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CATHODE PLATE, SECONDARY BATTERY,
BATTERY MODULE, BATTERY PACK, AND
ELECTRIC DEVICE

CROSS REFERENCE TO RELATED MATTER

[0001] This application is a continuation of international
application PCT/CN2022/090415, filed Apr. 29, 2022 and
entitled “CATHODE PLATE, SECONDARY BATTERY,
BATTERY MODULE, BATTERY PACK, AND ELEC-
TRIC DEVICE”, the entire content of which is hereby
incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The application relates to the technical field of
batteries, and more particularly to a cathode plate, a sec-
ondary battery, a battery module, a battery pack, and an
electric device.

BACKGROUND

[0003] The application of lithium-ion battery has gone
deep into every aspect in daily life such as camera, notebook
computer, electric vehicle, and so on. With the great devel-
opment of lithium-ion battery technology, people have
exerted higher requirements on safety performance, battery
cycle performance, and service life thereof. Especially in the
field of electric vehicles, how to ensure that lithium-ion
batteries have both high safety performance and long cycle
performance and service life has become an urgent technical
problem to be solved.

SUMMARY

[0004] The application provides a cathode plate, a sec-
ondary battery, a battery module, a battery pack, and an
electric device. In order to solve the problem in the prior art
that the conductive coating provided on the cathode current
collector causes the cathode active material layer to be easily
stripped.

[0005] A first aspect of the present application provides a
cathode plate. The cathode plate comprises: a current col-
lector, a conductive coating, and a cathode active layer. The
conductive coating is arranged on at least one surface of the
current collector, the conductive coating comprises a con-
ductive agent having a weight content of 20% to 50% and a
binder having a weight content of 50% to 80%. The cathode
active layer is arranged on a surface of the conductive
coating away from the current collector, and a cathode active
material in the cathode active layer is at least one of a lithium
manganate-based cathode material, a ternary cathode mate-
rial, a quaternary cathode material.

[0006] The conductive coating of the cathode plate of the
present application alleviates the damage of the cathode
active particles to the oxide layer on the surface of the
aluminum foil during the cold pressing process, and
improves a tensile strength of the electrode plate, it is
effectively avoided the problem of the electrode plate break-
age caused by oxidation. In addition, on the basis of using
the conductive agent to conduct electron conduction
between the current collector and the cathode active mate-
rial, by controlling the amounts of the conductive agent and
the binder, not only is the stability of electronic conduction
between the current collector and the cathode active material
ensured, but also the peel strength between the current
collector and the conductive coating is enhanced, thereby
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effectively solving the problem of the stripping of the
cathode active layer, and meanwhile, the cycle performance
and cycle stability of the secondary battery containing such
cathode plate are effectively improved.

[0007] In any embodiment of the present application, the
binder is a conductive binder, and the conductive binder has
a volume resistivity of 107> Q-cm. Optionally, the conduc-
tive coating comprises a conductive agent having a weight
content of 20% to 30% and a conductive binder having a
weight content of 70% to 80%. In the above embodiment,
the conductive binder is used as the binder, on the basis of
ensuring the same electronic conductivity, the amount of the
conductive agent can be further reduced, and the amount of
the binder can be relatively increased, so as to further
improve a peel strength between the current collector and
the conductive coating.

[0008] In any embodiment, the conductive binder is any
one or more selected from the group consisting of an epoxy
resin conductive adhesive, a silicone resin conductive adhe-
sive, a polyimide resin conductive adhesive, a phenolic resin
conductive adhesive, and a polyurethane conductive adhe-
sive. The chemical stability and thermal stability of all the
above conductive binders are relatively high, thus satisfying
the long-term cycle use of the secondary battery.

[0009] In any embodiment, the binder is an insulating
binder, and the conductive binder has a volume resistivity of
210" Q-cm. Optionally, the conductive coating comprises a
conductive agent having a weight content of 30% to 45%
and an insulating binder having a weight content of 55% to
70%. In this embodiment, the binder used is an insulating
material, so the conductive agent required therein increases
correspondingly, and the above weight content ensures
simultaneous optimization of the electronic conduction
effect and bonding effect of the conductive coating.

[0010] In any embodiment, further optionally, the insulat-
ing binder is any one or more selected from the group
consisting of PVDF, a polyacrylonitrile, a styrene butadiene
rubber, a polyvinyl alcohol, a gum arabic, a xanthan gum,
and a polyacrylate. All the above binders have high bonding
strength, good compatibility with the conductive agent, and
ideal chemical stability, and thermal stability, thus satisfying
the long-term cycle use of the secondary battery.

[0011] In any embodiment, the conductive agent com-
prises any one or more selected from the group consisting of
an acetylene black (AB), a carbon fiber, a conductive carbon
black, a conductive graphite, a single-walled carbon nano-
tube, a multi-walled carbon nanotube, a graphene nanosheet,
a graphene oxide nanosheet, and a micropowdered graphite.
All the above conductive agents are conductive agents
having high conductivity and commonly used in the field.
On the basis of the amount, it is ensured that the conductive
coating has good conductivity.

[0012] In any embodiment, the conductive coating having
a thickness of 0.5 um to 5 um, optionally, the thickness of
the conductive coating is 0.8 um to 3 um. The conductive
coating within the above thickness range can effectively
alleviate the damage of the cathode active particles to the
oxide layer on the surface of the aluminum foil during the
cold pressing process on the basis of effective bonding
between the conductive coating and the current collector. In
addition, an effective electron conduction channel can be
constructed and a secondary battery containing such a
cathode plate can be ensured to have a sufficiently high
volumetric energy density.
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[0013] In any embodiment, the current collector is an
aluminum foil, optionally, the aluminum foil has a thickness
of 8 um to 20 um, and/or, the current collector has both a
longitudinal tensile strength and a transverse tensile strength
of =175 MPa. To provide better mechanical strength and
better meet the long-term cycle use of secondary batteries.

[0014] In any embodiment, the cathode active material
comprises at least one of Formulas (I) to (III):

LigNi Coy M1, M2y 512105 51 Formula (I),

LioMn, 5,M3,50, 55 Formula (II), and

cLi,MnOj3-(1-c)LiazM4,305 3 Formula (III);

[0015] In Formula (I), M1 is Mn and/or Al, M2 is any one
or more selected from the group consisting of Mg, Cu, Zn,
Al, Sn, B, Ga, Zr, Cr, Sr, V, and Ti, 0.8<al<1.2, O=x1<1,
O=<yl=l, O=zl<l, x1+yl+4zl=<l, -0.2<b1<0.2. In Formula
(II), 0.8=a2<1.2, 0.6=y2<1, -0.2<b2<0.2, M3 is any one or
more selected from the group consisting of Mg, Cu, Zn, Al,
Sn, B, Ga, Zr, Cr, Sr, V, and Ti. In Formula (III), O<c<1,
0<x3<1, 0.8<a3<1.2, -0.2=b3<0.2, M4 is any one selected
from Ni, Co, and Mn, and any one or more selected from the
group consisting of Mg, Cu, Zn, Al, Sn, B, Ga, Zr, Cr, Sr, V,
and Ti. The cathode active materials are mainly selected
from a lithium manganate-based cathode material, a ternary
cathode material, and a quaternary cathode material, in
which, the lithium manganate-based cathode material shown
in Formula (II) is a doped lithium manganate-based cathode
material. Therefore, on the basis of ensuring a high rate, the
dissolution of manganese is relatively reduced to ensure a
high cycle performance.

[0016] A second aspect of the present application provides
a secondary battery, comprising: a cathode plate, an anode
plate, an electrolyte, and a separator. The cathode plate is
any cathode plate according to the first aspect. Since the
conductive coating of the cathode plate of the present
application alleviates the damage of the cathode active
particles to the oxide layer on the surface of the aluminum
foil during the cold pressing process, and improves a tensile
strength of the electrode plate, it is effectively avoided the
problem of the electrode plate breakage caused by oxidation.
In addition, by controlling the amounts of the conductive
agent and the binder, not only is the stability of electronic
conduction between the current collector and the cathode
active material ensured, but also the peel strength between
the current collector and the conductive coating is enhanced,
thereby effectively solving the problem of the stripping of
the cathode active layer, and meanwhile, the cycle perfor-
mance and cycle stability of the secondary battery contain-
ing such cathode plate are effectively improved.

[0017] In any embodiment of the second aspect, the elec-
trolyte comprises a lithium salt, and the lithium salt is any
one or more selected from the group consisting of lithium
bisfluorosulfonyl imide, lithium bis(trifluoromethyl)fiuoro-
sulfonyl imide, lithium (fluorosulfonyl)(trifluoromethyl-
sulfonyl)imide, lithium (fluorosulfonyl)(pentafiuoroethyl-
sulfonyl)imide, lithium (trifluvoromethylsulfonyl)
(difluoromethylsulfonyl)imide, lithium (fluorosulfonyl)
(perfluorobutylsulfonyl) imide, and lithium bis (pentafiuo-
roethylsulfonyl) imide. The application of the above-men-
tioned fluorine-containing lithium sulfonylimide to the elec-
trolyte improves the high-temperature safety performance of
the secondary battery containing such electrolyte.
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[0018] In any embodiment of the second aspect, option-
ally, the lithium salt in the electrolyte has a total concentra-
tion of 0.6 mol/L to 2 mol/L.. Optionally, in the electrolyte,
the lithium hexafluorophosphate has a concentration C1 of
0.1 mol/LL to 1 mol/L, and the lithium fluorine-containing
sulfonimide has a concentration C2 of 0.5 mol/L to 1.5
mol/L.. Optionally, 1=C2/C1<5. Within the above concen-
tration range, the fluorine-containing lithium sulfonylimide
can fully improve the conductivity of the electrolyte. By
further controlling the concentration ratio of C2 to C1 within
the above range, on the one hand, the lithium fluorine-
containing sulfonimide can be used to improve the conduc-
tivity of the electrolyte, on the other hand, lithium hexafluo-
rophosphate can be oxidized on the cathode current collector
during the first charge and discharge to form an aluminum
trifluoride thin film, together with the conductive coating,
can alleviate the corrosion effect of the fluorine-containing
sulfonimide lithium on the current collector, thereby further
improving the high-temperature cycle performance of the
secondary battery.

[0019] In any embodiment of the second aspect, a thick-
ness d of the conductive coating of the cathode plate, the
concentration C1 of the lithium hexafluorophosphate and the
concentration C2 of the lithium fluorine-containing sulfo-
nimide satisfy the following relational expression: C2/(5x
C1)=d=lg(C2/C1)+4, in which, a unit of C1 and C2 is mol/L,
and a unit of d is um. Based on the control of the thickness
of the conductive coating, the concentration of lithium
hexafluorophosphate, and the concentration of lithium fluo-
rine-containing sulfonimide according to the above rela-
tional formula, under a joint action of the three parameters,
the high-temperature cycle performance, energy density and
corrosion resistance of the secondary battery are better
improved.

[0020] In any embodiment of the second aspect, the elec-
trolyte further comprises an organic solvent and an additive;
and the organic solvent is any one or more selected from the
group consisting of dimethyl carbonate, diethyl carbonate,
dipropyl carbonate, ethyl methyl carbonate, methyl propyl
carbonate, vinyl carbonate, propylene carbonate, vinyl car-
bonate, propylene carbonate, butylene carbonate, ethyl pro-
pyl carbonate, y-butyrolactone, methyl formate, ethyl
acetate, propyl acetate, methyl propionate, ethyl propionate,
methyl propionate, and tetrahydrofuran. The above organic
solvents are all common organic solvents in this field, and
the dispersion performance of lithium salts in such organic
solvents is relatively good.

[0021] In any embodiment of the second aspect, the
organic solvent in the electrolyte has a weight content of
65% to 85%.

[0022] In any embodiment of the second aspect, the addi-
tive is at least one selected from the group consisting of
vinylene carbonate, vinyl sulfate, lithium difluorooxalate
borate, lithium difluorophosphate, lithium tetrafluoroborate,
1,3-propane sultone, lithium trifluoromethanesulfonate, and
lithium diacetate borate. Those skilled in the art can choose
to add the above additives according to the specific perfor-
mance requirements of the secondary battery. For example,
the 1,3-propane sultone can be oxidized at the cathode in
advance to alleviate the oxidation of lithium fluorine-con-
taining sulfonimide under high voltage for gas generation,
and thus better alleviating the corrosion of the current
collector by the lithium fluorine-containing sulfonylimide.
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[0023] In any embodiment of the second aspect, the addi-
tive in the electrolyte has a total weight content of 0.5% to
7%, such that the functions of the additive can be fully
played, without affecting the effect of the above lithium salt.
[0024] In any embodiment of the second aspect, an anode
active material of the anode comprises any one or more
selected from the group consisting of a natural graphite, an
artificial graphite, a mesophase micro carbon, a hard carbon,
a soft carbon, silicon, a silicon-carbon composite, a Li—Sn
alloy, a Li—Sn—O alloy, Sn, SnO, SnO,, a lithiated TiO,—
Li TisO,, in a spinel structure, and a Li—Al alloy. The
above anodes are all commonly used anodes in secondary
electrodes in the field, and those skilled in the art can select
a suitable anode material from the above types according to
the performance requirements of the secondary battery.
[0025] A third aspect of the present application provides a
battery module, including a secondary battery, and the
secondary battery is any secondary battery according to the
second aspect.

[0026] A fourth aspect of the present application provides
a battery pack, including a battery module, and the battery
module is any one of the battery modules according to the
third aspect.

[0027] A fifth aspect of the present application provides an
electric device, including comprises a secondary battery or
a battery module or a battery pack, in which, the secondary
battery is any secondary battery of the second aspect, and the
battery module is any battery module of the third aspect, and
the battery pack is any battery pack in the fourth aspect.
[0028] Because the cathode plate of the present applica-
tion has corrosion resistance, and the cathode active layer
adheres stably on the current collector, therefore, make the
secondary battery, the battery module, the battery pack, and
the electric device containing the same are advantageous in
excellent high-temperature stability and excellent cycle per-
formance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In order to more clearly illustrate the technical
solutions of embodiments of the present application, the
accompanying drawings that need to be used in the embodi-
ments of the present application will be briefly introduced
below. Obviously, the accompanying drawings described
below are only some embodiments of the present applica-
tion, those of ordinary skill in the art can also obtain other
drawings based on the accompanying drawings without
paying creative efforts.

[0030] FIG. 1 is a side view of a cathode plate according
to an embodiment of the present application;

[0031] FIG. 2 is a schematic diagram of a secondary
battery according to an embodiment of the present applica-
tion;

[0032] FIG. 3 is an exploded view of the secondary battery
shown in FIG. 2 according to an embodiment of the present
application;

[0033] FIG. 4 is a schematic diagram of a battery module
according to an embodiment of the present application;
[0034] FIG. 5 is a schematic diagram of a battery pack
according to an embodiment of the present application;
[0035] FIG. 6 is an exploded view of the battery pack
shown in FIG. 5 according to an embodiment of the present
application; and
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[0036] FIG. 7 is a schematic diagram of an electric device
in which a secondary battery is used as a power source
according to an embodiment of the present application.

REFERENCE NUMERAL EXPLANATIONS

[0037] 11: Current collector; 12: Conductive coating; 13:
Cathode active layer; 1: Battery pack; 2: Upper casing; 3:
Lower casing; 4: Battery module; 5: Secondary battery; 51:
Housing; 52: Electrode assembly; and 53: Top cover assem-
bly.

[0038] In the accompanying drawings, the accompanying
drawings are not drawn to actual scale.

DETAILED DESCRIPTION

[0039] Implementation manners of the present application
will be further described in detail below with reference to the
drawings and embodiments. The detailed description and
drawings of the following embodiments are used to illustrate
the principles of the application, but not to limit the scope of
the application, that is, the application is not limited to the
described embodiments.

[0040] Hereinafter, embodiments of a cathode plate, a
secondary battery, a battery module, a battery pack, and an
electric device of the present application will be specifically
disclosed in detail with reference to the accompanying
drawings. However, unnecessary detailed description may
be omitted. For example, detailed descriptions of well-
known items and repeated descriptions of substantially the
same configurations may be omitted. This is to avoid the
following description from becoming unnecessarily lengthy
and to facilitate the understanding of those skilled in the art.
In addition, the drawings and the following descriptions are
provided for those skilled in the art to fully understand the
present application, and are not intended to limit the subject
matter described in the claims.

[0041] A “range” disclosed herein is defined in terms of a
lower limit and an upper limit, and a given range is defined
by selecting the lower limit and the upper limit that define
a boundary of the particular range. The range defined in this
manner may be inclusive or exclusive and may be combined
arbitrarily, that is, any lower limit may be combined with
any upper limit to form a range. For example, if ranges of
60-120 and 80-110 are listed for a particular parameter, it is
understood that ranges of 60-110 and 80-120 are contem-
plated. Additionally, if minimum range values of 1 and 2 and
maximum range values of 3, 4, and 5 are listed, the follow-
ing ranges are all contemplated: 1-3, 1-4, 1-5, 2-3, 2-4 and
2-5. In the present application, unless otherwise specified,
the numerical range “a-b” represents an abbreviated repre-
sentation of any combination of real numbers between an
and b, where an and b are both real numbers. For example,
the numerical range “0-5" indicates that all real numbers
between “0-5” have been listed in the present application,
and “0-5” is only an abbreviated representation of the
combination of these values. In addition, when expressing
that a certain parameter is an integer =2, it is equivalent to
the disclosure that the parameter is an integer such as 2, 3,
4,5,6,7,8,9, 10, 11, 12, and so on.

[0042] Unless otherwise specified, all the implementation
modes and optional implementation modes of the present
application can be combined with each other to form new
technical solutions.
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[0043] Unless otherwise specified, all the technical fea-
tures and optional technical features of the present applica-
tion can be combined with each other to form a new
technical solution.

[0044] Unless otherwise specified, all steps in the present
application can be performed sequentially or randomly,
preferably sequentially. For example, the method includes
steps (a) and (b), which means that the method may include
steps (a) and (b) performed in sequence, and may further
include steps (b) and (a) performed in sequence. For
example, when mentioning that the method may further
include step (c), it means that step (c) may be added to the
method in any order, for example, the method may include
steps (a), (b), and (c¢), may also include steps (a), (¢), and (b),
may also include steps (c), (a), and (b), and so on.

[0045] Unless otherwise specified, the “comprising” and
“including” mentioned in the present application mean open
or closed. For example, the “comprising” and “including”
may mean that other components not listed may be included
or included, or only listed components may be included or
included.

[0046] Inthe present application, the term “or” is inclusive
unless otherwise specified. For example, the phrase “A or B”
means “A, B, or both An and B”. More specifically, any one
of the following condition satisfy “A or B A is true (or
exists) and B is false (or does not exist); A is false (or does
not exist) and B is true (or exists); or both An and B are true
(or exist).

[0047] The safety performance of lithium-ion battery is a
minimum guarantee, and it is researcher’s relentless pursuit
to improve the safety of the lithium-ion battery. With regard
to the electrolyte, the lithium fluorine-containing sulfonim-
ide has relatively high thermal decomposition temperature,
is insensitive to water, and can improve the safety perfor-
mance of the battery to a certain extent. However, when the
electrolyte contains such lithium salt, a risk of corrosion in
the aluminum foil may occur, which may result in breakage
of the electrode plate, and seriously threaten the safety
performance and service life of the secondary battery.
[0048] Specifically, the cathode base material is usually
aluminum foil at present, and the surface of the aluminum
foil placed in the air will be oxidized to form a uniform oxide
film. During the cold pressing of the active material, the
active material particles will be partially pressed into the
aluminum foil, destroying the oxide film therein. When the
electrolyte contains the lithium fluorine-containing sulfo-
nimide salt, the lithium salt will be oxidized at the cathode,
and the oxidation product will combine with aluminum, and
the combined product will be further dissolved in the
electrolyte, and corrosion pits will appear, which may result
in breakage of the electrode plate, and seriously threatens the
safety performance and service life of the secondary battery.
[0049] Patent application with a publication number CN
13851724 A discloses that a lithium fluorine-containing
sulfonimide salt matches with a conductive coating, by the
introduction of conductive coating, the contact resistance
between the current collector and the active material is
reduced, and the corrosion risk caused by the contact
between the lithium fluorine-containing sulfonimide salt and
the current collector can be reduced to a certain extent,
which can not only improve the high-rate cycle performance
of the electrochemical device and reduce the temperature
rise of the electrochemical device, but also can slow down
the corrosion effect of lithium fluorine-containing sulfonim-
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ide salt on the cathode current collector, thereby improving
the long-term stability of the electrochemical device.
[0050] However, the conductive coating easily leads to the
detachment of the cathode active material layer from the
current collector, thereby affecting the cycle performance of
the lithium-ion battery.

[0051] As previously described, the conductive coating
can slow down the corrosion of lithium fluorine-containing
sulfonimide salt on the cathode current collector, and pro-
mote the long-term stability of the electrochemical device;
however, in practical applications, the conductive coating
easily leads to the detachment of the cathode active material
layer from the current collector, thereby affecting the cycle
performance of the lithium-ion battery. In order to solve this
problem, the present application provides a cathode plate, a
secondary battery, a battery module, a battery pack, and an
electric device.

[Cathode Plate]

[0052] A first aspect of the present application provides a
cathode plate, as shown in FIG. 1, the cathode plate com-
prises: a current collector 11, a conductive coating 12, and
a cathode active layer 13. The conductive coating 12 is
arranged on at least one surface of the current collector 11,
the conductive coating 12 comprises a conductive agent
having a weight content of 20% to 50% and a binder having
a weight content of 50% to 80%. The cathode active layer 13
is arranged on a surface of the conductive coating 12 away
from the current collector 11, and a cathode active material
in the cathode active layer 13 is at least one of a lithium
manganate-based cathode material, a ternary cathode mate-
rial, a quaternary cathode material.

[0053] In the present application, lithium manganate-
based cathode material refers to doped or undoped LiMn,O,
cathode material having a spinel structure. The ternary
cathode material refers to a lithium transition metal oxide
having a layered structure and at least three elements of Ni,
Co, Mn or Ni, Co, and Al at transition metal sites. The
quaternary cathode material refers to a lithium transition
metal oxide having a layered structure and at least four
elements of Ni, Co, Mn, and Al at the transition metal sites.

[0054] The conductive coating 12 of the cathode plate of
the present application alleviates the damage of the cathode
active particles to the oxide layer on the surface of the
aluminum foil during the cold pressing process, and
improves a tensile strength of the electrode plate, it is
effectively avoided the problem of the electrode plate break-
age caused by oxidation. In addition, on the basis of using
the conductive agent to conduct electron conduction
between the current collector and the cathode active mate-
rial, by controlling the amounts of the conductive agent and
the binder, not only is the stability of electronic conduction
between the current collector and the cathode active material
ensured, but also the peel strength between the current
collector 11 and the conductive coating 12 is enhanced,
thereby effectively solving the problem of the stripping of
the cathode active layer 13, and meanwhile, the cycle
performance and cycle stability of the secondary battery
containing such cathode plate are effectively improved.

[0055] The weight content of the conductive agent and the
weight content of the binder in the conductive coating can be
any value in the above range, such as the weight content of
the conductive agent can be 20%, 25%, 30%, 35%, 40%,
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45% or 50%; and the weight content of the binder can be
50%, 55%, 60%, 65%, 70%, 75% or 80%.

[0056] As previously mentioned, the conductive coating
of the present application should not only provide sufficient
electrical conductivity, but also must satisfy the need to
enhance the bonding ability to the cathode active layer. On
such basis, on the basis of adjusting the ratio of the con-
ductive agent and the binder, it is found that when the
volume resistivity of the binder has a significant difference,
the ratio of the conductive agent and the binder can be
further adjusted to realize the further improvement of the
conductivity and the bonding ability.

[0057] In any embodiment of the first aspect, the binder is
a conductive binder, and the conductive binder has a volume
resistivity of £107> Q-cm. Optionally, the conductive coating
comprises a conductive agent having a weight content of
20% to 30% and a conductive binder having a weight
content of 70% to 80%. In the above embodiment, the
conductive binder is used as the binder, on the basis of
ensuring the same electronic conductivity, the amount of the
conductive agent can be further reduced, and the amount of
the binder can be relatively increased, so as to further
improve a peel strength between the current collector and
the conductive coating.

[0058] The conductive binder of the present application
can be selected from the binder having conductive properties
commonly used in the prior art, considering that the better
the dispersibility of conductive agent in the binder, the
stronger electrical conductivity of the binder. Therefore, in
order to ensure that the conductive function of the conduc-
tive agent is fully played, in some embodiments, the con-
ductive binder is any one or more selected from the group
consisting of an epoxy resin conductive adhesive, a silicone
resin conductive adhesive, a polyimide resin conductive
adhesive, a phenolic resin conductive adhesive, and a poly-
urethane conductive adhesive. All the above conductive
binders have stable chemical stability and relatively higher
thermal stability, as well as relatively high dispersibility to
the inorganic conductive agent, thus ensuring the uniform
dispersion of the conductive agent and satistying the long-
period use of the secondary battery with high-performance
cycle.

[0059] In some embodiments, the binder is an insulating
binder, and the conductive binder has a volume resistivity of
210'° Q-cm. Optionally, the conductive coating comprises a
conductive agent having a weight content of 30% to 45%
and an insulating binder having a weight content of 55% to
70%. In this embodiment, the volume resistivity of the
adopted binder is relatively high, so the conductive agent
required therein increases correspondingly, and the above
weight content ensures simultaneous optimization of the
electronic conduction effect and bonding effect of the con-
ductive coating.

[0060] When the volume resistivity of the binder is higher,
except increasing the content of the conductive agent, in
some embodiments, further optionally, the insulating binder
is any one or more selected from the group consisting of
PVDFEF, a polyacrylonitrile, a styrene butadiene rubber, a
polyvinyl alcohol, a gum arabic, a xanthan gum, and a
polyacrylate. The above binders have relatively high bond-
ing strength, good compatibility with the conductive agent,
and ideal chemical stability and thermal stability, so that it
is ensured that the conductive effect of the conductive agent
dispersed therein can be fully exerted.
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[0061] The conductive agent of the present application can
be selected from the conventional conductive agent of
secondary battery. In some embodiments, the conductive
agent comprises any one or more selected from the group
consisting of an acetylene black (AB), a carbon fiber, a
conductive carbon black, a conductive graphite, a single-
walled carbon nanotube, a multi-walled carbon nanotube, a
graphene nanosheet, a graphene oxide nanosheet, and a
micropowdered graphite. All the above conductive agents
are conductive agents having high conductivity commonly
used in the field, which ensures good conductivity of the
conductive coating, on the basis of the above content.
[0062] Insome embodiments, the conductive coating hav-
ing a thickness of 0.5 pm to 5 um. The thickness of the
conductive coating can be in the range of any two of the
following values: 0.5 um, 0.8 pm, 1.0 um, 1.5 um, 1.8 pm,
2.0 um, 2.2 pm, 2.5 pm, 3.0 pm, 3.5 um, 4.0 um, 4.5 pm, or
5.0 um. Optionally, the conductive coating has a thickness of
0.8 um to 3 pm. The conductive coating within the above
thickness range, on the basis facilitating the effective bond-
ing between the conductive coating and the current collector,
can not only effectively alleviate the damage of the cathode
active particles to the oxide layer on the surface of the
aluminum foil during the cold pressing process, but also
construct an effective electron conduction channel and
ensure that a secondary battery containing the cathode plate
has a sufficiently high volumetric energy density. In some
embodiments, the corresponding binder is a conductive
binder, and the conductive binder has a volume resistivity of
=10~ Q-cm. Optionally, the conductive coating having a
thickness of 2.2 um to 3 um; in some embodiments corre-
sponding to the technical solution where the binder is an
insulating binder, and the conductive binder has a volume
resistivity of 210'° Q-cm, the conductive coating optionally
has a thickness of 1.2 pm to 1.8 pm.

[0063] As an example, the current collector has two oppo-
site surfaces in its own thickness direction, and the conduc-
tive coating 12 and the cathode active layer 13 are sequen-
tially disposed on any one or both of the two opposite
surfaces of the cathode current collector.

[0064] In some embodiments, the current collector can be
a metal foil or a composite current collector. For example, an
aluminum foil can be used as the metal foil. The composite
current collector may include a polymer substrate and a
metal layer formed on at least one surface of the polymer
substrate. The composite current collector can be formed by
forming a metal material (aluminum, an aluminum alloy,
nickel, a nickel alloy, titanium, a titanium alloy, silver, a
silver alloy, and the like) on a polymer substrate (such as a
substrate made of a polypropylene (PP), a poly(ethylene
terephthalate) (PET), a polybutylene terephthalate (PBT), a
polystyrene (PS), a polyethylene (PE), and the like). Further
optionally, the current collector is an aluminum foil, and
optionally, the thickness of the current collector is 8 um to
20 um (such as 8 um, 9 pm, 10 um, 12 pm, 14 pm, 16 pm,
18 um or 20 pum). Optionally, the current collector has both
a longitudinal tensile strength and a transverse tensile
strength of =175 MPa, so as to provide better mechanical
strength and better meet the long-term cycle use of second-
ary batteries.

[0065] The transverse tensile strength of current collector
in the present application can adopt test method known in
the art. As an example, the following method can be used for
testing: an aluminum foil having a length of 50 mm, a width
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of 20 mm, and a thickness of 15 um is taken as a sample to
be tested. Two ends of the sample to be tested are fixed by
a fixture on an Instron 3365 high iron tensile machine in a
length direction or a width direction. Then the sample to be
tested is pulled at a speed of 10 mm/min until it is broken to
complete the test. According to the instrument’s own soft-
ware, the tensile value in a width direction F(N) can be
obtained. The transverse tensile strength can be calculated
by R=F/(width of the aluminum foilxthickness of the alu-
minum foil).

[0066] The cathode active material of the present appli-
cation is at least one of a lithium manganate-based cathode
material, a ternary cathode material, and a quaternary cath-
ode material. In some embodiments, the cathode active
material includes at least one of Formulas (I) to (III):

LigNiyyCop M1M2 1y 1Oo 1 Formula (I)

LioMn, 5,M3,50, 55 Formula (II)

cLi,MnOjy (1-¢)LiazM4, 30, 53

[0067] In Formula (I), M1 is Mn and/or Al, M2 is any one
or more selected from the group consisting of Mg, Cu, Zn,
Al, Sn, B, Ga, Zr, Cr, Sr, V, and Ti, 0.8<al<1.2, O=x1<1,
O=<yl=l, O=zl<l, x1+yl+4zl=<l, -0.2<b1<0.2. In Formula
(II), 0.8=a2<1.2, 0.6=y2<1, -0.2<b2<0.2, M3 is any one or
more selected from the group consisting of Mg, Cu, Zn, Al,
Sn, B, Ga, Zr, Cr, Sr, V, and Ti. In Formula (III), O<c<1,
0<x3<1, 0.8<a3<1.2, -0.2=b3<0.2, M4 is any one selected
from Ni, Co, and Mn, and any one or more selected from the
group consisting of Mg, Cu, Zn, Al, Sn, B, Ga, Zr, Cr, Sr, V,
and Ti. The cathode active materials are mainly selected
from a lithium manganate-based cathode material, a ternary
cathode material, and a quaternary cathode material, in
which, the lithium manganate-based cathode material shown
in Formula (II) is a doped lithium manganate-based cathode
material. Therefore, on the basis of ensuring a high rate, the
dissolution of manganese is relatively reduced to ensure a
high cycle performance.

[0068] A second aspect of the present application provides
a secondary battery, comprising: a cathode plate, an anode
plate, an electrolyte, and a separator. The cathode plate is
any cathode plate according to the first aspect.

[0069] The secondary battery, also known as a recharge-
able battery or accumulator, refers to a battery that can be
activated by charging the active materials and continue to be
used after the battery is discharged.

[0070] Typically, a secondary battery includes: a cathode
plate, an anode plate, a separator, and an electrolyte. During
the charging and discharging process of the battery, active
ions (such as lithium ions) are repeatedly intercalated and
deintercalated between the cathode and the anode. The
separator is arranged between the cathode plate and the
anode plate, which mainly plays a role in preventing the
short circuit of the cathode and the anode, as well as
preventing the active ions from passing therethrough. The
electrolyte is between the cathode plate and the anode plate,
and mainly plays the role of conducting active ions.
[0071] Since the conductive coating of the cathode plate of
the present application alleviates the damage of the cathode
active particles to the oxide layer on the surface of the
aluminum foil during the cold pressing process, and
improves a tensile strength of the electrode plate, it is
effectively avoided the problem of the electrode plate break-
age caused by oxidation. In addition, by controlling the

Formula (IIT)
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amounts of the conductive agent and the binder, not only is
the stability of electronic conduction between the current
collector and the cathode active material ensured, but also
the peel strength between the current collector and the
conductive coating is enhanced, thereby effectively solving
the problem of the stripping of the cathode active layer, and
meanwhile, the cycle performance and cycle stability of the
secondary battery containing such cathode plate are effec-
tively improved.

[0072] In some embodiments of the second aspect, the
electrolyte comprises a lithium salt. The lithium salt com-
prises a lithium fluorine-containing sulfonimide and a
lithium hexafluorophosphate. Optionally, and the lithium
salt is any one or more selected from the group consisting of
lithium bisfluorosulfonyl imide, lithium bis(trifluoromethyl)
fluorosulfonyl imide, lithium (fluorosulfonyl)(trifftuorom-
ethylsulfonyl)imide, lithium (fluorosulfonyl)(pentafluoro-
ethylsulfonyl)imide, lithium  (trifluoromethylsulfonyl)
(difluoromethylsulfonyl)imide, lithium (fluorosulfonyl)
(perfluorobutylsulfonyl) imide, and lithium bis (pentafluo-
roethylsulfonyl) imide. During the first charge and discharge
process, lithium hexafluorophosphate (LiPFy) is oxidized
and decomposed at the anode, and the oxidation product
aluminum ftrifluoride is deposited on the surface of the
current collector, which alleviates the corrosion of alumi-
num foil by lithium fluorine-containing sulfonimide to a
certain extent. Lithium fluorine-containing sulfonimide has
a high degree of dissociation in the non-aqueous organic
solvent, the conductivity of the electrolyte is high, and such
lithium salt has good thermal stability, and has fewer side
reactions at high temperatures, so that the secondary battery
containing the electrolyte of such lithium salt has better
high-temperature cycle performance.

[0073] In any embodiment of the second aspect, option-
ally, the lithium salt in the electrolyte has a total concentra-
tion of 0.6 mol/L. to 2 mol/LL (such as 0.6 mol/L, 0.7 mol/L,,
0.8 mol/L, 1.0 mol/L, 1.2 mol/L, 1.5 mol/L, 1.8 mol/L, or 2.0
mol/L). Optionally, in the electrolyte, the lithium hexafluo-
rophosphate has a concentration C1 of 0.1 mol/L. to 1 mol/LL
(such as 0.1 mol/L, 0.2 mol/T, 0.3 mol/L., 0.4 mol/L, 0.5
mol/L, 0.6 mol/L, 0.7 mol/L, 0.8 mol/L, 0.9 mol/L, or 1
mol/L), the lithium fluorine-containing sulfonimide has a
concentration C2 of 0.5 mol/L to 1.5 mol/LL (for example, 0.5
mol/L, 0.7 mol/L, 0.8 mol/L., 1.0 mol/L, 1.2 mol/L, 1.4
mol/L, or 1.5 mol/L)), further optionally, 1=C2/C1<5 (such
as 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, or 5). Within the above
concentration range, the fluorine-containing lithium sulfo-
nylimide can fully improve the conductivity of the electro-
lyte. By further controlling the concentration ratio of C2 to
C1 within the above range, on the one hand, the lithium
fluorine-containing sulfonimide can be used to improve the
conductivity of the electrolyte, on the other hand, lithium
hexafluorophosphate can be oxidized on the cathode current
collector during the first charge and discharge to form an
aluminum trifluoride thin film, together with the conductive
coating, can alleviate the corrosion effect of the fluorine-
containing sulfonimide lithium on the current collector,
thereby further improving the high-temperature cycle per-
formance of the secondary battery.

[0074] In any embodiment of the second aspect, a thick-
ness d of the conductive coating of the cathode plate, the
concentration C1 of the lithium hexafluorophosphate and the
concentration C2 of the lithium fluorine-containing sulfo-
nimide satisfy the following relational expression: C2/(5x
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C1)=d=lg(C2/C1)+4, in which, a unit of C1 and C2 is mol/L,
and a unit of d is um. Based on the control of the thickness
of the conductive coating, the concentration of lithium
hexafluorophosphate, and the concentration of lithium fluo-
rine-containing sulfonimide according to the above rela-
tional formula, under a joint action of the three parameters,
the high-temperature cycle performance, energy density and
corrosion resistance of the secondary battery are better
improved.

[0075] In any embodiment of the second aspect, the elec-
trolyte further comprises an organic solvent and an additive;
and the organic solvent is any one or more selected from the
group consisting of dimethyl carbonate, diethyl carbonate,
dipropyl carbonate, ethyl methyl carbonate, methyl propyl
carbonate, vinyl carbonate, propylene carbonate, vinyl car-
bonate, propylene carbonate, butylene carbonate, ethyl pro-
pyl carbonate, y-butyrolactone, methyl formate, ethyl
acetate, propyl acetate, methyl propionate, ethyl propionate,
methyl propionate, and tetrahydrofuran. The above organic
solvents are all common organic solvents in this field, and
the dispersion performance of lithium salts in such organic
solvents is relatively good.

[0076] In any embodiment of the second aspect, e organic
solvent in the electrolyte has a weight content of 65% to
85%. Typically but not limiting, the above weight content is
65%, 70%, 75%, 80%, or 85%.

[0077] In any embodiment of the second aspect, the addi-
tive is at least one selected from the group consisting of
vinylene carbonate, vinyl sulfate, lithium difluorooxalate
borate, lithium difluorophosphate, lithium tetrafluoroborate,
1,3-propane sultone, lithium trifluoromethanesulfonate, and
lithium diacetate borate. Those skilled in the art can choose
to add the above additives according to the specific perfor-
mance requirements of the secondary battery. For example,
the 1,3-propane sultone can be oxidized at the cathode in
advance to alleviate the oxidation of lithium fluorine-con-
taining sulfonimide under high voltage for gas generation,
and thus better alleviating the corrosion of the current
collector by the lithium fluorine-containing sulfonylimide.

[0078] In any embodiment of the second aspect, the addi-
tive in the electrolyte has a total weight content of 0.5% to
7% (such as 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, or 7%), so as
to fully play the function of the corresponding additive,
without affecting the effect of the above lithium salt.

[Anode Plate]

[0079] In the secondary battery of the present application,
the anode plate can comprise: an anode current collector, and
an anode material layer which is arranged on the anode
current collector and comprises an anode active material.
The anode material layer can be arranged on one surface of
the anode current collector, and can also be arranged on two
surfaces of the anode current collector.

[0080] In some embodiments, the anode current collector
can adopt a metal foil or a composite current collector. For
example, a copper foil can be used as the metal foil. The
composite current collector may include a polymer substrate
and a metal layer formed on at least one surface of the
polymer substrate. The composite current collectors can be
formed by forming a metal material (copper, a copper alloy,
nickel, a nickel alloy, titanium, a titanium alloy, silver, a
silver alloy, and the like) on the polymer substrate (such as
a substrate made of a polypropylene (PP), a poly(ethylene
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terephthalate) (PET), a polybutylene terephthalate (PBT), a
polystyrene (PS), a polyethylene (PE), and the like).
[0081] In some embodiments, the anode active material
can be an anode active material known in the art of batteries.
As an example, the anode active material may include at
least one of the following materials: graphite (such as
artificial graphite, natural graphite), soft carbon, hard car-
bon, mesocarbon microspheres, carbon fibers, carbon nano-
tubes, silicon-based materials, tin-based materials, lithium
titanate, and the like. The silicon-based materials may be at
least one selected from elemental silicon, a silicon-oxygen
compound, a silicon-carbon composite, a silicon-nitrogen
composite, and a silicon alloy. The tin-based material can be
at least one selected from of elemental tin, a tin oxide, and
a tin alloy. However, the present application is not limited to
these materials, and other conventional materials suitable for
the anode active materials of the batteries can also be used.
These anode active materials may be used alone or in
combination of two or more.

[0082] In some embodiments of the second aspect, an
anode active material of the anode sheet comprises any one
or more selected from the group consisting of a natural
graphite, an artificial graphite, a mesophase micro carbon, a
hard carbon, a soft carbon, silicon, a silicon-carbon com-
posite, a Li—Sn alloy, a Li—Sn—O alloy, Sn, SnO, SnO,,
a lithiated TiO,—Li,TisO,, in a spinel structure, and a
Li—Al alloy.

[0083] In some embodiments, the anode film layer may
further optionally include a binder. As an example, the
binder may be at least one selected from a styrene-butadiene
rubber (SBR), a polyacrylic acid (PAA), a sodium polyacry-
late (PAAS), a polyacrylamide (PAM), a polyvinyl alcohol
(PVA), a sodium alginate (SA), a polymethacrylic acid
(PMAA), and a carcaseymethyl chitosan (CMCS).

[0084] In some embodiments, the anode film layer may
also optionally include a conductive agent. As an example,
the conductive agent may include at least one of supercon-
ducting carbon, acetylene black, carbon black, Ketjen black,
carbon dots, carbon nanotubes, graphene, and carbon nano-
fibers.

[0085] In some embodiments, the anode material layer
comprises: an artificial graphite as an anode active material,
and acetylene black and binder styrene butadiene rubber
(SBR) as a conductive agent.

[0086] In some embodiments, the anode film layer may
optionally include other additives, such as a thickener (such
as, a sodium carcaseymethylcellulose (CMC-Na)) and the
like.

[0087] In some embodiments, the anode plate can be
prepared as follows: dispersing the components for prepar-
ing the anode plate, such as the anode active material, the
conductive agent, the binder, and any other components, in
a solvent (such as a deionized water) to form an anode
slurry; coating the anode slurry on the anode current col-
lector, and performing drying, cold pressing, and other
processes, to obtain the anode plate.

[Separator]

[0088] In the secondary battery of the present application,
the separator is arranged between the cathode plate and the
anode plate, and plays a role of isolation. The type of the
separator is not particularly limited, and any known sepa-
rator in a porous structure having good chemical stability
and mechanical stability can be selected. In some embodi-
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ments, the material for the separator can be at least one
selected from a glass fiber, a non-woven fabric, a polyeth-
ylene, a polypropylene, and a polyvinylidene fluoride. The
separator can be a single-layer film or a multi-layer com-
posite film, which is not particularly limited herein. When
the separator is a multilayer composite film, the materials of
each layer may be the same or different, which is not
particularly limited herein.

[0089] The secondary battery of the present application
may be a lithium-ion battery.

[0090] A conventional method can be used to prepare the
secondary battery of the present application. In some
embodiments, the cathode plate, the anode plate, and the
separator can be made into an electrode assembly through a
winding process or a lamination process. An exemplary
preparation method include the following steps:

[0091] in Step 1: a cathode plate, a separator, and an
anode plate are stacked in order to enable the separator
to be arranged between the cathode plate and the anode
plate, and then a resulting combination is wound to
obtain an electrode assembly; and

[0092] in Step 2: the electrode assembly is placed in a
secondary battery housing and dried, then an electro-
lyte is injected, and then formation process and stand-
ing process are performed to obtain a secondary battery.

[0093] In some embodiments, the secondary battery may
include an outer package. The outer package can be used to
package the electrode assembly and the electrolyte.

[0094] In some embodiments, the outer packaging of the
secondary battery may be a hard case, such as a hard plastic
case, aluminum case, steel case, and the like. The outer
packaging of the secondary battery may also be a soft case,
such as a bag-type soft case. The material of the soft case
may be plastic, and examples of the plastic include a
polypropylene, a polybutylene terephthalate, a polybutylene
succinate, and the like

[0095] The present application has no special limitation on
the shape of the secondary battery, which may be cylindrical,
square, or any other shape. For example, FIG. 2 shows a
square-shaped secondary battery 5 as an example.

[0096] In some embodiments, referring to FIG. 3, the
outer package may include a housing 51 and a cover 53. The
housing 51 may include a bottom plate and side plates
connected to the bottom plate, and the bottom plate and the
side plates enclose to form an accommodating cavity. The
housing 51 has an opening communicating with the accom-
modating cavity, and the cover 53 can cover the opening to
enclose the accommodating cavity. The cathode plate, the
anode plate, and the separator can be formed into an
electrode assembly 52 through a winding process or a
lamination process. The electrode assembly 52 is packaged
in the accommodating cavity. Electrolyte is infiltrated in the
electrode assembly 52. The number of electrode assemblies
52 contained in the secondary battery 5 can be one or more,
which may be selected by those skilled in the art according
to specific actual needs.

[0097] In some embodiments, the secondary battery can
be assembled into a battery module, and the number of
secondary batteries contained in the battery module can be
one or more, and the specific number can be selected by
those skilled in the art according to the application and
capacity of the battery module.

[0098] FIG. 4 is a battery module 4 as an example.
Referring to FIG. 4, in the battery module 4, a plurality of
secondary batteries 5 may be arranged in sequence along a
length direction of the battery module 4. It can be under-
stood any other arrangement manners can also be adopted.
Furthermore, the plurality of secondary batteries 5 may be
fixed by fasteners.
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[0099] Optionally, the battery module 4 may further
include a case having an accommodation space, in which a
plurality of secondary batteries 5 are accommodated.

[0100] In some embodiments, the battery modules can
also be assembled into a battery pack, and the number of
battery modules contained in the battery pack can be one or
more, and the specific number can be selected by those
skilled in the art according to the application and capacity of
the battery pack.

[0101] FIGS. 5-6 show a battery pack 1 as an example.
Referring to FIGS. 5-6, the battery pack 1 may include a
battery case and a plurality of battery modules 4 disposed in
the battery case. The battery case includes an upper case 2
and a lower case 3, the upper case 2 can cover the lower case
3 and form an enclosed space for accommodating the battery
modules 4. The plurality of battery modules 4 can be
arranged in the battery case in any manner.

[0102] Inaddition, the present application also provides an
electrical device, which includes at least one of the second-
ary battery, the battery module, or the battery pack provided
in the present application. The secondary battery, the battery
module, or the battery pack can be used as a power source
of the electrical device, and can also be used as an energy
storage unit of the electrical device. The electrical devices
may include mobile devices (such as mobile phones, lap-
tops, and the like), electric vehicles (such as pure electric
vehicles, hybrid electric vehicles, plug-in hybrid electric
vehicles, electric bicycles, electric scooters, electric golf
carts, and the like), electric trucks, and the like), electric
trains, ships and satellites, energy storage systems, and the
like, but not limited thereto. The secondary battery, the
battery module, or the battery pack can be selected as the
electrical device according to the use requirements.

[0103] FIG. 7 is an example of an electrical device. The
electrical device is a pure electric vehicle, a hybrid electric
vehicle, or a plug-in hybrid electric vehicle. In order to meet
the high power and high energy density requirements of the
electrical device for the secondary battery, a battery pack, or
a battery module may be used.

[0104] As another example, the device may be a mobile
phone, a tablet computer, a notebook computer, or the like.
The device is generally required to be light and thin, and a
secondary battery can be used as a power source.

[0105] Because the cathode plate of the present applica-
tion has corrosion resistance, cathode active layer adheres
stable on current collector, therefore, make the secondary
battery with it, battery module, battery pack and electric
device have good high-temperature stability, Advantages of
good cycle performance.

EXAMPLES

[0106] Hereinafter, examples of the present application
will be described. The embodiments described below are
exemplary and are only used for explaining the present
application, and should not be construed as limiting the
present application. If no specific technique or condition is
indicated in the examples, it shall be carried out according
to the technique or condition described in the literature in
this field or according to the product specification. The
reagents or instruments used, if not indicated by the manu-
facturer, are all commercially available conventional prod-
ucts.

[0107] The following table 1 illustrates the source, per-
formance of some materials used in examples.
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TABLE 1 TABLE 1-continued
Manufacture Volume resistivity Manufacture Volume resistivity
Name and model (Q - cm) Name and model (Q - cm)
Epoxy resin Dongguan Pinheng Binder 10-3~10% conductive Tianjin Youmeng Technology 0.001
conductive Industry Co., carbon black Co., Ltd., Super P
adhesive Ltd., PH8011
Silicone resin Henkel Binder Co., 1073~107*
conductive Ltd., ICP4000 (1) Preparation of Electrolyte
adhesive ) ) L [0108] In a glove case full of argon (water content<10
Polyimide resin ~ Shenzhen Dehuikang 107°~10 o inyl bonate was
comductive Technology ppm, oxygen contept<l ppm), 2% vinylene carl
adhesive Co.. Ltd., CW229 added in an organic solvent (EC:EMC=3:7 wt %/wt %),
Phenolic resin  Bennuo company, DAD-3 10-3~10-4 after mixing evenly, an appropriate amount of a lithium salt
conductive was slowly added to a non-aqueous organic solvent (specific
adhesive contents of LiPF and the lithium fluorine-containing sulfo-
Polyurethane Shanghai Yechuan 107107 nimide can be referred to in the following tables), and after
conductive Chemical Co., the lithium salt was completely dissolved, a target electro-
adhesive Ltd., DU294B. “ lyte was obtained, which was the electrolyte.
PVDE  ~ Shanghai Sanaifu PVDE, FR915 3% 107 [0109] Ratios of the solvent to the additive that were used
Polyacrylonitrile  McLean’s reagent, P823208 6.5 x 10 h .
Gum arabic Melean’s reagent, P823208 3% 102 in the Examples gnd the Comparative Examples are shown
carbon fiber Tianjin Jinglin New Material 0.001 in Table 2, and in table 2, the ratio of the solvent to the
Technology Co., Ltd., ECC-N additive is a weight percent calculated based on a total
multi-walled Pioneer Nano, 100238 0.002 weight of electrolyte. In addition, in the electrolytes of the
carbon nanotube Examples and the Comparative Example, unless otherwise
graphene Zhongke Yannuo, C03041 4 %107 specified, the solvents were all vinyl carbonate:ethyl methyl
nanosheet carbonate (3:7 wt %/wt %), the additives were all vinylene
carbonate, and the weight content of the additive was 2%.
TABLE 2
Cathode Lithium salt 1 Lithium salt 2
active Concentration Concentration
material Type mol/L Type mol/L
Exam-  Li[NiygCoq Mng ]JO, LiPFg 0.1 Lithium 0.5
ple 1 bisfluorosulfony! imide
Exam-  Li[NipgCoq Mng ]JO, LiPFg 0.5 Lithium 0.5
ple 2 bisfluorosulfony! imide
Exam-  Li[NiygCoq Mng ]JO, LiPFg 1 Lithium 1.5
ple 3 bisfluorosulfony! imide
Exam-  Li[NipgCoq Mng ]JO, LiPFg 0.1 Lithium 0.5
ple 4 bis(trifluoromethy!)fluorosulfonyl
imide
Exam-  Li[Nip5C05Mng 3]0, LiPFg 0.3 Lithium 1.2
ple 5 bis(trifluoromethy!)fluorosulfonyl
imide
(2) Preparation of Cathode Plate (with Primer):
[0110] First, an aqueous solution containing a conductive
agent and a binder was coated on an aluminum foil substrate
(which was an aluminum foil having a thickness of 15 um
and a transverse tensile strength of 180 MPa), then dried in
an oven at a temperature of 85° C., so as to form a
corresponding conductive coating on the aluminum foil
substrate, and preserved for use. The composition for the
electrolyte in Examples 6 to 33 and Comparative Examples
1 to 5 in Table 3 were consistent with those in Example 3.
[0111] The compositions of the conducting coatings in the
Examples and the Comparative Example are listed in Table
3.
TABLE 3
Thickness of
Amount Conductive Amount  conductive
Number Binder wt %  agent wt % coating pm
Example 1-5 Epoxy resin 80 Carbon 20 2.5
Example 6 conductive 75 fiber 25
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TABLE 3-continued
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Thickness of

Amount Conductive Amount  conductive
Number Binder wt %  agent wt % coating pm
Example 7 adhesive 70 30
Example 8 60 40
Example 9 50 50
Example 10 Silicone resin 75 Carbon 25
conductive fiber
adhesive
Example 11 Polyimide resin
conductive
adhesive
Example 12 Phenolic resin
conductive
adhesive
Example 13 Polyurethane
conductive
adhesive
Example 14 PVDF 70 Carbon 30
Example 15 65 fiber 35
Example 16 55 45
Example 17 45 55
Example 18 75 25
Example 19 50 50
Example 20 Polyacrylonitrile 60 40
Example 21 Gum arabic
Example 22 Epoxy resin 75 Multi-walled 25
conductive carbon
adhesive nanotube
Example 23 Graphene 25
nanosheet
Example 24 Conductive 25
carbon black
Example 25 Carbon 25 2.2
Example 26 fiber 3
Example 27 5
Example 28 PVDF 60 Carbon 40 0.5
Example 29 fiber 0.8
Example 30 1.2
Example 31 1.8
Example 32 2
Example 33 3
Example 34 Epoxy resin 75 Carbon 25 2.5
conductive fiber
adhesive
Example 35 PVDF 60 Carbon 40 2.5
fiber
Comparative / / / / /
Example 1
Comparative Epoxy resin 85 Carbon 15 2.5
Example 2 conductive fiber
Comparative adhesive 15 85
Example 3
Comparative PVDF 85 Carbon 15 2.5
Example 4 fiber
Comparative 15 85

Example 5

Mar. 7, 2024



US 2024/0079600 A1l

[0112] The cathode active material, the conductive agent
Super P, and the binder polyvinylidene fluoride (PVDF)
were mixed in N-methylpyrrolidone (NMP) to prepare a
cathode slurry. A solid content in the cathode slurry was 50
wt %, and a weight ratio of the cathode active material, the
Super P, and the PVDF in the solid component was 8:1:1.
The cathode slurry was coated on the current collector
aluminum foil after a primer coating process, dried at 85° C.
A resulting product was cold pressed, edge trimmed, cut into
pieces, and divided into strips, and then the strips were dried
under vacuum at 85° C. for 4 hrs, so as to obtain a cathode
plate. The cathode active materials in Examples 1 to 33 were
Li[Ni, ¢Co, ;Mn, ,]O,, the cathode active material of
Example 34 was Li[Ni, sCo, ,Mn, 5]O,, and the cathode
active material of Example 35 was Li[Ni, ;Co, ,Mn, ,]O,.
(2) Preparation of Cathode Plate (without Primer):

[0113] The cathode active material, the conductive agent
Super P, and the binder polyvinylidene fluoride (PVDF)
were mixed in N-methylpyrrolidone (NMP) to prepare a
cathode slurry. A solid content in the cathode slurry was 50
wt %, and a weight ratio of LiNi, ¢Co, ;Mn, ,O,, the Super
P, and the PVDF in the solid component was 8:1:1. The
cathode slurry was coated on the current collector aluminum
foil, dried at 85° C. A resulting product was cold pressed,
edge trimmed, cut into pieces, and divided into strips, and
then the strips were dried under vacuum at 85° C. for 4 hrs,
s0 as to obtain a cathode plate.

(3) Preparation of Negative Plate:

[0114] Graphite as a cathode active material, Super P as a
conductive agent, CMC as a thickener, and a polyvinylidene
fluoride (PVDF) as a binder were mixed in deionized water
to prepare an anode slurry. A solid content in the anode
slurry was 30 wt %, and a weight ratio of graphite, the Super
P, the CMC, and the binder styrene butadiene rubber (SBR)
in the solid component was 80:15:3:2. The anode slurry was
coated on the current collector copper foil (having a thick-
ness of 8 um) and dried at 85° C. A resulting product was
cold pressed, edge trimmed, cut into pieces, and divided into
strips, and then dried at 120° C. under vacuum for 12 hrs, so
as to obtain an anode plate.

(4) Preparation of Lithium-Ion Battery:

[0115] A polyethylene (PE) porous polymer film having a
thickness of 16 um was used as the separator. The prepared
cathode plate prepared, separator, and the anode plate were
sequentially stacked, so that the separator is arranged in the
middle of the cathode and the anode to play the role of
isolation, and a bare battery cell was obtained by winding,
and tabs were soldered. The bare battery cell was placed in
an outer package, the above electrolyte was injected into a
dried housing, and then package, standing, formation, shap-
ing, and capacity test were performed, so that the fabrication
of the lithium-ion battery was completed (a soft-packed
lithium-ion battery has a thickness of 4.0 mm, a width of 60
mm, and a length of 140 mm).

[0116] Test processes of the lithium-ion battery are
described hereinbelow.
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(1) Cycle Performance Test of Lithium-Ion Battery

[0117] Lithium-ion battery was charged to a voltage of 4.2
V with a constant current of 1 C at 25° C., then charged to
a current of 0.05 C with a constant voltage of 4.2 V, and then
discharged to a voltage of 2.8 V with a constant current of
1 C, which was defined as charge-discharge cycle. Taking
the capacity of the first discharge as 100%, the capacity
retention rate of the lithium-ion battery after 500 cycles was
calculated. The capacity retention rate (%) of the lithium-ion
battery after 500 cycles=the discharge capacity at a 500th
cycle/the capacity of the first dischargex100%.

(2) Thermal Runaway Performance Test of Lithium-lon
Battery

[0118] An ambient temperature was adjusted to 25° C., the
lithium-ion battery was charged to a voltage of 4.2 V with
1 C, then charged to a current of 0.05 C with a constant
voltage. The lithium-ion battery was placed into a heating
furnace, the furnace was heated up at 10° C./min, the
temperature was then preserved for 10 mins, until the
thermal runaway of the lithium-ion battery occurred, then
the process was terminated. The temperature monitored by
the furnace when the thermal runaway occurred was
recorded.

Transverse Tensile Strength Test of Electrode Plates

[0119] As an example, the following method can be used
for the test: the two ends of the cathode plate (having a
length of 50 mm and a width of 20 mm) after 500 cycles
were fixed by a fixture on an Instron 3365 high iron tensile
machine in a length direction or a width direction. Then the
sample to be tested was pulled at a speed of 10 mm/min until
it was broken to complete the test. According to the instru-
ment’s own software, the tensile value in a width direction
F(N) was obtained. The transverse tensile strength was
calculated by R=F/(width of the aluminum foilxthickness of
the aluminum foil).

Peel Strength Test of Electrode Plate

[0120] As an example, the following method can be used
for the test: one side of the cathode plate after 500 cycles was
fixed on a steel plate (a double-sided binder tape can be
used), and a membrane was gently torn to enable the
membrane having a thickness of about 2 cm separated from
the substrate. One end of the steel plate was fixed on the
fixture of the tensile machine, and the separated membrane
was then fixed on a clamp at an upper end of the tensile
machine. The Instron 3365 high iron tensile machine was
used to pull the membrane at a speed of 60 mm/min, a
tension value displayed on the computer when the mem-
brane was just peeled off from the substrate was the peel
strength value of the membrane. When peeling off, the
primer layer and the active material layer are peeled off from
the substrate as a whole.

Resistance Test of Cathode Plate

[0121] An initial cathode plate was put into a BER2100
multifunctional electrode plate resistance measuring instru-
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ment manufactured by Yuanneng Science and Technology,
after 10 s in the upper and lower contact surfaces, data
appeared on a computer display, then the test of a next
position was performed, after 10 different positions were
tested, an average value was taken.

(5) 45° C. Capacity Retention Test

[0122] The lithium-ion battery was charged to 4.2 V with
a constant current of 1 C at 45° C., then charged to a current
of 0.05 C with a constant voltage of 4.2 V, and then
discharged to a voltage of 2.8 V with a constant current of
1 C, which is a charge-discharge cycle. Taking the capacity
of the first discharge as 100%, the capacity retention rate of
the lithium-ion battery after 200 cycles was calculated. The
capacity retention rate (%) of the lithium-ion battery after

200 cycles=the discharge capacity at a 200th cycle/the
capacity of the first dischargex100%.

(6) Charging Temperature Rise Test of Lithium-Ion Battery

[0123] The lithium-ion battery was placed in a constant
temperature box at 25° C. and left to stand for 30 mins to
allow the lithium-ion battery to reach a constant tempera-
ture. The lithium-ion battery that has reached the constant
temperature was charged at a constant current of 1.0 C to a
voltage of 4.2 V, and charged at a constant voltage of 4.2 V
to a current of 0.05 C, then discharged to a voltage of 2.8 V
with a constant current of 1.0 C. The charging process was
monitored by a multi-channel thermometer, and the tem-
perature of the battery surface raised. The test results are
recorded in Table 4.

TABLE 4
Electrode  Cathode 25° C. Thermal 45° C.

Tensile peel plate Capacity runaway Capacity Temperature

strength  strength  resistance Retention temperature Retention Rise

MP) (N (@) ) ¢ ) ¢c)
Example 1 191 9.8 0.25 95.30% 145 92.90% 2
Example 2 188 9.8 0.26 95.50% 146 93.10% 2.1
Example 3 190 9.8 0.34 95.20% 151 93.20% 1.9
Example 4 200 9.8 0.25 95.40% 150 93.30% 2
Example 5 199 9.8 0.26 95.10% 146 93.00% 2
Example 6 197 9.4 0.24 95.00% 154 92.60% 2.4
Example 7 194 9.1 0.22 94.80% 156 92.40% 2.2
Example 8 190 8.3 0.16 94.00% 142 91.70% 1.8
Example 9 186 7.3 0.14 93.60% 140 91.40% 1.5
Example 10 196 9.2 0.24 95.20% 155 92.50% 2.4
Example 11 197 9.6 0.25 95.10% 155 92.50% 2.4
Example 12 195 9.4 0.24 95.00% 154 92.40% 2.5
Example 13 196 9.5 0.23 94.90% 155 92.60% 2.3
Example 14 193 9 0.26 94.50% 153 92.40% 3.1
Example 15 195 8.6 0.24 94.10% 157 92.00% 2.9
Example 16 192 7.8 0.21 94.20% 155 92.60% 2.7
Example 17 186 7.2 0.18 93.20% 141 89.10% 2.4
Example 18 188 9.6 0.28 93.40% 147 91.60% 2.9
Example 19 190 7.5 0.2 93.60% 152 89.30% 2.6
Example 20 193 8 0.23 94.00% 156 92.80% 2.7
Example 21 194 8.2 0.22 94.10% 155 92.70% 2.8
Example 22 195 9.4 0.27 95.00% 157 93.10% 2.5
Example 23 197 9.5 0.16 95.50% 156 93.30% 1.8
Example 24 196 9.4 0.24 95.10% 155 92.80% 2.4
Example 25 195 9 0.34 94.50% 153 92.30% 2.4
Example 26 198 9.8 0.25 95.40% 162 93.80% 2.3
Example 27 180 10 0.4 93.20% 141 87.90% 4.7
Example 28 182 6.5 0.24 93.00% 148 91.40% 2.7
Example 29 183 6.8 0.23 93.20% 149 91.50% 2.9
Example 30 195 7.3 0.22 94.30% 158 93.00% 2.6
Example 31 196 7.5 0.24 94.50% 160 93.20% 2.5
Example 32 194 7.8 0.24 94.00% 155 92.70% 2.8
Example 33 192 8.5 0.23 93.90% 151 92.00% 2.7
Example 34 195 9.5 0.23 95.20% 155 92.20% 2.4
Example 35 194 8 0.23 94.20% 156 92.70% 2.8
Comparative 175 64 0.66 83.20% 95 72.00% 6.5
Example 1
Comparative 179 10.4 0.47 85.30% 107 77.60% 6
Example 2
Comparative 177 6 0.59 86.40% 121 79.30% 6.2
Example 3
Comparative 173 9.6 0.92 85.00% 118 74.30% 6.4
Example 4
Comparative 170 5.2 0.63 86.10% 119 78.40% 6

Example 5
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[0124] It can be known from the test results of Table 4 that
compared with the Comparative Examples 1-5, Examples 1
to 35 were tested to have improved comprehensive perfor-
mance, which means that the compositions of the conductive
coating of the present application can effectively ensure the
balance of adhesion and conductivity. In Comparative
Example 1 without the primer, the corrosion of aluminum
foil by fluorine-containing lithium sulfonyl imide cannot be
inhibited, and electrode plate breakage and internal short
circuit may possibly occur during use, so both the cycle
performance and the safety performance are the worst.
Although the Comparative Examples 2 and 4 has the primer,
the binder content in the primers is too high, which seriously
affects the conductivity of the primers, resulting in increased
electrode impedance, increased polarization of the second-
ary battery, and deterioration of the cycle performance and
safety performance of the secondary battery. In Comparative
Examples 3 and 5, the binder content is too small to
effectively bond the separator. During the cycle, the adhe-
sion of the electrode plate becomes poor, and the electrical
contact between the current collector and the active material
is poor, resulting in a huge contact resistance, so the overall
performance of the secondary battery is relatively poor.
[0125] In addition, the result contrast of Example 27 and
all the other examples shows that binder/conductive agent in
the primer satisfies the above range, and the thickness of the
primer satisfies C2/(5xC1)=d=lg(C2/C1)+4, a battery with
better performance can be obtained.

[0126] While the application has been described with
reference to preferred embodiments, various modifications
may be made and equivalents may be substituted for parts
thereof without departing from the scope of the application.
In particular, as long as there is no structural conflict, the
technical features mentioned in the various embodiments
can be combined in any manner. The present application is
not limited to the specific embodiments disclosed herein, but
includes all technical solutions falling within the scope of
the claims.

1. A cathode plate, comprising:

a current collector;

a conductive coating, wherein the conductive coating is
arranged on at least one surface of the current collector,
the conductive coating comprises a conductive agent
having a weight content of 20% to 50% and a binder
having a weight content of 50% to 80%; and

a cathode active layer, wherein the cathode active layer is
arranged on a surface of the conductive coating away
from the current collector, and a cathode active material
in the cathode active layer is at least one of a lithium
manganate-based cathode material, a ternary cathode
material, a quaternary cathode material.

2. The cathode plate according to claim 1, wherein the
binder is a conductive binder, and the conductive binder has
a volume resistivity of 107> Q-cm.

3. The cathode plate according to claim 1, wherein the
binder is an insulating binder, and the insulating binder has
a volume resistivity of =210'° Q-cm.

4. The cathode plate according to claim 1, wherein the
conductive agent comprises any one or more selected from
the group consisting of an acetylene black, a carbon fiber, a
conductive carbon black, a conductive graphite, a single-
walled carbon nanotube, a multi-walled carbon nanotube, a
graphene nanosheet, a graphene oxide nanosheet, and a
micropowdered graphite.
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5. The cathode plate according to claim 1, wherein the
conductive coating having a thickness of 0.5 pm to 5 pm.

6. The cathode plate according to claim 1, wherein the
current collector is an aluminum foil, optionally, the alumi-
num foil has a thickness of 8 um to 20 pm, and/or, the current
collector has both a longitudinal tensile strength and a
transverse tensile strength of =175 MPa.

7. The cathode plate according to claim 1, wherein the
cathode active material comprises at least one of Formulas
(D to (IID):

LiyNiyCop M1M2y oy 1Oo 1 Formula (I)

LioMn,_5M3,50, 45 Formula (II)

cLi,MnO;:(1-¢)Li ;zM4,305 53 Formula (IIT)

in Formula (I), M1 is Mn and/or Al, M2 is any one or
more selected from the group consisting of Mg, Cu, Zn,
Al, Sn, B, Ga, Zr, Cr, Sr, V, and Ti, 0.8<al<1.2,
O=x1<1, O=yl=l, O=z1<l, x1+yl+zl=<l, -0.2<b1=0.2;

in Formula (I1), 0.8<a2<1.2, 0.6<y2=1, -0.2<b2<0.2, M3
is any one or more selected from the group consisting
of Mg, Cu, Zn, Al, Sn, B, Ga, Zr, Cr, Sr, V, and Ti; and

in Formula (I1I), 0<c<1, 0<x3<1, 0.8<a3<1.2, -0.2<b3=0.
2, M4 is any one selected from Ni, Co, and Mn, and any
one or more selected from the group consisting of Mg,
Cu, Zn, Al, Sn, B, Ga, Zr, Cr, Sr, V, and Ti.
8. A secondary battery, comprising the cathode plate
according to claim 1.

9. The secondary battery according to claim 8, wherein
the secondary battery contains an electrolyte, the electrolyte
comprises a lithium salt, and the lithium salt comprises a
lithivm fluorine-containing sulfonimide and lithium
hexafluorophosphate;

optionally, the electrolyte also at least meets one of the
following conditions:

(1) the lithium fluorine-containing sulfonimide is any one
or more selected from the group consisting of lithium
bisfluorosulfonyl imide, lithium bis(trifluoromethyl)
fluorosulfonyl imide, lithium (fluorosulfonyl)(triftuo-
romethylsulfonyl)imide, lithium (fluorosulfonyl)(pen-
tafluoroethylsulfonyl)imide, lithium
(trifluoromethylsulfonyl)(difluoromethylsulfonyl)
imide, lithium (fluorosulfonyl) (perfluorobutylsulfo-
nyl) imide, and lithium bis (pentafluoroethylsulfonyl)
imide;

(2) the lithium salt in the electrolyte has a total concen-
tration of 0.6 mol/L to 2 mol/L;

(3) in the electrolyte, the lithium hexafluorophosphate has
a concentration C1 of 0.1 mol/LL to 1 mol/L, and the
lithium fluorine-containing sulfonimide has a concen-
tration C2 of 0.5 mol/LL to 1.5 mol/L;

(4) in the electrolyte, the concentration C1 of the lithium
hexafluorophosphate and the concentration C2 of the
lithium fluorine-containing sulfonylimide satisty:
1=C2/C1s<5.

10. The secondary battery according to claim 9, wherein

a thickness d of the conductive coating of the cathode plate,
the concentration C1 of the lithium hexafluorophosphate and
the concentration C2 of the lithium fluorine-containing
sulfonimide satisfy the following relational expression:

C2(5xC1)=dslg(C2/C1)+4,

wherein, a unit of C1 and C2 is mol/L, and a unit of d is
wm.
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11. The secondary battery according to claim 9, wherein
the electrolyte further comprises an organic solvent and an
additive; and the organic solvent is any one or more selected
from the group consisting of dimethyl carbonate, diethyl
carbonate, dipropyl carbonate, ethyl methyl carbonate,
methyl propyl carbonate, vinyl carbonate, propylene car-
bonate, vinyl carbonate, propylene carbonate, butylene car-
bonate, ethyl propyl carbonate, y-butyrolactone, methyl for-
mate, ethyl acetate, propyl acetate, methyl propionate, ethyl
propionate, methyl propionate, and tetrahydrofuran; and/or,

the organic solvent in the electrolyte has a weight content
of 65% to 85%; and/or,

the additive is at least one selected from the group
consisting of vinylene carbonate, vinyl sulfate, lithium
difluorooxalate borate, lithium difluorophosphate,
lithium tetrafluoroborate, 1,3-propane sultone, lithium
trifluoromethanesulfonate, and lithium diacetate
borate; and/or,

the additive in the electrolyte has a total weight content of
0.5% to 7%.
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12. The secondary battery according to claim 8, wherein
an anode active material of the anode sheet comprises any
one or more selected from the group consisting of a natural
graphite, an artificial graphite, a mesophase micro carbon, a
hard carbon, a soft carbon, silicon, a silicon-carbon com-
posite, a Li—Sn alloy, a Li—Sn—O alloy, Sn, SnO, SnO,,
a lithiated TiO,—Li,TisO,, in a spinel structure, and a
Li—Al alloy.

13. A battery module, comprising a secondary battery,
wherein the secondary battery is the secondary battery
according to claim 8.

14. A battery pack, comprising a battery module, wherein
the battery module is the battery module according to claim
13.

15. An electric device, comprising a secondary battery
according to claim 8.

16. An electric device, comprising a battery module
according to claim 13.

17. An electric device, comprising a battery pack accord-
ing to claim 14.



