdilable reationssiopthe exygen side phihe fualmallrgre mesentsdse
the hydrogen may be used to provide a source of thermal energy if needed
for other belgwanents such as a hydride bed hydrogen storage tank. s The

el ectrolyte conpartnent 11 holds (in this specific exanple) an agueous

al kaline electrolyte in intimte contact with the anode 1 a and the cathode
1 c. The alkaline solution is well known in the art and is typically a

pot assi um h i IO trol yte provides hydroxyl ions which
react w.th%ﬁﬁﬁﬁ%é‘ﬁ#@@%‘%&%&ggdﬁe E)?A(ig(hcé)"g’ﬁ%de 1 a and water nol ecul es
whi ch react wi th oxygen i t .surface 6¢ _of the cathode 1c. The
eIecV%onte is circulated Rﬁpgdb%ﬁ& aFT§§H5C§i+¢h5)PhN§pFE4 and outlet 15
(in alternative enbodi nents, the electrolyte may be deliberately

i mobi i zed as by j el Gh§: 2t&. ). OHinteimediate stepdbeadsarbetioxyggnpe
externally heated or cool ed as necessary, and the concentration of the

el ectrolyte can be adj ustedC(as O/LFQNW@H?Q,ZMUOH +39,0aeded to conpensate
for the water is produced by the cell and any | osses due to evaporation of

wat er through the el ectrodes. Systens for conditioning the fuel cell
el ectrolyte are well known in the art and need not be further described in

detail heregj . t he cat.hode section, o en,.air, or some other oxygen
cont ai ni ngobggg'ﬁ@ge%q&raﬁ\ée E'éak%ﬂrl ?t@arpﬁgémd w&en supply conpartnent 10
t hrough oxygen inlet 18. 20 Oxygen is then absorbed through surface 5c into
the Pathode 1 c. The absor beNiEHygeneT & EaPar@NiOAH  BHoken down by t he

cat hode active material into ionic oxygen, which finally reacts at surface

6¢c (via the redox couple) with water cu orm hydroxyl ions, Any
unabsor bed oxygen and ot her gasestlfzn"' ?E%Ff elezggptegéé'ni trogen, 33 WO
02/ 071517 PCT/ US02/ 01106 carbon di oxide, etc.) or water vapor in the oxygen

supply ar e gy &8opPeresiibet didd’f couple, the following is believed to be the useful fuel

cell oxygen-side reactions:

C+HO+e~— C...H (adsorbed hydrogen) + OH"
20 2C.. .H+CuO~ C+Cu+H0.

2Cu + 0O, = 2Cu0

20



19. EXAMPLE Production of a hydrogen storage anode (used in both the
inventive fuel cell s and the control cell) is described as follows. All
per cent a j t hroughout this exanple are in weight p | ess
ot herw sg\%ﬁootq}eoxés?k m xture cont ai ni ng about 90% of a M scﬁ%@g{moﬁ?%kel
al l oy (having an approxi mate conposition of 20.7%La, 8.5% Ce, 1.0% Pr.
2.9% Nd, 49)$itg & silvéfsibiérQxidedcdifpldithe Iolidinyg js balidvad tibe I8 useful fuel cell
pol ytetrafl uoroet hyl ene (PTFE) was nmade into a paste using isopropyl
al cohol . t qIRkp-di@St&aM@Rsabpl i ed into an Inco Corporation nickel foam
havi ng a of nsity of about 500 g/nm2 (with a previously wel ded nickel tab
used as a current collector). This foamacts as the substrate and
~electrical collector florHitk+eectCodeH (atiserbedriyidiggen) 50H0 C, the anode
was conpacted using a roll mll to a final thickness of 0.020 to 0.030
_inches. is The control sanple cathode (oxygen) el ectrode was created as
follows. First, a mxture of \gbcanyX¥Cy zbcagéopzb‘igr.,aqg@mk of Cabot Corp.)
and PTFE was prepared with an approxi mate PTFE content "of 20-30% N ckel
foam of the type used above in the anode production was used as a
substrate. A paste (paste A) of the gxl cap XC..72 carbonl PTFE m xture was
created usi ng sufficient isopropyl 2 gi'cHRol 2Agzgroduce a wor kabl e paste.
Paste A was then applied into one side {the electrode/gas interface side)
of the foamssubstrate. A second paste ast e. . consi st of .a m xture of
appr oxi et Y5GiE 4BoRIE BROE R ol dae, EIAS i ek Ba e Ik rattLliel 58 o
surface area carbon (Bl ack Pearls 2000, 34 WO 02/ 071s17 PCT/ USU2/ UGLOG
Trademar k AXYGRPRIAERFLIONGas created, again using sufficient isopropyl
al cohol to produce a workabl e paste. Paste B was applied into the other
side (the el ectrode/elect te pnkerf ' f - After drying
the el ectrode at 60- 1(58%?&%%asnéémgg@ggbﬁ?df%zﬁ)éﬁmﬁ ness of 0.030 to
0. 040 inches by applying even s pressure of 1 to 3 tonslcnR2. The inventive
el ectrode was created in a simlar manner as the_conparative el ectrode
except that 10% Al drich silver 8% detvinéngided ®éngdds@ B. The inventive
cat hode contains only about 0.11 grans of active silver oxide redox
material. This amount of silver oxide has an el ectrocheni cal capacity of
aboutjp40 mAh. At a io typical discharZgh +@.e~dzZn®0 mMAl sq.cm the el ectrode
woul d be discharged at a current of 1A At this current, the el ectrode
should be fully discharged in 2.5 mnutes if there is no continuous
regeneration of the active ingredients. Also the cell voltage, which
i ncludes all polarizations, should reflect a higher value if oxygen
reducti on were occurring by a redox nechani smas opposed to the
conventional is nmechanism Fuel cells were created using the sanme anodes
and respectively either the control cathode or the inventive cathode. These
fuel cells included a 60 gl n2 pol ypropyl ene separator from Dai wabo
Cor poration, and enpl oyed conventional KOH Li OH al kaline battery
el ectrolyte which was jelled using 3% 20 carboxynet hyl cel | ul ose. The cells
were run using purified hydrogen as the fuel and air as the source of
oxygen. Figure 3a is a plot of electrode potential (volts) of the cathode
versus the current density (mAlcnR) for both the inventive redox cathode (
synbol) and the 35
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WO 02/ 071A7 PCT/USO02/ OFil OFi conparative cathode ( synbol). Each data point
represents 5 mnutes of discharge at that particular current density. Thus
as can b [-he el ectrode potential for the inventive s al ways
hi gher tﬁ%ﬁgffe/ Qf}ﬂf the control sanmple (at useful currentpgg/hg(lﬁ |édsf') and as
the current density increases (i.e. higher power) s the voltage of the

control sangdigg drearsiofmicadminnmoxidercenpld, yhd fullowirpls sdlicvbd to deettbe/the
cat hode (which drops only slightly by conparison). Figure 3b is a plot of
per cent age ,j t 1 .(reduction of polarization of the
el ectrode) dggn{lﬁ%é%eorﬁpsg%?aé{%gﬁgsﬁ%er t he conparative cathode versus the
current density (mAlcn2). As may be seen fromthis graph, at useful current
" densities, the io inpfovéhent e the. pdl(adserbed tyydodgeme Ohvent i ve
el ectrode is anywhere from 30%to 50% over that of the conparative cathode.
~ Thus, Figures 3a and 3b show that the cell is fully capable of operating
for longer than 2.5 mnutes (thg capagi¢yobasge+qdty qlql,%o_t he silver oxide in
t he cathode) and at a higher voltage than the conparative cathode.
Therefore, it is apparent that continuous replenishment of the silver oxide
~s redox couple via the gas phase ox n jn.t pplied air is being
acconspl ished. It should be noted thagggaﬂhédegﬁégxt aining in the range of
1-20% by wei ght of silver oxide (in paste B) were produced. Cathodes having
| ower anounts of, silve omi det t han t he 12% tn tt}e cat hode of. the exalnpyl e
(i.e. in the 1 A% aﬂﬁe@{eer SheeRIEVIOLR-SeLY PLLGICIOISRIGUE 2 SRWREMPla
di m ni shed. Cat hodes produced w th_higherthan 20 the 10% si| ver oxi de of
the exanpl dedex redrle(reagtionswhichauihbessidlfonthe Al s sxyaeesidecef ebeelse
sanpl e cat hode. Thus, the effective range appears bounded by a lower limt
of about O0.usigtHersezlecixodies offthds inveatiohi nittesef exarhples argiprevided| simpbntoseens
to only be bounded by factors such as cost and the need for carbon to 36

WO 02/ 071s lenkérdttdd 2 efal eousiat ahgist éé?féiﬁl??%ﬁbpékr@usﬁwl?é; nor is it intended to

el ectrode/electrolyte interface. This range Iimt, determ ned by enpirical

means, appl -ee§o.oi\1/|a¥\ytcﬁh|§}n tﬁ‘ﬁ%&zco%B%ﬁ%rEeén\%@Q@gﬁmmllﬁ%e‘éﬁ%&ul?{pﬁpé@&% [n OWN

limts on the range’o usion rmne ar sinple

[ rials. Figure 4 i |ized h ' igti f
ener oy supals 1oy SniesPrte SleRroRes WA o T Leehl 1 1o ARsSHe any

i nvention. The energy supply system also includes a source of hydrogen 20.
The sour ce ingntive fael egllg. known type, such as a hydride bed storage system
a conpressed hydrogen storage tank, a |iquid hydrogen storage tank, or a
hydr ocar bon f uelQuaitifyingrthe Tisefub behefits & atfewsafithese touplesiftshouly be ndted
storage system The hydrogen fromthe source 20 is transported to the fuel

cell 7 via thapue bf the cdppefBopparTxite EHRARS Will Relds/ditage ioh BBEEH0. 8Ut fificelli ne
22. A portion of the gases fromoutput I'ine 22 may be recycled to I nput
15 silver/silver (+2 oxidation state) oxide will yield voltage of about 0.9 v per cell; nickel
oxyhydroxide/nickel hydroxide will yield voltage of about 1 v per cell. It should also
be considered that there are a number of complex oxides which will yield differing
cell voltages which expands the available working voltages even further. Nickel
ferrate (NiFeQs) is one such oxide whose complex is available to be used and

20 whose voltage contribution would be about 1 volt. This and other “mixed” oxide

complexes provide other useful voltage opportunities as part of this invention. The
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line 21 through recycle line 32. The energy supply system al so i ncludes a
source of oxygen, which is preferably air for economc reasons. The air is
drawn intg I i < is and then can be passed through a ca j.oxl de

scr ubber ‘gg.t'k/ﬂﬁé‘?gi r is then transported to the fuel cell Feﬂ\?ﬂsgﬂﬁ'ﬁgut l'i ne
24. Excess air and unused gases are vented through output line 25. Since
this gas shickemoghyaioxideteydraxideuivhiphs s ptevisysipalisested iso effeetively,
environnment directly. The energy supply systemal so includes an el ectrolyte

recircul at ia%t@f%o?ﬂme%fbxmesfét@ﬁ\t r gbirleoff thase b?@thﬁiuéﬁhlti-gteEgeé%ﬁéed

t hrough output line 28 and sent to an electrolyte conditioner

el ectrol yte L] S . ec s needed and
- renovesl add‘éﬁ@}gﬂw @{Sﬁg@ggﬁ,ﬁy%ﬁgﬁ%@hdﬁq%rbﬁﬁgﬂ@eebﬁﬁ%@ﬁﬁﬁio 's then
returned to the fuel cell 7 via input |line 27. 37 V\D_OZAO?lsl?
_ PCT/ US() 2/ 06106 Atitharathodgethexygon suplerand aleehonsiigaghibdhe persence af theeads
29 and 30 which supply electricity fromthe fuel cell 7 to a |oad 31. The
| oad £an beathndedastiveematayial to regiycevibe oxpgen pad tfomuhydioxytions ¢@pllat ed i s
t he power and drive systens of an autonobile. s The instant fuel cell and
energy supply systens incorporati I e rt) rly useful for
applications in which instant sta:t?2 Lzimi_gt@n'{aragy rggjzggture are requirenents
t hereof, such as for exanple in powering a vehicle. For instance, in
consumner vehj.c e t AL ' I Lgizer
storage of t e*lﬁﬁsﬁ:%?éﬁrér\@e,ﬁt@gkgﬁ&Qaérﬁgagaévlgn{'ggfeé%?rbgg{)ﬁg I%%ng%hgftl art
pr oduci ng ener instantly 1o fromthe reactants, stored ip jit'., | ect r odes.
Thus, ther éoﬂggfgﬁ?dl té’gt?ﬁ ﬁ%o%?f'g %ﬁ‘?‘%\gﬁ@f ﬂ}%ﬁﬁﬁo@@#agl? {;)eb% lﬁ'ﬁ%‘gibé(oaw om
external sources. Additionally, because hydrogen and oxygen can be adsorbed
and st or ed numbéreofr negas: inclusirg, duit mad dimitadeto, powesingtmetive wehicles| ligkling gy
recapture can be achieved as well. Therefore, activities such as
regengr at i \eviveakhagtingbecoolihgievicasepbwentdisyentatdinieat dedced, @indi gthen
battery external to the fuel cell because any reactants produced by running

the fuel celiotty. EYRERfinY ddvided Bb%ifferostdmahiet  odes of the fuel cell.

Therefore, 1 n essence, ells enploying the instant active el ectrode
materials are t equi val ent of f uel . i.Ne ' t

such a system e% Bﬁ?ch'bcet ‘ﬁ3”‘?‘&%@‘“8&?61‘@@%&%ggsgfg%ﬂ%%@v@a %'%{)éf g{é(;r ed
within the electrode to a signjfjcant 20 degree as an oxidi zed comlgonent of
the coupl e, M@REPEIdgHANTedoxEPHPIeREAER USR] iecoivpgtion with an anode or hydrogen

hydr oxi de/ oxyhydr oxi de, or conbi nati ons thereof. 38 WO 02/ 071A7
PCT/ US02/ O&lédrodtes \Aiinile lang fendtionahleydrogén eleictrode maywcbeusedwith thevianentive al so
enabllse ° hecathodes, preferred embodiments of the fuel bells of this invention will include
anodes employing hydrogen storage alloy active materials. It should be noted that
the preferred anode catalyst of the alkaline fuel cell is required to do more than
catalyze the reaction of H" ions with OH" ions to produce water. Initially the anode
must catalyze and accelerate the formation of H' ions and e from H,. This occurs

20 via formation of atomic hydrogen from molecular hydrogen. The overall reaction can ‘

be seen as (where M is the hydrogen storage anode active alloy material).
M+H, > M.H>MH->M+H +e.
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practice of the nethod of the invention which, in one enbodi nent thereof,
conprises the indirect and continuous introduction of both the fuel,

pr ef er abl ﬁ Qgen, and the reactant which oxidizes the F'Jerably
oxygen, f%?ra% é’gﬁnti nuous operation s of the el ectrocherr%éélg 5‘88{6 6as a
fuel cell. That is, the hydrogen is, during operation, continuously

i ntroduced ThagyahoRctfirdydidgen(PY) Rtonleitse tagdstrbee atdreiethyaesyemn@i. .. H)

continuously stored as a hydride in a region of material in the negat"i ve

Si il t ancoLay RSHERPERHMefincl: THE Ap0rbLabydbaBils 1) SRS,

negative electr an i o) e 0 e. Si 0 I Chpat e . el l
" reaction pr%d@?géqud{'ﬂﬁté\@éhfﬂ ﬁ{?ogyksh%m%/%g&'%{gﬁb %tﬁééei %’i&gﬁﬂ’gg@aﬁh"ém n,
and rel ease of hydrogen at the electrqQlyte side of, the_mF ative el ectrode
_i's made posHiaeraAl isthaneonvgredde iIRNexY jeisasingahelprlisn sl y T IRanitiYd@Ish t he
gas side of the positive electrode through a catalytic region and
chemi sal | y stantewithsa hydetat ioal inithe alectradytedormrotiuce vaieraane the elaarosfisan
oxi de couple which participates in the cell reaction. Sinultaneously with

t he i ntr odugdlégsedittio cthendxainags icddigdrcait. Thes e gRidbdescataiist exudtandtednlyhe
mat erial of the oxide couple which is in the charged state participates in

the cell re [ t ' j
col 115 conglaaiyREFRr iR fonafish of GRlerRRE plobiidhueEiraE: baKnegt 4Rb
ot o oD e Ekr AR S Dot Ao BURF LR el G S ARbns®

i nvention of operation of an electrochemcal cell as a fuel cell is thus
made possi bpBode matewalsthegizsosiated hydipgemisitraasitigaal and the hydragenate@rRwands "
or as an electrolyzer to recapture and store energy, 39 WO 02/ 071517

PCT/ U802/ OGaasiysrechmining tur foemdydragendiitheygre agbnszdvénys uickdkinte oxidation
operating nature as described earlier would not be considered to be

di sruptive teactioANWRHPdrogRiPestalidgeranodtemataild dfdrébeitid3rdpprd in hydride
descri ptions, and exarrpchllyes of thi sg@;?oeci ficati ongglr e@brrer ely illust ryati ve of
parti cul ar ﬁqpp : i AN o) IR [<ARS
upon its prac |€ée.g&ﬁ aTe’§§?'ﬁ1(§e&aé[{%eﬁ%getg8bI-rglgqrﬁg,&'roﬁﬁgl %%?Egﬁ%?lﬁggﬁlmﬂae edr'ie’t% g

t hat define, the sc f the invention. 40 V~' O 02/0 151‘17 PCﬂ,’/U 02[/.0 10G
Ve ol ai m 1INt g Sedionde) fre. baiodked Aeiided e WavsabeaLel pels ARG

t he i nprovenent cog)purzi sing: said cathode active material having oxygen
storage cappowmeyoupwr. The fuel cell cathode of claiml, wherein said

cat hode active material conprises a redox couple which provides for said
oxygers storage capaddition © bding datalyticalyl effieiehbda wéthahiirfacgs, theecafalyteai d
redox couple is nickel to hydroxide/nickel oxyhydroxide. 4. The fuel cell

cat hode of g|AbAaRMUSIBE FESismt th EBABSIORMPINR SIRATE sRetBlVIB! JUitHRitalucexi de
couple of an elenent selected fromthe group consisting of copper, silver,

zinc and Cagmrﬂgi]on resistance, the electrode would quickly succumb to the harsh environment
and the cell would quickly lose efficiency and die.

One prior art fuel cell anode catalyst is platinum. Platinum, despite its good

20 catalytic properties, is not very suitable for wide scale commercial use as a catalyst

for fuel cell anodes, because of its very high cost. Also, noble metal catalysts like

platinum, also cannot withstand contamination by impurities normally contained in

the hydrogen fuel stream. These impurities can include carbon monoxide (which
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15 5. The fuel cell cathode of claim1, further including a hydrophobic

conponent. 6. The fuel cell cathode of claimb5, wherein said hydrophobic

conmponent,,, i.ses pol ytetrafl uoroethylene (PTFE). 20 7. cell

cat hode o\?8§?§flﬁ1§7g, wherein said PTFE is at |east one of:’ /%F’Enz?h?’&roé{’tely

m xed Wi th said cathode active, material; b) graded within said cathode

active nat emaglbe prrésent- inﬁgdro?\éﬁ fal) Or toAtanfinarmts TORRIMSEIN tA¥ eleciolye BusRi d

cat hode. PCT/ US02/ OG 10G 8. The fuel cell cathode of claim11, further

i ncl udi ng e GRd t ' Wi hiifresfd Y e ; 9.

The fuel c?%u@gt ﬁ{c}aemcl)%sec ogllrnr%ﬂg gﬂgrlag%ﬁl érﬁatihudﬂ{:ur rdejn\t%{glcr)l ﬁgg@é)lfd c%rlr%‘r"ﬁges
an electricglly conductive nesh, grid, foam or expanded netal. 10. The fuel

" cell cathod®& eﬁ'lug?’rjrﬁoﬂ’ anJr BP"i ncl udi ng a catalytic carbon i o conponent.

11. In a fuel cel], said fuel c¢ell including an cathode active materi al,
_the inprovenent EBeARQYENEONAMIRRNBIGRRY FRSE Whad it soRBaRNIYJeferEethie &si al
havi ng oxygen storage capacity. is 12. The fuel cell of claim1ll, wherein

sai d 6xygen'mtisorwng’ effpclciRoisoningiabesirs avtebré ube aadtlytioallyhactivet aites of aheup
capability. 13. The fuel cell of claim1l, wherein said oxygen storage
capaci ty prmdteéits besorhednattivalted ol Ipoiddrpusspeaiisliniariadoly ecsiaivied ia tadfugied
energy by running in reverse as an electrolyzer. 42 ) 02/ 071s17 .
PCTIUS02/ 06485 Bfice WCJC}H@E&IE‘}J +cti% sﬁ’cbﬁ'aﬂ% ﬂ‘]]act'\‘/?@? F’ch@g 3 Ao Ttﬁfyé‘?gg?ﬁéﬁléve
material conprises a redox couple which provides for Sald oxygen storage
capacity. 15. . The fuel .cell of ¢laimil4 wherein. said redox, couple i

ni ckel hydr ia&ﬁf‘%iaék%ﬂtg'¥5t8>f§h9ﬁ'r°&%8t&‘X.émﬂ@.” Sidctiondieaction abiheatods. 1 3he
wherein said redox couple conprises a netal/netal oxide couple of an

el enent sel ealgbdiciaftigienel ohineuanedmtheseiong infedispg sincestheveveral nHmber of
cadmum to 17. The fuel cell of claim 11, wherein said cathode further

i ncl udes a ayailabjehcdtatyticaliypactivetsitekiic sigaificant!ys keveped by pbisohingorlaetdatiome.
18. The fuel cell of claim1l, wherein said cathode further includes a

current ~ stHeodd@6ass ireedtaNlE BBVt fRsOItS M ifcRisbd @vERIgRBG8at tHPanddeahye!

cell of claim8) wherein said current collector conpriseS an electrically

duct i indy i | iy f |
a1 Bt BN ie AR Cest HHACA( 2N siorifiedfly, Orfhe dirafifiy loolls.
SR A A Oltepjoltage js thexdiflprapcebaineen the glestiode pateafial@nhits uBIUR, AF.
A3. AF. AY. AY. As. A . AF. A3. AY. AF. A AY. A .A _

, Zo' >>%/ 01%@eerigpwdygiseXneanity o svee)yekaasip daeyelidocrepuirad tuwipeaedhgcal c

a]J ca] ca] ca] cal] ca] ca] ca]cal]caU ca U c”a]caU calcaUcalca g V
15 resistance to the passage of current at the surface of the anode (charge transfer

resistance). The overvoitage represents an undesirable energy loss which adds to
the operating costs of the fuel cell.
Without intending to limit the true scope of this invention, but rather for the

purpose of explanation and making the current invention more understandable,
20 explanatory drawings are provided. Figures 1A and 1B are stylized schematic

depictions of a fuel cell storage electrodes 1a and 1¢ (“a” designates anode and “c”

designates cathode). The anode 1a preferably comprises a hydrogen storage active

material and the cathode preferably comprises a redox couple active material. The-
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based active material or a hydrogen storage material. The preferable hydrogen
storage alloy is one which can reversibly absorb and release hydrogen irrespective

10 of the hydrogen storage capacity and has the properties of a fast hydrogenation

reaction rate, good stability in the electrolyte and a long shelf-life. It should be noted

that, by hydrogen storage capacity, it is meant that the material stores hydrogenin a

stable form, in some nonzero amount higher than mere trace amounts. Preferred

materials will store about 0.1 weight % hydrogen or more. Preferably, the alloys

15 include, for example, rare-earth/Misch metallic alloys, zirconium and/or titanium

alloys or mixtures thereof. The anode material may even be layered such that the

material on the hydrogen input surface 5a is formed from a material which has been'

specifically designed 1o be highly catalytic to the dissociation of molecular hydrogen

into atomic hydrogen, while the material on electrolyte interface surface 6a is

20 designed to be highly catalytic to the formation of water from hydrogen and hydroxyl
ions.

For the cathode, the active material is a composite of a selected redox couple

(oxygen storage material) and an additional catalytic material. Some preferable
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10 dissociation of either the fuel or the oxidizer, while the material on electrolyte
interface surface 6a, 6¢ is designed to be-highly catalytic to the formation of water
(anode) or hydroxyl ions (cathode). In addition to having exceptional catalytic
capabilities, the materials also have outstanding corrosion resistance toward the
alkaline electrolyte of the fuel cell.

15 In use, the anode (hydrogen) alloy materials act as 1) a molecular hydrogen
decomposition catalyst throughout the bulk of the anode; 2) as a water formation
catalyst, forming water from hydrogen and hydroxyl ions (from the aqueous alkaline
electrolyte) at surface 6 of the anode; and 3) as an internal hydrogen storage buffer
to insure that a ready supply of hydrogen ions is always available at surface 6 ( this

20 capability is useful in situations such as fuel cell startup and regenerative energy
recapture, discussed herein below).

Specific alloys useful as the anode material are alloys that contain enriched

catalytic nickel regions of 50-70 Angstroms in diameter distributed throughout the
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composition:
(Base Alon);,.CoancF}a@lSne where the Base Alloy comprises 0.1 to 60 atomic
percent Ti, 0.1 to 40 atomic percent Zr, 0 to 60 atomic percent V, 0.1 to 57 atomic
percent Ni, and 0 to 56 atomic percent Cr; b is 0 to 7.5 atomic percent; cis 13 {0 17
10 atomic percent; d is 0 to 3.5 atomic percent; e is 0 to 1.5 atomic percent; and
at+b+c+d+e=100 atomic percent.

The substrate component 4a, 4c¢ acts as an electrical conductor and may
usefully also act as a support means. For example, if a powdered electrically
conductive material, such as nickel, nickel alloy, copper, copper alloy or carbon, is

15 mixed into the active material 3a, 3¢ then the material acts as an electrically
conductive materials, but does not provide any support for the electrode materials
per se. E
It is preferable that the substrate component act as both an electrical
conductor and a support structure. The electrode may be formed by pressing active
20 material into a porous metal substrate. The conductivity of the electrode can be
increased by increasing the conductivity of the electrode's porous metal substrate.
Generally the porous metal substrate includes, but is not limited to, meshes, grid,

matte, foil, foam, plate, and expanded metal. Preferably, the porous metal substrate
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og o) mntieg e B stk o o
0%3& (- &Ipos\;)grji §e)qu\l{r$é?a%%r?e0/§§bs fate Ilslf%?%d rom comoper-plated nickel, or a
copper-nickel alloy, as taught by U.S. Patent Nos. 5,856,047 (Venkatesan, et al.)
and 5,851,698 (Reichman et al.), the disclosures of which are hereby incorporated
by reference. As used herein, "copper" refers fo either pure copper or an alloy of
copper, and "nickel" refers to either pure nicke! or an alloy of nickel. Using copper to
10 form the porous metal substrate of the electrode has several important advantages.
Copper is an excellent electrical conductor. Hence, its use as a substrate material
decreases the resistance of the anode. This decreases the amount of fuel cell
power wasted due to internal dissipation, and thereby provides a fuel cell having
increased output power. Copper is also a malleable metal. Increased substrate
15 malleability allows the substrate to more reliably hold the active hydrogen storage
material that is compressed onto the substrate surface.' This lessens the need to
sinter the electrode after the active material has been compressed onto the
substrate, thereby simplifying and reducing the cost of the anode manufacturing
process.
20 The cathode contains an active material component which is catalytic to the

dissociation of molecular oxygen into atomic oxygen and/or catalytic to the formation

of hydroxyl ions (OH?) and hydrogen from water, corrosion resistant to the
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_ 10<f! 10% (fz)rmed in a manner similar to conventional cathodes which use platinum catalysts,
5 but the redox couple materials described above are substituted for the platinum.

The redox couple is finely divided and disbursed throughout a porous carbon
material. The carbon material may be in the form of a powder, matte, foam, grid or
mesh. The cathode may or may not have a conductive substrate as needed. |f
used the substrate can be as described in relation to the anode.

10 When the instant fuel cells is run in reverse, as an electrolyzer, during an
energy recapture process such as regenerative braking, water is electrolyzed into
hydrogen and oxy./gen. That is, when electric powered vehicles are used in stop and
go mode in inner cities, regenerative braking systems can recapture kinetic energy,
and convert it to electrical energy. In this mode, the electric motors reverse their

15 roles and become generators using up the kinetic energy of the motion. This
causes a spike of current which amounts to about 10% of the normal operating load.
A conventional fuel cell (aikaline or PEM) cannot accept such surges. This
feedback of energy would cause rapid hydrogen and oxygen evolution which would
cause the catalysts to lose their integrity and adhesion thereby undermining the

20 overall system performance.

In the inventive fuel cell, this will not be a problem, because the hydrogen
storage anode and the oxide couple cathode will take the surge current and become
charged with the produced hydrogen or oxygen respectively.
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5 because with materials of the present invention numerous catalytically active sites
can be sacrificed to the effects of poisonous species while a large number of non-
poisoned sites still remain active to provide the desired catalysis. Also, some of the
poisons are inactivated by being bonded to other sites without effecting the active
sites.

10 Figure 2 is a stylized schematic depiction of an alkaline fuel cell 7
incorporating the electrodes 1a, 1c (“a” designates anode and “c” designates
cathode) of the instant invention. The fuel cell 7 consists of three general sections:
1) an anode section, which includes the anode 1a and a hydrogen supply
compartment 8; 2) the electrolyte compartment 11; and 3) the cathode section,

15 which includes the cathode 1c and the oxygen (air) supply compartment 10.

In the anode section, hydrogen or hydrogen containing gas mixtures is
supplied under pressure to the hydrogen supply compartment 8 through hydrogen
inlet 12. Hydrogen is then absorbed through surface 5a into the anode 1a. The
absorbed hydrogeﬁ is 6atalytically broken down by the anode active material into

20 atomic hydrogen which is stored in the hydrogen storage material as a hydride, and
then finally reacts at surface 6a with hydroxyl ions to form water. It should be noted
that the heat of hydride formation helps to warm the fuel cell to it's optimal operating

temperature. Any unabsorbed hydrogen and other contaminant gases or water
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needed for other components such as a hydride bed hydrogen storage tank.

5 The electrolyte compartment 11 holds (in this specific example) an agueous
alkaline electrolyte in intimate contact with the anode 1a and the cathode 1c. The
alkaline solution is well known in the art and is typically a potassium hydroxide
solution. The electrolyte provides hydroxyl ions which react with hydrogen ions at
surface 6a of the anode 1a and water molecules which react with oxygen ions at

10 surface 6¢ of the cathode 1c. The electrolyte is circulated through compartment 11
via inlet 14 and outlet 15 (in alternative embodiments, the electrolyte may be
deliberately immobilized as by jelling, etc.)l-l The circulated electrolyte may be
externally heated or cooled as necessary, and the concentration of the electrolyte
can be adjusted (as via wicking, etc.) as needed to compensate for the water

15 produced by the cell and any losses due to evaporation of water through the
electrodes. Systems for conditioning the fuel cell electrolyte are well known in the
art and need not be further described in detail herein.

In the cathode section, oxygen, air, or some other oxygen containing gaseous
mixture is supplied to the oxygen supply compartment 10 through oxygen inlet 18.

20 Oxygen is then absorbed through surface 5¢ into the cathode 1¢. The absorbed
oxygen is catalytically broken down by the cathode active material into ionic oxygen,
which finally reacts at surface 6¢ (via the redox couple) with water molecules to form

hydroxyl ions. Any unabsorbed oxygen and other gases in the feed (e.g. nitrogen,
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Production of a hydrogen storage anode (used in both the inventive fuel cell

5 and the control cell) is described as follows. All percentages given throughout this
example are in weight percent, unless otherwise noted. A mixture containing about

90% of a Mischmetal nickel alloy (having an approximate composition of 20.7% La,

8.5% Ce, 1.0% Pr. 2.9% Nd, 49.9% Ni, 10.6% Co, 4.6% Mn, 1.8% Al) and about

10% polytetrafluoroethylene (PTFE) was made into a paste using isopropyl alcohol.

10 This paste was applied into an Inco Corporation nickel foam having a of density of
about 500 g/m? (with a previously welded nickel tab used as a current collector).
This foam acts as the substrate and electrical collector for the electrode. After
drying at 50-60 °C, the anode was compacted using a roll mill to a final thickness of
0.020 to 0.030 inches.

15 The control sample cathode (oxygen) electrode was created as follows. First,
a mixture of Vulcan XC-72 carbon (Trademark of Cabot Corp.) and PTFE was
prepared with an approximate PTFE content of 20-30%. Nickel foam of the type
used above in the anode production was used as a substrate. A paste (paste A) of
the Vulean XC-72 carbon/PTFE mixture was created using sufficient isopropyl

20 alcohol to produce a workable paste. Paste A was then applied into one side (the
electrode/gas interface side) of the foam substrate. A second paste (paste B),
consisting of a mixture of approximately of 40-60% of the Vulcan XC-72
carbon/PTFE mixture and a high surface area carbon (Black Pearls 2000,
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was compacted(t% fln)al tjhlcknesg of 0.030 to 0.040 inches by applying even
pressure of 1 to 3 tons/cm?.

The inventive electrode was created in a similar manner as the comparative
electrode except that 10% Aldrich silver oxide was added to paste B. The inventive
cathode contains only about 0.11 grams of active silver oxide redox material. This
amount of silver oxide has an electrochemical capacity of about 40 mAh. At a
typical discharge rate of 100 mA/sq.cm, the electrode would be discharged at a
current of 1A. At this current, the electrode should be fully discharged in 2.5
minutes if there is no continuous regeneration of the active ingredients. Also the cell

voltage, which includes all polarizations, should reflect a higher value if oxygen

reduction were occurring by a redox mechanism as opposed to the conventional

mechanism.

Fuel cells were created using the same anodes and respectively either the
control cathode or the inventive cathode. These fuel cells included a 60 g/m?
polypropylene separator from Daiwabo Corporation, and employed conventional
KOH/LIOH alkaline battery electrolyte which was jelled using 3%
carboxymethylcellulose. The cells were run using purified hydrogen as the fuel and
air as the source of oxygen.

Figure 3a is a plot of electrode potential (volts) of the cathode versus the

ourrent density (mA/cm?) for both the inventive redox cathode (® symbol) and the
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(at useful current densities) and as the current density increases (i.e. higher power)
the voltage of the control sample d'rops off much more rapidly than that of the
inventive cathode (which drops only slightly by comparison). Figure 3b is a plot of
percentage improvement of the voltage (reduction of polarization of the electrode) of
the inventive cathode over the comparative cathode versus the current density
(mA/cm?). As may be seen from this graph, at useful current densities, the
improvement in the polarization of the inventive electrode is anywhere from 30% to
50% over that of the comparative cathode. Thus, Figures 3a and 3b show that the
cell is fully capable of operating for longer than 2.5 minutes (the capacity base of
only the silver oxide in the cathode) and at a higher voltage than the comparative
cathode. Therefore, it is apparent that continuous replenishment of the silver oxide
redox couple via the gas phase oxygen in the supplied air is being accomplished.

It should be noted that cathodes containing in the range of 1-20% by weight
of silver oxide (in paste B) were produced. Cathodes having lower amounts of silver
oxide than the 10% in the cathode of the example (i.e. in the 1% range) showed the
same effects, although somewhat diminished. Cathodes produced with higher than
the 10% silver oxide of the example cathode (i.e. about 20%) showed no increased
effect over the sample cathode. Thus, the effective range appears bounded by a
lower limit of about 0.5% silver oxide. The upper limit of silver oxide inclusion
seems to only be bounded by factors such as cost and the need for carbon to
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5 Figure 4 is a stylized schematic depiction of an energy supply system
incorporating the alkaline fuel cell 7 of the instant invention. The energy supply
system also includes a source of hydrogen 20. The source may be of any known
type, such as a hydride bed storage system, a compressed hydrogen storage tank,
a liquid hydrogen storage tank, or a hydrocarbon fuel reformer. The preferred

10 source is a metal hydride storage system. The hydrogen from the source 20 is
transported to the fuel cell 7 via input line 21, and excess gases are vented through
output line 22. A portion of the gases from output line 22 may be recycled to input
line 21 through recycle line 32. The energy supply system also includes a source of
oxygen, which is preferably air for economic reasons. The air is drawn into line 33

15 and then can be passed through a carbon dioxide scrubber 23. The air is then
transported to the fuel cell 7 via input line 24. Excess air and unused gases are
venied through output line 25. Since this gas stream contains no harmful gases, it
may be vented to the environment directly.

The energy supply system also includes an electrolyte recirculation system.

20 The electrolyte from the fuel cell 7 is removed through output line 28 and sent to an
electrolyte conditioner 26. The electrolyte conditioner 26 heats or cools the
electrolyte as needed and removes/adds water as necessary. The conditioned
electrolyte is then returned to the fuel cell 7 via input line 27.
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5 The instant fuel cell and energy supply systems incorporating it are
particularly useful for applications in which instant start and energy recapture are
requirements thereof, such as for example in powering a vehicle. For instance, in
consumer vehicle use, a fuel cell that has the built in fuel and oxidizer storage of the
instant invention has the advantage of being able to start producing energy instantly

10 from the reactants stored in it’s electrodes. Thus, there is no lag time while waiting
for hydrogen to be supplied from external sources.  Additionally, because
hydrogen and oxygen can be adsorbed and stored in the respective electrode
materials of the fuel cell, energy recapture can be achieved as well. Therefore,
activities such as regenerative braking, etc., can be performed without the need for

15 an baﬁery external to the fuel cell because any reactants produced by running the
fuel cell in reverse will be stored in the electrodes of the fuel cell. Thergfore, in
essence, fuel cells employing the instant active electrode materials are the
equivalent of a fuel cell combined with a battery. In such a system employing the
redox couples oxygen is also able to be stored within the electrode to a significant

20 degree as an oxidized component of the couple, preferably a metal/metal oxide

couple, a hydroxide/oxyhydroxide, or combinations thereof.
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5 of the electrochemical celi as a fuel cell. That is, the hydrogen is, during operation,
continuously introduced through a catalytic region in the negative electrode and
continuously stored as a hydride in a region of material in the negative electrode
which is capable of reversibly storing and releasing hydrogen. Simultaneously
therewith hydrogen is electrochemically released from the negative electrode, on its
10 electrolyte side, to participate in the cell reaction process so that continuous supply
at the gas side, storage within, and release of hydrogen at the electrolyte side of,
the negative electrode is made possible.
At the same time oxygen is continuously infroduced at the gas side of the
positive electrode through a catalytic region and chemically stored as a material in
15 the form of the charged state of an oxide couple which participates in the cell
reaction. Simultaneously with the introduction and chemical storage of the oxygen
as just explained the material of the oxide couple which is in the charged state
participates in the cell reaction to generate electrical power. Thus an
electrochemical cell is continuously operated through the supply to the gas side,
20 storage within, and release from the electrolyte side of, the oxidant so that operation
as a fuel cell is enabled. The unique method of the invention of operation of an
electrochemical cell as a fuel cell is thus made possible. In the situations in which
the fuel cell is run “backwards” or as an electrolyzer to recapture and store energy,
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merely illustrative of particular embodiments of the invention and are not meant as
5 limitations upon its practice. It is the appended claims, including all equivalents, that

define the scope of the invention.
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said cathode active material having oxygen storage capacity.

2. The fuel cell cathode of claim 1, wherein said cathode active material

comprises a redox couple which provides for said oxygen storage capacity.

3. The fuel cell cathode of claim 2, wherein said redox couple is nickel
10 hydroxide/nickel oxyhydroxide.
4, The fuel cell cathode of claim 2, wherein said redox couple comprises a

metal/metal oxide couple of an element selected from the group consisting of
copper, silver, zinc and cadmium.
15

5. The fuel cell cathode of claim 1, further including a hydrophobic component.

6. The fuel cell cathode of claim 5, wherein said hydrophobic component
comprises polytetrafluoroethylene (PTFE).
20
7. The fuel cell cathode of claim 6, wherein said PTFE is at least one of:
a) intimately mixed with said cathode active material;
b) graded within said cathode active material; or
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c) a separate layer within said cathode.

8. The fuel cell cathode of claim 1, further including a current collector extending

within said active material.

9. The fuel cell cathode of claim 8 wherein said current collector comprises an

electrically conductive mesh, grid, foam or expanded metal.

10.  The fuel cell cathode of claim 1, further including a catalytic carbon

component.

11.  In a fuel cell, said fuel cell including an cathode active material, the
improvement comprising, in combination:

said cathode active material having oxygen storage capacity.

12.  The fuel cell of claim 11, wherein said oxygen storage capacity provides said

fuel cell with instant startup capability.
13.  Thefuel cell of claim 11, wherein said oxygen storage capacity provides said

fuel cell with the ability to accept recaptured energy by running in reverse as an

electrolyzer.
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16.  The fuel cell of claim 14, wherein said redox couple comprises a metal/metal
oxide couple of an element selected from the group consisting of copper, silver, zinc
and cadmium.

10
17.  The fuel cell of claim 11, wherein said cathode further includes a hydrophobic

component which comprises polytetrafiuoroethylene.

18.  The fuel cell of claim 11, wherein said cathode further includes a current

15 collector extending within said active material.

19. The fuel cell of claim 8, wherein said current collector comprises an

electrically conductive mesh, grid, foam or expanded metal.

20 20.  The fuel cell of claim 1, wherein said cathode further includes a catalytic

carbon component.
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