SF-2 510 DESCRIPTION NONAQUEOUS ELECTROLYTE SOLUTION FOR SECONDARY
BATTERY AND NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 5 Technical Field [00011
The presenit invention relates to a nonaqueous elecljrolyte 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 cafbonrmaterfal, 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 represbnl8 4 transition metal) fithiur ironpHosphate Raving A &iviné &t iEtive, BF the SF-25102
like is used as a positive electrode material. [0003] As an electrolyte solution used as a nonagueous
NONAQUEOUS ELECTROLYTE SECCNDARY RATTERY

The present invention relates to a nonagueous
electrolyte solution for a secondary battery and a nonagueous
electrolyte secondary battery, and more specifically, to a

10 nonagueous electrolyte secondary battery having good charge-
discharge characteristics and a nonagueous electrolyte
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15 Background Art

(00027

nonagqueocus electrolyte secondary batteries have attracted
attention in which metallic lithium, ar ailoy tnat can

20 ccclude and release lithium ionsg, a carbon materizl, or the
iike is used as a negative electrode active material and a
lithium transition metal oxide represented by a chemical
formula LiMGO, (where M represents a transition metall,

lithium iron phosphate having an olivine structure, or the



electrolyteolution, one prepared by dissolving, as an 5electrolyte, a lithium salt such as LIPES5, LiBF4,
or LiC104 in an apratic organic solvent is usually used. Examples of the aprotic solvent that are usually
used incIud%tc"é)ré)dr?ates such as propylene carbona%e, 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 2% ait 8fectidlyte fom the'Vielupbint bf therfial Staldility and overcharge
characteristics éOOOS] However, even in the batteries produced by using LIiPF6 Paorododpcaborate in
the reiatpd éﬂd é.hery 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 theriegitive Eiéctidue difle BF thé positive efect-astie 6FwHilE Biesbatteryeft SF-25103
standing with a high voltage, thereby degradingbattery. To solve this problem, as described in NHT4
1believed tRatitis éftective 16 Lisk diadditife HHatd6rms aR jorodidubtive protestivéfilm suitable for a

negative electrode surface or a positive electrode surface. Citation List Patent Literature [0006]
5 electrolyte, a llthium salt such as LiPFg, LiBF, or LiCl0. in

an aprotic organic solvent is usually used. Examples of the
aprotic solvent that are usually used include carbonates such

as propyiene carpbonate, etnylene carbonate, diethvl carbonate,

and ethyl methyl carbonate; esters such as y-butvrolactone

140 and methyl acetate; and ethers such as diethoxyethane.
[00G4]
Furthermore, PTL 1 and PTL 2 describe that a lithium
fluorcdodecaborate represented by Li;BiFyZis. (in the formula,
X 1s an integer of 8 or more and 12 or less, and Z is H, C1,
15  or Br) is preferably used as an electrolyte from the
viewpeint of thermal stabllity and overcharge characteristics.
[0005]
However, even in the batteries produced by using LiPF; or
the lithium fluorcdodecaborate in the related art, battery
20 characteristics such as cvcle characteristics are

insufficient. It is believed that this is because an

electrolyte solution, in particular, a solvent is decomposed

during charging of the battery on the negative electrode side
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or the positive electrode side or while the battery



PTT 1: Japanese Unexamined Patent Application Publication No. 102007-87883 PTL 2: Japanese
Patent No. 4814;5@%()1@ Non Patent Literature [0007] NPL 1: GS News Technical. Report, June, 2003,
Vol. 62, No. i ummary of Invention Technical Probfem [0008] As described above, various
additives, solvents, and eled,d-H!ytes have- oeproposed in order to tmprove the 20charge-discharge
ef.fiiciency of a lithium-ion battery. However, they are not suffi.cient to improve charge-discha.rge
racteristios from é%w temperatures to high fmpgratgﬂrgs. In addition, the lithium fluorododecaborate
represented by 251 significant efféct of Suppressing the degradatic 48 t6'sveRharging, but does
not have - sufficient effect .improving charge-discharge characteristics such as cycle characteristics,
5[0009]  -An dBjedt of theprasehtinventioh RO Provide aHohggueous dledfiolife!sdtutich that can
improve char discharge characteristics of a nonagueous electrolyte secondary battery from a low
temperatur&'td' 5 high témperatirhe’ Snd @ MsHagtiotis Sléctithyte KetohBaRFhattery fitudi..ng the
nonabueous electrolyte solution. An object of the present invention is to provide a nonagueous
electrolyte §01itioT that Tah ThrRer Sighificantly fiprove L h-temiperatitdcharacterist: sl
overcharge chagacteristics of is a nonaqueo s electrolyte secondary battery, and a nonagueous

electrolyte §edorainy batteryfciuding thegionagitous: slettidlyte solution.
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[0008]
As described above, various additives, solvents, and
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lytes have been proposed in order to improve the

20 charge-discharge efficiency of a lithium-ion battery.
Aowever, they are not sufficlent to improve charge-discharge
characteristics from low temperatures to high temperatures.
In addition, the lithium

luorododecaborate represented by

LisBisFyZi,-x has good high-temperature characteristics and a



Solution to Problem [0010] 20The present invention that achieves the above objects is summarized as
Itobelow. [1] A Qnaquecus electrolyte solution for a secondary battery, the nonabueous electrolyte
solution contalnlng 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 Ls 1 Y is ahyergen atom or a monovalent organic group, when nis2,Yisa
divalent organ?c group. and when n i€a, Y 153 tefravaiént ofgani@grotpy - ahd e tfi& content of the
compound i is 0.0510 10, parts PY‘ mass relative to 100 parts by mass of the total of the solvent. [2] The
nonaqueous elactrbiyte Sofition for A-secondary T5 Hattery accordifgto i &5ove> in which the
compound r resented by the formu_) is at least one selected from the group consisting of
1,1-his(acr-10 ﬁgfyvﬁﬁé@n Aty fsotyarats - NNfaBRS(AEAFloxyetHy ureaCs, 2 histaar ©

loyloxymethyl)ethyl isocyanate dletnylene oxide, 2,2- 20 hisyloyloxymethy ethyl isocyanate triethylene
cs

cnaracteristi

oxide,
5 [0008]

An object of the present invention is to provide a
nenagqueous electrolyte solution that can improve charge-
discharge characteristics cf a nonagueous electrolyte
secondary battery from a low temperature to a high

TN

10 temperature, and a nonaguecus electrolyte secondary battery

including the nonagusous el oclyte soluticn. An object of

Q)
O

the present invention is to provide a nonagusous electrolyte

solution that can further significantly improve high-
temperature characteristics and overcharge characteristics of
15 & nonaqueous electrolyte secondary battery, and a nonaguecus
electrolyte secondary battery including the nonagueocus
electrolyte solution.
Soluticn to Problem
(00101
20 The present invention that achieves the above objects is

[1] A nonaguecus electrelyte sclution for a secondary battery,
the neonaqueous electrolyte solution containing an electrolyte,

a2 solvent, and an additive,



tetrakis(acryloyloxymethyl)urea, 2-acryloyloxyethyl isocyanate, methyl crotonate, ethyl crotonate,
methyl amm&qﬂc&t ate, 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
81t0 12, and 3 is H, ClI, or Br) and at least one selected from LiPF6 and LiBF4, the concentration of the
lithium fluorododecaborate is g.g mol/L or more relative to the total of the electrolyte solution, and the
total concentration of the ‘at leastorie seledted o LiFEF and 11BR418 0. 05 MoHE THoF thdté relative
to the total of the electrolyte solution. [4] The nonaqueous electrolyte solution for a secondary battery
according toaboveé; in 1/5hidia Fatio (A: B) of the content A of the lith urn fiuorododecaborate to the
content B og,lé}woe at least one selected from LiPF6 and LiBFA is 90:10 to 50:50 in terms of molar ratio.
[5] The nona teous electrolyte solution for a. secondary battery according to [3] orabove, in whi.ch the
total molar caoncentration of the lithium flubrododecaborate and the at east one selected from LiP,F6
and LiBIBq is'6%o 1'5 mol/L 20relative to the total of the electrolyte solution. nonagqueous
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 df ] &8 {6 aboleHrwhichthe Eblvent coftains at least one selected frdnj 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.

™

{in the formula (1}, R* and R® are each independentliy a
hydrogen atom, a methyl group, or an aminc group, n is 1, 2,
or 4, when n is 1, Y is a hydrogen atom or a monovalent
10 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 nonagueous electrolyte sclution for a secondary

93]

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

-

represented by the formula (1) 1s at least one selected from

the group consisting of 1,l-bis{acryloyloxymethyl)ethyl

Lis(acryloyloxymethyliethyl isccyanate diethylens oxide, 2,2~
20 bislacryloyloxymethyl)ethyl isocyanate triethylene oxide,

tetrakis(acryloyloxymethyl)urea, Z-acryloyloxyethyl

isocyanate, methyl crotonate, ethyl crotonate, methyl

aminocrotonate, ethyl aminocrotonate, and vinyl crotonate.



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 el cfr‘o(ljyte secondary battery can be si&nificantly 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 i§,H,mCI, or BQ Thus, charge-discharge characteristics of a 20 nonaqueous electrolyte

=

secondary battery can'bd Sighificanitly improved? (00157 - = FFHA i§ Cthehoriaduieons Electrolyte
solution of the present invenuion cane thermal stability of SF-25108 nonaqueous electrolyte
secondary BAttery af high ferperatiures, a chargebifschiatg&performants bf tHé nonaqueous
electrolyte secondary battery at low temperatures, and rate characteristics of the nonaqueous
electrolyte S8CONARL Y8 “Ofdomtémperdtlfe: 1 ablditiohCrrhe Hdtaatedus Blectiolts 28lution of
the present invention, in the case of overchag a redox shuttle mechanism acts, and decomposition of
the electrol§té Soldtiirand deceripositior: of dpdsitive’ elettidde canise prevehted A6 @festilt, 10
degradation of the nonagueous electrolyte secondary battery can be prevented. Brief Description of

s s

DﬁﬂMﬁ@S[G@iéﬁ“ ana Z is H, Cl, or Br) and at least one selected from
LiPFs; and LiBF,, 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 LiPF; and LiBF, is 0.0% mol/L

10 or more relative to the total of the electrolyte solution.

[4] The nonaqgueous electrolyte solution for a secondary

battery acccording to [3] above, in which a ratio (A:B} of the

content A of the lithium fluorododecaborate to the content B

i

of the at least one selected from LiPFs and LiBF; is 20:10 to

15 50:50 in terms of molar ratio.
i5] The nonagueous electrolyte sclution for a secondary
battery according to {3] or [4] above, in which the total
molar concentration of the lithium fluorododecaborate and the
at least one selected freom LiPF: and LibBF, iz 0.3 to 1.5 mol/L
20 relative to the total of the electrolyte sclution.

[6] The nonaquecus electrolyte soluticn for a secondary
battery according to any one of [3] to [5] above, in which X

in the formula LiBiFyZis.y i35 12.

[7] The nonaquecus electrolyte scluticn for a secondar



[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 | as.ff%.!*[f‘—'ig. 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 secondar bat_ter)( of Example 1 and cycle test results (b) of a
nonaqueous alecsetofdary” SF-95169 B&Eer?/rb‘% Comparative Exampie 4t -16%. BEsth ption of
Embodimeqj@ 0017] < Nonadueous electrolyte solution for secondary battery> A nonagueous
electrolyte <ol{ticiTfor & 'Sedordary Batéry décording 16 thié présent inverfion Ticlddéssn electrolyte, a
solvent, and an additive. [0018] <Additive> 10In the present invention, an "additive" is incorporated in
an amount 6£ 16 parts’By mass b fe'ss et additive whén thé tatarofthe oleht 8ontai.nen in the
electrolyte solution of the present invention is assumed to be 100 parts by mass. Furthermore, if a
small amount of & SGVERES ESmPORERLIS BieseRtirrthessolveiit ard the dridust '6f Sofent
component contained in the small amount is less than 10 parts by mass relative to 100 parts by mass
of the total &mbtih'ofthé& SBReht ekeept foFte sl arfotint ofthe s6ivent comporehtcthie small
amount of solvent component is

electrolyte sclution for a secondary battery according to any

cne of [11 to [7] above.

Advantageous BEffects of Invention
[0013]
140 The nonaqueous electrolyte sciution of the present

invention contains the additive in a predetermined amount.

Thus, charge~discharge characteristics of a nonagueous

electrolyte secondary battery can be significantly improved.
[0014]
15 Furthermore, the nonagueous electrolyie solution of the

present invention contains a predetermined amcount of lithium
tlucrododecaborate represented by Liz;BiFyZiz.x (in the formula,
¥ iz an integer of 8 or more and 12 or less, and 7 is H, 71,

20 nonaqueocus electrolyte secondary battery can be significantly

That is, the nonagueous electrolyte sclution of the

present invention can improve thermal stability of a



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
componentié‘!i:"éﬁg'rgd%red 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] [Chelt (] FIFQ 2C=EREE-0)-To 0021425 Y fomuila (1) Riand RS GF& e ures.
independently hydrogen atom, a methyl group, or an amino group, nis 1, 2, or 4, whennis 1, 1is a
hydrogen afont of AdnofovAIgRt Gigahic drobPWhen hlis 21 % R4 eidientorgaRic (gréup,ahd when n
is 4, 1 is a tetravalent organic group. Since the additive is the compound represented by the formula
(1), in a secORdBHIETY intiiding thé horadudsiséieé syt solitioh f6r'& secondary battery of the

present ‘ o
Characteristics of the nonagueous electrolyte secondary

LN

battery at room temperature. In addition, in the nonaqueocus

=
£

electrolyte soluticon of the present invention, in the case o

overcharging, a redox shuttle mechanism acts, and

H

decomposition of the electrclyte solution and decomposition

ot

cf a positive electrode can be prevented. As a result,
10 degradation of the ncnaqueous electrolyte secondary battery

can be prevented.
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[Fig. 1] Fig. 1 is a graph showing cycle test results (a) of

o
5

a nonagueous electrolyte secondary battery of Example 1 and
cycle test results (b of a nonagqueous electrolyte secondary

- D

battery of Comparative Example 1 at 25

!

[Fig. 2] Fig. 2 is a graph showing cycle test results (a) of

Example 1 and

bty

& neonaguecus electrelyte secondary battery o
20 cyclie test results (b) of a nonaguecus electrolyte secondary

battery of Comparative Example 1 at 60°C.

Flg. 3] Fig. 3 is a graph showing cycle test results {(a) of
a nonaguecus electrolyte secondary battery of Example 1 and

cycle test results (b) of a nonaguecus elactrolvyte secondary



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 eledtrode’ As a result, SF-2510 charge-dis%harge characteristics from a low temperature of
about -25C to a high temperature of about 60C axe improved. [0022] In the formula (1), when nis
1, Y is a hydrogen atom or a monovalent organic group. Examples of the monovalent organic group
include an ?,II%I group, alkyl groups each 0 6 carbon atoms, an isocvanate group, an amino
group, an. "Tide Grotip an anfidé Gidug,a Tiniiigréup, enzovigfoup, 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 at6i of 3R @l group Hadng™ =46 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 gro B[H{él}ude 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'& 26 pofinéthyletietgrotip Witht & Hroup bthet thars an aikyl gréap- havikg 1 to 6
carbon atoms, the alkyl group being exemplified as the monovalent organic group. [0024] When n is 4,
Y is a tetravalent Grganic6retp; Exanfplés olyte solution for a secondary

battery according to the present invention includes an

electrolyte, a solvent, and an additive.

<Additiver

" ive" is ilncorporated

ot

10 In the present invention, an "addi

in an amount of 10 parts by mass or less per additive when

the total of the solvent contained in the electrolyte

by mass. Furthermore, 1f a small amount of a solvent
15 component is present in the solvent and the amount of solwvent

component contained in the small amount is less than 10 parts

%3

by mass relative to 100 parts by mass of the total amount of
the solvent except for the small amcunt of Lhe solvent
component, the small amount of solvent component is

20  considered to be an additive and is eliminated from the
solvent. Herein, 1n the case where two or mors solvent
components are present in small amounts and a small amount of

certain sclvent component (1) 1s considered Lo be an additive

on the basis of the above definition, a solvent component



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 fyd gie% atom of a group formed by rem8ving 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 hattery of the present invention may be one compound represented by the
formulaor may iNEIidEtwo orifore eompoliids eadly rédreSBhted By thecformifa @) po26 L
15Specific examples of the compound repreRented by the for(1) include 1,1-bis asryloyloxvmethyl sayl
ihich is repre8&nted’ By ererfiidaPfotfiiia (2) beldw 2NN -ListaehAsyIBRyE fyljtted 2, 2-
is(acryloyloxymethyl)et 1 isocyanate diethylene oxide, 2,2- 20 bis(acryloyloxyme yi)ethi- isocyanate
triethviene Gxide “tetiakia(acryloyloxymetur isocyanate, methyl crotonate, ethyl crotonate, methyl
aminocrotorg%t& Stzhyl aminocrotonate, and vinyl crotonate. [0027]

he additive in the nonaqueocus electrolyte solution for

5
a secondary battery of the present invention contains s
compound represented by formula (1) bhelow.

[0020]
[Chem. 1]

o (RIRPFC=CH-CO~0-) Y (1)
[0621]
(In the formula (1), R' and R® are each independently a
hydrogen atom, a methyl group, or an aminc group, n is 1, 2,
cr 4, when n is 1, Y is & hydrogen atom or & moncvalant

when n is 2, Y ls a divalent eorganic group,
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tetravalent organic group.)
Since the additive is the compound represented by the
formula {1}, in a second battery including the nonagueous
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o a negative electrode at the time of initial charging,
thereby forming a suitable ion-conductive protective coating

film on & surface of the negative electrode. Az a result,



ST-251013 [Chem. 2] O Il H2C=CH-C-0 H2C=CH-CONCO II (2) [0028] A nonagqueous electrolyte
solution for a secondary battery, the nonaqueous electrolyte solution containing any of these
compounds.‘%fs'efnj éaditive, can significantly improveiéharge-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 fbormula 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 ?@%rp%?&&dfﬁ{é%@glaﬁ% 6 160 pails By’ maseTvf the total SRt tontafned in the
nonaqueous electrolyte solution r a secon.dary battery. When the content of the compound
representedBy the formuta (1 i§ withi#H theSabeverangs, Sditabisioh-&hductivé pidteétivescoating film
can be form{ege%nz? surface of the negative electrode.charge-

In the formula (1}, when n is 1, Y is a hydrogen atom or

N

& monovalent organic group. Examples of the monovalent
crganic group include an allyl group, alkyl groups each
having 1 to 6 carbon atoms, an lsocyanate group, an aming
group, an imide group, an amide group, & vinyl group, &

benzoyl group, an acyl group, an anthraniloyl 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
1 te & carbon atoms with a group other than the alkyl group
having 1 to & carbon atoms.

[0023]

)
3]

When n is 2, Y is a divalent crganic group. Examples of

alkylene groups, polymethylene groups, a2 urea group, and a

maionyl group. The divalent organic group may be a group

formed by replacing 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 atcems, the alkyl group being exemplified

as the meoncovalent organic group.

when n is 4, Y is a tetravalent organic group. Examples



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“ﬁ%%é;fathe protectcoating film is not suﬁ%ciently 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 &tthé Eoatifi fifi formied 6A TRE SGrace Srheditive e GrotiFincreasag Zakd the reaction
resistance of the negative electrode increases. As a result, a decrease in the discharge capacity of the
battery and"&de¢rease 1715 cChargeeetharge eharddteristics ShER &S 'E cydlEfbrmance " be caused.
[00301 The nonahueous electrolyte solution for a secondary ba.t-tery of the present nventlon may
contain, beSieEtHE 20°ConP6iind répreseRtetiby g formtE (1) Cother additive degortling to a
desired use within a. range that doe- not impair the effects of the present invention. Examples of the
other additives ircldde ViRjiene catbonate'd, 8- diiethgivinyfdiieTcarbonater 4uB-diethyivihylene
carbonate, 2510 4,5-dipropylv y ene carbonate, 4-ethyl-5- c.ylvinylene carbonate,
4-ethyR5-propyRifiER-carberate] 45methyl-5--propy vitiens:carbonate; vinylk ethylerersarbonate,
divinyl ethylene carbonate, methyl difluoroacetate, 1,3-propane sultone, 1,4-butane sultoney
monofluorcétiiylerie Garbonate; &hd lithim-bisoxaliate borate: Theserathér add fives mayrbe used
alone or in a mixture of two or more additive [0031] Among these other additives,-propane sultone is
10 particulatcpreferable inthb tase wwherbdhiscadditiverisiatded assa inixture withzthe radditive
represented by the formula (11By using 1,3-propane sultone, the charge-

organic group.

14 The additive in the nonaqueocus electrolyte solution for
a secondary battery of the present invention may be one
compound represented by the formula (1) or may include two or
mors compounds each represented by the formula (1).

[0026]

“

15 Specific examples cof the compound represented by the
formula (1} include I,i-bis{acryloyloxymethyliethyl
isocyanate, which 1s represented by chemical formula (2)
below, N,N'-bis(acryvioyloxyethyliurea, 2,2-
Dis{acryloylexymethyl)ethyl isoccyanate diethylene oxide, 2Z,2-

20  bis{acryloyloxymethyl)ethyl isocyanate triethylene oxide,

5

tetrakis{acryioyloxymethyliurea, Z-acryloyloxysthyl

i i

3

isccyanate, methyl crotonate, ethyl croteonate, methyl
aminocrotonate, ethyl aminocrotonate, and vinyl crotonate.

(00271



discharge characteristics of a secondary battery in a wide temperature range from a low temperature
to a high temgerature can be easily improved. [00321 In the case where these other additives are
used, from the \ﬁe\/vriomt 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 '§EDE1016 [0033] Considering that a coating film having good conductivity is formed,
the total amount of additives ed is preferably 0.5 to 15 parts by mass, and more preferably 1 to 10
parts by 5 mass relative to 108«parts by mass of the total. of the solvent. When the total amount of
additives added is smaller O lsba s by mass, a c,-a. fi..Im is not sufficiently formed on the negative
electrode. AH - e jge-dig -_ racteristics may not be obtained. When 10 the
total amount of ‘additives adde is Iargert RN 5 by mass, the thlckness of the coating film

(2)
[oaze]
A nonagueous electrolyte sclution for a secondary

5 battery, the nonaquecus electrolyte solution containing any

of these compounds as an additive, can significantly improve

ol

charge~discharge characteristics of a second battery from a
low temperature to a high temperature of about 60°C.

[0029]

o
o

ne content of the compound represented by the formula
v17 in the nonaqueous electrolyte solution for a secondary
battery of the present invention is 0.05 to 10 parts by mass

to & parts by mass, and more preferably 1 to b

o

referably 0.

o

parts by mass relative to 100 parts by mass of the total of

:,«....5
L5

the scivent contained in the nonaquecus electrolyte solution

for a secondary battery. When the content of the compound

L

the above range, a

'M_x

represented by the form (1) is within

sultable ion-conductive protective coating film can be formed

3

£
O oo Surta

if‘

ce of the negative electrode. As a result, charge-



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 ar? fritéger-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, afld fGrtfermore 280 Orhigiier-atd theodycle lifertartb® friarkedly improvesiadicompared
with the case where LiPF, is used alone. In addition, even in the case of overcharging,not only an
increase in t&"voltahe 1€ stippredsed Bhd tEdOMpbsitivh 6fca Solvent andran eléctrodetis prevented
but also the formation of dendrite 10 lithium can be suppressed by a redox shuttle mechanism due to
an anion of #he lithitm Jluofddodecaborate. Thas degiradatiorvofthe battery and thermal runaway
caused by the overcharging can be prevented. [0036] 15Furthermore, by adding at least one
electrolyte salt'selectedrfrom 1P PPE-ard BIF4 5% a Mixed electrolyte;motathereledtiical conductivity
can be improved but also dissolution of aluminum. can be suppressed when aluminum is used as a

sufficient charge-discharge characteristics from a low
temperature To a high temperature 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 excessively proceeds, the

thickness of the coating film formed on the surface of the
negative electrcde increases, and the reaction resistance of

the negative electrode increases. As a result, a decrease in

the discharge capacity of the battery and a2 decrease in
15 charge-discharge characteristics such as a cycle performance
may e caused
(0030
The nonagueous electrolyte solution for & secondary

-

battery of the present invention may contain, besides the
H 1 £

20 compound represented by the formula (1), other additives

accoraing e a cesired use wilnin a rance that does not

-t
[
0

impair the effects of the present invention. FExamples of

ives include vinylene carbonate, 4,5-

]
f
)
©
[
u
{2
{2
*.—J
[
fod
5

dimethylvinylene carbonate, 4,5-diethylvinylene carbonate,



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'6ie séfécted 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
fluorododeéabbrate? Al an'éleéti6lyte SGIGHGR toRtaifing &y an ele&tichte Y thl it
fluorododecaborate and at least one selected from LiP56 and LiBF4. However, in 10 the case where
the preventioh 6P&vErEhargiriy s dimeds iCintbiporaiion of thediitha um fldofotodécatiorate is
essential. [0038] Specific examples of theorododecaborate include 1.i2B12P5H4,
1i2B12F9H32B1 2P A2 1 S12B 12FIAM 7BE2F 12 18 mdtliresof dithiam-fluorodedet boratgs each
represented by the above formula where the average of x isto 10, Li2ZE12ExCI)2-xformula, x is 10 or
11), and thé Téridlacx B 1®or 41} (0039 20Herein, W incz2BI2REZ1 7- i antintegerof 8 to 12. When

5 sultone, 1,4-butane sultone, monofluorcethylene carbonate,
and lithium-biscxalate borate. These other additives may be
used alone or in a mixture of two or more additives.

(00311

ultons is

€3]

Among these other additives, 1,3-propane
10 particularly preferable in the case where this additive is
added as a mixture with the additive represented by the

ormula (1). By using 1,3-propane sultone, the charge-

iy

discharge characteristics of a secondary battery in a wide
temperature range from a low temperature to a high

15 temperature can be easily improved.
(00327

In the case where these other additives are used,

It

rom
the viewpoint of forming a good coating f£ilm, 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

T

00 parts by mass of the total of the solvent. In addition,

=t

frem the viewpoint of forming a good coating film, preferably,

o4

the content of the cother additives does not exceed the

d by the formula (1).

content of the additive represents

D



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 battety. 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
fluorododecgggﬁafé 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 formelsisEX is Grefétableramtheé Viewpoifit that thsieleefit potertalthatdauses a
re,ox reaction is higher than those of other compounds, the redox react..ion does not easily occu.r n a
usual operatién 'of tH& battéhye and tHus HecredoxShuttielis hechanishi @asily effeé SWEEGtS only in
the case of overcharging. [0040] The concentration of the lithium fluorododecaborate is preferably
0.2 floi/L ofméré;antPshie Preferabi 053 malitc20'eF indreaierE 0 hollL opless remtive téthe total
of the electrol.yte solution, [0041] When the amount of lithium fauorododecaborate is excessively
small, the efethical: ohductivity is eXcassiver BF-261:0200 fow and tthé zésistinte4n charging and
discharging of the battery is increased, which may result in a degradation of rate characteristics and
the like. Furtivernsore thbvéctiontdfehe redox shuttle mecdhanisinin tyes caselofiovercharging: r

than 0.5 parts by mass, a coating film 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.

Fil|

is [0034]

Lad

<Electrolyts>
The slectrolyte is not particularly limited, but

least one selected from a iithium

-t

preferably includes a
fiucorcdodecaborate represented by a formula LisBisiwZisy {(in
20 the formula, X is an integer of 8 to 12, and Z is H, Cl, or

3

Brj, LiPF: and LiBF;. It is more preferable to contain both

D

{

the lithium flucrododecaborate and at least one selected from

[C035]



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, %T@r?ﬁﬁ%y result in a decrease in the chafge-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 LIiEF4. 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. Howeierthetype of miked efecionyte sEiécted rorf L2and Li cannot be simply
cause there are of ects of the affiniad e'clyte with other 20additives etc., the soecificati.on of the
battery, andPthelike? 0043] 22 ThBconeBatration: of &t1east 6ne seleeted IGMIEDPS6 £iBRZs
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* forthetttal o the-glectrblyie s6lution 2[0044]:  AWhencthe @mountot at least one selected
from LiPF6 and LIEF4 is excessively small, a sufficient protective film is not formed on an aluminum
currant colléétor ané govd Thafge-disehalgesthiaractefisticsomaly not e, obtaineduEattkermore,, therical
conductivity of the electrolyte solution is also insufficient, and good charge-discharge characteristics

~

5 80°C or higher and the cycle life can be markedly improved as
compared with the case where LiPFg is used alone. In addition,

evern in the case o

~fy

overcharging, not only an increase in the
veltage 1s suppressed and decomposition of a solvent and an

electrode i

03]

prevented but also the formation of dendrite of
10 ilithium can be suppressed by & redox shuttle mechanism due to
an anicn of the lithium fluocrododecaborate. Thus,
degradatiocn of the battery and thermal runaway caused by the

overchargilng can be prevented.

GC36]

ey

ot

[
it

Furthermore, by adding at least cone electrolyte salt
selected from LiPFg and LiBF; as a mixed slectrolyte, not only
the electrical conductivity can be improved but also
dissclution of aluminum can be suppressed when aluminum is
used as a current collector of a positive electrode,

20 [0037]
Whether the lithium fluorododecaborate is used as the

electrolyte zlone, at least one selected fron

o
i
£
.
ry
(52}
8t
3
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[and
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e
ia

is used as the electrolyte alone, or both the lithium

Iluorododecaborate and at least one selected from LiFPF: and



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 drfe 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
LiBF4prefrr§tgi30L_.,3 to 1,5 mol/L, and more C%eferabjy 0.4 to 1.0 mol/L relative to the total of the
electrolyte soltion AWWhenIhé t6tal motarcdiicehtration is-Withittheabovelrange & gesd s
overcharge-preventing effect and good 22 charge-discharge characteristics can be obtained. [0047] In
the case whete %HfH*fﬁ@litﬂﬁﬁﬁfb‘fﬁ%‘éaﬁ&ra@%nﬁ%ff |&dst ohe setected froii LiPF6 aAd LiBF, are
used as an electrolyte, the molar concentration of the at least one selected f.rom LiPF6 and LiBF4 is
preferably e¢iiaf, t6'or Iower thah théinolar tdhcéftratiéif ofthélithivim flasrotodealorae s

Whenmolar concentration of the at
can be used in an electrolyte solution containing, as an

5 eiectrolyte, only at least one selected from LiPF; and LiBF.,
an electrolyte sclution containing, as an electroliyte, only

the lithium fluorocdodecaborate, and an electrolyte solution

I~

containing, as an electrolyte, the lithium fluorcdodecaborate
and at least one selected from LiPF and LiRF,. However, in

10 the case where the prevention of overcharging is aimed, the
incorporation of the lithium flucrcdodecaborate is essential.

[0038]

Specific examples of the lithium fluorododecaborate

incliude IjiszFgHg, LigB*_gFgHg, LE‘.QB\LQEE@HAQ, Ll:Bi?Tl_E"E, 1“_;5:2?47,
15 miztures of lithium fluorododecaborates each represented by
the abeve formula where the average of x is 9 to 10,
L1:BiF,Clyz . (in the formula, x is 10 or 11}, and LiBizEBri-..
(in the formulsa, = is 10 or 11).
[0039]
20 Herein, X in Li;Bi;FyZi,4 is an integer of 8 to 12. When

X is less than 8, the electric potential that causes a redox

reaction is excessively low, and thus the resacticn cccurs

during a so-called usual cperation of a lithium-ion batiery,

which may result in a decrease in the charge-discharge



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
characteristcli:%“r%éﬁrgbe 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, mefhyf pror§icarbonate! Btk prosyr carBsivats “and dipropyl catbdand fiderine-substituted
cyclic or chain carbonates, such as trifluoropropylene carbonade bis(trifluoroet 1) carbonate, and
trifluoroet SE-2510 rhethylcarbbnate! iy whith somé of hylfsyenratdis 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 coFit&ing &t feast ohe selectéd fronPtheegrotip B E6nsisting efeydliccarsonatds ahd chain
carbonates f:..rom the viewpoi..nt that good el.. hcrochemical stability and good electrical conductivican
be obtained: 3 d¥det to dbtaifta good battety paffofimance evelyoverawids temperaturéd range from a
low temperature to a high temperature, a mixed solvent 10 containing two or more solvents is
preferably used. 10049 L.romzheé Viewpaintoflimproving theperfornmance; solventssuchtasi ¢
dimethoxyethane,-, trig yme, polyethylene glycol,iirolactone, sufolane, methyl acetate, ethyl acetate,
propyl acetate’; enethyllpropiohate; ethyl propionate, tetrailydrofcraio2-emeth tetrakydrofusam, £
1,4-djoxane,aceton.it.rile may be used as solvents other

lithium fluorododecaborate used cannot be simply determined

because tThe characteristics of the lithium fluorododecaborate
are affected by the type of solvent and the like. The

10 lithium flucrododecaborate where X in the formula is 12 is

preferable from the viewpoint that the electric potentia
that causes a redox reaction is higher than those cf other
compounds, the redox reaction does not easily occur in a

and thus the redowx shuttle
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overcharging.
(0040)

The concentration of the lithium Tluorcdodecaborate is
preferably 0.2 mol/L or wmore, and more preferabls

20 or more and 1.0 mol/l or less relative to the total of the

alectrolyte solution.
(0041

When the amount of lithium fluorododecaborate is

excessively small, the electrical conductivity 1s excessively



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 é%ositive electrode, a negative eféttrode, and the above-described nonagueous
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
characteristicd! 27$héStrutfiffe Hritthe Ik df'tHe nbRdqaesusiéetralyd S6coriddry Battery are not
particularly limited, and may be 10 appropriately selected in accordance with a desired use. The
noaddeous ‘&fedtfolyte %cbﬁﬂéfﬁﬁﬁﬁf&y“ﬂ?%@ piesent EAveni. 26n malPfiiFtiet inchide for example,
a separator composed of polyethylene or the like. [0052] The nedatiffe electrode used in the
present inventich is'irit patticttarly it édEid mag cohtdin a Eliffertésliector, Altonduétivi mater. al, a.
negative electrode active material, a binder, and/or a. thickener. [0053] 20As the negative electrode
active matefial, 'any niaterral it cahodtidexdndeasericanche ased withoue patticatat limitation.
Typical examples thereof include non -

5 may become insufficient. On the other hand, when the amount

of lithium fluorododecaborate is excessively large, the

Uy

rt
o
Heh

viscosity cf the electrolyte solution increases and

electrical conductivity decreases, which may result in a

-

=y

decrease in the charge-discharge performance such as rate
10 characteristics.
00427

"At least one selected from LiPF: and LikFy

of only LiPF, only LiB¥F:, and LiPF¢ and LiBF,. In the case

has a high electrical conductivity, is preferably used.
Howewver, the type of mixed electrclvte selected from Li

and LiBF: cannct be simply detesrmined because Lhere are

oy 5 A e — T B £ g N T P e N IR SN R o o -
effects of the affinity of the mixed electrolyte with other

i
o

additives etc., the specification of the battery, and the
like.
[0043]

The concentration of at least one s2lected fLrom LiPF; and

LiBF, is preferably 0.05 mol/L or more, and more preferably



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  dctive 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 i€not paricul iy dingitstl And péterdbly Eontaiiis & ehfreht Bolléttd? & conductile
material, a Eositive el ctrode active material, a binder, and/or a thickener. [0055] al examples ofpo, tive
electrode atfive materialificlidé fithitrhdomposité 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 ah§DFEOTT 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 "Afy of thesepositivecdleéttode: activeiraterials is- kneddadrwith Bl contdctive agent

5

[Is
[

20

i A
i

iBFy is excessively small, a sufficient protective film is

ol

not formed on an aluminum current collector and good charge-
discharge characteristics mey not be obtained. Furthermore,
the electrical conductivity of the electrolyte solubticn is
alsc insufficient, and good charge-~discharge characteristics
may not be obtained.

[0045]

lucredodecaborat

6

In the case where both the lithium £
and at least cne selected from LiPFg and LiBF,; are used as an
electrolyte, a ratio {(A:B) of the content A of the lithium
fluoredodecaborate to the con

seiected from LiPF

fluorododecaborate and the at least one selected from LiPF,

and LiBF,; is preferably 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, & good overcharge-preventing effect and good



-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 cari bé:‘p!réqpared by using this mixture and & current collector such as an aluminum foil.
EXAMPLES [0056] The present invention wil | 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]
(Preparatiofi' 1°6fdRRitnT Fofcdddecatiorate) IPiegaration oF L2122 42 (%9610 to 12)]  First, 100%
F2 (142 MMOp was added as a mixed gas of 10% E2/10% 02/80% N2 at OC to 20C to a colorless
slurry [0C3 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 fiiofifation (3% A°SSIld WhS precdipitatéd From five! solufiéH “Tie Solvent-was
evacuated for one night to prepare a colorless, brittle solid. This crude product was SF-251027
analyzed byiIMRE "Ackdiding 16 the festifts =it wasfouhd PFs and L1BF, are used as an

5 electrolyte, the molar concentration of the at least one
selected from LiPFs and LiBF; is preferably eagual tc or lower

than the molar concentration of the lithium
flucrododecaborate. When the molar concentration of the at
least one selected from LiFF; and LiBF: is higher than the
10 moiar concentration of the iithium fluocrododecaborate, heat
resistance at a high temperature of 45°C or higher and
charge-discharge characteristics may be decreased, and
furthermore, degradation of the battery due to overcharging

may not be sufficientlv prevented,.
Yy p

[0048]

Ju
Ln

<Solvent>
Examples of the solvent include, bul are not

particularly limited to, cyclic carbonates such as ethylene

hr?

carbonate, propylene carbonate, and butylene carbonate; chain

20 carbonates such as diethyl carbonate, dimethyl carbonate,

8]

methyl ethyl carbonate, methyl propyl carbonate, ethyl propyl

2

carbonate, and dipropyl carbonate; and fluorine-substituted

cycelic or chain carbonates, such as trifl

0]

. 3 — T . N TN . I SR Y - -3 .
carbonate, bis(trifiluocrcethyl) carbonat



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.
triethylamin%?a'r?oot%i%ethylamine hydrochloride. Th@érecipiteted 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 solutiofWas adjadled 105, Waterwas fermavéd by distiliatighard @ firdlroduct was dried
under vacuum at 20V)C for six hours. The yield of Li2ZB1FH12- 15(x - 10 11, or 12) was about 75%.
(Preparatiofi 2°6fHithitritfbdecabor 4 [Fré rafiort 6P L2812PG 25 10 dierage Rav1 D TAFSSgrams
(0.008 mol) of Lio2B12E7Hi20, (10) having an 20 average composition ofwas dissolved in 160 ml of |
M HCINext*LATRLY0.027 moll bf B wasfadd&d fothis’ssiution, wid-the réSuft (Fliquie friixture was
refluxed at 100C for four hours. A sample was taken for the purpose of NMR analysis. )F4 5|028
[0059] A& paftofihe saffplé asteturhed o tHe raflaxsand ehloring was adided thareto over a period
of six hours to form a orominating agent 3rd. At the time when the addition of chlorine was comoleted,
a sample wastaker and analyzed by NMR.ITh e tesult showed thatthe isaniple had the same
compobition as the composition before the addition of chlorine.tier and HC1 were removed by
distillation, @nd e tesulti.ng fprodact was:dried uhder vaduum at 150Cy A3 10tatal2i55 g of a white
solid product was isolated.. The theoretical amount of the obtained Li2B1 FxBrlsor (x10,

electrical conductivity can be obtained. In order to obtain

a good battery performance even over a wide temperature range
from a low temperature ©o a high temperaturse, a mixed solvent
10 containing two or more sclvents is preferably used.
(0049]
solvents such as dimethozyethane, diglyme, triglyme,
pelyethylene glycol, y-butyrolactone, sulfcolane, methyl
5 acetate, ethyl acetate, propyl acetate, methyl propionate,

ethyl propilonate, ftetrah

i)
b
4
]
3
i
ol
i
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-

Z-methyltetrahydrofuran,
L, 4~dicxane, and acetonitrile may be used as solvents other

than the carkonates mentioned above. However, the solvents

20 (00501

<Nonaguecus electrolyte secondary battery>»
A nonagueous electrolyte secondary battery of the

present invention includes a positive electrode, a negative

electrode, and the above-described nonagueocus electrolyte



average x = 11) is 3.66 g. [0060] (Preparation 3 of lithium flubrododecaborate) [Preparation of Li
2F,CIA- (average x = Il)] Twenty grass of a mixture of Li.2:312Fx,HI207 having an average
compositioﬁ of Ei21 L, b ab dissolved in 160 mi. of HE1 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 N&2563:Blibblig Was perfoited With'Cirtor 16 khBGR SF25T02%11eCthé solution was
then purged with air. Water and HC1 and were removed by distillation, and the residue was titraced
with an eth&r: Thiesthér-{as vaporated Pand arwhité seli@ wersedrisd-inia vasiummdryer. Thus, 20 g of
a substance represented by Li2B12ExCI1m, (average x = 11) was recovered (yield 92%).E-NMR in
D20: -260.5,/0:035%5 %2629, 070825: 263 020902257 1264:5 50.8445 0126525, (:0665::267.0y 0.3085;
-268.0, 0.0225; -269.50E.Mac in 0,20: -16.841; -17.878. 10[0061] [EXAMPLE

o

[Wa4

20

battery of the present invention, the nonaguecus slectrolyte
secondary battery exhibits good charge-discharge

characteristics.

The structure and the like of the ncnaguecus electrolyie
secondary battery are not particularly limited, and may be
appropriately selected in accordance with a desired use. The

nonagueous electrolyte secondary battery of the present

et

invention may further include, for example, a separator

composed of polyethylene or the like,

o

[0052]

The negative electrode used in the present invention 1is

[

not particularly limited and mav contain a current ccllector,

As the negative electrode active materizal, any material
that can occiude znd release lithium can be used without
particular limitation. Typical examples therecf include non-

graphitized carbon, artificial graphite carbon, natural

graphite carbon, metallic lithium, aluminum, lead, silicen,



(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, 269 by Yolume 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 adued reldtive’'to™L 00 parts by mdss-6fthe 6t of tHe solvert. TAGE, an SF-251030
electrolyte solution was prepared. [0062] [Preparation of positive electrode] First, L
cinNi1/2Mn1/302 furiGtiGring s a’positive eléctisde aetive. iaterial Ca Earborimatetial funct..onimg as
a conductive agent, and an N-methy1-2-pyrrolidone solution in wb. h polyvinylidene fluoride
functioning’a&'& Binder was dissolvedh Wete niixéd 86 thatsa AtassTatio 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 eleefrddé slurpyt Therprepated slarryivasapplied ontoran. atimminum! foit functioning as a
current collector, and then dried. The resulting aluminum foil was then rolled with a rolling rill, and a
currenteolléétér tab was attached therete.Thus: 15yiositive(éleGtrode: aas prepareds with

a usual method, and the kneaded product can be used as a

P

mixture. The negative electrode can be prepared by using
this mixture and a current collector such as a copper foil.
(0054 ]

10 The positive electrods used in the present inventilon is
not particularly limited and preferably contains a current

collecteor, a conductive material, a positive electrode active

material, a binder, and/or a thickener.

examples oI the positive electrode active

—
LA
=

0
[
0
1]

composite oxides cbtained by replacing a part of

20 composite oxides with cobalt, nickel, manganese, aluminum,

for example, lithium transition metal phosphates having an

clivine structure can also be used. Any of these positive

electrode active materials 1s kneaded with a conductive agent



[0063] [Preparation of negative electrode] Artificial graphite functioning as a negative electrode
active material, an SBR functioning as a hinder, and 20 carboxymetny! cellulose fun.cti.oning as a
thickener were mixed with water so tmass ratio of. theé 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. ThGS. @' riegative electfotle was prépared: 50064} [Fréparatioh 6f Battefy]CThaositive
electrode and negative electrode prepared as described above were made to face each other with a
polyethylerfé“sepafatot tHerebefiesh, i putin ah aliminun 10aminsted cohtaiRéritn a glove box
in an Ar (argon) atmosphere, the electrolyte solution prepared as described above was added
dropwise to'thé“containBf ineliidi ‘electrbtiésthersin, fard: thedaninatedcontainérwas e -
thermocompressidu bonded while the pressure was removeda battery wasepared. [Ed-ion of battery]
The battery! prepafed as deserised abeve was slewlycharcediup.2 a8t 9.050i( surrént ae which full
20 charging or full discharging is performed in 1/0.05 hours (- 20 h-) andslowly discharged down to 3.0

V. andthe and a current collector such as an aluminum foil.
EXAMPLES
(0056}
The present invention will now be described in more
detail on the basis of Examples. However, the present
10 invention 1s not limited by the Examples below and can be
carried out by making appropriate changes as long as the gist
of the present invention is not changed.
[0057]

(Preparation 1 of lithium fluorcdodecaborate)

is [Preparation of Li;B;FPHiy (X is 10 to 12}
First, 100% F» (142 mmol) was added as a nmixed gas of 10%
F,/10% 0,/80% N; at 0°C to 20°C to a colorless slurry
containing 2.%6 ¢ (11.8 mmol) of H:B:HCH:0H in é& ml of
formic acld at an average Hammett acidity of H, = -2 to -4,
20 thus preparing a colorless sclution. The above mixed gas was

P = A - T . - b :
e e e - A e =y A 3 [ 4+ e +} p -~ Is
to this soluftion at 30°C to further conduct

solution. The solvent was evacuated for one night to

L
i
i
o
i
]
[t

b

[an]

5.1 g of & colorless, brittle sclid. This crude product was



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 téached 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 Sperafioirwa¥ repeatdtly :0°p&féred by the 8ameisthot to ‘dxafiine the Eycle
performance of the battery. Fig. 1 shows the results of this cycle te I.n the battery of Example 1, the
discharge capatity f¢ each &y cleris SHowr'By clifve d ih FigmROEVEN aftef 500061 s'the decrease in
the capacity was small and 95% of the initial discharge capacity was maintained. [00647] atterv
was prepa.fediinifhe sdme’manfif! ahidihe cytie performanéed of thig battéryWwas exditied 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'tuive! ASAEVER aftef 100 eyEles? 93%6-6Fthetinitial diseharge dapaedyawas maintained.
[0068] SF-25)033

o
d

[
n

20

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 siurry. Two eguivalents of lithium nydroxide
monohydrate were added to this slurry, and triethylamine was
removed. After the triethylamine was completely removed by
distillation, lithium hydroxide was further added thereto,

.

olution was adjusted to 2.5. Water

and the pH of the final

i

§

was removed by distillation, and the final product was dried

under vacuum at 200°C for six hours. The vield of LiBisF.His.

{(x = 10, 11, cr 12} was about 75%.

0058
{(Preparation 2 of lithium flucrododecaborate)]
[Freparation of LiyB3F.Bri.., (x 2 10, average x = 11}]

Three grams (0.008 mol) of LipyBi:FHisy (x = 10} having an

-

average composition of Li.B:,FH was dissolved in 160 ml of 1
M HCL. HNext, 1.4 ml {(0.027 mol) of Brs was added to this
sclution, and the resulting liguld mixture was refluxed at

160°C for four hours. A sample was taken for the purpose of

NMR analysis.



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 aftér 100 ¢ycles, 5 90% of the initial dischafgg([e) 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,
used. Lithiu

éﬁ)?/ Qi volume of methyl ethyl carbonate, and 30% by volume of diethyl carbonate was
“ﬁ%i( fluorophosphate Lwas dissolved in solvent so as to have a concentration of 1.1

mol/L. Furthermore, as an agcdig_ive for formingconductive coaon an electrode, 2.0 parts byof N,W-
bis(acryloyTh -ethyIfiféa was added Eiktive (600 5arts By thdss fthesfthe SoiveritdThus, an
e].,ectrolyte 20 solution was preCPared. [0070] [Preparation of positrode] First,/3N-1/functioni.ng as a

positive ecfrBd& aétive taterial

&Calboi fridterfal “fundtioihg P25 Fo-* hours to form

a brominating agent BrCl. At the time when the addition of

the resulting product was dried under vacuum at 150°C. A
total 2.55 g of a white solid product was isolated. The
theoretical amount of the cobtained LiB.:F.Bri,.,. (x 2 10,

average % = 11} 1s 3.66 g.

[0060]
(Preparation 3 of lithium flucrcdodecaborate)
[Preparation of Li:BF.Cl.po, faverage x = 11))
Twenty grams of a mixture of Li;B:zFyH:iz.y having an

average composition of Li:B,FB was dissolved in 160 ml of 1M
HCL1 in a three-necked round-bottom flask ecuipped with a
reflux condenser and a glass bubbler (fritted bubbler). The
resulting liguid mixture was heated to 100°C and bubbled with

Clz gas at 15 standard cublc centimeters per minute
(sccem/min). A discharged solution passing through the

condenser was aliowed to pass through a sclution containing

KOH and Na,;30y. Bubbling was performed with Cl. for 16 hours



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 ratig of the active material the conductive agent, and
the binder was 95:2:5:2.5. The mixture wag then kifeaded 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] *“Natiral graphite funéficning ds & Hedative eletrbdé actiVad miate? M, & 8'BR

functioning as a binder, and carboxymet yl cellulose fung as a th.ickener were mixed with water so that

a mass rati§ of thg &EtETatetiat, the binddr: @hd the thikénertias 87,572 5. 1. Therhidure was then
kneaded to prepare a negative electrode slurry. The prepared -]...ucry was app] .ed onto a copper foil
functioning 4520 & Cufrentcollector: dhd then"tried® Thetesififly coppef foiWwas tishrofied withtng
mill,and a current collector tab was attached thereto. Thu, a negative electrode was prepared. [0072]
SE-251035"[Pfeparafioh ofbattériyf H M TRE positive dleétrodé akd Hegativeleléctiode prepared as
described above were made to face each other with a polyethylene separator thereb a eeand but in an
alumintim I&Rated CoRtainet. inafgldve box-in GHAF (o) atmosphere, thewlectisiyte solution
prepared as described above was added drop wise to the container including the electrodes therein,
and the lamifated cottainer was c&ffo compiession bohdel viHifeithepregsire Was feriioved. Thus

10 battery was prepared.
~Z263.0, 0.022F; -264.5, C0.344F; -265.5, 0.0686F; -267.0,

10 [0061]
[EXBMPLE 1]
{Battery evaluation 1}
[Freparation of electrolyte solution]

Lithium hexaflucrophosphate (LiPFs) was used a

n
{1

15 electrelyte. A solvent composed of mixture containing 10%

o

by wvolume of ethylene carbonate, 20% by volume of propylene
carbonate, 40% by volume of methyl ethyl carbonate, and 30%
by volume of diethyl carbcnate was used. Lithium
hexaflucrophosphate (LiPF:} was dissclved in this solvent so
20 as to have a concentration of 1.1 mol/L. Furthermore, as an
additive for ferming an ion-conductive coating film on an
electrcde, 1.5 parts by mass of 1,1~
bis(acryloyvloxymethyllethy]l lsocyanate was addad relative to

<+

100 parts by mass of the total of the solvent. Thus, an



[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%ﬁpé%ét}c’)h 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 GisEharge cApacity At thi§ infifwas tefiféd s a SF-251036 discharge capacity at
thecycleFurthermore, the charging and discharging operation was repeatedly performed by the same
method to eXaifiAé 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 §5Re manfer, 2hdthé cyelepértsifiaiicecss 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 disélfarge ‘cepacity {0076] :O2Abattery Wasprepéred intthe 'sarfe manner, and the
cycle performance of Lhl..s battery was examined at -10C as in the above test. In the battery of
ExamﬁkEZQﬁéﬁmﬁﬁ@ﬁg@Ctive meterial, & carbon material functicning as a

conductive agent, and an N-methyl-Z-pyrrolidone solution in
which pelyvinylidene fluoride functioning as a binder was
dissolved were mixed so that a mass ratio of the active

-~ -

material, the conductive agent, and the binder was 9%5:2.5:2.,5,

10 The mixture was then kneaded to prepare a positive electrode
silurry. The prepared slurry was applied onto an aluminum
feil functioning as a current collector, and then dried. The
resulting aluminum foll was then rolled with a rolling mill,
and a current collector tab was attached thereto. Thus, =a

15  positive electrode was prepared.

[Preparaticon of negative elecirod

H

m

20 carboxymethyl cellulose functioning as a thickener were mixed

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

then kneaded to prepare a negative electrode slurry. The
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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 f3fom thé product obtained in Preparatiof 4 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 vol@ime gfihethyFethifearbbnates: 420% bylife of dicth§l carborate\Was used: IThe lithium
luorododecaborate and LiPF were dissolved in this solvent so that the concentration of the lithium 10
fluorododecabblatéifas- 0 A molL affd thé coneentration:6f Livas:0.2 Mokl Furtftmore, as an
additive for forming an ion-conductive coat.ing trim on an electrode, 2.0 parts by mass of
1,1-bis(acryl6yleRyrhesthy isocyanate was addéd relative to 100parts by frress of the total of the
solvent. 15 Thus, an electrolyte solution was prepared. [0078] [Preparation of battery] A battery was
fabri..catedsasFiat3attéy eval tiorePa ragsing a positive electrode and a ne a ive electrode that were 20

the same as those used. in Battery evaluation i except for the
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 therebetwesn, 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 including the

1]

electrodes theresin, and the laminated container was tThermo-

compression bonded while the pressure was removed. Thus, a
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The pattery prepared as described above was slowly
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20 charging or full discharging is performed in 1/0.0% hours (=
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20 hours) ) and then siowly discharged down

(0066}



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 cﬁcﬁé%‘?‘aﬁﬁtained 96% of the initial dischalfgfe 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 ¢ [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 conduictetf: 4t 25C for fivé TyEes AREVercharge test was ther ebRdacted at 25C at
a rate of 3C. Even when the state of charging was increased to 300%, the battery voltage became
substantially ¢ohstant af-&. 75°V ‘an@“15 did notintreédse aiy-moee. THiS batténfwas dischafged at 25C
at a discharge rate of 1C. According to the result, discharging at 99% of the instoal discharge capacity
could be achieved® Bubdéqiiently: ¢onstant-eurreAtcoristantovoltdyel (CCCV) eharging wassconducted
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
dischargingspperaticn wasrepestebie peforredondha 500th Eydlé 0% otrediseivarge capacity was
maintained. Accordingly, it was found that the batters, did not degrade due to overcharcin

> discharging was conducted at a constant current of 1C until

the battery voltage became 3.0 V. The discharge capacity at
this time was defined as a (an initial) discharge capacity at

the first cycle {(initial discharge capacity). Furthermore,

SH

the charging and discharging cperation was repeatedly
10 performed by the same method to examine the cycle performance
of the battery. Fig. 1 shows the results of this cycle test.
In the battery of Example 1, the discharge capacity for each
cycle 1s shown by curve a in Fig. 1. Even after 500 cycles,
the decrease In the capacity was small and 95% of the initial
15 discharge capacity was maintained.
[0067]

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

formance of this battery was examined at 60°C as in the

er

Tl

P - - g = . . P iy 3 Y b - - g
above Test. FPig. 2 shows the results of this cycle test. In
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[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
fluorododecatiorate’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. FAé fithitmiorododetaboiit e aridere Hissonad 15 this solvent So #at the Ebfcentration
of the 'Lithium flubrododecaborate was 0.4 mol/L and the concentration of ~ as 0.1 mol/L. F
rthermor- a8 forAting n forconduttive toatifig fifii 'ontdn electrode 20 pafts ByShass of tetrakds(
.cryloyloxymethyl)urea was added relative to 20100 parts by mass of the total of the solvent. Thus, an
electrolyte $616ti6R WakPrepardd: J0087] [Prepatation of batiery] Adbattery wasfabfieated ass n

Battery evaluation i SF alO
cycle 1s shown by curve a in Fig. 3. Even after 1060 cycles,

[Preparation of electrolyte solution]
10 Lithium hexafluorcphosphate (LiPFg) 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 voiume of diethyl carbonate was

used. Lithium hexafluorophosphate (LiPF;} was dissolved in
15 this solvent s0 as to have a concentration of 1.1 mol/L.

Furthermore, as an additive for forming an lon-conductive
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total ¢f the solvent. Thus, an electrolvie

20 solution was prepared.

eiectrode active material, a carboen material functioning as a



using a positive electrode and a negative electrode that were the same as those used in Battery
evaluation | except. for the electrolyte solution. [0083] (Evaluation of batcry) The battery evaluation
was also conductedas in Battery evaluation 1. Acco?ﬁing 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 il e Wwadpreparatiin theSatie mdhiner 4s deserbad laleue: and chatgiig and
dischargiaTthis battery were conducted at 25C for five cycles. An overcharge test was then. conducted
at 25C at a ¥atedt 3¢ '©WhaH T $Eité of cHargsincleded 3000, 20 atiery vltaesbecame
substantially constant at 4.70 V and did not. i.ncraase any more__ This battery wao discharged 25C at
a dischargerate* 6f Y€ ALESIdirnty - totheTestit.adiséhdiging 4t919% of the iritial eischarge 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 antfdischarging operafion Was répeatetii: performed sAbte 00t ©ycle> 86% 0f thé initial
discharge capacity was maintained. Accordingly, it was found that the battery did not substantially
degrade dugi6 overcharging? 00857 EXAMPEE ] (Battesrevaluatigs)itive electrode

slurry. The prepared slurry was applied onto an aluminum
foil functioning as a current collector, and then dried. The
resulting aluminum foll was then rolled with a rolling mill,

and a current collector tab was attached thereto.
10 positive electrode was prepared.
[0071]
[Preparation of negative electrode]

Natural graphlite functioning as a negative electrod

m

active material, an SBR functiconing azs a binder, and

thickener were mixed

—
(3]
jSH]

carboxymethyl cellulose functioning as

Wwith water so that a mass ratio of the active material, the
binder, and the thickener was 87.5:1.5:1. The mixture was

then kneaded to prepare a negative electrode siurry. The

{

prepared slurry was applied cnto a copper foil functicning

20 a current collector, and then dried. The resulting copper
foill was then rolled with a rolling mill, and 2 current
collector tab was attached thereto. Thus, a negative
electrode was preparad.

[0072]



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 methyI8

carbonate, and 20% by volume of diethyl carbonate was used. 20 The lithium: fluorododecaborate and
LiP8-83 were dissbivedin ‘sbiverit sBthae.5it €b¥rdcl 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 coafip3efettrodBe 1 Fart by “SEDS1042XmMass of T, Tbi (aeryicyiexy: ethyl) ethy
isocyanate was added relat ye to 100 parts by mass of the total of the solvent. Thus, an electrolyte
solution wad préfaret: (00867 o df battery} AlBattéry \Wasbhricated as ir¢Battéfy/evaluation usima a
positive electrode and a. negative electrode that were the same as those used if2e_g evaluation 1

except for polyethylene separator therebetween, and put in an aluminum
5 laminated contalner. In a glove box in an Ar {argon)
atmosphere, the electrolyte scolution prepared as described
above was added dropwise to the container including the
electrodes therein, and the laminated container was thermo-
compression bonded while the pressure was removed. Thus, a
10 hkattery was prepared.

[0073]
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In initial two cycles, the batt

4

ry prepared as described

above was slowly charged up to 4.2 V at 0.05C and then slowl

¥
15  discharged down to 3.0 V and the charging and discharging

operation was then perfcormed once more. Thus, aging was

nerformad.

Subseguently, constant-current charging was conducted up
C at 1C. When the voltage reached 4.2 ¥V, the
battery was maintained at this voltage until the current was
decreased to 0.05C, Subsequently, discharging was conducted
at a constant current cof 1C until the battery voltage became

s

3.0 V. The discharge capacity at this time was defined as a



electrolyte solution. [0087] (Evaluation of batte y)
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 capac'r?t)? In the cycle test at 60C, the discharge capacity
at the 100th cycle ma 82% of the l.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 cycls.SAnN SE259043 Even ihert fite Staté bf Eiarging waslihereasedto 300%, battery

voltage became substantially constant at 4.68 V and did not increase any more. This battery was
discharged @t 25€ 34t dichargeate 8f 1€. AESRIing to thesresaR cdisEaryirFatTIYsot the init.ial
discharge capacity could be achieved. Subsequently, CCCV charging was conducted at a rate of 1C

UP to 4.2 VP &nd tiischaifg gfWas eonduicted &t iC Yowito 3,00\ IBis chargingcasd diseharging

operation was repeatedly performed. At the 100th cycle, 82% of the in L 10 discharge capacity was

maintained PAEcStdingly, it wasFotind fiat the batteayrdidenct substantially Hegrade due:tol © v
overcharging. [00891 [EXAMPLE 6] 15(Battery evaluation [Preparation of electrolyte solution]

5

L

20

after 500 cycles maintained 96% of the initial discharge

capaclty.

P
e

In addition, a battery was prepared in the same mann

®

and the cycle performance of this battery was examined at
60°C as in the above test. In the battery of Example 2, the
discharge capacity after 100 cycles maintained 94% of the
initial discharge capacity.
rooie)

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

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

above test. In the battery of Example 2, the discharge
capaclity at the 100th cycle maintained 84% of the initial

discharge capacity.
[0G77]
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ittery evaluation 3)
[Preparaticn of elecirolyte solution]

A lithium fluorcdodecaborate that was separated from the

1

]

product obtained in Preparation of litnium

e battery evaluation was also conducted as in



Lithium hexafluoropidsdhat (LiPFd was used as an electrolyte. A solvent composed of a mixture

containing
methyl eth

yt%_/Leme ethylene carbonate, 20% by volume of propylene 20 carbonate, 50% by volum of

carbonate, and 20% by volume of dieth% 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 bg/ mass of 1,3-propane sultone were
added relative {0 108 pats By Midss 6Fthd Tofaf of tHe solvert® TRas Cdn BléctroRie 5 solution as
prepared. [0090] [Preparation of battery] A battery _o fabricated as in Battery evaluation 1 using a
positi..ve electrbd&@nd B Régatiiecélactrdde that WerB A 0thesaR esad thidse iset-ih Battery evaluation
1 except for the electrolyte solution. [0091] (Evaluation of battery) The battery evaluation was
also conduétetias’ it Battery' £5 vaRiais: ARSIl to/ e rediifts lin Kie cyefe tesedt 25C he
discharge capacity at the 500th cycleal

o
n

20

mixed electrolyte. A solvent composed of a mixture

containing 10% by velume of ethylene carbonate, 20% by volume

o]

of propylene carbonate, 50% by volume of methyl ethyl

carbeonate, and 20% by volume of diethyl carbonate was used
The lithium fluorcdodecaborate and LiPFy; were dissclved in

this solvent so Lthat the concentration of the lithium

flucrododecabcrate was 0.4 mol/L and the concentraticon of

3

was 0.1 mol/L. Furthermore, as an additive for forming
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an lon-conductive coating film on an electrode, 2.0 parts by
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relative Lo 0 parts by mass c¢f the total of the solvent.
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Thus, an electrelyte solution was prepared.
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using a positive electrode and a negative electrods that wers

the same as theose used in Batterv evaluation 1 except for the

(Evaluation of battery]

The battery evaluation was also conducted as in Battery



96% of the Inltial discharge capaln 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 cﬁfsééiﬁré\?(’/as maintained at the 100th cyc]‘zé%. [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 carbohate'vas Used: Lithitht hex&fudrophosphats {LiF°Fe) Was Hissorefinthissolent so as
to have a congentration of 1.1 mol/L. Furthermore, as an additive for forming an ion-conductive coating
film on an TOeléctrode® 26 parts by mase 61, 1Y bR (aehyt oyltkymethi) ety isoeyanaté was added
relative to 100 parts by mass of the total of the solvent. Thus, an el trolyte solution was - [0.093]
15[Preparati6i of b ~7& bittely frasfabricated as’in Bttty evaluationtl GEings agositive electro
enegative electrode twere the same as those used in Batteryevaluation 1 exce:pt for the al.ectrolyte
solution. 60°C, the discharge capacity at the 100th cycle maintained

H

5 4% of the initial discharge capacity. In the cycle test at

]

i

intalned at

A

o . , e .,
~-07C, 90% of the initial discharge capacity was m

0

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

i

Even when the state of charging was increased to 300%, the

battery veltage became substantially constant at 4.75% ¥V and

oy

1>  did not increase any more. This battery was discharged at

25°C at a discharge rate of 1C. RAccording to the result,
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discharging at 98% of

el

echieved. Subseguently, constant-current constant-veoltage
(CCCV) charging was conducted at a rate of 1C up to 4.2 V,
20 and discharging was conducted at 1C down to 3.0 V. This

Y

charging and discharging operation was repeatedly performed.

maintained. Accordingly, 1t was found that the batterv did



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 at50E> the discharge capacity a the 100tﬁ%ycle 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 contilictdd 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{ite wheh 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 battefy Wasthen discharGedat 25C at a discharge rate of 1C. According to the result,

{Preparation of electrolyte solution]
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separated from the

LizB:pFBr was used as an electrolyte, and LiPF: was used as a

19 mixed electrelyte. A solvent composed of a mixture

o

containing 10% by volume of ethylene carbonate, 20% by volume
of propylene carbenate, 50% by volume of methyl ethyl
carbonate, and 20% by volume of diethyl carbonate was used.
The lithium flucorododecaborate and LiPF; were dissolved in
i5 this sclvent so that the concentration of
fluorododecaborate was 0.4 mol/L and the concentration of

LiPFe was 0.1 mol/L. Furthermore, as an additive for forming

P

an ion-conductive coating film on an electrede, 2.0 parts by

mass of tetrakis{acryloyloxymethyljurea was added relative to

20 100 parts by mass of the total of the sclvent. Thus, an

electrolyte sclution was prepared.

0082}
[Preparation of battery]
A battery was fabricated as in Battery evaluation 1



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“wher the battery voltage reached 4.2 %“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] S[EXAMPLE 8] (Battery evaluation 8)
[Preparationt of &bctrolte $oiutiBnf L © A fitfidmAibrédddetaborate thatvas Separstéd Heatthe
product obtained in Preparation ' of lithium 10 fluorododebaborate so as to contain 99.9% or more of a
lithium fluorbiGbécaborate HAVIAG a cotrpoditidnr forfuta BF EIRBLTET? was tSe8 as'dnreléétfolyte,
and LiPF6 was used as a mixed electrolyte. A solvent composed of a mixture containing 30% by
volume of ethyléne eatbohafe’ 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 conbentr&df !

e

5 {Evaluation of batt:s

3%

ry)
The battery evaluation was also conducted as in Battery

evaluation 1. According to the results, in the cycle ftest at

25°C, the discharge capacity at the 500th cycle maintained

93% of the initial discharge capacity. In the cycle test at
16 60°C, the discharge capacity at the 100th cycle maintained
90% of the initial discharge capacity. In the cycle test at
-10°C, 82% of the initial discharge capacity was maintained
at the 100th cyclia
(00847
1% In addition, & battery was prepared in the same manner

battery were conducted at Z5°C for five cyclies. An
overcharge test was then conducted at 25°C at a rate of 3C.
Even when the state of charging was Ilncreased to 300%, the

29  battery voltage became substantially constant at 4.70 V and

- e P ER R Py de e 1 - 3 ~ by oy 3 iy
did not increase any more. Thig battery was discharged at

O

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

discharging at 91% of the initial discharge capacity could be

achieved. Subsequently, CCCOV charging was conducied at a



the lithium fluorod.odecaborate wasmol4L and the concentration of LIFE5 wcs 0.2 mri/L.
Furthermore, as an 20 additiveforming an lon-conductive coat ng film on an electrode, 0.5 parts by
mass of 2-atfylenloXyel 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%@/%“‘rua‘ﬂgm&aéiElsbocofnd%ct’ed as'th. Battely 8valuation §. ACEGTAiNgd thé rédults, in the
cycle test at 10 25C, the discharge capacity at the 500th cycle mai.ntained 89% of the initial discharge
capacity. Inth&eyéle téstaf’60C: tHesdistRarge tapatity at tHe 200threy cle mairitainedy25% of the
Initial discharge capacity. In the cycle test at -10C, 88% of the. initial. discharge caparty was
maintained “E5#tthe 100teydle rfopd9] Atintaddit 8A & batterrwas prepdrebtin tfle:same manner
as described above, and charging and discharging of this battery were conducted at 25C forcycles. An
20 overchafijestelse as thenicorducted atr250 at an fate o 3CcEvemwhen the state of charging was
increased to 300%, the battery voltage became substantially constant at 4.70 V and did not increase
any more. THig battery was discharged at2:50:4t:a discharge rate of 4@: Atcerding to the result,

overcharging.

[0685

u'"l

[EXAMPLE b]

-

10 [Preparzation of electrolvie sclution]

A lithium fluorododecaborate that was separated from the
preduct cobtained in Preparation 2 of lithium
flucrodedecaborate so as to contain 99.%% or more of a
lithium flucrododecaborate having a composition formula of

15 LizB:FC1 was used as an electrolyte, and LiPF: was used as a
mixed electrolyte. A solvent composed of a mixture
containing 10% by volume of ethylene carbonate, 20% by volume
ol prepylene carbonate, 50% by volume of methyl ethyl
carbonate, and 20% by volume of diethyl carbonate was used.

20 The lithium flucrododecaborate and LiPF, were disscivad in

_____ 22 That the concentration of the lithium
fluorcdodecaborate was 0.4 mol/L and the concentration of

LiPFg was 0.1 mol/L. TFurthermore, as an additive for forming

an ion-conductive coating film on an electrode, 1.0 part by



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.l..uorododecaborate that
was separa%é‘d“ fronm-'the product obtained in Preparéf‘t?on ] 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 tiséd. Tré fithiuim Hubrodotetabbiate ahdLjPE6 weredissovéd rrthis§siiéht so that
the concentration of lithium flu-rododecabo ate was 0.4 mol/L and concentration of LiPF6 was 0.2
mol/L- Furthérnidre? ddditives forférmingh rdr-tofdutivie E6atilar? 20 Eléctfstie’ £5 parts by mass
of ethyland 0.5 parts by mass of 1lopane sultone were added relative to 100 parts by mass of the total
of the solvetar elecirolyté Sohitioh wds preparedn was prepared.
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electrolyte solution.
10 [0087]
{Evaluation of battery)
The battery evaluation was also conducted as in Battery

evaluation 1. According to the results, in the cycle test at

25°C, the discharge capacity at the 500th cycle maintained
15 £9% of the initial discharge capacity. In the cycle test at

60°C, the discharge capacity at the 100th cycle maintained
82% of the initial discharge capacity. In the cycle test at
-10°C, 74% of the initisa
at the 100th cvole.
20 [0088]
In addition, a battery was prepared in the same manner
as described above, and charging and discharging of this

battery were conducted at 25°C for five cycles. An
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overcharge test was then conducted at 25°C



[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 |
except for the electrolyte solution. [0102] (Evaluatiorf éf 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=§ 05 6f'the initial diseharge capagity waé maintdined t thel 100th’éyfcte. [0103] a
121on, a battery was prepared in the sane manner as described above, aning and dischar batter y
were condliEEE & 25C for fiveyefssi Po cvefchargeé testwas tHen-éariducted at25C atadtate of 3C.
Even when the state of charging was in.creased to 300%, the battery volt-age became substantially
constant at 474 Vandidif Fot iifcréase @Ry morel This battérywas' discharget:at25C ata discharge
rate of 1C. According to the result, SF-251051 discharging at 96% of the ini..tial discharge capacity
could be achieveda[0104] [EXAMPLE 161 (Batteryevalbatiord0):g to the result,

5 discharging at 91% of the initial discharge capacity could be
achieved. Subseguently, CCCV charging was conducted at a
rate of 1C up to 4.2 V, and discharging was conducted at 1C
down to 3.0 V. This charging and discharging operation was
repeatedly performed. AT the 100th cycle, 82% of the initial

that the battery did not substantially degrade due to
overcharging.
10089]
[EXAMPLE 6]
15 (Battery evaluation &)

.

[Preparation of electrolyfe solution!

T 2 Fas
A

Lithium hexafluorophosphate [(LiPF:} was used az an

electrolyte. A solvent composed of a mixture containing 10%
by volume of ethylene carbonate, 20% by volume of propylene

20 carbonate, 50% by volume of methyl ethyl carbonate, and 20%
by wvolume cof diethyl carbonate was used. Lithium
hexafluorcphosphate (LiPFg) was dissclved in this solvent so
as to have a concentration of 1.1 mol/L. TFurthermore, as

additives for ferming an ion-conductive coating film on an

=



reparatlo- 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 fitforédodecaborate having a compos.itior“r’1 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 Eoficentration’df the fithiB Ffudtodddecaborate 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, P55ars by mias<ofiVinyt élotBhaié was aadéd teftivs fo 100 parihyPmags Bf fie t.otal. of
the solvent Thus, an electrolyte solution was prepared. [0105] [Preparation of battery] gE-251.052 A
battery wa$ fabticatetr a8 i Baftery €vstuation 1 @it a pésitive &fectfode’and a negafive electrode
that were the same as those used in Battery evaluation 1 except for the electrolyte solution. [0106]
(Evaluatior"6fFattery)- ¢ The Battéry evaiuation'was alsé BoAducted &l inBatfery evaluation 1.
According to the results, in the cycle test at the discharge capacity at the 500th cycle maintained
91% of thedfitialdisehaige CapaciyE i 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 dapétity was maintai at the 100th cycle. [0107]

—

[Preparation

+
e

st battery]

s

E battery was fabricated as in Battery evaluation 1

positive electrode and a negative electrode that were

10 the same as those used in Battery evaluation 1 except for the
electrolyte solution.
(06517
(Evaluation of battery)
The battery evaluation was alsc conducted as in Battery
15 evaluation 1 According to the results, in the cycle test at
25°C, the discharge capacity at the 500th cycle maintained
86% of the initial discharge capacity In the cycle test at
60°C, the discharge capacity at the 100th cycle maintained
88% of the initial discharge capacity. In the cycle test at
20 -10°C, 85% of the initial discharge capacity was maintained
at the 100th cycle.
[00S82]
[EXAMPLE 7]
{Battery evaluaticn 7)



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. 26 Even“when the state of charging was’ifcreased 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 Preparatioh A oflithium flu6rodbe cabor fig'sh-a$'fol 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 electrolyiR. ASSovert tomposad 6fe mixthfe eontdifing3t% by vdlume of ethylene
carbonate, 50% by volume of methyl ethyl carbonate, and 20% by volume of diethyl carbonate was
used. The lififim fiiordd6decabsiate’ ahd LIPES 76 Geré dissolved i This SolVeht s tHat the
concentration of the lithium fluorododecaborate was 0.4 mol/T2 concentration of LIPF6 was 0.2 mol/L.
Furthermoré Yas' addiives forTofring gh iohtEsttiictive €oatimy fij th.-6i¢ af ‘eléctroder 4152parts by
mass of vinyl crotonatE0.5 parts 20 by mass of 1 -propane sultone were added relative to 100 parts by
mass of thetdtdl Of e solvernt. Thils ah'eléctpélytessolttior Was prepafeehate, and 20%

by volume of diethyl carbenate was used. Lithium
hexafluorophosphate (LiPFy) was dissclved in this solvent so
as to have a concentration of 1.1 mol/l.. Furthermore, as an
additive for forming an lon-conductive coating film on an

10 electrode, 2.0 parts by mass of 1,1~

O

bis(zcryloyioxymethyl)ethyl isoccyanate was added relative to

100 parts by mass of the total of the scolvent. Thus, an
el amt 1wt Turi ¥ SO OTIrarsre
electrolyte solutlion was prepared.

[0083]

the same as those used in Battery evaluation 1 except for the

20 [(0024]

(Evaluation of battery}

tion was also conducted as in Battery

The battery evalu

5%

evaluation 1. According to the results, in the cycle test at
25°C, the discharge capacity at the 500th cycle maintained



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 tﬁé'éfe%]tr%lyte solution. [01]..0] (Evaluati(firﬁof 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 Othe
discharge capacity at the 100th cycle maintainec 91% of the initial discharge capacity. In the cycle
test. at -10¢70f the ifitial diScharge cApachy Wis mHtaint A¥'the 100H & cle/ABI0FERT 2 n addition,
a battery was prepared in the same manner as described above, and charging and discharging of thi,s

battery wer& Conduétedl &t 25 fgrFhverGicldd s the 100th cycle maintained

90% of the initial discharge capacity. In the cycle test at
~10°C, 93% of the initial discharge capacity was maintained

at the 100th cvcle.
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In addition, a battery was preparaed in the same manner
as described above, and charging and discharging of this
battery were conducted at 25°C for five cycles. BAn

1

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

4

After the state of charging exceeded 130%, the battery

-y
ot

voltage became 5.2 V or more. 3ubsequently, with an increase

From the time when the state cof charging exceeded about 200%,

1% the woltage rapidly increased. The pattery voltage reached

\ Ty . : Fa
i0.06 V at & state of
e aa Tindt alod
CeSL Was Iinigsned

at a discharge rate

ailscharging at only
L

24 achieved. 3ubsequently, CCCV charging, in which charging was

conducted at 1C until the battery voltage reached 4.2 YV and

voltage reached 4.2 V until a current value became 0.03C, and

discharging at 1C down to 3.0 V were repesatedly performed.



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%\?éé fafél:harged at 25C at a discharge fate 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, 2898'by Volume BF propylenesdarbonate, 5056 by VBhitie BF hiethy &ty ‘Gibditdte, and
20% 10 by volume of diethyl carbonate was used. Lithium hexafluorophosphate (LiPFO was dissolved
in this solvenit sB skt have & conééntidtith 6FPAMoIL. Tils; @h éiéétisisite’ solutionprépared. No
additive for forming a coating film was added to this electrolyte solution, [0113] [Preparaton of battery
A battery was fabricatéd as i Bétteri? BVal liatiort 1 Using: a positiveselectrode Bfid a negative
electrode th[at C\)/\geGr(? the same as those used in Battery evaluation .L except for the

G !

[EXAMPLE 8]

A

(Battery evaluation 8)

A lithium fluorcdodecaborate that was separated from the
product obtained in Preparation 1 of Lithium
10 fluorcdedecaborate so as Lo contain $9.9% or more of a
lithium fluorododecaborate having a ccemposition formula of

-

LisByeFip was used as an electrolyie, and LiPF: was used as a

£

—

mixed electrolyte. A solveni composed of & mixture
containing 30% by volume of ethvlene carbonate, 50% by volume

T 1

15 ol methyl ethyl carbonate, and 20% by volume of diethyl

=]
.
av]
=]

m

carbonate was ussad.

were disscolved in this solvent so that the concentration of

the lithium flucrododecaborate was 0.4 mol/L and the

concentration of LiPFs was 0.2 mol/L. FPurthermore, &5 an
20 additive for forming an ion-conductive coating film on an

electrode, 0.5 parts by mass of Z-acryioyloxyethyl isocyanate

el

was added relative to 100 parts by mass of the total of the
solvent. Thus, an electrolyte solution was prepared.

10097]



20electrolyte solution. [0114] (Evaluation of The battery evaluation was also conducted as in
Battery evaluation ...Pig. 1 shows the results of the ﬁcycle test at SF-251056 25C. In the cycle test at
25C, the di§€h'éfgé %apacity 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 e - d%ﬁ%&t 8¢10'¢" 5 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 evaluatioh {Prepa¥atio of lettroiyte Soltition] A fififgaoddiatiorate thaf was separated
from the product obtained in P eparaithiurrj. fluoxododecaborate so as to ccor more of a lithium
fluorododedEhordte’havirtg & 'composition fdfmuidof 20R—RPBI711%, was Gs6d &s drfdlectfolyite, and

Li.PF6 was used as a mixed eiectrbA solvent composed of a mixture
the same as those used in Battery evaluation 1 except for the

LN

electrolyte solution.

foces]
{(Evaluation of battery]
The battery svaluation was also conducted as in Battery

1

evaluation 1. According to the results, in the cycle test at

43

10 25°C, the discharge capacity at the 500th cycle maintained
89% of the initial discharge capacity. In the cycle test at
60°C, the discharge capacity at the 100th cycle maintained
75% of the initlial discharge capacity. In the cycle test at

~10°C, 88% of the initial discharge capacity was maintained
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In additicn, a battery was prepared in the same manner
as described above, and charging and discharging of this

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

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

did not increase any more. This battery was discharged at



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 fludrotfodecaborate 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 evaltiatioh 16 usihga positive etectrott artt 4 Hegative eféttrodethatwert the same
as those used in Battery evaluation 1 except for the electrolyte solution. [01 (Evaluation of battery)
15The battéry eValiition 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 c&&épfh}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 theH 809 ofthe initial discharge capacity at the 108th cycle. [0118] 55-251058

5 (Battery evaluation 9
{Preparation of electrolyte solution)
A lithium fluorcdodecaborate that was separated from the
product obtained in Preparation 1 of Lithium
flucreodedecaborate so as te contain %9.%% or more of a

16 lithium fluorododecapnorate having a composition formula of

LiyBy3Fir was used as an electrolyte, and LiPF; 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 Z20% by volume of diethyl

carbonate was used.

1
[eal

were dissolved in this scolvent so that the concentration of

e TS TRt e E=l B 3 Sy e =} . PR Y T T P e e
the lithium flucrododecaberate was 0.4 mol/L and the

— 4 P A ore AT T A ™ L ey o
concentration of LiPFy was 0.2 mol/L. Furthermore, as

additives for forming an ion-conductive coating film on an

20  electrode, 1.5 parts by mass of ethyl crotonate and 0.5 parts
by mass of 1,3-propane sultone were added rela
parts by mass of tThe total of the sclvent. Thus, an
electrolyte sclution was prepared.

01017



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. [Ole‘.L“E‘(?:%grbonate PC: propylene carbonaté 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

[Preparation of battery]

A battery was fabricated as in Battery evaluation 1
using a positive electrode and & negative electrode that were
the same as those used in Rattery evaluation 1 except for the

5 electrolyte solution.
(0102]

™

(Evaluation of battery)

evaluation 1. According to the results, in the cycle test at
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the discharge capacity
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3% of the initial discharge capacity. In the cycle test at

O it v P PR s 1 . : . '
60°C, the discharge capacity at the 100th cycle maintained

90% of the initial discharge capacity In the cycle test at
o f e s C o . .
-10°C, 21% of the initial discharge capacity was maintainsd
15 at the 100th cyole

I addition, a battery was prepared in the same manner
as described above, and charging and discharging of this
pattery were conducted at 25°C for five cycles. An

20 overcharge test was then conducted at 23
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

25°C at a discharge rate of 1C. According to the result,
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[EXAMPLE 10}

[@x]

{(Battery evaluaticn 10)

—

ion of elecirolyte solution!
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A lithium fluorododecaborate
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product obtained in Preparation 1 of

—

fluorododecaborate so as to contain ©

2
O
e

or more of a

10 lithium fluorcdodecaborate having a composition formula of

LizBi2F was used as an electrolyte, and LiPFy was used as a

mixed electrolyte. A solvent composed of a mixture

of methyl ethyl carbenate, and 20% by volume of diethyl

[#3]
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bonate was used. The lithium fluorodedecaborate and LiPFg

olvent s8¢ thalt the concentration of
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the Iithium fluorodedecaborate was 0.

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

additive for forming an ion-conductive coating film on an
20  electrode, 1.5 parts by mass of vinyl crotonate was added
to 100 parts by mass of the total of the solvent.

Thus, an electrolyte solution was preparsd.
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A battery was fabricated as in Battery evaluation 1
using a positive electrode and a negative electrode tThat were
the same as those used in Battery evaluation 1 except for the

N
|

electroivte solution.
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{(Evaluation of battery)

The batte
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evaluation 1. Acccording te the results, in the cycle test at
25°C, the discharge capacity at the 500th cycle maintained

10 91% of the initial discharge capacity. In the cycle test at

(]

ol

2

60°C, the discharge capacity at the 100th cycle maintained

84% of the initial discharge capacity. In the cycle test at

~-10°C, 88% of the initial discharge capacitv was maintained
at the 100th cycle.
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In addition, a battery was prepared in the same manner

as described above, and charging and discharging of this

battery were conducted at 25°C for five cycles. An
C at a rate of 3C.

overcharge test was then conducted at 25

20 Even when the state of charging was increased to 300%, the

D

=ry voltage became substantially constant at 4.70 V and

t

jul

ba

e

did not increase any more. This battery was discharged at
25°C at a discharge rate of 1C. According to the result,
discharging at 93% of the initizl discharge capacity could be
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[EXAMPLE

{Battery evaluation 11)

o

[Preparation of electrolyte solution
A lithium flucrododecaborate that was separated from tThe

product obtained in Preparation 1 of Ilithium

lithium flucrodedecaborate having & composition formula of
10 Li:ByF, was used as an electrolyte, and LiPFg was used as a

mixed electrolyte. A solvent composad of a mixture

containing 30% by volume of ethylene carbonate, 50% by volume
methyl ethyl carbonate, and 20% by volume of diethyl

carbonate was used. The lithium flucorododecaborate and LiPF:
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were dissolved in this solwvent so tChat

foruk
U

-

;

mel/L and the
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parts by mass of the total of the solvent. Thus, an
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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.

The battery evaluation was alsc conducted as in Battery

D
053
o
%}
el

evaluation 1. According to the results, in the cycle te

[§H]

25°C, the discharge capacity at the 500th cycle maintained

—
-]
el
o
sl
O
it

the initial discharge capacity. In the

51% of the initial discharge capacity. In

- o feRe s ~ - H Ny P T o e . .
~107C, 93% of the initial discharge capaciiv was maintained
r ur fa P,

at the 100th cvcle.

battery were conducted at 25°C for five cyclies. Ar

20  Even when the state of charging was increased to 300%, the
battery voltage became substantially constant at 4.70 V and

did not lncrease any more. This battery was discharged at

25°C at a discharge rate of 1C. RAccerding to the result,
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(Battery evaluation 12)

5 [Preparation of electrolvie sclution)
Lithium hexaflucrophosphate [(LiPF:) was used as an
electrolyte. A soclvent composed of a mixture containing 10%
1 1

thylene carbonate, Z0% Dy volume cof propylene

carbonate, 50% by volume of methyl ethyl carbonate, and 20%

oy
[

by volume of diethyl carbonate was used. Lithium
hexafluorophosphate (LiPFs) was dissclved in this solvent so
as to have a concentration of 1.1 mel/L. Thus, an
electrolyte soluticon was prepared. No additive for forming a

coating film was added to this electrolyte solution

15 [0113]
r L £ PR H
[Preparation of batfervy]
A battery was fabricated as in Battery evaluation 1

using a positive electrode and a negative electrode that wers
the same as these used in Battery evaluation 1 except for the
206  electrolvite soclution.

[0114]
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the battery of Comparative Example 1 decreased to less than
80% of the initial discharge capacity at the 220th cycle, as

fonld
R

shown by curve b in Fig. 1. Flg. 2 shows the results of the
5 cycle test at 60°C. In the cycle test at 60°C, the discharge

capacity decreased to less than 80% of the initial discharge

&3
a3}
o]
Q
0
t
=
juil
ot
I
-y
@
oL
[09]
rt
9!
e
(i
.
o
98
i3]

shown by curve b in Fig. 2.

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

10 than 80% of the initial discharge capacity at the 58th cycle,
as shown by curve b in Fig. 3
[(0115]
[COMPARATIVE EXAMPLE 2]
(Battery evaluation 13}
15 [Freparation of electrolyte solution]

A lithium flucrododecaborate that was separated from the

product obtained in Preparation 1 of lithium
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20 Lig?;_g"ﬁzg was used

mixnture

containing 10% by volume of ethylene carbonate, 20% by volume

S

of propylene carbonate, 50% by volume of methyl ethyl

carbonate, and 20% by volume of diethyl carbonate was used.
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The lithium fluorcdodecaborate and LiPFs; were dissolved in
this solvent so that the concentration of the lithium
fluorododecaborate was 0.4 mel/L and the concentration of
LiPFg was 0.1 mol/L. Thus, an electrolyte sclution was
prepared. No additive for forming an ion-conductive coating
fiilm on an electrode was added to this electrolyte solution.
[01156]

[Preparation of battervy!

the same as those used in Battery evaluation 1 except for the

(Evaluation of battery)

-~

he battery evaluation was also conducted as

evaluation 1. According to the results, in the cycle test at

25°C, the discharge capacity decreased to less than 80% of
the initial discharge capacity at the 285th cycle In tThe
cvele test at 60°C. the dizscharoe czpacity decreaced Fo
Cycle test at ol O, ne discharge capaclly decreased to leas

than B80% of the inztial discharge capacity atr Tr
d _ Y

4= Ty - b
In the cycl

B
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test at -~10°C, the discharge capacity decreased

Li

to less than 80% of the initial discharge capacity at the

108th cycle.
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The results of the Examples and Comparative Examples

described above are summarirzed in Tables 1 and 2.

[(0119]
In Tables 1 and 2, the characters shown as solvents

5 represent th

)

substances below.

=
[
—
2
[
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EC: ethvien

PC: propylene carbonate
EMC: methyl ethyl carbonate
10 DEC: diethvyl carbonate
In Tables 1 and 2, the term "discharge capacity ratio”

means a ratio of the discharge capacity after a ftest to the

-
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wherein the additive contains a compound representee by formula (1)

-0-).nY(1)

OPO CI) -07:3 02:7 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

below: [Chem (RIR2C CCQ

solvent; and an additive,
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(in the formula (1),and R2 are each independently a hydrogen atom, a methyl group, or an amino

group, nis 1, 2, or 4, when n. is 1, (Y is a hydrogen atom or a monovalent

organic group, when n is

2,Y.is adivalent organlc group, 15and when n is 4 Y is a tetra.valent organic group), and the contenc
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Com. Ex.: Comparative Example

Com. Ex. 1
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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 soittion for a secondary battery accordin‘(gzo 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, wheriit’ 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- 581§t cohtains 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 electrodé; and tHe- 6 IEe6GCE eb.ectrelyte solution forca secendarydattery according to any
one of Claims 1 to 7.
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(R'R*C=CH—~-CO—0-—) .Y (1)

(in the formula (1), R and R* 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

ocrganic group, when n is 2, Y is divalent ocrganic group,
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15 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
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rding to any cne of Claims 1 to &, wherein the
solvent contains at least one selected from the group

consisting of cyclic carbonates and chain carbonates.
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