CN102668221A Nonaqueous electrolyte solution and device comprising same

Data originating from sources other than the EPO may not be accurate, complete, or up to date.

NON-AQUEOUS ELECTROLYTE AND APPARATUS COMPRISING THE SAME

FIELD OF THE INVENTION

The present exemplary embodiment relates to a non-aqueous type electrolyte and an apparatus having the same.
BACKGROUND OF THE INVENTION

In devices such as lithium ion secondary batteries and capacitors, since lithium ion secondary batteries can
realize high energy density, they are attracting attention as power sources for mobile phones and notebook
computers, as well as as as power sources for large-scale power storage and power sources for automobiles.

Although a lithium ion secondary battery can achieve a high energy density, the size thereof is increased, and
the energy density is increased, and higher safety is expected. For example, in a large-scale power storage power
supply and an automotive power supply, particularly high safety is expected, and as safety measures, structural
design of a battery, a package, and the like, enhancement of a protective circuit, an electrode material, an
additive having an overcharge protective function, enhancement of a shutdown function of a separator, and the
like are performed.

Lithium ion secondary batteries use aprotic solvents such as cyclic carbonates and chain carbonates as the
electrolyte solvent; these carbonates are characterized by having a low flash point and being combustible,
although having a high dielectric constant and a high ion conductivity.

The way to further enhance the safety of the lithium ion secondary battery is to make the electrolyte flame-
retardant. As a technique for making an electrolytic solution flame-retardant, a method of adding a phosphazene
compound as a flame retardant has been disclosed.

For example, the nonaqueous electrolyte battery of Patent Document 1 uses a solution in which a lithium salt is
dissolved in a phosphazene derivative as an electrolyte, or a solution in which a lithium salt is dissolved in a
solvent to which an aprotic organic solvent of the phosphazene derivative is further added. It is thus disclosed
that a risk of, for example, explosion or misfire is not generated even in an abnormal situation such as a short
circuit, and excellent battery performance can be realized.

The nonaqueous electrolyte battery of Patent Document 2 uses a solution in which a lithium salt is dissolved in a
chain phosphazene derivative as an electrolyte, or a solution in which a lithium salt is dissolved in a solvent of
an aprotic organic solvent to which a phosphazene derivative is further added. It is thus disclosed that a risk of,
for example, explosion or misfire is not generated even in a normal situation such as a short circuit, and
excellent battery performance can be realized.

Patent Document 3 describes a non-aqueous electrolyte secondary battery having a positive electrode, a negative
electrode, and a non-aqueous electrolyte containing a supporting salt, an organic solvent, and a phosphazene
derivative, wherein the potential window of the phosphazene derivative is in the range of lower limit value+0.5
V or less and upper limit value+4.5 V or more, and the potential window of the organic solvent is in the range
wider than the phosphazene derivative.

Patent Document 4 describes a non-aqueous electrolyte secondary battery having a positive electrode, a negative
electrode, and a non-aqueous electrolyte containing a supporting salt and a phosphazene derivative, the lithium
salt solution (0.5 mol/l) of which has an electrical conductivity of at least 2.0 mS/cm.

A technique is known which uses, as an additive, a substance which is reductively degraded at a potential higher
than that of a carbonate used as a solvent for an electrolytic solution and forms an SEI (Solid Electrolyte
Interface) which is a protective film having a high lithium ion permeability. It is known that since SEI has a
large influence on charge/discharge efficiency, cycle characteristics, and safety, control of SEI at the negative
electrode is important, and irreversible capacity of carbon materials and oxide materials can be reduced by SEI.
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Patent Document 5 describes providing an excellent non-aqueous electrolyte containing a lithium salt and a non-
aqueous solvent, which can secure safety and reliability in abnormal heating of a battery or the like by further
introducing a cyclic carbonate having a carbon-carbon unsaturated bond and a phosphazene derivative based on
the non-aqueous electrolyte in a molecule of 1% by mass or more and 25% by mass or less, and can also provide
good battery performance such as cycle characteristics.

The nonaqueous electrolytic solution used in the battery disclosed in Patent Document 6 contains a non-aqueous
solution containing a cyclic phosphazene compound and a difluorophosphate compound, and at least one cyclic
sulfur-containing compound selected from the group consisting of 1,3-propane sultone, 1,3-butane sultone, 1,4-
butane sultone, and 1,3,2-thiolane-2,2-dioxide, and a supporting salt. It is disclosed that excellent battery
performance and high safety are imparted to a battery even under a high temperature environment.

REFERENCE LIST

Patent Document

Patent Document 1: JP 6-13108 A
Patent Document 2: JP11-144757A
Patent Document 3: JP2001-217005A
Patent Document 4: JP2001-217007A
Patent Document 5: JP2006-24380A
Patent Document 6: JP 2008-41413 A
SUMMARY OF THE INVENTION
Technical Problems

However, in Patent Documents 1 to 4 and 6, since the phosphazene compound is gradually reductively degraded
on the negative electrode during long-term use, the capacity retention rate of the battery is sometimes greatly
reduced.

In Patent Document 5, although the addition of vinyl carbonate that can form SEI inhibits the reductive
degradation of the phosphazene compound, the addition of vinyl carbonate in an amount sufficient to inhibit the
reductive degradation of the phosphazene compound for a long period of time causes an increase in resistance,
and sometimes greatly reduces the charge/discharge characteristics of the battery.

Further, when the phosphazene compound and the difluorophosphate ester are degraded over a long period of
time, the existence ratio of the flame retardant in the electrolytic solution decreases, and safety may decrease
after long-term use. That is, in the case of adding a flame retardant that is reductively degraded, an amount of
additive corresponding to the amount of the flame retardant added is required, and thus the resistance of the
battery is greatly increased in some cases, while the capacity and ratio characteristics are sharply reduced.

That is, an object of the present exemplary embodiment is to provide a non-aqueous electrolyte solution having
high flame retardancy and a good capacity retention ratio, and an apparatus including the non-aqueous
electrolyte solution.

Solution to the Technical Problems

The nonaqueous electrolytic solution according to the present exemplary embodiment is an electrolytic solution
used in an apparatus including a positive electrode, a negative electrode, and a nonaqueous electrolytic solution,
and further includes a lithium salt and a compound having a phosphazene structure represented by the following
formula (1), and further includes at least one disulfonate selected from a cyclic disulfonate represented by the
following formula (2) and a chain disulfonate represented by the following formula (3) in an amount of 0.05
mass % or more and 12.0 mass % or less based on the total amount of the nonaqueous electrolytic solution.
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wherein in Formula (1), X1 and X2 each independently represent a halogen element or a monovalent
substituent; the monovalent substituent represents an alkyl group, an alkoxy group, an aryl group, an acyl group,
an aryloxy group, an amino group, an alkylthio group, an arylthio group, a haloalkyl group, a haloalkoxy group,
a haloaryl group, a haloacyl group, a haloaryloxy group, a haloamino group, a haloalkylthio group, or a
haloarylthio group; n represents an integer of 3 or more and 5 or less; and Formula (1) may be cyclic.

[Equation 2]

wherein in Formula (2), Q represents an oxygen atom, a methylene group, or a single bond; A1 represents a
substituted or unsubstituted alkylene group having 1 to 5 carbon atoms, a carbonyl group, a sulfinyl group, a
substituted or unsubstituted perfluoroalkylene group having 1 to 5 carbon atoms, a substituted or unsubstituted
fluoroalkylene group having 2 to 6 carbon atoms, a substituted or unsubstituted alkylene group having 1 to 6
carbon atoms, a substituted or unsubstituted perfluoroalkylene group having 1 to 6 carbon atoms, a substituted
or unsubstituted perfluoroalkylene group having 1 to 6 carbon atoms, or a substituted or unsubstituted
fluoroalkylene group having 2 to 6 carbon atoms, which may be branched; and A2 represents a substituted or
unsubstituted alkylene group which may be branched.

wherein in Formula (3), R1 and R4 each independently represent an atom or group selected from a hydrogen
atom, a substituted or unsubstituted alkyl group having 1 to 5 carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 5 carbon atoms, a substituted or unsubstituted fluoroalkyl group having 1 to 5 carbon
atoms, a polyfluoroalkyl group having 1 to 5 carbon atoms, -SO2 X11 (wherein X11 is a substituted or
unsubstituted alkyl group having 1 to 5 carbon atoms), -SY11 (wherein Y11 is a substituted or unsubstituted
alkyl group having 1 to 5 carbon atoms), -COZ (wherein Z is a hydrogen atom or a substituted or unsubstituted
alkyl group having 1 to 5 carbon atoms), and a halogen atom; R2 and R3 each independently represent an atom
or a group selected from the group consisting of substituted or unsubstituted alkyl groups having 1 to 5 carbon
atoms, substituted or unsubstituted alkoxy groups having 1 to 5 carbon atoms, substituted or unsubstituted
phenoxy groups, substituted or unsubstituted fluoroalkyl groups having 1 to 5 carbon atoms, polyfluoroalkyl
groups having 1 to 5 carbon atoms, substituted or unsubstituted fluoroalkoxy groups having 1 to 5 carbon atoms,
polyfluoroalkoxy groups having 1 to 5 carbon atoms, hydroxyl groups, halogen atoms, -NX12 X13 (wherein
X12 and X13 each independently represent a hydrogen atom or substituted or unsubstituted alkyl groups
having 1 to 5 carbon atoms), and -NY12 CONY'13 Y14 (wherein Y12 to Y14 each independently represent a
hydrogen atom or substituted or unsubstituted alkyl groups having 1 to 5 carbon atoms).
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In the nonaqueous electrolyte solution according to the present exemplary embodiment, a portion of the
disulfonate ester contained in the nonaqueous electrolyte solution is substituted with a sultone compound
represented by the following formula (4).

wherein in Formula (4), R8 to R13 each independently represent an atom or a group selected from a hydrogen
atom, an alkyl group having 1 or more and 12 or less carbon atoms, a cycloalkyl group having 3 or more and 6
or less carbon atoms, and an aryl group having 6 or more and 12 or less carbon atoms; m represents an integer of
0 or more and 2 or less.

In the non-aqueous electrolyte solution according to the present exemplary embodiment, the non-aqueous
electrolyte solution contains a compound having a phosphazene structure in an amount of 3.0% by mass or more
and 20.0% by mass or less based on the total amount of the non-aqueous electrolyte solution.

In the non-aqueous electrolyte according to the present exemplary embodiment, the non-aqueous electrolyte is
gelled with a polymer.

The apparatus according to the present exemplary embodiment is a lithium ion secondary battery or a capacitor,
and includes the non-aqueous electrolyte.

According to the present exemplary embodiment, the introduction of the specific disulfonate having a large
inhibitory effect on the reductive degradation of the compound having a phosphazene structure can suppress the
reductive degradation of the compound having a phosphazene structure on the negative electrode active
material. Therefore, an increase in resistance caused by reductive degradation of a compound having a
phosphazene structure can be suppressed for a long period of time, and a good capacity retention ratio can be
obtained. Further, according to the present exemplary embodiment, since reduction of the compound having a
phosphazene structure can be suppressed for a long period of time, and an effective amount of the compound
having a phosphazene structure remains in the electrolytic solution even after long-term use, high flame
retardancy can be obtained for a long period of time. In addition, the amount of gas generated during the initial
charge can be reduced.

The present exemplary embodiment can provide a non-aqueous electrolyte solution having high flame
retardancy and a good capacity retention ratio, and an apparatus including the non-aqueous electrolyte solution.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a configuration of a positive electrode of a lithium ion secondary battery
according to the present exemplary embodiment; FIG. (1a) shows a plan view of the positive electrode, and FIG.
(1b) shows a side view of the positive electrode.

FIG. 2 is a diagram illustrating a configuration of a negative electrode of a lithium ion secondary battery
according to the present exemplary embodiment; FIG. (2a) shows a plan view of the negative electrode, and
FIG. (2b) shows a side view of the negative electrode.

FIG. 3 is a cross-sectional view illustrating a configuration of a battery element after a lithium ion secondary
battery according to the present exemplary embodiment is wound.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present exemplary embodiment will be described in detail.
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The nonaqueous electrolytic solution according to the present exemplary embodiment is an electrolytic solution
used in an apparatus including a positive electrode, a negative electrode, and a nonaqueous electrolytic solution,
and further includes a lithium salt and a compound having a phosphazene structure represented by the following
formula (1), and further includes at least one disulfonate selected from a cyclic disulfonate represented by the
following formula (2) and a chain disulfonate represented by the following formula (3) in an amount of 0.05
mass % or more and 12 mass % or less based on the total amount of the nonaqueous electrolytic solution.

wherein in Formula (1), X1 and X2 each independently represent a halogen element or a monovalent
substituent; the monovalent substituent represents an alkyl group, an alkoxy group, an aryl group, an acyl group,
an aryloxy group, an amino group, an alkylthio group, an arylthio group, a haloalkyl group, a haloalkoxy group,
a haloaryl group, a haloacyl group, a haloaryloxy group, a haloamino group, a haloalkylthio group, or a
haloarylthio group; n represents an integer of 3 or more and 5 or less; and Formula (1) may be cyclic.

[Equation 6]

wherein in Formula (2), Q represents an oxygen atom, a methylene group, or a single bond; A1 represents a
branched substituted or unsubstituted alkylene group having 1 to 5 carbon atoms, a carbonyl group, a sulfinyl
group, a branched substituted or unsubstituted perfluoroalkylene group having 1 to 5 carbon atoms, a branched
substituted or unsubstituted fluoroalkylene group having 2 to 6 carbon atoms, an ether bond-containing and
branched substituted or unsubstituted alkylene group having 1 to 6 carbon atoms, an ether bond-containing and
branched substituted or unsubstituted perfluoroalkylene group having 1 to 6 carbon atoms, an ether bond-
containing and branched substituted or unsubstituted fluoroalkylene group having 2 to 6 carbon atoms; and A2
represents a branched substituted or unsubstituted alkylene group.

wherein in Formula (3), R1 and R4 each independently represent an atom or group selected from a hydrogen
atom, a substituted or unsubstituted alkyl group having 1 to 5 carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 5 carbon atoms, a substituted or unsubstituted fluoroalkyl group having 1 to 5 carbon
atoms, a polyfluoroalkyl group having 1 to 5 carbon atoms, -SO2 X11 (wherein X11 is a substituted or
unsubstituted alkyl group having 1 to 5 carbon atoms), -SY11 (wherein Y11 is a substituted or unsubstituted
alkyl group having 1 to 5 carbon atoms), -COZ (wherein Z is a hydrogen atom or a substituted or unsubstituted
alkyl group having 1 to 5 carbon atoms), and a halogen atom; R2 and R3 each independently represent an atom
or a group selected from the group consisting of substituted or unsubstituted alkyl groups having 1 to 5 carbon
atoms, substituted or unsubstituted alkoxy groups having 1 to 5 carbon atoms, substituted or unsubstituted
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phenoxy groups, substituted or unsubstituted fluoroalkyl groups having 1 to 5 carbon atoms, polyfluoroalkyl
groups having 1 to 5 carbon atoms, substituted or unsubstituted fluoroalkoxy groups having 1 to 5 carbon atoms,
polyfluoroalkoxy groups having 1 to 5 carbon atoms, hydroxyl groups, halogen atoms, -NX12 X13 (wherein
X12 and X13 each independently represent a hydrogen atom or substituted or unsubstituted alkyl groups
having 1 to 5 carbon atoms), and -NY12 CONY13 Y14 (wherein Y12 to Y14 each independently represent a
hydrogen atom or substituted or unsubstituted alkyl groups having 1 to 5 carbon atoms).

The compound having a phosphazene structure exhibits flame retardancy, and therefore the compound
represented by the above formula (1) is used. Examples of the compound represented by the above formula (1)
include monoethoxypentafluorocyclotriphosphazene.

These compounds may be used alone or in combination of two or more. In the compound having the
phosphazene structure represented by the above formula (1), X1 and X2 may each independently be a different
group between units.

From the viewpoint of suppressing reductive degradation of the compound having a phosphazene structure, the
compound represented by the above formula (2) is used as a cyclic disulfonate; and the compound represented
by the above formula (3) is used as a chain disulfonate.

Representative examples of the compound represented by the above formula (2) are specifically shown in Table
1, and representative examples of the compound represented by the above formula (3) are specifically shown in
Table 2, but the present exemplary embodiment is not limited thereto. These compounds may be used alone or
in combination of two or more.

[Table 1]

[Table 2]

The proportion of at least one compound selected from the cyclic disulfonate compound represented by the
above formula (2) and the chain disulfonate compound represented by the above formula (3) in the nonaqueous
electrolyte solution is 0.05 mass % or more and 12 mass % or less based on the total amount of the nonaqueous
electrolyte solution. When the proportion based on the total amount of the non-aqueous electrolyte solution is
less than 0.05 mass %, the effect of the surface film in which the reductive degradation of the compound having
a phosphazene structure is inhibited cannot be effectively obtained. On the other hand, if the proportion of the
nonaqueous electrolyte solution is more than 12 mass %, the increase in viscosity of the nonaqueous electrolyte
solution and the increase in resistance associated therewith cannot be suppressed, and battery characteristics
cannot be further improved. The proportion is preferably 0.1% by mass or more and 10% by mass or less, and
the effect of the surface film can be further improved by making the proportion in this range.

The nonaqueous electrolyte according to the present embodiment can reduce the amount of gas generated during
initial charge, and is also preferable from the viewpoint of safety. This is conceivable because the simultaneous
presence of the compound having a phosphazene structure and the disulfonate in the nonaqueous electrolytic

Ningde Amperex Tech. Exhibit No. 2016

Zhuhai CosMX Battery Co. Ltd. v. Ningde Amperex Tech.
IPR2026-00402, U.S. Patent No. 12,334,494

Page 6 of 40



solution in the above-described ratio can form SEI into which the compound having a phosphazene structure is
introduced by a reaction mechanism different from SEI formation using the nonaqueous electrolytic solution
containing only the disulfonate.

In the nonaqueous electrolyte solution according to the present exemplary embodiment, a part of the disulfonate
ester contained in the nonaqueous electrolyte solution is preferably substituted with a sultone compound
represented by the following formula (4).

wherein in Formula (4), R8 to R13 each independently represent an atom or a group selected from a hydrogen
atom, an alkyl group having 1 or more and 12 or less carbon atoms, a cycloalkyl group having 3 or more and 6
or less carbon atoms, and an aryl group having 6 or more and 12 or less carbon atoms; m represents an integer of
0 or more and 2 or less.

As the sultone compound represented by the above formula (4), for example, 1,3-propane sultone, 1,4-butane
sultone, and derivatives thereof can be used, but are not limited thereto. These compounds may be used alone or
in combination of two or more.

The nonaqueous electrolytic solution preferably contains a compound having a phosphazene structure in an
amount of 3.0% by mass or more and 20.0% by mass or less based on the total amount of the nonaqueous
electrolytic solution. The introduction of 3.0 mass % or more of the compound having a phosphazene structure
based on the total amount of the non-aqueous electrolyte may provide a sufficient flame-retardant effect; the
introduction of 20.0 mass % or less thereof may suppress the reduction in ion conductivity.

The non-aqueous electrolyte may be a gel electrolyte in which a polymer is gelled.

The non-aqueous electrolyte according to the present exemplary embodiment may contain an aprotic solvent.
Examples of the aprotic solvent include cyclic carbonates such as propylene carbonate (PC), ethylene carbonate
(EC), butylene carbonate (BC), and vinyl carbonate (VC), chain carbonates such as dimethyl carbonate (DMC),
diethyl carbonate (DEC), ethyl methyl carbonate (EMC), and dipropyl carbonate (DPC), aliphatic carboxylic
acid esters such as methyl formate, methyl acetate, and ethyl propionate, gamma lactones such as gamma
butyrolactone, chain ethers such as 1,2-ethoxyethane (DEE) and ethoxymethoxyethane (EME), cyclic ethers
such as tetrahydrofuran and 2-methyltetrahydrofuran; Dimethyl sulfoxide, 1,3-dioxolane, formamide,
acetamide, dimethylformamide, dioxolane, acetonitrile, propionitrile, nitromethane, ethyl monoglyme,
phosphoric triester, trimethoxymethane, dioxolane derivatives, sulfolane, methyl sulfolane, 1,3-dimethyl-2-
imidazolidinone, 3-methyl-2-oxazolidinone, propylene carbonate derivatives, tetrahydrofuran derivatives,
diethyl ether, anisole, N-methylpyrrolidone, and fluorocarboxylic acid esters. These aprotic organic solvents
may be used alone or in the form of a mixture of two or more, but are not limited thereto.

Examples of the lithium salt contained as an electrolyte in the nonaqueous electrolyte according to the present
exemplary embodiment include LiPF6 , LiBF4 , LiAsF6 , LiSbF6 , LiClO4 , LiAlO4 , LiN(Cq F2q+1 SO2) (Cr
F2r+1 SO2 ) (q and r are natural numbers), and LiCF3 SO3 . However, the lithium salt is not limited thereto.

As the negative electrode active material contained in the negative electrode of the apparatus having the
nonaqueous electrolytic solution according to the present exemplary embodiment, one kind or two or more
kinds selected from the group consisting of, for example, metallic lithium, a lithium alloy, and a material
capable of absorbing and releasing lithium ions may be used. As the material capable of absorbing and releasing
lithium ions, carbon materials, silicon, and oxides can be used.

As the carbon material, graphite, amorphous carbon, diamond-like carbon, carbon nanotubes, etc., which absorb
lithium, and composite materials thereof can be used. In particular, graphite has high electron conductivity and
is excellent in adhesion to a current collector containing a metal such as copper, and voltage flatness, and
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contains only a small amount of impurities because it is formed at a high treatment temperature, which is
preferably advantageous for improving negative electrode performance. Further, a composite material of high
crystalline graphite and low crystalline amorphous carbon may be used.

As silicon and oxide, one of silicon, silicon oxide, tin oxide, indium oxide, zinc oxide, lithium oxide, phosphoric
acid, and boric acid or a composite thereof can be used, and the composite preferably contains silicon oxide in
particular. The structure is preferably in an amorphous state. This is because silicon oxide is stable, does not
cause a reaction with other compounds, and does not introduce deterioration due to non-uniformity such as grain
boundaries and defects due to amorphous structures. As the film forming method, a vapor deposition method, a
CVD method, a sputtering method, or the like can be used.

The lithium alloy is composed of lithium and a metal capable of forming an alloy with lithium. For example, the
lithium alloy is composed of a binary, ternary or higher multimetal alloy of a metal such as Al, Si, Pb, Sn, In,
Bi, Ag, Ba, Ca, Hg, Pd, Pt, Te, Zn, and La and lithium. The metallic lithium and the lithium alloy are
particularly preferably in an amorphous state. This is because the amorphous structure is difficult to cause
deterioration caused by non-uniformity such as grain boundaries and defects.

The metal lithium and the lithium alloy can be suitably formed by a method such as a melt cooling method, a
liquid quenching method, an atomization method, a vacuum evaporation method, a sputtering method, a plasma
CVD method, a photo CVD method, a thermal CVD method, or a sol-gel method.

According to the present exemplary embodiment, examples of the positive electrode active material contained in
the positive electrode of the apparatus having the nonaqueous electrolyte include lithium-containing composite
oxides such as LiCoO2 , LiNiO2 , and LiMn2 O4 . The transition metal portion of the lithium-containing
composite oxide may be replaced with other elements.

A lithium-containing composite oxide having a stable state (plateau) of 4.5 V or more with respect to the
counter electrode potential of metallic lithium may be used. Examples of the lithium-containing composite oxide
include a spinel type lithium manganese composite oxide, an olivine type lithium-containing composite oxide,
and an inverted spinel type lithium-containing composite oxide. Examples of the lithium-containing composite
oxide include Lia (Mx Mn2-x )O4 (where 0(x(2; and 0(a(1.2). M is a compound selected from the group
consisting of Ni, Co, Fe, Cr, and Cu.

In the present illustrative embodiment, examples of the gelling component used as a raw material of the polymer
contained in the gel electrolyte include monomers, oligomers, and copolymer oligomers having two or more
thermally polymerizable polymerization groups in one molecule thereof. Examples of the gelling component
include an acrylic polymer-forming compound including bifunctional acrylates such as ethylene glycol
diacrylate, diethylene glycol diacrylate, triethylene glycol diacrylate, tetracthylene glycol diacrylate, propylene
glycol diacrylate, dipropylene glycol diacrylate, tripropylene glycol diacrylate, 1,3-butylene glycol diacrylate,
1,4-butylene glycol diacrylate, and 1,6-hexanediol diacrylate, trifunctional acrylates such as trimethylolpropane
triacrylate and pentaerythritol triacrylate, tetrafunctional acrylates such as ditrimethylolpropane tetraacrylate and
pentaerythritol tetraacrylate, and methacrylate monomers. In addition to this, examples include monomers such
as urethane acrylate and urethane methacrylate, copolymer oligomers thereof, and copolymer oligomers with
acrylonitrile, but are not limited thereto.

As the polymer, a polymer which is soluble in a plasticizer and gelable, such as polyvinylidene fluoride,
polyethylene oxide, and polyacrylonitrile, can also be used.

The gelling component is not limited to the above-mentioned monomers, oligomers and polymers, and any
component that can gel can be used. The gelling component is not limited to one monomer, oligomer or
polymer, and a mixture of two or more gelling components may be used as necessary. As the thermal
polymerization initiator, benzoin, peroxide, or the like may be used as necessary, but the thermal polymerization
initiator is not limited thereto.

In the battery configuration of the apparatus according to the present exemplary embodiment, as the electrode
element, a laminate or a wound body may be used, and as the outer body, an aluminum laminate outer body or a
metal outer body may be used. Further, the battery capacity is not limited. The apparatus according to the
present exemplary embodiment is a lithium ion secondary battery, a capacitor, or the like, and the nonaqueous
electrolytic solution according to the present exemplary embodiment may be used in the lithium ion secondary
battery, the capacitor, or the like.
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EXAMPLES

Hereinafter, the present embodiment will be described in detail by way of examples with reference to the
accompanying drawings, but the present embodiment is not limited to the examples.

BRIEF DESCRIPTION OF DRAWINGS FIG. 1 is a diagram illustrating a configuration of a positive electrode
of a lithium ion secondary battery. FIG. 1 shows a schematic view of the embodiment. FIG. 1( a) is a plan view
of a positive electrode. FIG. (b) is a side view of the positive electrode.

FIG. 2 is a diagram illustrating a configuration of a negative electrode of a lithium ion secondary battery. FIG. 2
FIG. 2( a) is a plan view of the negative electrode. FIG. (b) is a side view of the negative electrode.

FIG. 3 is a cross-sectional view illustrating a configuration of a battery element after a lithium ion secondary
battery is wound.

(Example 1)

First, the production of the positive electrode 1 will be described with reference to FIG. 1. 85 mass % of LiMn2
04 , 7 mass % of acetylene black as a conductive auxiliary agent, and 8 mass % of polyvinylidene fluoride as a
binder were mixed; N-methylpyrrolidone was added to the mixture, and further mixed, thereby preparing a
positive electrode slurry. The positive electrode slurry was applied onto both surfaces of an Al foil 2 having a
thickness of 20 um, a current collector was formed by a doctor blade method so that the thickness after rolling
became 160 pum, dried at 120° C. for 5 minutes, and then subjected to a rolling step, thereby forming a positive
electrode active material layer 14. Positive electrode active material uncoated portions 5 on which the positive
electrode active material was not coated were provided on both end portions of the foil. The positive electrode
material conductive tab 6 is welded to one positive electrode active material uncoated portion 5. The positive
electrode active material single-sided coating portion 4 as one surface having the positive electrode active
material coated on only one surface is provided close to the positive electrode active material uncoated portion 5
to which the positive electrode conductive tab 6 is welded, and the positive electrode active material double-
sided coating portion 3 is provided further close thereto. A positive electrode 1 was thus prepared.

Next, the preparation of the negative electrode 7 will be described with reference to FIG. 2. 90% by mass of
graphite, 1% by mass of acetylene black as a conductive auxiliary agent, and 9% by mass of polyvinylidene
fluoride as a binder were mixed; N-methylpyrrolidone was added to the mixture, and further mixed, thereby
preparing a negative electrode slurry. The negative electrode slurry was applied to both surfaces of a Cu foil 8
having a thickness of 10 um, a current collector was formed by a doctor blade method so that the thickness after
rolling became 120 pm, dried at 120° C. for 5 minutes, and then subjected to a rolling step, thereby forming a
negative electrode active material application portion 9. A negative electrode active material uncoated portion
11 on which a negative electrode active material is not coated is provided on both end portions of the foil. The
negative electrode material conductive tab 12 is welded on one of the ends. The negative electrode active
material single-sided coating portion 10 as one surface having the negative electrode active material coated on
only one surface is provided close to the negative electrode active material uncoated portion 11 to which the
negative electrode conductive tab 12 is welded, and the negative electrode active material double-sided coating
portion 9 is provided further close thereto. Thus, the negative electrode 7 was prepared.

The fabrication of the battery element will be described with reference to FIG. 3. The melted and cut portions of
the two sheets of separators 13 including a polypropylene microporous film having a film thickness of 25 pm
and a porosity of 55% and subjected to a hydrophilic treatment were fixed and wound to the winding core of the
winding device, and the front ends of the positive electrode 1 and the negative electrode 7 were introduced.
Under the condition that the opposite side of the connection portion of the positive electrode conductive tab 6
and the connection portion side of the negative electrode conductive tab 12 are made to be the front end sides of
the positive electrode 1 and the negative electrode 7, respectively, the negative electrode 7 is disposed between
two sheets of separators 13, the positive electrode 1 is disposed on the upper surface of the separators 13, and
wound by rotating a winding core, thereby forming a battery element (hereinafter, referred to as J/R (gel roll)).

The J/R was stored in a printed laminated outer package, the positive electrode conductive tab 6 and the
negative electrode conductive tab 12 were pulled out, one side of the laminated outer package was folded back,
and heat fusion was performed in a state where the solution injection portion remained unfused.
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An electrolytic solution was prepared by mixing 10% by mass of monoethoxypentafluorocyclotriphosphazene
and 2% by mass of Compound No. 2 in Table 1 in an electrolytic solution containing 1.2 mol/l of LiPF6 as a
supporting salt and ethylene carbonate (EC)/diethyl carbonate (DEC) = 30/70 (volume ratio) as a solvent.

Then, the electrolytic solution was injected from the solution injection portion to vacuum-impregnate, and the
solution injection portion was thermally fused to obtain a battery.

The obtained battery was subjected to CC-CV charging (constant current constant voltage charging, charging
conditions: a CC current of 0.02 C, a CV time of 5 hours, and a temperature of 20° C.) to a battery voltage of
4.2 V, and then a discharge capacity obtained when discharged to a battery voltage of 3.0 V at 0.02 C was
defined as an initial capacity; and a ratio of the obtained initial capacity to a design capacity was defined as an
initial capacity (%), which was measured.

The ratio of the 2C capacity to the 0.2C capacity at 20°C of the obtained battery was defined as a ratio
characteristic (%), and the ratio was measured.

The cycle test of the obtained battery includes CC-CV charging at an upper limit voltage of 4.2 V, a current of 1
C, and a CV time of 1.5 hours, and CC discharging at a lower limit voltage of 3.0 V, a current of 1 C, and all
were performed at 45° C. The ratio of the discharge capacity at the 1000th cycle to the discharge capacity at the
first cycle was defined as the capacity retention ratio, and the ratio was measured.

The combustion test was performed by placing the battery after the cycle test 10 cm above the front end of the
flame of the gas burner. The combustion ability was evaluated as follows based on the state in which the
electrolytic solution was vaporized and burned. A case where the electrolyte is not ignited is defined as A; a
case where the flame is extinguished after 2-3 seconds of ignition even though it is ignited is defined as B; a
case where the flame is extinguished within 10 seconds even though it is ignited is defined as C; and a case
where combustion continues without being extinguished even after 10 seconds is defined as D.

(Example 2)

In Example 2, a battery was fabricated and evaluated in the same manner as in Example 1 except that 2 mass %
of Compound No. 101 in Table 2 was mixed as an additive.

(Example 3)

In Example 3, a battery was prepared and evaluated as in Example 1 except that 4% by mass of Compound No.
101 in Table 2 was mixed as an additive.

(Example 4)

In Example 4, a battery was prepared and evaluated as in Example 1 except that 2 mass % of Compound No. 2
in Table 1 and 2 mass % of Compound No. 101 in Table 2 were mixed as additives.

(Example 5)

In Example 5, a battery was prepared and evaluated as in Example 1 except that 2 mass % of Compound No. 2
in Table 1 and 3 mass % of 1,3-propane sultone were mixed as additives.

(Example 6)

In Example 6, a battery was prepared and evaluated as in Example 1 except that 4% by mass of Compound No.
2 in Table 1 and 6% by mass of 1,3-propane sultone were mixed as additives.

(Example 7)

In Example 7, a battery was prepared and evaluated as in Example 6 except that 20% by mass of
monoethoxypentafluorocyclotriphosphazene was added.

(Example 8)
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In Example 8, a battery was prepared and evaluated as in Example 7 except that 25 mass % of
monoethoxypentafluorocyclotriphosphazene was added.

(Example 9)

In Example 9, a battery was prepared and evaluated as in Example 1 except that 5 mass % of Compound No. 2
in Table 1 and 7 mass % of 1,3-propane sultone were mixed as additives.

(Comparative Example 1)

In Comparative Example 1, a battery was prepared and evaluated as in Example 6 except that
monoethoxypentafluorocyclotriphosphazene was not added.

(Comparative Example 2)

In Comparative Example 2, a battery was prepared and evaluated as in Example 1 except that no additive was
added.

(Comparative Example 3)

In Comparative Example 3, a battery was prepared and evaluated as in Example 1 except that 5 mass % of vinyl
carbonate (VC) not corresponding to any one of the above formulas (2), (3), and (4) was added as an additive.

(Comparative Example 4)

In Comparative Example 4, a battery was prepared and evaluated as in Example 1 except that 3 mass % of
propane sultone (PS) was mixed as an additive.

The results of the initial capacity, ratio characteristics, capacity retention ratio, and flame retardancy in
Examples 1 to 9 and Comparative Examples 1 to 4 are shown in Table 3.

[Table 3]

No. 2 described in the list of additives in Table 3 represents Compound No. 2 in Table 1; No. 101 represents
Compound No. 101 in Table 2; PS represents 1,3-propane sultone; and VC represents vinyl carbonate which
does not correspond to any one of the above formulas (2), (3), and (4).

As shown in Examples 1 to 6 and 9 in Table 3, in the case where the amount of
monoethoxypentafluorocyclotriphosphazene added was made a fixed amount and the amount of the additive
was increased, the capacity retention ratio was very good. Further, in the battery combustion test after the cycle
test, the electrolyte solution was not ignited or was ignited but was extinguished after 2 to 3 seconds of ignition.
In contrast, in Comparative Example 1, the electrolyte solution was continuously burned in the battery
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combustion test after the cycle test. In Comparative Example 2, the capacity retention rate was low, and further,
in the battery combustion test after the cycle test, the electrolyte continued to burn. That is, it was found that the
compound having a phosphazene structure was reductively degraded due to the absence of the additive, and
became absent in its effective amount for combustion suppression. In addition, in Comparative Example 3 and
Comparative Example 4, the flame retardancy was also slightly reduced as compared with the Examples,
indicating that the additive was not sufficient for suppressing the reductive degradation of the compound having
the phosphazene structure. As is clear from Examples 6, 7 and 9, although there is a possibility that the SEI is
thickened and the resistance is increased by adding a large amount of the additive, the combustion suppressing
effect is sufficiently maintained even after the cycle test. By Comparative Examples 8 and 7, since the amount
of monoethoxypentafluorocyclotriphosphazene added exceeds 20 mass % decreases the ion conductivity of the
electrolytic solution, the ratio characteristics slightly decrease, and since the excess phosphazene compound
with respect to SEI gradually decreases and degrades in the long-term cycle test, the battery combustion
suppressing effect after the long-term cycle test is slightly decreased.

Further, in Examples, the gas generation amount during the initial charge tended to decrease by comparison with
each Comparative Example. This is conceivable because the simultaneous presence of the compound having a
phosphazene structure and the disulfonate in the electrolytic solution can form SEI into which the compound
having a phosphazene structure is introduced by a reaction mechanism different from SEI formation using a
non-aqueous electrolytic solution containing only the disulfonate. However, assuming that since further
reduction of the phosphazene compound present in the electrolytic solution can be suppressed on the SEI thus
formed, there is a possibility that SEI using disulfonate ester introduced with the phosphazene compound has a
larger reduction degradation suppressing effect on a certain electrolytic solution component containing the
phosphazene compound. This effect is presumed to improve the life characteristics.

As is clear from the above, SEI using a specific disulfonate and a specific sultone compound can suppress
reductive degradation of a compound having a phosphazene structure for a long period of time and provide a
good capacity retention rate as a life characteristic, thereby providing high flame retardancy. Further, the
balance between the amount of the compound having a phosphazene structure added and the amount of the
additive is optimized, so that the ratio retention characteristic can be maintained and good life characteristics can
be provided.

(Example 10)

Example 10 was carried out in the same manner as in Example 5 except that the electrolytic solution in Example
5 was used as the gel electrolyte. First, 10 mass % of monoethoxypentafluorocyclotriphosphazene, 2 mass % of
Compound No. 2 in Table 1, and 3 mass % of PS were mixed in an electrolyte solution containing 1.2 mol/l of
LiPF6 and in which EC/DEC = 30/70 (volume ratio). Further, 3.8 mass % of triethylene glycol diacrylate and 1
mass % of trimethylolpropane triacrylate as a gelling agent were added and mixed well. Then, 0.5 mass % of
tert-butyl peroxypivalate as a polymerization initiator was added. A pregel solution was thus prepared. Then, the
pregel solution was injected from the solution injection portion for vacuum impregnation, and polymerized at
80° C. for 2 hours, thereby obtaining a lithium ion battery (lithium polymer battery).

(Comparative Example 5)

Comparative Example 5 was carried out in the same manner as in Example 10 except that the additive in
Example 10 was not added.

The initial capacity, ratio characteristics, capacity retention ratio, and flame retardancy in Example 10 and
Comparative Example 5 are shown in Table 4.

[Table 4]
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No. 2 of the list of additives described in Table 4 represents Compound No. 2 in Table 1; and PS,1,3-propane
sultone.

As is clear from Table 4, in the case of using a gel electrolyte instead of the liquid electrolyte, reduction
degradation of a compound having a phosphazene structure can be suppressed for a long period of time by SEI
using a disulfonate and a sultone compound, and a good capacity retention rate as a life property can be
provided, so that high flame retardancy is provided.

(Example 11)

Example 11 was carried out in the same manner as in Example 6 except that graphite as the negative electrode
material in Example 6 was changed to a silicon-based material. First, 90 mass % of silicon, 1 mass % of
acetylene black as a conductive auxiliary agent, and 9 mass % of polyimide as a binder were mixed; N-
methylpyrrolidone was added to the mixture, and further mixed, thereby producing a negative electrode slurry.
This negative electrode slurry was coated on both surfaces of a Cu foil 8 having a thickness of 10 pm to form a
current collector so that the thickness became 80 um after rolling, dried at 120° C. for 5 minutes, then subjected
to a rolling step, and further dried at 300° C. for 10 minutes, thereby forming a negative electrode active
material coating portion 9.

(Comparative Example 6)

Comparative Example 6 was carried out in the same manner as in Example 11 except that the additive in
Example 11 was not added. The cycle tests of Example 11 and Comparative Example 6 included CC-CV
charging (upper limit voltage: 4.2 V, current: 1 C, and CV time: 1.5 hours) and CC discharging (lower limit
voltage: 3.0 V, and current: 1 C), and both were performed at 45° C. The ratio of the discharge capacity at the
200thcycle to the capacity at the first cycle was defined as the capacity retention ratio.

The initial capacity, ratio characteristics, capacity retention ratio, and flame retardancy characteristics in
Example 11 and Comparative Example 6 are shown in Table 5.

[Table 5]

No. 2 described in the additive column of Table 5 represents Compound No. 2 in Table 1; and PS represents 1,3-
propane sultone.

As is clear from Table 5, in the case of using a silicon material instead of graphite, SEI using a disulfonate and a
sulfoendoester compound can also suppress reductive degradation of a compound having a phosphazene
structure for a long period of time, and can provide a good capacity retention rate as a life property, so that high
flame retardancy is provided.

In summary, it can be confirmed that the present exemplary embodiment can provide a non-aqueous electrolyte
having a good capacity retention rate and high flame retardancy and an apparatus including the non-aqueous
electrolyte.

This application claims priority to Japanese Patent Application No. 2009-247185 filed on 10 and 28 of 2009, the
disclosure of which is incorporated herein in its entirety.

In summary, the present invention has been described by referring to the embodiment (and the example), but the
present invention is not limited to the embodiment (and the example). In the composition and details of the
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present invention, various alterations and modifications that can be understood by those skilled in the art can be

made within the scope of the present invention.

DESCRIPTION OF REFERENCE NUMBERS

1 Positive electrode

2 Al foil

3 Positive electrode active material double-sided coating portion
4 Positive electrode active material single-sided coating portion
5 Positive electrode active material uncoated portion

6 positive electrode conductive tab

7 negative electrode

8 Cu foil

9 Negative electrode active material double-sided coating portion
10 negative electrode active material single-sided coating portion
11 negative electrode active material uncoated portion

12 negative electrode conductive tab

13 spacer

14 Positive electrode active material layer

15 negative electrode active material layer
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CN102668221A Nonaqueous electrolyte solution and device comprising same
Data originating from sources other than the EPO may not be accurate, complete, or up to date.

1. A non-aqueous electrolyte for use in an apparatus comprising a positive electrode, a negative electrode, and a
non-aqueous electrolyte, wherein

the nonaqueous electrolyte solution contains a lithium salt and a compound having a phosphazene structure
represented by the following formula (1), and

The non-aqueous electrolyte further contains at least one disulfonate selected from the group consisting of a
cyclic disulfonate represented by the following formula (2) and a chain disulfonate represented by the following
formula (3) in an amount of 0.05 mass % or more and 12.0 mass % or less based on the total amount of the non-
aqueous electrolyte solution:

wherein in Formula (1), X1 and X2 each independently represent a halogen element or a monovalent
substituent; the monovalent substituent represents an alkyl group, an alkoxy group, an aryl group, an acyl group,
an aryloxy group, an amino group, an alkylthio group, an arylthio group, a haloalkyl group, a haloalkoxy group,
a haloaryl group, a haloacyl group, a haloaryloxy group, a haloamino group, a haloalkylthio group, or a
haloarylthio group; n represents an integer of 3 or more and 5 or less; and Formula (1) may be cyclic;

wherein in Formula (2), Q represents an oxygen atom, a methylene group, or a single bond; A1 represents a
substituted or unsubstituted alkylene group having 1 to 5 carbon atoms, a carbonyl group, a sulfinyl group, a
substituted or unsubstituted perfluoroalkylene group having 1 to 5 carbon atoms, a substituted or unsubstituted
fluoroalkylene group having 2 to 6 carbon atoms, a substituted or unsubstituted alkylene group having 1 to 6
carbon atoms, a substituted or unsubstituted perfluoroalkylene group having 1 to 6 carbon atoms, a substituted
or unsubstituted perfluoroalkylene group having 1 to 6 carbon atoms, or a substituted or unsubstituted
fluoroalkylene group having 2 to 6 carbon atoms, which may be branched; and A2 represents a substituted or
unsubstituted alkylene group which may be branched;

wherein in Formula (3), R1 and R4 each independently represent an atom or group selected from a hydrogen
atom, a substituted or unsubstituted alkyl group having 1 to 5 carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 5 carbon atoms, a substituted or unsubstituted fluoroalkyl group having 1 to 5 carbon
atoms, a polyfluoroalkyl group having 1 to 5 carbon atoms, -SO2 X11 (wherein X11 is a substituted or
unsubstituted alkyl group having 1 to 5 carbon atoms), -SY 11 (wherein Y11 is a substituted or unsubstituted
alkyl group having 1 to 5 carbon atoms), -COZ (wherein Z is a hydrogen atom or a substituted or unsubstituted
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alkyl group having 1 to 5 carbon atoms), and a halogen atom; and R2 and R3 each independently represent an
atom or a group selected from the group consisting of substituted or unsubstituted alkyl having 1 to 5 carbon
atoms, substituted or unsubstituted alkoxy having 1 to 5 carbon atoms, substituted or unsubstituted phenoxy,
substituted or unsubstituted fluoroalkyl having 1 to 5 carbon atoms, polyfluoroalkyl having 1 to 5 carbon atoms,
substituted or unsubstituted fluoroalkoxy having 1 to 5 carbon atoms, polyfluoroalkoxy having 1 to 5 carbon
atoms, hydroxy, halogen atom, -NX12 X13 (wherein X12 and X13 each independently represent a hydrogen
atom or substituted or unsubstituted alkyl having 1 to 5 carbon atoms), and -NY12 CONY13 Y14 (wherein Y12
to Y14 each independently represent a hydrogen atom or substituted or unsubstituted alkyl having 1 to 5 carbon
atoms).

2.A nonaqueous electrolytic solution according to claim 1, wherein a portion of the disulfonate ester contained
in the nonaqueous electrolytic solution is substituted with a sultone compound represented by the following
formula (4):

[Equation 4]

wherein in Formula (4), R8 to R13 each independently represent an atom or a group selected from a hydrogen
atom, an alkyl group having 1 or more and 12 or less carbon atoms, a cycloalkyl group having 3 or more and 6
or less carbon atoms, and an aryl group having 6 or more and 12 or less carbon atoms; and m represents an
integer of 0 or more and 2 or less.

3.A nonaqueous electrolytic solution according to claim 1 or 2, wherein the compound having a phosphazene
structure is contained in an amount of 3.0% by mass or more and 20.0% by mass or less based on the total
amount of the nonaqueous electrolytic solution.

4.A nonaqueous electrolytic solution according to any one of claims 1 to 3, wherein the nonaqueous electrolytic
solution is gelled with a polymer.

5.A device which is a lithium ion secondary battery or a capacitor, the device comprising the non-aqueous
electrolyte according to any one of claims 1 to 4.
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