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Description

TECHNICAL FIELD

Cross-reference to Related Applications

[0001] This application claims the benefit of Korean Patent Application Nos. 10-2016-0084359, filed on July 4, 2016,
and 10-2017-0084337, filed on July 3, 2017, in the Korean Intellectual Property Office.

Technical Field

[0002] The present invention relates to a method of preparing a positive electrode active material, which may exhibit
excellent structural stability by being uniformly doped with a doping element without worrying about surface damage of
the active material and property degradation, and a positive electrode active material prepared thereby.

BACKGROUND ART

[0003] Lithium secondary batteries have been widely used as power sources of portable devices after they have
emerged as small, lightweight, and high-capacity batteries since 1991. Recently, in line with the rapid development of
electronics, communications, and computer industries, camcorders, mobile phones, and notebook PCs have appeared
and undergone continuous and remarkable development. Accordingly, the demand for lithium secondary batteries as a
power source for driving these portable electronic information and communication devices has increased day by day.
[0004] Lithium secondary batteries have limitations in that their lifetime rapidly decreases as charge and discharge
are repeated. In particular, these limitations are more serious at high temperature or a high voltage. The reason for this
is due to a phenomenon that occurs when an electrolyte is decomposed or an active material is degraded due to moisture
in the battery or other effects, and internal resistance of the battery increases.
[0005] Accordingly, a positive electrode active material for a lithium secondary battery, which has been actively re-
searched and developed and is currently being used, is layer-structured LiCoO2. Since LiCoO2 has excellent life char-
acteristics and charge and discharge efficiency, the LiCoO2 is the most widely used, but there is a limitation in using the
LiCoO2 in high-capacity battery technology due to low structural stability.
[0006] As a positive electrode active material alternative to LiCoO2, various lithium transition metal oxides, such as
LiNiO2, LiMnO2, LiMn2O4, LiFePO4, and Li(NixCoyMnz)O2, have been developed. Among these oxides, LiNiO2 is ad-
vantageous in that it exhibits battery characteristics of high discharge capacity, but the synthesis thereof may be difficult
by a simple solid phase reaction, and thermal stability and cycle characteristics may be low. Also, a lithium manganese-
based oxide, such as LiMnO2 or LiMn2O4, is advantageous in that its thermal stability is excellent and the price is low,
but capacity may be low and high-temperature characteristics may be poor. Particularly, with respect to LiMn2O4, some
have been commercialized as low-cost products, but life characteristics were poor due to structural distortion (Jahn-
Teller distortion) caused by Mn+3. Furthermore, since LiFePO4 is inexpensive and has excellent stability, a significant
amount of research has currently been conducted for the application of LiFePO4 for a hybrid electric vehicle (HEV).
However, the application to other areas may be difficult due to low conductivity.
[0007] Thus, Li(NixCoyMnz)O2 (where, x, y, and z are each independently an atomic fraction of oxide composition
elements, wherein 0<x≤1, 0<y≤1, 0<z≤1, and 0<x+y+z≤1) is a material which is currently very much in the spotlight as
a positive electrode active material alternative to LiCoO2. This material is less expensive than LiCoO2 and may be used
in high voltage and high capacity applications, but the Li(NixCoyMnz)O2 has limitations in that rate capability and life
characteristics at high temperature may be poor.
[0008] KR 10-2016-0068687 discloses a method for producing a positive electrode active material comprising mixing
a metal precursor with a sol of a ceramic ion conductor then adding a lithium raw material and heat treating the mixture.
[0009] Accordingly, many attempts have been made to improve thermal stability, capacity characteristics, or cycle
characteristics of the positive electrode active material through a method of doping a material, such as aluminum (Al),
titanium (Ti), tin (Sn), silver (Ag), or zinc (Zn), into the positive electrode active material or dry or wet coating a surface
of the positive electrode active material with a highly conductive metal, but the degree of improvement is still insufficient.
[0010] Particularly, in a case in which the positive electrode active material is doped, structural stability of the positive
electrode active material is improved, but capacity may be reduced. Also, a uniform distribution of the doping material
in the positive electrode active material is difficult, and active material characteristics may be degraded due to a non-
uniform distribution of the doping material.
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DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0011] An aspect of the present invention provides a method of preparing a positive electrode active material in which,
since the positive electrode active material is uniformly doped with a doping element using acoustic resonance without
worrying about surface damage of the active material and characteristics degradation, improved structural stability may
be obtained and battery characteristics may be improved, for example, capacity reduction may be minimized and cycle
characteristics may be improved when used in a battery.
[0012] Another aspect of the present invention provides a positive electrode active material which has the improved
structure stability by being prepared by the above preparation method and, accordingly, may improve capacity, rate
capability, and cycle characteristics of the battery.
[0013] Another aspect of the present invention provides a positive electrode and a lithium secondary battery which
include the positive electrode active material.

TECHNICAL SOLUTION

[0014] According to an aspect of the present invention, there is provided a method of preparing a positive electrode
active material for a secondary battery as disclosed in claim 1.
[0015] According to another aspect of the present invention, there is provided a positive electrode active material for
a secondary battery prepared by the above method and including a lithium composite metal oxide of Formula 2 which
is doped with a metallic element:

[Formula 2] ALi1+aNi1-b-cMbCOc· (1-A)M’sO2

wherein, in Formula 2,
M includes at least one element selected from the group consisting of manganese (Mn) and aluminum (Al), and
M’ includes at least one element selected from the group consisting of yttrium (Y), zirconium (Zr), lanthanum (La),
strontium (Sr), gallium (Ga), magnesium (Mg), scandium (Sc), gadolinium (Gd), samarium (Sm), calcium (Ca),
cerium (Ce), iron (Fe), aluminum (Al), titanium (Ti), tantalum (Ta), niobium (Nb), tungsten (W), molybdenum (Mo),
and chromium (Cr),
wherein 0<A<1, 0≤a≤0.33, 0≤b≤0.5, 0≤c≤0.5, and 0≤s≤0.2, but b and c are not 0.5 at the same time.

[0016] According to another aspect of the present invention, there is provided a positive electrode and a lithium
secondary battery which include the above positive electrode active material.

ADVANTAGEOUS EFFECTS

[0017] Since a method of preparing a positive electrode active material according to the present invention uses acoustic
resonance when preparing a positive electrode active material including a doped lithium composite metal oxide, the
method may uniformly dope the lithium composite metal oxide with a doping element without worrying about surface
damage of the active material and characteristics degradation, and as a result, the method may further increase structural
stability of the positive electrode active material in comparison to doping according to a conventional method and may
further improve capacity, rate capability, and cycle characteristics of a battery. Also, according to the above method, a
dead zone due to stirring deviation generated during mixing by a conventional method may be minimized, the generation
of fine dust during the preparation of the active material may be suppressed, and quantitative measurement is facilitated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The following drawings attached to the specification illustrate preferred examples of the present invention by
example, and serve to enable technical concepts of the present invention to be further understood together with detailed
description of the invention given below, and therefore the present invention should not be interpreted only with matters
in such drawings.

FIG. 1 is a scanning electron microscope (SEM) image of a doping precursor prepared in Example 1-1;
FIG. 2 is an SEM image of a doping precursor prepared in Comparative Example 1-1;
FIG. 3 is an SEM image of a doping precursor prepared in Comparative Example 1-2;



EP 3 388 394 B1

4

5

10

15

20

25

30

35

40

45

50

55

FIG. 4 is SEM images of (a) metal precursor, (b) doped precursor, and (c) positive electrode active material during
the preparation of the positive electrode active material according to Example 1-2;
FIG. 5 is SEM images of (a) metal precursor, (b) doped precursor, and (c) positive electrode active material during
the preparation of the positive electrode active material according to Example 1-3;
FIG. 6 is an SEM image of a doping precursor obtained after an acoustic resonance treatment on a mixture of a
metal precursor and a raw material including a doping element in Example 1-2;
FIG. 7 is an SEM image of a doping precursor obtained after an acoustic resonance treatment on a mixture of a
metal precursor and a raw material including a doping element in Example 1-3;
FIG. 8 is an SEM image of a doping precursor obtained after an acoustic resonance treatment on a mixture of a
metal precursor and a raw material including a doping element in Comparative Example 1-3;
FIG. 9 is an SEM image of a doping precursor obtained after an acoustic resonance treatment on a mixture of a
metal precursor and a raw material including a doping element in Comparative Example 1-4;
FIG. 10 is an SEM image of a product obtained after mixing a doped precursor with a lithium raw material during a
preparation process of a positive electrode active material according to Example 1-4;
FIG. 11 is an SEM image of a product obtained after mixing a doped precursor with a lithium raw material during a
preparation process of a positive electrode active material according to Comparative Example 1-1;
FIG. 12 is a graph illustrating discharge characteristics of half coin cells including positive electrode active materials
prepared in Example 1-4 and Comparative Example 1-5; and
FIG. 13 is an SEM image of a surface of a positive electrode active material prepared in Example 1-6.

MODE FOR CARRYING OUT THE INVENTION

[0019] Hereinafter, the present invention will be described in more detail to allow for a clearer understanding of the
present invention.
[0020] It will be understood that words or terms used in the specification and claims shall not be interpreted as the
meaning defined in commonly used dictionaries. It will be further understood that the words or terms should be interpreted
as having a meaning that is consistent with their meaning in the context of the relevant art and the technical idea of the
invention, based on the principle that an inventor may properly define the meaning of the words or terms to best explain
the invention.
[0021] The conventional preparation of a doped positive electrode active material is performed by a heat treatment,
after dry mixing or wet mixing of a positive electrode active material or a precursor thereof with a raw material including
a doping element. With respect to the dry mixing, its process is simple, but it has a limitation in that uniform dispersion
is not achieved or the doping material is easily agglomerated, and dust may be generated when using fine powder. Also,
with respect to the wet mixing, uniform dispersion and doping are possible in comparison to the dry mixing, but its process
may be complex. Furthermore, both of the dry mixing and wet mixing have a limitation in that a dead zone due to stirring
deviation during the mixing may be generated and mixing may occur due to a continuous process.
[0022] In contrast, in the present invention, since a metal precursor for a positive electrode active material and a raw
material including a doping element are mixed using acoustic resonance during the preparation of a doped positive
electrode active material and particle sizes of the metal precursor and the raw material including a doping element are
controlled together according to acoustic resonance conditions, the metal precursor may be uniformly doped with the
doping element without worrying about surface damage of the active material and characteristics degradation and the
dead zone due to the stirring deviation may be minimized. As a result, structural stability of the positive electrode active
material may be more significantly increased in comparison to the doping according to the conventional method, and
thus, capacity, rate capability, and cycle characteristics of a battery may be further improved.
[0023] That is, a method of preparing a positive electrode active material for a secondary battery according to an
embodiment of the present invention includes the steps of:

mixing a metal precursor for a positive electrode active material and a raw material including a doping element using
acoustic resonance to prepare a precursor doped with the doping element (step 1); and
mixing the doped precursor with a lithium raw material and performing a heat treatment (step 2). In this case, an
average particle diameter ratio of the metal precursor for a positive electrode active material to the raw material
including a doping element is in a range of 5:1 to 2,000: 1, wherein the metal precursor for a positive electrode active
material is an oxide, hydroxide, oxyhydroxide, or phosphate containing nickel, cobalt, manganese, aluminum or
mixture of two or more thereof; wherein the heating is performed at a temperature from 700°C to 950°C; wherein
the raw material including a doping element comprises one selected from the group consisting of yttria-stabilized
zirconia, gadolinia-doped ceria, lanthanum strontium gallate magnesite, lanthanum strontium manganite, calcia-
stabilized zirconia, scandia-stabilized zirconia, Ni-yttria stabilized zirconia cermet, and Al2O3, or a mixture of two or
more thereof; and wherein an average particle diameter (D50) of the metal precursor for a positive electrode active
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material is in a range of 10 pm to 20 pm, wherein the acoustic resonance is performed by applying an acoustic
energy of 50 g to 90 g.

[0024] Hereinafter, each step will be described in detail. In the method of preparing a positive electrode active material
according to the embodiment of the present invention, step 1 is a step of preparing a doped precursor.
[0025] Specifically, step 1 may be performed by mixing a metal precursor for a positive electrode active material and
a raw material including a doping element using acoustic resonance.
[0026] During the mixing by acoustic resonance, if acoustic vibration is applied to a material to be mixed, acoustic
energy directly vibrates the material to be mixed, and, in this case, resonance occurs by a particular frequency of acoustic
vibration and mixing occurs by the resonance. The mixing by acoustic resonance is different from ultrasonic mixing or
mixing by stirring with an impeller installed in a typical planetary mixer or speed mixer. Since low frequency and high
intensity acoustic energy forms a shear field while exerting a uniform shear force over an entire mixing system with fast
g-forces, the mixing by acoustic resonance enables rapid fluidization and dispersion. Also, with respect to the mixing by
acoustic resonance, since the frequency of the acoustic energy is several hundred times lower than that of the ultrasonic
mixing, mixing scale may be larger. In addition, different from the impeller stirring in which mixing occurs by bulk flow,
since small-scale mixing occurs multiple times over the entire mixing system, uniform dispersion is possible.
[0027] Furthermore, since the raw material including a doping element, such as yttria-stabilized zirconia, used for
doping the metal precursor for a positive electrode active material in the present invention has very low miscibility and
reactivity with the precursor, uniform doping is difficult. However, in the present invention, since the mixing by acoustic
resonance is performed, dispersibility of the raw material including a doping element as well as the reactivity with the
precursor is increased, and thus, uniform doping on the surface of the precursor is possible.
[0028] The mixing by acoustic resonance may be performed by using a conventional acoustic resonance device, and,
specifically, may be performed by using an acoustic mixer.
[0029] In a mixing process by acoustic resonance, mixing conditions may vary depending on a particle size ratio of
the metal precursor for a positive electrode active material and the raw material including a doping element used,
furthermore, each type thereof, and, in order to obtain uniform and excellent doping efficiency while minimizing surface
damage and loss of the metal precursor and active material, it is desirable to optimize the particle sizes of the metal
precursor and the raw material including a doping element. Furthermore, it is more desirable to optimize each type
thereof as well as the particle sizes.
[0030] Specifically, an average particle diameter ratio of the metal precursor for a positive electrode active material
to the raw material including a doping element may be in a range of 5:1 to 2,000:1, particularly 5:1 to 1,000:1 or 5:1 to
300:1, and more particularly 5:1 to 7.5:1. When the above-described average particle diameter ratio condition is satisfied,
the raw material including a doping element may be uniformly dispersed with better efficiency without damage and loss
of precursor particles.
[0031] Specifically, an average particle diameter (D50) of the raw material including a doping element is in a range of
4 nm to 5 mm, or 10 nm to 5 mm, for example, 50 nm to 3 mm, an average particle diameter (D50) of the metal precursor
for a positive electrode active material is in a range of 10 mm to 20 mm, and the average particle diameter ratio of the
metal precursor for a positive electrode active material to the raw material including a doping element is in a range of
5:1 to 2,000:1, particularly 5:1 to 1,000:1 or 5:1 to 300:1, and more particularly 5:1 to 7.5:1.
[0032] Also, the mixing by acoustic resonance of the metal precursor for a positive electrode active material and the
raw material including a doping element, which satisfy the above-described particle diameter conditions, is performed
by applying an acoustic energy of 50 g to 90 g, and specifically, may be performed by applying an acoustic energy of
50 g to 90 g for 1 minute to 5 minutes. In this case, the unit "g" denotes a gravitational acceleration (100g = 980 m/s2).
[0033] Furthermore, a mixing pattern of the doping material and the metal precursor may vary depending on a structure
of the metal precursor for a positive electrode active material.
[0034] Specifically, in the present invention, the metal precursor for a positive electrode active material may be a
secondary particle in which a plurality of primary particles are agglomerated, and, in this case, the primary particle may
have a plate shape. In this case, density of the secondary particulate metal precursor may vary depending on a plate
thickness of the primary particle, and, as a result, a doping pattern of the doping element with respect to the metal
precursor may change. Thus, more uniform and efficient doping is possible by optimizing conditions during the acoustic
resonance according to the plate thickness of the primary particle.
[0035] Specifically, under the conditions in which the metal precursor for a positive electrode active material and the
raw material including a doping element satisfy the above-described average particle diameter ratio, the primary particles
constituting the metal precursor for a positive electrode active material may have a plate shape, and the plate may have
an average thickness of 150 nm or less, for example, 80 nm to 130 nm. Typically, with respect to a metal precursor
formed by agglomeration of primary particles having a plate shape, since pores may be formed between the plate-
shaped primary particles, the secondary particulate metal precursor may have a large specific surface area. However,
in this case, since the introduction of a doping element into the pores between the primary particles is not easy, an



EP 3 388 394 B1

6

5

10

15

20

25

30

35

40

45

50

55

amount of the doping element introduced may be small or the pores remain empty and doping with the doping element
may mainly occur on the surface of the secondary particulate metal precursor. In contrast, in a case in which the mixing
by acoustic resonance is performed by applying a force of 50 g to 90 g for 1 minute to 4 minutes, excellent doping
efficiency may be achieved by uniformly introducing the doping element into the pores between the plate-shaped primary
particles, and, as a result, the structural stability of the active material may be improved.
[0036] In the present invention, the expression "plate shape" or "plate form" denotes an aggregate structure in which
two sides corresponding or opposite to each other are flat and a size in a horizontal direction is larger than a size in a
vertical direction, and may include a shape similar to a plate shape, such as a flake shape and a scaly shape, as well
as a complete plate shape. Also, an average plate thickness of the plate-shaped primary particles is an average value
of plate thicknesses of the primary particles observed with a scanning electron microscope (SEM).
[0037] Furthermore, under the conditions in which the metal precursor for a positive electrode active material and the
raw material including a doping element satisfy the above-described average particle diameter ratio, in a case in which
the primary particles constituting the metal precursor for a positive electrode active material have a plate shape and the
plate has an average thickness of greater than 150 nm, for example, 200 nm to 250 nm, the metal precursor may be a
secondary particulate having a dense structure in which the pores between the plate-shaped primary particles are small.
Typically, with respect to a precursor composed of primary particles having the above-described thickness, since the
introduction of a doping element into pores between the primary particles is more difficult than a metal precursor including
primary particles in the form of a thin plate, the doping element is mainly disposed on the surface of the precursor,
wherein, in this case, agglomeration of the doping element may occur locally on the surface of the secondary particulate.
In contrast, in a case in which the mixing by acoustic resonance is performed by applying a force of 60 g to 90 g for 2
minutes to 5 minutes, a layer of the doping element is formed in which the surface of the secondary particulate precursor
is uniformly coated with the doping element. In this case, an amount of lithium composite metal oxide doped on a surface
side of the active material is increased, and, as a result, stability of the active material surface may be increased.
[0038] In the method of preparing a positive electrode active material according to the embodiment of the present
invention, the doping element may specifically be yttrium (Y), zirconium (Zr), lanthanum (La), strontium (Sr), gallium
(Ga), magnesium (Mg), scandium (Sc), gadolinium (Gd), samarium (Sm), calcium (Ca), cerium (Ce), iron (Fe), aluminum
(Al), titanium (Ti), tantalum (Ta), niobium (Nb), tungsten (W), molybdenum (Mo), or chromium (Cr), and may include at
least one element thereof.
[0039] Specifically, the doping element may be an element corresponding to Group 6 (VIB) of the Periodic Table which
may improve the structural stability of the active material by suppressing particle growth in a sintering process during
the preparation of the active material particles. For example, the doping element may be at least one element selected
from the group consisting of W, Mo, and Cr, and particularly, may be at least one element selected from the group
consisting of W and Cr.
[0040] Also, the doping element, particularly, may be an element corresponding to Group 13 (IIIA) of the Periodic
Table, and more particularly, may be at least one element selected from the group consisting of boron (B), Al, Ga, and
indium (In).
[0041] Furthermore, the doping element, particularly, may be at least one element selected from the group consisting
of Group 3 (IIIB) and 4 (IV) elements, and more particularly, may be at least one element selected from the group
consisting of Ti, Sc, Y, Zr, and La.
[0042] Also, the doping element, particularly, may be an element corresponding to Group 5 (V), and more particularly,
may be at least one element selected from the group consisting of vanadium (V), Nb, and Ta.
[0043] Furthermore, the raw material including a doping element may be an oxide, such as Al2O3, a hydroxide, or an
oxyhydroxide which includes the above-described doping element, and any one thereof or a mixture of two or more
thereof may be used.
[0044] Also, the raw material including a doping element may be a ceramic-based ion conductor which not only has
excellent lithium ion conductivity in itself, but may also further improve the structural stability of the active material along
with a better doping effect when doping with a metallic element derived therefrom. The ceramic-based ion conductor
may specifically include at least one of ion conductive ceramic and metal ceramic.
[0045] Specific examples of the ion conductive ceramic are yttria-stabilized zirconia (YSZ), calcia-stabilized zirconia
(CSZ), scandia-stabilized zirconia (SSZ) gadolinia-doped ceria (GDC), lanthanum strontium gallate magnesite (LSGM),
lanthanum strontium manganite (LSM), and one alone or a mixture of two or more thereof may be used.
[0046] Also, in the ion conductive ceramic, the YSZ is a ceramic material which is made stable even at room temperature
by adding yttrium oxide (yttria) to zirconium oxide (zirconia). In the YSZ, some of Zr4+ ions may be substituted with Y3+

by adding the yttria to the zirconia. Accordingly, four O2- ions are replaced by three O2- ions, and, as a result, an oxygen
vacancy may be generated. The YSZ has O2- ion conductivity due to the generated oxygen vacancies, and the conductivity
increases as the temperature increases. Specifically, the YSZ is Zr(1-x)YxO2-x/2, wherein 0.01≤x≤0.30, for example,
0.08≤x≤0.10. In the present invention, the room temperature denotes a temperature range of 2365°C unless otherwise
defined. The YSZ may be Zr(1-x)YxO2-x/2 (where 0.01≤x≤0.30, for example, 0.08≤x≤0.10).
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[0047] The metal ceramic is manufactured by mixing and sintering ceramic and metal powder, wherein it has both
characteristics of ceramic having high heat resistance and hardness and characteristics of metal having plastic defor-
mation or electrical conductivity. Specifically, in the metal ceramic, the ceramic may be the above-described ion conductive
ceramic, and the metal may be nickel, molybdenum, or cobalt. For example, the metal ceramic may be a cermet such
as a Ni-YSZ cermet.
[0048] Also, in the method of preparing a positive electrode active material according to the embodiment of the present
invention, the average particle diameter (D50) of the raw material including a doping element may be in a range of 4 nm
to 5 mm. When the average particle diameter of the raw material including a doping element is within the above range,
uniform dispersion is possible during the mixing by an acoustic resonance method, and the precursor may be doped
with high efficiency. Specifically, the average particle diameter (D50) of the raw material including a doping element may
be in a range of 10 nm to 5 mm, for example, 50 nm to 3 mm.
[0049] In the present invention, the average particle diameter (D50) of the raw material including a doping element
may be defined as a particle diameter at 50% in a cumulative particle diameter distribution. The average particle diameter
(D50) of the raw material including a doping element may be measured by using a laser diffraction method. Specifically,
the raw material including a doping element is introduced into a laser diffraction particle size measurement instrument
(e.g., Microtrac MT 3000) and irradiated with ultrasonic waves having a frequency of about 28 kHz and an output of 60
W, and the average particle diameter (D50) at 50% in a cumulative particle diameter distribution of the measurement
instrument may then be calculated.
[0050] Furthermore, in the method of preparing a positive electrode active material according to the embodiment of
the present invention, an amount of the raw material including a doping element used may be appropriately selected
according to an amount of a metallic element derived from the raw material including a doping element which is doped
on the lithium composite metal oxide in the finally prepared positive electrode active material. Specifically, the raw
material including a doping element may be used in an amount of 500 ppm to 20,000 ppm, for example, 1,000 ppm to
8,000 ppm based on a total amount of the metal precursor for a positive electrode active material and the raw material
including a doping element.
[0051] In the method of preparing a positive electrode active material according to the embodiment of the present
invention, the metal precursor for a positive electrode active material, as a material which may form a lithium composite
metal oxide capable of reversibly intercalating and deintercalating lithium, is an oxide, hydroxide, oxyhydroxide, or
phosphate containing a metal for a positive electrode active material, and any one thereof or a mixture of two or more
thereof may be used. Also, the metal for a positive electrode active material may specifically include at least one metallic
element selected from the group consisting of nickel, cobalt, manganese, and aluminum.
[0052] The metal precursor for a positive electrode active material may be prepared by a conventional preparation
method. For example, in a case in which the metal precursor for a positive electrode active material is prepared by a
co-precipitation method, the metal precursor for a positive electrode active material may be prepared through a co-
precipitation reaction by adding an ammonium cation-containing complexing agent and a basic compound to an aqueous
solution of a raw material containing the metal for a positive electrode active material.
[0053] In this case, the raw material containing the metal for a positive electrode active material may be determined
according to a composition of the lithium composite metal oxide constituting the desired active material. Specifically, a
hydroxide, oxyhydroxide, nitrate, halide, carbonate, acetate, oxalate, citrate, or sulfate, which includes the metal con-
stituting the lithium composite metal oxide, may be used. The metal for a positive electrode active material may be at
least one selected from the group consisting of Fe, Ni, Co, Mn, Cr, Zr, Nb, Cu, V, Mo, Ti, Zn, Al, Ga, and Mg, or a mixed
metal of two or more thereof, and, for example, may be at least one selected from the group consisting of Ni, Co, Mn,
and Al, or a mixed metal of two or more thereof.
[0054] Specifically, in a case in which the positive electrode active material includes a lithium-nickel-cobalt-manganese-
based compound as the lithium composite metal oxide, a nickel (Ni)-containing raw material, a cobalt (Co)-containing
raw material, and a manganese (Mn)-containing raw material may be used as the raw material for the preparation of
the hydroxide containing the metal for a positive electrode active material, as a precursor thereof. The raw material
containing each metallic element may be used without particular limitation as long as it is typically used during the
preparation of a positive electrode active material. For example, the Co-containing raw material may specifically include
Co(OH)2, CoO, CoOOH, Co(OCOCH3)2·4H2O, Co(NO3)2·6H2O, or CO(SO4)2·7H2O, and any one of the above-described
compounds or a mixture of two or more thereof may be used.
[0055] Also, the raw material containing the metal for a positive electrode active material may be used in an appropriate
amount ratio in consideration of amounts of the metals in the lithium composite metal oxide in the finally prepared positive
electrode active material.
[0056] Furthermore, the raw material containing the metal for a positive electrode active material may be dissolved in
water; or a mixture of water and an organic solvent (specifically, alcohol etc.) which may be uniformly mixed with the
water, and thus, it may be used as an aqueous solution.
[0057] Also, the ammonium cation-containing complexing agent, which may be used in the preparation of the hydroxide
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containing the metal for a positive electrode active material, may specifically include NH4OH, (NH4)2SO4, NH4NO3,
NH4Cl, CH3COONH4, or NH4CO3, and any one thereof or a mixture of two or more thereof may be used. Furthermore,
the ammonium cation-containing complexing agent may be used in the form of an aqueous solution, and, in this case,
water or a mixture of water and an organic solvent (specifically, alcohol etc.), which may be uniformly mixed with the
water, may be used as a solvent.
[0058] Also, the basic compound, which may be used in the preparation of the hydroxide containing the metal for a
positive electrode active material, may include a hydroxide of alkali metal or alkaline earth metal, such as NaOH, KOH,
or Ca(OH)2, or a hydrate thereof, and any one thereof or a mixture of two or more thereof may be used. The basic
compound may also be used in the form of an aqueous solution, and, in this case, water or a mixture of water and an
organic solvent (specifically, alcohol etc.), which may be uniformly mixed with the water, may be used as a solvent.
[0059] Also, the co-precipitation reaction for the formation of particles of the hydroxide containing the metal for a
positive electrode active material may be performed under a condition in which a pH value of the aqueous solution of
the metal-containing raw material is in a range of 8 to 14. For this purpose, it is desirable to appropriately adjust amounts
of the ammonium cation-containing complexing agent and basic compound added. In this case, the pH value denotes
a pH value measured at a liquid temperature of 25°C. Furthermore, the co-precipitation reaction may be performed in
a temperature range of 30°C to 60°C in an inert atmosphere. As a result of the above-described co-precipitation reaction,
the particles of the hydroxide containing the metal for a positive electrode active material, as the precursor, are formed
and precipitated in the aqueous solution.
[0060] As described above, in the present invention, the metal precursor for a positive electrode active material prepared
by the above-described preparation method may specifically be a secondary particle in which a plurality of primary
particles are agglomerated, and, in this case, the primary particle may have a plate shape. In this case, a plate thickness
of the primary particles may be controlled by adjusting a reaction rate in a preparation process.
[0061] Specifically, the metal precursor for a positive electrode active material may be a secondary particle in which
a plurality of primary particles having an average plate thickness of 150 nm or less, for example, 80 nm to 130 nm are
agglomerated, or may be a secondary particle in which a plurality of primary particles having an average plate thickness
of greater than 150 nm, for example, 200 nm to 250 nm are agglomerated.
[0062] Also, an average particle diameter (D50) of the secondary particulate metal precursor for a positive electrode
active material may be in a range of 4 mm to 30 mm, for example, 10 mm to 20 mm. When the average particle diameter
of the precursor is within the above range, more efficient application is possible. In the present invention, the average
particle diameter (D50) of the metal precursor for a positive electrode active material may be defined as a particle diameter
at 50% in a cumulative particle diameter distribution. The average particle diameter (D50) of the metal precursor for a
positive electrode active material may be measured by using a laser diffraction method. Specifically, the metal precursor
for a positive electrode active material is introduced into a laser diffraction particle size measurement instrument (e.g.,
Microtrac MT 3000) and irradiated with ultrasonic waves having a frequency of about 28 kHz and an output of 60 W,
and the average particle diameter (D50) at 50% in a cumulative particle diameter distribution of the measurement instru-
ment may then be calculated.
[0063] The precursor doped with various metallic elements is prepared by the above-described acoustic resonance
treatment. In this case, the doping metallic elements may be uniformly distributed in the precursor, may be present with
a concentration gradient in which a content distribution is increased or decreased from the particle center of the precursor
to the surface thereof, or may be only present on a surface side of the precursor, according to positional preference of
each metallic element and a crystal structure of the precursor material.
[0064] Next, in the method of preparing a positive electrode active material according to the embodiment of the present
invention, step 2 is a step of preparing a positive electrode active material by mixing the doped precursor prepared in
step 1 with a lithium raw material and then performing a heat treatment.
[0065] Specific examples of the lithium raw material may be a hydroxide, oxyhydroxide, nitrate, halide, carbonate,
acetate, oxalate, or citrate including lithium, and any one thereof or a mixture of two or more thereof may be used. For
example, the lithium raw material may include any one selected from the group consisting of Li2CO3, LiNO3, LiNO2,
LiOH, LiOH·H2O, LiH, LiF, LiCl, LiBr, LiI, CH3COOLi, Li2O, Li2SO4, CH3COOLi, and Li3C6H5O7, or a compound of two
or more thereof.
[0066] An amount of the lithium raw material used may be determined according to a lithium content in the finally
prepared lithium composite metal oxide.
[0067] The mixing of the doped precursor with the lithium raw material may be performed by a conventional mixing
method using a ball mill, a bead mill, a high-pressure homogenizer, a high-speed homogenizer, or an ultrasonic dispersing
device, or may be performed by acoustic resonance as in the previous mixing for doping.
[0068] Specifically, in consideration of an effect of uniform mixing of the doped precursor with the lithium raw material,
the mixing may be performed by acoustic resonance, may particularly be performed by applying an acoustic energy of
50 g to 90 g, and, more particularly, may be performed by applying an acoustic energy of 50 g to 90 g for 1 minute to 5
minutes. In this case, the unit "g" denotes a gravitational acceleration (100g = 980 m/s2).
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[0069] Also, an average particle diameter ratio of the doped precursor to the lithium raw material may be controlled
to increase mixing efficiency during the mixing by acoustic resonance, and, specifically, the average particle diameter
ratio of the doped precursor to the lithium raw material may be in a range of 10:1 to 3:1.
[0070] Subsequently, a primary heat treatment on a mixture of the doped precursor and the lithium raw material is
performed in a temperature range of 700°C to 950°C. If the temperature during the primary heat treatment is less than
700°C, there is a concern that discharge capacity per unit weight may be reduced, cycle characteristics may be degraded,
and operating voltage may be reduced due to the residue of unreacted raw materials, and, if the temperature during the
primary heat treatment is greater than 950°C, there is a concern that the discharge capacity per unit weight may be
reduced, the cycle characteristics may be degraded, and the operating voltage may be reduced due to the generation
of side reaction products.
[0071] Furthermore, the primary heat treatment may be performed in air or an oxygen atmosphere, and may be
performed for 5 hours to 30 hours. When the primary heat treatment is performed under the above-described conditions,
a diffusion reaction between particles of the mixture may be sufficiently performed.
[0072] As a result of step 2, a positive electrode active material including lithium composite metal oxide particles, in
which the lithium composite metal oxide present on the surface side of the particle is doped with a metallic element that
is derived from the raw material including a doping element, is prepared.
[0073] Also, the method of preparing a positive electrode active material according to the embodiment of the present
invention may further include a washing process of the product obtained after the primary heat treatment of step 2.
[0074] The washing process may be performed by using a conventional washing method such as mixing with water.
Specifically, the washing process may be performed such that the mixing of the product with water is performed by
mixing by acoustic resonance. The conventional washing method has a limitation in that a capillary phenomenon between
agglomerated particles limits washing and characteristics of the positive electrode active material are degraded during
over-washing. In contrast, in a case in which a washing process with water is performed using acoustic resonance, since
particle dispersion is easy, washing may be performed with excellent efficiency and without limitation, and the degradation
of the characteristics of the positive electrode active material may be prevented by adjusting washing time.
[0075] The acoustic resonance during the washing may be performed by applying an acoustic energy of 20 g to 90 g
for 10 seconds to 30 minutes. When the acoustic resonance is performed under the above-described conditions, the
unreacted raw materials and impurities remaining in the positive electrode active material may be removed with excellent
efficiency and without worrying about the surface damage and loss of the positive electrode active material. In this case,
the unit "g" denotes a gravitational acceleration (100g = 980 m/s2).
[0076] Furthermore, the method of preparing a positive electrode active material according to the embodiment of the
present invention may further include a surface treatment process of the product obtained after the heat treatment of
step 2 or the washing process.
[0077] The surface treatment process may be performed by a conventional method and, specifically, may be performed
by mixing the product obtained after the heat treatment with a surface treatment agent using acoustic resonance and
then performing an additional heat treatment (hereinafter, referred to as a "secondary heat treatment").
[0078] In a case in which the heat treatment is performed after mixing the surface treatment agent with raw material
Me (where Me is at least one element selected from the group consisting of Al, Y, B, W, hafnium (Hf), Nb, Ta, Mo, silicon
(Si), tin (Sn), and Zr), an acetate, nitrate, sulfate, halide, sulfide, hydroxide, oxide, or oxyhydroxide including Me may
be used as the raw material Me. For example, in a case in which the Me is B, the raw material Me may include boric
acid, lithium tetraborate, boron oxide, and ammonium borate, and any one thereof or a mixture of two or more thereof
may be used. Also, in a case in which the Me is tungsten, the raw material Me may include tungsten oxide (VI).
[0079] A uniform surface treatment layer may be formed on the surface of the positive electrode active material with
better efficiency by using acoustic resonance during the surface treatment. Specifically, an acoustic resonance treatment
for the formation of the surface treatment layer may be performed by applying an acoustic energy of 30 g to 100 g for
1 minute to 30 minutes. In this case, the unit "g" denotes a gravitational acceleration (100g = 980 m/s2).
[0080] Also, the secondary heat treatment for the formation of the surface treatment layer may be performed in a
temperature range of 300°C to 900°C. The secondary heat treatment temperature may depend on a melting point reaction
temperature of the raw material Me. If the secondary heat treatment temperature is less than 300°C, the surface treatment
layer is not sufficiently formed, and, if the secondary heat treatment temperature is greater than 900°C, there is a concern
that side reaction products may be generated due to over-sintering.
[0081] Furthermore, an atmosphere during the heat treatment is not particularly limited, but the heat treatment may
be performed in a vacuum, inert, or air atmosphere.
[0082] A surface treatment layer including a compound of the following Formula 1 may be formed on the surface of
the active material by the above-described surface treatment process:

[Formula 1] LimMeO(m+n)/2
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(in Formula 1, Me is at least one element selected from the group consisting of Al, Y, B, W, Hf, Nb, Ta, Mo, Si, Sn, and
Zr, 2≤m≤10, and n is the oxidation number of Me)
[0083] With respect to the positive electrode active material prepared according to the above-described preparation
method, structural stability is significantly improved by allowing the doping element to be uniformly dispersed or doped
in comparison to doping by a conventional dry mixing method or wet mixing method, and, as a result, capacity reduction
may be minimized when used in the battery. Simultaneously, output characteristics, rate capability, and cycle charac-
teristics may be further improved.
[0084] According to another embodiment of the present invention, provided is a positive electrode active material
prepared by the above-described preparation method.
[0085] Specifically, the positive electrode active material includes a lithium composite metal oxide doped with the
doping element. For example, the lithium composite metal oxide doped with the doping element may be uniformly
distributed in the precursor, may be present with a concentration gradient in which a content distribution is increased or
decreased from the particle center of the precursor to the surface thereof, or may be only present on the surface side
of the precursor.
[0086] In the present invention, the expression "surface side" of the lithium composite metal oxide particle denotes a
region near the surface excluding the center of the particle, particularly denotes a region corresponding to 0% to less
than 100% of a distance from the surface of the lithium composite metal oxide particle to the center thereof, i.e., a radius
of the lithium composite metal oxide particle, more particularly 0% to 50% of the distance from the particle surface, and,
for example, 0% to 30% of the distance from the particle surface.
[0087] Specifically, the lithium composite metal oxide doped with the metallic element of the ceramic ion conductor
may be a compound of the following Formula 2:

[Formula 2] ALi1+aNi1-b-cMbCoc·(1-A)M’sO2

[0088] In formula 2,
M is at least one metallic element selected from the group consisting of Mn and Al, and
M’ is a metallic element derived from the raw material including a doping element, wherein M’ may particularly be any
one selected from the group consisting of Y, Zr, La, Sr, Ga, Mg, Sc, Gd, Sm, Ca, Ce, Fe, Al, Ti, Ta, Nb, W, Mo, and Cr,
or a mixed element of two or more thereof, more particularly may be any one selected from the group consisting of Y,
Zr, La, Sr, Ga, Sc, Gd, Sm, and Ce, or a mixed element of two or more thereof, and, for example, may be at least one
element selected from the group consisting of Y and Zr, but M and M’ may be different elements from each other.
[0089] Also, in Formula 2, 0<A<1, 0≤a≤0.33, 0≤b≤0.5, 0≤c≤0.5, and 0<s≤0.2, but b and c are not 0.5 at the same time.
Specifically, under conditions satisfying the above-described A, b, c, and s, 0≤a≤0.09, and, for example, under conditions
satisfying the b, c, and s, 0.9<A<1, and a=0. In a case in which a is greater than 0.33 in Formula 2, an effect of doping
the lithium composite metal oxide particles with the raw material including a doping element may not be significant in
comparison to a case where the lithium composite metal oxide particles are doped with a metallic element by a conven-
tional doping method, for example, a difference in effects on life characteristics is within about 10%. In contrast, in a
case in which a is 0.09 or less, particularly, 0 in Formula 2, the effect of doping the lithium composite metal oxide particles
with the raw material including a doping element may be significant in comparison to the case where the lithium composite
metal oxide particles are doped with the metallic element by the conventional doping method, for example, the difference
in effects on life characteristics is in a range of 30% to 70%.
[0090] Furthermore, in Formula 2, M’ may also be distributed in a concentration gradient that gradually decreases
from the particle surface to the center in the lithium composite metal oxide particle. Since the metal is distributed in a
concentration gradient in which a concentration of the doping metal is gradually changed according to a position in the
positive electrode active material particle, an abrupt phase boundary region is not present in the active material, and
thus, a crystal structure is stabilized and thermal stability is increased. Also, in a case in which the doping element has
a concentration gradient in which the doping element is distributed at a high concentration on the surface side of the
active material particle and the concentration is gradually decreased to the center of the particle, the capacity reduction
may be prevented while the thermal stability is exhibited.
[0091] Specifically, in the positive electrode active material according to the embodiment of the present invention, in
a case in which the doping element M’ has a concentration gradient, a difference in the concentration of the M’ between
a region within 10 vol% from the particle surface (hereinafter, simply referred to as a ’Rs10 region’) and a region within
10 vol% from the particle center (hereinafter, simply referred to as a ’Rc10 region’) may be in a range of 10 at% to 90
at% based on a total atomic weight of the doping element M’ included in the positive electrode active material, and a
difference in the concentration of the M" may be in a range of 10 at% to 90 at%.
[0092] In the present invention, the concentration and concentration gradient structure of the doping element in the
positive electrode active material particle may be identified by using a method such as electron probe microanalysis
(EPMA), inductively coupled plasma-atomic emission spectroscopy (ICP-AES), or time of flight secondary ion mass
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spectrometry (ToF-SIMS), and, specifically, an atomic ratio of each metal may be measured by using EPMA while moving
from the center of the positive electrode active material to the surface thereof.
[0093] Also, in a case in which the metal precursor composed of the primary particles having a plate thickness of
greater than 150 nm is used during the preparation of the positive electrode active material, the positive electrode active
material according to the embodiment of the present invention may further include a surface treatment layer composed
of the lithium composite metal oxide of Formula 2. The surface treatment layer may be formed on the surface of the
lithium composite metal oxide particle to have a thickness ratio of 0.001 to 0.1 with respect to the radius of the lithium
composite metal oxide particle, and, for example, may be formed in a thickness range of 1 nm to 1,000 nm.
[0094] The positive electrode active material according to the embodiment of the present invention may be primary
particles of the lithium composite metal oxide, or may be a secondary particle in which the primary particles are assembled.
In a case in which the positive electrode active material is the primary particles, since the formation of surface impurities,
such as Li2CO3 and LiOH, due to a reaction with moisture or CO2 in the air is reduced, there are low risks of battery
capacity reduction and gas generation and excellent high-temperature stability may be achieved. Also, in a case in which
the positive electrode active material is the secondary particle in which the primary particles are assembled, the output
characteristics may be better. Furthermore, in the case that the positive electrode active material is the secondary
particle, an average particle diameter (D50) of the primary particles may be in a range of 10 nm to 200 nm. The type of
the active material particles may be appropriately determined according to the composition of the lithium composite
metal oxide constituting the active material.
[0095] According to another embodiment of the present invention, provided is a positive electrode which includes the
positive electrode active material prepared by the above-described preparation method.
[0096] The positive electrode may be prepared by a typical positive electrode preparation method known in the art
except that the above-described positive electrode active material is used. For example, a binder, a conductive agent,
or a dispersant, if necessary, as well as a solvent is mixed with the positive electrode active material and stirred to
prepare a slurry, a positive electrode collector is then coated with the slurry and dried to form a positive electrode active
material layer, and thus, the positive electrode may be prepared.
[0097] Any metal may be used as the positive electrode collector so long as it is a metal having high conductivity as
well as no reactivity in a voltage range of the battery to which the slurry of the positive electrode active material may be
easily adhered. Non-limiting examples of the positive electrode collector may include aluminum, nickel, or a foil prepared
by a combination thereof.
[0098] Also, the solvent for forming the positive electrode may include an organic solvent, such as N-methylpyrrolidone
(NMP), dimethylformamide (DMF), acetone, and dimethylacetamide, or water, and these solvents may be used alone
or in a mixture of two or more thereof. An amount of the solvent used may be sufficient if the solvent may dissolve and
disperse the positive electrode active material, the binder, and the conductive agent in consideration of a coating thickness
of the slurry and manufacturing yield.
[0099] Various types of binder polymers, such as a polyvinylidene fluoride-hexafluoropropylene copolymer (PVDF-
co-HFP), polyvinylidene fluoride, polyacrylonitrile, polymethylmethacrylate, polyvinyl alcohol, carboxymethyl cellulose
(CMC), starch, hydroxypropyl cellulose, regenerated cellulose, polyvinylpyrrolidone, tetrafluoroethylene, polyethylene,
polypropylene, polyacrylate, an ethylenepropylene-diene monomer (EPDM), a sulfonated EPDM, a styrenebutadiene
rubber (SBR), a fluorine rubber, poly(acrylic acid), polymers in which hydrogens thereof are substituted with lithium (Li),
sodium (Na), or Ca, or various copolymers, may be used as the binder. The binder may be included in an amount of 1
wt% to 30 wt% based on a total weight of the positive electrode active material layer.
[0100] Any conductive agent may be used without particular limitation so long as it has suitable conductivity without
causing adverse chemical changes in the battery, and, for example, the conductive agent may include graphite such as
natural graphite or artificial graphite; a carbon-based material such as carbon black, acetylene black, Ketjen black,
channel black, furnace black, lamp black, thermal black, carbon nanotubes, or carbon fibers; metal powder such as
copper powder, nickel powder, aluminum powder, and silver powder or metal fibers; fluorocarbon and conductive whiskers
such as zinc oxide whiskers or potassium titanate whiskers; conductive metal oxide such as titanium oxide; or conductive
polymers, such as polyphenylene derivatives, and any one thereof or a mixture of two or more thereof may be used.
The conductive agent may be included in an amount of 1 wt% to 30 wt% based on the total weight of the positive electrode
active material layer.
[0101] According to another embodiment of the present invention, provided is a lithium secondary battery which
includes the positive electrode active material prepared by the above-described preparation method.
[0102] The lithium secondary battery specifically includes the positive electrode, a negative electrode, and a separator
disposed between the positive electrode and the negative electrode.
[0103] A carbon material, lithium metal, silicon, or tin, which may intercalate and deintercalate lithium ions, may be
typically used as a negative electrode active material that is used in the negative electrode. For example, the carbon
material may be used, and both low crystalline carbon and high crystalline carbon may be used as the carbon material.
Typical examples of the low crystalline carbon may be soft carbon and hard carbon, and typical examples of the high
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crystalline carbon may be natural graphite, Kish graphite, pyrolytic carbon, mesophase pitch-based carbon fibers, meso-
carbon microbeads, mesophase pitches, and high-temperature sintered carbon such as petroleum or coal tar pitch
derived cokes. Also, a negative electrode collector is generally fabricated to have a thickness of 3 mm to 500 mm. The
negative electrode collector is not particularly limited so long as it has conductivity without causing adverse chemical
changes in the battery, and, for example, copper, stainless steel, aluminum, nickel, titanium, fired carbon, copper or
stainless steel that is surface-treated with one of carbon, nickel, titanium, silver, or the like, and an aluminum-cadmium
alloy may be used. Furthermore, similar to the positive electrode collector, the negative electrode collector may have a
fine roughness surface to improve bonding strength of a negative electrode active material, and may be used in various
shapes such as a film, a sheet, a foil, a net, a porous body, a foam body, a non-woven fabric body, and the like.
[0104] Similar to the positive electrode, a binder and a conductive agent, which are typically used in the art, may be
used in the negative electrode. A negative electrode active material and the above additives are mixed and stirred to
prepare a negative electrode active material slurry, and the current collector is then coated therewith and pressed to
prepare the negative electrode.
[0105] Also, a typical porous polymer film used as a typical separator, for example, a porous polymer film prepared
from a polyolefin-based polymer, such as an ethylene homopolymer, a propylene homopolymer, an ethylene/butene
copolymer, an ethylene/hexene copolymer, and an ethylene/methacrylate copolymer, may be used alone or in a lami-
nation therewith as the separator. Furthermore, a typical porous nonwoven fabric, for example, a nonwoven fabric formed
of high melting point glass fibers or polyethylene terephthalate fibers may be used, but the present invention is not limited
thereto.
[0106] An electrolyte used in the present invention may include an organic liquid electrolyte, an inorganic liquid elec-
trolyte, a solid polymer electrolyte, a gel-type polymer electrolyte, a solid inorganic electrolyte, and a molten inorganic
electrolyte, which may be used in the preparation of a lithium secondary battery, but the present invention is not limited
thereto.
[0107] A lithium salt, which may be included as the electrolyte used in the present invention, may be used without
limitation so long as it is typically used in an electrolyte for a lithium secondary battery. For example, any one selected
from the group consisting of F-, Cl-, Br-, I-, NO3

-, N(CN)2-, BF4
-, ClO4

-, PF6
-, (CF3)2PF4

-, (CF3)3PF3
-, (CF3)4PF2

-, (CF3)5PF-

, (CF3)6P-, CF3SO3
-, CF3CF2SO3

-, (CF3SO2)2N-, (FSO2)2N-, CF3CF2(CF3)2CO-, (CF3SO2)2CH-, (SF5)3C-, (CF3SO2)3C-

, CF3(CF2)7SO3
-, CF3CO2

-, CH3CO2
-, SCN-, and (CF3CF2SO2)2N- may be used as an anion of the lithium salt.

[0108] An electrode assembly is prepared by disposing the separator between the positive electrode and the negative
electrode, the electrode assembly is disposed in a case, and a lithium secondary battery having the above-described
configuration may then be prepared by injecting an electrolyte solution into the case.
[0109] As described above, since the lithium secondary battery including the positive electrode active material ac-
cording to the present invention stably exhibits excellent discharge capacity, output characteristics, and capacity retention,
the lithium secondary battery is suitable for portable devices, such as mobile phones, notebook computers, and digital
cameras, and electric cars such as hybrid electric vehicles.
[0110] Thus, according to another embodiment of the present invention, provided are a battery module including the
lithium secondary battery as a unit cell, and a battery pack including the battery module.
[0111] The battery module or the battery pack may be used as a power source of at least one medium and large sized
device of a power tool; electric cars including an electric vehicle (EV), a hybrid electric vehicle (HEV), and a plug-in
hybrid electric vehicle (PHEV); or a power storage system.
[0112] Hereinafter, the present invention will be described in detail, according to specific examples. The invention
may, however, be embodied in many different forms and should not be construed as being limited to the embodiments
set forth herein. Rather, these example embodiments are provided so that this description will be thorough and complete,
and will fully convey the scope of the present invention to those skilled in the art.

Example 1-1: Preparation of Positive Electrode Active Material

[0113] After yttria-stabilized zirconia (YSZ) nanopowder (D50=50 nm) was added to a Ni0.83Co0.11Mn0.06(OH)2 pre-
cursor (D50=15 mm, average plate thickness of plate-shaped primary particles=95 nm) in a concentration of 2,000 ppm,
an acoustic energy of 60 g was applied for 2 minutes using an acoustic mixer (LabRAM II) to obtain a precursor which
was doped with ceramic elements (Y and Zr) derived from a raw material including a YSZ doping element.
[0114] After LiOH was added to the doped precursor in a molar ratio of 1.02 and mixing was performed at 15,000 rpm
for 10 minutes using a blending mixer, a heat treatment was performed at 800°C in an oxygen atmosphere to prepare
a positive electrode active material of lithium composite metal oxide doped with Y and Zr.

Comparative Example 1-1: Preparation of Positive Electrode Active Material

[0115] After YSZ nanopowder (D50=50 nm) was added to a Ni0.83Co0.11Mn0.06(OH)2 precursor (D50=15 mm, average
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plate thickness of plate-shaped primary particles=95 nm) in a concentration of 2,000 ppm, mixing was performed at
15,000 rpm for 10 minutes using a blending mixer to obtain a doped precursor.
[0116] After LiOH was added to the mixed precursor in a molar ratio of 1.02 and mixing was performed at 15,000 rpm
for 10 minutes using a blending mixer, a secondary heat treatment was performed at 800°C in an oxygen atmosphere
to prepare a positive electrode active material.

Comparative Example 1-2: Preparation of Positive Electrode Active Material

[0117] YSZ nanopowder (D50=50 nm) was added in a concentration of 2,000 ppm, while deionized water was stirred
with a mechanical stirrer, to prepare a mixture in a homogeneous state. Thereafter, a Ni0.83Co0.11Mn0.06(OH)2 precursor
(D50=15 mm, average plate thickness of plate-shaped primary particles=95 nm) was added thereto and mixed at 50 rpm
for 30 minutes. The mixed solution was filtered and then dried at 130°C for 12 hours.
[0118] After LiOH was added to the resulting product in a molar ratio of 1.02 and mixing was performed at 15,000 rpm
for 10 minutes using a blending mixer, sintering was performed at 800°C in an oxygen atmosphere to prepare a positive
electrode active material.

Experimental Example 1

[0119] During the preparation of the positive electrode active materials of Example 1-1 and Comparative Examples
1-1 and 1-2, the doped precursors were observed with a scanning electron microscope. The results thereof are presented
in the following FIGS. 1 to 3, respectively.
[0120] From the results, it may be confirmed that, in a case in which an acoustic mixing method was used, it was more
advantageous to dispersion so that agglomeration was low and the surface of the precursor was more uniformly doped
in comparison to conventional dry process (Comparative Example 1-1) and wet process (Comparative Example 1-2).
Also, it may be confirmed that there was no surface damage to the precursor and process time was also reduced.

Examples 1-2 and 1-3, and Comparative Examples 1-3 and 1-4: Preparation of Positive Electrode Active Materials

[0121] Positive electrode active materials were prepared in the same manner as in Example 1-1 except that particle
diameters of the precursor particles and the raw material including a doping element were variously changed as listed
in the following Table 1.

[0122] In Table 1, the average plate thickness of the primary particles in the prepared metal precursor was observed
and measured by using a scanning electron microscope, and the average particle diameter of the secondary particulate
metal precursor and the average particle diameter of the raw material including a doping element were calculated from
each average particle diameter (D50) at 50% in a cumulative particle diameter distribution of the measurement instrument
after the metal precursor and the raw material including a doping element were respectively introduced into a laser
diffraction particle size measurement instrument (e.g., Microtrac MT 3000) and irradiated with ultrasonic waves having
a frequency of about 28 kHz and an output of 60 W.
[0123] Also, during the preparation of the positive electrode active materials of Example 1-2 and Example 1-3, the
metal precursor (a) used, the precursor (b) doped after the doping process, and the finally prepared positive electrode
active material (c) were respectively observed with an SEM. The results thereof are presented in FIGS. 4 and 5.

[Table 1]

Example 1-2 Example 1-3
Comparative 
Example 1-3

Comparative 
Example 1-4

Average plate thickness of primary particles 
in metal precursor (nm) 100 230 100 230

Average particle diameter (D50) of metal 
precursor (mm) 15 15 15 15

Average particle diameter (D50) of raw 
material including doping element (mm) 2 3 3.5 4
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Experimental Example 2

[0124] The precursors prepared in Examples 1-2 and 1-3 and Comparative Examples 1-3 and 1-4 were observed with
an SEM, and the results thereof are presented in FIGS. 6 to 9.
[0125] From the results, with respect to Examples 1-2 and 1-3 in which the metal precursor having a D50 of 15 mm
was mixed with the raw materials including a doping element which had a D50 of 2 mm and 3 mm, respectively, it may
be confirmed that the precursors in a homogeneous state were observed due to uniform mixing. In contrast, with respect
to Comparative Examples 1-3 and 1-4 in which the metal precursors and the raw materials including a doping element,
which had the average particle diameters that did not satisfy the condition in which an average particle diameter ratio
of the metal precursor particle to the raw material including a doping element was in a range of 5:1 to 2,000:1, were
used, it may be confirmed that the raw material including a doping element was partially agglomerated and distributed
on the surface of the precursor, and it was observed that the doping material was agglomerated and partially present.

Example 1-4: Preparation of Positive Electrode Active Material

[0126] After yttria-stabilized zirconia (YSZ) nanopowder (D50=50 nm) was added in a concentration of 2,000 ppm and
Al2O3 nanopowder (D50=50 nm) was added in a concentration of 2,000 ppm to a Ni0.83Co0.11Mn0.06(OH)2 precursor
(D50=15 mm, average plate thickness of plate-shaped primary particles=95 nm), an acoustic energy of 60 g was applied
for 2 minutes using an acoustic mixer (LabRAM II) to obtain a precursor which was compositely doped with Al2O3 and
ceramic elements (Y and Zr) derived from a raw material including a YSZ doping element.
[0127] After LiOH was added to the doped precursor in a molar ratio of 1.02 and mixing was performed by applying
an acoustic energy of 80 g for 2 minutes using an acoustic mixer (LabRAM II), a heat treatment was performed at 800°C
in an oxygen atmosphere to prepare a positive electrode active material of lithium composite metal oxide doped with Y,
Zr, and Al.

Comparative Example 1-5: Preparation of Positive Electrode Active Material

[0128] After yttria-stabilized zirconia (YSZ) nanopowder (D50=50 nm) was added in a concentration of 2,000 ppm and
Al2O3 nanopowder (D50=50 nm) was added in a concentration of 2,000 ppm to a Ni0.83Co0.11Mn0.06(OH)2 precursor
(D50=15 mm, average plate thickness of plate-shaped primary particles=95 nm), mixing was performed at 15,000 rpm
for 10 minutes using a blending mixer to obtain a precursor which was compositely doped with Al2O3 and ceramic
elements (Y and Zr) derived from a raw material including a YSZ doping element.
[0129] After LiOH was added to the doped precursor in a molar ratio of 1.02 and mixing was performed at 15,000 rpm
for 10 minutes using a blending mixer, a secondary heat treatment was performed at 800°C in an oxygen atmosphere
to prepare a positive electrode active material of lithium composite metal oxide doped with Y, Zr, and Al.

Experimental Example 3

[0130] The product obtained after the mixing of the doped precursor and the lithium raw material in Example 1-4 was
observed with an SEM before the heat treatment. The results thereof are presented in FIG. 10. For comparison, the
product obtained after the mixing of the doped precursor and the lithium raw material during the preparation of the
positive electrode active material according to Comparative Example 1-1 was also observed with an SEM, and the results
thereof are presented in FIG. 11.
[0131] From the observation results, with respect to Example 1-4, the doped precursor and the lithium raw material
were uniformly mixed so that the lithium raw material was uniformly dispersed and coated on the surface of the precursor
particle in comparison to the blending mixing process in Comparative Example 1-1 even though acoustic mixing process
time for the doped precursor and the lithium raw material was short. Also, damage to the surface and bulk of the doped
precursor particle was also not observed. Thus, it may be confirmed that a positive electrode active material having
better surface properties may be prepared without surface damage by applying acoustic resonance during the mixing
with the lithium raw material after the doping in addition to the process of preparing the doped precursor during the
preparation of the doped positive electrode active material.

Experimental Example 4

[0132] The positive electrode active material prepared in Example 1-4, super P as a conductive agent, and PVDF as
a binder were mixed in a weight ratio of 92.5:2.5:5 to prepare a composition for forming a positive electrode. An aluminum
foil was coated therewith, was uniformly pressed by using a roll press, and was then vacuum dried at 130°C for 12 hours
in a vacuum oven to prepare a positive electrode for a lithium secondary battery. A standard 2032 half coin cell was
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prepared by using the positive electrode and capacity characteristics were then evaluated. In this case, a half coin cell
was prepared by using the positive electrode active material prepared in Comparative Example 1-5 and was used for
comparison.
[0133] Specifically, with respect to the capacity characteristics, the lithium secondary batteries were charged at a
constant current (CC) of 0.2 C to a voltage of 4.25 V at 25°C, and thereafter, charge in the first cycle was performed by
charging the lithium secondary batteries at a constant voltage (CV) of 4.25 V to a current of 0.05 mAh. After the batteries
were left standing for 20 minutes, the batteries were discharged at a constant current of 0.2 C to a voltage of 2.5 V.
Accordingly, discharge capacity was evaluated and compared. The results thereof are presented in the following Table
2 and FIG. 12.

[0134] In general, if doping is performed on a positive electrode active material, capacity characteristics of a battery
is reduced and, additionally, since particles capable of acting as impurities are formed on a surface due to the residue
and agglomeration of a non-uniform doping material or doping raw material, battery characteristics may be degraded.
From the experimental results, the battery including the positive electrode active material of Example 1-4 exhibited higher
capacity characteristics than Comparative Example 1-5, and, thus, it may be understood that doping efficiency in the
positive electrode active material prepared by the preparation method according to the present invention was higher.

Example 1-5: Preparation of Positive Electrode Active Material

[0135] After yttria-stabilized zirconia (YSZ) nanopowder (D50=50 nm) was added in a concentration of 2,000 ppm and
Al2O3 nanopowder (D50=50 nm) was added in a concentration of 2,000 ppm to a Ni0.83Co0.11Mn0.06(OH)2 precursor
(D50=15 mm, average plate thickness of plate-shaped primary particles=95 nm), an acoustic energy of 60 g was applied
for 2 minutes using an acoustic mixer (LabRAM II) to obtain a precursor which was compositely doped with Al2O3 and
ceramic elements (Y and Zr) derived from a raw material including a YSZ doping element.
[0136] After LiOH was added to the doped precursor in a molar ratio of 1.03 and mixing was performed by applying
an acoustic energy of 80 g for 2 minutes using an acoustic mixer (LabRAM II), a heat treatment was performed at 780°C
in an oxygen atmosphere. After the product obtained after the heat treatment was dispersed in deionized water, it was
washed by applying an acoustic energy of 40 g for 5 minutes using an acoustic mixer (LabRAM II), was filtered for 3
minutes or more, and was then dried at 130°C for 12 hours or more in a vacuum oven to prepare a positive electrode
active material of lithium composite metal oxide doped with Y, Zr, and Al.

Example 1-6: Preparation of Positive Electrode Active Material

[0137] After zirconia nanopowder (D50=50 nm) was added in a concentration of 2,000 ppm and Al2O3 nanopowder
(D50=50 nm) was added in a concentration of 2,000 ppm to a Ni0.83Co0.11Mn0.06(OH)2 precursor (D50=15 mm, average
plate thickness of plate-shaped primary particles=95 nm), mixing was performed by applying an acoustic energy of 60
g for 2 minutes using an acoustic mixer (LabRAM II).
[0138] After LiOH was added to the mixed precursor in a molar ratio of 1.03 and mixing was performed by applying
an acoustic energy of 80 g for 2 minutes using an acoustic mixer (LabRAM II), a heat treatment was performed at 780°C
in an oxygen atmosphere. After the product after the heat treatment was dispersed in deionized water, it was washed
at 400 rpm for 5 minutes by using a mechanical stirrer, was filtered for 3 minutes, and was then dried at 130°C for 12
hours or more in a vacuum oven to prepare a positive electrode active material.

Experimental Example 5

[0139] After 5 g of each of the positive electrode active materials prepared in Example 1-5 and Example 1-6 was
added to 100 ml of deionized water and stirred for 5 minutes, the resulting solution was filtered, an amount of HCl
consumed by a change in pH was measured by adding 0.1 M HCl using a pH titrator until the pH reached 4, and unreacted
LiOH and Li2CO3 were calculated according to the following Equations 1 and 2 using an amount of the HCl added at
the endpoint of titration (EP, FP). The results thereof are presented in Table 3 below.

[Table 2]

Discharge capacity (mAh/g) Discharge efficiency (%)

Comparative Example 1-5 193.6 88.5

Example 1-4 201.6 89.4
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[0140] In Formulae 1 and 2, EP denotes an evaluation point and FP denotes a fixed point.

[0141] From the experimental results, the positive electrode active material of Example 1-5 using the acoustic mixer
during the washing process exhibited more reduced pH values and amounts of the impurities than Example 1-6.
[0142] Also, the surface of the positive electrode active material prepared in Example 1-6 was observed with an SEM,
and the results thereof are presented in FIG. 13.
[0143] From the observation results, in the positive electrode active material of Example 1-6 which was prepared and
washed by a conventional method, Li residues were observed between particles.

Example 1-7: Preparation of Positive Electrode Active Material

[0144] A positive electrode active material of lithium composite metal oxide doped with Al was prepared in the same
manner as in Example 1-5 except that Al2O3 was used instead of YSZ.

Example 1-8: Preparation of Positive Electrode Active Material

[0145] A positive electrode active material of lithium composite metal oxide doped with ceramic elements (Sc and Zr)
derived from a raw material including a SSZ doping element was prepared in the same manner as in Example 1-5 except
that SSZ was used instead of YSZ.

Example 2-1: Preparation of Lithium Secondary Battery

[0146] A positive electrode slurry was prepared by adding 94 wt% of the positive electrode active material prepared
in Example 1-1, 3 wt% of carbon black as a conductive agent, and 3 wt% of polyvinylidene fluoride (PVdF) as a binder
to N-methyl-2-pyrrolidone (NMP) as a solvent. An about 20 mm thick aluminum (Al) thin film, as a positive electrode
collector, was coated with the positive electrode slurry and dried, and the coated Al thin film was then roll-pressed to
prepare a positive electrode.
[0147] A negative electrode slurry was prepared by mixing 96.3 wt% of graphite powder as a negative electrode active
material, 1.0 wt% of super-p as a conductive agent, and 1.5 wt% of styrene-butadiene rubber (SBR) and 1.2 wt% of
carboxymethyl cellulose (CMC) as a binder, and adding the mixture to NMP as a solvent. An about 10 mm thick copper
(Cu) thin film, as a negative electrode collector, was coated with the negative electrode slurry and dried, and the coated
Cu thin film was then roll-pressed to prepare a negative electrode.
[0148] A 1 M LiPF6 non-aqueous electrolyte solution was prepared by adding LiPF6 to a non-aqueous electrolyte
solvent that was prepared by mixing ethylene carbonate and diethyl carbonate, as an electrolyte, at a volume ratio of 30:70.
[0149] A cell was prepared by disposing a porous polyethylene separator between the positive electrode and negative
electrode prepared as above and injecting the lithium salt-containing electrolyte solution.

Examples 2-2 to 2-8: Preparation of Lithium Secondary Batteries

[0150] Lithium secondary batteries were prepared in the same manner as in Example 2-1 except that each of the
positive electrode active materials prepared in Examples 1-2 to 1-8 was used.

[Table 3]

Li2CO3 (wt%) LiOH (wt%) Excess Li (wt%) Initial pH

Example 1-5 0.1077 0.1452 0.2529 11.0023

Example 1-6 0.1915 0.2106 0.4021 11.6629
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[0151] From the above-described experimental results, since the positive electrode active material doped with the
metallic element for forming the raw material including a doping element by using acoustic resonance according to the
present invention had more improved structural stability, it was confirmed that capacity reduction was minimized when
used in the battery, and, as a result, better cycle characteristics were obtained.

Claims

1. A method of preparing a positive electrode active material for a secondary battery, the method comprising:

mixing a metal precursor for a positive electrode active material and a raw material including a doping element
using acoustic resonance to prepare a precursor mixed with the doping element; and
mixing the precursor mixed with the doping element with a lithium raw material and performing a heat treatment,
wherein an average particle diameter ratio of the metal precursor for a positive electrode active material to the
raw material including a doping element is in a range of 5:1 to 2,000:1, wherein the metal precursor for a positive
electrode active material is an oxide, hydroxide, oxyhydroxide, or phosphate containing nickel, cobalt, manga-
nese, aluminum or mixture of two or more thereof;
wherein the heating is performed at a temperature from 700°C to 950°C;
wherein the raw material including a doping element comprises one selected from the group consisting of yttria-
stabilized zirconia, gadolinia-doped ceria, lanthanum strontium gallate magnesite, lanthanum strontium man-
ganite, calcia-stabilized zirconia, scandia-stabilized zirconia, Ni-yttria stabilized zirconia cermet, and Al2O3, or
a mixture of two or more thereof; and
wherein an average particle diameter (D50) of the metal precursor for a positive electrode active material is in
a range of 10 mm to 20 mm,
wherein the acoustic resonance is performed by applying an acoustic energy of 50 g to 90 g.

2. The method of claim 1, wherein an average particle diameter (D50) of the raw material including a doping element
is in a range of 4 nm to 5 mm.

3. The method of claim 1, wherein the metal precursor for a positive electrode active material is a secondary particle
in which plate-shaped primary particles are agglomerated, and the primary particles have an average plate thickness
of 150 nm or less,
wherein the acoustic resonance is performed by applying an acoustic energy of 50 g to 90 g for 1 minute to 4 minutes.

4. The method of claim 1, wherein the metal precursor for a positive electrode active material is a secondary particle
in which plate-shaped primary particles are agglomerated, and the primary particles have an average plate thickness
of greater than 150 nm,
wherein the acoustic resonance is performed by applying an acoustic energy of 60 g to 90 g for 2 minutes to 5 minutes.

5. The method of claim 1, wherein the acoustic resonance is performed by using an acoustic mixer,

6. The method of claim 1, wherein the mixing of the precursor mixed with the doping element with the lithium raw
material is performed by acoustic resonance.

7. The method of claim 1, further comprising a washing process of a product obtained after the heat treatment, wherein
the washing process is performed using acoustic resonance.

8. The method of claim 1, further comprising a surface treatment process of a product obtained after the heat treatment,
wherein the surface treatment process is performed by mixing the product obtained after the heat treatment with a
surface treatment agent using acoustic resonance and performing a heat treatment.

9. A positive electrode active material for a secondary battery, the positive electrode active material prepared by the
method of claim 1 and comprising a lithium composite metal oxide of Formula 2 which is doped with a metallic element:

[Formula 2] ALi1+aNi1-b-cMbCoc(1-A)M’sO2

wherein, in Formula 2,
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M comprises at least one element of manganese (Mn) and aluminum (Al), and
M’ comprises at least one element selected from the group consisting of yttrium (Y), zirconium (Zr), lanthanum
(La), strontium (Sr), gallium (Ga), magnesium (Mg), scandium (Sc), gadolinium (Gd), samarium (Sm), calcium
(Ca), cerium (Ce), iron (Fe), aluminum (Al), titanium (Ti), tantalum (Ta), niobium (Nb), tungsten (W), molybdenum
(Mo), and chromium (Cr),
wherein 0<A<1, 0≤a≤0.33, 0≤b≤0.5, 0≤c≤0.5, and 0<s≤0.2, but b and c are not 0.5 at a same time.

10. A positive electrode comprising the positive electrode active material of claim 9.

11. A lithium secondary battery comprising the positive electrode of claim 10.

Patentansprüche

1. Verfahren zum Herstellen eines positiven Elektrodenaktivmaterials für eine Sekundärbatterie, das Verfahren um-
fassend:

Mischen eines Metallvorläufers für ein positives Elektrodenaktivmaterial und eines Rohmaterials, das ein Do-
tierungselement einschließt, unter Verwendung akustischer Resonanz, um einen Vorläufer herzustellen, der
mit dem Dotierungselement gemischt ist; und
Mischen des Vorläufers, der mit dem Dotierungselement gemischt ist, mit einem Lithiumrohmaterial und Durch-
führen einer Wärmebehandlung,
wobei ein durchschnittliches Verhältnis des Partikeldurchmessers des Metallvorläufers für ein positives Elek-
trodenaktivmaterial zu dem Rohmaterial, das ein Dotierungselement einschließt, in einem Bereich von 5:1 bis
2.000:1 ist, wobei der Metallvorläufer für ein positives Elektrodenaktivmaterial ein Oxid, Hydroxid, Oxyhydroxid
oder Phosphat ist, enthaltend Nickel, Kobalt, Mangan, Aluminium oder ein Gemisch von zwei oder mehr davon;
wobei das Erhitzen bei einer Temperatur von 700°C bis 950°C durchgeführt wird;
wobei das Rohmaterial, das ein Dotierungselement einschließt, eines umfasst, ausgewählt aus der Gruppe,
bestehend aus Yttriumoxid-stabilisiertem Zirconiumoxid, Gadoliniumoxid-stabilisiertem Ceroxid, Lanthanstron-
tiumgallatmagnesit, Lanthanstrontiummanganit, Calciumoxid-stabilisierten Zirconiumoxid, Scandiumoxid-sta-
bilisiertem Zirconiumoxid, Ni-Yttriumoxid-stabilisiertem Zirconiumoxidcermet, und Aluminiumoxid oder Gemi-
schen von zwei oder mehr davon; und
wobei ein durchschnittlicher Partikeldurchmesser (D50) des Metallvorläufers für ein positives Elektrodenaktiv-
material in einem Bereich von 10 mm bis 20 mm ist,
wobei die akustische Resonanz durch Anwenden einer akustischen Energie von 50 g bis 90 g durchgeführt wird.

2. Verfahren nach Anspruch 1, wobei ein durchschnittlicher Partikeldurchmesser (D50) des Rohmaterials, das ein
Dotierungselement einschließt, in einem Bereich von 4 nm bis 5 mm ist.

3. Verfahren nach Anspruch 1, wobei der Metallvorläufer für ein positives Elektrodenaktivmaterial ein Sekundärpartikel
ist, in dem plattenförmige Primärpartikel agglomeriert sind und die Primärpartikel eine durchschnittliche Plattendicke
von 150 nm oder weniger haben,
wobei die akustische Resonanz durch Anwenden einer akustischen Energie von 50 g bis 90 g für 1 Minute bis 4
Minuten durchgeführt wird.

4. Verfahren nach Anspruch 1, wobei der Metallvorläufer für ein positives Elektrodenaktivmaterial ein Sekundärpartikel
ist, in dem plattenförmige Primärpartikel agglomeriert sind und die Primärpartikel eine durchschnittliche Plattendicke
von mehr als 150 nm haben,
wobei die akustische Resonanz durch Anwenden einer akustischen Energie von 60 g bis 90 g für 2 Minuten bis 5
Minuten durchgeführt wird.

5. Verfahren nach Anspruch 1, wobei die akustische Resonanz durch einen akustischen Mischer durchgeführt wird.

6. Verfahren nach Anspruch 1, wobei das Mischen des Vorläufers, der mit dem Dotierungselement mit dem Lithium-
rohmaterial vermischt ist, durch akustische Resonanz durchgeführt wird.

7. Verfahren nach Anspruch 1, ferner umfassend einen Waschvorgang eines Produkts, das nach der Wärmebehand-
lung erhalten wird, wobei der Waschvorgang unter Verwendung akustischer Resonanz durchgeführt wird.
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8. Verfahren nach Anspruch 1, ferner umfassend einen Oberflächenbehandlungsvorgang eines Produkts, das nach
der Wärmebehandlung erhalten wird,
wobei der Oberflächenbehandlungsvorgang durch Mischen des Produkts, das nach der Wärmebehandlung erhalten
wird, mit einem Oberflächenbehandlungsmittel unter Verwendung akustischer Resonanz und Durchführen einer
Wärmebehandlung durchgeführt wird.

9. Positives Elektrodenaktivmaterial für eine Sekundärbatterie, wobei das positive Elektrodenaktivmaterial durch das
Verfahren nach Anspruch 1 hergestellt ist und ein Lithiumverbundmetalloxid der Formel 2 umfasst, das mit einem
metallischen Element dotiert ist:

[Formel 2] ALi1+aN1-b-cMbCoc(1-A)M’sO2,

wobei in Formel 2

M zumindest ein Element aus Mangan (Mn) und Aluminium (Al) umfasst, und
M’ zumindest ein Element umfasst, ausgewählt aus der Gruppe, bestehend aus Yttrium (Y), Zirconium (Zr),
Lanthan (La), Strontium (Sr), Gallium (Ga), Magnesium (Mg), Scandium (Sc), Gadolinium (Gd), Samarium (Sm),
Calcium (Ca), Cer (Ce), Eisen (Fe), Aluminium (Al), Titan (Ti), Tantal (Ta), Niob (Nb), Wolfram (W), Molybdän
(Mo) und Chrom (Cr),
wobei 0<A<1, 0≤a≤0,33, 0≤b≤0,5, 0≤c≤0,5 und 0<s≤0,2 sind, aber b und c nicht gleichzeitig 0,5 sind.

10. Positive Elektrode, umfassend das positive Elektrodenaktivmaterial nach Anspruch 9.

11. Lithiumsekundärbatterie, umfassend die positive Elektrode nach Anspruch 10.

Revendications

1. Procédé de préparation d’un matériau actif d’électrode positive pour une batterie rechargeable, le procédé consistant
à :

mélanger un précurseur de métal pour un matériau actif d’électrode positive et un matériau brut incluant un
élément dopant en utilisant la résonance acoustique pour préparer un précurseur mélangé avec l’élément
dopant ; et
mélanger le précurseur mélangé avec l’élément dopant avec un matériau brut de lithium et effectuer un traitement
thermique, dans lequel le rapport du diamètre de particule moyen du précurseur de métal pour un matériau
actif d’électrode positive au matériau brut incluant un élément dopant est compris entre 5:1 et 2000:1, dans
lequel le précurseur de métal pour un matériau actif d’électrode positive est un oxyde, hydroxyde, oxyhydroxyde
ou phosphate contenant du nickel, cobalt, manganèse, aluminium ou un mélange de deux ou plus de deux de
ces derniers ; dans lequel le chauffage est effectué à une température comprise entre 700°C et 950°C ;
dans lequel le matériau brut incluant un élément dopant comprend un élément sélectionné dans le groupe
constitué par l’oxyde de zirconium stabilisé par de l’oxyde d’yttrium, l’oxyde de cérium dopé par de l’oxyde de
gadolinium, la magnésite de gallate de lanthane et de strontium, la manganite de lanthane et de strontium,
l’oxyde de zirconium stabilisé par de l’oxyde de calcium, l’oxyde de zirconium dopé par du scandium, le cermet
d’oxyde de zirconium stabilisé par de l’oxyde d’yttrium-Ni, et Al2O3, ou un mélange de deux ou plus de deux
de ces derniers ; et
dans lequel un diamètre de particule moyen (D50) du précurseur de métal pour un matériau actif d’électrode
positive est compris entre 10 mm et 20 mm,
dans lequel la résonance acoustique est effectuée en appliquant une énergie acoustique comprise entre 50 g
et 90 g.

2. Procédé selon la revendication 1, dans lequel un diamètre de particule moyen (D50) du matériau brut incluant un
élément dopant est compris entre 4 nm et 5 mm.

3. Procédé selon la revendication 1, dans lequel le précurseur de métal pour un matériau actif d’électrode positive est
une particule secondaire dans laquelle des particules primaires en forme de plaque sont agglomérées, et les par-
ticules primaires ont une épaisseur de plaque moyenne égale ou inférieure à 150 nm,
dans lequel la résonance acoustique est effectuée en appliquant une énergie acoustique comprise entre 50 g et 90
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g pendant 1 minute à 4 minutes.

4. Procédé selon la revendication 1, dans lequel le précurseur de métal pour un matériau actif d’électrode positive est
une particule secondaire dans laquelle des particules primaires de forme plate sont agglomérées, et les particules
primaires ont un épaisseur de plaque moyenne égale ou supérieure à 150 nm,
dans lequel la résonance acoustique est effectuée en appliquant une énergie acoustique comprise entre 60 g et 90
g pendant 2 minutes à 5 minutes.

5. Procédé selon la revendication 1, dans lequel la résonance acoustique est effectuée en utilisant un mélangeur
acoustique.

6. Procédé selon la revendication 1, dans lequel le mélangeage du précurseur mélangé avec l’élément dopant avec
le matériau brut de lithium est effectué par résonance acoustique.

7. Procédé selon la revendication 1, comprenant en outre un processus de lavage d’un produit obtenu après le trai-
tement thermique, dans lequel le processus de lavage est effectué en utilisant la résonance acoustique.

8. Procédé selon la revendication 1, comprenant en outre un processus de traitement de surface d’un produit obtenu
après le traitement thermique,
dans lequel le processus de traitement de surface est effectué en mélangeant le produit obtenu après le traitement
thermique avec un agent de traitement de surface en utilisant la résonance acoustique et en effectuant un traitement
thermique.

9. Matériau actif d’électrode positive pour une batterie rechargeable, le matériau actif d’électrode positive étant préparé
par le procédé selon la revendication 1 et comprenant un oxyde métallique composite de lithium de la Formule 2,
lequel est dopé avec un élément métallique :

[Formule 2] ALi1+aNi1-b-cMbCoc(1-A)M’sO2

dans lequel, dans la Formule 2,

M comprend soit un élément de manganèse (Mn), soit un élément d’aluminium (Al), et
M’ comprend un ou plusieurs éléments sélectionnés dans le groupe constitué par yttrium (Y), zirconium (Zr),
lanthane (La), strontium (Sr), gallium (Ga), magnésium (Mg), scandium (Sc), gadolinium (Gd), samarium (Sm),
calcium (Ca), cérium (Ce), fer (Fe), aluminium (Al), titane (Ti), tantale (Ta), niobium (Nb), tungstène (W), mo-
lybdène (Mo) et chrome (Cr),
dans lequel 0<A<1, 0≤a≤0,33, 0≤b≤0,5, 0≤c≤0,5 et 0<s≤0,2, mais b et c ne sont pas 0,5 en même temps.

10. Électrode positive comprenant le matériau actif d’électrode positive selon la revendication 9.

11. Batterie rechargeable au lithium comprenant l’électrode positive selon la revendication 10.
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