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Description

TECHNICAL FIELD

[0001] The present invention relates to a cathode active material for lithium secondary batteries, a method for preparing
the same and lithium secondary batteries comprising the same. In particular, the present invention relates to a cathode
active material for lithium ion polymer batteries that has the improved safety, especially thermal stability, high-temperature
durability and overcharge safety, and a method for preparing the same.

BACKGROUND ART

[0002] With rapid development of electronics, communications and computer industries, portable electronic commu-
nication equipments such as camcorders, mobile phones, notebook PCs (Personal Computers) or the like have been
remarkably developed. Consequently, as a power source for driving these portable electronic communication equipments,
the demand for lithium secondary batteries is increasing day by day. In particular, in application of electric vehicles,
uninterruptible power supplies, motor tools or artificial satellites, research and development of the lithium secondary
batteries as an environmentally friendly power source is lively made inside and outside of the country including Japan,
Europe and U.S.A. As commercialization of the lithium secondary batteries is expanded, the lithium secondary batteries
are studied in the field of high capacity and safety.
[0003] Conventionally, lithium cobalt oxide (LiCoO2) was mainly used as a cathode active material for the lithium
secondary batteries, however currently other layered cathode active materials are also used, for example, lithium nickel
oxide (Li(Ni-Co-Al)O2), lithium composite metal oxide (Li(Ni-Co-Mn)O2) and so on. In addition, attention is given to a
low-costly and highly safe spinel-type lithium manganese oxide (LiMn2O4 and an olivine-type lithium iron phosphate
compound (LiFePO4) However, lithium secondary batteries using the lithium cobalt oxide, lithium nickel oxide or lithium
composite metal oxide have excellent basic battery characteristics, but insufficient safety, especially thermal stability
and overcharge characteristics. To solve this problem, various safety mechanism has been introduced, for example, a
shut-down function of a separator, an additive of an electrolyte, a safety device such as a protection circuit or a PTC
(Positive Temperature Coefficient) device, however said mechanism was designed under such conditions that the filling
capability of a cathode active material is not too high. Thus, when the filling capability of a cathode active material is
increased to meet the demand for high capacity, it causes insufficient operation of said safety mechanism and deterioration
of safety.
[0004] And, lithium secondary batteries using the spinel-type lithium manganese oxide were once applied to mobile
phones, but the batteries did not meet the demand for high energy density in the mobile phone market pursuing advanced
function, and thus, had no chance to prove their merits of low cost and high safety. Recently, the spinel-type lithium
manganese oxide get attention as a cathode active material for lithium secondary batteries. However, the spinel-type
lithium manganese oxide does not meet the demand for high energy density due to its low electrical capacity.
[0005] The olivine-type lithium iron phosphate compound has advantages of low cost and high safety, but makes it
difficult to expect excellent battery characteristics due to its very low electronic conductivity, and does not meet the
demand for high capacity due to its low average operating potential. Accordingly, various studies have been made to
solve the above-mentioned problems, but an effective solution has not been suggested to date.
[0006] For example, Japanese Laid-open Patent Publication No. 2001-143705 discloses a cathode active material,
in which lithium cobalt oxide and lithium manganese oxide are mixed. However, this prior art simply involves mixing with
lithium manganese oxide having excellent safety, and shows an insufficient safety improvement.
[0007] And, Japanese Laid-open Patent Publication No. 2002-143708 suggests a cathode active material containing
a two-layered lithium nickel composite oxide of different compositions, however this prior art does not fundamentally
show sufficient safety improvement after overcharge due to the two-layered lithium nickel composite oxide of different
compositions.
[0008] Japanese Laid-open Patent Publication No. 2007-012441 discloses a battery comprising a cathode having at
least two-layered cathode active material layer so as to improve overcharge characteristics, and suggests the use of
olivine-type lithium iron phosphate oxide or spinel-type lithium manganese oxide as a cathode active material layer
adjacent to a cathode current collector. The overcharge characteristics improvement is expected, however as it is difficult
to form the oxide layers with a thickness below an average particle size, the oxide layers have a thickness of about
several mm. Furthermore, the cathode active material of this prior art does not contain a conductive material or a
conductive additive, and thus is considered to have insufficient high-current discharge characteristics.
[0009] Meanwhile, Japanese Laid-open Patent Publication No. 2006-19229 suggests surface-coating secondary par-
ticles of lithium nickel oxide with lithium cobalt zirconium oxide to improve the poor safety of the lithium nickel oxide.
However, a wet coating process is used to surface-coat the secondary particles of lithium nickel oxide with the lithium
cobalt zirconium oxide, and thus safety is remarkably improved, but productivity is limitative.
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[0010] Therefore, there is an urgent need for a cathode active material having high safety as well as excellent battery
characteristics, and a method of preparing the cathode active material with excellent productivity.
[0011] JP 2009/176597 relates to a non-aqueous electrolyte secondary battery comprising a negative electrode, a
separator and a non-aqueous electrolyte having the positive electrode, a negative electrode active material layer and
the negative electrode current collector and a positive electrode active material layer and the positive electrode current
collector. Shell-forming layers are not addressed by JP 2009/176597.
[0012] WO 2009/057834 refers to cathode active material for lithium secondary batteries with high a safety profile.
Therein, the shell portion is formed by coating the secondary particle core portion with an olivine-structured lithium iron
phosphate oxide.
[0013] US 2004/0096743 refers to a positive active material for use in a non-aqueous electrolyte secondary battery.
The positive active material comprises particles made of lithium nickelate and an olivine compound, wherein the surface
of the particles of lithium nickelate are covered with the olivine compound.
[0014] KR 2009/0008870 relates to a secondary battery comprising a positive electrode and the positive electrode
using the positive electrode active material. Its teaching does not refer to any first and second shell structure.

DISCLOSURE OF INVENTION

Technical Problem

[0015] Therefore, it is an object of the invention to provide a cathode active material that is capable of remarkably
improving safety, especially thermal stability, high-temperature durability and overcharge characteristics while not de-
teriorating basic battery characteristics, and a method of preparing the cathode active material with excellent reproduc-
ibility and productivity.

Technical Solution

[0016] In order to achieve the object, a cathode active material for lithium secondary batteries comprises a lithium
metal oxide secondary particle core formed by aggregation of a plurality of lithium metal oxide primary particles, wherein
the lithium metal oxide of the core is any one selected from the group consisting of LiCoO2, Li(NiaCobAlc)O2(0<a<1,
0<b<1, 0<c<1, a+b+c=1), Li(NiaCobMnc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1), Li(LixNiaCobMnc)O2(0<x<0.5, 0<a<1,
0<b<1, 0<c<1, a+b+c=1) and LiMn2O4 or mixtures thereof; a first shell; and a second shell formed by coating the surface
of the first shell with a plurality of olivine-type lithium iron phosphate particles and a plurality of conductive material
particles, wherein the first shell is formed by coating the surface of the secondary particle core with a plurality of barium
titanate particles and a plurality of metal oxide particles.
[0017] Specifically, the cathode active material has a first shell containing barium titanate particles and metal oxide
particles, and thus can improve thermal stability and high-temperature durability while favorably maintaining electrical
characteristics. More specifically, the first shell containing barium titanate and metal oxide prevents the contact between
the core and an electrolyte to suppress heat generation caused by a side reaction of the electrolyte, thereby improving
thermal stability and high-temperature durability. In particular, barium titanate changes its crystal structure in the vicinity
of about 125 °C and increases the electrical resistance. The inventors introduced barium titanate having these charac-
teristics to a cathode active material, and found that thermal stability of the cathode active material was improved. And,
the metal oxide of the first shell may improve various characteristics of the cathode active material depending on its type.
[0018] And, the cathode active material of the present invention has the second shell including olivine-type lithium
iron phosphate particles and conductive material particles on the surface of the first shell, and thus can improve overcharge
safety and discharge characteristics.
[0019] As mentioned above, the cathode active material of the present invention has a double coating layer structure
of the first shell and the second shell. The inventors found that this feature does not hamper the characteristics improve-
ment effect of each shell, but takes a remarkable synergy effect.
[0020] And, in order to achieve the object, a method for preparing a cathode active material for lithium secondary
batteries comprises (S1) forming a lithium metal oxide secondary particle core, in which a plurality of lithium metal oxide
primary particles are aggregated, by sintering metal hydroxide and a lithium salt; wherein the lithium metal oxide of the
core is any one selected from the group consisting of LiCoO2, Li(NiaCobAlc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1),
Li(NiaCobMnc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1), Li(LixNiaCobMnc)O2(0<x<0.5, 0<a<1, 0<b<1, 0<c<1, a+b+c=1) and
LiMn2O4, or mixtures thereof; (S2) forming a first shell outside of the core by dry-coating the surface of the core with a
plurality of barium titanate particles and a plurality of metal oxide particles and performing thermal treatment thereto;
and (S3) forming a second shell by dry-coating the surface of the first shell with a plurality of olivine-type lithium iron
phosphate particles and a plurality of conductive material particles and performing thermal treatment thereto. The method
for preparing a cathode active material for lithium secondary batteries according to the present invention uses a dry-
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coating process for effective coating with excellent producibility, and improves the powder characteristics of the cathode
active material and consequently the electrical characteristics of a cathode manufactured from the cathode active material.
[0021] The cathode active material for lithium secondary batteries according to the present invention can be applied
to a cathode of lithium secondary batteries and lithium secondary batteries comprising the cathode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and other features, aspects, and advantages of preferred embodiments of the present invention will be
more fully described in the following detailed description, taken accompanying drawings.

FIG. 1 is an SEM image of a cathode active material of example 1 according to the present invention (a: a core
cathode active material, b: a first cathode active material, c: a second cathode active material).
FIG. 2 is a particle map SEM image of the cathode active material of example 1 according to the present invention
(a: Mapping image, b: Fe mapping, c: Ti mapping, d: C mapping).
FIG. 3 is a graph illustrating the particle size distribution of cathode active material powder of example 1 and
comparative example 5.

MODE FOR INVENTION

[0023] Hereinafter, the present invention will be described in detail with reference to the accompanying drawings. Prior
to the description, it should be understood that the terms used in the specification and appended claims should not be
construed as limited to general and dictionary meanings, but interpreted based on the meanings and concepts corre-
sponding to technical aspects of the present invention on the basis of the principle that the inventor is allowed to define
terms appropriately for the best explanation.
[0024] First, metal hydroxide and a lithium salt are sintered to form a lithium metal oxide secondary particle core, in
which lithium metal oxide primary particles are aggregated (S1).
[0025] The lithium metal oxide used in the present invention is as defined by claim 1. The lithium metal oxide is selected
from any one of the group consisting of LiCoO2, Li(NiaCobAlc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1), Li(NiaCobM-
nc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1), Li(LixNiaCobMnc)O2(0<x<0.5, 0<a<1, 0<b<1, 0<c<1, a+b+c=1) and LiMn2O4,
or mixtures thereof.
[0026] The lithium metal oxide secondary particle core of the present invention is formed by aggregation of lithium
metal oxide primary particles, and is made by sintering metal hydroxide and a lithium salt. A method for producing metal
hydroxide is described in detail as follows.
[0027] Various processes used to produce metal hydroxide are well known in the art, and the present invention cites
coprecipitation as an instance. The metal hydroxide includes corresponding raw materials depending on the type of a
cathode active material. As an essential raw material, metal salts may be sulfate, nitrate, acetate and so on. An aqueous
solution containing such a metal salt is continuously added under coprecipitation conditions to continuously obtain a
slurry containing metal hydroxide. Then, the slurry is washed, filtered and dried to produce metal hydroxide.
[0028] If the metal hydroxide is used to prepare lithium metal oxide as mentioned above, it is possible to prevent
invasion of impurities contained in metal salts, control the size of elements to a level of atom, maximizing the effects of
different elements added in small amounts, and easily prepare lithium metal oxide having a uniform crystal structure,
almost free of impurities.
[0029] The metal hydroxide produced from a raw material precursor by a hydroxide coprecipitation technique as
mentioned above is thermally treated at a predetermined temperature and mixed with various lithium salts for a desired
composition. The mixture is sintered under typical sintering conditions to prepare lithium metal oxide of the present
invention. The prepared lithium metal oxide is obtained as a lithium metal oxide secondary particle, in which lithium
metal oxide primary particles are aggregated. An average particle size of the primary particle in the secondary particle
may vary depending on coprecipitation conditions, sintering conditions and so on, determined according to a composition
ratio of the metal hydroxide, and the present invention is not limited to a specific average particle size range of the
primary particle.
[0030] And, an average particle size of the secondary particle may vary depending on the purpose of use, preparation
environment and so on, and may be, for example, 7 to 15 mm (micrometer), however the present invention is not limited
in this regard. When the average particle size of the secondary particle is in this range, stability of the secondary particle
is improved during a subsequent dry coating process of metal oxide and barium titanate, and efficiency and reproducibility
of the coating process are improved.
[0031] The secondary particle is not limited to a specific shape, however, when the secondary particle is spherical,
efficiency of a coating process may be further improved, by which the secondary particle is surface-coated with first and
second shells.
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[0032] Next, the core is dry-coated with a plurality of barium titanate particles and a plurality of metal oxide particles
and thermally treated to form a first shell outside of the core (S2) .
[0033] In the present invention, the barium titanate particles and the metal oxide particles of the first shell have a
smaller average particle size than olivine-type lithium iron phosphate particles and conductive material particles used
to form a second shell to be described below, and thus, the first shell can block an electrolyte more faithfully that was
not sufficiently blocked by the second shell, and effectively suppress a side reaction of the electrolyte.
[0034] The term "barium titanate" used in the present invention includes pure barium titanate and barium titanate
added with a small amount (0.1 to 1.5 weight%) of La, Ce, Nd, Pr, Sm, Gd, Nb, Bi, Sb, Ta and so on. The barium titanate
has high dielectricity, and is a positive temperature coefficient (PTC) thermistor, of which resistance increases as tem-
perature rises. The barium titanate of the present invention coats the core to suppress a side reaction of an electrolyte,
and remarkably increases the electrical resistance by changing its crystal structure in the vicinity of about 125°C as
mentioned above. Accordingly, when high temperature occurs in a battery, for example, the battery is placed in a high
temperature environment or an over-current occurs due to an internal short circuit, the barium titanate acts as resistance
against the flow of electrons to improve thermal stability and high-temperature durability of the cathode active material.
[0035] An average particle size of the barium titanate used in the present invention may vary depending on the purpose
of use, preparation environment and so on, however the average particle size of the barium titanate is preferably 1 mm
(micrometer) or less to suit the object of the present invention. As the average particle size of the barium titanate becomes
smaller than 1 mm (micrometer), the efficiency of a dry coating process increases. Thus, the present invention is not
limited to a specific minimum of the average particle size of the barium titanate. For example, the barium titanate may
have an average particle size of 1nm, however the present invention is not limited in this regard. If the average particle
size of the barium titanate is more than 1 mm (micrometer), it causes reduction in the efficiency and reproducibility of a
coating process, by which the lithium metal oxide of the core is surface-coated. Thus, a sufficient specific surface area
of a coating material (a first shell forming material) is essential to coat the surface of the core, i.e., an object to be coated,
in the form of a film by a dry coating process. In other words, if the average particle size of the barium titanate is more
than 1 mm (micrometer), a ratio of barium titanate involved in coating to the whole barium titanate decreases, and barium
titanate not involved in coating simply remains mixed.
[0036] The content of the barium titanate according to the present invention may be properly determined depending
on the type of a battery using a cathode active material. For example, the content of the barium titanate may be 0.05 to
1 part by weight based on 100 parts by weight of the core, however the present invention is not limited in this regard. If
the content of the barium titanate is less than 0.05 parts by weight, the usage effect of the barium titanate is negligible.
If the content of the barium titanate is more than 1 part by weight, the specific capacity of the cathode active material
may reduce due to the increased content of the barium titanate.
[0037] And, the core of the present invention is coated with metal oxide as well as the barium titanate to form a first
shell. The metal oxide serves as a binder for strengthening the bond between the core and the barium titanate to prevent
a direct contact between the core and an electrolyte, thereby improving thermal stability and high-temperature durability.
And, the metal oxide directly affects sphericity and disintegration of the core. The metal oxide can improve various
characteristics of the cathode active material or give additional characteristics depending on its type.
[0038] For example, if the metal oxide is aluminium oxide (Al2O3), although capacity of a battery reduces slightly,
improvement in high-temperature characteristics and powder characteristics. And, it is known that the similar results are
obtained for metal oxides such as titanium oxide (TiO2) yttrium oxide (Y2O3), magnesium oxide (MgO), zinc oxide (ZnO)
and so on.
[0039] And, the metal oxide of the present invention may further include lithium metal oxide. In this case, it is expected
to improve rapid charge/discharge characteristics or cycleability without reduction in capacity of a battery. The lithium
metal oxide may include various lithium metal oxides, for example, layered lithium composite metal oxide, lithium cobalt
oxide, spinel-type lithium manganese oxide and so on.
[0040] However, the metal oxide applied to the first shell is not limited in this regard, and may include a combination
of various types of nano metal oxides to improve its function, i.e., safety, high-temperature characteristics and conductivity
after applied to the first shell.
[0041] An average particle size of the metal oxide used in the present invention may vary depending on the purpose
of use, preparation environment and so on. For example, the average particle size of the metal oxide may be 1 to 100
nm, however the present invention is not limited in this regard. When the average particle size of the metal oxide is in
this range, it results in excellent productivity, the capacity reduction of a battery is prevented to the maximum, and the
first shell formation effect is maximized. Specifically, the smaller the average particle size of the metal oxide, the specific
surface area of metal oxide involved in coating increases. Thus, the first shell can be formed with a small amount of
metal oxide and the first shell formation effect is maximized. If the average particle size of the metal oxide is less than
1 nm, as it is not easy to obtain such metal oxide, the cost required to prepare a core-shell cathode active material may
increase. If the average particle size of the metal oxide is more than 100 nm, as the specific surface area of the metal
oxide decreases, the required amount of metal oxide increases to coat the first shell in the form of a film and the capacity
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of a battery decreases. Preferably, the metal oxide of the present invention may have such an average particle size that
the metal oxide particles are disposed in the gap between the barium titanate particles. In this case, as the metal oxide
particles can fill the gap between the barium titanate particles, the first shell can have a denser structure and the function
of the metal oxide as a binder can be maximized.
[0042] Generally, a coating method used to prepare the core-shell cathode active material of the present invention
includes a wet coating method and a dry coating method. Conventionally, the wet coating method has been mainly used
for uniform dispersion of a coating material. The wet coating method sprays or impregnates onto a cathode active material
a dispersant or suspension, in which a coating material is dispersed or an organic solution or aqueous solution, in which
a coating material is dissolved, and dries the coated cathode active material.
[0043] However, the wet coating method has limitations in coating the cathode active material in the form of a film. In
the case that a coating solution using water as a solvent is applied, the wet coating method removes a conductive passive
film that is formed on the surface of the cathode active material as a lithium salt. As a result, the conductivity of the
cathode active material itself decreases, and drying and grinding are required additionally, limiting mass production.
[0044] On the contrary, the dry coating method used in the present invention surface-coats the cathode active material
corresponding to a core with a coating material corresponding to a shell in a mechanical manner. In this case, a shear
force, a collision force and a compression force exhibit according to the equipment used for coating.
[0045] Generally, because the cathode active material obtained by sintering metal hydroxide as a raw material precursor
and lithium at a high temperature involves sintering at a high temperature by the hydroxide raw material precursor having
a relatively low sphericity or the excess of lithium, grinding and classification is required. Conventionally, it was substan-
tially impossible to grind the cathode active material to the average particle size of the metal hydroxide as the raw material
precursor, while maintaining sphericity.
[0046] However, coating by a mechanical method according to the present invention ensures both sphericity and
disintegration of the core by virtue of the nano metal oxide corresponding to a shell, thereby improving powder charac-
teristics of the cathode active material and consequently the electrical characteristics.
[0047] After coating for forming the first shell is completed, thermal treatment starts. The thermal treatment after coating
gets rid of stress occurred to individual particles due to sintering and mechanical dry-coating, thereby preventing dete-
rioration in the specific capacity or powder conductivity caused by coating with the barium titanate and the metal oxide
that are electrically inactive. Thermal treatment conditions may be properly selected depending on the preparation
environment such as type of the cathode active material of the core. For example, thermal treatment may be performed
at 300 to 600 °C for 4 to 12 hours, however the present invention is not limited in this regard. When the thermal treatment
temperature is in this range, the shell has a very dense structure, and can sufficiently supplement the crystal structure
deficiency of the core and stably maintain the structure of the core. When the thermal treatment time is in this range,
the thermal treatment effect may be sufficiently obtained. If the thermal treatment time exceeds 12 hours, an additional
effect of the increased thermal treatment time may not be expected.
[0048] Subsequently, the surface of the first shell is dry-coated with a plurality of olivine-type lithium iron phosphate
particles and a plurality of conductive material particles, and thermally treated to form a second shell (S3).
[0049] In the core-shell cathode active material of the present invention, the olivine-type lithium iron phosphate particles
and the conductive material particles are preferred as a second shell forming material coated on the first shell. The
olivine-type lithium iron phosphate has lower hardness than the barium titanate or the metal oxide of the first shell. For
this reason, if the olivine-type lithium iron phosphate is used to form a first shell in place of the barium titanate or the
metal oxide and the barium titanate or the metal oxide is used to form a second shell in place of the olivine-type lithium
iron phosphate, the olivine-type lithium iron phosphate cannot endure a coating process with the barium titanate or the
metal oxide for forming the second shell, and may generate fine powder or be separated from the core. As a result, the
present invention cannot obtain the desired effect. Accordingly, preferably a coating process with olivine-type lithium
iron phosphate follows a coating process with barium titanate or metal oxide.
[0050] In the present invention, the second shell formed from the olivine-type lithium iron phosphate particles and the
conductive material particles primarily blocks the contact between the core and an electrolyte. And, the olivine-type
lithium iron phosphate is said to have a highest resistance increase rate during overcharge. Thus, an amount of lithium
discharged from the cathode active material of the core is limited, and consequently, an amount of lithium deposited on
a cathode is reduced and an amount of heat generated by a reaction with an electrolyte is reduced, thereby improving
safety, in particular, during overcharge.
[0051] An average particle size of the olivine-type lithium iron phosphate used in the present invention may vary
depending on the purpose of use, preparation environment and so on. Preferably, the average particle size of the olivine-
type lithium iron phosphate may be 1 mm (micrometer) or less. As the average particle size of the olivine-type lithium
iron phosphate becomes smaller than 1 mm (micrometer), the efficiency of the dry coating process according to the
present invention increases. Thus, the present invention is not limited to a specific minimum limit of the average particle
size of the olivine-type lithium iron phosphate. Preferably, the average particle size of the olivine-type lithium iron phos-
phate is 500 nm or less. For example, the average particle size of the olivine-type lithium iron phosphate may be 1 nm,
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however the present invention is not limited in this regard. If the average particle size of the olivine-type lithium iron
phosphate is more than 1 mm (micrometer), it results in deterioration in the efficiency and reproducibility of a surface-
coating process of the core-shell cathode active material having the first shell. Thus, a sufficient specific surface area
of a second shell forming material is essential to coat the surface of the core-shell cathode active material having the
first shell, i.e., an object to be coated, in the form of a film by a dry coating process. In other words, if the average particle
size of the olivine-type lithium iron phosphate is more than 1 mm (micrometer), a ratio of olivine-type lithium iron phosphate
particles involved in coating to the whole olivine-type lithium iron phosphate particles decreases, and olivine-type lithium
iron phosphate particles simply remain mixed.
[0052] The content of the olivine-type lithium iron phosphate of the second shell according to the present invention
may be properly determined depending on the type of a battery using a cathode active material. For example, the content
of the olivine-type lithium iron phosphate may be 0.05 to 5 part by weight based on 100 parts by weight of the core,
however the present invention is not limited in this regard. If the content of the olivine-type lithium iron phosphate is less
than 0.05 parts by weight, the usage effect of the olivine-type lithium iron phosphate is negligible. If the content of the
olivine-type lithium iron phosphate is more than 5 parts by weight, an amount of olivine-type lithium iron phosphate not
involved in coating but simply remaining mixed increases to bring about a reverse effect such as a reduction in average
discharge voltage.
[0053] Meanwhile, the olivine-type lithium iron phosphate has a very low conductivity, and when used as an active
material, the capacity of a battery reduces, making commercialization difficult. And, the electrically inactive first shell
forming material of the present invention causes an increase in powder characteristics. To solve these problems, the
present invention additionally introduces a conductive material to the shell, thereby preventing the capacity decrease of
a battery caused by use of the olivine-type lithium iron phosphate and favorably maintaining the electrical characteristics
of the cathode active material. And, although the conductive material is introduced to the second shell, the lithium ion
blocking effect of the olivine-type lithium iron phosphate does not substantially reduce. Thus, even though the conductive
material is introduced, the cathode active material does not have a reduction in stability, but improvement in electrical
characteristics.
[0054] The conductive material of the present invention may include conductive metals, conductive polymers, con-
ductive carbon and so on. The conductive carbon may include, for example, carbon nano tube, Ketjen black, acetylene
black, Super-P, graphite, activated carbon and so on, however the present invention is not limited in this regard. The
conductive material preferably has an average particle size of 1 mm (micrometer) or less. As the average particle size
of the conductive material becomes smaller than 1 mm (micrometer), the specific surface area of the conductive material
increases, and consequently, an amount of added conductive material decreases. Thus, the present invention is not
limited to a specific minimum limit of the average particle size of the conductive material. For example, the conductive
material may have an average particle size of 1 nm, however the present invention is not limited in this regard. If the
average particle size of the conductive material is larger than 1 mm (micrometer), the conductive material has difficulty
in forming a second shell with other second shell forming materials due to its large size. And, the average particle size
of the conductive material may be similar to that of the olivine-type lithium iron phosphate that is introduced at the same
time with the conductive material. In particular, in the case that conductive carbon is used as the conductive material,
the conductive carbon may suffer particle deformation or breakage during a coating process. Accordingly, an initial
average particle size of the conductive material is preferably larger than the average particle size of the olivine-type
lithium iron phosphate.
[0055] The content of the conductive material of the second shell according to the present invention may be properly
selected according to the type of a battery using a cathode active material. For example, the content of the conductive
material may be 0.1 parts by weight or more based on 100 parts by weight of the core, however the present invention
is not limited in this regard. If the content of the conductive material is less than 0.1 parts by weight, a usage effect of
the conductive material is negligible. The present invention is not limited to a specific maximum limit of the content of
the conductive material of the shell, however the content of the conductive material according to the present invention
is in the typical range of preparing the cathode active material. When the content of the conductive material is in such
a range, even though the conductive material is used in a relatively excessive amount, a conductive material left over
after coating exits on the surface of the cathode active material and eliminates the need for an additional amount when
preparing a slurry, thereby reducing the time spent in preparing the slurry. In consideration of improvement in the
conductivity of electrically inactive second shell forming materials, the content of the conductive material of the second
shell may be 10 parts by weight or less, preferably 5 parts by weight or less, more preferably 1 part by weight or less,
however the present invention is not limited in this regard.
[0056] After the coating process for forming the second shell is completed, thermal treatment starts. The thermal
treatment conditions may be equal or similar to the step (S2). And, the same thermal treatment effect as the step (S2)
may be expected. However, the thermal treatment is preferably performed under an inert atmosphere to prevent oxidation
of the olivine-type lithium iron phosphate.
[0057] The cathode active material of a lithium secondary battery, prepared by the above-mentioned method according
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to the present invention, may be adhered to at least one surface of a cathode current collector using a binder resin to
form a cathode of the lithium secondary battery. The binder resin and cathode current collector may include, without
limitations, all typical binder resins and cathode current collectors used in the prior art.
[0058] And, a cathode of a lithium secondary battery according to the present invention may be used in manufacturing
the lithium secondary battery comprising an anode, a separator interposed between the anode and the cathode, and
an electrolyte. The anode, separator and electrolyte may include, without limitations, all typical anodes, separators and
electrolytes used in the prior art.
[0059] Hereinafter, the preferred embodiments of the present invention are described in detail with reference to the
accompanying drawings. However, it should be understood that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are given by way of illustration only.

Example 1

<Formation of lithium composite metal oxide core>

[0060] Nickel sulfate (NiSO4 · 6H2O), manganese sulfate (MnSO4 · H2O) and cobalt sulfate (CoSO4 · 7H2O) were
dissolved in a purified ion-exchanged water with a mole ratio of nickel, cobalt and manganese being 0.4:0.3:0.3 to
prepare an aqueous metal solution. And, an aqueous sodium hydroxide solution and an aqueous ammonia solution
were prepared.
[0061] The aqueous metal solution and the aqueous ammonia solution were put at the speed of 5L/hr and 0.5L/hr,
respectively, in a coprecipitation reactor, of which pH is 11.0 and rotation rate was 400 rpm under an inert nitrogen
atmosphere using a metering pump. The aqueous sodium hydroxide solution was intermittently put in the coprecipitation
reactor such that the pH of the mixed solution in the reactor was uniformly maintained at 11.0.
[0062] The reaction was performed for 48 hours or longer to obtain a slurry containing composite metal hydroxide of
uniform size. The slurry was washed and filtered using a centrifugal separation filter until the pH of the filtered solution
is 9.0 or less, and the obtained composite metal hydroxide powder was dried at 120 °C for 24 hours or longer to produce
composite metal hydroxide.
[0063] Next, for a precise Stoichiometric ratio with a lithium salt, the composite metal hydroxide was thermally treated
at 300 °C or higher for 12 hours or longer, and was mixed with the lithium salt with Stoichiometric ratio of 1:1.1. The
mixture was sintered in a high temperature furnace with a temperature control function at 950 °C for 24 hours and at
500 °C for 24 hours. Then, grinding and classification were performed to produce lithium composite metal oxide having
an Ni:Co:Mn ratio of 0.40:0.30:0.30 and an average particle size D50 of 9.8 mm (micrometer).

<Coating of first shell - Preparation of first cathode active material>

[0064] A core-shell cathode active material was prepared using the obtained lithium composite metal oxide as a core,
and as coating materials, barium titanate powder having an average particle size D50 of 220 nm and titanium dioxide
powder having an average particle size D50 of 20 nm. 6 g barium titanate and 0.6 g titanium dioxide were mixed with
600 g of the lithium composite metal oxide using a dry coating system (Hosokawa micron Ltd., Japan) at such a mixing
ratio by weight that the barium titanate and the titanium dioxide corresponding to a shell are 1 part by weight and 0.1
parts by weight based on 100 parts by weight of the core, respectively. Then, the mixture was treated with a rotation
rate of 2700 rpm for 3 minutes and thermally treated at 500 °C for 4 hours to prepare a core-shell type first cathode
active material having a first shell.

<Coating of second shell - Preparation of second cathode active material>

[0065] A core-shell cathode active material was prepared using the obtained core-shell cathode active material having
the first shell, and as coating materials, olivine-type lithium iron phosphate powder having an average particle size D50
of 200 nm and conductive carbon powder having an average particle size D50 of 500 nm. 9 g olivine-type lithium iron
phosphate and 1.2 g conductive carbon were mixed with 600 g of the core-shell cathode active material having the first
shell at such a mixing ratio by weight that the olivine-type lithium iron phosphate and the conductive carbon corresponding
to a second shell are 1.5 parts by weight and 0.2 parts by weight based on 100 parts by weight of the core-shell cathode
active material having the first shell, respectively. Then, the mixture was treated in the same way as the first shell to
prepare a core-shell type second cathode active material having a second shell.

Example 2

[0066] A core-shell cathode active material was prepared by the same method as that of example 1, except that an
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Ni:Co:Mn ratio of a lithium composite metal oxide was 0.50:0.20:0.30.

Comparative examples 1 and 2

[0067] Cathode active materials of comparative examples 1 and 2 were prepared solely with the lithium composite
metal oxide cores of examples 1 and 2, respectively.

Comparative example 3

[0068] A cathode active material was prepared as a first cathode active material having solely the first shell of example 1.

Comparative example 4

[0069] A cathode active material was prepared in the same way as example 1, except that the lithium composite metal
oxide core of example 1 was coated with the second shell forming material of example 1 to form a first shell.

Comparative example 5

[0070] A core-shell cathode active material was prepared in the same way as example 1, except that the lithium
composite metal oxide core of example 1 was coated with the second shell forming material of example 1 to form a first
shell and then coated with the first shell forming material of example 1 to form a second shell.

Characteristics evaluation

1. Coating characteristics

[0071] To check the shape and surface characteristics of the core-shell type cathode active material obtained in
example 1, SEM (HP, 8564E) surface images of the core (a), the first shell (b) and the second shell are shown in FIG. 1.
[0072] As shown in FIG. 1, the cathode active material of the present invention has a good surface shape. That is,
the core of the cathode active material is uniformly coated with a shell forming material, so that the gap between particles
on the surface of the core of the cathode active material is filled with the shell forming material.
[0073] And, a mapping image of each element of the core-shell cathode active material obtained in example 1 is shown
in FIG. 2 (a: Mapping image, b: Fe mapping, c: Ti mapping, d: C mapping) .
[0074] As shown in FIG. 2, the elements of the shell are uniformly distributed.

2. Powder characteristics

[0075] The average particle size and tap density of the cathode active materials according to the examples and
comparative examples were measured before and after coating, and measurement results are shown in Table 1.
[0076] The average particle size was measured using a particle size analysis system (Malvern Instruments, Mastersizer
2000E). The average particle size D50 was measured using a laser diffraction technology while particles were dispersed
using ultrasonic waves. The tap density was determined from a change in volume before and after 500 times of strokes
using 100 m< mass cylinder.

[Table 1]

Classification Core of cathode active 
material

First coating (First shell) Second coating (Second 
shell)

D50 micrometer g/cc D50 micrometer g/cc D50 micrometer g/cc

Example 1 9.83 2.49 9.62 2.58 9.69 2.59

Example 2 9.66 2.48 9.54 2.56 9.55 2.55

Comparative example 1 9.83 2.49 x x

Comparative example 2 9.66 2.48 x x

Comparative example 3 9.83 2.49 9.62 2.58 x

Comparative example 4 9.83 2.49 9.72 2.54 x
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[0077] As shown in Table 1, when compared with a cathode active material without a shell (comparative examples 1
and 2), a cathode active material with a shell (examples 1 and 2 and comparative examples 3 to 5) has a reduction in
the average particle size and an increase in the tap density due to the sphericity and disintegration effects obtained by
the first coating.
[0078] And, in the cathode active material of comparative example 5 obtained by coating the core with olivine-type
lithium iron phosphate particles to form a first shell, and then coating with nano barium titanate particles and titanium
dioxide particles to form a second shell, the olivine-type lithium iron phosphate particles of the first shell were separated
from the core during the second coating process for forming the second shell. As a result, the first shell was not completely
maintained and fine particles were generated. The cathode active material of comparative example 5 had a reduction
in the powder characteristics.
[0079] The particle size distribution of example 1 and comparative 5 is shown in FIG. 3, on which fine particles of
comparative example 5 can be checked.

3. Electrochemical characteristics

(1) Half cell evaluation

[0080] To evaluate initial specific capacity and initial efficiency of the cathode active materials obtained in examples
1 and 2 and comparative examples 1 to 5, a slurry was prepared by mixing a cathode active material with an NMP (N-
methyl pyrrolidone) solution, in which a teflonized acetylene black as a conductive material and PVDF (polyvinylidene
fluoride) as a binder material are dissolved. A mass ratio between the cathode active material, conductive material and
binder material was 90:5:5. The slurry was applied on a 30 mm (micrometer) Al current collector, dried, compressed to
a uniform thickness, and punched as a 13 mm diameter cathode.
[0081] A 2032 coin cell was manufactured using the cathode, a lithium foil as an anode and a 20 mm (micrometer)
thickness separator interposed between the cathode and the anode. At this time, LiPF6 solution (1.2 M) containing a
mixed solvent of ethylene carbonate and diethyl carbonate (volume ratio 1:3) was used as an electrolyte. A charge/dis-
charge experiment was made on the cell at 25°C in a voltage range of 2.5 to 4.2V with a current density of 0.2C using
a charge/discharge cycle system under constant current-constant voltage charge conditions (0.02C at the end of charge)
and constant current discharge conditions to measure the charge capacity and discharge capacity, and the measurement
results are shown in Table 2.

(continued)

Classification Core of cathode active 
material

First coating (First shell) Second coating (Second 
shell)

D50 micrometer g/cc D50 micrometer g/cc D50 micrometer g/cc

Comparative example 5 9.83 2.49 9.72 2.54 9.65 2.43

[Table 2]

Classification 1st 0.2C charge 
capacity (mAh/g)

1st 0.2C discharge 
capacity (mAh/g)

1st 
efficiency 
(%)

1st irreversible 
capacity (mAh/g)

Constant-voltage 
charge rate (%)

Example 1 167.4 150.1 89.6 17.3 0.9

Example 2 171.7 154.7 90.0 17.0 0.8

Comparative 
example 1

168.2 150.3 89.3 17.9 0.9

Comparative 
example 2

172.5 154.8 89.7 17.7 1.0

Comparative 
example 3

166.3 149.5 89.8 16.8 0.8

Comparative 
example 4

166.5 149.7 89.9 16.8 0.9
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[0082] Referring to Table 2, it is found that the cathode active materials with a double coating layer according to the
present invention have similar electrical characteristics to the cathode active materials of comparative examples without
any coating layer or with a single coating layer.

(2) Full cell evaluation

<Manufacture of cell>

[0083] To evaluate the high rate capability, high-temperature durability and safety of the cathode active materials
obtained in the examples 1 and 2 and comparative examples 1 to 5, a cell was manufactured. First, a slurry was prepared
by mixing a cathode active material with an NMP solution, in which carbon as a conductive material and PVDF as a
binder material are dissolved. A mass ratio between the cathode active material, conductive material and binder material
was 92:4:4. Graphite was used as an anode, a separator was interposed between the anode and the cathode such that
the cathode and the anode were placed opposite to each other, a 113 mm thickness aluminum was applied as an exterior
material, and the constituent elements were sealed in a globe box of an argon atmosphere and compressed by heat to
manufacture a pouch cell. The cell had a size of 60 mm thick 3 216 mm wide 3 216 mm long and a design capacity of 25 Ah.

1) Evaluation of high rate capability and thermal stability

[0084] The cell was initially charged and discharged using a charge/discharge cycle system at 25°C in a voltage range
of 3.0 to 4.2V with a current density of 0.2C (5h), and then charged and discharged with various current densities. The
high rate capability was evaluated from a ratio of a discharge capacity at a current density of 15C to a discharge capacity
at a current density of 0.5C as a reference capacity. The high rate capability of examples and comparative examples is
shown in Table 3.
[0085] And, to evaluation the thermal stability of the cathode active materials obtained in examples and comparative
examples, a cell of the same standard was fully charged at 4.2V and stored in a hot box of 150°C for 3 hours. After
storage, the cell was observed for swelling, fire and explosion, and the results are shown in Table 3. After storage in a
hot box for 3 hours, if the cell was swollen, it was evaluated that the cell did "pasts" the thermal stability test, and if the
cell was burned or exploded, it was evaluated that the cell did "fail" the thermal stability test.

[0086] Referring to Table 3, it is found that because the examples of the present invention have a double coating layer,
they have a slight reduction in high rate capability, but an improvement in thermal stability when compared with the
comparative examples.

(continued)

Classification 1st 0.2C charge 
capacity (mAh/g)

1st 0.2C discharge 
capacity (mAh/g)

1st 
efficiency 
(%)

1st irreversible 
capacity (mAh/g)

Constant-voltage 
charge rate (%)

Comparative 
example 5

165.7 148.3 89.0 17.4 1.2

[Table 3]

Classification 15C discharge characteristics (@0.5C, %) Thermal stability test result

Example 1 87.2 Pass

Example 2 89.3 Pass

Comparative example 1 90.1 Fail

Comparative example 2 90.5 Fail

Comparative example 3 89.6 Pass

Comparative example 4 88.5 Fail

Comparative example 5 86.3 Fail
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2) Evaluation of high-temperature durability

[0087] To evaluate the high-temperature durability, a cell was fully charged at 4.2V and stored in a high-temperature
oven of 60°C for 2 weeks, and the retention capacity and recovery capacity before and after storage were evaluated.
The evaluation results are shown in Table 4. The retention capacity and recovery capacity were evaluated on the basis
that the discharge capacity before storage is 100%.

[0088] Referring to Table 4, it is found that the cells of examples have better high-temperature durability than those
of comparative examples. It is judged that this result is caused by the minimized contact between a core and an electrolyte
due to the double-layered shell structure of the present invention.

3) Evaluation of overcharge safety

[0089] To evaluate the overcharge safety of the cathode active materials obtained in examples 1 and 2 and comparative
examples 1 to 5, a cell of the same standard was charged 250% or more with a current density of 1C (25Ah), and 12V
overcharge characteristics were evaluated. The evaluation results are shown in Table 5.

[0090] Referring to Table 5, it is found that the examples 1 and 2 and comparative examples 4 and 5 using olivine-
type lithium iron phosphate as a shell forming material have the improved safety after overcharge when compared with
the comparative examples 1 to 3. In particular, it is found that the examples 1 and 2 comprising a first shell formed from
barium titanate and metal oxide exhibit the best characteristics. Accordingly, the cathode active material of the present
invention has excellent overcharge safety, and thus is suitable for a high-capacity battery.

[Table 4]

Before storage Retention capacity(Ah) Recovery capacity(Ah)

Capacity(Ah) Capacity(Ah) % Capacity(Ah) %

Example 1 25.7 22.5 87.8 24.4 95.3

Example 2 25.6 22.3 87.4 24.6 96.2

Comparative example 1 25.4 20.5 81.0 22.7 89.4

Comparative example 2 25.7 21.0 82.1 23.4 91.2

Comparative example 3 25.3 21.2 84.0 23.5 93.2

Comparative example 4 25.6 21.3 83.3 23.7 92.6

Comparative example 5 25.5 21.3 83.4 23.7 92.8

[Table 5]

Classification Test results

A B C D

Example 1 s

Example 2 s

Comparative example 1 s s

Comparative example 2 s s

Comparative example 3 s

Comparative example 4 s s

Comparative example 5 s s

A: no change, B: smoke, C: fire, D: explosion
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INDUSTRIAL APPLICABILITY

[0091] The cathode active material for lithium secondary batteries has a double-layered shell structure formed from
different materials on lithium metal hydroxide, and can improve safety, especially thermal stability, high-temperature
durability and overcharge safety while favorably maintaining the basic electrical characteristics of the lithium secondary
batteries.
[0092] And, the method of preparing a cathode active material according to the present invention allows preparation
of the cathode active material of the present invention with excellent reproducibility and productivity.

Claims

1. A cathode active material for lithium secondary batteries, comprising:

a lithium metal oxide secondary particle core formed by aggregation of a plurality of lithium metal oxide primary
particles, wherein the lithium metal oxide of the core is any one selected from the group consisting of LiCoO2,
Li(NiaCobAlc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1), Li(NiaCobMnc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1),
Li(LixNiaCobMnc)O2(0<x<0.5, 0<a<1, 0<b<1, 0<c<1, a+b+c=1) and LiMn2O4, or mixtures thereof;
a first shell; characterised by a second shell formed by coating the surface of the first shell with a plurality of
olivine-type lithium iron phosphate particles and a plurality of conductive material particles,
wherein the first shell is formed by coating the surface of the secondary particle core with a plurality of barium
titanate particles and a plurality of metal oxide particles.

2. The cathode active material for lithium secondary batteries according to claim 1,
wherein the metal oxide of the first shell is any one selected from the group consisting of aluminum oxide, titanium
oxide, yttrium oxide, magnesium oxide, zinc oxide and lithium metal oxide, or mixtures thereof.

3. The cathode active material for lithium secondary batteries according to claim 1,
wherein the conductive material of the second shell is any one selected from the group consisting of conductive
metals, conductive polymers and conductive carbon, or mixtures thereof.

4. A method for preparing a cathode active material for lithium secondary batteries, comprising:

(S1) forming a lithium metal oxide secondary particle core, in which a plurality of lithium metal oxide primary
particles are aggregated, by sintering metal hydroxide and a lithium salt, wherein the lithium metal oxide of the
core is any one selected from the group consisting of LiCoO2, Li(NiaCobAlc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1),
Li(NiaCobMnc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1), Li(LixNiaCobMnc)O2( 0<x<0.5, 0<a<1, 0<b<1, 0<c<1,
a+b+c=1) and LiMn2O4, or mixtures thereof;
(S2) forming a first shell outside of the core by dry-coating the surface of the core with a plurality of barium
titanate particles and a plurality of metal oxide particles and performing thermal treatment thereto; and
(S3) forming a second shell by dry-coating the surface of the first shell with a plurality of olivine-type lithium iron
phosphate particles and a plurality of conductive material particles and performing thermal treatment thereto.

5. The method for preparing a cathode active material for lithium secondary batteries according to claim 4,
wherein the metal hydroxide in the step (S1) is produced by coprecipitation.

6. The method for preparing a cathode active material for lithium secondary batteries according to claim 4,
wherein the thermal treatment in the steps (S2) and (S3) is performed at 300 to 600 °C for 4 to 12 hours.

7. A cathode of lithium secondary batteries, comprising:

a cathode current collector; and

a cathode active material layer formed on at least one surface of the cathode current collector, and including
a cathode active material and a binder resin,
wherein the cathode active material is defined in claim 1.

8. Lithium secondary batteries, each comprising:
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a cathode;
an anode; and
a separator interposed between the cathode and the anode,
wherein the cathode is defined in claim 7.

Patentansprüche

1. Ein kathodenaktives Material für Lithium-Sekundärbatterien, umfassend:

einen Lithium-Metall-Oxid-Sekundärpartikel-Kern, gebildet aus einer Aggregation aus einer Vielzahl von Lithium-
Metall-Oxid-Primärpartikeln, wobei das Lithium-Metalloxids des Kerns irgendeines ausgewählt aus der Gruppe,
bestehend aus LiCoO2, Li(NiaCobAlc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1), Li(NiaCobMnc)O2(0<a<1, 0<b<1,
0<c<1, a+b+c=1), Li(LixNiaCobMnc)O2(0<x<0.5, 0<a<1, 0<b<1, 0<c<1, a+b+c=1) und LiMn2O4, oder Mischun-
gen davon, ist;
eine erste Schale, dadurch gekennzeichnet, dass
eine zweite Schale durch Beschichtung der Oberfläche der ersten Schale mit einer Vielzahl von Olivin-artigen
Lithium-Eisen-Phosphat-Partikeln und einer Vielzahl von leitfähigen Materialpartikeln gebildet ist,
wobei die erste Schale durch Beschichtung der Oberfläche des Sekundärpartikel-Kerns mit einer Vielzahl von
Bariumtitanat-Partikeln und einer Vielzahl von Metalloxid-Partikeln gebildet ist.

2. Das kathodenaktive Material für Lithium-Sekundärbatterien nach Anspruch 1,
wobei das Metalloxid der ersten Schale irgendeines ausgewählt aus der Gruppe, bestehend aus Aluminiumoxid,
Titanoxid, Yttriumoxid, Magnesiumoxid, Zinkoxid, Lithium-Metall-Oxid oder Mischungen davon, ist.

3. Das kathodenaktive Material für Lithium-Sekundärbatterien nach Anspruch 1, wobei
das leitfähige Material der zweiten Schale irgendeines ausgewählt aus der Gruppe, bestehend aus leitfähigen
Metallen, leitfähigen Polymeren und leitfähigem Kohlenstoff oder Mischungen davon, ist.

4. Ein Verfahren zur Herstellung von einem kathodenaktiven Material für Lithium-Sekundärbatterien, umfassend:

(S1) Bilden eines Lithium-Metall-Oxid-Sekundärpartikel-Kerns, bei welchem eine Vielzahl von Lithium-Metall-
Oxid-Primärartikeln aggregiert werden, durch Sintern von Metallhydroxid und einem Lithiumsalz, wobei das
Lithium-Metall-Oxid des Kerns irgendeines ist ausgewählt aus der Gruppe, bestehend aus LiCoO2,
Li(NiaCobAlc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1), Li(NiaCobMnc)O2(0<a<1, 0<b<1, 0<c<1, a+b+c=1),
Li(LixNiaCobMnc)O2(0<x<0.5, 0<a<1, 0<b<1, 0<c<1, a+b+c=1) und LiMn2O4 oder Mischungen davon, ist;
(S2) Bilden einer ersten Schale außerhalb des Kerns durch Trockenbeschichten der Oberfläche des Kerns mit
einer Vielzahl von Bariumtitanat-Partikeln und einer Vielzahl von Metalloxid-Partikeln und Ausführen einer ther-
mischen Behandlung darauf; und
(S3) Bilden einer zweiten Schale durch Trockenbeschichten der Oberfläche der ersten Schale mit einer Vielzahl
von Olivin-artigen Lithium-Eisen-Phosphat-Partikeln und einer Vielzahl von leitfähigen Materialpartikeln und
Ausführung einer thermischen Behandlung darauf.

5. Das Verfahren zur Herstellung eines kathodenaktiven Materials für Lithium-Sekundärbatterien nach Anspruch 4,
wobei das Metallhydroxid in dem Schritt (S1) durch Copräzipitation produziert wird.

6. Das Verfahren zur Herstellung eines kathodenaktiven Materials für Lithium-Sekundärbatterien nach Anspruch 4,
wobei die thermische Behandlung in den Schritten (S2) und (S3) bei 300 bis 600°C für 4 bis 12 Stunden durchgeführt
wird.

7. Eine Kathode von Lithium-Sekundärbatterien, umfassend:

einen Kathodenstromkollektor; und
eine kathodenaktive Materialschicht, gebildet auf mindestens einer Oberfläche des Kathodenstromkollektors,
und einschließend ein kathodenaktives Material und ein Resin-Bindemittel,
wobei das kathodenaktive Material wie in Anspruch 1 definiert ist.

8. Lithium-Sekundärbatterien, jeweils umfassend:
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eine Kathode;
eine Anode; und
einen Separator, der zwischen der Kathode und der Anode positioniert ist,
wobei die Kathode wie in Anspruch 7 definiert ist.

Revendications

1. Matière active cathodique pour batteries secondaires au lithium, comprenant:

un noyau de particule secondaire d’oxyde métallique et de lithium formé par l’agrégation d’une pluralité de
particules primaires d’oxyde métallique et de lithium, où l’oxyde métallique et de lithium du noyau est l’un
quelconque choisi dans le groupe consistant en LiCoO2Li(NiaCobAlc)O2 (0<a<1, 0<b<1, 0<c<1, a+b+c=1),
Li(NiaCobMnc)O2 (0<a<1, 0<b<1, 0<c<1, a+b+c=1), Li(LixNiaCobMnc)O2 (0<x<0,5, 0<a<1, 0<b<1, 0<c<1,
a+b+c=1) et LiMn2O4 ou leurs mélanges;
une première enveloppe; caractérisée par
une seconde enveloppe formée par revêtement de la surface de la première enveloppe avec une pluralité de
particules de phosphate de fer et de lithium de type olivine et une pluralité de particules de matière conductrice,
où la première enveloppe est formée par revêtement de la surface du noyau de particule secondaire avec une
pluralité de particules de titanate de baryum et une pluralité de particules d’oxyde métallique.

2. Matière active cathodique pour batteries secondaires au lithium selon la revendication 1,
où l’oxyde métallique de la première enveloppe est l’un quelconque choisi dans le groupe consistant en l’oxyde
d’aluminium, l’oxyde de titane, l’oxyde d’yttrium, l’oxyde de magnésium, l’oxyde de zinc et un oxyde métallique et
de lithium, ou leurs mélanges.

3. Matière active cathodique pour batteries secondaires au lithium selon la revendication 1,
où la matière conductrice de la seconde enveloppe est l’une quelconque choisie dans le groupe consistant en les
métaux conducteurs, les polymères conducteurs et le carbone conducteur, ou leurs mélanges.

4. Procédé pour préparer une matière active cathodique pour batteries secondaires au lithium, comprenant:

(S1) la formation d’un noyau de particule secondaire d’oxyde métallique et de lithium, dans lequel une pluralité
de particules primaires d’oxyde métallique et de lithium sont agrégées, par frittage d’hydroxyde métallique et
d’un sel de lithium, où l’oxyde métallique et de lithium du noyau est l’un quelconque choisi dans le groupe
consistant en LiCoO2, Li(NiaCobAlc)O2 (0<a<1, 0<b<1, 0<c<1, a+b+c=1), Li(NiaCobMnc)O2 (0<a<1, 0<b<1,
0<c<1, a+b+c=1), Li(LixNiaCobMnc)O2 (0<x<0,5, 0<a<1, 0<b<1, 0<c<1, a+b+c=1) et LiMn2O4, ou leurs mélan-
ges;
(S2) la formation d’une première enveloppe à l’extérieur du noyau par revêtement à sec de la surface du noyau
avec une pluralité de particules de titanate de baryum et une pluralité de particules d’oxyde métallique et
réalisation d’un traitement thermique sur celle-ci; et
(S3) la formation d’une seconde enveloppe par revêtement à sec de la surface de la première enveloppe avec
une pluralité de particules de phosphate de fer et de lithium de type olivine et une pluralité de particules de
matière conductrice et réalisation d’un traitement thermique sur celle-ci.

5. Procédé pour préparer une matière active cathodique pour batteries secondaires au lithium selon la revendication 4,
où l’hydroxyde métallique dans l’étape (S1) est produit par coprécipitation.

6. Procédé pour préparer une matière active cathodique pour batteries secondaires au lithium selon la revendication 4,
où le traitement thermique dans les étapes (S2) et (S3) est réalisé à 300 à 600°C pendant 4 à 12 heures.

7. Cathode de batteries secondaires au lithium, comprenant:

un collecteur de courant cathodique; et

une couche de matière active cathodique formée sur au moins une surface du collecteur de courant ca-
thodique, et incluant une matière active cathodique et une résine liante,
où la matière active cathodique est définie dans la revendication 1.



EP 2 403 041 B9

17

5

10

15

20

25

30

35

40

45

50

55

8. Batteries secondaires au lithium, comprenant chacune:

une cathode;
une anode; et
un séparateur disposé entre la cathode et l’anode,
où la cathode est définie dans la revendication 7.
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