4 February 2004 NOVEL ALKALINE FUEL CELL Field of the Invention The instant
I nvention relates to fuel cells and nore specifically to Ovonic i nstant
startup al kaline fuel cells. The present fuel cells utilize electrodes which
5 solve the major barriers present in nodem fuel cell technol ogy, using
material s which contain no costly noble netals and operate atrcgflahed04
tenperatures. Particularly, the instant startup fuel cells of the instant

i nvention contain anodes whi cNOMEL. ABKALINE FRiELHyEkbgen st orage material s.
The hydrogen storage materials na, I tor l}lg%ldrogen, but al so have

excel lent catalytic activity for %Ewﬁtﬁggﬁ‘é‘%’t of atom c hydrogen from

mol ecul ar hydr ogen”?éw,spé,ﬁcpnmigns-u@%si terfueladeis Wndamoracdpecificyit tovdrehit he
formation of water from hyd.rogen i ons_and h droqgl ions., In addition to

havi ng out st aingiani steauaigkatioedapanlsi Thedresant 'yuscells H"'ézea?@St"I‘Fg?FeWh‘gﬁperi or
corrosion resist e - I} ekyt&rpbiddreviiigimselidis These
f eat ur es “uni qﬁ@?’%ﬂ% ﬁg\%‘?ﬁ%n%@?ﬁ%ﬁﬁ%ﬁﬁ@ﬁfﬁgﬁto start d&g |unls gr]]t I )I/ s’be used
in a broad 15whighgeordéint eopmsty uoble Mme@stand spergje ahrambigntatesmsrate’sapt ur ed
energy by operatin in rever s an el L7 &l . | Ji.nat t he
need for an e??@W%rlyh@ﬁ'Pﬁﬁn %F@Hgﬁfelgcre ﬁ%%f ee?’@‘_s?taptnfnp E'ﬁtéorfr&éénrﬁnéelﬁ,aérioggsi nst ant
i nvent ors havgnhiheyd fdetdeairomwydgerasatagamateribiseThekydregemstorageaatérials t he

probl ens t hat have plagued the technol o i nce.lts. | | kgr ound
b “the. | nvent nerprRoreaRgets S Fiearran Sreniert e e p OO dhe helB Ue
cells t OVEf ailic h}/&%g@ﬂj fm GedIstlilanhgdiogeh mdvalse $yave atlipation tatalytion of
such fuel cells. Nanely, the instant inyentors have solved the najor,
barriers preseégivity fowardethg fprmationesl| watsr fraPHyGr e 1008 iaﬁa(?wgfoé(ﬂ ané' WRi ch

contain no coghliforn 38! iR BListdrdind1ealyiiet Eqdehitied nBeepiaterdhe Ssd dake er S
i ncl ude: hydrogen storage capabilities, requisite catalytic eflct Iyt I oni ¢

conductivity, swmsﬁ@wlﬁ@sﬁ%&tmﬁ?épwamhﬁ . AR algcire¥iatidne & .?ﬁ/{’aﬂﬁ‘egé he
poi soni ng eff ect 0f ur‘ﬁgg{:@%ﬂ%t Sent RSl Iise8 BahYuptiRRSAYTBE BEédins BRESE be | ow
n netal s, that fuel cell b

cost, containing no SO ue s can be widely utilized.

The 30 arfodesrarigabf @rpepatossi(t20ita 16AECKans to gerers rargplredABRENPY BBR/EHYT i ¢

properties and Oydrogen 310888ceC MMAC! dinidlgne Meekibr bR ThRMal Healihg!P)

usi ng active PEEELFPEIE Which ' ) ‘
element or battery. In this manner, the instant inventors have provided a new

generation of fuel cells that rectifies the problems that have plagued the technology

since its inception.

20
Background of the Invention
The instant application for the first time discloses fuel cells that overcome
the major deterrents to the widespread utilization of such fuel cells. Namely, the
instant inventors have solved the major barriers present in modern fuel cell
25 techniology, using materials which contain no costly noble metals in the electrodes

thereof. These barriers include; hydrogen storage capabilities, requisite catalytic
activity, jonic conductivity, corrasion resistance, and increased resistance toward
the poisoning effect of different gases. Additionally these materials must be low
cost, containing no noble metals, so that fuel cells can be widely utilized. The
30 anodes that are present in the fuel cells have inherent catalytic properties and
hydragen storage capacity (allowing for instant startup) using active materials which
contain no noble metals, The fuel cells are capable of instantaneous startup and

can store recaptured energy from processes such as regenerative braking. The
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20 09/435,497, entitled “High Storage Capacity Alloys Enabling a Hydrogen-based
Ecosystem”, filed on November 6, 1999 for Ovshinsky et al. (the ‘497 application),
which is hereby incorporated by reference.
As the world's population expands and its economy increases, the
atmospheric concentrations of carbon dioxide are warming the earth causing climate
25 change. However, the global energy system is moving steadily away from the
carbon-rich fuels whose combustion produces the harmful gas. Experts say
atmospheric levels of carbon dioxide may be double that of the pre-industrial era by
the end of the next century, but they also say the levels would be much higher
except for a trend toward lower-carbon fuels that has been going on for more than
30 100 years. Furthermore, fossil fuels cause pollution and are a causative factor in
the strategic military struggles between nations. Furthermore, fluctuating energy

costs are a source of economic instability worldwide
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t he i nventi onsAroéricanhjtiiies asw togimaleyays to reduce the harm done to the atmosphere by

their power plants. DuPont, the world’s biggest chemicals firm, even declared that
it would voluntarily reduce its emissions of greenhouse gases to 35% of their level
20 in 1990 within a decade. The automotive industry, which is a substantial contributor
fo emissions of greenhouse gases and other poliutants (despite its vehicular
specific reductions in emissions), has now realized that change is necessary as
evidenced by their electric and hybrid vehicles.
Hydrogen is the “ultimate fuel.” In fact, it is considered to be "THE fuel for
25 the future. Hydrogen is the most plentiful element in the universe (over 95%).
Hydrogen can provide an inexhaustible, clean source of energy for our planet which
can be produced by various processes. Utilizing the inventions of subject assignee,
the hydrogen can be stored and transported in solid state form in trucks, trains,
boats, barges, etc. (see the '810 and ‘497 applications).
30 A fuel cell is an energy-conversion device that directly converts the energy
of a supplied gas into an electric energy. Researchers have been actively studying
fuel cells to utilize the fuel csil's potential high energy-generation efficiency. The
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temperatures, unlike the fuel cell of the instant invention). Also, the membrane is
sensitive to high temperatures, and begins to soften at 120 °C. The membrane's
20 conductivity depends on water and dries out at higher temperatures, thus causing
cell failure. Therefore, there are many disadvantages to the P.E.M. fuel cell which

make it somewh-at undesirable for commercial/consumer use.
The conventional alkaline fuel cell has some advantages over P.E.M. fuels
cells in that they have higher operating efficiencies, they use less expensive
25 materials of construction, and they have no need for expensive membranes. The
alkaline fuel cell also has relatively higher ionic conductivity in the electrolyte,
therefore it has a much higher power capability. While the conventional alkaline
fuel cell is less sensitive to temperature than the PEM fuel celi, the platinum active
materials of conventional alkaline fuel cell electrodes become very inefficient at low
30 temperatures. Unfortunately, conventional alkaline fuei celis still suffer from certain
disadvantages. For instance, conventional alkaline fuel cells still use expensive

noble metals catalysts in both electrodes, which, as in the P.E.M. fuel cell, are
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t hey 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
20 containing an electrolyte (such as an alkaline electrolytic sclution). Typically, the
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.
25 In an alkaline fuel cell, the reaction at the ancde occurs between the
hydrogen fuef and hydroxyl ions (OH") present in the electrolyte, which react to form

water and release electrons:
H, + 20H — 2H,0 + 2e",

At the cathode, the oxygen, water, and electrons react in the presence of the

30 cathode catalyst to reduce the oxygen and form hydroxy! ions (OH):

0, +2H,0 + 46" — 40H"
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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.
20 One prior art fuel cell anode catalyst is platinum. Platinum, despite its good
catalytic properties, is not very suitable for wide scale commercial use as a catalyst
for fuel cell anodes, because of its very high cost. Also, noble metal catalysts like
platinum, also cannot withstand contamination by impurities normally contained in
the hydrogen fuel stream. These impurities can include carbon monoxide which
25 may be present in hydrogen fuel or contaminants contained in the electrolyte such
as the impurities normally contained in unireated water Including calcium,
magnesium, iron, and copper.
The above contaminants can cause what is commonly referred to as a
"poisoning” effect. Poisoning occurs where the catalytically active sites of the
30 material become blackened and inactivated by poisonous species invariably
contained in the fuel cell. Once the catalytically active sites are inactivated, they
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for use as negative el ectrodes in_electrochemcal cells 15 for the first

time. In this pasentnveDiemni Higriprd Bs OVFHEsYh BRPAInEE R R SHEREHCRMPORERt  be
tailor mde (iyfyoqdtAiiafBimate®IgicBSe S8lheddlivaieRRibed RIIGARRNBHRIACANR
versibiTity c uch d

storage and r aracteristics. S i sordered materials are

anor phouss  nifor therfipst tieiel ilmthis patert Peshiagky degarthesdionedisorggegdypaterials can

pol ycrystal l'ine (| ' lon hid gRaatly Hcedsk MR Sdiisth

pol ycrystal li }ee tﬁaﬁ@gﬁ:ag (Iiér?]'(: 8@@?38@@%8%?2\? , 8Zoh)((:orrpo'si ti onaglﬁé, ° Fé%e
transl at i onal ,arandeveosibifiiyo chbrastedsfidsc atSush diperdeiesomaéerialTise aPafAdABEK of

active materials of [hese i Sehael aHolBuEF bAlSr SAPG)sthIAE (8ckRg onBPirdeX
compositional order) wherein the polycrystalline material includes topological,

20 compositional, translational, and positional modification and disorder. The
framework of active materials of these disordered materials consist of a host matrix
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.

25 The disordered electrode materials of the '597 patent were formed from
lightweight, low cost elements by any number of techniques, which assured
formation of primarily non-equilibrium metastable phases resulting in the high
energy and power densities and low cost. The resulting low cost, high energy
density disordered material allowed the batteries to be utilized most advantageously

30 as secondary batteries, but also as primary batteries.

Tailoring of the local structural and chemical order of the materials of the'597

patent was of great importance to achieve the desired characteristics. The
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ofi cone.er nore elements and nodifiers incorporated into this host matrix The
nodi fi ers enhance the disorder of the resulting nmaterials and thus create a
greater nunber and spectrum of catalytically active sites and hydrogen

storage sites. 25 The disordered el ectrode naterials of the '597 patent were

formed from |ightweight, |ow cost elenents by any nunber oQgg&ﬁ&k%%g,

whi ch assured formation of primarjly né)n-egHi I,é'eogri um net ast abl e phases

resul ting in tiPrRYFhChasARPEsicad the RerdeReisE _ REIANY WRrecRRPempi d&&ul ting
| ow cost, hi 9hm%ﬂgag:%)ﬁng‘i’l@é‘ﬁjcb?/cr@ngeél%ﬁ&%m&%é%e AldaP¥RethRe oRRE bpRhes to

be utilized nost vantageousl y 0 as secondary batteries, but also as
primary bat t eringsrpomationcyiisetpctsd maeifieeamestsrinletaipast ragitix éhereotan desiced  of
the materials ' ._pa L [ | e e
desi red char ac@%?ﬁtdgﬁdcégéfﬁg I?Eﬁﬁ' e rtﬂ@%g‘ﬁg%%s Wég@ﬁﬁ%ﬁ@r@g@&%@{ H(::ls of
t he anodeg of hrebdOvitiiatendtens nehials ecngridvaliasle byconventipndl atatadgalt.hEhésecal

chem cal order and hence the,local structural ,order, by th i ncor por atjon of
sel ected nodi f {egrees %T{}{cﬁﬁd@'ﬂ q{?@aﬁcﬂé’é‘a'ﬁ%ﬁ?i'@?t?r@q%PB%%{%alaS%H&li"Pgﬁﬁe'Hicé rder ed
material. Di sosgleeieBREME ehviledheas Ofhef dieederad matdtiedlof tiypesgmgateht Sayuinber,
wthin a material, which are unavailable in conventional materials. These

degrees of frcdefiffglesHaRiccaniguralititydid rRavibiadprgesinies af actyesiies utha |
chem cal and gliget BRI furfiet bOBIERLe SO veirs Odekedigl TRIBENAENR! rbRCthe®97

pat ent have esired electronic configurations which result in"a [arge nunber
of activelOsi t ezatalytinally aalie gte&nd nunber of storage sites were designed

I ndependently from ; : ty LV S ) ! '
nodi fiers, for exarr}ﬁpqhgor?&%nrgﬁlﬁ%ﬁ’ fgf%%ﬁﬁn? %f:ttréf)ﬁr/sg{??}déelgﬁ.'aenng;I gfﬁ:ﬁé@d %?&?aetgs ed
nunber of st oringeasadmsnbkref storagersitea dud tondirioys bonding coafiguratorseviallatiié e,

thus resulting.in_an.jncrease | r ensity. iq fre ..
nodi fi cation qggi)é%sluginlgymp%o'\%f* %ssgﬂﬁr??] ér |$$rtsﬁt¥un]|]— An]e;tt%acﬁﬁy S ar\‘/‘?%‘gc?}é%i ng
degrees of di sspdeialiylpropidesindadquilibgue rhatedalsdaving vagyingtdegness afrdisdradr
overl ap and hence a,spectrum.of bhonding sites, Duge to the different gr ees
of “or by t 3P ovaP PUBCLHLRECHY Op AT aRa ey tElal 2/ B kg S EHBunt of
structural readrangenes! Deaditise differdry degieas @ brbitat beerip ayt thesdisurdeesit
peri ods therebetween res,ul,ti_Pg in | onrﬁ cfyc! e_.an shelf life. .
structure, an Insignificant amourit of structural rearrangement occurs during
charge/discharge cycles or rest periods therebetween resulting in long cycle and

shelf life.
20 The improved battery of the ‘597 patent included electrode materials having

tailor-made local chemical environments which were designed to yield high

electrochemical charging and discharging efficiency and high electrical charge
output. The manipulation of the local chemical environment of the materials was

made possible by utilization of a host matrix which could, in accordance with the

25 '507 patent, be chemically modified with other elements to .create a greatly
increased density of electro-catalytically active sites and hydrogen storage sites.

The disordered materials of the '597 patent were designed to have unusual

electronic configurations, which resulted from the varying 3-dimensional interactions

of constituent atoms and their various orbitals. The disorder came from

30 compositional, positional and translational relationships of atoms. Selected
elements were utilized to further modify the disorder by their interaction with these

orbitals so as to create the desired local chemical environments.
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20:The inproved battery of the '597 patent included el ectrode materials
having tailor-nmade |ocal chem cal environnents which were designed to yield
hi gh el ectrochem cal charging and di scharging efficiency and high el ectrical
charge output. The mani pul ation of the | ocal chem cal environnment of the

materials was nade possible by utilization of a host matri | d, in
accordance with the 25 '597 patent, be chemcally nodified vxﬁ%”"@{}ﬁgr%"‘
el ements to create Ehegimdamnil topolmgyetisit dvadepanidratedf§ bietieester corvfRjusdtidniscalbby

active sites and hydr n.storage si.tes. The disordered terials of the' 597
patent vere deiymerei Tk YfbEak st enint oAV GTRath e ehcthed

resul ted from inhge 637 pateht hadieBasd MaRkialsNEed d6itthe8pecifdd GE8Sihed BRI oA OB
and their various orbitals. The disorder cane from 30 conpositional,

posi tional andngerendently seriro! the tips and RupRerdY catabigallisegtive ead steragmsites. wer e

utilized t50 fuxf RerndRfbimhehisndd ?)Rfdéﬁ'iesbrﬁaheeﬁdt dr‘fl‘} %rnaﬁlﬁo%n\""qgjgngtgﬁ&e
orbitals so as to create the desifed [ ocal chem cal” environnent’s.

February 2004 differencest it mualitetiyrly shgngaththevmstegalsesathat! ubiguemese materials
configurati onse@gu%g all owed for selective diffusion of atons and ions, The
I nvention that was described in the '597 patent made these materials ideal

for the specified (sordencendiee of anl dtoniodeperdientiey farmntf ebmipbeitibi@ecand
nunber of catalytical.l ctiye and, stora ites.. 5. Al of the aforenentioned
b oper t 1 s mmdiia ahoe) Bskeh pRM st Aiel R R FulkSr e ek Bin Fyerous

qual i t atiteel y rehngest theemamdriili alffe disdriet altd gue mewntrRiuRBHabS créAfeed.

Di sorder can be of an atom c nﬁture in the form of conpositional or

conf i gur at i ondMCEHSSERIAPNERESY VIR 168 JORiRERL WiRD mimic dhet sempesidenall oror i n

nunerous 10 r&ﬁrh@@%ti@iaibt&erda_ab%b@lomiaflwemﬁmmuﬁér%@a_tfbﬁ@hip%fbﬁé bipgeced by
creating mcroscopi c phases within the material which mmc the conpositional

or confi gur attPcgthedi Sowdeaaiple. ndiserderadcmptarials 15gn ke engatest by firtrackicngi onshi p
of one phase }-RpGiEGEgioRe oreX AMprent Ming0obIdRIHAY Lihe GRRebe frigated by
i nt roduci ng rﬁ”g? osg%pi c_g'roegioons of ramdi 'ffer en{rl kldrfgéﬁéth@bﬁ S ofeg'qrogsb alline
phases, df by inwdusingdaaiensgf aregnemrsous Phasearmhgbeuor phinveduecing hegiess ofor by

I ntroduci ng reg £ : L Qr | 5] regi ons
of a crystall %ﬁ‘e%ﬁ?geu%?naﬁgiggﬁﬁg%ﬁﬁ Ieoﬁftg?légﬁjg’gtdv%eﬁ%g %@@%%%%Fooﬁs
phases can pr @hirges. sihefinledacagtiiateen these various phases can provide surfaces which

are rich in local chemical environments which provide numerous desirable sites for
electrochemical hydrogen storage.

20 These same principles can be applied within a single structural phase. For
example, compositional disorder is introduced into the material which can radicaliy
alter the material in a planned manner to achieve important improved and unique
results, using the Ovshinsky principles of disorder on an atomic or microscopic
scale.

25 Until now no one but Ovshinsky (in U.S. Patent No. 4,487,818, the disclosure
of which is incorporated herein by reference) has employed the Ovshinsky
principles of atomic engineering to tailor materiais which uniquely and dramatically
advance the fuel cell art. Specifically there is a need for materials which allow fuel
cells to operate in a wide range of temperatures that such a fuel cell will be exposed

30 to under ordinary consumer use. There is also a need for materials which aliow the
fuel cell to be run in reverse as an electrolyzer to utilize/store recaptured energy.
Finally there is a need in the art for materials which allow the fuel cell to startup
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are rich in local chem cal environnents which provide nunerous desirable
sites for electrochem cal hydrogen storage, 20 These sane principles can be
applied within a single structural phase. For exanple, conpositional

di sorder is introduced into the material which can radically alter the

materi-al in a planned manner to achieve inportant inproved gpg l:lllﬂé.r?
results, using the Ovshinsky principles of disorder on an aton’?c 0 %04

i croscopic  sipaladtar@bubipt by prowding aonimtdratl Smebé nFkivel | ORS Sf tiRANMEBHeMNO.
4,487,818, the dj scLS(‘zsure S incor or ated, herein. by refer ence) has

enpl oyed t he ORERNASKE arbr'???&ﬂeﬁfs'ég%’l Arogeinsie a@ﬁg@ﬁ‘%@r materiah wigh &3 Niglther i al s

whi ch uni quel yca%ﬁls}n@foatﬁatdxé‘s@biayon eﬂma@@anai h@drﬁy&h afi lhle fafnﬁano'ﬁlﬁtﬁwaiér%n% y
there is a need for materials whic | ow fuel to operate 1n a w de

range of tenpendiregansanchiaydroxd fipng aw“ %€e|P¢m§l\P@ﬂr03:b@ﬂ r@sm@dom alectiivter
h
ordinary goNSUIE/ A5 ey co?%ib?ﬁlﬁahtspo?éomgg d?rgﬁ‘n‘ré {aé’étarﬁl%ﬁr%%ﬂnaénﬁ c‘é@%&{aof\goﬁ%r&g;pteur ed

fuel cell "to be run I n reverse as an Zér tTo utiliz
energy. Finalihy WIkiert@npsranraeamge Mlshaeaded |fsc£rnasrahmle aletalvdatalyticahb@viat he

fuel cell to st rtu 4 Februa ant aneous| _provi di ng an
ncernal sour B 5 Wedin GG 0 te BRr8GuT iPdre aldufle o b dsB0e
hydrogen st or dgeerdionde enbhede thk didsociation ohinghbgen atd thk)dxidatiol of Afdrogen.
di ssoci ati on of nol ecul ar hydrogen and the formation of water from hydrogen

and hydroxyl ions as well as being corrosion resistant to the electrolyte, 5

resi stanypt o contanminant poisoni rg],rf,,rhg% el IRPGItis Stream and capabl e of
working in a w de_tenperature range so needed is a non-noble netal

catal ytic material The@birst oktea ""Siﬂf@dfh‘fqmﬁéﬂ ionfugl eell which hgd thayability to stage
materials of tdbeinétﬂﬁﬁﬁm cér[‘é’&:@ﬁl){r‘égatﬁtgre%@% %s%a”‘t%ﬂ@ﬁ@fﬂ% %I{;rggiﬁ rogen

and the oxidation of “hydr mary o nventi o of the
i nst ant i nventbyopperating i‘m@lvecs@l @s amaiqeptrrdszarhér f@bnnlsianysmomptfaelt cellsphavest ant | y

e e C e RS UHRI IR b3y 0 (Bl SURRGE AHLNE NN P Y
i ncreaseds ef f |da:areahm54rrwmhqmmm i mallirmemp'e;etcdmrgﬂrm( -2t ‘@é’can'ﬂ'aecfumrcmﬂt ) and
sy oo™ e B R bR A RS AR S8t Bl ™
capacity. The aaﬂlﬁdaatenal is a hydrogen storage alloy which has excellent catalytic activity for
the formation of atomic hydro'gen from molecular hydrogen, outstanding catalytic
activity toward the formation of water from hydrogen ions and hydroxyl ions, and has
20 exceptional corrosion resistance toward the alkaline electrolyte of an alkaiine fuel
cell. The anode active material is also low cost, containing no noble metals. The
materials are robust and poison resistant. The electrodes are easy to produce, by
- proven low cost production techniques. The anode eliminates the use of carbon
therein, thus helping to eliminating the carbonate poisoning of the fuel cell,
25 The anode active hydrogen storage alloys useful in the instant startup fuel
cells reversibly absorbs and releases hydrogen and has a fast hydrogenation
reaction rate and a long shelf-life. The hydrogen storage alloy is preferably
selected from Rare-earth/Misch metal alloys, zirconium alloys, titanium alloys and
mixtures or alloys thereof. The preferred hydrogen storage alloy contains enriched
30 catalytic nicke! regions distributed throughout the oxide surface of the particulate
thereof. The catalytic nickel regions are 50-70 Angstroms in diameter and vary in
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act-ive.material is a hydrogen storage all oy which has excellent catalytic
activity for the formation of atom c hydrogen from nol ecul ar hydrogen,
outstanding catalytic activity toward the formati on of water from hydrogen
ions and hydroxyl ions, and has 20 exceptional corrosion resistance toward
the al kaline electrolyte of an al kaline fuel cell- The anoQgFa%BHyg terial
is also |low cost, containing no noble netals. The materials are e 8 and

poi son resi st aftbximltéropd g::aooad?svame (®akyalhip frierosluee0 ABYstrdhidV & dx@wHiost
production techni qu ano el jm nates_the use of carbon ther eipgs) t hus

es. Th
hel ping to el i#isHER RRGPKE2E MHIHAVEIFEMPSRIRG of the fuel cell. 25 The anode

active hydroge(lgagémg%?cglmrpygdgﬁefuI in the instant startup fuel «cells
reversi bly absorbs an rel eases fiydr ogen and has a fast hydrogenation

reaction rate Wiffedhpdirpes Aoy cpmpeasesThd thyaft atpstic Semeanyd) 0.1 dy 40satpmif er abl y
selected Lrom rd 4/ : | L i I td tani um

al | oys ané md;?%eﬁégﬁoqtggq%@gl t e?éen(t)?.’ b"?‘ﬁe%%&@??&%%? %‘é“i‘%“’sﬁ%ﬁa@é" al | oy
contai ns enri qreecbrBCrelatsal {a 7.6 atormkeglercadi oits13itost? atoutieperdcbnipdghotd 3tshe

oxi de surface Qf the partic t hereof. The catal ytic nickel regions are
S0-70 Angst oo Fircht &5 & 5 Algf ot Bt AP T TR0 SBRIRST RS ¢ o
2-300 Angstrons (preferably from 50-100 Angstrons). An exanple of such an
all oy has the followi ng conpositiaon: (Base All oﬁ aCobMhcFedSne where the Base
Alloy conprises 0.1 to 60 atofiefRasceptionof the Drawings atonic 5 percent zr,
0 to 60 ggom c per eppte Vis Pstlizkl seerRbtREchidRhof 8 fudlcei M6 40 sé@)e%@m c
percent Cr; bis O to 7.5 atomc percent; c is 13 to 17 atomc percent; dis
0 to 3.5 atofels pfdhedmtantdnyentionio 1.5 atonic percent; and a+b+c+d+e=100

atom c percent. Brggf P85Cs kR o d ) | lized
schemati c depicti on%o¥ a fue&lcﬁ?&ag{g@g %%ﬁbﬁgﬁp%gn%%@%m}%lE}E%I@F?@%’e
i nst ant i nventcebaf theiinsiaet inveérdion; st yl i zed schemati c depiction of the instant
startup al kal i ne f g Il _of e | i ion;. Fi e i s,a plot of
the potential dr op#llgki%sc@gr%l(gtSOfgﬂt}r‘?det%ﬂaﬁ‘géo%gﬁg%sggFlr'rr?fgi%{ga fgi]?eguﬁ'sgr ogen
storage #ti ve hydtogehatoragpactiveinabiial, iecificallyssHdee ip tef merioansscd in instsdt ant
startup mde, bt Do SATHafdeBH 1bRYEYSe B) aRdh hniaPE AR SPSEAL LRD, ™00

hydrogen is flowing (curve b); and

Figure 4 is a stylized schematic depiction of an energy supply system

incorporating the instant startup alkaline fuel cell of the instant invention.

20
Detailed Description of the Invention
The present invention relates to instant start fuel cells in general and more
specifically to Ovonic instant start alkaline fuel cells. The fuel cell have a built in
25 reserve of hydrogen (within the storage anode) for instant startup (discussed herein

below), and have the ability to accept the energy of regenerative braking by acting
as an eleétrolyzer (discussed herein below). The fuel cell has increased efficiency
and increased power capabilities as compared with conventional fuel cells of the
prior art, while dramatically increasing the operating temperature range of the cell
30 (-20to 150 °C.) The fuel cell is easy t6 assemble and has the advantage of utilizing

proven, low cost production technigues.
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hydrogen is flowng (curve b); and Figure 4 is a stylized schematic depiction
of an energy supply system incorporating the instant startup al kaline fuel
cell of the instant invention. 20 Detail ed Description of the Invention The
present invention relates to instant start fuel cells in general and nor e
specifically to Ovonic instant start al kaline fuel cells. %b ¢4 have
a built in 25 reserve of hydrogen (wthin the storage anode or ?/ns ant
startup (discussed TH'@rrerraﬁemiemmn)lon arse fﬁ’@t@ tofiee! Bl BRQdes vod getbeges, tand amer gy

of regener ati vg, b 3kl A sAG i RGmdSu el ﬁretsam A&PLaf d*rﬁ&tf@ag%maggﬁoede

bel ow). The f s“I'ncr eas I ncrease
capabi liti es ascladepmattiabd wmcmmeemmemta:latahdelacmeﬂylaswafl as hﬁdrogerh storaiyet |

whi | e dramatical| t f the cell 30
(~20°t0 150 C.opaki-{ T abpfe peS aBSfF FolediehTa ey The Relmia of

utilizings proMgmertie FPBkerly RIHESd OThé ESthBd R anckd nf’at&@é?é H@%b@&%d The
present invention also relates to fuel cell anodes and cat hodes, and

energy supply '89giieed.i bRIBE proisaninggrasiéayr et @npdr dogenot ulilize iﬁ%lcaﬂ?@lnl anode
| ncl udes et erd gl ot theftbeak MR BlactAba ikl ik ihttaRPeiBldaedslay dr ogen

storage capacity. e cathode and anode materials I nc any nobl e
metal s, and 5 theleutiization iy @1 alkaknefuel gelilindessobed haigin kelowdtishaaidibanotbd

materials are ' | [ The. anode
docs not ~ut 1108 R eoREthse b RE st el bt B S5 G R B e
di scussi oo of the iRigirants ektylitedxbbsmaticideridtionrof afid! celastomgelamoamal'ﬂml i ne
fuel cell is described.herein . below .it shou t he concepts of
the instant i rﬁf@ﬁ?lb{}ﬁ &Fﬁ‘c%é aalyﬁr"i"’é{?btco‘:"HPHE?'q&%H@‘ ﬁp@y}gp'a rpgth f%(5'9Fi gure
1is a styli ZE{F*TEEb‘yeﬂmtytlfbgéﬂm&bg@an@ie active elatertdi lcomboriary . anageFiburd he
anode body includes a rophobi c co

nt, 2 (suc S .
pol yt et r af | uorsbeWAI® rog gmpepeR ng g};ne %é"ﬁggg'éﬁaﬂ%ﬂ'@t%{ﬂ FoaPRReEr i al
conmponent 3. Wid eefriratd Bydrs oF manbridley Heo@taRi € B Papeo Be iHishdily active

el ectrode material conponent 3 as _separate |layers of material within the
anode 1, 1% hey Mhsd a® singlq Meterat JINp an9dgilxalge F']‘F!‘{S’eé afURgire sREGENENt 4, The
anode 1, al so i Mftefaly a?:'k@a%é éﬁr?erﬁ@@[@&&@rﬁutﬂway 2o I8 BsIdiuAgich.as a
current collector, but rmay al so provide a suppoirt function.
This substrate component Is discussed herein below.
The anode 1 has two surfaces 5, 6. One surface5is adjacent areactant (i.e.
hydrogen or oxygen) inlet mechanism when incorporated into the fuel cell, while the
20 other surface 6 is adjacent to the aqueous alkaline electrolyte. As stated above, the
hydrophobic {PTFE) component 2 is either a layer within the anode or is intimately
mixed with the anode material 3. In either case, the purpose of the hydrophobic
(PTFE) material is to act as a water barrier, preventing water from escaping from the
aqueous alkaline electrolyte of the fuel cell, while at the same time, allowing
25 hydrogen to pass from the source thereof to the electrode material. Thus, a portion
ofthe anode, surface 6 (and somewhat interiorly from the surface,) is in contact with
the electrolyte and acts to oxidize hydrogen (providing electrons), while the
remainder of the anode material (including surface 5) provides for dissociation of
molecular hydrogen and storage of the dissociated hydrogen for later oxidation at

30 surface 6.
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Thics substrate conponent is discussed herein bel ow. The anode 1 has two
surfaces 5, 6. One surface 5 is adjacent a reactant (i.e. hydrogen or

oxygen) inlet nechani smwhen incorporated into the fuel cell, while the 20
other surface 6 is adjacent to the aqueous al kaline el ectrol yte “As stated
above, the hydrophobic (PTFE) conponent 2 is either a |layer j y?Q@“ anode
or isintimtely mxed with the anode material 3. In elther case

purpose of the hydridsHotnsive @preEpctivamatsrisl 3 pithe istant inyentHomisiea compesibr |
t t | f th
preventing wat g, [/ PIESGER ”geﬁéééﬁgghpgw 28GR Ehidigid! 9hL keI the

fuel cell, gen to pass fromthe
source ther eofhycmogémstedagetmmés mad whichlcan Ténessiblal qbeom and rexbéastel’reydmgame
surface 6 (and_s rijorly fromthe,_ sur c t with the
olectrol yt o anTeseRae ! $ir Soolas) AoBEh Brral i Bt s el SpEee Bhp Mt ne
renai nder sof tiRyr @g’@@ﬂorﬁméa%bﬁlratél S gbotkitagiity Wth@@@c&biylvé and desnd Metf-life,

di ssoci ation of nol ecul ar drog}gn and storage of the dissociated hydrogen

for later oxi dhshefd ge oty that Py drﬁgeﬁitoﬁqﬁéﬁpﬁ%ﬁw‘ti‘bﬁ‘ﬁa”ﬁﬁ‘@tﬁhﬁ\f‘éﬂ?ﬁ'@e anode
active materi al ?eso &rgﬁ'ed g’?raaélébib%ﬁﬁ‘t1h0§bn*|e§n&z%récéﬁﬂﬂﬁtthléﬂerathgb(‘ii?&%e”

st orage rraterla an addi tional catalytic material. The preferable
hydr ogen st orazgeomtﬁ oyreferredamatirieln withstare\adpul G yweigkloYeohyagene pemsee.

hydrogen i rreﬁrgfiglklyetrfg lilggenaﬁua}é}e{“!’rS‘g'fg %e (SARBSA NG .%ﬁ‘ﬁ?y?,n the

properties of ol reactron’'rate, a good s
el ectrol yoe arui*canium‘rgudﬁcheuténmnﬁaéloys értmiztucas toerbef. erflee?ahOUhamaterw nreydrvegen

t i t hat . ' : i t abl
Form i oo Bnvared SRt the Baero{ SR roae8en iRk fnrrac b b RaRRd fullat: Ta <
wi || store abaditefall wehghés %dmy\dsme“maw dmgaed ter ied drighllyycathlytic abl thgs
i ncl ude, f l e, th d/

1 ant um ai | oyRoBRaR el rauSe e BT So B A EERYS wiile, FeVBRE Bl oNayer cd
such that the d@étﬂﬁ@ﬁnt%dé@rfh}ééﬁ@gdé&grﬁmb betidrag eatalytis té tenfednatioprofa

mat eri al which has been specifi desi gned to be highly catalytic to the
di ssoci afl?on dTat%ﬂr‘é‘E@VQ'PgﬁQ&”G;’é’Hr XKt'87%t omi ¢ hydrogen, while the material

on electrolyte Infr%ir%%tWeh&ﬁ@h@elf&urﬂﬁam@@ﬂdlntrgdh@ehIsg:hrlage @aterla)ddre to the
formation of 15 water from hy droggn and hydroxl)g/llf_:l i ons. i nstant i nventors

have found t haxcertianglinussidt 85 afkelne fugh selhareds materiais The Lsefil hydrogen

storage alloys have excellent catalytic activity for the formation of hydrogen ions
from molecular hydrogen and also have superior catalytic activity toward the
20 formation of water from hydrogen ions and hydroxyl ions. In addition to having
exceptional catalytic capabilities, the materiais also have outstanding corrosion
resistance toward the alkaline electrolyte of the fuel celi. In use, the alloy materials
act as 1) a molecular hydrogen decomposition catalyst throughout the bulk of the
anode; 2) as a water formation catalyst, forming water from hydrogen and hydroxyl
25 ions {from the agueous alkaline electrolyte) at surface 6 of the anode; and 3) as a
an internal hydrogen storage buffer to insure that a ready supply of hydrogen ions
is always available at surface 6 ( this capability is useful in situations such as fuel

cell startup and regenerative energy recapture, discussed herein below).
Specific alloys useful as the anode material are alloys that contain enriched
30 catalytic nickel regions of 50-70 Angsfroms in diameter disfributed throughout the
oxide interface which vary in proximity from 2-300 Angstroms preferably 50-100
Angstroms, from region to region. As a result of these nickel regions, the materials
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excepti,onal |y useful as al kaline fuel cell anode materials. The useful

hydr ogen storage all oys have excellent catalytic activity for the formation
of hydrogen ions from nol ecul ar hydrogen and al so have superior catalytic
activity toward the 20 formation of water from hydrogen ions and hydroxyl.

ions. In addition to having exceptional catalytic capabilitjg ‘ﬁ’m PEZ
materi als al so have outstanding corrosion resistance toward t a?l ne
el ectrol yt e ofestiist Significardicktatyisis anseondirtiviy.| dye dﬂﬂﬁhf ofIN regions isha allay

nmol ecul ar hydr cQ S ! I h node;
2) as a water c?fgﬁﬁaﬁqoor?qgﬁtté{wg?s B%‘?é 31&3% RE& %ﬂﬁgpgge Sgﬁaéen;e/m xyl 25
i ons (from t hemagiusnefesredl diials haviag entm:mﬁd,/lt\lebewnssarefams Biaoingtthe fallode; and
3) as a an |nternal hydrogen storage buffer to insure that a ready supply of

hydrogen i ons cqrepositigy s avail abl e at surface 6 ( this capability is useful

i n situatigons (BléggAﬂgy)f@@Mn p@bsh startup and regenerative energy recapture,
di scussed herein bel ow). H-Q fic alloys useful as the anode material are
al | oys that costererheBeserdlyy @mpsiaeniOyt ite 601 aivalic pegedhdl,di-140 42ctamisst r ons

in dianeter di ' r

proximty frorﬁetﬁ@%;ggr‘?ﬁ tgtlarag#rgiggyg cfe}e]?\g’bqy%g?i{(?gﬁlekéégﬁtr%pl‘réﬁ@ }loggrﬁ/ artgl%con to
reﬁi gn As a ;m’c&rﬂ chfbtsrﬁtm? biatéreic peegantisis t3hte ‘rVBatemnca;b@‘cmtf djl\ld:@lbm Baﬁy 2004
exhi bi t S|gn| i.cant n iyt i re |ons in
The all oy "ot AR nsbrhd oo oRRIEPShRlL Py g e B Y domipebiched
sur f ace. mThe nost The eixbs:tra&d p@hbmt havisng areiectted chhducter ailanay &isakboys

A | oy Sconpr i S@5 SPGB dif SXmPEeh P PRYASEY bRSTRS I PRV BRI 21, 0
to 60 atomc %f&ﬁ%@h:c}(el ﬂlcﬂ;eltaqlo%opp@frb@pmraqwbr B&mo@ﬁﬁnﬂ(émntﬁ%@ﬁétmec
percent Cr; b is .5 atomc percent; c is 13 to 17 atomc percent; dis

0to 3.5 at orﬁ‘%teb@@ct@ﬁf' th%mlake’@' ?@3 os anglepicalyerangHetivednatesals. Bulriass1 00

at om ¢ perCen%ot&%vﬁ%%rﬁ#@@bé@?&tﬁ@%@ﬁ@&@ nfatédl$ passan el ectrical conductor
and may al so act’ as a support neans. For exanple, if a powdered electrically

conducti ¥& materi alt,is peaierable thatcliel subsiraies ForaPPRSNt 2@ ppe botls 8P RIectEFaloy or
carbon, is m)&ﬁﬂddjcwrgnég%u rf #Ruct Bt Ehé SlecRoldRizybReorRIAL) #hstd §ctﬁr%or he

electrlcally conductive materials, but does not provide any support
el ectrode nat ewdtenal inje@ rarous 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,
20 matte, foil, foam, plate, and expanded metal. Preferably, the parous metal substrate
used for the electrode is a mesh, grid, foam, or expanded metal. The substrate may
be formed from any material which is electrically conductive and resistant to
corrosion or chemical attack by the electrolyte. Nickel or nickel alloy is a very good
material, but for high power applications it may be too resistive. Thus when high
25 power is required, the substrate is formed from copper, copper-plated nickel, or a
copper-nickel alloy, as taught by U.S. Patent Nos. 5,856,047 (Venkatesan, et al.)
and 5,851,698 (Reichman et al.), the disclosures of which are hereby incorporated
by reference. As used herein, "copper” refers to either pure copper or-an alloy of
copper, and "nickel” refers to either pure nickel or an atloy of nickel. Using copper
30 to form the porous metal substrate of the electrode has several important
advantages. Copper is an excellent electrical conductor. Hence, its use as a

substrate material decreases the resistance of the anode. This decreases the
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15.1t s preferable that the substrate conponent act as both an el ectrical
conductor and a support structure. The el ectrode may be forned by pressing
active material into a porous netal substrate. The conductivity of the

el ectrode can be increased by increasing the conductivity of the electrode's
porous netal substrate. GCenerally the porous netal substragp }ﬂgkgg@§4 but
Is not limted to, neshes, grid, 20 natte, foil, foam plate Xpanded
metal . Pref er aghyuntton e oerow@remdtes dbs to atemaiudssdpdtion, amnetrerm prodigless a
mesh, grid, foam or eﬁfanded me e subst

be f f
ot o 81 whi che el e TR PSR ROURa CBRPRT B1715q & MELTaHR (Eiobr

chem cal attac c%sé@@u&kr@fémﬂiéﬁbﬁhtyMm#eﬁ:hegubma@é@mcﬂblramulﬁn@dwaet.g@od
material, but for high power applications it may be too resistive. Thus when

hi gh 25 power hwiregaiustrege marigLibet iseemprespes H@@ the syabebpisesurtacgppBiis pl at ed
ni ckel, or; a ,%g@q%r{h@' ﬁ%ﬁ;{_} t@ﬁf‘&%” éﬁéFéal Cﬁﬁengﬁfeptrr% agﬂeematé\%? hay Baln 047

(Venkat esan, he di scl osures of
whi ch are hered:wnprewdrmﬂaﬁfmjsuwgtrat@ftberaba@mwlﬁyiog@dldhéd@q:lng e opgienf'the ef er s
to either pure co%per or 5an al % copper, and "nickel" refers to either
pure nickel or@ %‘r‘”'?ﬁ RIP&FSS: Usi ng copper 30 to formthe porous netal
substrate of the elmto@ms,mataﬂm/m ad:tmermmenaimomp@deairmges caGaptineto thes an

|lent electrical conductor. He L
Gecr oases 1 he SSICEaN S8 MHeQIAS cHade s AR e s sl R Ihs FRBRERR) 2004

amount of4of uel pepblyt REEIOMESHEH Wt ahd Bkpgaraliord, S@rmwnorbs.ﬂm ihereby
provides a fuel céll having, increased output power. Copper is also a

mal | eabl e net aglectralier ang Erpistabisior RRIEOTHAY | SuBIEITE) WANGHiRUSEHd a8 B BFHYR t o

more reliably rﬂQﬂeFlaltmﬂ}ea&tthd& lsmﬁdﬁ %ﬂiﬁ Shdt AR MERHIN at It ohStraemsessed
onto the substrate surface hi s | essens the need to sinter the el ectrode

after the acti m@tahategrqrélwftﬂ‘slStfé!éﬁturéWéé@édvydh? dngaireratier of at leask enrg eby
simplifying angodfdiaidonthenidiile R cdibiftic %‘?}?ﬁ@ﬁle@@%ﬁ?ﬁéﬂéﬁﬂga!@&&ﬂé&d The

cat hode contains an active nateri a which is catalytic to th
di ssoci attson dh Wh8l EeieharNrmwg@mSth('@%l WESM&Weﬁt seandlighed Feoruene?,

resistant to thBrEEkeES s her R Sty R e e PV o 1 s
useful as an anIIdyvaebasmtm aa;irsqrderetimomed[w!dmuns materiah debigoed to haet a tégh i x
i ncluding at IoeenSIIty St )rd%aﬁy Ect% sites, resistance to poisoning and long operating life.
Modifier elements, such as La, Al, K, Cs, Na, Li, C, and O structurally modify the
20 local chemical environments of the host matrix including one or more transition
elements such as Mn, Co and Ni to form the catalytic materials of the cathode.
These low over-voltage, catalytic materials increase operating efficiencies of the
fuel cells in which they are employed.
The cathode is formed the same as conventional cathodes which use
25 platinum catalysts, but the non-noble-metal catalysts described above are
substituted for the platinum. The non-noble catalysts are finely divided and
disbursed throughout a porous carbon matte-like material. The material may or may
not have a conductive substrate as needed. If used the substrate can be as
described herein above.
30 When the instant fuel celis is run in reverse, as an electrolyzer, during an
energy recapture process such as regenerative braking, water is electrolyzed into
hydrogen and oxygen. That is, when electric powered vehicles are used in stop and
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nmetal elenment which is structurally nodified by the incorporation of at |east
one nodifier elenent to enhance its catalytic properties. Such nmaterials are
disclosed 15 in U S. Patent No. 4,430,391 ('391) to Ovshinsky, et al.,
publ i shed February 7, 1984, the disclosure of which is hereby incorporated
by reference. Such a catalytic body is based on a dlsorderqq%ggﬂufg@@i|br|un1
materi al designed to have a high density of catalytically active Sites,

resistance to Bl éﬂé‘ité@rﬂ ORestEibRkiNg SyetemdRRirbiptuelieiBBbRerggUch as
La, A, K, GCs, Bﬁlahﬁgl 8 ] gg']structurallyg y@dlfy the 20 | ocal cherr%?cal

environments oénd h@N%‘slt imﬁteptrwai #narawi Wghismeedss thepplectfie sdersireversetigient s
such as M, Coriddahl b In%ré%r{é?&o&a&%%hp%ér%r@hb%n%r@ of . FBLGIRISmis These

| ow over - vol t age, ca errals ease oper at i clrencies of the
fuel cells in ghiseh alshlky chogrentphmpednountsdo eb@dﬁd@% ofghef mrmadiopefetlrsgiimdas

I hod wh h
hon: nobl 5ot o cRvERATRL THeb B ke Bisobl PEM ‘bt Bdtnr 30 fste. T 1 num
The non-nobl e gabBdKkYT snefgy Wdauletausdirupid egdrageh astl shyges edoliUtisowbiawouri por ous

carbon matte-like material. The materi al not have a conductive
substrate as ned#edhe catalsts ta fosedhmis inteardy %’é‘ﬁaﬁ'%e%‘%ﬂ ey YASIMKENSE above.

30 When the ingianf sfdigh felorahde, run in reverse, as an electrolyzer, during
an energy recapture process such as regenerative braking, water is

el ectrolyzed into Injks Biyentientwebsslyéns Witknat bea prghlem. Seceiss egumerasn
vehi cl es gf ¢ uSedehndhigRyi ttkekRe ufcRRiuiBnYareRonQrERE: Wi IRbdGldd ©S,

regeneratlve bra ng systems can recapture Kineti c energy, and ‘convert it to
el ectrical enemgyogdm Hdweverdte oxydes refleation pleciretiowl evelye pxygenh &hile thisl es and

becore gener oL 0 4Rk S O SIETBK R ARG ol oS ¢

spi ke of curr ety e norma opéra
conventional fprebleaeili (edekiabicns exist. PR alamatoe sabtieps tcsthnﬂwpr@blegeswyﬁel S

woul o cause cARAWEHS SHEEEPSRoPIRR L TRARRIIN o BNARATHR HlePRakcn) "
under m nijgg t hearaipl avital the atticeia) hat iiirtekatte. surgestdife:umamerrntanmesélwek/ol&mlgl this

will not be a proble beca seth n tor eanod taethe
surge current AXEBec j’if‘% ﬁ‘g% r‘?flg'gé 38 8378l nded' o

necessarily be porous Smce this third electrode is the one that evolves oxygen,

there is no longer any worry about oxidizing the carbon matte in the fuel cell's

oxygen electrode. The second option is to provide an Ovonic oxygen evolution

20 catalyst coating on the edges or frame of the current collector or substrate of the

cathode. This catalyst will have a more favorable oxygen overvoitage when

compared to the non-noble metal containing carbon substrate used for oxygen

evolution. As a result, when there is a surge of current, the oxygen evolution will

preferentially take place on the catalyst coated frame thus sparing the oxygen

25 reduction (cathode) electrode from evolving oxygen. Also the oxygen reduction
catalyst can be tailored not to be an oxygen evolution catalyst.

it should be noted that the anode and cathode active materials of the instant

invention are very poisoning resistant. This is true because the increased number

of catalytically active sites of these materials not only increases catalytic activity, but

30 enables the materials to be more resistant to poisoning, because with materials of

the present invention a certain number of catalytically active sites can be sacrificed

to the effects of poisonous species while a large number of non-poisoned sites still
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hy.dr ogen. However, the oxygen reduction electrode will evolve oxygen. Wile
this wll be less of a problemw th the Ovonic non-nobl e-netal catalyst

el ectrodes, the problemw ||l neverthel ess exist. Two alternative solutions
to this problemmay be enployed to alleviate this problem The first is to
provide a third electrode, in 15 parallel wth the cathode, H‘ébtrudﬁ%bb ake
the surges of current, harm essly evolving oxygen. This el ectrode vm? need

to be of high surface.area, bu ed n naecessan i rQus.. Since this
third el ectrod&M&? taﬁgv%ﬁoep[%éée g%o&%sn%bo%ﬁgsﬁsﬁ éll#e?égﬁgs&ﬁ@grb@ﬁsgoi\s %ﬁ’y WOr ry
about OIoxi di zi nga&th@twb@bgingmbheed 1 dther ditee Iwitbed:tjl éffectimhgettied leioésr. ode. The
second option is to_provide an Oyoni c oxygen, e ution 20 cata t g¢oating on
the edges or frane Fdgurené @u?r%tﬁlﬂzegowr@é‘{ f ?)era'[gl‘j’l’j‘s?fféﬁea‘B?l”’(ehE'}/e?c%éhh%de.
This catal yst i%érbloréﬂ?ﬁ% tRe BREROISV P 30N ESIhalEEeah e INO L Aoy cathed@ar ed to

the non-nobl e netal containing carbon substrate used for oxygen evolution.
As a resubt, vidhe inséand inerdosurge fegl cellreansists ofdhigr\agaarabsectinnsod) anl |

preferentially, : ' e
ygon 25 reditbEs PGl mafoEeir® dtie bRk, hiddien JUbn eRAIe® o gen
reduction cat&Rytie eteatrabde tampantreehtrdt and3)iiee cathadeagetiors whliahtincodesthal yst .

It should be noted, t hat e anode, and cat hode L, materials of the instant
i nvention are R?i!?%ﬂepﬂ‘? §%$1{ﬁﬁg°xyg§'? g%'%ﬁf'.a*ﬁ&gp?@%%#tl@‘ because the increased
nunbler ~of catal yt ilﬁgihé)éggﬂé iswgtidﬂ',ﬂ‘@ﬁrc@‘entdﬁ&_ﬁﬂlrcfmedfdntdiﬁingOgaSOﬁh!iMUﬁe@CiEeaSES
catal ytic_activity, but enab| e materials to be re resistant to

o1 Somi 140 be BN APIIET IE ST SICaG MY SOHEN SRRb R R BB BURTOHSR B RBRN nunber
of catal yti calihpt gt Hyardgehas teaadRerisarihrdughaslifabe sk to ehd asdde P4, WRESONOUS
species while a | arge nunber of non-P0|sone sites stil|l 16 4 February 2004

remai n acti ve 3PEORESVIIECIFCS gasinticallRPkerR 3P bythspenadgactive metRiigbditons are
i nactivat ed by, haicHydRQASHhidiPis QldMEd inthé ﬁ?dr%éd’élﬁﬁag@fn'fa%ﬂiél %Qa%PSric%%‘Ethe

sites, Figure 2 1s a stylized schematic depi Ction of an alkaline fuel cell 7
i ncor por at i ng therefirglyceagieaksurface §a with Sivgiexyldasda e veaer. iehodlskheymrieds

cat hode) ;55 0f has! | dtiBA heiPa g0 148} thefhd) cdil 5@ Bherlabing e

gener al gsect i cgt;]ég?ﬁ%?él%r??g cglcgég\fgrgitii @Refﬁvfﬁ ch 1 ncl udgs the a‘ﬁ“&%’e E_?Leahg d a
hydr ogen suppltsmpenafiaet riny unadsobedttiydragescandatheccatamaenhaaiesiar waked 3) t he

e et Jaoor i 18 HyBRIHASRpb) e (RRIRArdugh B 141°TRYASES (ke SUPP! Y
vented may be recycled if enough hydrogen is present to warrant recovery.
Otherwise the hydrogen may be used to provide a source of thermal energy if

20 needed for other components such as a hydride bed hydrogen storage tank.

The electrolyte compartment 11 holds (in this specific example} an aqueous
alkaline electrolyte in intimate contact with the anode 1a and the cathode 1c. The
alkaline solution is well known in the art and is typically a potassium hydroxide
solution. The electrolyte provides hydroxyl ions which react with hydrogen ions at

25 surface 6a of the anode 1a and water molecules which react with oxygen ions at
surface 8¢ of the cathode 1¢. The electrolyte is circulated through compartment 11
via intet 14 and outlet 15 (in aiternative embodiments, the electrolyte may be
deliberately immobilized as by jelling, etc.) The circulated electrolyte may be
externally heated or cooled as necessary, and the concentration of the electrolyte

30 can be adjusted (as via wicking, etc.) as needed to compensate for the water

produced by the cell and any loses due to evaporation of water through the
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I n.the.anode section, hydrogen or hydrogen containing gas mxtures is 10
supplied under pressure to the hydrogen supply conpartnent 8 through hydrogen
inlet 12. Hydrogen is then absorbed through surface 5a into the anode 1 a.
The absorbed hydrogen is catalytically broken down by the anode active

material into atomic hydrogen which is stored in the hydroges.
material as a hydride, and then finally reacts at surface 6a b’ﬁ%af%gg%roxyl
ions to form waleetrodds Sytstanhsifob eomdbtiaring $etfheitcet! lededirelyte afe Wl knolen frotheat | on

hel ps to warm the f.uel Q,it" i, | L .ing tenperature. Any
unabsor bed hyd?'gﬁgﬂ ngﬁangl%%F@gﬁ?%ﬁﬁ%ﬂ?%ﬁ@@@ Myater vapor in the
hydr ogen supply ar e]nvmgt@ihdjdy suatiorowXygén, 18r, dheogesethet adygan econyamihgd may
be recycled if enou en | s present to rrant recover O herw se the

d
hydr ogen may b@a%@é‘g mig i?:'gg%@’eéﬂ tg@lﬁ%%‘? S‘HH\’,\Q}’ rEmPaiaRgy1Q %‘ro%ﬁ‘ Hee8Rd f or
ot her conmponen; iy SHCM8YeR i{Whi ARoRRA tbe@bH%H‘aéé BE3B t‘i‘n@rﬁ‘ath{tﬂ[@ﬂ?' frerolyte

conpartnent 11 holds (iI'n this specific exaiple) an aqueous I ne
el ectrol yt e i nabserberh®xygeniis eatalytically rokeradayde yéh%maihoqd\@ activehowteried intdhe

al kal i ne sol ut4 I r Lum -
hydr oxi de sol G |on@g}%ﬁ L““@ﬁm‘ ;rte%&gr%véué‘%s%gh%%%tﬁy ﬁXOIM&%%q??gE‘P W th
hydrogen ions fadr@yl oosf m?uﬁabsﬂrbedhexy@mdedlotmeragademttbe feraad @gllr&tﬁogdni,ch
react with oxy%ﬁ ans at 6¢c _of, the cat hod '{@ (‘}{irqate i's
circulated thr E?P '8%‘}8&? R'Ewif””'\’}?"é"?‘ﬁ‘ﬁé’f‘yq%f‘3?8?56%"@{‘i HYPeeneyts nat i ve
enbodi nenfps, t{i® electrolyte may be deliberately inmmobilized as by jelling,
etc.) The circulated electrolyte may bg Eﬁ%ggnally heat ed or cool ed as
necessary, and the concentration of th ol yte 30 can be adjusted (as

via wicking, etc.) pnsexpepfeet Was perBaRsRiceproos tﬁ@@oﬁwpenndaﬂgﬂnguby&he

cell and any | oses due to evaporation of water throu the 1 February 2004

el ectrodes. SyBeldhydfige Stosaan PAGHREESthRanqde actiue rnaéqr@maﬂ gielingfeelgalll * known
inthe art aﬁ@'wa@ﬁét tR8GintBR: dr'whib Qﬁﬁerﬁﬁ@rﬁ% bs@id qualfiaive 85 eLbto drbw MGt

cat hode section, oxygen, air, or sone other OQ& gen containing gaseous .
m xture it§ supibelf@?iefﬁﬁﬂ wqarés(@ﬁyrg'éﬁmasﬁopﬂys'@él@p saaig seDUPhwarghedigghis 5
inlet 18. Oxy t C.
The absor bed g%% |1{SP]%23?2:% g%%s% ro gﬁﬂ@%é%gﬁ‘ﬁe rﬁlgtiggﬁlﬁl (?gélgg &dl
material into am&ieﬂt@dewg@rﬁ-emhe@hegatwa|ei%¢trpdaml§k%texs>an¢ia@me&i swmtrata)at er

mol ecul es 10 fafM1F139.12 alloy (nominal composition 9.0 at.% Ti, 5.0 at.% V, 26.2 at.% Zr,
38.0 at.% Ni, 3.5 at.% Cr, 15.6 at.% Mn, 0.8 at.% Sn, 1.5 at.% Co, and 0.4 at.% Al).
20 The anode and cathode were separated by a separator (non-woven polypropylene
matte, surface grafted with hydrophillic materials, density 30g/m?), soaked in KOH
electrolyte {agueous solution of 30 wt% KOH, 1.5 wi% LiOH) and ﬁhally placed into

the test cell.
Tests were run with and without additional hydrogen flow into the anocde.
25 The anode (metal hydride electrode) was first charged with hydrogen and air was
admitted into the cathode. Once a steady state open circuit potential was reached,
the cell was forcibly discharged at a fixed current using a power supply. The celi
potential and the half-cell potential of the anode and the cathode were measured
using a standard Hg/HgO reference electrode. Once steady state potential was
30 reached in each case, the discharge current was changed and once again the
measurement continued. The discharge current was varied over a wide range and

the process repeated.
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hy.dr oxyl ions. Any unabsorbed oxygen and other gases in the feed (e.qg.
nitrogen, carbon dioxide, etc.) or water vapor in the oxygen supply are
vented through outlet 10 19. EXAMPLE An experinent was perforned to prove
t he- concept underlying the use of netal hydride storage materials as the

anode-active material in an alkaline fuel cell. It was not 4 t]ﬂ%? %‘
this experinent to obtain quantitative data but to show that e materl al
works as predi ct ed.Thesei mpasurempniscwere #rst pefforeed udbaut o flowief arditnsé. The

fuel cell was as enbl t|||2|n [ e r
el ectrode and 'E)V O %’gdd ﬁé‘-’g%&efWghgf‘a‘ﬂ?ﬁ%éﬁh@ﬁ.em‘g’w11 3§ 8‘%1 ﬁe@a V) %*
substrate) W gdiafdatidA wed rabasiyed fopevergl corenpesridtion A dhdahe Yallies photRdat . % V,
26.2 at.% Zr, 38.0 at.% Ni, %Sn, 1.5 at.%

15. 6 at.. % , 0.
Co, and 0.4 atThispptpntisigiramis tmt%&f%féefﬁ'a%@m%‘@%%?oggaap&@at 3§ nyolv&dar at or
(non- wove po'?ﬂiéégﬂ’ris a?e@e Sstd?ﬁ%é&arar%éfef‘@%sﬁirﬁﬁﬁ@Fb!éﬁ\ﬁerhlﬁéfr@ﬁeé’mthébﬁscﬁ@cﬁeﬁr'Kaol_| S,

density 3 el ectrol yte (aqueous sol ution of 30
1.5 wt % Li C]—I) teridivior Mtl”lla]ldpvlti‘@éﬂtherﬁddltlﬂﬂﬁ@ﬁdé@@efbfélw coqtddesaspeseed un wi th and

of cctrode) s f1 r SRS RORDRRsEG, BATR, corfettl B A ARB Mtk Bler v
cat hode. Once fmwsﬁceaﬁéya)sm‘uetrg’dﬂqima!echrmdmsBbt&acfbesusﬂam sigaifcare aitsoharge duhent:el |
botenti ol and ereumis atadt sheerts & oo b fialedibomstBhislisghert

P |

nmeasur ed qgusi r}gdaogsehayﬂ@lagd chﬁﬁddg%ugmwmreﬂoean irfathint e feéleaNly AS Rt e

potenti al reached in case, the djscharge current was changed and

once again théj'SQ?’@é&%rcé'ﬁéﬁt ingeAsesuRE. PREZAlIEC Higrenses ubeeavse ks budided over
a wi de range afghtddags Bééb?l%édéﬁ@@@td?ﬁydrbéeﬁ Iﬁ%h#@ét}’wﬁ@r@ﬂyd&g 8 flowing

measurenents were first perfornmed w thout | ow of additional hydrogen and
t hereafter wi t{RUAE®), ﬂh@n@iartzﬁy@n@!@werr WWSW%&WPWO‘& Bpplyypasgous

pol ari zati on ygg, d&ﬁsyé,ﬁ Q{sfcf»ﬁ%ey.nﬁyﬁ{e@é]t hycﬁrrdeaEd PBw(aA'tﬁle ag éehle Vigleues

plotted. This potentia sum total of pol ari zati on
factors tihat acéarization \mue 51!®y reaagsng sesdy citatehealpar begausestheorrieadlt , t he

relative diffeqences i rlRAEAd frption is matched by the rate of gaseous hydrogen
dissociation from the gas phase (i.e. normal fuei cell operation mode).

Figure 4 is a stylized schematic depiction of an energy supply system
incorporating the alkaline fuel cell 7 of the instant invention. The energy supply
20 system also includes a source of hydrogen 20. The source may be of any known
type, such as a hydride bed storage system, a compressed hydrogen storage tank,

a liquid hydrogen storage tank, or a hydrocarbon fuel reformer. The preferred -
source is a metal hydride storage system. The hydrogen from the source 20 is
transported to the fuel celi 7 via input line 21, and excess gases are vented through
25 output line 22. A portion of the gases from output line 22 may be recycled to input
line 21 through recycle line 32. The energy supply system also includes a source
of oxygen, which is preferably air for economic reasons. The air is drawn into line
33 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
30 vented through output line 25. Since this gas stream contains no harmful gases, it

may be vented to the environment directly.
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behavior with and without the additional hydrogen flow could be assessed.
Figure 3 shows the potential drop (AV) vs. current. Even w thout hydrogen
flow (curve a), the hydride electrode is able to sustain significant

di scharge current because it is already charged. In this node, the fuel cell

denonstrates its inherent 10 hydrogen storage capacity, th‘ﬁsFe‘?»E%‘@Qb(?ﬂ an
for an instant startup fuel cell. As the discharge current increases e
pol ari zati on i ncr ehReSn&ey suBRly shHemaisq ifeludes ar flesieyiesetePR§YHEpt et ed of

Y07 098N | et ni i YdcBlyte RBEEXA QPP < Bmblatiitonaikindds afd Corbfy 86 Zat i on

is | ower becausé IS a contlnuous supp gaseous ydr ogen bei ng
transfor med i etestroBtaalcohgitonate28.0 Trewelecrbigtel genditarier . 26TheattSorpodas itzat i on

val ue al so reaghes st ead tate valu ca he rate o el ect.rochem cal
hydr ogen cons ﬁfﬁﬁf‘"f)‘é’?? PS ”ﬁﬁﬁ%‘i@ﬂd B TER sq?%%e""%‘%%%é’%ﬁ%aﬁ?dErBS&Hng'hPE%%Ci ation
from the sgas pfageiytd isehematimbd taifle fael dellgpaa iipudmeerle) . Figure 4 is a
stylized schematic_depiction of an energy, su gls¥’€2:}{_stem i ncorparating the

al kal i ne fuel cel|Finagy thefbergyssupRty SYSEEhT KAklegys <8 BpH O WHCsy st em
al so i ncl Udess@p(fg?%!a R ER0RRI 481 7TH@ BaY9E THYI0RE cBh RNhKAWE t YPe,

such as a hydri Ist rage system a conpressed hydrogen storage tank, a
| i qui d hydr ogesquiringrrayeer: kit Rartiowlably pyrdeopletasbia therawsr and Bree Systeras praf err ed

source is a ng&@hwg%gri de storage system The hydrogen fromthe source 20 is
transported t € tuel cell 7 via input line 21, and excess gases are vented

t hr ough @5 out put Thenénant Auebaetli and ainetdye sypRly ssysteom ntopparatingnét 2& may be

recycled to input  Line t hr e . i [ S |y system
al s)(; i ncl udesp%?'g%la'f!\’:gsefﬁgf%@@g%poé\%ﬁ%'&Hﬁ'@ gfagb%ﬂy%qee?&f %}}éaB@g%SFvﬁ cy
reasons. The giquiremedtsaherenf)tsach aséor eX@maledintpoeerioga viebiclga e dhatdmceygh a
carbon di oxi de scrubber. 23. Th ir gs.then transported to t fuel cell 7
via input i ngorfgmegxglygé ‘ﬁ?ra@ﬁﬁcﬁyﬁh@tﬁsmﬁgm rgger\'/%ﬁfaeg& A but put
line 25. Si ncpyéhtich IRINE LHEATMEOOL RIiNG alble td stanfgrbduieeneryy instamy Renvent ed
to the environnment directly. 19 4 February 2004 The ener supply system
al so i ndBudesthahyareaen erpedn e &letiodss: 6%”%9@?@#? nerlag t@%%’f‘ﬁ%ﬁ’?tﬂ\égf‘%om t he
fuel cell 7 i?dr%@V%éN@H@@fr@Hi%mbié&r@e%. and genditiohaly, skeaus@ yte

e

condi tioner 26. el ectrolyte conditioner 26 heats or cools the

el ectrol yt e adydieganepnhapdsarsdapdstrisd intheangde mataias aithe fushgelh SRETDY oned

recapture can be achieved as well. Therefore, activities such as regenerative
braking, etc., can be performed without the need for an battery external to the fuel
20 cell because any hydrogen produced by running the fuel cell in reverse will be
stored in the electrodes of the fuel cell. Therefore, in essence, fuel cells employing
the instant hydrogen storage materials are the equivalent of a fuel cell combined

with a battery.
The drawings, discussion, descriptions, and examples of this specification
25 are merely illustrative of particular embodiments of the invention and are not meant
as limitations upon its practice. It is the appended claims, including all equivalents,

that define the scope of the invention.
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5 electrolyte is then returned to the fuel cell 7 via input line 27. Finally
the energy supply systemincludes electrical |leads 29 and 30 which supply
electricity fromthe fuel cell 7 to a load 31. The | oad can be any device
requiring power, but particularly contenplated is the powetFebmerd?d®e systens
of an autonobile. 10 The instaq&hﬁﬁ@ﬁ ﬁ%fl energy supply systens
incorporating it are particula pplications in which instant
start and energy recapture are requirenents thereof, such as for exanple in
powering a ve icctlaim For i nstance, in consuner vehicle use, a fuel cell that
has the built in hydrogen storage of the instant invention has the advantage
of being able to start ArEEINGRMRELI ANiARhHbEOM RS, hydrogen stored
lag ti whi I'e” wail t'i'ng

init's electrodes. Thus, there is no or hydrogen to

be supplied from ext anat aﬁmﬂm&ria@\dﬂbtﬂg)hﬁ’dﬂoﬁen Resiaps Rapvif; QdRNakcde e
adsorbed and stored in the anode material of the fuel cel?, energy recapture

can be achi eved a“{igfmatgralkyvonga gasequsiltideagesuch as regenerative braking,

etc., can be i.f hout, th eed for an hattery external to the fuel
20 cel | becauog)gﬁ%(gl);}gﬁgl@ﬁg SitE ?JF% ggencq{gaqtmgﬁq{ cenand the bk (S of said ever se

w |l be storsddtnadiie 8lagGid1088 d el..: eg efefore, in. _essence,
fuel cells enploying the inst an?oﬁ/d?)gggénéﬁstg%{raa !éser%-l‘;?eh%%e%rcémﬁfzmg

equi val ent ofsusfateiend saidl clenrdiyeadntatiting sarfagét ery. The drawi ngs, discussion,
descriptions, and e>$gpl es of this specification 25 are merely illustrative

of particul ar enmbd8idBateoushydregameeniacting awdacy & adiptetaotdisagidte mindat i ons
upon its pracgtice...tt is th ended clainms, including all equivalents,

that define t%ﬁé&gcsfilb g%ﬁ‘e"f‘ﬁgyﬁﬁﬁﬁﬁti on. 20 4 February 2004 AVENDED CLAI M5 W
claim1l . A fuel cell, said fuel cell having an anode conprising: an anode
active material having hydrogen storage capacity; said anode active materi al

havi ng a gaseous bydringkrnfeait acddeittiihacsal AMd) : 1.9
surface, and,the bulk 5 of said anode acti vg mat e F&{&g%t}ss{[‘)%sseggr&gg&v?ggn sai d

gaseous hydrtlj‘éf HEE8int act i ng

said electrolyte contacting surface is adapted to react said stored

hydrogen with an electrolyte solution.

2. The fuel cell of claim 1, wherein said anode additionally includes
a substrate component which provides for both electrical conductivity and

mechanical support and comprises an electrically conductive mesh, grid, foam,

matte, foil, plate, or expanded metal.

3. The fuel cell of claim 1, wherein said anode active material is a

hydrogen storage alloy which does not include noble metal

catalysts.
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surface and said electrolyte contacting surface; said gaseous hydrogen
contacting surface is adapted to dissociate and adsorb said gaseous

hydrogen; said bulk of said anode active material is adapted 4mbabgr®osai d
adsorbed hydrogen; said electrolyte contacting surface is adapted to react
said stored hydrogen with an electrolyte solution. 2. The fuel cell of claim

1, wh [ id d it | ¥ L1AC . t t..whi.ch
o7 ovi des for ot h ol ectt Feal CancieE oLy Shere SR G S Raee oLt

conpri ses an slattd froat the gm@lmﬂsisﬁngﬂﬁharegéélﬂm\)ﬁi@@}mn 82| Ltbniupl 2t e,
or expanded gr?ﬁ]t al. 3. The_ fuel cell of claim1, wherei ne sal d(?yashogg&ggm ve

material is @ WdrGgeHn dleyagadanixdyregnfablogederaet i ncl ude nobl e net al
catal ysts. 21 4 February 2004 4. The fuel cell of claim3, wherein said
hydrogen storage alloy is selected fromthe group consisting of
rare-earth/M sch nmetal alloys, zirconium alloys, titaniumalloys, and
m xtures of alloys thereof. 5. The fuel cell of claim4, wherein said

hydrogen storage %l oyTtiafuel bell bOtladi4)evieosRasid hpiiogtBagfadl | oY)
aCobMhcFedsne where the Base Alloy conprises 0.1 to 60 atom c”percent Ti, O.

1 to 40 at omddloyjesdbefoliowing commsitiarormi ¢ percent V, 0.1 to 57 atomic
percent N, PqSeoAtlfégfggﬂEqu ep ercent Cr; bis Oto 7.5 atomc percent; ¢

is 13 to 17 onic &bto_3.5atom'c percent; eis 0 to 1.5
L Cher btn: ooy e ay BT RIBE M brisdt O 6 BPRRNE peteniticid i it &
Comonent. 1. pol yi et 1 af L uor oat iyl ene (FTFE 8 s HIEPR A%, PRUD ! 71" ©
wher ei n sai d 2HBEPAERNUGHRAF Dyto 7T hisdeis percent; ¢ is 13 to 17 atomic percent; d

is 0 to 3.5 atomic percent; e is 0 to 1.5 atomic percent; and a+b+c+d+e100

atomic percent.

6. The fuel cell of claim 1, wherein said fuel cell further includes an

anode which includes a hydrophobic component.

7. The fuel cell of claim 6, wherein said hydrophobic component is
polytetrafluoroethylene (PTFE)

8. The fuel cell of claim 1, wherein said anode additionally includes
a component which provides for electrical conductivity and comprises an

electrically conductive powder intimately mixed with said hydrogen storage

material.
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a conponent which provides for electrical conductivity and conprises an
electrically conductive powder intimately m xed wth said hydrogen storage
material. 22 4 February 2004 9. The fuel cell of claim8, wherein said

el ectrically conductive powder conprises at |east one material selected from
the group consisting of copper, a copper alloy, nickel, a n| E zb&y and
carbon. 10. The fuel cell of claim2, wherein said nesh, gr

expanded netal is fornmed from nickel, nickel alloy, copper, copper plated

ni ckel or a copperg ni ckphe @®id10¥ell 23 clAlsig a E _FUEL CELL
A fuel cell (7) which has the abil |t§€?% %tgﬁfﬁﬁgkﬁﬁétaﬁiICéthﬁog Hehicept

recapt ured ermvgder comaprises atHedst afner wgenRl &éle\é%dbfréiﬁ tHe ?ﬂbu@p@dﬁﬁ]ﬁﬁg A
reverse as an el ectrolyzer, The instant startup fuel

i ncreased efﬁoBP@h@foﬁﬁﬁr%@Wbﬁuévﬁ;495*3]aﬂthmdwaﬂxnnltage and current) and
a dramatic i nprovenent in operating tenperatue range of about -20 to
150[err]C, as shown in figure 1.

10.  The fuel cell of claim 2, wherein said mesh, grid, foam, or

expanded metal is formed from nickel, nickel alloy, copper, copper plated

nickel or a copper-nickel alloy.
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