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(57) Abréegée/Abstract:
Disclosed herein Is an electrolyte for lithium secondary batteries comprising: a chelating agent, which forms complexes with
transition metal ions In the battery, and at the same time does not react and coordinate with lithium ions; a non-agueous solvent;
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(57) Abrege(suite)/Abstract(continued):

and an electrolyte salt, as well as a lithium secondary battery comprising the electrolyte. The chelating agent, which Is contained In
the electrolyte for lithium secondary batteries, can suppress a side reaction In which transition metal ions are reduced anad
deposited as transition metals on the anode. Also, the chelating agent can suppress internal short-circuits in the battery and the

resulting voltage drop of the battery and a reduction in the safety and performance of the battery, which can occur when transition
metals are deposited on the anode.
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(57) Abstract: Disclosed herein is an electrolyte for lithium secondary batteries comprising: a chelating agent, which forms com-
& plexes with transition metal ions in the battery, and at the same time does not react and coordinate with lithium ions; a non-aqueous
& solvent; and an electrolyte salt, as well as a lithium secondary battery comprising the electrolyte. The chelating agent, which is
N ontained in the electrolyte for lithium secondary batteries, can suppress a side reaction in which transition metal ions are reduced
and deposited as transition metals on the anode. Also, the chelating agent can suppress internal short-circuits in the battery and the
resulting voltage drop of the battery and a reduction in the safety and performance of the battery, which can occur when transition

metals are deposited on the anode.
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Description
ELECTROLYTE FOR LITHIUM SECONDARY BATTERY
COMPRISING CHELATING AGENT AND LITHIUM

SECONDARY BATTERY USING THE SAME
Technical Field

[1] The present invention relates to an electrolyte for lithium secondary batteries

containing a chelating agent, and a lithium secondary battery comprising said

electrolyte.

Background Art

[2] Recently, the compact and lightweight construction of electronic equipment has
been realized and the use of portable electronic devices has been generalized, and thus
studies on secondary batteries having high energy density have been actively
conducted.

[3] Lithium secondary batteries, which are currently mainly used, comprise cathode
and anode made of materials capable of intercalating and deintercalating lithium 10ns,
are fabricated by injecting a non-aqueous electrolyte between the cathode and anode,
and produce electrical energy by oxidation and reduction reactions, which occur when
lithium 10ons are intercalated into and deintercalated from the cathode and anode.

[4] When the secondary battery 1s charged and discharged, transition metal 1ons in the
battery can cause side reactions and can result in a reduction in the performance of the
battery. For example, when the cathode contains Fe impurities, Fe can be ionized, and
deposited on the anode, resulting 1in voltage drop. Also, some Co, which 1s used as the
cathode active material, can be dissolved out and deposited on the anode, and when
spinel Mn is used for the cathode, Mn can be dissolved. In addition, when a Fe olivine
material 1s used, Fe can be dissolved out. Such side reactions deteriorate the stability
and performance of the battery.

[5] In a prior attempt to suppress side reactions, an expensive apparatus for purifying
raw materials 1s used, the pretreatment of raw materials 1s performed, or other al-
ternative materials having poor performance are used. However, such methods have

problems in that they are expensive and deteriorate the performance of the battery.

Disclosure of Invention
Technical Problem

[6] It 1s an object of the present invention to provide an electrolyte for lithium
secondary batteries containing a chelating agent, which forms complexes with

transition metal 1ons and, at the same time, does not react and coordinate with lithium
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[7]

[3]

9]

[10]

[11]

[12]

[13]
[14]

[15]

ions, and thus can improve the performance and safety of the battery by suppressing
side reactions, in which some transition metals and transition metal 1ons such as Fe

impurities, contained in a cathode, are oxidized and deposited on an anode when the
battery i1s charged and discharged, as well as a lithium secondary battery comprising

said electrolyte.
Technical Solution

To achieve the above object, the present invention provides an electrolyte for
lithium secondary batteries, comprising: a chelating agent, which forms complexes
with transition metal 1ons in the battery and, at the same time, does not react and
coordinate with lithium 10ons; a non-aqueous solvent; and an electrolyte salt, as well as

a lithium secondary battery comprising said electrolyte.

Brief Description of the Drawings

FIG. 1 1s a graphic diagram showing the results of Fe electroplating experiments for
batteries fabricated according to Example 1 of the present invention and Comparative
Examples 1~3.

FIG. 2 1s a graphic diagram showing the results of Fe electroplating experiments for
batteries fabricated according to Examples 1~5 of the present invention and
Comparative Example 1.

FIG. 3 1s a graphic diagram showing the high-temperature storage characteristics of
batteries fabricated according to Examples 6 and 7 of the present invention and
Comparative Example 4.

FIG. 4 1s a graphic diagram showing the C-rate characteristics of batteries
fabricated according to Examples 6 and 7 of the present invention and Comparative
Example 4.

FIG. 5 1s a graphic diagram showing the cycle characteristics of batteries fabricated

according to Examples 6 and 7 of the present invention and Comparative Example 4.

Mode for the Invention

Hereinafter, the present invention will be described 1n further detail.

The present invention 1s characterized in that a chelating agent, which 1s not
reactive with lithium ions and does not form coordinate bonds with lithium ions and
thus does not form complexes with lithium ions, 1s selected and the selected chelating
agent 1s used in a lithium secondary battery.

The cathode of the lithium secondary battery generally contains lithium transition-
metal oxides and, in some cases, Fe as an impurity. When this secondary battery is
charged and discharged, side reactions can occur, in which transition metals such as
Co, Mn and N1, which can be contained in the cathode, or transition metals such as Fe

impurities, are ionized, dissolved out from the cathode, and deposited on the anode.

CA 02632868 2008-06-02
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[16]

[17]

[18]

[19]

[20]

[21]

[22]

When the electrolyte of the lithium secondary battery contains a chelating agent, the
chelating agent will form coordinate bonds with the metal 1ons such as Co, Mn, N1 and
Fe to form metal-containing cyclic complexes known as chelates. Also, the chelating
agent, which 1s included in the inventive electrolyte, does not deteriorate the
performance of the battery because it does not react and coordinate with lithium 1ons,
so that it does not form complexes with lithium 10ons.

Thus, because the chelating agent forms complexes with transition metal 10ns
except for lithium 1ons in the battery, it significantly reduces the reactivity of the
transition metal 10ns, so that it can suppress side reactions in which the transition metal
ions are reduced and deposited as transition metals on the anode. Also, the chelating
agent can suppress internal short-circuits in the battery and the resulting voltage drop
of the battery and a reduction in the safety and performance of the battery, which can
occur when transition metals are deposited on the anode.

Also, 1n the present invention, complexes formed between the chelating agent and
the transition metal 1ons are preferably insoluble in the electrolyte. When the
complexes between the chelating agent and the transition metal 1ons are well soluble 1n
the electrolyte, the complexes can migrate to the anode and can be reduced and
deposited as transition metals on the surface of the anode.

The chelating agent, which 1s contained in the inventive electrolyte for lithium
secondary batteries, can be at least one selected from the group consisting of EDTA
(ethylene diamine tetraacetic acid), NTA (nitrilotriacetic acid), DCTA
(trans-1,2-diaminocyclohexanetetraacetic acid), DTPA (diethylene-triaminepentaacetic
acid), and EGTA (ethylene glycol bis(2-aminoethyl ether)-N,N,N’,N’-tetraacetic acid).

The chelating agent can be contained in an amount of 2~200 mM relative to the
electrolyte. If the chelating agent 1s contained in the electrolyte in an amount of less
than 2 mM, 1t will be 1insignificant with respect to the effects of forming complexes by
coordinate bonds between the chelating agent and the transition metal ions and
suppressing the side reaction 1n which transition metals are deposited 1in the anode. On
the other hand, if the chelating agent 1s contained 1in an amount of more than 200 mM,
it will not have any further effect resulting from an increase in the amount of use of the
chelating agent.

The non-aqueous solvent, which is contained in the inventive electrolyte for lithium
secondary batteries, 1s not specifically limited as long as it 1s generally used as a non-
aqueous solvent for non-aqueous electrolytes. Examples of the non-aqueous solvent,
which can be used in the present invention, include cyclic carbonate, linear carbonate,
lactone, ether, ester, and ketone.

Examples of the cyclic carbonate include ethylene carbonate (EC), propylene

carbonate (PC), and butylene carbonate (BC), and examples of the linear carbonate

CA 02632868 2008-06-02
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include diethyl carbonate (DEC), dimethyl carbonate (DMC), dipropyl carbonate
(DPC), ethyl methyl carbonate (EMC), and methyl propyl carbonate (MPC). Examples
of the lactone include gamma-butyrolactone (GBL), and examples of the ether include
dibutyl ether, tetrahydrofuran, 2-methyl tetrahydrofuran, 1,4-dioxane, and
1,2-dimethoxyethane. Also, examples of the ester include methyl acetate, ethyl acetate,
methyl propionate, and methyl pivalate, and examples of the ketone include poly-
methylvinyl ketone. These non-aqueous solvents can be used alone or 1n a mixture of
two or more thereof.

[23] The electrolyte salt, which 1s contained in the inventive electrolyte for lithium
secondary batteries, 1s not specifically limited as long as it is generally used as an
electrolyte salt for non-aqueous electrolytes. Non-limiting examples of the electrolyte
salt include salts having a structure such as A'B’, wherein A" represents an alkali metal
cation such as Li’, Na', K', or a combination thereof, and B represents an anion such
as PF6 , BF4 ,Cl,Br,I, ClO4 , ASF6 , CH3C02 , CF:;SO3 , N(CF3SOZ)2 , C(CF2802)

, or a combination thereof. Particularly, a lithium salt is preferred. These electrolyte

3

salts can be used alone or in a mixture of two or more thereof.

[24] The lithium secondary battery according to the present invention can employ said
electrolyte for lithium secondary batteries. Specifically, the lithium secondary battery
according to the present invention can comprise a cathode; an anode; a separator; and
said electrolyte for lithium secondary batteries.

[25] The lithium secondary battery of the present invention can be fabricated according
to a conventional method known in the art by interposing a porous separator between
the cathode and the anode, and placing said electrolyte into the resulting structure.
However, the method of fabricating the lithium secondary battery, which can be used
in the present invention, 1s not limited to any particular method.

[26] The cathode active material, which 1s used in the secondary battery of the present
invention, can consist of any one or a mixture of two or more selected from among a
variety of lithium transition-metal composite oxides (e.g., lithium manganese
composite oxide, lithium nickel oxide, lithium cobalt oxide, and the foregoing oxides
wherein part of manganese, nickel and cobalt 1s replaced with other transition metals
and the like such as LiCoOZ, LiNiOZ, LiMnOZ, LiMn204, Li(NiaCOanC)O2 (0<a<l,
0<b<1,0<c<1, atb+c=1), LiNil.YCOYOQ’ LiCol_YMnYoz, LiNil_YMnYO2 (0-Y<1),
Li(N iaCOanc)O4 (0<a<2,0<b<2, 0<c<2, atb+c=2), Lian_ZNiZO4, Lian-zCOzO4
(0<Z<2), LiCoPO4 or LiFePO4, or a lithium-containing vanadium oxide and the
like), and chalcogen compounds (such as manganese dioxide, titanium disulfide,
molybdenum disulfide and the like).

[27] The anode active material, which can be used in the present invention, can consist

of a carbon material, a lithium metal or an alloy thereof, which can absorb and release
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[33]

[34]

[35]

[36]

[37]

[33]

[39]
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lithium 10ns. In addition, it 1s possible to use a metal oxide such as TiO2 or SnOz,
which can absorb and release lithium 1ons and has a potential of less than 2V for
lithium. Particularly, a carbon material such as graphite 1s preferred.

Although the porous separator, which can be used in the present invention, 1s not
limited to any particular separator, a porous separator can be used, examples of which
include polypropylene-based, polyethylene-based, and polyolefin-based porous
separators.

In addition, although the shape of the lithium secondary battery is not limited to any
particular shape, 1t can have a cylindrical shape, a prismatic shape, a pouch shape or a
coin shape.

Hereinafter, the present invention will be described in further detail with reference
to examples. It 1s to be understood, however, that these examples are illustrative only,
and the scope of the present invention is not limited thereto.

Example 1: Preparation of electrolvte and batterv. containing EDTA as chelating
agent

An electrolyte was prepared by dissolving LiPF6 in ethylene carbonate (EC): ethyl
methyl carbonate (EMC)=1:2(v/v) to a concentration of 1M, and then adding each of
Fe 1ons (FeC13) and EDTA as a chelating agent to a concentration of 50 mM.

A battery was fabricated by using a nitric acid-treated silver wire as a reference
electrode, a Pt wire as a counter electrode, a copper foil as a working electrode, and the
above-prepared electrolyte as an electrolyte.

Comparative Example 1: Preparation of electrolyte and battery containing no
chelating agent

An electrolyte and a battery were prepared according to the same method as

Example 1, except that the chelating agent (EDTA) was not added.

Comparative Example 2: Preparation of electrolyte and battery containing

18-crown-6 as chelating agent
An electrolyte and a battery were prepared according to the same method as

Example 1, except that 18-crown-6 (crown ether) was used instead of EDTA as a

chelating agent.

Comparative Example 3: Preparation of electrolyte and battery containing dibenzo-

18-crown-6 as chelating agent
An electrolyte and a battery were prepared according to the same method as

Example 1, except that dibenzo-18-crown-6 (crown ether) was used instead of EDTA
as a chelating agent.

Experiment 1: Test of Fe electroplating (reduction of Fe ions)

In order to observe reactions in which Fe 1ons in the electrolytes of batteries

prepared in Example 1 and Comparative Examples 1~3 are reduced on the surface of

CA 02632868 2008-06-02
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[42]

[43]
[44]

[45]
[46]

[47]

[43]
[49]

[50]

[51]

[52]

the anode, electroplating experiments were carried out, and the experimental results are
shown in FIG. 1.

As can be seen in FIG. 1, in the case where crown ether was used as the chelating
agent, Fe 1ons reacted well with the crown ether to form complexes, but it seems that
the complexes were dissolved well 1n the electrolyte due to the property of the crown
ether soluble in the organic solvent, so that they rather helped the Fe 1ons migrate to
the anode and were reduced on the surface of the anode. As a result, this case was not
different from the case where the chelating agent was not used. However, in the case
where EDTA was used as the chelating agent, a reaction of less than 2V with respect to
Li/Li" ions did not substantially appear, suggesting that the EDTA effectively
suppressed the reduction of Fe 10ons.

Examples 2~35: Preparation of electrolytes and batteries containing EDTA
Electrolytes and batteries were prepared according to the same method as Example

1, except that EDTA was added in amounts of 2 mM, 5 mM, 10 mM and 200 mM, re-
spectively.
Experiment 2: Reduction of Fe ions at varying EDTA concentrations

The reduction reactions of the batteries fabricated in Examples 1~5 and
Comparative Example 1 on the surface of a copper foil and the amount of the resulting
Fe electroplating were measured, and the measurement results are shown in FIG. 2.

After Fe was electroplated while changing the amount of EDTA, the amount of Fe
on the copper foil was analyzed using ICP. As a result, it could be seen that an increase
in the amount of EDTA led to a decrease in the amount of the plated Fe. The values in
brackets in FIG. 2 are the analyzed amounts of Fe, and i1t could be seen that, even
though the amount of EDTA 1n the electrolytes was as low as ten times the amount of
Fe 1ons, EDTA was significantly effective in inhibiting the reduction of Fe 10ns.

Example 6: Preparation of electrolyte and polymer battery containing EDTA

An electrolyte was prepared by adding EDTA to an electrolyte (EC/EMC=1/2(v/v),
1M LiPF6) for use 1n cylindrical batteries to a concentration of 2 mM.

A cathode slurry was prepared by mixing together 90 wt% of LiCoO2 as a cathode
active material, 5 wt% of acetylene black as a conductive agent, and 5 wt% of PVDF
as a binder, and then adding the mixture to NMP (N-methyl-2-pyrrolidone). Then, the
cathode slurry was applied on an aluminum (Al) current collector and dried, thus
preparing a cathode.

An anode slurry was prepared by adding a mixture of 95 wt% of graphite as an
anode active material and 5 wt% of PVDF as a binder to NMP. Then, the anode slurry
was applied on a copper (Cu) current collector and dried, thus preparing an anode.

A polyolefin-based separator was interposed between the prepared cathode and

anode, and then the electrolyte was 1njected into the resulting structure, thus fabricating

CA 02632868 2008-06-02
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an ICP563443 polymer battery (5.6 mm thick, 34 mm wide and 43 mm long) having a
nominal capacity of 900 mAh.
Example 7: Preparation of electrolyte and polymer battery containing EDTA

An electrolyte and a polymer battery were prepared according to the same method
as Example 6, except that EDTA was added to a concentration of 10 mM 1n the
preparation of the electrolyte.

Comparative Example 4: Preparation of electrolyte and polymer battery containing
no EDTA

An electrolyte and a polymer battery were prepared according to Example 6, except
that EDTA was not added in the preparation of the electrolyte.

Experiment 3: Evaluation of high-temperature storage characteristics of batte

Each of the batteries fabricated in Examples 6 and 7 and Comparative Example 4
was fully charged to 4.2 V, and placed in a constant-temperature chamber, in which the
batteries were heated to 90 °C over one hour, maintained at 90 °C for 4 hours, cooled
over one hour, and then maintained at room temperature. During this process, a change
in the thickness of each of the batteries was measured, and the measurement results are
shown 1n FIG. 3.

The thickness of a battery during high-temperature generally becomes thicker due
to the generation of gas resulting from the reaction of the electrolyte or the electrolyte
additives on the electrode surface. However, an increase in the generation of gas,
caused by the use of EDTA, could not be seen 1n the results of this Experiment. In
other words, 1t could be found that the batteries containing EDTA and the battery
containing no EDTA showed similar changes 1n the thickness thereof, and thus dete-
rioration in the storage characteristics of the batteries caused by the use of EDTA, did
not occur.

Experiment 4: Evaluation of C-rate characteristics of batteries

The rate capabilities of the batteries fabricated in Examples 6 and 7 and
Comparative Example 4 were measured at a charge condition of 0.5C and varying
discharge currents, and the measurement results are shown in FIG. 4.

In the case where EDTA was added, some deterioration in the performance of the
batteries occurred at a high rate of 2 C, but was insignificant, and also had little
variation between the batteries.

Experiment 5: Evaluation of cycle characteristics of batteries

The cycle characteristics of the batteries fabricated in Examples 6 and 7 and
Comparative Example 4 were tested, and the experimental results are shown in FIG. 3.

As can be seen 1n FIG. 35, the batteries showed substantially the same behavior
regardless of the amount of EDTA 1n 0.5C charge/1C discharge conditions and also

showed good cycle characteristics.
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CA 02632868 2010-06-10

8

WO 2007/064170 PCT/KR2006/005152

[66]

[67]

Industrial Applicability
As can be seen from the foregoing, the chelating agent, which is contained in the
inventive electrolyte for lithium secondary batteries, forms complexes with transition

metal ions in the battery and, at the same time, does not react and coordinate with
lithium ions, and thus can suppress a side reaction in which transition metal ions are
reduced and deposited as transition metals on the anode. Also, the chelating agent can
suppress internal short-circuits in the battery and the resulting voltage drop of the
battery, and a reduction in the safety and performance of the battery, which can occur
when transition metals are deposited on the anode.

Although the preferred embodiment of the present invention has been described for
illustrative purposes, those skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing from the scope of
the invention as disclosed in the accompanying claims.
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What 1s claimed is:

1. An electrolyte for lithium secondary batteries comprising: a chelating agent, which forms
complexes with transition metal ions in the battery, and at the same time does not react and
coordinate with lithium 10ns; a non-aqueous solvent; and an electrolyte salit,

wherein the chelating agent is at least one selected from the group consisting of NTA
(nitrilotriacetic acid), DCTA (trans-1,2-diaminocyclohexanetetraacetic acid), DTPA (diethylene-
triaminepentaacetic acid), and EGTA (ethylene glycol bis(2-aminoethyl ether)-N,N,N’,N'-

tetraacetic acid).
2. The electrolyte of Claim 1, wherein the complexes are insoluble in the electrolyte.

3. The electrolyte of Claim 1, wherein the chelating agent is contained in an amount of 2 to

200 mM relative to the electrolyte.

4, A lithium secondary battery comprising an electrolyte according to any one of Claims 1-3.

TOR LAW\ 7399362\
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Fig. 5
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