Films for Electrochemcal Structural Elenents and Method for Producing such
Fil ms ‘The ptesent invention relates to novel nmaterials mmn\wﬁmﬁmw hem cal
properties, in particular to films and4to conposite | a\;m

therefromas well as to paste-like nasses which are suitablesfsor the

production of said filnms. The invention is primarily suitable for the
production of batteries and accunul ators, and in particular_al so for
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In patent literature, a number of methods for producing such films has been described.
As far as films are concerned that are provided as electrolyte layers in structural
elements to be produced therefrom, two different approaches exist.

According to the first approach, a paste is produced from all essential components. Said
paste then serves as a basic material for the film. For producing the paste, a solid
electrolyte is dissolved in the paste material; thereupon, a wetting or a cross-linking thin
layer of said electrolyte is deposited within the film by extraction of the solvent. in the
US patent 5,009,970, 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. However, it has been reported that although the ion conductivity of such

T

*G00002*




2" conpl exes conpared to pure solid lithiumsalt is drastically increased,
it isstill 'not sufficient for use as an electrolyte layer in
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Im order to solve this problem it is proposed to neither produce the filns
from a paste havi ng honbgeneous conponents, i. e. electrochemcally
dctivatable materials that are sol ubl egin the polyner material, nor to
provi de el ectrochem cally active conposite filns having a high degree of
porosity, the ion conduction of which exclusively occurs by the aid of a
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obt ai ns
can be produced in the form of thin composite layers. The films thus produced shall not

present the aforementioned disadvantages of prior art. Moreover, paste-like masses are
provided from which such films can be produced.

In order to solve this problem, it is proposed to neither produce the films from a paste
having homogeneous components, i. e. electrochemically activatable materials that are
soluble in the polymer material, nor to provide electrochemically active composite films
having a high degree of porosity, the ion conduction of which exclusively occurs by the
aid of a liquid. Rather, paste-like masses that can be used in electrochemical structural
elements for producing respective films are provided that comprise a heterogeneous
mixture of a matrix (A) containing at least one organic polymer, precursors thereof, or
prepolymers thereof, and if desired 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. In addition, films and electrochemically
active composite layers produced from said masses are provided.

The term “that can be used in electrochemical elements” implies that the
electrochemically activatable inorganic material that is in the form of a solid substance
must be an ion-conducting or electron-conducting material that is suitable as an
electrode material or as a solid electrolyte.

Since the films are produced from heterogeneous paste mixtures, the parameter which
determines the kinetics for the chemical diffusion, i.e. for the transport of atoms into and



The diffusion time determ nes rapid el ectrode kinetics and rel axati on and
therefore the naximum possible current discharge and service life (high
pol ari'zations are detrinental to the hgst lattice of the el ectrodes) of an
accunul ator or another el ectrochem cal structural elenent. The tinme can be
i nfl uenced either by the geonetry, i. e. the effective diffusion |ength,

or by the diffusion coefficient, i.e. by a variety of electrode materi.als,
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possiblq3=1é§ults therefrom It i&)required that said powlers are enbedded
in a mxed onducting, i. e. both, ‘lon and el ectron conducting matrix,
wherein both the ion conduction and the el ectron conduction in said matrix
have to be sufficiently rapid to have no decelerating effect, and_thus,
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the chemcal "diffusion is a mxed and a sinmultaneous transport of ions and
el ectrons, the rapid transport of both species over and through the matrix
beconmes . edSential ,,,in case the advantage of the small diffusion length in
the Nm Fargg of tﬁg) el ectrode material shall be made use of. 5 The nost
conductive netals have a conductivity a of 106 S/cm imrediately followed
by specific nodifications of the carbon. The highest ionic conductivities
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bi oni ¢ 'to @bk eastolattice of the electrodes) of an accumulator or another electrochemical
structural element. The time can be influenced either by the geometry, i. e. the effective
diffusion length, or by the diffusion coefficient, i.e. by a variety of electrode materials,
the diffusion coefficient itself being an electrochemical material property. Since
electrode materials on the one hand should meet capacity, environment and cost
requirements, and on the other are responsible of the desired volummetric and
gravimetric performance density of the electric structural element (e.g. of the
accumulator), it is easier in most cases to reduce the diffusion length.

The proposal of using electrochemically active powders (material (B)), the grain size of
which is as small as possible, results therefrom. It is required that said powders are
embedded in a mixed conducting, i. . both, ion and electron conducting matrix, wherein -
both the ion conduction and the electron conduction in said matrix have to be sufficiently
rapid to have no decelerating effect, and thus, the criterion

>> D, electrode material (3)

has to be fulfilled, since the matrix determines the effective geometry of the cell. Thus,
because the chemical diffusion is a mixed and a simultaneous transport of ions and
electrons, the rapid transport of both species over and through the matrix becomes
essential, in case the advantage of the small diffusion length in the pm range of the
electrode material shall be made use of.



can be made. Whereas the requirenent with regard to the electronic
conductivity can be nmet easily by adding carbon bl acks having a high
conductivity, an electrolyte has to be gresent in the filmin a form
wherein it is finest and best dispersed in order to conpensate the

di sadvantage in conductivity by the geonetry of a |large surface. Therefore,
a material (C) is added to the mass provided for .the paste in accordance
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The attached figures illustrate the present invention, figure 1 demonstrating the cycle
behavior (11"-22" cycle) of a cell in accordance with claim 20, whereas figures 2a
and 2b each show an enlarged view of a detail of cycle no. 12.

The material (C) may optionally be selected from among all those substances and
mixtures thereof that due to their structure and in combination with matrix the (A) due to
a capillary effect or the like, respectively, will increase the absorption capacity for an
electrolyte solution of the films produced from the paste. For example, materials can be
selected that due to their porous structure, their high specific surface or their high
swelling capacity, develop strong capillary forces for the electrolyte solution to be
absorbed. It is possible that said material (C) has ionic or electronic conductivity
properties that are important for the electrochemistry of the films or of the



Said material (C) can favorably be incorporated into the paste-like mass in
a quantity of 0.05-50 % by weight, preferably in a quantity of about 2 to
10 % by weight, relative to the total gonponents of the paste material.
According to a particular enbodi nent of the invention, the

el ectrochem cally active or activatable material (B) itself also has such
an absorption and nmai ntai ning capacity for the electrolyte. Materials
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(honeogl ycans and het erogl ycans), proteoglycans, for exanple, starch,
cellulose nethylcellulose. In addition, substances such as chondroitin



8 The af orenenti oned substances are incorporated into the paste material in
a suitable 'manner in a quantity of 0.05 to 50 % by weight, preferably in a
quantity of 2 to 30 %by weight, relatyve to the total quantity of said
paste material. A quantity of < 10 %by weight is often sufficient. One
skilled in the art is famliar with solvents and swelling agents for the
aforesaid polyners. A plasticizer (also designated as softener) for the
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can be C=NH or C=CH2 and “further D fornms said hetero-5-ring
with A~ and A2, Dcan also be O S, NHor CH2. R~ is a (straight-chain or

br anchegnether pptibn a9 ther aké Yof Pofiinmérs dr-pdiimal lspdcurssts dagethBr efittraBblvent & i s

methyl, S\(/avtem&;’agrgnt%r 'the -o?gr)é)r%lpolyme? “In Sﬁ)ﬁct?ﬁ%}llthere is no limit in terms of the
synthetic or natural polymers that can be used. Not only polymers with a carbon
backbone chain can be used, but also polymers containing hetero ions within the
backbone chain, such as polyamides, polyesters, proteins, or polysaccharides. The
polymers can be homopolymers or copolymers; the copolymers can be statistical
copolymers, graft copolymers, block copolymers, or polyblends, there is no limitation. In
terms of polymers with a pure carbon backbone, natural or synthetic rubbers can be
used, for instance. Halogenated, e. g. fluorinated hydrocarbon polymers such as Teflon,
polyvinylidene fluoride (PVDF), polyvinylidene chloride, or polyvinyl chloride are
particularly preferred, since these make it possible to obtain particularly good water-
repellant properties of the films or layers formed from the paste-like mass. This imparts
particularly good long-term stability to the electrochemical structural elements thus
produced. Additional examples are polystyrene or polyurethane. Particularly preferred
examples of copolymers are copolymers of Teflon and of amorphous fluoropolymer, as
well as polyvinylidene fluoride/hexafluoropropylene (commercially available as
Kynarflex). Also, other polymers that are capable of swelling, such as polyethylene
oxide, are preferred. Examples of polymers having heteroatoms within the main chain
are polyamides of the diamine dicarboxylic acid type or of the amino acid type,
polycarbonates, polyacetals, polyethers, and acrylic resins. Other materials include
natural and 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.



By the aforesaid criterions, mainly carbonates or esters and their sulfur
ahnd am ho anal ogues are conprised. Substances that are particularly
preferred as plasticizer are 9 dinethyg sul foxide, dinmethyl carbonate,

et hyl nmethyl carbonate, diethyl carbonate, nmethyl propyl carbonate,

et hyl ene carbonate, ethylene sulfite, N-N -ethyl ene urea, propylene
carbonat e, di oxol ane, tetrahydrofurane, and butyrolactone. In the
conposition according to the invention, the plasticizer has a direct effect
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el egant using st met hods. The paste-like mass, if provided
for producing an electrode film may further contain a conductivity
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wherein independently of each other A" and A can be R, OR', SR' or NHR', or A" and
A2 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) C4-Cg alkyl 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. Substances that are particularly preferred as plasticizer are



T0 Carbon bl ack, graphite, elenentary metals, nitrides or m xtures of said
substarices may for exanple be used as conductivity inproving agents. From
the inventive paste-like masses, thin |lgyers, e. g. filnms, are produced
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structural elenments can be produced The individual l|ayers or filnms of
these el enents are also called "tapes”. Said |ayers or filps or those
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| h one enbodi nent of the invention, cross-linkable resin masses
(pre-condensates) are used as descri bed above for the paste-like masses,
and are cured by UV or electron radiatiq@n once the |ayer has been f or med.
Curing can naturally also be thermal or chemcal (for exanple by imrersing
the produced | ayer in an appropriate bath). |If necessary, suitable
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ave



cavities, which can occur for exanple by extraction of the solvent, when
the fi'l'ms are dried. In a further special enbodinent of the invention, the
filmmatrix (A contains a plasticizerqqand the liquid electrolyte provided
for the inpregnation contains or consists of an electrolyte that is also
di ssolved in the plasticizer. The sane, anot her or partly another
plast|C|zer may be resen in the | serve as a solvent for
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As stated in the foregoing, the inventive paste-like masses and | ayers or
films produced therefromare suitable for a plurality of el ectrochem ca
structural elenents. One skilled in the is able to select the sane
solid substances (B) that he would use é%r cl assic el ectrochemn cal
structural elenents, that is, substances (B) to which no plastics have been
added. In partlcular for I|th|un1systens that can provide the hjghest
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provides for a reduction of thlS time and/or a conversion already at room temperature.
During this "conversion", a very thin, flexible, ion conducting layer of reaction products
of polymer, softener and electrolyte can be formed. As a consequence of the absorption
process described, the electrolyte is jellified or solidified; despite the use of a dissolved
electrolyte, the tape or the cell (i. e. the film or the composite film) thus obtained is
particularly leakage-safe.

Suitable electrolytes are, for instance, salts of lithium. LiClO4, LiNOs, LiBF4, LiPFeg,
LiSOsCF3, LIC(SO2CF3); or Li(CF3S02)2N or mixtures thereof are used with particular
advantage. Further, explosive substances, like the perchlorate or nitrate salts that have
been mentioned above, can be used due to the jellification or solidification, without an
explosion possibly occurring when charging even with high currents, since an explosion-
safe system (cell) is provided by the inventive absorption and bond of the liquid
electrolyte. Preferably, plasticizers are used as solvents that have been defined above
as an optional component of the matrix (A), and among them preferably such
plasticizers having the group A'-D-A?, as also defined above, alone or in mixture. The
plasticizer selected or the plasticizer mixture selected should be liquid at the processing
temperature.

According to a preferred embodiment of the invention, the solvent for the electrolyte
comprises a substance having good swelling properties. Said substance can for
example be one of the aforementioned plasticizers, when having such properties, e. g.
propylene carbonate. Such a substance is particularly preferably contained in a quantity
of 2 to 10 % by weight, more preferably of about 5 % by weight, relative to the total
solvent for the electrolyte. If a too large quantity of such a substance is added or if
plasticizers are used as solvents for the electrolyte that in all have a too strong swelling
effect, said too strong swelling first causes decontactings within the cell, then possibly
leading to a complete softening and decomposition of the cell. On the contrary, if
swelling is only moderate, said swelling has the effect that the electronic and ionic
contact within the films and of the films with each other is improved by closing small



optionally substituted alumnumor fluorine LI~ 3AI0.3Tl1, 7(PX)3,

Li TaQ3Sr Ti 03, LI4SI gLl 3POgq, with nagnesium Li Ti 2(PQg) 3Li 20, negati ve

el ectrode carbon (in an optional nodifiqgation), Ti02, TiS2 W2, MOQ2,
lithiumtitanate, a lithiumalloyable netal, oxide, iodide, sulfide or
nitride a lithiumalloyable sem conductor and heterogeneous m xtures

t hereof upper contact electrode Al, Cu, Mo, W Ti, V, O i a es of
use ar eCRYItIBF. UMNIERIqa8, oFqur P AxamPlaRY extraction of thg ﬁmvEnwh#@E?@%?s are
l'ithiunmggedid body cells or lithiumion cells. However, the present

i nvention is of course not limted to lithiumtechnol ogy accunulators, but
rather, as stated in the foregoing, conprises all systens that can be
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preferably selected such that the film is not, particularly by far not saturated with the
plasticizer — said selection being made by the addition of respective quantities during
the production of the basic paste-like masses, or by extracting a part thereof later, as
described in the foregoing. Consequently, during the impregnation with the electrolyte
solution, the plasticizer penetrates into the film via the existing concentration gradient
and serves as a vehicle for the absorption of the dissolved electrolyte material. In
extreme cases, the complete electrolyte can be transferred into the film this way, so that

a material (C) as defined in the foregoing is not required in the film at all.

The inventive films are not particularly limited in their thickness (width); one skilled in the
art will respectively select the thickness which is appropriate for an application. For
instance, suitable thicknesses are from about 10 ym, more preferable from about
50 um, up to about 1 to 2 mm and if necessary more ( e. g. up to about 10 mm, such
films possibly being provided for stamping out small-dimensioned forms, e.g. for
batteries and accumulators to be used in medicine, such as hearing aid batteries). Films
for the production of electrochemical structural elements in so-called "thick-layer
technology" have a thickness in the range of preferably about 50 pm to 500 pm, 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 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



Appropriately selecting the electrochem cally active substances nmakes it
possi bl'e to produce el ectrochem cal structural elenents, such as

accunll ators, whose characteristics iRqgthe charge/discharge curves nake it
possible to selectively control the charge/discharge status of the

accurul ator. Thus, m xtures of two of the electrode materials cited in the
foregoing, .or of other appropriate electrode materials, can be used as
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i ncorporating a phase mxture into the inventive paste-like nass

consisting of Li4Si04Li 3P04, regardless of its intended electrochem cal
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which, in turn, is smaller by three orders of magnitude compared to agueous 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.
In the following, a number of such lithium systems shall be mentioned as an example:

- lower contact electrode Al, Cu, Pt, Au, C



17 Regardl ess of whether the solid substance (B) is an electrode materi al
or an €lectrolyte material, it can consist of a lithiumion conductor and
one of nore additional ion conductors qgi, Cu, Ag, My, F, C, H).

El ectrodes and el ectrolyte | ayers made of these substances have
particularly favorable el ectrochem cal properties such as capacity, energy
density, nechanical and el ectrochem cal stability. The conponents descri bed
in the foreBesiHve elestodRi ch t he i nventidlle passikle] | gemhimalions ofr oatE@N: an
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t enper at ur esleclolyte custonary for " conkreAlaalalAP@kect rocheni cal structural

el enents. Such sintering would not req_qr]‘éo%.gr‘ribg, initial SLwazﬂ:lmg§|_g@vi ng
apaste-li ke consistency. The el ectroche[\_riﬁé ructured parts that can be
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nerely exanples or particularly preferr e di ts. ch I
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technol ogy, i.e. with individual electroclibiinaallpyablet imetahbl exide,y cipdide,
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preferably of approximtely 100200 pm 11 the, el ectrgcﬂéﬁm cal cell J's to be
r
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el ectrolyte | ayers can be those subst ange®of hat have already been
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be pr ovfdedhﬁﬂég‘?fghgétaégéﬂ]&r?anel Y, one%lhgﬁ’ M&ﬁwﬁﬁg gt‘r}g' positive
el ectrode, one that functions as a solid body electrolyte, and one that
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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, can be used
as electrochemically activatable solid substance (B) for the positive or negative
electrodes, the materials having different oxidation and reduction stages. Alternatively,
one of the two substances can be replaced with carbon. This results in characteristic



voltage caused by the resistance, that is a negligible 0.1 V. In contrast,
i T the "conductivity of the electrolyte is 10"5 S/cm for instance, the
thi ckhess of the electrolyte |ayer cangbe reduced to about 10 dam It is
t herefore recommended that the layer thickness d be selected relative to
conductivity Gon and to an ionic resistance (S2) and relative to the
surface A such that the foll ow n ormula is satisfied 0 S2 < d/(Q on
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an add| ional thin pI astic layer ntermediate tape") is worked in
between the | ower contact el ectrode and the adjacent el ectrode and between
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conposite layer, there vant geous achieving 1inproved contact in the
conposite |ayer due to the conpr essi on.

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 LisSiO4LisPO4, regardless of its intended
electrochemical application, leads to an improvement in the plasticity of the electrodes
or solid electrolytes produced therefrom. This requires that the phase mixture be ground
extremely fine. The extremely small grain sizes must be the reason for an improved
internal sliding effect.



While the el ectrochem cal elenent is sealed as described in the foregoing

or in'sone ‘other manner, the interior can be subjected to a pre-determ ned
wat er/ oxygen partial pressure that effgects high electrochem cal stability.
This can be done, for instance, by sealing the electrochem cal elenent in
such an environment using paraneters that have been sel ect ed and adj usted

appropri at el The desired sealing can be inproved by (again) addin
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conposi t {0 one "her, each of which being
adapted to the electrode with which it is in contact. This has a positive
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speci al exanpl e of an enbodinment of this type is the integration of
conposite layers for accunulators into substrates for solar cells.
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detail ed explanation of the invention. Exanple 1
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 are
observed. As is known, current density can be adjusted by the resistance of the
electrolyte. If it is too high, polarization can destroy the electrodes over the long term; if
it is too low, the power of the produced accumulator is only sufficient for a few
applications. The aforesaid limit is preferably 1 mA/cm?. For instance, if the conductivity
of an electrolyte is 10™ S/cm, it is particularly advantageous for the electrolyte layer to
be approximately 100 pm thick. A current density of 1 mA/cm? then causes a drop in



1.1. A battery film(negative electrode) for a rechargeable lithiumcell is
produced by agitating 6 g highly crystalline graphite (Tincal SLM44), 1.5
g acetylene carbon black (battery qualyigty), 0.6 g ethylene carbonate with
1.5 g polyvinylidene fluoride hexafluoropropylene in about 50 g acetone
for at least 4 hours using either a magnetic agitator or a dissolver.

First, the mxture is heated to 100C, and having reached this tenperature,
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i nstead of 6 g graphlte and 1.5 g acetylene carbon black. Example 2 2.1. A
bat t er yoHo lan (@{ogt APl yte) for a rechargeable lithiumcell is obtained from
9 g finely powdered Li Al Si 206 (spodunene), 0.9 g ethylene carbonate, 0.9 g
pum ce powder, 3.0 g polyvinylidene fluoride hexafl uoropropyl ene, prepared
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acet one he npegatjve el ectrode and extruded to a |ckness of~770-100
Nm  Exafips@icedearier 8rthisrspesificatiad) i ve el ectrode) for a rechar geabl e
lithiumcell is prepared from8 g finely powdered Li CoO2 (SC 15, Merck),
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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, nibbium, 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 plastic.
The weight in this case is advantageously less than that of metal housings; there are
also advantages in terms of energy density.

The electrochemical composite layer (the electrochemical structural element) can also
be embedded between two or more films made of a plastic coated with wax or paraffin.
These materials act as a seal and, due to their inherent properties, can also exert



0.8 g ethylene carbonate, 0.3 g fumed Si®2 (Cab-osil, Fluka), 2.0 g

pol yvinylidéne fluoride hexafl uoropropyl ene, and about 30 g acetone as was
t he negative el ectrode. Exanple 4 The igedi vidual filnms according to
exanples 1 to 3 are cut to size and then lamnated to a conplete

I ndi vidual cell. The conpleted cell is partly sealed in an alumnumfilm
that is as¥.mretr| cally coated wth plastic and has a thickness of 60 rﬁ)
t he gaufeshpaical FPrﬁS%léfﬁt & thet pompesitritlavele thesebyy adyantagrously Adivaving

Subsequeniploved icoftaeein thescorposifet iagevdidtcrthecsopistessibhd el ectrol yte that
I s added 1 n an absorbable solution and then tightly sealed. The foll ow ng

table indicates the electrolyte solutions used: ElectrolyteSolvent (% by
wei ght ) ViitieMbeCelecBécherhichl eleBietd4s 32aledl as desaonibhed in theFsegaieg.ad-in-some

other manner, the interior can be subjected to a pre-determined water/oxygen partial
pressure that effects high electrochemical stability. This can be done, for instance, by
sealing the electrochemical element in such an environment using parameters that have
been selected and adjusted appropriately.

The desired sealing can be improved by (again) adding a swelling agent, e.g.
propylene carbonate, to the composite film prior to sealing within or with the respective
intended material. Thereby, a tight contact of all components with each other is
provided, the cell is sealed against a penetration of gas, and the migration of liquids
within the cell is prevented.

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 Lis 3Alg 3Tiq 7(PO4)3 for the electrolyte material of the second layer.

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 patrticularly advantageous geometry for compact accumulators. [f
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.



1 nol /| LiBF463.331.75.0 0.66 mol /1 LiCd O466.733.3--- 0.66 nol /|

Li NO366: 733.'3--- EC =et hyl ene carbonate DMC = dinethyl carbonate PC
=propyl ene carbonate Figure 1 shows theggcycle behavior of a cell which has
been extruded fromfilnms according to exanples 1.1, 2.1 and 3. The cycles
no. 11-22 are illustrated. The 87 mAh cell was constantly charged with a
current _of about C4 (20md), then was constantly charged with a voltage of
4.1 V uhbe|cansecteuexasmplendn theciallawing provideqa aiere Qﬁh@g@@@éﬁmr@ﬂens‘éﬂnm&ged
to 3 V jvkRtighout ¢ 4 (20mA). A high cycle stability and reproducibility
could be achieved. The different sectional enlargenents of cycle no. 12
that are shown in fig. 2a and 2b show an extrenely small sudden voltage

di ffer eBzampleRl drop) when being switched fromcharging to discharging and
vice versa. This and the discharge curve remaining higher than 3.5 V for a
long tine are directly correlated with a considerable decrease of the
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exanpl e 1. 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 ym is obtained. The film is dried over night at 70°C and
1 mbar final pressure in a vacuum drying cabinet.

1.2. Example 1.1 is repeated, with the modification that 7.5 g MCMB (Osaka gas) is
used instead of 6 g graphite and 1.5 g acetylene carbon black.

Example 2

2.1. A battery film (electrolyte) for a rechargeable lithium cell is obtained from 9 g finely
powdered LiAlISi,Og (spodumene), 0.9 g ethylene carbonate, 0.9 g pumice powder,
3.0 g polyvinylidene fluoride hexafluoropropylene, prepared in about 30 g acetone
as was the negative electrode, and extruded to a thickness of 70-100 um.

2.2. Further battery films for a rechargeable lithium cell are prepared from 9.9 g natural
spodumene having a grain size in the range of 75pm, 40 pm or 1 pm,
respectively, 0.9 g ethylene carbonate, 3.0 g polyvinylidene hexafluoropropylene,
treated in about 30 g acetone like the negative electrode and extruded to a
thickness of 70-100 pm.

Example 3

A battery film (positive electrode) for a rechargeable lithium cell is prepared from 8 g
finely powdered LiCoO; (SC 15, Merck), 1.2 g acetylene carbon black (battery quality),



bservations generally show that the el ectrochem cal functional and
processing capability of the filns are not affected by the inventive
additives. 23 Claims: 1. Paste-like nmggs that can be used in

el ectrochem cal structural elenents, conprising a heterogeneous m xture of
(1.) amtrix (A containing at |east one organic polyner, precursors

thereof, or prepolyners thereof, or consisting of said components, (2.) an
el ect r o8red alhviengc crthanals, e 03 rfgmedce Sifgz dEPBrosil, ik o%rTﬁmgovavya/ﬁ'aage

subst angigofid® hegafiubropiopylene, 80d aboungd §alcelire agiwasithe MBgAiive oledirode wat er
and (3.) a material (C which is capable of inproving the transport of a
liquid electrolyte into and the storage thereof within the structural

el enent Exantpte dhe provi so that said material (C) is not a material which

si mul t aneously has conductivity inproving properties, if said solid

substance (B). is a material that is suitable as an el ectrode material.
The individual films according to examples 1 to 3 are cut to size and then laminated to a

complete individual cell.

The completed cell is partly sealed in an aluminum film that is asymmetrically coated
with plastic and has a thickness of 60 um, the gauzes being in contact with the outside
using two contact studs. Subsequently, the cell is activated with a second solid
electrolyte that is added in an absorbable solution and then tightly sealed.

The following table indicates the electrolyte solutions used:

Electrolyte Solvent (% by weight)

EC DMC PC
0.66 mol/l LiBF,4 64.7 33.3 —
1 mol/l LiBF4 66.7 33.3 —
1 mol/l LiBF,4 63.3 31.7 5.0
0.66 mol/l LiClO4 66.7 33.3 —
0.66 mol/l LINO; 66.7 33.3 —-

EC = ethylene carbonate
DMC = dimethyl carbonate
PC = propylene carbonate

Figure 1 shows the cycle behavior of a cell which has been extruded from films
according to examples 1.1, 2.1 and 3. The cycles no. 11-22 are illustrated. The 87 mAh
cell was constantly charged with a current of about C/4 (20mA), then was constantly
charged with a voltage of 4.1 V until the current had decreased to 10%, and
subsequently discharged to 3V with about C/4 (20mA). A high cycle stability and
reproducibility could be achieved. The different sectional enlargements of cycle no. 12
that are shown in fig. 2a and 2b show an extremely small sudden voltage difference (IR
drop) when being switched from charging to discharging and vice versa. This and the
discharge curve remaining higher than 3.5 V for a long time are directly correlated with
a considerable decrease of the internal resistance of the cell.



2. Paste-like mass in accordance with claim1, characterized in that said
matrix (A) additionally contains a plasticizer. 3. Paste-like mass in
accordance with claim2, wherein said pjoasticizer is selected from anong

di et hyl sul foxi de, dinmethyl carbonate, ethyl nethyl carbonate, diethyl
carbonate, nethyl propyl carbonate, ethylene carbonate, ethylene sulfite,
propyl ene carbonate, di oxol ane, tetrahydrofurane, y-butyrolactone or a

m xture of said substances. 4. Paste-like nmass in accordance with any of
claims Exanhl@5 characterized in that said plasticizer is present in a
gquantity of 0.05-50 % by weight, preferably of 5-12 by weight, particularly
preferably of about 10 % by weight or less, relative to said
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capable of swelling and/or is a chlorinated or a fluorinated pol yner,
preferably polyvinylidene chloride, polyethylene oxide, or a polyvinylidene
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one of 3ababif}l e fims 2tk ot AT bl e FRStVdaddfigedlance wi th claim 6,
characterlzed”in that said organic polynmer 1s present in a quantity of 0.05
to 50 % by weight, preferably in a quantity of 2 to 30 % by wei ght,
relative to the total conponents of the nass.



8. Paste-like mass in accordance with any of the preceding clains,
characterized in that said matrix (A) further contains a solvent or

swel I'ing agent for said organic polynmer, its precursors or its prepol yners.
9. Paste-like mass in accordance with @3 of the preceding clains,
characterized in that said electrochemcally activatable material (B) is
sel ected from anong substances that are suitable as a positive el ectrode
nater|aF:aEstron1anDng substances that are suitable as a negative

el ectrode material, or fromanong substances that are suitable as solid
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el enent ary seitathle asrath electrodeemater?2ll. 13. Sel f-supporting | ayer or |ayer t hat
is placed on a substrate, conprising a heterogeneous mxture of (1.) a
matri x (A) containing at |east one organic polymer or consisti ng of said
conponert s Rasteelikens@sshin Asgortanceavitly climnt oehigractesiaed in that said matrix (A)

additionally contains a plasticizer.

3. Paste-like mass in accordance with claim 2, 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.

4. Paste-like mass in accordance with any of claims 2 and 3, characterized in that
said plasticizer is present in a quantity of 0.05-50 % by weight, preferably of 5-12
% by weight, particularly preferably of about 10 % by weight or less, relative to
said electrochemically activatable material.

5. Paste-like mass in accordance with any of the preceding claims, characterized in
that the organic polymer of said matrix (A) is selected from among natural
polymers and synthetic polymers and mixtures thereof.

6. Paste-like mass in accordance with claim5, characterized in that said organic
polymer is a polymer which is capable of swelling and/or is a chlorinated or a
fluorinated polymer, preferably polyvinylidene chloride, polyethylene oxide, or a
polyvinylidene fluoride hexafluoropropylene copolymer, or a mixture containing at
least one of said polymers.



(2.) an electrochemally activatable inorganic material in the formof a
solid substance (B), said nmaterial not being soluble in said matrix and in
water’, as defined in any of clainms 1 or 9, and (3.) a material (C) which is
capabl e of inproving the transport of 24 iquid electrolyte into and the
storage thereof within the layer, as defined in any of clains 1, 10 and 11,
and if desired (4.) a conductivity inproving agent as defined in claim 12,
with the proviso that said material (C) is not a material which
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Sel f-supporting layer or layer that is placed on a substrate in accordance
with one of clainms 13 andl4, characterized in that said |ayer additionally
cont ai n§- anPapleclikeomass in @ceowianes with any &f the aregeding glaimsseharasterizednn 16.
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optional |y 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 ionic or electronic intermediate conductors between two such
substances or materials that are arranged adjacent in an electrochemical

structural element.

10. Paste-like mass in accordance with any of the preceding claims, characterized in
that said material (C) is selected from among pumice powder, zeolites, carbon
nanotubes, chamotte, silica gel, acetylene black, activated carbon, lampblack,
carbon blacks, carbons having a high specific surface and/or conductivity, fumed
silica, or kieselguhr.

11. Paste-like mass in accordance with claim 10, characterized in that said
material (C) is present in a quantity of 0.05 to 50 % by weight, preferably in a
quantity of 2 to 10 % by weight, relative to the total components of the mass.

12. Paste-like mass in accordance with any of the preceding claims, wherein (B) is an
electrode material and the mass additionally contains (D) 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.



(3.) amaterial (C which is capable of inproving the transport of a liquid
electrolyte into and the storage thereof within the layer, as defined in
any of claims 1, 10 and 11, and if desired (4.) a conductivity inproving
agent as defined in claim12, characterdszed in that said m xture
additionally contains an electrolyte that, being dissolved in a

pl ast|C| zer has been introduced into the | ayer due to a concentrati on
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electrolyte into and the storage thereof within the layer, as defined in any of
claims 1, 10 and 11, and if desired
(4.) a conductivity improving agent as defined in claim 12,
with the proviso that said material (C) is not a material which simultaneously has
conductivity improving properties, if said solid substance (B) is a material that is
suitable as an electrode material.

14. Self-supporting layer or layer that is placed on a substrate in accordance with
claim13, characterized in that said layer is a flexible film.

156. Self-supporting layer or layer that is placed on a substrate in accordance with one
of claims 13 and14, characterized in that said layer additionally contains an
electrolyte introduced into said layer in a dissolved form.

16. Self-supporting layer or layer that is placed on a substrate, comprising a

heterogeneous mixture of

(1.) a matrix (A) containing at least one organic polymer or consisting of said
components as defined in any of claims 1 through 8, and

(2.) an electrochemially activatable inorganic material in the form of a solid
substance (B), said material not being soluble in said matrix and in water and
being suitable as a solid electrolyte, and optionally

(3.) a material (C) which is capable of improving the transport of a liquid
electrolyte into and the storage thereof within the layer, as defined in any of
claims 1, 10 and 11, and if desired

(4.) a conductivity improving agent as defined in claim 12,

characterized in that said mixture additionally contains an electrolyte that, being

dissolved in a plasticizer, has been introduced into the layer due to a concentration

gradient of plasticizer.



18. Conposite |layer having el ectrochem cal properties in accordance with
clainml7, characterized in that onto the | ayer containing positive el ectrode
material, a layer acting as | ower contact electrode is additionally
applied, and onto the |ayer containing2eegative electrode nmaterial, a |ayer
acting as upper contact electrode is additionally applied. 19. Conposite

| ayer haV| n& el ectrochem cal properties in accordance with claim 17 or
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substance (B)is a materlal that is suitable as an electrode material.

21. Composite layer in accordance with any of claims 17 through 20, characterized in
that said layer, after having been laminated, is brought into contact with an
additional swelling agent, preferably propylene carbonate, and is subsequently
sealed in a suitable material or housing.



28 25. Method for producing a self-supporting |ayer in accordance with any
of clains 15 and 16, characterized in that (1.) a paste-like mass
consi'sting of the respective conmponents is adapted to have |ayer form and
the layer thus obtained is dried, and (27 ) said dried layer is brought into
contact with a dissolved solid electrolyte such that said electrolyte
penetrates into said | ayer, whereupon the filmis dried at a tenperature
in the range of roomtenperature up to about 70-90C. 26. Method for
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24. Method for producing a flexible film in accordance with claim14, characterized in
that a paste-like mass in accordance with any of claims 1 through 12 is applied on
a base to have layer form and is stretched or calendered, and the layer thus
obtained is dried, wherein said drying process is effected preferably at a reduced
pressure of up to about 102 mbar and at a temperature between ambient
temperature up to 150°C, most preferably in a range of 65-80°C, or at ambient
pressure at a temperature of up to 200°C, most preferably in a range of
about 120°C.



29 30. Use in accordance with one of clains 28 and 29, characterized in
that. said material (C) is selected fromanong pum ce powder, zeolites,

car bon nanotubes, chanotte, silica gel, acetylene black, activated carbon,
| anpbl ack, carbon bl acks, carbons havi28g a hi gh specific surface and/or
conductivity, funed silica, or kieselguhr, or that said material (O
S|nultaneousl anic_material in the form of sol i ubst
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27. Method for producing a composite layer in accordance with claim 20,
characterized in that a composite layer is produced as defined in claim 26 and is
subsequently brought into contact with a dissolved solid electrolyte such that said
electrolyte penetrates into said composite layer, whereupon said composite layer
is dried at a temperature in the range of room temperature up to about 70-90°C.

28. Use of a material (C) that is capable of improving the transport and the storage of
a liquid electrolyte in electrochemical structural elements, as a component of
paste-like masses that can be used in electrochemical structural elements, said
paste-like masses containing a matrix (A) containing at least one organic polymer,
precursors thereof, or prepolymers thereof, or consisting of said components as
defined in one of claims 1 through 8, 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.

29. Use of a material (C) that is capable of improving the transport and the storage of
a liquid electrolyte in electrochemical structural elements, as a component of
electrochemically activatable self-supporting layers or layers that can be placed on
a substrate, said layers containing a matrix (A) containing at least one organic
polymer, or consisting of said components as defined in one of claims 1 through 8,
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.



(b) inpregnating the electrolyte layer a suitable electrolyte dissolved in
a plasticizer, the layer to be inpregnated not containing any plasticizer
br bnly containing such a small quantity of plasticizer that due to the
pl asticizer concentration gradient, ti2® electrolyte solution wll
penetrate at |l east partly into the Iayer or into the conposite |ayer.

33. Method for producing el ect rochem ruct enent. s orrprl Si the
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into and t heheggbof age thereof within the structural element, (b) |lam nating
suitable layers of this kind to obtain an el ectrochem cally activatable
conposite |ayer, and

31. Use in accordance with any of claims 28 through 30, characterized in that said

material (C) is incorporated in a quantity of 0.05 to 50 % by weight, preferably in a
quantity of 2 to 10 % by weight, relative to the total components of the mass and
the film, respectively.

32. Method for producing a self-supporting layer or a layer that is placed on a
substrate and that is suitable as an electrolyte layer for use in electrochemical
structural elements, comprising the steps of
(a) producing an electrochemically activatable self-supporting layer or a layer

that is placed on a substrate by solidifying a paste-like mass that comprises a

heterogeneous mixture of

(1.) a matrix (A) containing at least one organic polymer, precursors thereof,
or prepolymers thereof, or consisting of said components,

(2.) an inorganic electrolyte material in the form of a solid substance (B),
said material not being soluble in said matrix and in water, and
optionally

(3.) a material (C) which is capable of improving the transport of a liquid
electrolyte into and the storage thereof within the structural element,

(b) impregnating the electrolyte layer a suitable electrolyte dissolved in a
plasticizer, the layer to be impregnated not containing any plasticizer or only
containing such a small quantity of plasticizer that due to the plasticizer
concentration gradient, the electrolyte solution will penetrate at least partly
into the layer or into the composite layer.



(¢) inpregnating said conposite layer with a suitable electrolyte dissolved
in a.plasticizer, the layer to be inpregnated not containing any
bl 48t'i ci zer or only containing such a small quantity of plasticizer t hat
due to the plasticizer concentration gr3glient, the electrolyte solution
will penetrate at |least partly into the layer or into the conposite |ayer.
33. Method for producing electrochemical structural elements comprising the steps of
(@) producing an electrochemically activatable self-supporting layer or a layer

that is placed on a substrate by solidifying a paste-like mass that comprises a

heterogeneous mixture of

(1.) a matrix (A) containing at least one organic polymer, precursors thereof,
or prepolymers thereof, or consisting of said components,

(2.) an electrochemically activatable inorganic material in the form of a solid
substance (B), said material not being soluble in said matrix and in
water, and optionally

(3.) a material (C) which is capable of improving the transport of a liquid
electrolyte into and the storage thereof within the structural element,

(b) laminating suitable layers of this kind to obtain an electrochemically
activatable composite layer, and

(c) impregnating said composite layer with a suitable electrolyte dissolved ina
plasticizer, the layer to be impregnated not containing any plasticizer or only
containing such a small quantity of plasticizer that due to the plasticizer
concentration gradient, the electrolyte solution will penetrate at least partly
into the layer or into the composite layer.



