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generated at the anode. Mass balance and charge balance are preserved by the
corresponding production of ions at either the cathode or the anode and the diffusion of

20  these ions to the other electrode through an electrolyie with which the electrodes are in
contact.

A common type of fuel cell uses hydrogen as a fuel and oxygen as an oxidant.
Specifically, hydrogen is oxidized at the anode, releasing protons and electrons as shown in
equation 1:

25 (1) Hp— 28" +2¢
The protons pass through the electrolyte towards the cathode. The electrons travel from the
anode, through an electrical load and to the cathode. At the cathode, the oxygen is reduced,
combining with electrons and protons produced from the hydrogen to form water as shown
in equation 2:

30 (2) O+4H" +4e - 2H,0

Although fuel cells using hydrogen as a fuel are simple, clean and efficient, the
extreme flammability of hydrogen and the bulky high-pressure tanks necessary for storage



Al t hough fuel cells using' hydrogen as a fuel are siniple, clean and
efficient, the extrene flammbility of hydrogen and the bully

hi gh- pressure tal ks necessary for Storage WO 2004/ 012280 PCT/L200 3/000624
and transport of hydrogen mean that hydrogen powered fuel cells are
i-nappropriate for many applications. In general, storage, handling and
transport of WPPY{Pd¥’are sinpler than for gases. Thus, f[F%?Eﬂ"HOGF‘heI s have
been proposed for use in fuel cells. M8t hods have been devel o ped 5 for
converting | igradspbrief lyd@gﬁﬁweasthﬁéfqﬁ%ﬁwo"?ef?@@ﬁhSFH% %@@?Pprqpﬂat%fof B2 These

nmet hods are pQkic.sShdrPl €, requiring a fuel pre-processing stage and a

conpl ex fuel fregulation system _Fuel cells gg)at di rect L}e/ oxi.di Ze I|qU| d

fuel s are the sol'nteskb SE?r'“lgﬁlhémdBF%B‘?de‘Fﬁns@Ec giyds ?r'fﬁé‘m? fhap T Bt 'y fed
into the f Ue*rhﬁseh«!,md fElE BEE béeh gmptﬁecf foe okefinkl ek IMeﬂandseha&c)hqmda'prwl y

si npl e. Mpst co %H un%%uqs suoh s %%hagﬁqlr{’to H%EE%EI?%H }zzgeIﬁe%%etﬂo'as ErQﬁ&e types of

cells, as |tf?r§°ri"@1m avai erse sources and has a hi gh
speci fic enesigple{ 5Q2MhaAfrbrre plaesing stageand b iceraniox fuel elitioR et eed met hanol

fuel cells, the %Elh: %Odlat H]Ee z)éthhlg@h}ehﬁ m@fﬂeqmﬁﬁﬁ icthistphBleAaN ®d@use Produci ng
el ect rons, pr ot ons an car bon nonoxi d uat | on

CH3OH>CO +4Hihedfuel 15 diceetn S i Asxielerelhi “B‘ﬁ'f"lliﬂmﬂlf‘f‘?asﬁ‘q B‘Slgl?’ée ??ﬁ?ﬁrfnilvtc&c sites on
the anode. Thg, [@urmﬁ{cogﬁnoalyaﬂl&lﬁ;kﬁl Bas bSdnt &1 & aie fﬁeﬂfntﬂlib@drtypbxloﬂ@ﬂs enitiss reduced,

reduci ng power ou | ution [ ode
catal ysts!® sﬁbﬂﬁ}%ﬁﬂl‘ﬁﬂ&{@ﬁ&ﬁ%ﬁ%‘@ﬁ' ﬁ‘}%ﬁ%ﬁ "‘{]ln%‘ RLANS enerf’? gﬁz&‘%ﬂ%§eel§°3§ceptl bl e.
to CO adsor@&ﬂliﬂdﬂ) Anot her "solution is to introduce the fuel into the cell

as an "anol yte” {1 dlrerH ﬁ&’l’ﬂ&ha%l ﬁJEFéen?HxQ lnﬁ* Wil @ﬂal?ﬁgﬂﬁqgﬁlzk:d AW dngatectrol yte.

The net hanol reac e anode to produce car bon di oxi de
and hydr ogen prosimge&str@h@mm ﬁdéﬁwtm%??ﬂ%as(shﬂmmﬂumﬁ ~O>6l 1+ CO2 +6¢ In

fuel cells that use anol ytes () thg.IB@grngQ@Mgmpé the anolyte is an
i mpor t ant dem& consi deration. The anoly rmstd ,ﬂ%/e bgt h.a Fnbg
el ectricals cEatbarmPaRidy tighiy bRis the Gl Sﬁi‘fb’f‘ e @grds Theump of HATPF yel

concentratio @1‘[&3 A serer S@iatidn 10R60cad, edidgipogarcapil Yne sdion RGhibpfobiemunat el vy,

aci di ¢ anol yte are nost efficie a el.ati es,
t enper at ur eg Satf’ Wihimetr PR @Stécﬂ’ |a’f ﬁp%%ﬁﬁm%"éﬂéq%alrgé it %leﬁsgémf%h%tleg&o de.

knol yt cs Wi t ItCaads@ption,. chpther dbtich iateingodidethé ﬁleblmﬂ'ltbﬁ ceh 38 ahzpely!an 2el ectri cal
conductivity tnpféte of 1%3&1&181 wlnﬁlvgn a&feoxﬁfﬁqhﬁ'cﬁgﬂolyte The methanol reacts with water at

20 the anode to produce carbon dioxide and hydrogen ions, as shown in equation 4:
(4) CH;OH+H;0 —6H +COy +6¢
In fuel cells that use anolytes, the composition of the anolyte is an important design
consideration. The anolyte must have both a high electrical conductivity and high jonic
mobility at the Optimal-fue] concentration. Acidic solutions are most commonly used.
25  Unfortunately, acidic anolytes are most efficient at relatively high temperatures,
temperatures at which the acidity can passivate or destroy the anode. Anolytes with a pH
close 1o 7 are anode-friendly, but have an electrical conductivity that is too low for efficient
electricity generation. Consequently, most prior art direct methanol fuel cells use solid
polymer electrolyte (SPE) membranes.
30 In a cell using a SPE membrane, the cathode is exposed to oxygen in the air and is
separated from the anode by a proton exchange membrane that acts both as an electrolyte

and as a physical barrier preventing leakage from the anode compartment wherein the liquid
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20 Other organic compounds, notably higher alcohols, hydrocarbons and acetates, have
been proposed as fuels for fuel cells. See, for example, O. Savadogo and X. Yang, “The
electrooxidation of some acetals for direct hydrocarbons fuel cell applications”, Illrd
International Symposiwm on Electrocatalysis, Slovenia, 1999, p. 57, and C. Lamy et al.,
“Direct anodic oxidation of methanol, ethanol and higher alcohol§ and hydrocarbons in PEM
25 fuel cells”, Ilird International Symposium on Electrocatalysis, Slovenia, 1999, p. 95. Most
of these candidates have shown very little promise, because of low electrochemical activity,
high cost, and, in some cases, toxicity.
Inorganic water-soluble reducing agents, such as metal hydrides, hydrazine and
hydrazine derivatives also have been proposed as fuels for fuel cells. See, for example, S.
30 Lel, “The characterization of an alkaline fuel cell that uses hydrogen storage alloys”, Journal
of the Electrochemical Society vol. 149 no. 5 pp. A603-A606 (2002), J. O°M. Bockris and S.
Srinivasan, Fuel Cells: Their Electrochemisiry, MoGraw-Hill, New York, 1969, pp. 589-
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15 Mass balance and charge balance are preserved by diffusion of hydroxyl ions from the

ca’thodé to the anode via the electrolyte.

Although BHy is stable in basic solutions, it decompos«?s on contact with a catalyst
such as is present on the anode of a fuel cell, in accordance with equation 6, even when there
is no electrical load on the fuel cell. Although the hydrogen gas produced by this reaction

20 also can be oxidized at the anode, in accordance with equation 1, the half-reaction
represented by equation 7 is much more efficient, energetically, than the half-reaction
represented by the combination of equations 1 apd 6. In addition, the catalytic
decomposition of BH," at the anode tends to shorten the anode’s service life.

This problem was addressed in PCT 'Application No. W0/02/054506, which is

25  incorporated by reference for all purposes as if fully set forth herein, by adding an alcchol
such as methanol to the basic NaBH, solution. Int addition to serving as a fuel in its own
right, such an alcohol inhibits decomposition of hydride species such as BHy at the anode.
It is believed that the alcohol inhibits decomposition of hydride species at the anode by at
least one of two mechanisms. The first mechanism is that adscrption of alecohol molecules

30  to the anode catalytic sites sterically obstructs access of the hydride species to the catalytic

sites. The second mechanism is that alcohol molecules solvate the hydride species.
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where C is the measured capacity in Ampere hours, F=26.8 Ampere hours per mole is

)] Mp =

25  Faraday’s constant, =38 g/mole is the molecular weight of NaBH,, and #=8 is the number
of electrons released per BH, anion in equation 7. The results are plotted in Figure 2. s
increases with increasing initial NaBH, concentration, but not linearly. The higher the
initial NaBH, concentration, the Jess efficiently the NaBH, is used. Furthermore, when the
NaBH, content of the fuel solution exceeded about 50 grams per liter, there was Intensive

30 fuel decomposition at anode 16: This, in turn, led to active gas liberation and foam

formation, anode process pulsation and gradual destruction of anode 16. Increased initial
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15 the solvent, and (jii} a second portion of the fuel, suspended in the solvent.
The present invention is a fuel composition for fuel cells in which a first fuel is
stored in two forms. A first portion of the first fuel is stored in solution in a solvent. A
second portion of the first fuel is stored in suspension in the solvent. The effective
concentration of the first fuel is the concentration of the first fuel in solution, and this
20  concentration is kept low enough to preclude undesirable side effects such as decomposition
of the first fuel at the anode and destruction of the anode. As the dissolved first fuel is used
up, it is replaced by dissolution of the suspended first fuel. The effective mass of the first
fuel is close to the total mass of the two portions of the first fuel.
Preferably, the solvent is a polar solvent such as water. Preferably, the concentration
25 of dissolved first fuel is the saturated concentration of the first fuel in the solvent. During
the course of the operation of a fuel cell, as the dissolved first fuel is consumed, the
suspended first fuel replaces the dissolved first fuel in solution and so maintains the
dissolved portion of the first fuel at its saturated concentration.
Preferably, the first fuel is a salt whose anion is a product of a reduction half-
30  reaction, in the solvent, that has a standard reduction potential more negative than the
standard reduction potential of a hydrogen electrode in the solvent. For example, BHy, the

anion of NaBH,, is the anion produced in the reduction half-reaction (in water)



According to the present invention there is provided a nethod of generating
electricity including the steps of: (a) providing a fuel cell including a
cat hode and an anode; (b} contacting an oxidizer with the cathode; and (c)
contacting a fuel conmposition with the anode, the fuel' conposition
i-ncluding: (i) a solvent, (ii) a first portion of a fuel, dissolved in |I;
the sol vent \WAME*{#I0) a second portion of the fuel, SYIPLREURRH ¢ he
solvent. The present invention is a fuél co Qsition for fuel cells in
which a first fuel is storé&d® i AEOASH:E3qPBA& T8HEt portion of the first

fuel is StOfeg}chhas§8Lnla59d9éau¢nengoté.gmxentmats second portion of the first
fuel is stored in suif)enm on in the sol ve &L N%z%‘e%lgﬁc d}i’fN}[ﬁﬁncent ration
of the first fuelPrefes ﬁhﬁﬁféﬁéeéﬁtarhé@rldﬁﬁmgfs N n” tion, and
this 20 concgmmtwa@mm de@pl LiHoMare BOKIPH Mat pedoblidée dritldsi ¥ AbBPE.-si de

effects such _as deconpgsit el h H@@

destructi dn Bfet REE “’H%%é“ fli(‘i f“ﬁléged#?sb 3V§§£]ﬁqéstm%lkfg &s%gse 9' itis
repl aced by m}m,l NAGEDH afd KO@OB Uslpen dlexthé fydsides; Erélsalts'r‘ﬂ@see?nf‘é‘éf’?‘\?e mass of
the first fuel e FPSSo AbgaliEniiNGe PAIbAGRSCHh the fi st
fuel . Prefer émdffd r?d%cuontﬂott\?%lﬁ%stlﬁgﬁdg} polar sol vent ﬁ% eg Eﬁf\@ le% Preferably,
t he concent r atténginl of # Bydesfzergiilesgesiedrotpter og polyepia EGWE?H:'E’ e Arey

concentrati OQpegl ic goF\@nt it sitsi®host Midnkievs Sdndea tedudion pargytials ihéhatobege of the

operation of cell, as the | ve t he
suspended!¥ i i‘l’@’ta“l' ner n?ﬁ’éﬁ‘feékf’é‘éhet%&iaéqsrg‘g(ﬁl??e”ﬁ ef‘?a?é{ #&géﬁén%heEQ%%W%n and so

Mai Nt ai NS t hgopvedi. T5TneRG (R dist fuelrconfitutehiestfden sttouf 4,85 angrabout §0% aff th Heled

concentration. Pr eferab | 1 SnSdds DARRSLabaHI 9NardS a
product of a CSPERTIEYY BnVHE- Mggémferrﬁ Ihg?nﬁ Je sol vent, that has a standard

reducti on potamntzsaﬂofrﬂterﬁalmga&mm@w%% the standard reductl on potential of
a hydrogen el cct Qg ) dNEeiSohabn of BN oA TPlefion]aisolfhludes shhibohcni on of

NaBH,t, is the anion produ cedlnthereu |onh a n wat er) NV
O 2004. / 012288 expPEi nethzob 3thamboerarcl 1§ %"ES%%&%“’F@@&’% %’%F whi ch has

a standard reducdii pRrROkERE hl&JholQ:fmsﬁmfzﬂbemﬁeﬁ shoutlr. W6 edabbuy S%hef the fugk fuel is

a hydride such as, Li NEDR- 26t 194 CNBH3,
CatR, LiH, NCPIggsitigepby W%ﬁ/bé‘f“”f%“ CTFBW’LL{BW hiefp &gﬁﬂeégbef R apbitines g OB | er

preferred fi rasdutfseedfshifmt bargpesia2SREBH. mmmwww\@%@ms K S 03, K _BPCB,

K<HPQZ2, NaCOOH and” KQOOH, , Wi €000k s Pmlineohivshilafes witk ke s licBat\iieose ani ons
have standard reduction potentials in water that are nore negative than
t he standar d an@edoishd g cell.

2. The alcohol controls the solubility of the first fuel in the solvent, to ensure

that the saturated concentration of the first fuel is not too high.
3. As in WO/02/054506 with respect to NaBHs, the alcohol inhibits the
decomposition of the first fuel at the anode of the fuel cell. '

25 4. The alcohol stabilizes the suspension by being present, in the solution of the
first fuel in the solvent, in a proportion that makes the density of the solution substantially
equal to the density of the suspended portion of the first fuel, so that the suspended portion
of the first fuel neither precipitates nor floats, but remains suspended.

The scope of the present invention also includes the use of any suitable additive for

30 any of these four purposes, but alcohols are the preferred additives.

Preferably, the fuel composition of the present invention includes an additive for

stabilizing the dissolved portjon of the first fuel in the solvent. Preferably, this additive is an



potential of a hydrogen electrode in water. For solvents generally, the
preferred fuels for any specific solvent include salts whose ani ons have
standard reduction potentials in that solvent 10 that are nore negative
than the standard reduction potential of a hydrogen el ectrode in That

solvent. Preferably, the first fuel constitutes between about 0.1 % and
about 80% of Ve HEHHEEP  conprisition by meight- Most pre&fEr2aEro0%24 he fir st
fuel constitutes between about 5% an t osition by
wei ght . Opt i B¥edishep as L, AR & EHPogid 38?1 g‘f tPfe% %’ blsg aQ tl{eﬁgéﬁt&?ﬂgﬁ al so

i ncl udes an @k el i m 2 cl;ﬁceﬁtﬁahorebe&féﬁi sbontelt. hanleftiter endh@nwjlu mefedpandbst but anol ,
pentarol, hexano| ene. c l e shob@2al coho
constitutes ?I%fF'WEJ% éﬁ‘ WEOI.S%% egﬁ rg 5 ng%/é g%m?ﬁ%ﬁ%ﬁree%l‘%onpom tion by
wei ght . Nbstmaaﬁﬁﬁmabhmtsmdembncohol constltutes bet ween about 1% and

about 25%.of the f OF%} cg 98'31'2%1 QchlYa ﬁﬁ'&ﬁﬁosﬂﬁﬁ@o&bﬁﬁhﬁﬂn raRdrvias fdrour
finmctions? 1. The al €6ho a second fire ? (PX|d|zed along with the
first fuel atsefrefuelzgl ﬁﬁbél@ﬂﬁfo t?%@esF'?}éﬂ"mE’é’lec“% aTﬁ% EdErol's the
sol ubi lity ofyalRge, alhfzcﬁizn;‘elda{vaﬁve oft dinos@hie eobhydtide, matsmcedmgthate absrectsat ur at ed
concentration of the firs t.to h 95450 with
respect to I\%E?BJFMP“GP%E‘%P"C%W}YE% oﬁﬁ’is%af]%d 7 ﬁge)aspigfglcé lﬁhoes‘?%t%}l%% \é%%n?e%ggfl rst fuel
at the anodeo@rg hl@vefmez{re cBHiytirogeR catnerﬂ'ﬁlet st dieshlyd 1§tﬂ6?513$3| s Thespis s pensi on
by being pres he dosehBhe 4 diohd s@kMant, in a
proporti of tﬁ‘g’fat% tb eO?g‘l ;Ltg%l ofh %lﬁglvg%hﬁ‘fl ngn sugbs}?antgiﬁal 'y equal to
the density m@bﬁhﬁdsuspended portlon of the first fuel, so that the
suspended porti Og‘he Q:t}pct&%ef &&t inffdn MBinidaEs arl’ﬁﬂetlpﬂﬂt@dmwﬁnrthﬂ‘ﬂ!dat s, but
remai ns suspende The scope .of the RI & sent - hpgeptégﬁ é%&n& Sgges the use
of any sui t atmPoHERY ‘tfl%P‘"FSS‘F ‘“"B“t’él?rfsd‘fe HESE Y our gpur po’s | cohol s
are the prefgrredeadnlitives. Preferably, the fuel conp05|t|on of the
present invention includes an additive for stabilizing the dissolved
portion of the first fuel in the solvent. Preferably, this additive is an

NVO 2004. 012REFREBCRITIIOOBBHRDRAVINGS| i such as LiOH, NaCH or KO -1, or
a basic salt. Preletabley, is ﬁl}eﬁl RAebddl ¥ewh of @8R bll, Mvithirbferesce v ért i n a
concentration between about 0.1 nole/liter and about 1.2 nole/liter. Most

pref erably, adqmspaaﬂ@ﬁcir@"\f}@gsi‘%heﬁ’r“esent in the solvent in a concentration
bet ween about O. 2I)A‘IG. 1 is a schematic diagram of a fuel cell;

20 FIG. 2 is a plot of the effective mass of NaBH vs. initial NaBH4 concentration in a

series of prior art fuel compositions;

FIG. 3 shows plots of electrical currents and capacities of the fuel cell of FIG. 1, for

a fuel composition of the present invention vs. a prior art fuel composition.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is of a fuel composition which can be used to generate

electricity in a fuel cell. Specifically, the present invention allows a hydride fuel to be used

efficiently by a fuel cell.
The principles and operation of a fiuel composition for fuel cells according to the

30 present invention may be better understood with reference to the drawings and the

accompanying description.



nole/liter and about 5 nole/liter. Gsborg, in US 4,081, 252, teaches a fuel
conposition, for conbustion rather than for wuse in a fuel cell, that,
sifnilar to the present invention, includes a "hydrogen carrier" such as
hydrazi ne, a hydrazine derivative or an inorganic borohydride, that,

according to the abstract of the patent, may be di ssqlved s sg‘spended in
a base fuel WON'MYRE exanpl es present ed by Osborg, h&GWETEPOWHE of

hydrogen carriers that are dissolve t he se, fuel . o la
i ndi cation in CsBeREMEHORARECPIEY glimbloinhad%lg%nst(())Iﬂiflus4r tmgggﬁgrua&st;ﬁé%dl ng a

hydr ogen car gdiiefisd Hrved thanbase fidl el of Fegpreen raertibn, tWib a;fwéS@?PPSIPMnt ion al so

includes a fief cell that f LiH€dn in £AMRAHELIsON of the present
i nventi on, ag’e\ﬂﬁfef“la‘éentéonﬁlébf?lsmta&%%tgg%%}éﬁa@?ﬁg Poetri i ty using such a fuel

cel | . BRI EF DESCR &l @Np@EoT pEhORAMNGSIIuNeYas RiFeHtd Bprirainggr8PRtlescri bed,

\% way of examﬁ oPRLRt, i heh ok 6 GR Mamgks@ld @@a@mwmm@i afrngNgs,
erein:

sascherratlc di agr am of e a plot of
the effecti v@lthﬂsfsﬂgé@cl\%%%liﬂ crpye alsﬁ‘fPFIfSé?P %A@b&“ A%Pﬂéfa%(r)aﬁ‘%l 1%8% series
of prior art fiygh @aaRes NABGRPartidk Gze_@asSd’b@MElOpﬂlobl& ofl %%edtihd N@Hicur rent s
o S Pl ey bl ORI an OF (e
PREFERRED EI\/B@DIgly&l}E[Sy Tdi‘lﬁneptb@@@nt dibpesemht i[hﬁwloﬁsglﬁ?ﬁ’lail&lpﬁéﬁm’ CHEpBEE on which
can be ursed ﬁg? a?dq{OI-?LCﬁlﬁgﬁl glleﬁs bpl@g =3 aggh{éeps ﬁgq\ﬁgm gadidias, the

pr esent i uel to be used ffi ntI by a fuel
cell. The pr nm@nmlb'dsp@wd umgwrmonoﬁh%slycam# @&ers%ﬁlffb’?ﬁ‘sl Berﬁ?B gtéofl cells
according to }oﬁﬁt nfggspgﬁs%eﬂ&reﬂyrb‘{@mnhg fhe TR tidaGprdtiat them adadip steasdlywi t h

reference to't rawi ngs and the acconpanyin escrip 0041012280
PCT/ | L2003/ 08@83 lrgakaéSﬁraFﬂ A RV ﬁe‘“ﬁg mhg“"g“"’t f r%dr”‘g %m\é\f%ﬁéaddu tion

to illustrat ifgafonhibhd@hcyd e iRl radebt susghdsd I\EBHu‘esilsmiveﬂlNaBH{ reaxkl-a fuel
cell of t he pl{lee %]%Qutlca QIYrretht }Iarc())c{{llbedv‘éyt Hclatefl l’iﬁl %P%S{h& 'cgrpcsﬂ;ndmg capacity
(integrated current), were measured with fuel cell 10 fueled by this fuel composition vs. a

solution of NaBH, in 3M agueous NaOH. The concentration of dissolved NaBH, both in

the fuel composition of the present invention and in the prior art fuel solution, was 1.25M,
which is the saturation concentration of NaBH, in 3M aqueous KOH. Load 20 was fixed at

20 0.5 volts. Figure 3 shows the measured electrical currents, in milliamperes (left ordinate),
and capacities, in milliampere hours (right ordinate), as functions of time, in hours. The
curves labeled “a” are for the prior art fuel solution. The curves labeled “b” are for the fuel
composition of the present invention. The fuel composition of the present invention
provides steadier electrical current and higher capacity than the prior art fuel solution.

25 While the invention has been described with respect to a limited number of
embodiments, it will be appreciated that many variations, modifications and other

applications of the invention may be made.



the present invention substituted for the prior art fuel solution in fuel
chanber 18. A fuel conposition of the present invention was prepared by
preparing a saturated 5 solution of Na8H4 in 3Tr' M aqueous KCH and addi ng
solid powdered NaBH4 and agitating wth a nagnetic stirrer to create a
suspensi on of NaBH4 in the NaBHH saturated KOH solution. The nmean NaBH4
particle si}0200#4228hout 10 microns, and 901," of thePKEBE*'WsHticles were
smal l er than 100 m crons. The suspensiton was stabilized by the addition of
101 o gl ycerowHariscLAaMED S act as a di spersant The 10% gl ycer ol

di spersant, by giving the to NaBH}-saturated KOH solution a density of 1.12
g/cn2, also keeps the NaBih particles uniformy dispersed in suspension.
The gl ycerol di spér santfuglcempokigempReeNaBC2 reacti on product in
suspension, thereby prgyeating the reaction product fromreducing the
catalyst activity in anode 16 agd‘{gl SO @rgven.tdié} n%gr?d reacti on product
from reduci ng t he Wuel2 irgipyrtieLie PSHU S FFEE MG SYRE ™ hi tial ratio of
suspended NaBl | f t® diaseehdetioNaBkiddirsnbsl, dsptnded in sfiHeoledoct ri cal current
produced by fuel cc)) 10, as well as the correspondi ng capacity

(integrated current), were nmeasured with fuel cell 10 fueled by this fuel
conposi tion vs. a2. solThtifesh cofipastiBl of Elaim L.3wesu et SOGH0, 2 PEF
concentration_ @f dissolved NaBH4 both in the fuel conposition of the

pr esent i nvention and in the prior art fuel solution, was 1.25114, which
is the saturation concentration of NbaBH4 in 3% 1 aqueous KOH. Load 20 was
fixed at 20 0.5 valts.ThERGLRpchitHR OMin Nevhaeiasid gdhredlentis wetad currents, in
mllianperes (left ordinat(), and capacities, in mllianpere hours (right
ordinate), as functions of tine, in hours. The curves |abeled "a" are for
the prior art fueld. solTht iiehconipbeition Wf veim. I, abeties congentration of gaid fife f uel

CopOS i on Of ke, BF £ M & 0XG ML ABscefABofhiRlor composi i on of the present

i nvention pch\’n’D S5 St'@adier el ectrical current and hi gher capacity than
the prior art fuel solution. 2 Wiile thc invention has been described with

respect to a limtsed nyEBRl c@posiSRiIQARN eMifrein sad firkt|fhel fbea mppaneci at ed t hat
many variations, nodifications and other _ appli.cat.ions i nvention nmay
be Made WO 208HImEED s AHTRFT GUARID FErHG OB Y E‘%ﬁ%ﬁ_ﬁ)gﬁgf |. A fuel
Conposi ti on CeamakidSidagion phajtiabmee Invgtite; than a standard reduction potential of 2

hydrogen electrode in said solvent.

6. The fuel composition of claim 5, wherein said first fuel is selected
from the group consisting of LiAlHs;, NaBH,, LiBHj, (CH;);NHBH;, NaAlH:,
NaCNBH;, CaH,, LiH, NaH, KH, N2;8;03, Na;HPOs, Na;HPO3, K2S20;, K;HPO;,
K;HPO,, NaCOOH and KCOOH.

7. The fuel composition of claim 1, wherein said first fuel is a hydride.

8. The fuel composition of claim 7, wherein said first fuel is selected
from the group consisting of LiAlH:;, NaBH,, LiRH:, (CHa:NHBHi, NaAlH.,
NaCNBH3, CaHy, LiH, Nall and KH.

9. The fuel composition of claim 8, wherein szid first fuel is NaBH;.



(b) a first portion of a first fuel, dissolved in said solvent; and (c) a
second portion of said first fuel, suspended in said solvent. The fuel
conposition of claiml1l, wherein said solvent is a polar solvent. The fuel
conposition of claiml1l, wherein said polar solvent is water. 4. The fuel
.conposition of claim 1, wherein a concentration of said first portion of
said first WQEPM{OL2% saturated concentration thereof . POUILTNEIGPEA|
conposition of claiml, wherein saidiirst fuel is a salt, an anion
whereof is a product of a reduction half-reaction, in said solvent, that
has a - standard yedu pot ent i dard
reduction potentllg) ﬁ 1%’]'_? ?Dsmono ﬁlag%)t’ro g&?%{sg?ohﬁ?gjﬁ%eﬁsg% The fuel
conposi tion dfrst(ﬁlealsme@eem\#’oemtéih% efethelfutlj cprypostige knd ow R0t ds ¥ r om t he group
consi sting of BH4 Li BFI 4, (CH=i 3NHBH3, NaAlf . NaCNBH3,
CaH2, LiH, mT?gsﬁhfﬁy‘Lal\%ggzoeu Na2HPCB, Na2HPCR2, K SAQ, .K HPGCB,

K- HPQ2, NaCOOH and KCOOH. The fuel conposition of claiml1, V\/nerel n said
first fuel is a hydri @ﬁefu& coﬂﬁt@ltlﬁm@claﬁ@m%mm@m efondipaition 7 saidher ei n sai d
first fuel is_sel ected om {| up consj.st| f qNaBH4, Li BHL,
( CH3) 3NI | BH3, fir. I‘Mbetweﬁﬁ' lax{rB%A: f? cor?_pom on Iagabt%t 2%%%_}&1&: 1t el
conposition Qfomﬁdsﬂlbﬂb}&relgmerel n said first fuel is NaBH i _ WD 20041012280
11 PCP1L2003/000624 10. The fuel conposition of claim 1, “wherein said
second portion of said first fuel is between about 0,B". of the fuel
conposi tion and alout TBOYs! eomerfositiensot tlgiel L, EbsipoeRM&n by wei ght. 11. The
fuel conposition @f cl alebRaksh, ankiprginntais aldmsecond portion of sai d first
fuel is between about 5% of the fuel conposi tion and about 25% of the fuel
conposi tion by weight. 12. The fuel conposition of claim11, further
conprising: (d)a secomsk fudetompdiismodfvedin i1p, sherein sod vesnd fael ‘is an

alcohol.

14,  The fuel composition of claim 13, wherein said alcohol is selected
from the group consisting of methanol, ethanol, propanol, butanol, pentanol, hexanol,

ethylene glycol and glycerol.

15.  The fuel composition of claim 12, wherein said second fuel is between

about 0.1% of the fuel composition and about 50% of the fuel composition by weight.

16.  The fuel composition of claim 15, wherein said second fuel is between

about 1% of the fuel composition and about 25% of the fuel composition by weight.

17.  The fuel composition of claim 1, further comprising:

(@  an additive for controlling a solubility of said first fuel in said solvent.

18.  The fuel composition of claim 17, wherein said additive is an alcohol.



13. The fuel conposition of claim 12, wherein said second fuel is an

al cohol. 14. The fuel conposition of claim13, wherein said alcohol is
selected fromthe group consisting of nmethanol, ethanol, propanol, hutanol,
pent anol, hexanol, ethylene glycol and glycerol. 1 The fuel conposition of
claiml12, wherein said second fuel is between about 0Q.1% of the fuel
conposi ti on WM BH 50% 0 of the fuel conposition by HEB YR 16, The
fuel conposition of claim15, whereimn2said second fuel is between about 1
of the fuel conmposi.ti Ghe &rtcalpositon2GMaph 18hehde Fait gpbesis selefrdby wei ght .

17. The fuel conposition..of ' , t ORAdL SHefghol, hdkdknodn addi ti ve
for controll |f?f’6’ e@SVPu%’Pfl%tn%S{) ﬂsm’%%’det%%]’s%?@%"aﬁ(g’l in ?ai d solvent. 18. The
fuel conposi tdtyhnoflycol @d glyaTin. wherein said additive is an al cohol. %A O
2004/ 012280 19. PCT/1L2003/000624 12 The fuel conposition of claim18,
wherein said al cohol is selected fr th r.oup consi.stin met hanol ,

et hanol , propanol 20-butTan el C‘iﬂé’ﬁfﬂé%oq%?]a%iégmef& %ﬁh@?@%}gem gft%%‘l and

gl ycerin. 20.dhe 150 Ganpapbdtonnandubou 5&bi of the fuehwhraposition Wavehtadditi ve i s
between about 0.1 % of the fuel conposition and about.50(,,'[- of the fuel
conposi tion by weight. 21. The fuel conposition of claim?20, wherein said
addi tive i s between abeuiel tongpogifiont Hieslainy P, whsraFoRid 398 AR E*HBBut 25% of the
fuel composi t},on rtelsibompbtion HEREM Sy, COMPRSIckh@BIAO] bysleighm 1, fur t her
conprising an additive for “inhibiting deconposition of said first fuel at
an anode of a fuel cell. 23. The fuel conposition of claim22, wherein said
additive is an al 6pholgye 24k cIhiRsifidhedf OO Aihéranmprisinglaaiaddity8 forwher ei n sai d
al cohol is selected. fromth nsi St t hanol , ethanol,
propanol , but &kbnE ‘E?é?WPQFI‘B‘F",OE%S%{%éﬁJOEE? E %/&ear?geiﬁe ycol and glycerol . 25.
The fuel conmposition of claim?22, wherein said additive is between -about

\(/)v'eilg(;{(')[ of the fuel 25 OMPR2 iﬁ}ei C%Hlp(%ﬂgn et 22 Q%eseh sdihgiakivek atRasi tion by

24.  The fuel composition of claim 23, wherein said alcohol is selected
from the group consisting of methanol, ethanol, propancl, but_anoi, pentanol, hexanol, .

ethylene glycol and glycerol.

25.  The fuel composition of claim 22, wherein said additive is between

about 0.1% of the fuel composition and about 50% of the fuel composition by weight.

26.  The fuel composition of claim 25, wherein said additive is between

about 1% of the fuel composition and about 25% of the fuel composition by weight.

27.  The fuel composition of claim 1, further comprising:
(d) an additive for stebilizing said first portion of said first fuel in said

solvent.

28.  The fuel composition of claim 27, wherein said additive is an alkali.



The fuel conmposition of claim?25, wherein said additive is between about 1
% of the fuel conposition and about 25% of the fuel conposition by weight.
27. The fuel composition of claiml1, further conprising: (d) an additive
for stabilizing said first portion of said first fuel in said solvent. The

fuel corrp05| tion of claim27, wherein said additive is an alkali. WO
2004' 012280 WPEMIEBH03/ 000624 29. The fuel compositi AETEE208HAl6 28,
wherein said alkali is selected fromisthe group consisting of LiOI, NadO I

and KOH. 30. The tael Taefpbsmbdsiion of cladh a8 mi2i#in sakdetkeli 13 sdeted faaldi tive is a
basi ¢ sal t. ?D?amﬁ%%f?%ip%bﬁl of f clain.i 27, wherein a

concentration Ve Th Sal Solvent is betvveen about 0.1
nole/liter and about 12 nole/liter. 32. The fuel conposition of claim 31,

wherein a concentgqti aije RF 5 a;immamlaﬁﬁyﬁwhé?eﬁ@amdaame\@mmb§anbet ween about
0.2 nmole/liter and about 5 no liter. 33. The fuel conposition of claim i,

further conprising: (d) an addltlve for stabilizing said suspension. The

fuel conposition of clatm IeB@omﬁMm&ﬁ)&ifrblz&rﬁI?d aﬁkﬂelﬂ h\bencbrﬁraﬁtﬁl &l s@ghol . 35. The
fuel corrp05|t|d n af ¢ aL ¢ AB ﬁl ?g’t Caﬁot S S8 ected fromthe
group consi stiRFoP HEPHEHE ™ Et‘"ha 5', A 0O l%lmo " pent anol .
hexanol , ethylene glycol and gl ycerol. 36 The fuel corrposi tion of claim

33, wh d add fd t ot
erein said ad IdtI?é/ﬁlei SonfpbSRE Wr aﬂn%ld%e&)@rpg %; QTG% o dGLgnt to give

said solution of sai I rst t| on of sal I rst I n sal sol vent a
densi ty substaditivedp Fajd herafs We@aa@ﬁgflwleélﬁer iafow @ekdishor ti on of said
first fuel. 37. A fuel cell conprising the fuel conposition of claiml.

38. A nethod of generati el ectrl it ri sing. the steps of: (a)
providing a fuel tell %%@gﬁﬂpﬁﬁ’é{“o”a" 15‘?\;%]08’%‘3%‘“15 i"gnode; (b) contacting an
oxidizer v, ith s@)d eaiddineelor suhidizpg Jaidnsemiphi ng a fuel conposition with
sai d anode, said fuel conposition including: .

34,  The fuel composition of claim 33, wherein said additive is an alcohol.

35.  The fuel composition of claim 34, wherein said alcohol is selected .
from the group consisting of methanol, ethanol, propanol, butanol, pentanol, hexanol,

ethylene glycol and glycerol.

36.  The fuel composition of claim 33, wherein said additive is present in a
proportion sufficient 1o give said solution of said first portion of said first fuel in said
solvent a density substantially equal to a density of said second portion of said first

fuel.
37. A fuel cell comprising the fiel composition of claim 1.

38. A method of geperating electricity comprising the steps of:

(a) providing a fie] cell including a cathode and an anode;

(b)  contacting an oxidizer with said cathode; and

(©) contacting a fuel composition with said anode, said fuel composition

including:



WO 2004, 1012280 14 PCT/ 1L2003! 000624 (i} a solvent, {ii} a first portion
of a fuel, dissolved in said solvent, and a second portion of said fuel,
suspended in said solvent. 39. The nmethod of claim 38, wherein said solvent
is a polar solvent 40. The nethod of claim 39, wherein said polar solvent
is water. 41. The method of claim38, wherein a concentration of said first

portion of EXUEEP is at least initially substanti 2GR0 at ed

concentration thereof. 42. The net hod®of claim4l, wherein, as said first
poi Lion of said fuel ()s aohstnmed, said second portion of said fuel

di ssolves in said soly gﬁt asfﬂst@@msxpofqmenaaéowedﬁ@hlalsdmﬂ@aﬁtratl on at said
substantially sat urate concentration f claim 38, wherein

said fuel is a salt, diark Sﬁ‘f?n‘il/\l’%ﬁ“@ﬁfsafdsﬁ‘“ﬂasusﬁf'ﬁjg‘ﬁl&sa“gf(’?vaemr educt i on

hal f-reaction, in sal d solvent, that has a standard reduction potential

nore negative tha sﬁaandﬁ%ddoﬁr ed t| onwpsglggag% g&ar%olbéﬁgr ogen el ectrode

in said solvent. insaid first fuel is a
hydri de. The nethod of cl ai m 38, mhereln said fuel conposition further

i ncludes: (V) anyaddiyt i VGod PEitd ¥l Plckd\GiaP6RaaNGsishien of said fuel at
sai d anode. 46. TE% dllhhlcl)jd of ¢l aim Sé? V\:hie?F,‘I n said fuel conposition

further includes: (iv) an additive for stabilizing said first portion of
said fuel in Sai dagol V@Qh}ethéﬂofcﬁhﬁsﬁ umkreﬁwﬁﬁbﬁah@mfaaidmksabmiaﬁ, further

co rrp resin g : Of Sa]d %3} is at éagtlmltla]ly SuEJStanttigB/ a sélt%rla GO?]QE!HQ&USOH 81@1%913 I on.

42.  The method of claim 41, wherein, as said first portion of said fuel is
consumed, said second portion of said fuel dissolves in said solvent so as to maintain

said concentration at said snbstantially saturated concentration.

43.  The method of claim 38, wherein said fuel is a salt, an anion whercof is
a product of a reduction half-reaction, in said solvent, that has a standard reduction .
potential more negative than a standard reduction potential of a hydrogen electrode in

said solvent.

44,  The method of claim 38, wherein said first fuel is a hydride.

45,  The method of claim 38, wherein said fuel composition further
i.ncludes:

(iv)  an additive for inhibiting decomposition of said fuel at said anode.

46. The method of claim 38, wherein said fuel composition further

includes:

(iv)  an additive for stabilizing said first portion of said fuel in said solvent.

47,  The fuel composition of claim 38, further comprising:

(d)  an additive for stabilizing said suspension.



