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[0005] There are several factors which have to be taken into account when assessing
the performance of a hydride based fuel. One of these factors is the efficiency of the
fuel. Fuel efficiency can be determined, for example, by comparing the actual energy
density (Wh/volume unit fuel) provided in a given fuel cell to the theoretical energy
density. The absolute value of the energy density is also one of the indicators of fuel
performance. In this regard, it is to be taken into account that while a high (boro)hydride
concentration in the fuel may afford a desired high energy density of the fuel, in some
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borohydride. Potassium borohydride has a relatively low solubility in caustic solution (in
particular, at room temperature) whereas its oxidation product, potassium metaborate is
significantly more soluble in caustic solution than potassium borohydride. Due to the
relatively low solubility of the potassium borohydride in caustic solution, the initial BH4

concentration in the liquid phase of the fuel cannot be made as high as in the case of
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[0013] In another aspect of the composition, the molar ratio of the first hydride
compound and the second hydride compound may be from about 95 : 5 to about 5 : 95,
e.g., from about 90 : 10 to about 10 : 90, from about 80 : 20 to about 20 : 80, from about
75 : 25 to about 25 : 75, or from about 60 : 40 to about 40 : 60.
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nd and the secon e conpound
Ilteragb shgboutz2 rlesheglt! |tg, gagst at @ut MolRs ayog@r ﬁleasﬁgbout 4

moIEQ rprgpﬁ’c@F of 2t leadPabdif8F3dIed Eeb/ Rbr M&Méy BERRE highbN®an about 7

osition may conprise t hydri de comnmpounds™in a
mO?éparm@bncentratlon of at |east about 0.5 nole per

[oo%s;]t ®n @iotﬁ&ﬁ%@ébﬁéf‘%ﬂec Eosmé e ﬁ@l@k}h?@ﬁ%?%ﬁ%‘ﬂ@é‘dlssolved

' east out mol e per east " about
theneiyl NgOpeand/ontke®@H. or at | east about 3 m)I es per liter

[00 Cqm‘?w%mer%@. edtOfe Mgl pRas bl o t?ec‘a%?%eoég at least
? R t he %ﬁ%x.%e. n

OSItIO centratlon
twot b@vdarntq Belecmdafm mjerbe:yalo)ahphattc @lb@mls haviog ep;t@rabout 6 carbon

It
sob 8ot o B8 OBl ATBIEQURE i Lot g
poly(e‘.hlalkyeene agiydoix),stmmkne@h dlkymétherqoeuf Ci-4 etkyleme gtycols di(Cz.4
| east t S i t
el G55 S BRRY oo LG BRI oS BT TeMgR b & Ghcbiyiene
glysdis, t hlﬂ(@gnpalkylén@n gl;td@ls)l iandi dpgi@sa nalkylemerpriyeels), ethylene
ssol ved th n. NaOH and/ or , KOH. OO I n_anot her
XRUBZBYIENE X9 BIACH BRAE iRy CGPIeS o oG B b ropoxyiated
ahpﬁaﬁb Fol?é”s' @cﬁ&iylém@lanaqirdly@i%/&téceélﬁmaﬁd pbiyom wkdhatic ethers having
atic al coho
o about 6 clalcr)bon Iatoms ?lphatlsc kgt\élngsg haelngjo 5 %out 8 ahbon atoms,
ahphatlc aldehydes having up to about 6 carbon atoms, C1-4-alkyl esters of C14 alkanoic
(aliphatic) acids and primary, secondary and tertiary aliphatic amines having a total of
up to about 10 carbon atoms. For example, the liquid phase may comprise one or more
of water, methanol, ethanol, propanol, isopropanol, ethylene glycol, diethylene glycol,
1,2,4-butanetriol, trimethylolpropane, pentaerythritol, sorbitol, glycerol, acetone, methy!

ethyl ketone, diethyl ketone, methyl acetate, ethyl acetate, dioxan, tetrahydrofuran,

6



atons and up to about 6 hydroxy groups, C2-4 al kyl ene
glycols, di(C 2-4 al kyl ene glycols), poly(C 2-4
WQIZW,IIQQS&I gl ycol s), nono-GCi ~-al kyl ethers of QPEHUS2006/010179
dlglg\‘ln'\g,’i‘" ehg ml’SMOﬂbétﬁaﬁolémNeky| e&i@tr&'nblé%ﬁé angriethanolamine,
(C 2 [ kyl ene gly m;l) -4-al kyl ethers of
mowqpaml@mléﬁedlgwamlgmlrmq tﬁP@PQFR’?F@?ﬁa gl ycol s) and
002l ¥ (fr &rdhndt! &ge%ﬂqhs'mﬁle' ase Ghay genﬁr.eélv@%dorpgwﬁmae the

i de ner s oxyl ated aliI phatic po
liquioir pb@wmwmmriq@hwate@ angl 9r¢¢ or re@rﬁoafymtrmohrﬁihanol propanol,
y h
|sopﬂ @% %ﬁ&%ﬂe Ig@c? gb‘f@f?%deyn 9 ar?ol of nglrlﬁfté]r‘r;ettrfcgl et"frﬁethglolpropane
pentaaarythgtohpsdrlmtoda,bgimer&l aaetooe, methys etrul kpﬂoae; diettlyt ébipde s methyl

acegq?w ntﬂxlu%f%%tﬁg %%%g,ﬁe&r%é?ﬁ@;u%@@%lylﬁﬁdtr Wﬁ%gy%oﬁgétﬁéﬁolamme

dmthemlanh&tey atritthharolanaing, al mphadroparaaiamies, hadnpr@aaolamlrw and

tri @ t o _about 10 carbon atons. For exanple, the

rlpropaﬁ 8MBlfase may conprise one or nore of water,

[o0Z8]t hamelpreﬁr’mmmmm)btqunohdes amdﬂ@emahtammdﬂmim‘re for use in a
tanetr

fueitol Fudtigiti ey unieh Tkatescariies a Jeal & hsthyfirice compound and

a s@zwﬁ&f@bndécﬁimnd”&ﬁm&d &Hﬁohnh@ta?éemddp@ddéhtly selected from
met h acetate, ethyl acetate, i OX

hydflg§§ atwmﬂﬂ%/%ﬁ} ey W gholyborehydrides gP @gﬁnplgomhydndes) and

alurﬂPﬂﬁ?tIﬂ@ﬂ@é@rﬂfnﬁbkam' ﬁﬁd1%ﬂ@llﬁ€‘ 8&rth trhin,t%ts.haZ'r‘i’I AN Bfmonium and
nonopr opanol ani ne pr opanol am ne

dlalkyla@rr@ﬁa@m whgreia the O@iaﬁ”]rai"h Ofa%tflﬁiirhyg@%%é@mppw anethegpecond

hydAd&@e6m Mnd:%rfFUnH 8Bo¥ajsers5 toFéWou?;'}agPl e, the liquid
ase ngrlse wat er and one or nore of nethanol,

[00 ]hahbtpne PINHS abthe mlg@m dipgmlar r@mmyﬁ t@ﬁ@ygn%gq)mpounds may be
frorﬁ agg&yioer% 8l 50t 20 1.g9, 4- but anetriol,

pr opane "pentaerythritol, sorbitol,
[0030]lycdn anotr@c @specs,of ripe hyxtuksy iyd fmséhmlf@le @nr@pcmnd and the second

hydiﬂgé ﬁpaﬂﬁ{img i egateﬂfigrﬁﬁt?#laﬁgﬁgﬁh?mgwhand] LiBH, Bo(BH,),

nonoe

NHBH, hacrwb@mhvelrlde rGa(thhoMethimz ZmBid)s, cﬁd@rkul)aa(ﬁ:lrlezNHBHa and

NG BLEDPAF AR 0 6L LSRG A R e

conmpoundrmeay be seleeteidrram fou&jhyﬁmiesa elg. ,qbnrdh?d:zeilescoélalk,ah and alkaline

earﬁ%mﬁ;ﬂﬁd rgurp&e T ” S?ﬁva‘wd@ gi%%%?}hrgis amj(% e econd hydride

commaumb@NeBHQ@EKBMent ly selected from hydr| des,

ohydri des |nclud ] vb d
(008§l Pesgal MBSO afRiER Gy O SRS tyekaampagifin for
dlre@l' Ni@hldﬂfm@&féllh \m&Iﬁ|di)mp5@|,t|oﬁ| coﬁﬁﬁ'@é@l gimiexze two dlfferent hydrlde
di al kyl am nes and wherein the nolar ra(islo of the fir

COMRRtINIge To® R HRATH b diternt duie CRYWPH em%ﬂad.%'ch ‘that the
conﬂﬁdﬁﬂoﬂb&%ldgé under bme@\b@étld&tlcaﬁcﬁrCUMSl & r fuel efﬁmency

aspect of the mxture, the nolar ratio of the hydrid
thag mnﬂmswnb@lfw@pmawowat CPMRri§en 9Byt OrEp ot thsée different

hycﬁ@%%hﬂeﬂdﬂméé‘% Ber’ﬁol@? B%hnp\flvhfch% erkibaBwitht B&ofal hidlar amount of
ound and the second

the at least two dlfferent hydride compounds. In other words, there is a synergism.

[0032] In one aspect of the composition, a first hydride compound of the at least two

different hydride compounds may have a higher solubility in the liquid phase of a liquid

fuel than a second hydride compound of the at least two different hydride compounds,
7



hydri de conmpound may i ndependently be selected from
NaBH4, KBH4, LiBH4, Be(BH4)2, NH4BH4, a
w@odoghasohydri de, Ca(BH 4)2, My(BH4)2, Zn(BH 4per/Ust00@610179

and4fh% aﬁ@‘@o&%ﬁbﬁ 1RO6UNSENRE! st Fdricexasmpeund i’r%yf hé\fé a lower

de conpound and/or_ the second hydride conp

soltrbdgty inetheoliastd Bhiase efihsdidyisy el thag, the. @Odl%@mﬁwmra@gct of the
secSnfnd ﬂi!m‘e'ccﬁﬁ]%tﬁ kaline earth netals. In particular,

I rst e conpound and/or the second hydrlde
[00%ﬂnpoulndaln@&lerbesm%%iﬁrstmﬂd? O®BIgoUTHeant 4k riecond hydrlde

conkR3. ) AUBReRERY) 82 4Bkl 3, S9BHAHS) Btghifloes nauang
polmmrldeommmmlm hydritlesaof atkab adidf dlksalimet earirdietads, Zn, Al,

omRRRAAS PR b, 1 L BBl gonan. o,

polyboootiydeides, untiasBHajzh e My BH4)1; deri(Beia),, cAr(Bum)st a(@ie3,NHBH; and

e, kbt AT Sl S g e

con@bc‘uharraay bysklécted cfrowpbumhﬁsdmmasa enp) &omaborehydrideiscdt alkali and

dent t ot f th t |
akaligg S Rl IngaiEUr Aot e, o1 he dYsidp oy e EpHRS g the
secbﬁd aycﬁmecrcmmodnnd[waé NkBH@BEKBSRect of the

first d d fth
[00§ql0" i eb PBASR Fishe N JHRIGL I el T GEpound and the
secSAd H?dﬁdetoonhﬁbdhb%éy Eé‘fr@moeilﬁﬁl%@f 530 Iabawled ds1ed. tﬁam gbout 90

second e conpound o he at |east two dif

 10pboHt! T8 AR abBA B0 o aboLE B9 £50. ar #0aHt G 25 10 about 25

175, BFfPG’MCJonEcS? hgo td 51%uthmd%bde conpound may have a
| ower solu In the Iiquid phase of the I|3U|d

[0035]e| Thnawﬁesqmlra/ﬁatu@rtamm@tlcﬂ%a pradianstof ipereppiag dae Bied efficiency
of %g&ﬂlcgic{;ﬂ ek ontb qui@ f@éigfoﬂsi&slﬂ%H%F a &lFb%tflllr]mlatfuel cell,

comnmpoun and e secon

Wherﬁ@eqbe rmaethod cohprises gmp@ylrfg; @tnlﬁaytmodﬁger%ggﬁgchjf?dg q:qm@,ounds in
the ghglﬁl ngl' &]OIEX%} {l]vgr&fﬁérbﬁﬁﬁénaﬁ %oﬁ@%ﬁ’h%‘ Bélﬂﬁ%‘rg'le%?e% Qlch that a

eart I um and
fueldbampwa@nthm diffegent iydside NeBRpelndgBrass a higBer £fficRecBHhan is

4 W BH4 y ri.ge ; i
obt e 5 o PRV RBSTRERIOR g T EEE Rl RrblueR p & molar
ameuwrdmHieh istitlentical with lytdtal delaramaunt of theddtdeastiterociifteyeit hydride
néa/dr i, de compound may be selected from borohydri des,
co Sfrom borohydri des of alkali and al kaline earth

[0086Y aI B ohd agpedti sfutharmetabd,| @disdt yeidefcotrippuhd raftthe at least two

o L RS PG, I SR ol e e

coniBdsttion' fiahOa Aecbi® Hytrigd cbmﬂabud@ o arpatnidagtntivd dferent hydride
second I%/drl de nEound may,

corapARRS A 5 e RO PRBLELOGDS H1s] B i ehbRovs Tmay have a
Iow@psofubmm At Ilcgﬂd ph&@e top tAO AUl cinpositdn fhapnarnBAgdic dxidation

t o "about or fromabout 60 : 40 to about
prodgct ofg'@e second hydride compound

[0037] In another aspect of the method, the first hydride compound and the second
hydride compound may independently be selected from hydrides, borohydrides and
aluminum hydrides of alkali and alkaline earth metals, Zn, Al, ammonium and
dialkylamines, e.g., from NaBHs;, KBH4, LiBH4, Be(BH4)., NH4sBH,4, polyborohydrides,

Ca(BHa)2, Mg(BHa)z2, Zn(BHa)z, Al(BHa)s, (CHa)2NHBH; and NaCNBH3. For example, the
8



[ 0035] The present invention also provides a nethod of
increasing the fuel efficiency of a hydride conpound
w@ombanasdng |iquid fuel conposition for a direkCT/UBSZPOS/CL0179

ﬁrstlf M%Iride@édm MpRrSidort ﬁ'\% MG%ﬁﬁwrdmuﬂmQYmgsaécted from
t wo dlfferent dri de conpounds in the

borefu@lrlde$ heagatfroneagltohvwem Cfff%'ﬁaéln@ndﬁ'hﬁh'ﬂfee@*@hﬁtﬁﬁﬁﬂasln particular,

the 3?#3[‘@/0‘?; Wﬁlﬂcghotl&afhﬁgssécﬁgé rg/eﬂl?é'c%hﬁ%#b&erﬁﬁy be NaBH, or

I de comnpou I gher "efticlency
KBithan is obtalnable with a fuel that conprises onIy one

[oogé}en[he & Mﬂ{eg%@p%&%‘??&é”ﬂ?th‘oﬁ o P GLn DY qﬁé{%k ?J{ ol 6F the first

al w ot a ar anoun t he
hydtide adnfp‘oanérandhmérsecd:enddwﬂodmd:emppO%Gﬂnay he dram &xbpet:% 5 to

oo L8, 15 e aBolf 61 1AL (B TRE15 Blol B8 0 0 about 20

80, hbghabom @bubbltd tgoutr25t: v, br ﬂ{omdabph’ae@ 40 ta asout u@l 60

[003@22?% :Rlﬁeosgpﬁ prggrgﬁps %&%&@g% grﬂygﬂﬁ% ggﬁaw fLJe acfpélaqogltlon for a
Ilqumﬂu@fibélpmvl’ﬁm’o@btﬁpo@tfor’t cttﬁnrﬁﬂsrestamaﬂdaillrﬁehqﬁlmmsfedaﬁmyne or more
ase 0

| | 'ubi it
PO IcoR 0%« 115 Oh dare Anbie comPaded ArepFBSRES 4 the lauid
phatse G(e%ecé’cné’odw d5brd Qemﬁm@ﬂm QQ@tﬁVboﬁdénﬁfﬁtDém ef aamgtcabout 0.5

e nethod, the first dride co
molg&%ﬁ@rwdwu@epwﬁmwer@ﬁh"meﬁ&%ngmﬂ%0}936%%1 Brodegts of the
ond 6%Md'naé%onﬁ%ﬁ’&§’ frthd ‘ﬁ&una%aé‘é Hﬂhﬁbﬂﬂr@éﬁﬁ rtérﬂSéraﬁfre ée .g., at

al kali and kali ne earth rretas Zn,
abagit 26K) lanswésthateafger ar pedis@EiIdagon }QBHbQUt @@ Bl“l"@:% Bé(f@aone or

mon%) ifyg A%@%ﬁﬁ?@é&%&ﬂ ?g_lhg%gﬁﬁ%ﬁ( Eﬁgﬁgt% pr%ﬁgﬂ’@eﬂtzabout room
temprEatwied, "Suhstantialy nuwr;eanpltaf@? ag usBdhemsmand in theaappenged claims

s FREROMaEL) farcRRYNSL T SRR L AR . . s

thamlakalti h% efdne formet alngdlcwmd@aom peaguglis present Inrlmdlssolved form.

oo TP RUGEH Y <bBofaTy NP, ORIy proos
pred_bitatlaeaftmtmdanoﬂlct boedatrmenﬁ aboyt 9henoretbr or &Vveon affer tdane anodic
oxidfoRios BN PE BT el e BN o g8 H5ARGe EAbGIRARGURE one or
mobioytirid@ compbintie mﬁyolgﬁbglﬁ@olved)m tggrliqgldaﬂﬂm iBG totdl @ohcentration

of eﬁ?%}%tt 5%&1}&1 %8)1(3 o]=1 olrplar XM tﬁ)bal coegpntr[age%ujf Zg‘ggst gbou?z moles
permteﬁ’S@fﬁt Ieawabbut@malestbepm@w des a hydrl de contai ni ng

t f d f

10043, b PERDRT ehas pLe Samedekian phe dresn Yeatan dha ogaer more

hydPlﬂe r&rnﬁ)dwdé lrﬁ*%/ @’F@h’d&iﬁly bENseledted Cffomrmyandfwrboel@wydndes and
1 SSQ

npounds are ved in the |liquid

hase
UG TSOHPE copaiall P8 Akpis: BET B8 Enatilofnotym and
dlaﬂk?lﬁﬁ'ﬁne%boﬂir QxampRl efre@r NABI$/, KBI—L' QUBH,, p'Bé‘(BHQ} d NHSBH, a
sol ubi 17ty of the anodic oxidation product s of
polyborohydride; Ca(BHa)2, Mg(BHa)2, Zn(BH4)2 Al(BH4)3, (CH3)2NHBH3 and NaCNBHs.
In particular, the one or more hydride compounds may selected from
(poly)borohydrides, e.g., from borohydrides of alkali and alkaline earth metals. For
example, at least one of the one or more hydride compounds may be selected from

NaBH4 and KBHa.



one or nore hydride conmpounds in the liquid phase at
about roomtenperature (e.g., at about 250C) is such
WO b@b/18d630er an anodi ¢ oxi dati on of about 80 nOPEF/USN6/010179

[oo&g}e ‘WYL EHORECALPELL bERCOMVINBA FURS brdtehalvintth, the one or

dati"on products precipitate (at about room
mornedijolsidacamppundsSmBy campriss pl/leas giirsthysiridacempaynd sad a second

S Sl PRRAYY S Ry R RARE g prase
ma bg.highesdban Henselubility of the @eccur‘mbhychsndne@nmmmddn the liquid phase

ancj‘[)ﬁigi%ﬁtldltﬁlﬁy %‘f%%oéﬁ? og{d%ﬁﬁgbrddﬂlcyefj %Sﬁ)rgty )ﬂ% éﬁr?%cmn)g in the

one aspec 03| I-on,
liguitb ploased atay ove ﬂnweiulbas tpe esolqbllntyabé theef aeodlaroxaiwdn @roduct of the

or even after an anodic
Sec89‘i*g¥f%ri'(%n°°5‘?p°éﬁ] tr@?'(a')h%c{@’ @ of the one or nore
[o043]dr i I ®necagpeudise autkrantid loé tmmsbhydrmeecdmymtrundand the second

nyefidF BPTBBHEC RIAVT BT GPOU: 07 cBL0 SBHIL: AonAEH o B Dot €0 10 to

aboluE)tIBr. 98€er||11 ,about 80t @0ab aponCEN{ F@,tfl’dm agﬁutaIS ] B@fd about 25 : 75,

about es per or at |east about 3 noles per

or figng éPOUt[GgIC)) to] OHL‘bé héq aspect of the conposition of

[Ooule Prreseiil fuANaAdgeRt of i 6RRPEditidItRe Mydii ﬂ%se may comprlse
nmpounds .may i ndependent|y be sel ected from ydri de

hyds@«%y@ns ds? GeacentiatoAumd i?}/d?’f‘%ieﬁb%#t Al fuegk-a pshd'ter &4, in a

con@éﬁ@étloﬂeof%ﬂéa@t QF&RHSS m%l’és p‘é‘r liteR AT %Qunldz moles el liter and/or
di al kyl am nes, for exanple, from NaBH 4, Li

in agconpetErion)al nohpigbpighan apeutyyppiseyer litge . Ca( BH 4) 2
[00@( B%@%@ar@tﬂéﬂa’%ﬁ@c@ th@"ll(}@l’d [f}')age rﬁ@"cg’r}]&%g{ t%gé‘tn@he hydroxide

artlcular he one or nore
ion cmnwdmgdsomaqurwbkit@@@@ad fthgrmm( peslig) hydraxified FQFUQEOWCB”@ compound

ben@%gg]egt%%rﬁr@tga%o%fs & dirdii ?@Eégséa&hll‘él‘ihé ré%rtﬂ%éﬁl%l ?g%i Zn and

east one ne or nore
fromcampnumldm ylyortide, seick @seed. of, rld@HNNBRH KO, RE}BIH, CsOH, Ca(OH),,

walHEORRE I oy AROLR, SN BuPy Ykl PRI bk may
commrsp@sa?&edﬂperemWa@Hear@forl@ét a first hydrl de

rood"CaRY e e BSRY of ¥ b e BB B WY phidfe may gpraprie at
leagthereee ( mgy ab dedst givey of hatert (oycopliphatfic abcobélstl’rmnrfgemmrhd about 6
carBy s 297 B 14 Ao L BobStateR g briens SGpols gi(Cza alkytene
egédIé)StpotMH@ﬂ t@ﬁ(y@l&’PQIVMS) r‘méﬂitetCh i-gikiyid efriees of dI'GM bikylene glycols,

an SO e ano at

di %ea'ﬁix'?n%fglm )s fy%ﬁ oBS R, | e el kilgehgrs of Ca
alkﬁ@ﬁéeglyc{oﬂ,oélcﬁdczunamwenasw@dls bhe mv(@h raaltyleheofgvcbl% ethylene

Tirst hydri onmpound and the second e conp
oanlﬁprqg&lemaoqﬁl%aﬁckgg)polgnqré SsHhxylated. a&]atlg %oyolﬂgrmpoxylated

allpﬁQ@é’PongIs et%gxﬁlétea%utpréﬁoxyla?& algpiﬁé'ﬁb PoRMls, §gphat|3Qetﬁé?s having

from about bout
up e @rebBgarien atepes,t @jiphplig ketones hgyging up to about 6 carbon atoms,

aliphatic aldehydes having up to about 6 carbon atoms, Cy.4-alkyl esters of C4_4 alkanoic
(aliphatic) acids and primary, secondary and tertiary aliphatic amines having a total of
up to about 10 carbon atoms, for example, at least one of water, methanol, ethanol,
propanol, isopropanol, ethylene glycol, diethylene glycol, 1,2 4-butanetriol,

trimethylolpropane, pentaerythritol, sorbitol, glycerol, acetone, methyl ethyl ketone,
10



[0044] In a still further aspect of the conposition,
the liquid phase nay conprise hydroxide ions in a
w@oweamspat i on of at | east about 1 nole per | iP&F/PsS2006/010179

dietfykatondd nfeth@ e Rid, althy Acetatadldidxeastetrahgdibfutar dEAE, triglyme,
per liter, at |east about 2 nol_es per liter and/or in

MoRPRIRANATING: | ondigthapeleMifigher t'ﬂﬂﬁ@ﬂ%ﬁ@@ 7 nioegpigganolamine,
dlprlngﬁﬁélamfr%%ﬂtnpfb pYRblaAieY her aspect, the liquid phase

rise at least one hydroxide ion providing
[Ooéﬂn'pouﬁd aftiothes | aspect Hbe eliqvid fhiage hyay osanasiseowater, alone or in

confifl i GREBIHPle e, S REN 00 COTAERAI AR naving up

to abouh® aanponiatem$pod gRritelebowiiciydiexy groyps, CGas@Hkylegseaplycols, di(Co.

4 al%@%sh?%m l&r? glyégl P noEiz %@w f{&gfﬁ)ﬁﬂ alkylene

glycmig{ dn(@mralllg?erw glsmlw)emhot baly €.n aﬂaﬂ}meagiumjs K@I-& 4faRadthers of
o4 PileB plvoels” Gt sRRRE oo pis) i PRIREE: ahffene gy girytene

oxideAorpppEnavadxide blotk cdapobimers, aeihoxﬂlated hall mahavpdlygﬂsu ppropoxylated

RSB R T B SRR RE, el R i
up PPlap6GE26 Aca&bdw bfnes, galllph@ticsketoﬁ@mthaﬁhg lfb & bbbuteﬁ hafison atoms,

aiofie Baroicies e e Brabogt § ot ateins. & e ARURIATS o e gkanoic
ah&fah@a&d@'a'ﬁld'éfﬁm%rw é/ét@héaryddr(dct%ﬂi%rﬁbkwaﬁﬁ%rﬁhw%laﬁl)wg a total of

}e& %o al kyl ene cols et hy
up kbt ptlopsrben @t AU AV @u@ 88 HWWr%Xa”éQIﬁo%Hgy@dphase may

con%rls@%téﬁarﬂpbry&brsmoi@@anxwo%sﬁheﬂialneh@tnaﬁop@)w@n& isopropanol,
et oxg‘pated and propoxyl ated a atic p

ethyeng Bhicple distimdere BHOPING. %bv@naw@lﬂtr"eemm%ﬁpw%r?@ntaerythrltol
sor@i?dl pﬁlgéérﬁl EE?\%S nﬁ@ﬁ% Nhyl Wét@néat}i?%lhmﬁké’c@ﬁ@ %efﬁyp BBetate, ethyl

tic a aving u car bon”at omns,

ace@temlaxmyﬁeteaiwdroiur@ﬂ diplyme, algwmmor(cwthmmlay digthagolamine,
tneﬁgﬂolaﬁ"’lrﬁ?r )ﬁon?ﬁr‘bﬁgﬁéﬁé%lr@‘ddlhﬁfp%gél%\hr?é éﬂbath:];groﬁg?g?%me, eg.,

a'tot to abo carbon ato
watekamateleasttoneeémetbml othawal epropanst Heerspparesd Bad ethylene glycol.

. | I i .
OoBEOSH rebSAPEORRNR s bR, Bl SSHA S6Frices o s
conmmsit@erqfttrhu present iswerttion dhelugihg dhes wdrioua@specte thereothy|

1005 T bRRG e ert gy HBkloE o fUBL gk of rei e i el
cellnwhmhtdaanod;einmmansaﬂ;l efushcarhposition, oftthé ptdsentinaentios, including the

no ol ad ne, di propanol am ne and
Variof‘?ﬁg%?fgﬁﬁ]eé?ﬁ [0047] In another aspect, the liquid
[0050‘]38 q hwewﬂmrvmeomtse{proahwfa nesthod of Tnﬁ‘;valsmgl the fudl teffficiency
or nore solvents s ed from clo)ali

of &SRB G TRRYI SOREIYS ISR b A Db ALl il ol This
metﬂ@@ Worrfpriows E@Ns¥tirdy GHePsr m@%r Hyo@xHE)doﬁfp@u@djyéﬂdi 8ne @t (foke solvents

4 al k I ene gl ycol % 4 al k ene col s r%
sucﬁ)ﬁh@tt qpakfioreh Qpp’XMnQS arasa! @nbﬂ'% eor more solvents in
a cé%c(e@%aﬂo@bk&t' I%é’é’t a%bMP@'S-?ﬁolé'b@r ﬁf@ff ¥t @bodt R_RbkYeRPRrature) and that

col s
aftegr a¥1 anodic ox1datlon of about 80 mole % of the one or more hydride compounds

substantially all formed anodic oxidation products are soluble in the one or more

solvents (at about room temperature).

11



C2-4 al kyl ene glycols, di(C2-4 al kylene glycols) and
pol y(C 2-4 al kyl ene gl ycol s), ethyl ene oxide/ propyl ene
w@ziodaosbock copol yners, ethoxyl ated aliphati cP@EDUSING010179

[00BITPPOX 'o@fe@gs@elc't RRahé Cmétﬁbé( olhe, o RPRrdrat BEirRBdcompounds may
propoxyl at ed | phatic polyols, aliphatic ethers

COMR{iISE A lg@stta;ﬂ@bds\udrlc@ saMBeNNchalg, Sesend hyeride eemgapad and the
solLLb%K#/ Bgtﬁéﬁlrgﬁﬁgaétcogxp%ﬁﬁ Rt SHEBor lﬁbr‘eni?ii\fén‘fﬁ ?Hagedéymﬁﬁer than

out carbon atons, G
thea‘oltmlllty 4>f dh& smoons bwriqﬂwa@mpqurwbmd@eaw or mmeysolvents and the

sol%n@ﬁg%?'%é a@B&’igt aglgﬁ ﬁar@édo‘?%‘r"tﬁ& g}%@\;ﬁgﬁ%é‘%ﬁ@ﬁ_gvﬁdm rflhﬁégone or
mowm‘rmm mdyebé |Imardhpmalwsmaylllfyomfdiﬁewodm e¥idation pronduct of the

secBhy R oI helond SR el Tene ol ool

[0052]2, Fhbpreseat mMvehtiort allsmrptdwdeslapmettmde‘or increasing the fuel efficiency

of %ﬁ&@q?deq(éérghlganc]d bgtﬁ’tﬁ{;\l&?ngi Eq%% guéicer ol sntlgggﬁonedlregfﬁg%{ild fuel cell,

wh|61¢ eicthed compigas, theedmplbyrdent off #rieastitgb Wiftereht hy@irideecompounds

et hgnol nrﬁ@oro&?é&%eggﬁén%%ﬁé éhgtfuegl‘r&gm%oap onl. The at least
twot(élgOfmbaﬂﬁbém rr@r) gifferent Wodiide Qdiﬁp@Jndb%ﬁlétse@&%doéuch that a fuel

met hanol et han ano| i SO et hyl ene,
COMAQBHIRN. CO[WK?S]Q Sh‘?ée ﬁl['fgis)'%'hft hWﬁk‘?‘@rf%”b‘ﬁ’”&S%oU isg identical
conditi@Hs dhdsug! higrdr | effidiéredy tﬁﬁm%fn' @tﬁérvﬁsef w%lnu&.ﬂrma%dmmmh which
t he present 1nvention, includ |ngwplrle various aspects

CO”@M@%@P'Y ?rmafgireméeaﬁt dwe different @ campeUnisot & Ewlay amount

whlsz% |8@1*it¥d'al Qfﬂ@\ Eofotélrr%bfa'ﬂém&ﬂwtaof' frRubg Iééé@'tw%ehllfferent hydride
whi ch cartridge conprises a fuel conposition of

COMPRQAIERL | nvent| on, including the various aspect s

[ooﬁgfr epf on i @Q&t e %ﬁlﬁ@@t 'fuPéf?ﬂdh&é‘ c%hﬁfafuﬁa %Y'tg@%t feast two

hod reasing t iclrency o z
dlffer@n’pm(mae@or’rmunds@avur@ue @ higherr selohiitysh thelinuidphase of the liquid

fuefjécfrﬁ&%snldnqﬁﬁbﬁ o 4lon ‘T’lyhn%le Ebrﬁpgﬁw@fjthgs fe: dﬂ?\ﬁo different hydride

one or nore de" conpoun
compmmdscalndeant@@umhxndatmn proguc rod thoe fmsbhy;:lridyzotrqnd@und may have a

oIR8 5B BB BB hcstion
prodmwthmmhémelmmmmpomdd that ;after an anodi c

0B 34 588 BB 5 0 R o may b
pre@%tdﬁtth@mq@ﬁq&lmémfahe fﬁ@|dﬂ)b’|pﬁ>sitlbntll|ﬂ@ toitet conceniiration of at least
abof ol Beffter &0 SRR RPN O deb B or mor e hydri de

[OOSEJWWH@ BEcSERYIN0eTTRdh sy m)vildéél%tmahbd fcﬁrl‘lmblstﬂrngdﬁe performance of
nxound and ?‘i econd h dri dey)(%on'pound ang
a Ui piuef (Pl omhidhe COMPEIenyair PYAIAED FEBRRENS roaiainisge lignid fue

coriBdsRionOITHe %éthaaxeohﬁar@égiwé emwwéw ob @k Ydisk Inw driﬁerémehydnde

second hydri de conpound in the or nore sol vent
corapryndpelSshi P 191t POBT ¢ff%e’3nwpby$%edﬁ@m9ﬁurﬁsbd0ctheo'quld fuel

corﬁ&%utfdnr $he Y Jed<d qws OdRSERL gyﬁléeheorﬁﬁ@urﬂfs B@h& sRi&NSSeh that

nay | ower than the solu t he anodic
unc{gsx.qjlmrwm ieolinat coopditione the fuel composntlon comprising the at least two

different hydride compounds is chemically less aggressive toward at least one structural
component of the fuel cell (e.g., the anode) than, and shows at least the same efficiency

as a liquid fuel composition which comprises only one of these hydride compounds in a
12



second hydri de conpound in the one or nore solvents.
[ 0052] The present invention al so provides a nethod
wo oroeiteasprasi ng the fuel efficiency of a hydriP&r/us2006/010179

o ﬁmﬂlﬂ?’mfﬁﬁfﬂt@'kﬁér‘lﬁgaﬂ WEW aofat ol &r0AMOst ldf @Re BPleadt two different
Irect liquid fuel cell, which nethod conprises the

hydsigg [copperdsof at Ieast two different hydride compounds
[0056} 9 Accdtting?8 the'alBett dritRé BRseRARRNEN! fi8 rfe%ﬁﬁé%eséf a fuel for

conposi tion. east
a liguid éeelmellfm.ﬂu be dbtimizedrity proddingea tﬁtatpf@lynidgh mleal concentratlon of

dlss?]o?\f%ér@g{oﬁmmeh%to O[IH C@Hﬁ’é)sél“tﬂ?hggr(ﬁ@r 'tl?‘r‘lé]g U@r?trﬁg the

under erw se i de
precipitatiani arfis sultsdiantial hangbemts ebf | ariaglitc yoxidadinn aprastultsr vans!é)r while

prei/%ﬁfﬁtgi grﬁ"y g@fﬁ c\ﬂﬁt g‘gqql?g% tﬁ Whﬁh%ﬂ%}iglgg%éﬁie&g@ tggefuglf cell, in

partillar themangde, vdaiuséd ibe & dehetriiczllly MDtdggﬂessmeafueﬂmT@rthls end, the

ored S arion 5Bl L3P B kb8 oYL b Ses sy or
corhbiaatiote mﬂrﬁﬁ@dﬁcbmfcommses thease dfv miktbifecbB Mo by dfiord enydride

wg@@un ﬁ%ehavﬁalrﬁab%mg%ergg St fiqlalﬁit %@&%ﬁggﬁk\%ﬁuel and also

diff&ielrthél olciBilRes 6tkhelr ahbeic dixidagas brddwetsdiwith efie ﬁiorél}édmbréehydrlde
conpounds and an anodi ¢ oxi dati on product of the f

CorpRRYFTOEHRP BB Hreuipig ! gt AEAUEH A ASCPRe gomnaert amprises the

use bt 'Mxt@?@%aﬂ%aéth%o'dlﬁéﬂeﬁt $AMRAntS AMRPSArtl bcidtPBo A8 to afford a
anodi ¢ oxi dation product of the second hydride

de%f@hﬁdu% soluilityspf one ahmhygﬁ%é@m@?uﬁcﬁ@%?'ﬁ@@ degigably high
soltﬁ‘éllltk%@% éﬁ%l({}?ﬁ%ﬂ@ﬁ p? NESthESY o@@oph%?éeﬁ){drid@ dohtfounds. In

phase e fu hposition in
thlscoaﬁﬁarif maare ofanfong hydride cgms@gwndl isrenwlgyed, (the splubiliies of the

hyd?'ldg confBauhgé dalli’ﬁ@auﬁﬁno% Ma%ﬁ%’ﬁ)zﬁoddc{seﬁa&[k%egglﬁlllap—l?o? different, as

resent’ 1 nvention rovi r 1 nproving
Iong h?e the rsbivenhmbdursf can dwsepalvel bbinethecyidridetsiontpodndp and dke anodic

oxi%%ﬁ%ﬂoﬁﬁ%ﬁ%@%‘é?% %OHEQ\HHI@%%H Ek‘t‘eﬂt fN%ircf%Bﬂ?esdttﬂa%hces the
corgtehfratramstof Hiyel wamlmsc(mmalm natonsdn ghe hqwb pbaserof the fuel (which may

be géﬁ%ﬁéq%nc%ng ﬁﬂor fa%ig Q—ﬁ% %‘Hg%&%gé P'p@ r(é&?)rb/dg&é g%rﬁée% ration in the
liquicb pisaaenofsthe élied gvkslelaedﬁeaslamel ¢imet kmplwmerchetrmal apgressiveness of

i.d i cal n |ons the fuel conposition conprising
thetfH"‘g aitaccfe@ééte ? S¥6'Sdi f f erent hydri de conpounds is

[00siE M TR L|$/e bf:‘the algyeasnicysts tamswfadilitited ¢rsSprepamtion of fuel pastes
anqzt ructur onent of the f

. Q. th
o dahcralee. TReprEbaccortepaadna g iderents g ayadg to co-

perftlind quedpétéﬁd aSsliEReEH Noonowmgcmeaummmbyzmne(@fs Patent
t hese dri de co ounds in

APIP“CPH@? i RyRligation ZP%IQF 55%7 9ar°‘1én6rﬂﬁ1t e'?f'fre t Wécla%urﬁ egglereof is
exprégsdi |ﬁé&‘?8fé&ed1yw | idfremiEp Hersls. R&Y3pdihg A8 CRIeHd dfOproducing

one as the present invention, the performnce
cor&spgnqﬂugmrp@.ﬁcts reference is made to the U.S. provisional application having

the title "Method of Producing Fuel Dispersion for a Fuel Cell" (Attorney Docket No.
P28866), filed concurrently herewith, the entire disclosure whereof is expressly

incorporated by reference herein.
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aliquid fuel cell may be optim zed by providing a
relatively high initial concentration of dissolved
W@ beod339dri de conpound(s) while at the sane tPEBUS2006/010179
"[OOB%FV?\@%%P%%%O% ek péi‘ﬁ@khé’sﬁ' d?fa féélbﬁéyﬁ‘ﬁé la8desaBl %S}tu%lr@fvanous
odi ¢ oxi dation products and/or while preventing any
pargingtsirs.i & an thel lvitieg sutrent; that §t¢hﬁ%‘ﬂ@b'9l0fdb¢‘rﬁlﬂ$€m eutpit pefevolume
ar the anode, caused be a
unit, Bt B piminp a2 el To' 1 hy s end, t he
[00h9ksefihei hwiedeu comppde yior diseeinatheh prgsent ama@pors prkfecably are
di vi r og ;
congp?rﬁnuggg twﬁgﬁpdraﬁs%és/ %Q(@GJSZ 89 'cﬂ ﬁotﬁpué}‘g&dgf aAfue| af rt% provide
eled:tgmlm dtenscmrbeulruﬂsrsmmd: Hhailthéetermrihydimjer cembunhmd"l as eised in the

h I i f f i
prepfy’ SErasaps; S8 8RST RnePeofipE i Aol ot dubed codrBe anc
encontpassde; ingyagtictdry lcbmpbyds aéhiahoaneo leird plef fhydddeﬂg dueh as, e.g.,
NakoRE, B 88 el 4t EopSindy GO opPrs o BRI GEMiex ion such as,
e. gdl %drehmiglesdlu/rﬁlﬂhm ‘lhv%r@tlle t@h& l;hel ﬁl(é;eidonlﬁm&iﬁgt exe&ﬁ}ﬁleﬁ tbf metal
esira S upl |1 on
YRR SRS doSrsS T8 1o e SeBr JRIGY S Y Afest Borabydrides,

mcl@ﬂlﬁg ?aﬂ&b&@hywwm%gfﬁamﬁydﬂd@@san@rmumrnuﬁpmdndes of alkali
conpounds. In this ca

wc@easc Eribokinla; K. BRandysa andipkalipe garth imqtals syeh @Res-9., Be,

Mg hw '§eaﬁ&'§éo%1tﬁ%l§51@f toieraNeis si&R ek ANaRd ¥ CdrimBAYim and
be simlar of different, as long as the sol vent

complgxasr ef BHa aids@enere diotrialtyirmingsir Ceeesronginantrecifis compounds
mclhB@ BiiOdieL n8f< mﬁm&a ch PIEMY RN ta‘-i% hesmof N@4B@+4d%€é BADL.ECa(BHa)2,

'h~ ext ent concep ances

Mg N@Ha)blNUBkiadﬁa@NBHmalrlHoUQH( et QaﬁchEHmﬁ\égfﬂm NaféHs, LiAIH4
d f
and | OAH .eﬁi@g&a&#d?lags Mgg B&"hg%eh %h\pﬂ)g yﬁlgﬁtﬁﬂ Whmples of

I N or cni eve a Sira
polmofeydndasmm these hef farquilag pHatle, &FBudrko,f M ohidai MeBat2 and

Vel GfiFek WE b Be o NAE P B[O RS MR 2R Bt Ao the

fracﬂbosessmuie@tmthaﬂ:a;d\/lg,am hind &f &xketihte qucepeirthad bhase;fnetals are bi-

o bR 8 S SR A g g i r e

in iHeSprqsamern\/eamﬂ lacaatdiszioskd. |n1@a/g75U 849’,ate‘ntIAepblldaimijabllcatlon

2002548 b 6P AlscleRpie dhcreBt iso Bgp@ofiied ypfefarence herein

Bokpdris| ahd, e apietdl,edaBi, amﬂ BHICareheiafiples Bep@faligtghydrides
nmet hod of rodu0| ng qTgrrespondl ng products,
for ¢ WB‘P&%Qé HEIGECRIMYHWOY S provi si onal appl i cation

0086) I NgThBEiquidt peaseVet Rdcohpb¥inshecobMtheFiebetdl BP&tRInOPreferabl
[ fg}r/ a Fuel quIF (Attorne II%ocket ) %%866, file plr y

COMBRIIFESIANER I"@Prﬁé’P@M RTRIIC ARE/CEARTHS 5(9i'V§@F &P %’-}%H%F solvent is

a du?e %6%ﬁ§5i|ey thBROIPBRII S Sotvarmf ﬁf@@@l@eﬁt%%r@fer&tﬂ?%%]ar If the
f fdftrrab"ove, "the "efficienc

solynt i 3 solvett BTG e, OAPERES o eBoE &,0.alp, tBREfoLr,or even
moféj'lﬁéi@bugluécfl\ﬁ{?ﬁ s, [d13badt SrePdrah8 aBhfpoREnts Bt tRE Skt is preferably

per vo
polar. lJ%r example, all or at least substantially all of the solvent components may be

polar. Solvents and solvent mixtures for use in the present invention preferably are
liquid at room temperature and are preferably present in an amount which is sufficient to

dissolve the hydride compound(s) and hydroxide ion providing compound(s). Non-
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unit, each determned in a fuel cell. [0059] The
hydri de conpounds for use in the present invention
w@e@baosbl y are conpounds which can be oxi di zePCHESEO€10179

t t
Ilmlﬂﬁg tek??rﬁgl%@%g eé?lgt?%}g Ellegf@érhgérgég?émﬁl\éwgrvl%t% rﬁ&n‘ébzuar? L polyhydric

alc@t@lms@@ i mathangbr ethanol, sprepanelcdsorsepaned bu@nakpeviersdl, 1,2,4-

butgrl\éac l&strirﬁetHﬁSIg mgﬁn@ ﬁﬁwﬁe‘?ﬂﬁﬁtoﬁ erﬁﬁﬁgpﬁ'@sﬁcg%alkﬁene glycols

sushuas &9., etrglanel\elypolKHletIMme gb'cmelpro;a@rteogipommasd dipropylene

glyrg@r %}9@%&%&&% ﬁ' rﬁ%ﬁﬁ'& ! ﬂ@i dﬁ@g@érgér]%&)h? e IC(%egaS eth';aﬁ chtate, methyl

acelitte; eihyl farmipte xamp tiethytdxalase)alaliphedici idtoresnisacimds, &ar, acetone,

melf§ et a5 AR, 5Bl ahFRdRsdSUERgs. scetaldenyce and
propioyigidenyde) r arte $cycrijaliphbticrietihers Ngdeh desteerbhydrisiran, dioxane and

parfh i SARPEE AkEstErs L ioehas and o Vade Fpi, ang, mono- and
poI?a"Il@!,/I&fb gldblspl & opreferidhedlveret edrpsreah |sa$va‘3ér amkadkiples of other

ammoni um and conpl exes of BH3 and nono-

PrefarTedl 1SR RESNPeBST eSS THORBENG | and oY aliphatic and

cycldéﬁ et ahféhol@r §u<§'l@tas| 'nﬁéth&ﬁ’oltﬁnd LétREKol. NeRirter Pi’@:_;}]S‘riesen’t the
HA. Be( My(BH 4) 2, (CHs) 3NHBH 3
conqawnn:#her@pﬁwmm&ﬁ h@Hat I@%ﬁi@b ogict% NHYPUMRERG 1t least about 30

% thy \'?C}IL'ﬂﬂeaé'lqeé%‘fH%ut Roby ng'&/gmw 'oggfleﬁﬁ’b’a%t %9 c@ b¥Svolume, based

lTmting exa s of polyborohydrides are
on thedsial velumgrafitheseoVpRe®SOINEBSOH 0, MBI OH13, M2Bi 2Hi

[OOEEPP?FM@Q%%%5&\@81%%@%&9@&% or'\% iﬁhtg@]['l?bér(l:@osmons of the

presgioovention may heGany mymp@undsnwhich arak@nahtecofaprou@mg hydroxide

|on§ ﬂ?{hetéb%? Fﬂ%%% %&ﬁd'gg&{ﬁg o'rnI \ﬁ@éﬁ%&sn vér: h%g:(lé’l situ) reaction or

npl es or
mtesantloabvlth daryr othsrecomeLImel tpateneylbe ipresent indhe &pmposition. Of course,

thef BEmBafiS Mysfactjnisel?, ah SopRBal Sk i ng gpegstion of the

fuelWdediranaif in sarticudar ﬂmreleﬁcbdhymcml evaetions that ke place therein. Usually,

the SN, oy BF B SBPeRp PB4 B RSl ket opeipfige earh

mefal Agdrokide RVE I apmoriGa Gytrokive. Noadintdtingsiseeificfexahmles of suitable

corgBs seie b oNa KGR aRbPEY cereMa st G apllglo) BaOH):

Zn(@H yem(oma ARENHMCH. THe ddispondingoxidss, a:d%ﬁr%tés)éwcﬁﬂbarbonates
here is onlrﬁone solvent, the solvent is

arep'ﬂ%‘? @PQBQ;F’@HPPA‘?S of furthes COBMRALRES jwhich Loaw, epve s hydiexide fon

prolidfhg carAPBUNAS EOftERENSOHNRRor( OB W|I|tbé0emb ?@@ Tﬁepéllhount of the
or even nore) individual solvents, at |east one of

hydseig ipanrravigingaeanauRe () & @@%@@W&%’@We'ﬁcﬂ%ﬁhe qegwed hydrOX|de

ion @5At@tioRl thelcofterdtfAs! substantially all of the
sol vent conponents may be polar. Solvents and sol vent

[00§k {irtes dfreniduarie eprappunsisere USAY énthediesant inveatinry the molar

ratiB'df these hydride compounds will usually be in the range of from about 99 : 1 to
about 1 : 99, particularly in the range of from about 95 : 5 to about 5 : 95. Often the
molar ratio will be not higher than about 90 : 10, e.g. not higher than about 80 : 20, not
higher than about 75 : 25, or not higher than about 60 : 40, and not lower than about 10

: 90, e.g., not lower than about 20 : 80, not lower than about 25 : 75, or not lower than
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liquid at roomtenperature and are preferably present

in an anount which is sufficient to dissolve the
wogasitosoconpound(s) and hydroxi de ion provi le@l‘/US2006/010179
'abb%?ﬂ’@o%@ﬂ@)‘wamf‘gdmlﬁqltlﬂﬁ AR, & s §é’5leté\‘ 'e d., & ehi&ittaqueous

onponents i nclude water, nono- and poly érlc
I

solfiopoiomelar gatio of iaBnand K&I-hacpfoabo%r%paﬁ may afford particularly
ad\/'élﬁ%%%@ﬁ@‘fb%blt but anol, glycerol, 1,2,4- butanetriol,

ropane and pent aerythrltol) and nono- and
[0063] yal Wleen’é sglllylcoth@ gguwtl agpreeiaty th%twbereﬁwad»ﬁe@nt hydride

con‘&}o%% sBof FQ,:O%QmNaB(H Qa%d' KBS, g%lré( %mp’lorygaqn g' E’% ﬁ? Cratlo, this

tic esters of
molacrat® i$ aogneces‘swy thecbkr eatlormt\MWh thest iewe pomphyrhds are present

in thgrlmé]?dg%hagé;g)tf gh%tfnﬁ\lé;%ﬁ % ?hhl éénw?gﬁids ay bpe@%ﬁt {ns%&lnpletely

dissbihatchfplrke Thisels, dusl iopitnatfact tmladehﬂtéequ tphlaseasshese compounds will

usufip b oretER GBI b e EahE Sane o B ion
pro(bidlngmmﬁp&iuad alukly las NG $5 %pme‘?’ threbnp@uyiti il BIso be present in
a ene

cale s and, no and ols). A . .
disSheRey T B i SRgsR b raby nSes To Hhe reae tigtion of sodium
catioh§ eélaWeefoepscstadsmlcaqaﬁs ROMMBAIREIRYE ShdseCantd & onsstRiRYiEl, iificreasing

and Igévlﬁédrl c ali Fﬁﬁgtl ¢ and C{C| oal iphatic al cohols

the&%‘ﬁ 1M M HaRipenanbAt of KBifar BY the sgmesioken. 'f NgBH4 is
emgl g&frasr fHd @ﬁlyt B@r’bﬁ?cﬁnd@ bbmj@&tjr‘i’d1 éh@ ROH @@%m;ﬂ&?@dt a@othe only

vol une, é.g., | east about 30 % by vol une,
hydr@g%q '%QERV'CB'GQ WWOVW morrgﬁpWIngegglytl%Wlwgomj@mnot only

NaB’IQ{ Ut aIQé‘Sr@ﬂ-lﬁr]nfr eet% s, VieldfiE oRE i he do(fn hH@dcomp unds is

vents 006 OX|de I'on provi oun
empl@vedjéaghnonlhéweowpai@m |b@rd1ydﬂd¢siethﬁ @sqfwrthsmfeﬁt mfresnondmg

oILﬂER)Y] (RfanaR e OWWMI%%@EI—% r‘é?a%@'p?oﬁdrtbd?{s"df'aﬂ'(ﬂﬁtal) cations

droxi composition
whldln Ss@ pregenbin theesnbutionsi.ei onf ooly tbty FQIQHV% ptqspprtro@aom iwdnich these

catigbse 'gem}] ?\Ieggnt'lﬁ%ev\éﬁglozé‘%’ hgdrld%dpﬂ@w&ﬂd@d that may be

urse, these conpounds
[0064]st Pneferabiyt, ex fluek eonoposiion of it pfaseaninventioaronwirishs the or more

rveRECR ol b Rl e iR Al o PR aB S p g per trer of
contysasitiony(the bembysitiaxirdidirgna iqoidi phasg arahpowptomallyl present solid
phasia SRrisso s RaterBe e ol edioaBratiE St e Rodlt 1 mole per
liters @gﬁa‘skglzlemamgh_'cﬁés Cgér liter, ta b a5t @b opIoB! Imtﬂeﬁger hteﬂ;ht least about 4
o GRS e B BBk ook e SRS Fiase hEE bepataton may

ev&%&ﬂ@ﬁéﬁés@ﬁbllblnﬁﬂfeh@@@b@ﬁ;e%@déﬁﬁaielsm tl ng exanpl es

rt her unds serve as droxi de_ i on
[00R 51 Ale8 156 HSOAAAS o By THe) LomBRSHIoRIA (B PRISANG| Ve Preferably

con%ﬁ%'e@&f@/éroxﬁeeuoagw AtcoptehtRRioRYsH = Xd 448 abot @O‘P\hh@lé rp@r liter, e.g.,
mpound(s) i s apparently dependent on the des

abCM‘? Qr%x"ﬂ@'@ nes Hteg ARoshP r1a’f‘P|6rPeT Htet. rrborbg: @é’ﬁ‘?'?aﬁ’?é“te[ @@552]5" about
1 mdie &P jifdr f ateléﬁﬁtakfb‘(l@ﬁ'ﬁﬂﬁw%%nﬁé}qﬂgs aRliast 286ut P nhdiss per liter, at

present I nvention, the nolar
least about 3 moles per liter, or even at least about 6 moles per liter. On the other hand,
the hydroxide ion concentration is preferably not higher than about 8 moles per liter,

e.g., not higher than about 7 moles per liter. Especially in the case of fuel concentrates
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rati o of these hydride conpounds will usually be in
the range of fromabout 99 : 1 to about 1 : 99,
w@aoobiteasbarly in the range of from about 95 : BCT/US2006/010179
the %?Ql‘&ld% orr Q@hcé%*aﬁéh Wﬁl%f%'&rhlgﬁ’ér' tﬁa%béut*ﬁnﬁl@% g@lﬁ fere.g., up
an about e.g. not hrgher than about :
to apgut %morﬁsgqeéﬂltqrrmmpé@@?puv@ mo peénhteﬁot hi gher than

ut t te ,
0B AR of # 6k 3Ry HERaN A A cotfhositil G presen
inventip, may optignallyoermprisieaariots attrer mnpon@m; whogy prasyna;q infthe fuel

ma% bcé ggscl dg@uéégzlgagéwc%@n a!s nthé&-[ear L a o%op r%n%ag?_&wot ) 0gmflcantly

inteN’BFchhlh tlmamtﬂndzﬁ usets tlnmiuehﬁcbmpdsmmr tBycwdyapf gon-limiting example,

o SBOLBARE oy P GBRES i  cieblighe, Bferild sapizers
incladerpliphatis and @horastic anipes. NaBH4 and KBH4, are enpl oyed
in a certain nolar ratio, this nmolar ratio i s not
necessarily the nolar ratio in which these two

conmpounds  ar eBRIEFSBASCRIPTION OFJIHE DRMWINGS t he fuel ,

f bot h nds resent .i.n .co
100§ 0T @ e TVaRT G [ REDeT Peseined A the PRiaie ésption which
follbws) Uih fefBRsree tb RS Roted HMAHIRY of wréwmg@ Biay d¥enoPLIRSiSRY examples
in diﬂrgom ated form For exanp If at the sane tine

of exeRpHN, RMpadimsn %PUOF@F‘??&"EE‘H%@WW%W ‘as NaOH i s
erfnﬂ@yweglhowelﬂhsmé‘dmgyaﬂvéwﬂ b oﬁ\leépb&%hwﬁﬁeentalrlfuel cell of the fuel

di ssociated formin the |liquid phase,  thereby
prepajer @gsPHatAd&>@Bi&hit rati on of sodi um cati ons

relgd 1/ endvis RUiSkhatdaiad 'uﬁasdn‘eEt b&Y8hdrfd d pffaéuece%# ithe fuel

consequently, 1ncreasing the concentration o
prep@nedtacwdtng tolr@mple KBH4. By the same token, if NaBH4

un

< 5PY SUSHh BRI AU e B5cEATRRIDGIA0E K e e
prepamp@@n@dlrw toﬁnae‘ﬂﬁ)&oﬁrrdg sol ution would cont ai n not

onl By I KRK [ yoi10

typI:5e{g NF‘ dsr Iggatnsc% ﬁg%oundsw érhél%{:r%roﬁﬁ?r% r fG?I c&ll J?ethe fuel
preparedmceorkimgdb;ﬁioand%% the properties of a

correspondi ng solution (fuel) are determ ned, inter

alia, by the relative proportions of all (netal)

cat | ons okt GBS SEARAAON O Tk SEENENIINVENTION'!

[0068} piTasqudrticutars rsélownplhemmdar‘eyw wehy afoeampiel and[ 100 @diposes of
t he

gt iorssishopt ' Tae SRS EAE e ok HerE Sfilintionsoply and are

prekeﬁtad:l irc theceanise adfippovidihg athalt éabéliexbo Wb be.the mMmdst upeful and readily

un erﬂa?% ociﬁ‘?ﬁﬁé%gﬁ &tf aﬁn %Hﬁwgg ngncg'rcgabg%ethglg:agaegg a&f thg present

mvemmshsrv‘rpﬂmsenégam fhblaaie}npteas ghade it6 sRow @letdils &I Mg Pigsdhi iBention in
ast , about er liter, at Ieast abo

moffo Bl N 5 GRCessery dac the el LaoginaRgep! By present

mvérﬂ@ﬁt tr%b@égcn?tléﬂ)hﬁ%r@eépddréﬁrto Abs@kkill&R s tHbaMthov the several
nol es er of hase. The concentrati on nay

fo”ﬁ%éﬁthSé’r?ﬁ%Wen%@éV QPIGW!?%"W@ PEagdieeof f uel
concentrat es.

Example 1 (comparative)
[0069] A fuel of the following composition (in % by weight) is prepared:
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[0065] Also, the liquid phase of a fuel conposition of
the present invention preferably conprises hydroxide
WO 0008/102308 concentration of at |east about 0.OBCTDE®06/010179

peryykigker, e.g., wpgut 0.05 nole per liter, about 0.1
nol e per liter, ut 0.5 nole per liter, at |east
abdi®H1 nol e per 2?1 %er at | east about 1.5 noles per

|i tygdy, at | east it 2 nol es per liter, at |east

about 3 ol es per Titer, or even at |east about 6
Therdiselsarge icutviet aftthis Greltah @ aonbant veltage afed Nyid raottiredbé bprhydride —

S 4prene t t .

air %%FS&P@E%&#%EE& 19-cﬁ{,fugp¥éfwﬂ8r‘]sgw(>?%an t\dnlgua] ﬁQQPMT@% discharge
engpgy of the duel |£$$1e¢/ma/£2|41y in the case of fuel

concentrat esthe hydrbxide bff'c ndetration will often

be hi gher than about 7 noles per liter, e.g., up to
Exahplet2 14 noles per liter, or up to about 12 noles per

roo7 it A e QLo wunaf@?r@wﬂ%<'Br)é5gme'q*ﬁbam$p%‘ig 02

optwateal | y conprigeyvari ous ot her conponents V\,hose
pr |gce in the fue| may be desirable, at |east as
ﬁég s these oth A’conponents do not significantly
i ntnggdigre with the ¢yntended use of the fuel
conmposi tion. By way of non-limting exanple, the
co 4 tions may offpri se additives such as, e.g.,
st apigHzers. Prefeyged stabilizers include aliphatic
and ar omatl c ami nes. BRI EF DESCRI PTI ON OF THE DRAW NGS
[007 667 TherHisqhaegse Aerve rif dhisi foal atsa fagnstaet veltager pHhR& Viin a direct
tai [ i I r
bor%)t?ﬁ:% E:g ngftrgl%l ‘é@ﬁgério‘a% eﬁ’é‘? ‘“'gfréé\mnnggélg)f/ﬁjmrg%/ Qg Bf R'&RGA in Fig. 2.
Thmdnﬁcmarqetenar@y@immebsdﬁ 22efddhary enbodi nents of the
present invention, wherein: Fig. 1 shows a discharge
curve in a direct borohydride - air fuel cell of the
Exdrople r epared accordi ng to Exanpl e 1; Fig. 2 shows a

hsC e [ ' el
100g 2 T AR S Klipw Do Zofteodfibn 8 A BKIERE sfearsd”

3 SNetes a di schar@ye%curve |n a direct borohydride -

ai ;ﬁéﬁel cell of de-u; fuel prepared according to

Ex I'e 3; and Fig. 4 shows a discharge curve in a

di rNa®Hbor ohydri de7 % air fuel cell of the fuel

pr red accordi Wf%% Exanpl e 4. DETAI LED DESCRI PTI ON

OF PRESENT | | ON [ 0068] The particul ars shown

hergaBHAr e by ways.8f, exanpl e and for purposes of

r00gpcThe sclers SV r'y MianivehAE Spr R HPRRS 19fcD 8 A a direct

borBhydide\L dir fgel \WeRiandtielaba eveidcmb a6l vonenesstecy sedhdwn in Fig. 3.
and readi |y understood descrlﬁtlon of the principles

Theydigchayge @B?@dlo‘cﬁiﬂ)fé‘@{ ig 1§fWhikdhpr esent

Example 4
[0074] A fuel of the following composition (in % by weight) is prepared:

Water 64.9 %
KOH 14.6 %
NaOH 3.5%
KBH4 14 %
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invention. In this regard, no attenpt is made to show
details of the present invention in nore detail than

wo sooagesgsary for the fundanmental understandi nBCDUS200€010179
pr gy, i nvention, 3the description making apparent to

those skilled in the art how the several forms of the _
[00p5le s efbe idisgbatdeoeurneof Blais dieloati @ gonstaph weltageeot ERafin @ direct

DaLak| lards Lugl
boré@‘r?‘fp@gf’?lélgﬁderlﬁ%ll %}@/8 v?é?aaghtjl)% crif: flﬁéieg/giugr{dé 5’5"'09)9|$ shgwp,in Fig. 4.
Thd@bf%g@el@g&ol@e%éﬁeﬁﬁwh@#ge curve of th| s fuel at
a constant voltage of 0.6 Vin a direct borohydride -
air fuel cell (anode area = 17 cnR; fuel volune 55 cc)
[00Y6] slhdswmoten EFiag.thd.foﬁégemglmhﬂeyhevmrbggn qrfrovntjed froezkly for the

is 13.8 Wi/ 24h. |l e 007
pur'pgﬁq 8%1;%&1%%%0@?%(?%2% %V\I? q%%f:%rp# ued asp rgglgp 9. the present
invéfdioar Whild the KfddetbinVertivhthas BédrBlbcrbéd MBHéfeﬁéﬁc[eQGkkbmplary
emigplig St e oL i ek et SeRf sl el ofioras o

des(:ﬁﬂtﬁﬁﬁaﬁd qitustrafiah, Crialier ftHeh werbisiree lﬁ’ﬁtfa@i@l) ChafdeVmalybe made,
the fue

Wit i A S0 SR e PGP Agronded. without

d iR sédpgt JAdP¥piMEIdRé brdsenPiheBRIdRtn itd4spE t§7A&ﬁ ugh th
RO R0 S0 NS bresenPMOORITREIn [BaisPbots /Afhough the

pregeny c IMeRfion: Hag cbesm ﬂﬁﬁ@ﬂbﬁdehe@tn dv@or%f@%ﬁﬁlpevm Paﬁ'éU'@f means,
maferifls\ aﬁd“e:%bgdlhfeﬁs s %Féé@ht Fﬁﬁentlca'i‘i IFs ﬁdi%teﬁ&éd tc{ BQQlﬂﬁted to the

area = fuel vol ume hown in Fig.
partipidarg @@cpi@s@e eiedt; gipther, theepregent Inyen@r\/\nxtznﬁs to all functlonally

equivalent structures, methods and uses, such as are within the scope of the appended

claims.
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Exanple 4 [0074] A fuel of the foll ow ng conposition
(in % by weight) is prepared: Water 64.9 % KCH 14.6 %
WOR@6I1®361 % KBHA 14 %@B 3% [ 0075] The di schar geCT/US2086/010179

v HRb I@WE’AM@? gt a constant voltage of 0.6 Vin a
I_%}rect borohydride - air fuel cell (anode area = 17

cn?; fuel volune 55 cc) is shown in Flg 4. The

1, di schaAg fd‘ér ttﬂplnlﬁghﬁe W6 bétl&? %\2 ft{;g%% Q8luretein the

i's noted egol ng xanp
conmmasmone@mmlsesyanf @Ikaltrie;ehqmw pbase afd elk [glaahatfirsirhyainde aosmpound

anq %\egﬁen%o[ri&ﬁbﬁ%m%%ﬂ% LH§ QN ?eln argotltgtlplg}[]%Etﬁehﬁsplﬁﬁﬁﬁ@tcompound

resent I nven as b
in thediquidogithsei it hwlgrm‘rehamaesdiwblldy@rfrplheasgcmubbydrmmCBnpdmd in the

ot ABHE P95 080 BE AP Bonb AR BUBERL.A1SREL ot o
contiggumerin tHealiguid pmaéfld)wﬁl tha a&ngjbéﬁh,anfgﬁﬁl amalic bﬁdm&ﬂlﬁproduct of
purvi ew of the ended cl ai ns, as

the Spbaiehydfoe RamaatE  0e TGARRERS v ¢ noutdeparti ng
fromthe scope and spirit of the present |nvent| on in
its as

Al t hou resent s been
2. descri E%I}Ll?eP%mHOW"%hOfta?'E\PeH@EF?'B E%IF &E GRmpRUNd and the
secOR B HRdeS cafoditPadi iRBsHehdehtiesdisRSE ftbm M)ERIaES Wbréiydrides and

not intended to be limted to the particulars
alugings Bykiigles of alkah aF‘é?“fé\me eth @Pt?ése @NMeRidn £pand Al
extends to all functionally equival ent structures,

met hods and uses, such as are within the scope of the
3. appéwdisel epmpasitionof 9np onsl aEgaings 1 and A, Mjgreiadhe first hydride

"ﬁﬁéﬁ”@@% e sggbn&ﬂy%%' ddnfibuhAraré idde %grgerftwﬁégle‘c?%dufr%m NaBH,,

tion | Ses an
KBhaskiBhad NH4Bl=Jast BQ(BH4D£t r&pq(BHu)de Mg@w,d ZABRY)2,  Al(BH4)s,
b
polfRE O BEE, (CHE) ARTRONBENRAR, LIRE T, P GotR Bl iRz, NaaH,

LiAH gingrKAlHlan a sol ubility of the second hydri de
conmpound in the liquid phase and a solubility of an
anodi ¢ oxi dation product of the first hydride conpound

4. i n Theefuel gumpogitiars ®f ickaimo$yewhereantte St hipdiide gompoamd and the
socBBROhRS, STRRBMP A0 Fimhaby SaR0d VAT MIBr oy, i
NHQBHLIaaderdlybwvbBydildesthfefcfrmuiﬁ MBI:;H-rgl > B 6+ O WA ol 30 MoBexH 12 or
MG ALS LA Gy BB Sto e AR By des. of

al kali and al kaline earth netals, amonium Zn and Al .
5. The fuel composition of any one of claims 1 to 4, wherein at least one of the first
hydride compound and the second hydride compound is selected from borohydrides
and polyborohydrides.
6. The fuel composition of claim 5, wherein the first hydride compound and the
second hydride compound are selected from borohydrides and polyborohydrides of
alkali and alkaline earth metals.

7. The fuel composition of claim 5, wherein at least one of the first hydride

compound and the second hydride compound is NaBH4 or KBH,.
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3. The fuel conposition of any one of clains 1 and 2,

wherein the first hydride conpound and the second
whyasitesoconpound are i ndependently sel ect ed fPORUSRBIAN10179
O B 05 SRR 5 SRF ST | oty MO of the s
hydridepmpaund iapg teaspcaad, hyddep comepand isfrem akaal 8 ; S to about 5 :
g5 Li AlH4 and KAIH4. 4. The fuel conposition of claim3,

‘wherein the first hydride conpound and the second

hydri de conmpound are independently selected from

o Yt by A Sy IR 655 oo 10

abouPB20B0-18 wherein M= Li, Na, K, NH4, Be-i/2, Cal/2 ,
Myl/2 , Zn-i/2 OAlv 3. 5. The fuel conposition of any
one of clains 1 to 4, wherein at | east one of the

10.f 1 IMle fuetconhosition ainghyaonk tdieclaimson dohy,dwheeire tg @onmbosition

i s. selected from borohydrides an ol ybor ohydri des, _6.
comiisF BRNSH RBBOPERG Mot (RPL PRGN TalaL Bl Al BAS PRG0S Tole per
litefof@ohpesiionpound and the second hydride conpound are

sel ected from borohydri des and pol yborohydri des of

al kali and al kaline earth netals. 7. The fuel

11. COMPprRSLISl cofpakitioh df Blafm 10hRR&rel Rk tbBPSEncBARatIn i BEleast about
first hydride corr@g)und and the second hydri de conpound

3 molesrpasilifer of CMBRASIEEN. TRe TUel' coftip' bSitib n; 'bf any
one of clains 1 to 7, wherein a nolar ratio of the
first hydride conmpound and the second h¥dride_conpqund
12.j s Tiheolieh Bemposition of any isook clgims dsto §1, wherefryie liquid phase

EROS biioRideGbnc! @i m 8, wherein the nolar ratio is
Con?Fsr?om agogt gon 40 to about 40 : 60. 10. The fuel

conposition of any one of clains 1 to 9, wherein the

13, CORRASH b ?%ﬁ&@ﬂé?ﬁﬁaiﬂy%j ﬁer‘éﬂg.Hg%m@ide”ioﬂ o%é‘ylmtrat'%on in the

concentration o east ‘about e per lTiter o
liqubphessiis ableastiabouT®e1foeé peolitposi tion of cl ai m 10,

wherein the total concentration is at |east about 3

nol es per liter of conposition. 12. The fuel
14. corpesfuell compdsitiomyofociainof 3,civiserein thethydidxidenrvar @incentnagion is at
Iealti uig qha(ﬁg cop Fises hydr oxi de ions. 13. The fuel

%&%88 Q't i"0A° 8F" &F4i m 12, " wherein a hydr oxi de i on

concentration in the liquid phase is at |east about

0. I er ljter. 14. The fuel ¢o itjion.of clai.
16,9 ThenBeL PRTPRRLGHY 6F ok s o i dnf 14 Bheu® ine ialid phase
comprises at least one hydroxide ion providing compound dissolved therein, said
hydroxide ion providing compound being selected from alkali and alkaline earth metal
hydroxides and ammonium hydroxide.

16. The fuel composition of any one of claims 1 to 15, wherein the liquid phase
comprises dissolved therein one or more of LiOH, NaOH, KOH, RbOH, CsOH,
Ca(OH)z, Mg(OH),, Ba(OH);, Zn(OH),, Al(OH)3, and NH4OH.

17.  The fuel composition of claim 16, wherein the liquid phase comprises dissolved
therein at least one of NaOH and KOH.
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| east about 0.1 nole per liter. 15. The fuel
conposition of any one of clains 1 to 14, wherein the
WO papaiieR3phase conprises at |east one hydroxi deP€DIS2006/010179

18, PT GHs G B+ SRAPBQHE o@“aﬁ\?%n‘éegf EBRiEH Mo $RI (hérei e ﬁ’c‘?und phase

i on providing conpound’ bei ng sel ected from alkali and
corzirieas iah écash pne ofrivetar, A yenctnialirhatiealrohaniavingnp to about 6 carbon

atoub%dén@(hq% a]o%gt &h ofrHﬁJ gr%‘ﬁgpoé'é' oé‘lkﬁfané”%/cgpe o&lng_A, alkylene

reln th 'd ase
glyatils sopatg(-1 ralkydéne glyeolpra mimne- @f4-@kmth$laﬂ-la CmHalkylene glycol,

R Hly S8 A\ bl Gt n? iR T o R offer of a o

alkyiéne wiheoki di(Che dlkytaned glyals eorc pnlp(@geall@lwso@lved) an ethylene

°X'ée?'$r°§y'?ﬂ§té’f‘#dﬁq§ﬁg? 7 goRsR Jr?%agie@w%t’%\/%é %‘é"%&t'c g’P':X @ Aropgylated

ahpﬂ:é’tlc WOWDEIEm bh@xylatwl dnqbfpmmbxglatqﬁ amtlatpdlyaﬁ,sbn agliehatic ether

hatic al.c in
el Gt BbiLS Bl o0, on SRR eless Myl iRl g carbon
atoms Kaih anmabm«ﬁhyda hdmh@ up-té amio&vs eamodl 3t61k) a CA4RIKYY 6§ler of a
4 al k ycol a .nono- C- | kyl ether of a C2-4 .
Cralaptain IS aearca Bmony RePTdan by By BiPaR fTgne having
a tofalbf ap ky bBa\a 10l a4esdn atomhsdi - G - 4-al kyl ether of a C2-4

al kyl ene glycol, di(C 2-4 al kyl ene glycol) or poly(C
2-4 al kyl ene egcoI) an et hyl ene oxi de/ propyl ene

19. OX'T% fﬁbl%é‘d%ﬁ%@nyd‘r‘%ialm% QP e F?(ﬁhl@'ph@g@&brﬁpnses water and

propoxyl ated aliphatic p

at I@fﬁﬁ@i@|o§a@ahrdmilcww@km\m@wp Y a%@.qartm @tems W up to about 6

APIPHELbE §ASIARRAL By, BRI 1 OBER) 4 PO i
glyegl), phaom@oammwg@ehafxar@ wkylen@gkygel 8 dikizb ikyiansnglycol) or a
po|;?( a‘hﬁﬁéﬁ%‘/ ! y%r?%&eé gica- :gféyl etﬁera' faémbg?(é}l!gf jSlfglfca a di(Cou

secon erti
alksdmmglyhd)/ phy palyl(@malkyiew plycd) aemoemylme @audbtmomﬂmoxude block

copﬂ)R/m -Fhean]c Bﬂoxglg{n%?lﬁééfgp\'ba? o>&|afl’édrfnq’|1§\waédg;$5§/bp ér?eahﬁhatlc ether
havaig p|blad> |a(ooa’d @ chdionhatemsg anmlipbatabkeion® hawingasp ot alpaut 6 carbon

atogﬁs% u a pgn'%p)? %teﬁgnlc!%? Q@ f(e@]%y %r@i%llcaam(}ﬁe %ug}?i %l tgpai of up to about

10 eérbymetwnegl ycol), a nono-C -4-al kyl ether of a C2-4

al kyl ene glycol, a di (C 2-4 al kyl ene glycol) or a

poly(C 2-4 al kyl ene glycol), a di-GC ~™-alkyl ether of a
20.C2- %eafubybempoghw@lf .ang ¢he( 6F 2h4n§|1kw epewpéeneiolhe (tuid phase

o 1sGS At A ash e dirarRanf Ry BrogANel eRiPapdethyiens

glymdeﬁ@mym@p@yodl aj le I&thﬁétﬂbll ¢nrﬁ@ﬂhy|@|promealpbﬁta@tytﬁntm sorbitol,
her havin bout carbon atons, an alip

a
oIy GasPloRESIRADT el oyl ABNE. 6 RIAN GO GReTnAeEta, iyl acetate,

diokdr, MREYahyRIBSFARMAT Yighmé er e, alnhdHiRtHMoRMIAE, hd@¥inaBolamine,
a total of up to about 10 carbon atons.
triethanolamine, monopropanolamine, dipropanolamine and tripropanolamine.

21.  The fuel composition of any one of claims 1 to 20, wherein the liquid phase
comprises water.
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20. The fuel conposition of any one of clains 1 to 19,
wherein the |liquid phase conprises water and at | east
woer®e6n6230et hanol , et hanol, propanol, isopr opaan:T/U82006/010179
22: e'tth%t%ﬁa BoRtiior bl e ngharkiapk cor%pgslﬂorbb'érﬁﬁﬁéés'tWo ‘hydride
trimet ropane, pentaerythritol, sorbitol,
congoowdssm acet one, nethyl ethyl ketone di et hyl
ket one, rrethyl acetate, ethyl acetate, dioxan,
tetrahydrofuran, diglynme, triglynme, nonoethanol am ne,
23.di &t Hyddtantardainingi fudhacarhposition, fmmmquaMI atélhewherein the

coffBBRRAIEF Sy el BRI S s 8 A gamooure
and a qeéqirwﬁgigai?lg?mnmumandmherelﬂa solubility of the first hydride compound

i the JaidiBsrcp o B dar Sl wydls SRl BistnadtigBug in the

liquity ghiaske amhfaalsﬁllubgtyf uelam@ﬁpdeI bxigatidhopraiuict qii thef fist hydride

corfisayi " e Gl Hees ST aei a7 spLB, S shEocti et npracuct of
the%ﬁﬁmﬁﬂdﬁd&émﬂﬁomﬂ'ﬂ%éd alrdobha@er it aﬁka‘ﬂﬁé uahu.ld! ;shes@fhavmg a
hyd}i?gﬂﬁf‘;:o%ts&qgg I'g;alglep@ggnlgg%n uF B %llgl ahtﬁpgp{? &gmprlsmg dissolved
theGATBRY Bﬂ'rrio?e bPEIOH, MECH nttaﬁeReoqah T, ébH):_y W(OEH)Z, Ba(OH)s,

i c oxidation product of the first npound

Zn(p#)z hAI(PHepuRad PhE@H @nd ovaid ftr#ahy%rld@op@mpwrtcy a@ﬂ ga{d second
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25. NaAheduelldopdpdéitianabf EAY bde oPdlaintehzd aok P4 cwingreini 4 motar oétio of the

. claim?23 mherel at | east of th t
frs s AR meRte AT 43t sed Ry wfde BohiT i T P p to about
5:65.0m NaBH4 and KBH4. 25. The fuel conposition of any

one of clains 23 and 24, wherein a nolar ratio of the

first hydride conpound and the second hydride conpound

26.i s 'IfHeOfneBbémb?Qﬁ’on ob ahg of?lrbo?ﬁ clinis 25 to %,5 wheeeih upé coerosition
CoNposi of any, one of clai , erein the
OB RRa ARG COBRRMISIE 2! CABCSIT AR aha BASHATR i mOIS per lter

of copipeRiibhat i on of at [east about 1 nole per liter of

conmposition. 27. The fuel conposition of any one of
clains 23 to 26, wherein the hydroxide ion

27. The fuel composition of any one of claims 23 to 26, wherein the hydroxide ion

concentration is at least about 1 mole per liter of liquid phase.

28. The fuel composition of any one of claims 23 to 27, wherein the hydroxide ion
concentration in the liquid phase is not higher than about 7 moles per liter of liquid
phase.
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concentration is at |east about 1 nole per liter of

liquid phase. 28. The fuel conposition of any one of
Web@be2328 to 27, wherein the hydroxide ion  PCT/US2006/010179
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' composi tion
mo%r@m@gﬁ%ﬁéﬁ%?t I\Aﬁgt{ggﬁjlﬁé@mﬂmﬁ 8(r§|%ge If:l%npound of the
at least two different hydride conpounds has a hi gher
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second € comnpou east
leastytaip idifterentrhydtidel sompdundserasi mhigheagaighiliy oxa djatmd ¢phase of a liquid

ool e ek gl ARyl o s

ancawhareirdian anodd:abmdatlcp“r pr:hmlt;t of thehfirst bgdnne bymipoded has a lower

solily T8 57 base B ik, it i b BheahpoREB AR rbfuct of the
secbne hyerdd congigrunidor filling a liquid fuel cell, wherein

the cartridge conprises the fuel conposition of any
one of clainms 1 to 32. 35. A nethod of increasing the

33.f uel effligaidenelcelf wisich e secharrasinsbnissitahrif @y one of claims
I iquid fuel conposition for a direct liquid fuel cell,

rein the nethod conprises enploying at |east two
di fferent hydride conpounds in the fuel conposition,
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34.sel ect Adusheaitridgaforsfilfingp lighidybsl ¢6llo Whersim thes Fargidge comprises

the fuel composition of any one of claims 1 to 32.

35. A method of increasing the fuel efficiency of a hydride compound containing
liquid fuel composition for a direct liquid fuel cell, wherein the method comprises
employing at least two different hydride compounds in the fuel composition, the at least
two different hydride compounds being selected such that a fuel composition comprising

the at least two different hydride compounds has a higher efficiency than an otherwise
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the at least two different hydride conpounds has a
hi gher efficiency than an ot herw seidenti 'carfuer
Wdzmpoist)l'l'drl whi ch conprises only one of the BCT/USABE/010179
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oxiddliof prédurk ofPBGRBbARhYRliePonouhgast about 1 nole per
liter. 38. The nethod of any one of clains 35 to 37,

wherein the at |east two different hydride conmpounds

37.CONDr i $8e Fheth8@ édﬁpoﬁé’ro@rﬁl’éiﬁwbd% %Hp%m\ﬁﬁere?hgthe%t least two
met hod of 1 nproving 'the performance of [1quid el
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abdultq%cqe%gphteponpo& tion, wherein the nmethod conprises
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the liquid fuel conposition, the at |east two

38., d' fi er?ﬁé 4d gfearﬁloéﬂ%oﬁr@a?mg%%r}? \A@@fegrgg%u{tu%éﬁ%o different

e fuel conposition conprisin
hydnﬂdefcemnundlwmmnrﬁecaimmhm;bomhwfm eampoundes s
aggressive toward at | east one structural conponent of
the fuel cell than, and shows at | east the sane
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o G RSP RS hobRHE QS IFBETIR B compres
emplopingtat (fast twed diffeteptihydridecothfouade it thbyiduiddael composition, the at
Ieasctotr\}\}?)oclillﬂ’glsént hydride compounds being selected such that the fuel composition
comprising the at least two different hydride compounds is chemically less aggressive
toward at least one structural component of the fuel cell than, and shows at least the
same efficiency as a liquid fuel composition which comprises only one of these hydride
compounds in a molar amount which is identical with a total molar amount of the at least
two different hydride compounds.
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