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SOLID POLYMER ELECTROLYTE
COMPOSITION, AND SOLID POLYMER
ELECTROLYTE CONTAINING SAME

TECHNICAL FIELD

The present application claims the benefit of priority
based on Korean Patent Application No. 10-2018-0113256
filed on Sep. 20, 2018, all the contents of which are
incorporated herein by reference.

The present invention relates to a solid polymer electro-
lyte composition and a solid polymer electrolyte comprising
the same.

BACKGROUND ART

Currently, the lithium ion secondary battery having a high
energy density mainly used in notebooks and smartphones is
composed of a positive electrode made of lithium oxide, a
carbon-based negative electrode, a separator, and an elec-
trolyte. Conventionally, a liquid-state electrolyte, particu-
larly an ion conductive organic liquid electrolyte in which
salts are dissolved in a non-aqueous organic solvent, has
been mainly used as the electrolyte. However, if a liquid-
state electrolyte as described above is used, not only is there
a high possibility that the electrode material is degraded and
the organic solvent is volatilized, but there is also a problem
in safety due to combustion caused by an increase in the
ambient temperature and the temperature of the battery
itself. In particular, the lithium secondary battery has a
problem that during charging and discharging, gas is gen-
erated inside the battery due to decomposition of the organic
solvent and/or side reaction between the organic solvent and
the electrode, thereby expanding the thickness of the battery,
and during the storage at high temperature, this reaction is
accelerated and the amount of gas generated is further
increased.

The gas thus generated continuously causes an increase in
the internal pressure of the battery, which causes the rect-
angular battery to swell in a specific direction and to
explode, or which deforms the center of a specific surface of
the battery, thereby leading to a decrease in safety, and also
which causes a local difference in adhesion at the electrode
surface in the battery, thereby leading to a disadvantage that
the electrode reaction does not occur identically in the entire
electrode surface, and thus the performance of the battery is
lowered.

Therefore, research into the polymer electrolyte for
lithium secondary batteries to solve this problem of liquid
electrolyte and to replace it has been actively conducted
until recently.

Polymer electrolytes are largely divided into gel and solid
types. Gel-type polymer electrolyte is an electrolyte that
shows conductivity by impregnating a high-boiling liquid
electrolyte in a polymer film and fixing it with lithium salt.
Solid-type polymer electrolyte is a form in which dissoci-
ated lithium cations move in the polymer by adding lithium
salt to a polymer containing hetero elements such as O, N,
and S.

Gel-type polymer electrolyte contains a large amount of
liquid electrolyte, and thus has ion conductivity similar to
that of pure liquid electrolyte. However, there are disadvan-
tages that the stability problem and the difficulty of the
manufacturing process of the battery remain as they are.

On the other hand, in the case of solid polymer electro-
lytes, it does not contain liquid electrolyte, which improves
the stability problem related to leakage and also has the
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advantage of high chemical and electrochemical stability.
However, since the ion conductivity at room temperature is
very low, a lot of research has been conducted to improve
this.

Currently, the most commonly used material for the solid
polymer electrolyte is polyethylene oxide (PEO), which has
the ability to conduct ions despite being solid. However, in
the case of the linear PEO-based polymer electrolyte, since
the conductivity was very low as 1.0x10™> S/cm at room
temperature due to high crystallinity, it was difficult to apply
to the lithium secondary battery. In addition, the process-
ability of the electrolyte is poor, the mechanical strength is
insufficient, low voltage stability of less than 5 V appears
and so on, and thus it is difficult to realize satisfactory
performance by applying this to a battery.

In order to solve these problems, attempts have been made
to develop a variety of materials such as mixed polymer
electrolytes, interpenetrating network polymer electrolytes,
and nonwoven solid polymer electrolytes and to apply to the
battery. However, there are still problems with low ion
conductivity and mechanical strength, and a narrow operat-
ing voltage range.

Therefore, the solid polymer electrolyte must necessarily
have a high ion conductivity, adequate mechanical strength
and a wide operating voltage range and also needs to contain
a minimum amount of solvent to ensure operative stability
of the battery.

PRIOR ART DOCUMENT
Patent Document

(Patent Document 1) Korean [Laid-Open Patent Publica-
tion No. 2003-0097009 (2003.12.31), “Polymer electrolyte
with good leakage-resistance and lithium battery employing
the same”

DISCLOSURE
Technical Problem

Therefore, as a result of conducting various studies to
solve the above problems, the inventors of the present
invention have confirmed that if a solid polymer electrolyte
is prepared by photocuring a solid polymer electrolyte
composition comprising a polymer (A) containing alkylene
oxide and having one reactive double bond, a multifunc-
tional cross-linkable polymer (B) and an ionic liquid con-
taining an amide-based solvent and a lithium salt, the ionic
conductivity of the electrolyte is improved, and the
mechanical properties, flame retardancy, and electrochemi-
cal stability of the electrolyte are improved, thereby com-
pleting the present invention.

Accordingly, it is an object of the present invention to
provide a solid polymer electrolyte having the above effects,
and to provide an all-solid-state battery comprising the same
and having improved performance.

Technical Solution

In order to achieve the above objects, the present inven-
tion provides a polymer electrolyte composition comprising
a polymer (A) comprising alkylene oxide and having one
reactive double bond, multifunctional cross-linkable poly-
mer (B) and an ionic liquid, wherein the ionic liquid
comprises an amide-based solvent and a lithium salt.
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One embodiment of the present invention comprises a
polymerization unit derived from one monomer selected
from the group consisting of ethylene glycol methylether
(meth)acrylate, ethylene glycol phenylether (meth)acrylate,
diethylene glycol methyl ether (meth)acrylate, diethylene
glycol 2-ethyl hexyl ether (meth)acrylate, polyethylene gly-
col methylether (meth)acrylate, polyethylene glycol ethyle-
ther (meth)acrylate, polyethylene glycol 4-nonylphenylether
(meth)acrylate, polyethylene glycol phenyl ether (meth)
acrylate, ethylene glycol dicyclopentenyl ether (meth)acry-
late, polypropylene glycol methylether (meth)acrylate, poly-
propylene glycol 4-nonylphenylether (meth)acrylate or
dipropyleneglycol allylether (meth)acrylate, and combina-
tions thereof.

In one embodiment of the present invention, the multi-
functional crosslinkable polymer (B) comprises a polymer-
ization unit derived from one monomer selected from the
group consisting of polyethylene glycol diacrylate, polyeth-
ylene glycol dimethacrylate, trimethylolpropane ethoxylate
triacrylate, trimethylolpropane propoxylate triacrylate, poly-
propylene glycol dimethacrylate, polypropylene glycol dia-
crylate, divinylbenzene, polyester dimethacrylate, divinyle-
ther, ethoxylated bisphenol A dimethacrylate, tetraethyl ene
glycol diacrylate, 1,4-butanediol diacrylate, 1,6-hexandiol
diacrylate, ditrimethylolpropane tetraacrylate, pentaerythri-
tol tetraacrylate, pentaerythritol ethoxylate tetraacrylate,
dipentaerythritol pentaacrylate, dipentaerythritol hexaacry-
late, trimethylolpropane trimethacrylate, and combinations
thereof.

In one embodiment of the present invention, the multi-
functional crosslinkable polymer (B) comprises one mono-
mer-derived polymerization unit selected from the group
consisting of polyethylene glycol diacrylate, polyethylene
glycol dimethacrylate, trimethylolpropane ethoxylate tria-
crylate, trimethylolpropane propoxylate triacrylate, polypro-
pylene glycol dimethacrylate, polypropylene glycol diacry-
late, divinylbenzene, polyester dimethacrylate, divinylether,
ethoxylated bisphenol A dimethacrylate, tetraethylene gly-
col diacrylate, 1,4-butanediol diacrylate, 1,6-hexandiol dia-
crylate, ditrimethylolpropane tetraacrylate, pentaerythritol
tetraacrylate, pentaerythritol ethoxylate tetraacrylate, dipen-
taerythritol pentaacrylate, dipentaerythritol hexaacrylate,
trimethylolpropane trimethacrylate, and combinations
thereof.

In one embodiment of the present invention, the amide-
based solvent comprises at least one selected from the group
consisting of N-methylacetamide, N,N-dimethylformamide,
1-methyl-2-pyrrolidone, 2-pyrrolidinone, 1,3-dimethyl-2-
imidazolidinone, &-caprolactam, formamide, N-methylfor-
mamide, acetamide, N,N-dimethylacetamide, N-capro-
lactam, formamide, N-methylformamide, acetamide, N,N-
dimethylacetamide, N-methylpropaneamide, and
hexamethylphosphoric triamide.

In one embodiment of the present invention, the polymer
(A) is present in an amount of 5 parts by weight to 40 parts
by weight relative to 100 parts by weight of the total
composition.

In one embodiment of the present invention, the polymer
(B) is present in an amount of 5 parts by weight to 30 parts
by weight relative to 100 parts by weight of the total
composition.

In one embodiment of the present invention, the ionic
liquid is present in an amount of 50 parts by weight to 90
parts by weight relative to 100 parts by weight of the total
composition.
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In one embodiment of the present invention, the lithium
salt is present in an amount of 10 parts by weight to 50 parts
by weight relative to 100 parts by weight of the total
composition.

In one embodiment of the present invention, the weight
ratio of the amide-based solvent and lithium salt is 40:60 to
60:40.

In one embodiment of the present invention, the lithium
salt comprises at least one selected from the group consist-
ing of LiPF,, LiBF,, LiSbF,, LiAsF,, LiOH, LiOH-H,0,
LiBOB, LiClO,, LiN(C,F;SO,),, LiN(CF;S0,),,
CF,;SO;Li, LiC(CF;S0,);, LiC,BO,, LiTFSI, and LiFSI.

The present invention also provides a solid polymer
electrolyte formed by photocuring the above-mentioned
solid polymer electrolyte composition.

In one embodiment of the present invention, the thickness
of the electrolyte is 50 pm to 300 pm.

In one embodiment of the present invention, the electro-
Iyte has an ion conductivity of 1.0x10™* S/cm to 2.0x1073
S/cm on the basis of 25° C.

The present invention also provides an all solid-state
battery comprising the solid polymer electrolyte.

Advantageous Effects

The solid polymer electrolyte formed by photocuring the
solid polymer electrolyte composition according to the pres-
ent invention has an advantage that since the ionic conduc-
tivity is improved and high mechanical stability, flame
retardancy, and voltage stability are shown, it can be effec-
tively applied to an all solid-state battery.

DESCRIPTION OF DRAWINGS

FIG. 1 shows a measurement image of the flame-retardant
property of a solid polymer electrolyte according to
Example 1 of the present invention.

FIG. 2 shows a measurement image of the flame-retardant
property of a solid polymer electrolyte according to Com-
parative Example 1 of the present invention.

BEST MODE

Hereinafter, the present invention will be described in
detail with reference to the accompanying drawings so that
those skilled in the art may easily implement the present
invention. However, the present invention may be embodied
in many different forms and should not be construed as
limited to the present specification.

The terms and words used in the present specification and
claims should not be construed as limited to ordinary or
dictionary terms, and should be construed in a sense and
concept consistent with the technical idea of the present
invention, based on the principle that the inventor can
properly define the concept of a term to describe his inven-
tion in the best way possible.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. The singular forms “a,” “an,” and
“the” comprise plural referents unless the context clearly
dictates otherwise. It is to be understood that the terms such
as “comprise” or “have” as used in the present specification,
are intended to designate the presence of stated features,
numbers, steps, operations, components, parts or combina-
tions thereof, but not to preclude the possibility of the
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presence or addition of one or more other features, numbers,
steps, operations, components, parts, or combinations
thereof.

Solid Polymer FElectrolyte Composition

The present invention relates to a solid polymer electro-
lyte composition and a solid polymer electrolyte having high
ionic conductivity, excellent mechanical properties and
flame retardancy, more particularly to a solid polymer elec-
trolyte composition and a solid polymer electrolyte formed
by photocuring the same, comprising a polymer (A) con-
taining alkylene oxide and having one reactive double bond,
a multifunctional cross-linkable polymer (B) and an ionic
liquid, wherein the ionic liquid comprises an amide-based
solvent and a lithium salt.

In the case of the polymer electrolyte to which the
conventional polyethylene oxide is applied, it had a limit of
low ionic conductivity due to the high crystallinity of the
polymer structure. However, the polymer electrolyte accord-
ing to one embodiment of the present invention exhibits a
flame retardant property and shows free-standing mechani-
cal properties by applying a polymer formed by crosslinking
a polymer (A) containing alkylene oxide and having one
reactive double bond and a multifunctional cross-linkable
polymer (B), and comprising an ionic liquid comprising an
amide-based solvent and a lithium salt. In addition, the
crystallinity of the electrolyte is lowered, thereby improving
the fluidity of the polymer chain and also increasing the
dielectric constant of the polymer, and thus dissociating
more lithium ions and exhibiting higher ionic conductivity
than the existing polyethylene oxide polymer.

Therefore, the solid polymer electrolyte according to the
present invention can be manufactured by using a solid
polymer electrolyte composition comprising a polymer (A)
containing alkylene oxide and having one reactive double
bond, a multifunctional cross-linkable polymer (B) and an
ionic liquid, wherein the ionic liquid comprises an amide-
based solvent and a lithium salt.

The polymer (A) comprises a polymerization unit derived
from any one monomer derived polymerization unit mono-
mer selected from the group consisting of ethylene glycol
methylether (meth)acrylate [EGME(M)A], ethylene glycol
phenyl ether (meth)acrylate [EGPE(M)A], diethylene glycol
methylether (meth)acrylate [ DEGME(M)A], diethylene gly-
col 2-cthylhexylether (meth)acrylatel DEGEHE(M)A],
polyethylene glycol methylether (meth)acrylate [PEGME
(M)A], polyethylene glycol ethyl ether (meth)acrylate [PE-
GEE(M)A], polyethylene glycol 4-nonylphenylether (meth)
acrylate| PEGNPE(M)A], polyethylene glycol phenylether
(meth)acrylate| PEGPE(M)A], ethylene glycol dicyclopen-
thenyl ether (meth)acrylate[ EGDCPE(M)A], polypropylene
glycol methylether (meth)acrylate [PP GME(M)A], poly-
propylene glycol 4-nonyl phenyl ether (meth)acrylate or
dipropylene glycol allylether (meth)acrylate, and mixtures
thereof. The polymerization unit derived from monomer
derived polymerization unit monomer is a part constituting
the polymer, and means a part derived from a specific
monomer in the polymer molecular structure. For example,
the acrylonitrile derived polymerization unit polymerization
unit derived from acrylonitrile means a part derived from
acrylonitrile in the polymer molecular structure.

The polymer (A) may include only one double bond
capable of reacting in a molecule to prevent excessive
crosslinking with a cross-linkable polymer to be described
later. If there are two or more double bonds that can react in
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a molecule, the ratio of ethylene oxide to polymer (A) may
be reduced, thereby reducing the ionic conductivity of the
solid polymer electrolyte.

The polymer (A) may be comprised in an amount of 5 to
40 parts by weight relative to 100 parts by weight of the total
composition. If the amount of the polymer (A) is less than
5 parts by weight, the proportion of ethylene oxide contained
in the polymer (A) may be reduced, and thus the ionic
conductivity of the electrolyte may be reduced. If the
amount of the polymer (A) exceeds 40 parts by weight, the
content of the polymer (B) is relatively reduced, resulting in
insufficient crosslinking, thereby reducing the mechanical
properties of the electrolyte, or the content of the lithium salt
may be limited, thereby reducing the ionic conductivity of
the electrolyte. The amount of the polymer (A) is appropri-
ately adjusted within the above range.

The polymer (B) comprises a polymerization unit derived
from any one monomer selected from the group consisting
of polyethylene glycol diacrylate, polyethylene glycol dime-
thacrylate, trimethylolpropane ethoxylate triacrylate, trim-
ethylolpropane propoxylate triacrylate, polypropylene gly-
col dimethacrylate, polypropylene glycol diacrylate,
divinylbenzene, polyester dimethacrylate, divinylether,
ethoxylated bisphenol A dimethacrylate, tetraethylene gly-
col diacrylate, 1,4-butanediol diacrylate, 1,6-hexandiol dia-
crylate, ditrimethylolpropane tetraacrylate, pentaerythritol
tetraacrylate, pentaerythritol ethoxylate tetraacrylate, dipen-
taerythritol pentaacrylate, dipentaerythritol hexaacrylate,
trimethylolpropane trimethacrylate, and combinations
thereof. The polymer (B) contains two or more double bonds
capable of reacting in the molecule, enabling crosslinking
between the polymers included in the solid polymer elec-
trolyte composition according to the present invention.

The polymer (B) may be included in an amount of 5 to 30
parts by weight relative to 100 parts by weight of the total
composition. If the amount of the polymer (B) is less than
5 parts by weight, it may be difficult to achieve sufficient
crosslinking of the electrolyte composition and the mechani-
cal properties of the electrolyte may be reduced. If the
amount of the polymer (B) exceeds 30 parts by weight, the
content of the polymer (A) may be relatively reduced, or the
content of lithium salt may be limited, thereby decreasing
the ionic conductivity of the electrolyte.

The solid polymer electrolyte composition according to
the present invention comprises an ionic liquid, and the ionic
liquid may comprise an amide-based solvent and a lithium
salt.

The ionic liquid is ionic salts (or molten salts) consisting
of cation and anion. An ionic compound consisting of cation
and nonmetallic anion, such as sodium chloride, is usually
called ionic liquid, which is present as a liquid at tempera-
tures below 100° C., unlike those melting at high tempera-
tures above 800° C. In particular, the ionic liquid that exists
as a liquid at room temperature is called room temperature
ionic liquid (RTIL).

The ionic liquid is non-volatile, non-toxic, and non-
flammable, and has excellent thermal stability, and ionic
conductivity, as compared to common liquid electrolytes. In
addition, because of high polarity, since the ionic liquid has
the unique properties of dissolving inorganic and organo-
metallic compounds well, and existing as a liquid over a
wide temperature range, the ionic liquids are used in a wide
range of chemical fields, including catalysts, separations,
and electrochemistry by taking the advantages of acquiring
various properties by changing the structure of cation and
anion constituting the ionic liquid.
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The ionic liquid may be included in an amount of 50 to 90
parts by weight based on 100 parts by weight of the total
composition, and may further comprise a lithium salt to form
a so-called ‘dissolved ionic liquid (solvated ionic liquid)’. If
the ionic liquid is less than 50 parts by weight, the lithium
salt may not be sufficiently dissolved in the ionic liquid, or
the ionic conductivity of the entire electrolyte may be
reduced. If the ionic liquid exceeds 90 parts by weight, the
relative content of the polymer (A) or polymer (B) is
reduced, the mechanical properties of the electrolyte may be
worsened or the solid content of the all solid-state battery
may be reduced, and excess amount of ionic liquid may
remain, making it difficult to implement a complete solid
electrolyte. Therefore, the amount of the ionic liquid is
appropriately adjusted in the above range.

The lithium salt may act as a source of lithium ions in the
battery to enable the basic operation of the lithium second-
ary battery, and serve to promote the movement of lithium
ions between the positive electrode and the negative elec-
trode. The lithium salt may be any one selected from the

group consisting of LiPF, LiBF,, LiSbF,, LiAsF, LiOH,
LiOH-H,0, LiBOB, LiClO,, LiN(C,FS0,),,
LiN(CF;S80,),, CF;SO;Li, LiC(CF;S0,);, LiC,BO;,

LiTFS8I, LiFSI, LiClO,, and combinations thereof, but is not
limited thereto.

The content of the lithium salt may be 10 to 50 parts by
weight, preferably 20 to 50 parts by weight, more preferably
30 to 50 parts by weight, relative to 100 parts by weight of
total electrolyte composition. If the content of the lithium
salt is less than 10 parts by weight, the ion conductivity of
the electrolyte may be lowered due to the low content. If the
content of lithium salt is 50 parts by weight or more, some
lithium salts do not dissociate in the polymer electrolyte and
exist in a crystalline state and thus do not contribute to the
ion conductivity, but rather may act to interfere with ion
conductivity, thereby reducing ion conductivity and rela-
tively decreasing polymer content, and thus weakening the
mechanical strength of the solid polymer electrolyte. There-
fore, the content of the lithium salt is appropriately adjusted
in the above range.

The amide-based solvent may comprise at least one
selected from the group consisting of N-methylacetamide,
N, N-dimethylformamide, 1-methyl-2-pyrrolidone, 2-pyrro-
lidinone, 1,3-dimethyl-2-imidazolidinone, 2-pyrrolidinone,
g-caprolactam, formamide, N-methylformamide, acetamide,
N, N-dimethylacetamide, N-methylpropaneamide, and hex-
amethylphosphoric triamide, and preferably may be
N-methylacetamide (NMAC). The amide-based solvent has
an excellent thermal stability compared to the succinonitrile
used in the preparation of the conventional electrolyte, and
has an advantage of enabling the preparation of electrolyte
with improved stability with the negative electrode of the
battery.

In one embodiment of the present invention, the amide-
based solvent and lithium salt comprised in the ionic liquid
may be included in a weight ratio of 40:60 to 60:40, and
preferably in a weight ratio of 45:55 to 55:45. If the
amide-based solvent is included below the above range, the
flame retardant property of the electrolyte which is achieved
by the inclusion of an amide-based solvent may be reduced.
If the amide-based solvent exceeds the above range, the
ionic conductivity of the electrolyte may be reduced due to
the relatively low content of lithium salt.

The polymer electrolyte according to one embodiment
may exhibit excellent ionic conductivity. Specifically, the
ion conductivity of the polymer electrolyte may be 1.0x10™*
to 2.0x107* S/cm based on 25° C. When having an ionic
conductivity falling within the above range, it is possible to
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stably operate the all solid-state battery containing the
electrolyte according to the present invention.

The thickness of the electrolyte according to one embodi-
ment of the present invention is preferably 50 to 300 um. As
the thickness of the electrolyte is thinner, the energy density
can be improved and the ionic conductivity can be increased.
However, If the thickness is less than 50 pum, there is a
problem that the proper mechanical strength of the electro-
lyte cannot be secured. Therefore, the thickness is appro-
priately adjusted within the above range.

Preparation Method of Solid Polymer Electrolyte

In one embodiment of the present invention, there is
provided a method for preparing the solid polymer electro-
lyte. The preparation method of the electrolyte is not par-
ticularly limited, and methods known in the art may be used.

The preparation method comprises the steps of (1) mixing
the lithium salt with the amide-based solvent; (2) mixing the
polymer (A) containing alkylene oxide and having one
reactive double bond and multifunctional cross-linkable
polymer (B); (3) mixing the materials prepared in step (1)
and step (2); and (4) photocuring the mixture of step (3) to
obtain a solid polymer electrolyte. In the preparation
method, the polymer (A) and the multifunctional cross-
linkable polymer (B) form a random copolymer through a
free radical polymerization reaction and cause crosslinking
reactions through light or thermal curing. Preferably, before
step (4), the mixture may be purged with nitrogen.

When the curing process is performed by photocuring, the
photo-initiator may be further included. At least one photo-
initiators selected from the group consisting of DMPA(2,2-
dimethoxy-2-phenylacetophenone), HOMPP(2 hydroxy-2-
methylpropiophenone), LAP(Lithium phenyl-2.4.6-
trimethylbenzoylphosphinate), IRGACURE 2959(1-[4-(2-
Hydroxyethoxy)-phenyl]-2-hydroxy-2-methyl-1-propane-1-
one) may be further added, and preferably, HOMPP (2
hydroxy-2-methylpropiophenone) may be used, but is not
necessarily limited thereto. The photo-initiator described
above is one that can form radicals by ultraviolet irradiation.
If the concentration of the photo-initiator is too low, the
photopolymerization reaction does not proceed efficiently,
resulting in incomplete formation of the polymer electrolyte.
If the concentration of the photo-initiator is too high, the
photopolymerization reaction proceeds so rapidly that the
uniformity of the polymer electrolyte may be lowered and
the applicability may be limited. Therefore, the photo-
initiator can be used in an appropriate amount depending on
the physical properties of the desired electrolyte.

The photocuring may be performed by irradiating ultra-
violet (UV) to the electrolyte composition. In this case, there
is an advantage that the curing can be made in a very fast
time. The ultraviolet rays irradiated to the electrolyte com-
position may be ultraviolet rays having a wavelength of 254
to 360 nm. The ultraviolet rays are light rays whose wave-
lengths are shorter than those of the violet visible rays and
are abbreviated as UV (Ultraviolet rays). The ultraviolet rays
are classified into ultraviolet rays A having a long wave-
length (320 nm to 400 nm), ultraviolet rays B having a
medium wavelength (280 nm to 300 nm), and ultraviolet
rays C having a short wavelength (100 nm to 280 nm). When
irradiating the ultraviolet rays to the electrolyte composition,
the irradiation time period of the ultraviolet rays may be 5
to 30 minutes. However, depending on the intensity of the
ultraviolet rays (UV) to be irradiated, the irradiation time of



US 11,936,000 B2

9

the ultraviolet rays (UV) may vary, and thus the irradiation
time period of the ultraviolet rays (UV) is not limited to the
above range.

The preparation method of the electrolyte according to the
present invention has the advantage that the in-situ polym-
erization can be carried out by a single container reaction
and the process is easy.

All Solid-State Battery

In another one embodiment of the present invention, the
present invention provides an all solid-state battery com-
prising the solid polymer electrolyte and an electrode.

The all solid-state battery proposed in the present inven-
tion defines the constitution of the solid polymer electrolyte
as described above, and the other elements constituting the
battery, that is, the positive electrode and the negative
electrode, are not particularly limited in the present inven-
tion and follow the description below.

The negative electrode for the all solid-state battery is a
lithium metal alone, or a negative electrode current collector
on which the negative electrode active material is laminated.

In this case, the negative electrode active material may be
any one selected from the group consisting of lithium metal,
a lithium alloy, a lithium metal composite oxide, a lithium-
containing titanium composite oxide (LTO), and a combi-
nation thereof. In this case, the lithium alloy may be an alloy
of lithium and at least one metal selected from Na, K, Rb,
Cs, Fr, Be, Mg, Ca, Sr, Ba, Ra, Al and Sn. Also, the lithium
metal composite oxide is an oxide (MeQO,) of lithium and
any one metal (Me) selected from the group consisting of Si,
Sn, Zn, Mg, Cd, Ce, Ni and Fe and for example, may be
Li, Fe,0,(0<x=1) or Li, WO, (0<x=1).

In addition, the negative electrode active material may be
metal composite oxides such as Sn,Me, _,Me', 0, (Me:Mn,
Fe, Pb, Ge; Me":Al, B, P, Si, elements of groups 1, 2 and 3
of the periodic table, halogen; 0<x=<1; 1<y=3; 1z<8); oxides
such as SnO, SnO,, PbO, PbO,, Pb,O;, Pb;O,, Sb,0;,
Sb,0,, Sb,05, GeO, GeO,, Bi,0,, Bi,O, and Bi,Os, and
carbon-based negative electrode active materials such as
crystalline carbon, amorphous carbon, or carbon composite
may be used alone or in combination of two or more.

In addition, the negative electrode current collector is not
particularly limited as long as it has electrical conductivity
without causing chemical changes in the all solid-state
battery. For example, copper, stainless steel, aluminum,
nickel, titanium, sintered carbon; copper or stainless steel
whose surface is treated with carbon, nickel, titanium, silver
or the like; aluminum-cadmium alloy or the like may be used
as the negative electrode current collector. In addition, the
shape of the negative electrode current collector can be
various forms such as a film, sheet, foil, net, porous body,
foam, nonwoven fabric and the like having fine irregularities
on a surface, as with the positive electrode current collector.

The positive electrode for the all solid-state battery
according to the present invention is not particularly limited
and may be a material used for a known all solid-state
battery.

If the electrode is a positive electrode, it is a positive
electrode current collector; if the electrode is a negative
electrode, it is a negative electrode current collector.

The positive electrode current collector is not particularly
limited as long as it has high electrical conductivity without
causing chemical changes in the relevant battery. For
example, stainless steel, aluminum, nickel, titanium, sin-
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10

tered carbon, or aluminum or stainless steel whose surface
is treated with carbon, nickel, titanium, silver or the like may
be used.

The positive electrode active material can be varied
depending on the use of the lithium secondary battery, and
lithium transition metal oxides such as LiNi, ¢ ,Co, ,AIXO,,
LiCo,Mn,0,, LiNi Co,O,, LiNiMn,0,, LiNi, Co,Mn,O,,
LiCo0,, LiNiO,, LiMnO,, LiFePO,, LiCoPO,, LiMnPO,
and Li,Ti;O, ,; chalcogenides such as Cu,MoS,, FeS, CoS
and MiS; and oxides, sulfides, or halides of such as scan-
dium, ruthenium, titanium, vanadium, molybdenum, chro-
mium, manganese, iron, cobalt, nickel, copper, zinc may be
used, and more specifically, TiS,, ZrS,, RuO,, Co;0,,
MoS,, V,O5 etc. may be used, but the present invention is
not limited thereto.

The shape of the positive electrode active material is not
particularly limited, and may be a particle shape, for
example, a spherical shape, an elliptical shape, a rectangular
shape, or the like. The average particle diameter of the
positive electrode active material may be, but is not limited
thereto, within the range of 1 to 50 um. The average particle
diameter of the positive electrode active material can be
obtained, for example, by measuring the particle diameters
of the active materials observed by a scanning electron
microscope and calculating the average value thereof.

The binder contained in the positive electrode is not
particularly limited, and fluorine-containing binders such as
polyvinylidene fluoride (PVDF) and polytetrafluoroethylene
(PTFE) can be used.

The content of the binder is not particularly limited as
long as the positive electrode active material can be fixed
thereby, and may be in the range of 0 to 10% by weight
based on the entire positive electrode.

The positive electrode may additionally contain electri-
cally conductive materials. The electrically conductive
materials are not particularly limited as long as they can
improve the electrical conductivity of the positive electrode,
and examples thereof may include nickel powder, cobalt
oxide, titanium oxide, and carbon. Examples of the carbon
may include any one or one or more selected from the group
consisting of Ketjen black, acetylene black, furnace black,
graphite, carbon fiber, and fullerene.

In this case, the content of the electrically conductive
materials may be selected in consideration of other condi-
tions of the battery such as the type of the electrically
conductive materials, and for example, may be in the range
of 1 to 10% by weight with respect to the entire positive
electrode.

Preparation of an all solid-state battery having the con-
stitution as described above is not particularly limited in the
present invention, but is possible through a known method.

As an example, the solid electrolyte is placed between the
positive electrode and the negative electrode, followed by
compression molding to assemble the cell. In addition, the
preparation may be performed so that the first polymer
electrolyte placed to be in contact with the positive elec-
trode.

The assembled cell is placed in an exterior material and
sealed by heat compression or the like. Laminate packs
made of aluminum, stainless steel, or the like, and cylindri-
cal or square metal containers are very suitable as the
exterior material.

Hereinafter, the present invention will be described in
more detail with reference to examples and the like, but the
scope and contents of the present invention are not to be
construed as being reduced or limited by the following
examples. In addition, it will be apparent to those skilled in
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the art, on the basis of the disclosure of the present inven-
tion, including the following examples, that the present
invention which is not specifically presented with experi-
mental results can be easily carried out, and that such
variations and modifications fall within the scope of the
appended claims.

Example: Preparation of Solid Polymer Electrolyte

First, N-methylacetamide (Sigma Aldrich company, here-
inafter NMAC) as an amide-based solvent in the reaction
vessel and LiTFSI (Sigma Aldrich company) which is a
lithium salt vacuum-dried at 100° C. for 24 hours were
mixed in the ratio of Table 1 below, and stirred at room
temperature for 4 hours in a glove box to prepare an ionic
liquid.

After that, polyethylene glycol methylether (meth)acry-
late (Sigma Aldrich company, Mn: 480, hereinafter PEG-
MEA) as a polymer (A) containing alkylene oxide and
having one reactive double bond, and polyoxyethylene
glycol diacrylate (Sigma Aldrich company, Mn: 700, here-
inafter PEGDA) as a multifunctional cross-linkable polymer
(B) were added to the ionic liquid in a total amount of 2 g
as shown in Table 1 below, and stirred at room temperature
for 4 hours.

Next, 1 part by weight of Irgacure 819 (BASF company)
as a photo-initiator relative to 100 parts by weight of the
total electrolyte composition is added, and completely dis-
solved by stirring using a vortex, and the residual oxygen
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Experimental Example 1: Evaluation of Ionic
Conductivity of Solid Polymer Electrolyte

The ionic conductivity of the electrolytes prepared in
Examples 1 to 3 and Comparative Examples 1 to 2 were
calculated using Equation 1 after measuring their imped-
ance.

Film samples of the solid polymer electrolyte having a
constant width and thickness were prepared for the mea-
surement. A 2032-type coin cell was prepared by contacting
a sus substrate having excellent electron conductivity as an
ion blocking electrode to both sides of the plate-shaped
sample, and then an alternating voltage of 10 mV was
applied through the electrodes on both sides of the sample.
At this time, the measurement frequency as an applied
condition was set in an amplitude range of 1 Hz to 5 MHz,
and impedance was measured using VMP3 from Biol.ogic
company. The resistance of the bulk electrolyte was obtained
from the intersection (R,) where the semicircle or straight
line of the measured impedance trajectory meets the real
axis, and the ionic conductivity of the polymer solid elec-
trolyte was calculated from the width and thickness of the
sample and the results are shown in Table 3 below. The
thickness of each sample was measured by calculating the
thickness of the sus substrate from the thickness of the sus
substrate and the electrolyte of the coin cell after impedance
measurement.

was removed while purging in nitrogen gas conditions to (S em™) = Ri% (Equation 1]
prepare an electrolyte composition. b
The electrolyte composition was coated on a Teflon
release film by a doctor blade and photopolymerized by o: Ionic conductivity
applying ultraviolet light for 1 hour using black light. After >  R,: Intersection (R,) where impedance trajectory meets
the ultraviolet irradiation was completed, a solid polymer real axis
electrolyte in the form of a film was obtained on the Teflon A: Width of sample
release film. t: Thickness of sample
40
TABLE 1 TABLE 3
Irgacure Item Tonic conductivity (S/cm) 25° C.
PEGMEA PEGDA NMAC LiTFSI 819 =
Ex-  (part by (part by (part by (part by (part by Curing Example 1 1.0 x 104
ample  weight)  weight)  weight) weight) weigh)  method Eiﬁgizg ig i }84
1 15 5 40 40 1 Photocuring Comparative Example 1 1.3 x 1073
2 30 10 30 30 1 Photocuring Comparative Example 2 45 %107
3 20 20 30 30 1 Photocuring
According to Table 3, it was found that the solid polymer
50 electrolyte according to the present invention, to which the

Comparative Example: Synthesis of Solid Polymer
Electrolyte

An electrolyte was prepared in the same manner as in the
example, except that succinonitrile was used instead of
amide-based solvent as shown in Table 2 below.

TABLE 2
Com- PEGMEA Suc- Irgacure
parative (part PEGDA cinonitrile LiTFSI 819
Ex- by (part by (part by (part by (partby  Curing
ample  weight) weight) weight) weight) weight) method
1 15 5 40 40 1 Photocuring
2 30 10 30 30 1 Photocuring

55

60

65

ionic liquid comprising the amide-based solvent is applied
shows excellent ionic conductivity similar to electrolyte of
the comparative example using succinonitrile.

Experimental Example 2: Measurement of Flame
Retardant Property of Solid Polymer Electrolyte

In order to confirm the flame-retardant property of the
solid polymer electrolyte according to the present invention,
a sample of each component and a circular sample having a
diameter of 2 cm of electrolytes prepared according to the
comparative examples and the examples were prepared.
Each sample was burned using a torch and the results were
examined for a flame-retardant property. FIGS. 1 and 2 show
results of the flame-retardant properties of the solid polymer
electrolytes according to the example and the comparative
example.
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Referring to FIGS. 1 and 2, it was found that the solid
polymer electrolyte of Example 1 according to the present
invention, to which the ionic liquid comprising the amide-
based solvent was applied, exhibits excellent flame-retardant
properties by self-extinguishing, which does not burn by
flame and extinguishes within 2 seconds. However, it was
confirmed that the electrolyte of Comparative Example 1,
which does not contain an amide-based solvent, ignites after
about 5 seconds of torch burning and burns until the whole
is burned, and thus was found that the flame-retardant
property is not good.

The invention claimed is:

1. A solid polymer electrolyte composition comprising:

a polymer (A) comprising alkylene oxide and having one

reactive double bond;

a multifunctional cross-linkable polymer (B); and

an ionic liquid, wherein the ionic liquid comprises

N-methylacetamide and a lithium salt,
wherein N-methylacetamide and the lithium salt are pres-
ent in a weight ratio of 40:60 to 60:40.

2. The solid polymer electrolyte composition according to
claim 1, wherein the polymer (A) comprises a polymeriza-
tion unit derived from any one monomer selected from the
group consisting of ethylene glycol methylether (meth)
acrylate, ethylene glycol phenylether (meth)acrylate, dieth-
ylene glycol methylether (meth)acrylate, diethylene glycol
2-ethylhexylether (meth)acrylate, polyethylene glycol
methylether (meth)acrylate, polyethylene glycol ethylether
(meth)acrylate, polyethylene glycol 4-nonylphenylether
(meth)acrylate, polyethylene glycol phenylether (meth)acry-
late, ethylene glycol dicyclopenthenyl ether (meth)acrylate,
polypropylene glycol methylether (meth)acrylate, polypro-
pylene glycol 4-nonylphenylether (meth)acrylate or dipro-
pylene glycol allylether (meth)acrylate, and combinations
thereof.

3. The solid polymer electrolyte composition according to
claim 1, wherein the multifunctional crosslinkable polymer
(B) comprises a polymerization unit derived from any one
monomer selected from the group consisting of polyethylene
glycol diacrylate, polyethylene glycol dimethacrylate, trim-
ethylolpropane ethoxylate triacrylate, trimethylolpropane
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propoxylate triacrylate, polypropylene glycol dimethacry-
late, polypropylene glycol diacrylate, divinylbenzene, poly-
ester dimethacrylate, divinylether, ethoxylated bisphenol A
dimethacrylate, tetraethylene glycol diacrylate, 1,4-butane-
diol diacrylate, 1,6-hexandiol diacrylate, ditrimethylolpro-
pane tetraacrylate, pentaerythritol tetraacrylate, pentaeryth-
ritol ethoxylate tetraacrylate, dipentaerythritol
pentaacrylate, dipentaerythritol hexaacrylate, trimethylol-
propane trimethacrylate, and combinations thereof.

4. The solid polymer electrolyte composition according to
claim 1, wherein the polymer (A) is present in an amount of
5 parts by weight to 40 parts by weight relative to 100 parts
by weight of the total composition.

5. The solid polymer electrolyte composition according to
claim 1, wherein the polymer (B) is present in an amount of
5 parts by weight to 30 parts by weight relative to 100 parts
by weight of the total composition.

6. The solid polymer electrolyte composition according to
claim 1, wherein the ionic liquid is present in an amount of
50 parts by weight to 90 parts by weight relative to 100 parts
by weight of the total composition.

7. The solid polymer electrolyte composition according to
claim 1, wherein the lithium salt is present in an amount of
10 parts by weight to 50 parts by weight relative to 100 parts
by weight of the total composition.

8. The solid polymer electrolyte composition according to
claim 1, wherein the lithium salt comprises at least one
selected from the group consisting of LiPF,, LiBF,, LiSbF,
LiAsFs, LiOH, LiOH-H,O, LiBOB, LiClO,, LiN
(C,FsS0,),, LIN(CF;S0,),, CF;SO;Li, LiC(CF;S0,)s,
LiC,BOy, LiTFSI, and LiFSI.

9. A solid polymer electrolyte formed by photocuring the
solid polymer electrolyte composition according to claim 1.

10. The solid polymer electrolyte according to claim 9,
wherein a thickness of the electrolyte is 50 um to 300 pum.

11. The solid polymer electrolyte according to claim 9,
wherein an ionic conductivity of the electrolyte is 1.0x10™*
S/em to 2.0x107> S/cm based on 25° C.

12. An all solid-state battery comprising the solid polymer
electrolyte according to claim 9.

#* #* #* #* #*



