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(57) ABSTRACT

Methods of preparing a positive electrode slurry are dis-
closed. One example of disclosed examples includes: pre-
paring a first mixture comprising a positive electrode active
material and an acid additive; preparing a second mixture
comprising a conductive material and a dispersing material,
and mixing the first mixture and the second mixture.
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SLURRY FOR POSITIVE ELECTRODE,
MANUFACTURING METHOD OF SLURRY
FOR POSITIVE ELECTRODE AND LITHIUM
SECONDARY BATTERY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority under 35
U.S.C. § 119(a) to Korean patent application number 10-
2021-0178111 filed on Dec. 13, 2021, in the Korean Intel-
lectual Property Office, the entire disclosure of which is
incorporated by reference herein.

TECHNICAL FIELD

[0002] The present disclosure generally relates to a posi-
tive electrode slurry, a method of preparing a positive elec-
trode slurry, and a lithium secondary battery.

BACKGROUND

[0003] With the development of electronics, communica-
tion, and space industries, the demand for lithium secondary
batteries as an energy power source is rapidly increasing. In
particular, as the importance of global eco-friendly policies
is emphasized, the electric vehicle market is growing
rapidly, and research and development on lithium secondary
batteries are being actively conducted at home and abroad.
[0004] A lithium secondary battery includes a positive
electrode, a negative electrode, and a separator disposed
therebetween, and an active material into which lithium
ions can be inserted and extracted is provided in the positive
electrode and the negative electrode, respectively.

[0005] In addition, the positive electrode sturry for prepar-
ing the positive electrode may further include an active
material as well as a conductive material and a dispersing
material. The dispersed state of the conductive material may
affect the cell resistance and the cell lifespan, and thus,
research to improve the dispersed state of the conductive
material is being discussed.

SUMMARY

[0006] Embodiments of the technology as disclosed in this
patent document can be implemented to provide a positive
electrode slurry in which aggregation of a dispersing mate-
rial is prevented and the dispersion state of a conductive
material is improved, a method of preparing a positive elec-
trode slurry, and a lithium secondary battery.

[0007] In accordance with an aspect of the present disclo-
sure, there is provided a method of preparing a positive elec-
trode slurry including: preparing a first mixture including a
positive electrode active material and an acid additive; pre-
paring a second mixture including a conductive material and
a dispersing material; and mixing the first mixture and the
second mixture.

[0008] In accordance with another aspect of the present
disclosure, there is provided a method of preparing a posi-
tive electrode slurry including: preparing a first mixture
including a positive electrode active material; preparing a
second mixture including a conductive material and a dis-
persing material; and mixing the first mixture and the sec-
ond mixture, wherein a phase angle of the positive electrode
slurry is 3° to 45° when a shear stress having a shear rate of
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500 sec-1 is provided for 300 seconds under a frequency
environment of 1 Hz.

[0009] In accordance with another aspect of the present
disclosure, there is provided a lithium secondary battery
including: a positive electrode prepared using the positive
electrode slurry; and a negative electrode including a nega-
tive electrode active material layer.

[0010] According to an embodiment of the present disclo-
sure, it is possible to provide a positive electrode slurry in
which aggregation of a dispersing material is prevented and
the dispersion state of a conductive material is improved, a
method of preparing a positive electrode slurry, and a
lithium secondary battery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein.

[0012] In the drawing figures, dimensions may be exag-
gerated for clarity of illustration. It will be understood that
when an element is referred to as being “between” two ele-
ments, it can be the only element between the two elements,
or one or more intervening elements may also be present.
Like reference numerals refer to like elements throughout.
[0013] FIG. 1 illustrates a cross-sectional view schemati-
cally showing a lithium secondary battery in accordance
with an embodiment of the present disclosure.

[0014] FIG. 2 illustrates a flowchart schematically show-
ing a method of preparing a positive electrode slurry in
accordance with an embodiment of the present disclosure.
[0015] FIGS. 3 and 4 illustrate images showing experi-
mental results to confirm whether passing through a filter
during the process using the positive electrode slurry
according to Examples and Comparative Examples.

DETAILED DESCRIPTION

[0016] The specific structural or functional description
disclosed herein is merely illustrative for the purpose of
describing embodiments according to the concept of the pre-
sent disclosure. The embodiments according to the concept
of the present disclosure can be implemented in various
forms, and cannot be construed as limited to the embodi-
ments set forth herein.

[0017] The present disclosure relates to a positive elec-
trode slurry, a method of preparing a positive electrode
slurry, and a lithium secondary battery.

[0018] Hereinafter, a positive electrode slurry, a method of
preparing a positive electrode slurry, and a lithium second-
ary battery in accordance with embodiments will be
described with reference to the accompanying drawings.

1. Lithium Secondary Battery

[0019] FIG. 1 illustrates a cross-sectional view schemati-
cally showing a lithium secondary battery in accordance
with an embodiment of the present disclosure.

[0020] Referring to FIG. 1, the lithium secondary battery 1
may include an exterior member 110, a positive electrode
120, a negative electrode 140, and a separator 160.

[0021] The exterior member 110 may be provided to sur-
round the internal components of the lithium secondary bat-
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tery 1 to protect the internal components from external influ-
ences. The exterior member 110 may be one of a pouch type,
a can type, and a prismatic type, and is not limited to a spe-
cific example.

[0022] The positive electrode 120 and the negative elec-
trode 140 may include a current collector and an active
material layer disposed on the current collector, respec-
tively. For example, the positive electrode 120 may include
a positive electrode current collector and a positive elec-
trode active material layer, and the negative electrode 140
may include a negative electrode current collector and a
negative electrode active material layer.

[0023] The current collector may include a known con-
ductive material in a range that does not cause a chemical
reaction in the lithium secondary battery 1. For example, the
current collector may include any one of stainless steel,
nickel (N1), aluminum (Al), titanium (T1), copper (Cu), and
alloys thereof, and may be provided in various forms, such
as a film, a sheet, and a foil.

[0024] The active material layer includes an active mate-
rial. For example, the positive electrode active material
layer may include a positive electrode active material, and
the negative electrode active material layer may include a
negative electrode active material.

[0025] The positive electrode active material may be a
material in which lithium (Li) ions may be intercalated and
deintercalated. The positive electrode active material may
be lithium metal oxide. For example, the positive electrode
active material may be one of lithium manganese oxide,
lithium nickel oxide, lithium cobalt oxide, lithium nickel
manganese oxide, lithium nickel cobalt manganese oxide,
lithium nickel cobalt aluminum oxide, lithium iron phos-
phate compound, lithium manganese phosphate compound,
lithium cobalt phosphate compound, or lithium vanadium
phosphate compound. For example, the positive electrode
active material may include LiNi0.88 Co0.06Mn0.0602
and LiNi0.83 Co00.085Mn0.08502. However, the present
disclosure is not necessarily limited to the above-described
examples.

[0026] The negative electrode active material may be a
material in which lithium ions may be intercalated and dein-
tercalated. For example, the negative electrode active mate-
rial may be any one of crystalline carbon, amorphous car-
bon, carbon composite material, carbon-based material such
as carbon fiber, lithium alloy, silicon (Si), and tin (Sn).
According to an embodiment, the negative electrode active
material may be natural graphite or artificial graphite, but is
not limited to specific examples.

[0027] The positive electrode 120 and the negative elec-
trode 140 may further include a binder and a conductive
material, respectively.

[0028] The binder may mediate bonding between the cur-
rent collector and the active material layer, thereby improv-
ing mechanical stability. According to an embodiment, the
binder may be an organic binder or an aqueous binder, and
may be used together with a thickener such as carboxy-
methyl cellulose (CMC). According to an embodiment, the
organic binder may be one of vinylidene fluoride-hexafluor-
opropylene copolymer (PVDF-co-HFP), polyvinylidene
fluoride (PVDF), polyacrylonitrile, and polymethylmethan-
crylate, and the aqueous binder may be styrene-butadiene
rubber (SBR), but is not necessarily limited thereto.

[0029] The conductive material may improve electrical
conductivity of the lithium secondary battery 1. The conduc-
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tive material may include a metal-based material. According
to an embodiment, the conductive material may include a
conventional carbon-based conductive material. For exam-
ple, the conductive material may include any one of gra-
phite, carbon black, graphene, and carbon nanotubes. Pre-
ferably, the conductive material may include carbon
nanotubes.

[0030] The separator 160 may be disposed between the
positive electrode 120 and the negative electrode 140. The
separator 160 is configured to prevent an electrical short cir-
cuit between the positive electrode 120 and the negative
electrode 140 and to generate the flow of ions.

[0031] According to an embodiment, the separator 160
may include a porous polymer film or a porous nonwoven
fabric. Here, the porous polymer film may be composed of a
single layer or multiple layers including polyolefin polymers
such as ethylene polymers, propylene polymers, ethylene/
butene copolymers, ethylene/hexene copolymers, and ethy-
lene/methacrylate copolymers, etc. The porous nonwoven
fabric may include high melting point glass fibers and poly-
ethylene terephthalate fibers. However, the present inven-
tion 1is not limited thereto, and in some embodiments, the
separator may be a high heat-resistant separator (CCS)
including ceramic.

[0032] According to an embodiment, an electrode cell 100
including a positive electrode 120, a negative electrode 140,
and the separator 160 may be provided. A plurality of elec-
trode cells 100 may be provided and sequentially stacked in
the exterior member 110.

[0033] According to an embodiment, an electrode cell 100
including a positive electrode 120, a negative electrode 140,
and a separator 160 may be provided. A plurality of elec-
trode cells 100 may be provided and may be wound, lami-
nated, or folded, and thus an electrode assembly 10 may be
provided.

[0034] The electrode assembly 10 may be provided
together with an electrolyte to prepare the lithium secondary
battery 1 according to an embodiment. According to an
embodiment, the lithium secondary battery 1 may be any
one of a cylindrical type using a can, a prismatic type, a
pouch type, and a coin type, but is not limited thereto.
[0035] The electrolyte may be a non-aqueous electrolyte.
The electrolyte may include a lithium salt and an organic
solvent.

[0036] According to an embodiment, the organic solvent
may include one of propylene carbonate (PC), ethylene car-
bonate (EC), diethyl carbonate (DEC), dimethyl carbonate
(DMQ), ethylmethyl carbonate (EMC), methylpropyl carbo-
nate (MPC), dipropyl carbonate (DPC), vinylene carbonate
(VC), dimethyl sulfoxide, acetonitrile, dimethoxyethane,
diethoxyethane, sulfolane, gamma-butyrolactone, propylene
sulfide, and tetrahydrofuran.

2. Method of Preparing a Positive Electrode Slurry

[0037] Hereinafter, with reference to FIG. 2, a method of
preparing a positive electrode slurry for preparing the posi-
tive electrode 120 according to an embodiment will be
described. Contents that may overlap with the above will
be simplified or omitted.

[0038] FIG. 2 illustrates a flowchart schematically show-
ing a method of preparing a positive electrode slurry in
accordance with an embodiment of the present disclosure.
[0039] Referring to FIG. 2, the method of preparing the
positive electrode slurry may include the operation of pre-
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paring a first mixture S120, the operation of preparing a
second mixture S140, and the operation of mixing the first
mixture and the second mixture S160.

[0040] The operation of preparing the first mixture S120
and the operation of preparing the second mixture S140 may
be performed separately.

[0041] The relationship of order between the operation of
preparing the first mixture S120 and the operation of prepar-
ing the second mixture S140 is not limited to a particular
example. For example, the operation of preparing the first
mixture S120 may be performed prior to the operation of
preparing the second mixture S140, and the operation of
preparing the second mixture S140 may be performed
prior to the operation of preparing the first mixture S120.
According to an embodiment, while the operation of prepar-
ing the first mixture S120 and the operation of preparing the
second mixture S140 are performed within the same time
period, each operation S120, S140 may be separately
performed.

[0042] In the operation of preparing the first mixture S120,
a first mixture may be provided. Here, the first mixture may
include a positive electrode active material, a binder, a first
solvent, and an acid additive. The first mixture may refer to
a mixture of the positive electrode active material, the bin-
der, the first solvent, and the acid additive.

[0043] In this operation, the positive active material, the
binder, the first solvent, and the acid additive may be mixed.
[0044] The acid additive is an acidic material, and may
refer to a material added to the first mixture. For example,
the acid additive may include maleic acid.

[0045] According to an embodiment, the acid additive
may prevent gelation that may occur in the first mixture.
[0046] When a plurality of hydroxide ions exist in a mix-
ture for experimentally preparing a positive electrode slurry,
a material capable of forming a polymer by reacting the
hydroxide ions with the binder may be provided. For exam-
ple, when the binder is polyvinylidene fluoride (PVDF), a
deftuorination reaction between hydroxide ions and polyvi-
nylidene fluoride (PVDF) may occur. Accordingly, a double
bond between carbons may be formed, and a free radical
polymerization reaction may occur according to an embodi-
ment, thereby causing a gelation phenomenon.

[0047] However, according to an embodiment, the acid
additive may be included in the first mixture, so that the
gelation phenomenon may be reduced. For example, acid
ions of the acid additive may react with hydroxide ions
that may be present in the first mixture, and hydroxide ions
in the first mixture may be removed. Accordingly, as
described above, the gelation phenomenon that may occur
due to the presence of hydroxide ions may be prevented.
[0048] In addition, according to an embodiment, the acid
additive may be included in the first mixture, thereby sup-
pressing increase in viscosity due to moisture in the air.
[0049] The first solvent may include a material suitable for
mixing the materials of the first mixture. For example, as the
first solvent, water or an organic solvent may be used. The
first solvent may include one of N-methyl pyrrolido-
ne(NMP), dimethyl formamide(DMF), acetone, and
dimethyl acetamide. However, the present disclosure is not
necessarily limited to the above-described examples.
[0050] According to an embodiment, the viscosity of the
first mixture may be 10 Pa-s or more. According to an embo-
diment, the viscosity of the first mixture may be 100 Pa-s or
more.

[0051] According to an embodiment, the phase angle of
the first mixture may be 45° to 90° when no separate shear
stress is applied. Here, the phase angle of the first mixture
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may be measured in an environment having a frequency of
1 Hz. For example, when the first mixture includes PVDF as
the binder, NMP as the first solvent, and maleic acid as the
acid additive, the phase angle of the first mixture may be 50°
to 70° when a separate shear stress is not applied.

[0052] In the operation of preparing the second mixture
S140, a second mixture may be provided. Here, the second
mixture may include a conductive material, a dispersing
material, and a second solvent. The second mixture may
refer to a mixture of a conductive material, a dispersing
material, and a second solvent.

[0053] In some implementations, the conductive material,
the dispersing material, and the second solvent may be
mixed.

[0054] The second solvent may include a material suitable
for mixing the materials of the second mixture. For example,
as the second solvent, n-Methyl Pyrrolidone(NMP) may be
used. However, the present disclosure is not necessarily lim-
ited to the above-described examples.

[0055] The dispersing material may include, in some
implementations, alkane-based, aryl-based, polyvinyl pyri-
dine-based, polyacrylate-based, glycol-based, PVdF (poly-
vinylidene fluoride)-based, polyurethane-based, ketone-
based, carbonate-based, benzene-based and mixtures
thereof.

[0056] According to an embodiment, as the dispersing
material, any one selected from poly acrylic acid (PAA),
poly viny pyrrolidone (PVP), and n-methyl pyrrolidone
(NMP) or a mixture thereof may be used. Preferably, the
dispersing material may include nitrile butadiene rubber
(H-NBR).

[0057] In the operation of mixing the first mixture and the
second mixture S160, the first mixture and the second mix-
ture may be mixed, and thus the positive electrode slurry
according to an embodiment may be prepared.

[0058] According to an embodiment, the solid content of
the prepared positive electrode slurry may be 70% to 80%.
[0059] According to an embodiment, the phase angle of
the positive electrode slurry may be 10° to 45° when a
shear stress having a shear rate of 500 sec-1 is provided
for 300 seconds under a frequency environment of 1 Hz.
[0060] For example, when carbon nanotubes are included
as a conductive material of the positive electrode slurry and
the first mixture includes an acid additive, the phase angle of
the positive electrode slurry may be 5° to 45° under the mea-
surement conditions. When carbon nanotubes are included
as the conductive material of the positive electrode slurry,
and the first mixture includes an acid additive, the phase
angle of the positive electrode slurry may be 10° to 30°
under the measurement conditions.

[0061] As another example, when carbon black is
included as the conductive material of the positive electrode
slurry, H-NBR can be included as the dispersing material,
and the first mixture can include an acid additive, the phase
angle of the positive electrode slurry may be 35° to 45°
under the measurement conditions.

[0062] Meanwhile, according to an embodiment, an
operation of transferring process materials between indivi-
dual operations may be performed. For example, after the
operation of mixing the first mixture and the second mixture
S160, the positive electrode slurry may be transferred
through a specific path. In addition, the first mixture pre-
pared in the operation of preparing the first mixture S120
may be transferred through a specific path. In addition, the
second mixture prepared in the operation of preparing the
second mixture S140 may be transferred through a specific
path.
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[0063] Here, in order to prevent impurities from being
included in the positive electrode slurry, an operation of fil-
tering impurities in the transfer path may be performed. For
example, the positive electrode slurry may be passed
through a filter member to filter out impurities. The first
mixture may be passed through a filter member to filter out
impurities. The second mixture may be passed through a
filter element to filter out impurities.

[0064] According to an embodiment, the filter member
may have a mesh shape. However, the shape of the filter
member is not necessarily limited to the above-described
example.

[0065] According to an embodiment, even when the
operation of filtering the impurities is performed, the filter
clogging phenomenon may not occur, and thus processing
property may be improved. Details will be described later
with reference to experimental examples.

[0066] According to an embodiment, the acid additive
included in the first mixture may be provided separately
from the conductive material and the dispersing material
included in the second mixture, so that the dispersion state
of the conductive material may be improved.

[0067] Experimentally, the acid additive may form a bond
with the dispersing material so that a portion of the conduc-
tive material may be exposed and may aggregate with other
adjacent conductive materials. In other words, the acid addi-
tive may weaken the interaction between the conductive
material and the dispersing material, and in this case, the
dispersibility of the conductive material may be reduced.
[0068] However, according to an embodiment, the first
mixture including the acid additive and the second mixture
including the conductive material and the dispersing mate-
rial may be separately prepared, and thus the reaction
between the acid additive and the dispersing material may
be minimized. As a result, according to the embodiment, the
dispersibility of the conductive material may be improved.
[0069] Furthermore, when the dispersibility of the con-
ductive material is improved, the resistance of the positive
electrode prepared using the prepared positive electrode
slurry may be reduced, and thus the cell life may be
improved.

[0070] The positive electrode 120 according to an embo-
diment may be prepared by coating, drying, and pressing the
prepared positive electrode slurry on a current collector.
[0071] Hereinafter, Examples and Comparative Examples
will be described so that those skilled in the art to which the
present disclosure pertains may easily carry out. However,
the embodiments of the present disclosure may be imple-
mented in different forms from those described later, and
are not necessarily limited to specific embodiments.

EXAMPLES AND COMPARATIVE EXAMPLES
Example 1

[0072] In order to prepare the positive electrode slurry
according to Example 1, the first mixture and the second
mixture were separately prepared.

[0073] To prepare the first mixture, an NCM-based posi-
tive active material, PVDF, NMP, and maleic acid were
mixed. As the positive electrode active material, a mixture
of  LiNi0.88  Co00.06Mn0.0602  and  LiNi0.83
C00.085Mn0.08502 was used. Here, 30.000 g, 12.857 g,
5244 g, 5311 g and 0.06 of LiNi0.88
C00.06Mn0.0602, LiNi0.83 C00.085Mn0.08502, a 10 wt
% PVDF solution, NMP, and maleic acid were prepared,
respectively, and mixed at a mixing speed of 1000 rpm for
2 minutes. Meanwhile, the content of maleic acid was pro-
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vided as much as 02% of the content of LiNi0.88
C00.06Mn0.0602, and the solid content of the first mixture
was prepared to be 81.2%.

[0074] To prepare the second mixture, 0.2622 g,
0.05243 g, and 4.929 g of carbon nanotubes, H-NBR, and
NMP were mixed. Accordingly, a second mixture having a
solid content of 6% (e.g., including 6 wt% of carbon nano-
tubes and H-NBR) was prepared.

[0075] Thereafter, the first mixture and the second mixture
were mixed at a mixing speed of 1000 rpm for 10 minutes to
prepare a positive electrode slurry according to Example 1.

Example 2

[0076] As in Example 1, the first mixture and the second
mixture were prepared separately.

[0077] Example 2 is different from Example 1 in that car-
bon black was used as a conductive material.

[0078] To prepare the first mixture, an NCM-based posi-
tive electrode active material, PVDF, NMP, and maleic acid
were mixed. As the positive electrode active material, a mix-
ture of LiNi0.88 Co00.06Mn0.0602 and LiNi0.83
C00.085Mn0.08502 was used. Here, 30.000 g, 12.857 g,
5368 g 0058 g and 006 g of LiNi0.88
C00.06Mn0.0602, LiNi0.83 C00.085Mn0.08502, a 10 wt
% PVDF solution, NMP, and maleic acid were prepared,
respectively, and mixed at a mixing speed of 1000 rpm for
2 minutes. Meanwhile, the content of maleic acid was pro-
vided as much as 02% of the content of LiNi0.88
C00.06Mn0.0602, and the solid content of the first mixture
was prepared to be 89.9%.

[0079] To prepare the second mixture, 1.341 g, 0.083 g,
and 10.452 g of carbon black, H-NBR, and NMP were
mixed. Accordingly, a second mixture having a solid con-
tent of 12% (e.g., including 12 wt% of carbon black and H-
NBR) was prepared.

[0080] Thereafter, the first mixture and the second mixture
were mixed at a mixing speed of 1000 rpm for 10 minutes to
prepare a positive electrode slurry according to Example 2.

Example 3

[0081] As in Example 1, the first mixture and the second
mixture were prepared separately.

[0082] Example 3 is different from Example 1 in that car-
bon black is used as a conductive material and H-NBR is not
included in the second mixture.

[0083] To prepare the first mixture, an NCM-based posi-
tive active material, PVDF, NMP, and maleic acid were
mixed. As the positive electrode active material, a mixture
of  LiNi0.88  Co00.06Mn0.0602 and  LiNi0.83
C00.085Mn0.08502 was used. Here, 30.000 g, 12.857 g,
5368 g, 2237 g and 006 g of LiNi0.88
C00.06Mn0.0602, LiNi0.83 C00.085Mn0.08502, a 10 wt
% PVDF solution, NMP, and maleic acid were prepared,
respectively, and mixed at a mixing speed of 1000 rpm for
2 minutes. Meanwhile, the content of maleic acid was pro-
vided as much as 02% of the content of LiNi0.88
C00.06Mn0.0602, and the solid content of the first mixture
was prepared at 86.0%.

[0084] To prepare a second mixture, 1.342 g and 8.244 g
of carbon black and NMP were mixed. Accordingly, a sec-
ond mixture having a solid content of 14% (e.g., including
14 wt% of carbon black) was prepared.

[0085] Thereafter, the first mixture and the second mixture
were mixed at a mixing speed of 1000 rpm for 10 minutes to
prepare a positive electrode slurry according to Example 3.
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Example 4

[0086] As in Example 1, the first mixture and the second
mixture were prepared separately.

[0087] Example 4 differs from Example 1 in that an acid
additive is not included in the first mixture.

[0088] To prepare the first mixture, an NCM-based posi-
tive electrode active material, PVDF, and NMP were mixed.
As the positive electrode active material, a mixture of
LiNi0.88 C00.06Mn0.0602 and LiNi0.83
C00.085Mn0.08502 was used. Here, 30.000 g, 12.857 g,
5244 g, and 5311 g of LiNi0.88 Co00.06Mn0.0602,
LiNi0.83 C00.085Mn0.08502, a 10 wt% PVDF solution,
and NMP were prepared, respectively, and mixed at a mix-
ing speed of 1000 rpm for 2 minutes. The solid content of
the first mixture was prepared at 81.2%.

[0089] To prepare the second mixture, 0.2622 g,
0.05243 g, and 4.929 g of carbon nanotubes, H-NBR, and
NMP were mixed. Accordingly, a second mixture having a
solid content of 6% (e.g., including 6 wt% of carbon nano-
tubes and H-NBR) was prepared.

[0090] Thereafter, the first mixture and the second mixture
were mixed at a mixing speed of 1000 rpm for 10 minutes to
prepare a positive electrode slurry according to Example 4.

Example 5

[0091] As in Example 1, the first mixture and the second
mixture were prepared separately.

[0092] Example 5 is different from Example 1 in that car-
bon black is used as a conductive material, H-NBR 1is not
included in the second mixture, and an acid additive is not
included in the first mixture.

[0093] To prepare the first mixture, an NCM-based posi-
tive electrode active material, PVDF, and NMP were mixed.
As the positive electrode active material, a mixture of
LiNi0.88 C00.06Mn0.0602 and LiNi0.83
C00.085Mn0.08502 was used. Here, 30.000 g, 12.857 g,
5368 g, and 2237 g of LiNi0.88 Co00.06Mn0.0602,
LiNi0.83 Co00.085Mn0.08502, a 10 wt% PVDF solution,
and NMP were prepared, respectively, and mixed at a mix-
ing speed of 1000 rpm for 2 minutes. The solid content of
the first mixture was prepared at 86.0%.

[0094] To prepare a second mixture, 1.342 g and 8.244 g
of carbon black and NMP were mixed. Accordingly, a sec-
ond mixture having a solid content of 14% (e.g., including
14 wt% of carbon black) was prepared.
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[0095] Thereafter, the first mixture and the second mixture
were mixed at a mixing speed of 1000 rpm for 10 minutes to
prepare a positive electrode slurry according to Example 5.

Comparative Example

[0096] The first mixture was not separately prepared, and
collectively mixed with the second mixture.

[0097] To prepare a positive electrode slurry according to
Comparative Example, an NCM-based positive electrode
active material, PVDF, NMP, maleic acid, and a second mix-
ture were mixed.

[0098] To prepare the second mixture, 0.2622 g,
0.05243 g, and 4.929 g of carbon nanotubes, H-NBR, and
NMP were mixed. Accordingly, a second mixture having a
solid content of 6% (e.g., including 6 wt% of carbon nano-
tubes and H-NBR) was prepared.

[0099] As the positive electrode active material, a mixture
of  LiNi0.88  Co00.06Mn0.0602 and  LiNi0.83
C00.085Mn0.08502 was used in the same manner as in
Example 1. Here, 30.000 g, 12.857 g, 5244 g, 5311 g,
0.06 g, and 5244 g of LiNi0.88 Co00.06Mn0.0602,
LiNi0.83 Co00.085Mn0.08502, a 10 wt% PVDF solution,
NMP, maleic acid, and a second mixture were prepared,
respectively, and mixed at a mixing speed of 1000 rpm for
10 minutes. Accordingly, a positive electrode slurry accord-
ing to Comparative Example was prepared.

Rheological Properties

[0100] Rheological properties were compared between
Examples and Comparative Examples. Specifically, the
solid content, viscosity, and phase angle of the first mixture,
the second mixture, and the positive electrode active mate-
rial prepared according to Examples and Comparative
Examples were measured, and are shown in Table 1.

[0101] Here, the solid content in Table 1 indicates the
solid content of the prepared first mixture, the second mix-
ture, and the positive electrode slurry. And the viscosity of
Table 1 represents the viscosity of the object measured at a
shear rate of 1 sec-1. And the phase angle of Table 1 was
measured in an environment of a frequency of 1 Hz before
the shear stress was applied, and also in an environment of a
frequency of 1 Hz after the shear stress was applied. Here,
the shear rate of the shear stress was controlled at 500 sec-1
for 300 sec.

Type

First mixture
Second mixture
Slurry

First mixture
Second mixture
Slurry

First mixture
Second mixture
Slurry

First mixture
Second mixture
Slurry

First mixture
Second mixture
Slurry
Comparative Slurry
Example

Example 1

Example 2

Example 3

Example 4

Example 5

TABLE 1
Phase angle
Before shear
Solid content [%]  Viscosity [Pa-s] stress After shear stress

81.2 17.2 69.1 56.5

6.0 33 33.2 45.8
74.5 34.6 18.9 20.1
90.0 202.1 1.02 2.11
14.0 98.3 4.7 6.9
74.5 132.5 58.2 39.1
86.0 191.5 52.1 339

14.0 104.7 1.36 2.31
74.5 156.4 9.1 10.9
81.2 16.8 76.2 52.6

6.0 33 33.2 45.8
74.5 2.5 75.4 66.2
86.0 116.8 67.3 24.6

14.0 104.7 1.36 2.31
74.5 41 50.3 60.5
745 39.8 18.8 17.6
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[0102] Referring to Example 1, Example 3, and Compara-
tive Example of Table 1, when the acid additive is further
included in the first mixture, the phase angle of the prepared
positive electrode slurry may be 45° or less. In this case, in
the operation of filtering the impurities, the positive elec-
trode slurry may not normally pass through the filter mem-
ber. However, according to Examples, while the acid addi-
tive 1s included in the first mixture, the first mixture and the
second mixture are separately provided, so that the filter
clogging issue that may occur during the transfer of the posi-
tive electrode slurry, the first mixture, and the second mix-
ture may be reduced.

[0103] In addition, referring to Examples 2 and 3 of Table
1, when H-NBR is further included in the second mixture,
the phase angle of the slurry may be prepared relatively
high, which may mean that when the second mixture further
includes H-NBR, the dispersibility of the conductive mate-
rial is further improved.

Slurry Processing Property

[0104] The processing property of the positive electrode
slurry between Examples and the Comparative Example
was compared. Specifically, when transferring the positive
electrode slurries prepared according to Examples and Com-
parative Example, in order to proceed with the process, it
was checked whether the filter was clogged. By passing
the positive electrode slurry through the filter, it was deter-
mined whether the filter was clogged by checking whether
excessive impurities were generated and whether the flow-
ability of the slurry was good. Table 2 shows whether the
filter for filtering impurities is clogged when transferring the
prepared positive electrode slurry.

[0105] FIGS. 3 and 4 illustrate images showing experi-
mental results to confirm whether passing through a filter
during the process using the positive electrode slurry
according to Examples and Comparative Example. This
experiment was conducted by passing the prepared positive
electrode slurry through a filter including a mesh structure,
and analyzing the results accordingly. The filter used was
prepared in a 120 mesh standard and has a stainless steel
material. Here, the 120 mesh standard indicates a mesh
structure including mesh holes formed by dividing the hor-
izontal and vertical lengths into 120 equal parts when the
horizontal and vertical lengths are each 1 inch.

[0106] FIG. 3 illustrates an image showing a state in
which the filter passes normally while transferring the posi-
tive electrode slurry according to Examples. FIG. 4 illus-
trates an image illustrating a filter clogging phenomenon
that occurs while transferring the positive electrode slurry
according to the Comparative Example. For example, FIG.
3 relates to Example 1 and is an image showing an impurity
filter in which filter clogging has not occurred, and FIG. 4 is
an image illustrating an impurity filter in which filter clog-
ging has occurred as related to Comparative Example.

TABLE 2

Type Whether the filter is clogged

Example 1
Example 2
Example 3
Example 4
Example 5
Comparative Example

O WX M X R
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[0107] Referring to Table 2, FIGS. 3 and 4, it may be seen
that the filter clogging phenomenon does not occur in the
positive electrode slurry according to Examples during the
transfer process, and the filter clogging phenomenon occurs
in the positive electrode slurry according to Comparative
Example during the transfer process. Accordingly, accord-
ing to Examples, it is possible to provide a positive electrode
slurry having improved processability.

[0108] While the present disclosure has been shown and
described with reference to certain exemplary embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
disclosure as defined by the appended claims and their
equivalents. Therefore, the scope of the present disclosure
should not be limited to the above-described exemplary
embodiments but should be determined by not only the
appended claims but also the equivalents thereof.

[0109] In the above-described embodiments, certain steps
may be selectively performed or part of one or more steps
and may be omitted. In each embodiment, the steps are not
necessarily performed in accordance with the described
order and may be rearranged. The embodiments disclosed
in this specification and drawings are only examples to facil-
itate an understanding of the present disclosure, and the pre-
sent disclosure is not limited thereto. Variations or improve-
ments of the disclosed embodiments and other embodiments
may be made based on what is disclosed in this patent
document.

What is claimed is:

1. A method of preparing a positive electrode slurry, the
method comprising:

preparing a first mixture comprising a positive electrode

active material and an acid additive;

preparing a second mixture comprising a conductive mate-

rial and a dispersing material; and

mixing the first mixture and the second mixture to formthe

positive electrode slurry.

2. The method of claim 1, wherein a phase angle of the first
mixture is 45° to 90° when no shear stress is applied.

3. The method of claim 1, wherein a phase angle of the
positive electrode slurry is 10° to 45° when a shear stress hav-
ing a shear rate of 500 sec-! is provided for 300 seconds under
a frequency environment of 1 Hz.

4. The method of claim 1, wherein the conductive material
comprises carbon nanotubes.

5. The method of claim 4, wherein a phase angle of the
positive electrode slurry is 10° to 30° when a shear stress hav-
ing a shear rate of 500 sec-1 is provided for 300 seconds under
a frequency environment of 1 Hz.

6. The method of claim 1, wherein the dispersing material
comprises H-NBR.

7. The method of claim 1, wherein the conductive material
comprises carbon black.

8. The method of claim 7, wherein the dispersing material
comprises H-NBR, and

when a shear stress having a shear rate of 500 sec-! is pro-

vided for 300 seconds, a phase angle of the positive elec-
trode slurry is 35° to 45°.

9. The method of claim 1, further comprising transferring
the positive electrode slurry,
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wherein the transferring of the positive electrode slurry
comprises passing the positive electrode slurry through
a filter member.

10. The method of claim 1, wherein a solid content of the
positive electrode slurry is 70% to 80%.

11. The method of claim 1, wherein the positive electrode
active material comprises one of lithium manganese oxide,
lithium nickel oxide, lithium cobalt oxide, lithium nickel
manganese oxide, lithium nickel cobalt manganese oxide,
lithium nickel cobalt aluminum oxide, lithium iron phosphate
compound, lithium manganese phosphate compound, lithium
cobalt phosphate compound, or lithium vanadium phosphate
compound.

12. The method of claim 1, wherein the acid additive com-
prises maleic acid.

13. The method of claim 1, wherein the first mixture further
comprises a binder, and the binder includes polyvinylidene
fluoride.

14. A method of preparing a positive electrode slurry, the
method comprising:

preparing a first mixture comprising a positive electrode

active material;
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preparing a second mixture comprising a conductive mate-
rial and a dispersing material; and
mixing the first mixture and the second mixture to formthe
positive electrode slurry,
wherein a phase angle of the positive electrode slurry is 3°
to45° when a shear stress having a shear rate of 500 sec-1
is provided for 300 seconds under a frequency environ-
ment of 1 Hz.
15. The method of claim 14, wherein the first mixture
further comprises an acid additive,
the conductive material comprises carbon nanotubes, and
the dispersing material comprises H-NBR.
16. The method of claim 14, wherein the first mixture
further comprises an acid additive, and
the conductive material comprises carbon black.
17. A positive electrode slurry prepared according to the
method of preparing a positive electrode slurry of claim 1.
18. A lithium secondary battery comprising:
a positive electrode prepared using the positive electrode
slurry of claim 17; and
anegative electrode comprising anegative electrode active
material layer.
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