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Description

TECHNICAL FIELD

[0001] The present invention relates to a lithium secondary cell using lithium titanate as an active material for a negative
electrode.

BACKGROUND ART

[0002] Improvements in a non-aqueous electrolytic solution (electrolyte salt and solvent) and active materials for a
negative electrode and a positive electrode have been carried out to enhance cell performance and safety of lithium
secondary cells comprising a negative electrode, a non-aqueous electrolytic solution and a positive electrode. For these
improvements, various proposals have been made with respect to a non-aqueous electrolytic solution and an active
material for a positive electrode.
[0003] Regarding an active material for a negative electrode, for example, Document JP2005-243620 A describes
that in order to enhance flame retardancy, molten salt and phosphoric ester are used as an electrolyte, an imidazole
type or amide type non-fluorine-containing organic compound is used as a solvent, and an active material comprising
lithium titanate is used as an active material for a negative electrode. Document EP 1 530 248 A2 discloses a lithium
secondary cell comprising a negative electrode using lithium titanate as an active material, a positive electrode, and an
electrolyte solution comprising a solvent mixture of fluoroethylene carbonate in a mixture with a cyclic or a linear organic
carbonate.

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] The inventors of the present invention have found that in lithium secondary cells using a fluorine-containing
non-aqueous electrolytic solution, discharge capacity, rate characteristics and further cycle characteristics are specifically
excellent and incombustibility (safety) is improved by the use of lithium titanate, and thus have completed the present
invention.

MEANS TO SOLVE THE PROBLEM

[0005] The present invention as defined in claim 1 relates to a lithium secondary cell comprising a negative electrode,
a non-aqueous electrolytic solution and a positive electrode, in which an active material for the negative electrode
comprises lithium titanate and the non-aqueous electrolytic solution comprises a fluorine-containing solvent.
[0006] According to the invention, and from the viewpoint of good safety, that the non-aqueous electrolytic solution to
be used in the present invention comprises an electrolyte salt and a solvent for dissolving the electrolyte salt, and the
solvent for dissolving the electrolyte salt comprises at least one fluorine-containing solvent (I) selected from the group
consisting of a fluorine-containing ester, a fluorine-containing chain carbonate and a fluorine-containing cyclic carbonate,
and other carbonate (II).
[0007] According to the invention, the fluorine-containing solvent (I) is a fluorine-containing ester represented by the
formula (IB):

Rf3COORf4

wherein Rf3 is an alkyl group which has 1 to 2 carbon atoms and may have fluorine atom, Rf4 is an alkyl group which
has 1 to 4 carbon atoms and may have fluorine atom, at least either Rf3 or Rf4 is a fluorine-containing alkyl group, from
the viewpoint of improvement in safety and good load characteristics;
a fluorine-containing chain carbonate represented by the formula (IC):

Rf5OCOORf6

wherein Rf5 is a fluorine-containing alkyl group having 1 to 4 carbon atoms, Rf6 is an alkyl group which has 1 to 4 carbon
atoms and may have fluorine atom, from the viewpoint of improvement in safety and good load characteristics; or
a fluorine-containing cyclic carbonate represented by the formula (ID):
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wherein X1, X2, X3 and X4 are the same or different and each is hydrogen atom, fluorine atom or an alkyl group which
has 1 to 4 carbon atoms and may have fluorine atom, at least one of X1 to X4 is fluorine atom or a fluorine-containing
alkyl group, from the viewpoint of improvement in safety and good load characteristics. Two or more of these may be
used in combination.
[0008] According to the invention, the other carbonate (II) comprises both a non-fluorine-containing cyclic carbonate
(IIA) and a non-fluorine-containing chain carbonate (IIB), from the viewpoint of good rate characteristics and cycle
characteristics.
[0009] It is preferable that the non-fluorine-containing cyclic carbonate (IIA) is one of ethylene carbonate and propylene
carbonate or a mixture thereof, from the viewpoint of good cycle characteristics.
[0010] It is preferable that the non-fluorine-containing chain carbonate (IIB) is one of dimethyl carbonate, methyl ethyl
carbonate and diethyl carbonate or a mixture thereof, from the viewpoint of good rate characteristics.
[0011] According to the invention, and from the viewpoint of improvement in safety and good cell characteristics, that
when using the non-fluorine-containing cyclic carbonate (IIA) and the non-fluorine-containing chain carbonate (IIB) as
the other carbonate (II), when the total amount of fluorine-containing solvent (I), (IIA) and (IIB) is assumed to be 100 %
by volume, the fluorine-containing solvent (I) is contained in an amount of 10 to 80 % by volume, (IIA) is contained in
an amount of 10 to 50 % by volume and (IIB) is contained in an amount of 10 to 80 % by volume.

EFFECT OF THE INVENTION

[0012] The present invention can provide a lithium secondary cell having specifically excellent discharge capacity,
rate characteristics and further cycle characteristics and improved incombustibility (safety).

BRIEF DESCRIPTION OF DRAWING

[0013] Fig.1 is a diagrammatic cross-sectional view of a bipolar cell prepared for a test for cell characteristics.

EMBODIMENT FOR CARRYING OUT THE INVENTION

[0014] The lithium secondary cell of the present invention comprises a negative electrode, a non-aqueous electrolytic
solution and a positive electrode. Also a separator is often used. Each component is explained below.

(1) Negative electrode

[0015] A negative electrode is usually formed by applying a mixture of negative electrode materials comprising an
active material for a negative electrode, a binding agent (binder) and if necessary, an electrically conductive material to
a current collector for a negative electrode.
[0016] In the present invention, the active material for a negative electrode comprises lithium titanate as an essential
component.
[0017] Examples of lithium titanate include Li4Ti5O12, Li2Ti3O7, LiTiO3, and the like. In addition, Li[Li1/4Mg1/8Ti13/8]O4
or Li[Li1/4Al1/4Ti3/2]O4 which is obtained by replacing 16d site of 6 coordination bonds of Li[Li1/3Ti5/3]O4 by Mg or Al is
exemplified as lithium titanate.
[0018] Other active materials for a negative electrode may also be used together. Examples of other active material
for a negative electrode are carbon materials, and in addition, metallic oxides (other than potassium titanate) and metallic
nitrides to which lithium ion can be inserted. Examples of carbon materials include natural graphite, artificial graphite,
pyrocarbon, coke, mesocarbon microbeads, carbon fiber, activated carbon and pitch-coated graphite. Examples of
metallic oxides to which lithium ion can be inserted include tin oxide, silicon oxide, Si-C complex oxide and carbon-
coated Si, and examples of metallic nitrides include Li2.6Co0.4N, and the like.
[0019] Examples of usable binding agents include polyvinylidene fluoride, polytetrafluoroethylene, styrene-butadiene
rubber, carboxymethyl cellulose, polyimide and polyaramid.
[0020] Electrically conductive materials which can be used for a mixture of negative electrode materials for lithium
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secondary cells may be used, and examples thereof include electrically conductive carbon materials, for example, natural
graphite, artificial graphite, pyrocarbon, coke, mesocarbon microbeads, carbon fiber, activated carbon and pitch-coated
graphite which are exemplified above as other active material for a negative electrode.
[0021] The negative electrode can be prepared by forming these components into slurry by using a solvent such as
water or N-methylpyrrolidone, applying the slurry to a current collector (for example, metal foil or sheet of copper, stainless
steel or nickel) and then drying the slurry.
[0022] The content of lithium titanate is preferably not more than 97 % by mass, further preferably not more than 95
% by mass, especially preferably not more than 93 % by mass to the mixture of negative electrode materials. A too high
content tends to be disadvantageous from the viewpoint of adhesion. A lower limit of the content is preferably 85 % by
mass, further preferably 87 % by mass, especially preferably 90 % by mass from the viewpoint of good effect of improving
discharge capacity, rate characteristics and cycle characteristics.

(2) Positive electrode

[0023] A positive electrode is usually formed by applying a mixture of positive electrode materials comprising an active
material for a positive electrode, a binding agent (binder) and if necessary, an electrically conductive material to a current
collector for a positive electrode.
[0024] Active materials for a positive electrode which can be used for a mixture of positive electrode materials for
lithium secondary cells may be used. Examples of preferred active materials for a positive electrode include cobalt
compound oxides, nickel compound oxides, manganese compound oxides, iron compound oxides and vanadium com-
pound oxides because lithium secondary cells having high energy density and high output are provided.
[0025] Example of cobalt compound oxide includes LiCoO2, example of nickel compound oxide includes LiNiO2, and
example of manganese compound oxide includes LiMnO2. Also, compound oxides of CoNi represented by LiCoxNi1-xO2
(0<x<1), compound oxides of CoMn represented by LiCoxMn1-xO2 (0<x<1), compound oxides of NiMn represented by
LiNixMn1-xO2 (0<x<1) and LiNixMn2-xO4 (0<x<2) and compound oxides of NiCoMn represented by LiNi1-x-yCoxMnyO2
(0<x<1, 0<y<1, 0<x+y<1) may be used. In these lithium-containing compound oxides, a part of metal elements such as
Co, Ni and Mn may be replaced by at least one metal element such as Mg, Al, Zr, Ti and Cr.
[0026] Examples of iron compound oxide include LiFe02 and LiFeP04, and example of vanadium compound oxide
includes V2O5.
[0027] Among the above-mentioned compound oxides, nickel compound oxides and cobalt compound oxides are
preferred as an active material for a positive electrode since capacity can be increased. Especially in the case of a small
size lithium ion secondary cell, the use of cobalt compound oxides is desirable from the viewpoint of high energy density
and safety.
[0028] In addition, materials described, for example, in JP2008-127211A and JP2006-36620A can be used.
[0029] Electrically conductive materials and binding agents exemplified in the above explanations on the negative
electrode can be used.
[0030] The positive electrode can be prepared by forming these components into slurry by using a solvent such as
toluene or N-methylpyrrolidone, applying the slurry to a current collector (for example, metal foil, sheet or net of aluminum,
stainless steel or titanium which is usually used) and then drying the slurry.
[0031] In the present invention, especially for the uses on large size lithium secondary cells for hybrid cars and
distributed power source, since high output is demanded, it is preferable that particles of an active material for a positive
electrode mainly comprise secondary particles, and an average particle size of the secondary particles is not more than
40 mm and fine particles having an average primary particle size of not more than 1 mm are contained in an amount of
0.5 to 7.0 % by volume.
[0032] When fine particles having an average primary particle size of not more than 1 mm are contained, an area
thereof coming into contact with an electrolytic solution is increased and lithium ion can be scattered more rapidly between
the electrode and the electrolytic solution, thereby enabling output performance to be improved.

(3) Non-aqueous electrolytic solution

[0033] The non-aqueous electrolytic solution to be used in the present invention comprises an electrolyte salt and a
solvent for dissolving the electrolyte salt, and the solvent for dissolving the electrolyte salt comprises a fluorine-containing
solvent. By the use of the solvent comprising a fluorine-containing solvent, incombustibility (safety) is improved and
discharge capacity, rate characteristics and further cycle characteristics are specifically improved.
[0034] According to the invention, the solvent for dissolving the electrolyte salt comprises a fluorine-containing solvent,
and comprises at least one fluorine-containing solvent (I) selected from the group consisting a fluorine-containing ester,
a fluorine-containing chain carbonate and a fluorine-containing cyclic carbonate and other carbonate (II), from the view-
point of good cell characteristics.
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[0035] Each component and its content are explained below. (I) Fluorine-containing solvent (at least one selected
from the group consisting of the fluorine-containing ether (IA), the fluorine-containing ester (IB), the fluorine-containing
chain carbonate (IC) and the fluorine-containing cyclic carbonate (ID))
[0036] When the fluorine-containing solvent (I) is contained, there can be obtained a function of giving flame retardancy
to the electrolytic solution, a function of improving low-temperature characteristics and an effect of improving rate char-
acteristics and oxidation resistance.
[0037] Examples of the fluorine-containing ether (IA) include compounds described in JP08-037024A, JP09-097627A,
JP11-026015A, JP2000-294281A, JP2001-052737A and JP11-307123A.
[0038] Particularly the fluorine-containing ether represented by the formula (IA):

Rf1ORf2

wherein Rf1 is a fluorine-containing alkyl group having 3 to 6 carbon atoms, Rf2 is a fluorine-containing alkyl group having
2 to 6 carbon atoms, is preferred from the viewpoint of good compatibility with other solvents and proper boiling point.
[0039] Examples of Rf1 include fluorine-containing alkyl groups having 3 to 6 carbon atoms such as HCF2CF2CH2-,
HCF2CF2CF2CH2-, HCF2CF2CF2CF2CH2-, CF3CF2CH2-, CF3CFHCF2CH2-, HCF2CF(CF3)CH2-, CF3CF2CH2CH2- and
CF3CH2CH2-O-, and examples of Rf2 include fluorine-containing alkyl groups having 2 to 6 carbon atoms such as
-CF2CF2H, -CF2CFHCF3, -CF2CF2CF2H, -CH2CH2CF3, -CH2CFHCF3 and -CH2CH2CF2CF3. It is particularly preferable
that Rf1 is an ether having 3 to 4 carbon atoms and Rf2 is a fluorine-containing alkyl group having 2 to 3 carbon atoms,
from the viewpoint of satisfactory ionic conductivity.
[0040] Examples of the fluorine-containing ether (IA) include one or two or more of HCF2CF2CH2OCF2CF2H,
CF3CF2CH2OCF2CF2H, HCF2CF2CH2OCF2CFHCF3, CF3CF2CH2OCF2CFHCF3, HCF2CF2CH2OCH2CFHCF3 and
CF3CF2CH2OCH2CFHCF3, and particularly from the viewpoint of good compatibility with other solvents and satisfactory
rate characteristics, HCF2CF2CH2OCF2CF2H, CF3CF2CH2OCF2CF2H, HCF2CF2CH2OCF2CFHCF3 and
CF3CF2CH2OCF2CFHCF3 are especially preferred.
[0041] According to the invention, the fluorine-containing ester (IB) is a fluorine-containing ester represented by the
formula (IB):

Rf3COORf4

wherein Rf3 is an alkyl group which has 1 to 2 carbon atoms and may have fluorine atom, Rf4 is an alkyl group which
has 1 to 4 carbon atoms and may have fluorine atom, at least either Rf3 or Rf4 is a fluorine-containing alkyl group, since
it is high in flame retardancy and has good compatibility with other solvents.
[0042] Examples of Rf3 include HCF2-, CF3-, CF3CF2-, HCF2CF2-, CH3CF2-, CF3CH2-, CH3- and CH3CH2-, and
particularly from the viewpoint of satisfactory rate characteristics, CF3- and HCF2- are especially preferred.
[0043] Examples of Rf4 include fluorine-containing alkyl groups such as -CF3, -CF2CF3, -CH2CF3, -CH2CH2CF3,
-CH(CF3)2, -CH2CF2CFHCF3, -CH2C2F5, -CH2CF2CF2H, -CH2CH2C2F5, -CH2CF2CF3, -CH2CF2CF2H and
-CH2CF2CF2CF3, and non-fluorine-containing alkyl groups such as -CH3, -C2H5, -C3H7, and -CH(CH3)CH3, and partic-
ularly from the viewpoint of satisfactory compatibility with other solvents, -CH2CF3, -CH2C2F5, -CH(CF3)2, -CH2CF2CF2H,
-CH3 and -C2H5 are especially preferred.
[0044] Examples of the fluorine-containing ester (IB) include one or two or more of:

1. fluorine-containing esters, in which both of Rf3 and Rf4 are fluorine-containing alkyl groups:

CF3C(=O)OCH2CF3, CF3C(=O)OCH2CF2CF3, CF3C(=O)OCH2CF2CF2H, HCF2C(=O)OCH2CF3,
HCF2C(=O)OCH2CF2CF3, HCF2C(=O)OCF2CF2H

2. fluorine-containing esters, in which Rf3 is a fluorine-containing alkyl group:

CF3C(=O)OCH3, CF3C(=O)OCH2CH3, HCF2C(=O)OCH3, HCF2C(=O)OCH2CH3, CH3CF2C(=O)OCH3,
CH3CF2C(=O)OCH2CH3, CF3CF2C(=O)OCH3, CF3CF2C(=O)OCH2CH3

3. fluorine-containing esters, in which Rf4 is a fluorine-containing alkyl group:

CH3C(=O)OCH2CF3, CH3C(=O)OCH2CF2CF3, CH3C(=O)OCH2CF2CF2H, CH3CH2C(=O)OCH2CF3,
CH3CH2C(=O)OCH2CF2CF3, CH3CH2C(=O)OCH2CF2CF2H,

and among these, the above-mentioned 2. fluorine-containing esters, in which Rf3 is a fluorine-containing alkyl group



EP 2 302 714 B1

6

5

10

15

20

25

30

35

40

45

50

55

and 3. fluorine-containing esters, in which Rf4 is a fluorine-containing alkyl group are preferred. Among these,
CF3C(=O)OCH3, CF3C(=O)OCH2CH3, HCF2C(=O)OCH3, HCF2C(=O)OCH2CH3, CH3C(=O)OCH2CF3 and
CH3C(=O)OCH2CF2CF3 are especially preferred from the viewpoint of good compatibility with other solvents and
satisfactory rate characteristics.

[0045] According to the invention, examples of the fluorine-containing chain carbonate (IC) include fluorine-containing
chain carbonates represented by the formula (IC):

Rf5OCOORf6

wherein Rf5 is a fluorine-containing alkyl group having 1 to 4 carbon atoms, Rf6 is an alkyl group which has 1 to 4 carbon
atoms and may have fluorine atom, from the viewpoint of high flame retardancy and satisfactory rate characteristics.
[0046] Examples of Rf5 include CF3-, C2F5-, (CF3)2CH-, CF3CH2-, C2F5CH2-, HCF2CF2CH2- and CF2CFHCF2CH2-,
and examples of Rf6 include fluorine-containing alkyl groups such as CF3-, C2F5-, (CF3)2CH-, CF3CH2-, C2F5CH2-,
HCF2CF2CH2- and CF2CFHCF2CH2-and non-fluorine-containing alkyl groups such as -CH3, -C2H5, -C3H7 and
-CH(CH3)CH3. Among these, especially preferred Rf5 are CF3CH2-and C2F5CH2-, and especially preferred Rf6 are
CF3CH2-, C2F5CH2-, -CH3 and -C2H5, from the viewpoint of proper viscosity, good compatibility with other solvents and
satisfactory rate characteristics.
[0047] Examples of the fluorine-containing chain carbonate (IC) include one or two or more of fluorine-containing chain
carbonates such as CF3CH2OCOOCH2CF3, CF3CF2CH2OCOOCH2CF2CF3, CF3CF2CH2OCOOCH3,
CF3CH2OCOOCH3, CF3CH2OCOOCH3 and CF3CH2OCOOCH2CH3, and among these, from the viewpoint of proper
viscosity, high flame retardancy, good compatibility with other solvents and satisfactory rate characteristics,
CF3CH2OCOOCH2CF3, CF3CF2CH2OCOOCH2CF2CF3, CF3CH2OCOOCH3 and CF3CH2OCOOCH2CH3 are especial-
ly preferred. Also, there can be exemplified compounds described, for example, in JP6-21992A, JP2000-327634A and
JP2001-256983A.
[0048] According to the invention, examples of the fluorine-containing cyclic carbonate (ID) are fluorine-containing
cyclic carbonates represented by the formula (ID):

wherein X1, X2, X3 and X4 are the same or different and each is hydrogen atom, fluorine atom or an alkyl group which
has 1 to 4 carbon atoms and may have fluorine atom, at least one of X1 to X4 is fluorine atom or a fluorine-containing
alkyl group, from the viewpoint of enhanced safety and good load characteristics.
[0049] Examples of an alkyl group which has 1 to 4 carbon atoms and may have fluorine atom include fluorine-
containing alkyl groups such as CH2F, CHF2, CF3 and CH2CH2F; and alkyl groups such as CH3 and CH2CH3.
[0050] Examples of the fluorine-containing cyclic carbonate (ID) include 4-fluoro-1,3-dioxolan-2-one, 4,5-difluoro-1,3-
dioxolan-2-one, 4-trifluoromethyl-1,3-dioxolan-2-one, 4-monofluaromethyl-1,3-dioxolan-2-one, 4,5-dimethyl-4,5-dif-
luoro-1,3-dioxolan-2-one, and 4,5-dimethyl-4-fluoro-1,3-dioxolan-2-one, and especially 4-fluoro-1,3-dioxolan-2-one is
preferred.
[0051] Among the fluorine-containing solvents (I) of the invention, the fluorine-containing chain carbonate (IC) and the
fluorine-containing cyclic carbonate (ID) are preferred from the viewpoint of proper viscosity, and good solubility of the
electrolyte salt and good rate characteristics, and the fluorine-containing cyclic carbonate (ID) are especially preferred
from the viewpoint of good cycle characteristics.
[0052] The fluorine-containing ether (IA), the fluorine-containing ester (IB), the fluorine-containing chain carbonate
(IC) and the fluorine-containing cyclic carbonate (ID) may be used alone or may be used in combination thereof. In the
case of the combination use, combination of (IA) and (IB), combination of (IA) and (IC), combination of (IA) and (ID),
and combination of (IC) and (ID) are preferred from the viewpoint of low viscosity and good compatibility with other
solvents.
[0053] When the total amount of (I) and (II) is assumed to be 100 % by volume, preferably the fluorine-containing
solvent (I) is contained in an amount of 10 to 80 % by volume from the viewpoint of an excellent function of giving flame
retardancy to the electrolytic solution, an excellent function of improving low-temperature characteristics and good effect
of improving rate characteristics and oxidation resistance. The amount of fluorine-containing solvent (I) is further pref-
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erably 10 to 65 % by volume, furthermore preferably 15 to 65 % by volume, especially preferably 20 to 60 % by volume,
especially from the viewpoint of improvement in safety.

(II) Other carbonate

[0054] In the present invention, other known carbonate is blended in addition to (I). Other carbonate may be a chain
carbonate, a cyclic carbonate, a fluorine-containing carbonate or a non-fluorine-containing carbonate other than the
fluorine-containing chain carbonate (IC). According to the invention, and from the viewpoint of good low-temperature
characteristics and satisfactory cycle characteristics, non-fluorine-containing cyclic carbonates (IIA) and non-fluorine-
containing chain carbonates (IIB) are employed.

(IIA) Non-fluorine-containing cyclic carbonate

[0055] Examples of the non-fluorine-containing cyclic carbonates (IIA) include one or more of ethylene carbonate,
propylene carbonate, butylene carbonate and vinyl ethylene carbonate. Among these, ethylene carbonate (EC) and
propylene carbonate (PC) are high in dielectric constant, are especially excellent in solubility of an electrolyte salt, and
are suitable for the electrolytic solution of the present invention.
[0056] This non-fluorine-containing cyclic carbonate has excellent property of dissolving an electrolyte salt and has
characteristics of improving rate characteristics and dielectric constant.
[0057] Also, vinylene carbonate can be blended as an additional (optional) component for improving cycle character-
istics. The amount thereof is desirably from 0.1 to 10 % by volume based on the whole electrolytic solution.

(IIB) Non-fluorine-containing chain carbonate

[0058] Examples of the non-fluorine-containing chain carbonates (IIB) include one or more of hydrocarbon type chain
carbonates such as CH3CH2OCOOCH2CH3 (diethyl carbonate: DEC), CH3CH2OCOOCH3 (methyl ethyl carbonate:
MEC), CH3OCOOCH3 (dimethyl carbonate: DMC) and CH3OCOOCH2CH2CH3 (methyl propyl carbonate). Among these,
DEC, MEC and DMC are preferred from the viewpoint of low viscosity and good low-temperature characteristics.
[0059] According to the invention, when the total amount of (I), (IIA) and (IIB) is assumed to be 100 % by volume, (I)
is contained in an amount of 10 to 80 % by volume, the non-fluorine-containing cyclic carbonate (IIA) is contained in an
amount of 10 to 50 % by volume and the non-fluorine-containing chain carbonate (IIB) is contained in an amount of 10
to 80 % by volume, from the viewpoint of further improvement in safety and good cell characteristics.
[0060] When the amount of non-fluorine-containing cyclic carbonate (IIA) is too large, compatibility with other compo-
nent is lowered, and there is a case where phase separation from other component occurs especially at low temperature
atmosphere (for example, -30°C to -20°C) such as outdoor temperature in wintertime and inside temperature of a
refrigerator. From this point of view, a preferred upper limit is 35 % by volume, further 30 % by volume. On the contrary,
when the amount thereof is too small, solubility of the electrolyte salt in the whole solvents is lowered, and a target
concentration (0.8 mol/L or more) of electrolyte salt cannot be achieved.
[0061] The non-fluorine-containing chain carbonate (IIB) is low in viscosity and therefore, has an effect of improving
low-temperature characteristics. Accordingly, in the case where low-temperature characteristics need be improved, the
non-fluorine-containing chain carbonate may be blended in a proper amount. However, since the non-fluorine-containing
chain carbonate is relatively low in flash point, its amount is desirably to such an extent not to impair safety of the cell.
[0062] From the viewpoint mentioned above, preferred solvents for the non-aqueous electrolytic solution are those
containing the fluorine-containing solvent (I), especially the fluorine-containing ether (IA) in an amount of 20 to 60 % by
volume, the non-fluorine-containing cyclic carbonate (IIA) in an amount of 10 to 35 % by volume and the non-fluorine-
containing chain carbonate (IIB) in an amount of 10 to 70 % by volume when the total amount of (I), (IIA) and (IIB) is
assumed to be 100 % by volume.
[0063] In the lithium secondary cell of the present invention, the target problem of the present invention can be solved
only by the use of the components (I) and (II) as the solvents for the non-aqueous electrolytic solution, but other known
solvents may be blended as the solvents for the non-aqueous electrolytic solution. Kinds and amounts of such solvents
need be to an extent not to impair the solution of the problem of the present invention.
[0064] In the present invention, examples of the electrolyte salt to be used for the non-aqueous electrolytic solution
include LiClO4, LiAsF6, LiBF4, LiPF6, LiN(O2SCF3)2 and LiN(O2SC2F5)2, and from the viewpoint of good cycle charac-
teristics, especially LiPF6, LiBF4, LiN(O2SCF3)2, LiN(O2SC2F5)2 or combination thereof is preferred.
[0065] In order to secure practical performance of the lithium secondary cell, the concentration of the electrolyte salt
is required to be 0.5 mol/L or more, further 0.8 mol /L or more. An upper limit thereof is usually 1.5 mol/L.
[0066] The solvent for dissolving the electrolyte salt of the present invention has ability of dissolving the electrolyte
salt within a range of concentration satisfying the mentioned requirements.
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[0067] In the present invention, to the non-aqueous electrolytic solution may be added a flame retardant, a surfactant,
an additive for increasing dielectric constant, cycle characteristics and rate characteristics improver and further other
additives for improvement of safety without deviation from the specified volume percentages of the components (I) and
(II), further the components (I), (IIA) and (IIB) to an extent not to impair the effect of the present invention.
[0068] With respect to a flame retardant, known flame retardants can be used. Especially phosphoric ester may be
added to impart incombustibility (non-ignition property). Ignition can be prevented by mixing phosphoric ester in an
amount of from 1 to 10 % by volume based on the solvent for dissolving an electrolyte salt.
[0069] Examples of the phosphoric ester include fluorine-containing alkylphosphoric ester, non-fluorine-containing
alkylphosphoric ester and arylphosphoric ester, and fluorine-containing alkylphosphoric ester is preferred since it highly
contributes to make the electrolytic solution nonflammable and an effect of making the electrolytic solution nonflammable
is enhanced even if its amount is small.
[0070] Examples of the fluorine-containing alkylphosphoric ester include fluorine-containing dialkylphosphoric esters
disclosed in JP11-233141A, cyclic alkylphosphoric esters disclosed in JP11-283669A, and fluorine-containing trialkyl-
phosphoric esters.
[0071] Since the fluorine-containing trialkylphosphoric esters have high ability of giving incombustibility and have
satisfactory compatibility with the component (I), the amount thereof can be decreased, and even when the amount is
from 1 to 8 % by volume, further from 1 to 5 % by volume, ignition can be prevented.
[0072] Preferred examples of the fluorine-containing trialkylphosphoric esters include those represented by the formula:
(RfO)3-P=O, wherein Rf is CF3-, CF3CF2-, CF3CH2-, HCF2CF2- or CF3CFHCF2-. Especially, tri-2,2,3,3,3-pentafluoro-
propyl phosphate and tri-2,2,3,3-tetrafluoropropyl phosphate are preferred.
[0073] Further, fluorine-containing lactone and fluorine-containing sulfolane can also be exemplified as a flame re-
tardant.
[0074] A surfactant may be added in order to improve capacity property and rate characteristics.
[0075] Any of cationic surfactants, anionic surfactants, nonionic surfactants and amphoteric surfactants may be used
as a surfactant, and fluorine-containing surfactants are preferred from the viewpoint of good cycle characteristics and
rate characteristics.
[0076] For example, there are exemplified fluorine-containing carboxylates and fluorine-containing sulfonates.
[0077] Examples of fluorine-containing carboxylates include HCF2C2F6COO-Li+, C4F9COO-Li+, C5F11COO-Li+,
C6F13COO-Li+, C7F15COO-Li+, C8F17COO-Li+, HCF2C2F6COO-NH4

+, C4F9COO-NH4
+, C5F11COO-NH4

+, C6F13COO-

NH4
+, C7F15COO-NH4

+, C8F17COO-NH4
+, HCF2C2F6COO-NH(CH3)3+, C4F9COO-NH(CH3)3+, C5F11COO-NH(CH3)3+,

C6F13COO-NH(CH3)3
+, C7F15COO-NH(CH3)3

+, C8F17COO-NH(CH3)3+, and the like. Examples of fluorine-containing
sulfonates include C4F9SO3

-Li+, C6F13SO3
-Li+, C8F17SO3

-Li+, C4F9SO3
-NH4

+, C6F13SO3
-NH4

+, C8F17SO3
-NH4

+,
C4F9SO3

-NH(CH3)3
+, C6F13SO3

-NH(CH3)3+, C8F17SO3
-NH(CH3)3+, and the like.

[0078] The amount of surfactant is preferably from 0.01 to 2 % by mass based on the whole solvents for dissolving
the electrolyte salt from the viewpoint of decreasing a surface tension of the electrolytic solution without lowering charge-
discharge cycle characteristics.
[0079] Examples of an additive for increasing dielectric constant include sulfolane, methyl sulfolane, γ-butyrolactone,
γ-valerolactone, acetonitrile, propionitrile and the like.
[0080] Examples of an overcharging inhibitor include hexafluorobenzene, fluorobenzene, cyclohexylbenzene, dichlo-
roaniline, difluoroaniline, toluene, and the like.
[0081] For improving rate characteristics, tetrahydrofuran, silicate compounds and the like are effective.

(4) Separator

[0082] A separator which can be used in the present invention is not limited particularly, and there are exemplified
microporous polyethylene films, microporous polypropylene films, microporous ethylene-propylene copolymer films,
microporous polypropylene/polyethylene two-layer films, microporous polypropylene/polyethylene/polypropylene three-
layer films, etc.
[0083] Also, there are films prepared by coating an aramid resin on a separator or films prepared by coating a resin
comprising polyamide imide and alumina filler on a separator which are made for the purpose of enhancing safety such
as prevention of short-circuit due to Li dendrite (cf., for example, JP2007-299612A and JP2007-324073A).
[0084] The lithium secondary cell of the present invention is useful as a large size lithium secondary cell for hybrid
cars and distributed power source, and in addition, are useful as a small size lithium secondary cell for mobile phone
and portable remote terminal.

EXAMPLE

[0085] The present invention is then explained by means of examples, but the present invention is not limited to them.
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[0086] Compounds used in the following examples, reference examples, and comparative examples are as follows.

Component (I)

(IA-1): HCF2CF2CH2OCF2CF2H
(IA-2): HCF2CF2CH2OCF2CFHCF3
(IA-3): CF3CF2CH2OCF2CF2H
(IA-4): HCF2CF2OCH3
(IA-5): HCF2CF2CH2OC2H5
(IB-1): CF3COOCH2CF2CF2H
(IC-1): CF3CH2OCOOCH2CF3
(ID-1): 4-fluoro-1,3-dioxolan-2-one

Component (IIA)

(IIA-1): Ethylene carbonate
(IIA-2): Propylene carbonate

Component (IIB)

(IIB-1): Dimethyl carbonate
(IIB-2): Methyl ethyl carbonate
(IIB-3): Diethyl carbonate

REFERENCE PREPARATION

EXAMPLE 1

[0087] HCF2CF2CH2OCF2CF2H (IA-1) as the component (I), ethylene carbonate (IIA-1) as the component (IIA) and
dimethyl carbonate (IIB-1) as the component (IIB) were mixed in the volume % ratio of 40/20/40, and to this solvent for
dissolving an electrolyte salt was added LiPF6 as the electrolyte salt to give a concentration of 1.0 mole/liter, followed
by sufficiently stirring at 25°C. Thus, a non-aqueous electrolytic solution to be used in the present invention was prepared.

REFERENCE PREPARATION

EXAMPLE 2

[0088] A non-aqueous electrolytic solution to be used in the present invention was prepared in the same manner as
in Reference Preparation Example 1 except that HCF2CF2CH2OCF2CFHCF3 (IA-2) was used as the component (I).

REFERENCE PREPARATION

EXAMPLE 3

[0089] A non-aqueous electrolytic solution to be used in the present invention was prepared in the same manner as
in Reference Preparation Example 1 except that CF3CF2CH2OCF2CF2H (IA-3) was used as the component (I).

REFERENCE PREPARATION

EXAMPLE 4

[0090] A non-aqueous electrolytic solution to be used in the present invention was prepared in the same manner as
in Reference Preparation Example 1 except that HCF2CF2OCH3 (IA-4) was used as the component (I).
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REFERENCE PREPARATION

EXAMPLE 5

[0091] A non-aqueous electrolytic solution to be used in the present invention was prepared in the same manner as
in Reference Preparation Example 1 except that HCF2CF2CH2OC2H5 (IA-5) was used as the component (I).

PREPARATION EXAMPLE 6

[0092] A non-aqueous electrolytic solution to be used in the present invention was prepared in the same manner as
in Reference Preparation Example 1 except that CF3COOCH2CF2CF2H (IB-1) was used as the component (I).

PREPARATION EXAMPLE 7

[0093] A non-aqueous electrolytic solution to be used in the present invention was prepared in the same manner as
in Reference Preparation Example 1 except that CF3CH2OCOOCH2CF3 (IC-1) was used as the component (I).

REFERENCE PREPARATION

EXAMPLES 8 to 16

[0094] Non-aqueous electrolytic solutions of the present invention were prepared in the same manner as in Reference
Preparation Example 1 except that the components (I), (IIA) and (IIB) were used in amounts shown in Table 2.

REFERENCE PREPARATION

EXAMPLES 17 to 19

[0095] Non-aqueous electrolytic solutions to be used in the present invention were prepared in the same manner as
in Reference Preparation Examples 1, 2 and 3 except that there were used, as an electrolyte salt, LiN(O2SCF3)2 Reference
Preparation Example 17), LiN(O2SC2F5)2 Reference Preparation Example 18) and LiBF4 Reference Preparation Ex-
ample 19), respectively instead of LiPF6.

REFERENCE PREPARATION

EXAMPLE 20

[0096] A non-aqueous electrolytic solution of the present invention was prepared in the same manner as in Reference
Preparation Example 1 except that 4-fluoro-1,3-dioxolan-2-one (ID-1) was used as the component (I) and the component
(IIB) was used in the amount shown in Table 4.

REFERENCE PREPARATION

EXAMPLES 21 and 22

[0097] Non-aqueous electrolytic solutions of the present invention were prepared in the same manner as in Reference
Preparation Example 1 except that HCF2CF2CH2OCF2CF2H (IA-1) and 4-fluoro-1,3-dioxolan-2-one (ID-1) were used
as the component (I) and the component (IIB) was used in the amount shown in Table 4.

REFERENCE PREPARATION

EXAMPLE 23

[0098] A non-aqueous electrolytic solution of the present invention was prepared in the same manner as in Reference
Preparation Example 1 except that CF3CH2OCOOCH2CF3 (IC-1) and 4-fluoro-1,3-dioxolan-2-one (ID-1) were used as
the component (I) and the component (IIB) was used in the amount shown in Table 4.
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PREPARATION EXAMPLE 24

[0099] A non-aqueous electrolytic solution of the present invention was prepared in the same manner as in Reference
Preparation Example 1 except that HCF2CF2CH2OCF2CF2H (IA-1) and 4-fluoro-1,3-dioxolan-2-one (ID-1) were used
as the component (I) and the components (IIA) and (IIB) were used in the amounts shown in Table 4.

COMPARATIVE PREPARATION EXAMPLE 1

[0100] A comparative non-aqueous electrolytic solution was prepared in the same manner as in Reference Preparation
Example 1 except that the component (I) was not blended and ethylene carbonate (IIA-1) and dimethyl carbonate (IIB-
1) were mixed in the volume % ratio of (IIA-1)/(IIB-1) = 30/70.

EXAMPLES 6, 7 and REFERENCE EXAMPLES 1 to 5 and 8 to 19 and COMPARATIVE EXAMPLE 1

[0101] Lithium secondary cells were prepared in the manner as explained below by using the respective non-aqueous
electrolytic solutions prepared in Preparation Examples 6, 7, and Reference Preparation Examples 1 to 5 and 8 to 19
and Comparative Preparation Example 1, and tests for the following cell characteristics (discharge capacity, rate char-
acteristics and cycle characteristics) of these lithium secondary cells were conducted.
[0102] The results of Examples 6 and 7 and Reference Examples 1 to 5 and Comparative Example 1 are shown in
Table 1, the results of Reference Examples 8 to 16 are shown in Table 2, and the results of Reference Examples 17 to
19 are shown in Table 3.

(Preparation of bipolar cell)

[0103] An active material for a positive electrode prepared by mixing LiCoO2, carbon black and polyvinylidene fluoride
(trade name KF-1000 available from KUREHA CORPORATION) in a ratio of 90/3/7 (mass percent ratio) was dispersed
in N-methyl-2-pyrrolidone to be formed into a slurry which was then uniformly coated on a positive electrode current
collector (15 mm thick aluminum foil) and dried to form a layer made of a mixture of positive electrode materials. Then,
the coated aluminum foil was subjected to compression molding with a roller press, and after cutting, a lead wire was
welded thereto to prepare a strip-like positive electrode.
[0104] Separately, an active material for a negative electrode prepared by mixing lithium titanate (Li[Li1/3Ti5/3]O4
available from ISHIHARA SANGYO KAISHA, LTD.), acetylene black and polyvinylidene fluoride (trade name KF-1000
available from KUREHA CORPORATION) in a ratio of 87/10/3 (mass percent ratio) was dispersed in N-methyl-2-
pyrrolidone to be formed into a slurry which was then uniformly coated on a negative electrode current collector (10 mm
thick copper foil) and dried to form a layer made of a mixture of negative electrode materials. Then, the coated copper
foil was subjected to compression molding with a roller press, and after cutting and drying, a lead wire was welded
thereto to prepare a strip-like negative electrode.
[0105] The above strip-like positive electrode and negative electrode were cut into a size of 16 mm diameter, and a
20 mm thick microporous polyethylene film was cut into a size of 25 mm diameter to make a separator. These were
combined and set as shown in a diagrammatic longitudinal cross-sectional view of Fig. 1 to make a bipolar cell. In Fig.
1, numeral 1 is a positive electrode; numeral 2 is a negative electrode; numeral 3 is a separator; numeral 4 is a positive
electrode terminal; and numeral 5 is a negative electrode terminal. Then, 2 ml each of the electrolytic solutions prepared
in Preparation Examples 6 and 7 and Reference Examples 1 to 5 and 8 to 19 and Comparative Example 1 was put in
this cell, and the cell was sealed. A capacity of the cell was 3 mAh. After the electrolytic solution had been sufficiently
penetrated in the separator, etc., chemical treatment was carried out to make a bipolar cell.

Tests for cell characteristics

(Discharge capacity)

[0106] When a charge/discharging current is represented by C and 1 C is assumed to be 4 mA, discharge capacity
is measured under the following charge/discharge measuring conditions. Discharge capacity is indicated by an index,
assuming the discharge capacity of Comparative Example 1 to be 100.

Charge and discharge conditions

[0107] Charging: Charging is continued at 2.0 C at 2.8 V until a charging current reaches 1/10 C (CC·CV charge).
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Discharging: 2.0 C, 1.0 V cut (CC discharge)

(Rate characteristic)

[0108] Charging is continued at 2.0 C at 2.8 V until a charging current reaches 1/10 C, and discharging is continued
at a current equivalent to 0.2 C until 1.0 V is reached, and then discharge capacity is determined. Subsequently, charging
is continued at 2.0 C at 2.8 V until a charging current reaches 1/10 C, and discharging is continued at a current equivalent
to 5 C until 1.0 V is reached, and then discharge capacity is determined. The discharge capacity at 5 C and the discharge
capacity at 0.2 C are substituted in the following equation to obtain a rate characteristic. 

(Cycle characteristic)

[0109] Charge and discharge cycle to be conducted under the above-mentioned charge and discharge conditions
(Charging is continued at 2.0 C at 2.8 V until a charging current reaches 1/10 C, and discharging is continued at a current
equivalent to 2.0 C until 1.0 V is reached) is assumed to be one cycle, and discharge capacity after the first cycle and
discharge capacity after the hundredth cycle are measured. Cycle characteristic is represented by a cycle maintenance
factor obtained by the following equation. 

TABLE 1

Reference Example Example Com. Ex.

1 2 3 4 5 6 7 1

Electrolytic solution
Solvent components

Component (I)
Kind IA-1 IA-2 IA-3 IA-4 IA-5 IB-1 IC-1 -
Proportion (volume %) 40 40 40 40 40 40 40 -

Component (IIA)

Kind IIA-1 IIA-1 IIA-1 IIA-1 IIA-1 IIA-1 IIA-1 Via- 1
Proportion (volume %) 20 20 20 20 20 20 20 30

Component (IIB)
Kind IIB-1 IIB-1 IIB-1 IIB-1 IIB-1 IIB-1 IIB-1 IIB-1
Proportion (volume %) 40 40 40 40 40 40 40 70

Electrolyte salt (mole/liter)

LiPF6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Cell characteristics

Discharge capacity (index) 104.0 102.3 103.5 105.2 104.5 103.2 102.5 100.0
Rate characteristic (%) 95.6 95.2 95.1 95.8 95.3 95.2 94.8 89.5
Cycle characteristic (%) 96.5 96.1 95.8 96.3 95.6 92.5 93.5 86.5
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comprising lithium titanate and further a non-aqueous electrolytic solution comprising a fluorine-containing solvent are
excellent in discharge capacity, rate characteristics and cycle characteristics.

TABLE 2

Reference Example

8 9 10 11 12 13 14 15 16

Electrolytic solution
Solvent components

Component (I)

Kind IA-1 IA-1 IA-1 IA-1 IA-1 IA-1 IA-1 IA-1 IA-1
Proportion (volume %) 40 40 40 40 40 40 40 10 60

Component (IIA) IIA-1+
Kind IIA-2 IIA-2 IIA-1 IIA-1 IIA-1 IIA-1 IIA-1 IIA-1 IIA-1
Proportion (volume %) 20 20+10 20 20 20 20 20 20 20

Component (IIB) IIB-1+ IIB-1+

Kind IIB-1 IIB-1 IIB-2 IIB-3 IIB-1+ IIB-2 IIB-2 IIB-2 IIB-1 IIB-1
Proportion (volume %) 40 30 40 40 20+20 20+20 20+20 70 20

Electrolyte salt (mole/liter)
LiPF6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Cell characteristics
Discharge capacity (index) 101.3 103.7 102.8 102.5 103.4 103.2 102.7 105.1 102.3

Rate characteristic (%) 93.2 94.8 94.3 93.0 95.0 94.3 93.6 96.2 94.6
Cycle characteristic (%) 87.5 89.3 96.1 96.7 96.1 96.6 96.4 96.0 94.8

TABLE 3

Reference Example

17 18 19

Electrolytic solution
Solvent components

Component (I)
Kind IA-1 IA-2 IA-3
Proportion (volume %) 40 40 40

Component (IIA)

Kind IIA-1 IIA-1 IIA-1
Proportion (volume %) 20 20 20

Component (IIB)
Kind IIB-1 IIB-1 IIB-1
Proportion (volume %) 40 40 40

Electrolyte salt (mole/liter)

LiN(O2SCF3)2 1.0 - -
LiN(O2SC2F5)2 - 1.0 -
LiBF4 - - 1.0

Cell characteristics
Discharge capacity (index) 103.1 102.8 102.1
Rate characteristic (%) 95.3 95.1 94.8
Cycle characteristic (%) 95.4 95.8 94.0



EP 2 302 714 B1

14

5

10

15

20

25

30

35

40

45

50

55

REFERENCE EXAMPLES 20 to 23 and EXAMPLE 24

[0111] Lithium secondary cells were prepared in the manner mentioned below by using the non-aqueous electrolytic
solutions prepared in Reference Preparation Examples 20 to 23 and Preparation Example 24, and tests for the cell
characteristics (discharge capacity, rate characteristics and cycle characteristics) of these lithium secondary cells were
conducted in the same manner as in Reference Example 1. The results are shown in Table 4.

(Preparation of bipolar cell)

[0112] An active material for a positive electrode prepared by mixing LiCo1/3Mn1/3Ni1/3 (available from Nippon Chemical
Industrial Co., Ltd.), carbon black and polyvinylidene fluoride (trade name KF-1100 available from KUREHA CORPO-
RATION) in a ratio of 90/3/7 (mass percent ratio) was dispersed in N-methyl-2-pyrrolidone to be formed into a slurry
which was then uniformly coated on a positive electrode current collector (15 mm thick aluminum foil) and dried to form
a layer made of a mixture of positive electrode materials. Then, the coated aluminum foil was subjected to compression
molding with a roller press, and after cutting, a lead wire was welded thereto to prepare a strip-like positive electrode.
[0113] Separately, an active material for a negative electrode prepared by mixing lithium titanate (Li[Li1/3Ti5/3]O4
available from ISHIHARA SANGYO KAISHA, LTD.), acetylene black and polyvinylidene fluoride (trade name F-1100
available from KUREHA CORPORATION) in a ratio of 91/6/3 (mass percent ratio) was dispersed in N-methyl-2-pyrro-
lidone to be formed into a slurry which was then uniformly coated on a negative electrode current collector (10 thick
copper foil) and dried to form a layer made of a mixture of negative electrode materials. Then, the coated copper foil
was subjected to compression molding with a roller press, and after cutting and drying, a lead wire was welded thereto
to prepare a strip-like negative electrode.
[0114] A bipolar cell was prepared in the same manner as in Reference Example 1 by using these strip-like positive
electrode and negative electrode.

REFERENCE EXAMPLE 25

[0115] Lithium secondary cells (cylindrical cell) were made by using the non-aqueous electrolytic solutions prepared
in Reference Example 1 and Comparative Example 1 by the following method and an over-charge test of these lithium
secondary cells was conducted. The results are shown in Table 5.

TABLE 4

Reference Example Example

20 21 22 23 24

Electrolytic solution
Solvent components

Component (I)
Kind ID-1 IA-1+ID-1 IA-1+ID-1 IC-1+ID-1 IA-1+ID-1
Proportion (volume %) 20 20+20 30+20 20+20 20+10

Component (IIA)
Kind - - - - IIA-3
Proportion (volume %) - - - - 10

Component (IIB)
Kind IIB-1+IIB-2 IIB-2 IIB-2 IIB-2 IIB-1+IIB-2
Proportion (volume %) 40+40 60 50 60 30+30

Electrolyte salt (mole/liter)
LiPF6 1.0 1.0 1.0 1.0 1.0

Cell characteristics
Discharge capacity (index) . 102.5 102.5 102.2 101.1 102.5
Rate characteristic (%) 96.2 98.2 97.4 93.3 97.1
Cycle characteristic (%) 95.4 97.2 96.8 95.1 97.6
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(Preparation of cylindrical cell)

[0116] The strip-like positive electrode made above was placed on the strip-like negative electrode made above with
a 20 mm thick microporous polyethylene film (separator) being interposed between them, followed by winding spirally
to make a laminated electrode of spiral-wound structure. In this case, winding was carried out so that the un-coated
surface of the positive electrode current collector faces outward. After this, the laminated electrode was put in a cylindrical
bottomed cell case having an outer diameter of 18 mm, and welding of lead wires for the positive electrode and negative
electrode was carried out.
[0117] Then, the electrolytic solutions for testing were poured into the cell case, and after the electrolytic solution had
been sufficiently penetrated in the separator, etc., sealing of the case, pre-charging and aging were carried out to make
cylindrical lithium secondary cells.
[0118] The over-charge test of these lithium secondary cells were carried out to evaluate safety at over-charging.

(Over-charge test)

[0119] The cylindrical cells prepared above are discharged at a current equivalent to 1 CmA until 3.0 V is reached,
and over-charging is carried out at a current equivalent to 3 CmA up to an upper limit voltage of 12 V, and whether or
not firing or bursting occurs is examined. When firing or bursting occurs, it is shown by X, and when neither firing nor
bursting occurs, it is shown by s.

EXPLANATION OF SYMBOLS

[0120]

1 Positive electrode
2 Negative electrode
3 Separator
4 Positive electrode terminal
5 Negative electrode terminal

Claims

1. A lithium secondary cell comprising

(1) a negative electrode an active material of which comprises lithium titanate;

TABLE 5

Reference Example 1 Com. Ex.

1 1

Electrolytic solution
Solvent components

Component (I)
Kind IA-1 -

Proportion (volume %) 40 -
Component (IIA)

Kind IIA-1 IIA-1
Proportion (volume %) 20 30

Component (IIB)
Kind IIB-1 IIB-1

Proportion (volume %) 40 70
Electrolyte salt (mole/liter)

LiPF6 1.0 1.0

Over-charge test (safety) s 3
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(2) a non-aqueous electrolytic solution comprising an electrolyte salt and a solvent for dissolving the electrolyte
salt, which solvent comprises

(I) 10-80 vol.-% of at least one fluorine-containing solvent of any of the formulae (IB)-(ID) :

Rf3COORf4 (IB)

wherein Rf3 is optionally fluorinated C1-2-alkyl, Rf4 is optionally fluorinated C1-4-alkyl, and at least one of
Rf3 and Rf4 is fluoroalkyl;

Rf50COORf6 (IC)

wherein Rf5 is C1-4-fluoroalkyl, and Rf6 is optionally fluorinated C1-4-alkyl; and

wherein X1-X4 each independently are H, F or C1-4-alkyl which may have fluorine atom, at least one of X1

to X4 is F or fluoroalkyl,
(IIA) 10-50 vol.-% of a fluorine-free cyclic carbonate,
(IIB) 10-80 vol.-% of a fluorine-free chain carbonate,

based on the total amount of (I), (IIA) and (IIB) being 100 vol.-%; and
(3) a positive electrode.

2. The lithium secondary cell of Claim 1, wherein the carbonate (IIA) is ethylene carbonate, propylene carbonate or a
mixture thereof.

3. The lithium secondary cell of Claim 1, wherein the carbonate (IIB) is dimethyl carbonate, methyl ethyl carbonate,
diethyl carbonate or a mixture thereof.

4. The lithium secondary cell of any of Claims 1-3, wherein the solvent (I) is a compound of formula (ID).

Patentansprüche

1. Lithium-Sekundärzelle, umfassend

(1) eine negative Elektrode, deren aktives Material Lithiumtitanat umfasst;
(2) eine nicht-wässrige Elektrolytlösung, die ein Elektrolytsalz und ein Lösungsmittel zum Lösen des Elektro-
lytsalzes umfasst, wobei das Lösungsmittel umfasst

(I) 10 bis 80 Vol.% von zumindest einem fluorhaltigen Lösungsmittel gemäß irgendeiner der Formeln (IB)
bis (ID)

Rf3COORf4 (IB)

worin Rf3 gegebenenfalls fluoriertes C1-2-Alkyl ist, Rf4 gegebenenfalls fluoriertes C1-4-Alkyl ist, und min-
destens eines von Rf3 und Rf4 Fluoralkyl ist;

Rf5OCOORf6 (IC)

worin Rf5 C1-4-Fluoralkyl ist und Rf6 gegebenenfalls fluoriertes C1-4-Alkyl; und
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worin X1 bis X4 jeweils unabhängig H, F oder C1-4-Alkyl, welches Fluoratom aufweisen kann, sind, wobei
mindestens eines von X1 bis X4 F oder Fluoralkyl ist,
(IIA) 10 bis 50 Vol.% eines fluorfreien cyclischen Carbonats,
(IIB) 10 bis 80 Vol.% eines fluorfreien Kettencarbonats,

bezogen auf die Gesamtmenge von (I), (IIA) und (IIB), die 100 Vol.% beträgt; und
(3) eine positive Elektrode.

2. Lithium-Sekundärzelle gemäß Anspruch 1, worin das Carbonat (IIA) Ethylencarbonat, Propylencarbonat oder eine
Mischung hiervon ist.

3. Lithium-Sekundärzelle gemäß Anspruch 1, worin das Carbonat (IIB) Dimethylcarbonat, Methylethylcarbonat, Diet-
hylcarbonat oder eine Mischung hiervon ist.

4. Lithium-Sekundärzelle gemäß irgendeinem der Ansprüche 1 bis 3, worin das Lösungsmittel (I) eine Verbindung der
Formel (ID) ist.

Revendications

1. Pile secondaire au lithium, comprenant

(1) une électrode négative dont le matériau actif comprend du titanate de lithium ;
(2) une solution électrolytique non aqueuse comprenant un sel d’électrolyte et un solvant servant à dissoudre
le sel d’électrolyte, ledit solvant comprenant

(I) 10 à 80 % en volume d’au moins un solvant fluoré ayant l’une quelconque des formules (IB) à (In) :

Rf3COORf4 (IB)

dans laquelle Rf3 est un alkyle en C1 à C2 facultativement fluoré, Rf4 est un alkyle en C1 à C4 facultativement
fluoré, et au moins un parmi Rf3 et Rf4 est un fluoroalkyle ;

Rf5OCOORf6 (IC)

dans laquelle Rf5 est un fluoroalkyle en C1 à C4, et Rf6 est un alkyle en C1 à C4 facultativement fluoré ; et

dans laquelle X1 à X4 sont chacun indépendamment H, F ou un alkyle en C1 à C4 qui peut contenir un
atome de fluor, au moins un parmi X1 à X4 est F ou un fluoroalkyle,
(IIA) 10 % à 50 % en volume d’un carbonate cyclique exempt de fluor,
(IIB) 10 % à 80 % en volume d’un carbonate linéaire exempt de fluor,
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sur la base de la quantité totale de (I), (IIA) et (IIB) qui est de 100 % en volume ; et
(3) une électrode positive.

2. Pile secondaire au lithium selon la revendication 1, dans laquelle le carbonate (IIA) est le carbonate d’éthylène, le
carbonate de propylène ou un mélange de ceux-ci.

3. Pile secondaire au lithium selon la revendication 1, dans laquelle le carbonate (IIB) est le carbonate de diméthyle,
le carbonate de méthyle et d’éthyle, le carbonate de diéthyle ou un mélange de ceux-ci.

4. Pile secondaire au lithium selon l’une quelconque des revendications 1 à 3, dans laquelle le solvant (I) est un
composé de formule (ID).
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