;o <=e3e( s( |l nmpppls6sTsrl NOVEL FUEL CELL CATHODES AND THEI R FUEL CELLS
RefFated Applications This application is a continuation-in-part of U S
Pat ent Application Serial No. s 091524,116, filed March 13,2000, which is

active materials forfugt =

cathode material for Ovonic instant 10 startup al kaline fuel cells.
These inventive cathodes open up a trenendous nunber of degrees of freedom

in fuel cell design by utilizing reguite@npHcapéhon (redox) couples, such
as netal /oxide couples, or sinply couples which provide el ectrochem cal

0L 0 o728 O S S S

el ectrochem cal ese redox couples

n"or caded ooy St HEoyBPY ABen P2V Sl eiBbudEly DaRiisishieb a8 coul o
used. Additionall Y tf]e ﬁedox coupl e provide the fuel cell with the ability
to store oxi d2&M WR'TPHThe el ectrode which not only provides for Instant

startup, but also provides the capapjlity,t royvi de short surge bursts of
energy during demand surges and al sgieé‘fl Pﬁ%ﬁpg?" %'?:apture of 20

regenerative energy. , 1 Background of th nveptio he instant,

hppl i cation for ¢ HBeinstartveptorpiep e dopspliels ekt pFBrees actiif et el | s
usi ng such el ectrodes, which Tgl%j oxi de couples to %i el d, f w_de sel ection of
5 operati ng fQHbeLEgds. magsspesificaly [Qthelr Hee 29,188 SANOPR Nairrist for Rienic BeeBt ni ned
material s, which used in conbination with hydrogen-side el ectrodes

parti cuPar | y Sigriup alikalie feel ralls: Jhesainyentye saiNedes/ R R Eeraendoys Rumbet al |

bot h of which, in combination, fyi el d high performance fuel cells having
hydr ogen st ordhglegtessaefifrgedam i flel ¢adl dplandyentiigingcieduetioniaridation dkedox)

el ectrodes which take advantage of |owcost, in 10 conparison with the
traditional ﬁPHP'Pﬁurﬁ“@he@?rB’&gaélPx'gﬁi BRURIRF P SIMAY c 1§0uRIES WVBISH e BEQVIsl® of
specific ranges of operating voltage of the electrochemcal cells wth a
broad oper at iER§IPegIBIcaL xiizenn gesterablyt RYYISPpdPt thsi fuel ¢ epllp elsgirglyte for

i nstant-start b¥ use of the hydrogen storage capability of the short-range
order avai | aslestrpghemigaligp@pugtionof These redemeUPIRFd g tntheir slaciraefiemicdl As t he
wor |l d's human Peggul ation expands, greater anounts of energy are necessary
to provwide t Reesdahpievidedheivelcells pmplayingdiengwidh arin crepsed cpgratingMeltadgour ces
of energy are the fossil fuels which, when consuned, create significant
amount s of cHibéradivgabladyyaning the sedeaeupledsed. Adabanallydhy redoxicoupiit eri al s
i ncl udi ng carbon. nmonaoxi de? sul fur oxi des%ﬁ and nitrogen oxi des. |ncreasing
20 at nospher PEOVidsRe fug! £efl with the abllty i stots exidiaer Within thersiesitpde didunath:
creating the ugly specter of global climtic, changes. er gy- pr.oduci ng

devi ces whi cANYPrRddes toRinstatisianiug. butdsqiprovides thy g@oa&ﬁﬁy Kogeidesbait 2 A

fuel cell is an energy-conversion device that directly converts the energy
of a suppl i eBUGRPUrHE Pf ANeEIVeEYINGcILRILFUrSRF GRA yBleg pliowsetor recapturef| s
enp! Oylzong regenerative energy.
R
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hydrogen, particularly with their sinple conbustion product of water, would
seem an ideal alternative to current typical power generations neans.
Researchers have s been actively studying such devices to utilize the fuel
cell's potential high energy-generation efficiency. The base unit of the
fuel cell is a cell having a cathode, an anode, and an appropriate

el ectrolyte. Fuel cells have many potential applications such as supplying

power for transportation vehicl egackgRivifd dtdhe ifaRtion P nes and power 10
supply applications of all sorts. DeSpite thelir seemng sinplicity, many

probl ens have pre - ] ; : | re .y nost
of the fuel cell \Fﬁ’%ﬁ‘%q?@gﬁ%nc?ﬁg‘gﬁﬁ’éﬁ‘%&rﬁ.ﬁ@lg%(&%%sﬁ&ﬁf%'g%%ﬁ%%ﬁ%ﬁ%) f uel
cells. Regrettably, the P,E M fuel cell suffers fromrelatively.lo
conver st on erGetE L&iEs VB A1 it s ofeuciblam Y Sl KRetuattt ¢ e
15 electrolyte for the systemis acidic. Thus, noble netal catalysts are
the only usefQRera&lf‘QiV\?EaQ%t efﬁeglﬂgaﬁ’dhe[’ﬂ%ta@tl IRYSHYS bave determined dpatiials,
Unfortunately, not only are the noble netals costly, they are al so

suscepti bl e tYigbHERFMINRYMINHRR Y IyElsoges g @'Petacrcre@ partiseArwibihese (CO) .
Al so, because of the acidic nature of the P.E.Mfuel cell electrolyte) the
remai nder of GORBiryriedef ayoniohytegrt slaradednaterialy hethrefevhiely|in combinedant o be
conpatible with such an environnent, which again adds to the cost thereof.
The proton evisihhigh pefasrmanee ifiel egalls ihavigdi hvdragepesigiage, capaditbsdthinstieof it' s
| ow proton conductivity at tenperatures below 80 C, inherently limts the
power pert or MidegeastEcpde and xgen elaplegdes yhich tekgedypntape oPlaw-egstfinel cel |
as the PEM 3 is nearly non-functional at |ow tenperatures. Also, the
menbrane i s sempatisorewito the ¢aditieng alatinume electiedesh eyidescauplasoihiem allow120 C.
The nenbrane's conductivity depends on water and dries out at higher

t enper at ur es selehiimn dapstifigranges of gpdrating voltage efftbe electrhehamioaleclisnwith a

di sadvantages to the P.E.M fuel cell which make it s sonewhat undesirable
f or commer ci htdadopeatiog tervperatiine rangeand: the apporélritty td peovidedhstert-staitiby sone
advant ages over P.E.M fuels cells in that they have hi gher operating

ef fi ci enci esyse hetheubysirbgensstowgel gapahiliyrifdhe sbortcangst ondet rwailablerid thbiey have
no need for expensive nenbranes. The al kaline fuel cell also has relatively
hi gher i oni cmetetiglictthe iovgnic hydrhgerklestredsl. yt e) therefore it has a 10 nmuch

hi gher power capability. While the conventional alkaline fuel cell is |ess
sensitive to tenpds ewaldishaymameopialignernpapds. greataeamounts o snergy iave
materials of conventional alkaline fuel cell electrodes becone very

i nefficient eecessavyttenpevide thescoupmisr gigwth ell yhaticoh deaire.onfdle wdditidriahe f uel

cells still suffer fromtheir own disadvantages. 15 For exanple,
convent i onal sauréad ofrenergiebrectoefossilfuels which, avieereongemadbéreatestignificaat al yst s
in both el ectrodes, which, as in the P.E.M fuel cell, are susceptible to

gaseous contamourdstof parkomndingde T web ragestheromere dmmediately toxid madérials s al so
susceptible to the formation of carbonates from C02 produced by oxidation
of the anoddnduadibgncasidrs tmenaxdeorsulfut raxitiesc @ndi pitroggrurdxidess incredsing uel and
air used at the 20 el ectrodes. This carbonate formation clogs the
el ect rol yt e/atinesphaideosceriteationsinticarbo dioxite lererivaanieg théearth; resting theher eof .
The invention described herein elimnates this problemfromthe anode.

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

contribute to such difficulties are needed now.



4 " Fuel cells) like batteries, operate by utilizing electrochem cal
reactions. Unlike a battery) in which chem cal energy is stored within the
cell, fuel cells generally are supplied with reactants from outside the
cell. Barring failure of the electrodes, as long as the fuel, preferably

hydr ogen, and oxi daply cdeLeally B RlioS dQIKIRL AR, BBl AL Bty LPe

reaction products are rénove celT continues tT0O-operate.

of fer a nunber of 5'%0”6‘“ adv nq&%ges overHjﬁ erfﬁal Cf)mlﬁushion ngi ne or
generat or sysfetHPP'§h&EE8 TP FETE &PF 98 v Bhe Fientfugh splls employing

envi ronment al cl ean operation especially when utilizing hydrogen as a
Fuel  Chi'gh: Tonfkbespereyey i ey Bhghtpae el IGR a sl wBfie el apeelb
cells potentially are nore efficient than other conventional power sources
based upon th@ea;é@'matw@ surrqdyieq! Peweb aprHialitng eeans. tfesegetherubavecel |
are the anode for hydrogen oxidation and the cathode for oxygen reduction,
bot h beisng pokéan @ﬁé@ly sludytrgl Bu@doesices tg wiizetbetfuel pelés ( iahdign

al kaline electrolytic solution). Typically, the reactants, such as hydrogen
and oxygen, agrergegpemaiaredfficiery.t hrough a porous anode and cat hode and
brought into surface contact with the electrolytic solution. The particul ar
materi al s utili zedhedrast heitohtheddel calids aretibaving ai caffaxdeaan asodes andhay nust
act as efficient catalysts for the reactions taking place. In an al kaline

fuel cell, thepreazte efecablytedhe Farbdellsobave sdngt petential lappReatibysirsuginas uel
and hydroxyl ions (OH) present in the electrolyte, which react to form

wat er and r el epplyingl motardostrartdportatRBHehicte? Hitllacin@sfeafcturbings. &RBpowerS At
t he cat hode) the oxygen, water, and electrons react In the presence of the

cat hodaocat alsypplytapplicedione of hlesartsy geespdta dhdinseanhiygl s@gﬁbit&,m%ﬁvbl)ams

have prevented the widespread usage of fuel cells.

Presently most of the fuel cell R & D Is focused on P.E.M. (Proton Exchange

Membrane) fuel cells. Regrettably, the P.E.M. fuel cell suffers from relatively low

conversion efficiency and has many other disadvantages. For instance, the

15 electrolyte for the system is acidic. Thus, noble metal catalysts are the only useful

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 acldic 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 agaln adds to the cost

thereof. The proton exchange membrane itself is quite expensive, and because of

it's low proton conductivity at temperatures below 80 °C, inherently limits the power

performance and operational temperature range of the P.E.M. fuel cell as the PEM
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2 + 2H20 + 4e' -~ 40H Eo = -0.401 v. The total reaction, therefore, is:
2Hz = Q2 -~ 2 2H20 Eo = -1.229 v s The flow of electrons is utilized to
provi de el ectrical energy for a load externally connected to the anode and
cathode. It should be noted that the anode catal yst of the al kaline fuel
cell is required to do nore t catal yze the,r ion of H+ iong w.th OH
ions to produl?enwlgt'@mfu?ﬁlopﬁgﬁﬂ?/w?‘Hﬁp%ﬁ@ > nﬁl§$’atﬁépi?'9§r@n3hsds%§gﬁé?ate
the formation, of H' ions and e-fromH2. Thj ceurs via formation, of
atom c hydr ogBWLft?’BH?r r@%mﬁ”&rbeﬁﬂf‘ér%@léﬁe.” EI*hﬂg%oo&er elm?'@g@"?éﬁoﬁﬁwwgy
sinplified and presented (where Mis the catalyst) as: M+ H2 -~ 2M .. H
M+ 2H+ + 2e' demaigs amwatghand dies eutyad highgs tempstatgipsy thastoaesian cel fadbteal yze
the el ectrochem cal reaction for formation of water at the electrol yte

i nterface but Thersfore| therecaffei maey dispdiantagessiocthatbEdb| faelicedr whiglimagfenit i nt o
atom c¢ hydrogen. Using conventional anode material, the dissociated

hydr ogers i s t s@mewbatamdksisatde foheomydragbonsirosmusean easily reconbine to
form hydrogen if they are not used very efficiently in the oxidation

reacti on. Wth theTHeyshhogetionst alkaipe fagladh hamseme aldsartégéde/er VR M. ifivels
instant startup fuel cells, hydrogen is stored in hydride formas soon as
they are creageldin thatthbRavediiglaarepastidg efficieacids dhdyauseness cdetypauerialsof | n
addition to being catalytically efficient on both interfaces, the catalytic

mat eri al nustcdetro€ingand thely ha0® hb @2k forRypémsvernb@btaiseTa6 lkalivd fiel
W t hout such corrosion resistance, the el ectrode woul d quickly succunb to

t he harsh envidlinys rartvélRighel oniv@dhdudiviteiltie bleegal¢lef ihetetnielit stk die. s
One prior art fuel cell anode catalyst is platinum Platinum despite its

good cafpal Yt ihusH ARMEE FS@er ESpabity. vV @¥lleSte tadhléntlonsl Mkamesal glicee®Y ci al
use as a catalyst for ftuel cell anodes, because of its very high cost,

avai | abi |i ty)seRsiivé B tdrparb@fs ahltde FEMPFIE! cOll, SRe pRARLEG FB8lAmAtai=d ¥pt S
| i ke platinum also cannot withstand contam nation by inpurities nornally

contai ned i n coGertivra0 aualihe elueht shalectibass Hdtome WRHY | ihéM&estaati @l ude
car bon nonoxi de which may be present in hydrogen fuel ‘or contam nants

cont ai ned i ntéhperahR6d." OhidrRNEEEN casventibndl BIKalihd fuRS celR! stRisLiferGriM: &ded in
untreated water including calcium magnesium iron, and copper. The above
cont am nant s ooatigaRtagbat is commonly referred to as a "poi soning”
effect. Poisoning occurs where the catalytically active sites of the

nmateri gl becone i Racddavdi€Eohverftiohsiamalife ARECEIRS Il 05BEkIRLYe BOREMMAG 1N
the fuel cell. Once the catalytically active sites are inactivated, they

are no | ongega@yatd inboth eictragéd, Mhigt aeah ahy PLB M, Qlel @6f1| &k @0bcdprigleogen
oxi dation reaction at the anode. The catal ytic efficiency of the anode

theref ore i sghssbigedortamirant pRisevmigal Mheucheentdnah\sidinb! feelCcadiplsy bissal | y
active sites is significantly |lowered by poisoning. In addition, 20 the

decrease i-n gadcabiible o 8 fokthaton Foattonatdd frdne OERTREHUREEbY\WRIdafdieofthet he
anode and hence the cell is nmuch less efficient adding significantly to the

operating cogh&de arBory Shistatesi ot intRRiubed Vighimpeticb &l iNediellRe aptbodhbt ther ki ng
el ectrode potential under sonme conditions and it's equilibriumvalue, the

physi cgl neagleBBodds. OMAs ealbbaste fosmation didl tHelda@itlyte?alebti®i: duraty @hgone t he
resi stance to the passage of current at the surface of the anode {charge

transfer resjgypeElimindfes tiey S&tRY HBsof! TRESRRNALEN 88sdiREE hbfRPdiRnIRABE JY | OSs
whi ch adds to the operating costs of the fuel cell.

this problem from the anode.
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In related work, U S. Pat. No. 4,623,597 ("the '597 patent”) and others in
it“s s lineage, the disclosure of which is hereby incorporated by

ref erence, one of the present inventors, Stanford R Ovshinsky, described
di sordered multl-conponent hydrogen storage materials for use as negative
el-éctrodes in el eqt e kel barhibs dmfath Ny (iR leBFochemidairsadidhent ,
Ovshl nsky descri bes how di sordered naterial's can be tailor nade (i.e.,

atori cal [y enghilees abheh? 194tk dhdIE AR AR AT oR et Lol

reversibility characteri’stics. Such disordéred materials are anorphous,

m crocrystall ' r fateqr r / I ; | i | acki ng
Tong.range. cobpatt b RroelufyT AARLR IR uBRP S o8P KRR Alyre PPl
I ncl udes topological, ¢ 0Si,t] I r | onhal n ftianal

nodi fication %Iﬁ%rocﬂ%%?%gqn. a1'§hthe ?"Peinpe[ﬁﬁ%ﬂg?%ié% 3“%%&35&%@'@3’@%%%

di sordered materials consj st gf a hoFt na%rix i s of on orlpnrg el ement s
and rmodi¥ i er sOXYAEBr356SHPRIGYARE 1§ IPSUGNJL PIYH 2l emeKed: fariPell coninEi@nce t he
di sorder of the resulting materials and thus create a greater nunber and
spectrum of c@ReA®tically active sites and hydrogen storage sites. The

di sordered el ectrode materials of the '597 patent were forned from

| i ght wei ght) | ow E&&tcedp effers sumberhimppitapkadvantages RMerduiesel epmewstieasur ed
20 formation of primarily non-equilibriumnetastable phases resulting in
the high ° erkholie £1d gpbewelordeyiems.es Higge| Bwusiesrelativaly ridghl effinigntyow cost ,
hi gh' energy density disordered material allowed the batteries to be
utilized nostenyiioumentgbocieayopasaticnersnasiay Waan wiizias hydipgenles@ feel, pighnary
batteries. 8 Tailoring of the local structural and chem cal order of the
mat eri alos of relabilitgdowgaeving patkss aof ayiebeaperpligior Fuel cells potgptiallyase Mmasedesi red
characteristics. The inproved characteristics of the anodes of the '597

pat ent wer e affciansthar@benspnireniiopal pawengourres basesiupondhe Eamobeyide. and hence
the local s&tructural order by the s incorporation of selected nodifier

el enents into a hobe maiowmnmeobe@ft@tmioagﬁlei gelll @res thedenasi® fonthydiogen

Di sorder permts degrees of freedom both of type and of nunmber, wthin a
mat eri al , whiozidatiore and dveacathbdeefdr oxgaen educionalbotabeing gositiodtbinea delfjr ees of
freedomdramatically change a materials physical, structural, chem cal and
el ectroni ¢ esohtetwngean eleTiveytdi(sunhorsr adalkelinerdlegdtrobttic shiaitiomo 7Typloalintthdave t o
desired el ectronic configurations which result in a |arge nunber of active
sites. 1The n&gasantairidch @stwdArogen andraxyesns iare sespecvelietaddheyah mdegrewsient | y
fromthe catalytically active sites. Miltiorbital nodifiers, for exanple
transiti on epepgmerd caheds anstbraughtdatp isyrfaercaniad avith ihd electoolylin sliige. si t es
due to various bonding configurations available, is thus resulting in an

i ncrease i n &hepaicdanmpteyials pHizeddenthe eathods anthrnode @se impertasisingedhey)

provi des non-equilibriummaterials having varyi ng degrees of disorder

provi ded uni qust &dsaieftciant aatelystsden tha seaciens telingdlagel ap and hence a
spectrum of bonding sites. Due to the different degrees of orbital overlap
and the di sorderdd an @lieting &uel pelli thei tpartiorcahtheagbegR ogeurs thehwearr e
rearrangenent occurs during 20 charge/ di scharge cycles or rest periods

t here #et weehydregen fugkandiny noaw@r@j@%@ peerentindhe electrelytewdch rpactio ftmbat t ery
of the '597 patent included electrode materials having tail or-nmade | ocal
cheni cal envwatenaptraleadsieldctrapse designed to yield high 9 el ectrocheni cal
chargi ng and di scharging efficiency and high electrical charge output. The
mani pul ati on of the |ocal chem cal Koo Phot he grat grd-gl,s was made
possi bl e by utilization of a host Hr?‘gltq?(:)ﬁ \/\h%? cgﬁl d, Elrpra].t gbgggrvzlance wth
the '597 patent, be chemically nodified with other elenents to create a
greatly 5 i ncreased density of electro-catalytically active sites
and hydrogen storage sites. The disordered materials of the '597 patent
wer e designed to have unusual electronic configurations, which resulted
fromthe varying 3-di nensional interactions of constituent atons and their
various orbitals. The disorder canme from conpositional, positional and
transl ational relationships of atons. Selected 10 el enents were
utilized to further nodify the disorder by their interaction with these
orbitals so as to create the desired | ocal chem cal environnents. The

i nternal topology that was generated by these configurations al so



all owed for selective diffusion of atons and ions. The invention that was
described in the '597 patent nade these materials ideal for the specified
use since one could 15 i ndependently control the type and nunber
of catalytically active and storage sites. Al of the aforenentioned
properties made not onl n inmportant quantitative difference, bu

qual i tati vel ygt:H?fn@%tgo‘?%éﬁwg%’hlv@t%’ogﬁﬁgec HP?](F@&@W“?\%PWBP% Otﬂl%ed.

Di sorder can be of an atomic nature in the form of conpositional or 20
confi gur at i onedthedeseatalst tprerkcadie exigengne irmiyeraxyl irnefOkdhe naterial or in
nunmerous regions of the material. The disorder also can be introduced by
creating mcroscopi c phases within dzh‘eﬂlmj enal yhych r@on_:i_@

conpositional or conflgurational disorder at the atom c | evel by virtue of
the rel ati onship of one phase 10 to anot her. For exanple, disordered

i or ki nasTB o YA eleBiredEe 2BF= Bl nEPRRRi no SR SG e ot Can

anor phous phase or phases, regions of an anorphous phase or phases in

addition to rag foe PbledrsiyBl@likéd® ROAGE cRictrRBPSRIgy Tdt% Rad externall _
interfaces between these various phases can provi de Surfaces which are rich

in |ocal Cherﬂoﬁﬂhctga‘(é fh‘é@ﬁ%ﬁé%n%hﬂlﬁed&r ovi de nunerous desirable sites for
el ectrochem cal hydrogen storage. These same principles can be applied

within a single sgr rnal Q%m o] er is
i ntroduced into tﬁlteslﬁr%gltdebr%inﬁ ?Eﬁqggé%defﬁgggﬁygl ﬁbtg}e?g%'l 'tsﬂéeaﬁrr';et eri al

in a planned t%@ﬂﬁérettﬁggﬁgtjf'aﬁlgg tl%é*%%ﬁé’?—ﬂéf iMBLOVAR d}?q%]erggiro Sgdﬂcees\}dgtte§’ using

t he Ovshi nsky princip I sorder on an atomc O copli c scal e.

Addi tionally ’éni&i&lﬁﬁ@gﬁéﬁé}ﬂv\#{&% ﬂ?gghgég%lt-ﬁ@t@ltﬁ&@%% [:P)J;‘?’clns'\é(?ld Ofbm24. 116,

('116), the disclosure of y 1 ncorporate reference,

Oushi N3y Moy, SR Kele Kinahih b e o AR EASLAE NGO 07161 | or
nventf on of oudrb-aRRbh iR @B i brogAbd Qe Wl cullfliphal | ow [ uel

cells to startup i nstantaneous y pr of fuel,
to operate in a wide range of anbient tenperatures to which a fuel cell
wi |l be exposed to under ordi ndy Rorighrer U8kt 8Hd+28"al | ow t he fuel cell
20 to be run in reverse as an el ectrolyzer thereby utilizing/storing

recaptured EREldYhe ;ngdtﬁg%?@gt Prfusi fagt Iofhgr%fﬁﬁ@ltléfcgk%eggh%aélgéﬁcgﬁWc%rln

relatively inexpensive en storage’ materi

v srve hyd i -
vt or § r om hLRRELT S A e R eaionty WgREs R fuklBel BERLIPT ©
eactaht st reancty THOlRlt Rer e Rt hy LA A oA eH RS Aot o

e el e Fadl R Sloclchs fEbaditl el 2 th O Aibritih QDA et #11 2' ©

to replace the expensive p ode ca convent1 onal” f uel

cells. It V\Drlélcgmﬁ'n%go.qgm? hgﬂ'\éggé ?f?ﬁ%“gret Rt s QY IV%IS/ %fﬁaeﬁﬁiHQEg oWdE{l]? { he

ability to store chem cal sSibly 1n't orm chem Cca ny bound

LT, LT R TR T i,
R T e T

i nvention, to the,oxygen el ectr.ode can be selected froma broad nenu of
avai | 8l e po%'giuﬁ?%a?égg‘;(ecﬁt(?&ﬁ?\égg Cf’f@ée redox couples in addition to

providing a store of chem cal energy, allow the operating voltage of the
fuel cell to be selected, by judicious choice of the

6



redox couple used. is 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 efficigncy and power availability (higher voltage a

current) and a 20 |8raéﬁiﬁtc%‘/‘ct°irb?ﬁ$go9%tﬁ\¥ﬁﬁaﬂ}’ r?%bt?t?@! Qf\gi t??éhg'étﬁffé?ea?t H}%C?ta&g% (-20
to 150 C.) The fuel cells of the instant invention also have additi onal
degrees of fr &SR BWEH be resistart to corpgoRpy titealiping elgeirolytg. (Wilhoutsechol t age
output of the cell can be tailored and they are capable of storing

regener at ed energpon registantadhe eleptoutisyvasid quicklyi sysewmb o the harsk iengroppnét e

t hrough t he nmechani sm of redox reactions which uniquely provide multiple
degrees of fr erdtm dell varicgtickhglosdeffioieaeiaanddievol t ages avail abl e for such
fuel cells. Such cathodes provide the fuel cells in which they are used,
particularly al kal®mepdarelrt foelded anodet datalydt éygbtiraim. chiatinea) despie 3y gsodt or age
within the cathode itself. This nmeans that such fuel cells wlll have a

"buffer” or "edtawgepropydiesabhet vehtduitable i widd suattecahmatdialubeesa catagst uel
cell cathode conprises an active nmaterial capable of reversibly storing

ener gy t hr ougfor fRecdiemidans Peclisedfite depy hdhgsE availd iRy, @@l teslmitRBwerld | r st

surface region situated to be exposed to nol ecul ar oxygen which includes a

10 cab@lpkt | CAIsbY rblel MEetSI0 ARRRERL Ik ?@Iﬂuﬂg bl aRwR Pivitkdtari
|

oxygen through said first surftace region an nto said active material to

chemical |y chajrggmindtich BEkipuatidsHoRhHER cohiidaR R arsyeMIsasRbAANThIGE f uel

cell cathodes of this invention nmay utilize redox couples, particularly

met al ol des RURtieScatthaGdeearboP MohbRISNAIR iy BEERSnOR RSBk iePbr

copper, silver, 1s zinc, cobalt and cadm um Another useful redox couple is

]g he ni ckel hyghehifSits c6k@ine@thY Blceidife saenad @\e%éehmnhslg%ﬂtme- The
uel cell also enploys an anode active material which has hydrogen
in untreated water Including calcium, magnesium, iron, and copper.
The above contaminants can cause what is commonly referred to as a
“poisoning" effect. Poisoning occurs where the catalytically active sites of the
15 material become inactivated by poisonous speéies invariably contained in the fuel
cell. Once the catalytically active sites are inactivated, they are no longer available
for acting as catalysts for efficient hydrogen oxidation reaction at the anode. The
catalytic efficlency of the anode therefore Is reduced since the overall number of
available catalytically active sites is significantly lowered by polsoning. 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



storage capacity. The anode active material is a hydrogen storage all oy

whi ch has excellent catalytic activity for the formati on of atom c hydrogen
from nol ecul ar 20 hydrogen, outstanding catalytic activity toward the
formati on of wat er from hydrogen ions and hydroxyl ions, and has

excepti onal ceI iﬁé&é?_ q%ﬁbég@%@rcérﬂ%ﬁéjrés&%r@b"fé"tH@Sa&'agétof elidrR Rlth@n

al kal i ne fuel e anode active material is also w cost, containing

ho nobl e met al &, -The Hﬁn%ﬁéﬁ&ﬁar&%ﬁaﬁﬁ%%’sﬁgge pqh%%e E}elsee %nar}s

el ectrodes are easy w 'cost i ques.

tTFli 22?3&; :em %ﬁﬁﬁ%@%‘#f EySERITe e %ﬁeera%rlwé%ﬁs %‘%@Eur%ﬂfoééhms?i}gg
el ohses. nydr ogen ArERaeR. L5 e B i drrdihe Saketty apd oiE B Tong

shelf-life. The hydrogen stora ﬁe al | oxﬁ@g preferabl y selected from Al kaI i ne
Eart h- NiSckel [@Pp@§sthe Rigcasties ¢ Wiich dh %1INcerRassied byireteencgnrag 10 e
titaniumalloys and m xtures or alloys thereof. The preferred hydrogen
storage al | oyreseftdivestanrStanon! Babusynshy, desckbed ﬂ'é@idﬁﬁ%d auklqonaneat

t hroughout the oxide surface of 10 the particulate thereof. The
catal ytic ni dydrogesgitange materbis fpoustnesnagative ¢laciiidesot electechemica) celfs
proximty from 2-300 Angstrons (preferably from 50-100 Angstrons). An
exanpl e of sdartthafirsikimey Imthés patentf Ovshindky geswitrpe bowidirerdgrBdswterials can

Al'l oy) aCobWncFedSne where the Base Alloy conprises 0.1 to 60 atom c percent
Ti,' 0.1 to 4®edaitorineadedi e eatomitia)ly 8ngineeded)dn gradily ipweasattydyigen storage &W at oni ¢
is percent Ni, and O to 56 atomic percent Cr; bis O0to 7.5 atom c percent;
c is 130to lTewrsibility peacaerstids.i s Su¢to @isérdatedniratpdalsemrs ambgpi@usp 1.5
atom c percent; and atb+c+d+e=100 atom c percent. Brief Description of the
Dr awi ngs 20 migocesiallinesintersieyiate migs oldenani/or paysinstaline (Bickiag fong rangs |
anode used in the fuel cells of the instant invention; Figure 1 Bis a
stylized scheompbsitioesii ardéen whdreianthenpaydrystallifiel ahaterd! | indadéso tiepologicchli n t he
fuel cells of the instant Invention; 14 Figure 2 is a stylized schematic
depi cti on of coipositistaintranslatidngh ahd ghasitionbuelodifebtiomidnia disdrdegen Téeor age
anode and oxi de coupl e cathode in a preferred enbodi nent of the instant

i nvention; FfrgmeeoBeofiastive phteriatsfof tHese tisodiergrbmeterinksl coasist df a)hoef mbtnis

cat hode versus the s current density (mAcnR) for both the redox cathode of
t he i nst ant ohueeabr emraretervérds codpacdiiiens encupdrettd;infei thisr koBinatex.a Theot  of
per cent age i nprovenent of the voltage (reduction of polarization of the

el ectrode) ofmotliiiers enfenté tre detrbiodef tiva esultihg materzée and thas crebtecalgreater

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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versus the current density (mAlcn?); 10 Figure 4 is a stylized
schematic depiction of an energy supply systemincorporating the instant
startup al kaline fuel cell of a preferred enbodi nent of the instant
invention. Detailed Description of the Invention This invention relates to
cat hodes for fuel cells which operate through the 15 __mechani_sm of
redox reactions whidRigpigoelogalsiyciumpband henieal otfeqpiae "@Fe”ﬂS@é@‘@n@qm

sel ecting the operating voltages available for such fuel cells the many
vari abl e and paieelr wiaBl & giedbimpatascedo Aghievahe desirediheeastersiienh cehodes,
or oxidizable electrodes, provide the fuel cells in which they are used,
particul arly atthatddnehdraeekristies s thevariohesof tve eb9opatehtoesrecadcemplishledener gy
storage within the cathode itself. This 20 neans that such fuel cells wll
have a "buff emanipulatich &iletal Ghemtzat brist amy hercalthe lodat Structirbeordat bpthe at al |
times which, particularly conbined with hydrogen storage anodes descri bed
in copendi ng iKBdbettiSh af esle AP niceiicsr elrmBats iafo dNAostORAtHR b drbblctdgedliesiCl Osur e
of which is hereby incorporated by reference)) yield instant start fuel

cells 15 i ndigfaeiedl mardalloDRoriRe pefmiaddgredsOoOredtion, b antyps tatidt of
al kaline fuel cells. Such fuel cells have a built in reserve of hydrogen

wi t hi n the anqgghanditaabheserdi SantRBl UnBesRbR! i cEMEIatalinfatédifs, CAidyade for
I nstant startup (discussed herein below), and have the ability to accept

the energy Ofderg?&e%ertﬁg%;ehym &Pérflgtldl%ﬂ% QB/aln@Etai rﬂ&eﬁﬁls?ﬂéﬂcﬂ fﬁﬁkfuﬁély&ramigé\' SO

di scussed herein b The el I "has 1 ncreas I clency an

i ncreased povgy mﬁ?@?&?ﬁé Ehb&?qﬁn%ﬁf.coﬁﬁéﬁﬁgrd@réd‘ HPIoF RN 3o7! didnt GRS Of

the prior art, e dramatically increasing the operating tenperature

range qf, the &gyédé@pu&ﬂcéoﬁﬁ?&}a}ioér hiél’r’l%lsul?f?llsllatg%n?ﬁfb%r?\gaccﬁ%gl@%l §hgnd_has

the advantage of utilizing proven, l|ow cost production niques. 10 The
present | nVeRihon A Aubfler F Sstirdgb Wiks Sk a89G%% AREpEAIdAYGHm 3Rd_an
energy supply systen1|ncorporat|n8 the present Yuel cell. uel cell
anode includ o ich have inherent catalytic activity as well as
hydr ogen stoﬁggﬂﬁggég%#?ﬁ. Ne cat hode and anode materials do not include

any noble netals, M@ngr%pnmmgﬁs{, Z&ree%%fé @é;ﬁgit}’obﬂ AMWrEARL rouheed%fg}g%g?sand

anode materials are robust an | ong-11 , belng resistant oni ng.

The anode dos%n%réagtsd%wdteﬁas&é}s?geﬁe@ uewbértoruatb%ﬁ%@ﬁg@fgu%ioﬁg afdifapigVi 1€ a

detail ed di scussion o e 1nstant el ectrodes an utilrzatron'in an

al kal 1 g el selbyiif GPSATARESIY ElchaPbatl. | ins Ml duBe i ARbAL 1 he

concepts of the instaht invention can a ed to other types o uel

cells (e.g. gspﬁacﬁl%fdﬂ@\hdﬁ@lrﬁéquilﬁﬁiuhﬁmgéﬂgfs%avinfgqfar%ﬁtfBeér’é@é of Gikbrdept hodes)

oxygen i s genera aval e to the cathode ona c I ntousl y-suppl i ed

basi s on Onepi%iv@%d%‘nidmcﬁnafng%ﬁgurmﬁwssiaibﬁlawé\ie%b'a)ﬁd%hi:é/ﬁ sﬁiﬁétﬁim%k
e h th grates

converts the nol ecul ar oxygen into atom c oxygen which then

through the ghegld Qfe. Atk loShb ete&T Rhrdeb®f BHael VARb&aché alsyiderdd ! 6

form hydroxyl 1ons. In prior art cathodes, no storage of reactant occurs.

That I's oxyogqdiiray &S irfd ﬁiﬁérllty?&BDﬁ’tUGhs&U&u%ﬁtkMﬁa nt BRuRNdufifipct s at

i
t he el ectrode electrolytéhlnter ace. In the cathodes of the 1nstant

| nvent ion.  oRGlsEnaThOLfded or fe8EociRR DTS Yeleh BANAEHTEH Gt e 0

couples, and 1s then avai at st el ectro Interface
surface of t at hode. Avail able electrons will then be generated through
the electrochemcal reaction with the fuel. Thus the fuel cell wll provide

cal n with tt uel '
Eg?éﬂ? a/%zd?FEEt ?8%5@%@?? pyfarffe, %ﬁé@?%ﬁﬁ“ﬁ‘i@é%%%%ﬁ%‘é? 5‘*;*%%%@%5{& :
ot her i nan B gatAR o eheREF ndErere RioT a8 MdliRak HBEChG Do
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this is the redox couple of nickel hydroxidel nickel oxyhydroxide. Wth such

a redox couple system the fuel cell wll provide a potential whose
theoretical voltage limt is the sumof the anode and cat hode reactions.
Certainly the theoretical limt of voltage available is nodified or limted

by oLher. consiAskatidzal ARG UhBIduenifla HiBentP shd L Skoties siigee of

the el ectrodes an el cel”l “system nventi o

specifically r e . . G0 LSLRg: c ive
ot or i al capaBi®0yt e fefebisfion 3Fbie 18 SRdsE RIS TR o B AR 2
redox couple; sajid actjve terial,. havin first syrface region,situated
to be exposedm erﬂﬂsé‘bl‘fl rY ‘%950&1?1:%g(?s(ﬁ”%tr?’%‘fvh'gﬁF?%@e’nra@&’@ﬁﬂ?‘?ﬂ%tﬁ&’i’?}g a zo
catal yticaliy acting conponent pronoting the absaorption of nplecul ar oxygen
t hrough said 9% spatggly fogc eheraiga! n”&ﬁ’lj'ego‘ﬁ‘\t}bromeéne‘% ghtade FieRle at oneptly
oxygen. The active material also includes a redox couple material (e.g. a
netal ) which insreased éansityrof elpstipatalyficelyacgerisitsp anddydicgeniarage Riéesat oni c
oxygen. The fuel cell 17 cat hode al so i ncludes a second surface region
situated to be expOwedisqrdencHendtaadls otthe '687 datand Weteedesigiedde bayriusuauhce
region includes a catalytlcally acting conponent pronoting the reactions
bet ween t he r elgolxoriccinfigurations, vdlichaastiltet romiteatarying 3-gimeristonekinteottiomay al so
i ncl ude a hydrophobi ¢ conponent positioned between the first s and second
surface regi oofs costitlerd dtomis ewrd | theint Veoldes wirbitalgli sphaydiferder abine Vroht age
potential over conventional prior art cathodes. The fuel cell cathodes of

t hi s i nventi ocommositisngl, | Eesitioedioand olupisedipngd aretationstdps \of netbmk] 08etbetedcoupl es
selected fromthe group of netals consisting of copper, silver, zinc,

cobalt and caslemens wareutiizedus &frtiler medifixthe aigorderiby theieinteradtioh with these

hydr oxi del ni ckel oxyhydroxl de coupl e discl osed herein above. The fuel cell
cat hodes of tdwitalast anto creatnth alesieddlocal cbémital envirabmbgtsi ¢ mat eri al whi ch
pronot es and speeds the dissociation of nolecular oxygen into atom c oxygen
(whi ch reacts wit Thehiatersad dapalogy tiegt. was pendrated| by kthesesednfipuations \atdo i s
carbon. As discussed herein below this carbon should be very porous and may
be i s el ectrialaivkby faresutive difusidinef atahdantbioas.sBhealaeettioa ti was elesofbaas t 0
isolate the electrolyte, or wet) side of the cathode fromthe gaseous, or
dry) side of itte '691 patdet maddtheeé natarlals ideal for the specified use since one could

15 independently control the type and number of catalytically active and storage sites.
All of the aforementioned properties made not only an important quantitative
difference, but qualitatively changed the materials so that unique new materials
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 materlal which mimic the compositional or
configurational disorder at the atomic level by virtue of the relationship of one phase
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means of acconplishing this is by inclusion of a hydrophobic conponent
conprising a hal ogenated organi ¢ conpound, particularly

pol ytetrafl uoroet hylene (PTFE) within 20 the el ectrode. These fuel cell

cat hodes, may al so include a current collector or current collecting system
extending within said active material. As discussed herein below the
current col | det@othpty Eenpramle.sfseraiedrmeaiaialy eankisioaled RedMrodyeing, f oam
or 18 expanded netal. The choice of such collection systens may be nade
accordi ng to mlcexscopidereginafeica wiffasgntokingh o dinstsi ofn crygialliom plhases. oFbyl cel | s
of the instant invention using cathode with redox couples, particularly in
conbi nat i on wvihtrbducitey tegtbne @éan stnorzwes phoskesr Miasehoeybhs ohpplimoathaus s
provided the ability to recapture reverse electrical power flow from an

ext ernal cirquHdseiortphasas th budiliorc & Fegielseafta olygtailioal ghaspravdhihesesg Ther ogen
and oxygen whi ch are absorbed and stored through the nechani smof the redox
coupl e isn t haneahbadpstanen tihee AbagpRasst daAgeodd SlrfRlesiwhidigreamdda. Such
fuel cells my, as a system further conprise an electrolyte conditioning

io means for |sendifdmBaN@ntiehnfires twiklyt grovid8i Bumbrribr abyitdie andit Fgni ng
systemw Il not only adJust the tenperature of the electrolyte (for optinal

fuel cell perdiQi/RRsRicaliidrddenlst@hge renove water fromthe electrolyte. The
wat er renoval 1s necessary because water is produced as a by-product of the

fuel cell's elect ] ,q,;(pﬁgpél i BY S/itWRLLLim Il f e uld
dilute the el ectrﬁo-ﬁ%kg%g'fﬁhrs' I'npe idnlsgm%%p-ﬁte ﬂgntgﬁtfé&?lé%g{r}?grral %\eé g:fd‘\?he

fuel cell. T%‘iﬁﬁ‘ngfeﬂS#na%@éidicﬁwa%i%&rdfe*’i&'irnﬁﬁu&é?ﬁhféQHe rfaterfl ﬁﬁ?hgﬁ% ré'%ii&%ﬂ?r ogen

supply source I'n means for continuously supplylng particularly

mol ecul, gr hy%ﬁt&gﬁg ’mét@riélrﬁ‘?a%?éﬁqga $drinkFto a%ﬂfeb@%gén‘f‘é?ﬁﬂﬂ%?@d QTW gRRjusUPPl Y

source whichn des nmeans ‘tor continuously supplylng ecul ar oxygen to

the cathode' %JJnF,ﬁ%siﬁyHea@ﬁsrgsggéyq&;ncﬁm aqulis’wd@f' & Aharh drHRedsLoRE NI

system whi ch 1 nc es” neans continuously conditioning the electrolyte,
t her eby enabgb§g_continuous operation of the fuel cell as an electrical
power source.

Additionally, in copending United States Application Serial No. 09/524,116,

('116), the disclosure of which is hereby incorporated by reference, Ovshinsky has

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 allow 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 dissoclation of molecular
hydrogen and the formation of water from hydrogen and hydroxyl ions as well as

11



Nuner ous redox couples exist and may be used to formthe cathode of this

I nvention. When such couples are used, cycling transition fromthe oxidized
formto the reduced formis acconplished repeatedly and continuously. From
a practical point of view, the ability to withstand such cycling is

“ef d. Wh ' i
that the equabﬁﬁﬁsogﬁfg%i@é% Werhfo BenbecPb el Rt AR R R o *©
hyar ox del oxy K r%%gtagﬁstﬁeﬁaﬁbancia%ﬁﬂ%ieeo rﬁﬁ@ﬁ?w@k‘%ﬁs re%aig 001 Pt 0 - -
0 4 2N (O 2 stepandTgiolitinpef BE1SEl G i bifor By ant d%%tietr’%%a&?y et?p?thet her

charging input: 1s NN(OH2 + e- + H0 --~ 2NNOOH + OH H2 + 20H -* 2H20 +
2e'. Using a expmnsivecdgifem esthede exalysts of corventionabiehgeliss lbepuldvaleo be be
the useful fuel cell oxygen-side reactions: C+ H0 + e- -~ C . . H

(adsor bed hydadgatggesusid paovidcthe Ehtgode witlCHGy-abiity. tozﬂgracimeznrealzeu@gzo
Using a silver/silver oxide couple, the following is believed to be the
useful fuel -cgddssibinigére feimlef mlmait:dalbrrtmund:oxygdzc)tmaseist ith€instant startupadisor bed
hydrogen) + O 2C . . .H + Ag20 -~ 2C + 2Ag + H20. 4Ag + 02 -~ 2Ag20 Usi ng
a zincl zi nc otedigslcolips well advechptuiteoariengy Thubtteresis @chekd whithinttheam fafsubh f uel
cell oxygen-side reactions:

a material. The invention described this appllcation is significant in that it provides

the next step in the development of such electrochemical cells. With this invention,

10 the oxygen electrade can be selected from a broad menu of available possible redox
couples. These redox couples in addition to providing a store of chemical energy,
allow the operating voltage of the fuel cell to be selected, by judicious choice of the

redox couple used.

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 availablility (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 artin that the voitage output of the cell can be tailored and they are

capable of storing regenerated energy.
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C+ HO +e- --~C. . . H(adsorbed hydrogen) + OH 2C...H+Zn0-~ C+Zn+H20.
ie°2Zn + 02 -~ 2Zn0 21 Usi ng a cadm umnl cadm um oxi de coupl e, the
following is believed to describe the useful fuel cell oxygen-side

reactions: C+ H20 + e- -~ C. . . H (adsorbed hydrogen) + OH 2C...H+CdO-~
CrCd+H20. s 2Cd + Qécatr%ﬁgg’ SPbEH: BRI bRMapekAIE RGEYH S riehanish
reactions provi de few exenplary redox coup reacti I ch

ful f th I I f
e T ﬁdo""%ﬂﬁa@gng@%m@@ugfveo%vr'%éﬁh'“@'@ e

couples; the list, certain Q i 0 be
so. Many ot h&Perdiggyel %g"‘% 830 éwﬁlﬂ.gegﬁélfsa Hct\wl\%’thé%g\;)iovtfgs ‘Eﬁﬁ'eg%%'ﬁl cation
in the inventive o en-s electro tur ful in the
descri bed |n\}’éWf‘ﬁ°U>é<’¥q%’@é‘Fu  particHadg ﬁ’v%ﬁﬂ 'Qb‘?l' Gf’e'ﬁé "’E eBF9% f ew of
these couples it should be noted that use of the copperlcopper oxide couple
will yield velaragrwihin ierathagedsel plis @é@ﬂsth?%ﬁl{@h furbeglisivitegve @ Ui’ dat i on
state) oxide will yield voltage of about 0.9 v per cell; nickel
oxyhydr oxi de/oni'dieege’teyaitabie wihinithe cathedect pdimege of about 1 v per cell. It
shoul d al so be considered that there are a nunber of conpl ex oxides which
will yield differThefustidell vethodgesmpritehar aptivedmateiial aarableabfl eveitly ng
vol tages even further. N ckel ferrate (Ni Fe04) is one such oxide whose
conpl ex i s astirihglehergy thrioeghithedneahdnizm ofhssdoxasiupkeg d hestedtiodehaa figdul d be
about 1 volt. This and other "m xed" oxide conpl exes provi de ot her useful
vol t age oppostriate regiorasitysred tobet diposeénie malesularToygea which dloildes a
oxyhydr oxi de/ hydr oxi de whi ch was previously discussed is, effectively,
anot heno conpketalytizallyactygtanporBamerooibtingdtbe @bedrption ofruxggen thrdugh sait st
reactions

surface region and into said active material to chemically charge sald 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 hereln 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
jons 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,
contalning ho nable metals. The materlals are robust and polson resistant. The
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whi ch may be advantageously applied in the practice of this invention. At

t he cathode, the oxygen, water, and electrons react in the presence of the
s cathode active material to reduce the oxygen and form hydroxyl ions
(OH); Oz + 2H20 + 4e' ~ 40H . The flow of electrons is utilized to provide

That 1 oad | & SUACRREL P2I08 R REBl oy e Bk AR e ™ por

That |l oad i s aval e tobe nee udi ng, but

not limted t ower iV i i ght i i o devi heating or
ool i ng dovi GRosB B TEbAFs IR 68 HEPYER R InsrbhE i Belrigh B sifeuRg bt
electricity-consum ng devi ces tgjo nymerous to nention. To produce a fuel
cel| the cat HERAASRISUEBREe &bl oyi ng any of the many oxide or redox
coupl es) are used_in conjunction with an anode or, hydrogen el ectrode. Wile
any functional hydPegend ﬁ@wﬁme@gﬁwt%@qé]@as HpeM If Mie aehetedep fug

cat hodes, preferred enbodi ments of the fuel cells of this invention wll

i ncl udes anodés!leipressibln phsgds oehreleaseadudoenyandchasia faglt dregenation shoul d
be noted that the preferred anode catal yst of the al kaline fuel cell is
required to deagtionsate Aadatagshgirdfer Aae hxdiegaroriotege plloviipprefarghinsaptted ons to
produce water. Initially the anode nust catalyze and accelerate the

formati on of fiam AlsakinedraitheNickel attoys RamkEarttdidisgh snetal allpys, Riogamitirn etloyst at oni ¢
hydrogen from nol ecul ar hydrogen. The overall reaction can be seen as
(where Mis titemity ditaygend stixdureger alfayd theaedfi Tiee priefeonedimtimgembiorage alloy
MWHZ-~M .. H-~M+ - " MtH++e: 23 That is, nol ecul ar hydrogen (HZ) is

convert ed t ocandtetisieedcEdaaiatyticyilkelyegiofdiistriblyted tiraughost the ofide surtdcetohe

anode. This adsorbed hydrogen is very quickly converted to a netal hydride
(MH) imothe khdgartiduldtethensadr Dloecatslytrrdgkel rapgiboyare BHi70 Angdtrordeindidraetenl i s
then converted to ionic H+ releasing an electron a . The ionic hydrogen s
reacts wi th andydrydx ptoximity fromt2ag00eAmstrowis \(prefdrablp frochuB 190G Aagsteoms)t he
electron is released into the external load circuit. Thus the anode

cat al yst nmusAnreabmple of satt ac ko thas thefadibying cohmpositiomat i on of water at the
electrolyte interface but nust also efficiently dissociate nol ecul ar

hydr ogen i nt (BasenhlibyhZdsModieShiswingre abe\Bast | Adlog| coanpides 10at & 68! gtoinite

di ssoci ated hydrogen is transitional and the hydrogen atons can io easily
reconbi ne t opéroemhThyQit tgéMaiomit pergemirdr, thimt 60ustethiomaryerd W, OKl tp G7ratbinie

oxi dation reaction. Wth hydrogen storage anode materials, hydrogen is
trapped i n hpefcemntdNifandrd tad6sdomicaerdeptiC; 0és0 tr £5 atomait pdrcefithe isy@ooden) as
el ectrochem cally released into the electrolyte, are then used as needed to
provi de t he dtomilic pedcknts dab dctor 3.6 atompiovpmrcantit @i 0 te-s1.9 atomdcliperaant;tandbei ng
catalytically efficient on Moth interfaces, the catalytic material nust be
resi stant t caidoerdsecl@0mjornicependdnbl i ne el ectrol yte. Wthout such corrosion
resi stance, the el ectrode would quickly succunb to the harsh environnent
and the cell would quickly |ose efficiency and die. One prior art fuel cell
anode catalyst is platinum Platinum despite its good 20 catalytic
properties, is not very suit alBrieffascriptien of theeDrasvingsci al use as a

catal yst for fuel cell anodes, because of its very high cost. Al so) noble
met al 20at al ysts [Figuee pAdg a stytizechschenatio depictinn ¢fst farbcallamodeused irotheby
inmpurities normally contained in the hydrogen fuel stream These inpurities
can i ncl ude foeldetisofithe nstait ifvehilarh 24

Figure 1B is a stylized schematic depiction of an inventive fuel cell cathode
used in the fuel cells of the instant invention;
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may be present in hydrogen fuel) or contam nants contained in the
electrolyte such as the inpurities nornmally contained in untreated water
i ncl udi ng cal cium rmagnesium iron, and copper. The above contam nants can
cause what is commonly referred to as a s "poi soning" effect. Poisoning
otcurs where the catal ytical]y active sites of e material becope

i nactivated by poi ?Mé%é I%Bé{%@?%@@ﬁﬁ%ﬁ?ﬂ}d@aﬁ%B’I%gﬁap{ﬁt?w@ glRlinedupl
Once the catalytically active sites are inactivated, they are no | onger
avai |l abl e for @it Wiy ygragenastpeacs arpdecpnd OISRt COURIR SgHIPdexindatpreferiedact i on
at the anode. The catalytic efficiency of the anode therefore is reduced
si nce the overambodinemia thef inpi@nbinggntadl e catal ytically active sites is
significantly | owered by poisoning. In addition) the decrease in catalytic
activity results i RigureBaasedpla\of elestrodgpotantia ieoltah ofitheasathdieneesushtbecel |
is nmuch less efficient adding significantly to the operating costs.

Overvol t age i sutrbat dbnkftethencm?®|fet atie thetrbdoxeatotie ofthepadtanttnehtiemsahd thes

equi li brium val ue, the physical neaning of over-voltage is the voltage
required to overfparRivékRathodey €si stance to the passage of current at the
surface of the anode (charge transfer resistance). The overvoltage

represents an undegighadse ised Blodif haresntidu mr@%%r&@ftﬂéevmgé%w&;oﬁ%ts of
the fuel cell. Wthout intending tolimt the true scope of this invention,

but rather fopoldheatind?aseceledtraiepbaneaihiértiva bathoak o thd\eorfpraRRlcatrdgent i on
nore under st andabl e, 20 expl anatory draw ngs are provided. Figures 1A and 1

B are stylizedegabeiPéirferiaphstyi(@ngcr®); a fuel cell storage electrodes 1 a
and 1 ¢ ("a" designates anode and "c" designates cathode). The anode 1 a

pr ef eratg{)y conpri SFguid hYErPefizef em&eaue%épmomfgd %he@?gsgbﬁﬁef}%wmde

preferably conpriseS a redox couple active rmaterial. e ctrode
body i ncl udes jnchbfhopatig®h€ rstiht SEROM LB a4l bPR BRI Fed OMBORRRNt S@hé anode)
and 2c (cat hog'ec) fbo'?%ebhydrgp o%’l@ét gonptl)nent may blg pol?/t et raf ﬁ%or%@téuyl ene
(PTFE). The e|g&inf Rd6stgy.s0 i nclude either a region conprising hydrogen
storage active material 3a for the anode, or a region s conprising at |east

one redox couple 3c fopeiliedBbd@fiRionWtithefveabgs 1 A and 1 B show the
hydr ophobi ¢ conponent 2a, 2c and the active el ectrode material conponent

3a, 3c as separ at erHiakREfticH reléLid @thodek MorTubinsIie vakdt astegteihugh tle t hey
may al so be intimately mxed into a single material or graded throughout

the actiyve maggehadism bhRdek REtiORtEShidh aniqlelf pRIRIR rhilfhlE dBgrRes UPPddthf
conponent 4a (anode) or ~0 4c (cathode), which at |east acts as a current

col ' ector, buf JER%iRY &R &H&Hﬁr@e\lcﬁtaééﬁo&ﬁﬁilbblfeW&Cédcﬁrfuel-@éil@ th'%uhr%ﬁf frfable

conponent is discussed herein below The el ectrodes 1la,1c have two surfaces

S5a (anode) Oramfrel&RibIOFRIox cBlpled dvaRBRAS cHlce8C JuehldadiRbs, drtiddbleace of

each el ectrode 5a, 5c is adjacent a reactant (i.e. hydrogen or oxygen)

whi ch is usefdibdtipdaspproliad thy fudd céllR! ik whithcthan heuded, phRIUIAE alkBMiefugd i nto
the fuel cell, while the other surface 6a, 6¢c is adjacent to the

el ectrol yte (aaé Ghith dledeldieicdtiberbRithherBttoragé Withih tRe cafib@orseiraiThal | ne
el ectrolyte). As stated above, the hydrophobi c (PTFE) conponent 2a) 2c is

ei ther 3 | ayegheatstibfsddreruel 896NANREVO a MuffePldrRh&ige” BF dtart blkilabr active
material 3a, 3c. In either case, the purpose of the hydrophobic (PTFE)

material is r b @t hé rits
di | uent fromt\@tsh?gﬁdfﬁggt@rd \gﬁt? Rg%? 3%"1"%45?',%\)}?1” e at h?d‘hgﬂtggg‘g’%{”%ng@%glg | owi ng

ei ther the fuphgedd&chbaPintop¥tiRGORitdd StatedRppAcRioR BehifRo. 09/524,116(the

disclosure of which is hereby incorporated by reference), yield instant start fuel cells
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anode) or the oxygen (in the case of the cathode) to pass fromthe source
thereof to the electrode active material 3a, 3c. Thus, a portion of the
el ectrode, surface 6a, 6¢c 26 (and sonewhat interiorly fromthe surface)
is in contact with the electrolyte and acts to oxidize (providing

ol ectrone) t i asPhT 2B R spdbHTR Dol AR B RE A8 Ra el OB SUgh AR 12

remai nder of t el ectrode material, (jncluding, surface 5a, 5c¢c rovi des for
i ss00t art oRSI5Ha1E S BRIl TR BLRRER I tih i &feari Beds Fiectan

di ssoci ated fuel (anode) or oxidjzer (cathode% fgf | ater reaction at
surface 6a, 6(PosFRIVIR¥OBMdNtyethedefonRgdat eattir Eisaeesd hgreindelownerd i al |
such as a platinum based active material or a hydrogen storage material .
The pref er abl bavey theoglilitystoorasgpt Hiel eRergys obmrgengiative Rapking pyrantipg yasadz or b
and rel ease hydrogen irrespective io of the hydrogen storage capacity and
has the Jr opeelecteslyasi (als alistcussadi ayeindeiow). Thabiel oell hag ipcregoed eficwbcy ity in
the electrolyte and a long shelf-life. It should be noted that, by hydrogen
st or age capacand/incicases powantapabiiities be comparreidatithstanvestidmatifuebeslisi of the st abl e
form in sonme nonzero anount higher than nere trace anmounts. Preferred
materi al s W | prict e whitddrdinalicdllywirgddindthd ypratienteaperatnie rafijedfaliabdiy, t he
all oys ~5 include, for exanple, rare-earthl Msch netallic alloys, zirconium
andl or titani20Mead508Ls) The flextell i abhRradeémblEhmdanedise agv=mtdigal of WENzIRyen be

| ayered such that the material on the hydrogen input surface 5a is fornmed
from a materimbvehi®h cbstprbfexios prbihigueal | y designed to be highly catalytic
to the dissociation of nolecular hydrogen into atom c hydrogen, while the

nmaterialp on el ect makyrésdnbinehitiealsdifclasetobaelicell 2nodisinginRehddes thdurghl y
catalytic to the formation of water from hydrogen and hydroxyl 1ons. For

the cathode, dnaegyafipple syEtber indbrpofatifg alerpessehefudd call.s athecfugdcslpdaedecoupl e
(oxygen storage material) and an additional catalytic material. Sone

preferabl e 2fncludcaibteRaldwkidhi HevB FiReri 4talyiic 8niteas WSl Leyafodlen BfoFddy ences,
the redox couple should reversibly absorb and rel ease oxidizer irrespective

of the oxygerasidiydddetcHirsdelahdatddb avReddiedd hopREllde snPhotile hittdlis Garigdat i on
reaction rate, good stability in the electrolyte, and a long shelf-life. It
shoul d be notggithbhdbre ileretydbdebstS THE 38 ode AP asddeymaletials Sré B0 dridat  t he
material stores oxidizer in a stable form in some nonzero anount higher
than nmgse tr &ﬁ'@-l&@@,uﬂéiﬁg rbsistaht Repoisatny. fThe a@btibebesinettifilizehe cBfbon

el ectrode material may be |ayered such that the material on the fuel, or
oxi di zer, i npubstsitdd crate pior 20 Wisild Dda@ikdidieusdomatttee intantblectfodezanbeen
specifically designed to be highly catalytic to the io dissociation of

ei ther the fuwdir wilizdtitd iexhdiiatine fudhtelds tbscrivet Geteit belowek siiduldby heted
interface surface 6a, 6¢ is designed to be highly catalytic to the

formati on of thagtherconespder tHerinstaal iavantioh 0as bé appliedde othelr Bypes af fuePblis 0
havi ng exceptional catalytic capabilities, the materials al so have

out st andi ng @o4.rREIMITuekslis). ance toward the al kaline el ectrolyte of the
fuel cell. 1s In use, the anode (hydrogen) alloy materials act as 1 ) a

nol ecup@r hydr ogen gdaeamIessidhielaliTaiddes uxguahBldenehdly bubilabl tolthe anode;
2) as a water formation catalyst, formng water from hydrogen and hydroxyl

ions (from t@ghaueAus cdnialioud-almmitd Yagisedn asnes Hitik agretheredf vitpe aR@de; and
3) as an internal hydrogen storage buffer to insure that a ready supply of
hydrogen io Q?atél?t_lc%ﬁl%&ﬂivé}ﬁé’t'elriémoﬁvéﬂs the rlofseRlaPoxygeRinto 2nicddg§éd Whitth | S
useful in situations such as fuel cell startup and regenerative energy
recapture, dhegpigatbsdBrRigh thebRMrodeBRE Is leBudd &YRe BRloMe/A8ctidiRe d10de
material are alloys that contain enriched catalytic nickel reglions of 50-70
Angstrons in dianmeter distributed throughqgt the 28



oxide interface which vary in proximty from 2-300 Angstrons preferably
50- 100 Angstrons, fromregion to region. As a result of these nickel
regions, the materials exhibit significant catalysis and conductivity. The
density of N regions in the alloy of the 'S91 patent provides powder

particles havjng.,an enr.iched Ni_surface. The npst referred allo havi ng
enri ched Ni rt?&ﬂdwamé}"éo'&q'l 'Oﬁﬁaicﬁ oﬁﬁﬁ ’?OoftPE?\%er?gr QFWrﬁ'nl:-Hh(aégse

Al | oy) aCobWn~FedSne where the Ba}]se Al l o% compris spg%l to 60 atom ¢ percent
Ti) 0.1 to 409898 Hayrls cairgctly, threpghy tae 3¢l éﬂag%r nendy regots @b B2 atonmic
percent Ni, and O to 56 atomc percent Cr; bis O to 7.5 atomc percent; c
is 13 to 17 ~declrasieialeghiohteinterfage & Hewcathpdss at bainstadinention, oxyaemist Q 1. 5
atom c percent; and atb+c+d+e=100 atom c percent. The substrate conponent
4a, 4c acts astowd irthectathasiel withimitie ceversibladedeycouslss uandis fiegoavadablasata
support neans. For exanple, if a powdered electrically conductive material,
such as sni ckethe efdctrked/eictrayte ictepgpes surfaop pétheadatimgeoivabathmalecirens willni xed
into the active material 3a, 3c then the material acts as an electrically
conduct i ve nethen bafenerbtati titoegh theteleutroshietidcal ngactopwith theffos!. Thes tledfaélr ode
materials per se. It is preferable that the substrate conponent act as both
an el ectri calcefivitpielios a domstantsupplp of eledtriciytat vetagdhiehaphcienstio ethepatidre
formed by pressing active 20 material into a porous netal substrate. The

conducti vity gupleher glkefddhefficaliR Fevefsible esdxssetehy (d.d1& Mgl Bad it@%xideh
conductivity of the el ectrode's porous netal substrate. Generally the

porous netal sddxhbM} ehisEddedeSenetitinal eebtalret By dbR coliBies @therdthad
matte, foil, foam plate, and expanded netal. Preferably, the porous netal

substrajpe 29 petwWsdtht implE ofbREticwEea et a8 #B oxidized forh 3k eREmphRanded
nmetal. The substrate may be forned fromany material which is electrically

conductive anfisififb pdddfticoliple @PRIERS hpdroRteMitesloxphydedids KVRY stidhea redox
el ectrolyte. N ckel or nickel alloy is a very good material, but for high

power appl i cabieB %{étémm\)é & cPRIll peSidetd peteniENWRosd tBBorBLEHD vEItaRWEHIt i§ S
required, the substrate is fornmed from copper, copper-plated nickel, or a

copper - ni ckekheaklfYof 1A dnpbhlindatldde. reBatiorB!  Orain!P 1195 bR fdtichiManlt ak esan,
et al.) and 5,851,698 (Reichman et al.), the disclosures of which are

her eby i ncor pekajcafaiblé BinddRfEr lidiedSEethBesdbiberaticm paticulargfifdSdihg ei t her
pure copper or an alloy of copper, and "nickel" refers to either pure

ni ckel 19r an jalelidy redfistéicelstlthe lsttnitics @ppPetid Completedudnceineyfiemous met al
substrate of the el ectrode has several inportant advantages.
This invention specifically relates to a fuel cell cathode comprising:
a catho&e active materlal capable of reversibly storing energy through the
mechanism of a redox couple; sald active materlal having a first surface region
situated to be exposed to molecular oxygen; said first surface region including a
20 catalytically acting component promoting the absarption of molecular oxygen
through said first surface region and conversion thereof into atomic oxygen. The
active material also includes a redox couple material (e.g9. a metal) which is

thereafter chemically charged by reaction with the atomic oxygen. The fuel cell

17



Copper is an excellent electrical conductor. Hence, its use as a substrate
nat eri al decreases the resistance of the anode. This decreases the anount
of fuel cell power wasted due to internal dissipation, and thereby provides
a fuel cell having increased output power. Copper is also a nalleable

metal . | ncreasgd, sidsd ﬁ@bﬁeédésé’%hb SaHPick rd dlorPdiluaied td Beeséasd fAh& flePedlr ©
reliably hold the active hydrogen storage nmaterial that is conpressed onto

(1 3PSt mUdRES T PSRERE LI, AOBELE oSl LG bR e

the active maf has “been conpres

simplifying and redugi ng the cost of th npde act.uri rocess. 20
The cat hode c%fﬁF}?ﬁH%E‘&ﬁg%%koﬂ%ﬁe%ﬁ?%heé?&&%wgg%@ﬁféﬂa;ﬁ’}?ﬁ}{? ggggg'éﬁeyti € to the
di ssoci ati on of | ecul ar .0 en_int tom c oxygen .andlor catalytjc to the
formation of TR BBAIGRSE 3 hudlBPTRR CRIRPIP ERRSIHANER Peiiarbp et
resistant to the 30 electrolyte, and resjstant to poisoning. These are

t he variSous oﬁ)ﬁdcféc%@ﬂl"@é?em'%ﬂ‘?-%héé‘?&P?'H@H‘QQIe%W'éP'@YfaWﬁéa%&%YCHE?QQ i's
formed in nmuch the same manner as the anode or may be fornmed in a manner
simlar to comienial eyriicosvantions righarteatiestespl at i num catal ysts, 5 but the
redox couple materials described above are substituted for the platinum
The redox coupl e iThefuahe¢licathoded etthigiyeaigrbuaseiize radexgroples.dapmutaaly car bon
material. The carbon material may be in the formof a powder, nmatte, foam
grid or mesh.mathkoxidastrodplesmelestediom the grovapématabssamsisting of coppert silvee as
needed. |If used the substrate can be as described in relation to the anode.
i 0 Wien t he iz agabatu@ndcebddmiums r Anothar rusell seedoxs cauple| iscttine| yigiat |
during an energy recapture process such as regenerative braking, water is
el ect r abyzed hydtoxideyricketexyhaddxide woeple disblased bereinahovel ectri ¢ power ed
vehicles are used in stop and go node in inner cities, regenerative braking
systens can recapThe fuekigilenthodeneftiyyinstantdnemtive also irtclude asdatedyticinedérizbner gy .
In this node, the electric nmotors reverse their 1s roles and becone

gener at ors usihich pronidtes kind epeeds ther diysaafativh ef motlecutar dxygenciates etondc spi ke
of current which anounts to about 10% of the normal operating toad. A
convent i onal okypen (which réadtaith the redoxEh)le ko Arpaoticubacly epefubaatdiyss isrogeson. Thi s

f eedback of energy woul d cause rapid hydrogen and oxygen evol uti on which
woul d cause tAwe dsausdegshareinobélowethisheirborn isheigd i hey varydpamhe singdnmialiebesby
underm ning the 20 overall system performance. In the inventive fuel cell,
t his witi | noelebkicallyrandletive. because t he hydrogen storage anode and the

oxi de couple cathode will take the surge current and beconme charged with

t he produced hydrgecatiodeoxlyyonedses patiet eklps taisolate thet elsdiiytel drevetpt ed

t hat the anode and cathode active materials of the instant invention are
robust and veidg of éhe eathode frompibe geneaug, omdiysside of the catbodeis & hdneficiakr eased
nunber of catalytically active sites of these nmaterials not only increases
cat al yti ¢ actneans ¢f acbomplahirg this is hydnchesien ¢fal hydraphblic gomponasd carpnising o

poi soning, s because with materials of the present invention nunerous

cat al yti cal | halogénatedsdngasic compound, particularly polytetrafiuoroethylene (PTFE) within

20 the electrode.
These fuel cell cathodes, may aiso 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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can be sacrificed to the effects of poisonous species while a | arge nunber
of- nonpoi soned sites still remain active to provide the desired catal ysis.
Al so, sone of the poisons are inactivated by being bonded to other sites
wi thout effecting the active sites. to Figure 2 is a stylized schematic

depiction of ahAleahicns ﬂrbgéhog,glscgfsacﬂdbﬂ@éﬂaﬂrsgéc}g@g HdiBe e A0findg 1¢

("a" designat anode and ghates cath the 1 nstant” ihventi on.
The fuel cell consi f.th I jons: 1) an anode section,
whi ch i ncl ude%lzi;tﬁog%arﬂ%h@ac%gnrgéfpio%ﬁ?%%@éﬁﬁ%%@{} conpartment 8; 2) the

el ectrol yte conpar nt 11. and t he cat hode segtion, ~S i ch includes
the cathode 1 ¢ arftd'gfﬁg”%@dg% ”Esi%"?t) ny }S’Pyu%W§ﬁ'loﬂﬁn‘é’itmﬁe.ag;‘nc?ll’ﬂe%node
section, hydrogen or hydrogen cantaini as mxtures is supplied under
pressure to t ’%Wd@%‘?f”@gﬁtﬂﬂ”j"”%ﬁig}“{}g@ sterapf pBeRAS ohifgr bigarricatiop 12
Hydrogen is then absorbed through surface 5a into the anode 1 a. The

absor bed hydrRig¥ded theahility ‘9(‘?‘@§R’FV eNpEREEHEAPWer fovelren saextamal Giecitat er i al
into 20 atomi c hydrogen which is stored in the hydrogen storage material as
a hydride, aratot saith feeinealll plactelticalint prasurie VEEogsNt #nchpwioerywhichrret o f orm
water. It should be noted that the heat of hydride formation helps to warm
t he fuel cel labsorbiet'and efurédthrougp déheanectpnisenpidhatagorcouplein theaathmdbedd

hydr ogen and ot her contanm nant gases or water 32 vapor in the hydrogen
suppl y are vehe bgdropersigiageubatetial IBtheEmedgases that are vented may be
recycled if enough hydrogen is present to warrant recovery. Qtherw se the
hydrogen may be uSedhfuel gallswiagteassa systansdurttier chmprise anafertrglyteidondidiediag f or

ot her conponents such as a hydri de bed hydrogen storage tank. s The

el ectrabyt e cosgrafommentitidding tiedededtiolyte.hThis slpeteolfte corditoningegystem atjUrexbus

al kaline electrolyte In intimate contact with the anode 1 a and the cat hode
1 c. The al kahlyreljusbthettemperaturavef the lelestinlyte(far bptimatfueiodl pafdrpnancal by a

pot assi um hydr oxi de solution. The el ectrol yte provi des hydroxyl ions which
react with hwil azerrenone widtes fromathe éactaflyteheltenwdter tfemowal ds wecegsarpl ecul es
whi ch react with oxygen ions at io surface 6¢c of the cathode 1 c. The

el ectrol yt e bscaisecwhtat ésl ptduuced) asca ygrodamt tof Rhe Vel dettls edlectrbohachicalit | et 15
(in alternative enbodi nents, the electrolyte may be deliberately

i mobi | i zed asmbuysticel Thisgyatet, if npt rEhwved mouldatilett teé eletirality} thusrtypdding
externally heated or cool ed as necessary, and the concentration of the

el ectrod yt e trendtienahdediatratcé abtheifeelwelt.ki ng, etc.) as needed to conpensate
for the water 1s produced by the cell and any | osses due to evaporation of
wat er t hrough t heTradsedtel cdiswill Byrfitee imelUder aga ngstémoa hydyogénes Uppbl scastd

el ectrolyte are well known in the art and need not be further described in
det ai | her ei includingtrheansdorvodtnueislyisopplylog fupd partiularly owlesotaehydrogen, txy gen
cont ai ni ng gaseous m xture is supplied to the oxygen supply conpartnent 10
t hr ough oxygthe anotie’s fils8 surfmwe Gegigemnioxygéresupalysoutveavhidhrinaigiessoedresder 5¢ i nt o
the cathode 1 c. The absorbed oxygen is catal ytically broken down by the
cat hode act i sontinadwesly supplyiigomolenilar @xygge o thelvattodé’s fiest byrfaceaegisnpandsur f ace
6¢c (via the redox couple) with water nol ecules to form hydroxyl ions. Any
unabsombed ocay geectahde otdrelitioginge systemt didhe dtldesgmeand rfog@nnti@buslycar bon

di oxi de, etc.) or water vapor in the oxygen supply are vented through
outlet 19. EOARbRINGtusielettralyte dherabignatlingcorstinuoageperation ef thefieticelrasbot h t he
inventive fuel cell s and the control cell) is described as follows. All

per cent ages dh slectritdipoughsatircé.hi s exanpl e are in weight percent, unless

ot herwi se noted. A m xture containing about 90% of a M schnetal nickel
all oy (having an approxi mate conposition of 20.7% La, 8.5% Ce, 1.0% Pr.
2.9% Nd, 49.9% Ni, 10.6% Co, 4.6% M, 1.8% Al) and about 10%

pol ytetrafl uoroet hyl ene (PTFE) was nade i @0 a paste using isopropyl

al cohol. 1o This paste was applied into an Inco Corporation nickel foam
havi ng a of density of about 500 gln2 (with a previously wel ded nickel tab
used as a current collector). This foamacts as the substrate and

el ectrical collector for the electrode. After drying at 50-60 C, the anode
was conpacted using a roll mll to a 9nal thickness of 0.D20 to 0.030

i nches.



is The control sanple cathode (oxygen) el ectrode was created as foll ows.
First, a mxture of Vulcan XC- 72 carbon (Trademark of Cabot Corp.) and PTFE
was prepared with an approxi nate 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 YiihaueSEadRosHI0n) & HRE iy Hellsed Wefr! o
sufficient isopr OE(J)-/‘!H Zousélgcohgtlglﬂ{o prloduce mrskaﬁg)r@ég?gsmggétog&}f was
then applied i I Lt i f f oam
subst rate. A DRCRR BIEh S8 SPIS VRT3 R B AR o Sl o

car bon/ PTE

approxi matel y, of 40-60% of the Vulcan XC.7 Lxture and hi gh
SOFface ar oa BAIEHEE BiHCR Sscamb rsBoeeaady SR Sollnlcisn "Eionta desctesf o, )
was created, again usi ficient isopropyl .alcghol to produce a workable
Paste. Past & IAGYRHNE aRtp B HEnt SHar SeNssl piRtest OBl maing ol yi o
interface side) of the foam After drying the electrode at 60-100 C, it was
conpact éd t o &6 heandbyitheansdle prepordislieys hablhg saHelings represpifing segnedfen s
pressure of 1 to 3 tons/cnR. The inventive electrode was created in a
si ni | ar manndhe many ryataie seantipne fef thepyern &de opthe fugl cebaseptrsestedsi | ver
oxi de was added to paste B. The inventive cathode contains only about 0.11
granms of actibevwsilver oxide redox material. This anount of silver oxide
has an el ectrochem cal capacity of about 40 mAh. At a to typical discharge
rate of 900 mAl sq.cm the el ectrode woul d be discharged at a current of 1A
At this current, the electrode should be fully discharged in 2.5 mnutes if
there i s no dtimgiannicked hydrpzidefoayhysinoxide teuex acupiere i ngredi ents. Al so the
cell voltage, which includes all polarizations, should reflect a higher
val ue 16 oxygen reducti on MEOCGH eCNifOH)pg DNICDOH edh® mii{Gi,sm as opposed to
the conventional is nmechanism Fuel cells were created using the sane
anodes and respectivel ¢ €0pheC .t h® @utatmediate stepddeadsoriidtcoxygeant | ve
cat hode. These fuel cells Included a 60 gl n2 pol ypropyl ene separator from
Dai wabo Cor poration) and em@ oy.ed +2Ni@), i-0ARIOMOH/HIOGHCal kal i ne 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 cordwing retisnerdtive brdking oPgthéochdegibdinpbe i nventive redox cat hode
(1 synmbol) and the 35

15 Ni(OH); + e~ + H0 — 2NiOOH + OH~

Hz + 20H" —~ 2H,0 + 2¢".

Using a copper/copper oxide couple, the following is believed to be the useful fuel

cell oxygen-side reactions:

C+H;O+e — C...H (adsorbed hydrogen) + OH"
20 2C.. H+CuO - C+Cu+H0.

2Cu + O, = 2Cu0
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- conparative cathode (1 synbol). Each data point represents 5 m nutes of
discharge at that particular current density. Thus as can be seen, the

el ectrode potential for the inventive cathode is always higher than that of
the control sanple (at useful current densities) and as the current density
i icreases (i.e. higher, power) s the voltage of the control s | e drops off
much nore r a;&fsm%ﬁ %H&h’s‘ﬁ’ﬁé?x%? C?Lf?ée'iﬂ?ﬁ/%h?‘%{}%'s IR OP\‘RHE%HS%G@B@ C@hl y
slightly by conparison). Figure 3b is a plot of percentage inprovenent of
the vol t age O¥GRNCSIHDFPASHOMD| ari zati on of the el ectrode) of the inventive
cat hode over the conparative cathode versus the current density (mAJcnR).
As may be seen from thics, graphe- atc usad vddseredentirsdgns+ oHes, the io

i nprovenent in the polarization of the inventivé 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 capabl f er gl L, longer than 2.5

m nutes (the capacity base of gﬁrygiﬁéggﬁlvgglﬂgﬁ%gkkﬁ'the cat hode) and at
a higher voltage than the conparative cathode. Therefore, it is apparent
that continuous repleni shment of trmzéil er, %igg is redox couple via the
gas pha%e oxygen in the supplied air % éing g onplished. It should be
noted that cathodes containing in the range of 1-20% by wei ght of silver
oxide (in pa - t i ilver
oxi do ¢ han' 1 Bergghz e RARERER, b ORAARy [eciBted BI5Y TR Rif ool nge)
showed the s A 3l hough sonewhat di m ni shed. Cat hodes produced
wth highertﬁgﬁegghﬁﬁg%f%ofgiIver oxi de of the exanple cathode (i.e, about
209 showed no increased effect over the sanple cathode. Thus, the

ef fective range appear$ *td2ded b -a -Hblagsobpgdihydregerisio@H 0. 5% si | ver

oxi de. The upper limt of silver oxide inclusion seens to only be bounded
by factors such as cost and the need for carbon to 36 catal yze the
reaction at the el ectrode/ el ect2®} ytbt+ ZaPe? fatdn i@ range limt,

determ ned by enpirical neans, applies only to silver, and other redox
couples will have their own limts on the range of inclusion which may be
det ermioned by similar sinple experindnalOttR2d8h@. s Figure 4 is a stylized
schemati c depiction of an energy supply systemincorporating the al kaline
fuel cell 7 of the instant invention. The energy supply system al so

i ncl udes a source of hydrogen 20. The source may be of any known type, such
as a hydride bed storage system a conpressed hydrogen storage tank, a

| i qui d hydrogen storage tank, or a hydrocarbon fuel reforner. The preferred
io source is a netal hydride storage system The hydrogen fromthe source
20 is transported to the fuel cell 7 via input |ine 21, and excess gases
are vented through output line 22. A portion of the gases fromoutput |ine
22 may be recycled to input line 21 through recycle line 32. The energy
supply system al so includes a source of oxygen, which is preferably air for
econom c reasons. The air is drawn into line 33
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is and then can be passed through a carbon dioxi de scrubber 23. The air is
then transported to the fuel cell 7 via input line 24. Excess air and
unused gases are vented through output line 25. Since this gas stream
contains no harnful gases, it may be vented to the environnent directly.

20 The- e et r OFB & RS TS oe] ST g o7 BRGTR KRR e ltBline hens 26

and sent to an ct,r i , 26. The el ectrol yte condl tioner 26
heats or cool e?‘r‘!i“eéﬁgh??@e fsga%aréb?q]@gé'ed and renovesl adds water as
necessary. The conditioned electrolyte is then returned to the fuel cell 7
via input line 27. 37 C+ HiOmakty €he. A{edgybeiipdrogesy $tGHn i ncl udes

el ectrical |eads 29 and 30 which supply electricity fromthe fuel cell 7 to
a load 31. The | oad can be any device requiring power, but particularly
contenpl ated is the power and dnive gyst&os of+ ef+aupnobile. s The instant
fuel cell and energy supply systems incorporating it are particularly
useful for applications in which instant start and energy recapture are
requiregents thereof, such as for erFH ring a vehicle. For

i nstance, in consuner vehicle use, uel ceI at has the built in fuel
and oxi di zer storage of the instant invention has t he advantage of being
able to start prodgaioted easiegyhd pelis lsgts of eactiont peovidnationtskeriphrgd in
it's electrodes. Thus, there is no lag tine while waiting for hydrogen to

be supplied freqm @Gp%ru@abumwvm@ﬁwnmmstemn‘@twaubeswg@ﬂ sedbforgncensd
oxygen can be adsorbed and stored in the respective electrode materials of

the fuel cel lygir@nAE I¥lcERERRLMi1tRis GRRNAGN. acrhe@/eﬁhrﬁ}ﬁeé/vs}el promea %frﬁ[ém o
activities such as regenerative braking, etc., can be perforned t hout the

need for is RnRALirMEsEXA @ddibﬁés fne lisheribitg) lsﬁétléxhbﬁé?tﬁldsr%r@dwlnié?ﬂéﬁ@@ts

produced by running the fuel ell in reverse will be stored in the

el ectrggles obeldde MaHy ot rledoxTé&lb%fs(HrQavéil&b%séi@lrmﬁha\fé'@éeﬂﬂ fp'pﬁca‘fi&ﬁlu?y' ng
the instant active el'ectrode materials are the equivalent of a fuel cell

conbi ned wi t hwea.nbéﬁﬁverasqgéﬁls@e@rec@foawt«mmhesrel PVUAD UsBfil reM@Xd&RHPSES

oxygen is also able to be stored within the el ectrode to a significant 2o

degree as anm%htﬂ)eﬁﬁ‘é‘ &&pgponent of the couple, preferably a netal I rret al
oxi de coupl e, a hydroxi de/ oxyhydr oxi de, or conbi nati ons thereof. The

novel el ectrochemgcal dﬁ% theQsefihSeribrpssry feWBf@rFHsb%uﬁlla§ﬁsﬁ@@@'b@%ott%:r cof

practice of the netho the i nvention which, in one enbodi nent t

conpri ses t hgat (6l &8 cﬁmr@@ﬁﬁér BYAE Solipt WAk Lagelor BOS T otehepdrul;
pref erably hydrogen, an

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 (NiFeQ,) 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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the reactant which oxidizes the fuel, preferably oxygen, for the continuous
operation 5 of the electrochemcal cell as a fuel cell. That is, the
hydrogen is, during operation, continuously introduced through a catalytic
region in the negative el ectrode and continuously stored as a hydride in a
regi on of mat giekedl odyRydrbgidapgadoiide whiet weedsrevbusty discusssaly, esfektivayer si bl y
storing and rel easi ng hydrogen. Sinultaneously therewith hydrogen is

el ectrochem cajdier RIngASEEXidE SPBtére SopaadfithesecfRs lunRile m@fisichSehStions
el ectrolyte side, to participate in the cell reaction process so that

i te in t _ es€ 5o that
 tho. ol act 1ol B e PR R e T b o AR S ol o Al the
e c 31 de "of, “the ied: de"Possi bl e. AL
oot rode ht ough  EEEHH Rkl AR S e AT B el Fengd (Rl 1
~s the f f . th h, t f i d | ich I.Ci pat [
he. oal 15 r enciatise SHtHLM e DLiepoon P e arer o Brsoit bel Tk 0ot °° '

storage of the oxygen as just explained the material of the oxide couple
which is in the charged state partODght@2hl:@sr 461 -t 4OHel | reaction to generate

el ectrical power. Thus an el ectrochem cal cell is continuously operated

t hrough the supply to the gas sjde, 20 s,éora e wthin, and release fromthe
el ectrol yte singdly of eketrens gatitizeshiopigy %6@%5‘??'0‘?[’9&@ for o Jepd externally

enabl ed. The uni que nethod of the invention of operation of an

el ect r ochem @annecieq tatheganagel andegathode. t Fhal loaghis sygiahietebe filled ki any
situations in which the fuel cell is run "backwards" or as an el ectrolyzer
t o recapt ur e nades pbneednivelygingabut na Jigtied 0. fRoweana mtige vehieleaglighting
regenerative braking, the operating nature as described earlier would not
be conslioder edevicesdedting aptoolirg devicesoprwal denls entgstainment deviddse aod athiengs,

di scussi on, descriptions, and exanples of this specification are nerely

i |l ustrati ve elsfictrisiy-<corsuraing deisioell irermugestustthgnentipent i on and are not neant
as limtations upon its practice. It is the appended clains, including all
equi val ent s, t hat Telefadusetenbies eelbtbesfathades just daserived (amployiay Any®f\te cl ai m
1. In a fuel cell cathode including a cathode active material, the

i mprovenent o@mpokisierag:redox couples) are used in conjunction with an anode or hydrogen

electrode. While any functional hydrogen electrode may be used with the inventive
15 cathodes, preferred embodiments of the fuel cells of this invention will include
anodes émploying 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 Hy. 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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sai d cathode active material having oxygen storage capacity. 5 2. The fuel
cell cathode of claiml1l, wherein said cathode active material conprises a
redox coupl e which provides for said oxygen storage capacity. 3. The fuel
cell cathode of claim2, wherein said redox couple is nickel

hydr oxi de/ ni ¢ at%x%y&b%h%o%ﬁ(g}mgcgmmg%éd%égﬁég&gghﬁ}ﬁe?@m%er ein

sai d redox couple ¢onprises’ a / metal oxide cou

sel ected {1 omd RS U AHAS G S0 Thls £RDREE hy SLbYEhved) Rc@nboradal m 18

5. The fuel cell” cat’hode of ¢ 1, further tncFuding
conponent. 6. The . fuel, .cel at hod f i , i n i d dr ophgbi c
conponent con‘p?r P‘éeégﬂygf'é? éW@ﬁﬁ‘ HBer g%‘? ho)}'ﬁé%@%%lgﬁgl%rg%e ?.ﬁgyrhgﬂ#ué\'&t?%l I
cat hode of claim@g, wherein said FIFE is at.|east one of_a)intimtely m xed
M sai d cat Moateal ek SaeERiids lonigH  BIRsimOAN Ao £ o EAloRs Ol o
material; or 41 c) a separate |ayer within sai&;cat hode. 8. The fuel cell
cat hode &f cl &f@a8ta With & Byfsexyl 1@ i dis §lestrelvterteirocse atelorndtheeMartrR) i t hi n
said active material. 5 9. The fuel cell cathode of claim8 wherein said
current col | ectlepsasbintd ithe exigrmablaagh eircad Mpus dird aaedey eatalyshmugt nat oplyam or
expanded netal. 10. The fuel cell cathode of claim1, further including a
catal yti c car lefficiently catajyaa ére formation of waténatithecelpstroldairderfacel but siust alsol udi ng
an cat hode active material, the inprovenent conprising, in conbination:
sai d cat hode afficiantly disseciatal mdleatilardydsoggeinte ieniabysdrogaradising cdrivenflonalhe
fuel cell of claim 11, wherein said oxygen storage capacity provides said
fuel cell wi tBnodsmateriaktrerdisspcistep apdiogeryis tra8sitidrataridibe hpdbgerodtomisaiam 11,
wherein said oxygen storage capacity provides said 20 fuel cell with the
abi lityid o aceegly reematpibe tosfdrme hpdrggerbif theyané ngf used rery euicklyarsthaeroxidation
el ectrofyzer. 42 14. The fuel cell of claim1l, wherein said cathode
active mat eri edactiompWithdsdeogen dtoxagmamdde mafedhlsphavogbeds trappehinchyaxigigen
storage capacity.

form as soon as hydrides are created. The hydrogen, as electrochemically released

into the electrolyte, are then used as needed to provide the fuel cell's electrical
power output.

15 In addition to being catalytically efficient on both interfaces, the catalytic
material must be resistant to corrosion by the alkaline electrolyte. Without such
corrosion 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 streem. These impurities can include carbon monoxide (which
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15. The fuel cell of claim 14, wherein said redox couple is nickel

hy-dr oxi de/ ni ckel oxyhydroxide. 5 16. The fuel cell of claim 14, wherein

sai d redox couple conprises a netal/netal oxide couple of an el ement
selected fromthe group consisting of copper, silver, zinc and cadmum to
17. The fuel galbe pfesehtan dkdgen/ﬁbelyendmnmldamatdﬂmiﬂed wrthéeleciroigleuslier a
hydr ophobi ¢ conponent whi ch conpri ses pol ytetrafl uoroet hyl ene. 18. The fuel

cel | of claingllpe wﬁ@umég painshllg asdrosiged UﬁtMeaieGCWHft@Sm@IUBMPrSélhuhws

coll ector extending within said active material. 19. The fue of claim

8, wherein s o @f conprises an electrically conductive
mesh, grid, ?ﬁgg r%éwrﬁxpgn% tal. 20 20. The fuel cell of claiml,

e o " AL ML el USSR R 0, g
A@2 Af N E "pé@ang’A@I @ Ig‘mséaf?l)(g ocdurd wr‘uoéfre théA‘@talytlcasi’l%/ active sites of the
material become inactivated by poisonous species invariably contained in the fuel
cell. Once the catalytically active sites are inactivated, they are no longer available
for acting as catalysts for efficient hydrogen oxidation reaction at the anode. The
catalytic efficiency of the anode therefore is reduced since the overall number of
10 available catalytically active sites is significantly lowered by poisoning. In addition,
the decrease in catalytic activity results in increased overvoltage at the anode and
hence the cell is much less efficient adding significantly to the operating costs.
Overvoltage is the difference between the electrode potential and it's equilibrium
value, the physical meaning of over-voltage Is the voltage required to overcome the
15 resistance to the passage of current at the surface of the anode (charge transfer

resistance). The overvoltage 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 1aand 1c (“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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a] ca] ca] ca] etdotralyta](ehjohajc & pedfermédd eajtod]nuzit callic b¢ car} cajueals aik=ihea) ca] ca]
calcalcalcalcalcal AALO X z .1: % (
| | wr mhcY] | ete}robie)als atated ateve she by draphabic@VTFEr¢aaparadnt 23, Geliceiieabca] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caOEdB! sf"10%& ()-10% & ()-!'fY"'10% & ()-
L10% &' () - 1eyelvthin the etedtrédeskeridvhtimalylbixed with the active material 3a, 3c. In
10! F3f 109&' ()-1"L-10% & ()-!x, #"10% & ()-f"10% & ()-!Lf"109%&' ()-8m

either case, the purpose of the hydrophobic (PTFE) material is to act as a water

20 - barrier, preventing electrolyte or its diluent from escaping from the fuel cell, while at
the same time, allowing either the fuel, preferably hydrogen (in the case of the
anode) or the oxygen (in the case of the cathode) to pass from the source thereof to
the electrode active material 3a, 3c. Thus, a portion of the electrode, surface 6a, 6¢
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fwég' ;0%8(5%%%1 E{g‘fef raag}&tlwfeslpr(?fgr‘?}alygy_drogen in the anodé case or

10! #"10/' f"10% 0/' " 10% -f"109%& -fH-
18, [S 10‘V0 &q.& %@ofdg@@r%)eleﬁr@a g >g|c§|qurooorf rét?ly oxygenllg{he cath ode casg quﬁ"é) @

10F3s10%& ()- 19, # 109%&' ( Dl\/QdE~ 10! 10%

10% & () - 1096t gmaindes @2@9 e'e%ﬁee&“éf)eﬂa' )6%&(%9 syrfacgEha, @) provides for
g: : ((j:f Elzgowﬁlls(s%clg’&gﬁ/;ﬁ rlno?e-cuI%P t:/y\d%égn c?rlo%gﬁ :(ar)1d gtcl)?aogegéf Qe ms's:}ooc(:/a\tsé g&el
(anode) or oxidizer (cathode) for later reaction at surface 6a, 6¢.

In the drawings, the anode active material is a material, such as a platinum
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 hydrogen in 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 to 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 10 nonzero amount higher than mere trace amounts.
In either case, for either electrode, the electrode material may be layered
such that the material on the fuel, or oxidizer, input surface 5a, 5c is formed from a
material which has been specifically designed to be highly catalytic to the

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 avallable 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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8:,/' ;Ly% )Gl ?/(y\vg@é%@/&@@mﬁ% %%qoo/% rfoghe#éé)s%\ /ﬁ‘(lo(y) co%pnses ‘?‘ trg )60 atomic

percent Ti, 0.1 to 40 atomic percent Zr, 0 to 60 atomic percent V, 0.1 to §7 atomic
percent Ni, and 0 to 56 atomic percent Cr; b is 0 to 7.5 atomic percent; cis 13 to 17

10 atomic percent; d is 0 to 3.5 atomic percent; e is 0 to 1.5 atomic percent; and
a+b+c+d+e=100 atomic percent.

The substrate component 4a, 4¢ 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.

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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10% & () - &F1008 &ofdedbrokOSmiaterfl l@l(@l&ls( ¢lectrically conductive and t
L410% & ()-10% & () - Aagaab"yc&cddEPE y e and resistant to

10% & ()- ‘é‘;é%/scy%%ﬁ&ﬁ%@%ﬂaﬁﬁ%bﬁ%ﬁé%O&m RIS gk l9ME YD 987° 101
To 1 v 100 15 G u G LI PREL pORIeE P ek o Bty s vheBden ) - ek
K mjrmobC 10054 #mlsl%%%lréa t%gl{l%gétr(a e |s‘$brmed from copper, copper-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 to either pure copper or an alloy of
copper, and "nickel" refers to either pure nickel or an alloy of nickel. Using copperto
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 {uel 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 mailleability 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

30



F109%&' ()- 109%&' ()-F 10 10 103310%& ()-oZppp8qgqdEbC 10!!+)410% () -

109&' () - @A0%R' () - SH109&' ()-y! MLOY&R' ()- Y10%&' ()-q)rzrrsssssdYNC 10!!+ 10 10
10310%&' ()-yl 109%& ()-y/ 109 ()- y-310%& ()- @"109%& ()-stsstftttaBYNC

10! +@ 0% ()- "109%& ()- 109 ()- 109%& ()-&

109& () -!f, YddMeetadfité,)anditrasistantte wo YNNG 1 Theseldr® U (ariolid 0% coupledRhich-

109& ()- 109 ()- 109%& ()-v WQMMMXZXJEYNC 10! ! +
LOYE! () - %4 10%Ré (ibsortbbaWkelahed, 10%& () - 10% () - 10% () - Zxxxy] yyyyydE:/ 10

10310%&' () - SIF109%& ()-f/ 10%&' () -
-10%& () - +109%&' () )Tysé@%gﬁége ?s)roymwmacr{ {r{e@éw{e mafHd 4 &hd dnode ortRad Fe() -

10% & ()-Y10% & ( )-y 10%
formed 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. If
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 o@gen. That s, 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 (alkaline 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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increased number of catalytically active sites of these materials not only increases
catalytic activity, but enables the materials to be more resistant to poisoning,
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, 1¢ (*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 hydrogen is catalytically 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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Otherwise the hydrogen may be used to provide a source of thermal energy if
needed for other components such as a hydride bed hydrogen storage tank.

5 The electrolyte compartment 11 holds (in this specific example) an aqueous
alkaline electrolyte in intimate contact with the anode 1a and the cathode 1c. The
alkaline solution is welf 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 6c¢ 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 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.

Inthe 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 5c¢ into the cathode 1c. 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 Vulcan 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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5 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

10 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

15 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%

20 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 (volits) of the cathode versus the
current density (mAfem?) 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)

5 the voltage of the control sample drops 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

10 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

15 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 higherthan

20 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
vented through output tine 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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15

20

supply electricity from the fuel cell 7 to a load 31. The load can be any device
requiring power, but particularly contemplated is the power and drive systems of an
automobile.

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
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
materiais 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
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. Therefore, 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
degree as an oxidized component of the couple, preferably a metal/metal oxide

couple, a hydroxide/oxyhydroxide, or combinations thereof.
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practice of the method of the invention which, in one embodiment thereof, comprises
the indirect and continuous introduction of both the fuel, preferably hydrogen, and
the reactant which oxidizes the fuel, preferably oxygen, for the continuous operation
5 of the electrochemical cell as a fuel cell. That s, 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 introduced 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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The drawings, discussion, descriptions, and examples of this specification are
merely illustrative of particular embodiments of the invention and are not meant as

5 limitations upon its practice. Itis the appended claims, including all equivalents, that

define the scope of the invention.
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We claim;

L. In a fuel cell cathode including a cathode active material, the improvement

comprising:

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

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 (FIFE).
20

7. The fuel cell cathode of claim 6, wherein said FIFE 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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extending within said active matenal.
5

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

10 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.

15

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

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

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

electrofyzer.
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15.  The fuel cell of claim 14, wherein said redox couple is nickel

hydroxide/nickel oxyhydroxide.

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 polytetrafluoroethylene.

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

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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