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In patent literature, a number of methods for producing such films has been
described. US patent 5,009,970 describes the production of a solid polymer
electrolyte for use in an electrochemical cell {for instance a rechargeable lithium
celi). Polyethylene oxide (PEO) is used as a polymer which is mixed with an
adequate lithium salt in water, whereby a complex of the two components is
obtained. The PEO is cross-linked by radiation. A hydrogel is obtained that is to be
dried subsequently under vacuum. US patent 5,041,346 also describes an
oxymethylene cross-linked variant of an ethylene oxide polymer electrolyte which
additionally contains a softener that preferably has ion-solvating properties, for
example, that can be a dipolar aprotic solvent such as y-butyrolactone. However, it
has been reported that although the ion conductivity compared to pure solid lithium

salt is drastically increased, it is still not sufficient for use as an electrolyte layer in
electrochemical structural elements.
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describes an anode material, also intended for a rechargeabi@FEBRUARY 2004
cell, the polyner material in this case being produced from polyvinyl

al cohol and polyvinyl butyral. These paterials are dissolved in a sol vent
(water, alcohol, N nethylpyrrolidone) and m xed with the el ectrochemcally
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reduced. The washing step further causes tensions and decontactings in a cell
produced with said film; the mechanical stability is considerably affected. Also,
electrochemical decompositions are observed if the cell is activated subsequently.
The films being laminated prior to removing the plasticizer, lamination can only be |
effected at a reduced temperature relative to the melting point of the polymer (about
145-150°C), said temperature not being allowed to exceed 80-130°C depending on
the proportion of plasticizer. A further disadvantage is the direct contact of the
subsequently filled-in liquid electrolyte with the contact networks which are usually
aluminum on the positive side and copper on the negative side, said direct contact
being due to the porous structure. Consequently, decompositions of the electrolyte
between two metals without reference can oceur.

Allfilms according to the prior art discussed above in this specification have one or
several of the following disadvantages:




being due to the porous structure. Consequently, deconpositions of the
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according to the prior art discussed above in this specification have one
or several of the follow ng disadvantages: 18 FEBRUARY 2004 3 (1) The
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products such as rechar e batteries accumul ators), electrochromc
structural elements or the |like, which also have a high flexibility and
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pol yner disadvantages of prior art. Moreover, paste-like masses are provided from which

such films can be produced.

Particularly, the invention shall provide films having a very high flexibility and tensile
resistance, whereby the composite layers having electrochemical properties that
have been laminated therefrom provide products such as rechargeable batteries
{(accumulators}, electrochromic structural elements or the like, which also have a
high flexibility and very good electron and ion conducting properties.

This object is achieved in that, in accordance with the invention, paste-like masses
that can be used in electrochemical structural elements are provided that comprise a
heterogeneous mixture of a matrix (A) containing at least one organic polymer,
precursors thereof, or prepolymers thereof, and a plasticizer, or consisting of said
components, and an electrochemially activatable inorganic material in the form of a
solid substance (B), said material not being soluble in said matrix and in water. Films
having the desired properties can be produced from said masses, which films can
then be connected to corresponding electrochemical structural elements. '




precursors thereof, or prepolyners thereof, and a plasti-cizer, or
consisting of said conponents, and an el ectrochem ally act{gpESRIFARY 2004
inorganic material in the formof a solid substance (B), said material not
being soluble in said matrix and in wager. Filns having the desired
properties can be produced from said nmasses, which filns can then be
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epoxy resins l?’ha% are curabl e by bifunctional reaction partners (for
exanpl e bi sphenol A epoxy resin, cold cured with pol yam de),
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whi ch Ay T %%ﬂ% ohB & Usech SetwphtHee syterinthat areratilableaatss fort he
example, cross-linkable liquid or paste-like resin systems. Examples are resins made
of cross-linkable addition polymers or condensation resins. For instance, pre-
condensates of phenoplasts (novolaks) or aminoplasts can be used that are finally
cross-linked to the layer of an electrochemical composite layer after the paste-like
mass has been formed. Additional examples are unsaturated polyesters, such as
polyester that can be cross-linked to styrene by graft copolymerization, epoxy resins
that are curable by bifunctional reaction partners (for example bisphenol A epoxy
resin, cold cured with polyamide), polycarbonates that can be cross-linked such as a
polyisocyanurate that can be cross-linked by a polyol, or a binary polymethyl
methacrylate, which can also be polymerized with styrene. In any of these cases, the
paste-like mass is formed from the more or less viscous pre-condensate or non-
cross-linked polymer and the plasticizer as matrix (A}, or using essential components
thereof, together with the component (B).

Another option is the use of polymers or polymer precursors together with a solvent
or sweliing agent for the organic polymer. In principle, there is no limit in terms of the
synthetic or natural polymers that can be used. Not only polymers with a carbon
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One skilled in the art is familiar with solvents and swelling agents for the aforesaid

polymers.

A plasticizer (also designated as softener) for the polymer(s) used is a substantial
component of the matrix (A). “Plasticizer” or “softener” should be understood to
define substances the molecules of which are bonded to the plastic molecules by
secondary valence forces (Van der Waals forces) and which thus reduce the
interacting forces between the macromolecules and therefore reduce the softening
temperature and the brittleness and hardness of the plastics. Thus, a number of
‘substances which are usually designated as swelling agents is understood to be
comprised therein. Using a plasticizer in accordance with the invention effects high
mechanical flexibility of the layer that can be produced from the paste-like mass.

In accordance with the invention, the electrochemically activatable material of the
paste-like mass (B) is not soluble in the plasticizer (nor of course in the solvent or
swelling agent possibly used for the polymer).




interacting forces between the nmacronol ecul es and therefore reduce the
softening tenperature and the brittleness and hardness of {§PERRASARY2004
Thus, a nunber of substances which are usually designated as swelling
agents is understood to be conprised therein. Using a plasticizer in
accor dangé?urwi th the invention effects high nechanical flexibility of the
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Sur pri si sgbgtances kasyingehe peoupd that all aforesaid di sadvantages can
si mul t aneously be avoided, and that additional particul ar advantages that
are listed further1 bel ow can be realized, if the plasticizer is selected
from among subst &nges and mixtures of substances carrying the group A D
A2 wherein independepntly of each other A° and A2 can be Rl, OR, SR or
NHR1, or A" and A2 together with D forma hetero-5-ring, and D can be C=Q
S=0, C=NH or C=8H2 and further, if D forns said hetero-5-ring with A and
A2, Dcan also be 0, S, NHor CH2. R is a (straight-chain or
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group A rabicdP P?Vemrgblp, Rf tshgégﬂgg%w_nﬁ_smqgo_g@;@ %gqo{lteléﬁ_né%ygg straln due to

the ring closure between A or wher qguadri coval ent
at om whi ch forns a double bond and two single bonds. Consequently, the
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Struct urgygl r4H .aqpreferred enbodi nent, A con Bf the
groups O, (%%2%% Nﬁwg{rpqggd'v\herei n R2 is hydrogen, nethyl, or ethyl, and

for m a hetero-5-ring together with D. More preferably, A pljus A2 T oget her
in thisAsi HyEE Bl j .and E2 are _identical or
AR o
, n found to be particularly
advantageous, comprises the group A'-D-A? wherein either the bonds of D are under
ring strain due to the ring closure between A' and A2 or wherein D contains a
quadricovalent atom which forms a double bond and two singie bonds.

Consequently, the group A-D-A? has a tetrahedral, planar fetrahedral, or planar
basic structure.

According to a preferred embodiment, A’ and A2 consist of the groups O, CHR?, NH
or S, wherein R? is hydrogen, methy}, or ethyl, and form a hetero-5-ring together with
D. More preferably, A plus A% together in this ring are -E'-GHR2-CHRZE2. wherein
E" and E? are identical or different and mean S, O, CHR? or NH. The most ;)referred
plasticizers are listed in the following table which simultaneously shows the
classification of the substance(s) in the respective chemical danger classes.




B . . . ahi ch i mul taneous!y shovs
i Ci s are listed in the follow ng table : :
Flhgsfzi glsgﬂi cation of the substance(s) in the respective chgylFERRUKRYSI004

cl asses.

Cl assification Dinethyl

car bonat eC3H6O3 Et hyl net hyl
dte linear .
| * Ethylene sulfite

Di et hyl car
Et hyl ene carbonate

18 FEBRUARY 2004 Table 17 NaneAppearanceEnpiri cal

For mul a

. PE hul
ul foxi de*t et rahgedr al C2H6GSX; Di net hyl
N car bonat et et r ahedr al , C4H8Q3unobj ecti onabl e

porti onsC5H10G3 Met hyl propyl

2*

N-N

car bonate C5H10C3
et hyl ene urea 3* Propyl ene

xelane-5* Tetrahydyof urane 6* g-butyrol actone

0-aroup. (MABReqr ol < fivdAppabered i ng ol NREmbicks) 446 aEARRCRTF1NT,
ether - 11 HOiRBHHBuIGEEBS | CSHONZR hSATRE G THHE0 e X;
Dimethyl carbonate C3Hgs04
Ethylmethy! carbonate tetrahedral, C4Hz0; unobjectionable
| Diethyl carbonate linear portions CsH1005
Methylpropyi carbonate CsH1903
Ethylene carbonate C3H405 X;
1* Ethylene sulfite CoH;058 unobjectionable
tetrahedral, - _
2* N-N‘- five-membered ring CsHsNL,O X
ethylene urea
C4Hs03 X;
3*Propylene carbonate
CH: group ether-like
C3HgO5 unobjectionable
4* Dioxolane
5* Tetrahydrofurane C4HzO X;
five-membered ring,
6* g-butyrolactone ether-like C4Hs0: X

O-group

* Dimethyl sulfoxide can be derived structurally from dimethyl carbonate by omitting
- the two oxygen atoms which are linked by single bonds to the central C atom of the

tetrahedron, and by substituting the central C atom against sulfur. 1+

The central C

atom in the tetrahedron of the ethylene sulfite, compared to ethylene carbonate, is

substituted against sulfur. 2* The two oxygen atoms of N-N*
to ethylene carbonate, which Oxygen atoms are linked to th
bonds, are substituted by NH groups. 3*
carbonate, has an additional CHs methyl grou
hydrogen of the CH, group. 4+

-ethylene urea, compared
e tetrahedron by single
Propylene carbonate, compared to ethylene
p which is substituted against a

The oxygen atom of dioxolane, compared to ethylene

carbonate, which oxygen atom is linked by a double bond to the C atom of the

tetrahedron, is substituted by a H> group. Thereby,
Tetrahydrofurane is derived from ethylene carbonate by substituting the

an ether. 5

the character is changed towards

central C atom of the tetrahed_ron with an oxygen atom, and by substituting the
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atons which are linked by single bonds to the central C atomof the .
tetrahedron, and by substituting the cgntral C atom against sulfur. 1* The
central C atomin the tetrahedron of the ethylene sulfite, conpared to
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the tetgighedron, is substituted by a H2 group. Thereby, the character is

changed towards an ether. 5* Tetrahydrofurane is derived from et hyl ene

carbonate by substituting the central C atomof the tetrahedron with an
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have be | i t he tetrahedron. by singl'e bonds w 2~ groups.
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but yr ol ' | t v, ur ane u Ltuti
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hom)genﬁi'é nFI fl? ibility of the film. SubstanceS having an asy tric
ring str ucﬂ%ﬁ%' A ‘E%F'Ht%fdf?/'ﬂ? Fopsideablycimprovedq, aysadf theqlastisizer e al so
obt ai negragartiorisssemyremailc Thesegpwettidsure sosaich mly |abﬁ3é11i§h!iﬁwa§?{ﬁhyf|els 8” ly
inferio SOSBicAf | # . a closed rin el
goes sorérgaﬁa?&domﬁl,c ﬂ aﬁo%@f’ﬁr@é@iﬁg tﬁgagﬁwtéﬁggg’?ﬁaﬁ%%ﬁr itp Ib?a'(seﬁa_rt icularly
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considerably inproved, even if the plasticizer
The inventive improvement in the electrochemical stability of the electrochemical
structural elements produced from the pastes and layers or foils as described above
is possibly achieved by a thin ion-conducting or mixed-conducting solid layer being
formed as a reaction product of the plasticizer with lithium and/or other electrode
.components on both sides or on one side only (i. e. of the positive/negative
electrode) by an electrochemical side reaction when the cell is formed or formulated
(charged and cycled for the first time). Particularly sulfur and nitrogen atoms in the
plasticizer seem to support the formation of such a layer in connection with a good
ionic conductivity on the negative side. The electrochemical stability against
oxidation (positive side) is extremely favored by a tetrahedron and/or by aring in the
molecule structure of the plasticizer. Substitutions with sulfur, nitrogen, hydrogen or
groups formed thereof in the molecule seem to show an opposite effect regarding

very high oxidation stabilities.

itis preferred to use the plasticizer in a quantity that is not too large. 0.05-50 % by
weight can be suitable; up to 15 % by weight are preferably, about 12 % or less are
more preferably, about up to 10 % by weight are even more preferably, and not more
than about 5 % by weight are most preferably present in the matrix, the quantity
being in relation to the quantity of the electrochemically activatable material. It is
recommended to keep the quantity of plasticizer always as small as possible for the
respective system. If it is desirable for technical processing considerations to




proportion is very small. These properties are so nuch nore astonishing as
many substances which are conprised by the definition of t{geFpBRUARYZRI04
to be used according to the invention have rather been known as swelling
agents so far. The inventive inproveneg% in the el ectrochemcal stability
of the electrochem cal structural elerents produced fromthe pastes and
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partly effected via the plasticizer, which is inevitable in case of high plasticizer

portions in the matrix, this has disadvantageous consequences, one reason among

others being that the plasticizer can diffuse within the laminate in the course of time.

A further advantage of small plasticizer quantities is the reduction of the
incorporation of water into the films (plasticizers are usually hygroscopic), which

" might remain there and be enclosed therein. In accordance with the invention, an
extremely small inclusion of water during production is achieved, and the films thus
produced can easily and elegantly be dried using standard methods.

As mentioned, the inventive paste-like masses are suitable for prod ucing thin layers,
e. g. films from which thin-film batteries and other similar electrochemical structural
elements such as electrochromic structural elements can be produced. The
individual fayers or films of these elements are also called “tapes”. Individual
electrochemically active or activatable layers are placed upon one another, and
brought into intimate contact.




The finding according to the invention, that the presence of a plasticizer,
particularly of that of the preferred structures, consi derlpg)I:EBRmAR\peg)m
the properties of the film produced, whereby, however the quantity of
said plasticizer shoul d advant ageousl y,, be kept as snall as possi bl e, was
surprising. It is possible that an unexpected property of the

pol ynmer-softener m xtures is jointly responsible thereof: If a m ninum
quantity is used that is just tolerable for the consistency of the film
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t hi cknese@mentatim%MQ filleproaueticn ééﬁn@ﬁ%fﬁﬁcﬁ@éd’mﬁth%ﬂ%hﬁ% The consi stency
of the filne is a result of use of the matri x descri bed ove in nore

detail, said matrix consisting of supporting polyners as described above
whi ch i For pesissingrbyotis halseif-stigpating Jayers(firat Wapes) amcatrmby@r@tthéﬂ demy acet one,
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used for the corresponding polymer matedials of the matrix. Important techniques are

the so calied tape casting, the so-called "reverse-roll-on- -coating”, casting, spraying,
brushing, or rolling. The consolidation of the paste-like masses then occurs,
depending on the material, for example by curing (of resins or other
precondensates), by cross-linking prepolymerisates or linear polymerisates, by
evaporating solvents, or in a similar manner. in order to obtain self-supporting films,
a suitable paste-like mass can for instance be formed in the appropriate thickness on
calenders. Standard technology can be used for this. Self-supporting layers can also
be formed by applying the paste-like mass to a substrate and removing the layer
produced after it has consolidated. The coating process can be performed using
conventional paste application methods. For instance, application can be performed
by brush, rake, spraying, spin coating and the like. Printing techniques can also be
used. The lamination of films to a composite is effected at a suitable temperature, for
the system PVDF/HFD mentioned before for instance in an appropriate manner at
100°-250°C, preferably in the range of 135-150°C. If necessary, temperature




used for producing the paste is preferably renoved during or after the

paste has solidified to filmshape (e. g. by degasifying if8 FEBRUARYZ(04
by heat), the plasticizer renains at |east partly in the film obtained.

The fact that the plasticizer remains |n the filmcontributes to avoiding
sedi nent ati on of powdered corrponents r| ng film production. In fact, many

of the I-:0RS CI’Ib |nt e foregoin apreferred
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sedi mentBONGEHRR W&“ ol the Jrvsaiion; eiossdinkalle rewin anasisesdpre-condemsateisht y.  For

~ produci rage st aslizssibdd ab@.@{otr g phasaike rﬁééée&sancg gﬁ?;é%rerargﬂ, %b%rlkﬁ)é\% sI )

ot or  aioci iRy Mo 13 RFLE AR bRl o 8RRy e ba o o t he

Mmatrix. therpwi casheminsh (fogexampledy Itﬂmesmgpmlelpﬂddm@melay@lshldﬁgapﬁrhpnﬁé Cﬁl | ed
"reversegfipl lfh@@é% 'é?ﬂableclﬁﬁltaid?g ’or§19 Hfgrs orSfﬁ‘gﬁ}bé g%pﬁﬁqﬁdr;% tb' ng. The

consolidation_ of the P e nasses en occ fi the
mat er i af"@%6p @x@ﬁB?@"@)ﬁrﬁ%ﬁ" Mdng-of resins or ot her precondensates), by
cross-1inking prepol yrrerl sates or |inear polynerisates, by evaporating

bt | rting filns,
A L e e T R )
t hi ckneggcaydaneaiwihdie mvestiomtas a nwnﬂsmrﬂf(wyamge be(ay T0d Aﬂ‘r@(ﬂuéﬂt&h%lfl Ke rmass
Sel f - supyp ?éhbﬁ%e'r@&eﬁléceé‘ﬂa\ﬁ{@%e e g’;g% fife é@i e@&ﬁe fxﬁggléisﬁ% %E’fﬁe@%l i dat ed.

t enovi n
El'(r)leaczgf ﬁ%«'ﬂay&ef% i @rac\feﬁlowgtpt@wmc wgan elenvectenvnal cqmmsateamn cation

met hodscarFbe stmetjai&ﬁ,esafél?W(b Atﬂé;vibieend%na@;efs% is PYsSHIS e
the |

JI be used.
The T anfmsElToE BT A Bace Saving Srarter Jo of yislaskes ansiat oilage fim
t enper avabe), (d)dpue thihestseane BY/DW-bbingemniteals dnbiab aiep feﬁepbﬁgggﬁggcl n an
e .0
ﬁE5re2EQPﬁ%”%%f%tﬁ'%“%ngﬁ%%ﬁX&@F%%éﬁ%% Aeeibgth, €9 Bl Bene 5pid oo
Cont i n ffcm 8%W@Chemqﬂveﬁtwaiablmﬁmnmns tioo films amuisakaye- sla;feng a
pressu rmd)éorp@ﬁb@#@é)étﬁnﬁb@ Find ﬁk@ﬂb%@er‘ﬁé’@ manfeP Wﬁatﬁﬁ@é’%&%ﬁstﬁzeﬁgﬁ

ondensat es are use
overs Wb BEPSR ARl L R Sart Wi iegi © R buthesbioting: o oot ron
r adi at iroatesiatean he extpeiedwder hse nafdthesshsichiataitale 84n Bétreléc@\}ére’d Blyso be
t her malfji@stichgnd 65% béf Qéyc?é@m BitfYerkt T RAL A G B &y%J matenaYs can be 2"

riate
approp lncorporated into the films, independent of their particle size and geomedtry, their

density and their functional groups on the surface. This is also the case for metallic
powder that can be used as an agent which improves electronic conductivity, and

that also may have special surfaces (e. g. in the form of flakes, such as nickel
flakes).

In one particular embodiment of the invention, the films produced from the paste-like
masses in accordance with the invention are subsequently impregnated with a
second dissolved electrolyte. This can for instance be effected by spraying an
electrolyte solution onto the film or onto the laminated composite film or by
immersing the film or the composite film into the respective solution. This can be
effected in a particularly preferred manner with such films/composite films from
which excess plasticizer has been removed in advance as described above, or for
which only a very small quantity of plasticizer has originally been used. After
impregnating the film or the composite film, it is advantageously dried, e. g.
maintained at a temperature of 70-90°C for some hours. During this "conversion”, a




bath). If necessary, suitable initiators or accelerators or the |like are
added to the nmnmasses for respective cross-linking. The produyfrEBRUARY 2002
provi ded for el ectrochem cal structural elenments in accordance with the
invention has a nunber of advantages: .(a) The production of |arge nunbers
of pieces having the storage life of tthe basic materials is favorable (the
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1 PEONGRA S i U SRS BBE R SRSl R e
for i nsﬂ“&r&fewﬂlereépe@b@g/dsﬂbctﬁlpe thicknpsawhieh ecappbyiiatedor an bpplicative, the film
or ont qréhfastlaﬂea NEURHICMBRASEE Al Rifatt 16 TP o Bbrbifalib P hnbite
SQ?‘? ?iltﬁ‘gt' U %&’Pﬂéa%ﬁémﬁ 'tlﬁe%%ﬁ?@w mqw%/(eogﬁéetqebqutmsrnm. keh wh| ch
excess ﬁii’rBS;IOSSIbt}ebelthpr@ﬂ@éﬁ I&Mﬁﬁm@;%tﬁ?ﬁfﬁl&ﬁn@ﬁsi@ﬁé@ oA Ie?goﬁgenotrjs]egr

i ci zer
\XP![ g? q?Hntfi)ér %Snadya&ﬂmtdlatg }%at%b& a/?effme'Bﬁé'Sg\et gu¢h ??rf‘e?'t'" i?ﬂ%ﬁ‘?%eousl y
dri ed, Himgfor thepmcb,tchenl ohelegtroehmrnicat structofal ZRn8HEs frmo-saﬁmi Misigk-s. Duri ng
this qgfé’r&ééh:%logyftﬁta%% d AR RHASY | J?@t%“ratltﬁe‘bﬂ)}’efé@bt} IH ol ON

conduct @t I on products o ener and el ectrol yte

is for 53:8??5%@8 Bdhe fangecofahast Bpo%omfﬁc'@s@céwww thehe
el ectr oh\xenztlmat ischbwéverdaro poebibll fo Redue 8ok Sspdrfiing S RlyeR sHigER ved

el ectr céllé(rlngnt (lt)rﬂs tté:tpnecompnses thicknesses of preferably 100 nm up to a few pm).
This application may, however, be restricted, since in a plurality of cases,
t:orresponding structural elements may not satisfy usual capacity requirements. The
application for backup chips is however possible.

The present invention furthermore relates to composite layers having
electrochemical properties, particularly such as rechargeable accumulators and
other batteries or electrochromic structural elements that are formed by or comprise
a corresponding sequence of the aforesaid layers.

For producing composite layers, the individual paste-like masses can be applied
layer by layer upon one another by means of paste application methods. Either each
individual layer can be cross-linked per se or it can be freed from solvent or made
into layer form in some other manner; however, it is also possible to consolidate the
individual matrices by cross—linking or evaporating the solvent or swelling agent or
the like once application of all of the required layers has been completed. This latter
is advantageous, for instance, if the individual electrochemically activatable layers




or the cell (i. e. the filmor the conposite film thus obtained is
particularly | eakage- safe. Suitable electrolytes are, for {gfFEBRISARYRICH
of lithium LiC O4, LiNG3, LiBF4, LiPF6, LiSO3CF3 or LiC(SOQ2CF3)3 or

m xtures thereof are used with parti cui r advantage. Preferably,

pl asticizers are used as sol vents that ' -have been defined above as

i nventive conponent of the matrix (A), and anpng them preferably such
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In particular for iithium systems that can provide the highest practical volumetric and

gravimetric energy densities, one is dependent on films. This is due to the
requirement that large contact surfaces for compensating the ionic conductivity have
to be provided, which, in turn, is smaller by three orders of magnitude compared to
aqueous systems. Markets with high piece numbers in million, like the 3C market,
require a continuous production method via films from the roll, since otherwise the
required cycle times are not achievable.




are applied using a printing nmethod that occurs anal ogous to polychrony. An
exanple of this is the flexographic printing technique, by 1&EEBRUARN 2004
multiple meters/second of a substrate can be inprinted continuously with
the required electrochemcally acti vat4:bl e layers. Alternatively, every

| ayer or filmcan be converted individual Iy into its final consolidated

state. sel f:su f|| ri ate conponents of
t he strulbtthggtﬁ%m%wmgebgpﬁ@% u@a E?@gg ICRERIA7 Ak, . as
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selection of the matrices for the pas ate i.n the
foregoi ng, the inventive paste-like mﬁ%@%ﬁé%%soéﬁoﬁu tBPt%‘uced
therefromare suitable for a plurality vith magoesivaheimiatmsirfisotine al

el enent s. eetekitél ed in the art is alp_Ph%Aq %Tﬁ { {)3.t he sane solid
substances (B) that he would wuse for %5 ochem cal structural
el ements, that is, substances (B) to ﬁ'@%a@ﬁ@@%l\#eobeen added. In

particular for Ii t hi um systens t hat Canl|4Si®yL|gfeo§ he hi ghest practical
vol unetric : i c energy den one n filns.
This is dueﬁ? att“%reé&r:ﬂg%%‘%rerrent t hat ?P th?'é P{"%’ﬁﬂg‘%‘g&(’q&]@ )
conpensating the ionic conductivity ha\'}'@z,tTa)Si)\élea" MaQidithiumhlitahatej n turn,
is smaller by three orders of magnitud ne-
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Mar kets with high piece nunbers in mlllga equire a
conti nuous production method via fil msS¥geor parde) p lithigmaliogebler wi se t he

required cycle times are not achi evabl semicdndeBBHARY hé®tdgdifedus t he
follow ng, a nunber of such lithium syﬁ,&ﬁm; stnal | .be rrentl oned as an
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['ithium ni ckel oxides and lithium

Examples of use are lithium cells, lithium polymer cells, lithium plastic cells, lithium
solid body cells or lithium ion celis.

However, the present invention is of course not limited to lithium-technology
accumulators, but rather, as stated in the foregoing, comprises ali systems that can
be produced using “conventional” technology, that is, without incorporating an
organic polymer matrix.

The following describes a few special embodiments of the paste-like masses that are
suitable for special structural elements or structural eiemeﬁt parts. For those
electrochemically activatable parts that are not prior art, it should be clear that these
substances can also be used in “bulk form”, i.e., without the polymer matrix in
appropriate electrochemical structural elements.

Appropriately selecting the electrochemically active substances makes it possible to
produce electrochemical structural elements, such as accumulafors, whose
characteristics in the charge/discharge curves make it possible to selectively control
the charge/discharge status of the accumulator. Thus, mixtures of two of the
electrode materials cited in the foregoing, or of other appropriate electrode materials,




-manganese oxi des, optionally substituted wth magnesi um al um num or
fluorine - elect roI yte Lil,3A10,3Ti1, 7( PO4) 3, LiTa03SrTi (3,18 FEBRUARY 2004
Li Ti 2( PO4) 3Li 20, Li 4Si A4. Li 3PO4, negative el ectrode carbon (in an optional
nodi fication), TiQ2, TiS2 W2, MQlitjdumtitanate, a |ithiumalloyable
metal , oxi de, iodi de sul fide or nitri de, a lithiumalloyable
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I.e., wthout the polyner matrix in appropri 8cheni cal structural
el ements. Appropriately selecting the electrochemcally active substances
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carbon (carbon black) or a mixture of the two, but also a metallic powder or a nitride

are suitable. Weight proportions of about 2.5 to about 35 % by weight amorphous

carbon relative to the electrochemically activatable component are particularly

advantageous in this regard. If the mass is provided for a positive elecirode, the

lubricating effect of the carbon is an advantageous property to be mentioned that

improves the mechanical flexibility of a layer produced from the paste-like mass. If

the mass is provided for a negative electrode, additionally the electrochemical

stability and the electronic conductivity are improved, as has been described in the

foregoing.

The inventive paste-like mass can also be used for electrodes other than
intercalation electrodes. An example of this is the use of metallic powder in
combination with an alkali or earth alkali salt as the electrochemically activatable
solid substance (B). A paste-like mass produced with this combination can be used
to produce decomposition electrodes. The expansion in volume that is typical for
intercalation electrodes does not occur in this case, which results in improved
service life over time. An example of this is the combination of copper and lithium
sulfate.

Surprisingly it has also been demonstrated that incorporating a phase mixture into
the inventive paste-like mass consisting of LisSiO4-Li;PO, regardless of its intended
electrochemical application, leads to an improvement in the plasticity of the




produced using such nmasses. The curves have two different plateaus. If the

plateau that is near the discharge status is achieved, thifg PFEERISARY 24T
indicated to the user so that he knows that he will soon need to recharge,

and vice versa. If carbon and an ele gt that can be alloyed with I'ithium
Is incorporated into a paste- |like nma provi ded for a negative el ectrode,
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el ectrodes. The expansion in volume that is typical for intercalation

el ectrodes does not occur in this case, which results in inproved service
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el ect ro(%ﬁs?.%r solid electrolytes produced therefrom This reqlires that the

phase F'&%e ground extrenely fine. The extrenely small grain sizes
must be the reason for an inproved internal sliding effect.

The electrochemical structured parts that can be produced with the inventive paste-
like masses are not limited. it is therefore understood that the embodiments
described in the following are merely examples or particularly preferred
embodiments.

Rechargeable electrochemical cells can be produced in this manner using thick-layer
technology, i.e. with individual electrochemically activatable layers having a
thickness of approximately 10 pym to approximately 1 to 2 mm and preferably of
approximately 100-200 um. If the electrochemical cell is to be based on lithium
technology, the solid substances for the electrodes or electrolyte layers can be those
substances that have already been enumerated in the foregoing for this purpose. At
least three layers have to be provided in such cases, namely, one that functions as a
positive elecirode, one that functions as a solid body electrolyte, and one that
functions as a negative electrode.

In accordance with the invention it has been demonstrated that patticularly
advantageous current densities can be obtained in the accumulator if certain limits




Regardl ess of whether the solid substance (B) is an electrode material or
an electrolyte material, it can consist of a lithiumion cfEEEBRUARYROUE
or nore additional ion conductors (Li, Cu, Ag, My, F, O, H). Electrodes
and el ectrolyte |ayers nade of these sppstances have particularly favorable
el ectrochem cal properties such as capacity, energy density, nechani cal
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havi ng &a%/iﬁﬁﬁ(tkness of approximately 10 pmto approximately 1 to 2 mm and
preferably of approximately 100-200 pm |If the electrochemcal cell is to
be based on lithium technol ogy, the solid substances for the el ectrodes or

el ectrolyte layers can be those208fBstdtmeshat have al ready been
enunerated in the foregoing for this purpose. At |east three |ayers have

i ' I .t f tiong as a positive
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el ectrodes m?gr the long term if itp@?s to%[ﬂl ow, the power of the produced
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In a special embodiment of the invention, an additional thin plastic layer

(“intermediate tape”) is worked in between the lower contact electrode and the
adjacent electrode and between the upper contact electrode and the adjacent
electrode which plastic layer can also be produced using a paste-like mass of the
present invention. This thin plastic fayer should contain conducting metal elements or
alloys of such elements that are suitable for transporting electrons from the electrode
material to the contact electrode. Examples of this are the elements gold, platinum,
rhodium, and carbon, or alloys of these elements, if the plastic layer is to be
arranged between the positive electrode and the associated contact electrode. If it is
to be arranged between the negative electrode and the contact electrode, the
elements that are appropriate are nickel, iron, chromium, titanium, molybdenum,
tungsten, vanadium, manganese, niobium, tantalum, cobalt, and carbon. The
information provided in the foregoing about the electrodes and electrolytes also
applies, of course, to the concentration and structure of the paste-like masses from
-which these layers are formed.

The electrochemical structural elements of the present invention can be sealed, for
example in a plastic-based housing, particularly in an aluminum film coated with




applications. The aforesaid limt is preferably 1 mdcnR. For instance, if
the conductivity of an electrolyte is 10-4 S/cm it is pari8 EEBRUARY 2004
advant ageous for the electrolyte layer to be approxinately 100 pmthick. A
current density of 1 mANcnR2 then cau\§/§s a drop in voltage, caused by the
resistance, that is a negligible 0.1 contrast, if the conductivity
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second layer.

An example of a galvanic cell having electrochromic properties would be a series of
layers consisting of the following sequence:

Conductor 1/Y/MeX-alcoholate/MWOs/Conductor 2.

In this sequence, the metal Me can be selected from among, for example, lithium,
sodium, potassium, rubidium, and cesium, and its anion X from among, for example,
the halogenides chloride, bromide, and iodide. Conductor 1 can be selected from
among, for example, indium tin oxide (ITQ), zinc aluminum oxide (ZnAKO;) and
silver. Conductor 2 can be selected from among, for example, indium tin oxide (ITO)
and zinc afluminum oxide (ZnAlLO;).

The inventive sequences of layers for the electrochemical structural elements can be
arranged in any desired shape. For instance, the flexible composite layers can be
rolled up, which achieves a particularly advantageous geometry for compact




there are al so advantages in terns of energy density. The el ectrochem cal
conposite layer (the electrochem cal structural elenent) cal8 FEBRUARY 2004
enbedded between two or nore filns made of a plastic coated with wax or
paraffin. These materials act as a seal, and, due to their inherent
properties, can also exert rrechani cal "pressure on the conposite | ayer,
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descri bégtiyebaleryfssiiégei ng or in some other manner, the interior can be
subj ected to a pre-determ ned wat er/oxygen parti al pressure that effects
hi gh el tro em cal. Stabiliiitt% This can be done, for_instance, by sealing

the el e ‘ﬁ‘u'l?f%ﬂ iRg EAWROSH, lygEhCamalsphe apntisd to §elichhases leowalissfor t hat
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resent R t. t.r ayer tha
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one anoSHH#Ce awas. dhe wecumulpivisgheasplved are nbhasseiceted with aspdtenhi ch it is
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series @nergyaﬁ}@ragemmﬁ!acy’onmstmctmms fol | owi ng sequence: Conduct or

| / Y/ MeX- al cohol at e/ W33l Conduct or 2. In this sequence, the netal Me can be
sel ect e fromanong, for exanple, lithium sodium potassium rubidium
and cesi Uﬁ]coﬁﬁr&t‘? ?ga'HHPéH” 10 foljpvingoprgvider mexa Aptaded explanativn géttiedes

chl ori dimvehtiemm de, and i odi de. Conductor | can be selected from anong, for
exanpl e, indiumtin oxide (1TO, zinc alum num oxide (ZnxAl yQZ) and

silver. Conductor 2 can be selected fromanong, for exanple, indiumtin

oxi de (E)r@)npleahd zi nc al um num oxi de (ZnxAlyQZ). The inventive sequences of
| ayers for the eI ectrochem cal structural elenments can be arranged in any

desired ape. i nstance, the flexible conposite |ayers can be rolled
up, \/\/hl%ﬁ’aggﬁﬂ @Ub egafivg elechipde) is pradusade ngatl@@cﬁﬁf ipolyfpswdssagact 18

FEBRUARY(, Pig0%, 19 gacetyldnatqirbon bfackresat@étfwmh@y Q.5 gagthpef@RhlboHRiidine, this
provi de\fntﬁWﬁg pgﬁfbﬂﬁhdeancé uonc%ahexaﬂﬁoropropﬁene in about 50 g acetone for at
- least 4 hours using either a magnetic agitator or a dissolver. First, the mixture is

heated to 100°C, and having reached this temperature, it is cooled down to 50°C and

then maintained at said temperature. Once the agitating time has terminated, the

mixture is thickened until it can be casted or knife-coated, and the film is extruded

using a tape casting equipment. The knife coating slot is selected such that after

drying, a film thickness of 150-200 pm is obtained. The film is dried over night at

70°C and 1 mbar final pressuré in a vacuum drying cabinet.

Example 2

A battery film (electrolyte) is prepared from 9 g finely powdered LiAlISiOg
(spodumene), 0.9 g ethylene carbonate, 3.0 g polyvinylidene fluoride
heicaﬂuoropropylene, prepared in about 30 g acetone as is the negative electrode,
and extruded to a thickness of 70-100 um.

Example 3




Non- sel f-supporting conposite |ayers can also be applied to solid bases
like walls for integrated energy storage (self-supporting tOFESRUARY 2001
can of course also be applied or affixed thereto). In this case it is
possi ble to take advantage of |arge sztérface areas. The accunul ators

t hensel ves are not associated with a space requirenment. A special exanple

of an enbpgi B IS I rati on of canposi.i.ed ayers for
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i nt egra%%g ﬁner st.orage in electronic structures. The concrete exanples
inthe fo ?Wﬁ%%ff?g%'i de a nore detail ed explanation of the invention.
Exanple 1 A battery film (negative electrode) is produced by agitating 5 g
finely AT b yl rbon black (patter ality),
0.5 g el ol SRR, i BNl iR irfocd! pRayBRg LR Rof B SEBn@nRR i & do %

hexaf | uor opr opyl ene in about 50 g acetone for at |east 4 hours using
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t hen mal TR Fell@Csgrdng le#-ure. Once the agitating time has
termnated, the mxture is thickened until it can be tasted or
knife-cggtpd, and the filmis extruded using a tape casting equipment. The

knife coating slot is selected such that after drying, a filmthickness of
150-200_pmis obtained. The filmis dried over night at 70C and 1 nbar

final pg ure in a vaculpyseyi ng cabing %ml e A gattery [.m
(el ect oﬁa)?/)tse) is prepared from9 g fine T/e%‘gé et ed %I ,5\' i 206 é%%%ﬁ?ne),
0.9 g éthylene carbonate| 3.0 g pol yvinylidene fl ud@pgéed onto [time
hexaf | Yor opropyl ene, prepared in about BO g acetondggag d$? t he |negative
el ectrode, xtruded{to_g. thi ckness|pf 70100 gm_—_Exanpte3—18—FEBRUARY
2004 2 )&j% téﬁ@'ﬁ%’% P'm ( )B%g%i"?e el ectr 3@@ is pr epéﬁé@l from §2§ $8Cnel y
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of the|1thi{lamingierpnal s|poslive not be sUBEXEntial | y10dMNeri or t|d03Bc%

Al-mesh : electrode

LiCoQ,
2 lamination elektroiyte 130°C 4 kN 60 sec

elektrolyte on LIAISi>Og

neg. (spodumene)

electrode +neg. electrode

3 symmetrical pos. electrodes 130°C 4 kN 60 sec

lamination of 2 | +laminate of 2

pos.

eledirodes onto

laminate of

step 2

A total of 4 lamination steps is particularly advantageous for reasons regarding heat
incorporation, 1a and 1b are exchangeable with respect to their order, in steps 2 and
3, the duration of the lamination has been increased compared fo 1a and 1b, since
the electrolyte conducts the heat far worse than the electrodes. The meshes onto
which the electrodes are laminated in steps 1a and 1b are pre-treated with a mixture
of carbon black + polymer. The flexibility is maintained.




Once having been cut to size, the individual filnms are lamnated to a
conplete individual cell according to table 2. Tabl e 2 18 FEBRUARY 2004
St epFi | nsTenper at ur eFor ceResi dence applied ontotinme 6x3 cn2 1 al am nation
onnegat i vel50C15 kN20 sec Cu-neshel ecty;ode Li4Ti 5012 1bl ami nation

onposi tivel50C10 kN10 sec Al -neshel ectrode Li CoQ2
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neg. (spodunene)” el ectrode+neg. el nnetrlca pos
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step 2 Atotal of 4 lamnation steps is particularly advantageous for
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21 The qfiathyiohcotarbbnaleadid dificdiyi cabMaYe H dBro férhérf 2*3? h
e‘ﬂg’ The conpl eted cell par earfed In an

decont a n ouI obser :
al um nuﬁ%q ﬁiqtfh%‘?a?(g asymetrically coated with pl ast I C and has a
t hi ckness of 60 pm the neshes being in contact with the outside using two

cont act THelfifiumitaRERUS i, HalPethildeld e d gl in‘éS&ﬁ\ge gY'éH?o@e B e 1 ine,
‘white/pale grey powder primarily is an ionic and electronic insulator and therefore
represents a great challenge. A bond to the grain surfaces of the lithium titanate and
the ability of the cell to cycle connected therewith is only possible for an optimum
heterogeneous film wherein the electronic conductivity is conferred by the acetylene
carben black and the ionic conductivity is conferred by a second electrolyte.

Figures 1-3 show the cycle data of three cells that have been produced according to
the described method. The reproducibility as a function of the layer thickness and of
the quality of the films as welt as of the lamination process is high.

A substantial result is the achievement of a charging factor that is practically 1. Said
factor describes the ratio between the loaded charge and the withdrawable charge. 1
means that the cell does not have a self-discharge. Compared thereto, Ni-Cd or Ni-
MeH cells are at 1.6. Also it can easily be seen from the curves that the cells cycle in
a stable manner, i. e. they are not subject to any losses or they are only subject to
minimum losses of the absolute charge to be loaded and to be withdrawn in each
subsequent charging and discharging process. A maximum number of charging
cycles cannot be given at present, since even after several hundreds of cycles no
degeneration has occurred, and long-term measurements of several 100 cycles can
easily exceed 1 year.




solid electrolyte that is added in a absorbable solution (0.66 nol/| Li BF4
in a mxture of ethylene carbonate and di net hyl carbonat e 13 FEBRUODARYI2004
~of 2:1 by weight), and then tightly sealed. The lithiumtitanate Li4Ti 5012
has been sel ected as negative el ectrode, since the fine, .white/pale grey
powder primarily is an ionic and electronic insulator and therefore
represents a great challenge. A bond to thé2grain surfaces of the lithium
titanate and the ability of the cell to cycle connected therewith is only
possi bl eClaimsan opti num het erogeneous fil mwherein the electronic
conductivity is conferred by the acetylene carbon black and the ionic
conductivity is conferred by a second electrolyte. Figures 1-3 show the
cycle dafa drasterike mass thatican beawsedhiaeiegirantientchl atraotugaingernentst he

descri bed rreéd]ﬁ?fisi@%fﬁ?ﬁgd@ﬁlgh@ggﬁg;d)arqaﬁfa function of the |ayer thickness
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and of theax tg?/o I we as of the lam nation process is
hi gh. A subst'aht3 B1atix &y gontainingeatieastansnerganisfpalyrosn presuysorsdherecf hat i s
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nmeasur ement & ‘Fr%‘g\?é?'ﬁ?'yl veiahle natamal. easi |y exceed 1 year. 18 FEBRUARY
2004 22 Cdains: Paste-like mass that can be used in el ectrocheni cal

struct urql v CONRI ST a heterpgeneous mxtyre of (1.) a matrix
(A contzzii n%ﬂg{ﬁ@&%ﬁm fECEF (W'ﬁb&?ﬁ‘gr ; G%f@&@f@@ﬁéﬂ thad salsk plagticizer is
pr epol yners ﬂel?%ﬁe@fr,onaamoagmubstarmbsearrymg thersow i ng of sai d conponents,
and (2.) an el ggtrochem ally activatable inorganic material in the form of
a solid substance \(\B , said material not being soluble in said matri x and
in water, wth th; rovi so that a conductor that is soluble in the
plasticizer andA®iat is different from(B) is not present in the m xture,

characterized in. t.hat th asticjzer |s present in roportion of up to
5 % by wei gﬁﬂ?e’?@ 'Ha?%“‘fedﬂy e&'&hﬁ?ﬁ‘%% oﬁ"Pq ﬁgcambed%‘?éﬁ%‘gﬁl%annwf?‘ with
acti vatabl e R?Bbeéng &4-Cg alkyl, or A’ and A? together with D form a hetero-5-ring, and D can

be C=0, §=0, C=NH or C=CH; and further, if D forms a hetero-5-ring with A! and
A%, D can also mean O, S, NH or CH,.

3. Paste-like mass in accordance with claim 2, characterized in that independently of
each other A1 and A2 consist of the groups O, CHR2, NH or S, wherein R2 is
hydrogen, methyl, or ethyl, and form a hetero-5-ring together with D.

4. Paste-like mass in accordance with claim 3, characterized in that A1 and A2

- together are -E1-CHR2-CHR2-E2-, wherein E1 and E2 are identical or different
and mean S, O, NH or CHR?,

5.  Paste-like mass in accordance with any of claims 2 through 4, wherein said
plasticizer is selected from among dimethy! sulfoxide, dimethyl carbonate, ethyl
methyl carbonate, diethyl carbonate, methyl propyl carbonate, ethylene carbonate,

ethylene sulfite; propylene carbonate, dioxolane, tetrahydrofurane, y-butyrolactone
or a mixture of said substances. '
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2. Paste-like mass in accordance with claim1, characterized in that said
pl asticizer is selected fromanong substances carryi ng t helS FEBRUYWARY 2084
wherei n i ndependently of each other A and A2 can be R, OR, SR or NHRL
with Rl being C1-C6 alkyl, or A and A together with D forma
hetero-5-ring, and D can be C=0, S=0O, C=NH or C=CH2 and further, if D
forms a hetero-5-ring wth A\ and A2, D can also nean 0, S, NH or CH2. 3.

Paste-1i T - ' ' t i, zed i t hat. .
ndependont [ nr ke ARSI ARES (i uin Aok 1 PREBEINGLAERE, Ber®Rereg in 1 o
S, wherein Eatisaid paglieigeiis presanyin a guastityyaf 0.0680 0% bynveeitie! prederablyi ofd-
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in th [ d
and E2 are F‘a@n%]?%té&trﬁ”"a%&%‘?“gﬁtatb?eawé’t%n S, 0, NH or CHR2. 5. Paste-like

mass in accordance with any of clains 2 through 4, wherein said

| asti cizzer pi : | et sul f oxi de, .di net hyl carbonate,
Cthyl  1ret oS sREs i ARy 3R Ot e BlerSing i Bantboietees m
et hyl ene ca¥'1ﬁ§|ﬁ|éﬁ erganis pelyees ogmiﬂ imatrix A bisydederded froboambeg ndturaiol ane,

t et r ahydr of yeRARrs ¥nB Wi MHRtASL Ahdanii said substances.
NCDI FI ED SHERT REPLACENENT 33 1§SFEBRU’%}FE¢E%'SEJQ§% 6. Paste-like mass in

accordance with any of the preceding clainms, characterized in that said
pl ast i cBzer Pastepikesrass imnaccondaiti with 0hird 70Bh&@clérB¥d Wit saidughgikabl y of

5- 12 % b ' : I cul f er abl f _abo 10 % wei ght or | ess,
rel ative %/owgg{% 156?3(%{6@%@%%% %Oéﬁ“g“ iﬁ?fPﬁ?%&?@yﬁéﬁwna@%Wﬁ @8] i ke
mass in accooghpiséerablyra polyvioylidene fhrosidediexgfludraprepylartfecaolgnérzed in  t hat

the organic polymer of said matrix (A) is selected from anong natural
mers and m xtures thereof. 8. Paste-like mass in

olymerg ang s heti c pol | > C . |
gccgr darice &??%H%Pd??ﬁWT?‘ Qrdancewieany of thedreeediag claims chargeenzastini s a
hal ogenat edthpbbaidenatringApfupther eoatalris DsoIvERt dritefhdP 8 oHTR6s sAd Brgdmst

preferably W Ldene fl.uoride hexafl uoropropyl ene copol yrer. 9.
Past e- 1 i ke F?%@@Ely’ﬁfsﬁééﬁggﬁsc%# 5 VEPANIEST- t he preceding cl ai s,

characterized in that said matrix (A) further contains a solvent or

svel | ngn.agesite liRé n¥dstin icdBriafice with any of the preceding claims, characterized in
that said electrochemically activatable material (B) is selected from among
substances that are suitable as a positive electrode materiai, or from among
substances that are suitable as a negative electrode material, or from among
substances that are suitable as solid elecfrolytes, or from among substances that
are suitable as electrochromically active electrode materials, or from among
substances that are suitable as ionic or electronic intermediate conductors
between two such substances or materials that are arranged adjacent in an
electrochemical structural element.

11.  Paste-like mass in accordance with any of the preceding claims, wherein (B) is an
electrode material and the mass additionally (C) contains a conductivity improving
agent, preferably in a proportion by weight of 2.5-35 % relative to said solid
substance (B), said conductivity improving agent preferably being selected from
among carbon black and/or graphite, elementary metals and nitrides.




polymer, its precursors or its prepolyners. 10. Paste-like mass in
accordance with any of the preceding clains, characterized {1 FEBRUARY 2004
el ectrochem cally activatable material (B) is selected fromanong
substances that are suitable as a positigque el ectrode material, or from
anong substances that are suitable as a negative electrode material, or
fromanong substances that are suitable as solid el ectrol ytes, or from

anmong s t aes, - G ive el ectrode
res; a1 Buesudeing BUE: Siiabaingt Rifedt b AT P
electronic i %P%@ﬁ‘?i{sem%ll‘f@&ft ors between two such substances or
materials tay arrﬁamxr(amg@ﬁtaaﬁmgagﬂebsn éh@arganli@ﬁérmehsﬁa ‘éadiaﬁtcﬁé%wa'

elenent. 11. Paste I ﬁ ]ma (i otrdan(i% Er ecedi ng
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cont ai ns a ¢2hdaotaledttoshempalyaatigatableeinbrgamiefrastaddl yn the farmragdpasdiion by
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i mprovi ng agent pre era rom a
graphite, el enedP¥Py Cﬁlﬁﬂ%ﬂdﬂhw A% ande‘geqmsentBRUARY 2004 24 12.

Sel f - suppor (3. Pga|o@h§uctﬂfty|n@mﬁ3’wﬁd"§g§ent5(0 h8RAned ifcRlthgYyrate, conprising a
het er ogeneous m xt ure of rix (A) containing at |east one organic

pol ymer and a plasticizer or consisting of sai d conponents as defined in
any of dBai Selfsuppodingtager arrayer(tBat)is pacedent a eabstvatalih ¥cesithnes ahhe

i nor gani ¢ ”'Ffaﬁﬁ'@l ch%atc{%?lzfearmr%ft gpﬁgg%ﬂsﬁ%eﬁ@ gfm(B) said material not

bei ng sol ubl'e I n"5al rXx claims 1 through 10,
and if required (3.) a conductivity inproving agent (C) as defined in claim

11. 13. 13el Beﬁlsﬂppéﬂh@gaﬂfébfﬁﬂayerr tﬁﬁ¥§blatct%aton‘ %s%ﬁ%g lr?)Qc@oraHll?c,% \Rllf:[’ttn Sne n

accor dance l Jb%l #é {31 eri, Zﬁ]a In_t

film 14. ?a'ghc'p Apddg: £ ?’@F esized iy that said layer %ﬂ%m”bﬁoatmrat e | n
accor dance aiet:holg’rwntroﬂuoechlnltmséla layed id 3, disduweatfopii zed in that said |ayer
additionally contains an electrolyte introduced into sai'd layer in a

di ssolved form 15. COIT’E'OSI te layer having el ectrochem cal properties,
conpri sitig Eemposite ayer hpving elentivshemical properies fcovipising 12 through 14,

wherein said.) e pgbr m&&&@éﬂdemm&hyaﬁaﬁinﬁfs Hﬁ%r%%gh%”%‘éfénﬁk #j s

selectedfromaqoqg suls 'F : Et are sultabl positive
el ect r odes, grtrqepeynically a"iFZIVaﬁa Sipewatih natesal {Bhisyselcted E(Pﬁ'saerng hr ough
14, wherein salsdlbstances that are suitable as materials for positive electrodes, and/for
(2.) alayerin accordance with any of claims 12 through 14, wherein said
electrochemically activatable inorganic material (B) is selected from among
substances having solid electrolyte properties, and/or
(3.) alayer in accordance with any of claims 12 through 14, wherein said
electrochemically activatable inorganic material (B) is selected from among
substances that are suitable as materials for negative electrodes.

16.  Composite layer having electrochemical propetties in accordance with claim 15,
characterized in that onto the layer containing positive electrode material, a layer
acting as lower contact electrode is additionally applied, and onto the layer
containing negative electrode material, a iayer acting as upper contact electrode is
additionally applied.




el ectrochem cally activatable inorganic material (B) is selected from anong
substances having solid electrolyte properties, and/or (3.){2FEREIARY 2004
accordance with any of clains 12 through 14, wherein said

el ectrochem cal ly activatable inorgani25material (B) is selected from anong
substances that are suitable as materials for negative el ectrodes. 16.
Conposite | ayer having el ectrochem cal propert ies in accordance with claim
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W th negatl glectro f a astic aer SO present
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el enents which are suitable for transporting electrons fromthe respective

el ectr c ntacgt. el ect 18. Rechargeabl e
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conposi t e |ceymroskalayey having electhestiemsitalproperties @sacoordanas withaayaift h any of
claims 15 tdMiRuafs thfoughP47 Rechar geabl e el ectrochemi cal cell in accordance

with claim 18, characterized in that the electrochemically activatable
material for the positive electrode is selected fromanong |ithium cobalt
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activatable material for the negative electrode is selected from among an optional

carbon modification, titanium dioxide, titanium disulfide, tungsten dioxide,

molybdenum dioxide, lithium titanate, a lithium-alloyable metal, semiconductor

materials, oxides, iodides, sulfides, nitrides or heterogeneous mixtures thereof.

20. Rechargeable electrochemical cell in accordance with one of claims 18 and 19,
characterized in that it comprises a layer (1.), a layer (2.) and a layer (3.) as
defined in claim 15, and that at least said layer (2.) additionally contains an
electrolyte which has been introduced into said layer(s) in a dissolved form.

21. Rechargeable electrochemical cell in accordance with any of claims 18
through 20, characterized in that the layers or films contained therein have stability
areas in a range of between 0-3 volt to 0-5 volt, preferably 0-4.5 volt with respect
to fithium.




20. Rechargeabl e el ectrochem cal cell in accordance with one of clains 18

and 19, characterized in that it conprises a layer (1.), al8 FEBRUARYaZO0A
| ayer (3.) as defined in claim15, and that at |east said |ayer (2.)
additionally contains an electrolyte vitti ch has been introduced into said

| ayer(s) in a dissolved form 21. Rechargeable electrochemcal cell in
accordance with any of clains 18 through 20, characterized in that the
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and the Iay@rnggmq%bggf@g@ is dried, and (2.) said dried layer is brought
into contact wWith a dissolved solid electrolyte such that said electrolyte

penetrates into said |layer, whereupon the filmis dried at a tenperature
in the 2angidetifodsubptarivicing 4 ¥elf8udBsHing fayeMii BosbriMcePhAR iR 42 conposi te

| ayer in ac rg&gﬁge%ttg Eny of clains 13’ through 17, characterized in
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i ndi vi dual | §1.)acpasie-like massdntaveofdance ofitheargedficlsirppbtiroogh Hayeadgsed t hat
sai d layers ar@olaghnafs I/ I rdance with claim
26, character.i zgd imr?\; ha?o'?g?ﬁ&%'%ﬁ“&% qbég{ﬁé$?sg%ﬂt'ééﬂdaag@0a tenperature in
the range df- o selkdried layap s ronalst bt Swtagievithe dissalyedrsolid feleatiohde patt  of
the organi c poltyatesaidiekdtrofte pdéthads iflo aROBFESN GRYbbrONE b S hAbdE: 26

and 27, charactgyrl i n t said . lamnnation is effected in a tenperature
range of bet mean{ekré%??tgﬁ%}%sgnge of sgbstar?hallyi}ogo %

26. Method for producing a composite layer in accordance with any of claims 15
through 17, characterized in that the paste-like masses provided for each of the
layers are individually adapted to have the form of a self-supporting layer and that
said layers are laminated subsequently.

27. Method in accordance with claim 26, characterized in that said lamination is
effected at a temperature in the range of between 5°C above and below the
melting or softening point of the organic polymer used.

28. Method in accordance with one of claims 26 and 27, characterized in that said
lamination is effected in a temperature range of between 100°C and 250°C,
preferably between 135°C and 150°C.

29. Method in accordance with any of claims 26 through 28, characterized in that said
lamination is effected at a pressure of at least 0.5kg/20cm?=.




preferably between 135C and 1500C 29. Method in accordance with any of
clainms 26 through 28, characterized in that said |am nati ofg FEBRUARYC20GS
a pressure of at |east 0.5kg/20cn2. 18 FEBRUARY 2004 27 30. Method in
accordance with any of clains 26 througii 29, characterized in that the

| am nat ed conposite |ayer is subsequently brought into contact with a

di ssolved solid electrolyte such that said electrolyte penetrates into
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t enper at ur € thg croanp%e of substanti al %

. |y 70-90C.
aminate mposite layer 1s subsequenti¥ broug%t info contact with a dissolved
solid efectrolyte such that said electrolyte penetrates into said composite layer,
whereupon said composite layer is dried at a temperature in the range of

substantially 70-90°C.




