DESCRIPTION NONAQUEOUS ELECTROLYTE SOLUTION FOR SECONDARY BATTERY AND
NONAQUEOUS ELECTROLYTE SECONDARY BATTERY Technical Field [0001] The present
invention relates to a nonaqueous electrolyte solution for a secondary battery and a nonagueous
electrolyte secondary battery, and more specifically, to a 10 nonaquemus electrolyte secondary battery
having good charge-discharge characteristics and a nonaqueous electrolyte solution for a secondary
battery, the nonaqueous electrolyte solution being used in the nonaqueous electrolyte secondary
battery. 15 Background Art [0002] Recently, as batteries having high energy densities, nonaqueois
electrolyte secondary batteries have attractegkattentionziniywhich metallic |, an alloy that can 20
occlude and release lithium ions, a carbon material, or the like is used as a negative electrode active
material ancoafithiuro transitionmetal oxiderepresented hy a-chamisatfognuta-ki1,A402 (where M
represents a transition metal), lithium iron phosphate having an olivine structure, or the SF-2511 like

is used asiapositive etecirodermateriah [9003Lpards an-etegtrolyte solution used as a nonaqueous
electrolyte solution, one prepared by dissolving, as an electrolyte, a lith.ium salt such as .1.LiBP4, or
LIC1GIN Technical Field
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The present inventiocn relates to a nonagquecus
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for a secondary battery and a nenagueous
electrolyte secondary battery, and more specifically, to a

10 nonagueous electrolyte secondary battery having gooed charge-
discharge characteristics and & nonaqueous electrolyte
soluticn for a secondary battery, the nonaguecus electrolyte
solution being used in the nonagqueous electrolyte secondary
battery.

15  Background Art
(00021

Recently, as batteries having high energy densities,

nonaguecus elactrolyte secondary batteries have attracted
attention in which metallic lithium, an alloy that can

20 oscclude and release lithium ions, a carbon material, or the

+—

ode active material
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like 13 used as a negative elect
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Tithium transition metal oxide represented by a chemical
formuia LiMO; (where M represents a transition metal),

lithium iron phosphate having an olivine structure, or the



an aprotic organic solvent is usually used. Examples of the aprotac solvent that are usually used
include cardonates such as propylene carbonate, ethylene carbonate, diethyl carbonate, and ethyl
methyl carbonate; esters such as y-butyrolactone 10 and methyl acetate and ethers sch as
diethoxyethane. [0004] more, PTL 1 and PTL 2 describe that a lithium fluorododecaborate
represented by Li21312a(in the formula, X is an integer of 8 or more and 12 or less, and S is H, ClI, 15
or Br) is preferablysused:-as an elegtealyteifiemdhe vi.ewpeintof thermal stability and overcharge
characteristics, [0005] However, even in the batteries produced by using LiPF6 or the lithium
fluorododecaborate in the related art, battery 20 characteristics such as cycle charaate stics are
insufficiant.believed that this is because an electrolyte solution, H particular, a solvent is decomposed
during charging efthgrbattesy. ondhe negative: elesiode side SE-2511 stanbiing with a nigh voltage,
thereby degrading the battery. To solve this problem, as described in NPL 1is believed that it is
effective t@ usean-additivesthat farms an jen conduotive protective film syitablefor. g negative
electrode suxface or a positive eleotrode surface. Citation List Patent Literature

5 electroivite, a lithium salt such as LiPF¢, LiBFs;, or LiCl0, in
an aprotic organic solvent is usually used. Examples of the

aprotic scelvent that are usually used include carbonates such

s

as propylene carbonate, ethylene carbonate, diethyl carbonate,
and ethyl methyl carbonate; esters such as y-butyroclactone
10 and methyl acetate; and ethers such as diethoxyethane.
(00047
Furthermere, PTL 1 and PTL 2 describe that a lithium

1

fluorododecaborat
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represented by LizBizF%Ziz.x (in the formula,
¥ is an Ilnteger of 8 oy more and 12 or less, and 2 is H, C1,
15  or Br) 1s preferably used as an electrolyte from the
viewpoint of thermal stability and overcharge characteristics.
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insufficient. It ig believed that this is because an
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electrolyte solution, in particular, a solvent is decomposed

during charging of the battery on the negative electrode side
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[0006] PTL : Japanese Unexamined Patent Applioation Publication No. 102007-87883 PTL 2:
Japanese Patert No. 4414306 Non Patent Literaturg [00071 NPL 1: GS News Technical Report, June,
2003, Vol. 62, No. 1 15 Summary of Invention Technical Problem [0008] As described above,
var.ious additives, solvents, and electrolytes have been proposed in order to improve the 20 charge
-discharge efficiency of a 1lon battery. However, they are not sufficient to improve charge-discharge
characteristics-fromdow ternoeratues techighdemperatueas, daeei@nthe e battery.
l.arncumauor0000ecaoorate represented by LibE Ps,nas goodtemperature characteristics arc a
SF-25114 significant effactsupprassing, thedegradation:-due to gyercharging,; but:doesnat have a
sufficient effect of

that it is effective to use an additive that forms an ion-

conductive protective film suitable for a negative electrode

5 surface or a positive electrode surf
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PTL 1: Japanese Unexamined Patent Application Publication No.
10 2007-87883
PTL Z: Japanese Patent No. 4414306

Non Patent Literature

[(Co071:

NPL I: GS News Technical Report, June, 2003, Veol. 62, No. 1
15  Summary of Invention

Technical Problem

(6008}

As describec above, various additives, solvents, and

electrelytes have been proposed in crder to improve the

20  charge-discharge efficiency of a lithium-icn battery.

However, they are not sufficient to improve charge-discharge

characteristics from low temperatures to high temperatures.

in addition, the lithium flucrododecaborate represented by

L1:B12EyZ:s.4 has good high-temperature characteristics and a



improving charge-discharge characte'r.istics such as cycle characterithcs. [0009] An object of the
present inggntion:is to provide a nonaqueous electrplyte solution that can improve charge discharge
characteristics of a nonagueous electrolyte secondary battery from a low temperature to a high 10
temperature, and a nonagueous electrolyte secondary battery inclu.ding the nonagueous electrolyte
solution An object of the present invention is to provide a nhonagueous electrolyte solution that can
further sigaifigantly. ilaprove high-temperaiyie-chasacteristics and pvercharge gharagteristics of 15 a
nonagueous electrolyte secondary battery, and a nonaqueous electrolyte secondary battery includi.ng

the nonaayeeus:-glerolyte sokitionaSeltion:toiRreblem [9010] 20The presentinuention that achieves
the above objects is summarized as [1] to low. [0011] [1] A nonaqueous electrolyte solution for a

secondary:haitery.ithe zaquegus electrolytgsalution.containing an electrolyte, asalvent, and an
additive,  in which at least one constitutingthe additivesa compound represented by formula (1)

bel.ow: [001+zcteristics.

n
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An object of the present invention is to provide a
nonadguecus electrolyte solution that can improve charge-
discharge characteristics of a nonagueous electrolyte

secondary battery from a low temperature to a high

[l

temperature, and a nonagueocus electrolyte secondary battery

ot

including the nonaqueous electrolyte sclution. An obiect of
the present invention is to provide a nonagueocus electrolyte
solution that can further significantly improve high-

temperature characteristics and overcharge characteristics of

15 & nonagueosus electrolyte secondary battery, and a nonagusous
electrolyte secondary battery including the nonagueocus
electrolyte sclution.

Soiution to Problem
[0C10]
20 The present invention that achieves the above objects is

tl] A nonagueous electrolyte solution for a secondary battery,

the nonaqueous electrolyte solution containing an electrolyte

t



[Chem. 1] R1- Si R2 \ CH3-00- O 0-00- CH3( 1) [00]..3] (in the formula (1), RI represents an alky!
group havigw-L ta 1 6 carbon atoms, a phenyl group, or an acetoxy group, and .P6 10 represents an
alkyl group having | to 6 carbon atoms, a phenyl group, or a vinyl group), and the content of the
compound is 0.01 to 10 parts by mass relative to 100 parts by mass of the total of the solvent. [2] The

nonaqueous electrolyte solution for a secondary 15 battery according to [1] above, in which the
compound:represented by:the £%) iscatleastpne selected from the gr.oup consisting of
methyltriacetoxysilane, ethyl.tri acetoxysilane, propyltriacetoxyan e phenyltriacetcil-yltriacetoxys-and

20 di hvidiacetoxyrlane.i {3] Ehe nenagueous elestsalyte solution for a.secondary battery according. to
[1] or [2] above, in which the
compound represented by formula (1) below:

[0012]

5 [Chem. 1]

1 . 2
R —SIi—R
CH;—CO—0 O—CO—CHj (1)
[0013]
(in the formula (1), R' represents an alkyl group having 1 to
& carbon atoms, a phenyl group, or an acetoxy group, and R-

to & carbon atoms, a

-

10 represents an alkyl group having
phenyl group, or a vinyl group), and
the content of the compound is 0.0l to 10 parts by mass
relative to 100 parts by mass of the total of the solvent.
[2] The nenaguecus electrolvte solution for a secondary

battery according to [1] above, in which the compound
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o

represented by the (1) is at least one selected from the
group consisting of methyltriacetoxysilane,

ethyltriacetoxysilane, propyltriacetoxysilane,
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[32] The nonagquecus electrolyte solutiocn for

4

battery according to [11 cr [2] above, in which the



SF-2511 electrolyte contains a lithium fluorododecaborate represented by a formula Li2B.12FxZ12-
the formulaFXis an integer of 8 to 12, and Z is H, Cl, or Br) and at least one selected from LiPF6 and
LiBF4. [4] The nonaqueous electrolyte solution for a secondary battery according to [3] above,Ac _ici,
the concentration of fluorododeoaborate is 0.2 mol/L or more relative to the total of the
electrolyte solution, and the total concentration of the at least one selected. from LiPF6 and 10 LiB64
is 0.05 mb¥/Lear'moreyretativertothe fotal of the:electrolyte-solution:» [5] The:nonagueous electrolyte
solution for a secondary battery according to [4] or 5] above, in which a ratio (A:B) of the content A of

the lithiumifluarodedecaborate. o thezcontent B ofithe at least gne:selected from: LiRF4 and LIRE4 is
90:10 to 50:50 in terms of molar ratio. [63 The nonadueous electrolyte solution. for a. secondary

battery aceerding to:any ane of [3] ta {5] abover in which, the totalimelas concentration-of.the lithium 20
fluorododecaborate and the at least one selected from LiPF6 and- is 0.3 to 1.5 mol/L relative to the
total of the.eleetrolyta. salation. [7] The non aqueous electrolyte solution for a secondary battery
according to any one of[6] above, in which X 25117 ormulaB7.7FxZr2-x is 12. [8] The nonaqueous

electrfplyte[s;q!umm{@ segendaryattery according.to.anygne of [1] ta égo%gpdvgj in which the

solvent contains at least one selected from the group
battery according to [3] above, in which the concentration of
the lithium fluorododecaborate is 0.2 mol/L or more relative
to the total of the electrolyte solution, and the total
concentration of the at least one selected from LiPFe and

10 LiBF: is 0.05 mel/L or more relative to the total of the

electrolyte solution.
[5] The nonagueous electrolyte solution for a secondary
battery according to [4]) or [5] above, in which a ratic (A:B)
of the content A of the lithium [luocrocdedecsborate to the

content B of the at lezast cne selected from LiPF: and LiBF: is

¥ 1
87

20:10 to 50:50 in terms of mclar ratio.

[&6] The nonagueous electrolyte sclution for a secondary
battery according to any one of [3] to [5] above, in which
the ftotal molar concentration of the lithium

20 fluorododecaborate and the at least one selected from LiPF.
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and LiBFy 1is 0.2 to 1.5 mol/L relative to the tot
electrolyte solution.

[7] The nonagquecus electrolyte solution for a secondary
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according to any one of [3] to [6] above, in which ¥



5 consisting ofc carbonates and chain carbonates, compound represented by the formia (1) is
contained g an @mount of 0.05 to 10 parts by massrelative to 100 parts by mass of the total of the
solvent. [9] A nonaqueous electrolyte secondary battery including 10positT.1. ve elect.rode, a
negative electrode, and the nonaqueous electrolyte solution for a secondary battery according to any
one ofl toabove. Advantageous Effects of Invention [0014] 5The nonaqueous electrolyte solution of the
present inventicnecdntains the iadditive.in a predetermined amount. Thus, charge-discharge
chargcteristics of a =aqueous electrolyte secondary battery can be significantly improved. [00
20Furthermore,the nofragueatisselectralyte-solutions of the: presentinvention contains a edetermined
amount of lithium fluorododecaborate represented by L Bi2FxZ12-x (in the formula, Xiinteger of 8 or
more and A2ardess, andcf,ds iy GlooaBr) Thys, elrarge-discharge charagteristies\ofi ch

the solvent contains at least one selected from the group

5 censisting of cyclic carbonates and chain carbonates, and the
compound represented by the formula (1) is contained in an
amount of 0.05 to 10 parts by mass relative to 100 parts by

m total of the solvent.
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(2] A nonagueocus electrolyte secondary battery including

oS

10 positive electrede, a negative electrode, and the nonaguecus

electrolyte soluticon for a secondary battery according to any

o0

one of [1] to | apove.

f

Advantagecus Effects of Invention

(0014]

15 The nonaguecus electrolyte sclution of the present
invention containsg the additive in & predetermined amount.
Thus, charge-discharge characteristics of a nonagueocus
electrolyte secondary battery can be significantly improved.
[0015]

20 Furthermore, the nonaguecus electrelyte sclution of the

present invention contains a predetermined amcunt of lithium
fluorodoedecaborate represented by LizBi:FyZ-2y (in the formula,

¥ i3 an integer of 8 c¢r more and 12 or



F--25118 nonagueous electrolyte secondary battery can be significantly proved. [0016] That is, the
nonaqueons efectrolyte solution of the 5 present ingention can improvestability of a nonagueous
electrolyte secondary battery at high temperatures, a charae-dischaormance of the nonaqueous
electrolyte secondary battery at low temperatures, and rate characteristics of the nonagueous
electrolyte secondary 10 battery at room temperatuaddition, in the nonaqueous electrolyte solu
ontpresent inventien,in the case of pvercharging a redox-shuitle mechanism acts; ang:decomposition
of theectrolyte solution and decomposition of a positive electrode can be prevented. As a result, 15
degradatiompf-thesnbnagueous electrolyte secondary battery can be prevented. Brief Description of
Drawings [0017]

[001e]

That is, the ncnagueocus electrolyte solution of the
present invention can improve thermal stability of a
nenaqueous elecirolyte secondary battery at high temperatures,
a charge-discharge performance of the nonagquecus electrolvte
secondary battery at low temperatures, and rate
characteristics of the nonagueous electrolyte secondary

ion, in the nonagueous

t

battery at room temperature. In addi
electrolyte scluticon of the present invention, in the case of
overcharging, a redox shuttle mechanism acts, and
decomposition of the electrolyte sclution and decomposition
of a positive electrode can be prevented. As a result,
degradation of the nonagueous electrolyte secondary battery

can be prevented.

Brief Descripticn of Drawings
[0c17]
[Fig. 1] ¥Fig. 1 is & graph showing cycle test results {(a) of

a nenagqueous electrolyte secondary battery of Example 1 and

cycle test results (b) of a nonagueous electrolyte secondary
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battery of Comparative Example 1 at 2

(Fig. 2] Fig. 2 1s a graph showing cycle test results (a) of

3]
.l
Q
e
U
3
o
m
o3
¢
i
8]
Jond
6]
O}
faus
=
Q
—
=
ct
ity
53]
O
0}
)
o
o)
[
=
o2
{2
t
[
D
I
k]
O
iy
[l
4
5}
2]
o]
=
]
&
0
-]
je)



[Fig. 1] Fig. 1 is a graph showin cycle test results (a) of 20 a nonaguebus electrolyte secondary battery
of Example g-angd: gycle test results (b) of a nonaqueous electrolyte secondary ba tery of Comparative
Example | at 25C. [Fig. 2] Fig. 2 is a graph showing cycle test results (a) of a nonaqueous electrolyte
secondary battery of Example 1 and SF-251] cycle test results (b) of a nonaqueous electrolyte
secondary battery of Comparative Example 1 at 60C. [Fig. 3] Fig. 3 is a graph showing cycle test
results (a) ©f <1 @ nopagueeus electrolyte secandary:hattery: of Example;1 and 5eycle destresults (b)
of a nonaqueous electrolyte secondary battery of Comparative Example 1 at -10C. Description of

Embodiments {0018] s:Norsaqueous-electialytersolution fos seeondary battery> 10 A nonaqueous
electrolyte solution for a secondary battery according to the present invention includes an electrolyte, a
solvent, and-ag additive; [00s9] sAdditiyez n the present invention <an "additive"ds incorpgrated
a nonagueous electrolyte secondary battery of Example 1 and
5 cycle test results (b) of a nonagueous electrolyte secondary
battery of Comparative Example 1 at -10°C.
Description of Embodiments

(0018}

< Neonagueous electrolyte solution for secondary battery>

10 A nonaguecus electrolyte solution for a secondary
battery according to the present invention includes an

electrolyte, a solvent, and an additive.
[0019]
<Additive>

15 In the present invention, an "additive" is incorporated
in an amount of 10 parts by mass or less per additive when
the total of the solvent contained in the electrolyte
sclution of the present inverntion is assumed to be 100 parts
by mass. urthermore, 1f a small amount of a sclvent

20 compenent 1s present in the sclvent and the amount of solvent

component contained in the small amount is less than 10 parts
I

the solvent except for the small amount of the solvent

compeonent, the small amount of solvent component is



in an amount of 10 parts by mass or less per adwhen theadditive  total of the solvent contained in
the electratyte spiution of the present invention is assumed to be 100 parts by mass. Furthermore, if a
small amount of a solvent 20 component is present in the solvent and the amount of solvent
component contained in the small amount i 1than 10 parts by mass relative to 100 pans by mass of
the total amount of the solvent except for the small amount of the solvent component, the small
amount ofcselventcompenentds -SP-251110-eonsidered te bean-additiverand, is: eliminated from the
solvent- Herein, in the case where two or more solvent components are present in small amounts and
a small amountof certair: selvent gempanent(-)is wensidered ta.be apadditive,5 on the basis of the
above definition, a solvent component contained in an amount equal to or smaller than the amount of
the solvent camponent (ikis-alse-censiderad tobe an additive, Howeversglecirobdes, described below
are excluded. [0020] 10At least one constituting the additive in the nonaqueoun electrolyte soluti.on for
a secondary. pattery efthe presentinvention is a campeund represented by.formal; (1) below. [0021]
[Chem. 1] R1- Si-R2 /1t CH3 COO0 - CO CH3(1)

~

5 on the bkasis of the above definition, a solvent component
contained in an amount egual to or smaller than the amcunt of
the solivent component (i) is alsc considered to be an

additive. However, electrolytes described below are excluded.

100Z0]

10 AT least one constituting the additive in the nonagquecus
electrolyte sclution for a secondary battery of the present
invention is a compound represented by formula (1) below.
[6021 ]

[Chem. 1]
1 . 2
R —Si—R
/\
CH,—CO—0 O—CO—CH
. 3 3 (1)

[0022]
(In the formula (1), R’ represents an alkyl group having 1 to
6 carbon aztoms, a phenyl group, or an acetoxy group, and R°
represents an alkyl group having 1 fo 6 carbon atoms, a

20 phenyl group, or & vinyl group.)

Since the additive contains the compound represented by

the formula (1), in a second battery including the nonagueous



[0022] (In the formula (1),represents an alkyl group having i to 6 carbon atoms, a phenyl group, or an
acetoxy groupzand Ri represents an alkyl group having | to 6 carbon atoms, a 20 phenyl group, or a
vinyl group.) Since the additiv contains the compound represented by the formula (1), in a second
battery including the nonaqueous ,2f11 electrolyte solution for a secondary battery of the present
invention, a part of this additive is decomposed by reduction on a negative electrode at the time of
initial charging; thereby forming @: suitable on-condustiver pratectivercoating:file en-asurface of the
negative electrode. As a result, charge-discharge characterisfrom a low temperature of about -25C to
a high temperature ofiabaut60E are improyed:[002;3]dn tae sermua (L) 8xamplesofthe @lkyl group
having 1 1.0 to 6 carbon atoms and represented by A 2 include a methyl group, an ethyl group, a
propyl grotip, a bl graup: electrode at the time of initial charging,

thereby forming a sulitable ion-conductive protective coating

5 film on a surface of the negative electrcde. As a result,

ture of

6

o
£

charge-discharge characteristics from a low temper

about -25°C to a high temperature of about 60°C are improved.

)]

[ow]
[o%

G
In the formula (1), examples of the alkyl group having 1
10 to & carbon atoms and represented by R and R include a
methyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a hexyl group, an isopropyl group, an
isobutyl group, and & t-butyl group.

[CC24]

methyl group, an ethyl group, an

{13

s preferably

fost -

f—
L

acetoxy groupn, a vinyl group, or the like.
[CG025]
R® is preferably a methyl group, an ethyl group, z phenyl
group, a vinyl group, an acetoxy group, an allyl group, an
20  acryloyl group, or the like.
[0026]

Preferable specific examples of the compound represented
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a penty2 group, a hexyl group, ah isopropyl group, an isobutyl group, and a t-butyl group. [0024] 15RI
is preferably aanethyl group, an ethylp, an aceroxyigroup,iyi group, or the like. [0025] is preferably a
methyl group, an ethyl group, a phenyl group, a vinyl group, an acetoxy group, an allyi group, an
20acryloyl group, or the like. [0026] Preferable specific examples of the compound represented (1)
above Include methyltriacet511 517-251112 bhenyltr cetoxysilane, vinyittoxysilane, and
diethyldiagetexysilane zAaonaguecus: electrolyte selutionfot:a secandarybaittery, the nonagueous
electrolyte solution containing any of these compounds as an additive, can significantly
improvecharge-discharge:charasteristies of second befronsadow temperaturestor a high-temperature of
about 60C.

for a secondary battery, the nonaqueous electrolyte solution
containing any of these compounds as an additive, can

5 significantly improve charge-discharge characteristics of =

ot
By

second battery from a low temperature to a high temperature
of about 60°C.
[GO027]

The additive in the nonagqueous electrolyte sclution for

foond

0 a secondary battery of the present invention may be one
compounc represented by the formula (1) or may include two or
more compounds esach represented by the formula (1).

(00287

The content of the compound represented by the formula

15 {1} in the nonaguecus electrolyte sclution for a secondary
battery of the present invention is 0.01 to 10 parts by mass,
preferably 0.5 te 8 parts by wass, and more preferably 1 to 5
parts by mass relative to 100 parts by mass of the total of
the solvent contained in the nonaquecus electrolyte solution

20 for a secondary battery. When the content of the compound
represented by the formula (1) is within the above range, a
suitable lon-conductive protective coating film can be formed

on a surface of the negative electrode. As a result, charge-

discharge characteristics from a low temperature to a high



[0027) The additive in the nonaqueous electrolyte solution for 10 a secondary battery of the present
invention may: beione compound represented by the:formula (1) or may include two or more
compounds each represented by the formula (1). [00281 The content of the compound
represented by the formula 15(1) in the nonaqu.eous electrolyte solution for a secondary battery of the
present invention0.01 to 10 parts by mass, preferably 0.5 to 8 parts by mass, and more preferably 1 to
5 parts by meass-relativedoct0 parts by mass-ofithe total of-the-solventicoptaineghin the panaqueous
electrolyte solution 20for a secondary battery. When the content of the compounb. represented by the
form a (1) iswitthewahcrange, a-suitahle ion-eenductiveprotective coating.im can-be formed on a
surface of the negative electrode. As a result, charge-discharge characteristics from a low temperature
to a high $Ew2511temperature cap:be improved in the.secandbattery. Whenthg centent of the
compound represented by the formula (1) is lower than 0.01 parts by mass, the protective coating film

is not suffiiently.formed on the negative electrode, and, S:sufficient.chargg sdischarge characteristics
from a low temperature to a h gh temperature may not be obtained in the second hatt y When the

content of the compound represented. by, the. formuldis higher than 10 parts by mass, the reaction on

the negative electrode excessively proceeds, the 10 thickness of the coating film formed on the

surf:ace of the negative elecirode;ingreases, and {he reagtion resistance of the negative plectrode

increases. As a result, a decrease in the discharge capacity of the battery and a decrease in

Charge'di%@&%cgg@g&eﬂfsﬁcs’mﬁ%g asa CXQ@@&{@I‘Q’@QL}QE compound represented

by the formula (1) is higher than 10 parts by mass, the

reaction on the negative electrode excessively proceeds, the

o
<

thickness of the coating film formed on the surface of the
negative electrode increases, and the reaction resistance of
the negative electrode increases. As a resuli, a decrease in
the discharge cavacity of the battery and a decrease in

charge-discharge characteristics such as a cycle performance

In the case where the sclvent contains at least one
selected from the group consisting of cyclic carbonates and
chain carbonates, the compound represented by the formula (1)

20  above 1s preferably contained in an amount of 0.05 to 10
parts by mass relative to 100 parts by mass of the total of
the solvent from the viewpoint of improving the above effects.
[O030)

The nonaqueous electrolvie solution for a secondary



15may be caused.. [0029] In the case where the solvent contains at least one selected from the
group consisting of cyclic carbonates and chain carlionates, the compound represented by the formula
(1) 20 above ibry contained in an amount of 0.05 to 10 parts by mass relative to 100 parts by mass of
thd total of the solvent from the viewpoint of improving the above effects. [0030] The nonaquecus.
eiectrolte solution for a secondary SF-251114 battery of the present invention may contain, besides

the compaerepresented by the farmula (1) othes-additivessaccordingde.a desirad,application within
a range that does not impair the effects of the present invention. Examples of 5 the other additives

include vinylene: carbonate; Asadimethylvinylenecarbonate, 4,5-dtethylvinylene.carbonate, 4,
5-dipropylvinylene carbonate, 4-ethyl-5-methylvinyiene carbonate 4-ethyl-5-pro ylvinyiene carbonate,

4-methyl-Sprepy-hvinylene carbonate,«inylgthylene carbanate,:divigyl10 gthylene: carbonate, methyl
difluoroacetate, 1,3-propane sultone, 1,4-butane sultone, monofluoroethylene carbonate,

and-bisoxalate berate -These ather additives may be used alone,orip;a mixtyre of twoa or more addit
es. [0031 15Among these other additives, 1,3-propane sultone is particularly preferathe case where
this additive\is other additives include vinylene carbonate, 4,5-
dimethylvinylene carbenate, 4,5-diethylvinylene carbonate,
1, 5-dipropylvinylene carbonate, 4-ethyl-5-methylvinylene
carbonate, 4d-ethyl-5S-propylvinylene carbonate, 4-methyl-5-
propylvinylene carbonate, vinyl ethylene carbonate, divinyl
10 ethylene carbonate, methyl difluorcacetate, 1,3~propane
sultone, 1,4-butane sultone, monofluorcethylene carbonate,
1

and lithium-biscxalate borate. These other additives may be

used alone or in z mixture of two or more additives.

'7 ]
[

Among these other additives, 1,3-propane sultone is

particularly preferable in the case where this additive is
added as a mixture with the additive represented by the
tormula (1. By using 1,3-propane suliocne, the charge-

discharge characteristics of a secondary battery in a wide

e

20 rtemperatur '

low temperature to a high
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temperature can be easily improved.
[00322]
In the cass where these other additives are used, from

the viewpoint of forming a good coating film, the content of



added as a mixture formulale dditive represented by (1). By using 1,3-propane sultone, the charge-
dischargeharacteristics of a. secondary battery in @ wide 20 temperature range from. a low
temperature to a high temperature can be easily improved. [0032] In the case where these other
additives are trCOM SP-2511 each of the other additives - preferably 2 pa ts by mass or less, and
more preferably 1.5 parts by mass or less relative to 100 parts by mass of the total of the solvent
describeddetowolh addition, feom dhie viewpointief formaing-a:gogd goating film, preferablythe content
of the other additives does not exceed the content. of the additive represented by the formula (1).
[0033] Consiglering thata eeating-filaxrhaving govd-coneuctivity 10 is formeds the-totaliamaunt of
additives added is preferably 0.5 to 15 parts by mass, and more preferably 1 to 10 parts by mass
relative toc100 parts; by mass,of-the fotal ot the selvent. When-the«gial amountof additives added is
smaller than 0.5 )(arts by mass, a coating film is not sufficiently 15formed on the negative electrode.

As aresultesufficientr. zddition, from the viewpoint of forming a good
5 coating fil referabl th tent of sth additi
5 cating film, preferably, the content of the other additives
does not exceed the content of the additive represented by

the formula (1.

Ly
<>
(W8]
Ll

Considering that a coating film having good conductivity

10 is formed, the total amount of additives added is preferably

0.5 to 15 parts by mass, and more preferably 1 to 10 parts by
mass relative to 100 partis by mass of the total of the

solvent. When the total amount of additives added is smaller

than 0.5 parts by mass, a coating film is not sufficiently

}7,%
u

formed con the negative electrode. As a result, sufficient

charge-discharge characteristics may not be obtained. When

b

the total amcunt of additives added is larger than 15 parts

C

by mass, the thickness of the coating film formed on the
surface of the negative electrode increases, and the reaction
20  resistance of the negative electrode increases, which may

result in a decrease in charge-discharge characteristics.



charge-discharge characteristics may not be obtained. When the total amount of additives added is
larger thaw 25 7arts by mass, the thickness of the teating film Domed on the surface of the negative
electrode increases, and the reaction 20 resistance of the negative electrode increases, which may
result in a decrease in charge-discharge characteristics.[00 4] Clectro | yte> The electrolyte is not
oart.icularlv limited, hut. SF-251116 eftrably includes at least one selected from a ht.:Jura
fluorododecahbratevepresentediby asformukas the formida,o% is:an integerofi8 ta:12and Z is H, ClI, or
Br), LIPF6 and LiBF4. It is more preferable to contain both the lithium fluorododecaborate and at least
one selected fremddlite and HiBE. [0935EBymsing the lithium-fluoredodecabgrate asam, electrolyte,
battery characteristics such as high-temperature 10 heat resistance, in particular, the
charge-discharge efficiency-at45C or higher,60C or higherand furthermose ,.80C or higher and the
cycle life can be markedly improved as compared with the case where LiPF6 is used alone. In

addition, euen, intthe caseref avercharging, net enly andnereasein the: 15 voltage is suppressed and
decomposition of a solvent and an electrode is prevented but also the formation of dendrite of lithium

can bessed:by a:redoxshuttlemechanism due:to-an anion.ofthe dithium.flugredogecaborateu
degradation of the battery and thermal runaway caused by the 20 overcharging can be breve ed. [00

6] Furthesmorey, by adding at least one electrolyte salt selected from LiPF6 and LiB , as a mixed
electrolyte, not only the el ectrical conductivity can be improved but also

[0035]

ithium fluorododecabeorate as an
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electrolyte, battery characteristics such as high-temperature
10 heat resistance, in particular, the charge-discharge
efficiency at 45°C or higher, 60°C or higher, and furthermore,
B0°C or higher and the cycle 1ife can be markedly improved as
compared with the case where LiPF; is used alone. In addition,
even 1n the case of overcharging, not only an increase in the

15 wvoltage l1s suppressed and decompesition of a solvent and an

o8

electrede is prevented but also the formation of dendrite of
lithium can be suppressed by a redox shuttle mechanism due to
an anion of the lithium fluorododecaborate. Thus,
degradation of the battery and thermal runaway caused by the
20  overcharging can be prevented.
[0036)
Furthermore, by adding at least one electrolyte salt

seiccted from Lit

A % 7 . 4 - 3 —~ . . — 2 ey v - - . - 3 - A
Lre electrical conductivity can bes improved but also



S7m25111 7 dissolution juminum can be suppressed when aluminum is used as a. current collector of
a positive electrode. [0037] Whether the lithium fluprododecabora e is used as the 5 electrolyte alone,
at least one selected from L PF6 and LIEF4 LiBF4 are used as the electrolyte in the form of are is
determined depending on the use of the battery and ,s not 10 particularly limited. That is, the additive
described above can be used in an electrolyte solution containing, as an electrolyte, only at least one

selected from LiIPFRG: and LiBF4,1amelectrolyte. splution containing, as an electralyte, only the lithiw
fluorcdodecabora,e, and an electrolyte solution containing,an electrolyte, the lithium

fluorododecapgrame.and atleast eng selected. from:LiPFS:and, LieF4. Howeyer, in the case where the
prevention of overcharging is aimed, the nonaqueous electrolyte solution for a secondary battery

essentiilcantains the lithium fluor odecaborate. 20[0038] Specific exa Ics of theurn fluorodbdecaborate
include L12B1 2E5H4,22B12F10H2 Li2B12E11H, Li2R12E12,

Whether the lithium fluorododecaborate is used as the

electrolyte alone, at least one gelected from LiPF: and LiBF.

(@3]

oth the lithium

o

1s used as the electirclyte alone, or

-ty
—1

av]

1PF

[>3)
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fluercdodecaborate and at least one selescted from
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1BEs are used as the electrolyte in the form of a mixtu
determined depending on the use of the battery and is not

particularly limited. That 1is, the additive described above

fnd
jo)

can be used in an electrolyte sclution containing, as an
electrolyte, only at least one selected from LiPF: and LiBF.,
an electrolyte scluticn containing, as an electrolyte, only

th

¢

> lithium fluorododecaborate, and an electrolyte solution

bt
i

containing, as an electrolyte, the lithium flusrododecaborate

and at least one selected from LiPF; and LiBF,. However, in
the case where the prevention cof overcharging is aimed, the
nonagusous electrelyte sclution for a secondary hattery
essentially contains the lithium fluocrododecaborate.

20 (0038]

Specific examples of the lithium flucorododecaborate

include LisBi.FeH,, L1s8:0FgHs, LizBi.FigHs, Liggjgsng, LisB.:F,,

€0

e
[
[#311
(L]
ot
ol
bt
[
~



mixtures of lithium fluorododecab7orates each represented by the above 1COrLiiae the average of x is
91t0 10, SPr25LL.8 Li.2812F,..C112, (in the formula; x is 10 or 11), and Li21312FxBr12x (in the
formula, x is 10 or 11). [:0039] Herein, X in Li2B19FxZ12-x is an integer of 8 to 1.2. When X is less
than 8, the electric potential that causes a redox reaction is excessively low, and thus the reaction
occurs during a so-called usual operation of a. lithium-ion battery, which may result in a decrease in
the chargesdischarge efficiency efthesbatiary sAccordingly; it-Xs negessary to select-the pumerical
value of X in the range of 8 to 12 in accordance with the type of electrode used and the use of the
battery. In general: a dithiwmmfluorededecapasate;where X in the formula is 12 is easily produced and
has a high electric potential that causes a re ox reaction. However, the type of 15 lithium
fluorododegcabosate cannot be generally determined because the characteri.stics of the lithium
fluorododecaborate are affected by the type of electrode and the like. The lithium fluorododecaborate
where X in the foreua is, 12 is preferable-from the viewwpoint. that.the.elegtric potential 20 that causes a
redox reaction is higheran those of other compounds, the redox reaction does not easily occur in a

usuakoperation ofdhe baftery, andthus the redox shyttle mechanism easily, effectively acts only in the

case of over c hargin. g SF-251119 [0040] The concentration of the lithium fluorododecaborate is
preferably, Q.2 mal, or more. and. more preferably 0.3 mal/L- armore.and 1.0 mollL, grless refative to

the total of the electrolyte solution.

during a so-called usual operation of a lithium~ion battery,
which may result in a decrease in the charge-discharge
efflciency of the battery. Accordingly, it is necessary to
10 select the numerical value of X in the range of § to 12 in
accordance with the type of electrode used and the use of the
battery. In general, a lithium fluorodedecaborate where X in

the formula is 12 is easily produced and has a high slectric

]

petential that causes a redox reaction. However, the type of

15 lithium flucrododecaborate cannot be generally determined
because the characteristics of the lithium flucrcdodecaporate
are affected by the type of electrode and the like. The
lithium fluorcdodecaborate where X in the formula is 17 is
preferable from the viewpoint that the electric potential

20 that causes a redox reaction is higher than those of other
compounds, the redex reaction does not easily occur in a
usual operation of the battery, and thus the redox shuttle

mechanism easily effectively acts only in the case of

overcharging.



[0041] When the amount of lithium fluorododecahorate is excessively small, the electrical
conductivais excessively low and the resistance incharging and discharging of the battery is
increased, which may result in a degradation of rate characteristics and the like. Furthermore, the
action of the re ox shuttle mechanism in the case of overcharging may become insufficient.other and,
when the amount of lithium fl.uorododecaborate is excessively large, the viscosity of the el.ectrolyte
solution increases and the electrical conductivity decreases, which may result in a decrease in the
chargedischarge performance such as rate characterics. [0042] 20"At least one selected from LiPF5
and LIEF4" may ‘be-any-ofcenly LIRF,only LiBR4 andAIPRE, andiBE4aln-the-case.where at least
one ofis used in combination with the 2ium flordodecaborae, in general, LiPF,s, which has a. high
eLecrrcal geruyucrvity, js preferamtyiused. n3R=251:120 H.owevar.the type of mixed elecirolyte
selected from LiFF6 and LiBE4 cannot be simply determined because there are effects of the affinity of
the mixed electrolyte with other additives eta...the specificalion.of the, battery, andthe like. [0043] The
concentrat'on of at least one selected from LiPF6 and

—

5 electrolyte solution.
100413

When the amount of lithium flucrododecaborate is
excessively small, the electrical conductivity is excessively

.

low and the resistance in charging and discharging of the
10 battery 1s increased, which may result in a degradation of
rate characteristics and the like. Furthermore, the action

of the redox shuttle mechanism in the case of overcharging

may become insufficient. On the cther hand, when the amount

of lithium fluorodeodecaborate 1s excessively large, the
15 wiscosity of the electrolyte solution increases and the

electrical conductivity decreases, which may result in a

{

decrease in the charge-discharge performance such as rate

characteriztics.
[0042]
20 "Et least one selected from LiPF; and LiBF," may be any

of only LiPF, only LiBF,, and LiPF; and LiBF,. In the case

2o

2 ™ -]
1Fre and LiRB

oy

where at least cne of 4 13 used in combinatlion

with the lithium fluorododecaborate, in general, LiPFy, which

has a high electrical conductivity, is preferably used.

85



LiBE14 is preferably 0.05 mol/L or more, and more preferably mol/L or more and 0.3 5,01/1, or
less relatigeta thetotal 100f the electrolyte solution; [0044] When ,he amount of at least one

selected from LiFE4 and LiB 4 is excessively small, a sufficient protective f Im 1s not formed on an
aluminum current collector and good charge- 15 discharge characteristics may not be obtained.
Furthermore, the electrical conductivity of the electrolyte solution is also insuffici t, and good

charge-discharge eharacteristies ray nokbe obtained.J0045] 20indhe case where heth the lithium
fluorododecaborate and at least one selected from LIFE6 and LIRE1 are used as an electrolyte, a ratio

(MB) of thercontentrA of dhe lithiwa flugrededeiberate to,the gontentsB of the at least one selected from
LiFF6 and Liis preferably 90:10 to 50:50, SF-25112] and more preferably 85:15 to 60:40 in terms of

molar ratie.s[0046} o fThe;totalimolarcongentration ofthe lithivm flugrododgeaborate,and the at least
one selected from LiPF6 5 and LiBF4 is preferably 0.3 to 1.5 mol/L, and more preferably 0.4 to 1.3
mol/L relative to the totalkof the electrglyte solution; ;When the totgl, molar,congentrafion is within the

5 like.

The concentration of at least one selected from LiPF: and
LiBF; is preferably 0.05 mol/L or more, and more preferably
0.1 mol/L or more and 0.3 mol/L or less relative to the total
10 of the electrolyie sclution.
[0G443
When the amcunt of at least one selected from LiPFe and
LiBF, ls excessively small, a sufficient protective film is

not formed on an aluminum current collector and good charge-

15 discharge characteristics may not be obtained. Furthermore,
the electrical conductivity of the electrolyte solution is
also insufficient, and good charge-discharge characteristics
may not be cbhtained.

(0045]
20 In the case where both the lithium flucrododecaborate

and at least one selected from LiPFg and LiBF, are used as an

electrelyte, a ratic (A:B) of the content A of the lithium

fluorcdodecaborate o the content B of the at least one

selected from LiPFs and LiBF; is preferably 20:10 to 50:50,



above range, the electrical conductivity is high and the ion concentration also reaches a concentration
suitable fog a-1Q:battery reaction_ [0047] In thezgase where both the lithium fluorododec borate and
at least one selected from LiPF6 and LiEb are used as an electrolyte, the molar concentration of the at
least one selected from 11-iP0.6 anferably equal to or lower than the molar concentration of the lithium
orododecaborate.t .e molar concentration of the. at least one selected from LiPF6 and LiBF4 is
higherthar: the melar coneentration,ofthellihium fluarodoctecaberate Jeat2Q:resistance at a high
temperature of 45C or higher and charge-discharge oharaoteristios may be decreased, and
furthermorg; degradation of the battery due to overcharging may not be sufficiently prevented. . [0048]
51122 <Solvent> Examples of the solvent include, but are not particularly limited to, cyclic carbonates

such as ethylenergarbonate, prepylene garhonate,-angd.butylene.carbenate; chain

fluorododecaborate and the at least one selected from LiPF;

5 and LiBFy i1s preferably 0.3 to 1.5 mol/L, and more preferably

FWJ

0.4 to 1.3 mol/L relative to the total of the electrolyte
solution. When the total molar concentration is within the
above range, the electrical conductivity is high and the Li
lon concentration also reaches a concentration suitable for a

16 battery reaction.

[0047}
In the case where both the lithium flucrcdodecaborate

and at least one selected from LiPF¢ and LiRBF; are used as an

electrolyte, the molar concentration cf the at least one

15  selected from LiPF: and LiBF; is preferably equal to or lowar
than the molar concentration of the lithium
Tlucrododecabhorate When the molar concentration of the at
least one selected from LiPFs and LiBF, is higher tnan the
melar ceoncentration of the lithium fluorododecaborate, heat

20 resistance at a high temperature of 45°C or higher and
charge-discharge characteristics may be decreased, and

furthermore, degradation of the battery due to overcharging
may not be sufficiently prevented,

[0044]



carbonates such as diethyl carbonate, dimethyl carbonate, methyl ethyl carbonate, methyl pLopyl
carbonateg ethyt propyl carbonate, and dipropyl carbonate; and fluorinesubstituted cyclic or chain
carbonates, such as trifluoropropyle carbonate, bis rifluorceahyl) carbonate, and trifluoroethy 10
methyl carbonate, in which some of hydrogen atoms are substituted with fluorine atoms. These
solvents may be used alone or in a mixture of two or more solvents. The solvent preferably contains at
least one selected:from:the:-group consisting or cyclic carbonates and chain carbonates from the in
viewpoint that an electrocnemncaliy stable range is wide and a good electrical conductivity can be

obtannec. In ordexk tempbtain a goodbaitery performance even.overawide temperature range from a
low temperature to a high temperature, a mixed solvent containing two or more solvents 20is

preferablyised; 400491 , 1Rrem the viewpeint of improving, the-hatteryperformance -splvents such
as dimethoxyet.hane, d 1lla -me, SF-251123 acetate, ethyl acetate, probyl acetate, methyl

pr.opi...onate ethyl-propionats, tetrahydrofuran,.2-methyitetrahydrofuran, 1,4;digxane, and acetonitrile

may be used as solvents other than the carbonates mentioned above. However, the solvents 5 are not

particylarly limited.-theteto. [00501, <Nopagueous, electrolyle saeandary pattery> A.ng,aeueous

electrolyte secondary batter of the present invention includes a positive electrode, a negative 10

electrode, and. the ahguerdescribed.nonaqueoys electrglyte solution for a secopdary batiery. Since the
nonaqueous electrolyte secondary battery ' the present invention includes the nonagueous electrolyte
solution for 4 secandary battery;of Ine presentiavent.ion, e nonaguequs electrolyte 15 secondary
battery exhibits good charge-discharge characteristics. - T ) o

5

cyclic or chain carbonates, such as triflucrcpropylene

U

carbonate, bis{triflucrocethyl) carbonate, and trifluocrcethyl
10 methyl carbonate, in which some of hydrogen atoms are
substituted with flucrine atoms. These solvents may be used
alone or in a mixture of two or more solvents. The solvent
preferably contains at least one selected from the group

consisting of cyclic carbonates and chain carbonates from the

o
L

viewpoint that an electrochemically stable range is wide and
a good electrical conductivity can be cbtained. In order to
obtain a good battery perfcormance even over a wide
Cemperature rarge from a low temperature to a high
temperature, a mixed solvent contalining two or more solvents
20 is preferably used.
(00497

From the viewpoint of improving the battery performance,
solvents such as aimethoxyethane, dig

T ynr ] ~ e T . Af e Yy s e P s T E ] -
polyethylene glycol, v-butyrclactone, sulfolane, methyl



[0051] The structure and the like of the nonaqueoes electrolyte secondary battery are not
parti.cularlyrintite, and may be appropriately sel caccordancea desired use nonaqueous electrolyte
secondary battery of the present invention may further include, for example, a separator composed of
polyethylene or the like. [0052] SF-251124 The negative electrode used in the present invention is
not particularly limited and may contain a current collector, a conductive mate_ 1, a negative electrode
active matetial, ahinder; iaptl/or-a:thickenes[0053] As the negative electrpde@ctive material, any
material that can occlude and release lithium can be used without particular limitation. Typical

examples ¢hereof, irelyde nede p itized-carbanqartifigial gzamnergar ban T@@;y@(;ﬁﬂrélﬁhlte carbon,
metallic lithium, aluminum, lead, silicon, alloys of lithium with tin or the like, ti.n oxide, and titanium

oxide. Anyl pfithese negative elecirodeactive matexials is kngaded with-a binder csugh.as.
olytetrafluorcet: 1polyvinylidene fluoride or styrene-butadiene rubber (SER) in accordance with a usual

method, and4he kneaded product sanbe-used:as amixture. Thenegative electrade. can.be prepared
by using this mixture and a current collector such as a copper foil. [0054] 20The positive electrode

used:in the present invention js not partigularly{imited-and preferably contains a current collector, a
conductive material, a positive electrode active material, a binder, and/or a thickener.
00507
<Nonagueous electrolyte secondary battery>
A nonagueous electrolyte secondary battery of the
present invention includes a positive electrode, a negative
10  electrode, and the above-described nonagueous electrolyte
solution for a secondary battery. Since the nonagueous
electrolyte secondary battery of the present invention
includes the nonagueous electrolyte sclution for a secondary
battery of the present invention, the nonagueocus electrolyte

ib secondary battery exhibits good charge-discharge

00517
The structures and the like of the nonagueocus electrolyte
secendary battery are not particularly limited, and may be

1

)
[

appropriately selected in accordance with a desired use. The
nonagueous electrolyte secondary battery of the present
invention may further include, for example, a separator

T

composed of polyetnylene or the like.

[0052]



[0055] SE-25I 125 Typical examples of the positive electrode active material include lithium

oxides obtained by replacing a part of the lithium site or the transition metal site of any of the above
lithium composite oxides with cobalt, nickel manganese, aluminum, boron, magnesium, iron, copper,
or the like. Furthermore, for example, lithium transition metal phosphates having an olivine structure

can also be used:rAny.etthese positive:kd-electreda active matgrials s kneaded,with-a genductive
agent such as acetylene black or carbon black and a binder such as polytetrafluoroethylene (PTFE) or

polyvinylidene fhuoride(PVdF)the kneaded preduct canbe-used as aunixtye. Fhe positive electrode
can be prepared by using this mixture 15 and a current collector such as an aluminum foil.

EXAMPT bccondhepresentinvention will now be descrbed in-maote detail,on the basis of Examples.
However, ha present 20 in.vention is not limited by the Exas below and can be carried out by making

appropriate ¢hanges as:long as thegist-of the present invention is not changed. [0057] (Preparation |
of litiuorododecaborate)
5 F00531
As the negative electrode active material, any material
that can occlude and release lithium can be used without
particular limitation. Typical examples therecf include non-
graphitized carboen, artificial graphite carben, natural
10 graphite carbon, metallic lithium, aluminum, lead, silicoen,
alloys of lithium with tin or the like, tin oxide, and
titanium oxide. Any of these negative electrode active

materials is kneaded with a binder such as

polytetrafluorcethylene (PTFE}, polyvinylidene fluoride

15 [(PVdF), or stvrsne-putadiene rubber (8BRY in accordance with
a usual method, and the kneaded product can be used as a
mixture. The negative electrode can be prepared by using
this mixture and a current collector such as a copper foil
(00547

20 The positive electrode used in the present invention is

not particularly limited and preferably ceontains a current
collector, a conductive material, a positive electrode active

material, a binder, and/or & thickener.

o
o
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251126 [Preparation of 11:312B12Fx-2 10 to 12)] First, 100% F2 (142 mmol) was added as a

of K2B12H12CH30H in 6 mL of formic acid at an average Hammett acidity of H - -2 to -4, thus
preparing a colorless solution_ The above mixed gas was added to this solution at 30C to further
conduct fluorination (3%). A solid was precipitated from the solution. The solvent was evacuated for
one n 't to prepare,+0%:.41g ef:acphosless brittle solid. Thiscrude product was:-analyzed by F NMR.
According to the results, it was found that the crude product was mainly composed of B22 ,H22 (60%)),
1312:- (3504) and-BI2F4 (5%} <T he; enudereactignproduct wag.disspived in water-ard the pH of the
solution was adjusted to 4 to - with triethylamine and trimethylamine hydrochloride. The precipitated
product was fikereghand dred.cthe dried product was again syspended, in watex {o.prepare a slurry.
Two equivalents of lithium hydroxide monohydrate were added to this slurry,and triethylamine was 20

removed. Aftep the triethylamine was completely remaved: by distiaflon, lithium hydrexide was further

added thereto, and the Othe final solution was adjusted to 9.5. Water was removed by distillation, and

the final peoduct was:dried-under Macyymez00C for sxhaurs, The yield 0f 1642880 ;SE251127 (x =
10, 11 or 12) was about 75%. 10058]

composite oxides with cobalt, nickel, manganese, aluminum,

boron, magnesium, iron, copper, or the like. Furthermore,

H

“or example, lithium transition metal phesphates having an

¥

olivine structure can also be used. Any of these positive

10 electrode active materials is kneaded with a conductive agent
such as acetylene black or carbon black and a binder such as
polytetrafluorcethylene (PTFE) or polyvinylidene flucride

(PVdE), and the kneaded product can bz used as a mixture.

(S

The positive electrode can be prepared by using this mixture
15 and a current collector such as an aluminum foil.
EXAMPLES
OoLe]
The present invention will now be described in more
detail on the basis of Examples. However, the present
20 invention 1s not limited by the Examples below and can be

carried out by making appropriate changes as long as the gist
of the present invention i1s not changed.
[0057]

(Preparation I of lithium flucrcdodecaborate)



(Preparation 2 of lithium fluorododecaborate) [Preparation of Li2B12FBr2> 10, average x= 11)] Three
grams (0.008 mial) of Li2B12FxH12.-x10) having an-C erage composition of Li21312FbH was
dissolved160 mL of 1 M 921. Next, 1.4 mL 0.027 mvii of Br2 was added to this solution,the resulting
1.iguid mixture was refluxed at 100 C for four hours. A sample was taken for the purpose of NMR
analysis. [0059] A part of the sample was returned to the reflux, and chlorine was added thereto over a
period of six hours te farn: « i @minating agest BrCl. Atthedime whenithe addition of chlorine was
completed, a sample was taken and analyzed by NMR. The result showed that the sample had the
same composition asithe tonpaosition befaredhe adar of ehletings Watgr and 991 were removed by
distillation, and the resulting product was dried utder vacuum at 150C. A 20total 2.55 g of a white solid
product was/isofated./The theoteticaFameuntof-thewabtainedFxBrl2: s (xh;.avgrage x = 11) is 3.66 g.
[Obj60] (Prepara.tion 3 of lithium fluorodo e bor- et

containing 2.96 g {11.8 mmol) of K:BisH»CH30H in 6 mL of

5 formic acid at an average Hammett acidity cf H, = -2 to -4,

fort

thus preparing a colerless sclution. The above mixed gas was

added to this sclution at 20°C to Ffurther conduct

flucrination (3%) A solid was precipitated from the
solution The scivent was evacuated for one night to prepare
10 5.1 g of a colorless, brittle solid. This crude product was

analyzed by '"F NMR. According to the resulits, it was found
that the crude product was mainly composed of Bi,FigH.S" (60%),
By FaHY (35%), and B.:F::*" (5%). The crude reaction product
Wwas dissolved in water, and the pH ¢f the sclution was

15  adjusted to 4 to 6 with triethylamine and trimethylamine
hydrochloride. The precipitated product was filtered and

dried. The dried product was again suspended in water to

meonohydrate were added to this slurry, and triethylamine was

]
(-]

removed. After the triethylamine was completely removed by

di

1]

tillation, lithium hydroxide was further added thereto,
and the pH of the final sclution was adjusted to 9.5. Water

was removed by distilliation, and the final product was dried

-1

FoH
Dxiliz-x

under vacuum at 200°C for six hours. The yvield of Li;Bi:



SF-251128 [Preparation of L 21382FaC112-a (average x = 11)] Twenty grams of a mixture of
Li2B2FH12:=% having an average composition of 1;12812F31li was dissolved in 160 mL of 1M HCI in
a three-necked round-bottom flask equipped with a reflux condenser and a glass bubbler (fritted
bubbler). The resulting liquid mixture was heated to 10000 and bubbled with 012 gas at 15 standard
cubic centimeters per minute (sccmimin). A discharged solu pn passing through the condenser was
allowed to(pass thfqughia selution)containiig-13 KOH: and Na2S03. Bubblingperformed with Ch for 16
hours and the solution was then purged with air. Water and HC1 were removed by distillation, and the
residue was titrated an ether. The ether was evaporated, and a white solid was dried in a vacuum
dryer. Thus, 20 g of a. substance 15 reprasented by Li2(average xrecovered (yield 92%).F-NMR in
D20: -260.5, 0.035k 21262:Q, ::882F :00.022E :264:5, 0, 344b:2629,0:-966F; -267.0, 0.308F; -268.0,
0.022F; -269.5, 1.0F.8020: 841; -17.878. 20[0061] [EXAMPLE 1] [Preparation of electrolyte solution]

Lithium hexafloofephosph.e LIREG)iwas usedasan (x> 10, average x = 171}

=

5 Thres grams (0.008 mol) of LisBy;

M HCI. Next, 1.4 mL {(0.027 mely of Br: was added to this
solutieon, and the resulting liguid mixture was refluxed at

100°C for four hours. A sample was taken for the purpose of

NMR analysis.

[y
[l

[0059]
A part of the sample was returned to the reflux, and
chlorine was added thereto over a period of six hours to form
a breminating agent BrCl. At the time when the addition of
12 chlorine was completed, a sample was taken and analyzed by
NMR. The result showed that the sample had the same
composition as the composition before the addition of
chiorine. Water and HCI were removed by distillation, and
the resulting product was dried under vacuum at 150°C. A
20  total 2.55 g of a white sclid product was isclated. The

thecretical amcunt of the obtained LiB.,F.Bri... (2 = 10,

et
O
—
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electrolyte. A solvent composed of a mixture containing. 20% SF-251129 by volume of ethylene
carbonate,s20%43y1volume of propylene carbonate; 40% by volume of methyl ethyl carbonate, and
20% by volume of diethyl carbonate was used. Lithium he fluoosphate (LIPFd was dissolved in this
solvent so h as to have a concentration of 1.2 mol/L. Furthermore, as an additive for forming an
ion-conductive coating film on an electrode, 2.0 parts by mass of ethyltriacetoxysilane was added
relative to 100 parts-ky massiafithe fotal of the salvent (Zhus.anelectrolyte solution was prepared.
10[0062] [Preparation of positive electrode] First, LiCol/3Mn1/302 functioning as a positive electrode
active material, arcarbon material functioning:asra condugctive agthy1-2:pvsrolidone, solution in which
polyvinylide.ne fi uori.de functioni.ne as a binder was dissolved were mixed so that a mass ratio of the

active

ave thgeondugtiveanddhe binder was-9512:5:2 54 The mixt.ure;was then kneadeg.to

prepare a positive electrode slurry. The prepared slurry was applied onto an aluminum 20foll

functi.oningcas a gurrenteellector: and then dred The resulting alum, foilwas fhenyrolled with a rolling
mij and a current collector tab was attached thereto. Thus, a positive electrode was prepared. [0063]

5

10

20

reflux condenser and a glass bubbler (fritted bubbler). The
resulting liguild mixture was heated to 100°C and bubbled with
Clz gas at 15 standard cubic centimeters per minute
{scem/min) . A discharged solution passing through the
condenser was allowed to pass through a sclution containine
KOE and NazS0;. Bubbling was performed with Cl. for 16 hours
and the soclution was then purged with air. Water and HC1
were removed by distillation, and the residue was titrated
with an ether. The ether was evaporated, and a white =olid
was dried in a vacuum dryer. Thus, 20 g of a substance
represented by LizB2E,Cl.s., (average x = 117 was recovered

{vield 92%). “°F-NMR in D.0: -260.5, 0.035F; -262.0, 0.082F:

[Preparation of electrolyte solution]
Lithium hexaflucrophosphate (LiPFg) was used as an

electrolyte. A solvent composed of a mixture containing 20%



SP-t251130 [Preparation of negativeelectrode] Artificial graphite functioning as a negative
electrode aetivesmaterial, anictioning as a binder, and carboxymethyl cellulose functioning asener were
mixed with water so that a mass rati.o of the active material, the bi.nder, and the thickener was
97.5:1.5:1. The mixture was then kneaded to prepare a negative electrode slurry. The prepared slurry
was applied onto a copper foil functioning as a current collector, and then dried. The resulting copper

10 foil was thervrolled with a ralling maill -and a:cutrent colectgr tabiwas atfached therete=Thus, a
negative electrode was prepared. [0064] [Preparation of battery] toThe positive electrode and negative

electrode prepsred as,desctibed aboveweremmade ta facereach other withta polyethylene separator
therebetween, and put in an aluminum ]..aminated container. In a glove box in an Ar (argon)

atmosphetg., thel elestrolyteiselution prepared-as-descsibed 20 above wasadded dropwise to the
container including the electrodes therein, and the laminated container was thermo- compression
bonded whi lesthe pressure was kemaovedEhys, hattesy wasprepargd. {0065]:5%-251131 ,

5 as to have a concentration of 1.2 mol/L. Furthermore, as an
additive for forming an ion-conductive coating film on an
electrode, 2.0 parts by mass of ethyltriacetoxysilane was
added relative to 100 parts by mass of the total of the
solvent. Thus, an electrolyte solution was prepared.

10 [0062]
[Preparaticn of positive electrode]
€, LiCoissNiissMngs0; functioning as a positive
electrode acitive material, a carbon material functiconing as a

conductive agent, and an N-methyl-2-pyrrolidone solution in

which polyvinylidene fluoride functioning as a binder was

ot
n

dissclved were mixed s¢ that a mass ratio of the active

The mixture was then kneaded to prepare a positive elactrode
slurry. The prepared slurry was applied conto an aluminum

20 foil functioning as a current collector, and then dried. The
resulting aluminum foll was then rolled with a rolling mill

Ly

and a current collector tab was attached thereto, Thus, a



[Evaluation of battery] The battery prepared as described above was slowly charged up to 4.2 V at
0.05C (a current at which full charging or full discharging is performed in 1/0.05 hours (- 520 hours))
and then slowly discharged down to 3.0 V. and the charging and discharging operation was then
performed once more. Thus aging was performed. [0066] Subsequently, constant-current charging
was conducted up 10to 4.2 V at 25C at IC. When the voltage reached 4.2 V, the battery was
maintained at thispvoltage Amtibthe-gurreni was,deereased tg;avalue corresponding to 0.05C.
Subsequently, discharging was conducted at a constant current of 1C until the battery voltage became

3.0 V. The discharge eapacity ai thisitime was-definediasa (anl), discharge capacity:at the.first cycle
(initial discharge capacity). 'Furthermore, the charging and discharging operation was repeatedly

performed:by the-same snethed tg@xgﬁﬂn%m&ex%;p@%%@aa%%ﬁ&ba%@- Fig. 1 shows the
results of this cycle test. 20In the battery of Example 1, the discharge capacity f-or each cycle is shown

by curve & TEven afier 500 cycles, the.decrease in,the.capacity was, small and 92% of the.initial

discharge capacity was maint ned. [0067] 251132 A batter, was prepared in the same manner,

and the cycle performance, of this batigrywas examined at6000.as in.the abqve test. Fig, 2 shows the
results of this cycle test. In the battery of Example 1, the discharge capacity for each cycle is shown by

curve a in, Fig; 2- Even after, 100,cygles, 82%,0fnitia) discharge capagity wag maintajned.

!

it

then kneaded to prepare a negative electrode slurry. h
prepared slurry was applied onto a copper foil functioning as
a current collector, and then dried. The resulting copper

10 feoil was then rolled with a rolling mill, and a current
collector tab was attached thereto. Thus, a negative
electrode was prepared.
[0064]

[Preparation of battery]

The positive slectrode and negative electrode prepared

ok
i

as described above were made to face each other with a
polyethylene separator therebetween, and put in an aluminum
laminated container. In a glovse box in an Ar {argon)
atmosphere, the electrolyte solution prepared as described
20 above was added dropwise to the container including the
electrodes therein, and the laminated container was thermo-
compression bonded while the pressure was removed. Thus, &

batitery was prepared.

(0065



[0068] A battery was prepared in the same manner, and the cycle performance of this battery was
examinedsat-10C1as in the above test. Fig. 3 9htwes the results of this cycle test. in the battery of
Exampl e 1, the discharge capaci.ty for each cycle is shown by curve a in Fig.. 3. Even after 100
cycles, 85% of the initial discharge capacity was maintained, [0069] [EXAMPLE 2] [Preparation of
electrolyte solution] Lithium he 22rophosphate [LiPFO was used as an electrolyte. A solvent composed
of a mixture containing30% hy votumeofethylene carbonate, 30% by volume of methyl 20 ethyl
carbonate, and 40% by volume of diethyl carbonate was used. Lithium nexafluoropnosphate [LiPFEI
was dissolved irrthis salveat-so as4e have a:concentration Of 12, moli.- Furthermere, as an additive
for forming an ionconductivccoating film on an electrode, 2.0 parts by mass of SR-251133
vinyltriacetaxysilame was added relative 0 4600 partshy-mass of the; totalofithe solvent. Thus, an
electrolyte solution was prepared. [0070] [Prep ation of positive electrode] First, LioinNii n1/302
functioningras-g pesitive efectrode: active-material a garben material functioning as,a-conductive agent,
and an N-methy1-2-pyrrolidone solution in which polyvinylidene fluoride functioning as a binder was

5 Z0 hours)) and then slowly discharged down to 3.0 V, and the
charging and discharging operation was then performed once
more. Thus, aging was performed.

[0066]
Subsecguently, constant-current charging was conducted up
10 to 4.2 VvV at 25°C at 1C. When the voltage reached 4.2 V, the

s veltage until the current was

(=

battery was maintained at tl
decreased to a value corresponding to 0.05C. Subsequently,

discharging was conducted at a constant current of 1C until
the battery voltage became 3.0 V. The discharge capacity at

this time was defined as a {(an initial) discharge capacity at

oY
&N

30 N

the first cycle {initial discharge capacity). Furthermore,
the charging and discharging cperation was repeatedly
performed by the same method to examine the cycle performance

of the battery. Fig. 1 shows the results of this cycle test.

20 In the battery cof Example 1, the discharge capacity for each
cycle 1s shown by curve a in Fig. 1. Even after 500 cycles,

the decrease in the capacity was small and 92% of the initial
discharge capaclty was maintained.

[0067]



10 dissolved were mixed so that a mass ratio of the active material, the conductive agent, and the
binder was:95:255:2.5. The mixture was then kneaded to prepare a positive elect-rode slurry. The
prepared slurry was applied onto an alumi.num foil functioning as a current collector, and then dried.
The resulting aluminum foil was then rolled with a roll.ing mill, and a current collector tab was attached
thereto. Thus, positive electrode was prepared. [0071] [Preparation of negative electrode] 20Natural
graphite functioning-as amnegative elecirode-active materiadan SBR-functioniag@as-a binder, and
carboxymethyl cellulose functioning as a thickener were mixed with water so that a mass ratio of the
active matedial cthe:hircler o@nd thesthickener was=31.5:ls T hednixiureanas: Sk-251134 then kneaded
to prepare a negative electrode slurry. The prepared slurry was applied onto a copper foil functioning
as a curreabeeitectersand theq. dried-Hhesresulting-copper feikwas then relled with a rolling mill, and a
current collector tab was attached thereto. Thus, a negative electrode was prepared. [0072]

[Preparation of battery}y oFhe positive electrode and nggative electrode prepared.-as.described
above were made to face each other with a polyetnylene separator therebetween, and put in an

aluminumdaminated: cantainers|p aglave boxin an Ar (argor).atmosphere, the, electlolyte soh on
prepared as described above was added dropwise to the container including the 15 electrodes therein,

and the laminated coptainer, was ih%rnngocgnprgsslggandFd ngl%ghqigrgs%rde was removed. Thus,
a battery was prepared. [DOV3] [Evaluation of 20This battery was aged as in Example I.
10068 ]
A battery was prepared in the same manner, and the cycle
performance of this battery was examined at -10°C as in the
10 above test. Fig. 3 shows the results of this cycle test. In
the battery cf Example 1, the discharge capacity for sach

cycle is shown by curve a in Fig. 2. Even after 100 cycles,

85% of the initial discharge capacity was maintained.

15 [EXAMPLE 2]

[Preparation of electrolyte solution]

Lithium hexafluocrophosphate [(LiPF:) was used as an
electrolyte. A solvent composed of a mixture containing 30%
by volume of ethylene carbonate, 30% by volume of methyl

20 ethyl carbonate, and 40% by volume of diethyl carbonate was
used. Lithium hexaflucrophosphate [(LiPF:) was dissolved in
this solvent sc as to have a concentration of 1.2 mol/L.
Furthermore, as an additive for forming an ion-conductive

coating film on an electrode, 2.0 parts by mass of



[0 74] Subsequently, constant-current charging was conducted up to 4.2 V at 25C at IC. When the
voltage reagher-4.2 V. the battery was maintained at this voltage until the current was 55-251.135
decreased to 0.0',C. Subsequently, discharging was conducted at a constant current of 1C until the
battery voltage becam.e 3.0 V. The discharge capacity at this time was definad as a (an initial)
discharge capacity at the first cycle (initial discharge capacity). Furthermore, the charging and
discharging operation:was sepeatedly-performed-by;the-same yaethod to examine the,cycle -
performance of the battery. In the battery of Example 2, the discharge capacity after 500 cycles
maintained 83%ef thedaitiakdiseharge.capagity. 10[0075] =, knaddition, . batiery,was prepared in
the same manner, and the cycle performance of this battery was examined at 60C as in the above
test. T the hattepr-etExample 2, the discharge capacity after 100 cycles maintained 91% of the :Sinitial
discharge capacity. [0076] A battery was prepared in the same manner, and the cycle performance
of this battery)was examined at -10C as in the above test. In the baterv of Example 2,s0 ha 20
capacity at the 100th cycle maintained 88% of the initial discharge capacity. [0077] [EXAMPLE 3]

Preparation of elegtralyte solution], ¢ positive electrode]

First, LiCoyssNiisMn;,s0; functioning as a positive
electrode active material, a carbon material functioning as a
conductive agent, and an N-methyl-2-pyrrolidone solution in

which polyvinylidene fluoride functioning as a binder was

Agtive

1M

10 dissclved were mixed so that a mass ratio of th
materlial, the conductive agent, and the binder was 85:2.5:2.5.
The mixture was then kneaded to prepare a positive electrode
slurry. he prepared slurry was applied ontc an zluminum

foil functioning as a current collector, and then dried. The

i5 resulting aluminum foil was then rolled with a relling mill,

and a current collector tab was attached thereto. Thus, a
pesitive electrodes was prepared.
(00717
(Preparation of negative electrode]
20 Natural graphite functioning as a negative electrode

active material, an SBR functioning as a binder, and
carboxymethyl cellulose functicning as a thickener were mixed
with water so that a mass ratio of the active materizl, the

binder, and the thickener was 97.5:1.5:1. The mixture was



him fluorododecaborate that was separated from the product obtained in Preparation 1 of lithium
flubrododegahorate so as to contain 99.9% or more;of a lithium fluorodbdecaborate having a
composition formula of 1,121312F12 was used as an electrolyte, and LiPF6 was used as a mixed
electrolyte. A solvent composed of a mixture containing 10% by volume of ethylene carbonate, 20% by
volume of propylene carbonate, SO% by volume of methyl ethyl carbonate, and 20% by volume of
diethyl cathonate wasdused: 40:thelithium fluerpdogesabarate and LiRFE wepe disselved in this
solvent, so that the concentration of the lithium fluorododecaborate was 0.4 mol/L and the
concentration:of LiRFG was.Q:2,/mal/l. Furthermore -as,an additive for, forg.an. jonsconductive

coatingon an electrode, 1.5 parts by r mass of methyltriacetoxysilane was added relative to 100 parts

by mass of the fota}.of. the salvent. Thussan electrolyte solutipn was frepated. [0013] [Preparation of
battery] 20A battery was fabricated as .in Exampleusinga positive electrode and a negaii e electrode

that were -BF+251.137: [Evaluation of battery] , . The-battery evaluatign was alsg conducted as .in
Example 1. Accord.. ng to the results, in the cycle test at 25C, the discharge capacity at the 500th

cyclemaiptained-94% ot.the initial discharge capar.y.the cyale test at 50, the discharge capacity at
the 100th cycle maintained 90% of the initial discharge capacity. In the cycle test at -0C, 88% of the
initial discharge g@@@cigya\gag P}%E?% £d at the 100th cycle. 10[0080)
[oo72]
[Preparation of kattery]
The positive electrode and negative electrode prepared
10  as described above were made to face each other with a
polyethylene separator therebetween, and put in an aluminum
laminated container. In a glove box in an Ar (argon)

atmosphere, the electroly

t

¢ scluticon prepared as described
above was added dropwise to the container including the
15 electrodes theresin, and the laminated container was thermo-

compression bonded while the pressure was removed. Thus, a

[~
[

This battery was zaged as in Example 1.

Subseguently, constant-current charging was conducted up
to 4.2 V at 25°C at 1C. When the veltage reached 4.2 V, the

battery was maintained at this voltage until the current was



In addition, a battery was prepared in the same manner as described above, and charging and
dischargingrofithis:battery were conducted at 25C for five cycles. An overcharge test was then
conducted at 25C at a rate of 3C. 15 Even when the state of charging was increased to 300%, the
battery voltage became substantially constant at 4.73 V and did not increase any more. This battery
was discharged at 25C at a discharge rate of 1C. According to the result, discharging at 94% of the
initial discharge-capacity coulcbbe 20 achieved: tFast A). Subseguently; constantscurrent. 4
constant-voltage (CCCV) charging was conducted at a rate of IC up to 4.2 V. and discharging was
conducted:at 1C.dovwt t0-3.0V: iskghing.and discharging gpetatiop was repeatedly rformed. At the
500th cycle, 88% of the initial disc rgc 38 capacity was maintained (Test B). Accordingly,s found that
the battery: did not degrade;due,to-gvercharging. J00811EXAMPLE | [Breparation. of electrolyte
solution] Lithi.um hexafluorophosphate (LIPE6) was used as an electrolyte. A solvent composed of a

mixture confaining 10%by valume.of efhylepe carbonate  20%:y. volume of propylene carbonate,
50% by volume of methyl ethyl carbonate, and 20%

5 discharge capacity). Furthermore, the charging and
discharging operation was repeatedly performed by the same
method to examine the cycle performance of the battery. In

the battery of Example 2, the discharge capacity after 500
cycles maintained 93% of the initial discharge capacity.
10 [O075]

In addition, a battery was prepared in the same manner,
and the cycle performance of this battery was examined at
60°C as in the above ftest. 1In the battery of Example 2, the
discharge capacity after 100 cycles maintained 91% of the

15 initial discharge capacity.
[0076]

A battery was prepared in the same manner, and the cycle

performance of this battery was examined at -10°C as in the

above test. In the b

¢

ttery of Example 2, the discharge
20  capacity at the 100th cycle maintained B8% of the initial
discharge capacity.
[6077]

[EXAMPLE 3]
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10 by volume of diethyl carbonate was used. Lithium hexafluo phosphate (.1,1PF6) was dissolved in
this solventsqzas to have a concentration of 1.2 moy/L. Furthermore, as an additive for forming an
ion-conductive coating film on an electrode, 2.0 parts by mass of bhenyltriacetoxysilane was 15 added
relative to 100 parts by mass of the total of the solvent. Thus, an electrolyte solution was prepared.
[0082] [Preparation of batter A battery was fabricated as in Example 1 using a 20 posit ¢ electrode and

a negative electrode:that were the-sameasthose used im Example 1.gxcept for the electrelyte
solution. [0083] nation of battery] 251139 The battery evaluation was also conducted as in

Example trAeeordingdedhe sesults, inthe:cycle tast at 25C; the diseharge capacity at the 500th cycle
maintained 90% of the initihi discharge capacity. In the cycle test at 60C, the discharge capacity at the

100th cyclel maintaingd 82% of the initi.ad discharge.capasiy.dn the cyeledestraty10C, 83% of the
initial dis charge capacity was maintained at the 100th cycle. [0084] 10In addition, a battery was

prepared in; the;same mannes as.described aboye; and charging and discharging of this battery were
conducted at 25C for five cycles. An overcharge test was then conducted at 25C at a rate of - After the

st.ate of charging exceededs150%.the battery 15 voltage became 5.2 V., oramore, Subseguently, with

an increase in the state of charging,the voltage gradually increased From the time when the state of

charging exceeded:about 180%, the,valtage rapidly there sed, The battery voltage reached 10.0 V ata

state of chargfrig of 195%, and the overcharge

containing 10% by volume of ethylene carbonate, 20% by voelume
of propylene carbonate, 50% by volume of methyl ethyl
carbonate, and 20% by volume of diethyl carbonate was used.
10 The lithium flucrcdodecaborate and LiPF: were dissolved in
this sclvent so that the concentration of the lithium
fluorododecaborate was 0.4 mol/L and the concentration of
LiPFg was 0.Z mol/L. Furthermore, as an additive for forming
an ion-conductive coating film on an electrode, 1.5 parts by

mass of methyltriacetoxysilane was added relative to 100

ok
A

parts by mass of the total of the solvent. Thus, an
electrolyte sclution was prepared.
[0073]
[Preparation of battery]
20 A battery was fabricated as in Example 1 using a
positive electrode and a negative electrode that were the

same as these used in Example 1 except for the electrolyte



20test was finished. This battery was then di.scharged at 25C at a. d. charge rate of 1C. According to
the result,discharging at only 2% of the iniLial discharge capacity was achieved (Test A).
Subsequently, CCCV charging, in which charging was conducted at 1C until the attery voltage S
251740 reached 4.2 V and the voltage was maintained from the t when the battery voltage reached 4.2
V until a current value became 0.05C, and discharging at 1C down to 3.0 V were reneatedly
performed. Even[afterithese charging aned discharging were conducted for 10 cycles, the discharge
capacity did not exceed 10% ofinitial discharge capaC|ty and the test was ffl-LLP-ed (Test B). [0085]

[EXAMPLE 5] 10{Reeparation of elegtrolyte salution] a1 oA lithive fluotededecgborate thatwas
separated from the product obtai.ned in Preparation. 2 of lithium fluorododecaborate so as to contain

99.9% or morezof @Jlithiume, fluerodedecaborate;havimg & compositionformula efc¥5Li2B12E.ur was
used as an electrolyte, and LIPE6 was used as a mixed electrolyte. A solvent composed of a mixture

containing;10%:hy-valume of. ethylene earbonate, 2026 by yolume of propylene carbopate, 50% by

volume of methyl ethyl

5 initial discharge capacity. 1In the cycle test at 60°C, the

discharge capacity at the 100th cycle maintained 80% of the

initial discharge capacity. In the cycle test at -0°C, 88%
of the initial discharge capacity was maintained at the 100th
cycle

10 [oogo]

In additlion, a battery was prepared in the same manner
as described above, and charging and discharging of this
battery were conducted at 25°C for five cycles. An
overcharge test was then conducted at 25°C at a rate of 3C.

1%  Even when the state of charging was increased to 300%, the
battery voltage became substantially constant at 4.732 V and
did not increase any more. This battery was discharged at

25°C at a discharge rate of 1C. According tc the result,

of?

discharging at 24% of the initial discharge capacity could be
20 achieved (Test A). BSubseguently, cocnstant-current constant-
voltage (CCCV) charging was conducted at a rate of 10 up to

4.2 ¥V, and discharging was conducted at 1C down to 3.0 V.

This charging and discharging operation was repeatedly
performed. At the 500th cycle, 88% of the initial discharge



carbonate, and 20% by volume of diethyl carbonate was used. 20 The lithium fluorododecaborate and
LiPF6 were:gigsolved in this solvent so that the congentration of the lithium fluorododecaborate was
0.4 mol/L and the concentration of LiPF6 was 0.2 mol/L. Furthermore, as an additive for forming an
ion-conductive coating fi.Irt on an electrode, 2.0 parts by 811-251141 mass of vinyltriacetoxysilane
was added relative to 100 parts by mass of the total of the solvent. Thus, an electrolyte solution was

prepared. {0086} [Prepasation. obhatteryhiA battery was fabricated:as;in Example;Lusing apositive
electrode and a negative electrode that were the same as those used in Example 1 except for the

electrolyte:selytian. 4 0[0Q6 4 {Evaluation of batter: The hattery, eation was,ajse conducted as in
Example According to the results, in the cycle test at 25C, the charge capacithe 500th cycle
maintained 86% of the 15initial discharge capacity. In the cycle test at 60C, the discharge capacity at
the 100th cycle malntalned 80% of the initial discharge capacity. In the cycle test1015 of the initial
discharge capacity ywas-maintqined at the 100th cycle.

n

[Preparaticn of electrolyte solution]

Lithium hexafluorophosphate (LiPFy) was used as an
electrolyte. A solvent composed of a mixture containing 10%
by volume of ethylene carbonate, 20% by volume of propylene
carbenate, 50% by veolume of methyl ethyl carbonate, and 20%
10 by volume of diethyl carbonate was used. Lithium

=
i

hexafluorophosphate (LiPF¢) was dissolved in this scolvent so

fs
e
{t

as to have a concentration of 1.2 m Furthermore,

Ay
n
oy
o

additive for Zorming an lon-conductive coating film on an

electrode, 2.0 parts by mass of phenyltriacetoxysilane was

o

15  added relative to 100 parts by mass of the total of the
solvent. Thus, an electrolyte sclution was prepared.
[0682]

[Preparation of battery]
A battery was fabricated as in Example 1 using a
20 positive electrode and a negative electrcde that were the

same as those used in Example 1 except for the electrolyvte
solution.
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20[0088] In aa tion, a battery was prepared in the same manner as described above, and charging and
dischargingrof-thisihatt ywere conducted at 25C fof five cycles. An SF-251142 Even when the state of
charging was increased to 300%, the battery voltage became substantially constant at 4.71 V and did
not increase any more. This battery was discharged at 25C at a discharge rate of 1C. According to the
result, discharging at 87% of the initial discharge capacity could be achieved (Test A). Subsequently,

CCCV charging was condusted ata ratg-of 1€ yp to 4:2.V, and gischarging was eonducted at 1C
down to 3.0 V. This charging and discharging operation was repeatedly performed. At the 100th cycle,

76% of the 10 initial discharge.capacitywas main ined; (Jest B)jAccardipaly, itwas.foupd that the
battery did not substantially degrade due to overcharging. [0089] [EXAMPLE 61. [Preparation of

electrolyte;sal-Adithium-fluorodedecaborateas separated-from the, praduct obtained-in Rreparation 3 of
lithium fluorododecaborate so as to contain 99.9% ore of a lithium fluorododecaborate having a
composition, farmuja of 20Li23,2F11C1 was.used as an.electrolyte, and LIPFG was used as a
5 discharge capacity at the 100th cycle maintained 82% of the
initial discharge capacity. In the cycle test at -10°C, 83%
of the initial discharge capacity was maintained at the 100th
cycle.
[0084]
i0 In addition, a battery was prepared in the same manner
as described above, and charging and discharging of this
battery were conducted at 25°C for five cycles. An

overcharge test was then conducted at 25°C at a rate of 23C.

After the state of charging exceeded 150%, the battery

i

15 woltage became 5.2 V or more. Subseguently, with an increase

o

in the state of charging, th increased.
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From the time when the state of charging exceeded about 180%,
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20 test was finished. This battery was then discharged at 25°C
at & discharge rate of 1C. According te the result,
discharging at only 2% of the initial discharge capacity was
achieved (Test Aj. Subsequently, CCCV charging, in which

charging was conducted at 1C until the battery voltage



mixed electrolyte.solvent composed of a mixture containing 10% by vol.ume of ethyi..ene carbonate,
20% by volume; of propylene carbonate, 50% by vglume of methyl ethyl carbonate, and 20% by
volume of diethyl carbonate was used_ SE-2511 The lithium fluorododecaborate and LiPF6 were
dissolved in this solvent so that the concentration of the lithium fluorododecaborate was 0.4 mol/L and
the concent.ration of LiPF6 was 0.2 mol/L. Furthermore, as additives for forming an ion-conductive

coating filre gRracelectrode 2 1.0 pattby massf Vinydtriacetoxysilane and 0.75,parts Ay mass of 1,3-
propane sultone were added relative to 100 parts by mass of the total of the solvent. ThTas, an
using a. positive electrode and a. negative electrode that were the as those used in Exampexcept for

the electrolyte 45solution., [0093F] [Evaluation; of batieryl-The battery evaluatign.was also conducted as
in Example According to the results, in the cycle test at 25 C, the 20 discharge capacity at the 500th

cycle maintaig4%.of tjnitial discharge capacity. In Lhe cycledest.at 60C, the discharge copacity at. the
100th cycle maintained 80% of the .initial discharge capacity. In the cyclé test. at -10C, 78% of the
initiad discharge capacity wasmaigtained atthe 100) cycies, the discharge
capacity did not exceed 10% of the initial discharge capacity,
and the test was finished (Test B).
FO0BS]
[EXAMPLE 5]
10 [Preparation of electrolyte solution]
A lithium fluorododecaborate that was separated from the
product cbhbtained in Preparation 2 of lithium
flucorodedecaborate sc as to contain 99.8% or more of a
lithium fluorcdodecaborate having a cemposition formula of

i5 LizB;

s L

T

1:Br was used as an electrolyte, and LIiPF: was used as a

9]

[e2}

mixed electreclyte. A solvent composed of a mixture
containing 10% by volume of ethylene carbonate, 20% by volume
of propylene carbonate, 50% by volume of methyl ethyl
carbonate, and 20% by volume of diethyl carbonate was used.
20 The lithium filuorododecaborate and LiPF; were dissolved in
this sclvent so that the concentration of the lithium
Tluoradodecaborate was 0.4 moi/L and the concentration of
LiPFs was 0.2 mol/L. Furthermore, as an additive for forming

3

an lon-conductive coating film on an electrode, 2.0 parts by



RP-251144 cycle. [0092] In addition, a battery was prepared in the same manner as described above,
and charging ang eischarging of this battery were ganducted at 25C for five cycles. An overcharge test
was then conducted at 25C at a rate of 3C. Even when the state of charging was increased to 300%,
the battery voltage became substantially constant at 4.72 V and did not increase any more. This
battery was discharged at 25C at a discharge rate of IC. According to the result, discharging at 88% of

the initial disgharge capagity couldhe-ac n(TestsubsequentlysCCGV, charging wascanducted at a
rate of 1C up to 4.2 V, and discharging was conducted at 1C down to 3.0 V. This charging and

discharging,operation, wasyepeatedly perfermed Atthe 100thcycle, 82%.otthe, ., + . harge
capacity was maintained (Test B). Accordingly,it was found that the battery did not substantlally

degrade due1tg-overcharging, 49 .9,1.20[EXAMPLE 7] [Preparation or electrolyte solution] Lithium
hexafluorpphosphate (L'PF6) was used as an electrolyte. A solvent composed of a mixture containing
10% by vqlg@g@f ethylene carbonate, 20% by volume of propylene SE-2511 carbonate, SO% by
volume of methy! ethyl carbonate, and 20% by volume of diethyl carbonate was used. Lithium

hexa@uorophospp@{%g_é RE6) was dissolved, %tpls solvent so

A battery was fabricated as in Example 1 using a
pesitive electrode and a negative electrode that were the
same as those used In Example 1 except for the electrolyte

solution.

Evaluation of batteary]
The battery evaluation was also conducted as in Example
1. According to the results, in the cycle test at 25°C, the

he 500th cycle maintained B6% of the

ot

discharge capacity axz

pacity. In the cycle test at 60°C, the

initial disch
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rge C
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discharge capacity at the 100th cycle maintained 80% of the

test at -10°C, 76%

—
£

initial discharge capacity. In the cycle
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of the initial discharge capacity was maintained at :zhe

20 [ooge]
In addition, & battery was praspared in the same manner
as described above, and charging and discharging of this

battery were conducted at 25°C for five cycles. An

cvercharge test was then conducted at 25°C at a rate of 3C.



as to have a concentration of 1.2 mol/L. Furthermore, as additives for forming an ionconductive
coatingm en-an=electrode, ...parts by mass of diethyldiacetoxysilane and 0.75 parts by mass or _
-propane sultone were added relative to 100 pamass of tho total of the solvent. Thus, an electrolyte
solution was prepared. 10[0094] [Preparation of battery] A battery was fabricated as in Example 1
using a positive electrode and a nega.ti.ve electrode that were the same as those used in Example 1

except- forthereleetsolyte solution.d0095-iEyaluation,,ef:batteryl. - - -Fhe battery.evalyation was also
conducted as in Example 1. According to the results, in the cycle test at 25C, the 20 discharge

capacity ap the 50Qth-cyclesmaintained-95%,0f the, injtial discharge gapacity. In the gycle fest at 60C,
the discharge capacity at the 100th cycle maintained 90% of the initial discharge capaci the cycle test.
at-16% 231l cyale ;[0096LIEXAMPLE 8lPrepgration.of ’L;Efoilwewsa%mmcharged at
257C at a discharge rate of 1C. According to the result,
5 discharging at 87% of the initial discharge capacity could be
achieved (Test A). Subseguently, CCCV charging was conducted
at a rate of 1C up to 4.2 V, and discharging was conducted at

1C down to 3.0 V. This charging and discharging operation

was repeatedly performed. At the 100th cycle, 76% of the

10 initial discharge capacity was maintained (Test B).
Accordingly, it was found that the battery did not
substantially degrade due to overcharging.

[oGe9]
LEXAMPLE &)
is [Preparation of electrolyte solutionl

A lithium flucredodecaborate that was separated from the
product obtained in Preparation 2 of lithium

flucrododecaborate =0 as to contain 59.9% or more of =

—

lLithium fliuorodedecaborate having
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20 LiyBipFC1 was used as an electrolyte, and LiPF; was used as a

P
g

carbonate, and Z0% by volume of diethyl carbonate was used.



A lithium m fluorododecaborate that was separated from the product obtained in Preparation | of
lithium fluerededbeaborate so as to contain 99.9%.0r more of a lithium fluorododbcaborate having a
composition formula of Li2ZE312was used as an electrolyte, and LiPF6 was used asa 10 mixed
electrolyte. A solvent composed of a mixture containing 30% by volume of ethylene carbonate, 50% by
volume of methyl et..hyl carbonate, and 20% by volume of diethyl carbonate was used. Thb lithium

fluorododecaboraterand:if-fvere-disselvedin this solyeat sq that the congentration gf 15 the lithium
fluorododecaborate was 0.4 mol/L and the concentration of 131. f6 was 0.2 mol/L. Furthermore, as an

additive far{ferm-conduetiveseoating:filn.an an.electrade, part by mass.of propyltriacetoxysilane was
added. relative to 100 parts by mass of the total of the 20solvent_ Thus, an electrolyte solution. was

prepared. {0097 {Rreparation of battery] A battery was:fabricated as.in Example 1, using a positive
electrode and a negative electrode that were the 2 same as those used in Example | except for the

ebc'[m'ﬂ%%@'?g‘){aakoo@%[%}591"7*@“.0”9&?@H§%ore, as additives for forming an

19

21

icn-conductive coating film on an electrode, 1.0 part by mass
of vinyltriacetorysilane and 0.75 parts by mass of 1,3~
propane sultone were added relative to 100 parts by mass of

the total of the sclvent. Thus, an electrolyte soluticn was
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fabricated as in Example 1 using a

positive electrode and a negative electrode that were the
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1. According to the results, in the cycle test at 25°C

t
iy
D

discharge capacity at the 500th cycle maintained B4% of the

discharge capacity at the 1006th cycle maintained 80% of the
itiali discharge capacity. In the cycle test at -10°C, 78%

1

of the initial discharge capacity was maintained at the 100th

¢



5The battery evaluation was also conducted as in Example I. According to the results, in the cycle test
at 25C, the diseharge capacity at the 500th cycle maintained 86% of the ioit.ial discharge capacity. In
the cycle test at 60C, the discharge capacity at. the 100th cycle maintained 77% of the 10initial
discharge capacity. In the cycle test at -10C, 81% of the initial discharge capacity was maintained at
the 100th cycle. [0099] addition, a battery was prepared in the same manner as described above, and
charging angd-discharging of this battery were conducted at 25C for five cycles. An overcharge test was
then conducted at 25C at. a. rate of 3n. Even when the state of charging was increased no 300%, the
battery voltage: became substantially constant at 4.78 V and 20 did not increase any more. This battery
was di cnarge 25C at a discharge rate of 1C. According to the result, dischabg at 85% of the initial

discharge capacity, cqulid;be ahieved,(TestA), QL0 SF-251148 [EXAMPLE, A1.[Freparation of

electrolyte solution] A lithium fluorododecaborate that was separated from the product obtained in
Preparation,1 QL WhiuM . apove, and charging and discharging of this

> battery were conducted at 25°C for five cycles. An

overcharge test was then conducted at 25°C at a rate of 3C.

Even when the state of charging was increased to 300%, the
battery voltage became substantially constant at 4.72 V and

did not increase any more. This battery was discharged at
10 25°C at a discharge rate of 1C. According to the result,
discharging at £88% cof the initial discharge capacity could be

achieved (Test A). Bubsequently, CCCV charging was conducted

1C down to 3.0 V. This charging and discharging operation
15 was repeatedly performed. At the 100th cycle, B2% of the

initial discharge capaclity was maintained {Test Bj.
Accordingly, it was found that the battery did not

substantially degrade due to cvercharging.

[Preparation of electrolyte solution]
Lithium hexafluorophosphate {(LiPF:) was used as an

ectrolyte. A solvent composed of a mixture containing 10%

by volume of ethylene carbonate, 20% by veolume of propylene



5fluorododecaborate so as to contain 99.9% or more of a ithium fluorododecaborate having a
compositien-farmuja of used as an electrolyte, and; EIEF6 was used as a xed electrolyte. A sorvent
composed of a mixture containing 30% by volume of ethylene carbonate,Ovolume 10 10 of methyl
ethyl carbonate, and 20% by volume of diethyl carbonate was used. The lithium fluorododecaborate
and LiPF6 were dissolved in this solvent so that the concentration of the lithium fluorododecaborate
was 0.4 med/tandthe, concentiatibn of kiPR6-Was 0.2 malils Furthermgre, :as additivesdfer forming an
ion-conductive coatingon an electrode, 1.5 parts by mass of vi.nyltriacetoxysilane and 0.5 parts by

mass of 1:3-propane.sultbne werne added-relative-to, 100 parts;by mass, of the total of the solvent.
Thus, an electrolyte solution was prepared. 20[0101] [Preparation of battery] A battery was fabricated

as in Example.T using. pasitive electroderand anegativethat yiere the same as those.used in Example
| except for the electrolyte SE-251149 solution. [0102] [Evaluation of battery] The battery

evaluation,was alsg,cenducted as.in Example 1+ Accarding fo the zesulfs, in the cycle test at 25C, the

discharge capacity at the 500th cycle maintai.ned 94% of the initial discharge capacity. In the cycle

test af 60Cthe.d charge capacity at the, 100th cycle maintained 92%6 gf the initial discharge capacity
the cycle test at -10C, 88%

electrode, 1.5 parts by mass of diethyldiacetoxysilane and

0.75 parts by mass of 1,3-propane sultone were added relative
to 100 parts by mass of the total of the solvent. Thus, an

electrolyte solution was prepared.
16 (Goo4]
[Preparation of battery]
A battery was fabricated as in Example 1 using a
pesitive electrode and a negative electrode that were the
same as those used in Example 1 except for the electrolyte

sclution.

!
F

(00951
[Evaluation of battery]
The battery evaluation was also conducted as in Example
1. According to the results, in the cycle test at 25°C, the
20 discharge capacity at the 500th cycle maintained 95% of the

initial discharge capacity. In the cycle test at 60°C, the

ot
o
g
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discharge capaclty at the 100th cycle maintained 90% of

initlal discharge capacity. In the cycle test at -10°C, R56%

A

of the initial discharge capacity was maintained at the 100th



10 of the initial discharge capacity was maintained at the 100th cycle [0103] addition, a battery was
prepared in-the;same manner  as described abqve, and chargin.g and discharging of this 15
battery were conducted at 25C for five cycles overcharge test was then conducted at 25C at a rate of
3C. Even when the state of charging was increased to 300%, the battery voltage bee tially constant at
4.70 V and did not increase any more. This battery was discharged _aJ at 2025C at a discharge rate
of 1C. Accayding to the result, discharging at 98% of theiti.al di.scharge capacity could be achgevpd
(Test A). [0104] [EXAMPLE 10] 251150 [Preparation or electrolytt. solution.] A lithium
fluorododeeapprate that was separated from the product obtained in Preparation 1 of lithium
fluorododecaborate so as to contain 99.9% or more of a 5 lithium fluorododecaborate having a
composition formuka,0f+i2B121F12 was used as an electrolyte, and LiPL76 was used as a mixed
electrolyte. A solvent composed of a mixture containing 30% by volume of ethylene carbonate, 50% by

volume of methy| ?;E@\ﬂ carhonate, ainqaggqu.,l%yﬁly@esgf diethyl iLO carbonate was used. The lithium
|

fluorododecaborate and LiP176 were dissolved in this solvent so that the concentration of the lithium

fluorododecaborate was Q4 mal/l. and the concentratio, of L was 0.2 molL. Eurthermore, as

~

product cbtained in Preparation 1 of lithium
fluorododecaborate so as to contain 9%9.9% or more of a
lithium fluorodedecaborate having a composition formula of

Li;BioFi; was used as an electrolyte, and LiPF: was used as a

v

10 mixed electrclyte. A solvent composed of a mixture
~ontaining 30% by volume of ethylene carbeonate, 50% by volume
of methyl ethyl carbonate, and 20% by volume of diethyl
carbonate was used. The lithium fluorododecaborate and LiPFg
waere disscolved in this solvent so that the concentration of

15 the lithium fluorcdodecaborate was 0.4 mol/L and the

concentration of LiPFs; was 0.2 mol/L. Furthermore, as an

additive for forming an ion~conductive coating film on an

)
in

electrode, 1.0 part by mass of propyltrizcetoxysilane was

added relative to 100 parts by mass ¢f the total cof the
20 sclvent. Thus, an electrolyte solution was prepared.
roos?)
[Preparation of battery]

2}

U

A battery was fabricated as in Example 1 using a

positive electrode and a negative electrode that were the



additives for ,rminion-conductive coating film on an electrode, 1.5 parts by mass of
ethyitriacetexysilane and 0.8 parts by mass of lit' 'u-bisoxala e borate were added relative to 100 parts
by mass of the total of the solv-flt an electrolyte solution was prepared. [0105] 20[Preparation of
battery] A battery was fabricated as in Example 1 using a positive electrode and a negative
electrode that were the same as those used in Example 1 except for the electrolyte solution.
SF-251151.[0106}[Evaluation-of baitery].. awél’ﬁm_e hattery evaluation.was alsg conducted as in Example
1. According to the results, in the cycle test at 25C, the S discharge capacity at the 500th cycle
maintaineg-91% of the initial discharge capacity. In. the cycle test at 60C, the discharge capacity at the
100t. cycle maintained 88 of the initial discharge capacity. In the cycle test at -10C, 87% of the initial
discharge;eapagcity was maintained at the 100th cycle. [0107] In addition, a battery was prepared in the
same manner as desc bed above, and charcano and discharging of this battery were conducted at
25C for five cyclg§v§\@L;Iaaﬁ\éq{cg%rgg&tg%;w@ithen conducted at 25C at a rate of 3C. Even when the
state of charging was increased to 300%, the battery voltage '‘became substantially constant at 4.71 V
and did not increase any mare] This-hattery wag discharged at 25C,at a discharge rate of 1C.
According to the result, T B i

1. According toe the results, in the cycle test at 25°C, the
discharge capacity at the 500th cycle maintained 86% of the
initial discharge capacity. In the cycle test at 60°C, the
discharge capacity at the 100th cycle maintained 77% of the
10 initial discharge capacity. 1In the cycle test at -10°C, 81%

of the initial discharge capacity was maintained at the 100th
cycle.

[(G09a]

In addition, a battery was prepared in the same manner

.
L

as described above, and charging and discharging of this
battery were conducted at 25°C for five cycles. An
overcharge Test was then conducted at 25°C at a rate of 3C.
Even when the state of charging was increased to 300%, the

battery veltage became substantially constant at 4.78 V and
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iid not incre ase any more. This battery was dischargsd at



20 discharging at 90% of the initial.discharge capacity could be achieved (Test A). [0108]
[COMPARATIVE:EXAMPLE 1] [Preparation of elegtro]..yte solution] SF-251152
hexafluorophosphate (LIPEd was used as an electrolyte. A solvent composed of a mixture containing
10% by volume of ethylene carbonate, 20% by volume of propylene carbonate, 50% by volume of
methyl ethyl carbonate, and 20% by volume of diethyl carbonate was used. Lithium
hexafluorophosphate: fi-PE6):was dissolved in this solvent so as to have a concentration of 1.2 mol/L.
Thus, an electrolyte solution was prepared. No additive for forming a coating film was added to this

electrolyte solution, - 1Q[0109];[Preparation of battery] =, ARattgry was fabricued as in Example 1
using a positive electrode and a negative electrode that were the same as those used in Example 1

except for the electralyte;sojution, JOLLQ]{Evaluation.of batteryl .. Thg battery;evalyation,was also

conducted as in Example 1. Pig. 1 shows the results of the cycle test atin 20 the cycle test at 25C, the

discharge capagity. of-the-hattety of Comparative Example 1;dggreased to less than 80% of the initial

discharge capacity at the 235th cycle, as shown by curve b in. 2 shows the results of the cycle
teﬁG@C-@I@%EM@%&%@&%&%&%éh%%?as to contain 292.9% or more of a

lithium fluorcdodecaborate having a composition formula of
LizB;2E: was used as an electrolyte, and LiPF: was used as a
mixed electrolyte. A solvent composed of a mixture
containing 30% by velume of ethylene carbonate, 30% by volume
10 of methyl ethyl carbcnate, and 20% by volume of diethyl
carponate was used., The lithium fluorododecaborate and LiPF,
were dissclved in this solvent so that the concentration of

the lithiumn fluorcododecaborate was 0.4 mol/L and the

concentration of LiPF; was 0.2 mol/L. Furthermore, as

i5 additives for forming an icn-conductive coating film on an
electrode, 1.5 parts by mass of vinyltriacetoxysilane and 0.5
parts by mass of 1,3-propane sultone were added relative to
100 parts by mass of the total of the soivent. Thus, an
electrolyte solution was prepared.

20 [0101]

[Preparation of battery!
A battery was fabricated as in Example 1 using a

positive electrode and a negative electrode that were the



SF-251153 capacity decreased to less than 80% of the initial discharge capacity at the 55th cycle, as
shown by eurvedd in Fig. 2. Fig. 1 shows the results ©f the cycle test at -10C. In the cycle test at -10C,
the discharge capacity decreased to less 5 than 80% of the initial discharge capacity at the 62nd cycle,
as shown by curve b is's Fig. 3. [01111 [COMPARATIVE EXAMPLE 2] [Preparation of electrolyte
solution] 10A lithium fluorododecaborate that was separated:, from the product obtained inparation 1 of
lithium flugredadecabora e so as to contain 99.9% or more of a lithium iluorododecaborate having a
composition formula of Li2B12F12 was used as an electrolyte, and LiPF6 was used as a 15 mixed
electrolyte; Ajsalvent composed of a mixture containing 10% by volume of ethylene carbonate, 20% by
volume of propylene carbonate, 50% by volume of methyl ethyl carbonate, and 20% by volume of

diethyl carbonatg was used; Jhe lithiumiluorgdodecahorate and LiPF6 were dissolved in 20 this
solvent so that the concentration of the I|th|um iluorododecaborate was 0.4 mol/L and the

concentration of 1R yas1-2 raoll; Hus, an electiolte solytionwas prepareds Mo adgl e for

forming an ion-conductive coating film on an electrode was added to this e ectrolyte

5 1. According to the results, in the cycle test at 25°C, the
discharge capacity at the 500th cycle maintained 94% of the
initial discharge capacity. In the cycle test at 60°C, the

discharge capacity at the 100th cycle maintained 92% of the

initial discharge capacity. In the cycle test at -10°C, B88%
10 of the initial discharge capacity was maintained at the 100th

In addition, a battery was prepared in the same manner

as described above, and charging and discharging of this

15  battery were conducted at 25°C for five cycles. 2n
overcharge test was then conducted at 25°C at a rate of 3C.

Even when the state of charging was increased to 3200%, the

battery voltage became substantially constant at 4.70 V and

did not increase any more. This battery was discharged at
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irge rate of 1IC. According to the result,

=

discharging at 28% of the initial discharge capacity could be
achieved (Test A).

10104]

[EXAMPLE 10]



ST-251154 L0112] [Preparation of batt Y| A battery was fabricated as in Example 1 using a positive
electrode ard a-negative electrode that were the same as those used in Example 1 except for the
electrolyte sol tfon. [0113] [Evaluation of battery] The battery evaluation was also conducted as in
Example 101, According to the results, in the cycle test at 25C, the discharge capacity decreased to
less than 80% of the initial discharge capacity at the 240th cycle. In the cycle test at 60C, the

discharge capacity degteaseddn less than-80;of fhe initial discharae cthe 98th cycle. In the 15 cycle
test at -10C, scnharge capacity decreased to less than 80% of the initial discharge capacity at the 89th

cycle. [0114]  xThe rasults of the, Examples.and Caomparative, Examples described abqueare

summarized in Table i 20[011 The foll.owing characters shown in Table 1 represent the

substances below; [0316] EC: ethylene carbonate . 1 of 1ichium

fluorodedecaborate so as to contain 99.9% or more of a

{n

lithium fluorododecaborate having a composition formula of
LisB2Fy was used as an electrolyte, and LiPF:; was used as a
mixed electreclyte. A solvent composed of a mixture
containing 30% by volume of ethylene carbonate, 50% by volume
of methyl ethyl carbonate, and 20% by volume of diethyl

10 carbonate was used. The lithium flucorocdodecaborate and LiPr:
were dissolved in this solvent so that the concentration of

the lithium fluorcdedecaborate was 0.4 mol/L and the

concentraticon of

1PFe was 0.2 mol/L. Furthermore, as

3 ; =

additives for forming an ion-conductive coating film on an

-
[

electrode, 1.5 parts by mass of ethyliriacetoxysilane and 0.8

parts by mass of lithium-bisoxalate borate were added
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A battery was fabricated as in Example 1 using a
positive electrode and a negative electrode that were the
same as those used in Example 1 except for the electrolyte

solution.



SP-251155 PC: propylene carbonate MEC: methyl ethyl carbonate DEC: diethyl carbonate PS:

1,3-propane sulion6 5LIBOB: lithium-bisoxalate borate CNM: LiCol/1INs1/3Mni/ 2

In Table 1, the

term "discharge capacityratio” means a ratio of the discharge capacity after a test to the initial
discharge capacity. 10[0117] [Table 1] or op coco N-oO 00

[0106]
[Evaluation
The battery

1. According to

discharge capacity at the 500th cycle maintained 91% of

initial discharge capacity.

ischarge capacity at the 100th cycle

discharge capacity.

of battery]

the results,

in the cycle test at 25°C,

In the cycle test at 60°C
Is

In the cycle test at

evaluation was also conducted as in Example

the

the

the

maintained B88% of the

of the initial discharge capacity was maintained at the 100th

In addition, a

0
i
o8

cacribed above,

conducted at

o
¥
it
rt
w
=y
e

were

then

Even when the state of charging was

battery voltage became substantially

did not increase any more,
25°C at a discharge
disgcharging at %90% of the

achieved {(Test AY.

[COMPRRATIVE EXAMPLE 1

fa—

25°C

=

conducted at 2

[Preparation cof electrolvte

3

[}

solution]

=3
cC

increas

constant at 4.71

battery was prepared in the same manner
and charging and discharging of this

for five cycles. An

at a rate of 3C
ed to 300%, the
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SF-2511
(LiPFg) used as an

Lithium hexaflucrophosphate
cof a mixture containing 10%

A solvent composed
20% by volume of propylene

electrolyte.
and 20%

by veolume cof ethylene carbonate,
50% by veolume of methyl ethyl carbonate,

carbonate,
Lithium

5 by volume of diethyl carbonate was used.
hexaflucrophosphate (LiPFg) was dissolved in this solvent so
as to have a concentration of 1.2 mol/L. Thus, an
electrolyte solution was prepared. No additive for forming a

coating film was added to this electrolyte solution.
10 [0109]
[Freparation of batteryd
as in Ezxample 1 using a

®

positive electrode and a neg
same as those used in Example 1 except for the electrolyte
15 sclution.
[0110]
[Evaluaticn of battery]
The battery evaluation was alsc conducted as in Example
1. Fig. 1 shows the results of the cycle test at 25°C In
20 the cycle test at 25°C, the discharge capacity of the battery
¢ Example 1 decreased to less than B80% of the
as shown by

of Comparativ
1 discharge capacity at the 235th cycle,

initia
curve ©ooin Fig. 1 Fig. 2 shows the results of the cycle
at 60°C, the discharge

In the cycle test
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L3

capaclty decreased to less than 80

capacit

Aol

S

of the

Feo

nitial discharge
y at the 55th cycle,
Fig.

as shown by curve b in Fig.
1 shows the results

>
of *

<

the cycle test at -10°C. In the
cycle test at -10°C, the discharge capacity decreased to less
2 than 80% of the initial discharge capacity at the 62nd cycle,
as shown by curve b in Fig. 3.
[0111]
[COMPARATIVE EXAMPLE 21
[Preparation of electrolyte solut
10 A

ion]

lithium fluorododecaborate that was separated from the
product cbtained in Preparat

I_..A.

on 1 of lithium
flucrododecaborate s06 as o contain

14

}wx

88,4

AP

or more of

a
thium flucrededecaborate having

& composition formula of
12y was used as an electrolyte, and LiPF: was used as =
15 mixed electrolyte. A solvent composed of a mixture
containing 10% by volume of ethylene carbonate, 20% by volume
of propylene carbenate, 50% by volume of methyl ethyl
carponate, and 20% by volume of diethyl carbonate was used.
The lithium fluorocdodecaborate and LiPF: were dissclved in
20 this solvent sc that the concentration
fiuo:

of the
rododecaborate was

lithium

0.4 mol/L and the concentration of
LiPFe was 0.2 mol/L. Thus, an electrolyte solution was
prepared. No additive for forming an ion-conductive coating
film on an electrode was added to this electrolyte soluti
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[0112]

[Preparation of battery]

A battery was fabricated as in Example 1 using a
positive electrode and a negative electrode that were the

3

5 same as those used in Example 1 except for the electrolyte

Evaluation of battery]

[

the battery evaluation was also conducted as in Example
10 1. According to the results, in the cycle test at 25°C, the
discharge capacity decreased to less than 80% of the initial

discharge capaclty at the 240th cycle. 1In the cycle test at

6

60°C, the discharce capacity decreased to less than 20% of

9)]

the initial discharge capacity at the 88th cycle. In the

st at -10°C, the discharge capacity decreased to less

-
L
9]

R
I
§M.J
It £
W
i

N

than 80% of the initial discharge capacity at the 8%th cycle.

)
iy
¢
[
M
i
o
—
+
4]
(9]
i

the Examples and Comparative Examples

T
A

abhle

J—

cescribed above are summarized in

20 [0115]
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hown in Table 1 represent the
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SEF-2511 5

PC: propylene carbonate
MEC: methyl ethyl carbonate
DEC: diethyl carbonate

P5: 1, 3-propane sultone

(@2

CONM ; LiCO;./3Ni.1/3M]’}1/3OQ

In Takle 1, the term "discharge

ratio cf the discharge capacity
discharge capacity.

i0 [0117]

]

able 1]

[

=

£

=

&

LiBOB: lithium-bisoxalate borate

12222222

capacity ratio” means a

T

a

test

to the

initial
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O0x10x SF-2511L CLAIMS [Claim 1] A nonaqueous electrolyte solution for a secondary
battery, the mopagueous electrolyte solution comprising an 5 electrolyte; a solvent; and an additive,
wherein at least one constituting the additive is a compound represented by formula (1) below: [Chem.
RSiR2 0H3 CO-00 CO CH3(1) (inthe formula (1), R.L represents an alkyl group having 1 to 6
carbon atoms, a pnen.y.L group, or an acetoxy group, and R2 represents an alkyl group having 1 to 6
carbon atoms, a phenyl group, or a vinyl group);angihe content ofcompound is 0.01 to 10 parts by
mass relative to 100 parts by mass of the total of the solvent. im 2] The nonaqueous electrolyte
solution, fgr-a seeondary battery according to Claim 1, wherein the compound

A nonagueous electrolyte solution for a secondary
battery, the nonagueous electrolyte sclution comprising an
5 electrolyte; a solvent; and an additive,

wherein at least one constituting the additive is a

compound represented by formula (1) below:

R'— Si— R?
/ \
C:P{S“"”(:C)"—'() C)“““(:C)“““(:kig ( 1 )

10 {in the formuls {1}, =5 represents an alkyl group having 1 to
6 carbon atoms, a phenyl group, or an acetexy group, and R”
repregsents an alkyl group having 1 to 6 carbon atoms, a
phenyl group, or & vinyl group), and

the content of the compound is 0.01 to 10 parts by mass
15 relative te 100 parts by mass of the total of the solvent.

!
P
jaH]

E 4
=
[\\

The nonagueous electrolyte soclution for a secondary
battery according to Claim 1, wherein the compound
20 represented by the (1} is at least cone selected from the

group consisting of methyliriacetoxysilane,

L

ane,

fot

it

chyltriacetoxysilane, propyltriacetoxysi



20 represented by the (is at least one selected from the group consisting of hyltriacetoxysilane,
ethyltria etoxysitane p opylacetoxysilane, 251158 phenyltriacetoxy ilane, vinyltriacetoxysilane, and
diet.hyldiacetoxysilane. [Clali The nonagueous electrolyte solution for a secondary battery
according to Claim 1 or 2, wherein the electrolyte contains a lithium fluorododecaborate represented
by a formula Li(in the formula, X is an integer of 8 to 12, and S isH, Cl., or Br) and at least one
selected from 1051056 @ndd-iBE4.1 [CGlaim 4] ny 1 The nepaguee selectrolytesolution for a secondary
battery according. to Claim 3, wherein the concentration of 15 the lithium floorododecaborate is 0.2
mol/L or maretrelatves cetoxysilane.

c

i

b
{a)

aim

(W3]

The nonagueous electrolyte sclution for a secondary
battery according to Claim 1 or 2, wherein the electrolyte
contains a lithium fluorododecaborate represented by a
formula LizBixFyZi-x (in the formula, X is an integer of 8 to
12, and Z is H, Cl, or Br) and at least one selected from

10 LiPFs and LiBF,.

[Claim 4]
The neonaquecus electrolyte solution for a seccondary

pattery according to Claim 3, wherein the concentration of

15 the lithium flucrododecaborate is 0.2 mol/L or more relative
to the total of the electrolyte solution, and the total
concentration of the at least one selected from LiPF¢ and
LiBF; is 0.05 mol/L or more relative to the total of the
electrolyie scluticn.

20

The nonaquecus electrelyte sclution for a secondary

battery according to Claim 3 or 4, wherein a ratioc (A:

1] Y

¢
fus]

IRy
} 4

the content A of the lithium flucrododecaborate to the

i



to the total of the electrolyte solution, and the total concen ration of the at least one selected from I'PP
and tIES4 §370.051M1.01/L or more relative to the total of the elect oq solution. 20 The nonagueous
electrolyte solution for a secondary battery according to Claim 3 or 4,erein a ratio (A:B e content A of
the lithium fluorododecaborate to the SF-251159 content B of the at least one selected from LiPF6
and LiBF4 is 90:10 to 50:50 in terms of molar ratio. [Claim 6] 5The nonagueous electrolyte solution for
a secondary battery accerding4o any onesof Claims 31te & avhereinthe total melar congentration of the
lit _dM fluorododecaborate and the at least one selected from LiPF6 and LiBF4 is 0.3 to 1.5 mol/L
relative to the tatal-ef the electrolyte sphiions 1QJClaimy-&- 1 Fhe nonaqueous electrolyte solution for a
secondary ctexy according to any one of Claims 3 to 6, wherein X in the formula Liis 12. [Claim 8]

on

Ln

peed

[Claim &]
The nonaqueous electrelyte solution for a secondary
battery according to any one of Claims 3 to 5, wherein the
total melar concentration of the lithium fluorododecahorate
and the at least one selected from LiPFs; and LiRF

1.5 mol/L relative to ths total of th

.
i

electroiyte solution.

M

iClaim 7]

The nonaqueous electrolyte solution

il

or a secondary

battery according to any one of Claims 3 to 6, wherein ¥ in

fod -

The nonagueous electrolyte sclution for 2 secondary

battery according to any one of Claims

e

te 7, wherein the
solvent contains at least cone selected from the group
consisting of cyclic carbonates and chain carbonates, and the

compound represented by the formula (1) is contained in an

amount of 0.05 to 10 part

|£4

by mass relative to 100 parts by

mass of the total of the solvent.



The nonaqueous ei..ectroiyte solution for a secondary battery according to any one of Claims 1 to 7,
wherein thersalvent contains at least one selecteddtom the group 20 consisting of cyclic carbonates
and chain carbonates, and the compound represented by the formula (1) is contai.ned in an amount of
0.05 to 10 parts by mass relative to 100 parts by mass of the total of the solvent_ -251160 [Claim

A nonabbeous electrolyte secondary battery comprising a positive electrode; a negative electrode; and
the nonaduébusreléctrolyte solution for a secondary battery according to any one of Clai.rns 1 to 8.

A nonaguecus electrolyte secondary battery comprising a
positive electrode; a negative electrode; and the nonagueous

electrolyte solution for a secondary battery according to any

h

one of Claims 1 to 8.
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