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Description

[Technical Field]

RELATED APPLICATIONS

[0001] This application claims priority from Korean Patent Application No. 10-2014-0096737, filed on July 29, 2014,
and Korean Patent Application No. 10-2015-0105325, filed on July 24, 2015, with the Korean Intellectual Property Office.

Technical Field

[0002] The present disclosure relates to a secondary graphite particle comprising an initial natural graphite particle of
excellent high capacity and output characteristic, aggregated, bonded or assembled with an initial artificial graphite
particle of excellent cycle characteristic and swelling characteristic, thus having superior rollability that allows increased
density, a negative electrode using the secondary graphite particle as a negative electrode active material, and a sec-
ondary lithium battery comprising the negative electrode.

[Background Art]

[0003] As mobile technology advances and demand for mobile devices increases, demand for the secondary batteries
as energy sources increases rapidly. Among the secondary batteries, the secondary lithium battery has been widely
used since its commercialization, due to excellent energy density and voltages, long cycle life, and low rate capability
of self discharging.
[0004] Further, use of secondary lithium batteries as a driving source of electric vehicle and/or hybrid electric vehicle
are actively researched, as environmental concern increases and the consumer’s interest increases on the electric
vehicles and/or hybrid electric vehicles to replace conventional vehicles run on fossil fuels such as gasoline vehicles or
diesel vehicles which are one of the main causes of air pollution.
[0005] Meanwhile, the "secondary lithium battery" refers to a battery which includes an electrode assembly including
a positive electrode comprising a positive electrode active material allowing intercalation/de-intercalation of lithium ions,
a negative electrode comprising negative electrode active material allowing intercalation/de-intercalation of lithium ions,
and a microporous separator interposed between the positive and negative electrodes, in which nonaqueous electrolyte
comprising lithium ions is contained.
[0006] The positive electrode active material of the secondary lithium battery includes a transition metal oxide such
as lithium cobalt oxide (LiCoO2), lithium-manganese oxide (LiMn2O4) or lithium-nickel oxide (LiNiO2), and a complex
oxide in which part of the transition metals is substituted with other transition metals.
[0007] The lithium metal has been used for the negative electrode active material, but in such case, dendrite can form,
causing risk of battery short-circuiting and subsequent explosion. Accordingly, lithium metals have recently been replaced
by carbon-based materials.
[0008] Examples of the carbon-based materials used as the negative electrode active material of the secondary lithium
battery include crystalline carbon such as natural graphite and artificial graphite, and amorphous carbon such as soft
carbon and hard carbon.
[0009] The amorphous carbon has an advantage of high capacity, but also has a disadvantage of high irreversability
in charging and discharging process.
[0010] The natural graphite, which is a representative example of crystalline carbon, has low cost, excellent initial
capacity, and relatively high theoretical marginal capacity, but due to plate-like shape thereof, the natural graphite is
oriented to be pressed flat on the current collector when prepared into an electrode plate, thus hindering impregnation
of electrolyte, which in turn can severely deteriorate high rate charge/discharge capability, service life, and cycle capacity.
[0011] To address the issues mentioned above, it has been suggested to mechanically form the plate-shaped natural
graphite into sphere shape for use, or to mix with other graphites. However, possible cracking of the graphite surface
or core exposure during rolling can increase side reaction with the electrolyte, which can deteriorate cycle characteristic
or swelling characteristic. To make up for the shortcomings mentioned above, some studies suggested a way of using
artificial graphite which has better cycle characteristic and swelling characteristic, but at a slightly reduced capacity.
However, graphitization is essentially required to use the artificial graphite, and the artificial graphite also has a short-
coming such as higher price than the natural graphite, low resistance to PC-containing electrolyte, and deteriorated
output characteristic.
[0012] Against this backdrop, in search of a negative electrode active material with superior rollability which can lead
into increased density, and superior high rate charging and discharging capability, cycle characteristic and swelling
characteristic, the present inventors prepared a secondary graphite particle by aggregating, bonding or assembling an
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initial natural graphite particle coated with an amorphous carbon material, with an initial artificial graphite particle, and
completed the present disclosure by confirming that the secondary lithium battery using the prepared secondary graphite
particle as a negative electrode active material exhibited superior high rate charging and discharging capability, cycle
characteristic and swelling characteristic.
[0013] US2004023115 discloses a lithium rechargeable battery including a negative electrode comprising a copper
core material, to which is fixed an active material made by mixing artificial graphite particles A obtained by kneading
and granulating a base material of pulverized bulk mesophase pitch with pitch in a softened state and/or thermosetting
resin, carbonizing the resulting granules at 700 to 1,500° C and graphitizing the carbonized granules at 2,500 to 3,000°
C with spherical graphite particles B having a high mean circularity. This disclosure attempts to inhibit the deterioration
in battery capacity through the repeated charge/discharge cycles, and to provide excellent discharge characteristic and
safety.
[0014] CN102231434 discloses a modified natural graphite material used in lithium ion battery negative electrodes.
With a core-shell structure, the material disclosed in CN102231434 comprises an inner core and a shell coated on the
inner-core. The inner-core is composed of natural graphite, and the shell coated on the core is composed of an inner
shell and an outer shell. The inner shell is a boron-containing hard carbon layer, and the outer shell is a soft carbon
layer. The boron-containing hard carbon layer is coated on natural graphite, and the soft carbon layer is coated on the
boron-containing hard layer. According to CN102231434, this method has advantages of simple technology, suitability
for mass production, low graphitization processing temperature, and low cost. In addition, CN102231434 states that the
material has advantages of small specific surface area, high tap density, high first efficiency, high specific capacity,
excellent cycling performance, and good rate performance, allowing the modified natural graphite material to be applied
in power batteries.

[Disclosure]

[Technical Problem]

[0015] An object of the present disclosure is to provide a secondary graphite particle which has superior rollability that
can lead into increased density, as a result of aggregating, bonding or assembling of an initial natural graphite particle
coated with amorphous carbon material, having high capacity and excellent output characteristic, with an initial artificial
graphite particle having excellent cycle characteristic and swelling characteristic.
[0016] Another object of the present disclosure is to provide a negative electrode for use in a secondary lithium battery,
in which a negative electrode active material slurry comprising the secondary graphite particle described above is applied
over a current collector.
[0017] Yet another object of the present disclosure is to provide a secondary lithium battery comprising the negative
electrode, the positive electrode, and a separator interposed between the negative and positive electrodes, and an
electrolyte, having excellent high rate charging and discharging capability, cycle characteristic and swelling characteristic.

[Technical Solution]

[0018] To achieve the objects mentioned above, the present disclosure provides a secondary graphite particle formed
as a result of aggregating, bonding or assembling of an initial natural graphite particle coated with amorphous carbon
material, with an initial artificial graphite particle, in which by X-ray powder diffraction, the size of crystallite of the initial
natural graphite particle in a-axis direction ranges from 45 nm to 55 nm, and the size of the crystallite of the initial natural
graphite particle in c-axis direction ranges from 25 nm to 35 nm, and the size of the crystallite of the initial artificial
graphite particle in a-axis direction ranges from 35 nm to 45 nm, and the size of the crystallite of the initial artificial
graphite particle in c-axis direction ranges from 15 nm to 30 nm.
[0019] Additionally, the present disclosure provides a negative electrode for use in a secondary lithium battery, in
which a negative electrode active material slurry comprising the secondary graphite particle is applied over a current
collector.
[0020] Moreover, the present invention provides a secondary lithium battery which includes the negative electrode
and the positive electrode for use in the secondary battery, a separator interposed between the positive electrode and
the negative electrode, and an electrolyte.

[Advantageous Effects]

[0021] According to the present disclosure, a secondary graphite particle comprises an initial natural graphite particle
exhibiting high capacity and high output characteristic but relatively lower cycle characteristic and swelling characteristic,
aggregated, bonded or assembled with an initial artificial graphite particle exhibiting high cycle characteristic and swelling
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characteristic but relatively lower capacity characteristic, and thus can exhibit not only the high capacity and high output
characteristic of the initial natural graphite particle, but also the high cycle characteristic and swelling characteristic of
the initial artificial graphite particle.
[0022] Further, micropores present in the secondary graphite particle can allow higher rollability and thus can provide
high density.
[0023] Accordingly, the secondary lithium battery comprising the secondary graphite particle as the negative electrode
active material has an effect of enhanced high rate charging and discharging capability, cycle characteristic and swelling
characteristic.

[Description of Drawings]

[0024] The following drawings accompanied in this specification are provided to exemplify preferred embodiments of
the present invention, and serve to aid in understanding the scope of the present invention in conjunction with the above-
described contents of the present invention. Therefore, it should be understood that the present invention is not limited
to the contents shown in these drawings.

FIG. 1 is a graphical representation of a result of comparing swelling characteristic of coin-type half cells based on
materials thereof, according to an exemplary embodiment of the present disclosure.
FIG. 2 is a graphical representation of a result of comparing capacity characteristic of coin-type half cells, according
to an exemplary embodiment of the present disclosure.
FIG. 3 is a graphical representation of a result of comparing input/output characteristic of monocells, according to
an exemplary embodiment of the present disclosure.
FIG. 4 is a graphical representation of a result of comparing swelling characteristic of coin-type half cells based on
temperatures of heat treatment thereof, according to an exemplary embodiment of the present disclosure.

[Mode for Invention]

[0025] Hereinafter, the present invention will be described in further detail in order to aid in understanding the present
invention.
[0026] The present disclosure provides a secondary graphite particle comprising an initial natural graphite particle
coated with amorphous carbon material having high capacity and excellent output characteristic, aggregated, bonded
or assembled with an initial artificial graphite particle having excellent cycle characteristic and swelling characteristic,
thus having superior rollability that can lead into increased density and being advantageously usable as a negative
electrode active material for a secondary lithium battery.
[0027] According to an exemplary embodiment of the present disclosure, the secondary graphite particle is in such a
form in which an initial natural graphite particle coated with amorphous carbon material is aggregated, bonded or as-
sembled with an initial artificial graphite particle, in which, by X-ray powder diffraction, the size of crystallite (La) of the
initial natural graphite particle in a-axis direction ranges from 45 nm to 55 nm, and the size of the crystallite (Lc) in c-
axis direction ranges from 25 nm to 35 nm, and the size of the crystallite of the initial artificial graphite particle in a-axis
direction ranges from 35 nm to 45 nm, and the size of the crystallite of the initial artificial graphite particle in c-axis
direction ranges from 15 nm to 30 nm.
[0028] The term "initial particle" as used herein may refer to an original particle from which another type of particle is
formed, in which a plurality of initial particles may be aggregated, bonded or assembled into a secondary particle.
[0029] The term "secondary particle" as used herein refers to a physically distinguishable particle of a larger size which
is formed as the individual initial particles are aggregated, bonded or assembled.
[0030] The term "X-ray powder diffraction" as used herein refers to X-ray diffraction (XRD) conducted with the particle
(e.g., initial natural graphite particle, initial artificial graphite particle, or secondary graphite particle) in powder state.
[0031] The term "X-ray electrode diffraction" as used herein refers to X-ray diffraction (XRD) conducted with the particle
(e.g., initial natural graphite particle, initial artificial graphite particle, or secondary graphite particle) prepared into an
electrode state.
[0032] The term "assembly of initial particles" as used herein may refer to a process in which the initial particles are
formed into the secondary particle form by voluntary or artificial coagulation or agglomeration into an assembly of a
plurality of initial particles, and this term may be interchangeably used with the terms such as "aggregation" or "bonding"
which have the same meaning.
[0033] According to an exemplary embodiment of the present disclosure, the "initial natural graphite particle coated
with amorphous carbon material" may refer to the initial natural graphite particle in a plate form with the amorphous
carbon material attached or clad on the surface thereof, and the method of attaching or cladding the surface of the initial
natural graphite particle with the amorphous carbon material is not particularly limited to any specific method, but may
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utilize a generally known method. For example, the preparation process may involve attaching or cladding amorphous
carbon material precursor on the plate-like initial natural graphite particle, followed by the heat treatment.
[0034] Specifically, for the preparation process, the plate-like initial natural graphite particle may be mixed with or
impregnated in the amorphous carbon material and heated at temperatures ranging from 500 to 1500, in which the
amorphous carbon material precursor material may be one or more selected from the group consisting of petroleum-
derived heavy oil and pitch oil. That is, the amorphous carbon material may be derived from one or more selected from
the group consisting of petroleum-derived heavy oil and pitch oil.
[0035] The amorphous carbon material may be coated in an amount exceeding 0%, but not more than 30%, as may
be calculated by Equation 1 below. When the amorphous carbon material is coated in the range mentioned above, or
more specifically, in a range from 1% to 5%, since irreversability of the graphite edge plane can be reduced as the
amount of coated carbon increases, the characteristic of the secondary lithium battery having the above as the negative
electrode active material can be enhanced. On the contrary, when the coating amount of the amorphous carbon material
exceeds 30%, the amount of amorphous carbon material excessively increases compared to the natural graphite, in
which case the secondary lithium battery using the same as the negative electrode active material can have inefficient
charging and discharging, and since the absolute amount of the space for lithium intercalation into the negative electrode
during charging decreases, the capacity of the secondary batteries can be reduced. 

[0036] The presence of the amorphous carbon material attached or clad on the surface of the initial natural graphite
particle can suppress deformation of the initial natural graphite particle coated with amorphous carbon material during
rolling, and also prevent direct contact between the initial natural graphite particle and the electrolyte which will be
described below, thus suppressing reaction between the initial natural graphite particle and the electrolyte and enhancing
cycle characteristic of the secondary lithium battery comprising the same as a negative electrode active material.
[0037] Further, when the initial natural graphite particle having a smaller average particle diameter than the sphere-
type natural graphite of relatively larger average particle diameter (15 mm to 20 mm) is coated with the amorphous carbon
material on the surface thereof, the coating layer can act to support the swelling phenomenon of the initial natural graphite
particle cores, microscopically, that is, the secondary lithium battery having the above as the negative electrode active
material can have enhanced initial swelling characteristic.
[0038] Further, the initial natural graphite particle coated with amorphous carbon material can have high crystallinity.
The crystallinity may be characterized by X-ray diffraction. Specifically, as a result of measuring the powder-state initial
natural graphite particle coated with amorphous carbon material, the size of the crystallite La in a-axis direction may
range from 45 nm to 55 nm, and the size of the crystallite Lc in c-axis direction may range from 25 nm to 35 nm. Further,
the d-spacing d002 of (002) plane may range from 0.3355 nm to 0.3365 nm by X-ray diffraction, and the peak intensity
ratio I002/I110 of (002) plane and (110) plane may range from 550 to 650 by X-ray electrode diffraction, and the peak
intensity ratio I004/I110 of (004) plane and (110) plane may range from 25 to 35.
[0039] The initial natural graphite particle coated with amorphous carbon material can exhibit excellent capacity char-
acteristic, as a result of the crystalline characteristics thereof described above, such as, the size of the crystallite in the
a-axis direction, the size of the crystallite in the c-axis direction, d-spacing and/or peak intensity ratio.
[0040] Herein, the respective X-ray diffraction analysis indices characterizing the crystallinity were measured using
an X-ray diffractometer, i.e., Bruker D4 Endeavor, with Cu-Kα ray, with numerical correction by Topas 3 fitting program.
High purity silicon was used as an internal standard for the measurement. Calculation was done according to the Japan
Society for the Promotion of Science Act (as established by the 17th Council, Japan Society for the Promotion of Science).
[0041] Further, the capacity of the initial natural graphite particle coated with amorphous carbon material may range
from 355 mAh/g to 365 mAh/g. The "capacity" as used herein refers to the discharge capacity of the secondary lithium
battery (half-cell) prepared using the initial natural graphite particle as the negative electrode active material.
[0042] The average particle diameter of the initial natural graphite particle coated with amorphous carbon material
may range from 2 mm to 10 mm, and with the average particle diameter in such range, excellent fast chargeability or
cycle characteristic can be provided.
[0043] According to an exemplary embodiment of the present disclosure, the initial artificial graphite particle may be
a flat shape particle prepared by heating coal-derived heavy oil, petroleum-derived heavy oil, tar, pitch, and/or cokes at
a temperature range between 500 and 3000.
[0044] Preferably, the initial artificial graphite particle may be prepared by heating one or more selected from the group
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consisting of needle cokes, mosaic cokes and coal tar pitch. That is, the initial artificial graphite particle may be one or
more of needle coke initial artificial graphite particle, mosaic coke initial artificial graphite particle, and coal tar pitch initial
artificial graphite particle, and may preferably be one or more of mosaic coke initial artificial graphite particle and coal
tar pitch initial artificial graphite particle.
[0045] The coal tar pitch artificial graphite may be meso-carbon microbead (MCMB) type artificial graphite.
[0046] Further, the initial artificial graphite particle may have high crystallinity. The crystallinity may be characterized
by the X-ray diffraction analysis indices. Specifically, as a result of measuring the powder state initial artificial graphite
particle, the size La of the crystallite in the a-axis direction may range from 35 nm to 45 nm, the size Lc of the crystallite
in the c-axis direction may range from 15 nm to 30 nm. Further, the d-spacing d002 of the (002) plane of the initial artificial
graphite particle may range from 0.3365 nm to 0.3380 nm by X-ray diffraction. Further, by X-ray electrode diffraction,
the peak intensity ratio I002/I110 of (002) plane and (110) plane may range from 50 to 150, and the peak intensity ratio
I004/I110 of (004) plane and (110) plane may range from 5 to 15. Herein, the X-ray diffraction analysis indices may be
measured by the same method as mentioned above.
[0047] The initial artificial graphite particle can exhibit excellent capacity characteristic and high swelling characteristic
in the c-axis direction as a result of the crystalline characteristics thereof described above, such as, the size of the
crystallite in the a-axis direction, the size of the crystallite in the c-axis direction, d-spacing and/or peak intensity ratio.
[0048] The capacity of the initial artificial graphite particle may range from 320 mAh/g to 340 mAh/g. The "capacity"
as used herein refers to the discharge capacity of the secondary lithium battery (half-cell) prepared using the initial
artificial graphite particle as the negative electrode active material.
[0049] The average particle diameter of the initial artificial graphite particle may range from 2 mm to 10 mm, and may
be equal to or smaller than the initial natural graphite particle coated with amorphous carbon material. With the average
particle diameter within the range mentioned above, excellent fast chargeability or cycle characteristic can be provided.
[0050] According to the present disclosure, the secondary graphite particle comprises the initial natural graphite particle
coated with amorphous carbon material and the initial artificial graphite particle, and specifically, may be formed as the
initial natural graphite particle coated with amorphous carbon material is aggregated, bonded or assembled with the
initial artificial graphite particle into one cluster. Herein, the secondary graphite particle may include the initial natural
graphite particle coated with amorphous carbon material and the initial artificial graphite particle at a weight ratio of 3:7
to 7:3 (initial natural graphite particle coated with amorphous carbon material: initial artificial graphite particle = 7:3 to
3:7). Preferably, the weight ratio may be 4:6 to 6:4.
[0051] The method for aggregating, bonding or assembling the initial natural graphite particle coated with amorphous
carbon material with the initial artificial graphite particle is not limited to any specific example, but may utilize a generally
known method. For example, the secondary graphite particle may be prepared by the process of mixing heterogeneous
initial particles with binder, catalyst, etc., and then aggregating, bonding or assembling the heterogeneous initial particles
by heat treatment.
[0052] Specifically, the secondary graphite particle may be prepared by mixing the initial natural graphite particle
coated with amorphous carbon material, the initial artificial graphite particle, binder and catalyst into a vacuum reactor
in nitrogen or argon atmosphere, and heating at 1000 to 2800. The heat treatment at the temperature range mentioned
above can remove catalyst, thus forming micropores within the final secondary graphite particle. Accordingly, the sec-
ondary graphite particle with significantly low fault and high crystallinity can be obtained. That is, heating at a temperature
below 1000 may not provide successful graphitization, which may hinder exhibiting of capacity, and beyond 2800,
swelling characteristic may deteriorate. Accordingly, heat treatment may preferably be performed at a range of 1000 to
2800, if possible.
[0053] The total pore volume of the secondary graphite particle may range from 3 cm3/g to 30 cm3/g, and the specific
surface area may range from 1 m2/g to 10 m2/g. Accordingly, the secondary lithium battery using the secondary graphite
particle having such specific surface area and/or pore volume can ensure a structure with more pores within the negative
electrode, thus can provide enhanced input and output characteristic as well as enhanced swelling characteristic, or
enhanced charging and discharging capacity characteristic.
[0054] The binder may use, for example, petroleum, coal, artificial pitch, tar, or the like, although not specifically limited
thereto.
[0055] The catalyst may use carbide, oxide or nitride such as silicon, iron, nickel, titanium, boron, etc., in an amount
of 1 wt% to 50 wt% over 100 wt% as a total weight of the initial particles and the binder, although not specifically limited
thereto.
[0056] Further, the secondary graphite particle according to the present disclosure may preferably be in a sphere
shape with an aspect ratio ranging from 1 to 1.5. If the negative electrode is prepared with the negative electrode active
material having the secondary graphite particle with an aspect ratio exceeding the range mentioned above, problems
such as deformation, elongation or fracture of the current collector can occur, thus deteriorating high density of the active
material layer. Further, when the secondary graphite particle has an aspect ratio considerably out of the sphere shape,
i.e, out of the range mentioned above, the orientation in the c-axis direction can increase, which can deteriorate swelling
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characteristic of the secondary lithium battery having the secondary graphite particle as the negative electrode active
material. Further, a negative electrode prepared with the negative electrode active material comprising such secondary
graphite particle can give negative effect on the large pore distribution, which will also eventually lead into deteriorated
input and output characteristic of the secondary lithium battery having the secondary graphite particle.
[0057] The average particle diameter of the secondary graphite particle may range from 10 mm to 30 mm, and the
peak intensity ratio I002/I110 of (002) plane and (110) plane may range from 200 to 400, and the peak intensity ratio
I004/I110 of (004) plane and (110) plane may range from 10 to 25. The peak intensity ratio may be obtained by the X-ray
diffraction which may be performed in the same manner as described above.
[0058] According to the present disclosure, the secondary graphite particle comprises the initial natural graphite particle
coated with amorphous carbon material of high capacity and high output, and the initial artificial graphite particle of high
cycle characteristic and excellent swelling characteristic, and can thus exhibit not only high capacity and high output
characteristic, but also excellent cycle characteristic and swelling characteristic. Furthermore, when the secondary
graphite particle is used as the negative electrode active material, the micropores present within the secondary graphite
particle can act as a buffer, which can thus provide stronger rollability compared to the negative electrode active material
comprising a simple mixture of heterogeneous graphite, against deformation or decomposition during relatively strong
rolling, and as a result, provide high density active material layer.
[0059] As described above, the secondary graphite particle according to the present disclosure may be included in
the negative electrode active material for use in the secondary battery, and a method for preparing the negative electrode
active material may be summarized as follows.
[0060] First, the method of preparing the secondary graphite particle may include a process of: preparing an initial
natural graphite particle coated with amorphous carbon material by mixing an amorphous carbon material precursor
with an initial natural graphite particle and heating the same; graphitizing, by heating one or more selected from the
group consisting of coal-derived heavy oil, petroleum-derived heavy oil, tar, pitch and cokes at 500 to 3000°C into a
powder state, initial artificial graphite particle; mixing the initial natural graphite particle coated with amorphous carbon
material, the initial artificial graphite particle, a binder and a catalyst; and heating at 1000 to 2800°C.
[0061] Meanwhile, a method for preparing a negative electrode active material comprising the secondary graphite
particle according to the present disclosure is not limited to any specific example only, but other methods may be applied.
For one example (which does not form part of the present invention), the method for preparing a secondary graphite
particle may include steps of: assembling a secondary particle by mixing an initial natural graphite particle and a soft
carbon particle; and graphitizing the assembled secondary particle into a powder state, by heating at 3000 to 3200°C.
[0062] In other words, the negative electrode active material comprising the secondary graphite particle prepared by
the two methods exemplified above can exhibit excellent capacity characteristic as a result of the crystalline characteristic
of the constituent materials, i.e., the initial natural graphite particle coated with amorphous carbon material and the initial
artificial graphite particle, and the secondary graphite particle as described above, and it is thus possible to provide a
secondary battery with enhanced swelling characteristic.
[0063] Additionally, the present disclosure provides a negative electrode for use in a secondary battery, in which a
negative electrode active material slurry comprising the secondary graphite particle for use in a secondary lithium battery
is applied over a current collector.
[0064] According to an exemplary embodiment of the present disclosure, the negative electrode may be prepared by
applying a negative electrode active material comprising the secondary graphite particle on a negative electrode current
collector, drying and rolling the same.
[0065] The negative electrode current collector may generally have a thickness ranging from 3 mm to 500 mm, and its
type is not particularly limited as long as it exhibits high conductivity without causing a chemical change in the battery
concerned. For example, copper, stainless steel, aluminum, nickel, titanium, calcined carbon, or aluminum or stainless
steel surface-treated with carbon, nickel, titanium, or silver may be used as the electrode current collector.
[0066] The negative electrode active material may be prepared by adding to the secondary graphite particle an additive
such as a binder, a conductor, a filler, etc., and mixing the same. Further, a dispersant may be additionally added during
organic material mixing.
[0067] The binder is an ingredient that helps to bind the secondary graphite particle with the conductor, and to the
current collector, which may generally be added in an amount of 1 wt% to 30 wt% over 100 wt% as a total weight of the
secondary graphite particle. While any binder generally known in the art may be used, an example may include a mixture
of one or more, or two or more selected from the group consisting of vinylidene fluoride-hexafluoropropylene copolymer
(PVBF-co-HEP), polyvinylidene fluoride, polyacrylonitrile, polymethaylmethacrylate, polyvinyl alcohol, carboxymethyl
cellulose (CMC), starch, hydroxyproylcellulose, regenerated cellulose, polyvinylpyrrolidone, tetrafluoroethylene, poly-
ethylene, polypropylene, polyacrylic acid, ethylene-propylene-diene monomer (EPDM), sulfonated EPDM, styrene-buty-
lene rubber (SBR) and fluorine rubber, and specifically, a mixture of carboxymethyl cellulose (CMC) and styrene-butylene
rubber (SBR).
[0068] The conductor may generally be added in an amount of 0.05 wt% to 5 wt% over 100 wt% as a total weight of
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the secondary graphite particle. The conductor is not particularly limited as long as it exhibits conductivity without causing
a side reaction with other elements of the battery. For example, graphite such as natural graphite or artificial graphite;
carbon black such as carbon black (super-p), acetylene black, Ketjen black, channel black, furnace black, lamp black,
and thermal black; a conductive fiber such as a carbon fiber or a metal fiber; a metal powder such as fluorocarbon,
aluminum, or nickel powder; a conductive whisker such as zinc oxide or potassium titanate; a conductive metal oxide
such as titanium oxide; or a conductive material such as polyphenylene derivatives, may be used as the conductive agent.
[0069] The filler is an ingredient for suppressing the expansion of an electrode, and whether or not to use the filler
may be determined according to need. The type of filler is not particularly limited as long as it is a fibrous material that
does not cause a chemical change in the battery concerned. For example, an olefin polymer such as polyethylene or
polypropylene; or a fibrous material, such as glass fiber or carbon fiber, may be used as the filler.
[0070] The dispersant (dispersion) is not limited to any specific example, but may be isopropyl alcohol, N-methylpyr-
rolidone (NMP), or acetone, for example.
[0071] The method of applying is not particularly limited but may be carried out using a method well known in the art,
for example, by distributing the negative electrode active material over the negative electrode current collector and
thereafter evenly dispersing the same using a doctor blade, etc. Besides, a method such as die casting, comma coating,
or screen printing may be used to carry out the applying.
[0072] The method of drying is not particularly limited but may be carried out in a 50 to 200 vacuum oven within 1 day.
[0073] Moreover, the present invention provides a secondary lithium battery which includes a positive electrode, a
negative electrode, a separator interposed between the positive electrode and the negative electrode, and an electrolyte.
[0074] According to an exemplary embodiment of the present disclosure, the secondary lithium battery may include
a negative electrode applied with a negative electrode active material comprising a secondary graphite particle which
is formed as a result of aggregation, bonding or assembly of an initial natural graphite particle coated with amorphous
carbon material with an initial artificial graphite particle, a positive electrode, a separator interposed between the negative
electrode and the positive electrode, and an electrolyte.
[0075] The positive electrode may be prepared by applying a positive electrode active material on one upper surface
of a positive electrode current collector and drying the same, in which the positive electrode active material may contain
an additive such as a binder, a conductor, a filler and a dispersant.
[0076] The positive electrode current collector may be same as the negative electrode current collector mentioned
above, or included therein.
[0077] The additive such as binder, conductor, filler or dispersant used for the positive electrode may be same as
those used for the preparation of the negative electrode mentioned above, or may be included therein.
[0078] While any known positive electrode active material may be used without limiting, an example of the positive
electrode active material may be a compound comprising lithium intercalation material as a main ingredient, such as a
layered compound such as lithium cobalt oxide (LiCoO2) or lithium nickel oxide (LiNiO2), or a compound substituted with
one or more transition metals; lithium manganese oxide (LiMnO2); lithium copper oxide (Li2CuO2); vanadium oxide; in
situ lithiated nickel oxide; lithium manganese complex oxide, desulfide compound or a complex oxide formed by a
combination thereof.
[0079] The separator may be an electrically insulating thin film having high ion permeability and mechanical strength,
and may generally have a pore diameter ranging from 0.01 mm to 10 mm and a thickness ranging from 5 mm to 300 mm.
For such a separator, a porous polymer film, for example, a porous polymer film which is manufactured from a polyolefin
polymer, such as ethylene homopolymer, propylene homopolymer, ethylene/butene copolymer, ethylene/hexene copol-
ymer, and ethylene/methacrylate copolymer, may be used either alone or as a laminate. Alternatively, a common porous
nonwoven fabric, for example, a nonwoven fabric made of a glass fiber with a high melting point, polyethylene tereph-
thalate fiber, or the like, may be used. However, the type of separator is not limited to these examples.
[0080] In addition, the electrolyte may include an organic solvent and a lithium salt that are commonly used in elec-
trolytes, but not specifically limited thereto.
[0081] The negative ion of the lithium salt may be one or more selected from the group consisting of F-, Cl-, 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, (CF3CO2)2CH, (SF5)3C-, (CF3SO2)3C, CF3(CF2)7SO3
-, CF3CO2

-, CH3CO2
-

, SCN- and (CF3CF2SO2)2N-.
[0082] The organic solvent may be one or more selected from the group consisting of: propylene carbonate, ethylene
carbonate, diethyl carbonate, dimethyl carbonate, ethyl methyl carbonate, methyl propyl carbonate, dipropyl carbonate,
dimethyl sulfoxide, acetonitrile, dimethoxyethane, diethoxyethane, vinylene carbonate, sulfolane, γ-butyrolactone, pro-
pylene sulfite, and tetrahydrofuran.
[0083] Particularly, among the carbonate based organic solvents, ethylene carbonate and propylene carbonate, which
are cyclic carbonates, may preferably be used, as they are organic solvents of high viscosity and have a high dielectric
constant and thus effectively dissociate lithium salts in an electrolyte. More preferably, such a cyclic carbonate, dimethyl
carbonate, and a linear carbonate of low viscosity and low dielectric constant, such as diethyl carbonate, may be used
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as they can be mixed at a suitable ratio to make an electrolyte having high electric conductivity.
[0084] In addition, the electrolyte may additionally include pyridine, triethyl phosphate, triethanolamine, cyclic ethers,
ethylenediamine, n-glyme, hexaphosphoric acid triamide, nitrobenzene derivatives, sulfur, quinoneimine dye, N-substi-
tuted oxazolidinone, N,N-substituted imidazolidine, ethylene glycol dialkyl ethers, ammonium salts, pyrrole, 2-methox-
yethanol, trichloroaluminium, etc. as needed, in order to improve charging and discharging characteristics, flame resist-
ance, etc. In some cases, the electrolyte may additionally include a halogen-containing solvent, such as carbon tetra-
chloride or trifluoroethylene, to achieve nonflammability; carbon dioxide gas to improve high-temperature storage char-
acteristics; or fluoroethylene carbonate (FEC), propene sulfone (PRS), fluoropropylene carbonate (FPC), or the like.
[0085] The secondary lithium battery according to the present disclosure may be manufactured by forming an electrode
assembly in which a separator is interposed between a positive electrode and a negative electrode, followed by inserting
the electrode assembly into a cylindrical or angular shape battery case and then injecting an electrolyte. Alternatively,
the battery may be manufactured by impregnating the electrode assembly with an electrolyte, following the lamination
of the electrode assembly, and thereafter inserting the resulting product into a battery case and sealing the case.
[0086] The battery case used in the present disclosure may be any of those typically used in the art. The outer shape
of the battery case is not particularly limited according to the use of the battery, but may be, for example, a cylindrical
shape using a can, an angular shape, a pouch-like shape, or a coin-like shape.
[0087] The lithium secondary battery according to the present disclosure may be used not only for a battery cell which
is used as a power source for small devices, but also as a unit cell in a medium-to-large battery module comprising
multiple battery cells. Suitable examples of the medium-to-large device include, but are not limited to, electric vehicles,
hybrid electric vehicles, plug-in hybrid electric vehicles, power storage systems, etc.

EXAMPLES

[0088] Hereinafter, the present disclosure will be described in further detail using the following examples and exper-
imental example. However, the following examples and experimental example are provided only to exemplify the present
invention, and thus the scope of the present invention is not limited to these examples.

Preparation Example 1

[0089] A mixture was prepared, including therein 50 wt% of initial natural graphite particle coated with amorphous
carbon material (in which crystallite size in a-axis direction is 50 nm, crystallite size in c-axis direction is 30 nm, d-spacing
d002 of (002) plane is 0.3360 nm, and particle diameter is 5 mm) (coating amount: 2%), and 50 wt% of initial artificial
graphite particle (in which crystallite size in a-axis direction is 30 nm, crystallite size in c-axis direction is 20 nm, d-spacing
d002 of (002) plane is 0.3370 nm, and particle diameter is 5 mm). The mixture was then added with the binder and the
catalyst, and heated at 2800 under nitrogen atmosphere. As a result, the secondary graphite particle was prepared. For
the initial artificial graphite particle, cokes artificial graphite was used.
[0090] A negative electrode active material slurry was prepared by mixing 96 wt% of the prepared secondary graphite
particle with 1 wt% of carbon black conductor, 1.5 wt% of carboxymethyl cellulose (CMC), and 1.5 wt% of styrene-
butadiene rubber (SBR), and then applied onto copper foil to 150 mm of thickness. After rolling and drying, negative
electrode was prepared.

Preparation Example 2

[0091] The secondary graphite particle was prepared and the negative electrode was prepared with almost the same
method as described above with reference to Preparation Example 1, except for using mosaic artificial graphite for the
initial artificial graphite particle.

Preparation Example 3

[0092] The secondary graphite particle was prepared and the negative electrode was prepared with almost the same
method as described above with reference to Preparation Example 1, except for using MCMB type artificial graphite for
the initial artificial graphite particle.

Comparative Preparation Example 1

[0093] The negative electrode was prepared with almost the same method as described above with reference to
Preparation Example 1, except for using a mixture of natural graphite coated with amorphous carbon material and
artificial graphite at a 5:5 weight ratio, instead of the secondary graphite particle.
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Comparative Preparation Example 2

[0094] The negative electrode was prepared with almost the same method as described above with reference to
Preparation Example 1, except for preparing the secondary graphite particle with a plurality of initial artificial graphite
particles (single material) instead of the initial natural graphite particle coated with amorphous carbon material.

Preparation Example 4

[0095] The secondary graphite particle was prepared and the negative electrode was prepared with almost the same
method as described above with reference to Preparation Example 1, except for setting heating at 2500 °C.

Comparative Preparation Example 3

[0096] The secondary graphite particle was prepared and the negative electrode was prepared with almost the same
method as described above with reference to Preparation Example 1, except for setting heating at 800 °C.

Comparative Preparation Example 4

[0097] The secondary graphite particle was prepared and the negative electrode was prepared with almost the same
method as described above with reference to Preparation Example 1, except for setting heating at 3000 °C.

Example 1

1) Preparation of coin-type half cell

[0098] After punching out the counter electrode (lithium metal foil was used as the counter electrode) and the negative
electrode prepared at Preparation Example 1-1 and building into a coin shape, 1 mol/LiPF6 carbonate electrolyte with
2 wt% vinyl chloride (VC) dissolved therein was injected to form a coin-type half cell.

2) Preparation of monocell

[0099] The positive electrode active material slurry was prepared by mixing 96 wt% LiCoO2, 2 wt% carbon black, and
2 wt% polyfluorovinylidene as the positive electrode active materials, and further adding N-methyl-2-pyrrolidone (NMP)
and mixing the same, and the positive electrode was prepared by applying the prepared positive electrode active material
slurry onto an aluminum foil to a 130 mm thickness, and performing rolling and drying.
[0100] After punching out the positive electrode and the negative electrode prepared at Preparation Example 1 to a
34 cm2 size, 1 mol/LiPF6 carbonate electrolyte with 2 wt% vinyl chloride (VC) dissolved therein was injected to form a
polymer cell-type monocell.

Example 2

[0101] A coin-type half cell and a monocell were prepared in the same manner as Example 1-1 described above,
except for a difference of using the negative electrode prepared at Preparation Example 2 as a negative electrode.

Example 3

[0102] A coin-type half cell and a monocell were prepared in the same manner as Example 1-1 described above,
except for a difference of using the negative electrode prepared at Preparation Example 3 as a negative electrode.

Comparative Example 1

[0103] A coin-type half cell and a monocell were prepared in the same manner as Example 1-1 described above,
except for a difference of using the negative electrode prepared at Comparative Preparation Example 1 as a negative
electrode.

Comparative Example 2

[0104] A coin-type half cell and a monocell were prepared in the same manner as Example 1-1 described above,
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except for a difference of using the negative electrode prepared at Comparative Preparation Example 2 as a negative
electrode.

Example 4

[0105] A coin-type half cell and a monocell were prepared in the same manner as Example 1-1 described above,
except for a difference of using the negative electrode prepared at Preparation Example 4 as a negative electrode.

Comparative Example 3

[0106] A coin-type half cell and a monocell were prepared in the same manner as Example 1-1 described above,
except for a difference of using the negative electrode prepared at Comparative Preparation Example 3 as a negative
electrode.

Comparative Example 4

[0107] A coin-type half cell and a monocell were prepared in the same manner as Example 1-1 described above,
except for a difference of using the negative electrode prepared at Comparative Preparation Example 4 as a negative
electrode.

Experimental Example 1: Swelling characteristic evaluation based on materials

[0108] The swelling characteristics of the coin-type half cells prepared at Examples 1 to 3 and Comparative Examples
1 and 2 were compared and analyzed. The thicknesses of the respective cells were measured with real-time thickness
measurement equipment. The results are shown in FIG. 1.
[0109] As shown in FIG. 1, it was observed that, overall, the coin-type half cells of Examples 1 to 3 prepared with the
negative electrode comprising the secondary graphite particle according to the present disclosure as its negative electrode
active material exhibited superior swelling characteristic compared to the coin-type half cells of Comparative Examples
1 and 2.
[0110] In particular, among the artificial graphites, the coin-type half cell of Example 2 using the mosaic artificial graphite
and the coin-type half cell of Example 3 using the MCMB type artificial graphite exhibited significantly enhanced swelling
characteristic, compared to the coin-type half cell of Comparative Example 1 which used simple method of mixing the
initial particles or to the coin-type half cell of Comparative Example 2 which used the secondary graphite particle prepared
with a plurality of homogeneous initial artificial graphite particles.

Experimental Example 2: Swelling characteristic evaluation based on heating temperature

[0111] The swelling characteristics of the coin-type half cells prepared at Example 4 and Comparative Examples 3
and 4 were compared and analyzed. The thicknesses of the respective cells were measured with real-time thickness
measurement equipment. The results are shown in FIG. 4.
[0112] As shown in FIG. 4, it was observed that, overall, the coin-type half cell of Example 4 prepared with the negative
electrode comprising the secondary graphite particle according to the present disclosure as its negative electrode active
material exhibited higher swelling characteristic compared to the coin-type half cells of Comparative Examples 3 and 4.
[0113] That is, it was confirmed that heat treatment set at an approximate temperature range from 1000 to 2800°C
resulted better swelling characteristic, while the swelling characteristic deteriorated outside such temperature range.

Experimental Example 3: Capacity characteristic evaluation

[0114] The capacity characteristics of the coin-type half cells prepared at Examples 1 to 3 and Comparative Examples
1 and 2 were compared and analyzed.
[0115] After charging each cell at 25, at a rate of 0.1 C by CC/CV and then discharging down to 1.5 V at a rate of 0.1
C by CC, charging and discharging capacities were measured. The charging and discharging efficiency and discharge
rate characteristic were analyzed based on the same. The results are shown in FIG. 2.
[0116] As shown in FIG. 2, it was observed that, overall, the coin-type half cells of Examples 1 to 3 prepared with the
negative electrode comprising the secondary graphite particle according to the present disclosure as its negative electrode
active material exhibited a bit higher or similar capacity characteristic with respect to the coin-type half cells of Comparative
Examples 1 and 2.
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Experimental Example 4: Cycle characteristic evaluation

[0117] The input and output characteristics of the monocells prepared at Examples 1 to 3 and Comparative Examples
1 and 2 were compared and analyzed.
[0118] Each of the monocells at 25 were repeatedly charged and discharged in sequence of charging and discharging
condition of 0.2C/0.2C, 0.2C/0.5C, 0.2C/1.0C, 0.2C/2.0C, and capacity retention ratio was analyzed based on the charge-
discharge rate. The results are shown in FIG. 3.
[0119] As shown in FIG. 3, it was observed that, overall, the monocells of Examples 1 to 3 prepared with the negative
electrode comprising the secondary graphite particle according to the present disclosure as its negative electrode active
material exhibited rather higher capacity retention ratio compared to the monocells of Comparative Examples 1 and 2.

Claims

1. A negative electrode active material, comprising:

a secondary graphite particle assembled with an initial natural graphite particle coated with amorphous carbon
material, and an initial artificial graphite particle,
characterised in that, by X-ray powder diffraction, a size of a crystallite of the initial natural graphite particle
in an a-axis direction ranges from 45 nm to 55 nm, and a size of a crystallite of the initial natural graphite particle
in a c-axis direction ranges from 25 nm to 35 nm,
and a size of a crystallite of the initial artificial graphite particle in an a-axis direction ranges from 35 nm to 45
nm, and a size of a crystallite of the initial artificial graphite particle in a c-axis direction ranges from 15 nm to 30 nm.

2. The negative electrode active material as set forth in claim 1, wherein the secondary graphite particle has a total
pore volume from 3 to 30 cm3/g.

3. The negative electrode active material as set forth in claim 1, wherein the secondary graphite particle has a specific
surface area from 1 to 10 m2/g.

4. The negative electrode active material as set forth in claim 1, wherein the initial natural graphite particle has a d-
spacing d002 of (002) plane from 0.3355 nm to 0.3365 nm, by X-ray powder diffraction.

5. The negative electrode active material as set forth in claim 1, wherein, by X-ray electrode diffraction, the initial natural
graphite particle has a peak intensity ratio I002/I110 of (002) plane and (110) plane from 550 to 650, and a peak
intensity ratio I004/I110 of (004) plane and (110) plane from 25 to 35.

6. The negative electrode active material as set forth in claim 1, wherein the initial natural graphite particle has an
average particle diameter from 2 to 10 mm.

7. The negative electrode active material as set forth in claim 1, wherein the artificial graphite is one or more selected
from the group consisting of needle cokes artificial graphite, mosaic cokes artificial graphite, and meso-carbon
microbead (MCMB) type artificial graphite.

8. The negative electrode active material as set forth in claim 1, wherein the initial artificial graphite particle has a d-
spacing d002 of (002) plane from 0.3365 to 0.3380 nm, by X-ray powder diffraction.

9. The negative electrode active material as set forth in claim 1, wherein, by X-ray electrode diffraction, the initial
artificial graphite particle has a peak intensity ratio I002/I110 of (002) plane and (110) plane from 50 to 150, and a
peak intensity ratio I004/I110 of (004) plane and (110) plane from 5 to 15.

10. The negative electrode active material as set forth in claim 1, wherein the initial artificial graphite particle has an
average particle diameter from 2 to 10 mm.

11. The negative electrode active material as set forth in claim 1, wherein the secondary graphite particle has an average
particle diameter from 10 to 30 mm.

12. The negative electrode active material as set forth in claim 1, wherein the secondary graphite particle has an aspect
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ratio from 1 to 1.5.

13. The negative electrode active material as set forth in claim 1, wherein, by X-ray electrode diffraction, the secondary
graphite particle has a peak intensity ratio I002/I110 of (002) plane and (110) plane from 200 to 400, and a peak
intensity ratio I004/I110 of (004) plane and (110) plane from 10 to 25.

14. A method of preparing a negative electrode active material of claim 1, comprising steps of:

mixing an amorphous carbon precursor with an initial natural graphite particle and heating the same to prepare
an initial natural graphite particle coated with amorphous carbon material;
preparing an initial artificial graphite particle by powder graphitizing one or more selected from the group con-
sisting of coal-derived heavy oil, petroleum-derived heavy oil, tar, pitch, and cokes, by heating at 500 to 3000°C;
mixing the initial natural graphite particle coated with amorphous carbon material, the initial artificial graphite
particle, a binder and a catalyst; and
heating at 1000 to 2800°C to prepare a secondary graphite particle by.

15. The method as set forth in claim 14, wherein the amorphous carbon material is prepared with one or more selected
from the group consisting of a petroleum-derived heavy oil and a pitch oil.

16. The method as set forth in claim 14, wherein an amount of the amorphous carbon material coated on the initial
natural graphite particle is above 0% but not more than 30%.

17. The method as set forth in claim 14, wherein the secondary graphite particle includes the initial natural graphite
particle coated with amorphous carbon material and the initial artificial graphite particle at a weight ratio of 3:7 to 7:3.

Patentansprüche

1. Negativelektrodenaktivmaterial, umfassend:

ein sekundäres Graphitteilchen, in dem ein natürliches Ausgangsgraphitteilchen, das mit amorphem Kohlen-
stoffmaterial beschichtet ist, und ein künstliches Ausgangsgraphitteilchen zusammengefügt sind,
dadurch charakterisiert, dass gemäß Röntgenpulverdiffraktometrie eine Größe eines Kristalliten des natürlichen
Ausgangsgraphitteilchens in einer a-Achsen-Richtung im Bereich von 45 nm bis 55 nm liegt, und eine Größe
eines Kristalliten des natürlichen Ausgangsgraphitteilchens in einer a-c-Achsen-Richtung im Bereich von 25
nm bis 35 nm liegt,
und eine Größe eines Kristalliten des künstlichen Ausgangsgraphitteilchens in einer a-Achsen-Richtung im
Bereich von 35 nm bis 45 nm liegt, und eine Größe eines Kristalliten des künstlichen Ausgangsgraphitteilchens
in einer a-c-Achsen-Richtung im Bereich von 15 nm bis 30 nm liegt.

2. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das sekundäre Graphitteilchen ein Gesamtporenvolumen
von 3 bis 30 cm3/g aufweist.

3. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das sekundäre Graphitteilchen eine spezifische Ober-
fläche von 1 bis 10 m2/g aufweist.

4. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das natürliche Ausgangsgraphitteilchen gemäß Rönt-
genpulverdiffraktometrie einen d-Abstand d002 der (002)-Ebene von 0,3355 nm bis 0,3365 nm aufweist.

5. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das natürliche Ausgangsgraphitteilchen gemäß Rönt-
gendiffraktometrie der Elektrode ein Peak-Intensitätsverhältnis I002/I110 der (002)-Ebene und (110)-Ebene von 550
bis 650 und ein Peak-Intensitätsverhältnis I004/I110 der (004)-Ebene und (110)-Ebene von 25 bis 35 aufweist.

6. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das natürliche Ausgangsgraphitteilchen einen mittleren
Teilchendurchmesser von 2 bis 10 mm aufweist.

7. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei der künstliche Graphit ein oder mehrere Vertreter, aus-
gewählt aus der Gruppe, bestehend aus künstlichem Nadelkoks-Graphit, künstlichem Mosaikkoks-Graphit und
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künstlichem Graphit vom meso-Kohlenstoff-Mikroperlen (MCMB)-Typ, ist.

8. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das künstliche Ausgangsgraphitteilchen gemäß Rönt-
genpulverdiffraktometrie einen d-Abstand d002 der (002)-Ebene von 0,3365 nm bis 0,3380 nm aufweist.

9. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das künstliche Ausgangsgraphitteilchen gemäß Rönt-
gendiffraktometrie der Elektrode ein Peak-Intensitätsverhältnis I002/I110 der (002)-Ebene und (110)-Ebene von 50
bis 150 und ein Peak-Intensitätsverhältnis I004/I110 der (004)-Ebene und (110)-Ebene von 5 bis 15 aufweist.

10. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das künstliche Ausgangsgraphitteilchen einen mittleren
Teilchendurchmesser von 2 bis 10 mm aufweist.

11. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das sekundäre Graphitteilchen einen mittleren Teilchen-
durchmesser von 10 bis 30 mm aufweist.

12. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das sekundäre Graphitteilchen ein Aspektverhältnis von
1 bis 1,5 aufweist.

13. Negativelektrodenaktivmaterial gemäß Anspruch 1, wobei das sekundäre Graphitteilchen gemäß Röntgendiffrak-
tometrie der Elektrode ein Peak-Intensitätsverhältnis I002/I110 der (002)-Ebene und (110)-Ebene von 200 bis 400
und ein Peak-Intensitätsverhältnis I004/I110 der (004)-Ebene und (110)-Ebene von 10 bis 25 aufweist.

14. Verfahren zur Herstellung eines Negativelektrodenaktivmaterials gemäß Anspruch 1, das die Schritte umfasst:

Mischen eines amorphen Kohlenstoffvorläufers mit einem natürlichen Ausgangsgraphitteilchen und Erwärmen
davon, um ein natürliches Ausgangsgraphitteilchen, das mit amorphem Kohlenstoffmaterial beschichtet ist,
herzustellen;
Herstellen eines künstlichen Ausgangsgraphitteilchens durch Pulver-Graphitieren eines oder mehrerer Vertre-
ter, ausgewählt aus der Gruppe, bestehend aus von Kohle-stammendem Schweröl, von Petroleum-stammen-
dem Schweröl, Teer, Pech und Koks, durch Erwärmen bei 500 bis 3000 °C;
Mischen des natürlichen Ausgangsgraphitteilchens, das mit amorphem Kohlenstoffmaterial beschichtet ist, des
künstlichen Ausgangsgraphitteilchens, eines Bindemittels und eines Katalysators; und
Erwärmen bei 1000 bis 2800 °C, um dadurch ein sekundäres Graphitteilchen herzustellen.

15. Verfahren gemäß Anspruch 14, wobei das amorphe Kohlenstoffmaterial mit einem oder mehreren, ausgewählt aus
der Gruppe, bestehend aus einem Petroleum-abgeleitetem Schweröl und einem Pechöl hergestellt wird.

16. Verfahren gemäß Anspruch 14, wobei die Menge des amorphen Kohlenstoffmaterials, mit dem das natürliche
Ausgangsgraphitteilchen beschichtet ist, über 0%, aber nicht mehr als 30% beträgt.

17. Verfahren gemäß Anspruch 14, wobei das sekundäre Graphitteilchen das natürliche Ausgangsgraphitteilchen, das
mit amorphem Kohlenstoffmaterial beschichtet ist, und das künstliche Ausgangsgraphitteilchen in einem Gewichts-
verhältnis von 3:7 bis 7:3 enthält.

Revendications

1. Matériau actif d’électrode négative, comprenant :

une particule secondaire de graphite assemblée avec une particule initiale de graphite naturel revêtue de
matériau de carbone amorphe, et une particule initiale de graphite artificiel,
caractérisé en ce que, par diffraction de rayons X sur poudres, une taille d’une cristallite de la particule initiale
de graphite naturel dans une direction d’axe a va de 45 nm à 55 nm, et une taille d’une cristallite de la particule
initiale de graphite naturel dans une direction d’axe c va de 25 nm à 35 nm,
et une taille d’une cristallite de la particule initiale de graphite artificiel dans une direction d’axe a va de 35 nm
à 45 nm, et une taille d’une cristallite de la particule initiale de graphite artificiel dans une direction d’axe c va
de 15 nm à 30 nm.
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2. Matériau actif d’électrode négative selon la revendication 1, dans lequel la particule secondaire de graphite a un
volume de pores total de 3 à 30 cm3/g.

3. Matériau actif d’électrode négative selon la revendication 1, dans lequel la particule secondaire de graphite a une
surface spécifique de 1 à 10 m2/g.

4. Matériau actif d’électrode négative selon la revendication 1, dans lequel la particule initiale de graphite naturel a un
espacement d d002 du plan (002) de 0,3355 nm à 0,3365 nm, par diffraction de rayons X sur poudres.

5. Matériau actif d’électrode négative selon la revendication 1, dans lequel, par diffraction de rayons X d’électrode, la
particule initiale de graphite naturel a un rapport d’intensités de crête I002/I110 du plan (002) et du plan (110) de 550
à 650, et un rapport d’intensités de crête I004/I110 du plan (004) et du plan (110) de 25 à 35.

6. Matériau actif d’électrode négative selon la revendication 1, dans lequel la particule initiale de graphite naturel a un
diamètre de particule moyen de 2 à 10 mm.

7. Matériau actif d’électrode négative selon la revendication 1, dans lequel le graphite artificiel est un ou plusieurs
choisi(s) dans le groupe constitué du graphite artificiel de cokes en aiguilles, du graphite artificiel de cokes en
mosaïque et du graphite artificiel de type microbille de méso-carbone (MCMB).

8. Matériau actif d’électrode négative selon la revendication 1, dans lequel la particule initiale de graphite artificiel a
un espacement d d002 du plan (002) de 0,3365 à 0,3380 nm, par diffraction de rayons X sur poudres.

9. Matériau actif d’électrode négative selon la revendication 1, dans lequel, par diffractions de rayons X d’électrode,
la particule initiale de graphite artificiel a un rapport d’intensités de crête I002/I110 du plan (002) et du plan (110) de
50 à 150, et un rapport d’intensités de crête I004/I110 du plan (004) et du plan (110) de 5 à 15.

10. Matériau actif d’électrode négative selon la revendication 1, dans lequel la particule initiale de graphite artificiel a
un diamètre de particule moyen de 2 à 10 mm.

11. Matériau actif d’électrode négative selon la revendication 1, dans lequel la particule secondaire de graphite a un
diamètre de particule moyen de 10 à 30 mm.

12. Matériau actif d’électrode négative selon la revendication 1, dans lequel la particule secondaire de graphite a un
rapport d’aspect de 1 à 1,5.

13. Matériau actif d’électrode négative selon la revendication 1, dans lequel, par diffraction de rayons X d’électrode, la
particule secondaire de graphite a un rapport d’intensités de crête I002/I110 du plan (002) et du plan (110) de 200 à
400, et un rapport d’intensités de crête I004/I110 du plan (004) et du plan (110) de 10 à 25.

14. Procédé de préparation d’un matériau actif d’électrode négative selon la revendication 1, comprenant les étapes
suivantes :

le mélange d’un précurseur de carbone amorphe avec une particule initiale de graphite naturel et le chauffage
de celui-ci pour préparer une particule initiale de graphite naturel revêtue de matériau de carbone amorphe ;
la préparation d’une particule initiale de graphite artificiel par graphitisation en poudre d’un ou plusieurs choisis
dans le groupe constitué d’huile lourde dérivée du charbon, d’huile lourde dérivée du pétrole, de goudron, de
brai et de cokes, par chauffage entre 500 et 3000 °C ;
le mélange de la particule initiale de graphite naturel avec un matériau de carbone amorphe, la particule initiale
de graphite artificiel, un liant et un catalyseur; et
le chauffage entre 1000 et 2800 °C pour préparer ainsi une particule secondaire de graphite.

15. Procédé selon la revendication 14, dans lequel le matériau de carbone amorphe est préparé avec une ou plusieurs
choisie(s) dans le groupe constitué d’une huile lourde dérivée du pétrole et d’une huile de brai.

16. Procédé selon la revendication 14, dans lequel une quantité du matériau de carbone amorphe revêtu sur la particule
initiale de graphite naturel est supérieure à 0 % mais ne dépasse pas 30 %.
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17. Procédé selon la revendication 14, dans lequel la particule secondaire de graphite comporte la particule initiale de
graphite naturel revêtue du matériau de carbone amorphe et la particule initiale de graphite artificiel à un rapport
en poids de 3:7 à 7:3.
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