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DESCRIPTION

Description

BACKGROUND

1. Technical Field

[0001] The present application relates to the field of energy storage, and in particular to a
cathode and an electrochemical device.

2. Description of the Related Art

[0002] With the development of the power tool market, the requirements for electrochemical
devices (for example, lithium-ion batteries) suitable for the power tool market are becoming
ever higher, especially for lithium-ion batteries, which are required to have low cost, high
energy density, long cycle life, high power density and other properties.

SUMMARY

[0003] At present, lithium-ion batteries used in mobile electronic devices mostly use lithium
cobalt oxide as the cathode material. However, cobalt is a highly toxic, costly and a resource-
constrained element, thus the development of low-cobalt cathode materials is an inevitable
trend. High-nickel cathode materials have received wide attention due to their lower cobalt
content, especially given higher actual capacity than lithium cobalt oxide. However, high-nickel
cathode materials have high bulk density, and the particles easily break and produce gas
under high compaction density, which limits the application thereof in high energy density
batteries.

[0004] The improvements to nickel-containing cathode materials in the prior art are primarily
directed to low rate (<4 C) cycle performance. Furthermore, more attention has been paid to
the safety issues of nickel-containing cathode materials. For example, the compaction density
and the volumetric energy density of the cathode material are improved by performing grading
or gradient shell treatment on the precursor, or directly doping and coating the secondary
material of the cathode material, thereby improving the rate and cycle performance of the
lithium-ion battery prepared therefrom. However, the cathode material modified by the above
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method is not suitable for a high power (for example, a charge and discharge of 4 C or above)
lithium-ion battery.

[0005] In order to overcome the above drawbacks, the present application provides a lithium-
ion battery which can achieve high compaction density and reduced gas production of the
cathode, thereby achieving high rate and long cycle performance.

[0006] According to a first aspect of the present application, the present application provides a
cathode including: a cathode current collector; and a cathode active material layer disposed on
a surface of the cathode current collector, wherein the cathode active material layer includes a
first particle and a second particle, the first particle including a secondary particle composed of
a third particle, the third particle being a primary particle, the first particle having an average
particle size of 5 ym to 20 um, the third particle having an average particle size of 200 nm to
700 nm, the second particle includes a fourth particle and/or a secondary particle composed of
the fourth particle, the fourth particle being a primary particle, the second particle having an
average particle size of 3 um to 5 ym, the fourth particle having an average particle size of 800
nm to 5 ym, the first particle being contained in a region close to the cathode current collector,
and the second particle being contained in a region away from the cathode current collector.

[0007] In some embodiments, the cathode active material layer includes a first layer and a
second layer, wherein the first layer includes the first particle, and the second layer includes
the second particle.

[0008] In some embodiments, in the thickness direction of the cathode active material layer,
the amount of the second particle is decreased from the region away from the cathode current
collector to the region close to the cathode current collector, and the amount of the first particle
is increased from the region away from the cathode current collector to the region close to the
cathode current collector.

[0009] In some embodiments, wherein the first particle includes a secondary particle
composed of 150 to 2000 third particles, and the second particle includes a secondary particle
composed of 2 to 100 fourth particles.

[0010] In some embodiments, the thickness ratio of the second layer to the first layer is about
1:10 to about 1:1.

[0011] In some embodiments, the cathode active material layer further includes a conductive
agent, wherein the content of the conductive agent in the region close to the cathode current
collector is smaller than the content of the conductive agent in the region away from the
cathode current collector.

[0012] In some embodiments, the first particle has a specific surface area of about 0.10 m?/g

to about 1.50 m?/g, and the second particle has a specific surface area of about 0.30 m%/g to
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about 2.50 m?/g, and the ratio of the specific surface area of the second particle to the first
particle is about 1:1 to about 5:1.

[0013] In some embodiments, a peak intensity ratio of the (003) diffraction peak of the X-ray
diffraction of the second particle to the first particle is about 1.03 to about 1.6, and the half
peak width difference of the (003) diffraction peak of the X-ray diffraction of the first particle
and the second particle is about 0.002° to about 0.008°.

[0014] In some embodiments, the ratio of the average particle size of the first particle to the
average particle size of the second particle is about 2:1 to about 10:1.

[0015] In some embodiments, the first particle is a first lithium-containing transition metal oxide
having a chemical formula of LiyNiyCoy,M1,N1g0, wherein 0.95<a<1.05, 0.5<x<l, 0<y<0.4,

0<z<04, 0 <B <005 and x+y+z+pB =1, M1 is at least one selected from the group
consisting of Mn and Al, and N1 is at least one selected from the group consisting of Mg, Ti, Zr,
Nb, Y, Cr, V, Ge, Mo and Sr; the second particle is a second lithium-containing transition metal
oxide having a chemical formula of LinNizCopM2:N240, wherein 0.95<n<1.05, 0.3<a<1,
0<b<0.4, 0<c<0.4, 0=d<0.02, and atb+ctd=1, M2 is at least one selected from the group

consisting of Mn and Al, and N2 is at least one selected from the group consisting of Mg, Ti, Zr,
Nb, Y, Cr, V, Ge, Mo, and Sr.

[0016] In some embodiments, the nickel content of the first lithium-containing transition metal
oxide is greater than the nickel content of the second lithium-containing transition metal oxide.

[0017] In some embodiments, at the edge of the cathode active material layer, the second
layer extends beyond the first layer.

[0018] According to a second aspect of the present application, the present application
provides an electrochemical device including an anode; a separator; an electrolyte; and any of
the foregoing cathodes.

[0019] Additional aspects and advantages of the embodiments of the present application will
be described or shown in the following description or interpreted by implementing the
embodiments of the present application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The following will briefly illustrate the accompanying drawings. Drawings necessary to
describe the embodiments of the present application will be briefly illustrated so as to facilitate
the description of the embodiments of the present application. Obviously, the accompanying
drawings described below only show some embodiments of the present application. For those
skilled in the art, the drawings of other embodiments can still be obtained from the structures
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illustrated in the drawings without the need for creative efforts.

Fig. 1A and Fig. 1B are scanning electron microscope (SEM) photographs of a first particle and
a second particle of Embodiment 1, respectively.

Fig. 2A is an SEM image showing a cross section of a cathode of a lithium-ion battery in
Comparative Example 2 after circulating 500 times at the rate of 8 C, and Fig. 2B is an SEM
image showing a cross section of a cathode of a lithium-ion battery in Comparative Example 1
after circulating 500 times at the rate of 8 C.

Fig. 3A is an SEM image showing a cross section of the cathode in Comparative Example 2
before circulating, and Fig. 3B is an SEM image showing a cross section of the cathode in
Comparative Example 2 after circulating 500 times at the rate of 8 C, Fig. 3C is an SEM image
showing a cross section of the cathode in Embodiment 1 before circulating, and Fig. 3D is an
SEM image showing a cross section of the cathode in Embodiment 1 after circulating 500 times
at the rate of 8 C.

Fig. 4 is a graph showing the relationship between the expansion ratio and the number of
cycles of the lithium-ion batteries in Comparative Example 2 and Embodiment 1 at the rate of 8
C.

DETAILED DESCRIPTION

[0021] The present application will be described below in detail. It shall be understood that
terms used in the specification and the annexed claims shall not be explained as limited to
meanings in a common sense and dictionaries but be explained based on meanings and
concepts corresponding to the technical aspects of the present application on the basis of the
principle that the inventor is allowed to properly define the terms to make an optimum
explanation. Therefore, the implementation solution in the specification and the description in
the drawings are only specific examples used for the purpose of description rather than the
intention to illustrate all technical aspects of the present application, and it shall be understood
that, when the present application is filed, various alternative equivalents and variants may be
completed thereto.

[0022] As used in the present application, the terms "approximately”, "substantially”,
"essentially”, and "about" are used for describing and explaining a small variation. WWhen used
in combination with an event or circumstance, such terms may refer to an example in which the
event or circumstance occurs precisely, or an example in which the event or circumstance
occurs approximately. For example, when being used in combination with a value, the term
may refer to a variation range of less than or equal to £10% of the value, for example, less
than or equal to +5%, less than or equal to 4%, less than or equal to +3%, less than or equal
to £2%, less than or equal to £1%, less than or equal to £0.5%, less than or equal to £0.1%, or
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less than or equal to £0.05%. For example, if the difference between two numerical values is
less than or equal to £10% of the average of the values (e.g., less than or equal to +5%, less
than or equal to 4%, less than or equal to £3%, less than or equal to +2%, less than or equal
to £1%, less than or equal to £0.5%, less than or equal to £0.1%, or less than or equal to
+0.05%), the two values may be considered "substantially” the same.

[0023] In addition, sometimes, a quantity, a ratio, and/or other values may be presented in a
range format in the present application. It should be appreciated that such range formats are
for convenience and conciseness, and should be flexibly understood as including not only
those values explicitly specified to the range constraints, but also to all individual values or sub-
ranges within the ranges, such as in explicitly specifying each value and each sub-range.

1. Cathode

[0024] The present application provides a cathode including: a cathode current collector; and a
cathode active material layer disposed on a surface of the cathode current collector, wherein
the cathode active material layer includes a first particle and a second particle, the first particle
includes a secondary particle composed of a third particle, the third particle is a primary
particle, the first particle has an average particle size (the average particle size in the present
application is Dv50, which means a particle size with which the volume cumulative frequency
from the smaller particle size side reaches 50% in the volume-based particle size distribution)
of 5 ym to 20 um, the third particle has an average particle size of 200 nm to 700 nm, the
second particle includes a fourth particle and/or a secondary particle composed of the fourth
particle, the fourth particle is a primary particle, the second particle has an average particle
size of 3 ym to 5 ym, the fourth particle has an average particle size of 800 nm to 5 um, the
first particle is contained in a region close to the cathode current collector, and the second
particle is contained in a region away from the cathode current collector.

[0025] In some embodiments, the third particle may have an average particle size of about
300 nm to about 600 nm. In some embodiments, the third particle may have an average
particle size of about 400 nm to about 500 nm. In some embodiments, the third particle may
have an average particle size of about 300 nm, about 400 nm, about 500 nm, and about 600
nm.

[0026] In some embodiments, the fourth particle may have an average particle size of about 1
pm to about 5 um. In some embodiments, the fourth particle may have an average particle size
of about 1.2 ym to about 5 ym. In some embodiments, the fourth particle may have an
average particle size of about 1.4 um to about 5 ym. In some embodiments, the fourth particle
may have an average particle size of about 1.6 ym to about 5 uym. In some embodiments, the
fourth particle may have an average particle size of about 1.8 ym to about 5 ym. In some
embodiments, the fourth particle may have an average particle size of about 2 ym to about 5
pm. In some embodiments, the fourth particle may have an average particle size of about 2.2
pm to about 5 um. In some embodiments, the fourth particle may have an average particle size
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of about 2.4 ym to about 5 ym. In some embodiments, the fourth particle may have an
average particle size of about 2.6 um to about 5 um. In some embodiments, the fourth particle
may have an average particle size of about 2.8 ym to about 5 ym. In some embodiments, the
fourth particle may have an average particle size of from about 3 ym to about 5 um. In some
embodiments, the fourth particle may have an average particle size of about 3.2 ym to about 5
pm. In some embodiments, the fourth particle may have an average particle size of about 3.4
pm to about 5 um. In some embodiments, the fourth particle may have an average particle size
of about 3.6 ym to about 5 ym. In some embodiments, the fourth particle may have an
average particle size of about 3.8 um to about 5 ym. In some embodiments, the fourth particle
may have an average particle size of about 4 ym to about 5 ym. In some embodiments, the
fourth particle may have an average particle size of about 4.2 ym to about 5 ym. In some
embodiments, the fourth particle may have an average particle size of about 4.4 ym to about 5
pm. In some embodiments, the fourth particle may have an average particle size of about 4.6
pm to about 5 um. In some embodiments, the fourth particle may have an average particle size
of about 900 nm, about 1 um, about 1.5 ym, about 2 uym, about 3 pm, and about 4 ym. An
excessively large fourth particle may cause deterioration of the kinetic performance of the
cathode material, and an excessively small fourth particle may cause deterioration of structural
stability of the cathode material.

[0027] In some embodiments, in the thickness direction of the cathode active material layer,
the amount of the second particle is decreased from the region away from the cathode current
collector to the region close to the cathode current collector. In some embodiments, the
amount of the second particle is decreased in a linear curve along the direction described
above. In some embodiments, the amount of the second particle is decreased in a non-linear
curve along the direction described above. In some embodiments, the second particle is
decreased in a parabolic profile, in a free fall to ball groove curve or in a step curve along the
direction described above. In some embodiments, the second particle is decreased in a wavy
curve along the direction described above. In some embodiments, in the thickness direction of
the cathode active material layer, the amount of the first particle is increased from the region
away from the cathode current collector to the region close to the cathode current collector. In
some embodiments, the amount of the first particle is increased in a linear curve along the
direction described above. In some embodiments, the amount of the first particle is increased
in a non-linear curve along the direction described above. In some embodiments, the first
particle is increased in a parabolic profile, in a free fall to ball groove curve or in a step curve
along the direction described above. In some embodiments, the first particle is increased in a
wavy curve along the direction described above.

[0028] Fig. 1A and Fig. 1B are scanning electron microscope (SEM) photographs of the first
particle and the second particle of Embodiment 1, respectively. As shown in Fig. 1A, the first
particle may be a spherical or ellipsoidal secondary particle formed by tightly bonding the third
particles. As shown in Fig. 1B, the second particle may be an irregularly shaped secondary
particle stacked by the fourth particles.

[0029] In some embodiments, the first particle can include about 150 to about 2000 third
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particles. In some embodiments, the first particle can include about 600 to about 1000 third
particles. In some embodiments, the first particle can include about 700 to about 800 third
particles. In some embodiments, the first particle can include about 200, about 500, about 800,
about 1000, about 1500 third particles. The third particle has an average particle size of 200
nm to 700 nm.

[0030] In some embodiments, the second particle includes the secondary particle composed of
2 to 100 fourth particles. In some embodiments, the second particle can include about 20 to
about 90 fourth particles. In some embodiments, the second particle can include about 30 to
about 70 fourth particles. In some embodiments, the second particle can include about 40 to
about 60 fourth particles. In some embodiments, the second particle can include about 10,
about 20, about 30, about 40, about 50, about 80 fourth particles. The fourth particle may have
an average particle size of about 800 nm to about 5 ym.

[0031] It has been found by the present application that the second particle is less susceptible
to breakage during cycling (as shown in Fig. 2B) as compared to the first particle which is
prone to particle breakage during cycling (as shown in Fig. 2A). This is mainly because the
surface of the second particle is smoother than that of the first particle and is easy to slide,
thereby improving the slippage between the particles and reducing the internal friction. In
addition, the internal crystal structure of the second particle is less defective, and the stress
caused by the lattice change is more easily released during the cycling, which in turn reduces
particle breakage. Therefore, by using the second particle and the first particle, the second
particle can be filled in the gap of the first particle at the interface, thereby increasing the
powder bulk density and reducing the rolling pressure while ensuring the same compaction
density, so that the particle breakage is reduced during cold pressing. The cathode active
material layer is provided such that the second particles are located in a region away from the
cathode current collector and the first particles are located in a region close to the cathode
current collector. As such, the stability of the second particle during the cycle process in
combination with the high kinetic performance of the first particle can be achieved, the particle
breakage problem can be significantly improved during the cold pressing and cycling of the
cathode without the loss of other properties (for example, energy density/DC resistance
(DCR)/Rate, etc.), so that the gas production can be delayed during the cycling and the
performance of large rate cycling can be improved.

[0032] In some embodiments, the cathode active material layer includes a first layer and a
second layer, wherein the first layer includes the first particle and the second layer includes the
second particle. In some embodiments, the thickness ratio of the second layer to the first layer
is 1:10 to 1:1.

[0033] In some embodiments, at the edge of the cathode active material layer, the second
layer extends beyond the first layer. The foregoing arrangement can ensure that the second
particle forms complete protection for the first particle, which is beneficial to overcome the gas
production problem during the cycle of the cathode materials.
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[0034] In some embodiments, a peak intensity ratio of the (003) diffraction peak of the X-ray
diffraction of the second particle to the first particle is about 1.03 to about 1.6, and the half
peak width difference of the (003) diffraction peak of the X-ray diffraction of the first particle
and the second particle is about 0.002° to about 0.008°.

[0035] In some embodiments, the peak intensity ratio of the (003) diffraction peak of the X-ray
diffraction of the second particle to the first particle may be about 1.1 to about 1.5 or about 1.2
to about 1.3. In some embodiments, the half peak width difference of the (003) diffraction peak
of the X-ray diffraction of the first particle and the second particle may be about 0.003° to
about 0.007°, about 0.004° to about 0.006°.

[0036] It has been found from the study of the present application that the second particle has
a significantly higher crystallinity than the first particle, and thus the peak intensity of the (003)
diffraction peak of the X-ray diffraction of the second particle is higher than that of the first
particle, and the half peak width of the second particle is narrower than that of the first particle.
The difference in the peak intensity ratio and the half peak width difference of the (003)
diffraction peak of the X-ray diffraction mainly depends on the difference in the mixing ratio of
the second particle and the first particle. The higher the proportion of the second particle, the
larger the peak intensity ratio of the (003) diffraction peak of the X-ray diffraction, and the
larger the half peak width difference. Excessively large and excessively small peak intensity
ratios and half peak widths reflect a too high or too low proportion of the second particle. The
second particle has a large specific surface area (BET), a high DC resistance (DCR), and poor
kinetic performance, so that a too large mixing ratio of the second particle would lower the
compaction density of the cathode material, seriously affect the dynamic performance of the
material, and deteriorate the rate performance, low temperature performance and high
temperature performance of the materials, and a too small mixing ratio of the second particle
would not achieve the effect of increasing the compaction density of the material and
maintaining structural stability. Thus, in some embodiments of the present application, by
controlling the peak intensity ratio of the (003) diffraction peak of the X-ray diffraction of the
second particle to the first particle and the half peak width difference of the (003) diffraction
peak of the X-ray diffraction of the first particle and the second particle within the foregoing
range, or by controlling the proportion of the second particle and the first particle, the desired
effect of the present application can be attained.

[0037] In some embodiments, the first particle is a first lithium-containing transition metal oxide
having a chemical formula of LigNiyCoyM1,N1Bo, wherein 0.95<a<1.05, 0.5<x<l, 0<y<0.4,

0<z<04, 0 <B <005 and x+y +z+ B =1, M1 is at least one selected from the group
consisting of Mn and Al, and N1 is at least one selected from the group consisting of Mg, Ti, Zr,
Nb, Y, Cr, V, Ge, Mo and Sr; the second particle is a second lithium-containing transition metal
oxide having a chemical formula of LinNizCopM2:N240, wherein 0.95<n<1.05, 0.3<a<1,
0<b<0.4, 0<c<0.4, 0=d<0.02, and atb+ctd=1, M2 is at least one selected from the group

consisting of Mn and Al, and N2 is at least one selected from the group consisting of Mg, Ti, Zr,
Nb, Y, Cr, V, Ge, Mo, and Sr.
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[0038] In some embodiments, the second particle has a molar percentage of Ni of about 30%
to about 80%; and the first particle has a molar percentage of Ni of about 50% to about 90%;
and the ratio of the molar percentage of Ni in the second particle to the molar percentage of Ni
in the first particle is about 1:1 to about 1:3. In some embodiments, the nickel content of the
first lithium-containing transition metal oxide is greater than the nickel content of the second
lithium-containing transition metal oxide.

[0039] It has been found from the study of the present application that the lower the nickel
content, the better the thermal stability and cycle performance of the cathode material (as
shown in Embodiments 1-3). Therefore, in some embodiments of the present application, the
nickel content in the second particle in the region away from the cathode current collector of
the cathode active material layer is set to be smaller than the nickel content in the first particle
in the region close to the cathode current collector, so that the structural stability of the cathode
can be further improved, which is advantageous for the long cycle performance of the lithium-
ion battery at a large rate.

[0040] In some embodiments, the cathode active material layer further includes a conductive
agent. In some embodiments, the conductive agent includes at least one selected from the
group consisting of carbon black, carbon nanotube, graphene and derivatives thereof. In some
embodiments, the content of the conductive agent in the region close to the cathode current
collector is smaller than the content in the region away from the cathode current collector. In
some embodiments, the content of the conductive agent in the second layer is greater than the
content of conductive agent in the first layer. In some embodiments, the content of the
conductive agent in the second layer is about 2% to about 10% based on the total weight of the
second layer, the content of the conductive agent in the first layer is about 1% to about 5%
based on the total weight of the first layer, and the ratio of the content of the conductive agent
in the second layer to the content of the conductive agent in the first layer is about 1:1 to about
10:1.

[0041] The content of the conductive agent in the active material layer in the region away from
the cathode current collector of the cathode is set to be larger than the content of the
conductive agent in the active material layer in the region close to the cathode current
collector, that is, the amount of the conductive agent is increased for the characteristics of the
second particle, the kinetic performance of the second particle can be improved, so that the
cathode is more suitable for large rate discharge (=4C).

[0042] In some embodiments, the cathode active material layer further includes a binder. In
some embodiments, the binder includes at least one selected from the group consisting of
polyvinylidene fluoride, vinylidene fluoride-hexafluoropropylene copolymer, polyamide,
polyacrylonitrile, polyacrylate, polyacrylic acid, polyacrylate, sodium carboxymethylcellulose,
polyvinyl pyrrolidone, polyvinyl ether, polymethyl methacrylate, polytetrafluoroethylene,
polyhexafluoropropylene, butadiene styrene rubber, and epoxy resin.

[0043] In some embodiments, the second particle has an average particle size Dv50 that is
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less than the Dv50 of the first particle, and the second particle has a specific surface area that
is greater than the specific surface area of the first particle. In some embodiments, the ratio of
the average particle size of the first particle to the average particle size of the second particle is
about 2:1 to about 10:1. In some embodiments, the second particle has a specific surface area

of about 0.30 m?%/g to about 2.50 m?/g, and the first particle has a specific surface area of

about 0.1 m?/g to about 1.50 m?/g, and the ratio of the specific surface area of the second
particle to the specific surface area of the first secondary particle is about 1:1 to about 5:1.

[0044] The present application recognizes that the smaller the average particle size (Dv50) of
the material, the greater the specific surface area (BET) and the better the kinetic
performance. Therefore, the Dv50 of the second particles in the region away from the cathode
current collector of the cathode active material layer is set to be smaller than the Dv50 of the
first particles in the region close to the cathode current collector, and the specific surface area
of the second particle in the region away from the cathode current collector is larger than the
specific surface area of the first particle in the region close to the cathode current collector, so
that the kinetic performance of the entire cathode active material layer can be remarkably
improved, and the long cycling discharge performance of the cathode at a large rate (=4C) can
be achieved.

Il. Electrochemical Device

[0045] The present application further provides an electrochemical device including a cathode
of the present application. In some embodiments, the electrochemical device is a lithium-ion
battery. The lithium-ion battery includes a cathode of the present application, an anode, a
separator, and an electrolyte, wherein the anode includes an anode active material layer and
an anode current collector.

[0046] The cathode current collector of the cathode in some embodiments of the present
application may be aluminum foil or nickel foil, and the anode current collector of the anode
may be copper foil or nickel foil. However, other cathode current collectors and anode current
collectors commonly used in the art may be used.

[0047] The conductive agent and the binder of the anode active material layer are similar to
the conductive agent and the binder of the cathode active material layer described above, and
will not be described herein. The anode active material layer contains an anode active material
including, but not limited to, a material selected from the group consisting of a carbon material,
a metal compound, an oxide, a sulfide, a nitride of lithium such as LiN3, a lithium metal, a metal

element and a semi-metal element forming an alloy together with lithium, a polymeric material,
and a combination thereof.

[0048] In the foregoing anode active materials, examples of the carbon materials may include
low graphitized carbon, easily graphitizable carbon, artificial graphite, natural graphite,
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mesocarbon microbeads, soft carbon, hard carbon, pyrolytic carbon, coke, vitreous carbon, a
sintered body of organic polymer compound, carbon fibers and activated carbon. The coke can
include pitch coke, needle coke and petroleum coke. The organic polymer compound sintered
body refers to a material obtained by calcining a polymer material such as phenol plastic or
furan resin at an appropriate temperature to carbonize the polymer material, and some of
these materials are classified into low graphitized carbon or easily graphitized carbon.
Examples of the polymer material may include polyacetylene and polypyrrole.

[0049] Further, in the anode active material, a material whose charging and discharging
voltages are close to those of lithium metal is selected. This is because if the charging and
discharging voltages of the anode active material are lower, the battery can more easily have
higher energy density. The anode active materials can be selected from carbon materials
because their crystal structures are only slightly changed upon charging and discharging, so
good cycle characteristics and large charging and discharging capacities can be obtained. In
particular, graphite may be selected because it can provide a large electrochemical equivalent
and a high energy density.

[0050] Further, the anode active material can include elemental lithium metals, metal elements
and semi-metal elements capable of forming alloys together with lithium (Li), alloys and
compounds thereof, etc. Particularly, the anode material and the carbon material are used
together because in this case, good cycle performance and high energy density can be
obtained. In addition to the alloys including two or more metal elements, the alloys used here
also include alloys including one or more metal elements and one or more semi-metal
elements. The alloy may be in a solid solution, a eutectic crystal (eutectic mixture), an
intermetallic compound, and a mixture thereof.

[0051] Examples of the metal elements and the semimetal elements may include tin (Sn), lead
(Pb), aluminum (Al), indium (In), silicon (Si), zinc (Zn), antimony (Sb), bismuth (Bi), cadmium
(Cd), magnesium (Mg), boron (B), gallium (Ga), germanium (Ge), arsenic (As), silver (AgQ),
zirconium (Zr), yttrium (Y), and hafnium (Hf). Examples of the above alloys and compounds
may include a material having a chemical formula: MagMbyLi, and a material having a chemical
formula: Map,McyMd,. In these chemical formulas, Ma denotes at least one of a metal element
and a semimetal element capable of forming an alloy with lithium; Mb denotes at least one of
the metal element and the semimetal element other than lithium and Ma; Mc denotes at least
one of the non-metallic elements; Md represents at least one of the metal element and the
semimetal element other than Ma; and s, t, u, p, q, andr satisfys>0,t>0,u>0,p>0,q>0,
andr>o.

[0052] Further, an inorganic compound not including lithium (Li) such as Mn02, V,05, VgO13,

NiS, and MoS may be used in the anode active material layer.

[0053] In some embodiments, the separator of the present application includes, but is not
limited to, at least one selected from polyethylene, polypropylene, polyethylene terephthalate,
polyimide, and aramid fiber. For example, the polyethylene includes at least one component
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selected from the group consisting of high-density polyethylene, low-density polyethylene and
ultrahigh molecular weight polyethylene. In particular, polyethylene and polypropylene, which
have a good effect on preventing short circuits, can improve the stability of the lithium-ion
battery by the shutdown effect.

[0054] The separator surface may further include a porous layer. The porous layer is disposed
on at least one surface of the separator. The porous layer includes inorganic particles and a
binder. The inorganic particles are any one or combination of more than one selected from
alumina (Al,O3), silicon oxide (SiO5), magnesium oxide (MgO), titanium oxide (TiO5), hafnium
oxide (HfO»), tin oxide (SnO»), cerium oxide (CeO,), nickel oxide (NiO), zinc oxide (ZnO),
calcium oxide (CaOQ), zirconium dioxide (ZrO,), yttrium oxide (Y5Os), silicon carbide (SiC),
boehmite, aluminum hydroxide, magnesium hydroxide, calcium hydroxide, and barium sulfate.
The binder is any one or combination of more than one selected from polyvinylidene fluoride,
vinylidene fluoride-hexafluoropropylene copolymer, polyamide, polyacrylonitrile, polyacrylate
ester, polyacrylic acid, polyacrylate salt, sodium carboxymethylcellulose, polyvinylpyrrolidone,
polyvinyl ether, polymethyl methacrylate, polytetrafluoroethylene, and
polyhexafluoropropylene.

[0055] The porous layer can improve heat resistance, oxidation resistance and electrolytic
solution wettability of the separator, and enhance the binding properties between the separator
and the cathode or anode.

[0056] The lithium-ion battery further includes an electrolyte that may be one or more of a gel
electrolyte, a solid electrolyte, and an electrolytic solution, where the electrolytic solution
contains a lithium salt and a nonaqueous solvent.

[0057] In some embodiments of the present application, the lithium salt is selected from one or
more of LiPFg, LiBF4, LiAsFg, LiClO4, LiB(CgHs)4, LICH3SO3, LICF3SO3, LIN(SO,CF3)s,
LIC(SO,CF3)3, LiSiFg, LIBOB, and lithium difluoroborate. For example, the lithium salt may be

LiPFg, because it can provide high ionic conductivity and improve cycle performance.

[0058] The non-aqueous solvent can be a carbonate compound, a carboxylate compound, an
ether compound, other organic solvent or a combination thereof.

[0059] The carbonate compound can be a chain carbonate compound, a cyclic carbonate
compound, a fluorocarbonate compound or a combination thereof.

[0060] The chain carbonate compound may be dimethyl carbonate (DMC), diethyl carbonate
(DEC), dipropyl carbonate (DPC), methyl propyl carbonate (MPC), ethyl propyl carbonate
(EPC), methyl ethyl carbonate (MEC), and a combination thereof. Examples of the cyclic
carbonate compound are ethylene carbonate (EC), propylene carbonate (PC), butylene
carbonate (BC), vinyl ethylene carbonate (VEC), and a combination thereof. The
fluorocarbonate compound may be fluoroethylene carbonate (FEC), 1,2-difluoroethylene
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carbonate, 1,1-difluoroethylene carbonate, 1,1,2-trifluoroethylene carbonate, 1,1,2,2-
tetrafluoroethylene carbonate, 1-fluoro-2-methylethylene carbonate, 1-fluoro-1-methylethylene
carbonate, 1,2-difluoro-1-methylethylene carbonate, 1,1,2-trifluoro-2-methylethylene
carbonate, trifluoromethylethylene carbonate, and a combination thereof.

[0061] Examples of the carboxylate compound are methyl formate, methyl acetate, ethyl
acetate, n-propyl acetate, t-butyl acetate, methyl propionate, ethyl propionate, propyl
propionate, y-butyrolactone, decalactone, valerolactone, mevalonolactone, caprolactone, and
a combination thereof.

[0062] Examples of the ether compound are dibutyl ether, tetraethylene glycol dimethyl ether,
diethylene glycol dimetyyl ether, 1,2-dimethoxyethane, 1,2-diethoxyethane,
ethoxymethoxyethane, 2-methyltetrahydrofuran, tetrahydrofuran, and a combination thereof.

[0063] Examples of other organic solvents are dimethyl sulfoxide, 1,2-dioxolane, sulfolane,
methylsulfolane, 1,3-dimethyl-2-imidazolldone, N-methyl-2-pyrrolidone, formamide, dimethyl
formamide, acetonitrile, trimethyl phosphate, triethyl phosphate, trioctyl phosphate, phosphate
ester, and a combination thereof.

[0064] Although a lithium-ion battery was used above as an example for the description, after
reading the present application, a person skilled in the art can conceive of applying the
cathode according to embodiments of the present application to any other suitable
electrochemical devices. Such electrochemical devices may include any device for an
electrochemical reaction including but not limited to all kinds of primary batteries, secondary
batteries, fuel cells, solar cells or capacitors. In particular, the electrochemical device is a
lithium secondary battery, including a lithium metal secondary battery, a lithium-ion secondary
battery, a lithium polymer secondary battery or a lithium ion polymer secondary battery.

Ill. Electronic Device

[0065] The present application further provides an electronic device that can be any device
that uses the electrochemical device according to the present application.

[0066] In some embodiments of the present application, the electronic device include, but is
not limited to: a notebook computer, a pen-input computer, a mobile computer, an e-book
player, a portable phone, a portable fax machine, a portable copier, a portable printer, a head-
mounted stereo headphone, a video recorder, an LCD TV, a portable cleaner, a portable CD
player, a mini disc player, a transceiver, an electronic notebook, a calculator, a memory card, a
portable recorder, a radio, a backup power source, a motor, a vehicle, a motorcycle, a
motorized bicycle, a bicycle, a lighting apparatus, a toy, a game console, a clock, an electric
tool, a flash light, a camera, a large battery for household use, or a lithium ion capacitor.

[0067] The benefits and advantages of the lithium-ion battery of the present application will be
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described below by taking a lithium-ion battery as an example in combination with a specific
preparation method and test for the prepared lithium-ion battery. However, those skilled in the
art will understand that the preparation methods described in the present application are
merely exemplary, and any other suitable preparation methods also fall within the protection
scope of the present application.

IV. Examples

1. Examples 1-29 and Comparative Examples 1-2

Example 1

[0068] Example 1 describes a cathode including a first layer having a thickness of about 30 um
disposed on one surface of a current collector and a second layer having a thickness of about
7.5 um disposed on the outside surface of the first layer; wherein the first layer includes a first
particle LiNig gCog ggMng goZrgog1Mgpo1O2, a carbon black conductive agent and a

polyvinylidene fluoride binder, the contents of which are respectively about 97.7%, about 1.3%
and about 1.0% based on the total weight of the first layer, the second layer includes a second
particle LiNig sCog goMng 09Zro 01Mg0 0102, a carbon black conductive agent and a

polyvinylidene fluoride binder, the contents of which are respectively about 96%, about 2.3%,
and about 1.7% based on the total weight of the second layer; wherein the first particle has a
Dv50 of about 8.1 um and a specific surface area of about 0.632 m%/g, and a second particle

has a Dv50 of about 3.6 um and a specific surface area of about 1.020 m?/g; wherein the
second layer extends beyond the first layer at the edge of the cathode active material layer.

[0069] A method for preparing a lithium-ion battery is as follows:

Preparation of the cathode

[0070]

1. (1) Preparation of the first layer slurry: the first particle, the conductive agent and the
binder satisfying the above-mentioned mass ratio and satisfying the aforementioned
Dv50 and specific surface area requirements were weighed; and the weighed first
particle, the conductive agent and binder were thoroughly stirred and uniformly mixed in
an N-methylpyrrolidone solvent system;

2. (2) Preparation of the second layer slurry: the second particle, the conductive agent and
the binder satisfying the above-mentioned mass ratio and satisfying the aforementioned
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Dv50 and specific surface area requirements were weighed; and the weighed second
particles, the conductive agent and binder were thoroughly stirred and uniformly mixed
in the N-methylpyrrolidone solvent system;

3. (3) Preparation of the cathode: the obtained first layer slurry was coated on one surface
of an Al foil and dried to obtain a first layer, wherein the thickness of the first layer was
controlled to be about 30 um; the second layer slurry was coated over the first layer and
dried to obtain a second layer, wherein the thickness of the second layer was controlled
to be about 7.5 pm, wherein the second layer was controlled to extend beyond the first
layer at the edge of the cathode; and then the above obtained Al foil was subjected to
cold pressing, cutting, and slitting to obtain the cathode.

Preparation of the anode

[0071] Copper foil was used as the anode current collector, and a layer of graphite slurry was
uniformly coated on the surface of the copper foil. The slurry was a combination of about 97.7
wt% of artificial graphite, about 1.3 wt% of sodium carboxymethylcellulose (CMC), and about
1.0 wt% of styrene-butadiene rubber (SBR), which was dried at 85°C, and then subjected to
cold pressing, cutting, and slitting, and dried under vacuum at 85°C for 4 hours to prepare the
anode.

Preparation of the electrolyte

[0072] A solution prepared from a lithium salt LiPFg and a nonaqueous organic solvent

(ethylene carbonate (EC):diethyl carbonate (DEC):polypropylene carbonate (PC):propyl
propionate (PP).vinylene carbonate (VC)=20:30:20:28:2, weight ratio) in a weight ratio of 8:92
was used as an electrolyte of the lithium-ion battery.

Separator

[0073] A 12 um polyethylene (PE) porous polymer film was used as the separator.

Preparation of the lithium-ion battery

[0074] The cathode, the separator, and the anode were stacked in order, so that the separator
was between the cathode and anode to play the role of separating, and a wound electrode
assembly was obtained by winding. After the electrode assembly was subjected to top side
sealing, code spraying, vacuum drying, electrolyte injection and high-temperature standing, a
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formation and capacity test were performed to obtain the lithium-ion battery.

Example 2

[0075] Example 2 describes a cathode which differs from the cathode of Example 1 only in that
the first particle in the first layer has a Dv50 of about 11.1 ym and a specific surface area of

about 0.411 m%/g.

[0076] The preparation procedure of Example 2 is basically the same as the preparation
procedure of Example 1, except that the first particle satisfying such Dv50 and specific surface
area requirements was weighed in step (1) in the preparation of the cathode.

Example 3

[0077] Example 3 describes a cathode which differs from the cathode of Example 1 only in that
the first particle in the first layer has a Dv50 of about 16.3 ym and a specific surface area of

about 0.398 m?/g.

[0078] The preparation procedure of Example 3 is basically the same as the preparation
procedure of Example 1, except that the first particle satisfying such Dv50 and specific surface
area requirements was weighed in step (1) in the preparation of the cathode.

Example 4

[0079] Example 4 describes a cathode which differs from the cathode of Example 1 only in that
the first particle in the first layer has a Dv50 of about 26.5 ym and a specific surface area of

about 0.345 m?/g.

[0080] The preparation procedure of Example 4 is basically the same as the preparation
procedure of Example 1, except that the first particle satisfying such Dv50 and specific surface
area requirements was weighed in step (1) in the preparation of the cathode.

Example §

[0081] Example 5 describes a cathode which differs from the cathode of Example 1 only in that
the first particle in the first layer has a Dv50 of about 37.2 ym and a specific surface area of

about 0.279 m?g.
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[0082] The preparation procedure of Example 5 is basically the same as the preparation
procedure of Example 1, except that the first particle satisfying such Dv50 and specific surface
area requirements was weighed in step (1) in the preparation of the cathode.

Example 6

[0083] Example 6 describes a cathode which differs from the cathode of Example 1 only in that
the first particle in the first layer has a Dv50 of about 49.6 ym and a specific surface area of

about 0.248 m?/g.

[0084] The preparation procedure of Example 6 is basically the same as the preparation
procedure of Example 1, except that the first particle satisfying such Dv50 and specific surface
area requirements was weighed in step (1) in the preparation of the cathode.

Example 7

[0085] Example 7 describes a cathode which differs from the cathode of Example 2 only in that
the second particle in the second layer has a Dv50 of about 0.8 ym and a specific surface area

of about 2.147 m?%g.

[0086] The preparation procedure of Example 7 is basically the same as the preparation
procedure of Example 2, except that the second particle satisfying such Dv50 and specific
surface area requirements was weighed in step (2) in the preparation of the cathode.

Example 8

[0087] Example 8 describes a cathode which differs from the cathode of Example 2 only in that
the second particle in the second layer has a Dv50 of about 1.2 ym and a specific surface area

of about 1.840 m%/g.

[0088] The preparation procedure of Example 8 is basically the same as the preparation
procedure of Example 1, except that the second particle satisfying such Dv50 and specific
surface area requirements was weighed in step (2) in the preparation of the cathode.

Example 9

[0089] Example 9 describes a cathode which differs from the cathode of Example 2 only in that
the second particle in the second layer has a Dv50 of about 4.2 ym and a specific surface area
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of about 0.832 m?%g.

[0090] The preparation procedure of Example 9 is basically the same as the preparation
procedure of Example 1, except that the second particle satisfying such Dv50 and specific
surface area requirements was weighed in step (2) of preparation of the second layer slurry in
the preparation of the cathode.

Example 10

[0091] Example 10 describes a cathode which differs from the cathode of Example 2 only in
that the second particle in the second layer has a Dv50 of about 6.9 ym and a specific surface

area of about 0.644 m?%/g.

[0092] The preparation procedure of Example 10 is basically the same as the preparation
procedure of Example 1, except that the second particle satisfying such Dv50 and specific
surface area requirements was weighed in step (2) in the preparation of the cathode.

Example 11

[0093] Example 11 describes a cathode which differs from the cathode of Example 2 only in
that the second particle in the second layer has a Dv50 of about 9.8 ym and a specific surface

area of about 0.487 m?%g.

[0094] The preparation procedure of Example 11 is basically the same as the preparation
procedure of Example 3, except that the second particle satisfying such Dv50 and specific
surface area requirements was weighed in step (2) in the preparation of the cathode.

Example 12

[0095] Example 12 describes a cathode which differs from the cathode of Example 2 only in
that the second particle in the second layer has a Dv50 of about 11.0 ym and a specific surface

area of about 0.419 m?/g.

[0096] The preparation procedure of Example 12 is basically the same as the preparation
procedure of Example 3, except that the second particle satisfying such Dv50 and specific
surface area requirements was weighed in step (2) in the preparation of the cathode.

Example 13
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[0097] Example 13 describes a cathode which differs from the cathode of Example 2 only in
that the thicknesses of the first layer and the second layer are both about 18.75 uym, that is, the
ratio of the thickness of the second layer to the thickness of the first layeris 1:1.

[0098] The preparation procedure of Example 13 is basically the same as the preparation
procedure in Example 2, except that the above-mentioned thickness requirements for the first
layer and the second layer were achieved by controlling the coating step in step (3) in the
preparation of the cathode.

Example 14

[0099] Example 14 describes a cathode which differs from the cathode of Example 2 only in
that the thicknesses of the first layer is about 25.0 um and the thicknesses of the second layer
is about 12.50 ym, that is, the ratio of the thickness of the second layer to the thickness of the
first layeris 1:2.

[0100] The preparation procedure of Example 14 is basically the same as the preparation
procedure in Example 2, except that the above-mentioned thickness requirements for the first
layer and the second layer were achieved by controlling the coating step in step (3) in the
preparation of the cathode.

Example 15

[0101] Example 15 describes a cathode which differs from the cathode of Example 2 only in
that the thicknesses of the first layer is about 32.16 ym and the thicknesses of the second layer
is about 5.36 uym, that is, the ratio of the thickness of the second layer to the thickness of the
first layer is about 1:6.

[0102] The preparation procedure of the cathode is basically the same as the preparation
procedure in Example 3, except that the above-mentioned thickness requirements for the first
layer and the second layer were achieved by controlling the coating step in step (3) in the
preparation of the cathode.

Example 16

[0103] Example 16 describes a cathode which differs from the cathode of Example 2 only in
that the thicknesses of the first layer is about 33.28 um and the thicknesses of the second layer
is about 4.16 pm, that is, the ratio of the thickness of the second layer to the thickness of the
first layer is about 1:8.
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[0104] The preparation procedure of Example 16 is basically the same as the preparation
procedure in Example 2, except that the above-mentioned thickness requirements for the first
layer and the second layer were achieved by controlling the coating step in step (3) in the
preparation of the cathode.

Example 17

[0105] Example 17 describes a cathode which differs from the cathode of Example 2 only in
that the thicknesses of the first layer is about 34.00 um and the thicknesses of the second layer
is about 3.40 um, that is, the ratio of the thickness of the second layer to the thickness of the
first layer is about 1:10.

[0106] The preparation procedure of Example 17 is basically the same as the preparation
procedure in Example 2, except that the above-mentioned thickness requirements for the first
layer and the second layer were achieved by controlling the coating step in step (3) in the
preparation of the cathode.

Example 18

[0107] Example 18 describes a cathode which differs from the cathode of Example 2 only in
that the active material of the second layer includes the second particles LiNiggCog2oMng 05

having a Dv50 of about 6.9 um and a specific surface area of about 0.486 m2/g.

[0108] The preparation procedure of Example 18 is basically the same as the preparation
procedure in Example 2, except that the second particle satisfying the above requirements was
weighed in step (2) in the preparation of the cathode.

Example 19

[0109] Example 19 describes a cathode which differs from the cathode of Example 2 only in
that the active material of the second layer includes the second particles LiNig 5CogoMng 305

having a Dv50 of about 6.9 um and a specific surface area of about 0.486 m2/g.

[0110] The preparation procedure of Example 19 is basically the same as the preparation
procedure in Example 2, except that the second particle satisfying the above requirements was
weighed in step (2) in the preparation of the cathode.

Example 20
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[0111] Example 20 describes a cathode which differs from the cathode of Example 2 only in
that the active material of the first layer includes LiNig gCog oMng 20o».

[0112] The preparation procedure of Example 20 is basically the same as the preparation
procedure in Example 2, except that the first particle satisfying the above requirements was
weighed in step (1) in the preparation of the cathode.

Example 21

[0113] Example 21 describes a cathode which differs from the cathode of Example 2 only in
that the active material of the first layer includes LiNig 5CogoMng 305.

[0114] The preparation procedure of Example 21 is basically the same as the preparation
procedure in Example 2, except that the first particle satisfying the above requirements was
weighed in step (1) in the preparation of the cathode.

Example 22

[0115] Example 22 describes a cathode which differs from the cathode of Example 2 only in
that the content of the conductive agent in the first layer is adjusted to about 1.0%, and the
content of the first particle is accordingly adjusted to about 98.0%, the content of the
conductive agent in the second layer is adjusted to about 2.1%, and the content of the second
particle is accordingly adjusted to about 96.2%.

[0116] The preparation procedure of Example 22 is substantially the same as the preparation
procedure in Example 2, except that the contents of the active material (i.e., the first or second
particle) and the conductive agent weighed in the steps (1) and (2) in the preparation of the
cathode were adjusted to meet the above proportion requirements.

Example 23

[0117] Example 23 describes a cathode which differs from the cathode of Example 1 only in
that the content of the conductive agent in the second layer is adjusted to about 2.1%, and the
content of the second particle is accordingly adjusted to about 96.2%.

[0118] The preparation procedure of Example 23 is basically the same as the preparation
procedure in Example 2, except that the contents of the second particle and the conductive
agent weighed in step (2) in the preparation of the cathode were adjusted to meet the above
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proportion requirements.

Example 24

[0119] Example 24 describes a cathode which differs from the cathode of Example 2 only in
that the content of the conductive agent in the first layer is adjusted to about 2.4%, and the
content of the first particle is accordingly adjusted to about 96.6%, the content of the
conductive agent in the second layer is adjusted to about 4.7%, and the content of the second
particle is accordingly adjusted to about 93.6%.

[0120] The preparation procedure of the cathode is substantially the same as the preparation
procedure in Example 2, except that the contents of the active material (i.e., the first or second
particle) and the conductive agent weighed in the steps (1) and (2) in the preparation of the
cathode were adjusted to meet the above proportion requirements.

Example 25

[0121] Example 25 describes a cathode which differs from the cathode of Example 2 only in
that the content of the conductive agent in the first layer is adjusted to about 3.7%, and the
content of the first particle is accordingly adjusted to about 95.3%, the content of the
conductive agent in the second layer is adjusted to about 6.3%, and the content of the second
particle is accordingly adjusted to about 92.0%.

[0122] The preparation procedure of Example 25 is substantially the same as the preparation
procedure in Example 2, except that the contents of the active material (i.e., the first or second
particle) and the conductive agent weighed in the steps (1) and (2) in the preparation of the
cathode were adjusted to meet the above proportion requirements.

Example 26

[0123] Example 26 describes a cathode which differs from the cathode of Example 2 only in
that the content of the conductive agent in the first layer is adjusted to about 4.9%, and the
content of the first particle is accordingly adjusted to about 94.1%, the content of the
conductive agent in the second layer is adjusted to about 9.8%, and the content of the second
particle is accordingly adjusted to about 88.5%.

[0124] The preparation procedure of Example 26 is substantially the same as the preparation
procedure in Example 2, except that the contents of the active material (i.e., the first or second
particle) and the conductive agent weighed in the steps (1) and (2) in the preparation of the
cathode were adjusted to meet the above proportion requirements.
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Example 27

[0125] Example 27 describes a cathode which differs from the cathode of Example 2 only in
that the cathode active material layer has a 4-layer structure, and a first slurry coating layer, a
second slurry coating layer, a first slurry coating layer, and a second slurry coating layer were
disposed on the surface of the cathode current collector in order.

[0126] The preparation procedure of Example 27 is substantially the same as the preparation
procedure in Example 2, except that the first layer slurry and the second layer slurry were
alternately coated in step (3) in the preparation of the cathode to obtain the above cathode
active material layer having a 4-layer structure.

Example 28

[0127] Example 28 describes a cathode which differs from the cathode of Example 2 only in
that the cathode active material layer has a 6-layer structure, and a first slurry coating layer, a
second slurry coating layer, a first slurry coating layer, a second slurry coating layer, a first
slurry coating layer and a second slurry coating layer are disposed on the surface of the
cathode current collector in order.

[0128] The preparation procedure of Example 28 is substantially the same as the preparation
procedure in Example 2, except that the first layer slurry and the second layer slurry were
alternately coated in step (3) in the preparation of the cathode to obtain the above cathode
active material layer having a 6-layer structure.

Example 29

[0129] Example 29 describes a cathode which differs from the cathode of Example 2 only in
that the first layer is formed by coating a slurry of a mixture of the first particle and the second
particle, wherein the mass ratio of the first particle to the second particle is 9:1.

[0130] The preparation procedure of Example 29 is basically the same as the preparation
procedure in Example 2, except that the active material weighed in step (1) in the preparation
of the cathode was the first particle and the second particle satisfying the mass ratio of 9:1 to
prepare the first slurry layer.

Comparative Example 1
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[0131] Comparative Example 1 describes a cathode which differs from the cathode in Example
1 only in that the cathode of Comparative Example 1 only has the second layer in Example 1,
and the thickness of the second layer is about 37.5 ym, the second particle contained therein

has a Dv50 of about 2.3 ym and a specific surface area of about 1.040 m?/g, that is, the active
material layer of the cathode of Comparative Example 1 only has the second particle.

[0132] The preparation procedure of Comparative Example 1 is substantially the same as that
in Example 1, except that Comparative Example 1 did not have the steps associated with the
first particle in Example 1.

Comparative Example 2

[0133] Comparative Example 2 describes a cathode which differs from the cathode of Example
1 only in that the cathode of Comparative Example 2 only has the first layer in Example 1, and
the thickness of the first layer is about 37.5 ym, that is, the active material layer of the cathode
of Comparative Example 2 only has the first particle.

[0134] The preparation procedure of Comparative Example 2 is substantially the same as that
in Example 1, except that Comparative Example 2 did not have the steps associated with the
second particle in Example 1.

[0135] The following tests are respectively conducted on the cathodes of the above Examples
1-29 and Comparative Examples 1-2 and the lithium-ion battery obtained as described above.

Particle size measurement

[0136] The present application uses a Malvern particle size tester to measure the particle size
of the material: the material was dispersed in a dispersant (ethanol), and after 30 minutes of
sonication, the sample was added to the Malvern particle size tester to start the test. Dv50
means a particle size with which the volume cumulative frequency from the smaller diameter
side reaches 50% in the volume-based particle size distribution, that is, the average particle
size. The present application measures the specific surface area of the material by the BET
test method (Brunauer-Emmett-Teller, BET). First, a Tri Star 11 surface analyzer was used,
about 3 g to about 6 g of sample was loaded in a sample tube, then the sample was placed in
a degassing station, heated and vacuumed, then the heating and vacuuming were stopped to
lower the sample temperature to room temperature, the sample was removed to measure the
weight of the sample and the sample tube, and then loaded into an analysis station for
analysis, data processing and calculation.

Performance test of lithium-ion battery
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SEM testing

[0137] A scanning electron microscope (SEM) is used for obtaining a morphological structure
of a sample through mutual effect of an electron beam and the sample and by using secondary
electron signal for imaging. An SEM used in the present application was JSM-6360LV SEM of
JEOL Company and a matched X-ray energy spectrometer, which were used for analyzing the
morphological structure and element distribution of the sample.

[0138] The SEM image of a cross section of a pole piece refers to the cross-section
pretreatment of the pole piece before the SEM testing. The pretreatment method in the
present application is Cross Section Polisher (CP), which uses ion beam cutting to cut out the
profile of the sample. Unlike general sample profile polishing, ion beam cutting avoids the
effects of stresses caused by the polishing process. When shooting, the pole piece should be
as flat as possible and parallel to the test bench.

Cycle performance test

[0139] Five lithium-ion batteries prepared according to each of the comparative examples and
Examples were respectively taken and charged and discharged repetitively through the
following steps, the discharge capacity retention rates of the lithium-ion batteries were
calculated, and an average value was obtained.

[0140] The lithium-ion battery to be tested was allowed to stand at a test temperature of about
45°C for about 2 hours. The lithium-ion battery was charged at a constant current of about 2 C
to about 4.2 V, then charged at a constant voltage of about 4.2 V to about 0.02 C, and allowed
to stand for about 15 minutes; then the lithium-ion battery was discharged at a constant current
of about 8 C to about 2.8 V, and allowed to stand for about 30 minutes. The above procedure
was repeated 500 times to record the discharge capacity at this time. The capacity retention
rate of the lithium-ion battery at 500th cycle was calculated by the following formula:

Cyclic expansion rate test of lithium-ion battery

[0141] The thickness of the lithium-ion battery after 500 cycles was tested using a thickness
measuring device, and the thickness variation after 500 cycles was recorded. The expansion
ratio of the lithium-ion battery after 500 cycles was calculated by the following formula:

[0142] Table 1 below shows in detail the expansion ratio and capacity retention ratio of the
lithium-ion batteries of Examples 1-29 and Comparative Examples 1-2 after 500 cycles at
about the rate of 8 C.
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Table 1
Expansion ratio Capacity retention ratio

Example 1 9.0% 82.9%
Example 2 9.0% 84.4%
Example 3 8.1% 83.4%
Example 4 8.7% 83.2%
Example 5 9.2% 82.7%
Example 6 9.6% 79.8%
Example 7 8.2% 84.5%
Example 8 8.2% 84.4%
Example 9 8.3 % 84.1%
Example 10 8.4% 84.3%
Example 11 9.8% 80.2%
Example 12 10.0% 79.9%
Example 13 11.3% 80.5%
Example 14 10.4% 82.7%
Example 15 12.6% 81.8%
Example 16 16.2% 76.3%
Example 17 18.7% 71.2%
Example 18 7.7% 86.7%
Example 19 7.5% 87.2%
Example 20 7.3% 88.9%
Example 21 7.2% 89.2%
Example 22 8.6% 80.3%
Example 23 8.2% 84.1%
Example 24 8.2% 85.0%
Example 25 8.1% 86.1%
Example 26 8.0% 87.4%
Example 27 8.0% 85.2%
Example 28 7.6% 86.1%
Example 29 7.4% 87.2%
Comparative Example 1 0.8% 0%

Comparative Example 2 26.8% 60.8%

[0143] Note: In Comparative Example 1: the measured expansion rate was relatively low due
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to the inability to charge and discharge effectively; and due to the characteristics of the second
particle, the capacity retention rate dropped to 3% in the first cycle of discharge, and dropped
to 0% after several cycles.

[0144] It can be seen from the analysis of Examples 1-29, Comparative Example 1 and
Comparative Example 2 that the cyclic expansion ratio and the cycle capacity retention ratio of
the lithium-ion batteries in Examples 1-29 (the cathodes of which have the first particle and the
second particle, wherein the first particle is contained in a region close to the cathode current
collector, and the second particle is contained in the region away from the cathode current
collector) are superior to the cyclic expansion ratio and the cycle capacity retention ratio of the
lithium-ion battery in Comparative Example 1 (the cathode of which only has the second
particle) and significantly superior to the cyclic expansion ratio and the cycle capacity retention
ratio of the lithium-ion battery in Comparative Example 2 (the cathode of which only has the
first particle). Further referring to Fig. 3A and Fig. 3B, the expansion ratios of the cathode plate
in Example 1 before the cycle and after the SOOth cycle at about the rate of 8 C are
significantly lower than that of the cathode in Comparative Example 2. Referring further to
Fig.4, at about the rate of 8 C, the cathode in Example 1 has a lower expansion rate with
cycling than the cathode in Comparative Example 2, and this tendency becomes more
pronounced as the number of cycle increases. This is mainly because the second particle is
not easy to break during the cycling, and the first particle has small polarization and good rate
performance. By providing the second particle in the region away from the cathode current
collector and providing the first particle in the region close to the cathode current collector, the
advantages of the two can be combined, the bulk density of the cathode material is increased,
the particle breakage in the cold press overcharge is reduced, and the gas production during
long cycle at large rate is reduced, thereby achieving the effect of a long cycle at a large rate.

[0145] Examples 1-6 adjust the size of the Dv50 of the first particle, respectively. It can be
seen from the analysis that the cycle expansion rate and the cycle capacity retention rate of
the lithium-ion battery first improve and then decrease as the Dv50 of the first particle
increases. This is mainly because as the Dv50 of the first particle increases, the specific
surface area decreases correspondingly, and the kinetic performance deteriorates, however,
when the Dv50 is too small, the side reaction increases. According to the study of the present
application, when the first particle has a Dv50 between about 5 ym and about 20 pm, lithium-
ion batteries can achieve optimal comprehensive performance between kinetic performance
and side reactions.

[0146] Example 2 and Examples 13-17 adjust the thickness ratio of the second layer to the first
layer, respectively. It can be seen from the analysis that the cycle expansion ratio and the cycle
capacity retention rate of the lithium-ion battery gradually improve as the thickness ratio of the
second layer to the first layer decreases. This is mainly because the mixing ratio of the second
particle to the first particle can be controlled by adjusting the thickness ratio of the first layer to
the second layer. VWhen the mixing ratio of the second particle to the first particle is proper, the
second particle can be utilized to increase the compaction density of the material and maintain
the structural stability of the material, and the excellent dynamic properties of the first particle
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can be utilized to improve the cycle life and cycle expansion rate of the lithium-ion battery at a
large rate.

[0147] Example 2 and Examples 18-19 adjust the molar percentage of Ni in the second layer,
respectively. It can be seen from the analysis that the cycle expansion ratio and cycle capacity
retention rate of the lithium-ion battery gradually improve as the Ni content decreases. This is
mainly because with a lower Ni content, the better the thermal stability and the better the cycle
performance. Example 2 and Examples 20-21 respectively adjust the molar percentage of Ni in
the first layer, a similar conclusion can be obtained therefrom. Therefore, in some Examples,
the nickel content of the second layer (i.e., the outermost layer) of the cathode is set to be
smaller than the nickel content of the first layer (i.e., the inner layer) to further improve the
structural stability of the outermost layer and improve the cycle life of the lithium-ion battery at
a large rate. In some Examples of the present application, the molar percentage of Ni in the
cathode active material of the outermost layer is about 30% to about 80%. In some Examples
of the present application, the molar percentage of Ni in the lithium-containing transition metal
oxide of the inner layer is about 50% to about 90%. In some Examples of the present
application, the ratio of the weight of Ni in the cathode active material of the outermost layer to
the weight of Ni in the lithium-containing transition metal oxide of the inner layer is about 1:1 to
about 1:10.

[0148] Example 2 and Examples 22-25 adjust the content of the conductive agent in the first
layer and the second layer, respectively. It can be seen from the analysis that the cycle
expansion rate and the cycle capacity retention rate of the lithium-ion battery gradually improve
as the content of the conductive agent increases. This is mainly because as the content of the
conductive agent increases, the kinetic performance is better, and the large-rate discharge is
more favorable, thereby improving the cycle life of the lithium-ion battery at a large rate.
However, as the content of the conductive agent further increases, the active material is
reduced, and thus the energy density is lowered, and therefore, comprehensive consideration
is required. It is further contemplated that the second particle has a large polarization and poor
kinetic performance, and therefore, in some Examples, the cathode is designed such that the
content of the conductive agent in the region close to the cathode current collector is less than
the content of the conductive agent in the region away from the cathode current collector in
order to improve the kinetic performance of the second particle, so that the cathode is more
suitable for large-rate discharge (= 4 C).

[0149] Example 2 and Examples 27-28 are arrangements of different layers, wherein the
cathode active material layer of Example 2 is a two-layer structure coated with a first slurry
layer (which contains the first particle) and a second slurry layer (which contains the second
particle). Example 27 is a 4-layer structure in which a first slurry layer and a second slurry layer
are alternately coated, and Example 28 is a 6-layer structure in which a first slurry layer and a
second slurry layer are alternately coated. It can be seen from the analysis that the multilayer
alternating cathode active material layer formed by the first particle and the second particle can
improve the cycle expansion ratio and the cycle capacity retention rate of the lithium-ion
battery. This is mainly because the interface of the first particle/second particle increases as
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the number of alternating layers of the first particle/second particle increases, and at the
interface, small particles can fill in the gaps around the large particles, thereby increasing the
powder bulk density and reducing any rolling pressure while ensuring the same compaction
density, so that particle breakage is reduced during cold pressing.

[0150] Examples 2 and 29 respectively adjust the composition of the first layer, wherein the
first layer of Example 2 is a single layer structure formed of the first particle, and the first layer
of Example 29 is a single layer structure formed by the slurry of the mixture of the first particle
and the second particle. It can be seen from the analysis that adjusting the first coating to the
first particle/second particle mixture can significantly improve the cycle expansion rate and the
cycle capacity retention rate of the lithium-ion battery. This is mainly because in the first
particle/second particle mixture, the first particle/second particle interface increases, and at the
interface, small particles can fill in the gaps around the large particles, thereby increasing the
powder bulk density and reducing any rolling pressure while ensuring the same compaction
density, so that particle breakage is reduced during cold pressing. Further, in Example 29, the
mixing weight ratio of the first particle to the second particle is 9:1, but the present application
is not limited thereto, and mixtures having other ratios have similar conclusions.

[0151] Described above are Examples listed in the present application. summary, the present
application provides a simple and suitable method for the industrial production of preparing a
cathode and an electrochemical device having high rate performance.



10

15

20

25

30

DK/EP 3844830 T3

Patentkrav

1. Katode, kendetegnet ved, at katoden omfatter:
en katodestrgmkollektor; og
et katodeaktivt materialelag anbragt pa en overflade af
katodestrgmkollektoren, hvor det katodeaktive materialelag omfatter en
forste partikel og en anden partikel, hvor den fgrste partikel omfatter en
farste sekundaer partikel sammensat af en tredje partikel, hvor den tredje
partikel er en fgrste primaer partikel, den farste partikel har en
gennemsnitlig partikelstgrrelse pd 5 pm til 20 pm, den tredje partikel har
en gennemsnitlig partikelstgrrelse pd 200 nm til 700 nm, den anden
partikel omfatter en fjerde partikel og/eller en anden sekundaer partikel
sammensat af den fjerde partikel, hvor den fjerde partikel er en anden
primaer partikel, den anden partikel har en gennemsnitlig partikelstgrrelse
pa 3 um til 5 pm, den fjerde partikel har en gennemsnitlig partikelstgrrelse
pa 800 nm til 5 um,
de gennemsnitlige partikelstgrrelser méles ved hjzelp af en Malvern-
partikelstgrrelsestester efter 30 minutters sonikering af et spredt materiale,
der skal testes, og svarende til en partikelstgrrelse, med hvilken den
kumulative volumenfrekvens fra siden med mindre diameter nar 50% i den
volumenbaserede partikelst@rrelsesfordeling,
hvor et omrade indeholdende den forste partikel er teettere pa

katodestrgmkollektoren end omradet indeholdende den anden partikel.

2. Katoden ifglge krav 1, hvor det katodeaktive materialelag omfatter et fgrste lag
og et andet lag, hvor det fgrste lag omfatter den fgrste partikel, og det andet lag

omfatter den anden partikel.

3. Katoden ifglge et hvilket som helst af kravene 1 eller 2, hvor i en
tykkelsesretning af det katodeaktive materialelag reduceres en koncentration af
den anden partikel med reduktionen af afstanden fra katodestremkollektoren, og
en koncentration af den fgrste partikel stiger med reduktionen af afstanden fra

katodestramkollektoren.
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4, Katoden ifglge et hvilket som helst af kravene 1 til 3, hvor den fgrste partikel
omfatter en fgrste sekundeer partikel sammensat af 150 til 2000 af de tredje
partikler, og den anden partikel omfatter den anden sekundaere partikel

sammensat af 2 til 100 af de fjerde partikler.

5. Katoden ifglge krav 2, hvor et tykkelsesforhold mellem det andet lag og det
forste lag er 1:10 til 1:1.

6. Katoden ifglge et hvilket som helst af kravene 1 til 5, hvor det katodeaktive
materialelag yderligere omfatter et ledende middel, en koncentration af det
ledende middel reduceres med reduktionen af afstanden fra katodestrgm-

kollektoren.

7. Katoden ifglge et hvilket som helst af kravene 1 til 6, hvor den fgrste partikel
har et specifikt overfladeareal pa 0,10 m2/g til 1,50 m2/g, og den anden partikel
har et specifikt overfladeareal pa 0,30 m2/g til 2,50 m2/g, hvor et forhold mellem
det specifikke overfladeareal af den anden partikel og det specifikke overfladeareal
af den farste partikel er 1:1 til 5:1, idet det specifikke overfladeareal méles ved

Brunauer-Emmett-Teller-testmetoden.

8. Katoden ifglge et hvilket som helst af kravene 1 til 7, hvor et topintensitets-
forhold mellem (003) diffraktionstoppen af rgntgendiffraktionen af den anden
partikel og den fagrste partikel er 1,03 til 1,6, og en halv topbreddeforskel af (003)
diffraktionstoppen af rgntgendiffraktionen af den fgrste partikel og den anden
partikel er 0,002° til 0,008°.

9. Katoden ifglge et hvilket som helst af kravene 1 til 8, hvor et forhold mellem en
gennemsnitlig partikelstgrrelse af den fgrste partikel og en gennemsnitlig

partikelstgrrelse af den anden partikel er 2:1 til 10:1.

10. Katoden ifglge et hvilket som helst af kravene 1 til 9, hvor,

den fgrste partikel er et fgrste lithiumholdigt overgangsmetaloxid med en kemisk
formel LiaNixCoyM1-:N1g02, hvor 0,95<a<1,05, 0,5<x<lI, 0<y<0,4, 0<z<0,4, 0 < B
<£0,05, 0gx+vy+z+ B =1, hvor M1 er mindst én valgt blandt gruppen
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bestdende af Mn og Al, og N1 er mindst én valgt fra gruppen bestaende af Mg, Ti,
Zr, Nb, Y, Cr, V, Ge, Mo og Sr;

den anden partikel er et andet lithiumholdigt overgangsmetaloxid med en kemisk
formel LinNiaCobM2cN2402, hvor 0,95<n<1,05, 0,3:Sa<1, 0<b<0,4, 0<c<0,4,
0<d<0,02 og a+b+c+d=1, hvor M2 er mindst én valgt fra gruppen bestdende af
Mn og Al; og N2 er mindst én valgt fra gruppen bestdende af Mg, Ti, Zr, Nb, Y, Cr,
V, Ge, Mo og Sr.

11. Katoden ifglge krav 10, hvor et nikkelindhold af det fgrste lithiumholdige
overgangsmetaloxid er stgrre end et nikkelindhold af det andet lithiumholdige

overgangsmetaloxid.

12. Katoden ifglge krav 2, hvor ved en kant af det katodeaktive materialelag

straekker det andet lag sig ud over det fgrste lag.

13. Elektrokemisk indretning, omfattende:
en anode;
en separator;
en elektrolyt; og

katoden ifglge et hvilket som helst af kravene 1 til 12,
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