
EP 0 379 372 B1 Description The present Invention relates to composite
solid electrolytes, to their manufacture and to electrochemical devices
employing the same. 5      Solid state electrochemical devices are the
subject of Intense Investigation and development. They are de- scribed
extensively In the patent literature. See, for example, U.S. Patents
4,303,748 to Armand; 4,589,197 to North; 4,547,440 to Hooper et al, and
4,228,228 to Christlansan. These cells are typically constructed of an
alkali metal foil anode, an tonically conducting polymeric electrolyte
solution containing an ionizable alkali metal salt, and a finely divided
transition metal oxide as a cathode. 10      Solid electrolyte powders
which are tonically conductive are disclosed in U.S. Patents 4,247,499 to
Glugla et a.; 4,388,385 and 4,414,607 to Sekido et al.; 4,394,280 to Von
Alpen et al.; 4,432,891 to Susman et al.; 4,539,278 to Harbach; and
4,557,985 to Voss. The solid electrolyte in Glugla et al. 4,247,499
comprises a crystalline Inorganic material embedded In a polymeric film.
The preferred ionic conductive crystal Is a beta-alumina crystal. The solid
electrolyte In Sekido 16  et al. 4,388,385 and 4,414,607 Is based on a
silver halide source. A particularly preferred electrolytic powder has the
formula of RbCu4l1.76C138.. Matsushita Electric Industrial Company,
assignee to the Sekido et al. pa- tents, has developed a paperelectrolyte
wherein the electrolytic powder is mixed with a high polymer insulator
material derived from styrene and butadlene and made Into a cement. Von
Alpen et al. 4,394,280 discloses a mixed crystal for use as an ion
conducting solid electrolyte which is formed from components of Na2O, ZrO2,
20  P205 and S102. Susman et al. 4,432,891, disclose a glass capable of
Ionic conduction. The glass Is prepared from a non-metal glass former such
as GaS2, B2S3 and SIS2 in mixture with a glass modifier such as NaS. Voss
4,557,985 discloses a ceramic solid electrolyte. The electrolyte may take
the form of a beta-alumina, a mixed crystal component, or a lithium nitride
material. Although the above-described solid electrolyte powders have been
used in electrochemical devices, they 25  suffer as a result of their
powdery form. In practice, to produce a solid electrolyte material from the
tonically conductive powders, the powders are typically compressed or
compacted, by a mold, for example, to form a tightly adherent body. For
some materials, particularly glass and ceramic materials, it is nearly
Impossible to form a unitary structure without the addition of materials
such as binders. For other materials where a unitary structure may be
produced, the resulting structure is extremely brittle and may be easily
fractured as a result 30  of its Inflexible physical state. It has been
proposed to form an electrolyte material byforming an interpenetrating
networkfrom a curable material wherein the network functions to house an
lonically conductive electrolyte. For example, Sauer et al. U.S. Patent
4,654,279 describes a cell In which the electrolyte Is a two phase
Interpenetrating network of a mechanically supporting phase of a continuous
network of a crosslinked polymer and an Interpenetrating con- 35 ducting
liquid polymer phase comprising an alkali metal salt of a complexing liquid
polymer which provides con- tinuous paths of high conductivity throughout
the matrix. In one embodiment, a liquid complex of a lithium salt and
polyethylene oxide is supported by an epoxy, a polymethacrylate, or a
polyacrylonitrile matrix. The net- work lsformed by preparing a liquid
solution of the metal salt, the salt-complexing liquid polymer, and the
mono- mer for the crosslinked supporting phase in a polar solvent. The
solvent is evaporated to form a dry layer of 40   a mixture of the
remaining materials. The dry layer is then cured. Le Mehaute et al. U.S.
Patent 4,556,614 discloses a solid electrolyte solution for an
electrochemical cell in which a salt complexing polymer is mixed with a
miscible and crossllnkable second polymer. The function of the second
polymer is to maintain the complexing polymer in a more highly conductive
amorphous state. This Is accomplished by forming a solution of the two
polymers and an ionizable salt in a solvent, evaporating 45  the solvent,
and crosslinking the second polymer. The second polymer Is crosslinked by
radiation. Our European PatentApplication 88310179.2 (Publication No.
EP-A-0318161) describes a polymeric elec- trolyte wherein a radiation inert
lonically conducting liquid having an ionizable alkali metal salt complexed
there- with Is maintained in a network of a cured photohardened polymer.
Although solid tonically conductive powders are known In the art, and the
use of lonically conductive poly- 



50   merlc materials to form a matrix for housing an lonically conductive
liquid or solid solution has been proposed, there has been no suggestion
that an lonically conductive polymeric material be used to form a matrix
for hous- ing a solid lonically conductive powder for improving the
mechanical properties of the electrolyte. As will become clear from the
detailed description which follows, solid electrolytes can be produced In
ao- cordance with the present invention having improved mechanical
properties without a corresponding reduction 56  in ionic conductivity. In
accordance with a first aspect of the present Invention, we provide a
composite solid electrolyte char- acterised in comprising a mixture of a
solid lonically conductive powder and an lonically conductive polymeric
material wherein said polymeric material provides a matrix containing said
solid tonically conductive powder. 2    EP 0 379 372 S1 The lonically
conductive powder, which may be inorganic (e.g. glass or ceramic), may be
mixed with an lonically conductive polymerizable or crosslinkable material
which is subsequently cured to form the matrix. In the mosttyplcal
arrangement, the lonically conductive materialswhichformthe matrix are low
molecular 5   weight compounds having at least one heteroatom capable of
forming donor acceptor bonds with alkali metal ions, alkaline earth Ions,
silver ions, protons or proton-transporting ions. These materials may be
polymeric In their natural form, or may be produced by curing a
polymerizable or crosslinkable material which Includes het- eroatoms
capable of forming donor acceptor bonds as described above. When the matrix
forming material is produced by a curing procedure, the materials may be
either radiation curable or thermally curable. When using 10  a radiation
curable Tonically conductive material, exposure of the mixture produces an
lonically conductive crosslinked or polymerized matrix which is
interpenetrated by the solid Tonically conductive powder. The sup- port of
the powder in the matrix provides an electrolyte material having improved
mechanical strength and ex- cellent ionic conductivity. For example, In
comparison to systems using a nonconductive matrix material, the
conductivity of the Inventive electrolyte Is improved by at least a factor
of 103. 15     In a second and alternative aspect of this Invention, we
provide a method for forming a composite solid electrolyte characterised In
comprising the steps of: forming a mixture of solid Tonically conductive
powder and an Tonically conductive polymeric material; and forming a matrix
of said lonically conductive polymeric material such that said solid
Tonically conductive powder Interpenetrates said matrix. This method for
producing a composite solid electrolyte is particularly advantageous
because It can be 20  used In the manufacture of the anode and cathode half
elements as well as the manufacture of the electro- chemical device
produced from the anode and cathode half elements. Anode hail elements can
be prepared by coating the aforementioned mixture on a metal foil, for
instance lithium metal on nickel or copper foi, and curing the coated foil,
If necessary. The foil emerges with the composite solid electrolyte adhered
to Its surface. This not only provides intimate contact between the foil
and the electrolyte but it also protects the underlying 26  fol surface
from damage during subsequent manufacturing operations in Which it is
assembled with the cath- ode element. Similarly, the electrolyte material
may be coated onto a cathode material and cured, if necessary. Alter-
natively, the cathode half element may be prepared by modifying the mixture
to Include the cathode material (e.g., V8013) and a conductor (e.g., carbon
black), coating the mixture on a metal foil support for the cathode so
half element, and curing the mixture, If necessary. In forming completed
electrochemical cells, the manufacture of the anode and the cathode half
elements is merged Into a single operation wherein the coated anode and
cathode foil members are assembled. In one embodiment, after assembly, the
cathode and anode members are cured together to form a completed cell.
Cured anode and cathode half elements prepared as above can also be
assembled using heat and pressure 35  for lamination. Various other formats
are also possible. The Invention provides, in a third alternative aspect
thereof, a method for forming an electrochemical cell 



which comprises assembling an anode half element and a cathode half element
with a solid composite elec- trolyte therebetween said solid composite
electrolyte comprising a mixture of a solid lonically conductive pow- der
and an lonically conductive polymeric material, wherein said polymeric
material provides a matrix containing 40  said solid lonically conductive
powder. The term "solid lonically conductive powder' defines a
material,which, in Its solid form, Is capable of lon- Ically conducting
alkali metal Ions, alkaline earth Ions, silver Ions, protons or
proton-transporting Ions. The pow- ders we employ are specifically to be
distinguished from so called solid electrolytes which are actually solid
solutions of an ionizable alkali salt complexed with a polymer having at
least one herero atom in its monomer 45  pattern (e.g. LiC104polyethyiene
oxide complex). We have found that containment of the solid ionically
conductive powder in the lonically conductive poly- meric matrix produces
an electrolyte which has excellent Ionic conductivity and superior strength
properties. The matrix which Is interpenetrated by the solid Tonically
conducting powder may be a polymeric material In Its natural form or may
take the form of a cured polymerizable or crosslinkable monomer. 50
General examples of useful polymers are described in U.S. Patent 4,303,748
to Armand and European ApplIcation 0 145 498 to Cook. These polymers have
repeating units containing at least one heteroatom such as an oxygen or
nitrogen atom. They can be represented as polymers having the repeating
unit 55                                       -CH2-CH-0- I wherein R is
hydrogen or a group Ra, -CH2ORa, -CH2OReRa, -CH2N(CH3)2, In which Ra is an
alkyl group con- 3    EP 0 379 372 B1 taining I to 16 carbon atoms and
preferably I to 4 carbon atoms or a cycloalkyl group containing 5 to 8
carbon atoms, and Re is an ether group of formula -(CH2-CH2O)p- wherein p
Is a number from I to 100, preferably I or 2: 5        or having the
repeating unit -CH-ACH2-N- R' wherein R' Is Ra, or ReRa, as defined above;
or having the repeating unit 16
-CH2-CH-- OReRa wherein Re and Ra are as defined above. Copolymers of the
above polymers may also be useful. 20     Tonically conductive curable
materials useful in practice of the present Invention include compounds
having at least one and preferably a plurality of heteroatoms particularly
oxygen and/or nitrogen atoms capable of forming donor acceptor bonds with
alkali metal Ions, alkaline earth Ions, silver Ions, protons or
proton-trans- porting ions, and which are terminated by radiation
polymerizable moieties. For example, they may be low mo- lecular weight
oligomers of the formulae: 25 A-CH2- CH-O -IMA R 30 A-CH2-CH2- .j- A 35 A
tCH2-lJ-CH2tlnA R 40 where n Is 3 to 50 and R Is hydrogen ora C1-C3 alkyl
group which are terminated by ethylenically unsaturated 



moieties or glycidyl moieties represented by A. A particularly useful group
of compounds is obtained by reacting a polyethylene glycol with acrylic or
methacrylic acid. Polyethylene glycol dlacrylate Is a particularly
preferred 4   polymer. To provide additional structural integrity,
triacrylate prepolymers may be added. Preferably, the Tonically conductive
polymeric materials have a molecular weight of about 200 to 800. Still more
preferably they are liquids at temperatures less than 300C. It may be
desirable to Include a radiation curable comonomer In the composition to
reduce the glass tran- sition temperature and Improve conductivity of the
polymer. Monoacrylate materials are particularly suitable 5o  for this
purpose. Also useful as comonomers In practice of the present invention are
nonconductive radiation curable ma- terials such as acrylated epoxies,
e.g., Bisphenol A epoxy diacrylate, polyester acrylate, glydidyl ethers
with acrylates, and a vinyl compound such as N-vinylpyrrolidone. The solid
ionically conductive powders which are maintained In the Tonically
conductive matrix are capable s5  of lonically conducting alkali metal
ions, earth alkali ions, protons or proton-transporting ions. These
materials are inorganic in nature and often are glass orceramic materials.
Examples of solid Tonically conductive powders which may be used In our
electrolytes Include RbAg4l6, RbCu,6117CI3, Nap-AI203, AgG14WO4,
polycrystalline LiI, Na3Zr2Si2PO12, p-PbF2, UI(AI203), and B2S3-LI28-LII.
Other solid Tonically conductive powders suitable for use In our
electrolytes Include those disclosed In U.S. Patent Nos. 4,247,499;
4,388,385; 4,394,280; 4,414,607; 4    EP 0 379 372 Bi 4,432,891; 4,539,276;
and 4,557,985. The solid lonically conductive powders typically have an
ionic conduc- tvity ranging between about 0.1 ohm-'cm-' and about 1.0 X 106
ohm-'cm-'. The mixture of powder and polymer suitably contains about 50 to
99 weight percent solid ionieally conduc- J5   tive powders and about I to
about 50 weight percent lonically conductive polymeric material. The
exactamount will varywith the nature of the polymerc material and the
affInityof the polymeroc material for the solid lonically conductive
powders. As a general rule, at least 2 percent of the polymeric material
must be added to demon- strata an appreciable Improvement In mechanical
properties. To produce the composite solid electrolyte, the solid ionically
conductive powders and the Tonically con- 10  ductive polymeric material
are mixed together. In the case where the polymeric material is a radiation
cured polymerizable or crosslinkable material, the mixture is passed
through a source of actinic radiation. Similarly, I the polymeric material
Is a thermally cured polymerizable or crosslinkable material, the mixture
is heated to Initiate polymerization. No materials other than the solid
lonically conductive powders and the lonically con- ductive polymeric
material need be present to form the composite solid electrolyte. However,
as will be recog- is  nized by those skilled In the art, additives such as
surfactants may be added to the mixture in minimal amounts. The mixture may
also Include additional materials to provide additional Improvements In
properties such as Ionic conductivity, mechanical strength, flexibility,
and the like. An example of an additive material which Is radiation curable
Is polyethylene oxide. To produce a composite electrolyte containing the
additive polymer, the additive polymer is mixed Into the mixture, the
resultant material Is extrusion coated onto a substrate, and 20  the
extruded material is passed through a source of actinic radiation to cure
the mixture. ,1. gThe term "actinic radiation" as used herein Includes the
entire electromagnetic spectrum and electron beam and gamma radiation. It
is anticipated, however, based on availability of radiation sources and
simplicity of equipment that electron beam and ultraviolet radiation will
be used most often. Electron beam and gamma radiation are advantageous
because they do not require the presence of a photolnitlator. When a
photoinitlator 26  is required, for example when using ultraviolet
radiation, any conventional initiator may be used. When using electron
beam, the beam potential must be sufficiently high to penetrate the
electrode layer, the anode or cath- ode half element, or the cell itself
depending upon which manufacturing technique Is adopted. Voltages of 175 to
300 KV are generally useful. The beam dosage and the speed with which the
element traverses the beam 



are adjusted to control the degree of crosslInking in an otherwise known
manner. 30      Our method can be used to produce free standing solid thin
electrolyte films or electrode half elements. To produce a free standing
film, the mixture Is poured Into a mold or coated onto a surface having a
release characteristic such as polytetrafluoroethyiene. If the polymeric
material Is radiation curable, the mixture is cured by exposure to actinic
radiation. The radiation curable mixture may also be coated on a metal foil
such as aluminum foil, or can be cast In a container prior to curing. The
film thickness can vary but films about 25 35 pun thick are useful In many
applications. The film so obtained Is assembled between a cathode and an
anode and Is laminated under heat and pressure. The cathode and anode may
be prepared as described above or by other process. A conductive adhesive
may be used If necessary, although not required. The composite solid thin
film electrolyte produced has significantdy improved mechanical properties
when compared to prior solid electrolytes which are not maintained In a
matrix of polymeric material. A problem we 40  have found with pressed or
formed solid lonically conductive powders (without polymeric materials) Is
their brittle nature which render them susceptible to cracks and fractures
as a result of applied stress forces. By comparison, the present composite
solid electrolytes are much stronger than the prior electrolytes and are
much more flexible than the prior electrolytes. As a result, the present
electrolytes are much more capable of withstanding stress forces without
risking fracture. Further, by using an Tonically conductive polymeric
matrix, 46  the ionic conductivity of the electrolyte Is far superior to
electrolytes comprising Tonically conductive powder maintained In a
non-conductive polymeric matrix. Increases in ionic conductivity by a
factor of at least 1000 can be achieved by practical embodiments In
accordance with the present invention as compared to electro- lytes having
Tonically conductive powder maintained within a non-conductive matrix. To
manufacture an electrochemical cell, the electrolyte Is placed between an
anode material and a cathode 50   material, and the materials are laminated
together, typically under heat and pressure. The cell may optionally
contain a current collector attached to the face of the cathode not
contacting the electrolyte. If the polymeric material used to form the
ionically conductive matrix Is radiation curable, the electrochemical
device can be assembled and then cured In situ. For example, in one
arrangement, a lithium coated foil member can be coated with the radiation
polymerizable electrolyte composition and over coated with the cathode
coating composition 55   described previously; or nickel foil can be coated
with the cathode coating composition described previously and overcoated
with the radiation polymerizable electrolyte composition. This structure
can be cured by ex- posure to electron beam or another source of actinic
radiation and the remaining electrically conductive foil member can be
assembled with it. In another embodiment the latter foil member may be
assembled with the structure prior to curing. 5    EP 0 379 372 B1 Anode
half elements are obtained by coating a foil of the anode metal with the
composite electrolyte. If the polymeric material is radiation curable, the
coated foil is exposed to radiation. A typical foil is lithium foil or
lithium coated foil such as nickel or copper foil having a layer of lithium
deposited on Its surface. Lithium la 5   preferred because it Is extremely
electropositive and lIght in weight The radiation curable composition may
be coated onto the foil in any manner. The prepolymer selected which cures
upon exposure to actinic radiation Is extremely stable and does not
chemically react with the lithium. Suitable techniques include rod coating,
roll coating, blade coating, etc. In a preferred embodiment the cathode
coating composition contains the same polymer phase as binder 1o  as the
polymeric material of the composite electrolyte. There is no phase
separation between the cathode and the electrolyte and as a result, the
Interfaclal resistance between these components of an electrochemical cell
Is signllicantiy reduced. Coating compositions for cathode half elements
include particles of an insertion compound and an elec- trically conductive
material along with the electrolyte composition, which functions as a
dispersing medium for 



15 the cathode materials. A typical coating formulation for a cathode half
element may contain about 50 to 80 parts of insertion compound, about 2 to
15 parts of an electrically conductive particle such as carbon black and
about 15 to 50 parts of the Tonically conductive electrolyte composition
described above. The cathode half element is obtained by coating a foil
member such as nickel foil In a thickness of about 10 to 100 lrn with the
aforesaid composition. If necessary, the cathode half element may be
radiation or thermally cured. Alterna- 20  tively, a polymer phase
different than the electrolyte phase may function to bind the Insertion
compound and electrically conductive material to a substrate. Insertion
compounds and conductive particles useful in practical embodiments are well
known in the art. Representative examples of insertion compounds are V9O13,
MoO2, MnO2 and TIS2. Other examples can be found in the aforementioned
references. A conductive particle is carbon black. 25     In accordance
with a further embodiment, the composite cathodic particles described in
U.S. Patent 4,576,883 to Hope can be dispersed in our electrolyte and
coated on a metal foil member as described above. In preparing the coating
compositions for the cathode half element, a small amount of a volatile
solvent and a dispersing agent can be added to disperse the cathodic
materials In the composition and produce a com- position having good
coating characteristics. 30     It is particularly envisioned that our
electrolyte be used In an electrochemical cell. However, as will be ap-
preciated in the art, the electrolyte may be used in other electrical
components, such as capacitors. Claims 35 1. A composite solid electrolyte
characterised in comprising a mixture of a solid ionicaily conductive
powder and an ionicafly conductive polymeric material wherein said
polymeric materiel provides a matrix contain- Ing said solid tonically
conductive powder. 40  2. An electrolyte according to Claim 1 further
characterlsed in that said polymeric material contains a re- peating unit
selected from: ( i )          'X-CH2  H-- 46 wherein R is hydrogen or a
group Re, -CH2ORa, -CH2OReRa, or -CH2N(CH3)2, in which Ra is an alkyl group
containing 1 to 16 carbon atoms and preferably 1 to 4 carbon atoms or a
cycloalkyl group containing 5 to 8 carbon atoms, and Re is an ether group
of formula -(CH2-CH2O)p- wherein p is a number from I 60      to 100,
preferably 1 or 2; (ii )                              -CH-CH2.-N- 55
wherein RI is Re, or ReRa, as defined above; and 6    EP 0 379 372 B1 Anode
half elements are obtained by coating a foil of the anode metal with the
composite electrolyte. If the polymeric material is radiation curable, the
coated foil is exposed to radiation. Atypical foil is lithium foil or
lithium coated foil such as nickel or copper foil having a layer of lithium
deposited on its surface. Lithium Is c   preferred because it Is extremely
electropositive and light In weight. The radiation curable composition may
be coated onto the foil in any manner. The prepolyrner selected which cures
upon exposure to actinic radiation Is eictremely stable and does not
chemically react with the lithium. Suitable techniques include rod coating,
roll coating, blade coating, etc. In a preferred embodiment the cathode
coating composition contains the same polymer phase as binder 1o  as the
polymeric material or the composite electrolyte. There Is no phase
separation between the cathode and the electrolyte and as a result, the
Interfacial resistance between these components of an electrochemical cell
Is significantly reduced. 



Coating compositions for cathode half elements include particles of an
Insertion compound and an elec- trically conductive material along with the
electrolyte coQposition, which functions as a dispersing medium for 15  the
cathode materials. A typical coating formulation fores cathode half element
may contain about 50 to 80 parts of insertion compound, about 2 to 15 parts
of an electrically conductive particle such as carbon black and about 15 to
50 parts of the ionically conductive electrolyte composition described
above. The cathode half element is obtained by coating a foil member such
as nickel foil in a thickness of about 10 to 100 pam with the aforesaid
composition. If necessary, the cathode half element may be radiation or
thermally cured. Alterna- 2o  tively, a polymer phase different than the
electrolyte phase may function to bind the Insertion compound and
electrically conductive material to a substrate. Insertion compounds and
conductive particles useful in practical embodiments are well known in the
art. Representative examples of insertion compounds are V*013, MoO2, MnO2
and TIS2. Other examples can be found In the aforementioned references. A
conductive particle Is carbon black. 25     In accordance with a further
embodiment, the composite cathodic particles described in U.S. Patent
4,576,883 to Hope can be dispersed In our electrolyte and coated on a metal
foil member as described above. In preparing the coaling compositions for
the cathode half element, a small amount of a volatile solvent and a
dispersing agentcan be added to disperse the cathodic materials In the
composition and produce a com- position having good coating
characteristics. 30     It is particularly envisioned that our electrolyte
be used in an electrochemical cell. However, as will be ap- preciated in
the art, the electrolyte may be used in other electrical components, such
as capacitors. Claims 35 1. A composite solid electrolyte characterised in
comprising a mixture of a solid ionically conductive powder and an
Tonically conductive polymeric material wherein said polymeric material
provides a matrix contain- Ing said solid ionically conductive powder. 4o
2.  An electrolyte according to Claim 1, further characterised in that said
polymeric material contains a re- peating unit selected from: ( i )
-CH2-CH-O- 45 wherein R is hydrogen or a group Ra, -CH2ORa, -CI-12OReRa, or
-CH2N(CH3)2, in which Ra is an alkyl group containing 1 to 16 carbon atoms
and preferably I to 4 carbon atoms or a cycloalkyl group containing 5 to 8
carbon atoms, and Re is an ether group of formula -(CH2-CH20)p- wherein p
is a number from 1 60      to 100, preferably I or 2; (ii)
-CH-CH2-- 55 wherein R' is Ra, or ReRa, as defined above; and 6    (iii)
_CH2- H-- OReRa .5 wherein Re and Ra are as defined above, or said
polymeric material comprises a copolymer containing two or more such
repeating units. 10  3.  An electrolyte according to Caim 1
furthercharacterised in that said polymeric matrial comprisesacured
polymerizable or crosslinkable material. 4.  An electrolyte according to
Ciaim 3, further characterlsed In that said polymeric material Is thermally
or radiation cured. 5. An electrolyte according to Claim 4, further
characterised In thatsaid polymeric material Is radiation cured 



and Includes a repeating unit of any of the following formulae: 20
A-.-CH2-CH-0--n-A R 26 A-(-CH2 -CH2-N-r-- A R 30 A <tCH2 -N-CH2-Y-nA R
where R Is hydrogen oran alkyl group containing between I and 3 carbon
atoms and n is an Integerranging between 3 and 50 and A is a terminal
ethylenically unsaturated moiety or a glycidyl moiety. 6.  An electrolyte
according to Claim 5, further characterlsed in that said polymeric material
Is ethylenically unsaturated. 40. 7. An electrolyte according to any
preceding claim, further characterised In that said Tonically conductive
powder comprises an inorganic powder, a glass powder or a ceramic powder.
8. An electrolyte according to Claim 7, further characterised in that said
solid Tonically conductive powder 45      is selected from RbAg4lr,
RbCu1617C113, Nap-alumina, Ag14WO4, polycrystalline Lil, Na3Zr2Sl2PO12,
PbF2, Lil(A1203) and B2S3-Li2S-Lil. 9.  An electrolyte according to any
preceding claim, further characterised in that said electrolyte further
com- prises an additional curable polymerizable or crosslinkable material.
50 10. An electrolyte according to Claim 9, further characterised in that
said additional curable material compris- es a nonconductive material. 11.
An electrode half element characterlsed in comprising a metal foil having
coated thereon an electrolyte according to any preceding claim. 12. An
element according to Claim 11, wherein said electrode is a cathode, further
characterised in that saId cathode additionally Includes an insertion
compound and electrically conductive particles. 13. An element according to
Claim 11, wherein said electrode is an anode, further characterised in that
said 7    metal foil Is a lithium foil or a lithium coated foil. 14. A
method for forming a composite solid electrolyte characterised In
comprising the steps of forming a mixture of solid ionically conductive
powder and an lonically conductive polymeric material; and forming a matrix
of said lonically conductive polymeric material such that said solid
lonically conductive powder interpenetrates said matrix. 15. A method
according to Claim 14, further characterised in that said polymeric
material Is as defined in any t0      of Claims 2 to 8. 16. Amethod
according to Claims 14 or 15, further eharacterised In thatsaid conductive
powder b as defined in any of Claims 7 or 8. 17. A solid state
electrochemical cell Including a composite solid electrolyte according to
any of Claims I to 18      10. 18. A method for forming an electrochemical
cell which comprises assembling an anode half element and a cathode half
element with a solid composite electrolyte therebetween, said solid
composite electrolyte comprising a mixture of a solid ionically conductive
powder and an ionically conductive polymeric material, 20      wherein said
polymeric material provides a matrix containing said solid lonically
conductive powder. Patentanspruiche 



25  1.  Fester Verbund-ESektrolyt, dadurch gekennzeichnet, dag er eine
Mischung eines festen, lonisch leitenden Pulvers und elnes lonisch
leltenden polymeren Materials ist, wobel das polymere Material eine Matrix
mit besagtem festem, lonisch leltendem Pulver bildet. 30  2.  Elektrolyt
nach Anspruch 1, dadurch gekennzeichnet, daB besagtes polymeres Material
eine wiederholende Einhelt enthalt, die aus- gewAhit ist aus: ( i )
-CH2-CH-O- 38 R worin R Wasserstoff oder ehe Gruppe Ra, -CH2ORa,
-CH2N(CH3)2 ist, worin Ra eine Aikyi-Gruppe mit I bis 16 Kohlenstoffatomen
und vorzugswebse I bis 4 Kohlenstoffatomen oder eine Cycloalkyl-Gruppe mit
40      5 bls 8 Kohlenstoffatomen lst und Re eine Ether-Gruppe der Formel
(CHrCH20)p- lst, wobel p elne Zahl von I bis 100 lst, vorzugswelse I oder
2; (ii)                           -CH-CH2--N- R' 45 wormn R Ra oder ReRa
lit, wie oben definiert; und 60  ( i i i )                  -CH2-CH--
6SReRa worin Re und Ra wie oben definiert sind, oder dal besagtes polymeres
Material zwei oder mehr derartiger wiederholender Einheiten enthalt. 86 3.
Elektrolyt nach Anspruch 1, dadurch gekennzeichnet, daB besagtes polymeres
Material ein gehirtetes polymerislerbares oder quer- vernetzbares Material
enthilt. 8    EP O 379 372 BI                        !     11L lIJI SIII
ipi 4.  Elektrolyt nach Anspruch 3, dadurch gekennzeichnet, dan besagtes
polymeres Material thermiech odor strahlungagehArtet ist. s   5
Elektrolyt nach Anspruch 4, dadurch gekennzeichnet, daB besagtes polymeres
Material strahlungsgehartbt ist und sine wiederholen- de Einhelt nach elner
der folgenden Formein enthalt: A-(CH2-CH-O)-A 10
R A-(CH2-CH2-N)-A A-(CH2-N-CH2 )-A 20
R worln R Wasserstoff oder sine Alkyigruppe mit 1 bis 2 Kohlenstoffatomen
ist, n sins ganze Zahl zwlschen 3 und 50 lstundAein an den Enden
angeordneter, ethylenisch ungesittlgterAntll oderein Glycidyi-Antel 25
ist. 6.  Elektrolyt nach Anspruch 5, dadurch gakennzelchnet, daB besagtes
polymeres Material ethylenlach ungesaftlgt ist. 7.  Elektrolyt nach elnem
der vorhergehenden Anspruche, 30      dadurch gekennzeichnet, daA besagtes
ionisch leitendes Pulver sin anorganisches Pulver, sin Glaspulver oder ein
keramlsches Pulver enthalt. 



S.  Elektrolyt nach Anspruch 4, dadurch gekennzelchnet, daol besagtes
festes, ionlsch leitendes Pulver aus RbAg41l, RbCu16T7CI13,Na- 36 -Tonerde,
Ag.14WO4, polykristallinem Ul, Na3Zr2SI2POj2, O-PbF2, Lil(AJ203) und
B2S3-U2S-Lil ausgewghit wird. 9.  Elektrolyt nach elnem der vorhergehenden
AnsprOche, dadurch gekennzeichnet, daB besagter Elektrolyt weiterhin ein
zuseitzllches hirtbares, polymerlsierbares 40      odor quervernetztes
Material enthilt. 10. Elktrolyt nach Anspruch 9, dadurch gekennzeichnet,
daB besagtes zusfitzliches hartbares Material ein nicht-leitendes Material
ent- hAlt 45 11. Elektroden-Halbelement, dadurch gekennzeichnet, daB es
sine Metallfolie mit einem darauf beschichteten Elektrolyten nach einem der
vorhergehenden Ansprflche aufweist. 12. Element nach Anspruch 11, wobel
besagte Elektrode sine Katode ist, dadurch gekennzeichnet, daB besagte
Katode zusltzlich sine Elnfflgungsverbindung und diektrisch lei- tends
Tellchen aufweist. 13. Element nach Anspruch 11, wobei besagte Elektrode
esine Anode !st, dadurch gekennzechhnet, daB besagte Metallfoile sine
Lithiumfolie odor sine Lithium-beschichtete Folio ist. 14. Verfahren zur
Bildung sines festen Verbund-Elektrolyten, dadurch gekennzeichnet, daB es
folgende Schritte umfal`t: 9    EP 0 379 372 B1                          C
;  M   S Bilden elner Mischung von festem, loniach leitendem Pulver und
einem loniach leltenden, polymeren Ma- terial; und Bilden elner Matrix des
besagten ionisch leltenden, polymeren Materials, so daB besagtes fe- stes,
lonisch leltendes Pulver In dle Zwischenriume der besagtbn Matrix
eindringt. 5: 15. Verfahren nach Anspruch 14, dadurch gekennzelchnet, dal
besagtes polymeres Material sowie In elnem derAnsprflche 2 bis 6 definlert
iat. 16. Verfahren nach Anspruch 14 oder 15, dadurch gekennzelchnet, daB
besagts polymeres Pulversowie in einem derAnsprOche 7 oder 8 definiert ist.
17. Elektrochemische Festk6rperzelle, dadurch gekennzeichnet, dal sie elnen
fasten Verbund-Elektrolyten nach einem derAnsprflche 1 big 10 15
aufwelst. 18. Verfahren zur Bildung elner eloktroohemischen Zelle, dadurch
gskennzeichnet, daB es umfaBt Anbringen elnes Anoden-Halbelements und elnes
Katoden- Halbelementb mit elnem festen Verbund-Elektrolyten dazwlschen,
wobel besagter fester Verbund-Elek- 20      trolyt elne Mischung eines
festen, loniach leitenden Pulvers und ilnes ionlsch leitenden, polymeren
Ma- terials enthilt, wobel besagtes polymeres Material elne Matrix mit
besagtem festem, lonisch leltendem Pulver llefert. 25   Revendications 1.
Electrolyte solid. composite, caracterise en co qu'il comprend un melange
d'une poudre solide A conduo- tion lonique et d'un mat6ulau polymere a
conduction lonique, dane loquel lodit materlau polymere constitue 



une matrice contonant ladite poudre solidi a conduction lonique. 30 2.
Electrolyte selon la revendication 1, caracterlse, en outre, en ce que
ledit mat6eiau polymere contient un meilion choisl parmi: (1i)
-CH2-CH-O- 35
I R ob R est l'hydrogone ou un group. Re, - CH2ORa, - CH2OReRa, ou -
CH2N(CH3)2, ob Re eat un group. alkyle contenant de I A 16 atomes do
carbone it do preference de I A 4 atomes do carbone, ou un groupe g   40
cycloalkyle contbnant de 5 A 8 atomae de carbone, et Re eat un groupe
otherde formule - (CH2 - CH20)p - ob p est un nombre situe entre I et 100
et. de preference, 1 ou 2; 5ii)                           -CH-CH2-N- obi R'
eat Re, ou ReRa, selon la definition ci-dessus et 50 (iii)
-CH2- H-- C'ReRa 55      oC Re it Re correspondent A la definition
ci-dessus, obi ledit matbriau polymbre comprend un copolymere contenant
deux maillons ou davantage. 3. Electrolyte selon la revendication 1,
caractrisk, en outre, en ce que ledit materiau polymbre comprend un
matoriau polymerisable durci ou reffculable. 10    EP 0 379 372 B1
Ic 4. Electrolyte selon la revendication 3, caractbrise, en outre, en ce
que ledit matfriau polymbre est durci ther- *      mmiquement ou par
rayonnements. _     5.  Electrolyte selon la revendication 4, caracteilse
en outre en ce que ledit materiau polyymere est durci par rayonnements et
comprend un maillon de l'una quolconque des formules sulvantes: 10
A-CH2--H-O--unA 15 A--tCH2 -CH2 -N-Y-A R 20 ATCH2 -N-CH2 --rnA R 25 oO R
est l'hydrogene ou un groups alkyle contenant entre I et 3 atomes de
carbone, et n est un nombre entler sltu6 entre 3 et 50, et A est une partlh
non satur6e 6thyl6niquemont de fin de chalne ou une partie glycidyl. 30 6.
Electrolyte solon la revendication 5, caract6ris6 en outre en ce quo ledit
materlau polymere est non sature ethyliniquement. 7. Electrolyte solon
l'une quelconque des revendications probdentes, caractbrls6, en outre, en
coe quo ladib poudre a conduction lonique comprend une poudre inorganique,
une poudre de verre ou une poudre ce- ramique. 8. Electrolyte solon la
revendlcatlon 7, caracterisb, en outre, en ce que ladite poudre solids a
conduction lonique est choisle parmi le groupo compos6 de: RbAg4l5,
RbCu-11l7C113, Nap-alumine, Ag64WO4, Lil polycristallin, Na3Zr2SI2PO12
p-PbF2, L-I(A1203) et B2S8-LI2S-Lil. 



9. Electrolyte selon lune quelconque des revendicatlons preo6dentes,
caracterise, en outre, on ce quo ledit 6lectrolyte comprsnd en outre un
mat6rlau suppl6mentaire durcissable polym6risable ou r6ticulable. 10.
Electrolyte solon la revendication 9, caractbisab, en outre, on ce quo
ledit materiau suppl6mentaire dur- 45      cbsable comprend un mat6riau non
conducteur. 11. Dem-n6lhment d'61ectrode caractdris6 en ce qu'il comprend
une feuille m6tallique revetue d'un blectrolyte 14    sslon l'une
quelconque des revendications precedentes. 12. Element solon la
revendication 11, dons lequel ladite 6lectrode est une cathode, caracterisb
en outre en ce quo laditf cathode comprend, en outre, un compose
d'insertion et des particules 6lectriquement conductrices. 13. El6ment
solon Is revendication 11, dans lequel ladite 6lectrode est une anode,
caractbrise en outre en ce que ladito fouille m6tallique est une feulleo de
lIthium ou une feuille revltue de lithium. 14. Procede pour former un
Ulectrolyte solids composite, caract6ris6 en co qu'il comprend les 6tapes
consis- tant a former un m6lange de poudre solido A conduction lonique et
d'un mate6rlau polymbre A conduction lonique et a former une matrice dudit
mat6riau polymbre A conduction lonique, de folio manibre que ladite    s
s .    ,          .                     1
111111111111~~~~~~~~~~~~111111HE11111 11 1111 EP 0379372 BI
*   c   L  M   S  I poudre solids A conduction ionique interpbnetre ladite
matrice. 15. Proc6db selon la revendlcation 14, caract&risA, en outre, en
ce quo ledit matirlau polymere eat tel que d~fini dans 'une quelconque des
revendications 2 A 6. 16. Procedb selon lea revendications 14 ou 15,
caracteris6, en outre, en ce quo ladits poudre conductrice est telle que
definis dans lNune quelconque des revendbcations 7 ou 8. 17. Cellule
6lectrochimique A solids comprenant un electrolyte solids composite selon
l'une quelconque des '0      revendlcatfons I A 10. 18. Proced6 pour former
une cellule 6lectrochimlque, comprenant l'assemblage d'un demi-616ment
formant anode et d'un demi-6lment formant cathode avec un electrolyte
composite solids entre eux, ledit eleo- trolyte composite solids comprenant
un melange d'une poudre solide A conduction lonique et d'un mat6- 5
driau polymere A conduction lonique, dans lequel ledit mat6riau polymere
constitue une matrice contonant ladits poudre solids A conduction lonique.
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