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NON - AQUEOUS ELECTROLYTE SOLUTION 
AND NON - AQUEOUS ELECTROLYTE 

SOLUTION SECONDARY BATTERY USING 
THE SAME 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This is a continuation of International Application 
PCT / JP2016 / 052677 , filed on Jan . 29 , 2016 , and designated 
the U . S . , and claims priority from Japanese Patent Applica 
tion 2015 - 017654 which was filed on Jan . 30 , 2015 , the 
entire contents of which are incorporated herein by refer 
ence . 

TECHNICAL FIELD 
[ 0002 ] The present invention relates to a non - aqueous 
electrolyte solution and a non - aqueous electrolyte solution 
secondary battery using the same . 

BACKGROUND ART 
[ 0003 ] Along with the rapid progress of electronic 
devices , heightening of the capacity of secondary batteries is 
increasingly demanded , and non - aqueous electrolyte solu 
tion batteries such as lithium ion secondary batteries with 
high energy density are widely used and actively researched . 
10004 ) Electrolyte solutions used for non - aqueous electro 
lyte solution batteries are generally composed mainly of an 
electrolyte and a non - aqueous solvent . Electrolyte solutions 
used for lithium ion secondary batteries are a non - aqueous 
electrolyte solution in which an electrolyte such as LiPFg is 
dissolved in a mixture of a solvent having a high dielectric 
constant such as cyclic carbonate and a solvent having a low 
viscosity such as chain carbonate . 
10005 ] Lithium ion secondary batteries , when charged and 
discharged repeatedly , cause the decomposition of the elec 
trolyte on their electrode and the deterioration of materials 
constituting them , leading to lowering of their capacity . In 
some cases , the stability of the batteries against expansion or 
rupture may be deteriorated . 
[ 0006 ] Methods of improving the battery characteristics of 
lithium ion secondary batteries by using a specific non 
aqueous electrolyte solution have been proposed previously . 
For example , Patent Document 1 reported that the use of an 
electrolyte solution containing maleimide or a derivative 

efficiency of a silicon negative electrode . Patent Document 
3 reported that use of an electrolyte solution containing a 
maleimide compound and 0 . 05 wt % to 5 wt % of a chemical 
species containing a hydroxyl group having a molecular 
weight of less than 1 , 000 improved the charge and discharge 
efficiency of a battery . 

PRIOR ART DOCUMENT 
Patent Document 

Patent Document 1 : JP - A - 11 - 219723 
Patent Document 2 : JP - A - 2009 - 302058 
Patent Document 3 : JP - A - 2012 - 174680 

SUMMARY OF THE INVENTION 
Problem to be Solved by Invention 

[ 00071 An object of the present invention is to provide a 
non - aqueous electrolyte solution enabling production of a 
non - aqueous electrolyte solution secondary battery which 
achieves suppressed gas generation when used in a high 
temperature environment and the improved residual capac 
ity of the battery and the improved cycle characteristic 
thereof , and further , is excellent in discharge load charac 
teristic ( dischargeable at high rate ) , and to provide a non 
aqueous electrolyte solution secondary battery using the 
electrolyte . 

Means for Solving the Problems 
10008 ] . Although the inventions described in Patent Docu 
ments 1 to 3 certainly contribute to improving some of the 
characteristics of the battery , the gas generation which is 
particularly important in battery stability has not been solved 
at all , and further , improvement in the cycle characteristic 
for a long - term period which is important in the battery 
characteristics has not yet been demonstrated . 
[ 0009 ] The inventors of the present invention have found , 
after various studies to solve the above - mentioned problems , 
that the problems were able to be solved , and they have 
completed the present invention . 
[ 0010 ) Thus , the gist of the present invention includes the 
following 
( 1 ) 
[ 0011 ] A non - aqueous electrolyte solution used in a non 
aqueous electrolyte solution secondary battery including a 
positive electrode having a positive electrode active material 
capable of absorbing and releasing a metal ion , a negative 
electrode having a negative electrode active material capable 
of absorbing and releasing a metal ion , which solution 
contains a compound represented by the following formula 
( 1 ) , 

[ Chemical formula 1 ] 

R R3 RS R ? 

& BE NA7 , 11 H AP7 , 4 N 

R9 R10 2 R11 R12 R13 R14 R15 R16 / 2 n2 ? 

thereof suppressed a reaction of lithium metal with the 
electrolyte solution and improved the self - discharge ratio of 
a lithium battery which was stored at 60° C . for 2 months . 
Patent Document 2 reported that the use of an electrolyte 
solution containing vinylene carbonate as well as a com 
pound such as maleimide improved the charge and discharge 

in which each of R ' to R16 independently represents any one 
of a hydrogen atom , a halogen atom , a hydrocarbon group , 
a group represented by O - L ' , and a group represented by 
- SO2 - L ? , 
[ 0012 ] L ' and L represent a hydrocarbon group , 
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[ 0013 ] each of Al to A independently represents a diva 
lent hydrocarbon group , a hetero atom , or a group having a 
hetero atom , and 
[ 0014 ] each of n ' to n * represents an integer of 0 or more , 
with the proviso that when all of n ' to n are 0 , at least one 
of R3 to R and Rll to R14 represents a group other than a 
hydrogen atom . 

( 6 ) 
[ 0024 ] The non - aqueous electrolyte solution according to 
any one of ( 1 ) to ( 5 ) , further containing at least one of a 
cyclic carbonate having a carbon - carbon unsaturated bond 
and a cyclic carbonate having a fluorine atom . 
( 7 ) 
10025 ] The non - aqueous electrolyte solution according to 
any one of ( 1 ) to ( 6 ) , further containing a nitrile compound . ( 2 ) 

[ 0015 ] The non - aqueous electrolyte solution according to 
( 1 ) , wherein the compound represented by the formula ( 1 ) is 
a compound represented by the following formulae : 
[ 0016 ] formula ( 2 ) , 

[ 0026 ] A non - aqueous electrolyte solution secondary bat 
tery including a positive electrode having a positive elec 
trode active material capable of absorbing and releasing a 
metal ion , a negative electrode having a negative electrode 
active material capable of absorbing and releasing a metal 
ion , and a non - aqueous electrolyte solution , which battery 
uses the non - aqueous electrolyte solution according to any 
one of ( 1 ) to ( 7 ) . 

[ Chemical formula 2 ] 
( 2 ) 

© R17 R18 R19 R20 0 

- 0 

R21 R22 R23 R24 Ó 

Effect of the Invention 
[ 0027 ] According to the present invention , a non - aqueous 
electrolyte solution secondary battery can be obtained which 
achieves suppressed gas generation when used in a high 
temperature environment , the improved residual capacity of 
the battery and the improved cycle characteristic thereof , 
and further , is excellent in discharge load characteristic 
( dischargeable at high rate ) . 

in which each of R17 to R26 independently represents any 
one of a hydrogen atom , a halogen atom , a hydrocarbon 
group , a group represented by _ O - L ” , and a group repre 
sented by — SO , - L2 , 
[ 0017 ] L ? and L ? represent a hydrocarbon group , and 
[ 0018 ] at least one of R17 to R24 represents a group other 
than a hydrogen atom ; and 
[ 0019 ] formula ( 3 ) , 

DESCRIPTION OF EMBODIMENTS 
[ 0028 ] Hereinafter , modes for carrying out the present 
invention will be described in detail . However , the following 
descriptions are only an example ( representative example ) 

[ Chemical formula 3 ] 

R27 R28 R28 R29 R 30 R31 R31 R32 R33 R33 R34 0 
R 43 

- 

O 
R 44 

R35 R36 R 37 R38 R39 R40 R41 242 

of embodiments of the present invention , and the present 
invention is not limited to the content of the descriptions 
unless the invention departs from the gist described in the 
claims . 

in which each of R27 to R44 independently represents any 
one of groups represented by a hydrogen atom , a halogen 
atom , a hydrocarbon group , a group represented by O - L ” , 
and a group represented by — SO2 - L ” , and 
[ 0020 ] Land L represent a hydrocarbon group . 
( 3 ) 
[ 0021 ] The non - aqueous electrolyte solution according to 
( 1 ) , wherein the content of the compound represented by the 
formula ( 1 ) is 0 . 01 % by mass or more and 5 % by mass or 
less in the non - aqueous electrolyte solution . 
( 4 ) 
[ 0022 ] The non - aqueous electrolyte solution according to 
any one of ( 1 ) to ( 3 ) , wherein R to R1 are a hydrogen atom 
or an alkyl group in the compound represented by the 
formula ( 1 ) 
( 5 ) 
[ 0023 ] The non - aqueous electrolyte solution according to 
any one of ( 1 ) to ( 4 ) , containing a water content of 40 ppm 
by mass or less . 

[ 1 . Non - Aqueous Electrolyte Solution ] 
[ 0029 ] The non - aqueous electrolyte solution of the present 
invention contains an electrolyte and a non - aqueous solvent 
dissolving the electrolyte as in the case of typical non 
aqueous electrolyte solutions , and is characterized mainly in 
that it further contains a bismaleimide compound having a 
specific structure . 

[ 1 - 1 . Bismaleimide Compound Having Specific Structure ] 
[ 0030 ] Examples of the bismaleimide compound used in 
the present invention ( hereinafter also referred to as the 
bismaleimide compound of the present invention ) include 
the following compounds . 

Zhuhai CosMX Battery Co. - EX1023 
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd. 

Page 3 of 25



US 2017 / 0324116 A1 Nov . 9 , 2017 
3 

1 - 1 - 1 . Compound Represented by Formula ( 1 ) 
[ 0031 ] 

[ Chemical formula 4 ] 

R ? 

NTA , ES SHA ' 74 N 

R9 R10 2 R11 R12 R13 R14 R15 R16 n3 

1 - 1 - 2 . Compound Represented by Formula ( 2 ) 
[ 0041 ] The bismaleimide compound of the present inven 
tion preferably includes the following formula ( 2 ) . 

[ Chemical Formula 5 ] 

( 2 ) 0 R17 R18 R19 R20 0 

R25 
- 0 

ll R 26 

21 R22 R23 R24 Ö 

( In the formula ( 1 ) , each of Rl to R16 independently repre 
sents any one of a hydrogen atom , a halogen atom , a 
hydrocarbon group , a group represented by O - L ' , and a 
group represented by — SO2 - L ? . 
[ 0032 ] L ' and L represent a hydrocarbon group . 
[ 0033 ] Each of Al to As independently represents a diva 
lent hydrocarbon group , a hetero atom , or a group having a 
hetero atom . 
[ 0034 ] Each of n ' to nº each represents an integer of 0 or 
more , with the proviso that when all of n ' to n + are 0 , at least 
one of R3 to R and Rll to R14 represents a group other than 
a hydrogen atom . ) 
[ 0035 ] Examples of the above halogen atom include fluo 
rine , chlorine , bromine , and iodine atoms , and the fluorine 
atom is most preferable among them because it yields a 
significant effect of improving battery characteristics . 
[ 0036 ] Examples of the above hydrocarbon group include 
alkyl , alkenyl , alkynyl , and aryl groups , and the alkyl group 
is most preferable among them because it leads to appro 
priate reactivity and low resistance . 
[ 0037 ] The number of carbon atoms of the hydrocarbon 
group does not have any particular limitation as long as the 
effects of the present invention are not impaired , but it is 
usually 1 or more , and usually 10 or less , preferably 5 or 
less , more preferably 3 or less . The reason for this is that a 
too large number of carbon atoms leads to a too large 
intramolecular steric hindrance , causing difficulty in the 
reaction on the electrode surface . 
[ 0038 ] Examples of the divalent hydrocarbon group 
include alkylene , alkenylene , alkynylene , and phenylene 
groups . Among them , the alkylene group is most preferable 
because it leads to appropriate reactivity and low resistance . 
Examples of the alkylene group include methylene , ethyl 
ene , and propylene groups , and groups which are these 
groups having some or all of hydrogen atoms substituted 
with alkyl groups , and the methylene , methylmethylene , and 
dimethylmethylene groups are preferable among them 
because they lead to low resistance . 
[ 0039 ] Examples of the hetero atom include an oxygen 
atom and a sulfur atom , and the oxygen atom is preferable 
because when it is used , it leads to a preferable reactivity at 
the positive electrode . 
[ 0040 ] Examples of the group having a hetero atom 
include S02 — , - C02 , OC02 , 0 CH , 
- CH2 - O CH2 — , and OCH CH20 - groups . Among 

them , the SO2 - , CO2 - , and — OCO2 groups are 
preferable because they can improve reactivity on the nega 
tive electrode . 

( In the formula , each of R17 to R2 independently represents 
any one of a hydrogen atom , a halogen atom , a hydrocarbon 
group , a group represented by — O - L ' , and a group repre 
sented by SO2 - L2 . L ' and L2 are a hydrocarbon group . At 
least one of R17 to R24 represents a group other than a 
hydrogen atom . ) 
[ 0042 ] Examples of the above halogen atom include fluo 
rine , chlorine , bromine , and iodine atoms , and the fluorine 
atom is most preferable among them because it yields a 
significant effect of improving battery characteristics . 
[ 0043 ] Examples of the above hydrocarbon group include 
alkyl , alkenyl , alkynyl , and aryl groups , and the alkyl group 
is most preferable among them because it leads to appro 
priate reactivity and low resistance . 
100441 The number of carbon atoms of the hydrocarbon 
group does not have any particular limitation as long as the 
effects of the present invention are not impaired , but it is 
usually 1 or more , and usually 10 or less , preferably 5 or 
less , more preferably 3 or less . The reason for this is that a 
too large number of carbon atoms leads to a too large 
intramolecular steric hindrance , causing difficulty in the 
reaction on the electrode surface . 
[ 0045 ] When all of R17 to R24 are hydrogen atoms , the 
reactivity of the compound on the positive electrode 
becomes too low , reducing the effects of the present inven 
tion , and therefore , at least one of R17 to R24 is desirably a 
group other than hydrogen atom . In order to improve the 
reactivity on the positive electrode , at least two of R17 to R24 
are preferably groups other than hydrogen atom , at least 
three of Rl ' to R24 are more preferably groups other than 
hydrogen atom , and at least four of R17 to R44 are most 
preferably groups other than hydrogen atom . 
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- continued 

compound 2 - 7 
[ 0046 ] Specific examples of the compound represented by 
the formula ( 2 ) include the following compounds . The 
symbol Me represents methyl group . In particular , the com 
pound 2 - 1 , the compound 2 - 2 , the compound 2 - 8 , the 
compound 2 - 10 , and the compound 2 - 11 are preferable 
because they have a moderate reactivity on the positive 
electrode surface , thereby being capable of exhibiting the 
effects of the present invention appropriately . 

o 

compound 2 - 8 
Chemical Formula 6 ] 

compound 2 - 1 Foros Home compound 2 - 9 compound 2 - 2 

80105 Bass 
compound 2 - 10 compound 2 - 3 

fo o 

compound 2 - 11 

compound 2 - 4 

compound 2 - 5 
compound 2 - 12 

Me o foie Me 

compound 2 - 6 

1 - 1 - 3 . Compound Represented by Formula ( 3 ) 

[ 0047 ] Examples of the bismaleimide compound of the 
present invention preferably include at least one compound 
represented by the following formula ( 3 ) , 
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[ Chemical Formula 7 ] 

R27 R28 R29 R30 R33 R34 por este p R43 $ 889880 MO 
R 44 

0 R35 R36 R37 R 38 R39 R40 R41 142 ? 

( In the formula , each of R27 to R44 independently represents 
any one of a hydrogen atom , a halogen atom , a hydrocarbon 
group , a group represented by — O - L ' , and a group repre 
sented by — SO2 - L2 . L and La represent a hydrocarbon 
group . ) 
[ 0048 ] Examples of the above halogen atom include fluo 
rine , chlorine , bromine , and iodine atoms , and the fluorine 
atom is most preferable among them because it yields a 
significant effect of improving battery characteristics . 
[ 0049 ] Examples of the above hydrocarbon group include 
alkyl group , alkenyl group , alkynyl group , and aryl group , 
and the alkyl group is most preferable among them because 
it leads to appropriate reactivity and low resistance . 

alkynyl group include ethynyl and propynyl groups . 
Examples of the aryl group include phenyl , 2 - tolyl , 3 - tolyl , 
4 - tolyl , benzyl , 4 - t - butylphenyl , and 4 - t - amylphenyl groups . 
Among them , preferable are the methyl , ethyl , propyl , 
isopropyl , t - butyl , and t - amyl groups and particularly pref 
erable are the methyl , ethyl , and propyl groups , because they 
lead to appropriate reactivity and low resistance . 
[ 0052 ] Specific examples of the compound represented by 
the formula ( 3 ) include the following compounds . In par 
ticular , the compound 3 - 2 is preferable because it has a 
moderate reactivity on the surface of the positive electrode , 
thereby being capable of exhibiting the effects of the present 
invention appropriately . 

[ Chemical Formula 8 ] 
compound 3 - 1 

compound 3 - 2 

Kaos 
Booleas 
Sottos 

compound 3 - 3 

[ 0050 ] The number of carbon atoms of the hydrocarbon 
group does not have any particular limitation as long as the 
effects of the present invention are not impaired , but it is 
usually 1 or more , and usually 10 or less , preferably 5 or 
less , more preferably 3 or less . The reason for this is that a 
too large number of carbon atoms leads to a too large 
intramolecular steric hindrance , causing difficulty in the 
reaction on the electrode surface . 
[ 0051 ] Specific examples of the alkyl group include 
methyl , ethyl , propyl , isopropyl , butyl , isobutyl , t - butyl , and 
t - amyl groups . Examples of the alkenyl group include vinyl , 
allyl , 1 - propenyl , and 1 - butenyl groups . Examples of the 

[ 0053 ] When the above compound is used , it forms a 
uniform coating film on the surface of the negative elec 
trode , thereby suppressing the reduction in capacity at high 
temperature and being capable of reacting even on the 
surface of the positive electrode , thus enhancing an effect of 
improving the cycle characteristic . These may be used 
singly , or in combination of two or more kinds thereof . 
[ 0054 ] Among the above compounds , the compounds of 
the formula 3 - 2 and the formula 3 - 3 are preferable , and the 
compound of the formula 3 - 2 is particularly preferable , in 
order to form a film that can widely protect electrodes . 
[ 0055 ] When the above compound is used , it is contained 
preferably in an amount of 0 . 01 % by mass or more , more 
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preferably in an amount of 0 . 03 % by mass or more , and most 
preferably in an amount of 0 . 05 % by mass or more , in the 
non - aqueous electrolyte solution . It is used preferably in a 
content of 5 % by mass or less , more preferably in a content 
of 3 % by mass or less , particularly preferably in a content of 
1 . 5 % by mass or less , and most preferably in a content of 
0 . 8 % by mass or less . The use of the compound in the above 
content enables not only obtaining sufficiently an effect of 
improving high - temperature storage characteristics and the 
cycle characteristic , but also suppressing undesirable 
increase in resistance . 
[ 0056 ] The use of the above compound enables suppress 
ing gas generation at high temperature and the reduction of 
the residual capacity and further improving the cycle char 
acteristic for a long - term period , but the reason for this is 
still unclear . However , the mechanism can be inferred as 
follows from these effects . The bismaleimide compound 
used in the present invention has a specific structure as 
described above , which is characterized in including a group 
having not only a benzene ring , but also a substituent or a 
hetero element , and the compound is thought to exhibit a 
lower oxidation potential relative to the positive electrode in 
comparison to normal bismaleimides , thus resulting in the 
elevation of the reactivity on the positive electrode active 
material . Therefore , the compound is highly capable of 
forming not only a coating film on the negative electrode but 
also a protective coating film on the positive electrode , and 
thus , the above - mentioned effects of characteristic improve 
ment is presumed to be obtained . 

carbonate , 1 - methyl - 2 - vinyl ethylene carbonate , 1 , 1 - diviny 
lethylene carbonate and 1 , 2 - divinylethylene carbonate ; and 
methylene ethylene carbonate compounds such as 1 , 1 - dim 
ethyl - 2 - methylene ethylene carbonate , and 1 , 1 - diethyl - 2 
methylene ethylene carbonate . These may be used singly , or 

in combination of two or more kinds thereof . 
[ 0060 ] When the cyclic carbonate compound having a 
carbon - carbon double bond is contained , the content thereof 
in the non - aqueous electrolyte solution is usually 0 . 01 % by 
mass or more , preferably 0 . 1 % by mass or more , more 
preferably 0 . 3 % by mass or more , and usually 10 % by mass 
or less , preferably 8 % by mass or less , more preferably 6 % 
by mass or less . The content of the cyclic carbonate com 
pound having a carbon - carbon double bond within the above 
range is preferable because not only the cycle characteristic 
is improved , but also the gas generation can be suppressed , 
resulting in particular improvement in battery characteristics 
such as reduction of internal resistance . 

[ 1 - 2 . Water Content in Electrolyte Solution ] 
[ 0057 ] The amount of water in the non - aqueous electrolyte 
solution does not have any particular limitation , and it is 
preferably 50 ppm by mass or less , more preferably 40 ppm 
by mass or less , and particularly preferably 30 ppm by mass 
or less . Further , it is preferably 1 ppm by mass or more , more 
preferably 2 ppm by mass or more , and particularly prefer 
ably 3 ppm by mass or more . Within the above range , acid 
generation in the electrolyte solution is suppressed , and 
steps of production of the electrolyte solution can be rela 
tively simplified . 

[ 1 - 3 - 2 . Carbonate Having Halogen Atom ] 
10061 ] The carbonate having a halogen atom does not 
have any particular limitation , and examples thereof include 
the following compounds . 
[ 0062 ] In the carbonate having a halogen atom , examples 
of the halogen atom include fluorine , chlorine , bromine , and 
iodine atoms , and the fluorine and chlorine atoms are 
preferable , and the fluorine atom is particularly preferable 
among them . 
10063 ] Examples of the carbonate having a fluorine atom 
are preferably a chain carbonate having a fluorine atom and 
a cyclic carbonate having a fluorine atom , and examples of 
the chain carbonate having a fluorine atom include fluorom 
ethylmethyl carbonate , difluoromethylmethyl carbonate , tri 
fluoromethylmethyl carbonate , trifluoroethylmethyl carbon 
ate , and bis ( trifluoroethyl ) carbonate . Among them , 
trifluoroethylmethyl carbonate and bis ( trifluoroethyl ) car 
bonate are preferable because they can easily form a stable 
coating and the stability of the compounds is also high . 
10064 ] Examples of the cyclic carbonate having a fluorine 
atom include a fluorinated product of a cyclic carbonate 
having an alkylene group having 2 or more and 6 or less 
carbon atoms and a derivative thereof , which include a 
fluorinated product of ethylene carbonate ( hereinafter also 
referred to as fluorinated ethylene carbonate ) and a deriva 
tive thereof . Examples of the derivative of the fluorinated 
product of ethylene carbonate include a fluorinated product 
of ethylene carbonate substituted with an alkyl group ( for 
example , an alkyl group having 1 to 4 carbon atoms ) . In 
particular , preferable are a fluorinated ethylene carbonate 
having 1 or more and 8 or less fluorine atoms and a 
derivative thereof . 
[ 0065 ] Examples of the fluorinated ethylene carbonate 
having 1 to 8 fluorine atoms and the derivative thereof 
include monofluoroethylene carbonate , 4 , 4 - difluoroethylene 
carbonate , 4 , 5 - difluoroethylene carbonate , 4 - fluoro - 4 
methylethylene carbonate , 4 , 5 - difluoro - 4 - methylethylene 
carbonate , 4 - fluoro - 5 - methylethylene carbonate , 4 , 4 - dif 
luoro - 5 - methylethylene carbonate , 4 - ( fluoromethyl ) - ethyl 
ene carbonate , 4 - ( difluoromethyl ) - ethylene carbonate , 
4 - ( trifluoromethyl ) - ethylene carbonate , 4 - ( fluoromethyl ) - 4 
fluoroethylene carbonate , 4 - ( fluoromethyl ) - 5 - fluoroethylene 
carbonate , 4 - fluoro - 4 , 5 - dimethylethylene carbonate , 4 , 5 - di 
fluoro - 4 , 5 - dimethylethylene carbonate , and 4 , 4 - difluoro - 5 , 
5 - dimethylethylene carbonate . 

[ 1 - 3 . Other Compounds ] 
[ 0058 ] Examples of a compound which may be used in 
combination with the bismaleimide compound having a 
specific structure include a cyclic carbonate having a car 
bon - carbon double bond , a carbonate having a halogen 
atom , a nitrile compound , a compound having an S = 0 
bond , a compound having an isocyanato group , a compound 
represented by a formula ( X ) , a difluorophosphate salt , and 
a dicarboxylate ester . 

[ 1 - 3 - 1 . Cyclic Carbonate Having Carbon - Carbon Double 
Bond ] 
[ 0059 ] Examples of the cyclic carbonate having a carbon 
carbon double bond include vinylethylene carbonate com 
pounds such as vinylene carbonate , methylvinylene carbon 
ate , ethylvinylene carbonate , 1 , 2 - dimethylvinylene 
carbonate , 1 , 2 - diethylvinylene carbonate , fluorovinylen 
ecarbonate , and trifluoromethylvinylene carbonate ; vinyl 
ethylene carbonate compounds such as vinylethylene car 
bonate , 1 - methyl - 2 - vinylethylene carbonate , 1 - ethyl - 2 
vinylethylene carbonate , 1 - n - propyl - 2 - vinylethylene 
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[ 0066 ] In particular , monofluoroethylene carbonate , 4 , 4 
difluoroethylene carbonate , and 4 , 5 - difluoroethylene car 
bonate are preferable because they impart high ionic con 
ductivity to the electrolyte solution and easily form a stable 
coating for interface protection . These may be used singly , 
or in combination of two or more kinds thereof . 
[ 0067 ] The content of the carbonate having a halogen 
atom is preferably 0 . 01 % by mass or more , more preferably 
0 . 1 % by mass or more , and most preferably 0 . 5 % by mass 
or more . The carbonate is used preferably in a content of 
15 % by mass or less , more preferably in a content of 10 % 
by mass or less , and most preferably in a content of 7 % by 
mass or less . The use in the above content enables not only 
obtaining sufficiently the effect of improving the high 
temperature storage characteristics and the cycle character 
istic , but also suppressing undesirable gas generation . 

[ 1 - 3 - 3 . Nitrile Compound ] 
[ 0068 ] The nitrile compound does not have any particular 
limitation , and the examples thereof include the following 
compounds . 
[ 0069 ] Examples of the nitrile compound include , for 
example , 
acetonitrile , propionitrile , butyronitrile , valeronitrile , 
hexanenitrile , heptanenitrile , octanenitrile , nonanenitrile , 
decanenitrile , lauronitrile , tridecanenitrile , tetradecaneni 
trile , hexadecanenitrile , pentadecanenitrile , heptadecaneni 
trile , octadecanenitrile , nonadecanenitrile , icosanenitrile , 
crotononitrile , methacrylonitrile , acrylonitrile , methoxy 
acrylonitrile , malononitrile , succinonitrile , glutaronitrile , 
adiponitrile , pimelonitrile , suberonitrile , azelanitrile , seba 
conitrile , undecanedinitrile , dodecanedinitrile , methylma 
lononitrile , ethylmalononitrile , isopropylmalononitrile , tert 
butylmalononitrile , methylsuccinonitrile , 2 , 2 
dimethylsuccinonitrile , 2 , 3 - dimethylsuccinonitrile , 2 , 3 , 3 
trimethylsuccinonitrile , 2 , 2 , 3 , 3 - tetramethylsuccinonitrile , 
2 , 3 - diethyl - 2 , 3 - dimethylsuccinonitrile , 2 , 2 - diethyl - 3 , 3 - dim 
ethylsuccinonitrile , bicyclohexyl - 1 , 1 - dicarbonitrile , bicy 
clohexyl - 2 , 2 - dicarbonitrile , bicyclohexyl - 3 , 3 - dicarbonitrile , 
2 , 5 - dimethyl - 2 , 5 - hexanedicarbonitrile , 2 , 3 - diisobutyl - 2 , 3 
dimethyl succinonitrile , 2 , 2 - diisobutyl - 3 , 3 - dimethylsucci 
nonitrile , 2 - methylglutarolnitrile , 2 , 3 - dimethylglutaroni 

2 , 4 - dimethylglutaronitrile , 2 , 2 , 3 , 3 
tetramethylglutaronitrile , 2 , 2 , 4 , 4 - tetramethylglutaronitrile , 
2 , 2 , 3 , 4 - tetramethylglutaronitrile , 2 , 3 , 3 , 4 - tetramethylglu 
taronitrile , maleonitrile , fumaronitrile , 1 , 4 - dicyanopentane , 
2 , 6 - dicyanoheptane , 2 , 7 - dicyanooctane , 2 , 8 - dicyanononane , 
1 , 6 - dicyanodecane , 1 , 2 - dicyanobenzene , 1 , 3 - dicyanoben 
zene , 1 , 4 - dicyanobenzene , 3 , 3 ' - ( ethylenedioxy ) dipropioni 
trile , 3 , 3 ' - ( ethylenedithio ) dipropionitrile , and 3 , 9 - bis ( 2 - cya 
noethyl ) - 2 , 4 , 8 , 10 - tetraoxaspiro [ 5 , 5 ] undecane . 
[ 0070 ] Among them , mononitrile , dinitrile , trinitrile , and 
tetranitrile are preferable from the viewpoint of handling . 
The reason for this is that a too large amount of nitrile causes 
too large toxicity of the compound . The number of carbon 
atoms in the mononitrile is usually 2 or more , preferably 3 
or more , more preferably 4 or more , while it is usually 20 or 
less , preferably 18 or less , more preferably 11 or less . The 
number of carbon atoms in the dinitrile is usually 3 or more , 
preferably 4 or more , more preferably 5 or more , while it is 
usually 20 or less , preferably 10 or less , more preferably 8 
or less . The number of carbon atoms in the trinitrile is 
usually 4 or more , preferably 5 or more , more preferably 6 
or more , while it is usually 20 or less , preferably 18 or less , 

more preferably 11 or less . The number of carbon atoms in 
the tetranitrile is usually 5 or more , preferably 6 or more , 
more preferably 7 or more , while it is usually 20 or less , 
preferably 18 or less , more preferably 11 or less . The above 
ranges yield a significant effect of electrode protection , and 
enable suppressing increase in viscosity . 
[ 0071 ] Among them , preferable are valeronitrile , 
octanenitrile , lauronitrile , tridecanenitrile , tetradecaneni 
trile , hexadecanenitrile , pentadecanenitrile , heptadecaneni 
trile , octadecanenitrile , nonadecanenitrile , crotononitrile , 
acrylonitrile , methoxyacrylonitrile , malononitrile , succino 
nitrile , glutaronitrile , adiponitrile , pimelonitrile , suberoni 
trile , azelanitrile , sebaconitrile , undecanedinitrile , dode 
canedinitrile , and 3 , 9 - bis ( 2 - cyanoethyl ) - 2 , 4 , 8 , 10 
tetraoxaspiro 5 , 5 undecane , and fumaronitrile , from the 
viewpoint of improving storage characteristics . Further , 
preferable are valeronitrile , octanenitrile , lauronitrile , suc 
cinonitrile , glutaronitrile , adiponitrile , pimelonitrile , sub 
eronitrile , glutaronitrile , and 3 , 9 - bis ( 2 - cyanoethyl ) - 2 , 4 , 8 , 10 
tetraoxaspiro [ 5 , 5 ] undecane , because they yield an especially 
excellent effect of improving storage characteristics and 
exhibit less deterioration caused by their side - reaction at 
electrodes . In general , nitrile compounds have a larger 
proportion of amount of the cyano group and the viscosity 
of the molecules increases when they have a smaller 
molecular weight , while they have a higher boiling point 
when they have a larger molecular weight . Accordingly , 
valeronitrile , octanenitrile , lauronitrile , succinonitrile , adi 
ponitrile , and pimelonitrile are more preferable from the 
viewpoint of improving working efficiency . These may be 
used singly , or in combination of two or more kinds thereof . 
[ 0072 ] The content of the nitrile compound is preferably 
0 . 01 % by mass or more , more preferably 0 . 1 % by mass or 
more , and most preferably 0 . 5 % by mass or more . Further , 
the compound is used preferably in a content of 6 % by mass 
or less , more preferably in a content of 5 % by mass or less , 
and most preferably in a content of 4 % by mass or less . The 
use in the above content enables not only obtaining suffi 
ciently the effect of improving high - temperature storage 
characteristics and the cycle characteristic , but also sup 
pressing the undesirable increase in resistance . 

trile , 
[ 1 - 3 - 4 . Compound Having S = O Bond ] 
[ 0073 ] The compound having an S O bond does not have 
any particular limitation , and examples thereof include the 
following compounds . 
[ 0074 ] Examples of the compound having an S – O bond 
include a chain sulfonic acid ester , a cyclic sulfonic acid 
ester , a chain sulfuric acid ester , a cyclic sulfuric acid ester , 
a chain sulfurous acid ester , a cyclic sulfurous acid ester , a 
chain sulfone , and a cyclic sulfone . In particular , the chain 
sulfonic acid ester , the cyclic sulfonic acid ester , the chain 
sulfuric acid ester , and the cyclic sulfuric acid ester are 
preferably used because they yield a significant effect of 
improving the cycle characteristic . 
[ 0075 ] Examples of the chain sulfonic acid ester include , 
for example , the following compounds : 
100761 a fluorosulfonic acid ester such as methyl fluoro 
sulfonate and ethyl fluorosulfonate ; 
[ 0077 ] a methanesulfonic acid ester , such as methyl meth 
anesulfonate , ethyl methanesulfonate , 2 - propynyl methane 
sulfonate , 3 - butynyl methanesulfonate , busulfan , methyl 
2 - ( methanesulfonyloxy ) propionate , ethyl 2 - ( methanesulfo 
nyloxy ) propionate , 2 - propynyl 2 - ( methanesulfonyloxy ) pro 
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pionate , 3 - butynyl 2 - ( methanesulfonyloxy ) propionate , 
methyl methanesulfonyloxyacetate , ethyl methanesulfony 
loxyacetate , 2 - propynyl methanesulfonyloxyacetate , and 
3 - butynyl methanesulfonyloxyacetate ; 
[ 0078 ] an alkenyl sulfonic acid ester , such as methyl 
vinylsulfonate , ethyl vinylsulfonate , allyl vinylsulfonate , 
propargyl vinylsulfonate , methyl allylsulfonate , ethyl allyl 
sulfonate , allyl allylsulfonate , propargyl allylsulfonate , and 
1 , 2 - bis ( vinylsulfonyloxy ) ethane ; and 
[ 0079 ] an alkyl disulfonic acid ester , such as methoxycar 
bonylmethyl methanedisulfonate , ethoxycarbonylmethyl 
methanedisulfonate , 1 - methoxycarbonylethyl methanedisul 
fonate , 1 - ethoxycarbonylethyl m ethanedisulfonate , 
methoxycarbonylmethyl 1 , 2 - ethanedisulfonate , ethoxycar 
bonylmethyl 1 , 2 - ethanedisulfonate , 1 - methoxycarbonyl 
ethyl 1 , 2 - ethanedisulfonate , 1 - ethoxycarbonylethyl 1 , 2 - eth 
anedisulfonate , methoxycarbonylmethyl 1 , 3 
propanedisulfonate , ethoxycarbonylmethyl 1 , 3 
propanedisulfonate , 1 - methoxycarbonylethyl 1 , 3 
propanedisulfonate , 1 - ethoxycarbonylethyl 1 , 3 
propanedisulfonate , methoxycarbonylmethyl 1 , 3 
disulfonate , ethoxycarbonylmethyl 1 , 3 - butanedisulfonate , 
1 - methoxycarbonylethyl 1 , 3 - butanedisulfonate , and 
1 - ethoxycarbonylethyl 1 , 3 - butanedisulfonate . 
[ 0080 ] Examples of the cyclic sulfonic acid ester include , 
for example , the following compounds : 
[ 0081 ] a sultone compound , such as 1 , 3 - propanesultone , 
1 - fluoro - 1 , 3 - propanesultone , 2 - fluoro - 1 , 3 - propanesultone , 
3 - fluoro - 1 , 3 - propanesultone , l - methyl - 1 , 3 - propanesultone , 
2 - methyl - 1 , 3 - propanesultone , 3 - methyl - 1 , 3 - propanesultone , 
1 - propene - 1 , 3 - sultone , 2 - propene - 1 , 3 - sultone , 1 - fluoro - 1 
propene - 1 , 3 - sultone , 2 - fluoro - 1 - propene - 1 , 3 - sultone , 
3 - fluoro - 1 - propene - 1 , 3 - sultone , 1 - fluoro - 2 - propene - 1 , 3 - sul 
tone , 2 - fluoro - 2 - propene - 1 , 3 - sultone , 3 - fluoro - 2 - propene - 1 , 
3 - sultone , 1 - methyl - 1 - propene - 1 , 3 - sultone , 2 - methyl - 1 - pro 
pene - 1 , 3 - sultone , 3 - methyl - 1 - propene - 1 , 3 - sultone , 
1 - methyl - 2 - propene - 1 , 3 - sultone , 2 - methyl - 2 - propene - 1 , 3 
sultone , 3 - methyl - 2 - propene - 1 , 3 - sultone , 1 , 4 - butanesultone , 
and 1 , 5 - pentanesultone ; and 
[ 0082 ] a disulfonate compound , such as methylene meth 
anedisulfonate , and ethylene methanedisulfonate . 
[ 0083 ] Examples of the chain sulfuric acid ester include 
the following compound : 
[ 0084 ] a dialkyl sulfate compound , such as dimethyl sul 
fate , ethyl methyl sulfate , and diethyl sulfate . 
[ 0085 ] Examples of the cyclic sulfuric acid ester include , 
for example , the following compound : 
[ 0086 ] an alkylene sulfate compound , such as 1 , 2 - ethylene 
sulfate , 1 , 2 - propylene sulfate , 1 , 3 - propylene sulfate , 1 , 2 
butylene sulfate , 1 , 3 - butylene sulfate , 1 , 4 - butylene sulfate , 
1 , 2 - pentylene sulfate , 1 , 3 - pentylene sulfate , 1 , 4 - pentylene 
sulfate , and 1 , 5 - pentylene sulfate . 
[ 0087 ] Examples of the chain sulfurous acid ester include , 
for example , the following compound : 
[ 0088 ] a dialkyl sulfite compound , such as dimethyl 
sulfite , ethylmethyl sulfite , and diethyl sulfite . 
[ 0089 ] Examples of the cyclic sulfurous acid ester include 
for example , the following compound : 
[ 0090 ] an alkylene sulfite compound , such as 1 , 2 - ethylene 
sulfite , 1 , 2 - propylene sulfite , 1 , 3 - propylene sulfite , 1 , 2 - bu 
tylene sulfite , 1 , 3 - butylene sulfite , 1 , 4 - butylene sulfite , 1 , 2 
pentylene sulfite , 1 , 3 - pentylene sulfite , 1 , 4 - pentylene sulfite , 
and 1 , 5 - pentylene sulfite . 

[ 0091 ] Examples of the chain sulfone include , for 
example , the following compound : 
[ 0092 ] a dialkyl sulfone compound , such as dimethyl 
sulfone , and diethyl sulfone . 
[ 0093 ] Examples of the cyclic sulfone include , for 
example , the following compound : 
[ 0094 ] an alkylene sulfone compound , such as sulfolane , 
methylsulfolane , and 4 , 5 - dimethylsulfolane , and alkynylene 
sulfone compound such sulfolene . 
[ 0095 ] Among them , preferable are methyl 2 - methane 
sulfonyloxy ) propionate , ethyl 2 - ( methanesulfonyloxy ) pro 
pionate , 2 - propynyl 2 - methanesulfonyloxy ) propionate , 
1 - methoxycarbonylethyl propanedisulfonate , 1 - ethoxycar 
bonylethyl propanedisulfonate , 1 - methoxycarbonylethyl 
butanedisulfonate , 1 - ethoxycarbonylethyl butanedisul 
fonate , 1 , 3 - propanesultone , 1 - propene - 1 , 3 - sultone , 1 , 4 - bu 
tanesultone , 1 , 2 - ethylenesulfate , 1 , 2 - ethylene sulfite , methyl 
methanesulfonate , and ethyl methanesulfonate , from the 
viewpoint of improving storage characteristics , and more 
preferable are 1 - methoxycarbonylethyl propanedisulfonate , 
1 - ethoxycarbonylethyl propanedisulfonate , 1 - methoxycar 
bonylethyl butanedisulfonate , 1 - ethoxycarbonylethyl 
butanedisulfonate , 1 , 3 - propanesultone , 1 - propene - 1 , 3 - sul 
tone , 1 , 2 - ethylene sulfate , and 1 , 2 - ethylene sulfite , and 
further , 1 , 3 - propanesultone and 1 - propene - 1 , 3 - sultone are 
still more preferable . These may be used singly , or in 
combination of two or more kinds thereof . 
0096 ] The compound having an SMO bond is contained 
preferably in a content of 0 . 01 % by mass or more , more 
preferably in a content of 0 . 1 % by mass or more , most 
preferably in a content of 0 . 5 % by mass or more . It is used 
preferably in a content of 5 % by mass or less , more 
preferably in a content of 4 % by mass or less , and most 
preferably in a content of 3 % by mass or less . The use in the 
above content enables not only obtaining sufficiently the 
effect of improving the high - temperature storage character 
istics and the cycle characteristic , but also suppressing the 
undesirable increase in resistance . 
[ 1 - 3 - 5 . Compound Having Isocyanate Group ( N = C = 0 
Group ) ] 
[ 0097 ] The compound having an isocyanato group 
( N = C = 0 group ) does not have any particular limitation , 
and examples thereof include the following compounds . 
[ 0098 ] Examples of the organic compound having an 
isocyanate group include : an organic compound having one 
isocyanate group , such as methyl isocyanate , ethyl isocya 
nate , propyl isocyanate , isopropyl isocyanate , butyl isocya 
nate , tert - butyl isocyanate , pentyl isocyanate , hexyl isocya 
nate , cyclohexyl isocyanate , vinyl isocyanate , allyl 
isocyanate , ethynyl isocyanate , propargyl isocyanate , phenyl 
isocyanate , and fluorophenyl isocyanate ; and 
[ 0099 ] an organic compound having two isocyanate 
groups , such as monomethylene diisocyanate , dimethylene 
diisocyanate , trimethylene diisocyanate , tetramethylene dii 
socyanate , pentamethylene diisocyanate , hexamethylene 
diisocyanate , heptamethylene diisocyanate , octamethylene 
diisocyanate , nonamethylene diisocyanate , decamethylene 
diisocyanate , dodecamethylene diisocyanate , 1 , 3 - diisocya 
natopropane , 1 , 4 - diisocyanato - 2 - butene , 1 , 4 - diisocyanato 
2 - fluorobutane , 1 , 4 - diisocyanato - 2 , 3 - difluorobutane , 1 , 5 
diisocyanato - 2 - pentene , 1 , 5 - diisocyanato - 2 - methylpentane , 
1 , 6 - diisocyanato - 2 - hexene , 1 , 6 - diisocyanato - 3 - hexene , 1 , 6 
diisocyanato - diisocyanato - 3 - fluorohexane , 1 , 6 - diisocya 
nato - 3 , 4 - difluorohexane , toluene diisocyanate , xylene diiso 
cyanate , tolylene diisocyanate , 1 , 2 - bis ( isocyanatomethyl ) 
cyclohexane , 1 , 3 - bis ( isocyanatomethyl ) cyclohexane , 1 , 4 
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bis ( isocyanatomethyl ) cyclohexane , 1 , 2 - diisocyanatocyclo 
hexane , 1 , 3 - diisocyanatocyclohexane , 1 , 4 
diisocyanatocyclohexane , dicyclohexylmethane - 1 , 1 ' 
diisocyanate , dicyclohexylmethane - 2 , 2 - diisocyanate , 
dicyclohexylmethane - 3 , 3 ' - diisocyanate , dicyclohexylmeth 
ane - 4 , 4 - diisocyanate , bicyclo [ 2 . 2 . 1 ] heptane - 2 , 5 - diylbis 
( methylisocyanate ) , bicyclo [ 2 . 2 . 1 ] heptane - 2 , 6 - diylbis 
( methylisocyanate ) , isophorone diisocyanate , carbonyl 
diisocyanate , 1 , 4 - diisocyanatobutane - 1 , 4 - dione , 1 , 5 - diiso 
cyanatopentane - 1 , 5 - dione , 2 , 2 , 4 - trimethylhexamethylene 
diisocyanate , and 2 , 4 , 4 - trimethylhexamethylene diisocya 
nate . 
[ 0100 ] Among them , preferable from the viewpoint of 
improving storage characteristics are organic compounds 
having two isocyanate groups , such as monomethylene 
diisocyanate , dimethylene diisocyanate , trimethylene diiso 
cyanate , tetramethylene diisocyanate , pentamethylene diiso 
cyanate , hexamethylene diisocyanate , heptamethylene dii 
socyanate , octamethylene diisocyanate , nonamethylene 
diisocyanate , decamethylene diisocyanate , dodecamethyl 
ene diisocyanate , 1 , 3 - bis ( isocyanatomethyl ) cyclohexane , 
dicyclohexylmethane - 4 , 4 ' - diisocyanate , bicyclo [ 2 . 2 . 1 ] hep 
tane - 2 , 5 - diylbis ( methylisocyanate ) , bicyclo [ 2 . 2 . 1 ] heptane 
2 , 6 - diisobis ( methylisocyanate ) , isophorone diisocyanate , 
2 , 2 , 4 - trimethylhexamethylene diisocyanate , and 2 , 4 , 4 - trim 
ethyl hexamethylene diisocyanate , and more preferable are 
hexamethylene diisocyanate , 1 , 3 - bis ( isocyanatomethyl ) cy 
clohexane , dicyclohexylmethane - 4 , 4 ' - diisocyanate , bicyclo 
[ 2 . 2 . 1 ] heptane - 2 , 5 - diylbis ( methylisocyanate ) , bicyclo [ 2 . 2 . 
1 ] heptane - 2 , 6 - diylbis ( methylisocyanate ) , isophorone 
diisocyanate , 2 , 2 , 4 - trimethylhexamethylene diisocyanate , 
and 2 , 4 , 4 - trimethylhexamethylene diisocyanate , and still 
more preferable are 1 , 3 - bis ( isocyanatomethyl ) cyclohexane , 
dicyclohexylmethane - 4 , 4 ' - diisocyanate , bicyclo [ 2 . 2 . 1 ] hep 
tane - 2 , 5 - diylbis ( methylisocyanate ) , and bicyclo [ 2 . 2 . 1 ] hep 
tane - 2 , 6 - diylbis ( methylisocyanate ) . These may be used sin 
gly , or in combination of two or more kind thereof . 
[ 0101 ] The content of the compound having an isocyanate 
group ( N = C = 0 groups ) in the non - aqueous electrolyte 
solution is preferably 0 . 01 % by mass or more , more pref 
erably 0 . 1 % by mass or more , and most preferably 0 . 2 % by 
mass or more . The compound is used preferably in a content 
of 5 % by mass or less , more preferably in a content of 3 % 
by mass or less , and most preferably in a content of 2 % by 
mass or less . The use in a content within the above range 
enables not only obtaining sufficiently the effect of improv 
ing the high - temperature storage characteristics and the 
cycle characteristic , but also suppressing the undesirable 
increase in resistance . 

[ 1 - 3 - 6 . Compound Represented by Formula ( X ) ] 
[ 0102 ] 

( Each of R45 , R46 , and R47 independently represents an 
organic group which may have a halogen atom , or a cyano , 
ester , or ether group . ) 
[ 0103 ] Examples of the halogen atom represented by R45 , 
R46 , and R47 include fluorine , chlorine , bromine , and iodine 
atoms , and the fluorine atom is most preferable among them 
because it exhibits a significant effect of improving battery 
characteristics . Examples of the organic group which may 
have a halogen atom , a cyano , ester , or ether group include 
a hydrocarbon group , such as a methyl , ethyl , propyl , 
isopropyl , butyl , isobutyl , t - butyl , t - amyl , vinyl , allyl , 1 - pro 
penyl , 1 - butenyl , ethynyl , propynyl , phenyl , 2 - tolyl , 3 - tolyl , 
4 - tolyl , benzyl , 4 - t - butylphenyl , and 4 - t - amylphenyl groups , 
a fluorinated hydrocarbon group , such as fluoromethyl , 
trifluoromethyl , and trifluoroethyl groups , a cyano hydro 
carbon group , such as cyanomethyl , cyanoethyl , cyanopro 
pyl , cyanobutyl , cyanopentyl , and cyanohexyl groups , an 
organic group having an ester group , such as ethoxycarbo 
nyl , ethoxycarbonylmethyl , 1 - ethoxycarbonylethyl , acetoxy , 
acetoxymethyl , l - acetoxyethyl , acryloyl , acryloylmethyl , 
and 1 - acryloylethyl groups , an organic group having an 
ethyl group , such as methoxy , ethoxy , methoxymethyl , 
ethoxymethyl , methoxyethyl , and ethoxyethyl groups . 
[ 0104 ] . The compound represented by the formula ( X ) 
does not have any particular limitation , and examples 
thereof include the following compounds . 
[ 0105 ] They include trivinyl isocyanurate , tri ( 1 - propenyl ) 
isocyanurate , triallyl isocyanurate , trimethallyl isocyanu 
rate , methyldiallyl isocyanurate , ethyldiallyl isocyanurate , 
diethylallyl isocyanurate , diethylvinyl isocyanurate , tri 
( propargyl ) isocyanurate , tris ( 2 - acryloxymethyl ) isocyanu 
rate , tris ( 2 - acryloxyethyl ) isocyanurate , tris ( 2 - methacry 
loxymethyl ) isocyanurate , tris ( 2 - methacryloxyethyl ) 
isocyanurate , and E - caprolactone - denaturated - tris - ( 2 
acryloxyethyl ) isocyanurate , and in particular , preferable are 
triallyl isocyanurate , trimethallyl isocyanurate , tris ( 2 - acry 
loxyethyl ) isocyanurate , tris ( 2 - methacryloxyethyl ) isocyanu 
rate , and e - caprolactone - denaturated - tris - ( 2 - acryloxyethyl ) 
isocyanurate , and particularly preferable are triallyl isocya 
nurate and tris ( 2 - acryloxyethyl ) isocyanurate , because they 
exhibit a great effect of improving the cycle characteristic . 
These may be used singly , or in combination of two or more 
kinds thereof . 
[ 0106 ] The content of the compound represented by the 
formula ( X ) in the non - aqueous electrolyte solution is pref 
erably 0 . 01 % by mass or more , more preferably 0 . 1 % by 
mass or more , most preferably 0 . 2 % by mass or more . 
Further , the compound is used preferably in a content of 5 % 
by mass or less , more preferably in a content of 3 % by mass 
or less , and most preferably in a content of 2 % by mass or 
less . The use in a content within the above range enables not 
only obtaining sufficiently the effect of improving the high 
temperature storage characteristics and the cycle character 
istic , but also suppressing the undesirable increase in resis 
tance . 

[ Chemical Formula 9 ] 

R47 
NN NR45 

[ 1 - 3 - 7 . Difluorophosphate Salt ] 
[ 0107 ] The difluorophosphate salt does not have particular 
limitation , and examples thereof include the following com 
pounds . 
[ 0108 ] For example , they include lithium difluorophos 
phate , sodium difluorophosphate , potassium difluorophos 
phate , and ammonium difluorophosphate , and lithium dif 
luorophosphate is particularly preferable because it exhibits 

' N 

R46 
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preferably in a content of 5 % by mass or less , more 
preferably in a content of 4 % by mass or less , and most 
preferably in a content of 3 % by mass or less . The use in a 
content within the above range enables not only obtaining 
sufficiently the effect of improving high - temperature storage 
characteristics , but also suppressing the undesirable deterio 
ration of the cycle characteristic . 

a significant effect of improving the cycle characteristic . 
These may be used singly , or in combination of two or more 
kinds thereof . 
[ 0109 ] The content of the difluorophosphate salt in the 
non - aqueous electrolyte solution is preferably 0 . 01 % by 
mass or more , more preferably 0 . 1 % by mass or more , most 
preferably 0 . 2 % by mass or more . Further , the compound is 
used preferably in a content of 3 % by mass or less , more 
preferably in a content of 2 % by mass or less , and most 
preferably in a content of 1 . 5 % by mass or less . The use in 
a content within the above range enables not only obtaining 
sufficiently the effect of improving the high - temperature 
storage characteristics and the cycle characteristic , but also 
suppressing the undesirable gas generation . 

[ 1 - 4 . Electrolyte ] 

[ 1 - 3 - 8 . Dicarboxylic Acid Ester ] 
[ 0110 ] The dicarboxylic acid ester does not have any 
particular limitation , and examples thereof include the fol 
lowing compounds : 
[ 0111 ] a malonic acid ester and a derivative thereof , a 
succinic acid ester and a derivative thereof , an adipic acid 
ester and a derivative thereof , a fumaric acid ester and a 
derivative thereof , a maleic acid ester and a derivative 
thereof , a phthalic acid ester and a derivative thereof , and a 
terephthalic acid ester and a derivative thereof . 
[ 0112 ] Examples of the malonic ester and the derivative 
thereof include the following compounds : dimethyl 
malonate , diethyl malonate , diethyl - methyl malonate , 
diethyl - ethyl malonate , diethyl - butyl malonate , divinyl 
malonate , diallyl malonate , and dipropargyl malonate . 
[ 0113 ] Examples of the succinic acid ester and the deriva 
tive thereof include the following compounds : dimethyl 
succinate , diethyl succinate , diethyl - methyl succinate , 
diethyl - dimethyl succinate , diethyl - tetramethyl succinate , 
divinyl succinate , diallyl succinate , and dipropargyl succi 
nate . 
[ 0114 ] Examples of the adipic acid ester and the derivative 
thereof include the following compounds : dimethyl adipate , 
diethyl adipate , diethyl - methyl adipate , diethyl - dimethyl 
adipate , diethyl - tetramethyl adipate , divinyl adipate , dially1 
adipate , and dipropargyl adipate . 
[ 0115 ] Examples of the fumaric acid ester and the deriva 
tive thereof include the following compounds : dimethyl 
fumarate , diethyl fumarate , and diethyl - methyl fumarate . 
[ 0116 ] Examples of the maleic acid ester and the deriva 
tive thereof include the following compounds : dimethyl 
maleate , diethyl maleate , and diethyl - methyl maleate . 
[ 0117 ] Examples of the phthalic acid ester and the deriva 
tive thereof include the following compounds : dimethyl 
phthalate , diethyl phthalate , and di - 2 - ethylhexyl phthalate . 
[ 0118 ] Examples of the terephthalic acid ester and the 
derivative thereof include the following compounds : dim 
ethyl terephthalate , diethyl terephthalate , and di - 2 - ethyl 
hexyl terephthalate . 
[ 0119 ] Among them , diethyl - methyl malonate , diethyl 
ethyl malonate , and diethyl - butyl malonate are particularly 
preferable because they exhibit a significant effect of 
improving the high - temperature storage characteristics . 
These may be used singly , or in combination of two or more 
kinds thereof . 
[ 0120 ] The content of the dicarboxylic acid ester in the 
non - aqueous electrolyte solution is preferably 0 . 01 % by 
mass or more , more preferably 0 . 1 % by mass or more , most 
preferably 0 . 5 % by mass or more . The compound is used 

[ 0121 ] Any electrolyte is used , without any limitation , for 
the non - aqueous electrolyte solution of the present invention 
and any known electrolyte can be adopted as long as it can 
be used as an electrolyte in an objective non - aqueous 
electrolyte solution secondary battery . When the non - aque 
ous electrolyte solution of the present invention is used for 
lithium secondary batteries , a lithium salt is usually used as 
the electrolyte . 
10122 ] Specific examples of the electrolyte include : an 
inorganic lithium salt such as LiC104 , LiAsF6 , LiPF6 , 
LiBF4 , LiSbF6 , LiSO3F , and LiN ( FSO2 ) 2 ; 
[ 0123 ] a fluorine - containing organic lithium salt , such as 
LiCF2SO3 , LiN ( FSO2 ) ( CF2SO2 ) , LiN ( CF2SO2 ) 2 , Lin 
( C2F5SO2 ) 2 , lithium cyclic 1 , 3 - hexafluoropropane disulfo 
nyl imide , lithium cyclic 1 , 2 - tetrafluoroethane disulfonyl 
imide , LiN ( CF2S02 ) ( CAF , S02 ) , LiC ( CF2SO2 ) 3 , LiPF4 
( CF3 ) 2 , LiPF4 ( C2F3 ) LiPF4 ( CF2SO2 ) 2 , LiPF4 ( C2F . S02 ) 2 , 
LiBF ( CF3 ) 2 , LiBF ( C2F3 ) 2 , LiBF2 ( CF2SO2 ) 2 , and LiBF2 
( C2F SO2 ) 2 ; and 
[ 0124 ] a lithium salt complex containing dicarboxylic 
acid , such as lithium bis ( oxalato ) borate , lithium difluoroox 
alatoborate , lithium tris ( oxalato ) phosphate , lithium difluo 
robis ( oxalato ) phosphate , and lithium tetrafluoro ( oxalato ) 
phosphate . 
[ 0125 ] Among them , preferable are LiPF6 , LiBF4 , 
LiSO3F , LiN ( FSO2 ) 2 , LiN ( FSO2 ) ( CF2S02 ) , LiN ( CF2SO2 ) , 
LiN ( C2F S02 ) 2 , lithium bis ( oxalato ) borate , lithium difluo 
rooxalatoborate , lithium tris ( oxalato ) phosphate , lithium dif 
luorobis ( oxalato ) phosphate , and lithium tetrafluoro ( oxalato ) 
phosphate , from the viewpoint of solubility and dissociation 
degree in a non - aqueous solvent , electric conductivity , and 
resultant cell characteristics , and in particular , LiPF , and 
LiBF4 are preferable . 
[ 0126 ] The electrolyte may be used singly , or in any 
combination of two or more kinds thereof in any combina 
tion ratio . In particular , the use of two kinds of specific 
inorganic lithium salts in combination , or of an inorganic 
lithium salt and a fluorine - containing organic lithium salt in 
combination is preferable because gas generation during 
trickle charging and deterioration after high temperature 
storage are suppressed . In particular , preferable is the use of 
LiPF , in combination with LiBF4 or of an inorganic lithium 
salt such as LiPF , and LiBF , in combination with a fluorine 
containing organic lithium salt such as LiCF3503 , LiN 
( CF2SO2 ) 2 , and LiN ( C2F5S02 ) 2 . 
[ 0127 ] When LiPF6 and LiBF4 are used in combination , 
LiBF , is preferably contained in the electrolyte usually in a 
ratio thereof to the whole electrolyte which is 0 . 01 % by 
mass or more and 50 % by mass or less . The above ratio is 
preferably 0 . 05 % by mass or more , more preferably 0 . 1 % by 
mass or more , while it is preferably 20 % by mass or less , 
more preferably 10 % by mass or less , particularly preferably 
5 % by mass or less , most preferably 3 % by mass . When the 
ratio is within the above range , desired effects can be easily 

nc 
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obtained , and increase in the resistance of the electrolyte 
solution is suppressed owing to the low dissociation degree 
of LiBF4 . 
[ 0128 ] On the other hand , when an inorganic lithium salt 
such as LiPF , and LiBF4 is used in combination with an 
inorganic lithium salt such as LiSO3F and LiN ( FSO2 ) 2 , a 
fluorine - containing organolithium salt such as LiCF3SO3 , 
LiN ( CF3S02 ) 2 , LiN ( C2FzS02 ) 2 , lithium cyclic 1 , 3 
hexafluoropropane disulfonylimide , lithium cyclic 1 , 2 - tet 
rafluoroethane disulfonylimide , LiN ( CF2S02 ) ( C4F , 802 ) , 
LiC ( CF2SO2 ) 3 , LiPF4 ( CF3 ) 2 , LIPF4 ( C2F3 ) 2 , LiPF4 
( CF2SO2 ) 2 , LiPF4 ( C2F - S02 ) 2 , LiBF2 ( CF3 ) 2 , LiBF2 ( C2F5 ) 2 , 
LiBF ( CF2S02 ) 2 , and LiBF2 ( C2F2SO2 ) 2 , or a lithium salt 
complex containing dicarboxylic acid , such as lithium bis 
( oxalato ) borate , lithium tris ( oxalato ) phosphate , lithium dif 
luorooxalatoborate , lithium tris ( oxalato ) phosphate , lithium 
difluorobis ( oxalato ) phosphate , and lithium tetrafluoro ( ox 
alato phosphate , the proportion of the inorganic lithium salt 
in the whole electrolyte is usually 70 % by mass or more , 
preferably 80 % by mass or more , more preferably 85 % by 
mass or more , and usually 99 % by mass or less , preferably 
95 % by mass or less . 
[ 0129 ] The concentration of the lithium salt in the non 
aqueous electrolyte solution of the present invention is 
arbitrary as long as the gist of the present invention is not 
impaired , but it is usually 0 . 5 mol / L or more , preferably 0 . 6 
mol / L or more , more preferably 0 . 8 mol / L or more . Further , 
it is usually within the range of 3 mol / L or less , preferably 
2 mol / L or less , more preferably 1 . 8 mol / L or less , still more 
preferably 1 . 6 mol / L or less . When the concentration of the 
lithium salt is within the above range , the electrical conduc 
tivity of the non - aqueous electrolyte solution become suf 
ficient , decrease in the electric conductivity owing to 
increase in the viscosity is suppressed , and the deterioration 
of performance of a battery using the non - aqueous electro 
lyte solution of the present invention is suppressed . 

dimethyl carbonate , diethyl carbonate , and ethyl methyl 
carbonate are preferable from the viewpoint of improving 
battery characteristics . The examples also include a chain 
carbonate in which some of hydrogens in its alkyl group are 
substituted with fluorines . Examples of the chain carbonate 
substituted with fluorine include bis ( fluoromethyl ) carbon 
ate , bis ( difluoromethyl ) carbonate , bis ( trifluoromethyl ) car 
bonate , bis ( 2 - fluoroethyl ) carbonate , bis ( 2 , 2 - difluoroethyl ) 
carbonate , bis ( 2 , 2 , 2 - trifluoroethyl ) carbonate , 2 - fluoroethyl 
methyl carbonate , 2 , 2 - difluoroethyl methyl carbonate , and 
2 , 2 , 2 - trifluoroethyl methyl carbonate . 
[ 0134 ] Examples of the chain carboxylic acid ester include 
methyl acetate , ethyl acetate , propyl acetate , isopropyl 
acetate , butyl acetate , sec - butyl acetate , isobutyl acetate , 
t - butyl acetate , methyl propionate , ethyl propionate , propyl 
propionate , isopropyl propionate , methyl butyrate , ethyl 
butyrate , propyl butyrate , ethyl isobutyrate , ethyl isobu 
tyrate , methyl valerate , ethyl valerate , methyl pivalate , and 
ethyl pivalate , and carboxylic acid esters obtained by sub 
stituting some of hydrogens in these compounds with fluo 
rines . Examples of the chain carboxylic acid esters substi 
tuted with fluorine include methyl trifluoroacetate , ethyl 
trifluoroacetate , propyl trifluoroacetate , butyl trifluoroac 
etate , and 2 , 2 , 2 - trifluoroethyl trifluoroacetate . Among them , 
preferable are methyl acetate , ethyl acetate , propyl acetate , 
butyl acetate , methyl propionate , ethyl propionate , propyl 
propionate , methyl butyrate , ethyl butyrate , methyl valerate , 
methyl isobutyrate , ethyl isobutyrate , and methyl pivalate , 
from the viewpoint of improving battery characteristics . 
[ 0135 ] Examples of the cyclic carboxylic acid ester 
include y - butyrolactone , y - valerolactone , and the like , and 
cyclic carboxylic acid esters obtained by substituting some 
of hydrogens in these compounds with fluorines . Among 
them , y - butyrolactone is more preferable . 
[ 0136 ] Examples of the chain ether include dime 
thoxymethane , 1 , 1 - dimethoxyethane , 1 , 2 - dimethoxyethane , 
diethoxymethane , 1 , 1 - diethoxyethane , 1 , 2 - diethoxyethane , 
ethoxymethoxymethane , 1 , 1 - ethoxymethoxyethane , and 
1 , 2 - ethoxymethoxyethane , and chain ethers obtained by 
substituting some of hydrogens in these compounds with 
fluorines . Examples of the chain ethers substituted with 
fluorine include bis ( trifluoroethoxy ) ethane , ethoxy trifluo 
roethoxy ethane , ethoxy - trifluoroethoxy - ethane , 1 , 1 , 1 , 2 , 2 , 3 , 
4 , 5 , 5 , 5 - decafluoro - 3 - methoxy - 4 - trifluoromethyl - pentane , 
1 , 1 , 1 , 2 , 2 , 3 , 4 , 5 , 5 , 5 - decafluoro - 3 - ethoxy - 4 - trifluoromethyl 
pentane , 1 , 1 , 1 , 2 , 2 , 3 , 4 , 5 , 5 , 5 - decafluoro - 3 - propoxy - 4 - trifluo 
romethyl - pentane , 1 , 1 , 2 , 2 - tetrafluoroethyl - 2 , 2 , 3 , 3 - tetrafluo 
ropropyl ether , and 2 , 2 - difluoroethyl - 2 , 2 , 3 , 3 
tetrafluoropropyl ether . Among them , 1 , 2 - dimethoxy ethane 
and 1 , 2 - diethoxy ethane are more preferable . 
[ 0137 ] Examples of the cyclic ether include tetrahydro 
furan , 2 - methyltetrahydrofuran , and 1 , 3 - dioxane , and cyclic 
ethers obtained by substituting some of hydrogens in these 
compounds with fluorines . 
[ 0138 ] Examples of the phosphorus - containing organic 
solvent include trimethyl phosphate , triethyl phosphate , 
dimethyl ethyl phosphate , diethyl methyl phosphate , ethyl 
ene methyl phosphate , ethylene ethyl phosphate , triphenyl 
phosphate , trimethyl phosphite , triethyl phosphite , triphenyl 
phosphite , trimethylphosphine oxide , triethylphosphine 
oxide , and triphenylphosphine oxide , and phosphorus - con 
taining organic solvents obtained by substituting some of 
hydrogens in these compounds with fluorines . Examples of 
the phosphorus - containing organic solvent substituted with 

[ 1 - 5 . Non - Aqueous Solvent ] 
[ 0130 ] As the non - aqueous solvent contained in the non 
aqueous electrolyte solution of the present invention , a 
solvent can be used which is appropriately selected from 
conventionally known solvents as non - aqueous electrolyte 
solutions . 
[ 0131 ] Examples of the commonly used non - aqueous sol 
vents include a cyclic carbonate , a chain carbonate , chain 
and cyclic carboxylic acid esters , chain and cyclic ethers , a 
phosphorus - containing organic solvent , a sulfur - containing 
organic solvent , and an aromatic fluorine - containing sol 
vent . 
[ 0132 ] Examples of the cyclic carbonate include a cyclic 
carbonate such as ethylene carbonate , propylene carbonate , 
and butylene carbonate , and the number of carbon atoms of 
the cyclic carbonate is usually 3 or more and 6 or less . 
Among them , ethylene carbonate and propylene carbonate 
are preferable because they have a high dielectric constant , 
allowing easy dissolution of electrolytes , and thus yielding 
an excellent cycle characteristic when used in a non - aqueous 
electrolyte solution secondary battery . 
01331 Examples of the chain carbonate include a chain 

carbonate , such as dimethyl carbonate , ethyl methyl carbon 
ate , diethyl carbonate , methyl - n - propyl carbonate , ethyl - n 
propyl carbonate , and di - n - propyl carbonate , and the number 
of carbon atoms is preferably 1 or more and 5 or less , 
particularly preferably 1 or more and 4 or less . In particular , 
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fluorine include tris ( 2 , 2 , 2 - trifluoroethyl ) phosphate , and tris 
( 2 , 2 , 3 , 3 , 3 - pentafluoropropyl ) phosphate . 
[ 0139 ] Examples of the sulfur - containing organic solvent 
include sulfolane , 2 - methylsulfolane , 3 - methylsulfolane , 
dimethyl sulfone , diethyl sulfone , ethyl methyl sulfone , 
methyl propyl sulfone , dimethylsulfoxide , methyl methane 
sulfonate , ethyl methanesulfonate , methyl ethanesulfonate , 
ethyl ethanesulfonate , dimethyl sulfate , diethyl sulfate , and 
dibutyl sulfate , and sulfur - containing organic solvents 
obtained by substituting some of hydrogens in these com 
pounds with fluorines . 
10140 ] Examples of the aromatic fluorine - containing sol 
vent include fluorobenzene , difluorobenzene , trifluoroben 
zene , tetrafluorobenzene , pentafluorobenzene , hexafluo 
robenzene , and benzotrifluoride . 
[ 0141 ] Among the above - mentioned non - aqueous sol 
vents , ethylene carbonate and / or propylene carbonate which 
is a cyclic carbonate is preferably used , and furthermore , it 
is more preferably used in combination with a chain car 
bonate from the viewpoint of compatibility between the high 
electrical conductivity and the low viscosity of the electro 
lyte solution . 
[ 0142 ] The non - aqueous solvent may be used singly , or in 
any combination of two or more kinds thereof in any 
combination ratio . When two or more kinds of these solvents 
are used in combination , for example when cyclic carbonate 
and chain carbonate are used in combination , the preferable 
content of the chain carbonate in the non - aqueous solvent is 
usually 20 % by volume or more , preferably 40 % by volume 
or more , and usually 95 % by volume or less , preferably 90 % 
by volume or less . On the other hand , the preferable content 
of the cyclic carbonate in the non - aqueous solvent is usually 
5 % by volume or more , preferably 10 % by volume or more , 
and usually 80 % by volume or less , preferably 60 % by 
volume or less . The proportion of the chain carbonate within 
the above range suppresses not only the viscosity increase in 
the non - aqueous electrolyte solution , but also the decrease in 
the electrical conductivity of the non - aqueous electrolyte 
solution caused by the decrease in the degree of dissociation 
of the lithium salt which is an electrolyte . In the present 
specification , the volume of the non - aqueous solvent is a 
value measured at 25° C . , but for a solvent which is solid at 
25° C . such as ethylene carbonate , a value measured at its 
melting point is used as the volume . 

phosphate , tris ( 2 - cyclohexylphenyl ) phosphate , tris ( 3 
cyclohexylphenyl ) phosphate , tris ( 4 - cyclohexylphenyl ) 
phosphate , triphenyl phosphate , tritolyl phosphate , tri?t 
butylphenyl ) phosphate , methylphenyl carbonate , and 
diphenyl carbonate ; a partial fluorinated compound of aro 
matic compounds , such as 2 - fluorobiphenyl , 3 - fluorobiphe 
nyl , 4 - fluorobiphenyl , 4 , 4 ' - difluorobiphenyl , 2 , 4 - difluorobi 
phenyl , 0 - cyclohexylfluorobenzene , and 
p - cyclohexylfluorobenzene ; and an fluorine - containing ani 
sole compound , such as 2 , 4 - difluoroanisole , 2 , 5 - difluoroani 
sole , 2 , 6 - difluoroanisole , and 3 , 5 - difluoroanisole . 
[ 0145 ] The content of these overcharge inhibitors in the 
non - aqueous electrolyte solution is usually 0 . 1 % by mass or 
more , preferably 0 . 2 % by mass or more , more preferably 
0 . 3 % by mass or more , still more preferably 0 . 5 % by mass 
or more , and usually 5 % by mass or less , preferably 3 % by 
mass or less , more preferably 2 % by mass or less . The 
concentration within the above range facilitates the mani 
festation of a desired effect of the overcharge inhibitor and 
suppresses the deterioration of the characteristics of the 
battery such as the high - temperature storage characteristics . 
The inclusion of the overcharge inhibitor in the non - aqueous 
electrolyte solution is preferable because the rupture of 
non - aqueous electrolyte solution secondary batteries caused 
by overcharge is suppressed and the stability of the non 
aqueous electrolyte solution secondary batteries is 
improved . 
[ 0146 ] Examples of other auxiliary agents include a car 
bonate compound , such as erythritan carbonate , spiro - bis 
dimethylene carbonate , methoxyethyl - methyl carbonate , 
methoxyethyl - ethyl carbonate , ethoxyethyl - methyl carbon 
ate , and ethoxyethyl - ethyl carbonate ; a spiro compound , 
such as 2 , 4 , 8 , 10 - tetraoxaspiro [ 5 . 5 ] undecane , and 3 , 9 - divi 
nyl - 2 , 4 , 8 , 10 - tetraoxaspiro [ 5 . 5 ] undecane ; a nitrogen - con 
taining compound , such as 1 - methyl - 2 - pyrrolidinone , 
1 - methyl - 2 - piperidone , 3 - methyl - 2 - oxazolidinone , 1 , 3 - dim 
ethyl - 2 - imidazolidinone , and N - methyl succinimide ; a 
hydrocarbon compound , such as heptane , octane , nonane , 
decane , cycloheptane , methylcyclohexane , ethylcyclo 
hexane , propylcyclohexane , n - butylcyclohexane , t - butyl 
cyclohexane , and dicyclohexyl ; a phosphorus - containing 
compound , such as methyl dimethylphosphinate , ethyl dim 
ethylphosphinate , ethyl diethylphosphinate , trimethyl 
phosphonoformate , triethylphosphonoformate , trimethyl 
phosphonoacetate , triethylphosphonoacetate , trimethyl - 3 
phosphonopropionate , and triethyl - 3 - phosphonopropionate ; 
and an acid anhydride , such as succinic anhydride , methyl 
succinic anhydride , 4 , 4 - dimethyl succinic anhydride , 4 , 5 
dimethyl succinic anhydride , maleic anhydride , citraconic 
anhydride , dimethyl maleic anhydride , phenyl maleic anhy 
dride , diphenyl maleic anhydride , phthalic anhydride , cyclo 
hexane 1 , 2 - dicarboxylic anhydride , acetic anhydride , propi 
onic anhydride , acrylic anhydride , and methacrylic 
anhydride . Among them , succinic anhydride , maleic anhy 
dride , and methacrylic anhydride are preferable from the 
viewpoint of improving the cycle characteristic and 
improvement in the high temperature storage characteristics . 
These may be used singly , or in combination of two or more 
kinds thereof . 
[ 0147 ] The content of these auxiliary agents in the non 
aqueous electrolyte solution does not have any particular 
limitation , and is usually 0 . 01 % by mass or more , preferably 
0 . 1 % by mass or more , more preferably 0 . 2 % by mass or 
more , and usually 8 % by mass or less , preferably 5 % by 

[ 1 - 5 . Other Additives ] 
[ 0143 ] The non - aqueous electrolyte solution of the present 
invention may contain various additives as long as the 
effects of the present invention are not significantly 
impaired . Any conventionally known additive can be used . 
The additive may be used singly , or in any combination of 
two or more kinds thereof in any combination ratio . 

( Overcharge Inhibitor ) 
[ 0144 ] Specific examples of overcharge inhibitor include 
an aromatic compound , such as alkylbiphenyl such as 
2 - methylbiphenyl and 2 - ethylbiphenyl , terphenyl and a par 
tially hydrogenated product of terphenyl , cyclopentylben 
zene , cis - 1 - propyl - 4 - phenylcyclohexane , trans - 1 - propyl - 4 
phenylcyclohexane , cis - 1 - butyl - 4 - phenylcyclohexane , 
trans - 1 - butyl - 4 - phenylcyclohexane , diphenyl ether , diben 
zofuran , ethylphenyl carbonate , tris ( 2 - t - amylphenyl ) phos 
phate , tris ( 3 - t - amylphenyl ) phosphate , tris ( 4 - t - amylphenyl ) 
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mass or less , more preferably 3 % by mass or less , still more 
preferably 2 % by mass or less . The addition of these 
auxiliary agents is preferable from the viewpoint of improv 
ing capacity retention characteristics after storage at high 
temperature and the cycle characteristic . The concentration 
within the above range facilitates the manifestation of the 
effect of the auxiliary agents and suppresses the deteriora 
tion of battery characteristics such as high rate discharge 
characteristics . 

[ 2 . Negative Electrode ] 
[ 0148 ] A negative electrode active material used for nega 
tive electrodes will be described below . The negative elec 
trode active material does not have any particular limitation 
as long as it can store and release lithium ions electrochemi 
cally . Specific examples thereof include a carbonaceous 
material , an alloy material , and a lithium - containing metal 
oxide composite material . These may be used singly , or in 
any combination of two or more kinds thereof . 

< Negative Electrode Active Material > 
[ 0149 ] Examples of the negative electrode active material 
include carbonaceous materials , alloy materials , and 
lithium - containing metal oxide composite materials . 
[ 0150 ] Examples of the carbonaceous material include ( 1 ) 
natural graphites , ( 2 ) artificial graphites , ( 3 ) amorphous 
carbons , ( 4 ) carbon - coated graphites , ( 5 ) graphite - coated 
graphites , and ( 6 ) resin - coated graphites . 
[ 0151 ] ( 1 ) Examples of the natural graphites include scaly 
graphite , flaky graphite , soil graphite and / or graphite par 
ticles obtained through a treatment such as spheroidization 
and densification of these graphites . Among them , spherical 
or ellipsoidal graphite subjected to the spheroidization treat 
ment is particularly preferable from the viewpoint of the 
packing density of the particles and charging / discharging 
rate characteristics . 
[ 0152 ] Examples as an apparatus to be used in the 
spheronization treatment include , for example , an apparatus 
which repeatedly applies , to particles , a mechanical action 
( s ) , mainly impact force such as compression , friction , and 
shearing force , including the interaction of the particles . 
Specifically , preferable is an apparatus which has , inside its 
casing , a rotor provided with a large number of blades , 
which rotor rotates at a high speed , thereby applying a 
mechanical action , such as impact compression , friction , and 
shearing force to the carbon material introduced into the 
machine , to perform the shperonization treatment . Further , 
the examples are preferably machines which have a mecha 
nism repeatedly adding a mechanical action by circulating 
the carbon material . 
[ 0153 ] ( 2 ) Examples of the artificial graphites include a 
graphite produced by graphitizing an organic compound , 
such as coal tar pitch , coal - based heavy oil , atmospheric 
residual oil , petroleum - based heavy oil , an aromatic hydro 
carbon , a nitrogen - containing cyclic compound , a sulfur 
containing cyclic compound , polyphenylene , polyvinyl 
chloride , polyvinyl alcohol , polyacrylonitrile , polyvinyl 
butyral , natural polymer , polyphenylene sulfide , polyphe 
nylene oxide , furfuryl alcohol resin , phenol - formaldehyde 
resin , and imide resin , at a temperature in the range from 
usually 2 , 500° C . or higher to usually 3 , 200° C . or lower , 
and further as necessary , pulverizing and / or classifying the 
resultant graphite . In this production , a compound such as a 

silicon - containing compound and a boron - containing com 
pound can be used as a graphitizing catalyst . Further , the 
examples also include an artificial graphite obtained by 
graphitizing mesocarbon microbeads separated during the 
heat - treatment of pitch . Still further , the examples include an 
artificial graphite of granulated particles composed of pri 
mary particles . For example , they include graphite particles 
composed of a plurality of flattened particles aggregated or 
bound so that the orientation surfaces thereof are not parallel 
with each other , wherein the graphite particles are obtained 
by mixing , graphitizing , and as necessary , pulverizing a 
graphitizable carbonaceous material powder such as coke 
and mesocarbon microbeads , a graphitizable binder such as 
tar and pitch , and a graphitization catalyst . 
[ 0154 ] ( 3 ) Examples of the amorphous carbons include 
amorphous carbon particles obtained through heat - treatment 
at least once at a temperature within the non - graphitization 
temperature range ( from 400 to 2 , 200° C . ) by using a 
graphitizable carbon precursor such as tar and pitch as a raw 
material , and amorphous carbon particles obtained through 
heat - treatment by using a non - graphitizable carbon precur 
sor such as resin as a raw material . 
[ 0155 ] ( 4 ) Examples of the carbon - coated graphites 
include a carbon graphite composite composed of natural 
graphite and / or artificial graphite as a core graphite and 
amorphous carbon coating the core graphite , obtained from 
natural graphite and / or artificial graphite , mixed with a 
carbon precursor which is an organic compound , such as tar , 
pitch , and resin , and then heat - treated at 400 to 2 , 300° C . at 
least once . The composite may take a form in which the 
entire surface or a part of the surface thereof is coated , or 
may be a composite of a plurality of primary particles bound 
to each other by a binder that is carbon originating from the 
carbon precursor . The graphite composite can also be 
obtained from natural graphite and / or artificial graphite , 
wherein the graphite is reacted at a high temperature with a 
hydrocarbon - based gas , such as benzene , toluene , methane , 
propane , and an aromatic volatile component , for carbon to 
be deposited ( CVD ) on the surface of the graphite . 
[ 0156 ] ( 5 ) Examples of the graphite - coated graphites 
include a graphite - coated graphite composed of natural 
graphite and / or artificial graphite as a core graphite and a 
graphitized material coating the whole or a part of the 
surface of the core graphite , obtained from natural graphite 
and / or artificial graphite , mixed with a carbon precursor that 
is a graphitizable organic compound , such as tar , pitch , and 
resin , and then heat - treated at least once at a temperature 
within the range of about 2 , 400 to 3 , 200° C . 
[ 0157 ] ( 6 ) Examples of the resin - coated graphites include 
a resin - coated graphite composed of natural graphite and / or 
artificial graphite as a core graphite and a resin coating the 
surface of the core graphite , obtained by mixing a natural 
graphite and / or artificial graphite with resin among others , 
and then drying the mixture at a temperature of less than 
400° C . 
[ 0158 ] The carbonaceous materials ( 1 ) to ( 6 ) may be used 
singly or in any combination of two or more kinds thereof 
in any combination ratio . 
[ 0159 ] Examples of an organic compounds used in the 
above descriptions ( 2 ) to ( 5 ) , such as tar , pitch , and resin 
include a carbonizable organic compound selected from the 
group consisting of coal - based heavy oil , DC heavy oil , 
decomposed petroleum - based heavy oil , aromatic hydrocar 
bon , an N - ring compound , an S - ring compound , polyphe 
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volume - based average particle diameter of the carbonaceous 
material of the present invention . 

nylene , organic synthetic polymers , natural polymer , ther - 
moplastic resins , and thermosetting resins . Furthermore , the 
raw organic compound may be used in a state dissolved into 
an organic solvent having a low molecular weight , in order 
to adjust the viscosity of the compound during its mixing . 
[ 0160 ] The natural graphite and / or the artificial graphite as 
a raw material of the core graphite is preferably natural 
graphite subjected to the spheroidization treatment . 
[ 0161 ] The alloy material used as the negative electrode 
active material may be , without any particular limitation , 
any one of single lithium , a single metal and an alloy that 
compose a lithium alloy , or an oxide thereof , a carbide , a 
nitride , a silicide , a sulfide , and a phosphide . The single 
metal and the alloy that compose a lithium alloy is prefer 
ably a material containing a metal / metalloid element of 
groups 13 and 14 ( that is , elements other than carbon ) , and 
more preferably a single metal of aluminum , silicon , and tin , 
and an alloy or a compound containing these atoms . These 
may be used singly , or in any combination of two or more 
kinds thereof in any combination ratio . 

< Physical Characteristics of Carbonaceous Material > 
[ 0162 ] When a carbonaceous material is used as the nega 
tive electrode active material , it preferably has the following 
physical characteristics . 

( Raman R Value ) 
[ 0167 ] The Raman R value of the carbonaceous material is 
a value measured by laser Raman spectroscopy and is 
usually 0 . 01 or more , preferably 0 . 03 or more , more pref 
erably 0 . 1 or more , and usually 1 . 5 or less , preferably 1 . 2 or 
less , more preferably 1 or less , particularly preferably 0 . 5 or 
less . 
[ 0168 ] If the Raman R value falls below the above range , 
the crystallinity of the particle surface may become too high , 
leading to decrease in interlayer sites to be occupied by Li 
in response to charge and discharge . In other words , charg 
ing acceptability may decrease . In addition , when the nega 
tive electrode is densified by pressing after coating of the 
current collector , the crystals tend to be oriented in a 
direction parallel to the electrode plate , possibly leading to 
the deterioration of the load characteristic . 
[ 0169 ] On the other hand , when the Raman R value 
exceeds the above range , the crystallinity of the particle 
surface may decrease and its reactivity with the non - aqueous 
electrolyte solution may increase , leading to decrease in 
efficiency and increase in gas generation . 
[ 0170 The measurement of the Raman spectrum is carried 
out by using a Raman spectrometer ( for example , a Raman 
spectrometer manufactured by JASCO Corporation ) , in 
which a sample is dropped naturally to be charged into a 
measurement cell , and then , the surface of the sample in the 
cell is irradiated with argon ion laser light ( or semiconductor 
laser light ) , while the cell is kept rotated in a plane perpen 
dicular to the laser light . For the obtained Raman spectrum , 
the intensity 14 of a peak P & near 1 , 580 cm ? and the 
intensity le of a peak PR near 1 , 360 cm - ? are measured to 
calculate an intensity ratio R ( R = IBIA ) . The Raman R value 
obtained from the measurement is defined as the Raman R 
value of the carbonaceous material of the present invention . 
[ 0171 ] Conditions for the above - mentioned Raman mea 
surement are as follows . 

10172 ) laser wavelength : Ar ion laser 514 . 5 nm ( semi 
conductor laser 532 nm ) 

0173 ] measurement range : from 1 , 100 cm - 1 to 1 , 730 

( X - Ray Parameter ) 
[ 0163 ] Thed value ( interlayer distance ) of the lattice plane 
( 002 plane ) of the carbonaceous material determined by 
X - ray diffraction according to a method of Japan Society for 
the Promotion of Science is usually 0 . 335 nm or more , and 
usually 0 . 360 nm or less , preferably 0 . 350 nm or less , more 
preferably 0 . 345 nm or less . In addition , the crystallite size 
( Lc ) of the carbonaceous material determined by X - ray 
diffraction according to the method of Japan Society for the 
Promotion of Science is preferably 1 . 0 nm or more , and in 
particular , more preferably 1 . 5 nm or more . 

cm - 1 
[ 0174 ] Raman R value : background removal 
[ 0175 ] smoothing procedure : simple average , five - point 

convolution 

( Volume - Based Average Particle Diameter ) 
[ 0164 ] The volume - based average particle diameter of the 
carbonaceous material is an average particle diameter ( me 
dian diameter ) based on a volume determined by a laser 
diffraction / scattering method , and is usually 1 um or more , 
preferably 3 um or more , more preferably 5 um or more , 
particularly preferably 7 um , and usually 100 um or less , 
preferably 50 um or less , more preferably 40 um or less , still 
more preferably 30 um or less , particularly preferably 25 um 
or less . 
[ 0165 ] When the volume - based average particle diameter 
falls below the above range , irreversible capacity loss 
increases , possibly leading to the loss of initial battery 
capacity . In addition , when it exceeds the above range , a 
non - uniform coated surface tends to be formed during the 
preparation of the electrode by coating , possibly leading to 
an undesirable result for battery manufacturing processes . 
[ 0166 ] The volume - based average particle diameter is 
measured for carbon powder dispersed in 0 . 2 % by mass of 
an aqueous solution ( about 10 mL ) of polyoxyethylene ( 20 ) 
sorbitan monolaurate that is a surfactant , by using a laser 
diffraction / scattering particle size analyzer ( for example , 
LA - 700 manufactured by HORIBA , Ltd . ) . The median 
diameter obtained by the measurement is defined as the 

( BET Specific Surface Area ) 
[ 0176 ] The BET specific surface area of the carbonaceous 
material is a value of the specific surface area measured by 
the BET method , and it is usually 0 . 1 m² . g - 1 or more , 
preferably 0 . 7 m² . g - or more , more preferably 1 . 0 m² . g - or 
more , particularly preferably 1 . 5 m² . g - or more , and is 
usually 100 m´ . g - 1 or less , preferably 25 m² . g - 1 or less , 
more preferably 15 m² . g - or less , particularly preferably 10 
még - or less . 
[ 0177 ] When the value of the BET specific surface area 
falls below this range , the material , used as a negative 
electrode material , tend to exhibit poor acceptability to 
lithium during charging , and therefore , to cause the precipi 
tation of the lithium on the electrode surface , possibly 
resulting in decrease in the stability of the material . On the 
other hand , when the value exceeds this range , the material 
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that is used as a negative electrode material tend to exhibit 
increased reactivity with the non - aqueous electrolyte solu 
tion , and therefore , to cause increased gas generation , pos 
sibly resulting in difficulty in providing a preferable battery . 
[ 0178 ] The measurement of the specific surface area 
according to the BET method is carried out with a surface 
area meter ( for example , full automatic surface area analyzer 
manufactured by Ohkura Riken Co . , Ltd . ) , for a sample 
preliminary dried under a nitrogen flow at 350° C . for 15 
minutes , according to the single point BET nitrogen adsorp 
tion method based on the gas flow method , using a nitrogen 
helium mixed gas precisely adjusted so that the relative 
pressure value of nitrogen may become 0 . 3 . 

storing a Li ion , and examples thereof include sulfides , 
phosphate compounds , and lithium transition metal oxide 
composites . Examples of the sulfides include a compound 
having a two - dimensional layered structure such as Tis , and 
MoS2 , and a Chevrel compound having a strong three 
dimensional skeleton structure represented by a general 
formula , Me , MogSg ( Me represents various transition met 
als including Pb , Ag , and Cu ) . Examples of the phosphate 
compounds include a compound belonging to the olivine 
structure , which is , in general , represented by LiMePO4 ( Me 
represents at least one kind of transition metal ) , and spe 
cifically include LiFePO4 , LiCOPO4 , LiNiPO4 , and LiM 
nPO4 . Examples of the lithium transition metal oxide com 
posites include an oxide belonging to a spinel structure 
enabling three - dimensional diffusion and to a layered struc 
ture enabling the two - dimensional diffusion of lithium ions . 
Those having the spinel structure are generally represented 
by LiMe , O . ( Me represents at least one kind of transition 
metal ) , and specifically include LiMn 04 , LiCoMn04 , 
LiNio . Mn 504 , and LiCOV04 . Those having the layered 
structure are generally represented by LiMe02 ( Me repre 
sents at least one kind of transition metal ) . Specifically , they 
include LiCo02 , LiNiO2 , LiNi „ C0 , 02 , LiNi - - - - COM 
n , 02 , LiNi , , 5Mn0 . 502 , Li , 2Cro . 4Mn0 . 402 , Lin . 2Cro . Ti . . 402 , 
and LiMnO2 . 

< Structure and Preparation Method of Negative Electrode > 
[ 0179 ] Any known method can be used for producing the 
electrode as long as the effects of the present invention are 
not significantly impaired . For example , the electrode can be 
formed from a negative electrode active material and a 
material added thereto , such as a binder , a solvent , and 
optionally , a thickener , a conductive material , and a filler , 
wherein these materials are combined into a slurry , which is 
then applied to and dried on a current collector , followed by 
press . 
[ 0180 ] When an alloy material is used , a method is also 
used in which a thin film layer ( negative electrode active 
material layer ) containing the above - described negative 
electrode active material is formed by a method , such as 
vapor deposition , sputtering , and plating . 
( Electrode Density ) 
[ 0181 ] The electrode structure of an electrode formed 
from the negative electrode active material does not have 
any particular limitation , and the density of the negative 
electrode active material present on the current collector is 
preferably 1 gócm - or more , more preferably 1 . 2 g . cm - or 
more , particularly preferably 1 . 3 g . cm - > or more , and pref - 
erably 2 . 2 gócm - or less , more preferably 2 . 1 g . cm - > or less , 
still more preferably 2 . 0 g . cm - 3 or less , particularly prefer 
ably 1 . 9 g . cm - > or less . When the density of the negative 
electrode active material present on the current collector 
exceeds the above range , particles of the negative electrode 
active material may be destroyed , leading to increase in the 
initial irreversible capacity or to the deterioration of charge 
and discharge characteristics in high current density owing 
to decrease in the permeability of the non - aqueous electro 
lyte solution into the vicinity of the interface between the 
current collector and the negative electrode active material . 
Further , when the density falls below the above range , the 
conductivity between the negative electrode active materials 
may decrease , causing increase in the battery resistance , and 
decrease in the capacity per unit . 

( Composition ) 
[ 0184 ] The lithium - containing transition metal compound 
is , for example , a lithium transition metal - based compound 
represented by the following composition formula ( A ) or 
( B ) . 
[ 0185 ] 1 ) Case of lithium transition metal - based com 
pound represented by following composition formula ( A ) , 

LitxMO2 ( A ) 
[ 0186 ] Note that x is usually 0 or more and 0 . 5 or less . M 
is an element consisting of Ni and Mn , or of Ni , Mn , and Co , 
and a molar ratio Mn / Ni is usually 0 . 1 or more and 5 or less . 
A molar ratio Ni / M is usually 0 or more and 0 . 5 or less . A 
molar ratio Co / M is usually 0 or more and 0 . 5 or less . Note 
that the rich portion of Li represented by x may be substi 
tuted with the transition metal site M . 
10187 ] . In the above composition formula ( A ) , the atomic 
ratio of the oxygen amount is described as 2 for conve 
nience , but it may have nonstoichiometry to a certain extent . 
Furthermore , x in the above composition formula is a 
prepared composition of the lithium transition metal - based 
compound at its production stage . Normally , batteries on the 
market are aged after their assembling . Therefore , some 
amount of Li in the positive electrode may be lost as a result 
of charging and discharging . In this case , x after discharging 
to 3 V may be measured as - 0 . 65 or more and 1 or less on 
the basis of compositional analysis . 
[ 0188 ] The lithium transition metal - based compound is 
excellent in battery characteristics when sintered by high 
temperature sintering carried out in an oxygen - containing 
gas atmosphere in order to enhance the crystallinity of the 
positive electrode active material . 
[ 0189 ] The lithium transition metal - based compound rep 
resented by the composition formula ( A ) may also be a solid 
solution with LizM03 , referred to as 213 layer , represented 
by the following general formula ( A ' ) , 

aLi2MO3 . ( 1 - a ) LIM ' O2 . ( A ' ) 

[ 3 . Positive Electrode ] 
< Positive Electrode Active Material > 
[ 0182 ] A positive electrode active material ( lithium tran 
sition metal - based compound ) used for the positive elec 
trode is described below . 

< Lithium Transition Metal - Based Compound > 
[ 0183 ] The lithium transition metal - based compound is a 
compound having a structure capable of releasing and 
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[ 0204 ] The above - mentioned lithium transition metal 
based compound may be substituted with fluorine and 
represented by LiMn204 - XF2 . x . 

[ 0190 ] In the general formula , a is a number that satisfies 
O < a < 1 . 
[ 0191 ] The sign M represents at least one kind of metal 
element having an average oxidation number of 4 * , and 
specifically , it represents at least one kind of metal element 
selected from the group consisting of Mn , Zr , Ti , Ru , Re , and 
Pt . 
[ 0192 ] The sign M ' represents at least one kind of metal 
element having an average oxidation number of 3 + , prefer 
ably at least one kind of metal element selected from the 
group consisting of V , Mn , Fe , Co , and Ni , and more 
preferably at least one kind of metal element selected from 
the group consisting of Mn , Co , and Ni . 
[ 0193 ] 2 ) Case of lithium transition metal - based com 
pound represented by the following general formula ( B ) , 

Li [ LigMMn2 - b - a3O4 + ? . ( B ) ( B ) 

( Blend ) 
[ 0205 ] Specific examples of the lithium transition metal 
based compound having the above - described composition 
include Liit , Ni . . Mno s02 , Liz txNi0 . 85 C00 . 10A10 . 05O2 , Lil + 
xNi0 . 33M10 . 33C00 . 3302 , Lil + xNi0 . 45Mn0 . 45CO0 . 102 , Lii + 
xMn1 . 8A10 . 204 , and Lii + xMn , Ni . . 04 . These lithium tran 
sition metal - based compounds may be used singly , or in a 
blend of two or more kinds thereof . 
( Introduction of Heteroelement ) 
[ 0206 ] The lithium transition metal - based compound may 
contain a heteroelement introduced therein . The heteroele 
ment is at least one selected from B , Na , Mg , Al , K , Ca , Ti , 
V , Cr , Fe , Cu , Zn , Sr , Y , Zr , Nb , Ru , Rh , Pd , Ag , In , Sb , Te , 
Ba , Ta , Mo , W , Re , Os , Ir , Pt , Au , Pb , La , Ce , Pr , Nd , Sm , 
Eu , Gd , Tb , Dy , Ho , Er , Tm , Yb , Lu , Bi , N , F , S , C1 , Br , I , 
As , Ge , P , Pb , Sb , Si , and Sn . These heteroelements may be 
incorporated in the crystal structure of the lithium transition 
metal - based compound , or may be unevenly distributed , as 
a single element or a compound , to the particle surface or to 
the grain boundary of the compound , rather than incorpo 
rated in the crystal structure . 

[ 0194 ] Here , M represents an element consisting of at least 
one kind of transition metal selected from Ni , Cr , Fe , Co , Cu , 
Zr , Al , and Mg . 
[ 0195 ] The value of b is usually 0 . 4 or more and 0 . 6 or 
less . 
f0196 . The value of b within this range augments the 
energy density per unit weight in the lithium transition 
metal - based compound . 
[ 01971 . The value of a is usually 0 or more and 0 . 3 or less . 
Furthermore , a in the above composition formula is a 
prepared composition at the production stage of the lithium 
transition metal - based compound . In general , batteries on 
the market are aged after their assembling . Therefore , some 
amount of Li in the positive electrode may be lost as a result 
of charging and discharging . In this case , a after discharging 
to 3 V may be measured as - 0 . 65 or more and 1 or less on 
the basis of compositional analysis . 
[ 0198 ] The value of a within this range does not greatly 
impair the energy density per unit weight in the lithium 
transition metal - based compound and yields excellent load 
characteristic . 
[ 0199 ] Further , the value of d is usually in the range of 
+ 0 . 5 . 
[ 0200 ] The value of d within this range augments the 
stability of the crystal structure of this lithium transition 
metal - based compound and yields the excellent cycle char 
acteristic and storage at high temperature of a battery having 
an electrode manufactured using this compound . 
[ 0201 ] Now , a detailed description will be made below for 
the chemical significance of the lithium composition in a 
lithium nickel manganese - based oxide composite that has 
the composition of the lithium transition metal - based com 
pound . 
[ 0202 ] In order to determine a and b in the composition 
formula of the above - described lithium transition metal 
based compound , respective transition metals and lithium 
are analyzed with an Inductively Coupled Plasma Atomic 
Emission Spectrometer ( ICP - AES ) , to obtain a ratio of 
Li / Ni / Mn . 
[ 0203 ] From a structural point of view , the lithium corre 
sponding to a is thought to replace the transition metal and 
occupy the same site . In this instance , the lithium corre 
sponding to a makes the average valence value of M and 
manganese larger than 3 . 5 owing to the principle of charge 
neutrality . 

< Structure and Preparation Method of Positive Electrode for 
Lithium Secondary Battery > 
[ 0207 ] The positive electrode for lithium secondary bat 
tery is an electrode configured by a current collector and a 
positive electrode active material layer formed thereon that 
contains the powdered lithium transition metal - based com 
pound for lithium secondary battery positive electrode mate 
rial and a binder . 
[ 0208 ] In general , the positive electrode active material 
layer is fabricated from a positive electrode material , a 
binder , and a material used as necessary , such as a conduc 
tive material and thickener , wherein these materials are 
mixed in dry process to form a sheet , which is then pressure 
bonded to a positive electrode current collector , or these 
materials are dissolved or dispersed in a liquid medium to 
form a slurry , which is then applied to and dried on the 
positive electrode current collector . 
[ 0209 ] Examples of a material usually used as the material 
of the positive electrode current collector include a metal 
material , such as aluminum , stainless steel , nickel plating , 
titanium , tantalum , and a carbon material such as carbon 
cloth and carbon paper . Further , when the metal material is 
used , examples of the shape of the positive electrode current 
collector include a metal foil , a metal cylinder , a metal coil , 
a metal plate , a metal thin film , an expanded metal , a 
punched metal , a metal foam , and the like , and when the 
carbon material is used , they include a carbon plate , a carbon 
thin film , a carbon cylinder , and the like . The thin film may 
be formed into a mesh - like shape as appropriate . 
[ 0210 ] When the thin film is used as the positive electrode 
current collector , its thickness is arbitrary , and is usually 
preferably in the range of 1 um or more and 100 mm or less . 
When the film is thinner than the above range , it may not 
exhibit sufficient strength required for current collectors , 
whereas when it is thicker than the above range , it may 
exhibit worsened handling ability . 
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amide , dimethylsulfoxide , benzene , xylene , quinoline , pyri 
dine , methylnaphthalene , and hexane . In particular , when an 
aqueous solvent is used , a dispersant along with the thick 
ener is added to the solvent , which is then slurried by using 
a latex such as SBR . These solvents may be used singly , or 
in any combination of two or more kinds thereof in any 
combination ratio . 
[ 0215 ] The proportion of the content of the lithium tran 
sition metal - based compound powder as the positive elec 
trode material in the positive electrode active material layer 
is usually 10 % by mass or more and 99 . 9 % by mass or less . 
When the proportion of the lithium transition metal - based 
compound powder in the positive electrode active material 
layer is too large , the strength of the positive electrode tends 
to be insufficient , and when it is too small , the capacity may 
be insufficient . 
0216 ] . The thickness of the positive electrode active mate 
rial layer is usually about 10 to 200 um . 
[ 0217 ] The electrode density of the positive electrode after 
press is usually 2 . 2 g / cm3 or more and 4 . 2 g / cm or less . 
[ 0218 ] The positive electrode active material layer 
obtained through coating and drying is preferably densified 
by roller press or the like in order to increase the packing 
density of the positive electrode active material . 

[ 0211 ] The binder used for producing the positive elec 
trode active material layer does not have any particular 
limitation , and when used in coating methods , any material 
may be used as long as it is stable in a liquid medium used 
for manufacturing the electrode , and specific examples 
thereof include a resin - based polymer , such as polyethylene , 
polypropylene , polyethylene terephthalate , polymethyl 
methacrylate , aromatic polyamide , cellulose , and nitrocel 
lulose , a rubber polymer , such as SBR ( styrene / butadiene 
rubber ) , NBR ( acrylonitrile / butadiene rubber ) , fluororubber , 
isoprene rubber , butadiene rubber , and ethylene / propylene 
rubber , a thermoplastic elastomeric polymer , such as sty 
rene / butadiene / styrene block copolymer and a hydrogenated 
product thereof , EPDM ( ethylene / propylene / diene terpoly 
mer ) , styrene / ethylene / butadiene / ethylene copolymer , and 
styrene / isoprene styrene block copolymer and hydrogenated 
products thereof , a soft resin - like polymer , such as syndiot 
actic 1 , 2 - polybutadiene , polyvinyl acetate , ethylene - vinyl 
acetate copolymer , and propylene / a - olefin copolymer , a 
fluorinated polymer , such as polyvinylidene fluoride , and 
polytetrafluoroethylene , and polytetrafluoroethylene / ethyl 
ene copolymer , and a polymeric composition having ionic 
conductivity from an alkali metal ion ( particularly lithium 
ion ) . These materials may be used singly or in any combi 
nation of two or more kinds thereof in any combination 
ratio . 
0212 ] The proportion of the binder in the positive elec 
trode active material layer is usually 0 . 1 % by mass or more 
and 80 % by mass or less . When the proportion of the binder 
is too low , the binder may not be able to support the positive 
electrode active material sufficiently , leading to the insuffi 
cient mechanical strength of the positive electrode , thus 
resulting in deterioration of battery performances such as the 
cycle characteristic , but on the other hand , when the pro 
portion is too high , the battery capacity and the conductivity 
may be worsen . 
[ 0213 ] In general , the positive electrode active material 
layer contains a conductive material in order to enhance its 
conductivity . Specific examples of the conductive material 
include a metal material such as copper and nickel , and a 
carbon material , such as graphite such as natural graphite 
and artificial graphite , carbon black such as acetylene black , 
and amorphous carbon such as needle coke . These materials 
may be used singly or in any combination of two or more 
kinds thereof in any combination ratio . The proportion of the 
conductive material in the positive electrode active material 
layer is usually 0 . 01 % by mass or more and 50 % by mass or 
less . When the proportion of the conductive material is too 
low , the conductivity may be insufficient , and conversely , 
when it is too high , the battery capacity may decrease . 
[ 0214 ] The liquid medium for forming a slurry does not 
have any particular limitation on its type as long as it is a 
solvent capable of dissolving or dispersing the lithium 
transition metal - based compound powder that is a positive 
electrode material , the binder , and the material used neces 
sary such as conductive material and thickener , and either 
aqueous solvents or organic solvents may be used . Examples 
of the aqueous solvents include water and alcohol , and 
examples of the organic solvents include N - methylpyrroli 
done ( NMP ) , dimethylformamide , dimethylacetamide , 
methyl ethyl ketone , cyclohexanone , methyl acetate , methyl 
acrylate , diethyl triamine , N , N - dimethylaminopropylamine , 
ethylene oxide , tetrahydrofuran ( THF ) , toluene , acetone , 
dimethyl ether , dimethylacetamide , hexamethylphosphor 

[ 4 . Separator ] 
[ 0219 ] A separator is usually interposed between the posi 
tive electrode and the negative electrode in order to prevent 
short circuit . In this case , the non - aqueous electrolyte solu 
tion of the present invention is usually used in a state 
impregnated into this separator . 
[ 0220 ] The material and shape of the separator does not 
have any particular limitation and any known separator can 
be adopted as long as the effects of the present invention are 
not significantly impaired . In particular , resins , glass fibers , 
and inorganic materials , which is formed from a material 
stable in the non - aqueous electrolyte solution of the present 
invention are used , and those in a form of porous sheet or a 
nonwoven fabric excellent in liquid retentivity are prefer 
ably used . 
[ 0221 ] Examples which may be used as the material of the 
resin or glass fiber separator include , for example , a poly 
olefin such as polyethylene and polypropylene , aromatic 
polyamide , polytetrafluoroethylene , polyethersulfone , and 
glass filter . In particular , the glass filter and the polyolefin 
are preferable , and the polyolefin is more preferable . These 
materials may be used singly , or in any combination of two 
or more kinds thereof in any combination ratio . 
[ 0222 ] The thickness of the separator is arbitrary , and it is 
usually 1 um or more , preferably 5 um or more , more 
preferably 10 um or more , and usually 50 um or less , 
preferably 40 um or less , more preferably 30 um or less . 
When the separator is too thinner than the above range , the 
insulation and mechanical strength may decrease . When it is 
too thick , battery performances such as rate characteristic 
may be deteriorated , and in addition , the energy density of 
the non - aqueous electrolyte solution secondary battery as a 
whole may decrease . 
10223 ] . Further , when a material such as the porous sheet 
or the nonwoven fabric is used as the separator , the porosity 
of the separator is arbitrary , and it is usually 20 % or more , 
preferably 35 % or more , more preferably 45 % or more , and 
usually 90 % or less , preferably 85 % or less , more preferably 
75 % or less . When the porosity is too small , the film 
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between the electrodes , or a spirally wound structure con 
figured by a positive electrode plate , a negative electrode 
plate , and the separator interposed between the electrodes . 
The proportion of the volume of the electrode group to the 
internal volume of a battery ( hereinafter referred to as 
electrode group occupancy ) is usually 40 % or more , pref 
erably 50 % or more , and is usually 90 % or less , preferably 
80 % or less . 
[ 0229 ] When the electrode group occupancy falls below 
the above range , the battery capacity decreases . Further , 
when the occupancy exceeds the above range , the vacant 
space becomes small , leading to temperature raise of the 
battery , which in turn leads to increase in the internal 
pressure caused by the expansion of the battery members or 
by increase in the vapor pressure of the liquid component of 
the electrolyte , possibly resulting in the deterioration of 
various performances including the charge / discharge repeti 
tion performance and the high - temperature storage , and 
moreover resulting in the action of a gas discharge valve for 
releasing the internal pressure to the outside . 

< Outer Casing > 

resistance tends to increase , leading to the deterioration of 
the rate characteristic . On the other hand , when it exceeds 
the above range , the mechanical strength of the separator 
tends to decrease , leading to decrease in the insulation 
characteristic . 
[ 0224 ] The average pore size of the separator is also 
arbitrary , and it is usually 0 . 5 um or less , preferably 0 . 2 um 
or less , and is usually 0 . 05 um or more . When the average 
pore size exceeds the above range , short circuit tends to 
occur . In addition , when it falls below the above range , the 
film resistance may increase , leading to the deterioration of 
the rate characteristic . 
[ 0225 ] On the other hand , examples as the inorganic 
material include , for example , an oxide such as alumina and 
silicon dioxide , a nitride such as aluminum nitride and 
silicon nitride , a sulfate such as barium sulfate and calcium 
sulfate , and those which are in a particulate or fabric form 
are used . 
[ 0226 ] Examples in a thin film - like form , such as a non 
woven fabric , a woven fabric , and a microporous film are 
used . In the thin film - like form , materials having a pore 
diameter of 0 . 01 to 1 um and a thickness of 5 to 50 um are 
preferably used . In addition to a separator in the independent 
thin film - like form as described above , a separator can be 
used which is configured by a positive electrode and / or a 
negative electrode and a composite porous layer formed on 
the electrode surface by using a resin binder , wherein the 
layer contains particles of the above inorganic material . 
Examples of the layer include a porous layer of alumina 
particles formed on the both sides of a positive electrode by 
using a fluororesin as a binder , wherein the alumina particles 
have a 90 % particle size of less than 1 um . 
[ 0227 ] Characteristics of the separator in the non - aqueous 
electrolyte solution secondary battery can be grasped by a 
Gurley value . The Gurley value indicates an extent of 
difficulty for air to pass through a film in its thickness 
direction and is represented by the number of seconds 
required for 100 ml of air to pass through the film , and 
therefore a smaller value means larger easiness in the 
passing , and a larger value means larger difficulty in the 
passing . In other words , the smaller value means the better 
communicability of the film in its thickness direction , and 
the larger value means the poor communicability in its 
thickness direction . The communicability is the extent of the 
connection between pores in the film thickness direction . 
When the Gurley value of the separator of the present 
invention is low , the separator can be used for various 
purposes . For example , when the separator is used as a 
separator for non - aqueous lithium secondary batteries , a low 
Gurley value is preferable because it means the better 
mobility of lithium ions and excellence in the battery 
performance . The Gurley value of the separator is arbitrary , 
and it is preferably from 10 to 1 , 000 sec / 100 ml , more 
preferably from 15 to 800 sec / 100 ml , still more preferably 
from 20 to 500 sec / 100 ml . When the Gurley value is 1 , 000 
sec / 100 ml or less , electric resistance is substantially low , 
which is preferable for separators . 

[ 0230 ] The material of the outer casing does not have any 
particular limitation as long as it is a material stable against 
a non - aqueous electrolyte solution to be used . Specifically , 
a metal such as a nickel - plated steel plate , stainless steel , 
aluminum or an aluminum alloy , and a magnesium alloy , or 
a film of a lamination of resin and aluminum foil ( laminated 
film ) is used . From the viewpoint of weight reduction , a 
metal such as aluminum or an aluminum alloy , or the 
laminated film is preferably used . 
[ 0231 ] Examples of a structure for the outer casing based 
on metals include a closed structure sealed by welding the 
metals by laser welding , resistance welding , and ultrasonic 
welding , and a caulked structure using the above metals with 
resin gaskets interposed therebetween . Examples of a struc 
ture for the outer case based on the above laminated film 
include a closed structure sealed by resin layers thermally 
fused to each other . In order to improve sealing character 
istics , a resin different from the resin used for the laminated 
film may be interposed between the resin layers . In particu 
lar , when the resin layers are thermally sealed , with the 
collector terminal interposed therebetween , to form a sealed 
structure , a juncture of metal and resin occurs , and therefore , 
an intervening resin is preferably used which is a resin 
having a polar group or a modified resin having an intro 
duced polar group . 

< Protective Element > 

[ 5 . Battery Design ] 

[ 0232 ] A protective element can be used , the examples of 
which include PTC ( Positive Temperature Coefficient ) that 
increases resistance when abnormal heat generation or 
excessive current flow occurs , a thermal fuse , a thermistor , 
a valve ( current cutoff valve ) that shuts off a current flow 
through a circuit caused by rapid increase in the internal 
pressure or internal temperature of a battery during abnor 
mal heat generation . The above - described protective ele 
ment is preferably an element selected from protective 
elements for high current that do not operate under normal 
use , and more preferable is that the battery is designed not 
to cause abnormal heat generation or thermal runaway 
without any protective element . 

< Electrode Group > 
[ 0228 ] The electrode group may have either of a laminate 
structure configured by a positive electrode plate , a negative 
electrode plate , and the above described separator interposed 
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Comparative Example 1 - 2 
[ 0239 ] Anon - aqueous electrolyte solution was prepared in 
the same manner as in Example 1 - 1 , except that 0 . 3 % by 
mass of a compound A ( not included in the present inven 
tion ) represented by the following formula was added 
instead of the compound 2 - 10 in the non - aqueous electrolyte 
solution of Example 1 - 1 . 

< Outer Body > 
[ 0233 ] The non - aqueous electrolyte solution secondary 
battery of the present invention is usually constituted by the 
non - aqueous electrolyte solution , the negative electrode , the 
positive electrode , the separator , and the like , and an outer 
body housing these components . The outer body does not 
have any particular limitation , and any known outer body 
can be adopted as long as the effects of the present invention 
are not significantly impaired . The material of the outer body 
is arbitrary , but specifically , a material such as nickel - plated 
iron , stainless steel , aluminum or an alloy thereof , nickel , 
and titanium is used in general . 
[ 0234 ] In addition , the shape of the outer body is also 
arbitrary , and may be any shape , such as a cylindrical shape , 
a square shape , a laminated shape , a coin shape , and a large 
sized shape . 

[ Chemical Formula 10 ] 
compound A 

fo 

< Battery Voltage > 
[ 0235 ] The non - aqueous electrolyte solution secondary 
battery of the present invention is usually used at a battery 
voltage of 4 . 3 V or higher . The battery voltage is preferably 
4 . 3 V or higher , more preferably 4 . 35 V or higher , and most 
preferably 4 . 4 V or higher . This is because when the battery 
voltage is increased , the energy density of the battery can be 
augmented . On the other hand , when the battery voltage is 
elevated , a problem occurs that the potential of the positive 
electrode is elevated to enhance a side reaction on the 
surface of the positive electrode . The above problem can be 
solved by using the electrolyte solution and the battery of the 
present invention , but when the voltage is too high , the side 
reaction on the surface of the positive electrode becomes too 
excessive , thus causing deterioration of battery characteris 
tics . Therefore , the upper limit of the battery voltage is 
preferably 5 V or less , more preferably 4 . 8 V or less , most 
preferably 4 . 6 V or less . 

EXAMPLES 
[ 0236 ] Hereinafter , the present invention will be described 
in more detail with reference to Examples and Comparative 
Examples , but the present invention is not limited to these 
Examples unless it departs from the gist of the invention . 

< Preparation of Negative Electrode > 
[ 0240 ] To 98 parts by mass of graphite powder as a 
negative electrode active material were added as a thickener , 
and binders , one part by mass of an aqueous dispersion of 
sodium carboxymethyl cellulose and one part by mass of an 
aqueous dispersion of styrene - butadiene rubber , respec 
tively , and mixed by using a disperser , to form a slurry . The 
resultant slurry was applied to one side of copper foils , dried , 
and pressed to prepare negative electrodes . The prepared 
negative electrodes were used after being dried under 
reduced pressure at 60° C . for 12 hours . 
< Production of Positive Electrode > 
[ 0241 ] To 96 . 8 parts by mass of lithium cobalt oxide as a 
positive electrode active material were added 1 . 6 parts by 
mass of a conductive aid and 1 . 6 parts by mass of a binder 
( PVDF ) , and mixed by using a disperser , to form a slurry . 
The resultant slurry was applied to both sides of aluminum 
foils , dried , and pressed to prepare positive electrodes . The 
prepared positive electrodes were used after being dried 
under reduced pressure at 80° C . for 12 hours . 
< Preparation of Battery > 
[ 0242 ] Each of battery elements was fabricated by lami 
nating the positive electrode , the negative electrodes , and 
separators made of polyethylene , in the order of the negative 
electrode , the separator , the positive electrode , the separator , 
and the negative electrode . Each of the battery elements was 
inserted into a bag made of a laminate film of aluminum 
( thickness : 40 um ) and a resin layer coating the both surface 
of the aluminum , such that the terminals of the positive and 
negative electrodes allowed to protrude out , and then , 0 . 4 
mL of the non - aqueous electrolyte solutions of Examples 
and Comparative Examples were each injected to the bags , 
which were then vacuum - sealed to prepare sheet - like bat 
teries . Further , in order to enhance adhesion between the 
electrodes , the sheet - like batteries were sandwiched between 
glass plates and pressurized . 
< Test of Characteristic Evaluation > 
Test 1 . Test of High Temperature Storage at 60° C . 
[ 0243 ] Each of the batteries prepared as described above 
was conditioned by being charged to 4 . 4 V and discharged 

< Preparation of Non - Aqueous Electrolyte Solution > 

Example 1 - 1 
[ 0237 ] In a dry argon atmosphere , ethylene carbonate 
( hereinafter referred to as EC ) , ethyl methyl carbonate 
( hereinafter EMC ) and diethyl carbonate ( hereinafter DEC ) 
were mixed so as to be 30 % by volume , 40 % by volume , and 
30 % by volume , respectively , to form a non - aqueous sol 
vent , into which was dissolved LiPF , so as to be 1 . 2 M , and 
were added 2 % by mass of vinylene carbonate and 2 % by 
mass of fluoroethylene carbonate . Further , 0 . 3 % by mass of 
a compound 2 - 10 was added to prepare a non - aqueous 
electrolyte solution . 

Comparative Example 1 - 1 
[ 0238 ] Anon - aqueous electrolyte solution was prepared in 
the same manner as in Example 1 - 1 , except that a non 
aqueous electrolyte solution without the compound 2 - 10 was 
used in the non - aqueous electrolyte solution of Example 1 - 1 . 
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capacity at the 500th cycle to the discharge capacity at the 
first cycle was defined as 500 - cycle capacity retention ratio 
( % ) 

to 3 V at 25° C . until its capacity was stabilized . Then , the 
battery charged to 4 . 4 V was left for 10 days in an environ 
ment of 60° C . A residual capacity ratio ( % ) in this instance 
was measured . Note that a capacity after discharge to 3 V at 
0 . 2 C at 25° C . after the test is defined as a residual capacity , 
and the ratio of the residual capacity to the capacity before 
the test is defined as the residual capacity ratio . 

TABLE 2 

bismaleimidie compound of 
the present invention 
( mass % ) 

200 - cycle 
capacity 
retention 
ratio ( % ) 

500 - cycle 
capacity 
retention 
ratio ( % ) TABLE 1 

compound 2 - 10 ( 0 . 3 ) Bismaleimide compound 
of the present invention 
( mass % ) 

residual 
capacity 
ratio ( % ) 

Example 2 - 1 
Comparative 
Example 2 - 1 

83 . 3 
82 . 4 other compounds 

( mass % ) 

68 . 8 
66 . 6 

79 . 7 
76 . 4 

Example 1 - 1 compound 2 - 10 ( 0 . 3 ) 
Comparative - 
Example 1 - 1 
Comparative – 
Example 1 - 2 

[ 0248 ] As is apparent from the above Table 2 , the use of 
the electrolyte solution of the present invention yielded an 
effect of improving the cycle capacity retention ratio . compound A ( 0 . 3 ) 77 . 7 

Example 3 - 1 
[ 0244 ] As is apparent from the above Table 1 , the use of 
the electrolyte solution of the present invention significantly 
improved the residual capacity ratio as in Example 1 - 1 . On 
the other hand , although the used of the electrolyte solution 
containing the compound A that was not the electrolyte 
solution of the present invention improved the residual 
capacity ratio , the obtained improvement effect was not 
comparable to that in the use of the electrolyte solution of 
the present invention . 

[ 0249 ] In a dry argon atmosphere , ethylene carbonate 
( hereinafter referred to as EC ) , ethyl methyl carbonate 
( hereinafter EMC ) , and diethyl carbonate ( hereinafter DEC ) 
were mixed , so as to be 30 % by volume , 40 % by volume , 
and 30 % by volume , respectively , to form a non - aqueous 
solvent , into which was dissolved LiPF , so as to be 1 . 2 M , 
and were added 2 % by mass of vinylene carbonate , 2 % by 
mass of fluoroethylene carbonate , and 1 % by mass of 
adiponitrile . Further , 0 . 3 % by mass of the compound 2 - 10 
was added to prepare a non - aqueous electrolyte solution . A 
sheet - like battery was fabricated in the same manner as in 
Example 1 - 1 except that this non - aqueous electrolyte solu 
tion was used . 

Example 2 - 1 
[ 0245 ] In a dry argon atmosphere , ethylene carbonate 
( hereinafter referred to as EC ) , ethyl methyl carbonate 
( hereinafter , EMC ) , and diethyl carbonate ( hereinafter , 
DEC ) were mixed , so as to be 30 % by volume , 40 % by 
volume , and 30 % by volume , respectively , to form a non 
aqueous solvent , into which was dissolved LiPF , so as to be 
1 . 2 M , and were added 2 mass % of vinylene carbonate , 2 
mass % of fluoroethylene carbonate , and 1 mass % of 
adiponitrile . Further , 0 . 3 % by mass of the compound 2 - 10 
was added to prepare a non - aqueous electrolyte solution . A 
sheet - like battery was fabricated in the same manner as in 
Example 1 - 1 except that this non - aqueous electrolyte solu 
tion was used . 

Example 3 - 2 
[ 0250 ] A non - aqueous electrolyte solution was prepared in 
the same manner as in Example 3 - 1 , except that the content 
of the compound 2 - 10 was changed to 0 . 5 % by mass in the 
non - aqueous electrolyte solution of Example 3 - 1 . A sheet 
like battery was fabricated in the same manner as in 
Example 3 - 1 , except that this non - aqueous electrolyte solu 
tion was used . 

Comparative Example 2 - 1 
[ 0246 Anon - aqueous electrolyte solution was prepared in 
the same manner as in Example 2 - 1 , except that a non 
aqueous electrolyte solution without the compound 2 - 10 was 
used in the non - aqueous electrolyte solution of Example 2 - 1 . 
A sheet - like battery was fabricated in the same manner as in 
Example 2 - 1 except that this non - aqueous electrolyte solu 
tion was used . 

Comparative Example 3 - 1 
[ 0251 ] Anon - aqueous electrolyte solution was prepared in 
the same manner as in Example 3 - 1 , except that a non 
aqueous electrolyte solution without the compound 2 - 10 was 
used in the non - aqueous electrolyte solution of Example 3 - 1 . 
A sheet - like battery was fabricated in the same manner as in 
Example 3 - 1 except that this non - aqueous electrolyte solu 
tion was used . 

Test 2 . Cycle Test 
[ 0247 ] The battery prepared as described above was con 
ditioned by being charged to 4 . 4 V and discharged to 3 V at 
25° C . until its capacity was stabilized . Then , a cycle test 
was performed in which 500 cycles of charging to 4 . 4 V and 
discharging to 3 V were repeated in an environment of 45° 
C . at a current value of 0 . 7 C ( 1 C indicates a current value 
with which one hour is required for charging or discharging ) . 
The ratio of the discharge capacity at the 200th cycle to the 
discharge capacity at the first cycle was defined as 200 - cycle 
capacity retention ratio ( % ) . The ratio of the discharge 

Comparative Example 3 - 2 
[ 0252 ] A non - aqueous electrolyte solution of Example 3 - 1 
was prepared in the same manner as in Example 3 - 1 , except 
that in the electrolyte solution of Example 3 - 1 , 0 . 3 % by mass 
of the compound A used in Comparative Example 1 - 2 was 
added instead of the compound 2 - 10 . A sheet - like battery 
was fabricated in the same manner as in Example 3 - 1 except 
that this non - aqueous electrolyte solution was used . 

Test 3 . Test of High Temperature Storage at 80° C . 
[ 0253 ] The battery prepared as described above was con 
ditioned by being charged to 4 . 4 V and discharged to 3 V at 
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25° C . until its capacity was stabilized . Then , the battery 
charged to 4 . 4 V was left for 3 days in an environment of 80° 
C . A gas generation ratio ( % ) and a residual capacity ratio 
( % ) in this instance were measured . The gas generation ratio 
is defined as a ratio ( % ) of the amount of gas generated in 
each test to the amount , which is set to be 100 , of gas 
generated in Comparative Example 3 - 1 , wherein the 
amounts are obtained by using the Archimedes method ( a 
smaller value of the ratio is preferable ) . Further , the capacity 
after discharging to 3 V at 0 . 2 C at 25° C . after the test is 
defined as a residual capacity , and the ratio of the residual 
capacity to the capacity before the test is defined as the 
residual capacity ratio . 

Comparative Example 4 - 1 
[ 0257 ] A non - aqueous electrolyte solution was prepared in 
the same manner as in Example 4 - 1 , except that a non 
aqueous electrolyte solution without the compound 2 - 10 was 
used in the non - aqueous electrolyte solution of Example 4 - 1 . 
A sheet - like battery was fabricated in the same manner as in 
Example 4 - 1 except that this non - aqueous electrolyte solu 
tion was used . 

Comparative Example 4 - 2 
[ 0258 ] Anon - aqueous electrolyte solution was prepared in 
the same manner as in Example 4 - 1 , except that a compound 
B ( not included in the present invention ) was used instead of 
the compound 2 - 10 in the non - aqueous electrolyte solution 
of Example 4 - 1 . A sheet - like battery was fabricated in the 
same manner as in Example 4 - 1 , except that this non 
aqueous electrolyte solution was used . 

TABLE 3 

bismaleimide 
compound of 
the present other 
invention compounds 
( mass % ) ( mass % ) 

Gas 
generation 
ratio ( % ) 

residual 
capacity 
ratio ( % ) [ Chemical formula 11 ] 

83 . 1 71 . 3 compound B 

— 86 . 9 71 . 7 

Example 3 - 1 compound 
2 - 10 ( 3 . 3 ) 

Example 3 - 2 compound 
2 - 10 ( 0 . 5 ) 

Comparative 
Example 3 - 1 
Comparative — 
Example 3 - 2 

— 100 . 0 70 . 4 

compound A ( 0 . 3 ) 88 . 2 71 . 1 

[ 0254 ] As is apparent from the above Table 3 , the use of 
the electrolyte solutions of the present invention yielded 
effects of reducing the gas generation ratio , and effects of 
improving the residual capacity ratio were also confirmed . 
On the other hand , although Comparative Example 3 - 2 
using an electrolyte solution that was not the present inven 
tion exhibited a similar improvement effect , it was not 
comparable to that of the electrolyte solution of the present 
invention . 

Comparative Example 4 - 3 
[ 0259 ] Anon - aqueous electrolyte solution was prepared in 
the same manner as in Example 4 - 1 , except that a compound 
C ( not included in the present invention ) was used instead of 
the compound 2 - 10 in the non - aqueous electrolyte solution 
of Example 4 - 1 . A sheet - like battery was fabricated in the 
same manner as in Example 4 - 1 except that this non 
aqueous electrolyte solution was used . 

Example 4 - 1 
[ Chemical Formula 12 ] 

compound C [ 0255 ] In a dry argon atmosphere , ethylene carbonate 
( hereinafter referred to as EC ) , ethyl methyl carbonate 
( hereinafter EMC ) , and diethyl carbonate ( hereinafter DEC ) 
were mixed , so as to be 30 % by volume , 40 % by volume , 
and 30 % by volume , respectively , to form a non - aqueous 
solvent , into which was dissolved LiPF , so as to be 1 . 2 M , 
and were added 2 % by mass of vinylene carbonate and 2 % 
by mass of fluoroethylene carbonate . Further , 0 . 3 % by mass 
of a compound 2 - 10 was added to prepare a non - aqueous 
electrolyte solution . A sheet - like battery was fabricated in 
the same manner as in Example 1 - 1 except that this non 
aqueous electrolyte solution was used . 

Example 4 - 2 

[ 0256 ] Anon - aqueous electrolyte solution was prepared in 
the same manner as in Example 4 - 1 , except that the com 
pound 2 - 10 was changed to the compound 3 - 2 in the 
non - aqueous electrolyte solution of Example 4 - 1 . A sheet - 
like battery was fabricated in the same manner as in 
Example 4 - 1 , except that this non - aqueous electrolyte solu 
tion was used . 

Comparative Example 4 - 4 
[ 0260 ] A non - aqueous electrolyte solution was prepared in 
the same manner as in Example 4 - 1 , except that in the 
non - aqueous electrolyte solution of Example 4 - 1 , a com 
pound D ( not included in the present invention ) was used 
instead of the compound 2 - 10 . A sheet - like battery was 
fabricated in the same manner as in Example 4 - 1 , except that 
this non - aqueous electrolyte solution was used . 
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TABLE 4 - continued 
[ Chemical formula 13 ] 

compound D 
bismaleimide 
compound of 
the present other 
invention compounds 
( mass % ) ( mass % ) 

gas load 
generation characteristic 
ratio ( % ) ( % ) 

- 130 . 3 97 . 74 Comparative 
Example 4 - 4 
Comparative 
Example 4 - 5 

compound D 
( 0 . 3 ) 
compound A 
( 0 . 3 ) 

122 . 2 97 . 71 

Comparative Example 4 - 5 
[ 0261 ] A non - aqueous electrolyte solution was prepared in 
the same manner as in Example 4 - 1 , except that in the 
non - aqueous electrolyte solution of Example 4 - 1 , the com 
pound A ( not included in the present invention ) was used 
instead of the compound 2 - 10 . A sheet - like battery was 
fabricated in the same manner as in Example 4 - 1 , except that 
this non - aqueous electrolyte solution was used . 

Test 4 . Test of High Temperature Storage at 85° C . 
[ 0262 ] The battery prepared as described above was con 
ditioned by being charged to 4 . 4 V and discharged to 3 V at 
25° C . until its capacity was stabilized . Then , the battery 
charged to 4 . 4 V was left for 6 hours in an environment of 
85° C . A gas generation ratio ( % ) in this instance was 
measured . The gas generation ratio is defined as a ratio ( % ) 
of the amount of gas generated in each test to the amount , 
which is set to be 100 , of gas generated in Comparative 
Example 4 - 1 , wherein the amounts are determined using the 
Archimedes method ( a smaller value of the ratio is prefer 
able ) . 

[ 0264 ] As is apparent from Table 4 , in Examples 4 - 1 and 
4 - 2 using the electrolyte solution of the present invention , 
not only the gas generation ratio was able to be suppressed 
significantly , but also the load characteristic was able to be 
improved as compared to Comparative Example 4 - 1 . On the 
other hand , in Comparative Example 4 - 2 , Comparative 
Example 4 - 4 , and Comparative Example 4 - 5 , using maleim 
ide and not falling within the electrolytic solution of the 
present invention , the load characteristic was either the same 
as or superior to that in Comparative Example 4 - 1 , but the 
gas generation ratio increased significantly . Similarly , in 
Comparative Example 4 - 3 using maleimide that was not the 
electrolyte solution of the present invention , the gas gen 
eration ratio decreased as compared to that in Comparative 
Example 4 - 1 , but the effect was smaller than that of the 
electrolyte solution of the present invention , and moreover , 
the load characteristic became worse . From these results , it 
can be said that the specific compound of the present 
invention is necessary in order to simultaneously achieve the 
suppression of the gas generation and the improvement of 
the load characteristic . Test 5 . Test of Load Discharge 

[ 0263 ] The battery prepared as described above was con 
ditioned by being charged to 4 . 4 V and discharged to 3 V at 
25° C . until its capacity was stabilized . Then , the battery 
charged to 4 . 4 V was discharged to 3 V at a current of 0 . 2 
C in an environment of 25° C . ( the capacity in this instance 
is defined as 0 . 2 C capacity ) . Again , the battery charged to 
4 . 4 V was discharged to 3 V at a current of 0 . 5 C in an 
environment of 25° C . ( the capacity in this instance is 
defined as 0 . 5 C capacity ) . For this case , a load characteristic 
was obtained which was defined as a value of 0 . 5 C 
capacity / 0 . 2 C capacity x 100 ( % ) . 

TABLE 4 
bismaleimide 
compound of 
the present other 
invention compounds 
( mass % ) ( mass % ) 

INDUSTRIAL APPLICABILITY 
[ 0265 ] According to the non - aqueous electrolyte solution 
of the present invention , a non - aqueous electrolyte solution 
secondary battery with high energy density can be manu 
factured which achieves the suppressed decomposition of 
the electrolyte solution of the non - aqueous electrolyte solu 
tion secondary battery , the suppressed gas generation when 
used under high temperature environment , the improved 
residual capacity of the battery , and the improved cycle 
characteristic thereof , and further , is excellent in load dis 
charge characteristic ( dischargeable at high rate ) . Accord 
ingly , it can be suitably used in various fields such as 
electronic devices using non - aqueous electrolyte solution 
secondary batteries . 
[ 0266 ] Applications of the non - aqueous electrolyte solu 
tion secondary battery of the present invention do not have 
any particular limitation , and the battery can be used for 
various known applications . Specific examples thereof 
include notebook computers , pen - input personal computers , 
mobile personal computers , electronic book players , mobile 
phones , portable faxes , portable copy machines , portable 
printers , headphone stereo cassette players , video movies , 

gas gas load 
generation characteristic 
ratio ( % ) ( % ) 

Example 4 - 1 84 . 8 97 . 66 

Example 4 - 2 

compound 
2 - 10 ( 0 . 3 ) 
compound 
3 - 2 ( 0 . 3 ) 

83 . 8 97 . 64 

- 100 . 0 97 . 59 

112 . 1 97 . 59 

Comparative 
Example 4 - 1 
Comparative 
Example 4 - 2 
Comparative 
Example 4 - 3 

compound B 
( 0 . 3 ) 
compound C 
( 0 . 3 ) 

— 85 . 9 97 . 55 
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( 1 ) is a compound represented by the following formula ( 2 ) 
or ( 3 ) : 

[ Chemical formula 2 ] 

( 2 ) R17 R18 R19 R20 0 

LCD televisions , handy cleaners , portable CD players , mini 
disk players , transceivers , electronic organizers , calculators , 
memory cards , portable tape recorders , radios , backup 
power supplies , motors , cars , motorcycles , motorized 
bicycles , bicycles , lighting equipment , toys , game machines , 
clocks , electric tools , strobes , cameras , large household 
storage batteries , and lithium ion capacitors . 

1 . A non - aqueous electrolyte solution used in a non 
aqueous electrolyte solution secondary battery comprising a 
positive electrode comprising a positive electrode active 
material capable of absorbing and releasing a metal ion and 
a negative electrode comprising a negative electrode active 
material capable of absorbing and releasing a metal ion , 
which solution comprises a compound represented by the 
following formula ( 1 ) , 

Res 

R 26 

R2 R22 R22 R24 0 

wherein each of R17 to R26 independently represents any one 
of a hydrogen atom , a halogen atom , a hydrocarbon group , 

[ Chemical formula 1 ] 

7 

NA , A 

R9 R10 R11 R12 R13 R14 R15 R16 n3 

wherein each of R to R16 independently represents any 
one of a hydrogen atom , a halogen atom , a hydrocarbon 
group , a group represented by O - L ' , and a group 
represented by SOZ - L , 

L ' and L ? represent a hydrocarbon group , 

a group represented by O - L ' , and a group represented by 
SO2 - L ? , 
Land L ? each represent a hydrocarbon group , and at least 

one of R ? ? to R24 represents a group other than a 
hydrogen atom ; and 

[ Chemical formula 3 ] 
( 3 ) 

O R27 R27 R28 R29 R30 R31 R32 R33 R33 R34 0 

— R43 
O 

0 R35 R 36 R36 R37 R38 R38 R39 R 40 R40 R41 R42 0 

each of Al to A independently represents a divalent 
hydrocarbon group , a hetero atom , or a group having a 
hetero atom , and 

each of n ' to nt represents an integer of 0 or more , with 
the proviso that when all of n ' to n° are 0 , at least one 
of R3 to Róand Rll to R14 represents a group other than 
a hydrogen atom . 

wherein each of R27 to R44 independently represents any one 
of groups represented by a hydrogen atom , a halogen atom , 
a hydrocarbon group , a group represented by — O - L ' , and a 
group represented by SO2 - L² , and 

each of L ' and L ? represents a hydrocarbon group . 
3 . The non - aqueous electrolyte solution according to 

claim 1 , wherein a content of the compound represented by 
the formula ( 1 ) is 0 . 01 % by mass or more and 5 % by mass 
or less in the non - aqueous electrolyte solution . 

4 . The non - aqueous electrolyte solution according to 
claim 1 , wherein in the compound represented by the 
formula ( 1 ) , R ' to R16 are a hydrogen atom or an alkyl group . 

2 . The non - aqueous electrolyte solution according to ording to 
claim 1 , wherein the compound represented by the formula 
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5 . The non - aqueous electrolyte solution according to 
claim 1 , comprising a water content of 40 ppm by mass or 
less . 

6 . The non - aqueous electrolyte solution according to 
claim 1 , further comprising at least one of a cyclic carbonate 
comprising a carbon - carbon unsaturated bond and a cyclic 
carbonate comprising a fluorine atom . 

7 . The non - aqueous electrolyte solution according to 
claim 1 , further comprising a nitrile compound . 

8 . A non - aqueous electrolyte solution secondary battery 
comprising a positive electrode comprising a positive elec 
trode active material capable of absorbing and releasing a 
metal ion , a negative electrode comprising a negative elec 
trode active material capable of absorbing and releasing a 
metal ion , and a non - aqueous electrolyte solution , which 
battery uses the non - aqueous electrolyte solution according 
to claim 1 . 

* * * * * 
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