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Description

Background of the Invention

[0001] The present invention relates to a novel lithium secondary battery having a high input/output performance and
suitable for hybrid electric vehicles and the like.
[0002] Hybrid electric vehicles, in which an engine and a motor serve as power sources, have been developed and
commercialized for environmental protection and energy saving. Moreover, fuel cell hybrid electric vehicles in which a
fuel cell is used in place of an engine have been extensively under development for vehicles in the future.
[0003] Secondary batteries, which can undergo a number of charging/discharging cycles, are essential devices as
power sources for hybrid electric vehicles.
[0004] Of secondary batteries, lithium secondary batteries are promising, because of their high operational voltage
and capability of generating a high output, and are of increasing importance as power sources for hybrid electric vehicles.
[0005] An electrolyte solution for lithium secondary batteries is required to have high voltage-resistant characteristics,
and an organic electrolyte solution containing an organic solvent is used.
[0006] However, an organic solvent involves disadvantages of poor solubility for lithium salts and large dependence
of its conductivity on temperature, thus resulting in a marked deterioration in operational characteristics at low temper-
atures over those at room temperature.
[0007] Carbonate ester compounds are now mainly used as solvents for organic electrolyte solutions for lithium sec-
ondary batteries, because of their high voltage-resistant characteristics.
[0008] Cyclic carbonate ester solvents have a high viscosity, although they have a high solubility for lithium salts.
Linear carbonate ester solvents, on the other hand, have a low solubility for lithium salts, although they have a low viscosity.
[0009] Hence, a mixture of cyclic and linear carbonate esters is generally used as the electrolyte solutions.
[0010] For improvement of low-temperature characteristics of electrolyte solutions, Patent Documents 1 to 5 shown
below disclose use of a linear carbonate ester incorporated with ethyl methyl carbonate (EMC) of an asymmetric structure.
[0011] Patent Document 6 shown below discloses use of an acetate ester, which has a lower molecular weight than
EMC and works as a solvent of a low viscosity and a low melting point.

Patent Document 1: JP-B-2,705,529
Patent Document 2: JP-A-10-027625
Patent Document 3: JP-A-2001-148258
Patent Document 4: JP-A-2002-305035
Patent Document 5: JP-A-2003-323915
Patent Document 6: JP-A-09-245838

[0012] Also the following documents relate to electrolyte solutions for lithium batteries comprising various combinations
of carbonates, including linear, saturated and unsaturated cyclic species:

US 2005/164094;
WO 2006/123811;
US 2006/183024;
JP 2005/222780;
EP 1 341 246;
JP 2003/203634;
JP 2007/066864 and
EP-A 1 009 057.

[0013] It is an object of the present invention to provide a lithium secondary battery which uses an electrolyte solution
exhibiting no inflammability at room temperature (20°C) and not deteriorating output characteristics of the battery at low
temperatures and room temperature.

Summary of the Invention

[0014] The invention is achieved as set out in the appended claims. Additional advantageous features of the present
invention are claimed in the respective subclaims.
[0015] The present invention provides a lithium secondary battery comprises a cathode and an anode, both capable
of storing/releasing a lithium ion, a separator which separates these electrodes from each other, and an electrolyte
solution, wherein the electrolyte solution comprises as solvents:
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a cyclic carbonate represented by the formula (1) :

(wherein, R1, R2, R3 and R4 may be the same or different and are each hydrogen, fluorine, chlorine, an alkyl group
or a fluorinated alkyl group, each having 1 to 3 carbons),
a linear carbonate represented by the formula (2) :

(wherein, R5 and R6 may be the same or different and are each hydrogen, fluorine, chlorine, an alkyl group or a
fluorinated alkyl group, each having 1 to 3 carbons, which) and
a compound represented by the formula (3):

(wherein, R7 and R8 may be the same or different and are each hydrogen, fluorine, chlorine, an alkyl group or a
fluorinated alkyl group, each having 1 to 3 carbons), and
the composition ratio of the cyclic carbonate represented by the formula (1) is 18.0 to 30.0%, the composition ratio
of the linear carbonate represented by the formula (2) is 74.0 to 81.9% and the composition ratio of the compound
represented by the formula (3) is 0.1 to 1.0%, based on the whole solvents (100%), all percentages by volume.

[0016] The cathode mixture layer has a porosity of 25 to 40%, inclusive, and the anode mixture layer also has a
porosity of 25 to 40%, inclusive, based on the respective layers, all percentages by volume.
[0017] The cathode comprises a cathode mixture and a cathode-side current collector, wherein the cathode mixture
comprises a cathode-active material, an electroconductive agent and a binder, and is spread over the cathode-side
current collector to form a cathode mixture layer thereon.
[0018] The anode comprises an anode mixture and an anode-side current collector, wherein the anode mixture com-
prises an anode-active material, an electroconductive agent and a binder, and is spread over the anode-side current
collector to form an anode mixture layer thereon.
[0019] The present invention can provide a lithium secondary battery which uses an electrolyte solution exhibiting no
inflammability at room temperature (20°C) and not deteriorating output characteristics of the battery at low temperatures
and room temperature.
[0020] Other objects, features and advantages of the invention will become apparent from the following description
of the embodiments of the invention taken in conjunction with the accompanying drawings.
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Brief description of the several views of the drawing

[0021]

Fig. 1 is a cross-sectional view illustrating one side of a spirally wound battery prepared in each of Examples; and
Fig. 2 shows changes in ion conductivity of the electrolyte solutions used in Examples with DMC content.

Description of reference numerals

[0022]

1 Cathode-side current collector
2 Cathode mixture layer
3 Anode-side current collector
4 Anode mixture layer
7 Separator
9 Anode-side lead
10 Cathode-side lead
11 Cathode-side insulator
12 Anode-side insulator
13 Anode battery can
14 Gasket
15 Cathode battery lid

Detailed Description of the Invention

[0023] The present invention comprises a cathode of a cathode mixture comprising a lithium composite oxide, an
electroconductive agent mainly composed of graphite-base carbon and a binder, spread on an aluminum foil, wherein
the cathode mixture layer has a porosity of 25 to 40% by volume, inclusive, based on the layer. When the porosity is
less than 25%, the electrolyte solution may not permeate the cathode mixture layer in a sufficient quantity to decrease
the number of lithium ions in the layer. As a result, the lithium secondary battery may not produce a sufficient output
due to short supply of the lithium ions to the cathode-active material, in particular at low temperatures. When the porosity
is more than 40%, on the other hand, the content of the cathode mixture in the layer may be insufficient to cause
insufficient input/output.
[0024] The anode for the present invention comprises an anode mixture comprising amorphous carbon, an electro-
conductive agent and a binder, spread on a copper foil, wherein the anode mixture layer has a porosity of 25 to 40% by
volume, inclusive, based on the layer. When the porosity is less than 25%, the electrolyte solution may not permeate
the anode mixture layer in a sufficient quantity. As a result, the lithium secondary battery may not produce a sufficient
input due to short supply of lithium ions to the anode-active material, in particular at low temperatures. When the porosity
is more than 40%, on the other hand, the content of the anode mixture in the layer may be insufficient to cause insufficient
input/output.
[0025] The solvents represented by the formula (1) include ethylene carbonate (EC), trifluoropropylene carbonate
(TFPC), chloroethylene carbonate (ClEC), trifluoroethylene carbonate (TFEC), difluoroethylene carbonate (DFEC) and
vinyl ethylene carbonate (VEC).
[0026] Of the above compounds, EC is more preferable, viewed from formation of a coating film on the anode.
[0027] Incorporation of a small quantity (2% by volume or less) of ClEC, TFEC or VEC imparts good cycle characteristics
to a coating film on the electrode.
[0028] Moreover, TFPC or DFEC may be incorporated in a small quantity (2% by volume or less) for facilitating
formation of a coating film on the cathode.
[0029] The solvents represented by the formula (2) include dimethyl carbonate (DMC), ethyl methyl carbonate (EMC),
diethyl carbonate (DEC), methyl propyl carbonate (MPC), ethyl propyl carbonate (EPC), trifluoromethyl ethyl carbonate
(TFMEC) and 1,1,1-trifluoroethyl methyl carbonate (TFEMC).
[0030] DMC is highly compatible with many solvents, and is suitable for being mixed with EC or the like.
[0031] DEC has a lower melting point than DMC, and is suitable for improving low-temperature (-30°C) characteristics.
[0032] EMC has an asymmetric structure and also a low melting point, and is suitable for improving low-temperature
characteristics.
[0033] EPC and TFMEC have a propylene side chain and asymmetric structure, and are suitable as solvents for
adjusting low-temperature characteristics.
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[0034] TFEMC has a molecule partly fluorinated to have an increased dipole moment, and is suitable for keeping
dissociation of lithium salts at low temperatures and also for improving low-temperature characteristics.
[0035] The compounds represented by the formula (3) include vinylene carbonate (VC), methylvinylene carbonate
(MVC), dimethylvinylene carbonate (DMVC), ethylvinylene carbonate (EVC) and diethylvinylene carbonate (DEVC).
[0036] VC has a low molecular weight, and is considered to form a dense coating film on the electrode. MVC, DMVC,
EVC, DEVC or the like is a VC substituted with an alkyl group and is considered to form a low-density coating film on
the electrode, magnitude of density depending on size of the alkyl chain with which the compound is substituted, thus
to have the effect of improving low-temperature characteristics.
[0037] According to a particularly preferred embodiment of the invention the cyclic carbonate represented by formula
1 is ethylene carbonate (EC), the linear carbonate represented by formula 2 is dimethylcarbonate (DMC) and ethyl
methyl carbonate (EMC) and the compound represented by formula 3 is vinylene carbonate (VC).
[0038] The lithium salt for the electrolyte solution is not limited. The lithium salts useful for the present invention include
inorganic lithium salts, e.g., LiPF6, LiBF4, LiClO4, LiI, LiCl and LiBr; and organic lithium salts, e.g., LiB[OCOCF3]4, LiB
[OCOCF2CF3]4, LiPF4(CF3)2, LiN(SO2CF3)2 and LiN (SO2CF2CF3)2.
[0039] In particular, LiPF6, which has been widely used for batteries for domestic purposes, is a suitable compound
because of its quality stability.
[0040] Moreover, LiB[OCOCF3]4 is an effective compound, because it exhibits high dissociation capability and solu-
bility, and also high conductivity even at a low content.
[0041] An electrolyte solution preferably has a flash point of 21°C or higher and an ion conductivity of 2 mS/cm or
more at -30°C to simultaneously satisfy safety and low-temperature characteristics.
[0042] It is preferable to incorporate DMC and EMC in a ratio of 0.6 to 1.3 by volume, particularly preferably 0.8 to 1.
A DMC/EMC ratio of 0.6 to 1.3 will secure an electrolyte solution having a flash point of 21°C or higher and an ion
conductivity of 2 mS/cm or more at -30°C. Moreover, a DMC/EMC ratio of 0.8 to 1 will secure an electrolyte solution
having a flash point of 21°C or higher and an ion conductivity of 2.2 mS/cm or more at -30°C, and hence is more preferable.
[0043] The anode-active materials useful for the present invention include natural graphite, composite carbonaceous
material with natural graphite coated with a film formed by dry chemical vapor deposition (CVD) or wet spraying, synthetic
graphite produced by sintering a resin (e.g., epoxy or phenolic resin) or pitch from petroleum or coal, another carbonaceous
material (e.g., amorphous material), lithium metal having a capability of storing/releasing lithium by forming a compound
with lithium, silicon reacting with lithium to form a compound to have a capability of storing/releasing lithium by being
held in the interstices between the crystals, and oxide or nitride of an element belonging to the IV group (e.g., germanium
or tin). They may be generally referred to as anode-active materials. In particular, a carbonaceous material is an excellent
material because of its high electroconductivity, low-temperature characteristics and good cycle stability.
[0044] Of carbonaceous materials, those having a wide interlayer space between carbon network planes (d002) are
suitable for their rapid charging/discharging capability and excellent low-temperature characteristics.
[0045] It should be noted, however, that some carbonaceous materials having a wide d002 value show insufficient
capacity or charging/discharging efficiency during the initial stage of charging, and hence they preferably have a d002
value of 0.39 nm or less. Such a material may be sometimes referred to as pseudo-anisotropic carbon.
[0046] Moreover, the electrode may be incorporated with a highly electroconductive carbonaceous material, e.g.,
graphite-like material, amorphous material or activated carbon.
[0047] Graphite-like materials useful for the present invention include those having one of the following characteristics
(1) to (3):

(1) an R value, or ID/IG ratio, of 0.2 to 0.4, inclusive, wherein ID is intensity of the peak in a range from 1300 to 1400
cm-1, and IG is intensity of the peak in a range from 1580 to 1620 cm-1, both in a Raman spectral pattern,
(2) a half width ∆ of 40 to 100 cm-1, inclusive, of the peak in a range from 1300 to 1400 cm-1 in a Raman spectral
pattern, and
(3) an X value, or I(110)/I(004) ratio, of 0.1 to 0.45, inclusive, wherein I(110) is peak intensity from the (110) plane and
I(004) is peak intensity from the (004) plane, both in an X-ray diffraction pattern.

[0048] A lithium composite oxide as the cathode-active material preferably has a composition represented by the
formula LiαMnxM1yM2zO2 (wherein, M1 is at least one selected from the group consisting of Co and Ni, M2 is at least
one selected from the group consisting of Co, Ni, Al, B, Fe, Mg and Cr, x+y+z=1, 0<α<1.2, 0.2≤x≤0.6, 0.2≤y≤0.4 and
0.05≤z≤0.4).
[0049] Of these materials, those having Ni or Co as M1, and Co or Ni as M2 are more preferable. LiMn1/3Ni1/3Co1/3O2
is still more preferable. The composition has an increased capacity as the Ni content increases, an increased output at
low temperatures as the Co content increases, and decreases in production cost as the Mn content increases. The
additive elements have effects of improving cycle characteristics. Other compounds, e.g., those represented by the
general formula LiMxPO4 (M: Fe or Mn, and 0.01≤X≤0.4), and orthorhombic phosphorus compounds having space group
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Pmnb symmetry represented by LiMn1-xMxPO4 (M: divalent cation other than Mn, and 0.01≤X≤0.4) may be also used
for the present invention.
[0050] LiMn1/3Ni1/3Co1/3O2, in particular, is suitable as a lithium battery material for hybrid electric vehicles (HEVs)
because of its high low-temperature characteristics and cycle stability.
[0051] The lithium secondary battery described above as one embodiment of the present invention has improved
safety over conventional lithium secondary batteries, mainly coming from use of an electrolyte solution which is not
inflammable at room temperature (20°C) while not deteriorating output characteristics at low temperatures and room
temperature or output maintenance characteristics during storage at high temperatures over an extended period. As
such, it can find wide use in various areas, e.g., power sources for hybrid electric vehicles, and power sources including
back-up power sources for electrically driven control systems for vehicles. Moreover, it is also suitable as a power source
for industrial machines, e.g., electrically driven tools and forklifts.
[0052] Moreover, the lithium secondary battery as one embodiment of the present invention has improved character-
istics, in particular output characteristics at low temperatures, and useful for vehicles frequently working in cold districts.
The improved output characteristics at low temperatures reduce size and weight of a module in which the batteries are
assembled to produce power of several hundred volts by reducing a required number of the batteries.
[0053] The best mode for carrying out the present invention is specifically described by Examples.

Example 1

[0054] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 19.4:0.6:40:40 by volume. The electrolyte solution was not
inflammable as confirmed by the flash point test carried out at 20°C.
[0055] Flash point was determined using an automatic tag closed flash point tester in accordance with JIS K-2265.

(Evaluation of ion conductivity)

[0056] The sample solution (5 mL) put in a glass bottle was measured for its ion conductivity at -30°C by a digital
electroconductivity meter (CM-60V, Toa Denpa) whose electrodes were immersed in the sample solution, where the
measurement was started 90 minutes after the bottle was held in a constant-temperature bath.
[0057] The electrolyte solution preferably has a flash point of 21°C or higher and an ion conductivity of 2 mS/cm or
more at -30°C to simultaneously satisfy safety and low-temperature characteristics. Fig. 2 shows an ion conductivity of
mixed electrolyte solutions of EC/VC/DMC/EMC having a composition ratio of 19.4/0.6/X/80-X% by volume, changing
with the DMC/EMC volume ratio. The results indicate that the electrolyte solution has a flash point of 21°C or higher and
an ion conductivity of 2 mS/cm or more at -30°C when the DMC/EMC volume ratio is set at 0.6 to 1.3. The ratio of 0.8
to 1 is more preferable, because it gives a flash point of 21°C or higher and an ion conductivity of 2.2 mS/cm or more
at -30°C.

(Fabrication of spirally wound battery)

[0058] A spirally wound battery of Example 1 was fabricated by the following procedure. Fig. 1 is a cross-sectional
view illustrating one side of the battery.
[0059] A cathode material paste was prepared using LiMn1/3Ni1/3Co1/3O2 as a cathode-active material, carbon black
(CB1) and graphite (GF1) as electroconductive materials, polyvinylidene fluoride (PVDF) as a binder, and N-methylpyr-
rolidone (NMP) as a solvent to have a composition ratio of LiMn1/3Ni1/3CO1/3O2:CB1:GF1:PVDF of 86:9:2:3 by mass
(dry basis).
[0060] The cathode material paste was spread over an aluminum foil, which became a cathode-side current collector
1, dried at 80°C, roll-pressed, and dried at 120°C to prepare a cathode mixture layer 2 on the cathode-side current
collector 1. The cathode mixture layer had a porosity set at 30% based on the whole layer (the value is hereinafter
referred to as cathode porosity).
[0061] Next, an anode material paste was prepared using pseudo-anisotropic carbon as amorphous carbon serving
as an anode-active material, carbon black (CB2) as an electroconductive material, PVDF as a binder and NMP as a
solvent, to have a composition of pseudo-anisotropic carbon:CB2:PVDF of 88:5:7 by mass (dry basis).
[0062] The anode material paste was spread over a copper foil, which became an anode-side current collector 3,
dried at 80°C, roll-pressed, and dried at 120°C to prepare an anode mixture layer 4 on the anode-side current collector
3. The anode mixture layer had a porosity set at 35% based on the whole layer (the value is hereinafter referred to as
anode porosity), so as to form a battery.
[0063] A separator 7 was placed between the cathode and anode prepared above to form a spirally wound assembly,
which was encased in an anode battery can 13. The electrolyte solution prepared in Example 1 was injected into the
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assembly and sealed by caulking to form a spirally wound battery.
[0064] The other components shown in Fig. 1 are 9: anode-side lead, 10: cathode-side lead, 11: cathode-side insulator,
12: anode-side insulator, 14: gasket, and 15: cathode battery lid.

(Evaluation of porosity)

[0065] Porosity was determined by mercury porosimetry for the cathode and anode after the mixture layer was sep-
arated from the current collector of each side.

(Evaluation of battery)

[0066] The spirally wound battery illustrated in Fig. 1 was evaluated for direct current resistance (DCR) at 25 and
-30°C, and pulse cycle characteristics (characteristics after the battery was subjected to pulse cycles for 1000 hours).
[0067] The battery was charged with electricity at a constant current of 0.7 A to 4.1 V, and then at a constant voltage
of 4.1 V until the amperage reached 20 mA. Then, it was allowed to discharge electricity to 2.7 V at 0.7 A, after it was
halted for 30 minutes. These cycles were repeated 3 times.
[0068] Next, the battery was charged with electricity at a constant current of 0.7 A to 3.8 V, allowed to discharge
electricity at 10 A for 10 seconds, again charged with electricity to 3.8 V at a constant current, allowed to discharge
electricity at 20 A for 10 seconds, again charged with electricity to 3.8 V, and allowed to discharge electricity at 30 A for
10 seconds.
[0069] The battery was evaluated for DCR based on the I-V characteristics observed.
[0070] Moreover, the battery was subjected to a pulse cycle test in which charging/discharging were repeated at 20
A for 2 seconds in a constant-temperature bath kept at 50°C, and evaluated for DCR at 25 and -30°C, after it was
subjected to the pulse cycles for 1000 hours. The evaluation results are given in Table 1.

Example 2

[0071] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 19.5:0.5:40:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0072] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Example 3

[0073] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 19.6:0.4:40:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0074] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Example 4

[0075] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 19.8:0.2:40:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0076] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Example 5

[0077] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 19.7:0.3:40:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0078] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
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manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Example 6

[0079] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 21.7:0.3:38:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0080] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Example 7

[0081] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 23.7:0.3:36:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0082] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Example 8

[0083] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 29.7:0.3:30:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0084] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Example 9

[0085] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1.2 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 23.7:0.3:36:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0086] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Example 10

[0087] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1.1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 23.7:0.3:36:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0088] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Example 11

[0089] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1.1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 23.7:0.3:36:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0090] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 25% and anode porosity of 25%, all percentages
by volume. The evaluation results are given in Table 1.
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Example 12

[0091] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1.1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 23.7:0.3:36:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0092] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 35% and anode porosity of 40%, all percentages
by volume. The evaluation results are given in Table 1.

Example 13

[0093] An electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1.1 M in a mixed
solvent of EC:VC:DMC:EMC having a composition ratio of 23.7:0.3:36:40 by volume, and evaluated for ion conductivity
and inflammability in the same manner as in Example 1.
[0094] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 40% and anode porosity of 40%, all percentages
by volume. The evaluation results are given in Table 1.

Comparative Example 1

[0095] A comparative electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M
in a mixed solvent of EC:VC:DMC:EMC:methyl acetate (MA) having a composition ratio of 29.4:0.6:30:30:10 by volume,
and evaluated for ion conductivity and inflammability in the same manner as in Example 1.
[0096] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Comparative Example 2

[0097] A comparative electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M
in a mixed solvent of EC:VC:DMC:EMC having a composition ratio of 34:0:33:33 by volume, and evaluated for ion
conductivity and inflammability in the same manner as in Example 1.
[0098] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Comparative Example 3

[0099] A comparative electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M
in a mixed solvent of EC:VC:DMC:EMC having a composition ratio of 15:0:35:50 by volume, and evaluated for ion
conductivity and inflammability in the same manner as in Example 1.
[0100] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Comparative Example 4

[0101] A comparative electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1 M
in a mixed solvent of EC:VC:DMC:EMC having a composition ratio of 18:2:40:40 by volume, and evaluated for ion
conductivity and inflammability in the same manner as in Example 1.
[0102] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 30% and anode porosity of 35%, all percentages
by volume. The evaluation results are given in Table 1.

Comparative Example 5

[0103] A comparative electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1.1
M in a mixed solvent of EC:VC:DMC:EMC having a composition ratio of 23.7:0.3:36:40 by volume, and evaluated for
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ion conductivity and inflammability in the same manner as in Example 1.
[0104] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 20% and anode porosity of 20%, all percentages
by volume. The evaluation results are given in Table 1.

Comparative Example 6

[0105] A comparative electrolyte solution was prepared by dissolving LiPF6 as a lithium salt to a concentration of 1.1
M in a mixed solvent of EC:VC:DMC:EMC having a composition ratio of 23.7:0.3:36:40 by volume, and evaluated for
ion conductivity and inflammability in the same manner as in Example 1.
[0106] A spirally wound battery was prepared, and evaluated for porosity and battery characteristics in the same
manner as in Example 1. It was confirmed to have a cathode porosity of 38% and anode porosity of 40%, all percentages
by volume. The evaluation results are given in Table 1.
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Table 1

Electrolyte solution composition Porosity (vol%)

Inflammability 
at 20°C

Ion 
conduc 
tivity @-

30°C 
(mS/cm)

Initial 
characteristics

Pulse cycle characteristics after 
subjected to pulse cycles for 

1000 hours

LiPF6 
(M)

EC 
(vol%)

VC 
(vol%)

DMC 
(vol%)

EMC 
(vol%)

MA 
(vol%)

Cathode Anode
DCR 

@25°C 
(mΩ)

DCR @-
30°C 
(mΩ)

Output 
maintenance 

ratio (%)

Output 
maintenance 
ratio @-30°C 

(%)

Example 1 1 19.4 0.6 40 40 0 30 35 Not observed 2.3 67 610 84 83

Example 2 1 19.5 0.5 40 40 0 30 35 Not observed 2.3 66 603 85 84

Example 3 1 19.6 0.4 40 40 0 30 35 Not observed 2.3 66 595 85 83

Example 4 1 19.8 0.2 40 40 0 30 35 Not observed 2.3 65 595 86 85

Example 5 1 19.7 0.3 40 40 0 30 35 Not observed 2.3 63 590 88 87

Example 6 1 21.7 0.3 38 40 0 30 35 Not observed 2.3 63 590 88 87

Example 7 1 23.7 0.3 36 40 0 30 35 Not observed 2.3 62 592 88 87

Example 8 1 29.7 0.3 30 40 0 30 35 Not observed 2.0 62 615 84 83

Example 9 1.2 23.7 0.3 36 40 0 30 35 Not observed 2.2 63 592 88 87

Example 10 1.1 23.7 0.3 36 40 0 30 35 Not observed 2.2 61 592 88 87

Example 11 1.1 23.7 0.3 36 40 0 25 25 Not observed 2.2 63 600 88 87

Example 12 1.1 23.7 0.3 36 40 0 35 40 Not observed 2.2 65 610 88 87

Example 13 1.1 23.7 0.3 36 40 0 40 40 Not observed 2.2 66 620 88 87

Comparative 
Example 1

1 29.4 0.6 30 30 10 30 35 Observed 2.3 68 675 83 82

Comparative 
Example 2

1 34 0 33 33 0 30 35 Not observed 1.9 68 850 72 69

Comparative 
Example 3

1 15 0 35 50 0 30 35 Not observed 2.3 75 680 68 67

Comparative 
Example 4

1 18 2 40 40 0 30 35 Not observed 2.3 70 750 83 82
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(continued)

Electrolyte solution composition Porosity (vol%)

Inflammability 
at 20°C

Ion 
conduc 
tivity @-

30°C 
(mS/cm)

Initial 
characteristics

Pulse cycle characteristics after 
subjected to pulse cycles for 

1000 hours

LiPF6 
(M)

EC 
(vol%)

VC 
(vol%)

DMC 
(vol%)

EMC 
(vol%)

MA 
(vol%)

Cathode Anode
DCR 

@25°C 
(mΩ)

DCR @-
30°C 
(mΩ)

Output 
maintenance 

ratio (%)

Output 
maintenance 
ratio @-30°C 

(%)

Comparative 
Example 5

1.1 23.7 0.3 36 40 0 20 20 Not observed 2.2 70 730 82 75

Comparative 
Example 6

1.1 23.7 0.3 36 40 0 45 45 Not observed 2.2 70 700 83 77
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[0107] The battery prepared in Comparative Example 1 with an electrolyte solution containing MA exhibits good
characteristics, in particular lower DCR at -30°C than the other Comparative Examples; with MA-free electrolyte solutions.
Nevertheless, it is not preferable because of inflammability observed at 20°C, and lower pulse cycle characteristics after
it is subjected to pulse cycles for 1000 hours than those prepared in Examples 1 to 13.
[0108] The battery prepared in Comparative Example 2 with an electrolyte solution containing EC at a higher content
of 34% by volume than those prepared in Examples 1 to 13 is not preferable, because of its higher DCR at -30°C.
[0109] The battery prepared in Comparative Example 3 with an electrolyte solution containing EC at a lower content
of 1-5% by volume than those prepared in Examples 1 to 13 is not preferable, because of its lower DCR at 25°C.
[0110] The battery prepared in Comparative Example 4 with an electrolyte solution containing VC at a higher content
of 2% by volume than those prepared in Examples 1 to 13 is not preferable, because of its lower DCR at 25 and -30°C.
[0111] The battery prepared in Comparative Example 5 with lower porosities of 20% by volume in the cathode and
anode than those prepared in Examples 1 to 13 is not preferable, because of its higher DCR at 25 and - 30°C.
[0112] The battery prepared in Comparative Example 6 with a higher porosity of 45% by volume in each of the cathode
and anode than those prepared in Examples 1 to 13 is not preferable, because of its higher DCR at 25 and -30°C.
[0113] As discussed above, each of Examples 1 to 13 can provide a lithium secondary battery which exhibits improved
safety, in particular with an electrolyte solution exhibiting no inflammability at room temperature (20°C), while not dete-
riorating output characteristics at low temperatures and room temperature, and output maintenance characteristics when
the battery is preserved at high temperature (50°C).
[0114] Moreover, the lithium secondary battery prepared in each of Examples 1 to 13 as a high-output battery has
improved DCR at low temperatures and low-temperature input/output characteristics over conventional ones.
[0115] Still more, the lithium secondary battery prepared in each of Examples 1 to 13 has improved characteristics,
in particular output characteristics at low temperatures, which make the battery effective for use in vehicles frequently
working in cold districts. The improved output characteristics at low temperatures bring advantages of reducing size and
weight of a module in which the batteries are assembled to produce power of several hundred volts by reducing a
required number of the batteries.

Claims

1. A lithium secondary battery provided with a cathode and an anode, both capable of storing/releasing lithium ions,
a separator which separates these electrodes from each other, and an electrolyte solution, wherein
the electrolyte solution comprises as solvents:

a cyclic carbonate represented by the formula (1):

(wherein, R1, R2, R3 and R4 are each hydrogen, fluorine, chlorine, an alkyl group or a fluorinated alkyl group,
each having 1 to 3 carbons),
a linear carbonate represented by the formula (2):
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(wherein, R5 and R6 are each hydrogen, fluorine, chlorine, an alkyl group or a fluorinated alkyl group, each
having 1 to 3 carbons) and
a compound represented by the formula (3):

(wherein, R7 and R8 are each hydrogen, fluorine, chlorine, an alkyl group or a fluorinated alkyl group, each
having 1 to 3 carbons), and
the composition ratio of the cyclic carbonate represented by the formula (1) is 18.0 to 30.0%, the composition
ratio of the linear carbonate represented by the formula (2) is 74.0 to 81.9% and the composition ratio of the
compound represented by the formula (3) is 0.1 to 1.0%, based on said solvents (100%), all percentages by
volume,
the cathode comprises a cathode mixture and a cathode-side current collector (1),
the cathode mixture comprising a cathode-active material, an electroconductive agent and a binder is spread
on the cathode-side current collector (1) to form a cathode mixture layer (2) thereon, the cathode mixture layer
(2) having a porosity of 25 to 40% by volume, inclusive, based on the layer,
the anode comprises an anode mixture and an anode-side current collector (3), and
the anode mixture comprising an anode-active material, an electroconductive agent and a binder is spread on
the anode-side current collector (3) to form an anode mixture layer (4) thereon, the anode mixture layer (4)
having a porosity of 25 to 40% by volume, inclusive, based on the layer.

2. The lithium secondary battery according to claim 1, wherein the cathode comprises a lithium composite oxide
represented by the formula LiαMnxMlyM2zO2 (wherein, M1 is at least one selected from the group consisting of Co
and Ni, M2 is at least one selected from the group consisting of Co, Ni, Al, B, Fe, Mg and Cr, x+y+z=1, 0<α<1.2,
0.2≤x≤0.6, 0.2≤y≤0.4 and 0.05≤z≤0.4).

3. The lithium secondary battery according to claim 1 or 2, wherein the anode comprises at least one of carbonaceous
material, an oxide of an element belonging to the IV group and a nitride of an element belonging to the IV group.

4. The lithium secondary battery according to any one of claims 1 to 3, wherein the cyclic carbonate represented by
the formula (1) is ethylene carbonate (EC), the linear carbonate represented by the formula (2) is of dimethyl
carbonate (DMC) and ethyl methyl carbonate (EMC), and the compound represented by the formula (3) is vinylene
carbonate (VC).

5. The lithium secondary battery according to claim 4, wherein the DMC and EMC are incorporated in a DMC/EMC
ratio of 0.6 to 1.3 by volume.

6. The lithium secondary battery according to any of claims 1 to 5, wherein the cathode is formed by spreading, on an
aluminum foil, a cathode mixture comprising a lithium composite oxide, an electroconductive agent mainly composed
of graphite-base carbonaceous material and a binder,
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the anode is formed by spreading, on a copper foil, an anode mixture comprising amorphous carbon, an electro-
conductive agent and a binder.

7. The lithium secondary battery according to any of claims 1 to 6, wherein the electrolyte solution has a flash point of
21°C or higher and anion conductivity of 2 mS/cm or more at -30°C.

8. A lithium secondary battery according to any of claims 1 to 7, wherein the cyclic carbonate represented by the
formula (1) includes ethylene carbonate (EC), the linear carbonate represented by formula (2) includes dimethyl
carbonate (DMC), ethyl methyl carbonate (EMC) and the compound represented by the formula (3) includes vinylene
carbonate (VC), and
the DMC and EMC are incorporated in a DMC/EMC ratio of 0.8 to 1.0 by volume.

9. The lithium secondary battery according to any of claims 1 to 8, wherein the anode comprises a carbonaceous
material having a d002 value of 0.39 nm or less.

Patentansprüche

1. Lithium-Akkumulator, der mit einer Kathode und mit einer Anode, die beide befähigt sind, Lithiumionen aufzunehmen/
abzugeben, einem Separator, der die Elektroden voneinander trennt, und einer Elektrolytlösung ausgestattet ist,
wobei die Elektrolytlösung als Lösemittel enthält:

ein cyclisches Carbonat der Formel (1):

(worin die Gruppen R1, R2, R3 und R4 jeweils Wasserstoff, Fluor, Chlor, eine Alkylgruppe oder eine fluorierte
Alkylgruppe bedeuten, die jede 1 bis 3 Kohlenstoffatome aufweist),
ein lineares Carbonat der Formel (2):

(worin die Gruppen R5 und R6 jeweils Wasserstoff, Fluor, Chlor, eine Alkylgruppe oder eine fluorierte Alkylgrup-
pe bedeuten, die jede 1 bis 3 Kohlenstoffatome aufweist) und
eine Verbindung der Formel (3):
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(worin die Gruppen R7 und R8 jeweils Wasserstoff, Fluor, Chlor, eine Alkylgruppe oder eine fluorierte Alkylgrup-
pe bedeuten, die jede 1 bis 3 Kohlenstoffatome aufweist), und
der Anteil des cyclischen Carbonats der Formel (1) in der Zusammensetzung 18,0 bis 30,0 %, der Anteil des
linearen Carbonats der Formel (2) in der Zusammensetzung 4,0 bis 81,9 % und der Anteil der Verbindung der
Formel (3) in der Zusammensetzung 0,1 bis 1,0 % ist, bezogen auf diese Lösemittel (100 %), wobei alle Pro-
zentangaben Volumenprozent sind,
die Kathode ein Kathodengemisch umfasst und einen kathodenseitigen Stromkollektor (1) aufweist,
das Kathodengemisch, das ein aktives Kathodenmaterial, einen elektrisch leitfähigen Stoff und ein Bindemittel
umfasst, zur Bildung einer Kathodengemischschicht (2) auf dem kathodenseitigen Stromkollektor (1) verteilt
wird, wobei die Kathodengemischschicht eine Porosität von 25 bis 40 Vol.-%, bezogen auf die Schicht, aufweist,
die Anode ein Anodengemisch umfasst und einen anodenseitigen Stromkollektor (3) aufweist, und
das Anodengemisch, das ein aktives Anodenmaterial, einen elektrisch leitfähigen Stoff und ein Bindemittel
umfasst, zur Bildung einer Anodengemischschicht auf dem anodenseitigen Stromkollektor (3) verteilt wird,
wobei die Anodengemischschicht eine Porosität von 25 bis 40 Vol.-%, bezogen auf die Schicht, aufweist.

2. Lithium-Akkumulator nach Anspruch 1, wobei die Kathode ein Lithiummischoxid der Formel LiαMnxM1yM2zO2 um-
fasst (wobei M1 unter zumindest einem aus Co und Ni und M2 unter zumindest einem aus Co, Ni, Al, B, Fe, Mg
und Cr ausgewählt ist, x + y + z = 1, 0 < α < 1,2, 0,2 ≤ x ≤ 0,6, 0,2 ≤ y ≤ 0,4 und 0,05 ≤ z ≤ 0,4).

3. Lithium-Akkumulator nach Anspruch 1 oder 2, wobei die Anode zumindest einen der folgenden Stoffe umfasst: ein
kohlenstoffhaltiges Material, ein Oxid eines zur Gruppe IV gehörenden Elements und ein Nitrid eines zur Gruppe
IV gehörenden Elements.

4. Lithium-Akkumulator nach einem der Ansprüche 1 bis 3, wobei das cyclische Carbonat der Formel (1) Ethylencar-
bonat (EC) ist, das lineare Carbonat der Formel (2) Dimethylcarbonat (DMC) und Ethylmethylcarbonat (EMC) be-
deutet und die Verbindung der Formel (3) Vinylencarbonat (VC) ist.

5. Lithium-Akkumulator nach Anspruch 4, wobei DMC und EMC in einem Volumenverhältnis DMC/EMC von 0,6 bis
1,3 eingebracht werden.

6. Lithium-Akkumulator nach einem der Ansprüche 1 bis 5, wobei die Kathode gebildet wird, indem auf einer Alumi-
niumfolie ein Kathodengemisch verteilt wird, das ein Lithiummischoxid, einen elektrisch leitfähigen Stoff, der haupt-
sächlich aus einem kohlenstoffhaltigen Material auf Graphitbasis zusammengesetzt ist, und ein Bindemittel umfasst,
und die Anode gebildet wird, in dem auf einer Kupferfolie ein Anodengemisch verteilt wird, das amorphen Kohlenstoff,
einen elektrisch leitfähigen Stoff und ein Bindemittel umfasst.

7. Lithium-Akkumulator nach einem der Ansprüche 1 bis 6, wobei die Elektrolytlösung einen Flammpunkt von 21 °C
oder darüber und bei -30°C eine Anionenleitfähigkeit von 2 mS/cm oder mehr aufweist.

8. Lithium-Akkumulator nach einem der Ansprüche 1 bis 7, wobei das cyclische Carbonat der Formel (1) Ethylencar-
bonat (EC) umfasst, das lineare Carbonat der Formel (2) Dimethylcarbonat (DMC) und Ethylmethylcarbonat (EMC)
umfasst und die Verbindung der Formel (3) Vinylencarbonat (VC) umfasst, und DMC und EMC in einem Volumen-
verhältnis DMC/EMC von 0,8 bis 1,0 eingebracht werden.

9. Lithium-Akkumulator nach einem der Ansprüche 1 bis 8, wobei die Anode ein kohlenstoffhaltiges Material mit einem
d002-Wert von 0,39 nm oder weniger enthält.
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Revendications

1. Batterie secondaire au lithium munie d’une cathode et d’une anode, toutes deux capables de stocker/libérer des
ions lithium, un séparateur qui sépare ces électrodes l’une de l’autre, et une solution électrolyte, dans laquelle
la solution électrolyte comprend comme solvants :

un carbonate cyclique représenté par la formule (1) :

(dans laquelle R1, R2, R3 et R4 sont chacun un atome d’hydrogène, de fluor, de chlore, un groupe alkyle ou
un groupe alkyle fluoré, chacun ayant 1 à 3 atomes de carbone),
un carbonate linéaire représenté par la formule (2) :

(dans laquelle R5 et R6 sont chacun un atome d’hydrogène, de fluor, de chlore, un groupe alkyle ou un groupe
alkyle fluoré, chacun ayant 1 à 3 atomes de carbone) et
un composé représenté par la formule (3) :

(dans laquelle R7 et R8 sont chacun un atome d’hydrogène, de fluor, de chlore, un groupe alkyle ou un groupe
alkyle fluoré, chacun ayant 1 à 3 atomes de carbone) et
le rapport de la composition en carbonate cyclique représenté par la formule (1) est de 18.0 à 30.0 %, le rapport
de la composition en carbonate linéaire représenté par la formule (2) est de 74.0 à 81.9 % et le rapport de la
composition en composé représenté par la formule (3) est de 0.1 à 1.0 %, sur la base desdits solvants (100
%), tous les pourcentages étant exprimés en volume,
la cathode comprend un mélange cathodique et un collecteur de courant côté cathode (1),
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le mélange cathodique, comprenant un matériau actif pour la cathode, un agent électro-conducteur et un liant,
est étalé sur le collecteur de courant côté cathode (1) pour former une couche de mélange cathodique (2) sur
le dessus, la couche de mélange cathodique (2) ayant une porosité de 25 à 40 % en volume, inclus, sur la base
de la couche,
l’anode comprend un mélange anodique et un collecteur de courant côté anode (3), et
le mélange anodique, comprenant un matériau actif pour l’anode, un agent électro-conducteur et un liant, est
étalé sur le collecteur de courant côté anode (3) pour former une couche de mélange cathodique (4) sur le
dessus, la couche de mélange anodique (4) ayant une porosité de 25 à 40 % en volume, inclus, sur la base de
la couche.

2. La batterie secondaire au lithium selon la revendication 1, dans laquelle la cathode comprend un oxyde de composite
de lithium, représenté par la formule Liα,MnxM1yM2zO2 (dans laquelle M1 est au moins un élément choisi dans le
groupe constitué par Co et Ni, M2 est au moins un élément choisi dans le groupe constitué par Co, Ni, Al, B, Fe,
Mg et Cr, x+y+z=1, 0 < α < 1,2, 0.2 ≤ x ≤ 0,6, 0.2 ≤ y ≤ 0.4 et 0,05 ≤ z ≤ 0.4).

3. La batterie secondaire au lithium selon la revendication 1 ou 2, dans laquelle l’anode comprend au moins un élément
parmi une matière carbonée, un oxyde d’un élément appartenant au groupe IV et un nitrure d’un élément appartenant
au groupe IV.

4. La batterie secondaire au lithium selon l’une quelconque des revendications 1 à 3, dans laquelle le carbonate
cyclique représenté par la formule (1) est le carbonate d’éthylène (EC), le carbonate linéaire représenté par la
formule (2) est le carbonate de diméthyle (DMC) et le carbonate d’éthyle méthyle (EMC), et le composé représenté
par la formule (3) est le carbonate de vinylène (VC).

5. La batterie secondaire au lithium selon la revendication 4, dans laquelle le DMC et l’EMC sont incorporés en un
rapport DMC/EMC de 0.6 à 1.3 en volume.

6. La batterie secondaire au lithium selon l’une quelconque des revendications 1 à 5, dans laquelle la cathode est
formée par étalement, sur une feuille d’aluminium, d’un mélange cathodique comprenant un oxyde de composite
de lithium, un agent électro-conducteur principalement composé de matière carbonée à base de graphite et un liant,
l’anode est formée par étalement, sur une feuille de cuivre, d’un mélange anodique comprenant du carbone amorphe,
un agent électro-conducteur et un liant.

7. La batterie secondaire au lithium selon l’une quelconque des revendications 1 à 6, dans laquelle la solution électrolyte
a un point d’éclair de 21°C ou plus et une conductivité anionique à - 30°C de 2 mS/cm ou plus.

8. La batterie secondaire au lithium selon l’une quelconque des revendications 1 à 7, dans laquelle le carbonate
cyclique représenté par la formule (1) comprend le carbonate d’éthylène (EC), le carbonate linéaire représenté par
la formule (2) comprend le carbonate de diméthyle (DMC), le carbonate d’éthyle méthyle (EMC) et le composé
représenté par la formule (3) comprend le carbonate de vinylène (VC), et
le DMC et l’EMC sont incorporés en un rapport DMC/EMC de 0.8 à 1.0 en volume.

9. La batterie secondaire au lithium selon l’une quelconque des revendications 1 à 8, dans laquelle l’anode comprend
une matière carbonée ayant une valeur d002 de 0.39 nm ou moins.
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