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el ectrochem cal fuel cells, a ng cing electricity with the fuel
conposi tions, and a fuel ceII usin conpositions to generate
electricity. A fuel cell is a devi ce ¥Hat converts the energy of a chenical
reaction i nLIQGIDEEUELQTOVPOSTOIQSS FOﬂieEIaE@'ﬁROﬂHBMﬂ(DALFﬂHHLCEELSS have over
ot her sources of electrical energy are high efficiency and environnental
friendliness. Al though fuel cells are 10 increasingly gaining acceptance as
electric D I difficulties that prevent the
- W desprej:‘gE B Gr b hePERTTG ions. A fuel cell produces

el ectricity byTHI ipdgkRd idvdntih AMlesinookgdiantfudin compbsiténsnifbn wecat al ytic
anode and a catalytic cathode, respectively. Wen in contact with the
;anode s t tﬁéecmelhemlsalcaftlell gelisah| y‘eﬁ)&ddlf’ieﬂr%iHCWBe elegtrignty s tvithy ithg e hg

el ectrons_and . t to the

cat hode tcﬁr"B’ﬁ@WO% aB&@??eﬁlcgllPS'g rhceﬁrlJu l ne@t%g%tobét?' gplgwna?ﬁﬂggﬁect rodes. The
protons pass tArquoklien LUeGEs ﬂial”c@n%ln%hh%h@x@ybﬁ‘td%lﬁéiﬁlcalnﬁdﬁlo@ndtd he

cat hode are in contact. Sinultaneously, the oxidant is cat alfytl cally

reduced aflecti@tyc Anfrogst, the mmtngﬁﬁgthﬂh@eweélébﬂ%@eaﬁﬁwf BRUIBPSO Gh?§tf§fé’ner at ed
at the anode. 20 A co of .fue es hy n and
oxygen asPEHYo¥F gk © %@EW "{)"ga"i’quronﬁ’%'?g W%?lgengI gﬁ‘?é@‘ ﬁat%gg ;éﬁéode

rel eagin | QELAANS &S eRlapial IpdwReUBLIRE ThHere 2B TothnRaDt ONS
passaﬁhrgugﬁ%ﬁggl@?gl%eﬂtt ovvardse t he ce?tahode The eleeectrons travel from
t he anodedlfﬁduttwsgllmt@revehtethe widesprendast afduelvells o hewjeapphications. cat hode, the
Pyarogen to 1 ok ke PRGUG Vst i B PaE 3 el oy agp et 75" 3
H0 WO AbadoegBcived). WRd  dtsitdegwindrogen as a
fuel are \gﬁﬂgiﬂéﬂﬁ eg}r%ég%g%?%%@qeﬁ? t hé %@t?e‘lﬁgf | anmability and the bul ky
hlh gh- Ergsaﬁmﬂe, thenkegl ge;bemlsmwllyf omdﬁedrmgeheandtatylsarmpmcnng)feldqydm&)g% mean

I gelfer ;ﬁ%%ﬁi?ﬁé?%feageﬁseﬂavé bty amDRaRS U7 Eabpog fiprel Sh IS cr ¢ han
of gases. CI;I-GHSCOI'UI‘I f[\”gé ghggﬁéar@o%?r}r}%rﬂe%?gagsandd@ﬁ ah @le%%@lbtecxeﬂtllls

Met hods haVe been eve or converting |1 fuel s such as net hanol

i nto hydrwgeh botntlfl zimde Ih@sl& catliddedse ar eomaxt. Simgtaesousby tha dxidard 1§ uel
pre-processing stage and a conplex fuel 10 regul tlon SX'E‘L tEn Fuel cells

that di re@:attf!lw@klb’dfeﬁécqq @hltheffti’el}oéiea%mt%“%o Et? 6y ¢ FBOMEM Since
t he fuel _ into the fuel cell, direct liquid-feed fuel cells
are gener%ﬁ%lepdltcg(fa%l}’%?goﬁ/g'st comonl y, net hanol has been used as the fuel in
t heseyd ypes of Aaehlmson 8pe bf fiieb clhesp hydmga‘:d abd fuel pdroxiypesras an ovidastes and
has a high specific energy (5025 15 W/ In direct-feed nethanol fuel
cells, th‘équi?e‘i%ﬂhaohyqf@ge@atsa‘w@‘iZ%‘bFW y‘eo%]og?’z%eaé’t“gtm8t°§ﬁ@& FHI0E PR g

el ectrons ﬁo tiad?xdl car bon nonoxi de, equation 3: (3) CH3OH --> CO + 4 H+
+ 4 e 20 &1 noxi de tightly binds to the catalytic sites on t he anode
The nunber of aval | abl e sites for further oxidation is reduci

power output. One solution is to use anode catal ysts \/\h[@lﬂ“ﬂ ‘me’m
susceptibl e to CO adsorption, §dch HepREk i mem / rut hen z5
Anot her sol ution has been to introduce the fuel into the cefboors an

" anol%ste", a mxture of nmethanol with an aqueous liquid electrolyte. The

met hanol  fRAGPoidabs through an electrolyte towards the cathode. The electrons travel from

the anode, through an electrical load to the cathode. At the cathode, the oxygen is

reduced, combining with electrons and protons produced from the hydrogen to form
water as shown in equation 2:

30

(2) % Oy+2H +2¢’ > H,0




wat er at the anode to produce carbon di oxi de and hydrogen ions, equation 4:
(4) CH3OH + H2O -a 6 H+ + C02 + 6e 30 In fuel cells that use anol ytes, the
conposi t mmondésisdse anol yte i s an inportant design consi dePETUSHZ/O0THE

anol yte nust have both a high electrical conductivity and WO 02/ 054506
PCT/ US02/ 00140 3 high ionic nmobility gt the optimal fuel concentration.

Aci di ¢ anol ytes are nobst comonly used. Unfortunately, acidic anolytes are
nost efficient at relatively high tenperatures, tenperatures at which the
acidity of the anolyte can passivate or destroy the anode. Anolytes with a
pH cl ose to 7 Afteoughddeldells esidp hydiogen sy Brchprecinapler clean amsl HpgOCHEYi ty

that is t | f ffici | ectricit ti | t
prior ar e pamaandiy and b B0 Bk edf NG i LRACHUERS ohe o)

Menbr anes., %ﬁl_o‘f% drdbeh WeanPRal RO AILpowERd Fatinadis dré iappaseidtet foroxygen
inthe air a is Separated from1he anode by a proton exchange nenbrane

-that art smhny bippeadensel ectrol yte and as a physical barrier preventing

| eakage fromthe anode conpartnent .1 o erein t |.i.qui d. anol S

cont ai ned. Onel™MBFRSF ﬂ@ecg&%ﬁ{%nﬂg% agg UANTREE Ogg’ﬂ?"dgdf f"(ﬁnpg?re%]%'ﬁ(ﬂfyte is a
per fluoro ' e bBY Bropbsed PR indReN@MB U1 Hols Wivebeagt on DE
under theg%%gglg\%%ﬁ[d@ﬁs?% ngue cpegl)el S usi nlglgl SPE nmenbranes have a hi gher
power dengéviejopaddol congentingpiquid fuets $ucheis imebanob ingarhydragen.ontsén. Aheseyt e
based cells. One di sadvant age SPE n%lrgﬂr ane fuel cells have ari gezgfromthe
t endency ihods ape Rk ABIPIE.oreaNiRNg Lo Yeh PEBIPCERNEEiRET ARG 2 SMBIEX d4dli ¢ | ruch
nmet hanol | iljzed for generation of electricity but is |lost through
evapoﬂ(gti of Pﬁﬁhngﬁéﬁli on, if the methanol comes in contact with the

cat hode, a "shpuél-cells ahtttdireoty uxidizslidqui fundd hmntbe sbhitionifdi thedpdbleatt |y on

t he cathode, generating heat instead of electrici Further, dependi ng
upon the Bixcafhs fyel is direethit fed dnio tha el cell, g‘ﬁ‘iftiiﬂu’phég%ﬁiegﬁﬂg,ar%%?’ﬁf)z@é’t 20

poi soni ng_or  cquh L Foeudliif [Hisd BpePsRIIEMS S

over comne vad%ﬁh%ﬁgﬁ%%%wbg Wﬁ%gﬂ%&ﬁgﬁﬁ%@% t5% mlst&anoﬁ’Bgontent. SAt such
| ow concegt saleap Savailhblet frbmadiversé Botrcbeandrdnms la highespebifict erergre (HR0ol
diffusion rate. Further, fuel cell efficiency is reduced when neasured in
terns 16f &Wkgkical output as a function of volume of fuel consumed and

rai ses issues 25 of. fuel transportation ' : Jest& di grosal .
Last |y, des;ejlf‘tcgrea?gﬁfieaﬂ’]g%g%(ﬁfti%@ ‘ée%%r E‘f? mﬁg}%ﬁgln}c%lleéa?%g?%tﬂ ger unreactive. As a
resul t, thgodReirbMId EctfIns ro@as andefbr muhckidgteqasiadn Yuel cells is
limted to about S m2. An alternative fuel to consider is one conposed
of hydrogen-containing 30 inorganic conmpounds with a high reduction

potential such as netal hyii#)i degﬁgbggﬁyﬁga;h@? @g%-l its derivatives. Such
ic a

conpounds have a hi gh speci are highly reactive.

20
Carbon monoxide tightly binds to the catalytic sites on the anode. The number of
available sites for further oxidation is reduced, reducing power output. One solution is
to use anode catalysts which are less susceptible to CO adsorption, such as platinum /
ruthenium alloys.

25 Another solution has been to introduce the fuel into the cell as an “anolyte”, a
mixture of methanol with an aqueous liquid electrolyte. The methanol reacts with
water at the anode to produce carbon dioxide and hydrogen ions, equation 4:

(4) CH;0H+H0—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



WO 02/ 054506 PCT/ US02/ 00140 4 One such conpound is NaBH4. In water, NaBH4
di ssociates to give BHg-. In a neutral solution BH4- is oxidized at the
anode acw@r@/usgsweo equation 5. (5) BHg' + 2 H20 -->BX2' +PGI/HS0200840’ r s
The greatest drawbacks of hydrogen-containing inorgani c conmpounds as fuel
is the spontaneous deconposition of tgese conpounds in acidic and neutral
sol utions, equation 6: 10 (6) BH4' + H20 --> BO2' + 4 HZ In a basic

sol ution HkK'iohis @sbilitZed thé dphimahrfoelecarentraliong Addeqaatlytes are njasf BHA' +
8 OH -; BO2-+ 6 H2O + 8 e' |Is Al.though stable in ﬁasic SO utio(r;@, BH4'
deconpos exnspom ised t Unforthnately a peiflig sanol g are 4805t s eiepnat IBaiyalyduehs a f uel
cell, even when the circuit | gy I r hquid fuel
conpost {1 BRPPBIre rRekfite ol BpROFRIGH B Fo bipiPict e baleailof adbl 1T 1

contact WhtAnbde AabBtestvieh apprelovhen’ tahe amddecitiendlpebitciaive Ghrededttical s
broken. SUMVARY OF THE | NVENTI ON 2s The above and ot her objectives are
«achi eved dopdu¢tevitynthatyist oo dowuter efimign saledtititypedigrativn. Hynsaddenthydmiston. The
fuel conposition i de of ,a . conhi i I nd an
auxiliar wrf%éﬁ.d}?ﬁémg&ﬁ?%ﬂgelfﬁ%? us|%ssm<'§Ej #l%% u? 8f%gtfr&3%e({sgr% ) Xﬁ?@?%ng?rbounds, of

whi ch at | eastnan@liidk SRE fiadrae! ind@athodp Bln@ossdnsloxppaf @rtabbit add al cohol
such as nethanol. The auxiliary fuel is a mxture of one or nore 3o

hydr ogen-is capaated fgor ribe gapdec by enpotandexahprgs membginer Baua¢ts dathhat ant i al

such as tal - hydrides,  hydrazine and drazine.deriyatives. 2/ 054506
PCT/ USOZ?‘%??P apfh @s ?Mﬁf?‘???@ﬂr&fﬁveﬁn% (B‘??i'z(ﬁ%esfrf’ﬁlethf’ %é?gecgom asrlwf%ngn as an

"anol yf e" haefietht Niguil #6hiOlsYdohtanRAPORE MQnﬁraﬁ&&ﬁMShleﬁB@Q§htﬂxé} rRefhas a pH

above 7, nost preferably  an aqueous solution of an al kali netal hydroxide

such as K@Hd dlberdlyte antipenfliarotansn patsviabieeld byf Bel. Reldnt idgrNemeurgdher at i on
of electrjcal, 5 r, made f .an.anpde, a, cat.ho and a fuel

conposi ti Wﬁlnﬁﬁg@n&ﬁ\ﬁpd%ghq E%&B‘”@ﬁeﬁgm"f ag'éélziﬁltli Vg gﬁﬁdﬁ?{abrﬁﬂ%ﬁ?ﬁvel east
one hydr ogg; %@é ERGty A8 "18RRE Sp MMOBRHMAL Ednparbd foth@tiielito®Basedt enti al .
Still furztgﬁlgp, erpﬁﬁgﬁt@grﬁ&?&gg?ﬁeqs@; rre[tnhod 0 rpr Od(l)JCi ng e}ll1ec2tlri city

t hr ough t ¢edlssOapslisativantagei SPHoneantirared fuckcellsnhave arisesufiote theateadaney®é a f uel
conposition made up |10 of at |east, actiye conpound and at, .l east..on

hydr oben- ®ethanelip rﬁ'gff‘i‘ﬁqdlf“@&&i‘ the perpbrant: A ¢ FFsy! ’Hp‘dﬂ" W&@’ﬁﬂ?li lﬁﬁob%tfléﬁgﬁi al
bringi ng the . £0 bdd I} GO | g, aitiich, Zifnget he fuel
conposi ti%’?,géggg'luggt%ﬁpgﬁ"\%ke el%:l{?rllgcﬂla%li%?% {é ﬁseﬁb?%tgﬁpggl ?. i5 BRI EIeé

DESCRI PTI fth@ho!TddmeDRAYONGS Wiltie tHervaehodi on “ sherthercsith odass p$ Bednetbgnolay  of

- embod HeAidted dhechoen 156 cphete BTG o SEE St et urier, © TS
depending upon the nature of the cathode catalyst and of the oxidant, catalyst
20  poisoning or cathode sintering often occurs.

The diffusion problem is overcome by using anolytes with a low (up to 5%)
methanol content. At such low concentrations, electrical output becomes limited 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 liquid methanol fuel cells is 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 speciﬁé energy and are

highly reactive.



conposition is supplied as an anolyte; 20 FIG 2 is an enbodi nent of the
fuel cell of the invention incorporating a solid electrolyte nenbrane; FIG
3a i s a ywamnsgseow ng experinmental results of current as BCTWReXG0d4D of tinme
generated by a cell as in FIG 1 using a fuel conposition of 20% nethanol
as an anolyte; and 25 FIG 3b is a graph show ng experinental results of
current as a function of tinme generated by a cell as in FIG 1 using a fuel
conposi ti on of O30 % dieionfvehd &isaBMa.NaBlitraslaBH, dissbgistes toDESCRHRTION OF THE
PREFERRED EMBCODI MENTS 30 The fuel co sitiaon provided by the invention
consi sts ®guttat sqlutian BHyds ewdizenahihs anofefcroding tp garatigid-an auxiliary fuel .
The primary fuel is conposed of a m xture of one or nore conpounds, of

.which at |least one is a surface active. WD 02/054506 PCT/ US02/ 00140 6

-

conpound, nost preferably) an gligeoH,GusB®ES+ BB hage! . The auxiliary fuel
is a mxture of one or nore hydrogen-containing inorganic conpounds with a
hi gh reduction potential such as netal hydrides, hydrazine and hydrazi ne

derivatives. The rpose of . th rimary .fuel is.tw-fald 0 - our ce of
el ectri caﬁ‘éﬁéetawpgmgv%ﬂé‘%%@cg%&ﬁgc%gﬁm%i'%‘?{g%\rflctcﬂ'élpg%dcfegsaﬁl Ffsgth%r event
undesi r edsgeeHRRRS dbidpdRitionhsr awest | doaipoubdelin dRiic tid hatfaersofudng,i on, the
primary fuel nust have sone | evel of surface activity. As used herein,
surface aequatibny:is defined as the property of substantially preventing
contact between the auxiliary fuel and the catalytic sites of the anode.
While not wishing to be held to any theory, it is believed that the primary
fuel the 10 invention ba -Qr wa nt spont aneous oxi dati on
of thgJ auxi liary fuel Meﬁ%?heb%lﬁﬁctwgﬁg@cu?tﬁ?s open by two

mechani snms. The first nechanismis that effective adsorption of nol ecul es
of the primary fuel to the anode catalytjc sites sterical]y obstructs
access of In abasigsalptiony §Hy peoxidized plthg ppede acgordingie eAY @8 omosi ti on. The
second nmechanismis that the nolecules of the primary fuel effectively
solvate the 15 auxiliary fuel species. As long as a shell of primary fuel
nol ecul es surrounds the(puxi BHry 8fo”l >spes+esH,O t &ennot make contact with
the anode catal ytic sites and does not deconpose. Once the electrical
circuilt is closed, oxidation of the adsorbed primary fuel nolecul es

..Th catal ytic sjtes. f f 20
cpect es. - APAERIERANE T Bpiir kol both B PEOTIE ST ec ey SFREF S WS Gl
mol ecul € k$fdunk ShYhdshdakiodh 704 cBEfRERwhiietRWichit & Brokete] speci es can

approach the catalytic sites of the anode to be oxidized. Many cl asses of
conmpounds can be countenanced when selecting the primary fuel for the

pur pose of bei a sourc f ener nost pr.ef erabl cohol s. anol is
25 a prine cangﬂﬁrﬁt‘é ad'ﬂﬁfgtfgr Pﬁ@“&%ﬂef a%fi“P?{fﬁ}O‘hﬁ"cia‘l‘ﬁ’F%%&issp‘g%ﬁ #a;%cp rgﬁéagrégy. For
the pyjposgHHovd 308 A dtdhle MEShtadIviBNae QataBtiglabdCwhbl R, eléutlokhemticall cohol s
or other surface-active conpounds can be considered as primary fuels. For
i nst ance, cirswpisdpekenl or glycerol are likely nore suitable for this purpose
t han net hanol. For the purpose of auxiliary fuel solvation, the ideal
primary fuel is dependent on the identity of the auxiliary fuel. 30 The
auxiliary fuel conponent of the invention is selected from anongst

hydr ogen- cont ai ni ng i norgani ¢ conpounds with a high reduction potenti al.
Met al  hydSUMMARY IOBREHE INVENTIEBH4, Li BH4, (CH3) 2NHBH3, NaAl H4, B2H6,
NaCNBH3, WO 02/ 054506 PCT/ US02/00140 7 CaHz. Lth Nﬁ]H, .Kl—clwg{ivesqglglum bi s
(2- metthoxyet ho abosFdranda Pl RNFINPS Ag; sdigvgd by the' mnn

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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as the auxiliary fuel. Hydrazine or hydrazine derivatives are al so
suitable. As descri bed above, hydrogen-containing inorganic conpounds with
a hi gh r sduetis¢svopot enti al are good fuels for fuel cells POT/U&XOMlagued by
over-reactivity. Wien these 5 conpounds are found in an appropriate

sol ution and prevented fromcontact with the anode catalytic centers
according to the invention, they are stable. Additionally, the presence of
the auxiliary Theshvértohdagke prbddesahe fied compadiion as axiahelyjtehwbéretthe pri mary
fuel. Wiile not wishing to be held to any theory, it_is beI[Efeva@&that
primary felestrobse dempenenpebtheciuel comnosisiondias aneH ebpvea? emetrregleraby §n 10

df th d YL | j dat i f th il
et TR EOR AT B SRR KB G i 11 ary T uel of

the invention T1RSirReRtoIE TaHIRE i grodfifeat fueh celbtfat yiid gemptinitat bbrldcmrical f uel
cell using a fuel composition of the invention. It is clear to qne skilled
in thé arpowenamadcep of an @nedesarasthodefanda fugl sompagitian made upfcat eask exact
conposition of .a fuel conpositjon,o i nvent i ¢ ) - si ng one
conpound U§ FHECS ArRYey cnﬁg?ﬁmda ar’}ldx%'tuﬁlée]'ﬁt()f&‘\éo|ﬂ %gg%f}st(?ﬁ&g&gegﬁoﬁ e (gr r ed.
Si-m | ar | Yoonfhohd With& 1Eh kMBSt 0f ten preferable to formthe auxiliary
fuel. Factors to be considered when fornmulating a fuel conposition

accordi ng to t$dl futhenvbninventicr proyigespingthgd okpragigipg pleckigftthronegly f act ors

Concer vaiing Sk mpvieoa el SO bR Rl SRR RER Smrsfib rbdees o e

added,f o §ie l%lk'teictiff’;lmﬁggﬁdd%d ALt dnéeydideh-cohtaiing #ergahR dowfound

conposition, direc ify the qualities of the generated electricity,
nodi fy t heitlsal highlredyctioh fidtentiabripogens thesfiehsompositen iecentpctraihithe t he z5

qualities of the electricjt enerated.or. in some.other i nprove the

per f or mar@@deoXid{aing thy %“EL S{tiOBnar@s@gaIPWgﬁ?elcqu“yééqr? ,thvéﬁﬁd/ﬁl e used.

Engi neering issues al so dictate the exact conposition of the fuel
conposition: for exanple, a fuel conposition conposed of nethanol and NaBH4
coul d contain sodi um net hoxi de as a stabilizing agent. 30 In one enbodi nent
of the inventiaon the fuI CoMmosi tion as descri bed above is supplied as an

anol yte, BREFD S_C > is added in addition to the

H & 'is;.;. N2y, b’d a h) :

primary and au el QLE L BaBb LAY bh, Wititiefbrirke 3o basi ¢
aqueous WO 0O lbéolﬁ%léénp%ﬁeﬁgggf% 1140 é’ s%){suti C?EII?H pr efyerébl y of an alkali
net al hydhexteenpaayial desvikghiwheee, for exanpl e, Hirchenhofer, J.H.,
Staufer, D.B. and Engleman, R R Fuel Cells, - Handbqok (.revisian. 3)
DOE/ METC- 94- 10063 1 ah@argmbegongnt oIfh‘ge afI“RlaF‘?ﬁl H@tﬁéq "h‘S?BPB‘}(i‘@ErEC g ration
in the an S [.6; n 2 and 12 M In the art, 6 MKOH has 5
been shom%r%{%)%ggﬁil%jélmp%?g%y?lﬁ%fow@g’lI operation at anbient tenperatures
(see, 26 or exanpi® 2 dppeinthodinient of drduloacllkdshe RvBationFmedrpQeting Wgnlidook,
Krieger Publishing, Ml abar, Fla. 1993, Chapters 8, 10, 1 |, 12, 13, 16).
The addi t ¢lestradytemeambipgit rol ytic |iquid has a positive effect on ion

mobi Lty withi | | $O8HE §f LhRemt A0 Ridovioplort he
auxi liary fuel ﬁlc%%oﬁ&ﬁgya%ﬁ s}ﬁ@i@ﬁ%@en%gﬁ cé(}'n}sff gerlnna t he exaclt 1o
conposi t | gie @endrhed foyrel cetlaRTRFIG] Dosing atfind compesitiboof 2brmethmplliagdnas an
anol yte, factors such as stability and solubility are taken into account.
The principiles; add operation of a fuel cell and generation of electricity

accorging Lo tRRs bR P W whfh BkliffentiNIRLAL 8P Lultbhilhs’ FEIEBA B 0 the

figuré&s and
time generated by a cell as in FIG. 1 using a fuel composition of 20% methanol and
5% NaBHj 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



- conposed S

as NaBH4, byawndlergoing exidatonyatehe anarleaanddo prawerionndssired despmuastion qfd

acconpanyi ng description. 15 In Figure |, a sinplified fuel cell 10 typical
of the invention is illustrated. Oxidant 12 is oxygen fromair and has free
cont act wa h2/eastode 14. Cat hode 14 is made using screen- BETASIIG 14t hods
of 20% pl ati num on activated carbon on wat erproof paper. Cathode 14 is in
contact with and acts as a barrier ag?i nst | eakage of electrolyte 16
contained within electrolyte chanber 18. Electrolyte 16 is a 6 M KCH 20
aqueous sQkipoud). mehteplefe@hily eanchlastingrsudll as smethpaslailhe duxdiary fedl ishmnber 22
by anode 20. Anode 20 is nmade using screen-printi Eg@rret hods.gf 0% pl ati num
a

and 10% roHEai Afnebs odcolea hEdroge SRINRIBRE hQFESPIS Peuds Rt gh Fyel

conposi tion al n | LD REBRE and AyvdiaSins dRRL4tBds.as an anol yte
9“%1%88%%1%%%“%% a%teg! &(ﬁﬁé’yﬁgp ﬁ\[eZP- % d\g\lﬁi g% a?lg surf aceS active
conpound such R& pRp&REIthe FimaF faehis twalfoldf tadde,a sthraiofiedecdrical energy
hydr ogen- cont ai ni ng i norgani ¢ conpound with a high reduction. pot eg%i al such
circuit

26, made up.,of Lo 2 n Wi tch o~ [ 0 to the
cat hode I .X‘IW%h’eg'\%iof @H:a]@ '] “célﬁre’ht?lgr?gﬁﬁg)ﬁé{el &%Ltlrlyuaevﬁggﬁgﬁ%‘%} gg%(;lt?{ggadsor bed
onto the RAvEAL AL Vkéd hérelnt SuPiceatody 29 defiicdv anthengopant af suliseinteidy t he
BH4- species in fuel conposition 24 and the catalytic sites. The t hanol

al so sol vreesntingecoBladt betvesen ake apxitinmyefuel aed dhq gejalytie stppof dhean: from t he
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Bl onren, L.J.MJ and Mugerwa, M N.),



Pl enum Press, New York, 1993, Chapter 2: pp. 42-52, 63-69, Chapter 3: pp.
88-97, p. 110, Chapters 7, 8, 11 ) EXAMPLE 1 to A fuel cell, simlar to

t hat deswoO exaf430 Figure 1 and described in the specifi caPCHRSHRAHI40
constructed, wherein both anode and cat hode had an area of 4 cnR2. 6 M KOH
was put in the electrolyte chanber ang a m xture of 20% net hanol and 80% 3
M KOH sol ution was put in the fuel chanber. Current at U = 0.5V was

measur ed @sHaLIHNAH dOH ok sbdiom.bisN2emethexyetluixob tihydidalaminataarasaigable/er 60

m nutes. The graph of IS the msasurﬁld current.as a func}ion N i IS

| . t
present ecsi Heppyiiliary 3fiel eRxfpagine porrhydraging odgrivapives- age glsg M?%lﬁs Yred as a
function 3 [ Q. apd c : K i@ A Hiéh taRichi®t hanol /
KCH sol ut(%fg%ﬁlifq\?\aeqogﬁ’th dé}rgéeennﬁnk?gglﬁ—ﬁ l\?\%@@ﬁ&i@ﬁﬁ% (l:urren%h of 1540+5 mA was
measur ed got&rtiaplrergoadtfasts fdhfeheaistbuofiret flagued dyused-reagtivient When thesainct i on
istime is presented in Figure 3a, Wile the i nventd'&jr)\ has_ been dﬁscri bed
with riesp@Epougdsaneifpynded HRFEIPTIEC ARG adrreventqd {rpm) coptact Withdhs ot ed

that many_ variati Lfieati - s I, 42 s@BR! i cations of the

i nvent | ona“r?gécﬁgéwrrgg%“.‘mq%r@@; B@@Eé‘g&q\}@@?ﬁﬁédm VED |'S PCT/ US02/ 00140 1.
A fuel conposiAiddifiondlBEie pricst@ic@pf ehepauxitinty fialéhcreaves tidi rage of cdtalgse one
surface-active conpound; 5 and g) an auxiliary fuel including at, | east one

hydr ogen-@agationnehghe pamaanfuel. cWhpewnnd Wisking donbgy heldetpuany Sopbtedtial . 2.

The fuel conposi,tion of ¢laim 1l where; [ u i nd is a o
conpound l@ﬁ?‘gﬁed;h'az @qlqal%gﬁ or é‘i‘la“SP Jgé.’dl&*.s E\.\Icﬂefsf ﬁgg@%s%/rtg iegfr% of ctlaim 2
wher ejn sRifdvedfbACEe agddevtahRiRRALNBY ihookiddaon af theaasiliapnfaeconpound from
the group consisting of CH4O C2H6O C3HBO, C4H100 C5H, 120, GC6H, 140

ethyl ene gl ycolhusnthegrgmobinatien of Sha primasyfivel apdnthesawiliasy ofuek ofithe 1
further comprising at | east o addi t.i,onal and. :

conposi ti@ggfgfonc?%i P SEFEIEG EHET Qrycatiiyy Pé@@@‘ﬁﬁ qi fﬁlgi ﬁ%ggmgg%i Melt 20 one
conpound {45Bsitiea FHRURvERIdH sting of metal hydrides, hydrazine, and
hydrazi ne derivatives. 6. The fuel conposition of claim5 wherein said

auxi | i ary fuel ltiincleadds cae skilledtinothe aco b thete fare m puebsrfufscosnsiast i ng of
L e SENER 5o R o TR w8y
gggﬁfs;t i g%o@ifng%@é BorhpbiHd: BETthE QRBaHE I, anmekiard b8! dhipovwhdd i ofith above
preferred. Similarly, a mixture of compounds is often preferable to form the auxiliary
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 composition. Additives that
stabilize the fuel composition, 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
agent.
30 In one embodiment of the invention, the fuel composition as described above

is supplied as an anolyte, that is, an electrolytic liquid is added in addition to the

primary and auxiliary fuel. The preferred electrolytic liquid is a basic aqueous



8. The fuel conposition of claim7 wherein said electrolyte is
substantially an aqueous solution of an al kali netal hydroxide. WO

02/ 05450 aPa2Uswe02/ 00140 12 9. The fuel conposition of cl BCHMUSI2Me4ei n sai d
al kali metal hydroxide is KOH 10. The fuel conposition of claim9 wherein
said electrolyte has a concentration @f 5 KOH between about 3 M and about
12 M 11. The fuel conposition of claim|O wherein said concentration is
subst ant i salutipnSphdferdBly 1of. anThiRall uedtal drydposdd, isoch @b KoOHi (Sed, foorepampleng

bet ween 2 wei ght percent and 60 wei ght percent of said pripgr uel and
bet ween |Hif@ieghefepelJenttavity Bk andt Ergleyan,sRiRy i ‘iohi Y Wnd‘)e@( A fuel

o cat hoad i) DOGRELCTATOnG, dihaR?) Bl s THE' F*Z‘%‘i‘?m%ﬁ%aﬂgd@‘?‘ace"iit.ye

conmpound @hgkntatibe asthe AN6lyRYid TNy bettezn i dand 112t famieartc 6rRIKOId st h a
hi gh reduction potential. 20 14. The fuel cell of claim 13 whereipn at |east
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fuel conposition including at | east one hydrogen-contai ni ng i norganic

conpound factots sacﬂnagktablht}twtdlsohabﬂuy@wtlabﬂn iatechcgouniteast one surface active

d; di t t id,cath d sai.d. d
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waterproof paper. Cathode 14 is in contact with and acts as a barrier against leakage 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% platinum and 10%

ruthenium on activated carbon on hydrophilic carbon paper. Fuel 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 NaBH4, and an electrolyte such as a 6 M KOH solution.

Electrical circuit 26, made up 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

30 catalytic sites on anode 20, preventing contact between the BH4 species in fuel

composition 24 and the catalytic sites. The methanol also solvates the BH4" species,

further isolating the BH,4" species from the catalytic sites. When switch 30 is closed,
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fuel such as NaBH,. Electrical circuit 56, made up of load 58 and switch 60,

electrically 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 BHa™ species, further isolating
the BH4 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
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
transported 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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Plenum Press, New York, 1993, Chapter 2: pp. 42-52, 63-69, Chapter 3: pp. 88-97, p.

110, Chapters 7, 8, 11)

EXAMPLE 1

10 A fuel cell, similar to that described in Figure 1 and described in the
specification was constructed, wherein both anode and cathode had an area of 4 cm’. 6
M KOH was put in the electrolyte chamber and a mixture of 20% methanol and 80%
3 M KOH solution was put in the fuel chamber. Current at U = 0.5V was measured as
a function of time. A current of 51 mA was measured over 60 minutes. The graph of

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

EXAMPLE 2
The current at U= 0.5 V was measured as a function of time in a fuel cell as in
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.



810%=& ()-!pY &10% *& ()-!|FF &10%& ()-!yFF
8&109838& ()-sM 10%&' ()-sM 10%&' ()-,-6.E.../a?VK@! | & 10%& ()-$z 10%& ()-
@109 ( WO GLDOR850E) - | (9" 109& ()-F 109& () - Z// N0222222} [ MP1PCD/USGR/MQIMN
7"109& ()-116:100& ()-:!1+@10%c& ()-!1 +@10% & ()-*s10%& () - 23Y30444: 5} A
2M?1 10109%&' ()- L10%& ()- 1
11 94.0% (& ()-!S 9%d0% ()- L!10% ()- L!10% ()-:555. 6u666dEMP1 1010% () - Fy
109& () - WBHR IS)CILABGED)ISS 109& ()- 109& ()- 677775888dEMP1 10&' 109& () -
$10%&' ()-! 10%&' ()- 10%&' ()- L"10%&' ()- 10%&' ()-8%:$;s;z;; <}[<MP1l 108z
109& () - !XI1687%00/&' ()- 5@0%& ()-3 109& ()- !(3("109& ()-!#3("109%& ()-
<g<r <s<t <<<1=5 INLY. 9409 (Y7 109& ()- & 109 ()- & !10% ()- 10 10
101 : z 103/«&' ()- %i%@e%@é%‘%?'gﬁow ()-YL09%& ()- 109& ()-" 10%&'(%)- )
1098 ()-!1Y %9% (2 pri@@NtiBemBtihtledskd10M@iac-actvel@¥iound;, | 10%& () -
109& (5) - ""10%: ()~ 10% () - BCGDDDEMEED@

arl

b) an auxiliary fuel including at least one hydrogen-containing inorganic

compound with a high reduction potential.

2. The fuel composition of claim 1 wherein said surface-active compound is a

10 compound with an -OH functional group.

3. The fuel composition of claim 2 wherein said surface-active compound
includes at least one compound from the group consisting of CH40, C2H¢O, C3H;O,

C4H 100, CsH,,0, C¢H 140, ethylene glycol and glycerine.

15
4. The fuel composition of claim 1 further comprising at least one additional
compound.
5. The fuel composition of claim 1 wherein said auxiliary fuel includes at least

20 one compound from the group consisting of metal hydrides, hydrazine, and hydrazine

derivatives.

6. The fuel composition of claim 5 wherein said auxiliary fuel includes at least
one compound from the group consisting of LiAlH,, NaBH,, LiBH,, (CH;),NHBH3,
25 NaAlH,4, B;Hs, NaCNBH;, CaH,, LiH, NaH, KH and sodium bis (2-methoxyethoxo)

dihydridaluminate.

7. The fuel composition of claim 1 further comprising an electrolyte with a pH
above about 7.

30
8. The fuel composition of claim 7 wherein said electrolyte is substantially an

aqueous solution of an alkali metal hydroxide.
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11.  The fuel composition of claim 10 wherein said concentration is substantially 6
M.
10 12. The fuel composition of claim 7 comprising between 2 weight percent and 60

weight percent of said primary fuel and between 1 weight percent and saturation of

said auxiliary fuel.

13. A fuel cell for the generation of electrical power, comprising
i5 a) an anode;
b) a cathode; and
c) a fuel composition including at least one surface active compound and

at least one hydrogen-containing inorganic compound with a high reduction potential.

20 14 The fuel cell of claim 13 wherein at least one of said surface-active
compounds is an alcohol, and wherein at least one of said hydrogen-containing
inorganic compound is selected from the group consisting of metal hydrides,

hydrazine and hydrazine derivatives.

25 15, The fuel cell of claim 14 wherein said hydrogen-containing inorganic
compound is selected from the group consisting of LiAlHs, NaBHs, LiBHa,
(CH3),NHBH;, NaAlH,, B,Hs, NaCNBHj, CaH,, LiH, NaH, KH and sodium bis
(2-methoxyethoxo) dihydridaluminate.

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

a) providing a fuel cell that includes a cathode and an anode; '
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17. The method of to claim 16 wherein at least one of said surface-active
compounds is an alcohol, and wherein at least one of said hydrogen-containing
10 inorganic compound is selected from the group consisting of metal hydrides,

hydrazine and hydrazine derivatives.

18.  The method of claim 17 wherein said hydrogen-containing inorganic
compound is selected from the group consisting of LiAlHs, NaBHs, LiBHy,
15 (CH3);NHBH3, NaAlH,, B,Hs, NaCNBH;, CaHa,, LiH, NaH, KH and sodium bis

(2-methoxyethoxo) dihydridaluminate.



