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Description

Technical Field

[0001] The present invention relates to a novel organic/
inorganic composite porous separator that can show ex-
cellent thermal safety, electrochemical safety and lithium
ion conductivity and a high degree of swelling with elec-
trolyte, compared to conventional polyolefin-based sep-
arators, and an electrochemical device comprising the
same, which ensures safety and has improved quality.

Background Art

[0002] Recently, there is increasing interest in energy
storage technology. Batteries have been widely used as
energy sources in portable phones, camcorders, note-
book computers, PCs and electric cars, resulting in in-
tensive research and development for them. In this re-
gard, electrochemical devices are the subject of great
interest. Particularly, development of rechargeable sec-
ondary batteries is the focus of attention.
[0003] Among the currently used secondary batteries,
lithium secondary batteries, developed in early 1990’s,
have a drive voltage and an energy density higher than
those of conventional batteries using aqueous electro-
lytes (such as Ni-MH batteries, Ni-Cd batteries and
H2SO4-Pb batteries), and thus are spotlighted in the field
of secondary batteries. However, lithium secondary bat-
teries have problems related to their safety, due to ignition
and explosion caused by the use of organic electrolytes,
and are manufactured by a complicated process. Lithium
ion polymer batteries, appearing more recently, solve the
above-mentioned disadvantages of  secondary lithium
ion batteries, and thus become one of the most potent
candidates of next generation batteries. However, such
secondary lithium ion polymer batteries still have low ca-
pacity compared to secondary lithium ion batteries. Par-
ticularly, they show insufficient discharge capacity at low
temperature. Hence, there is an imminent need for the
improvement of secondary lithium ion batteries.
[0004] A lithium ion battery is manufactured by coating
a cathode active material (e.g. LiCoO2) and an anode
active material (e.g. graphite), which have crystal struc-
tures including interstitial volumes, onto the correspond-
ing current collector (i.e. aluminum foil and copper foil,
respectively) to provide a cathode and an anode. Then,
a separator is interposed between both electrodes to
form an electrode assembly, and an electrolyte is injected
into the electrode assembly. During a charge cycle of the
battery, lithium intercalated into the crystal structure of
the cathode active material is deintercalated, and then
intercalated into the crystal structure of the anode active
material. On the other hand, during a discharge cycle,
lithium intercalated into the anode active material is dein-
tercalated again, and then intercalated back into the crys-
tal structure of the cathode. As charge/discharge cycles
are repeated, lithium ions reciprocate between the cath-

ode and the anode. In this regard, a lithium ion battery
is also referred to as a rocking chair battery.
[0005] Such batteries have been produced by many
battery producers. However, most lithium secondary bat-
teries have different safety characteristics depending on
several factors. Evaluation of and security in safety of
batteries are very important matters to be considered.
Particularly, users should be protected from being dam-
aged by  malfunctioning batteries. Therefore, safety of
batteries is strictly restricted in terms of ignition and com-
bustion of batteries by safety standards.
[0006] Many attempts have been made to solve the
problem related to the safety of a battery. However, ig-
nition of a battery, caused by a forced internal short circuit
due to external impacts (particularly, in the case of a cus-
tomer-abused battery) cannot be solved yet.
[0007] Recently, US Patent No. 6,432,586 discloses a
polyolefin-based separator coated with an inorganic lay-
er such as calcium carbonate, silica, etc., so as to prevent
an internal short circuit, caused by dendrite growth inside
of a battery. However, the polyolefin-based separator
merely using conventional inorganic particles cannot pro-
vide significant improvement in the safety of a battery,
when the battery experiences an internal short circuit due
to external impacts. There is no mechanism for prevent-
ing such problem in the separator. Additionally, the inor-
ganic particle layer disclosed in the above patent is not
particularly defined in terms of the thickness, pore size
and porosity. Moreover, the inorganic particles used in
the separator have no lithium conductivity, and thus
cause a significant drop in the quality of a battery.
[0008] WO-A-2006/062349, which represents prior art
pursuant to Article 54(3) EPC, discloses a porous film
comprising an organic/inorganic composite porous film
substrate and a coating layer comprising styrenebutadi-
ene rubber formed on at least one region selected from
a surface of the substrate and a part of the pores in the
substrate, the substrate comprising a porous film and a
layer which comprises a mixture of inorganic particles
and a binder polymer coated on a surface of the porous
film and/or a part of the pores in the porous film.
[0009] US-A-2003/0104273 and US-A-2002/0187401
disclose separator films comprising a porous polymer
support layer and a porous gellable polymer layer on at
least one side of the support layer. The separator film is
produced by coating a gellable polymer solution on one
or both sides of a support layer and stretching the thus-
formed multi-layer film. The gellable polymer layer may
contain a porous inorganic compound.
[0010] KR-A-2001-0095623 teaches a battery separa-
tor comprising a porous polyolefin film and a porous ad-
hesive polymer film formed on both sides of the porous
polyolefin film. The porous adhesive polymer film com-
prises an adhesive resin and an inorganic filler.
[0011] US2006/0078791 A1 discloses a separator for
an electrochemical cell, comprising (A) a flexible perfo-
rate support, and (B) a porous ceramic material which
fills the perforations in the support and is suitable for re-
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ceiving ion-conducting electrolyte, wherein the porous
ceramic material comprises a first porous layer which is
characterized by an average pore size and at least one
second porous layer for contacting with an electrode, the
second porous layer having an average pore size which
is smaller than the average pore size of the first porous
layer.
[0012] JP2004-227972 A discloses a separator for a
non-aqueous electrolyte secondary battery, the separa-
tor being produced by laminating a water-soluble polymer
porous membrane on a polyolefin porous membrane.

Brief Description of the Drawings

[0013] The foregoing and other objects, features and
advantages of the present invention will become more
apparent from the following detailed description when
taken in conjunction with the accompanying drawings in
which:

FIG. 1 is a schematic view showing an organic/inor-
ganic composite porous separator according to the
present invention, and the function thereof in a bat-
tery;
FIG. 2a and FIG. 2b are photographs taken by a
Scanning Electron Microscope (SEM) showing the
organic/inorganic composite porous separator
(PVdF-CTFE/BaTiO3) according to Example 1,
wherein FIG. 2a and FIG. 2b show the active layer
and separator substrate, respectively;
FIG. 3 is a photograph taken by SEM showing the
composite separator according to Comparative Ex-
ample 2, wherein the composite separator compris-
es inorganic particles and a polymer, the polymer
being present in a higher proportion than the inor-
ganic particles;
FIG. 4 is a graph showing variations in ion conduc-
tivity depending on the mixing ratio of inorganic par-
ticles and a binder polymer that form the organic/
inorganic composite porous separator according to
the present invention;
FIG. 5a and FIG. 5b are photographs showing the
results for a heat shrinking test of separators, where-
in FIG. 5a and FIG. 5b show a currently used PE
separator, and the organic/inorganic composite po-
rous separator (PVdF-CTFE/BaTiO3) according to
Example 1, respectively, after each of the separators
is maintained at 150°C for 1 hour;
FIG. 6a and FIG. 6b are photographs showing the
results for a pseudo internal short circuit test of sep-
arators, wherein FIG. 6a and FIG. 6b show a cur-
rently used PE separator, and the organic/inorganic
composite porous separator (PVdF-CTFE/BaTiO3)
according to Example 1, respectively;
FIG. 7 is a graph showing variations in voltage of
each of the lithium secondary batteries including the
organic/inorganic composite porous separator
(PVdF-CTFE/BaTiO3) according to Example 1 and

the currently used PE  separator according to Com-
parative Example 1, after local crush that causes an
artificial internal short circuit;
FIG. 8a and FIG. 8b are photographs showing the
results for the battery safety test, after local crush
that causes an artificial internal short circuit, wherein
FIG. 8a and FIG. 8b show the currently used PE
separator according to Comparative Example 1 and
the organic/inorganic composite porous separator
(PVdF-CTFE/BaTiO3) according to Example 1, re-
spectively; and
FIG. 9a and FIG. 9b are graphs showing the results
for the safety test of batteries after overcharge,
wherein FIG. 9a and FIG. 9b show the currently used
PE separator according to Comparative Example 1
and the organic/inorganic composite porous sepa-
rator (PVdF-CTFE/BaTiO3) according to Example 1,
respectively.

Disclosure of the Invention

[0014] The present inventors have found that an or-
ganic/inorganic composite porous separator, formed by
using (1) a polyolefin-based separator substrate, (2) in-
organic particles and (3) a binder polymer, improves ther-
mal safety of a conventional polyolefin-based separator.
Additionally, we have found that because the organic/
inorganic composite porous separator has pore struc-
tures present both in the polyolefin-based separator sub-
strate and in an active layer formed of the inorganic par-
ticles and the binder polymer coated on the separator
substrate, it provides an increased volume of space, into
which a liquid electrolyte infiltrates, resulting in improve-
ments in lithium ion conductivity and degree of swelling
with electrolyte. Therefore, the organic/inorganic com-
posite porous separator can improve the  quality and
safety of an electrochemical device using the same as a
separator.
[0015] We have also found that when inorganic parti-
cles having piezoelectricity derived from a high dielectric
constant and/or inorganic particles having lithium ion
conductivity are used as the inorganic particles that form
the active layer, it is possible to prevent a complete short
circuit between both electrodes by the inorganic particles,
even if the separator in a battery is broken due to external
impacts. It is also possible to solve the problem related
to safety, such as explosion of a battery, by reducing the
voltage of a battery gradually due to the flow of electric
current, caused by the lithium conductivity and/or piezo-
electricity of the inorganic particles.
[0016] Therefore, it is an object of the present invention
to provide an organic/inorganic composite porous sepa-
rator, an electrochemical device comprising the same.
[0017] According to an aspect of the present invention,
there is provided an organic/inorganic composite porous
separator, according to claim 1.
[0018] Another aspect of the invention is an electro-
chemical device comprising the above separator. The
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electrochemical device is preferably a lithium secondary
battery. Preferred embodiments are disclosed in the sub-
claims.
[0019] Hereinafter, the present invention will be ex-
plained in more detail.
[0020] The present invention is characterized by pro-
viding a novel organic/inorganic composite porous sep-
arator, which shows excellent thermal safety, electro-
chemical safety and lithium ion conductivity, and a high
degree of swelling with electrolyte, compared to a poly-
olefin-based separator currently used as a separator for
batteries.
[0021] The organic/inorganic composite porous sepa-
rator is obtained by coating an active layer comprising
inorganic particles and a binder polymer on a polyolefin-
based separator substrate. Herein, the pores present in
the separator substrate itself and a uniform pore structure
formed in the active layer by the interstitial volumes
among the inorganic particles permit the organic/inor-
ganic composite porous separator to be used as a sep-
arator. Additionally, if a polymer capable of being gelled
when swelled with a liquid electrolyte is used as the bind-
er polymer component, the organic/inorganic composite
porous separator can serve also as an electrolyte.
[0022] Particular characteristics of the organic/ inor-
ganic composite porous separator are as follows.

(1) Conventional composite separators, formed by
coating inorganic particles or a mixture of inorganic
particles and a binder polymer onto a conventional
polyolefin separator have no pore structure or, if any,
have an irregular pore structure having a pore size
of several angstroms. Therefore, they cannot serve
sufficiently as spacers, through which lithium ions
can pass (see FIG. 3). Additionally, in order to form
a microporous structure, most of such conventional
separators are subjected to extraction with a plasti-
cizer so that a microporous structure can be formed
in a gel type polymer electrolyte, resulting in degra-
dation in the quality of a battery.

[0023] On the contrary, the organic/inorganic compos-
ite porous separator according to the present invention
has uniform pore structures both in the active layer and
the polyolefin-based separator substrate, as shown in
FIG. 2, and the pore structures permit lithium ions to move
smoothly therethrough. Therefore, it is possible to intro-
duce a large amount of electrolyte through the pore struc-
tures, so as to obtain a high degree of swelling with elec-
trolyte, resulting in improvement in the quality of a battery.

(2) Although conventional polyolefin-based separa-
tors cause heat shrinking at high temperature be-
cause they have a melting point of 120-140°C (see
FIG. 5a), the organic/inorganic composite porous
separator, comprising the inorganic particles and the
binder polymer, does not cause heat shrinking due
to the heat resistance of the inorganic particles (see

FIG. 5b). Therefore, an electrochemical device using
the above organic/inorganic composite porous sep-
arator prevents a complete internal short circuit be-
tween a cathode  and an anode by the organic/inor-
ganic composite porous active layer, even when the
separator is broken under extreme conditions
caused by internal or external factors, such as high
temperature, overcharge, external impacts, etc.
Even if a short circuit occurs, the region of short cir-
cuit can be inhibited from extending throughout the
battery. As a result, it is possible to significantly im-
prove the safety of a battery.
(3) Conventional separators or polymer electrolytes
are formed in the shape of free standing films and
then assembled together with electrodes. On the
contrary, the organic/inorganic composite porous
separator according to the present invention is
formed by coating the active layer directly on the
surface of a polyolefin-based separator substrate,
so that the pores on the surface of the polyolefin-
based separator substrate and the active layer can
be anchored to each other, thereby providing a firm
physical bonding between the active layer and the
porous substrate. Therefore, problems related to
mechanical properties such as brittleness can be im-
proved. Additionally, such increased interfacial ad-
hesion between the porous substrate and the active
layer can decrease the interfacial resistance. In fact,
the organic/inorganic composite porous film accord-
ing to the present invention includes the organic/in-
organic composite active layer bonded organically
to the polyolefin-based separator substrate. Addi-
tionally, the active layer does not affect the pore
structure present in the polyolefin-based substrate,
so that the structure can be maintained. Further, the
active layer itself has a uniform pore structure formed
by the inorganic particles (see FIG. 2). Because the
above-mentioned pore structures are filled with a liq-
uid electrolyte injected subsequently, interfacial  re-
sistance generated among the inorganic particles or
between the inorganic particles and the binder pol-
ymer can be decreased significantly.
(4) Polyolefin-based separators coated with a layer
comprising a metal oxide or a mixture of a metal ox-
ide with a polymer have been disclosed according
to the prior art. However, most of such conventional
separators comprise no binder polymer for support-
ing and interconnecting inorganic particles. Even if
a polymer is used in such conventional separators,
the polymer should have been used in a great
amount, so that such conventional separators have
no pore structures or have a non-uniform pore region
in the polymer, and thus cannot serve sufficiently as
separators, through which lithium ions can pass
(see, FIG. 4). Additionally, there is no correct under-
standing with regard to the physical properties, par-
ticle diameter and homogeneity of the inorganic par-
ticles and a pore structure formed by the inorganic
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particles. Therefore, such separators according to
the prior art have a problem in that they cause deg-
radation in the quality of a battery. More particularly,
when the inorganic particles have a relatively large
diameter, the thickness of an organic/inorganic coat-
ing layer obtained under the same solid content in-
creases, resulting in degradation in mechanical
properties. Additionally, in this case, there is a great
possibility of internal short circuit during charge/dis-
charge cycles of a battery due to an excessively large
pore size. Further, due to the lack of a binder that
serves to fix the inorganic particles on the substrate,
a finally formed film is deteriorated in terms of me-
chanical properties, and is not suitable to be applied
in a practical battery assemblage process. For ex-
ample, conventional separators according to the pri-
or art may not be amenable to a lamination process.

[0024] On the contrary, the present inventors have rec-
ognized that controlling the porosity and pore size of the
organic/inorganic composite porous separator is one of
the factors affecting the quality of a battery. Therefore,
we have varied and optimized the mixing ratio of the in-
organic particles with the binder polymer. In fact, it was
shown by the following Experimental Examples that the
organic/inorganic composite porous separator according
to the present invention, which comprises a pore struc-
ture formed by the interstitial volumes among the inor-
ganic particles on the polyolefin-based separator sub-
strate, has a significantly higher ion conductivity, as com-
pared to a conventional composite separator having an
artificial pore structure formed in a polymer film on the
polyolefin-based separator substrate (see FIG. 4). Addi-
tionally, according to the present invention, the binder
polymer used in the active layer can serve sufficiently as
a binder so as to interconnect and stably fix the inorganic
particles among themselves, between the inorganic par-
ticles and the surface of the heat resistant porous sub-
strate, and between the inorganic particles and a part of
the pores in the substrate, thereby preventing degrada-
tion in mechanical properties of a finally formed organic/
inorganic composite porous separator.

(5) The organic/inorganic composite porous separa-
tor according to the present invention can provide
excellent adhesion by controlling the mixing ratio of
the components forming the active layer, i.e. the mix-
ing ratio of the inorganic particles with the binder
polymer. Therefore, it is possible to facilitate assem-
blage of a battery.

[0025] In the organic/inorganic composite porous film
according to the present invention, one component
present in the active layer formed on the surface of the
polyolefin-based separator substrate or on a part of the
pores in the substrate is inorganic particles currently used
in the art. The inorganic particles permit an interstitial
volume to be formed among them, thereby serving to

form micropores and to maintain the physical shape as
a spacer. Additionally, because the inorganic particles
are characterized in that their physical properties are not
changed even at a high temperature of 200°C or higher,
the organic/inorganic composite porous separator using
the inorganic particles can have excellent heat resist-
ance.
[0026] There is no particular limitation in the inorganic
particles, as long as they are electrochemically stable.
In other words, there is no particular limitation in the in-
organic particles that may be used in the present inven-
tion, as long as they are not subjected to oxidation and/or
reduction at the range of drive voltages (for example, 0-5
V based on Li/Li+) of a battery, to which they are applied.
Particularly, it is preferable to use inorganic particles hav-
ing ion conductivity as high as possible, because such
inorganic particles can improve ion conductivity and qual-
ity in an electrochemical device. Additionally, when inor-
ganic particles having a high density are used, they have
a difficulty in dispersion during a coating step and may
increase the weight of a battery to be manufactured.
Therefore, it is preferable to use inorganic particles hav-
ing a density as low as possible. Further, when inorganic
particles having a high dielectric constant are used, they
can contribute to increase the dissociation degree of an
electrolyte salt in a liquid electrolyte, such as a lithium
salt, thereby improving the ion conductivity of the elec-
trolyte.
[0027] For these reasons, it is preferable to use inor-
ganic particles having a high dielectric constant of 5 or
more, preferably of 10 or more, inorganic particles having
lithium conductivity, inorganic particles having piezoelec-
tricity, or mixtures thereof.
[0028] In general, a material having piezoelectricity
means one, which is an insulator under normal pressure,
but allows current flow due to the change of its internal
structure, when a certain range of pressure is applied
thereto. The inorganic particles having piezoelectricity
show a high dielectric constant of 100 or more. They are
charged positively on one surface while being charged
negatively on the other surface, when they are drawn or
compressed under the application of a certain range of
pressure. Hence, the inorganic particles having piezoe-
lectricity cause an electric potential difference between
both surfaces thereof.
[0029] When the inorganic particles having the above
characteristics are used in the porous active layer, a cath-
ode and an anode are prevented from being in direct
contact with each other by the inorganic particles coated
on the separator, when an internal short circuit occurs
between both electrodes due to external impacts such
as local crush, a nail, or the like. Additionally, as shown
in FIG. 7, such piezoelectricity of the inorganic particles
can permit generation of a potential difference in the par-
ticles, thereby allowing electron movements, i.e. minute
flow of electric current between both electrodes. There-
fore, it is possible to accomplish a slow decrease in the
voltage of a battery and to improve the safety of a battery
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(see FIG. 7) . Heretofore, separators coated with con-
ventional inorganic  particles could prevent explosion of
a battery due to the inorganic particles, when an internal
short circuit occurred between both electrodes by exter-
nal impacts. However, in the case of a battery using such
conventional separators, the battery is present practically
in a state of latent danger, because it is internally dam-
aged but maintains the potential between both electrodes
due to the lack of the electroconductivity of the inorganic
particles. Thus, the battery may have a possibility of ig-
nition or explosion with time, or when a secondary impact
is applied thereto. In the organic/inorganic composite po-
rous separator according to the present invention, the
above-mentioned problems can be solved satisfactorily.
Particular non-limiting examples of the inorganic parti-
cles having piezoelectricity include BaTiO3, Pb(Zr,Ti)O3
(PZT), Pb1-xLaxZr1-yTiyO3 (PLZT), PB(Mg3Nb2/3)
O3-PbTiO3 (PMN-PT), hafnia (HfO2), or mixtures thereof.
[0030] As used herein, "inorganic particles having lith-
ium ion conductivity" refer to inorganic particles contain-
ing lithium elements and having a capability of conducting
lithium ions without storing lithium. Inorganic particles
having lithium ion conductivity can conduct and move
lithium ions due to defects present in their structure, and
thus can improve lithium ion conductivity of a battery and
contribute to improve the quality of a battery. Non-limiting
examples of such inorganic particles having lithium ion
conductivity include: lithium phosphate (Li3PO4), lithium
titanium phosphate (LixTiy(PO4)3, 0<x<2, 0<y<3), lithium
aluminum titanium phosphate (LixAlyTiz(PO4)3, 0<x<2,
0<y<1, 0<z<3), (LiAlTiP)xOy type glass (0<x<4, 0<y<13)
such as 14Li2O-9Al2O3-38TiO2-39P2O5, lithium lantha-
num titanate (LixLayTiO3, 0<x<2, 0<y<3), lithium germa-
nium thiophosphate (LixGeyPzSw, 0<x<4, 0<y<1, 0<z<1,
0<w<5), such as Li3.25Ge0.25P0.75S4, lithium  nitrides
(LixNy, 0<x<4, 0<y<2) such as Li3N, SiS2 type glass (Lix-
SiySz, 0<x<3, 0<y<2, 0<z<4) such as Li3PO4-Li2S-SiS2,
P2S5 type glass (LixPySz, 0<x<3, 0<y<3, 0<z<7) such as
LiI-Li2S-P2S5, or mixtures thereof.
[0031] Additionally, particular non-limiting examples of
the inorganic particles having a dielectric constant of 5
or more include SrTiO3, SnO2, CeO2, MgO, NiO, CaO,
ZnO, ZrO2, Y2O3, Al2O3, TiO2, SiC or mixtures thereof.
Combination of the inorganic particles having a high di-
electric constant, the inorganic particles having piezoe-
lectricity and the inorganic particles having lithium ion
conductivity can provide a synergic effect.
[0032] It is possible to form the pore structure of the
active layer in addition to the pores present in the sepa-
rator substrate by controlling the size of inorganic parti-
cles, content of inorganic particles and the mixing ratio
of inorganic particles and binder polymer. It is also pos-
sible to control the pore size as well as the porosity.
[0033] Although there is no particular limitation in the
size of inorganic particles, inorganic particles preferably
have a size of 0.001-10 mm for the purpose of forming a
film having a uniform thickness and providing a suitable
porosity. If the size is less than 0.001 mm, inorganic par-

ticles have poor dispersibility so that physical properties
of the organic/inorganic composite porous separator
cannot be controlled with ease. If the size is greater than
10 mm, the resultant organic/inorganic composite porous
separator has an increased thickness under the same
solid content, resulting in degradation in mechanical
properties. Furthermore, such excessively large pores
may increase a possibility of internal short circuit being
generated during repeated charge/discharge cycles.
[0034] There is no particular limitation in the content
of the inorganic particles. However, the inorganic parti-
cles are present in the mixture of the inorganic particles
with the binder polymer forming the organic/inorganic
composite porous separator in an amount of 60-99 wt%,
more particularly in an amount of 60-95 wt% based on
100 wt% of the total weight of the mixture. If the content
of the inorganic particles is less than 60 wt%, the binder
polymer is present in such a large amount as to decrease
the interstitial volumes formed among the inorganic par-
ticles and thus to decrease the pore size and porosity,
resulting in degradation in the quality of a battery. If the
content of the inorganic particles is greater than 99 wt%,
the polymer content is too low to provide sufficient adhe-
sion among the inorganic particles, resulting in degrada-
tion in mechanical properties of a finally formed organic/
inorganic composite porous separator.
[0035] In the organic/inorganic composite porous sep-
arator according to the present invention, another com-
ponent present in the active layer formed on the surface
of the polyolefin-based separator substrate or on a part
of the pores in the substrate is a binder polymer currently
used in the art. The binder polymer has a glass transition
temperature (Tg) between -200°C and 200°C. Binder pol-
ymers having a low Tg as described above are preferred,
because they can improve mechanical properties such
as flexibility and elasticity of a finally formed separator.
The polymer serves as a binder that interconnects and
stably fixes the inorganic particles among themselves,
between the inorganic particles and the surface of the
separator substrate, and a part of the pores present in
the separator, and thus prevents degradation in mechan-
ical  properties of a finally formed organic/inorganic com-
posite porous separator.
[0036] When the binder polymer has ion conductivity,
it can further improve the quality of an electrochemical
device. However, it is not essential to use a binder poly-
mer having ion conductivity. Therefore, the binder poly-
mer preferably has a dielectric constant as high as pos-
sible. Because the dissociation degree of a salt in an
electrolyte depends on the dielectric constant of a solvent
used in the electrolyte, the polymer having a higher die-
lectric constant can increase the dissociation degree of
a salt in the electrolyte used in the present invention. The
dielectric constant of the binder polymer may range from
1.0 to 100 (as measured at a frequency of 1 kHz), and
is preferably 10 or more.
[0037] In addition to the above-described functions,
the binder polymer used in the present invention may be
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further characterized in that it is gelled when swelled with
a liquid electrolyte, and thus shows a high degree of
swelling. In fact, when the binder polymer is a polymer
having a high degree of swelling with an electrolyte, the
electrolyte injected after the assemblage of a battery in-
filtrates into the polymer, and the polymer containing the
electrolyte infiltrated into the same also has electrolyte
ion conductivity. Hence, it is possible to improve the qual-
ity of an electrochemical device compared to convention-
al organic/inorganic composite electrolytes. Additionally,
the organic/inorganic composite porous separator ac-
cording to the present invention has improved wettability
with an electrolyte for a battery compared to conventional
hydrophobic polyolefin-based separators, and allows the
use of a polar electrolyte for a battery, which cannot be
applied in conventional batteries. Further, when the bind-
er polymer  is a polymer that can be gelled when swelled
with an electrolyte, the polymer can react with an elec-
trolyte injected subsequently into a battery, and thus can
be gelled to form a gel type organic/inorganic composite
electrolyte. The electrolyte formed as described above
is obtained with ease and shows high ion conductivity
and a high degree of swelling with an electrolyte, com-
pared to conventional gel type electrolytes, thereby con-
tributing to the improvement in the quality of a battery.
Therefore, it is preferable to use a polymer having a sol-
ubility parameter between 15 and 45 MPa1/2, more pref-
erably between 15 and 25 MPa1/2, and between 30 and
45 MPa1/2. If the binder polymer has a solubility param-
eter of less than 15 Mpa1/2 or greater than 45 Mpa1/2, it
has difficulty in swelling with a conventional liquid elec-
trolyte for a battery.
[0038] Non-limiting examples of the binder polymer
that may be used in the present invention include poly-
vinylidene fluoride-co-hexafluoropropylene, polyvinyli-
dene fluoride-co-trichloroethylene, polymethylmethacr-
ylate, polyacrylonitrile, polyvinylpyrrolidone, polyvinyl ac-
etate, polyethylene-co-vinyl acetate, polyethylene oxide,
cellulose acetate, cellulose acetate butyrate, cellulose
acetate propionate, cyanoethylpullulan, cyanoethyl pol-
yvinylalcohol, cyanoethylcellulose, cyanoethylsucrose,
pullulan, carboxymetyl cellulose, acrylonitrile-styrene-
butadiene copolymer, polyimide or mixtures thereof. Oth-
er materials may be used alone or in combination, as
long as they satisfy the above characteristics.
[0039] The mixing ratio of the inorganic particles and
the binder polymer in the active layer is 60:40-99:1 (wt%
basis), and a  preferred mixing ratio is 80:20-99:1 (wt%
basis). If the mixing ratio is less than 60:40 (wt% basis),
the polymer content is excessively high, so that the pore
size and porosity are reduced due to a decrease in inter-
stitial volumes formed among the inorganic particles, re-
sulting in degradation in the quality of a battery. If the
mixing ratio is greater than 99:1 (wt% basis), the polymer
content is too low to provide sufficient adhesion among
the inorganic particles, resulting in degradation in me-
chanical properties of a finally formed organic/inorganic
composite porous separator.

[0040] The organic/inorganic composite porous sepa-
rator may further comprise additives other than the inor-
ganic particles and binder polymer as still another com-
ponent of the active layer.
[0041] In the organic/inorganic composite porous sep-
arator according to the present invention, the substrate
coated with the mixture of inorganic particles and binder
polymer, which forms the active layer, is a polyolefin-
based separator currently used in the art. Non-limiting
examples of the polyolefin-based separator that may be
used in the present invention include high density poly-
ethylene, linear low density polyethylene, low density pol-
yethylene, ultrahigh molecular weight polyethylene, poly-
propylene or derivatives thereof.
[0042] Although there is no particular limitation in the
thickness of the polyolefin-based separator substrate,
the substrate preferably has a thickness between 1 mm
and 100 mm, more preferably between 5 mm and 50 mm.
If the substrate has a thickness of less than 1 mm, it is
difficult to maintain mechanical properties. If the sub-
strate has a thickness of greater than 100 mm, it may
function as a resistance layer.
[0043] Although there is no particular limitation in the
pore size and porosity of the polyolefin-based separator
substrate, the substrate preferably has a porosity be-
tween 10% and 95%. The pore size (diameter) preferably
ranges from 0.1 mm to 50 mm. When the pore size and
porosity are less than 0.1 mm and 10%, respectively, the
substrate may function as a resistance layer. When the
pore size and porosity are greater than 50 mm and 95%,
respectively, it is difficult to maintain mechanical proper-
ties. Additionally, the polyolefin-based separator sub-
strate may be provided in the form of fibers or a mem-
brane.
[0044] As described above, the organic/inorganic com-
posite porous separator formed by coating the mixture
of inorganic particles with binder polymer onto the poly-
olefin-based separator substrate has pores contained in
the separator substrate itself and forms pore structures
in the substrate as well as in the active layer due to the
interstitial volumes among the inorganic particles, formed
on the substrate. The pore size and porosity of the or-
ganic/inorganic composite porous separator mainly de-
pend on the size of inorganic particles. For example,
when inorganic particles having a particle diameter of 1
mm or less are used, pores formed thereby also have a
size of 1 mm or less. The pore structure is filled with an
electrolyte injected subsequently and the electrolyte
serves to conduct ions. Therefore, the size and porosity
of the pores are important factors in controlling the ion
conductivity of the organic/inorganic composite porous
separator.
[0045] There is no particular limitation in the thickness
of the active layer having a pore structure, which is
formed by coating the above mixture onto the polyolefin
separator substrate. The active layer preferably has a
thickness  between 0.01 and 100 mm. Additionally, the
pores size and porosity of the active layer preferably
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range from 0.001 to 10 mm and from 5 to 95%, respec-
tively. However, the scope of the present invention is not
limited to the above ranges:
[0046] Preferably, the pore size and porosity of a finally
formed organic/inorganic composite porous separator
according to the present invention are 0.001 to 10 mm
and from 5 to 95%, respectively. Additionally, there is no
particular limitation in the thickness of the finally formed
organic/inorganic composite porous separator according
to the present invention, and the thickness can be con-
trolled under the consideration of the quality of a battery.
The organic/inorganic composite porous separator ac-
cording to the present invention has a thickness prefer-
ably of 1-100 mm, more preferably of 1-30 mm.
[0047] The organic/inorganic composite porous sepa-
rator may be manufactured by a conventional process
known to one skilled in the art. One embodiment of a
method for manufacturing the organic/inorganic compos-
ite porous separator according to the present invention,
includes the steps of: (a) dissolving a binder polymer into
a solvent to form a polymer solution; (b) mixing inorganic
particles into the polymer solution obtained from step (a);
and (c) coating the mixture obtained from step (b) onto
at least one surface of a polyolefin-based separator sub-
strate, followed by drying.
[0048] Hereinafter, the method for manufacturing the
organic/inorganic composite porous separator according
to the present invention will be explained in detail.

(1) First, a binder polymer is dissolved into a suitable
organic solvent to provide a polymer solution.

[0049] It is preferable that the solvent has a solubility
parameter similar to that of the polymer to be used, and
a low boiling point, because such solvent facilitates uni-
form mixing and subsequent removal of the solvent. Non-
limiting examples of the solvent that may be used include
acetone, tetrahydrofuran, methylene chloride, chloro-
form, dimethylformamide, N-methyl-2-pyrrolidone, cy-
clohexane, water or mixtures thereof.

(2) Next, inorganic particles are added to and dis-
persed in the polymer solution obtained from the pre-
ceding step to provide a mixture of inorganic particles
with binder polymer.

[0050] It is preferable to perform a step of pulverizing
inorganic particles after adding the inorganic particles to
the binder polymer solution. The time needed for pulver-
ization is suitably 1-20 hours. The particle size of the
pulverized particles ranges preferably from 0.001 and 10
mm. Conventional pulverization methods, preferably a
method using a ball mill, may be used.
[0051] Although there is no particular limitation in the
composition of the mixture containing inorganic particles
and binder polymer, such composition can contribute to
control the thickness, pore size and porosity of the or-
ganic/inorganic composite porous separator to be

formed finally.
[0052] In other words, as the weight ratio (I/P) of the
inorganic particles (I) to the polymer (P) increases, po-
rosity of the organic/inorganic composite porous sepa-
rator according to the present invention increases. There-
fore, the thickness of the organic/inorganic composite
porous separator increases under the same solid content
(weight of the inorganic particles + weight of the binder
polymer). Additionally, the pore size increases in propor-
tion to the pore formation among the inorganic particles.
As the size (particle diameter) of the inorganic particles
increases, interstitial distance among the inorganic par-
ticles increases, thereby increasing the pore size.

(3) The mixture of inorganic particles with binder pol-
ymer is coated on the polyolefin-based separator
substrate, followed by drying to provide the organic/
inorganic composite porous separator according to
the present invention.

[0053] In order to coat the polyolefin-based separator
substrate with the mixture of inorganic particles and bind-
er polymer, any methods known to one skilled in the art
may be used. It is possible to use various processes in-
cluding dip coating, die coating, roll coating, comma coat-
ing or combinations thereof. Additionally, when the mix-
ture containing inorganic particles and polymer is coated
on the polyolefin-based separator substrate, either or
both surfaces of the separator substrate may be coated.
[0054] The organic/inorganic composite porous sepa-
rator according to the present invention, obtained as de-
scribed above, may be used as a separator in an elec-
trochemical device, preferably in a lithium secondary bat-
tery. If the binder polymer used in the active layer is a
polymer capable of being gelled when swelled with a liq-
uid electrolyte, the polymer may react with the electrolyte
injected after assembling a battery by using the separa-
tor, and thus be gelled to form a gel type organic/inorganic
composite electrolyte.
[0055] The gel type organic/inorganic composite elec-
trolyte according to the present invention is prepared with
ease compared to gel type polymer electrolytes accord-
ing to the  prior art, and has a large space to be filled with
a liquid electrolyte due to its microporous structure, there-
by showing excellent ion conductivity and a high degree
of swelling with electrolyte, resulting in improvement in
the quality of a battery.
[0056] Herein, when the organic/inorganic composite
porous separator is used as a separator in an electro-
chemical device, preferably in a lithium secondary bat-
tery, lithium conduction can be accomplished through the
separator substrate and the porous active layer. In addi-
tion to such improved lithium ion conductivity, the elec-
trochemical device can show improved safety as de-
scribed above, when an internal short circuit occurs due
to external impacts.
[0057] Further, the present invention provides an elec-
trochemical device comprising: a cathode; an anode; the
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organic/inorganic composite porous separator according
to the present invention, which is interposed between the
cathode and anode; and an electrolyte.
[0058] Such electrochemical devices include any de-
vices in which electrochemical reactions occur, and par-
ticular examples thereof include all kinds of primary bat-
teries, secondary batteries, fuel cells, solar cells or ca-
pacitors. Particularly, the electrochemical device is a lith-
ium secondary battery including a lithium metal second-
ary battery, lithium ion secondary battery, lithium polymer
secondary battery or lithium ion polymer secondary bat-
tery.
[0059] The electrochemical device may be manufac-
tured by a conventional method known to one skilled in
the art. In one embodiment of the method for manufac-
turing the electrochemical device, the electrochemical
device is provided by forming an electrode assembly from
the organic/inorganic composite porous separator inter-
posed  between a cathode and anode, and then by in-
jecting an electrolyte into the assembly.
[0060] The electrode that may be applied together with
the organic/inorganic composite porous separator ac-
cording to the present invention may be formed by ap-
plying an electrode active material on a current collector
according to a method known to one skilled in the art.
Particularly, cathode active materials may be any con-
ventional cathode active materials currently used in a
cathode of a conventional electrochemical device. Par-
ticular non-limiting examples of the cathode active ma-
terial include lithium intercalation materials such as lith-
ium manganese oxides, lithium cobalt oxides, lithium
nickel oxides, or composite oxides thereof. Additionally,
anode active materials may be any conventional anode
active materials currently used in an anode of a conven-
tional electrochemical device. Particular non-limiting ex-
amples of the anode active material include lithium inter-
calation materials such as lithium metal, lithium alloys,
carbon, petroleum coke, activated carbon, graphite or
other carbonaceous materials. Each of the electrode ac-
tive materials is bonded to the corresponding current col-
lector to provide the corresponding electrode. Non-limit-
ing examples of a cathode current collector include foil
formed of aluminum, nickel or a combination thereof.
Non-limiting examples of an anode current collector in-
clude foil formed of copper, gold, nickel, copper alloys or
a combination thereof.
[0061] The electrolyte that may be used in the present
invention includes a salt represented by the formula of
A+B-, wherein A+ represents an alkali metal cation se-
lected from the group consisting of Li+, Na+, K+ and com-
binations thereof, and B- represents an anion selected
from the group consisting of PF6

-, BF4
-, Cl-, Br-, I-, ClO4

-,
AsF-

6, CH3CO2
-, CF3SO3

-, N(CF3SO2)2-, C(CF2SO2)3
-

and combinations thereof, the salt being dissolved or dis-
sociated in an organic solvent selected from the group
consisting of propylene carbonate (PC), ethylene car-
bonate (EC), diethyl carbonate (DEC), dimethyl carbon-
ate (DMC), dipropyl carbonate (DPC), dimethyl sulfoxide,

acetonitrile, dimethoxyethane, diethoxyethane, tetrahy-
drofuran, N-methyl-2-pyrrolidone (NMP), ethylmethyl
carbonate (EMC), gamma-butyrolactone (GBL) and mix-
tures thereof.
[0062] More particularly, the electrolyte may be inject-
ed in an adequate step during the manufacturing process
of an electrochemical device, according to the manufac-
turing process and desired properties of a final product.
In other words, electrolyte may be injected, before an
electrochemical device is assembled or in a final step
during the assemblage of an electrochemical device.
[0063] Processes that may be used for applying the
organic/inorganic composite porous separator to a bat-
tery include not only a conventional winding process but
also a lamination (stacking) and folding process of a sep-
arator and electrode.
[0064] When the organic/inorganic composite porous
separator according to the present invention is applied
to a lamination process, there is an advantage in that a
battery can be assembled with ease by virtue of excellent
adhesion of the polymer present in the organic/inorganic
composite porous separator according to the present in-
vention. In this case, the adhesion can be controlled de-
pending on the content of inorganic particles and content
and properties of the polymer. More particularly, as the
polarity of the polymer increases and as the glass tran-
sition temperature (Tg) or melting point (Tm) of the pol-
ymer decreases, it is possible  to accomplish higher ad-
hesion between the organic/inorganic composite porous
separator and electrode.

Best Mode for Carrying Out the Invention

[0065] Reference will now be made in detail to the pre-
ferred embodiments of the present invention. It is to be
understood that the following examples are illustrative
only and the present invention is not limited thereto.

Reference Example. Evaluation for ion conductivity 
of organic/inorganic composite system

[0066] The following test was performed in order to de-
termine variations in the ion conductivity of the organic/
inorganic composite system according to the present in-
vention, depending on the mixing ratio of inorganic par-
ticles and binder polymer.
[0067] BaTiO3 and PVdF-CTFE were used as the in-
organic particles and the binder polymer, respectively.
The mixing ratio (wt% of the inorganic particles:wt% of
the binder polymer) was varied from 0:100 to 70:30 to
provide organic/inorganic composite porous separators.
Then, each separator was swelled with an electrolyte
containing 1M lithium hexafluorophosphate (LiPF6) dis-
solved in ethylene carbonate/propylene carbonate/ die-
thyl carbonate (EC/PC/DEC= 30:20:50 wt%). Then, the
separator swelled with the electrolyte was measured for
the ion conductivity by using the Metrohm 712 instru-
ment. Measurement was carried out at a temperature of
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25°C.
[0068] As shown in FIG. 4, as the content of inorganic
particles increases, ion conductivity is improved. Partic-
ularly, when the inorganic particles are used in an amount
of greater than 50 wt%, ion conductivity is improved sig-
nificantly.
[0069] Therefore, it is thought that the organic/inorgan-
ic composite porous separator according to the present
invention shows excellent ion conductivity, as compared
to a conventional separator that comprises inorganic par-
ticles and a polymer, wherein the polymer content is
greater than the content of the inorganic particles.

[EXAMPLE 1-7]

Example 1

1-1. Preparation of organic/inorganic composite porous 
separator (PVdF-CTFE/BaTiO3)

[0070] Polyvinylidene fluoride-chlorotrifluoroethylene
copolymer (PVdF-CTFE) was added to acetone in an
amount of about 5 wt% and dissolved therein at 50°C for
about 12 hours or more to form a polymer solution. To
the polymer solution obtained as described above,
BaTiO3 powder was added in an amount corresponding
to the ratio of BaTiO3/PVdF-CTFE=90/10 (wt% ratio).
Next, the BaTiO3 powder was crushed and pulverized
for about 12 hours or more by using a ball mill method
to form slurry. The BaTiO3 powder in the slurry obtained
as described above has a size controllable according to
the size (particle size) of the beads used in the ball mill
and the application time of the ball mill. In this example,
the BaTiO3 powder was pulverized into a size of about
400 nm to provide the slurry. Then, the slurry obtained
as described above was coated on a polyethylene sep-
arator (porosity: 45%) having a thickness of about 18 mm
by using a dip coating process to a coating layer thickness
of about 3 mm. After measuring with a porosimeter, the
active layer coated on the polyethylene separator had a
pore size of 0.5 mm and a porosity of 58%. FIG. 1 shows
the structure of the active layer.

1-2. Manufacture of lithium secondary battery

(Manufacture of cathode)

[0071] To N-methyl-2-pyrrolidone (NMP) as a solvent,
94 wt% of LiCoO2 as a cathode active material, 3 wt%
of carbon black as a conductive agent and 3 wt% of PVDF
as a binder were added to form slurry for a cathode. The
slurry was coated on Al foil having a thickness of about
20 mm as a cathode collector, and then dried to form a
cathode. Then, the cathode was subjected to roll press.

(Manufacture of anode)

[0072] To N-methyl-2-pyrrolidone (NMP) as a solvent,

96 wt% of carbon powder as an anode active material,
3 wt% of PVDF as a binder and 1 wt% of carbon black
as a conductive agent were added to form mixed slurry
for an anode. The slurry was coated on Cu foil having a
thickness of about 10 mm as an anode collector, and then
dried to form an anode. Then, the anode was subjected
to roll press.

(Manufacture of battery)

[0073] The cathode and the anode obtained as de-
scribed above were assembled with the organic/inorgan-
ic composite porous separator obtained as described in
Example 1-1 by way of a stack & folding process to form
an electrode assembly. Then, an electrolyte (ethylene
carbonate (EC)/ethylmethyl carbonate (EMC)= 1:2 (vol-
ume ratio) containing 1M of lithium hexafluorophosphate
(LiPF6)) was injected to the assembly to provide a lithium
secondary battery.

Example 2

[0074] Example 1 was repeated to provide an organic/
inorganic composite porous separator (PVdF-HFP/
BaTiPO3) and a lithium secondary battery comprising the
same, except that PVDF-HFP was used instead of
PVDF-CTFE. After measuring with a porosimeter, the
final organic/inorganic composite porous  separator had
a thickness of 3 mm, and showed a pore size of 0.4 mm
and a porosity of 56%.

Example 3

[0075] Example 1 was repeated to provide an organic/
inorganic composite porous separator (PVdF-CTFE/PM-
NPT) and a lithium secondary battery comprising the
same, except that PMNPT powder was used instead of
BaTiO3 powder. After measuring with a porosimeter, the
final organic/inorganic composite porous separator had
a thickness of 3 mm, and showed a pore size of 0.5 mm
and a porosity of 57%.

Example 4

[0076] Example 1 was repeated to provide an organic/
inorganic composite porous separator (PVdF-CTFE/
BaTiO3-Al2O3) and a lithium secondary battery compris-
ing the same, except that mixed powder of BaTiO3 and
Al2O3 (weight ratio= 90:10) was used instead of BaTiO3
powder. After measuring with a porosimeter, the final or-
ganic/inorganic composite porous separator had a thick-
ness of 3 mm, and showed a pore size of 0.4 mm and a
porosity of 56%.

Example 5

[0077] Example 1 was repeated to provide an organic/
inorganic composite porous separator (PVDF-CTFE/

17 18 



EP 1 829 139 B1

12

5

10

15

20

25

30

35

40

45

50

55

LiTi2(PO4)3) and a lithium secondary battery comprising
the same, except that LiTi2(PO4)3 powder was used in-
stead of BaTiO3 powder and the LiTi2(PO4)3 powder was
pulverized into a particle diameter of about 500 nm to
form slurry. After measuring with a porosimeter, the ac-
tive layer coated on the polyethylene separator had a
pore size of 0.5 mm and a porosity of 58%.

Example 6

[0078] Example 1 was repeated to provide an organic/
inorganic composite porous separator (PVdF-HFP/ LiTi2
(PO4)3) and a lithium secondary battery comprising the
same, except that  neither BaTiO3 powder nor PVdF-
CTFE was used, and LiTi2(PO4)3 powder and PVDF-HFP
were used, and the LiTi2(PO4)3 powder was pulverized
into a particle diameter of about 500 nm to form slurry.
After measuring with a porosimeter, the final organic/in-
organic composite porous separator had a thickness of
3 mm, and showed a pore size of 0.4 mm and a porosity
of 56%.

Example 7

[0079] Example 1 was repeated to provide an organic/
inorganic composite porous separator (PVdF-CTFE/
LiTi2(PO4)3-BaTiO3) and a lithium secondary battery
comprising the same, except that mixed powder of LiTi2
(PO4)3/BaTiO3 (weight ratio= 50:50) was used instead
of BaTiO3 powder. After measuring with a porosimeter,
the final organic/inorganic composite porous separator
had a thickness of 3 mm, and showed a pore size of 0.4
4 mm and a porosity of 57%.

[Comparative Examples 1-2]

Comparative Example 1

[0080] Example 1 was repeated to provide a lithium
secondary battery, except that a polyethylene (PE) sep-
arator was used.

Comparative Example 2

[0081] Example 1 was repeated to provide a composite
film and a lithium secondary battery comprising the same,
except that PVDF-CTFE and the inorganic particles
(BaTiO3) were used in a weight ratio of 70/30.

Experimental Example 1. Surface Analysis of organ-
ic/inorganic composite porous separator

[0082] The following test was performed to analyze the
surface of the organic/inorganic composite porous sep-
arator according to the present invention.
[0083] The sample used in this test was the organic/
inorganic composite porous separator (PVdF-CTFE/
BaTiO3) according to

[0084] Example 1, which is obtained by coating the
mixture of the inorganic particles and the polymer onto
a polyethylene separator.
[0085] When analyzed by using a Scanning Electron
Microscope (SEM), the organic/inorganic composite po-
rous separator according to the present invention
showed uniform pore structures formed in the polyethyl-
ene separator substrate itself (see FIG. 2b) as well as in
the active layer, into which the inorganic particles are
incorporated (see FIG. 2a*).

Experimental Example 2. Evaluation for heat shrink-
age of organic/inorganic composite porous separa-
tor

[0086] The following experiment was performed to
compare the organic/inorganic composite porous sepa-
rator according to the present invention with a conven-
tional separator.
[0087] The organic/inorganic composite porous sepa-
rators according to Examples 1 to 7 were used as sam-
ples. As a control, a PE separator was used.
[0088] Each of the test samples was checked for its
heat shrinkage after stored at a high temperature of
150°C for 1 hour. The test samples provided different
results after 1 hour at 150°C. The PE separator as a
control was shrunk due to high temperature to leave only
the outer shape thereof (see FIG. 5a). On the contrary,
the organic/inorganic composite porous separators ac-
cording to the present invention showed good results with
no heat shrinkage (see, FIG. 5b).

Experimental Example 3. Evaluation for safety of or-
ganic/inorganic composite porous separator

[0089] The following test was performed to evaluate
the safety of the organic/inorganic composite porous sep-
arator according to the present invention, compared to a
conventional separator.
[0090] The organic/inorganic composite porous sepa-
rators according to Examples 1 to 7 were used as sam-
ples. As a control, a PE separator was used.
[0091] Generally, when an internal short circuit occurs
in a battery due to external or internal factors, the sepa-
rator used in the battery is broken to cause a direct con-
tact between a cathode and an anode, rapid heat emis-
sion and extension of the region of short circuit, resulting
in degradation in the battery safety. In this example, a
pseudo internal short circuit test was performed to eval-
uate the safety of a battery upon an internal short circuit.
[0092] A predetermined region of the separator was
broken by using a needle-like nail heated to about 450°C
to cause an artificial internal short circuit. The PE sepa-
rator according to Comparative Example 1 showed sig-
nificant extension of the region of the separator, broken
by the nail (see FIG. 6a). This indicates that there is a
great possibility of an internal short circuit in a battery.
On the contrary, in the organic/inorganic composite po-
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rous separator according to the present invention, the
broken region of the separator was significantly inhibited
from being extended (see FIG. 6b). This demonstrates
that the organic/inorganic composite porous active layer
prevents a complete short circuit between a cathode and
an anode even if the separator is broken in a battery.
Further, if a short circuit occurs, the organic/inorganic
composite porous separator inhibits extension of the re-
gion of short circuit, and thus contributes to improve the
safety of a battery.

Experimental Example 4. Evaluation for safety 
against internal short circuit of lithium secondary 
battery

[0093] The following test was performed to evaluate
the safety of the lithium secondary battery comprising
the  organic/inorganic composite porous separator ac-
cording to the present invention against an internal short
circuit.
[0094] A local crush test was performed by using the
lithium secondary battery according to Example 1 as a
sample, and the battery according to Comparative Ex-
ample 1 comprising the conventional PE separator as a
control.
[0095] In the so-called local crush test, a coin with a
diameter of 1 cm was positioned on a battery, and com-
pressed at a constant speed to cause an artificial internal
short circuit by the direct contact between a cathode and
an anode. Then, the battery is observed whether it ex-
plodes or not.
[0096] After the test, in the battery according to Com-
parative Example 1 using the conventional polyolefin-
based separator, the separator exploded immediately by
the internal short circuit of the battery (see FIG. 8a), and
showed a rapid drop in the voltage to zero (0) (see FIG. 7).
[0097] On the contrary, the battery according to Exam-
ple 1 using the organic/inorganic composite porous sep-
arator caused no explosion (see FIG. 8b), and showed
a slow drop in the voltage (see FIG. 7). This indicates
that the inorganic particles used in the organic/inorganic
composite porous separator prevents a complete internal
short circuit even if the separator is broken by external
impacts, and piezoelectricity of the inorganic particles
permits a minute flow of electric current between a cath-
ode and an anode, and thus contributes to improve the
safety of a battery by virtue of a slow drop in the voltage
of a battery.
[0098] Therefore, it can be seen from the above results
that the lithium secondary battery comprising the organic/
inorganic composite porous separator according to the
present invention has excellent safety.

Experimental Example 5. Evaluation for overcharge 
safety of lithium secondary battery

[0099] The following test was performed to evaluate
the overcharge safety of the lithium secondary battery

comprising the organic/inorganic composite porous sep-
arator according to the present invention.
[0100] The following overcharge test was carried out
by using the lithium secondary battery according to Ex-
ample 1 as a sample, and the battery according to Com-
parative Example 1 using the conventional PE separator
as a control.
[0101] In the overcharge test, a battery was evaluated
whether it explodes or not under a predetermined over-
voltage and overcurrent.
[0102] After the test, the battery according to Compar-
ative Example 1 showed a very small safety zone upon
overcharge (see FIG. 9a), while the battery according to
Example 1 showed a significantly extended safety zone
upon overcharge (see FIG. 9b). This indicates that the
organic/inorganic composite porous separator according
to the present invention has excellent thermal properties.

Experimental Example 6. Evaluation for quality of 
lithium secondary battery

[0103] The following test was performed in order to
evaluate C-rate characteristics of the lithium secondary
battery comprising the organic/inorganic composite po-
rous separator according to the present invention.
[0104] The lithium secondary batteries according to
Examples 1-7 were used as samples. As controls, used
were the battery using the conventional PE separator
according to Comparative Example 1, and the battery
using the composite film comprising PVdF-CTFE/BaTiO3
(weight ratio= 30:70 on the wt % basis) as a separator
according to Comparative Example 2.  Each battery hav-
ing a capacity of 760 mAh was subjected to cycling at a
discharge rate of 0.5C, 1C and 2C. The following Table
3 shows the discharge capacity of each battery, the ca-
pacity being expressed on the basis of C-rate character-
istics.
[0105] After the test, lithium secondary batteries com-
prising the organic/inorganic composite porous separa-
tors according to Examples 1 to 7 showed C-rate char-
acteristics comparable to those of the battery using a
conventional polyolefin-based separator under a dis-
charge rate of up to 2C. However, the battery comprising
the composite separator with a higher content of polymer
according to Comparative Example 2 shows a significant
drop in the capacity as the discharge rate increases. This
indicates that the battery according to Comparative Ex-
ample 2 has poor quality (see, Table 1).

[Table 1]

Battery
Discharge Rate

0.5C 1C 2C

Ex. 1 756 744 692

Ex. 2 755 746 693

Ex. 3 753 742 690
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Industrial Applicability

[0106] As can be seen from the foregoing, the organic/
inorganic composite porous separator according to the
present invention has an active layer comprising  inor-
ganic particles and a binder polymer, which is coated on
a polyolefin-based separator substrate having pores. In
the active layer, the inorganic particles are interconnect-
ed among themselves and fixed by the binder polymer,
and interstitial volumes among the inorganic particles
form a heat resistant microporous structure. Therefore,
the organic/inorganic composite porous separator ac-
cording to the present invention contributes to improve
the thermal safety, electrochemical safety and quality of
a battery.

Claims

1. An organic/inorganic composite porous separator,
which comprises:

(a) a substrate which is a porous polyolefin-
based separator; and
(b) a mixture of inorganic particles being elec-
trochemically stable in a battery and a binder
polymer having a glass transition temperature
between -200°C and 200°C in a weight ratio of
60:40 to 99:1 coated directly on a surface of the
substrate and a part of the pores present in the
substrate, which forms an organic/inorganic
composite porous active layer;
wherein the electrochemically stable inorganic
particles in the active layer are interconnected
among themselves and are fixed by the binder
polymer and permit interstitial volumes to be
formed among them, and the interstitial volumes
among the electrochemically stable inorganic
particles form a pore structure that permits lith-
ium ions to move therethrough;
wherein, as the size of the electrochemically sta-
ble inorganic particles increases, interstitial dis-
tance among the inorganic particles increases,
thereby increasing the pore size;

(continued)

Battery
Discharge Rate

0.5C 1C 2C

Ex. 4 754 745 691

Ex. 5 753 742 694

Ex. 6 754 744 690

Ex. 7 756 745 692

Comp. Ex. 1 755 746 693

Comp. Ex. 2 736 688 538

with the proviso that the organic/inorganic com-
posite porous separator is not a porous film com-
prising an organic/inorganic composite porous
film substrate and a coating layer comprising
styrene-butadiene rubber formed on at least one
region selected from a surface of the substrate
and a part of the pores in the substrate, the sub-
strate comprising a porous film and a layer which
comprises a mixture of inorganic particles and
a binder polymer coated on a surface of the po-
rous film and/or a part of the pores in the porous
film.

2. A separator according to Claim 1, wherein the elec-
trochemically stable inorganic particles are at least
one of (a) inorganic particles having a dielectric con-
stant of 5 or more; (b) piezoelectric inorganic parti-
cles, and (c) inorganic particles having lithium ion
conductivity.

3. A separator according to Claim 2, wherein the
electrochemically stable inorganic particles (a)
having a dielectric constant of 5 or more are SrTiO3,
SnO2, CeO2, MgO, NiO, CaO, ZnO, ZrO2, Y2O3,
Al2O3, TiO2 or SiC; the electrochemically stable
inorganic particles (b) having piezoelectricity are
BaTiO3, Pb(Zr, Ti) O3 (PZT), Pb1-xLaxZr1-yTiyO3
(PLZT), Pb (Mg3Nb2/3) O3-PbTiO3 (PMN-PT) or
hafnia (HfO2); and the electrochemically stable
inorganic particles (c) having lithium ion conductivity
are at least one of lithium phosphate (Li3PO4), lithium
titanium phosphate (LixTiy (PO4)3, 0<x<2, O<y<1),
lithium aluminium titanate phosphate (LixAlyTiz
(PO4)3, 0<x<2, 0<y<1, 0<z<3), (LiAlTiP)xOy type
glass (0<x<4 , 0<y<13), lithium lanthanum titanate
(LixLayTiO3, 0<x<2, 0<y<3), lithium germanium
thiophosphate (LixGeyP2Sw, 0<x<4, 0<y<1, 0<z<1,
0<w<5), lithium nitride(LixNy, 0<x<4 , 0<y<2), SiS2
type glass (LixSiySz, 0<x<3, 0<y<2, 0<z<4) and P2S5
type glass (LixPyS2, 0<x<3, 0<y<3, 0<z<7).

4. A separator according to any preceding claim,
wherein the size of the electrochemically stable in-
organic particles is between 0.001 mm and 10 mm.

5. A separator according to any preceding claim,
wherein the binder polymer has a solubility param-
eter between 15 and 45 MPa1/2.

6. A separator according to any preceding claim,
wherein the binder polymer has a dielectric constant
between 1.0 and 100, as measured at a frequency
of 1 kHz.

7. A separator according to any preceding claim,
wherein the binder polymer is at least one of polyvi-
nylidene fluoride-co-hexafluoropropylene, polyvi-
nylidene fluoride-co-trichloroethylene, polymethyl-
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methacrylate, polyacrylonitrile, polyvinylpyrrolidone,
polyvinyl acetate, polyethylene-co- vinyl acetate,
polyimide, polyethylene oxide, cellulose acetate, cel-
lulose acetate butyrate, cellulose acetate propion-
ate, cyanoethylpullulan, cyanoethyl polyvinylalco-
hol, cyanoethylcellulose, cyanoethylsucrose, pullu-
lan, carboxymetyl cellulose, and polyvinyl alcohol.

8. A separator according to any preceding claim,
wherein the polyolefin-based substrate comprises at
least one component selected from high density pol-
yethylene, low density polyethylene, linear low den-
sity polyethylene, ultrahigh molecular weight poly-
ethylene and polypropylene.

9. A separator according to any preceding claim, which
has a thickness between 1 and 100 mm.

10. A separator according to any preceding claim, which
has a pore size between 0.001 and 10 mm, and a
porosity between 5% and 95%.

11. Art electrochemical device comprising a cathode, an
anode, a separator, and an electrolyte, wherein the
separator is an organic/inorganic composite porous
separator as defined in any preceding claim.

12. An electrochemical device according to claim 11,
which is a lithium secondary battery.

Patentansprüche

1. Organischer/anorganischer poröser Verbundsepa-
rator, welcher umfasst:

a) ein Substrat, das ein poröser Separator auf
Polyolefinbasis ist; und
b) eine Mischung aus anorganischen Teilchen,
die in einer Batterie elektrochemisch stabil sind,
und einem Binderpolmyer mit einer Glasüber-
gangstemperatur zwischen -200°C und 200°C
in einem Gewichtsverhältnis von 60:40 bis 99:
1, beschichtet direkt auf einer Oberfläche des
Substrats und einem Teil der Poren, die in dem
Substrat vorhanden sind, die eine organische/
anorganische poröse aktive Verbundschicht bil-
det;
wobei die elektrochemisch stabilen anorgani-
schen Teilchen in der aktiven Schicht unterein-
ander verbunden sind und durch das Binderpo-
lymer fixiert sind und es erlauben, dass Zwi-
schenräume zwischen diesen gebildet werden,
und wobei die Zwischenräume zwischen den
elektrochemisch stabilen anorganischen Teil-
chen eine Porenstruktur bilden, die es Lithiumio-
nen erlaubt, sich hindurch zu bewegen;
wobei, wenn die Größe der elektrochemisch sta-

bilen anorganischen Teilchen zunimmt, der Zwi-
schenraumabstand zwischen den anorgani-
schen Teilchen zunimmt, wodurch die Poren-
größe zunimmt;
mit der Maßgabe, dass der organische/anorga-
nische poröse Verbundseparator nicht eine po-
röse Folie ist, die ein organisches/anorgani-
sches poröses Verbundfoliensubstrat und eine
Beschichtungsschicht umfassend Styrol-Buta-
dien-Kautschuk, gebildet auf wenigstens einem
Bereich ausgewählt aus einer Oberfläche des
Substrats und einem Teil der Poren in dem Sub-
strat, umfasst, wobei das Substrat eine poröse
Folie und eine Schicht umfasst, die eine Mi-
schung aus anorganischen Teilchen und einem
Binderpolymer, beschichtet auf einer Oberflä-
che der porösen Folie und/oder einem Teil der
Poren in der porösen Folie, umfasst.

2. Separator nach Anspruch 1, wobei die elektroche-
misch stabilen anorganischen Teilchen wenigstens
eines sind von (a) anorganischen Teilchen mit einer
Dielektrizitätskonstante von 5 oder mehr; (b) piezo-
elektrischen anorganischen Teilchen; und (c) anor-
ganischen Teilchen mit Lithiumionenleitfähigkeit.

3. Separator nach Anspruch 2, wobei die elektroche-
misch stabilen anorganischen Teilchen (a) mit einer
Dielektrizitätskonstante von 5 oder mehr SrTiO3,
SnO2, CeO2, MgO, NiO, CaO, ZnO, ZrO2, Y2O3,
Al2O3, TiO2 oder SiC sind; die elektrochemisch sta-
bilen anorganischen Teilchen (b) mit Piezoelektrizi-
tät BaTiO3, Pb(Zr, Ti)O3 (PZT), Pb1-xLaxZr1-y,TiyO3
(PLZT), Pb(Mg3Nb2/3)O3-PhTiO3 (PMN-PT) oder
Hafniumoxid (HfO2) sind; und die elektrochemisch
stabilen anorganischen Teilchen (c) mit Lithiumio-
nenleitfähigkeit wenigstens eines sind ausgewählt
aus der Gruppe bestehend aus Lithiumphosphat
(Li3PO4), Lithiumtitanphosphat (LixTiy(PO4)3,
O<x<2, 0<y<1), Lithiumaluminiumtitanphosphat
(LixAlyTi2(PO4)3, 0<x<2, 0<y<1, 0<z<3), (LiAl-
TiP)xOy-artigem Glas (0<x<4, 0<y<13), Lithiumlan-
thantitanat (LixLayTiO3, 0<x<2, 0<y<3), Lithiumger-
maniumthiophosphat (LixGeyPzSw, 0<x<4, 0<y<1,
0<z<1, 0<w<5), Lithiumnitrid (LixNy, 0<x<4, 0<y<2),
SiS2-artigem Glas (LixSiySz, 0<x<3, 0<y<2, 0<z<4,)
und P2S5-artigem Glas (LixPySz, 0<x<3, 0<y<3,
0<z<7).

4. Separator nach einem vorangehenden Anspruch,
wobei die Größe der elektrochemisch stabilen anor-
ganischen Teilchen zwischen 0,001 mm und 10 mm
ist.

5. Separator nach einem vorangehenden Anspruch,
wobei das Binderpolymer einen Löslichkeitspara-
meter zwischen 15 und 45 MPa1/2 aufweist.
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6. Separator nach einem vorangehenden Anspruch,
wobei das Binderpolymer eine Dielektrizitätskon-
stante zwischen 1,0 und 100, gemessen bei einer
Frequenz von 1khz, aufweist.

7. Separator nach einem vorangehenden Anspruch,
wobei das Binderpolymer wenigstens eines ist aus-
gewählt aus der Gruppe bestehend aus Polyvinyli-
denfluorid-co-hexafluorpropylen, Polyvinylidenfluo-
rid-co-trichorethylen, Polymethylmethacrylat, Poly-
acrylnitril, Polyvinylpyrrolidon, Polyvinylacetat, Po-
lyethylen-co-vinylacetat, Polyimid, Polyethylenoxid,
Zelluloseacetat, Zelluloseacetatbutyrat, Zellulosea-
cetatpropionat, Cyanoethylpullulan, Cyanoethylpo-
lyvinylalkohol, Cyanoethylzellulose, Cyanoethylsu-
crose, Pullulan, Carboxymethylzellulose und Polyvi-
nylalkohol.

8. Separator nach einem vorangehenden Anspruch,
wobei das Substrat auf Polyolefinbasis wenigstens
eine Komponente umfasst, die ausgewählt ist aus
Polyethylen hoher Dichte, Polyethylen niederer
Dichte, linearem Polyethylen niederer Dichte, Polye-
thylen mit ultrahohem Molekulargewicht und Poly-
propylen.

9. Separator nach einem vorangehenden Anspruch,
der eine Dicke zwischen 1 und 100 mm aufweist.

10. Separator nach einem vorangehenden Anspruch,
der eine Porengröße zwischen 0,001 und 10 mm und
eine Porosität zwischen 5% und 95 % aufweist.

11. Elektrochemisches Bauelement umfassend eine
Kathode, eine Anode, einen Separator und einen
Elektrolyten, wobei der Separator ein organischer/
anorganischer poröser Verbundseparator ist, wie er
in einen vorangehenden Ansprach definiert ist.

12. Elektrochemisches Bauelement nach Anspruch 11,
welches eine Lithiumsekundärbatterie ist.

Revendications

1. Séparateur poreux composite organique/inorgani-
que, qui comprend :

(a) un substrat qui est un séparateur poreux à
base de polyoléfine ; et
(b) un mélange de particules inorganiques élec-
trochimiquement stables dans une batterie et un
polymère liant ayant une température de transi-
tion vitreuse comprise entre -200°C et 200°C
dans un rapport en poids de 60 sur 40 jusqu’à
99 sur 1 revêtu directement sur une surface du
substrat et une partie des pores présents dans !
e substrat, qui forme une couche composite po-

reuse active organique/inorganique ;
dans lequel les particules inorganiques électro-
chimiquement stables dans la couche active
sont interconnectées entre elles et sont fixées
par le polymère liant et permettent des volumes
interstitiels de se former parmi elles, et les vo-
lumes interstitiels parmi les particules inorgani-
ques électrochimiquement stables forment une
structure de pores qui permet aux ions de lithium
de passer à travers ;
dans lequel, lorsque la taille des particules inor-
ganiques électrochimiquement stables aug-
mente, la distance interstitielle entre les particu-
les inorganiques augmente, ce qui augmente
ainsi la taille des pores ;
avec la condition que le séparateur poreux com-
posite organique/inorganique n’est pas un film
poreux comprenant un substrat de film poreux
composite organique/inorganique et une cou-
che de revêtement comprenant un caoutchouc
styrène-butadiène formé sur au moins une ré-
gion sélectionnée à partir d’une surface du subs-
trat et une partie des pores dans le substrat, le
substrat comprenant un film poreux et une cou-
che qui comprend un mélange de particules
inorganiques et un polymère liant revêtu sur une
surface du film poreux et/ou une partie des pores
dans le film poreux.

2. Séparateur selon la revendication 1, dans lequel les
particules inorganiques électrochimiquement sta-
bles sont au moins l’une de particules inorganiques
(a) ayant une constante diélectrique de 5 ou plus,
particules inorganiques (b) ayant une piézoélectrici-
té, et particules inorganiques (c) présentant une con-
ductivité aux ions de lithium.

3. Séparateur selon la revendication 2, dans lequel les
particules inorganiques électrochimiquement sta-
bles (a) ayant une constante  diélectrique de 5 ou
plus sont SrTiO3, SnO2, CeO2, MgO, NiO, CaO,
ZnO, ZrO2, Y2O3, Al2O3, TiO2 ou SiC, et les particu-
les inorganiques électrochimiquement stables (b)
ayant une piézoélectricité sont Ba-TiO3, Pb(Zr,Ti)O3
(PZT), Pb1-xLaxZr1-yTiyO3 (PLZT), Pb(Mg3Nb2/3)
O3-PbTiO (PMN-PT) ou oxyde d’hafnium (HfO2); et
les particules inorganiques électrochimiquement
stables (c) présentant une conductivité aux ions de
lithium sont au moins l’une de : phosphate de lithium
(Li3PO4), phosphate de lithium-titane (LixTiy(PO4)3,
0<x<2, 0<y<1), phosphate de lithium-aluminum-tita-
ne (LixAlyTiz(PO4)3, 0<x<2, 0<y<1, 0<z<3), verre de
type (LiAlTiP)xOy (0<x<4, o<y<13), titanate de li-
thium-lanthanum (LixLayTiO3, 0<x<2, 0<y<3), thio-
phosphate de lithium-germanium (LixGeyPzSw,
0<x<4, 0<y<1, 0<z<1, 0<w<5), nitrures de lithium
(LixNy, 0<x<4 , 0<y<2), le verre de type SiS2 (Lix-
SiySz, 0<x<3, 0<y<2, 0<z<4) et verre de type P2S5

27 28 



EP 1 829 139 B1

17

5

10

15

20

25

30

35

40

45

50

55

(LixPySz, 0<x<3, 0<y<3, 0<z<7).

4. Séparateur selon l’une quelconque les revendica-
tions précédentes, dans lequel les particules inorga-
niques électrochimiquement stables ont une taille
comprise entre 0,001 mm et 10 mm.

5. Séparateur selon l’une quelconque les revendica-
tions précédentes, dans lequel le polymère liant a
un paramètre de solubilité compris entre 15 et 45
MPa1/2.

6. Séparateur selon l’une quelconque les revendica-
tions précédentes, dans lequel le polymère liant a
une constante diélectrique comprise entre 1,0 et 100
(mesuré à une fréquence de 1 kHz).

7. Séparateur selon l’une quelconque les revendica-
tions précédentes, dans lequel le polymère liant est
au moins l’un de : polyfluorure de vinylidène-co-
hexafluoropropylène, polyfluorure de vinylidène-co-
trichloroethlylène, polyméthyle de méthacrylate, po-
lyacrylonitrile, polyvinylpyrrolidone, polyacétate de
vinyle, polyéthylène-co-acétate de vinyle, polyimide,
oxyde de polyéthylène, acétate de cellulose, acéta-
te-butyrate de cellulose, acétate-propionate de cel-
lulose, pullulane de cyanoéthyle, alcool polyvinyli-
que de cyanoéthyle, cellulose de cyanoéthyle, sac-
charose de cyanoéthyle" pullulane, carboxyméthyl-
cellulose et alcool polyvinylique.

8. Séparateur selon l’une quelconque les revendica-
tions précédentes, dans lequel le substrat à base de
polyoléfine comprend au moins un composant choisi
parmi le polyéthylène haute densité, le polyéthylène
basse densité, le polyéthylène linéaire basse densi-
té, le polyéthylène de poids moléculaire ultra élevé
et le polypropylène.

9. Séparateur selon l’une quelconque les revendica-
tions précédentes, qui a une épaisseur comprise en-
tre 1 et 100 mm.

10. Séparateur selon l’une quelconque les revendica-
tions précédentes, qui a une taille de pores comprise
entre 0,001 et 10 mm, et une porosité comprise entre
5% et 95%.

11. Dispositif électrochimique comprenant une cathode,
une anode, un séparateur et un électrolyte, dans le-
quel le séparateur est un séparateur poreux compo-
site organique/inorganique tel que défini dans l’une
quelconque des revendications précédentes.

12. Dispositif électrochimique selon la revendication 1
1 , qui est une batterie secondaire au lithium.
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