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properties anﬁll reverse as an electrolyzer, thus, eliminating the need for an external heating
element or battery. In this manner, the instant inventors have provided a new
generation of fuel ceils 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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These alloys are fully described in copending U.S. Patent Application Serial No.
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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American utilities vow to find ways 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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whi ch temperature range of the P.E.M. fuel cell (the PEM is nearly non-functional at low

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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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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catal yti gz and then are used as needed to provide power.

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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physi cal meanipa.gf m\é%.saaédragﬁwﬂ.& s hRraty) ihasiBoraBstilby steichcay BFE BMthd he
resi stance to t e passage of current at thé surface of the anode (charge

transfer resi qurased)inventarsofianfod R Qgéh‘ﬂé'ﬁ/r gagsiibed shisordeyed yddiceameaeher gy
| oss whi ch adqﬁzdaggﬁg%q%?@n%ér@ W%Eéa?ﬁeéﬂﬁefe!&'troeﬁ i eléélrd'cﬁlaﬁfﬁc%qjcé‘ﬁy k,

U S. Pat. h 59 patent”)  and others in it's |ineage, the
di scl osure of fmmherfrsté.lrﬂeerheﬂys paie@tr Pushingky depcriesdioundaordgrad rpater 'ﬁ@ Ca/ esent
i nventors, }%ft% 18 Raa QNS é’{ﬁ#,}’caug%%ﬁ{neglee%P 1 §RGHE A8 Hyar

hydr ogen st or neterrars f use as negatfve el ectrodes i'n e ectro em cal
cells and reversibility characteristics. Such disordered materiais are amorphous,

microcrystaliine, intermediate range order, and/or polycrystalline (lacking longrange
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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15 «for .the first time. In this patent, Ovshinsky descri bes how di sordered
materials can be tailor made (i.e., atomcally engineered) to greatly

i ncrease hydrogen storage and reversibility characteristics. Such disordered
material s are anorphous, mcrocrystalline, internediate range order, and/or

pol ycrystalline (lacking |ong range .conposi tional order) wheg ?Arﬂargz%m
polycrystalline material includes opol(g)(%’n h é(} osr tiona

transl ati onal , imgeVgsodiarpeipEsticasdithe @ReFeHOTdha %Wewcwaﬁ*m)mk of
active materi aﬁ\%n%ulaﬁrh@?ﬁ’e ﬁjc'épér@?m@éi dméredrrdafreﬁcswrfobr SruduiP 8fdeBY e  Of

one or nore el ements and fiers incorporated into this host matrix The
modi fi ers enhaincerporasion Cﬁcﬂe&ﬁ@rf-»‘ddﬂoﬂlﬁ@f ¢lemantsiinlg anbe¥malris tapteatchagiesiredit e a

t mb | (d
ot orage sit es. s hEPRET, Plook BBt Bebiad it BB SPERNIET v e
formed fram |nghberewitthio a rhatwraio&mrclebmmravarléiye antyormenbemalmrhatemhnmem,
whi ch d f t f I h
Fosul ting 1 n tHROTRTGH TeBRERY PRI R A SIS B DAL SRR RRUl ¢ i ng
| ow cost, hi ghagektronit &Firénméhts Orter @idordatsy materrl lop\Wes! ‘sdrepiraht BajLS tO

be utrlrzed nost advant ageously 30 as secondary batteries, but also as
primary bat t erdesired elgcrgnicsgnigguratinnswiich resylt in@lanoginugther ehastiveaiteor e of

the materials Qfy lhgng %%%&aérear !@fsﬁés greeatdésr@r% ﬂ‘[b%%eh@er%ﬁrhfrgbﬁetﬁé‘e

desired characteristics uary 2004 inproved characteristics of
t he anodel® of cat@lytBwily paliventitefer e acconpl i shed by nmanipul ating the | ocal

cheri cal -or der and \nnges ifodifsa! 1of LABb BndIdiELIMenlNProliELRRLAY o Of

sel ected nodifier ment s IX to create a r der ed
materi al . Di sdndeasgbnumbe ofielgragessites dire tedious bordingfconfipeators avhilableunber

ithin a mater,al | a | abl e J t These
\émegrees of fretb'd%ms\é'@gﬁap |é(’:na|n#'§/é%v%i’i'?]%g’eg;yrm?n%ﬂp;?@épﬁ&g I C ,Sﬂngd[ '?&L'Jt °5‘|
chem cal and eslpecienpnioorcbra\nonmqmmtnnumeetedhlsdradmge\dammgeiergaéesodf chdmedér597

pat ent have desi %?efg el ec&fr oni ¢ co urati in_a |arge nunber

1S h r
bf ' act i vabe; ¢ dEovde UGS PBAR oS HHsRNrS; SENE) D EEMee A ikt ST
i ndependent | y Hor@iingtdites. Diectattiae wiffiersnt ygraet iof ertstal eserlddind mebiri;rﬁbered
modi fi er S forstr%é&lrl:g)l aGn tutrs?igrsn%can nar%or?nqe&t strucaura Irggprar?geqrrrgr?tt logcurs 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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I ncreased nunber of storage sites due to various bonding configurations
available, thus resulting in an increase in energy density. The techni que of
nodi fication especially provides non-equilibriummaterials having varying
degrees of disorder 15 provided uni que bondi ng configurations, orbital
overlap and hence a spectrum of bonding sites. Due to the q% 9bo&ggrees
of orbital overlap and the disordered structure, an insigni |can nount of

structural rearrangﬁ'reehﬂemabw;mlcnmr ihat washgernpeattidsioy dinape cgqﬁlge;satmnsrggﬁ

ds t herebet d
bat tery of t hesliiighaabvp M sthoes rriy Fisfie Tl PPUioRADRiPS HestTBrd hae.
I ocal cheni cal inahy 597 pakart sadaitdsemsarid RIdaH €6k the spédhish Hddfince one could

el ectrochem ca| charq%ﬂﬂ? and di schargi ng efficiency and high electrical
charge out put NAgRRN pentea! thertyes a’ﬁ%@“ﬂ‘%@“@%é%}{ aging iBng siesage $test he

mat eri al s gwas Am%é’%ﬁemeﬁu@é{e&?fddeﬁ%é R]%d@fncﬁycﬁ?ﬁg (ﬂnpflﬁﬁggrfvé\%n}"ﬁugpwéﬁ% d, in

accordance with the 25 '597 paten be chem call

el ements to crdédfernge i auelitatively chargat! thermateyiatst sethat unigueatea yrizterald y
active sites U drogen storage sites. The disordered materials of the' 597
patent were designed to have unusual electronic configurations, which

resul ted from the \Bsordeqyc8n diemeh snoatimic ntaturacini thes forel of @daipobitional 8t ons

and their various orbitals. The disorde a sitional,

et onnl " and el %@ﬁqgﬁard%reroafﬁ%ﬁ@wugﬁoa@* bRbr SRR A IR wer o
utilized oo fusploas ofothel yatdral.di $he deisortyr tahsﬁi cah Nbee iReddURBd by rbrééi'n?iffge
orbitals so as to create the desjred | ocal m cal. environnents.

February 2004 MPRSCPHE ePPRECS: YHBIN0giP t’ﬂ%ﬁ?”@\!a é‘F‘g’c"'eothByC?'ﬁE%%“D”a' or

conf i gur at i onscopfig@rafbna1oRBrdeP bt tﬁ@'a&ﬁﬁ:blé@emyf\fw@é &@hé’lfeléﬁoﬂgﬁt pdfbnd Aflsse The
I nvention that was described in the '597 patent nade these materl al s 1deal

for the speci flPehotiss Ji%icexapinte, c@ﬁﬁféerqdn'@étﬁﬁﬁ#éﬁﬁﬂ)b%@rﬁﬁm by tirgradusiagand
number of cat ahifdseabit reght & AMhrebAl RER &l ks o %@%at&%s%%ﬁeﬁwt  oned

propert i es made not only an inportant quantitative erence
qual i t atitgely ictr@smgm regiensat &t amprphous Phefe aimhgees, veby imbiodutiab segiemsafed.

Di sorder can he ghoRRodd BRbS BRbHEASRS! iR dddftichAbPeGions BFRPEY/ AR piise or
phases. The interfaces between 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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configurational disorder provided throughout the bulk of the material or in
nunmerous 10 regions of the material. The disorder also can be introduced by
creating mcroscopi c phases within the material which mimc the conpositional
or configurational disorderat the atomc |evel by virtue of the relationship

of one phase to another. For exanple, disordered nmaterials g£ag, ted by
I ntroducing mcroscopic regions of a different kind or kinds oﬁ%ﬁ?@% l'ine

phase?i , or by ﬁﬁtdntﬁﬂe?dsulqi usggpr@gdﬁo@samrtanalamgﬁ@mismphascg@bf phasesde®r by

I nt roducl ng regl ons, o] an _ anor phouys ase or ases In addition to reglons
of 5 crystal | HERBRESS 87 MRRNS BT SPrasBed i TESHE NG o e
phases can pr oyiidptists tha essoatieR of MbRchIaE RydrBgbrPSAY tHEBMSRIN & Dstd-eRmeNt s
whi ch provi de nunmerous desirable sites for el ectrochem cal hydrogen storage,

20 These sane hdregsrarsshydiaxyd éongms welblespeing goosiomtgsistanttotarlattrgitase. For

exanpl e, gonpas| | i M i Sy 2L ' terial Lch can
radi cal | yg al ?%lrs{[s%ﬂe)r%ﬁ ga?ﬁé?ﬁipr? I%”E@éiﬁgﬁgﬁgﬁéﬁﬁﬁg%gﬁc i eCVél‘]@%BWP gﬁjﬁg
i nproved and uniaguide terepelatige rasge gAlsb ee@yetisresign-poble oigtdlesataiftictnaterider on

an atomc or microscopi.c scale. 25 Unti ow no, one but Ovshinsky (in U S
Patont No. 4, A8 1S if eifiBiion 9t e hutPuhT BT Sl & RerBHAN by
ref erence) hasinggmtionyeénhasceedissakiption of Meirpgersarnd thatoxid=tiofRghp@eHEMAY t O

tailor materials which uniquely and dramatically advance the fuel cell art.
Specifically there is a need for materials which allow fuel cells to operate

in a w dggrange of tenperatures tighmarfor thellH@dntssl! Wi Il be exposed 30 to
under ordinary consunmer use. There is also a need for materials which all ow

the fuel cell to Beeobiect af theiestart inventian i aief eelwich hes the ability e starte
recaptured en ' | T YT W r - whi ch
all ow the fueﬁjpgbéftﬁnt?oé}ﬁ%érq%%%ﬁreg%raruary %ﬁ%ﬁﬁ%ﬁf%ﬁggﬁémé @J?ﬁ%‘\ﬁgvi di ng
an internal sdyrererging inefeve@eeas Bntdlectreyrsed Theainstanhbwriup fael caliexparsi ve

L 0eT, e A5aARANENTALEY. ply MUl el on A LB 1 5 e
and hydr ¢xyl idoarsatasimpedvernsent eepeyating teowemtunegsngd @2 ta 1BO°RY Fedfotragliiyt e, 5
\r/\gf ikﬁlgnt to %%rglo%/@aﬂ%r;'\%de%E&\Pe%gt%rigtrmr% tbaes Hy%?oc&e%r]s orggter c?aap@c:ﬁlyr? dl'hcea n%tc)ilee of
active material 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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in-a w.de tenperature range. Al so needed is a non-noble netal catalytic
material to be used in conjunction with the hydrogen storage materials of
the instant invention to enhance the dissociation of hydrogen and the

oxi dation of hydrogen. 10 Summary of the Invention The object of the instant
invention is a fuel cell which has the ability to start wup Aﬂ Hﬁﬁilﬁ gnd can
accept recaptured energy such as that of regenerative braking y 8& P ting
in reverse as d@ﬁxiﬁiit@ﬁ(ﬁdnoi_zm_nmgm@nis (sreRndbis frant 50100 8hgsedrhs). Ravearipher eased
ef ficiency and power avail abili (higher voltage and current) and a 15
dramati c i npr cfSHERENBNCYHES e IOV BHEPROSIIAN ange (-20 to 150 ' C.) The fuel

cell enploys @asapNe®, @6 MY.Fel erial which has hydrogen storage capacity.
The anode active material I's a hydrogen storage all oy which has excel |l ent
catal yti c actiwiarg therBasehAllpyeampiizas 8 Q& hpoEMy desepoh Ti,r& torsi0eataimin

hvd | " . , Lyt A . b " ;
ydr ogen’ Fons Felcp 28 CBe® Aomie peitih . bt 10,81t BErcel T pidicti B ance
toward the al kar¢amt Cej lpist 0 i YiSeatohicareredritat isnt3 foutd atoast percéhiedanogesact i ve

material is also |low cost,.coptaining no noble netals. The materials are
robust and poi ?fﬂ'crp§§?%‘t?'a%{s.8%@5&“@%’&%5&‘?% ae%?ﬁ*'??‘ﬂ%@cﬂﬁ%@ P&YCebr oven
| ow cost production techniques. The anode elim nates the use of carbon
therein, thus helping to elimnati n%ct_he_ carbonat e poi soning of the fuel
cel|. 25 The anode active hydrSIPSCHPHER fithefdaygs.l in the instant
startup figel cel | pigAve[sd Q&l&e@@%l@érﬁéti@d@ﬂ:i(fti%h%ﬁ%!?ﬁlﬁéﬁ&?hs%ﬂ% #asug fast

hydrogenation reaction rate and a |ong shelf-life. ydr ogen storage
al l oy is pref &ebppithe dngtenttiserttiobm Rar e- eart h/ M sch nmetal al | oys, zirconi um

al | oys, titanium aHgﬁVéz A styibad SRRt dggicﬂbﬁﬁ of 8 Rnt sl Pl lgefm’ﬁérfﬁéi

hydrogen storage al "oy contains enri catal ytic nicke é 1 ons
di stributed tkebattreunstantgnesitive; surface of the particulate thereof. The

tal yti i ckel Tol| . 50-.70 i i d in 10 4
Febr uary 2004 pr ol WSS B ks BB iR A e b Uty MashBioby bloa”
Angstronsj . Ambgdmgphstorage actole naaterdd|] specifiasily srewirds trevperproangeas irdstam: ( Base

Al Toy) aCobMncEedsag whet 61115, B Abh T8 T oh Fonimb berS0orh Tk GBS" ot

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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5.percent Zr, 0 to 60 atomic percent V, 0.1 to 57 atomc percent Ni, and O to
56 atomc percent Cr; bis O0to 7.5 atomc percent; cis 13 to 17 atomc
percent; dis Oto 3.5 atomc percent; eis O0to 1.5 atom c percent; and
a+b+c+d+e=100 atomi c percent. Brief Description of the Draw ngs 10 Fi gure 1
is a stylized schematic depiction of a fuel cell anode used 4, 3 4

cells of the instant invention; Figure 2 is a stylized schematlc %pIC I on of
the instant startupihe /asendnvanspn alselrplalss to fuel calk enosies iand sathodes, aidam e 3 i s

a plot of the Qpetrggtslhgbwﬁga,g{én( A.sl\é)orﬁ’o%ﬁﬂfl CaPFe@Qﬁt 4.8 c&. f‘r‘ﬁé fﬁ&l%enu%i%%e 15 a

hydrogen storage terial, 'spec shown 1's I n
i nstant st ar tinpludesimatenialshwhith ey dmﬁntrdataly/t(c-umwty aawelasl hydrogm statage

ti de wh d | i X : d F 4
o e stharBey T bBADe b A S P &l Aot e Rl v TRELS pstali e € ne
i nstant sgart Ue@hdratdrd ﬁthekkﬁitlylf_w Eodtf Thd8athdsd @t arlods @bt s arobebdred

Description of the Invention resent invention relates to instant start

fuel cells i n lgRgrived. beiag rﬁ?r'sé’mr@péﬁﬁ'qt@%al TRe epodsy sqpe nohstiliza tha &ﬁtbO@I kal i ne
fuel cells. Thepkhstestele HPI%YErtaV\ﬁ’H% eldoldled SRR ) stegﬂﬂélg& M 0 the

storage anode) I nstant startup lscusse erein ave
ability to acdbgir utilizationér gyallsalinedgelsiias dessribechenin tkgloxadtshvgald Iasnated

I I ' I [ f
o o V2o o ROEHEBRCrb e R R eI LA R AT SIL L o0
the prioo ar t whiFigurd nasratsiyhzéd schemeticdayictipntdf e fisg eclbdtoragetaeoperialliee range

o e b g s Mo bE e el GO e AR SaBV s, 1,
2004 The pr eS(PanEI)nueiyamyenatcsage ahedeesctive nfa#@'ial cembomeewanwmmdes
el 1 “anode ) PR RO ESAPREIoTh A PE i R S RELPH TEIEIPhERTRPRY o vl |
as hydrogen stpgaggpar&@PRGEEYF materidlaviime hedftbdann dBey il i 1Se fmmm@:yl ncl ude
any nobl 165 et ?rlmsced Sl?oda single material. The anode 1, also includes a substrate component 4,
which minimally acts as a current collector, but may also provide a support 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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5.are therefore inherently | ow cost. The cathode and anode materials are
robust and |ong-lived, being poisoning resistant. The anode does not utilize
the carbon substrates of the prior art. Wile a detail ed discussion of the
instant electrodes and their utilization in an alkaline fuel cell is

descri bed herein below, it should be noted that the conceptsg h st ant
invention can be applied to other types of fuel cells. 10 Fi guér?%ua&??gég
stylized schemati c Tdeghentiva appdaagtivematesial 3 ektbe nyeark Rygatian Isgha compesik body

i ncl udes a hyd HBQP' g ¥k @Hﬁ:&{ evhy LRRS TFE) ) ,
a hydrogen stoéfgg aé%e@gscha%plg\?@gtﬁaI%rﬁ?gﬁaggrlrponént )@ |Iég' Elnghre fb({hows

t he hydr ophobi kydtoggosterage2alimgds bhe waichioan releegbly atbeompearet icddasecydwmeamt 3 as

separate | ayers of i ntinately

terial w.thin the anode. .1, t al so.be in
T8 xed i ni o EreSPENE Sribs Y HIoSe OIS AP R gl s IRY aBRs et pt £t
conmponent 54,  Mhir&dbrEioh FeHdti¥n agteSa §Godstability #the @idresit®and BUsngEnelfalis o
provide a support tunction. This substrate conponent is discussed herein

bel ow. The andiighaui®iag nptgs! taat Py éyerogen gloragesaparivadds Brepst gl teentedal
reactant (i.e. staﬁé?t@ﬁ?ﬁ%rﬂf&éﬁ%ﬁﬁ@l@)mhﬂ Bl soMRE Rertiet @ iRt IHIGIRI-PRBR skl Nt O

|
the fuel cell, er surface 6 Is adjacent to the aqueous
al kal i ne el ectamtynte. Prgferedtroatesalawdll stafe abput @Anudiolt YRTEFPILADBRERt 2 s

th | e ver BE | S
mmtortal 31 PR, 2 SRBPE Gndige, ol RIS Ifre kBt Poetdlic SBGE )
is to acttoas ainehiem dravor tdaniumradioeen migturestiberedl dinesscdpinmjefialomytdven
| kal i | ectral yte,of t | ' ti

A owi ng 25 hythageRo cpSh el v mRRfALIEs FRroprl o Plockittie 1R R 2

mat eri al . Thusmaterigowhichnha®fbeehespatifidelly sesibask 16 Kartdgisignesthiytic itatteei or |l y
f th fage,) is i tgct with | | yt ts to_pxidi
hyelr ogen ( pr o S SL RSS! tHkpeen K =it hietere s o Hile. B8 BalPalihr | ot
(i ncl udi ng surdigamiya insreadetrsice s islissi@oddibibemigHly catalytic td tie fbyitogesf and

storage of the dissociated hydrig{en for later oxidation at 30 surface 6. 12
4 Februaf§ 200vBterRNKFOSEMARIANIPEYHe?S ve naterial 3 of the instant

invention is a a campastdntHveAtdryBhRIBhEhaIcRESiINTRtRIgeAlsiciage Rateddl dreonal
catalytic material. The preferable hydro?en st orage all og I S. one which can

reversi bly absofeptianglly ek as @iateg ipl cel anode matertials. Thé useful 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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I rr.espective of the hydrogen storage capacity and has the properties of a
fast 5 hydrogenation reaction rate, a good stability in the electrolyte and a
|l ong shelf-life. It should be noted that, by hydrogen storage capacity, it
is meant that the material stores hydrogen in a stable form in sonme nonzero

anount hi gher than trace anobunts. Preferred materials wll 0.1
wei ght % hydrogen or nore. Preferably, the alloys include, f%%@?g%gwe
rar e-eart h/ M sethibiegignificant aklatypis, anticopductivity. ufrhe dangty af iNi aﬁ@ium bl thepdopr

m xtures thereqf, T e ' lL.ayer. t the
material on th tﬂ?dérgggozaﬂgrq‘rf)pﬂ?]&g%b&&%&%rﬁaggg?\%g aﬁ regﬁegeé %]Cael t\r/}ﬁch has
been speci fi cahbyt peferetetdioyohbangieghthed il @gidriscareclibhe hadingsme: feloindriy of

nol ecul ar hydrogen {nto atom c hydrogen, while the material on electrolyte

i nterface surf@FPBUOCE: designed to be highly catalytic to the formation of

15 water from I@égégg@y) @affwssaxyl ions. The instant inventors have found
that certain hydrogen torage materials are exceptional |y useful as al kaline
fuel cell anodehgrattes Baiss. A"PMéIOO’%fﬁa'ﬁ On‘l/&@ &Fecrtomi¢ gpergat 311 G 4o HAVRomic el | ent

catal ytic act ;:%’éréé/rﬁszro tb/® i Fc%ﬂp? 0. MYSEPERiE BB ent lﬂ??ﬁ@@%ﬂ‘%r hic o of

hydr ogen and Ve superior ‘catalytic activity towar
wat er from hydvevcent Ciridnis &mﬂ E)aﬂmmmy:lercermnsis 1|3r’toat7datonmpemehtadiim@ to 3.5

ti I t.al yt t t st andi
corrosi on oA SPiReLeT ek s r® Sropls Prishf EbBedrdr E RS |
use, the1al | oy nat &healisstraaetoragorient 4 anlascun decthiyal cogduttoleneimasalto ast
talyst throughout the bulk of th d f t tIt
or mi g vt er SO HARGEBGRT. 4 APl P peied SItaY Frenditio nteratal %Z
el ectrol yte) afuchdshieke!, Aické! by, oappﬁeco@m aﬁ&)y abcarborNs ittt imathdygtivegen

storage buffer to insure that a ready supply of hydrogen ions is always
avai | abl e at duatetdle Bep the\matesighaw BF & Q'%QU%%MFFO“FHC yetfﬂa’cei"‘éﬁsb%iﬂﬂ?sas f uel

cell startup %@' FRRREyHU E@n%@ﬁb&@é@@ﬂé’i&ia@béﬁé@sed herein bel ow).
Specific alloys seful as e anode material are alloys that contain enrjched

30 catal y%ic nickel ig éﬁ?@f@bl%fthﬁoth?os%sg@ter sRBPPASHY aftedeboth anrelpeiticd
throughout t h%%&aadﬂsna Bls8ppFESrUMLrE hTN@éaécfrad@ﬁ%'b@fa%efdm@?s?@&?&nvgst roms

preferably 50 Angstrons, fromregion to region a resu t hese
ni ckel regi onsatenia i@ eeparavs mefa! sulrteial e zopguctivity 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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exhi bit significant catalysis and conductivity. The density of NI regions in
the alloy of the 591 patent provides powder particles having an enriched N
surface. The nost preferred alloys having enriched Ni regions are alloys
having the followi ng conposition: 5 (Base All oy)aCobMcFedSne where the Base
Al'loy conprises 0.1 to 60 atomc percent Ti, 0.1 to 40 atom Zr,

to 60 atomc percent V, 0.1 to 57 atomc percent NN, and O ttgngJgﬂr?%%“

percent Cr; b amolhtlodfull belapondrovised dot to mtersal]cﬁssnmatﬂ)ﬁ andthecehyeproeides d i s
5 atonic ercent and atb+c+d+e=

0to 3.5 atomc percent; e

atoni c percent@ f4g ﬂ@@ﬂ@sWéqaéego@B‘hteﬂ?W% a gp%{srsaﬂs%@e@pp? \q r’&%ﬁéuctor
and may al so afhtcreaaéd&Jb%w&hhuémnfaumth@s@wm&a@etolnﬁorarammcﬁ@itr@laeméI cal l'y
conductive materi al such as ni cke ni ckel all oy, copper op al l oy or
carbon, is m xexiregarostorrgedpeterial thehiseorapressetantcrthe %ﬁgﬁteaqi fg?&ﬁs Hysan
electrlcallyc tjve t r the
el ectrode mat e@?%hg %’érngs%& ?C?Lﬁttér ﬂlsPéjper'e gor%aeb ﬂér ae?‘é{(:tﬂ% su st rate corr{gonent
act as both anccmhpeeSsad(mito tho nighatitate, therebyl mplmﬂng agdrraducing theThestalfdloe r ode
may be forned rYd%rGSS' C[q act|r§ smaterlal into a porous netal substrate. The
conduct i vity ofERENATUERTYIRLPESR e i ncreased by increasing the
conductivity of t hG'reloewdettenaalmmmhmhabnalldmmpoateﬂt whi€le iseoatditic tbhiee por ous

nmet al substrate includes, but is not llm ed, to, neshes,.grid, . 20 tte,
foil. foam  pl AFECARD QRUPED NGRS gE R ISR ES frafion ghst r at o
used for fphe ehee ){yp%é $OR")R&A, wlfer tand @Ryer? iorfX andebnRisktant ThE the
substrate may ‘be fo

rmed from anl¥z mat er.i al ich is electrically conductive

and resistant ¢'ectrabder @rd msigantciRcpRielingt PafRiBiEl whicheisdéseidiam @ akiivkel or
ni ckel all oy 'ﬁa@rlaﬁﬁm&%%d@‘@bﬁr.h dhichtthosh atr 1ab:uamg% |IRRPbHEREAGHISH | T MRy

be too resistive. Thus when high 25 power is required, the substrate is
formed from copplét elecmnd ahigh @tsé@cmr@nhemodtﬁledaby ep«wpww@pf al leat ongs

taught by U Sa;r]g’@%&-'% rﬁ%ﬁtoénﬁ%eoi@?éta{?ﬁ%ﬁ%ﬁﬁs %bcﬁ'rna}eraa?é‘gre%@ﬁés&%

(Rei chman et scl osures her e I ncor por at e
referencds As indb8. Retent MNo."463paet (881 eiosOvehimskyhet 8%@'-@“@'@%5%@@&% al | oy

of . _copper, n‘%lentl or motsHFer Sfrv?mz.t:l'?:s?‘fe%&& mc‘fbﬁﬁ@ra[?—:'dcd@er%fe?%nc%n @ch%ycggélﬁrﬁ ckel .

Usi ng copper € porous ne strate o e electro
several i npor tamly is hdseshtragetsor@aepgeron-equilibrisse siaterial desigoed lchdvecamdict or .

Hence, its usede%gityaof catalytically active 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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substrate material decreases the resistance of the anode. This decreases the
14 4 February 2004 anount of fuel cell power wasted due to internal

di ssi pation, and thereby provides a fuel cell having, increased out put
power. Copper is also a nmalleable netal, Increased substrate nalleability
allows the substrate to nore reliably hold the active hydrogep F?ﬁ@@?
material that is conpressed onto the substrate surface. This 5 [ essens the

need to sintergthRdelierhepPeBedirtSinet iR edpdkingsydRin® danlredituiegeitic epaRjyessed
onto the subst?ate, tlhereby si’rrpﬁfyi ng andﬁg?seduci n th&e@gost of thgwyanode

manuf act uri ng proceaert ireelestrisabenetant i this mefeathe Slectigmators revyap drriht
which is catal ytic di LAt ) I y | t ong;
oxygen, cat al y%lolth!'(’:s ?@8tbtﬁ§8?1gr@?@hﬁg?gﬂ%qﬁﬁ%r@%%%{ng% ?’ecﬁe) M?ﬁ%ﬁ] mée:r and
oxygen ions, coausesiapikeesostentvhioh anfaeints te ebowt|1Pbeqf thamponmes operating toad.

poi soning.. A material,.which is ful a ctiVv mat er | I n_the._cat hode
is on in whi ch2cHyeRtiona! ?ﬂ"?‘ F‘ﬂ@ﬁ%ﬁ“ﬁl& éﬁ ﬁEg@sc‘tangﬁteaﬁe%ﬁsﬁu% ot 9%fet dM%1 enent
whi ch is strucfedbisadkyof BREIdYivashidyaUlsaeapio epdrpgemendaxygen avollaswhighevourndi f i er

el ement to enhance its catal ¥t|c pqu,ertl,es.wfu h mat riags are discl osed 15
in U S Patentcayse the £5tae8 1q losg theit Bitegriong ﬁ&f‘e N Glereoy,ysreHuee theor uary

7, 1984, the digsi @ frfobsdk, | S hereby incorporated by reference. Such a
catalytic body I's based on a disordered non-equilibriummaterial designed to

have a high densi thy ths invantivg/tuebeall, shiquli nat bsia rgblems besausecietydsegesoni ng
& and 0 B ucrorarIogs Y Pke ey o Eancb e Sefectivin e s | o
matri x i ncl udi mgirogen. dloweres, the angdeniredictien eiesitede wilelolde oxrgenC¥Viaitethid  t o
o ot LB P 674 B i 80 o BEReBrSL dBEe
whi ch they ar eprephpyitichevBhibeleas bride Tveo fltarmaiivetsobitionsrto this probleemiriag el
C oS i hbuer T BT B AP oo 14 Ao RRR SR AR LYo
are finely di vigiarki ame thdicsthudesthat wilidekdihetsueggsoofauseathhonlensly eeelvirige
material. The Tatella, Ton Ofodlin ASka 1868 & RBRTMHCE AP HLE HedaRoreeded
necessarily be porous. Since 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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descri bed herein above. 30 Wien the instant fuel cells is run in reverse, as
an electrolyzer, during an energy recapture process such as regenerative
braking, water is electrolyzed into hydrogen and oxygen. That is, when

el ectric powered vehicles are used in stop and 15 4 February 2004 go node in

inner cities, regenerative braking systems can recapture kin@f&ﬁwgggb@y, and
convert it to electrical energy. In this node, the electric notors reverse

their roles and beco ener at o . th netic _enerqy he noti on.
This causes deCRECTe SLPRRRL W SFSRoHRRLIE s ABE Spe ol B heforicon
oper ati ng | oadna&ivat&bby Beihg Gaabed itadtheradites (vithatl effeetimy theEdive siteot  accept

such surges. This feedback of energy would cause rapid drogen an xygen
evol ution whi ch wolligurec autSeat $h¥lizes: gq%qaélct gedf%?@ ?h@ﬂrg\?(ﬁlﬂ"@gf’-ieclycglng

adhesi on ther quorpeﬂaﬁrng?tﬁé BRclbdes pg@ffaédigrfamt@mon@earnhoef@éﬁ@atégbéth@de)
inventive fuel cell, this wll not be a problem because the hydrogen 10
storage ahode dofith¢ instard investisnr Joedug! cellt? candistieefdhiee aeartd gealians: dhan
produced hydr ) . ' | e
xygen. whi | e FRe s Blien HReBKHAhd B R B RN RS et
cat al yst el ect§; gjine eledimlytpcabpantment|i; arelBthdtiesde sexlion, whilthdnaludes that | ve

solutions to thiss problem my be ,eml ove Q vi-ate this problem The
first is to prc(i‘\t}? gc?'ﬁ%(? g g%régypﬁ?ﬁ%gglép%@b%ﬁﬂgf wi th the cathode, that
Wi : : takg thebsur]ge?]_tﬁi aﬁuﬂ$ eetﬁommyﬂio%;salqr mmgdnr@ntmwmgegasl mgs;reel igct r ode
Wi need to be of hi surface, area, but need not ec ri por ous.
Since 18 ¢ hisaPUPLLRTSAEeTUTS I HUIPHsR Sy GUEPaRL B trovpt PiSiBoho

| onger any worifpgat #20Mydfigetlii i dRerisad ihesudhbdurack Batile theghodeehd TheOxygen
el ectrode. The second option is to provide an Ovoni c oxygen evol ution 20

catal yst coat iaRgoed: war is CB@‘WP%WEWS“EQ AW BY fsnanodgiactive Bratesial &ilest r at e
of the catho mﬂ&eryar@h%m is Wdrbd IMANEhRIrBBSEstbRGE hidbrRal 8% ¥ B5dRY 8RYO! t age

when conmpared to the non-noble netal containi ngi carbon substrate used for
oxygen evol uthenfinglly reagtegigurfacafawithigdexyldons ig fnrpevaser. digheulstbe reted oxygen

oo The ol BT Aldotohlito et o 6 agtal ks APl | s
Al so the oxygéempemdtigei diny unabsorbed hydrogen and other contaminant gases or water
vapor in the hydrogen supply are vented through outlet 13. The gases that are
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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cat.al yst 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 nunber of
catalytically active sites of these materials not only increases catalytic

activity, but 30 enables the materials to be nore resistant tﬁb‘ﬁ?&r%?@ﬂ)zﬁg’
because with materials of the present invention a certain nu
catal ytical | y alrirodessiystencsafor benditaning thedde! cet efdnbrobtd erst welbknpen satheus

species while a,large npu [.0f ngn- poi btes still 16 4 February 2004
remain active £9° Bf’g\‘?ﬁﬁé’"?ﬁ%f“&%‘?fﬁ%#@ﬁ?i’??%?@hg? "go sone of the poisons are
i nactivated by being theneittoded setfiter, @iges ai,t bogbmef bieet ioxggeheconedining
sites, Figure 2 is a stylized schemati c d%gl ction of an al kaline fuel cell 7

i ncor porat i ng 9RNE BUXHEIE SUPPIEUE thRRiygRa PPy remBadnENt 10 thieughyereoes
cat hode) g of i fhiag n$hagh id {ﬁ\éﬁrﬁﬂsefbeﬂhn%ubH%brf‘ééé |50 inteoRa! Shfodd 14 hiRE

gener al sectlons 1) an"anode secti on, I ncl udes the anode 1 a and a
hydr ogen suppl gbmbqﬂaw}@éntls CESBIYH%IB’HEO@FE@WTDIDW?@G cathpde ective Wtalermmilo 3) the

cat hode secti O%h\cv\g{yﬁgn' RIFI Seci&%acﬁaﬁt cle &c W]tﬂ Jvé}%r ﬁﬁ%{'gﬁp% n| émaggpl y

conpar t ment 10' e ano rogen or hydroge
m xtures is 1|6)yc3'mmbiqnedAnndeabs,nrb%uxy@en-ndmmeng&seglenhst&m:lcegoﬂmcagdﬂmnt 8
t hrough hydr ogen hen absorb d thro h, surfa @e?a into

Lhe anode. 1 o cathen iagbir e oY aBE ke T g ST SO srereniie it

anode actifove npgerial into atomc hydrogen which is stored in the hydrogen

storage material as a hydride, and EE ”gg!ly reacts at surface 6a with
hydroxyl ions to formwater. It should d 15 that the heat of hydride

formation hel ps to Anpédpetitenf wak pefbimddtd prove M coMdepPRAHAHTIAG thd B8Pef at ure.
Any unabsor bed hydr%%len and ot her cont am nant c%ases of water vapor in the
hydr ogen supplYefatiydiida slogegspaiggalsagthesnods a M@“’@&%’@éﬂ%@’kﬁ'ﬁf@fwwled may

be recycled ify GaOHGNNBYHEAAR Mhib Sxprfnsitio b@tavw-auémﬁatrv%a{smm hgise the
hydrogen nmay be used to provide a source of thermal energy if 20 needed. for

ot her cortponerihe natetial akorks Ipgdrredistasie dARSIAPISglaR Stals sguUPawRs uFR@ forl this r ol yt e
CPIREr e RS AR AR BRI SRR B ak Beee,
air electrode and pre-etched negative electrode (nickel, expanded metal substrate)
with MF1398.12 alloy (nominal composition .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 ﬁnally 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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al.kaline solution is well known in the art and is typically a potassium

hydr oxi de solution. The el ectrolyte provides hydroxyl ions which react with
hydrogen ions at 25 surface 6a of the anode | a and water nol ecul es which
react with oxygen ions at surface 6¢c of the cathode 1 c. The eI ectrolyte is
circulated through conpartnent 11 via inlet 14 and outl et native
enbodi nents, the electrolyte may be deliberately imobilize zﬁjv l'ing,
etc.) The circul at diheskoveanirgmentsayensefirsepedpmegd Wwithedt edflew Qfo%ﬁ

necessary. gl RS SONERLEAPN Lot ASBIdehYR, heitio B, (oo

via w cking, ensa wat er produc

cell and any |eagsz<fdn Wad mymdatdr@ne@fcumhevartdmmqgh admahézames@lmmary 2004
el ectrodes. Systens for conditioni n? the fuel cell elect roltéte are wel |l known

in the art anthinpetgntididrorisths suiaiota] eEal fdfaePeiarizRiioR factRes tBptare Inyoived-
cat hode segcti gép;[ R ostfafthe Jﬁrar%@t@?s @H@%ﬂtqwgﬁé‘nm@bﬂb@%tw@%@é@e

m xture |s su t'o the oxygen supply conpartnent 10 through oxygen
inlet 18. &ygﬁmhawwrw%rar@bgl&obbtﬂ\et&ﬂdﬁwgm ¢%bﬂ®éc®lﬁiﬂ@et¢ﬁée§mode 1 C.

The absorbed oxyger b h

mcerial into ] ontiedsoaRhe Bhehilafs AR et B PAMBE Aftbnd: o1
mol ecul es to fﬂbwrocumeoh)pmplhyuﬂdseleémdamabmmsedtaowgmﬁcmd:snhm@e ogereats i n
the feed (e.g. nitro car X r.'n he oxygen
supply are verReé?ﬁufen&bi@Wa&Mtc %rtgegl&df m%ﬁﬁfge ‘iﬁ\q\fi '%8‘?‘&' Eerﬁﬂtrfor med
to prove fphe- r@@f&g%ﬁtstmgebbwam thb@pmﬁimy‘amﬁt'éhldtyﬁﬁtsfh?ttﬁf@él@@ﬂ AetRyial s
as the anode active material in an al kaline fuel cell It was not the intent

of this experideserge HBeRt inTRAReS: hst PYRNERHCR MFreasssshgrausaatne Medrdee

material wor ksea@fftm%%ib@é&mng Geélbfé@o?h*c%géﬁ alh%oﬁﬁést“@h&ﬁﬁr&%@éh |f5(?l6wH§1' s
pur pose. The fu was assenbled utilrzing a conmmercially avail abl'e

Pt - based air (etrweb), dorpeiatzaionieiovpebpoaustiieieisa cantindeles syrPbi@igasesysanded
et el ot Bliodth! Beilfy| dshshtpRl i, WA ARndeORDRBUL! 2he Tut & Xo7he 5. 0

at. %V, 26.2 a Oat.% N, 3.5 at % Mh, 0.8 at.% Sn,
1.5 at. %l6&o, m@raaﬂoratva;@emeyso reachiee an%ia@dsarﬁdat@amaaebm@es@par@tee@f by a

separator ( nongueven. RALMRLARELBRsumption 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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mat.te,.surface grafted with hydrophillic materials, density 30g/nR), soaked
in KOH electrolyte (aqueous solution of 30 wt% KOH, 1.5 w% Li OH) and
finally placed into the test cell. Tests were run with and w t hout

addi ti onal hydrogen flow into the anode. 25 The anode (netal hydride

el ectrode) was first charged with hydrogen and air was adm4t}£e§glair¥%@04 he
cat hode. Once a steady state open circuit potential was reached, e cell
was forcibly di schinrgeneray supply sededaseineludes ag eleclholiereaimyatipn sysientcel |

otential and nLi e ; p&%ﬁ e
Iron::asur ed usi gégglésbﬁj é’%%ﬁéh@?fﬁb&?ﬁ gﬁéwggg%ﬁect r 83@_% ’@w%@ﬁa;%‘; tcys\t&?;tt e
potenti al waseRQtrolgte benditioneza2th cHweelechelytdi sohditigrer A6 heats arasoahdinged and
once again the ur enent, conti nued. ,The dischar curre was .y.aried over
o wi dorange Slearopias eeded 3 sEdPiesadt WoRE AR BPe ihha e rangiiBhed ¢ Ve
mﬁasur ](cam%nt s gﬁe@g[g:ter j@tthaffé;gmi&w@b we]gflt]@well_elgh\fih Wwﬁn@ﬂ:ﬁli I:Ii onal Ahydr ogen and
e ey o8 L on T Pl el L Pladt 324 Wi e
plotted.  Thisg, nat eckddit qfog@gsesfﬁbheelﬁw%taqbaa 31 PHd 1088 hRealAidviad i on

factors that ar@ﬂ% nvol vezi’ eepi ng nost of the paraneters constant, the
rel ative diff erquirtng pawerhaut pedietladylecntpenpletecs tha pawessad @rivasxaternsef an

addi ti onal hyggtg%%gil%I ow coul d be assessed. Figure 3 shows the potenti al
drop (AV) vs. current. Even wi thout hydrogen flow (curve a), the hydride

el ectrod® i s abl e The snstamst fuesioghi &nat aamerg)i supply geystams éworpdretirgudteard i s

al ready charged,. In.this t I t j i rent 10
hydr ogen storaagc%lﬁg)égf?fy%? %B%“%ﬁS{ﬁJ%\%@%'i S?%Hgﬁt e{nﬁ)g eﬁ{ﬁ ietcgg{aﬁ%gfeuel

Cﬁl I.h Qs fj he d;lqsurémegts tnerregErsqu asnfcaraas:f:mptelge p?wﬁdgg aathiote. | fu iredses, becazse
the hydride el ectrode..i ecom epl et of.. .hydrogen.. In nt.r ast en
hydrogen is fFWH&?W?@EE\V@%"){Hep‘%élqﬁ%lrﬁfﬁ}eaqq"b'ﬁ%ﬂm %%tp.rqg&ogg?éw ARt e is a
cont i nuouts hs u?.pérlmdhfrh@aﬁgﬁus%hg@?pmﬁg ?@bﬁ@sﬁp@ﬁdt{ﬁi@@&r@% msfmtlﬁrroh%dr i flet
to power e fuel cell. e pol ari zatj on va uea%g;ntreac i(?s a steady .state

val ue bé8ausethedwdroges hereddn EelgIRgRs c AU FTERR° EoHERWhISWaltiBg ek ched by
the rate of gRRFEYEH RVSH QaNed HbiSGEEMEI Rrddsom t ha dasicilase bbcquskor mal

fuel cell operation node). ) .

hydrogen can be adsorbed and stored in the anode material of the fuel cell, energy
recapture can be achieved as well. Therefore, activities such as regenerative
braking, etc., can be performed without the need for an 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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Figure 4 is a stylized schematic depiction of an energy supply system

i ncorporating the alkaline fuel cell 7 of the instant invention. The energy
supply 20 system al so includes a source of hydrogen 20. The source may be of
any known type, such as a hydride bed storage system a cohpthegsel0Hydr ogen
storage tank, a liquid hydrogeqﬁgigﬁﬁggéﬁzﬂﬁéﬁor a hydrocar bon fuel

reformer. The preferred source- i de storage system The
hydrogen fromthe source 20 is transported to the fuel cell 7 via input line
21, and exces¥e¢ddai#® are vented through 25 output line 22. A portion of the
gases fromoutput line 22 may be recycled to input 1line 21 through recycle

line 32. The energy sup@lmelsdeﬂt,gﬁuq{lgpcélmé‘}{ggan nSQULG rfgIn oxygen, which is
preferably air for econom c reasons. The air Ts drawn Into I%e” 33 and then

can be passed t hr cuginalecastbenmdtevial dﬁvﬁxgrl_dj&h@geﬂ%toﬂ@@ capdcity® shitEBnode
transported to the fuel cell 7 via input |line 24. Excess air "and unused gases

are 30 vented thr G§He soatpual havieg 2gas@iusdwdrogen gas stream contains no

har nf ul gase (e vent.ed to the environgent directly. 19 4 February

2004 The enzjroélgt/atcgtl} p?(lf/ﬁ1 ?/’satne%eér%lgtq ?ﬂﬂtﬁ‘g&g %%’gﬂee%‘i‘ Q}f’y‘?léxr%ﬁﬁﬁﬁhl ation

system The ehedtrstiveendata]t I 7 s t hrough output |ine
oo byl MRkl LTRSS V" B

28 and sent to an electrolyte c Itioner 2 el ec W€oner 26
heats or coolssriabeandkaidtaledtydl preamnnatidgduafades enovesl adds water as
necessary. The condjfioned 5 electrolyte is then returned to the fuel cell 7
via input |ine 2753k gaseoys diydregrsy egntaching yudygst amdamtbdidosdisdcetits iapdl | eads
29 and 30 whigh . ss\#)cglg el eﬁtri city fromthe fuel cell 7 to a load 31. The

| oad can be any dé g seloga VflTorgﬁnpower, but particularly contenplated is the
power and drive systens of an autonpbile. 10 The instant fuel cell and
energy supply systens incorporating it are particularly useful for

appl i cations in weaidhbilksifaaid sicic addive Iﬁa@ﬁqy_isrf&%@églfcﬁstef@saia%ﬂ%ﬂ%%ﬁe”t S
or 1IN

t her eof , suc?w&s for exanple in powering a vehicle. I nst ance,

consuner vehi"¥fO88e, a fuel cell that has the built in hydrogen storage of
the instant invention has the advantage of being able to start producing
energy instantly from 15 the hydrogen stored in it's electrodes. Thus, there

is no lag tinme whig \é@c’fﬂoﬂgef&gntacting 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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hydrogen to be supplied fromexternal sources. Additionally, because

hydr ogen can be adsorbed and stored in the anode material of the fuel cell,
energy recapture can be achieved as well. Therefore, activiti@susHCofs
regenerative braking, etc., can be perforned without the need for an battery
external to the fuel 20 cell because any hydrogen produced by running the

e 1L e ke s MESER 1Al

Therefore, in essence, fuel ¢ s enpl oyi’ng

material s ar eseldnted fony deegtoupf§ consistial cfatte-samivigeh nithNalfoRALEELYiunT N
drawi ngs, di sci ssign,  descriptions, and exanples of this specification 25

are nerely il3{9¥6r Blanikn gilopsrandonidures mfadloye theseaf t he i nvention and are
not nmeant as limtations upon its practice. It is the appended clai ns,
including all equivalents, that define the scope of the invention. 20 4
February 2004 AMENDED CLAIMS W claim1l . A fuel cell, said fuel cell having
an anode conprising: an anode active material having hydrogen storage

capacity; said andde difid fuel oBll of tRimhRViltgein GAPROUD LY L contacting
surface, an electrolyte contacting surface, and the bulgk Sdgggé;ai d anode

active mat er iddoydias E‘dl%’ﬁlm}s&itébrgaseoys hydrogen contacting surface

surface 1o aqBave By L eBMA RS A ausor b sa d gaseous hyarogen: sai d bul k
of 521 anodaass enal aiglechrRIon: 1L A0, B4R SRl AOTPLOEdy Iy0ronen:
2ddi 1 onal Ly | noj Udee. & Sabetrmr b eonanens Pwa SRR ARI 88 7 ¢ anode
el ectrical cOHIDEtRYFEY Gnb is feeNanitoamicpeprntic BB @oIPhichEs Rickest rical |y

conductive rd f.0oa .
uctive nmgs 6‘ to 3’9 é:i[bmlc pg}cent; 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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matte, foil, plate, or expanded netal. 3. The fuel cell of claim1, wherein
said anode active material is a hydrogen storage alloy which does not

i ncl ude noble netal catalysts. 21 4 February 2004 4. The fuel cell of claim
3, wherein said hydrogen storage alloy is selected fromthe group consisting
of rare-earth/M sch netal alloys, zirconium alloys, titaniu nd

m xtures of alloys thereof. 5. The fuel cell of claim4, mhegg%hhéﬁégwﬁ
hydrogen storage alloy has the follow ng conposition: (Base All oy)

aCoblMicFedsne wherg: { NETIRATRIALIPYICATRA| § e hdreln Qi S UAATLE, REpGENL. T+ O

1 to 40 atomc ercent Zr, 0 to 60 atoni ¢ percent

percent N, dmvdertconifriseatadritast paecoaterial scRciedl RohOthe: ?ro%?oéﬂrﬁis?ﬁgc@lm; c
is 13 to 17 atomic percent; d is 0 to 3.5 atom c percent; is 0to 1.5
atoni ¢ per cerfOPPEh@ copperalinm rockel 2 bickel Pho;end.catboriThe fuel cell of claim
1, wherein said fuel cell further includes an anode which includes a

hydr ophobi ¢ conponent. 7. The fuel cell of claim6, wherein said hydrophobic
conmponent is polytetrafluoroethylene (PTFE) 8. The fuel cell of claiml,
wherein said anode additionally includes a conponent which provides for

el ectrical conductlivi t yThenfuaoeqit icfeslagh 2ph§ﬁ§&hcgﬁhyn&ggdgﬁ | g goviger
intimately mixed with said hydrogen storage material. 22 °4°February 2004 9.
The fuel cel PXB?nfgdarI%ﬁt@, Iswhamsdn from dlidtépmidlmhldly)ygmqubpet,iM;q)peiﬂqylﬁt%ﬂ
conprises at | terjal .selected fromthe group consisting of
copper, a coggggfgfﬁgéPgﬁT%%k%fﬂ ni ckel alloy, and carbon. 10. The fuel cel
of claim2, wherein said nesh, grid, foam or
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expanded netal is forned fromnickel, nickel alloy, copper, copper plated
ni ckel or a copper-nickel alloy. 23 Abstract TITLE: NOVEL ALKALI NE FUEL CELL

A fuel cell (7) which has the ability to start up instantly and can accept
recaptured energy such as that of regenerative braking by operating in

reverse as an electrolyzer. The instant startup fuel cells 41?7]%”&1%?
i ncreased efficiency and power availability (higher voltage a W P%‘ht) and
a dramatic i nprovenment in operating tenperatue range of about -20 to

150[err]C, a hown in fi re 1.
[ ] 5 S ! ' gu Abstract

TITLE: NOVEL ALKALINE FUEL CELL

A fuel cell (7) which has the ability to start up instantly and can accept recaptured energy
such as that of regenerative braking by operating in reverse as an electrolyzer. The instant
startup fuel cells (7) have increased efficiency and power availability (higher voltage and

current) and a dramatic improvement in operating temperatue range of about —20 to 150°C. as

shown in figure 1.
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