WD 02/ 054506 PCTI US02/ 00140 nll JUL 2005 LIQUI D FUEL COVPCSI TI F@
e 2003
5

+ ELECTROCHEM CAL FUEL CELLS 9 FI ELD AND BACKGROUND OF THE | NVENTI
present invention relates to |iquid fuel conpositions for use in

el ect r ochem GajyiHUBES €dMPOSITIENBEORELHQIROGCHEMICA: FUELGEMS h the fuel
~+conpositions, and a fuel cell using the fuel conpositions to generate :

electricity. Afuel. cell is a device that converts the energy of a chem cal
reaction into el ectrici agoYels tR&AeMang ages that fuel cells have
-Qver ot her=se = é 5 !ks! IE are high efficiency and .

environment al i epakifiesSendéd heugh fodiqed! fusl aroepBitionsr Easisgliy gai ni ng’
acceptance as electrical power sources, there_are technical &ﬁiffi (iul ties
‘t-hat psevehctrottemisade Spt eadlsuse oethpdep! qapducing, defiychplitatbeod® A f uel

cell produces el.ectrici by, bri ngi fuelk.. b dfRlcdp cont act

with a catCSW’t"?”éo%?nﬁ'b‘ga %H"_eil ‘bsé’fgra} ‘f/?ﬁ% ég%%’# (ﬁsgg%? q? gg%egéét%a i ve_Fny.@V\hen in
contact with theg, anof6s AtfiGidkUsh donvedd dleydricsdl by aahetiicddeation Mgo -
catal yst, producing electrons and 15 protons. The el ectrons travel fromthe

anode t o tehetreiyhosteng teughamages et fedl celis have orer ethefcrEss ebelsdbtlen t he

el ectrodes. The protons pass. through an el ectrol yte, t: i bgat.h the

‘anode and ep¢iEY @&t htﬂeeféﬁ@n?m%‘gﬁ?‘éf quﬁ‘%ﬁf‘aﬂg‘%%@% %‘%(la] %‘Eﬁl g%}ﬁqt 8%5

catal ytically redu - at Spgsddieese | iBeer aasteaddcdihe © -
A T

proto 0 A common type of fuel cell uses
hydr ogen asiadulfieetha Oxygendasrax wx biifmt cells Spawny ppplidalionsydr ogen i s
oxi di zed at the anode, rel easing protons and eé”%f%]%ns as

equation-1: (1) el sopscgigceszge @pPHPLIRER s a@ﬁ:{g}@@?@%@}%ﬁqyt e
ol ect 11 caM PR e AP Bde A BB ey e cod.
combi ni ng ,¥iden (B! @61 BNGtAATtaRY WxRligedbpdhie edialysgnprobecing ddotrens taedf or m
15  protons. The électrons iravel from the anode to the cathode through an electrical .
circuit connected betweenr the electrodes. The protons pass thropgh an electrolyte with
which both the anode and the cathode are in contact. Simu}taﬁeousiy, the oxidant is
catalytically reduced at the cathode, consuming the electrons and the protons
: <generated at the aﬁdde.

20 " 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 elecirons as

shown in equation’1:

(1) H;—»2H +2¢

25
The protons pass through an electrolyte towards the cathode. The electrons travel from
the anode, through an electrical load o the cathode. At the cathode, the oxygen 1S
reduced, combining with electrons and protons produced from the hydrogen to form
= water as shown n equation 2:
30 |

@) %0,+2H 2 > H0



WO 02/054506 ) PCTE/USHLZO0140

wat er as shown in equation 2: 30 (2) (err)2+2H++2e-~(err) H20 V\%ﬁ%/ﬁﬁ_ﬁ%
+PCT/ US02/ 00140 1i1 JUL 2005 2 Although fuel cells using hydrogen a 1ue
are sinple, clean and efficient the extrene flammbility and the bul ky

hi gh- pressure tanks necessary for storage and transport of hydrogen nean

“appl i oati one. | ANEIEBALE! cellngsE BIAGEST REMIE 15 SHAEe: PHLBEE BT Phui ds i s
sinpler th Ot el e $6&0sthiQbe UnG 1 N
Puer ooy | clelle ndAREE T NP he 9%"'&&’%%‘2 %%?"‘3%‘?&?‘%‘%@%%% quid fuel's such

as net hanoirarispéro o g aRGeN.mda tBatt kydrdgmspowered Hfod scedls exrn atappiapphie, for
requiring a fuel pre-processing stage and a conplex fuel { 10 regulation ‘
syst em5 Fueknarpheatianst. directly oxidize liquid fuels are the solution for -

this probl em eﬁi %neégﬁai,htiggs%ogéé%@;?%ﬂﬂyﬁf éé@ég%@ob&t?li%ﬁ@é tiéjlﬁlmﬁ}é"l than &¥ Ir eﬁgs

l'i quid-feed fu ommonly,” nmet hano

been used @Sed Maud Hgkidifels ReaehdeyRRopatd fal dss in dsel dells.iMethbdalmvedean| abl e
from diverse sources and has a high specific ene_rrgy (5025 15, kg). In -
di r ect - f eedtvaloptrhfigiconvating dlbid, fuels supl ah BI§E12DPE MEQ DRARPEEH P S{f-oXIeEF zed at

GBOH 5 PO P PPIED e BR nBR IR Er BT e B TRHEREET oyt b
educell oA BGTSSIL Ut put. e sol Ui on S - to use anode catalyste
whi ch are | ess Fsubcaptihbl dirdcdy CQidiges Gpidi foels aseithe sduippmfdrribim aroblemt heni um
:lnl }Péﬁb,| if%rﬁ:réottgp f("aurel issodlirlé&:{h? ?edqgt% g in E:gl,id?rtegtqgql{l?c?-féelaefugluceeils iarrétg%nérgfy C?' | as

o simple. Most commonly, methanol has been used as the fuel in these types of cells, as

it is cheap, available from diverse sources and has a high specific energy (5025

15 Whike). : |
In direct-feed mefhano] fuel cells, the methanol is catai_ytically oxidized at the

anode producing electrons, protons and carbon monoxide, equation 3:

(3) | CH;OH > CO+4H +4¢
20
Carbon monoxide tightly binds to the catalytic sites on the anode. The number of
available sites for further oxidation js reduced; reducing power output. One solution is
) to use anode catalysts which are less susceptible to CO adsorption, such as platinum /

ruthenium alioys.

25 Another solution has been to introduce the fuel into the cell as an “anolyte”, a
mixture of methanol with an aqueous lquid electrolyte. The methanol reacts with

water at the anode to produce carbon dioxide and hydrogen ions, equation 4:

4 CH;OH+H,0-> 6 H" + CO; + 6¢

30
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
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m xture of nethanol with an aqueous liquid electrolyte. The net hanpl rjﬂe&ctzgsulj
'Wth water at the anodeé to produce caBbon di oxi de and hydrogen |ons
equation 4;. (4) CH3OHH20O - >6H+CO2+6e- 30 In fuel cells that use anol ytes, -
t he corrpos'iﬂgh dﬁnltafmph@%ﬁbltyq opiimah Ausl percenirtiong AR FEREsSICaliosh. The

“anol yte I i 4206
PCT/ usoz?u‘g’i‘}fgﬁﬁ ?9& Bﬂ‘%ﬁg@dﬁ &h&{; Sﬁ ‘3%0%9 ?'?&Si \é@cx?’ﬁn‘aq IX%;% L

_concent r attedperaledsglegnpRMhngs @Bwlatlemmsidn@mm!)kié esh péﬂ@i‘\@fetdﬂ daselyy ,
acidic anolytes are nost efficient at relatively high tenperatures, -

t enper at urlég aggdenhiediytenavidcs éHt%lOS@fIOt%@T ezmots-fizendhn hyhdevs an elegiricalest r oy

. t he anade. t.e anode-friendl ut _have an

ol ot 1 Poai BORGHT b Jof bhet SR Eishl piSofely MeReRubL EoBriep Yo

gener at i orpriofangRatentihabol KRS bellshisé gmdqfdlyrﬁérree@dtmws&é t@@lmémian@sel |'s use
solid polyner electrolyte (SPE) nmenbranes. In a cell using SPE menbrane,

t he cathode is @m@%@@lng&’@@gnbranm thehenthrde inerposed sexpgentethefatromdt he

anode by a prot rane .t hat ,acts bot,h as .,an el.ectrol te and -
000 s BhRM AR ARIGE e P@é%@é IPP%W%b T T

wher ei n t Reclrbgid fHhaanod ;){Ey%ic'aﬁbzﬁﬁ&t %Exﬁﬂfc &ﬁa@e&hgaruﬁaﬁ as a
fuel cell solid electrolyteis a erf u roca bon materi al

DuPontitde Whiermuths lofuid Midlyte ngtntaiid. ﬁlmelenemlbrenet tadewabkustilag ad‘ue]"ceﬂuel ,
and | onger oper ating

cells usin nbranes have a higher r depsjt

lifetimes %@f}aﬁﬁﬂﬁds @tWFéﬂ“%[ﬁ%ﬁfW‘me%éh Solé Y| g Nt defemeng ot spe
menbr ane I e f IPQQ% di f fuse
t hriough tfk\lﬁg%n]e%%%]é[zgenﬂﬁ tgé {rrg(geﬁ E}E qﬁr}ﬁféz ) Sln(s?é I’S]?);? ’H‘YEIE [ zeJ] R?90
generation hrgﬂzee;bce@drrdleﬁszty)anbU6nge50ﬂ>saatngtiife@mg:hccﬁﬂmedl & dther: anblytebiaed i on, if’

t hee. nethanol corres in contact with the cat-hode, a "short-circuit" occurs
as the neffEnEme diss tﬁataﬁez%%ﬁ memézs%ney hcalisehaysiaisere froge Hsr tspdengy REat

st 038 OleBhAANO Wi iy EHER BE e U8RE 0 NP GIAABY iy o2t hode

cat al yst an he” oxi ol'soni ng "or cat e sSintering
of t en occfor sgendtagonli Jff asmﬁaztjar@bhenwmm@m@%omnmsllﬂga(mmdnytxﬁsmw th a

low (up to 5% :

methanol comes in contact with the cathode, a “short-circuit” occurs as the methanol
is oxidized directly on the cathode, generating heat instead of electricity. Further,
depending upon the nature of the cathode catalyst and of the oxidant, catalyst
20  poisoning or cathode sintering often occurs. 7
The diffusion prdblem is overcome by using anolytes with a low (up to 5%)
methanel content. At such low concentrations, electrical outpTUt becomes hmited by
) the methanol diffusion rate. Further, fuel cell efficiency is reduced when measured in
terms of electrical output as a function of volume of fuel consumed and raises issues

25 of fuel transportation, dead weight and waste disposal.
Lastly, despite a high specific energy, methanol is rather unreactive. As a
result, the performance of direct-feed hiquid methanol fuel cells 1s limited to aBout 5

mWem™. _

An alternative fuel to consider is one composed of hydrogen-containing
30 inorganic compounds with a high reduction potential such as metal hydrides and
hydrazine and its derivatives. Such compounds have a high speciﬁ(-: energy and are

highly reactive.
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methanol content. At such | ow.concentrati ons, electrical output bd€fme)| 2005
limted by the nmethanol diffusion rat4. Further, fuel cell efficiency is

reduced when neasured in terns el ectri ut.put. as a fu i.qon of

_vol ume of fuel ErisheomepnaraNaBLl é’s‘ﬁ@%ﬁ?*g’b’gfdt‘?ﬁﬁ%‘?‘eﬁ%ﬁg’ﬁgﬁ%ﬂaﬁpén, dead
wei ght an . ' : I ' 1 | £ic energy, nethanol
i's rather gﬁ%@%%@t@\bﬁﬁ%ﬁsgﬂ@%ﬁSﬁh,e%tﬁﬁgé %%P@é%@%@g&gﬁ %i rect-feed liquid

-nmethanol fuel cells is limted to about 5 nmMMdm2. An alternative fuel to

consider is one conposed of hydrogen-containing 30 inorganic conpounds
with a high reduction pdbgnt iélh'i@cﬁ'z@ﬁr?é@zé%gﬁﬂ/dfﬁées and hydrazi ne and
its derivatives. Such conmpounds have a high specific energy and are highly .
reactive. WD 9211) 54506 PCT/ US02/00140 (1 4 JUL 2000 One such conpound is

NaBHA- | nTH@aRdatesNaBvbaEk S SR R RS- doRtBhi%S iRbHanic |cﬂm%oﬂﬁlét £PhueP i On BHq -
is oxidized at the anode according to equation 5: (5) BH4- + 2 OB + 8
H + 8 c $ofitmegre deestpuitanbelt Keseofcompinode nn comtiaiand ngeutmb rsghations,
-conpounds_as fuel is the spontaneous deconposition of these conpounds in
acidic an%q‘ﬁ‘HB’E‘Sal solutions, equation 6: 10 (6) BHgq + 2 H20 -* B02' + 4 H2
In a basic solution BHg is oxidized at the anode according to equation 7:
(7) BH4- +80H - +BO2' +6H20+8e 15 Al t hough stable in basic sol utions, BHa-

deconmoses on contact wthea c@Hl ¥StH.GusBOas4fiund on the anode of ‘a
fuel cell, even when the circuit is broken. There is a need for a liquid

fuel composition for fuel cells that can produce 20 high power and is
stabl e 1 1pGanLachioh bl " SRR 1% ARA¢5 NG, 1 Glisshy ocher cal
() BHy+80H - BOsy+6H,0+8¢
15 :
Although stable in basic solutions, BHs™ decomposes on contact with a catalyst, such :

as found on the anode of a fuel cell, even when the circuit 1s broken.

There is a need for a liquid fuel composition for fuel cells that can produce
20 high power and is stable in contact with the catalytic anode when the electrochemical

circuit is broken.

SUMMARY OF THE INVENTION

25 The above and other objectives are achieved by the innovative fuel

composition provided by the invention. The fuel composition is made up of a

combination of a primary fuel and an auxiliary fuel. The primary fuel is a mixture of \

one or more compounds, of which at least one is a surface active compound, most

preferably an alcohol such as methanol. The auxiliary fuel is a mixture of one or more
30 hydrogen-containing inorganic compounds with a high reduction potential such as

metal hydrides, hydrazine and hydrazine derivatives.
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SUMVARY OF THE | NVENTI ON 25 The above and other objectives are achi: ev]ecyl}gyzuﬂﬁ
“t he innovative fuel conposition proviged by the invention. The fu
conposition is made up of a conbination of a primary fuel and an aUXI liary
fuel . The pri marhe ifkt@lioh Surtheproivitiee t18f fueDOBNIISIIVAIE agOBRGyRAsyhepd thehi ch at
"l east one is a surface active conpound, npst referably an al cohol such as
met hanol . ckisobiseanpangnt ofghe fugl aowpsz-“zm%h@ﬁ a prierbgye fposgpreferably an.

hydr ogen- cant a| ni,n n ni h ikgh reduction potenti al
*such as MatE" ﬁ&}'ag? %QangaﬁW’r‘B?a éioxd (fh % ‘derivatives. WO 02/ 054506

PCTI US02/ 00140 The linvéhiod O8RheO prbifies rn/mtllc@n forrthd elenpraQih dgseithiged uel.
conposition as an "anol yte" Wnere the electrolyte conponent of the fuel

‘conposbti @nWhasnzaiepiﬂ Qﬂﬁnﬂmoﬁ% mhoqn eﬂfé ﬂefmlwomposlaquem woblistl le#st of an

al kali et al ﬁlr oXi Fe such Oé tnvenﬁh 85?& row des a fuel
cel | for PHE ﬁ% &% "% %H‘“Pé’r’%%taﬂ c &t e%s pOer? 8‘&68153’6‘? gad”%ﬁ%’&% a
cat hode, apd &,Jmﬁhgg%ﬁq&utch@,p eggaup of at least one surface active
conmpound and at | east. one hydrogen cont ai ni ng ‘i norgani ¢~ conpound with a

hi gh reduction Sthfmrﬂuﬂr,aaﬂ]e iStenlion providesra, methed bhpmdiciop efpctwigebroaghet hod of
pr oduci ng electr|0|tythr the ste i a fuel cell with an
anode, a B%cHaaer gropifin gwge@l ViiB AN 38 ﬁﬁa‘gf"ge g’eggomﬁ%%‘c“"h@ﬁﬂ?ﬂép corrpound
and at, |l e I - Lok

Feduct) ongﬁ%tlé;%?a e S
anode, oxiithzi hightseéudiieal povenipl ringine. thenilcobérapasitive: @& ectitattcwity the om t he
fuel cell. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS The invention i s herein
descr i bed@nogy, Gadiziog s dapkrospoRitin, audabiaipng elepEsny drom B wdcshpanyi ng
drrawi ngs, where: FIG | is an enbodiment of the fuel cell of the invention

where the fuel conposition is supplied as an anolyte; 20 FIG 2 is an
enbodi nent of the fuel cell of the invention incorporating a solid

15 BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example ;only, with reference to

the accompanying drawings, where:
FIG. 1 is an embodiment of the fuel cell of the invention where the fuel
composition is supphied as an anolyte; .
20 FIG.2 is an embodiment of the fuel cell of the invention incorporating a solid
electrolyte membrane;

FIG. 3a is a graph showing experimental results of current as a function of

R

time generated by a cell as in FIG. 1 using a fuel composition of 20% methanol as an
anolyte; and

25 FIG. 3b is a graph showing experimental results of current as a function of
time generated by a cell as in FIG. 1 using a fuel composition of 20% methanol and

5% NaBH, as an anolyte.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 The fuel composition provided by the invention consists of at least two

components: a primary fuel and an auxiliary fuel. The primary fuel is composed of a

mixture ‘of one or more compounds, of which at least one is a surface active
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el ectrolyte nenbrane; FIG 3a is a graph show ng experinental resuli&si oyl 2005
‘current as a function of f tine genergated by a cell as in FIG | using a
fuel composition of 20% nmet hanol as an anolyte; and 25 FIG 3b is a graph
showi ng esgrepeundntmdst pederably of alsghelerichazs methapel ildw ewxilipgnynichénar ated by

‘a cell as_i.n FI | using a.fyel caonposition of.20% neth l..,and, . H%NaBH4

2 an anolUREr BEQsR it crpee® BRERB IR BRI DR B0 WHE I high

conposi ti %u&i&;\/ﬁdiéﬂiapéhch%me&\m?&ﬂi&@, REiRisddydakidearsivati@, conponents: -
a primary fuel and an auxiliary fuel. The primary fuel is conposed of a -7
m xture of oneThy pupoe afohppumdy, fuckis wid-deidato teensureme ¢lectaca gnérae active

WD 02/ 054506 PCT/.US02/.00140 H JUL 2005 6 co und, ,most preferably an .
al cohol  sPREHPCGFEEGHEE RXidahion e&ﬂ@(‘h T4 At gg&é’re‘?n‘_jﬁ‘f%?%&gfmo e or more
hydr ogen- o562 Ridl ;! i BN fld] Al 90 sbREUSH ePskakential -
such as rr%tg‘g?ﬁ%?}dé??:&Jéggfﬁﬁrfggﬁﬁgpg]n@ﬁhfm azi ng derie\fatives. Tsﬁe pur pose of

t he pri maagtivitueAsised herefnglstrfadecadieita is defid af thel woperte af sebstangally 5 by

under goi ng oxi dation at the anode gnd o prevent u]ndesi_red (legco sition of
the auxiPRYAYINE replackBetweps the pwaham fyek aph, the ptalype sgley of Jag 2 have

some | eveynak @Mﬁ&@ﬁ%&ﬂ@%@@ﬁ@ﬁgiéﬁﬁeﬁ,%béh RHIHAGEAG Al dpné S

defi ned as € prope preventi ng et ween the
auxi | joar infeitlonapdbite pedieatsYilriviantddt gonthetiieoadaiie of \he laaxitiaty Weshi ng to
be held to any theory, it is believed that the S‘rhi mary fuel of the 10

i nvent i onvianobatsisetrinabvisenis isurnsarvedvos peehaaisstsud heXiraaieshanim shihabuxi | i ary
fuel when.the electric circuit is open by.t chani sns.-,. Fhe.fjrst
mechani s %egg‘fehﬁf]s_or@ﬂneﬁ Wéecggzéo?#pﬁ’?dﬁmaqry r%Fl_\é\@oulﬁges a]a(?det Efuétal rllgr%tfgﬂ'/_ fuel to
the anodeuGRhRY YbitfuckidcbSs of RN AukRldry ARPES hE GliSs, FERENH eddifpRitionl | ary

fuel to the sites, preventing deconposition. Thé second nmechanismis that
t he nol eclliesscanid révbamsiniathpt fhe eboledufiesoff ithegprymary| fueltediectively Solaatkithe ary f uel

Specilgs. aﬁxsililargyngle?ssp&iessh%l_sl 10%& a rai ‘rs’ﬁaaeslyo lpjgrlnarr;p el %oﬁgcuﬁgsr ggrlrjorh%l sttﬁ'ee
auxiliary fuel species; it cannot make contact with the anode catalytic sites and does’
not decompose. |
Once the electrical circuit s closed, oxidation of the adsorbed primary fuel
molecules: commences. The anode catalytic sites become free for access of other
20 speciés. At least one primary fuel molecule solvating the auxiliary fuel molecule is
likely be oxidized before the auxiliary fuel species can approach thé catalytic sites of
the anode to be oxidized. :
_ } Many classes of compounds can be countenanced when selecting the pnmary
fuel for the purpose of being a source of energy, most preferably alcohols. Methanol 1s
25 -a prime candidate due to its availability and high specific energy. For the purpose of
_.adsorption onto the anode catalytic sites, bulkier alcohols or other surface-active
compounds can be considered as primary fuels. For instance, isopropanol or glycerol .
are likely more suitable for this purpose than methanol. For the purpose of auxiliary '
fuel solvation, the ideal primary fuel is dependent on the identity of the auxiliary fuel. ~}
30 The auxiliary fuel component of the invention is selected from amongst
| hydrogen-containing inorganic compounds with a high reduction -potentia]. Metal

hydrides such as LiAlH,, NaBHa, LiBH, (CH3):NHBH;, NaAlH,, B;Hs, NaCNBH;,
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auxiliary fuel species, it cannot nmake contact with the anode catalytic
-sites and does. not deconpose. Once tshe electrical circuit is closed, JUL 200
~oxidation of the adsorbed primary fuel nolecul es; comrences. The anode
cat al yti ¢ GaFe.dsHpNeHnKEH vreediuor bia(Zowthaaietbormrdihpividepwoinels arequittidast one

“primary fuel nolecule sqlvatjng the auxiliary.fuel nolecule..is |ikely be
oxi i zod BoftBT é'“f‘ﬁ’é‘?a&?cii_i idazife PT s*ﬁ’g’éﬁzg’é* 8 B’ﬁ?oaéﬁhfﬁ%%e‘mﬁ%‘ﬁ% T sites
of the a'agsgﬁ\lﬁ]cpalpc?veo)ﬁkgﬂioﬁgﬂ{:%mai}linybﬁ&g%hﬁs &fnd@ﬁmﬁ)‘énﬁli%hcr%c%n

* count enanc en sel eCt e primary fuel for the purpose of being a
sour ce of petastidyre pmst fupksebe fizblallsdiut ahoplaguadehh avatreadivity 5 Whep thase

~candidate due tqQ its availability and hi_gh%@oeci fic fnerg{éﬂ For, tlge pur pose

‘of adsdr ptBRPBAT arefiend HbararpaRRIiR Pludan A pisyeed frog) et Ity et her
sur face-agt | - ' (o y fuels. For instance,
isopropang dd%?atéwgg% sdg%g n?&ﬁ:&@ﬁﬁ%@%@ﬂpﬁ%@giﬁ. this purpose than -
met hanol . For Abditiphdl3osis: plesahdi bl thar suxiliang fud dhvrehseanhe tdie of datalytipr i mary
fuel is dependent on the identity of the auxili ar)f] fuel. 30 The auxiliary
fuel . conpofdion of thenprimavefitel- oWhils not|vwehiag tpr binhskbiryapy- theory, it is

vetal - nyeues Debdnad Bl s RR AR ul & BB GNP ot
NaCNBI3, NEoVed RSHhaREanidE!ciafa QRI=AS, i bxillblio?0Pfhe abxBatPfuel.i H, NaH, KH or

sodi um bi s (2-net hoxyet hoxo) "di hydridal um nate are suitable as the
auxi | i ary . f uel Thublythe azinakeinatiorh pfitlaez irmenade ifpdlaend eébe sriligrg ousluef dt e, As

descri bed above, hydrogen-cont.ai ni ng, inorgani,c conpounds w th a high

reduct i orfnv‘ﬁ‘g‘%ﬂ’ﬁé‘l S’&‘fgg’ﬂ{?o%%q‘hgiis&f%ﬂ’cf %’Eﬁatb% s abﬁfld (é?l}guﬁ‘f]%&u@ap by

over-reacgoh.éjogmon Wg@éﬁ‘%ggnﬁ conpounds are found in an appropriate
n .

solution and-prevented fromcontact with the anode catalytic centers
accordi ng to thhe tleaent bon skillbd yn dbe agtthisl thereAddi @i romalicr yof fatterspthelsence of

the auxil.igry fuyel increases.the_rate of catal yti oxi.datiqn of the

pr' ety fEBIePotAlia e RbEoRPERTROf 8 18 PRI AL e fspgon 1P Ohe | eved

that prigbdsidgiBhe PobRLhE hsPhe WEharySHEN 2mixn@Ner ColapBhifiseis! 8 Vel Y
preferred. Similarly, a mixture of compounds is often preferab]é to form the auxilary

fuel.

Factors to be considered when formulating a fuel composition according to the

20 invention are solubility, stability, safety and factors that arise from the desired

qualities of the generated electrical current. Conceivably, additives that are neither

primary nor auxiliary fuel can be added to the fuel compésition. Additives that

/) stabilize the fuel éomposition, directly modify the qualities of the generated

electricity, modify the solubility of the components so as to indirectly modify the

25  qualities of the electricity generated or in some other way improve the performance of

the fuel composition used in a fuel cell, can be used. Engineering issues also dictate

the exact composition of the fuel composition: for example, a fuel composition

composed of methanol and NaBH, could contain sodium methoxide as a stabilizing
égent.

30 In one embodiment of the invention, the fuel composition as described above

is supplied as an anolyte, that is, an electrolytic iquid 1s added in addition to the

primary and auxiliary fuel. The preferred electrolytic liquid 1s a basic agueous
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to renoved fromthe anode cat alytic sites by the oxidation of the au;ujUarmUs
fuel . Thus the conbination of the primary fuel and the. auxili ary uel

the invention has a synergistic effect on catalytic oxidation in a fueI

cel | usi ngphatidny g@refebiypof hit iatkal: ometalh]@rdwwidﬂ,t suwh. as| KOHs ($dee dor eengie skil | ed

" th th h f t hat 5 infl t , t
Lommosi 1) Birhalero bl oSinbs Dbt Eppemany Rk She! TRY ot DPSSeRBos: g
one conp dﬁagmaé @hmmﬁw daURlos, Falath U SoSf mm%nd%ea% ﬁ%qr%de

preferre a m Xt'ure of ‘conpoun |s of ten pre erable to form

t he auxi Iaoar:wrai;urilm ﬂE&GJbMéls&ﬂjlé}ﬂlydﬁﬁ&edaﬁdi yheh th arenal, 8tMIQOH Hawel
conposition accordlng to the 20 invention are solublllty stability,
saf ety anfer aPypstor Ratide! ifee fyel gillt orsration plegmb AT PRIBLUETS ko Wenerated -

el ect r ' Cf/é faﬁ]y d ?\n e{)bg' 2‘ d]e é\ég?']c(;%g(ﬁ?q:df{t l}')’(]gls C%ﬁ%%n%ﬁgof%%ﬁ%r Pugﬁ mar y hor

auxi | i ar e ‘f'uel’ composi

st abi | i zeMblabarf HE:J 1998POR4pidre8; 10l TIea] Y3l fie talgitidualfi the @fec@é}yhbe
generated electricity, nodify the solublllty of the conmponents so as to

i ndi rect Ilgﬂurd:bﬁSfa;pqsﬁé/ezﬁfeqm ior medilgy withén Blegmohite fuel aebbrdpsensureghe i n sone

ot her way 0 t he erf nce of fue ositi,on used in a fuel
cel I, car‘?t%’gﬁﬂ o b g e mponed %{ﬁ%’ ﬁ“ h:tgrpnn.g ('toﬁéld%'%’éﬁjh c8’?ﬁ565| tion
of thg flé%hlpﬁﬂﬂ&@%‘ftthQ%e]fcg 6@&@3@@@@;5%3&0&%@9%@% aL ATRASISE, Of

met hanol and NaBH4 coul contpal n sodi um net hoxi de as a stabilizihg agent
30 In onéacewrbenhHMatoﬁtyfahésm}nbtharemken maofauwumorrpom ti on as descri bed

above is supplied.as an anol yte, that | ctrolytic liquidis added
inaddition t FHé“”CbP IcfrdRg QBSEILAX? Pa lf‘i‘iﬂ ;’rﬂé‘]ﬂ? ko He@IEY 1 ol yti ¢

liquid i ol uti on,
prefer ablﬁgl&gé ﬁgl[&t kaﬁ&ﬂ%n%ﬁ%%@%& é?&gé%ﬁﬁ%{sﬁ%%ﬁf i @ﬁ%ﬁe e%]a(?rpl e,
Hi r chenheéeempadyihig deStriptiber, D. B.” and Engl eman, R R Fuel Cells -

Handbook (revision 3) DOE/ METC-94-1006, January 1994). The_al kal i rret al
hydr %i de In Figure 1, a simplified fuel cell 10’ typical of the invention is illustrated.

Oxidant 12 is oxygen from air and has free contact with cathode 14. Cathode 14 is -
made using screen-printing methods of 20% platinum on- activated carbon on
waterproof paper. Cathode 14 is in contact with and acts as a barrier against ]eakag_e of
electrolyte 16 contained within electrolyte chamber 18. Electrolyte 16 is a 6 M KOH
20 aqueous solution. Electrolyte chamber 18 is separated from fuel chamber 22 by anode
 20. Anode 20 is made using screen-printing methods of 20% platmum and 10%
| ruthenium on -activated carbon on hydrophilic carbon paper-TFuel composition 24,
) contained within fuel chamber 22, is supplied as an anolyte composed of a
combination of a primary fuel, which is surface active compound such as methanol, an
25 auxiliary fuel, which is a hydrogen-containing inorganic compound with a high
reduction potential such as NaBHy, and an electrolyte such as a 6 M KOH solution.
Electrical circuit 26, made upk of load 28 and switch 30, electrically connects anode 20
to the cathode 14.
When switch 30 is open, methanol in fuel chamber 22 is adsorbed onto the v
30 catalylic sites on anode 20, preventing contact between the BHy species in fuel
composition 24 and the catalytic sites. The methanol also solvates the BHy™ species,

further isolating the BH,™ species from the catalytic sites. When switch 30 js closed,
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concentration i'n the anolyte is typiically between 2 and 12 M In the amﬁt fﬁﬂﬁ
™M KOH has 5 been shown to be ideal for9fuel cell operation at anbi ent1

‘tenperatures (see, for exanple, Appelby, A J. and Foul kes, F.R, Fuel Cell
Handbook, the msthape malgculssiahtre calvbitiglsites k| oxidizagg gleamipgihesites Hr coglacty ], 12,

‘13, 16). T ddi t.i.qn_of. t he .el.ectrol yhic . Li-qui-d h it ] ff ect
Fon mobi 1195 SR HRARRGt aielf S SRR e s BRI B, ot Che
auxi | i ary dxitkiof GGIPRRERbmPbsitiE 2BuSk. trAMBEHEONSHESY bRBtrchE cRXACR6 110

~conposition of the fuel conposition of the invention when supplied as an
anol yte, chtiotortd. Suptltasosiyhirbiony famukdsby gatalytit yoxadationakeriranspastedccount .

~Th [ i.pl [ | [ f,electricit
e brlhoighee s oneralionil o el ceyL g generalln ol ety
figures a'?éhuc@&ﬁg A bRYf U886 P éﬂpﬁhe'eﬁec{r@nf ¢ n%(tlljngg%l% Sir8Rl 24,i6d fuel

cell 10 typical e Inventiron 1s 1llustrated. 12 1 s oxygen from

air and haembhmexmnhapmtomﬁﬂmfmtmm 14. Cathode 14 is nade using
screen-printi n? met hods of 20% pl ati num on_activated carbon on__water proof
paper. Cat hode 1 4n2dditignd sumbodimets pppsadn; it Kizyes & Bsdbplesomppsitioats| eakage

of elect t Al 1t hin ele - lyte 16
s a6 oS BRI I o GUCHL R £ IR E B B ETRECY O
fuel ghambgy frédcod¥acBHRE SendRancVIQHRdE AssembBLE M&hBEns ele@@siecisteMbling

met hods of 20% pl ati num and 10% rut heniumon -activated carbon on

hydr ophi | #¢ bear Bayergshperdwidiugiuchonpodi toosided Onecode & medtalyiic ivathoflg el
chanber 2 s, suppl jed as an, anol yte conposed of a . conbinatio a

o ary e SoRpEReled o patL Py EIERIB . (o h BRI HANErS B 35
auxi | i ar yywhieBltran¥l ' Hal Ve RGnd hE¢ G0 th a
i oh e S B L Bt "
KOH sol utspeaies. Htantlyti daler dB i< torine26d toradenofe el S de dmar S@iis ah 30,

el ectrical I}/ conEect s anode 20 to the cat hgld.e 14. When_switch-30 is open,
met halfol §oRtact@ith dpelmemposition 32 sertainpd avrit el shambep Sé Jfugl foPeosiees on

-anode 20’52%%Mﬁg%é&&%f%%ha%‘fﬁa?ﬁg%?@%ﬁﬁ}%fﬁgr‘gﬁ%%Sﬁaﬂoﬁ‘, %?Q%'gﬁgﬁg%ﬁﬁsi tion

24 and the catalytic sites. a 0 solvates I es,
further ifael aidings N¥BHBHE e @HE | Buftr R6) inbée opt of Ydadc 581 drds swillesoswi t ch 30
's clos ectia-lectrically connects anode layer 50 to cathode layer 46.
When switch 60 is open, methanol from fuel composition 52 is adsorbed onto
20 the catalytic sites on anode layer 50, preventing contact between the BHy species and
the catalytic sites. Similarly, the methanol solvates the BHy' sEecies, further isolating
the BHy™ species. When switch 60 is closed, the methanol molecules at the catalytic

sites are oxidized, clearing the catalytic sites for contact with and oxidation of the all

N

fuel components. Electrons formed by catalytic oxidation are transported through

25 electrical circuit 56 to cathode layer 46. Protons formed by the catalytic oxidation are
transpoﬁed through anode layer 50, through electrolyte layer 48 and to cathode layer
46. At cathode layer 46, oxidant 42 is reduced by the action of catalytic cathode layer
46 and the electrons coming through circuit 56, and combines with the protons to
form water. '

30 Many other embodiments of the present invention can be countenanced.
Whereas the embodiments above are described using oxygen from air as an oxidant,

with the necessary modiﬁcations_ a liquid oxidant can be used, for example, an organic
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WD 02/ 054506 PCTI US02/ 00140 9 -1 JUL 2005 the nethane nol ecul es at ihe Jy| 2005
"catalytic sites are oxidized, clearingathe sites for contact with and
-oxi dation of nore fuel including BHg species. Electrons formed by catal ytic
_oxi dat i on fiufd fithla Bi%l-mﬁ[?fgéﬂ hcedtradio (EFeAU Pat.ado t 11 981008 Lbes hiydre@dn Ci r cui t
26 to cathode 14. Sinmultaneously, protons formed by catal ytic oxidation
are transpsiorilg sslutieom anode 14, through el ectrolyte 16 and to cathode 14.

At cathode 14, coxidant 12 is reduced by the aciion of cathode 14 and th
el et rons cont AU HPoUNh cboRe o CbBR AaenctfBhedhek ROERESBRLIORE o orm -

water. | _nliﬂrﬁ't_eé\qg%bs%nﬁhd@@?@c%@?met@ﬁ%aﬁai 18 dibddifhe doschiit@ fegk. .
conposition is wused without -a liquid electrolyte in fuel cell 40. Oxidant

42 is dxyl¥as, foromamiple, Fivel Gelll Systomisaeds.r BlonsonLabh.vand Megdowand . e).ect r ode .
bl 4. . | | | d i ch
trucrur el R Tia Dotk B CRRPFLo P 3205 b 00 bR hag o 7ap

connect ed};@@iaﬁﬁ}grﬂgp@?mer- el ectrol yte (proton exchange menbrane) 48

whi ch transports protons and acts as a barrier preventing passage of other
nol ecul ar species. Electrolyte layer 48 is connected to an anode | ayer 50.
Anode Iaygr 50 is in 15 contact with fuel conposition 52 contained w thin

fuel cha uel conposition °~ 52 is conposed of a conbination of a

primagy fuel Sﬂcﬁiei‘gcgﬂﬂsrg@%?'m ﬂ%‘i’ Rl igﬂngﬂﬁg%ra;‘ig:]a@fsfl@scﬁ%eyﬁ%e -

El ectrical circul e up of |oa electrically

connect s gcifieationyess dRsthatainessen bayahodekdhd cAltRNle 3148 b rBQfidndPe N,
met hanol from fuel conposition 52 is adsorbed onto 20 the catalytic sites

onjanode MdyeH 8es piriedheeleatghoe shamberpad nesixtu TR0 sistinekandntf% t he

catal yti o Simlarly, . the t hanol | vat es,,t he speci es, . further
Ceorat ng' Mk B s BoRiast mARE A0 PRRFro s SR L RO sl S P e s

ol ecul es; @hctidiofaahélA bifent 8F 585 nf Sadiicdizefovd! RARIMTed T8e gALRLYL I C
sites for- contact with and oxidation of the all fuel components. Electrons
formed byhecmeaduyad aext gt fnocticar is tinrean ppasented|in Figowg¥a. 25 el ectrical circuit
56 to cathode | ayer 46. Protons fornmed by the catal ytic oxidation are
transported through anode | ayer 50, through electralyte layer 48 and to

cat hode |BySUPLE 2
The current at U= 0.5 V was measured as a function of time in a fuel cell asin
Example 1, wherein to the methanol / KOH solution 5 weight percent NaBH; was
20 added. A current of 240+5 mA was measured over 90 minutes. The graph of the

measured current as a function is time is presented in Figure 3a.

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

25. applications of the invention may be made.



46. At cathode | ayer 46, oxidant 42 is reduced by the action of caLai%hhc
cat hode |l ayer 46 and the electrons comng through circuit 56, and c WnéQU5
with the protons to formwater. 30 Many ot her enbodi ments of the present

i nvention can be countenanced. \Wereas the enbodi nents above are descri bed
usi ng oxygen fromair as an oxidant, Mith the necessary nodifications a

| i qui d oxi dant can be used, for exanple, an organic WO 02/ 054506

PCTI US02/ 00140 | JUL 2005 10 fluid with a high oxygen concentration (see
U S. Pat. No. 5,185,218) or a hydrogen peroxide solution. Simlarly, the
choi ce of catalyst for anode and cathode construction is not Ilimted to

t hose madeweisPreciAngEpgs.al s as in the enbodi ments descri bed above. 5

(See, for exanmple, Fuel Cell Systens, (eds. Blonen, L.J.MJ and Mugerwa,
MN.), { PIenun1Press New Yor k, 1993, Chapter 2: pp. 42-52, 63-69, Chapter

3. pp. 88-97, p 1%09 togr.gn Tor u8 in bih Ll ERANRL Ball fodi Qe chmplisigl |, sim | ar
I gur

to that descrlbed in and described in the speC|f|cat|on was
constructed, wHey ei ra poiotaty fénbd‘éﬂfélngiald%sh@ﬁéuﬁ%f@ aghveLoERotH 4 cn2. 6 M KOH

was pUt in the (&LeCt r0| ha{yﬁgu%m Ie@h %ﬁr ﬁya?égegqgﬂtgﬁfngaﬂ@r'gaﬁed 80% 3

M KOH sol uti on Al rent- at was neasur ed
as a function of tmﬂﬁpmAdmﬂmkﬂny1mﬂmﬂmnpmfmaé nmeasured over 60 m nutes.

The graph of 15 the asyr.ed r a ung tionis tine is presented in
Figure 3a. EXANPLE Qngﬁg ﬂ??@ﬁ équt %xgt Ras measured as a function of

time in a fuel el aRask Dne d4RIRAIRotpotdaerein to the methanol / KOH
solution 5 weight percent NaBH4 was 20 added. A current of 2405 mA was

measured over 90 minutes. The graph of the neasured current as a function

s time Qs present gyl fPLatiiidn of Yhin ¢, dReeih BEBIREORAE BppOuisCr i bed

with respect toalimted n
a compound with an -OH functional group.

3. The fuel composition of claim 2, wheréin said surface-active compound
includes at least one compound from the group consisting of CHL0, C:Hs0, C3Hg0,

C4H100, CsHi0, CeHiq0, ethylene glycol and glycerine.

4. The fuel composition of claim 1, wherein said auxiliary fuel includes at
least one compound from the group consisting of metal hydrides, hydrazine and

. hydrazine derivatives.

5. The fuel composition of claim 4, wherein said auxiliary fuel includes at
least one compound from the group consisting of LiAIH,. NaBH;, LiBH,, (CH_;,);NHBH;,
NaAlH,, B;Hes, NaCNBH;, CaH,, LiH, NaH, KH and sodium

bis(2-methoxyethoxo)dihydridaluminate.

6. The fuel composition of claim 1, wherein said electrolyte’is substantially

an aqueous solution of an alkali metal hydroxide.




enbodi nents, it will be appreciated that many variations, nodificatiohsJidhd2005
other 25 applications of the invention may be nmade. - 1 JUL 2005 WHAT IS
CLAIMED IS: 1. A fuel conposition for use in an el ectrochem cal fuel cell,
conprising: (a) a primary fuel including at | east one surface-active
conmpound; .(b) an auxiliary fuel includéng at |east one hydrogen-containi ng
i norgani ¢ conpound with a high reduction potential; (c) an electrolyte
with a pH above about 7; and- (d) at |east one additional conpound. 2. The
fuel conposition of claiml, wherein said surface-active conpound is a
conmpound with an -OH functional group. 3. The fuel conposition of claim 2,
wher ei n sai d surf ac&hatiel vempsanpaWIdlaihne; Widess alid bRas medNaygorpeynd from
t he group sisting of CH4O C2H6O, C3HBO, C4H100, Co5H120, C6H140,

et hyl ene d§§%0| and glycerine. 4. The fuel conposition of claim1l1, wherein
said auxiliary fuel includes at |east one conpound fromthe group
consisting of netal hydrides, hydrazine and hydrazine derivatives. 5. The
fuel conpositi&n of Thd dir¢h gompgsiicai af sddia Juxivhdrein ysddiedlectralbteudies at | east

(Groy anerg MR R OB R RABRIA B 28 ™ ety and sodi um
bis(2-netho%yethoxo)aihydridaluninaie. 6j,The %uel &onposition of claim1,

wherein said electrglyte,is substantial.l. n ueous, sol ution of an al kal
net al hydroxid%. Jtﬁm26ﬁg uwwx§m°?h8¥fﬂ@%‘8€nﬁ%§eFﬁéﬂmoF°%ﬁﬁﬁ%¥%,"Mherein

sai d al kakibsamfAly 6vy.dr oxi de is KOH 8. The fuel conposition of claim?7,
wherein said electrolyte has a
10.  The fuel composition of claim 1, comprising between 2 weight percent
and 60 weight percent of said primary fugl and between | weight percent and saturation

of said auxiliary fuel.

11. A fuel composition for use in an electrochemical fuel cell, comprising:

(@) a primary fuel including at least one surface-active compound;

()] an auxiliary fuel including at least one hydrogen-containing inorganic
compound with a high reduction potential; and

(c) an aqueous solution of 6M KOH.

I2. A fuel composition for use in an electrochemical fuel cell, comprising:
(a) a primary fuel including at least one surface-active compound;
(b) an auxiliary fuel including at least one hydrogen-containing inorganic .
compound with a high reduction potential; and
{c) an electrolyte with a pH above about 7;
wherein the fuel composition comprises between 2 weight percent and 60 weight percent
of said primary fuel and between | weight pareent and 60 weight percent of said auxiliary

fuel.




concentration of KOH between about 3M and about 12M 9. The fuel -1 &PL 2005
conposition of claim8, wherein said concentration is substantially 6

10. The fuel conposition of claiml, conprising between 2 wei ght percent
and 60 wei ght percent of said primary fuel and between | wei ght percent and
saturation of said auxiliary fuel. 113 A fuel conposition for use in an

el ectrochem cal fuel cell, conprising: (a) a primary fuel including at

| east one surface-active conpound; (b) an auxiliary fuel including at |east
one hydrogen-containing inorganic conpound with a high reduction
potential; and (c) an aqueous solution of 6M KOH 12. A fuel conposition
for use in an dbiect mofableori! e thd pedkratied bf cl@OFAAl pEienGomptighg:a primary fuel

i ncl udi ng at |Z§St one surface-active conpound; (b) an auxiliary fuel

i ncludi ng at | &8st BM&H§dr ogen- cont ai ni ng i norganic conpound with a high
reduction potengy al 3 c&RSHel 894 an el ectrolyte with a pH above about - 7;
wherein the fuel conposition conprises between 2 wei ght percent and 60

wei ght percent (©of 34l cpmperitiap eladingatiiehstone svrface aetivgrompevrslemt 2and 60
wei ght percent of sgi iJdary fuel .- i JUL 2005 13 . A fuel .cell for

t he generation of eﬁggﬁﬁgégkh%g%é??ﬂg% '??E?ﬁ%?o glmgﬁwghgﬁgfe%ﬁyo%

cat hode; and (c) a paeitiabonposition including at | east one surface active
conpound and at | east one hydrogen-containing inorganic conpound with high
reduction [ potential. 14. The fuel cell of claim 13, wherein at |east one
of said surfacesactTheefuet @EPIRGSmI B3, Aheddif QN Qbast 3R oRSHSlua@tacligast one
of said hydrogen-containing inorganic conpound is selected fromthe group
consi st i n§°Bp° ﬁla"mhiﬂdé@, wmﬁpéﬂep@ og gf said hydrogen-containing inorganic

compound is selected from the group consisting of metal hydrides, hydrazine and

hydrazine derivatives.

15.  The fuel cell of claim 14, wherein said hydrogcsi-containing inorganic
compound is selected from the group consisting of LiAlHs, NaBH,, LiBH,,
(CH;3),NHBH;, NaAlH,, B;Hs, NaCNBH;, CaH,, LiH, NaH, KH and sodium

bis(2-methoxyethoxo)dihydridaluminate.

16. A method for generating electricity, comprising the steps of:

(a) providing a fuel cell that includes a cathode and an anode;

(b) providing a fuel composition including at least one hydrogen-containing )
inorganic compound with a high reduction potential and at least one
surface-active compound;

(c) providing a circuit connecting said cathode and said anode; and

(d) contécting said fuel composition with said anode to oxidize said fuel

- composition.




hydr azi ne derivatives. 15. The fuel cell of claim14, wherein said=1 JUL 2005
hydr ogen-cont ai ning i norgani ¢ conpound is selected fromthe group

consi sting of LiAlH4, NaBH4, LiBH4, (CH3)2NHBH3, NaAl H4, B2H6, NaCNBH3,
CaH2, LiH, NaH, KH and sodi um bis(2-nmethoxyethoxo)di hydridalum nate. 16. A
met hod for generating electricity, cohitising the steps of, (a) providing
a fuel cell that includes a cathode and an anode; (b) providing a fuel
conposition including at | east one hydrogen-containing inorganic conmpound
with a high reduction potential and at | east one surface-active conpound;
(c) providing a circuit connecting said cathode and said anode; and (d)
contacting sai d7f uelThe anguasl bf oRinM Itch viidh andaer bee okisall zarfasd-atiibeel
conmposition. 1 JUL 2005 UH 17, The nethod of clajm 16, wherein at | east
one of sai @TaPHdsdBemAETheE 3”%8#?!6&9%%'33?‘50“5@?5?“&gh%?g,e"é'fﬂﬁfa\)?t{%”r'é?rﬁa'af | east
one of sal GO UCRIE] Fofll 1 bAAGS TR Ling COMRRINGyISdSEhRRLARE hadmM t he
group consisting of nmetal hydrides, hydrazine and hydrazine derivatives.
18. The mevHB@ineflereiadvesh 17, wherei n sai d hydrogen-contai ni ng i norganic
conmpound is selected fromthe group consisting of LiAl H4, NaBH4, Li BH4.
(CH3) 2NHBH3, NaAl H4, B, H6, NaCNBH3, CaH2, LiH, NaH KH and sodi um

bi s(2- met hoxyet!BoxoJbk medhroddefl dairmd® e wherein said hydrogen-containing inorganic

- compound is selected from the group consisting of LiAlH,, NaBH,, LiBH,,
(CH;);NHBH;, NaAlH,, B;Hs, NaCNBH;, CaH, LiH, NaH, KH and sodium

bis(2-methoxyethoxo)dihydridaluminate.



