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Nonaqueous secondary battery
The present invention relates to a nonaqueous secondary battery.

A nonaqueous secondary battery including a lithium ion secondary battery has a great feature that it is
lightweight, high energy and long life, and it is widely used as a power source for various portable electronic
devices. In recent years, it has expanded also for industrial use typified by power tools such as electric tools and
the like, as well as on-vehicle applications in electric vehicles, electric bicycles and the like. Furthermore,
attention has also been drawn in the electric power storage field of residential electricity storage systems and the
like.

The invention described in Patent Document 1 discloses an invention related to a nonaqueous electrolyte
secondary battery including a positive electrode, a negative electrode, and an electrolyte containing a plurality of
types of nonaqueous solvents.

Japanese Unexamined Patent Application Publication No. 2001-325988

Meanwhile, when an electrolyte based on acetonitrile is used, for example, in a battery configuration using
LiFePO 4 for the positive electrode active material layer, there was a problem that degradation due to elution of
Fe occurs severely at a particularly high temperature. Also, in the battery configuration using the Cu foil as the
current collector of the negative electrode, there was a problem that a large amount of Cu eluted and
deteriorated.

Patent Document 1 does not describe the constitution of an electrolytic solution suitable for the deterioration
countermeasure for suppressing the elution of metals such as Fe and Cu in the acetonitrile electrolytic solution.

SUMMARY OF THE INVENTION It is therefore an object of the present invention to provide a nonaqueous
secondary battery capable of suppressing degradation due to metal elution compared with the conventional case
even with an acetonitrile electrolyte solution It is aimed to do.

A nonaqueous secondary battery of the present invention comprises a positive electrode having a positive
electrode active material layer containing Fe on one side or both sides of a current collector, a negative electrode
having a negative electrode active material layer on one side or both sides of a current collector, A nonaqueous
electrolytic solution containing LiPF 6, acetonitrile, and saturated cyclic carbonate.

In the present invention, it is preferable that the nonaqueous electrolytic solution contains a chain carbonate and
the mixed volume ratio is acetonitrile / chain carbonate = 1 and saturated cyclic carbonate / chain carbonate =
0.5.

In the present invention, it is preferable that the saturated cyclic carbonate includes ethylene carbonate.

In the present invention, it is preferable that the current collector of the negative electrode comprises Cu foil,
and the amount of Cu eluted in the nonaqueous electrolytic solution is 20 ppm or less.

In the present invention, the negative electrode may contain lithium ions as the negative electrode active
material at 0.4 V vs. It is preferable to contain a material which occludes at a potential lower than Li / Li +.

In the present invention, it is preferable that the positive electrode active material layer of the positive electrode
contains LiFePO 4.
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According to the present invention, even when an acetonitrile electrolytic solution is used as the nonaqueous
electrolytic solution, it is possible to obtain a nonaqueous secondary battery capable of suppressing degradation
due to metal elution compared with the conventional one.

FIG. 2 is a plan view schematically showing an example of a nonaqueous secondary battery of the present
embodiment. FIG. 2 is a cross-sectional view of the nonaqueous secondary battery of FIG. 1 taken along line A-
A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS Hereinafter, a mode for carrying out
the present invention (hereinafter simply referred to as "the present embodiment") will be described in detail.

First, the transition of the technology that the present inventor has developed to the present invention will be
explained. For an electrolyte based on acetonitrile, for example, it was found that when using an acetonitrile
electrolyte containing no saturated cyclic carbonate (ethylene carbonate (EC) etc.) in a LiFePO 4 (LFP) positive
electrode cell, it deteriorates severely at high temperature It was. On the other hand, in the LINiCoMnO 2
(NCM) cathode cell, no difference in deterioration due to the presence or absence of the saturated cyclic
carbonate was observed. It is also known that a large amount of Cu is eluted from the negative electrode in a
structure using a Cu foil as the current collector of the negative electrode. The reason for this phenomenon is
presumed to be that compatibility with the LiFePO 4 positive electrode is extremely poor when the main
diluting solvent of the acetonitrile electrolyte is, for example, a chain carbonate. Generally, from the viewpoint
of crystal structure, LiFePO 4 is considered to be more electrochemically stable than other positive electrode
active materials, and such specific deterioration phenomenon has not been reported so far. That is, it is a
problem which occurs only in the electrolyte based on acetonitrile.

Therefore, the present inventors developed a nonaqueous secondary battery capable of suppressing deterioration
due to metal elution by adding a saturated cyclic carbonate to an acetonitrile electrolytic solution, and
appropriately adjusting the content of saturated cyclic carbonate I came to. That is, this embodiment has the
following characteristic parts.

First Embodiment A nonaqueous electrolytic solution of a first embodiment includes a positive electrode having
a positive electrode active material layer containing Fe on one or both surfaces of a current collector and a
negative electrode active material layer on one side or both sides of the current collector A nonaqueous
electrolytic solution containing a negative electrode having a material layer, LiPF 6, acetonitrile, and a saturated
cyclic carbonate.

As described above, the nonaqueous electrolytic solution of the first embodiment contains saturated cyclic
carbonate in addition to LiPF 6 as a lithium salt and acetonitrile as a nonaqueous solvent. Thus, in a battery
configuration using a positive electrode containing Fe in the positive electrode active material layer, it is
possible to suppress degradation due to elution of Fe particularly at high temperatures even with an acetonitrile
electrolytic solution.

Second Embodiment In the first embodiment, the content of the saturated cyclic carbonate is not particularly
limited, but the nonaqueous electrolytic solution in the second embodiment defines the content of the saturated
cyclic carbonate.

The nonaqueous electrolytic solution of the second embodiment contains a chain carbonate together with a
saturated cyclic carbonate. Accordingly, the nonaqueous electrolytic solution of the second embodiment
includes LiPF 6, acetonitrile, saturated cyclic carbonate, and chain carbonate.

In the second embodiment, it is preferable that the mixing volume ratio is acetonitrile / chain carbonate 2 1 and
saturated cyclic carbonate / chain carbonate = 0.5. Thus, in the second embodiment, the chain carbonate is not
the main component of the diluting solvent.

In the second embodiment, the content of acetonitrile, a saturated cyclic carbonate, and a chain carbonate, and a
part of the content of a conventional chain carbonate are replaced by a saturated cyclic carbonate, and the
mixture volume ratio is adjusted as described above , Metal elution such as Fe can be effectively suppressed, a
high capacity retention rate can be obtained even when charging and discharging is repeated, and abnormal
charging and discharging can be prevented.
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(Third Embodiment) In the nonaqueous electrolyte solutions of the first embodiment and the second
embodiment, the saturated cyclic carbonate component is not particularly limited, but the saturated cyclic
carbonate preferably contains ethylene carbonate. Further, it may be a mixed component in which at least one
type selected from saturated cyclic carbonates such as propylene carbonate and fluoroethylene carbonate is
selected together with ethylene carbonate.

As a result, elution of Fe at a high temperature can be suppressed in LiFePO 4 (LFP) positive electrode cell even
when an acetonitrile electrolytic solution is used, and deterioration at high temperature can be effectively
suppressed. Further, even when an acetonitrile electrolytic solution is used for a battery configuration using a Cu
foil as a current collector of a negative electrode, dissolution of Cu can be reduced as compared with the
conventional case, and deterioration due to dissolution of Cu can be effectively suppressed be able to.

Fourth Embodiment In the first embodiment to the third embodiment, the material is not particularly limited
only with respect to the negative electrode, provided that the negative electrode active material layer is provided
on one side or both sides of the current collector. On the other hand, in the fourth embodiment, the current
collector of the negative electrode is configured to have a Cu foil. In the fourth embodiment, the amount of Cu
dissolved in the nonaqueous electrolytic solution can be 20 ppm or less.

As described above, in the fourth embodiment, Cu foil is used for the current collector of the negative electrode,
and by having the structure of the nonaqueous electrolytic solution shown in the first embodiment to the third
embodiment, the elution amount of Cu To a very small amount of 20 ppm or less. Further, in this embodiment,
the elution amount of Cu is preferably 150 ppm or less.

(Fifth Embodiment) In the fifth embodiment, the negative electrode uses lithium ions as the negative electrode
active material at 0.4 V vs. It is preferable to contain a material which occludes at a potential lower than Li / Li
+. In this way, by using a metal lower than 0.4 V as the negative electrode active material, the battery voltage
can be increased even when LiFePO 4 having a lower potential than other positive electrode active materials is
used. Further, since Cu of the negative electrode current collector foil elutes due to an increase in the negative
electrode potential, degradation due to dissolution of the components can be suppressed.

(Sixth Embodiment) In the first to fifth embodiments, the condition is that Fe is contained in the positive
electrode active material layer of the positive electrode, but in the sixth embodiment, more specifically, the
positive electrode The active material layer was configured to contain LiFePO 4.

Thus, in the battery configuration using the LiFePO 4 (LFP) positive electrode cell, by using the acetonitrile
electrolyte shown in the first embodiment to the third embodiment, it is possible to effectively suppress the
elution of Fe at high temperature It is possible.

(Application) Although the aqueous secondary battery of the present embodiment is not particularly limited, it is
preferable to use a power tool such as a power tool that places emphasis on output and long-term durability
performance over capacity, and charging of mobility (moving body) other than a passenger car It can be
effectively applied to a battery. That is, in the present embodiment, it is possible to maintain a high capacity
retention rate even when charging and discharging is repeated, and it is possible to maintain a predetermined
battery output in the above-described power tool application and mobility application, and to obtain stable
operation . "Other than passenger cars" is that the passenger car emphasizes the capacity per unit volume, so it is
disadvantageous for a LiFePO 4 (LFP) positive electrode with low operating voltage, and a layered rock salt
type positive electrode typified by a LiNiCoMnO 2 (NCM) positive electrode is preferable . As already
described, in the LiINiCoMnO 2 (NCM) cathode cell, no difference in deterioration due to the presence or
absence of the saturated cyclic carbonate was observed, so application of the present embodiment was not
necessary, therefore, it was set to "other than passenger car".

(Overall Structure of Nonaqueous Secondary Battery) Hereinafter, the overall configuration of the nonaqueous
secondary battery of the present embodiment will be described. However, no particular limitation is imposed on
the separator and the battery exterior.

Although not restricted, as the nonaqueous secondary battery of this embodiment, a positive electrode
containing a positive electrode material capable of inserting and extracting lithium ions as a positive electrode
active material and a positive electrode containing lithium A negative electrode material capable of occluding
and releasing ions, and one or more negative electrode materials selected from the group consisting of metallic
lithium.
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Specifically, the nonaqueous secondary battery of the present embodiment may be the nonaqueous secondary
battery shown in FIGS. 1 and 2. Here, FIG. 1 is a plan view schematically showing a nonaqueous secondary
battery, and FIG. 2 is a sectional view taken along line AA of FIG. 1.

The nonaqueous secondary battery 100 includes a laminated electrode body formed by stacking a positive
electrode 150 and a negative electrode 160 via a separator 170 in a space 120 of a battery outer casing 110
composed of two aluminum laminate films and a non- And an electrolytic solution (not shown). The battery
exterior casing 110 is sealed by thermal fusion bonding of upper and lower aluminum laminate films at its outer
peripheral portion. The laminate in which the positive electrode 150, the separator 170, and the negative
electrode 160 are laminated in this order is impregnated with a nonaqueous electrolytic solution.

The aluminum laminate film constituting the battery outer casing 110 is preferably one obtained by coating both
surfaces of an aluminum foil with a polyolefin resin.

The positive electrode 150 is connected to the positive electrode lead body 130 in the nonaqueous secondary
battery 100. Although not shown, the negative electrode 160 is also connected to the negative electrode lead
body 140 within the nonaqueous secondary battery 100. One end side of each of the positive electrode lead body
130 and the negative electrode lead body 140 is drawn to the outside of the battery sheath 110 so that it can be
connected to an external device and the like, It is thermally fused together with sides.

In the nonaqueous secondary battery 100 shown in FIGS. 1 and 2, each of the positive electrode 150 and the
negative electrode 160 has one laminated electrode body, but the capacity number of the positive electrode 150
and the negative electrode 160 laminated is set to be It can be increased as appropriate. In the case of a
laminated electrode body having a plurality of each of the positive electrode 150 and the negative electrode 160,
tabs of the same pole may be joined together by welding or the like and joined to one lead body by welding or
the like and taken out to the outside of the battery. As the tab of the same polarity, it is possible to adopt a mode
including an exposed portion of the current collector, a mode in which a metal piece is welded to the exposed
portion of the current collector, and the like.

The positive electrode 150 is composed of a positive electrode active material layer (including Fe) prepared
from a positive electrode material mixture and a positive electrode current collector. The negative electrode 160
is composed of a negative electrode active material layer made from a negative electrode material mixture and a
negative electrode current collector. The positive electrode 150 and the negative electrode 160 are disposed so
that the positive electrode active material layer and the negative electrode active material layer are opposed to
each other with the separator 170 interposed therebetween.

As each of these members, as long as it has the above-mentioned structure, it is possible to use a material
provided in a conventional lithium ion secondary battery. Hereinafter, each member of the nonaqueous
secondary battery will be described in detail.

(Nonaqueous Electrolytic Solution) As long as the nonaqueous electrolytic solution has the characteristic
portion described above, the material used for the nonaqueous electrolytic solution of the conventional lithium
ion secondary battery can be applied.

The nonaqueous electrolytic solution contains LiPF 6, acetonitrile, and saturated cyclic carbonate as essential
components.

(Nonaqueous Solvent) The "nonaqueous solvent" referred to in the present embodiment refers to an element
obtained by removing the below-described lithium salt and other optional additives from the electrolytic
solution.

In this working particle form, acetonitrile is contained as an essential component, but it may contain another
nonaqueous solvent in addition to acetonitrile. Examples of the nonaqueous solvent other than acetonitrile
include alcohols such as methanol and ethanol; aprotic solvents and the like. Above all, an aprotic polar solvent
is preferable.

Specific examples of the aprotic solvents among the above nonaqueous solvents include ethylene carbonate,
propylene carbonate, 1,2-butylene carbonate, trans-2,3-butylene carbonate, cis-2,3-butylene carbonate, 1,2-
pentylene carbonate, trans-2,3-pentylene carbonate, cis-2,3-pentylene carbonate, cyclic carbonate represented by
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vinylene carbonate, 4,5-dimethylvinylene carbonate, and vinylethylene carbonate ; 4,4-difluoro-1,3-dioxolan-2-
one, cis-4,5-difluoro- -4,5-difluoro-1,3-dioxolane-2-o0 , 4,4,5-trifluoro-1,3-dioxolan-2-one, 4,4,5,5-tetrafluoro-
1,3-dioxolane-2-one and 4,4,5- -5-methyl-1,3-dioxolan-2-one; fluorinated ethylene carbonate represented by y-
butyrolactone, y-valerolactone, y-caprolactone, d-valerolactone, d-caprolactone and e-caprolactone Lactone to
be formed; ethylene sulfite, propylene sulfite, butylene sulfite, pentene sulfite, sulfolane, 3-sulfolene, 3-methyl
sulfolane, 1,3-propane sultone, 1,4-butane sultone, 1-propene 1,3 - sultone, dimethyl sulfoxide, tetramethylene
sulfoxide, and ethylene gly Sulfur compounds typified by sulfuric acid; cyclic ethers typified by
tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane and 1,3-dioxane; ethyl methyl carbonate, dimethyl
carbonate, diethyl carbonate, methyl propyl carbonate, methyl isopropyl Chain carbonates represented by
carbonate, dipropyl carbonate, methyl butyl carbonate, dibutyl carbonate, ethyl propyl carbonate, and methyl
trifluoroethyl carbonate; trifluoromethyl carbonate, trifluorodiethyl carbonate, and trifluoroethyl methyl
carbonate Chain fluorinated carbonate; butyronitrile, valeronitrile, benzonitrile, and acryloni Mononitrile
represented by tolyl; alkoxy group-substituted nitrile represented by methoxyacetonitrile and 3-
methoxypropionitrile; malononitrile, succinonitrile, glutaronitrile, adiponitrile, 1,4-dicyanoheptane, 1,5-dicyano
Pentane, 1,6-dicyanohexane, 1,7-dicyanoheptane, 2,6-dicyanoheptane, 1,8-dicyanooctane, 2,7-dicyanooctane,
1,9-dicyanononane, 2,8-dicyanononane, 1, Dinitrile represented by 10-dicyanodecane, 1,6-dicyanodecane, and
2,4-dimethylglutaronitrile; cyclic nitriles such as benzonitrile; chain esters represented by methyl propionate;
dimethoxyethane , Diethyl ether, 1,3-dioxe Chain ether represented by run, diglyme, triglyme and tetraglyme;
fluorinated ether represented by Rf 4 - OR 5 (Rf 4 is a fluorine atom-containing alkyl group, R 5 is a fluorine
atom-containing organic group) Ethers; ketones typified by acetone, methyl ethyl ketone, and methyl isobutyl
ketone; and halides represented by these fluorinated compounds. These may be used singly or in combination of
two or more.

In the present embodiment, among these other nonaqueous solvents, at least one saturated cyclic carbonate is
contained. It is also possible to contain at least one chain carbonate. For example, two or more of the above-
exemplified saturated cyclic carbonates, or one or more of the above-mentioned saturated cyclic carbonates and
one or more of the above-described chain carbonates may be used. Of these, ethylene carbonate, propylene
carbonate or fluoroethylene carbonate is more preferable as the saturated cyclic carbonate, and ethyl methyl
carbonate, dimethyl carbonate, or diethyl carbonate is more preferable as the chain carbonate.

The content of the saturated cyclic carbonate and the chain carbonate is not particularly limited, but it is
preferable that the mixing volume ratio is acetonitrile / chain carbonate 2 1 and saturated cyclic carbonate /
chain carbonate = 0.5 . Specifically, the content of the saturated cyclic carbonate is preferably 10 to 50 vol%
with respect to the total amount of the nonaqueous solvent from the viewpoint of dissociating the ion and
decreasing the viscosity. In addition, when the content of the saturated cyclic carbonate is 10% by volume or
more based on the total amount of the nonaqueous solvent, dissolution of the lithium salt can be promoted.
When the content of the saturated cyclic carbonate in the nonaqueous solvent is within the above range, the high
temperature durability performance and other battery characteristics can be further improved while maintaining
the excellent performance of the saturated cyclic carbonate There is a tendency.

The content of the chain carbonate is not particularly limited as long as it satisfies the aforementioned mixing
volume ratio, but it is preferably 5 to 30% by volume with respect to the total amount of the nonaqueous
solvent.

Acetonitrile is easily reductively decomposed electrochemically. Therefore, it is preferable to perform at least
one of mixing this with another solvent and adding an electrode protective additive for forming a protective film
to the electrode.

In order to increase the degree of ionization of the lithium salt contributing to charging and discharging of the
nonaqueous secondary battery, the nonaqueous solvent preferably contains one or more cyclic aprotic polar
solvents, and preferably contains one or more cyclic carbonates Is more preferable. Therefore, in this
embodiment, acetonitrile and saturated cyclic carbonate are contained.

The content of acetonitrile is not particularly limited, but it is preferably 20 to 80% by volume based on the total
amount of the nonaqueous solvent. The content of acetonitrile is more preferably 30% by volume or more, still
more preferably 40% by volume or more, with respect to the total amount of the nonaqueous solvent. This value
is more preferably 70% by volume or less, and still more preferably 60% by volume or less. When the content
of acetonitrile is 20% by volume or more with respect to the total amount of the nonaqueous solvent, ionic
conductivity tends to increase and high output characteristics tend to be exhibited, and furthermore, it is
effective to promote dissolution of the lithium salt it can. When the content of acetonitrile in the nonaqueous
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solvent is within the above range, it tends to be able to further improve high temperature durability performance
and other battery characteristics while maintaining excellent performance of acetonitrile.

(Lithium Salt) The nonaqueous electrolytic solution of the present embodiment contains at least LiPF 6 as a
lithium salt. Further, it may contain a fluorine-containing inorganic lithium salt other than LiPF 6, and examples
thereof include LiBF 4, LiAsF 6, Li 2 SiF 6, LiSbF 6, Li 2 B 12 FbH 12 - b [b is an integer of 0 to 3], LiN (SO 2
F) 2, and the like. "Fluorine-containing inorganic lithium salt" means a lithium salt not containing a carbon atom
as an anion and containing a fluorine atom as an anion. The fluorine-containing inorganic lithium salt is
excellent in that it forms a passive film on the surface of the metal foil which is the positive electrode current
collector and suppresses corrosion of the positive electrode current collector. These fluorine-containing
inorganic lithium salts are used singly or in combination of two or more.

The content of the fluorine-containing inorganic lithium salt in the nonaqueous electrolytic solution of the
present embodiment is not particularly limited, but it is preferably 0.2 mol or more, more preferably 0.5 mol or
more, relative to 1 L of the nonaqueous solvent , And still more preferably 0.8 mol or more. When the content of
the fluorine-containing inorganic lithium salt is within the above range, the ion conductivity tends to increase
and a high output characteristic tends to be exhibited.

The nonaqueous electrolytic solution of the present embodiment may further contain an organic lithium salt.
"Organic lithium salt" means a lithium salt containing a carbon atom as an anion.

As the organic lithium salt, an organic lithium salt having an oxalic acid group can be mentioned. Specific
examples of the organic lithium salt having an oxalic acid group include organic lithium salts represented by
LiB (C204)2,LiBF2(C204), LiPF 4 (C2 O 4), and LiPF 2 (C 2 O 4) 2 Among these, at least one lithium
salt selected from lithium salts represented by LiB (C2 O 4) 2 and LiBF 2 (C 2 O 4) is preferable. It is more
preferable to use one kind or two or more kinds of them together with the fluorine-containing inorganic lithium
salt.

From the viewpoint of more ensuring the effect of the use of the organic lithium salt having an oxalic acid group
to the nonaqueous electrolytic solution, the amount of the organic lithium salt having an oxalic acid group to be
added to the nonaqueous electrolyte is preferably in the range of 0: It is preferably at least 0.005 mol, more
preferably at least 0.02 mol, even more preferably at least 0.05 mol. However, if the amount of the above-
mentioned organolithium salt having an oxalic acid group in the nonaqueous electrolytic solution is too large, it
may precipitate. Therefore, the amount of the organic lithium salt having an oxalic acid group to be added to the
nonaqueous electrolytic solution is preferably less than 1.0 mol, more preferably less than 0 mol, per 1 L of the
nonaqueous solvent of the nonaqueous electrolytic solution. More preferably less than 5 moles, and even more
preferably less than 0.2 moles.

It is known that the above-mentioned organolithium salt having an oxalic acid group is sparingly soluble in an
organic solvent having a low polarity, particularly a chain carbonate. The organolithium salt having an oxalic
acid group sometimes contains a small amount of lithium oxalate, and also when it is mixed as a nonaqueous
electrolytic solution, it reacts with a trace amount of moisture contained in other raw materials , A white
precipitate of lithium oxalate may be newly generated. Therefore, the content of lithium oxalate in the
nonaqueous electrolytic solution of the present embodiment is not particularly limited, but it is preferably 0 to
500 ppm.

As the lithium salt in this embodiment, in addition to the above, a lithium salt commonly used for a nonaqueous
secondary battery may be supplementarily added. Specific examples of other lithium salts include inorganic
lithium salts such as LiClO 4, LiAlO 4, LiAICI1 4, LiB 10 CI 10, chloroborane Li and the like which do not
contain fluorine atoms as anions; LiCF 3 SO 3, LiCF3 CO2,Li2 C2 F 4 (SO 3) 2, LiC (CF 3 SO 2) 3, LiCnF
2n+1S0 3 (n Z 2), lower aliphatic carboxylic acid Li, tetraphenyl borate Li and the like; LiN (SO 2 CmF 2 m
+ 1) 2 (m is an integer of 1 to 8) such as LiN (SO 2 CF 3) 2, LiN (SO 2 C 2 F 5) An organic lithium salt
represented by LiPFn (CpF 2 p+ 1) 6 - n [n is an integer of 1 to 5, p is an integer of 1 to 8] such as LiPF 5 (CF
3) CF 3) or the like LiBFq (CsF 2 An organolithium salt represented by the following general formulas (1a) and
(1b): 1) 4-q [q is an integer of 1 to 3, s is an integer of 1 to 8] (1c) wherein R6, R7, R8, R9 (1c¢), wherein R6, R7,
R8,R9,R 10, R 11 and R 12, which may be the same or different, each represents a perfluoroalkyl group
having 1 to 8 carbon atoms. }, And one or more of these can be used together with LiPF 6.

(Other Optional Additives) In the present embodiment, for example, an anhydrous acid, a cyclic acid anhydride
[maleic anhydride: succinic anhydride: phthalic anhydride and the like], a sulfonic acid ester, a diphenyl

Ningde Amperex Tech. Exhibit No. 2014

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

Page 6 of 34



disulfide , Ethyl cyclohexyl benzene, biphenyl, fluorobenzene, tert-butylbenzene, phosphoric acid ester [ethyl
diethyl phosphonoacetate (EDPA) :( C2 H5 O) 2 (P =0) - CH 2 (C=0) OC 2 H 5, tris Fluoroethyl) (TFEP) :(
CF 3 CH 2 O) 3 P=0, triphenyl phosphate (TPP) :(C 6 H 5 O) 3 P=0: (CH 2 = CHCH 2 O) 3 P=0, triallyl
phosphate etc.] An arbitrary additive selected from a derivative and the like can be appropriately contained. In
particular, the above-mentioned phosphate ester has an effect of suppressing a side reaction at the time of
storage and is effective.

Furthermore, the nonaqueous electrolytic solution of the present embodiment may contain a nitrogen-containing
cyclic compound having no steric hindrance around the unshared electron pair. Specific examples of nitrogen-
containing cyclic compounds include, for example, compounds represented by the following formula (2):

The nitrogen-containing organic compound represented by the general formula (2) is particularly preferably R1
=CH3,k=0.

The content of the nitrogen-containing cyclic compound in the electrolytic solution in this embodiment is not
particularly limited, but it is preferably 0.01 to 10 mass%, more preferably 0.02 to 5 mass%, based on the total
amount of the electrolyte solution More preferably in the range of 0.03 to 3% by mass. In the present
embodiment, the nitrogen-containing cyclic compound forms a strong SEI (Solid Electrolyte Interface) by using
it together with an organic lithium salt having an oxalic acid group.

(Positive Electrode) The positive electrode 150 is composed of a positive electrode active material layer
prepared from a positive electrode material mixture and a positive electrode current collector. The positive
electrode active material layer contains a positive electrode active material, and optionally further contains a
conductive aid and a binder.

The positive electrode active material layer preferably contains a material capable of inserting and extracting
lithium ions as a positive electrode active material. The positive electrode active material layer preferably
contains a conductive auxiliary and a binder as required together with the positive electrode active material.
When such a material is used, a high voltage and a high energy density tend to be obtained, which is preferable.

Examples of the positive electrode active material include compounds represented by the following general
formulas (3a) and (3b): LixMO 2 (3a) LiyM 2 O 4 (3b) {wherein M represents one or more metal elements
containing at least one transition metal element X is a number from 0 to 1.1, and y is a number from 0 to 2. },
And other lithium-containing compounds.

Examples of the lithium-containing compound represented by each of the general formulas (3a) and (3b) include
lithium cobalt oxide typified by LiCoO 2; lithium manganese oxide typified by LiMnO 2, LiMn 2 O 4, and Li 2
Mn 2 O 4; lithium manganese oxide represented by LiNiO 2 Representative lithium nickel oxide; LizMO 2 (M
is at least one transition metal element selected from Ni, Mn, and Co and is selected from the group consisting
of Ni, Mn, Co, Al, and Mg 2 And z is a number of more than 0.9 and less than 1.2), and the like can be
mentioned.

The lithium-containing compound other than the lithium-containing compound represented by each of the
general formulas (3a) and (3b) is not particularly limited as long as it contains lithium. As such a lithium-
containing compound, for example, a composite oxide containing lithium and a transition metal element, a metal
chalcogenide having lithium, a metal phosphate compound containing lithium and a transition metal element, a
lithium and a transition metal element (For example, LitMuSiO 4, M has the same meaning as in the general
formula (2a), t represents a number of O to 1, and u represents a number of 0 to 2). From the viewpoint of
obtaining a higher voltage, as the lithium-containing compound, in particular, it is preferable to use lithium and
at least one selected from the group consisting of cobalt (Co), nickel (Ni), manganese (Mn), iron (Fe), copper
(Cu), zinc (Zn) And at least one transition metal element selected from the group consisting of chromium (Cr),
vanadium (V), and titanium (Ti), and a metal phosphate compound are preferable.

More specifically, the lithium-containing compound is preferably a composite oxide containing lithium and a
transition metal element, a metal chalcogenide including lithium and a transition metal element, and a metal
phosphate compound having lithium, and more preferably, (4a) and (4b): LivMID 2 (4a) LiwMIIPO 4 (4b)
wherein D represents oxygen or a chalcogen element, MI and MII each represent one or more transition metal
elements, v and w Is determined by the charge / discharge state of the battery, v is 0.05 to 1.10, and w is a
number of 0.05 to 1.10. } Can be mentioned.
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The lithium-containing compound represented by the general formula (4a) has a layered structure, and the
compound represented by the above-described general formula (4b) has an olivine structure. For the purpose of
stabilizing the structure or the like, these lithium-containing compounds are those in which a part of the
transition metal element is substituted by Al, Mg, or another transition metal element, these metal elements are
contained in the crystal grain boundary , Those in which part of the oxygen atoms are substituted with fluorine
atoms or the like and those in which at least a part of the surface of the positive electrode active material is
coated with another positive electrode active material.

As the positive electrode active material in this embodiment, only the lithium-containing compound as described
above may be used, or other positive electrode active material may be used together with the lithium-containing
compound.

Examples of such other positive electrode active materials include metal oxides or metal chalcogenides having a
tunnel structure and a layered structure; sulfur; conductive polymers and the like. Examples of the metal oxide
or the metal chalcogenide having a tunnel structure and a layered structure include oxides of metals other than
lithium typified by MnO 2, FeO 2, FeS 2, V2 05,V 6 O 13, TiO 2, TiS 2, MoS 2, and NbSe 2, Sulfides,
selenides, and the like. Examples of the conductive polymer include conductive polymers typified by
polyaniline, polythiophene, polyacetylene, and polypyrrole.

The above-mentioned other positive electrode active materials are used singly or in combination of two or more,
and are not particularly limited. However, since it is possible to reversibly stably intercalate and deintercalate
lithium ions and achieve a high energy density, the positive electrode active material layer contains at least one
kind of transition metal selected from Ni, Mn and Co It is preferable to contain an element.

When the lithium-containing compound and the other positive electrode active material are used as the positive
electrode active material in combination, the ratio of the lithium-containing compound to the whole of the
positive electrode active material is preferably 80 mass% or more, more preferably 85 mass% % Or more is
more preferable.

Examples of the conductive aid include carbon black typified by graphite, acetylene black, and ketjen black, and
carbon fibers. The content of the conductive auxiliary agent is preferably 10 parts by mass or less, and more
preferably 1 to 5 parts by mass with respect to 100 parts by mass of the positive electrode active material.

Examples of the binder include polyvinylidene fluoride (PVDF), polytetrafluoroethylene (PTFE), polyacrylic
acid, styrene butadiene rubber, and fluororubber. The content of the binder is preferably 6 parts by mass or less,
and more preferably 0.5 to 4 parts by mass with respect to 100 parts by mass of the positive electrode active
material.

The positive electrode active material layer is formed by applying a positive electrode mixture containing slurry
in which a positive electrode mixture obtained by mixing a positive electrode active material and a conductive
auxiliary agent and a binder as required is dispersed in a solvent to a positive electrode current collector and
drying ), And pressed as required. Such a solvent is not particularly limited and conventionally known solvents
can be used. For example, N-methyl-2-pyrrolidone, dimethylformamide, dimethylacetamide, water and the like
can be mentioned.

The positive electrode current collector is made of a metal foil such as an aluminum foil, a nickel foil, a stainless
steel foil, or the like, for example. The surface of the positive electrode current collector may be coated with a
carbon coating or may be processed into a mesh shape. The thickness of the positive electrode current collector
is preferably from 5 to 40 pm, more preferably from 7 to 35 um, still more preferably from 9 to 30 pm.

The above-described material can be applied on the condition that the positive electrode active material layer in
this embodiment contains Fe. In the present embodiment, LiFePO 4 is preferably contained in the positive
electrode active material layer.

(Negative Electrode) The negative electrode 160 is composed of a negative electrode active material layer
formed from a negative electrode mixture and a negative electrode current collector. The negative electrode 160
is not particularly limited as long as it functions as a negative electrode of a nonaqueous secondary battery, and
may be a known one.
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From the viewpoint that the battery voltage can be increased, the negative electrode active material layer is
formed by laminating lithium ions as a negative electrode active material at 0.4 V vs. It is preferable to contain a
material capable of occlusion at a potential lower than Li / Li +. The negative electrode active material layer
preferably contains, together with the negative electrode active material, a conductive aid and a binder, if
necessary.

Examples of the negative electrode active material include amorphous carbon (hard carbon), artificial graphite,
natural graphite, graphite, pyrolytic carbon, coke, glassy carbon, calcined body of organic polymer compound,
mesocarbon microbeads, carbon fiber, activated carbon , Metal oxides, metal nitrides, lithium alloys, tin alloys,
silicon alloys, intermetallic compounds, organic compounds, inorganic compounds, metal complexes other than
carbon materials typified by graphite, carbon colloid and carbon black , Organic polymer compounds and the
like.

The negative electrode active material may be used singly or in combination of two or more.

Examples of the conductive aid include carbon black typified by graphite, acetylene black, and ketjen black, and
carbon fibers. The content of the conductive aid is preferably 20 parts by mass or less, and more preferably 0.1
to 10 parts by mass with respect to 100 parts by mass of the negative electrode active material.

Examples of the binder include PVDF, PTFE, polyacrylic acid, styrene butadiene rubber, and fluororubber. The
content ratio of the binder is preferably 10 parts by mass or less, and more preferably 0.5 to 6 parts by mass with
respect to 100 parts by mass of the negative electrode active material.

The negative electrode active material layer is formed by applying a negative electrode mixture containing
slurry in which a negative electrode mixture obtained by mixing a negative electrode active material and a
conductive auxiliary and a binder as required is dispersed in a solvent and coating the negative electrode current
collector with a slurry and drying (removing the solvent) And then pressed as needed. Such a solvent is not
particularly limited and conventionally known solvents can be used. For example, N-methyl-2-pyrrolidone,
dimethylformamide, dimethylacetamide, water and the like can be mentioned.

The negative electrode current collector is constituted by a metal foil such as a copper foil, a nickel foil, a
stainless steel foil, or the like. Further, the surface of the negative electrode current collector may be coated with
a carbon coating or may be processed into a mesh shape. The thickness of the negative electrode current
collector is preferably 5 to 40 m, more preferably 6 to 35 m, and further preferably 7 to 30 m.

(Separator) In the nonaqueous secondary battery 100 of the present embodiment, it is preferable to provide a
separator 170 between the positive electrode 150 and the negative electrode 160 from the viewpoint of
preventing short circuit of the positive electrode 150 and the negative electrode 160, and providing safety such
as shutdown . The separator 170 is not limited, but may be the same as that provided for a known nonaqueous
secondary battery, and an insulating thin film having a large ion permeability and excellent mechanical strength
is used as the separator 170 preferable. Examples of the separator 170 include a woven fabric, a nonwoven
fabric, a microporous membrane made of a synthetic resin, and the like, among which a microporous film made
of a synthetic resin is preferable.

As the synthetic resin microporous membrane, for example, a microporous membrane containing polyethylene
or polypropylene as a main component, or a polyolefin microporous membrane such as a microporous
membrane containing both of these polyolefins is suitably used. As the nonwoven fabric, for example, porous
membranes made of heat-resistant resin such as glass, ceramic, polyolefin, polyester, polyamide, liquid crystal
polyester, aramid and the like can be mentioned.

The separator 170 may have a structure in which one type of microporous membrane is laminated in a single
layer or a plurality of layers, or a stack of two or more types of microporous membranes. The separator 170 may
be a single layer or a plurality of layers laminated using a mixed resin material obtained by melting and
kneading two or more kinds of resin materials.

(Battery Exterior) Although the configuration of the battery sheath 110 of the nonaqueous secondary battery 100
in the present embodiment is not particularly limited, for example, any one of the battery sheaths of the battery
can and the laminate film outer casing can be used. As the battery can, for example, a metal can made of steel or
aluminum can be used. As the laminate film sheathing body, for example, a laminate film having a three-layer
structure of hot melt resin / metal film / resin can be used.
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The laminate film sheathing body is bent so that the hot melt resin side faces inwardly or folded so that the hot
molten resin side faces inward and the end is sealed by heat sealing Can be used as an outer casing. In the case
of using the laminate film outer package, the positive electrode lead body 130 (or the lead tab connected to the
positive electrode terminal and the positive electrode terminal) is connected to the positive electrode current
collector, the negative electrode lead body 140 (or the negative electrode terminal and the negative electrode
terminal A lead tab to be connected) may be connected. In this case, in a state where the end portions of the
positive electrode lead body 130 and the negative electrode lead body 140 (or the lead tabs connected to the
positive electrode terminal and the negative electrode terminal respectively) are pulled out to the outside of the
exterior body, the laminate film outer body is sealed It is also good.

(Specific Composition of Present Embodiment) A nonaqueous secondary battery according to the present
embodiment includes a positive electrode having a positive electrode active material layer on one side or both
sides of a current collector, and a negative electrode active material layer on one side or both sides of the current
collector , And a nonaqueous electrolytic solution.

The nonaqueous electrolytic solution may contain LiPF 6, acetonitrile, and ethylene carbonate (EC) as a
saturated cyclic carbonate.

At this time, it is preferable that the positive electrode active material layer of the positive electrode contains
LiFePO 4. Further, the negative electrode was prepared in the same manner as in Example 1 except that lithium
ion was used as a negative electrode active material at 0.4 V vs. It is preferable to contain a material which
occludes at a potential lower than Li/ Li +.

Further, the separator and the battery sheath are not particularly limited.

With the above configuration, it is possible to suppress elution of metals such as Fe and Cu at high temperature
by using LiFePO 4 (LFP) positive electrode cell using an acetonitrile electrolytic solution, and has remarkable
effect of suppressing deterioration at high temperature.

(Method for Producing Nonaqueous Electrolyte) The nonaqueous electrolytic solution of the present
embodiment can be produced by mixing LiPF 6, acetonitrile, and saturated cyclic carbonate by any means (non-
aqueous electrolytic solution of non-aqueous electrolyte Method for producing aqueous electrolyte).

At this time, it is preferable that the nonaqueous electrolytic solution contains a chain carbonate and the mixing
volume ratio is adjusted to be acetonitrile / chain carbonate = 1 and saturated cyclic carbonate / chain carbonate
= 0.5 Method for Producing Nonaqueous Electrolyte According to Two Embodiments).

Also, it is preferable that at least one member selected from the group consisting of ethylene carbonate,
propylene carbonate and fluoroethylene carbonate is selected as the saturated cyclic carbonate (the method for
producing the nonaqueous electrolytic solution of the third embodiment).

(Method of Manufacturing Battery) The nonaqueous secondary battery 100 in the present embodiment includes
the above nonaqueous electrolytic solution, a positive electrode 150 having a positive electrode active material
layer on one side or both sides of a current collector, a positive electrode 150 on one side or both sides of a
current collector A negative electrode 160 having a negative electrode active material layer, and a battery outer
casing 110, and, if necessary, a separator 170, according to a known method.

First, a laminate comprising the positive electrode 150, the negative electrode 160, and, if necessary, the
separator 170 is formed. For example, a mode in which the long positive electrode 150 and the negative
electrode 160 are wound in a laminated state in which the long separator is interposed between the positive
electrode 150 and the negative electrode 160 to form a laminated body having a wound structure; a mode in
which the positive electrode 150 And a mode in which a laminate having a laminated structure in which a
positive electrode sheet and a negative electrode sheet obtained by cutting an anode 160 into a plurality of sheets
having a certain area and shape are laminated via a separator sheet is formed; A mode in which a laminate
having a laminated structure in which a positive electrode sheet and a negative electrode sheet are alternately
inserted between the zigzag folded separators is formed in a zigzag manner by a separator of a scale and the like,
and the like.
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Next, the above laminate is housed in the battery outer casing 110 (battery case), the electrolytic solution
according to this embodiment is injected into the battery case, the laminate is immersed in the electrolytic
solution and sealed, A nonaqueous secondary battery according to this embodiment can be manufactured.

Alternatively, an electrolyte membrane in a gel state is prepared in advance by impregnating a substrate made of
a polymeric material with an electrolytic solution, and the sheet-shaped positive electrode 150, the negative
electrode 160, the electrolyte membrane, and the separator 170 , A nonaqueous secondary battery 100 can be
produced by storing the laminate in the battery outer casing 110.

The shape of the nonaqueous secondary battery 100 in the present embodiment is not particularly limited, and
for example, a cylindrical shape, an elliptical shape, a rectangular tube shape, a button shape, a coin shape, a flat
shape, a laminate shape, or the like is suitably adopted.

Note that there is a portion where the electrode arrangement is such that there is a portion where the outer
circumferential end of the negative electrode active material layer and the outer circumferential end of the
positive electrode active material layer overlap or where the width is too small in the non-opposing portion of
the negative electrode active material layer , There is a possibility that the charge / discharge cycle
characteristics of the nonaqueous secondary battery deteriorate due to positional displacement of the electrode at
the time of assembling the battery. Therefore, in the electrode body used for the nonaqueous secondary battery,
it is preferable that the position of the electrode is fixed in advance with tapes such as polyimide tape,
polyphenylene sulfide tape, PP tape, adhesive, or the like.

The nonaqueous secondary battery 100 according to the present embodiment can function as a battery by initial
charging, but is stabilized by decomposition of a part of the electrolytic solution at the time of initial charge.
There is no particular limitation on the method of initial charging, but the initial charge is preferably performed
at 0.001 to 0.3 C, more preferably at 0.002 to 0.25 C, and more preferably 0.003 to 0.2 C It is further preferable
to perform in It is also preferable that the initial charge is performed via a constant voltage charge in the middle.
The constant current discharging the rated capacity in 1 hour is 1C. By setting the voltage range in which the
lithium salt is involved in the electrochemical reaction to be long, SEI is formed on the electrode surface, and in
addition to the effect of suppressing an increase in internal resistance including the positive electrode 150, Is
firmly immobilized only to the negative electrode 160, and in some form, it also gives a good effect to members
other than the negative electrode 160 such as the positive electrode 150, the separator 170 and the like. For this
reason, it is very effective to carry out the initial charge in consideration of the electrochemical reaction of the
lithium salt dissolved in the nonaqueous electrolytic solution.

The nonaqueous secondary battery 100 according to the present embodiment can also be used as a battery pack
in which a plurality of nonaqueous secondary batteries 100 are connected in series or in parallel. From the
viewpoint of managing the charge and discharge state of the battery pack, the voltage range to be used is
preferably 2 to 5 V, more preferably 2.5 to 5 V, and more preferably 2.75 Vto 5V .

Although the embodiment for carrying out the present invention has been described above, the present invention
is not limited to the above-described embodiment. The present invention can be variously modified without
departing from the gist thereof.

Hereinafter, the present embodiment will be described more concretely with reference to examples and
comparative examples. The present embodiment is not limited at all by the following examples.

[Preparation of Nonaqueous Secondary Battery] (1-1) Preparation of Positive Electrode (P1) The positive
electrode was a positive electrode sheet manufactured by Hohsen Corporation, and the active material was
lithium iron phosphate (HS-LIB-P-LFP -001) was used. The capacity per unit area is 1.5 mAh / cm 2. This
positive electrode was cut so that the area of the positive electrode mixture layer was 14 mm x 20 mm and
contained the exposed portion of the aluminum foil and an aluminum lead piece for taking out electric current
was welded to the exposed portion of the aluminum foil , And a positive electrode with lead (P1) was obtained.

(1-2) Preparation of Negative Electrode (N1) Graphite carbon powder (trade name "MCMB 25-28",
manufactured by Osaka Gas Chemicals Co., Ltd.) having a number average particle size of 25 pum as a negative
electrode active material and number average particle Acetylene black having a diameter of 48 nm and
polyvinylidene fluoride (PVdF) as a binder were mixed at a mass ratio of 93.0: 2.0: 5.0. N-methyl-2-pyrrolidone
was further mixed with the obtained mixture to prepare a slurry-like solution. This slurry-like solution was
applied to a copper foil having a thickness of 18 um and a width of 200 mm, the solvent was dried and removed,
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rolled with a roll press, further vacuum dried at 150 ° C. for 10 hours, punched out into 15 mm x 21 mm, (N1)
was obtained. For the mixed material after vacuum drying in the obtained electrode, the basis weight per side
was 5.9 mg / cm 2 + 3%, the thickness on one side was 41 pm + 3%, the density was 1.42 g/ cm 3 + 3 %, While
adjusting the amount of solvent so that the coating width was 150 mm with respect to the width of the copper
foil 200 mm, the slurry solution was prepared.

(1-3) Preparation of Single-Layer Laminated Nonaqueous Secondary Battery Two laminate films (no drawing,
thickness 120 pm, 31 mm X 37 mm) in which an aluminum layer and a resin layer were laminated were set on
the aluminum layer side outward , And the three sides were sealed to prepare a laminate cell exterior.
Subsequently, a polyethylene microporous film (film thickness: 20 um, 16 mm x 22 mm) was prepared as a
separator, and a laminate in which the positive electrode (P 1) and the negative electrode (N 1) prepared as
described above were superimposed on both sides of the separator Was placed in the outer casing of the
laminate cell. Subsequently, an electrolytic solution was injected into the cell casing, and the laminate was
immersed in the electrolytic solution. The injection of the electrolytic solution was carried out while repeating
atmospheric pressure and reduced pressure of 100 mmHg until generation of bubbles ceased. A nonaqueous
secondary battery (single-layer laminate type battery) was produced by sealing the remaining side of the
laminate cell outer casing under a reduced pressure of 100 mmHg. This was held at 25 ° C. for 24 hours to allow
the laminate to sufficiently conform the electrolytic solution, whereby a single-layer laminate type battery (SL
1) was obtained.

[Evaluation of Laminated Nonaqueous Secondary Battery] With respect to the evaluation battery obtained as
described above, firstly, an initial charge treatment was performed according to the procedure of (2-1) below.
Next, each battery was evaluated according to the procedure of (2-2). Charging and discharging was performed
using charging / discharging device ACD-01 (trade name) manufactured by Asuka Electronics Co., Ltd. and
constant temperature bath PLM-63S (trade name) manufactured by Futaba Science Co., Ltd.

Here, 1 C means a current value expected to be discharged in 1 hour after discharging a fully charged battery at
a constant current. Means a current value expected to be discharged in 1 hour after discharging from a fully
charged state of 3.8 V to 2.0 V with a constant current.

(2-1) Initial Charge and Discharge of Laminated Nonaqueous Secondary Battery After setting the ambient
temperature of the battery to 25 ° C., charging with a constant current of 1 mA corresponding to 0.2 C, and
reaching 3.8 V, And discharged to 2.0 V at a constant current corresponding to 0.2 C. The initial efficiency was
calculated by dividing the discharge capacity at this time by the charge capacity.

(2-2) Charge / Discharge Cycle Test of Laminated Nonaqueous Secondary Battery After Storage at 85 °© C. With
respect to the battery subjected to the initial charge and discharge treatment by the method described in (2-1)
above, the ambient temperature of the battery was adjusted to 25 © C. After setting and charging to a constant
current of 1 mA corresponding to 0.2 C to reach 3.8 V, the ambient temperature of the battery was set at 85 ° C.
and stored for 4 hours. Thereafter, the ambient temperature was set at 25 © C., discharged to 2.0 V, then charged
to 3.8 V at a constant current of 0.2 C, and discharged to 2.0 V was performed in a cycle test.

Example 1 As a nonaqueous solvent, a mixed solvent of 47 vol% of acetonitrile, 4 vol% of vinylene carbonate,
28 vol% of diethyl carbonate and 21 vol% of ethylene carbonate was used, and 1.3 mol of LiPF 6 was used per
1 L of the solvent, and succinic anhydride (SAH) was dissolved in 0.14 PHR to prepare an electrolytic solution.
Using this electrolytic solution, a laminate type nonaqueous secondary battery was prepared by the method
described in the above (1-3), after initial charge and discharge in the procedure described in (2-1) to (2-2) above
, Stored at 85 ° C. for 4 hours, and subjected to a charge / discharge cycle test at 25 ° C. The residual capacity
indicated by the ratio of the capacity after storage to the capacity before storage at 85 ° C. for 4 hours was
91.4%. After storage, the recovery capacity retention rate at the third cycle at 25 ° C. was 91.7%.

For the laminate type nonaqueous secondary battery of Experimental Example 1 which did not become
abnormal state, further 0.2 C charge / discharge cycle test at 50 ° C. was performed for 150 cycles.

Comparative Example 1 Using a mixed solvent of 47 vol% of acetonitrile, 4 vol% of vinylene carbonate and 49
vol% of diethyl carbonate as a nonaqueous solvent, 1.3 mol of LiPF 6 per 1 L of the solvent, and succinic
anhydride (SAH) of 0 .14 PHR was dissolved to prepare an electrolytic solution. Using this electrolytic solution,
a laminate type nonaqueous secondary battery was prepared by the method described in the above (1-3), after
initial charge and discharge in the procedure described in (2-1) to (2-2) above , And stored at 85 ° C. for 4
hours, the voltage decreased to 0.5 V during storage, and the batteries were blistered.
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Comparative Example 2 As a nonaqueous solvent, a mixed solvent of 47 vol% of acetonitrile, 4 vo% of
vinylene carbonate and 49 vol% of diethyl carbonate was used, and 0.3 mol of LiPF 6 and 1.0 mol of LiN (SO 2
F) 2 ( LiFSI), and 0.14 PHR of succinic anhydride (SAH) was dissolved to prepare an electrolytic solution.
Using this electrolytic solution, a laminate type nonaqueous secondary battery was prepared by the method
described in the above (1-3), after initial charge and discharge in the procedure described in (2-1) to (2-2) above
, And stored at 85 © C. for 4 hours, the voltage decreased to 0.5 V during storage, and the batteries were
blistered.

[Measurement of Elution Amount] Electrolytes of each laminate-type nonaqueous secondary battery were
collected in an argon box and the elution amounts of Fe, Al and Cu were measured by ICP-MS (ICP mass
spectrometry). The experimental results are shown in Table 1 below.

As shown in Table 1, in Experimental Example 1, despite the addition of 150 cycles of 0.2 C charge-discharge

cycle test at 50 ° C., it is possible that the elution amount of Cu can be reduced to 20 ppm or less, preferably 15
ppm or less all right. The concentrations of Fe and Al in the electrolytic solution were suppressed low, and the

amount of Fe detected in the negative electrode was also within the allowable range.

[NMR Measurement] The electrolytic solution of the laminate-type nonaqueous secondary battery of Example 1
and Comparative Example 1 was sampled in an argon box and diluted with 1,2-dimethoxyethane (hereinafter
referred to as DME) to obtain an NMR tube inner tube (3 mme). The sample was inserted into an outer tube
containing a CDCI 3 solution to which C 6 H 2 F 4 was added outside the Argon Box and NMR measurement
by a double tube method was carried out.

As a result of calculating the content of LiPF 6 from the NMR results, in Comparative Example 1, a decrease in
LiPF 6 was observed to be 1/3 or less of that in Example 1. Therefore, in Example 1, it is presumed that the
deterioration suppressing effect due to the inclusion of ethylene carbonate (EC) was exerted.

Based on the above experimental results, LiPF 6, acetonitrile, and saturated cyclic carbonate were contained in
the nonaqueous electrolytic solution (the first embodiment). In the comparative example, it does not contain
saturated cyclic carbonate.

Further, based on the above example, it was assumed that the mixed volume ratio was preferably acetonitrile /
chain carbonate = 1 and saturated cyclic carbonate / chain carbonate = 0.5 (second embodiment).

Although the nonaqueous secondary battery of the present invention is not particularly limited, it can be
effectively applied to power tools such as electric tools and rechargeable batteries of mobility (mobile) other
than passenger cars.

100 Nonaqueous Secondary Battery 110 Battery Exterior 120 Space of Battery Exterior 130 Positive Electrode
140 Body of Negative Electrode 150 Positive Electrode 160 Negative Electrode 170 Separator
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JP2018156803A NONAQUEOUS SECONDARY BATTERY
Data originating from sources other than the EPO may not be accurate, complete, or up to date.

The wording below is an initial machine translation of the original publication. To generate a version using the
latest translation technology, go to the original language text and use Patent Translate.

A positive electrode having a positive electrode active material layer containing Fe on one side or both sides of a
current collector, a negative electrode having a negative electrode active material layer on one side or both sides
of a current collector, LiPF 6, acetonitrile, saturated cyclic carbonate , And a nonaqueous electrolytic solution
containing a nonaqueous electrolytic solution.

The nonaqueous electrolyte solution according to claim 1, wherein the nonaqueous electrolytic solution contains
a chain carbonate and the mixing volume ratio is acetonitrile / chain carbonate = 1 and saturated cyclic
carbonate / chain carbonate = 0.5 By weight of the nonaqueous secondary battery.

The nonaqueous secondary battery according to claim 1 or 2, wherein the saturated cyclic carbonate includes
ethylene carbonate.

4. The fuel cell according to claim 1, wherein the current collector of the negative electrode comprises Cu foil,
and the amount of Cu eluted into the nonaqueous electrolytic solution is 20 ppm or less And a nonaqueous
secondary battery as described.

In the negative electrode, lithium ions are used as the negative electrode active material at 0.4 V vs. The
nonaqueous secondary battery according to any one of claims 1 to 4, characterized in that it contains a material
that occludes at a potential lower than Li / Li +.

6. The nonaqueous secondary battery according to any one of claims 1 to 5, wherein the positive electrode
active material layer of the positive electrode contains LiFePO4.
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