
SF-2 510 DESCRIPTION NONAQUEOUS ELECTROLYTE SOLUTION FOR SECONDARY
BATTERY AND NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 5 Technical Field [00011
The present invention relates to a nonaqueous electrolyte solutifor a secondary battery and a
nonaqueous electrolyte secondary battery, and more specifically, to a 10 nonaeueous electrolyte
secondary battery having good charge discharge chaxact istics and a nonaqubous electrolyte solution
for a secondabattery, the nonaqueous electrolyte solution being used in the nonaquebus electrolyte
secondary battery. 15 Background Art [0002;       Recently, as batteries having nigh energy densities,
nonadueous electrolyte secondary batteries have attracted attention i h metallic lithium, an aiAoy that
can 20 occlude and release lit.hium 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 LiMO2 (where
M represbnLe a transition metal), lithium iron phosphate having an olivine structure, or the  SF-25102
like is used as a positive electrode material. [0003] As an electrolyte solution used as a nonagueous 



electrolyteolution, one prepared by dissolving, as an 5electrolyte, a lithium salt such as LiPE5, LiBF4,
or LiC104 in an aprotic organic solvent is usually used. Examples of the aprotic 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 such as d
ethoxyethane. [0004] Furthermore, PTL 1 and PTL 2 describe thatithium fluorododecaborate
represented by LLB-,(in the formula, X is an integer of 8 or more and 12 or less, and Z is H, Cl, or Br)
is preferably used as an electrolyte from the viewpoint of thermal stability and overcharge
characteristics, [0005]  However, even in the batteries produced by using LiPF6 Paorododpcaborate in
the reiatpd art, ba.ttery 20 characteristics such as cycle characteristics are  insufficient. It is believed
that this is because an electrolyte solution, in particular, a. solvent is decomposed during charging ol
the battery on the negative electrode side or the positive elect-aside or while the batteryeft  SF-25103
standing with a high voltage, thereby degradingbattery. To solve this problem, as described in NHT4
1believed that it is efrective to use an additive that forms an ionoonduotive protective film suitable for a
negative electrode surface or a positive electrode surface. Citation List Patent Literature [0006] 



PTT 1: Japanese Unexamined Patent Application Publication No. 102007-87883 PTL 2: Japanese
Patent No. 4414306 Non Patent Literature [0007] NPL 1: GS News Technical. Report, June, 2003,
Vol. 62, No. 1 Summary of Invention Technical Problem [0008]       As described above, various
additives, solvents, and eled,d-H!ytes have- oeproposed in order to tmprove the 20charge-discharge
ef.f:iciency of a lithium-ion battery. However, they are not suffi.cient to improve charge-discha.rge
racteristios from low temperatures to high temperatures. In addition, the lithium fluorododecaborate
represented by  2510 significant effect of suppressing the degradation due to overcharging, but does
not have - sufficient effect  improving charge-discharge characteristics such as cycle characteristics,
5[0009]       An object of the present invention is to provide a nonagueous electrolyte solution that can
improve char discharge characteristics of a nonagueous electrolyte secondary battery from a low
temperature to a high temperatume, and a nonaqueous electrolyte secondary battery includi..ng the
nonabueous electrolyte solution. An object of the present invention is to provide a nonagueous
electrolyte solution that can further significantly improve . h-temperature characteristi..cs and
overcharge characteristics of is a nonaqueo s electrolyte secondary battery, and a nonagueous
electrolyte seconbamy battery including the nonaqucous electrolyte solution. 



Solution to Problem [0010] 20The present invention that achieves the above objects is summarized as
Itobelow. [1] A nonaquecus electrolyte solution for a secondary battery, the nonabueous electrolyte
solution containing an electrolyte, a solvent, and an additi  SF5-2510       in which the additive contains
a compound represented by formula (1) below: [0011] [Chem. 1] (121R2C=CH-00-0--)(1) [0012] (in the
formula (1), Ri andare each independently a hydrogen atom, a methyl group, or an amino group, n is
1, 2, or 4, when n is 1, Y is a hydrogen atom or a monovalent organic group, when n is 2, Y is a
divalent organic group, and when n is 4, Y is a tetravalent organic group) , and       the content of the
compound is 0.05 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 formu_) is at least one selected from the group consisting of
1,1-his(acr-loyloxymechyl)ethyl isofyanate, N,Nfabfs(acryi loxyethy urea, 2,2- his(aar
loyloxymethyl)ethyl isocyanate dietnyiene oxide, 2,2- 20 hisyloyloxymethy ethyl isocyanate triethylene
oxide, 



tetrakis(acryloyloxymethyl)urea, 2-acryloyloxyethyl isocyanate, methyl crotonate, ethyl crotonate,
methyl ammnocrotonate, ethyl aminocrotonate, and vinyl crom" te.  SF-25106  [3] The nonaqueous
electrolyte solution for a secondary battery according to [1] or [2] above, in H[ the electrolyte contains
a. lithium fluorododecaborate represented by a formula Li2812.PZ12(in the formula, X is an integer of
8 to 12, and 3 is H, Cl, or Br) and at least one selected from LiPF6 and LiBF4, 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 LiFEr. and LiBF4 is 0.05 mol/L 10or more relative
to the total of the electrolyte solution.  [4] The nonaqueous electrolyte solution for a secondary battery
according toabove, in 1/2hich a ratio (A: B) of the content A of the lith urn fiuorododecaborate to the
content B of the at least one selected from LiPF6 and LiBFA is 90:10 to 50:50 in terms of molar ratio.
[5] The nonadueous electrolyte solution for a. secondary battery according to [3] orabove, in whi.ch the
total molar concentration of the lithium flubrododecaborate and the at east one selected from LiP,F6
and LiBIBq is 0.3 to 1.5 mol/L 20relative to the total of the electrolyte solution.           nonaqueous
electrolyte solution for a secondary battery according to any one of [ ] to [5] above, in which X in the
formula. Li2B1212. The nonaqueous electrolyte sol.uticn for a secondary  SF-25107 battery according
to any one of [1] to [6] above, in which the solvent contains at least one selected from the group
consisting of cyclic carbonates and chain caxbonates.  [8] A nonaqueous electrolyte secondary battery
including a positive electrode, a negative electrode, and the nonaqueous electrolyte solution for a
secondary battery according to any one of [1] to [7] above. 



Advantageous Effects of Invention [0013] 10The nonaqupous electrolyte solution of the present
invention contains the additive in a predetermined amount. Thus, charge-discharge characteristics of a
nonadueous electrolyte secondary battery can be significantly improved. [.001,1] 15Furthermore, the
nonagueous electrolyte solution of the present inventi.on contains a predetermined amount of lithium
fluorododecaborate represented by Li2B12E (2n the formula, X is an integer of 8 or more and 12 or
lass,  and Z is H, Cl, or Br). Thus, charge-discharge characteristics of a 20 nonaqueous electrolyte
secondary battery can be significantly improved. [0015]       That is, the nonaqueous electrolyte
solution of the present invenuion cane thermal stability of  SF-25108 nonaqueous electrolyte
secondary battery at high temperatures, a chargedisch.arge performance of the nonaqueous
electrolyte secondary battery at low temperatures, and rate characteristics of the nonaqueous
electrolyte secondary              room temperature. In addition, in the nonaqueous electrolyte solution of
the present invention, in the case of overchag a redox shuttle mechanism acts, and decomposition of
the electrolyte solution and decomposition  of a positive electrode can be prevented. As a result, 10
degradation of the nonagueous electrolyte secondary battery can be prevented. Brief Description of
Drawings [0016] 



[Fig. 1] Fig. 1 is a graph showing cycle test results (a) of           eous electrolyte secondary battery of
Example 1 and cycle test results (b) of a nonaqueous electrolyte secondary battery of Comparative
Example I a.t 25C. [Fig. 2] Fim 2 is a graph showing cycle test results (a) of       a nonaqueous
electrolyte secondary battery of Example 1 and 20cy di. test results) of a nonaqueous electrolyte
socondary battery of Comparative Example 1 at 60C. [Fig. 3] Fig. 3 is a graph showing cycle test
results (a) of a nonaqueolis electrolyte secondary battery of Example 1 and cycle test results (b) of a
nonaqueous elecsecondary  SF-25109 battery of Comparative Example 1 at -10C. Descri.ption of
Embodiments [0017] < Nonadueous electrolyte solution for secondary battery>       A nonaqueous
electrolyte solution for a secondary battery according to the present invention includes an electrolyte, a
solvent, and an additive. [0018] <Additive> 10In 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 contai.nen in the
electrolyte solution of the present invention is assumed to be 100 parts by mass. Furthermore, if a
small amount of a. solvent 15 component i.s present in the solvent and the amount of solvent
component contained in the small amount is less than 10 parts by mass relative to 100 parts by mass
of the total amoun of the solvent except for the small amount of the solvent component, the small
amount of solvent component is 



20 considered to be an additive and is elimin.ated from the solve t. Herein, in the case where two or
more solvent components are present in small amounts and a small amount of certain solvent
componentis considered to be an additive on the basis of the above defi tion, a solvent component
55-2510  contained in an am.ount equal to or smaller than the amount of the solvent component (i) is
also considered to be an additive. [0019] a AThe additive in tho nonagueous electrolyte solution for a
secondary battery of the present: invention contains a compound represented by formula (1) below.
[0020] [Chem. 1] ( 1FQ 2C= CH- C -0 ) 10 [0021]            formula (1), Ri and R2 are each
independently hydrogen atom, a methyl group, or an amino group, n is 1, 2, or 4, when n is 1, 1 is a
hydrogen atom or a monovalent organic group, when n is 2, Y is a ciivaient organic group, and when n
is 4, 1 is a tetravalent organic group. Since the additive is the compound represented by the formula
(1), in a second battery including the nonaqueous electrolyte solution for a secondary battery of the
present 



fm, invention, a part of this additive is decomposed by reduction on a negative electrode at the time of
initial charni thereby formi..ng a suitable ion-conductive protective coat film on a surface of the
negative electrode. As a result,  SF-2510 charge-discharge characteristics from a low temperature of
about -25C to a high temperature of about 60C axe improved. [0022]       In the formula (1), when n is
1, Y is a hydrogen atom or a monovalent organic group. Examples of the monovalent organic group
include an allyl group, alkyl groups each              0 6 carbon atoms, an isocvanate group, an amino
group, an. 'Tide group, an amide group, a vin.yl group, benzovl group, an acyl group, an an.thraniloyl
group, and a 10 glycoloyl group. The monovalent organic group may be a group formed by replacing a
hydrogen atom of an alkyl group having     o 6 carbon atoms -a group other than the alkyl group having
1 to 6 carbon atoms. [0023] 15When n is 2, Y is a divalent organic group. Examples of the divalent
organic group i.nclude a phenyl e group, .viene groups, polymethylene groups,  a urea group, and a
malonyl group. The divalent organic group may be a group formed by repi acing a hydrogen atom of
an alkylene group or a 20 polymethylene group with a group other than an alkyl group having 1 to 6
carbon atoms, the alkyl group being exemplified as the monovalent organic group. [0024] When n is 4,
Y is a tetravalent organic oroup, Examples  



52-251012 of the tetravalent organic group include groups formed removing four hydrogen atoms from
an aliphatic hydrocarbon, benzene, or urea. The tetravalent organic group may be a group formed by
replacing a hydrogen atom of a group formed by removing four hydrogen atom from an aliphatic
hydrocarbon  with a group other than an alkyl group having 1 to 6 carbon atoms, the alkyl group being
exemplified as the monovalent organic group. [0025] 10The additive in the nonaqueous electrolyte
solution for a secondary battery of the present invention may be one compound represented by the
formulaor may include two or more compounds each represented by the formula (1). [00261
15Specific examples of the compound repreRented by the for(1) include 1,1-bis asryloyloxvmethyl sayl
ihich is represented by chemical formula (2) below, N,N'-bis(acryloyloxye )yl)urea, 2,2-
is(acryloyloxymethyl)et 1 isocyanate diethylene oxide, 2,2- 20 bis(acryloyloxyme yi)ethi- isocyanate
triethvlene oxide, tetrakia(acryloyloxymetur isocyanate, methyl crotonate, ethyl crotonate, methyl
aminocrotonate, ethyl aminocrotonate, and vinyl crotonate. [0027] 



ST-251013 [Chem. 2] 0 II H2C=CH-C-0 H2C=CH-C0NCO II (2) [0028]       A nonaqueous electrolyte
solution for a secondary battery, the nonaqueous electrolyte solution containing any of these
compounds as an additive, can significantly improve charge-discharge characteristics of a second
battery from a low temperature to a high temperature of about 60C. [0029] 10The content of the
compound represented by the fbrmula            e nonagu.eous electrolyte soltion. for a secondary
battery of the present invention is 0.05 to 10 parts by ma preferably 0.5 to 8 parts by mass, and more
prefer bly 1 to 5 parts by mass relative to 100 parts by mass of the total the solvent contained in the
nonaqueous electrolyte solution r a secon.dary battery. When the content of the compound
represented by the formula (1) is within the above range, suitableion-conductive protective coating film
can be formed on a surface of the negative electrode.charge-  



SP-251014 discharge characteristics from a low temperature to a high temperature can be improved in
the second battery. When the content of the compound represented by the formula (1) is lower than
0.05 parts by mass, the protectcoating film is not sufficiently formed on the negative electrode, and
sufficient charge-discharge characteristics from a low temperature to a high temperatu.re may not be
obtained in the second battery. When the content of the compound represented by the formula (1) is
higher than 10 parts by mass, the 10 reaction on the negative electrode excessivel proceeds, the
t.hickness of the coating film formed on the surface o 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 15 charge-discharge characteristics such as a cycleformance - be caused.
[00301 The nonahueous electrolyte solution for a secondary ba.t-tery of the present nventlon may
contain, besIdes the 20 compound represented by the formula (1), other additive according to a
desired use within a. range that doe- not impair the effects of the present invention. Examples of the
other additives include vinyiene carbonate, 4, 5- dimethylvinylene carbonate, 4, 5-diethyivinylene
carbonate,  2510 4,5-dipropylv y ene carbonate, 4-ethyl-5- c.ylvinylene carbonate,
4-ethyl-5-propylvinylen- carbonate, 4-methy1-5- propylvinyiene carbonate, vinyl ethylene carbonate,
divinyl ethylene carbonate, methyl difluoroacetate, 1,3-propane sultone, 1,4-butane sultoney
monofluoroethylene carbonate, and lithium-bisoxa1ate borate. These other add tives may be used
alone or in a mixture of two or more additive [0031] Among these other additives,-propane sultone is
10 particularly preferable in thb case where this additive is added as a mixture with the additive
represented by the formula (11By using 1,3-propane sultone, the charge- 



discharge characteristics of a secondary battery in a wide temperature range from a low temperature
to a high temperature can be easily improved. [00321       In the case where these other additives are
used, from the viewpoint  of forming a good coati. , film, the content of each of the other additives is
preferably 5 parts by mass or 20 less, and more preferably 2 parts by mass or less relative to 100
parts by mass of the total of the solvent. In addition, from the viewpoint of forming a good coating film,
preferabl.y, the content of the other additives does not exceed the content of the additive represented
by the form  SE-251016  [0033]       Considering that a coating film having good conductivity 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 5 mass relative to 100 parts by mass of the total. of the solvent. When the total amount of
additives added is smaller.  0.5 pa s by mass, a c,-a. fi..lm is not sufficiently  formed on the negative
electrode. As a result, sufficient charge-discharge characteristics may not be obtained. When 10 the
total amount of additives added is larger than 15 parts by mass, the thickness of the coating film
formed on the surface of the negative electrode increases, and the reaction resistance of the negative
electrode increases, which may result in a decrease in charge-discharge characteristics. 



15[0034] <iectrolyte> The electrolyLe is not particularly limited preferably includes at least one
selected from a lithium fluorododeca,Tho ate represented by a formula Li2131.2EW12-x in 20the
formulais an integer of 8 to 12, and 7, is H, Cl, or Br), LiPF6 and LiBEI. It is more preferable to contain
both the lithium fluorododecaborate and at least one selected from LiPF6 and LiBF4.. [0035]
SF-25:1017 By using the lithium Llubrododecaborate as an electrolyte, battery characteristics such as
h. gh-temperature 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 LiPF, is used alone. In addition, even in the case of overcharging,not only an
increase in the voltage 1s suppressed and decomposition of a. solvent and an electrode is prevented
but also the formation of dendrite 10 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 overcharging can be prevented. [0036] 15Furthermore, by adding at least one
electrolyte salt selected from Li PP5 and ILBIF4 as a mixed electrolyte, not o the electrical conductivity
can be improved but also dissolution of aluminum. can be suppressed when aluminum is used as a
current collector of a. positive electrode. 



20[0037] Whether the lithium fluorododecaborate i.s used as the electrolyte alone, at least one
selected. from LiPF6 and Lib is used as the electrolyte alone, or both the lithium fluorododecaborate
and at least one selected from Li.PF5 and  -251012 are used as the electrolyte in the form or a mixture
is determined depending on the use of the battery an.d is not 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 LiPP6 and an electrolyte solution containing, as an electrolyte, only the lithium
fluorododecaborate, and an electrolyte solution containing, as an electrolyte, thL lithium
fluorododecaborate and at least one selected from LiP56 and LiBF4. However, in 10 the case where
the prevention of overcharging is aimed, the incorporation of the iitna.um fluorododecahorate is
essential. [0038] Specific examples of theorododecaborate       include 1.i2B12P5H4,
1i2B12F9H3,i2B12P1H2,L12B12F11H,7B12F12 15 m xtures of lithium fluorododec borates each
represented by the above formula where the average of x isto 10, Li2E12ExCl)2-xformula, x is 10 or
11), and the formula, x is 10 or 11). [0039] 20Herein, X in L2B12F1Z17- is an integer of 8 to 12. When 



X is less than 8, the elect otential that causes a redox  reaction is excessively low, and thus the
reaction occurs during a so-called usual opera on of a lithium-ion battery, which may resulta decrease
in the charge-d)4 9  SF-251019 efficiency of the battery. Accordingly, it is 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 redox reaction. However, the type of lithiuh
fluorododecaborate used cannot be simply determined because the characteristics of the lithium
fluorododecaborwte are affected by the type of solvent and the like. The lithium fluorododecaborate
where X in the formula is 12 is oreferable from the viewpoint that the electric potential that causes a
re,ox reaction is higher than those of other compounds, the redox react..ion does not easily occu.r n a
usual operation of the battery, and thus the redox shuttle 15 mechanism easily effec.tvy acts only in
the case of overcharging. [0040]       The concentration of the lithium fluorododecaborate is preferably
0.2 ,floi/L or more, and shre preferably 0.3 mol/L 20 or more and 1.0 mol.L or less relative to the total
of the electrol.yte solution, [0041]       When the amount of lithium fauorododecaborate is excessively
small, the electricaJ. conductivity is excessive:  SF-251020  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 thb action of the redox shuttle mechanism in the case of overchargrng 



5 may become insufficient. On the of,.r hand, when the amount of lithium fluorododecaborate is
excessively large, the viscosity of the electrolyte solution increases and the elecLc_conductivity
decreases, which may result in a decrease in the charge-discharge performance such as rate
10characteristics. [0042       "At least one selected from L1PF5 and LiSF4" may be any of only LiPF,
only LHBEL, and LiPE6 and LiEF4. In the case where at least one of LiPF;. and LiBF4 is used in
combination 15 with the lithium fluorododecaborate, in general, has a high electrical conductivity, is
preferably used. However, the type of mixed electro.lyte selected from L and Li cannot be simply
cause there are of ects of the affiniad e'clyte with other 20additives etc., the soecificati.on of the
battery, and the like. [0043]       Thb concentration of at least one selected from LUP56 LiBF4 is
preferably 0.05 mol/L or more, and more preferably  SP-251021 0.075 mol/L or more and 0.4 mol/L or
less relative to the total of the electrolyte solution. [0044]       When the amount of at least one selected
from LiPF6 and LiEF4 is excessively small, a sufficient protective film is not formed on an aluminum
currant collector and good charge-discharge characteristics may not be obtained. Furthermore, therical
conductivity of the electrolyte solution is also insufficient, and good charge-discharge characteristics 



10 may not be obtained. [00A5.]       In the case where both the lithium fluorododecaborate and at least
one selected from LiPF6 and Li.PF4 are used as cc electrolyte, aB) of the content A of the lithium
fluorododecaborate to the content B of the at least one selected from LiPF and LiBF4 is preferably
90:10 to 50:50, and morpreferably 85:15 to 60:40 in terms of ma]ratio. [0046] The total m ' at
concentration of the lithium. 20fl -orododecaborate and the at least one selected from and
LiBF4prefrrabi 0.3 to 1,5 mol/L, and more preferably 0.4 to 1.0 mol/L relative to the total of the
electrolyte solution. When the total molar concentration is within the above range, a good
overcharge-preventing effect and good  22 charge-discharge characteristics can be obtained. [0047] In
the case where both the litfluorododecaborate and at least one selected from LiPF6 and LiBF, are
used as an electrolyte, the molar concentration of the at least one selected f.rom LiPF6 and LiBF4 is
preferably equal, to or lower than the molar concentration of the lithium fluorododecabor te.
Whenmolar concentration of the at 



least one selected from LiPF6 and LiBE4 is higher than the 10 molar concentration of the rir.hium
fluorododecaborate, heat resistance at a high temperature of 45C or higher and charge-discharge
characteristics may be decreased, and furthermore, degradation of the battery duo to overcharging
may not be sufficiently prevented. [00481 <Solvent> Examples of the solvent include, but are not
particularly limited to, cyclic carbonates such as ethylene carbonlene carbonate, and butylebb
carbonate; chain 20 carbonates such as diethyl carbonate, dimethyl carbonate, methyl ethyl ca.
bonate, methyl proryl carbonate, ethyl prosyl carbonate, and dipropyl carboand fluorine-substituted
cyclic or chain carbonates, such as trifluoropropylene carbonade bis(trifluoroet 1) carbonate, and
trifluoroet  SF-2510 methyl carbonate, in which some of hydrogen atoms are substituted with fluorine
atoms. These solvents may be used alone or in a mix..t ure of two or more solvents. The solvent
preferably contains at least one selected from the group 5 consisting of cyclic carbonates and chain
carbonates f:.rom the viewpoi..nt that good el.. hcrochemical stability and good electrical conductivican
be obtained. 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 10 containing two or more solvents is
preferably used. 10049 ..rom the viewpoint of improving theperformance, solvents such as
dimethoxyethane,-, trig yme, polyethylene glycol,iirolactone, sufolane, methyl acetate, ethyl acetate,
propyl acetate, methyl propionate, ethyl propionate, tetrailydrofcran, 2-meth tetrahydrofuran,
1,4-djoxane,aceton.it.rile may be used as solvents other 



than the carbonates mentioned above. However, the solvents patticulated thereto. 20[0050]
<Nonaqueous)syte secondary bttery> A nonaqueous electrolyte secondary battery of the present
invention includes a positive electrode, a negative electrode, and the above-described nonaqueous
electrolyte  SF-251024 solution for a secondary battery. Since the nonaqueous electrolyte secondary
battery of the present invention includes the nonaqueous electrolyte solution for a secondary battery of
the present invention, the nonadueous electrolyte secondary battery exhibits good charge-discharge
characteristics.       The structure and the like of the nonaqueous electrolyte secondary battery are not
particularly limited, and may be 10 appropriately selected in accordance with a desired use. The
noaddeous electrolyte secondary battery of the present I.nvenli...on may further include, for example,
a separator composed of polyethylene or the like. [0052]       The nedatiffe electrode used in the
present invention is n it particularly it.ed and may contain a current collector, a conductive mater. al, a.
negative electrode active material, a binder, and/or a. thickener. [0053] 20As the negative electrode
active material, any material that can occlude andease Iican be used without particular limitation.
Typical examples thereof include non - 



graphitized carbon, artificial graphite carbon, natural graphite carbon, me al c lithi.um, aluminum, lead,
silicon,  SF-251025 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 polytetrafimbroethylene (PTFE),
polyvinylidene fluoride (PVdF), or s tyrenehutadiene rubber (SBR) 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 Topper foil_ [0054) 10The positive electrode used in the
present inventi.on is not particularly limited and preferably contains a current collector, a conductiJe
material, a positive el ctrode active material, a binder, and/or a thickener. [0055] al examples ofpo, tive
electrode active material include lithium composite oxidesition metal such as cobalt, manganese, orni
TEel; and lithium composite oxides obtaiby replacing a part of the lithium       site or the tran.sit ion
metal site of any ofEoTT 20 composite oxidcs with cobalt, nickel, manganese, boron, ma.gnesium,
iron, copper, orFurthermore, for example,.hAum transition metal phosphates having an rvine structure
can also be used. Any of these positive electrode active materials is kneaded with a. conductive agent



-2510 such as acetyien b.lack or carbon black and a binder such as polytetrafluo oe(PTFE) or
polyvinyiidene fluoride (PVdF), and the kneaded product can be used as a mixture. The positive
electrode can be prepared by using this mixture and a current collector such as an aluminum foil.
EXAMPLES [0056]       The present invention wi1 I now be described in more detail on the basis of
Examples. However, the present 10 invention is not limited by the Examples below and can be carried
out by making appropriate changes as long as the gist of the present invention is not changed. [0057]
(Preparation 1 of lithium f orcdodecaborate) [Preparation of Li2012...y. (X is 10 to 12)]       First, 100%
F2 (142 MMOI) was added as a mixed gas of 10% E2/10% 02/80% N2 at 0C to 20C to a colorless
slurry               2,96 g (11.8 r(1=1).C.H30H. in 6 m12 of formic acid at an average Harmnett acidity of
Ho - -2 to -4, 20 thus preparing a colorless solution. The above mixed gas -as added to this solution at
30C to further conduct fluorination (3%). A solid was precipitated from the solution. The solvent-was
evacuated for one night to prepare a colorless, brittle solid. This crude product was  SF-251027
analyzed byNMR. According to the results, it was found 



that the crude product was mainly composed of 612F 10H2            (35%), and B12F1222- (5%). The
crude reaction product was dissolved in water, and the pH of the sol ion was adjusted to 4 to 6 with.
triethylamino and trimethylamine hydrochloride. The orecipiteted product was filtered and dried. The
dried protuct was again suspended in. waterto prepare a slurry. Two equivalents of lithium hydroxide
monohyd ate were added to this slurry, and triethyl amine was in .1.0 removed. After the triethylamine
was completely removed by distillation, lithium hydroxide was further added thereto, and the pH of the
final solution was adjusted to 9.5. Water was removed by distillation, and the final product was dried
under vacuum at 20V)C for six hours. The yield of Li2B1FH12- 15(x - 10 11, or 12) was about 75%.
(Preparation 2 of lithiumdodecabor - [Pre ration of Li2812PO 2> 10, average x = 11)] Three grams
(0.008 mol) of Lio2B12E7Hi2o, (10) having an 20 average composition ofwas dissolved in 160 ml of I
M HCINext, 1.4 mL (0.027 moll of Br> was added to this solution, and the result g liquid mixture was
refluxed at 100C for four hours. A sample was taken for the purpose of NMR analysis.  )F4 5l028
[0059]       A part of the sample as returned to the reflux, and chlorine was added thereto over a period
of six hours to form a orominating agent 3rd. At the time when the addition of chlorine was comoleted,
a sample was taken and analyzed by NMR. Th.e result showed that the sample had the same
compobition as the composition before the addition of chlorine.tier and HC1 were removed by
distillation, and the resulti.ng product was dried under vacuum at 150C. A, 10total 2.55 g of a white
solid product was isolated.. The theoretical amount of the obtained Li2B1 FxBrlsor (x10, 



average x = 11) is 3.66 g. [0060] (Preparation 3 of lithium flubrododecaborate) [Preparation of Li
2F,CIA- (average x = II)] Twenty grass of a mixture of Li.2:312Fx,HI2o7 having an average
composition of Li2. IL,b ab dissolved in 160 mi. of HC1 in a three-necked rounds-bottom flask
equipped with a ref lux condenser and abubbler (fritted bubbler). The 20resulting liquid mixture was
heated to 100C and bubbled with 012 gab at 15 slandard cubic centimeters per minut  (sccm/min). A
discharged solution passing through the condenser was ai lowed to pabs through a solution containing
KOH and Na2503. Bubbling was perf.ormed with Cl, for 16 hours  SF-251029       the solution was
then purged with air. Water and HC1 and were removed by distillation, and the residue was titraced
with an ether. The ether was evaporated, and a. white solid was dried in a vacuum dryer. Thus, 20 g of
a substance represented by Li2B12ExCl1m, (average x = 11) was recovered (yield 92%).E-NMR in
D20: -260.5, 0.0355; -262.0, 0.0825; -263 0, 0.0225; -264.5, 0.3445; -265.5, 0.0665; -267.0, 0.3085;
-268.0, 0.0225; -269.50E.Mac in 0,20: -16.841; -17.878. 10[0061] [EXAMPLE 



(Battery evaluation [Preparation of electrolyte solution]       Lithium hexafauorophosphate (LiPE.6) was
used as an electrolyte. A solvent composed of a m xture containing 10% by volume of ethylene
carbonate, 20% by volume of propylene caxbonate, 40% by volume of me.thyl ethyl carbonate, and by
volume of diethyl carbonae was used. Lithium hexafluorophosphate (LiPF6) was dissolved. in this
solvent so 20as to have a concentration. of 1.1 mol/L. Furthermore, as an additive for forming an
ion-conductive coating film. on an electrode, 1.5 arts by mass of 1,1- bis(ac loyloxymethyl)ethyl
isocyanate was added relative to 100 parts by mass of the total of the solvent. Thus, an  SF-251030
electrolyte solution was prepared. [0062] [Preparation of positive electrode]        First, L
cinNi1/2Mn1/302 functioning as a positive electrode active material, a carbon material funct..onimg as
a conductive agent, and an N-methy1-2-pyrrolidone solution in wb. h polyvinylidene fluoride
functioning as a binder was dissolvedn were mixed so that a mass ratio of the active materiab, the
conductive agent, and the binder was 95:2.5:2.5. 10 The mixture was then kneaded to prepare a
positive electrode slurry. The prepared slurry was applied onto an aluminum foil functioning as a
current collector, and then dried. The resulting aluminum foil was then rolled with a rolling rill, and a
current collector tab was attached thereto. Thus, 15 positive electrode aas prepared. 



[0063] [Preparation of negative electrode]       Artificial graphite functioning as a negative electrode
active material, an SBR functioning as a hinder, and 20 carboxymetnyl cellulose fun.cti.oning as a
thickener were mixed with water so tmass ratio of. the active material, the binder, 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 functionin.g as  56-251031 a current collector, and then dried.
The resulting copper  foil was thbn rolled with a rolling mill, and a current collector tab wab attached
thereto. Thus, a. negative electrode was prepared. 5(0064] [Preparation of battery]       The 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 10 laminated container. In a glove box
in an Ar (argon) atmosphere, the electrolyte solution prepared as described above was added
dropwise to the container includi electrodes therein, and the laminated container was
thermocompressidu bonded while the pressure was removeda battery wasepared. [Ed-ion of battery]
The battery prepared as described above was slowly charced up4.2 V at 0.050 (a current at which full
20 charging or full discharging is performed in 1/0.05 hours (- 20 h-) andslowly discharged down to 3.0
V. and the 



charging and discharging operation was then performed once more. Thus, aging was performed.
[0066]  SF-2510 Subsequently, constant-cuxrena ging was conducted up to 4.2 V at 25C at 1C. When
the voltage reached 4.2 V, the battery was maintained at this volt-age 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(aninitial)
discharge capacity at the firs- cycle (initial discharge capacity). Furtnermore, the charging and
discharging operation was repeatedly :0 performed by the same method to examine the cycle
performance of the battery. Fig. 1 shows the results of this cycle te  I.n the battery of Example 1, the
discharge capacity for each cycle is shown by curve a in Fig. 1. Even after 500 cy-1 s the decrease in
the capacity was small and 95% of the initial discharge capacity was maintained. [00647]          atterv
was prepa.red in the same manner, and the cycle performance of this battery was examined at 60C as
in 2 showse re.sults of this cycle test. 20t.he battery or Example i, thedischarge- capacity for each
s shown by curve A inEven after 100 cycles, 93% of the initial discharge capacd y was maintained.
[0068]  SF-25)033 



performance of this battery was examined at -10C as in the above test. Fig. 3 shows the results of this
cycle test. the battery of Example 1, the discharge capacity for each cycle is shown by curve a in Fig.
3. Even after 100 cycles, 5 90% of the initial discharge capacity was maintained. [0069] [EXAMPLE 2]
(Battery evaluation 2) Preparation of electrolyte solution] 10_Lithium hexafluorophosphate (LiPF6) was
used as an electrolyte . A solvent composed of a mixture containing 30% by volume of ethylene
carbonate, 40% by volume of methyl ethyl carbonate, and 30% by volume of diethyl carbonate was
used. Lithium hexafluorophosphate Lwas dissolved in       solvent so as to have a concentration of 1.1
mol/L. Furthermore, as an additive for formingconductive coaon an electrode, 2.0 parts byof N,W-
bis(acryloyTh -ethyl)urea was added relative to 100 parts by mass of theof the solvent. Thus, an
e].,ectrolyte 20 solution was prepared. [0070] [Preparation of positrode] First,/3N-1/functioni.ng as a
positive ectrode active material, a carbon material. functioning  SP-2510 



conductive agent, and an N-methy1-2-pyrrolidone solution in which polyvinylidene fluoride fun.ctioning
as a binder 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  wag then kneaded to prepare a positive electrode
slurry.prepared slurry was applied onto an aluminum foil functi..oning as a current collector, and
thenled. The  resulting aluminum foil was then rolled with. a rolling mu and a current collector tab was
attached thereto. Thud, a 10 positive electrode was prepared_ [0071] [Preparation of negative
electrode]       Natural graphite functioning as a negative electrode active mater ial, an S'BR
functioning as a binder, and carboxymet yl cellulose fung as a th.ickener were mixed with water so that
a mass ratio of thg active material, the binder, and the thickener was 97.5:1.5:1. The mixture was then
kneaded to prepare a negative electrode slurry. The prepared -]...ucry was app] .ed onto a copper foil
functioning as 20 a current collector, and then dried. The resulting copper foil was then rolled withtng
mill,and a current collector tab was attached thereto. Thu, a negative electrode was prepared. [0072]
SE-251035 [Preparation of battery]       The positive electrode and negative electrode prepared as
described above were made to face each other with a polyethylene separator thereb a eeand but in an
aluminum laminated container. In a glove box in an Ar (argon) atmosphere, the electrolyte solution
prepared as described above was added drop wise to the container including the electrodes therein,
and the laminated container was ca mo- compression bonded while the pressure was removed. Thus
10 battery was prepared. 



[0070] [Evaluation of battery]       in initial two cycles, the battery prepared ap described above was
slowly charged up to 4.2 V at 0.0.50 and then slowly discharged -,own to 3.0 V and the charging and
discharging operation was then per formed once more. Thus, aging was performed. [0074]
Subsequently, consta -current charging was conducted up 20 to 4.2 V at 25C at IC. When the voltage
reache.d 4,2 V, the battery was maintained at this voltage until the current as decreased to 0.050.
Subsequently, discharging 4at conducted at a. constant current of 10 until the battery voltage became
3.0 V. The discharge capacity at this timb was defined as a  SF-251036 discharge capacity at
thecycleFurthermore, 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
capac after 500 cycles maintained 96% of the initial discharge capacity. [00751 In addition, a battery
was prepared in the same manner, and the cycle performance of this battery was examined at 1060C
as in the above test. In the battery of Example 2, the discharge capacity after 100 cycles maintained
94% of the initial discharge capacity. [0076]       A battery was prepared in the same manner, and the
cycle performance of Lhl..s battery was examined at -10C as in the above test. In the battery of
Example 2, the discharge 



capacity at the 100th cycle maintained 84% of the initial discharge capacity. [0077] 20[EXAMPLE 3]
(Battery evaluation ) [Preparation of electrolyte solution]       A lithium fluorododecaborate that was
separated f..rom the product obtained in Preparation 1 of lithi=  SF-251037 fluorododecaborate so as
to contain 99.9% or more of a lithium fluorododecaborate having a composition formuia of Li2B12F12
was used as an electrolyte, and LiPc 6 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, a20% bylume of diethyl carbonate was used_ The lithium
luorododecaborate and LiPF were dissolved in this solvent so that the concentration of the lithium 10
fluorododecaboiate was 0.4 mol/L and the concentration of Liwas 0.1 mol/L. Furthermore, as an
additive for forming an ion-conductive coat.ing trIm on an electrode, 2.0 parts by mass of
1,1-bis(acryloyloxymeethyl isocyanate was added relative to 100 parts by mass of the total of the
solvent. 15 Thus, an electrolyte solution was prepared. [0078] [Preparation of battery] A battery was
fabri..cated as in 3atterv eval tion 1      using a positive electrode and a ne a ive electrode that were 20
the same as those used. in Battery evaluation i except for the 



electrolyte solution. [0079] (Evaluation of battery) The battery evaluation was also conducted as in
Battexy  SP-251038 evaluation 1. According to the results, in the cycle test at 25C,charge capacity at
the 500th cycle maintained 96% of the initial discharge capacity. I.n the cycle test at 60C, th.e
discharge capacity at the 100th cycle maintained. S94% of the initial di scharge capacity. In the cycle
test at -0C, 90% of the initial discharge capacity was maintained at the 100th c [0080]          In ad-ion a
battery was prepared in the same manner 10 as described above, and chargi.ng 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 4.75 V and 15 did not increase any more. This battery was discharged at 25C
at a discharge rate of 1C. According to the result, discharging at 99% of the instoal discharge capacity
could be achieved. Subsequently, constant-current constant-voltage (CCCV) chargi.ng was conducted
at a rate of 1C up to 4.2 V. 20and discharging was conducted at 1C down. to 3.0 V. This rj ig and
discharging operation was repeatedly performed.     the 500th cycle, 90% ofn discharge capacity was
maintained. Accordingly, it was found that the batters, did not degrade due to overcharcin 



[0081] [EXAMPLE 4] (Battery evaluation 4) [Preparation of electrolyte solution]       A lithium
fluorodotecabor te that was separated from the product obtained. in Preparation 2 of lithium
fluorododecaborate so as. to contain 99.9% or more of a lithium flubrododecaborate having a
composition formuin of 2was used as an electrolyte, and L1.PF4 was used as a 10 mixed elbctr lyte. 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 fluorododecaboiaLe andcrc dissolved 15 this solvent so that the concentration
of the 'Lithium flubrododecaborate was 0.4 mol/L and the concentration of         as 0.1 mol/L. F
rthermor- as anor forming n ion-conductive coating film on an electrode 2.0 parts by mass of tetrakds(
.cryloyloxymethyl)urea was added relative to 20100 parts by mass of the total of the solvent. Thus, an
electrolyte solution was prepared. [0082] [Preparation of battery] A battery was fabricated ass n
Battery evaluation i  SF al0 



using a positive electrode and a negative electrode that were the same as those used in Battery
evaluation I except. for the electrolyte solution. [0083] (Evaluation of batcry)       The battery evaluation
was also conducted as in Battery evaluation 1. According to the results, in the cycle test at 25C, the
discharge cat city at he 500th cycle maintaitbd 93% of the tnitial discharge capacity. in the cycle test at
60C, the discharge capacity at the 100th cycle maintained. 90% of the initial discharge capacity. In thb
cycle test at -10C, 82% of the initial discharge capacity was maintained at the 100th cycle. [0084] In
addition, a hatt.ery wasprepared in the saute manner as described  above, and charging and
dischargiaTthis battery were conducted at 25C for five cycles. An overcharge test was then. conducted
at 25C at a rate of 3C. e when re state of c rargs increased to 3000, t 20 battery voltage became
substantially constant at 4.70 V and did not. i.ncraase any more_ This battery wao discharged 25C at
a discharge rate of 1C. According to the result, discharging at 91% of the initial discharge capac y
could be  SE-2510 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 per.formed. At the 100th cycle, 80% of the initial
discharge capacity was maintained. Accordingly, it was found that the battery did not substantially
degrade due to overcharging. [0085] EXAMPLE 5] (Battery evaluation 5) 



10[Preparation of eLecrroLjto solution]       A lithium fluorododecarorate that was separated from the
product obtained in Preparation 3 of lithium fluorododecaborate so as to contain 99.9% or more of a
lithium fluorododecaborate having a composition formula of 15Ini28812F1 81 was used as an
electrolyte, and LiPE5, was used as a mixed electrolyte. A solvent composed of a mixture containby
volume of ethyJcarbonate, 20% by volui of propylene carbonate, 50% by volume of methyl8
carbonate, and 20% by volume of diethyl carbonate was used. 20 The lithium: fluorododecaborate and
LiP8-83 were dissolved in solvent so that Jic corcc1 raor of the JitOm)m fiubrododecaborate was 0.4
mo181, and the concentration of LiPF6 was 0.1 mol8L. Furthermore, as an additive for forming an
ion-conductive coati,p3electrode, 1.0 part by  SE-251042 mass of 1, 1-bi s (acryloyloxy. ethyl) ethy_
isocyanate was added relat ye to 100 parts by mass of the total of the solvent. Thus, an electrolyte
solution was prepared. [0086] tion of battery] A battery wasbricated as in Battery evaluation usima a
positive electrode  and a. negative electrode that were the same as those used if2e_g evaluation 1
except for 



electrolyte solution. [0087] (Evaluation of batte y)         e battery evaluation was also conducted as in
Battery evaluationAccording to the results, ib the cycle test at 25C, the discharge capacity at the 500th
cycle maintained 89% of thb init al discharge capacity. In the cycle test at 60C, the discharge capacity
at the 100th cycle ma 82% of the I.nitial. discharge capacity. In the cycle test at -10c, 74% of the initial,
discharge capacity wa.maintained  at the 100th cycle. 20[0088] addition, a battery was prepared in the
same mannbr  a described above, and charging and discharging of this battery were conducled at 25C
for five cycles. An  SF-251043 Even when the state of charging was increased to 300%, battery
voltage became substantially constant at 4.68 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 91% of the init.ial
discharge capacity could be achieved. Subsequently, CCCV charging was conducted at a rate of 1C
UP to 4.2 V, and discharg g was conducted at IC down to 3,0 V. Ibis charging  asd discharging
operation was repeatedly performed. At the 100th cycle, 82% of the in L 10 discharge capacity was
maintained. Accordingly, it was found that the battery did not substantially degrade due to
overcharging. [00891 [EXAMPLE 6] 15(Battery evaluation [Preparation of electrolyte solution] 



Lithium  hexafluoropidsdhat (LiPFd was used as an electrolyte. A solvent composed of a mixture
containing byLe of ethylene carbonate, 20% by volume of propylene 20 carbonate, 50% by volum of
methyl ethyl carbonate, and 20% by volume of diethyi carbonateused. Lithium hexdfluhrophosphate
ATiEFO was dissolved in this solvent so as to have a concentration of 1.[ mol/L. Furthermore, as
additives for form g an hon-conductive coating film on an  SE-251044 electrode, 1.5 parts by mass of
1,1-   Lp(acrvloyloxymethyl) etnyl isocyanate 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 5 solution as
prepared. [0090] [Preparation of battery] A battery _o fabricated as in Battery evaluation 1 using a
positi..ve electrode and a negative electrode that were 10 thesari.e as those used in Battery evaluation
1 except for the electrolyte solution. [0091] (Evaluation of battery)            The battery evaluation  was
also conducted as in Battery 15 evaluaio According to the results, in the cycle test at 25C, the
discharge capacity at the 500th cycleal 



96% of the InItial discharge capaIn the cycle test at 60C, the discharge capacity at the 100th cycle
maintained  88% of the initial discharge capacity. In the cycle test at 20 -10C, 85% of the initial
discharge capacity was maintained at the 100th cycle. [0092] [EXAMPLE 7] (Battery evaluation 7)
SF-251045 [Preparation of electrolyte solution]        Lithium hexafluorophosphgte (LiPEd was used as
electrolyte. A solvent composed of a mixture containing 10% by volume of ethylene carbonate, 20% by
volume of propylene 5 cabonate, 50% by volume of methyl ethyl carbonate, and 20% by volume of
diethyl carbonate was used. Lithium hexafluorophosphate [LIP F6) was dissolved in this solvent so as
to have a concentration of 1.1 mol/L. Furthermore, as an additive for forming an ion-conductive coating
film on an 10electrode, 2.0 parts by mass of 1,1- bis (acryl oyloxymethyl) ethyl isocyanate was added
relative to 100 parts by mass of the total of the solvent. Thus, an el trolyte solution was - [0.093]
15[Preparation of b      A battery was fabricated as in Battery evaluation 1 using: a positive electro
enegative electrode twere the same as those used in Batteryevaluation 1 exce:pt for the al.ectrolyte
solution. 



20[0094] (Evaluation of battery) The battery evaluation was also conducted as in evaluati.on I.
According to the results, in the cycle test at  56 -251046 95% of the initial discharge capacity. In the
cycle test at 60C, the discharge capacity a the 100th cycle maintained 90% of the initial discharge
capacity. In the cycle test at -10C, 93% of the initial discharge capacity was maintained at the 100th
cycle. [00,95] In additi.on, a battery was prepared in the same manner as described above, and
charging and dischargin:g of this battery were conducted at 25C for five cycles. An 10 overcharge test
was then conducted at 25C at a rate of 3C. After the state of charging exceeded 130%, the battery a e
became 5.2 V or more. .guently, with an increase  in the state of charging, the voltage g -dual y
increased. From the time when the state of charging exceeded about 200%, the voltage rapidly
increased. The battery voltage reached 10.0 V at a state of charging of 215%, and th.e over test was
fin shedThis battery was then discharged at 25C at a discharge rate of 1C. According to the result, 



disch. -ring atof theitial discharge capacity was 20 achipved. Subsequently, CCCV charging, in
charaina ,"  conducted at 10 until the batt cry voltage reached 4.2 V and the voltage was mai.ntained
from the time when the battery voltage reached 4.2 V until a current value became 0.050, and
discharging at 10 down to 3.0 V were repeatedly performpd.  SE-251047 Even after these charging
and discharging were conducted for 10 cycles, the discharge capacity did not exceed 10% of the initial
discharge capacity, and the test was finished. [0096] 5[EXAMPLE 8] (Battery evaluation 8)
[Preparation of elbctrolyte solution]       A lithium flubrododecaborate that was separated from the
product obtained in Preparation ' of lithium 10 fluorododebaborate so as to contain 99.9% or more of a
lithium fluorodobecaborate having a composition formula of Li2B17E72 was used as an electrolyte,
and LiPF6 was used as a mixed electrolyte. A solvent composed of a mixture containing 30% by
volume of ethylene carbonate, 50% by volume of methylyi carbonate, and 20% by volume of diethy
carbonate was used. The lithium flucrododecaborate and LiP(76 were dissolved in this solvent so that
the conbentraof 



the lithium fluorod.odecaborate wasmol4L and the       concentration of LIFE5 wcs 0.2 mri/L.
Furthermore, as an 20 additiveforming an Ion-conductive coat ng film on an electrode, 0.5 parts by
mass of 2-acrylonloxye1 isocya te was added relative to 100 parts by mass of the total of the
Thup,electroljte solution was prepared. [^097]  1048 epa ration of battery]       A battery was fabricated
as in Battery eva.l.uation 1 using a positive electrode and a negative electrode that were the same as
those used in Battery evaluation 1 except for thb electrolyte stion. [0098] (Evaluat on of battery)
The battery evaluation was also conducted as in. Battery evaluation I. According to the results, in the
cycle test at 10 25C, the discharge capacity at the 500th cycle mai.ntained 89% of the initial discharge
capacity. In the cycle test at 60C, the discharge capacity at the 100th cycle maintained. 75% of the
Initial discharge capacity. In the cycle test at -10C, 88% of the. initial. discharge caparty was
maintained. 15at the 100th cycle. [0099]       In addit on, a battery was prepareb in tfle same manner
as described above, and charging and discharging of this battery were conducted at 25C forcycles. An
20 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 4.70 V and did not increase
any more. This battery was discharged at 2:5C at a discharge rato of 1C. According to the result,  



SP-251049 discharging at 87% of the initial discharge capacity could be achieved. [0100] [EXAMPLE
9] 5(Battery evaluation 9) [Preparation of electrolyte solution]       A lithium f.I..uorododecaborate that
was separated from the product obtained in Preparation ] of li fiuorododecaborate so as to contain
99.9% or more of a fl jim fluorododecabora.te having a composition formula of            was used as an
electrolyte, and LiPF6 was used as a mixed electro]A solvent composed of a mixtur containing 30% by
volume of ethylene carbonate,volume of methyl ethyl carbonate, and 20% by volume of diethyl
carbonate was used. The lithium fluorododecaborate and LjPF6 were dissolved in this solvent so that
the concentration of lithium flu-rododecabo ate was 0.4 mol/L and concentration of LiPF6 was 0.2
mol/L- Furthermore, additives for forming an non-conducrive coatr- an 20 electrode, i.5 parts by mass
of ethyland 0.5 parts by mass of 1opane sultone were added relative to 100 parts by mass of the total
of the solveran electrolyte solution was prepared. 



[0101]  251050 [Preparation of battery]       A battery was fabricated as in Battery evaluation 1 using a.
positive electrode and a negative electrode that were the same as those used in Battery evaluation I
except for the electrolyte solution. [0102] (Evaluation of battery) The battery evaluation was also
conducted asry evaluation I. According to the results, in the cycle test at 25C, the discharge capacity
at the 500th cycle mai.nta.ined 93% of the initial discharge capacity. In the cycle test at 60C,
thcdischarge capacity at the 100th cycle maintained 90% of the initial discharge capacity. In the cycle
test at -10C, 91% of the initial discharge capacity was maintained at the 100th cycle. [0103]            a
121on, a battery was prepared in the sane manner as described above, aning and dischar batter y
were condIict-c] at 25C for five cycles. 20 overcharge test was then conducted at 25C at a rate of 3C.
Even when the state of charging was in.creased to 300%, the battery volt-age became substantially
constant at 4.71 V and din not increase any more. This battery was discharged at 25C at a discharge
rate of 1C. According to the result,  SF-251051 discharging at 96% of the ini..tial discharge capacity
could be achieved. [0104] [EXAMPLE 101 (Battery evaluation 10) 



reparatIo- of electrolyte, 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
10 lithium fluorododecaborate having a composition formula of Li2B12F12 was used as an electrolyte,
and L. F6 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 15 carbonate was used. The lithium fluorododecaborate and LiPF6 w re Hissolved in this
solvent so that the concentration of the iithiP n fluorododecaborate was 0.4and the concentration of
LiPF6 was 0.2 mol/L. Furthp ciore, as an additive for forming an ion-conductive coating film on an 20
electrode, 1.5 parts by mass of vinyl crotonate was added relative to 100 parts by mass of the t.otal. of
the solvent Thus, an electrolyte solution was prepared. [0105] [Preparation of battery]  gE-251.052 A
battery was fabricated as in Battery evaluation 1 using a positive electrode and a negative electrode
that were the same as those used in Battery evaluation 1 except for the electrolyte solution. [0106]
(Evaluation of battery)       The battery evaluation was also conducted a in Battery evaluation 1.
According to the results, in the cycle test at         the discharge capacity at the 500th cycle maintained
91% of the initial discharge c.apacity. in the cycle test at 60C, the discharge capacity at the 100th.
cycle maintained 84% of the initial discharge capacity. In the cycle test at -10C, 88% of the initial
discharge capacity was maintai at the 100th cycle. [0107] 



In addition, a battery was prepared i.n the same manner as described above, and chargis%nargi a of
this battery were conducted at 25C for five cycles. An overcharge test was then conducted at 25C at a
rate of SC. 20 Even when the state of charging was increased to 300%, the battery voltage became
substantially constant. at 4.70 V and did not increase any more. This battery was discharged at 25C at
a discharge rate of 1C. Accordi.ng to iThe result,  SF-251053 acieved. [0108] [EXAMPLE 11] (Battery
evaluation 11) [Preparation of electrolyte solution] Uthium fluorododecaborate that was separated from
the obtained in Preparation 1 of lithium fluorodoc cabor he so as to conMaam 99.9% or more of a
lithium fluorododecaborate having a composition formula of 10used as an electrolyte, and LiPF6 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 carbonate was
used. The lithium fluorododecaborate and LiPF6 is were dissolved in this solvent so that the
concentration of the lithium fluorododecaborate was 0.4 mol/T2 concentration of LiPF6 was 0.2 mol/L.
Furthermore, as additives for forming an ion-conductive coatimg fij.m. on an electrode, 1.5 parts by
mass of vinyl crotonatE0.5 parts 20 by mass of 1 -propane sultone were added relative to 100 parts by
mass of the total of the solvent. Thils an electrolyte solution was prepared_ 



roini [Preparation oferyj  SE-251054 A battery was fabricated as in Battery evaluation 1 using a
positive electrode and a negative electrode that were the same as those used in Battery evaluation 1
except for the electrolyte solution. [01]..0] (Evaluation of battery)       The battery evaluation was also
conducted as in Battery evaluation 1. According to the results, in. the cycle test at 25C, the discharge
capacity at the 500th cycle ma tained  1095% of the initial disc' capacity. In the cycle test  0the
discharge capacity at the 100th cycle maintainec 91% of the initial discharge capacity. In the cycle
test. at  -10C,of the initial discharge capacity was m ntain, at the 100th cycle. 15[0111]       In addition,
a battery was prepared in the same manner as described above, and charging and discharging of thi,s
battery were conductcd at 25'C for f,hve cycles. An 



bchargp test was then con. ducted at 25C ate of 3C. 20 Eventhe state of charging was increased to
300%, the battery voltage became substantially constant at 4.70 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
96% of the it tial d.ischarge capacity could  -2510 achieved. [0112] [COMPARATIVE EXAMPLE 1]
(Battery evaluation 12) [Preparation of electrolyte solution       Lithium hexafluorophosphate (LiPF) was
used as an electrolyte.solvent composed of a mixture con.taining 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 hexafluorophosphate (LiPF0 was dissolved
in this solvent so as to have a concentration of 1.1 moi/L. Thus, an electrolyte solutionprepared. No
additive for forming a coating film was added to this electrolyte solution, [0113] [Preparaton of battery
A battery was fabricated as in Battery eval.ua.tion 1 using a positive electrode and a negative
electrode that were the same as those used in Battery evaluation .L except for the 



20electrolyte solution. [0114] (Evaluation of       The battery evaluation was also conducted as in
Battery evaluation ...Pig. 1 shows the results of the cycle test at  SF-251056 25C. In the cycle test at
25C, the discharge capacity of the batter..y of Comparative Example 1 decreased to less than 80% of
thd initial discharge capacity at the 220th cycle, as shown by curve b in Fig.. 1. Fig. 2 shows the
results of the cycle test at 60C. In the cycle test at 60C, the discharge capacity decreased to less than
80% of the initial discharge capacity at the 48th cycle, as showncurve b in Fig. 2. sfloww the results of
the cycle test at -10C.the      c test at 10'C, the discharge capacity decreased to less than 80% of the
initial dis e capacity at the 58th cycle, as shown by curve b in Fig [0115] [COMPAtcATIVE EXAMPLE
2] (Battery evaluation [Preparation of electrolyte solution] A ifthirododdiadorate that was separated
from the product obtained in P eparaithiurrj. fluoxododecaborate so as to ccor more of a lithium
fluorododecahorate having a composition formula of 20isi2B17111,. was used as an electrolyte, and
Li.PF6 was used as a mixed eiectrbA solvent composed of a mixture 



containing 10% by volume of ethylene carbonate, 20% by volume of propylene carbonate, 50 by
volume of methyl ethyl carh-on.ate, and 20% by volume of diethyl carbonate was used_  SE-251057
The lithium fluorododecaborate and LiP.F6 were dissolved in this solvent so that the concentration of
the Lithium  fluorododecaborate was 0.4 mol/L and the concentration of LiPF6 was 0.1 mol/L. Thus, an
electrolyte solution was prepared. No additive for forming an ionconducti.ve coating film, on an
electrode was added to this electrolyte solution. [0116] [Preparation of battery A battery was fabricated
as in Battery evaluation 1 10 using a positive electrode and a negative electrode that were the same
as those used in Battery evaluation 1 except for the electrolyte solution. [01 (Evaluation of battery)
15The battery evaluation was also conducted as in Battery evaluation 1According to the results, in the
cycle test at 25C, the disch.arge capacity eased to less than 80%of the initial discharge capacmty at
the 285th cycle. In the cycle ,_mc. at ro the discharge capacary o.ecreaseo f-o less 20 than -)the
ini.tial discharge capacity at the 145th cycle. In the cycle test at -10C, the discherce capacity
decreased. to less than 80% of the initial discharge capacity at the 108th cycle. [0118]  55-251058 



The results of the Examples and Comparative Examples described above are summarized in Tables 1
and 2. [0119]       In Tables 1 and 2, the characters shown as solvents represenz the substances
below. [01201 EC:carbonate PC: propylene carbonate EMC: methyl. ethyl carbonate 10DEC: diethyl
carbonate       In Tables 1 and 2, the term "discharge capacity ratio" means a ratio of the discharge
capacity after a test to the initial discharge capac y. [01211 1.5  a) ira- 0  Pto  Hcia .888 
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OPO Cl) -07:3 O2:7 00 00 =..--Z G )- <  SF-251062 CLAIMS [Claim 1] A nonagueous electrolyte
solution f.or a secondary 5 battery, the nonagueous electrolyte solution comprising an electrolyte; a
solvent; and an additive,        wherein the additive contains a compound representee by formula (1)
below: [Chem (RIR2C CCO-0-) nY(1) 



(in the formula (1),and R2 are each independently a  hydrogen atom, a methyl group, or an amino
group, n is 1, 2, or 4, when n. is 1, (Y is a hydrogen atom or a monovalent      organic group, when n is
2, Y. is a divalent organic group, 15and when n is 4, Y is a tetra.valent organic group), and the contenc
of the compound is 0.05 to 10 parts by mass relative- to 100 parts by mass of the total., of the solvent
[Claim 2] 20The nonaqiieous electrolyte solution for a secondary battery according to Claim 1, we ein
the cor=ound represented by the formulais at least one selected from t group consist.*of
1,1-bis(acryloyloxymethyl)ethyl isocyanate, N,N'-his(acryloyloxyethyl)urea, 2,2-  SF-251063 bis(acr
oyloxymethyl)ethyl isocycnate diethylene oxide, 2,2- his(acryloyloxymethyl)ethyl isocyanate tr
E6anylene oxide, tetrakis(acryloyloxymethyl)urea, 2-acryloyloxyethyl isocyanae, methyl crotonate,
ethyl crotonate, methyl aminocr-tonate, ethyl aminocrotonate, and vinyl crotonate. [Claim       The
nonaaueous electrolyte solution for a secondary battery accordina to Claim 1 or 2, wherein the
electrolyte 10 contains a lithiumuoroodecaborate represented by a formula Li2B12FZ12x (in the
formula, X is an integer of 8 to 12, and 1 is H, Cl, or Br) and at least one selected from LiPF6 and
LiBE4, the concentration of the lithium fluorododacaboe is 0.2 mol/L or more relative to the total 



15 of the electrolyte solution, and the total concentration of the at ast one selected from LiPF6 LiBP4 is
0.05 mbl/L or more r eiative to the total of the electrolyte solutions [Claim 4.] 20The nonaqueous
electrolyte solution for a secondary battery according to Claim 3, wherein a ratin (A:B) of abe content A
of the lithium fluorododecaborate to the content B of the at least one selected from LiPS5 and TaiBF4
is 90:10 to 50:50 in terms of molar ratio.  SF-251064 5] The noous electrolyte solution for a secondary
battery according to Cl. aim 3 or 4, wherein. the total molar concentration of the lithium
fluorododecaborate and the at 5least one selected from iIPF6 and Lii3F4 is 0.3 to 1.5 mol/L relative to
the total of the electrolyte solution. [Claim 6] The nonagueous electrolyte solution for a secondary 10
battery according to any one of Claims 3 to 5, wherein X in the formula Li7B12FZ12Th is 12. [Claim 7]
The nonagueous electrolyte solution for a. secondary battery according to any one or Claims 1 to 6,
wherein the solvent contains at leaet one selected from the group consisting of cyclic carbonates and.
chain carbonates. 20A nonaqueous electrolyte secondary battery comp .rising a positive electrode; a
negative electrode; and the nonaqu.eouC eI.ectrolyte solution for a secondary battery according to any
one of Claims 1 to 7. 






