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" Fe-Li - AL ANODE COVPOSI TE AND THERVAL BATTERY CONTAI NI NG TI-[EZSN‘U\EZ[BaCKQFOUHd
of the | Thermal batteries are thermal activated,_prinar reserve
her met i c%@l’%‘g ed power sources, , generally consisti ngP (ié%
series-parallel arrays of cells. Each cell is conprised of an anode an

el ectrol yte-separator that is solid and no-conductive at roomtenperatures,
a .cat hode and pyrotechnical neans. The cell is activated by providing

suf fi ci entA NG Feo-TnieAl ANODH: €HDVOPQEFTE ANATERRMA BIBATTEINEN cal

systens are known for use QDNTRIMANGEIHE SAhdEel ectrol ytes are. generally
m xture of alkali metal halTdes, nost commonly eutectic mixtures of Lid -

KC (rmelting at about 352C) and Lid-LiF-LiBr (nmelting at about 4400
although ot her fusr bl e salt m Xt ure-tures have been used, such as al kali
metal thibaghaseendaithelawgRtion hode material s, anong others, are iron
pyrite, cobalt suI fide, cal cium chromate, copper chloride and copper -oxi de.
. Typi cal | yThaumel bhtteiien amt gherrsalusetlyetedanranarke, rebemey dierntitiiestlp i ts hi gh
reactivity, sone prom nent di sadvantages exi st, anong them is the

formati Onse%;eci r#@améfn%gﬂrfe'sd%l Clﬁu;y Cc%gg“we% o %’%?g%sqra s@ﬁ%@b!fﬁllélor i

cont i nuous 1t on eakage~into.

battery during ag eri resulted in agr dual onv ion of the az
Nov z00s W@ﬁMEPg @g5ég£gﬁéh}§ - A afgpes 32 ?ﬂ?ﬁﬁﬁ%ﬁ%ﬁgavﬁto sai d

nitride. This phenomenon has been found to seriously degrade the life tine

~ of a theritalt battBdyandhiscprdidtam at tdothitemperatimks, foromiidden amds never
‘totally solved and elimnation of this conpound, renained a source. of

~concern tRroughatka1t BRaKEM Re cell is activated by providing sufficient heat to

_melt the electrolyte.

A variety of electrochemical systems are known for use in thermal celis.
The electrolytes are. generslly mixtures of alkali metal halides, most -
commonly eutectic mixtures of LlCl KCl (melting at about 352°C) and
LiCl-LiF-LiBr (melting at about 440°C) although other fusible salt
in:'lxtures ha\_re been used, such as alkali metal‘thiocyanaees.efc. Common
cathode ma’gerials, among others, are 'Hen pyrite, cobalt sulfide, calcmm '

chromate, copper chloride and copper oxide.

Typically, pure Lhithium metal is used as an anode, however, due fo its high
 reactivity, some prominent disadvantages exist, among them. is the
formar;ion of lithium nitride. This compound serves as a catalyst for its
continuous forma’eion, in i)arﬁicular, during 'nitrogen leakage into. the

battery during aging period, resulted in a gradual conversion of the




Due to lithiums high reactivity the anode preparation requires very
difficult maintenance of high purity argon gas to prevent d%hp nitride =~
formati on. Even with expensive appropriate equipnment,. the based
mat eri al WogMB&sSht is forned, becones.tarnished after COO|1P(I'@IL037h(€59ﬂmt gray
filmfornmed as .a result of the preclpltatlon of lithiumnitride and ot her
impurities (R Szvvarc and S Dallek, "The Li(B) Ingot Preparation Scal e-Up
‘Study - Final Report", GEPP-TM 645, General Electric Conpany; 1982). There

are two Er?é%%hﬂﬂhn# 'ahB&lé’ﬁHlfHé 306506 M é’ﬁl{ﬂaeﬁoﬁ Ha[%'lgéoé'ﬁ &ﬁadng One

is that nitrogen free atrms ere eneral nprrses a ppm of

nltrogen Thi s oncent rat.i on, altho y , cannot be consi dered
as a fré%seﬁpvﬂlg’a o PRy e dims hér @é’i(r)gi%tﬁ@m "BRSUBTORAEINGS r ogen i s

enough for reacting wth I|th| umto produce an inpurities amount of lithium

“nitride bibhivrhenibritbiformbtisadyanedesmsillvadolvédi aindesimithstibdefithipuri ti es
are always present in the lithiumraw material. Such inpurities, even in a

very Sl Quankl b aLa | USMIdAN So0le, L GLIRAAKLAL GG, Of an eutectic

conposi t 1 on-petween um an Nov 2u~~ WD
01/8-1650 PCTI I LO1/00394 _3_ The eutectic conposition corrprl ses 0: 068% nol
ni trogen {P. Hubberstey R J. Pul ham and- A. E. Thunder, "Depression of ‘the
freezing point of lithiumby nitrogen and by hydrogen”, J. Chem Soc.

Faraday Transo, lithfufdl U3 438c{i¥RY6)he anthdeal @@ypaﬁmm@swquﬁﬁysuwmw
material to contain lithiumnitride inpurity. US Patent 3,930, 888 di scl oses

ol ove “PEEIIP L Sce il AQRLKOLL T80l 0 KELEDS SOUL, WRBRLS, O

pur poses bel ow ahout 400C, preferably lithiumor an allgy of lithiumand
cal ci um feEBaEPYY P@‘Lﬁ%%hh%ﬁﬁ%&@ﬂ%@ﬁé?%quﬁﬁﬁe@tt glep FgVrge s a nunber
of advantages anong themare its capability of providing high voltage,

power demhsistd mancdraiconye Hds foryed, Breonndsituenizhedexftet @oling. Taenhetl by
a-foram nous netal substrate that is wet by the nolten anode netal and is

subst ant i Y, cl i gal : r 1y ticul ar
cell systﬁ% %jétg%%%e su%)%[ %"gg?g't?ﬁl P%fl%tt?ﬁgn % anodﬁh&r%gtga - nost '

t abl di bstrata tal t hd th
sul 2l y s PRLOR,Lhopou0sLiats L0, ol enanode, dptal . Mhdraw o the
when the anode netal is nelted on activation of the cell it will then vvet.
and -fil ISd:aﬂml_QubStméy e~ Final Report®”, GEPP-TM-645, General Electric

Company; 1982)'.

lThere'. lare. two reasons for lthium nitride formation during lithium
o 'melting_. One is that a “nitrogen free” atmosphere generally-comprises_
about 1 ppm of nitrogen. This concentration, although very S]IL&ﬁ.,_ cannot |

| be c;)nsidered as a “ﬁ'ee” or “zero” nitrogen atmosphere. Said small amount
of nitrogen is enough for reacting with lithium to produce an impurities
amount of lithium nitride in the lithium-based anode material. Further,
nitride impurities are always present in tite lithitim raw material. Such
impuri%ies, even in a very small quantity, aré. inevitablé ‘due to the

existence of an eutectic composition between Hthium and lithium nitride.




;€2 NOV 2004 WO 01/8-t650 PCT/1LA/0039d _4_ The anode housing conprises
-an inpervious inert metal portion and a porous refractory @fphymusgportion.
The nmetal portion is in electrical contact with the anode netal and may be
of any sOlY WHEYal substantially inert to the other cell ToMB8HERS with
which it may contact, preferably nickél, stainless steel or iron. The
porous. portion (dry asbestos fibers and/or any insol uble, inorganic,
non-netallic fibers of high nelting point that is infusible during

opér at i oThef etifeetie alompasiiitn asmpeiseacd.068%omat eriimigenf {beldsbbeistdier - aci di c,
" basi.c or anphoteric, may be used) of-the housing is in tight engagenent

W th theenti iﬁﬂfr f t ' f Eeh%réﬁﬁﬁ F Nghihp.gforder to
pr event Fggka%gh%gt e n%‘lﬁﬁe%‘ﬁgﬁg%g %te%%sgﬁéﬂt%e net a %(r)&gaglnng surface
'to the exterior of the housjng, that wpuld cause_shaorting J_or other

premat ur dithdimube nifogep andibydAVEvEs e f BPodEar3Ey TreRhelr eactive
nature of lithiumand its |ow nelting point (about 180C) which nmay result

. in a | eafage 461 -43% (1078 e andeilaaysatilises risdquentrhy neaterialise cohtaib circuits
~and premature failure in such batteries. US Patent 4,221,849 relates to an

anode matgk | ri.sing:... a - pyronetallurgically conmbined iron-1lithium
anode forhenlﬁ%%lcﬁ %Qﬁafeﬁﬁl@m%g'ggbde thermal batteries. .The ratio of lithiumto

iron is about 15%to 35% In these ratios, the iron particles are held
toget her by the surface tension of the lithiumrather than being alloyed
thereto. The lithiumis heated to ~2 NOV 2GC~ WD 01/8.16i 0 PCT/1LA /00394
_5_ about(y80P=ateh OF,93¢y888t ésdldsen added anogarmietalsatincholing waikiad stirring
the nolten mxture. The iron-lithiumanode disk is positioned in a netal

b f i j ' i : , d f
cup by ”%Bﬁq%g, g@%ﬁgﬁbﬁ%y h”ﬁ&ﬂtﬁfsopfy Io?@[’t?@ee?%&'r tHAN G d) SfetdRhY, cdMde o

Fi ber br ax. e, norm ormof a wafer, is positioned
adj acent to the separator in the cup

. It has been faund t,hat tivation
of t her mAPHALE | EERLTIBHS B wiltHh ’é"é’?ﬁ PREPOR HPElATarnttil AOREY noi.se
of ‘a few seconds duration, wth peak-to-peak values of greater than 0.5
vol t s ( bepweferady ditkivkh otttz alldhef Hubisen whidctaleisumyrdae bghana’g]g@n’amed in
batteries operating in cold conditions as conpared to those operating in
- Warm or hQﬁq&é)ﬂfhtﬁéﬂﬂﬁ bRASrEOYRGvias a number of advantages among them
éfe its capability of providing high voltage, power density and energy

density.

"I‘hé active anode mgtal is carried by a-foraminous metal sii_bstrate that is
wet by the molten ‘BJZ.LOde metal and is substantially ,i:agr’t: to
electrochemical or other reé.ction in the particular cell system used. The
substrai-:e. is filled with active anode rﬁetal, most suitably -by dipping the
substrate in molten ancde metal, withdrawing the substrate and then
~ cooling it below the melting point of the anode metal; when the anode
metal is melted on activation of the cell it will then wet and fill the

substrate.




seriously degrade the final activation rate of these batteries. US Patents -

4,675, 257 which uses the sanme anode of the US Patent 4, 221%% ﬁ?@” ses a
nmetal cup and a netal screen interposed between the netal c Q node
conposi t Whly%630al . The positioning of a metal screen beteEPMLOthesget al cup
and the anode conposite material togéther with renoval of the fiberfrax
separator resulted in the reduction and elim nation of activation noise and
"inproved the electrical characteristics of the battery. The above three US

Pat ent s }%ﬁnn i %gﬁqggsa | E dev. o) it hium
nitride. f;l?!é;ia%lgggggd e?ecl%n OVe. 98 %BB%(@%%%%V\%‘%%W% iﬂd #
PCT/1LAO/0039:1 US Patent 4; 781,756 teaches a process for the renoval of

“ i t hi um MFPRRECFRGHTR IPROBE PPEYOR The Gaetae Partion 1adickertaical eavireiet ri ¢
anount of alumnumto liquid lithiumnetal containing lithiumnitride (at a

t enper at withtikkyarese mbealeid ngy beioflangfsdlid ety sulskt3B0EIytiaereret W th
the lithiumnitride, in an inert, nitrogen-free, atnosphere to form

al'um numgpi.t thde,  _a@n : ept r-ating th i itri.de tomthe
M qui d 1R OB CorBBRBAT R nARPRIi2 bR SR RHERL M 075 L

- filter. US Patent 5,019,158 deals with a process for separating cal cium and
nit r ogen SERBHESS sterbiAT iTon. Wik RoEIUPoRLAns (ddeshestos fibsra endiortansum and

‘reacts to produce aluminumand |ithiumoxide. The aluminumreacts with the
ni trogen inAokuhde,| indriguirid, ongi-eektadlid iRy bbfe hatlmnpifhei peindethathid e t he,
| i'thium oxide reacts with the calciumpresent to produce insoluble calcium

oxi de and,ly &:Bi ugb]-! | i i 1 igride may-
- then be separgjfee rgﬁ]o;{eﬁéﬂlﬁ%{ﬂfgggﬂe :;J,{&Ln]]g Sﬂ%ﬁ%ﬁ%ﬁﬁgc%ﬂ‘%ﬁéﬁgu on) ..
This operation is. preferably takes place at tenperatures, between 200C and
250C. Theelthgteadidicnbagicsen aautropenennayhesuped)ertt et hpgsives lankight
5,019, 15S), suffer fromthe disadvantage of having a filtration step which
is very. elidddeendnt withpidtef edtiverberighery bf ghe wietabysrifbxtairds dstdg Mre

m order to prevent leakage of the molten anode metal along the metal

housing surface to the exterior of the housing, that would cause shorting

v

or other premature failure.

A major disadvantage of this anode lies in the reactive nature of lithium
and its low melting point (about 180°C) which may result in a leakage of
the molten met'al,. and consequently inay' cause short circuits and

premature fajlure in such batteries.

US .Pe.tten.t '4,221,849 relates to an anode material comprising . a
-py?ometallurgically combined iron-lithium anode for-use m ﬁtbium_ anéde
| thermal ba&eﬁes. ’fhe ratio of lithium to iron is about 15% to 35%. In
these ratios, the iron particles are held together by the surface tension of

the lithium ratﬂer than being alloyed thereto. The lLithium is heated to

¥




o z Nov-2noa WO 01/8d650 PCT/IL,O/0039:1 ~ specifically, they include

“a filtration step to renove the insol uble oxides and nitrigcbeﬁ Lr mt he
nmolten lithiummnetal. As a result, they cannot been used in Pl ZEQ"ocess for
product i SYP ¥¥*P%n-1i t hi um anodes, due to the fact that tHerAL01/06394

pyromnetal | urgi cally conbi nati ons of". Pron and |ithium (15-35Wm % hi) form

hi ghly viscous m xtures that are not filterable US Patent 4,158, 720

discloses a lithiumalum numiron alloy for use in a negative el ectrode

~within a SR8l y 680eP! baahgil §ah &Rldd i baWReulahe ynen Whlle SitfRing! ectrodes
exhi bit increased el ectrode potential over that of electrodes containing

atom per it BB B b8 on it Ea R T afe R iR and

_iron.” The alum numand iron alloy includes about 20-35 atom percent iron.
The al umi GNPy roeaas oy Rerhisyylaireer sepansdoreding preferablyumads of/i des an
increased |lithiumactivity and .consequently increased el ectrode voltage

over that FierBra@ IR BleRtHdliHR, wor@k Uy idWReafol-8Y of INeaRl et sRdigoaRt erial is
prepared by first providing an alloy of alum numand iron and then :

el ectrochem call eposi.ting.lLi.thiuminto a porous mass containing that
“al toy. Th%(ﬁ] C?%t%é%p%elpa%?%c%&ﬁc €8Pt hi s US Patent that shoul d be
di scussed. The anode material consists of an alloyed |ithium conpound

(Li-Al -Fe alloy), 02 NOV 20D4 WO 01/8J650 PCT/a, 01/0039J _8, and
consequently suffers fromlithiumnot being present in an active metal.

farm TheltahseBeen Fouhd thati @l fctdrutai bl chdrRb Al bitteMet etubindled Rith
substantial reduction in the anode's potential. Summary of the invention It

is the objeat. ‘ nt_ i nveption to provide.a new theryaml . hat

cont ai ni néga?lg %géwlﬁéfﬁ %F’élaenso{}téﬁteo%n%p%@F e 0\%%? g%vl Sﬁeé: P%Q‘gs ﬁgggdﬁ% ages
peak-to-peak values of greater than 0.5 volts (between 3 and 15 KHz). The
noise which is greatly exaggerated in batteries operating in cold conditions

as compared to those operating in warm or hot conditions, has found to

“seriously degrade the final activation rate of these batteries.

US Patents 4,675,257 ﬁhich uses the same anode _of the US Patent
4',.2."21‘,849 comprises a metal cup a_né. a metal screen interposed between
the metal cup and anocde cémposité material. The. positioning of a metal
‘screen between the metal cup and the anode composite- material together
with removal of the .ﬁberﬁ'a‘x separator resulted in the re_duction and -

elimination of activation noise and improved the electrical characteristics

of the battery.

The above three US Patents have the major disadvantage of undesired

development of lithiurn nitride as discussed hereinabove.




of lithiumin an active nmetal formw thout sacrificing for lithium
propensity of being nitrided in the presence of nitrogen. It is a furtHer
-obj ect of present invention to provide a thermal battery g&h“ﬁwﬁmﬁg a new
Fe- Li - Al Wanodessoonposi t e having | onger shelf life with i narousdoos
characteristics. Mre specifically,~ 6he thermal battery containing the new
anode of the invention shows no reduction in voltage or power as a result
of formation of lithiumnitride. The anode conposite of present invention
conprises as nuch as 50 to 70 atom percent of active lithiumin nmetal form
(conpared to only 5 to 50 atom percent of active lithiumin the anode
conmposite_of the US Patent 4, 15E, 720 di scussed above). In addition, the
anode of Uh&aieet &it81, A0 teachescamyeresssionidetrezaoval ofitirinm péfrident of
ironand only 1.7 to 2:3 atom percent of alum num (conpared to 10 to 33
atom per ¢ajth Bigh pRRiENGithRAUetbtab 38 dddin® AtamRektlnlc alhmaidinphum in

t he anode conposite of the 0 2 NOV 264 WO 01/ S~G0 PCT/ I LG /00394

- 9above nti.oned US,Pat.ent.), . Furtherrmore . the |ithium and.al upm num '
conponentU IR ERe Sndteitofbbite 0D, CORIE B GHETER JREf: (i fan al | oy
- formbut -rather in a nmetal form pyronetallurgically conmbined with iron
powder , yewiréraigretetiveghdbe peluidpeinsof dthiwh and300¥Ditermepaswithanode
coul d provide. However, a mnor proportion of lithiumand alum num may be

in an al By fieRHm thdiden iROWHE inef 0 "RAFHFh -HS e PakBRbsthekB8td 2frii th the
present invention'reveals a significant difference in the process of

obt ai ni ng.the Fe-Li.; A, anode .. conposj.te. Wereas,.the,process _i.n.-the US:

Pat ent LSAUSIRR] THEdp, 600 FUBSRIRRL, SHERLT TG Nl SR BTHS, FoAl s
and FeAl Zd% as a conmponent of the anode, in the process of the present _
i nvent i odremdinedraitid lifdinohmatel by setidingnand flisswee the mikburehysiagiai nat i ng
an additional step of production of said alloys, which needs very high- -
oper ati opf ynemder-at ures ( about 1200C). Furthernore, whereas the process

of the US Patent 4,158,720 applies an el ectrochem cal deposition of [ithium
~in the formation . . : : '

"US Patent 5,019,158 deals WJth é process for separating calcium and
nitrogen from lltblum, in which alumina is added to a molﬁceﬁ Lithium and
reacts to producé aluminum and lithium oxide. The aluminum reacts with
the nitrogen in the ]ithium to produce insplublé aluminum nitride, while
the lithium oxi-d'e- reacts with the _célciﬁm pres_ent to pro&uce insoluble
calcium oxide a.nd -Iitbium. The insoluble calciﬁm oxide | and aluminum
nitride méy then be separated from the molten lithium { for example, by
Eltration). This operation is prefefably takes 'place at temperahﬂeé

‘between 200°C and 250°C.

The latest two .discuss_ed patents (US Patents 4,781,756 and 5,015,158),
‘suffer from the disadvantage of having a filtration step which is very

difficalt to perform whenever high viscous mixtures exist. More




of Iithiumalloy, the process of the present invention applies an addition
“of lithiumin a particulate nmetal form thus enabling keepigngol Rgpyl 1t hi um
in the preferred metal form Yet a ' further object. of present 1nvention
is to prOH YN iron-1ithi um al uni num anode conposite, HFHRPENNhenever
lkithiumnitride is forned it is imTe%Ii'ater reacted with alum num to be
present in wo ovsabso -10 02 NOV 2~4 rcT~.oiioos9a a netal formor in an
alloy form (such as Li-Al alloy). It should be pointed out, however; that

net al s otgpeifichAn ey asclugé la filpatiexatepeio sahbidirhy imaylubbaekidast h.
lithiumnitride and may substitute for alum numin the anode conposite.

Sui tabl e .are thase t ni-i.r 1 des ich_are,, .t hermodynam. cally
more st at PR R e Ao B b e eRtel Aecd rBRQy TCTE R cal 1y
conbine . with a particulate netal selected fromthe group containing iron,
st.ai nl esssetlda thenpriceks dpniprodistionec! Tondithiem ppodehiedua bmthe fadke

Fe-Li - Al anode of present invention, may be replaced by any of said netals.

., In a prigherhedyaahedhlenticsly RbePeRAtibRY NN ahHEiRNQde (INBEwEUr at i on
conprises a netal cup containing the iron- |ithiumalum num anode in which

a net al K een ks Jnterposed. het wean .t he netal ¢ and the anode conposite
naterial ,S"S]ég%ré]aﬁjﬁ#%yh"é“s%& W%Se%tl B&%onncﬁnﬂtt%@%@% Patent 4, 675, 257
di scussed above. The ratio of iron- |ithiumal um num anode conposite of

present invention is about 65-85% by weight (about 34 to .40 atom percent)
iron, about 15-35% by weight (50 to 70 atom percent) |ithium anal about

0. 1- 10% bySvieawht 4,158,720 BsdogisOMhtianilhnahum-itom alloy dopusd e ed nmode,
the lithiumis heated to about "300-400C and the alumnum in a netal or in’
h t hi um %é‘égt%%@cl:r%\def WHthin ' s&%%%l%%l@ctrochemical cell. It was found
. that such electrodes exhibit increased electrode potential over that of
electrodes containing only lithium-aluminum alloys. The anode
composition comprises about 5-50 atom percent Lithium and about 50-95

atom percent alloy of aluminum and iron. The aluminum and iron alloy

- includes about 20-35 atom percent iron.

'The aluminum-iron alloy (PesAls), when saturated with lithium, provides
an increased lithium activitly and _consequently increased electrode voltage
over tilat of a coﬁpwable lithinm-aluminum alloy. The electrode material
‘is_ prepared _by first providing an alloy of aluminum and iron and then

| elecixoéhemically depositing lithram into a poroﬁs mass containing that

alloy.

There is 2 major drawback to this US Patent that should be discussad. The

anode material consists of an alloyed hithium compound (Li-Al-Fe alloy),




a a Nov zooa W O /&46~0 PCT/1LA/0039d - 11 particulate formwhile
stirring the molten mxture for about 30 mnutes or |onger3 Qugljow t he
alumnumto react with lithiumnitride. Follow ng alum num addition, and
wi t hout WeBBH#eg al um num nitride or unreacted al um num p(r:m{)mer is
added while stirring the nolten m xt8ie for about 30 minutes or |onger, to
obtai n an honogenous m xture. The m xture of lithium alum numand wetted
iron powder is cooled in previously heated graphite nolds. The entire

" process | nert at nos her pr ef er abl y rgon. It
shoul d bgﬁpgqgﬁgg#%%yghﬁ?m?ggﬁgﬁ E’fd’d’l %H’ uently,
the formation _of alum numnitride, the anode conposite materl al retal ns the

essent | alofEharider ebsense of oithitinhi inmagndctive] madadifoyrr obswedarich shaped.
Unl i ke conventional thermal battery's lithiumand lithiumiron anodes, the
anode, cenpetintiil Felettich wthe A8 pdtegfkion,. has reduced pr opensity of
being nitrided in: contact with nitrogen atnospheres. The anode of present
invention thus maintains its active lithiumin a netal formduring the -

- requi red prol onged. storage periods of thermal batteries, while at the sane .
time, blaocki ng the lithiumnitride formation: Furthermore, it was

unexpect IR afths entdadi ti on of al uminum-in a |ithiumalunmi num

alloy formto the anode conposite reduces noise levels a Nov zo6s wo

ol i sasso It GIEheVEBRTt of - predent YAl 8G &R &L BEoRAb t £THevd eV ald Ofhttbly has been
specul ated that the reduced | evel s of activation noise of battery  of

t f f t hi I
Tort - compa pibe ke’ 6 GAL 2. RoRvBRTr PR hIRRIIeS The i "sBee8m ption of

the Drawings Fig. 1 is a general view of a common thernmal battery
conprisi 8§ &t i ki anr agtive pledal riotive rghbut esaerificings fioulltkhierpoi nt ed
-out that options of using nechanical instead of electrical activation, and

usi ng py pebpelEitEof being nitrided in the presence of nitrogen.

It 1s a further object of present invention to provide a thermal battery
eontejﬂiﬁg a new Fe-Ii—Al anode composite having longer shelf life tv"lth
improved characteristics. More speciﬁcaﬂy, the thermal_rbattery containing
the new anode of the invention shdws' no reduction in voltage or power as a

result of fdrmation of lithium nitride.

The anode composite of pt'esen_t invention comprises as much as 50 to 70
atom percent of active hthlum in metal form (compared to only 5 to 50
-atgm'percent of .active lithium in the anode cbtnposite of the US Pat:ent
4,158,720 discds:sed above). I]d addition, the anode of the presetlt invention
comprises about 34 to 40 atom percent of iron and only 1.7 to 2.3 atom
percent of aluminum (compared to 10 to 33 atom percent of t'ron and as

much as 33 to 76 atom percent of aluminum in the anode composite of the




fuse strip instead of pyrotechnic fuse oil are not shown in the figure;
"Fig. 2 is an exanple of an anode assenbly suitable for usie2inpt Ag, present
inventiogﬁﬁgs_mas denonstrated in US Patent 4,675,257. Sane assenbly
wi t hout tHEY¥E¥%%r opening may be used, as well; Fig. 3, BrdLaleH8y

di scharge behavior of cold and hot -c®dnditioned thermal batteries,
respectively, using the anodes of the present invention. Mre specifically,
-Figs. 3 and 4 denonstrate typical output voltage obtained fromthe discharge

of ther mbob@tﬁeﬁﬁgﬁe@ﬁsmbit%ﬁ?wi FhranedescOtht NeitRNAR SN iaineftdAn. The
conditioned tenperatures are -54C and +71C (Figs 3 and 4; respectively).

- The upper_and-1 ower_curves.represent fhe voltage output of.11 ceJls and 6
cor1 P PelopBpneBiS o B HRGad, EPRESSTK of MfasvBt 1585t Bt nohin aniiost O30 |
md/ cn2.and 770 mA/cm-, respectively; and Fig. 5 and 6 show activation noise

during fifesn betoathetiinchanefal dérmopgranatiliingiedlyt benbinedatitenions
assenbled with the anodes of the prior art, a 2 Nov 2o0oa WO 01/8-1t650

| / , “yididing) ' ' ‘ e

ECT [1LA QAR -yidBlin %hE’aEi%BtesﬁPégébl%%o{éﬂtgal Ble 18RLANRGESE Dodeh

resent i'nvention (Fig. 6). "The Three upper curves represent the output

vol tage obtained during batteri.es activation,..A.noise.was aobserved in Fig.
i Lo 10 GTOR e Pk FUROT SroRaCoroai BT RE R EY About
140-200. gr of lithiumin 'ingot form (99.9f, battery grade, FMC Corp.
Li t hi-um ObevirseomloMdpriySpthdromspewgef.orm (99. 9% battery grade, Tadiran,
Battery Division, Israel) were introduced in a previously heated wiron

- pot. After melted at 300G 400C, 0.2-20 gr of -200+325 mesh |ithiumal um num
powder (20w % Li,. Chenetall Foote Mneral Co.,- NC, USA) or -40+325 nesh.

~al um num gowder. (99, 8% ,Al fa fe U s_added. . Fol L.owi ng 50 mi n of
cont | nuouCoLPEFHE IS diatent sh 18750 Vil HRGP RSt 0 ohSR PSR Guder
(TX-1000, Pfizer COverseas Inc., NY, USA; AS-1000, -Rafael, Israel) was
gr adual | ysigatfeadnt odifferened tind dhe nprocess iafuobtaining r they Feali-&l anddaing for
about 30 min to 1 hour, an o ~ _ :
. composite. Whereas the process in the US Patent uses an Al-Fe alloy of
various compositions (such as, FesAls, FeAls and FeAl), as a companent. of
‘the anode, in the process of the present invention iron and aluminum are
used as metal powders, thereby eliminating an additional step of
production of said alloys, which needs very high operational temperatures
A(. about 1200°C). Furthermore, whereas the process of the US Patent
4,158,720 applies an electrochemical deposition of lithium in the formation
of lithium aloy, ~the process of the present invention applies an addition of

lithium in a particulate metal form, thus enabling keeping the lithium in

- the preferred metal form.

Yet a - further object. of \ present invention is to provide an
iron-lithium-aluminum anode composite, in which whenever. lithium -

nitride is formed it is immediately reacted with aluminum, to be present in




-honpbgeneous m xture was obtained. The m xture was cast into previously
heated graphite nolds and permtted to cool. After the cogposite materi‘al
~has cooled it was renoved fromthe nold as an i ngot. After p'f@t@é’{five

m neral WOI01ES8isPi cai d AP-200, Aidcbim 2 NOV 2004 WO 0¥GHBH5D00394
PCT/B,A /00394 14 _ Ltd., Israel) watdapplied to the ingots surface, they
were transferred to a dry-room (c 1% hum dity) where they rolled and shaped
into anodes. Wth exception of rolling and shaping steps, the entire

process ref | t_] 0 rifie 2, ( t pospher es
Conpany, %eg%&%ﬁ?%?% %ill%l?\% {6%%1 G&B%Iaspiélr'gll %%ﬁ%gﬁgst ss\ér%g&%g{a ﬁioﬁ%gen and
oxygen bellow 10 ppm_(generally 1 ppm. In the follow ng exanple 1; lithium
nitride RE% BeWesew Lﬁha%gmteh@lsmfb@éstgwmoﬂl,pﬂamﬂi(&ﬂc gramrbevgaliium)

pyronetal | urgi-cally conbi ned Li-Fe anode as described in the US Patent

4, 675, 254 gletacieditfheiehiah tieitrids a1 hedy 8tibsSt@RdfUEhRGiThie iprpeess for
production of the new anode conposite of present inventieon. The nunber of

‘nitrided e - wegef d_af ter_ detfi ned in ri od, det er mi ned
Dhd conmp2Rad e PSRRI IpBlaiS win bario 8%, REpRES 8 ulies 48
significantly |ower w th the new anode_of present invention. Exanple 1
Prior arthemmgdpramicallihgwrefssabde them Btiyum irdiigewibe Li-sBmejt nmy
(NX-1000) were treated, as described in the US Patent 4,675,257. A small
quant i ty froinict Al uwaifdlly icdein8OwitBSh POWHRNate AntHthT selddbéd f¥ms added to

simulate’infected raw I'ithium The resultant ingots were rol}ed and. shaped

into 38 S 0. 25. ar ight and 25 .mpm.di anet er.. a2 NOV _20C4 wo-
ovx o SRR okt i, ML Ae e BRI 4R BiHome. Cofelindlyl | O
form + 1.8 gr LisN powder + 20.. gr T-;A 1 + 711 gr Fe (NX-1000) were
treat ed dBedzee inpide Fe-Li-Al anode of present invention, may be replaced by

. any of said metals.

In a preferred embodiment of present invention the anodé conﬁguxaﬁon
comprises a metal cup containing the iron- lithium-aluminum anode in
~ which a metal screen 1s interposed between the mefal cﬁp and the anode
co_mpésite material, based on .the assenﬁbly-described m the US Patent

4,675,257 discussed above.

The ratio of iron- lithium-aluminum anode composite of present invention
is about 63-85% by weight (about 34 to 40 atom percent) iron, about
15-35% by weight (50 to 70 atom percént) lithium and about 0.1-10% by

Weight (1.7t0 2.3 atom ﬁex'éent) aluminum.

In a preférred mode, the lithium is heated to about 300-400°C and the

aluminum, in a metal or in lithium-aluminum alloy form, is added in a




above for the process of present invention. A snmall quanti@z v%dgE hi um
"nitride was added to sinulate infected raw lithium The resultant |ngots

were rol Sshaped into 45 anodes of 0.25 gr wei ght a};}g[ : i anmeter.
Resul ts: W?ﬁ%ﬁ%ﬁes wer e aged during, 32 days, at 70C in an vgﬁm(;’%gn to the

dry-room at nosphere. After the aging period, 42% of anodes nmade according
to.the prior art were nitrified while none of anodes nade according to the
present invention were nitrified. Exanple 2 Prior art: 149 gr Li (nitrified
i ngot's) -padifieuipte Ferrh Ndail® S¥ringe the tnabee deixheradsationd B0 minties Y8 Pat ent
4,675, 257. The resultant ingots were rolled and shaped into 260 anodes of

0,36 gr ‘&'8'1% 8NP 1D S ARBEEE - toT R R #5825 SitRiuRr aaeMe ITHRRKLEN - A
149 gr Li Itrified ingots) + 25 gr T-i A~ + 680 gr Fe (NX-1000)- "were

treated a r.evi ously. descr,j bed. The resultant.ingots .were rolled.and
shaped | ABTEBET, AAEOT, A6, WHRGHS RERgRna ARk AR CEATreacREy 20 f 4
WO 01/ 84650 PCT/ 1L, A/0039~1 -16 The process of present invention - B: 207
gr Li (stalumihomm) iren3powderTis Aldded o Bilgr stEerig d&hE0 8@ teme nextumeafoed as
‘previously described. The resultant ingots were rolled and. shaped into 207

anodes  of ;10,36 38" VRGN oénfbnzgr,ngb digeh ehn Resifsbioud! hniAnpsdesrper e - aged
~at 70C. in a furnace .open to the dry-room atnosphere. Table 1 summarizes

the aging results, Table 1.. Aging results of, exanple 2. .AgogNupber of

i 11 ded BHGEE. Db | HyGTRg BT BT Rtay B | BIVACT A SSBATS i Fvent i on

APresent invention Bi ao02430031101050(7% 18 (0.7% 2 o .
previously heated graphite molds. The entire process is ¢conducted in a rare

‘gas inert atmosphere, preferably argon.

It should be pointed out that despite the aluminum addition and
consequently, the formation of aluminum nitride, the anode composite
material retains the essential.chatracteristics of lithium and it is easily

rolled and shaped.

Unlike cénvénﬁénal thermal battery’s lithium and Iithiumd:con anodes,
fhe anodg.e‘ comi)osite material of present infe;ltibn, ﬁas redqced_ propensity
- of being nitrided in. contact with nitrogen atmospheres. The anode of
.present invention thus maintajns its active lithinm in g metal form during
the requiréd prolonged storage p‘eriods of thermal batteries, W-bjle at the

same time, blocking the lithium nitride formation.

Furthermore, it was unexpectedly found that the addition of aluminum in

a Hthium-aluminum alloy form to the anode composite reduces noise levels




(0% O Exanple 3 .. Prior art: 100 gr Li (strips) + 420 gr Fe (AS-1000)
were treated as described in the US.Patent No. 4,675, 257'%\%@?@#' tant:
ingots were rolled and shaped into 100 anodes of 0.36 gr "Wei d 30 nm
di anet er YOri84p¥00cess of present invention- A 150 gr Li PETALGOP34 25 ~r
Li Al + 630 gr Fe (AS-1000) were treal®d as previously described. The

resul tant ingots ~ 2 Nov 2cca WO AO/8.t6i0 PCT/ILO1I10039~ -17were rolled
and shaped into. 100 anodes of 0.3& gr weight and 30 nmdianeter. - . The

.

process of M%@é@g@%&é@t@a&q% S séggf%gg_t%gt%e%a gpder 630

gr F e (AS-1000) were tre as previously he résu
were roll.ed_and shaped into 100 anodes _of 0.36. gr weight and 30 mm

di amet er ‘€F8LE B AStIvVAlIonaREEESOl R Ee 6f) DARSSIICIN FPTEIot i A8€ BpEWTo' t he
dry-room at nosphere. Table 2 summarizes the aging results. Table 2 A~in-~
" resul ts clurfgarteheiod. vAgepNithiem -almiiriarh deditaiedesrihe wadthdusitigeagi ng
period, daysPrior artPresent inventionPresent invention000a-0040(100% t
00(0% 0(4%:; : ooa WO 01/8-t1660 PCT/1LO /00394 Case A (Li-Al)
shows betttéﬁlorﬂggﬁig%%lr{ggﬁ?%fthe nitrogen attack conpared to Case B (Al
-powder). This difference in resistance between both cases is probably
‘originated froma better dissolution properties of Li-A in |ithium ,
conpaxed to al um num powder. . Exanple 4 Prior art: 200 gr Li (ships) +

. 1050. gr RriefADH OOt af thedDegwagepr evi ously descri bed. The resul tant

ingots were rolled into 0.3 nmthickness, 60 mmwi dth conposite strips. The

process afbt S5 NERLLPDr 4200 B¥eihhel SLERES bbbl Ao 05O or

) “wer as previous SCr resultant i hgot s

- were rolled into 0.3 mmthickness, 60 mnw dth_ conposite strips. The

process OFTRY e¥efiectrachemice-cedls. dbGhguld by sointse) out thag ontions of 1050 gr
- Fe (AS-1000) were treated as previously described. The resultant ingots '
: using mechanical instead of electrical activation, and using pyrotechnic
fuse s"tnp instead of pyrotechnic fuse oil are not shown in the figure;

Fig. 2 1san eiamplle of an anocie assembly suitable for use in the presgqt
-invention, .‘as was demonstrated 111 US Patent 4,675,257, Same assembly
without the éenter opening may be used, és well;

Fig.- 3 and 4 show dischérge behavior of cold and hot conditioned thermal
batteries, respectively, using the énodes of tﬁe present invention. More
épecifica]ly,_Figs 3and 4 dl_amonstraté typical‘output. voltage obtained from

the ldischa_ﬁ:ge of therma] batteries assembled with anodes‘ of the present '
invention. The conditioned temperatures are -54°C and +71°C (Figs 3 and |

4, respectively). The upper and'lt)wér curves IjepreSe'nt the voltage output
of 11 cells 'and 6 cells battei‘y section, discharged at an ‘average current.
density of 530 mA/em?2 and 770 mA/em?, respectively; and

ﬁg. 5 .Aand 6 show activation noise during first second discharge of cold

conditioned thermal batteries assembled with the anodes of the prior art,

nt ingots




~ were rolled into 0.3 nmthickness, 60 nmw dth conposite strips. The :
"process of present invention- C. 200 gr Li (strips) + 3302 NOVANOK 1050 ar
" Fe (AS- 1%003 were treated as previously described. The resultant ingots
vere rol PEPYHEY 0.3 nm thickness, 60, nmwi dth conposite EGWALBY003bsy ¢ s:
Al'l strips were aged at 70C in a furfrace open to the dry-room at nosphere.
Strips nmade according to the prior art were nitrided after 1 -day aging.
Strips nmade according to the present invention-A were nitrided WO

01/ 8. 165075 Pellen® 4 5NN 2 0, BY,Tdd Q68638 theabiedent idaystiay(Pg. 6).n
contrast, strips made according to the present invention-B and present

i nventi onmC. t nitrided_ even af - t . gizng. In this
excenpl o H2e 48 Woch IR GUETRY, VR SRRy Pt AR BeR0
(11, 22 and 33 gr, respectively). It was found that in case A the anount
of Li- Al kettdes\astivagonmal noiser wps ctbservasyin Hagafodilsf imiftigo§eheat t ack.
However, the anounts of hi-A added in eases B 'and C-were hi gher and,

consequenddtitativavie Hyielbseshd smdet better protecti on of the anode agai nst

nitrogen attack. In cases B and C, the anodes withstood nitrogen attack for
nore t-han 60 days agi ng. , ~ 15-02-2002 10611!'W/00 - 20 2. 3. CLAIM5'1.
A sol i.d anode conposite-material for use in thermal batteries, said
conposite material solidified froma nelt, conprising: (a) about 65-85% by
weight a first netal chosen fromiron and nickel, (b) about 15-35% by
~weight lithium and (c) about- 0.1-10% by. wei ght a second netal capabl-e of
form ng a nEkbnsiglegonpound t her nodynanically nore stable than lithium
nitri de, wherein |ithiumand said second netal are only slightly or not
al I'oyed V\%Eglu{.s %ﬁ%—édd%&c@ﬁ%m in ingot form (99.9%, battery grade, FMC
Corp. Lithium ‘Division, NG, USA) or strip form (99.9%, battefy grade,
Tadiran, Battery Division, Israel) were introduced in a préviously heated
iron pot. After melted at 300°C-400°C, 0.2-20 gr of —-200+325 mesh
lithinm-aluminum powder (20wt% Li, Chemetall Foote Mineral Co., NC,
USA) or —~40+325 mesh aluminum powder (99.8%, Alfa Aesar, USA). was
added. Foﬂbwing 50 min of continuous stirring, 580-1050 gr of vacuum
. dried —200 mesh iron powder (TX-1000, Pfizer Overseas Inc., NY, USA;
AS-1000, Rafael, Israel) was gi'adually added to the melt during
‘continuous stirring. After stirring for about 30 min to 1 hour, an

. homogeneous mixture was obtained.

The mixture was cast into previously heated graphite molds and permitted
to cool. Aftef the composite material has cooled it was removed from the

mold as an ingot. After protective mineral oil (Si]icaid AP-200, Aldchlm |




A solid anode conposite, according to claim1, wherein said second netal is
alum nium A solid anode conposite according to claim2, fheyg ﬂ)ggl uni num
isin the formof a powder prior to being solidified to formsard solid
anode coWb&{Ste0 4. A solid anode .conposite, according tcPCIHIONMOI4 wher €i n
02 NOYV 2004 1L0100394 alum num=istirn the formof |ithiumalum num.

al I'oy. __ _ - ~ . 02 NOvV 2004 15-02-2002 10611/4V0/00 1L0100394 - 21 5.
A sol ird anode conposite, according to claiml, wherein said first nmetal is

1ron, andiaidrddlpRassaplictl RO WS i RStE Aaatheb ehaf vl hbbAld@h or m sai d

solid anode conposite. 6. A nethod production of a solid ano

conposi t g_as. defi in a ong of .cl ai 1tp5 c rising. (a) providing
an i nert%YﬁB?BhQr@%lB‘}m}dr}rﬁ)oﬂﬁ?f%ﬁlqyi rtoﬁﬁlsef}rﬁqﬁf}bél?ﬁf Ozfrﬁf’%%fs{ovw ng the
lithiumto nelt; (c) allowing a second netal capable of forming a nitride
conpound Whérensdytianiof abllinghané shaptngestepantie edfiverpnidess degs earrisd her a
powder form to nix with said nolten lithiumand to react with lithium

nitride igfRWH bineSpedd) okt O ; f SMRens f ng~ihron and
ni ckel , ion' a pomg?g%rpﬁ%w&&%t%lt W%&@rﬁgﬁ In ?g ;(ﬁt?%;pﬂgﬁ gjvahg t he

~ conposite-iR (d). ta coo | | owed separatign of the anode._caonposite in
e for mis R b SRE s el DRER iR e ot RO, ShE SRAG BEUSRor ect i ve
coat to the surface of the ingot in a conventional way, and; (g) rolling
and shapiligpphegenendly hppo)he desired shape. 7. A process according to
claim6, wherein the steps (a) to {f) are

In the following -ex-a,mpie- 1, lithium nitride was added during the process

for production of * a known pyrometallurgically combined Li-Fe anode as’

described in the US Patent 4,675,257 (defined hereinafter as “prior art”)

and during the pro-cess' for production of the new anode composite of -

preseﬁt invention. The number of nitrided anodes that were fOund after

defined aging period, was determined and compared.

‘Tt was found that the number of nitrided anodes was' significantly lower

- with the new anode of present invention.

Example 1
P_rigr_irt_: 145 gr Li (ingot form) + 1.8 gr LigN éowﬂer + 683 gr Fe
- NX-1000) were treated, as described in the US Patent 4,675,257. A small
. ciuantity of Iithium nitriée (-80 mesh powder, A;dlich, USA) was added to
simulate infected raw lithium. The resultant ingots” were rolled and

shaped into 38 anodes of 0.25 gr weight and 25 mm diameter.




,carried out in an argon purified system wherein the total partial o

" . ' 15-02-2002 1061114V0! 00 -22 pressure of nitrogen an@bxﬂgemw,i s

mai nt ai n 50 ppm preferably 10 ppm and nore preferably 1 ppm 8. A
process g‘ﬁ%gﬁ%?%xg to claim6, wherein, said second netal i% Té]lﬂi/ﬂ’ HPum 9. A
process according to claim8, whereifnrsaid alumniumis provided in the '
formof a lithiumalum niumpowder. i0. A thermal battery conprising a
solid conposite anode as defined in clains 1 to 5. 11. A solid anode
Fe-Li - Al conposite) substantially as described and exenplified in the
-specification. 12. A process for preparing a solid anode Fe-Li-Al

compos { oy SulSANt Labluseas dgstbedsand £ A itk B LliegsRgef i cation:

A S X0 A A K RIS A B %L B AT
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] ca] ca] cadlsafechi-ctia] pPodess] dfaplesett afrealtfarn! A (stmelluantity of Hthium
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0! 1098B& ()-!6"109BB& ()- OL! 109B& ()-3" 10%& ()-Z 10 10 10l:J 109%& ()-- \(
‘resultant ingots were ro]led and shaped into 286 anodes of 0.36 gr weight :

and 30 mm diameter.
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- Table 1. Arfi_ﬁ results of.exam le 2.

Number of nitrided anodes found during aging
Aging ' : _
R Prior art Present invention | Present invention
- period, days : ' .
‘ " A, B
1 o] . Q &
24 5 0 0
3 10 il 4]
50 (7% 18 T(0.7%) 2 (0%) O
' ,Examg.le 3 -

Prior art: 100 gr Li (strips) + 420 gr Fe (AS-1000) were treated as
descrii)ed in the'UlS.Patent No. 4,675,257. ’I‘h_e resultant ingots were rolled
and éhaped int;) 100 énodes of 0.36 gr weight and 30 mm diameter.

The procesé of present invention- A: 150 gr Li (strips) + 25 gr LiA) + 630 gr

Fe (AS-1000) were treated as previously described. The resultant ingots
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ingots were rolled and shaped into 100 anodes of 0.36 gr Welght and 30 ‘

- mm diameter.

Results: All anodes were aged at 70°C in a furnace open to the dry-room
'atniosphere. Table 2 summarizes the aging results.

Table 2. Aging results of eﬁamgle 3.

L. Number of nitrided anodes found during aging

Present invention

pe;riod, days

Prior art

Present invention
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 Prior_art: 200 gr Li'(sti'ips) + 1050 .gr Fe (AS-1000) were treated as

previously described. W’Ihe reSultént_ ingots were rolled intc 0.3 mm

'thickness, 60 mm width composite strips.

The process of present invention- A: 200 gr Li (strips) + 11 gr LiAl + 1050

gr Fe (AS-1000) ﬁere treéted as previously describe’d. The resultant ingbts .7
- were fo‘lled mto 0.3 mm thickness, 60 mm width éomposite strips.
The process of present invention- B: 200 gr Li (stnps) + 92 gr LiAl + 1050

gr Fe (AS 1000) were treated as prewously descrlbed The resulta.nt mgots .

were rolled into 0.8 mm thickness, 60 mm width composite strips.

The process of present invention- C: 200 gr 1i (strips) +733 gr LiAl + 1050

gr Fe (AS-1000) Wére treated as Iﬁreviously described. Th_e resultant ingots

were rolled into 0.3 mm thickness, 60 mm width composi_te strips.

Results: All strips were aged at 70°C in a furnace open to the dry-room
~ atmosphere. Strips made according to the prior art were nitrided affer 1

day aging. Strips made according to the present invention-A were nitrided ‘

L.
|
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than 60 ds_.ys aging.

In this example, cases A, B and C represent a uselof different amc;unts of
Li-Al (11, 22 aud 33 gr, respectively). It was found that in case A, the
amount of Li-Al added was too small for‘proteclting the aﬁode of nitrogen -
attack. However, the amounts of Li-Al added in cases B and G were higher
and, consequently, have provided a much better prbtectiqn of fh’e -anode
-agaiﬁét nitrogen attack. In cases B aﬁ& G, the énocies Withstoqd ni’crogen

. attack for morethan 60 days aging.
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1010 L1> 1 1§L Sgild anode composa?;e material for use in thermal batterles

said composite material solidified from a melt, comprising:-
(a) about 65-85% by weight a first metal chosen from iron and nickel, .
.(b) .about 15-35% by weight lithium, and |
-(c) about. 0.1-10% by weight a second metal capable of forming a
ﬁitride compound thermodynamically more stable than lithium _
nitride,
wherein lithium and .said second metal are omly slightly or not

alloyed with said first metal.

2. A solid anode composite, according to claim 1, wherein said

second metal is aluminium.

3. A solid anode composite according to claim 2, wherein
aluminum is in the form of a powder prior to being solidified to form

said solid anode composite.

4. A solid ancde composite, according to claim 2, wherein

Y

aluminum is in the form of lithium-aluminum alloy.

PP
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: 6. A method; for production of a solid anode composite as defined

in any one of claims 1 to 5, coinprising:

(g) providing an inert atmosphere

(b) introducing_ Lithium into molds and allowing the lithium to -
melt; |

{c) allowing a se,;:ond metal capable of forming a nitricie
compound thermodynamically more stable than lithium
nitride, in either a powder forﬁ, to mix With said molten
lithium and to react with lithium nitride impurities;

(d) allowing a first metal chosen from among iron and nickel,
na po‘&der form, to mix with sa.id melt in (c).;‘

(e) allowing the composite in (d) to cool, followed by separation
of the anode composite in the f01;m of an ingot from said
molds;

(f) optionally applying a protectivé cc;at to the-éurface of the
ingot in a conventional way, and;

(g) rolling and shaping the anode into the desired shape.

7. A process according to claim 6, wherein the steps (a) to ) are

carried out in an argon purified system, wherein the total partial
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9. - A process accordmg to claim 8, wherein said aluminium is

~provided in the form of a lithium-aluminium powder.

10. A thermal battery comprising a solid composite anode as

defined in claims 1 to 5.

11. A solid anode Fe-li-Al composite, substantially as described

and exemplified in the specification.

12. . A process for preparing a solid anode Fe-Li-Al composite,

substantially as described and exemplified in the specification.




