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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
cell). 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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2 US 5,707,759 describes an anode material, also intended for a
rechargeable lithiumcell, the polynmer material in this case being produced
from pol yvi nyl 'al cohol and pol yvinyl butyral. These nmaterials are dissolved
in a solvent (water, alcohol, Nnethylp%rrolldone) and m xed with the
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sol vent .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 occur.

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



(I1'V) The aging stability of the filnms ready for use is insufficient,
particularly in case of chem cal or nmechanical stress, even if this stress
is only small. ‘(V) A nunber of the proposed plasticizers, such as dialkyl
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Particularly, the invention shall provide films having a very high fiexibility 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.




A conductor (irrespective of whether it is an ion, an electron or a m xed
conductor) that is soluble in the plasticizer and that is different from
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pl asticizer in accordance with the invention effects high nechani cal

B Y o



In accordance with the invention, the electrochem cally activatable
material of the paste-like nass (B) is not soluble in the plasticizer (nor
of course in tHe solvent or swelling agent possi bly used for the polyner).
6 Surprisingly, it has been found that2all aforesaid di sadvantages can
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synthetic polysaccharides (homeoglycans and heteroglycans), proteoglycans, for
example, starch, cellulose, methylcellulose. In addition, substances such as
chondroitin sulfate, hyaluronic acid, chitin, natural or synthetic waxes, and many
other substances can be used. In addition, the aforesaid resins (precondensates)

can be used in solvents and diluents.

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).



classification of the substance(s) in the respective chem cal danger
classes. Table 1 NaneAppearanceEnpirical Formnul al assification D nethyl
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orti onsC5H-003 Meth r opyl r bopat eC5H~003 FEt hyl . ;
P Surprisingly, it ag Ibgenl?gundC t%a a atforesgia desa van ageeréecacnasrlr%%ﬂgﬁeegt?sw%x’

be avoided, and that additional particular advantages that are listed further below
can be realized, if the plasticizer is selected from among substances and mixtures of
substances carrying the group

1
A\

D
A? 7

wherein independently of each other A’ and A? can be R', OR’, SR or NHR', or A'
and A? together with D form a hetero-5-ring, and D can be C=0, S=0, C=NH or
C=CH, and further, if D forms said hetero-5-ring with A’ and A%, D can also be O, S,
NH or CH,. R is a (straight-chain or branched-chain or optinally cyclic) C1-Cg alky!
radical. Preferably, R' is methyl, ethyl, n- or iso-propyl, n- or iso-butyl.

By the aforesaid criterions, mainly carbonates or esters and their sulfur and amino
analogues are comprised.

As it can easily be seen from the above formula, the spatial structure of the
plasticizers which according to the invention, have been 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 A? or wherein D contains a
quadricovalent atom which forms a double bond and two single bonds.
Consequently, the group A'-D-A? has a tetrahedral, planar tetrahedral, or planar
basic structure.

According to a preferred embodiment, A" and AZ consist of the groups O, CHR?, NH
or S, wherein R? is hydrogen, methyl, or ethyl, and form a hetero-5-ring together with
D. More preferably, A’ plus A? together in this ring are -E'-CHR?-CHR?E2-, wherein
E' and E2 are identical or different and mean S, O, CHR? or NH. The most preferred
plasticizers are listed in the following table which simultaneously shows the
classification of the substance(s) in the respective chemical danger classes.



1* Et hyl ene sul fiteCzH403Sunobj ecti onabl e tetrahedral, 2*

NN -five-menbered ri ngC3HEN20X" et hyl ene urea CAH603X; 3* Propyl ene
carbonate CH3 groupet her-1ike C3HstunobJ ectionabl e 4* Di oxol ane

5* Tet r ahydr of ur aneC4H80X;

Table 1
Name Appearance Empirical Formula | Classification
Dimethyl sulfoxide* tetrahedral C,HsOS Xi
Dimethyl carbonate C3HgO3
Ethylmethyl carbonate tetrahedral, C4HgOs3 unobjectionable
Diethyl carbonate linear portions CsH1003
Methylpropyl carbonate CsH1003
Ethylene carbonate C3H40, X
1* Ethylene sulfite C2H403S unobjectionable
tetrahedral,

2*N-N'- five-membered ring | C3HgN,O Xn

ethylene urea

C4HsO4 Xi

3* Propylene carbonate

CH; group ether-like

C3HgO2 unobjectionable
4* Dioxolane
5* Tetrahydrofurane C4HsO X;
five-membered ring,

6* g-butyrolactone ether-like C4HgO2 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. 17* 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'-ethylene urea, compared
to ethylene carbonate, which oxygen atoms are linked to the tetrahedron by single
bonds, are substituted by NH groups. 3* Propylene carbonate, compared to ethylene
carbonate, has an additional CH; methyl group which is substituted against a
hydrogen of the CH, group. 4* 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, the character is changed towards
an ether. 5* Tetrahydrofurane is derived from ethylene carbonate by substituting the
central C atom of the tetrahedron with an oxygen atom, and by substituting the
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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 producing 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 layers 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 present invention therefore furthernore conprises electrochemcally
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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



Alternatively, every layer or filmcan be converted individually into its
final consolidated state. If these are self-supporting films, the
appropriate conponents of the structur 3 el enent to be formed can be stored
separately, e. g. as rolled filns, and subsequently be joi ned together by
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Films for the production of electrochemical structural elements in so-called "thick-
layer technology" have a thickness in the range of preferably about 50 um to

500 um, most preferably in the range of about 100-200 um. In accordance with the
invention it is, however, also possible to produce corresponding thin-layer structural
elements (this term comprises thicknesses of preferably 100 nm up to a few pm).
This application may, however, be restricted, since in a plurality of cases,
corresponding 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



LI gSI OgLI 3PQg, - negative el ectrode carbon (in an optional nodification),
Tir02, Ti S2 W2, M02 lithiumtitanate, a |lithiumalloyable netal, oxide,

i odide, sulfide or nitride , alithiumalloyable sem conductor and

het er ogeneous m xtures thereof - upper13cont act electrode A, Cu, Mo, W Ti,
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masses. The curves have two different plateaus. If the plateau that is
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produced therefrom are suitable for a plurality of electrochemical structural elements.
One skilled in the art is able to select the same solid substances (B) that he would
use for classic electrochemical structural elements, that is, substances (B) to which

no plastics have been added.

In particular for lithium 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.



| f carbon and an elenent that can be alloyed with lithiumis incorporated
into a 'pasteli ke mass provided for a negative electrode, this inparts to
the el ectrode (wWith ' properties of an %I | oy el ectrode and an intercal ation
el ectrode) that can be produced t her dfrom a particularly high capacity

t hat has i ved el ectrochem cal stability. In ~additjon, the expansion in
vol une ﬁ% tl{%@pwtr}gaﬁ qubolerprrsé‘CF‘lﬂ'fréF’E‘a‘?yéﬁ $ sbplkbe MoRptioned as@n past e- 1 i ke
mass acexadipig to the invention is provided for an el ectrode, a
conductivity inproving agent can be added additionally. Gaphite or

anor phous carbon (carbon black) or a m xture of the two, but also a

met al | i ¢ polewer eantactiglectiogie are sui t adleCuyBt, gk, Groportions of about 2.5

to about 35 s Wiiea O POUS _Car b 4Rl bifblratohE oF g e cal |y
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activatabl e conponent are particularly vantageous 1 n this regard. If the
mass is provided for a positive el ectr &@8PQunds af ilyumaabal oxidesct of the
carbon is an advant ageous property to hghigentickeslekiddsadnd lithRkPves t he
mechani cal flexibility of a |layer produced fromth ast.e- | ke I f

the mass is provided for a negative el em"f"?Qﬁﬂfsea%ﬁ‘ﬁ?(?ﬁhw?)lyﬁ@%ﬁed

el ectrochenmical stability and the el estitrtomagnesiody@uminum ar fluormer oved, as

has been de%‘é‘%@%i n the foregoing. ‘[ﬁfﬁ@s\rf@n;(pb%apaste-l i ke mass can

al so be use el ectrodes ot her than alati’'oh el ectrodes. An
exanpl e of this is the use of netallic pbaRerrTiR: kidiPQasilbf wi t h an
alkali or earth alkali salt as the el eqtiiohenPcnl |y activatable solid

subst ance (B). £ te-1i ke mass produced w t.h this. copbination .can be used
to prodice 8%88@{?8%3?9&8 el ect r odes. T}P@‘%%QH&”&&PH‘*U’%‘PH%GE% i's
typical for intercalation electrodes dd@s, T8, VdOeUoOs lithiirs titamde, whi ch
results in inproved service life over ji _ £his s the
conbi nati on of copper and lithium sul f":)tatt't!t:an.%’I éﬂoﬁ I SI ng%q?/l?lt){'hﬁa@d!a sSo been
denpnstrated that incorporating a phaséulfide eirritridet. lithiwen-aloyatle ve

paste-like mass consisting of Li4Si 04Lisghfldond Ry sHPRSteRIgenedus Nt ended
el ectrochem cal application, |leads to an.x'bﬂg% vement in the plasticity of

the 16 electrodes or solid el ectrol ytd8 8%t herefrom This requires
that the phapper contactreledteody ound ext r gxtpCy, Mon®V, Tihe, €xtNMienel y smal | grain
sizes nust be the reason for an inproved internal sliding effect.

Regar dl ess of whether the solid substance (B) is an electrode naterial or
an el efxapip@eohuseaiedlithium cellsn litiirsipslyraer eellsi tithiwmplastic celigldithiom and one

or nor e sofdBbly @8R of RAIFPRMUSIRT S (Li, Cu, Ag, My, F, O, H). Electrodes
and el ectrolyte layers nade of these substances have particularly favorable

el ectrochem cal properties such as capacity, energy density, nechani cal
and el etiowmieenthegresdritlimvarttipn is of course not limited to lithium-technology

accumulators, but rather, as stated in the foregoing, comprises all 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 element 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 accumulators, 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,



The conponents described in the foregoing fromwhich the inventive
paste-like mass is produced can be m xed in a conventional manner,
preferably by vigorously agitating or,_kneading the conmponents. Preferably,
the organic polyner or its precursorésare pre-di ssol ved or pre-swollen
with the asticizer in nt or ent before the. conponent
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[ 4) The aroriesai ree- (‘or "any ot her desire C roc em cal
st ruct ufaiegoiegenent , consi sting of positive el ectrode/el ectrol yte/ negative
el ect rode) can add| tionally be provided with contact el ectrodes. It is

usef ul se co rise films of suit e materia (materials for
cont act é'?: M%QaF 'ﬂkec@ﬁsﬁé‘a[lﬁﬁi’ P%UF?SPﬁrLﬁWCtE% %rgk}‘aare descri bed

ear | i erintérchlation gextiddes aAh @xample 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 resuits 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-LisPO4, regardless of its intended
electrochemical application, leads to an improvement in the plasticity of the



In a special enbodi nent of the invention, an additional thin plastic |ayer
("internediate tape") is worked in between the |ower contact el ectrode and
the adjacent el ectrode and between the upper contact electrode and the
adj acent el ectrode which plastic Iayép can al so be produced using a

paste-1ike ss of the resent invention, This thin plastic |ayer should
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this cadbeicomppnantadessied in defarageing fram whickdhg inyritiyeraste-likgBrassar e
al so adwagrodnesd can bermikedfin aRNGENHGH Irﬁahnemﬁeeéraslyrmcﬂgaao@@y conposi te
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advant ageousFy evi ng I nprove n the conposite |ayer due to
the conpression. Wile the el ectrochem cal elenent is seal ed as descri bed
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el cot 1 ofl leg%?my%@maﬂw%). *?gﬁﬁsmes@om e dp bR RintsrebSt g seal i ng the
el ect r otamperatires) asrisndustomanycior csoreentioraihelettroshergicabsteuattal s t hat have
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consi st sonsgisteneyfi | ns of differing conposition that have been laminated to
one anot her, each of which being adapted to the electrode with which it is
has a positive effect on the stabi Iih)éiof t he phase

in contact.  Thi i

limits BBewkaashemicastiigiused pads thatdan t@cprpém@wthat Beaniue Pasteat i ve
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exanpl eegtbodimgantgani ¢ cel | having el ectrochromi c properties would be a
series of layers consisting of the foll ow ng sequence:

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 um 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 electrode, 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 particularly
advantageous current densities can be obtained in the accumulator if certain limits
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subst r atsasisfigy:or der to be used as integrated energy storage in electronic
structures. The concrete exanples in the follow ng provide a nore detailed
expl anation of the invention. Exanple 1
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The aforesaid three-layer cell (or any other desired electrochemical structural
element, consisting of positive electrode/electrolyte/negative electrode) can
additionally be provided with contact electrodes. It is useful that these comprise films
of suitable materials (materials for contact electrodes that can be used in lithium
technology are described earlier in this specification).

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 layer 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
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that have been selected and adjusted appropriately.

In another embodiment of the present invention, a layer is selected for the electrolyte
layer that consists of two films of differing composition that have been laminated to
one another, each of which being adapted to the electrode with which it is in contact.
This has a positive effect on the stability of the phase limits between positive
electrode and electrolyte 1 and between negative electrode and electrolyte 2. A
concrete example of this embodiment is the use of lithium iodide for the electrolyte
material of the first layer and Li; 3Alg 3Ti1 7(PO4)s for the electrolyte material of the
second layer.

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

Conductor 1/Y/MeX-alcoholateAWO3/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 (ITO), zinc aluminum oxide (Zn,Al,O,) and
silver. Conductor 2 can be selected from among, for example, indium tin oxide (ITO)
and zinc aluminum oxide (Zn,Al,O,).

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
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accumulators. If the accumulator has a small volume, this provides a very large
active battery surface.

Non-self-supporting composite layers can also be applied to solid bases like walls for
integrated energy storage (self-supporting composite films can of course also be
applied or affixed thereto). In this case it is possible to take advantage of large
surface areas. The accumulators themselves are not associated with a space
requirement. A special example of an embodiment of this type is the integration of
composite layers for accumulators into substrates for solar cells. Independent energy
supply units can be created in this manner. Layer sequences for accumulators can
also be applied to solid or flexible substrates in order to be used as integrated
energy storage in electronic structures.

The concrete examples in the following provide a more detailed explanation of the
invention.

Example 1

A battery film (negative electrode) is produced by agitating 5 g finely powdered
LisTisO12, 1.0 g acetylene carbon black (battery quality), 0.5 g ethylene carbonate
with 1.25 g polyvinylidene fluoride hexafluoropropylene 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 560°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 ym is obtained. The film is dried over night at
70°C and 1 mbar final pressure in a vacuum drying cabinet.

Example 2

A battery film (electrolyte) is prepared from 9 g finely powdered LiAlISi;Os
(spodumene), 0.9 g ethylene carbonate, 3.0 g polyvinylidene fluoride
hexafluoropropylene, prepared in about 30 g acetone as is the negative electrode,

and extruded to a thickness of 70-100 um.

Example 3
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In all films, the purity of the initial materials shall not be substantially inferior to 99 %.

Once having been cut to size, the individual films are laminated to a complete
individual cell according to table 2.

Table 2
Step Films Temperature |Force Residence
applied onto |time
6x3 cm?®
1a |lamination on negative 150°C 15 kN 20 sec
Cu-mesh electrode
LisTisO12
1b |lamination on positive 150°C 10 kN 10 sec
Al-mesh electrode
LiCoO,
2 lamination elektrolyte 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.
eledtrodes 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 to 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.




21 The quality of the lamnation is very high, neither bubbles nor
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hundreds of cycles no degeneration has occurred, and |long-term _
easure |8ttjrséso1f-35é \cla\(/avrtﬁla c%tgl(t)a cfa}{g lo?fthrgg rc]:ellse Salt lh)évg)f)%%ﬁdprédalge%réccozrg'lng tg ' 8-
the described method. The reproducibility as a function of the layer thickness and of
the quality of the films as well 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.



1. Paste-like mass that can be used in electrochem cal structural elenents,
cohprising a heterogeneous m xture of (1.) a matrix (A) containing at |east
one organi ¢ polymer, 'precursors thereof,,or prepolynmers thereof, and a

pl asticizer, or consisting of said conpGhents, and (2.) an _

el ectrochem ally activatabl e inorganic naterial in the formof a solid
subst anc B), said nmaterial not being soluble in said matrix and in water,
W th th ﬁ %rso that a conductor that is soluble in the plasticizer and
that is dlfferent from(B) is not present in the mxture. 2. Paste-like
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mean S, O RﬁH or %(B%%ﬁe%ntﬁ@%é@ﬁ{:ﬁe accordance with any of clains

2 through 4, wherein said plasticizer is selected from anong dinet hyl

sul foxi de, iaees-ikd maas liwaéé&daﬁ‘éé‘Wlth dl@ﬁ'h’}’ 'crfa%ﬁeflféc?m ! §5M higichepi

met hyl prop nat et h ne carbonate ene su | te, pr opyrene
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r/
wherein independently of each other A' and A? can be R', OR’, SR" or NHR" with
R being C4-Ce alkyl, or A' and A? together with D form a hetero-5-ring, and D can
be C=0, S=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 A’ and A? consist of the groups O, CHR?, NH or S, wherein R? 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 A' and A2
together are -E'-CHR?-CHRZ2-E2-, wherein E' and E? 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 dimethyl 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.



23 6. Paste-like nmass in accordance with any of the preceding clains,
characterized in that said plasticizer is present in a quantity of 0.05-50
% by weight, preferably of 512 % by vvelﬁ particularly preferably of
about 10 % by weight or less, relative o sal d electrochem cally
activatable material. 7. Paste-like mass in accordance with any of the
preceding claims, characterized in that the organic polymer of said matrix
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10. Paste-like mass in accordance 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 material, or from among
substances that are suitable as a negative electrode material, or from among
substances that are suitable as solid electrolytes, 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.



24 12. Sel f-supporting layer or layer that is placed on a substrate,
conprising a heterogeneous m xture of (1.) a matrix (A) containing at | east
one organi ¢ polyner and a pl astici zer consi sting of said conponents as
defined in any of clains 1 through 9, g%d (2.) an electrochemally
activatable inorganic material in the formof a solid substance (B), said
mat eri al not being soluble in said matrix, as defined in any of clains 1
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claim 12, characterized in that said layer is a flexible film.

14. Self-supporting layer or layer that is placed on a substrate in accordance with one
of claims 12 and 13, characterized in that said layer additionally contains an
electrolyte introduced into said layer in a dissolved form.

15. Composite layer having electrochemical properties, comprising

(1.) 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 positive electrodes, and/or

(2.) alayer in 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 properties 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 layer acting as upper contact electrode is
additionally applied.



(3.) a layer in accordance with any of clains 12 through 14, wherein said
el.ectrochem cally activatable inorganic material (B) is selected from anong
subst ances that "are suitable as materi %S for negative el ectrodes. 16.
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15, characterized in that onto the layer containing positive el ectrode
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any of cl ai pwlybdenum 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 lithium.



t hrough 20, characterized in that the layers or filnms contained therein
have st'ability areas in a range of between 0-3 volt to 0-5 volt, preferably
0-4.5 volt with ' respect to lithium 26,.22. Method for producing a flexible
filmin accordance with claim 13, characterized in that apaste-like nass
in accordance with any of clainms 1 through 11 is applied on abase to have
llayer form and the Iager thus optained is dried. 23. Method in accordance

with cl 82m Methediar predysing.a flexible film ynacradgncsgwith slawas! 3, shagcterizeddnat a
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ef fected at arrbi ent pressure at a tenperature of up to 200C, preferably in
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and the | aypétwdahsarabieat tapeératiiteiuoto £800C( Fréfel%@lydmda" tegel oHB5-80°C.br ought
into contact with a dissolved solid electrolyte such that said electrol yte

penetrates into said |layer, whereupon the filmis dried at a tenperature
I n the 2éngblefifiod inbatcandardel witly Olab @2, 2Baravtarized ih thatmaididgingpmcessisosi t e
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t hat the past eac are
i ndi vi dual | {angepfrateut 42 ﬂa@e the formof a self- supportl ng | ayer and that
said |l ayers are | am nated subsequently.

25. Method for producing a self-supporting layer in accordance with claim 14,
characterized in that
(1.) a paste-like mass in accordance with any of claims 1 through 11 is adapted
to have layer form and the layer thus obtained is dried, and
(2.) said dried layer is brought into contact with a dissolved solid electrolyte such
that said electrolyte penetrates into said layer, whereupon the film is dried at
a temperature in the range of substantially 70-S0°C.

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?.



27. Method in accordance with claim 26, characterized in that said

| am nation is effected at a tenperature in the range of between 5C above
and below the nelting or softening pobgt of the organic polyner used. 28.
Met hod in accordance with one of clains 26 and 27, characterized in that
said lamnation is effected in a tenperature range of between 100C and
250C, referably. between 135C and 150C. 29. Method in accordance mﬁ%h any
of ol ai ig- 2blathedingrossdangewil ABY pf 8@ 25ithtous; 29, chamcteitzedinteahe ect ed
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| ayer, wher gypgy e i site layer is dried at a tenperature in the
range of sugsggn?&gpﬁ; gg?goc.
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