19 DANMARK (10 DK/EP 2528141 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent-og
Varamaerkestyrelsen

(51) Int.Cl.: HOo1M 2/16 (2006.01) HO1M 2/14 (2006.01) H 01 M 10/0525 (2010.01)
(45) Oversaettelsen bekendtgjort den: 2014-11-17

(80) Dato for Den Europaeiske Patentmyndigheds
bekendigorelse om meddelelse af patentet: 2014-08-13

(86) Europzeisk ansggning nr.: 12181064.2

(86) Europeeisk indleveringsdag: 2005-12-22

(87) Den europaeiske ansggnings publiceringsdag: 2012-11-28

(30) Prioritet: 2004-12-22 KR 20040110400 2004-12-22 KR 20040110402
(62) Stamansggningsnr: 05821931.2

(84) Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IS IT LI LT LU LV MC NL
PL PT RO SE SI SK TR

(73) Patenthaver: LG Chem, Ltd., 20, Yoido-dong, Youngdungpo-gu, Seoul 150-721, Sydkorea

(72) Opfinder: Lee, Sang-young, 103-904, Expo Apartment, Jeonmin-dong, yuseong-gu, 305-761 Daejeon, Sydkorea
Kim, Seok-koo, 211-1203, Expo Apartment, Jeonmin-dong, Yuseong-gu, 305-761 Daejeon, Sydkorea
Suk, Jung-don, 101-1504, Hanbit Apartment, Eoeun-dong, Yuseong-gu, 305-333 Daejeon, Sydkorea
Yong, Hyun-hang, 145-113 Oryu 2-dong, Guro-gu, 152-102 Seoul, Sydkorea
Hong, Jang-hyuk, 105-606, Gukhwa Apartment, 991, Samcheon-dong, Seo-gu, 302-782 Daejeon, Sydkorea
Ahn, Soon-ho, c/o LG Chem, LTD., Research Park, 104 - 1, Moonji-dong, Yuseong-gu, 305 - 380 Daejeon,
Sydkorea

(74) Fuldmaegtig i Danmark: Chas. Hude A/S, H.C. Andersens Boulevard 33, 1780 Kebenhavn V, Danmark
(54) Benaevnelse: Organisk/uorganisk mikroporgs kompositmembran og elektrokemisk anordning fremstillet deraf

(56) Fremdragne publikationer:
EP-A1-1 115166
WO-A1-2004/021477
WO-A1-2006/062349
WO-A2-2004/049471
JP-A- H1 180 395
JP-A- 2004 227 972
KR-A- 20010 095 623
US-A1- 2003 104 273



DK/EP 2528141 T3



10

15

20

25

30

DK/EP 2528141 T3

Description

Technical Field

[0001] The present invention relates to a lithium secondary battery comprising
an organic/inorganic composite porous separator that can show excellent ther-
mal safety, electrochemical safety and lithium ion conductivity and a high de-
gree of swelling with electrolyte, compared to conventional polyolefin-based

separators.

Background Art

[0002] Recently, there is increasing interest in energy storage technology. Bat-
teries have been widely used as energy sources in portable phones, camcor-
ders, notebook computers, PCs and electric cars, resulting in intensive research
and development for them. In this regard, electrochemical devices are the sub-
ject of great interest. Particularly, development of rechargeable secondary bat-

teries is the focus of attention.

[0003] Among the currently used secondary batteries, lithium secondary batte-
ries, developed in early 1990's, have a drive voltage and an energy density
higher than those of conventional batteries using aqueous electrolytes (such as
Ni-MH batteries, Ni-Cd batteries and H>SO4-Pb batteries), and thus are spot-
lighted in the field of secondary batteries. However, lithium secondary batteries
have problems related to their safety, due to ignition and explosion caused by
the use of organic electrolytes, and are manufactured by a complicated pro-
cess. 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 capacity compared to se-
condary lithium ion batteries. Particularly, they show insufficient discharge ca-
pacity at low temperature. Hence, there is an imminent need for the improve-

ment of secondary lithium ion batteries.
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[0004] A lithium ion battery is manufactured by coating a cathode active mate-
rial (e.g. LiCoO,) and an anode active material (e.g. graphite), which have cry-
stal structures including interstitial volumes, onto the corresponding current col-
lector (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 struc-
ture 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 deinterca-
lated again, and then intercalated back into the crystal structure of the cathode.
As charge/discharge cycles are repeated, lithium ions reciprocate between the
cathode 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. How-
ever, most lithium secondary batteries have different safety characteristics de-
pending 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 damaged by malfunctioning batteries. Therefore, safety of batteries
is strictly restricted in terms of ignition and combustion of batteries by safety
standards.

[0006] Many attempts have been made to solve the problem related to the safe-
ty of a battery. However, ignition of a battery, caused by a forced internal short
circuit due to external impacts (particularly, in the case of a customer-abused

battery) cannot be solved yet.

[0007] Recently, US Patent No. 6,432,586 discloses a polyolefin-based separa-
tor coated with an inorganic layer such as calcium carbonate, silica, etc., so as
to prevent an internal short circuit, caused by dendrite growth inside of a bat-
tery. However, the polyolefin-based separator merely using conventional inor-

ganic particles cannot provide significant improvement in the safety of a battery,
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when the battery experiences an internal short circuit due to external impacts.
There is no mechanism for preventing such problem in the separator. Additio-
nally, the inorganic particle layer disclosed in the above patent is not particularly
defined in terms of the thickness, pore size and porosity. Moreover, the inorga-
nic 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 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 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 on 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 coa-
ting 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 con-

tain a porous inorganic compound.

[0010] KR-A-2001-0095623 teaches a batter separator comprising a porous po-
lyolefin film and a porous adhesive polymer film formed on both sides of the po-
rous polyolefin film. The porous adhesive polymer film comprises an adhesive

resin and an inorganic filler.

[0011] US2006/0078791 A1 discloses a separator for an electrochemical cell,
comprising (A) a flexible perforate support, and (B) a porous ceramic material
which fills the perforations in the support and is suitable for receiving ion-con-
ducting electrolyte, wherein the porous ceramic material comprises a first po-
rous layer which is characterized by an average pore size and at least one se-

cond porous layer for contacting with an electrode, the second porous layer
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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 separator 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/inorganic composite porous

separator, and the function thereof in a battery;

FIG. 2a and FIG. 2b are photographs taken by a Scanning Electron Microscope
(SEM) showing the organic/inorganic composite porous separator (PVdF-CT-
FE/BaTiOs) according to Example 1, wherein FIG. 2a and FIG. 2b show the ac-
tive layer and separator substrate, respectively;

FIG. 3 is a photograph taken by SEM showing the composite separator accor-
ding to Comparative Example 2, wherein the composite separator comprises in-
organic particles and a polymer, the polymer being present in a higher propor-

tion than the inorganic particles;

FIG. 4 is a graph showing variations in ion conductivity depending on the mixing
ratio of inorganic particles and a binder polymer that form the organic/inorganic

composite porous separator;

FIG. 5a and FIG. 5b are photographs showing the results for a heat shrinking
test of separators, wherein FIG. 5a and FIG. 5b show a currently used PE sepa-

rator, and the organic/inorganic composite porous separator (PVdF-CTFE/Ba-
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TiO3) 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 separators, wherein FIG. 6a and FIG. 6b show a currently
used PE separator, and the organic/inorganic composite porous separator (PV-
dF-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-CT-
FE/BaTiO3) according to Example 1 and the currently used PE separator ac-
cording to Comparative Example 1, after local crush that causes an artificial in-

ternal 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 (PVdAF-CT-
FE/BaTiOg3) according to Example 1, respectively; and

FIG. 9a and FIG. 9b are graphs showing the results for the safety test of batte-
ries after overcharge, wherein FIG. 9a and FIG. 9b show the currently used PE
separator according to Comparative Example 1 and the organic/inorganic com-
posite porous separator (PVdF-CTFE/BaTiOs;) according to Example 1, respec-
tively.

Disclosure of the Invention

[0014] The present inventors have found that an organic/inorganic composite
porous separator, formed by using (1) a polyolefin-based separator substrate,
(2) inorganic particles and (3) a binder polymer, improves thermal safety of a
conventional polyolefin-based separator. Additionally, we have found that be-

cause the organic/inorganic composite porous separator has pore structures
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present both in the polyolefin-based separator substrate and in an active layer
formed of the inorganic particles and the binder polymer coated on the separa-
tor substrate, it provides an increased volume of space, into which a liquid elec-
trolyte infiltrates, resulting in improvements in lithium ion conductivity and de-
gree of swelling with electrolyte. Therefore, the organic/ inorganic composite po-
rous 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 particles 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 ex-
plosion 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 piezoelectricity

of the inorganic particles.

[0016] Therefore, it is an object of the present invention to provide a lithium se-
condary battery.

[0017] According to an aspect of the present invention, there is provided a li-
thium secondary battery according to claim 1. Preferred embodiments are dis-

closed in the subclaims.

[0018] Hereinafter, the present invention will be explained in more detail.

[0019] The present invention is characterized by providing a lithium secondary
battery with a organic/inorganic composite porous separator, which shows ex-
cellent thermal safety, electrochemical safety and lithium ion conductivity, and a
high degree of swelling with electrolyte, compared to a polyolefin-based separa-

tor currently used as a separator for batteries.
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[0020] The organic/inorganic composite porous separator is obtained by coating
an active layer comprising inorganic particles and a binder polymer on a poly-
olefin-based separator substrate. Herein, the pores present in the separator
substrate itself and a uniform pore structure formed in the active layer by the in-
terstitial volumes among the inorganic particles permit the organic/inorganic
composite porous separator to be used as a separator. Additionally, if a polymer
capable of being gelled when swelled with a liquid electrolyte is used as the
binder polymer component, the organic/inorganic composite porous separator

can serve also as an electrolyte.

[0021] Particular characteristics of the organic/ inorganic composite porous

separator are as follows.

(1) Conventional composite separators, formed by coating inorganic partic-
les or a mixture of inorganic particles and a binder polymer onto a conventio-
nal polyolefin separator have no pore structure or, if any, have an irregular
pore structure having a pore size of several angstroms. Therefore, they can-
not 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 plasticizer so that
a microporous structure can be formed in a gel type polymer electrolyte, re-
sulting in degradation in the quality of a battery.

On the contrary, the organic/inorganic composite porous separator used ac-
cording to the present invention has uniform pore structures both in the ac-
tive 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 introduce a large amount of electrolyte through
the pore structures, so as to obtain a high degree of swelling with electrolyte,

resulting in improvement in the quality of a battery.

(2) Although conventional polyolefin-based separators cause heat shrinking
at high temperature because they have a melting point of 120-140°C (see

FIG.5a), the organic/inorganic composite porous separator, comprising the
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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 po-
rous separator prevents a complete internal short circuit between a cathode
and an anode by the organic/inorganic 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 circuit can be inhibited
from extending throughout the battery. As a result, it is possible to signifi-

cantly improve the safety of a battery.

(38) 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 used 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 be-
tween the active layer and the porous substrate. Therefore, problems related
to mechanical properties such as brittleness can be improved. Additionally,
such increased interfacial adhesion between the porous substrate and the
active layer can decrease the interfacial resistance. In fact, the organic/inor-
ganic composite porous film used according to the present invention inclu-
des the organic/inorganic composite active layer bonded organically to the
polyolefin-based separator substrate. Additionally, 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 liquid electrolyte injected
subsequently, interfacial resistance generated among the inorganic particles
or between the inorganic particles and the binder polymer can be decreased

significantly.
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(4) Polyolefin-based separators coated with a layer comprising a metal oxide
or a mixture of a metal oxide with a polymer have been disclosed according
to the prior art. However, most of such conventional separators comprise no
binder polymer for supporting 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 understanding with
regard to the physical properties, particle diameter and homogeneity of the
inorganic particles and a pore structure formed by the inorganic particles.
Therefore, such separators according to the prior art have a problem in that
they cause degradation in the quality of a battery. More particularly, when
the inorganic particles have a relatively large diameter, the thickness of an
organic/inorganic coating 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/-
discharge 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 mechanical proper-
ties, and is not suitable to be applied in a practical battery assemblage pro-
cess. For example, conventional separators according to the prior art may
not be amenable to a lamination process.

On the contrary, the present inventors have recognized 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 inorganic particles with the bin-
der polymer. In fact, it was shown by the following Experimental Examples
that the organic/inorganic composite porous separator used according to the
present invention, which comprises a pore structure formed by the interstitial
volumes among the inorganic particles on the polyolefin-based separator
substrate, has a significantly higher ion conductivity, as compared to a con-

ventional composite separator having an artificial pore structure formed in a
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polymer film on the polyolefin-based separator substrate (see FIG. 4). Addi-
tionally, 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 particles and the surface of the heat re-
sistant porous substrate, and between the inorganic particles and a part of
the pores in the substrate, thereby preventing degradation in mechanical

properties of a finally formed organic/inorganic composite porous separator.

(5) The organic/inorganic composite porous separator used according to the
present invention can provide excellent adhesion by controlling the mixing
ratio of the components forming the active layer, i.e. the mixing ratio of the
inorganic particles with the binder polymer. Therefore, it is possible to facili-

tate assemblage of a battery.

[0022] In the organic/inorganic composite porous film used according to the
present invention, one component present in the active layer formed on the sur-
face 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, be-
cause 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/in-
organic composite porous separator using the inorganic particles can have ex-

cellent heat resistance.

[0023] 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 inorganic particles that may be used in the present invention, as long as
they are not subjected to oxidation and/or reduction at the range of drive volta-
ges (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 having ion conductivity as
high as possible, because such inorganic particles can improve ion conductivity

and quality in an electrochemical device. Additionally, when inorganic particles
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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 having 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 con-

ductivity of the electrolyte.

[0024] For these reasons, it is preferable to use inorganic particles having a
high dielectric constant of 5 or more, preferably of 10 or more, inorganic partic-
les having lithium conductivity, inorganic particles having piezoelectricity, or

mixtures thereof.

[0025] In general, a material having piezoelectricity means one, which is an in-
sulator 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 inor-
ganic particles having piezoelectricity show a high dielectric constant of 100 or
more. They are charged positively on one surface while being charged nega-
tively on the other surface, when they are drawn or compressed under the ap-
plication of a certain range of pressure. Hence, the inorganic particles having
piezoelectricity cause an electric potential difference between both surfaces

thereof.

[0026] When the inorganic particles having the above characteristics are used
in the porous active layer, a cathode and an anode are prevented from being in
direct contact with each other by the inorganic particles coated on the separa-
tor, when an internal short circuit occurs between both electrodes due to exter-
nal impacts such as local crush, a nail, or the like. Additionally, as shown in FIG.
1, such piezoelectricity of the inorganic particles can permit generation of a po-
tential difference in the particles, thereby allowing electron movements, i.e. mi-
nute flow of electric current between both electrodes. Therefore, it is possible to
accomplish a slow decrease in the voltage of a battery and to improve the safe-

ty of a battery (see FIG. 7). Heretofore, separators coated with conventional in-
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organic particles could prevent explosion of a battery due to the inorganic par-
ticles, when an internal short circuit occurred between both electrodes by exter-
nal impacts. However, in the case of a battery using such conventional separa-
tors, the battery is present practically in a state of latent danger, because it is in-
ternally damaged 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 ignition or explosion with time, or when a secondary
impact is applied thereto. In the organic/inorganic composite porous separator
used according to the present invention, the above-mentioned problems can be
solved satisfactorily. Particular non-limiting examples of the inorganic particles
having piezoelectricity include BaTiOs, Pb(Zr,Ti)Os (PZT), PbixLaxZriyTiyOs
(PLZT), PB (MgsNby/3)O3-PbTiO3 (PMN-PT), hafnia (HfO,), or mixtures thereof.

[0027] As used herein, "inorganic particles having lithium ion conductivity" refer
to inorganic particles containing lithium elements and having a capability of con-
ducting 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 contri-
bute to improve the quality of a battery. Non-limiting examples of such inorganic
particles having lithium ion conductivity include: lithium phosphate (LisPOs), li-
thium titanium phosphate (LixTiy(PO4)s, 0<x<2, O<y<3), lithium aluminum tita-
nium phosphate (LixAl,Ti.(POa4)s, 0<x<2, O<y<1, 0<z<3), (LIAITiP)O, type glass
(O<x<4, 0<y<13) such as 14Li,0-9AI>03-38TiO2-39P20s, lithium lanthanum tita-
nate (LixLayTiOs, O<x<2, O<y<3), lithium germanium thiophosphate (LixGeyP,Sy,
O<x<4, O<y<1, 0<z<1, 0<w<b), such as Liz 25Ge025P0 7554, lithium nitrides(LixNy,
O<x<4, O<y<2) such as LisN, SiS; type glass (LixSi,S,, 0<x<3, O<y<2, 0<z<4)
such as LizPO4-Li>S-SiS,, P2Ss type glass (LixP,S;, 0<x<3, 0<y<3, 0<z<7) such

as Lil-Li>S-P5>Ss, or mixtures thereof.

[0028] Additionally, particular non-limiting examples of the inorganic particles
having a dielectric constant of 5 or more include SrTiOs, SnO,, CeO,, MgO,
NiO, CaO, Zn0O, ZrOa, Y203, AlxOs3, TiO,, SiC or mixtures thereof. Combination
of the inorganic particles having a high dielectric constant, the inorganic partic-
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les having piezoelectricity and the inorganic particles having lithium ion conduc-
tivity can provide a synergic effect.

[0029] It is possible to form the pore structure of the active layer in addition to
the pores present in the separator substrate by controlling the size of inorganic
particles, content of inorganic particles and the mixing ratio of inorganic partic-
les and binder polymer. It is also possible to control the pore size as well as the

porosity.

[0030] Although there is no particular limitation in the size of inorganic particles,
inorganic particles preferably have a size of 0.001~10 um for the purpose of
forming a film having a uniform thickness and providing a suitable porosity. If
the size is less than 0.001 um, inorganic particles 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 um, the resultant
organic/inorganic composite porous separator has an increased thickness un-
der 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.

[0031] There is no particular limitation in the content of the inorganic particles.
However, the inorganic particles are present in the mixture of the inorganic par-
ticles with the binder polymer forming the organic/inorganic composite porous
separator, preferably in an amount of 60~99 wit%, 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 particles 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 suffi-
cient adhesion among the inorganic particles, resulting in degradation in me-
chanical properties of a finally formed organic/inorganic composite porous sepa-

rator.
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[0032] In the organic/inorganic composite porous separator used according to
the present invention, another 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 a binder polymer currently used in the art. The binder poly-
mer preferably has a glass transition temperature (Tg) as low as possible, more
preferably T4 between -200°C and 200°C. Binder polymers having a low Tg as
described above are preferred, because they can improve mechanical proper-
ties 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 se-
parator substrate, and a part of the pores present in the separator, and thus
prevents degradation in mechanical properties of a finally formed organic/inor-

ganic composite porous separator.

[0033] 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
polymer having ion conductivity. Therefore, the binder polymer preferably has a
dielectric constant as high as possible. 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 dielectric constant can increase the dis-
sociation 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 measu-

red at a frequency of 1 kHz), and is preferably 10 or more.

[0034] In addition to the above-described functions, the binder polymer used in
the present invention may be further characterized in that it is gelled when swel-
led 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 infiltrates
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
quality of an electrochemical device compared to conventional organic/inorganic

composite electrolytes. Additionally, the organic/inorganic composite porous se-
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parator used according 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 binder polymer is a poly-
mer that can be gelled when swelled with an electrolyte, the polymer can react
with an electrolyte injected subsequently into a battery, and thus can be gelled
to form a gel type organic/inorganic composite electrolyte. The electrolyte for-
med as described above is obtained with ease and shows high ion conductivity
and a high degree of swelling with an electrolyte, compared to conventional gel
type electrolytes, thereby contributing to the improvement in the quality of a bat-
tery. Therefore, it is preferable to use a polymer having a solubility parameter

12

between 15 and 45 MPa'’?, more preferably between 15 and 25 MPa'?, and be-

tween 30 and 45 MPa'?. If the binder polymer has a solubility parameter of less

12

than 15 Mpa'”? or greater than 45 Mpa'?, it has difficulty in swelling with a con-

ventional liquid electrolyte for a battery.

[0035] Non-limiting examples of the binder polymer that may be used in the pre-
sent invention include polyvinylidene fluoride-co-hexafluoropropylene, polyviny-
lidene fluoride-co-trichloroethylene, polymethylmethacrylate, polyacrylonitrile,
polyvinylpyrrolidone, polyvinyl acetate, polyethylene-co-vinyl acetate, polyethy-
lene oxide, cellulose acetate, cellulose acetate butyrate, cellulose acetate pro-
pionate, cyanoethylpullulan, cyanoethyl polyvinylalcohol, cyanoethylcellulose,
cyanoethylsucrose, pullulan, carboxymetyl cellulose, acrylonitrile-styrene-buta-
diene copolymer, polyimide or mixtures thereof. Other materials may be used

alone or in combination, as long as they satisfy the above characteristics.

[0036] 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 re-
duced due to a decrease in interstitial volumes formed among the inorganic par-
ticles, resulting 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 suffi-
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cient adhesion among the inorganic particles, resulting in degradation in me-
chanical properties of a finally formed organic/inorganic composite porous sepa-

rator.

[0037] The organic/inorganic composite porous separator may further comprise
additives other than the inorganic particles and binder polymer as still another

component of the active layer.

[0038] In the organic/inorganic composite porous separator used according to
the present invention, the substrate coated with the mixture of inorganic partic-
les and binder polymer, which forms the active layer, is a polyolefin-based se-
parator 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 polyethylene, ultrahigh

molecular weight polyethylene, polypropylene or derivatives thereof.

[0039] Although there is no particular limitation in the thickness of the polyole-
fin-based separator substrate, the substrate preferably has a thickness between
1 um and 100 pum, more preferably between 5 um and 50 um. If the substrate
has a thickness of less than 1 um, it is difficult to maintain mechanical proper-
ties. If the substrate has a thickness of greater than 100 um, it may function as

a resistance layer.

[0040] Although there is no particular limitation in the pore size and porosity of
the polyolefin-based separator substrate, the substrate preferably has a porosity
between 10% and 95%. The pore size (diameter) preferably ranges from 0.1 um
to 50 um. When the pore size and porosity are less than 0.1 um and 10%, re-
spectively, the substrate may function as a resistance layer. When the pore size
and porosity are greater than 50 um and 95%, respectively, it is difficult to main-
tain mechanical properties. Additionally, the polyolefin-based separator sub-

strate may be provided in the form of fibers or a membrane.

[0041] As described above, the organic/inorganic composite porous separator
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formed by coating the mixture of inorganic particles with binder polymer onto
the polyolefin-based separator substrate has pores contained in the separator
substrate itself and forms pore structures in the substrate as well as in the ac-
tive layer due to the interstitial volumes among the inorganic particles, formed
on the substrate. The pore size and porosity of the organic/inorganic composite
porous separator mainly depend on the size of inorganic particles. For example,
when inorganic particles having a particle diameter of 1 um or less are used,
pores formed thereby also have a size of 1 um 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.

[0042] 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 polyole-
fin separator substrate. The active layer preferably has a thickness between
0.01 and 100 um. Additionally, the pores size and porosity of the active layer
preferably range from 0.001 to 10 um and from 5 to 95%, respectively. How-

ever, the scope of the present invention is not limited to the above ranges.

[0043] Preferably, the pore size and porosity of a finally formed organic/inorga-
nic composite porous separator according to the present invention are 0.001 to
10 um and from 5 to 95%, respectively. Additionally, there is no particular limita-
tion in the thickness of the finally formed organic/inorganic composite porous
separator according to the present invention, and the thickness can be control-
led under the consideration of the quality of a battery. The organic/inorganic
composite porous separator according to the present invention has a thickness
preferably of 1~100 um, more preferably of 1~30 um.

[0044] The organic/inorganic composite porous separator may be manufactured
by a conventional process known to one skilled in the art. One embodiment of a
method for manufacturing the organic/inorganic composite porous separator

according to the present invention, includes the steps of: (a) dissolving a binder
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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 ob-
tained from step (b) onto at least one surface of a polyolefin-based separator
substrate, followed by drying.

[0045] Hereinafter, the method for manufacturing the organic/inorganic compo-
site porous separator used according to the present invention will be explained

in detail.

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

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 facili-
tates uniform mixing and subsequent removal of the solvent. Non-limiting
examples of the solvent that may be used include acetone, tetrahydrofuran,
methylene chloride, chloroform, dimethylformamide, N-methyl-2-pyrrolidone,

cyclohexane, water or mixtures thereof.

(2) Next, inorganic particles are added to and dispersed in the polymer solu-
tion obtained from the preceding step to provide a mixture of inorganic par-
ticles with binder polymer.

It is preferable to perform a step of pulverizing inorganic particles after ad-
ding the inorganic particles to the binder polymer solution. The time needed
for pulverization is suitably 1~20 hours. The particle size of the pulverized
particles ranges preferably from 0.001 and 10 um. Conventional pulveriza-
tion methods, preferably a method using a ball mill, may be used.

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 organic/inor-
ganic composite porous separator to be formed finally.

In other words, as the weight ratio (I/P) of the inorganic particles (I) to the
polymer (P) increases, porosity of the organic/inorganic composite porous

separator used according to the present invention increases. Therefore, the
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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 proportion to the
pore formation among the inorganic particles. As the size (particle diameter)
of the inorganic particles increases, interstitial distance among the inorganic

particles increases, thereby increasing the pore size.

(3) The mixture of inorganic particles with binder polymer is coated on the
polyolefin-based separator substrate, followed by drying to provide the orga-
nic/inorganic composite porous separator used according to the present in-

vention.

[0046] In order to coat the polyolefin-based separator substrate with the mixture
of inorganic particles and binder polymer, any methods known to one skilled in
the art may be used. It is possible to use various processes including dip coa-
ting, die coating, roll coating, comma coating or combinations thereof. Additio-
nally, when the mixture containing inorganic particles and polymer is coated on
the polyolefin-based separator substrate, either or both surfaces of the separa-
tor substrate may be coated.

[0047] The organic/inorganic composite porous separator used according to the
present invention, obtained as described above, may be used as a separator in
the inventive lithium secondary battery. If the binder polymer used in the active
layer is a polymer capable of being gelled when swelled with a liquid electrolyte,
the polymer may react with the electrolyte injected after assembling a battery by
using the separator, and thus be gelled to form a gel type organic/inorganic
composite electrolyte.

[0048] The gel type organic/inorganic composite electrolyte used according to
the present invention is prepared with ease compared to gel type polymer elec-
trolytes according to the prior art, and has a large space to be filled with a liquid

electrolyte due to its microporous structure, thereby showing excellent ion con-
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ductivity and a high degree of swelling with electrolyte, resulting in improvement
in the quality of a battery.

[0049] Herein, when the organic/inorganic composite porous separator is used
as a separator in the lithium secondary battery, lithium conduction can be ac-
complished through the separator substrate and the porous active layer. In ad-
dition to such improved lithium ion conductivity, the battery can show improved
safety as described above, when an internal short circuit occurs due to external

impacts.

[0050] The lithium secondary battery may be manufactured by a conventional
method known to one skilled in the art. In one embodiment of the method for
manufacturing the battery, the battery is provided by forming an electrode as-
sembly from the organic/inorganic composite porous separator interposed be-
tween a cathode and anode, and then by injecting an electrolyte into the as-

sembly.

[0051] The electrode that may be applied together with the organic/inorganic
composite porous separator used according to the present invention may be
formed by applying an electrode active material on a current collector according
to a method known to one skilled in the art. Particularly, cathode active mate-
rials may be any conventional cathode active materials currently used in a ca-
thode of a conventional electrochemical device. Particular non-limiting exam-
ples of the cathode active material include lithium intercalation materials such
as lithium manganese oxides, lithium cobalt oxides, lithium nickel oxides, or
composite oxides thereof. Additionally, anode active materials may be any con-
ventional anode active materials currently used in an anode of a conventional
electrochemical device. Particular non-limiting examples of the anode active
material include lithium intercalation materials such as lithium metal, lithium al-
loys, carbon, petroleum coke, activated carbon, graphite or other carbonaceous
materials. Each of the electrode active materials is bonded to the corresponding
current collector to provide the corresponding electrode. Non-limiting examples

of a cathode current collector include foil formed of aluminum, nickel or a com-
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bination thereof. Non-limiting examples of an anode current collector include foil
formed of copper, gold, nickel, copper alloys or a combination thereof.

[0052] 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
selected from the group consisting of Li*, Na*, K" and combinations thereof, and
B represents an anion selected from the group consisting of PF¢’, BF4, CI, Br,
I, ClO4, AsFg’, CH3CO,, CF3S03, N(CF3S0s,).", C(CF2S0O5)s and combinations
thereof, the salt being dissolved or dissociated in an organic solvent 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, diethoxyethane, tetra-
hydrofuran, N-methyl-2-pyrrolidone (NMP), ethylmethyl carbonate (EMC), gam-
ma-butyrolactone (GBL) and mixtures thereof.

[0053] More particularly, the electrolyte may be injected in an adequate step
during the manufacturing process of the battery, according to the manufacturing
process and desired properties of a final product. In other words, electrolyte
may be injected, before the battery is assembled or in a final step during the as-
semblage of the battery.

[0054] Processes that may be used for applying the organic/inorganic compo-
site porous separator to a battery include not only a conventional winding pro-
cess but also a lamination (stacking) and folding process of a separator and

electrode.

[0055] When the organic/inorganic composite porous separator used according
to the present invention is applied to a lamination process, there is an advanta-
ge 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. In
this case, the adhesion can be controlled depending 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 transition temperature (Tg) or
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melting point (Tm) of the polymer decreases, it is possible to accomplish higher
adhesion between the organic/inorganic composite porous separator and elec-
trode.

Best Mode for Carrying Out the Invention

[0056] Reference will now be made in detail to the preferred embodiments of
the present invention. It is to be understood that the following examples are illu-

strative only and the present invention is not limited thereto.

Reference Example. Evaluation for ion conductivity of organic/inorganic

composite system

[0057] The following test was performed in order to determine variations in the
ion conductivity of the organic/inorganic composite system used according to
the present invention, depending on the mixing ratio of inorganic particles and

binder polymer.

[0058] BaTiOs; and PVdF-CTFE were used as the inorganic particles and the
binder polymer, respectively. The mixing ratio (wt% of the inorganic partic-
les:wt% of the binder polymer) was varied from 0:100 to 70:30 to provide orga-
nic/inorganic composite porous separators. Then, each separator was swelled
with an electrolyte containing 1M lithium hexafluorophosphate (LiPFs) dissolved
in ethylene carbonate/propylene carbonate/ diethyl 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 instrument. Measurement

was carried out at a temperature of 25°C.
[0059] As shown in FIG. 4, as the content of inorganic particles increases, ion
conductivity is improved. Particularly, when the inorganic particles are used in

an amount of greater than 50 wt%, ion conductivity is improved significantly.

[0060] Therefore, it is thought that the organic/inorganic composite porous se-
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parator used according to the present invention shows excellent ion conductivi-
ty, as compared to a conventional separator that comprises inorganic particles
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/BaTiO5)

[0061] Polyvinylidene fluoride-chlorotrifluoroethylene copolymer (PVAF-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 so-
lution obtained as described above, BaTiO; powder was added in an amount
corresponding to the ratio of BaTiOs/PVdF-CTFE=90/10 (wt% ratio). Next, the
BaTiO; powder was crushed and pulverized for about 12 hours or more by
using a ball mill method to form slurry. The BaTiOs powder in the slurry obtai-
ned 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 separator (porosity: 45%) having a thickness of about 18 um by
using a dip coating process to a coating layer thickness of about 3 um. After
measuring with a porosimeter, the active layer coated on the polyethylene sepa-
rator had a pore size of 0.5 um and a porosity of 58%. FIG. 1 shows the struc-

ture of the active layer.

1-2. Manufacture of lithium secondary battery (Manufacture of cathode)

[0062] To N-methyl-2-pyrrolidone (NMP) as a solvent, 94 wt% of LiCoO, as a
cathode active material, 3 wt% of carbon black as a conductive agent and 3
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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 um as a cathode collector,
and then dried to form a cathode. Then, the cathode was subjected to roll press.

(Manufacture of anode)

[0063] 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 um as an anode
collector, and then dried to form an anode. Then, the anode was subjected to

roll press.

(Manufacture of battery)

[0064] The cathode and the anode obtained as described above were assem-
bled with the organic/inorganic composite porous separator obtained as descri-
bed 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 (volume ratio) containing 1M of lithium hexafluorophosphate
(LiPFs)) was injected to the assembly to provide a lithium secondary battery.

Example 2

[0065] Example 1 was repeated to provide an organic/inorganic composite po-
rous separator (PVdF-HFP/BaTiOg) and a lithium secondary battery comprising
the same, except that PVDF-HFP was used instead of PVDF-CTFE. After mea-

suring with a porosimeter, the final organic/inorganic composite porous separa-

tor had a thickness of 3 um, and showed a pore size of 0.4 um and a porosity of
56%.
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Example 3

[0066] Example 1 was repeated to provide an organic/inorganic composite po-

rous separator (PVAF-CTFE/PMNPT) and a lithium secondary battery compri-
sing the same, except that PMNPT powder was used instead of BaTiO3; pow-
der. After measuring with a porosimeter, the final organic/inorganic composite
porous separator had a thickness of 3 um, and showed a pore size of 0.5 um

and a porosity of 57%.

Example 4

[0067] Example 1 was repeated to provide an organic/inorganic composite po-
rous separator (PVAF-CTFE/BaTiO3-Al.O3) and a lithium secondary battery

comprising the same, except that mixed powder of BaTiOz and Al,O3 (weight ra-
tio= 90:10) was used instead of BaTiOs; powder. After measuring with a porosi-
meter, the final organic/inorganic composite porous separator had a thickness

of 3 um, and showed a pore size of 0.4 um and a porosity of 56%.

Example 5

[0068] Example 1 was repeated to provide an organic/inorganic composite po-
rous separator (PVDE-CTFE/LiTi»(PO4)s) and a lithium secondary battery com-

prising the same, except that LiTio(PO4)s powder was used instead of BaTiO3;
powder and the LiTio(PO4); powder was pulverized into a particle diameter of
about 500 nm to form slurry. After measuring with a porosimeter, the active lay-
er coated on the polyethylene separator had a pore size of 0.5 um and a porosi-
ty of 58%.

Example 6
[0069] Example 1 was repeated to provide an organic/inorganic composite po-

rous separator (PVAF-HFP/ LiTio(PO4)s) and a lithium secondary battery com-
prising the same, except that neither BaTiOz powder nor PVdF-CTFE was used,
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and LiTio(PO4); powder and PVDF-HFP were used, and the LiTi>(PO4); powder
was pulverized into a particle diameter of about 500 nm to form slurry. After
measuring with a porosimeter, the final organic/inorganic composite porous
separator had a thickness of 3 um, and showed a pore size of 0.4 um and a po-
rosity of 56%.

Example 7
[0070] Example 1 was repeated to provide an organic/inorganic composite po-

rous separator (PVAF-CTFE/LiTix(PO4)3-BaTiOs) and a lithium secondary bat-

tery comprising the same, except that mixed powder of LiTio(PO4)s/BaTiOs

(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 um, and showed a pore size of 0.4 um and a porosity of 57%.

[Comparative Examples 1-2]

Comparative Example 1

[0071] Example 1 was repeated to provide a lithium secondary battery, except
that a polyethylene (PE) separator was used.

Comparative Example 2
[0072] Example 1 was repeated to provide a composite film and a lithium se-

condary battery comprising the same, except that PVDF-CTFE and the inorga-
nic particles (BaTiOs) were used in a weight ratio of 70/30.
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Experimental Example 1. Surface Analysis of organic/inorganic composite
porous separator

[0073] The following test was performed to analyze the surface of the organic/-

inorganic composite porous separator used according to the present invention.

[0074] The sample used in this test was the organic/inorganic composite porous
separator (PVAF-CTFE/BaTiO3) according to Example 1, which is obtained by

coating the mixture of the inorganic particles and the polymer onto a polyethy-

lene separator.

[0075] When analyzed by using a Scanning Electron Microscope (SEM), the or-
ganic/inorganic composite porous separator used according to the present in-
vention showed uniform pore structures formed in the polyethylene separator
substrate itself (see FIG. 2b) as well as in the active layer, into which the inor-

ganic particles are incorporated (see FIG. 2a).

Experimental Example 2. Evaluation for heat shrinkage of organic/inorga-

nic composite porous separator

[0076] The following experiment was performed to compare the organic/inorga-
nic composite porous separator used according to the present invention with a

conventional separator.

[0077] The organic/inorganic composite porous separators according to Exam-

ples 1 to 7 were used as samples. As a control, a PE separator was used.

[0078] 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 used according to
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the present invention showed good results with no heat shrinkage (see, FIG.
5b).

Experimental Example 3. Evaluation for safety of organic/inorganic com-

posite porous separator

[0079] The following test was performed to evaluate the safety of the organic/in-
organic composite porous separator used according to the present invention,

compared to a conventional separator.

[0080] The organic/inorganic composite porous separators according to Exam-

ples 1 to 7 were used as samples. As a control, a PE separator was used.

[0081] Generally, when an internal short circuit occurs in a battery due to exter-
nal or internal factors, the separator used in the battery is broken to cause a di-
rect contact between a cathode and an anode, rapid heat emission and exten-
sion 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 evaluate
the safety of a battery upon an internal short circuit.

[0082] 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 separator according to Comparative Example 1 showed significant exten-
sion of the region of the separator, broken by the nail (see FIG. 6a). This indi-
cates that there is a great possibility of an internal short circuit in a battery. On
the contrary, in the organic/inorganic composite porous separator used accor-
ding to the present invention, the broken region of the separator was significant-
ly inhibited from being extended (see FIG. 6b). This demonstrates that the or-
ganic/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 separa-
tor inhibits extension of the region of short circuit, and thus contributes to im-

prove the safety of a battery.
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Experimental Example 4. Evaluation for safety against internal short cir-
cuit of lithium secondary battery

[0083] The following test was performed to evaluate the safety of the lithium
secondary battery comprising the organic/inorganic composite porous separator

used according to the present invention against an internal short circuit.

[0084] 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

Example 1 comprising the conventional PE separator as a control.

[0085] In the so-called local crush test, a coin with a diameter of 1 cm was posi-
tioned on a battery, and compressed 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 explodes or not.

[0086] After the test, in the battery according to Comparative Example 1 using
the conventional polyolefin-based separator, the separator exploded immediate-
ly 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).

[0087] On the contrary, the battery according to Example 1 using the organic/in-
organic composite porous separator 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 im-
pacts, and piezoelectricity of the inorganic particles permits a minute flow of
electric current between a cathode and an anode, and thus contributes to im-

prove the safety of a battery by virtue of a slow drop in the voltage of a battery.

[0088] Therefore, it can be seen from the above results that the lithium secon-
dary battery comprising the organic/inorganic composite porous separator used

according to the present invention has excellent safety.
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Experimental Example 5. Evaluation for overcharge safety of lithium se-
condary battery

[0089] The following test was performed to evaluate the overcharge safety of
the lithium secondary battery comprising the organic/inorganic composite po-

rous separator used according to the present invention.

[0090] The following overcharge test was carried out by using the lithium secon-
dary battery according to Example 1 as a sample, and the battery according to

Comparative Example 1 using the conventional PE separator as a control.

[0091] In the overcharge test, a battery was evaluated whether it explodes or

not under a predetermined overvoltage and overcurrent.

[0092] After the test, the battery according to Comparative Example 1 showed a
very small safety zone upon overcharge (see FIG. 9a), while the battery accor-
ding to Example 1 showed a significantly extended safety zone upon overchar-
ge (see FIG. 9b). This indicates that the organic/inorganic composite porous
separator used according to the present invention has excellent thermal proper-

ties.

Experimental Example 6. Evaluation for quality of lithium secondary batte-

ry

[0093] The following test was performed in order to evaluate C-rate characteri-
stics of the lithium secondary battery comprising the organic/inorganic compo-

site porous separator used according to the present invention.

[0094] The lithium secondary batteries according to Examples 1-7 were used as
samples. As controls, used were the battery using the conventional PE separa-
tor 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 having a ca-
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pacity 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 characteristics.

[0095] After the test, lithium secondary batteries comprising the organic/inorga-
nic composite porous separators according to Examples 1 to 7 showed C-rate
characteristics comparable to those of the battery using a conventional polyole-
fin-based separator under a discharge 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 dis-
charge rate increases. This indicates that the battery according to Comparative
Example 2 has poor quality (see, Table 1).

[Table 1]

Discharge Rate
Battery S —— S
05C 1C 2C
Ex 1 756 744 692

Ex 2 T s 746 693
T T
D e e —
Ex.5 753 742 694

Ex 6 754 744 690

EX7 ....................................................................................... 756 .................................... 745692 ............................
—— et e
T T e TR o

Industrial Applicability

[0096] As can be seen from the foregoing, the lithium secondary battery has an

organic/inorganic composite porous separator having an active layer comprising
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inorganic particles and a binder polymer, which is coated on a polyolefin-based
separator substrate having pores. In the active layer, the inorganic particles are
interconnected among themselves and fixed by the binder polymer, and intersti-
tial volumes among the inorganic particles form a heat resistant microporous
structure. Therefore, the organic/inorganic composite porous separator used ac-
cording to the present invention contributes to improve the thermal safety, elec-

trochemical safety and quality of the battery.
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Patentkrav

1. Lithiumsekundeaert batteri omfattende en katode, en anode, en separator og
en elektrolyt, hvor separatoren er en organisk/uorganisk porgs kompositsepara-

tor, som omfatter:

(a) et substrat, som er en porgs polyolefinbaseret separator, og

(b) en blanding af uorganiske partikler, som er elektrokemisk stabile i et
batteri og en binderpolymer i et vaegtforhold pa 60:40 til 99:1 overtrukket
direkte pa en overflade af substratet og en del af porerne til stede i substra-

tet, som danner et organisk/uorganisk aktivt porgst kompositlag,

hvor de elektrokemisk stabile uorganiske partikler i det aktive lag er forbundet
med hinanden og er fastholdt af binderpolymeren og tillader interstitielle volu-
mener at blive dannet blandt dem, og de interstitielle volumener blandt de elek-
trokemisk stabile uorganiske partikler danner en porestruktur, som tillader li-
thiumioner at bevaege sig igennem,

hvor, efterhanden som starrelsen af de elektrokemisk stabile uorganiske partik-
ler forages, foreges den interstitielle afstand mellem de uorganiske partikler,
hvorved porestgrrelsen forgges,

med det forbehold, at den organiske/uorganiske porgse kompositseparator ikke
er en porgs film omfattende et organisk/uorganisk porgst kompositfilmsubstrat
og et overtraekslag omfattende styren/butadiengummi dannet pa mindst en re-
gion valgt fra en overflade af substratet og en del af porerne i substratet, hvor
substratet omfatter en porgs film og et lag, som omfatter en blanding af uorga-
niske partikler og en binderpolymer overtrukket pa en overflade af den porgse
film og/eller en del af porerne i den porgse film,

hvor elektrolytten er en poleer elektrolyt.

2. Lithiumsekundeert batteri ifglge krav 1, hvor elektrolytten indbefatter et salt
repraesenteret ved formlen A'B", hvor A" er en alkalimetalkation valgt fra grup-

pen bestdende af Li*, Na*, K" og kombinationer heraf, og B™ repreesenterer en
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anion valgt fra gruppen bestaende af PFg, BF4, CI, Br, I, ClO4, AsFg,
CH3COz', CF3S03’, N(CF3S0y2)2, C(CF2S02)s" 0g kombinationer heraf.

3. Lithiumsekundeert batteri ifglge krav 2, hvor saltet er oplgst eller dissocieret
i et organisk oplgsningsmiddel valgt fra gruppen bestadende af propylencarbonat
(PC), ethylencarbonat (EC), diethylcarbonat (DEC), dimethylcarbonat (DMC),
dipropylcarbonat (DPC), dimethylsulfoxid, acetonitril, dimethoxyethan, diethoxy-
ethan, tetrahydrofuran, N-methyl-2-pyrrolidon (NMP), ethylmethylcarbonat
(EMC), y-butyrolacton (GBL) og blandinger heraf.

4. Lithiumsekundeert batteri ifglge krav 1, hvor de uorganiske partikler er
mindst en valgt fra gruppen bestdende af: (a) uorganiske partikler med en
dielektricitetskonstant pa 5 eller mere, (b) uorganiske partikler med piezoelektri-

citet og (c) uorganiske partikler med litiumionledningsevne.

5. Lithiumsekundeert batteri ifglge krav 1, hvor de uorganiske partikler har en

stgrrelse mellem 0,001 ym og 10 pm.

6. Lithiumsekundeert batteri ifglge krav 1, hvor binderpolymeren har en oplg-
selighedsparameter mellem 15 og 45 MPa”.

7. Lithiumsekundeert batteri ifglge krav 1, hvor binderpolymeren har en dielek-

tricitetskonstant mellem 1,0 og 100 malt ved en frekvens pa 1 kHz.

8. Lithiumsekundeaert batteri ifglge krav 1, hvor separatoren har en tykkelse

mellem 1 og 100 um.

9. Lithiumsekundeert batteri ifglge krav 1, hvor separatoren har en porestar-

relse mellem 0,001 og 10 um og porgsitet mellem 5% og 95%.

10. Lithiumsekundeert batteri ifglge krav 1, hvor det lithiumsekundaere batteri

omfatter et katodeaktivt materiale inkluderet lithiumintercalateringsmaterialer.
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11. Lithiumsekundeert batteri ifglge krav 1, hvor det lithiumsekundaere batteri

omfatter et anodeaktivt materiale inkluderet lithiumintercalateringsmaterialer.
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