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22 June 2005 NOVEL FUEL CELL CATHODES AND THEI R FUEL CELLS Rel at ed
Applications This application is a continuation-in-part of U S. Patent
Application Serial No. 5 09/524,116, filed March 13, 2000, o3\, sdvdds
assigned to the sanme assignee as the current application. Field of the

I nvention The instant invention relates to generally to useful cathodes
active materials fdﬁOVEEIFUEJM@W@Jﬁf@Mse as the
cathode material for Ovonic instant 10 startup al kaline fuel cells. These
i nventive cat hodes open up a trenendous nunber of degrees of freedomin

fuel cell design by utilizing redyctlon/,oxi. j.on (redox) couples, such as
net al / oxi de coupl es, or sinply cor}lﬁfaé%d &ﬁphﬁﬂ#rr%vi de el ectrochem cal

oxi di zer, preferably oxygen, to the fuel cell, electrolyte. .

el ect rocheni cal ThigaRplicttiPaira GOPHB%%"OPEJB@QSSEH@? g@,ge”&g@%{%t'%rﬁée‘?”ra] No.

el ectrochem cal 15 potenti al rovide the fuel ce[él s _enmpl o in% then with an
in creased W9fPationdiledMerde! 32408 which4gpsrignas 8 @S%Pﬁsﬁ‘é”? 8% M¥dox

coupl e used. Additionally the redox couple provide the fuel cell with the
ability to cstrentapplicefioter within the el ectrode which not only provides for
instant startup, but also provides the capability to provide short surge
bursts of energy during demand suFigksobthe yediofl | ons for recapture of 20

regenerative energy. 1 22 June 2005 Background of the Invention The
i nstant appl i cafheimstant inveetidn reletestp gangpb P wEsTUbSIaRIpSACHs FEIREE!S and f uel

for fuel cells, more specifically to their use as the cathode material for Ovonic instant

10 - startup alkaline fuel cells. These inventive cathodes apenupa tremendous number
of degrees of freedom in fuel cell design by utilizing reduction/oxidation (rec'iox).
couples, such as metal/oxide couples, or simply couplles which provide
electrochemical oxidiier, preferably oxygen, to the fuel cell electrolyte for
electrochemical “combustion”. These redox couples, due to their electrochemical

1S potential, provide the fuet cells employing then with an in creased operating voltage
that is adjustable by varying the redox couple used. Additionally the redox couple
provide the fuel cell with the ability to store oxidizer within the electrode which not
only provides for instant startup, but also provides the capability td provide short

surge bursts of energy during demand surges and ‘also. aliows for recapture of

20 regenerative energy.



cells using such el ectrodes, which use oxide couples to yield a w de
selection of 5 operating voltages. Specifically, the instant inventors
have determined materials, which used in conbination wth Iwydnegaossi de

el ectrodes, particularly with those constructed of ovonic hydrogen storage
material, both of which, In conbination, yield high performance fuel cells
havi ng hydrogen storage capacity within the hydrogen el ectrode and oxygen

el ectrodes which take advant ag f in 10 conparison with the
traditional platinum elect rode?fa&g}*%cﬁ%ﬁ%‘eégv%ﬁfo% allow selection of

bt oad oper at i ng TEHBRFAPP A 4niS (AT FE FopOtrT OReD S prey pagruel
instant-start by use of the hydrogen storage capahility of the short-range
order avai | SF&ISING S4B e‘%?HPé?%é’ﬂ"&”%%@"@% Renpdfiglgenvideaeiacae of 15 As

the world's human popul ati on _expands, greater anounts of energy are
necesdary tPIHREG PHage BREGHGHIY Ty BREARt AYentprgthaysdedregines matedals,
traditional sources of energy are the fossil fuels which, when consuned,
create si gnvhich 8ped inggrinnatiopfwibuishegden-dde aleckiedage Partisylagy Méth these
imediately toxic materials including carbon nonoxide, sulfur oxides, and
ni t rogen oxdodekucteh et eviinydrogen pomisanalerialohetnefrehichns combistivon di oxi de
are warmng, the earth; creating the wugly specter of global climtic
changes. Erdglg\hig sedenmagce dyelcealls iiavion fisiregsn stotager canacdy vathiu tite
difficulties are needed now. 2 22 June 2005 A fuel cell is an

ener gy- convwdgigen eenliode andaxygen elecrgdesovivielr taketddyantage g lof-castsinppl i ed
gas into an electric energy. Hghly efficient fuel cells enploying

hydr agen, panmpesstrapity the tiaditineslrplatinum elecadrss taxisie poupthscwhich alatver, woul d

seem an selection of specific ranges of operating voltage of the electrochemical cells with a
broad operating temperature range and the opportunity to provide instant-start by
use of the hydrogen storage capability of the short-range order available in the
material of the ov_onic hydrogen electrode.

15 As the world’s human population Iexpands, greater amounts of energy are
necessary to provide the economic growth all nations desire. The traditional
sources of energy are the fossH fuels which, when consumed, create significant
amounts of carbon dioxide as well as other more immediately toxic materials
including carbon monoxide, sulfur oxides, and nitrogen oxides. Increasing

20 atmospheric concentrations of carbon dioxide are warming the earth; creating the

ugly specter of global climatic changes. Energy-f:roducing devices which do not

contribute to such difficuities are needed now.
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ideal alternative to current typical power generations neans. Researchers
have 5 been actively studying such devices to utilize the fuel cell's

potential high energy-generation efficiency. The base uni22 afnetd0e5f uel

cell is a cell having a cathode, an anode, and an appropriate electrolyte.
Fuel cells have many potential applicatjons such as __supplyi r for
transportation ‘é‘éhﬁi@leg&anr@ﬁrgifcqw eIsto8 v&cg}%?ﬁlé%cﬁgﬁgngg@é% %@ﬁ%\ﬁl y
applications of all sorts. Despite their seem r?_fg,si Ir:%BI IiSCi tsy, %ni/ probl ens
have prevent edpplied wdsdédprasadiegiiagenesdy- f flghlg gfident prek ealls smpeYindor ¢ he
fuel cell R& Dis focused on P.E M (Proton ExchanTge Menbr ane) fuel

cel |'s. Regrgtitahypartihear®. viithheif sistplecaaimbustian mpdid pidrateevatidvery aow
conversion efficiency and has many ot her di sadvantages. For instance, the
15 el ect r oliyda? ditomatietssyisteatipgabpddtrcgerBraiions msenNs. Masaprcbgisaiaiét s are
the only useful active materials for the electrodes of the system

Unf or tunat @len B&lveRnbidaing $uth dedtdse taretities tyodealycelisheyteatial Righo
suscepti bl e to poisoning by many gases, specifically carbon nonoxide (CO.

Al so, becausgr@igdireatrpichicertgt ure of the P.E.M fuel cell electrolyte, the
remai nder of the materials of construction of the fuel cell 20 need to be

conpati bl e wi t hTaa®Bs@0nieBYinedaeeetl is skl hadgmb nathdds, sroandie, eodtan t her eof .
The proton exchange nenbrane itself is quite expensive, and because of its

| ow proton gopdietd vietkole. t FupEEElsunes: bahpwdtie] appltatient Isych iasi ts t he
power performance and operational tenperature range of the P.E M fuel

cell as t h%uBﬁ%ng%o&%rJé’rﬂﬁhr%@&’iatioh&eh&ﬁs!, yephanng stearhi torbidesaand pawer
tenperatures. Al So, the nenbrane is sensitive to high tenperatures, and

beging to sabbepdlicaidfs 6 allbtsTeDdypitaehear seemdng simplitiy, many problems

have prevented the widespread usage of fuel cells.

Presenltly 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

conversi_oln efficiency and has many other disadvantages. For Instance, the_

15 electrolyte for the system is acidic. Thus, noble metal catatysts 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 acidic nature of the P.E.M

fuel cell electrolyte, the remainder of the materials of construction of the fuel cell
20 need to be compatible with such an environment, which again adds to the cost
thereof. The proton exchange membrane itself is quite expénsive. and because of
it's low proton conductivity at temperatures below 80 °C, inhe‘rently limits the power

performance and operational temperature range of the P.E.M. fuel cell as the PEM
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. depends on water and dries out at higher tenperatures, thus causing cell
failure. Therefore, there are nmany di sadvantages to the P.E M fuel cell

which make it 5 sonmewhat undesirable for conmercial/conswl,éSRosThe

= conventional alkaline fuel cell has sone advantages over P.E.M fuels
cells in that they have higher operating efficiencies, they use |ess costly
material s ofs NessiIONIERGOAZ! airew feTBRErARYRS. NdISReBa MPRIFbiERp dhsenativedabr anes.
The al kaline fuel <cell also has relatively higher ionic conductivity in
t he el ect r ohighdempéretuséaraadibeghgdo gofian ahidR i giermpaleanesapalLtivty. Wi | e
the conventional alkaline fuel cell is less sensitive to tenperature than
t he PEM f ueldep®ids ontwwatephad dmemowdct highentehwaraliesofhuscoansyisacelbfadllreal kal i ne
fuel cell electrodes becone very inefficient at |ow tenperatures.
Unf or t unat eTlerekonvibatd amahaay kakiventdgesl tocek IFSESM.i fuk! salf fveich fmala t hei r
own di sadvantages. is For exanple, conventional alkaline fuel cells still

use expensi ygmawhdtenaesiable fatahystdaliconbohér weect rodes, which, as in the
P.EEM fuel cell, are susceptible to gaseous contam nant poi soning. The

conventional al kedd dv@vémRInarsikdiineSudllcald has vsne ptivdntagépolehe & ar Agdis on of
carbonates from CO2 produced by oxidation of the anode carbon substrates

or introducdis Pal thByhad rﬁ@érapéﬂaﬁng{; efftieAd1ds, Ahdy UseeeksostiRaitPaglbpCt r odes.
This carbonate formation clogs the electrol yte/ el ectrode surface and

reduces/ el i ¢ggrafti&font H8d Qf@?ih‘ébé ¥o hBed fplexpditivd MueBidrRR. dRs @lkahednfaer ei n
elimnates this problemiromthe anode. 4 22 June 2005 Fuel cells, |ike

batteries, éémea!is%treasbwawél* highBGioRk @6hd REDBTHAR cleERGicOMBrerdlalit Ak £
battery, in which chem cal energy is stored within the cell, fuel cells

10 much higher power capability, While the conventional alkaline fuel cell is less
sensitive to temperature than the ?EM fuel cell, the platinum active materials of
.conventiona‘l alkaline fuel cell electrodes become very inefficient at low
témperatures. Unfortunately, conventional alkaline fue! cells still suffer from their
own disadvantages.

15 For example, conventional alka!iné fuel cells still use expensive noble metal
catalysts in both electrodes, which, as in the P.E.M. fuel celi, are susceptible to
gase.ous contaminant poisoning. The conventional alkaline fuel celi is also
susceptible to the formation of carbonates from CO; produced by oxidation of the
anhode carbon substrates or introduced via impurities in the fuel and air used at the

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

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

this problem from the anode.



- generally are supplied with reactants fromoutside the cell. Barring
failure of the electrodes, as long as the fuel, preferably hydrogen, and
oxidant, typically air or 5 oxygen, are supplied and the rgagticorpgsr oduct s

* are renoved, the cell continues to operate. Fuel cells offer a nunber of

| mpor t ant advani-agese v ek !b%ﬁ@ﬁésa!opfém@w@ttﬂﬂngeélgétr&h@micgﬁf@erc%ﬁé. syst ens.
These include relatively ?’n gh efficiency, environnentally clean operation

especi al | y @gﬁgnaggia{&%@ an%qr&%ﬁ%aﬁégﬁrgggﬁlstorgh IthiD tﬁﬁebélﬁ‘t?héli tofis few

nmovi ng part operation. s potentially are nore
efficient than other convent.ion S ; not

cycl e. Thégeﬁlﬁfag'V % 'gﬁt\”}éthcg?g%ta@gg@@aﬁg%ﬁ%gﬁ' éaiarﬂé‘ﬁg%éﬁ%ﬁ%fg@%for

hydr ogen oxi dation and the cathode for en. r j i ng

posi ti oned §'$FUR9eR| 35 I0pQ AP é’?%f”ﬁg pé?{er@bg/g%%gqg{}tnegﬁésf%%{qg@g t@%tag %Eldl?ne

el ectrolytic solution)., pcally, the 1s reactant such._as hydrogen and
oxyged, ar @Ye¥hétR F'\’ié?“?gggﬁﬁ'tel‘f?éﬂﬁﬂ péodbjgfso%g r%[HB\éeeos'g}? eg‘a?f)ﬂ@&béégﬂd br ought
into surface contact with the electrolytic solution. The particular
material s WPEMA%ed for the cathode and anode are inportant since they must

act as efficient catalysts for the reactions taking place, In an alkaline
fuel cell, the Festlcelopffea ﬁ%@%ﬁbﬁ@ogé'&ﬂﬁd&aB'@E@\%@\%ert"ﬁémab‘ﬁ?'ﬂ@{ﬁ“%en f uel
and hydroxyl lons (OH) éresent in the electrolyte, igh react to form
wat er and reS0Egs & ePBRETABASSYSIPNS. 2Ghese E‘F@@%@@“‘@g highy_ efvgency. 5 22
June 2005 At the cathode, the oxygen, water, and electrons r ez}‘gl:t in the
presence ofenvienmenialyodeanenrestinaespecialyvier ytifang ydegenas i nl@ dr oxyl
ions (OH):

1% ) reliability, few moving parts, and quiet operation. Fuel cells potentially are more

efficient than other conventional power sources based upon the Camot cycle.

The major components of a typical fuel cell are the anode for hydrogen
oxidation and the cathode for oxygen reduction, both being positioned in a cell
containing an electrolyte (such as an alkaline electrolytic solution). Typically, the

15 reactants, such as hydrogen and oxygen, are respectively fed through a porous
anode and cathode and brought into surface contact with the electrolytic solution.
The particular materials utilized for the cathode and anode are important since they
must act as efficient catalysts for the reactions taking place.

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

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

water and release electrons:

Hz + 20H — 2H,0 + 2e° Eq=-0.828 v.



02 + 2H20 + 4e - 40H Eo = -0.401 v. The total reaction, therefore, is:
2H2 = 02 - 2 2H20 Eo = -1.229 v 5-The flow of electrons is utilized to
provide electrical energy for a |load externally connecteddanelmoanode and
cathode. It should be noted that the anode catal yst of the al kaline fuel
cell is required to do nore than catalyze the reaction of H ions with O+
i ons to protluthe ceditaeie, thd nkydeal waterhendhalbaleonsueact iy Hieypresante atéw erate
the formation of H ions and e -from 10 H2. This occurs via formation of

at om ¢ hydragenief satatystid ecubathetygigeyand oThéydievdriend (QtEdcti on may be
.sinplified and presented (where MIs the catalyst) as: MH2-*2M..H*

Mt2H +2e-. Thus the anode catal ygf ,mish ,pg)é- Onloyef f Eﬁi:e-ﬁttlw catalyze the
no tt

el ectrochenical reaction for forfmati wat er a e electrolyte

interface but nust also efficiently 1s dissociate nolecul ar hydrogen into

atom ¢ hydrogen, Using conventi.onal  anade rdal, the di ci ated
hydr ogen isTftertéZF%fechB%%\lth%[ﬁ%”?'H% %r’o én ggﬁﬁécan E&si Iﬁj'ﬁéégeconbi ne to
form hydrogen if they are not used very efficiently in the oxidation

react i.on. Wﬁeﬁfﬁwﬁﬁ ghxgé{ SR A PODHENGE BlcBREAN drithgy fFr o 1B8d ieheenaliyve

. 1 T d
i nstant star C hydrogen is stored in hydride formas soon as

they are cr%%hgﬁg?%ﬁta{agg%agg)c@hgdysed as needed to provide power. 6 22

June 2005 n elng catalytically efficient on both interfaces,

the catal ytic mhtah)@lheTdtdd Mt hEahSARall R oF HTATIRE 1RY chiné ikl ne

el ectrol yte. Wthout suc corrosion resistance, the el ectrode wou

qui ckly sugg ‘rf;gtha&r% h8 a1 SE HRMELERINEN ioR it 021 68 toiRbbiskednhiek! y | ose
ef ficiency g i €.
Initially the anode must catalyze and accelerate the formation of H"ions and e from
10 H,. This occurs via formation of atomic hydrogen from molecular hydrogen. The

~ overall reaction may be simplified and presented (where M Is the catalyst) as:

M+ Hp = 2M..H ~ M + 2H" + 2¢".

Thus the anode catalyst must not only efficiently catalyze the electrochemical
reaction for formation of water at the electrolyte interface but must also efficiently

i5 dissociate molecular hydrogen into atomic hydrogen. Using conventional anode
méterial, the dissociated hydrogen is transitional and the hydrogen atoms can easily
recombine to form hydrogen if fhey are not used very efficiently in the oxidation

) reaction. With the hydrogen storage anode materials of the inventive instant startup

fuel cells, hydrogen is stored in hydride form as soon as they are created, and then

20 are used as needed to provide power.



5 One prior art fuel cell anode catalyst is platinum Platinum despite its
good catalytic properties, is not very suitable for wi de scale comerci al
‘use as a catalyst for fuel cell anodes, because of its vepyJimegtoosost,
availability, and the limted world supply. Also, noble netal catalysts

li ke platinum also cannot withstand cagntam nation b|¥ inmpurities normally
contai ned in thén kyditiogdn beingl cadalylisaly effigiegkon dothipiiacesstheatptpbbs ude

car bon nonoxi de which may be present in hydrogen fuel or contam nants
cont ai ned i materiel musicita alsistant suchrresson b tHengialingi alectvtem VW ihogb stielt ned i n
untreated water Including calcium magnesium iron, and copper. The above
cont anmi nant &re’inceaisiensd) de élsctoorwonidyuickly sucanh o thgharsh epdiosoeinhg”

ef fect. Poisoning occurs where the catalytically active sites of the 15
materi al  begenBe icalRebiMaietiysqefisemyumdspieci es i nvari ably contai ned in
the fuel cell. Once the catalytically active sites are inactivated, they
are ng | onger ayvel @k art fiddeelbaiddegaasyst aiddtysirs Platinehfdespientts byett ogen
oxi dation reaction at the anode. The <catalytic efficiency of the anode

t her ef or e | gtIRAURESErEES REndt heryQuREIK for nitsszaleafomravaidl akd & geatalypt i cal |y
active sites is significantly I owered by poisoning. In additiom 20 the

decrease i neRbAlebh6das bedadsy of RSVdry Bightob av&Rd#Hity, @ve theviphitedgeorat t he
anode and hence the cell is nmuch less efficient adding significantly to

the operat ié‘u? o5 Aso, Qe rletAgeathigsts hikedipldipusncalsbetapen wiestant ual
wor ki ng el ec P de potential under some conditions and it's equilibrium

val ue, the physiitalonBanbadicahonMalcoflainden ihe hydrat@ndud er@fAbThédee vol tage
required to overcone the resistance to the passage of current at the

surfage of FRE;ARAR iGIA GRod MBARGSIe WEISh My tepresditan RYGbYSH fuader -
represents an wundesirable energy |oss which adds to the operating costs of
the fuel celghtaminants contained in the electrolyte such as the impurities normally contained
in untreated water including calcium, magnesium, iron, and copper.
The above contaminants can cause what is commonly referred to as a
"noisoning" effect. Poisoning occurs where the catalytically active sites of the
15 material become inactivated by poisonous spe-cies 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
available catalytically active sites is significantly lowered by poisoning. In addition,
20 the decrease in catalytic activity results in increased over-voltage at the anode and
hehce 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 overvoitage is

7



In related work, U S. Pat. No. 4,623,597 ("the '597 patent”) and others in
it's 5 lineage, the disclosure of which is hereby incorporated by

Teference, one of the present inventors, Stanford R Ovshpngkys o@lescri bed
di sordered multi-conponent hydrogen storage materials for use as negative

el ectrodes | n el ectrochem,cal cell for fi ine. Aln this patent,
Ouahi neky dBEHIBES TSR €y HEPas RISITane Bdhe atedtB o sPrhldl OF. o
atomcally engineered) to greatly increase h ogen storage and 10

Fovor oy bi 11 4 e b w3 whentreBRePL d Rt Brepas SR fhous,

m crocrystalline, internediate range order, and/or polycrystalline (|acking
| ong range UKEsHBRIEIENEINIIO% HRIFY aﬁﬁﬂoéf"ﬁ OPHELRG PR 9§tﬂ"ﬁlﬂl“%iﬁ§”-nat erial

I ncl udes topol ogical, conpositional translational, and positional

nodi fi cation angnd*?@@ﬁia@lr& UrBiePats Narfbfeh RO of thetd ARdteritl@npiatterain i hese

di sordered materials consist of a host matrix 15 of one or nore elenents
and nodi fi dineagachepbsdasede Phwbichts seteby tingerpgraled biheferpmis, foneraf teahance
the disorder of the resulting naterials and thus create a greater nunber
and spect r yrreeéntdenenltars.i Stahfopd Be Ovelgngkyt desciibhad Wisgdrdasgeshneitteecangeorsint es. The
di sordered el ectrode materials of the 597 patent were fornmed from

| i ght wei ghthydragenctiezge hexte e siob ysaay negative eleofrodesch elegtreshemibildellas sur ed
20 formation of primarily non-equilibrium nmetastable phases resulting in

t he hi gh erferityg fisstdimeowethisieatsnt; Oeshisskg deswibesdiow didtedered niaténeys taw cost
hi gh energy density disordered nmaterial allowed the batteries to be
utilized nisttadwhneated e oatomjcallpsngeaned)do grebiyt ingeasshydngenastaagasndri mary
batteries. 8 22 June 2005 Tailoring of the |ocal structural and chem cal
or derigof t everaibiity attaradfterdidlies. 593ughat dinordees! ahaigrielat arerpambepiterst o

achi eve the desired characteristics. The
microcrystalline, intermediate range order, and/or palycrystalline (lacking fong range

compositional order) wherein the polycrystalline material includes topological,
compositional, franslational, and positional modification and disorder. The
framework of active materials of these disordered materials consist of a host matrix
15 of one or more elements and modifiers incorporated into this host matrix, The
modifiers enhance the disorder of the resulting materials and thus create a greater
number and .spectrum of catalytically active sites and hydrogen storage sites.
The disordered electrode materials of the '597 patent were formed from
lightweight, low cost elements by any number of techniques, which assured
20 formation of primarily non-equilibrium metastable phases resuiting in the high\
energy and power densities and low cast. The resulting low cosf, high’ energy
density disordered material allowed the batteries td be utilized most advantageously
as secondary batteries, but also as primary batteries.

8



. inproved characteristics of the anodes of the '597 patent were acconplished
by manipul ating the I ocal chem cal order and hence the |ocal structural
-order by the 5 incorporation of selected nodifier el enments2? it 20%0st

* matrix to create a desired disordered nmaterial. Disorder permts degrees
of freedom both of type and of nunber, within a material, which are
unavai | abl e i n gopyRRlor gRAcaBtetiralamd cleisel ordetf desmaterials eldae vd7
dramatically change a materials physical, structural, chem cal and

el ect roni ¢ e WUNTBNtgreathepaiantaler echiowt ¢rd absicdd tharac®edtiosat dhe have 10
desired electronic configurations which result in a |arge nunber of active

sites. The . pALUG enaRfiidiifies (AE cRb@isagans I90e patemavctie sogeglishedépendent | y
fromthe catalytically active sites. Miultiorbital nodifiers, for exanple

transition el Q4 RalHr8atdrd hdnbs teared srwehesl wderdyothage sites
due to varina)%ngﬁﬁ%hﬁwg I(gec?l}\?r?%ﬂlrgtirons avai lable, 15 thus resulting in an

i ncrease in energy densi ibeaBRbAdentefa Rt nfdtbatd @eate spesirat| y
provi des m%c_o‘gpqour % urlr‘%cyr[reatheErB?g{es avi ng varyi ng degrees of disorder

provi ded unjique bondi.ng.c I ' | §5tecuR! 1bakh dengafa

spect rum o#’sﬁ%ﬁﬁﬂatgﬁléygﬁgg %@E?egﬁe?eé et\et degr ees@ﬂc}?por bital overlap
and the disordered, .str (e LS L @Ak G ABaHY niferily ugiadeal

r ear r angemeh PG EAIIY %lﬁé?éﬁ%"%'%ﬂ%ﬂ?SE?WEEél‘ﬁgﬁg‘énvgyc| es or rest peri ods

th bet ting in | | Iy i d batt
of Tt he - 56 FHRER T MERRTD AR ARGLFY fhe BfetefaE phyded bl dRbauaC ot ar Y

hem cal [ ts which j | | 2005
ol aot  ochordtedien Py et STREFEIRERG MoliBl & Hep gor heter e 2 oa

char glg desired electronic configurations which result in a large number of active sites. The
naiure and number of storage sites were designed: independently from the
catalytically active sites.

| Multiorbital modifiers, for example transition elements, provided a greatly
increased number of storage sites due to various bonding configurations availahle,
thus resulting in an increase in energy density. The technigue of modification
especially provides non-equilibrium materials having varying degrees of disorder
provided unique bonding configurations, orbital overlap and hence a spectrum of
bonding sites. Due to the different degrees of orbital overlap and the disordered
structure, an insignificant amount of structural rearrangement occurs dun‘ng.

20 charge/discharge cycles or rest periods there between resulting in long cycle and

shelf life.
The improved battery of the ‘597 patent included electrode materials having
tailor-made local chemical environments which were designed to yield high

9
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out put. The mani pul ation of the |ocal chem cal environnent of the materials
was made possible by utilization of a host matrix which could, in

-accordance with the '597 patent, be chem cally nodified w2 bud Fms

el enents to create a greatly 5 increased density of electro-catalytically

active sites and hydrogen storage sites. _The disordere terials of the
' 597 pat ent elgeirasha@isah 8B oS Q'Sﬁh‘ﬂﬁg'ﬂﬁlemcé?@@ﬁ@nﬁ'@“c%ﬁ&ﬁﬁr%f%s, whi ch

resulted fromthe varying 3-di mensional interactions f constjtuent atons
and their veutpdusTherznipgigtionmefdheiosal dhemicl #BVFHIN Ob SR ENBIsaras
positional and translational relationships of atons. Selected 10 el enents
were utili zedde possitle b utilasdion wf e hesingbixercihgoulthdn aceerdancgewitifen t h
these orbitals so as to create the desired | ocal chem cal environnents.
The i nt er nab91 qrtdrnghe tdhatmiomly medifedvdltl oijer lleseerd®ie | geatat @ arsatyl so

al l owed for selective diffusion of atons and ions. The invention that was
descrisbed jharebbed d&BTRy patleato-natdigtitdie setivestites bad Sydrdgah stoorge $itesspeci fi ed
use since one could 15 independently control the type and nunber of

catal ytical |y aqgthi\dsoddules hetaids Hithe'§97 paleht wéretdesigabd tehevet drosed
properties made not only an inportant quantitative difference, but

qual i t ati vedyotehanaedgirbgomaiviich adssiltabirdrh e vanirguedinensivasléntermicionsens ued.
Di sorder can be of an atomic nature in the formof conpositional or 20

confi gur at i gngdndivent Gesmerand dieslr tviariausg lehitalst heThirildiswflert bememfrem al or in
nunmerous regions of the material. The disorder also can be introduced by

creating rddpARSRORAIC pRBiAGES Mhd hiaRsiienaratiativrdhipshiof atomsd c Seleeted
conpositional or  configurational disorder at the atomc |evel by virtue of
the rgl at i Qnshims Wer®n@ized askirthdOmadfythadisa@eb by their interaction with these
orbitals so as to create the desired lbcal chemical environments.
The internal topoiogy that was generated by these configurations also
allowed for selective diffusion of atoms and ions. The invention that was described
in the '597 patent made these materials ideal for the specified use.since one could
15 independently contro! the type and number of cétalyﬁcally active and storage sites.
Al 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 material which mimic the compositional or
configurational disorder at the atomic level by virtue of the relationship of one phase

10



. to another. For exanple, disordered materials can be created by introducing
m croscopi c regions of a different kind or kinds of crystalline phases, or
by introducing regions of an anorphous phase or phases, regigps2@fs an
anor phous phase or phases in addition to regions of a crystalline phase or
phases. The 5 interfaces between these various phases can provide surfaces
which are rjchotHar. | Rsradxaehite disdrdesdimatansntcanvie cleatacoly déroduaigous
desirable sites for electrochem cal hydrogen storage. These sane

princi pl es fansbsnigRBhioRs ot Bifferent siimyloe kitdsustt unystallipbasresegoor bgxanpl e,
conposi tional disorder is introduced into the material which can radically

10 alter thg S%fcﬁ"’ir@gio'hé]oﬁa@bﬁxﬁmu@r@n@wortmwaa@@iremeni; obar bawtphiower oved and
uni que resul{s, ugi ng the Ovshinsky principles of disorder on an atom c or

ni cr oscopi %ﬁg%ﬁmg@@@ %%H ¥ regibng A enetyadlikeighade 9 ghases\phicat i on

Serial No. the disclosure of which is hereby

i ncorporate l ' Bag I @HRE s WcHPafeNfdhphes  of
at oni @ engi'ﬁggg?%ggéggggﬁeg%ﬂ?ﬁﬁgﬁss mﬁ?%ﬁ) uni quel y'sand dramatically

advance the, fyel, GobL Ahbironhhed WROH | 9By AdfoRB! LEkin dias Mt @ need

for materi ichrall S to startup instantaneously by

provi di ng ?fg‘f’ecﬁflg?%‘%é@g{[h \?\#{e@%té}ég% uel, to operate in a w de range of

anbient te ‘uel cell will be exposed to under

ordi nary consumgy, yse GO0l Labhd ARIENTINGEl Lnd0 bl bk TFgrever se s

an electrolyze I'z1 ng/'s I'ng recaptured energy. The anodes of

the 116 Tuel geld 2oRhsa B O IRLBLA RIS RENRERANKS N Fihap st orage

materi al s HPCRCaFETRPY) I'ssoci ation of nol ecul ar
hydrogen angd the formation, of ater of opn e ARG R Mpfovel 9%y Linigges as wel |

as 1
results, using the Qvshinsky principles of disorder on an atomic or microscopic

scale.

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

(*1186), 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 celf art. The invention of ‘116 application has met a

need for materials which allow fuel cells to startup instantaneously by providing an

intérnal source of fuel, to operate in a wide range of ambient temperatures to which

a fuel cell will be exposed to undér ordinary consumer use and to allow the fuel cell

20 to be run in reverse as an electrolyzer thereby utiliz‘ing/storing recaptured energy.
The.anodes of the 116 fuel cells are formed from relatively inexpensive hydrogen

storage materials which are highly catalytic to the dissociation of molecular

hydrogen and the formation of water from hydrogen-and hydroxyl ions as well as

11



=+ 22 June 2005 being corrosion resistant to the electrolyte, resistant to
contam nant poi soning from the reactant stream and capable of working in a
W de tenperature range. There step in the evolution of thg2{iued 200 | woul d

~ be to find suitable nmaterials to replace the expensive platinum cathode
catal ysts of conventional fuel cells. It would alsp be advant us to
provi de t hebeng peersian repistapbiodRe PEEyRVS: f&f"é%@%ﬁé’ﬁfﬂ@‘gHSP&?‘”Q?%@Si bly in
the formof chenically bound oxygen) to assist in the, instant %%hup of
the fuel cethk reactardistreas af@c%@@élﬁé)fé’ﬁéﬁ“&/’“'ﬁh‘ﬁ‘gettﬂﬂ?%’af%eE?WEed in the
art for such a material. The invention described this application is
si gni fi cantstepirtthaevelttipraihaies! cefl peuldeetto §apritaRle Matedas & BpRS#!f such
el ectrochem cal cells. Wth this invention, 10 the ox&gen el ectrode can be
sel ect ed f repeasibe ptdinoematiofdeaatdlyed becqiuesidnabiucberile. CueHedso fhese
redox couples in addition to providing a store of chem cal energy, allow
t he oper at i py=wbigeage tobrdvite Mheetatiowde wito thye abibity ot sore gienjiodi @as8% choi ce
of the redox couple used. 15 Summary of the Invention The object of the
i nstant i nv@pasdien in thedodmief cheelidalipboahd drygentte asbist intthye instagt stertup@p
instantly and can accept recaptured energy such as that of regenerative
braki ng byheRet aéli Aowéinsrevsitee snergyn Thlsthtreds y need withie thenart fomtsugt ar t up
fuel cells have increased efficiency and power availability (higher

vol tage and, gidfdrant Thdinderaiod Yedtrtveaithic appizatereswignificantip ¢hadit pigvitesiper at ur e
range (-20 to 150 C.) The fuel cells of the instant invention also have

addi tional egegeteph the aaduprmnes duck efeabchendtdlseksf. Witrethim inventiant i n t hat
t he voltage output of the cell can be tailored and they are capable of
storifpg reagpexRieptlenoEgyan beselected 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 fue! cell which has the ability to start
up instantly and can accept recaptured energy such as that of regenerative brakir_lg
by operating in reverse as an electrolyzer. The instant startup fuel cells have
increased efficiency and power availability (higher voitage 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 voltage output of the cell can be tailored and they are
capabie of storing regenerated energy.

12



- 22 June 2005 The cathodes of the instant fuel cells operate through the
mechani sm of redox reactions which uniquely provide nmultiple degrees of
freedomin selecting the operating voltages avail abl e for2sughe poed cells.
~ Such cathodes provide the fuel cells in which they are used, particularly

al kaline fuel ceg|lls, wth | ey i cal r i thin the
cat hode itsel f. ﬂ?ﬂicéthr?gﬁﬁé’?m‘?awgéﬂgﬁlef geg?(ﬁ%lr?tgqﬁgol%h ﬁ%%g%gﬁﬁﬁﬁﬂgr " or
"charge" available within the cathode at. al i T f . cat hode
conpri ses dfdGTERGUSTA¥INGT WYAYe daé?)‘f"ge @Fﬁlpfg\#ggge@ﬁifre@{b@? Lln;léglegﬁ@{(ﬁ t hr ough
t he mechani smof a redox couple. T | ectrode has a first urface region
situated t ®ppeetieg 5@'%8@68'&?&?@8&?%%@9‘3@ AR E%ﬁ?‘?ﬁ?l il the Tt oélfs
catal ytically acting conponent pronptjn he, absorption of oxygen through
said 71 rat inwhich dum oregrish PaREUBHL DRYRP AEE IS A PP L P HERTOYal | y
charge said active material through oxygen absorption. The fuel cell
cat hodes ofstdaragewitnin e ¢aohpdedtpellt TS peanalgaieuca iy egls VB%?QWGC%E%HHPSI
nmet al / oxi des coupl es selected fromthe group of netals consisting of
copper, si lovéchargd'svailatde withindhe cathedect@itings: Anot her useful redox coupl e
is the nickel hydroxide/nickel oxyhydroxide couple disclosed herein above.
The fuel cell aTBe festplel ystadeavoteises en velivamateral cabalie ohaversiblyogen
storage capacity. The anode active material is a hydrogen storage all oy
whi ch has stringldnenty tomugh fhei roechanisui efya redex enpld. o h@eﬁiﬁqur@d@ha&ﬁglﬁﬁtc
hydrogen from nol ecul ar 20 hydrogen, outstanding catalytic activity toward
t he fornatisofaed regitre sithatedntbyr expmsed itorisolagdah pxragryWhich ircludgsdanhas
exceptional corrosion resistance toward the alkaline electrolyte of an
al kaljgne f uatalytieblty. aclihg camparesrd ptomoging tieaibisatptipg obpxygen Gypugb seid firgiont ai ni ng
no noble netals. The materials are robust and poi son resistant. The

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

through oxygen absorption.

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

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

The fuel cell alsc 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 corros'ion"resistance toward the alkaline
electrolyte of an alkaline fuel cell. The anode active material is also low cost,
containing ho noble metals. The materials are robust and poison resistant. The

13



13 22 June 2005 electrodes are easy to produce, by proven | ow cost
production techni ques. The anode elimnates the use of carbon therein,

‘thus helping to elimnating the carbonate poisoning of thexfjudeel|. The
anode active hydrogen storage alloys useful in the instant startup fuel 5
cells reversibly absorbs and rel egses hae/?lr ogﬁc}an ac?Fd Pas a, fast hyrﬂr ogenati on
reaction rZlectEidas 474 B GHEPFUCE; PieProYRi N, S QEIPUSHET KEENIGEPSy T8
preferably selected from Al kaline Earth-N ckel allgl oys, >@Far e- Eart h/ M sch
metal al | oyanodei ¢lsgatasthe 1Lspsol carberiiglpnalthysy e g i sliinzdng e | 0y's
thereof. The preferred hydrogen storage alloy contains enriched catalytic
ni ckel regicansoratesprisdningef théfuslieglout t he oxi de surface of 10 the

particul ate thereof. The catalytic nickel regions are 50-70 Angstrons in
di aneter and vahy anodgediveriytiogen storaoe3doyAnerftriomie (Nstest stleabpyudlr om

50- 100 Angstrons). An exanple of such an alloy has the follow ng

conposi t i onell§ Basesidly | abppacodrivhofeSadiydivger daldeh@dasgelag] hayogenglieises 0. 1
to 60 atomic percent Ti, 0.1 to 40 atom c percent Zr, 0 to 60 atom c
percent V, r@adiicheats andtdomgsheliffepdhe bydrodén starage Gliayds pe&fagbseeped cent Cr;
bis Oto 7.5 atomc percent; c¢c is 13 to 17 atomc percent; dis O0to 3.5
at onmi ¢ per ¢ent AlkalinesEdHH-Rickelllays) Rae-Pattekisch naatal allayd) £reahtien B00ysat oni ¢
percent. Brief Description of the Drawings 20 Figure 1A is a stylized

schemati ¢ digdHigh absysehdaifiumls of alldys dreoet. Tiseprefarediydrdgesbtocadd dlopf t he
instant invention; Figure 1 Bis a stylized schematic depiction of an

inventive fuglaimdelnriclsat datdigic nisketregions distribuet treelgdroutthe bkide sord et
| nver::) o the particulate thereof. The catalytic nickel regions are 50-70 Angstroms in diameter
and vary in proximity from 2-300 Angstroms (preferably from 50-100 Angstroms).

Anlexampie of such an alloy has the following composition:
(Base Alloy)sCosMncFeqSne where the Base Alloy comprises 0.1 to 60 atomic
percent Ti, 0.1 to 40 atomic percent Zr, 0 to 60 atomic perceht V, 0.1 to 57 atomic
15 percent Ni, and 0 to 56 atomic percent Cr; b is 0 to 7.5 atomic perc_ent; cisi3to17

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.

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

Figure 1B is a stylized schematic depiction of an inventive fuel cell cathode

used in the fuel cells of the instant invention;

14



14 22 June 2005 Figure 2 is a stylized schematic depiction of the instant
startup al kaline fuel cell with hydrogen storage anode and oxi de coupl e
‘cathode in a preferred enbodinment of the instant inventiop? Jmhgpogs 3a is a
* plot of electrode potential (volts) of the cathode versus the 5 current
density (mAcn) for both the redox cathode of the instant invention and
the conparati veFigathdisea strizgdrsshgpaticcdepighicpof e iptrtteeritiekafipedvenent of
the voltage (reduction of polarization of the electrode) of the inventive
cat hode overcst hetrcbpprapan i sieracatdivde andkpside el Grihede idendireleresn cnp) ;
10 Figure 4 is a stylized schematic depiction of an energy supply system
i ncor por at i rgnitodenéniof thetingpatringntiamkal i ne fuel cell of a preferred
enbodi ment of the instant invention. Detail ed Description of the Invention
This invention rEgate3a {0z phtt lobdestrédder pdtertial ¢eilts sofatiectatimpenarsust heough t he
15 nmechani sm of redox reactions which uniquely provide nultiple degrees of
freedom incapbmeiehsiy (hrecapdoridinte valdxagtedavaihkdibtantfroentarcind thel cel | s
the many variable and reversible redox couples avail able as choi ces. Such

cat hodes, orofyheitivébhteodel ectrodes, provide the fuel cells in which they
are used, particularly alkaline fuel <cells, with a |evel of -

el ectrochem cal ﬁp@:fe%b fé;tapﬁ!étJ@f. Méréditaye rproantuedef iHeswlithge TolisctidA ofeans
that such fuel cells will have a "buffer” or "charge" of reactant avail able

Wi thin the gahedRnak il diedtiodepofthy inVentipacatheds evdrihecompeigiveshthadey dr ogen
storage anodes described in copending United States Appli.cation Serial No.

09/524, 11 6(tM38s the current density (mA/om?);

10 Figure 4 is a stylized scherﬁatic depiction of an energy supply system
incorporating the instant startup alkaline fuel cell of a preferred embodiment of the
instant invention.

Detailed Description of the Invention
This invention relates to cathodes for fuel cells which operate through the

15 mechanism of redox reactions which uniquely provide muitiple degrees of freedoﬁ'l
in selecting the operating voltages available for such fuel cells the many variable
and reversible redox couples available as cholces. Such cathodes, or oxidizable
electrodes, provide the fuel cells in which they are used, pariicularly alkaline fuel
cells, with a level of electrochemical energy storage within the cathode itself. This |

20 means that such fuel cells will have a “puffer" o “charge” of reactant available
within the cathode at all times which, particularly combined with hydrogen storage
anodes described in copending United States Application Serial No. 09/524,116(the
disclosure of which is hereby incarporated by reference), yield instant start fuel cells
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di scl osure of which is hereby incorporated by reference), yield instant
start fuel cells 15 22 June 2005 1in general and nore specifically to
*Ovonic instant start al kaline fuel cells. Such fuel cellszimmﬁézﬂdyn It in
reserve of hydrogen within the anode and cat hode react ant pOSSIb|y

oxygen) in the cathode for tartu dis ed .here Q and
have the abin§§npd! @”gé‘l‘gﬁﬁp?@aﬁﬁ&’ @V“&*“%é‘éﬁ%ﬁ%ﬁ\?@%& *Sngé) f‘é%ti ng as
an 5 electrolyzer (also discussed herein below). The fuel cell has

i ncreased efglischauscy buling rﬁW%&éBbﬂfﬁ@ﬁﬁewﬂ@aﬁ%ﬁqu 8ed gathedenpeaddantwi t h
conventional fuel cells of the prior art, while dramatically increasing
the operati (rpssiéhpawaenyie thepribods for mstapbstartgp (Pecuseed beren belawe ahdel cel |
is easy to assenble and has the advantage of utilizing proven, |ow cost
producti on haehtiieqakity tbOactiest Preesraigy iog\vmﬁerﬁiival@akinglmtmtingoaa‘ ael cell
anodes and cat hodes, and an energy supply systemincorporating the present
fuel cell. @hletrdlymdr (slebldismnesksl hérainl hedhed. Tt &rel aklshahincheabey efficiemey ent
catalytic activity as well as hydrogen storage capacity. The cat hode and
anode mat er amd Bcdasadpowec baphbildiny an cbinearestvathscoramdtiorst diet bellsedfahe

i nherently | ow cost. The cathode and anode materials are robust and 15

| ong- | i ved, plhgiantgwhitsdiatratitallytngpedsiartha gperftieg enpaeatd@aangwss thi téli(ze t he
carbon substrates of the prior art. Wiile a detailed discussion of the

i nstant el e20 too@S’CaNThe flet cell taaby wadsisemblerarairhaslthabdvimtdgeals uEkdihg | s
descri bed herein below, it should be noted that the concepts of the

i nstant i nvgotém ove adstigodiRiibn eathhigued.her types of fuel cells (e.g. P.EM
fuel cells). 20 In general, for such fuel cell cathodes, oxygen is

general |y avai | ghkerésent h@entint igdel0es @ fogrkll anodes] andsdatidddeg darleesi S on one
side of thereof where the 7
energy supply system incorporating the present fuel cell. The fuel cell anode
includes materials which have inherent catalytic activity as well as hydrogen storage
capacity. The cathode and anode materials do not include any noble metals, and
are therefore inherently low cost. The cathode and anode mater.ia!s are robust and
15 | jong-lived, being resistant to poisoning. The anode-doés‘not utilize the carbon
substrates of the prior art. While a detailed discussion of the instant electrodes and
their utilization in an alkaline fuel cell is described herein below, it should be noted
that the concepts of the instant invention can be applied to other types of fuel cells
(e.g. P.E.M. fuel cells), |
20 _ In general, for such fuel cell cathodes, oxygen is generally available to the
cathode on a continuously-supplied basis on one side of thereof where the
catalytically active material converts the molecular oxygen into atomic oxygen which

then migrates through the electrode and is reduced at the electorde/electrolyte to
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- catalytically active material converts the nol ecul ar oxygen into atom c
oxygen which then mgrates through the electrode and is reduced at the
‘el ectorde/electrolyte to 16 22 June 2005 form hydroxyl iopSund pogH ior art
- cathodes, no storage of reactant occurs. That is oxygen travels directly
through the active materials and reacts at the electrode/electrolyte
interface. faimmereat wosedn B'f'OTt%Cﬁth%CEeénPO SiRgR PlgractaRiessH™s: sThadidred in
the cathode within the reversible redox couples, and is then avail able, at
5 the el ect pexiisheltigrelsoldifeellyi dbrepglackes @etivi enelerigihe apat rRagts Avdhe abl e
el ectrons will then be generated through the el ectrochem cal reaction with
the fuel . Thigstrodedelpotetlyte ddetfacs |10 ther ealiianiespf denisstant ingentiohyooesliectricity
at voltages characteristic of the redox couple, or electrochemcally
reversi bl e stedakinglys tahedewithin theneversibler@dpy soupkdsdend is thelatdiebbd, kY, this
added benefit nmay be obtained by redox couples other than 10 between the
si npl es conbitradleéarndefelatmBtainteaiade strfacexaf die eddhdde. Mvallablexxtagoas ofil this is
t he redox coupl e of nickel hydroxide/nickel oxyhydroxide. Wth such a redox

coupl e syst gen belvenéraedd thrdulgh tid dieqioohé dieakbre paioe niithathe fub b Sthut teofuet | cal
voltage limt is “the sumof the anode and cathode reactions. Certainly the

t heor et i cal cdliwail proefde awdhbrgesuppliof albtieicihsatvolttiges ebaratieHstitiof 8@ rbyoxot her
considerations, particularly including 15 internal resistance of the

el ectrodes g@ngid, loe eketptirinticdlyebvearsible rayst eysterT .. 4 metntanantsspa)f i cal |y
relates to a fuel cell cathode conprising a cathode acti've material capable

of rever si bAydisdraily nGiseadgy bédufiougdy b @btaaehiayniradoxodounlidsestfyr ool e; sai d
active material having a first surface region situated to be exposed to

ol ecyd ar opateeey tfeadifplel doMibirtioh @€ @ nietgli ol iisrddicbidfama. AR esakple/éi cal |y
acting conponent pronoting the absorption of nolecul ar oxygen
~ this is the redox couple of nickel hydroxide/nickel oxyhydroxide. With such a redox
couple system, the fuel cell will provide a potential whose theoretical voltage limit is
the sum of the anode and cathode reactions. Certainly the theoretical limit of
voltage a'vai[ab!e is modified or limited by other considerations, particularly including
15 internal resistance of the electrodes and the camplete fuel cell system.
This invention specifically relates to a fuel cell cathode comprising:
a cat'hbc‘!e active material capable of reversibly storing energy through the
mechanism of a redox couple; said active material having a first surface region
situated to be exposed to molecular oxygen; said first surface region including a
20 catalytically acting component promotihg the absorption of molecular oxygen
through said first surface region and conversion thereof into atomic oxygen. The
active material also includes a redox couple material (e.g. @ metal) which is

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

17



t hrough said first surface region and conversion thereof into atomc.
oxygen. The active material also includes a redox couple material (e.g. a
“nmetal) which is thereafter chem cally charged by reactiono>withe ddre at om c
oxygen. The fuel cell 17 22 June 2005 cathode al so includes a second

surface regigQn_ situated.to be I . The
second sur f%agléo%e%?oo'ﬂgijﬂ%ﬁ %%eecgﬁéggrza[%glr%ﬁ?rhgﬁa{?ldgé?t?%)éogg%ogtﬁéF]Lfél ¥%)'Eom)t i ng
t he reactions betwe t he redox active material, and the electrolyte. The
cat hode. maye AEYFnal SEeaEGp O EUHEon RE TG T A FOBERRERN ¢ ne
first 5 and secgond surface regions. Such fue] cell .cathode w Il display
favor abl e VRIPFRYRI thedeaqiicnaPetygen ﬁ‘@é?ﬂ%é(ﬁtcﬁ%’gpleﬁﬁﬁﬂd tﬁ?ﬁréef{%délé‘.e The f uel
cell cathodes of this invention may utilize redox couples, particularly
met al / oxi desptesigpnay alse|RdidsP PYPRPRRE AR Bt PeRditoned b@&?‘&é%&hﬁﬁﬁﬂof
copper, silver, zinc, cobalt and cadm um Another useful redox couple is
t he nisckel antEesgal oxfage regienceISush ¢ RrlpriiGatodediibrileray SMorddeveltadsi n above.
The fuel cell cathodes of the instant invention also include a catalytic
material vhitehisheehspeenineel pfeeartcatilegi ssoci ati on of nol ecul ar oxygen
into atom c oxygen (which reacts with the redox couple). A particularly
useful cat al yst The fusheddmathodag otthisdnysstian may ¢ilige rreloxwouples, ragtidsdailyshoul d be
very porous and may be 15 electrically conductive. The cathode al so needs
a barrier mmeetakoxidesicouples setelsteddiogrihe gloyp ef metalsgansisting efecoppen sitvetat hode
fromthe gaseous, or dry, side of the cathode. A beneficial means of
acconpl i shizre, t bobsiti angy cadroibsi oAnother Usetll ofsidoki covidepisndme wiokedri sing a
hal ogenat ed organi ¢ conpound, particularly polytetrafluoroethyl ene (PTFE)
Wi t himn hydroxide/nickel oxyhydroxide couple disclosed herein above.
The fuel cell cathodes of the instant invention also include a catalytic matériai
which promoles and speeds the dissociation of molecular oxygen into atomic
oxygen (which reacts with the redox couple). A particularly useful catalyst is carbon.

As discussed herein below this carbon should be very porous and may be

15 electrically conductive.

The cathode also needs a barrier means to isolate the electrolyte, or wet,
side of the cathode from the gaseous, or dry, side of the. cathode. A beneficial
means of accomplishing this is by inclusion of a hydrophobic component comprising
a halogenated organic compound, particularly polytetrafluoroethylene (PTFE) within

20 the electrode.

These fuel cell cathodes, may also include a current collector or current
coliecting system extending within said active material. As discussed herein below,
the current collector may comprise an electrically conductive mesh, grid, foam or

18



20 the el ectrode. These fuel cell cathodes, may al so include a current
collector or current <collecting systemextending within said active
‘material. As discussed herein below, the current coll ectop? p@gye ZEHpri se an
el ectrically conductive nesh, grid, foamor 18 22 June 2005 expanded
metal . The choi ce, of . such collectiagn st ens nmaybe de according.to

el ect rode n&fRAGEY meitaj'gﬁ&? &Wci‘fdﬁéf'&b?ﬁ%?@e%?ﬁ@é&%@%?‘?%%‘?qogdIB& 1% he

i nstant invention using cathode with redox coyples, particularly in

combi nat i one¥RFIfe RANHGSHGHE REP 5@%8&%&%&@‘33 - the 116 application 5
provided the ability to recapture reverse electrical power flow froman
ext ernal circui tFuehtcs!ls f dhe Uestarteinventine ksing | sathads) v JedeiuEPHBIERY dr ogen
and oxygen which are absorbed and stored through the nechani smof the
redox coupl rertiguiatyen eambisatoramth the Redmgen Jg@geshedessd thedl B applicatipn: he
anode. Such fuel cells may, as a system further conprise an electrolyte
condi t5i oni nerovided treaatdity torecaphue raverserrieatinel povess flowfrgmen eXteimsl eiradt r ol yt e
conditioning systemw |l not only adjust the tenperature of the

el ectrol yt ein{df ezid dpeli call efastblytiadily peodusingeimeisygdpuand wkydenawsichr ergove wat er
fromthe electrolyte. The water renoval is necessary because water is
produced asatsoledmnddtméed thfoughehd metharddrh bithe resiok caupifeinitteadathaderdndst | on.
This water, if not renoved would dilute the electrolyte, thus inpeding 15
t he opti nalthpéydrogembeimeagefmatedalfiutile arede. These fuel cells will further

i nclude, as a system a hydrogen supply source including neans for

conti nuously suppklyfustcdlisetay, paa systarh oithercoinpded areldnyalytegmmditivaingt he
anode's first surface region; an oxygen supply source which includes neans
for 10 means for conditioning the electrolyte. This electrolyte conditioning system will not

only adjust the temperature of the electrolyte (for optimal fuel celf performance) but

will also remove water from the electrolyte. The water removal is necessary

because water is produced as a by-product of the fuel cell's electrochemical

combustion. This water, if not removed would dilute the e[eotro!ﬁe‘. thus impeding
15 the optimal performance of the fuel cell.

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

20 an electrolyte conditioning system which includes means for continuously

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

an electrical power source.
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conti nuously supplying nol ecul ar oxygen to the cathode's first surface
region; and 20 an el ectrolyte conditioning systemwhich includes neans for
-continuously conditioning the electrolyte, thereby enabling gestiopsous
operation of the fuel cell as an electrical power source. 19 22 June 2005

Nuner ous redox t de.of this

i nventi on. V\henﬁgI &%’oﬁé )%O@r% useélHS %%n%%&%ﬁ tF%ﬁ%#Qé)nofWés oxi di zed
formto ther for cco nd contj.nuo st. From
a practlcal'nveﬁ‘ t esa% § mg%gf'ﬂﬁ(ﬁﬂlﬁ%ﬂgﬁc%'cﬁ%ﬂp P
preferred WISh to, 5 be b u theor e inventors believe
Phat ‘the. sdUBSeOREY fOé@ﬂaegﬁﬁrw&hssw ecnsf A pralp ooty grl?l”éarpé%lc?bns f or

t he oxygen si de, of E L'ﬁ % are esent ed _below, Using a nickel

hydr oxi de/ BeJlh§tvieKitaea s %tan%su YRINGdRPreferigde e nol Wishinada + H20 -
Ni(OH2 C+ 02 ~C O (Internedi ate step for adsorbed oxygen) C. .. 0 +
ONi (OF) 2 - “belquastpy ihagpothe @VEfBPdeﬁlﬁ“iﬂYﬁjhﬁb'ﬁé ﬁé%ttqn§éemfﬁa¢<ntwg someether

chargl ng input: 15 NN(OH2 + e + RO -* 2NNOOH + OH+ H2 + 20H - 2H20 + 2e'.
Usi ng a copifereaghsyala repstieaufrdhe onuasrosifeo &f Hiy fus! sell pevpreseotede t he
useful fuel cell oxygen-side reactions: C+ H20 + e- C ... H (adsorbed
hydr ogen) +®elow 20 2C... H+CuO C+Cu+H20

Using a nickel hydroxide/oxyhydroxide redox couple:
10 NIiOOH + 2Ni(OH); =+ 2NiOQOH + H20 — Ni(OH),
C +0; = C ... O (Intermediate step for adsorbed oxygen)

C...0O+2Ni(OH), = 2NiOOH + H0 + C,

or during regenerative braking or other charging input:

5 Ni(OH)2 + &~ + Ho0 - 2NiOOH + OH-
Hy + 20H — 2H;0 + 2e".

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+CuQ —~ C+Cu+H0.

2Cu + Oy = 2Cu0

20



. 2Cu + 02 2CuO 20 22 June 2005 Using a silver/silver oxide couple, the
followng is believed to be the useful fuel cell oxygen-side reactions: C
-+ O+ eJ -i C ... H (adsorbed hydrogen) + O4 2C ...H + Ag2QneCGot52A0 +

* H20. 5 - 4Ag + 02 2Ag20 Using a zinc/zinc oxide couple, the following is

believed to be the useful fuel cell oxygen-side reactions: C+ H2O+ e C
H (adsdidiregpla kingristpen pxide Chlpledhe folewingihelievwedB. beltbe 2gefulfuePleceliznO 21

22 June 2005 Using a cadm um cadm um oxi de couple, the following is

bel i eved t mxdgscsidbesddiens:useful fuel cell oxygen-side reactions: C + H0O +

e - C... H(adsorbed hydrogen) + O+ 2C. ..HCIJO C+Cd+H2O 5 2Cd + 02 2CdO

As noted earlier, th em ous_sets of ] i a few exenpl ary
redox couple reacti o?sp\ﬂ?ipc*'hgsvi I(I?' beﬁ&%cfesﬁﬁqceo‘flﬁ@ﬁg%@?gicﬂ—?or oxygen si de of
fuel cells wusing the electrodes of this invention. These exanples are

provided sinply to denonstrate eful _couples, t |ist certainly is not
exhaustive, nor is it intendg{a't VAg:0= 38 Fiag + o,

5 ; 4Ag + 02 = 2Ag;0

Using a zinc/zinc oxide couple, the fallowing is believed to be the useful fuel cell

oxygen-side reactions:

C+H;0O+e — C...H (adsorbed hydrogen) + OH"
2C.. H+ZnO = C+Zn+ H,0.

i0 2Zn+ 0y 2Zn0
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- 10 be so. Many ot her redox couples are available and will have useful
application in the inventive oxygen-side el ectrodes which are, in turn,
-useful in the described inventive fuel cells. Quantifyi ngahgewsesul
benefits of a few of these couples it should be noted that use of the

copper/ copper. oxide couple will yield vqltage of .about 0.8 v per cell; 15
o et 1 of PoBsng cadumatitetmior aids Sobidne P o b bued ineseshoagine. 0. o v
per cell; nickel oxyhydroxide/nickel hydroxide will yield voltage of about
1 v per cel ¥safel fugl sl @xygedsideaygaensi dered that there are a number of

conpl ex oxides which will yield differing cell voltages which expands the

avai | abl e working vol tagep ewen Curt He{édsd}%é‘d(ﬂl'droéeﬁ‘i) nabh@g (NiFeO4) is one
such oxi de whose conplex Is available to be used and 20 whose voltage
contribution would be about | volt. This and other "m xed" oxide conplexes

provi de ot her useful voltage @ppor hlbes cascpard,pf this invention. The
22 22 June 2005 nickel oxyhy roxiﬂﬁydroxi de Wnizc_' was previously
di scussed is, effectively, another conplex oxide system Sone of these

of fer 5uni gue nmulti-step reactions 2wﬁi+c r_r,aé/%% advant ageously applied in
the practice of this invention. At “The cathode; the oxygen, water, and
el ectrons react in the presence of the 5 cathode active material to reduce

the oxygen and fgrrntéy dasisy lthd prREictSels olRacticdkbvidd @ fely d@Hplarghe 1 ow
of electrons is utilized to provide electrical energy for a |load éxternally

connect ed tradéNgopRofaci Wwathelee TRl 14ap6 air or 8¥RjichaMEot Reb&ati | | ed by

any nunber of needs including, but not limted to, powering notive
vehicl es, lysHatthedeikBirelfas Gtanis iMRAtbAO TREsC BRIMPIEs ARYbRSRied RANEY th 00! S,

entertai nment "devi ces, and ot her _

demonstrate useful couples; the list certainly is not exhaustive, nor is it intended to

10 be so. Many other redox couples are available and will have useful application in

the inventive oxygen-side electrodes which are, in turn, useful in the described
inventive fuel cells.

Quantifying the useful benefits of a few of these couples it should .be noted

that use of the copper/copper oxide couple will yield voltage of about 0.8 v per cell;

15 silver/silver (+2 oxidation state} oxide will yield voltage of about 0.9 v per celi; 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 diﬁeriné

cell voltages which expands. the available working voliages even further. Nickel

ferrate (NiFeQs) is one such oxide whose complex is avéiiable to be used and

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

complexes provide cther useful voltage opportunities as part of this invention. The
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el ectricity-consum ng devices too nunerous to nmention. To produce a fuel
cell the cathodes just described (enploying any of the nmany oxide or redox
~coupl es) are used in conjunction with an anode or hydrogerp? glheciopgde.
VWi | e any functional hydr ogen el ectrode may be used with the inventive 1s

cat hodes, _PhE Lar 5%@%‘%@!11 @e%mtsﬁewafsusﬂevfb%lySdué’éus%&! %'éWe%%bl?” W' .

i ncl ude oyl ng rogen storage alloy active ndterials

should_be_ngi e of Ofthpje Qﬁdé’%ﬁc%r%g:gﬁ’égfﬂﬂe@% Yot S éaaljé%!:h&?sfue'

cell is requite nor e 76 1 he 1 eat rons with OH

d d |
the for nat ?Hﬁcﬁf”“% 5 gt aﬁﬁ%é'yﬁéﬂ%ﬂgfﬁ%ﬁaaﬁgccu t'ﬁﬁ%%@ﬂgnf or mati on of
2 Cuber o P Al EQ?TEPHB%% Mhecgty 3 ine SRS e bisiaicthe °° °°°"
M-H2- aM H- 2 Ju 2005 Th | | d H2
is co%/er t etf %@ea%‘é%? Bé%eréﬁl ﬁ‘?ﬁeé“ﬁ??tﬁ%‘a%% rtgi\ﬂadtfoF'ﬂ‘ hyd; r?f@?‘lﬁjrﬁ‘g%‘wf ;ggegf (t hza

anode. This adsorbed hydrogen is very quickly converted to a netal hydride
(MH) in the bul k of the hydrogenCstra@thQet é¢'1-0\OHhi s hydride nmaterial is

t hen converted to ionic H releasing an electron e-, The ionic hydrogen 5
reacts with_a hydroxyl ion in the electrolyte to produce wat er and the

el ectron isfhg @‘P‘féé% éécirﬁlﬁ%lstlﬁﬁz%&’coe?rﬁwe Ielf’&H'Cél prargy forenigad enteregityde

catal yst must not only efficiently catalyze the formation of water at the
el ect r ol yt ecanfeeted de éhepanodeuand eathede. eﬂﬂ@td?%ﬁ svalipkle de batfidedrby vl ar
hydrogen into ionic hydro . ng conventional anode material, the

di ssoci at ed\Umher ¢fereds inc H@bPpbwgﬂm&ﬁﬁt@HémﬁW696@§W9aE@ﬁbScﬁﬁﬂmg easily

reconbine to formhydrogen if they are not used very quickly in the
oxi datti on devices, heating or cooling devices, power tools, entertainment devices, and other

electricity~consuming devices too numerous to mention.

To produce a fuel cell the cathodes just described (employing any of the
many oxide or 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 Eells of this invention wilf include
ancdes 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 &” from Ha. This oceurs
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 te.

23



reaction. Wth hydrogen storage anode materials, hydrogen is trapped in
hydride formas soon as hydrides are created. The hydrogen, as
-electrochemically released into the electrolyte, are therpusige mpsneeded
to provide the fuel cell's electrical power output. 15 In addition to

being catal ytically efficient j ' t I terial
nust be resiy@@gﬁtm @CB‘SFﬁ%ﬁ?%eﬁqﬂf)q%‘g“‘)aeﬁ%gﬁ%dé%zqeé’é? o@’@'@}"ﬁ%f%ﬂ% such
corrosion resistance, t el ect rade ul d.quickly. succunmb to the harsh
eVl ronnent i leeHEs et quraRry Pra oL Bsr VBN et e e dRe pr i or
art fuel cell anode catalyst is platinum_ Platin despite jts good 20
catal ytic p@oﬁ@rtaﬁihé@f'd? émﬁbf” e @U'glﬂf{?%héd‘rjaﬁn \R}Jogégeségcﬁye ?chgldgl use as
a catalyst for fuel cell anodes,  because of its very high cost. Al so,
nobl e net al maiesalshen cpRertegtaionitim reRERd CAFRACRE: nSIHRBICAYAIE at i on
by inmpurities normally contained in the hydrogen fuel stream These
i npurities cearts wih @deydeanybien imboKieaEc( P drodupg wetersaikthgoosctrarely be
present in hydrogen fuel) or contaminants contained in the electrolyte such
as the inpuréleasas inty the extedshtoaiind@uitn The theadredeneatalyst mypuaphgniral ci um
magnesi um iron, and copper. The above contaninants can cause what is
commonl y r ekficiantly tatalyge the fermationad miatry at Hief @lestrolte interfacadub oigt slsaher e t he
catalytically active sites of the material becone inactivated by poi sonous
speci es i nvafficntly dissmtiate mededuiartiydrogea linto daslic hydmrase. tUsingearaeptionall | y
active sites are inactivated, they are no | onger available for acting as
cat al yst s f anodd haterieinthellsdodeied hpdipgen is ransiienet drgithabydrbgereaionie cafhe
catalytic efficiency of the anode therefore is reduced since the overall
nunbero of  easily recombine to form hydrogen if they are not used very quickly in the oxidation

reaction. With hydrogen storage anode materials, hydrogen is trapped in hydride

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

into the electrolyte, are then used as needed to provide the fuel cel!'s;e-lectrical
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.

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

20 catalytic properties, is not very suitable fér wide scale commeicial use as a catalyst
for fuel cell anodes, because of its very high cost. Also, noble metal-catalysts like

platinum, also cannot withstand contamination by impurities normally contained in

the hydrogen fuel stream. These impurities can include carbon monoxide (which
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10 avail able catalytically active sites is significantly | owered by

poi soning. In addition, the decrease in catalytic activity results in
-increased overvoltage at the anode and hence the cell is Zanhe #BS
efficient adding significantly to the operating costs. Overvoltage is the

difference mgf/ﬂ@s%sémn @&E%Gérﬁgél) ep&oghmmiﬁéq@e@htaihééirﬁﬂegieitcg&f ugyal ue, the

physi cal nmeani ng of over-voltage' is e voltage require vercone the is

resi stance 40 h0BARRYR MG UK Rahedin MBI BeferClkiif?BaiRA{ char oe

transfer resista e overvoltage represents an undésrrabl’e ener gy

| oss whi ch adds I he ing costs of the fuel cell. Wthout intending
to limt th@agqe&@%é%ﬁeaﬁﬁpﬁ%é i nvention, .but rather for the purpose of

expl anati on and King the, curr i t re unders ana ble, 20
expl anat ory dradﬂ%é@og?goﬂwgwyﬁggga%Qéﬁg%éﬂg%ggﬁﬁvﬁgﬂﬁﬁg%gF ﬁpfﬁﬁaschenatic
depictions of a fuel.cell staorage electrodes | .a 1 c ("a" designates
anode and "eomowa%iaﬁafeEOEQPW5§89¥S r%ﬂgagaTRﬂF%@é?%W35W9ségﬁg?ises a
hydr ogen storage active terial .and the cathode preferably conprises a
Fadox couplBRatRpEoTMeEiTAEd khuoSoTsys 35eciE BYateY Caribined HIS By
includes, in a preferted enpodinent a hydrophobic conponent 2a_(anode) and
2¢ (cat hodefll- EPE@F Wﬁ&ﬁ@ﬁ%&ﬁf@%ﬁﬂf?ﬁéfﬁ %ﬁﬂvgg@'thﬁbﬁﬁ PagenaYRbRlBY | ene
(PTFE). The el ectrodes al so include either a region conprising hydrogen
storage actiPRacting e cpiglystsdor efficlevainsgn oxigation eagihatine gRpde sThe at | east
one redox couple 3c for the cathode. Wile Fi%utes 1A and 1 B show the
hydr ophobi catabfip &Hisiancy af thecangde theialopg s reéuetadioedhe avaredrugber @bnponent
3a, 3c as separate |layers of material within the electrodes la, 1 c, they
may dPso ba@vpitablerataytipaly active pithsds sioBifinantly lewared pypoisenipg atieagditinoughout
t he active : : ,
the decrease in catalytic activity results in increased overvoitage 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 overvoitage represents an undesirable energy loss which adds to
the operating costs of the fuel cell,
Without intending to limit the true scope of this invention, but rather for the
purpose of explanation and making the current invention more understandable,
20 explanatory drawings are provided. Figures 1A and 1B are stylized schematic
depictions of a fuel cell storage electrodes 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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- material. The electrodes 1 a, 1 ¢ also include a substrate conponent 4a
(anode) or 10 4c (cathode), which at |east acts as a current collector, but
-may al so provide a support function. This substrate conpogenind odi scussed
herein bel ow. The el ectrodes la, 1lc have two surfaces 5a (anode) or 5c

(cat hode), ' , face. of each el ectrode
5a, 5C is agj@gtég% bé@\ﬁggac%sgma6€rle§eg‘Petd%$rﬂ:r%§bnée§%§rh§@E&P§gﬁbc C\Rmpgﬁepgi%sef ul ly
supplied by, an inlet hani.sm,15 when incorporated into the fuel cell,
while the OE%&PEEUEP%S‘?&G&I{EQ%‘E}C’%’S ad?gecemgrpgﬁ?tﬂ‘é CRMPONEH y8Y (Wi ch in a
preferred emhodi nent will be agqueous al kaline electrolyte). As stated
above, the H@ﬂ?k%ﬁ%?%(tﬁﬁ?g%}mo n‘?[eéﬁ’,daeﬁcaﬁ% igglegee eitheér paggsgionai t hin

t he el ectrodes or i% inti matelé mxed with the active material 3a, 3c. In
ei t her caseSOTRREBINLNyBogenrsivRRe Rl Sieiat Ppireenaneds, .r asregionact as a
water 20 barrier, pr?venti ng electrolyte or its diluent fromescaping from
the fdel cefAMPHIG A least ophiedexnaiAlg $for e icathiods. Whilhdiguem14 antl 1B

pref erably hydrogen éi n the case of the anode) or the oxygen (in the case
of the cat W) the, hydwehebip romponsaluiec2e adetie adtivet hieckbdes tmatdsalact i ve

material 3a, 3c. Thus, a portion of the el ectrode, surface 6a, 6¢c 26 22
June 2005 QraHPneBhiavssEsisepriedayass phroatetinlavitinthaelsctiodes ta,clentiegt Wi t h
the electrolyte and acts to oxidize gprovﬁding el ectrons) fuel, preferably
hydr ogen i Mmaisaheddimsiels mbfed inte asinglg malerialng geddedthronghout hres sotiveli zer ,
preferably oxygen_in the cathode case, while the remainder of the
el ectrode reatefalaiTheielestradentp, daplsadwiBie 2 Sbjtrate avingesertala (ancdeseci at i on
of nol ecul ar hydrogen or oxygen and storage of the dissociated fuel
(anod@) or 46Xrathede). phighhaldesstfagts dsa enrerdaiiedor, but mayfaaephaideds. | n the
drawi ngs, the anode active material is a material, such as a platinum
support function. This substrate component is discussed herein below.
The eléctrodes 1a, 1¢ have two surfaces 5a (anbd'e) or 5c (cathode), 'and 6a
(a'node) or 6¢ (cathode). One surface of each electrode 5a, 5¢ is adjacent a
reactant (i.e. hydrogen or oxygen) which is usefully supplied by an inlet mechanism
15 when incorporated into the fuel cell, whiie the .other surfacé 6a, 6¢is adjacent to the
electrolyte (which in a preferred embodiment will be an aqueous alkaline
electrolyte). As stated above, the hydrophobic (PTFE) component 2a, 2¢is eithera
layer within the electrodes or is intimately mixed with the active material 3a, 3c. In
either case, the purpose of the hydrophobic (FTFE) material is to act as a wéter
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 thereofto
the electrode active material 3, 3c. Thus, a portion of the electrode, surface 6a, 6¢
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. based active material or a hydrogen storage material. The preferable
hydrogen storage alloy is one which can reversibly absorb and rel ease
~hydrogen irrespective 10 of the hydrogen storage capacity amdud@spdshe
properties of a fast hydrogenation reaction rate, good stability in the

electrolyte and a | ong shelf - oul d _be ngted dr ogen
st or age Capﬁa@ﬁwmewgajggteﬁg%fomhﬁ “ﬁﬁ@g)ﬁﬁw&PFgFt‘%'ﬂbtﬁ@@ S] °¥P

stable form in sonme nonzero amount hi Per than nere trace am)unts
Proferred  WrpidizalEowiing asoashbhis etﬂ%hwm% Ry ecradeorastopte
Preferably, the alloys 15 include, for exanp rare-earth/ M sch netallic
al loys, zi riedweaigrimiy dectiansihe ondize pr@ﬁawvowsw lirteescathsiecssise, Winite anode
material may even be | ayered such that the naterial on the hydrogen input
surface 5a the rémeinddr of $1a eleatdsr materighilioeludiag sbdase Sapea)ifrpvides yordesi gned
to be highly catalytic to the dissociation of nolecular hydrogen into

at om ¢ hydrdigpeciatiomiof ectaeelanhydogan corxygerend slopage dfitberdbacsatedrffieice 6a i s
20 designed to be highly catalytic to the formation of water from hydrogen
and hydr oxyknode) s oxiBizer (cathode} floobidsr reddionct suréacediaghe.al is a conposite of
a selected redox couple (oxygen storage material) and an additi onal -
catal yti c mat er irathe diowiagg itied anadel &tive matialisana@05, sudhys £platiiemdi scussed
herein above. As general preferences, the redox couple should reversibly

absorb and baebeastveoxiatiiiabor a hydreper sfovageahatehial. oMegeafesitds agerogeapaci ty
and have the properties of a fast oxidation reaction rate, good stability

in the el etdragd Miog.is onswhich oamgresbeitily dbsoeb ard releshglirbgerniebegedtitat , by
oxi di zer storage 5 capacity, it is nmeant that the material stores oxidizer
in a;gt abl of ey Mdrogersstomge Rapasitycarainmsthe prghetiest dianfasEiyRirdger@doamount s.
reaction rate, good stability in the electrolyte and a !o_ng 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 thta' 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 atontic hydrogen, while the material on electrolyte interface surface 6a is
20 designed to be highly catalytic to the formation of water from hydrogen and hydroxy!
fons.
Forthe cathode, the active material is a composite of a selected redox couple
(oxygen storage material) and an additional catalytic material. Some preferable

27



- In either case, for either electrode, the electrode material may be | ayered
such that the material on the fuel, or oxidizer, input surface 5a, 5c is
-formed froma material which has been specifically designggjtse fmmshi ghly
- catalytic to the 10 dissociation of either the fuel or the oxidizer, while
the material on electrolyte interface surface 6a, 6c is designed to be
hi ghl'y cat 9¢Pleg ar® dissessast igeinAPoye. KigtEnery! RidaieNces. thy aedsryaoupins
(cathode). In addition to having exceptional catalytic capabilities, the
materi al s ahssldhaversbhin st pag TdersoRidzeriisespechvicof theweyaen sloragd kal i ne
electrolyte of the fuel cell. 1s In use, the anode (hydrogen) alloy
mat eri al s a@paelty and kavedhe pispgrtien wd edes oxidateoisgotion fad goat sfapdity trhr oughout
the bul k of the anode; 2) as a water formation catalyst, form ng water
f r om hydr odke elatiolied nost yl lon® akel{-ife ot showldaepieetad thdtkby pridizeestecdgeol yt ) at
surface 6 of the anode; and 3) as an internal hydrogen storage buffer to
i nsur @ t hatcapaciwaiyis sngauk yhad fthdryehtensd starem sxidizenlmastaidy tirhaln eomde sur f ace
6 ( this 20 capability is useful in situations such as fuel cell startup
and r egenemahrere aememyhighedtbapmere frack smogisted herei n bel ow). Specific
al | oys useful as the anode material are alloys-that contain enriched
catal ytic nickeln githgr oass, 66r &et @lebliosd, tieeTslettiodt magirRl mdly el lhjperead
t hroughout the 28 22 June 2005 oxide interface which vary in proximty
f r om 2- 300 sActgidibt thesnaterdion al fueb 0r 4:A0izerAngat supkBe ShI Sk F@tHealrdr@al €gi on.
As a result of these nickel regions, the materials exhibit significant
catal ysi s afteriadnehicti indst beerT Rpeclfiesiy t destfnedl tor BEI aigEly| dathipg: # ¥ of the
'591 patent provides powder particles having an enriched NI surface. The
][mislt i® pr etiesceationl bfoyishdnae Mgl anirthe foxidiidsk, Wil dreSmAteRiaRbh QisctitmpMi ng t he

ol | owi ng ;

interface surface 8a, 6¢ is designed to be highly catalytic to the formation of water

(anode) or hydroxyl ions (cathode). In addition to having exceptional catalytic
capabilities, tﬁe 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 molecufar hydrogen
decomposition catalyst throughout the bulk of the anode; 2) as a water formation
catalyst, forrhfng 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
toinsure that a ready supply of hydrogen ions is always available at surface 6 ( this

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

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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conposition: (Base Al oy)aCobWcFedSne where the Base Alloy conprises 0.1
to 60 atomc percent Ti, 0.1 to 40 atomc percent Zr, 0 to 60 atomc

-percent V, 0.1 to 57 atomc percent Ni, and O to 56 atom gopgscemis Cr; b
is Oto 7.5 atomc percent; c is 13 to 17 10 atomc percent; dis 0 to 3.5

aLomc Percefide Rl ibelh B A DA DL Ml R CASETIOD Bhome

percent. The substrate conponent Cc ac
may usefull ; t ns rex le, if a powdered

el ectrical l 3'/% ggt’ﬁ@ﬁ'?f‘?”\’/g%ﬁa té??gg@{ S %Sglgoﬁﬁ%ﬁ?é}'a‘rgﬁfe@@i thengteriglspper
copper all oy, px . . s, 15 mxed. int, e active material 3a, 3c then
the materi a?éxglg{tgﬁégﬁgrﬁ Cg%g’égraingSPN}JC“%@néﬂEPP’(}%WRENHPQ'&F%*D”Eﬁ;@“qyﬁs not
provi de any sy, t, for the electro terials per se. It is preferable
that the sulgli Sg?éatc% 8H %%P%@r%fa%fﬂﬁsgﬁawa&%w ¢ Ni surtaspdlibe orosaind a
support structure he el ectrode y,.be forned by pressing active 20

mat er i %ll i nPE?f%”%%r%B)és E’éi"ﬁg %‘BB%&P&EQ*PH% %6n@ié¢'§ihﬂw dte folovanect r ode
can be increased ttl%el ncreasing the conductivity of the el ectrode's porous

metal subst FATBOSM"®eneral Iy the porous metal substrate includes, but is not
foil, foam plate, and expanded netal.

limted to, E[Tesh FS‘W rf'ﬂ%-@tte, .
Pref er abl y, (R45& % BiSRdgroneutiare he Bage Alloy nomwrisen 9.1 tes6@ dtomid he
el ectrode is a n%h griéj, f oam or eﬁ)anded metal . The substrate may be
formed fronPSlf§THktEH faf0 dlemicpgreentiZed toi€0atomicomncant M, 04 tai5d atemicst ant t o
corrosion or che(rﬂ",cal attack by the electrolyte. N ckel or nickel alloy is
a very goodPerReitdyiiand 0197b AUpic Rpgrnifeome is Glopl§ atemioparcent; oyl 3ke 1700
resi stive. Thus when high _
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 compon_ent 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 electricaliy
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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5 power is required, the substrate is forned from copper, copper-plated
nickel, or a copper-nickel alloy, as taught by U S. Patent Nos. 5, 856,047
- (Venkat esan, et al.) and 5,851,698 (Reichrman et al.), the2diyscd psog es of
whi ch are hereby incorporated by reference. As used herein, "copper”

refers to eith r r al f "nickel" refers to
ei t her pureu?ﬁcﬁgé{%%g‘fecgrﬁggﬁla&ﬁé%ﬁ@ﬂ?@b@%grﬁgpﬁlga%@g@éa@?ﬁ’ge i’é})sf%@?WHe por ous
s an oxoel Perbracbpf B ARG B R eReleah{ BeHcEhie, 30 paR e O
o fuel cel ForGRutes EGIELE s o Feeriide. NPeGpaRKSrlonsa vereeesy
Tl | cabi e G, PHEICE RGN EB EOP Ao | b BeABP H95/val 10WE WHee ¥Bbs: r at o
to nore reliably hold the active hydrogen storage naterial that is

conpr €ssed RY I$ Fravgehdbe svistets dewnedine cppre esrPPERelatastricke), od nter t he

el ectrode after the active material has been conpressed onto the
substrate, $IRSEERGKiaHpY.aeyipwaptind Felaienhljos RB8d47 Menkstesamedal)

manuf act uri ng gr ocess. 20 The cathode contains an active nmateri al
conponent viHIh8s k68 Rgighman etall.fe digelesyes atwhieh @e hesthydusaiporatsdyen i nt o
atom c oxygen and/or catalytic to the formation of hydroxyl ions (OH) and
hydr ogen fr ¢Rge, Asovseddesding €epeRramiersdo eifleer mie oopREnnean@dsy of

el ectrolyte, and resistant to poisoning. These are the various oxide

coupl es whiaskpermped ticket irgfats teledeatintrenicke er anglley abnitke!.f dsimeebpperteuch t he
sanme nmanner as the anode or may be forned in a manner simlar to

convdft i ondpmetemenus mgtplaybeisate of theiclratirdahas saversl important advantages.

Copper is an excellent electrical conductor. Hence, its use as a substrate material
decreases the resistance of the anode. This decreases the amount of fuel cell
pbwer wasted due to infernal dissipation, and thereby provides a fuel cell having
increased output power. Copper is also a malleable nﬁetal. Increased substrate

15 malleability allows thé substrate to more reliably hold the active hydrogen storage
material that is compressed onto the substrate surface.. This lessens the need to
sinter the electrode after the active material has been compressed onto the
substrate, thereby simplifying and reducing the cost of the anode manufacturing
process. |

20 The cathode contains an active material component which is catalytic to the
dissociation of molecular oxygen into atomic oxygen and/or catalytic to the formation

of hydroxyl ions (OH") and hydrogen from water, corrosion resistant to the
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5 but the redox couple materials described above are substituted for the
pl ati num The redox couple is finely divided and di sbursed throughout a
~porous carbon material. The carbon material maybe in the ppymedoss powder,
matte, foam grid or nesh. The cathode may or may not have a conductive

substrate as needed. |f . .us syb t ; Il tp relation
o the anoddectEb ad eret e FatE itr T s TRO B B R IEE R o7

el ectrolyzer, durjn n energy recapture process such as regenerative

br aki ng, m&répe?@'bgggiﬁewgﬂfzed into hydrogen and oxygen. That is, when

el ectric powered vehjcles are used in stop and 0 node in inner cities,
regenerative braRf5§egst Hﬁ“‘é‘gﬁ‘ WB%HWPB“WF\@HQ@SS'E%?B?@G OrRAY O8nvert it
to electrical energy. In this node, .the elnectri . ot or .revers? their 15
rol es and Hewefdn gepangl srualieicqgvansiopalea OH%?YV&CEE@?B%“B‘FmFﬁ@ ion. This
causes a spi ke of current which anmounts to about 10% of the nornal

oper ati ng |tehthe reox 6anNRIRMaTRIS dersribed pPoveAR SUPsEUtse foighy PlalineBt accept
such surges. This feedback of energy woul d cause rapid hydrogen and oxygen
evol uti on Wiiectledow gpeple daudiely Aided andydiskursest thiruoheHer PARiseeRPe) and
adhesi on thereby undermning the 20 overall system performance. In the -

i nventive fmaterialeThe carhpgmaiarial Asy bedn Bedergbvicirovsies dualte. fasen. igyidradgen
storage anode and the oxi de couple cathode will take the surge current and
become chanepdd Thie: ¢ptharie PRV QUEEY NeY Bavye foRHUCHYS Srerstiatspebesdad. yIf 31 22
June 2005 It should be noted that the anode and cat hode active nmaterials
of the instiaed therpubatralgrcanbe assisgetbesh relation todlag aretiet t o poi soning. This
is true because the - increased nunber of catalytically active sites of

t hesao mat er i al sYMien tomingtanh e aslissis run in reverse, as an electrolyzer, during an

energy recapture process such as regenerativé braking, water is electrolyzed into
hydrogen and oxy.(gen. That is, when electric powered vehicles are used in stop and
go mode in inner cities, regenerative braking systems can recapture kinetic energy,
énd 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 conventionail fue! cell (alkaline or PEM)} cannot accept such surges. This
feedback of energy would cause rapid hydrogen and oxygen evoiution 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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. catalytic activity, but enables the materials to be nore resistant to
poi soning, 5 because with materials of the present invention numerous
-catalytically active sites can be sacrificed to the effecps ghe POdssOnous

species while a | arge nunber of non- poisoned sites still remain active to
provide the desifegof@bahyehhat NShods @ ROl SOk e inactivated
" by being bonded to other sites \;ﬁ\jthgut g??ﬁ@??%g“‘ﬁ’ﬁg‘"a}g@%@‘ﬁ%I”Fgaé'!‘ 10

Filgure 2 | sifeifol haeoehamils oebt ioheludl hkakine fuelogshl 7

i ncorporating t ctrodes 1la, esig es a

dest gnates  CoLheleltls LSRR DYEY Mlec TS e el consiot o

t hree gener secfions: Sec
d hyd : : t | ectrol) artnent 11;
and 3) e CaRBY BBy, BTBRALEE e il oS riatiBebian lsomnanane oxygen

air I r.tnent . 10...ln the anode section, hydrogen or hydrogen
((:olnt Zilf]?gg %%C%?'g’lg%th%aéeri' SOfsth%qusgaﬁUYﬁ@P” BI"@!?%#S&‘H{W'P%&/ aAejive éé@n guppl y
conpartnent 8 t hrough ogen, iplet 12, drogen i s then absorbed through
cor Tace 2o ot SaRAck i ahe Bcuin o iinin bR AN OB aras ratser g nog 1y
br oken down bé/ tge.anocﬁe acti v? mat er Lﬁll into 20-atom ¢ hydrogen which is
stored in tPRSHEGSEGRHTILEHARAS RIS vde the dgsirsapatalysis. Arep, semewf thenal | y

reacts at surface 6a w.th hydrox ions to formwater. It should be noted
Lhat  the. haiSCEE APPSO Ba MOROPRASES ol PR plRdiing &hd actod (- <

optimal operating tenperature. Any unabsorbed hydrogen and ot her
cont ani nant®'§&ses or water 32 22 June 2005 vapor in the hydrogen supply

are vented throi‘—l%g outlet 13. The gases that are vented may be recycled if
enoudh hydr ogen’ 19 redert stlirataFriiipaticedemietion. of an akaline fuel ceil 7

_ incorporating the electrodes 1a, 1c¢ (“a” designates anodé 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 hydrogeh supply
compartment 8; 2) the electrolyte compartment 11; and 3) the cathode section,

15 - which includes the cathode 1c and the oxygen--(air) supply compartm.ent 10,

In the anode section, hydrogen or hydrogen éontaining gas mixtures is
supplied under préssure to the hydrogen supply compariment 8 through hydrogen
inlet 12. Hydrogen is then absorbed through surface 5a into the anode 1a. The

- absorbed hydrogeﬁ is cAatalyticailly broken down by the anode active material into

20 atornic hydrogen which is stored in the hydrogen storage material as a hydride, and
then finally reacts at surface 6a with hydroxyl ions io formwater. 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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O herwi se the hydrogen may be used to provide a source of thermal energy if
needed for other conponents such as a hydride bed hydrogen storage tank. 5
- The el ectrolyte conpartnent 11 holds (in this specific exampllghe appmgueous
al kaline electrolyte in intimate contact with the anode la and the cat hode
lc. The alkaline solutionis well known in the art and is typically a

pot assi um hyapooii tie hydodgenisupply Bhe ventedthrergh euatdvi dehe Wdﬁgt afeons whi ch
react with hydrogen ions at surface 6a of the anode la and water nol ecul es
whi ch r eactventdchmayylgenedyolest hitenoogk hyiHeegenee resanhdo crarmtigetoary The

el ectrolyte is circulated through conpartnent 11 wvia inlet 14 and outl et
15 (in al t ephahiise therhptiogenimey Hehesesl cproolly tesousse bethedwvil dmargy el vy

i mmobilized as by jelling, etc.) The circulated el ectrolyte nay be

external | y hedte tbroths eohpdnasts secess ahydridertbdt hyeragenctmbgatantn of t he

el ectrolyte can be adjusted (as via w cking, etc.) as needed to conpensate
for the water 15hperdticlert doynpahmenel 1 heldsl(immis dpesifiesxalnpe) an aywarsat i on of
wat er through the electrodes. Systens for conditioning the fuel cell

el ectrol yt esjiaflife wRkirolaamwitinatd bentactvithanslameied! naotd the chihotibge, degcri bed in
detail herein. In the cathode section, oxygen, air, or sone other oxygen

cont ai ni Ng KO WsIutitn 1 WEE khGwr HDMel ftlabd id fypicanya potReipp Mydrer@ar t mrent 10
t hrough oxygen inlet 18. ° 20 Oxygen is then absorbed through surface 5c

into the cabh@ige TRe eibBRoIMRIPEIESE YO NohSwhizh adact wetahldrobeR ke sfown by

the cathode active material into ionic oxygen, which finally reacts at

surface 6¢ g(Mhde 6418f hedMede qdRing)watkt MRolaties withesadt@fthl yhéer Bnshatdr oxyl
i ons. Any unabsorbed oxygen and other gases in the feed (e.g. nitrogen, 33

22 Juge 20Q5rasf8dmnslbNbdiec. The clechblyiat BFcutAB®hroubhtddmpair@s 1suppl y are
vent ed through outl et
via inlet 14 and outlet 15 (in alternative embodiments, the electrolyte may be
deliberately immobilized as by jelling, etc.)u The circulated electrolyte may be
ekternaliy heated or cocled as necessary, and the concentration of the eiéctrolyte
can be adjusted (as via wicking, efc.) as needed to compensate for the water
15 produced by the céi! and any losses due to evaporation of water through the
electrodes. Systems for conditioning the fuel cell electrolyte are well known in the
art and need not be further described in detail herein.
In the cathode section, oxygen, air, or some other oxygen containing gaseous
mixture is supplied'to tHe oxygen éupply compartment 10 through oxygen iniet 18.
20 Oxygen is then absorbed through surface 5cinto 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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-19. EXAMPLE Production of a hydrogen storage anode (used in both the
inventive fuel cell 5 and the control cell) is described as follows. All
-per cent ages gi ven throughout this exanple are in weight perggnhe 2008 €SS
* otherwi se noted. A m xture containing about 90% of a M schnetal nickel

al l oy (havi - i f L% La, .9% Ce, 1.0% Pr.
2. 0o nil, 40, G50 PR EH By T GOTBBRHN Y b S BisnteaHiwgh oute
pol ytetrafl oet hyl ene (PTFE) was nade into a paste using isopropyl
al cohol . 10 is paste was applied into an Inco Corporation nickel foam

having a of density of about 500 g/nﬁ éﬁét a previously wel ded nickel tab
used as a current collector), This f as the substrate and

el ectrical coll eFto I.or f %el ectrode. After drél ngi at 50-60 C, the anode
was conpacted us Hﬁfuﬁ"?”o? 12 THE[99er §1o5ags Flpde(yregkimbath the inventyzdueleed. 030
inches, is The, contro np] e cat hode (oxygen) el ectrode was created as

fol | owd. Fi ,agﬁ;he %P%OL?%?J?@ Cf\hﬂd@ém'%@wf\%@afq&@t@g@maﬂemfunugrmmm@ot

Corp.) and PTFE was _prepared with an approxi mate PTFE content of 20-30%
Ni ckel foanfPAMPiR&E"s Pyeichisagenhuviess sthemiseqmiatt ombdure containmasabmmed as a
substrate. A paste (paste A) of the Vul can XC 72 carbon/PTFE m xture was
created usi Rg7*ShpMisshertalinidsgiadigy (haxinganephisximate pomdositoreof@arieatiae past e.
Paste A was_then applied into one side (the electrode/gas interface side)
of the foanPoubSer h0& Pia258e bld4p8% Ni, 1p8% 60BY.6% klonsisst Agnafabauti xt ur e
of approximately of 40-60% of the Vul can XC-72 carbon/PTFE m xture and a
hi gh sur f acE%rRedtetmfyerratiplencek PPEBY was marEdnto sbssingrisopeéybalcohol.

10 This paste was applied into an lnco Corporation nicke! foam having a of density of
about 500 g/m? (with a previously welded nickel tab used as a current Collecto'r).
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 contrni sample cathode {oxygen) electrode Qvas 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 Vuican XC-72 carbon/PTFE mixture was created using sufficient isopropy!

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 Vulecan XC-72
carbon/PTFE mixture and a high surface area carbon (Black Pearls 2000,
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---Trademark of Cabot Corp.) was created, again using sufficient isopropyl

al cohol to produce a workable paste. Paste B was applied into the other
-side (the electrode/electrolyte interface side) of the foamJuhéess drying
" the electrode at 60-100 C, it was conpacted to final thickness of 0.030 to
0. 040 i nchesr/hycabRl ¥ CRE.AYSEP.) wais RFRestHBEaiRfsi L0l i he | nventive
el ectrode was created inoa sPrzn I ESB.I’ manhegalgsusﬂ-lﬂtesgfggﬁtggrggérlggﬁ alc&hg[:{or ode
except that ,L0%A dri.chaBlk! ¥&die OXi L0 .paste The, inyentive

g BOE M bR By AL BRI LRTLR Brpoctiecdibe

cat hode contains only a 11 grans
material . Th Sl le: OXI lLLect rochem cal paci ty of
about 40 mﬁ\hrél.le':t Eoegg‘%{r?%i@ghg%%c 8ﬁ§%%‘?}5€$d%€ tﬁ%"ea.{‘i‘?ﬁ]mgﬁ‘éo@ ectrode

woul d be di sgh Cu. of hj urrent, the el ectrode
shoul d be fuFl @““%?geﬁ@?é‘sﬁ’ﬁ*a‘iﬁck% 3%@%-@59?0 bRa inches LibaE@W!"BrﬂYéBs
‘regeneration of th tjyve ingredients. Also the cell voltage, which

i ncl udés al reps(')s éer?%zﬁt?iéotﬂgs,/c@houl d reflect a higher value if oxygen

reducti on were ogcurri b redox mechani sm.as opposed to the

convent i onal 15ﬂ?ﬁ3'8ﬁ%'ﬂﬁ§ ﬁiécéﬂ%ef wagpieal @S@?*@éméan%asﬁbe Epreparatize anodes
and respectiye|y either the ¢contrg| cathode or the inventive cathode.
These f uel Efgf:{rédqWB@EE‘_@/B'g'dﬂ?wlvebﬁ'%?’%%d@ﬁéo pegie Bailbe ifvestivédai wabo
Cor por ati on nd enpl.oyed conventjonal _KOH/ Li OH al kaline battery

el ectrol yt _e%}ﬁ?&%c?ﬁ ”%/ B'ﬂY éﬁo@rﬁgérgﬂ?os?éaefafﬁtﬁdwﬁétdﬁye@@q mategsle THihe cel | s

were run using purified hydrogen as the fuel and air as the source of
oxygen. Fi g?ﬂ"gur%ac’fi slvel ‘Bﬁ'cé( 'I;%Sf a'éleg’ﬁr PEFENIERtGEREFI of(aksiut 49 roAht e ecat hode

versus the , current densi tg %BN cnR) for both the inventive redox cathode
(+ syH)bol ) tgﬁlaaltcﬁ%chaggz rate of mA/sg.cm, the electrode would be discharged at a

current of 1A. At this current, the electrode should be fully discharged in 2.5

miﬁutes if there is no continuous regeneration of the active ingredients. Alsothe 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,.
Fue! cells were created using the same anodes and respectively either the
control cathode -6r the inventive cathode. These fuel celis included a 60 g/m?
polypropylene separator from Daiwabo Corporation, and employed conventional
KOH/_LI'OH alkafine baftery 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 (volts) of the cathode versus the
current density (mAfcm?) for both the inventive redox cathode (¢ symbol) and the
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22 June 2005 conparative cathode (I synbol), Each data point represents 5
m nutes of discharge at that particular current density. Thus as can be
- seen, the electrode potential for the inventive cathode i 22awaygsohi gher

than that of the control sanmple (at useful current densities) and as the
5 the voltage of the control

current densi ' e S..(lm€.. highe ower
sanpl e drop?ocwjfa Mﬁrﬁ%h&iﬁ?dee r(ﬂpﬁym%%t h ﬁ&i’ ﬁié‘fa) 8PNt Keprepenterft invieuteat dfode
(whi ch drops;aoply._slightly.by conparison). _Figure 3b is a plot of

per cent age ?%B%@Srﬁ%@a d?%%ér\%’fr?%td%en@médﬁb‘ﬁ N caT bpsiean, thatdlamrodh t he

el ectrode) of brﬁ iﬂventi ve cat hode over the conparative cathode versus
the current PAERIRTGr t € theEHS cathadalnplvisys Sigbar theo hat lof thegroapb), sabplesef ul
current dengti e the 10 inprovenent in the polarization of the inventive
el ect rode i B4R Wfé‘rr@”f‘?%?ﬁ“@@%fﬂ%astB@%rm:iemﬁtyﬁncméastelsQi.emrghafgé\jvy

cat hode. Thuys, Figures 3a and 3b show that the <cell is fully capable of
oper ati ng f%‘le YoiAge ©f thepontral sempla éropg tiffemodpanié ya;iﬂalﬁﬂhéﬁ tha@ 1 ¥hd he
silver oxide in the cathode) and at a higher voltage than the conparative
cat hode. THBY&HYE sathoge (whigh geansronivtstighbtiydmndcimpaeissn): MyReBEERItgf the
silver oxide 15 redox couple via the gas phase oxygen i'n the supplied air
i's being aRSHEIasiBwIOVement htthi doltage fretiedion bitolsbhessnsOBbRidd BY in the
range of 1-20% by wei ght of silver oxide (in paste B) were produced.

Cat hodes hd{i® iyentiverathndr over te wimpeeativecoatitriet easus e &P%nk Qehdify cat hode
of the exanple (j.e. in the 1 %range) showed the sanme effects, although

sonmewhat dilf¥iirahedAs Gahbdemepr icludhid gaph, & ghtilt Hrerd YehBfed Ofpsi | ver
oxi de of the exanple cathode (i.e. about 20% showed no increased effect

over I¢he simplogerentioth pdfizstios bithefentioiectiang MRS RYGHS] by 2
lower Iimt of about 0.5%silver oxide. The upper limt of silver oxide

i ncl usi on 58&eyst thet ofithg chmpbratine eathtie. f BrUsOFigUREBA A BB owARG thbe need
for car boncélfois fully capable of operating for longer than 2.6 minutes (the capacity base of
only the silver oxide in the cathode) and at a higher voltage than the corr-].parative
cathode. Therefor_'e',. it is apparen.t that continuous replenishment of the sitver 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 higher than
20 the 10% silver oxide of the examp!e cathode (i.e. about 20%) showed no increased
effect over the sample cathode. Thus, the effe'ctiﬁe 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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. 36 22 June 2005 catalyze the reaction at the el ectrode/electrolyte
interface. This range |limt, determ ned by enpirical neans, applies only

-to silver, and other redox couples will have their own |I@QtJ§anQ06 e range
- of inclusion which may be determned by simlar sinple experinenta

System i ncoBsratThacHEh S B REER écﬁpﬁ?e?*niér‘f%%e"ﬁn%?ai%efﬁ%gi??ﬁ'ny
mmy beof R CRAEADY Fp LA SR 9%%?@362"%“ T B
conpr essed c)f/dro en sLora e tank, drogen storage tank, or a

hydr ocar bor3&dPEF 8VE PRkt ”‘fﬁéa’bqee‘?fé'?ql@ n1 i ey beidstesminsdhy shydan de

storage system The hy dr?gF G fromthe source 20 is transported to the fuel
cel | 7 via $MPEeHPeAReD® Malsd excess gases are vented through output I|ine
22. A portion of_the gases fromoutput |line 22 may be recycled to input
line 21 throughF®BEs& & #ishdzed Scﬁqﬁ%ﬂt@n‘é@%m@dﬁp@f}/ e§9‘§&’e‘iﬁ9ﬁl¥s§¥$ﬁml udes a
source of oxygen, which is preferably air for-econom c reasons. The air is
drawn i nt o ingdigorating Bexalkeling dvel eah 710 t'&%b”d"f fryedligih  Bhe andron sdipplyi de
scrubber 23. The air is then transported to the fuel cell 7 via input line
24. Excess saFtemaaldo invlvsies agayes ohhidrogeinz@dThehsuighmaytheutf any keo@6. Si nce
this gas streamcontains no harnful gases, it may be vented to the

envi r onmenttyrfi, se@t 852 hydide baeé sigyaosyBEDN, gygmémsae@bydrng¢Memgenamt ectrol yte
recirculation system 20 The electrolyte fromthe fuel cell 7 is renoved

t hr ough outaplifitid hydrogen siefegsciankt @ ahydretabon dlsltrefopoadi Thepexfel8d The

el ectrolyte conditioner 26 heats or cools the electrolyte as needed and

r enoves/ adgsuisatien metahbyiside starageragsierondihei fydeaien from the source 20 is

transported to the fuel cell 7 via input line 21, and excess gases are vented through
output line 2.2. 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
oxyg_én., 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 line 25. Since this gas stream contains no harmful gases, it
may be vented to the. environment directly.
The energy supply system aiso includes an electrolyte recirculation system.
20 The electrolyte from the fuel cell 7 is removed through dutpu_t line 28 and sent to an
electrolyte conditioner 26. The electrolyie 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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- electrolyte is then returned to the fuel cell 7 via input line 27. 37 22
June 2005 Finally the energy supply systemincludes electrical |eads 29

-and 30 which supply electricity fromthe fuel cell 7 to a lxaknhdkooghe | oad
* can be any device requiring power, but particularly contenplated is the

power and drive t i The .instanpt. fuel cell and
Eneray suppl y oy bt SHEFE serduaPls3RI hfuass dRFredl e 2o e i i
appl i cationg,j ich.i ant star d_ene capture are requirenents
thereor . sushPi situl 33k RS, epkr e 6 & SFE aehah B Baneevicen
consuner vehicle use uel. cell that has.the built jn fuel and oxidizer
storage of {H&MIPOFEh “|§R%ﬁ‘ﬂﬁ?%C%E“Q'ﬁtgaé%}g‘aﬁ?\g@bawdr[yéisy@e@mcéano start
pr oduci ng eneéﬂﬁ instantly 10 fromthe reactants stored in it's el ectrodes.
Thus, there® P8 ag time while waiting for hydrogen to be supplied from
external source Additional ly, because hydrogen and oxygen can be

adsor bed and st ot¥%d NSt Hatet £8lhetd gRergy evtPplydsysters enteiberating tiherd uel
cell, energy recapture can be achieved as well. Therefore, activities such
as regener abFYEUIRYUGSNY foraarplications ibwhish insdantstarenchenergy hesapte afor 1s an
battery external to the fuel cell because any reactants produced by running
the fuel c@drirgmentetharae, siah asder exasmriein powdriagel ehicde dew indtandee if uel
cell. Therefore, in essence, fuel cells enploying the instant active
el ectrode ngRNEHME higleuss @ fuelgall that kasithe buif irf el arcladxidizep sforapedftwg h a
battery. In such a system enploying the redox couples oxygen is also able
to be stor e@stantinyentiombasthecdyatiege of being ahis toistartro@0cintegieasy isstany oxi di zed
conponent of the couple, preferably a netal/nmetal oxide couple, a
hydr oi de/ draphigresctarts stared ionity elettrasies. Thes, dfedre is no iag time while waiting
for hydrogen to be supplied from external sources.  Additionally, because
hydragen and oxygen can be adsorbed and stored in the fespective electrode
materials of the fuel cell, energy recapture can be achieved as well. Therefore,
activities such as regenerative braking, etc., can be performed without the need for
15 an baﬁery external to the fuel cell because any reactants produced by running the
fuel cell in reverse will be stored in the electrodes of the fuel cell. Therefore, in
essence, fuél cells employing the instant active electrode materials are the
equivalent of a fuel cell combined with a battery. In such a system employing the
redox couples oxygen is also able to be stored within the electrode to a significant
20 degree as an oxidized component of the couple, preferably a metal/metal oxide

couple, a hydroxide/oxyhydroxide, or combinations thereof.
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38 22 June 2005 The novel electrochem cal cell of the present invention
al so enabl es the practice of the nethod of the invention which, in one
- enbodi ment thereof, conprises the indirect and continuous gnjunedaosi on of
both the fuel, preferably hydrogen, and the reactant which oxidizes the

el ect r bcher cal " B8 19 el eioraf e i Pt Bhrogth chebies e ng
oper ati on,

negative el BEATVEYE

mat eri al

RN RO L ATNE RN

in the negative electrode which js capable of reversibly storing
and rel easi K IRGEOGEHOTENHENS BHERHFEPY O Beib asfUE h PFeferblydiydragien. and
el ectrochem cally rel eased fromthe negative el ectrode, on its 10
el ect r ol yt ethirgactaptovhidypicizesdiefueh Piefrabls crygepsler ihgropiinsers speratiemat

conti nuous su
at the el ecit

mat eri al

parti ci pat egentinueysdy elered ascabydriske.in 8iragipd #h swieria) indhemeghtive electostiect | on and
storage of the oxygen as just explained the material of the oxide

chem cal

in

Bpl é@ at the gas side, storage within, and rel ease of hydrogen
£y tr

aehgsiea cell asmfugeepllt iTDat el the bydsegen ssduriigepprationbl e. At
the sanme tinme oxygen is continuously introduced at the gas side of the
positive el edttingasly intredeteddhoaglla¢atalyticoinn Brite orsativeasitstrastecandtl as a

15 the formof the charged state of an oxi de couple which

coupl e whi cwhick i$ napable cheavgsibly sterieg apdrrelessipathydrogent Himutameaushct i on to
generate electrical power. Thus an electrochem cal cell is continuously

oper at ed t hthewgliththiidrogemisiejectrochdreicgliyselsaste] fratd thetregatie alddtioida, orsited r el ease

fromthe electrolyte side of, the oxidant so that operation as a fuel
i s enabl ed.elddimhimsidedo pettibipdtedh thervell reaction pmeesd satpet @ntinmowsfsupply

el ectrochem cal cell as a fuel cell is thus made possible. In the

si t uat i ons attherpascéide, storage within, and release of hydrogen at the electrolyte side of,

15

20

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

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,

storage within, and release from the electrolyte side of, the oxidant so that operation

as a fuel cell is enabled. The unique method of ihe invention of operation of an

electrochemical cell as a fuel cell is thus made possible. In the situations in which

the fuel cell is Tun "backwards” or as an electrolyzer to recapture and store energy,
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. the fuel cell is run "backwards" or as an electrolyzer to recapture and
store energy, 39 22 June 2005 such as for exanple, during regenerative

- braking, the operating nature as described earlier would ngp jhe soussi der ed
- to be disruptive to "continuous" operation. The draw ngs, discussion,
descriptions, .and exanples of this specificatjon are nerely illustrative
of parti cul STCERDBEFTNRIS. ERERTALNE PGKNarioe Shesetoaihia At deseribsd
limtations upon its practice. It is the appended clains, including al

equi val ent s©2tigaroUld &Yt R CPORYITEE DB EISTHREVS 1oV epmtingaus mpepatiopune 2005
AMENDED CLAIMS 1. In a fuel cell, an oxygen el ectrode including a cathode
active material HRATAYINISEtfaiEsiaT desgiptienpard pmplassf this sngcifinatiosdox coupl e
whi ch provides for said oxygen storage capacity. 2. The fuel cell oxygen
el ectrode ofmegghailinsiiativies pa 'ﬁU'§h¢'ﬂb@<gm@RtS@(f)th§li@eiﬂﬁoraam giegiot meant as

hydr oxi de/ ni ckel oxyhydroxi de redox couple. 3. The fuel cell oxygen

el ect riode ofmigdtmnmupon ithpiastice. dds therappexdesimigihg inbutng alesuivalentspthator e

nmet al / met al oxi de redox coupl es including an el enent sel ected from copper,
silver, zidefinedhe scepnditive imentidre fuel cell oxygen el ectrode of claim 1,
further including a hydrophobic conponent. 5. The fuel cell oxygen

el ectrode of claim4, wherein said hydrophobi c conponent conprises

pol yt etraf |l uor oet hyl ene (PTFE)
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6. The fuel cell oxygen electrode of claim11 further including a current
collector extending within said active material. 7. The fuel cell oxygen
el ectrode of claim6, wherein said current collector conprises an

el ectrically conductive nesh, grid, foamor expanded netal. 41 22 June 2005
8. The fuel cell oxygen electrode of claimi, further includiddguae@bal ytic
carbon conponent. 9. In a fuel cell, said fuel cell including a cathode
active material having oxygen AMENDEPE GlaWASi ty conprising: a redox couple
whi ch provides for said oxygen storage capacity. 10. The fuel cell of claim
9, wherein said oxygen storage capacity provides said fuel «cell with
instant startup capability. 11. The fuel cell of claim9, wherein said
oxygen st ot.age loapagail tcgl parowvkghes slattcbdeviatiudiagld cathbtie tabtveabriatdriay hbgngccept
recaptured energy by running in reverse as an el ectrolyzer. 12. The fuel

cel | ofygen stiorage, caphatyeiompsiaind: r edox coupl e conpri ses a ni ckel

hydr oxi de/ ni ckel oxyhydroxi de redox couple. 13. The fuel cell of claim9,
wher ei n sa tkdpedowple abjghereddgs fosssd oxgearstaregecapaettal / net al oxi de r edox
coupl es including an el enment selected from copper, silver, zinc, and

cadm um 42 22 June 2005 14. The fuel cell of claim9, wherein said oxygen
el ectrode further includes a hydrophobic conponent which conprises

pol yt et r af2.udhedublytathexygen electrode of claim 1, wherein said redox couple is a nickel

hydroxide/nickel oxyhydroxide redox couple.

3. The fuel cell oxygen electrode of claim 1, wherein said redox couple comprises one
or more metal/metal oxide redox couples including an element selected from copper, silver,

zinc, and cadmium.

4. The fuel cell oxygen electrode of claim 1, further including a hydrophobic
component.
5. The fuel cell oxygen electrode of claim 4, wherein said hydrophobic component

comprises polytetrafluoroethylene (PTFE).

6. The fuel cell oxygen electrode of claim 1 further including a current collector

extending within said active material.

7. The fuel cell oxygen electrode of claim 6, wherein said current collector

comprises an electrically conductive mesh, grid, foam or expanded metal.
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15. The fuel cell of claim9, wherein said oxygen el ectrode further
includes a current collector extending within said active material. 16.
The fuel cell of claim 15, wherein said current collector conprises an

el ectrically conductive nesh, grid, foamor expanded netal. 17. The fuel
cell of claim8, wherein said oxygen el ectrode further includ@suae@ffal ytic
carbon conponent. 18. The fuel cell of claim8, wherein said fuel cel
further includes a hydrogen electrode, said hydrogen el ectrode including
an anode active material having hydrogen storage capacity. 19. The fuel

cell of cl@im Ithe MePLEN BxpRindcidRRsiR SCEEVE 1MRlrBlet Mol ChP i &R8yIRE cdrvdk ogen
storage alloy. 43

component.

9. In a fuel cell, said fuel cell including a cathode active material having oxygen
storage capacity comprising:

a redox couple which provides for said oxygen storage capacity.

10. The fuel cell of claim 9, wherein said oxygen storage capacity provides said fuel

cell with instant startup capability.

11. The fuel cell of claim 9, wherein said oxygen storage capacity provides said fuel

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

12.  The fuel cell of claim 9, wherein said redox couple comprises a nickel

hydroxide/nickel oxyhydroxide redox couple.
13. The fuel cell of claim 9, wherein said redox couple comprises one or more

metal/metal oxide redox couples including an element selected from copper, silver, zinc, and

cadmium.
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22 June 2005

14, The fuel cell of claim 9, wherein said oxygen electrode further includes a

hydrophobic component which comprises polytetrafluoroethylene.

15. The fuel cell of claim 9, wherein said oxygen electrode further includes a current

collector extending within said active material.

16.  The fuel cell of claim 15, wherein said current collector comprises an electrically

conductive mesh, grid, foam or expanded metal.

17. The fuel cell of claim 8, wherein said oxygen electrode further includes a catalytic

carbon component.
18.  The fuel cell of claim 8, wherein said fuel cell further includes a hydrogen
electrode, said hydrogen electrode including an anode active material having hydrogen storage

capacity.

19.  The fuel cell of claim 18, wherein said anode active material comprises a

hydrogen storage alloy.
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