WO 01/ 80344 PCT/ EP01/04295 - 1 ELECTROCHEM CAL ELEMENT W TH CERAM C
PARTI CLES | N THE ELECTROLYTE LAYER The present invention relates to an

el ect rocml%g 4 €l ement which conprises a cathodic and/ opcan®di/gs29s

el ectrode conprising a host material of ;a_spinel type structure for
hosting alkali metal ions, in particular 5 lithiumions, and to the use of
such an el ectrochem cal elenent as a high-tenperature rechargeabl e

battery. | nseﬁﬁé&ﬁécmﬁtﬁmﬁg@ﬁoéﬁn%ﬂ@m pp@ﬁaaswﬁm fLEehREfocheri cal
el ements as a host material of an electrode. Exanples of such insertion

compounds are 10 spinels of an alkali netal, a transition nmetal and oxygen

or_sul phur. For, ﬁganggeneoaxsghgggﬁkf%;gQ%HﬂkgaéaegnSétr LRchasgd, as an

el ectrode materi on a spi ne e al kal | neta ium
Duri ng t he e€hemeet ovhihb cemecusaahentaahoehenenﬂ/arkahpdmetaI ions are

extracted 1 fr he h r.a the ¢ o] Lnto.th electrolyte
and al kal i 51 |o%scgﬁéglnsé§t k?gén??§8r§épe§?rgl%gékﬁgtgyg host
mat eri al ofsﬁh@camndefofhhostengrsEk@lmcmsse$ ﬂake,piacpadunbngadlscharging

t he electroc em cal el enent d extractio nd.20_i nsertion
N8 the hoGtURRUR 1aS" pRBReERsCRbvERS: By SAHA - SUi PRGBS EARPARGanent  of
the atons céléménhoss aaheghatempah&tﬁaé reshabgkibyeobathergpi nel type
material s usuaII ds to a deviatjon of %?ﬁéldeal behavi our and, as a

consequence, S?%Hfﬂﬁso?oTB%u%% ARFYS W Ragh 38°dhdPge/ di schar ge

cycle. The @m&mc@émﬁbgal bleméatsohsthensptnehtyarb®sorduhi ng the
charge/di scharge cycle, and_ it frequently deviates fromthe fornal

st oi chi omet§3eofFfe- o??@@ﬂ%?s %Blﬁ%?h 1hgerthen spPRPUMAFcATRas used in
t hgomanuf acdyie B9 ©f iheaekect reshen] cal tﬁéﬁgﬁﬂionllﬂefﬂlsaﬁat gRt, gdacunent ,

unl ess indicated otherw se, the tern1"sp|nel yPe WO 01/ 80344
PCT/ EPOL/ 04295ukphur. For example, conventional lithium batteries
are based, as an electrode material, on a spinel of which
the alkali metal is lithium. During the charge of the
electrochemical element alkali metal ions are extracted
15 from the host material of the cathode into the
electrolyte and alkali metal ions are inserted from the
electrolyte into a host material of the anode. The
reverse processes take place during discharging the
electrochemical element. Ideally, the extraction from and
20 insertion into the host materials proceeds reversibly and
without rearrangement of the atoms of the host material.
Thermal instability of the spinel type materials usually
leads to a deviation of the ideal behaviour and, as a
consequence, to a fading of the capacity during each
25 charge/discharge cycle.

The content of alkali metal of the spinel varies
during the charge/discharge cycle, and it frequently
deviates from the formal stoichiometry of the original
spinel, i.e. the spinel which was used in the manufacture

30 of the electrochemical element. In this patent document,

unless indicated otherwise, the term “spinel type



material" enbraces a spinel and a material which can be fornmed froma

spi nel by electrochem cal extraction of alkali netal ion such as during a
char ge/ diwWOW#Bd4 cycl e. The conventional el ectrocheni cal SHESHEMRIDIPSnprise
5 frequently a polyneric binder in which particulate materials such as the
host materials and conductivity enhancing fillers are inbedded, or they
conpri se a mageirdaléorpbirsicrg ansahm&uiam@taln@&b&iaEuwmneancpatemﬁs Nos.
0885845 and 1 scl Iectro cal elenents aV|n n

el ectrode co%%%%é %r@h 8 gggn%gtg eleof angemlﬁal eXtr FUE u%gg whi ch

el enents arékadt we$agnednfemchsesawuhu@@ bemmem@QUMaschnqpeanmﬁ&ient No.
0656667 dlsclos%ﬁe n, gge troc egh%al ment i;hnf%t%e3| ned for use at
a 15 tenperatureupto 36" “us paféﬁ M5760712 G SEl & Tar®

el ectr ochenifeakueheignt baviyngracl ajeded ehnestriate pasttrivaillate whi ch 1s not
of the splnel tents, No 486 d 5948565 discl ose synthesis
net hods for 33?%68180ﬁﬁgﬁeﬁfs%8F %@SS %Fgéﬁ ﬁl@gﬁ SRS ¥atfet ei n duri ng
a drying stephbheintempetatyr aref ikbedarld, wRY the v aicked itse Z0-1Li@ Many
i ndustrial operations take_ place a nperature substantially above room
tenperatureco§86ﬁ51ﬁﬁgﬁnt§ﬁ%§iétWF& ipéﬁgtlons take place, for exanple, 25

insi de the processbpgafdphpeRAt Nsed ioBstise sched ©al732iindustydtosand in down
holiglocatlons in the exploration and production of gas and oil. In such

operdti ons eﬁﬁ&%GPFﬁﬁméﬁalCSHFPSPt&e@Pgé§gw§? 5d SGEE @IS ™ Sour ce

of el ectricabsengagyri&onyenti @Eﬂlneimt%'e hased 3@ gl eatilochan talt £l enent s
are not preferred for use in is application because of insufficient

thermal st &8BFl PEY éﬁséﬁpﬁélnypéSﬁaﬁérPéB§ &CTPREA5U&Rai | i ng  t enper at ur e.

I't would be desgpaBheathopdeentNnsUCh¢s@ReHak:ARS cgkectochem cal el ements
whi ch can be 35 subjected to charge/di scharge cycles without or with |ess

WO 01/ 80344¢PETLEPORepagel element which is designed for use at a
15 temperature up to 30 °C. US patent No. 5160712 discloses

an electrochemical element having a layered electrode
structure which is not of the spinel type.

US patents Nos. 5486346 and 5948565 disclose
synthesis methods for active components of

20 electrochemical elements wherein during a drying step the
temperature of the melt may be raised to 70-100 °C.

Many industrial operations take place at a
temperature substantially above room temperature. Such
high temperature operations take place, for example,

25 inside the processing equipment used in the chemical
industry, and in down hole locations in the exploration
and production of gas and oil. In such operations
measuring and control devices may be used which need a
source of electrical energy. Conventional spinel based

30 electrochemical elements are not preferred for use in
this application because of insufficient thermal
stability of spinel type materials at the prevailing
temperature. It would be desirable to use in such
operations electrochemical elements which can be

35 subjected to charge/discharge cycles without or with less



3 capacity fading. The spinels which are conventionally used in

el ectrochem cal el enents have a crystal structure in which the oxygen
atons ar guphpsissy in a face centred cubic 5 arrangenent wi tpgiTiepdbe0st he
transition netal atonms occupy the 16d ppctahedral sites and the al kali
nmetal atonms occupy the 8a tetrahedral sites and are frequently indicated

by the term." : P ". In this patent docunent the commonly known,
standard V&n@ﬁ%ﬁlr{?o f%gfr%gl clature/notation is used in respect of the crystal

structure of sfiheelsptiyypd snathardhalas.e Refnerertdemayl bersmteint o " The
I nt er nati onal I f. X-r ystal | ography” Vol. |, The Kynoch Press,
1969, e R Yo d A S O U A e TS S h whi ch

and tot es given t herei .
al kal i et aihiatho i eo ceaypye nl Gt onae taatee grlalcesd ties ,a iffisteackof r&a dw@sra@hedr al

sites, and__transitiaqn tal ata cupy 8a tetrahedral sites, instead of
16d%oct ahedra® $ites, é’f?lgchflrneqvﬁlelgct% 3%@” iEated T BY I?%eaa]t ™S nver se

spi nel". | oveupy spiendlésl carnt e disstdengunsheathd ramd e medrdml spinel s by
their X-ray, diffraction patterns and/or their neutron diffraction
patterns. \é§953§5§f§§:?é', -@-%%?@eéjﬁd’%s?t@%&?%tara?. TRIHN N of
Power Sour deslica8edl®97)heppertbOntimal Fpidiesc] osm tihe dseafn@n i nver se
spinel as the cathode material of a lithiumbattery. GT K Fey et al.

concl uded “PREMSRe SRy &SI 1P &y U SHGNER Ido WStk ¥em capabl e of

delliover i ng neapacilhices egorparade iW tiscdhase efsgde: hestrhcathpdes) for
lithiumbatteries. 30 It is an object of the present invention to provide
an el ect r oChENCERF e PemeR eHatt Y& M5e e ldct &t s coItmalig ynase

char ge/ di sebBarg®cCyeles natt idr 1M a i QEPIAt Wga YMdN, S Hondh Peifer mance as
regards the _capacities delivered and naintai ned during the various 35
Charge/diSgﬁérgé,cggpegynoch Press, 1969, and to the JCPDC data

files given therein.

15 Spinels in which alkali metal atoms occupy 1l6d
octahedral sites, instead of 8a tetrahedral sites, and
transition metal atoms occupy 8a tetrahedral sites,
instead of 16d octahedral sites, are frequently indicated
by the term “inverse spinel” . Inverse spinels can be

20 distinguished from the normal spinels by their X-ray
diffraction patterns and/or their neutron diffraction
patterns.

US-A-5518842, US-A-5698338 and G T K Fey et al.
(Journal of Power Sources, 68 (1997), pp. 159-165)

25 disclose the use of an inverse spinel as the cathode
material of a lithium battery. G T K Fey et al. concluded
that the inverse spinel structures do not seem capable of
delivering capacities comparable with those of the best
cathodes for lithium batteries.

30 It is an object of the present invention to provide
an electrochemical element that can be subjected to a
plurality of charge/discharge cycles at a high
temperature, with a good performance as regards the
capacities delivered and maintained during the various

35 charge/discharge cycles.



WO 01/ 80344 PCT/ EP01/04295 - 4 The solid-state el ectrochem cal el enent
according to the invention thereto conprises a |layer of electrolyte which
i s sandwiwbedsdizat ween cat hode and anode el ectrodes. Sai d REITHERM SIS
conprise an alkali netal ion and host 54maeterial of a spinel type structure
contai ning active conponent and an el ectronically conductive conponent,

whi ch conponent ghar goat d-e@sk ePankly reewer8daly «a ehieatti d cdoirlaineoatld ng and
are enbedded in a matrix binder material. The electrolyte |ayer conprises

ceram ¢ 10 Eh&ciRIPP{d OParticdrés CREPTASESedsdrtyicdl I FrleetdPlYd%ectrical ly

conductive GARPANERL S A0 iCORRI b3 We@$S tdddel %y aMRidghte 10f- tdizgal ved
al kali-containing salt, such as LiPF6, LiBF4, LiCl04 or triflates. Said

particles aP@ldt SlPeagrosar cryreover ed By kalili qsitaif ilom ¢ost imgtand are 15
embegdded '”mét@%ﬁ%uXoQ'Bd%Eiﬁ%He&' le. sRrefenall Yorthe naerang j&lectrol yte
particles conprise less than 0.5% by wei ght of dissolved al kal

cont ai ni ng saMPongné gulseANEILEICty oiea ldfy confuctayepcompament ,

el ectroni calhy -GoRARELLKE rconRanent § and 2L at, 20528t Rart | red by
afilmof a poFar Ii%ui%. The gi st S% ce?ﬁain%éan inenf@agfl¥ﬁgﬂ%fesent

i nventi on i §iflkacogpacf eodgraepsmbkdsigicndlns aamd tirdvededegpi nel s can
advant ageou se S i r r I r.0 t.erial in
conbinationﬁé¥?2§ggéU?F%bﬁge%&%%é&%%gqﬁﬁ%%h%fgﬁ g%%gxg%%%gugyglass or a
cerafiic i n aheotganiyte pelyredebi ndert, are fosmnd iedlivdfsteat @f

el ectr OChe”L,gé'ctr?' erent o ha.a . fiLst ganodiment, of ctogl%ggrs%sﬁ_%tssi g%%’%“ on
the solid-State el ectrochem cal el eent conpri ses an el éctrode
conpri si ng, lasba hWesghimbdr dalssbdrveal kdlkialietantaionsg @addr,melucpiarel type

apresent s HLRE6al Ardn T4CLbraEtod TrOmTHe RErR o6r (RG Patiodte Tabl 6
of the Elen?@é§th§¥E@gya@o%E9@HCby a liquid film coating and are
15 embedded in a matrix binder material.

Preferably, the ceramic electrolyte particles
comprise less than 0.5% by weight of dissolved alkali
containing salt, are substantially free of C, Al, Cu or
other electronically conductive components and are at

20 least partly covered by a film of a polar liquid.

The gist of certain embodiments of the present
invention is that specific groups of spinels and inverse
spinels can advantageously be used as a high temperature
electrode material in combination with a suitable binder

25 which is for example a glass or a ceramic in an organic
polymer binder, to form a solid-state electrochemical
element.

In a first embodiment of the present invention the
solid-state electrochemical element comprises an

30 electrode comprising, as a host material for alkali metal
ions, a normal spinel type material of the general
formula AqM1+an1_xO4, in which general formula M
represents a metal which is selected from the metals of
the Periodic Table of the Elements having an atomic

35 number from 22 (titanium) to 30 (zinc), other than



35 nunber from 22 (titanium to 30 (zinc), other than WO 01/ 80344

PCT/ EPOL/ 04295 - 5 nanganese, or Mrepresents an alkaline earth netal, x
can haveyggysdgsadd ue from-1 to 1, on the understandi ng thatci/gproiio®sspi nel
conprises an al kaline earth netal or zimc- the atomc ratio of the total
of alkaline earth netal and 5 zinc to the total of other netals M and

manganese | t 1.3 i r.unni ra 4 i.ch typically
can have an@agéﬁﬂgg?‘r‘oé]robat %g%,rggﬁgt%hlaghgellﬂgé??igc%%l%gap@téalqéne&ﬁtcafnurt her
conpri ses ahsegki dniynergari ¢rbindér toThe spi hdle type nsatediales tavat alfso sone

of the 10 ]‘CHrther. ngt erials descri bﬁg her ei naf rm%%%gri se an alkali
exa

metal . In such ¢838§t fe™RIKSf® fet a r‘%;}nﬁeefa(fr | € s&di'\in or'©

lithium Itatempretetiedotthatet hetaal bdl almetldhel salrthhingmalTypical 1y, all

these materials _conprise, the sane, al kali tals and typically th 15
corrpsi se a &iH§l éoalrgggl i%o}'fﬁtlafbé rfgf%h% %gﬁq%r glf SP%ealaPﬁgtnesaﬂ I*% F?ee%e

mat eri al s caspei $¢3l, i thdum as theushighe palrkaleit e rmethalch TRy, catlhe,

el ect rochemi cal active alkali_ metal, i.e. the alkali nmetal A, .is

O efor bl EereP VB BRY o He LERer &P Rb Dy tor dr PRE REARE LA SR al M
is 20 sel ectkedmbhemraheaa-URbMbE@BesVaNadilu ihicira@ndd baeRRaer., cobalt,
magnesi um and zinc. In particular, Mrepresents chromum The atomc ratio
of the total of TAPk&PIRELeAYPR MABEAL2AAdAZNELEE CRES Gfalthéf ot her netal s

Mand nangapesgerBiaberakikeastctibla fbecMalhye «of compay ke for 25 exanpl e
-1, O or 1. Preferably x is in the range of from -0.9 to 0.9. In a nore

preferred efbbaifeRetrlisIPnStRE CRaRGetdf PrhdmliorMsted 03y ben fohost

preferred eghgdpmentodXuhSokn1tRe:GANYE cOfi sf HRMFQ 24t @ HAL2.cHexanpl es of
the spinels for use in the_invention are LigCr204, LigCrM04, 30
Li gCr 0. 2Wnl 28b31l1iLngFr204s Li§hhaRo4, TrPgFenios, a1l §geesMet.e804 ldnd

Li gZn0. 1Mi1.904 k.2 §eCQfeaRRdh FERL Qh St ledi RSN ot Rey

el ectrochem cal el enent conprises an el ectrode
comprise a single alkali metal. It is most preferred that

all these materials comprise lithium as the single alkali
metal. Thus, the electrochemically active alkali metal,
i.e. the alkali metal A, is preferably solely lithium.
Preferably, for the normal spinel, the metal M is
20 selected from chromium, iron, wvanadium, titanium, copper,
cobalt, magnesium and zinc. In particular, M represents
chromium. The atomic ratio of the total of alkaline earth
metal and zinc to the total of other metals M and
manganese may be at least 1/10. The value of x may be for
25 example -1, 0 or 1. Preferably x is in the range of from
-0.9 to 0.9. In a more preferred embodiment x is in the
range of from -0.5 to 0.5. In a most preferred embodiment
%X 1s in the range of from -0.2 to 0.2. Examples of the
spinels for use in the invention are LigCrpO4, LigCrMnOy,
30 LigCrp,2Mnjy g0y, LiqTi204, LigMn20y4, LineMnO4,
LigMgg,sMnj 504 and LigZng, 1Mnj K 904.
In a second embodiment of the invention the
electrochemical element comprises an electrode

comprising, as a host material for alkali metal ions, a

35 spinel type material comprising 16d octahedral sites for



conprising, as a host material for alkali nmetal ions, a 35 spinel type

mat eri al conprising 16d octahedral sites for WO 01/80344 PCT/ EPO1/ 04295 6

hosti ng taI ions, which is known as an inverse spiragoi/oRberi al .

The inve se splnel type material which igs_applied in the second enbodi nent

of the electrochem cal elenent 5 according to this invention is typically

sel ected such  that east %.0f the sites ayailable for hostlng al kal
SkanSaParali ges, pRBTaPabPy o

netal ions ﬁPétiéa 8 adf's £88S prBf &P abPy “BP"D| 85sf 509" <

preferably apiheasha8e% atost preferably at | east 95@6of t he S|tes

avai |l abl e for hostln al kal i ge%al ion% are.16 tahedral .sites. In
particular, allThgt §65§§|F86P§ YPRoLEFRG &l kY ﬁ fSIaP8&§e§rén16d

octahedral shbesechhiusefiBeainehtexel yde thattirBehbaichnvenseesp nel type
mat eri al s anot her el enent, .in addltlon to the aéiall tal, occupies a

portPon of PRECISIPEJTECEAREIFRVCEIEEE. LEof YPhEELARe 56 5F§§%f§“: pi nel

type ”ater|@h%tmﬁkcmeQQHpQB%eoiﬁﬂh@C%dﬂéérabaﬁﬂbbiefQbr hestding al kal i
nmetal ions are designated hereinafter term"inverse spinel type

material ". Alkailtappéalnierseaspi Aéd P?%éhﬁggéﬁl SRS - of FeHE 2P Igefer a

formul a AgNyLza:begaCupVpd, pwhereihp14 Leprnesent sosanmalkkaldramiralblia and b
can have any value fromO to 1, on the understandlng that a + b is at npst

1 and q i s2& leaAki A§® pafaiBEer LkRiSc R VR HRRARI ¥ OFaROR&v8Jaml Kidiiue from 0

%\o Such ge\és&S%oﬁe' ek &xeeo%%ta%u@la-i anecknown Lrem; 2% 1ds- A-n518842,
US- 569833 GT K Fey et al., Journal of Power Sources, 68 (1997), pp.

159- 165. TheltﬁveagélépbhelfpypéOﬁﬁﬂ@9|aﬂ§aéﬁdmaF§é doms Gre t4Re furt her

material s dgé%}]@e?a*ﬂeg%e@ft b3 COBBELS G Ne @l KAkl ABkAlin ldhsuch cases
the al kali neta 0 exanple sodiumor lithium It is preferred

that the aIkawerﬁetaplnsllﬁwnﬁum@tﬁypﬁéélByotéﬁﬁ eRegenfat éfi al s conpri se
the same alkédﬁtl Eak% %Hg EXQﬁﬁﬁlhﬁtﬁﬁgyoccuples a portion of the

15 16d octahedral sites. For the sake of brevity, spinel
type materials which comprise 16d octahedral sites for
hosting alkali metal ions are designated hereinafter by
the term “inverse spinel type material”.

A suitable inverse spinel type material is of the

20 general formula AgNij-5-pCoaCupVOyg, wherein A represents

an alkali metal, a and b can have any value from 0 to 1,
on the understanding that a + b is at most 1, and g is a
running parameter which typically can have any value from
0 to 1. Such inverse spinel type materials are known from

25 Us-A-5518842, US-A-5698338, G T K Fey et al., Journal of
Power Sources, 68 (1997), pp. 159-165.

The inverse spinel type materials and also some of
the further materials described hereinafter comprise an
alkali metal. In such cases the alkali metal may be for

30 example sodium or lithium. It is preferred that the
alkali metal is lithium. Typically, all these materials
comprise the same alkali metals and typically they
comprise a single alkali metal. It is most preferred that
all these materials comprise lithium as the single alkali

35 metal. Thus, the electrochemically active alkali metal,



conprise a single alkali netal. It is nost preferred that all these
n?terlals conprise lithiumas the single alkali 35 netal. Thus, the

el ectrochem. cal |y active alkali metal, WO 01/80344 PCT/ EPpdtRfdiXazes? i . €.
t he aIkaY?”H@&gﬁ A is preferably solely Lithium Preferred inverse spine
type materials are for exanple LigN VO4, LigN 0.5Co0.5vV™4, LigCoO/H4, and

Li gCuVO4 in which general fornmulae g, has the ning.a aiven
hereinbeforé:eTh%h%l?é?flﬁeFaFaﬂoﬁs ﬂér?%@gefggﬁytﬁglﬁﬁwaﬁﬁg ta8r A are
extractabl e fromdherspinehversknygisel spipel mbypeialst arkalfoand, as a

consequence, the value of the running parameter q _changes in accordance
with the stexapie 1bighaVges dbsqiangeCen.oKe4el biaF8¢Rédm @8C el ement. For

the manufactu f the electrochem cal n i.nel __i.tselLf (q
equals 1) is" #ngﬁabpywﬁégg.g?ﬂeég%eggthgggnélE?épgﬂﬁaﬁgﬁpébé TRy be made
by gdmi xi ng; ;£ Q9r,£xampberopxi des, carbonates, nitrates or 15 acetates of
the netals, "heating the mxture to a high tenperature, for _exanple in the

range of 350-90Bhe, ahkalicweFprhgliorsr dexakprel rpCEHS2Rt28nTE4A 1bE nade

by heati“g%g%”é%éyéét9ﬁléi%QEH”&HEtEé&ﬁelce&OQBQQk%éi%bﬁﬂ%l aRgemanganese
di oxi de at C and cooling the mxture 20 (cf. G Pistola et al., Solid
State |oni cea78riadoand, ps 285pnsFABeBREN| E8epERdER WLl [FREpFesiade t hat

the electrochegieal gl BREALCOTRr Leesyagacel Gathodas skareathode and an
a t urt her (0]

anode, and It nprises an 25 electrolyte. The anode conprises
a host nat echatgehiithchhageaofonbe electrochemical gdeastital Foal abieve to

the alkali mpigl Lhag bhe.Rost MR eELaknobat e caLhedencThg: (dif ference in
the el ectrochem cal potential's relative to the alkali netal, neasured at
25 C, is typtsalfy(ate80alleadt @slpVedndabtyi sisegpically at nost 10V.

Preferably this difference is.Ln L0g.raN0e 90,6 02 taR Yy
admixing, for example, oxides, carbonates, nitrates or
15 acetates of the metals, heating the mixture to a high
temperature, for example in the range of 350-900 °C, and

cooling. For example, LiCrp_ oMnj gO4 can be made by

heating a mixture of lithium nitrate, chromium trioxide

and manganese dioxide at 600 °C and cooling the mixture
20 (cf. G Pistola et al., Solid State Ionics 73 (1992),

p- 285).

The skilled person will appreciate that the
electrochemical element comprises, as electrodes, a
cathode and an anode, and that it further comprises an

25 electrolyte. The anode comprises a host material which
has a lower electrochemical potential relative to the
alkali metal than the host material of the cathode. The
difference in the electrochemical potentials relative to
the alkali metal, measured at 25 °C, is typically at

30 least 0.1 V and it is typically at most 10V. Preferably
this difference is in the range of from 0.2 to 8 V.

The electrochemical element is a solid-state element,
i.e. an electrochemical element which employs solid
electrodes and a solid electrolyte, and no liquids are

35 present. The use of a solid inorganic binder obviates the



The el ectrochem cal elenment is a solid-state elenent, i.e. an

el ectrochem cal el enent which enploys solid electrodes and a solid

el ectrolyte, and no liquids are 35 present. The use of a solid inorganic
bi nder oBV® 8V/#344 he WD 01/ 80344 PCT/ EPOlCE{ao4295 8 presend&THPRDEINd. The
presence of liquid in the electrochem cal elenents is conventional, but

di sadvant ageous in view of |eakage during use and other forns of

i nstabi | ity pofesareseldctionhah ddle alrarance S lespieqiial |yn athdi gh

tenper at ur e'el-g %rco%}l%%ecaf kée].e%le g.:ltsr qg%tceorwgqéih&ﬂﬁno%t i ndependent |y,

may conpri se a honbgeneous materi t nmay conprise a heterogeneous
mat eri al . The satbtaertogmmousi matiew alf cdegkd sesdiremquent¢ yaad pathécul ate 10

material e dded in th i.nder, 1t s pref e h material s
of the cat ﬁ?er masnc?/%rlr%%eaboal%%ey aortte thper eesleen‘%g%%gfo%?ﬁac%l %f %Ipér)r%%’eri al s
enbedded i n ddpediiaidey .at Theythitrwgre metyuad SO present as a | ayer between the

el ectrodes, bindjng t el ectrodes taqgether. 15 - A- 5518842, US- A-5698338,
WO 97/ 10620 andq’hI?P-c@hcjﬁfJ@Z i etﬁheézotgfe?ley&eencaensd cite r|1oné3?‘hese docunent s

di scl ose suiitmadpermadrerligl say caddiitdeoon troidpesponelmatypeatpteri al , for
use in the el ectrodes and the electrol and_rel evant t hods for making

te
el ectro- 20 TR HENetS .2 AST I SFEette Ty b hade Sfor naterial s
and for nethedsrdgelRdindendfh]) condandbaoki refudat I era esédyt 2ad1&deti on,

MGawH Il, Inc., 1995. I|In order to have nore practical value, it jis
desithbl e t AR HS It HE 1idt miwf%- o oot GUESt DR aRdChRE the

el ectrol yte iy selwctad sueh dhatcdtharinaté onthd heyoseishaén to a
sufficient degree the tenperature at which the el ectrochem cal elenent is

used and t h@TeasBlt bl RA i VA tlge? L 3 HRRP 1 ev/ent® ngh e hatnder.
el ectrochenmigal g8l .g@ntndy omdegnadation and capacitycddeh aghag during

cyeling. electrodes, binding the electrodes together.

15 US-A-5518842, US-A-5698338, W0-97/10620 and
EP-A-470492 and the references cited in these documents
disclose suitable materials, in addition to the spinel
type material, for use in the electrodes and the
electrolyte, and relevant methods for making electro-

20 chemical elements. Also reference may be made, for

materials and for methods, to D Linden (Ed.), “Handbook

of batteries”, 2nd Edition, McGraw-Hill, Inc., 1995.
In order to have more practical value, it 1is
desirable that the materials for making the electrodes
25 and the electrolyte are selected such that in combination
they sustain to a sufficient degree the temperature at
which the electrochemical element is used and the
applicable charging voltage, thus preventing the
electrochemical element from degradation and capacity
30 fading during cycling.
The electrochemical element comprises, as the binder,
a solid inorganic material, for example a ceramic or,
preferably, a glass. The glass is suitably a silicon, an
aluminium or a phosphorus based glass, and it is suitably

35 an oxide or an sulphide based glass. Mixed forms of two



The el ectrochem cal el enment conprises, as the binder, a solid inorganic
material, for exanple a ceramc or, preferably, a glass. The glass is

suitably“ggﬁhkgﬁon, an alum nium or a phosphorus based gpasgpopidest 1 s
sui tably an oxi de or an sul phi de based glass. Mxed fornms of two WO

01/ 80344 PCT/ EPO1/04295 9 or nore of such glasses are al so possible. By

the addition of a sui#ablggco ductévgréigigé, a Sggféconductive bi nder may
be made condUctTYES for Al kAl F-2hetal 2T ons, “orPTA& hon: conduct i ve binder may

be nade 5 conducsky viehd axd&l ecodm ons. a Abh et alat é vedbyduat bvedéilivay, be chosen
which in itself is ¢onductive. The binder or .may.not _cq iLse.an inert
filler, such"AR GPRMYnalVSiPHeast dPaho %nmgﬁ%sﬁﬂ%?%?X%Y%iﬁaépg&kﬁgﬁ is
conductive fgstanl kehs, net athé onsnraynbiecused asnaeceonsyi baemtdef a 10
cat hode, an electrolyte or an anode, 9Ba bi nder . whi ch onductive for

el ect?ons neSCBRUCSER ak0R %%%%FF?ﬁ%n?R gryatayfidde 8rb5h8§%088y fie

el ectrol yte pmyssiit@bte be ipvderof stbhennateial oheabbhader matsekf,
wi thout a particulate material enbedded. therein, ﬁrovid d that the,k 15

bi nder is cOMNMCRPVeCPBPrAFRaPT HREAlF fohsSTIThEUBIndRr2{¥™SHRY albiy 152

non- conduct i ¥& bhAGEr R sBna b Nderphieh WEienndyctbrauterval kaki netal
i ons. A non-conductive flass is for exanple a borosilicate | ass or a
A

boron phosphatkalsimeeat elgnassay2be THESHl a8sawAPBRATEEUEBARAAEL Bve for the

al kaj j nmetal _,iQng. My, syuitably;pecseleghednbrem ghassesinwheehwarien
obt ai nabl e by conbining an al kali netal oxide, boron oxi de and phosphorus
pent oxi de. Past¢euflactyvesédul cheetrgnasyay bf BAPY RFnd GRPERLIAMETSF the

| f 2 - i i T | a t e
general formia, éaggeé@% 3P%n gﬂo;@@t cﬁlhgee@;@ék B@ggg Raf GEREEBAR! HeaN

al kali netal "and X ave any value from1/8 to , Ih particular 3/5.
These gl assesadmyobetbbtmanediby héati hgndarniksaté. oVitheuitngredi ents

above 150 C2p§£§{§£ QLX 49029991 Conpedded therein, provided that the

15 binder is conductive for alkali metal ions.

The binder is suitably a non-conductive binder or a
binder which is conductive for alkali metal ions.

A non-conductive glass is for example a borosilicate
glass or a boron phosphorus silicate glass.

20 The glass which is conductive for the alkali metal
ions may suitably be selected from glasses which are
obtainable by combining an alkali metal oxide, boron
oxide and phosphorus pentoxide. Particularly useful are
glasses of this kind which are of the general formula

25 A3y4B1-xPO4, in which general formula A represents an

alkali metal and x may have any value from 1/8 to 2/3, in
particular 3/5. These glasses may be obtained by heating
a mixture of the ingredients above 150 °C, preferably
400-600 °C.

30 Alternatively, the glass which is conductive for
alkali metal ions may suitable be selected from glasses
which are similarly obtainable by combining an alkali
metal sulphide, an alkali metal halogen and boron
sulphide and/or phosphorus sulphide, such as disclosed in

35 J.L. Souquet, “Solid State Electrochemistry”,



30 Alternatively, the glass which is conductive for alkali netal ions may
suitabl e be selected fromglasses which are simlarly obtainable b

conbi ni nY@#/8B4al i metal sul phide, an alkali netal hal oFERERALBE on

sul phi de and/ or phosphorus sul phi de, “"s&€h~-as disclosed in 35 J.L. Souquet,
"Solid State El ectrochem stry", WD 01/80344 PCT/ EP01/04295 - 10 P.G
Bruce (Ed.)p. (I:arﬁ:mjame(h‘ldhj V,er&imwrthgasglnﬂ%itppPrQﬂs 509%referably, the
gl ass i s obtai napl &9 al k nEtaI sul and phosphorus
sul phi de. Wst n%r e%er abI pbﬁa%ld?agéher sg% *Y he’ fortrrah rpfl%{j . 2Li 2S. Ot her
sui t abl e glasgeasiwy an afﬁmndmmﬁayeﬁdmhidm arad Iq&tc»spi’efmahsr ons are of the

general fornul ae 4S| and I ener al represents
an al kal i %ﬁ;éb ﬁ%%tlgﬁﬁ %ﬁﬁ trt (ﬁ%ﬁéﬁl*ﬁt féh #%ET f+%etal ions
t he 3i nder mymg QQmQﬁLse a particulate materi al mhrch is conductive for the

al kali netal ions. Such a particulate mnaterial may suitably be sel ected
from- al kali rthalr §mnﬁabkﬁﬂﬁiaﬁﬁdﬂﬂwﬁﬂﬂﬁ(ﬁﬁﬁ qgﬁ#u&?ﬂﬂ@w%@esth%ulphates,

Phosphat 65 1o CXar & T A o 311" HPBH . Sad any b1 The' Blasses
which are @@mct iive Wiorcraldel d ra ROs detial ad cxnswyﬁr@l@at:ﬁs begl ilertembef ore.

For increasing the conductivity for electrons, the binder nmay conprise a
particulatewﬂaﬂerial whi ch is conductive for electrons. Such a particulate

1t gial may syita aéebae Cﬁed &«[&I@tﬁ&%ﬁ oaf téﬁlaefl ar!gté'?tf‘
particles, for exanple par les o per ‘or a um ni um pper partrcles
may preferabta/ bbetdme:euham ctdmazamEjea ;mnctlcallmnmrmmnq:nagral cklescimays
preferablycpedﬁé%idgl Catq_ 1 metal ions. Such a particulate

material may suitably be selected from
- alkali metal salts, such as halogenides,
15 perchlorates, sulphates, phosphates and tetrafluoro-
borates,
- alkali metal aluminium titanium phosphates, for

example Liq 3Alg. 3Tij 7(PO4)3, and

- any of the glasses which are conductive for alkali
20 metal ions as described hereinbefore.

For increasing the conductivity for electrons, the
binder may comprise a particulate material which is
conductive for electrons. Such a particulate material may
suitably be selected from carbon particles and metal

25 particles, for example particles of copper or aluminium.
Copper particles may preferably be used in the anode, and
aluminium particles may preferably be used in the
cathode.

In a preferred embodiment of the invention the

30 electrical conductivity of the electrochemical element is
increased by the presence in one or both electrodes
and/or in the electrolyte of a small quantity of a low
molecular weight polar organic compound. The quantity is
preferably so small that the organic compound does not

35 form a separate liquid phase and that the electrochemical



In a preferred enbodi nent of the invention the 30 electrical conductivity
of the electrochem cal elenent is increased by the presence in one or both
el ect rod®¥O 0H#¥#or in the electrolyte of _a small quantity FST/EPORGHOS

nol ecul ar wei ght pol ar organi ¢ conpound: 1 The gquantity is preferably so
smal | that the organic conpound does not 35 forma separate |iquid phase
and t hat thélemeatt déhanmisedli dnG te/e8e344 tROThERAIJ04 295 mentll el enent is a

solid-state el eg%&o&@q@c%qlarelw%q?gﬁtbgoli%\g rg}lg%%(igcaniﬁo\g@(%wds%olvar organi c

conpound have suitably up to 8 n atons. uch ecorrpounds
are car bonatses taddivde®, testlerogrbstnherttomsal dotagirs,e b sful phoxi despands

sul phones, sych |.ene rhqna i |__carbonate,

N, N- di met hyl %r r?%‘%bgjté‘g%ge%mﬁ?ﬁb%% yr E)el%géetr%’rig% tt'?%etrrsdetaft:lyﬁo}noglgﬁ ycol ,

tri ethyel enegllpboikiddisnerisy s udipheme sdi metchy lasulqitoriedes  cadphrod tane and
di oxol ane. turni i_n _nore detail .t he hast materials of the
el ect r odes, %jgﬁne \é{ryébIC{%r?%élagleéctﬁgg%é%egglﬁgltoer%lC}ec’orgpﬂ'“?néae_s a cat hode
conpri si ng, bas yaochast omet, ertiedlr sfetrh y lahlalliy cegt, alt dieith y el spidielcdly pe

mat eri al of the_ gener formul a, AgM +xWhl x04, w.t ., M and x being as
15 defi ned ﬁé?ngitg‘lggf Sgb,eranéilﬂe%m?‘tsﬁélpyg’gﬁﬁlei'segélléﬂ"oﬁr?dt?e aq%rrpri sing a
host mat eri dliokelahke said al kali nmetal ions. The skilled person wll
appr%ci ate that Ni n ﬁart.i cul.ar _a host maiieri al _of the anode will be

sel 6%ted whi ch™PY &PEBILGI t8bFE Fofehigé Lat Ca thitgh AdnPeratre-S &F Suitabl e
host materi ahe efletheocarede praychansgl eated ] fromchiitdar divwense spi nel
type materials conprising 16d octahedral sites for hosting al kali netal

i ons or spi M&MPLLYHE ﬁaFgFihQFj§ 6PTPRé SgBfer &5 Polinita MAFHATLANNIES04, with

25 A, M q andaxibgirgli ndependerthyeas tdekbi nad harai Eefofe germe Al Kal i
metal and titanium based spinel type
formula AgM14+xMnj_xO4,” with A, M, q and x being as

15 defined hereinbefore, and it further comprises an anode
comprising a host material for the said alkali metal
ions. The skilled person will appreciate that in
particular a host material of the anode will be selected
which is also suitable for use at a high temperature.

20 Suitable host materials of the anode may be selected
from
- either inverse spinel type materials comprising 16d
octahedral sites for hosting alkali metal ions or spinel

type materials of the general formula AgMi+xMny1 %04, with

25 A, M, g and x being independently as defined
hereinbefore,
- alkali metal and titanium based spinel type
materials, for example of the general formula

A1+d+qTi2_dO4, wherein A denotes an alkali metal, d may

30 have any value from 0 to 1/3, preferably d is 1/3, and g
is a running parameter which typically can have any value
from 0 to 5/3, preferably from 0 to 1,
- alkali metals or alloys comprising an alkali metal,
- carbons,

35 - semiconductors selected from, for example, cadmium



materials, for exanple of the general formula Al +d+gTi2_dO4, wherein A
denotes an alkali netal, d may 30 have any value fromO to 1/3, (Preferably
d is 1/3woem@od#4 i s a running paraneter which typically cBRTERVEIIN, val ue
fromO to 5/3, preferably fromO to 17 12atkali netals or alloys conprising
an al kali nmetal, - carbons, 35 - sem conductors selected from for

exanpl e, cadolpmi\i® GHBE344 42CT/ EPO1/ 04295 12 sul phide and silicon, -

net al based gl assgs wherein the netal my be. sel eqtt%d fr%mti ,_Zing,
fgin P el

cadni um |ead, BESfdt ROEFE ciSeedy "i& % Jiitam diedxicFes s , both

el ectrodes mmaynCanipy,i 6 n&,S piadeliumny,pa catgt erisalutof arhe aganieraly ,f el a
AgML+xWnhl-x04, wi.th A, M. . qg.and x being independently as defined

her ei nbef or &, a§ltla6lr3r¢)mh§llto%é st material of the cathode is of a higher
el ectr ochem cal Tpatsgntbicalh egleatrire@ielso raie calrgaliisenet alpih@ 1t hampd he host

materi al of the anade. regards the netal based gl asses, a suitable glass
may be obt al*A&bré 3y %o enig%&eéaﬂet}éﬂr%adéqwﬂdr@ﬁlwode walr%‘ ghosphor us
pent oxi de (¢f ins, rnal .qof _Po - 81- 9 pp.
13-19). The%mgtngl éo%%g‘glgggnﬁ%%%gg%gﬁq xiacfevé%gflt%%hg, %%%ﬁcl%ceg%nﬁ(e&m ead,

bi smut h or langi menyhephefsdr alelte rtiad monhdtiedeadrhddgad snmfoxd de,ghor e

preferably tin nonoxide. Alth .nat _wWi.shi. t.o b by theory, it is
t hought t ha?lteﬁetrr?eciﬁaml()cﬁldgog%g%el%q ir\nglatmﬁg%glté)sg&seo%o alllna ﬁ%]i s reduced
i n-giotu wi t hhior mate o s20 meft eirfie Ic @rfr edorediane .met al , which can function as

2T TR 2l gkl etal, ThE IOl 2t gy e gtal ot ae
2.5:1 to 1. hay aerd ddw@inlbdre byatdombdfnitre aveteada loxi:dele,0 qphosphoriuse
Dot Ox L B abS e S  it Vosli  BlN 2 5 o 151
Power Sources, 81-82 (1999) pp. 13-19). The metal oxide
15 may be an oxide of tin, zinc, cadmium, lead, bismuth or
antimony, preferably tin monoxide or lead monoxide, more
preferably tin monoxide. Although not wishing to be bound
by theory, it is thought that the metal oxide present in
the glass so obtainable is reduced in-situ with formation
20 of the corresponding metal, which can function as a host
material for the alkali metal. The molar ratio of the
metal oxide to boron oxide is typically in the range of
from 4:1 to 1:1, preferably 2.5:1 to 1.5:1 and the molar
ratio of the metal oxide to phosphorus pentoxide is in
25 the range of from 4:1 to 1:1, preferably 2.5:1 to 1.5:1.
The metal based glass may or may not be based, as an
additional component, on an alkali metal oxide.
Carbon powders which are suitable for use in the
anode may be, for example, natural graphites or materials
30 which are obtainable by pyrolysis of organic materials,
such as wood or fractions obtained in oil refinery
processes.
Preferably the semiconductor is a nano-powder,
typically having a particle size in the range of

35 1-100 nm.



addi ti onal conponent, on an alkali netal oxide. Carbon powders which are
suitable for use in the anode nmay be, for exanple, natural graphites or
mat eri al syo3Psosai ch are obtai nabl e by pyrolysis of organi ceamteriioatss, such
as wood or fractions obtained in oil retBnery processes. Preferably the
sem conductor is a nano-powder, typically having a particle size in the
range of 35 1-30Q BEYnUE.0LAB0BAA BGTUEPHLA042AD el IndEit kA iade and

t he anode may conprise independently - typically at |east 30 %w a
typically up tot99i5adey apréprepabPy fivormndd teiveldw of thse Hfost ¥material ;
-"typi cal |y at rbeash ,0 £} 3Waand ot YBi 63l I YR el 922 Wco,S Areferably from 2
to 15 %w of the particulate material which increases the conductivity for
el ectrons; = typy¥eareylat akedsess. 2 -Jwdandncy Fivealcky Lyp Wro t50 My, 3w,

pref erabl y E&g@e{?ab@ 40 U 9f tgh%paw 'ocfu't%tee prgherd a'atemm Cé%ffgcloeases t he
conductivity for al k&l i et al ions; 10 and typ| céll 9 east 1 % and
typically uwhtl@hzgn@meaSsﬁetéﬁab‘loyidﬁJMsztWo o5 %&/e@ftrmrlnsder in V\/m ch
particul ate_ b edded. 0 i ter whi ch

i ncreases the 1%9@ 5 élttge g*re gl %al |wl ﬁél{aalt%éﬁgﬁﬁfh%e@n%d the bi nder
may be pr esemefemaalquémbmtﬁ typédOalivy odf téate Ip@asl;tlo@lllat%rvmaamctlta;dpl cally up
to 70 %, prf abl from2 9 nt|t deflndlnthls

par agr aph arg r%él apl¥’rea h 8{1(/]N\I(:v%/ellvglhty of” egc%k]faofl {15 % ét1%des. 20
Thelél ectrokytle may conprise - typically at |east 70 %wv and typically up to

‘noreases (i cOAAUERTVI P OFSATKAI T et A0 O4&: “od 35 TR Ay at
| east 0.1 Y%wrafdrbppiycdlrby, optH0130%W, of binder in which partlculate
materials may be embedded.
If no particulate material which increases the
15 conductivity for alkali metal ions is present, the binder

may be present in a quantity typically of at least 0.1 %w

oe

and typically up to 70 %w, preferably from 2 to 55 %w.
The quantities defined in this paragraph are relative to
the total weight of each of the electrodes.

20 The electrolyte may comprise
- typically at least 70 %w and typically up to 99.5 %w,
preferably from 75 to 99 %w of the particulate material
which increases the conductivity for alkali metal ions;
and

25 - typically at least 0.1 %w and typically up to 30 %w,
preferably from 1 to 25 %w of binder in which a
particulate material may be embedded.

The quantities defined in this paragraph are relative
to the total weight of the electrolyte.

30 A preferred cathode comprises, based on the total
weight of the cathode, 50 %w of particles of a spinel
type material of the formula LigMnpO4 or LigCrMnOg4, with

g being a running parameter which typically can have any
value from 0 to 1, and 10 %$w of graphite powder, imbedded

35 in 40 %w of a binder which is a glass of the general



preferably from1l to 25 %v of binder in which a particulate material may
be enbedded. The quantities defined in this paragraph are relative to the
total wewWgha1/86344t he el ectrol yte. 30 A preferred cat hode c8fBEPEEU29%ased on
the total weight of the cathode, 50 Yo Of - particles of a spinel type
material of the fornula Ligvh204 or LigCrMi04, with g being a running

par anet er mﬁbchuﬂ?pﬂéakﬁy -&&R shaverady xvalsu€.from 0 to 1, and 10 %w of

gr aphi te powder dded 35 in 40 %v of a binder, which is a glass of the
general WO 01/86333e%€TFE§0fP@ £960MPI1 55 oPRFFE PR3FBIS H9GA wherein x i s
0.6. A pVEfﬁé&@dtaBQd@h@OGﬂBU%es5Ob%&e@f0@a&thU@%abf weisghineaf ¢y anode,
50 %w of particles_of a spinel ty mat eri al, of theTgeneraI forml a

Li (4/ 3) +qTi BA86Z1an 0% %ﬁ?cﬁe§€ﬁéﬁaﬁoﬁﬁP&ﬁlélq4v§ F-ges EﬁG'pdﬁhneter whi ch

typigally c hav al gm0, to . 1, 0 ite powder,

i mhedded inagb g&ﬁ EQXa f%epu%hl lﬁsaarug é géw e genera I}ornula

Li 3xBl - xPOAtwhereildyx cks h@ve. ab AaﬂmefémD@dOek@cﬂnokythldbﬁprkﬁés based
on the total ht of the el ety te, 0, i R rticl.es

i mhedded ingfﬁmgmﬁofpowglnder %hlc dys a4%lé¥soofat Cg%heggfj}ornu a

Li 3xBl - xPO4dgwheseit XhESg@nérthéO&hﬁdbr@Gb@@ﬂ&@@C&lenﬁnkﬂﬂﬂnphhses
preferably a 15 preferred cathode, a preferred anode and a preferred

el ectrol yteOa§-defined in the previous three paragraphs. The el ectrodes and

theqgl ectrol yt eA”P)é}g?@rE'é@S%%%ctholng% %ﬁgtxag%@emb%%ledelow I 3Ny

SU|tabIe form eferably t are’in the formof a layer, 1.e. one 20
di nensi on baemghcon§idéeabﬂ¢C§WQﬂWéﬁ,tW@n/wh@foihaﬁlqmrﬂﬂﬁﬂkﬂk&Se g. in
the formof a f0|I or _a_disk. Such_layers can he nmade b ing and

ext rudi ng t hBPePAgFedPerts * Wi Ch Zppri i $RL6F aF Ext oﬁ) éctni que.  The
skilled pergencisiawaraudh suiztahl g rext rusireAn x is 0.6.

The electrochemical element comprises preferably a
15 preferred cathode, a preferred anode and a preferred
electrolyte as defined in the previous three paragraphs.

The electrodes and the electrolyte may be present in
the electrochemical element in any suitable form.
Preferably they are in the form of a layer, i.e. one

20 dimension being considerably smaller than the other
dimensions, e.g. in the form of a foil or a disk. Such
layers can be made by mixing and extruding the
ingredients with application of an extrusion technigue.
The skilled person is aware of suitable extrusion

25 techniques.

The thickness of the layers may be chosen between
wide limits. For example, the thickness of the electrode
layers may be less than 2 mm and it may be at least
0.001 mm. Preferably the thickness of the electrode

30 layers is the range of from 0.01 to 1 mm. The thickness
of the electrolyte layer may be less than 0.02 mm and it
may be at least 0.0001 mm. Preferably the thickness of
the electrolyte layers is the range of from 0.001 to
0.01 mm. An advantage of using a glass as a binder is

35 that it allows that thin layers can be made, yet of



25 techni ques. The thickness of the |ayers may be chosen between w de
limts. For exanple, the thickness of the electrode |ayers nay be |ess
than 2 mWany8®34 nay be at |east 0.001 Preferably thePEHERUAIS of the
el ectrode 30 layers is the range of ffbﬁﬁghbl to 1 mm The thickness of
the electrolyte layer may be less than 0.02 nmand it nay be at | east
0.0001 mm FPreteidprybipesthpelihbss of the electrolyte layers is the range

of fromO0.001 tor,9. 01, am, ﬁanggagtﬁggegleskgg gfgégféf?§8§2§hgger is 35

that it allows that thin layers can be nade, yet o
PCTIEPC)/042@5ectrqsyt@6ﬁspd@rébléosmrengahk TReefayebs ynaycbe pstcacked in

t he order dlﬁggggggl aglggt;g#¥tgé§98ggo%lfsgrghgapaﬁetafrgferably each

pack inclu as currenf collectors ayer aggjacent to
t he céthode<amﬂa@eEEcbﬂdthetabthayeraadjaceatondomehelamagex Barmicegta pack

of five |aye t neta / cat ode/ Iectrol te/a de/ second
nmetal. A p“&?aﬁg§ #ésUcﬁof Ve Iay%r %ac S ﬁﬁ? arranégd |ER Baral | el

or in seriesfiffte meW@lYathopaékkenayobgtéﬂasbaekedcoﬁhemBMHﬂerAof such

five layer packs_ in a stac be. chosen b de i for exanple
up to 10 Sﬁ i - ve% ﬁ%?%n?%Y?etﬁé?lvg?y, tﬂ@yf%%eaF598ge§a&E may be
wound with amaeébbéllaaliy sasikati Dhel ayee separapbngst haynekal |ayers, to
for cylindrical 15 The petal |ayers.and the Iectrlcally

i nsu gtlng e$%dargH%r%?%P35IQg?ﬁu?ﬂe?¥8?ntﬁyeﬁ ?BFE SorPaddPSRT n

accor dance wmaﬁ Bdechosanobethecanndee 1 haiekectpol ¥kempandupheocaphode.
The thickness of _these |layers may_be chosen between wde limts. For

exanpl e, Eht%kﬁ%ESGQ%XNEQr%e PEERTRARRVEL M BRE AL VPeAsten. BOTKMM

pref er abl y md’yt}f@ wange ith. 1 éPth;}lBBlli}_hﬁnthﬁElH?t akykayer and the
second netal l|layer may be nade of any netal or netal | oy which is
suitabl e i n Separating the metal layers, to form a cyllndrlcal body.
15 The metal layers and the electrically insulating
layers are preferably in the form of a foil or a disk, in
accordance with the form of the anode, the electrolyte
and the cathode. The thickness of these layers may be
chosen between wide limits. For example, the thickness
20 may be less than 1 mm and at least 0.001 mm, preferably
in the range of 0.01 to 0.1 mm.

The first metal layer and the second metal layer may
be made of any metal or metal alloy which is suitable in
view of the conditions of use of the electrochemical

25 element in accordance with this invention. Examples of
suitable metals are copper and aluminium. The first metal
layer is preferably made of aluminium. The second metal
layer is preferably made of copper.

The electrically insulating layer may be made of any

30 insulating material which is suitable in view of the
conditions of use of the electrochemical element in
accordance with this invention. The electrically
insulating layer is preferably made of a non-conductive
glass, as described hereinbefore. Alternatively, the

35 insulating layer may be made of a polyimide, for example



view of the conditions of use of the electrochem cal 25 elenent in
accordance with this invention. Exanples of suitable netals are copper and
al um ni unyobiygosfid rst netal layer is preferably made of alpai/pPoird2okhe
second netal layer is preferably nade of6copper. The electrically
insulating |ayer may be nmade of any 30 insulating material which is

suitable in wipwigfinihe weend thanscobpusenels uheieel ecler acherdnzalk el ement
in accordance with this invention. The electrically insulating |ayer is
preferably mB8ETEF-a non-conductive glass, as described hereinbefore.

Alternatively, thee36rhBsyl ahibngikayerchayibaimaderehtd Folyiyseden for
exanpl e WO 01/ 80344 PCT/ EPQO /04295 16 a polyim de which can be obtained

under the tr5h8éfatRVERAPPENATPY @P@Faﬁ[ﬁ/ydf/ﬁémélce@tofn@@ﬁéﬁﬂoé]aIOfeloéWerﬁrs f or

use iB thispbpyepti encakevande by dypag] csgqm%qty @ Rk NS OFoundT0r € Of
the five |layer packs, suitably Stacked or wound descri bed hereinbefore.

The techni quSofieagnakee BERPABPESATES Ehémer:mﬁquemoefr dyniagianD- 97/ 10620

and the ref 86%{38@%1%" ed khsiegl @roQXnéﬂ‘c%rC%ﬂH%C“w@lW%’Q%QO RIS YL
pul se which results in a pressure wave 10 travell'i ng through the object to

be conpact edrefheengressiredpahsechny Bengaaer sragasyiam egsisosi on using
expl osi ves, B¥e§§u?épb9§%8nw}éhéha g@ﬁlggnlﬁr 2Py TRGNEL G o RUl ses. Dynam ¢

conpaction leads to inproved interfacial contact between the |ayers and
bet weén partfteavatéing whrerphl $handbtheir toubreowetivagtisidnd&he Ther ef or e,

dynarii ¢ compgeLion, i gldscehest pachenieal -l BURNLS uhheh . have g el ati vely

|l ow internal "electric reS|s ance part of the producti on pr cess it
may be neededxpboséxesacbyakkabkpiresabnf vam engaer grmmlr@roﬂoyt htegsmtrlej type

20 ot o2 STV SRR UR OIS MEL D HE.LlT 36 SUAID St i
el ectrochem cahtextraetiNeanothbyleyérachndnbetween partlculate

15 materials and their surrounding binder. Therefore,
dynamic compaction yields electrochemical elements which
have a relatively low internal electrical resistance.

As part of the production process it may be needed to
extract alkali metal from one or more of the spinel type

20 materials. This can be done during the first charging of
the electrochemical element. This can also be done
separately by electrochemical extraction or by extraction
with acid, such as disclosed in US-A-4312930. The further
construction of the electrochemical elements of this

25 invention is preferably such that they can withstand high
temperatures, high pressures and mechanical shocks.

The skilled person is aware of methods which he can
apply for charging and any conditioning, if needed, of
the electrochemical element.

30 The electrochemical element in accordance with the
invention can be subjected to a plurality of charge/
discharge cycles at a high temperature, exhibiting a good
performance as regards the capacities delivered and
maintained during the various charge/discharge cycles.

35 The electrochemical element is typically a rechargeable



wi th acid, such as disclosed in US-A-4312930. The further construction of
the el ectrochem cal elenents of this 25 invention is preferably such that
t hey can WPOK8®34hd hi gh tenperatures, high pressures and BECBRHH{0425
shocks. The skilled person is aware of fethods which he can apply for
charging and any conditioning, if needed, of the electrochem cal elenent.
30 The el ectvaxctegcal el enent in accordance with the invention can be
subj ected to a uraljty of charge i schar ge cles at a high
tenperature, exhibi 375 tarog%?j“l%aeif% N rg%y ?Be/ega?%%gt%d%ﬁpic???fgg
del i ver ed angarisintai neshdtirisags t het vas | ouspebba gef ¢t isehar ge epnekes. 35
The el ectrochem cal elenent is typical I% a, re]ghai%t?abl e WD 01/803

i nt

4
PCT/ EP01/ 04295 SRE101 TR e S HRgtEPRLEPbeh 1L} éﬁae%tb‘?mk}sﬁg Ged
unders a | ar ge hig iteinpofattond) tfOnSexdhpis &t spect@lof eaborwe. ofhkhi s

invention that the el ectrochem cal el|enent_may be used at 5 a high

t enper at ure,® %‘Ft’&%’?ﬁ‘?lec%& %gélﬁe%? h%o@ﬁ?f?ﬁ%bf%l‘é%?go%%e% cal element is
preferably usetbatatturd espesat iegsofsat °teash RS idHaMSési pEkances the
el ectrochem cal elenent, may be used at a tenperature of at nost 300 C. The

el ect r ochem &5t COIXTRATR1G3L | Bl apeParfPEuParUeR P at @ ot tBpER Bt hFeChet ween

65 C and 250 Gyodhhes@l exd roghem catr ebenBnichs esapschally syitable for
use i nside processing equi pnent of chem cal and oil &rbocesm ng plants, and

in ddmn hol Palcdibhs Y5rd het 15 eXpPoFatibh BREWEPBJRRt i One®f gas and oil .
EXAMPLE A cojaycell rechargeable battery was made and tested at 110 Cin
the foll owi ng manner. The anode material Li4/3Ti5/ 304 (Hohsen Corp.) and
20 the cat hode rdt®erskgciyyoni¢apreloreny wWwereSpreeRhsy @ettvklel ectrode

materials. Eﬂ%:QRQQ%Jﬁggﬁ&a§£5E%%sing equipment of chemical and oil

processing plants, and in down hole locations in the
15 exploration and production of gas and oil.
EXAMPLE
A coin-cell rechargeable battery was made and tested
at 110 °C in the following manner.

The anode material Lig/3Ti5/304 (Hohsen Corp.) and
20 the cathode material LiMnyO4 (Honeywell) were used as

active electrode materials. The anode and cathode

electrodes were fabricated via doctor-blade coating on

10 pm thick aluminium current collectors using a mixture

of (1) the anode or cathode active material, (2) ceramic
25 electrolyte powder, which comprises less than 1% by

weight of dissolved alkali-containing salt, such as

LiPFg, LiBF4, LiClO4 and triflates
(Liq _3Alp_ 3Tiq . 7(PO4g)3), (3) carbon-black (MMM SuperP),

(4) graphite (Timcal SFG10) and (5) a binder PVDF

30 (Solvay) dissolved in l-methyl pyrolidone (NMP) (Merck)
in the mass ratio 50:30:3:10:7. The coatings were gquickly
dried under vacuum at 140 °C for 15 minutes followed by
drying under vacuum at 80 °C overnight. The resulting
coatings were pressure rolled using a hand roller to a

35 porosity of 40-50%. Free-standing electrolyte layers,



el ectrodes were fabricated via doctor-blade coating on 10 mthick

al um niumcurrent collectors using a mxture of (1) the anode or cathode
active o834 (2) ceranmic 25 el ectraol yte powder, whi chPESHBPIARYS | ess
than 1% by wei ght of dissolved al kal'i -Contai ning salt, such as Li PF6,

Li BF4, LiCl04 and triflates (Lil 3A10.3Til.7(P04)3), (3) car bon- bl ack (MW
SuperP), (#yfgraphite ¢¥iataFrtsPGLO} éﬁﬂl§5)warbiméée PVBF t3®<e( Sol vay)

di ssol ved ip, Jl: E@ y i e r ratio
50: 30: 3: 10: g e cogt?n%gkgggg aglgg%a&ygrggéCtk l %@Fat 140 C for 15
m nut es fol (bwed3dyo . dfyi ng (BAden) vaudua1annaerCPMDErnthwayThe resul ting

coatings were pressure rolled u5|n? a hand roller to a 35 por05|ty of
40-50% Fredidtahutfglel WEEr SMGEEXT ayRr 8heVipre%/ 86542 PST//EPO1/ 04295 - 18

refesred to as §é@§1é9|ake@i@Lh§ , me €r 8Bdet Viaohapge 6ashkngnly a mxture
of ceram c electrolyte powder Li 1. 3A10. 3Ti 1. 7(P04) 3) and _a bi nder PVDF

(Sol vay) dfa&bpdedeiec ?Nﬁ?ék}nﬁﬁ t ARdnBseCE APy te3iP1ils -SAdPl es of

014-16 mm weresGHimd k0 {Becanede aggngcatbﬁﬁgzel%95@0@%1%0%%uags and
electrolyte foils. Al nmeasurenents were done using a CR23 type

coi n-cel | ﬁ@h@%@ ©o¥p:): Te prevent eorrosien of the @@Pﬁ-@@ﬂﬂ can
(cat hode e'gf%EH@ﬁ SéP&%tEQ b9&88$19£e StEBH Was 19 E%%e%%% with

al um nium f e coln- ce was assenbl ed the foll ow ng stacking
ordéd: can,coPdred wito ﬂiwm}nlé@tﬁgéé eTé@tﬁ@ée cei8 Wﬁﬁxazﬁembébéctrolyte

oLl 1y POLYRROPyL epe, gaskel. Janade sl echrode. apagst Rlate 1oy, Q17 mm x

0.5 nn) 015 mm wave-sprin rve’15 mass in

el ect rochent gaho @ eSE8E  ¥B8e P @lBUmmLk4é3Tp§/§Qéc@@@Q§t@HE©&Ua| and 4.9 ng
Li Mn204 cathode material. Mlten polar |liquid ethylene carbonate (EC) was

added in a BPHPFPRBAENG g@ﬁkqaan@nPQeuﬁléﬁaé@d?@ epagee piigéef i(Ph of the
pol ar liquighoygoyes thenparghsl g3 wI1he-2BrERLNAGE! L werseaked i n a

Heliumfilled gIovebox
5 mass in this electrochemical element was 5.7 mg

Lig/3Ti5,/304 anode material and 4.9 mg LiMnyO4 cathode

material. Molten polar liquid ethylene carbonate (EC) was

added in a significantly low quantity in order to create

the film of the polar liquid to cover the particles. The
20 coin-cells were sealed in a Helium filled glovebox

(HpO < 5 ppm). During the measurements, the coin-cell was

kept under pressure with a Hoffman clamp. The
measurements were done with a Maccor S4000 battery tester
using separate leads for current and voltage. The cell

25 was thermostated at 110 °C in a climate chamber. The
measurements comprised charging and discharging at a
constant current of 0.385 mA between 2.0 and 2.7 V during
five charge and discharge cycles of 3.2 hours. The
combination of the anode and cathode materials into this

30 electrochemical element resulted in a battery with a
voltage between 2.2 and 2.5 V. The measured charge and
discharge capacities of the electrochemical element were

between 0.52 and 0.60 mAh.



(H20 < 5 ppm. During the nmeasurenents, the coin-cell was kept under
pressure with a Hoffman cl anp. The neasurenents were done with a Maccor
S4000 batWe@Py8Bdkter wusing separate leads for current andGiFRUAGEISThe
cell 25 was thernostated at 110 Cin a gl i mat e chanber. The neasurenents
conprised charging and discharging at a constant current of 0.385 nmA

between 2.0 and 2.7 V during five charge and_di scharge cycles of 3.2
hours. The conbination of the ano de materials into this 30

el ectrochem cal elenent resulted in a battery with a voltage between 2.2
and 2.5 V. The e and discharge capacities of the

asured char LU
el ect r ochenical EISM_W% Bt Wt T B & o BEIBYP rFOMRAG DA 80344

PCT/ EPOL/ 04295/er df eldt Aolytd SiHictA 59| 4 £h&h Bt @l stk ochesi eabqg! enent
conprising a Ia er of elect rcﬁ)l te which is sandw ched between cat hode and
anode el ectr QG ¢ 1 T Ttre S TR IS S B 3¢ kK af PP et @l aF onl kAdi host

material of r@t3li nedn taRe B SUGhal € 2 ot al NENOh ALt YSe COPPERERNEand an
el ec%roni cal quq conductive conponent, which conponents are at |east partly

covered by I 13 CoHR | HYRANEHr e hirdddebeciFel ¢k kY x bi nder
material, whesRivrding elagddmt & wH AW SHmdSes sasani cpglectrol yte

particles that are 10 essentially free of electronically conductive
conponents Paid lcofsrissed &6 a ulig b4 Miei @t t 019 R of we deralb kadiéd

containing sal ty HGh RAAL) g9 @S At | par a_liquid
filmcoatin ar?d are enbedded in a matTix |enl<rj%(’jalrE rr%tee%)%ff&{li%p% The
el ect r ocheni-‘éale el s cdaianilc edverteinltte paerbmi s etlext ratgt e

A A e 1 M
C, A, Cu orangt lrempaliecst riesa |Yhaooddudty wee isconponend sssP0vehca Bkel At | east
partly Cove%%%égﬁﬁiﬂglggfg,E%H%%H”barticles are at least partly
covered by a liquid film coating and are embedded in a
matrix binder material.
15 2. The electrochemical element of claim 1, wherein the
ceramic electrolyte particles comprise less than 0.5% by

weight of dissolved alkali containing salt, such as

LiPFg, LiBFyg, LiCLO4 or triflates, are essentially free

of C, Al, Cu or other electrically conductive components
20 and are at least partly covered by a film of a polar
liquid.
3. The electrochemical element of claim 1, wherein at
least one of the electrodes comprises an alkali metal ion
containing active component which comprises as a host
25 material for alkali metal ions, a spinel type material of
the general formula AgM]1+xMn]1-x04, in which general
formula M represents a metal which is selected from the
metals of the Periodic Table of the Elements having an
atomic number from 22 (titanium) to 30 (zinc), other than
30 manganese, or M represents an alkaline earth metal, x can

have any value from -1 to 1, on the understanding that if



liquid. 3. The electrochem cal elenent of claim1l, wherein at |east one
of the electrodes conprises an alkali netal ion containing active

conmponeniyd\igaqqaconpri ses as a host 25 material for al kal ipciaipalod2ons, a
spinel type material of - the general fozoutla AgM +xMWnl -x04, in which
general fornula Mrepresents a netal which is selected fromthe netals of

the Periodi gnkakia reh thedeiemnts, hawind AN e AtQinetinher fr,om 23,

(titanium) to 30 (zinc), other than 30 manganese, or M represent’s an
al kal i ne eaPftR™Hst A2t e ©fn theavre tady Afal Fligm ep R et tahed

under st andi BArENalo ithRAL80344 R ERANQAPG P Ghartdis SR NE] gOMDI i Ses

an al kaline earth nmetal or zinc, the atomc ratio of t al kal i ne
earth metal "@8d 1Zi3nc a6 the st ¢t Jurefingt e amstal s Mfahdvmiganese is at

most 51/ 3, 289 Gl AUNING RATATELRLcANd s & pleatsgehen cal el errent

further conprises a solid inorganic bi An el ectrocheni cal el ement
as cl ai rred Apogigginmc3d binglear.-acterised in that x is in the range of from

-0.9 to : % 19m el’é%te?:lo%%tel}nq(&g%me(i%lme%l erg%n l%%.n%ldmlqp%l'alrflfl m3 or 4,

characterised in that the running er q can any vallUe fromO to

1. 6. An el evarectiericald elnertéwtt acs l(sl alnnmiha raglga mi3 ﬁrom 5,0 charact eri sed

in that Mrepresents chromum 15 7. An el ectrochem cal el ement as clai med

in any of clalms 3-6, characterised in that the binder is a glass. 8. An

el edOr ochenbcal 2el erienttra;shelrralcméd eilemenai ms7 clad@dadrerd seith in dzhat t he
caond for alkali netal .ions whic

glass is a gl as%larac .S od %ét S? n | j
sel ected from 2 gl aségs of *t A& 3 ger&iFalr Yor A &AW ESP&, Cdh ‘iech
general foraukavAlueprfesantls tan 1a| kall metal and x may have any value from
1/8 to 2/'3; 6. gkgsse?%c%io% e?nrl%a Iepn%l%lte absyc %r{tr)r{erc]il I’l% acnlaallmkaI Ior
5, characterised in that M represents chromium.
15 7. An electrochemical element as claimed in any of
claims 3-6, characterised in that the binder is a glass.
8. An electrochemical element as claimed in claim 7,
characterised in that the glass is a glass which is
conductive for alkali metal ions which is selected from

20 - glasses of the general formula A34B1-4xPO4, in which

general formula A represents an alkali metal and x may
have any value from 1/8 to 2/3;
- glasses which are obtainable by combining an alkali
metal sulphide, an alkali metal halogen and boron

25 sulphide and/or phosphorus sulphide; and
- glasses of the general formulae A4gSi0O4 and A3POy4, in

which general formulae A represents an alkali metal.
9. An electrochemical element as claimed in any of
claims 3-8, characterised in that it comprises a

30 particulate material which is conductive for the alkali
metal ions and which is embedded in the binder, wherein
the particulate material which is conductive for the
alkali metal ions is selected from
- alkali metal salts, such as halogenides,

35 perchlorates, sulphates, phosphates and tetrafluoro-



met al sul phide, an al kali metal hal ogen and boron 25 sul phi de and/ or
phosphorus sul phide; and - gl asses of the general fornmulae A4Si 04 and
A3PO4, i wo bimosdy general fornulae A represents an al kal i RET&IPOL/G129ANn

el ectrochem cal elenent as clainmed in-aBy ef clains 3-8, characterised in
that it conprises a 30 particulate material which is conductive for the

al kal i net glo@Rs ,and which is enbedded in the binder, wherein the
particul ate materi al which is conductive for the alkali metal ions is

sel ected from - aaKRall Medeal adaftisivaydh B ig ARaFRPe<es35 338t chl or at es,

sul phates, phosphat s and wakisafduqha MO DY 8034 REVERQY QAdeh i - 21

borates, - alkali metal al'um niumtitani umphosphates, and - any of the
gl asses whi &tade ieorddet ided iGd dirkatiaimet® ions as defined in claim 10.

5 105 An el %tr%h%me%lro%lh%%r&talase1Q=.lna4rnﬁedasl L1aNYedf irClaays 8- 8,
charact erised in that it conprises a cathode conprising, as a host

mat eri al forclalikal i3t ahdrardenived sigi ddlat yide GRRRISHS 6f ¢HY&her al
formula AgM_tx 541{ ?1 Wit B Ao M ofh@nd b@dﬁgal%lqefn{er&dl b0y 0 of

clainms 1-4, “an r't her conprises an anode conprising a host materi al
for the sai ¢palnkdl |tyr17:@t alaterdrd, odhitdte howtenvwlt drdmulias sel ect ed from -

|t h
Zﬁiﬂni beyﬁg E‘Jﬁ}&?l nde ﬁ‘ﬁ‘lyt w(?Lt%e erqil n(gdfnwn any %%%ﬁ%ﬁ%ewﬁh aI|

net alp and tidrariunased smnraellttmtm efdrgd Sisdorarexamie of the general
formula Al +d+gTi 2_d04, wherein A denotes an alkalj metal, d may have any

val ue from GHWILSEND RefOSdbIRE (@ HIR 1 /50T Jitf Faigh 4.8l Jifal par anet er,
- alkali metig)s ohaldroys omRIdesiing ans alkaddrdet@adom - carbons,

- spinel type materials of the general formula

AqM1+XMn1_XO4, with A, M, g and x being independently as
15 defined in any of claims 1-4,

- alkali metal and titanium based spinel type

materials, for example of the general formula

A14d+qTi2-g04, wherein A denotes an alkali metal, d may

have any value from 0 to 1/3, preferably d is 1/3, and g
20 is a running parameter,
- alkali metals or alloys comprising an alkali metal,
- carbons,
- semiconductors selected from, for example, cadmium
sulphide and silicon,
25 - metal based glasses wherein the metal may be selected
from tin, zinc, cadmium, lead, bismuth and antimony, and
- titanium dioxides.
11. An electrochemical element as claimed in any of
claims 3-10, characterised in that the electrochemically
30 active alkali metal, i.e. the alkali metal A, is
preferably solely lithium.
12. The electrochemical element of claim 1, wherein at
least one of the electrodes comprises, as a host material
for alkali metal ions, a spinel type material comprising

35 16d octahedral sites for hosting alkali metal ions.



- sem conductors selected from for exanple, cadm um sul phide and silicon
25 - nmetal based gl asses wherein the netal nmay be selected fromtin, zinc,
cadm um W@ei034 snut h and antinony, and - titani um di oxiPgdEP01/4293\n

el ectrochem cal el enent as clained in‘a%% of «clains 3-10, characterised in
that the electrochemcally 30 active alkali metal, i.e. the alkali netal

A, is prefeddbl gnselely roichiemimall121eTlee tekectcladhmen dal Eleemerit? of cl ai m
1, wherein I : f el.ectr conpri ses,. as a host. materia

for alkali %Fﬁfagi%%%é%%gi s(')Lf}l E\trell'l%tt ﬁ%e ‘T grﬁisélelS @orgf)lralsssi r‘i’lgS asg”f’cﬁfero'ct ahedr al
sites for haddgti Ag ealkaltirombtalicadnsleW®n@la80344iREW EROLYIGA205 3, 22 13.
An electrocgggkgal eLeg%nEna% cl.ai ned i %Ialnl characterised in that

im12,
Tk o thEy SRS e ecer SaREM A1 @l diibnt as

it conprises a gFass as ‘a“bi nder.
clai med in cbadoct3yve char adterliiseetian tilvats e ol dss deS'eactdsromi ch is 5

conductive for alkali netal .ions which_is selected fr - gl asses of the
general fornula® §§§F§xﬁéﬂFthgﬁHF5ﬁi 5858P§F %é% I %@4ﬂedgbééﬁt an
al kal i netaheapda)X MRYmuave 2y rwalue of 59{7161%%1&%%&%;1 'arfl{(gfi whi ch are

obt ai nabl e by conbining an al kali 10 netal sul phide, an a t al

hal ogen andhB8roANYsiyephiedd rand/ld8 ploggler us sul phide; and - gl asses of
t he general _for A4S a A c i,C r.al f I A
e A AT s L AR B C el

represents an a e 15. An ectroche t as c
cl alfh 12, 1Bethar avtlehiided ien eRielit medapr heésganpamntd dulmire mat eri al

which is co L r e_al i t Lons _an ich is enbedded in a
bi nder, mhe?g?ﬁB%§§ %gs{%gu gfgghgfggigklb%ﬁﬁgh %g%gonductive for the
al kali metal iopsapsesebécted gkneme20forabkaki Agstial, sald $\3mBuch ias

hal ogeni des,  perchl orates, sul phates, phosphates and tetrafl uoro-
which general formulae A represents an alkali metal.

15. An electrochemical element as claimed in claim 12,

15 characterised in that it comprises a particulate material
which is conductive for the alkali metal ions and which
is embedded in a binder, wherein the particulate material
which is conductive for the alkali metal ions is selected
from

20 - alkali metal salts, such as halogenides,
perchlorates, sulphates, phosphates and tetrafluoro-
borates,

- alkali metal aluminium titanium phosphates, and
- any of the glasses which are conductive for alkali

25 metal ions as defined in claim 9.

16. A process for preparing an electrochemical element as

defined in any of claims 1-15, wherein one or more five

layer packs are subjected to dynamic compaction, wherein
- the five layer packs comprise consecutive layers of a

30 first metal, the cathodic electrode, the electrolyte
layer, the anodic electrode and a second metal.

17. Use of an electrochemical element as claimed in any
of claims 1-15 at a temperature of at least 40 °C.
18. The use as claimed in claim 17, characterised in that

35 the electrochemical element is used at a temperature



borates, - alkali netal alum niumtitanium phosphates, and - any of the

gl asses which are conductive for alkali 25 netal ions as defined in claim
9. 16. Awwraese3s for preparing an el ectrocheni cal el enent PES/EPAEI42PRed i n
any of claims 1-15, wherein one or nofe4five |ayer packs are subjected to
dynam c conpaction, wherein the five |ayer packs conprise consecutive

| ayers of a 30 first metal, the cathodic electrode, the electrolyte |ayer,
the anodi ¢ &e&dEsde and @kcort rfetal . 17. Use of an el ectrocheni cal
elenent as clainmed in any of clains 1-15 at a tenperature of at |east 40
C. 18. The use as clained in claim17, characterised in that 35 the

el ectrochem cal elenent is used at a tenperature WO 01/ 80344 PCT/ EP01/ 04295
- 23 between 55 C and 250 C



