;[\e3eYW" ~$6ZT9> MOLTEN HYDRI DE FUEL CELL FI ELD OF THE | NVENTI ON The
present invention relates generally to the field of fuel cells, and nore
specifically to fuel cells conprising IiHMMﬂWﬂ“ﬁHW&MIyteS. BACKGROUND
Various types of fuel cells are known in devi ces that convert
energy froma chem cal reaction into el ectrigghgenergy. Each type of fue
cell has one or nore limtations that currently restrict its use to

speci al i zed applications. MOLEERMNEYEBRIDEEURL CHLL egenerative |iquid fuel
cells induce hydrogen flow by thermal deconposition of a mxture of |ithium

hydri de odi i a high tenperature (for exanple from about
800 C to%@ggi}gkggggﬁ§0h&ﬁwp ined by a separate heating device to generate
hydr ogen. THOgrebbHd iR@R#Hon felatsse%eneaﬂsweé th QU O fitdd @elt€ ahd or@spticitaRyessure (
10 atnosphere or above) to nobilize hydride |ons mhlch rel ease el ectrons
at the eltodbelsgls caroprijembquidiclegtrelytest ricity. a small portion of
thermal energy is converted to electrical energy The reqﬁmﬂmmﬁ ﬂﬁmm

hi gh t enpgh il OE@&S'”Q devi ce and capability of handlin re
gas increases design conplexity including limtations in size+ang+cost.
Anot her eYariqlsaypss fdusiaseils areeknomndinahe art ax Mgeioess thel coneért snerpgh &oen & he

el ectrol ytes .used have a Ijmted nobility for ss .transport of positive
hydr ogen §hsrycal Hegetion dinth glegkrisplecresgy. ge%ehémngf%t%ﬂc%s eﬁepwlqrg much

less as cpuRai&H ttth Em&ntlydfe@!ricy iR Vide! t%bﬁp%cfal[}%ﬁ rggllﬂlc%{l&%t e ey

conversion. Furthernore, I'n other types e |'s such as thg)se usi ng
pol ynmer ethexallyl yrce@erattiver diquil afucbneilldenndice hyddogerf Howsdwyi rthemfal

ronox! de. desgiptnn o £ BRGUERo L HABRCRIGTRNG Syl Wit ECu TR oca

oxi de ceremp@raﬁlreqfdroéme Iffbnmbb@t siBPE . to TAmRee 180G EC) ehathame@sr ate at a
tenperature as high as about 1000 C. This high operating tenperature all ows

t r anspor t ScpprattyegEng fevies tovgspemterhydeassn. Eheduidregss inthen passed Buevahdbef or
generatin eghkiiC | ytes,
Phe’t cqui SUanE Mt bkt 11 (EhophliR (2Rl 14 A I REof, AEALR, V1
and t he retpase eleetndnsadt thﬂdlet:tmdmlfor:gaiaratglgsg&sdtﬂmy 1Oty ta sfnh'ﬁdl patioalof| i ty of

solid oxi cells. erefore, there is,a need in the art. for fuel
ool 15 Thohemnal EndRy 115 cowered Tacr gty areent Theorees B f ek han

current fuglpefa@irt heafdiy BEviBEIRR dApatility bt Eﬂﬁhb@l\ﬁ@mp@dsﬁe abiadiearat of the
pr esent |nvent|on rovides a fuel cell assenbly conprising at |east one
fuel cel Idesme comp eXtIEIIInC]@dmﬁr llswetgtlem; #ncire caste atAsdeerhexample ia spaced
apart rel

el ectrical ygrl?tnosnt"il at gé ’?@r%}la i qg%r?rg*e &%@Eolﬁ%?ﬂééd:fb%%efﬂ t3(r1nent i's
in cont acmobili&ilfdrim&lseaﬁimﬂﬁ oféplbditlae ﬂydmgén oas (i[9 and thefoacthe Wehdtatede anode.

An el ectral yte is disposed between, and i.n contact ode_and t he
cat hode. HRETEHNCBITBY Yt MEIFSsas camparedelp dbat t‘dﬁ%l\Y/\)Ai ﬁ@fall@h%gn Ryethf on

conduct an&@ct%ﬁ@tﬁ{caEE&?Je?sﬁoﬁ hapmeRRNE, h 8PeltyRs foF%el%llL sﬁ&?%@tt}id%g
tenperature. A fuel gas inlet, adj acent to tHe cathode, iIs provided fo
del i veri ngpieg pu&megabcttrmiytenetheteea rcons;ql@ablmlslwof goisomige ghslectnodss duad) scent

to the anod i s provi.ded r. |2|n a

bF ect of yRote ATSaere b Ltk mBEHck Tish s it hEaP gy Reinguside, e

Anot her eghioghe@ot of the present invention prOV|des a fuel cell assenbly
conprising at |east one fuel cell further conprising an anode and a cat hode

held in a_spaced a a t relation by at st one spacer ele t. The
spacer el %%ﬁpxaan%ﬁ sells usf meei %eap?rw%g@%?'n?a HelOUR stfte rTJFiS“rSSxi mal
end of t hgeqRAGES o érﬁféfeéita ﬂgﬁl bﬁuﬁ@%%?éhé@&ﬂbu% h@o@é@hqdﬁs h@ﬁd)pera@hhgtal end

is in contact th" the ano An el ectrol yte di sposed between, and
cont act wietiperatire allnwd draaspbrt dfcoxyaeh dehs, wbihrickass electtonasit tf@r@ecﬁtﬂdteen

al kali me aI hal i.de selected fromthe gr isting of it iu chloride
and pot s RPRIOE; SEERT TR Birplts B dRRnt et Slr e el *gas
inlet adjageRtmés Tomestai&mnanaténmoyuseb@ﬂhﬁi@ratdmghveémﬁga@ré UQllld O@s,
conprising hydrogen, to the electrolyte. An oxidizing gas inlet adjacent to
t he anodereiqglrgmwuqfeédm@nalGeplilngesmswwﬁmémedplzabmlgtyg>£§ohcb%é¢ fusi eqjlsoxygen,

to the electrolyte. An exhaust port islin fluid conmunication with the
anode. Still another enbodi nent of the present invention provides a fuel
cell, which conprises an anode, a cathode in a spaced-apart relationship
with the anode, a source of hydride ions in fluid in communication with the
cat hode, a source of oxygen in 2 fluid conmuni cation with the anode, and
an electrolyte. The electrolyte conprises a




nolten salt, the nolten salt having a hydride ion conductance nunber

greater than about 0.95 at a fuel cell operating tenperature. These and

ot her features, aspects and advantages of the present invention will be

better understood with reference to the follow ng description, appended

cl aims, and acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure

1 is a cross-sectional view of the fuel cell for converting chem cal energy

t o el ect rTlgdréfpre, Hegtiisa rided $n the @FADE fuek eellsitharaitiolenly ankd religbly updrateat |

showi ng the nechani sm of el ectrj ci tH generation. Figure 3 is a typical

appl i cat i lefeptemperates thap cuent fpelicalls "cent ral i zed generation plant.

DETAI LED DESCRI PTI ON OF THE I NVENTI ON Referring to Figure 1, one enbodi ment

of the prﬁRﬁfﬁDESER@PTl@Nb?’ﬁiﬁ?ﬁVE‘Fﬂ'IbNasse”b'y’ which is an array or

stack conprising at |east one fuel cell 10. A fuel cell 10 according to

thi s enbodi nent conprises an anode 15 and a cathode 16 held in a spaced

apart relAnicorboflimenbpf the presest lrrynetuspal@@tdeelaefnelmellmsembls@am@nsmg@trent 22

accordin thlse o] ris ctrlc atln terial,
glﬁills? one ; ueil c%ltf " g‘&m%ﬂel ce mrPél S ark a% ?a(t)lll&ﬁﬁll}ef&’ 1 q%chm

such as, Zirc bor i con

nitride, gatniclatonship by del,eaamle %p:itdeﬁ aletet a@ﬁpnsTﬁ@axs pRC®icaky ﬁﬁﬁlathZ
further conprises a proxinmal _end in contact wth cathode 16 and a di stal
end in conggeal whProEmabiend of the spasse clemsatiisiB sontagh With thg cathpdeotndpode 15
and cat ho r e I T operty
of hydrog&e{%t gg“s‘g%g&%‘%?%t W e@é%ﬁﬁ@ﬁ;“ é}@é I%t\%sfé ?%EEE%QB ﬁesnl ?)ﬁdo for
exanpl e, entacelwithathe advide hamdsths uwaploded Tllmr ell.egtlnolytcecdmmisegasmlohbmlsalw In

articul ar enbodi rrbrane co ri ses at t terial 3

Dol ect od TG £HGGAS I SORLFGHIER GrOroBAtFAIEH T ORd S Belsk EFE ant um
and an al J)pé)‘at ”ﬂéﬁip’éiraﬂ&e BELNE: ) Eé@ e, dlah‘@ﬁt tol the adagode 1seﬁf‘@>Q£HeHEﬂ3} at

| east one of the anode 15 and the cathode 16 conprises a sintered

r ef r act orgelivarieg p dpel gamiccthe glestolytd. ofB oxidizing ghs migsi ashiacsnt Wabe anedsugh t he
oro te tor erijal I t are
porous SUEYFbHEE) FRARES: TAISARE ES B SkudDheeT ARSI WiAG, Lt ore,

anot her eﬂﬂnddbmnﬁucaaoﬁm(lﬁd:m&)dﬁaterl al conprising the sintered refractory
material and the solid nenbrane is used in at | east one of the anoqe 15 and

t he cat hode facili ing faster diffusio . ILn certain
bod, oot snibghiacht 50 Ahe e BR bEoRe PAMaSE Bufll s SR at § on
Tubul ar  cQumhhriki t' l@d‘st b&d ARl EAL fCﬁrtHéF dbmipdfthg ah Bhéde and 4 EAMbdeNRIERYa
establishing sta density gradient across the fuel cell. This results in
stabl e, t$paeed mg@pernla@mshuuwem legstaone tspacast elementt tThe spaser clament

Addi ti ona] ln¥ rlseéJ Qx‘iﬁj elactn%c%p %‘S aterrrgf nA%r(px%mif &l iﬂfl@ | QII 8%'{# and
soundness® ances ness.

ot her enbmdcdmm swith hﬂ& amhd& Jaadamﬂlsttdﬂeemiaimndeoﬂxﬁctawﬁhplharmbde Pl amar

geonetric nfi uratlonfaC|I|tateS|n| V|ng di ffus whi ch
enhances %s YigoiEpasyd DRAFan sl 1) copRish Attt ofhe f“&dnél!?"a L*»Oé‘aduy

avai | abl ec&h%‘r?s%@t 1845t 8RS RoREn ARANHRE) lﬁéhd&gseléc'ibdsf?% tﬁé@‘aﬁb EBRitinglof | east
one of the anode 15 and the cathode 16 has a thickness in the range from

about 50 hthomoehloride abcb wotasgomn¢hderidesand further cemprising dichimentyslridae A hi ckness

of the an c t hode .16 i s . abqut 50 m crons
Co about BbefimiebRGadelf i feicRRSas 5 irdviade fasi0EE A FRTEA SHbatielt < the
t hi cknes Shﬁifroge]ﬁ?toaﬁh@(é&ctl&ytm dAﬁ brideAnd paeinkd adadert@o ke dndde ispreeided om about
75 mcrons to _about 150 mcrons. Generally, thickness of the anpde 15 and
the cat hote debverigqans pyidizing gas €OmBTIFipg OXTSe). 1o vibh Electylyiee cARMEBAISt desi gn
constrain ance of the fuel cell 10. An

el ectrol y{)iﬂTfﬂpg{cgﬁnb%glgga@n{%gg%{e%ﬁb& in contact wwth the anode 15 and

t he cathode 16. The electrolyte 17 conprises a nolten salt having a hydride
i on conduBtilhrenethen ndrelodiment ef thmamesabbtinnvemi% rrovides welfud e¢dll, opliclat i ng
terrperature Usi n an, el eci}l (? te th a, h dl’ll de ho |(‘] Je conduct ance
nunber i n®YMR'EF & 6%"%%&? 8% Nt Spcaﬁ% re&“é Aship i ES At Ri*PW Eui t abl e

ef fi ci encyf hyirkie i6Rstir Ahifdeiat donBnudiBattbn with the cathode, a source of oxygen in
2



sone enbodi nents, the fuel cell operating tenperature is in the range from
about 250 Cto about 650 C, which ensures that certain suitable electrolyte
materials are in nolten state and capabl e of conducting hydride ions at the
desired |l evel of efficiency. In certain enbodinents, the fuel cell
operating tenperature of the electrolyte 17 is in the range from about 250
C to about 600 C. According to particular enbodinents of the invention, the
fuel cel Iﬂmrleroatrhmgcattlonpa'ﬂatheraode; aind ahlefectralyge Thesoleatpolyfe diprises & about
450 C. In s nts, the eletro yte 17 conprises at |east one

mol ten al feglten ﬁajt,.tg tgnzelt haying % Y8 rcoRducipnasyRimbss greater harsent

I nvent or S;aY 6.95 AU diel Bat Olf]é ?tﬁ'gt%gftﬁﬁlr@f this type have suitably high
hydri de i on conduct ance, operating tenperatures in the range
descri bed above, which are to be used in enbodi nents of the present

i nvent i onThesa aadcethetafeatires, @hpestsearshadrantages 05tth€t bres¢mivigwenition wilkbel kal |

halide is |l ec th stln Jdthi um ehl r|de i thium
brom de, ?%féﬁiuﬂaﬁrgtp %r rqé] ?‘%g‘t ;{5 tﬁ?n?ﬁ,’ﬂ“gpg Scr b?%siﬂpﬁﬂﬁ?%ﬁ %ot assi um
f1 uori de, ackofhpalipi @étﬂlawngg@, sodi um br om de, SOdI um fl uori de, and m xt ures
thereof. Suitable al kali hydri des i ncl ude, but are not necessarily limted
to, lithium hydride, OtaSSI um hydride, sodium hydride, and m xtures

t her eof . B@gy@% RIR mogr%%ﬁl WIHtGSt he invention the nolten salt

conprises the al kall hydride in the range from about 5 weight percent to
about 25 Ff?h&hi iR CERIse@onhlNFeh Urahe TR BN ﬁ@&énv@hfﬁ%%h%mtoﬁm'eﬁerg?%” €s

mobi lity of hydride ions even at initial start up of

parti cul agledribigdi ments, the nolten salt conprises the alkali hydride in the
range from about 10 wei ght percent to about 20 wei ght percent of the nolten
salt m xtwgs -fu as t i s fuel gas
to the el %ll ﬁlto?y]tse Tﬁ%aio i q%a"g%atﬁg%el gelf%‘gwﬁg t[]’lg ﬂgéﬂﬁa}é{slfnsgg
hydrogen,elsmrltla_)bg@efamoh. gasses include, but are not limted to, gasses
conprising at |east one of nethane and propane. Those skilled in the art

wi || appreci ate. that ses ere.a hydrocarbon conmpound, such as net hane
or propan u{éﬁg&g‘plgglapﬁ cafigpofgfuel 5 v ef ormer (not shown) is used to
extract hydrogen fromthe hydrocarbon conpound, and the hydrogen is then
del i ver Edcé](pstha@irﬁi@Qﬁrﬁm%t%nérznéﬁ'lp@_ﬂgh the fuel gas inlet 18. An oxidi zing
gas inlet 19, adjacent to the anode 15 delivers an oxidizing gas to the
electrolyte 17. In_sone enbodinents, the 5 oxi di zi ng gas conpri ses

oxygen, aPHTML%QrQEmr IQMJMVENWE)MXI di zi ng gas conprises air.
Referring to Figure 2, the fuel gas diffuses through the cathode 16. The

hydrogen Rorbii '-P“r‘éurg "I’-Sor{eee%’oo%hﬂ%ﬁt Iof tl{e%es%h%nl&ﬁfb% it Q flsﬁh RelBh&embrAde
according to the reaction hydri de i ons
t r anspor t wHichcis ceisaredyeot ST@Cly tcempmsmfa‘t tlS@t ione (fuelncbllad:@ 0S s"x dnheldeelll 50

wher eupon_t h c act_t oxi di zi ng_gas_an act with thi S. to produce
water andep B RELRS spipodiefelt SofeRts 9L eRalt LS & tAfodsald mCiesf o event
m Xi ng of spab&l apdrdratatitgskipsbyamdichfieoneepatdrofeBEmdMIct AvedaRer Weieneb®ctrol yte
17. The free electrons flogw fromthe anode 15 tq the cathode 16 when they
are connefaceuling uthghemhodinert semprisss gn lectrigady Ansdatinggnaterigly spdvas, s
representggd 4 r Aﬁ%ﬂ eral
reaction ?lg roggﬁéggr%tge%Uﬁ? H%ir%&g{@ o %({ZY,Z%ZQ%%& )g)hfgnH%h’ﬁ?eB) glmrﬁgi\t/@r eaction

i s exot heand silicatelglass cEhenspacer &iansent B2 ﬁmimr abmpgsesenpexiataliead of cantet f uel

cell at a ant I nit tart The wat er nol ecul es thus
formed in" tg[ﬁ tﬁ‘a‘é&: %%’ff%ﬁhétatﬁqﬂ/‘é‘rcpﬁ ‘Bﬁ}itﬁlb‘tﬂﬁ%gha Unused gases and wat er
vapor are exhausted through an exhaust port 20. Anot her enbodi ment of the

present i Rverd émbbdimet, htRhst @Rk lof QAR 1S bid) cano@dw@leoﬂaﬁr@es@hma@nw ina
spaced-apart relati onshi p wth the anode 15, a source of hydride ions in

fluid conpaimcableisehd wambrange Thstniereaty 14, h}élr%gsara@éomﬂowygbweurnatf:mlsd

conmmuni ¢ PG | ten
salt, thggﬂ;?o t&hhgrfpgﬁg\g?%gr 5 E@J?%@ﬁ%ﬁr S\Loﬂn%]ulgtls g{ﬁ@g nut@ggqgé?g&?er t han
about 0. 9gasanlenl §. ulnl pactidul ar@pebodinmangs, tlenpenbitane eompiises walehdwae aldteiahat | ves
described for elenents of the fuel cell assenbly of the present invention

al so apply to these fuel cell enbodimgnts. In 6 t hese enbodi nents, the
source of hydride ions is often a fuel gas, and the source of



oxygen is often an oxidizing gas, as described previously. The fuel gas and
oxi di zing gas can be obtained froma variety of sources and therefore this
type of fuel cell is suitable for use in various applications. For exanple,
it can be used in a skid nounted nobile reforner unit where hydrocarbons
are cracked to produce hydrogen and is therefore suitable to use in
electrically powered vehicle or any other snall-scale generation. A typical
fuel cel | seldctdirdm thd grogee@siting 0fpaladiung vahadig@bstatitapiuigranglagalley i s shown
in Figure 3. For large-scale generation in central power plant, hydrogen
may typi cmBrisge pabladiupeand silyis. clpanofies embodimesat atfgast op¢ p? theaneds bh.

Hydr ogen . . . i i awvert er
201 1 ot eqerine Sl 78 UM B iR raRoR) RRleriEich A7 BV AR 21
200 cont adiffssiomadif \gasl thabughuthe predus sinictse.2ISDitalde \siysered refadcoaryg phateriads ai r i s
fed into the.inlet 205 of the.fuel .cell stack, 200. The unused.oxygen and the
water vapORIpPolcen Tof HEPe AR 0. BGITRRNE: dRolEnar i Gty Bhd
through aymamdNsSes addfhePRMbONRAE! 4 REmPUsite Mbfbriall b&ng_ﬂﬂﬁ%dh@xﬁme@n I's
recycled fromport 207 though a connecting duct 212. The fuel cell can al so

be used fisfraefprcmatstslandshpsolidamemheng/icesed iy at lsaxt onaebithepgdn 1 £ and be
suppl i eddtimg%ﬂlgdecfc?f?&\%g{;iﬁt%ﬁlgrff'sgeq- d%ff@ ion\é@t;éa‘g. various enbodi nents are

descri be erern, e~appreciate Om t he specification that

vari ous conbi nati ons of elenments, variations, equivalents, or inprovenents

t her ei n niaycehteinrent®diyerits) abearsdde | 15eadithe ¢dikoder 16, aramtbudardn sonfigurationhi n t he
defined in the appended clains. 7 CLALMS: 1. A

scope of e.inveption n .
fuel cel |Jf'§§%r?sp g%maﬁ%l%@: majptain uaiforgily i wv'élsm%y esfaplishingyable)  an

anode andjeas#@khaiat Bebsk iHe MeISRAC THisARAHs nSdld, andiRlepdhddht bLgast one
spacer elenent, said at |east one spacer elenment conprising an electrically

i nsul at i neharagtesisties of the prebgélheftdditinnally, wbwleneanfiguration apainteias saeturahnd a
i ot al . ! . ; | il
ror ton sanieefel A oyt 3000 £ IS8 sold, BE L SHhEET PR 0k 0. o5

at a fuelcopgactregeiatotig drebadimentslr the @ade 16| art thel sieoddi Bpaceplahat ween,
and in contact with, said anode and,said cathode; c)._a fuel gas inlet for
del i ver i niganar; geamefrcal; gonfigugatione facilypigs oin wRBSONING dififupign dpteqhichy) et i s

adj acent I Oy ey v A\ 48 Hell Lk VAT a
oxi di zi ngélgg&?gr) sald e 1(tgyc't r 8@9? e%“}g eél{eb?n&ggggﬁgﬁsdifd%r ﬁ%ag%sa%?irll eft: IS
adj acent hegassziof caseadenanafedtugingan exhaust port in fluid comunication with

said anode. 2. The fuel cell assenbly of claim1l, wherein at |east one of
sai d anod?n saor}l(iie gl%i)cgdiﬁl%}lt@%gﬁeagtoon roif %hees'cln%dg:1 Xgragg ot (%?ﬁor{i%a}lalh%s %?llliic ersrgnbr ane.

in the range from about 50 microns to about 500 microns. In certain embodiments the

thickness of the anode 15 and the cathode 16 is in the range from about 50 microns to

about 250 microns. Still in accordance with some other embodiments the thickness of

the anode 15 and the cathode 16 can be in the range from about 75 microns to about

150 microns. Generally, thickness of the anode 15 and the cathode 16 is designed to

be as low as allowable by mechanical design constraints, in order to minimize

resistance of the fuel cell 10.

An electrolyte 17 is disposed between, and in contact with the anode 15 and the
cathode 16. The electrolyte 17 comprises a molten salt having a hydride ion
conductance number greater than about 0.95 at a fuel cell operating temperature.
Using an electrolyte 17 with a hydride ion (H) conductance number in this range

ensures that the fuel cell will operate with suitable efficiency to be cost-effective. In
4



3. The fuel cell assenbly of claim2, wherein said nmenbrane conprises at

| east one material selected fromthe group consisting of palladium
vanadi um beta titanium and an alloy conprising palladiumand silver. 4.
The fuel cell assenbly according to any one of the preceding clains,
wherein at | east one of said anode and said cat hode conprises at |east one
sintered refractory material. 5. The fuel cell assenbly of claim4, wherein
sai d si ntsnedenigidimeitsy e fivd ecll aperanmreimpemtat id @ahé rage fivat sicualseel ect ed

fromthe group consisting.of nmol ybdenum .tungsten, rhenium .and vanadi um
6. The fu t&%hqutésSQZ"t@m‘%n@f eequag%ﬁ?lat_ gerain Swg%l%rekca‘elﬁee@g{erlahearefnsai d
anode a”dméﬂén{’st&t%taﬂg%%pafblﬂé b&nd6& Hygi‘ﬁae %rﬁ%’?g{ésde%ﬁemglréiaéfﬁciéﬁd

I conp al re

conposite materi a rising sintere ractory material and a
hydr ogen- Insterteimdnebaiithents, theifued cell operafitg teimperatarel df ths electdlyteddcisrinli ng t o

any one of the precedin bai nB gLn. at |.east one .of said anode and
a0 cat Haees Hsis gt 250 G L Bhont BO0 &1 A SRR pBEURE SR EPEER P one. of
the prece@k igchlioh The ftNBEIEbPerating RADEraORE iOh hékthga FRAEatA 368P°d tgat hode
has a thickness in the range from about 50 mcrons to about 500 m crons. 9.

The fuel @wut4¥kdenbly of claim8, wherein said thickness is in the range
fromabout 50 mcrons to about 250 m crons. 10. The fuel cell assenbly of

claim38 s &i i gl .t Sl ty. R M Crons
to about *H " er ocgdsl&eﬁ%’. ﬁ?t{{gcﬁgﬁégélcﬁmgggéﬁlléﬁg? ﬁ%%%ﬂg}ﬁgﬂ%p hc 1atl:luems lto
6, wher eiandatit llemattonenmohién sagtal hydritie. ditet preisehtcmivitdes have didurddathat 12. The

e ool | Sagl Y5360 "5t a6 ki SRt el oL,

one ol t €fperating temperatures in the range described above, which are to be used in
embodiments of the present invention. In accordance with one embodiment of the
invention the alkali halide is selected from the group consisting of lithium chloride,
lithium bromide, lithium fluoride, potassium chloride, potassium bromide, potassium
fluoride, sodium chloride, sodium bromide, sodium fluoride, and mixtures thereof.
Suitable alkali hydrides include, but are not necessarily limited to, lithium hydride,
potassium hydride, sodium hydride, and mixtures thereof. According to one
embodiment of the invention the molten salt comprises the alkali hydride in the range
from about 5 weight percent to about 25 weight percent of the total molten salt
mixture. This ensures mobility of hydride ions even at initial start up of the fuel cell.
In particular embodiments, the molten salt comprises the alkali hydride in the range

from about 10 weight percent to about 20 weight percent of the molten salt mixture.

A fuel gas inlet 18 adjacent to cathode 16 delivers fuel gas to the electrolyte 17. The
fuel gas, in some embodiments, comprises hydrogen; suitable fuel gasses include, but
are not limited to, gasses comprising at least one of methane and propane. Those
skilled in the art will appreciate that in cases where a hydrocarbon compound, such as
methane or propane, is used as the fuel gas, a reformer (not shown) is used to extract
hydrogen from the hydrocarbon compound, and the hydrogen is then delivered to the
electrolyte 17 through the fuel gas inlet 18. An oxidizing gas inlet 19, adjacent to the

anode 15 delivers an oxidizing gas to the electrolyte 17. In some embodiments, the
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metal hydride. 13. The fuel cell assenbly of claim 12, wherein said alkal
halide of said nolten salt is selected fromthe group consisting of |ithium
chloride, lithiumbromde, lithiumfluoride, potassiumchloride, potassium
brom de, potassiumfluoride, sodiumchloride, sodium brom de, sodium
fluoride, and m xtures thereof. 14. The fuel cell assenbly of claim12 or
13, wherein said alkali hydride of said nolten salt is selected fromthe
group corsxidizinggeasfcolmprisesioxyped] anke in paitkaki embodihiénts , the estidizing\ds | de, and
m xtures thereof. 15. The fuel cell assenbly of claim 14, wherein said

nol t en sHAUMREEEH#-ses said al kali hydride in the range of about 5 weight
percent to about 25 wei ght percent. 9 16. The fuel cell assenbly of claim
14 or 15 RYBRMEItH Figire 2TRle! 81 |&iffﬁ%ﬂﬁfo%g§ 2 AhlekRY. TR tdden i) (e
range of about "5 weight percent to about 20 wei ght percent. "17.” The f uel

cel | assdhbfuel gs rehets with4iee plectronsl iy thevpleeteode asadrdingb tlareaction 1d6npri ses
said alkali hydride in the range of about 10 wei ght percent to about 20

wei ght p rcent -18,.,A fuel cell assenbly according to any one of the
precedin Wai 1% Werein said fuel cell tenperature is in the range from
about 250 C to about 650 C. 19. A fuel cell assenbly according to any one

of the preeekdide b MEnspdh&] QdrbssSéledirdlyie!1 7calisd R endbetoss arfoden st he range
from about 250 C to about 600 C. 20. A fuel cell assenbly according to any

one of t heheseunoadheycontast the, oxidizingigns and waetueith iy gastte ppasiuge wetsrped'i n t he
range fr q?éeagfé%on’gpo A%ogg 30 9#%34?9 a\%ﬁlgr%gclal Tafiek ug! pr%%dt Iﬁgﬁ@‘r‘g%}%@fcor di ng

to any one o e preceding clains, h sald at® l'east ace

el ement ocwxigivingegas ahd tleasshctioreprodtuarwater with ebdcadlyle d7Tn The fgealgetoansi sti ng
of alumna, zi rc?lni a, bosron ni tlrlidde, Sf'll icon nitride, ﬁrlu j num ni t[i de, and
silicate tgqvé om the anode 13 to the cathode 16 when they are connected through an externa

load 21. The anode reaction 107 is represented in Figure 2 as follows.
720y T2H > H,O +2¢

Overall reaction is represented by

Hy g+ 7% 02> H0 (g

The above reaction is exothermic and hence maintains the operating temperature of
the fuel cell at a constant level after initial start up. The water molecules thus formed
in the reaction are converted to vapor phase. Unused gases and water vapor are

exhausted through an exhaust port 20.

Another embodiment of the present invention is a fuel cell comprising an anodel5 a
cathode 16 in a spaced-apart relationship with the anode 15, a source of hydride ions
in fluid communication with the cathode 16, a source of oxygen in fluid
communication with the anode, and an electrolyte 17 comprising a molten salt, the
molten salt having a hydride ion conductance number greater than about 0.95 at a fuel
cell operating temperature. The various alternatives described for elements of the fuel

cell assembly of the present invention also apply to these fuel cell embodiments. In



22. A fuel cell assenbly conprising: at |east one fuel cell conprising: a)
an anode and a cathode held in a spaced apart relationship by at |east one
Spacer elenent, said at |east one spacer elenment conprising an electrically
insulating material, a proximal end in contact with said cathode, and a
distal end in contact wth said anode; b) an el ectrolyte conprising at

| east one nolten al kali netal halide selected fromthe group consisting of
l'i t hi um cthkse érflfodiments.otha ssurdenot hlydridedidna ilofte & fesl gasrgndi the Rgurce bli um
hydri de, said electrolyte disposed between, and in contact with, said anode
and sai d @gERBHOtemangxidizing gas; as desetibsdprewigpslyeri ng a fuel gas conpri sing
hydrogen to said electrolyte, wherein said fuel gas inlet is adjacent to

sai d cat Mpghuel Gas andoxflifg Phedaihedhind Fim Varid!dr SBhiRafd BHLRirg! NG gas
conpri sing oxygen to said ectrolyte, wherein sard oxidizing gas inlet is
adj acent this typé off farbetd; is swithbée) foanseeinhatists gpplicationsf | Knrexampleuiticembe on wi t h
said anode. .23. The fuel, cell .assenbly of clai 2 erein th el gas
conpr | ses gy ek Binied Enanify ETRe 18u bt Tyttt 5° sraibed Wheren n
sai d fuel pigased BydRogbaSand N RhdréfoRdsiftablecdsise GA &1&tridaly HaReraineehiiopane. 25.
The fuel cell asse y according to anélone of clainms 22 to 24, wherein the

oxi di zi ngaxgaéh@csmﬂrsgélg gengraféan 2epicphéudl gell staek for ygenely eenstdioniing to any
col 1 “asscatal bl isMERE R PERE) (RS0 O BRORRR B i boukh®, |
cel | assepiahty hgdroper mag typigllyrizl otityined from cbal gad by elakes gashidicieaction.
el ectri Cahlygr'ogen gas thus produced from a coal reformer gas in a shift converter 201 is fed to

a fuel cell stack 200 at the inlet 204.The fuel cell stack 200 contains individual fuel

cell units 210. Oxygen or atmospheric air is fed into the inlet 205 of the fuel cell stack

200.The unused oxygen and the water vapor produced in the reaction as explained

above are recycled through a condenser 216 and connecting duct 214, The unused

hydrogen is recycled from port 207 though a connecting duct 212. The fuel cell can

also be used for space power applications where hydrogen and oxygen can be supplied

from a cryogenic storage 218.

While various embodiments are described herein, it will be appreciated from the
specification that various combinations of elements, variations, equivalents, or
improvements therein may be made by those skilled in the art, and are still within the

scope of the invention as defined in the appended claims.



28. A fuel cell conprising: an anode; a cathode in a spaced-apart
relationship with said anode; a source of hydride ions in fluid

communi cation with said cathode; a source of oxygen in fluid conmunication
wi th said anode; and an el ectrolyte conprising a nolten salt, said nolten
salt having a hydride ion conductance nunber greater than about 0.95 at a
fuel cell operating tenperature. 29. The fuel cell of claim 28, wherein

sai d nol tepAIMS: conprises at | east one nolten alkali halide and at |east
one nolten nmetal alkali hydride. 30. The fuel cell of claim 29, wherein said
nol ten al aI| q_JPI de of said nolten salt is selected fromthe group

consi sting of Ailtelicahesssmhly ePISIRgi um broni de, 1ithi um fluori de,

pot assi um chI 041168t oMORRBP&II RHede, potassium fluoride, sodiumchloride,
sodi um brom de, sodium fluorid r%d m xtures thereof. 31. The fuel cell
of claim 29 ora)3ep anpdsr @idna sathetlenitsld éma ispacet aaaﬂtattlaticm,shipi kjeatdeast anel nol t en

salt is selected fromthe group consistin Li.t hi um hydri de tassi um
odr | to. SRR AR T A oA P sPARE &eieRP sfporidid o Medicaly B BBRE S U
of cl ai "emaRrihR a?pltoxm'fﬁpélﬁi it coatadt Wihs8d catblle, (AT digt@ISendldh ottt with net al

al kali hydride in the range of about 5 wei ght percent to about 25 wei ght
percent. s anpdle; f uel cel I of any one of clains 29 to 32, wherein said

nolten salt c r iy i i i ght
percent to about a&%‘? 5}“? @edrll ngﬂleq%ﬁletq}ah][e}ﬁ% %g}?}gﬁigﬁ B%%Bt%lr?teélg cl ai s
29 to 33, num&r@reataaﬂlaln la’od>11te(h9$a1l 4 fuejmprli@efatisgitdnpérktafe shnxdobiecniml)itel t he

range of about 0 vvel ercent .to about,k 20 wei g ercent. 35. The fuel
cell of aﬁ%?p(l?ﬁ@: BtP’VeEIF ?‘Q’t’t‘%“@ﬁ‘ Wgé’ﬁ%qer?“géf“& [[5’@ ®cell tenperature is

: ”AE geAr ?nge fe ?%@Pgbg 1nf€@@or@eh?exﬂtg0}'ﬁlel4§£ 1&said Rlecolitd, wheteirsad fifdl A

"}xsnid zgasapléhlp@d]aeq]téap@d]c@tgp@%] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
J{Ca] ca] caj ca] 05’5] Ca%] Sﬁhmn%] ga | %?e]t 574 : l}lv%n%g a 0x1d121r$g‘ gaés t](')as]alci' e?e%lzrglz}l't @{ 50 v;
;3 <o<<<=wherpissaldofliempqal dddtdahdjadennicaldaloda] #d] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca].ca] ca] ca] cal.ca] ca] ca] ca] ca] ca! =>5>P???[ @A\ AAAnBs BBBPCCDDD
¢) an exhaust port in fluid communication with said anode.

2. The fuel cell assembly of claim 1, wherein at least one of said anode and said

cathode comprises a hydrogen permeable solid membrane.

3. The fuel cell assembly of claim 2, wherein said membrane comprises at least
one material selected from the group consisting of palladium, vanadium, beta

titanium, and an alloy comprising palladium and silver.

4. The fuel cell assembly according to any one of the preceding claims, wherein
at least one of said anode and said cathode comprises at least one sintered refractory

material,

5. The fuel cell assembly of claim 4, wherein said sintered refractory material
comprises at least one material selected from the group consisting of molybdenum,

tungsten, rhenium, and vanadium.

6. The fuel cell assembly of claim 4 or 5, wherein at least one of said anode and
said cathode further comprises a composite material, said composite material
8
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at least one of said anode and said cathode has a thickness in the range from about 50

microns to about 500 microns.

9. The fuel cell assembly of claim 8, wherein said thickness is in the range from

about 50 microns to about 250 microns.

10.  The fuel cell assembly of claim 8 or 9, wherein said thickness is in the range

from about 75 microns to about 150 microns.

11.  The fuel cell assembly of any one of claims 1 to 6, wherein at least one of said

anode and said cathode is tubular.

12.  The fuel cell assembly according to any one of the preceding claims, wherein
said molten salt comprises at least one molten alkali halide and at least one molten

metal hydride.

13.  The fuel cell assembly of claim 12, wherein said alkali halide of said molten
salt is selected from the group consisting of lithium chloride, lithium bromide, lithium
fluoride, potassium chloride, potassium bromide, potassium fluoride, sodium chloride,

sodium bromide, sodium fluoride, and mixtures thereof.

14,  The fuel cell assembly of claim 12 or 13, wherein said alkali hydride of said
molten salt is selected from the group consisting of lithium hydride, potassium

hydride, sodium hydride, and mixtures thereof.

15.  The fuel cell assembly of claim 14, wherein said molten salt comprises said

alkali hydride in the range of about 5 weight percent to about 25 weight percent.
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17.  The fuel cell assembly of claim 14, 15 or 16, wherein said molten salt
comprises said alkali hydride in the range of about 10 weight percent to about 20

weight percent.

18. A fuel cell assembly according to any one of the preceding claims, wherein

said fuel cell temperature is in the range from about 250 °C to about 650 °C.

19. A fuel cell assembly according to any one of the preceding claims, wherein

said fuel cell temperature is in the range from about 250 °C to about 600 °C.

20. A fuel cell assembly according to any one of the preceding claims, wherein

said fuel cell temperature is in the range from about 300 °C to about 450 °C.

21.  The fuel cell assembly according to any one of the preceding claims, wherein
said at least one spacer element comprises at least one material selected from the
group consisting of alumina, zirconia, boron nitride, silicon nitride, aluminum nitride,

and silicate glass.

22. A fuel cell assembly comprising:

at least one fuel cell comprising:

a) an anode and a cathode held in a spaced apart relationship by at least one
spacer element, said at least one spacer element comprising an electrically insulating
material, a proximal end in contact with said cathode, and a distal end in contact with
said anode;

b) an electrolyte comprising at least one molten alkali metal halide selected
from the group consisting of lithium chloride and potassium chloride and further
comprising lithium hydride, said electrolyte disposed between, and in contact with,
said anode and said cathode;

c) a fuel gas inlet for delivering a fuel gas comprising hydrogen to said

electrolyte, wherein said fuel gas inlet is adjacent to said cathode;
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10%@&' () -2310T The fuel cell assembly of claim 22, wherein the fuel gas comprises hydrogen.

24.  The fuel cell assembly of claim 22 or 23, wherein said fuel gas is a gas

comprising at least one of methane and propane.

25.  The fuel cell assembly according to any one of claims 22 to 24, wherein the

oxidizing gas comprises oxygen.

26.  The fuel cell assembly according to any one of claims 22 to 25, wherein

oxidizing gas comprises air.

27.  The fuel cell assembly according to any one of claims 22 to 26, wherein said

fuel cell assembly comprises a plurality of said fuel cells connected electrically.

28. A fuel cell comprising:
an anode;
a cathode in a spaced-apart relationship with said anode;
a source of hydride ions in fluid communication with said cathode;
a source of oxygen in fluid communication with said anode; and
an electrolyte comprising a molten salt, said molten salt having a hydride ion

conductance number greater than about 0.95 at a fuel cell operating temperature.

29.  The fuel cell of claim 28, wherein said molten salt comprises at least one

molten alkali halide and at least one molten metal alkali hydride.

30. The fuel cell of claim 29,wherein said molten alkali halide of said molten salt
is selected from the group consisting of lithium chloride, lithium bromide, lithium
fluoride, potassium chloride, potassium bromide, potassium fluoride, sodium chloride,

sodium bromide, sodium fluoride, and mixtures thereof.
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32.  The fuel cell of any one of claims 29 to 31, wherein said molten salt comprises

said molten metal alkali hydride in the range of about 5 weight percent to about 25

weight percent.

33.  The fuel cell of any one of claims 29 to 32, wherein said molten salt comprises

said alkali hydride in the range of about 5 weight percent to about 20 weight percent.

34, The fuel cell of any one of claims 29 to 33, wherein said molten salt comprises

said alkali hydride in the range of about 10 weight percent to about 20 weight percent.

35.  The fuel cell of any one of claims 28 to 34, wherein said fuel cell temperature

is in the range from about 300 °C to about 450 °C.
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