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NONWOVEN FABRC HAVING 
CROSS-LINKING MATERAL 

CROSS REFERENCE TO PRIORAPPLICATIONS 

This application is a U.S. National Phase application under 
35 U.S.C. S371 of International Application No. PCT/ 
EP2009/001 197, filed on Feb. 19, 2009 and claiming priority 
to German Application No. DE 10 2008 010 152.4, filed Feb. 
20, 2008. The International Application was published in 
German on Aug. 27, 2009 as WO 2009/103537 under PCT 
Article 21 (2). 
The invention relates to a layer having a main body, 

wherein the main body has pores, wherein the layer has a 
binder, wherein the binder is crosslinked. The invention also 
relates to methods for producing the layer, the use thereofand 
devices containing the layer. 

BACKGROUND 

Layers of the aforementioned type are already known from 
the prior art. Layers of this type are used as separators in 
batteries and capacitors, which have the function of energy 
storage. The storage of a charge in batteries and capacitors 
takes place chemically, physically or in a mixed form, for 
example by chemisorption. 

To avoid an internal discharge within the battery or capaci 
tor, electrodes of opposing charge are separated from one 
another mechanically by materials which do not conduct 
electrons known as separators or spacers. At the same time, 
the separators or spacers allow the transport of ionic charge 
carriers of an electrolyte between the electrodes owing to 
their porosity which is adapted to the energy storage system 
and the application thereof. 
The separators known from the prior art have Small, mutu 

ally crosslinked openings of about a micrometer. These open 
ings should be as large as possible so that the electrolyte 
conductivity in the impregnated separator is as high as pos 
sible and the battery therefore has a high power density. If the 
openings are too large however, metal dendrites can lead to a 
short circuit between the two electrodes which are actually to 
be electrically separated from one another. The metal den 
drites consist either of lithium or of other metals which can be 
in the form of impurities in the battery. 

In addition, particles of electrically conductive electrode 
materials can migrate through the openings. Owing to these 
processes, a short circuit can occur between the electrodes 
and the spontaneous discharge of the battery or the capacitor 
can be markedly accelerated. 

Locally very high currents can flow during a short circuit, 
leading to the liberation of heat. This heat can cause the 
separator to melt with the result that the insulating effect of 
the separator can in turn decrease significantly. A battery 
which runs down very rapidly represents a high safety risk 
owing to its high energy content and the combustibility of the 
electrolyte and other constituents. 
A further drawback of the separators known from the prior 

art is their inability to withstand rising temperatures. The 
melting point is about 130°C. when polyethylene is used and 
150° C. when polypropylene is used. 

Possible causes of short circuits include shrinkage of the 
separator due to an excessively high temperature in the bat 
tery, growth of metal dendrites due to a reduction of metal 
ions (lithium, iron, manganese or other metal impurities), 
abrasion of electrode particles, cutting abrasion or broken 
electrode coating and direct contact of the two flat electrodes 
under pressure. 
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EP 0892 448A2 discloses what is known as the shut-down 

mechanism, which counteracts the planar propagation of 
local heating, for example due to a short circuit, in that the ion 
conduction is prevented in the vicinity of the initial short 
circuit. Owing to the heat evolved by the short circuit, poly 
ethylene is heated to such an extent that it melts and closes the 
pores of the separator. High melting point polypropylene 
remains mechanically intact. 
US 2002/0168569 A1 describes the construction of a sepa 

rator consisting of polyvinyl fluoride, which is partially dis 
solved by a solvent in the production process, is blended with 
silicon dioxide particles and is applied as a thin film. A porous 
membrane remains when the solvent is removed. 
WO 2006/068428 A1 describes the production of separa 

tors for lithium ion batteries using a polyolefin separator 
which is additionally filled with gel-like polymers and inor 
ganic particles. 
WO 2004/021475A1 describes the use ofceramic particles 

which are shaped into a thin planarproduct from oxides of the 
elements silicon, aluminium and/or Zirconium, via organo 
silicon adhesives and inorganic binders. 

In order to establish sufficient mechanical flexibility, the 
ceramic particles are introduced into a Supporting material, 
for example a non-woven fabric. This is disclosed in WO 
2005/038959 A1. 
The use of low-melting-point waxes as an admixture to a 

ceramic paste in order to prevent short circuits in the early 
stage of metal dendrite formation is described in WO 2005/ 
104.269 A1. 

WO 2007/028662 A1 describes the addition of polymer 
particles with a melting point of over 100° C. to ceramic fillers 
in order to improve the mechanical properties of the separa 
tor. The described materials are to function as a separator for 
lithium ion materials. Although these separators lead to 
higher resistance to heat than membranes, they cannot be 
used commercially. This is due, on the one hand, to the rela 
tively high costs and, on the other hand, to the excessive 
thickness of the material, which is greater than 25 Jum. 
WO 2000/024075A1 describes the production of a mem 

brane which can be used in fuel cells. It consists of glass fibre 
materials in which fluorocarbon polymers are fixed by means 
of a silicate binder. 

Finally, JP 2005268096 A describes a separator for Li-ion 
batteries which is produced by melting together thermoplas 
tic particles in a polyethylene/polypropylene fibrous Support 
ing material by heating. This separator has a bubble-like pore 
structure with a pore diameter of 0.1-15 lum. 

European patent EP 1 138 092 B1 relates to composite 
bodies for electrochemical cells. These composite bodies 
consist of two layers, a layer of particles and binder being 
applied to a second layer. The second layer can be a film or 
non-woven fabric. 
US 2006/0078722 A1 discloses porous films of a 

crosslinked polyolefin resin. 
EP 1 271 673 A1 relates to gas-permeable separators for 

batteries. In this case, a crosslinked polymer layer is applied 
to a porous Substrate. 

However, the prior art does not reveal a cost-efficient sepa 
rator which has high porosity and high heat resistance while 
having a low thickness and which can be used over a broad 
temperature range with high safety requirements in batteries 
with a high power and energy density. A particular problem of 
known materials is that they shrink at elevated temperature, 
thereby reducing porosity and adversely affecting the prop 
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erties. In addition, there are no methods for producing effi 
cient separators simply in a few operating steps. 

SUMMARY OF THE INVENTION 

In an aspect of the invention a layer is provided which 
overcomes the described problems. 

In particular, an aspect of the invention is to configure and 
develop a layer in Such a way that, after cost-effective pro 
duction and with a low thickness it has a high porosity, good 
ion conductivity and high heat resistance. In particular, the 
material should have a high power density. When used in 
batteries, a high power density brings about lower inherent 
heating and higher efficiency. In particular, the material 
should maintain its structure and not shrink or change in any 
undesirable way at elevated temperature. A method for pro 
ducing Such layers in a simple, uniform and rapid manner is 
also to be provided. 

DETAILED DESCRIPTION 

The invention relates to a layer with a main body, the main 
body having pores, wherein the layer has a binder, wherein 
the binder is crosslinked. 

In this embodiment, the main body can be filled at least in 
part with particles, the particles at least in part filling out the 
first pores and forming particle-filled regions, the particles in 
the filled regions forming second pores. 

The binder is contained in the pores. If particles are addi 
tionally present, the binder is contained in the second pores. 
According to the invention, the binder is a polymer, in par 
ticular an organic polymer. The polymer is crosslinked. The 
binder therefore forms a network in the first pores and the 
second pores. This stabilises the layer in its entirety. The 
embedding of the particles in the main body can optionally be 
stabilised. A layer according to the invention is obtained, in 
particular, in that crosslinking takes place in the presence of 
the main body. If particles are present, the binder can bind the 
particles to the non-woven fabric. In addition, it binds 
together the fibres of the non-woven fabric. The binders are 
crosslinked according to the invention (transversely 
crosslinked). This means that the polymer chains of the 
binder are at least in part covalently linked to one another. The 
binder molecules thus formathree-dimensional network. The 
network is microporous and allows the transfer and diffusion 
of liquids as well as the ionic and non-ionic compounds 
contained in the liquids. The polymer network preferably also 
stabilises the embedded particles. 
The particles can form second pores in the filled regions, 

the average diameter of the particles being greater than the 
average pore size of the majority of the second pores. 
The frequency distribution of the average pore sizes is 

preferably adjusted according to the invention in Such a way 
that more than 50% of the second pores have average pore 
sizes lying below the average of the particles. The pore struc 
ture of a cost-efficient main body, for example a non-woven 
fabric, can be modified by the crosslinking and the appropri 
ate arrangement and choice of binders and optionally par 
ticles. 

The porosity of the layer according to the invention can be 
increased in comparison to polyolefin membranes without 
reducing the stability thereof. The arrangement of a plurality 
of particles, of which the average diameter is greater than the 
average pore size of the majority of the second pores in the 
filled region, allows the formation of a high porosity and 
therefore a favoured uptake of electrolyte by the main body. 
At the same time, a pore structure is created in which almost 
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4 
no harmful metal dendrites are able to form. Owing to the 
crosslinking and the arrangement of the particles, it is thus 
possible to produce a pore structure which is not in the form 
of bubbles but is labyrinthine and comprises extended pores. 
Dendritic interpenetration right through from one side of the 
layer to the other is almost ruled out with a pore structure of 
this type. Short circuits in batteries or capacitors are effec 
tively prevented in this way. The layer according to the inven 
tion is therefore particularly suitable as a separator for batter 
ies and capacitors with a high power and energy density. The 
layer according to the invention can be used over a wide 
temperature range with high safety requirements. 
The particles could be spherical. As a result, a predomi 

nantly close packing of spheres can advantageously be 
formed in the first pores of the main body, in particular the 
non-woven fabric. The average pore size of the majority of the 
second pores is then basically determined by the geometric 
conditions in sphere packings. There is an infinite number of 
ways of producing a close packing of spheres. A common 
feature is that they consist of hexagonal layers of spheres. The 
two most important representatives are the hexagonal close 
packing of spheres (layer sequence A, B, A, B, A, B) and the 
cubic close packing of spheres (layer sequence A, B, C, A, B, 
C., A). The cubic close packing of spheres is also known as 
face-centred cubic sphere packing. In a close packing of 
spheres, each sphere has twelve close neighbours, six in the 
actual layer and three above and three below. They form a 
cubic octahedron in the case of cubic packing and an anticu 
bic octahedron in the case of hexagonal packing. The density 
ratio of a close packing of spheres is 74%. However, it is 
desirable to produce a porosity which is as high as possible. 
Therefore, not all particles will form a close packing of 
spheres in the first pores of the main body. Instead, Zones with 
a loose pile of particles will occur and promote high porosity. 

In a further embodiment of the invention, the particles are 
not spherical, or some non-spherical particles are present. 
This embodiment relates, in particular, to the use of inorganic 
particles which frequently have an irregular fissured form 
with corners and edges. Such particles can also be mixed with 
spherical particles, for example in a proportion of up to 10, 20 
or 50% by weight. The properties of the particles can advan 
tageously be combined in this way. 
The particles could be homogeneously distributed in a 

planar manner in the main body. Short circuits can be particu 
larly effectively prevented with this specific configuration. 
Metal dendrites and abrasion are almost incapable of migrat 
ing through a homogeneously occupied area. In addition, the 
direct contact of electrodes when pressure is applied is 
avoided owing to Such an area. Against this background, it is 
specifically conceivable that all first pores of the main body 
are homogeneously filled with the particles in Sucha way that 
the layer has predominantly average pore sizes which are 
Smaller than the average diameters of the particles. 
The main body could have a coating of the particles. A 

coating also advantageously prevents short circuits, as men 
tioned above. If a layer is provided with a coating, a boundary 
region inevitably appears on the main body, the boundary 
region being filled at least in part with particles. However, the 
layer according to the invention differs significantly from 
known separators, for example from EP 1138092, in that it is 
not a composite material consisting of a non-woven fabric 
and a further layer produced from particles and binders. 
According to the invention, the crosslinking takes place 
entirely or at least in part within the main body and optionally 
in the presence of particles. If particles are used, they are 
embedded in the main body and are surrounded by 
crosslinked polymer. The particles are preferably substan 
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tially homogenously distributed in the main body. However, it 
is also possible according to the invention that the particles 
are irregularly distributed. For example, the majority of par 
ticles can be arranged towards one Surface of the main body. 
Preferably, at least 2, 5, 10 or 20% by volume of the first pores 
are filled with particles within the main body. 
The layer according to the invention contains a binder. The 

binder preferably consists of organic polymers. The use of a 
binder of organic polymers allows a layer with sufficient 
mechanical flexibility to be produced. 
The binder is crosslinked by linking crosslinkable groups 

of the binder molecules. Suitable crosslinkable binders 
include polymers or copolymers which are produced by poly 
merisation in Sucha way that the polymer contains crosslink 
able groups in the molecular chain. 
The polymer can also be chemically equipped with 

crosslinkable groups after polymerisation. According to the 
invention, binder mixtures containing at least one crosslink 
able binder can also be used. 

According to the invention, the binder is preferably the 
reaction product of a polymerisation process which is carried 
out in the presence of the main body and optionally the 
particles. The binder is selected, for example, from the group 
of polymers of beta-unsaturated carboxylic acids, the salts 
thereof, the esters, amides and nitriles thereof, and copoly 
mers of these compounds. Acrylates, methacrylates and 
derivatives thereof as well as the corresponding amides are 
particularly preferred. 

In preferred embodiments of the invention, the binder is a 
polymer selected from polyester, polyamide, polyether, poly 
carboxylates, a polycarboxylic acid, a polyvinyl compound, a 
polyolefin, a rubber, polyvinylpyrrolidone, a halogenated 
polymer and/or an unsaturated polymer or a copolymer 
thereof. The binder must be crosslinkable. Therefore, if the 
binder is, for example, a non-crosslinkable polyolefin, it must 
be chemically modified so that crosslinking points are con 
tained. 

The binders can be used in the form of homopolymers or as 
copolymers. Suitable copolymers include, for example, ran 
dom copolymers, gradient copolymers, alternating copoly 
mers, block copolymers or graft polymers. The copolymers 
can consist of two, three, four or more different monomers 
(terpolymers, tetrapolymers). 

In a preferred embodiment of the invention, the binder is a 
polyester or a polyamide or a copolymer thereof. The copoly 
mers can consist of various polyamide and/or polyester 
monomers or copolymers of Such monomers with other 
monomers. Binders of this type are distinguished by very 
good properties of adhesion. 
The binder stabilises the layer. This is brought about by the 

three-dimensional network which the binder forms in the 
pores. The optionally-contained particles are thus consoli 
dated at their positions in the layer. According to the invention 
it is also possible that the crosslinking also takes place 
between the binder and the main body or between the binder 
and the particles. This is possible, for example, if Surface 
treated reactive particles and/or main bodies are used. The 
binder can also have a non-covalent physical affinity for the 
particles and/or the main body. 
The melting point of the binder and/or the particles could 

lie below the melting points of the main body fibres. If such a 
binder/particle is selected, the layer can in part produce what 
is known as a shut-down mechanism. With a shut-down 
mechanism, the fusing particles and/or the binder close the 
pores of the main body so that no dendritic interpenetration 
through the pores and therefore short circuits can occur. 
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6 
Against this background it is conceivable that particles 

with different melting points are used. A stepwise or progres 
sive closure of the pores can thus be brought about as the 
temperature increases. 
Owing to the crosslinking of the monomer mixture, how 

ever, the microporous main body preferably does not fuse 
completely. It forms a heat-stable matrix so to speak and 
therefore exhibits high heat resistance overall. The meltdown 
of Such a separator in a battery takes place only at high 
temperatures, so the separator does not collapse. However, 
the filler particles allow particulate fusion. This leads to an 
intentional regioselective shut-down mechanism and there 
fore to an increase in battery safety. A combination of advan 
tageous properties, namely high meltdown temperature and 
an adaptable shut-down temperature, is thus obtained. This is 
advantageous, for example, for applications in the automotive 
industry. 
The crosslinking enables the layer to be used as a heat 

stable separator. It has been observed according to the inven 
tion that the crosslinking improves the heat resistance. 
Uncrosslinked materials, on the other hand, can relax and 
shrink when Subjected to a steady load at elevated tempera 
ture. The layer according to the invention preferably does not 
exhibit significant shrinkage at a temperature of 200° C. 
Therefore, the shrinkage is less than 10%, preferably 5% and 
more preferably 1%, preferably after 30 minor more prefer 
ably after 60 min at 200°C. (Measurement method: place flat 
item in an oven (generally in air) at a given temperature for a 
given period of time and then measure shrinkage of the area.) 
The particles could have an average diameter in the range 

of 0.01 to 50 um, in particular 0.01 to 10 um, particularly 
preferably 0.05 to 5um. The selection of the average diameter 
from this range has proven particularly advantageous for 
avoiding short circuits due to the formation of dendritic inter 
penetration or abrasion. 
The particles could consist of organic polymers. Suitable 

polymers include, for example, polyacetals, polycycloolefin 
copolymers, polyesters, polyimides, polyether ketones, poly 
carboxylic acids, polycarboxylates, rubbers, polyvinyl com 
pounds, polyethers, polynitriles, polysulfones, polytereph 
thalates, polynaphthalates and halogenated polymers, in 
particular fluorinated and chlorinated polymers. 
The organic polymers may be homopolymers or copoly 

mers. Suitable copolymers include, for example, random 
copolymers, gradient copolymers, alternating copolymers, 
block copolymers or graft polymers. The copolymers can 
consist of two, three or more different monomers (terpoly 
mers, tetrapolymers). The aforementioned materials may also 
be processed into particles in the form of mixtures. Thermo 
plastic polymers and polymer mixtures can generally be used, 
or crosslinked polymers and polymer mixtures such elas 
tomers or thermosetting resins. 
The particles may contain or consist of in particular, 

polypropylene, polyvinylpyrrolidone, polyvinylidenefluo 
ride, polyester, polytetrafluoroethylene (PTFE), perfluoroet 
hylene-propylene (FEP), polystyrene, styrene butadiene 
copolymers, polyacrylates, polymethacrylates, polyvinylpy 
ridine, polyetherketones, polybutylterephthalate, polyethyl 
ene terephthalate, polyacrylonitrile, polyethylenenaphtha 
late, polysulfone, polyethylene, polyoxymethylene, 
polybenzimidazole or nitrile butadiene polymers, or copoly 
mers of the aforementioned polymers. Homopolymers, 
copolymers or block copolymers of vinylidenefluoride 
(VDF), polytetrafluoroethylene (PTFE) and polyoxymethyl 
ene (POM, also called polyacetal or polyformaldehyde) are 
particularly preferred. 
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In a preferred embodiment of the invention, the particles 
consist of polyacetals such as polyoxymethylene (POM) or 
the particles contain polyacetals. Copolymers of acetals can 
also be used, for example with trioxane as the comonomer. 
Polyacetals are distinguished by excellent dimensional sta 
bility and heat resistance. In addition, they also have only a 
low water uptake. This is advantageous according to the 
invention as the filled main body then only absorbs a little 
water overall. 

In a further embodiment of the invention, the particles 
consist of or contain cycloolefin copolymers (COC). The 
thermal properties of COC may be intentionally varied and 
therefore adapted to the desired application areas by varying 
the ratios of incorporation of cyclic and linear olefins within 
a broad range. The heat resistance can thus be adjusted Sub 
stantially in a range of 65 to 175°C. The COCs are distin 
guished by an extremely low water uptake and very good 
electrical insulating properties. 

In a further embodiment of the invention, the particles 
consist of or contain polyesters. In particular, liquid-crystal 
line polyesters (LCP) are preferred. They are available for 
example from Ticona under the trade name “Vectra LCP. 
Liquid-crystalline polyesters are distinguished by high 
dimensional stability, high heat resistance and good resis 
tance to chemicals. 

In a further embodiment of the invention, the particles 
consist of polyimides (PI) or copolymers thereof, or contain 
them. Suitable copolymers include, for example, polyether 
imides (PEI) and polyamideimides (PAI). The use of polyim 
ides is advantageous because they have high mechanical 
strength and high heat resistance. They also have good Sur 
face properties which can be purposefully adjusted from 
hydrophilic to hydrophobic. 

In a further embodiment of the invention, the particles 
consist of or contain polyether ketones (PEK) or copolymers 
thereof. Polyetherether ketones (PEEK) are particularly suit 
able. Polyether ketones are resistant to high temperatures and 
very resistant to chemicals. 

In a further embodiment of the invention, the particles 
consist of or contain polycarboxylic acids or polycarboylates 
or copolymers thereof. In particular, homopolymers or 
copolymers, in particular block copolymers, are Suitable. The 
polymers are produced, in particular, from methacrylic acid, 
methacrylates, methacrylamides and methylacrylic acid 
esters such as, for example, methyl-, ethyl-, propyl-, butyl-, 
hexyl-, 2-ethylhexyl-, Stearyl-, lauryl-, cyclohexyl-, benzyl-, 
trifluoromethyl-, hexafluoropropyl-, tetrafluoropropyl-meth 
acrylates, methacrylamides and methacrylic acid. The corre 
sponding acrylates, acrylamides and acrylic acid compounds 
can also be used. Use of these homopolymers and copolymers 
allows the desired thermal characteristics such as shut-down 
of the separator, adhesion to the main body and to the binder, 
and the wetting properties of the particles to be purposefully 
adjusted. 

In a further embodiment of the invention, the particles 
consist of rubber or contain a rubber. The rubbers are prefer 
ably crosslinked. Generally known rubbers such as ethylene 
propylene diene rubber (EPDM rubber) can be used. In par 
ticular, EPDM rubber has high elasticity and good resistance 
to chemicals, in particular to polar organic media, and can be 
used over a wide temperature range. Other suitable rubbers 
include, for example, natural rubber, isoprene rubber, butadi 
ene rubber, chloroprene rubber, styrene butadiene rubber and 
nitrile butadiene rubber. The polymers of these rubbers con 
tain crosslinkable, unsaturated double bonds and are known 
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8 
as R-rubbers. These rubbers are preferably crosslinked. They 
can be used, for example, as homopolymers or copolymers, in 
particular block copolymers. 

Fluorinated rubbers such as perfluoro rubber (FFKM), 
fluoro rubber (FKM) or propylene tetrafluoroethylene rubber 
(FPM) and copolymers thereof can also be used. FFKM is 
particularly preferred. These binders, in particular FFKM, are 
distinguished in that they can be used in a high temperature 
range and have very good resistance to media and chemicals 
and minimal Swelling. They are therefore Suitable, in particu 
lar, for applications at high temperatures in an aggressive 
environment, such as in fuel cells. 

In a further embodiment of the invention, the particles 
consist of or contain a fluorinated or halogenated polymer. 
This can be produced, for example, from vinylidenefluoride 
(VDF), polytetrafluoroethylene (PTFE), hexafluoropropy 
lene (HFP) or chlorotrifluoroethylene (CTFE). For example, 
homopolymers or copolymers, in particular block copoly 
mers, can be used in this embodiment. The copolymers can 
consist of different halogenated monomers or may be copoly 
mers of halogenated monomers with other monomers. The 
polymers and monomers can be completely fluorinated or 
chlorinated or partially fluorinated or chlorinated. In a par 
ticular embodiment of the invention, the comonomer content 
of the halogenenated monomers, in particular of HFP and 
CTFE, of the total polymer, is between 1 and 25% by weight. 
The halogenated polymers are distinguished by high resis 
tance to heat and to chemicals and by good wettability. They 
are particularly suitable for use with fluorinated or partially 
fluorinated binders. The heat resistance and the processing 
temperature can be varied over a broad temperature range by 
the use and selection of copolymers. The processing tempera 
ture of the binder can thus be adapted to the melting tempera 
ture of the particles. It is also possible to adjust a shut-down 
temperature. 
The use of a copolymer of PTFE and perfluoro-3,6-dioxa 

4-methyl-7-octene-sulfonic acid (PFSA) is particularly pre 
ferred. This is available from Du Pont under the trade name 
Nafion. It is advantageous according to the invention because 
it is a good conductor of cations and protons. 
The use of organic polymers for the particles allows fusion 

of the particles for achieving a shut-down effect. In view of 
the crosslinking, it is possible to produce a layer which can 
easily be cut to size without it crumbling. The layer usually 
crumbles if a relatively high proportion of inorganic particles 
is present in the layer. Against this background, it is conceiv 
able to use mixtures of different particles or core-shell par 
ticles. Stepwise or progressive closure of the pores with 
increasing temperature can be brought about in this way. 
The binders and particles that can be used according to the 

invention, in particular the organic particles, are preferably 
heat-resistant to a great extent. Preferably, the binders and/or 
particles are stable at temperatures of 100, 120, 150, 175 or 
200° C., in particular for 24 hours. This enables them to be 
used in fuel cells. 

It is also conceivable to use or add inorganic particles or 
hybrid inorganic/organic particles. These particles do not 
melt below a temperature of below 400°C. In addition, these 
particles can be selected with basic properties in order at least 
in part to reduce the proton activity occurring in batteries and 
thus actively to counteract the aging of the other battery 
components or the evolution of gas. 

Suitable inorganic particles include, for example, metal 
oxides, metal hydroxides, nitrides, carbonitrides, carboox 
onitrides, borates, silicates, Sulphates, carbonates and glass 
particles. The particles can consist of or contain aluminium 
oxides, silicon oxides, Zeolites, titanates and/or perovskites. 
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Mixtures of these particles or mixtures with other materials 
can also be used. Suitable glass particles include, in particu 
lar, nano and microglass particles. These particles can consist 
of or contain alkali and alkaline earth Sulphates, alkali and 
alkaline earth carbonates and lithium borates. The inorganic 
particles can be untreated but also chemically modified in 
order to permit ideal wetting with the electrolyte present so as 
to reduce proton activity owing to basic properties, to fix 
impurities owing to complexing functions and to selectively 
increase the Lion transport number in the electrolyte owing 
to complexing functions. The organic particles, the binder 
and the non-woven fabric can also deploy these modes of 
operation. 

In an embodiment of the invention, inorganic particles are 
used in a mixture with organic particles. The inorganic par 
ticles can have an intrinsic fissured or porous structure and 
thus increase the porosity, in particular of particle mixtures. 
They also have high heat resistance, high resistance to chemi 
cals and good wettability. Thus, for example, mixtures of 
organic and inorganic particles can be used in which up to 2. 
5, 10, 25 or 99% by weight of the particles are inorganic 
particles. 

It is also possible to use inorganic particles which are 
spherical or of which the external shape has a uniform 
arrangement of faces resembling a sphere. Such particles are 
obtainable, for example, by crystallisation. 
The particles which can be used according to the invention 

can be produced by known methods. Methods are accord 
ingly known in which suitable, in particular spherical, organic 
particles are already obtained as the reaction product of poly 
merisation. Preferred methods include emulsion or disper 
sion polymerisation. 

In a further embodiment, the particles are obtained by the 
further processing of polymers. For example, polymer gran 
ules can be ground. Separation processes such as sieving are 
optionally then employed in order to obtain the desired size 
distribution. The particles can consist of mixtures of different 
particle sizes. The porosity and the pore size distribution can 
thus be varied. 

The particles can be inert, capable of swelling or soluble in 
the monomer Solution. The particles can also be chemically 
treated, for example by modification of the surfaces. The 
Surfaces can accordingly be made hydrophilic. The Surfaces 
can also be treated in Such a way that they have reactive 
groups for crosslinking with the binder. 
The main body can be a non-woven fabric, woven fabric, 

knitted fabric, membrane, film, felt, paper or foam. It is par 
ticularly preferable to use a non-woven fabric. A non-woven 
fabric (or fleece) is a textile sheet of individual fibres. The 
non-woven fabric is preferably consolidated. 

In a preferred embodiment of the invention, the main body, 
in particular the non-woven fabric, consists of fibres, the 
pores being formed from the fibres. 
The fibres of the main body, in particular the non-woven 

fabric, could be produced from or contain organic polymers, 
in particular polybutylene terephthalate, polyethylene tereph 
thalate, polyacrylonitrile, polyvinylidene fluoride, poly 
etherether ketones, polyethylene naphthalate, polysulfones, 
polyimide, polyester, polypropylene, polyoxymethylene, 
polyamide, polyvinylpyrrolidone or cellulose, such as vis 
cose. It is also conceivable to use bicomponent fibres. These 
can have or contain the aforementioned polymers. Mixed 
fibres of cellulose and polysilicic acid, for example, offered 
under the trade name Visil are suitable. The use of these 
organic polymers allows production of a layer exhibiting only 
slightheat shrinkage. In addition, these materials are Substan 
tially electrochemically resistant to the electrolytes and gases 
used in batteries and capacitors. 
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10 
The layer according to the invention can have the following 

composition, based on the dry weight: 
20 to 98% by weight, in particular 50 to 95% by weight 

main body, 
0 to 80% by weight, in particular 2 to 50% by weight 

particles, 
0.1 to 30% by weight, in particular 0.5 to 15% by weight 

binder. 
In preferred embodiments, the layer according to the inven 

tion has a weight per unit area which is 110 to 500%, in 
particular 120 to 300% or 140 to 200% of the weight per unit 
area of the main body. 
The average length of the fibres of the non-woven fabric 

could be at least twice, preferably a multiple of the average 
diameter thereof. A particularly tear-resistant non-woven fab 
ric can be produced with this specific configuration because 
the fibres can be interlaced with one another. 
At least 90% of the fibres of the main body, in particular of 

the non-woven fabric, could have an average diameter of at 
most 12 Lum. This specific configuration allows the construc 
tion of a layer having relatively small pore sizes of the first 
pores. An even finer porosity can be achieved in that at least 
40% of the fibres have an average diameter of at most 8 um. 
The layer could be characterised by a thickness of at most 

100 um. A layer of this thickness can still be wound without 
difficulty and allows very safe battery operation. Preferably, 
the thickness could be at most 60 um or at most 40 um or 30 
um. This thickness allows improved winding but still safe 
battery operation. Particularly preferably, the thickness could 
be at most 25um or at most 5um. Very compact batteries and 
capacitors can be constructed with layers of this thickness. 
The structure according to the invention of the layer com 

prising a crosslinked binder allows the production of layers 
having high porosity which are still very stable. The layer 
could have a porosity of at least 25% or at least 30%. A layer 
having this porosity particularly effectively prevents the for 
mation of short circuits owing to its density. The layer could 
preferably have a porosity of at least 15% or at least 40%. In 
a preferred embodiment, the porosity is greater than 55%. A 
battery having a high power density can be produced with a 
layer having this porosity. The layer described here still 
exhibits very Small pores at high porosity, thus preventing the 
dendritic interpenetration from one side to another of the 
layer. Against this background it is conceivable that the sec 
ond pores form a labyrinthine structure in which dendritic 
interpenetration from one side to another of the layer cannot 
take place. 
The layer could have average pore sizes of at most 15um or 

at most 3 um. Selection of this pore size has proven particu 
larly advantageous for avoiding short circuits. More prefer 
ably, the average particle sizes could beat most lum. A layer 
of this type avoids, in a particularly advantageous manner, 
short circuits due to metal dendrite growth, due to abrasion 
from electrode particles and due to direct contact of the elec 
trodes when pressure is applied. 
The layer could have a maximum tensile force in the lon 

gitudinal direction of at least 15 N/5 cm or at least 5 N/5 cm 
(as defined in EN 29 073-T3). A layer having this strength can 
be wound onto the electrodes of a battery without tearing. 
The invention also relates to a method for producing a layer 

according to the invention, wherein 
a) a Solution or dispersion is prepared, containing the main 

body, which comprises the first pores, and crosslinkable 
polymers, 

b) the polymers are crosslinked and 
c) the coated main body is optionally dried and/or heated. 
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In this case, the polymers function as binders. In an 
embodiment of the invention, a solution or dispersion con 
taining the crosslinkable polymers can initially be prepared. 
The polymers can be produced by polymerisation in the solu 
tion or dispersion or can be added to the Solution or dispersion 
from the exterior. The main body is then impregnated with the 
Solution or dispersion, followed by crosslinking. 

In a further embodiment, the polymers are produced by 
polymerisation in the presence of the main body. The mono 
mers are selected in Such a way that a crosslinked or a 
crosslinkable polymer is obtained. With this embodiment, 
polymerisation and crosslinking preferably take place in a 
single batch. It is possible that the two reactions take place 
simultaneously or pass into one another. This can be 
achieved, for example, if bifunctional and polyfunctional 
monomers are contained in the batch. These monomers can 
participate twice or more in the reaction per molecule and 
thus link two or more polymer chains. It is advantageous if 
polymerisation and crosslinking take place Substantially by 
the same mechanism in a single reaction. 

It is also possible first to substantially terminate polymeri 
sation and then purposefully to carry out crosslinking, for 
example by addition of catalysts, irradiation or heating. In this 
embodiment, the functional groups of bifunctional and/or 
polyfunctional monomers are preferably selected in Such a 
way that Some of the groups do not react during polymerisa 
tion. 

The Solution or dispersion in step a) can additionally con 
tain the particles. 

The invention also relates to a method for producing a layer 
according to the invention, wherein 
a) a solution or dispersion which contains polymerisable 
monomers is produced, at least Some of the monomers 
being crosslinkable, 

b) the main body comprising the first pores is impregnated 
with the solution or dispersion, 

c) the monomers are polymerised, 
d) the polymers obtained in step c) are crosslinked during or 

after polymerisation, and 
e) the coated main body is optionally dried and/or heated. 
The Solution or dispersion in step a) can additionally con 

tain the particles. 
In a preferred embodiment of the invention, the monomers 

comprise a mixture of monofunctional and polyfunctional 
OOCS. 

The polymerisation in step c) is preferably carried out 
ionically or radically. Polymerisation is carried out in the 
presence of the main body and optionally the particles. The 
crosslinking in step d) is preferably carried out thermally or 
by radiation, in particular UV radiation. 

In a preferred embodiment of the invention, the monomers 
are a mixture of monofunctional and bifunctional monomers. 
The proportion of bi- or polyfunctional monomers in the 
mixture is preferably 0.1 to 50% by weight, in particular 0.5 
to 30% by weight. 

The Swelling behaviour of the layer may be optimised by 
combining various monomers and/or crosslinking agents. 
The Swelling behaviour is dependent on the crosslinking den 
sity. This is significant, for example, when the layers are used 
as separators. 

In a further embodiment of the invention, the solution or 
dispersion contains monomers for producing a crosslinkable 
binder and at least one further component selected from pho 
toinitiators, radical initiators, ionic initiators, thermal initia 
tors, chain transfer agents, chain regulators and protic as well 
as aprotic solvents. 
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In particular, monomers which can be radically orionically 

polymerised are preferably used. These reactions are prefer 
ably assisted by photoinitiators. If the monomers are photo 
chemically active, photoinitiators are not required as the 
monomers are then self-initiating and polymerisation starts 
automatically. Bifunctional or polyfunctional monomers are 
used if crosslinking takes place during polymerisation. 

Thermal initiators can also be added in addition to the 
photoinitiators. A cooperative effect can be achieved in this 
way as the polymerisation and therefore also the crosslinking 
are accelerated. A combination of radiation treatments, for 
example using IR and UV radiation, is preferred. Overall 
production speed can thus be increased. 

Particularly suitable monofunctional compounds for the 
radical polymerisation include compounds which contain at 
least two conjugate double bonds. Unsaturated polymers 
which can be crosslinked are obtained during polymerisation. 

During radical polymerisation, it is preferable to use beta 
unsaturated carboxylic acids, the salts thereof, the esters, 
amides or nitriles thereof as monofunctional monomers. A 
double bond or triple bond is present at the beta position. The 
esters and acids preferably have the general formula 
RRC=C COOR. R. Rand Rare organic residues or 
H. The organic residues are, in particular, alkyl, aryl and 
alkaryl. The alkyl residues, in particular R. are, in particular, 
unbranched or branched C1 to C20 residues, preferably 
methyl, ethyl, propyl, isopropyl, ethyl-2-n-propyl, benzyl-2- 
n-propyl, butyl, isobutyl, pentyl, hexyl, octyl, ethylhexyl, 
decyl, isodecyl, Stearyl, lauryl, cyclohexyl, isobornyl, 2-hy 
droxyethyl, ethoxy-ethoxy, furfuryl, tetrahydrofurfuryl, or 
aryl residues such as benzyl, phenyl and phenoxyethyl. The 
corresponding compounds which have an amide group in 
place of the ester group are also preferred. 

In preferred embodiments of the invention, the monofunc 
tional monomers are acrylates, methacrylates, acrylamides, 
methacrylamides or derivatives thereof. Suitable monomers 
include, for example, acrylic acid and methacrylic acid esters 
and the derivatives thereof, the ester component having up to 
20 carbon atoms in the residue, for example methyl, ethyl, 
propyl, isopropyl, ethyl 2-n-propyl, benzyl 2-n-propyl, butyl, 
isobutyl, pentyl, hexyl, octyl, ethylhexyl, decyl, isodecyl. 
Stearyl, lauryl, cyclohexyl, isobornyl, phenyl, benzyl, phe 
noxyethyl, 2-hydroxyethyl, ethoxy-ethoxy, furfuryl, tetrahy 
drofurfuryl. 

Particularly preferred are fluorinated or perfluorinated 
acrylates and methacrylates, ethyleneglycol-methylether 
acrylate, ethyleneglycoldicyclopentenylether-acrylate, poly 
(ethyleneglycol)-methylether-acrylates having a molecular 
weight of about 200 to 500, poly(propyleneglycol)-acrylates 
having a molecular weight of about 200 to 500, di(ethyleneg 
lycol) 2-ethylhexyl-ether-acrylate, 2-(2-oxo-1-imidazolidi 
nyl)-ethyl-methacrylate, 2-(diethylamino)ethyl-acrylate, 
2-(diethylamino)-ethyl-methacrylate, 4-acryloylmorpholine. 
Also suitable are monofunctional urethane acrylates and 
methacrylates, styrene, O-alkylstyrene, vinyltoluene, vinyl 
Stearate. Also Suitable are acrylamides, methacrylamides, 
N-methylolacrylamide, N-methylolmethacrylamide, unsat 
urated nitriles, such as acrylonitrile, methacrylonitrile. Fur 
ther Suitable monofunctional monomers include vinyl ether, 
vinyl acetate, vinyl propionate, vinylbutyrate, 1-vinyl-2-pyr 
rolidone, 2-vinyl pyridine, N-vinyl caprolactam, N-vinyl for 
mamide, N-vinyl phthalimide, 3-vinyl anisole, 2-vinyl ani 
sole, crotonic acid and crotonic acid esters, 
acrylamidomethylpropane Sulfonic acid, maleic acid and 
maleic acid esters, fumaric acid and fumaric acid esters as 
well as itaconic acid and itaconic acid esters. Mixtures of the 
aforementioned monofunctional monomers can also be used. 
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Compounds which can be polymerised and/or crosslinked 
at two or more positions in the molecule are particularly 
Suitable as bifunctional or polyfunctional monomers for radi 
cal polymerisation. A network can thus be formed during 
polymerisation. Compounds of this type preferably have two 
identical or similar reactive functionalities. Alternatively, 
compounds having at least two differently reacting function 
alities can be used. For example, one reactive group can 
polymerise and the other reactive group which is not partici 
pating in polymerisation can be purposefully crosslinked. 

Suitable bifunctional and polyfunctional monomers for 
radical polymerisation include, for example, diacrylates, 
dimethycrylates, triacrylates, trimethacrylates, tetraacry 
lates, tetramethacrylates, pentaacrylates, pentamethacry 
lates, hexaacrylates and hexamethacrylates. Particularly Suit 
able are 1,3-butanedioldiacrylate, 1.6-hexanedioldiacrylate, 
1.9-nonanedioldiacylate, neopentylglycoldiacrylate, 1.6- 
hexanediol-ethoxylatediacrylate, 1.6-hexanediol-propoxy 
latediacrylate, 3-(acryloyloxy)-2-hydroxypropylmethacry 
late, 3-hydroxy-2,2-dimethylpropyl 3-hydroxy-2.2- 
dimethylpropionatediacrylates, 5-ethyl-5-(hydroxymethyl)- 
BB-dimethyl-1,3-dioxan-2-ethanoldiacrylate, bisphenol-A- 
ethoxylatediacrylate having a molecular weight of about 450 
to 700, bisphenol-A-propoxylatediacrylate, di(ethylenegly 
col)-diacrylate, pentaerythritol diacrylate monostearate, poly 
(ethyleneglycol)-diacrylate having a molecular weight of 
about 250 to 1000, tetra(ethyleneglycol)-diacrylate, tri(pro 
pylene glycol)diacrylate, tri(propyleneglycol)-glycerolate 
diacrylate, trimethylolpropane-benzoatediacrylate, vinylcro 
tonate, divinylbenzene, 1,6-bis(3,4-epoxy-4- 
methylcyclohexane carboxylic acid)hexyldiester, 
vinylacrylate, vinylmethacrylate, di(trimethylolpropane)-tet 
raacrylate, dipentaerythritol penta-/hexa-acrylate, pen 
taerythritol propoxylate-triacrylates, pentaerythritol tet 
raacrylate, trimethylolpropane-ethoxylate-triacrylates 
having a molecular weight of 400 to 1000, and tris 2-(acry 
loyloxy)ethyl-isocyanurate. 

According to the invention, ionic polymerisation can also 
be carried out. This can be anionic or cationic polymerisation. 
Unsaturated compounds, in particular those with a carbon 
carbon double bond, are Suitable as monomers. 

Suitable monofunctional monomers for ionic polymerisa 
tion include, for example, glycidyl-phenylether, limonenox 
ide, cyclohexeneoxide, cycloocteneoxide, butyl-gly 
cidylether, glycidyl-isobutylether, glycidyllisopropylether, 
2-ethylhexyl-glycidylether, 2-methyl-2-vinyloxirane, 1.2- 
epoxybutane, 1.2-epoxy-5-hexene, 1.2-epoxy decane, 1.2-ep 
Oxydodecane, fluorinated and perfluorinated oxiranes having 
up to 20 carbon atoms. 

In particular the following bifunctional and polyfunctional 
monomers and crosslinking agents are used during ionic 
polymerisation: bisphenol-A-diglycidylether, 12.5,6-diep 
oxycyclooctane, 1.2.7.8-diepoxyoctane, 1,3-butadienediep 
oxide, 4-butanedioldiglycidylether, 1,4-cyclohex 
anedimethanol-diglycidylether, 3.4-epoxycyclohexylmethyl 
3,4-epoxycyclohexancarboxylate, 4,4'-methylenebis(N.N- 
diglycidylaniline), bis(3,4-epoxycyclohexylmethyl)adipate, 
ethyleneglycol-diglycidylether, neopentylglycol-digly 
cidylether, poly(o-cresylglycidylether)-coformaldehyde 
having an Mn of about 350 to 1100 g/mol, polyethylenegly 
coldiglycidylether having a M. of about 330 to 600 g/mol, 
poly(propyleneglycol)-diglycidylether having a M. of about 
350 to 700 g/mol. 5-amino-1,3,3-trimethylcyclohexanmethy 
lamine, poly(propyleneglycol)bis(2-aminopropylether), tri 
ethylenetetramine, 4,4'-methylenedianiline, 1.2-cyclohexane 
dicarboxylic anhydride. 
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Polymerisation initiators may be added to the solution or 

dispersion. Photoinitiators are preferably used during ionic 
polymerisation and during radical polymerisation. In a fur 
ther embodiment, no photoinitiators are present. Some 
known monomers initiate polymerisation without photoini 
tiators merely by the absorption of radiation. If this is not the 
case, photoinitiators are added. These initiators can initiate 
radical and/or ionic polymerisation. Initiation is carried out 
by radiation in this case. The proportion of polymerisation 
initiators in the solution or dispersion can be between 0.05 to 
10% by weight or 0.05 and 5% by weight, in particular 0.1 to 
3% by weight. Polymerisation can be influenced by the 
amount of initiator. In general, the use of more initiator leads 
to shorter polymer chains. The Swelling characteristics and 
thermal characteristics of the layer obtained are influenced in 
this way. 

Reaction initiators can be used during radical polymerisa 
tion. These are usually compounds which liberate residues 
under specific conditions such as irradiation or elevated tem 
perature. Suitable initiators for radical polymerisation 
include, for example, 1-hydroxycyclohexyl phenylketone, 
2,2-diethoxyacetophenone, 2-benzyl-2-(dimethylamino)-4'- 
morpholinobutyrophenone, hydroxy-2-methylpropiophe 
none, 2-hydroxy-4-(2-hydroxyethoxy)-2-methylpropiophe 
none, 2-methyl-4-(methylthio)-2- 
morpholinopropiophenone, 3,6-bis(2-methyl-2- 
morpholinopropionyl)-9-octylcarbazol. 
3'-hydroxyacetophenone, 4'-ethoxyacetophenone, 4'-hy 
droxyacetophenone, 4'-phenoxyacetophenone, 4'-tert-butyl 
2,6'-dimethylacetophenone, 2,2-dimethoxy-2-phenylac 
etophenone, 4-(dimethylamino)benzoin, 4'-dimethylbenzil, 
benzoin ethyl ether, benzoin methylether, (4-benzoylbenzyl) 
trimethylammonium chloride, 2-(acryloyloxy)ethyl(4-ben 
Zoylbenzyl)dimethylammonium bromide, 5-dimethylben 
Zophenone, 2-methylbenzophenone, benzophenone-3.3'.4. 
4-tetracarboxylic dianhydride, 3,4-dimethylbenzophenone, 
3-hydroxybenzophenone, 3-methylbenzophenone, 4-(di 
ethylamino)benzophenone, 4-(dimethylamino)benzophe 
none, 4-(ptolylthio)benzophenone, 4,4'-bis(2-(1-propenyl) 
phenoxybenzophenone, 4,4'-bis(diethylamino) 
benzophenone, Michler's ketone, 4,4'- 
dihydroxybenzophenone, 5,5'-methylenebis(2-hydroxy-4- 
methoxybenzophenone and benzophenone. 

Thermal radical initiators can also be used. At elevated 
temperature, they break down into residues which initiate 
polymerisation. Suitable thermal radical initiators include, 
for example, 4,4'-aZobis(4-cyanovaleric acid), 1,1'-aZobis 
(cyclohexanecarbonitrile), 2’-azobis(2-methylpropionitrile), 
benzoylperoxide, 2.5-bis(tert-butylperoxy)-2,5-dimethyl 
hexane, bis 1-(tert-butylperoxy)-1-methylethylbenzene, 
tert-butylperoxide, tert-butylperoxybenzoate, cumenehydro 
peroxide, dicumylperoxide and lauroylperoxide. 

Initiators can be used during ionic polymerisation. They 
are usually compounds such as Lewis bases or Bronsted acids 
which produce ions in a first reaction. Suitable initiators for 
the ionic initiators include, for example, (4-bromophenyl) 
diphenylsulfoniumtriflate, (4-chlorophenyl)diphenylsulfo 
nium triflate, (4-fluorophenyl)diphenylsulfonium triflate, 
(4-iodophenyl)diphenylsulfonium triflate, (4-methoxyphe 
nyl)diphenylsulfonium triflate, (4-methylphenyl)diphenyl 
sulfonium triflate, (4-methylthiophenyl)methyl phenyl sulfo 
nium triflate, (4-phenoxyphenyl)diphenylsulfonium triflate, 
(4-phenylthiophenyl)diphenylsulfonium triflate, (4-tert-bu 
tylphenyl)diphenylsulfonium triflate, (tert-butoxycarbonyl 
methoxynaphthyl)-diphenylsulfonium triflate, bocmethox 
yphenyldiphenylsulfonium triflate, 2-(4-methoxystyryl)-4,6- 
bis(trichloromethyl)-1,3,5-triazine, 2-naphthyl 
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diphenylsulfonium triflate, 4-(2-hydroxytetradecyl)oxy 
phenylphenyliodonium hexafluoroantimonate, bis(4-tert 
butylphenyl)iodonium perfluoro-1-butanesulfonate, bis(4- 
tert-butylphenyl)iodonium p-toluenesulfonate, bis(4-tert 
butylphenyl)iodonium triflate, bis(4-tert-butylphenyl) 
iodonium triflate, diphenyliodonium p-toluenesulfonate, 
diphenyliodonium triflate, diphenyliodonium-9,10 
dimethoxyanthracene-2-sulfonate, N-hydroxy-5-norbornen 
2,3-dicarboximide perfluoro-1-butanesulfonate, N-hydrox 
ynaphthalimide triflate, N-hydroxyphthalimide triflate, 
thiobis(triphenylsulfonium hexafluorophosphate), triarylsul 
fonium hexafluoroantimonate salts, triarylsulfonium 
hexafluorophosphate salts, triphenylsulfonium perfluoro-1- 
butanesufonate, triphenylsulfonium triflate, tris(4-terf-bu 
tylphenyl)sulfonium perfluoro-1-butanesulfonate, tris(4-tert 
butylphenyl)sulfonium triflate, 2-tert-butylanthraquinone 
and 2-tert-butylanthraquinone. 

Further known additives can be used to assist the polymeri 
sation reactions. Chain transfer agents and regulators, for 
example, are Suitable. Suitable chain transfer agents and regu 
lators include, for example, carbon tetrachloride, chloroform, 
1-butanethiol, 2,2'-(ethylenedioxy)diethanethiol, 4,4'-thio 
bisbenzenethiol, butyl 3-mercaptopropionate, ethyl 3-mer 
captopropionate, methyl 3-mercaptopropionate, pentaeryth 
ritol tetrakis(2-mercaptoacetate)pentaerythritol tetrakis(3- 
mercaptopropionate), tert-nonyl mercaptain and raft reagents. 

In a preferred embodiment of the invention, the main body 
is impregnated with the following solution or dispersion: 
a) 1 to 100% by weight, in particular 2 to 80% by weight of 

polymerisable monomers, 
b) 0 to 80% by weight, in particular 2 to 70% by weight of 

particles, 
c) 0 to 10% by weight, in particular 0.05 to 5% by weight of 

polymerisation initiators, 
d) O to 5% by weight, in particular 0.05 to 3% by weight of 

chain transfer agents, 
e) 0 to 95% by weight, in particular 0 to 90% by weight or 0 

to 75% by weight of solvents. 
Solutions or dispersions which are suitable for polymeri 

sation contain, for example, methacrylate, dimethacrylate 
and PVP; or vinylpyrrolidone, PVP and PVP particles; or 
PVDF particles, PVP monomethacrylate and dimethacry 
late; or acrylic acid and Surfactant, optionally in combination 
with aluminium oxide or PTFE particles. 

The polymerisable monomers, preferably contain up to 50, 
in particular 0.1 to 30 or 0.2 to 20% by weight of bifunctional 
or polyfunctional monomers. The other monomers are mono 
functional monomers. The addition of a solvent is optional. If 
the monomers are liquid, the particles can also be dissolved in 
the monomer. 

In a preferred embodiment, polymerisation and crosslink 
ing of the impregnated main body are carried photochemi 
cally with Subsequent drying of the layer. 

According to the invention, a heat-resistant microporous 
single-ply layer can be obtained. The layer according to the 
invention can be combined with other components to form 
multi-ply systems. According to the invention, a plurality of 
layers according to the invention can be combined. 

In a particular embodiment of the invention, the layer is 
aftertreated in order to achieve at least partial separation of the 
polymeric binder and the particles. A microporous structure 
can be obtained in this way. This separation is achieved if 
various polymers which have only limited compatibility are 
used as binder and as particles. 

In a preferred embodiment of the invention, a solution or 
dispersion is initially produced. It contains the monomers and 
optionally the particles and further additives. 
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The additives may be selected in such a way that they 

influence the rheology and therefore the processing and/or the 
stability of the dispersion and do not impair polymerisation 
and battery properties. Conventional dispersion additives 
Such as acids, bases, Surfactants, for example ionic or non 
ionic Surfactants, thickeners such as alginic acid, agar, carra 
geen, carob powder, guar powder, tragacanth gum, gum ara 
bic, Xanthan gum, karayagum, tara powder, gellan, pectin, 
cellulose, cellulose ether, carboxymethyl cellulose, hydrox 
ypropyl cellulose, hydroxypropylmethyl cellulose, methyl 
cellulose, methylethyl cellulose, modified starch, polyethyl 
eneglycol and carbopol, polymers such as polyacrylates, 
oligoethers, polyethers and polyelectrolytes can be used. Sili 
cates, in particular bentonites, hectorites, montmorillonites, 
wollastonites and hydrated oxide particles such as SiO par 
ticles, Al-O particles or TiO, particles may also be used as 
thickeners. The particles used may be in the form of a disper 
sion immediately after production or may be made available 
in the form of a dispersion by the manufacturer. They may 
possibly have to be dispersed in the first instance. Conven 
tional dispersion aids such as Surfactants and emulsifiers may 
be used. 
To produce the dispersion, the components are assembled 

and homogenised while stirring and optionally while heating. 
The dispersion may be an aqueous dispersion. However, a 
dispersion in a solvent or in a water/solvent mixture may also 
be used. The solids content of the dispersion is preferably 
between 5 to 70, preferably 20 to 65, and more preferably 25 
and 45% by weight. 
The dispersion can be applied to the main body, in particu 

lar the non-woven fabric, by known methods of coating. In 
particular embodiments, a main body is preferably coated 
continuously or else semi-continuously by conventional coat 
ing methods. Suitable methods include, for example, doctor 
ing, spraying, curtain coating, roller systems such as 2, 3 and 
5 roller systems, 3 roller combi systems, micro roller systems, 
reverse roll Systems, engraved roller systems, dipping sys 
tems, slot die systems, knife systems, double side systems, 
commabar systems, foam application or preferably impreg 
nation. The coating speed may be 0.5 to 1000 or 0.5 to 200 
m/min, preferably 20 to 200 or 20 to 1000 m/min and more 
preferably between 50 and 200 or 50 to 100 m/min. The 
coated main body is then preferably dried and optionally 
compacted. The coating can be dried at 50 to 500° C. or 50 to 
200° C., preferably 100 to 200° C. and more preferably 
between 120 and 200° C. The heating and/or drying can be 
carried out by contact (calendering, drum dryer, belt dryer) 
and also without contact (warm air, hot air, IR radiation, 
microwaves) or by otherheating methods known from the art. 
The layer could be mechanically compacted by calender 

ing. Calendering also reduces the Surface roughness. The 
particles which are optionally used on the Surface of the main 
body have flattened regions after calendering. 
The method according to the invention using monomers 

which are polymerised in the presence of the layer has various 
advantages. One advantage is that the method can be carried 
out very quickly. The main body can be coated and photo 
chemically crosslinked in one production step. The great 
advantage of photochemical crosslinking resides in its speed 
and uniformity. The method is therefore much faster than 
known methods in which non-woven fabrics are coated and 
then heat-treated, calendered or further processed by similar 
methods. 

In addition, the method is very versatile and can therefore 
be readily adapted to specific requirements, for example the 
specific requirements in a battery with respect to electrodes, 
electrolytes and battery design. The wetting behaviour, for 
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example of a separator, by the respective electrolytes, can be 
optimised by the selection of the monomers and optionally 
the particles. The Swelling behaviour of a separator in the 
presence of electrolytes can be optimised by the choice of the 
monomers, the crosslinked density and the particles. 
The adhesion of the layer, for example as a separator to the 

electrodes can also be improved by the selection of the mate 
rials. This is important for the lamination of separators and 
electrodes which is an important step in the production of 
Li-polymer batteries. 
The layer described here can be used as a separator, in 

particular in batteries and capacitors, because it prevents 
short circuits in a particularly effective manner. 

It can also be used as a gas diffusion layer or membrane in 
fuel cells, as it exhibits good wetting properties and can 
transport liquids. The invention therefore also relates to a fuel 
cell, a battery, a battery electrolyte system or a capacitor 
containing at least one layer according to the invention. 
The layer according to the invention is particularly Suitable 

for combination with typical battery electrolyte systems com 
posed of one or more liquids and one or more base electro 
lytes. Suitable solvents for electrolyte systems include, for 
example, those based on carbonates such as ethylene carbon 
ate, diethyl carbonate, dimethyl carbonate and propylene car 
bonate, or lactones such as butyrolactone. Mixtures of these 
Solvents are often used. 
The conventional solvents such as the above-mentioned 

carbonates have the drawback of being highly flammable. 
Other electrolyte systems based on ionic liquids have there 
fore been developed. Ionic liquids have the advantage that 
they are much less flammable than carbonates. Mixtures of 
ionic liquids, and also mixtures of ionic liquids (IL) with the 
above-mentioned conventional Solvents are used. Ionic liq 
uids consist, for example, of liquid salts containing a cation 
based on ammonium, pyridinium, pyrrolium, oxazolium, 
oxazolinium, imidazolium or phosphonium ions. 

Frequently used conducting salts include, in particular, 
lithium salts such as LiPF LiClO LiAsF. LiBF 
LiCFSO, LiN(CFSO), LiN(CFCFSO), LiSbF. 
LiAlCl, LiGaCl, LiCl, LiNO, LiSCN, LiOSCFCF, 
LiCFSO, LiOCCF, LiFSO, LiB(CHs), LiB(CO), 
Li(NTF). The concentration of conducting salt is 0.2 mol/kg 
(based on electrolyte solvent) up to the limit of solubility, 
preferably 0.2 to 0.8 mol/kg and more preferably 0.4 to 0.6 
mol/kg. 

Finally, it should be particularly emphasised that the spe 
cific embodiments contained in the application merely have 
the function of illustrating the teaching according to the 
invention but do not limit it. 

PRACTICAL, EXAMPLES 

Methods of Measurement 

To determine the weight per unit area, three respective 
100x100 mm samples were punched out, the samples were 
weighed and the measured value multiplied by 100. 

The thicknesses were measured using a precision thickness 
measuring device model 2000U/Electrik. The measured area 
was 2 cm and the measured pressure was 100 cN/cm. 

Example 1 

130 parts of a polyvinylpyrrolidone (PVP; Luvitec K90, 
BASF) solution were added to 320 parts of a 50% methoxy 
polyethylene glycol 750-methacrylate Solution 
(PLEXR06850-O, Evonik) with constant stirring. 4 parts of 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
polyethylene glycol 200-dimethacrylate, 2.7 parts of Irgacure 
754 (Ciba) and 1.3 parts Irgacure 819 DW (Ciba) were then 
added, also with stirring and in the absence of light. 

Coating 
A 30x49, 5 cm large PET non-woven fabric (Freudenberg, 

thickness: 20um, weight per unit area: 11.6 g/m) was coated 
by a roller coating method, passed through a UV table dryer 
(Technigraf, Aktiprint T model) and dried at 120° C. 
A coated non-woven fabric having a weight per unit area of 

15 g/m and a thickness of 23 um was obtained. 
Example 2 

100 parts of a 25% PVP-particle dispersion (Luvicross, 
BASF), 75 parts vinylpyrrolidone and 140 parts deionised 
water were added to 65 parts of a 5% PVP (polyvinylpyrroli 
done) solution (Luvitec K90, BASF) with constant stirring. 
2.7 parts Irgacure 754 (Ciba) and 1.3 parts Irgacure 819 DW 
(Ciba) were then added, also with stirring and in the absence 
of light. 

Coating 
A 30x49, 5 cm large PET non-woven fabric (Freudenberg, 

thickness: 20um, weight per unit area: 11.6 g/m) was coated 
by a roller coating method, passed repeatedly through a UV 
table dryer (Technigraf, Aktiprint T model) and dried at 120° 
C. 
A coated non-woven fabric having a weight per unit area of 

16 g/m and a thickness of 23 um was obtained. 
Example 3 

200 parts of a 2% PVP (polyvinylpyrrolidone) solution 
(Luvitec K90, BASF), 15 parts of polyethylene glycol 200 
dimethacrylate (Evonik) and 60 parts of a 50% methoxypoly 
ethylene glycol 750-methacrylate (Evonik) solution were 
added to 200 parts of a 57% PVDF dispersion (KYNAR301F, 
Arkema, average particle size 0.25um) with constant stirring 
using a blade mixer. 2.7 parts Irgacure 754 (Ciba) and 1.3 
parts Irgacure 819 DW (Ciba) were then added, also with 
stirring and in the absence of light. 

Coating 
A 15 cm wide PET non-woven fabric (Freudenberg, thick 

ness: 20 um, weight per unit area: 11.3 g/m) was continu 
ously coated by a roller coating method, passed repeatedly 
through a UV table dryer (Technigraf, Aktiprint T model) and 
dried at 120° C. 
A coated non-woven fabric having a weight per unit area of 

22 g/m and a thickness of 30 um was obtained. 
Example 4 

12.50 parts surfactant (alkylpolyethyleneglyco 
letherethoxylate: Lutensol ON 118: BTC), 1.75 parts 2,2- 
dimethoxy-2-phenylacetophenone (Aldrich), 6.52 parts trial 
lyl-1,3,5-triazine-2,4,6 (1H.3H,5H)-trione (Aldrich) and 
28.34 parts deionised water were added to 50.89 parts of an 
80% acrylic acid solution (Ceda Chemicals) with constant 
stirring using a blade mixer and in the absence of light. 

Coating 
A 15 cm wide PET non-woven fabric (Freudenberg, thick 

ness: 20 um, weight per unit area: 11.3 g/m) was continu 
ously coated by a roller coating method, passed through a UV 
table dryer (Technigraf, Aktiprint T model) and dried at 60° 
C. 
A coated non-woven fabric having a weight per unit area of 

17 g/m and a thickness of 25um was obtained. 
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Example 5 

12.50 parts Lutensol ON 188 (BTC), 14 parts of a 60% 
aluminium oxide dispersion (Al2O) (average particle size 
0.7 um), 1.75 parts 2,2-dimethoxy-2-phenylacetophenone 
(Aldrich), 6.52 parts triallyl-1,3,5-triazine-2,4,6 (1H.3H, 
5H)-trione (Aldrich) and 28.34 parts deionised water were 
added to 50.89 parts of an 80% acrylic acid solution (Ceda 
Chemicals) with constant stirring using a blade mixer and in 
the absence of light. 

Coating 
A 15 cm wide PET non-woven fabric (Freudenberg, thick 

ness: 20 um, weight per unit area: 11.3 g/m) was continu 
ously coated by a roller coating method, passed through a UV 
table dryer (Technigraf, Aktiprint T model) and dried at 120° 
C. 
A coated non-woven fabric having a weight per unit area of 

22 g/m and a thickness of 29 um was obtained. 
Example 6 

12.50 parts Lutensol ON 188 (BTC), 10 parts of a 60% 
PTFE dispersion (Dyneon TF 5032R, 3M, average particle 
size 160 nm), 1.75 parts 2,2-dimethoxy-2-phenylacetophe 
none (Aldrich), 6.52 parts triallyl-1,3,5-triazine-2,4,6 (1H, 
3H,5H)-trione (Aldrich) and 28.34 parts deionised water 
were added to 50.89 parts of an 80% acrylic acid solution 
(Ceda Chemicals) with constant stirring using a blade mixer 
and in the absence of light. 

Coating 
A 15 cm wide PET non-woven fabric (Freudenberg, thick 

ness: 20 um, weight per unit area: 11.3 g/m) was continu 
ously coated by a roller coating method, passed through a UV 
table dryer (Technigraf, Aktiprint T model) and dried at 120° 
C. 
A coated non-woven fabric having a weight per unit area of 

23 g/m and a thickness of 28 um was obtained. 
Table 1 shows the values obtained for the thickness and the 

weight of the samples obtained from examples 1 to 6. 

TABLE 1. 

Thickness Weight 
Sample Method Lim g/m 

Example 1 roller coating and UV crosslinking 23 15 
Example 2 roller coating and UV crosslinking 23 16 
Example 3 roller coating and UV crosslinking 30 22 
Example 4 roller coating and UV crosslinking 25 17 
Example 5 roller coating and UV crosslinking 29 22 
Example 6 roller coating and UV crosslinking 28 23 

The invention claimed is: 
1. A single-ply layer comprising: 
a non-woven fabric as a main body having a plurality of 

first pores, the main body being at least partly filled with 
inorganic particles, the inorganic particles filling at least 
Some of the plurality of first pores and forming particle 
filled regions, wherein the inorganic particles in the par 
ticle-filled regions form a plurality of second pores in a 
labyrinthine structure in which dendritic interpenetra 
tion from one side to another of the single-ply layer 
cannot take place, an average diameter of the inorganic 
particles being greater than an average pore size of the 
plurality of second pores; and 

a crosslinked binder comprising an organic polymer, form 
ing a network in the first pores and the second pores, 
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wherein a thickness of the single-ply layer is less than 100 

um, and 
wherein the crosslinked binder is applied as an aqueous 

dispersion. 
2. The single-ply layer as recited in claim 1, wherein each 

of the inorganic particles have a spherical configuration. 
3. The single-ply layer as recited in claim 1, wherein the 

inorganic particles are distributed homogeneously in a planar 
manner in the main body. 

4. The single-ply layer as recited in claim 1, wherein at 
least a portion of the particle-filled regions is in the form of a 
coating of the main body. 

5. The single-ply layer as recited in claim 1, wherein the 
binder comprises an organic polymer comprising a beta-un 
saturated carboxylic acid, beta-unsaturated carboxylic acid 
salt, beta-unsaturated carboxylic acid ester, beta-unsaturated 
carboxylic acid amide, beta-unsaturated nitrile, acrylate, 
derivative of an acrylate, methacrylate, derivative of a meth 
acrylate, a copolymers of any of these, or a mixture of two or 
more of any of these. 

6. The single-ply layer as recited in claim 1, wherein the 
binder has a melting point less than a melting point of the 
inorganic particles, the main body, or both. 

7. The single-ply layer as recited in claim 1, wherein the 
inorganic particles include an average diameter in a range of 
0.01 and 10 um. 

8. The single-ply layer as recited in claim 1, further com 
prising: 

an organic particle comprising a polyacetal, polycycloole 
fin copolymer, polyester, polyimide, polyether ketone, 
polycarboxylic acid, polycarboxylate, rubber, polyvinyl 
compound, polyether, polynitrile, polysulfone, haloge 
nated polymer, unsaturated polymer, copolymer of any 
of these, or a mixture of two or more of any of these. 

9. The single-ply layer as recited in claim 1, further com 
prising: 

organic particles comprising a polypropylene, polyvi 
nylpyrrolidone, polyester, fluorinated polymer, chlori 
nated polymer, polystyrene, styrene butadiene copoly 
mers, polyacrylate, nitrile butadiene polymer, 
polymethacrylate, polyether amide, polyether imide, 
polyether ketone, EPDM-rubber, polyvinylpyridine, 
polyetherketone, polyacrylonitrile, polysulfone, poly 
ethylene, polyoxymethylene, polybenzimidazole, 
copolymer of any of these, or a mixture of two or more 
of any of these. 

10. The single-ply layer as recited in claim 1, further com 
prising: 

further inorganic particles. 
11. The single-ply layer as recited in claim 10, wherein the 

further inorganic particles comprises a metal oxide, metal 
hydroxide, nitride, carbonitride, carbooxonitride, borate, sul 
fate, carbonate, glass, silicate, or a mixture of two or more of 
these. 

12. The single-ply layer as recited in claim 1, wherein the 
non-woven fabric includes a fiber, 
wherein an average length of the fiber is at least twice an 

average diameter of the fiber. 
13. The single-ply layer as recited in claim 1, wherein the 

non-woven fabric includes a fiber, 
wherein at least 90% of the fiber has an average diameter of 

at most 12 um. 
14. The single-ply layer as recited in claim 1, wherein the 

non-woven fabric includes a fiber, 
wherein at least 40% of the fiber has an average diameter of 

at most 8 um. 



US 9,159,979 B2 
21 

15. The single-ply layer as recited in claim 1, wherein the 
layer has a porosity of at least 15%. 

16. The single-ply layer as recited in claim 1, wherein the 
plurality of second pores each have a pore size of at most 3 
lm. 

17. The single-ply layer as recited in claim 1, wherein the 
layer has a maximum tensile force of at least 15 N/5 cm in a 
longitudinal direction. 

18. The single-ply layer as recited in claim 1, wherein the 
main body is calendered. 

19. A method for producing the single-ply layer according 
to claim 1, comprising: 

preparing a solution or dispersion including crosslinkable 
polymers and a main body having a plurality of first 
pores; 

crosslinking the polymers so as to coat the main body; and 
drying the coated main body. 
20. A method for producing the monolayer single-ply layer 

according to claim 1, comprising: 
producing a solution or dispersion including polymeriz 

able monomers, at least Some of the monomers being 
crosslinkable; 
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22 
impregnating a main body having a plurality of first pores 

with the solution or dispersion; 
polymerizing the monomers; 
crosslinking the polymerized monomers; and 
drying the impregnated main body. 
21. The method as recited in claim 20, wherein the mono 

mers include a mixture of monofunctional and bifunctional 
and/or polyfunctional monomers. 

22. The method as recited in claim 20, wherein the poly 
merizing is performed ionically or radically. 

23. The method as recited in claim 20, wherein the 
crosslinking is performed thermally or by radiation. 

24. The method as recited in claim 20, wherein the solution 
or dispersion contains at least one further component selected 
from the group consisting of photoinitiators, radical initia 
tors, ionic initiators, thermal initiators, chain transfer agents, 
chain regulators and protic and aprotic solvents. 

25. The method as recited in claim 20, wherein the solution 
or dispersion contains particles. 

26. A fuel cell, a battery separator, a capacitor separator, a 
gas-diffusing layer, or a membrane, comprising the single-ply 
layer as recited in claim 1. 
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