5 January 2007 MOLTEN HYDRI'DE FUEL CELL BACKGROUND OF TI M I NVENTI ON The
present-invention relates generally to the field of fuel cells, and nore
specifically -to fuel cells conprising liquid electrolyt e Janyapy Id t.ypes
of fuel cells are known in the art as devices that convert energy froma
chem cal reaction into electrical energy. Each type of fuel cell has one or
-more limtations that currently restrict -its use to specialized
applications. For exanpl MOLTENHRDRIDEddétle Caliive |iquid fuel cells induce
hydrogen flow by thermal deconposition of a m xture of |ithium hydride and
sodi um I "gﬁﬁ)@ ure (for exanple fromabout 800 C to
about 1%”6@%%?3?&2%@@* fé%;r ate heating device to generate
hydrogen. The hydrogen- is then passed through the <cell at a high pressure
(10 at mTppassentanvahioviaiates gembally wethbYidld sfefutlontsls, addirabre spedifasly el ectrons
at the el cir fles for, generating. electricity. Only a small portion of

t her mal @ ijfasicé’n&’é‘ﬁ% gl ePtOldeS r i cal energy. The requirenents of a

hi gh tenperature heating device and capability of handling high pressure
gas i NCReRRES typest ARI EARRkEXhdwh I Gk Yt A%dvides i bR éﬁe@yzﬁ]rﬁ%d cost.
Anot her exanple@ is conventional hydrogen-oxygen tuel cells, ere the

el ect r oklemisaluzadtidmngo ldcinivial edergyobEddht type arf ek selt hanoporar méreposi ti ve

hydr ogen i.ons and t herefor.e the, generate el.ecirical energy is much
a5 °Se el fted 5} APl Rt 6 b5 SBRAAAES, arbli bt b, SRR ca

conver si@malfyr idpehdiiwe, liquidt ARl EdIRESin@bcef Q@Uré‘%h' JloWICHy ahelrhglSe USi ng
pol ymer el ectro]lytes, there is a considerable risk of poisoning of

el ect r odespmpgsitiongof Bempytatse AE dithinmy dydddes andpindium hydsidehatg Bighbon

nonoxi d 4620 i LAE opt . e PN el use netal
oxi de cge?n mc el ggrt rg%%nt‘ 1%3&%%%{}{ g&Zt gt %. a eslg’oeel ?Pé‘gfa;kﬂegg'!“lo%er ate at. a
t enper asepaeatabedting evise abgumtratdf@régenThes hydrggendip dieatrasgd threngtethat ur e

.aI | ows tcél g.ts g ritgh %];es(sjl)l(l%g(?g altr(r)lgssp’he}lﬁ\ah |019 Qb(_gveés E;[g Snei\o‘t%ligg E]}rrc%'i]dse %Els,t \t]vﬁicgl ectrode

release electrons at the electrodes for generating electricity. Only a small portion of

thermal energy is converted to electrical energy. The requirements of a high
temperature heating device and capability of handling high pressure gas increases
design complexity including limitations in size and cost. Another example is
conventional hydrogen-oxygen fuel cells, where the electrolytes used have a limited
mobility for mass transport of positive hydrogen ions (H") and therefore the generated
electrical energy is much less as compared to that ideally available from the
electrochemical conversion. Furthermore, in other types of fuel cells such as:those
using polymer electrolytes, there is a considerable risk of poisoning of electrodés due
to the presence of gaseous impurities such as carbén monoxide, hydrogen sulfide,

chlorine etc.

Solid oxide fuel cells use metal oxide ceramic electrolytes in solid sta}’ge,_f “These
electrolytes operate at a temperature as high as about 1000 °C. This high operating
temperature allows transport of oxygen ions, which release electrons at the electrode
for génerating electricity. However, the use of fragile ceramic electrolyt"_e_s, the
requirement of structural materials sustainable at high .temperature, 'a.nd the

requirement of additional cooling systems Jimit the reliability of solid oxidé fuel cells.
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for generating electricity. However, the use of fragile ceramc
electrolytes, the requirenent of structural materials su iai nabij% at high
tenperature, and the requirenent of additional cooling sg AR 40%i t the
reliability of solid oxide fuel cells. 1 5 January 2007 Therefore, there
is a need in the art for fuel cells that efficiently and reliably operate
at |lower tenperatures than current fuel cells. BRI EF DESCRI PTION OF THE

| NVENTI ON According to a first aspect of the present invention, there is
provi dedThertfoed, thret is a med emitieyart fombudl selhgthateffibieatdy amhelibblylopesitd at

conpri Siﬂ%’ﬁg?” angde and a cathqde, held in a spaced apart relationship by

at | east S (o) e Rt idicedS-ng an el ectrically insulating

material; an electrolyte conprising a nolten salt having a hydride ion

conduct ance nunber greater than about 0.95 at a fuel cell operating
t enper at BREEF BESERIBTERY 51 THE [N VEIOIEN bet ween, and in contact with, said

anode ang _saj.d cath a fu as inlet f.or deliverin f uel s to said
el ectrol g‘f ceo,rdln etf’eell %‘gsgaarsae?tucgjl th& re?eﬁlpé?vepglon’a e%?c]é;n?roygi e@aa[ Eclza(%1 ode; a

oxi di zi ngss@ablyicoh®tisings atdedst M@y fuslicell coxipdis#igh GnAa6dd ardsidathodellelt kol yt e,
wherein said oxidizing gas inlet is adjacent to said anode; and an exhaust
port in &Fpaced apshislatinshiprbynet lsas £ing spawsa elenygmt cemprising anslediallyy gas and

fuel gas; .0 f rons r @i tg.a second
aspect P REHE ol SRR cBREHLhES Mdth A REN (e’ 8ol TOFY
conpr i si cogduattndeaasibeo pasafen ehancablout 096t iaSuelgeell apemniag eerapetatare; adidode hel d
In a spaced apart relationship by at |east one spacer gele t conprising
an el ect Ffé%ﬂlxtgﬁﬁpﬂ%e&bﬁwg{» iy fopiect 35 prid she 40 wish RS _eha_%a?qp | east

- one ol ten @lkabd adiReh Q%bﬂg?scﬁfkﬁﬁte?&tﬁ)g@é]}&ﬁh? iH QPP Blibing Of

l'ithium<chloride and potassiu oride an urther conprising |ithium
hydri de, adgatient ol sud cathgdes adi:ddieinedgdsanlet dor, dadivdringra .oxabring @as teviseid, sai d

anode an aid cathode;.a fuel gas.injet for delivering a fuel .ga
compr 1 o1 b b Lo et bl Reacidterr BishSineg g #ERaR o1 i o
adj acentpdrpinsfiif comafdR@8on ¥ith said anode; wherein said oxidizing gas and fuel gas

react to produce water and free electrons.

According to a second aspect of the present invention, there is provided a fuel cell
assembly comprising: at least one fuel cell comprising; an anode and a cathode held in
a spaced apart relationship by at least one spacer element comprising an cléctrically_
insulating material; an electrolyte comprising at least one molten alkali metal halide
selected from the group consisting of lithium chloride and potassium chl_;ﬁ‘ide and
further comprising lithium hydride, said electrolyte disposed between, and’f'."irii‘ contact
with, said anode and said cathode; a fuel gas inlet for delivering a fuel gas cofmprising
hydrogen to said electrolyte, wherein said fuel gas inlet is adjacent to said‘.‘c*c%lthode; a
oxidizing gas inlet for delivering a oxidizing gas comprising oxygen to said eléétrolyte,
Wherein said oxidizing gas inlet is adjacent to said anode; and an exhaust poriti in fluid -
communication with said anode; wherein said oxygen reacts with said hydfogen to

produce water and free electrons.

According to a third aspect of the present invention, there is provided a fuel cell

comprising: an anode; a cathode in a spaced-apart relationship with said anode; a




oxidizing gas inlet for delivering a oxidizing gas conprising oxygen to
said electrolyte, wherein said oxidizing gas inlet is adjacent to said
anode; and an exhaust port in fluid conmmunication with satdU8Hd487 wherein
sai d oxygen reacts with said hydrogen to produce water and free el ectrons.
According to a third aspect of the present invention, there is provided a

f uel cel Isourcorphydridegonsain fand denmansatitrodéh isaidaxatypdeedsompardf oxggat i onshi p
w th said angde; a .2 .5 Japuary 2007 source qf hydride ions in fluid
commun; ci A8 Sairprpniciign 3o aioges e Bb e GrraisEmPrRer BOHTEHimni cat i on
Wi th sai ghi@nRten sahvly FhRTIdQbY EshdatBRdd Minner 2rdiRk oA Hahio.9said ol ten
sal t havi ng a hydride ion ‘conductance nunber greater than about 0.95 at a
fuel cel fuebpd} aparating emperaturay wherginesaid hydriedony thartdwith oeid axgaent towi t h sai d
oxygen t e er.and free electrons. Herein disclosed is a fuel

cell ass r%ﬁ%/qu%élparn\lﬁ?eﬁgd%ttmp%ast one fuel cell. The fuel cell my

conpri se an anode and a cathode held in a spaced apart relationship by at

| east one spacer el enment conprising an electrically insulati n? material. A

pr oxi nal Hewin disclosedds & ik epll aysemblyt compyising at feag el Gellt hhe Fel ¢shk hode, and
a distal | t |t Ok yt y be

i Sposod™ Ll olsPfh ibde LGkl d 1ify AUE A BABRUIFLY 1Y Do

el rert(;t rol o)neestplaeqrtednmmqm igsm%)a'sc.)ingléme:ecaﬁ:#aﬂy :imula:tilggmatd:rjfijl._rjxd:eMinml emhoﬁt ict ang\e

nunper greater an abou . at a.lu C operat,] n enperar ure.

Fuel gact Apater SRIAE Ry heoi R eAPOHBE Pt ok HHEd PRl Yeor i ng  a
fuel gascdnfact Bathaheatda! xheelecﬁlal)géhﬁy%wsp%& beMvBin, andi:P6&Hct At he anode,

may be provided for delivering oxidizing gas to the electrolyte. An

exhaust thoranodeypndehd nathddesi Thec elretoljte aniyp vomptike nhmoberoddt havisg adi scl osed
is a fuel [ 1. assenbly conpr, sing.at | east o f yel [l .further

conpr i si MR iaR SARCUGIRCE TIHeE ERSHE thah Aogut IRsctl A ur clPRET S hi p by at
| east onEmpsRAGErA Gid FRNinlet RFaceRb e SABHR) maVEe OVHED S Rlvalmctrical ly

insulatin%rraterlal. ) ]
a Tuel gas to the electrolyte. An oxidizing gas inlet, adjacent to the anode, may be

provided for delivering a oxidizing gas to the electrolyte. An exhaust port may be in

fluid communication with the anode.

Also disclosed is a fuel cell assembly comprising at least one fuel cell further
comprising an anode and a cathode held in a spaced apart relationship by at least one
spacer element. The spacer element may comprise an electrically insulating méterial.
A proximal end of the spacer element may be in contact with the cathode, and a distal
end may be in contact with the anode. An electrolyte disposed between; ;}and in
contact with, the anode and the cathode may comprise at least one moltér{ alkali
metal halide selected from the group consisting of lithium chloride and pot;éssium
chloride and may further comprise lithium hydride. A fuel gas inlet adjacem; to the .
cathode may be provided for delivering a fuéI gas, comprising hydrogen,; to the
electrolyte. An oxidizing gas inlet adjacent to the anode may be provided for
delivering an oxidizing gas, comprising oxygen, to the electrolyte. An exhaust port

rriay be in fluid communication with the anode.,

-Also disclosed is a fuel cell, which comprises an anode, a cathode in a spaced-apart
relationship with the anode, a source of hydride ions in fluid in communication with

- the cathode, a source of oxygen in
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A proxi mal end of the spacer elenent may be in contact with the cathode,

and a distal end may be in contact with the anode. An el gctrol yte_ di sposed
between, and in contact with, the anode and the cathode ﬁ%’g"uﬁ%)r/?ﬂﬁ?'se at

| east one nolten alkali netal halide selected fromthe group consisting of
lithiumchloride and potassi um chloride and may further conprise |ithium
hydr i de.flud f qpamyppisation) stithadjcaeaede, tandt ke clecitdiytde Theyclbergy®vindgd f or

del i verigg a , L Si d . .to the electrolyte A
o i 1 19 0ReeS e ol MR o SRV N BRE g o e | ver i ng

an oxi digreatgy thasaboaoOPs iati NGl cllGiatirigQetparagik€ct rol yte. An exhaust port
may be in fluid conmunication with the anode. Al so disclosed is a fuel

cell, which conprises an anode, a cathode in a spaced-apart relationship
with th j ' L4 uid i 0 nication with
the. cat naey o oihef 2R Sopas ahd Sk atfech bt eSissth FIFE S8hhEN cati on
wi th t héctigrotaerstond with e¢ferhcotoythe . folltveing] destriptioy) eppeayed claimmy, iag@s a nol ten
salt, the nmolten salt. having a hydride ion conductance nunber greater than
~about O.aﬁ@nﬁanh’mgd%‘l‘w@g?'l operating tenperature. These and other features,
aspects and advantages of the present invention will be better understood

wi th r efBRIEFIRESORIFFONOF MR DRICWENGSEL | on, appended cl ai ns, - and
acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a

cr oss-s?:tioqal view of .the fuel cell for converting chemcal energy to
el ectri crgY® PP Gutassoseplongl vigys of thectue] eslhforvdosverting chemicakénergt to showi ng

t he rrec@;yaﬁﬁ;;\},_of electricity generation. Figure 3 is a typical application
of a fuel cell stack in a centralized generation plant.

Figure 2 is a cross- sectional view of the fuel cell showingr the mechanism of

electricity generation.

Figure 3 is a typical application of a fuel

cell stack in a centralized generation plant.
DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 1, one embodiment of the present invention is a fuel cell assembly,
which is an array or stack comprising at least one fuel cell 10. A fuel cell 10 .
according to this embodiment comprises an anode 15 and a cathode 16 heid ina-
spaced apart relationship by at least one spacer element 22. A spacer elemfént. 22

| according to this embodiment comprises an electrically insulating material, such as, -
but not limited to, alumina, zirconia, boron hitride, silicon nitride, aluminum 1;itride,
and silicate glass. The spacer element 22 further comprises a proximal end inrcontact

with cathode 16 and a distal end in contact with anode 15.

In one embodiment, at least one of anode 15 and cathode 16 comprises a hydrogen-
permeable soiid_ membrane. The property of hydrogen absorption by these materials
allows rapid diffusion of, for example, a fuel gas, which is supplied through the fuel

gas inlet 18. In particular embodiments, the membrane comprises at least one material
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to Figure 1, one enbodi nent ~
of the present invention is a fuel cell assenbly, which is an array or
stack conprising at |east one fuel cell 10. A fuel cell 19728087 hg to

t hi s enbodi nent conprises an anode 15 and a cathode 16 held in a spaced
apart relationship by at |east one spacer elenent 22. A spacer elenment 22
according to this enbodi nent conprises an electrically insulating materi al,
such as selegigd fiont theignaupesgnsistingl neiladiomz iveraditing, bebotitemium, end areatlayi | i con
nitride, alumn Lride, .i..an L] . .. Th a | e t 22
further Cg%ﬁ“ﬁf’lingg’gﬂ 1%&1%1}103%3% &éﬁﬂ%?%thglg%{ﬁ%%ﬁ%& ety I%o(%gt&igﬂ%r? %a di st al
end in epdtikctathddenl AERAEriskd a siteed @eRiNOF MEBial, #hichedst alvws @pidanode 15
and cat hode, 16 conprises a hydrogen- perneabl e solid nenbrane. The property

of hydr S§&Hiemhebest thespahyihe merws siuelure Suitalle siteredasbigeent mastel of , for
exanpl e; u , ' | | I8 Pl ' t 18. In
particu %@%ﬁ?&%?ﬁérﬁoé\fﬂe?%g&ﬁn%mg%dj%ohn%gﬁges at ﬁﬁngg@é’ %}%gﬁlrl%{d{%@ lal 35
Januar y vafifiifums elre etcdhierf erbodilenty mocympasits i materig ofmpsitgdicusimterdnadi um

beta titanium and.an alloy...conprisin | I adi um and. sil ver. Jn another
enbodi rsteckiy g gl thersopd Svumee Bkt bk Bt sl ces a
Si nt er eghd @iHcAet18! for TREBLING fastéPiEfsRInST o4l OWs rapid diffusion of gas
t hrough the porous structure. Suitable sintered refractory materials

i'nclude, but are not necessari li/ limted to, nolybdenum tungsten, rhenium
and valmesrian embodimsnisetieanpdril frand thecathodp dgiarectubulaein eonfiggiiensi ng t he

sintere . i t | ' i t | east
one. of - AU EGHBENHe 8 nalltary BBl 5, APHRNEOR, ouliSifle soRl £ FOC1 o1
of gas. démsityetrhdiemt sendde dherfirel scll.t Tisis asxtte id Stabled titdecindgichdete chfrestr e t ubul ar
I n configurati, on. ubul ar configuration _helps to maintain uniformty in

f1 ow t hehapgiericapf {f@rﬁlﬁgéegt 38111@0%&&9&“}6:@955@%?0%%@% HechEd cel | .
This reﬁﬂéélﬁy' BnPt RRh@nest | FRr | Qdﬁﬁﬁr‘g}?‘d}f &fu_’fih{%mandc&%aﬁ%seﬁah@ﬁa of the
fuel cell.” Additionally, tubular configuration maintains structural

compactness. In other embodiments, the anode 15 and the cathode 16 are planar.

Planar geometrical configuration facilitates in improving diffusion rate, which
enhances power density. Additionally, planar configurations are readily available

because of ease of manufacturing.

In some embodiments at least one of the anode 15 and the cathode 16 has a thickness
~in thé 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 ﬂiiclq';ess of
the anode 15 and the cathode 16 can be in the range from about 75 microns tQ 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 ﬁmnber greafer 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 _




integrity and soundness over a |long span of tinme and enhances packagi ng
conpactness. I n other enbodinents, the anode 15 and the c hode%b are

pl anar. Planar geonmetrical configuration facilitates in Vi 67 '

di ffusion rate, which enhances power density. Additionally, planar
configurations are readily avail able because of ease of manufacturing. In
sone enbodi nents at | east one of the anode 15 and the cathode 16 has a

t hi ckneggmeiembphigantsy the elsellapetting temparioresisin theenge 500 abpetr2M¥s. | n

! _ el : | L
Che. rangs ProRioRi: CognishraRe M oo 8RR R1dmgRR i E P e

Wi t h someolehieite anbaghbienf soddietinfhedmdsionokt the desigeddene:] bB efifbrchie cat hode
16 can he in the_ range frogt]uabo t 75 mcrons to about 150 m crons.

Gener al 1% Certain grRedEicats, thedughtsiieoperating dempaaiat Aot elestiolteidiiyited to be
as | ow %%#@MHE&MW%@B@H 6T, %c&‘aﬂgtb?gmcﬁlaé!eﬂab‘aﬁ nic)stcﬁ' mnimze
t he 10. y 'S

resi stance o fuel cell An el ectrol yte | Spose et ween, and

i n cont ot invérttiont the feel @el opBratingl tanhygeratomt ik dnlthe IbngeThemeabeut 3001 Yo 17

: conpriseﬁ a ggbéen salt having a hydride ion conductance. nunber greater
“than ab8B?"3°85 at a fuel cell operating tenperature. Using an electrol yte

17 with a hydride ion (H) conductance nunber in this range ensures that

the fueln s@ht eibbdinRB! Secelvdtidlyis UiTt Rl Rised hi R V¥ rheltdnealRab halefef ecti ve.
In 4 5 January 2007 sone enbodi nents, the fuel cell operating tenperature

is in tAed @rigest rensnmelistmetab hydride Eheresss0 imenigns dinve fourddhathat

Cor o Pbhioh, (b AN D IR oy RO e agePatt ¢ o

enbodi mepdrsting Memparatiresein tlepesmici desctibepabate)rwhioh ietoebecisedlipte 17 is

oG RRAS L AR 20 LS ohoul. 00, focor dpg o pappLoul o

the r anﬂﬁreﬁt’i&m}@%ﬂi BA0ie Gs klectad® Fiéim ﬁ@ogl{;up 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 lof the invention the molten salt comprises the alkali hydride in the range
from about 5 weight percent to é.bout 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 i
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 liydroc;clrbon 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, adjacént to the

anode 15 delivers an oxidizing gas to the electrolyte 17. In some embodiments, the
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~the art wl

In sone enbodi nents, the electrolyte 17 conprises at |east one nolten
alkali ‘halide . and at |east one nolten netal hydride. The_present jinventors
have found that electrolytes of this type have suitably ﬁ?ﬂﬁaw&ﬂpkde ion
conductance, at fuel cell operating tenperatures in the range described
above, which are to be used in enbodinents of the present invention. In
accordance wth one enbodi nent of the invention the alkali halide is
sel ect edxilrang ghe cgnpuges aoygérs tand gingfartiduldri embetiments dthe odidizimgugasbr omi de,
lithiumfluoride, potassiumchloride, potassium brom de, potassium
f1 uori dEYBYEFdth chl ori de, sodi um brom de, sodium fluoride, and mi xtures
thereof. Suitable alkali hydrides include, but are not necessarily limted
to, |itRiefuminyd Figlre 2,AB¢ At igdiEed Bheouphallé eambysll 6. 0Bhe REbgBXh UT €S
t hereof. According to one enbodinment of the invention the nolten salt
conpr i s& foplegag rdagtsivily e electraps imheciaslede sqcordinbinthe sageey 6. per cent to
about 25 weight percent of the total nolten salt mxture. This ensures
nmobi Iit?gI of+li drbg{e ions even at initial start up of the fuel cell. In
parti cul & embodiments, the molten salt conprises the alkali hydride in the
range from about 10 wei ght percent to about 20 wei ght percent of the -
][m.l It en Sﬁéhydﬁﬂri]dd i¢|n§ iraﬁspl‘oueﬂ agRSs blgb@élgfb%?a@ﬁjfﬁ@' € ltto taﬁdcaafdsrﬁs;dgod%lijel ivers
- fuel gas,to the electrolyte 17, The fuel gas, .in sone odi nment s,

conpr i s&&erypeniher FO@Eﬁttt%fb% lizing gag gad gact with tie ga%f&tprmgqcs Wkt aflni ted to,
gasses 5 a ﬁﬁﬁ@tgﬁq: 0 : Llled in

‘ﬁQmFécggggeﬁ%‘{c@ ﬁ]ggﬂlg %%gaﬁg ere arﬁ%dpﬁégg?tb%%ag r?pfziglﬁd, such as

met haneoxidizmggmread the resstion apdubiewhieevithadectmlytefl@r e fewotlesttoman) is used

to extrgct . hydrogen t he. hydr ocar bon conpoun nd the hydrogen is
then delpydiolh tegtipne 5 Beerd 1550 Ry errerhe i o an aHe Ig an

oxi di zi REd2as The keddekBactidE] 189 eMepiclertéfin IARRES akTFoll@ks. vers an oxi di zi ng gas
to the electrolyte 17. In sone enbodi nents, the 5 5 January 2007

oxi di zing gas conprises oxygen, and in particular enbodinents, the

oxi di zi Pgast 2HompHeQed 24 r .

Overall reaction is represented by
B+ %202 > H:0 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 c_onducta.nce number greater than about 0.95 at a fuel
cell operating femperature. The various alternatives described for elements of the fuel

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




Referring to Figure 2, the fuel gas diffuses through the cathode 16. The
hydrogen in the fuel gas reacts with free electrons in the el ectrode
according to the reaction 106. H2 (g) + 2e -).21T The hydrdHe e
transported across electrolyte 17 diffuse into and across anode 15,

wher eupon they contact the oxidizing gas and react with this gas to produce
water and free electrons. Anode 15 serves as a physical barrier to prevent

m xi ng diese gmbodixmentsz ithrysayises efltydride ionsais tofien apfuebigast anhthsrsowicetpf

el ectrol Yoy .qe.e|l ectro Sflow fr t he anode 15 to the cat hode
16 when %&%ﬁ%??@@\%’é&%% %ea%’re{osudgggcné)ﬁdg&etvé?u%{ﬂ‘ | oad 21. The anode reaction
107 is represented in Figure 2 as follows. V2 @2 (g) + 2H -> H2O + 2e"

Over al | Thededl iganandsoxidipinggan cadbdybtaibidd (gin aHvdrtyORf {ofjcer aldP@efefire The above
reaction s exg%ﬂirch an hgnce mai nt ai ns the operating Eenper ture of

the f uelthiz BiPF ohfuch celbiisuiible fennse imyariaqus ppplisaipnss ¢ Ep% exgpplerfeeapdeer

ol ecul Ged '3 SR BRAndd mb Bty FEBRRACHiRheRO BYELL A orsCark WRRcR S . Unused
gases and water vapor are exhausted through anh exhaust port 20. Anot her
enbodi npmduoé hydreggpr sk st thered@ntsititablé & usef etleatabdllycprwared velgclamranode 15 a

cathode 16 jn a spaced-apar.t relat. i 1th_ the anode 15, a source of
hyari do ToRLe SRAPREREBRHM Sdfoe BriRu thek s Redatt sttafurite. of
oxygen kentfal pbeer SIAAEENSHOMN AIFiYdrE 3. FHElafROd8le Rittafith Bl @alrhiQidkee 17
conprising a nolten salt, the nolten salt having a hydride ion conductance

nunber @laahtwdroges mayypically bs obtaingd fitpam coagdap bypreaten gasghifersgetion-ure. The
Der ; - f of ! nbly of
(e o LR WSS RSRCH 5090 SLERECLD i MRSl A (93P ¢

the pres SO apply I'n
Januar y aZ0él eelltshek @00rd ok indett204. Theefusloseticsachf 200yebnitades indivddiia figfit en a f uel
dth f [ ft an oxidi zing_gas, as _described
g?Z{/i gﬂg?li/l_n%tssﬁldr %exy_gen oro e)l(t};‘l%g&lelri% a?r is ?e?i into t &)3( %n(ilétZZIOS %f e fuel cell sta%k !
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.




The fuel gas and oxidizing gas can be obtained froma variety of sources
and therefore this type of fuel cell is suitable for use.|n varjous
applications. For exanple, it can be wused in a skid nourﬁ\t?é‘uﬁ%’t?iogi
reformer unit where hydrocarbons are cracked to produce hydrogen and is
therefore suitable to use in electrically powered vehicle or any other
smal | -scal e generation. A typical fuel cell stack for |arge-scale
gener i ofgd.n central power plants is shown in Figure 3. For |arge-scale
generation 1n central power plant, hydrogen nmay typically be obtained from
coal gas by water gas shift reaction. Hydrogen gas thus produced froma
coal reforne ag in ashift converter 201 is fed to a fuel cell stack 200
at thelinl é*tl;”?ggf:lalgﬁfén Iy&pmpEsipg'st ack 200 contains individual fuel cell
uni-ts 210. Oxygen or atnospheric air is fed into the inlet 205 of the fuel
cell stack 200. The unused oxygen and the water vapor produced in the

r eact ableasione Ll atlheempradigge are recycl ed through a condenser 216 and
connecting duct 214. The unused hydrogen is recycled fromport 207 though
a connecting duct 212. The fuel cell can also be used for space power
appl i gati ogs avbRs SdRycdfREe Reld sl a 9pacee Ap&brl ARnSHP BY aERast bheBpRe£ r yogeni c
storage 218. Wil e various enbodinents are described herein, it will be
appr eé&lemeaticamprisingien clegeeallyiinsating materialyar i ous conbi nations of el enents,
vari ations, equivalents, or inprovenents therein nay be nade by those
skilled in the art, and are still wthin the scope of the invention as
defi néd i nahbRcaplyenadathrsingiatholtca salthaningmyhydfdsionCoAdibdBincd nudbtuel cel |

assenbly caonprising.. at_|east one fuel cell conprising a. an anode and a
cat ho&Eafse thyn;aoyt %Sa%tétiqulﬁ&ﬁtOPP’@Flag feamRsRatprepsaig eleptpalic dispesedetwsen, | ement

CONpr b3d HeRhcPWRf! Sl ERloaY ahd'SHl @&%&ga material; b. an electrolyte
conprising a nolten salt having a hydride ion conductance nunber
c. a fuel gas inlet for delivering a fuel gas to said electrolyte, wherein said fuel gas inlet

is adjacent to said cathode;

d. a oxidizing gas inlet for delivering a oxidizing gas to said electrolyte, wherein said

oxidizing gas inlet is adjacent to said anode; and

e an exhaust port in fluid communication with said anode;

wherein said oxidizing gas and fuel gas react to produce water and free electrons. .

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

comprises at least one sintered refractory material.




greater than about 0.95 at a fuel cell operating tenperature, said

el ectrol yte di sposed between, -and in contact wth, said @gse gﬂ@ said
cathode; c. a fuel gas inlet for delivering a fuel gas t o Ztrolyte,
wherein said fuel gas inlet 1is adjacent to said cathode; d. a oxidizing
gas inlet for delivering a oxidizing gas to said electrolyte, wherein said
oxidizing gas inlet is adjacent to said anode; and e. an exhaust port in

f 1 ui d5conmmhie Gadl icoll aikfnBlysel dait D deherdih 85i8isthtsed seristoty Alab@iabaemprinds f uel

gas react to produce water and free electrons. 2. The tuel cell assenbly of
cl ai matleagimmeansferal selegisd feome thef sroup gorgising dneplybdauma fungaien, BEHPAL, ses a
hydrogg&vQ%{ ble solid nenbrane. 3. The fuel cell assenbly of claim 2,
wherein sald nenbrane conprises at | east one material selected fromthe
group consisting of palladium vanadium beta titanium and an alloy
conprising _palladiumand si|ver. 4. The fuel cell assenply of claimil,

wher efn at Tfﬁ@aﬁéftl ceﬂﬁ assgmblefrlaimot avhergn ehleast oae Hf)&%g apQfifpind said C&a‘oa]%ast one
si nt e?ﬁﬂléf%&rﬂ)ﬁ%@&‘r Y OBpEEitnatdial AU YosHe Ahateral IEprisiy) sAi8!dn@agendl y
of clarmi4, erein sard sintered refractory material co Ises at |east
one natfeactay netdriat trebla hydropdrhpergeablp saohmembrang. of nol ybdenum tungst en
rhenium and vanadium 6. The fuel cell assenbly of claim4, wherein at

| east one of said anode and said cathode further conprises a conposite
naterizal , @k guct @BIPAKEMBIY BT Bdiln?l, vIRARN bbleRd 0l bl BiGTeafd shif dadoler Y

mat eri al and a hydrogen-perneable solid nenbrane. 7. The fuel cell assenbly
of cl @ phedar. wherein at | east one of said anode and said cathode is planar.
8. The fuel cell assenbly of claim1, wherein at | east one of said anode
and said cathode is tubular.

8. The fuel cell assembly of claim 1, wherein at least one of said anode and said cathode
is tubular.
9, The fuel cell assembly of claim 1, wherein at least one of said anode and said cathode

has a thickness in the range from about 50 microns to about 500 microns.

10.  The fuel cell assembly of claim 1, wherein said thickness is in the range from about

30 microns to about 250 microns.

'11.  The fuel cell assembly of claim 10, wherein said thickness is in the range ;from about

75 microns to about 150 microns.

12.  The fuel cell assembly of claim 1, 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.




9. ‘The fuel cell assenbly of claim1, wherein at |east one of said anode
and said cathode has a thickness in the range from about aﬁ%ni%r8£s to
about 500 m crons. 10. The fuel cell assenbly of claiml,5 #2996 ai o
thickness is in the range fromabout 50 microns to about 250 m crons. 11.
The fuel cell assenbly of claim 10, wherein said thickness is in the range
fromabout 75 mcrons to about 150 mcrons. 12. The fuel cell assenbly of

clai my}, . ' [ 1. 561 . l-kal i

P 1 b an 1o 10 gER aelfY SRR 10 PR ET Ao A Pan BRI o
cl ai msdigctedfierrethe gaupl cahdistin dfdithitien bfdriie] dotasdidrarhydeille, sodiuns bfdidecd from
t he g%g(g .consi stiqrjl.g of lithiumchloride, lithiumbromde, |ithium

fl uor mixtres thetsdfm chl ori de, pot assi um bromi de, potassium fl uori de,

sodi um chl ori de, sodium brom de, sodiumfluoride, and m xtures thereof. 9
5 January 2007 14. The fuel cell assenbly of claim12, wherein said al kali
hydri d& of Theaifael mslltassenshlly tofi daims &4, eghereinfsagimmolten galo epmpusesi sid alfalof

l'i thi hydri.d t ' h id i dri d m xt th f.
15, THei i BEACERGl T pétFene 1SS0 e Braetloi t an sal ¢ compr | ses
said alkali hydride in the range of about 5 wei ght percent to about 25

wei ght percent. 16. The fuel cell assenbly of claim 15, wherein said nolten
sal t  é&npr Thedud Lol assquahly ofipjaimi Ho Whereinsaidamglien falhsemprisss\eidgtikalper cent

to ab . i ; h of claim 16, wherein
said ﬁgﬁ%ﬁn% rfgg eo%%bﬁggiwggﬁap%ﬁ%huﬁoﬁ%é i”&@‘?ﬁg?%% range of about 10
wei ght percent to about 20 wei ght percent. 18. A fuel cell assenbly as in

claim], V\hﬁr%&tﬁn Sf‘i d fuel cell tenperature is in the range from about 250
C. tolaboudheditr! cell pgsembly of | claimy 16, ehcasin|spidamolten salh compriseisaideslials aj g

fuel  fghddelif MRELALHSELLEL 10WERR: A0to doRPPREht gerlert: tO about 600 C.

18. A fuel cell assembly as in claim 1, wherein said fuel cell temperature is in the range
from about 250° C. to about 650° C.

19. A fuel cell assembly as in claim 1, wherein said fuel cell temperature is in the range

from about 250° C, to about 600° C.

20. A fuel cell assembly as in claim 1, wherein said fuel cell temperature is in the range

from about. 300° C. to about 450° C.

21, The fuel cell assembly of claim 1, wherein said at least one spacer clement 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 comiarising

a. an anode and a cathode held in a spaced apart relationship by at least one spacer

element comprising an electrically insulating material;

10




20. A fuel cell assenbly as in claim1l, wherein said fuel cell terrperature
isin the range fromabout 300 C. to about 450 C. 21. Th fuel

assenbly of claim1l, wherein said at | east one spacer eI @%ﬁ?l ses at
| east one material selected fromthe group consisting of alumna, zirconia,
boron nitride, silicon nitride, alumnumnitride, and silicate glass. 22.
A fuel cell assenbly conprising: at |east one fuel cell conprising a. an
anode and a cathode held in a spaced apart rel ationship by at |east one
spacer elenment conprising an electrically insulating material; 10 5
Januaby 20@i elebtrolyte c&inqnisinglaﬂ@stammdlﬁeinmg(aatmétalamﬂlde@ﬂem frem thé kal i et al
hal i de sel ecteed fr the
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cat hode; . fuel "gas 1 nl et lvering a fu gas conprising hydrogen
to said eI ectrol yte wher ei n sal d fuel gas inlet is adj acent to said

cat hode; oXi for deli verl as conpri sing
oxyoelt 1o a4 B MEPYIIEEH BLER ot tyithety Boaetd AFERIRS aqi acent

t 0 saintheANOSEd fith gainlcl i RYdeemIb s@l@Chthbde;f | ui d comuni catl on with said
anode; wherein sald oxygen reacts with sai d hydrogen to produce water and

free electrons. 23. The fuel cell assenbly of claim22, wherein said fuel

gas igag I.Si: 0Ne;.0f h 4 24 The fuel
cell gssengﬁilcﬁ%%%k%@ngﬁgﬁdmﬁere r?(fxﬁdei%gﬁirég% chﬁnnén %%mgggﬁ)” €8s air. 25. The
fuel ekbfrolatesehbicih aid otidizingdRs inMrds adjacenfitokaldistlodecind assenbl y conprises a
plurality of said fuel cells connected electrically. 26. A fuel cell

~conprising: an anode;
e. an exhaust port in fluid communication with said anode;

-wherein said oxygen reacts with said hydrogen to produce water and free electrons.

23.  The fuel cell assembly of claim 22, wherein said fuel gas is a gas comprising at least

one of methane and propane.
24.  The fuel cell assembly of claim 22, wherein the oxidizing gas comprises air.

25.  The fuel cell assembly of claim 22, wherein said fuel cell assembly comprises a

.plurality of said fuel cells connected elgctrically.

26. A fuel cell comprising:

an anode;

a cathode in a spaped-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

i1




a cathode in a spaced-apart relationship with said anode; a source of
hydride ions in fluid conmunication with said cathode; a é?urce %f oxygen
in fluid communi cation with said anode; and an el ectrol yt 7ng a 11
------ - - ---- 5 January 2007 nolten salt, said nolten salt having a
hydri de i on conductance nunber greater than about 0.95 at a fuel cel
operating tenperature; wherein said hydride ions react wth said oxygen to

prod ug@ﬁé’ﬁ%ﬁ'& s?faqn(gl[e‘ﬁ%aﬁ h&ﬁﬁ% 9 @Zdrigg i'on-EBﬁdL{c't‘b?lL:e ﬁ@ﬁ%ﬁ‘eﬁ%ﬁ@eﬁ%ﬁg wher ei n

sai d ten salt conprises a ast one nolten at | east
one nbI%5en arfed] akll apdrating tepgedatee; 28. The fuel cell of claim27, wherein
said nolten alkali halide of said nolten salt is selected fromthe group
consisting of lithiumchloride, lithiumbromde, lithiumfluoride,

POt as giherais @Rl difie 19 @8 vHIR APHEen tPRLASS Wil dnd Frdefectrdféli um chl ori de,
sodium brom de, sodium fluoride, and m xtures thereof. 29. The fuel cell

of claim27, wherein said nolten netal alkali hydride of said nolten salt

is selhected.fr t he gr,ou onsi sting,of .lithiumhydrid ot assi um

ycr s 88 <ane AR o P 26 A, P Soollen B B, 8 1o O RE MR s v
of cl alkai AdlideviRlrae 1dastsole tndTiRh indRalsalkdli Ip@pEel ses said nolten netal alkali
hydride in the range of about 5 weight percent to about 25 wei ght percent.

31. The fuel cell assenbly of claim30, wherein said nolten salt conprises

sai d kal i rigde dn.. r . Of . 5 j p t 20
wei gh? é'per glel?\[ﬁ{ éi3 ﬂ Qlijhealb{]ug?’ ?ggfﬁlnagéaé‘g%gﬁ%noafm% g%]}r%%@{s’%\?éﬁej}oé@ﬁasggﬁ% nol t en
sal t sdeped fom gai groap lahdistingyef lithéurh rehildiiiel ditkgem drombde) tlitHidmwdugrde, per cent

to about 20 weji ght percent. 33. The fuel cell of clajm2 erein said
fuel PPFsSYR nﬁ@g’é%ear BotpssIYm, l?rﬁ@lgean@%taﬁ’fsi% émj{e’ |eHIC. © Q}‘lvgboﬁ.?@l“@?no C 12
bromide, sodium fluoride, and mixtures thereof,
29.  The fuel cell of claim 27, wherein said molten metal alkali hydride of said molten salt
is selected from the group consisting of lithium hydride, potassium hydride, sodium hydride,

and mixtures thereof,

30.  The fuel cell assembly of claim 27, wherein said molten salt comprises said molten

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

31.  The fuel cell assembly of claim 30, wherein said molten salt comprises_ said alkali

'hydn'de in the range of about 5 weight percent to about 20 weight percent.

32.  The fuel cell assembly of claim 31, wherein said molten salt comprises said alkali

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

33.  The fuel cell of claim 26, wherein said fuel cell temperature is in the range from about
300° C. to about 450° C.

12




