
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 nonaqueous
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 attracted attention in which metallic I , an alloy that can 20
occlude and release lithium ions, a carbon material, or the like is used as a negative electrode active
material and a lithium transition metal oxide represented by a chemical formula L11,102 (where M
represents a transition metal), lithium iron phosphate having an olivine structure, or the  SF-2511 like
is used as a positive electrode material. [0003]       As an electrolyte solution used as a nonaqueous
electrolyte solution, one prepared by dissolving, as an electrolyte, a lith.ium salt such as .I.LiBP4, or
LiC10 in 



an aprotic organic solvent is usually used. Examples of the aprotac solvent that are usually used
include carbonates 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, Cl, 15
or Br) is preferably used as an electrolyte from the vi.ewpoint of 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 of the battery on the negative electrode 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 to use an additive that forms an ion conduotive protective film suitable for a negative
electrode suxface or a positive eleotrode surface. Citation List Patent Literature 



[0006]       PTL : Japanese Unexamined Patent Applioation Publication No. 102007-87883 PTL 2:
Japanese Patent No. 4414306 Non Patent Literature [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 1on battery. However, they are not sufficient to improve charge-discharge
characteristics from low ternoeratures to high temperatures.     acoirron, the
l.arncumauor0000ecaoorate represented by LibE Ps,nas goodtemperature characteristics arc a
SF-25114 significant effectsuppressing the degradation due to overcharging, but does not have a
sufficient effect of 



improving charge-discharge characte'r.istics such as cycle characterithcs. [0009]       An object of the
present invention is to provide a nonaqueous electrolyte 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 nonagueous electrolyte solution that can
further significantly improve high-temperature characteristics and overcharge characteristics of 15 a
nonagueous electrolyte secondary battery, and a nonaqueous electrolyte secondary battery includi.ng
the nonaaueous ele rolyte solution. Solution to Problem [0010] 20The present invention that achieves
the above objects is summarized as [1] to low. [0011]  [1] A nonaqueous electrolyte solution for a
secondary battery, the =aqueous electrolyte solution containing an electrolyte,  a solvent, and an
additive,      in which at least one constitutingthe additivesa compound represented by formula (1)
bel.ow: [0012] 



[Chem. 1] R1- Si R2 /\ CH3-00- O 0-00- CH3( 1 ) [00]..3] (in the formula (1), RI represents an alkyl
group having 1 to       6 carbon atoms, a phenyl group, or an acetoxy group, and .P6 10 represents an
alkyl group having I 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 (1) is at least one selected from the gr.oup consisting of
methyltriacetoxysilane, ethyl.tri acetoxysilane, propyltriacetoxyan e phenyltriacetci1-yltriacetoxys-and
20 di hvldiacetoxy lane.  [3] The nonagueous electrolyte solution for a secondary battery according. to
[1] or [2] above, in which the  



SF-2511 electrolyte contains a lithium fluorododecaborate represented by a formula Li2B.12FxZ12-
the formula, X is 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 mbl/L or more relative to the total of the electrolyte solution.  [5] The nonaqueous electrolyte
solution for a secondary battery according to [4] or 5] above, in which a ratio (A:B) of the content A of
the lithium fluorododecaborate to the content B of the at least one selected from LiPF4 and LiRE4 is
90:10 to 50:50 in terms of molar ratio. [63 The nonadueous electrolyte solution. for a. secondary
battery according to any one of [3] to [5] above, in which. the total molar 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 electrolyte. solution. [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
electrolyte solution for a. secondary battery according to any one of [1] to [7] above, in which the
solvent contains at least one selected from the group 



5 consisting ofc carbonates and chain carbonates, compound represented by the formia (1) is
contained in an amount of 0.05 to 10 parts by mass relative 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 ofI toabove. Advantageous Effects of Invention [0014] 5The nonaqueous electrolyte solution of the
present invention contains the additive in a predetermined amount. Thus, charge-discharge
chargcteristics of a =aqueous electrolyte secondary battery can be significantly improved. [00
20Furthermore, the non:aqueous electrolyte solution of the present invention contains a edetermined
amount of lithium  fluorododecaborate represented by L Bi2FxZ12-x (in the formula, Xiinteger of 8 or
more and 12 or less, and 7, is H, Cl, or Br)Thus, charge-discharge characteristics of  



F--25118 nonagueous electrolyte secondary battery can be significantly proved. [0016] That is, the
nonaqueous electrolyte solution of the 5 present invention 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 invention, in the case of overcharging, a redox shuttle mechanism acts, and decomposition
of theectrolyte solution and decomposition of a positive electrode can be prevented. As a result, 15
degradation of the nonagueous electrolyte secondary battery can be prevented. Brief Description of
Drawings [0017] 



[Fig. 1] Fig. 1 is a graph showin cycle test results (a) of 20 a nonaguebus electrolyte secondary battery
of Example 1 and cycle test results (b) of a nonaqueous electrolyte secondary ba tery of Comparative
Example I 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) of     a nonaqueous electrolyte secondary battery of Example 1 and 5 cycle test results (b)
of a nonaqueous electrolyte secondary battery of Comparative Example 1 at -10C. Description of
Embodiments [0018] < Nonsaqueous electrolyte solution for secondary battery> 10  A nonaqueous
electrolyte solution for a secondary battery according to the present invention includes an electrolyte, a
solvent, and an additive. [00s9] <Additive> In the present invention, an "additive" is incorporated 



in an amount of 10 parts by mass or less per adwhen theadditive      total of the solvent contained in
the electrolyte solution 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 of. solvent component is  SP-251110 considered to be an additive and is eliminated from the
solvent- Herein, in the case where two or more solvent components are present in small amounts and
a small amount of certain solvent component ( ) is considered to be an additive 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 component (i) is also considered to be an addit.ive, However, electrolytes described below
are excluded. [0020] 10At least one constituting the additive in the nonaqueoun electrolyte soluti.on for
a secondary battery of the present invention is a compound represented by formai:, (1) below. [0021]
[Chem. 1] R1- Si - R2 / It CH3 CO0 - CO CH3( 1 ) 



[0022] (In the formula (1),represents an alkyl group having i to 6 carbon atoms, a phenyl group, or an
acetoxy group, and Ri represents an alkyl group having I 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 a suitable on-conductive protective coating film on a surface of the
negative electrode. As a result, charge-discharge characterisfrom a low temperature of about -25C to
a high temperature of about 60C are improved. [002.3] In tne rormua (1), examples of the alkyl group
having 1 1.0 to 6 carbon atoms and represented by A 2 include a  methyl group, an ethyl group, a
propyl group, a butyl group, 



a penty2 group, a hexyl group, ah isopropyl group, an isobutyl group, and a t-butyl group. [0024] 15RI
is preferably a methyl group, an ethylp, an aceroxy group,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
diethyldiacetoxysilane. A nonaqueous electrolyte solution for a secondary battery, the nonaqueous
electrolyte solution containing any of these compounds as an additive, can  significantly
improvecharge-discharge characteristics of second befrom a low temperature to a high temperature of
about 60C. 



[0027) The additive in the nonaqueous electrolyte solution for 10 a secondary battery of the present
invention may be one 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 mass relative to 100 parts by mass of the total of the solvent contained in the nonaqueous
electrolyte solution 20for a secondary battery. When the content of the compounb. represented by the
form a (I) is wit'the abcrange, a suitable ion-conductive protective coating lm can be formed on a
surface of the negative electrode. As a result, charge-discharge characteristics from a low temperature
to a high  SF-2511 temperature can be improved in the second battery. When the content of the
compound represented by the formula (1) is lower than 0.01 parts by mass, the protective coating film
is not sufficiently formed on the negative electrode, and S sufficient charge -discharge 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 electrode increases, and the reaction resistance of the negative electrode
increases. As a result, a decrease in the discharge capacity of the battery and a decrease in
charge-discharge characteristics such as a cycle performance 



15may be caused.. [0029]       In the case where the solvent contains at least one selected from the
group consisting of cyclic carbonates and chain carbonates, 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 compound represented by the formula (1), other additives' according to a desired application within
a range that does not impair the effects of the present invention. Examples of 5 the other additives
include vinylene carbonate, 4,5dimethylvinylene carbonate, 4,5-dtethylvinylene carbonate, 4,
5-dipropylvinylene carbonate, 4-ethyl-5-methylvinyiene carbonate 4-ethyl-5-pro ylvinyiene carbonate,
4-methyl-5propy.lvinylene carbonate, vinyl ethylene carbonate, divinyl 10 ethylene carbonate,methyl
difluoroacetate, 1,3-propane sultone, 1,4-butane sultone, monofluoroethylene carbonate,
and-bisoxalate borate. These other additives may be used alone or in a mixture of two or more addit
es. [0031 15Among these other additives, 1,3-propane sultone is particularly preferathe case where
this additive is 



added as a mixture formulale dditive represented by   (1). By using 1,3-propane sultone, the charge-
discharge characteristics of a. secondary battery in a 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
described below. In addition, from the viewpoint of forming a good coating film, preferably, the content
of the other additives does not exceed the content. of the additive represented by the formula (1).
[0033] 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 parts by mass of the total of the solvent. When the -dtal amount of additives added is
smaller than 0.5 )(arts by mass, a coating film is not sufficiently 15formed on the negative electrode.
As a result, sufficient 



charge-discharge characteristics may not be obtained. When the total amount of additives added is
larger than 15 parts by mass, the thickness of the coating 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 I yte> The electrolyte is not
oart.icularlv limited, hut.  SF-251116    eftrably includes at least one selected from a ht.:Jura
fluorododecaborate represented by a formula  the formula, X is an integer of 8 to 12, and Z is H, Cl, or
Br), LiPF6 and LiBF4. It is more preferable to contain both the lithium fluorododecaborate and at least
one selected from Li116 and LiBF. [0035] By using the lithium fluorododecaborate as an electrolyte,
battery characteristics such as high-temperature 10 heat resistance, in particular, the
charge-discharge efficiency at 45C or higher, 60C or higher, and furthermore, 80C or higher and the
cycle life can be markedly improved as compared with the case where LiPF6 is used alone. In
addition, even in the case of overcharging, not only an increase in 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 redox shuttle mechanism due to an anion of the lithium fluorododecaborateu
degradation of the battery and thermal runaway caused by the 20 overcharging can be breve ed. [00
6]       Furthermore, by adding at least one electrolyte salt selected from LiPF6 and LiB , as a mixed
electrolyte, not only the e1 ectrical conductivity can be 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 fluorododecabora 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 LiPF6 and LiBF4, an electrolyte solution containing, as an electrolyte, only the lithiw
fluorcdodecabora,e, and an electrolyte solution containing,an electrolyte, the lithium
fluorododecaporame and at least one selected. from LiPF6 and LieF4. However, in the case where the
prevention of overcharging is aimed, the nonaqueous electrolyte solution for a secondary battery
essentiilcontains the lithium fluor odecaborate. 20[0038] Specific exa Ics of theurn fluorodbdecaborate
include L12B1 2E5H4,22B12F10H2 Li2B12E11H, Li2R12E12, 



mixtures of lithium fluorododecab7orates each represented by the above 1C0rLiiae the average of x is
9 to 10,  SP-2511.8 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 charge-discharge efficiency of the battery. Accordingly, it Xs necessary to select the numerical
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 lithium fluorododecaborate 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
fluorododecaborate 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 formula is 12 is preferable from the viewpoint that the electric potential 20 that causes a
redox reaction is higheran those of other compounds, the redox 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 over c ha r gin. g  SF-251119 [0040]       The concentration of the lithium fluorododecaborate is
preferably 0.2 mol/L or more, and more preferably 0.3 mol/L or more and 1.0 mol/L or less relative to
the total of the electrolyte solution. 



[0041]       When the amount of lithium fluorododecahorate is excessively small, the electrical
conductivais excessively low and the resistance in charging 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 of only LiPF, only LiBF4, and AiPFE, and LiBF4. In the case where at least
one ofis used in combination with the 2ium fIordodecaborae, in general, LiPF,s, which has a. high
eLecrrcal conuucrvity, is preferan.ty used.  SP-251.120 H.owever, the type of mixed electrolyte
selected from LiFF6 and LiBE4 cannot be simply determined because there are effects of the affinity of
the mixed electrolyte with other additives etc., the specification of the battery, and the like. [0043] The
concentrat'on of at least one selected from LiPF6 and 



LiBE14 is preferably 0.05 mol/L or more, and more preferably            mol/L or more and 0.3 5,o1/1, or
less relative to the total 10of the electrolyte solution. [0044]       When ,he amount of at least one
selected from LiFE4 and LiB 4 is excessively small, a sufficient protective f lm 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 characteristics may not be obtained. [0045] 20In the case where both the lithium
fluorododecaborate and at least one selected from LiFE6 and LiRE1 are used as an electrolyte, a ratio
(MB) of the content A of the lithium fluorodode borate to the content B 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 ratio. [0046]       The total molar concentration of the lithium fluorododecaborate 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 total of the electrolyte solution_ When the total molar concentration is within the 



above range, the electrical conductivity is high and the ion concentration also reaches a concentration
suitable for a 10 battery reaction_ [0047]       In the case 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
higherthan the molar concentration of the lithium fluorodoctecaborate, heat 20 resistance at a high
temperature of 45C or higher and charge-discharge oharaoteristios may be decreased, and
furthermore, 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 ethylene carbonate, propylene carbonate, and butylene carbonate; chain 



carbonates such as diethyl carbonate, dimethyl carbonate, methyl ethyl carbonate, methyl pLopyl
carbonate, ethyl 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 order to obtain a good battery performance even over a wide temperature range from a
low temperature to a high temperature, a mixed solvent containing two or more solvents 20is
preferably used_ [0049]       From the viewpoint of improving the battery performance, solvents such
as dimethoxyet.hane, d 1la -me,  SF-251123 acetate, ethyl acetate, probyl acetate, methyl
pr.opi...onate, ethyl propionate, tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, and acetonitrile
may be used as solvents other than the carbonates mentioned above. However, the solvents 5 are not
particularly limited thereto. [0050] <Nonaqueous electrolyte secondary battery> A no,aeueous
electrolyte secondary batter of the present invention includes a positive electrode, a negative 10
electrode, and the above-described nonaqueous electrolyte solution for a secondary battery. Since the
nonaqueous electrolyte secondary battery ' the present invention includes the nonaqueous electrolyte
solution for a secondary battery of the present invent.ion, the nonaqueous electrolyte 15 secondary
battery exhibits good charge-discharge characteristics. 



[0051]       The structure and the like of the nonaqueoes electrolyte secondary battery are not
parti.cularly limited, 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-25l124       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 material, a binder, and/or a thickener. [0053] As the negative electrode active material, any
material that can occlude and release lithium can be used without particular limitation. Typical
examples thereof, include non- p itized carbon, artificial graphite carbon, natural 10 grachite carbon,
metallic lithium, aluminum, lead, silicon, alloys of lithium with tin or the like, ti.n oxide, and titanium
oxide. Any of these negative electrode active materials is kneaded with a binder, such as
olytetrafluorcet: 1polyvinylidene fluoride or styrene-butadiene rubber (SER) 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. [0054] 20The positive electrode
used in the present invention is not particularly limited and preferably contains a current collector, a
conductive material, a positive electrode active material, a binder, and/or a thickener. 



[0055]  SE-25l 125       Typical examples of the positive electrode active material include lithium
composite oxides with a transition metal such as cobalt, manganese, or nickel; and lithium composite
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. 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 polytetrafluoroethylene (PTFE) or
polyvinylidene fluoride (PVdF),the kneaded product can be used as a mixture. The positive electrode
can be prepared by using this mixture 15 and a current collector such as an aluminum foil.
EXAMPT,bc       The present invention will now be described in more 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 changes as long as the gist of the present invention is not changed. [0057] (Preparation I
of litiuorododecaborate)  



251126 [Preparation of 11:312B12Fx-2 10 to 12)]       First, 100% F2 (142 mmol) was added as a
mixed gas of 10% F2/10% 02/80% N2 at 0C to 20C to a colorless slurry containing 2.96 g (11.8 mmol)
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 105.1 g of a colorless, brittle solid. This crude 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:- (35%), and BI2F1(5%). The crude reaction product was dissolved in water, and the pH of the
solution was adjusted to 4 to - with triethylamine and trimethylamine hydrochloride. The precipitated
product was filtered and dried. The dried product was again suspended in water to prepare a slurry.
Two equivalents of lithium hydroxide monohydrate were added to this slurry,and triethylamine was 20
removed. After the triethylamine was completely removed by disti aflon, lithium hydroxide was further
added thereto, and the 0the final solution was adjusted to 9.5. Water was removed by distillation, and
the final product was dried under vacuum200C for six hours. The yield of 1/%2880  SF-251127 (x =
10, 11 or 12) was about 75%. 10058] 



(Preparation 2 of lithium fluorododecaborate) [Preparation of Li2B12FBr2> 10, average x= 11)] Three
grams (0.008 mol) 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 to form      ominating agent BrCl. At the time when the addition of 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 adon of chlorine. Water and 901 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 isolated. The theoretical amount of the obtainedFxBr12_, (x10, average x = 11) is 3.66 g.
[Obj60] (Prepara.tion 3 of lithium fluorodo e bor- et  



SF-251128 [Preparation of L 21382FaC112-a (average x = 11)] Twenty grams of a mixture of
Li2B2FH12....x 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 through a solution containing 10 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, 0.035F; -262.0, 0.082F; 00.022E; -264.5, 0.344F; -26-5, 0.066E; -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 hexafloorophosph e LiPE6) was used as an 



electrolyte. A solvent composed of a mixture containing. 20%  SF-251129 by volume of ethylene
carbonate, 20% by volume 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 by mass of the total of the solvent_ Thus, an electrolyte solution was prepared.
10[0062] [Preparation of positive electrode] First, LiCol/3Mn1/302 functioning as a positive electrode
active material, a carbon material functioning as a conductive agthy1-2-pvrrolidone 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              the conductiveand the binder was 95:2.5:2.5. The mixt.ure was then kneaded to
prepare a positive electrode slurry. The prepared slurry was applied onto an aluminum 20foil
functi.oning as a current collector, and then dried. The resulting alum foil was then rolled with a rolling
mij and a current collector tab was attached thereto. Thus, a positive electrode was prepared. [0063]  



SP-t251130 [Preparation of negativeelectrode]       Artificial graphite functioning as a negative
electrode active material, 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 then rolled with a rolling mill, and a current collector tab was attached thereto. Thus, a
negative electrode was prepared. [0064] [Preparation of battery] toThe positive electrode and negative
electrode prepared as described above were made to face each other with a polyethylene separator
therebetween, and put in an aluminum ]..aminated container. In a glove 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 whi.le the pressure was removedThus, battery was prepared. [0065]  55-251131 



[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 this voltage until the current was 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 (anl) discharge capacity at the first cycle
(initial discharge capacity). 'Furthermore, the charging and discharging operation was repeatedly
performed by the same method to examine the cycle performance of the battery. 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 a TEven after 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 battery was examined at 6000 as in the above 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 cycles, 89% ofnitial discharge capacity was maintained. 



[0068]       A battery was prepared in the same manner, and the cycle performance of this battery was
examined at -10C as in the above test. Fig. 3 9htws the results of this cycle test. in the battery of
Examp1 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 [LiPF0 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 nexafluoropnosphate [LiPFEI
was dissolved in this solvent so as to have a concentration of 1.2 mol/L. Furthermore, as an additive
for forming an ionconductivccoating film on an electrode, 2.0 parts by mass of  SR-251133
vinyltriacetoxysilame was added relative to 100 parts by mass of the total of the solvent. Thus, an
electrolyte solution was prepared. [0070] [Prep ation of positive electrode]       First, LioinNii n1/302
functioning as a positive electrode active material a carbon material functioning as a conductive agent,
and an N-methy1-2-pyrrolidone solution in which polyvinylidene fluoride functioning as a binder was 



10 dissolved were mixed so that a mass ratio of the active material, the conductive agent, and the
binder was 95:2.5:2.5. 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 a negative electrode active material, an SBR functioning as a binder, and
carboxymethyl cellulose functioning as a thickener were mixed with water so that a mass ratio of the
active material., the birder, and the thickener was 91.5:1. The mixture was  SF-251134  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 foil was then rolled with a rolling mill, and a
current collector tab was attached thereto. Thus, a negative electrode was prepared. [0072]
[Preparation of battery]       The positive electrode and negative electrode prepared as described
above were made to face each other with a polyetnylene separator therebetween, and put in an
aluminum laminated container. In a glove box in an Ar (argon) atmosphere, the electLolyte soh on
prepared as described above was added dropwise to the container including the 15 electrodes therein,
and the laminated container was thermocompression bonded while the pressure was removed. Thus,
a battery was prepared. [DOV3] [Evaluation of 20This battery was aged as in Example I. 



[0 74]       Subsequently, constant-current charging was conducted up to 4.2 V at 25C at IC. When the
voltage reached 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 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[0075]       In addition, a. battery was prepared in
the same manner, and the cycle performance of this battery was examined at 60C as in the above
test. T the battery of Example 2, the discharge capacity after 100 cycles maintained 91% of the :5initial
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,so ha 20
capacity at the 100th cycle maintained 88% of the initial discharge capacity. [0077] [EXAMPLE 3]
Preparation of electrolyte solution]  



him fluorododecaborate that was separated from the product obtained in Preparation 1 of lithium
flubrododecaborate 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 carbonate was used. 10 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
concentration of LiPF6 was 0.2 mol/L. Furthermore, as an additive for form an ion-conductive
coatingon an electrode, 1.5 parts by r mass of methyltriacetoxysilane was added relative to 100 parts
by mass of the total of. the solvent. Thus, an electrolyte solution was prepared. [0013] [Preparation of
battery] 20A battery was fabricated as .in Exampleusinga positive electrode and a negaii e electrode
that were  RF-251137 [Evaluation of battery]       The battery evaluation was also conducted as .in
Example 1. Accord.. ng to the results, in the cycle test at 25C, the discharge capacity at the 500th
cycle maintained 94% of the initial discharge capac y.the cycle test at 60C, 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 capacity was ma tai ed at the 100th cycle. 10[0080) 



In addition, a battery was prepared in the same manner as described above, 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 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 could be 20 achieved (Test A). Subsequently, constant-current
constant-voltage (CCCV) charging was conducted at a rate of IC up to 4.2 V. and discharging was
conducted at 1C down to 3.0 V. isrghng and discharging operation 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 overcharging. [0081] [EXAMPLE ] [Preparation of electrolyte
solution] Lithi.um hexafluorophosphate (LiPE6) 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% 



10 by volume of diethyl carbonate was used. Lithium hexafluo phosphate (.1,1PF6) was dissolved in
this solvent so 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 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 c electrode and
a negative electrode that were the same as those used in Example 1 except for the electrolyte
solution. [0083] nation of battery]  251139       The battery evaluation was also conducted as in
Example 1. According to the results, in the cycle test at 25C, the discharge capacity at the 500th cycle
maintained 90% of the initihi discharge capacity. In the cycle test at 60C, the discharge capacity at the
100th cycle maintained 82% of the initi.a.1 discharge capacity. In the cycle test at -10C, 83% of the
initial dis charge capacity was maintained at the 100th cycle. [0084] 10In addition, a battery was
prepared in the same manner as described above, 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 exceeded 150%, the battery 15 voltage became 5.2 V or more. 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 voltage rapidly there sed. The battery voltage reached 10.0 V at a
state of chargfrig of 195%, and the overcharge 



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 after these charging and discharging were conducted for 10 cycles, the discharge
capacity did not exceed 10% ofinitial discharge capacity, and the test was ffl-LLP-ed (Test B). [0085]
[EXAMPLE 5] 10[Preparation of electrolyte solution]       A lithium fluorododecaborate that was
separated from the product obtai.ned in Preparation. 2 of lithium fluorododecaborate so as to contain
99.9% or more of a lithium fluorododecaborate havimg a composition formula of 15Li2B12E.ur was
used as an electrolyte, and LiPE6 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, 50% by
volume of methyl ethyl 



carbonate, and 20% by volume of diethyl carbonate was used. 20 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 concentration of LiPF6 was 0.2 mol/L. Furthermore, as an additive for forming an
ion-conductive coating fi.lrt 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] [Preparation of battery] A battery was fabricated as in Example I using a positive
electrode and a negative electrode that were the same as those used in Example 1 except for the
electrolyte solution. 10[0067] [Evaluation of batter' The battery eation was also 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 maintained 80% of the initial discharge capacity. In the cycle test1015 of the initial
discharge capacity was maintained at the 100th cycle. 



20[0088] In aa tion, a battery was prepared in the same manner as described above, and charging and
discharging of this hatt ywere conducted at 25C for 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 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 main ined (Test B). Accordinaly, it was found that the
battery did not substantially degrade due to overcharging. [0089] [EXAMPLE 61. [Preparation of
electrolyte soi, A lithium fluorododecaborateas separated from the product obtained in Preparation 3 of
lithium fluorododecaborate so as to contain 99.9% ore of a lithium fluorododecaborate having a
composition formula of 20Li23,2F11C1 was used as an electrolyte, and LiPF6 was used as a 



mixed electrolyte.solvent composed of a mixture  containing 10% by vol.ume of ethyi..ene carbonate,
20% by volume of propylene carbonate, 50% by volume 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 film on an electrode, 1.0 part by mass of vinyltriacetoxysilane 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. ThTas, an
electrolyte solution was 10[0090]: [Preparation of battery]    A battery was fabricated as in Example 1
using a. positive electrode and a. negative electrode that were the as those used in Exampexcept for
the electrolyte 15solution. [009T] [Evaluation of battery] The battery evaluation 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 maintai84% of t initial discharge capacity. In t.he cycle test at 60C, the discharge copacity at. the
100th cycle maintained 80% of the .initial discharge capacity. In the cycle test. at -10C, 78% of the
initial discharge capacity was maintained at the 100th  



RP-251144 cycle. [0092] In addition, a battery was prepared in the same manner as described above,
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 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 discharge capacity could be ac n(TestSubsequently, 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, 82% of the                harge
capacity was maintained (Test B). Accordingly,it was found that the battery did not substantially
degrade due to overcharging.. [0 9 ] 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 volume of ethylene carbonate, 20% by volume of propylene  SE-2511 carbonate, SO% by
volume of methyl ethyl carbonate, and 20% by volume of diethyl carbonate was used. Lithium
hexafluorophosphate (LiPF6) was dissolved in this solvent so 



as to have a concentration of 1.2 mol/L. Furthermore, as additives for forming an ionconductive
coatingm on 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- for the electrolyte solution. [0095] [Evaluation, of battery]       The battery evaluation was also
conducted as in Example 1. According to the results, in the cycle test at 25C, the 20 discharge
capacity at the 500th cycle maintained 95% of the initial discharge capacity. In the cycle test at 60C,
the discharge capacity at the 100th cycle maintained 90% of the initial discharge capaci the cyc1e test.
at -1 6%  2511 cycle. [0096] [EXAMPLE 8] [Preparation of-trolyte solution] 



A lithium m fluorododecaborate that was separated from the product obtained in Preparation I of
lithium fluorododbcaborate so as to contain 99.9% or more of a lithium fluorododbcaborate having a
composition formula of Li2E312was 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
fluorododecaborate and if: were dissolved in this solvent so that the concentration of 15 the lithium
fluorododecaborate was 0.4 mol/L and the concentration of 131. f6 was 0.2 mol/L. Furthermore, as an
additive for form-conductive coating film on an electrode,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] [Preparation 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 I except for the
electrolyte solution. [0098] [Evaluation of battery] 



5The battery evaluation was also conducted as in Example I. According to the results, in the cycle test
at 25C, the discharge 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 and 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 could be ahieved (Test A). '0100  SF-251148 [EXAMPLE 9] [Preparation of
electrolyte solution]       A lithium fluorododecaborate that was separated from the product obtained in
Preparation 1 of lithium 



5fluorododecaborate so as to contain 99.9% or more of a itnium fluorododecaborate having a
composition formula of used as an electrolyte, and LiEF6 was used as a xed electrolyte. A sorvent
composed of a mixture containing 30% by volume of ethylene carbonate,0volume 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 mol/L and the concentratibn of LiPF6 was 0.2 mol/L. Furthermore, as additives for 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 were 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 1 using  positive electrode and a negativethat were the same as those used in Example
I except for the electrolyte  SE-251149 solution. [0102] [Evaluation of battery]       The battery
evaluation was also conducted as in Example 1. Accordi.ng to the results, 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 at 60C, the d charge capacity at the 100th cycle maintained 92% of the initial discharge capacity
the cycle test at -10C, 88% 



10 of the initial discharge capacity was maintained at the 100th cycle [0103] addition, a battery was
prepared in. the same manner       as described above, 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. According 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
fluorododecaborate 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 formula of Li2B121F12 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 methyl ethyl carbonate, and 20% by volume of diethyl 10 carbonate was used. The lithium
fluorododecaborate and LiP176 were dissolved in this solvent so that the concentration of the lithium
fluorododecaborate was 0.4 mol/L and the concentration of Lwas 0.2 mol/L. Eurthermore, as 



additives for ,rminion-conductive coating film on an electrode, 1.5 parts by mass of
ethyitriacetoxysilane 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 battery]       The battery evaluation was also conducted as in Example
1. According to the results, in the cycle test at 25C, the S discharge capacity at the 500th cycle
maintained 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 capacity 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 cycles. An 15 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 4.71 V
and did not increase any more] This battery was discharged at 25C at a discharge rate of 1C.
According to the result, 



20 discharging at 90% of the initial.discharge capacity could be achieved (Test A). [0108]
[COMPARATIVE EXAMPLE 1] [Preparation of electro]..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 (L PF6) 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] [Preparation of battery]       A battery 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 electrolyte solution. [0110] [Evaluation of battery]       The battery evaluation 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 capacity of the battery of Comparative Example 1 decreased 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
test60C. In the cycle test at 60C, thege 



SF-251153  capacity decreased to less than 80% of the initial discharge capacity at the 55th cycle, as
shown by curve b in Fig. 2. Fig. 1 shows the results of 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 fluorododecabora 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, 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. The lithium iluorododecahorate and LiPF6 were dissolved in 20 this
solvent so that the concentration of the lithium iluorododecaborate was 0.4 mol/L and the
concentration of LiPF6 was 0.2 mol/L. Thus, an electrolyte solution was prepared. No addit' e for
forming an ion-conductive coating film on an electrode was added to this electrolyte sclut n  



ST-251154 L0112] [Preparation of batt Yl 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 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 decreased to less than 80, of the initial discharae cthe 98th cycle. In the 15 cycle
test at -10C, scnarge capacity decreased to less than 80% of the initial discharge capacity at the 89th
cycle. [0114]       The results of the Examples and Comparative Examples described above are
summarized in Table i 20[011       The foll.owing characters shown in Table 1 represent the
substances below. [0116] EC: ethylene carbonate 



SP-251155 PC: propylene carbonate MEC: methyl ethyl carbonate DEC: diethyl carbonate PS:
1,3-propane sulton6 5LiBOB: lithium-bisoxalate borate CNM: LiCol/1Ns1/3Mni/ 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 co co  N- oO  00 
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0 x 1 0 x    SF-2511L CLAIMS [Claim 1]         A nonaqueous electrolyte solution for a secondary
battery, the nonagueous 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.
RSi R2 0H3 CO- 0 0 CO CH3( 1 )  (in the 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) , and the 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, for a secondary battery according to Claim 1, wherein the compound 



20 represented by the (is at least one selected from the  group consisting of hyltriacetoxysilane,
ethyltria etoxysilane p opylacetoxysilane,  251158 phenyltriacetoxy ilane, vinyltriacetoxysilane, and
diet.hyldiacetoxysilane. [Clai       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 and LiBF4. [Claim 4]       The nonagueo s electrolyte solution for a secondary
battery according. to Claim 3, wherein the concentration of 15 the lithium floorododecaborate is 0.2
mol/L or more relative 



to the total of the electrolyte solution, and the total concen ration of the at least one selected from I'PP
and tIES4 is 0.05 MI.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 according to any one of Claims 3 to 5, wherein the total molar concentration 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 total of the electrolyte solution. 10 [Claim 7]     The 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] 



The nonaqueous ei..ectroiyte solution for a secondary battery according to any one of Claims 1 to 7,
wherein the solvent contains at least one selected from 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 nonadueous electrolyte solution for a secondary battery according to any one of Clai.rns 1 to 8. 


