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CERAMIC CROSS-LINKED COATING ON A POROUS MEMBRANE

FIELD

This application relates to coated porous membranes, which may be used
as battery separators in a secondary battery such as a lithium ion battery. More
specifically, this application relates to a novel cross-linked ceramic coating that may be

coated onto a porous membrane and a method for making the coating.

BACKGROUND
Beginning with U.S. Patent No. 6,692, 586, which is now RE47,520,
assigned to Celgard LLC, ceramic-coated separators have become standard in the
secondary battery industry, particularly the lithium ion battery industry. However, with
the increase of energy density in today’s batteries, there is a desire for even higher
thermal stability of the separator than can be provided by a conventional ceramic-
coated separator. Additionally, there may be a desire for additional improved properties
depending on the type of battery the ceramic-coated separator is being used in.
SUMMARY

In one aspect, an improved ceramic-coated separator is described herein. The
improved ceramic-coated separator comprises a porous membrane and a cross-linked
ceramic layer or coating provided on at least one side of the porous membrane. The
improved ceramic-coated separator exhibits improved properties including exhibiting a
MD heat shrinkage at 150°C even when the ceramic coating is fairly thin, such as about
5 microns or less. The MD heat shrinkage at 150°C may be less than 10% or less than
5%. This is an indicator that the separator has higher thermal stability. The improved
ceramic-coated separator may also exhibit one of the following: high viscosity at high
temperature than a traditional ceramic coating (another indicator of higher thermal
stability), lower total moisture content with thinner coating, lower powder fall, and
decreased swelling, which helps preserve separator mechanical properties and affinity

for electrolyte.
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The porous membrane may be a dry process or a wet process porous
membrane. In some preferred embodiments, the porous membrane may be a
microporous membrane, particularly a dry-process microporous membrane.

In some embodiments, the cross-linked ceramic coating may have a thickness of
10 microns or less, including 5 microns or less.

In some embodiments, the cross-linked ceramic coating may be provided on both
sides of the porous membrane or a different type of coating may be provided on the
side opposite to the ceramic-coated side of the porous membrane.

The cross-linked ceramic coating is preferably formed from an aqueous coating
slurry or a coating slurry wherein the solvent is water with 10 volume % or less of an
organic solvent or an alcohol. The cross-linked coating may also be formed using a non-

aqueous coating slurry wherein the solvent is mainly an organic solvent or an alcohol.

The cross-linked ceramic coating may comprise ceramic particles and at least
one cross-linker or cross-linking agent. This is in recognition that at least some cross-
linker or cross-linking agent will remain unreacted even after the coating has been
cross-linked. No reaction goes to completion, but instead are incomplete with reactants
remaining.

The cross-linked ceramic coating may also comprise at least one selected from a
thickening agent, an adhesion-promotion agent, a surfactant, and a dispersant. The
thickening agent may be a cellulose-based thickening agent. The adhesion-promotion
agent may be a PVDF homopolymer or copolymer or particles comprising a PVDF
homopolymer or copolymer. The surfactant may be a di-anionic, tri-anionic, or poly-
anionic surfactant. In some embodiments, the surfactant may be a di-anionic surfactant
with a di-carboxylate structure, a di-sulfate structure, a di-sulfonate structure, and a di-
phosphate structure. In some embodiments, the di-anionic surfactant may have the

following formula (1):
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R Rs
Rr+—Rr+—R4

Ra  Rs

X2 X1 (g

wherein X is an anionic group, Rs is a C1 to C10 saturated or unsaturated
branched or unbranched alkyl group, R4 is a C1 to C10 saturated or unsaturated
branched or unbranched alkyl group, R2 is a C1 to C10 saturated or unsaturated
branched or unbranched alkyl group, and R1 is an alkyne group, an alkene group, an
alkenyl group, or an alkynyl group. In some embodiments, the di-anionic surfactant may

have the following formula (2):

CH3 CH3

Rs  Rs
COO" COO (5

wherein R1, Rz and R4 are as described above for formula (1). In some preferred
embodiments, R1 is an alkyne group.

The ceramic particles may comprise at least one selected from the group
consisting of silicon dioxide (SiOz2), titanium oxide (TiOz2), boehmite (AIOOH), aluminum
oxide (Al203), magnesium oxide (MgO), BaSO4, and calcium carbonate (CaCO3s).

The cross-linker or cross-linking agent may be present in the cross-linked
coating, in the slurry used to form the cross-linked coating, or in a slurry layer coated on
the porous membrane (before being cross-linked) in an amount of 0.01 to 100, 0.01 to
50, 0.01 to 25, 0.01 to 15, 0.01 to 100, or 0.01 to 5 parts by weight per 100 parts by
weight of the ceramic particles.

The cross-linker or cross-linking agent may be a compound comprising two or
more, four or more, six or more, eight or more, or ten or more reactive groups. The
reactive groups of the cross-linker or cross-linking agent may comprise at least one of
an epoxy group, a vinyl group, an amino group, and an isocyanate group. In some
preferred embodiments, the reactive group may comprise at least one of an epoxy

group, an amino group, and an isocyanate group.
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In some preferred embodiments, the cross-linker or cross-linking agent may be at
least one of particulate polymeric binder cross-linker or cross-linking agent, a POSS
cross-linker or cross-linking agent, a PEO(PEG) cross-linker or cross-linking agent, and
mixtures thereof.

The particulate polymeric binder cross-linker or cross-linking agent may, in some
preferred embodiments, be a particulate acrylic binder cross-linker or cross-linking
agent. The particulate polymeric binder cross-linker or cross-linking agent or the
particulate acrylic binder particle may comprise a polymeric or acrylic binder particle
with at least one of the following reactive groups on a surface thereof: an epoxy group,
a vinyl group, an amino group, and an isocyanate group. The particle may have a size
of 5to 500 nm, 10 to 400 nm, 15 to 300 nm, 20 to 200 nm, or 25 to 100 nm.

The POSS cross-linker or cross-linking agent may have two or more, four or
more, six or more, eight or more, or ten or more reactive groups. The POSS of the
POSS cross-linker or cross-linking agent may have a random structure, a caged
structure, an open-cage structure, a ladder-like structure, or a double-decker structure.
In some embodiments, the POSS cross-linker or cross-linking agent may have the

following general formula (3):

POSS 4<R—O—X>
)

wherein the POSS may have a random structure, a caged structure, an open-

H

cage structure, a ladder-like structure, or a double-decker structure, n is an integer
greater than 2 or greater than 5, R is a C1 to C10 saturated or unsaturated alkyl group,
X is a reactive group, and wherein (R-O-X) is bonded to an oxygen or silicon of the
POSS. Sometimes, the POSS cross-linker or cross-linking agent has the following

structure (4)
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(4)
Sometimes, the POSS cross-linker or cross-linking agent has the following

structure (5)

In some embodiments, the PEO or PEG cross-linker or cross-linking agent may
have two or more, four or more, six or more, eight or more, or ten or more reactive

group. The reactive groups of the cross-linker or cross-linking agent may comprise at
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least one of an epoxy group, a vinyl group, an amino group, and an isocyanate group. In
some preferred embodiments, the reactive group may comprise at least one of an
epoxy group, an amino group, and an isocyanate group.

The PEO or PEG cross-linker or cross-linking agent may be a bi-, tri-, tetra-, or
poly glycidyl ether or a bi-, tri-, tetra-, or poly-acrylate. In some embodiments, the PEO

or PEG cross-linker or cross-linking agent may have any one of the following structures:
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(17).

In some embodiments, the PEO(PEG) cross-linker or cross-linking agent may

have the following structure (17)

(15),
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(17),where n is an integer from 1 to
100,000 or more
The PEO or PEG cross-linker or cross-linking agent may also have the

following structure (18)

(18), where n is an integer from 1 to
100,000 or more.

In some embodiments, a long-chain PEO, short-chain PEO, or mixtures thereof
may be added in addition to the PEO(PEG) cross-linker. The long chain and short chain
PEO may have the following structure (19):

a , wherein n is less than 1,000 for a short-chain and 1,000 or more (as
high as 100,000) for a long chain.

In another aspect, a method for forming a coated battery separator with a
cross-linked ceramic coating is described herein. The method may comprise the
following steps: (1) applying a slurry to at least one side of a porous membrane to form
a slurry layer, wherein the slurry comprises ceramic particles, a cross-linker or cross-
linking agent, and a solvent; and (2)cross-linking the slurry layer. The ceramic particles
are as described herein. The cross-linker or cross-linking agent is as described herein.
The solvent is either an aqueous solvent of only water or water and less than 10
volume % of an alcohol or an organic solvent. The solvent may also be a non-aqueous

solvent comprising mainly alcohol or an organic solvent. The slurry may further

8
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comprises at least one selected from a thickening agent, an adhesion-promotion agent,
a surfactant, and a dispersant, each of these being as described herein.

The method may further comprise a step of drying the slurry layer before, after,
or before and after cross-linking. Cross-linking may comprise applying light (including
UV light), heat, or light (including UV light) and heat to the slurry layer. In some
embodiments, the slurry may comprise a photoinitiator or photosensitizer to initiate or

speed up the cross-linking reaction.

DRAWINGS

Fig. 1 is a Table including data according to some embodiments described
herein.

Fig. 2 is a Table including data according to some embodiments described
herein.

Fig. 3 is a Table including data according to some embodiments described
herein.

Fig. 4 is a Table including data according to some embodiments described
herein.

Fig. 5A and Fig. 5B include charts and graphs describing and including data
according to some embodiments described herein.

Fig. 6 includes POSS structures according to some embodiments described
herein.

Fig. 7 shows examples of di-anionic surfactants, including those preferred
herein.

Fig. 8 is a graph of measured contact angle for a range of surfactant amount vs.
alumina, % for inventive and comparative embodiments disclosed herein.

Fig. 9 includes images of coating smoothness for different contact angles of the
surface the coating is applied to (membrane and slurry contact angle)

Fig. 10 includes graphs of MD heat shrinkage at 150°C and dielectric breakdown

for a range of surfactant amounts for some embodiments disclosed herein.
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Fig. 11 depicts formation of a cross-linking agent according to some
embodiments disclosed herein, and shows a cross-linking reaction according to some
embodiments herein.

Fig. 12 includes a Table including data pertaining to comparative and inventive
embodiments described herein. It also includes an image demonstrating improved
thermal shrinkage properties of inventive examples described herein.

Fig 13 is a graph including cTMA(MD) data for comparative and inventive
examples described herein.

Fig.14 is a graph including cTMA(TD) data for comparative and inventive
examples described herein.

Fig. 15 is a graph showing cycling data (capacity after a certain number of
cycles) for comparative and inventive examples described herein.

Fig. 16 includes a Table including data for inventive and comparative examples
described herein. It also includes graphs of tTMA(MD) and tTMA(TD) for some

embodiments disclosed herein.

DESCRIPTION

Coated Porous Membrane

Disclosed herein is an improved coated porous membrane or coated battery
separator comprising, consisting of, or consisting essentially of the following: (1) a
porous membrane and (2) a cross-linked ceramic coating on at least one side of the
porous membrane. In some embodiments, a cross-linked ceramic coating may be
provided on both sides of the porous membrane, different cross-linked ceramic coating
may be provided on the two sides of the porous membrane, or a cross-linked ceramic
coating may be provided on one side of the porous membrane and a different coating,

e.g., a ceramic coating or a polymer coating may be provided on the other side.

The thickness of the cross-linked ceramic coating may be from 0.1 to 10 microns,
from 0.1 to 9 microns, from 0.1 to 8 microns, from 0.1 to 7 microns, from 0.1 to 6
microns, from 0.1 to 5 microns, from 0.1 to 4 microns, from 0.1 to 3 microns, from 0.1 to

2 microns, from 0.1 to 1 micron, or from 0.1 to 0.5 microns.

10
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Further, the whole thickness of the coated porous membrane may be from 1 to
50 microns, from 1 to 40 microns, from 1 to 30 microns, from 1 to 25 microns, from 1 to

20 microns, from 1 to 15 microns, from 1 to 10 microns, or from 1 to 5 microns.

The coating may be an aqueous coating or a non-aqueous coating. An aqueous
coating is formed from a slurry where water is the solvent or water and less than 10
volume % of an alcohol are the solvents. A non-aqueous coating is formed from a slurry
where the solvent is mainly an organic solvent. Structural differences may be seen

between and aqueous and non-aqueous coating.
Porous Membrane

The porous membrane is not so limited. In some embodiments, the porous
membrane may be macroporous, microporous, or nanoporous. In some embodiments,

the membrane may have an average pore size from 0.1 to 1 microns.

The shape of the pores in the porous membrane is not so limited. For example,

the pores may be slit-shaped, round, substantially round, trapezoidal, and/or irregular.

The porous membrane may be a membrane made by a dry process. One
particular dry process is known as the Celgard® dry process, which includes at least
steps of extrusion (or co-extrusion) and stretching. The stretching may be unidirectional,
bi-directionally, or multi-directionally. Typically, a dry-process preferably does not
include the use of solvents or oils. A dry-process may include the use of particulate
pore-formers or it may not. For example, a beta-nucleated biaxially oriented porous
membrane may be used, e.g., a membrane formed by beta-nucleated biaxially-oriented

polypropylene (BNBOPP) film may be used.

The porous membrane may also be made by a wet process, which uses solvents

or oils to form the pores.
The porous membrane may also be a woven or non-woven membrane.

Each of the dry-process, wet process, woven, and non-woven membranes have

very different structures.

11
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The porous membrane may be a monolayer, bi-layer, tri-layer, or multilayer

porous membrane.

The thickness of the porous membrane may have a thickness from 1 to 50
microns, from 1 to 40 microns, from 1 to 30 microns, from 1 to 25 microns, from 1 to 20

microns, from 1 to 15 microns, from 1 to 10 microns, or from 1 to 5 microns.

The porous membrane may be a polymeric porous membrane, and the polymer
is not so limited. The polymer in some preferred embodiments may be a polyolefin,
including polyethylene, polypropylene, or co-polymers, terpolymers, or blends

comprising the same and or another polymer.
Cross-linked Coatings

The cross-linked coating is not so limited and at least comprise a cross-linker or
cross-linking agent. In some preferred embodiments, the cross-linked coating is a
ceramic cross-linked coating comprising, consisting of, or consisting of the following: (1)
a ceramic and (2) cross-linker or cross-linking agent. In some embodiments, the
ceramic cross-linked coating may additionally comprise, consist of, or consist essentially
of at least one of the following: (3) a thickening agent, (4) an adhesion-promotion agent,

(5)a surfactant, (6) a dispersant, (V) a binder and combinations thereof.

The ratio of cross-linker or cross-linking agent to ceramic may be in the range of
0.1 to 100 parts of cross-linker or crosslinking agent to 100 parts ceramic, 0.1 to 90
parts of cross-linker or crosslinking agent to 100 parts ceramic, 0.1 to 80 parts of cross-
linker or crosslinking agent to 100 parts ceramic, 0.1 to 70 parts of cross-linker or
crosslinking agent to 100 parts ceramic, 0.1 to 60 parts of cross-linker or crosslinking
agent to 100 parts ceramic, 0.1 to 50 parts of cross-linker or crosslinking agent to 100
parts ceramic, 0.1 to 40 parts of cross-linker or crosslinking agent to 100 parts ceramic,
0.1 to 30 parts of cross-linker or crosslinking agent to 100 parts ceramic, 0.1 to 25 parts
of cross-linker or crosslinking agent to 100 parts ceramic, 0.1 to 20 parts of cross-linker
or crosslinking agent to 100 parts ceramic, 0.1 to 10 parts of cross-linker or crosslinking
agent to 100 parts ceramic, 0.1 to 5 parts of cross-linker or crosslinking agent to 100

parts ceramic, 0.1 to 4 parts of cross-linker or crosslinking agent to 100 parts ceramic,

12
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0.1 to 3 parts of cross-linker or crosslinking agent to 100 parts ceramic, 0.1 to 2 parts of
cross-linker or crosslinking agent to 100 parts ceramic, 0.1 to 1 parts of cross-linker or
crosslinking agent to 100 parts ceramic, 0.1 to 0.5 parts of cross-linker or crosslinking

agent to 100 parts ceramic.
(1) Ceramic

The ceramic is not so limited and may be any ceramic heretofore used in a
ceramic coating. In some embodiments, the ceramic comprises at least one selected
from the following group: silicon dioxide (SiO2), titanium oxide (TiO2), boehmite,
aluminum oxide (AI203), magnesium oxide (MgQ), BaSo4, and calcium carbonate
(CaCO03). In some embodiments, ceramic particles or flakes may be added. The size of
the ceramic is not so limited and may be nano-sized or micro-sized in preferred
embodiments.

The size of the ceramic is not so limited. For example, the ceramic may be nano-
sized or micro-sized. In addition, a mixture of smaller and larger ceramic particles may
be used. This may help to create a denser ceramic coating with the smaller particles
filling voids left between the larger packed particles.

(2) Cross-linker or Cross-linking Agent

The cross-linker or cross-linking agent described herein is not so limited, but the
cross-linker preferably includes two or more, three or more, four or more, five or more,
Six or more, seven or more, eight or more, nine or more, ten or more, eleven or more,
twelve or more, thirteen or more, fourteen or more, fifteen or more, sixteen or more,
seventeen or more, eighteen or more, nineteen or more, or twenty or more reactive
functional groups. The functional groups may be all the same or some may be different

from the others.

The functional group is not so limited and may be, in some embodiments, a
group capable of reacting with hydroxyl (OH) and carboxyl (COOH) groups present in
the separator. For example, carboxyl or hydroxyl groups may be present on an external
or internal surface of the porous membrane, on a dispersant molecule, on a thickener
molecule, on the ceramic, or on a binder. Some examples of said reactive groups

capable of reacting with hydroxyl and carboxyl groups include, but are not limited to, an

13
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epoxy group, an amino group, and an isocyanate group. In some preferred
embodiments, the reactive functional groups may be at least one selected from an
epoxy group, and amino group, a vinyl group, a (meth)acryloxy group, an isocyanate

group, and a mercapto group.

Some particular cross-linkers or cross linking agents are described herein, but
the description is not limited to these. These particular examples are(a) particulate
polymeric binder cross-linker or cross-linking agent; (b) the POSS cross-linker or cross-
linking agent, and (c) the PEO(PEG) cross-linker or cross-linking agent. Each of these is

discussed in detail herein below.
(a) Particulate Polymeric Binder Cross-Linker or Cross-Linking Agent

The particulate polymeric binder cross-linker or cross-linking agent is not so
limited and may comprise a polymeric particle with two or more, three or more, four or
more, five or more, six or more, seven or more, eight or more, nine or more, ten or
more, eleven or more, twelve or more, thirteen or more, fourteen or more, fifteen or
more, sixteen or more, seventeen or more, eighteen or more, nineteen or more, or
twenty or more reactive functional groups on either or both of internal and external
surfaces of the polymeric particle. Preferably, two or more reactive functional groups are
present on a surface of the polymeric particle. A brief overview of how a particulate
polymeric binder cross-linker or cross-linking agent is made is disclosed in the
examples herein. One or more particulate polymeric binder cross-linkers or cross-

linking agents may be used.

The size of the polymeric particle may be in the range of 20 to 500 nm, 20 to 450
nm, 20 to 400 nm, 20 to 350 nm, 20 to 300 nm, 20 to 250 nm, 20 to 200 nm, 20 to 150
nm, 20 to 100 nm, or 20 to 50 nm.

The polymer of the polymeric particle is not so limited, but in preferred
embodiments may be an acrylic polymer or co-polymer, an olefinic polymer or co-
polymer, PVDF, and the like. Any polymeric particle known to be used as a binder in a

ceramic coating of a battery separator could be used, so long as the binder particle is

14
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capable of having or has reactive functional groups on a surface thereof as described

herein.

In some preferred embodiments, the particulate polymeric binder cross-linker or
cross-linking agent comprises an acrylic binder particles with at least one of epoxy,

amino, or isocyanate reactive functional groups on a surface thereof.
(b)POSS Cross-Linker or Cross-Linking Agent

The POSS cross-linker or cross-linking agent described herein is not so limited
and may comprise a polyoctahedral silsesquioxane (POSS) with two or more, three or
more, four or more, five or more, six or more, seven or more, eight or more, nine or
more, ten or more, eleven or more, twelve or more, thirteen or more, fourteen or more,
fifteen or more, sixteen or more, seventeen or more, eighteen or more, nineteen or
more, or twenty or more reactive functional groups. One or more POSS cross-linkers or

cross-linking agents may be used.

The POSS cross-linker or cross-linking agent may have a structure according to

the following formula (3):

POSS 4<R—O—X>
/M3

In formula (3), the POSS may have a random structure, a caged structure, an
open-cage structure, a ladder-like structure, or a double-decker structure. Examples of
these structures are shown in Fig. 6. In Formula (3) n may be an integer greater than 2,
greater than 3, greater than 4, greater than 5, greater than 6, greater than 7, greater
than 8, greater than 9, greater than 10, greater than 11, greater than 12, greater than
13, greater than 14, greater than 15, greater than 15, greater than 16, greater than 17,
greater than 18, greater than 19, greater than 20. In formula 3 R may be a C1, C2, C3,
C4, C5, C6, C7, C8, C9, or C10 saturated or unsaturated and branched or unbranched
alkyl group. X is a reactive functional groups as described herein. In Formula (3) (ROX)

is bonded to an oxygen or silicon of the POSS. The bond is preferably a covalent bond.

15
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In some preferred embodiments, the POSS cross-linker or cross-linking agent

may have the following specific structures (4) or (5):
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(c) PEO(PEG) Cross-Linker or Cross-linking Agents
For purposes of this application, it is understood that PEO and PEG have similar

structures, but PEG is used commonly to refer to materials with a molecular weight less
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than about 100,000 while PEQ is often used to refer to higher molecular weight

materials with a molecular weight of about 100,000 or more.

The PEO(PEG) cross-linker is not so limited, but preferably comprises a PEO or
PEG with two or more three or more, four or more, five or more, six or more, seven or
more, eight or more, nine or more, ten or more, eleven or more, twelve or more, thirteen
or more, fourteen or more, fifteen or more, sixteen or more, seventeen or more,
eighteen or more, nineteen or more, or twenty or more reactive functional groups. One

or more PEO(PEG) cross-linkers or cross-linking agents may be used.

The reactive functional groups may be at least one of those described herein and

the reactive functional groups may be the same or different.

In some embodiments, the PEO(PEG) cross-linker or cross-linking agent is a bi-,
tri-, tetra-, or poly- glycidyl ether. Poly may mean an integer between 5 and 20, 5 and
15, or 5 and 10 for the glycidyl ether functional groups. In some further embodiments,
the PEO(PEG) cross-linker or cross-linking agent may be a bi-, tri-, tetra- or poly-
acrylate. Poly may mean an integer between 5 and 20, 5 and 15, or 5 and 10 for the

acrylate functional groups.

In some embodiments, the PEO or PEG cross-linker or cross-linking agent may

have any one of the following structures:
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(17).

In some embodiments, the PEO(PEG) cross-linker or cross-linking agent may

have the following structure (17)
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A~ 40 O)K///

n
O (17),where n is an integer from 1 to
100,000, 1 and 90,000, 1 and 80,000, 1 and 70,000, 1 and 60,000, 1 and 50,000, 1
and 40,000, 1 and 30,000, 1 and 20,000, 1 and 10,000, 1 and 9,000, 1 and 8,000, 1
and 7,000, 1 and 6,000, 1 and 5,000, 1 and 4,000, 1 and 3,000, 1 and 2,000, and 1
and 1,000 or more
The PEO or PEG cross-linker or cross-linking agent may also have the

following structure (18)

gl

(18), where n is an integer from 1 to
100,000, 1 and 90,000, 1 and 80,000, 1 and 70,000, 1 and 60,000, 1 and 50,000, 1
and 40,000, 1 and 30,000, 1 and 20,000, 1 and 10,000, 1 and 9,000, 1 and 8,000, 1
and 7,000, 1 and 6,000, 1 and 5,000, 1 and 4,000, 1 and 3,000, 1 and 2,000, and 1

and 1,000 or more.

In some embodiments where a PEO(PEG) cross-linker or cross-linking
agent is used, a long-chain PEQ, short-chain PEO, or mixtures thereof may be added in
addition to the PEO(PEG) cross-linker. The long chain and short chain PEO(PEG) may

have the following structure (19):

, wherein n is less than 1,000, 900 or less, 800 or less, 700 or less,
600 or less, 500 or less, 400 or less, 300 or less, 200 or less, or 100 or less for a short-
chain and 1,000 or more, 5,000 or more, 10,000 or more, 15,000 or more 25,000 or
more, 35,000 or more, 45,000 or more, 55,000 or more, 65,000 or more, 75,000 or
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more, 85,000 or more, 95,000 or more, or as high as 100,000 for a long chain. When a
mixture is used, the ratio of long chain to short chain PEO(PEG) may be from 1:100 to
100:1, including 50:50, 25:75, and 75:25.

Without wishing to be bound by any particular theory, it is believed that the
addition of long and/or short-chain PEO(PEG) may improve the pin removal of the
resulting coated membrane product. Pin removal is an important property for battery

makers, particularly those making cylindrical cell-type batteries.

(3) Thickening Agent

The thickening agent is not so limited, and any thickening agent appropriate for
use in a ceramic coating may be used. In some preferred embodiments, the thickening
agent may have a structure that includes functional groups capable of reacting with the
reactive functional groups of the cross-linker or cross-linking agent described herein.
For example, the thickening agent may include carboxyl groups or hydroxyl groups. In
some embodiments, a thickener that includes carboxyl or hydroxyl groups may be a

cellulose-based thickener like carboxymethyl cellulose (CMC).

(4) Adhesion-Promotion Agent

The adhesion promotion agent is not so limited and includes any compound that
improves the wet adhesion or dry adhesion of the resulting coated membrane. Dry
adhesion may refer to the adhesion of the coating to a battery electrode material before
electrolyte is added. Wet adhesion may refer to adhesion of the coating to an electrode
after electrolyte is added in the battery cell. Any known material for this purpose may be

used.

In some embodiments, the adhesion promotion agent may comprise a particulate
material. The particulate material may be made of PVDF homopolymer or a co-polymer
or terpolymer of PVDF. For example, PVDF-HFP, PVDF-CTFE, and the like are

examples of PVDF co-polymers.
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(5) Surfactant

The surfactant used herein is not so limited, and any surfactant used heretofore

in a ceramic coating is acceptable.

In preferred embodiments, the surfactant used herein is a dianionic (two anionic
groups), tri-anionic (three anionic groups), or poly-anionic (4 or more, 5 or more, 6 or
more, 7 or more, 8 or more, 9 or more, and up to 10 anionic groups). The anionic
groups may be the same or different. For example, in some embodiments, the anionic
groups may be selected from carboxylate groups, sulfate groups, sulfonate groups, and
phosphate groups.

In some preferred embodiments, the surfactant is a di-anionic surfactant. For
example, the surfactant may have a di-carboxylate structure, a di-sulfate structure, a di-
sulfonate structure, or a di-phosphate structure.

In some embodiments, di-anionic surfactant has a structure according to the

following formula (1):

Rz R2
Rz—I—R1—|—R4
Rs  Rs

wherein X is an anionic group, Rsisa C1to C10, C1to C9, C1to C8, C1to C7,
C1to C6, C1to C5, C1to C4, C1to C3, C1to C2, or C1 saturated or unsaturated
branched or unbranched alkyl group, Rsis a C1 to C10, C1 to C9, C1to C8, C1 to C7,
C1to C6, C1to C5, C1to C4, C1to C3, C1to C2, or C1 saturated or unsaturated
branched or unbranched alkyl group, Rz2is a C1 to C10, C1 to C9, C1to C8, C1 to C7,
C1to C6, C1to C5, C1to C4, C1to C3, C1to C2, or C1 saturated or unsaturated
branched or unbranched alkyl group, and R1 is an alkyne group, an alkene group, an

alkenyl group, or an alkynyl group.
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In some embodiments, the di-anionic surfactant has a structure according to the

following formula (2)

CHs  CHs
Rz } R } R,

Rs Rs

COO" COO-

(2), where R1, R3, and R4 are as described above. In
some preferred embodiments, R1 may be an alkyne group or an alkene group.

It is understood that the anionic surfactant described herein may be added to the
coating slurry with an appropriate cation, such as for example H+, M+, etc.

Without wishing to be bound by any particular theory, it is believed that one
desired property of the anionic surfactant herein is the presence of two or more anionic
groups with two or more of the anionic groups preferably confined on one side of the
structure. In structures (1) and (2) above, this confinement is achieved by choosing R1
such that rotation about R1 is prohibited and the location of the anionic groups in the
molecule is fixed. See, for example Fig. 7, which explains this in more detail, though the
mechanism for fixation of the anionic groups is not limited to the use of an alkyne group.
Use of these types of surfactants may improve the wettability of the resulting coating,
may lower dynamic surface tension properties of the resulting coating and/or may inhibit
foaming of the coating slurry used to form the coating, which is a desirable property.
Without wishing to be bound to any particular theory, this may result from the large
hydrophilic parts of the surfactant made possible by the fixation of the anionic groups on
one side of the surfactant molecule.

(6) Dispersant

The dispersant is not so limited and any dispersant used heretofore in a ceramic
coating is acceptable. In some preferred embodiments, the dispersant may comprise at

least one of carboxyl or hydroxyl functional groups.
(7) Binder

The binder is not so limited and any binder used heretofore in a ceramic coating
is acceptable. In some example, part of the binder may be particulate polymeric binder

cross-Linker or cross-linking agent, and some may not.
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Method for Making a Coated Membrane

The method for making a coated membrane as described herein is not so limited,
but may comprise, consist of, or consist essentially of the following steps: (1) forming a
coating slurry, (2) applying the coating slurry to at least one side of a porous membrane,
(3) cross-linking the applied coating slurry, and (4) drying the applied coating slurry

before and/or after cross-linking.
(1) Forming a Coating Slurry

This step is not so limited, but in preferred embodiments may comprise, consist
of, or consist essentially of adding at least ceramic and a cross-linker or cross-linking
agent to a solvent. The solvent may be water, water plus ten volume percent or less of
an alcohol or an organic solvent, or the solvent may be mainly (i.e., more than 50%)
organic solvent. In a preferred embodiments, the solvent is water or water plus ten

volume percent or less of an alcohol or an organic solvent.

A thickening agent, an adhesion-promotion agent, a surfactant, a dispersant, a

binder and combinations thereof may also be added to the coating slurry.

The coating slurry may be a high solid content coating slurry or a low solid
content coating slurry. High solid content may be more than 50% solid content with the
remainder being solvent. Low solid content may be 50% or less solid content with the

remainder being solvent.
(2) Applying the Coating Slurry to at least One Side of The Porous Membrane

This step is not so limited, and any known application method may be used to

apply the coating slurry to a surface of the microporous membrane.

In some embodiments, a corona treatment may be performed to a side of the
porous membrane prior to application of the coating slurry to that side, and sometimes it
may not be applied. Typically, a surfactant may be unnecessary if a corona treatment is
performed, but corona treatment may cause issues, particularly if a thinner porous

membrane is used.
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(3) Cross-Linking the Applied Coating Slurry

In this step, light, heat, or a combination of light and heat may be used to cross-

link the applied coating slurry. In some embodiments, light may be ultraviolet (UV) light.

In some embodiments, the applied coating slurry must include photoinitiators or
photosensitizers in instances where cross-linking cannot be initiated by the application
of light or heat in their absence. For example, when the cross-linkers or cross-linking
agents described herein include vinyl reactive functional groups, use of a photoinitiators
or photosensitizers may be necessary. In this case, light that the photoinitiators or
photosensitizers absorb may be applied to the applied coating slurry containing the

same, a radical species may be generated, and cross-linking can proceed.
(4) Drying the Applied Coating Slurry

This step is not so limited and may be performed before cross-linking, after
cross-linking, during cross-linking, before and after cross-linking, before and during
cross-linking, during and after cross-linking, or before, during, and after cross-linking. In
some embodiments, drying is achieved by blowing air over the applied coating slurry,
applying heat to the applied coating slurry, or blowing air and applying heat to the

applied coating slurry.

EXAMPLES
Examples with Particulate Acrylic Cross-linker or Cross-linking Agent

In an example, a particulate polymeric cross-linker or cross-linking agent may be
formed by at least a step of reacting an acrylic polymer having reactive vinyl groups with

a reactive monomer such as the following:

This way a particulate acrylic cross-linker or cross-linking agent with an epoxy group on
a surface thereof may be formed. An aqueous slurry was then formed using alumina as
the ceramic and a di-carboxylate surfactant. The amounts of each component relative to

100 parts of alumina is shown in the Table in Fig. 1.
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A comparative slurry was made with at least no cross-linker or cross-linking agent and

no di-carboxylate surfactant.

The inventive and comparative slurries were coated onto a Celgard® base film 1 (base
film 1). The inventive slurry was cross-linked using heat. Inventive Example 1 and

Comparative Example 1, respectively, were thus formed.

Properties of the coated films and the uncoated base film were obtained and are
reported in the tables in Fig. 2 and Fig. 3. As can be seen by the information in these
tables, high temperature shrinkage, e.g., shrinkage at 150°C, of the Inventive Example
is nearly 5 times lower than that of the Comparative Example. The results in these
tables are significant and show the increased thermal stability of the inventive
separators described herein. This is significant. Shrinkage of the separator in the battery

may lead to short-circuit.

The inventive and comparative slurries were also coated on a second Celgard® base
film (Base Film 2), forming Inventive Examples 2 and 3 and Comparative Examples 2
and 3, respectively. The base film 2 had a thickness of about 12 microns. Examples
with a coating thickness of about 2.5 microns and 4 microns (Inventive Examples 2 and
3; and Comparative Examples 2 and 3) were formed. The inventive coatings were
cross-linked, forming Inventive Examples 2 and 3. Properties were measured and are
reported in the table in Fig. 4. As seen in table in Fig. 4, high temperature thermal
shrinkage of the Comparative Example 2, which has the thinner coating, is nearly three
times that of Inventive Example 2, which has a coating with a similar thickness. In order
to obtain decent high-temperature shrinkage, e.g., like in Comparative Example 3, a
coating greater than 2.5 microns must be formed. The results in this table are significant
because they show that good high temperature shrinkage can be obtained with thinner
coatings. The ability to use thinner coatings results in an ability to form a thinner
separator. The industry desires thinner separators because they allow for the formation

of batteries with higher energy density.
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Examples with Di-anionic Acetylene Surfactant

Inventive Examples 4 and 5 were formed with a di-anionic acetylene surfactant 1 and a
di-anionic acetylene surfactant 2. For example, this may be a structure as shown in
formula (1) or (2) described herein, where R1 is an alkyne group. Comparative
Examples 4, 5, and 6 were formed where a non-ionic PEO type surfactant, a non-ionic
acetylene surfactant 1, and a non-ionic acetylene surfactant 2. Data in Fig. 8 shows that
the contact angle for coating slurries containing the di-carboxylate surfactant are lower
than those not using it. A coating with a lower contact angle is more wettable, which is a
preferable property for a battery separator. As shown in Fig. 9, a lower contact angle
also results in a smooth coating surface or higher coating uniformity. Because of the
lower contact angle achieved even with lower surfactant amount, good properties of the
coated membrane may be maintained. Lower surfactant level is important to obtain
good properties especially when the membrane is used as a battery separator. Fig. 10
shows the effects of adding higher levels of surfactant. With the di-carboxylate
surfactant, better wettability is achieved with lower levels of surfactant than other

surfactants.

Examples with PEQ-based Cross-linker or Cross-linking Agent

The slurries for Inventive Example 6 and Inventive Example 7 were formed like
Inventive Example 1 except a PEO-based particulate cross-linker or cross-linking agent
as described in Fig. 11 (see A and B) is used. Also, carboxymethylcellulose (CMC) was
used as the thickener. A cross-linking reaction of the PEO-based particulate cross-linker
or cross-linking agent and the CMC is shown in Fig. 11.The slurry for Inventive Example
8 is like that for Inventive Example 1, using the same acrylic-based cross-linker or
cross-linking agent. The slurry for Comparative Example 7 is like that for Comparative

Example 1.

Each of the Comparative and Inventive Example slurries were coated on base film 1.
Data for these Example 6 and Comparative Example 7 is found in Figs. 12 to 15. These

Inventive Examples with PEO-based cross-linker or cross-linking agent also show
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excellent high temperature stability. This is shown, for example, by looking at the high
temperature shrinkage data. Fig. 12 visually shows the difference in shrinkage between
comparative and inventive samples, which started out at the same size before heating.
However, unlike the Inventive Examples using the acrylic-based cross-linker, these
Inventive Examples also exhibit low pin removal force. Low pin removal force is an
important separator property to battery makers. Low pin removal is particularly

important for cylindrical cell assembly, allowing for smooth removal of the pin.

As shown in Fig. 16, the Inventive examples here, i.e., Inventive Example 7 with PEO-
cross-linker, also has improved properties compared to other Inventive Examples
disclosed hereinabove i.e., Inventive Example 8 with an acrylic-cross-linker. For
example, Inventive Example 7 has lower moisture content. Low moisture is important for
battery cycle life. Moisture (H20) in the battery separator could form gas and/or HF in
the battery. Furthermore, the slurry used for these Inventive Examples was found to be
less reactive than that used, for example, for Inventive Example 1. This is a benefit for

production. The slurry does not prematurely react and clog the machinery.
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CLAIMS

1. A coated battery separator comprising:
a porous membrane; and
a cross-linked ceramic coating on at least one side of the porous membrane,
wherein the cross-linked coating has a thickness of about 5 microns or less and the
coated battery separator exhibits an MD heat shrinkage at 150PC that is less than 10%.
2. The coated battery separator of claim 1, wherein the MD heat shrinkage at 150PC
that is less than 5%.
3. The coated battery separator of claim 1 or 2, wherein the coating has a thickness
of 4 microns or less.
4. The coated battery separator of claim 1 or 2, wherein the coating has a thickness
of 3 microns or less.
5. The coated battery separator of claim 1 or 2, wherein the coating has a thickness
of 2 microns or less.
6. The coated battery separator of claim 1 or 2, wherein the coating has a thickness
of 1 microns or less.
7. The coated battery separator of claim 1, wherein the cross-linked ceramic coating
is provided on both sides of the porous membrane.
8. The coated battery separator of claim 1, wherein the porous membrane is
MICroporous.
9. The coated battery separator of claim 1, wherein the porous membrane is a dry-
process porous membrane.
10. The coated battery separator of claim 1, wherein the porous membrane is a wet-
process porous membrane.
11. A coated battery separator comprising:
a porous membrane; and
a cross-linked ceramic coating on at least one side of the porous membrane,
wherein the coated separator exhibits a load increase of less than 250% after 2 days in

the electrolytes, particularly in lower viscosity electrolytes like DMC or DEC.
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12. The coated battery separator of claim 11, wherein the load increase is less than
200% after 2 days, particularly in lower viscosity electrolytes like DMC or DEC.

13. The coated battery separator of claim 11, wherein the load increase is less than
150% after 2 days, particularly in lower viscosity electrolytes like DMC or DEC.

14. The coated battery separator of claim 11, wherein the load increase is less than
100% after 2 days, particularly in lower viscosity electrolytes like DMC or DEC.

15. The coated battery separator of claim 11, wherein the load increase is less than
60% after 2 days, particularly in lower viscosity electrolytes like DMC or DEC.

16. The coated battery separator of claim 11, wherein the cross-linked ceramic
coating is provided on both sides of the porous membrane.

17. The coated battery of claim 11, wherein the porous membrane is a dry process
porous membrane.

18. The coated battery separator of claim 11, wherein the porous membrane is
MICroporous.

19. The coated battery separator of claim 11, wherein the porous membrane is a wet
process porous membrane.

20. A coated battery separator comprising:

a porous membrane; and

a cross-linked ceramic coating on at least one side of the porous membrane,
wherein the coated battery separator exhibits at least one of the following: higher
thermal stability, high viscosity at high temperature, lower total moisture content with
thinner coating, lower powder fall, and decreased swelling helps preserve separator
mechanical properties and affinity for electrolyte.

21. A coated battery separator comprising:

a porous membrane; and
a cross-linked ceramic coating on at least one side of the porous membrane,

wherein the ceramic coating comprises ceramic particles and a particulate polymeric
binder cross-linker or cross-linking agent.

22. The coated battery separator of claim 21, wherein the ceramic particles comprise

at least one selected from the following group: silicon dioxide (SiOz2), titanium oxide
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(TiO2), boehmite, aluminum oxide (Al203), magnesium oxide (MgO), BaSo4, and calcium
carbonate (CaCOs3).

23. The coated battery separator of claim 21, wherein the particulate polymeric
binder cross-linker or cross-linking agent comprise a particulate acrylic binder cross-
linker or cross-linking agent.

24. The coated battery separator of claim 21, wherein the particulate polymeric
binder cross-linker or cross-linking agent comprise at least one of the following
functional groups on a surface thereof: an epoxy group, a vinyl group, an amino group,
and an isocyanate group.

25. The coated battery separator of claim 23, wherein the particulate acrylic binder
cross-linker or cross-linking agent comprises at least one of the following functional
groups on a surface thereof: an epoxy group, an amino group, and an isocyanate group.

26. The coated battery separator of claim 21, wherein the coating comprises the
particulate polymeric binder cross-linker or cross-linking agent in an amount of 0.01 to
100 parts by weight per 100 parts by weight of the ceramic particles.

27. The coated battery separator of claim 21, wherein the coating comprises the
particulate polymeric binder cross-linker or cross-linking agent in an amount of 0.01 to
100 parts by weight per 100 parts by weight of the ceramic particles.

28. The coated battery separator of claim 21, wherein the coating comprises the
particulate polymeric binder cross-linker or cross-linking agent in an amount of 0.01 to
50 parts by weight per 100 parts by weight of the ceramic particles.

29. The coated battery separator of claim 21, wherein the coating comprises the
particulate polymeric binder cross-linker or cross-linking agent in an amount of 0.01 to
25 parts by weight per 100 parts by weight of the ceramic particles.

30. The coated battery separator of claim 21, wherein the coating comprises the
particulate polymeric binder cross-linker or cross-linking agent in an amount of 0.01 to
15 parts by weight per 100 parts by weight of the ceramic particles.

31. The coated battery separator of claim 21, wherein the coating comprises the
particulate polymeric binder cross-linker or cross-linking agent in an amount of 0.01 to

10 parts by weight per 100 parts by weight of the ceramic particles.
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32. The coated battery separator of claim 21, wherein the coating comprises the
particulate polymeric binder cross-linker or cross-linking agent in an amount of 0.01 to 5
parts by weight per 100 parts by weight of the ceramic particles.

33. The coated battery separator of claim 21, wherein the coating further comprises
at least one selected from a thickening agent, an adhesion-promotion agent, a
surfactant, and a dispersant.

34. The coated battery separator of claim 33, wherein the coating further comprises
a thickening agent.

35. The coated battery separator of claim 34, wherein the thickening agent is a
cellulose-based thickening agent.

36. The coated battery separator of claim 33, wherein the coating further comprises
an adhesion promotion agent.

37. The coated battery separator of claim 36, wherein the adhesion promotion agent
is a PVDF homopolymer or copolymer or particles comprising a PVDF homopolymer or
copolymer.

38. The coated battery separator of claim 33, wherein the coating further comprises
a surfactant.

39. The coated battery separator of claim 38, wherein the surfactant is a di-anionic,
tri-anionic, or poly-anionic surfactant.

40. The coated battery separator of claim 39, wherein the surfactant is a di-anionic
surfactant.

41. The coated battery separator of claim 40, wherein the di-anionic surfactant has
at least one of a di-carboxylate structure, a di-sulfate structure, a di-sulfonate structure,
and a di-phosphate structure.

42. The coated battery separator of claim 41, wherein the di-anionic surfactant has

the following structure:

Ry Rj
Rz—I—R1—|—R4
Rs  Rs
X2 X
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wherein X is an anionic group, Rz is a C1 to C10 saturated or unsaturated branched
or unbranched alkyl group, R4 is a C1 to C10 saturated or unsaturated branched or
unbranched alkyl group, Rz is a C1 to C10 saturated or unsaturated branched or
unbranched alkyl group, and R1 is an alkyne group, an alkene group, an alkenyl group,
or an alkynyl group.

43. The coated battery separator of claim 42, wherein the di-anionic surfactant has

the following structure.

CHs; CHs
Re—f—Rr——Ru
Rs Rs
COO- COO

44 The coated battery separator of claim 33, wherein the coating further comprises
a dispersant.

45. The coated battery separator of claim 21, wherein the cross-linked ceramic
coating has a thickness from 0.1 to 10 microns.

46. The coated battery separator of claim 21, where a cross-linked ceramic coating
is provided on both sides of the porous membrane, and the ceramic-coatings may be
the same or different.

47. The coated battery separator of claim 21, wherein a different coating is provided
on an opposite side of the porous membrane.

48. The coated battery separator of claim 21, wherein the porous membrane is
MICroporous.

49. The coated battery separator of claim 21, wherein the porous membrane is a dry
process microporous membrane.

50. The coated battery separator of claim 21, wherein the porous membrane is a wet
process microporous membrane.

51. The coated battery separator of claim 21, wherein the cross-linked ceramic
coating is formed by applying a coating slurry to the porous membrane and cross-linking
the applied coating slurry using heat, light (including UV light), or both, and with or

without the addition of a photosensitizer or photoinitiator.
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52. The coated battery separator of claim 51, wherein the coating slurry is an
aqueous coating slurry or a coating slurry where the solvent is water and less than 10
volume % of an organic solvent and/or an alcohol.

53. A coated battery separator comprising:

a porous membrane; and

a cross-linked ceramic coating on at least one side of the porous membrane,
wherein the cross-linked ceramic coating comprises ceramic particles and a
polymer/polyhedral oligomer silsesquioxane (POSS) cross-linker or cross-linking agent
having two or more reactive groups.

54. The coated battery separator of claim 53, wherein the POSS has four or more
reactive groups.

55. The coated battery separator of claim 53, wherein the POSS has six or more
reactive groups.

56. The coated battery separator of claim 53, wherein the POSS has eight or more
reactive groups.

57. The coated battery separator of claim 53, wherein the reactive groups comprise
at least one selected from an epoxy group, an amino group, a vinyl group, a
(meth)acryloxy group, an isocyanate group, and a mercapto group.

58. The coated battery separator of claim 53, wherein the reactive groups comprise
at least one epoxy group.

59. The coated battery separator of claim 53, wherein the POSS of the POSS cross-
linker or cross-linking agent may have a random structure, a caged structure, an open-
cage structure, a ladder-like structure, or a double-decker structure.

60. The coated battery separator of claim 59, wherein the POSS has a random
structure.

61. The coated battery separator of claim 59, wherein the POSS has a caged
structure.

62. The coated battery separator of claim 59, wherein the POSS has an open-caged
structure.

63. The coated battery separator of claim 59, wherein the POSS has a ladder-like

structure.
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64. The coated battery separator of claim 59, wherein the POSS has a double-
decker structure.
65. The coated battery separator of claim 53, wherein the POSS cross-linker or

cross-linking agent has the following general structure:

POSS —<R—O—X>
C/n

H

wherein the POSS may have a random structure, a caged structure, an open-cage
structure, a ladder-like structure, or a double-decker structure, n is an integer greater
than 2, R is a C1 to C10 saturated or unsaturated alkyl group, X is a reactive group, and
wherein (R-O-X) is bonded to an oxygen or silicon of the POSS.

66. The coated battery separator of claim 65, wherein the POSS cross-linker or

cross-linking agent has the following structure:

5 i
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67. The coated battery separator of claim 65, wherein the POSS has the following

structure:
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68. The coated battery separator of claim 65, wherein n is an integer greater than 5.

69. The coated battery separator of claim 53, wherein the ceramic particles
comprise at least one selected from the following group: silicon dioxide (SiOz2), titanium
oxide (TiOz2), boehmite, aluminum oxide (Al203), magnesium oxide (MgQ), BaSO4, and
calcium carbonate (CaCOa).

70. The coated battery separator of claim 53, wherein the coating comprises the
POSS cross-linker or cross-linking agent in an amount of 0.01 to 100 parts by weight
per 100 parts by weight of the ceramic particles.

71. The coated battery separator of claim 53, wherein the coating comprises the
POSS cross-linker or cross-linking agent in an amount of 0.01 to 50 parts by weight per
100 parts by weight of the ceramic particles.

72. The coated battery separator of claim 53, wherein the coating comprises the
POSS cross-linker or cross-linking agent in an amount of 0.01 to 25 parts by weight per
100 parts by weight of the ceramic particles.

73. The coated battery separator of claim 53, wherein the coating comprises the
POSS cross-linker or cross-linking agent in an amount of 0.01 to 15 parts by weight per
100 parts by weight of the ceramic particles.

74. The coated battery separator of claim 53, wherein the coating comprises the
POSS cross-linker or cross-linking agent in an amount of 0.01 to 10 parts by weight per

100 parts by weight of the ceramic particles.
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75. The coated battery separator of claim 53, wherein the coating comprises the
POSS cross-linker or cross-linking agent in an amount of 0.01 to 5 parts by weight per
100 parts by weight of the ceramic particles.

76. The coated battery separator of claim 53, wherein the coating further comprises
at least one of the following a binder, a thickening agent, an adhesion-promotion agent,
a surfactant, and a dispersant.

77. The coated battery separator of claim 53, wherein the cross-linked ceramic
coating has a thickness from 0.1 to 10 microns.

78. The coated battery separator of claim 53, where a cross-linked ceramic coating
is provided on both sides of the porous membrane, and the ceramic-coatings may be
the same or different.

79. The coated battery separator of claim 53, wherein a different coating is provided
on an opposite side of the porous membrane.

80. The coated battery separator of claim 53, wherein the porous membrane is
MICroporous.

81. The coated battery separator of claim 53, wherein the porous membrane is a dry
process microporous membrane.

82. The coated battery separator of claim 53, wherein the porous membrane is a wet
process microporous membrane.

83. The coated battery separator of claim 53, wherein the cross-linked ceramic
coating is formed by applying a coating slurry to the porous membrane and cross-linking
the applied coating slurry using heat, light (including UV light) , or both, and with or
without the addition of a photosensitizer or photoinitiator.

84. The coated battery separator of claim 51, wherein the coating slurry is an
aqueous coating slurry or a coating slurry where the solvent is water and less than 10
volume % of an organic solvent and/or an alcohol.

85. A coated battery separator comprising:

a porous membrane; and
a cross-linked ceramic coating on at least one side of the porous membrane,

wherein the cross-linked coating comprises ceramic particles and a polyethylene oxide
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(PEQ)/ Polyethylene glycol (PEG) cross-linker or cross-linking agent having two or more
reactive groups.

86. The coated battery separator of claim 85, wherein the PEO(PEG) cross-linker or
cross-linking agent has four or more reactive groups.

87. The coated battery separator of claim 85, wherein the PEO(PEG) cross-linker or
cross-linking agent has six or more reactive groups.

88. The coated battery separator of claim 85, wherein the PEO(PEG) cross-linker or
cross-linking agent has eight or more reactive groups.

89. The coated battery separator of any one of claims 85 to 88, wherein the reactive
groups comprise at least one of epoxy group, a vinyl group, an amino group, and an
isocyanate group.

90. The coated battery separator of claim 85, wherein the PEO(PEG) cross-linker or

cross-linking agent has the following structure:
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91. The coated battery separator of claim 85, wherein the PEO(PEG) cross-linker or

cross-linking agent has the following structure:

o~ 40 Oﬂ\y
o :

more.

,where n is an integer from 1 to 100,000 or

92. The coated battery separator of claim 85, wherein the PEO(PEG) cross-linker or

cross-linking agent has the following structure:

g g~

, where n is an integer from 1 to 100,000 or

more.

93. The coated battery separator of claim 85, wherein the PEO(PEG) cross-linker or

cross-linking agent has the following structure:

MO ej““\{} ~
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AW {} X
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94. The coated battery separator of claim 85, wherein the PEO(PEG) cross-linker or

cross-linking agent is a bi-, tri-, tetra-, or poly- glycidyl ether.

95. The coated battery separator of claim 85, wherein the PEO(PEG) cross-linker or

cross-linking agent is a bi-, tri-, tetra- or poly- acrylate.

96 The coated battery separator of claim 85, wherein the ceramic particles comprise
at least one selected from the following group: silicon dioxide (SiOz2), titanium oxide
(TiO2), boehmite, aluminum oxide (Al203), magnesium oxide (MgQO), BaSOs, and
calcium carbonate (CaCOa).

97. The coated battery separator of claim 85, wherein the coating comprises the
PEO(PEG) cross-linker or cross-linking agent in an amount of 0.01 to 100 parts by
weight per 100 parts by weight of the ceramic particles.

98. The coated battery separator of claim 85, wherein the coating comprises the
PEO(PEG) cross-linker or cross-linking agent in an amount of 0.01 to 50 parts by weight
per 100 parts by weight of the ceramic particles.

99. The coated battery separator of claim 53, wherein the coating comprises the
PEO(PEG) cross-linker or cross-linking agent in an amount of 0.01 to 25 parts by weight
per 100 parts by weight of the ceramic particles.

100. The coated battery separator of claim 85, wherein the coating comprises the
PEO(PEG) cross-linker or cross-linking agent in an amount of 0.01 to 15 parts by weight

per 100 parts by weight of the ceramic particles.
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101. The coated battery separator of claim 85, wherein the coating comprises the
PEO(PEG) cross-linker or cross-linking agent in an amount of 0.01 to 10 parts by weight
per 100 parts by weight of the ceramic particles.

102. The coated battery separator of claim 85, wherein the coating comprises the
PEO(PEG) cross-linker or cross-linking agent in an amount of 0.01 to 5 parts by weight
per 100 parts by weight of the ceramic particles.

103. The coated battery separator of claim 85, wherein the coating further comprises
at least one of the following a binder, a thickening agent, an adhesion-promotion agent,
a surfactant, and a dispersant.

104. The coated battery separator of claim 85, wherein the cross-linked ceramic
coating has a thickness from 0.1 to 10 microns.

105. The coated battery separator of claim 85, where a cross-linked ceramic coating
is provided on both sides of the porous membrane, and the ceramic-coatings may be
the same or different.

106. The coated battery separator of claim 85, wherein a different coating is
provided on an opposite side of the porous membrane.

107. The coated battery separator of claim 85, wherein the porous membrane is
MICroporous.

108. The coated battery separator of claim 85, wherein the porous membrane is a
dry process microporous membrane.

109. The coated battery separator of claim 85, wherein the porous membrane is a
wet process microporous membrane.

110. The coated battery separator of claim 85, wherein the cross-linked ceramic
coating is formed by applying a coating slurry to the porous membrane and cross-linking
the applied coating slurry using heat, light (including UV light), or both, and with or
without the addition of a photosensitizer or photoinitiator.

111. The coated battery separator of claim 110, wherein the coating slurry is an
aqueous coating slurry or a coating slurry where the solvent is water and less than 10

volume % of an organic solvent and/or an alcohol.
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112. The coated battery separator of claim 85, wherein the PEO(PEG) cross-linker is
mixed with a long-chain PEO(PEG), a short-chain PEO(PEG), or a mixture of a long

chain and a short chain PEO having the following formula:

, wherein n is less than 1,000 for a short chain PEO and n is greater than
1,000 for a long chain PEO.

113. A coated battery separator comprising:
a porous membrane; and
a cross-linked ceramic coating, comprising ceramic particles, a cross-linker or
cross-linking agent, and a di-anionic, tri-anionic, or poly-anionic surfactant.

114. The coated battery separator of claim 113, wherein the surfactant is a di-
anionic surfactant.

115. The coated battery separator of claim 114, wherein the di-anionic surfactant
has at least one of a di-carboxylate structure, a di-sulfate structure, a di-sulfonate
structure, and a di-phosphate structure.

116. The coated battery separator of claim 114, wherein the di-anionic surfactant

has the following structure:

R R
Rz—l—Rq—I—R4
Rs  Rs
X, X

wherein X is an anionic group, Rz is a C1 to C10 saturated or unsaturated branched
or unbranched alkyl group, R4 is a C1 to C10 saturated or unsaturated branched or
unbranched alkyl group, Rz is a C1 to C10 saturated or unsaturated branched or
unbranched alkyl group, and R1 is an alkyne group, an alkene group, an alkenyl group,
or an alkynyl group.

117. The coated battery separator of claim 114, wherein the di-anionic surfactant

has the following structure.
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CHs; CHs
R——Rr——R.
Rs Rs
COO" COO

118. The coated battery separator of claim 113, wherein the surfactant is a tri-
anionic surfactant.

119. The coated battery separator of claim 113, wherein the surfactant is a poly-
anionic surfactant.

120. A method for making a coated battery separator comprising:

applying a slurry to at least one side of a porous membrane to form a slurry layer,

wherein the slurry comprises ceramic particles, a cross-linker or cross-linking agent,

and a solvent; and

cross-linking to form a cross-linked ceramic layer before or after drying the slurry

layer.

121. The method of claim 120, wherein the cross-linker or cross-linking agent is a

particulate polymeric binder cross-linker or cross-linking agent.

122. The method of claim 120, wherein the cross-linker or cross-linking agent is a

POSS cross-linker or cross-linking agent.

123. The method of claim 120, wherein the cross-linker or cross-linking agent is a

PEO(PEG) cross-linker or cross-linking agent.

124. The method of claim 120, wherein the ceramic comprises at least one selected
from the following group: silicon dioxide (SiOz2), titanium oxide (TiOz2), boehmite,
aluminum oxide (Al203), magnesium oxide (MgO), BaSQ4, and calcium carbonate
(CaCOs).

125. The method of claim 120, wherein the slurry further comprises at least one
selected from a thickening agent, an adhesion-promotion agent, a surfactant, and a
dispersant.

126. The method of claim 125, wherein the slurry further comprises a thickening
agent.

127. The method of claim 126, wherein the thickening agent is a cellulose-based

thickening agent.
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128. The method of claim 125, wherein the slurry further comprises an adhesion
promotion agent.

129. The slurry of claim 128, wherein the adhesion promotion agent is a PVDF
homopolymer or copolymer or particles comprising a PVDF homopolymer or copolymer.

130. The method of claim 125, wherein the slurry further comprises a surfactant.

131. The method of claim 130, wherein the surfactant is a di-anionic, tri-anionic, or
poly-anionic surfactant.

132. The method of claim 131, wherein the surfactant is a di-anionic surfactant.

133. The coated battery separator of claim 132, wherein the di-anionic surfactant
has at least one of a di-carboxylate structure, a di-sulfate structure, a di-sulfonate
structure, and a di-phosphate structure

134. The method of claim 133, wherein the di-anionic surfactant has the following

structure:
R R
Rr+—Rr+—R4
Rs  Rs
Xo Xy

wherein X is an anionic group, Rz is a C1 to C10 saturated or unsaturated branched
or unbranched alkyl group, R4 is a C1 to C10 saturated or unsaturated branched or
unbranched alkyl group, Rz is a C1 to C10 saturated or unsaturated branched or
unbranched alkyl group, and R1 is an alkyne group, an alkene group, an alkenyl group,
or an alkynyl group.

135. The method of claim 134, wherein the di-anionic surfactant has the following

structure.
CH, CHs
Re——Rr——Rq
Rs Rs
COO-  COO-

136. The method of claim 125, wherein the slurry further comprises a dispersant.
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137. The method of claim 120, wherein the cross-linker or cross-linking agent is
present in 0.01 to 100 parts by weight per 100 parts by weight of the ceramic particles.
138. The method of claim 120, wherein the cross-linker or cross-linking agent is
present in 0.01 to 50 parts by weight per 100 parts by weight of the ceramic particles.
139. The method of claim 120, wherein the cross-linker or cross-linking agent is
present in 0.01 to 25 parts by weight per 100 parts by weight of the ceramic particles.
140. The method of claim 120, wherein the cross-linker or cross-linking agent is
present in 0.01 to 15 parts by weight per 100 parts by weight of the ceramic particles.
141. The method of claim 120, wherein the cross-linker or cross-linking agent is
present in 0.01 to 10 parts by weight per 100 parts by weight of the ceramic particles.
142. The method of claim 120, wherein the cross-linker or cross-linking agent is
present in 0.01 to 5 parts by weight per 100 parts by weight of the ceramic particles.

143. The method of claim 120, wherein the slurry is an aqueous slurry comprising
water as the only solvent.

144. The method of claim 120, wherein the slurry is a non-aqueous slurry.

145. The method of claim 120, wherein a solvent of the slurry consists of water and
less than 10 volume % of an organic solvent and/or alcohol.

146. The method of claim 120, further comprising drying the slurry layer before or
after cross-linking.

147. The method of claim 120, wherein cross-linking comprises applying at least one
of light (including UV light) and heat to the slurry layer.

148. The method of claim 120, wherein the slurry further comprises a photoinitiator

or photosensitizer.

45



PCT/US2021/017853

WO 2021/163478

117

Ll "©Old

G001500

jueloeLINs v)ejAXOqQIBOHp

Go160

JausoIy}

00001

euIWNY

RUILLUTY 'SA DHOS DO IO 9% DOTHRULICHN

wusuadiuon

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017853

WO 202

2117

¢ 9Ol

-
\\\\\“ \\\\\\\ \\\x\&\\\\ \\\\

e s | R \

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017853

WO 2021/163478

317

¢ 9Old

(Buneon payull-sso.)
UM | Wiji4 aseq
pajecn) | ajdwex3 sAuaAy|

(1 w4 eseg psjeo))
| 8|dwex3 sAneledwo)

12 obeuLus
feLIauy

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017853
4/17

WO 2021/163478

¥ Old

S0 9L L€ z. an
(%) 4y | ebeyuuys jesy D01

o} 04 62 zse vee (08s) Asling

{z Wi oseg

(BLEeon) DOYUIT- SRCIT LM 7 . : {BUIBOT DAL S80 (7wl
LOUED T} DEWUT 3 ._T Z 0E1R00 BATRIEGLION) | BEOT Daniuln 3 ﬁ_ E,
Wi A58Q DRIEOT) SAILBAUL - BB UL 7 Wil SSRY PSIRCDY) FSBEEDAIE0D sABIRdWON)} saipadold
o oidiiENT  SARUSAU “ ’ 7 2B T SARUSAY 2idieyd sansedus
¢ 2 3 lusAl sagEBdion & 2 3 BAl ! ¢ 3 /Al )

SUBSTITUTE SHEET (RULE 26)




PCT/US2021/017853

WO 2021/163478

5117

VG Ol

aaxusuuopad abeyossip/aBipys
sackduwn dioy gAB #
IOIABUSG (BB

Ssureucduion muelus seaosdwy p
ABCIGULSE) BUH-SS0ID

Wi ‘essuNsiy g Buneon

Py

{aul enjg) DaXU-SsosD ApBuiay

[AB] JUBIORLNS BMOT

IOPUHG PRNUI-SSOID
JOAR] DHURIST ULICHUN IO A

g z : g
o= 0 g
a5 o sv.pﬂvamu&u&g#) m ﬁum
| =
o DERLI|-SS0JT) BARUBALY Gl M
wﬁf gk o
AN
® W =
& LA
STy 4
o7 3
; & 5
Ui-SS040 10U SARBIBELGSD 2 o oo &
Mo, ©
Wﬁ@a gg B
s@&»a@ wm

g O

SN
Bunieo? "sa AJjORIS [BULSYL D061

SUBSTITUTE SHEET (RULE 26)



WO 2021/163478 PCT/US2021/017853

AR NN

6/17

Higher thermal stability

High viscosity at high temperature

Lower {otal moisture content with thinner coating
Lower powder fall

Decreased swelling helps preserve separator
mechanical properties and affinity for electrolyle

Binder Swelling in (PC+DMC)

276%
300% / i

250%

200%

150%

57%
/

106% -/

50%

NN

0% inventive Cross-Linkad

Comparative-not Cross-Linked

LOAD INCREASE AGES 2 DAYS, %

FIG. 5B

SUBSTITUTE SHEET (RULE 26)



WO 2021/163478

7117

PCT/US2021/017853

Polisilsesquioxans

{b} ladderlike

R B
K. f |
,S;}} dgﬁ ? e
Regi-O]  JTOTTR
MY
RxggﬁmO’Eé’ OB,
{8} random structure
P R Py -Fr
Phd i FOm b0 B0 L ph
/ oo \
¢ oG 0O
VoL
phw‘“‘?;m"‘@w% %’“D“M; O“"ﬂ E\ph
i-Br i-Pr -Pr i-Pr
r= 14

Cligosilsesquioxans

R . R R R R
o {.}"m \:/ R \ S \\ &VV t}f‘
S!:ﬂf -53! H -
OO \fgff“’ B ’?} F‘c?
3 i 0 VAR % R~
Rfs%qmésk “ S ﬁ \éf 33 \dc
"G R VS0 i [ o7 R
} ] fS!\O/'vE;E) S i S»ﬂO
R & =) ;32
% T3 14
R\ O\ g
Igsaf*'QH HO
g o
R Sino
N L N
O [N
R’j \F{
To{OH)y Talendo-OHip Talexo-OHio

¢d} open-cage

&} double-decker

FIG. 6

SUBSTITUTE SHEET (RULE 26)




PCT/US2021/017853

WO 2021/163478

paxiy
aJe sdnoub oluolue - palisjaid

8/17

UOREXL UORBLRIBUOD
uogien ds

H,

\\ i, i

2 %, 7 %

Gl Grrrarrnsl,
% 3 % z
\\\\.\\\X e

uoisindas afieyn-{-)

A,

e 2 .\\\
\\\\\\\\\w”
Z Z

s\\.\\\\

paXxl} J0u aJe
sdnoub oluolue -patlsjaidun

ey,
p %,

i
Z
\\\\\\\

Y

S

5

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017853

WO 2021/163478

917

Z-RiEpmELns susfisoe swomw-iag (O
L-RURIORLNGS SUBAISDE JIUOHIY-IN
Z-EBIORLINS SUBIAIB0R JIUOFUON @
L-JUBIORLING aLBIALE0R SuouD £
weioeins sdirOad SIUCHUON €3

8 id

50 CRUIUNEY SA JUNCLUR JWBISRLINS

i g0 0 70 &% g

(11

0z

g

oy

0%

02

84

08

08

0oL

Aunig 1o 8iBuy 1oB1U09

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017853

WO 2021/163478

10717

6 old

{ABULIOIINN SO0eos Y3 o0BLIRs SUNROd YI00UIS 30T O 1 [QUEs J[3UR 1380 10807

\\.\\W\.

.

o

e

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017853

WO 2021/163478

M7

ObL ©Old

ARBGEIS G0 PUB ANNOERIS BULBL 25ERIeD U ‘e1Bur 12BIUCD J9am0) 188 O] 130I0 UL 10] B IUBIDRLING DDE 8 J
‘sapiadoid jojeiedss pool wiBgo o) JuRlOdU S 1S9AS] JUBIOBLINS J3MO™

BUILUNEY "SA 9414 JLINOWIE JUEIDRLNG BUILLNRY "SA 9434 JUNCWE JUBIDBLNS

&0 oo 70 - } 20 5o 50 z'4 0

: ) o
- - - 5
] LA oL § O
o B CLUE G = &
B P! B T
LB LEEY L +HREBL 0T = A & L8 =
oo | § o 09 w ﬂwik =
P i B LL Gl m
- R RVEE S R R &
_— e e ® oz &
) . ~
Z8't o0 I m .......... 0 W
BH E , N ie
— 06 = & 5c <

g¢
e (e
LORIUSIUOD UORBIUSTUOD JWBINBLUNS SIBAXOQIRD
S12IAKCQIBI-IT] "8A {8AB)E(] -1 sa 8fBMULIUS 1884 (IWNSL

SUBSTITUTE SHEET (RULE 26)



WO 2021/163478 PCT/US2021/017853

A

insnsg
SR

{A) network formation of epoxy-and carboxyiic acid with pendant hydroxyt and ester groups;
(B} rearrangement reaction: hydroxy and ester groups undergo fransesterification reactions.

h {:}Q S 1
{ L W
“N\lsxx-.{}o\“ﬁ\*"\@\\;ﬁwaw'g@_ &3\\ “"?‘\\\\\N\ N T g
§0 N
§ ﬁ{}:\\ B w{\* \»\m‘\ § .
{ . .
: S8 . i
IS
_ . s HQ et
o PEO-based crosslinker Y
By “"\“\\\a: ‘?‘“’3‘“ ~ e &
X o .-\\\M“s § . . i § 3
, o8 ¥ snod L0 Nl
G%‘?
S B 0 QO St
. . .
e LA *f’*: f”w \g \\l} 2
S8 N SN g
& 88§ M TN
& ‘f § & @{\“\“‘&. R
N € gf »{; 3 .- B o I ée"’x’\»“
3 & § 0y g £ 8 N T i\\ \
N g e 3 B . 23 \8 ’ . \\ *
e Y L & £ ‘“w«&»»«
Q\M%N"w* § \“wﬁl""’ ol § ¢ %QA ¥
3 ¥ 3,
i e 5 . .,g.-“‘\,:f\
Concept:

* Improving thermal stability and safety

 Decreasing pin removal strength

* Increasing battery life timeby crosslinking binder and CMC in the coating layer
* Increasing wettability FEG 1 1



WO 2021/163478 PCT/US2021/017853
1317
cG
Product 1 Inventive Comparative
Example 6 Example 7
Coating Thickness 2.5 micron 2.3 micron
JIS Gurley (s/100 cc) 190 194
Powder Fall 0.017 0.008
% Sk LD WM s 13.78/1.29
“““ .8/0.51 1.3/0.04
b.25 12.5
“““ 96.88/36.82 (QC)| 122/45.59 (QC)
“““““ 125.9/44.3 (BAL) | 146.1/52.6 (BAL)
Coated film /9

Puncture Strength (gf) Coating

side 207 213
Puncture Strength (gf) Base side 282 281
DB Average (V) 1658 1784
Moisture 384 496
52.84 15 data 55,41 (4 data
noints} noints)
0.366 0.375

Improving thermal stability

16076, 1h

FIG. 12

SUBSTITUTE SHEET (RULE 26)



cb Ol

{30} sameisduag

PCT/US2021/017853

14717

. m!
Unu mm'ﬁ \.,.s ;
Do E0F.. % |
3 o
§
8
m X
m E
; o
: D
: %
§ MU..
S ,ER-E "
: -
: e
u %
m K
; T
m K b
§
m (CN) o edwexs SAUSAL]--- |
s 1 R’
m K
iwywmsx () /7 aidwexs saneiedildon) e
52

WO 2021/163478

(oW yiLo

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017853

WO 2021/163478

15717

.............................................................................................................................................................................................................................................................

Pl Ol

{.} sumesadus)

e e @

X
o

(Q1) 9 sidwiexg aAjuaAUl---

(1) 2 sidwexs sanesediuon....

114

{aL) vLo

o
o

{4, sBusyn [pussURR

T4

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017853

WO 2021/163478

16/17

L old

S9IPAD

00¢ 00¢ 00L 0
: * _ : _ ' 0000°0
aouewlouad bulpAo L 20000

Puisiwold smoys / ajdwex3 aAljusAuU|

- 0L00°0
- GL00°0
T T 020000

X

/8

a|dweXg SAIJUBAU| = = «

O 9| g 9Al} _ L ez000

/ 9|dwex3 aAneseduwo))

9ouewoyad BuloAd abesaAe Ss||99 UI0D 934y |

(uyw) Ayoeded

SUBSTITUTE SHEET (RULE 26)



PCT/US2021/017853

WO 2021/163478

17117

9l "Dlid

{n,} aumeieduws) o6k LLi
a5z a0z o) Tap g8 0. 6. 99
, _ _ . v 009} 0£9}
T o ze8l 181}
4 =
L [4%] :
A 26¢ 86¢ ainpung
o= ‘
L . :
m o % 21z 02 oy
s 8
F fres)
m = 9r'16/02¢1 68/£071 wiy pason
¢ (QL) 2 9/dwex3 m>_E®>c_=EE.n ¢ 2
: 8710z} S LY SEL
;;;;;;;;;; s (AL} 8 B1dWEXT OAJUBAU| |
{QLhwyni QL DRE Y QLETS
BETEE {7,) ednmpsdus] .
[ 2850007 o L
087 OWemem0GL 001 05 q wonT e LOoE
w4 e o ke -
31 L0071 60°07€ 1
g 3
@
: =
““““““““““““““ oy B SL00 2r00
b
8
vvvvvvvvvvvvvvvvvvvvv mwn;l% Nm_‘ Om_‘
(@) Z o|dwex3 SAJUBAU [« =~ e
,,,,,,, MAD_\/_vw QQENXM ®>_”—C®>C_E..Dﬁ o CO._U_E.V.N CO‘_O_E Iz wwOCv_O_r_._. mc_”_moo
— 52 ajdwex
(an) viNLd e | A
: USAU| (31 1INP0ig

9J

SUBSTITUTE SHEET (RULE 26)



International application No.

INTERNATIONAL SEARCH REPORT PCT/US 2021/017853

A. CLASSIFICATION OF SUBJECT MATTER
HOIM 50/411 (2021.01)
HOIM 50/491 (2021.01)
HOIM 50/403 (2021.01)
HOIM 10/0525 (2010.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HOIM 50/411, HO1M 50/491, HO1IM 50/403, HOIM 10/0525

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO internal), USPTO, PAJ, Esp@cenet, Information Retrieval System of FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2011/0027658 A1 (HYUNDAY MOTOR COMPANY) 03.02.2011, claims 1,

X 4,9, paragraphs [0003], [0022], [0047], [0049], [0057], [0058], [0060], [0061], 1-8, 11-16, 18, 20-22,
[0074], [0082] 26-32, 45-48, 51, 52,
120, 124, 137-148
Y 9,10, 17, 19, 33-38, 44,
49, 50, 125-130, 136
A 23-25,39-43, 53-119,
121-123,131-135
Y WO 2017/049065 Al (CELGARD, LLC) 23.03.2017, claim 4, p. 42, paragraph 2 9,10, 17, 19, 49, 50
Y WO 2016/182827 Al (CELGARD, LLC) 17.11.2016, claim 1 38, 125, 130
Y US 5631100 A (ASAHI KASEI KOGYO KABUSHIKI KAISHA) 20.05.1997, 33-38, 44, 125-130, 136
column 8§, lines 13-20
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “1” later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“D”  document cited by the applicant in the international application “X”  document of particular relevance; the claimed invention cannot be
“E”  earlier document but published on or after the international filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later than  “&”  document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
18 May 2021 (18.05.2021) 27 May 2021 (27.05.2021)

Name and mailing address of the [SA/RU: Authorized officer

Federal Institute of Industrial Property,

Berezhkovskaya nab., 30-1, Moscow, G-59, N. Kokhanova

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37 Telephone No. (495) 531-64-81

Form PCT/ISA/210 (second sheet) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - wo-search-report

