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component. The conductive component comprises at
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Abstract:

A positive electrode and a battery. The positive electrode comprises a current collector layer and an
active component layer. The active component layer covers at least one surface of the current
collector layer, and comprises an active material and a conductive component. The conductive
component comprises at least one of a one-dimensional conductive material, a zero-dimensional
conductive material and a two-dimensional conductive material.
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POSITIVE ELECTRODE AND BATTERY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No.
202110858947.6, filed by BYD Company Limited on July 28, 2021 and entitled "POSITIVE

ELECTRODE AND BATTERY".

FIELD
[0002] The present disclosure relates to the field of battery material technologies, and

more specifically, to a positive electrode and a battery.

BACKGROUND

[0003] As a novel environmental-friendly energy source, the lithium-ion battery has
been rapidly developed in recent years due to its advantages such as a high capacity, a high voltage,
a small size and a light weight, a long cycle life, a wide operating range, good safety, and no
memory effect. In response to the demand for large-scale application of lithium-ion batteries,
improving performance of lithium-ion batteries and reducing their costs are the key, and further,
increasing power density and energy density of positive and negative electrode materials and
improving cycle performance and safety performance have become the focus of the development.

[0004] An example in which the battery performance is improved by increasing the
conductivity of a positive electrode material of the lithium-ion battery is used. At present,
conductive agents used in the production of a positive electrode slurry of the lithium-ion battery
are carbon black, acetylene black, conductive graphite, carbon nanotubes, carbon nanofibers, and

the like. However, the conductive agents are mostly used alone, and a same conductive agent is
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often used in different electrodes. The conductive agent cannot be selected according to a type of
the positive electrode material, which is not conducive to performance of the conductive agent,

and restricts the energy density and the cycle performance of the lithium-ion battery.

SUMMARY

[0005] The present disclosure is intended to resolve one of the technical problems in the
related art at least to some extent.

[0006] An objective of embodiments of the present disclosure is to provide novel
technical solutions of a positive electrode and a battery.

[0007] According to a first aspect of the embodiments of the present disclosure, a
positive electrode is provided, including a current collector layer and an active component layer.
The active component layer covers at least one surface of the current collector layer. The active
component layer includes an active material and a conductive component.

A mass of the active material is mx+my (unit: g). The conductive component includes at
least one of a one-dimensional conductive material, a zero-dimensional conductive material, and
a two-dimensional conductive material. Masses of the one-dimensional conductive material, the
zero-dimensional conductive material, and the two-dimensional conductive material are
sequentially mi, mz, and m3 (unit: g). mx is a mass of an active material whose surface is coated
with the two-dimensional conductive material, my is a mass of an active material whose surface is
coated with the one-dimensional conductive material or the zero-dimensional conductive material,
and satisfy the following formulas:

20*3.14*dr*my/[pL*4/3*3.14(dr/2) T<m1/(2.2*3.14*(d1/2)**L1)*L1+10*my/(2.2*4/3*3.14

*(do/2)°)*dr<[30%3.14*dr ]*my/[pr *4/3*3.14(d/2)°] (1)
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3.14*(du/2)**my/[pr*4/3*3.14(dL/2)° 1<ms/[(2.2*a*b*c)] *a*b<1.5%3.14*(dr/2)**my/[ pL*4
/3*3.14*(di/2)*] ()

where di (unit: um) is a diameter of the active material, pv is true density of the active
material, di (unit: um) is a diameter of the one-dimensional conductive material, L1 (unit: pm) is
a length of the one-dimensional conductive material, d» (unit: um) is a diameter of the zero-
dimensional conductive material, and a (unit: pm), b (unit: um), and ¢ (unit: pm) are a width, a
length, and a thickness of the two-dimensional conductive material sequentially.

[0008] Optionally, the conductive component includes the one-dimensional conductive
material, and a mass ratio of the one-dimensional conductive material to the active material is (0.1
to 1.0):100.

[0009] Optionally, the diameter of the one-dimensional conductive material ranges from
2 nm to 60 nm, and the length of the one-dimensional conductive material ranges from 2 um to 15
pm,

[0010] Optionally, the conductive component includes the zero-dimensional conductive
material, and a mass ratio of the zero-dimensional conductive material to the active material is (0.1
to 3):100.

[0011] Optionally, the diameter of the zero-dimensional conductive material ranges
from 20 nm to 100 nm.

[0012] Optionally, the conductive component includes the two-dimensional conductive
material, and a mass ratio of the two-dimensional conductive material to the active material is (0.1
to 1.5):100.

[0013] Optionally, the thickness of the two-dimensional conductive material ranges

from 1 nm to 20 nm, and the length and the width of the two-dimensional conductive material

9035222

CA 03224480 2023-12-28



range from 0.2 pm to 10 um.

[0014] Optionally, a mass fraction of the two-dimensional conductive material in the
conductive component is less than or equal to 30%.

[0015] Optionally, the positive electrode comprises a single or multiple layers of the
active component layer.

[0016] Optionally, the conductive component includes the one-dimensional conductive
material, and the positive electrode comprises n layers of the active component layers, counted
from the first layer that is the active component layer covering the current collector layer,

[0017] The one-dimensional conductive material in the i active component layer has a
mass Mi=M1*(1-i/n),

where M; is a mass of the one-dimensional conductive material in the first active
component layer, n is a natural number greater than or equal to 2, and i is a natural number greater
than or equal to 2 and less than or equal to n.

[0018] Optionally, the conductive component includes the zero-dimensional conductive
material, and a mass of the zero-dimensional conductive material in the first active component
layer is Ni.

[0019] The zero-dimensional conductive material in the i active component layer has
a mass Ni=Ni*i/n.

[0020] Optionally, the active material includes one of or a combination of more of
lithium iron phosphate, lithium cobaltate, lithium nickelate, and a nickel manganese cobalt ternary
material.

[0021] According to a second aspect of the embodiments of the present disclosure, a

battery is provided, including a negative electrode, a separator, and the positive electrode according
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to the first aspect.

[0022] The negative electrode and the positive electrode are arranged on two sides of
the separator, respectively.

[0023] One technical effect of the embodiments of the present disclosure is as follows.

[0024] The embodiments of the present disclosure provide a positive electrode,
including a current collector layer and an active component layer. The active component layer of
the positive electrode in the present disclosure includes a conductive component. The conductive
component can construct an efficient conductive network by using one of or a combination of more
of the one-dimensional conductive material, the zero-dimensional conductive material, and the
two-dimensional conductive material as a conductive agent and through matching between
dimensions and content parameters of different conductive agents and different active materials,
which improves conductivity performance and capacity performance of the positive electrode and
ensures energy density of the positive electrode.

[0025] Additional aspects and advantages of the present disclosure will be given in the
following descriptions, some of which will become apparent from the following description or

may be learned from practices of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The foregoing and/or additional aspects and advantages of the present disclosure
will become apparent and comprehensible from the following descriptions of embodiments with
reference to the accompanying drawings.

[0027] FIG. 1 is a schematic structural diagram of a positive electrode according to an

embodiment of the present disclosure;

9035222

CA 03224480 2023-12-28



[0028] FIG. 2 shows an infiltration curve of a content of a one-dimensional conductive
material in a positive electrode versus resistivity of the positive electrode according to an
embodiment of the present disclosure;

[0029] FIG. 3 shows an infiltration curve of a content of a zero-dimensional conductive
material in a positive electrode versus resistivity of the positive electrode according to an
embodiment of the present disclosure; and

[0030] FIG. 4 shows an infiltration curve of a content of a two-dimensional conductive
material in a positive electrode versus resistivity of the positive electrode according to an
embodiment of the present disclosure.

[0031] 1: current collector layer; and 2: active component layer.

DETAILED DESCRIPTION

[0032] Various exemplary embodiments of the present disclosure are now described in
detail with reference to the accompanying drawings. It should be noted that, unless otherwise
specified, relative arrangement, numerical expressions, and numerical values of components and
steps described in the embodiments do not limit the scope of the present disclosure.

[0033] The following descriptions of at least one exemplary embodiment are merely
illustrative, and in no way constitute any limitation on the present disclosure and application or
use of the present disclosure.

[0034] Technologies, methods, and devices known to those of ordinary skill in related
arts may not be discussed in detail, but in proper circumstances, the techniques, the methods, and
the devices should be considered as a part of the specification.

[0035] 1In all examples shown and discussed herein, any specific value should be
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construed as merely exemplary and not as limitations. Therefore, other examples of exemplary
embodiments may have different values.

[0036] It should be noted that, similar numbers and letters refer to similar items in the
following accompanying drawings, and therefore, once an item is defined in one accompanying
drawing, the item does not need to be further discussed in the subsequent accompanying drawings.

[0037] Referring to FIG. 1, an embodiment of the present disclosure provides a positive
electrode, including a current collector layer 1 and an active component layer 2. The active
component layer 2 covers at least one surface of the current collector layer 1. The active component
layer 2 includes an active material and a conductive component.

A mass of the active material is mx+my. The conductive component includes at least one of
a one-dimensional conductive material, a zero-dimensional conductive material, and a two-
dimensional conductive material. Masses of the one-dimensional conductive material, the zero-
dimensional conductive material, and the two-dimensional conductive material are sequentially
m1, mz, and ms, and satisfy the following formulas:

20%3.14*dr*my/[pL*4/3*3.14(dr/2)* T<m1/(2.2%3.14*(d1/2)**L1)*L1+10*my/(2.2*4/3*3.14
*(d2/2)’)*d2<[30*3.14*dL]*my/[pL*4/3*3.14(dU/2)’] ¢))

3.14%(du/2)?*my/[pr*4/3*3.14(dL/2)° 1<ms/[(2.2*a*b*c)]*a*b<1.5%3.14*(dL/2)**my/[ pL*4
/3*3.14*(d1/2)’] 2)

where di is a diameter of the active material, pr is true density of the active material, d; is
a diameter of the one-dimensional conductive material, L; is a length of the one-dimensional
conductive material, d» is a diameter of the zero-dimensional conductive material, a, b, and ¢ are
a width, a length, and a thickness of the two-dimensional conductive material sequentially.

[0038] Specifically, the zero-dimensional conductive material may be carbon black, and
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the one-dimensional conductive material may be at least one of carbon nanotubes, metal nanowires,
and a one-dimensional conductive polymer. The two-dimensional conductive material may be at
least one of graphene, two-dimensional conductive metal organic frameworks (2D ECMOFs), and
conductive two-dimensional molybdenum carbide (MXene). Specifically, all dimension
parameters of the one-dimensional conductive material, the zero-dimensional conductive material,
and the two-dimensional conductive material in formula 1 and formula 2 are dimension parameters
of particles of single of the one-dimensional conductive material, the zero-dimensional conductive
material, and the two-dimensional conductive material. The conductive component may include
one of the one-dimensional conductive material, the zero-dimensional conductive material, and
the two-dimensional conductive material, or may include a combination of two or more of the one-
dimensional conductive material, the zero-dimensional conductive material, and the two-
dimensional conductive material.

[0039] Formula 1 discloses content requirements for the conductive component of the
one-dimensional conductive material and the zero-dimensional conductive material in the active
component layer 2. Because the conductive component is an inactive substance, when a content of
the conductive component in the active component layer 2 is too high, an electrode capacity of the
positive electrode is significantly decreased. Moreover, to ensure conductivity of the positive
electrode, a length of the conductive component assigned to a single active material particle is at
least 20 times a perimeter of the active material particle, that is, a single active material particle
may be coated with 20 conductive components, so that a complete conductive network is further
constructed. However, a total length of the conductive component is at most 30 times the perimeter
of the particle. When a total length of the conductive component is too large, improvement in the

conductivity of the positive electrode is already limited, but the electrode capacity of the positive
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electrode is significantly decreased.

[0040] Referring to an infiltration curve of a content of a one-dimensional conductive
material versus resistivity of a positive electrode shown in FIG. 2, it may be learned that when the
content of the one-dimensional conductive material in the positive electrode is increased, the
resistivity of the positive electrode significantly decreases. However, when the content of the one-
dimensional conductive material is increased to some extent, for example, after the content of the
one-dimensional conductive material reaches 0.6% in FIG. 2, the content of the one-dimensional
conductive material has small impact on the resistivity of the positive electrode. Similarly,
referring to an infiltration curve of a content of a zero-dimensional conductive material versus
resistivity of a positive electrode shown in FIG. 3, it may be learned that when the content of the
zero-dimensional conductive material in the positive electrode is increased, the resistivity of the
positive electrode significantly decreases. However, when the content of the zero-dimensional
conductive material is increased to some extent, for example, after the content of the zero-
dimensional conductive material reaches 2% in FIG. 3, the content of the zero-dimensional
conductive material has small impact on the resistivity of the positive electrode.

[0041] Formula 2 discloses content requirements for the conductive component of the
two-dimensional conductive material in the active component layer 2. To ensure that the two-
dimensional conductive material can cover active material particles and form an effective
conductive network, an addition amount of the two-dimensional conductive material needs to meet
the condition of formula 2. Referring to an infiltration curve of a content of a two-dimensional
conductive material versus resistivity of a positive electrode shown in FIG. 4, it may be learned
that when the content of the two-dimensional conductive material in the positive electrode is

increased, the resistivity of the positive electrode significantly decreases. However, when the
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content of the two-dimensional conductive material is increased to some extent, for example, after
the content of the two-dimensional conductive material reaches 0.8% in FIG. 4, the content of the
two-dimensional conductive material has small impact on the resistivity of the positive electrode.

[0042] The active component layer 2 of the positive electrode in the present disclosure
includes a conductive component. The conductive component can construct an efficient conductive
network by using one of or a combination of more of the one-dimensional conductive material, the
zero-dimensional conductive material, and the two-dimensional conductive material as a
conductive agent and through matching between dimensions and content parameters of different
conductive agents and different active materials, which improves conductivity performance and
capacity performance of the positive electrode and ensures energy density of the positive electrode.
In addition, in a case that the conductive component of the active component layer 2 includes all
of the one-dimensional conductive material, the zero-dimensional conductive material, and the
two-dimensional conductive material, the conductive component can construct an efficient
conductive network from multiple dimensions, that is, the point, the line, and the plane, and the
length and the area of the conductive component are combined with the particle size distribution
of the active material, to implement a proper design of the conductive network of the conductive
component. Optionally, the conductive component includes the one-dimensional conductive
material, and a mass ratio of the one-dimensional conductive material to the active material is (0.1
to 1.0):100, and preferably, (0.5 to 0.75):100.

[0043] Specifically, the active material may be lithium iron phosphate. Using 100 g of
lithium iron phosphate as an example, true density of carbon is 2.2 g/cm’, true density of the
lithium iron phosphate is 3.6 g/cm?, and dy. is a diameter of the lithium iron phosphate. The true

density refers to an actual mass of solid matter per unit volume in an absolutely dense state, that
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is, density after removal of internal pores or gaps between particles. To ensure that the conductive
component represented by the one-dimensional conductive material can cover the active material
represented by lithium iron phosphate particles and form an effective conductive network in the
positive electrode, with reference to formula 1, an addition amount of the one-dimensional
conductive material needs to satisfy the following conditions:

20%3.14*dr*100/[3.6*4/3%3.14*(dr/2)*1<m1/(2.2%3.14*(d1/2)**L1)*L1<30%*3.14*d.* 100/[
3.6*4/3*3.14*(dL/2)].

[0044] Moreover, a diameter of the one-dimensional conductive material ranges from 2
nm to 60 nm, and preferably, ranges from 5 nm to 15 nm. A length of the one-dimensional
conductive material ranges from 2 pm to 15 um, and preferably, ranges from 5 um to 10 pm. Using
the one-dimensional conductive material whose diameter falls within the foregoing diameter range
and whose length falls within the foregoing length range an example, a mass of the one-
dimensional conductive material in the active component layer 2 including 100 g of lithium iron
phosphate as an active material may be controlled, so that the mass of the one-dimensional
conductive material ranges from 0.5 g to 0.75 g. Moreover, when the mass of the one-dimensional
conductive material is too large, for example, when the one-dimensional conductive material is
too thick or too long, because the one-dimensional conductive material is not easy disperse, the
one-dimensional conductive material is prone to agglomeration. In addition, when the mass of the
one-dimensional conductive material is too small, it is not conducive to forming the conductive
network through crosslinking in the one-dimensional conductive material.

[0045] Optionally, the conductive component includes the zero-dimensional conductive
material, and a mass ratio of the zero-dimensional conductive material to the active material is (0.1

to 3.0):100, and preferably, (1.918 to 2.7):100.
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[0046] Specifically, the active material may be lithium iron phosphate. Using 100 g of
lithium iron phosphate as an example, to ensure that the conductive component represented by the
zero-dimensional conductive material can cover the active material represented by lithium iron
phosphate particles and form an effective conductive network in the positive electrode, with
reference to formula 1, an addition amount of the zero-dimensional conductive material needs to
satisfy the following conditions:

20%3.14*d.*100/[3.6*4/3*3.14(d/2) [<10*mo/[(2.2*4/3*3.14%(d2/2)°) ] *d2<30*3.14*d*
100/[3.6*4/3*3.14(d1/2)°].

[0047] A diameter of the zero-dimensional conductive material ranges from 20 nm to
100 nm, and preferably, ranges from 30 nm to 50 nm. Using the zero-dimensional conductive
material whose diameter falls within the foregoing diameter range as an example, a mass of the
zero-dimensional conductive material in the active component layer 2 including 100 g of lithium
iron phosphate as an active material may be controlled, so that the mass of the zero-dimensional
conductive material ranges from 1.918 g to 2.7 g. Moreover, when the mass of the zero-
dimensional conductive material is too large, for example, when the diameter of the zero-
dimensional conductive material is too large, because the zero-dimensional conductive material is
prone to agglomeration, conductive efficiency of the conductive component is reduced. In addition,
when the mass of the zero-dimensional conductive material is too small, it is not conducive to
forming the conductive network through crosslinking in the zero-dimensional conductive material
or between the zero-dimensional conductive material and other conductive agent.

[0048] Optionally, the conductive component includes the two-dimensional conductive
material, and a mass ratio of the two-dimensional conductive material to the active material is (0.1

to 1.5):100, and preferably, (0.8 to 1.2):100.
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[0049] Specifically, the active material may be lithium iron phosphate. Using 100 g of
lithium iron phosphate as an example, to ensure that the conductive component represented by the
two-dimensional conductive material can cover the active material represented by lithium iron
phosphate particles and form an effective conductive network in the positive electrode, with
reference to formula 2, an addition amount of the two-dimensional conductive material needs to
satisfy the following conditions:

3.14*(di/2)**100/[3.6*4/3*3.14(dL/2)*1<m3/[(2.2*a*b*c)] *a*b<1.5*3.14*(dL/2)**100/
[3.6*4/3*3.14*(dL/2)°].

[0050] A thickness of the two-dimensional conductive material ranges from 1 nm to 20
nm, and a length and a width of the two-dimensional conductive material both range from 0.2 pm
to 10 um. Using the two-dimensional conductive material whose length falls within the foregoing
length range, whose width falls within the foregoing width range, and whose thickness falls within
the foregoing thickness range as an example, a mass of the two-dimensional conductive material
in the active component layer 2 including 100 g of lithium iron phosphate as an active material
may be controlled, so that the mass of the two-dimensional conductive material ranges from 0.8 g
to 1.2 g. Moreover, when the mass of the two-dimensional conductive material is too large,
although impedance of the positive electrode may be reduced, costs of the active component layer
2 are increased. In addition, the conductive agent represented by the two-dimensional conductive
material is an inactive substance, and cannot provide a charging/discharging capacity. Therefore,
when an addition amount of the conductive agent represented by the two-dimensional conductive
material is too large, the capacity of the positive electrode is significantly decreased.

[0051] Optionally, a mass fraction of the two-dimensional conductive material in the

conductive component is less than or equal to 30%.
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[0052] Specifically, if in addition to including the two-dimensional conductive material,
the conductive component further includes conductive agents such as the one-dimensional
conductive material and the zero-dimensional conductive material, because when an amount of the
two-dimensional conductive material is too large, aggregation between layers of the two-
dimensional conductive material is caused, the conductive efficiency of the conductive component
is reduced. In addition, a sheet-shaped two-dimensional conductive material is not conducive to
diffusion of lithium ions in the positive electrode, which limits the energy density and the
charging/discharging capacity of the positive electrode.

[0053] Optionally, the positive electrode comprises a single or multiple layers of the
active component layer 2.

[0054] Specifically, the active component layer 2 may cover at least one surface of the
current collector layer 1 in a coating manner. Coating of the active component layer 2 may be
completed at a time, that is, a single-layered coating is formed. The single-layered coating can
simplify a preparation process of the positive electrode, and reduce preparation costs of the positive
electrode. Coating of the active component layer 2 may alternatively be completed multiple times,
that is, a multi-layered coating is formed. For the multi-layered coating, good matching between
the energy density and conductivity performance of the positive electrode is implemented by
controlling a component ratio of the active material and the conductive component in each active
component layer.

[0055] Optionally, the conductive component includes the one-dimensional conductive
material, and the positive electrode comprises n layers of the active component layers 2, n is a
natural number greater than or equal to 2. A layer of the active component layers bonded to the

current collector layer is the first layer, and layers of the active component layers facing away from
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the first layer are the second layer, the third layer, the fourth layer, ..., and the n'" layer in sequence.
In other words, the n™ layer is an active component layer facing away from the first layer, so that
the n layer is close to a separator layer.

[0056] As counted from the first layer that is the active component layer covering the
current collector layer,

the one-dimensional conductive material in the i active component layer has a mass
M=Mi*(1-i/n),

where M is a mass of the one-dimensional conductive material in the first active
component layer, n is a natural number greater than or equal to 2, and i is a natural number greater
than or equal to 2 and less than or equal to n.

[0057] Specifically, the mass of the one-dimensional conductive material in the first
layer may be determined according to formula 1. Because the one-dimensional conductive material
has high electronic conductivity, the active component layer 2 may have more one-dimensional
conductive material when the active component layer is closer to the current collector layer 1, to
improve bonding strength and electronic transfer efficiency between the active material and the
conductive component in the active component layer 2 and the current collector layer 1. For
example, there are four active component layers 2. In a case that the four active component layers
2 are arranged in a stacked manner and all have a same area and a same width, a mass of the one-
dimensional conductive material in the first layer is M1, a mass of the one-dimensional conductive
material in the second layer is Mi=M1*(1-2/4)=M1*1/2, a mass of the one-dimensional conductive
material in the third layer is Mi=Mi1*(1-3/4)=M:1*1/4, and a mass of the one-dimensional
conductive material in the fourth layer is Mi=M1*(1-4/4)=0. Therefore, the masses of the one-

dimensional conductive materials in the multiple active component layers 2 are distributed in a
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gradient manner, to ensure the conductive efficiency of the active component layer 2.

[0058] Optionally, the positive electrode comprises n layers of the active component
layers 2, and the conductive component includes a zero-dimensional conductive material. A mass
of the zero-dimensional conductive material in the first active component layer is Nj.

[0059] A mass of the zero-dimensional conductive material in the i* active component
layer is Ni=N1*i/n, i is an integer greater than or equal to 2.

[0060] Specifically, the mass of the zero-dimensional conductive material in the first
layer may be determined according to formula 1. Because the zero-dimensional conductive
material has a high liquid retention capability, which is conducive to diffusion of lithium ions in
the positive electrode, the active component layer 2 may have more zero-dimensional conductive
material when the active component layer is further away from the current collector layer 1. While
ensuring a retention rate of an electrolyte in the positive electrode, bonding between the one-
dimensional conductive material and the zero-dimensional conductive material helps construct a
good conductive network in a system of the multiple coating layers of the active component layer
2 . For example, there are four active component layers 2. In a case that the four active component
layers 2 are arranged in a stacked manner and all have a same area and a same width, a mass of
the zero-dimensional conductive material in the first layer is N1, a mass of the zero-dimensional
conductive material in the second layer is Ni1*2/4=N;*1/2, a mass of the zero-dimensional
conductive material in the third layer is N1*3/4, and a mass of the zero-dimensional conductive
material in the fourth layer is N1*4/4=Nj, so that masses of the zero-dimensional conductive
materials in the multiple active component layers 2 are distributed in a gradient manner.

[0061] Optionally, the active material includes one of or a combination of more of

lithium iron phosphate, lithium cobaltate, lithium nickelate, and a nickel manganese cobalt ternary
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material.

[0062] Specifically, the active material may be of various types. For example, when
lithium iron phosphate (LiFePOa) is selected as the active material, the safety performance and the
service life of the positive electrode can be ensured due to structural stabilization of the lithium
iron phosphate material during charging and discharging. A combination of active materials such
as lithium cobaltate (LiC00O3), lithium nickelate (LiNiO»), and a nickel-cobalt-manganese ternary
material (LiNixCoyMni_x yO2) can improve the energy density of the positive electrode.

[0063] The embodiments of the present disclosure further provide a battery, including a
negative electrode, a separator, and a positive electrode.

[0064] The negative electrode and the positive electrode are arranged on two sides of
the separator, respectively.

[0065] Specifically, an active component layer 2 of the positive electrode of the battery
includes a conductive component. The conductive component can construct an efficient conductive
network by using one of or a combination of more of the one-dimensional conductive material, the
zero-dimensional conductive material, and the two-dimensional conductive material as a
conductive agent and through matching between dimension and content parameters of different
conductive agents and different active materials, which improves conductivity performance and
capacity performance of the positive electrode and ensures energy density of the battery. In
addition, in a case that the conductive component of the active component layer 2 simultaneously
includes the one-dimensional conductive material, the zero-dimensional conductive material, and
the two-dimensional conductive material, the conductive component can construct an efficient
conductive network from multiple dimensions, that is, the point, the line, and the plane, and the

length and the area of the conductive component are combined with the particle size distribution
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of the active material, to implement a proper design of the conductive network of the conductive
component and ensure the capacity performance of the battery.

[0066] The positive electrode provided in the present disclosure is described below in
detail with reference to examples and comparative examples.

[0067] The positive electrode in the following examples and comparative examples
includes a current collector layer and an active component layer. The current collector layer is
aluminum foil. The active component layer includes lithium iron phosphate, a binding agent, N-
methyl-2-pyrrolidone, and one or more of a one-dimensional conductive material, a zero-
dimensional conductive material, and a two-dimensional conductive material.

[0068] Preparation methods for the positive electrode in the examples and the
comparative examples all include the following.

[0069] Components of the active component layer are mixed to prepare a slurry, and the
slurry is coated on the aluminum foil, and then baked and rolled to obtain the positive electrode.

[0070] The positive electrode and a corresponding negative electrode are assembled into
a battery, a design capacity of the battery being 1.8 Ah.

Example 1

[0071] The active material included: lithium iron phosphate.

[0072] The conductive component included: carbon nanotubes.

[0073] 100 g of lithium iron phosphate was selected. An average particle size D50 of
the lithium iron phosphate is 1.30 um (dr). An average diameter of the carbon nanotubes is 11 nm,
and an average length of the carbon nanotubes is 8 um. According to formula 1, an addition amount
of the carbon nanotubes was 0.6 g.

Example 2
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[0074] The active material included: lithium iron phosphate.

[0075] The conductive component included: carbon black.

[0076] 100 g of lithium iron phosphate was selected. An average particle size D50 of
the lithium iron phosphate is 1.30 um (dr). An average diameter of the carbon black is 60 nm.
According to formula 1 above, an addition amount of the carbon black was 2.2 g.

Example 3

[0077] The active material included: lithium iron phosphate.

[0078] The conductive component included: graphene.

[0079] 100 g of lithium iron phosphate was selected. An average particle size D50 of
the lithium iron phosphate is 1.30 um (di). An average length of the graphene is 4.2 um, an average
width of the graphene is 2.45 pm, and an average thickness of the graphene is 14 nm. According
to formula 2 above, an addition amount of the graphene was 1.0 g.

Example 4

[0080] The active material included: lithium iron phosphate.

[0081] The conductive component included: carbon nanotubes and carbon black.

[0082] 100 g of lithium iron phosphate was selected. An average particle size D50 of
the lithium iron phosphate is 1.30 pum (dr). An average diameter of the carbon nanotubes is 11 nm
and an average length of the carbon nanotubes is 8 um. An average diameter of the carbon black
is 60 nm. According formula 1 above, an addition amount of the carbon nanotubes was 0.3 g, and
an addition amount of the carbon black was 0.9 g.

Comparative example 1

[0083] Material selections were the same as those in Example 1. An addition amount of

carbon nanotubes was changed to 0.3 g.

19
9035222

CA 03224480 2023-12-28



Comparative example 2

[0084] Material selections were the same as those in Example 1. An addition amount of
carbon nanotubes was changed to 1.0 g.

Comparative example 3

[0085] Material selections were the same as those in Example 2. An addition amount of
carbon black was changed to 1.4 g.

Comparative example 4

[0086] Material selections were the same as those in Example 2. An addition amount of
carbon black was changed to 3 g.

Comparative example 5

[0087] Material selections were the same as those in Example 3. An addition amount of
graphene was changed to 0.5 g.

Comparative example 6

[0088] Material selections were the same as those in Example 3. An addition amount of
graphene was changed to 1.6 g.

[0089] Resistivities tests were performed on the positive electrodes of the foregoing
examples and comparative examples, and specific capacities of mixtures and direct current internal
resistances of the batteries including the positive electrodes were tested.

[0090] Test results of the positive electrodes in the examples and the comparative

examples were shown in Table 1.

Table 1
Longitudinal resistivity 0.33 C specific Direct current
Example of a positive electrode | capacity of a mixture | internal resistance
(Q*cm) (mAh/g) at 50% SOC (mQ)
20
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Example 1 28 138.2 51.8
Example 2 31 137.0 54.2
Example 3 32 137.6 56.5
Example 4 23 138.1 50.1
Comparative example 1 50 135.1 58.9
Comparative example 2 26 136.5 51.5
Comparative example 3 122 134.2 62.6
Comparative example 4 25 135.0 53.9
Comparative example 5 68 135.2 63.9
Comparative example 6 28 136.7 56.0

[0091] Tt may be learned from the longitudinal resistivities of the positive electrodes in
Table 1 that all the positive electrodes provided in the examples of the present disclosure had
relatively low resistivities, and the resistivities of all the positive electrodes in the examples were
less than 32 Q*cm. Moreover, upon comparisons between Example 1 and Comparative example
1, between Example 2 and Comparative example 3, and between Example 3 and Comparative
example 5, it may be learned that when a usage amount of the conductive component was too low,
the resistivity of the positive electrode was significantly improved. The resistivities of all the
positive electrodes in Comparative example 1, Comparative example 3, and Comparative example
5 were greater than 50 Q*cm.

[0092] According to the 0.33 C specific capacities of the mixtures (that is, capacities
contributed by the active component layers of the electrodes per gram at a discharge rate of 0.33
C) in Table 1, all the specific capacities of the mixtures of the batteries including the positive

electrodes provided in the examples of the present disclosure were greater than 137.0 mAh/g. Upon
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comparisons between Examples 1, 2, and 3 and Comparative examples 1, 3, and 5, it may be
learned that when contents of the conductive components were too low, the specific capacities of
the mixtures of the batteries were significantly decreased, and were all lower than 135.2 mAh/g.
Moreover, upon comparisons between Examples 1, 2, and 3 and Comparative examples 2, 4, and
6, although after the contents of the conductive components were increased, the resistivities of the
positive electrodes was slightly decreased, the excessive conductive components led to increased
contents of inactive substances, resulting in reduced specific capacities of the mixtures of the
batteries including the positive electrodes. All the specific capacities of the mixtures of batteries
including the positive electrodes in Comparative examples 2, 4, and 6 were less than 136.7 mAh/g,
which eventually caused reduced energy density of the battery.

[0093] TItmay be learned from the direct current internal resistances at 50% SOC in Table
1 that the current direction internal resistances of all the batteries including the positive electrodes
provided in the examples of the present disclosure were less than 56.5 mQ. However, the contents
of the conductive components in the positive electrodes were inadequate in Comparative example
1, Comparative example 3, and Comparative example 5, resulting in increased resistivities of the
positive electrodes, where the direct current internal resistances (DCIR) of all the batteries were
greater than 58.9 mQ, which seriously affected kinetic performance of the battery.

[0094] Although some specific embodiments of the present disclosure have been
described in details by way of examples, a person skilled in the art should understand that the
foregoing examples are only for description and are not intended to limit the scope of the present
disclosure. A person skilled in the art should appreciate that modifications may be made to the
foregoing embodiments without departing from the scope and spirit of the present disclosure. The

scope of the present disclosure is limited by the appended claims.
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ABSTRACT
A positive electrode and a battery are provided. The positive electrode includes a current
collector layer and an active component layer. The active component layer covers at least one
surface of the current collector layer. The active component layer includes an active material and
a conductive component. The conductive component includes at least one of a one-dimensional
conductive material, a zero-dimensional conductive material, and a two-dimensional conductive

material.
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WHATIS CLAIMED IS:

1. A positive electrode, comprising a current collector layer (1) and an active component layer
(2), the active component layer (2) covering at least one surface of the current collector layer (1),
wherein the active component layer (2) comprises:

an active material and a conductive component, a mass of the active material being of mx+my
in units of grams, the conductive component comprising at least one of a one-dimensional
conductive material, a zero-dimensional conductive material, and a two-dimensional conductive
material, masses of the one-dimensional conductive material, the zero-dimensional conductive
material, and the two-dimensional conductive material being sequentially mi, mz, and m3 in units
of grams, wherein my is a mass of an active material whose surface is coated with the two-
dimensional conductive material, my is a mass of an active material whose surface is coated with
the one-dimensional conductive material or the zero-dimensional conductive material, and
satisfying the following formulas:

20*3.14*d *my/[pL*4/3*3.14(d1/2)’ I<mi/(2.2%3.14*(d1/2)**¥L1 )*L1+10*my/(2.2%4/3*3 . 14*
(d2/2)*)*d2<[30*3.14*d. ]*m,/[pL*4/3%3.14(dL/2)’] ¢))

3.14%(dr/2)**my/[pL*4/3*3.14(d1/2)*|<ms/[(2.2*a*b*c) ] *a*b<1.5*3.14*(dr/2)* *myx/[pL*4/3*
3.14*(du/2)%] )

wherein di is a diameter of the active material in units of um, pr. is true density of the active
material, d; is a diameter of the one-dimensional conductive material in units of pm, L1 is a length
of the one-dimensional conductive material in units of um, d» is a diameter of the zero-dimensional
conductive material in units of pm, and a, b, and c are a width in units of um, a length in units of

um, and a thickness in units of um of the two-dimensional conductive material sequentially.
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2. The positive electrode according to claim 1, wherein the conductive component comprises the
one-dimensional conductive material, and a mass ratio of the one-dimensional conductive material

to the active material ranges from 0.1:100 to 1.0:100.

3. The positive electrode according to claim 2, wherein the diameter of the one-dimensional
conductive material ranges from 2 nm to 60 nm, and the length of the one-dimensional conductive

material ranges from 2 um to 15 pm.

4. The positive electrode according to any one of claims 1 to 3, wherein the conductive
component comprises the zero-dimensional conductive material, and a mass ratio of the zero-

dimensional conductive material to the active material ranges from 0.1:100 to 3.0:100.

5. The positive electrode according to claim 4, wherein the diameter of the zero-dimensional

conductive material ranges from 20 nm to 100 nm.

6. The positive electrode according to any one of claims 1 to 5, wherein the conductive
component comprises the two-dimensional conductive material, and a mass ratio of the two-

dimensional conductive material to the active material ranges from 0.1:100 to 1.5:100.

7. The positive electrode according to claim 6, wherein the thickness of the two-dimensional
conductive material ranges from 1 nm to 20 nm, and the length and the width of the two-

dimensional conductive material range from 0.2 pm to 10 pm.
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8. The positive electrode according to claim 6 or 7, wherein a mass fraction of the two-

dimensional conductive material in the conductive component is less than or equal to 30%.

9. The positive electrode according to any one of claims 1 to 8, wherein the positive electrode

comprises a single or multiple layers of the active component layer (2).

10. The positive electrode according to claim 9, wherein the conductive component comprises the
one-dimensional conductive material, and the positive electrode comprises n layers of the active
component layers (2), counted from the first layer that is the active component layer (2) covering
the current collector layer (1),

a mass of the one-dimensional conductive material in the i active component layer (2) is
M=Mi*(1-i/n),

wherein M is a mass of the one-dimensional conductive material in the first active component
layer (2), n is a natural number greater than or equal to 2, and 1 is a natural number greater than or

equal to 2 and less than or equal to n.

11. The positive electrode according to claim 10, wherein:

the conductive component comprises the zero-dimensional conductive material, and a mass
of the zero-dimensional conductive material in the first active component layer (2) is N1; and

a mass of the zero-dimensional conductive material in the i active component layer (2) is

Ni=Nr*i/n.

12. The positive electrode according to any one of claims 1 to 11, wherein the active material

25
9035222

CA 03224480 2023-12-28



comprises one of or a combination of more of lithium iron phosphate, lithium cobaltate, lithium

nickelate, and a nickel manganese cobalt ternary material.

13. A battery, comprising a negative electrode, a separator, and the positive electrode according
to any one of claims 1 to 12,
the negative electrode and the positive electrode being arranged on two sides of the separator,

respectively.
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