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EP 1 310 005 B9
Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application is based on applications Nos. 2000-46735 and 2001-11191 filed in the Korean Industrial
Property Office on August 12, 2000 and on March 5, 2001.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0002] The present invention relates to a multi-component composite film, and a method for the same, and more
particularly, to a multi-component composite film used for a polymer electrolyte for electrochemical devices, a method
for the same, and a polymer electrolyte system applied the same.

(b) Description of the Related Art

[0003] Energy storage technology has drawn attention and has been extensively studied recently, as cellular phones,
camcorders, portable computers, and electric motors are commonly use energy storage devices. In particular, a sec-
ondary battery that is capable of charging and discharging has drawn the most attention, and new electrodes and polymer
electrolytes have been developed to enhance its characteristics, such as cycle life and capacity. The polymer electrolyte
is important to fabrication of a stable and high-quality battery, and development of the desired polymer electrolyte is
needed.

[0004] Electrolytes are classified as liquid electrolyte and solid electrolyte. The liquid electrolyte comprises a salt
dissolved and dissociated in an organic solvent, and it has high ionic conductivity. The liquid electrolyte is generally used
together with a polymer separator, e.g. a polymer film such as a polyolefin forming pores that has ionic conductivity by
filling the liquid electrolyte in the pores. The ionic conductivity varies depending on the porosity of the polymer separator,
and the polyolefin separator generally has the ionic conductivity of about 1 mS/cm. But the liquid electrolyte may leak
out of the polymer separator due to its high fluidity. In addition, the liquid electrolyte is not adhesive to the polymer
separator, and there is an interface between them. The polymer separator has high mechanical strength due to its high
crystallinity, and it is neither over-swelled nor decomposed.

[0005] The solid electrolyte has an ionic conductivity insufficient to be used in a battery. In order to improve the ionic
conductivity of the solid electrolyte, a gellable polymer electrolyte has been suggested, in which liquid electrolyte com-
prising a salt dissolved in an organic solvent is impregnated in a solid polymer electrolyte, e.g. a hybrid-type electrolyte
as disclosed in U.S. Patent No. 5,418,091, prepared by Bellcore Co. However, when the gellable polymer electrolyte is
used for an electrolyte of a battery, there are problems in battery-assembly due to its low mechanical strength, and the
polymer electrolyte may be over-swelled, its thickness may increase, and energy density may decrease due to a decrease
in the density of the polymer electrolyte, even though the polymer electrolyte has a thickness greater than 50 um in
order to insulate between electrodes and obtain a sufficient mechanical strength in a battery. Furthermore, a plasticizer
having a low molecular weight that is harmful to the environment is used, an extraction process thereof is needed, and
its mass production is difficult.

[0006] The polymer electrolyte requires electrochemical stability in working voltage, and thermal and chemical stability.
Preferably, an ionic conductivity of the polymer electrolyte is greater than 1 mS/cm at room temperature, its wet-out rate
is better than that of non-aqueous electrolyte, and it has high chemical-resistance. In addition, it is preferable that the
polymer electrolyte adhesion is sufficient to decrease the interfacial resistance between the electrolyte and electrodes
during a battery-assembly, and that it has enough mechanical strength during the battery-assembly. However, it is known
that when the ionic conductivity increases, the mechanical strength of the polymer electrolyte deteriorates, and vice versa.
[0007] To increase both the ionic conductivity and the mechanical strength, it is disclosed that a porous polymer layer
and a gellable multi-layer film are used for a separator in U.S. Patent Nos. 5639573, 5716421, 5631103, and 5849443,
and in European Patent Application No. 0933824A2. The porous polymer layer comprises a material that is hard to swell
due to restrictive absorption of liquid electrolyte, and the exemplary material includes polyethylene, polypropylene,
polytetrafluoroethylene, polyethylene terephthalate, polybutyleneterephthalate, and polyethylenenaphthalate, and a mul-
ti-layer film or bled film thereof. The gellable polymer comprises a self-gellable and self-swellable material when it meets
liquid electrolyte, and the exemplary material includes polyvinylidenefluoride, polyurethane, polyethyleneoxide, poly-
acrylonitrile, polymethylmethacrylate, polyacrylamide, polyvinylacetate, polyvinylpyrrolidinone, and polytetraethylene
glycol diacrylate, and a copolymer thereof.

[0008] When the aforementioned separator is used, the mechanical properties can be improved, however the polymer
electrolyte has ionic conductivity lower than those of the porous polymer and the liquid electrolyte dissolved thereof,
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resulting from the ionic conductivity-resistance of the gellable polymer. U.S. patent Nos. 5631103, and 5849433 disclose
that a plasticizer having a low molecular weight, such as dibutyl phthalate, is used in order to enhance the ionic conductivity
of the separator. However, the plasticizer is harmful to the environment, and it makes mass production of a battery
difficult. In addition, a multi-layer film prepared by the aforementioned method has a dense gellable polymer layer having
no pores, its ionic conductivity-resistance increases undesirably, and an interfacial adhesion strength between the porous
polymer layer and the gellable polymer layer weakens.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to provide a multi-component composite film having electrochemical
stability, adhesion to an electrode, good wet-out rate of an electrolyte, which is prepared without extraction or a removal
processe of a plasticizer, and with good ionic conductivity and mechanical properties, a preparation method of the same,
and a polymer electrolyte system wherein the composite film is used.

[0010] In order to accomplish the objects of the present invention, the present invention provides a multi-component
composite film according to claim 1 comprising:

a) a polymer support layer film; and

b) a porous gellable polymer layer which is formed on one side or both sides of the support layer film, wherein the
support layer film of a) and the porous gellable polymer layer of b) are united with each other without an interface
between them.

[0011] It also provides a preparation method of the multi-component composite film comprising the steps of:

a) preparing a polymer support layer film;

b) dissolving a gellable polymer in a solvent in order to prepare a gellable polymer solution;

c¢) forming a gellable polymer layer on one side or both sides of the support layer film of a) by coating the support
layer film with the gellable polymer solution of b) in order to prepare a multiple layer; and

d) stretching and heat-setting the multiple layer of c).

[0012] It also provides a polymer electrolyte system using the multi-component composite film as a separator, and an
electrochemical device comprising the same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A more complete appreciation of the invention, and many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference to the following detailed description when considered
in conjunction with the accompanying drawings, wherein:

FIG. 1 is a cross-sectional view showing a multi-component composite film structure, wherein gellable polymer
layers (12) are located on both sides of a support layer film (11), and the interface (13) between the layers does not
appear clearly, after stretching and heat-setting the support layer film (11) coated with a gellable polymer solution; and
FIG. 2is a graph showing a Linear Sweep Voltametry analysis of a cell having the structure of the Li/ multi-component
composite film according to Example 2 of the present invention/SUS, wherein the gellable polymer film comprises
polyvinylidene fluoridechlorotrifluoroethylene, and the support layer film comprises polypropylene.

[0014] Inthese Figures, "11","12", and "13" represent a support layer film, a gellable polymer layer, and an interface,
respectively.

DETAILED DESCRIPTION OF THE INVENTION

[0015] In the following detailed description, only the preferred embodiment of the invention has been shown and
described, simply by way of illustration of the best mode contemplated by the inventors of carrying out the invention.
Accordingly, the drawings and description are to be regarded as illustrative in nature, and not restrictive.

[0016] The conventional multi-component composite film, which is used as a polymer electrolyte, is prepared by
coating a polymer film having pores of a regular size with a gellable polymer solution, so that an interface between the
polymer layer and the gellable polymer layer exists. In contrast, a multi-component composite film of the present invention
is prepared by coating a common polymer film with a gellable polymer material, forming gellable polymer layers on a
common polymer film having no pores and high-temperature-stretching it, so that the film has pores, and so the polymer
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film and the gellable polymer layer are united with each other without an interface between them.

[0017] Since, the polymer support layer film and the gellable polymer are united with each other without an interface
between them due to inter-diffusion between them during the high-temperature-stretching process, a mutual bonding
force between the support layer and the gellable polymer material increases, and the bonding force is too high for the
layers to be separated. The multi-component composite film of the present invention has an interfacial adhesive force
greater than at least 100 g; (0.980 N), and preferably greater than at least 150 g; (1.47 N), when the interfacial adhesive
force of the present invention is measured by the method according to JIS Z 0237.

[0018] A polymer electrolyte system for an electrochemical device using the multi-component composite film is pre-
pared by impregnation of the composite film with an aqueous electrolyte comprising a salt and an organic solvent. In
particular, a gellable polymer or polymer-salt complex which is produced from a co-ordinate bond between a gellable
polymer and a salt is coated on either or both sides of a support layer film, so that it can be used for an electrolyte for
electrochemical devices such as a battery. The polymer electrolyte system may use the gellable polymer that is coated
on one side or both sides of the support layer film, or a polymer-salt complex produced from the coordinate bond of the
gellable polymer and a salt, for an electrolyte of the electrochemical devices.

[0019] Hereinafter, the formation of the multi-component composite film will be described.

[0020] The support layer film is preferably prepared by blending or laminating at least one polymer selected from the
group consisting of high-density polyethylene, low-density polyethylene, linear low-density polyethylene, polypropylene,
high crystalline polypropylene, polyethylene-propylene copolymer, polyethylene-butylene copolymer, polyethylene-hex-
ene copolymer, polyethylene-octene copolymer, polystyrene-butylene-styrene copolymer, polystyrene-ethylene-buty-
lene-styrene copolymer, polystyrene, polyphenylene oxide, polysulfone, polycarbonate, polyester, polyamide, polya-
mide, polyurethane, polyacrylate, polyvinylidene chloride, polyvinylidene fluoride, polysiloxane, polyolefin ionomer,
polymethyl pentene, hydrogenated oligocyclopentadiene (HOCP), and a copolymer thereof, or a derivative thereof.
[0021] The high crystalline polypropylene preferably has at least one characteristic selected from the group consisting
of a density equal to or greater than 0.905 g/cc, a melting point equal to or higher than 125°C, crystallinity equal to or
greater than 50%, isotacticity (or pentad ratio) equal to or greater than 96%, and an atactic ratio of less than 5%.
[0022] The material of the gellable polymer layer may be selected according to use of the multi-component composite
film, and the gellable polymer is generally at least one selected from the group consisting of polyvinylidene fluoride,
polyvinylidene fluoride-chlorotrifluoroethylene copolymer, polyvinylidene fluoride-hexafluoropropylene copolymer, pol-
yethylene oxide, polybutylene oxide, polyurethane, polyacrylonitrile, polyacrylate, polymethyl methacrylate, polyacrylic
acid, polyamide, polyacrylamide, polyvinyl acetate, polyvinylpyrrolidone, polytetraethylene glycol diacrylate, polysulfone,
polyphenylene oxide, polycarbonate chloride, polysiloxane, polyolefin ionomer, and a copolymer thereof, or a derivative
thereof.

[0023] The gellable polymer layer preferably comprises a polymer-lithium salt complex so that an ion transference
number of the gellable polymer layer increases by anion fixation. The gellable polymer layer may further comprise at
least one selected from the group consisting of LISCN, LiCIO,, LICF3SO3, LiAsFg, LIN(CF3S0,),, and LiBF,, each having
a lithium lattice energy greater than their dissolution energy, which is in accordance with the coordinate bond of an
electron-donating element and a lithium ion.

[0024] In addition, the gellable polymer layer may further include at least one porous inorganic compound selected
from the group consisting of SiO,, TiO,, Al,03, MgO, and B,O;.

[0025] Hereinafter, the preparation method of the multi-component composite film will be described.

[0026] The multi-component composite film is prepared by dissolving the aforementioned gellable polymer in a solvent
to prepare a coating solution, coating the support layer film with the solution to form a gellable polymer layer on either
or both sides of the support layer film, and stretching it to form pores on the support layer film, so that the support layer
film and the gellable polymer layer are united together without an interface between them. The stretching process also
forms pores in the gellable polymer layer.

[0027] The support layer film is preferably prepared by extruding the aforementioned polymer in an extruder equipped
with T-die or a tubular die, and annealing it in a dry oven between a room temperature ranging and the greatest melting
point in the aforementioned polymers in order to increase its crystallinity and elastic recovery.

[0028] Inaddition, anion-beamirradiation step can be added to the preparation steps of the multi-component composite
film of the present invention with a reactive gas in order to increase the interfacial adhesion strength. The ion beam
irradiation modifies the surface of the film, and it can be performed before or after annealing, depending on the properties
of the multi-component composite film.

[0029] The ion-beam irradiation is performed by placing a support layer film (11) in a high vacuum chamber at 10!
to 10-6 torr, injecting at least one ion source selected from the group consisting of electrons, hydrogen, helium, oxygen,
nitrogen, carbon dioxide, air, fluoride, neon, argon, krypton, and N,O into an ion gun, such that it has an energy ranging
from 0.01 to 106 keV, and irradiating the ion-beam on either or both sides of the support layer film with variation of an
ion-beam current. The irradiation amount of the ion beam preferably ranges from 105 to 1020 jons/cm2. While the ion-
beam is irradiating, at least one reactive gas selected from the group consisting of helium, hydrogen, oxygen, nitrogen,
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ammonia, carbon monoxide, carbon dioxide, chlorofluoromethane, and N,O is added to the film at a flow rate of 0.5 to
20 m{ /minute in order to modify the surface of the film.

[0030] The gellable polymer layer is formed on either or both sides of the support layer film with use of the gellable
polymer solution. The gellable polymer solution is prepared by dissolving the aforementioned polymer in a solvent.
[0031] The solvent is at least one selected from the group consisting of 1-methyl-2-pyrrolidone (NMP), acetone,
ethanol, n-propanol, n-butanol, n-hexane, cyclohexanol, acetic acid, ethyl acetate, diethyl ether, dimethyl formamide
(DMF), dimethylacetamide (DMAc), dioxane, tetrahydrofuran (THF), dimethyl sulfoxide (DMSO), cyclohexane, benzene,
toluene, xylene, and water, or a mixture thereof. The concentration and coating condition of the gellable polymer solution
can be controlled depending on the material used in preparation of the multi-component composite film, and the con-
centration of the gellable polymer solution preferably ranges from 0.01 to 90 wt%. The gellable polymer solution can be
prepared by adding the aforementioned lithium salt, porous inorganic particles, or a mixture thereof to the solvent.
[0032] The gellable polymer layer is formed in two ways. First, the support layer film is coated with the gellable polymer
solution, and the support layer film is dried under a preferred drying condition to form the gellable polymer layer. Secondly,
a release paper or a release film is coated with the gellable polymer solution in order to form the polymer film on the
release paper, the coated film is dried under the suitable drying condition, the polymer film is desorbed from the release
paper, and the desorbed polymer film is heat-set on the support layer film. The heat-set process is performed at room
temperature to a melting point of the support layer or the gellable polymer of the gellable polymer solution.

[0033] The preparation of the multi-component composite film is as follows:

First, the first preparation method of the gellable polymer layer comprises:

a) placing the polymer which is used for a support layer in an extruder in order to prepare the precursor film;
b) annealing the precursor film at a temperature equal to or less than a melting point of the polymer;

c) if needed, irradiating an ion beam on either or both sides of the annealed precursor film with a reactive gas;
d) coating a polymer solution on either or both sides of the ion-beam-irradiated precursor film;

e) drying the precursor film;

f) low-temperature-stretching the precursor film at a temperature equal to or less than room temperature;

g) high-temperature-stretching the low-temperature-stretched precursor film at a temperature equal to or less
than a melting point of the polymer; and

h) heat-setting the high-temperature-stretched precursor film at a temperature equal to or less than a melting
point of the polymer.

Another preparation method of the gellable polymer layer comprises:

a) placing a polymer which is used for a support layer in an extruder in order to prepare a precursor film;

b) annealing the precursor film at a temperature equal to or less than a melting point of the polymer;

c) if needed, irradiating an ion beam on either or both sides of the precursor film with the reactive gas;

d) coating a release film such as a release paper with the gellable polymer solution in order to form a gellable
polymer layer on the release film;

e) drying the coated film;

f) desorbing the gellable polymer film from the release film, and heat-setting the gellable polymer layer film on
either or both sides of the precursor film;

g) low-temperature-stretching the precursor film heat-set with the gellable polymer layer film at a temperature
equal to or less than room temperature;

h) high-temperature-stretching the low-temperature-stretched precursor film at a temperature equal to or less
than a melting point of the gellable polymer; and

i) heat-setting the high-temperature-stretched precursor film at a temperature equal to or less than a melting
point of the gellable polymer under tension.

[0034] In the coating process of the gellable polymer solution on the support layer film or the release film, the coating
is performed by various techniques such as dip coating, roll coating, spray coating, spin coating, die coating, and roll
coating, and the coating technique is not limited in the coating process. The thickness of the coated films can be controlled
depending on a final use of the multi-component composite film, and if the thickness of the support layer film ranges
from 1 to 50 pm, the thickness of the gellable polymer layer after coating preferably ranges from 0.01 to 25 pum.
[0035] The coating step can be performed either before or after, or both before and after the annealing step, and the
ion-beam irradiation process can be added with a reactive gas before the coating process, depending on the properties
of the multi-component composite film.

[0036] The drying process of the coated gellable polymer solution is preferably performed under a gas atmosphere
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which is at least one selected from the group consisting of nitrogen, oxygen, carbon dioxide, and air, at a relative humidity
of 1 to 100%.

[0037] Pores are formed on the heat-gellable polymer layer on either or both sides of the support layer film, after the
gellable polymer layer is formed on either or both sides of the support layer film.

[0038] In general, pores are formed on a polymer film by phase transition or a dry process. For example, pores can
be formed through phase transition by preparation of a polymer solution, and phase transition between the polymer and
the solvent with a suitable use of temperature or a non-solvent, and the properties of the prepared film are affected by
the phase-transition conditions. For another example, pores can be formed through a dry process by orientation of the
crystalline region of the polymer in a certain direction, low-temperature-stretching it, and rupturing the amorphous region
which is relatively soft compared to its crystalline region, wherein the properties of the prepared film are affected by the
orientation in the crystalline region, and the degree of the orientation.

[0039] In the present invention, the stretching process is performed after forming the gellable polymer layer on either
or both sides of the support layer film. There are differences between the pore size and distribution of the support layer
film and those of the gellable polymer layer. Pores are formed on the support layer by the dry processes, wherein the
crystalline structure of a precursor is oriented in a certain direction in preparation of a precursor film, and the oriented
precursor film is stretched, thereby forming pores. On other hands, pores are formed on the gellable polymer layer by
both the phase transition and dry process, wherein micro-pores or micro-cracks of the gellable polymer layer are formed
by phase transition between the gellable polymer and the solvent, and the pore size or the micro-crack size increases
due to the stretching process. In particular, the phase transition condition causes the gellable polymer layer to have
various types of structure such as a dense structure or a structure having micro-pores or micro-cracks before the
stretching process.

[0040] Therefore, the pore size and its distribution of the support layer film and the gellable polymer layer are affected
by the method of formation of the pores.

[0041] The stretching process includes low-temperature-stretching and high-temperature-stretching.

[0042] In the low-temperature-stretching process, the gellable polymer layer is formed on either or both sides of the
support layer film in order to prepare a multi-layer, the multi-layer is mono-axially or bi-axially stretched at a temperature
ranging from 0 to 50 °C with use of a roll or other stretching machine in order to form micro-cracks, and the pores that
are formed on the gellable polymer (12) increases.

[0043] Inthe high-temperature-stretching process, the micro-cracks that are formed by the low-temperature-stretching
are mono-axially or bi-axially stretched with use of a roll or other stretching machine at between 50 °C and a melting
point of the gellable polymer in order to form pores having a desired size, so the mechanical properties of the film are
brought about by the high-temperature stretching.

[0044] The multi-film that is low-temperature-stretched and high-temperature-stretched is heat-set. The heat-set
processing is performed at a temperature ranging from 50 °C to a melting point of the support layer or the gellable
polymer layer under tension for 10 seconds to an hour, and the multi-component composite film comprising the support
layer film and gellable polymer layer is finally prepared.

[0045] The multi-component composite film of the present invention has an improved interfacial adhesion strength
between the support layer and the gellable polymer layer due to inter-diffusion between the polymer chains of the support
layer and the gellable polymer layer after the high-temperature-stretching and the heat-setting, and the interface between
the support layer film and the gellable polymer layer is not well-defined because the support layer film and the gellable
polymer layer are united together. In particular, when the ion-beam irradiation on the support layer is performed with the
reactive gas, the interfacial adhesion strength between them improves further.

[0046] The multi-component composite film, after the high-temperature-stretching and heat-setting, comprises a sup-
port layer film having a pore size ranging from 0.001 to 10 wm with a thickness ranging from 1 to 50 um, and a porous
gellable polymer layer having a pore size of 10 wm at most with a thickness ranging from 0.01 to 25 pm, and the film of
the present invention is preferably applied to a polymer electrolyte system or an electrochemical device.

[0047] Fig. 1 shows an exemplary multi-component composite film of the present invention wherein gellable polymer
layers (12) are located on a support layer film (11). It is also shown that the interface between the support layer film (11)
and the gellable polymer layer (12) is not well-defined after stretching and heat-setting. The multi-component composite
film comprising a united support layer film and a gellable polymer layer without an interface between them has good
ionic conductivity, and electrochemical stability.

[0048] The preparation steps of the presentinvention may not only be skipped, but steps may also be added depending
onthefinal use of the multi-component composite film, and the sequence of each of the preparation steps may be changed.
[0049] The multi-component composite film of the present invention is applicable to various kinds of separators such
as an ultrafiltration membrane, a gas separation membrane, a pervaporation membrane, a reverse osmosis membrane,
and a separator for an electrochemical device. In particular, the film of the present invention is preferably applicable to
a polymer electrolyte system, since it brings electrochemical stability, adhesion to electrodes, and good wet-out rate of
an electrolyte and stability of an electrolyte.
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[0050] The present invention provides a polymer electrolyte system comprising:
a) i) a porous support layer film; and

ii) a multi-component composite film comprising a porous gellable polymer layer which is formed on either or
both sides of the porous support layer film of a), wherein the support layer film of a) and the gellable polymer
layer of b) are united together without an interface between them; and

b) a liquid electrolyte comprising i) a salt represented by Formula 1; and
ii) an organic solvent:
Formula 1 A*B-

wherein the A* is at least one selected from the group consisting of an alkali metallic cation, and a derivative
thereof, and B- is at least one selected from the group consisting of PFg-, BF,-, CI-, Br, I, AsFg4-, CH;CO,",
CF38057, N(CH3S0,),7, and C(CH3S0,)5".

[0051] The multi-component composite film of a) is a polymer membrane, it can be used for a separator and a solid
electrolyte, and its air permeability ranges from 100 to 20,000 sec/100cc.

[0052] The liquid electrolyte of b) fills up the pores of the support layer film, and the gellable polymer layer is swelled
and gellated when the liquid electrolyte of b) meets the multi-component composite film of a). In order to increase the
ionic conductivity of the liquid electrolyte, it is preferable that the thickness of the gellable polymer layer is thinner than
that of the support film. The thin thickness of the gellable polymer brings low impedance that is influenced by the thickness
of the polymer electrolyte.

[0053] The liquid electrolyte of b) comprises a salt represented by Formula 1 that is dissolved and dissociated in an
organic solvent of ii).

[0054] It is preferable that the organic solvent of b)ii) is at least one selected from the group consisting of propylene
carbonate (PC), ethylene carbonate (EC), diethyl carbonate (DEC), dimethyl carbonate (DMC), dipropyl carbonate
(DPC), dimethyl sulfoxide, acetonitrile, dimethoxyethane, diethoxy ethane, tetrahydrofuran, N-methyl-2-pyrrolidone
(NMP), and ethyl methyl carbonate (EMC).

[0055] The polymer electrolyte systemis applicable to various kinds electrochemical devices such as a super capacitor,
an ultra capacitor, a secondary battery, a primary battery, a fuel cell, all kinds of sensors, a machine for electrolysis, and
an electrochemical reactor.

[0056] The following Examples and Comparative Examples illustrate the present invention in further detail, but the
present invention is not limited by these Examples.

(Examples)

Example 1

[0057] A high crystalline polypropylene was used as a support layer film, and a polyvinylidenefluoride-chloro-tri-fluor-
oethylene copolymer (a product of Solvay Polymer Corp.) was used as a gellable polymer layer, in order to prepare a
multi-component composite film by the following procedure.

(Preparation of a precursor film)

[0058] A high crystalline polypropylene was used for a material of a precursor film. It had a melt index of 2.0 g/10
minutes, a density of 0.91 g/cc, a melting point of 166.5°C which was measured with DSC (Differential Scanning Calo-
rimeter), a crystallization temperature of 116.5°C, a crystallinity of 57%, an isotacticity of 98% which was measured with
C13 nuclear magnetic resonance (NMR), and an atactic fraction of about 2% which was measured after being dissolved
in xylene. The precursor film was prepared from the high crystalline polypropylene with use of a single screw extruder
equipped with a T-die and a take-up device. The extrusion temperature and cooling-roll temperature were respectively
220 °C and 80 °C . The take-up speed was 20 m/min., and the draw down rate (DDR) was 60.

[0059] The precursor film was annealed in a dry oven at 150 °C for an hour.
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(Coating)

[0060] After annealing, the solution that was dissolved in acetone was dip-coated on both sides of the prepared
precursor film. The coating was performed under air while maintaining 60% relative humidity, and the acetone was
vaporized at the same condition of 60% relative humidity.

(Stretching)

[0061] The coated precursor film was mono-axially low-temperature-stretched to 50% of the stretching ratio based on
the initial length of the film at room temperature, and it was further mono-axially low-temperature-stretched to 100% of
the stretching ratio based on the initial length of the film at room temperature.

(Heat-setting)

[0062] After low-temperature-stretching, the low-temperature-stretched precursor film was heat-set at 140 °C under
tension for 10 minutes, and it was cooled in order to prepare a multi-component composite film. The properties of the
multi-component composite film were measured, and the properties are shown in Table 1.

[0063] The air permeability and interfacial adhesion strength of the multi-component composite film were respectively
measured by JIS P8117 and JIS Z 0237, its pore size was measured with a scanning electron microscope, and wet-out
rate of an electrolyte was measured by measuring a time for wet-out of 2 cm? of the multi-component composite film in
an electrolyte wherein ethylene carbonate and dimethyl carbonate are mixed together in a volume ratio of 4:6.

Example 2

(Preparation of a precursor film)

[0064] A precursor film was prepared in the same manner as in Example 1.

(Coating)

[0065] A release paper was dip-coated with a gellable polymer solution wherein polyvinylidenefluoride-chlorotrifluoro
ethylene copolymer 32008 (a product of Solvay Polymer Corp.) was dissolved in an acetone, so that a gellable polymer
layer was prepared. The coating was performed under air while maintaining 60% relative humidity, and the acetone was
vaporized at the same condition of 60% relative humidity.

(Heat-melting)

[0066] 2 pieces of the gellable polymer layer were desorbed from the release film, 2 pieces of the gellable polymer
layer were located on both sides of the precursor film, and they were placed in a heated laminator of which the temperature
was 140 °C, so that the gellable polymer layer was heat-melted on both sides of the precursor film.

(Stretching)

[0067] The heat-melted film was mono-axially stretched to 50% of the stretching ratio based on the initial length of
the film at room temperature, and it was further mono-axially high-temperature-stretched to 100% of the stretching ratio
based on the initial length of the film at 140°C.

(Heat-setting)

[0068] After high-temperature-stretching, the high-temperature-stretched film was heat-set at 140 °C under tension
for 10 minutes, and it was cooled to prepare a multi-component composite film. The properties of the multi-component

composite film were measured, and they were same as those of the multi-component composite film according to
Example 1.
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Example 3

(Preparation of a multi-component composite film comprising high crystalline polypropylene/polyvinylidenefluoride-chlo-
rotrifluoroethylene copolymer that was prepared by a preparation process comprising ion-beam irradiation)

[0069] A multi-component composite film was prepared in the same manner as in Example 1, except that an ion-beam
was irradiated on the precursor film before coating the precursor film with the gellable polymer solution. The precursor
film was placed in a vacuum chamber while keeping the pressure ranging from 10-5 to 10-6 torr, argon cations (Ar*) were
irradiated on both sides of the precursor film with an ion gun, and simultaneously oxygen used as an reactive gas was
injected into the chamber in an amount of 4 m¢/cm? in order to treat the precursor film surface. The energy of the ion
beam was 0.5 keV, and the ion irradiation amount was 1076 ions/cm?.

[0070] After the ion-beam irradiation, a multi-component composite film was prepared in the same manner as in
Example 1, and its properties were measured in the same manner as in Example 1. Its properties are shown in Table 1.
[0071] In Table 1, it is shown that pores were formed on both the support layer and the gellable polymer layer as in
Example 1, and in particular, the interfacial adhesion strength between the support layer and the gellable polymer layer
and the wet-out rate of the electrolyte were appreciably improved.

Example 4

(Preparation of a multi-component composite film for a polymer electrolyte, that is prepared from high-density polyeth-
ylene/polyvinylidenefluoride-chlorotrifluoroethylene copolymer)

[0072] A multi-component composite film was prepared in the same manner as in Example 1, except that a high-
density polyethylene was used for a support layer instead of high crystalline polypropylene.

[0073] The high-density polyethylene had a melt index of 0.3 g/10min and a density of 0.964 g/cc. A precursor film
was prepared in the same manner as in Example 1. The extrusion temperature and cooling-roll temperature of the take-
up device were respectively 200°C and 80 °C, the take-up speed of the film was 30 m/min, and the draw-down ratio of
the film was 80. The prepared precursor film was annealed in a dry oven at 125 °C for 1 hour. Both sides of the annealed
precursor film were coated with a gellable polymer solution in the same manner as in Example 1. The coated precursor
film was mono-axially stretched at room temperature to 50% of the stretching ratio based on the initial length of the film,
and then it was immediately mono-axially high-temperature-stretched to 50% of the stretching ratio based on the initial
length of the film, at 120°C. The high-temperature-stretched film was heat-set at 120 °C under tension for 10 minutes,
and then a multi-component composite film was prepared by cooling the heat-set film. Properties of the multi-component
composite film are shown in Table 1.

[0074] InTable 1, itis shown that pores formed on both the support layer and the gellable polymer layer as in Example
1, and the interfacial adhesion strength and wet-out rate of the electrolyte improved.

Comparative Example 1

[0075] A polymer electrolyte was prepared by the conventional method, wherein a porous support film was coated
with a gellable polymer solution.

[0076] Celgard2400 (a product of Celanese Co.) prepared from only polypropylene was used for the porous support
film, and polyvinylidenefluoride-chlorotrifluoroethylene copolymer 32008 (a product of Solvay Polymer Corp.) was used
for a gellable polymer layer as in Examle 1. After preparing a gellable polymer solution, the porous Celgard2400 was
coated with the gellable polymer solution, and it was dried in order to prepare a multi-layer film. The properties of the
multi-layer film were measured, and they are shown in Table 1.

Table 1
Example 1 | Example 2 | Example 3 | Example 4 Comparative
Example 1
Support layer 17 17 19 19 25
Thickness (pm) | Gellable polymer ] ’ ’ 1 ;
layer
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(continued)

Example 1 | Example 2 | Example 3 | Example 4 Comparative
Example 1
Support layer 0.3x0.1 0.3x0.1 0.3x0.1 0.4x0.1 0.3x0.1

Pore size (um x

wm) Not capable of

Gellable polymer | 5.3 0.8x0.3 0.8x0.3 0.6x0.3

layer observation
Air permeability (sec/100 cc) 520 520 525 600 Not capable of
measurement
. . 160 g; 160 g¢ 230 g 220 g 75 g;
Interfacial adhesion strength (157N) | (157N) | (225N) | (216N) (0.73N)
Wet-out rate of an electrolyte (sec) 9 9 7 8 42

[0077] In Table 1, itis shown that pores were formed on both the support layer film and gellable polymer in Example
1, compared to that pores forming on only the support layer film in Comparative Example, and the multi-component
composite film of Example 1 has an improved air permeability due to the pores. In addition, it is also shown that the
interfacial adhesion strength between the support film and the gellable polymer layer, and a wet-out rate of an electrolyte
according to Example 1 are improved compared to those of Comparative Example 1.

Example 5

[0078] The multi-component composite film of Example 1 was impregnated in an organic electrolyte solution (EC and
EMC were used in a volume ratio of 1:2) comprising 1 M LiPFg used for a lithium salt, and Li/ a separator comprising
the multi-component composite/ SUS cell was fabricated, wherein the SUS was used as an electrode, and the U metal
was used as a counter-electrode in order to measure a linear sweep voltametry of the cell at room temperature and a
voltage ranging from 3 to 6V by 1 mV/sec.

[0079] Fig. 2is a graph illustrating the result of the linear sweep voltametry of the cell, and it is observed that the multi-
component film of Example 1 was capable of being used for a polymer electrolyte due to its electrochemical stability at
a voltage equal to or less than 5V.

[0080] The conventional multi-component composite film for a polymer electrolyte has air permeability too low to be
measured, but the multi-component composite film of the present invention has an air permeability ranging from 500 to
600 sec/100cc, so that pores are formed on the gellable polymer layer as well as the support layer film having micro-pores.
[0081] The gellable polymer layer of the multi-component composite film has as dense a structure as that of the
conventional film for a separator, and pores can be formed on the gellable layer, so that the gellable polymer layer of
the multi-component composite film has a highly improved permeability. In addition, the support layer has properties
that are the same to those of the micro-porous separator prepared by the conventional dry process, and the gellable
polymer has various morphologies due to preparation process conditions.

[0082] The conventional multi-layer for a separator has an interfacial adhesion strength of 75 g; (0.73 N) and the multi-
component composite film of the present invention has a high interfacial adhesion strength ranging from 150 to 250 g;
(1.47 to 2.45 N). It is supposed that the high interfacial adhesion strength of the present invention results from the high-
temperature-stretching and heat-setting processes, wherein the mutual bond strength between polymer chains of the
support layer and the gellable polymer layer forms. The interfacial adhesion strength is capable of increasing further by
performing ion-beam irradiation. In addition, the multi-component composite film has a highly enhanced wet-out rate of
an electrolyte due to the improved interfacial adhesion strength and various morphologies.

[0083] The enhanced wet-out rate of an electrolyte brings a battery to stability, since the leak-out amount of the
electrolyte can be decreased, and the cycle life characteristics do not deteriorate during repetitive charging and dis-
charging, because the leak-out amount of the electrolyte decreases due to the enhanced wet-out rate.

[0084] The multi-component composite film of the present invention has good electrochemical stability, adhesion to
an electrode, a wet-out rate of an electrolyte and stability, and even though extraction or removal processes of a plasticizer
are not performed, it has both good ionic conductivity and mechanical properties, such that the film of the present
invention can be used in a polymer electrolyte system, electrochemical devices, and a separator.

10
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Claims

1.

A multi-component composite film comprising:

a) a polymeric support layer film; and
b) a porous gellable polymer layer on one side or both sides of the support layer,

wherein the support layer film of a) and the porous gellable polymer layer of b) are united with each other, by inter-
diffusion of the polymer chains of the support layer and gellable polymer layer,

the material of the polymeric support layer film is at least one selected from the group consisting of high-density
polyethylene, low-density polyethylene, linear low-density polyethylene, polypropylene, high crystalline polypropyl-
ene, polyethylene-propylene copolymer polyethylene-butylene copolymer, polyethylene-hexene copolymer, poly-
ethylene-octene copolymer, polystyrene-butylene-styrene copolymer, polystyrene-ethylene-butylene-styrene co-
polymer, polystyrene, polyphenylene oxide, polysulfone, polycarbonate, polyester, polyamide, polyarethane, poly-
acrylate, polyvinylidene chloride, polyvinylidene fluoride, polysiloxane, polyolefin ionomer, polymethyl pentene, hy-
drogenated oligocyclopentadiene (HOCP), and a copolymer thereof or a derivative thereof,

the material of the gellable polymer layer of b) is at least one selected from the group consisting of polyvinylidene
fluoride, polyvinylidene fluoride-chlorotrifluomethylene copolymer, polyvinylidene fluoride-hexafluoropropylene co-
polymer, polyethylene oxide, polypropylene oxide, polybutylene oxide, polyurethane, polyacrylonitrile, polyacrylate,
polymethyl methacrylate, polyacrylic acid, polyacrylamide, polyvinyl acetate, polyvinylpyrrolidone, polytetraethylene
glycol diacrylate, polysulfone, polyphenylene oxide, polycarbonate, polyester, polyvinylidene chloride polysiloxane,
polyolefin ionomer, and a copolymer thereof or a derivative thereof

a pore size of the support layer film of a) ranges from 0.001 to 10p.m and its thickness ranges from 1 to 50p.m, and
a pore size of the porous gellable polymer layer of b) is at most 10m and its thickness ranges from 0.01 to 25um,
the pore size and distribution of the polymeric support layer film and those of the porous gellable polymer layer
being different, and

the multi-component composite film has an air permeability in the range from 100 to 20,000 sec/100cc.

The multi-component composite film according to claim 1, wherein the material of the polymeric support layer film
comprises high crystalline polypropylene having at least one property selected from the group consisting of a density
equal to or greater than 0.905 g/cc, a melting point equal to or greater than 164°C, a crystallization temperature
equal to or greater than 125°C, crystallinity equal to or greater than 50%, isotacticity (or a Pentad ratio) equal to or
greater than 96%, and atactic ratio less than 5%.

The multi-component composite film according to claim 1 or 2, wherein the support layer film of a) is a blended film
or a laminated film.

The multi-component composite film according to any one of the preceding claims, wherein the gellable polymer
layer comprises at least one lithium salt selected from the group consisting of LISCN, LiCIO,, LiCF3SO3, LiAsFyg,
LiN(CF3S0,),, and LiBF,.

The multi-component composite film according to any one of the preceding claims, wherein the gellable polymer
layer comprises at least one porous inorganic particle selected from the group consisting of SiO,, TiO,, Al,03, MgO,
and B,03.

A preparation method of a multi-component composite film comprising a support layer film; and a porous gellable
polymer layer which is formed on one side or both sides of the support layer film, wherein the support layer film and
the porous gellable polymer layer are united with each other by inter-diffusion of the polymer chains of the support
layer and the gellable polymer layer, which comprises:

a) providing a polymeric support layer film;

b) dissolving a gellable polymer in a solvent in order to prepare a gellable polymer solution;

c) forming a gellable polymer layer on one side or both sides of the support layer film of a) by coating the support
layer film with the gellable polymer of b) in order to prepare a multiple layer, and

d) stretching and heat-setting the multiple layer of c),

wherein the gellable polymer layer of c) is prepared by
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(1) coating the gellable polymer solution of b) on one side or both sides of the support layer film of a), and drying
the coated support layer film, or

(2) coating a release film with the gellable polymer solution to form a gellable polymer layer on it, drying the
coated film, desorbing the gellable polymer layer from the release film, and heat-melting the desorbed layer on
one or both sides of the support layer film,

a pore size of the support layer film ranges from 0.001 to 10 wm, its thickness ranges from 1 to 50p.m, and a
pore size of the gellable polymer layer is at most 10pnm, and its thickness ranges from 0.01 to 25um,

the pore size and distribution of the polymeric support layer film and those of the porous gellable polymer layer
being different,

wherein the material of the polymeric support layer film is at least one selected from the group consisting of
high-density polyethylene, low-density polyethylene, linear low-density polyethylene, polypropylene, high crys-
talline polypropylene, polyethylene-propylene copolymer, polyethylene-butylene copolymer, polyethylene-hex-
ene copolymer, polyethylene-octene copolymer, polystyrene-butylene-styrene copolymer, polystyrene-ethyl-
ene-butylene-styrene copolymer, polystyrene, polyphenylene oxide, polysulfone, polycarbonate, polyester,
polyamide, polyurethane, polyacrylate, polyvinylidene chloride, polyvinylidene fluoride, polysiloxane, polyolefin
ionomer, polymethyl pentene, hydrogenated oligocyclopentadiene (HOCP), and a mixture thereof or a derivative
thereof, and

wherein the material of the gellable polymer layer of b) is at least one selected from the group consisting of
polyvinylidene fluoride, polyvinylidene fluoride-chlorotrifluoroethylene copolymer, polyvinylidene fluoride-hex-
afluoropropylene copolymer, polyethylene oxide, polypropylene oxide, polybutylene oxide, polyurethane, poly-
acrylonitrile, polyacrylate, polymethyl methacrylate, polyacrylic acid, polyamide, polyacrylamide, polyvinyl ac-
etate, polyvinylpyrrolidone, polytetraethylene glycol diacrylate, polysulfone, polyphenylene oxide, polycar-
bonate, polyester, polyvinylidene chloride polysiloxane, polyolefin ionomer, and a copolymer thereof or a de-
rivative thereof.

The preparation method of the multi-component composite film according to claim 6, wherein the coating process
is performed by a coating technique selected from the group consisting of dip coating, spray coating, die coating,
and roll coating.

The preparation method of the multi-component composite film according to claim 6 or claim 7, wherein the drying
process is performed at a relative humidity ranging from 1 to 100 % under an atmosphere of at least one gas selected
from the group consisting of nitrogen, oxygen, carbon dioxide, and air.

The preparation method of the multi-component composite film according to any one of claims 6 to 8, wherein the
high-temperature-stretching is performed after low-temperature-stretching of the multiple layer in the stretching
process of d).

The preparation method of the multi-component composite film according to claim 9, wherein the low-temperature-
stretching is performed at a temperature ranging from 0 to 50°C in one direction in a roll or a stretching machine.

The preparation method of the multi-component composite film according to claim 9 or 10, wherein the high-tem-
perature-stretching is one-axially or two-axially performed in a roll or a stretching machine at a temperature in the
range between 50°C and the polymer melting point of the gellable polymer layer.

The preparation method of the multi-component composite film according to any one of claims 7 to 11, wherein the
heat-setting is performed at a temperature in the range from 50 °C to the polymer melting point of the gellable
polymer layer, for 10 seconds to an hour.

The preparation method of the multi-component composite film according to claim 6, wherein the material of the
support layer film of a) comprises high crystalline polypropylene having at least one property selected from the group
consisting of a density equal to or greater than 0.905 g/cc, a melting point equal to or greater than 164°C, a crys-
tallization temperature equal to or greater than 125°C, crystallinity equal to or greater than 50%, isotacticity (or a
Pentad ratio) equal to or greater than 96%, and an atactic ratio of less than 5%.

The preparation method of the multi-component composite film according to any one of claims 6 to 13, wherein the
support layer film of a) is blended or laminated.

The preparation method of the multi-component composite film according to any one of claims 6 to 14, wherein the
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support layer film of a) is prepared by injecting the polymer into an extruder equipped with a T-die or a tubular die
in order to extrude the polymer, and annealing it in a dry oven at a temperature in the range from room temperature
to a polymer melting point of the support layer.

The preparation method of the multi-component composite film according to any one of claims 6 to 15, wherein the
support layer of a) is prepared by irradiating ion beams under a reactive gas atmosphere on either or both sides of
the support layer film.

The preparation method of the multi-component composite film according to claim 16, wherein the ion beamiirradiation
is performed at a flow rate of 105 to 1020 ions/cm? by injecting at least one reactive gas selected from the group
consisting of helium, hydrogen, oxygen, nitrogen, ammonia, carbon monoxide, carbon dioxide, chlorofluorocarbon,
and methane at a flow rate of 0.5 to 20 ml/minute in a vacuum chamber at 10-" to 108 torr (1torr=133.3Pa), activating
at least one particle selected from the group consisting of electrons, hydrogen, helium, oxygen, nitrogen, carbon
dioxide, air, fluoride, neon, argon, krypton, and N,O, such that the particle has an energy ranging from 10-2 to 108
keV in order to form an ion beam.

The preparation method of the multi-component composite film according to any one of claims 6 to 17, wherein the
gellable polymer solution of b) is prepared by adding at least one lithium salt selected from the group consisting of
LiSCN, LiClQ,, LiCF3SOs, LiAsFg, LIN(CF3S0,),, and LiBF, to the solvent.

The preparation method of the multi-component composite film according to any one of claims 6 to 18, wherein the
gellable polymer solution of b) is prepared by adding at least one porous inorganic particle selected from the group
consisting of SiO,, TiO,, Al,O5, MgO, and B,04 to the solvent.

The preparation method of the multi-component composite film according to any one of claims 6 to 19, wherein the
solvent of b) is at least one selected from the group consisting of 1-methyl-2-pyrrolidone (NMP), acetone, ethanol,
n-propanol, n-butanol, n-hexane, cyclohexanol, acetic acid, ethyl acetate, diethyl ether, dimethyl formamide (DMF),
dimethylacetamide (DMAc), dioxane, tetrahydrofuran (THF), dimethyl sulfoxide (DMSO), cyclohexane, benzene,
toluene, xylene, water, and a derivative thereof.

The preparation method of the multi-component composite film according to any one of claims 6 to 20, wherein the
concentration of the gellable polymer solution of b) ranges from 0.01 to 90wt%.

A polymer separator comprising the multi-component composite film according to any one of claims 1 to 5.
A polymer electrolyte system comprising:

a) a multi-component composite separator comprising a multi-component composite film comprising a polymeric
support layer film and a porous gellable polymer layer on one side or both sides of the support layer, and
b) an electrolyte solution comprising:

i) a salt represented by Formula 1; and
ii) an organic solvent:

Formula 1 A*B-

wherein, A* is at least one selected from the group consisting of alkali metallic cations including Li*, Na*,
and K, and a derivative thereof; and B- is at least one selected from the group consisting of PFg-, BF,~, CI,
AsFg", CH3CO,, CF3S037, N(CH3S0,),7, and C(CH3S0,)5"

the support layer film and the porous gellable polymer layer are united with each other, by inter-diffusion
of the polymer chains of the support layer and gellable polymer layer,

wherein the material of the polymeric support layer film is at least one selected from the group consisting
of high-density polyethylene, low-density polyethylene, linear low-density polyethylene, polypropylene, high
crystalline polypropylene, polyethylene-propylene copolymer, polyethylene-butylene copolymer, polyeth-
ylene-hexene copolymer, polyethylene-octene copolymer, polystyrene-butylene-styrene copolymer, poly-
styrene-ethylene-butylene-styrene copolymer, polystyrene, polyphenylene oxide, polysulfone, polycar-
bonate, polyester, polyamide, polyurethane, polyacrylate, polyvinylidene chloride, polyvinylidene fluoride,
polysiloxane, polyolefin ionomer, polymethyl pentene, hydrogenated oligocyclopentadiene (HOCP), and a
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copolymer thereof or a derivative thereof,

the material of the gellable polymer layer is at least one selected from the group consisting of polyvinylidene
fluoride, polyvinylidene fluoride-chlorotrifluoroethylene copolymer, polyvinylidene fluoride-hexafluoropro-
pylene copolymer, polyethylene oxide, polypropylene oxide, polybutylene oxide, polyurethane, polyacrylo-
nitrile, polyacrylate, polymethyl methacrylate, polyacrylic acid, polyamide, polyacrylamide, polyvinyl acetate,
polyvinylpyrrolidone, polytetraethylene glycol diacrylate, polysulfone, polyphenylene oxide, polycarbonate,
polyester, polyvinylidene chloride polysiloxane, polyolefin ionomer, and a copolymer thereof or a derivative
thereof,

a pore size of the support layer film ranges from 0.001 to 10 wm and its thickness ranges from 1 to 50um,
and a pore size of the porous gellable polymer layer is at most 10pm and its thickness ranges from 0.01
to 25um,

the pore size and distribution of the polymeric support layer film and those of the porous gellable polymer
layer being different, and

the multi-component composite film has an air permeability in the range from 100 to 20,000sec/100cc.

The polymer electrolyte system according to claim 23, wherein the organic solvent of b) ii) is at least one selected
from the group consisting of propylene carbonate (PC), ethylene carbonate (EC), diethyl carbonate (DEC), dimethyl
carbonate (DMC), dipropyl carbonate (DPC), dimethyl sulfoxide, acetonitrile, dimethoxyethane, diethoxy ethane,
tetrahydrofuran, N-methyl-2-pyrrolidone (NMP), and ethyl methyl carbonate (EMC).

An electrochemical device comprising the polymer electrolyte system according to claim any one of claims 23 to 24.
A super capacitor, an ultra capacitor, a secondary battery, a primary battery, a fuel battery, a sensor, a machine for

electrolysis, or an electrochemical reactor, which comprise the polymer electrolyte system according to any one of
claims 23 to 24.

Patentanspriiche

1.

Mehrkomponenten-Verbundfolie, die Folgendes umfasst:

a) eine polymere Tragerschichtfolie; und
b) eine pordse gelierbare Polymerschicht auf einer Seite oder auf beiden Seiten der Tragerschicht,

wobei die Tragerschichtfolie von a) und die porése gelierbare Polymerschicht von b) durch Interdiffusion der Poly-
merketten der Tragerschicht und der gelierbaren Polymerschicht miteinander vereinigt sind,

das Material der polymeren Tragerschichtfolie mindestens eines ist, das aus der aus Polyethylen hoher Dichte,
Polyethylen niedriger Dichte, linearem Polyethylen niedriger Dichte, Polypropylen, hochkristallinem Polypropylen,
Polyethylen-Propylen-Copolymer, Polyethylen-Butylen-Copolymer, Polyethylen-Hexen-Copolymer, Polyethylen-
Octen-Copolymer, Polystyrol-Butylen-Styrol-Copolymer, Polystyrol-Ethylen-Butylen-Styrol-Copolymer, Polystyrol,
Polyphenylenoxid, Polysulfon, Polycarbonat, Polyester, Polyamid, Polyurethan, Polyacrylat, Polyvinylidenchlorid,
Polyvinylidenfluorid, Polysiloxan, Polyolefinionomer, Polymethylpenten, hydriertem Oligocyclopentadien (HOCP)
und einem Copolymer davon oder einem Derivat davon bestehenden Gruppe ausgewahlt ist,

das Material der gelierbaren Polymerschicht von b) mindestens eines ist, das aus der aus Polyvinylidenfluorid,
Polyvinylidenfluorid-Chlortrifluorethylen-Copolymer, Polyvinylidenfluorid-Hexafluorpropylen-Copolymer, Polyethy-
lenoxid, Polypropylenoxid, Polybutylenoxid, Polyurethan, Polyacrylnitril, Polyacrylat, Polymethylmethacrylat, Poly-
acrylsaure, Polyacrylamid, Polyvinylacetat, Polyvinylpyrrolidon, Polytetraethylenglycoldiacrylat, Polysulfon, Poly-
phenylenoxid, Polycarbonat, Polyester, Polyvinylidenchloridpolysiloxan, Polyolefinionomer und einem Copolymer
davon oder einem Derivat davon bestehenden Gruppe ausgewahlt ist,

eine Porengrofie der Tragerschichtfolie von a) im Bereich von 0,001 bis 10 wm liegt und ihre Dicke im Bereich von
1 bis 50 wm liegt, und wobei eine PorengroRe der pordsen gelierbaren Polymerschicht von b) héchstens 10 pm
betragt und ihre Dicke im Bereich von 0,01 bis 25 um liegt,

die PorengréfRe und -verteilung der polymeren Tragerschichtfolie und jene der pordsen gelierbaren Polymerschicht
verschieden sind, und

die Mehrkomponenten-Verbundfolie eine Luftdurchlassigkeit im Bereich von 100 bis 20.000 sek/100 cm3 hat.

Mehrkomponenten-Verbundfolie nach Anspruch 1, wobei das Material der polymeren Tragerschichtfolie hochkri-
stallines Polypropylen mit mindestens einer Eigenschaft umfasst, die aus der aus einer Dichte gleich oder gréRer
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als 0,905 g/cms3, einem Schmelzpunkt gleich oder groRer als 164°C, einer Kristallisationstemperatur gleich oder
groRer als 125°C, einer Kristallinitat gleich oder gréRer als 50%, einer Isotaktizitat (oder einem Pentadverhaltnis)
gleich oder groRer als 96% und einem ataktischen Verhaltnis kleiner als 5% bestehenden Gruppe ausgewahlt ist.

Mehrkomponenten-Verbundfolie nach Anspruch 1 oder 2, wobei die Tragerschichtfolie von a) eine Mischfolie oder
eine Mehrschichtfolie ist.

Mehrkomponenten-Verbundfolie nach einem der vorhergehenden Anspriiche, wobei die gelierbare Polymerschicht
mindestens ein Lithiumsalz umfasst, das aus der aus LiSCN, LiCIO,, LiCF;SO3, LiAsFg, LIN(CF3SO,), und LiBF,
bestehenden Gruppe ausgewahlt ist.

Mehrkomponenten-Verbundfolie nach einem der vorhergehenden Anspriiche, wobei die gelierbare Polymerschicht
mindestens ein poréses anorganisches Teilchen umfasst, das aus der aus SiO,, TiO,, Al,O5, MgO und B,04
bestehenden Gruppe ausgewahlt ist.

Herstellungsverfahren fir eine Mehrkomponenten-Verbundfolie umfassend eine Tragerschichtfolie; und eine porése
gelierbare Polymerschicht, die auf einer Seite oder auf beiden Seiten der Tragerschichtfolie ausgebildet ist, wobei
die Tragerschichtfolie und die pordse gelierbare Polymerschicht durch Interdiffusion der Polymerketten der Trager-
schicht und der gelierbaren Polymerschicht miteinander vereinigt sind, wobei das Verfahren die folgenden Schritte
umfasst:

a) Bereitstellen einer polymeren Tragerschichtfolie;

b) Losen eines gelierbaren Polymers in einem Lésungsmittel, um eine gelierbare Polymerldsung herzustellen;
c) Bilden einer gelierbaren Polymerschicht auf einer Seite oder auf beiden Seiten der Tragerschichtfolie von a)
durch Beschichten der Tragerschichtfolie mit dem gelierbaren Polymer von b), um eine mehrlagige Schicht
herzustellen; und

d) Strecken und Heil¥fixieren der mehrlagigen Schicht von c),

wobei die gelierbare Polymerschicht von c) hergestellt wird durch

(1) Auftragen der gelierbaren Polymerldsung von b) auf eine Seite oder beide Seiten der Tragerschichtfolie
von a) und Trocknen der beschichteten Tragerschichtfolie, oder

(2) Beschichten einer Trennfolie mit der gelierbaren Polymerldsung, um eine gelierbare Polymerschicht
darauf auszubilden, Trocknen der beschichteten Folie, Desorbieren der gelierbaren Polymerschicht von
der Trennfolie und HeiRschmelzen der desorbierten Schicht auf einer oder beiden Seiten der Tragerschicht-
folie,

eine PorengréRe der Tragerschichtfolie im Bereich von 0,001 bis 10 um liegt, ihre Dicke im Bereich von 1 bis 50
wm liegt und eine Porengrofie der gelierbaren Polymerschicht hdchstens 10 wm betragt und ihre Dicke im Bereich
von 0,01 bis 25 um liegt,

die Porengrofe und -verteilung der polymeren Tragerschichtfolie und jene der porésen gelierbaren Polymerschicht
verschieden sind,

wobei das Material der polymeren Tragerschichtfolie mindestens eines ist, das aus der aus Polyethylen hoher
Dichte, Polyethylen niedriger Dichte, linearem Polyethylen niedriger Dichte, Polypropylen, hochkristallinem Poly-
propylen, Polyethylen-Propylen-Copolymer, Polyethylen-Butylen-Copolymer, Polyethylen-Hexen-Copolymer, Po-
lyethylen-Octen-Copolymer, Polystyrol-Butylen-Styrol-Copolymer, Polystyrol-Ethylen-Butylen-Styrol-Copolymer,
Polystyrol, Polyphenylenoxid, Polysulfon, Polycarbonat, Polyester, Polyamid, Polyurethan, Polyacrylat, Polyvinyli-
denchlorid, Polyvinylidenfluorid, Polysiloxan, Polyolefinionomer, Polymethylpenten, hydriertem Oligocyclopentadien
(HOCP) und einer Mischung davon oder einem Derivat davon bestehenden Gruppe ausgewahlt ist,

wobei das Material der gelierbaren Polymerschicht von b) mindestens eines ist, das aus der aus Polyvinylidenfluorid,
Polyvinylidenfluorid-Chlortrifluorethylen-Copolymer, Polyvinylidenfluorid-Hexafluorpropylen-Copolymer, Polyethy-
lenoxid, Polypropylenoxid, Polybutylenoxid, Polyurethan, Polyacrylnitril, Polyacrylat, Polymethylmethacrylat, Poly-
acrylsaure, Polyamid, Polyacrylamid, Polyvinylacetat, Polyvinylpyrrolidon, Polytetraethylenglycoldiacrylat, Polysul-
fon, Polyphenylenoxid, Polycarbonat, Polyester, Polyvinylidenchloridpolysiloxan, Polyolefinionomer und einem Co-
polymer davon oder einem Derivat davon bestehenden Gruppe ausgewahlt ist.

Herstellungsverfahren fiir die Mehrkomponenten-Verbundfolie nach Anspruch 6, wobei das Beschichtungsverfahren

mit einer Beschichtungstechnik durchgefiihrt wird, die aus der aus Tauchbeschichten, Spriihbeschichten, Diisen-
beschichten und Walzenbeschichten bestehenden Gruppe ausgewahlt ist.
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Herstellungsverfahren fiir die Mehrkomponenten-Verbundfolie nach Anspruch 6 oder Anspruch 7, wobei das Trock-
nungsverfahren bei einer relativen Feuchte im Bereich von 1 bis 100 % unter einer Atmosphére von mindestens
einem Gas durchgefiihrt wird, das aus der aus Stickstoff, Sauerstoff, Kohlendioxid und Luft bestehenden Gruppe
ausgewahilt ist.

Herstellungsverfahren fiir die Mehrkomponenten-Verbundfolie nach einem der Anspriiche 6 bis 8, wobei das Hoch-
temperaturstrecken nach dem Tieftemperaturstrecken der mehrlagigen Schicht in dem Streckvorgang von Schritt
d) durchgefiihrt wird.

Herstellungsverfahren fiir die Mehrkomponenten-Verbundfolie nach Anspruch 9, wobei das Tieftemperaturstrecken
bei einer Temperatur im Bereich von 0 bis 50°C in einer Richtung in einer Walz- oder Streckmaschine durchgefiihrt
wird.

Herstellungsverfahren fir die Mehrkomponenten-Verbundfolie nach Anspruch 9 oder 10, wobei das Hochtempera-
turstrecken einachsial oder zweiachsial in einer Walz- oder Streckmaschine bei einer Temperatur im Bereich zwi-
schen 50°C und dem Polymerschmelzpunkt der gelierbaren Polymerschicht durchgefiihrt wird.

Herstellungsverfahren fir die Mehrkomponenten-Verbundfolie nach einem der Anspriiche 7 bis 11, wobei das
Heil¥fixieren bei einer Temperatur im Bereich von 50°C bis zum Polymerschmelzpunkt der gelierbaren Polymer-
schicht fir 10 Sekunden bis eine Stunde durchgefiihrt wird.

Herstellungsverfahren fir die Mehrkomponenten-Verbundfolie nach Anspruch 6, wobei das Material der Trager-
schichtfolie von a) hochkristallines Polypropylen mit mindestens einer Eigenschaft umfasst, die aus der aus einer
Dichte gleich oder groRer als 0,905 g/cm3, einem Schmelzpunkt gleich oder gréRer als 164°C, einer Kristallisati-
onstemperatur gleich oder groRer als 125°C, einer Kristallinitat gleich oder groRer als 50%, einer Isotaktizitat (oder
einem Pentadverhaltnis) gleich oder gréRer als 96% und einem ataktischen Verhaltnis kleiner als 5% bestehenden
Gruppe ausgewahlt ist.

Herstellungsverfahren fir die Mehrkomponenten-Verbundfolie nach einem der Anspriiche 6 bis 13, wobei die Tra-
gerschichtfolie von a) gemischt oder mehrschichtig ist.

Herstellungsverfahren fir die Mehrkomponenten-Verbundfolie nach einem der Anspriiche 6 bis 14, wobei die Tra-
gerschichtfolie von a) hergestellt wird, indem das Polymer in einen mit einer T-Diise oder einer rohrférmigen Diise
ausgestatteten Extruder injiziert wird, um das Polymer zu extrudieren, und in einem Trockenofen bei einer Temperatur
im Bereich von Raumtemperatur bis zu einem Polymerschmelzpunkt der Tragerschicht gegliht wird.

Herstellungsverfahren fir die Mehrkomponenten-Verbundfolie nach einem der Anspriiche 6 bis 15, wobei die Tra-
gerschicht von a) hergestellt wird, indem lonenstrahlen unter einer reaktiven Gasatmosphare auf eine oder beide
Seiten der Tragerschichtfolie gerichtet werden.

Herstellungsverfahren fir die Mehrkomponenten-Verbundfolie nach Anspruch 16, wobei die lonenstrahlbestrahlung
bei einer Flussrate von 10° bis 1020 lonen/cm2 durchgefiihrt wird, indem mindestens ein reaktives Gas, das aus
der aus Helium, Wasserstoff, Sauerstoff, Stickstoff, Ammoniak, Kohlenmonoxid, Kohlendioxid, Fluorchlorkohlen-
wasserstoff und Methan bestehenden Gruppe ausgewahlt ist, mit einer Strémungsgeschwindigkeit von 0,5 bis 20
ml/Minute bei 10-1 bis 108 Torr (1 Torr = 133,3 Pa) in eine Vakuumkammer eingedust wird, wobei mindestens ein
Teilchen, das aus der aus Elektronen, Wasserstoff, Helium, Sauerstoff, Stickstoff, Kohlendioxid, Luft, Fluorid, Neon,
Argon, Krypton und N,O bestehenden Gruppe ausgewahlt ist, in einer Weise aktiviert wird, dass das Teilchen eine
Energie im Bereich von 10-2 bis 106 keV besitzt, um einen lonenstrahl zu bilden.

Herstellungsverfahren fir die Mehrkomponenten-Verbundfolie nach einem der Anspriiche 6 bis 17, wobei die ge-
lierbare Polymerlésung von b) hergestellt wird, indem mindestens ein Lithiumsalz, das aus der aus LiSCN, LiCIOy,,
LiCF3S0g3, LiAsFg, LIN(CF3S0,), und LiBF , bestehenden Gruppe ausgewahltist, dem Lésungsmittel zugesetzt wird.
Herstellungsverfahren fiir die Mehrkomponenten-Verbundfolie nach einem der Anspriiche 6 bis 18, wobei die ge-
lierbare Polymerldsung von b) hergestellt wird, indem mindestens ein pordses anorganisches Teilchen, das aus

der aus SiO,, TiO,, Al,03, MgO und B,O4 bestehenden Gruppe ausgewéhlt ist, dem Lésungsmittel zugesetzt wird.

Herstellungsverfahren fiir die Mehrkomponenten-Verbundfolie nach einem der Anspriiche 6 bis 19, wobei das L6-
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sungsmittel von b) mindestens eines ist, das aus der aus 1-Methyl-2-pyrrolidon (NMP), Aceton, Ethanol, n-Propanol,
n-Butanol, n-Hexan, Cyclohexanol, Essigsaure, Ethylacetat, Diethylether, Dimethylformamid (DMF), Dimethylace-
tamid (DMAc), Dioxan, Tetrahydrofuran (THF), Dimethylsulfoxid (DMSO), Cyclohexan, Benzol, Toluol, Xylol, Wasser
und einem Derivat davon bestehenden Gruppe ausgewahilt ist.

Herstellungsverfahren fiir die Mehrkomponenten-Verbundfolie nach einem der Anspriiche 6 bis 20, wobei die Kon-
zentration der gelierbaren Polymerlésung von b) im Bereich von 0,01 bis 90 Gew.-% liegt.

22. Polymerseparator, der die Mehrkomponenten-Verbundfolie nach einem der Anspriche 1 bis 5 umfasst.

23. Polymerelektrolytsystem, umfassend:

a) einen Mehrkomponentenverbundstoff-Separator aus einer Mehrkomponenten-Verbundfolie, die eine poly-
mere Tragerschichtfolie und eine pordse gelierbare Polymerschicht auf einer Seite oder beiden Seiten der
Tragerschicht umfasst, und

b) eine Elektrolytldsung, umfassend:

i) ein Salz, das durch Formel 1 reprasentiert wird; und
ii) ein organisches Lésungsmittel:

Formel 1 A*B-

wobei A* mindestens eines ist, das aus der aus Alkalimetallkationen einschlielich Li*, Na* und K und
einem Derivat davon bestehenden Gruppe ausgewahlt ist; und B- mindestens eines ist, das aus der aus
PFg,BF4, Clr, AsFg", CH3CO,, CF38057, N(CH3S0,),-und C(CH3S0,)5” bestehenden Gruppe ausgewéhlt
ist,

die Tragerschichtfolie und die porése gelierbare Polymerschicht durch Interdiffusion der Polymerketten der
Tragerschicht und der gelierbaren Polymerschicht miteinander vereinigt sind,

wobei das Material der polymeren Tragerschichtfolie mindestens eines ist, das aus der aus Polyethylen
hoher Dichte, Polyethylen niedriger Dichte, linearem Polyethylen niedriger Dichte, Polypropylen, hochkri-
stallinem Polypropylen, Polyethylen-Propylen-Copolymer, Polyethylen-Butylen-Copolymer, Polyethylen-
Hexen-Copolymer, Polyethylen-Octen-Copolymer, Polystyrol-Butylen-Styrol-Copolymer, Polystyrol-Ethy-
len-Butylen-Styrol-Copolymer, Polystyrol, Polyphenylenoxid, Polysulfon, Polycarbonat, Polyester, Poly-
amid, Polyurethan, Polyacrylat, Polyvinylidenchlorid, Polyvinylidenfluorid, Polysiloxan, Polyolefinionomer,
Polymethylpenten, hydriertem Oligocyclopentadien (HOCP) und einem Copolymer davon oder einem De-
rivat davon bestehenden Gruppe ausgewahlt ist,

das Material der gelierbaren Polymerschicht mindestens eines ist, das aus der aus Polyvinylidenfluorid,
Polyvinylidenfluorid-Chlortrifluorethylen-Copolymer,  Polyvinylidenfluorid-Hexafluorpropylen-Copolymer,
Polyethylenoxid, Polypropylenoxid, Polybutylenoxid, Polyurethan, Polyacrylnitril, Polyacrylat, Polymethyl-
methacrylat, Polyacrylsaure, Polyamid, Polyacrylamid, Polyvinylacetat, Polyvinylpyrrolidon, Polytetraethy-
lenglycoldiacrylat, Polysulfon, Polyphenylenoxid, Polycarbonat, Polyester, Polyvinylidenchloridpolysiloxan,
Polyolefinionomer und einem Copolymer davon oder einem Derivat davon bestehenden Gruppe ausgewahlt
ist,

eine PorengrofRe der Tragerschichtfolie im Bereich von 0,001 bis 10 um liegt und ihre Dicke im Bereich
von 1 bis 50 uwm liegt, und eine Porengrofie der pordsen gelierbaren Polymerschicht héchstens 10 um
betragt und ihre Dicke im Bereich von 0,01 bis 25 pm liegt,

die PorengréfRe und -verteilung der polymeren Tragerschichtfolie und jene der pordsen gelierbaren Poly-
merschicht verschieden sind, und

die Mehrkomponenten-Verbundfolie eine Luftdurchléssigkeit im Bereich von 100 bis 20.000 sek/100 cm3
hat.

24. Polymerelektrolytsystem nach Anspruch 23, wobei das organische L&sungsmittel von b)ii) mindestens eines ist,

das aus der aus Propylencarbonat (PC), Ethylencarbonat (EC), Diethylcarbonat (DEC), Dimethylcarbonat (DMC),
Dipropylcarbonat (DPC), Dimethylsulfoxid, Acetonitril, Dimethoxyethan, Diethoxyethan, Tetrahydrofuran, N-Methyl-
2-pyrrolidon (NMP) und Ethylmethylcarbonat (EMC) bestehenden Gruppe ausgewahlt ist.

25. Elektrochemische Vorrichtung mit dem Polymerelektrolytsystem nach einem der Anspriche 23 bis 24.
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26. Superkondensator, Ultrakondensator, Sekundarbatterie, Primarbatterie, Brennstoffzellenbatterie, Sensor, Maschine

zur Elektrolyse oder elektrochemischer Reaktor, die das Polymerelektrolytsystem nach einem der Anspriiche 23
bis 24 umfassen.

Revendications

1.

Film composite multicomposant, qui comprend :

a) un film de polymere formant une couche de support ;
b) et sur une face ou sur les deux faces de cette couche de support, une couche poreuse de polymeére gélifiable ;

et dans lequel :

- le film formant la couche de support (a) et la couche poreuse (b) de polymére gélifiable sont unis I'un a l'autre
par interdiffusion des chaines de polymére de la couche de support et de la couche de polymere gélifiable ;

- le matériau du film de polymére formant la couche de support est au moins un matériau choisi dans 'ensemble
formé par les suivants : polyéthylene haute densité, polyéthyléne basse densité, polyéthyléne basse densité
linéaire, polypropyléne, polypropyléne hautement cristallin, copolymére poly(éthyléne-propyléne), copolymére
poly(éthyléne-buténe), copolymeére poly(éthyléne-hexéne), copolymeére poly(éthyléne-octéne), copolymere poly
(styréne-buténe-styréne), copolymeére poly(styréne-éthylene-buténe-styréne), polystyréne, poly(phényléne
éther), polysulfones, polycarbonates, polyesters, polyamides, polyuréthanes, polyacrylates, poly(chlorure de
vinylidéne), poly(fluorure de vinylidéne), polysiloxanes, ionoméres de type polyoléfine, poly(méthyl-penténe),
oligocyclopentadiénes hydrogénés (HOCP), les copolymeéres correspondants et les dérivés de ces polyméres ;
- le matériau de la couche (b) de polymeére gélifiable est au moins un matériau choisi dans 'ensemble formé
par les suivants : poly(fluorure de vinylidéne), copolymére poly(fluorure de vinylidéne / chlorotrifluoroéthylene),
copolymere poly(fluorure de vinylidene / hexafluoropropyléne), polyoxyéthyléne, polyoxypropyléne, polyoxybu-
tyléne, polyuréthanes, polyacrylonitrile, polyacrylates, poly(méthacrylate de méthyle), poly(acide acrylique),
polyacrylamide, poly(acétate de vinyle), poly-(vinyl-pyrrolidone), poly(diacrylate de tétraéthyleneglycol), poly-
sulfones, poly(phényléne éther), polycarbonates, polyesters, poly(chlorure de vinylidéne), polysiloxanes, iono-
meéres de type polyoléfine, les copolymeéres correspondants et les dérivés de ces polymeéres ;

- la taille des pores du film formant la couche de support (a) vaut de 0,001 a 10 um et son épaisseur vaut de
1 a 50 uwm, et la taille des pores de la couche poreuse (b) de polymére gélifiable vaut au plus 10 wm et son
épaisseur vaut de 0,01 a 25 pm ;

- et la taille des pores et la distribution des pores sont différentes dans le film de polymére formant la couche
de support et dans la couche poreuse de polymére gélifiable ;

et lequel film composite multicomposant présente une perméabilité a I'air qui vaut de 100 a 20000 secondes pour
100 cm3.

Film composite multicomposant conforme a la revendication 1, dans lequel le matériau du film de polymére formant
la couche de support comprend un polypropyléne hautement cristallin qui posséde au moins une propriété choisie
parmi les suivantes :

- une masse volumique supérieure ou égale a 0,905 g/cm3 ;

- un point de fusion supérieur ou égal a 164 °C ;

- une température de cristallisation supérieure ou égale a 125 °C ;

- un taux de cristallinité supérieur ou égal a 50 % ;

- un degré d’isotacticité (rapport de pentades) supérieur ou égal a 96 % ;
- et un degré d’atacticité inférieur a 5 %.

Film composite multicomposant conforme a la revendication 1 ou 2, dans lequel le film formant la couche de support
(a) est un film allié ou un film stratifié.

Film composite multicomposant conforme a 'une des revendications précédentes, dans lequel la couche de polymeére
gélifiable comprend au moins un sel de lithium choisi parmi les composés de formules LiISCN, LiClO,, LiCF3SOs,
LiAsFg, LIN(CF3S0O,), et LiBF,.
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5. Film composite multicomposant conforme a'une des revendications précédentes, danslequel la couche de polymére

gélifiable comprend au moins une sorte de particules inorganiques poreuses choisies parmi des particules des
composeés de formules SiO, TiO, Al,O3, MgO et B,0,.

Procédé de fabrication d’un film composite multicomposant, qui comprend un film de polymére formant une couche
de support, et sur une face ou sur les deux faces de cette couche de support, une couche poreuse de polymére
gélifiable, et dans lequel le film formant la couche de support et la couche poreuse de polymére gélifiable sont unis
'un a l'autre par interdiffusion des chaines de polymére de la couche de support et de la couche de polymeére
gélifiable, lequel procédé comporte les étapes suivantes :

a) prendre un film de polymere formant une couche de support ;

b) dissoudre un polymere gélifiable dans un solvant, afin de préparer une solution de polymére gélifiable ;

c) former une couche de polymeére gélifiable sur une face ou sur les deux faces du film formant la couche de
support de I'étape (a), en revétant le film formant la couche de support avec du polymeére gélifiable de I'étape
(b), afin de préparer un multicouche ;

d) et étirer et fixer a chaud le multicouche de I'étape (c) ;

et dans lequel procédé :
- on forme la couche de polymére gélifiable de I'étape (c)

1) soit en étalant la solution de polymére gélifiable de I'étape (b) sur une face ou sur les deux faces du film
formant la couche de support de I'étape (a) et en faisant sécher le film formant la couche de support ainsi
revétu,

2) soit en étalant la solution de polymére gélifiable sur un film de transfert, afin de former sur celui-ci une
couche de polymeére gélifiable en faisant sécher ce film ainsi revétu, en détachant du film de transfert la
couche de polymere gélifiable et en faisant fusionner a chaud cette couche détachée sur une face ou les
deux faces du film formant la couche de support ;

- la taille des pores du film formant la couche de support vaut de 0,001 a 10 um et son épaisseur vaut de 1 a
50 pm, et la taille des pores de la couche poreuse de polymeére gélifiable vaut au plus 10 wm et son épaisseur
vaut de 0,01 a 25 pm ;

- la taille des pores et la distribution des pores sont différentes dans le film de polymére formant la couche de
support et dans la couche poreuse de polymeére gélifiable ;

- le matériau du film de polymeére formant la couche de support est au moins un matériau choisi dans I'ensemble
formé par les suivants : polyéthyléne haute densité, polyéthyléne basse densité, polyéthyléne basse densité
linéaire, polypropyléne, polypropyléne hautement cristallin, copolymére poly(éthyleéne-propyléne), copolymére
poly(éthyléne-buténe), copolymeére poly(éthyléne-hexene), copolymeére poly(éthyléne-octéne), copolymere poly
(styrene-buténe-styréne), copolymeére poly(styrene-éthylene-buténe-styréne), polystyréne, poly(phényléne
éther), polysulfones, polycarbonates, polyesters, polyamides, polyuréthanes, polyacrylates, poly(chlorure de
vinylidene), poly(fluorure de vinylidéne), polysiloxanes, ionoméres de type polyoléfine, poly(méthyl-penténe),
oligocyclopentadiénes hydrogénés (HOCP), les copolyméres correspondants et les dérivés de ces polyméres ;
- et le matériau de la couche (b) de polymére gélifiable est au moins un matériau choisi dans I'ensemble formé
par les suivants : poly(fluorure de vinylidene), copolymére poly(fluorure de vinylidéne / chlorotrifluoroéthylene),
copolymere poly(fluorure de vinylidéne / hexafluoropropylene), polyoxyéthyléne, polyoxypropyléne, polyoxybu-
tyléne, polyuréthanes, polyacrylonitrile, polyacrylates, poly(méthacrylate de méthyle), poly(acide acrylique),
polyamides, polyacrylamide, poly(acétate de vinyle), poly(vinyl-pyrrolidone), poly(diacrylate de tétraéthyléne-
glycol), polysulfones, poly(phényléne éther), polycarbonates, polyesters, poly-(chlorure de vinylidene), polysi-
loxanes, ionomeres de type polyoléfine, les copolyméres correspondants et les dérivés de ces polymeéres.

Procédé de fabrication d’un film composite multicomposant, conforme a la revendication 6, dans lequel I'opération
d’étalement est réalisée selon une technique de revétement choisie dans I'ensemble formé par le revétement par
immersion, le revétement par pulvérisation, le revétement par extrusion par filiere et le revétement par enduction
au rouleau.

Procédé de fabrication d’un film composite multicomposant, conforme a la revendication 6 ou 7, dans lequel I'opé-

ration de séchage est réalisée dans une atmosphére qui présente un taux d’humidité relative de 1 a 100 % et qui
est constituée d’au moins un gaz choisi parmi de I'azote, de 'oxygéne, du dioxyde de carbone et de l'air.
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Procédé de fabrication d’un film composite multicomposant, conforme a I'une des revendications 6 a 8, dans lequel,
dans I'étape d’étirage (d), on effectue, aprés un étirage du multicouche a basse température, un étirage a haute
température.

Procédé de fabrication d’un film composite multicomposant, conforme a la revendication 9, dans lequel I'opération
d’étirage a basse température est effectuée a une température de 0 a 50 °C, dans une seule direction, au moyen
de cylindres ou d’une machine étireuse.

Procédé de fabrication d'un film composite multicomposant, conforme a la revendication 9 ou 10, dans lequel
I'opération d’étirage a haute température est effectuée dans une seule direction ou dans deux directions, au moyen
de cylindres ou d’'une machine étireuse, a une température située dans I'intervalle allant de 50 °C au point de fusion
du polymére de la couche de polymeére gélifiable.

Procédé de fabrication d’un film composite multicomposant, conforme a I'une des revendications 7 a 11, dans lequel
I'opération de fixage a chaud est effectuée a une température située dans l'intervalle allant de 50 °C au point de
fusion du polymére de la couche de polymere gélifiable, et dure de 10 secondes a 1 heure.

Procédé de fabrication d’un film composite multicomposant, conforme a la revendication 6, dans lequel le matériau
du film de polymére formant la couche de support de I'étape (a) comprend un polypropyléne hautement cristallin
qui posséde au moins une propriété choisie parmi les suivantes :

- une masse volumique supérieure ou égale a 0,905 g/cms3 ;

- un point de fusion supérieur ou égal a 164 °C ;

- une température de cristallisation supérieure ou égale a 125 °C ;

- un taux de cristallinité supérieur ou égal a 50 % ;

- un degré d’isotacticité (rapport de pentades) supérieur ou égal a 96 % ;
- et un degré d’atacticité inférieur a 5 %.

Procédé de fabrication d’un film composite multicomposant, conforme a 'une des revendications 6 a 13, dans lequel
le film formant la couche de support de I'étape (a) est un film allié ou un film stratifié.

Procédé de fabrication d’un film composite multicomposant, conforme a I'une des revendications 6 a 14, pour lequel
on prépare le film formant la couche de support de I'étape (a) en injectant le polymére dans une extrudeuse équipée
d’une filiere en T ou d’'une filiére tubulaire afin d’extruder ce polymére, et en soumettant celui-ci a un recuit au four
et a sec, a une température située dans l'intervalle allant de la température ambiante au point de fusion du polymére
formant la couche de support.

Procédé de fabrication d’un film composite multicomposant, conforme a l'une des revendications 6 a 15, dans lequel
on prépare la couche de support de I'étape (a) en irradiant avec un faisceau d’ions, sous une atmospheére constituée
d’un gaz réactif, le film formant la couche de support, sur 'une ou l'autre de ses faces ou sur les deux.

Procédé de fabrication d’un film composite multicomposant, conforme a la revendication 16, dans lequel on effectue
lirradiation avec un faisceau d’ions apportant un flux de 105 & 1020 jons par cm2, en injectant au moins un gaz
réactif, choisi parmi de I'hélium, de I’hydrogéne, de I'oxygene, de I'azote, de 'ammoniac, du monoxyde de carbone,
du dioxyde de carbone, un chlorofluorocarbone et du méthane, avec un débit de 0,5 a 20 mL/min, dans une enceinte
a vide ou régne une pression de 10-1 & 108 torrs (1 torr = 133,3 Pa) et en activant au moins un type de particules,
choisi parmi des électrons et des particules d’hydrogéne, d’hélium, d’'oxygéne, d’azote, de dioxyde de carbone,
d’air, de fluorure, de néon, d’argon, de krypton et d’'oxyde d’azote N,O, de telle sorte que ces particules possédent
une énergie de 10-2 4 106 keV, afin de former un faisceau d’ions.

Procédé de fabrication d’un film composite multicomposant, conforme a I'une des revendications 6 a 17, dans lequel,
quand on prépare la solution de polymére gélifiable de I'étape (b), on ajoute au solvant au moins un sel de lithium
choisi parmi les composés de formules LiSCN, LiClO,, LiCF3SO3, LiAsFg, LIN(CF3S0,), et LiBF,.

Procédé de fabrication d’un film composite multicomposant, conforme a I'une des revendications 6 a 18, dans lequel,
quand on prépare la solution de polymére gélifiable de I'étape (b), on ajoute au solvant au moins une sorte de
particules inorganiques poreuses choisies parmi des particules des composés de formules SiO,, TiO,, Al,O5, MgO
et B,O,.
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Procédé de fabrication d’un film composite multicomposant, conforme a 'une des revendications 6 a 19, dans lequel
le solvant utilisé dans I'étape (b) est au moins un solvant choisi dans 'ensemble formé par les suivants : 1-méthyl-
2-pyrrolidone (NMP), acétone, éthanol, n-propanol, n-butanol, n-hexane, cyclohexanol, acide acétique, acétate
d’éthyle, éther diéthylique, diméthyl-formamide (DMF), diméthyl-acétamide (DMAc), dioxane, tétrahydrofurane
(THF), diméthyl-sulfoxyde (DMSO), cyclohexane, benzéne, toluéne, xyléne, eau, et leurs dérivés.

Procédé de fabrication d’un film composite multicomposant, conforme a 'une des revendications 6 a 20, dans lequel
la concentration de la solution de polymére gélifiable de I'étape (b) vaut de 0,01 a 90 % en poids.

Séparateur en polymére, comprenant un film composite multicomposant conforme a I'une des revendications 1 a 5.
Systéme électrolyte a base de polymére, comportant :
a) un séparateur composite multicomposant, constitué d’un film composite multicomposant qui comprend un
film de polymeére formant une couche de support, et sur une face ou sur les deux faces de cette couche de

support, une couche poreuse de polymere gélifiable,
b) et une solution électrolyte comprenant

i) un sel représenté par la formule 1,
ii) et un solvant organique ;

formule 1 : A*B-
dans laquelle formule A* représente au moins un cation choisi parmi les cations de métal alcalin, y compris

les cations Li*, Na* et K*, ainsi que leurs dérivés, et B- représente au moins un anion choisi parmi les
anions de formules PFg, BF -, CI-, AsFg", CH3CO,, CF3SO457, N(CH3S0,),™ et C(CH3S0,)5™;

et dans lequel systéme :

- le film formant la couche de support et la couche poreuse de polymeére gélifiable sont unis I'un a l'autre
par interdiffusion des chaines de polymére de la couche de support et de la couche de polymere gélifiable ;
- le matériau du film de polymére formant la couche de support est au moins un matériau choisi dans
I'ensemble formé par les suivants : polyéthyléne haute densité, polyéthylene basse densité, polyéthyléne
basse densité linéaire, polypropyléne, polypropyléne hautement cristallin, copolymere poly(éthyléne-pro-
pyléne), copolymére poly(éthyléne-buténe), copolymere poly(éthylene-hexéne), copolymeére poly(éthylene-
octéne), copolymére poly(styréne-buténe-styréne), copolymeére poly(styréne-éthyléne-butene-styréne), po-
lystyrene, poly(phényléne éther), polysulfones, polycarbonates, polyesters, polyamides, polyuréthanes,
polyacrylates, poly(chlorure de vinylidene), poly(fluorure de vinylidene), polysiloxanes, ionoméres de type
polyoléfine, poly(méthyl-penténe), oligocyclopentadienes hydrogénés (HOCP), les copolymeéres corres-
pondants et les dérivés de ces polymeres ;

- le matériau de la couche de polymére gélifiable est au moins un matériau choisi dans I'ensemble formé
par les suivants : poly(fluorure de vinylidene), copolymeére poly(fluorure de vinylidéne / chlorotrifluoroéthy-
Iene), copolymére poly(fluorure de vinylidene / hexafluoropropyléne), polyoxyéthyléne, polyoxypropyléne,
polyoxybutyléne, polyuréthanes, polyacrylonitrile, polyacrylates, poly(méthacrylate de méthyle), poly(acide
acrylique), polyamides, polyacrylamide, poly(acétate de vinyle), poly-(vinyl-pyrrolidone), poly(diacrylate de
tétraéthyléneglycol), polysulfones, poly(phényléne éther), polycarbonates, polyesters, poly(chlorure de vi-
nylidéne), polysiloxanes, ionoméres de type polyoléfine, les copolyméres correspondants et les dérivés de
ces polymeres ;

- la taille des pores du film formant la couche de support vaut de 0,001 a 10 wm et son épaisseur vaut de
1 a 50 um, et la taille des pores de la couche poreuse de polymére gélifiable vaut au plus 10 um et son
épaisseur vaut de 0,01 a 25 um ;

- la taille des pores et la distribution des pores sont différentes dans le film de polymére formant la couche
de support et dans la couche poreuse de polymére gélifiable ;

- et le film composite multicomposant présente une perméabilité a I'air qui vaut de 100 a 20000 secondes
pour 100 cm3-

24. Systéme électrolyte a base de polymére, conforme a la revendication 23, pour lequel le solvant organique (b-ii) est

au moins un solvant choisi dans 'ensemble formé par les suivants : carbonate de propyléne (PC), carbonate d’éthy-
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lene (EC), carbonate de diéthyle (DEC), carbonate de diméthyle (DMC), carbonate de dipropyle (DPC), diméthyl-
sulfoxyde, acétonitrile, diméthoxy-éthane, diéthoxy-éthane, tétrahydrofurane, N-méthyl-2-pyrrolidone (NMP), et car-
bonate d’éthyle et de méthyle (EMC).

Dispositif électrochimique comportant un systéme électrolyte a base de polymére conforme a I'une des revendica-
tions 23 a 24.

Supercondensateur, ultracondensateur, pile secondaire, pile primaire, pile a combustible, capteur, appareil d’élec-

trolyse ou réacteur électrochimique, comportant un systéme électrolyte a base de polymére conforme a I'une des
revendications 23 a 24.
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