EP 3 694 030 B1

(19)

(12)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(1) EP 3694 030 B1

EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention (51) International Patent Classification (IPC):
of the grant of the patent: HO1M 4/36 (1974.07) HO1M 4/587 (2010.01)
15.02.2023 Bulletin 2023/07 HO1M 4/38 (197497 HO1M 4/485 07027
HO1M 4/62 (1974.07) HO1M 10/0525 (2010-07)
(21) Application number: 18875222.4 HO1M 4/134 (2010.97 HO1M 4/48 (197400
HO1M 4/58 (1974.07) HO1M 4/133(2010.01)
(22) Date of filing: 09.11.2018 HO1M 4/02 7427
(52) Cooperative Patent Classification (CPC):
HO1M 4/134; HO1M 4/133; HO1M 4/366;
HO01M 4/386; HO1M 4/483; HO1M 4/5825;
HO01M 4/587; HO1M 4/62; HO1M 4/625;
HO01M 10/0525; HO1M 2004/027; YO2E 60/10
(86) International application number:
PCT/KR2018/013636
(87) International publication number:
WO 2019/093820 (16.05.2019 Gazette 2019/20)
(54) NEGATIVE ELECTRODE ACTIVE MATERIAL, NEGATIVE ELECTRODE COMPRISING SAME
NEGATIVEELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY COMPRISING SAME
NEGATIVE ELECTRODE
NEGATIVELEKTRODENAKTIVMATERIAL, NEGATIVELEKTRODE MIT DIESEM
NEGATIVELEKTRODENAKTIVMATERIAL UND SEKUNDARBATTERIE MIT NEGATIVELEKTRODE
MATERIAU ACTIF D’ELECTRODE NEGATIVE, ELECTRODE NEGATIVE COMPRENANT LEDIT
MATERIAU ACTIF D’ELECTRODE NEGATIVE, ET ACCUMULATEUR COMPRENANT LADITE
ELECTRODE NEGATIVE
(84) Designated Contracting States: * JO, Rae Hwan
AL ATBE BG CH CY CZDE DKEE ES FIFRGB Daejeon 34122 (KR)
GRHRHUIEISITLILTLULVMC MK MT NL NO ¢ LEE, Su Min
PL PT RO RS SE SI SK SM TR Daejeon 34122 (KR)
¢ KIM, Dong Hyuk
(30) Priority: 09.11.2017 KR 20170148837 Daejeon 34122 (KR)
* PARK, Se Mi
(43) Date of publication of application: Daejeon 34122 (KR)
12.08.2020 Bulletin 2020/33 ¢ OH, Il Geun
Daejeon 34122 (KR)
(73) Proprietor: LG Energy Solution, Ltd.
Seoul 07335 (KR) (74) Representative: Hoffmann Eitle
Patent- und Rechtsanwilte PartmbB
(72) Inventors: Arabellastrale 30

CHOI, Jung Hyun
Daejeon 34122 (KR)
LEE, Yong Ju
Daejeon 34122 (KR)
KIM, Eun Kyung
Daejeon 34122 (KR)

(56)

81925 Miinchen (DE)

References cited:
JP-A-2014 071 948
JP-A-2016 066 508
KR-A- 20130 052 397

JP-A- 2015 156 328
KR-A-20100 062 083
KR-A-20140 089 643

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)

(Cont. next page)



EP 3 694 030 B1

KR-A-20170 042 115 US-A1-2005 074 672

YANG YONG ET AL: "Effects of lithium fluoride
coating on the performance of nano-silicon as
anode material for lithium-ion batteries",
MATERIALS LETTERS, vol. 184, 3 August 2016
(2016-08-03), pages 65-68, XP029760714, ISSN:
0167-577X, DOI: 10.1016/J.MATLET.2016.08.006
[retrieved on 2016-08-03]

"A Basic Guide to Particle Characterization",
Malvern Instruments Worldwide - White Paper, 2
May 2012 (2012-05-02), pages 1-26, XP055089322,
Retrieved from the Internet:
URL:http://golik.co.il/Data/ABasicGuidtoPa
rticleCharacterization(2)_1962085150.pdf
[retrieved on 2020-10-26]




10

15

20

25

30

35

40

45

50

55

EP 3 694 030 B1
Description

TECHNICAL FIELD

Cross-reference to Related Applications

[0001] This application claims the benefit of Korean Patent Application No. 10-2017-0148837, filed on November 9,
2017, in the Korean Intellectual Property Office.

Technical Field

[0002] The presentinvention relates to a negative electrode active material, a negative electrode including the same,
and a secondary battery including the negative electrode. Specifically, the negative electrode active material includes
a spherical carbon-based particle; and a carbon layer disposed on the spherical carbon-based particle and including a
nano-particle, wherein the nano-particle has a silicon core; an oxide layer disposed on the silicon core and including
SiO, (0<x< 2), and a coating layer covering at least a portion of the surface of the oxide layer and including LiF.

BACKGROUND ART

[0003] Demands for the use of alternative energy or clean energy are increasing due to the rapid increase in the use
of fossil fuel, and as a part of this trend, the most actively studied field is a field of electricity generation and electricity
storage using an electrochemical reaction.

[0004] Currently, a typical example of an electrochemical device using such electrochemical energy is a secondary
battery and the usage areas thereof are increasing more and more. In recent years, as technology development of and
demand for portable devices such as portable computers, mobile phones, and cameras have increased, demands for
secondary batteries as an energy source have been significantly increased.

[0005] In general, a secondary battery is composed of a positive electrode, a negative electrode, an electrolyte, and
a separator. The negative electrode includes a negative electrode active material for intercalating and deintercalating
lithium ions from the positive electrode, and as the negative electrode active material, a silicon-based particle having
high discharge capacity may be used. However, a silicon-based particle such as SiO, (0< x<2) has low initial efficiency,
and the volume thereof excessively changes during charging and discharging, causing a side reaction with an electrolyte.
Therefore, there arises a problem in that the lifespan and safety of a battery are deteriorated.

[0006] Typically, in order to solve such a problem, there have been attempts to combine a carbon-based material
which has highinitial efficiency and a silicon-based particle (Korean Patent Laid-Open Publication No. 10-2015-0112746).
[0007] However, despite the above-mentioned attempts, the problem of the occurrence of a side reaction between a
silicon-based particle and an electrolyte still exits, and the control of volume expansion is not easy. As a result, the
lifespan and stability of a battery have not been effectively improved.

[0008] Therefore, there is a demand for a negative electrode active material capable of effectively controlling the
volume expansion during charging and discharging and the side reaction with an electrolyte while allowing a battery to
have high capacity and high initial efficiency.

[Prior Art Document]
[Patent Document]

[0009] (Patent Document 1) Korean Patent Laid-Open Publication No. 10-2015-0112746

[0010] US2005/074672 A1 refers to a negative electrode active material comprising: a spherical carbon-based particle;
and a carbon layer disposed on the spherical carbon-based particle and including a nano-particle, wherein the nano-
particle comprises a silicon core.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0011] An aspect of the present invention provides a negative electrode active material which is capable of effectively
controlling the volume expansion during charging and discharging and the side reaction with an electrolyte while allowing

a battery to have high capacity and high initial efficiency, a negative electrode including the same, and a secondary
battery including the negative electrode.
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TECHNICAL SOLUTION

[0012] According to an aspect of the present invention, there is provided a negative electrode active material including
a spherical carbon-based particle and a carbon layer disposed on the spherical carbon-based particle and including a
nano-particle, wherein the nano-particle has a silicon core, an oxide layer disposed on the silicon core and including
SiO, (0<x< 2), and a coating layer covering at least a portion of the surface of the oxide layer and including LiF.
[0013] According to another aspect of the present invention, there are provided a negative electrode including the
negative electrode active material, and a secondary battery including the negative electrode.

ADVANTAGEOUS EFFECTS

[0014] According to a negative electrode active material according to an embodiment of the present invention, the
initial efficiency and discharge capacity of a battery may be improved by a coating layer including LiF, and a side reaction
between a negative electrode active material and an electrolyte and the volume expansion of the negative electrode
active material may be effectively controlled. In addition, the discharge capacity of the battery may be further improved
by using a spherical carbon-based particle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a schematic view of a negative electrode active material of the present invention;

FIG. 2 is a schematic view of a nano-particle included in a negative electrode active material according to the present
invention; and

FIG. 3 is a graph of ToF-SIMS results of Example 1 and Comparative Example 1.

MODE FOR CARRYING OUT THE INVENTION

[0016] Hereinafter, the present invention will be described in more detail to facilitate understanding of the present
invention.

[0017] It will be understood that words or terms used in the specification and claims shall not be interpreted as having
the meaning defined in commonly used dictionaries. It will be further understood that the words or terms should be
interpreted as having a meaning that is consistent with their meaning in the context of the relevant art and the technical
idea of the invention, based on the principle that an inventor may properly define the meaning of the words or terms to
best explain the invention.

[0018] The terminology used herein is for the purpose of describing particular exemplary embodiments only and is
not intended to be limiting of the present invention. In the specification, the terms of a singular form may include plural
forms unless referred to the contrary.

[0019] It will be further understood that the terms "include," "comprise," or "have" when used in this specification,
specify the presence of stated features, numbers, steps, elements, or combinations thereof, but do not preclude the
presence or addition of one or more other features, numbers, steps, elements, or combinations thereof.

[0020] Referring to FIG. 1 and FIG. 2, a negative electrode active material (100) according to an embodiment of the
present invention includes a spherical carbon-based particle (120), and a carbon layer (130) disposed on the spherical
carbon-based particle (120) and including nano-particles (110), wherein the nano-particles (110) each have a silicon
core (111), an oxide layer (112) disposed on the silicon core (111) and including SiO, (0<x< 2), and a coating layer (113)
covering at least a portion of the surface of the oxide layer (112) and including LiF.

[0021] The spherical carbon-based particle (120) may improve the discharge capacity of a battery. In addition, since
the spherical carbon-based particle (120) is spherical, the capacity and efficiency of the battery may be stably secured
even if the silicon content is small. Here, a spherical shape refers not only to a perfect spherical shape having a set of
points where the distance from the center point to the surface thereof is constant, but also to a somewhat round shape,
specifically a shape satisfying a specific sphericity.

[0022] The spherical carbon-based particle (120) may be at least any one selected from the group consisting of natural
graphite, artificial graphite, hard carbon, and soft carbon.

[0023] Sphericity of the spherical carbon-based particle (120) may be 0.5 to 1, specifically 0.55 to 0.95, and more
specifically 0.6 to 0.9. When the above range is satisfied, the agglomeration of the nano-particles (110) is suppressed,
and the capacity, lifespan, and efficiency of the battery may be stably secured. Furthermore, the electrode thickness
change rate may be reduced. The sphericity may be measured through a particle shape analyzer (QICPIC-LIXELL,
Sympatec GmbH). Specifically, a cumulative distribution of the sphericity of the spherical carbon-based particles (120)
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is derived through the particle shape analyzer, and then a sphericity corresponding to 50% of the distribution ratio from
particles having large sphericity may be determined as the sphericity of the spherical carbon-based particles (120).
[0024] Preferably, when the spherical carbon-based particle (120) is natural graphite, the sphericity may be 0.7 to 1,
specifically 0.75 to 0.9. When the spherical carbon-based particle (120) is natural graphite and the above range is
satisfied, the agglomeration of the nano-particles (110) is suppressed, and the capacity, lifespan, and efficiency of the
battery may be stably secured. Furthermore, the electrode thickness change rate may be reduced.

[0025] The average particle diameter (Dgq) of the spherical carbon-based particle (120) may be 2 um to 50 um,
specifically 3 um to 30 um, and more specifically 5 um to 20 um. When the above range is satisfied, the preparation of
a negative electrode active material is facilitated, and the charging and discharging of a battery may be effectively
achieved. In the present specification, the average particle diameter (D5y) may be defined as a particle diameter corre-
sponding to 50% of the volume accumulation in a particle diameter distribution curve. The average particle diameter
(Dgp) may be measured by using, for example, a laser diffraction method. The laser diffraction method generally enables
measurement of a particle diameter of several millimeters from a sub-micron region, so that results of high reproducibility
and high resolution may be obtained.

[0026] The spherical carbon-based particle (120) may be included in an amount of 40 wt% to 95 wt% based on the
total weight of the negative electrode active material (100), specifically 50 wt% to 93 wt%, and more specifically 60 wt%
to 90 wt%. When the above range is satisfied, the carbon particles (120) is prevented from being agglomerated into a
second particle form, so that the preparation of a desired negative electrode active material may be facilitated.

[0027] The carbon layer (130) may be disposed on the spherical carbon-based particle (120). Specifically, the carbon
layer (130) may be present in the form of covering at least a portion of the spherical carbon-based particle (120), and
more specifically the carbon layer (130) may be present in the form of covering all of the spherical carbon-based particle
(120).

[0028] The carbon layer (130) may include at least any one of amorphous carbon and crystalline carbon.

[0029] The crystalline carbon may further improve the conductivity of the negative electrode active material (100). The
crystalline carbon may include at least any one selected from the group consisting of fullerene, carbon nanotube, and
graphene.

[0030] The amorphous carbon may appropriately maintain the strength of the carbon layer (130), thereby suppressing
the expansion of the nano-particles (110). The amorphous carbon may be at least any one carbide selected from the
group consisting of tar, pitch, and other organic materials, or a carbon-based material formed by using hydrocarbon as
a source of chemical vapor deposition.

[0031] The carbide of the other organic materials may be a carbide of an organic material selected from the group
consisting of sucrose, glucose, galactose, fructose, lactose, mannose, ribose, aldohexose or ketohexose carbides and
combinations thereof.

[0032] The hydrocarbon may be substituted or unsubstituted aliphatic or alicyclic hydrocarbon, or substituted or un-
substituted aromatic hydrocarbon. Aliphatic or alicyclic hydrocarbon of the substituted or unsubstituted aliphatic or
alicyclic hydrocarbon may be methane, ethylene, acetylene, propene, butane, butene, pentene, isobutene or hexane,
and the like. Aromatic hydrocarbon of the substituted or unsubstituted aromatic hydrocarbon may be benzene, toluene,
xylene, styrene, ethylbenzene, diphenylmethane, naphthalene, phenol, cresol, nitrobenzene, chlorobenzene, indene,
coumarone, pyridine, anthracene, or phenanthrene, and the like.

[0033] The carbon layer (130) may be included in an amount of 0.5 wt% to 50 wt% based on the total weight of the
negative electrode active material (100), specifically 2 wt% to 35 wt%, and more specifically 5 wt% to 25 wt%. When
the above range is satisfied, a conductive path may be effectively secured. At the same time, since the carbon layer
(130) is capable of strengthening the binding between the nano-particles (110) and the spherical carbon-based particle
(120), the nano-particles (110) may be effectively prevented from being separated from the carbon-based particle (120)
during charging and discharging the battery.

[0034] The thickness of the carbon layer (130) may be 10 nm to 15 um, specifically 15 nm to 10 um, and more
specifically 20 nm to 8 um. When the above range is satisfied, the complexation of nano-particles and a carbon-based
particle may be effectively achieved.

[0035] The carbon layer (130) may include nano-particles. At least a portion of the nano-particles may come into
contact with the spherical carbon-based particle (120). The nano-particles may not be exposed to the outside by the
carbon layer (130). Alternatively, at least a portion of the nano-particles may be exposed to the outside.

[0036] The nano-particles each may include a silicon core, an oxide layer, and a coating layer.

[0037] The silicon core may include Si, and may be specifically made of Si. Accordingly, the capacity of a secondary
battery may be increased.

[0038] The average particle diameter (Dg) of the silicon core may be 40 nm to 400 nm, specifically 60 nm to 200 nm,
and more specifically 80 nm to 150 nm. When the above range is satisfied, the silicon core of a nano size is not easily
broken during charging and discharging of the battery, and the intercalation and de-intercalation of lithium may be
effectively performed.
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[0039] The oxide layer may be disposed on the silicon core. Specifically, the oxide layer may cover at least a portion
of the silicon core.

[0040] The oxide layer may include SiO, (0<x< 2), and may specifically include SiO,. Accordingly, during charging
and discharging of the secondary battery, the excessive volume change of the silicon core may be controlled.

[0041] The thickness of the oxide layer may be 0.01 nm to 20 nm, specifically 0.05 nm to 15 nm, and more specifically
0.1 nm to 10 nm. When the above range is satisfied, the capacity of the secondary battery is maintained, and the
excessive volume change of the silicon core may be effectively controlled.

[0042] The coating layer may cover at least a portion of the surface of the oxide layer. Specifically, the coating layer
may be disposed so as to cover all of the surface of the oxide layer, or disposed so as to cover a portion of the surface.
[0043] The coating layer may include LiF, and may be specifically made of LiF. The LiF of the coating layer may serve
as a kind of SEI film so that a side reaction between the silicon core and the electrolyte may be prevented, and the
lithium ion conductivity may be improved. Furthermore, the excessive volume expansion of the silicon core may be
controlled. Accordingly, the initial efficiency of a negative electrode may be improved. Specifically, although not limited
thereto, the LiF included in the coating layer may be made of a crystalline phase and an amorphous phase by a heat
treatment applied during the production of a negative electrode active material. At this time, the lithium ion conductivity
may be improved by the interface between the crystalline phase and the amorphous phase.

[0044] The LiF may be included in an amount of 0.01 wt% to 25 wt% based on the total weight of the negative electrode
active material (100), specifically 0.05 wt% to 12 wt%, and more specifically 0.2 wt% to 5 wt%. When the above range
is satisfied, a side reaction between the silicon core and the electrolyte may be effectively prevented, and the lithium
ion conductivity may be effectively improved. Furthermore, the excessive volume expansion of the silicon core may be
effectively controlled. As a result, the initial efficiency of the negative electrode may be effectively improved.

[0045] The thickness of the coating layer may be 0.01 nm to 50 nm, specifically 0.05 nm to 15 nm, and more specifically
0.1 nm to 10 nm. When the above range is satisfied, the effect of the coating layer described above may be further
improved.

[0046] The oxide layer may further include lithium silicate. The lithium silicate may be formed when an appropriate
ratio of an oxide layer and a coating layer are heat-treated at a specific heat treatment temperature in the formation of
the carbon layer. That is, the lithium silicate may be a byproduct formed by the reaction of the LiF and the oxide layer.
Since the initial irreversible capacity of a battery may be reduced by the lithium silicate, the initial efficiency of the battery
may be improved. The lithium silicate may include at least any one of Li,SiO3, Li,SiO,, and Li,Si,O5, and may specifically
include Li,SiO3.

[0047] The nano-particles may be included in an amount of 1 wt% to 50 wt% based on the total weight of the negative
electrode active material (100), specifically 2 wt% to 40 wt%, and more specifically 3 wt% to 35 wt%. When the above
range is satisfied, the complexation with the spherical carbon-based particle (120) may be smoothly achieved, and a
side reaction between a negative electrode active material and an electrolyte may be reduced.

[0048] The weight ratio of the spherical carbon-based particle (120) to the nano-particles may be 98:2 to 50:50,
specifically 97.5:2.5 to 55:45, and more specifically 95:5 to 60:40. When the above range is satisfied, the capacity and
efficiency of the battery may be stably secured.

[0049] A method for preparing a negative electrode active material according to another embodiment of the present
invention may include preparing a silicon core having an oxide layer including SiO, (0<x<2) disposed on the surface
thereof; forming a coating layer including LiF on the oxide layer to form a plurality of nano-particles; and disposing a
carbon layer including the nano-particles on a spherical carbon-based particle.

[0050] In the preparing of a silicon core having an oxide layer including SiO, (0<x<2) disposed on the surface thereof,
the oxide layer may be formed by heat treating the silicon core in oxygen or air, or may be formed on the silicon core
through a milling process. However, the present invention is not necessarily limited thereto.

[0051] In the forming of a coating layer including LiF on the oxide layer to form a plurality of nano-particles, the coating
layer may be formed by the following method.

[0052] The coating layer may be formed by a method in which the silicon core having the oxide layer formed thereon
is milled with the LiF and then pulverized and mixed. Alternatively, the coating layer may be formed by dispersing the
silicon core in a solvent, and then mixing with lithium acetate and ammonium fluoride theretogether. Alternatively, the
coating layer may be formed by disposing the LiF on the oxide layer through sputtering. However, the present invention
is not necessarily limited thereto.

[0053] The disposing of a carbon layer including the nano-particles on a spherical carbon-based particle may include
the following method.

[0054] The nano-particles are dispersed in a solvent to prepare a mixed solution. The spherical carbon-based particle
and an organic solution that can be a pitch or carbon source are dispersed in the mixed solution to prepare a slurry. The
slurry may be heat treated and pulverized to form the carbon layer, and at the same time, the nano-particles may be
included in the carbon layer. Alternatively, the slurry may be subjected to spay drying and pulverized to form the carbon
layer. Alternatively, the nano-particles may be mixed with only the spherical carbon-based particle and heat-treated to
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dispose the nano-particles on the spherical carbon-based particle. Thereafter, the carbon layer may be formed by
chemical vapor deposition (CVD) or by mixing an organic material such as a pitch and carbonizing. However, the present
invention is not necessarily limited thereto.

[0055] A negative electrode according to another embodiment of the presentinvention may include a negative electrode
active material, and in this case, the negative electrode active material may be the same as the negative active materials
of the embodiments described above. Specifically, the negative electrode may include a current collector and a negative
electrode active material layer disposed on the current collector. The negative electrode active material layer may include
the negative electrode active material. Furthermore, the negative electrode active material layer may include a binder
and/or a conductive material.

[0056] The current collector is not particularly limited as long as it has conductivity without causing a chemical change
in the battery. For example, as the current collector, copper, stainless steel, aluminum, nickel, titanium, fired carbon, or
aluminum or stainless steel that is surface-treated with one of carbon, nickel, titanium, silver, and the like may be used.
Specifically, a transition metal which adsorbs carbon such as copper and nickel well may be used as the current collector.
The thickness of the current collector may be from 6 um to 20 um, but the thickness of the current collector is not limited
thereto.

[0057] The binder may include at least any one selected from the group consisting of a polyvinylidene fluoride-hex-
afluoropropylene copolymer (PVDF-co-HFP), polyvinylidenefluoride, polyacrylonitrile, polymethylmethacrylate, polyvinyl
alcohol, carboxymethyl cellulose (CMC), starch, hydroxypropyl cellulose, regenerated cellulose, polyvinylpyrrolidone,
polytetrafluoroethylene, polyethylene, polypropylene, polyacrylic acid, an ethylene-propylene-diene monomer (EPDM),
a sulfonated EPDM, styrene-butadiene rubber (SBR), fluorine rubber, poly acrylic acid, materials having the hydrogen
thereof substituted with Li, Na, or Ca, and the like, and a combination thereof. In addition, the binder may include various
copolymers thereof.

[0058] The conductive material is not particularly limited as long as it has conductivity without causing a chemical
change in the battery. For example, graphite such as natural graphite or artificial graphite; a carbon-based material such
as carbon black, acetylene black, Ketjen black, channel black, furnace black, lamp black, and thermal black; conductive
fiber such as carbon fiber and metal fiber; a conductive tube such as a carbon nanotube; fluorocarbon; metal powder
such asaluminum powder, and nickel powder; a conductive whisker such as zinc oxide and potassium titanate; a con-
ductive metal oxide such as titanium oxide; a conductive material such as a polyphenylene derivative, and the like may
be used.

[0059] A secondarybattery according to another embodiment of the presentinvention may include a negative electrode,
apositive electrode, a separator interposed between the positive electrode and the negative electrode, and an electrolyte.
The negative electrode is the same as the negative electrode described above. Since the negative electrode has been
described above, the detailed description thereof will be omitted.

[0060] The positive electrode may include a positive electrode current collector, and a positive electrode active material
layer formed on the positive electrode current collector and including the positive electrode active material.

[0061] In the positive electrode, the positive electrode current collector is not particularly limited as long as it has
conductivity without causing a chemical change in the battery. For example, stainless steel, aluminum, nickel, titanium,
fired carbon, or aluminum or stainless steel that is surface-treated with one of carbon, nickel, titanium, silver, and the
like may be used. Also, the positive electrode current collector may typically have a thickness of 3 um to 500 um, and
microscopic irregularities may be prepared on the surface of the positive electrode current collector to improve the
adhesion of the positive electrode active material. The positive electrode current collector may be used in various forms
of such as a film, a sheet, a foil, a net, a porous body, a foamed body, and a non-woven body.

[0062] The positive electrode active material may be a positive electrode active material commonly used in the art.
Specifically, the positive electrode active material may be a layered compound such as lithium cobalt oxide (LiCoO,)
and lithium nickel oxide (LiNiO,), or a compound substituted with one or more transition metals; a lithium iron oxide such
as LiFe30y4; a lithium manganese oxide such as Lij,c1Mny ;10,4 (0<c1<0.33), LiMnO3, LiMn,03, and LiMnO,; lithium
copper oxide (Li,CuO,); a vanadium oxide such as LiV30g, V,0g, and Cu,V,0; a Ni-site type lithium nickel oxide
represented by the formula LiNi;_-,M:,0, (wherein M is any one of Co, Mn, Al, Cu, Fe, Mg, B or Ga, and 0.01<¢2<0.3);
a lithium manganese composite oxide represented by the formula LiMn,_.3M.30, (wherein, M is any one of Co, Ni, Fe,
Cr, Zn, or Ta, and 0.01 <¢3<0.1), or by the formula Li,Mn3MOg (wherein, M is any one of Fe, Co, Ni, Cu, or Zn) ; LiMn,O,4
having a part of Li in the formula substituted with an alkaline earth metal ion, and the like, but is not limited thereto. The
positive electrode may be a Li-metal.

[0063] The positive electrode active material layer may include a positive electrode conductive material and a positive
electrode binder, together with the positive electrode active material described above.

[0064] At this time, the positive electrode conductive material is used to impart conductivity to an electrode, and any
positive electrode conductive material may be used without particular limitation as long as it has electronic conductivity
without causing a chemical change in a battery to be constituted. Specific examples thereof may include graphite such
as natural graphite or artificial graphite; a carbon-based material such as carbon black, acetylene black, Ketjen black,
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channel black, furnace black, lamp black, thermal black, and carbon fiber; metal powder or metal fiber such as copper,
nickel, aluminum, and silver; a conductive whisker such as a zinc oxide whisker and a potassium titanate whisker; a
conductive metal oxide such as titanium oxide; or a conductive polymer such as a polyphenylene derivative, and any
one thereof or a mixture of two or more thereof may be used.

[0065] In addition, the binder serves to improve the bonding between positive electrode active material particles and
the adhesion between the positive electrode active material and the positive electrode current collector. Specific examples
of the binder may include polyvinylidene fluoride (PVDF), a polyvinylidene fluoride-hexafluoropropylene copolymer
(PVDF-co-HFP), polyvinyl alcohol, polyacrylonitrile, carboxymethyl cellulose (CMC), starch, hydroxypropy! cellulose,
regenerated cellulose, polyvinylpyrrolidone, polytetrafluoroethylene, polyethylene, polypropylene, an ethylene-propyl-
ene-diene monomer (EPDM), a sulfonated EPDM, styrene-butadiene rubber (SBR), fluorine rubber, or various copoly-
mers thereof, and any one thereof or a mixture of two or more thereof may be used.

[0066] The separator is to separate the negative electrode and the positive electrode and to provide a movement path
for lithium ions. Any separator may be used without particular limitation as long as it is a separator commonly used in a
secondary battery. Particularly, a separator having excellent moisture-retention of an electrolyte as well as low resistance
to ion movement in the electrolyte is preferable. Specifically, a porous polymer film, for example, a porous polymer film
manufactured using a polyolefin-based polymer such as an ethylene homopolymer, a propylene homopolymer, an
ethylene/butene copolymer, an ethylene/hexene copolymer, and an ethylene/methacrylate copolymer, or a laminated
structure having two or more layers thereof may be used. Also, a typical porous non-woven fabric, for example, a non-
woven fabric formed of glass fiber having a high melting point, or polyethylene terephthalate fiber, and the like may be
used as the separator. Also, a coated separator including a ceramic component or a polymer material may be used to
secure heat resistance or mechanical strength, and may be selectively used having a single layered or a multi-layered
structure.

[0067] The electrolyte may be an organic liquid electrolyte, an inorganic liquid electrolyte, a solid polymer electrolyte,
a gel-type polymer electrolyte, a solid inorganic electrolyte, a molten-type inorganic electrolyte, and the like, which may
be used in the preparation of a lithium secondary battery, but is not limited thereto.

[0068] Specifically, the electrolyte may include a non-aqueous organic solvent and a lithium salt.

[0069] As the non-aqueous organic solvent, for example, an aprotic organic solvent, such as N-methyl-2-pyrrolidone,
propylene carbonate, ethylene carbonate, butylene carbonate, dimethyl carbonate, diethyl carbonate, y-butyrolactone,
1,2-dimethoxy ethane, tetrahydrofuran, 2-methyl tetrahydrofuran, dimethyl sulfoxide, 1,3-dioxolane, formamide,
diemthylformamide, dioxolane, acetonitrile, nitromethane, methyl formate, methyl acetate, phosphate triester, trimethoxy
methane, a dioxolane derivative, sulfolane, methyl sulfolane, 1,3-dimethyl-2-imidazolidinone, a propylene carbonate
derivative, a tetrahydrofuran derivative, ether, methyl propionate, and ethyl propionate may be used.

[0070] In particular, among the carbonate-based organic solvents, cyclic carbonates such as ethylene carbonate and
propylene carbonate may be preferably used since they are organic solvents of a high viscosity having high permittivity
to dissociate a lithium salt well. Furthermore, such a cyclic carbonate may be more preferably used since the cyclic
carbonate may be mixed with a linear carbonate of a low viscosity and low permittivity such as dimethyl carbonate and
diethyl carbonate in an appropriate ratio to prepare an electrolyte having a high electric conductivity.

[0071] As the metal salt, a lithium salt may be used. The lithium salt is a material which is easily dissolved in the non-
aqueous electrolyte. For example, as an anion of the lithium salt, one or more selected from the group consisting of F-,
Cl-,I-,NO57, N(CN),, BF 47, CIO,, PFg, (CF3),PF 4, (CF3)3PF5, (CF3)4PF5, (CF3)sPF-, (CF3)gP-, CF3S05, CF3CF,S05"
, (CF3S0,),N-, (FSO,),N-, CF3CF,(CF3),CO-, (CF380,),CH-, (SF5)3C-, (CF380,);C-, CF53(CF,);S057, CF3;CO,,
CH3CO,, SCN-, and (CF;CF,S0,) ,N- may be used.

[0072] In the electrolyte, in order to improve the lifespan characteristics of a battery, to suppress the decrease in
battery capacity, and to improve the discharge capacity of the battery, one or more additives, for example, a haloalkylene
carbonate-based compound such as difluoroethylene carbonate, pyridine, triethylphosphite, triethanolamine, cyclic ether,
ethylenediamine, n-glyme, hexamethyl phosphoric triamide, a nitrobenzene derivative, sulfur, a quinone imine dye, N-
substituted oxazolidinone, N,N-substituted imidazolidine, ethylene glycol dialkyl ether, an ammonium salt, pyrrole, 2-
methoxy ethanol, or aluminum trichloride, and the like may be further included other than the above electrolyte compo-
nents.

[0073] According to another embodiment of the present invention, a battery module including the secondary battery
as a unit cell, and a battery pack including the same are provided. The battery module and the battery pack include the
secondary battery which has high capacity, high rate characteristics, and cycle characteristics, and thus, may be used
as a power source of a medium-and-large sized device selected from the group consisting of an electric car, a hybrid
electric vehicle, a plug-in hybrid electric vehicle, and a power storage system.
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Examples and Comparative Examples

Example 1: Preparation of battery

(1) Preparation of negative electrode active material

[0074] 4.1 g of silicon (Si) having a maximum particle diameter (D,,,,,) of 45 um and 0.08 g of LiF were added to 30
g of isopropanol to prepare a mixed solution. Thereafter, the mixture was pulverized for 30 hours at a bead rotation
speed of 1,200 rpm using beads made of zirconia (average particle diameter: 0.3 mm). At this time, the average particle
diameter (Dg) of the generated silicon was 100 nm, the thickness of SiO, formed on the surface of the silicon was 10
nm, and the thickness of LiF disposed on the SiO, was 0.1 nm to 10 nm.

[0075] Subsequently, 20 g of spherical natural graphite having an average particle diameter (Dsg) of 15 um and a
sphericity of 0.8 and 3.3 g of a solid phase pitch were added to the mixed solution and dispersed to prepare a slurry.
[0076] The slurry and ethanol/water (volume ratio = 1:9) were mixed at a volume ratio of 1:10 to prepare a dispersion
for spray drying. The dispersion was spray dried through a mini spray-dryer (manufacturer: Buchi, Model: B-290 Mini
Spray-Dryer) under the conditions of an inlet temperature of 180°C, an aspirator of 95 % and a feeding rate of 12.
Thereafter, 20 g of the spray-dried mixture (composite) was heat treated at 950°C under a nitrogen atmosphere to
prepare a negative electrode active material. LiF (corresponding to the coating layer of the present invention) in the
prepared negative electrode active material was 0.3 wt% based on the total weight of the negative electrode active
material. The Li content was measured by ICP and the F content was measured by ion chromatography, and then the
sum was calculated. In addition, the sphericity of spherical natural graphite in the prepared negative electrode active
material was confirmed to be 0.7.

(2) Preparation of negative electrode

[0077] The prepared negative electrode active material, carbon black as a conductive material, carboxymethylcellulose
(CMC) as a binder, and styrene butadiene rubber (SBR) were mixed at a weight ratio of 95.8:1:1.7:1.5 to prepare a
mixture. Thereafter, 0.8 g of distilled water was added to 5 g of the mixture and stirred to prepare a negative electrode
slurry. The negative electrode slurry was applied on a copper (Cu) metal thin film having a thickness of 20 um, which is
a negative electrode current collector, and then dried. At this time, the temperature of circulated air was 60°C. Thereafter,
the copper (Cu) metal thin film applied with the negative electrode slurry and then dried was roll pressed and dried in a
vacuum oven at 130°C for 12 hours to prepare a negative electrode.

(3) Preparation of secondary battery

[0078] A lithium (Li) metal thin film, which was prepared by cutting the prepared negative electrode into a circular
shape of 1.7671 cm2, was prepared as a positive electrode. A porous polyethylene separator was interposed between
the positive electrode and the negative electrode, and then vinylene carbonate dissolved in 0.5 wt% was dissolved in a
mixed solution in which methyl ethyl carbonate (EMC) and ethylene carbonate (EC) are mixed in a mixing volume ratio
of 7:3. Thereafter, an electrolyte in which LiPF6 of 1.0 M concentration is dissolved was injected to manufacture a lithium
coin half-cell.

Example 2: Preparation of battery

(1) Preparation of negative electrode active material

[0079] 4.1 g of silicon (Si) having a maximum particle diameter (D,,,,,) of 45 um and 2.05 g of LiF were added to 30
g of isopropanol to prepare a mixed solution. Thereafter, the mixture was pulverized for 30 hours at a bead rotation
speed of 1,200 rpm using beads made of zirconia (average particle diameter: 0.3 mm). At this time, the average particle
diameter (Dg,) of the generated silicon was 100 nm, the thickness of SiO, formed on the surface of the silicon was 10
nm, and the thickness of LiF disposed on the SiO, was 0.1 nm to 30 nm.

[0080] Subsequently, 20 g of spherical natural graphite having an average particle diameter (Dgg) of 15 um and a
sphericity of 0.8 and 3.3 g of a solid phase pitch were added to the mixed solution and dispersed to prepare a slurry.
[0081] The slurry and ethanol/water (volume ratio = 1:9) were mixed at a volume ratio of 1:10 to prepare a dispersion
for spray drying. The dispersion was spray dried through a mini spray-dryer (manufacturer: Buchi, Model: B-290 Mini
Spray-Dryer) under the conditions of an inlet temperature of 180°C, an aspirator of 95 % and a feeding rate of 12.
Thereafter, 20 g of the spray-dried mixture (composite) was heat treated at 950°C under a nitrogen atmosphere to
prepare a negative electrode active material. LiF (corresponding to the coating layer of the present invention) in the
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EP 3 694 030 B1
prepared negative electrode active material was 7 wt% based on the total weight of the negative electrode active material.
The Li content was measured by ICP and the F content was measured by ion chromatography, and then the sum was
calculated. In addition, the sphericity of spherical natural graphite in the prepared negative electrode active material was
confirmed to be 0.7.

(2) Preparation of negative electrode and secondary battery

[0082] A negative electrode and a secondary battery were prepared in the same manner as in Example 1 except that
the negative electrode active material was used.

Example 3: Preparation of battery

(1) Preparation of negative electrode active material

[0083] 4.1 g of silicon (Si) having a maximum particle diameter (D,,,,,) of 45 um and 0.04 g of LiF were added to 30
g of isopropanol to prepare a mixed solution. Thereafter, the mixture was pulverized for 30 hours at a bead rotation
speed of 1,200 rpm using beads made of zirconia (average particle diameter: 0.3 mm). At this time, the average particle
diameter (D5) of the generated silicon was 100 nm, the thickness of SiO, formed on the surface of the silicon was 10
nm, and the thickness of LiF disposed on the SiO, was 0.1 nm to 5 nm.

[0084] Subsequently, 20 g of spherical natural graphite having an average particle diameter (Dgg) of 15 um and a
sphericity of 0.8 and 3.3 g of a solid phase pitch were added to the mixed solution and dispersed to prepare a slurry.
[0085] The slurry and ethanol/water (volume ratio = 1:9) were mixed at a volume ratio of 1:10 to prepare a dispersion
for spray drying. The dispersion was spray dried through a mini spray-dryer (manufacturer: Buchi, Model: B-290 Mini
Spray-Dryer) under the conditions of an inlet temperature of 180°C, an aspirator of 95 % and a feeding rate of 12.
Thereafter, 20 g of the spray-dried mixture (composite) was heat treated at 950°C under a nitrogen atmosphere to
prepare a negative electrode active material. LiF (corresponding to the coating layer of the present invention) in the
prepared negative electrode active material was 0.15 wt% based on the total weight of the negative electrode active
material. In addition, the sphericity of spherical natural graphite in the prepared negative electrode active material was
confirmed to be 0.7.

(2) Preparation of negative electrode and secondary battery

[0086] A negative electrode and a secondary battery were prepared in the same manner as in Example 1 except that
the negative electrode active material was used.

Example 4: Preparation of battery

[0087] A negative electrode active material was prepared in the same manner as in Example 1 except that natural
graphite having a sphericity of 0.65 was used in the preparation of the negative electrode active material of Example 1.
LiF (corresponding to the coating layer of the present invention) in the prepared negative electrode active material was
0.3 wt% based on the total weight of the negative electrode active material. The Li content was measured by ICP and
the F content was measured by ion chromatography, and then the sum was calculated. In addition, the sphericity of
spherical natural graphite in the prepared negative electrode active material was confirmed to be 0.6.

Comparative Example 1 Preparation of battery

(1) Preparation of negative electrode active material

[0088] A negative electrode active material was prepared in the same manner as in Example 1 except that LiF was
not added when preparing a slurry in the preparation of the negative electrode active material of Example 1.

(2) Preparation of negative electrode and secondary battery

[0089] A negative electrode and a secondary battery were prepared in the same manner as in Example 1 using the
negative electrode active material.

10
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Experimental Example 1: Evaluation of discharge capacity, initial efficiency, capacity retention rate and electrode thick-
ness change rate

[0090] The batteries of Examples 1 to 4 and Comparative Example 1 were subjected to charging and discharging to
evaluate discharge capacity, initial efficiency, capacity retention rate, and electrode thickness change rate, and the
results are shown in Table 1 below.
[0091] Meanwhile, for the first cycle and the second cycle, charging-discharging were performed at 0.1 C, and from
the third cycle to the 49th cycle, charging -discharging were performed at 0.5 C. The 50th cycle was terminated in the
state of charging (the state in which lithium was in the negative electrode), and then the battery was disassembled and
the thickness thereof was measured to calculate the electrode thickness change rate.

Charging condition: CC(constant current)/CV(constant voltage) (5mV/0.005C current cut-off)

Discharging condition: CC(constant current) Condition 1.5V

[0092] The discharge capacity (mAh/g) and the initial efficiency (%) were derived from the result of one charge/dis-
charge. Specifically, the initial efficiency (%) was derived by the following calculation.

Initial efficiency (%) = (discharge capacity after 1
discharge/charge capacity of 1 time) x 100

[0093] The capacity retention rate and the electrode thickness change rate were derived by the following calculations,
respectively.

Capacity retention rate (%) = (discharge capacity of

49 times/discharge capacity of 1 time) x 100

Electrode thickness change rate (%) = (final negative
electrode thickness variation/initial negative electrode

thickness) x 100

[Table 1]
Battery Discharge capacity Initial Capacity retention Electrode thickness change
(mAh/g) efficiency (%) | rate (%) rate (%)

Example 1 640 87 60 130

Example 2 635 86 59 135

Example 3 635 85 58 150

Example 4 634 86 57 155

Comparative 630 84 54 170

Example 1

[0094] Referring to Table 1, in the case of Examples 1 to 4, the discharge capacity, the initial efficiency, the capacity
retention rate, and the electrode thickness change rate are good. In the case of Comparative Example 1, since the
negative electrode active material does not include LiF, a conductive path was not secured, thereby reducing the initial
efficiency and discharge capacity. In addition, in the case of Example 1, since lithium silicate (Li,SiO5) formed from LiF
and SiO, may be present in the negative electrode active material, the initial efficiency and discharge capacity may be
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further improved when compared with Comparative Example 1 in which lithium silicate is not present (See FIG. 3).

Claims

1. A negative electrode active material (100) comprising: a spherical carbon-based particle (120); and a carbon layer

(130) disposed on the spherical carbon-based particle (120) and including a nano-particle (110), wherein
the nano-particle (110) comprises:

a silicon core (111);
an oxide layer (112) disposed on the silicon core (111) and including SiO, (0<x< 2); and

a coating layer (113) covering at least a portion of a surface of the oxide layer (112) and including LiF.

2. The negative electrode active material (100) of claim 1, wherein

an average particle diameter (Dg) of the silicon core (111) is from 40 nm to 400 nm, and the average particle
diameter (D5p), measured by laser diffraction, is a particle diameter corresponding to 50% of the volume accumulation

in a particle diameter distribution curve.

3. The negative electrode active material (100) of claim 1, wherein
a thickness of the oxide layer (112) is from 0.01 nm to 20 nm.

4. The negative electrode active material (100) of claim 1, wherein

the LiF is included in an amount of 0.01 wt% to 25 wt% based on a total weight of the negative electrode active

material (100).

5. The negative electrode active material (100) of claim 1, wherein
a thickness of the coating layer (113) is from 0.01 nm to 50 nm.

6. The negative electrode active material (100) of claim 1, wherein

the nano-particle (110) is included in an amount of 1 wt% to 50 wt% based on a total weight of the negative electrode

active material (100).

7. The negative electrode active material (100) of claim 1, wherein
sphericity of the spherical carbon-based particle (120) is from 0.5 to 1.

8. The negative electrode active material (100) of claim 1, wherein

an average particle diameter (D5g) of the spherical carbon-based particle (120) is 2 um to 50 um, and the average
particle diameter (D50), measured by laser diffraction, is a particle diameter corresponding to 50% of the volume

accumulation in a particle diameter distribution curve.

9. The negative electrode active material (100) of claim 1, wherein

the spherical carbon-based particle (120) is included in an amount of 40 wt% to 95 wt% based on a total weight of

the negative electrode active material (100).

10. The negative electrode active material (100) of claim 1, wherein
a weight ratio of the spherical carbon-based particle (120) to the nano-particle (110) is 98:2 to 50:50.

11. The negative electrode active material (100) of claim 1, wherein

the carbon layer (130) is included in an amount of 0.5 wt% to 50 wt% based on a total weight of the negative electrode

active material (100).

12. The negative electrode active material (100) of claim 1, wherein
the oxide layer (112) further comprises lithium silicate.

13. The negative electrode active material (100) of claim 12, wherein
the lithium silicate comprises at least any one of Li,SiO3, LiySiOy, or Li,Si,Og.

14. A negative electrode comprising a negative electrode active material (100) of any one of claims 1 to 13.

12
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A secondary battery comprising:

the negative electrode of claim 14;

a positive electrode;

a separator interposed between the positive electrode and the negative electrode; and
an electrolyte.

Patentanspriiche

1.

10.

1.

Aktivmaterial fir eine negative Elektrode (100), umfassend:

einen spharischen Partikel auf Kohlenstoffbasis (120); und eine Kohlenstoffschicht (130), welche auf dem sphéa-
rischen Partikel auf Kohlenstoffbasis (120) angeordnet ist und einen Nanopartikel (110) enthalt,
wobei der Nanopartikel (110) umfasst:

einen Siliziumkern (111);

eine Oxidschicht (112), welche auf dem Siliziumkern (111) angeordnet ist und SiO, (0<x<2) enthalt; und
eine Uberzugsschicht (113), welche mindestens einen Teil einer Oberflache der Oxidschicht (112) bedeckt
und LiF enthalt.

Aktivmaterial fir eine negative Elektrode (100) gemaf Anspruch 1, wobei ein durchschnittlicher Partikeldurchmesser
(D5g) des Siliziumkerns (111) 40 nm bis 400 nm betrégt und der mittels Laserbeugung gemessene durchschnittliche
Teilchendurchmesser (D) ein Teilchendurchmesser ist der 50 % der Volumenakkumulation in einer Partikeldurch-
messer-Verteilungskurve entspricht.

Aktivmaterial fir eine negative Elektrode (100) gemaf Anspruch 1, wobei eine Dicke der Oxidschicht (112) von 0,01
nm bis 20 nm betragt.

Aktivmaterial fur eine negative Elektrode (100) gemal Anspruch 1, wobei das LiF in einer Menge von 0,01 Gew.-
% bis 25 Gew.-%, bezogen auf das Gesamtgewicht des Aktivmaterials fir eine negative Elektrode (100), enthaltenist.

Aktivmaterial fiir eine negative Elektrode (100) gemaR Anspruch 1, wobei die Dicke der Uberzugsschicht (113) von
0,01 nm bis 50 nm betragt.

Aktivmaterial fir eine negative Elektrode (100) gemaR Anspruch 1, wobei der Nanopartikel (110) in einer Menge
von 1 Gew.-% bis 50 Gew.-%, bezogen auf das Gesamtgewicht des Aktivmaterials fir eine negative Elektrode
(100), enthalten ist.

Aktivmaterial fir eine negative Elektrode (100) gemaR Anspruch 1, wobei die Spharizitat des spharischen Partikels
auf Kohlenstoffbasis (120) von 0,5 bis 1 betragt.

Aktivmaterial fir eine negative Elektrode (100) gemaf Anspruch 1, wobei ein durchschnittlicher Partikeldurchmesser
(Dgg) des spharischen Partikels auf Kohlenstoffbasis (120) 2 um bis 50 wm betrégt und der mittels Laserbeugung
gemessene durchschnittliche Partikeldurchmesser (D50) ein Partikeldurchmesser ist der 50% der Volumenakku-
mulation in einer Partikeldurchmesser-Verteilungskurve entspricht.

Aktivmaterial fir eine negative Elektrode (100) gemaf Anspruch 1, wobei der sphéarische Partikel auf Kohlenstoff-
basis (120) in einer Menge von 40 Gew.-% bis 95 Gew.-%, bezogen auf das Gesamtgewicht des Aktivmaterials fir
eine negative Elektrode (100), enthalten ist.

Aktivmaterial fir eine negative Elektrode (100) gemal Anspruch 1, wobei das Gewichtsverhaltnis zwischen dem
spharischen Partikel auf Kohlenstoffbasis (120) und dem Nanopartikel (110) 98:2 bis 50:50 betragt.

Aktivmaterial flr eine negative Elektrode (100) gemafl Anspruch 1, wobei die Kohlenstoffschicht (130) in einer

Menge von 0,5 Gew.-% bis 50 Gew.-%, bezogen auf das Gesamtgewicht des Aktivmaterials fir eine negative
Elektrode (100), enthalten ist.

13
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Aktivmaterial fiir eine negative Elektrode (100) gemaR Anspruch 1, wobei die Oxidschicht (112) ferner Lithiumsilikat
umfasst.

Aktivmaterial flr eine negative Elektrode (100) gemaf Anspruch 12, wobei das Lithiumsilikat mindestens ein belie-
biges aus Li,SiO,, Li,SiO4 oder Li,Si,O5 umfasst.

Negative Elektrode, umfassend ein Aktivmaterial fir eine negative Elektrode (100) gemaf einem der Anspriiche 1
bis 13.

Sekundarbatterie, umfassend:

die negative Elektrode gemafR Anspruch 14;

eine positive Elektrode;

einen zwischen der positiven Elektrode und der negativen Elektrode angeordneten Separator; und
einen Elektrolyten.

Revendications

Matériau actif d’électrode négative (100) comprenant : une particule sphérique a base de carbone (120) ; et une
couche de carbone (130) disposée sur la particule sphérique a base de carbone (120) et incluant une nanoparticule
(110), dans lequel

la nanoparticule (110) comprend :

un noyau de silicium (111) ;

une couche d’oxyde (112) disposée sur le noyau de silicium (111) et incluant du SiOx (0 <x < 2) ; et

une couche de revétement (113) couvrant au moins une partie d’'une surface de la couche d’oxyde (112) et
incluant du LiF.

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel

un diamétre de particule moyen (D5g) du noyau de silicium (111) est de 40 nm & 400 nm, et le diamétre de particule
moyen (D5p), mesuré par diffraction laser, est un diamétre de particule correspondant & 50 % de I'accumulation de
volume dans une courbe de distribution de diameétres de particules.

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel
une épaisseur de la couche d’oxyde (112) est de 0,01 nm a 20 nm.

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel
le LiF est inclus en une quantité de 0,01 % en poids a 25 % en poids sur la base d’'un poids total du matériau actif
d’électrode négative (100).

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel
une épaisseur de la couche de revétement (113) est de 0,01 nm a 50 nm.

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel
la nanoparticule (110) est incluse en une quantité de 1 % en poids a 50 % en poids sur la base d’un poids total du
matériau actif d’électrode négative (100).

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel
la sphéricité de la particule sphérique a base de carbone (120) estde 0,5 a 1.

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel

un diamétre de particule moyen (Dg) de la particule sphérique a base de carbone (120) est de 2 um & 50 pm, et
le diamétre de particule moyen (D5), mesuré par diffraction laser, est un diametre de particule correspondant & 50
% de I'accumulation de volume dans une courbe de distribution de diameétres de particules.

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel
la particule sphérique a base de carbone (120) est incluse en une quantité de 40 % en poids a 95 % en poids sur
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la base d’un poids total du matériau actif d’électrode négative (100).

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel
un rapport en poids de la particule sphérique a base de carbone (120) sur la nanoparticule (110) est de 98:2 a 50:50.

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel
la couche de carbone (130) est incluse en une quantité de 0,5 % en poids a 50 % en poids sur la base d’un poids
total du matériau actif d’électrode négative (100).

Matériau actif d’électrode négative (100) selon la revendication 1, dans lequel
la couche d’oxyde (112) comprend en outre du silicate de lithium.

Matériau actif d’électrode négative (100) selon la revendication 12, dans lequel
le silicate de lithium comprend au moins I'un quelconque de Li,SiOs, LiySiO4 ou LiySi,Og.

Electrode négative comprenant un matériau actif d’électrode négative (100) selon I'une quelconque des revendi-
cations 1 a 13.

Batterie secondaire comprenant :
I'électrode négative selon la revendication 14;
une électrode positive ;

un séparateur interposé entre I’électrode positive et I'électrode négative ; et
un électrolyte.

15
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