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ABSTRACT

In an aspect, an electrolyte for a lithium secondary battery

that includes a compound represented by Formula 1, a non-

aqueous organic solvent, and a lithium salt, and a lithium
secondary battery including the electrolyte are provided.
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ELECTROLYTE FOR LITHIUM SECONDARY
BATTERY AND LITHIUM SECONDARY
BATTERY EMPLOYING THE SAME

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] Any and all priority claims identified in the Appli-
cation Data Sheet, or any correction thereto, are hereby incor-
porated by reference under 37 CFR 1.57. For example, this
application claims priority to and the benefit of Korean Patent
Application No. 10-2013-0156615, filed on Dec. 16, 2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] This disclosure relates to an electrolyte for a lithium
secondary battery, and a lithium secondary battery including
the electrolyte.

[0004] 2. Description of the Related Technology

[0005] Recently, lithium secondary batteries have drawn
significant attention as power sources for small portable elec-
tronic devices. Lithium secondary batteries that use an
organic electrolytic solution have a discharge voltage that is
about twice as high as those that use an aqueous alkali elec-
trolyte and a higher energy density than those that use aque-
ous alkali electrolytic solution.

[0006] As positive electrode active materials for lithium
secondary batteries, lithium-transition metal oxides, such as
LiCo0O,, LiMn,0,, and LiNi, ,Co,O, (where 0<X<1), which
have a structure that allows intercalation of lithium ions, are
mainly used. Carbonaceous materials in various forms, such
as artificial graphite, natural graphite and hard carbon, which
allow intercalation and deintercalation of lithium ions, have
been used as negative electrode active materials.

[0007] With an increasing use of lithium secondary batter-
ies in high-temperature environments, there has been an
increasing need to improve the safety of the lithium batteries.
It is possible in certain contexts to improve the safety of
lithium batteries by using flame-resistant electrolyte. How-
ever, the use of the flame-resistant electrolyte may lower the
output power and lifetime of the lithium battery while at the
same time increase the operating time of the lithium battery.
Therefore, there is a need for improvement in this regard.

SUMMARY

[0008] One or more embodiments include a novel electro-
lyte for a lithium secondary battery, and a lithium secondary
battery that includes the electrolyte. In some embodiments
the lithium secondary battery including the novel electrolyte
may have improved safety and improved power output and
lifetime characteristics compared to a battery that does not
include the novel electrolyte or that includes a different elec-
trolyte.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the presented
embodiments.

[0010] According to one or more embodiments, an electro-
lyte for a lithium secondary battery includes: a compound
represented by Formula 1:

Jun. 18, 2015

Formula 1

[0011] wherein, in Formula 1, R, R, and R, are each inde-
pendently a substituted or unsubstituted C1-C30 alkyl group,
a substituted or unsubstituted C1-C30 alkoxy group, a sub-
stituted or unsubstituted C2-C30 alkenyl group, a substituted
or unsubstituted C2-C30 alkynyl group, a substituted or
unsubstituted C6-C30 aryl group, a substituted or unsubsti-
tuted C6-C30 aryloxy group, a substituted or unsubstituted
C7-C30 arylalkyl group, a substituted or unsubstituted
C1-C30 heteroaryl group, a substituted or unsubstituted
C1-C30 heteroaryloxy group, a substituted or unsubstituted
C2-C30 heteroarylalkyl group, a substituted or unsubstituted
C4-C30 carbon ring group, a substituted or unsubstituted
C4-C30 carbocyclic alkyl group, a substituted or unsubsti-
tuted C2-C30 heterocyclic group, or a substituted or unsub-
stituted C2-C30 heterocyclic alkyl group, a cyano group, a
halogen atom, a hydroxy group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonyl group, a sulfamoyl
group, a sulfuric acid group or salt thereof, or a phosphoric
acid group or salt thereof, and

[0012] X is an oxygen (O) or a sulfur (S);
[0013] a nonaqueous organic solvent; and a lithium salt.
[0014] According to one or more embodiments, a lithium

secondary battery includes: a positive electrode; a negative
electrode; a separator; and at least one selected from the
above-described electrolyte and a reaction product of the
electrolyte.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and/or other aspects will become apparent
and more readily appreciated from the following description
of'the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0016] FIG. 1 is a schematic perspective view of a lithium
secondary battery according to an embodiment;

[0017] FIG. 2 is a graph of differential capacity (dQ/dv)
curves of lithium secondary batteries of Manufacture
Example 1 and Reference Manufacture Example 1 after the
1% charge-discharge cycle;

[0018] FIG. 3A is a graph of capacities of the lithium sec-
ondary batteries of Manufacture Example 1 and Reference
Manufacture Example 1 after the 15 and 2 charge-discharge
cycles;

[0019] FIG. 3B is a graph of capacity retention rates of the
lithium secondary batteries of Manufacture Example 1 and
Reference Manufacture Example 1;

[0020] FIG. 4 is an image of penetration test results of the
lithium secondary battery of Manufacture Example 1;
[0021] FIG. 5 is an image of penetration test results of the
lithium secondary battery of Reference Manufacture
Example 1;

[0022] FIG. 6 is a graph of open-circuit voltage (OCV)
changes in the lithium secondary batteries of Manufacture
Example 1 and Reference Manufacture Example 1 that were
measured after each lithium battery was stored for about 24
hours before a formation process;
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[0023] FIG.7isa graph of impedance characteristics of the
lithium secondary batteries of Manufacture Example 1 and
Reference Manufacture Example 1; and

[0024] FIG. 8 is a graph of temperature changes with
respect to time in the lithium secondary batteries of Manu-
facture Example 1 and Reference Manufacture Example 1.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to embodi-
ments an electrolyte for lithium secondary batteries, and a
lithium secondary battery including the electrolyte, examples
of which are illustrated in the accompanying drawings,
wherein like reference numerals refer to the like elements
throughout. In this regard, the present embodiments may have
different forms and should not be construed as being limited
to the descriptions set forth herein. Accordingly, the embodi-
ments are merely described below, by referring to the figures,
to explain aspects of the present description. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items. Expressions such as “at
least one of,” when preceding a list of elements, modify the
entire list of elements and do not modify the individual ele-
ments of the list. Additional aspects will be set forth in part in
the description which follows and, in part, will be apparent
from the description, or may be learned by practice of the
presented embodiments.

[0026] According to an embodiment of the present disclo-
sure, an electrolyte for a lithium secondary battery includes a
nonaqueous organic solvent, a lithium salt, and a compound
represented by Formula 1 below.

Formula 1

[0027] InFormulal, R,, R, and R; may be each indepen-
dently a substituted or unsubstituted C1-C30 alkyl group, a
substituted or unsubstituted C1-C30 alkoxy group, a substi-
tuted or unsubstituted C2-C30 alkenyl group, a substituted or
unsubstituted C2-C30 alkynyl group, a substituted or unsub-
stituted C6-C30 aryl group, a substituted or unsubstituted
C6-C30aryloxy group, a substituted or unsubstituted C7-C30
arylalkyl group, a substituted or unsubstituted C1-C30 het-
eroaryl group, a substituted or unsubstituted C1-C30 het-
eroaryloxy group, a substituted or unsubstituted C2-C30 het-
eroarylalkyl group, a substituted or unsubstituted C4-C30
carbon ring group, a substituted or unsubstituted C4-C30
carbocyclic alkyl group, a substituted or unsubstituted
C2-C30 heterocyclic group, or a substituted or unsubstituted
C2-C30 heterocyclic alkyl group, a cyano group, a halogen
atom, a hydroxy group, a hydrazine, a hydrazone, a carboxyl
group or a salt thereof, a sulfonyl group, a sulfamoyl group, a
sulfuric acid group or salt thereof, or a phosphoric acid group
or salt thereof; and

[0028] X may be an oxygen (O) or a sulfur (S).

[0029] When the compound of Formula 1 as an acid anhy-
dride derivative including phosphorous (P) is used as an addi-
tive for an electrolyte, it may induce decomposition reaction
on surfaces of a positive electrode and a negative electrode of
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a lithium secondary battery to form a solid electrolyte inter-
face (SEI) on an interface between the positive electrode and
the negative electrode, and thus may improve the safety ofthe
lithium secondary battery.

[0030] Insome embodiments, an amount of the compound
of Formula 1 may be in a range of about 0.01 wt % to about 5
wt %, and in some embodiments, about 0.1 wt % to about 1 wt
%. When the amount of the compound of Formula 1 is within
these ranges, the compound of Formula 1 may improve the
safety of the lithium secondary battery without deterioration
in lifetime and output characteristics of the lithium secondary
battery.

[0031] InsomeembodimentsofFormulal,R, to R;maybe
a C6-C30 aryl group or a C1-C30 alkyl group.

[0032] The C6-C30 aryl group may be, for example, a
phenyl group. The C1-C30 alkyl group may be, for example,
a methyl group, an ethyl group, a propyl group, a pentyl
group, or a hexyl group.

[0033] Insome embodiments, the compound of Formula 1
may be a compound represented by Formula 2 below or a
compound represented by Formula 3 below:

Formula 2

P—
(6]
(6]

Formula 3
CH;y

o] _/\/
—=P

CH;

O

CH;

[0034] The nonaqueous organic solvent functions as a
migration medium of ions involved in electrochemical reac-
tions in batteries.

[0035] Insome embodiments, the nonaqueous organic sol-
vent may be at least one selected from a carbonate-based
solvent, an ester-based solvent, an ether-based solvent, a
ketone-based solvent, an alcohol-based solvent, and an apro-
tic solvent.

[0036] Examples of the carbonate-based solvent are dim-
ethyl carbonate (DMC), diethyl carbonate (DEC), dipropyl
carbonate (DPC), methylpropyl carbonate (MPC), ethylpro-
py! carbonate (EPC), methyl ethyl carbonate (MEC), ethyl-
ene carbonate (EC), propylene carbonate (PC), and butylene
carbonate (BC). Examples of the ester-based solvent are
methyl acetate, ethyl acetate, n-propyl acetate, dimethyl
acetate, methyl propionate, ethyl propionate, y-butyrrolac-
tone, decanolide, valerolactone, mevalonolactone, and capro-
lactone.
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[0037] Examples of the ether-based solvent available as the
nonaqueous organic solvent are dibutyl ether, tetraglyme,
diglyme, dimethoxyethane, 2-methyltetrahydrofuran, and
tetrahydrofuran. An example of the ketone-based solvent
available as the nonaqueous organic solvent may be cyclo-
hexanone. Non-limiting examples of the alcohol-based sol-
vent are ethyl alcohol and isopropyl alcohol. Non-limiting
examples of the aprotic solvent are nitriles, such as R—CN
(wherein R is a straight, branched or cyclic C2-C30 hydro-
carbon group, which may have a double-bonded aromatic
ring or an ether bond); amides, such as dimethylformamide;
dioxolanes, such as 1,3-dioxolane; and sulfolanes.

[0038] These nonaqueous organic solvents may be used
alone or in combination of at least two thereof. A mixing ratio
of the at least two of the nonaqueous organic solvents may
appropriately varied depending on the desired performance
of a battery, which will be obvious to one of ordinary skill in
the art.

[0039] Insome embodiments, the carbonate-based solvent
may be amixture of cyclic carbonate and chain carbonate. For
example, a mixture of cyclic carbonate and chain carbonate in
avolume ratio of about 1:1 to about 1:9 may be used to attain
a high-performance electrolyte.

[0040] Insome embodiments, the nonaqueous organic sol-
vent may further include an aromatic hydrocarbon-based
organic solvent in a carbonate-based solvent. In this regard,
the carbonate-based solvent and the aromatic hydrocarbon-
based organic solvent may be mixed, for example, in a vol-
ume ratio of about 1:1 to about 30:1.

[0041] An example of the aromatic hydrocarbon-based
organic solvent is an aromatic hydrocarbon-based compound
represented by Formula 4 below:

Formula 4
Ry

Rs R;

Ry

[0042] wherein in Formula 4, R, to R4 may be each inde-
pendently a hydrogen, a halogen atom, a C1-C10 alkyl group,
a C1-C10 haloalkyl group, or a combination thereof.

[0043] Examples of the aromatic hydrocarbon-based
organic solvent are benzene, fluorobenzene, 1,2-difluoroben-
zene, 1,3-difluorobenzene, 1,4-difluorobenzene, 1,2,3-trif-
luorobenzene, 1,2,4-trifluorobenzene, chlorobenzene, 1,2-

dichlorobenzene, 1,3-dichlorobenzene, 1,4-
dichlorobenzene, 1,2,3-trichlorobenzene, 1,2,4-
trichlorobenzene, iodobenzene, 1,2-diiodobenzene, 1,3-
diiodobenzene, 1,4-diiodobenzene, 1,2,3-triiodobenzene,

1,2,4-triiodobenzene, toluene, fluorotoluene, 1,2-difluoro-
toluene, 1,3-difluorotoluene, 1,4-difluorotoluene, 1,2,3-trif-
luorotoluene, 1,2,4-trifluorotoluene, chlorotoluene, 1,2-
dichlorotoluene, 1,3-dichlorotoluene, 1,4-dichlorotoluene,
1,2,3-trichlorotoluene, 1,2,4-trichlorotoluene, iodotoluene,
1,2-diiodotoluene, 1,3-diiodotoluene, 1,4-diiodotoluene, 1,2,
3-triiodotoluene, 1,2,4-triiodotoluene, xylene, or combina-
tions thereof.

[0044] Insome embodiments, the nonaqueous organic sol-
vent may further include vinylene carbonate or an ethylene
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carbonate-based compound represented by Formula 5 to
improve the lifetime characteristics of a lithium secondary
battery.

Formula 5

A

O (6]

)~

Ry Rg

[0045] wherein in Formula 5, R, and Rg may be each inde-
pendently a hydrogen, a halogen group, a cyano (CN) group,
anitro (NO,) group, or a C1-CS5 fluoroalkyl group, wherein at
least one of R, and Rg may be a halogen group, a cyano (CN)
group, a nitro (NO,) group, or a C1-C5 fluoroalkyl group.
[0046] Non-limiting examples of the ethylene carbonate-
based compound are difluoroethylene carbonate, chloroeth-
ylene carbonate, dichloroethylene carbonate, bromoethylene
carbonate, dibromoethylene carbonate, nitroethylene carbon-
ate, cyanoethylene carbonate, and fluoroethylene carbonate.
When the vinylene carbonate or ethylene carbonate-based
compound is further used, an amount of the vinylene carbon-
ate or ethylene carbonate-based compound may be appropri-
ately adjusted to improve the lifetime characteristics of a
lithium secondary battery.

[0047] The lithium salt is dissolved in the nonaqueous
organic solvent to serve as a source of lithium ions in a lithium
secondary battery, thereby enabling the basic operation of the
lithium secondary battery. The lithium salt also facilitates the
migration of lithium ions between the positive electrode and
the negative electrode. Non-limiting examples of the lithium
salt are LiPFg, LiBF,, LiSbF, LiAsF,, LiC,F,SO,, LiClO,,
LiAlO,, LIAICL,, LiN(C,F,., SO,)(C,F,,,,S0O,) (where x
and y are natural numbers of 1 to 20, respectively), LiCl, Lil,
and LiB(C,0,), (lithium bis(oxalato)borate), or a combina-
tion thereof, which may be used as supporting electrolyte
salts. In some embodiments, a concentration of the lithium
salt may be in a range of about 0.1 to about 2.0M.

[0048] When the concentration of the lithium salt is within
this range, the electrolyte may have an appropriate conduc-
tivity and viscosity, and thus may improve performance ofthe
electrolyte, and ensure effective migration of lithium ions.
[0049] Insome embodiments, the nonaqueous organic sol-
vent may be a mixture of ethylene carbonate (EC) and ethyl-
methyl carbonate (EMC) or a mixture of EC, EMC, and
diethylene carbonate (DEC).

[0050] For example, the nonaqueous organic solvent may
be at least one selected from dimethyl carbonate (DMC),
diethyl carbonate (DEC), dipropyl carbonate (DPC), methyl-
propyl carbonate (MPC), ethylpropyl carbonate (EPC), meth-
ylethyl carbonate (MEC), ethylene carbonate (EC), propy-
lene carbonate (PC), butylene carbonate (BC), fluoroethylene
carbonate (FEC), vinylene carbonate (VC), acetonitrile, suc-
cinonitrile (SN), N,N-dimethy! sulfoxide, N,N-dimethyl for-
mamide, N,N-dimethyl acetamide, y-butyrolactone, and tet-
rahydrofuran.

[0051] According to another embodiment of the present
disclosure, a lithium secondary battery includes a positive
electrode, a negative electrode, a separator, and at least one of
any of the electrolytes according to the above-described
embodiments and a reaction product of the electrolyte.
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[0052] In an embodiment, the lithium secondary battery
may include a reaction product of any of the electrolytes
according to the above-described embodiments.

[0053] In some embodiments, the negative electrode may
include a negative electrode active material, for example, a
material that allows reversible intercalation and deintercala-
tion of lithium ions, lithium metal, a lithium metal alloy, a
material that allows doping or undoping of lithium, or a
transition metal oxide.

[0054] In some embodiments, the positive electrode may
include a positive electrode active material that allows revers-
ible intercalation and deintercalation of lithium ions.

[0055] Insome embodiments, the electrolyte of the lithium
secondary battery may include a nonaqueous organic solvent
as described above, a lithium salt, and a compound repre-
sented by Formula 1, wherein an amount of the compound of
Formula 1 may be in a range of about 0.1 wt % to about 3 wt
Y%o:

[0056] Hereinafter, a method of manufacturing a lithium
secondary battery using any of the electrolytes according to
the above-described embodiments, will be described, accord-
ing to an embodiment of the present invention in which the
lithium battery may include a positive electrode, a negative
electrode, the electrolyte, and a separator.

[0057] Insomeembodiments, the positive electrode and the
negative electrode may be fabricated by respectively coating
a positive active material layer composition and a negative
active material layer composition on current collectors and
drying the resulting products.

[0058] In some embodiments, the positive active material
layer composition may be prepared by mixing a positive
active material, a conducting agent, a binder, and a solvent,
wherein the positive active material may be the lithium com-
posite oxide of Formula 2 above.

[0059] A compound (lithiated intercalation compound)
which allows reversible intercalation and deintercalation of
lithium may be used as the positive electrode active material.
[0060] In some embodiments, the positive active material
may be at least one selected from lithium cobalt oxide
(LiCo00,); lithium nickel oxide (LiNiO,); lithium manganese
oxides, such as Li; , Mn, O, (where x is in a range of O to
0.33), LiMnO;, LiMn,O;, or LiMnO,; lithium copper oxide
(Li,Cu0,); lithium iron oxide (LiFe;0,); lithium vanadium
oxide (LiV;0y); copper vanadium oxide (Cu,V,0,); vana-
dium oxide (V,0;); nickel-site type lithium nickel oxide
(LiNi, ,M O,) (where M is Co, Mn, Al, Cu, Fe, Mg, B, or Ga,
and x is in a range 0f 0.01 to 0.3); lithium manganese oxides,
such as LiMn, .M O, (where M is Co, Ni, Fe, Cr, Zn, or Ta,
and x is in a range 0 0.01 t0 0.1) or Li,Mn;MOg (where M is
Fe, Co, Ni, Cu, or Zn); a lithium manganese oxide (LiMn,O,)
with lithium partially substituted with alkali earth metal ions;
a disulfide compound; and iron molybdenum oxide (Fe,
(MoO,);.

[0061] For example, the positive active material may be a
mixture of lithium cobalt oxide and lithium nickel cobalt
manganese oxide.

[0062] The binder for the positive electrode may be any
material that may bind positive active materials together or to
positive electrode current collector. For example, the binder
for the positive electrode may be at least one selected from
polyvinyl alcohol, carboxymethyl cellulose, hydroxypropyl
cellulose, diacetyl cellulose, polyvinyl chloride, carboxy-
lated polyvinyl chloride, polyvinyl fluoride, a polymer
including ethylene oxide, polyvinylpyrrolidone, polyure-
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thane, polytetrafluoroethylene, polyvinylidene fluoride,
polyethylene, polypropylene, styrene-butadiene rubber
(SBR), acrylated SBR, epoxy resin, and nylon, but is not
limited thereto.

[0063] Insome embodiments, the positive electrode active
material may be at least one selected from the group consist-
ing of lithium cobalt oxide, lithium nickel cobalt manganese
oxide, lithium nickel cobalt aluminum oxide, lithium iron
phosphorous oxide, and lithium manganese oxide, but is not
limited thereto. Any positive electrode active materials avail-
able in the art may be used.

[0064] For example, the positive active material may be a
compound represented by one of the following formulae:
Li,A,_,B', D", (where 0.90=a<1.8 and 0<b=0.5); Li E,.
sB',0, D' (where 0.90=a=1.8, 0=b=0.5, and 0=c=0.05);
LiE, ,B',0, D', (where 0=b=0.5 and 0=c=<0.05); Li Ni, .
«Co,B! D! (where 0.90<a<1.8, 0<b=<0.5, 0=c=0.05, and
0=a<2); LiNi, , Co,B'.0, F', (where 0.90<a<l.8,
0<b=0.5, 0=c=<0.05, and 0<a:<2); Li Ni, , Co,B' 0, F',
(where 0.90=a<1.8, 0=b=0.5, 0=c=<0.05, and O<a<2); Li,Ni, _
5-cMn,B* D', (where 0.90=a<1.8, 0<b=<0.5, 0=c=<0.05, and
0<a<2); LiNi, , Mn,B' 0, F', (where 0.90=sa=1.8,
0<b=0.5, 0=c=0.05, and 0<a<2); Li Ni, , Mn,B' 0O, F',
(where 0.90=ax<1.8, 0=b=0.5, 0=c=<0.05, and O<a=2); Li,N-
i,E.G, O, (where 0.90=a=<1.8, 0=b=<0.9, 0O=c=<0.5, and
0.001=d=<0.1); Li,Ni,CoMn,GeO, (where 0.90=a<l.8,
0<b=0.9, 0=c=0.5, 0=d=0.5, and 0.001=e=<0.1); Li NiG,O,
(where 0.90=a<1.8 and 0.001=b=<0.1); Li,CoG,O, (where
0.90=a<1.8 and 0.001=b<0.1); Li,MnG,0, (where
0.90=a<1.8 and 0.001=b<0.1); Li,Mn,G,0, (where
0.90=a=<1.8 and 0.001=<b=0.1); QO,; QS,; LiQS,; V,Oq;
LiV,0s; Lil'O,; LiNiVO,; Li_ 4J,(PO,); (where 0<f<2);
Li; 4Fe,(PO,); (where O<f<2); and LiFePO,.

[0065] In the formulae above, A is selected from the group
consisting of nickel (Ni), cobalt (Co), manganese (Mn), and
combinations thereof; B* is selected from the group consist-
ing of aluminum (Al), nickel (Ni), cobalt (Co), manganese
(Mn), chromium (Cr), iron (Fe), magnesium (Mg), strontium
(Sr), vanadium (V), a rare earth element, and combinations
thereof; D' is selected from the group consisting of oxygen
(0), fluorine (F), sulfur (S), phosphorus (P), and combina-
tions thereof; E is selected from the group consisting of cobalt
(Co), manganese (Mn), and combinations thereof; F' is
selected from the group consisting of fluorine (F), sulfur (S),
phosphorus (P), and combinations thereof; G is selected from
the group consisting of aluminum (Al), chromium (Cr), man-
ganese (Mn), iron (Fe), magnesium (Mg), lanthanum (La),
cerium (Ce), strontium (Sr), vanadium (V), and combinations
thereof; Q is selected from the group consisting of titanium
(T1), molybdenum (Mo), manganese (Mn), and combinations
thereof; I' is selected from the group consisting of chromium
(Cr), vanadium (V), iron (Fe), scandium (Sc), yttrium (Y),
and combinations thereof; and J is selected from the group
consisting of vanadium (V), chromium (Cr), manganese
(Mn), cobalt (Co), nickel (Ni), copper (Cu), and combina-
tions thereof.

[0066] Thecompounds listed above as positive active mate-
rials may have a surface coating layer (hereinafter, “coating
layer”). Alternatively, a mixture of a compound without hav-
ing a coating layer and a compound having a coating layer, the
compounds being selected from the compounds listed above,
may be used. In some embodiments, the coating layer may
include at least one compound of a coating element selected
from the group consisting of oxide, hydroxide, oxyhydrox-
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ide, oxycarbonate, and hydroxycarbonate of the coating ele-
ment. In some embodiments, the compounds for the coating
layer may be amorphous or crystalline. The coating element
for the coating layer may be magnesium (Mg), aluminum
(Al), cobalt (Co), potassium (K), sodium (Na), calcium (Ca),
silicon (Si), titanium (T1), vanadium (V), tin (Sn), germanium
(Ge), gallium (Ga), boron (B), arsenic (As), zirconium (Zr),
or mixtures thereof. The coating layer may be formed using
any method that does not adversely affect the physical prop-
erties of the positive electrode active material when a com-
pound of the coating element is used. For example, the coat-
ing layer may be formed using a spray coating method, a
dipping method, or the like. This is obvious to those of skill in
the art, and thus a detailed description thereof will be omitted.
[0067] The binder facilitates binding of components such
as the positive active material and the conducting agent, and
binding of the positive active material layer composition to
the current collector. In some embodiments, the amount of the
binder may be from about 1 part to about 50 parts by weight
based on 100 parts by weight of the total weight of the positive
active material. Non-limiting examples of the binder are poly-
vinylidene fluoride (PVDF), polyvinyl alcohols, carboxym-
ethylcellulose (CMC), starch, hydroxypropylcellulose,
regenerated cellulose, polyvinylpyrrolidone, tetrafluoroeth-
ylene, polyethylene, polypropylene, ethylene-propylene-di-
ene terpolymer (EPDM), sulfonated EPDM, styrene butadi-
ene rubber, fluoro rubber, and various copolymers. In some
embodiments, the amount of the binder may be from about 2
parts to about 100 parts by weight based on 100 parts by
weight of the positive active material. When the amount of the
binder is within this range, the positive active material layer
may bind strongly to the current collector.

[0068] Theconductingagentis not particularly limited, and
may be any material as long as it has an appropriate conduc-
tivity without causing chemical changes in the fabricated
battery. Non-limiting examples of the conducting agent are
graphite such as natural or artificial graphite; carbonaceous
materials such as carbon black, acetylene black, ketjen black,
channel black, furnace black, lamp black, and thermal black;
conductive fibers such as carbon fibers and metallic fibers;
metallic powders such as carbon fluoride powder, aluminum
powder, and nickel powder; conductive whiskers such as zinc
oxide and potassium titanate; conductive metal oxides such as
titanium oxide; and other conductive materials such as
polyphenylene derivatives.

[0069] In some embodiments, the amount of the conduct-
ing agent may be from about 2 parts to about 5 parts by weight
based on 100 parts by weight of the positive active material.
When the amount ofthe conducting agent is within this range,
the negative electrode may have better conductive character-
istics.

[0070] A non-limiting example of the solvent is N-meth-
ylpyrrolidone (NMP).

[0071] In some embodiments, the amount of the solvent
may be from about 100 part to about 2000 parts by weight
based on 100 parts by weight of the positive active material.
When the amount of the solvent is within this range, forming
the positive active material layer may be facilitated.

[0072] In some embodiments, a positive electrode current
collector is fabricated to have a thickness of from about 3 pm
to about 500 pm, and may be any current collector as long as
it has high conductivity without causing chemical changes in
the fabricated battery. Examples of the positive electrode
current collector include stainless steel, aluminum, nickel,
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titanium, thermal-treated carbon, and aluminum or stainless
steel that is surface-treated with carbon, nickel, titanium, or
silver. In some embodiments, the positive electrode current
collector may be processed to have fine irregularities on a
surface thereof so as to enhance an adhesive strength of the
current collector to the positive active material. In some
embodiments, the positive electrode current collector may be
in any of various forms, including a film, a sheet, a foil, a net,
a porous structure, foam, and non-woven fabric.

[0073] Apart from the positive active material layer com-
position prepared above, a composition for forming a nega-
tive active material layer is prepared using a negative active
material, a binder, a conducting agent, and a solvent together.

[0074] In some embodiments, the negative active material
may be a material that allows intercalation and deintercala-
tion of lithium ions. Non-limiting examples of the negative
active material are graphite, carbonaceous material, lithium
metal, lithium alloys, and silicon oxide-based materials. In
one embodiment, the negative active material may be silicon
oxide.

[0075] Examples of the carbonaceous material are crystal-
line carbon, amorphous carbon, and mixtures thereof. Non-
limiting examples of the crystalline carbon are graphite, such
as natural graphite or artificial graphite that are in amorphous,
plate, flake, spherical or fibrous form. Non-limiting examples
of the amorphous carbon are soft carbon (carbon sintered at
low temperatures), hard carbon, meso-phase pitch carbides,
sintered corks, graphene, carbon black, fullerene soot, carbon
nanotubes, and carbon fibers. Any appropriate material avail-
able in the art may be used.

[0076] Insomeembodiments,theamount ofthe binder may
be from about 1 part to about 50 parts by weight based on 100
parts by weight of the total weight of the negative active
material. Non-limiting examples of the binder are those
described in connection with the positive electrode.

[0077] In some embodiments, the amount of the conduct-
ing agent may be from about 1 part to about 5 parts by weight
based on 100 parts by weight of the negative active material.
When the amount ofthe conducting agent is within this range,
the negative electrode may have better conductive character-
istics.

[0078] In some embodiments, the amount of the solvent
may be from about 100 parts to about 2000 parts by weight
based on 100 parts by weight of the negative active material.
When the amount of the solvent is within this range, forming
the negative active material layer may be facilitated.

[0079] The same kinds of conducting agents and solvents
as those used in the positive electrode may be used.

[0080] In some embodiments, a negative electrode current
collector is fabricated to have a thickness of about 3 um to
about 500 pm. The negative electrode current collector is not
particularly limited, and may be any material as long as it has
an appropriate conductivity without causing chemical
changes in the fabricated battery. Non-limiting examples of
the negative electrode current collector are copper, stainless
steel, aluminum, nickel, titanium, thermal-treated carbon,
copper or stainless steel that is surface-treated with carbon,
nickel, titanium or silver, and aluminum-cadmium alloys. In
addition, similar to the positive electrode current collector,
the negative electrode current collector may be processed to
have fine irregularities on a surface thereof so as to enhance
the adhesive strength of the negative electrode current collec-
tor to the negative active material, and may be used in any of
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various forms, including a film, a sheet, a foil, a net, a porous
structure, foam, and non-woven fabric.

[0081] The separator is disposed between the positive and
negative electrodes manufactured according to the processes
described above. In some embodiments, the separator may
have a pore diameter of about 0.01 um to about 10 um and a
thickness of about 5 um to about 20 pm. Examples of the
separator are olefin-based polymers, such as polypropylene,
having resistance to chemicals and hydrophobic properties,
and sheets or non-woven fabric made of glass fiber or poly-
ethylene. When a solid electrolyte, for example, a polymer
electrolyte, is used, the solid electrolyte may also serve as the
separator.

[0082] In some embodiments, the separator may be a
monolayer or a multilayer including at least two layers of
olefin-based polymer, for example, polyethylene, polypropy-
lene, polyvinylidene fluoride, or a combination thereof. In
some embodiments, the multilayer may be a mixed multi-
layer. For example, the separator may be a two-layered sepa-
rator including polyethylene and polypropylene layers, a
three-layered separator including polyethylene, polypropy-
lene and polyethylene layers, or a three-layered separator
including polypropylene, polyethylene and polypropylene
layers.

[0083] FIG. 1 is a schematic perspective view of a lithium
secondary battery 30 according to an embodiment.

[0084] Referring to FIG. 1, the lithium secondary battery
30 may include a positive electrode 23, a negative electrode
22, a separator 24 between the positive electrode 23 and the
negative electrode 22, an electrolyte (not shown) according to
any of the above-described embodiment that impregnates an
electrode assembly including the positive electrode 23, the
negative electrode 22, and the separator 24 between the posi-
tive electrode 23 and the negative electrode 22, a battery case
25, and a cap assembly member 26 that seals the battery case
25. In some embodiments, the lithium battery 30 may be
manufactured by sequentially stacking the positive electrode
23, the negative electrode 22, and the separator 24 upon one
another to form a stack, rolling the stack into a spiral form,
and encasing the rolled up stack into the battery case 25. In
some embodiments, the battery case 25 may be sealed along
with the cap assembly 26, thereby completing the manufac-
ture of the lithium battery 30.

[0085] Substituents in the formulae above may be defined
as follows.
[0086] As used herein, the term “alkyl” indicates a com-

pletely saturated, branched or unbranched (or a straight or
linear) hydrocarbon.

[0087] Non-limiting examples of the “alkyl” group include
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-bu-
tyl, t-butyl, isopentyl, neopentyl, iso-amyl, n-hexyl, 3-meth-
ylhexyl, 2,2-dimethylpentyl, 2,3-dimethylpentyl, and n-hep-
tyl.

[0088] At least one hydrogen atom of the alkyl group may
be substituted with a halogen atom, a C1-C20 alkyl group
substituted with a halogen atom (for example, CCF;, CHCF,,
CH,F, CCl;, and the like), a C1-C20 alkoxy group, a C2-C30
alkoxyalkyl group, a hydroxyl group, a nitro group, a cyano
group an amino group, an amidano group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonyl group, a
sulfamoyl group, a sulfonic acid group or a salt thereof, a
phosphoric acid or a salt thereof, a C1-C20 alkyl group, a
C2-C30 alkenyl group, a C2-C30 alkynyl group, a C6-C30
aryl group, a C6-C30 arylalkyl group, a C6-C30 heteroaryl
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group, a C7-C30 heteroarylalkyl group, a C6-C30 heteroary-
loxyl group, a C6-C30 heteroaryloxyalkyl group, or a
C6-C30 heteroarylalkyl group.

[0089] The term “halogen atom” indicates fluorine, bro-
mine, chloride, or iodine.

[0090] The term “C1-C20 alkyl group substituted with a
halogen atom” indicates a C1-C20 alkyl group substituted
with at least one halo group. Non-limiting examples of the
C1-C20 alkyl group substituted with a halogen atom include
polyhaloalkyls including monohaloalkyl, dihaloalkyl, or per-
haloalkyl.

[0091] Monohaloalkyls indicate alkyl groups including one
iodine, bromine, chloride or fluoride. Dihaloalkyls and poly-
haloalkyls indicate alkyl groups including at least two iden-
tical or different halo atoms.

[0092] Asusedherein, the term “alkoxy” represents “alkyl-
O-", wherein the alkyl is the same as described above. Non-
limiting examples of the alkoxy group include methoxy,
ethoxy, propoxy, 2-propoxy, butoxy, t-butoxy, pentyloxy,
hexyloxy, cyclopropoxy, and cyclohexyloxy. At least one
hydrogen atom of the alkoxy group may be substituted with
the same substituents as those recited above in conjunction
with the alkyl group.

[0093] As used herein, the term “alkoxyalkyl” indicates an
alkoxy group as defined above connected, as a substituent, via
an alkyl group. At least one hydrogen atom of the alkoxyalkyl
group may be substituted with substituents that are the same
as those recited above in conjunction with the alkyl group.
[0094] As used herein, the term “alkenyl” indicates a
branched or unbranched hydrocarbon with at least one car-
bon-carbon double bond. Non-limiting examples of the alk-
enyl group are a vinyl group, an aryl group, a butenyl group,
an isopropenyl group, and an isobutenyl group. At least one
hydrogen atom in the alkenyl group may be substituted with
substituents that are the same as those recited above in con-
junction with the alkyl group.

[0095] As used herein, the term “alkynyl” indicated a
branched or unbranched hydrocarbon with at least one car-
bon-carbon triple bond. Non-limiting examples of the “alky-
nyl” group include ethynyl, butynyl, isobutynyl, and isopro-
pynyl. Atleast one hydrogen atom ofthe “alkynyl” group may
be substituted with substituents that are the same as those
recited above in conjunction with the alkyl group.

[0096] Asused herein, the term “aryl” group, which is used
alone or in combination, indicates an aromatic hydrocarbon
containing at least one ring. The term “aryl” is construed as
including a group with an aromatic ring fused to at least one
cycloalkyl ring. Non-limiting examples of the “aryl” group
are phenyl, naphthyl, and tetrahydronaphthyl. At least one
hydrogen atom of the “aryl” group may be substituted with
substituents that are the same as those recited above in con-
junction with the alkyl group.

[0097] The term “arylalkyl” or “aryl-alkyl” indicates an
aryl group connected, as a substituent, via an alkylene group,
such as “C,_,, arylalkyl” and the like, including but not lim-
ited to benzyl, 2-phenylethyl, 3-phenylpropyl, and naphthyl-
ethyl. In some embodiments, the “arylalkyl” group may be
benzyl and phenyl-CH,CH,—.

[0098] As used herein, the term “aryloxy” indicates “—O-
aryl”. An example of the aryloxy group is phenoxy. At least
one hydrogen atom of the “aryloxy” group may be substituted
with substituents that are the same as those recited above in
conjunction with the alkyl group.
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[0099] As used herein, the term “heteroaryl group” indi-
cates a monocyclic or bicyclic aromatic ring system radical
including at least one heteroatom selected from among nitro-
gen (N), oxygen (O), phosphorous (P), and sulfur (S),
wherein the rest of the cyclic atoms are all carbon. The het-
eroaryl group may include, for example, one to five heteroa-
toms, and in some embodiments, may include a five- to ten-
membered ring. In the heteroaryl group, S or N may be
present in various oxidized forms. In fused bicyclic ring sys-
tems, the one or more heteroatoms may be present in only one
of the rings. Examples of heteroaryl groups include, but are
not limited to, furanyl, thienyl, imidazolyl, quinazolinyl,
quinolinyl, isoquinolinyl, quinoxalinyl, pyridinyl, pyrrolyl,
oxazolyl, indolyl, and the like.

[0100] At least one hydrogen atom of the heteroaryl group
may be substituted with the same substituents as those recited
above in conjunction with the alkyl group.

[0101] The term “heteroarylalkyl” or “heteroaryl-alkyl”
group a heteroaryl group connected, as a substituent, via an
alkylene group. At least one hydrogen atom of the heteroary-
lalkyl group may be substituted with the same substituents as
those recited above in conjunction with the alkyl group
[0102] The term “heteroaryloxy” group indicates a “—O-
heteroaryl moiety”. At least one hydrogen atom of the het-
eroaryloxy group may be substituted with the same substitu-
ents as those recited above in conjunction with the alkyl
group.

[0103] The term “heteroaryloxyalkyl” group indicates a
heteroaryloxy group connected, as a substituent, via an alky-
lene group. At least one hydrogen atom of the heteroaryloxy-
alkyl group may be substituted with the same substituents as
those recited above in conjunction with the alkyl group.

[0104] As used herein, the term “carbocyclic” group indi-
cates a saturated or partially unsaturated non-aromatic mono-
cyclic, bicyclic or tricyclic hydrocarbon group. Non-limiting
examples of the carbocyclic group are a cyclopentyl group, a
cyclopentenyl group, a cyclohexyl group, and an adamantyl
group. At least one hydrogen atom of the “carbocyclic group”
may be substituted with substituents that are the same as those
recited above in conjunction with the alkyl group.

[0105] As used herein, the term “heterocyclic group” indi-
cates a five- to ten-membered non-aromatic ring including a
heteroatom such as N (nitrogen), S (sulfur), P (phosphorus),
or O (oxygen). An example of the heterocyclic group is pip-
eridinyl. At least one hydrogen atom in the heterocyclic group
may be substituted with substituents that are the same as those
recited above in conjunction with the alkyl group.

[0106] Theterm “heterocyclic oxy” indicates “—O-hetero-
cyclic group”. At least one hydrogen atom of the heterocyclic
oxy group may be substituted with the same substituents as
those recited above in conjunction with the alkyl group.
[0107] The term “sulfonyl” indicates R"—SO,—, where
R" is a hydrogen atom, an alkyl group, an aryl group, a
heteroaryl group, an aryl-alkyl group, a heteroaryl-alkyl
group, an alkoxy group, an aryloxy group, a cycloalkyl group,
or a heterocyclic group.

[0108] The term “sulfamoyl” group refers to H,NS(O,)—,
alkyl-NHS(O,)—, (alkyl),NS(O,)-aryl-NHS(O,)—, alkyl-
(ary])-NS(O,)—, (aryl),NS(O),, heteroaryl-NHS(O,)—,
(aryl-alky])-NHS(O,)—, or (heteroaryl-alkyl)-NHS(O,)—.
At least one hydrogen atom of the sulfamoyl group may be
substituted with the same substituents as those described
above in conjunction with the alkyl group.
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[0109] The term “amino group” indicates a group with a
nitrogen atom covalently bonded to at least one carbon or
hetero atom. The amino group may refer to, for example,
—NH, and substituted moieties. The term “amino group”
also refers to an “alkylamino group” with nitrogen bound to at
least one additional alkyl group, and “arylamino” and “dia-
rylamino” groups with at least one or two nitrogen atoms
bound to a selected aryl group.

[0110] One or more embodiments will now be described in
detail with reference to the following examples. However,
these examples are only for illustrative purposes and are not
intended to limit the scope of the one or more embodiments of
the present disclosure.

Example 1

Preparation of Electrolyte

[0111] After LiPF was added to a mixture of 10 vol % of
ethylmethyl carbonate (EC), 10 vol % of ethylmethylcarbon-
ate (EMC), and 80 vol % of dimethylcarbonate (DMC) as a
nonaqueous organic solvent to a concentration of about 1.3M,
about 1.0 wt % of a compound represented by Formula 2
below, about 5.0 wt % of fluoroethylene carbonate (FEC),
about 0.5 wt % of vinylethylene carbonate (VEC), about 1 wt
% of succinonitrile (SN), and about 0.2 wt % of LiBF,,, each
based on 100 weight % of a total weight of electrolyte, were
added thereto to prepare an electrolyte.

Formula 2

oK

¢}

Example 2

Preparation of Electrolyte

[0112] An electrolyte was prepared in the same manner as
in Example 1, except that a compound represented by For-
mula 3 below, instead of the compound of Formula 2, was
used.

Formula 3
CH;y

o] _/\/
=P

CH;

CH;
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Comparative Example 1

Preparation of electrolyte

[0113] An electrolyte was prepared in the same manner as
in Example 1, except that a compound represented by For-
mula 6 below, instead of the compound of Formula 2, was
used.

Formula 6
O,

~
Comparative Example 2

Preparation of electrolyte

[0114] An electrolyte was prepared in the same manner as
in Example 1, except that a compound represented by For-
mula 7 below, instead of the compound of Formula 2, was
used.

Formula 7
QPJH

Comparative Example 3

Preparation of electrolyte

[0115] An electrolyte was prepared in the same manner as
in Example 1, except that a mixture of the compound of
Formula 4 and the compound of Formula 5 in a weight ratio of
about 1:1, instead of the compound of Formula 2, was used.

Reference Example 1

Preparation of electrolyte

[0116] An electrolyte was prepared in the same manner as
in Example 1, except that the compound of Formula 2 was not
used.

Manufacture Example 1

Manufacture of Lithium Secondary Battery

[0117] LiNi, sCo, ,Mn, 5 as a positive electrode active
material, polyvinylidene fluoride (PVDF) as a binder, and
carbon as a conducting agent were mixed in a weight ratio of
about 92:4:4, and then dispersed in N-methyl-2-pyrrolidone
to prepare a positive electrode active material layer compo-
sition. The positive electrode active material layer composi-
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tion was coated on an aluminum foil having a thickness of 20
um, dried and then pressed to manufacture a positive elec-
trode.

[0118] Graphite as a negative electrode active material,
styrene butadiene rubber (SBR) as a binder, and carboxym-
ethyl cellulose (CMC) were mixed in a weight ratio 0o 92:4:4,
and then dispersed in N-methyl-2-pyrrolidone to prepare a
negative electrode active material layer composition. The
negative electrode active material layer composition was
coated on a copper foil having a thickness of 15 pm, dried and
then pressed to manufacture a negative electrode.

[0119] With a polyethylene separator having a thickness of
about 18 um disposed between the positive electrode and the
negative electrode, the electrolyte of Example 1 was injected
into the resultant structure, thereby manufacturing a lithium
secondary battery.

Manufacture Example 2

Manufacture of Lithium Secondary Battery

[0120] A lithium secondary battery was manufactured in
the same manner as in Manufacture Example 1, except that
the electrolyte of Example 2, instead of the electrolyte of
Example 1, was used.

Comparative Manufacture Examples 1-3

Manufacture of Lithium Secondary Batteries

[0121] Lithium secondary batteries were manufactured in
the same manner as in Manufacture Example 1, except that
the electrolytes of Comparative Examples 1, 2, and 3, instead
of the electrolyte of Example 1, were used, respectively.

Reference Manufacture Example 1

Manufacture of Lithium Secondary Battery

[0122] A lithium secondary battery was manufactured in
the same manner as in Manufacture Example 1, except that
the electrolyte of Reference Example 1, instead of the elec-
trolyte of Example 1, was used.

Evaluation Example 1

Charge-Discharge Test

[0123] A charge-discharge test was performed on the
lithium secondary batteries of Manufacture Example 1 and
Reference Manufacture Example 1 in the following condi-
tions.

[0124] Each ofthe lithium secondary batteries of Manufac-
ture Example 1 and Reference Manufacture Example 1 was
charged at a constant current of 0.2C at about 25° C. to a
voltage of 4.2V (with respect to Li), followed by discharging
at a constant current of 0.2C to a voltage of about 2.7V (with
respect to Li) (1st cycle of formation process.

[0125] Subsequently, each of the lithium secondary batter-
ies was charged at a constant current of 0.5C rate at about 25°
C.to avoltage of about 4.5V (with respect to L), followed by
discharging at a constant current of 0.5C to a voltage of about
2.7V (with respect to Li) (2nd cycle of formation process).
[0126] Subsequently, each of the lithium secondary batter-
ies that underwent the formation process was charged at a
constant current of 0.5C rate at about 25° C. to a voltage of
about 4.35V (with respect to Li), followed by discharging at
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a constant current of about 1.0C rate to a voltage of about
3.1V (withrespect to Li). This cycle of charging and discharg-
ing was repeated 100 times. (Charging: CV mode charge
voltage 4.35V, 0.5C, 0.1C cut-off; and Discharging: CC
mode, 3.1V, 1.0C)

[0127] FIG. 2 is a graph of differential capacity (dQ/dv)
curves of the lithium secondary batteries of Manufacture
Example 1 and Reference Manufacture Example 1 after the
1% charge-discharge cycle. FIG. 3A is a graph of capacities of
the lithium secondary batteries of Manufacture Example 1
and Reference Manufacture Example 1 after the 1° and 274
charge-discharge cycles. FIG. 3B is a graph of capacity reten-
tion rates of the lithium secondary batteries of Manufacture
Example 1 and Reference Manufacture Example 1.

[0128] Referring to FIG. 2, an oxidation and reduction peak
of the lithium secondary battery of Manufacture Example 1
using the electrolyte of Example 1 including the compound of
Formula 2 appeared in a region of about 2.75 Vt0 2.8 V, while
no oxidation and reduction peak of the lithium secondary
battery of Reference Example 1 appeared, indicating that
lithium secondary battery of Manufacture Example 1
includes a solid electrolyte interphase (SEI) resulting from
the earlier decomposition of the compound of Formula 2
during the formation process than the solvent and additives of
the electrolyte in the lithium secondary battery of Manufac-
ture Example 1.

[0129] Referring to FIG. 3A, the lithium secondary battery
of Manufacture Example 1 was found to have improved
capacity characteristics. Referring to FIG. 3B, the lithium
secondary battery of Manufacture Example 1 was found to
have improved capacity retention rate even after the 100”
cycle, compared to the lithium secondary battery of Refer-
ence Manufacture Example 1.

TABLE 1
15 cycle 27 eycle
Charg- Discharg- Charg- Discharg- Charge
Example ing ing ing ing SOC =100
Reference 2540.0 2199.8 2211.2 21393 2219
Manufacture
Manufacture 2549.0 2200.3 2211.7 21403 2214
Example 1
[0130] Referring to Table 1, the lithium secondary battery

of Manufacture Example 1 was found to have substantially
the same initial capacity characteristics as those of the lithium
secondary battery of Reference Manufacture Example 1,
indicating that the use the electrolyte of Example 1 including
the compound of Formula 2 did not deteriorate the lifetime
and capacity characteristics of the lithium secondary battery
of Manufacture Example 1.

Evaluation Example 2

Penetration Test of Lithium Secondary Battery

[0131] Three lithium secondary batteries were manufac-
tured according to each of Manufacture Examples 1 and 2 and
Comparative Manufacture Examples 1 to 3, and then sub-
jected to a penetration test for evaluating safety against pen-
etration. In the penetration test, the lithium secondary batter-
ies were subjected to i) rated charging in a standard condition
(1025 mA/4.35V, cut-off 102 mA), and then resting for about
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10 minutes to about 72 hours. After the rated charging, ii) the
lithium secondary batteries were completely penetrated
through the middle of the battery with a nail having a diameter
of about 2.5 mm at a rate of about 80 mm/s, and iii) any
apparent defects and appearance of the test battery were
observed. The results are shown in Table 2.

[0132] FIG. 4 is an image of penetration test results of the
lithium secondary battery of Manufacture Example 1. FIG. 5
is animage of penetration test results of the lithium secondary
battery of Reference Manufacture Example 1. Evaluation
criteria in the penetration test were as follows:

[0133] LO—good,
[0134] L1—leakage,
[0135] L2—generation of heat of less than 200° C.,
[0136] L3—generation of heat of about 200° C. or greater,
[0137] L4—fire,
[0138] L5—Dbursting.
[0139] Each battery test includes three cells. The results of
the penetration test are provided in Table 2.
TABLE 2
Number of Penetration
Example Cells Tested test results
Manufacture Example 1 3 (2)L1(1)L4
Manufacture Example 2 3 (2)L1(1)L4
Comparative Manufacture 3 (3)L4
Example 1
Comparative Manufacture 3 (3)L4
Example 2
Comparative Manufacture 3 (3)L4
Example 3
Reference Manufacture 3 (3)L4
Example 1
[0140] In Table 2, the number preceding “L.1” or “L4”

indicates the number of cells that meet the evaluation criteria.
[0141] Referring to Table 2, as the results of the penetration
test, the lithium secondary batteries of Manufacture
Examples 1 and 2 were found to have improved fire safety,
compared to those of Comparative Manufacture Examples 1
to 3 and Reference Manufacture Example 1.

Evaluation Example 3

Accelerating Rate Calorimeter Test

[0142] One lithium secondary battery (18650 cylindrical
type, 2200 mAh) was manufactured according to each of
Manufacture Example 1 and Reference Manufacture
Example 1 to 3, and then subjected to an accelerating rate
calorimeter (ARC) test to evaluate thermal stability. In the
ARC test, the lithium secondary batteries were subjected toi)
rated charging in a standard condition (1025 mA/4.35V, cut-
off 102 mA), and then resting for about 10 minutes to about 72
hours. After the rated charging, ii) while the temperature was
increased to about 250° C. at a rate of about 5° C./min, a
temperature change in each of the lithium secondary batteries
was measured to evaluate thermal stability of the lithium
secondary battery. The results are shown in FIG. 8.

[0143] FIG. 6 is a graph of open-circuit voltage (OCV)
changes in the lithium secondary batteries of Manufacture
Example 1 and Reference Manufacture Example 1 that were
measured after each lithium battery was stored for about 24
hours before the formation charge and discharge process.
FIG. 7 is a graph of alternating current (AC) impedance of the
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lithium secondary batteries of Manufacture Example 1 and
Reference Manufacture Example 1 measured in a frequency
range of about 10° to about 107!, FIG. 8 is a graph of tem-
perature changes with respect to time in the lithium secondary
batteries of Manufacture Example 1 and Reference Manufac-
ture Example 1.
[0144] Referring to FIG. 6, substantially no difference in
OCV was found between the lithium secondary battery of
Manufacture Example 1 and the lithium secondary battery of
Reference Manufacture Example 1, indicating that the
lithium secondary battery of Manufacture Example 1 is
chemically stable.
[0145] Referring to FIG. 7, the lithium secondary battery of
Manufacture Example 1 was found to have good impedance
characteristics. Referring to FIG. 8, the lithium secondary
battery of Manufacture Example 1 was found to have a lower
self-heat generation rate with a temperature increase, com-
pared to that of the lithium secondary battery of Reference
Manufacture Example 1, and accordingly to have improved
thermal characteristics.
[0146] As described above, according to the one or more
embodiments of the present invention, a lithium secondary
battery having improved safety and improved output and
lifetime characteristics may be manufactured using any of the
electrolytes according to the above-described embodiments.
[0147] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.
[0148] In the present disclosure, the terms “Example,”
“Comparative Example,” “Reference Example” “Manufac-
ture Example,” “Comparative Manufacture Example,” “Ref-
erence Manufacture Example” and “Evaluation Example”
are used arbitrarily to simply identify a particular example or
experimentation and should not be interpreted as admission
of prior art. While one or more embodiments of the present
disclosure have been described with reference to the figures,
it will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
embodiments as defined by the following claims.

What is claimed is:

1. An electrolyte for a lithium secondary battery, compris-
ing:

a compound represented by Formula 1:

Formula 1

wherein, in Formula 1, R, R, and R; are each indepen-
dently a substituted or unsubstituted C1-C30 alkyl
group, a substituted or unsubstituted C1-C30 alkoxy
group, a substituted or unsubstituted C2-C30 alkenyl
group, a substituted or unsubstituted C2-C30 alkynyl
group, a substituted or unsubstituted C6-C30 aryl group,
a substituted or unsubstituted C6-C30 aryloxy group, a
substituted or unsubstituted C7-C30 arylalkyl group, a
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substituted or unsubstituted C1-C30 heteroaryl group, a
substituted or unsubstituted C1-C30 heteroaryloxy
group, a substituted or unsubstituted C2-C30 heteroary-
lalkyl group, a substituted or unsubstituted C4-C30 car-
bon ring group, a substituted or unsubstituted C4-C30
carbocyclic alkyl group, a substituted or unsubstituted
C2-C30 heterocyclic group, or a substituted or unsub-
stituted C2-C30 heterocyclic alkyl group, a cyano group,
a halogen atom, a hydroxy group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonyl group,
a sulfamoyl group, a sulfuric acid group or salt thereof,
or a phosphoric acid group or salt thereof, and
X is an oxygen (O) or a sulfur (S);
a nonaqueous organic solvent; and
a lithium salt.
2. The electrolyte of claim 1, wherein R, to R; in Formula
1 are independently a C6-C30 aryl group or a C1-C30 alkyl
group.
3. The electrolyte of claim 1, wherein the compound rep-
resented by Formula 1 is a compound represented by Formula
2 or a compound represented by Formula 3:

Formula 2

P—
(6]
(6]

Formula 3
CH;y

o] _/\/
—=P

CH;.

O,

CH;

4. The electrolyte of claim 1, wherein an amount of the
compound represented by Formula 1 is in a range of about 0.5
wt % to about 5 wt % based on total amount of the electrolyte.

5. The electrolyte of claim 1, wherein the nonaqueous
organic solvent comprises at least one selected from a car-
bonate-based solvent, an ester-based solvent, an ether-based
solvent, a ketone-based solvent, an alcohol-based solvent,
and an aprotic solvent.

6. The electrolyte of claim 1, wherein the nonaqueous
organic solvent is at least one selected from dimethyl carbon-
ate (DMC), diethyl carbonate (DEC), dipropyl carbonate
(DPC), methylpropyl carbonate (MPC), ethylpropyl carbon-
ate (EPC), methylethyl carbonate (MEC), ethylene carbonate
(EC), propylene carbonate (PC), butylene carbonate (BC),
fluoroethylene carbonate (FEC), vinylene carbonate (VC),
acetonitrile, succinonitrile (SN), dimethyl sulfoxide, dim-
ethyl formamide, dimethyl acetamide, y-butyrolactone, tet-
rahydrofuran, and ethylene propane (EP).
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7. The electrolyte of claim 1, wherein the lithium salt is at
least one selected from LiPF LiBF,, LiSbF,, LiAsF,
LiC,F,SO;, LiClO,, LiAlO,, LiAlCl,, LiN(C,F,,,,SO,)
(C/F,,.,,50,) (where x and y are natural numbers of 1 to 20,
respectively), LiCl, Lil, and LiB(C,0,), (lithium bis(oxala-
to)borate).

8. The electrolyte of claim 1, wherein a concentration of the
lithium salt is in a range of about 0.1M to about 2.0M.

9. A lithium secondary battery comprising:
a positive electrode;

a negative electrode;

a separator; and

an electrolyte comprising a compound represented by For-
mula 1, a nonaqueous organic solvent, and a lithium salt,
and a reaction product of the electrolyte,

Formula 1

wherein, in Formula 1, R, R, and R; are each indepen-
dently a substituted or unsubstituted C1-C30 alkyl
group, a substituted or unsubstituted C1-C30 alkoxy
group, a substituted or unsubstituted C2-C30 alkenyl
group, a substituted or unsubstituted C2-C30 alkynyl
group, a substituted or unsubstituted C6-C30 aryl group,
a substituted or unsubstituted C6-C30 aryloxy group, a
substituted or unsubstituted C7-C30 arylalkyl group, a
substituted or unsubstituted C1-C30 heteroaryl group, a
substituted or unsubstituted C1-C30 heteroaryloxy
group, a substituted or unsubstituted C2-C30 heteroary-
lalkyl group, a substituted or unsubstituted C4-C30 car-
bon ring group, a substituted or unsubstituted C4-C30
carbocyclic alkyl group, a substituted or unsubstituted
C2-C30 heterocyclic group, or a substituted or unsub-
stituted C2-C30 heterocyclic alkyl group, a cyano group,
a halogen atom, a hydroxy group, a hydrazine, a hydra-
zone, a carboxyl group or a salt thereof, a sulfonyl group,
a sulfamoyl group, a sulfuric acid group or salt thereof,
or a phosphoric acid group or salt thereof; and

X is an oxygen (O) or a sulfur (S).

10. The lithium secondary battery of claim 9, wherein R | to
R, in Formula 1 are each independently a C6-C30 aryl group
or a C1-C30 alkyl group.

11. The lithium secondary battery of claim 9, wherein the
compound represented by Formula 1 is a compound repre-
sented by Formula 2 or a compound represented by Formula
3:
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Formula 2

Formula 3

P—
0
0
CH;

JrE~
r

12. The lithium secondary battery of claim 9, wherein an
amount of the compound represented by Formula 1 is in a
range ofabout 0.5 wt % to about 5 wt % based on total amount
of the electrolyte.

13. The lithium secondary battery of claim 9, wherein the
nonaqueous organic solvent comprises at least one selected
from a carbonate-based solvent, an ester-based solvent, an
ether-based solvent, a ketone-based solvent, an alcohol-based
solvent, and an aprotic solvent.

14. The lithium secondary battery of claim 9, wherein the
nonaqueous organic solvent is at least one selected from
dimethyl carbonate (DMC), diethyl carbonate (DEC), dipro-
py! carbonate (DPC), methylpropyl carbonate (MPC), ethyl-
propyl carbonate (EPC), methylethyl carbonate (MEC), eth-
ylene carbonate (EC), propylene carbonate (PC), butylene
carbonate (BC), fluoroethylene carbonate (FEC), vinylene
carbonate (VC), acetonitrile, succinonitrile (SN), N.N-dim-
ethyl sulfoxide, N,N-dimethyl formamide, N,N-dimethyl
acetamide, y-butyrolactone, tetrahydrofuran, and ethylene
propane (EP).

15. The lithium secondary battery of claim 9, wherein the
lithium salt is at least one selected from LiPFg LiBF,,
LiSbF, LiAsF,, LiC,F,SO;, LiClO,, LiAlO,, LiAICL,, LiN
(CF 5, 180,5)(CF5,,,,80,) (where x and y are natural num-
bers of 1 to 20, respectively), LiCl, Lil, and LiB(C,0,),
(lithium bis(oxalato)borate).

16. The lithium secondary battery of claim 9, wherein a
concentration of the lithium salt is in a range of about 0.1M to
about 2.0M.

17. The lithium secondary battery of claim 15, wherein the
lithium salt is at least one selected from LiPF and LiBF,,.

CH;
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