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present invention relates to suspension fuel conpositions for ud{®8/2005
el ectrochem cal fuel cells,, a nmethod of producing electricity with the
suspension fuel conpositions, and a fuel bell using the suspension fuel
conposi ti onWorze04@enter ate el ectricity. A fuel cell i s PETH2v3O64hat converts
the energy of a chemical reaction into electricity. Anong the advantages
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travel fromthe
15 anode, the fuel is oxidized at catalytic centers to produce electrons. The electrons travel

~ from the anode to the cathode through an electrical circuit connecting the electrodes.

Simuitaneously, the oxidant is catalytically reduced at the cathode, consuming the elecirons

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 fo the other electrode through an electrolyte 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 (N H->2H +2¢
The protons pass through the electrolyte towards the cathode. The electrons travel from the
anode, through an elecirical 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 @) Oy+4H +e > 2H,0

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




anode, through an electrical load and to the cathode. At the cathode, the
oxygen is reduced, conbining with electrons and protons produced fromthe
hydrogen to formwater as shown in equation 2: (2) 02+4H ' +4e 17/,08Z@005
Al t hough fuel cells using’ hydrogen as a fuel are sinple, clean and
efficient, the extreme flammbility of hydrogen and the bul ky
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handl i ng and trans ort OF liquids are sinpler than for gases. Thus, liquid
fuel s have & WmﬁP posed for use in fuel cells. Mthods have been devel oped
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el ectrons, P 0 R eAr R 0T 0 as s quat on (3)

CH3OH) . mCOtHdab a+aabb1e ﬁo:@awbmom@udhmathugghpécyﬁcmmﬁﬂ%mmw bewsl ytic sites
on the anod ]’%e nunber of available sites for further oxi dati-on is
reduced, reducing power output. One solution to thi sxm?ﬁrobl em js to use

anode cat al yst s,In ditrshivedaneiienol fulgeHsr the mesanglis cafalytisrdly oxjgized i theaacdees s

susceptible ltoeumnggeaﬂﬁpfpﬂaiomﬂdwwabmfde,aeimmmquaﬁmuo i ntroduce the fuel
into the cefJ as an "anolyte", a mxture#{; f hanol wi th an aqueous

liquid electrolyte. The net FAnoHr it SO ter at
15 Carbon monoxide tightly binds to the catalytic sites on the anode. The number of available

sites for further oxidation is reduced, reducing power output. One solution to this problem
is to use anode catalysts, such as platinum/ruthenium alloys, which are less susceptible to
CO adsorption,. Another solution is to introduce the fuel into the cell as an “anolyte”, a
mixture of methanol with an aqueous liquid electrolyte. The methanol reacts with water at
20 the anode to produce carbon dioxide and hydrogen ions, as shown in equation 4:
(4) CH;OH+H0->6H +CO0,+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 hi_gh fonic
mobility at the optimal.ﬁlei concentration. Acidic solutions are most commonly used.
25  Unfortunately, acidic anolytes are most efficlent at relatively high temperatures,
| temperatures at which the acidity can passivate or destroy the anode. Anolytes with a pH
close to 7 are anode-friendly, but have an electrical conductivity that js too low for efficient
electricity generation. Consequently, most prior art direct methanol fuel cells use solid |
polymer elecirolyte (SPE) membranes.
30 In.a cell using a SPE membrane, the cathode is exposed to ongen- 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




20 the anode to produce carbon di oxi de and hydrogen ions, as shown in
equation 4: (4) CH3OH + RO -3 6 H + C02 + 6e In fuel cells that use
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Finally, despite having a high specific energy, methanol is rather unreactive at room
temperature, which limits the specific power output of a methano! fuel cell to about 15
milliwatts per square centimeter. _

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”, IIfrd
Dternational Symposium on Electrocatalysis, Slovenia, 1999, p. 57, and C. Lamy et al,
“Direct anodic oxidation of methanol, ethano! and higher aIcohoIs; and hydrocarbeons in PEM. -~

25 fuel cells”, Zird International Symposium on Electrocatalysis, Slovenia, 1999, p. 95. Most
of these candidates have shown very little promise, because of low elect'qchemical 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 Electrackemical Society vol. 149 no. 5 pp. A603-A606 (2002), J. O°M. Bockrisand S.-
Srinivasan, Fuel Cells: Their Electrochemistry, McGraw-Hill, New York, 1969, pp. 589-




consuned and raises issues of fuel transportation, dead wei ght and waste
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uch conmpounds have high specific energies and are highly reactive. One
such conpound is NaBH4. |n W&t erQ: &P 4di54@i ates to Na* and Bl14'. In a
neutral ;50IN#ist @RancBEHY qhﬁee Bafdnell £€Grettiveli 1§ RRQHS ofiﬁﬁlpcrxgl' 0% £ fguation 5

(5) BH +21120-aB02 +8H -
cathode to the anode via the electrolyte. )

Although BHy' is stable in basic solutions, it decomposes 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 I, the halfreaction
represented by equation 7 js much more efficient, energeticaily, than the half-reaction
reprcscﬁted by the combination of equations 1 and 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. WO/02/054506, which is
.25 incorporated by reference for all purposes as if fully set forth herein, by adding an alcohol
such as methanol to the basic NaBH; solution. In addition to serving as a fuel in 1ts own
right, such an alcohol inhibits decomposition of hydride species such as BHs™ at the anode.
1t 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 adsorption of alcohol molecules
30  to the anode catalytic sites sterically obstructs access of -the hydride specics to the catalytic

sites. The second mechanism is that alcohol molecules solvate the hydride species.




The greatest disadvantage of hydrogen-containi ng i norgani c conpounds as
fuel is their deconposition in acid and neutral solutions. For exa Ie

Bl 14- deconposes according to equation 6: (6) Bl-L'+ 21120 -* BG/O0 /2405
10 In a basic solution, BH(is oxidized at the anode according to equation
7: (7) BH4' +8011--3BAO +6H20+8e The correspondi ng reducti on of gaseous
oxygen at tWe2eMi0R&®e proceeds according to equati oRCBIL20BPGA+21120+4e
X4011' 15 Mass bal ance and charge bal ance are preserved by diffusion of
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15 chamber 18 was 15 cm®, and the area of each electrodes 14 and 16 was 4 em®. Cathode 14
was made by screen-printing 20% platinum on activated carbon on waterproof paper.
Anode 16 was made bjr screen-printing 20% platinum and 10% ruthenium on activated
carbon on hydrophilic carbon paper.
The capacity of fuel cell 10 was measured using different concentrations of NaBH,
20 in a 3.3M aqueous NaOH fuel solution in fuel chamber 18 and using a 6M aqueous KOH
_electrolyte in electrolyte chamber 12. mp the effective mass of NaBHs used, was
determined as a function of initial NaBH, concentration using Faraday’s law:

M
Fn

where C is the measured capacity in Ampere hours, F=26.8 Ampere hours per mole isr
25  Faraday’s constant, M=38 g/mole is the molecular weight of NaBHy, and #=8 is the number

of electrons released per BHy anion in equation 7. The results are plotted in Figure 2. mp

9 me =

increases with increasing initial NaBH, concentration, but not linearly. The higher the
initial NaBH,4 concentration, the Jess eﬁiciently 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 tum, led to active gas liberation and foam
' fénnation, anode process pulsation and gradual destruction of anode 16. Increased initial



Intuitively, it would be expected that capacity (neasured in Anpere hours)
of a fuel <cell that runs on hydride fuel would be a linear function of the
hydri de concentration. For exanple, the solubility of NaBH4 in13M&BHAAG05
1.25 noles per liter, and the solubility of NaBH4 in 3M NaOH is 4 noles
per liter, so the capacity of a fuel cell that runs on 3Ms NaOH saturated
w th NaBH4 wwudoekobeseexpected to be four tines that ofecamuelco@ed | that runs
on 3M KOH saturated with NaBH4. Experénentally, this is not the case.
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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 fue] 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 elestrode in the solvent. For example, BHY, the

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




NaBH4 content of the fuel solution exceeded about 50 grams per liter, there
was i ntensive 30 fuel deconposition at anode 16: This, in turn, led to
active gas |iberation and foam formation, anode process pul satiloh/@842005
gradual destruction of anode 16. Increased initial 17/08/ 2005 WO
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crossover oWONABMIR28hr ough anode 16 via the el ectrolPgTE2003086¥hode 14.
There is thus a widely recognized neet for, and it would be highly

advant ageous to have a fym) RGpesH.OrSR>BE/+80Hel cells that allows a
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nmet hod of 5 g&¥st Reefgd ﬁf%gfl!;“é% F“F'B‘?et azgzr?é'l NerHi g #63@9@;%5%3 c‘P’pr oviding a
fuel cell i rcimisl] Nﬂ:@b}@aidmdeon,nmmanmnﬁdeydnde(sbare salis trhiost mmgnsdmeoxu di zer

wi th the cathode; nt act| a fuel d anode,
the fuel' cSHpES |r’f‘1a8tf?“(7’ﬁ%?ﬂ§ tﬂﬁ?mmori’neegn? Q ﬂ§ S?ag?a}qdrfse?m%%retlon of a
fuel ; di ssolpwedaliofia h)ﬁﬁ)ged”ﬁ@cwbme’mer FanegIveits ge)nerd!mféw#ares&e{ﬁf%ﬁmbf the fuel,

suspended ' Bk soﬁglllt\{ﬁ?htdew%ﬂﬁﬁ%vé&%%ﬂe@ﬂhdn%oﬁnﬁawﬂlmﬁmﬁltlOn for
fuel cells. fuel 1s stored jnt st portion

of the fior stthaf areiore gesgtivs oy thersiardard edngion ppientiabes| |a&é4ﬁ?g°n LTBCKQAA‘% E8hd portion

of the Tirstofelprdrgabhl @)Eﬁﬂtﬂu&lc&&&lﬁ&fb‘éﬂn@ﬁdb&xthh%aﬁd)hbesﬁmo%oiﬁheﬁaffect|ve
concentration of the first. fuel e cO (ients{mttes', Qetw Ogtes‘; St fuel in
sol ution, aRPPPHie® bZO"’e(’;gthlgﬂ?P‘ii{e’ia ?‘f SEREBE PEREhSIER” £6 precl ude

undesi rabI ea&u@evﬁtﬁﬂﬁh&oﬁmmomﬂgmnposmlon of the first fuel at the

anode and destr gkl o, 8 0 5ARGtG or 48 s dhamel ednbldisia dush, | 5 used

up, it is replac® °ssolt |on o suspen first el ., The
effective rrﬁassxanfpletmehaﬁwfr sthanolf arepanmsbtéanelsec%olt hesanohreqpl e?Fa%‘%Wbe the two

portions of Lhe; fhLsky Wl sconol constitutes between about 0.1% and about 50% of the fuel
composition by weight. Most preferably, the alcohol constitutes between about 1% and

about 25% of the firel composition by weight. The alcohol serves four functions:
1. The alcohol is a second fuel that is oxidized along with the first fuel at the

20 anode of the fuel 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 NaBHj, 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 mcludes 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 addjtwe for

stabilizing the dissolved portion of the first foel in the solvent. Preferably, this additive is an




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 operatilol/@8/2005
fuel cell, as the dissolved first fuel is consumed, the suspended first
fuel replaces the dissolved first fuel in solution and so maintains the

di ssol ved pWP2PMAI2EHP the first fuel at its saturatedPﬁﬂﬁé@ﬁ@WGﬁion
Preferably, the first fuel is a salt $whose _anion is product of a

reducti on hakfli sagpasIdQiE+ NGk °f|Kﬁ’Ht P2 bagip Alin Prefopahly thﬁégd“&’eéstpé‘?‘?ﬁ’éi”d reducti on
potential NMYEQREERLd dRcchiriBn bhiften Mo WRMBleAiRE Alaboud 1 ablefiter. Mosof a

hydrogen el ectrode_ in e sol vent i of NaBH4,
i s the ani oﬁrcf?F"Bléiu@Echb‘Fvet Rt in b Bﬂveﬂgﬁnpfcggegg stign t:évﬁenm%@gro)%nlw 08/ 2005
WO 2004/ 012 28B/1iRCAd kb0 BLBOB624 7 (10) HBOB+5H20+8e- *BHA7+801f whi ch has
a standard redu fagf st fuel is
a hydrldé such g%&{%ﬂfﬁﬁgﬂ%gﬁhxgkfkgﬁ%°&%%%@F E%@%gﬁ&ﬁkégﬁﬁ%mﬂﬂ’ CNBH3,
CaH2, Lil - pselintfueloelkhat, pfpdar tqih@fr@mibww% fsiufgspShydfogealcarier” RiSBRY. 5 Ot her
preferred fhrdﬁzmé,u% éaﬁneqémemaaa% W&éﬂ&%ﬁ@émﬂf&ﬁm K2HPCB,

Hl ) f:

K2HPO2, Na and~ which, ik saIHs whose ani ons
have st and&?@ﬁ%ﬁ‘ﬁ@rﬁ“ﬁﬂ'ﬁ%ﬁ'ﬁuﬁﬁe’?e eg}ﬂgm Prgsﬁ%dggtl ve than

t he st andar dsbofntichd ere miyeagen drriend tha altydikeaiepd iin the bt fuelkl Them iswat er . For

sol vents _gen

Sl s wBocPaRTEnE s CrRAR kit e PRF B AR RTT T 107

that are nothebaefelt i ve than the standard reductlon potentlal of a hydrogen

el ectrode in th scép%l Ereseﬁr oﬁ‘%mcﬂld@?a flef 3H ﬂifaﬁﬁffuclﬁd)ﬂst;ﬁé ﬁlb!t eS bet ween
about 0.1% and about conposition hy we

pr ef er abl y, copiesition 0§ ﬂwaEPé‘Fm @WB% P%W@b”t?e‘?’%%@r? éﬁ[&fﬁf‘ﬂ%@?ﬁ%@f “Sa’éout 25% of
the fuel cogmpskdican by weight. .Optionally, the fuel conposition of the
present invention also includes an al cohol, 15 for exanpl e nethanol,

et hanol ,’*propanol, butanol, pentanol, hexanol, et hyl ene gl ycol or

gl ycerol . HHHEEDaﬂmmmrmmﬁaEmHmeﬁwmmmEtitutes bet ween about 0. 1% and about
50% of the fue

The inventior.; is herein described, by way of example only, with reference to the
accompanying drawings, wherein: )
FIG. 1 is a schematic diagram of a fuel cell;
20 FIG. 2 is a plot of the effective mass of NaBHj vs. initial NaBFH, concentration in a

series of prior art fuel compositions;
FIG. 3 shows plots of elecirical 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 fiel cell. Specifically, the present invention allows a hydride fuel to be used

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

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

accompanying description.




conposition by weight. Mst preferably, the al cohol constitutes between
about 1% and about 25% of the fuel conposition by weight. The al cohol
serves four functions: 1. The alcohol is a second fuel that is dxi0084@2005
along with the first fuel at the 20 anode of the fuel cell. 2. The al cohol
controls the solubility of the first fuel in the solvent, to ensure that

t he sat urat 3@ 28UAEHWt rati on of the first fuel is not PECHE203HM6243. As in

WO' 02/ 054506 with respect to NaBH4, tRe al cohol inhibits the deconposition
of the first fueReterning hev tarbscrissviiesfigre L) addisipy to ustrafing FRECTSH G o
stabilizes thg SYSBRIE MARYa BB B0 HHE @s@ﬁtanvbﬂhoﬁ,h@th%%dﬂ&dn@ﬂs@fno&‘he first

fuel in the solvent, in a proportion that makes L.ty of the solution
subst ant i al ItpeP"%‘ﬁ‘ti&]["e@&“%“Wé@fé??é@??“%ﬁ“@’ﬁ'éd%@&’%g&m&f 8i on of the first

fuel, so that thg redls@Reodes of &k pregddt in@dtidnheas fpfepddd Hyyedparingiatshiemtepr eci pi t at es

nor fl oats ende cop ntion al so
i ncl udes 1 hewﬁg‘g' %;Eéﬂ?méﬁf%aﬁus gggcfm ?I vee Pogaere% }ParB%fsg'{hhése ?our
pur poses, butithad m@aﬁesstmmotdreterﬂr@m:ismcbféﬁam in/&e Naﬁieﬁfa@raﬁﬁll@ﬂt he fuel

composi tion nﬂ&%}hf}%ﬁ%& 'siQQwﬁ%MqG%n&&saﬂﬁ'@b%‘é?ﬂfe@faBH?t abi | i zi ng

sButidul
t he di ssol ve port| on rst fuel inthe solvent. Preferably, this
additive is P&WCW%MIGI@QSQP arpns. | Bie Gupersionswa sibilizerl by fie addifiog 06 | j oH,

NaCH or KOH, 109l glRerBias viubiédo tact 2Bk BtERfsad) 'Yhe mw g@c@ddﬁsfam‘ﬁg b}Sg;ﬁmaent in the
solvent in a concentra}é(?}gnlbet ween aggr{ glo e/l &F‘%% alatplout 12

mol e/ 1i t & . NoBSsanpeds FigHon @ density, gtyf-{7 &fam’s alsq feans g tHe°Sol vent in a
concent r at i aRifdyalywepdsed ouidper3ior. Theodheérbl dxmrsmmlsoaib&pﬂthe?a\laﬁﬁi widipt'er. 5
Gsborg, in US4, 081 25ﬁgm Tqﬁg,lyf né{ﬁgt &fg %ﬁﬁcﬁh— reduQbe GOBRMRL 1 ON 1 at her

than for use ih a to t epresent I nvention,
i ncl udes a ‘attiydy dyenvde 36 rideplto yﬁ‘tﬁhtﬂusthe epetion pradect fepmhiedyeingi the figkr i vat i ve or

an inorgani g mg&%&ehge,mé [t o0 61060 NEHt NP aiRBRL RASH, WAl 18he patent
may be di ssone suspended in a base fu Al the exanpl eswpresent ed by

Csbor g, Homﬂ%ﬁle"t%ﬁabcwwflﬁ‘??@é’ﬁ faed oplf &9 sast"Y?é{tasé'i'e °°6‘F'°§’§1351I“\$e‘31’3° the base
fuel . Ther e Gh e cuftert)) Her6 Bleds@d iwith SBIGN Y0 Aikled by thistidl bdmpotitonbelar di ssol ving

and sus pend| cﬂ&on op 1%53]—891? qac?'nre&{s %aOhn 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 safuration 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 fhel

' 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 base fuel. The scope of the present invention also includes a fuel cell
that is fueled by the fuel conposition of the present invention, as well
as a method of generating electricity using such a fuel cell. 157/HRBER005
DESCRI PTI ON OF THE DRAW NGS The invention is herein described, by way of
exanple only, with reference to the acconpanyi ng draw ngs, wherein: FIG |
is a schematic diagramof a fuel cell; 20 FIG 2 is a plot of the effective
mass of ReBlCMéms:i nitial NaBH4 concentration in a series of prior art
fuel conpositions; FIG 3 shows plots of electrical currents and capacities
of the fuel cell of FIG 1, for a fuel conposition of the present
invention vs.ja prA el 3bhpbsiedn opiRiRfigt | on. 25 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The present invention is of a fuel conposition which can be
used to gener@i\g aetj}? H.i city in a fuel cell. Specifically, the present

i nvention all a nydrr’de fuel to be used efficiently by a fuel cell. The

princi pl es ang. operation .of fuel. conposi t,i.on for,.fuel cell ording to
the 30 prese(gl irﬂ/@ﬁtmoﬁﬁgatﬁg‘%‘?ﬁtg{% W@éﬁé&&l‘{ﬁlgﬁcrog?%‘%gﬁ%g to the
drawi ngs and the acconpanying description, 17/08/ 2005 17/08/2Q005 WO

2004/ 012280 PCT/ | lofGaid/ rsOporion OfR@ﬂLﬁiﬁ‘ frg! heing taosatyrated cappsRgalions; gure 1,
in addition to illustrating a prior art fuel cell, also serves to
illustrate a fuel tleeddf, sdidtfivet firckdein seloctad: from, thei grloup dounsistingoaPosi ti on of
the present invention substituted for the.prior art fuel solution in fuel

chanber 18. A fueNaE%@,Oth, Qfa, 1IPO,, I,S5ON K HPGBRN KL, HROWEN2000pRr ed by

preparing a saturate
and KCOOH; and

(¢)  asecond portion of said first fuel, sﬁspended in said solvent.

2. The fuel composition of claim 1, wherein said solvent is a polar
solvent.

3. The fuel composition of claim 1, wherein said polar solvent is water.

4. The fuel composition of claim 1, wherein said second portion of said

first fuel is between about 0.1% of the fuel composition and about 80% of the fuel

composition by weight.

5. The fuel composition of claini 4, wherein said second portion of said
first fuel is between about 5% of the fuel composition and about 25% of the fuel

composition by weight.

6. The fuel composition of claim 1, further comprising:
(d) asecond fuel, dissolved in said solvent.

10




5 solution of NaBH4 in 3M aqueous KOH and adding solid powdered NaBH4 and
agitating wth a magnetic stirrer ~to create a suspension of NaBH4 in the
NaBH4- saturated KOH sol ution. The mean NaBH4 particle size. wad &h@8¢ 2005
m crons, and 90% of the NaBH4 particles were smaller than 100 m crons. The
suspensi on was stabilized by the addition of 10% glycerol by volunme to act
as a dispersant The 10% gl ycerol dispersant, by giving the 10

NaBH4-sat urated KOH solution a density of 1.12 g/cnR, also keeps the NaBH4
particles wuniformy di s[)er sed in suspen5| on. The glycerol dispersant also
keeps the NaBQR reddei fhel copposition of relajns fedicssin seidesespyd fpadvisnt ng t he
reaction product fromreducing the catalyst activity in anode 16 and al so
preventi ngcohbe reaction product fromreducing the fuel utilization
efficiency. The initial ratio of suspended NaBH4 to di ssol ved NaBH4 was
1:1. 15 The electrical current produced by fuel cell 10, as well as the
correspondi ng capacity (integrated current), were neasured with fuel cell

10 fuel ed by this ! Qnposi.ti 0 Q aqueous
NaOH. The conlentr 8‘???8?%3?3&0& eé%glﬁeﬁ%#%&g%&%ﬂmsue tE%lgrgr%%m tion of
the present invention and in th pr| or art f sol ution, 5M  which
is the stheugm®upgonsistieg of rmethane ? thagobpropan Mbgeé%d%enﬁﬁ’wl eB%RfiZO was
fixed at 20 0.5 volts. Figure 3 shovvs the neasured el ectrical currents, in
m | | i anpethgleng glyteol apdgilyvatod), and capacities, in millianpere 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

conposi tion of the present i nvention. -The fuel conposition of the present

invention prgvi dephes ﬁioﬁeﬁdlﬁﬁs%e&eﬂtsma@éoéudgmerm%a@&ht y than
the prior art fuel ut| 25 While the invention has been described with
respect d nber gta)gw ed that
many varaftbgﬁa%km/ Oftﬁg |°c°a Sfrgémé‘fﬁ 0 trgﬁﬁ)’tﬁ'zfpp |cyfdd6% F&\t/entl on may

be made. 17/08/2005 In the Cains: 1. A fuel corrp05|t|on corrpr|5| ng: (a) a
solvent; (b) a first portion of a first fuel, dissolved in said solvent, a

concentration of said first portion_of said_ first fuel being a sat ur at ed
concentrati od0.  The fuel composmon of claim 9, wherein said second fuel is between

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

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

(d)  anadditive for controlling a solubility of said first fuel in said solvent.
12.  The fuel composition of claim 11, wherein said additive is an alcohol.

13.  The fuel composition of claim 12, wherein said alcohol is selected
from the group consisting of methanol, ethanol, propanol, butanol, pentanol, hexanol,

' ethyiene glycol and glycerin.

14.  The fuel composition of claim 11, wherein said additive is between

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

11




t hereof,” said first fuel being selected fromthe group consisting of
Na2S203, Na2HPO3, Na2HPQ2, K2S203, K2HPO3, K2HP(2, NaCOOH and KCOOH and
(c) a second. portion of said first fuel, suspended in said sol éhf(8Z20Mhe
fuel conposition of claim1l1l, wherein said solvent is a polar solvent. 3.
The fuel conposition of claim1, wherein said polar solvent is water. 4.

The fuel conpqgsiti. f .claim], erein sald second portion of said first
f uel is bet vvegg %ﬁ?%ﬂ WSIP%VXE blpetsrain gpid a‘cﬁfghta@datbemof t he
fuel sition by weight. 5. The fuel conposition of claim4, wherein
sai d secé tﬂ%@ﬁbﬂﬁlﬁ CfsmcdltlohlanétabdeIS%d‘ﬂmﬁwbmmp@bmunbﬁ%eaghtt he fuel
conposi tion and about 25% of the fuel conposition by weight. 6. The fuel

conposition of claim1l, further conprising: (d) a second fuel, dissolved
in said solvent. 10 17/ 08/ 2005 7. The fuel conposition of claim6, wherein

sai d second fygl i eﬁh@g@m of T L bro O BARHLR Wy agfhl 1 T, wherein

sai d al cohol 1Is sel ected e group’consi st anol ;" et hanol ,

pr opanol : ol and glycerol. 9. The
fuel r%%‘?’ﬁ‘q%o%c%l?lg%ﬁﬂ%ﬂ f’ld%ﬁ?‘ﬁ@ﬁf&?@%@‘faﬁ&?ﬁé& i s between about 0.1
% of the fuel conposition and about 50% of the fuel conposition by weight.
10. The fuel conposition of claim9, wherein said second fuel is between
about 1% of the fuel conposition and about 25% of the fuel conposition by
wei ght. 11. e f (Jék fiedopropositicorofadaiml 6, whareirf said ddditivedss alsolwd. (d) an
additive for controlling a solubility of said first fuel in said solvent
12." The fuel conposition of claim1l, wherein said additive is an al cohol.

18.  The fuel composition of claim 17, wherein said aicohol is selected
from the group consisting of methanol, ethanol, propanol, butanol, pentanol, hexanol,

ethylene glycol and glycerol.

19.  The fuel composition of claim 16, wherein said additive is between

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

20.  The fuel composition of claim 19, wherein said additive is between

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

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

(d)  an additive for stabilizing said first portion of said first fuel in said

-

solvent.

22, The fuel composition of claim 21, wherein said additive is an alkali.

12




13. The fuel conposition of claim12, wherein said alcohol is selected
fromthe group consisting of nethanol, ethanol, propanol, butanol,

pent anol, hexanol, ethylene glycol and glycerin. 14. The fuel ddhff)@l/fZiQﬂﬁ
of claim 11, wherein said additive is between about 0.1% of the fuel
conposi ti on and about 50% of the fuel conposition by weight. 11 17/08/2005

15. The f uel CHPO i 3 %@r ﬁﬂﬂ# i ween
about 1% of theé fu:{ht c@%pcgtsqp%#@hﬁngﬁél a og’t%{v}g}ﬁ%‘%ﬂt e E%ﬂganpﬁlgg%tl on by
weight. 1 The fuel. ti o m 1, further corrprl sing an additive
for innhi ?ﬁoﬁﬁ gﬁﬁ%ﬁ%@" gqaf':lrst fuel at an anode of a fuel
cell. 17. The fuel conposition of claim 16, wherein said additive is an

al cohol . 18. The fuel conposition of claim 17, wherein said alcohol is

selected fromthe group consisting of nethanol, ethanol, propanol,

but anol , pent ad4ol , ThekrhedmpositionydfehemPly whdreiandidgidditivedd a bdsic safine f uel
conposition of claim 16, wherein said additive is between about 0.1% of the
fuel conposition and about 50% of the fuel conposition by weight. 20. The
fuel conposition of cl ai m 19, wherein said addi tive is between about 1% of

t he fuel Conpos iti about .25%.0f .t h conpositio ght. 21.
The fuel conpGs |t| c*&ipﬁ?ﬁ‘m %ﬂr“\lkﬁa'ﬁko ?rF i gpn?egg_r ‘g?{l§8§%|fil ve for
stabilizi said first tion fi i n.said solvent. 22. The
fuel - @%@W%ﬁméﬁola%% mﬁ@%ﬁ ragleitc &ﬁ@%lzgl%lﬁsrkm i 12

17/ 08/ 2005 23. The fuel corrp05| tion of claim22, wherein said alkali is
sel ected fromthe group consisting of LiOH NaOH and KOH 24. The fuel

conposition of claim?2l1l, wherein said additive is a basic salt. 25. The
fuel conposit26on dfhecfual tempositidiebfichira 25 wiendin &l convenfration of said

additive in said solvent is between about 0.2 mole/liter and about 5 mole/liter.

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

(d)  anadditive for stabilizing said suspension.
28.  The fuel composition of claim 27, wherein said additive is an alcohol.

29.  The fuel composition of claim 28, wherein said alcohol is selected
from the group consisting of methanol, ethanol, propanol, butanol, pentanol, hexanol,

ethylene glycdl and glycerol.

30.  The fuel composition of claim 27, wherein said additive is present in a
proportion sufficient to 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.

13




additive in said solvent is between about 0.1 nole/liter and about 12
nole/liter. 26. The fuel conposition of claim?25, wherein a concentration
of said additive in said solvent is between about 0.2 nole/literl BhABAIRAA5
5 nmole/liter. 27. The fuel conmposition of claim1, further conprising: (d)
an additive for stabilizing said suspension. 28. The fuel conposition of

claim 27, wherdin gafidl efidiohipRingShéfepd ition 8Pelailig. f uel conposition of
claim 28, wherein said alcohol is selecte fromthe group consisting of
met hanol , et hanol, propanol, butanol, pentanol, hexanol, ethylene glycol
and glycerol. 30. The fuel conposition of claim27, wherein said additive
is present in propartion .sufficient to give said solution of said first
portion of sa?g;fi ghqﬂﬂpoﬁﬁogﬁgﬁpn§%&vent a density substantially equal
to a density of said second portion of said first fuel. 13 17/08/2005 31.
A fuel cell c@priasaddgenthe fuel conposition of claim1. 32. A fuel
conposition conprising: (a) a solvent; (b) a first portion of a first
fuel, dissol vl i na fisst dosioh\ofnatfirstafuely divsslvedoin said @flvengi alcdnicegtatipar ti on of
said first fuel being a saturated concentration thereof; (c) a second

portion of saidf Id’f%ldfﬁﬁ{@mwwwﬁﬁ;bg‘g?q Yhhieddcéibatioh addi tive

for controlling a sol ubili of said first in sald solvent 33. The
fuel conposition @f..gl@i m32, wherein said first fuel is a salt, an anion
whereof is a producei of a reduction half-reaction, in said solvent, that

has a standard reducti,on potent, re negative than a stgndard reduction
potential of & hﬁ&?‘ﬁ’&gﬁogf rs?)‘gzil‘?t;g"sla? P@E’rﬁm‘gﬁpg"eﬂ%anguel conposi tion
of claim33, wherein said first fuel is selected fromthe group consisting
of Li Al H4, N&BH4, an pdsidve foorpyteniumg-msolubiliyiof said first fuel in said solvent.

33.  The fuel composition of claim 32, wherein said first fuel is a salt, an
anion %ermf is a prodlict 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.

34.  The fuel composition of claim 33, wherein said first fuel is selected
from the group consisting of LiAlH,, NaBH,, LiBH,, (CH;);sNHBH;, NaAlH,,
NaCNBHg, Ca.Hz, LiH, NaH, KH, Na23203, N32HP03, NazHPO;g, KzSg_Og, KzHPOa,

. KoHPO,, NaCOOH and KCOOH.

35. A fuel composition comprising:

(&  asolvent;

(b)  a first portion of a first fuel, dissolved in said solvent, a concentration
of said first portion of said first fuel being a satm'ated concentration

thereof;

14




NaCNBH3, CaH2, Lii, NaH KH, Na2S203, Na2BPC3, Na2HPQ2, K2S2(03, K2HPGB,
K2HPQ2, NaCOOH and KCOOH. 35. A fuel conposition conprising: (a)_a
solvent; (b) a first portion of a first fuel, dissolved in saidlsbf48A20Q5
concentration of said first portion of said first fuel being a saturated
concentration thereof; 14 17/08/ 2005 (c) a second portion of said first
fuel, suspend in } : ( Ftive, for [nhibiting
deconposi ti onqg)f S;ﬁéﬁdﬁ%%ﬁ’ﬁﬁeflsaig?ﬂ%ﬁ%{h%%&gg&}nasa%dus VeEL!IaP. 36. The fuel
a.salt, an_ anion

conposi tion of ¢l ai . erei.n.said first fuel |

whereof is a crl)gduc a%ﬁ“%%éb‘ﬁ’&‘?%@?ﬁﬁ’”‘@%?fﬁﬂé %Shﬂ@h‘i“énﬁﬂf‘@ﬁ, t hat
has a standard redyction potential nore negative than a standard reduction
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conposition of claim 36, wherein said first fuel is selected fromthe-
group consisting of Li AlH4, NaBH4, LiBH4, (CH3)3NHBH3, NaAl H4, NaCNBH3,
CaH2, LiH NaH, KH Na2S203, Na2HPO3, Na2HPO2, K2S203, K2HPQO3, KZHPQ2,

NaCOOH and KQ@EOH. e fuel composition of claim 35, wherein said first fuel is a salt, an

anion whereof 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,

37.  The fuel composition of claim 36, wherein said first fuel is selected
from the group consisting of LiAlH,, NaBH,, LiBH, (CH3);NHBH;, NaA]Ih,
NaCNBH;, Cal, LiH, NaH, KH, Na;$,03, Na,HPO3, Na;HPO,, K#5;0;, K;HPO;,
K;HPO,, NaCOOH and KCOOH.
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