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ELECTROLYTE FOR LITHIUM 
SECONDARY BATTERY AND LITHIUM 

SECONDARY BATTERY CONTAINING THE 
SAME 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application is a divisional of U . S . patent 
application Ser . No . 15 / 168 , 452 , filed May 31 , 2016 , which 
claims priority to Korean Patent Application No . 10 - 2015 
0080481 filed Jun . 8 , 2015 , the disclosures of which are 
hereby incorporated in their entirety by reference . 

lithium ion tunnel according to the related art , thereby 
minimizing deterioration in performance of the battery . 
10009 ) . Therefore , various researches for developing a 
novel organic electrolyte containing an additive in order to 
solve the above - mentioned problem have been conducted . 
[ 0010 ] For example , a non - aqueous lithium ion battery 
capable of preventing over - charge current and a thermal 
runaway phenomenon caused by the over - charge current by 
using an aromatic compound such as biphenyl has been 
disclosed in Japanese Patent No . 2002 - 260725 . In addition , 
a method of improving safety of a battery by adding a small 
amount of an aromatic compound such as biphenyl , 3 - chlo 
rothiophene , or the like , to increase an internal resistance by 
electrochemical polymerization in an abnormal over - voltage 
state has been disclosed in U . S . Pat . No . 5 , 879 , 834 . How 
ever , in the case of using the additive such as biphenyl , or the 
like , there are problems in that when a relatively high 
voltage is locally generated in a general operation voltage , 
the additive is gradually decomposed during a charge and 
discharge process , or when the battery is discharged at a high 
temperature for a long period of time , an amount of biphe 
nyl , or the like , may be gradually decreased , such that safety 
may not be secured after 300 charge and discharge cycles . In 
addition , there is a problem in storage characteristics , or the 

TECHNICAL FIELD 
[ 0002 ] The following disclosure relates to an electrolyte 
for a lithium secondary battery , and a lithium secondary 
battery containing the same . 

BACKGROUND 

like . 
[ 0011 ] Therefore , research for improving safety at high 
and low temperatures while still having a high capacity 
retention rate has been continuously demanded . 

SUMMARY 

[ 0003 ] Recently , as portable electronic devices have 
widely spread , in accordance with miniaturization , thinness , 
and lightness of the portable electronic devices , research into 
a secondary battery used as a power source for these portable 
electronic devices , which may have a small size and a light 
weight and be charged and discharged for a long period of 
time , has been actively conducted . 
[ 0004 ] The lithium secondary battery , which generates 
electrical energy by oxidation - reduction reactions when 
lithium ions are intercalated into and deintercalated from a 
cathode and an anode , is manufactured by using a material 
capable of intercalating and deintercalating lithium ions as 
the anode and the cathode , and filling an organic electrolyte 
or polymer electrolyte between the cathode and the anode . 
[ 0005 ] An example of an organic electrolyte widely used 
at the present time includes ethylene carbonate , propylene 
carbonate , dimethoxyethane , gamma butyrolactone , N , N 
dimethylformamide , tetrahydrofuran , acetonitrile , or the 
like . However , generally , since the organic electrolyte as 
described above may be easily volatilized and have high 
flammability , at the time of applying the organic electrolyte 
to a lithium ion secondary battery , a safety problem , for 
example , ignition due to an internal short - circuit when heat 
is generated in the battery by over - charge or over - discharge , 
or the like , may occur at a high temperature . 
[ 0006 ] Further , at the time of initial charge of the lithium 
secondary battery , lithium ions released from a lithium metal 
oxide , which is a cathode , move to a carbon electrode , which 
is an anode , to thereby be intercalated into carbon . In this 
case , since lithium has high reactivity , while a surface of 
carbon particles , which is an anode active material , and an 
electrolyte react with each other , a coating film referred to as 
a solid electrolyte interface ( SEI ) film is formed on a surface 
of the anode . 
[ 0007 ] Performance of the lithium secondary battery sig 
nificantly depends on a configuration of the organic elec 
trolyte and the SEI film formed by a reaction of the organic 
electrolyte and the electrode . 
10008 ] . That is , the formed SEI film may suppress side 
reactions of a carbon material and an electrolyte solvent , for 
example , decomposition of the electrolyte on the surface of 
the carbon particle , which is the anode , prevent disintegra 
tion of an anode material caused by co - intercalation of the 
electrolyte solvent into the anode material , and serve as a 

[ 0012 ] An embodiment of the present invention is directed 
to providing an electrolyte for a lithium secondary battery 
capable of having excellent high - temperature storage char 
acteristics and excellent low - temperature discharge charac 
teristics by significantly decreasing a swelling phenomenon 
of a battery due to oxidation / decomposition of the electro 
lyte at the time of keeping the battery at a high temperature 
in a high voltage state , while properly maintaining basic 
performance such as high - rate charge and discharge char 
acteristics , life cycle characteristics , and the like , and a 
lithium secondary battery containing the same . 
[ 0013 ] In one general aspect , an electrolyte for a lithium 
secondary battery contains : 
[ 0014 ] a lithium salt ; 
[ 0015 ] a non - aqueous organic solvent ; and 
[ 0016 ] a cyclic sulfate compound represented by the fol 
lowing Chemical Formula 1 : 

[ Chemical Formula 1 ] 

0 - L L - 

[ 0017 ] ( in Chemical Formula 1 , 
[ 0018 ] . W is 

+ WI > or 
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CH — ( CH2 ) p — CH – c ) - 
$ 

[ 0019 ] L is a single bond or methylene ; and 
[ 0020 ] m is an integer of 1 to 4 , n is an integer of 0 to 2 , 
and p is an integer of 0 to 6 . ) 
[ 0021 ] The cyclic sulfate compound represented by 
Chemical Formula 1 may be represented by Chemical 
Formulas 2 to 5 . 

Chemical Formula 2 ] 

[ Chemical Formula 3 ] 

[ Chemical Formula 4 ] 

Chemical Formula 5 ] 

[ 0025 ] The electrolyte may further contain a cyclic sulfite 
compound represented by the following Chemical Formula 

[ Chemical Formula 6 ] 
0 - L L = 0 

[ 0022 ] ( In the Chemical Formulas , m is an integer of 1 to 
4 , n is an integer of 0 to 2 , and p is an integer of 0 to 6 . ) 
[ 0023 ] The cyclic sulfate compound represented by 
Chemical Formula 3 may be selected from compounds 
having the following structures , but is not limited thereto . 

W SEO 
0 - L - 0 

[ 0026 ] ( In Chemical Formula 6 , 
[ 0027 ] Wis O 

UWI or 
CH — ( CH2 ) p - CH 

[ 0028 ] L is a single bond or methylene ; and 
[ 0029 ] m is an integer of 1 to 4 , n is an integer of 0 to 2 , 
and p is an integer of 0 to 6 . ) 
[ 0030 ] The cyclic sulfite compound represented by 
Chemical Formula 6 may be represented by Chemical 
Formulas 7 to 10 . 

[ 0024 ] The cyclic sulfate compound represented by 
Chemical Formula 4 may be selected from compounds 
having the following structures , but is not limited thereto . 
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Chemical Formula 71 

OS 

[ Chemical Formula 8 ] 
O 

. 

= ( 

[ Chemical Formula 9 ] 

77 

[ Chemical Formula 10 ] 

[ 0031 ] ( In the Chemical Formulas , m is an integer of 1 to 
4 , n is an integer of 0 to 2 , and p is an integer of 0 to 6 . ) 
[ 0032 ] The cyclic sulfite compound represented by 
Chemical Formula 8 may be selected from compounds 
having the following structures , but is not limited thereto . 

[ 0034 ] The cyclic sulfate compound represented by 
Chemical Formula 1 may be contained at a content of 0 . 1 to 
5 . 0 wt % based on a total weight of the electrolyte . 
[ 0035 ] The cyclic sulfite compound represented by 
Chemical Formula 6 may be contained at a content of 0 . 001 
to 20 mol % based on a total mole of the cyclic sulfate 
compound represented by Chemical Formula 1 and the 
cyclic sulfite compound represented by Chemical Formula 
6 . 

www . 

[ 0033 ] The cyclic sulfite compound represented by 
Chemical Formula 9 may be selected from compounds 
having the following structures , but is not limited thereto . 

10036 ) . The electrolyte may further contain one or two or 
more additives selected from the group consisting of oxala 
toborate based compounds , carbonate based compounds 
substituted with fluorine , vinylidene carbonate based com 
pounds , and compounds containing a sulfinyl group . 
[ 0037 ] The electrolyte may further contain an additive 
selected from the group consisting of lithium difluoro ( ox 
alato ) borate ( LiFOB ) , lithium bis ( oxalato ) borate ( LiB 
( C204 ) 2 , LiBOB ) , fluoroethylene carbonate ( FEC ) , vinylene 
carbonate ( VC ) , vinylethylene carbonate ( VEC ) , divinyl 
sulfone , ethylene sulfite , propylene sulfite , diallyl sulfonate , 
ethane sultone , propane sultone ( PS ) , butane sultone , ethene 
sultone , butene sultone , and propene sultone ( PRS ) . 
[ 0038 ] The additive may be contained at a content of 0 . 1 
to 5 . 0 wt % based on a total weight of the electrolyte . 
[ 0039 ] The non - aqueous organic solvent may be selected 
from cyclic carbonate based solvents , linear carbonate based 
solvent , and a mixed solvent thereof , wherein the cyclic 
carbonate may be selected from the group consisting of 
ethylene carbonate , propylene carbonate , butylene carbon 
ate , vinylene carbonate , vinylethylene carbonate , fluoroeth 
ylene carbonate , and a mixture thereof , and the linear 
carbonate may be selected from the group consisting of 
dimethyl carbonate , diethyl carbonate , dipropyl carbonate , 
ethyl methyl carbonate , methyl propyl carbonate , methyl 
isopropyl carbonate , ethyl propyl carbonate , and a mixture 
thereof . 

20 0 = $ 
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[ 0040 ] The non - aqueous organic solvent may be a mixed 
solvent in which the linear carbonate solvent and the cyclic 
carbonate solvent are mixed at a mixed volume ratio of 1 : 1 
to 9 : 1 . 
[ 0041 ] The lithium salt may be one or two or more 
selected from the group consisting of LiPF6 , LiBF4 , LiC104 , 
LiSbF6 , LiAsF . , LiN ( SO2C2F3 ) 2 , LiN ( CF2SO2 ) 2 , LiN 
( SO2C2F3 ) 2 , LiN ( SO2F ) 2 , LiCF3SO3 , LiC4F , SO3 , 
LiC H2SO3 , LiSCN , LiA102 , LiA1C14 , LiN ( CF2x + 1S02 ) 
( C , F2v + 1S02 ) ( here , x and y are natural numbers ) , LiCl , Lil , 
and LiB ( C204 ) 2 
[ 0042 ] The lithium salt may be contained at a concentra 
tion of 0 . 1 to 2 . 0 M . 
[ 0043 ] In another general aspect , a lithium secondary 
battery contains the electrolyte for a lithium secondary 
battery as described above . 

thickness change rate may be low , such that the electrolyte 
may be more stable at a high temperature . 
[ 0052 ] More specifically , in the compound represented by 
Chemical Formula 1 , two cyclic sulfates are connected via 
a spiro bond , fused with each other , or linked with each other 
via a single bond or alkylene , such that the compound may 
be decomposed at an anode to more effectively form a SEI 
film while lowering resistance of a battery , thereby making 
it possible to improve high - temperature and low - tempera 
ture characteristics . 
[ 0053 ] In the electrolyte for a lithium secondary battery 
according to an exemplary embodiment of the present 
invention , in a case in which L of the cyclic sulfate com 
pound represented by Chemical Formula 1 is methylene , W 
may be 

DETAILED DESCRIPTION OF EMBODIMENTS 
- 0 1 % Or we 

and in a case in which L is the single bond , W may be 

10044 ] Hereinafter , the present invention will be described 
in more detail . Here , technical terms and scientific terms 
used in the present specification have the general meaning 
understood by those skilled in the art to which the present 
invention pertains unless otherwise defined , and a descrip 
tion for the known function and configuration unnecessarily 
obscuring the gist of the present invention will be omitted in 
the following description . 
[ 0045 ] The present invention relates to an electrolyte for a 
lithium secondary battery in order to provide a battery 
having significantly excellent discharge capacity at a low 
temperature while having excellent high - temperature stor 
age characteristics and life cycle characteristics . 
[ 0046 ] The present invention provides an electrolyte for a 
lithium secondary battery containing a lithium salt ; a non 
aqueous organic solvent ; and a cyclic sulfate compound 
represented by the following Chemical Formula 1 : 

XXX or 

[ 0054 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention , in view of chemical stability and electrical char 
acteristics , preferably , the cyclic sulfate compound repre 
sented by Chemical Formula 1 may be represented by 
Chemical Formulas 2 to 5 . 

Chemical Formula 1 ] 
0 - L L - 200 0 

[ Chemical Formula 2 ] W 

0 - L L - 0 

[ Chemical Formula 3 ] [ 0047 ] ( In Chemical Formula 1 , 
[ 0048 ] Wis 

* [ Chemical Formula 4 ] * * 
SCH = CH ) che 

or 

CH — ( CH2 ) , — CH 
[ Chemical Formula 5 ] 

[ 0049 ] L is a single bond or methylene ; and 
[ 0050 ] m is an integer of 1 to 4 , n is an integer of 0 to 2 , 
and p is an integer of 0 to 6 . ) 
[ 0051 ] As the electrolyte for a secondary battery according 
to the present invention contains the cyclic sulfate com 
pound represented by Chemical Formula 1 , a capacity 
recovery rate at a high temperature may be high , and a 

[ 0055 ] ( In the Chemical Formulas , m is an integer of 1 to 
4 , n is an integer of 0 to 2 , and p is an integer of 0 to 6 . ) 
[ 0056 ] In view of chemical stability and electrical char 
acteristics , the cyclic sulfate compounds represented by 
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4 - 5 

20 

Chemical Formulas 2 to 5 may be preferable , and the cyclic 
sulfate compounds represented by Chemical Formulas 2 and 
5 may be more preferable . 
[ 0057 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention , the cyclic sulfate compound represented by 
Chemical Formula 3 may be selected from compounds 
having the following structures , but is not limited thereto . 

4 - 6 

3 - 1 

4 - 7 

3 - 2 

[ 0059 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention , the electrolyte may further contain a cyclic sulfite 
compound represented by the following Chemical Formula OS 

?? 
[ Chemical Formula 6 ] 

- LL - 0 
W ' S = 0 

O? 1 - 6 [ 0058 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention , the cyclic sulfate compound represented by 
Chemical Formula 4 may be selected from compounds 
having the following structures , but is not limited thereto . 

[ 0060 ] ( In Chemical Formula 6 , 
[ 0061 ] Wis 

* * 

4 - 1 * * * or 

CH — ( CH2 ) p - CH 4 - 2 

2 

4 - 3 

4 - 4 

[ 0062 ] L is a single bond or methylene ; and 
[ 0063 ] m is an integer of 1 to 4 , n is an integer of 0 to 2 , 
and p is an integer of 0 to 6 . ) 
[ 0064 ] The cyclic sulfite compound represented by 
Chemical Formula 6 , which is a side product produced 
during a process of preparing the cyclic sulfate compound 
represented by Chemical Formula 1 , may be mixed with the 
cyclic sulfate compound represented by Chemical Formula 
1 in the electrolyte in a range in which a desired effect is not 
inhibited . 
[ 0065 ] In the electrolyte for a lithium secondary battery 
according to an exemplary embodiment of the present 
invention , in a case in which L of the cyclic sulfite com 
pound represented by Chemical Formula 6 is methylene , W 
may be 

ST 
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- continued 
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* - - * 1 Demet or CH - ( CH ) , — CH 

OS 

and in a case in which L is the single bond , W may be 

XX [ 0069 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment in the present 
invention , the cyclic sulfite compound represented by 
Chemical Formula 9 may be selected from compounds 
having the following structures , but is not limited thereto . 

[ 0066 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment in the present 
invention , the cyclic sulfite compound represented by 
Chemical Formula 6 may be represented by Chemical 
Formulas 7 to 10 . 

9 - 1 

9 - 2 
[ Chemical Formula 7 ] 

OS 

[ Chemical Formula 8 ] 
9 - 3 

O 

9 - 4 [ Chemical Formula 9 ] 
s = 0 OS 

[ Chemical Formula 10 ] 

9 - 5 
. . . 

9 - 6 
[ 0067 ] ( In the Chemical Formulas , m is an integer of 1 to 
4 , n is an integer of 0 to 2 , and p is an integer of 0 to 6 . ) 
[ 0068 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment in the present 
invention , the cyclic sulfite compound represented by 
Chemical Formula 8 may be selected from compounds 
having the following structures , but is not limited thereto . 

9 - 7 
8 - 1 

[ 0070 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention , the cyclic sulfate compound represented by 
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[ 0078 ] The compound containing a sulfinyl ( S = O ) group 
may be sulfone , sulfite , sulfonate , and sultone ( cyclic sul 
fonate ) , and the compound may be used alone or a mixture 
thereof may be used . In detail , the sulfone may be repre 
sented by the following Chemical Formula 12 and be divinyl 
sulfone . The sulfite may be represented by the following 
Chemical Formula 13 and be ethylene sulfite or propylene 
sulfite . The sulfonate may be represented by the following 
Chemical Formula 14 and be diallyl sulfonate . In addition , 
non - restrictive examples of the sultone may include ethane 
sultone , propane sultone , butane sultone , ethene sultone , 
butene sultone , propene sultone , and the like . 

[ Chemical Formula 12 ] 

R13 — S - R14 O = VEC 

[ Chemical Formula 13 ] 

Chemical Formula 1 may be contained at a content of 0 . 1 to 
5 . 0 wt % based on a total weight of the electrolyte . In view 
of low - temperature and high - temperature characteristics , it 
is more preferable that the cyclic sulfate compound is 
contained at a content of 0 . 5 to 3 wt % . When the content of 
the cyclic sulfate compound represented by Chemical For 
mula 1 is less than 0 . 1 wt % , addition effects such as 
suppression of the swelling phenomenon of the battery 
during high - temperature storage , improvement of a capacity 
retention rate , or the like , are not exhibited , and an effect of 
improving discharge capacity , output , or the like , of a 
lithium secondary battery may be insufficient , and when the 
content is more than 5 . 0 wt % , a film may be formed to be 
excessively thick on a surface of an electrode , and thus a life 
cycle is rapidly deteriorated due to an increase in resistance 
of the battery , such that characteristics of the lithium sec 
ondary battery may be rather deteriorated . 
[ 0071 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention , the cyclic sulfite compound represented by 
Chemical Formula 6 may be contained at a content of 0 . 001 
to 20 mol % based on a total mole of the cyclic sulfate 
compound represented by Chemical Formula 1 and the 
cyclic sulfite compound represented by Chemical Formula 
6 . Basic performance such as high - rate charge and discharge 
characteristics , life cycle characteristics , and the like , high 
temperature storage characteristics , and low - temperature 
discharge characteristics due to the cyclic sulfate compound 
represented by Chemical Formula 1 are not deteriorated 
within the above - mentioned range . 
[ 0072 ] The electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention may further contain one or two or more additives 
selected from the group consisting of oxalatoborate based 
compounds , carbonate based compounds substituted with 
fluorine , vinylidene carbonate based compounds , and com 
pounds containing a sulfinyl group as an additive for 
improving the life cycle of the battery . 
[ 0073 ] The oxalatoborate based compound may be a com 
pound represented by the following Chemical Formula 11 or 
lithium bis ( oxalato ) borate ( LiB ( C204 ) 2 , LiBOB ) . 

SO 
N14 

[ Chemical Formula 14 ] 

R13 — 5 — 0 - R14 EVEC 

Chemical Formula 11 ] 

Rul 
Lit 

[ 0079 ] ( In Chemical Formulas 12 to 14 , R13 and R 14 are 
each independently hydrogen , halogen , ( C1 - C10 ) alkyl , ( C2 
C10 ) alkenyl , ( C1 - C10 ) alkyl substituted with halogen , or 
( C2 - C10 ) alkenyl substituted with halogen . ) 
10080 ) More preferably , the electrolyte for a lithium sec 
ondary battery according to an exemplary embodiment of 
the present invention may further contain an additive 
selected from the group consisting of lithium difluoro ( ox 
alato ) borate ( LiFOB ) , lithium bis ( oxalato ) borate ( LiB 
( C204 ) 2 , LiBOB ) , fluoroethylene carbonate ( FEC ) , vinylene 
carbonate ( VC ) , vinylethylene carbonate ( VEC ) , divinyl 
sulfone , ethylene sulfite , propylene sulfite , diallyl sulfonate , 
ethane sultone , propane sultone ( PS ) , butane sultone , ethene 
sultone , butene sultone , and propene sultone ( PRS ) . More 
preferably , the electrolyte may further contain one or two or 
more additives selected from lithium bis ( oxalato ) borate 
( LiB ( C204 ) 2 , LiBOB ) , vinylene carbonate ( VC ) , vinyleth 
ylene carbonate ( VEC ) , ethylene sulfite , ethane sultone , and 
propane sultone ( PS ) . 
[ 0081 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention , a content of the additive is not particularly 
limited , but in order to improve the life cycle of the battery , 
the additive may be contained in the electrolyte for a 
secondary battery at a content of 0 . 1 to 5 . 0 wt % , more 
preferably 0 . 1 to 3 wt % based on the total weight of the 
electrolyte . 
[ 0082 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention , the non - aqueous organic solvent may include 
carbonate , ester , ether , or ketone alone , or a mixed solvent 
thereof , but it is preferable that the non - aqueous organic 
solvent is selected from cyclic carbonate based solvents , 
linear carbonate based solvents , and a mixed solvent thereof . 
It is most preferable to use a mixture of the cyclic carbonate 

R12 

[ 0074 ] ( In Chemical Formula 11 , Rji and R12 are each 
independently halogen or halogenated ( C1 to C10 ) alkyl . ) 
[ 0075 ] Specific examples of the oxalatoborate based addi 
tive may include lithium difluoro ( oxalato ) borate ( LiB 
( COJE , LiFOB ) , lithium bis ( oxalato ) borate ( LiB ( C204 ) 2 , 
LiBOB ) , and the like . 
[ 0076 ] The carbonate based compound substituted with 
fluorine may be fluoroethylene carbonate ( FEC ) , difluoro 
ethylene carbonate ( DFEC ) , fluorodimethyl carbonate 
( FDMC ) , fluoroethyl methyl carbonate ( FEMC ) , or a com 
bination thereof . 
[ 0077 ] The vinylidene carbonate based compound may be 
vinylene carbonate ( VC ) , vinyl ethylene carbonate ( VEC ) , 
or a mixture thereof . 
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based solvent and the linear carbonate based solvent . The 
cyclic carbonate solvent may sufficiently dissociate lithium 
ions due to large polarity , but has a disadvantage in that ion 
conductivity thereof is small due to a large viscosity . There - 
fore , characteristics of the lithium secondary battery may be 
optimized by mixing a linear carbonate solvent that has a 
small polarity and a low viscosity with the cyclic carbonate 
solvent . 
[ 0083 ] The cyclic carbonate may be selected from the 
group consisting of ethylene carbonate , propylene carbon 
ate , butylene carbonate , vinylene carbonate , vinylethylene 
carbonate , fluoroethylene carbonate , and a mixture thereof , 
and the linear carbonate may be selected from the group 
consisting of dimethyl carbonate , diethyl carbonate , dipro 
pyl carbonate , ethyl methyl carbonate , methyl propyl car 
bonate , methyl isopropyl carbonate , ethyl propyl carbonate , 
and a mixture thereof . 
[ 0084 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention , in the non - aqueous organic solvent , which is the 
mixed solvent of the cyclic carbonate based solvent and the 
linear carbonate based solvent , a mixed volume ratio of the 
linear carbonate solvent and the cyclic carbonate solvent 
may be 1 : 1 to 9 : 1 , preferably 1 . 5 : 1 to 4 : 1 . 
[ 0085 ] In the electrolyte for a lithium secondary battery 
according to the exemplary embodiment of the present 
invention , the lithium salt may be one or two or more 
selected from the group consisting of LiPF , LiBF4 , LiC104 , 
LiSbF . , LiAsF . , LiN ( SO _ C2F3 ) 2 , LiN ( CF2SO2 ) 2 , LiN 
( SO2C2F3 ) , LiN ( SO F ) 2 , LiCF2SO3 , LiC F , SO3 , 
LiCGH SO3 , LiSCN , LiA102 , LiA1C14 , LiN ( C2F2x + 1S02 ) 
( CF2v + 1 SO2 ) ( here , x and y are natural numbers ) , LiCl , Lil , 
and LiB ( C2O4 ) 2 , but is not limited thereto . 
[ 0086 ] The lithium salt may be used in a concentration 
range of preferably 0 . 1 to 2 . 0 M , and more preferably , 0 . 7 to 
1 . 6M . In the case in which the concentration of the lithium 
salt is less than 0 . 1 M , conductivity of the electrolyte is 
decreased , such that performance of the electrolyte is dete 
riorated , and in the case in which the concentration is more 
than 2 . 0 M , the viscosity of the electrolyte is increased , such 
that mobility of the lithium ion may be decreased . The 
lithium salt acts as a supply source of the lithium ion in the 
battery to enable a basic operation of the lithium secondary 
battery . 
[ 0087 ] Since the electrolyte for a lithium secondary bat 
tery according to the exemplary embodiment of the present 
invention is stable in a temperature range of - 20° C . to 60° 
C . , and maintains electrochemically stable characteristics 
thereof even at a voltage of 4 . 4 V , the electrolyte may be 
applied to all lithium secondary batteries such as a lithium 
ion battery , a lithium polymer battery , and the like . 
[ 0088 ] In addition , the present invention provides a 
lithium secondary battery containing the electrolyte for a 
lithium secondary battery as described above . 
[ 0089 ] A non - restrictive example of the secondary battery 
may include a lithium metal secondary battery , a lithium ion 
secondary battery , a lithium polymer secondary battery , a 
lithium ion polymer secondary battery , or the like . 
[ 0090 ] The lithium secondary battery manufactured using 
the electrolyte for a lithium secondary battery according to 
the present invention has low - temperature discharge effi 
ciency of 80 % or more and high - temperature storage effi 
ciency of 85 % or more , and at the time of keeping the 

lithium secondary battery at a high temperature for a long 
period of time , a thickness increase rate of the battery is 
significantly low ( 1 to 7 % ) . 
f0091 ] The lithium secondary battery according to the 
present invention includes a cathode and an anode . 
[ 0092 ] . It is preferable that the cathode contains a cathode 
active material capable of intercalating and deintercalating 
the lithium ion , and it is preferable that the cathode active 
material as described above is a complex metal oxide of 
lithium and at least one kind selected from cobalt , manga 
nese , and nickel . A composition rate between the metals may 
be various , and an element selected from the group consist 
ing of Mg , Al , Co , K , Na , Ca , Si , Ti , Sn , V , Ge , Ga , B , As , 
Zr , Mn , Cr , Fe , Sr , V , and rare earth elements may be further 
contained in the cathode active material as well as the 
above - mentioned metals . As a specific example of the cath 
ode active material , a compound represented by any one of 
the following Chemical Formulas may be used : 
[ 0093 ] Li , A1 - B , D , ( here , 0 . 90sas1 . 8 and Osbs0 . 5 ) ; 
Li , E1 - B , 02 - D ( here , 0 . 90sas1 . 8 , Osbs0 . 5 , and 0sc50 . 05 ) 
; LiE2B , 04 D . ( here , Osbs0 . 5 and Oscs0 . 05 ) ; Li , Ni . . 
cCo , B Da , ( here , 0 . 90sasl . 8 , Osb 0 . 5 , Oscs0 . 05 , and 
O < as2 ) ; Li , Nil - b - eCo B 02 - F ( here , 0 . 90sas1 . 8 , Osbs0 . 
5 , Oscs0 . 05 , and O < a < 2 ) ; Li , Nil - b - cCo , B - 02 - F2 ( here , 
0 . 90sas1 . 8 , Osbs0 . 5 , Oscs0 . 05 , and O < a < 2 ) ; Li , Ni , . . 
cMn , B Da ( here , 0 . 90sas1 . 8 , Osbsbs0 . 5 , Oscs0 . 05 , and 
O < as2 ) ; Li , Nil - b - cMn , B . O2 - Fa ( here , 0 . 90sas1 . 8 , Osbs0 . 
5 , Oscs0 . 05 , and 0 < a < 2 ) ; Li , Nil - b - Mn , B 02 - F2 ( here , 
0 . 90sas1 . 8 , Osbs0 . 5 , Osc < 0 . 05 , and ( < a < 2 ) ; Li , N 
i E GLO2 ( here , 0 . 90sas1 . 8 , Osbs0 . 9 , Oscs0 . 5 , and 
0 . 001sds0 . 1 ) ; Li , Ni , Co Mn , G , 0 ( here , 0 . 90sas1 . 8 , 
Osbs0 . 9 , Oscs0 . 5 , Osds0 . 5 , and 0 . 001 ses0 . 1 ) ; Li NiG , 02 
( here , 0 . 90sas1 . 8 and 0 . 001sbs0 . 1 ) ; Li , CoG , 0 , ( here , 
0 . 90sas1 . 8 and 0 . 001 sbs0 . 1 ) ; Li , MnG , O2 ( here , 
0 . 90sas1 . 8 and 0 . 001sbs0 . 1 ) ; Li , Mn , G , 04 ( here , 
0 . 90sas1 . 8 and 0 . 001sbs0 . 1 ) ; CO2 ; QS2 ; LiQs2 ; V2Os ; 
LiV20s ; LilO2 ; LiNiVO4 ; Li3 - 9J2 ( PO4 ) 3 ( Osfs2 ) ; Li ( 3 - 4 ) 
Fez ( PO4 ) 3 ( Osfs2 ) ; and LiFePO4 
[ 0094 ] In the Chemical Formulas , A may be Ni , Co , Mn , 
or a combination thereof ; B may be Al , Ni , Co , Mn , Cr , Fe , 
Mg , Sr , V , a rare earth element , or a combination thereof ; D 
may be O , F , S , P , or a combination thereof ; E may be Co , 
Mn , or a combination thereof ; F may be F , S , P , or a 
combination thereof ; G may be Al , Cr , Mn , Fe , Mg , La , Ce , 
Sr , V , or a combination thereof ; Q may be Ti , Mo , Mn , or a 
combination thereof ; I may be Cr , V , Fe , Sc , Y , or a 
combination thereof ; and J may be V , Cr , Mn , Co , Ni , Cu , 
or a combination thereof . 
100951 The anode contains an anode active material 
capable of intercalating and deintercalating the lithium ion , 
and as this anode active material , a carbon material such as 
crystalloid carbon , amorphous carbon , a carbon complex , a 
carbon fiber , or the like , a lithium metal , an alloy of lithium 
and another element , or the like , may be used . Examples of 
the amorphous carbon may include hard carbon , coke , 
mesocarbon microbead ( MCMB ) sintered at a temperature 
of 1500° C . or less , mesophase pitch - based carbon fiber 
( MPCF ) , and the like . Examples of the crystalloid carbon 
include graphite based materials , more specifically , natural 
graphite , graphitized coke , graphitized MCMB , graphitized 
MPCF , and the like . As the carbon material , a material of 
which a d002 interplanar distance is 3 . 35 to 3 . 38 Å , and a 
crystallite size Lc measured by X - ray diffraction is at least 
20 nm or more may be preferable . Another element forming 
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dispersed , a non - aqueous solvent or aqueous solvent may be 
used . Examples of the non - aqueous solvent may include 
N - methyl - 2 - pyrrolidone ( NMP ) , dimethylformamide , dim 
ethylacetamide , N , N - dimethylaminopropylamine , ethylene 
oxide , tetrahydrofuran , or the like . 
[ 0102 ] The lithium secondary battery according to the 
present invention may include a separator preventing a 
short - circuit between the cathode and the anode and pro 
viding a movement path of the lithium ion . As the separator 
as described above , a polyolefin based polymer membrane 
made of polypropylene , polyethylene , polyethylene / poly 
propylene , polyethylene / polypropylene / polyethylene , poly 
propylene / polyethylene / polypropylene , or the like , or a mul 
tilayer thereof , a micro - porous film , and woven fabric and 
non - woven fabric may be used . In addition , a film in which 
a resin having excellent stability is coated on a porous 
polyolefin film may be used . 
[ 0103 ] The lithium secondary battery according to the 
present invention may have various shapes such as a cylin 
drical shape , a pouch shape , in addition to an angular shape . 
[ 0104 ] Hereinafter , Examples and Comparative Examples 
of the present invention will be described . However , the 
following Example is only a preferable example of the 
present invention , and the present invention is not limited 
thereto . Under the assumption that the lithium salt is entirely 
dissociated so that a concentration of lithium ion becomes 1 
M , a base electrolyte may be formed by dissolving a 
corresponding amount of the lithium salt such as LiPF , in a 
basic solvent so as to have a concentration of 1 M . 

the alloy with lithium may be aluminum , zinc , bismuth , 
cadmium , antimony , silicon , lead , tin , gallium , or indium . 
[ 0096 ] The cathode or anode may be prepared by dispers 
ing an electrode active material , a binder , and a conductive 
material , and if necessary , a thickener , in a solvent to prepare 
an electrode slurry composition , and applying this electrode 
slurry composition onto an electrode current collector . As a 
cathode current collector , aluminum , an aluminum alloy , or 
the like , may be mainly used , and as an anode current 
collector , copper , a copper alloy , or the like , may be mainly 
used . The cathode current collector and the anode current 
collector have a foil or mesh shape . 
[ 0097 ] The binder is a material playing a role in paste 
formation of the active material , adhesion between the active 
materials , adhesion with the current collector , and a buffer 
ing effect on expansion and contraction of the active mate 
rial , and the like . Examples of the binder may include 
polyvinylidene fluoride ( PVDF ) , a polyhexafluoropropyl 
ene - polyvinylidene fluoride ( PVDF / HFP ) copolymer , poly 
( vinylacetate ) , polyvinyl alcohol , polyethyleneoxide , poly 
vinylpyrrolidone , alkylated polyethyleneoxide , polyvinyl 
ether , poly ( methylmethacrylate ) , poly ( ethylacrylate ) , poly 
tetrafluoroethylene , polyvinylchloride , polyacrylonitrile , 
polyvinylpyridine , styrene - butadiene rubber , acrylonitrile 
butadiene rubber , and the like . A content of the binder is 0 . 1 
to 30 wt % , preferably 1 to 10 wt % based on the electrode 
active material . In the case in which the content of the binder 
is excessively low , adhesive force between the electrode 
active material and the current collector may become insuf 
ficient , and in the case in which the content is excessively 
high , adhesive force may be improved , but a content of the 
electrode active material is decreased in accordance with the 
content of the binder , which is disadvantageous in allowing 
the battery to have high capacity . 
[ 0098 ] The conductive material is used to impart conduc 
tivity to the electrode , and any electronic conductive mate 
rial may be used as long as it does not cause a chemical 
change in a battery to be configured . At least one selected 
from the group consisting of a graphite based conductive 
material , a carbon black based conductive material , and a 
metal or metal compound based conductive material may be 
used . Examples of the graphite based conductive material 
may include artificial graphite , natural graphite , and the like , 
examples of the carbon black based conductive material may 
include acetylene black , Ketjen black , Denka black , thermal 
black , channel black , and the like , and examples of the metal 
or metal compound based conductive material may include 
tin , tin oxide , tin phosphate ( SnPO4 ) , titanium oxide , potas 
sium titanate , a perovskite material such as LaSrCo0 , and 
LaSrMnOz . However , the conductive material is not limited 
thereto . 
[ 0099 ] A content of the conductive material is preferably 
0 . 1 to 10 wt % based on the electrode active material . In the 
case in which the content of the conductive material is less 
than 0 . 1 wt % , electrochemical properties may be deterio 
rated , and in the case in which the content is more than 10 
wt % , energy density per weight may be decreased . 
[ 0100 ] Any thickener may be used without limitation as 
long as it may serve to adjust a viscosity of the active 
material slurry , but for example , carboxymethyl cellulose , 
hydroxymethyl cellulose , hydroxyethyl cellulose , hydroxy 
propyl cellulose , or the like , may be used . 
[ 0101 ] As the solvent in which the electrode active mate 
rial , the binder , the conductive material , and the like , are 

Example 1 

Synthesis of Compound Represented by Chemical 
Formula 2 

[ 0105 ] 

[ 0106 ] 13 . 6 g of pentaerythritol , 100 ml of tetrahydro 
furan , and 18 ml of thionyl chloride were sequentially 
injected into a 250 ml flask , and the mixture was refluxed 
and stirred . Formed hydrogen chloride gas was neutralized 
by passing through an aqueous sodium hydroxide solution . 
A crystal formed by stirring overnight was filtered , and the 
crystal was washed with 100 ml of diethylether three times . 
After the crystal was put into a 250 ml flask , 104 mg of 
ruthenium chloride ( Ruci ) and 50 ml of acetonitrile was 
injected thereinto . After a reactant was cooled using an ice 
bath , 140 ml of 10 % aqueous sodium hypochlorite solution 
was slowly injected thereto and stirred for 30 minutes , and 
then , a reaction was terminated by adding 630 mg of sodium 
sulfite ( Na , Soz ) thereto . Acetonitrile was removed by dis 
tillation under reduced pressure , and the formed solid was 
filtered . The obtained solid was washed with 100 ml of water 
two times , and dried using a vacuum oven , thereby obtaining 
the title compound ( 18 g ) . 
[ 0107 ] " H - NMR ( 500 MHz , DMSO ) d : 4 . 90 ( s , 8H ) 
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Example 2 

Synthesis of Compound Represented by Chemical 
Formula 5 

[ 0108 ] 

[ 0109 ] After 2 . 4 g of mercury sulfate ( HgSO4 ) and 100 g 
of tetrachloroethane were sequentially injected into a 1 L 
flask , 400 g of 65 % fuming sulfuric acid was slowly injected 
thereinto for 2 hours under N , atmosphere . After injection 
was terminated , stirring was performed for 8 hours while 
maintaining a temperature at 60° C . When the stirring was 
completed , the reactant was slowly poured into a 2 L beaker 
charged with 1 L of ice water , and a white crystal formed by 
stirring the mixture for 1 hour was filtered . The obtained 
crystal was washed with 500 ml of cool water four times , 
and dried using a vacuum oven , thereby obtaining the title 
compound ( 90 g ) . 
[ 0110 ] " H - NMR ( 500 MHz , DMSO ) 8 : 8 . 15 ( s , 2H ) . 

[ 0113 ] After 4 g of cyclooctane - 1 , 2 , 5 , 6 - tetraol ( A - 1 ) and 
40 ml of tetrahydrofuran were sequentially injected into a 
100 ml flask and cooled using an ice bath , 5 . 9 g of thionyl 
chloride was slowly injected thereinto , followed by stirring 
for 1 hour . Thereafter , a temperature was raised to room 
temperature , and the mixture was stirred for 2 hours . When 
the stirring was completed , the reactant was slowly injected 
into 400 ml of saturated aqueous sodium bicarbonate solu 
tion at 0° C . Gas was generated during this process , and 
when generation of gas was terminated , an organic layer was 
extracted two times by injecting 100 ml of ethyl acetate . The 
organic layer was washed with 100 ml of saturated aqueous 
sodium chloride solution , dried over sodium sulfate , and 
concentrated , thereby obtaining 5 . 12 g of cyclic sulfite 
( A - 2 ) . 
[ 0114 ) 4 . 8 g of cyclic sulfite ( A - 2 ) , 30 ml of acetonitrile , 
37 mg of ruthenium chloride , and 8 . 4 g of sodium periodate 
( NalO4 ) were sequentially injected into a 100 ml flask , and 
cooled using an ice bath . 15 ml of ice water was slowly 
injected thereinto , and when a green solid was formed , a 
reaction temperature was raised to room temperature by 
removing the ice bath . After 2 hours , extraction was per 
formed using water and dichloromethane , and an organic 
layer was washed with a saturated aqueous sodium chloride 
solution , dried over sodium sulfate , and concentrated , 
thereby obtaining a solid . The obtained solid was stirred in 
tetrahydrofuran , thereby obtaining the title compound ( 1 . 4 
g ) . 
[ 0115 ] ' H - NMR ( 500 MHz , DMSO ) 8 : 5 . 41 ( d , J = 7 . 6 Hz , 
4H ) , 2 . 33 - 2 . 27 ( m , 4H ) , 2 . 04 - 1 . 98 ( m , 4H ) 

Example 3 

Synthesis of Compound Represented by Chemical 
Formula 4 - 7 

[ 0111 ] Examples 4 to 20 and Comparative Examples 1 
and 2 

HO 

0 HO ?? 

A - 1 

O = S = O - 

A - 2 

4 - 7 

Manufacturing of Lithium Secondary Battery 
[ 0116 ] A solution obtained by dissolving LiPF , in a mixed 
solvent in which ethylene carbonate ( EC ) and ethyl methyl 
carbonate ( EMC ) were mixed at a volume ratio of 3 : 7 so as 
to have a concentration of 1 . 0 M was used as a basic 
electrolyte ( 1M LiPF EC / EMC = 3 : 7 ) , and ingredients 
shown in the following Table 1 were additionally injected , 
thereby preparing electrolytes . 
[ 0117 ] A battery to which the non - aqueous electrolyte was 
applied was manufactured as follows . 
10118 ] . After mixing LiNiCoMnO , and LiMn , O4 at a 
weight ratio of 1 : 1 as a cathode active material , the cathode 
active material , polyvinylidene fluoride ( PVDF ) as a binder , 
and carbon as a conductive material were mixed at a weight 
ratio of 92 : 4 : 4 and then dispersed in N - methyl - 2 - pyrroli 
done , thereby preparing cathode slurry . This slurry was 
coated on aluminum foil having a thickness of 20 um , dried , 
and rolled , thereby preparing a cathode . After artificial 
graphite as an anode active material , styrene - butadiene 
rubber as a binder , and carboxymethyl cellulose as a thick 
ener were mixed at a weight ratio of 96 : 2 : 2 , the mixture was 
dispersed in water , thereby preparing anode active material 
slurry . This slurry was coated on copper foil having a 
thickness of 15 um , dried , and rolled , thereby preparing an 
anode . 
[ 0119 ] A film separator made of a polyethylene ( PE ) 
material and having a thickness of 25 um was stacked 
between the manufactured electrodes , and a cell was con 
figured using a pouch having a size of 8 mmx270 mmx185 
mm ( thicknessxwidthxlength ) , followed by injection of the 

[ 0112 ] 5 . 03 g of 1 , 5 - cyclooctadiene , 50 ml of acetone , and 
58 mg of osmium tetraoxide ( OsO4 ) were sequentially 
injected into a 100 ml flask , and cooled using an ice bath . 
13 . 5 g of N - methylmorpholine N - oxide and 12 . 5 ml of water 
were injected thereinto , and then stirred for 1 hour . When the 
stirring was completed , a reaction temperature was raised to 
room temperature by removing the ice bath , and the mixture 
was stirred for 18 hours . The formed solid was filtered , 
washed with 20 ml of acetone , stirred together with 3 ml of 
water and 30 ml of acetonitrile for 2 hours , and then filtered . 
After removing the remaining water by boiling the obtained 
solid together with toluene , the remaining toluene was 
removed by vacuum drying , thereby obtaining 4 . 2 g of 
cyclooctane - 1 , 2 , 5 , 6 - tetraol ( A - 1 ) . 
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nd non - aqueous electrolyte , thereby manufacturing a 25Ah 
class lithium secondary battery for an electric vehicle ( EV ) . 
[ 0120 ] Performance of the 25Ah - class lithium secondary 
battery for an electric vehicle ( EV ) manufactured as 
described above was evaluated as follows . Evaluation items 
are as follows . 

60° C . under atmospheric pressure for 30 days using a sealed 
thermostatic device is B , an increase rate of thickness was 
calculated as shown in Equation 1 below . 

( B - A ) / A * 100 ( % ) [ Equation 1 ] 

Evaluation Item 
[ 0121 ] 1 . Capacity Recovery Rate after 30 days at 60° C . 
( High - Temperature Storage Efficiency ) : After the battery 
was charged at room temperature for 3 hours ( 25 A , 4 . 2 V , 
constant current and constant voltage ( CC - CV ) ) , the battery 
was kept at 60° C . for 30 days , and then the battery was 
discharged to 2 . 7 V ( 25 A , CC ) . Then , usable capacity ( % ) 
with respect to initial capacity was measured . 
[ 0122 ] 2 . Thickness Increase Rate after 30 days at 60° C . : 
When a thickness of the battery after charging the battery at 
room temperature for 3 hours ( 25 A , 4 . 2 V , CC - CV ) was 
defined as A , and a thickness of a battery after being left at 

[ 0123 ] 3 . Life Cycle at Room Temperature A process of 
charging the battery at room temperature ( 50 A , 4 . 2 V , 
CC - CV ) for 3 hours and then discharging the battery to 2 . 7V 
( 50 A ) was repeated 500 times . In this case , discharge 
capacity at a first cycle was defined as C , and discharge 
capacity at 500th cycle was divided by the discharge capac 
ity C at the first cycle , thereby calculating a capacity 
retention rate during the life cycle . 
[ 0124 ] 4 . 1C Discharge at 31 20° C . ( Low - Temperature 
Discharge Efficiency ) : After the battery was charged at room 
temperature for 3 hours ( 25 A , 4 . 4 V CC - CV ) , the battery 
was kept at - 20° C . for 4 hours , and then , the battery was 
discharged to 2 . 7 V ( 25 A , CC ) . Thereafter , usable capacity 
( % ) with respect to initial capacity was measured . 

TABLE 1 

After 30 Days 
at 60° C . 

Capacity 
Retention 

Rate Discharge 

Capacity 
Recovery 

Rate 

Thickness 
Increase 
Rate 

during 
Life 
cycle 

Capacity 
( at 

- 20° C . ) Electrolyte Composition ( 100 wt % ) 
Example 4 92 % 5 % 92 % 85 % 

Example 5 94 % 3 % 95 % 90 % 

Example 6 95 % 1 % 94 % 89 % 

Example 7 95 % 1 % 90 % 87 % 

Example 8 96 % 2 % 97 % 84 % 

Example 9 97 % 1 % 97 % 82 % 

Example 10 98 % 2 % 97 % 85 % 

Example 11 94 % 1 % 94 % 88 % 

Example 12 95 % 1 % 93 % 89 % 

Basic Electrolyte + Compound Represented by 
Chemical Formula 2 ( 0 . 5 wt % ) 

Basic Electrolyte + Compound Represented by 
Chemical Formula 2 ( 1 wt % ) 

Basic Electrolyte + Compound Represented by 
Chemical Formula 2 ( 2 wt % ) 

Basic Electrolyte + Compound Represented by 
Chemical Formula 2 ( 3 wt % ) 

Basic Electrolyte + Compound Represented by 
Chemical Formula 2 ( 1 wt % ) + VC ( 1 wt % ) 
Basic Electrolyte + Compound Represented by 

Chemical Formula 2 ( 1 wt % ) + VC ( 1 wt % ) + PS ( 1 
wt % ) 

Basic Electrolyte + Compound Represented by 
Chemical Formula 2 ( 1 wt % ) + VC ( 1 wt % ) + LIBOB 

( 1 wt % ) 
Basic Electrolyte + [ Compound Represented by 

Chemical Formula 2 ( 95 mol % ) + cyclic sulfite A 
( 5 mol % ) ] ( 2 wt % ) 

Basic Electrolyte + [ Compound Represented by 
Chemical Formula 2 ( 90 mol % ) + cyclic sulfite A 

( 10 mol % ) ] ( 2 wt % ) 
Basic Electrolyte + Compound Represented by 

Chemical Formula 5 ( 0 . 5 wt % ) 
Basic Electrolyte + Compound Represented by 

Chemical Formula 5 ( 1 wt % ) 
Basic Electrolyte + Compound Represented by 

Chemical Formula 5 ( 2 wt % ) 
Basic Electrolyte + Compound Represented by 

Chemical Formula 5 ( 3 wt % ) 
Basic Electrolyte + Compound Represented by 

Chemical Formula 4 - 7 ( 1 wt % ) 
Basic Electrolyte + Compound Represented by 
Chemical Formula 5 ( 1 wt % ) + VC ( 1 wt % ) 
Basic Electrolyte + Compound Represented by 

Chemical Formula 5 ( 1 wt % ) + VC ( 1 wt % ) + PS ( 1 
wt % ) 

Basic Electrolyte + Compound Represented by 
Chemical Formula 5 ( 1 wt % ) + VC ( 1 wt % ) + LIBOB 

( 1 wt % ) 

Example 13 92 % 6 % 92 % 87 % 

Example 14 94 % 5 % 95 % 91 % 

Example 15 95 % 2 % 94 % 88 % 

Example 16 95 % 1 % 90 % 85 % 

Example 17 88 % 7 % 90 % 88 % 

Example 18 95 % 4 % 96 % 86 % 

Example 19 96 % 1 % 97 % 82 % 

Example 20 97 % 2 % 97 % 85 % 
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TABLE 1 - continued 

After 30 Days 
at 60° C . 

Capacity 
Retention 

Rate Discharge 
Capacity Capacity 

Recovery 
Rate 

Thickness 
Increase 
Rate 

during 
Life 
cycle 

( at 
Electrolyte Composition ( 100 wt % ) - 20° C . ) 

Basic Electrolyte 37 % 30 % 20 % 55 % Comparative 
Example 1 
Comparative 
Example 2 

Basic Electrolyte + VC ( 1 wt % ) + PS ( 1 wt % ) 60 % 12 % 61 % 48 % 

Basic Electrolyte : 1M LiPF , EC / EMC = 3 : 7 
Cyclic sulfite A : 

0 - O 

= 0 0 = 
LiBOB : Lithium - bis ( Oxalato Borate 
VC : Vinylene carbonate 
PS : 1 , 3 - propane sultone 

[ 0125 ] As illustrated in Table 1 , it may be appreciated that 
the lithium secondary battery containing the electrolyte for 
a lithium secondary battery according to the present inven 
tion had excellent low - temperature discharge efficiency of 
80 % or more and excellent high - temperature storage effi - 
ciency of 85 % or more . Further , it was confirmed that in 
Examples 4 to 20 , the thickness increase rate of the battery 
at the time of keeping the battery at a high temperature for 
a long period of time was significantly low ( 1 to 7 % ) and the 
capacity retention rate during the life cycle was excellent 
( 90 % or more ) . On the contrary , it was confirmed that in 
Comparative Examples 1 and 2 in which the cyclic sulfate 
compound represented by Chemical Formula 1 according to 
the present invention was not contained , the low - tempera 
ture discharge efficiency was low ( 55 % or less ) , the high 
temperature storage efficiency was low ( 60 % or less ) , and at 
the same time , the thickness increase rate of the battery at the 
time of keeping the battery at the high temperature for the 
long period of time was increased to 12 to 30 % . In addition , 
it was confirmed that in Comparative Example 1 , the capac 
ity retention rate during the life cycle was 20 % , and in 
Comparative Example 2 , the capacity retention rate during 
the life cycle was 61 % , such that the low - temperature 
discharge efficiency , the high - temperature storage efficiency , 
and life cycle characteristics were not good . 
[ 0126 ] Therefore , it may be appreciated that the lithium 
secondary battery containing the electrolyte for a lithium 
secondary battery according to the present invention had 
significantly excellent high - temperature stability due to a 
high capacity recovery rate at 60° C . after 30 days and a low 
thickness increase rate , and had excellent low - temperature 
characteristics due to a significantly high discharge capacity 
at - 20° C . and a significantly high capacity retention rate 
during the life cycle . Therefore , it may be confirmed that 
high - temperature stability and low - temperature discharge 
capacity of the lithium secondary battery were improved by 
the cyclic sulfate compound represented by Chemical For 
mula 1 contained in the electrolyte for a lithium secondary 
battery according to the present invention . 
[ 0127 ] In addition , it may be appreciated that the electro 
lyte for a secondary battery according to the present inven 
tion further contains one or more additives selected from 
lithium bis ( oxalato ) borate ( LiB ( C2O4 ) 2 , LiBOB ) , vinylene 

carbonate ( VC ) , vinylethylene carbonate ( VEC ) , ethylene 
sulfite , ethane sultone , propane sultone ( PS ) in addition to 
the cyclic sulfate compound represented by Chemical For 
mula 1 , such that high - temperature storage stability , low 
temperature discharge capacity , and life cycle characteristics 
may be further improved . 
[ 0128 ] Further , it was confirmed that in Examples 11 and 
12 in which a mixture of the cyclic sulfate compound 
represented by Chemical Formula 1 and the cyclic sulfite 
compound represented by Chemical Formula 6 was used , 
low - temperature discharge efficiency , high - temperature stor 
age efficiency , the thickness increase rate of the battery at the 
time of keeping the battery at a high temperature , and life 
cycle characteristics were equivalent to those in Example 6 
in which the cyclic sulfate compound represented by Chemi 
cal Formula 1 was used . Therefore , it may be confirmed that 
high - temperature stability and low - temperature discharge 
capacity of the lithium secondary battery were improved by 
the cyclic sulfate compound represented by Chemical For 
mula 1 contained in the electrolyte for a lithium secondary 
battery according to the present invention . 
[ 0129 ] The electrolyte for a lithium secondary battery 
according to the present invention contains the cyclic sulfate 
compound represented by Chemical Formula 1 , such that a 
swelling phenomenon that the battery is swelled at a high 
temperature may be significantly decreased , and thus , the 
electrolyte may have excellent high - temperature storage 
characteristics . 
[ 0130 ] The electrolyte for a lithium secondary battery 
according to the present invention contains the cyclic sulfate 
compound in which two cyclic sulfates are connected via a 
spiro bond , fused with each other , or linked with each other 
via a single bond or alkylene , such that the electrolyte may 
be decomposed at the anode to efficiently form the SEI film 
while lowering resistance of the battery , thereby making it 
possible to significantly increase low - temperature discharge 
capacity as well as the high - temperature capacity recovery 
rate . 
[ 0131 ] In addition , the electrolyte for a lithium secondary 
battery according to the present invention contains the 
compound represented by Chemical Formula 1 and further 
contains one or two or more additional additives selected 
from the group consisting of the oxalatoborate based com 
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- continued continued [ Chemical Formula 3 ] 

[ Chemical Formula 4 ] 

[ Chemical Formula 5 ] 

pounds , the carbonate based compounds substituted with 
fluorine , the vinylidene carbonate based compounds , and the 
compounds containing a sulfinyl group , such that the elec 
trolyte may have more excellent life cycle characteristics , 
high - temperature stability , and low - temperature character 
istics . 
[ 0132 ] Furthermore , the lithium secondary battery accord 
ing to the present invention uses the electrolyte for a lithium 
secondary battery according to the present invention , con 
taining the cyclic sulfate compound represented by Chemi 
cal Formula 1 , such that the lithium secondary battery has 
excellent high - temperature storage stability and low - tem 
perature characteristics while maintaining excellent basic 
performance such as high - efficiency charge and discharge 
characteristics , life cycle characteristics , and the like . 
10133 ] Although the exemplary embodiments of the pres 
ent invention have been disclosed in detail , those skilled in 
the art will appreciate that various modifications are pos 
sible , without departing from the scope and spirit of the 
invention as disclosed in the accompanying claims . Accord 
ingly , such modifications of the exemplary embodiment of 
the present invention should also be understood to fall 
within the scope of the present invention . 

What is claimed is : 
1 . An electrolyte for a secondary battery comprising : 
a lithium salt ; 
a non - aqueous organic solvent ; and 
a cyclic sulfate compound represented by the following 
Chemical Formula 1 : 

wherein , in the Chemical Formulas , m is an integer of 1 
to 4 , n is an integer of 0 to 2 , and p is an integer of 0 
to 6 . 

3 . The electrolyte for a second battery of claim 2 , wherein 
the cyclic sulfate compound represented by Chemical For 
mula 3 is selected from compounds having the following 
structures : 

[ Chemical Formula 1 ] 

OL L 

wherein , in Chemical Formula 1 , 
W is 

i n WI , or 

4 . The electrolyte for a second battery of claim 2 , wherein 
the cyclic sulfate compound represented by Chemical For 
mula 4 is selected from compounds having the following 
structures : 

S } 

all L are the same and are single bonds or methylenes ; and 
m is an integer of 1 to 4 , n is an integer of 0 to 2 , and p 

is an integer of 0 to 6 . 
2 . The electrolyte for a secondary battery of claim 1 , 

wherein the cyclic sulfate compound represented by Chemi 
cal Formula 1 is represented by the following Chemical 
Formulas 2 to 5 : S 

[ Chemical Formula 2 ] 
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- continued - continued 
[ Chemical Formula 8 ] 

Sapato OSS 

[ Chemical Formula 9 ] 

[ Chemical Formula 10 ] 

wherein , in the Chemical Formulas , m is an integer of 1 
to 4 , n is an integer of 0 to 2 , and p is an integer of 0 
to 6 . 

7 . The electrolyte for a secondary battery of claim 6 , 
wherein the cyclic sulfite compound represented by Chemi 
cal Formula 8 is selected from compounds having the 
following structures : 5 . The electrolyte for a second battery of claim 1 , further 

comprising a cyclic sulfite compound represented by Chemi 
cal Formula 6 : 

[ Chemical Formula 6 ] 

wherein , in Chemical Formula 6 , 
W is OS 

I O . or 

* Mm * * \ , 

CH — ( CH2 ) p — CH 
8 . The electrolyte for a secondary battery of claim 6 , 

wherein the cyclic sulfite compound represented by Chemi 
cal Formula 9 is selected from compounds having the 
following structures : 

L is a single bond or methylene ; and 
m is an integer of 1 to 4 , n is an integer of 0 to 2 , and p 

is an integer of 0 to 6 . 
6 . The electrolyte for a secondary battery of claim 5 , 

wherein the cyclic sulfite compound represented by Chemi 
cal Formula 6 is represented by the following Chemical 
Formulas 7 to 10 : 

[ Chemical Formula 7 ] 

S = 0 
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- continued 

OS 

consisting of lithium difluoro ( oxalato ) borate ( LiFOB ) , 
lithium bis ( oxalato ) borate ( LiB ( C204 ) 2 , LiBOB ) , fluoro 
ethylene carbonate ( FEC ) , vinylene carbonate ( VC ) , vinyl 
ethylene carbonate ( VEC ) , divinyl sulfone , ethylene sulfite , 
propylene sulfite , diallyl sulfonate , ethane sultone , propane 
sultone ( PS ) , butane sultone , ethene sultone , butene sultone , 
and propene sultone ( PRS ) . 

13 . The electrolyte for a secondary battery of claim 11 , 
wherein the additive is contained at a content of 0 . 1 to 5 . 0 
wt % based on a total weight of the electrolyte . 

14 . The electrolyte for a secondary battery of claim 1 , 
wherein the non - aqueous organic solvent is selected from 
cyclic carbonate based solvents , linear carbonate based 
solvents , and a mixed solvent thereof . 

15 . The electrolyte for a secondary battery of claim 14 , 
wherein the cyclic carbonate is selected from the group 
consisting of ethylene carbonate , propylene carbonate , buty 
lene carbonate , vinylene carbonate , vinylethylene carbonate , 
fluoroethylene carbonate , and a mixture thereof , and the 
linear carbonate is selected from the group consisting of 
dimethyl carbonate , diethyl carbonate , dipropyl carbonate , 
ethyl methyl carbonate , methyl propyl carbonate , methyl 
isopropyl carbonate , ethyl propyl carbonate , and a mixture 
thereof . 

16 . The electrolyte for a secondary battery of claim 14 , 
wherein the non - aqueous organic solvent is a mixed solvent 
in which the linear carbonate solvent and the cyclic carbon 
ate solvent are mixed at a mixed volume ratio of 1 : 1 to 9 : 1 . 

17 . The electrolyte for a secondary battery of claim 1 , 
wherein the lithium salt is one or two or more selected from 
the group consisting of LiPF6 , LiBF4 , LiC104 , LiSbF6 , 
LiAsF . , LiN ( SO2C2F3 ) 2 , LiN ( CF2SO2 ) 2 , LiN ( SO3C2F5 ) 2 , 
LiN ( SOF ) 2 , LiCF2SO3 , LiC F , SO3 , LiC6H3SO3 , LiSCN , 
LiA1O2 , LiAlCl4 , LiN ( C2F2x + 1S02 ) ( C , F2v + 1S02 ) ( here , x 
and y are natural numbers ) , LiCl , Lil , and LiB ( C2O4 ) 2 . 

18 . The electrolyte for a secondary battery of claim 1 , 
wherein the lithium salt is contained at a concentration of 0 . 1 
to 2 . 0 M . 

19 . A lithium secondary battery comprising the electrolyte 
for a secondary battery of claim 1 . 

= 0 . 

9 . The electrolyte for a secondary battery of claim 1 , 
wherein the cyclic sulfate compound represented by Chemi 
cal Formula 1 is contained at a content of 0 . 1 to 5 . 0 wt % 
based on a total weight of the electrolyte . 

10 . The electrolyte for a secondary battery of claim 5 , 
wherein the cyclic sulfite compound represented by Chemi 
cal Formula 6 is contained at a content of 0 . 001 to 20 mol 
% based on a total mole of the cyclic sulfate compound 
represented by Chemical Formula 1 and the cyclic sulfite 
compound represented by Chemical Formula 6 . 

11 . The electrolyte for a secondary battery of claim 1 , 
further comprising one or two or more additives selected 
from the group consisting of oxalatoborate based com 
pounds , carbonate based compounds substituted with fluo 
rine , vinylidene carbonate based compounds , and com 
pounds containing a sulfinyl group . 

12 . The electrolyte for a secondary battery of claim 11 , 
further comprising an additive selected from the group 


