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POSITIVE ELECTRODE FOR LITHIUM AIR
BATTERIES WITH EXCELLENT STABILITY,
METHOD OF MANUFACTURING THE
SAME, AND LITHIUM AIR BATTERY
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims, under 35 U.S.C. § 119(a),
the benefit of priority to Korean Patent Application No.
10-2019-0030388 filed on Mar. 18, 2019, the entire contents
of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a positive electrode
for lithium air batteries with excellent stability, a method of
manufacturing the same, and a lithium air battery including
the same.

BACKGROUND

[0003] A lithium air battery, including a negative elec-
trode, a positive electrode using oxygen in air as a positive
electrode active material and including an oxygen redox
catalyst, and a lithium ion conductive electrolyte provided
between the positive electrode and the negative electrode, is
well known.

[0004] The lithium air battery may be classified as an
aprotic lithium air battery, an aqueous lithium air battery, a
solid-state lithium air battery, or a mixed aqueous/aprotic
lithium air battery, depending on the kind of the electrolyte.
In the case of an aprotic lithium air battery, an aprotic
electrolyte that only weakly reacts with a negative electrode
made of a lithium metal is used, whereby the structure of the
battery is simple, and the energy density of the battery is
high. However, solid-state [.i,0,, which is a byproduct
generated at the time of discharging the battery, blocks pores
in an air electrode as the discharging of the battery is
continuously performed. As a result, the area in which
oxygen, electrons, and lithium ions react with each other is
reduced and the discharge capacity of the battery is reduced.
[0005] In addition, the aprotic electrolyte is decomposed
due to the instability of the aprotic electrolyte at the time of
charging and discharging the battery, whereby a byproduct
such as Li,O, or Li,O is irreversibly generated instead of
Li,0,. In recent years, various kinds of organic electrolytes
have been applied, and the stabilities thereof have been
evaluated in order to solve this problem. Nevertheless, the
reduction in the stability has still not been overcome, as
previously described.

[0006] The above information disclosed in this Back-
ground section is provided only for enhancement of under-
standing of the background of the invention and therefore it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0007] In preferred aspects, provided are a positive elec-
trode for lithium air batteries and a method of manufacturing
the same, such that the side reaction generation rate is
reduced, whereby the capacity and lifespan characteristics of
the positive electrode are improved.
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[0008] Further provided is a method of manufacturing a
lithium air battery which includes simplified process of
manufacturing a positive electrode, thereby improving eco-
nomic efficiency.

[0009] The objects of the present invention are not limited
to those described above. The objects of the present inven-
tion will be clearly understood from the following descrip-
tion and could be implemented by means defined in the
claims and a combination thereof.

[0010] In one aspect, provided is a positive electrode for
lithium air batteries with excellent stability. The positive
electrode may include a conductive material and an ionic
liquid. Preferably, the ionic liquid may include cations and
anions. The cations may suitably include one selected from
the group consisting of ethyl methylimidazolium (EMIM),
butyl methylimidazolium (BMIM), dimethylimidazolium
(MMIM), butyl methylpyrrolidinium (PYR,,), trimethyl
propyl ammonium (N,,,5), butyl trimethyl ammonium
(Ny;;4), N-methyl-N-butylpiperidinium (PP,,), N-propyl-
N-methylpyrrolidinium (PYR, ;) and mixtures thereof. The
anions may suitably include one selected from the group
consisting of chloride (Cl), dicyanamide (DCA), trifluo-
romethanesulfonate (Otf), trifluoromethyl sulfonyl imide
(TFSI), acetate (Ac), hydrate (OH), diethyl phosphate
(DEP), thiocyanate (SCN), methyl sulfate (MeSO,), bis
(fluorosulfonyl)imide (FSI) and mixtures thereof.

[0011] The conductive material may suitably include one
selected from the group consisting of graphite, carbon black,
Ketjen black, acetylene black, carbon nanotubes, a reduced
graphene oxide and mixtures thereof.

[0012] In another aspect, provided is a lithium air battery
with excellent stability. The lithium air battery including the
positive electrode as described herein and a negative elec-
trode including a lithium metal, a lithium alloy, or a com-
bination thereof.

[0013] For example, the positive electrode of the lithium
air battery may include a conductive material and an ionic
liquid. Preferably, the ionic liquid may include cations and
anions. The cations may suitably include one selected from
the group consisting of ethyl methylimidazolium (EMIM),
butyl methylimidazolium (BMIM), dimethylimidazolium
(MMIM), butyl methylpyrrolidinium (PYR,,), trimethyl
propyl ammonium (N,,,;), butyl trimethyl ammonium
(Ny;;4), N-methyl-N-butylpiperidinium (PP,,), N-propyl-
N-methylpyrrolidinium (PYR, ;) and mixtures thereof. The
anions may suitably include one selected from the group
consisting of chloride (Cl), dicyanamide (DCA), trifluo-
romethanesulfonate (Otf), trifluoromethyl sulfonyl imide
(TFSI), acetate (Ac), hydrate (OH), diethyl phosphate
(DEP), thiocyanate (SCN), methyl sulfate (MeSO,), bis
(fluorosulfonyl)imide (FSI) and mixtures thereof. The con-
ductive material may suitably include one selected from the
group consisting of graphite, carbon black, Ketjen black,
acetylene black, carbon nanotubes, a reduced graphene
oxide and mixtures thereof.

[0014] The lithium air battery may further include a mem-
brane provided between the positive electrode and the
negative electrode, and the membrane may include a sepa-
rator, a polymer electrolytic membrane, and a combination
thereof.

[0015] The separator may include a polyolefin polymer.
[0016] The separator may suitably include one selected
from the group consisting of polyethylene polymer, poly-
propylene polymer and mixtures thereof.
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[0017] The lithium air battery may further include an
electrolyte provided between the positive electrode and the
negative electrode.

[0018] The electrolyte may suitably include a solid elec-
trolyte, a liquid electrolyte, of a combination thereof.
[0019] The electrolyte may suitably include an ionic lig-
uid, lithium salt, or a combination thereof.

[0020] Further provided is a method of manufacturing a
positive electrode for lithium air batteries with excellent
stability. The method may include: preparing a slurry admix-
ture including a conductive material and an ionic liquid, and
forming an electrode layer by applying (e.g., coating) the
slurry admixture to a substrate.

[0021] The method may further include drying the elec-
trode layer after the slurry admixture is applied.

[0022] The conductive material may suitably include one
selected from the group consisting of graphite, carbon black,
Ketjen black, acetylene black, carbon nanotubes, a reduced
graphene oxide and mixtures thereof.

[0023] The ionic liquid may suitably include cations and
anions, the cations may suitably include one selected from
the group consisting of ethyl methylimidazolium (EMIM),
butyl methylimidazolium (BMIM), dimethylimidazolium
(MMIM), butyl methylpyrrolidinium (PYR,,), trimethyl
propyl ammonium (N,,,;), butyl trimethyl ammonium
(Ny114)s N-methyl-N-butylpiperidinium (PP,,), N-propyl-
N-methylpyrrolidinium (PYR, ;) and mixtures thereof. The
anions may suitably include one selected from the group
consisting of chloride (Cl), dicyanamide (DCA), trifluo-
romethanesulfonate (Otf), trifluoromethyl sulfonyl imide
(TFSI), acetate (Ac), hydrate (OH), diethyl phosphate
(DEP), thiocyanate (SCN), methyl sulfate (MeSO,), bis
(fluorosulfonyl)imide (FSI) and mixtures thereof.

[0024] Preferably, the slurry admixture may include an
amount of about 1 to 10 wt % of the conductive material and
an amount of about 90 to 99 wt % of the ionic liquid, based
on the total weight of the slurry admixture.

[0025] Alternatively, the mixed slurry may suitably
include a amount of about 2 to 5 wt % of the conductive
material and an amount of about 95 to 98 wt % of the ionic
liquid based on the total weight of the slurry admixture.

[0026] The slurry admisture may be prepared by mixing
the conductive material and the ionic liquid for about 10 to
60 minutes.

[0027] Preferably, the drying may be performed at a
temperature of about 100 to 120° C.

[0028] Other aspects of the invention are discussed infra.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features of the present inven-
tion will now be described in detail with reference to certain
exemplary embodiments thereof illustrated in the accompa-
nying drawings which are given hereinbelow by way of
illustration only, and thus are not limitative of the present
invention, and wherein:

[0030] FIG. 1 shows the charge/discharge effects of a
lithium air battery manufactured according to Comparative
Example 1;

[0031] FIG. 2 shows the charge/discharge effects of a
lithium air battery manufactured according to Comparative
Example 2;
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[0032] FIG. 3 shows the charge/discharge effects of an
exemplary lithium air battery manufactured in Example 1
according to an exemplary embodiment of the present
invention;

[0033] FIG. 4 shows the charge/discharge effects of an
exemplary lithium air battery manufactured in Example 2
according to an exemplary embodiment of the present
invention; and

[0034] FIG. 5 shows the charge/discharge effects of a
lithium air battery manufactured according to Comparative
Example 3.

[0035] It should be understood that the appended drawings
are not necessarily to scale, presenting a somewhat simpli-
fied representation of various preferred features illustrative
of the basic principles of the invention. The specific design
features of the present invention as disclosed herein, includ-
ing, for example, specific dimensions, orientations, loca-
tions, and shapes, will be determined in part by the particular
intended application and use environment.

[0036] In the figures, reference numbers refer to the same
or equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

[0037] The objects described above, and other objects,
features and advantages will be clearly understood from the
following preferred embodiments with reference to the
attached drawings. However, the present invention is not
limited to the embodiments and will be embodied in differ-
ent forms. The embodiments are suggested only to offer
thorough and complete understanding of the disclosed con-
tents and sufficiently inform those skilled in the art of the
technical concept of the present invention.

[0038] Like reference numbers refer to like elements
throughout the description of the figures. In the drawings,
the sizes of structures are exaggerated for clarity. It will be
understood that, although the terms “first”, “second”, etc.
may be used herein to describe various elements, corre-
sponding elements should not be understood to be limited by
these terms, which are used only to distinguish one element
from another. For example, within the scope defined by the
present invention, a first element may be referred to as a
second element and similarly, a second element may be
referred to as a first element. Singular forms are intended to
include plural forms as well, unless the context clearly
indicates otherwise.

[0039] It will be further understood that the terms “com-
prises”, “has” and the like, when used in this specification,
specify the presence of stated features, numbers, steps,
operations, elements, components or combinations thereof,
but do not preclude the presence or addition of one or more
other features, numbers, steps, operations, elements, com-
ponents, or combinations thereof. In addition, it will be
understood that, when an element such as a layer, film,
region or substrate is referred to as being “on” another
element, it can be directly on the other element or an
intervening element may also be present. It will also be
understood that, when an element such as a layer, film,
region or substrate is referred to as being “under” another
element, it can be directly under the other element or an
intervening element may also be present.

[0040] Unless the context clearly indicates otherwise, all
numbers, figures and/or expressions that represent ingredi-
ents, reaction conditions, polymer compositions and
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amounts of mixtures used in the specification are approxi-
mations that reflect various uncertainties of measurement
occurring inherently in obtaining these figures among other
things. For this reason, it should be understood that, in all
cases, the term “about” should modify all numbers, figures
and/or expressions. Unless specifically stated or obvious
from context, as used herein, the term “about” is understood
as within a range of normal tolerance in the art, for example
within 2 standard deviations of the mean. “About” can be
understood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value.
Unless otherwise clear from the context, all numerical
values provided herein are modified by the term “about.”
[0041] In addition, when numeric ranges are disclosed in
the description, these ranges are continuous and include all
numbers from the minimum to the maximum including the
maximum within the range unless otherwise defined. Fur-
thermore, when the range refers to an integer, it includes all
integers from the minimum to the maximum including the
maximum within the range, unless otherwise defined.
[0042] It should be understood that, in the specification,
when the range refers to a parameter, the parameter encom-
passes all figures including end points disclosed within the
range. For example, the range of “5 to 10” includes figures
of' 5,6,7,8,9, and 10, as well as arbitrary sub-ranges such
as ranges of 6 to 10, 7 to 10, 6 to 9, and 7 to 9, and any
figures, such as 5.5, 6.5, 7.5, 5.5t0 8.5 and 6.5 to 9, between
appropriate integers that fall within the range. In addition,
for example, the range of “10% to 30%” encompasses all
integers that include figures such as 10%, 11%, 12% and
13%, as well as 30%, and any sub-ranges of 10% to 15%,
12% to 18%, or 20% to 30%, as well as any figures, such as
10.5%, 15.5% and 25.5%, between appropriate integers that
fall within the range.

[0043] The present invention relates to a lithium air bat-
tery having a positive electrode, including a conductive
material and an ionic liquid, applied thereto. Hereinafter, a
positive electrode including a conductive material and an
ionic liquid and a method of manufacturing the same will be
described.

Positive Electrode for Lithium Air Batteries

[0044] A positive electrode for lithium air batteries
according to exemplary embodiments of the present inven-
tion may include a conductive material and an ionic liquid,
and the ionic liquid includes cations and anions.

[0045] The conductive material may suitably include one
selected from the group consisting of graphite, carbon black,
Ketjen black, acetylene black, carbon nanotubes, a reduced
graphene oxide and mixtures thereof.

[0046] The ionic liquid as used herein may include a liquid
salt constituted only by ions, and includes organic cations
and anions having low structural symmetry.

[0047] The cations included in the ionic liquid may suit-
ably include one selected from the group consisting of ethyl
methylimidazolium (EMIM), butyl methylimidazolium
(BMIM), dimethylimidazolium (MMIM), butyl methylpyr-
rolidinium (PYR,,), trimethyl propyl ammonium (N,,;5),
butyl trimethyl ammonium (N,,,,), N-methyl-N-butylpip-
eridinium (PP, N-propyl-N-methylpyrrolidinium
(PYR, ;) and mixtures thereof.

[0048] The anions included in the ionic liquid may suit-
ably include one selected from the group consisting of
chloride (Cl), dicyanamide (DCA), trifluoromethanesul-
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fonate (Otf), trifluoromethyl sulfonyl imide (TFSI), acetate
(Ac), hydrate (OH), diethyl phosphate (DEP), thiocyanate
(SCN), methyl sulfate (MeSO,), bis(fluorosulfonyl)imide
(FSI) and mixtures thereof.

Lithium Air Battery

[0049] A lithium air battery includes a positive electrode
and a negative electrode. The negative electrode may suit-
ably a lithium metal, a lithium alloy, or a combination
thereof.

[0050] The lithium air battery may further include a mem-
brane provided between the positive electrode and the
negative electrode, and the membrane may include a sepa-
rator, a polymer electrolytic membrane, or a combination
thereof.

[0051] The lithium air battery may further include an
electrolyte provided between the positive electrode and the
negative electrode.

[0052] The positive electrode may suitably include a con-
ductive material and an ionic liquid as described above.
[0053] The conductive material may suitably include one
selected from the group consisting of graphite, carbon black,
Ketjen black, acetylene black, carbon nanotubes, a reduced
graphene oxide and mixtures thereof.

[0054] The ionic liquid may suitably include one selected
from the group consisting of ethyl methylimidazolium
(EMIM), butyl methylimidazolium (BMIM), dimethylimi-
dazolium (MMIM), butyl methylpyrrolidinium (PYR,,),
trimethyl propyl ammonium (N, , ;), butyl trimethyl ammo-
nium (N, ,), N-methyl-N-butylpiperidinium (PP, ,), N-pro-
pyl-N-methylpyrrolidinium (PYR,;), chloride (Cl), dicy-
anamide  (DCA), trifluoromethanesulfonate  (Otf),
trifluoromethyl sulfonyl imide (TFSI), acetate (Ac), hydrate
(OH), diethyl phosphate (DEP), thiocyanate (SCN), methyl
sulfate (MeSO,), bis(fluorosulfonyl)imide (FSI) and mix-
tures thereof.

[0055] The lithium metal or the lithium alloy included in
the negative electrode is not particularly restricted, as long
as the lithium metal or the lithium alloy is capable of
generating lithium ions in the negative electrode of the
lithium air battery.

[0056] The separator separates or isolates the positive
electrode and the negative electrode from each other, and
enables lithium ions to be transferred between the positive
electrode and the negative electrode. The separator is not
particularly restricted, as long as the separator is capable of
transmitting only lithium ions but blocking others. For
example, the separator may suitably include a porous non-
conductive or insulative material. For example, non-woven
fabric made of polypropylene, non-woven fabric made of
polyphenylene sulfide, or porous film made of an olefin
resin, such as polyethylene or polypropylene, may be used
as the separator.

[0057] The separator may be an independent member,
such as film, or a coating layer added to the positive
electrode and/or the negative electrode.

[0058] The separator may be impregnated with an elec-
trolyte, and may be used as a support for supporting the
electrolyte.

[0059] The polymer electrolytic membrane may suitably
include a polymer electrolytic membrane having lithium ion
conductivity. For example, the polymer electrolytic mem-
brane may suitably include one selected from the group
consisting of lithium ion conductive glass, a lithium ion
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conductive crystal (ceramic or glass-ceramic), a lithium ion
conductive polymer, lithium salt and mixtures thereof.
[0060] The electrolyte may include an ionic liquid.
[0061] The ionic liquid may suitably include one selected
from the group consisting of ethyl methylimidazolium
(EMIM), butyl methylimidazolium (BMIM), dimethylimi-
dazolium (MMIM), butyl methylpyrrolidinium (PYR,,),
trimethyl propyl ammonium (N, 5), butyl trimethyl ammo-
nium (N, ,), N-methyl-N-butylpiperidinium (PP, ,), N-pro-
pyl-N-methylpyrrolidinium (PYR,;), chloride (Cl), dicy-
anamide  (DCA), trifluoromethanesulfonate  (Otf),
trifluoromethyl sulfonyl imide (TFSI), acetate (Ac), hydrate
(OH), diethyl phosphate (DEP), thiocyanate (SCN), methyl
sulfate (MeSQO,), bis(fluorosulfonyl)imide (FSI) and mix-
tures thereof.

[0062] The electrolyte may suitably include a solid elec-
trolyte, a liquid electrolyte, or a combination thereof.
[0063] The clectrolyte may further include lithium salt.
The lithium salt is not particularly restricted, as long as the
lithium salt is capable of being applied to a lithium air
battery.

[0064] The lithium salt may be included in the electrolyte
at a concentration of about 0.2 to 0.4 M.

[0065] The solid electrolyte may suitably include a poly-
ethylene oxide doped with the lithium salt and a polymer.
[0066] Since the positive electrode according to the pres-
ent invention already includes an ionic liquid capable of
conducting lithium ions, the positive electrode is not
impregnated with the electrolyte.

Method of Manufacturing Positive Electrode for
Lithium Air Batteries

[0067] A method of manufacturing the positive electrode
for lithium air batteries according to the present invention
will be described, other than the features redundant with the
above description of the positive electrode for lithium air
batteries and the lithium air battery.

[0068] The method of manufacturing the positive elec-
trode for lithium air batteries according to the present
invention may include: a step of preparing (or providing) a
conductive material and an ionic liquid, a step of preparing
a slurry admixture including the conductive material and the
ionic liquid, and a step of forming an electrode layer by
applying (e.g., coating) the slurry admixture to a substrate.
A step of drying the electrode layer may be further included
after the coating step, as needed.

Preparation Step

[0069] The method may include a step of preparing a
conductive material and an ionic liquid, which may be
included in the positive electrode. Alternatively, the step
may include providing a conductive material and an ionic
liquid.

[0070] The conductive material may be prepared in a form
of slurry, powder, and a combination thereof. Preferably, the
conductive material may be in a form of powder.

[0071] In the case in which the conductive material is
slurry, a solvent may include water, N-methyl-2-pyrroli-
done, and a combination thereof. Preferably, water may be
used as the solvent.

[0072] In preferred embodiment of the present invention,
the positive electrode includes neither solvent nor binder.
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Manufacturing Step for Slurry Admixture

[0073] of the method may include a step of manufacturing
or preparing a slurry admixture, for example, mixing the
conductive material and the ionic liquid with each other to
manufacture a mixed slurry.

[0074] The slurry admixture may suitably include an
amount of about 1 to 10 wt % of the conductive material and
an amount of about 90 to 99 wt % of the ionic liquid based
on the total weight of the slurry admixture. Preferably, the
mixed slurry may suitably include an amount of about 2 to
5 wt % of the conductive material and an amount of about
95 to 98 wt % of the ionic liquid based on the total weight
of the slurry admixture.

[0075] The mixing method is not particularly restricted, as
long as it is possible to completely mix the conductive
material and the ionic liquid with each other. Preferably, the
mixing may be performed for about 10 to 60 minutes.

Coating Step

[0076] The method may include a coating step, e.g.,
applying (e.g., coating) the manufactured slurry admixture
to a substrate. Preferably, a porous carbon sheet may be used
as the substrate.

[0077] The applying method is not particularly restricted,
as long as it is possible to apply an electrode slurry in a
lithium air battery field.

Drying Step

[0078] The method may include a drying step for remov-
ing moisture from the slurry admixture applied to the
substrate at the coating step. In the case in which the
moisture in the ionic liquid is appropriately adjusted at the
preparation step or at the mixed slurry manufacturing step,
however, the drying step may be omitted.

EXAMPLE

[0079] Hereinafter, the present invention will be described
in more detail with reference to concrete examples. How-
ever, the following examples are merely an illustration to
assist in understanding the present invention, and the present
invention is not limited by the following examples.

Example 1
[0080] (1) Manufacture of positive electrode
[0081] 0.12 g of powder-type carbon nanotubes (K-Nanos

500P from Kumho Petrochemical Co. Ltd.) were prepared as
a conductive material, and 3.5 g of 1-ethyl-3-methylimida-
zolium  bis(trifluoromethylsulfonyl)imide (EMIM-TFSI)
was prepared as an ionic liquid. The prepared conductive
material and ionic liquid were mixed, and the mixture was
stirred in a mortar for 30 minutes to obtain a desired mixed
slurry. The stirred mixed slurry was applied to a prepared
carbon sheet substrate to manufacture a positive electrode
for lithium air batteries.

[0082] (2) Manufacture of lithium air battery

[0083] Lithium foil was used as a negative electrode, a
SUS spacer was used as a negative electrode current col-
lector, and 1-ethyl-3-methylimidazolium bis(trifluorometh-
ylsulfonyl)imide (EMIM-TFSI) was prepared as an electro-
lyte. In order to avoid direct contact between the positive
electrode and the negative electrode, polyethylene non-
woven fabric was used as a separator, which was provided
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in the form of a coating layer wrapping the negative elec-
trode. For example, the separator was prepared so as to be
larger than the positive electrode and the negative electrode.
The positive electrode manufactured as described above was
used to manufacture a lithium air battery. The lithium air
battery was manufactured in the form of a 2032 coin cell.
Specifically, a hole was formed in the upper end of the coin
cell in order to supply air into the coin cell. The lithium foil
was attached to the SUS spacer, and then the separator was
placed thereon. The electrolyte used for the positive elec-
trode was sprayed onto the separator. In this example, 70
12 of the electrolyte was sprayed. The positive electrode
was stacked on the separator containing the electrolyte. At
this time, the positive electrode and the negative electrode
were appropriately arranged such that the reaction surfaces
thereof were maintained. A wave spring was mounted in the
coin cell in order to maintain contact between inner parts.
The inner parts were prepared and assembled into the form
of the 2032 coin cell.

Example 2
[0084] (1) Manufacture of positive electrode
[0085] 0.12 g of powder-type carbon nanotubes (K-Nanos

500P from Kumho Petrochemical Co. Ltd.) were prepared as
a conductive material, and 3.5 g of 1-ethyl-3-methylimida-
zolium  bis(trifluoromethylsulfonyl)imide (EMIM-TFSI)
was prepared as an ionic liquid. The prepared conductive
material and ionic liquid were mixed, and the mixture was
stirred in a mortar for 30 minutes to obtain a desired mixed
slurry. The stirred mixed slurry was applied to a prepared
carbon sheet substrate to manufacture a positive electrode
for lithium air batteries.

[0086]

[0087] Lithium foil was used as a negative electrode, a
SUS spacer was used as a negative electrode current col-
lector, polyethylene oxide non-woven fabric doped with
lithium salt, an ionic liquid, and a polymer was used as a
polymer electrolytic membrane, and the positive electrode
manufactured as described above was used as a positive
electrode. The polymer electrolytic membrane was inter-
posed between the negative electrode and the positive elec-
trode as a separator to manufacture a lithium air battery.

(2) Manufacture of lithium air battery

Comparative Example 1

[0088] A lithium air battery was manufactured using the
same composition and method as in Example 1, except for
the following:

[0089] In manufacturing a positive electrode, 4 wt % of
powder-type carbon nanotubes (K-Nanos 500P from
Kumbho Petrochemical Co. Ltd.), as a conductive mate-
rial, was mixed with a solvent to manufacture a carbon-
nanotube slurry. At this time, water was used as the
solvent.

Comparative Example 2

[0090] A lithium air battery was manufactured using the
same composition and method as in Example 1, except for
the following:
[0091] In manufacturing a positive electrode, 4 wt % of
powder-type carbon nanotubes (K-Nanos 500P from
Kumbho Petrochemical Co. Ltd.), as a conductive mate-
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rial, was mixed with a solvent to manufacture a carbon-
nanotube slurry. At this time, N-methyl-2-pyrrolidone
was used as the solvent.

Comparative Example 3

[0092] A lithium air battery was manufactured using the
same composition and method as in Example 2, except that
separator was omitted.

Experimental Example 1

[0093] The 0.1 mA/cm?, 0.25 mA/cm?, and 0.5 mA/cm?
charge/discharge effects of the lithium air batteries manu-
factured according to Example 1, Comparative Example 1,
and Comparative Example 2 were measured, and the results
are shown in the graphs of FIGS. 1, 2, and 3.

[0094] FIG. 3 is an experimental graph of the lithium air
battery manufactured according to Example 1. Compared to
FIGS. 1 and 2, which are experimental graphs of the lithium
air batteries manufactured according to Comparative
Example 1 and Comparative Example 2, it can be seen that
the discharge capacities of the lithium air battery at 0.5
mA/cm? were 3.746 mAh/cm® and 3071 mAh/g, the dis-
charge capacities of the lithium air battery at 0.25 mA/cm?>
were 5.108 mAh/cm? and 4187 mAh/g, and the discharge
capacities of the lithium air battery at 0.1 mA/cm?® were
6.321 mAh/cm? and 5181 mAh/g, which were much higher
than the discharge capacities of the lithium air batteries
shown in FIGS. 1 and 2.

[0095] Therefore, it can be seen that, when the conductive
material included in the positive electrode according to
exemplary embodiments of the present invention is in the
form of powder and is mixed with an ionic liquid, the
charge/discharge capacities of the lithium air battery are
much greater than when the conductive material included in
the positive electrode is slurry.

Experimental Example 2

[0096] The 0.1 mA/cm?, 0.25 mA/cm?, and 0.5 mA/cm?
charge/discharge effects of the lithium air batteries manu-
factured according to Example 2 and Comparative Example
3 were measured, and the results are shown in the graphs of
FIGS. 4 and 5. At this time, the experiments were performed
at a temperature of 60° C.

[0097] FIG. 4 is an experimental graph of the lithium air
battery manufactured according to Example 2. Compared to
FIG. 5, which is an experimental graph of the lithium air
battery manufactured according to Comparative Example 3,
it can be seen that the discharge capacities of the lithium air
battery at 0.5 mA/cm?® were 2.53 mAh/cm? and 2611 mAh/g,
the discharge capacities of the lithium air battery at 0.25
mA/cm® were 3.53 mAh/cm® and 3643 mAh/g, and the
discharge capacities of the lithium air battery at 0.1 mA/cm?
were 9.36 mAh/cm® and 9658 mAhg, which were much
higher than the discharge capacities of the lithium air battery
shown in FIG. 5.

[0098] Accordingly, it can be seen that, when the polymer
electrolytic membrane according to the present invention is
used alone, the charge/discharge capacities of the lithium air
battery are much higher than when both the polymer elec-
trolytic membrane and the ionic liquid electrolyte are used.
In the case in which the polymer electrolytic membrane is
used alone, it is necessary to provide an ion transfer channel
in the positive electrode. In the case in which both the
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polymer electrolytic membrane and the ionic liquid are used,
the positive electrode is impregnated with the ionic liquid,
whereby an ion transfer channel is formed in the positive
electrode. However, it is difficult to impregnate the ionic
liquid at high viscosity. In the case in which a carbon
material having a large specific surface area is used for the
positive electrode, it is difficult to impregnate the entire
surface area of the positive electrode with the ionic liquid.
Since the positive electrode according to the present inven-
tion is manufactured by mixing the CNT powder with the
ionic liquid, the ion transfer channel is already formed in the
positive electrode. In order to use the polymer electrolytic
membrane alone, therefore, the positive electrode according
to the present invention is essential.

[0099] According to various exemplary embodiments of
the present invention, a positive electrode for lithium air
batteries may be provided such that the side reaction gen-
eration rate may be reduced, whereby the capacity and
lifespan characteristics of the positive electrode may be
improved.

[0100] Moreover, according to various exemplary
embodiments of the present invention, a method of manu-
facturing a lithium air battery may be provided, which may
include simplifying a process of manufacturing a positive
electrode, thereby improving economic efficiency.

[0101] The effects of the present invention are not limited
to those mentioned above. It should be understood that the
effects of the present invention include all effects that can be
inferred from the foregoing description of the present inven-
tion.

[0102] The invention has been described in detail with
reference to preferred embodiments thereof. However, it
will be appreciated by those skilled in the art that changes
may be made in these embodiments without departing from
the principles and spirit of the invention, the scope of which
is defined in the appended claims and their equivalents.

What is claimed is:

1. A positive electrode for lithium air batteries with
excellent stability, comprising:

a conductive material; and

an ionic liquid,

wherein:

the ionic liquid includes cations and anions,

the cations comprise one selected from the group con-

sisting of ethyl methylimidazolium (EMIM), butyl
methylimidazolium (BMIM), dimethylimidazolium
(MMIM), butyl methylpyrrolidinium (PYR,,), trim-
ethyl propyl ammonium (N,;;5), butyl trimethyl
ammonium (N,,,,), N-methyl-N-butylpiperidinium
(PP, ,), N-propyl-N-methylpyrrolidinium (PYR ;) and
mixtures thereof, and

the anions comprise one selected from the group consist-

ing of chloride (Cl), dicyanamide (DCA), trifluo-
romethanesulfonate (Otf), trifluoromethyl sulfonyl
imide (TFSI), acetate (Ac), hydrate (OH), diethyl phos-
phate (DEP), thiocyanate (SCN), methyl sulfate
(MeSQ,), bis(fluorosulfonyl)imide (FSI) and mixtures
thereof.

2. The positive electrode according to claim 1, wherein
the conductive material comprises one selected from the
group consisting of graphite, carbon black, Ketjen black,
acetylene black, carbon nanotubes, a reduced graphene
oxide and mixtures thereof.
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3. A lithium air battery with excellent stability, compris-
ing:

the positive electrode for lithium air batteries according to

claim 1; and

a negative electrode comprising a lithium metal, a lithium

alloy, or a combination thereof.

4. The lithium air battery according to claim 3, further
comprising a membrane provided between the positive
electrode and the negative electrode, wherein the membrane
comprises a separator, a polymer electrolytic membrane, and
a combination thereof.

5. The lithium air battery according to claim 4, wherein
the separator comprises a polyolefin polymer.

6. The lithium air battery according to claim 3, further
comprising an electrolyte provided between the positive
electrode and the negative electrode.

7. The lithium air battery according to claim 6, wherein
the electrolyte comprises a solid electrolyte, a liquid elec-
trolyte, or a combination thereof.

8. The lithium air battery according to claim 6, wherein
the electrolyte comprises an ionic liquid, lithium salt, or a
combination thereof.

9. A method of manufacturing a positive electrode for
lithium air batteries with excellent stability, comprising:

preparing a conductive material and an ionic liquid;

preparing a slurry admixture comprising the conductive
material and the ionic liquid; and

forming an electrode layer by applying the slurry admix-
ture to a substrate.

10. The method according to claim 9, further comprising
drying the electrode layer after the applying the slurry
admixture.

11. The method according to claim 9, wherein the con-
ductive material comprises one selected from the group
consisting of graphite, carbon black, Ketjen black, acetylene
black, carbon nanotubes, a reduced graphene oxide and
mixtures thereof.

12. The method according to claim 9, wherein:
the ionic liquid comprises cations and anions,

the cations comprises one selected from the group con-
sisting of ethyl methylimidazolium (EMIM), butyl
methylimidazolium (BMIM), dimethylimidazolium
(MMIM) and mixtures thereof, and

the anions comprises one selected from the group con-
sisting of chloride (Cl), dicyanamide (DCA), trifluo-
romethanesulfonate (Otf), trifluoromethyl sulfonyl
imide (TFSI), acetate (Ac), hydrate (OH), diethyl phos-
phate (DEP), thiocyanate (SCN), methyl sulfate
(MeSQ,), bis(fluorosulfonyl)imide (FSI) and mixtures
thereof.

13. The method according to claim 9, wherein, the slurry
admixture comprises an amount of about 1 to 10 wt % of the
conductive material and an amount of about 90 to 99 wt %
of the ionic liquid based on the total weight of the slurry
admixture.

14. The method according to claim 9, wherein the slurry
admixture comprises an amount of about 2 to 5 wt % of the
conductive material and an amount of about 95 to 98 wt %
of the ionic liquid based on the total weight of the slurry
admixture.
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15. The method according to claim 9, wherein the slurry
admixture is prepared by mixing the conductive material and
the ionic liquid for about 10 to 60 minutes.

16. The method according to claim 10, wherein the drying
is performed at a temperature of about 100 to 120° C.

#* #* #* #* #*



