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(57) ABSTRACT

Disclosed is a separator suitable for an electrochemical
device a porous including polymer substrate and an organic/
inorganic composite porous coating layer on at least one side
of the porous polymer substrate. The organic/inorganic
composite porous coating layer includes particulate binder
polymers and first inorganic particles, the particulate binder
polymers include (a) hybrid polymer particles of a fluorine-
containing polymer and an acrylic-containing polymer and
(b) acrylic-containing polymer particles, the average particle
diameter D50 of the acrylic-containing polymer particles “a”
is in a range of 1 um to 7.5 um, the average particle diameter
D50 of the inorganic particles “b” is in a range of 200 nm
to 800 nm, a/b is in a range of 2 to 15, and the average
particle diameter D50 of the hybrid polymer particles is
smaller than the average particle diameter D50 of the
acrylic-containing polymer particles.
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SEPARATOR FOR AN ELECTROCHEMICAL
DEVICE INCLUDING A POROUS
ORGANIC/INORGANIC COMPOSITE
COATING LAYER AND AN
ELECTROCHEMICAL DEVICE INCLUDING
SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a By-Pass Continuation
of International Application PCT/KR2023/003116, filed
Mar. 7, 2023, which claims priority to Korean Patent Appli-
cation No. 10-2022-0064640, filed May 26, 2022, the entire
contents of all of which are herein expressly incorporated by
reference in their entirety.

BACKGROUND OF INVENTION

1. Field of the Invention

[0002] The present disclosure relates to separator for an
electrochemical device having improved compression resis-
tance, adhesion force in a dry state (dry adhesion), and
adhesion force in a state impregnated with an electrolyte
(wet adhesion), and to an electrochemical device including
the same.

2. Description of the Related Art

[0003] There continues to be a shift towards widespread
adoption of electrochemical devices, such as batteries, in a
myriad of forms. This shift is driven in part by the pressing
need to mitigate the adverse environmental and climate
impacts associated with traditional internal combustion
engines and other non-renewable means of power generation
and storage. Thus, the development of electrochemical
device technologies has become an imperative.

[0004] Generally, electrochemical devices such as lithium
secondary batteries are made up from a cathode, a separator,
an anode, and an electrolyte, for instance, an electrolyte
solution. Electrochemical devices include those that are
high-density energy storage devices capable of being
charged and discharged through reversible conversion
between chemical energy and electrical energy. Such
devices are widely used in small electronic devices, such as
mobile phones, laptop computers, and the like, as well as
electric vehicles (EVs), hybrid electric vehicles (HEVs),
urban air mobility (UAM) vehicles, and electric bicycles.
Simultaneously, there is a growing demand for stationary
energy storage systems, notably in the residential and indus-
trial sectors, powered by solar and wind generators. Such
technologies are important to deal with environmental prob-
lems, high oil prices, energy efficiency, and energy storage.

[0005] In the manufacture and use of such an electro-
chemical device, securing its safety is an important area of
research. In particular, a separator made of a porous polymer
substrate commonly used in an electrochemical device may
exhibit a heat shrinkage behavior at a high temperature or
the like due to material characteristics and manufacturing
process characteristics thereof. This may lead to the genera-
tion of an internal short circuit. Recently, to secure the safety
of lithium secondary batteries, a separator in which a mix-
ture of inorganic particles and a binder polymer is coated on
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a porous polymer substrate to form an organic/inorganic
composite porous coating layer has been under continued
development.

[0006] In general, an electrode assembly may be manu-
factured through a lamination process in which a separator
and an electrode are bonded together by heat and pressure.
In such a lamination process, the higher the heat and
pressure applied, the higher the binding force between the
electrode and the separator. Recently, processing speeds
have been increased for the purposes of improving produc-
tivity, the amount of time for which heat is applied to the
separator has decreased. However, due to the application of
high pressures, the organic/inorganic composite porous
coating layer presses the porous polymer substrate to reduce
the thickness and may cause deformation of the pore struc-
ture. For instance, the porous polymer substrate may be
damaged when the inorganic particles are locally agglom-
erated, or protrusions are formed, and thus there is a concern
that degradation of dielectricity of the separator may occur.
[0007] On the other hand, when an electrode assembly is
formed by laminating an electrode and a separator having an
organic/inorganic composite porous coating layer, there may
be a high risk that the electrode and the separator are
separated due to insufficient adhesive force. In such a case,
inorganic particles that are deintercalated during the sepa-
ration process may act as a local defect in the electrochemi-
cal device. Accordingly, a separator in which an acrylic-
containing polymer binder is applied to an organic/inorganic
composite porous coating layer to improve adhesion force
between an electrode and the separator has been proposed.
When using such an acrylic-containing polymer binder, it is
found that dry adhesion is improved, but there may still be
a problem in that the wet adhesion is reduced due to
problems such as swelling or dissolution of the acrylic-
containing polymer binder by the electrolyte after applica-
tion to the electrochemical device.

SUMMARY OF THE INVENTION

[0008] An objective of the present disclosure is to provide
an electrochemical device separator in which a phenomenon
of the decrease in the dielectricity of the separator, such as
a decrease in the thickness of the porous polymer substrate
or deformation of the pore structure due to high pressure
applied when laminating a separator having an organic/
inorganic composite porous coating layer on at least one side
of the porous polymer substrate and an electrode is
improved, and at the same time, the binding force with the
electrode may be improved in both dry and wet conditions.
[0009] In addition, another objective of the present dis-
closure is to provide an electrochemical device, including a
separator having the above-described characteristics.
[0010] Other objectives and advantages of the present
disclosure will be understood by the following description.
On the other hand, it will be easily understood that the
objectives and advantages of the present disclosure may be
realized by means or methods described in the claims and
combinations thereof.

[0011] An aspect of the present disclosure relates to an
electrochemical device separator, the separator, including a
porous polymer substrate and an organic/inorganic compos-
ite porous coating layer on at least one side of the polymer
substrate, in which the organic/inorganic composite porous
coating layer includes particulate binder resins and first
inorganic particles, the particulate binder polymers include



US 2024/0274979 Al

(a) hybrid polymer particles of a fluorine-containing poly-
mer and an acrylic-containing polymer and (b) acrylic-
containing polymer particles, the average particle diameter
(D50) “a” of the acrylic-containing polymer particles is in a
range of 1 um to 7.5 pum, the average particle diameter (D50)
“b” of the first inorganic particles is in a range of 200 nm to
800 nm, a/b is 2 to 15, and the average particle diameter
(D50) of the hybrid polymer particles is smaller than the
average particle diameter (D50) of the acrylic-containing
polymer particles.

[0012] Another aspect of the present disclosure is that
wherein the average particle diameter (D50) (a) of the
acrylic-containing polymer particles is in a range of 2 um to
6 um, and the average particle diameter (D50) (b) of the first
inorganic particles is in a range of 300 nm to 700 nm, and
a/bis 5 to 12.

[0013] Another aspect of the present disclosure is that
wherein the average particle diameter (D50) of the acrylic-
containing polymer particles is 4 to 20 times larger than the
average particle diameter (D50) of the hybrid polymer
particles.

[0014] Another aspect of the present disclosure is that
wherein the hybrid polymer particles have an average par-
ticle diameter (D50) in a range of 100 um to 500 pum.
[0015] Another aspect of the present disclosure is that
wherein the mixed weight ratio of the hybrid polymer
particles and the acrylic-containing polymer particles is 8:2
to 2:8.

[0016] Another aspect of the present disclosure is that
wherein the Tg of the acrylic polymer included in the hybrid
polymer particles is more than 10° C. lower than the Tg of
the acrylic polymer included in the acrylic-containing poly-
mer particles.

[0017] Another aspect of the present disclosure is that
wherein the Tg of the acrylic polymer included in the hybrid
polymer particles is 10° C. to 30° C., and the Tg of the
acrylic polymer included in the acrylic-containing polymer
particles is 30° C. to 50° C.

[0018] Another aspect of the present disclosure is that
wherein the fluorine-containing polymer is a homopolymer
of vinylidene fluoride, a copolymer of vinylidene fluoride
and another polymerizable monomer, or a mixture of two or
more thereof.

[0019] Another aspect of the present disclosure is that
wherein the another polymerizable monomer is at least one
selected from the group consisting of tetrafluoroethylene,
hexafluoropropylene, trifluoroethylene, chlorofluoroethyl-
ene, 1,2 difluoroethylene, perfluoro(methylvinyl)ether, per-
fluoro(ethylvinyl)ether, perfluoro(propylvinyl)ether, per-
fluoro(1,3 dioxole), perfluoro (2,2-dimethyl-1,3-dioxole),
trichloroethylene, and vinyl fluoride.

[0020] Another aspect of the present disclosure is that
wherein the fluorine-containing polymer is a copolymer of
vinylidene fluoride and hexafluoropropylene.

[0021] Another aspect of the present disclosure is that
wherein the content of the another polymerizable monomer
is 18 to 20% by weight of the copolymer.

[0022] Another aspect of the present disclosure is that
wherein the acrylic polymer constituting the hybrid polymer
particles and the acrylic polymer constituting the acrylic-
containing polymer particles each independently include an
alkyl (meth)acrylate repeating unit having an alkyl group
having 1 to 18 carbon atoms.
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[0023] Another aspect of the present disclosure is that
wherein the organic/inorganic composite porous coating
layer further includes a non-particulate acrylic-containing
polymer.

[0024] Another aspect of the present disclosure is that
wherein the non-particulate acrylic-containing polymer has
aTg of 0° C. or less.

[0025] Another aspect of the present disclosure is that
wherein the organic/inorganic composite porous coating
layer includes second inorganic particles different from the
first inorganic particles, and the average particle diameter
(D50) of the second inorganic particles is smaller than the
average particle diameter (D50) of the first inorganic par-
ticles. In another aspect, the average particle diameter (D50)
of the second inorganic particles is smaller or equal to the
average particle diameter (D50) of the first inorganic par-
ticles.

[0026] Another aspect of the present disclosure is that
wherein the average particle diameter (D50) of the second
inorganic particles is in a range of 100 nm to 500 nm.
[0027] Another aspect of the present disclosure is that
wherein the first t inorganic particles are alumina, and the
second inorganic particles are boehmite.

[0028] Another aspect of the present disclosure is that
wherein the organic/inorganic composite porous coating
layer includes the particulate binder resins in an amount of
1% to 30% by weight based on the total weight of the
organic/inorganic composite porous coating layer.

[0029] Another aspect of the present disclosure is that
wherein the organic/inorganic composite porous coating
layer is formed by coating and then drying a slurry in which
the particulate binder resins and inorganic particles are
dispersed in an aqueous dispersion medium on at least one
surface of a porous polymer substrate.

[0030] Another aspect of the present disclosure relates to
an electrochemical device, in which the electrochemical
device includes an anode, a cathode, and a separator inter-
posed between the anode and the cathode, in which the
separator is that described herein.

[0031] Another aspect of the present disclosure is that
wherein the electrochemical device is a lithium secondary
battery.

[0032] The organic/inorganic composite porous coating
layer of the separator, according to the present disclosure,
includes acrylic-containing polymer particles and first inor-
ganic particles, in which the acrylic-containing polymer
particles have an average particle diameter (D50) “a” in a
range of 2 um to 7.5 pm, and the first inorganic particles
have the average particle diameter (D50) “b” in a range of
200 nm to 800 nm, and a/b is 2 to 15. Since the average
particle diameter (D50) of the acrylic-containing polymer
particles is at least two times larger than the average particle
diameter (D50) of the first inorganic particles, even when
high pressure is applied during a lamination process with an
electrode, inorganic particles of the organic/inorganic com-
posite porous coating layer may be less likely to cause
damage to the porous polymer substrate and may improve a
thickness reduction of the porous polymer substrate, and a
deformation of the pore structure.

[0033] In addition, the organic/inorganic composite
porous coating layer of the separator, according to the
present disclosure, includes hybrid polymer particles of a
fluorine-containing polymer and an acrylic-containing poly-
mer having an average particle diameter (D50) smaller than



US 2024/0274979 Al

the average particle diameter (D50) of the acrylic-containing
polymer particles. Since the fluorine-containing polymer
included in the hybrid polymer particles is insoluble in the
electrolyte, the hybrid polymer particles retain their shape
even if they are soaked in the electrolyte, even if the
acrylic-containing polymer is included at the same time.
Accordingly, the separator of the present disclosure may
maintain adhesion force with the electrode without signifi-
cantly losing adhesion force with the electrode even in a wet
state. Additionally, the acrylic-containing polymer particles
further contribute to maintaining adhesion force of the
separator to the electrode in a dry state.

[0034] Accordingly, in a roll-to-roll continuous process of
manufacturing an electrode assembly by laminating an elec-
trode and the separator of the present disclosure, there may
be an effect of improving the dielectricity deterioration of
the separator and improving the shape stability and process-
ability of the electrode assembly. In addition, by manufac-
turing a battery using the electrode assembly including the
separator disclosed herein, it is possible to maintain a high
binding force between the separator and the electrode even
in a state soaked with the electrolyte (wet state), thereby
improving the interfacial resistance characteristics. In addi-
tion, since the binder polymer particles maintain high adhe-
sion force in a dry or wet state, the inorganic particles
included in the organic/inorganic composite porous coating
layer are not detached and are well fixed so that the
morphological stability of the separator may be improved.
Accordingly, there may be an effect of improving the
thermal stability and dielectric property of the battery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings illustrate aspects of
the disclosure and together with the detailed description,
explain the principles of the disclosure, but the scope of the
disclosure is not limited thereto. On the other hand, the
shape, size, scale, or ratio of elements in the drawings
included in this specification may be exaggerated to empha-
size a clearer description.

[0036] FIG. 1 is a schematic diagram showing a cross-
section of a separator according to an aspect of the present
disclosure;

[0037] FIG. 2 is a SEM image of the surface of the
separator of Example 1 before electrolyte impregnation; and
[0038] FIG. 3 is a SEM image of a cross-section of the
separator according to Example 1.

DESCRIPTION OF THE PREFERRED ASPECTS

[0039] Terms or words used in the specification and claims
should not be construed as conventional or dictionary mean-
ings, but should be construed as meanings and concepts
conforming to the technical idea of this disclosure based on
the principle that the inventors may appropriately define the
concept of terms to describe their disclosure in the best way.
Therefore, since the configurations described in the aspects
described herein are only certain aspects of the present
disclosure and do not represent all the technical ideas of the
present disclosure, it should be understood that there may be
various equivalents and modifications that may replace them
at the time of the present application.

[0040] The term “include” used in this disclosure is used
to list materials, compositions, devices, and methods useful
for this disclosure and is not limited to the listed examples.
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[0041] Throughout the specification, the expression “a
part ‘comprise (s)’ an element” or the element is “comprised
in” the part, is intended to indicate that such element is
present in the recited part. This does not preclude the
presence of any additional elements but means that the part
may further comprise the other elements.

[0042] As used herein, “about” and “substantially” are
used in the sense of a range or close to that number or
degree, in consideration of inherent manufacturing and
material tolerances, and accurate or absolute figures pro-
vided to aid understanding of the disclosure are used to
prevent the infringer from unfairly exploiting the stated
disclosure.

[0043] As used herein, “clectrochemical device” may
mean a primary battery, a secondary battery, a super capaci-
tor, or the like.

[0044] FIG. 1 is a schematic diagram showing a cross-
section of a separator 10 for an electrochemical device
according to an aspect of the present disclosure.

[0045] In an aspect of the present disclosure, the separator
10 includes a porous polymer substrate 1 and an organic/
inorganic composite porous coating layer 3 formed on at
least one side of the polymer substrate. Although FIG. 1
shows that the organic/inorganic composite porous coating
layer 3 is formed on both sides surface of the polymer
substrate 1, the organic/inorganic composite porous coating
layer 3 may also be formed only on one side surface of the
porous polymer substrate 1.

[0046] The organic/inorganic composite porous coating
layer 3 includes particulate binder polymers 5 and 7 and first
inorganic particles 9. The particulate binder polymers 5 and
7 include hybrid polymer particles 5 of a fluorine-containing
polymer and an acrylic-containing polymer and acrylic-
containing polymer particles 7.

[0047] As shown in FIG. 1, the organic/inorganic com-
posite porous coating layer 3 includes acrylic-containing
polymer particles 7 and first inorganic particles 9, and the
average particle diameter (D50) “a” of the acrylic-contain-
ing polymer particles 7 is in a range of 1 um to 7.5 um, the
average particle diameter (D50) “b” of the first inorganic
particles 9 is in a range of 200 nm to 800 nm, and a/b is 2
to 15.

[0048] Since the average particle diameter (D50) of the
acrylic-containing polymer particles 7 is at least two times
larger than the average particle diameter (D50) of the first
inorganic particles 9, even when high pressure is applied
during a lamination process with an electrode, inorganic
particles 9 of the organic/inorganic composite porous coat-
ing layer 3 are less likely to cause damage to the porous
polymer substrate 1, and improves a thickness reduction of
the porous polymer substrate 1, and a deformation of the
pore structure. If a/b is less than 2, compression resistance
may not be sufficient, and if a/b exceeds 15, resistance may
be excessively high. When the average particle diameter
(D50) “a” of the acrylic-containing polymer particles 7 is
less than 1 pm, there is a risk that the adhesion force may be
lowered, and when the average particle diameter (D50) of
the acrylic-containing polymer particles exceeds 7.5 pum,
there may be a risk that the resistance may be excessively
increased. When the average particle diameter (D50) “b” of
the first inorganic particles 9 is less than 200 nm, the
dispersibility in the slurry may be decreased, and when the
average particle diameter (D50) “b” of the first inorganic
particles 9 is more than 800 nm, the thickness of the
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organic/inorganic composite porous coating layer may be
excessively increased or pores may be excessively large. In
this aspect, the average particle diameter (D50) “a” of the
acrylic-containing polymer particles may be 1 um to 6 pm,
more specifically 2 um to 6 um, and even more specifically
3 um to 5 um. As described herein, the average particle
diameter (D50) “a” of the acrylic-containing polymer par-
ticles may have any value or range selected from the
following: 1 um, 1.5 um, 2 pum, 2.5 um, 3 pm, 3.5 pm, 4 pm,
4.5 um, 5 pm, 5.5 pm, 6 pm, 6.5 um, 7 pm and 7.5 pm. In
addition, the average particle diameter (D50) “b” of the first
inorganic particles may be in a range of 300 nm to 700 nm,
more specifically 400 nm to 600 nm. As described herein,
the average particle diameter (D50) “b” of the first inorganic
particles may have any value or range selected from the
following: 200 nm, 250 nm, 300 nm, 350 nm, 400 nm, 450
nm, 500 nm, 550 nm, 600 nm, 650 nm, 700 nm, 750 nm and
800 nm. a/b may be 3 to 13, more specifically 5 to 12, and
even more specifically 6 to 11. As described herein, the a/b
may have any value or range selected from the following: 2,
2.5,3,3.5,4,45,5,55,6,6.5,7,75,8,8.5,9,9.5,10,10.5,
11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5 and 15.

[0049] On the other hand, the acrylic-containing polymer
particles 7 also contribute to maintaining the adhesion force
of the separator to the electrode in a dry state.

[0050] In addition, the organic/inorganic composite
porous coating layer 3 of the separator 10, according to the
present disclosure, includes hybrid polymer particles 5 of a
fluorine-containing polymer and an acrylic-containing poly-
mer having an average particle diameter (D50) smaller than
the average particle diameter (D50) of the acrylic-containing
polymer particles 7. Since the fluorine-containing polymer
included in the hybrid polymer particles 5 is insoluble in the
electrolyte, the hybrid polymer particles 5 maintain their
shape even when wet in the electrolyte and even if the
acrylic-containing polymer is included at the same time.
Accordingly, the separator 10 of the present disclosure may
maintain adhesion force to the electrode without signifi-
cantly losing adhesion force to the electrode even in a wet
state.

[0051] By adjusting the average particle diameter (D50) of
the hybrid polymer particles 5 to be smaller than the average
particle diameter (D50) of the acrylic-containing polymer
particles 7, this facilitates movement of the hybrid polymer
particles 5 to the surface region during the coating layer
formation process, as shown in FIG. 1. For instance, in an
aspect of the present disclosure, the organic/inorganic com-
posite porous coating layer 3 may have heterogeneity of
composition morphology in a thickness direction, in which
the content ratio of hybrid polymer particles 5/acrylic-
containing polymer particles 7 present on a surface portion
opposite to the surface facing the porous polymer substrate
1 is greater than the content ratio of hybrid polymer particles
5/acrylic-containing polymer particles 7 present inside (for
instance, an inner portion) the organic/inorganic composite
porous coating layer 3. Accordingly, the adhesion force of
the separator 10 to the electrode when wet with the electro-
lyte may be further improved.

[0052] As such, when the hybrid polymer particles 5, the
acrylic-containing polymer particles 7, or both the hybrid
polymer particles 5 and the acrylic containing polymer
particles 7 have heterogeneity of the composition morphol-
ogy of the above-described form in the thickness direction,
the polymer particles 5 and 7 may be present more on the
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surface portion of the organic/inorganic composite porous
coating layer 3 opposite to the surface facing the porous
polymer substrate 1 than inside (for instance, an inner
portion) the organic/inorganic composite porous coating
layer 3. Therefore, due to the adhesive force characteristics
of'the polymer particles present on the surface portion being
large, the dry/wet adhesive force to the electrode may further
increase. In addition, resistance to external stimuli such as
peeling and scratching may be increased, and lamination
characteristics of the electrode may be improved. Accord-
ingly, very excellent characteristics may be exhibited in a
battery assembly process, such as winding and lamination.
In addition, since the porosity may be improved due to a
content of the inorganic particles that increases toward the
inside portion of the organic/inorganic composite porous
coating layer 3, excellent ionic conductivity characteristics
may be exhibited, thereby contributing to the improvement
of battery performance. In this aspect, the average particle
diameter (D50) of the acrylic-containing polymer particles 7
may be 4 to 20 times larger than the average particle
diameter (D50) of the hybrid polymer particles 5, and the
average particle diameter (D50) of the hybrid polymer
particles 5 may be in a range of 100 nm to 500 nm, but is
not limited thereto. As described herein, the average particle
diameter (D50) of the acrylic-containing polymer particles 7
may be larger than the average particle diameter (D50) of the
hybrid polymer particles 5 by a factor having any value or
range selected from the following: 4, 5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 and 20. Also, as described herein,
the average particle diameter (D50) of the hybrid polymer
particles 5 may have any value or range selected from the
following: 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 350
nm, 400 nm, 450 nm and 500 nm.

[0053] In addition, the mixed weight ratio of the hybrid
polymer particles and the acrylic-containing polymer par-
ticles may be 8:2 to 2:8, but is not limited thereto.

[0054] In the specification of the present disclosure, “het-
erogeneity of composition morphology in a thickness direc-
tion, in which the content ratio of hybrid polymer particles/
acrylic-containing polymer particles present on the surface
portion opposite to the surface facing the porous polymer
substrate is greater than the content ratio of hybrid polymer
particles/acrylic-containing polymer particles present inside
(e.g., inner portion) the organic/inorganic composite porous
coating layer”, in which if the content ratio of hybrid
polymer particles/acrylic-containing polymer particles pres-
ent on the surface portion of the organic/inorganic composite
porous coating layer opposite to the surface facing the
porous polymer substrate is greater than the content ratio of
hybrid polymer particles/acrylic-containing polymer par-
ticles present under the surface portion (inside or inner
portion) of the porous coating layer, it should be interpreted
that any aspect is included. For example, it should be
interpreted as a meaning including all of the porous coating
layer formed so that the content ratio of the hybrid polymer
particles/acrylic-containing polymer particles decreases lin-
early from the surface portion of the porous coating layer to
the porous substrate, the porous coating layer formed so that
the content ratio of the hybrid polymer particles/acrylic-
containing polymer particles non-linearly decreases from
the surface portion of the porous coating layer to the porous
substrate, and the porous coating layer formed so that the
content ratio of the hybrid polymer particles/acrylic-con-
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taining polymer particles discontinuously decreases from
the surface portion of the porous coating layer to the porous
substrate, etc.

[0055] The organic/inorganic composite porous coating
layer 3 may have heterogeneity of composition morphology
in a thickness direction, in which the content of hybrid
polymer particles 5 present on a surface portion opposite to
the surface facing the porous polymer substrate 1 is greater
than the content of hybrid polymer particles 5 present inside
(e.g., inner portion) the organic/inorganic composite porous
coating layer. In addition, the organic/inorganic composite
porous coating layer 3 may have heterogeneity of compo-
sition morphology in a thickness direction, in which the
content of acrylic-containing polymer particles 7 present on
a surface portion opposite to the surface facing the polymer
substrate 1 is greater than the content of acrylic-containing
polymer particles 7 present inside (e.g., inner portion) the
organic/inorganic composite porous coating layer 3.

[0056] As described herein, in a roll-to-roll continuous
process of manufacturing an electrode assembly by lami-
nating an electrode and the separator 10 of the present
disclosure, there may be an effect of improving the dielec-
tricity deterioration of the separator 10, and improving the
shape stability and processability of the electrode assembly.
In addition, since a high binding force between the separator
10 and the electrode may be maintained even when a battery
is manufactured using the electrode assembly including the
separator 10 and soaked with an electrolyte, the interfacial
resistance characteristic may be improved. In addition, since
the binder polymer particles 5 and 7 maintain high adhesion
force in dry or wet conditions, the inorganic particles 9
included in the organic/inorganic composite porous coating
layer 3 are not detached and are well fixed. Therefore, the
shape stability of the separation membrane 10 may be
improved. Accordingly, there is an effect of improving the
thermal stability and dielectric property of the battery.
[0057] According to an aspect of the present disclosure,
the porous polymer substrate 1 is capable of providing a
movement path of lithium ions while preventing a short
circuit by electrically insulating the anode and the cathode
and may be used without particular limitation as long as it
is generally used as a separator polymer substrate of an
electrochemical device. As examples of the separator sub-
strate, for example, a porous polymer film or nonwoven
fabric including at least one of polymer resins among
polyolefins such as polyethylene, polyethylene terephtha-
late, polybutylene terephthalate, polyacetal, polyamide,
polycarbonate, polyimide, polyether ether ketone, polyether
sulfone, polyphenylene oxide, polyphenylene sulfide, and
polyethylene naphthalate may be used.

[0058] In the present disclosure, the thickness of the
polymer substrate may be 3 um to 50 pum. Although the range
of the separator substrate is not particularly limited to the
aforementioned range, if the thickness is less than the
above-described lower limit, mechanical properties may be
lowered, and the separator may be easily damaged during
the use of battery. Meanwhile, the pore size and porosity
present in the separator substrate are also not particularly
limited but may be 0.01 pm to 50 um and 10 to 95 vol %,
respectively.

[0059] The organic/inorganic composite porous coating
layer 3 may be made by mixing a plurality of inorganic
particles 9 and particulate binder polymers 5 and 7. Since the
polymer substrate 1 is coated by the porous coating layer 3
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including inorganic particles 9, heat resistance and mechani-
cal properties of the separator 10 may be further improved.
According to an aspect of the present disclosure, the organic/
inorganic composite porous coating layer 3 is disposed on
both sides of the polymer substrate 1. As described above, by
forming the porous coating layer 3 on both sides of the
porous substrate 1, wet adhesion force and dry adhesion
force between the cathode and the separator and between the
anode and the separator may be improved.

[0060] The organic/inorganic composite porous coating
layer 3 may have a microporous structure due to an inter-
stitial volume between the constituent inorganic particles 9
and the particulate binder polymers 5 and 7. The inorganic
particles 9 serve as a kind of spacer capable of maintaining
the physical shape of the porous coating layer 3. The
interstitial volume refers to a space limited by substantially
being in surface contact with the particles of the inorganic
particles 9 and the particulate binder polymers 5 and 7. In
addition, since the inorganic particles 9 generally have
characteristics that do not change their physical properties
even at a high temperature (for instance, 200° C. or higher),
the separator 10 may have excellent heat resistance by the
organic/inorganic composite porous coating layer 3. In the
present disclosure, the organic/inorganic composite porous
coating layer 3 may have a thickness in a range of 1 um to
50 um, 2 um to 30 um, or 2 pm to 20 um based on what is
formed on either side of the porous substrate 1.

[0061] In the present disclosure, particulate polymers 5
and 7 refer to binder polymers that are added to the disper-
sion medium in the form of particles to form the porous
coating layer 3 and maintain the added particle shape after
coating and drying and are distinguished from a “non-
particulate” binder polymer defined as a binder polymer that
loses a particulate phase during drying and transforming into
a film-like form when forming a coating layer, even if it is
dissolved in a solvent or not dissolved in a solvent. That is,
in the present disclosure, “particle” is defined as maintaining
substantially the same shape of added particles, and the
shape may be circular particles but is not limited thereto. As
such, since the polymer particles maintain a particulate
form, they may hardly penetrate into the pores of the porous
polymer substrate, thereby contributing to improving the
decrease in clogging of the pores of the porous polymer
substrate.

[0062] In one aspect of the present disclosure, the particu-
late binder polymers 5 and 7 may be present in an amount
of about 90% by weight or more or about 99% by weight or
more based on the binder components present in the porous
coating layer 3. In the present specification, the particulate
binder polymers 5 and 7 may be referred to as polymer
particles, resin particles, or binder particles. The particulate
binder polymers 5 and 7 form a porous coating layer 3 that
may have a layered structure through the adhesion between
the inorganic particles 9 and mutual adhesion between the
inorganic particles 9 and the polymer substrate 1.

[0063] The hybrid polymer particles 5 may be prepared to
refer to, for example, WO 2020/263936, which is herein
incorporated by reference into the present disclosure.

[0064] The fluorine-containing polymer included in the
hybrid polymer particles may be an electrolyte insoluble
polymer of a homopolymer of vinylidene fluoride, a copo-
lymer of vinylidene fluoride and another polymerizable
monomers, or a mixture of two or more thereof.
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[0065] Vinylidene fluoride and the another polymerizable
monomers may include at least one selected from the group
consisting of tetrafluoroethylene, hexafluoropropylene, trit-
luoroethylene, chlorofluoroethylene, 1,2 difluoroethylene,
perfluoro(methylvinyl)ether, perfluoro(ethylvinyl)ether, per-
fluoro(propylvinyl)ether, perfluoro((1,3 dioxole), perfluoro
(2,2-dimethyl-1,3-dioxole), trichloroethylene, and vinyl
fluoride, but are not limited thereto. In particular, the fluo-
rine-containing polymer may be a copolymer of vinylidene
fluoride and hexafluoropropylene. The content of vinylidene
fluoride and the another polymerizable monomers may be 1
to 20% by weight of the copolymer but is not limited thereto.
[0066] In the present disclosure, the content of the
comonomer in the PVDF-containing polymer may be mea-
sured by 1H-NMR method using Varian 500 MHZ. For
detailed measurement methods, refer to Journal of Materials
Chemistry, 2012, 22, 341 or AMT-3412-0k. For the confir-
mation of the NMR spectrum, suitable equipment such as
Bruker Avance III HD 700 MHz NMR or Varian 500 MHZ
NMR may be used.

[0067] The acrylic-containing polymer constituting the
hybrid polymer particles and the acrylic-containing polymer
constituting the acrylic-containing polymer particles may
each independently include an alkyl methacrylate repeating
unit having an alkyl group having 1 to 18 carbon atoms but
are not limited thereto.

[0068] In one aspect of the present disclosure, the glass
transition temperature (Tg) of the acrylic-containing poly-
mer included in the hybrid polymer particles may be more
than 10° C. lower than the Tg of the acrylic-containing
polymer included in the acrylic-containing polymer par-
ticles. Since the lower the Tg of the acrylic polymer, the
better the adhesive force, and thus the lower the Tg of the
acrylic polymer included in the hybrid polymer particles, the
higher the dry/wet adhesive force of the hybrid polymer
particles to the electrodes.

[0069] More specifically, the Tg of the acrylic-containing
polymer included in the hybrid polymer particles may be 10°
C. to 30° C. (including any Tg (° C.) as a value or range
selected from 10, 15, 20, 25 and 30), and the Tg of the
acrylic-containing polymer included in the acrylic-contain-
ing polymer particles may be 30° C. to 50° C. (including any
Tg (° C.) as a value or range selected from 30, 35, 40, 45 and
50). Although the acrylic-containing polymer included in the
hybrid polymer particles has a low Tg, the particulate form
even at room temperature due to the mixed fluorine-con-
taining polymer may be maintained. In addition, when the
Tg of the acrylic-containing polymer included in the acrylic-
containing polymer particles is selected to be higher than or
equal to room temperature, the particle shape may be
maintained at room temperature to express electrode adhe-
sion force during lamination with the electrode.

[0070] More specifically, the acrylic-containing polymer
may include a carboxylic acid ester as a repeating unit and
may be a (meth)acrylate ester. Specific examples of such
(meth)acrylic acid ester may include, for example, (meth
methyl acrylate, (meth)acrylate, i-propyl (meth)ethyl acry-
late, n-propyl (meth)acrylate, n-butyl (meth)acrylate, i-butyl
(meth)acrylate, n-amyl (meth)acrylate, i-amyl (meth)acry-
late, hexyl (meth)acrylate, cyclohexyl (meth)acrylate, 2-eth-
ylhexyl (meth)acrylate, n-Octyl (meth)acrylate, nonyl
(meth)acrylate, decyl (meth)acrylate, hydroxymethyl (meth)
acrylate, hydroxyethyl (meth)acrylate, ethylene glycol
(meth)acrylate, ethylene glycol di(meth)acrylate, propylene
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glycol di(meth)acrylate, trimethylolpropane tri(meth)acry-
late, pentaerythritol tetra(meth)acrylate, dipentaerythritol
hexa(meth)acrylate, allyl (meth)acrylate, ethylene di(meth)
acrylate, and the like, and may be at least one selected
among them. Among these, at least one selected from methyl
(meth)acrylate, ethyl (meth)acrylate, and 2-ethylhexyl
(meth)acrylate is disclosed, and methyl (meth)acrylate is
particularly disclosed.

[0071] The organic/inorganic composite porous coating
layer may include the particulate binder polymers in an
amount of 18 to 30% by weight of the organic/inorganic
composite porous coating layer but is not limited thereto.
[0072] The organic/inorganic composite porous coating
layer may further include a non-particulate acrylic-contain-
ing polymer. Non-particulate acrylic-containing polymers
are acrylic-containing polymers that do not dissolve in an
aqueous dispersion medium but do not maintain a particulate
form, for example, acrylic-containing polymers having a
low Tg of 0° C. or less. The non-particulate acrylic-con-
taining polymer may improve the adhesion force of the
organic/inorganic composite porous coating layer to the
electrode and the binding force between the inorganic par-
ticles and between the inorganic particles and the polymer
substrate. The non-particulate acrylic-containing polymer
may be added in an amount of 10% by weight or less based
on the total weight of the binder polymers included in the
organic/inorganic composite porous coating layer but is not
limited thereto.

[0073] Meanwhile, the first inorganic particles included in
the organic/inorganic composite porous coating layer are not
particularly limited as long as they are electrochemically
stable. That is, the inorganic particles are not particularly
limited as long as oxidation and/or reduction reactions do
not occur in the operating voltage range of the applied
electrochemical device (e.g., 0 to 5 V based on Li/Lit). In
particular, when first inorganic particles having an ion
transport ability are used, performance may be improved by
increasing ion conductivity in the electrochemical device. In
addition, when inorganic particles having a high dielectric
constant are used as the first inorganic particles, the ionic
conductivity of the electrolyte may be improved by contrib-
uting to an increase in the degree of dissociation of an
electrolyte salt, such as a lithium salt, in a liquid electrolyte.
[0074] For the above reasons, the first inorganic particles
may include inorganic particles having a high dielectric
constant of 5 or more or 10 or more, inorganic particles
having lithium ion transport ability, or a mixture thereof.
Non-limiting examples of inorganic particles having a
dielectric constant of 5 or more include BaTiO;, Pb(Zr,T1)O;,
(PZT), Pb, La Zr, Ti O, (PLZT, where, 0<x<1, 0<y<1),
Pb(Mg, ,sNb,;)O;—PbTiO; (PMN-PT), hafnia (HfO,),
SrTi0;, Sn0O,, CeO,, MgO, Nio, Cao, Zno, ZrO,, Y,0;,
alumina (Al,O;), boehmite, SiC, TiO,, etc., alone or a
mixture of two or more. In addition, when the above-
described high dielectric constant inorganic particles and the
inorganic particles having lithium ion transport ability are
mixed, their synergistic effect may be increased, for
instance, doubled.

[0075] Non-limiting examples of the inorganic particles
having lithium ion transport ability include lithium phos-
phate (Li;PO,), lithium titanium phosphate (Li,Ti,(PO,)s,
0<x<2, O<y<3), lithium aluminum titanium phosphate
L ALTI )(PO,);, 0<x<2, O<y<l, 0<z<3), (LiAlTiP),0,-
containing glass (0<x<4, 0<y<13), such as, 14Li,0-9A1,0;-
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38Ti0,-39P,0s, lithium lanthanum titanate (LiLa,TiOs,
0<x<2, 0<y<3), lithium germanium thiophosphate (Li,Ge,-
P.S,, 0<x<4, 0<y<l, 0<z<l1, O0<w<S5), such as, Li; ,5Ge,
25P, 558, etc., lithium nitride (Li N, 0<x<4, 0<y<2), such
as, Li;N, SiS,-containing glass (L1,8i,S,, 0<x<3, 0<y<2,
0<z<4), such as, Li,PO,—Li,S—SiS,, PS;-containing glass
(Li,P,S,, 0<x<3, 0<y<3, 0<z<7), such as, Lil—Li,8—P,S;,
etc., or a mixture thereof.

[0076] Meanwhile, the organic/inorganic composite
porous coating layer may further include second inorganic
particles having an average particle diameter (D50) smaller
than or equal to the average particle diameter (D50) of the
first inorganic particles and different from the first inorganic
particles. By mixing these second inorganic particles, the
packing density of the porous coating layer may be
improved, thereby further improving heat resistance. In this
aspect, the average particle diameter (D50) of the second
inorganic particle may be in a range of 100 nm to 500 nm.
As described herein, the average particle diameter (D50) of
the second inorganic particles may have any value or range
selected from the following: 100 nm, 150 nm, 200 nm, 250
nm, 300 nm, 350 nm, 400 nm, 450 nm and 500 nm.
[0077] As the second inorganic particles, any of the above-
described first inorganic particles may be used. In particular,
alumina may be used as the first inorganic particle, and
boehmite may be used as the second inorganic particles.
[0078] In the organic/inorganic composite porous coating
layer, the content ratio of the inorganic particles is deter-
mined in consideration of the thickness, pore size, and
porosity of the finally prepared organic/inorganic composite
porous coating layer, but the inorganic particles may be
included in a range of 70% to 99% by weight based on 100%
by weight of the porous coating layer. When the content of
the inorganic particles is less than 70% by weight, heat
resistance may be reduced. Also, when the content of the
inorganic particles is too large, the amount of the binder is
relatively too small, and thus the adhesive force of the
porous coating layer may be degraded.

[0079] When both first and second inorganic particles are
present, the total amount of inorganic particles is as dis-
closed above, which is in a range of 70% to 99% by weight
based on 100% by weight of the porous coating layer. A ratio
of weight content of first:second inorganic particles may be
5:95,10:90, 15:85, 20:80, 25:75, 30:70, 35:65, 40:60, 45:55,
50:50, 55:45, 60:40, 65:35, 70:30, 75:25, 80:20, 85:15,
90:10 and 95:5.

[0080] In one aspect of the present disclosure, the sepa-
rator, including the organic/inorganic composite porous
coating layer, may be prepared by mixing binder particles
and inorganic particles with an aqueous dispersion medium
to prepare a slurry for forming a coating layer, and then
coating the slurry on at least one side surface of a porous
polymer substrate.

[0081] As the coating method, dip coating, die coating,
roll coating, comma coating, or a mixture thereof may be
used.

[0082] In one aspect of the present disclosure, the aqueous
dispersion medium may include at least one of water and an
alcohol having 1 to 5 carbon atoms. For example, the
aqueous dispersion medium may include a mixture of water
and isopropyl alcohol. By using the aqueous dispersion
medium in the above production method, the binder par-
ticles are dispersed while maintaining the particle shape in
the aqueous dispersion medium without being dissolved in
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the dispersion medium. For this reason, the binder particles
are able to maintain a particulate state in the prepared
organic/inorganic composite porous coating layer and do not
enter the pores of the porous polymer substrate.

[0083] Inan aspect of the present disclosure, the slurry for
forming the coating layer is controlled so that the concen-
tration of the solids, excluding the dispersion medium, is in
the range of 20% to 50% by weight. It may be advantageous
to obtain a separator having an organic/inorganic composite
porous coating layer having heterogeneity of the composi-
tion morphology of the present disclosure by controlling the
concentration of solids, the average particle diameters, and
the content ratio of the injected binder particles within the
above range.

[0084] The separator of this disclosure may be applied to
an electrochemical device. The electrochemical device may
include an anode and a cathode, and the separator may be
interposed between the anode and the cathode. The electro-
chemical device may include all devices that perform an
electrochemical reaction, and specific examples thereof
include all kinds of primary cells, secondary cells, fuel cells,
solar cells, or capacitors. In particular, a lithium ion sec-
ondary battery, including a lithium metal secondary battery,
a lithium ion secondary battery, a lithium polymer secondary
battery, or a lithium ion polymer secondary battery among
the secondary batteries is disclosed.

[0085] Inan aspect according to the present disclosure, the
electrochemical device may be manufactured according to a
conventional method known in the art. According to an
aspect of the present disclosure, the electrochemical device
may be configured by a method of interposing the above-
described separator between the cathode and the anode.
[0086] That is, the prepared separator may be interposed
between the anode and the cathode and may be manufac-
tured as an electrode assembly by a lamination process in
which heat and/or pressure are applied to bind the separator.
In an aspect of the present disclosure, the lamination process
may be performed by a roll press device including a pair of
pressure rollers. That is, an anode, a separator, and a cathode
may be sequentially stacked and put between the pressure
rollers to achieve interlayer bonding. In this case, the
lamination process may be performed by a method of hot
pressing.

[0087] The electrochemical device may be manufactured
by loading an electrode assembly assembled by laminating
an anode, a separator, and a cathode in a battery case and
then injecting an electrolyte.

[0088] In an aspect of the present disclosure, the electrode
is not particularly limited, and the electrode active material
may be prepared in the form of being adhered to the
electrode current collector according to a conventional
method known in the art. As non-limiting examples of the
cathode active material among the electrode active materi-
als, conventional cathode active material that may be used in
cathode of conventional electrochemical device may be
used, and in particular, lithium manganese oxide, lithium
cobalt oxide, lithium nickel oxide, lithium iron oxide, or
lithium intercalation material such as a composite oxide
formed by a combination thereof is preferable. As non-
limiting examples of the anode active material, a conven-
tional anode active material that may be used in the anode
of a conventional electrochemical device may be used, and
in particular, lithium metal or lithium alloy, lithium adsorp-
tion materials such as carbon, petroleum coke, activated
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carbon, graphite, or other carbons are preferable. As non-
limiting examples of the cathode current collector include a
foil made of aluminum, nickel, or a combination thereof, and
non-limiting examples of the anode current collector include
a foil made of copper, gold, nickel, or a copper alloy or a
combination thereof.

[0089] The electrolyte solution that may be used in the
present disclosure is a salt having the same structure as
A*B~, and A" includes ions formed of alkali metal cations
such as Li*, Na*, K*, or a combination thereof, or B~
includes PF,~, BF,~, CI~, Br~, I, Cl10,~, AsF,~, CH,CO,",
CF;S0;7, N(CF;80,),7, C(CF,S80,);7, or a combination
thereof. In the electrolyte, the salt may be dissolved or
dissociated in an organic solvent or an organic solvent
consisting of a mixture thereof including propylene carbon-
ate (PC), ethylene carbonate (EC), diethyl carbonate (DEC),
dimethyl carbonate (DMC), dipropyl carbonate (DPC), dim-
ethyl sulfoxide, acetonitrile, dimethoxyethane, diethoxy-
ethane, tetrahydrofuran, N-methyl-2-pyrrolidone (NMP),
ethylmethyl carbonate (EMC), and gamma butyrolactone
(y-butyrolactone), but is not limited thereto.

[0090] The electrolyte injection may be performed at an
appropriate stage in the battery manufacturing process
according to the manufacturing process and required physi-
cal properties of the final product. That is, it may be applied
before assembling the battery or in the final stage of assem-
bling the battery. As a process for applying the electrode
assembly of the present disclosure to a battery, in addition to
the general process of winding, lamination, stack, and fold-
ing processes of a separator and an electrode are possible.
[0091] Hereinafter, examples will be given to describe the
present disclosure in detail. However, the aspects according
to the present disclosure may be modified in various other
forms, and the scope of the present disclosure should not be
construed as being limited to the aspects described below.
The aspects of the present disclosure are provided to more
completely explain the present disclosure to those of ordi-
nary skilled in the art.

Example 1

[0092] 8.2 parts by weight of hybrid polymer particles
[Arkema, LBG4330LX, D50: 300 nm, hybrid polymer par-
ticles wherein a copolymer in which VDF and HFP are
copolymerized (in a molar ratio of 95:5) and a copolymer of
ethyl acrylate and methyl methacrylate (Tg 20° C.) are
mixed in a weight ratio of 7:3], 8.2 parts by weight of
acrylic-containing polymer particles [D50: 5 um (5000 nm),
a copolymer of styrene and butyl acrylate (Tg 40° C.)], 80
parts by weight of inorganic particles (Al,O;, D50: 500 nm)
were added to water and dispersed to prepare a dispersion
(35% by weight of solid concentration) for forming a porous
coating layer.

[0093] Next, a polyethylene material separator substrate
(porosity 40%, thickness 9 um) was provided and the
prepared dispersion was coated on both sides of the sepa-
rator substrate by bar coating using a doctor blade, and then
dried with hot air at 50° C. using a heat gun to form a porous
coating layer having a thickness of 12 pum based on the
thickness of one side. The average particle diameter (D50)
of the acrylic-containing polymer particles/average particle
diameter (D50) (a/b) of Al,O;, the first inorganic particle,
(5000/500) was 10.

[0094] FIG. 2 is a SEM image of the surface of the
separator of Example 1 before being impregnated with an
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electrolyte, and FIG. 3 is a SEM image of a cross-section of
the separator according to Example 1.

Example 2

[0095] A porous coating layer was formed in the same
manner as in Example 1, except that the content of the
hybrid polymer particles was 10.2 parts by weight, the
content of the acrylic-containing polymer particles was 10.2
parts by weight, and the content of the inorganic particles
was changed to 75 parts by weight to prepare a dispersion
(35% by weight of solid concentration) for forming the
porous coating layer. The average particle diameter (D50) of
the acrylic-containing polymer particles/average particle
diameter (D50) (a/b) of Al,O;, the first inorganic particle,
was 10.

Example 3

[0096] A porous coating layer was formed in the same
manner as in Example 1, except that 0.9 parts by weight of
a non-particulate acrylic-containing polymer [Toyochem
CSB130, (D50) particle diameter 150 nm, Tg -30° C.] were
additionally added to water based on the solid content. The
average particle diameter (D50) of the acrylic-containing
polymer particles/average particle diameter (D50) (a/b) of
Al,O,, the first inorganic particle, was 10.

Example 4

[0097] A porous coating layer was formed in the same
manner as in Example 1, except that 80 parts by weight of
the inorganic particles (Al,O5, D50: 500 nm) and boehmite
(D50: 300 nm) were added at a weight ratio of 85:15, instead
of'80 parts by weight of the inorganic particles (Al,O;, D50:
500 nm). The average particle diameter (D50) of the acrylic-
containing polymer particles/average particle diameter ((a/
b) of Al,O,;, the first inorganic particle, was 10.

Example 5

[0098] A porous coating layer was formed in the same
manner as in Example 1, except that 8.2 parts by weight of
acrylic-containing polymer particles having a smaller aver-
age particle diameter (D50) [copolymer of styrene and butyl
acrylate (Tg 40° C.) (D50: 1 pm, 1000 nm)] were added
instead of 8.2 parts by weight of the acrylic-containing
polymer particles having a D50 of 5 um (5000 nm) of
Example 1. The average particle diameter (D50) of the
acrylic-containing polymer particles/average particle diam-
eter (D50) (a/b) of Al,O;, the first inorganic particle, (1000/
500) was 2.

Example 6

[0099] A porous coating layer was formed in the same
manner as in Example 1, except that 8.2 parts by weight of
acrylic-containing polymer particles having a larger average
particle diameter (D50) [copolymer of styrene and butyl
acrylate (Tg 40° C.) (D50: 7.5 pm, 7500 nm)] were added
instead of 8.2 parts by weight of the acrylic-containing
polymer particles having a D50 of 5 um of Example 1. The
average particle diameter (D50) of the acrylic-containing
polymer particles/average particle diameter (D50) (a/b) of
Al,Oj, the first inorganic particle, (7500/500) was 15.
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Example 7

[0100] A porous coating layer was formed in the same
manner as in Example 4, except that boehmite having a
smaller average particle diameter (D50: 100 nm) was added.

Example 8

[0101] A porous coating layer was formed in the same
manner as in Example 4, except that boehmite having a
larger average particle diameter (D50: 500 nm) was added.

Comparative Example 1

[0102] A porous coating layer was formed in the same
manner as in Example 1, except that a dispersion (35% by
weight of solid concentration) for forming the porous coat-
ing layer was prepared by changing the content of the
acrylic-containing polymer particles to 16.4 parts by weight
without adding the hybrid polymer particles. The average
particle diameter (D50) of the acrylic-containing polymer
particles/average particle diameter (D50) (a/b) of Al,O,, the
first inorganic particle, was 10.

Comparative Example 2

[0103] A porous coating layer was formed in the same
manner as in Example 1, except that a dispersion (35% by
weight of solid concentration) for forming the porous coat-
ing layer was prepared by changing the content of the hybrid
polymer particles to 16.4 parts by weight without adding
acrylic-containing polymer particles. The average particle
diameter (D50) of the acrylic-containing polymer particles
(not present)/average particle diameter (D50) (a/b) of Al,O;,
the first inorganic particle, (0/500) was O.

Comparative Example 3

[0104] A porous coating layer was formed in the same
manner as in Example 1, except that 8.2 parts by weight of
acrylic-containing polymer particles having a smaller aver-
age particle diameter (D50) [copolymer of styrene and butyl
acrylate (Tg 40° C.) (D50: 0.9 um, 900 nm)]| were added
instead of 8.2 parts by weight of the acrylic-containing
polymer particles having a D50 of 5 um of Example 1. The
average particle diameter (D50) of the acrylic-containing
polymer particles/average particle diameter (D50) (a/b) of
Al,Oj, the first inorganic particle, (900/500) was 1.8.

Comparative Example 4

[0105] A porous coating layer was formed in the same
manner as in Example 1, except that 8.2 parts by weight of
acrylic-containing polymer particles having a smaller aver-
age particle diameter (D50) [copolymer of styrene and butyl
acrylate (Tg 40° C.) (D50: 0.4 um, 400 nm)| were added
instead of 8.2 parts by weight of the acrylic-containing
polymer particles having a D50 of 5 um of Example 1. The
average particle diameter (D50) of the acrylic-containing
polymer particles/average particle diameter (D50) (a/b) of
Al,0;, the first inorganic particle, (400/500) was 0.8.

Comparative Example 5

[0106] A porous coating layer was formed in the same
manner as in Example 1, except that 8.2 parts by weight of
acrylic-containing polymer particles having a larger average
particle diameter (D50) [copolymer of styrene and butyl
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acrylate (Tg 40° C.) (D50: 8 pm, 8000 nm)] were added
instead of 8.2 parts by weight of the acrylic-containing
polymer particles having a D50 of 5 um (5000 nm) of
Example 1. The average particle diameter (D50) of the
acrylic-containing polymer particles/average particle diam-
eter (D50) (a/b) of Al,O;, the first inorganic particle, (8000/
500) was 16.

Measurement of Average Particle Diameter D50

[0107] D50 is defined as the particle size based on 50% of
the particle size distribution and was measured using a laser
diffraction method.

Measurement of Tg

[0108] Using DSC, the Tg of a 25 mg sample was mea-
sured in a nitrogen atmosphere under conditions of a tem-
perature increase rate of 10° C./min in a range of room
temperature to 300° C.

Wet Adhesion Specimen Production

[0109] The separator and the cathode obtained in each of
Examples and Comparative Examples were laminated,
impregnated in 1.0 g of the electrolyte (content ratio of
ethylene carbonate: ethyl methyl carbonate=7:3, LiPFy 1
M), and left at room temperature for 24 hours. Thereafter, a
specimen was prepared by lamination using a hot press. The
pressurization was performed at 70° C. and 5 kgf for 5
minutes. The size of the specimen was 2 cmx6 cm.

[0110] The cathode was prepared as follows. LiNi, ;CO,
1Mn,, ,O,, PVdF, and carbon black were mixed in a weight
ratio of 97.0:1.5:1.5 and dispersed in 2-methyl-2-pyrroli-
done to prepare a cathode slurry, coated on an aluminum
current collector, and then dried and press-rolled to prepare
a cathode.

Dry Adhesion Specimen Production

[0111] The separator obtained in each Examples and Com-
parative Examples and an anode (described below) were
laminated using a hot press to prepare a specimen. The
pressurization was performed at 60° C. for 1 second with 6.5
MPa. The size of the specimen was 2.5 cmx6 cm.

[0112] The anode was prepared as follows. Graphite, SBR,
and CMC were mixed in a weight ratio of 8§9.2:10:0.8 and
dispersed in distilled water to prepare an anode slurry,
coated on a copper current collector, and dried and press-
rolled to prepare an anode.

Measurement of Adhesion Force with Electrodes

[0113] Wet adhesion force and dry adhesion force of the
separator were evaluated using each specimen prepared
above, and the results are summarized in Table 1 below.
After each specimen was prepared, the adhesion force was
measured after leaving the specimens at room temperature
for 1 hour. Adhesion force was measured by peeling at an
angle of 180° for dry and 90° for wet using a tensile tester
(UTM equipment).
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TABLE 1
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex Ex. 7 Ex. 8
Wet adhesion 15 20 18 25 10 10 30 21
force (gf/20 mm)
Dry adhesion 35 55 40 40 20 20 45 38
force (gf/20 mm)
Thickness 20 10 20 15 20 20 7 8
reduction ratio
after hot-pressing
(%)
Comp. Comp. Comp. Comp. Comp.
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Wet adhesion 0 30 20 25 0
force (gf/20 mm)
Dry adhesion 60 5 45 45 0
force (gf/20 mm)
Thickness 8 12 50 28 30

reduction ratio
after hot-pressing
(%)

[0114] As can be seen in Table 1, in Comparative Example
1, the dry adhesion force is high but the wet adhesion is low,
so when applied to an actual battery, the battery performance
may deteriorate. Comparative Example 2 has a problem in
that the adhesion force is lowered during the electrode
assembly manufacturing process due to low dry adhesion
force. Comparative Example 3 and Comparative Example 4
have low compression resistance, which is apparent from the
higher values in thickness reduction of the porous polymer
substrate due to the high pressure applied when laminating
the separator and the electrode, and thus the dielectricity of
the separator may be deteriorated, such as the deformation
of the pore structure. On the other hand, the separator,
according to the Examples 1-4 exhibit a good level of wet
and dry adhesive force, thereby exhibiting excellent elec-
trochemical effects in the electrode assembly manufacturing
process and battery operation.

What is claimed is:

1. An electrochemical device separator comprising

a porous polymer substrate; and

an organic/inorganic composite porous coating layer on at
least one side of the porous polymer substrate, said
organic/inorganic composite porous coating layer com-
prising particulate binder polymers, first inorganic par-
ticles and second inorganic particles, which second
inorganic particles are different from the first inorganic
particles,

wherein the particulate binder polymers comprise:

(a) hybrid polymer particles comprising a fluorine-con-
taining polymer and an acrylic-containing polymer;
and

(b) acrylic-containing polymer particles, wherein the
acrylic-containing polymer particles have an average
particle diameter D50 “a” in a range of 1 um to 7.5 pm,

the first inorganic particles have an average particle
diameter D50 “b” in a range of 200 nm to 800 nm,

a/b is in a range of 2 to 15,

the hybrid polymer particles have an average particle
diameter D50 smaller than the average particle diam-
eter D50 of the acrylic-containing polymer particles,
and

the second inorganic particles have an average particle
diameter D50 smaller than or equal to the average
particle diameter D50 of the first inorganic particles.

2. The electrochemical device separator of claim 1,
wherein the acrylic-containing polymer particles have an
average particle diameter D50 “a” in a range of 2 um to 6
um, and the first inorganic particles have an average particle
diameter D50 “b” in a range of 300 nm to 700 nm, and a/b
is in a range of 5 to 12.

3. The electrochemical device separator of claim 1,
wherein the acrylic-containing polymer particles have an
average particle diameter D50 that is 4 to 20 times larger
than an average particle diameter D50 of the hybrid polymer
particles.

4. The electrochemical device separator of claim 1,
wherein the hybrid polymer particles have an average par-
ticle diameter D50 in a range of 100 nm to 500 nm.

5. The electrochemical device separator of claim 1,
wherein the hybrid polymer particles and the acrylic-con-
taining polymer particles are present as a mixture in a weight
ratio of 8:2 to 2:8.

6. The electrochemical device separator of claim 1,
wherein the acrylic-containing polymer present in the hybrid
polymer particles has a glass transition temperature Tg that
is lower, by 10° C. or more, than a Tg of the acrylic-
containing polymer present in the acrylic-containing poly-
mer particles.

7. The electrochemical device separator of claim 6,
wherein the Tg of the acrylic-containing polymer present in
the hybrid polymer particles is in a range of 10° C. to 30° C.,
and the Tg of the acrylic-containing polymer present in the
acrylic-containing polymer particles is in a range of 30° C.
to 50° C.

8. The electrochemical device separator of claim 1,
wherein the fluorine-containing polymer comprises one or
more selected from the group consisting of a homopolymer
of vinylidene fluoride, and a copolymer of vinylidene fluo-
ride and another polymerizable monomer.

9. The electrochemical device separator of claim 8,
wherein the another polymerizable monomer comprises at
least one selected from the group consisting of tetrafluoro-
ethylene, hexafluoropropylene, trifluoroethylene, chloro-
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fluoroethylene, 1,2-difluoroethylene, perfluoro(methylviny-
Dether, perfluoro(ethylvinyl)ether, perfluoro(propylvinyl)
ether, perfluoro(1,3 dioxole), perfluoro(2,2-dimethyl-1,3-
dioxole), trichloroethylene, and vinyl fluoride.

10. The electrochemical device separator of claim 8,
wherein the fluorine-containing polymer is a copolymer of
vinylidene fluoride and hexafluoropropylene.

11. The electrochemical device separator of claim 8,
wherein a content of the other polymerizable monomer is
1% to 20% by weight of the copolymer of vinylidene
fluoride and the another polymerizable monomer.

12. The electrochemical device separator of claim 1,
wherein the acrylic-containing polymer present in the hybrid
polymer particles and the acrylic-containing polymer pres-
ent in the acrylic-containing polymer particles each inde-
pendently comprise an alkyl (meth)acrylate repeating unit
having an alkyl group having 1 to 18 carbon atoms.

13. The electrochemical device separator of claim 1,
wherein the organic/inorganic composite porous coating
layer further comprises a non-particulate acrylic-containing
polymer.

14. The electrochemical device separator of claim 13,
wherein the non-particulate acrylic-containing polymer has
a glass transition temperature Tg of 0° C. or less.
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15. The electrochemical device separator of claim 1,
wherein the second inorganic particles have an average
particle diameter D50 in a range of 100 nm to 500 nm.

16. The electrochemical device separator of claim 1,
wherein the first inorganic particles comprise alumina and
the second inorganic particles comprise boehmite.

17. The electrochemical device separator of claim 1,
wherein the organic/inorganic composite porous coating
layer comprises the particulate binder polymers in an
amount of 1% to 30% by weight based on a total weight of
the organic/inorganic composite porous coating layer.

18. The electrochemical device separator of claim 1,
wherein the organic/inorganic composite porous coating
layer is formed by coating and drying a slurry, and

the particulate binder polymers and inorganic particles are

dispersed in an aqueous dispersion medium on the at
least one side of the porous polymer substrate.

19. An electrochemical device comprising:

an anode, a cathode, and the electrochemical device

separator according to claim 1 interposed between the
anode and the cathode.

20. The electrochemical device of claim 19, wherein the
electrochemical device is a lithium secondary battery.
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