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(57) ABSTRACT 

An organic electrolytic Solution comprising a nonaqueous 
Solvent and a lithium Salt, wherein the organic electrolytic 
Solution comprises a compound of Formula 1 and at least 
one Selected from compounds of Formulas 2 through 5: 

<Formula 1) 

-continued 
<Formula 2> 

O O 

<Formula 3> 
O O 

R o 

wherein R a C1-C10 alkoxy group, 

<Formula 4 

wherein R and R are independently unsubstituted C1-C5 
alkyl group or C1-C5 alkyl group Substituted with halogen 
atom, 

<Formula 5> 
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ORGANIC ELECTROLYTIC SOLUTION AND 
LITHIUM BATTERY EMPLOYING THE SAME 

BACKGROUND OF THE INVENTION 

0001. This application claims priority from Korean 
Patent Application No. 2002-52290, filed on Aug. 31, 2002, 
in the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein in its entirety by reference. 

0002) 1. Field of the Invention 
0003. The present invention relates to an organic elec 
trolytic Solution and a lithium battery employing the same. 
More particularly, the invention relates to an organic elec 
trolytic Solution which can effectively Suppress Swelling of 
a battery, and a lithium battery employing the Same. 

0004 2. Description of the Related Art 
0005 AS portable electronic devices such as a video 
cameras, mobile phones or notebook type personal comput 
erS become lightweight and highly functional, extensive 
research into batteries used as power Sources for driving the 
portable electronic devices is underway. In particular, 
rechargeable lithium Secondary batteries have gained most 
attention and are vigorously Studied because they have 
approximately three times a higher energy density per 
weight and are rapidly rechargeable, compared with con 
ventional batteries such as Pb storage batteries, Ni-Cd 
batteries, Ni-H batteries or Ni-Zn batteries. 

0006 When a liquid electrolyte is used for a lithium 
Secondary battery, various problems are encountered in View 
of Safety, Such as risk of fire due to leakage, damage to a 
battery due to evaporation. To avoid Such problems, attempts 
to use a Solid electrolyte, instead of a liquid electrolyte, have 
been made. 

0007. In general, since a solid electrolyte is free from risk 
of leakage of an electrolytic Solution and easily prepared, 
compared to a liquid electrolyte, it has attracted much 
attention and extensive research is underway. Specifically, 
polymeric Solid electrolytes are vigorously Studied. Known 
polymeric Solid electrolytes are classified into a Solid type in 
which no organic electrolytic Solution is contained at all, and 
a gel type in which an organic electrolytic Solution is 
contained. 

0008 Alithium battery driven at a high operating voltage 
cannot employ a conventional aqueous electrolytic Solution 
because lithium of an anode Violently reacts with the aque 
ous Solvent of the electrolytic Solution. Thus, an organic 
electrolytic Solution having a lithium Salt dissolved in a 
nonaqueous organic Solvent is used as an electrolytic Solu 
tion for a lithium battery. AS the organic Solvent, a low 
Viscosity organic Solvent having high ionic conductivity and 
a high dielectric constant is preferably used. However, a 
nonaqueous organic Solvent Satisfying these requirements 
does not exist in a single form. Thus, a mixed Solvent of a 
highly dielectric organic Solvent and a low Viscosity organic 
Solvent, can be used. 

0009 U.S. Pat. Nos. 6,114,070 and 6,048,637 disclose a 
method of increasing the ionic conductivity of an organic 
Solvent using a mixed Solvent of chain carbonate and cyclic 
carbonate, that is, a mixture of dimethylcarbonate or dieth 
ylcarbonate and ethylenecarbonate or propylene carbonate. 
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0010. However, the mixed solvent can only be used at 
120° C. or less but cannot used at a temperature higher than 
120° C. because gas is generated due to vapor press, 
resulting in Swelling of a battery. 

0.011 U.S. Pat. Nos. 5,352,548, 5,712,059 and 5,714,281 
disclose an electrolytic Solution comprising an organic Sol 
vent having at least 20% vinylene carbonate (VC). 

0012 However, since VC has a smaller dielectric con 
Stant than ethylene carbonate, propylene carbonate or Y-bu 
tyrolactone, charging/discharging performance and high 
rate performance of a battery considerably deteriorate when 
it is used as a main Solvent. 

0013 U.S. Pat. No. 5,626,981 discloses a method of 
forming Surface Electrolyte Interphase (SEI) on the surface 
of an anode by adding VC to an electrolytic Solution at an 
initial charging/discharging cycle. Japanese Patent Laid 
Open Publication No. 2002-33127 discloses uses of an 
additive for an electrolytic Solution having electrochemi 
cally stability. Also, Japanese Patent Laid-Open Publication 
No. 2001-217001 describes use of an additive for a non 
aqueous electrolytic Solution of a Secondary battery provid 
ing inflammability, good low-temperature performance and 
reduced interface resistance by using a phosphagen deriva 
tive. 

0014) Japanese Patent Laid-Open Publication No.2001 
176548 describes that the irreversible capacity of a lithium 
ion cell is minimized during the first cycle and cycle 
capacity of the cell is maintained at low temperature by 
employing a Sulfuric ester additive. 

0015. However, when such batteries are stored at high 
temperature, the cell thickness exceeds an allowable limit, 
resulting in deformation of a battery pack, making use of the 
battery impossible. 

0016 Japanese Patent Laid-Open Publication No. 1999 
273725 discloses improvement of a battery by use of 205H)- 
furanone. According to this patent, in a battery System using 
LiCoO or LiMn2O as a cathode active material and natural 
graphite as an anode active material, when 0.1-5 wt % of 
2(5H)-furanone is used, the charging/discharging efficiency 
of the battery is improved with repetition of 50 cycles. 
However, use of natural graphite as an anode active material 
lowers the overall efficiency of the battery. 

SUMMARY OF THE INVENTION 

0017. The present invention provides an organic electro 
lytic Solution capable of effectively Suppressing SWelling of 
a battery even with repeated charging/discharging cycles, 
and a lithium battery employing the lithium battery having 
improved reliability. 

0018. In an aspect of the present invention, there is 
provided a organic electrolytic Solution comprising a non 
aqueous Solvent and a lithium Salt, wherein the organic 
electrolytic Solution comprises a compound of Formula 1 
and at least one Selected from compounds of Formulas 2 
through 5: 
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<Formula 1) 

R 

<Formula 2> 

<Formula 3> 

0.019 wherein R a C1-C10 alkoxy group, 

<Formula 4 

0020 wherein R and R are independently unsubstituted 
C1-C5 alkyl group or C1-C5 alkyl group substituted with 
halogen atom, 

<Formula 5> 

0021 wherein n is an integer between 1 and 6. 
0022. In the organic electrolytic solution, the total 
amount of the compound of Formula 1 and at least one 
among the compounds of Formulas 2 through 5 is preferably 
0.01 to 1.5 parts by weight per 100 parts by weight of the 
nonaqueous Solvent. Also, it is preferable that the compound 
of Formula 1 and at least one Selected from compounds of 
Formulas 2 through 5 are mixed in a ratio of 1:1.5-1:40 by 
weight. 

0023. In the nonaqueous solvent, the cyclic carbonate 
Solvent and the chain carbonate Solvent are preferably mixed 
in a ratio of 1:1-1:4 by volume. 
0024 Examples of the chain carbonate solvent include at 
least one Selected from the group consisting of dimethyl 
carbonate, ethyl methyl carbonate, diethyl carbonate, dipro 
pyl carbonate, dimethoxyethane, diethoxyethane and a 
C3-C8 aliphatic ester derivative. Examples of the cyclic 
carbonate Solvent include at least one Selected from the 
group consisting of ethylene carbonate, propylene carbon 
ate, butylene carbonate and Y-butyrolactone. 
0.025 In particular, the compound of Formula 4 is pref 
erably dimethyl vinylene carbonate and the compound of 
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Formula 5 is preferably fluorobenzene, difluorobenzene, 
trifluorobenzene, tetrafluorobenzene, pentafluorobenzene or 
hexafluorobenzene. 

0026. The lithium salt composing the organic electrolytic 
Solution according to the present invention is at least one 
Selected from the group consisting of LiClO, LiCFSO, 
LiPF, LiN(CFSO), LiBF, LiC(CFSO), and 
LiN(CFSO), and the concentration of the lithium salt is 
preferably about 0.5 to about 2 M. 
0027. In another aspect of the present invention, there is 
provided a lithium battery comprising a cathode, an anode 
and the organic electrolytic Solution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. The above and other features and advantages of the 
present invention will become more apparent by describing 
in detail exemplary embodiments thereof with reference to 
the attached drawings in which: 
0029 FIG. 1 illustrates electrochemical characteristics of 
an organic electrolytic Solution in a lithium Secondary bat 
tery prepared in Reference Example 1 of the present inven 
tion; 
0030 FIG. 2 is a graphical representation illustrating cell 
thickness after charging and discharging in lithium Second 
ary batteries prepared in Example 2 of the present invention 
and Comparative Example 2, 
0031 FIG. 3 is a graphical representation illustrating a 
change in cell thickness after storage at 85 C. for 4 hours 
in lithium Secondary batteries prepared in Example 2 of the 
present invention and Comparative Example 2, 
0032 FIG. 4 is a graphical representation illustrating 
charging/discharging performance of lithium Secondary bat 
teries manufactured in Example 2 of the present invention 
and Comparative Example 2, 
0033 FIG. 5 is a graphical representation illustrating 
cycle performance of lithium Secondary batteries manufac 
tured in Example 2 of the present invention and Compara 
tive Example 2, and 
0034 FIG. 6 is an exploded view showing an example of 
a lithium battery using a pouch as a case. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0035. The organic electrolytic solution according to the 
present invention essentially includes a compound of For 
mula 1 as a well as a nonaqueous Solvent and a lithium Salt 
and optionally includes at least one Selected from com 
pounds of Formulas 2 through 5. Use of the organic elec 
trolytic Solution gives an SEl layer having a good interface 
characteristic on the Surface of an anode, thereby effectively 
Suppressing SWelling of the battery without lowering ionic 
conductivity. 

1r 
<Formula 1) 
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-continued 
<Formula 2> 

2O 

<Formula 3> 
O O 

R 

0036 wherein R a C1-C10 alkoxy group, 

<Formula 4 

0037 wherein R and R are independently unsubstituted 
C1-C5 alkyl group or C1-C5 alkyl group substituted with 
halogen atom, 

<Formula 5> 

0.038 wherein n is an integer between 1 and 6. 
0039. In Formula 3, concrete examples of R include a 
methoxy group, an ethoxy group, a propyloxy group, a 
butyloxy group and a pentyloxy group. In Formula 2, 
concrete examples of R and R include a methyl group, an 
ethyl group, a propyl group, a butyl group and a pentyl 
grOup. 

0040 Examples of the compound of Formula 4 include 
dimethyl vinylene carbonate. Examples of the compound of 
Formula 5 include fluorobenzene, difluorobenzene, trifluo 
robenzene, tetrafluorobenzene, pentafluorobenzene and 
hexafluorobenzene. 

0041. In the organic electrolytic solution, the total 
amount of the compound of Formula 1 and at least one 
among the compounds of Formulas 2 through 5 is preferably 
0.01 to 1.5 parts by weight per 100 parts by weight of the 
nonaqueous Solvent. If the total amount of the compound of 
Formula 1 and at least one among the compounds of 
Formulas 2 through 5 is less than 0.01 parts by weight, the 
effect of Suppressing Swelling is not exhibited. If the total 
amount of the compound of Formula 1 and at least one 
among the compounds of Formulas 2 through 5 is greater 
than 1.5 parts by weight, the capacity and cycle performance 
of a battery undesirably deteriorate. 
0.042 Also, it is preferable that the compound of Formula 
1 and at least one Selected from compounds of Formulas 2 
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through 5 are mixed in a ratio of 1:1.5-1:40 by weight. If the 
proportion of at least one Selected from compounds of 
Formulas 2 through 5 to the compound of Formula 1 exceeds 
the range specified, the capacity and cycle performance of a 
battery are lowered. If the proportion of at least one Selected 
from compounds of Formulas 2 through 5 to the compound 
of Formula 1 is less than the range specified above, the effect 
of Suppressing Swelling is not exhibited. 
0043. The nonaqueous solvent includes a cyclic carbon 
ate Solvent as a highly dielectric Solvent and a chain car 
bonate Solvent as low boiling point Solvent. Examples of the 
highly dielectric Solvent include ethylene carbonate, propy 
lene carbonate, butylene carbonate, Y-butyrolactone, and 
mixtures thereof. Examples of the low boiling point solvent 
include dimethyl carbonate, ethyl methyl carbonate, diethyl 
carbonate, dipropyl carbonate, dimethoxyethane, diethoxy 
ethane, C3-C8 aliphatic ester derivatives and mixtures 
thereof. 

0044) The cyclic carbonate solvent and the chain carbon 
ate solvent are mixed in a ratio of 1:1-1:4 by volume. If the 
proportion of the chain carbonate Solvent (low boiling point 
Solvent) to the cyclic carbonate Solvent (high dielectric 
constant Solvent) exceeds the range specified above, the 
charging/discharging efficiency and capacity of a battery are 
reduced. If the proportion of the chain carbonate Solvent 
(low boiling point Solvent) to the cyclic carbonate Solvent 
(high dielectric constant Solvent) is less than the range 
Specified above, the low temperature performance of a 
battery is rapidly lowered. 

0045 Any lithium salt generally used in the field can be 
used. For example, at least one compound Selected from the 
group consisting of LiClO, LiCFSO, LiPF, 
LiN(CFSO), LiBF, LiC(CFSO) and LiN(CFSO) 
can be used as the lithium salt. It is preferable that the 
concentration of the lithium Salt in the electrolytic Solution 
is in a range of 0.5-2.0 M. 
0046) A lithium battery employing the organic electro 
lytic Solution according to the present invention and a 
manufacturing method thereof will now be described. The 
type of the lithium battery according to the present invention 
is not particularly limited and the invention can be applied 
to both a lithium Secondary battery Such as a lithium ion 
battery or a lithium ion polymer battery and a lithium 
primary battery. 

0047 First, a cathode active material, a conductive agent, 
a binder and a Solvent are mixed to prepare a cathode active 
material composition. The cathode active material compo 
Sition is directly coated on an aluminum current collector 
and dried to prepare a cathode plate. Alternatively, the 
cathode active material composition is cast on a Separate 
Support, and a film peeled off from the Support is laminated 
on the aluminum current collector to prepare a cathode. 
0048. A lithium containing metal oxide, e.g., LiCoO, 
LiMnO2 or LiNi-MnO2 (x=1, 2), Sulfur or a Sulfur 
containing compound is preferably used as the cathode 
active material. Carbon black is used as the conductive 
agent. Examples of the binder include Vinylidenefluoride/ 
hexafluoropropylene copolymer, polyvinylidenefluoride, 
polyacylornitrile, polymethylmethacrylate, polytetrafluoro 
ethylene and mixtures thereof. Also, N-methylpyrrolidone 
or acetone is used as the Solvent. The cathode active mate 
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rial, the conductive agent, the binder and the Solvent are used 
in amounts that are generally used in the field of a lithium 
battery. 

0049. Like in the manufacture of the cathode plate, an 
anode active material, a conductive agent, a binder and a 
Solvent are mixed to prepare an anode active material 
composition. The anode active material composition is 
directly coated on a copper current collector or cast on a 
Separate Support. An anode active material film peeled off 
from the Support is laminated on the copper current collector 
to prepare an anode. AS the anode active material, lithium 
metal, a lithium alloy, a carbonaceous material or graphite is 
used. The conductive agent, the binder and the Solvent used 
in the anode active material composition are the same as 
those used in the cathode active material composition. In 
Some cases, a plasticizer may be further added to each of the 
cathode active material composition and the anode active 
material composition in order to form pores in each elec 
trode plate. 
0050 Any separator that is generally used for a lithium 
battery can be used as the Separator. Specifically, a separator 
that is less resistive to ion migration of an electrolyte and has 
high capability of impregnating an electrolytic Solution is 
preferred. In more detail, at least one Selected from the group 
consisting of glass fiber, polyester, Teflon, polyethylene, 
polypropylene, polytetrafluoroethylene (PTFE), and combi 
nations thereof may be used in either form of a non-woven 
or woven Separator. That is to say, in the case of a lithium 
ion battery, a windable Separator made of a material Such as 
polyethylene or polypropylene. In the case of a lithium ion 
polymer battery, a separator having high capability of 
impregnating an organic electrolytic Solution is used. These 
Separators can be manufactured as follows. 
0051 A polymer resin, a filler and a solvent are mixed to 
prepare a separator composition. 
0.052 The separator composition is directly coated on an 
electrode and dried to form a separator film. Alternatively, 
the Separator composition is cast on a Support and dried, 
followed by peeling off the separator film from the Support. 
The Separator film is laminated on the electrode. 
0053. The polymer resin is not specifically limited and 
any material that is used for a binder of an electrode plate 
can be used. Examples of the polymer resin useful in the 
present invention include a vinylidenefluoride/hexafluoro 
propylene copolymer, polyvinylidenefluoride, polyacryloni 
trile, polymethylmethacrylate and mixtures thereof. Particu 
larly, a Vinylidenefluoride-hexafluoropropylene copolymer 
having 8 to 25% by weight of hexafluoropropylene is used. 

0.054 The separator is interposed between the cathode 
and the anode to form a battery assembly. The battery 
assembly is wound or folded to then be put into a cylindrical 
battery case or a rectangular battery case, followed by 
injecting the organic electrolytic Solution, thereby complet 
ing the lithium battery according to the present invention. 

0055. In the present invention, the term “parts by vol 
ume' indicates relative Volume. 

0056. The present invention will be described in greater 
detail with reference to the following examples. The fol 
lowing examples are for illustrative purposes and are not 
intended to limit the Scope of the invention. 
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PREPARATION EXAMPLE 1. 

0057 30 parts by volume ethylene carbonate, 5 parts by 
volume dimethyl carbonate, 55 parts by volume ethylmethyl 
carbonate, 10 parts by volume fluorobenzene (10.24 parts by 
weight, density: 1.024) which is one of compounds of 
Formula 5, 0.35 parts by weight 2(5H)-furanone of Formula 
1 were mixed and LiPF was added thereto to prepare a 
1.15M organic electrolytic solution. 

PREPARATION EXAMPLE 2 

0058 An organic electrolytic solution was prepared in 
the same manner as in Preparation Example 1, except that 
0.3 parts by weight 2(5H)-furanone of Formula 1 was used 
and 0.05 parts by weight 2(3H)-furanone of Formula 2 was 
further added. 

PREPARATION EXAMPLE 3 

0059 An organic electrolytic solution was prepared in 
the same manner as in Preparation Example 1, except that 
0.3 parts by weight 2(5H)-furanone of Formula 1 was used 
and 0.05 parts by weight 4-methoxy-2(5H)-furanone of 
Formula 3 was further added. 

PREPARATION EXAMPLE 4 

0060 An organic electrolytic solution was prepared in 
the same manner as in Preparation Example 1, except that 
0.3 parts by weight 2(5H)-furanone of Formula 1 was used 
and 0.05 parts by weight 4,5-dimethyl-vinylene carbonate of 
Formula 4 was further added. 

COMPARATIVE PREPARATION EXAMPLE 1. 

0061 30 parts by volume ethylene carbonate, 5 parts by 
volume dimethyl carbonate, 55 parts by volume ethylmethyl 
carbonate and 10 parts by volume fluorobenzene were mixed 
and LiPF was added thereto to prepare a 1.15 M organic 
electrolytic Solution. 

COMPARATIVE PREPARATION EXAMPLE 2 

0062 30 parts by volume ethylene carbonate, 5 parts by 
volume dimethyl carbonate, 55 parts by volume ethylmeth 
ylcarbonate and 0.35 parts by volume vinyl sulfone were 
mixed and LiPF was added thereto to prepare a 1.15 M 
organic electrolytic Solution. 

REFERENCE PREPARATION EXAMPLE 1. 

0063 50 parts by volume ethylene carbonate, 50 parts by 
Volume propylene carbonate and 6 parts by weight 2(5H)- 
furanone of Formula 1 were mixed and LiPF was added 
thereto to prepare a 1.2 M organic electrolytic Solution. 

EXAMPLE 1. 

0064 96 parts by weight LiCoO, 2wt % polyvinylidene 
fluoride (PVdF) and 2 parts by weight a conductive agent for 
facilitating electron migration were mixed and N-methylpyr 
rolidone (NMP) and ceramic balls were added thereto. The 
resulting mixture was placed in a 200 ml plastic bottle and 
mixed well for 10 hours to prepare a cathode active material 
forming composition. 
0065. The cathode active material forming composition 
was cast on a 15 um thick aluminum foil using a doctor blade 
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having a gap of 250 um, and dried at an oven maintained at 
approximately 110° C. for approximately 12 hours to com 
pletely evaporate NMP, followed by roll pressing, thereby 
obtaining a 95 um thick cathode. 
0.066 Separately, 93 parts by weight graphite-based 
MCMB 2528 (Osaka Gas Co.) as an anode active material, 
7 parts by weight PVdF as a binder and NMP were well 
mixed, and ceramic balls are added thereto, followed by 
mixing well for approximately 10 hours to prepare an anode 
active material forming composition. 
0067. The anode active material forming composition 
was cast on a 19 um thick copper foil using a doctor blade 
having a gap of 300 um, and dried at an oven maintained at 
approximately 90° C. for approximately 10 hours to com 
pletely evaporate NMP, followed by roll pressing, thereby 
obtaining a 120 um thick anode. 
0068 A 20 um thick polyethylene/polypropylene 
microporous layer (Hoest Cellanese, USA) was used as the 
Separator. The Separator was interposed between the cathode 
and the anode, thereby fabricating a battery assembly. Next, 
the battery assembly was accommodated in a battery case 
and the organic electrolytic Solution prepared in Preparation 
Example 1, 2, 3 or 4 was impregnated into the battery case, 
thereby manufacturing a rectangular lithium Secondary bat 
tery having a capacity of 900 mAh. The assembled battery 
had a thickness of 5.9 mm. In order to evaluate character 
istics of the organic electrolytic Solution prepared in Prepa 
ration Example 1, 2, 3 or 4, four batteries were prepared in 
the above-described manner. 

EXAMPLE 2 

0069. A polymer electrolyte forming composition was 
prepared in Such a manner that 15 g of a monomer Solution 
for forming a VdE-HFP copolymer was put in a 250 ml 
bottle containing 100 ml each electrolytic Solution prepared 
in Preparation Example 1, 2, 3 and 4, and the resultant 
product was left at an oven maintained at 80 C. for 
approximately 1 hour, followed by violently stirring for 
complete dissolution. 
0070 The cathode and the anode were fabricated in the 
Same manner as in Example 1. 
0071. The cathode was placed on a glass substrate, the 
polymer electrolyte forming composition was applied 
thereon and cast using a doctor blade having a thickness of 
200 um and the resultant structure was allowed to stand 
under a dry atmosphere in which moisture was adjusted to 
15 ppm or leSS for approximately one minute, thereby 
forming a polymer electrolyte coated cathode. 
0.072 Like in the cathode, the anode was placed on a 
glass Substrate, the polymer electrolyte forming composition 
was cast on the resulting anode, and resultant Structure was 
allowed to Stand under a dry atmosphere for approximately 
one minute, thereby forming a polymer electrolyte coated 
anode. 

0073. Thereafter, the polymer electrolyte coated cathode 
and anode were wound in a jelly-roll type, followed by 
pressing using a hot pressing having a pressure of approxi 
mately 96 N/cm for approximately one minute, thereby 
manufacturing a rectangular lithium Secondary battery hav 
ing a capacity of 900 mAh. 

COMPARATIVE EXAMPLE 1. 

0.074 Arectangular lithium secondary battery was manu 
factured in the same manner as in Example 1, except that the 
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organic electrolytic Solution prepared in Comparative Prepa 
ration Example 1 or 2 was used instead of the organic 
electrolytic Solution prepared in Preparation Example 1, 2, 3 
or 4. 

COMPARATIVE EXAMPLE 2 

0075 A rectangular lithium secondary battery was manu 
factured in the same manner as in Example 2, except that the 
organic electrolytic Solution prepared in Comparative Prepa 
ration Example 1 or 2 was used instead of the organic 
electrolytic Solution prepared in Preparation Example 1, 2, 3 
or 4. 

REFERENCE EXAMPLE 1. 

0076 A three-electrode system (Li/Carbon/Li) battery 
was manufactured using the organic electrolytic Solution 
prepared in Reference Preparation Example 1, instead of the 
organic electrolytic Solution prepared in Preparation 
Example 1, 2, 3 or 4. 
0077. In the lithium secondary battery manufactured in 
Reference Example 1, electrochemical characteristics of the 
organic electrolytic Solution prepared in Reference Prepa 
ration Example 1 were evaluated by cyclic Voltametry. Here, 
a Scanning rate was approximately 1 mV/sec. 
0078 Evaluation results of the electrochemical charac 
teristics are shown in FIG. 1. 

0079 Referring to FIG. 1, clear peaks appeared at 
approximately 1.2 V due to presence of 205H)-furanone of 
Formula 1, Suggesting that 2(5H)-furanone of Formula 1 
added to the organic electrolytic Solution was reduced faster 
than other components to forman SEI on the surface of the 
anode, thereby Suppressing an evaporation pressure of the 
electrolytic Solution. 
0080. The lithium secondary batteries prepared in 
Example 2 and Comparative Example 2 each having a 
capacity of 900 mAh were charged with a current rate of 1 
C, Stored at a constant-temperature, constant humidity tank 
maintained at approximately 85 C. for approximately 4 
hours, and discharged with a current rate of 0.5 C to reach 
3.0 V. Then, each recovery capacity was measured. The 
measurement results are shown in Table 1. 

TABLE 1. 

Discharge Capacity 
capacity recovery 
(mAh) ratio (%) 

Example 2 (Electrolytic solution of 820.6 91.40 
Preparation Example 1) 
Example 2 (Electrolytic solution of 81470 90.51 
Preparation Example 2) 
Example 2 (Electrolytic solution of 828 92.OO 
Preparation Example 3) 
Example 2 (Electrolytic solution of 832.9 92.70 
Preparation Example 4) 
Comparative Example 2 813.8 90.42 
(Electrolytic solution 
of Comparative Preparation Example 1) 
Comparative Example 2 814.5 9O.SO 
(Electrolytic solution 
of Comparative Preparation Example 2) 

0081. It was understood from Table 1 that the capacity 
recovery ratio of the lithium secondary battery of Example 
2 was 1-3% higher than that of the lithium secondary battery 
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of Comparative Example 2. The lithium secondary battery 
using the electrolytic Solution of Comparative Example 2 
had Substantially the same capacity recovery ratio as that of 
the lithium Secondary battery using the electrolytic Solution 
of Comparative Preparation Example 1. 

0082. After measuring the recovery capacities of the 
lithium Secondary batteries manufactured in Example 2 and 
Comparative Example 2, each having a capacity of 900 
mAh, in order to evaluate charging/discharging characteris 
tics, the batteries were charged again with a current rate of 
1 C under the constant-current, constant-voltage conditions 
until a potential reached 4.2 V, and then discharged with a 
current rate of 1 C under the constant-current condition until 
a potential reached 3.0 V. The results are shown in FIG. 5. 
0083) Referring to FIG. 5, not only the lithium battery 
using 2(5H)-furanone but also the lithium batteries using the 
electrolytic Solution prepared in Preparation Examples 2,3 
and 4 exhibited high charging/discharging performance, that 
is, over 80% of the initial capacity, after repetition of 300 
cycles. 

0084. The rectangular lithium secondary batteries manu 
factured in Example 2 and Comparative Example 2 were 
charged with a current rate of 0.2 C under the constant 
current, constant-voltage conditions until a potential reached 
4.2 V, and discharged with a current rate of 0.2 C under a 
constant-current condition until a potential reached 3.0 V. 
Then, each cell thickness was measured, and the result 
thereof is shown in FIG. 2, in which A, B, C and D indicate 
thicknesses of the lithium Secondary batteries using the 
organic electrolytic Solutions prepared in Preparation 
Examples 1, 2, 3 and 4 of Example 2, respectively, and E 
indicates a thickness of the lithium Secondary battery using 
organic electrolytic Solution prepared in Comparative Prepa 
ration Example 2 of Comparative Example 2. 

0085. Referring to FIG. 2, the batteries using the organic 
electrolytic Solutions prepared in Preparation Examples 1, 2, 
3 and 4 showed an increase in the cell thickness within the 
Standard limit of 5.4 mm, in which Swelling Suppression is 
effectuated. 

0.086. After storing the rectangular lithium secondary 
batteries manufactured in Example 2 and Comparative 
Example 2 at 85 C. for 4 hours, each cell thickness was 
measured, and the result is shown in FIG. 3, in which A, B, 
C, D and E are the same as those in FIG. 2. 

0087. Referring to FIG.3, the lithium secondary batteries 
using the electrolytic Solutions prepared in Preparation 
Examples 1, 2, 3 and 4 Example 2 were more effective in 
Suppressing an increase in the Swelling Suppression thick 
neSS than the lithium Secondary battery using the electrolytic 
Solution prepared in Comparative Example 2. 

0088. The rectangular lithium secondary batteries manu 
factured in Example 2 and Comparative Example 2 were 
charged with a current rate of 0.5 C under the constant 
current, constant-voltage conditions until a potential reached 
4.2 V, stored at -20° C. for 16 hours and discharged with a 
current rate of 0.2 C under the constant-current condition 
until the potential reached 2.75 V. Then, charging/discharg 
ing characteristics were evaluated, and the results thereof are 
shown in FIG. 4, in which A, B, C, D and E are the same 
as those in FIG. 2. 
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0089 Referring to FIG. 4, the batteries using additives 
like in Preparation Examples 2.3 and 4 exhibited better 
low-temperature performance than the battery using 205H)- 
furanone only like in Preparation Example 1. 
0090 The rectangular lithium secondary batteries manu 
factured in Example 2 and Comparative Example 2 were 
charged with a current rate of 1 C under the constant-current, 
constant-voltage conditions until a potential reached 4.2 V, 
Stored for 10 minutes and discharged with a current rate of 
1 C under the constant-current condition until the potential 
reached 2.75 V. Then, a change in the discharge capacity 
depending on the number of cycles was investigated, and the 
results thereof are shown in FIG. 5, in which A, B, C, D and 
E are the same as those in FIG. 2. 

0091 Referring to FIG. 5, the lithium secondary battery 
of Example 2 had better cycle performance than the lithium 
secondary battery of Comparative Example 2. In FIG. 5, the 
black Solid line indicates that 80% of the initial capacity is 
maintained at the 300" cycle. 
0092. Use of the organic electrolytic solution according 
to the present invention allows Swelling of a battery to be 
effectively Suppressed even after repeating charging/dis 
charging cycles after forming the battery at room tempera 
ture, charging under Standard conditions and Storing at high 
temperature. Also, a highly reliable lithium battery having a 
high capacity recovery ratio even after Stored at high tem 
perature can be attained. 
0093 FIG. 6 is an exploded perspective view showing an 
example of a lithium battery using a pouch as a case. 
0094) Referring to FIG. 6, a lithium ion battery includes 
an electrode assembly 10 having a cathode 11, an anode 12 
and a separator 13, and a case 14 Surrounding and hermeti 
cally sealing the electrode assembly 10. Here, the electrode 
assembly 10 is formed such that the separator 13 is inter 
posed between the cathode 11 and the anode 12 and wound. 
A cathode tap 12" and an anode tap 12", Serving as electrical 
passageways between the electrode assembly 10 and the 
outside, are drawn from the cathode 11 and the anode 12, 
respectively, to form electrode terminals 13" and 13". In 
FIG. 6, an electrolytic solution is not shown. 
0095 The present invention has been described by way 
of exemplary embodiments to which it is not limited. 
Variation and modifications will occur to those skilled in the 
art without departing from the Scope of the present invention 
as recited in the claims appended hereto. 

What is claimed is: 
1. An organic electrolytic Solution comprising a nonaque 

ous Solvent and a lithium Salt, wherein the organic electro 
lytic Solution comprises a compound of Formula 1 and at 
least one Selected from compounds of Formulas 2 through 5: 

<Formula 1) 

<Formula 2> 
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-continued 
<Formula 3> 

R 

wherein R a C1-C10 alkoxy group, 

<Formula 4 

wherein R and R are independently unsubstituted C1-C5 
alkyl group or C1-C5 alkyl group Substituted with halogen 
atom, 

<Formula 5> 

wherein n is an integer between 1 and 6. 
2. The organic electrolytic Solution of claim 1, wherein 

the total amount of the compound of Formula 1 and at least 
one among the compounds of Formulas 2 through 5 is 0.01 
to 1.5 parts by weight per 100 parts by weight of the 
nonaqueous Solvent. 

3. The organic electrolytic Solution of claim 1, wherein 
the compound of Formula 1 and at least one Selected from 
compounds of Formulas 2 through 5 are mixed in a ratio of 
1:1.5-1:40 by weight. 

4. The organic electrolytic Solution of claim 1, wherein 
the nonaqueous Solvent includes the cyclic carbonate Solvent 
and the chain carbonate Solvent. 

5. The organic electrolytic solution of claim 4, wherein 
the cyclic carbonate Solvent and the chain carbonate Solvent 
are mixed in a ratio of 1:1-1:4 by volume. 

6. The organic electrolytic Solution of claim 4, wherein 
the chain carbonate Solvent is at least one Selected from the 
group consisting of dimethyl carbonate, ethyl methyl car 
bonate, diethyl carbonate, dipropyl carbonate, dimethoxy 
ethane, diethoxyethane and a C3-C8 aliphatic ester deriva 
tive. 

7. The organic electrolytic solution of claim 4, wherein 
the cyclic carbonate Solvent is at least one Selected from the 
group consisting of ethylene carbonate, propylene carbon 
ate, butylene carbonate and Y-butyrolactone. 

8. The organic electrolytic solution of claim 1, wherein 
the compound of Formula 4 is dimethyl vinylene carbonate. 

9. The organic electrolytic solution of claim 1, wherein 
the compound of Formula 5 is fluorobenzene, difluoroben 
Zene, trifluorobenzene, tetrafluorobenzene, pentafluoroben 
Zene or hexafluorobenzene. 
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10. The organic electrolytic solution of claim 1, wherein 
the lithium Salt composing the organic electrolytic Solution 
is at least one Selected from the group consisting of LiClO, 
LiCFSO, LiPF, LiN(CFSO), LiBF, LiC(CFSO), 
and LiN(CFSO), and the concentration of the lithium 
Salt is about 0.5 to about 2 M. 

11. A lithium battery comprising: 

a cathode; 

an anode, and 
an organic electrolytic Solution comprising a nonaqueous 

Solvent and a lithium Salt, wherein the organic electro 
lytic Solution comprises a compound of Formula 1 and 
at least one Selected from compounds of Formulas 2 
through 5: 

wherein R a C1-C10 alkoxy group, 

<Formula 1) 

<Formula 2> 

<Formula 3> 

<Formula 4 

wherein R and R are independently unsubstituted 
C1-C5 alkyl group or C1-C5 alkyl group Substituted 
with halogen atom, 

<Formula 5> 

wherein n is an integer between 1 and 6. 
12. The lithium battery of claim 11, wherein the total 

amount of the compound of Formula 1 and at least one 
among the compounds of Formulas 2 through 5 is 0.01 to 1.5 
parts by weight per 100 parts by weight of the nonaqueous 
Solvent. 

13. The lithium battery of claim 11, wherein the com 
pound of Formula 1 and at least one Selected from com 
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pounds of Formulas 2 through 5 are mixed in a ratio of 15. The lithium battery of claim 14, wherein the cyclic 
1:1.5-1:40 by weight. carbonate Solvent and the chain carbonate Solvent are mixed 

14. The lithium battery of claim 11, wherein the nonaque- in a ratio of 1:1-1:4 by volume. 
ous Solvent includes the cyclic carbonate Solvent and the 
chain carbonate Solvent. k . . . . 


